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LOI CAM DOAN
T61 xin cam doan luan 4n: "Nghién ciu tao khang nguyén S clia virus

gdy bénh tiéu chiy cap & lon (PEDV) trén cay thude 1a Nicotiana benthamiana
¢6 tinh sinh mién dich dinh huéng tao vacxin thé hé moi" 1 cong trinh nghién
cttu ctia chinh minh dudi su hudng din khoa hoc cua tép thé huéng din. Luan
an st dung thong tin trich din tir nhiéu ngudn tham khao khac nhau va céc
théng tin trich dan dugc ghi rd ngudn gdc. Céc két qua nghién clu cua t6i
dwoc cong bb chung véi cac tac gia khac da duge su nhét tri ciia déng tac gia
Kkhi dua vao ludn an. Cée sb liéu, két qua duoc trinh bay trong luén 4n 1 hoan
toan trung thue va chwa timg dugc cong bé trong bat ky mot cong trinh nao
khéc ngoai cc cong trinh cong bd ca tic gid. Luén 4n duoc hoan thanh trong
thoi gian t6i lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién
Han 14m Khoa hoc va Céng nghé Viét Nam.

Ha Néi, ngay 18 thang 09 ndm 20. 3

Tac gia luidn an

(Ky va ghi rd ho t@)>
‘77/5145%

Hb Thi Thuong



il
LOI CAM ON

T6i xin giri 101 cam on chan thanh nhAt t6i hai Thay huéng din GS.TS.
Chu Hoang Ha va TS. Pham Dinh Minh d3 huéng din tin tinh, dinh huéng
nghién ctiu, ban thao vé két qua va cho nhitng 1&i khuyén hitu ich, ding déin
trong sudt qua trinh hoc tip, nghién ctru va hoan thanh lufn an.

To61 xin chn thanh ¢dm on PGS.TS. Pham Bich Ngoc, TS. Vil Huyén
Trang, TS. Hoang Thi Thu Hang, ThS. Trinh Thai Vy, ThS. Nguyén Thi Tra
va tap thé can bd Phong Cong nghé ADN Gng dung, Vién Céng nghé sinh hoc
d3 lubn gitp d&, chia sé nhitng kién thiic quy bau va tao nhitng diéu kién tét
nhat cho t6i trong sudt qua trinh thuc hién ludn 4n. Toi xin trdn trong cam on
GS.TS. Udo Conrad va TS. Phan Trong Hoang, Vién di truyén thue vat va
nghién ciu cy tréng Leibniz, CHLB Biic d3 cung cip ngudn vt lidu vector
dong thoi cho t6i cac 161 khuyén va gép y quy bau trong qua trinh chinh stra
cac ban thdo cong bd.

T6i xin trin trong cdm on cac can b Phong thir nghi€ém sinh hoc, Vién
Codng nghé sinh hoc, PGS.TS. Lé Van Phan va céc cdn bo Bénh vién Tha y -
Hoc vién Néng nghiép Viét Nam, TS. Tran XuAn Hanh va céc can bd Cong ty
¢b phan thube tha y trung wong NAVETCO, TS. Nguyén Tuén Hing va cic
cén bo Coéng ty cd phan thude thi y trung wong VETVACO, TS. Nguyén
Héng Minh va cac can bd Cong ty ¢ phin san xuat va thwong mai thude tha y
CNC da hd tro t6i trong cac thi nghiém gy dép ing mién dich trén dong vét
va trung hoa virus. Luan an duoc thuc hién nho sy hd tro kinh phi tir d& tai cip
Vién Han 1am Khoa hoc va Cong nghé Viét Nam do TS. Vii Huyén Trang chi
nhiém va nhiém vu khoa hoc va cong nghé theo nghi dinh thu, Bé Khoa hoc
va Cong nghé do TS. Hoang Thi Thu Hang chil nhi¢m. NCS. H6 Thi Thuong
duoc tai trg béi Tap doan Vingroup — Céng ty CP va hé tro bdi Chuong trinh
hoc bdng thac si, tién si trong nude cia Quy Pdi méi sang tao Vingroup
(VINIF), Vién Nghién ctru Dir liu 16n, md sé VINIF.2021.TS.066.

Té1 xin chin thanh cam on Ban Lanh dao, phong Dao tao, cidc phong
chirc ndng cia Hoc vién Khoa hoc va Cong nghé, cac phong chie ning cia
Vién Cong nghé sinh hoc di tao diéu kién cho téi hoc tdp va hoan thanh ludn
an.

Cubi cung, t61 v6 clng biét on B me, chéng, con, cac em, cac ban bé
va cac ddng nghiép da luén déng vién, gitip d 61 trong subt qué trinh hoc tap
va thuc hién ludn 4n nay. _
Ha N¢i, ngay 418 thangogndam 2023

Nghién ciru sinh
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DANH MUC VIET TAT

Tén viét tit

Tén nguyén goc tiéng

Tén tieng viét

anh

aa

amino acid

axit amin

A. tumefaciens

Agrobacterium
tumefaciens

Agrobacterium tumefaciens

Rice actin 1 gene - |

Gen ma hoda actin lGa 1-1

Actl-l
bp Base pair Cap base
BS3 Bis[sulfosuccinimidyl] Bis[sulfosuccinimidyl]
suberate suberate
CaMV Cauliflower mosaic virus Virus kham stp lo
Col M cell-targeting ligand Phol thrnham '\r;luc tieu 1€ bao
COE CO-26K equivalent CO-26K tuong duong
CTB Cholera toxin B subunit Tiéu don vi doc t6 ta B
DAB Diaminobenzidine Diaminobenzidine
DCpep Dendritic cell peptide Tin hiéu té bao tua
DNA Deoxyribonucleic acid Axit deoxyribonucleic
dNTP Deoxy-rlbo nucleotide Deoxyribo nucleotit triphotphat
triphosphate
E. coli Escherichia coli Escherichia coli
E Elute Dich chura protein tinh sach
ELISA Enzyme-linked Xét nghiém’ hap thu mién dich
immunosorbent assay lién két v&i enzyme
ELP Elastin-like polypeptide Polypeptit giong Elastin
Fc Fragment crystallizable Manh két tinh
Dich chay qua cot sau khi dua
FT Flow through hdn hop dich chiét tho tron Ni-
sepharose 1én ¢t
HA Hemagglutinin Hemagglutinin

HR1

Vung 1ap lai Heptad 1

Heptad repeat region 1




viii

HRP Horseradish peroxidase Peroxidaza cai ngua
HR2 Heptad repeat region 2 Vung lap lai Heptad 2
IFN-y Interferon gama Interferon gama
IgA Immunoglobulin A Immunoglobulin A
IgG Immunoglobulin G Immunoglobulin G
IgM Immunoglobulin M Immunoglobulin M
IMAC immobilized metal fon Séc ky ai luc kim loai ¢6 dinh
chromatography
INDEL Insertion deletion Chen xoda
Kb Kilobase Kilobase
kDa Kilodalton Kilodalton
LB Luria and Bertani Luria and Bertani
Heat-labile enterotoxin B Enterotoxin B tiéu don vi
-8 subunit Escherichia khong bén nhiét & Escherichia
M Membrane Mang
MARN Messenger ribonucleic AXit ribonucleic théng tin

acid

N. benthamiana

Nicotiana benthamiana

Nicotiana benthamiana

NTD N-terminal domain Mién tin cing dau N
N Nucleocapsid V6 boc nhan
oD Optical density Mat do quang
PBS Phosphate-buffered saline Pém mudi phosphat
PCR Polymerase chain reaction  Phan tng chudi polymerase
PED Porcine epidemic diarrhea Bénh tiéu chay cap o lon
SEDV Porcine epidemic diarrhea = Virus gdy bénh tiéu chay cap &
virus lon
pll GCN4pl| GCNdplI
PIGS Polymer |mrcn;unoglobulln Polymer immunoglobulin G
PLGA Poly-lactic-co-glycolic- Axit poly-lactic-co-glycolic

acid




iX

Promoter rice a-amylase

Vung gen khai dong alpha-

RAmy3D )
3D amylase 3D lGa
RE Raw extract Dich tho
Reverse transcript Phan g sao chép chudi
RT-PCR ) _
polymerase chain reaction polymerase nguoc
S Spike Spike
S1 subunit of spike L o
S1 ) Tiéu phan S1 cua protein Spike
protein
S2 subunit of spike L o
S2 ) Tiéu phan S1 cua protein Spike
protein
Size exclusion ,
SEC Sac ky loc gel
chromatography
Sodium dodecyl sulfate o _
i Dién di gel polyacrylamide
SDS-PAGE polyacrylamide gel )
) sodium dodecyl sulfat
electrophoresis
Median tissue culture . N .
TCID50 ) ) Liéu gdy nhiém 50% t€ bao
infectious dose
Transmissible Virus gdy bénh viém da day
TGEV L .
gastroenteritis virus rudt truyén nhiém trén logn
3,3°,5,5°
TMB o 3,3°,5,5 tetramethylbenzidine
tetramethylbenzidine
T™MV Tobacco mosaic virus Virus kham thudc 1a
Trinh ty dau 5’ chua dugc
TOL TMV omega-prime leader = dich ma cta virus kham thudc
la
TSP Total soluble protein Protein tan tong so
tp tailpiece Manh duéi
VLP Virus-like particle Hat gia virus
Dich rira chay qua cdt sau khi
W Wash ,
bo sung dém rura
WT Wild type Loai hoang da
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MO PAU
Tinh cip thiét caa luan an

Tiéu chay cap ¢ lon hay tiéu chay thanh dich (Porcine Epidemic Diarrhea,
PED) 12 mét bénh nguy hiém va c6 kha ning lay lan trén lon & tt ca cac do tudi.
Porcine Epidemic Diarrhea Virus (PEDV), mét loai virus thuoc ho Coronaviridae,
la thc nhan gay ra bénh PED. Ty 1é tir vong ¢ lon cao, 1én dén 80-100% sau khi méc
bénh PED, dic biét & lon con méi sinh dudi 7 ngay tudi [1]. Dich PED da bung phat
va gay ra ton that kinh té nghiém trong & nhiéu nudc trén thé gidi dic biét 1a Chau
A va Chau My [2]. Tai Viét Nam, dich PED di c6 mit ¢ nhiéu tinh thanh khap ca
nuée [3]. Cac ching PEDV duoc phat hién tai ba mién Béc, Trung, Nam tir nim
2015 dén nam 2016 thudc vé nhém gen G1b, G2a va G2b [4]. Cac chung PEDV G2
d3 gy anh huong dén kinh té nghiém trong, lam giam ning suit dan lon nai va lon
gidng & nhiéu tinh thanh [5].

Hién nay, hau hét cac vacxin phong PEDV duoc sir dung ¢ Viét Nam la
vacxin truyén thong c6 ngudn gbc ngoai nhap hodc sir dung cac ching nhap khau
thuéc nhom Gla c6 dién dé san xuat vacxin. Su khac biét trong trinh tu b gen cua
cac chung PEDV méi bung phat va cac chung PEDV trong vacxin, dac biét 1a ¢ cac
thu thé trung hoa, dan dén vacxin hién tai c6 hiéu qua bao ho thép chéng lai cac
chung PEDV trén thyc dia [3]. Vi vdy, dé dam bao an toan cho nganh chin nudi lon
tai Viét Nam, can c6 nhiing nghién ciru phat trién vacxin phong PEDV, dic biét 1a
cac chung virus thuoc nhom G2 gy bénh thuc dia. Vacxin tiéu don vi duoc tao ra
nho st dung hé théng thuc vat c6 nhiéu loi thé bao gém muc dau tu san xuét thép,
dé dang nhan rong, d6 on dinh cao va thoi han sir dung lau dai [6]. Phuong phap
biéu hién tam thoi dua trén agro-infiltration cd loi thé trong viéc san xuét céc
protein tai t6 hop nhanh chéng vdi sé lugng 16n, diéu nay cho phép phan tng kip
thoi khi xay ra cac dich bénh [7].

Protein S ciia PEDV 1a nhan t khong thé thiéu trong tuwong tac cta virus voi
cac thu thé té bao [8] va dugc xem 1a muc tiéu chinh dé phat trién vacxin [9]. Ving
CO-26K equivalent (COE) (aa 499-638) 13 mot ving quyét dinh khang nguyén trén
protein S cia PEDV phan mg v6i khang thé trung hoa [8] va duoc nhan dién bai
khang thé don dong 2C10 ¢ dau C cua protein S [10]. Khang nguyén COE dugc
xem 1a muc tiéu chinh dé san xudt vacxin tiéu don vi phong PEDV [11]. Ving COE
d3 duoc nghién ctru biéu hién trén hé théng thyuc vat trong nhiu céng b trudc diy
[12, 13]. Protein COE tai t6 hop & dang monomer ¢ kha ning sinh dap tmg mién
dich trén chudt. Dang cAu tric pentamer cua COE da duogc biéu hién thanh cong

nhung chua c6 cac danh gia vé kha ning gy mién dich [12].



Ngoai vung COE thudc protein S cua PEDV, vung S1D (aa 636-789) c0 2
viing dugc nhan biét boi thy thé té bao lympho B 1a SS2 (aa 748-755) va ving SS6
(aa 764-771) clng la cac vung khang nguyén quan trong tuong tac Vi cac khang
thé c6 kha ning trung hoa [14]. Thém vao do, tiéu phan S2 c6 chira cac viing khang
nguyén tuong tac voi cac khang thé c6 kha ning trung hoa virus bao gom cac aa
744-759, c4c aa 747-774, céc aa 756-771 va cac aa 1371-1377 [15]. Tiéu phan S2
da duoc biéu hién duéi dang tirng phan hodc day du trong E. coli [16, 17]. Chuét
duogc tiém tiéu phan S2 c6 sy hién dién cua cac khang thé co kha ning trung hoa
PEDV [16].

Protein S da dugc phat hién c6 su biéu hién tam thoi trong cay thude 14 N.
benthamiana ¢ mtc d6 thip [18] hodc khong biéu hién [19]. Toan bd protein S1
dung hop motif GCN4plI (pll) di dugc bao cédo c6 mirc do biéu hién tam thoi twong
d6i thap trong cdy thude 1a N. benthamiana, chi dat 0,005% protein hoa tan tong sb
(TSP) [20]. Tinh dén nay, chua c6 cong bd nao ¢ trong va ngoai nude nghién ciru
vé viéc biéu hién ving COE (aa 499-638), COE-S1D (aa 499-789) hoic S2 (aa 730-
1324) thudc protein S dung hop motif GCN4pll hoac dung hop motif GCN4plI-tp
trén hé thong cay thudc 1a N. benthamiana ciing nhu ching minh dugc tinh sinh
mién dich ctia cac protein nay trén dong vat.

Chinh vi vay, mot s6 cau hoi nghién ctru lan luot dugc dit ra trong khuon
khé cta luan an bao gdm: i). Liéu c6 tao dugc khang nguyén COE tai to hop cua
chung PEDV thudc nhom Gla dung hop motif GCN4pll (viét tit COE/Gla-pll)
trén cay thudc 1a N. benthamiana c6 tinh sinh mién dich twong duong véi vacxin
thuong mai san c6 chira chung PEDV thudc nhom Gla hay khong? ii). Liéu c6 tao
dugc khang nguyén COE tai to hop cua ching PEDV thudc nhém G2a giy bénh tai
Viét Nam dung hop motif GCN4plI (viét tat 13 COE/G2a-pll) trén cdy thudc 1a N.
benthamiana c6 tinh sinh mién dich va kha ning bao ho tot hay khong? iii). Liéu c6
tao ra dugc cac khang nguyén tai t6 hop khac nhu khang nguyén COE-S1D, S2 tir
chung PEDV G2a giy bénh tai Viét Nam dung hop motif GCN4plII (Ian luot viét tat
& COE-S1D/G2a-pll va S2/G2a-pll) va khang nguyén COE tux PEDV G2a gay
bénh tai Viét Nam dung hop motif GCN4pll-tp (viét tat 1a COE/G2a-pll-tp) trén
cay thudc 14 N. benthamiana cé muc d biéu hién va tinh sinh mién dich tot hon
khang nguyén COE/G2a-pll hay khéng?

Xuét phét tir co s& khoa hoc va thuc tién trén, ching toi tién hanh dé tai:
‘Nghién ctru tao khing nguyén S ciia virus giy bénh tiéu chay cip & lon
(PEDV) trén ciy thudc 1a Nicotiana benthamiana c6 tinh sinh mién dich dinh
hwéng tao vacxin thé hé méi’.



Muc tiéu nghién ciru cia luan an

Tao dugc khang nguyén S tai to hop cua PEDV tur cady thudc la N.
benthamiana va danh gia tinh sinh mién dich trén dong vat thi nghiém phuc vu phét
trién vacxin.

Céc ngi dung nghién ciru chinh caa luan an

N¢i dung 1: Tao va danh gia tinh sinh mién dich cua khang nguyén COE/Gla-pll
tai t6 hop tir chung PEDV thudc nhém Gla

N¢i dung 2: Tao va danh gia tinh sinh mién dich cua khang nguyén COE/G2a-pl|
tai to hop tir ching PEDV thudc nhém G2a gay bénh tai Viét Nam

N¢i dung 3: Tao va danh gia tinh sinh mién dich ctia cic khang nguyén COE-
S1D/G2a-pll, COE/G2a-pli-tp va S2/G2a-pll tai t6 hop tir chung PEDV thudc
nhom G2a gay bénh tai Viét Nam

Y nghia khoa hoc va thue tién ciia ludn 4n

Céc chung PEDV thudc nhom G2 dang la tdc nhan gay bénh chinh trong cac
dot dich PED tai Viét Nam. Viéc phat trién mot loai vacxin ¢ hiéu qua phong cac
ching PEDV thudc nhém G2 giy bénh ¢ Viét Nam 1a diéu vo cung can thiét. Két
qua nghién ctu cta luan an cho thiy cac protein tai to hop dugc tao ra trén cdy
thudc 14 N. benthamiana st dung cong nghé biéu hién tam thoi nhu COE/G2a-pll,
COE-S1D/G2a-pll va COE/G2a-pli-tp déu tinh khang nguyén cao, tinh sinh mién
dich tét va c6 thé 1a cac ung vién vacxin ddy trién vong dinh hudéng tng dung trong
cong tac phong chéng PED tai Viét Nam.

Nhirng dong gép méi cia ludn an

Lu4n 4n d3 nghién ciru mdt cach hé théng vé tao khang nguyén COE tai t6
hop tir ching PEDV DR13 nhugc doc thuoc nhom Gla va cac khang nguyén COE,
COE-SID va S2 tai to hop tir chung NAVET/PEDV/PS6/2010 doc luc cao thude
nhom G2a gay bénh thuc dia tai Viét Nam dung hop motif pIl hodc motif plI-tp trén
cay thudc 14 N. benthamiana bing cong nghé biéu hién tam thoi; va di danh gia
dugc dap ung mién dich cua cac khang nguyén tai to hop tao ra trén dong vat thir
nghiém.

Khéng nguyén COE/G2a-plI tiém cho lon nai (100pg/liéu) c6 kha ning bao
vé lon con sinh ra tir lon nai chéng lai PEDV sau cong cuong doc. Khang nguyén
COE-S1D/G2a-plI (50pg/liéu) kém chét bo tro Emulsigen®-D (MVP) di kich thich
sinh dap tmg khang thé IgG dic hiéu PEDV manh hon, dong thoi sinh dap tng
khang thé IgA dic hiéu PEDV c6 kha ning trung hoa PEDV tuong dwong vacxin
thwong mai Corning (Wuhan Kegian Biology). Pay 1a cac ung vién tiém ning dé
san xuét vacxin tiéu don vi phong PEDV gy bénh tai Viét Nam.
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Chuwong 1. TONG QUAN TAI LIEU

1.1. Bénh tiéu chay cap & lon

1.1.1. Tinh hinh dich bénh PED trén thé gidi

Ttr sau khi dugce béo co vé su xuit hién l1an ddu & Anh va Bi nam 1970, dich
bénh PED tiép tuc duoc phat hién ¢ nhiéu nuéc khac & Chau Au, Chau A va Chau
My7. Dich bénh PED nghiém trong duoc phat hién & Nhat Ban va Han Qudc vao cac
nam 1980 va 1990 [2]. Trong cung khoang thoi gian d6, & Chau Au, cac dot bung
phat PED xuit hién khong thuong xuyén nhung tac nhan gay bénh PED tiép tuc lay
lan va ton tai & dang dac hitu trong quﬁn thé lon. Su bung phat cia PED da duogc
quan sat thdy & Ha Lan vao nam 1989-1991, & Hungary vao nim 1995, va & Anh
vao nim 1998. Dich bénh PED lay lan va dugc phat hién co ty 18 gay chét cao trén
lon con méi dé & Y vao cac nam 2005-2006 [21].

Tai My, bénh PED duoc bdo cdo 1an dau tién vao thang 4/2013. Tac nhan
gy bénh PED da thoat khoi cac cac hé thong kiém soat va an toan sinh hoc, lay lan
rat nhanh chong dén cac khu vuc khac va 1ay nhiém cho hang tram trang trai. Dén
thang 3/2015, su hién dién ctia bénh PED da dugc xac nhan tai 31 tiéu bang cua
My. Dich bénh PED dan dén thiét hai kinh té ddng ké tai M¥, véi gan 10% s6 lon
(bay triéu con lon) da bi chét do dich PED gay ra, gy thiét hai gan 440 triéu USD
[22]. Bénh PED c6 cac dau hiéu dic trung nhu tiéu chay nhiéu nudce, mat nudc, va
ndn mura lién tuc. T4t ca cac con lon déu bi anh huong boi dich PED, nhung ty 1€
chét & lon sira dat t6i 95-100% [23].

Tai Chau Au, bénh PED khong nam trong danh sach cac bénh dugc théng ké
& T6 chirc Tha y thé gidi (World Organisation for Animal Health, WOAH), do d6
rat kho dé mo ta chinh xac su xuat hién ciia bénh nay trong Chau Au. Trong 10 nim
qua, chi mot s6 qudc gia co cac truong hop 1am sang duge bao cdo vé PED va/hoic
c¢6 huyét thanh lon duong tinh véi PEDV [24]. Cac dot bung phét dich PED ¢ Chau
Au ¢c6 cac dic diém khac biét so v6i dich bénh PED duoc phat hién & My hodc
Chau A. Sau khi bénh PED bung phat nim 2013 & My, cac truong hop miac PED
cling dugc xac nhan ¢ Ao, Bi, Phap, buc, Y, Ha Lan, BO Pao Nha va Slovenia. O
Dtic, bénh PED dugc b4o c4o vao nim 2014, giy ra ty 18 chét 1én dén 70% véi cac
triéu chimg cip tinh trén lon [25]. O Slovenia, PED di dugc xac nhan trong phong
thi nghiém vao nam 2015 [26]. Gan nhu dong thoi, chung PEDV ¢6 tinh doc luc
cao gay ra dich PED dugc phat hién ¢ Ukraine.

Tai Chau A, dich PED d3 lay lan ra va gay ton that kinh té ¢ nhiéu nude nhu
Trung Qubc, Nhat Ban, Han Quéc, Viét Nam, Philippin, Dai Loan, Thai Lan [27].

Tai Trung Quéc, dich PED duoc bao céo 1an ddu vao nam 1973. Trong hon 30 nam
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tiép theo, viéc str dung vacxin phong PEDV dang v6 hoat da han ché sy xuét hién
ciia PEDV tai qudc gia nay. Tuy nhién, dich PED quay lai va liy lan manh & Trung
Quéc vao nam 2010-2012 [28]. Tur thang 2/2010 dén 11/2011, khoang 50.000 con
lon méic PED, trong do chu yéu 1a lon con so sinh duéi 1 tudn tudi tai Trung Quéc
d3 bi chét, v4i ty 16 chét 1én dén 90-100% [29]. O Nhat, dich PED duoc béo céo vao
cac nam 1993 va nim 1996 gay chét 1an lugt 14.000 con lon va 39.509 con. Tai
Han Quéc, dich PED duogc cong bd 1an dau vao nam 1992 va cling dugc bao cao &
nhitng ndm sau d6. Tu nhitng nam 2007 dén 2008, dich PED cling lién tiép duoc
ghi nhan ¢ nhiéu nuéc & khu vuc Ddng Nam A nhu Viét Nam, Thai Lan va
Philippines.

1.1.2. Tinh hinh dich bénh PED tai Viét Nam

O Viét Nam, dich PED da dugc bdo cdo 1an dau tién ¢ vai tinh ndm tai khu
vuc phia Nam vao nam 2008. Sau d6, trong nhirng nam 2008-2009, dich PED
nhanh chdng dugc béo cdo ¢ nhiéu tinh phia Nam, khién vo s6 lon con méi sinh bi
chét, gay thiét hai 16n dén chan nudi trong nudce [30]. Pau nim 2010, dich PED da
phét hién ¢ 31 trai trong cd nudc, tdp trung & cac tinh & khu vuc phia Nam trong do
tinh Déng Nai c6 sb trai bi nhiém PED nhiéu nhat véi 15 trai. Tai khu vuc mién
d6ng Nam B0, lon con so sinh ¢o ty 16 mac bénh PED va ty 1¢ tir vong rat cao twong
g 13 93,94% va 81,67% [31]. Tai tinh Tién Giang, ty 1¢ mac PEDV trén dan lon
nai 1a 33,72% [31]. Trong d6, lon nai mac bénh PED véi ty 1é ¢ cac huyén lan lugt
1a huyén Cho Gao (59,22%), huyén Cai Lay (27,66%), Céi Be (14,52%) va huyén
Chau Thanh (10,20%). O trang trai c6 quy md dan nai trén 50 con ¢6 ty 1& mac PED
cao nhat dat 34,95%. Ty 1¢ mac bénh PED & lon nai v6i 4-5 lta dé (56,67%), lon
nai trén 5 Ira dé (38,59%). Nhirng nai hau bi hodc chi mdi sinh san 1 Itra (33,33%)
va thap nhét 14 nai da sinh san 2-3 1tra (27,50%) [31]. Nhu vay, nhiéu dot dich bénh
PED 16n dugc cong bd ¢ khu vuc phia Nam.

O khu vuc phia Bic va Trung B0o, bénh PED ciing da dugc phat hién vao
nam 2013-2014 & cé4c tinh nhu Bic Ninh, Hung Yén, Hai Duong, Bic Giang, Thai
Nguyén, Théai Binh. Dich PED ciing dugc phat hién tai 26 trai nu6i lgn ¢ 6 tinh phia
Bic, trong d6 nhiéu trai c6 lon nhiém dong thoi ca TGEV va Rotavirus [32]. Thoi
diém bung phat dich PED manh tai mién Béc tdp trung vao mua lanh tir thang 11
nam trude dén thang 4 nim sau v6i kha ning 14y nhiém nhanh. Dich PED dugc phat
hién trén lon nai véi ty 18 lon c6 tridu ching tiéu chay 1én dén 76,8%. Ty 1 chét do
dich PED ¢ lon con dang bu me khoang 68,6%, ty I¢ lon bi ti€u chay co thé 1én t&i
100% & tat ca ltra tudi [32]. Ngoai ra, tir ndm 2013-2014, khi danh gia sy c6 mat cua
PEDV trong 148 mau bénh phim gém cac miu phan va rudt cta lon nghi mic bénh
PED thu thip dugc tir ba tinh Quang Tri, Thai Binh, Thai Nguyén bang phuong
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phap RT-PCR cho thdy 57/148 (38,51%) mau bénh pham phat hién c6 PEDV [33].
Trong thoi gian tir nam 2013-2015, PEDV dugc tim thiy trong nhiéu cdc mau bénh
pham & 32/52 trai tai 10 tinh mién Bic Viét Nam (Thai Nguyén, Lao Cai, Béc
Giang, Hoa Binh, Vinh Phtic Hai Duong, Thai Binh, Hung Yén, Ha No6i, Hai
Phong). Ty 1é cac trang trai duong tinh voi PEDV & ving dong bang (68,42%) la
cao hon rd rét so v6i & cac tinh trung du mién nui (35,29%) [34]. Tur thang 9/2018
dén thang 8/2019, Tran Ptc Hoan va cong sy (2021) da khao sat va nghién ctru tinh
hinh dich PED ¢ tinh Bic Giang bang phuong phap PCR [35]. Két qua cho thiy
26/64 (40,63%) mau bénh pham phat hién sy c6 mit cia PEDV [35]. Trong thoi
gian tor nam 2019-2020, Hoang Van Son va cong su (2020) da nghién ctru tinh hinh
bénh PED trén 16.443 con lgn nuoi tai cac trai & 6 huyén cua tinh Thanh Hoa [36].
Két qua cho thay ty 1¢ lon nhiém PEDV va ty 18 lon chét do PED tai Thanh Hoa lan
luot 14 14,56% va 53,38%. Huyén Tinh Gia c6 ty 1 lon mic PED cao nhat dat
16,12%. Nhom lon con theo me ¢ ty 1€ méc bénh va ty I¢ t&r vong cao nhat, 1an
Iwot 1a 22,01% va 72,63%. Nhom lon duc giéng coty 1é nhiém bénh 13 5,81% va ty
1¢ chét 1a 0% [36]. Nhu vay, cho tdi nay, bénh PED di xuét hién & tit ca cac ving

chan nuoi lon chinh ¢ Viét Nam.
1.2. Tac nhan gay bénh cia PED

1.2.1. Phan logi PEDV

PEDV duoc phan loai vao ho Coronaviridae (phan ho Coronavirinae, ho
Coronaviridae, bo Nidovirales) [37]. Ho Coronaviridae bao gom mot nhom 16n
virus voi bg gen ARN duong, soi don c6 kich thude tir 26 dén 32 kb.

1.2.2. Pdc diém hinh thdi ciia PEDV

100 nm

e ¥

Hinh 1.1. Hat PEDV duoc quan sat du6i kinh hién vi dién tir
PEDV dugc ciy truyén 26 doi trén té bao Vero). Do phong dai x128.000 [38]
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Hat PEDV t6n tai & dang hinh cdu c6 duong kinh tir 90 dén 160 nm dudi
kinh hién vi dién tir. Cac protein gai dic trung véi kich thude tir 12 dén 15 nm duge
sap xép trén bé mat hinh cau tao thanh mdt vwrong mién xung quanh hat virus, day
13 hinh thai dién hinh cua coronavirus [38] (Hinh 1.1).

1.2.3. Bdc diém cdu trac hé gen va chike nang ciia céc protein PEDV
PEDV c6 hé gen 1a ARN don duong véi kich thudc khoang 28 kb [37]. Cau

trac hé gen va cdu tric hat cia PEDV dugc thé hién & Hinh 1.2. Tir ddu 5°, hai phan
ba hé gen mi hoa cac protein can thiét cho qua trinh sao chép ARN, trong khi mét
phan ba hé gen & ddu 3 ' ¢6 chira 7 khung doc mé (ORF) mi hoa 4 protein ciu tric
PEDV nhu: N (Nucleocapsid), S (Spike), E (Envolope), M (Membrane) va ba
protein khong cau traic PEDV nhu ORF la va 1b va ORF3. ORFla va ORF1b ma
hoa cho protein enzyme ARN polymerase. ORF3 mé& hda protein khdng tham gia
ciu truc, chua rd chitc ning, protein nay duoc cho rang co vai tro trong doc luc cua
virus [39]. Trong hé gen, cac protein ciu tric dugc dinh vi theo thir tu 5'-replicase
(1a/1b)-S-ORF3-E-M-N-3'. Hé gen ARN cuia virus lién két vé6i protein N dé tao
thanh mot chudi dai, phirc hop ribonucleoprotein (RNP) dang xoan. Ldi virus dugc
bao boc bdi mdt vo lipoprotein, chira cac protein S, E va M [1]. Mdi protein cau
tric va khong céu trac gitt cac nhiém vu thiét yéu trong qué trinh sao chép, phién

ma va dich ma cta virus nhu cling nhu trao doi cua virus va t€ bao chu.

A Protein S
I/ \
T N 4 .

g ¥ Ve, Protein M
1 }
> sSRNA ]

£ .. Protein Nv‘;\)
Ao »-
&) A S

& } ¥
Protein E
B S1 S2
|
SIA i (PP | HRL HR2 B cp

. — I [

» ™
SUR ORFla 1 [T s ['—m".a'umm
,.:,, —_— ORF1b I ORF3 4 rmorAw
A 2
[nspl nsp2 | PmeJ nspd || 3Clpro | - | RdRp || HEL Eon“ EndoU [Z‘AO-MTase]

Hinh 1.2. C4u tric hé gen va ciu tric hat PEDV
A. So do6 virion cia PEDV. B. So d6 h¢ gen cua PEDV [37]
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Chtrc nang cta cac protein PEDV duoc thé hién tom tit & Bang 1.1.
Bang 1.1. Tom tit vé chirc ning cua cac protein PEDV [40]

ORF/protein Chire nang chinh cia ORF/protein

ORFla/b |ORF1 bao géom 2 ORF: la va 1b. ORFla mi hoa protease va
ORF1b mé& hda exonuclease, endoribonuclease, RNA dependent
RNA polymerase va melthytranferase.

S C6 nhiém vu chinh trong trao doi, twong tac cua virus véi thu thé
cua té bao chu va sy tham nhap cua virus vao té bao.

ORF3 Co vai tro trong doc tinh cta virus.

E Giir nhiém vu trong su hinh thanh cua hat virus lién két vai protein
M; c0 trach nhiém quan trong trong kénh ion lién quan téi sy giai
phong cua virus.

M C6 thé cam tng o-interferon; co thé co vai tro trong viéc trung hoa
va qua trinh lap rap cua hat virus.

N La phosphoprotein c6 vai trd cau tric hé gen caa virus; co lgi cho
phan tich sy lay nhiém ctia PEDV.

1.2.4. Protein S cua PEDV

Hinh 1.3. C4u tric mé hinh cua protein S
A. G6c nhin protein S dang trimer tir mang. B. G6c nhin 90° protein S dang trimer [41]

Protein S ctia PEDV dugc chimg minh 1a ¢6 tinh khang nguyén manh nhat
trong s6 cac protein cua PEDV. Protein S nam & bé mit cia virus, thé hién mac do
da dang di truyén cao va giit nhiém vy quan trong trong qua trinh xdm nhap cia
virus vao té bao chu, kich thich co thé san sinh cac khang thé c6 kha niang trung hoa
virus va doc lyc cua virus in vivo [42]. PEDV da st dung protein S dang
homotrimer glycoprotein v&i khoang hon 29 vi tri N-glycosyl hoa dé twong tac véi

cac thy thé cua té bao chua [43]. Su lién két cua protein S vé6i thu thé té bao chu 13
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can thiét cho qué trinh xAm nhap cla virus va co vai tro trong kich thich khang thé
trung hoa chdng lai virus [8]. M6 hinh ciu trac protein S dugc thé hién & Hinh 1.3.

Protein S ctia PEDV ¢6 khéi lwong phan tir khoang 180-220 kDa [44].
Protein S ¢ chira 1383 axit amin (aa), trong d6 peptit tin hiéu nam ¢ aa 1-18, tiép
dén 1a ving chta yéu td quyét dinh tinh khdng nguyén, ving Xuyén mang nam & aa
1334-1356 va mot ving trong té bao chat. Protein S c6 thé dugc chia thanh tiéu
phan S1 va tiéu phan S2, trong d6 tiéu phan S1 chira aa 1-729 va tiéu phan S2 chira
aa 730-1383 [15].

Protein S dang monomer bao gdm tiéu don vi S1 gan nhu hoan toan chira cac
tam B va tiéu don vi S2 duoc tao thanh tir mot chudi cac xodn a khong lién tuc [45].
Tiéu don vi coronavirus S1 lién két véi thu thé té bao, sau d6 su hop nhét cua mang
virus va té bao duogc thuc hién boi chudi sau vong xoan géi (6-helix bundle) bao
gém ving HR1 va ving HR2 trong tiéu don vi S2 [46]. Trong qua trinh xAm nhap
ctia PEDV ty nhién vao trong té bao, can thiét co qua trinh phan cit cia protein S
thanh S1 va S2. Tuy nhién, voi PEDV di thich Gmg trong nudi cdy té bao, diéu nay
c6 thé khong can thiét.

A
PEDVS
i § s ) 13281350138
s :
|
19 233 729 891908 978 1117 1274 1313
B
PEDVIS mBSG
19 20 99 638 789 1371 1377
C ,
Epitope mAb
TAGTS) g §037.11,12111, 1293, +129:5, 1313, 137.90, -138:108, 1422
TATTI4 s $0120-1,129:5, 1313, -137-90, -138-108, -142:2
756771 §0120-1 and $0129:5 .
mAb Epitope  mAb
409-600  IE_—_—_— $01313 13711377 = $D1252

Hinh 1.4. Cau tric protein S cia PEDV va cac viing chira yéu t6 quyét dinh khang
nguyén tuong tac véi khang thé trung hoa
A. So d6 md ta cac ving chirc nang clia protein S, bao gom: vi tri phén cét gia dinh giita S1 va S2
tai aa 729, peptide tin hiéu (aa 1-18), viing dau N (aa 19-233), peptide dung hop (aa 891-908), viing
13p lai heptad 1 (HR1, aa 978-1111), ving Idp lai heptad 2 (HR2, aa 1274-1313) va vung xuyén
mang (aa 1328-1350). B. So d6 mo ta cac ving quyét dinh khang nguyén dugc nhan biét boi thy
thé té bao B (ddu N [NTD]/S0: aa 19-202, viing COE: aa 499-638, va aa 638-789) va cac viing muc
tiéu phan tmg voi cac khang the trung hoa (NTD/S0, aa 19-220, COE, aa 499-638 va aa 1371-
1377). C. Céc viing chira yéu t6 quyét dinh khang nguyén twong tac véi khang thé trung hoa trén
protein S (aa 499-600, aa 744-759, aa 747-774, aa 756-771 va aa 1371-1377) va cac khang thé don
dong twong tac véi cac ving quyét dinh khang nguyén [15].
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Céc vung chira yéu t6 quyét dinh khang nguyén duoc nhan biét boi thu thé
té bao B va phan tng véi khang thé trung hoa trén protein S bao gém dau N
[NTD]/SO (aa 19-202), CO-26K equivalent (COE) (tir aa 499 dén 638), S1D (tir aa
636-789 duoc nhan biét bai 2 thu thé té bao lympho B 12 SS2 (aa 748-755) va SS6
(aa 764-771)) va 2C10 (aa 1368-1374, aa 1371-1377) [8, 14, 15, 22]. Ngoai ra, con
¢ cac vung chta quyét dinh khang nguyén trén tiéu phan S2 twong tac véi khang
thé trung hoa PEDV Ia cAc aa tir 744 dén 759, cé4c aa tir 747 dén 774, cac aa tir 756
dén 771 va céc aa tir 1371 dén 1377. Cac vung nay trén tiéu phan S2 dwgc nhan
nhién boi 10 dong khang thé don dong dic hiéu protein S [15]. So d6 md ta cac
viing chtra yéu t6 quyét dinh khang nguyén duoc nhan biét bai thy thé té bao B va
viing chita yéu t6 quyét dinh khang nguyén tuong tic v4i khang thé trung hoa trén
protein S dugc thé hién ¢ Hinh 1.4. Cac ving chita yéu to quyét dinh khang nguyén
trén protein S dugc xem | tmg vién chinh cho cac nghién ciru phat trién vacxin tiéu
don vi phong PEDV [47].

1.2.5. Dich té hoc phén ti cdc chiing PEDV trén thé gii

Park va cong su (2007) d3 nghién ctru dic diém dich t& hoc phan tir cta
PEDV va phan loai cac chung PEDV thanh 3 nhom (G1, G2 va G3) dya trén trinh
tu gen S va M [48]. Mot s6 nghién ctru khac da trén gen M va ORF3 [14] doi khi ca
gen E dé phan loai cac chung PEDV [49].

Ngoai ra, hau hét cac nghién ctru dya trén trinh tu toan bg gen S hoac S1 (aa
1-735) dé xem xét sy lién quan vé dic diém di truyén cua cac ching PEDV [50,
51]. Céac nghién ctru dic diém di truyén dua trén gen S cho thdy PEDV c¢6 thé duoc
phan loai thanh 2 nhém: nhém G1 ¢6 dién va nhom G2 gy dich thuc dia. Nhdm G1
va nhém G2 dugce phan tiép thanh cdc nhom nhé 1an lugt 12 Gla, G1b, G2a va G2b.
Céc chung PEDV thich nghi trén té bao, chung PEDV vacxin va chiung PEDV
nguyén mau CV777 dugc phan loai vao nhom Gla. Mot s6 bién chung PEDV duoc
ghi nhan ¢ Trung Quédc, My, Han Qudc va Chau Au duoc phan loai vao nhom Glb.
Mot s chiung PEDV dugc phat hién & Chau A trude day thudc nhom G2a, trong
khi cac chung PEDV duoc phat hién & Chau A va Bic My gan day thudc nhém G2b
[2]. Su bung phat toan ciu ciia cac ching G2b doc duong nhu 1a két qua cua bién
d6i di truyén xuat hién ¢ cac ching PEDV Gla doc. C6 sy khac nhau trong trinh ty
gen S cua cac chung PEDV trong nhém G1b va cac chuing PEDV ¢ nhom Gla va
G2. Cac chung PEDV thudc nhom G1b c6 do twong dong hon 95% trong trinh tu
gen S (tir ddu N dén mot phan ba gen S) so voi cac ching cb dién Gla, nhung S0
v6i chung thuéc nhom G2 gay dich ¢ muc d6 twong dong khong 16n hon 89%.
Nguoc lai, cac chiung PEDV Gl1b c6 d6 tuong d@)ng hon 99% trong trinh ty gen S
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(phan con lai) so véi cac ching PEDV thuéc nhém G2 [50]. Hon nita, phan tich
phat sinh loai dva trén toan bo hé gen cho thay cac ching G1b c6 lién quan gan giii
véi cac chung PEDV thudc nhom G2 gay dich. Nhu vay, cac ching PEDV G1b c6
thé dugc tao ra tir qua trinh tai to hop giita cac ching PEDV Gla ¢6 dién va nhom
G2 gay dich. Trén co s6 di truyén sin c6 va dir liéu phat sinh loai vé cac ching
PEDV trén thé gidi, con duong tiém ning ma qua d6 PEDV ¢6 thé di lan sang Chau
A va Bic My da dugc dé xuat [2] (Hinh 1.5).

G2

Hinh 1.5. Con duong lan truyén tiém ning cua PEDV trén toan thé giéi
Céc phan nhom di truyén ciia PEDV dugc danh dau véi cac mau sic khac nhau dugc ky hiéu trong
phan ghi chi. Pudng dam thé hién sy lan truyén ctia PEDV da xay ra giita cac qudc gia, duong dit
thé hién sy lan truyén cia PEDV dugc dy doan xay ra. HQ: Han Quéc [2].

Céc chung PEDV Gla c6 dién c6 thé di xuat hién & Trung Qudc do nhap
khau bat hop phap vacxin séng giam doc lyc tir Han Qubc hodc thao tic trén cac
chung PEDV tir vacxin. Cac ching PEDV G2a tir Han Qudc c6 thé di lay lan sang
Trung Qudc. Ching PEDV G2a ctia Trung Qudc sau d6 di duoc truyén sang C&c
nudc khac nhu Théi Lan va Viét Nam. Céac ching G2a xuat hién ¢ Thai Lan va Viét
Nam c6 thé da duoc lay truyén qua dudng van chuyén truc tiép tir Han Quéc. Tai
Trung Quéc, PEDV nhém G1b c6 dién méi va nhém dai dich G2b duong nhu da
phat sinh dong thoi tir trong nam 2010 va 2011 do qua trinh tai t6 hop gilta Gla
thuc dia va cac ching G2a hoic dot bién diém ¢ PEDV G2a. Céc ching ndy c6 thé
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cung xuat hién & My. Ching PEDV G1b va G2b gidng cac chung My sau dé phat
tan vao Han Qudc. Ngudn gdc ciia cac chung G2b gy dich co thé tir qua trinh tién
hoéa tir cac chung PEDV G2a thuc dia & Han Qudc. Ngoai ra, cac virus G2b giong
My lay lan xa hon dén mién Bac cic nudc nhu Chau My, Dai Loan va Nhat Ban.
Hién tai, khong c6 bao cdo chinh thirc nao vé su xuat hién cua PEDV Glb & céc
nudc nay [2].

Trong nhém G2, cac gen S cia cac ching PEDV thudng gom 4161 nucleotit
ma hoa 1386 aa. So va4i chung PEDV CV777, cé&c gen S trong nhém G2 thuong co
s6 nucleotit va aa dai hon twong tng 1a 9 nucleotit va 3 aa. Do vay, PEDV c¢6 thé
dugc phan thanh 2 nhém: non-S INDEL va S INDEL can ctr vao sy thém - x6a &
gen mé hoa S [52]. O My, cac chung PEDV thudc nhom S INDEL Ia nguyén nhan
cta cac dot dich vai biéu hién 14m sang nhe [52]. Cac gen S ctia cac chung PEDV
G2 thuong c6 su chén-x6a (S INDELS) 4 aa ¢ 2 vi tri aa la 55 va 56, chen 1 aa ¢
céc vi tri aa 135 va 136, va mot sy mat doan 2 aa duy nhit nim gitra cac aa 160 va
161 trong ving siéu bién dau N & protein S [53]. Thém vao do, & cac chung G2 ¢6
kiéu S INDEL la twong dong véi cac ching G2 méi khac, FL2013 [GenBank:
KP765609] va MF3809 [GenBank: KF779469] lan luot duoc phat hién & Trung
Quéc va Han Quéc, ¢ su x6a 7 aa & cudi dau C trén protein S hodc bi x6a 204 aa &
cac céc aa 713-916 trén protein S [54].

1.2.6. Dich té hgc phan ti ciia cac chiing PEDV tgi Viét Nam

Ké tir 1an dau tién duoc phat hién tai Viét Nam vao nam 2008 cho tdi nay,
PEDV van dugc xem nguyén nhan chu yéu gy bung phat dich tiéu chay trén lon.
Pic diém dich té hoc phan tir cua cac chung PEDV xuét hién tai Viét Nam da duoc
nhiéu nha khoa hoc trong nudc nghién ctru. Tir nam 2013-2014, Nguyén Trung Tién
va cong su (2015) da nghién ctu dic diém dich t& hoc phén tir ctia cac chung PEDV
trong caC mau bénh pham tai 3 tinh Quang Tri, Thai Nguyén va Thai Binh. Két qua
phan tich trinh ty nucleotit va aa trén co s& giai trinh ty mot phan gene S cho thay
cac chung virus PED thu thap dugc trong nghién ciru nay co ty 1é twong dong vé
nucleotit va aa rat cao khi so sanh véi cac chung virus PED tham chiéu khac trudc
day cua Viét Nam, ty 1é twong dong nucleotit tir 94,8-98,6% va aa tir 93,5-98,8%.
Két qua phan tich ciy pha hé cho thay cac chiing virus PED trong nghién ciru nay
thuoc nhom G1-1 [33].

Tiép theo, Nguyén Trung Tién (2018) da phan tich cac thong tin di truyén va
dich té hoc phan tir ciia cac chung PEDV trong cic mau bénh pham dugc thu thap
tai 10 tinh mién Bac trong giai doan 2013-2015 [34]. Két qua cho thdy cac ching
PEDV xuéat hién ¢ cac tinh mién Bac khong bat ngudn tir cac chung PEDV trong
vacxin, thé hién & chi sd tuong dong trong trinh ty gen S va gen ORF3 lan luot 1a
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63,7% - 87,9% va 93% - 99%. Cac ching PEDV c¢6 cac dot bién thém-x06a & cac vi
tri aa: 57-58 (ving s 1), 110 (vang sb 2), 135-136 (ving sb 3), 158-159 (ving sd
4), 379-380 (ving sb 5) va 1194 (ving sé 6) va khong thudc cac ving chira yéu to
quyét dinh tinh khang nguyén twong tac voi cac khang thé trung hoa nhuw COE, S1D
va 2C10. Vi viy, diéu nay co thé khong lién quan t6i tinh khang nguyén cua virus.
Khi danh gid 2 ving quyét dinh tinh khang nguyén trén protein S cua 38 ching
PEDV tai mién Béc cho thay ¢ bién ddi ¢ 31 aa, nhiéu nhat tai 8 vi tri aa la 517,
521, 527, 549, 594, 605, 612 va 635 [34]. Két qua nghién ctru dic diém dich t& hoc
phan tir cho thdy cac ching PEDV xuat hién ¢ Viét Nam c6 thé bat ngudn tir nhicu
noi. Trong khi cac ching PEDV thudoc nhém G1 va chung PEDV nhanh chau A
thugc nhom G2 bat nguodn tir Trung Qudc. Cac ching PEDV thudc nhanh Bic My
bét nguén tor My. Su xudt hién cta cac chiung PEDV ban dau duoc du doan 1a trude
khi xay ra dich PEDV khoang 6-9 nam. K& tir khi xuét hién, cac chung PEDV cua
Viét Nam c6 kha ning d3 tao thanh nhitng nhanh di truyén riéng biét va tiép tuc
lay lan ra cac dia phuong khac [34].

bic diém dich t& hoc phan tir cia cac chung PEDV tai 6 tinh mién Béic Viét
Nam (Hung Yén, Ha Noi, Hoa Binh, Thai Binh, Vinh Phtic, Quang Ninh, Son La)
giai doan 2012-2015 di dugc Nguyén Vin Diép va cong sy (2018) nghién ciru. Két
qua cho thiy dwa vao trinh ty gen S, cac PEDV cua Viét Nam dugc phén loai thanh
4 kiéu gen, cy thé 1a G2b-Bac My va Chau A non-S INDEL, G2a-Chau A non-S
INDEL, G1b-S INDEL méi va Gla-S INDEL c6 dién. Nghién ctru nay cho thiy su
ton tai trudc ciia cac chung PEDV bat ngudn tir My tai Viét Nam. Cac tac gia da
phat hién dot bién mat doan (261 aa) va thém doan (8 aa) va bién d6i mot sb aa trén
gen S cua cac chung PEDV. Khi so sanh véi trinh ty protein S cua cac ching PEDV
trong vacxin thuong mai, cac ching PEDV cua Viét Nam khac xa vé mit di truyén
va ¢6 nhiéu khac biét vé aa trong ving quyét dinh khang nguyén va vi tri N-
glycosyl hoa trong protein S [55].

Tac gia Than Van Thai va cong sy (2020) di nghién ctru dic diém di truyén
cta 30 chung phan lap tai 11 tinh thanh cua Viét Nam (Ha Noi, Lao Cai, Hai Phong,
Thai Nguyén, Hung Yén, Thai Binh, Tuyén Quang, Vinh Phiic, Ngh¢ An, Pong
Nai, H6 Chi Minh) trong giai doan 2015-2016 [4]. Két qua thé hién 28 ching
PEDV dugc thu thap ¢ mién Bic va mién Trung Viét Nam thudoc nhom G2 (ca hai
phan nhom G2a va G2b), trong khi 2 ching PEDV khic (HUAPED176 va HUA-
PED254) dugc thu thap ¢ khu vyc phia Nam thudc nhém G1 (phan nhom Gl1b).
Phan tich nucleotit va aa cua protein S hoan chinh cho thay cac chung PEDV xuét

hién ¢ Viét Nam c6 mbi lién hé mat thiét voi nhau va c6 d6 twong dong vé nucleotit
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va aa l1an luot 12 93,2%-99,9% va 92,6% —99,9%. Cac dang N-glycosyl hoa va dot
bién trong ving khang nguyén di dugc phat hién ¢ cac chung PEDV Viét Nam [4].

Ngoai ra, Pong Vian Quyén va cong su tai Vién Cong nghé sinh hoc, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam di tién hanh d¢é tai “Nghién ctru su bién
d6i di truyén va ngudn gbc pha hé cia virus Porcine epidemic diarrhea (PEDV) gay
bénh ti€u chay cép & lon tai mién Béic Viét Nam” trong thoi gian 2019-2020 voi
muc tiéu tiép tuc nghién ctru cac dac diém dich té hoc phan tir cia PEDV dang Xuét
hién. Nhom tic gia da gidi trinh ty toan bo hé gen cuia modt chung PEDV
(IBT/VN/2018) duoc thu thap tai Hung Yén nim 2018. Két qua nghién ctru va phan
tich pha hé cho thdy ching PEDV (IBT/VN/2018) 14 chiing thudc phan nhém G2b
cung nhém véi cac chung S-INDEL cta Bic My va Chau A va c6 doc luc cao. Bén
canh do, phan tich trinh ty aa cua S, N va ORF3 cua chiung PEDV IBT/VN/2018
cho thdy c6 nhiéu dot bién méi trong cac gen ndy xuét hién so voi cac ching
vacxin, diéu nay co thé lién quan dén tinh dic hiéu cua thu thé, dic tinh gay bénh
ctia virus va khién virus trén tranh hé thong mién dich cua vat chu [56].

Bui Thi Thuy Duong va cong su (2022) da giai trinh tu vung S1-CTD (630
bp) cua 26 mau bénh tai tir 7 tinh mién Bac tir 6/2018-1/2019 va phan tich ching
Vvé6i 35 trinh ty tir cc nghién ciru trude day, dai dién cho Gla va cac kiéu gen 1b,
G2a va 2b, va tai t6 hop (G1c) va vacxin PEDV. Két qua cho thay hau hét cac
chung PEDV thu thap duoc thuoc phan nhom G2b. Cé 7 chung dugc nhém lai
thanh mét "nhom phu gen riéng biét" doc lap (dugc dat tén la dis-subG), tach biét
v6i ca Gla va Glb va cac G2a, 2b va 1c khac (cac chung tai t6 hop). Khi so sanh
Vv6i chung CV777 (AF353511), két qua phan tich cho thay nhiing thay doi rd rét cua
513T>S, 520G>D, 527V>(l/L/IM), 591L>F, 669A>(S/P), 691V>I trong ving COE
va S1D cua protein S1-CTD. Cum nay la mot phan nhom bién thé khang nguyén
méi va can c6 cac nghién ctru sau hon dé diéu tra tinh di nguyén caa nd. Két qua
trong nghién ciu nay cho thay sy tién hoa lién tuc trong ving S1, trong d6 nhan
manh sy can thiét phai cap nhat vacxin thuong xuyén dé bao vé lon khoi su xam
nhiém cua PEDV [57].

1.3. Vacxin phong PEDV

Cac vacxin phong PEDV truyén thdng chu yéu 1a vacxin chira toan bo virus
nhu vacxin bat hoat va vacxin séng nhuoc doc. Cac vacxin bat hoat co loi thé 1a
khong gdy doc va quy trinh san xuat don gian. Tuy nhién, kha nang sinh mién dich
cua vacxin bat hoat c6 thé bi thay d6i trong qua trinh bat hoat, thudng yéu cau ham
lwong virus cao va nhiéu lan tiém nhéc lai [58]. Trong khi d6, cac vacxin séng
nhuge doc thudng co tinh sinh mién dich cao va can it liéu tiém Iap lai hon so véi
vacxin bat hoat dé tao ra kha ning mién dich bao vé. Tuy nhién, d6 an toan cua loai
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vacxin séng nhuoc doc kém, rui ro trong qué trinh st dung, c¢6 kha niang chuyén
nguoc thanh loai hoang da c6 tinh doc cao da lam han ché kha niang ¢ng dung cua
loai vacxin nay [59]. Chia khéa dé phat trién vacxin 1a chon dugc cac chung c6 doc
lyc thap, hiéu gia cao va sinh mién dich cao. Tuy nhién, viéc phan lap cac chung
PEDV trong in vitro 1a rat kho khan, dic biét 1a ddi voi cac bién chung dai dich va
ngay ca khi cac chung dugc phan lap thanh cong va kha ning gy dap ang mién
dich caa chiing c6 thé khong cao.

Trudc ndm 2013, PEDV chi c6 mat & Chau Au va Chau A. O Chau Au, PED
it gay dich va anh huong it dén kinh té hon, do d6, khong cé vacxin da dugc phat
trién va st dung. Nguoc lai, PEDV di luu hanh ¢ Chau A trong vai thap ky va dan
dén anh huong nghiém trong dén nén kinh té, dac biét tai Trung Québc, Nhat Ban va
mién Nam Han Quéc. Ngoai ra, PEDV d3 gay anh huong kinh té dang ké ¢ My, do
vay cac nghién ciu phat trién vacxin PEDV cha yéu duoc tién hanh ¢ Chau A va
Chau My.

1.3.1. Vacxin bdt hoat va vacxin nhwoc dgc

Ngay tir nam 1993, vacxin bat hoat PEDV duoc san xuét tir t& bao c6 hiéu
qua bao vé lgn trong thoi gian 6 thang [60]. Nam 1994, chung PEDV CV777 giam
doc luc nudi cdy trén té bao sau 28 1an cdy truyén, bao vé hon 80% s lon con sau
khi tiém tai vi tri gitra hau mon va goc dudi cua lon [61]. Twong tu, vacxin PEDV
cd thé kich thich tao ra mién dich bao ho 90% sau 90 doi cay truyén trong 6ng
nghiém [62]. Nam 1995, Trung Qudc di san xuat vacxin nhi gia TGEV-PEDV [61]
dé kiém soét dich bénh tiéu chay trén lon. G Trung Quéc, ba loai vacxin dua trén
chang PEDV CV777 bt hoat va nhuoc doc nhi gia va tam gia di duoc lan luot cap
phép vao nim 1999, 2003 va 2014. Tuy nhién, vi vacxin bat hoat khdng thé nhan
I&n trong vat chu, nén yéu cau nhiéu lan tiém chang va liéu luong cao dé kich thich
dap (g mién dich. Vao thang 3 nam 2015, vacxin séng giam doc lyc phong 3 loai
virus (PEDV, TGEV va Rotavirus) di dugc phé duyét & Trung Quéc. Vacxin nhi
gia giam doc luc dua trén chang ZJ08 thuoc genotype 2a da dugc Bo NOng nghiép
Trung Quéc cip phép vao nam 2015. Vacxin bat hoat dya trén chung AJ1102 thudc
genotype 2b do cdng ty Wuhan Kegian phat trién da duoc phé duyét cho 1am sang
thir nghiém nam 2014. O Nhat ban, vacxin bét hoat sir dung chung thich wng trén té
bao 83P-5 c0 tén P-5V ciing da dugc dang ky thir nghiém trén lgn nai tir nam 1997
[9] va sau d6 chung 83P-5 duoc cay chuyén 100 doi da duoc cip phép sir dung duéi
dang vacxin nhugc ddc don gia va nhi gid cua cong ty Nisseiken Co., Ltd., Tokyo,
Nhat Ban [63].
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Vacxin nhuoc doc tir chang DR13 giam doc luc thich ¢ng trén té bao (100
doi) da duoc cip gidy phép va dua vao st dung tai Han Qudc va Philippines lan
luot vao 2004 va 2011 [9]. Chung SM98-1 da dugc st dung nhu la mot vacxin
nhuge doc hodc vacxin bat hoat st dung qua duodng tiém bip. Vacxin két hop,
vacxin sbéng, vacxin bat hoat tir chung SM98P dugc phat trién boi cong ty
Komipharm International Co., Ltd. Kyonggi-Do, Han Quéc. Trong nim 2016, cac
nha nghién ciru da san xuit vacxin PEDV bét hoat bang cach st dung chung gay
dich PEDV KNU-141112 cua Han Qudc. Sau va ba tuan trude khi dé, lon néi chua
da duoc tiém bap vai vacxin bat hoat don gia kém bé tro. Ty & séng cua lon con
duogc tiém phong co thé dat khoang 92% sau khi cong cuong doc va mic do nghiém
trong cua tiéu chay bao gom ca sy bai thai virus trong phan giam dang ké [64].
Chung virus gay dich cd tinh doc cao da dugc nudi cay trén cac dong Vero 1én dén
120 doi (P120) va P120 c6 hiéu gia virus cao hon va tinh thich nghi trén dong té
bao tét hon véi cac bénh tich té bao rd rang hon. Ngoai ra, P120 cho thiy giam dang
ké cac triéu ching 1am sang vai ty 18 sdng 100% & lgn con khi sir dung [65].

Danh séach cac loai vacxin phong PEDV di duoc thwong mai héa va cap
phép c6 diéu kién duoc liét ké & Bang 1.2.
Bang 1.2. Céc loai vacxin phong PEDV da dugc thuong mai hda va cap phép co
diéu kién [66]

Niam Loai Cong ty/Vién, Chuang | Genotype | DPwong
Quac gia vacxin tiem
Pi cap giay phép
1999 Vacxin chét, nhi | Vién nghién cautht | CV777 la Vi tri gitra
gid PEDV va y Harbin, Trung hau mén va
TGEV (P-T) Quéc gdc dudi
cua lon
2003 Vacxin song, | Vién nghién cau thd | CV777, la Vi tri gitra
nhi gid PEDV y Harbin, Trung nhuoc hau mon va
va TGEV (P-T) Québc doc gdc dudi
cua lon
2004, Vacxinsong | Han Quéc, Philipin | DR13, la Puong
2011 nhugc udng
doc
- Vacxin chét, | Vién Han Iam Khoa - - Tiém bap
SuiShot® hoc N6ng nghiép
PT-100 Trung Quédc
- Vacxin chét, Komipharm, Han - - Tiém bip
PRO-VAC® Quéc
PED-Fc
- Vacxin song, Komipharm, Han | SM98P la Tiém bap
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PRO-VAC Quoc
®PED
- Vacxin song, Komipharm, Han SM98P la Tiém bap
PRO-VAC Quéc
®TRP
- Vacxin chét, Komipharm, Han | SM98P la Tiém bap
PRO-VAC ®TP Quéc
- Vacxin song Nisseiken, Nhat P-5V la Tiém bap
Ban
- Vacxin song, Nisseiken, Nhat P-5V la Tiém bap
nhi gia PEDV Ban
va TGEV
2014 Vacxin séng, | Vién nghién cauthta | CV777, la Vi tri gitra
tam gid PEDV, y Harbin, Trung nhuoc hau mon va
TGEV va Quéc doc goc duodi
Rotavirus cua lon
2015 Vacxin séng, | Tap doan cong nghé |  ZJ08, 2a Tiém bap
nhi gi4 PEDV DBN Bic Kinh, nhuoc
va TGEV Trung Quédc doc
Céap phép c6 diéu kién
2014 Vacxin ARN Merck, My - - Tiém bap
- Vacxin chét Zogtis, My - - Tiém bap

Cac loai vacxin bat hoat va vacxin nhugce doc di duoc ching minh 13 c¢6 kha
nang bao ho dong vat dudi diéu kién thi nghiém, nhung hi¢u qua cua chung trong
thuc nghiém van con tranh ci. O Han Qudc, chuong trinh tiém ching da liéu luong
(tiém 3 hodc 4 vacxin virus song dudi co theo thir tu sau: vacxin sdng-bat hoat-bat
hoat hodc vacxin sdng-vacxin séng-bat hoat-bat hoat) tai thoi diém khoang 2 hoic 3
tuan bat dau tir trude khi dé thuong dugc 4p dung & lon nai chira hodc lon nai hau bi
dé giir ndong do khang thé trung hoa & mirc cao trong sita non va huyét thanh [49].
Co quan kiém dich dong vat va thuc vat Han Quéc da nghién ctru hi€u lyc cua céc
vacxin PED noi dia va vacxin PED thuong mai nhap khau hién c6 & Han Qudc.
Viéc tiém vacxin thuong mai theo hudéng dan st dung tuong tng (2 1an ¢ ca 3 tuan
va 5 tudn trude khi lon dé) da ting ty 16 séng sot cia lon con tir 18,2% 1én hon 80%.
Tuy nhién, tit ca cic vacxin déu khong 1am giam mot cach dang ké triéu ching tiéu
chay khi virus van dugc phat hién trong phan lon. Mic dau kha nang bao v¢ lon
ché)ng lai cac bénh duong rudt chu yéu phu thudc vao su c6 mait cua cac khang thé
IgA duogc tiét ra & niém mac rudt, tuy vay, hiéu qua cua vacxin co mdi lién hé mat
thiét voi viée gitr dap ung khang thé trung hoa PEDV & mirc cao & trong sita non va

huyét thanh cua lon nai da duoc tiém phong [49].
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Mic du tinh doc cuia PEDV da bi suy giam sau nhiéu cdy truyén, nhung
chung nay c6 thé di mat mot phan hoic toan bo tinh sinh mién dich so véi ching
ban dau. Do d6, mot s6 nha nghién ciu bit dau nghién cau chinh sta cac chung
PEDV lam giam doc luc caa virus nhung giit tinh sinh mién dich cao bang cong
nghé di truyén nguoc dé phat trién vacxin nhuoc doc hiéu qua [37]. Céac nha khoa
hoc da chinh sira mot s6 gen nhu H226A cua nspl5 [67], KDKE/AAAA cua nspl6
[68], F44A cua nspl, H226A va H241A cua nspl5, D129A cua nspl6 [69], protein
S [68], ORF3 [70].

Ngoai cac loai vacxin nhu bat hoat, vacxin nhuoc doc duoc tao thanh qua
viéc cdy truyén va vacxin nhuoc dugc phat trién dua trén cong nghé di truyén
nguoc thi cac chién luoge phat trién vacxin phong PEDV thé hé méi khac cling da

dugc cac nha khoa hoc nghién cuu.

1.3.2. Vacxin tiéu don vi

So véi vacxin toan bo virus, vacxin tiéu don vi c6 nhiéu loi thé nhu khong
chtra axit nucleic virus lay nhiém nén cd tinh an toan cao va chi st dung khang
nguyén dong nhat ¢ tinh chat duoc xac dinh rd. D¢ ting cuong tinh sinh mién dich
cua khang nguyén, chat bé trg hoic cac chat dung hop thuong dugc bo sung kém
véi khang nguyén. Qua trinh tao dap tng mién dich sau khi tiém vacxin tiéu don vi
dugc trinh bay ¢ Hinh 1.6.

¥ T i
" Tiém vacxin

Da
Co biip Khing nguyén vacxin
/ v © A& & Chatbd trg (chira cic tin hi¢u nguy hiém)
X 5 T4 ha Sy nhin ban cua
T i Lol 1¢ bdo B ghi nhd
Thu thé PES ‘ )-
nhin dang e
% ‘ ' S Sy trudmg thanh cia / (
kh.uon 1 N\ MHC I6p I Khang nguyén dap img khang thé
mau 3 * _ Peptide ciia khiang s - \ " \ g
(PRR) ‘ nguyén vacxin NACIHL IS S _& ;, /
Té bao CD4" T of Thu hé é bio B (BCR) G
Su hoat héa va 4 Y e
vin chuyén dén Te bio T ho try Nhin ban
hach bach huyet Thu thé Su biét hoa ¢ bao plasma
€bdo T 22 }>,,, vi san sinh khing |h:
(TCR) T¢bao B \ \,i )’ \h )-
| /MHC I6p Il Tébio T hd trg ’{
/ Té bao T hi¢u img CD8+
N I
Tuy xuong
MHC lép | -
o m Tebao T ghi
T¢ bao CDS™ T nhé CD8+ :

T¢ bao plasma song lau

Hinh 1.6. Tao dap tng mién dich khi tiém vacxin tiéu don vi
[71]
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Khi vacxin dugc tiém vao co bap, khang nguyén protein duoc xi ly boi cac
té bao tua. Cac té bao tua duoc kich hoat thong qua cac thu thé nhan dang khuén
mau (Pattern recognition receptors, PRR) bang cac tin hiéu nguy hiém trong chat b6
trg, sau d6 chung duoc van chuyén dén cac hach bach huyét dan luu. Tai day, cac
peptit cua khang nguyén vacxin dugc trinh dién bai cac phan tir MHC trén té bao
tua. Didu nay gilp hoat hoa cac té bao T théng qua thu thé té bao T (TCR) cua
ching. Két hop véi tin hiéu (boi khang nguyén hoa tan) thdng qua thu thé té bao B
(BCR), céc té bao T kich thich céac té bao B phat trién & hach bach huyét. Sy phat
trién cia té bao B phu thudc vao té bao T dan dén su truong thanh cua dap (ng
khang thé 1am ting i luc cua khang thé va kich thich sinh céc kiéu cac khang thé
khac nhau. Su sinh cé4c té bao plasma cd thoi gian séng ngan, tich cuc tiét ra céac
khang thé dac hiéu voi cac khang nguyén vacxin, lam tang nong do khang thé trong
huyét thanh trong 2 tuan tiép theo. Cac té bao B ghi nhé ciing duoc san sinh, lam
trung gian cho dap ung mién dich. Cac té bao plasma ton tai lau dai co thé tiép tuc
tao ra cac khang thé trong xwong héc tuy. Cac té bao T ghi nhg CD8+ c6 thé nhan
Ién nhanh chéng khi chiing gap tac nhan gay bénh va céc té bao T tac dong CD8+
rat quan trong dé loai bo céc té bao bi nhidm bénh [71].

Viéc thiét 1ap mot hé thdng san xuat vacxin tiéu don vi dé phan ¢ng nhanh
Véi tinh hudng c6 thé xay ra dich bénh 1a diéu vo cung cip bach. Protein S cua
PEDV duoc xem 1a muyc tiéu chinh dé phat trién vacxin tiéu don vi. Trong nhiéu
nam gan ddy, mot phan cua protein S cua PEDV bao gdom COE, S1 hoic toan bo
protein S da duoc tao ra trong E. coli, Bacillus subtilis, Baculovirus, Adenovirus,
Lactobacillus va thuc vat. Chuot hoic lon duogc gay dap ung mién dich véi cac loai
vacxin nay qua duong uéng, tiém bip, tiém dudi da hodc tiém dudi mang bung da
kich thich san sinh khang thé 1gG va IgA véi nong do cao. Mac di mot sé thu thé
trén protein M va N d3 duoc bao cdo nhung chua c6 nghién ciru phét trién vacxin
tiéu don vi nao dua vao cac khang nguyén trén [72]. Ngoai ra, chua c6 nghién ctu
nao vé viéc str dung céc protein khéng cau tric caa PEDV nham phét trién vacxin
tiéu don vi phong PEDV. Céac nghién ciru phat trién vacxin tiéu don vi dua vao
protein S duoc liét ké & Bang 1.3. Mic dau cho dén nay, di c6 nhiéu nghién ciu
phat trién vacxin tiéu don vi dwa vao protein S trén thé gisi, chua c6 vacxin tiéu don

vi nao dugc cap phép va thuong mai hoa.
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Bang 1.3. Cé4c nghién ctru vé vacxin tiéu don vi phong PEDV [37]

Hé théng/chiing PEDV Protein muc tiéu Tailigutham
khao
Adenovirus S [73]
Baculovirus S [74]
Vesicular stomatitis virus S [75]
Lactococcus lactis (CH/JLDH/2016) S1 [76]
Bacillus subtilis COE [77]
HEK 293T (PEDV-PT) S [78]
E. coli (PEDV BM1) NTD 231-501aa [79]
HEK 293T S [72]
Baculovirus (PEDV-PT) SlvasS [80]
E. coli (PEDV GDS01) rSF, COE , COE/rSF [81]
Orf virus (PEDV CO13) S [82]
Lactococcus lactis COE-DCpep [83]
E. coli (PEDV GDS01) COF, ISF-COE-3D, 157 [84]

COE-N, rSF-COE-C
S1 (744YSNIGVCK?752),
S2 (756SQYGQVKI771),
E. coli S3 1371GPRLQPY137, M [85]
(195WAFYVR200,
S1/S2/S3/IM
Lactococcus lactis COE [86]
Swinepox virus (SQ2014)

S (386-815aa) [87]
293T PEDV MN S (21-737aa) [88]
Nam men (PEDV CV777) S1 [89]
ORF virus S [90]
HEK 293T (USA/Colorado/2013) S1 [91]

1.3.3. Vacxin axit nucleic

Mic du thoi gian phat trién vacxin bat hoat 12 ngin nhung vacxin bat hoat c6
tinh sinh mién dich kém. Vacxin nhuoc doc c6 tinh sinh mién dich tét, nhung kém
an toan va thoi gian phat trién dai. Do sy bién dbi lién tuc trong bo gen PEDV, viéc
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phét trién vacxin cé hiéu qua cao trong thoi gian ngan 1a diéu rat co y nghia. Do do,
cac loai vacxin axit nucleic bao gom vacxin ADN va vacxin mARN duoc phét trién.
Nhitng lgi thé cac loai vacxin ndy bao gdm do an toan cao, thoi gian phat trién
ngan. Mot loai vacxin ADN nhj gia/tam gia duwoc san xuat bang cach két hop PEDV
v6i TGEV va/hoic Rotavirus da dugc phat trién nhung chua duoc thir nghiém 1am
sang, co thé do tinh sinh mién dich kém [92]. Mic du hiéu luc cua vacxin ADN da
duoc nang cao bang cach tdi vu hoa cac codon, lya chon céc trinh tu promoter thich
hop, t6i wu héa vector plasmid va bd sung cac phan tir chat bo trg, van can mot sb
budc dot pha dé tao ra vacxin ADN c¢6 hiéu qua trong ngan ngira bénh [93].

Ké tir thang 4/2013, PEDV bung phat da gay ton that 16n cho nganh chin
nudi lon & My. Bé giai quyét nhu cau khan cap, cong ty caa Harrisvacxins ¢ My da
tng dung cong nghé SirraVaxSM nham san xuat vacxin mARN PEDV dua trén
vector alphavirus mang gen S cia PEDV va mot vacxin chét (Zoetis, Florham Park,
NJ, M§). Vacxin nay da dugc Bo Nong nghiép My cap gidy phép co diéu kién nam
2014. So véi vacxin ADN, vacxin mARN c6 hiéu lec mién dich cao hon nhung
kém 6n dinh trong diéu kién in vivo [94]. ARN tu khuéch dai (Self-amplifying
RNA, saRNA) ma hda replicase alphaviral va mét gen cua virus cho phép su sao
chép cua ARN trong té bao chat [95]. Do d6, (tng dung vacxin sa-RNA va cac
vector van chuyén tuong ung c6 thé mang lai nhiéu uu diém trong qua trinh phéat
trién cac vacxin mARN phong PEDV hoic cac coronavirus.

1.3.4. CA&c vdn dé ton tgi trong phat trién vacxin phong PEDV

Mic dau vacxin dya trén chung PEDV Gla c6 dién dong vai trd quan trong
trong viéc kiém soét cac ca nhiém PEDV tuy nhién hiéu qua cua ching trén thuc
dia, dic biét 1a trong cac dot bung phat bai cac bién thé méi sau nam 2010, van
dang duoc tranh luan [96]. Ngay nay, nhiéu nha khoa hoc da nghién ciru nham san
Xuat thém vacxin hiéu qua phong chung PEDV gay dich thuc dia. O day, viéc lra
chon chung loai vacxin va duong tiém chung ciing dang 1a van dé duoc quan tam
trong phat trién vacxin PEDV hién nay.

Mot chiing g vién 1y tuéng cho phat trién vacxin phong PEDV la ching c6
kha ning bao ho lon chdng lai cac chung PEDV khéc nhau trén thuc dia. Cho dén
nay, c6 rat it nghién ctu thir nghiém vé kha ning bao ho chéo giita cac ching
PEDV cua cac kiéu gen khac nhau. Goede va cong su da chitng minh ty I& nhiém
bénh va tir vong (dén 1 tuan tudi) ¢ lon con 3 ngay tudi duoc sinh ra tir lon nai tiép
xtc 7 thang truéc véi mot chung PEDV doc luc thip (OH851, kiéu gen 1b) sau khi
cong cudng doc voi ching My cd kiéu gen doc luc 2a 1a lan luot 12 43% va 0%,
trong khi d6 lon con dugc sinh ra tir lon nai truée d6 da khong tiép xdc thi ty 1é mac



22
bénh va tir vong lan luot 1a 100% va 67% [97]. Két qua nghién ctu cua Wang va
cong su (2016) cho thiy can sir dung nhiéu khang thé da dong khang S hon can
thiét dé trung hoa chéo cac chung PEDV c6 kiéu gen khéac nhau trong phan {ng
trung hoa huyét thanh trén té bao Vero [72].

Hién nay, cac vacxin phong PEDV c6 thé khong ngan ngira dugc PEDV gay
bénh thuc dia do virus thudng xuyén bién doi va vacxin khdng thé tao ra da mién
dich niém mac. Viéc kiém soat PEDV thuong doi hoi cac chién lugc tiém phong
cho lgn me dé kich thich dap wng mién dich qua sita nhim bao vé thu déng lon con
[9]. Hiéu qua bao vé dong vat trudc cac bénh dudng rudt cha yéu phu thudc vao su
hién dién cua khang thé IgA tiét ra trong niém mac rudt va vacxin duong uéng co
thé kich thich mién dich niém mac va tao ra khang thé bao vé niém mac va khang
thé IgA trong huyét thanh voi hiéu gia khang thé cao hon so véi cac duong tiém
chung khac nhu tiém bap. Song va cong su (2007) da chang minh lon néi chira
dugc cho ubng vacxin PEDV DR13 nhuoc doc di lam giam ty 18 chét cua lon sira
S0 V6i qua duong tiém bap va kich thich sinh mac khang thé IgA cao hon. Khi cho
lon nai chtra ubng vacxin PEDV DR13 nhuogc doc, ty 18 chét caa lon sira 1a 13%
trong khi d6 lon nai chira tiém vacxin qua bap, ty Ié chét caa lon sita 1a 60% [98].
Tuy nhién, ciing ton tai mot sé thach thirc trong qué trinh phét trién vacxin PEDV
qua duong ubng/nhd miii bao gdm ting cuwong tinh sinh mién dich caa vacxin
duong udng, cai thién su bat tién khi dwa vacxin uéng vao dan lon va lua chon chat
bd tro hiéu qua [98].

C6 nhiéu nghién ciu phét trién vacxin PEDV kich thich mién dich niém mac
t6t. Thu nhat, sir dung chat mang phu hop dé phan phéi vacxin bang cac duong
niém mac. PEDV nhuoc doc dugc bao boc trong nguyén liéu hydroxypropyl metyl
cellulose phthalate (HPMCP) da kich thich thanh cong ca mién dich niém mac va
mién dich toan than sau khi dua vacxin vao bang dudng udng & lon con cai sira
[99]. Céc khang nguyén vacxin chét PEDV (KAg) dugc bao boc trong cac hat poly-
lactic-co-glycolic-acid (PLGA) duoc nhé qua duong mii cho lon nai ¢ 28 va 14
ngay trude khi dé. Lon ndi chira duoc chung ngira bang PLGA-KAg ¢ ndng do
khang thé IgG va IgA trong huyét thanh cao nhat, nong do khang thé IgA trong sira
non va dap tng mién dich trén té bao tot nhat [100]. Thi hai, sir dung vacxin tiém
bap véi chét b tro thich hop. Gan déy, cac nha nghién ctru da phat trién mot loai
vacxin bat hoat c6 thé kich thich san sinh khang thé IgA va IgG dic hiéu khang
nguyén S & lon 5 tuan tudi chi bang céch tiém bap khang nguyén PEDV bit hoat két
hop Vi céc protein gan chemokine cua lgn nhu CCL25, CCL27 va CCL28 [101].
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1.4. Vacxin tiéu don vi c6 ngudn goc tir thuc vat

1.4.1. Hé théng biéu hign tam thei trén theec vit

Hé thong biéu hién tam thoi thuong dugc st dung dé biéu hién cua cac gen
ma hoa protein vacxin trong md té bao thuc vat. Vi gen biéu hién tam thoi khéng
dugc tich hop vao nhiém sic thé, gen chuyén khdng bi anh huong bai hiéu ang vi
tri. Ngoai ra, biéu hién caa gen chuyén ngoai nhidm sic thé cd thé duoc phat hién
trong khoang thoi gian rat ngan, khoang 3 gio sau khi chuyén gen va c6 thé kéo dai
trong khoang 10 ngay [102]. So v&i biéu hién 6n dinh, biéu hién tam thoi trén thuc
vat dang duoc quan tm nhiéu hon do tinh linh hoat va téc d6 nhanh trong viéc san
Xuat s6 luong Ion cac protein duoc pham sinh hoc tai t6 hop, bao gom thudc thir
chan doan, ang vién vacxin hoic khang thé don dong dé dap (ing nhu cau trong thoi
ky khung hoang dich bénh hoac dai dich [103].

Hé théng biéu hién tam thoi duoc sir dung rong rai dé tao ra protein tai to
hop ¢ cac loai thyc vat khac nhau nhu Lactuca sativa [104], Arabidopsis thaliana
[105], Nicotiana tabacum [106] va Nicotiana benthamiana [107]. Trong s6 d6 N.
benthamiana Ia loai thuc vat dugc sir dung pho bién nhat cho biéu hién tam thoi céc
protein tai to hop. Thong thuong, cay N. benthamiana 4—6 tuan tuoi trong trén gia
thé dat dwoc sir dung dé biéu hién tam thoi nho vi khuan Agrobacterium
tumefaciens tai t6 hop chaa céc vector chuyén gen hoic vector virus [108]. N.
benthamiana 1a cay chu dé biéu hién tam thoi cac loai protein tai té hop o nhiéu
cong ty nhu Medicago Inc. (https:// www.medicago.com), Kentucky BioProcessing
(https://kentuckybioprocessing.com), lIcon Genetics (https://www.icongenetics.com),
iBio (https://www.ibioinc.com/) va UniBio (https://unibio-jp.com/en/).

Trong gan ba thap Ky, cac hé thong biéu hién thyc vat da duoc khai thac dé
tao ra rat nhiéu loai protein tai té hop/vacxin va cac chat c6 hoat tinh sinh hoc [109].
Vacxin phong bénh Newcastle cho gia cam Ia vacxin san xuat tir thuc vat dau tién
trén thé gioi da dugc Bo Nong nghiép Hoa Ky cip phép nam 2006 [110]. Ngoai ra,
nhiéu loai vacxin c6 ngudn gdc thuc vat chdng lai cac dich bénh bao gom bénh
cim, Ebola, bénh dai, bénh viém gan B, bénh sbt rét do norovirus, bénh than va
bénh do virus rota, d@ budc vao cac giai doan thir nghiém lam sang khac nhau
[111]. Vacxin ‘4 bénh’ dugc phat trién boi cong ty Medicago, Canada cho bénh
cim theo mua da hoan thanh thir nghiém lam sang giai doan 3; tinh hi¢u qua, an
toan va tinh sinh mién dich trén nguoi cua loai vaccine nay da dugc chang minh
[112]. Gan day, mot loai vacxin phong bénh do virus corona 2019 gay ra (COVID-
19) dugc san xuat st dung phuong phap biéu hién tam thoi trén cay thube 1a N.
benthamiana do Medicago phéat trién di dwoc phé duyét ¢ Canada
(https://www.cbc.ca/news/health/medicago-s-homegrown-plant-based-covid-19-
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vacxin-approved-by-health-canada-1.6362745). Pay 1a budc tién quan trong trong
viéc san xuat vacxin c6 ngudn goc tir thuc vat, khang dinh tiém ning to 16n trong
viéc phét trién mot nganh cdng nghiép san xuat vacxin thuc vat day trién vong, kip
thoi trong turong lai.

1.4.2. Vacxin tiéu don vi c6 nguéon géc tir theec vit phong PEDV trén thé gidi
Cho t6i nay, mot s6 nghién ciru phét trién vacxin tiéu don vi phong PEDV
dua trén hé thong thuc vat dd dugc cong bd. Trong d6, da sé cac nghién ctru bdo céo
vé viéc biéu hién vung COE cua protein S. Toan b protein S dugc bdo cdo c6 miic
d6 biéu hién thap [18] hoic khong biéu hién [19]. Protein COE hoic S1 di biéu hién
vo1 muc d§, ham luong khac nhau & céc dbi tuong thuc vat duoc st dung trong
nghién ciru. Cay thude 14 1a ddi tuong duoc sir dung trong hau hét cac nghién ctu
san xuét protein COE véi mirc d6 biéu hién cao (Bang 1.4). Trong cac nghién ctru

d6, protein COE da dugc biéu hién tam thoi hodc biéu hién on dinh trong thuc vat.

Bang 1.4. Cac nghién cau phat trién vacxin tiéu don vi ¢6 ngudn goc tir thuc vat
phong PEDV [18]

B.K h./\ R ] P
Thucvat | Deohienon | ong | Miacds | - OTO®T T raitigu
. dinh/ biéu n sy i~ va/hodc yéu to .
chu A .. nguyen tich liy . . tham khao
hién tam thoi tang cuwong
10 mg/kg
Thuécla | Chuyéngen | COE protein | 5355, TOL [12]
trén trong
luong tuoi
Thube 14 B‘e“thhl;? R e = 5% TSP | TMV ARN [113]
Thudc 14
khong chita | Chuyén gen COE 2,1% TSP | 2x35S, TOL [13]
nicotine
Thudc 14 Chuyén gen COE 0,1% TSP | 2x35S, TOL [114]
Khoaitdy | Chuyén gen COE 0,1% TSP | 2x35S, TOL [115]
, , Khong b3
Béo tam Chuyén gen COE océ% béo 35S [116]
Khoai lang | Chuyén gen COE Khocr;% béo 355 [117]
2x35S
: 122% | . ’
Hatngd | Chuyén gen COE O’TSP ® | intron Hsp70 & [118]
ngo
. q Khong b3
Carbdt | Chuyén gen COE Ocr;% %1 ox3ss, TOL [119]
' 2 Vung gen khoi
Thubc 1 h E-LTB | 1,6% TSP . 12
uoc la Chuyén gen | CO 6% TS dong Ubiguitin [120]
Rau diép Chuyén gen | COE-CTB | 0,0065% | Vung gen khoi [121]
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TSP dong Ubiquitin
. 2 0,048% Vung gen khoi
Rau diép Chuyén gen | COE-LTB TSP dong Ubiquitin [122]
N6i nhii lta | Chuyén gen | COE-LTB | 1,3% TSP HMVAV(':E):”'F” [123]
, 0
Calli lua Chuyén gen COE-Col 0’_?_?;/0 RAmMy3D [11]
1-LTB
S S ’ Ving gen khai
dendritic doggc";;ii‘m
Ngb Chuyén gen .cel.l 20 mg/kg globulin-1 ngd [124]
binding 3
. (pr25 hoac
peptide ord4)
(DCpep)
M-ELP,
vetr, NI
, Biéu hié N-ELP, E- )
Thubcla | oon entam ' =7 | biu hién; 2358 [19]
thoi ELP, S-
ELp S-ELP
khéng
biéu hién
. . | Biéuhiéntam | Polymer 0,74% Magnlcon®,
Thube 14 thoi IgG-Fc TSP pICH31070 [125]
. Muc do
' Biéu hién tam VLP A qen N L
Thuoc 1a thovi (S+M+E) ble;;;cn Khéng béo cao [18]

TSP: protein tan tong sO

Kha nang sinh mién dich cua protein COE dugc san Xudt tir thuc vat cling da
duoc thé hién trong mat ) cong bd. COE-LTB duoc tao ra trong 14 thude 14 c6 thé
lién két v6i thu thé mang ruot GM1-ganglioside [120]. Chudt duoc cho n protein
COE-S dung hop phdi tir nhim té bao M (Col) biéu hién trong cay lua di kich thich
sinh khang thé IgG va IgA trong té bao bach cau lan luot ting gip ba lan va gip tam
1an so voi chudt khong duoc gay dap tmg mién dich [11].

Trong mot nghién ctru khéc, chudt dugc cho an 14 thude 14 chuyén gen dong
khé c6 chtta COE da tao ra dap tung mién dich, tc ché PEDV t&i 49,7% so véi
nhém dbi chimg [12]. Trong mot nghién ctru gan day, lon dugce cho udng protein
S1-LTB hodc S1-Dcpep, duge biéu hién trong ngd chuyén gen, da kich thich sinh
khang thé trung hoa [124].

Ngoai ra, protein COE dung hop v61 polymer immunoglobulin G (PIGS) da
duogc san xuit trong cay thudc 14 cai tién glycosyl hoa. Hoat tinh sinh hoc ctia COE-
PIGS duoc chirmg minh bang cach lién két véi thanh phan Clq cta hé théng bo thé,
cling nhu bé mit cta té bao trinh dién khang nguyén (APC) trong in vitro. Chudt
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duogc tiém hodc cho dn protein COE-PIGS di c6 cac dap ung mién dich dich thé va
mién dich té bao dic hiéu cho PEDV [125]. Tuy nhién, hiéu gia khang thé trung hoa
PEDV khong dugc bao cdo trong nghién ctru trén.

Ngoai protein S, sy biéu hién tam thoi cua protein M dung hgp vdi elastin
polypeptide (M-ELP) hoic dong biéu hién protein S véi cac protein M-ELP, N-ELP
va E-ELP trong N. benthamiana hinh thanh dang hat gia virus (Virus Like Particle,
VLP) ciing da dugc bao céo [19]. Thém vao d6, sy hinh thanh VLP cling da duoc
bao cao khi dong biéu hién protein E, M va S cta PEDV trong cay thudc 1a N.
benthamiana. Tuy nhién cac dang VLP c6 mirc d6 biéu hién thap, gay kho khan cho
qua trinh tinh sach, dinh lugng va xac dinh dac tinh sau nay [18].

Cho dén nay, chua c6 vacxin phong PEDV san xuat tir thuc vat duoc thuong
mai hoa. Pong thoi, viéc biéu hién ving COE, COE-S1D hoic S2 dung hop motif
GCN4plI hodc GCN4pli-tp trén hé thong thuc vat ciing nhu chimg minh duoc tinh
sinh mién dich cta protein & dang cu triic nay chua duoc cong bd & trong va ngoai

nudc.
1.4.3. Motif GCN4-pll va motif tp cria IgM

1.4.3.1. Motif GCN4-pll

GCN4 la mot yéu té phién ma chiu trach nhiém diéu hoa sinh tong hop aa
trong nAm men [126]. GCN4 la mot dimer va qué trinh dimer héa duoc thuc hién
qua trung gian 1a mot tiéu phan ngan tai dau C, duoc goi 1a day kéo leucine [127],
tao thanh mot chudi aa rat 6n dinh. Dang oligomer cua chudi aa day kéo leucine nay
c6 thé 1a thay doi theo nhitng cach xac dinh bang céch bién d6i phan con lai cua 16i
ky nudc caa nd [128]. V& ban chat, phan phan nhéanh beta trong a (lle, Val) va phan
phan nhanh gamma trong d (Leu) tao thanh cac dimer, sy ddo nguoc cua cac chudi
bén tai cac vi tri nay tao thanh cac tetramer, mét 16i dwoc hinh thanh hoan toan tur
cac nhanh beta tao thanh céc trimer. GCN4 nguyén ban va dot bién da duoc dung
hop Véi cac protein dé tao thanh céc protein dang kham duéi dang protein lién két
ADN dang dimer [129], c4c protein vé virus dang dimer [130] va trimer [131]. Biéu
hién cua céc tiéu phan riéng I¢é tir cac protein nay noi chung khéng mang lai vat liéu
hitu ich cho cac nghién ctu ciu triic, vi cac protein thudng khong tan, gap lai khong
hiéu qua hoac hinh thanh han hop cua cac oligomer khac nhau. Nhitng van dé nay
da duogc khic phuc khi dung hop protein voi motif GCN4-pll [132] véi dau N hoic
dau C cua protein.

GCN4-plI 1a motif duoc thiét ké nhan tao va duoc tao ra béi mot 16i duoc
hinh thanh hoan toan tir cac gdc phan nhanh beta. GCN4-pll da duoc sir dyung dé
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dung hgp vao cac protein nhu Hemagglutinin (HA) cua virus A/H5N1, virus
A/H7N9 [133, 134], HA cua virus A/H10N8 [135] va protein S cia PEDV [43].
Trong d6, GCN4-plI duoc st dung dé kich hoat qué trinh trimer hoa céc protein
quan tam dong thoi ting tinh 6n dinh, do hoda tan cua protein va cd thé tang gip ba
lan kich thuéc protein muc tiéu. Cau tric tinh thé cia motif GCN4-pllI dugc trinh
bay & Hinh 1.7.

Hinh 1.7. Céu trdc tinh thé cia GCN4-pl|
A. CAu trdc xodn tir aa 1 (Arg) dén aa 32 (Glu) cua trinh tw GCN4-pll. B. Hinh bén cua ciu
trac trimer [132]

1.4.3.2. Motif tp cua IgM

IgM 12 mot globulin mién dich dau tién duoc san xuat dudi dang phan tir
lien két bé mat trong qué trinh biét hoa té bao lympho B sém. Sau dé trong phan
tng mién dich, IgM duoc dugc san xuat bai cac té bao plasma biét hda tur té bao
lympho B tiép nhan khang nguyén va duoc tiét ra dudi dang pentamer hoa tan c6
chaa 10 vi tri lién két khang nguyén va chudi ndi (J), hoic dudi dang hexamer chira
12 vi tri lién két khang nguyén va khdng c6 chudi ndi (chudi J). Do tinh chat da hoa
tri cua IgM, chdng c6 &i luc twong tac voi khang nguyén tét hon so vai 1gG. Ngoai
viéc vo hiéu héa mam bénh, cac khang thé IgM c6 hiéu qua cao trong viéc thu hat
bo thé dé ly giai té bao va tac nhan gay bénh.

Céc khang thé IgM thuong duoc tim thiy & dang pentamer hoic hexamer.
So do cau tric cua IlgM dang monomer va dang pentamer [136] duoc thé hién &
Hinh 1.8. M&i monomer cuia IgM xap xi 190 kDa, bao gom mét chudi ning p véi
nam mién (Vy, Cul, Cu2, Cu3, va Cu4) va mot chudi nhe ¢é hai ving chirc ning
(Vi-Ck hodc VA-CA) [137]. IgM dang monomer cd cdu trac twong déng nhiéu hon
véi IgE so véi cac khang thé khac. Céac ving ¢b dinh caa chudi niang, CH1, CH2 va
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CH3 cua IgG twong ung véi Cul, Cu3, va Cu4 cua IgM. Nguoc lai, ving ban 18
cua IgG twong ¢ng véi Cu2 cua IgM, 1a mot mién ¢b dinh bd sung ciing dugc tim
thay trong céc isotype khac (IgE cua dong vat ¢ vi va IgY cua gia cam). \Ving nay
hoat dong gidng nhu ving ban I& cua IgG va cung cap tinh linh hoat can thiét dé
cho phép IgM lién két nhiéu ban sao cia khang nguyén trén bé mit té bao. Cac
chudi nang trong mdi monomer lién két cong hda tri vai nhau bang lién két disulfua
& Cys 337 [138]. Dang polymer IgM c6 céac cysteine C337, C414, C575 hinh thanh
cac cau ndi disulfide bén trong chudi.

N563
we  Tailpiece : PTLYNVSLVMSDTAGTCY

- Vi tri glycosyl hoa
Hinh 1.8. So d6 cu tric cua IgM dang monomer (bén trai) va dang pentamer
(bén phai)

IgM monomer dugc phan bi¢t véi 19G bang céc vi tri glycosyl héa rong rai cua ching ¢ gbe
asparagine, sy hi¢n di¢n cta ving b6 sung Cp2 & vi tri ban 18 va sy hién dién cua trinh ty peptit
ngan tp 1a quan trong ddivéi qua trinh polyme hoa. 1lgM dang pentamer ¢ thém 137 axit amin caa
chudi J [136].

Tp la mot trinh tu peptit ngan gom 18 aa (PTLYNVSLVMSDTAGTCY) tai
dau C cua IgM [139]. Cac monome IgM duoc lién két cong hoa tri boi cac lién két
disulfit gitta cysteine cua tp. Cac peptide cua tp rat quan trong cho qué trinh
polymer hoa cua IgM [140] bao gém cau disulfit bén trong phan tir lién quan dén
Cys575, axit amin gan cudi trong dudi tp [141]. Su hinh thanh dang
pentamer/hexamer duoc kiém soat bai co ché théng qua Cys575. Tp c6 thé kich
hoat qué trinh polymer hoéa khi dung hop dau C cua cac khang thé khac nhu IgG.
Ngoai ra, céac lién két disulfua trong cac monome giira cac gc Cys 414 trong Cp3
gitt vai trd trung tdm cuaa IgM trong mot cau tric giéng nhu dang vong dwgc xac
dinh rd.
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1.4.4. Vacxin tiéu don vi c6 nguén géc tie theec vat phong cac bénh déng vt tai

Viét Nam

Nim dugc nhiéu wu diém vuot troi cia viéc san xuat vacxin tir thuc vat sir
dung cdng nghé biéu hién tam thoi, cac nha khoa hoc trong nudc ciing da bat tay
vao nhiéu dy &n nghién ctru @ng vién vacxin phong cac bénh dong vat trén hé théng
thuc vat. Nhitng nghién ctru dau tién vé phat trién vacxin tir thuc vat duoc trién khai
tai nhdm nghién ctru caa Vién Cong nghé sinh hoc, Vién Han 1d&m Khoa hoc va
Cong nghé Viét Nam. Nhan dwogc su chuyén giao tir Vién nghién ciu di truyén thuc
vét va cay trong (IPK), CHLB Dbuc vé cdng nghé san xuat protein tir cay trong,
nhom nghién cuu tai Vién Cong nghé sinh hoc da thanh cong trong nghién ctru va
san xuat nhiéu khang nguyén protein caa céc loai virus khac nhau nhu cum gia cam
AJH5N1, virus gay bénh tai xanh (PRRSV), cum ngudi A/H7N9 trén cay thude 14
N. benthamiana bang cong nghé biéu hién tam thoi va chimg minh dugc hoat tinh
gay dap tng mién dich tiém ning cua cac loai khang nguyén nay trén dong vat chi
[142-146]. Céac khang nguyén HA tir virus cim A/H5N1 va A/H7N9 da duoc san
xuat thanh cong trong thuc vat khi dung hop véi cac motif GCN4pll va GCN4pll-tp
[143-146]. Ga con duoc tiém dich chiét thuc vat chia protein H5 dung hop motif
GCN4plI-tp tai té hop di tao ra khang thé trung hoa virus cim A/H5N1 va duoc
bao ho véi ty 1é 92% khoi su xam nhiém cua virus cim A/H5N1 [145]. Pay sé la
nhitng tién dé& quan trong cho viéc nghién ctu phét trién vacxin phong PEDV tir
thuc vat.

Tinh dén nay, hau hét cac vacxin phong PEDV dugc sir dung ¢ Viét Nam la
vacxin ngoai nhap hoac su dung céc chung nhap khau thuoc nhém Gla cé dién dé
san xuat vacxin vi du vacxin chung nhuoc doc DR13, Han Qudc; vacxin nhap khau
nhi gid PRO-VAC®PT hoac Bayovac® SuiShot® PT-100 chira chung PEDV dong
SM98P va TGEV dong 175L v6 hoat cia cong ty Komipharm, Han Quéc; vacxin
AVAC/VR/PED.SM 98 dang nhuoc doc do céng ty MTV san xuat. Do d6, dé dam
bao an toan cho nganh chan nuéi lon khoi cac dich PED ¢ Viét Nam trong thoi gian
ti, nhu cau cap bach dit ra 1a phai nghién cizu phat trién nhanh chéng vacxin phong
c4c PEDV dang gay bénh trong nudc. Tai Viét Nam, chua c6 nghién ctru ndo vé
phét trién vacxin phong PEDV dya trén hé thong thuc vat duoc béo céo. Céc nghién
cttu vé PEDV cho dén nay cha yéu lién quan dén dic diém dich t& hoc phan ti,
ngudn gbc pha hé, giai trinh ty hé gen va phan lap caa PEDV. M6t sé chang PEDV
tai Viét Nam da duoc phan 1ap tir cac mau bénh pham va dwgc nudi ciy thanh cong
trén té bao Vero trong cac mdi truong thich hop, thé hién & hiéu gia virus dat 107,3
TCID50/mL sau 4 doi cdy chuyén [147]. Két qua nay Ia tién dé tét cho céc nghién
clru V& san xuat vacxin trong phong bénh PED ¢ lon.
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Chuwong 2. VAT LIEU VA PHUONG PHAP

2.1. Vatliéu
2.1.1. Chang vi sinh vit, té bao va plasmid

Danh sach cac ching vi sinh vat, té bao va plasmid sir dung trong luan an
duoc trinh bay ¢ Bang 2.1.

Bang 2.1. Danh sach céac chung vi sinh vat, té bao va plasmid

Loai vat
ligu

Tén chiing, té bao,
plasmid

Muc dich sir dung

Nguén goc, xuat xi

Chung vi
sinh vat

Chung E. coli G10

Nhén dong va thiét ké
vector chuyén gen

Agrobacterium tumefaciens

AGL1

Chua vector chuyén

gen thuc vat phuc vu

thi nghiém biéu hién
tam thoi

GS. TS. Udo Conrad
va TS. Phan Trong
Hoang, Vién di truyén
thuc vat va nghién
ctru cay trong Leibniz,
CHLB buec

Chung A. tumefaciens
AGL1 mang vector
pMONG65305/Hc-Pro

Dong biéu hién trong
thi nghiém biéu hién
tam thoi véi vector
dich tai t6 hop

Phong C6ng nghé
ADN tng dung, Vién
Cong ngh¢ sinh hoc
[148]

Chung PEDV DR13

Str dung trong thi
nghiém ELISA, trung
hoa virus trén té bao
Vero

Bénh vién tha y, Hoc
vién Nong nghiép
Viét Nam

Chung PEDV SM98

Str dung trong thi
nghiém ELISA, trung
hoa virus trén té bao

Cong ty c6 phan san
XUat va thuong mai

thudc thi y CNC
Vero
Str dung trong thi
Chung nghiém trung hdoa | Cong ty c6 phan thubc
NAVET/PEDV/PS6 virus trén té bao vero,

/2010 doc huc cao

cong cuong doc trén
lon con

tha y trung vong
NAVETCO

Té bao

Té bao vero

Nhan nudi virus

Cong ty c6 phan thudc
thd y trung wong
NAVETCO va Coéng
ty ¢6 phan san xuat va
thuong mai thudc tha
y CNC
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PRTRA-355-H5-GCN4plI-
His-cmyc-KDEL (viét tat
la pRTRA-H5-plI)
PRTRA-355-His-H5-
GCN4pll-tp-cmyc-KDEL

GS. TS. Udo Conrad
Str dung lam vector va TS. Phan Trong
tach dong Hoang, Vién di truyén

Plasmid . thuc vat va nghién
(viet tat la pPRTRA-H5-pll- LA L
n) ctru cay trong Leibniz,
P CHLB btc
pCB301-35S-H5- i .

] Str dung lam vector
GCN4pll-His-cmyc-KDEL .
o chuyén gen
(viet tat la pCB301-H5-pll)
2.1.2. Moi

Danh sach cac mdi dugc thiét ké va sir dung trong luan an dugc trinh bay &
Bang 2.2.
Bang 2.2. Danh sach cac méi duoc sir dung trong nghién ctu

TT Tén moi Trinh tu (5°-3°) Muc dich
Khuéch dai
1 S-F ATGAAGTCTTTAACCTACTTCTGGTTGTTC gen S cua
chung
2 SR TCACTGCACGTGGACCTTTTC NAVET/PED
V/PS6/2010
3 1-F ATGAAGTCTTTAACCTACTTCTGG
4 1-R GTGGAGGTTGTGCTATGCA
5 2-F ACAGTGGAGGTTGTGCTAT
6 2-R TCATGGCACTGACGGTGACG
Giai trinh tu
7 3-F TCATGGCACTGACGGTGACG ,
gen S cua
8 3-R GTGAGTTGATTCTTGGCACGC hi
chung
9 4-F GTGAGTTGATTCTTGGCACGC
10 4-R CACCCAGTACACTGCAG NAVET
- ACTCA AGTACACT
¢ /PEDV/PS6
11 5-F ACTCACCCAGTACACTGCAG /2010
12 5-R CCTGCTAGCCTGAACCTCAG
13 6-F CTGAGGTTCAGGCTAGCAGG
14 6-R GAGCCACTCAAGGTCAACTA
15 7-F TAGTTGACCTTGAGTGGCTC
16 7-R TGAAAAGGTCCACGTGCAGTGA
Khuéch dai
17 BamHi- tccGTGACTTTGCCTAG en ma héa
agggatcc
COE/Gla-F J g, .
khang nguyén
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PSPOMI COE/Glasau
18 cgcgggcccAACGTCCGTGACACCTT khi tong h
COE/G1aR 99 ongnop
nhan tao
Khuéch dai
BamHI- I
19 agggatccGTGACTCTGCC gen ma hoa
COE/G2a-F1 khéng nguyén
COE/G2a sau
PspOMI- 42
20 P 9cgcgggeccCACATCGGTCACA khi tong hop
COE/G2a-R nhan tao
BamHI- Khuéch dai
21 | COE/G2a-F2 | gcggatccACTTCTTTTGTTACTTTGCCATCAT .
gen ma héa
khé&ng nguyén
PspOMI- COE-
22 9cagacccACTAAAGTTGGTGGGAATACTAATA
S1D/G2a-R S1D/G2a
BamH]I- Khuéch dai
23 cgcggatccGAGTTGCCTGGTTTCTTCTACCA o
S2/G2a-F gen mé hoa
o PspOMI- khang nguyén
cgcagacccCGGCCACTTGATATATGTCTCAAC
S21G2a-R | S2/G2a
Giai trinh t
25 | 355-SQF CACTGACGTAAGGGATGACGC fan i i
plasmid tai to
h
26 | 35STerm CTGGGAACTACTCACACA o Igf‘r;g gen
1C

Cac chir cai viét thuong, gach chéan bi€u thi trinh ty diém cit cua enzyme gidi han

2.1.3. Nguén vit liéu thuwe vit

Cay thudc 1a Nicotiana benthamiana thiiy canh 6-8 tudn tudi do Phong Cong

nghé ADN t{ng dung va Phong Cong nghé té bao thuc vat, Vién Cong nghé sinh

hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam cung cép.

2.1.4. Nguén vit liéu dong vit

Chudt nhit trang cai BALB/C 4-5 tuan tudi duoc nudi va chiam séc tai phong

thir nghiém sinh hoc, Vién Cong nghé sinh hoc va Cong ty cd phr:in thudc thi y

trung wong VETVACO. Lon nai mang thai va lgn con 4-5 tudn tudi duogc nudi va

cham séc tai Cong ty c6 phan thude thu y trung wong NAVETCO va Cong ty cd phan

san xuat va thuong mai thudc tha y CNC.

2.1.5. Hoéa chat

Danh s&ch céc hda chit st dung trong nghién ciru duoc liét ké tai Bang 2.3.
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Bang 2.3. Danh sach cé4c hda chit dugc sir dung trong nghién ciru

3 . . . . M ich su
STT Tén hba chat Nguon goc, xuat xir yc dich sw
dung
1 Enzyme Phusion® high-fidelity DNA Thermo Fisher
polymerase Scientific
Kit CloneJET PCR Cloning Thermo Fisher
Scientific
) Kit tach chiét plasmid DNA-spin™ Intron
Plasmid DNA Purification
3 Kit tinh sach DNA MEGAquick-spin™ Intron Str dung trong
Plus Total Fragment DNA Purification thiét ké tach
i do a vect
4 Marker DNA 1 Kb Thermo Fisher ong va veetor
Scientific biéu hién
5 Marker protein PageRuler™ Plus Thermo Fisher
Prestained Protein Ladder, 10 to 250 kDa Scientific
5 Enzyme cat giéi han BamHI, PspOMI, Thermo Fisher
SAP, Ncol, Notl, HindllI Scientific
. Thermo Fisher
7 T4 DNA ligase Scientific
3 Pierce™ Coomassie (Bradford) Protein Thermo Fisher Do nong do
Assay Kit Scientific protein téng sb
9 Khéng thé don dong khang c-myc GS_'TS'_UdO F:onrad’
Vién di truyén thuc
10 Khang thé ScFv-cmyc dic hiéu H5 vat va nghién ctu
: cay trong Leibniz,
11 Protein H5-pll CHLB Bric
12 Protein S1 (50 ng/ul) cia SARS-Cov-2 Sinobiological
13 Khéng thé khang His-tag Invitrogen
y x i + )
14 Khang thé anti hmouljeRng);G (H+L) dung Invitrogen Sir dung trong
Khang thé anti o IgG (H+L) d thi nghigrm
¢ anti- +
15 ang the antl Eorc:_r:gpg (HHLydung | o0 ihernBiotech Western blot,
___"op ELISA tach
16 Khang thé anti-mouse IgA dung hop Invitrogen d(‘)ng»va vector
__HRP biéu hién
17 Khang thé anti-mouse IgM dung hop Invitrogen
HRP
18 | Khang thé anti-pig IgA dung hop HRP Invitrogen
19 TMB (3,3°,5,5’ tetramethylbenzidine, Thermo I_:I_sher
Scientific
20 DAB (Diaminobenzidine) BioWorld
21 Amersham ECL Prime Cytiva
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Huyét thanh caa lon dugc tiém vacxin

Cong ty c6 phan san

22 | thwong mai Corning, vo hoat chita PEDV | xuat va thuong mai
AJ1102 thudc thi y CNC
. Phat hién khang
. Eurofins i A
23 INgezim PEDV 11.PED.K.1/5 thé IgG dac hiéu
INGENASA
PEDV
Phat hién khang
24 PED IgA Ab ELISA Bionote thé IgA dac hiéu
PEDV
Sir dung lam
Kit hiéu chuan sic ky loc gel c6 chua céc thang protein
25 protein chuan tir 44-2000 kDa GE Healthcare chuan trong sic
ky loc gel
26 Chat bé trg Montanide ISA™ 201 SEPPIC
27 Chat bd trg Emulsigen®-D MVP
28 Vacxin thuong mai CTC Vacc PED Han Quéc Thi nghi¢m gay
— . dap tng mién
Vacxin vo hoat Bayovac® SuiShot® PT- .ap v Ag le
29 100 Bayer dich trén dong
vat

Vacxin thuong mai Corning, v6 hoat

Kegian Biology,
Wuhan Kegian

30 chra PEDV AJ1102 Biology, Trung
Quéc
2.1.6. Thiét bj va vit t

C4c thiét bi va vat tu st dung trong nghién ctu do Phong Cong nghé ADN
tng dung va Phong thi nghiém trong diém Cong nghé gen, Vién Cong nghé sinh
hoc cung cp duoc liét ké tai Bang 2.4.
Bang 2.4. Danh sach cac thiét bi, vat tu duoc sir dung trong nghién ctu

STT Tén thiét bi, vat tu Nguén goc, xuat xir
1 Méy PCR ProFlex™ Appiled Blosyste_ms, Th~ermoF|sher
Scientific, My
2 May dién di Powerpac300 Bio-Rad, My
May chup anh gel va mang lai huynh : o
3 quang Amersham Imager 680 RGB Cytiva, GE Healthcare, Nhat Ban
May chuyén mang ban kho siéu téc . .
4 Trans-Blot Turbo Bio-Rad, Singapore
5 He thonitr_lr_] As\a;:r:r;znl_h protein Cytiva, GE Healthcare, Thuy bién
6 HE thong doc ELISA Multiskan Sky Thermo Fisher Scientific, My
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7 May rira dia ELISA Thermo Fisher Scientific, My
8 May u dia ELISA Thermo Fisher Scientific, My
9 May vortex Mimishaker, IKA, Duc
10 May hat chén khéng Speed-Vac 110A Savant, My
11 May Iic 6n nhiét New Jersey, My
13 May ly tdm lanh da nang Eovendorf. Dirc
5804R PPERCOLt,
14 May do pH Thermo Fisher Scientific, My
15 May do quang phd Biorad, My
Cot tinh sach protein Superose™ 6 .
16 increase 10/300GL GE Healthcare, My
17 Pipet man céc loai Eppendorf, My
Tu an toan sinh hoc cap I loai A2 o .
18 S@femate Eco 1.2 BioAir S.P.A,Y

2.2. Phuwong phap

protein S

Thu thap thong tin, tich dong, téi ru ma biu hién va téng hop nhan tao doan gen ma hoa

|

COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll tai t hop

Thiét ké cac vector biéu hién mang gen ma hoa khang nguyén COE/Gla-pll, COE/G2a-pll,

Biéu hién cac khang nguyén COE/Gla-pll, COE/G2a-pll, COE-S1D/G2a-pll, COE/G2a-pll-tp
va 82/G2a-pll ti to hop tam thoi trong cdy thuoc 1a N. benthamiana

|

Phan tich mirc d6 biéu hién cta cac khang nguyén COE/Gla-pll, COE/G2a-pll,
COE-S1D/G2a-pll, COE/G2a-pll-tp va $2/G2a-pll tai to hop bang SDS-PAGE
va Western blot

Séc ky kim loai ¢6 dinh

l

Tinh sach va phén tich diic diém oligomer cua cic khang nguyén COE/Gla-pll,
COE/G2a-pll, COE-S1D/G2a-pll, COE/G2a-plI-tp va S2/G2a-pll tii to hop

Phan trng lién kt..t chéo, dién
di khéng bién tinh

/

Séc ky loc gel

Danh gi4 tinh sinh mién dich cta cac khang nguyén COE/Gla-pll, COE/G2a-
pll, COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll tai t6 hop trén chudt

ELISA, Western blot

|

Trung hoa virus trén té bao

Danh gia tinh sinh mién dich khéang nguyén COE/G2a-plI tai tb hop trén lon me
va cong cuong doc trén lon con

ELISA, Western blot

|

3

Trung hoa virus trén té bao

Panh gia tinh sinh mién dich cua khang nguyén COE-S1D/G2a-pll téi té hop
trén lon con

ELISA, Western blot

<|

| Trung hoa virus trén té bao

Hinh 2.1. So d6 mé ta tdm tit cac phuwong phap nghién ctru duoc sir

dung trong luan an

So dd mo ta tom tit cac phuong phap nghién ctu st dung trong luan an dugc

trinh bay ¢ Hinh 2.1.
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2.2.1. Thu thgp théng tin, tach dong, téi wu ma biéu hién va téng hep nhan teo

doan gen ma héa protein S

Sau muoi tu trinh ty nucleotit cia gen m& hoda protein S cua cac chung
PEDV d3 xuit hién ¢ Viét Nam va mot s6 trinh tu nucleotit caa gen ma hoa protein
S cua cac chung PEDV dai di¢n trén thé gi61 dugce thu thap tr co s¢ dir licu NCBI
vao thang 6/2020. Danh sdch cic trinh ty gen ma hoa protein S ctia cac chung
PEDV xuét hién tai Viét Nam dang ky trén Ngan hang gen duogc thé hién & Phu luc
1. Cac trinh ty nucleotit cua gen ma hda protein S cia cac ching PEDV di xuat
hién & Viét Nam dugc can trinh ty va phan tich bang phin mém DNASTAR
Lasergene 7. Trinh tu bdo thu ciia gen ma hoa khang nguyén S tur cac chung PEDV
¢ Viét Nam duoc st dung dé thiét ké mdi bao thu nhim khuéch dai gen S.

Chung NAVET/PEDV/PS6/2010 dugc tich chiét ARN sir dung Trizon
(Thermo Fisher Scientific). ARN cua chung NAVET/PEDV/PS6/2010 dugc sir
dung dé tong hop cADN theo hudng din ciia bo kit RevertAid First Strand cDNA
Synthesis (Thermo Fisher Scientific). Toan bd gen ma hoéa khang nguyén S dugc
khuéch dai bang phan tng PCR sir dung cip mdi duoc liét ké & Bang 2.2. Phan tng
PCR st dung enzyme Phusion® High-fidelity DNA polymerase (Thermo Fisher
Scientific), dugc tién hanh theo hudéng din ciia nha san xuat. Cac san pham PCR
dugc tinh sach st dung by kit MEGAquick-spin™ Plus Total Fragment DNA
Purification (Intron). San pham PCR dugc gin vao vector pJET st dung bd kit
CloneJET PCR Cloning (Thermo Fisher Scientific) dé tao thanh plasmid ti to hop
pJET-S.

Plasmid pJET-S duoc sir dung lam khuon dé doc trinh tu nucleotit cta gen S
bang phuong phap Sanger véi cac cip mdi duoc liét ké ¢ Bang 2.2. Cac trinh tu
dugc xir 1y va can trinh tu sir dung phan mém Bio Edit va MegAlign/Lasergen 7.0.
Trinh ty nucleotit cia gen mad hoa khadng nguyén S cuia ching
NAVET/PEDV/PS6/2010 duoc dung dé xay dung cy phan loai cliing véi cac trinh
tu nucleotit ctia gen ma hoa protein S ciia mot sé ching PEDV da xuat hién & Viét
Nam va trén thé gidi str dung phan mém Mega X.

Cac trinh ty nucleotit cua gen ma hoa khang nguyén COE (aa 499-638) cua
chung PEDV DR13 nhuge doc (Han Qudc), ma sd truy cap NCBI: JQ023162.1 (ky
hiéu COE/Gla) va COE cua chung NAVET/PEDV/PS6/2010 (ky hi¢u COE/G2a)
dugc toi wu mi di truyén thich hop cho sy biéu hién cta cac khang nguyén nay trén
cay thudc 1a N. benthamiana sir dung cong cu téi uu cia Genewiz (M), sau do
thém vi tri nhan biét cta cac enzyme BamHI va PspOMI. Céc trinh ti gen nay dugc
dit tong hop va dua vao vector pUC57 bdi cong ty Genewiz (My). Cac plasmid
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pUC57-COE/G1a va pUC57-COE/G2a dugc cung cip boi cong ty Genewiz (M)
dudi dang dong kho.
2.2.2. Thiét ké cac vector biéu hién mang gen md héa khdng nguyén tdi té hop
So dd mé ta tom tit phuong phap thiét ké cac vector biéu hién mang gen ma
hda khang nguyén tai t6 hop duoc trinh bay & Hinh 2.2.

Khuéch dai cac doan gen mé hoa khang nguyén COE/Gla, COE/G2a, COE-S1D/G2a
va S2/(G2a tai to hop bang PCR, sau do xu ly vo1 enzyme BamHI va PspOMI

!

Gin c4c doan gen ma hoa khang nguyén COE/Gla, COE/G2a, COE-S1D/G2a, va
S2/G2a vao vector pRTRA-pII hodc pRTRA-pIl-tp da dwoc xur ly vo1 BamHI va
PspOMI va bién nap san pham gan vao E.coli G10

Chon loc cac dong khuén E.coli G10 mang cac plasmid pRTRA tai t6 hop bang
colony-PCR va xtr ly voi BamHI va PspOMI

l

Xt Iy céc plasmid pRTRA tai to hop bang enzyme HindIll dé thu cassette biéu hién
chtra gen ma hoa khang nguyén tai to hop

Gén doan gen chira cassette biéu hién vao vector pCB301 da dugc xu 1y véi1 Hindlll
va bién nap san pham gan vao E. coli G10

l

Chon loc cac dong khuan E.coli G10 mang cac plasmid pCB301 tai to hop bang xu 1y
vo1 Neol hodc Notl

l

Bién nap cac plasmid pCB301 tai to hop vao chung A. tumefaciens AGL1

Chon lgc cac dong khuén 4. tumefaciens AGL1
mang cac plasmid pCB301 tai t6 hgp bang colony-PCR

Hinh 2.2. So db thiét ké vector biéu hién mang gen ma hda cac khang nguyén tai to
hop va tao chung A. tumefaciens mang vector tuong tng

Céac doan gen mi hoa khang nguyén COE (tir aa 499 dén 638) ciia ching
PEDV DR13 nhugc doc (Han Qudc) va chung NAVET/PEDV/PS6/2010 khuéch
dai tir cac plasmid pUC57-COE/G1la va pUC57-COE/G2a bang PCR str dung cac
cap mdi BamHI-COE/G1a-F va PspOMI-COE/G1a-R hoic BamHI-COE/G2a-F1 va
PspOMI-COE/G2a-R. Poan gen ma hoéa khang nguyén COE/Gla va COE/G2a
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dugc thu nhan sau khi dién di trén gel agarose 1% sir dung bo kit MEGAquick-
spin™ Plus Total Fragment DNA Purification (Intron). San pham sau tinh ché dugc
cit voi enzyme PspOMI va BamHI.

Poan gen ma hoa tir aa 499 dén 789 (ky hiéu COE-S1D/G2a) cua ching
NAVET/PEDV/PS6/2010 duoc khuéch dai bang phan tng PCR sir dung khuén 1a
plasmid pJET-S va cip mdi BamHI-COE/G2a-F2 va PspOMI-S1D/G2a-R. Poan
gen ma hoa tir aa 730 dén 1324 (ky hiéu S2/G2a) duoc khuéch dai bang phan {ng
PCR st dung khudn 1a plasmid pJET-S va cap moi BamHI-S2/G2a-F/PspOMI-
S2/G2a-R. Cac doan gen ma hoa khang nguyén COE-S1D/G2a va S2/G2a dugc thu
nhan sau khi dién di trén gel agarose 1% su dung bo kit MEGAquick-spin™ Plus
Total Fragment DNA Purification (Intron). San phdm sau tinh ché dugc cat voi
enzyme PspOMI va BamHlI.

Cac plasmid pRTRA-H5-pll va pRTRA-H5-pll-tp dugc cit véi enzyme
BamHI va PspOMI nham loai bé gen ma hdéa khang nguyén H5 va thu nhan céc
khung vector pRTRA-plI va vector pRTRA-plI-tp. Tiép theo, cac vector pRTRA-
pll va pRTRA-plI-tp duoc xtr Iy véi enzyme SAP (Thermo Fisher Scientific) dé loai
b6 gbc phosphate theo hudng dan ctia nha san xuét. Cac doan gen ma hoa céc khang
nguyén COE/G1la, COE/G2a, COE-S1D/G2a va S2/G2a sau khi cit va thu nhan tur
gel duogc gin vao cac vector pRTRA-plI va vector pRTRA-plI-tp st dung enzyme
T4 DNA ligase (5U/ul, Thermo Fisher Scientific). Hon hop dugc 1 & nhiét do 22 °C
trong 2 gio, sau d6 dugc nhén dong trong ching E. coli G10 va chon lgc trén moi
truong c¢6 khang sinh carbenicillin 50 mg/l. Cac dong khuan chira cac vector
pRTRA tai t6 hop dugc chon loc bang colony-PCR (st dung cip moi 35S-F/35S-R)
va xt 1y v6i enzyme BamHI va PspOMI. Cac dong khuan lac dwong tinh trong
phan tng colony-PCR dugc nudi long dé phuc vu tach chiét plasmid. Qua trinh tach
chiét plasmid duoc thyc hién theo chi dan cta nha san xuét bo kit DNA-spin™
Plasmid DNA Purification (Han Qudc). Céc plasmid sau tich duoc dung dé kiém
tra sy ¢cO mat cua cac gen mad hoa cac khang nguyén COE/Gla, COE/G2a, COE-
S1D/2a va S2/G2a bang enzyme BamHI va PspOMI.

Céc vector pRTRA tai t6 hop da thiét ké xong bao gdbm pRTRA-COE/Gla-
pll, pPRTRA-COE/G2a-pll, pRTRA-COE-S1D/G2a-pll, pRTRA-COE/G2a-pll-tp
va pRTRA-S2/G2a-pll dugc cat voi enzyme HindIIl dé thu doan gen chira cassette
biéu hién. Pong thoi, vector pCB301 ciing dugc xir 1y voéi enzyme HindIIl dé thu
khung vector. Tiép dén, cac doan gen chua cassette biéu hién duoc gan voi vector
pCB301 sir dung enzyme T4 DNA ligase (5 U/ul, Thermo Fisher Scientific). Hon
hop duoc U & nhiét d6 22 °C trong 2 gid, sau d6 san pham duoc bién nap vao chung

chung E. coli G10 va cac dong té bao sau bién nap dugc chon loc trén méi trudng
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c6 khéang sinh kanamycin 50 mg/L. Cac dong khuan dugc nudi 1ong dé phuc vu tach
chiét plasmid theo hudng dan cta bo kit DNA-spin™ Plasmid DNA Purification
(Intron). Cac dong khuan chira cic vector pCB301 tai t6 hop duoc kiém tra véi
enzyme Ncol hodc Notl. Trinh tu cac doan gen ma héa cac khang nguyén tai to hop
trong vector pCB301 duoc xac nhan lai bang phuong phap giai trinh ty Sanger st
dung cip moi 35S-SQF va 35Sterm dugc liét ké & Bang 2.2. Cudi cung, cac plasmid
pCB301 tai t6 hop duoc chuyén vao ching A. tumefaciens AGL1 str dung xung dién
[149]. Cac dong khuan A. tumefaciens AGL1 mang cac vector pCB301 tai t6 hop
duoc chon loc béng colony-PCR véi cap mdi 35S-SQF va 35Sterm.

2.2.3. Biéu hi¢n cdc khing nguyén tdi t6 hop tam thoi trong cdy thuéc ld N.

benthamiana

Mot khuan lac A. tumefaciens AGL1 mang vector pCB301 chira gen dich va
1 khuén lac A. tumefaciens AGLI1 chtra doan gen ma hoéa HcPro dugc lya chon va
nudi riéng ré trong 5 mL moi truong LB c¢6 bo sung carbenicillin 50 mg/L,
kanamycin 50 mg/L va rifamycin 50 mg/L qua dém. Dich nuéi dugc bd sung nudi
thém 45 mL LB c¢6 chaa carbenicillin 50 mg/L, kanamycin 50 mg/L va rifamycin
50 mg/L qua dém. Dich nudi (50 mL) duoc chuyén vao 450 mL méi trudng LB bd
sung carbenicillin 50 mg/L, kanamycin 50 mg/L va rifamycin 50 mg/L va nudi qua
dém. Khuan duoc thu nhan bang cach ly tim 4000 v/p trong 30 phat & 4 °C va hoa
trong d¢ém MES 0,01 M va MgCl, 0,01 M, pH 5,6 cho t61 ODggg 0,6-1,0. Hai dung
dich khuan duoc tron theo ty 18 1:1 (V/V) trong ca nhya 2 L va u & nhiét do 25 °C
trong 2 gio trude khi bién nap. Dich khuan duoc bién nap vao cdy thudc 14 N.
benthamiana thuy canh 6-8 tuan tu6i st dung k¥ thuat hat chan khong & 25 inches
Hg v6i thoi gian hat chan khong 1a 1 phat 30 gidy. Sau khi bién nap, cay thudc 14
duoc dit trd lai hé théng nudi cdy thuy canh dugce diéu khién véi nhiét do tir 22 dén
25 °C, 16 gid chiéu sang va d6 4m 70%. Ba dén sau ngay sau khi bién nap, 14 thudc
14 dugc thu hoach va bao quan & tu -80 °C cho t6i khi phan tich.

Mot sd diéu kién thich hop cho biéu hién tam thoi cia khang nguyén
COE/G2a-pll trong cay thudc 14 N. benthamiana thiy canh can dugc téi uu bao
gom tudi cdy thudc 14 N. benthamiana thiy canh, nong d6 dich khuan A.
tumefaciens tai to hop va thoi gian thu 14 sau bién nap. Can khuan A. tumefaciens
chita vector chuyén gen ma khang nguyén COE/G2a-pll va cin khuin A.
tumefaciens chira vector chuyén gen ma hoa HcPro duoc tron déu voi nhau véi ty 1€
1:1 trong d&m MES (10 mM MgCl,, 10 mM MES, pH 5,6) t61 khi ODgyo dat cac gia
tri 0,1; 0,2; 0,3; 0,4; 0,5 hodc 0,6. Cay N. benthamiana thuy canh (5 tudn tudi, 6
tudn tudi hodc 7 tuan tudi tinh tir luc gieo hat) dugc bién nap véi cac dich vi khuan
trén bang k¥ thuat hat chan khong & 1 phut 30 gidy, 27 inches, 0 atm. Mdi c6ng
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thirc thi nghiém bao gém 3 cdy thudc 14. Cac cay thudc 14 sau khi bién nap dugc dua
tré lai vao nha ludi dé tiép tuc phat trién. L4 cta cac cy thude 14 duoc thu sau 3
ngdy, 4 ngay, 5 ngay hoic 6 ngay sau khi bién nap. Mdi thi nghiém duoc lap lai 3
1an. Toan bo 14 duoc thu va bao quan & -80 °C cho dén khi phan tich.
2.2.4. Phan tich mirc dé biéu hién ciia cdc khang nguyén tdi t6 hop bing SDS-

PAGE va Western blot

Sy biéu hién ctia khang nguyén tai to hop trong 14 thudc 14 N. benthamiana
sau bién nap dugc kiém tra bang phan tmg Western Blot dugc mé ta trong nghién
ctru trude d6 [150]. MAu 14 sau khi 1ay tir ta -80 °C dugc nghién lanh trong nito long
stt dung c6i chay sit. Pém SDS 1X (50 mM Tris-HCI pH 6.8, 2% SDS, 0,1%
bromophenolblue (w/v), 10% glycerol (v/v), 5% B-mercaptoethanol (v/v), pH 8,3)
dugc bd sung vao 1a sau khi nghién min véi ty 16 1:2 (w/v) dé thu nhan protein tan
tong s6 (TSP). Sau d6, hdn hop duoc u ¢ 95 °C trong 10 phit. Dich chiét chua
protein tong sé duoc thu nhan sau khi ly tam 13.000 vong/phut trong 30 phut.

Nong do protein téng sb trong dich 14 dugc tinh toan theo phwong phap cia
Bradford nam 1976 sir dung duong chuan BSA (Bovine Serum Albumin) duoc do &
budc song 595 nm [151]. Pudng chuan cua BSA dugc xay dung sau khi do mat do
quang cua dung dich chtta 790 pl nudc deion, 200 pl Pierce™ Coomassie
(Bradford) Protein Assay Kit (Thermo Scientific™) va 1 pl BSA véi dai nong do
(500 pg/pL; 250 pg/ul; 125 pg/ul; 62,5 ng/ul; 31,25 pg/pl; 15,625 pg/ul; 7,81
Mg/uL; 3,9 pg/pL; 0 pg/pL) trén may SmartSpec Plus spectrophotometer (Biorad) &
budc song 595 nm. Sau khi dung dugc duong chuin ciia BSA trén may, nong do
protein tong so trong dich chiét 14 duoc hién thi khi do dung dich chta 790 pl nudc
deion, 200 pl Pierce™ Coomassie (Bradford) Protein Assay Kit (Thermo
Scientific™) va 1 pl dich chiét 14 & budc séng 595 nm.

Protein téng s6 (30-50 pg) duwoc phan tach bang dién di SDS-PAGE trén gel
10-12% polyacrylamide & 100V trong 2 gio. Protein trén gel dugc chuyén qua mang
polyvinylidene fluoride (PVDF) ¢ 18 V trong thoi gian 15 gio. Mang dugc ngam
trong 2 gi voi dung dich c6 5% sita tach béo pha trong PBS. Tiép dén, khang thé
don dong khang c-myc hodc khang thé don dong khang 6x-His tag dugc san xuit &
chudt duoc bo sung vao mang. Ké tiép, mang dugc ngam trong 1 gid voi dung dich
c6 khang thé anti-mouse IgG c6 gan HRP (Horseradish Peroxidase) pha trong PBS
chira 5% sita tach béo. Trudc khi phu khang thé, mang dugc lam sach 3 lan, mdi lan
phat véi dung dich cé 0,5% sira tach béo pha trong PBS. Protein dugc phat hién
trén mang str dung dung dich c6 chira DAB (Diaminobenzidine) va H,0, hodc dung
dich Amersham ECL Prime. May chup anh Amersham™ Imager 680 (Cytiva) dugc
str dung dé ghi nhan anh két qua Western blot. Su tich lily ctia cac khang nguyén tai
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t6 hop trong 14 thude 14 N. benthamiana duoc udc tinh sitr dung dudng chuan duge
xdy dyng tir tin hiéu bing protein chuin dya vao phin mém Imagel hoic
ImageQuant TL 8.0 (Cytiva).

Ngoai ra, sy hién dién cua cac khang nguyén tai t6 hop trong 14 thudc 1a N.
benthamiana ciing dugc xac nhan bang SDS-PAGE va Western blot. Huyét thanh
cua lgn sau khi gay dap ung véi vacxin Corning chita PEDV AJ1102 (Kegian
Biology, Wuhan Kegian Biology, Trung Qudc) dang vé hoat dugc sir dung nhu 1a
khang thé 1 va khang thé khang lon 19G (H+L) dung hop HRP (SouthernBiotech)
duogc sir dung nhu 1a khang thé 2.

Du doan cac vi tri glycosyl hoa trong trinh tu axit amin cta céc protein dugc
thuc hién st dung chuong trinh dy doan glycosyl hoa (glycosylation prediction
program, GPP) ctia nhom tac gia tir Pai hoc Nottingham [152].

2.2.5. Tinh sach va phan tich diic diém oligomer ciia cic khding nguyén tdi to
hop
2.2.5.1. Tinh sach khang nguyén diza vao sdc ky ai lic kim logi ¢ dinh IMAC

L& thudc 14 N. benthamiana c6 chtra cac khang nguyén tai to hop da dwoc
xac nhan bang Western blot, duoc sir dung cho tinh sach bang phuwong phap IMAC
(Immobilized Metal ion Chromatography). L4 dwoc nghién lanh thanh dang min
trong nito 16ng bang céi chay st Bot 14 thude 14 (80 g) duoc chiét trong 240 mL
dém chiét lanh gém 20 mM sodium phosphate, 0,5 M NaCl (pH 7,4), 10% glycerol,
1 vién cOmplete™ protease inhibitor cocktail (Roche), sau d6 hdn hop duoc xay
dong nhat s dung may xay sinh td. Dich chiét dugc phan tach bang ly tam 3 lan
(13,000 rpm/p, 40 phat, 4°C), sau d6 duoc tron vai 20 mL Ni Sepharose Fast Flow
(Cytiva). Hdn hop duoc khuiy nhe nhang bang khudy tir qua dém, 4 °C. Hon hop
duoc nhdi vao cot sic ky IMAC. Dich chay qua cot sau khi dwa hén hop dich chiét
thd tron Ni Sepharose Fast Flow 1&n cot (FT) duoc thu nhan dé phan tich. Cot dugc
rica 2 1an, mdi 1an véi 500 mL dém ria lanh (20 mM sodium phosphate, 0,5 M
NaCl, 10-30 mM Imidazole, pH 7,4). Dich rira chay qua cot sau khi b sung dém
ria 1an 1 (W1), lan 2 (W2) duogc thu nhan dé phan tich. Protein tinh sach (E) sau d6
dugc tach ra khoi cot bang cach bo sung 20 mL dém hoa tan (20 mM sodium
phosphate, 0,5 M NaCl, 500 mM Imidazole, pH 7,4), lap lai 2 lan va duoc thu nhan
dé phan tich. Protein tinh sach (E) dugc tham tich qua dém ¢ 4 °C st dung mang
tham tich Spectra/Por® Regenerated Cellulose cutoff 6-8 kDa (Spectrum) trong dém
PBS (137 mM NacCl, 2,7 mM KCI, 10 mM Na,HPO,4, 1,8 mM KH,PO,4, pH 7,4) &
4°C. Protein tinh sach dugc cO trén cdt Pierce™ Protein Concentrator PES, 10K
MWCO, 5-20 mL (Thermo Fisher Scientific), sau d6 b6 sung 50% glycerol va bao
quan & -20°C. Céc phan doan thu dugc sau tinh sach khang nguyén bang IMAC bao
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gom RE, FT, W1, W2 va E dugc phan tich bang dién di SDS-PAGE, nhuém
Coomassie blue va Western blot theo phuong phap da trinh bay ¢ muc 2.2.4.
2.2.5.2. Phdn vng lién két chéo

Phan tng lién két chéo (cross-linking reaction) duoc tién hanh dudi chi dan
dd dugc mdé ta cua Weldon va cong sw, 2010 [133]. Pau tién, Bis
[sulfosuccinimidyl] suberate (BS3) duoc hoa tan trong nude dé dat ndong d6 50 mM.
BS3 duoc bd sung vao khang nguyén tinh sach (1 pg) cho t6i nong do 5 mM. Hon
hop duoc dé & nhiét 6 phong trong thoi gian 30 phut. Pé dimng phan Gng, dung
dich 1M Tris-HCI pH 8,0 duoc b sung vao hdn hop cho téi ndong d6 50 mM va hdn
hop duoc dé tiép o nhiét do phong 15 phat. Dung dich hdn hop sau phan tmg duoc
phan tach trén gel SDS-PAGE 10-12%, sau d6 protein dugc chuyén 1én mang dé
phan tich Western blot nhu muc 2.2.4.
2.2.5.3. Pién di khong bién tinh

Protein COE/G1a dang ty nhién dugc phan tach bang dién di khong bién tinh
(Blue native PAGE) theo mo ta boi Wittig va cong su [153]. Protein duoc phén tach
trong dém mau 50 mM NaCl, 50 mM imidazole, 0,5% coomassie blue G-250,
10% glycerol, pH 7,0) st dung 3,5-10% polyacrylamide gradient gel (75 mM
Imidazole, 500 mM 6-aminohexanoic acid, pH 7,0). Phan tung duoc tién hanh st
dung dém vai blue cathode A (50 mM tricine, 7,5 mM imidazole, 0,02% coomassie
blue G-250, pH 7,0) va dém anode (25 mM imidazole, pH 7,0). Sau khi chay duoc
1/3 bé, dém cathode A duoc loai bo va thay thé boi dém cathod A/10 (50 mM
Tricine, 7,5 mM Imidazole, 0,002% coomassie blue G-250, pH 7,0). Két thuc qua
trinh dién di, protein duoc chuyén sang mang PVDF trong dém (50 mM tricine, 7,5
mM imidazole, pH 7,0) qua dém ¢ 18 V. Mang U v&i methanol dé rira coomassie
dye. Western blot dugc thyc hién theo phuong phap cia Manfred va Udo (2009)
[150] va quy trinh da mé ta & muc 2.2.4.
2.2.5.4. Tinh sach va phdn tich ddc diém oligomer ciia khdng nguyén bang sdc ky
loc gel

Céc khang nguyén thu duoc sau khi tinh sach bang IMAC dugc tiép tuc tinh
sach bang sic ky loc gel (Size-exclusion chromatography, SEC). 100 pg protein
tinh sach IMAC dugc nap vao cdt Superose™ 6 tang 10/300GL (GE Healthcare) va
qué trinh tinh sach dugc thuc hién trén hé théng may AKTA pure (Cytiva). B9 kit
gdm céc protein chuan co kich thudc 16n trong khoang tir 44 dén 2000 kDa dugc
dua 1én cot dé udc tinh trong lwong cila cac protein quan tam. 500 pl cua ting phan
doan dugc thu nhan. Sy hién di¢n cua protein trong cac phan doan SEC dugc phan
tich béng SDS-PAGE va Western blot. Cac phan doan SEC c6 chtra sy hién di¢n

cua protein dich dugc don lai va c6 dac trén cot Pierce™ Protein Concentrators
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PES, 10K MWCO, 5-20 mL (Thermo Fisher Scientific), sau d6 bd sung 50%
glycerol va bao quéan ¢ - 20°C.
2.2.6. Nhén nudi va tinh sach PEDV tir t¢ bao nuéi cdy
2.2.6.1. Nhan nudi va tinh sach chung PEDV DR13 va PEDV SM98

Quy trinh nh4n nudi va tinh sach PEDV DR13 va SM98 tir té bao nudi ciy
duoc tién hanh tai Bénh vién Tha y, Hoc vién Nong nghiép Viét Nam va cong ty )
phan san xuét va thuong mai thudc thit y CNC theo quy trinh trudce d6 [38] véi mot
s6 cai tién. Dong té bao Vero E6 (ATCC R CRL-1587TM) dugc nhan nudi va u
37°C trong mdi truong Dulbecco’s Modified Eagle Medium (DMEM) c6 chira 10%
fetal bovine serum (FBS) va khang sinh (100 pg/mL penicillin/streptomycin). Cac
té bao duge nhan nuéi dudi diéu kién 5% CO, & 37°C. Sau d6, ching PEDV-DR13
hoidc ching PEDV-SM98 dugc nhan nudi cac t& bao Vero véi 10 pg/mL tosyl
phenylalanyl chloromethyl ketone dugc xur ly trypsin (TPCK) (Worthington,
Lakewood, NJ, USA). Sau khi nuéi cdy 36-48 gid, khi cac té bao thé hién 100%
bénh tich té bao, dich té bao dugc thu nhan bang cach lam dong va ra dong 3 lan.
Xac té bao duoc loai bo sau khi ly tAm ¢ 10,000xg, 30 phut. Dich ndi chira PEDV
dugc lam sach bang ly tim ¢ toc do 30,000 xg. Pé tinh sach PEDV, gradient
sucrose (20, 40, 60%) duoc bd sung, sau d6 PEDV duogc thu nhan béng ly tam.
2.2.6.2. Nhan nuoi chung NAVET/PEDV/PS6/2010

Quy trinh nhan nuo6i chung virus NAVET/PEDV/PS6/2010 duogc tién hanh
tai cong ty CP thudc th y trung wong NAVETCO. Té bao Vero (ATCC CCL-81)
dugc nhan nudi st dung méi trudng thiét yéu tbi thiéu cua Eagle (EMEM, Gibco)
chtta 10% huyét thanh bao thai bo (FBS, Gibco) va gentamycin 50 pg/mL & 37°C
va 5% CO,. Cac mau rudt cua heo con bi nhiém PEDV duoc sir dung dé phén 1ap
chung NAVET/PEDV/PS6/2010. Chung NAVET/PEDV/PS6/2010 duoc nhan nudi
trong cac té bao Vero theo quy trinh dwoc md ta truéc diy [38]. Chung
NAVET/PEDV/PS6/2010 ¢ doi cdy chuyén thtt 5 di dugc s dung cho cac thi
nghiém coéng cudng doc & lon con. Ching NAVET/PEDV/PS6/2010 & doi cay
chuyén thir 5 c6 trinh ty nucleotit ciia gen S gidng véi trinh tu nucleotit cua ching
virus nay ¢ doi dau tién.

2.2.7. Gdy ddp teng mién dich trén chuét

2.2.7.1. Gdy ddp g mién djch trén chugt véi khang nguyén COE tir ching PEDV
Gla

Céc dich chiét thuc vat biéu hién cac khang nguyén COE/Gla-pll (hoic tén

khac trong cong bd 1a COE-GCN4pll), COE/G1a-pll-tp hodc dich chiét cua ciy

thudc 14 khong chuyén gen hodc vacxin thwong mai (4x10° TCID50/1iéu, CTC Vacc

PED, Han Qudc) dugc str dung dé giy dap ing mién dich trén chudt. Cac dich chiét
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dugc tron déu véi chat bo tro Emulsigen ®-D (MVP Technologies, 4805 G Street,
Omaha, NE 68117, USA) véi ty 1é 8:2 (v/v) bang khudy tir trong 2 h & 4 °C. Chudt
nhat cai tring BALB/C 6 tuan tudi dugc tiém dudi da hang ba 1an vao cac ngay 0,
14 va 21. MJdi con chudt dugc tiém 200 ul chira dich chiét thuc vat chira 18,76 Mg
khang nguyén COE/G1la-pll hoic dich chiét cua cay thubc 14 khong chuyén gen
hodc vacxin thwong mai (4x10° TCID50/lidu, CTC Vacc PED, Han Quéc). Bay
ngay sau tiém lan tha hai va lan tht ba, mau cia nhitng con chut dugc thu nhan &
héc mat. Tat ca huyét thanh chudt duge thu nhan bang cach ly tim. Huyét thanh
chudt duge 1 trong 30 phut & 56°C sau d6 bao quan ¢ -20°C.
2.2.7.2. Gdy ddp u#ng mién dich trén chugt véi cac khang nguyén tai té hop tir
chung PEDV G2a

Chuét nhit tring cai BALB/C 4 tuan tudi duoc cung cap boi Cong ty ¢6 phan
thudc thi y trung wong VETVACO. Cac khang nguyén COE/G2a-pll hoic COE-
S1D/G2a-pll hoic COE/G2a-pll-tp hoic S2/G2a-pll hoic PBS dugc phdi tron véi
chat b6 tro Emulsigen®-D (MVP) theo ty I¢ 8:2 trong 2 h & 4°C. Thi nghiém bao
gom sau nhom chudt (n=8). HAn hop chaa khang nguyén (1 pg khang nguyén/liéu)
hoiac PBS va chat bd tro Emulsigen®-D (MVP) duoc tiém dudi da hang vao mdi
con chugt. O nhom ddi chang am, chudt dugc gay dap tng véi hdn hop chira PBS
va chét bd trg Emulsigen®-D (MVP). Chudt duoc gy dap tng 2 lan véi thé tich
200 pl/con, mdi lan cach nhau 2 tuan. Mot tuan sau khi tiém lan 2, dung xilanh thu
mau chudt & vi tri hoc mat. Huyét thanh phan tach sau d6 ly tim duoc sir dung dé
danh gia su c6 mat khang thé IgG, IgA, IgM dic hiéu PEDV, hiéu gia khang thé
trung hoa PEDV va interferon gamma (IFN-y).
2.2.8. Phan tich ddp ing sinh khang thé IgG, IgA, IgM ddc hiéu PEDV trong

huyét thanh chugt bang ELISA

Phuong phap ELISA duogc tién hanh dya trén mé ta trude d6 [143] co cai
tién. PEDV tinh sach duoc pha loang trong dém phage PBS (100 mM NaCl, 32 mM
Na,HPO4, 17 mM NaH,PO,, pH 7,2), sau d6 dugc st dung dé phu vao dia
microtiter (ImmunoPlate Maxisorp, Nalgen Nunc International, Roskilde,
Denmark) & 4°C qua dém. Dia dugc U trong 2 gid véi dung dich c6 chira 5% sita
khong béo pha trong PBS 1X. Tiép dén, huyét thanh chudt dugc bd sung vao dia va
giit trong 2 gio. Sau d6, dia dugc u trong 1 gid v6i khang thé khang chudt IgG dung
hop Horseradish peroxidase (HRP) duoc pha véi ty 1& 1: 2500 hodc khang thé
khang chudt IgA c6 gan HRP dugc pha véi ty 16 1:2000 hodc khang thé khang
chudt IgM c6 gan HRP dugc pha véi ty 1& 1:1000 trong dung dich PBS 1X. Giira
cac 1an pha khang thé, dia dugc rira 3 1an v6i dung dich co chira 0,05% Tween 20
(PBS-T) pha trong PBS 1X. Bia dugc u trong 15 phut véi dung dich
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tetramethylbenzidine (TMB). Sau d6 dia duoc U voi dung dich HCI IN. Két qua
ELISA dugc doc ¢ bude song 450nm.
2.2.9. Phan tich ddp irng sinh khdng thé IgG dic higu PEDV trong huyét thanh

chugt bang Western blot

PEDV DR13 hogc PEDV SM98 tinh sach (1 pg) hodc 500 ng khang nguyén
tinh sach SEC dugc tra vao tiung giéng, sau d6 dién di trén gel SDS-PAGE (10%).
Protein trén gel duoc chuyén qua mang PDVF ¢ 18 V qua dém. Dung dich PBS 1X
chtra 5% (W/V) sita khong béo dugc sir dung dé khéa mang trong 2 gid. Tiép dén,
ting giéng chira protein trén mang dwgc phan tach riéng r& va ngam trong huyét
thanh chuot pha loang ¢ ty 1€ 1:100 trong PBS 1X chwra 5% (w/v) stra khong béo
trong 2 gio. Sau do, cac mang duoc rira 3 1an, mdi 1an 5 phut bang dung dich chira
0,5% (w/v) sita khong béo pha trong PBS 1X. Dung dich chtra khang thé khang
chuot IgG gan HRP pha lodng & ty 1& 1:2000 trong PBS 1X chtta 5% sita khong béo
dugc phu vao cac mang trong 1 gid. Sy hién dién cua cic bang vach trén mang
dugc nhén dién sau khi ngdm mang 10 phut trong dung dich diaminobenzidine
(DAB, Thermo Science Pierce) pha 0,05 M Tris-HCI, pH 7.2. Anh Western blot
dugc ghi nhan stt dung may chup anh Amersham™ Imager 680 (Cytiva).
2.2.10. Phan tich khd néng kich thich sinh cytokine trong huyét thanh chugt

Nong d6 interferon-gamma (IFN-y) trong huyét thanh cua chudt duoc kiém
tra su dung bo kit ELISA (Mouse IFN-y (HRP), Mabtech). Quy trinh thyc hién
duogc tién hanh theo chi dan cua hing. Pé chuan bi cho thi nghiém danh gia kha
nang kich thich sinh cytokine, huyét thanh chudt duoc pha lodng voi ty 18 1:20
trong dung dich chaa 0,1% BSA va 0,05% Tween 20 pha trong PBS 1X. Buong
chuan xay dyng dya trén nong do IFN-y chudt tai to hop voi khoang 4-400 pg/mL,
dugc sir dung dé udc tinh nong do IFN-y trong huyét thanh chudt sau khi pha loang
(IFN-y PL). Nong do IFN-y trong huyét thanh chudt ban dau duoc tinh bang hai
muoi 1an ndng do caa IFN-y PL.
2.2.11. Phan tich khd néng trung hoa PEDV ciia huyét thanh chugt

Quy trinh thi nghiém trung hoa virus trén té bao dugc thuc hién theo cong b
trude d6 [154]. Pau tién, huyét thanh chudt da bat hoat & 56°C , 30 phut duoc pha
lo&ing theo co s6 2 trong mai trudng a-Minimum Essential Medium (MEM) ¢6 bo
sung 1% khang sinh anti-mycotic (Invitrogen, USA). PEDV DR13 (10° TCID50/0,1
mL) PEDV SM98 (10° TCID50/0,1 mL) dugc u vé6i huyét thanh chudt pha lodng ¢
37 °C trong 1 gio. Sau d6, 100 pl hdn hop chira virus va huyét thanh & cac ty 1é pha
lodng duoc tra vao tirng giéng trén dia di co san té bao Vero. Pia duoc giir trong 1
gio 6 37°C. Tiép dén, dia duoc lam sach véi dung dich PBS trong 10 phdt. Bia duoc
u trong 200 pl dung dich chuaa trypsin pha trong méi truong MEM. Pia dugc git



46
trong ta am CO, & 37°C trong 6 ngay. Ty 1é pha lodng huyét thanh cao nhat ma
khdng gay ra bénh tich té bao dugc xac dinh 1a hiéu gia khang thé trung hoa.
2.2.12. Gay ddp i#ng mién dich trén lon me va céng cwong déc trén lon con

Dé Iya chon lgn nai hau bi mang thai &m tinh véi PEDV, huyét thanh cua céac
con lon nai duoc sir dung dé phan tich su hién dién cua cac khang thé cé kha ning
trung hda PEDV. Thi nghiém duoc tién hanh tai cong ty CP thudc thu y trung wong
NAVETCO. Hai lon nai hau bi mang thai khéng c6 cac khang thé c6 kha ning
trung hoa PEDV duoc st dung trong nghién ciru. Khang nguyén COE/G2a-pll tinh
sach hodc PBS dugc tron véi chat bo trg dau (NAVETCO, Viét Nam) voi ty I 3:7.
Lon nai mang thai (khoang 80 ngay tudi) duoc tiém bép trén c6 voi khang nguyén
COE/G2a-pll (liu 100 pg) hoic PBS kém chit bd trg vao ngay 0 va 14 sau khi
tiém chung (pi). Mau mau cta lon nai duoc thu nhan vao cac ngay 0, 35 (trudc khi
dé) va 50 pi. Lon con (n= 8) duoc dé ra tir lon nai trude d6 duoc tiém khang nguyén
COE/G2a-pll (n= 8) va lgn con (n= 2) dugc dé ra tir lon nai dugc tiém PBS, dugc
cho bl va nudi chung véi me nai caa ching. Mdi lon con (5 ngay tudi) dugc cong
cudng doc bang cho ubng vai 1 mL chiang NAVET/PEDV/PS6/2010 c6 doc luc cao
(10° TCID50). Lon con duoc theo ddi hang ngay vé cac dic diém lam sang, trong
luong, su tiéu chay va ty Ié chét tir ngay 0 dén ngay 14 sau cong cudng doc (pc).
Diém 1am sang bao gdm trang thai hoat dong duoc ghi lai dé phan tich. Diém lam
sang duoc xac dinh nhu sau: khoe manh= 0; chan an, trAm cam, nén mura, tiéu tuy =
1; chét= 2. Trong luong co thé cua lon con duoc danh gia vao cac ngay 0 va 10.
Piém phan duoc danh gia nhu sau: binh thuong= 0, nhdo= 1, béan ran= 2, tiéu chay
nhiéu nudc= 3. Mau méu cua tat ca cac lon con duoc thu thap vao cac ngay 0 va 10
sau cong dé phan tich. Tat ca cac mau duoc bao quan & -20°C cho dén khi phan
tich.

2.2.13. Gdy ddp ing mién dich trén lgn con véi khang nguyén COE-S1D/G2a-pl|

Thi nghiém gay dap trng mién dich trén lon con duoc thuc hién tai Cong ty
cd phan san xuat va thuong mai thudc thii y CNC. C4c lon con 4-5 tuan tudi &m tinh
Vv6i cac khang thé dic hiéu va khang thé trung hoa PEDV duoc st dung cho thi
nghiém.

Thi nghiém 1: So sanh tinh sinh mién dich cua khang nguyén COE-
S1D/G2a-pll va khang nguyén COE/G2a-pll (liéu 12,5 pg) trén lon con; so sanh
anh huong cua chat bo tro Montanide ISA™ 201 (SEPPIC) va chat bo tro
Emulsigen®-D (MVP) dén tinh sinh mién dich caa khang nguyén COE-S1D/G2a-
pll trén lon con

Lon con duoc chia thanh 5 nhém. Lon con dugc tiém bap 2 1an, mdi lan cach
nhau 2 tuan. Céc lon con & nhém 1 va nhém 2 (n= 3) lan lugt duoc tiém véi 2 mL
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hon hop chaa khang nguyén COE/G2a-pll (12,5 pg/con) hoic COE-S1D/G2a-pll
(12,5 pg/con) tron véi chit bo trg Montanide ISA™ 201 (SEPPIC) ty 1é 1: 1 bing
may tron dén khi déng nhat. Cac lon con & nhdm 3 (n= 3) duoc tiém véi hdn hop
chta khang nguyén COE-S1D/G2a-pll (12,5 upg/con) tron véi chat bo trg
Emulsigen®-D (MVP) ty I¢ 8: 2 & 4°C trong 2 gio str dung khuay tir. Cac lon con &
nhém 4 (n= 3) duoc tiém véi 3 mL vacxin vo hoat Bayovac® SuiShot® PT-100
(hdng Bayer chita PEDV dong SM98P, it nhat: > 107.0 TCID50) theo chi din cua
hdng Bayer. Céac lon con & nhdm 5 (n= 2) dugc tiém véi 2 mL hon hop PBS tron
véi chat b tro Emulsigen®-D (MVP). Mau cua lgn con dugc thu nhan va chat lay
huyét thanh 3 tuan sau tiém mii 2.

Thi nghiém 2: So sanh tinh sinh mién dich cua khang nguyén COE-
S1D/G2a-pll (liéu 50 pg/con) va vacxin thuwong mai trén lon con

Lon con duoc chia thanh 3 nhém. Lon con dugc tiém bip 2 1an, mdi lan cach
nhau 2 tuan. Cac lon con ¢ nhém 1 (n= 3) duoc tiém véi 2 mL dung dich chira
khang nguyén COE-S1D/G2a-pll (50 pg/con) tron véi chat bd trg Emulsigen®-D
(MVP) ty I¢ 8:2 & 4°C trong 2 gio sir dung khuay tir. Cac lon con & nhdm 2 (n= 3)
dugc tiém vaoi 2 mL vacxin Corning chia PEDV AJ1102 (Kegian Biology, Wuhan
Kegian Biology, Trung Qudc) dang vo hoat. Lon con & nhém 3 (n= 3) duogc tiém
v6i 2 mL PBS tron véi chat bd trg Emulsigen®-D (MVP). Cac lon con duoc thu
mau dé chat 1y huyét thanh vao ngay thir 35.
2.2.14. Phan tich ddp #ng sinh khang thé IgG va IgA dac hiéu PEDV trong

huyét thanh lgn bang ELISA

Huyét thanh cua lon nai va lon con duoc dung dé kiém tra khang thé IgG dic
hiéu PEDV str dung bd kit ELISA thuong mai (INgezim PEDV 11.PED.K.1/5,
Eurofins INGENASA). Céac gia tri S/P duoc tinh theo cong thuc: (Gia tri mau thir
nghiém - gié tri d6i chirng am)/(gia tri di chiing duong - gia tri dbi chiing am). Cac
mau duoc xac dinh 1a ¢6 khang thé IgG dic hiéu PEDV néu gia tri S/P Ién hon 0,35.
Khéang thé IgA dic hiéu PEDV dugc phan tich bang ELISA gién tiép s dung khang
nguyén COE/G2a-pll tinh sach SEC (1 pg/mL). Quy trinh ELISA phat hién khang
thé IgA dic hiéu PEDV duoc tién hanh theo quy trinh md ta & muc 2.2.8.
2.2.15. Phan tich ddp #ng sinh khang thé IgG ddgc higu PEDV trong huyét thanh

lon bang Western blot

Khang nguyén COE tinh sach SEC (500 ng) duoc duoc tra vio ting giéng,
sau d6 dién di trén gel SDS-PAGE (10%). Protein trén gel dugc chuyén qua mang
PDVF ¢ 18 V qua dém. Dung dich PBS 1X chura 5% (w/v) stta khong béo dugc st
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dung dé khéa mang trong 2 gio. Tiép dén, ting giéng chaa protein trén mang dugc
phan tach riéng r& va ngdm trong huyét thanh lon pha lodng & ty 1& 1:100 trong PBS
1X chta 5% (w/v) sita khong béo trong 2 gio. Sau d6, cic mang duoc rira 3 lan,
mdi 1an 5 phut bang dung dich chira 0,5% (w/v) sira khong béo pha trong PBS 1X.
Dung dich chira khang thé khang lon IgG gan HRP pha loang & ty 1& 1:4000 trong
PBS 1X chtra 5% stra khong béo dugc phu vao cdc mang trong 1 gio. Su hién dién
cua cac bang vach trén mang dugc nhan dién sau khi ngdm mang 10 phut trong
dung dich diaminobenzidine (DAB, Thermo Science Pierce) pha 0,05 M Tris-HCI,
pH 7.2. Anh Western blot dugc ghi nhan s dung may chup anh Amersham™
Imager 680 (Cytiva).

2.2.16. Phan tich khd néng kich thich sinh cytokine trong huyét thanh lon

Nong d6 interferon-gamma (IFN-y) trong huyét thanh lon dwoc kiém tra sir
dung bo kit ELISA (Porcine IFN-y (HRP), Mabtech). Quy trinh thuc hién dugc tién
hanh theo chi dan cua hdng. Pé chuan bi cho thi nghiém danh gid kha nang kich
thich sinh cytokine, huyét thanh lon dugc pha lodng véi ty Ié 1:20 trong dung dich
chia 0,1% BSA va 0,05% Tween 20 pha trong PBS 1X. Pudng chuan xay dung
dwa trén ndng d6 IFN-y lon tai to hop véi khoang 16-1600 pg/mL, duoc st dung dé
udc tinh ndng dd IFN-y trong huyét thanh lon sau khi pha lodng (IFN-y PL). Nong
d6 IFN-y trong huyét thanh lon ban dau duogc tinh bang hai muoi 1an néng do cua
IFN-y PL.

2.2.17. Phan tich khd ndng trung hoa PEDV cia huyét thanh lon

Hiéu gia khang thé trung hda PEDV cua huyét thanh lon dugc kiém tra bang
xét nghiém trung hoa virus theo quy trinh da dugc moé td & muc 2.2.11. Chung
NAVET/PEDV/PS6/2010 (2x10° TCID50/0,1mL) hodc chung PEDV SM98 (10°
TCID50/0,1mL) dugc st dung cho thir nghi¢m.
2.2.18. Phwong phdp xir Iy théng ké

Céc dir lidu thu thap duoc trong nghién ciru déu duoc xir ly bang phan mém
théng ké Sigma Plot. Thir nghiém Mann-Whitney U trong phan mém Sigma Plot
duogc str dung dé so sanh sy khéc biét vé mit thong ké giira hai nhém thi nghiém.
Dit liéu dugc biéu dién dudi dang gia tri trung binh + do léch chuan. Gia tri p <0,05
duoc st dung dé xac dinh hai nhom c6 khac biét y nghia vé mit thong ké.
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Chuwong 3. KET QUA
3.1. Tao va danh gia tinh sinh mién dich ciaa khang nguyén COE/G1a-pl| tai to
hop tir ching PEDV thugc nhom Gla
3.1.1. Thiét ké cdu trac vector biéu hién mang gen ma héa khang nguyén
COE/Gla-pll va tao chiing A. tumefaciens mang vector twong 1rng

Hién nay, hau hét cac vacxin phong PEDV duoc sir dung & Viét Nam la
vacxin truyén thdng cé ngudn géc ngoai nhap hodc sir dung cac ching nhap khau
thudc nhém Gla c6 dién dé san xuat vacxin. Do vay, trong khuén kho caa luan én,
v6i muc dich so sanh kha ning giy dap tng mién dich cua khang nguyén téi to hop
duoc tao ra tr thuc vat véi vacxin thuong mai chia virus PEDV DR13 nhugc doc
thuoc nhom Gla, trinh ty gen ma hoa khang nguyén COE (ky hiéu COE/G1a) cua
chang PEDV nhuoc doc DR13 (Han Quéc), véi ma sé truy cap NCBI: JQ023162.1
duoc lua chon.

Trinh tu gen ma hoa khang nguyén COE/G1a duoc téi wu ma biéu hién ¢ N.
benthamiana nhd ¢ong cu dugc cung cap bai Genewiz (USA). Cac mé di truyén
dugc thay doi trinh tu nucleotit sao cho thich hop dé biéu hién khang nguyén
COE/G1a trong hé théng cay thudc 14 N. benthamiana nhung trinh tu aa khéng thay
d6i. Trudc va sau khi d6i ma di truyén, trinh tu nucleotit (Phu luc 2) va trinh tu aa
(Phu luc 3) cua cac doan gen ma hoa khang nguyén COE/Gla dugc so sanh st dung
phan mém BioEdit. Két qua cho thay sau khi doi ma, mac dau c6 mot sb su bién doi
trong trinh tu nucleotit caa gen ma hda khang nguyén COE/G1a, trinh tu aa cua
khang nguyén COE/G1a 1a khong thay ddi o véi trude khi ddi ma.

Poan gen ma hoa khang nguyén COE/G1a sau khi t6i vu ma biéu hién duoc
chén vao vector pRTRA-plI tai vi tri cua hai enzyme BamHI va PspOMI. Dé chon
loc cac dong khuan lac mang vector pRTRA-COE/G1a-pll tai to hop, ching t6i tién
hanh phan @ng duoc kiém tra bang colony-PCR (Phu luc 4A) va xt ly voi enzyme
BamHI va PspOMI (Phu luc 4B). Két qua cua phan tng colony-PCR va xu ly
enzyme BamHI va PspOMI cho thay ca 4 dong khuan lac thu duoc déu c6 cac bang
Vé6i kich thude dang voi tinh toan ly thuyét. Biéu nay cho thay vector tach dong
PRTRA-COE/G1a-pll da duoc thiét ké thanh cong. So db vector tach dong chira
gen ma hoa khang nguyén COE/G1la-pll dugc thé hién ¢ Phuy luc 5. Khang nguyén
COE/G1a-pll con duoc goi la COE-GCN4pll trong cong bé.

Tiép tuc, dé tao vector biéu hién pCB301 mang gen ma hoa khang nguyén
COE/G1a, plasmid pRTRA-COE/Gla-pll duoc xir ly bang enzyme Hindlll.
Cassette biéu hién chira doan gen ma héa COE/Gla-pll dugc thu nhan. So dd
cassette biéu hién chtra doan gen ma héa COE/G1la-pll duoc trinh bay & Hinh 3.1A.
Poan gen nay sau d6 duoc ndi ghép vao vector pCB301 da duoc xir Iy Hindlll va
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SAP. Cac plasmid chira vector pCB301 tai to hop (viét tat 1a pCB301-COE/G1a-pll)
dugc chon loc bang cach xir Iy v6i enzyme Ncol (Hinh 3.1B). Két qua xur 1y véi
enzyme Ncol cho thay plasmid sé 1 va s6 3 ¢ 2 bang véi kich thugc khoang 4,9 kb
va 2,3 kb, dung so véi kich thuéc ly thuyét tinh toan. Két qua doc trinh tu ching to
trinh ty nucleotit caa COE/G1a trong cac plasmid pCB301 tai té hop gidng 100% so
V6i trinh ty COE/Gla ban dau. Nhu vdy, vector biéu hién pCB301 mang gen ma
hoa COE/Gla-pll di duoc thiét ké thanh cong. Plasmid pCB301-COE/G1a-pll sb
3 duoc chuyén vao té bao A. tumefaciens AGL1. Pé chon dong khuan lac A.
tumefaciens AGL1 mong mudn, phan tmg colony-PCR duoc tién hanh st dung cip
moi 35S-SQF va 35STerm. Két qua chung to ca 3 dong khuan lac A. tumefaciens
AGLI1 déu co bang co kich thudc khoang 0,9 kb theo dung tinh toan vé mat 1y
thuyét (Hinh 3.1C). Nhu vay dong khuan A. tumefaciens mang vector pCB301-
COE/G1a-pll da duoc tao thanh cong. So d6 vector biéu hién pCB301-COE/Gla-
plI duoc thé hién & Phu luc 6.

SP GCN4pll C-myc
A | I
[ camv3ss-p > COE/Gla L§ CaMV35S-T
|
6xHis KDEL

kb M 1 2 3 kb

B C

Hinh 3.1. Két qua thiét ké vector biéu hién pCB301 mang gen ma hoa khang nguyén
COE/G1a-pll va tao chung A. tumefaciens mang vector pCB301 téi té hop twong tng

A. So dd cassette biéu hién gen ma h6a COE/G1a-pll. CaMV35S-P: promoter 35S cua Cauliflower
mosaic virus (CaMV). SP: peptide tin hiéu tir cdy dau rang ngwa. KDEL: peptide dinh huéng tich liy
& lugi ndi chat hat. CaMV35S-T: terminator tir CaMV. B. Pién di dd san pham cit véi enzyme Ncol
kiém tra plasmid pCB301 tir E. coli mang gen ma hoa khang nguyén COE/G1a-pll. C. Dién di kiém
tra san phiam colony-PCR tir dong khuin A. tumefaciens mang vector pCB301 tai té hop sir dung cap

mdi 35S-SQF va 35S-Term-R. 1-3: cac khuan lac s 1-3 duoc kiém tra. Marker: GeneRuler 1 kb
DNA Ladder (Thermo Fisher Scientific)
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3.1.2. Biéu hign khang nguyén COE/Gla-pll tgm theéi trong I& thuéc 1a N.
benthamiana

TNF-ELP (ug)
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Hinh 3.2. Biéu hién protein COE/G1a-pll tam thoi trén cay thudc 14 N.

benthamiana

A. Hinh anh cay thuc 14 6 ngay sau khi bién nap. B. Kiém tra su biéu hién tam thoi cua

protein COE/G1a-pll bang Western blot. Protein hoa tan tong s6 (11,25 pg) duoc chiét tir la
thudc 14 N. benthamiana khong chuyén gen (WT) hoic 14 thubc 14 N. benthamiana chuyén gen
tam thoi biéu hién protein COE/G1a-pll va protein chuan anti-TNFa-nanobody-ELP (0,1; 0,2;
0,4; 0,8 pg protein) duoc phan tach bai SDS-PAGE. Khang thé khang c-myc duoc sir dung 1am

khang thé so cap.
Chung A. tumefaciens mang vector chira HcPro va chung A. tumefaciens

mang vector pCB301-COE/G1a-pll t&i t6 hop duoc nudi long, thu nhan va pha
lo&ing vé gia tri ODggo 12 1,0. HON hop dich khuan duoc dong bién nap vao la thudc
l4 N. benthamiana thay canh 6-7 tuan tudi. Sau ngay sau khi bién nap, 14 thuéc 14
dugc thu nhan (Hinh 3.2A). S tich liy cta khang nguyén COE/G1la-pll tai té hop
trong la thudc 14 N. benthamiana duoc kiém tra bang dién di SDS-PAGE va phan
tng Western blot. Két qua chung to khang nguyén COE/Gla-pll da duoc tich liy
thanh céng trong 14 thudc 1a N. benthamiana, thé hién ¢ bang trén mang cé kich
thuéc 16n hon 35 kDa (Hinh 3.2B). Khéi lugng phan tr ctia khéang nguyén
COE/G1la-pll tai t6 hop dang monomer theo tinh toan ly thuyét 1a 26 kDa, tuy
nhién, khdi luong phan tir thuc té thu duoc cua khang nguyén COE/G1la-pll dang
monomer 1 16n hon 35 kDa. C6 su chénh léch gitta khéi lwong 1y thuyét va thuc té
cua khang nguyén COE/Gla-pll c6 thé 1a do anh huong cua glycosyl hoa trén
protein COE/G1a lam anh huong dén su di chuyén va phan tach caa khang nguyén
trong qua trinh dién di SDS-PAGE. C0 18 vi tri glycosyl hoa trong trinh tu axit
amin cua protein COE/Gla duoc du doan (Phu luc 7). Khang nguyén COE/G1la-pll
khong duoc phat hién trong 14 thudc 14 N. benthamiana khong chuyén gen (WT).
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Mt d6 tich lity cua khang nguyén COE/G1la-pll téi to hop trong thuc vat
dugce ban dinh lwong bang Western blot (Hinh 3.2B). Ham luong két hop véi tin
hiéu cua cac bang chuan cua anti-TNFa-nanobody-ELP [155] trén mang dwoc sir
dung dé xay dung duong chuan tinh ham luong bang phan mém ImageJ. Sau khi
dinh lugng, mac d6 biéu hién cua khang nguyén COE/G1a-pll trong 14 thudc 14 dat
Xap xi 234 mg/kg 14 tuoi, chiém khoang 4 % protein tan tong s6 (TSP). Su tich lity
cua protein COE/G1a trong cay thudc Ia N. benthamiana c6 thé da dugc ting cuong
dang ké thdng qua qua trinh t6i wu ma biéu hién va s dung hé théng biéu hién
manbh.
3.1.3. Tinh sach va phén tich ddic diém oligomer ciia khang nguyén COE/Gla-pll

3.1.3.1. Tinh sach khang nguyén COE/G1a-pll bang IMAC

kbDa M RE FT W E RE FT W E M kDa
\ P
170— ] —170
%68: Oligomer 2 _116%
70 — 70
55 — w—— — - —55
e C—
40 — . — 40
35— <— Monomer_>n W —35
25 — . | —25
A B

Hinh 3.3. Két qua dién di SDS-PAGE, nhugm Coomassie blue (A) va Western blot
(B) kiém tra qua trinh tinh sach khang nguyén COE/G1a-pll bang IMAC.

RE: Dich chiét thd; FT: dich chay qua cot sau khi dua hon hop dich chiét thd tron Ni Sepharose
Fast Flow 1én cot; W: dich rira chay qua cot sau khi bd sung dém rira; E: Khang nguyén tinh sach.
30 pg protein tan tong sé cua RE, FT, W va 30 pl khang nguyén tinh sach duoc phén tach trén gel

) SDS-PAGE. )
bé tinh sach khang nguyén COE/G1la-pll tir 14 N. benthamiana, dich chiét

thudc 14 c6 chira khang nguyén COE/G1la-plI duoc u véi Ni Sepharose Fast Flow. G
buéc rira loai bo cac protein tap, dém rira ¢ bd sung imidazole 30 mM duoc st
dung. Nong d6 imidazole 30 mM trong dém rira ciing di duoc st dung dé tinh sach
cac khang nguyén khac nhu H7-GCN4pll [143]. Cac phan doan trong qué trinh tinh
sach bang sic ky ai luc IMAC cua khang nguyén COE/G1a-pll tir thuc vat bao gém
dich chiét thd (RE), dich chay qua cot sau khi dua hdn hop dich chiét thd tron Ni
Sepharose Fast Flow 1&n cot (FT), dich rira chay qua cot sau khi b6 sung dém rira
(W) va phan doan chira khang nguyén tinh sach (E) duoc thu nhan dé phan tich.
Nong d6 protein tan tong sé trong cac phan doan duoc do bang phuong phap
Bradford. Su hién dién cua khang nguyén COE/Gla-pll trong cac phan doan nay
dugc kiém tra st dung phuong phéap dién di SDS-PAGE, nhuém bing Coomassie
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Blue va danh gia bang Western blot (Hinh 3.3). Cac két qua thé hién khang nguyén
COE/G1a-pll khéng c6 mit ¢ cac phan doan FT va W, diéu nay chiing to khang
nguyén COE/Gla-pll di bam tét véi Ni Sepharose Fast Flow. Khang nguyén
COE/G1a-pll tinh sach thu dugc sau khi rira giai cot c6 ham Iugng va do sach cao.
Nhu véy, di tinh sach thanh céng khang nguyén COE/G1a-pll tir 14 thudc 14 bang
phuong phap IMAC.

Dua vao két qua do protein tong sé bang Bradford va két qua ban dinh lwong
bang Western blot, khang nguyén COE/G1a-pll duoc xac dinh cé do tinh khiét dat
Xap xi 85%, vai hiéu suat thu hoi khang nguyén COE/G1a-pll tir dich chiét thuc vat
sau tinh sach IMAC dat xap xi 35%.
3.1.3.2. Phdn tich ddc diém oligomer cia khang nguyén COE/Gla-pll bang phdn
ung lién két chéo va dién di khong bién tinh

COE/G1a-plI D
@
kDa  C2EClapl L 0®  kDa kDa &
-BS3 +BS3 01021 M 6 () ¢
=y D0 4
170__| _ ""- 440 S
130—] Trimer 232 .
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Hinh 3.4. Xéc dinh dac diém oligomer cua khang nguyén COE/G1a-pll dya vao
phan ung lién két chéo (A) va dién di khéng bién tinh (B) va Western blot (C).
() va (+) BS3: su hién dién cua BS3 ¢ ndng d6 0 va 5 mM. A. San pham duoc phan tach trén

SDS-PAGE dudi diéu kién bién tinh, chuyén mang va phét hién sir dung khang thé khang c-myc.

B. Khang nguyén COE/G1a-pll (0,1; 0,2: 1 ug) dugc phan tach trén gel khéng bién tinh 4-15%,

sau d6 dwoc nhudm Coomassie blue va Western blot. (C). (-): i ching &m 1a PBS.

Trang thai oligomer cta khang nguyén COE/Gla-pll dugc danh gia thong
qua phan ung lién két chéo sir dung BS3 (Hinh 3.4A), dién di khdng bién tinh va
Western blot (Hinh 3.4B, C). Bissulfosuccinimidyl suberate (BS3) 1a mot chat lién
két ngang giira amin véi amin ¢6 chirc ning dong phan, hoa tan trong nuéc, khong
phan cit va khong thim qua mang. BS3 chira mot este N-hydroxysulfosuccinimide
(NHS) phan ¢ng amin & mdi dau cia nhanh dém carbon-8. NHS este phan ung véi
cac amin bac mot & pH 7-9 dé tao thanh cac lién két amit 6n dinh, cling véi viéc giai
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phong nhém roi N-hydroxysulfosuccinimide. Khang nguyén thuong ¢ mot so6 amin
bac mot trong chudi bén cua goc lysine (K) va dau tan cing N caa mdi polypeptit
nén ching 12 muc tiéu cho thudc thir lién két ngang NHS-este. Két qua dién di SDS-
PAGE, nhuém Coomassie blue va Western blot cho thdy xuit hién bing khoang
100 kDa, twong duong kich thudc khadng nguyén COE/Gla dang trimer dudi Su
hién dién cua BS3, diéu nay chang té khang nguyén COE/Gla trimer di duoc tao
thanh khi dung hop COE/G1a véi motif pll.

3.1.4. Pdnh gid tinh sinh mién dich ciia khang nguyén COE/G1a-pl I tai té hep
trén chugt

Véi muyc tiéu san xuat vacxin phong PEDV c6 gi4 thanh ré, viéc giam
thiéu/loai bo cac chi phi trong quéa trinh san xuat vacxin, dac biét 1a chi phi lién
quan dén qué trinh tinh sach khang nguyén Ia rat can thiét. Do vay, dich chiét thuc
vat chira khang nguyén hoa tan tong sé trong d6 co biéu hién khang nguyén
COE/G1la-pll duoc st dung dé gay dap ung mién dich. Dich chiét thuc vat duoc
bao quan & 4 °C trong sau ngay. That tha vi, két qua phan tich Western blot cho
thay ham lugng khang nguyén COE/G1la-pll van dugc gitt 6n dinh sau sau ngay luu
trir & 4 °C (Phu luc 8). Kha niang gay dap tng mién dich caa dich chiét thyc vat tur
cay thudc 1a4 khdng chuyén gen (d6i chiing &m, G1), vacxin thuong mai CTC Vacc
PED (Han Qudc) chira chung PEDV DR13 nhuoc doc (G2), dich chiét thuc vat
chira khang nguyén COE/Gla-pll (G2) duoc danh gia trén chuot. Mdi con chudt
dugc tiém voi 18,76 ug khang nguyén COE (duoc xac dinh ham luong bang
Western blot dua vao dudng chuan dugc xay dung tir protein anti-TNFa-nanobody-
ELP da biét rd nong do). So d6 gay dap ung mién dich cua khang nguyén
COE/G1a-pll trén chudt duoc trinh bay ¢ Hinh 3.5.

1 14 21 28 35 Ngay
| | | i | >

Tiém lan 1 Tiém lan 2 Thu mau lan 1 Tiém lan 3 Thu méau lan 2

Hinh 3.5. So d6 gay dap (g mién dich trén chudt voi khang nguyén COE/Gla

Bdp 1ng mién dich sinh khang thé IgG, IgA va IgM ddc hiéu PEDV

Kha ning kich thich sinh khang thé IgG dac hiéu PEDV trong huyét thanh
cua chudt sau khi gay dap tng mién dich dwoc xac nhan & bang phan tng Western
blot va ELISA. Khang nguyén PEDV DR13 tinh sach dugc phan tach trén SDS-
PAGE va phét hién bang Western blot.
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Két qua Western blot cho thay c6 mot bang co kich thudc trén 245 kDa duoc
phat hién ¢ huyét thanh cta nhém chudt G2 (da duoc tiém vacxin thwong mai
phong PEDV) va nhém G3 (dugc tiém bang chiét xuat thd c6 chira COE/Gla-pll)
sau 2 1an tiém va 3 1an tiém. Bang nay c6 kich thudc 16n hon kich thude vé mat ly
thuyét cua protein S PEDV (151,38 kDa). Biéu nay c6 thé duoc giai thich 1a do anh
huong cua céac vi tri N-glycosyl hoa dén qué trinh phan tach protein S cua PEDV
trong qua trinh dién di. Ngoai ra, két qua Western blot cho thiy dap (ng mién dich
sinh khang thé IgG dic hiéu véi PEDV ¢ nhém chudt G2 va G3 ting manh sau lan
tiém thir 3. Nguoc lai, khang thé IgG dic hiéu PEDV khong duoc phat hién ¢ nhom
chuot G1 duoc tiém dich chiét xuat tir cay thudc 14 khong chuyén gen (Hinh 3.6A).

A
Sau 2 lan tiém
245 —
%gg — Sau 3 lan tiém
B p=0.056
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= . 450000 - p=0,032 =2 e
<« 2. { b |
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Hinh 3.6. Phan tich dap ung mién dich sinh khang thé IgG dac hiéu PEDV ¢ chudt
duoc tiém bang phan tng Western blot (A) va ELISA (B).

A. PEDV DR13 tinh sach duoc phan tch trén SDS-PAGE gel va duoc phat hién bang huyét thanh
hdn hop cac caa nhom chudt dugc tiém vei dich chi€t cua cay khong chuyen gen (G1), vacxin
thuong mai (G2) va dich chiet thuc vat chira COE/Gla-pll (G3). B. Hi¢u gia khang thé IgG dic
hiéu PEDV trong moi nhom huyét thanh chudt dugc the hién dudi dang hiéu gié trung binh hinh
hoc ctia moi nhom. Hi¢u gia khang the IgG déc hi¢u PEDV cua cac nhdm huyet thanh chuét dugc
phan tich thong ké va so sanh str dung t-test (SigmaPlot) va duoc thé hién trén hinh. * p< 0,05 :
khéc biét co y nghia thong ké

Ngoai ra, dap ng sinh khang thé IgG dac hiéu PEDV trong cac nhom chuot

dugc danh gia bang phan ung ELISA. Két qua ELISA chung té sau 2 lan tiém, c6
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su khéc biét vé mat thong ké trong hiéu gia khang thé IgG dic hiéu PEDV trong
nhom chudt G3 tiém dich chiét thd chira COE/Gla-pll va nhém chudt G2 tiém
vacxin thuong mai. Tuy nhién, sau 3 lan tiém, khong c6 sy khac biét vé mat thong
ké trong hiéu gia khang thé IgG dac hiéu PEDV ¢ hai nhom trén, véi gia tri
p=0,056> 0,05. Do d6, dich chiét xuat thd thuc vat c6 chta khang nguyén
COE/G1a-pll c6 mic do kich thich san sinh khang thé IgG dic hiéu PEDV DR13
tuong tu nhu cta vacxin thuwong mai sau khi mii tiém thir ba. Hiéu gia khang thé
IgG dic hiéu PEDV trong nhdm chudt G3 gay dap wng mién dich vai dich chiét thd
chita COE/Gla-pll ¢ ngay 21 va ngay 35 sau tiém lan luot dat 1: 1:216178;

1:383711 (Hinh 3.6B).
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Hinh 3.7. Xéac dinh muac do dap ung sinh khang thé 1gA (A) va IgM (B) dic hiéu voi

PEDV thong qua phan ting ELISA

A. Hiéu gia khang thé IgA dic hiéu PEDV trong mdi nhém huyét thanh chudt dugc thé hién duéi
dang hiéu gia trung binh hinh hoc ciia nim con chudt cia mdi nhom duge tiém dbi chirng am (dich
chiét thd, G1) hodc ddi chimg duong tinh (vacxin thuong mai, G2) hoac dich chiét thd chira
COE/G1a-pll (G3). B. Hiéu gi4 khang thé IgM dic hiéu PEDV cua cac nhém huyét thanh chuét duoc
phan tich thong ké va so sanh sir dung t-test (SigmaPlot) va dugc thé hién trén hinh. * p < 0,05: khac

biét c6 ¥ nghia théng ké
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Vé dap ung mién dich sinh khang thé IgA dic hiéu PEDV, két qua ELISA
cho thay sau 2 1an tiém va 3 lan tiém déu co su khéac biét vé mat thdng ké trong hiéu
gia khang thé IgA diac hiéu PEDV ¢ nhom chudt G3 tiém dich chiét thd chia
COE/G1la-pll va nhom chuot G2 tiém vacxin thuong mai (p<0,05). Tuy nhién, sau
lan tiém th 3 ¢6 sy thu hep vé khoang cach hiéu gia khang thé IgA dic hiéu PEDV
trong hai nhém chudt G2 va G3. Mt d6 dap ttng mién dich sinh khang thé IgA dic
hiéu PEDV ¢ nhom chudt G3 thap hon so véi & nhém chudt G2. Hiéu gia khang thé
IgA dac hiéu PEDV ctia nhém chudt G3 duoc giy dap ung véi dich chiét thd chira
COE/Gla-pll ¢ ngay tha 21 va 35 sau tiém lan tiém lan luot dat 1: 1:45429;
1:195985 (Hinh 3.7A).

Vé dap tng mién dich sinh khang thé IgM dic hiéu PEDV, két qua ELISA
cling cho thay sau 2 1an tiém va 3 lan tiém déu cd sy khac biét vé mat thong ké
trong hiéu gia khang thé IgM dic hiéu PEDV trong nhém chudt nhoém chuot G3
tiém dich chiét thé chia COE/G1a-pll va nhém chudt G2 tiém vacxin thuong mai
(p<0,05). Tuy nhién, sau lan tiém tha 3 khoang cach hiéu gia khang thé IgM dic
hiéu PEDV trong hai nhom chuot G2 va G3 cling dugc thu hep. Mac d6 dap tng
mién dich sinh khang thé IgM dic hiéu PEDV ¢ nhém chudt G3 thap hon so véi &
nhém chudt G2. Hiéu gia khang thé IgM dic hiéu PEDV trong huyét thanh cua
nhom chudt G3 tiém dich chiét thd chita COE/Gla-pll & ngay 21 va 35 sau tiém lan
luot dat 1:37801; 1:65198 (Hinh 3.7B).

So véi dap ttng mién dich sinh khang thé IgA va IgM dic hiéu PEDV duoc
san sinh & huyét thanh cia cac nhém chudt G2 va G3, dap tng mién dich sinh
khang thé IgG dic hiéu PEDV dugc sinh manh nhat. Biéu nay cé thé dugc giai
thich boi duong tiém dugc str dung dé dua cac (ng vién vacxin vao chudt 1a dudi
da. Nhin chung, cac két qua ELISA ching to dich chiét thd chira COE/G1a-pll (G3)
va vacxin thuong mai (G2) di kich thich san sinh manh cac dap (rng mién dich dich
thé bao gom khang thé IgG, IgA va IgM dic hiéu PEDV ¢ cac ngay 21 va 35 sau
tiém. Céc dap (ng mién dich sinh khang thé dac hiéu PEDV déu duoc ting cudng
manh & ngay thir 35 sau tiém. Trong khi d6, dap ang mién dich sinh cac khang thé
IgG, IgA va IgM dic hiéu PEDV gan nhu khong dugc phat hién & nhém chuot G1
dugc tiém vai dich chiét cua 14 thube 14 N. benthamiana khong chuyén gen.

Kha nang trung hoa PEDV

Sy hién dién cua cac khang thé c6 kha nang trung hda PEDV trong cac nhom
chuét sau tiém dugc kiém tra thong qua phan g trung hoa virus trén té bio. Bénh
tich trén cac té bao Vero duoc ghi nhéan st dung kinh dién vi quang hoc (Hinh
3.8A). Hiéu gia khang thé trung hoa dugc xac dinh tai hé s pha lodng cao nhét cua
huyét thanh ma khéng gay ra bénh tich trén té bao. Hiéu gia khang thé trung hoa
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ctia mdi huyét thanh dugc thé hién ¢ timg diém mau den (Hinh 3.8B). Pung nhu du
doan, kha ning wrc ché PEDV duogc gy ra boi cac khang thé trung hoa ¢ cdc nhom
chuot ddi chimg am (G1) 1a réat thap, v6i hiéu gia khang thé trung hoa gan bang 1.
Trong khi do, cac huyét thanh cta nhom chudt duge tiém véi dich chiét thuc vat
chita COE/Gla-pll (G3) va vacxin thwong mai (G2) déu c6 kha ning trung hoa
PEDV, thé hién ¢ hiéu gia khang thé trung hoa lan lugt dat 57,6 va 61,86. Két qua
danh gia kha niang trung hoa PEDV chting t6 hiéu gia khang thé trung hoa PEDV
trong huyét thanh ciia nhém chudt dugc gay dap tng véi dich chiét thuc vat c6 chta
COE/G1a-pll va nhirtng con chudt dugc gy dap ung véi vacxin thuong mai chua
chang PEDV DR13 nhuoc doc l1a khong c6 su khac biét vé mat thong ké, véi gia tri
p 12 0,187. Vi vay, céc két qua nay cho thay dich chiét thuc vat chira khang nguyén
COE/G1la-pll di kich thich sinh dap tzng mién dich va sinh céc khang thé trung hoa
V6i hiéu gia twong ty nhu vacxin thwong mai CTC Vacc PED (Han Quéc) phong
ngua chiung PEDV DR13.
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Hinh 3.8. Két qua danh gia kha niang sinh cac khang thé trung hdoa PEDV & cac
nhom chudt duoc tiém bang phan ¢ng trung hoa virus trén té bao

A. Hinh anh bénh tich té bao duoc ghi nhan bang kinh hién vi quang hoc. B. Hiéu gi& khang thé
trung hda & cac nhém chudt duoc tiém. p<0,05: sai khac ¢ ¥ nghia thong ké.

Nhitng két qua nay cho thay dich chiét thuc vét cé chira proten COE/G1a-pll
c6 thé 1a mot tng vién vacxin day haa hen chdng lai sy xay nhiém caa ching PEDV
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Gla. Tuy nhién, gan ddy, chung PEDV thudc kiéu gen G2 duoc phat hién la tac
nhan cha yéu gy ra dot dich PED tai Viét Nam. Do vay, phan tiép theo cua luan an
tap trung vao viéc tao va danh gia kha ning gy dap tng mién dich cua cac khang
nguyeén tai t6 hop tir ching PEDV doc luc cao thuoc G2 xuat hien ¢ Viét Nam.
3.2. Tao va danh gia tinh sinh mién dich caa khang nguyén COE/G2a-pl| tai té
hop tir chung PEDV thugc nhom G2a gay bénh tai Viét Nam
3.2.1. Thu thdp théng tin, lea chen va tach dong gen ma hoa protein S cua chiing
PEDV gay bénh tgi Viét Nam

Trinh ty gen ma hoa protein S cua cac chung PEDV xuét hién tai Viét Nam
duoc tim kiém. Sau khi tim kiém céc trinh tu gen ma hoa khang nguyén S cua
PEDV trén ngan hang gen NCBI, 64 trinh tuy gen ma hdéa khang nguyén S cua céac
chung PEDV xuét hién tai Viét Nam dugc thu nhan. Két qua xay dung cay pha hé
két hop vai cac dir liéu nghién ctru vé phan loai kiéu gen cua céc chung PEDV dang
gay bénh tai Viét Nam cua cac tac gia Than Van Thai va cong su, 2020 [4], cac
chung PEDV xuat hién & Viét Nam dugc phan thanh cac nhom nhu Glb, G2a va
G2b. Trong 64 trinh tu gen ma hda protein S caa PEDV tai Viét Nam, ¢6 35 trinh tu
(chiém 54,7%) thuoc nhdm G2a, 23 trinh tu (chiém 35,9%) thuéc nhém G2b, 08
trinh tu thuée nhom G1b (12,5%). Nhu vay, cic ching PEDV xuét hién tai Vit
Nam cha yéu thuéc nhém G2. Danh séch cac trinh tu gen ma hoa protein S cua cac
chung PEDV xuit hién tai Viét Nam sau khi phan loai theo nhém kiéu gen dugc liét
ké & Phu luc 1. Cé4c trinh tu gen ma héa protein S cua cac chung PEDV tai Viét
Nam duoc can trinh tu sir dung phan mém MegAlign, DNA star dé tim trinh ty bao
t6n. Trinh tu bao ton sau cin tat ca cac trinh ty gen ma hoa protein S caa cac chang
PEDV tai Viét Nam duoc sir dung dé thiét ké méi bao thu.

Trong khudn kho cuaa luan &n, chang NAVET/PEDV/PS6/2010 doc luc cao
duogc lya chon dé phuc vu nghién cau tiép theo. Chung nay da duoc phan lap va
nhan nudi thanh cong tai Cong ty cd phan thudc thi y trung wong NAVETCO, Viét
Nam. Vung gen ma hoa toan b protein S caa chung NAVET/PEDV/PS6/2010 doc
luc cao dugc khuéch dai sir dung cac cap moi duoc liét ké ¢ Bang 2.2. San pham
PCR khuéch dai toan bo gen S cua ching NAVET/PEDV/PS6/2010 dugc trinh bay
& Hinh 3.9A. Két qua chung to san pham PCR c6 bang sang véi kich thudc theo
dung tinh toan 1y thuyét 1a khoang 4,1 kb. San pham PCR chita gen S dugc tinh
sach, sau d6 gan vao vector pJET. San pham PCR duoc chén vao vector pJET-S.
Két qua kiém tra bang colony-PCR vai cac dong khuan chira plasmid pJET-S duoc
thé hién ¢ Hinh 3.9B. Két qua dién di san pham colony-PCR cho thiy bing 4,1 kb
xuat hién ¢ 5 dong khuan sb 1, 3, 4, 7 va 10. Ba dong khuan sb 1, 3 va 4 mang
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vector pJET-S duoc nudi long va tach plasmid phuc vu doc trinh ty 2 chiéu bang
phuong phap Sanger sir dung cac moi dugc liét ké ¢ Bang 2.2.

kb M 1 kb kb M 1 2 3 4 5 6 7 8 9 10 kb

6,0 —
60 —| 4,1
L 30 —
30 —
1,0 —
1,0 —
A B
Hinh 3.9. Két qua tach dong gen ma hoa protein S cua chiang
NAVET/PEDV/PS6/2010

A. Két qua dién di san pham PCR khuéch dai gen ma hoa protein S caa chang PEDV
NAVET/PS6/2010. B. Két qua dién di san pham colony-PCR kiém tra céc dong khuan lac mang
vector pJET-S. 1-10: cac dong khuan lac s6 1-10 dugc kiém tra

Sau khi xir Iy céc trinh ty thu dugc tir giai trinh ty bang phan mém Bioedit va
DNAstar, trinh tw gen mé& hoéa protein S cua chung NAVET/PEDV/PS6/2010 duoc
lip rap va hoan thién (di liéu khdng cdng bd). Cay pha hé dugc xay dung dua vao
trinh tu nucleotit cua gen mé& hoa protein S caa chung NAVET/PEDV/PS6/2010,
mét s6 c4c trinh ty PEDV & Viét Nam va trén thé gioi duoc thé hién ¢ Phu luc 9. Tur
két qua xay dung cay pha hé dua vao trinh tu gen ma hda protein S cho thiy ching
NAVET/PEDV/PS6/2010 doc luc cao thudc kiéu gen G2a.

3.2.2. Thiét ké cdu tric vector biéu hign mang gen ma héa khang nguyén
COE/G2a-pll va tgo chiing A. tumefaciens mang vector twong rng

Trong muc 3.1, dich chiét thuc vat chira khang nguyén COE/G1la-pll di kich
thich sinh khang thé trung hoa PEDV tuong dwong véi vacxin thuong mai. Ké thira
két qua trén, trong ndi dung nghién ctru ndy, chang téi muén chieng minh lidu cé thé
tao ra mot bién thé COE tir chuing NAVET/PEDV/PS6/2010 (COE/G2a) ¢6 kha
ning giy dap tng mién dich tét hay khéng? Do vay, doan gen ma hoéa khang
nguyén COE/G2a tir aa 499 dén aa 638 cua protein S tr chang
NAVET/PEDV/PS6/2010 duoc lua chon dé phuc vu nghién ciu.

Khi so sanh vai gen mé hoa khang nguyén COE/G1a, trinh tu nucleotit va aa
cua COE/G2a c6 do twong dong lan luot 1a 95,7% (Phu luc 10, 11) va 96,4% (Phu
luc 12, 13). Trinh tu nucleotit cua gen ma hoa khang nguyén COE/2a dugc tdi wu
ma biéu hién & N. benthamiana nhd cong cu duoc cung cip boi Genewiz (USA).
Cac mi di truyén duoc thay doi trinh tu nucleotit sao cho thich hop dé biéu hién
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khang nguyén COE/G2a trong hé thong cay thubc 14 N. benthamiana nhung trinh tir
aa khong thay ddi. Trudc va sau khi d6i ma di truyén, trinh ty nucleotit (Phu lyc 14)
va trinh ty aa (Phu luc 15) cua cac doan gen ma héa khang nguyén COE/G2a duoc
so sanh bang phan mém BioEdit. Két qua chtng to sau khi d6i ma, mac dau c6 mot
s6 sy bién ddi trong trinh tu nucleotit cia gen ma hdéa khang nguyén COE/G2a,
trinh tu aa cua khang nguyén COE/G2a 1a khong thay ddi so véi trude khi d6i ma.
Mtc d tuong dong trong trinh tu nucleotit cua khang nguyén COE/G1a va khang
nguyén COE/G2a sau khi d6i m 1a 75,5% (Phu luc 16).

SP GCN4pll C-myc
A | I
CaMV35S-P )H_ | CaMV35S-T
|
6xHis KDEL

B

Hinh 3.10. Két qua thiét ké vector biéu hien pCB301 mang gen ma hoa khang
nguyén COE/G2a-pll va tao chiing khuan A. tumefaciens mang vector pCB301
tuong ung
A. So d6 cassette biéu hién gen. CaMV35S-P: promoter 35S tir CaMV. SP: peptide tin hiéu tir cay
dau rang ngwa. KDEL: peptide dinh hudéng tich liy ¢ ludi noi chat hat. CaMV35S-T: terminator tir
CaMV. B. Dién di do san pham cit véi enzyme Ncol kiém tra cac plasmid pCB301 tu E. coli
mang gen mé hdéa khéang nguyén COE/G2a-pll. 1-3: cac plasmid sb 1-3 dugc kiém tra. C. Két qua
dién di san pham colony-PCR kiém tra cac dong khuan A. tumefaciens mang vector pCB301 tai to
hop st dung cap mdi 35S-SQF va 35S-Term-R. 1-5: cac khuan lac s6 1-5 dugc kiém tra. Marker:
GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific).

Gen ma hoa khang nguyén COE/G2a dugc chen vao vector pRTRA-plI tai vi
tri enzyme BamHI va PspOMI. Cac dong khuan lac mang vector pRTRA téi t6 hop
duoc kiém tra bang colony-PCR (Phu luc 17A) va xir ly véi enzyme BamHI va
PspOMI (Phu luc 17B). Céc két qua cho thay san pham cét thu duoc c6 bing véi
kich thudc dung so véi tinh toan ly thuyét. Do vay, vector tach dong pRTRA-
COE/G2a-pll di dugc thiét ké thanh cong. So db vector tach dong chira gen ma héa
khang nguyén COE/G2a-pll duogc thé hién & Phu luc 18. Tiép tuc, dé thiét ké vector
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biéu hién pCB301 mang gen mid héa COE/G2a, plasmid pRTRA-COE/G2a-pll
duge xu ly bang enzyme Hindlll. Cassette biéu hién mang doan gen mi hoéa
COE/G2a-pll dugc thu nhan. So dd cassette biéu hién chira gen ma hoa khéang
nguyén COE/G2a-pll (hoic tén khac trong bai bao 12 COE/PS6 trimer) dugc thé
hién & Hinh 3.10A.

Poan gen nay sau d6 duoc ndi ghép vao vector pCB301 da duoc xur 1y
HindIll va SAP. Cac plasmid chira vector pCB301 tai to hop (viét tat 1a pCB301-
COE/G2a-pll) dugc chon loc bang cach xir Iy v6i enzyme Ncol (Hinh 3.10B). Két
qua chimg t6 dong khuan s6 1 va sd 2 chta plasmid tai to hop khi c6 2 bang c6 kich
thudc khoang 4,9 kb va 2,3 kb, dang so véi kich thuéc Iy thuyét dugc tinh toan. Két
qua phan tich trinh tu ching to khdng cé su sai khac trong trinh ty COE/G2a trong
cac plasmid pCB301 tai t6 hop so véi trinh ty COE/G2a ban dau. Nhu vay, vector
biéu hién pCB301-COE/G2a-pll di dugc tao thanh céng. Plasmid pCB301-
COE/G2a-plI s6 2 dugc bién nap vao té bao A. tumefaciens AGL1. Bé chon dong
khuan lac A. tumefaciens AGL1 mong mudn, phan tmg colony-PCR véi cap mdi
35S-SQF va 35STerm duoc tién hanh. Két qua ching t6 ca 5 dong khuén lac A.
tumefaciens AGL1 déu c6 bing theo kich thuéc 1y thuyét duoc tinh toan 1a khoang
0,9 kb (Hinh 3.10C). Nhu vdy dong khuan A. tumefaciens mang vector pCB301-
COE/G2a-pllI d3 duoc tao thanh cong. So db vector biéu hién pCB301-COE/G2a-
pII dugc thé hién & Phu luc 19.

3.2.3. Biéu hign khang nguyén COE/G2a-pll tam théi trong la thuéc la N.
benthamiana

Ban dau, quy trinh biéu hién cua khang nguyén COE/G2a-pll tam thoi trong
la thuéc 14 N. benthamiana duoc tién hanh theo quy trinh biéu hién cua khang
nguyén COE/G1a-pll. Tuy nhién, chi ba ngay sau khi bién nap hén hop dich khuan
chtra chung A. tumefaciens mang vector chira HcPro va chang A. tumefaciens mang
vector pCB301-COE/G2a-pll tai to hop véi gia tri ODggo 1,0 vao 14 thube 14 N.
benthamiana thuy canh 6-7 tuan tudi, toan bo 1a thudc 14 N. benthamiana bi vang
va héo Ga. Do vay, cac diéu kién thich hop cho sy biéu hién tam thoi caa khang
nguyén COE/G2a-pll trong la thudc 14 N. benthamiana dugc khao sat. Cac diéu
kién thich hop cho sy biéu hién caa khang nguyén COE/G2a-pll trong la thudc 14 N.
benthamiana bao gém tudi cay thudc 14 thay canh, gia tri ODgg cua dich khuan, sé
ngay thu 14 sau bién nap duoc nghién ctu.

Quan sét vé mat hinh thai 14 cua cay thudc 14 N. benthamiana & cac tuan tudi
khac nhau tinh tir 1Gc gieo hat (6, 7, 8 tuan tudi, Hinh 3.11A-C) cho thay, sau khi
bién nap 14 cdy van xanh tuoi khi cay & tuan tudi th 6 va thir 7, nguoc lai 14 bi
vang va héo khi bién nap vao cay & tuan tudi tha 8 (Hinh 3.11D-F). Két qua phan
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tich Western blot cho thdy khang nguyén COE/G2a-plI di biéu hién trong 14 thudc
14, voi bang khang nguyén c6 kich thudc gan 35 kDa, kich thudc nay cao hon kich
thugce tinh toan Iy thuyét (26 kDa) c6 thé do anh huong cua glycosyl héa. C6 19 vi
tri glycosyl hoa trong trinh tu axit amin cua protein COE/G2a dugc du doan (Phu
luc 20). Phan tich do dam nhat cua cac bang khang nguyén COE/G2a-pll sir dung
phan mém ImagelJ chiing té khang nguyén COE/G2a-pll biéu hién cao nhit & tuan
tudi thir 7 (Hinh 3.11G, H). Do vay, d6 tudi cua cay thudc 14 N. benthamiana duoc
trong thuy canh phu hop dé biéu hién khang nguyén COE/G2a-pll 12 7 tuan tudi.

G kDa M () 6T 7T 8T (+) H

Tin hiéu twong quan
b
8

Monomer
| e—————

6T 7T 8T  Tuhn tudi

Hinh 3.11. Két qua t6i uu tudi cay thudc 1a N. benthamiana thuy canh duoc s
dung cho biéu hién caa protein COE/G2a-pll.

A-C: cay thudc 14 N. benthamiana thity canh 6 tuan tuoi, 7 tuan tudi va 8 tuan tuoi truoc khi bién
nap. D-F: cay thuoc la N. benthamiana thuy canh 6 tuan tudi, 7 tuan tudi va 8 tuan tudi sau khi
bien nap chung khuan A. tumefaciens mang gen ma hoa protein COE/G2a-pll. G: Kiem tra sy tich
liiy cua protein COE/G2a-pll trong 1a thudc 1a ¢ cac d tudi cay khac nhau bang Western blot sur
dung khang the khang c-myc: (-): dich chiét cay thuoc Ia khong chuyén gen, (+): protein H5-pllI.
H. Phan tich tin hiéu twong quan gitta cic bang protein COE/G2a-pll bang phan mém ImageJ st
dung anh Western blot.

Gia tri ODgoo ctia dich vi khuan phan anh mat do vi khuan trong dung dich
duoc st dung cho bién nap 1a mot yéu té quan trong tiép theo can phai duoc téi wu
trong qué trinh biéu hién tam thoi trén cay thude 1a. Dé biéu hién khang nguyén
COE/G2a-pll & mtc d6 cao, nhiéu gia tri ODggo ctia dich vi khuan dugc kiém tra
bao gom 0,1; 0,2; 0,3; 0,4; 0,5; 0,6. Quan sat vé mit hinh thai cua 14 sau khi bién
nap cho thiy, 14 chi xanh twoi khi str dung dich khuan c6 gia tri ODgg 0,1 - 0,2,

nguoc lai khi st dung dich vi khuan véi gia tri ODggo trong khoang 0,3 dén 0,6, 14 bi
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vang va héo chi 3 ngay sau khi bién nap (Hinh 3.12A-F). Mirc d6 vang va héo cua
14 tang 1én khi sir dung dich khuan c6 gié tri ODggo ting dan. Khéi luong 14 twoi thu
duoc bi giam khi 14 bi vang va héo. Phan tich su biéu hién cua khang nguyén
COE/G2a-pll biang Western blot va phan tich ¢ dam nhat cua cic bing khing
nguyén COE/G2a-pll bing phan mém ImageJ cho thay khi ting nong d6 vi khuan
trong dung dich sir dung cho bién nap (ting gia tri ODgg tir 0,1 - 0,6) thi khang
nguyén COE/G2a-pll ¢c6 muc d6 tich liy khong tang 1én. Khang nguyén nay co
mtc d6 tich lity dat cao nhat khi sir dung dich vi khuan bién nap c6 gia tri ODgq 0,1
(Hinh 3.12G, H). Két hop cac dix liéu trén cho thay dich vi khuan bién nap tai ODgq
0,1 14 thich hop dé biéu hién khang nguyén COE/G2a-plI.
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Hinh 3.12. Két qua t6i wu gia tri ODggo Cia dich khuan ding dé biéu hién khang
nguyén COE/G2a-pll trén cay thudc 14 N. benthamiana thuy canh.

A-F: L4 thudc 14 sau 3 ngay bién nap cac dich khuan A. tumefaciens mang gen ma héa khéng
nguyén COE/G2a-pll vdi ODgq tuong tng 1a 0,1; 0,2; 0,3; 0,4; 0,5; 0,6. G. Danh gia sy biéu hién
cua khang nguyén COE/G2a-pll trong 14 thudc 14 & céc gié tri ODgq dich khuan khac nhau bang
Western blot. H. Phan tich tin hiéu twong quan giita cic bang khang nguyén COE/G2a-pll bang

phan mém ImageJ.

Trong qué trinh biéu hién khang nguyén trén hé théng cay thudc 14 N.
benthamiana dwa vao phuong phap biéu hién tam thoi, 1a thuong cé thé dugc thu
trong khoang thoi gian tir 3 d&én 6 ngay sau khi bién nap. Két qua quan sét hinh thai
cua la sau khi bién nap cho thay, 14 sau bién nap van con xanh tuoi ¢ ngay thir 3,
sang ngay thir 4 14 bat dau chuyén vang, va la bi vang, héo Ga niang & cac ngay thi 5
va thir 6 khi str dung dich vi khuan cho bién nap c6 gia tri ODgg 0,1 (Hinh 3.13A-
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D). Phét hién su tich lily ctia khang nguyén COE/G2a-pll bang Western blot va
phan tich d6 dam nhat cua cac biang khang nguyén nay st dung phan mém Imagel
chang to khang nguyén COE/G2a-pll tich lity dat cao nhat tai ngay thtr 3 sau khi
bién nap (Hinh 3.13E, F). Nhu vay, khang nguyén COE/G2a-pll c6 muic do biéu
hién cao nhat khi sir dung cay thudc 14 N. benthamiana thay canh 7 tuan tudi, dich
vi khuan A. tumefaciens co gia tri ODggo 0,1 va thu 14 sau khi bién nap 3 ngay.
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Hinh 3.13. Két qua tdi wu sé ngay thu 14 sau bién nap dé biéu hién protein
COE/G2a-plI trén cay thudc 1a N. benthamiana thay canh.

A, B, C, D: Lé thudc 14 sau khi bién nap dich khuan c6 gia tri ODggo 0,1 duge thu twong tng sau
3 ngay, 4 ngay, 5 ngay, 6 ngay; E. Panh gia su biéu hién cua protein COE/G2a-pl| trong 14
thudc 14 st dung dich khuan cd gia tri ODggo dich khuan 0,1 & thoi gian thu |14 khac nhau bang
Western blot. 3N, 4N, 5N, 6N: 3 ngay, 4 ngay, 5 ngay, 6 ngay; F. Phan tich tin hiéu twong quan
giita cac bang protein COE/G2a-pll bang phan mém ImageJ.

Muc do tich liiy cua khang nguyén COE/G2a-pll tai té hop trong 14 thuéc la
N. benthamiana thay canh & cac diéu kién ti vu dugc kiém tra théng qua phan ang
Western blot (Hinh 3.14A). Két qua ban dinh luong ciia Western blot dwa vao
duong chuan cua ScFv dic hiéu véi HSNI [156] duoc xay dung bang phan mém
ImageQuant TL (Cytiva) cho thdy khang nguyén COE/G2a-pll tich liy trong 14
thudc 14 & murc xap xi 118 mg/kg 14 twoi, chiém 2,01% protein tan tong sd. So véi
mirc d9 tich Iy cua khang nguyén COE/Gla-pll trong 14 thudc 14, mirc d tich liy
ctia khang nguyén COE/G2a-pll 1a thap hon. Diéu niy cé thé duoc giai thich bang
su khac biét vé trinh tu nucleotit va trinh tu aa ctia hai bién thé COE. Muc d6 tuong
d6ng trong trinh ty nucleotit va aa ciia COE/G2a-pll so v6i COE/Gla-pll lan luot 1a
95,7 va 96,4% (Phu luc 11, Phy lyc 13). Sau khi tdi vu ma di truyén dé phu hop cho
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biéu hién trong N. benthamiana, muc d6 tuong ddng trong trinh ty nucleotit cta hai
bién thé COE 1a 75,5% (Phu luc 16).

Ngoai ra, su biéu hién ctia khang nguyén COE/G2a tai to hop trong 14 thudc
la N. benthamiana thay canh dugc phat hién bang huyét thanh lgn tiém vacxin
Corning (Wuhan Kegian Biology) chira chuing PEDV AJ1102 dang v6 hoat (Hinh
3.14B). Két qua Western blot & Hinh 3.14B cho thiy bang dugc phat hién trén
mang c6 kich thudc theo dung tinh toan 1y thuyét 1a gan 35 kDa. Do dé, protein
COE/G2a-plI duoc san xuat tir 14 thude 14 N. benthamiana c6 tinh khang nguyén
tuong tu nhu khang nguyén COE cua PEDV tu nhién. Nhu vay, protein COE/G2a-
pll c6 tinh khang nguyén tuong tu nhu khang nguyén COE cia PEDV tu nhién da
dugc biéu hién thanh cong trong 14 thude 14 N. benthamiana thity canh.
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Hinh 3.14. Kiém tra su tich liiy cua protein COE/G2a-pll bang Western blot sau
khi bién nap vao la thuoc Ia N. benthamiana & diéu kién toi uu
A. Panh gia su biéu hién cua protein COE/G2a-pll bang Western blot st dung khang thé don dong
khang c-myc. TSP: Protein hoa tan tong sé; B. Két qua phat hién protein COE/G2a-pll bang
Western blot str dung huyét thanh caa lon dugc tiém vacxin Corning chita PEDV AJ1102. WT:
cay thudc 14 khong chuyén gen

3.2.4. Tinh sach va phan tich déc diém oligomer ciia khang nguyén COE/G2a-pll

3.2.4.1. Tinh sach khang nguyén COE/G2a-pll bang IMAC

Pé tinh sach khang nguyén COE/G2a-pll, dich chiét thuéc 14 c6 chira khang
nguyén COE/G2a-pll ciing duoc u vai Ni Sepharose Fast Flow. Tuy nhién, ¢ budc
rica nham loai bo céc protein 1an tap, khang nguyén COE/G2a-pll bj rira troi kha
nhiéu khi str dung dém rira c6 b sung imidazole nong do 30 mM tuong ty dém rira
st dung tinh sach khang nguyén COE/G1la-pll. Do vay, nong do imidazole trong
dém raa dung tinh sach khang nguyén COE/G2a-pll dwoc t6i wu. Dai néng do
imidazole 10 mM, 15 mM, 20 mM va 30 mM trong dém rira duoc St dung trong
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dém rira. Cac phan doan trong qué trinh tinh sach khang nguyén COE/G2a-pll bang
sic ky ai luc IMAC tur thyc vat bao gom dich chiét thd (RE), dich chay qua cot sau
khi dwa hdn hop dich chiét thd tron Ni Sepharose Fast Flow 1&n cot (FT), dich rira
chay qua cot sau khi b sung dém rira (W) va phan doan chira khang nguyén tinh
sach (E) duoc thu nhan dé phan tich. Nong d6 protein tan tong sb trong RE, FT, W
va E duoc do st dung phuong phap Bradford. Su hién dién cua khang nguyén
COE/G2a-pll trong cac phan doan nay dugc kiém tra s dung phuong phap dién di

SDS-PAGE, nhuém bang Coomassie Blue va danh gia bang Western blot.
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Hinh 3.15. Két qua dién di SDS-PAGE, nhuom Coomassie blue (A, C) va
Western blot (B, D) kiém tra qué trinh tinh sach khang nguyén COE/G2a-pll sir
dung phuong phap IMAC véi dém rira 6 nong do imidazole 10 mM, 15 mM, 20

mM, 30 mM.

RE: Dich chiét thd; FT: dich chay qua cot sau khi dua hon hop dich chiét thd tron Ni Sepharose
Fast Flow 1én cot; W1, W2: dich rira chay qua cot sau khi b6 sung dém rira 1an 1, 1an 2; E:
Khéng nguyén tinh sach. 30 ug protein tan téng s6 caa RE, FT, W va 30 pl khang nguyén tinh
sach dugc phéan tach trén gel SDS-PAGE.

Céc két qua chuang to khang nguyén COE/G2a-pll khéng hién dién trong FT,
diéu nay chiing to khang nguyén COE/G2a-pll bam tét vai Ni Sepharose Fast Flow.
Khang nguyén COE/G2a-pll khdng bi rua tréi khoi cot khi st dung dém ria voi
nong d6 imidazole 10 mM (Hinh 3.15A, B). Khang nguyén COE/G2a-pll duoc phéat
hién trong W véi dém rira bd sung imidazole ¢ cac nong d6 15 mM, 20 mM va 30
mM, diéu ndy chiing to khang nguyén COE/G2a-pll bi rira trdi khoi cot khi sir dung
dém rira c6 nong d6 imidazole ¢ cac nong d6 15mM dén 30 mM (Hinh 3.15C, D).
Do vdy dém rira ¢6 bo sung imidazole nong d¢6 10 mM la thich hop cho qué trinh
tinh sach khang nguyén COE/G2a-pIl. Nhu vay da tinh sach thanh cdng khang
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nguyén COE/G2a-pll bang phuong phap IMAC. Duya vao két qua do protein tong s6
bang Bradford va két qua ban dinh lwong bang Western blot cho thay khang nguyén
COE/G2a-pllI duogc xac dinh c6 d6 tinh sach dat xap xi 82%, vai hiéu suat thu hoi
khang nguy&n COE/G2a-pll tir dich chiét thuc vat sau tinh sach IMAC dat xap xi
25%.

3.2.4.2. Tinh sach va phdn tich ddc diém oligomer cua khang nguyén COE/G2a-pl|
bang SEC va phdan ing lién két chéo
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Hinh 3.16. Két qua tinh sach, phan tich dic diém oligomer ctia khang nguyén
COE/G2a-pll bang phuong phap sac ky loc gel SEC va phan tng lién két chéo
A. Biéu db biéu dién két qua tinh sach khang nguyén COE/G2a-pIl biang SEC. B6 kit chira cac

protein c6 trong lugng phan tir 1on tir 75-2000 kDa (GE Healthcare) dugc dung nham wéc tinh trong
lugng phan tir cua khang nguyén COE/G2a-pll. B. Két qua Western blot ki€m tra cac phan doan sau
tinh sach cac khang nguyén COE/G2a-pIl bang phuong phap sac ky loc gel SEC sir dung khang thé

khang c-myc. C. Khang nguyén COE/G2a-plI sau tinh sach SEC. D. Xac dinh dic diém oligomer

ctia khang nguyén COE/G2a-pIl dua vao phan tng lién két chéo. (-) va (+) BS3: su hién dién cua

BS3 ¢ nong d6 0 va 5 mM. San phim duogc phan tach trén SDS-PAGE, chuyén mang va nhan dién
voi sy c6 mat cia khang thé khang His-tag.

Protein COE/G2a-pll sau tinh sach IMAC dugc dung dé kiém tra diac diém
oligomer bang SEC va phan tng lién két chéo. Két qua tinh sach khang nguyén
COE/G2a-pll bang SEC va két qua kiém tra cac phan doan sau tinh sach SEC bing
Western blot cho thay khang nguyén COE/G2a-pll dugc phat hién & cac phan doan
tir 10-32 (Hinh 3.16A, B). Khang nguyén COE/G2a-pll chu yéu tap trung ¢ phan
doan 22-26, twong ung Vi khdi lugng khoang 158-440 kDa. Nhu vay, protein
COE/G2a-pll ton tai ¢ dang oligomer. Sau tinh sach SEC, khang nguyén COE/G2a
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c6 do sach cao thé hién & bang rd nét trén gel sau khi nhuém Coomassie blue (Hinh
3.16C).

Trang thai oligomer cua khang nguyén COE/G2a-pll ciing duoc kiém tra sir
dung BS3 trong phan ung lién két chéo. Két qua dién di SDS-PAGE, nhuom
Coomassie blue va Western blot ching to khi ¢ sy hién dién cua BS3, xuat hién
bang c6 kich thudc l6n hon 250 kDa trén mang (Hinh 3.16D). Do do, cac dir li¢u
phan tich trang thai oligomer cua khang nguyén COE/G2a-pll bang SEC va phan
tng lién két chéo déu cho thay khang nguyén COE/G2a-pll ty nhién ton tai ¢ dang
oligomer. Sy khac nhau trong khéi Iwong phan tir tu nhién cua protein COE/G1a-pll
va protein COE/G2a-plI dugc uéc tinh c6 thé duoc giai thich boi su khéc biét trong
trinh ty aa cua hai protein dan dén sy thay doi trong s6 luong vi tri glycosyl hoa cua
hai protein trén, diéu ndy anh huong téi su phan tach protein trén gel va trén cot
SEC.

3.2.5. Pdnh gid tinh sinh mién dich ciia khang nguyén COE/G2a-pll trén lon

Vi PEDV gay ty I8 tir vong cao nhiéu nhit trén lon con méi sinh dudi 1 tuan
tudi, mot vacxin thuong mai 1y tuéng phong PEDV nén tiém cho lon nai dé tao diéu
kién cho dap ttng mién dich truyén tir sita lon me sang lon con maéi sinh. Do vay,
chlng t6i danh gia liéu viéc gay dap ttng mién dich cua khang nguyén COE/G2a-pli
tir thuc vat trén lon nai cé thé kich thich mién dich bao ho lon con duoc dé ra tur lon
nai chong lai chimg PEDV G2a doc luc cao bung phat tai Viét Nam hay khong.
3.2.5.1. Pdp 1ng mién dich ciia khang nguyén COE/G2a-pll trén lon nai mang thai
sau tiém

Dé con
Tiém lan 1 Tiém lan 2 i .
Thu mau lan 1 Thu méu lan 2
'I] II4 35 40 5|0 Ngay sau tiém
| [ ] | >
Lon nai mang thai 10 TC:[D5Q~
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(khoang 80 ngay tué1) Cong cuong dic

Thu mau lan Il Thu mau lan 2

| ] B
[ I

0 5 15 Ngiy sau cong cuong ddc
Tuoi lgn con

Hinh 3.17. So dd gay dap (rng mién dich trén lon nai va cong cudng doc trén lon con
vai khang nguyén COE/G2a-pll
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Khang nguyén COE/G2a-pll tinh sach (100 pg/liéu) hodc PBS dugc tron voi
chat bd tro ddu (NAVETCO, Viét Nam) dé tiém vao lon nai mang thai. Mdi lon con
(5 ngay tudi) dugc sinh ra tir cac lon nai duoc cong cudng doc theo duong miéng
v6i 1 mL ching NAVET/PEDV/PS6/2010 ¢ doc luc cao (10° TCID50). So dd gay
dap tmg mién dich trén lon nai va céng cudng doc trén lon con dugc thé hién &
Hinh 3.17.
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Hinh 3.18. Pap tng sinh khang thé IgG va IgA dic hiéu PEDV trong huyét thanh
cua lgn nai mang thai sau tiém
S liéu dwoc thé hién ¢ dang gia tri trung binh + d léch chuan. *: p<0,05, khac biét c6 ¥ nghia
thong ké. A. Khéng thé IgG dic hiéu véi PEDV ¢ huyét thanh lon nai dugc tiém ching COE/G2a-
pll hoic PBS dugc danh gia bang by ELISA thwong mai INgezim PEDV 11.PED.K.1/5, Eurofins
INGENASA,; B. Khéang thé IgA dic hiéu COE trong huyét thanh cua lon nai dwoc danh gia bang
ELISA st dung khang nguyén COE/G2a-plI tinh sach SEC lam khang nguyén phu dia

Pép @ng mién dich sinh khang thé IgG dic hiéu PEDV trong céc huyét thanh
cua lon nai mang thai duoc kiém tra sir dung bo kit ELISA thwong mai. Két qua
ELISA cho thay dap ung mién dich sinh khang thé IgG dic hiéu PEDV dugc phat
hién trong huyét thanh lon nai duoc tiém khang nguyén COE/G2a-pll vai gi tri S/P
la 2,49 vao ngay thtr 35 sau khi tiém. Theo huéng dan cua bo kit ELISA thuong
mai, mau c6 gia tri S/P> 0,8 dugc xem 1a duong tinh véi khang thé IgG dic hiéu
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PEDV. Piéu nay ching t6, khang nguyén COE/G2a-pll di kich thich san sinh
khang thé IgG dic hiéu PEDV trén lon nai mang thai vao ngay tht 35 sau tiém.
Khong c6 sy gia ting dap wng mién dich sinh khang thé IgG dic hiéu véi PEDV &
lon nai duoc tiém khang nguyén COE/G2a-pll vao ngay thir 50 so va6i véi ngay thi
35 sau tiém. Khdng phét hién dugc dap tng mién dich sinh khang thé IgG dic hiéu
PEDV ¢ lon nai duoc tiém PBS ¢ ngay tha 35 va ngay tha 50 sau tiém (Hinh
3.18A).

Dap rng mién dich sinh khang thé IgA dac hiéu PEDV trong huyét thanh cua
c4c lon nai mang thai dugc kiém tra bang phan tng ELISA st dung khang nguyén
COE tinh sach SEC dé phu dia. Két qua ELISA cho thiy lon nai mang thai duoc
tiém khang nguyén COE/G2a-pll c6 khang thé IgA dic hiéu PEDV trong huyét
thanh vao ngay thur 35 sau tiém véi gid tri trung binh OD450 1a 3,8. Tuong tu nhu
dap tng mién dich sinh khang thé IgG, IgA dic hiéu PEDV khong ting trong huyét
thanh cua lgn nai dugc tiém khang nguyén COE/G2a-pll vao ngay thir 50 sau tiém.
Khang thé IgA dic hiéu PEDV khéng tim thay trong huyét thanh cta lon nai duoc
tiém vaéi PBS ¢ ngay tha 35 va 50 sau tiém (Hinh 3.18B).

* E=] COE/G2apll
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Hiéu gia khang thé trung hoa (Log2)
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Hinh 3.19. Dap ang mién dich sinh cac khang thé c6 kha nang trung hdoa PEDV
’ ‘trong huyét thanh cua lon nai mang thai sau khi tiém
S0 liéu dugc thé hién ¢ dang gia tri trung binh + do 1éch chuan. *: p <0,05, khac biét c6 y nghia
thng ké. Chung NAVET/PEDV/PS6/2010 (2x10° TCID50/mL) duoc dung trong thi nghiém. Mau
¢6 hiéu gia khang thé trung hoa >8 duoc xem 1a duong tinh

Hiéu gia khang thé trung hoa PEDV cua huyét thanh lon nai duoc xac dinh
bang xét nghiém khang thé trung hoa virus str dung té bao Vero. Vao ngay tht 35
sau khi tiém, hiéu gia khang thé trung hoa cua huyét thanh lgn nai mang thai dugc
tiém khang nguyén COE/G2a-pll 1a 32. Mau huyét thanh c6 hiéu gia khang thé
trung hoa > 8 duoc xem la duong tinh v6i khang thé trung hdoa PEDV. Do vay,
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khang nguyén COE/G2a-pll da kich thich sinh khang thé trung hda PEDV trén lon
nai mang thai sau khi tiém. Tuy nhién, dap @ng mién dich sinh khang thé trung hoa
PEDV cua lgn nai duoc tiém khang nguyén COE/G2a-pll da giam vao ngay tha 50
sau tiém. Khéang thé trung hda PEDV khong duogc phat hién trong huyét thanh cua
lon nai dugc tiém vai PBS ¢ ngay tha 35 va 50 sau tiém (Hinh 3.19).

Nong d6 cytokine trong huyét thanh cua lon nai mang thai sau khi gay dap
trng mién dich véi khang nguyén COE/G2a-pll dugc danh gia bang bo kit ELISA
thuong mai. Két qua ELISA cho thay huyét thanh cta lon nai mang thai duoc tiém
khang nguyén COE/G2a-pll c¢6 dap tng IFN-y & muc cao, dat nong do 932,3 +
145,2 pg/mL vao ngay tha 35 sau tiém. Pang cha ¥ 1a muc IFN-y ting gap hai lan
(1796,1 + 8,6 pg/mL) & lon nai nay vao ngay tha 50 sau tiém. IFN-y khong duoc
tim thay & lon nai d6i chimg am duoc tiém PBS & ngay tha 35 va 50 sau tiém (Hinh
3.20).
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Hinh 3.20. Dap ng sinh cytokine IFN-y trong huyét thanh caa lon nai mang thai
sau khi gay dap ung mién dich
S liéu duoc thé hién ¢ dang gia tri trung binh £ d6 léch chuan. * p<0,05: khac biét c6 y nghia
thong ké. Muc IFN-y trong huyét thanh lon nai dugc danh gia bang bo kit ELISA thuong mai
(Porcine IFN-y ELISA Basis kit, Mabtech)

Nhitng dir liéu nay cho thay khang nguyén COE/G2a-pll di kich thich sinh
dap (tng mién dich sinh khang thé dac hiéu PEDV c6 kha ning trung hda PEDV véi
hiéu gié trung hoa cao va dap ng cytokine manh & Ign nai mang thai.
3.2.5.2. Pdp g mien dich dich thé va ddp ing cytokine ¢ lon con dwoc dé ra tir
lon ndi sau tiém

Sau khi tiém phong, do cac khang thé tir sita non/sira lon nai me thuong duoc
chuyén sang lgn con qua dudng bu nén mién dich thu dong ctia lon con da dugc
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danh gia bang ELISA, xét nghiém khang thé trung hoa virus va xét nghiém
cytokine.

Trudc va sau cong cudng doc, dap tmg mién dich sinh khang thé IgG dic
hi¢u PEDV trong huyét thanh cua cac lgn con dugc sinh ra tir lgn nai mang thai
dugc kiém tra bang bo kit ELISA thuong mai. Két qua ELISA cho thiy dép tmg
mién dich sinh khang thé IgG dic hiéu PEDV dugc phat hién trong huyét thanh cta
céc lon con 5 ngay tudi (ngay thir 0 sau cong) véi gia tri S/P trung binh 1a 2,22. Sau
khi cong cuong doc 10 ngay, su gia ting mirc d0 khang thé IgG dic hiéu PEDV
dugc tim thiy trong huyét thanh cta cac lon con vé6i gia tri S/P trung binh 1a 2.41.
Pap tmg mién dich sinh khang thé IgG dic hiéu PEDV ¢ céac lon con sinh ra tir lon
nai dugc tiém PBS ¢ ngay thtr 10 sau cong cuong doc khong dugce phat hién (Hinh
3.21A).
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Hinh 3.21. Pap ung sinh khang thé IgG va IgA dic hiéu PEDV trong huyét thanh cia
cac lon con duoc sinh ra tir c&c lon nai da tiém chung trudce va sau cong cuong doc
S6 lidu dugc thé hien & dang gia tri trung binh + d6 léch chuan. *: p<0,05, khac biét c6 ¥ nghia

thong ké. A. Khang thé IgG dic hiéu véi PEDV ¢ huyét thanh caa cac lon con duoc sinh ra tir lon

nai sau tiém COE/G2a-pll hoic PBS dugc danh gia bang b ELISA thwong mai INgezim PEDV
11.PED.K.1/5, Eurofins INGENASA; B. Khang thé IgA dic hiéu COE trong huyét thanh cta cac
lon con dugc sinh ra tir lon nai sau tiém COE/G2a-pll hoic PBS dugc danh gia bang ELISA sir dung
protein COE/G2a-pll tinh sach SEC Iam khang nguyén phu dia
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Pap tng mién dich sinh khang thé IgA dac hiéu PEDV trong huyét thanh caa
cac lon con dugc kiém tra thdng qua phan tng ELISA st dung khang nguyén COE
tinh sach SEC dé phu dia. Két qua ELISA ching to khang thé IgA dic hiéu PEDV
c6 mat trong huyét thanh cua cac lon con sau tiém véi gié tri trung binh OD,s 12 3,8
truée khi cong cuong doc. Cac dap ang mién dich sinh khang thé IgA dac hiéu
PEDV khong ting trong huyét thanh ciia cac lon con sau cong cudng doc 10 ngay.
Khang thé IgA dic hiéu voi PEDV khong duoc tim thay trong huyét thanh caa lon
nai duogc tiém véi PBS trudc khi cong cuong doc va ngay thur 10 sau cong cuong
doc (Hinh 3.21B).
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Hinh 3.22. Bap tng sinh céc khang the c6 kha nang trung hoa PEDV trong cac
huyét thanh lon con duoc sinh ra tir cAc lgn nai da tiém chung trudce va sau cong
cuong doc
S liéu dwoc thé hién & dang gia tri trung binh + d6 léch chuan. *: p<0,05, khac biét c6 ¥ nghia
thdng ké. Chiing NAVET/PEDV/PS6/2010 (2x10° TCID50/mL) dugc ding cho thi nghiém. Mau
¢6 hiéu gia khang thé trung hoa >8 duoc xem 14 duong tinh

Hiéu gia khang thé trung hoa PEDV cuaa huyét thanh cuaa céc lon con ciing
dugc danh gia bang xét nghiém khang thé trung hoa virus sir dung té bao Vero.
Trude khi cong cuong doc, hiéu gia khang thé trung hoa trung binh trong huyét
thanh caa cac lon con 5 ngay tudi duge dé ra tir lon nai tiém khang nguyén
COE/G2a-plI 1a 8. Biéu ndy ching to cac lon con trudce khi cong cudng doc da co
khang thé trung hoa PEDV. Ngoai ra, hiéu gia khang thé trung hoa PEDV duoc Xac
nhan & cac lon con sau cong cudng doc 10 ngay 1a cao hon gip hai 1an so véi trude

khi cong cuong doc, voi hidu gia dat 16. Cac khang thé c6 kha ning trung hoa
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PEDV khong dugc tim thay trong huyét thanh cua cac lon con duoc dé ra tir lon néi
duoc gay dap (tng véi PBS trude va sau khi cong cuong doc 10 ngay (Hinh 3.22).

Pép tng cytokine trong huyét thanh cua cac lon con dugc sinh ra tir lon néi
trude va sau cong cuong doc duoc danh gia bang bo kit ELISA thwong mai. Nong
d6 IFN-y trong huyét thanh cua cac lon con duoc xac dinh dua trén dudng chuan
cua IFN-y tai to hop véi nong do 16-1600 pg/mL. Két qua ELISA cho thay céac lon
con dugc dé ra tu lon nai dugc tiém khang nguyén COE/G2a-pll ¢6 dap ting IFN-y
& mirc cao, dat ndng d6 cao vao ngay thir 0 v6i ham luong 824,5 + 157,68 pg/mL.
bang chu ¥ 1a da c6 sy gia tding manh néng do IFN-y ¢ cac lon con cua lon nai dugce
tiém khang nguyén COE/G2a-pIl vao ngay thir 10. Nguoc lai, dap tng cytokine
IFN-y khong dugc phat hién ¢ cac lgn con dugc sinh ra tir lon nai tiém PBS trude

va sau khi cong cuong doc 10 ngay (Hinh 3.23).
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Hinh 3.23. Dap ng sinh cytokine IFN-y trong huyét thanh caa cac lon con duoc dé
’ ra tur lon nai da tiém chung trudce va sau cong cudng doc
S0 liéu dugc the hién ¢ dang gia tri trung binh + d¢ léch chuan. * p<0,05, khéc biét c6 ¥ nghia
thong ké. Nong d6 IFN-y trong huyét thanh lon nai dugc x&c dinh st dung bo kit ELISA (Porcine
IFN-y ELISA Basis kit, Mabtech)

Nhitng dit liéu ndy ching to ¢ su truyén mién dich thu déng cta cac khang
thé dac hiéu PEDV c6 kha ning trung hoa PEDV va dap tng IFN-y tir lon nai sang
lon con qua sita/stra non cua lgn nai.
3.2.5.3. Ddp 1ig mién dich bao hé lon con chéng lai chiing PEDV G2a ¢6 déc luc cao

DPap g mién dich bao ho cac lon con duge dé ra tir lon me tiém khang
nguyén COE/G2a-pll dugc danh gia sau khi cong cuong doc lon con véi ching
NAVET/PEDV/PS6/2010 c6 ddc luc cao
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Hinh 3.24. Piém phan va trong luong co thé cua cac lon con dugc dé ra tir lon néi
, 7 da tiém trudce va sau cong cuong doc
Sélliéu duoc thévhién’ & dang gia tri trung binh + do léch chuan. * p<0,05, khac biét c6 y nghia
thong ké. A. Biém so phan cua lgn con dugc ghi nhan hang ngay sau khi cong cudng doc véi
ching NAVET/PEDV/PS6/2010 c6 doc luc cao. B. Trong lugng co thé lgn con duoc tinh vao cac
ngay 0 va ngay 14
Mot ngay sau cong cuong doc, tat ca lon con duoc dé ra tir lon nai duge tiém
khang nguyén COE G2a-plI déu c6 phan nhio va ban rn (diém phan tir 1 dén 2).
Tuy nhién, mét sé lon con trong nhom nay c6 phan binh thuong véi diém 0 bat dau
tir ngay thtr 4. Tat ca lon con trong nhoém nay déu tré vé diém phan 1a 0 vao ngay
thr 6. Nguoc lai, cac lgn con cta lgn nai dugce tiém PBS c6 phan ntra ran v4i diém
s6 13 2 vao ngay tht nhat. Phan cta nhitng con lon con ndy c¢é nhiéu nude véi diém
phan 1a 3 bit dau tir ngay thir 2 cho dén cc ngdy sau d6 (Hinh 3.24A). Trudc cong
cuong doc, khong co su khac biét dang ké vé trong lugng co thé cua hai nhom lon
con. Mudi ngay sau cong cuong ddc, trong luong co thé cua lon con sinh ra tir lon
nai dugc tiém COE/G2a-pll da ting gap hai lan. Nguoc lai, hai lon con dugc sinh ra
tir lon nai ddi ching 4m c6 trong lugng co thé giam manh sau cong so véi trude
cbng (Hinh 3.24B).
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Hinh 3.25. Piém lam sang va ty 18 song s6t cua cac lon con duoc dé ra tir lon nai da
tiém chung trude va sau cong cuong doc
S6 ligu duoc thé hién & dang gia tri trung binh + d6 léch chuan. A. Diém 1am sang caa lon con dugc
ghi nhan hang ngay sau khi cong cuong doc vai chung NAVET/PEDV/PS6/2010 c6 doc huc cao. B.
Ty 1é sdng sot cua cac lon con dugc tinh vao cac ngay 0 va ngay 14

Tat ca lon con dugc dé ra tir lon néi tiém khang nguyén COE/G2a-pll déu c6
diém 1am sang binh thudng sau céng xung quanh 0 va sdng sét 100% sau cong
cuong doc (Hinh 3.25A, B). Nguoc lai, cac dac diém 1am sang cua lon con dugc dé
ra tir lon nai duoc tiém PBS 13 khoang 1 (biéng 4n, suy nhuoc, ndn mura va hbc hac)
bét dau tir ngay tht 2 va diém sd 1am sang ciia nhdm nay ting 1én 1,5 con vao ngay
thir 4 (Hinh 3.25A). Vao ngay thtr 4, mot lon con cua lon néi dugc tiém PBS da
chét. Mot con lon con khac trong nhém nay chét vao ngay thir 14 (Hinh 3.25B). Do
d6, 100% lon con thudc nhom dbi chung am déu chét sau khi cong cuong doc virus.
Nguyén nhan gy ra cai chét cua lgn con trong nhom ddi chimg am 1a do nhiém
PEDV duoc x4c minh thong qua ton thuong tong thé ¢ rudt non cua lon con da chét

(dir liéu khong cong bd).
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Nhu vay, trong ndi dung nghién ctru ndy, khang nguyén COE/G2a-pll da
duogc chimg minh c6 kha ning kich thich sinh mién dich dich thé va dap ung IFN-y
& ndéng do cao trong huyét thanh cua lon nai sau 2 lan tiém (100 pg/liéu) va mién
dich nay truyén thu dong cho lgn con qua sita lgn nai, giap bao hd toan bg lon con
khoi ching PEDV G2a ddc luc cao. Nhitng két qua nay cho thay rang khang nguyén
COE/G2a-pll 1a mét ung vién tiém nang dé ngan ngira lay nhiém cua chang PEDV
G2a trén lon & Viét Nam. Nhitng di liéu so b nhung quan trong nay 13 co so dé
thuc hién cac nghién cu mé rong hon nham phét trién mot vacxin dwa vao khang
nguyén COE/G2a-pll tur thyuc vat.
3.3. Tao va danh gia tinh sinh mién dich ciia cac khang nguyén COE-S1D/G2a-
pll, COE/G2a-pll-tp va S2/G2a-pll tai té6 hep tir chiing PEDV thudc nhom
G2a gay bénh tai Viét Nam

Trong muc 3.2, khang nguyén COE/G2a-pll da dugc ching minh la mot tng
vién tiém nang dé phat trién vacxin tiéu don vi phong PEDV. Trong phan tiép theo,
chdng t6i mudn ching minh liéu c6 tao ra cac tng vién khang nguyén tai té hop
khac c6 mic d6 biéu hién va kha nang kich thich sinh dap ang mién dich tét hon
khang nguyén COE/G2a-pll hay khdng? Vi vay, thdng qua viéc thay doi/mé rong
viing khang nguyén trén protein S hoic tao dang khang nguyén c6 khéi lwong phan
tr 16n hon bang cach dung hop thém motif tp, ching t6i nghién ciru tao cac khang
nguyeén tai té hop khac thudc protein S caa chung NAVET/PEDV/PS6 thugc nhém
G2a bao gdom céac khang nguyén COE-S1D/G2a-pll, S2/G2a-pll va COE/G2a-plI-
tp. Muc d6 biéu hién va kha nang kich thich sinh dép ung mién dich cua cac khang
nguyén tai to hop nay duoc so sanh véi khang nguyén COE/G2a-pllI.
3.3.1. Thiét ké cdu tric vector biéu hign mang gen ma héa cac khang nguyén
COE-S1D/G2a-pll, COE/G2a-pll-tp, S2/G2a-pll va tgo chiing A. tumefaciens

mang vector twong ung

3.3.1.1. Thiét ké vector biéu hién mang gen ma hoa khang nguyén COE-S1D/G2a-
pll va tao ching A. tumefaciens mang vector twong 1ung

Poan gen ma hoa khang nguyén COE-S1D/G2a tir aa 499 dén aa 789 trén
protein S cua chung NAVET/PEDV/PS6/2010 dugc stir dung. Trinh tu nucleotit caa
doan gen ma héa khang nguyén COE-S1D/G2a duoc thé hién & Phu luc 21. Poan
gen ma hoa khang nguyén COE-S1D/G2a dugc khuéch dai bang phan ung PCR st
dung ciap mdi dic hiéu BamHI-COE/G2a-F2 va PspOMI-S1D/G2a-R duoc liét ké
trong Bang 2.2, sau do cheén vao vector pRTRA-pll tai vi tri enzyme BamHI va
PspOMI. Cac dong khuan lac mang vector pRTRA téi t6 hop duoc kiém tra bang
colony-PCR (Phu luc 22A) va xtr ly véi enzyme BamHI va PspOMI (Phu luc 22B).
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Két qua cho thay thu duoc cac biang ding theo tinh toan 1y thuyét. Do vay, da thiét
ké thanh cdng vector tach dong pRTRA-COE-S1D/G2a-pll. So do vector tach dong
chara gen ma hoa khang nguyén COE-S1D/G2a-pll dugc thé hién & Phu luc 23.
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Hinh 3.26. Két qua thiét ké vector biéu hién mang gen ma hoa protein COE-
S1D/G2a-pll va tao chung A. tumefaciens mang vector pCB301 tai to hgp tuong
ung

A. So db cassette biéu hién mang gen ma hda COE-S1D/G2a-pll. CaMV35S-P: promoter 35S
tir CaMV. SP: peptide tin hiéu tir cdy dau rang ngua. KDEL: peptide dinh hudng tich Ity ¢ ludi noi
chat hat. CaMV35S-T: terminator tir CaMV. B. Dién di db san pham cit vai enzyme Ncol kiém
tra cac plasmid pCB301 tir E. coli mang gen ma hda khang nguyén COE-S1D/G2a-pll. 1-3: cac
plasmid s6 1-3 duoc kiém tra. Marker: GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific).
C. Két qua dién di san pham colony-PCR kiém tra céc dong khuan A. tumefaciens mang vector
pCB301 tai to hop str dung cap moi 35S-SQF va 35S-Term-R. 1-3: cac khuan lac s6 1-3 duogc kiém
tra

Tiép tuc, dé thiét ké vector biéu hién pCB301 mang gen mi hoa COE-
S1D/G2a-pll, plasmid pRTRA-COE-S1D/G2a-pll duoc xir 1y bang enzyme
HindlIll. Cassette biéu hién chira doan gen mid héa COE-S1D/G2a-pll dugc thu
nhén. So dd cassette biéu hién chira gen ma héa COE-S1D/G2a-pll dugc thé hién &
Hinh 3.26A. Poan gen nay sau d6 dugc ndi ghép vao vector pCB301 di duogc xir 1y
HindIll va SAP. Cac dong khuin chta vector pCB301 tai to hop (viét tit 1a
pCB301-COE-S1D/G2a-pll) dugc chon loc bang cach xir 1y v6i enzyme Notl (Hinh
3.26B). Két qua chung t6 dong khuén lac s 1 va sb 2 c6 2 bang khoang 5,55 kb va
1,93 kb, dtng so v&i tinh toan ly thuyét twong ¢ng 1a 5555 bp va 1929 bp. Két qua
doc trinh tu thé hién trinh tw COE-S1D/G2a trong céc plasmid pCB301 tai t6 hop la
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giong 100% so véi trinh ty COE-S1D/G2a ban dau. Nhu vay, vector biéu hién
pCB301 mang gen ma hoa khang nguyén COE-S1D/G2a-pll di duoc thiét ké thanh
cong.

Plasmid pCB301-COE-S1D/G2a-pll sé 1 duoc chuyén vao té bao A.
tumefaciens AGL1. Pé chon dong khudn lac A. tumefaciens AGL1 mong mudn,
phan tmg colony-PCR sir dung cip moi 35S-SQF va 35Sterm. Két qua cho thay ca
5 dong khuan lac A. tumefaciens AGL1 déu c6 bing véi kich thude twong tu 1y
thuyét 1a khoang 1,35 kb (Hinh 3.26C). Nhu vay dong khuan A. tumefaciens mang
vector pCB301-COE-S1D/G2a-pll di duoc tao thanh cong. So d6 vector biéu hién
pCB301-COE-S1D/G2a-pll duoc thé hién & Phu luc 24.

3.3.1.2. Thiét ké vector biéu hién mang gen ma hoa khang nguyén COE/G2a-pll-tp
va tqo ching A. tumefaciens mang vector twong 1ung

Poan gen md héa khang nguyén COE/G2a cua chuang
NAVET/PEDV/PS6/2010 dugc thu nhan tr cac vector thuong mai pUC57 sau khi
cit voi enzyme BamHI va PspOMI sau dé dugc chén vao vector pRTRA-plI-tp (da
xur ly BamHI, PspOMI va SAP) bang enzyme T4 DNA ligase. Cac dong khuan lac
mang vector pRTRA téi t6 hop duoc kiém tra bang colony-PCR (Phu luc 25A) va
xt 1y v&i enzyme cét gigi han BamHI va PspOMI (Phu luc 25B). Cac két qua cho
thay da thu dugc cac bang theo dung tinh toan 1y thuyét. Nhu vay, da thiét ké thanh
cong vector tach dong pRTRA-COE/G2a-pli-tp. So d6 vector tach dong chira gen
ma hoa khang nguyén COE/G2a-pll-tp duoc thé hién & Phu luc 26.

Tiép tuc, dé thiét ké vector biéu hién pCB301 mang gen mi hoéa COE/G2a-
pli-tp, plasmid pRTRA-COE/G2a-pll-tp duoc xir Iy bang enzyme Hindlll. Cassette
biéu hién chira doan gen mi héa COE/G2a-pll-tp dugc thu nhan sau khi cit. So do
cassette biéu hién chira doan gen ma héa COE/G2a-pll-tp duoc thé hién ¢ Hinh
3.27A. Poan gen nay sau d6 dugc ndi ghép vao vector pCB301 di dugc xu ly
HindlIl va SAP. Céac plasmid chira vector pCB301 tai to hop (viét tat 1a pCB301-
COE/G2a-pll-tp) dugc chon loc bang cach xir 1y véi enzyme Ncol (Hinh 3.27B).
Két qua ching té cac plasmid & dong khuan s6 1, 3, 4, 5 déu c6 xuat hién 2 biang co
kich thudc khoang 4.9 kb va 2,3 kb, theo dung kich thudc ly thuyét dugc tinh toan.
Két qua doc trinh tu thé hién trinh ty COE/G2a trong cac plasmid pCB301-
COE/G2a-11-tp tai to hop 1a gibng 100% so véi trinh tu COE/G2a ban dau. Nhu
vay, vector biéu hién pCB301 mang gen mi hda COE/G2a-pll-tp di dugc thiét ké
thanh céng. Plasmid pCB301-COE/G2a-pll-tp sé 1 dugc chuyén vao té bao A.
tumefaciens AGL1. Pé chon dong khudn lac A. tumefaciens AGL1 mong mudn,
phan tmg colony-PCR v&i cap mdi 35S-SQF va 35STerm duoc tién hanh. Két qua
cho thiy & ca 4/4 dong khuan lac A. tumefaciens AGL1 déu c6 bang c6 kich thuée
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khoang 0,95 kb, dung theo kich thudc dugce tinh toan vé mat 1y thuyét (Hinh 3.27C).
Nhu vay dong khuan A. tumefaciens mang vector pCB301-COE/G2a-pll-tp di duoc
tao thanh cong. So dd vector biéu hién pCB301-COE/G2a-pll-tp duoc thé hién &
Phu luc 27.
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Hinh 3.27. Két qua thiét ké vector biéu hién mang gen ma hoa khang nguyén
COE/G2a-plI-tp va tao ching A. tumefaciens mang vector pCB301 tai t6 hop twong
ung
A. So d6 cassette biéu hién mang gen ma hda COE/G2a-pll-tp. CaMV35S-P: promoter 35S tir
CaMV. SP: peptide tin hiéu tir cdy dau rang ngua. KDEL: peptide dinh hudng tich liy ¢ ludi noi
chat hat. CaMV35S-T: terminator tir CaMV. B. Pién di d6 san phim cit v6i enzyme Ncol kiém tra
cac plasmid pCB301 tir E. coli mang gen ma héa khang nguyén COE/G2a-pll-tp. 1-6: cac plasmid
s6 1-6 duoc kiém tra. C. Két qua dién di san pham colony-PCR kiém tra cac dong khuan A.
tumefaciens mang vector pCB301 téi t6 hop sir dung cip moi 35S-SQF va 35S-Term-R. Marker:
GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific).

3.3.1.3. Thiét ké vector biéu hién mang gen ma hoa khang nguyén S2/G2a-pll

DPoan gen mi hda khang nguyén S2/G2a tir aa 730 dén aa 1324 trén khéang
nguyén S cua chung NAVET/PEDV/PS6/2010 dugc khuéch dai bang phan wng
PCR sir dung cip méi dic hiéu BamHI-S2/G2a-F va PspOMI-S2/G2a-R. Trinh tu
doan gen ma héa khang nguyén S2/G2a duoc thé hién ¢ Phu luc 28.

Poan gen ma hoa khang nguyén S2/G2a dugc chén vao vector pRTRA-pll
tai vi tri hai enzyme BamHI va PspOMI. Cac dong khuan lac mang plasmid
PRTRA-S2/G2a-pll tai t6 hop duoc chon loc bing colony-PCR (Phu luc 29A) va
cit véi enzyme BamHI va PspOMI (Phu luc 29B). Két qua cho thiy di thu duoc
cac bang theo dung tinh toan 1y thuyét. Plasmid pRTRA-S2/G2a-pll tai to hop s6 1
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dugc dung cho thi nghiém tiép theo. Do vay, vector tich dong pRTRA-S2/G2a-pll
da duoc thiét ké thanh cong. So dd vector tach dong chira gen ma hoa khang nguyén
S2/G2a-pllI dugc thé hién & Phu luc 30. Khang nguyén S2/G2a-pll con dugc goi la
S2-pll trong cdng bé.

Tiép tuc, dé thiét ké vector biéu hién pCB301 mang gen mi héa S2/G2a-pll,
plasmid pRTRA-S2/G2a-pll dugc xu 1y bang enzyme Hindlll dé thu cassette biéu
hién chira doan gen ma hoa khang nguyén S2/G2a-pll. So dd cassette biéu hién
chtra doan gen mé héa S2/G2a-pll duoc thé hién & Hinh 3.28A. Poan gen nay sau
d6 duogc ndi ghép vao vector pCB301 di duge xu 1y HindIll va SAP. Dong khuin
lac chira vector pCB301 tai to hop (viét tat 1a pCB301-S2/G2a-plI) dugc chon loc
bang colony-PCR va xir Iy voi enzyme Notl (Hinh 3.28B, C). Cac két qua cho théy,
dong khuan s6 1 cho bang khoang 2,27 kb trong phan ung colony-PCR va hai biang
5,55 kb va 1,93 kb trong phan ung cat véi Notl, dung so véi tinh toan ly thuyét
tuong ung la 5555 bp va 1929 bp. Két qua doc trinh ty cac dong plasmid pCB301
tai t6 hop cho thay trinh ty gen ma hoa khang nguyén S2/G2a la gibng 100% so Vi
trinh tu gen S2/G2a ban dau. Nhu vay, vector biéu hién pCB301 mang gen ma hoa
khang nguyén S2/G2a-pll di duogc thiét ké thanh cong.
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Hinh 3.28. Két qua thiét ké vector biéu hién mang gen ma héa protein S2/G2a-pll va
tao chung A. tumefaciens mang vector pCB301 téi t6 hop tuong ung
A. So db cassette biéu hién mang gen ma hda S2/G2a-pll. CaMV35S-P: promoter 35S tir CaMV. SP:
peptide tin higu tir cdy dau ring ngua. KDEL: peptide dinh hudng tich lity & ludi noi chat hat.
CaMV35S-T: terminator tir CaMV. B. Két qua colony-PCR chon loc cac dong khuan lac mang
vector pCB301-S2/G2a-pll téi t hop bang cap moi 35SS-QF/35-Term-R. C. Pién di d6 san pham
cét vai enzyme Notl kiém tra cac plasmid pCB301 tur E. coli mang gen ma hoa khang nguyén khang
nguyén S2/G2a-pll. 1-2: cac plasmid so 1-2 duoc kiém tra. D. Két qua dién di san pham colony-PCR
kiém tra cac dong khuan A. tumefaciens mang vector pCB301 tai t6 hop sir dung cap moi 35S-SQF
va 35S-Term-R. 1-4: cac khuén lac s 1-4 duogc kiém tra. Marker: GeneRuler 1 kb DNA Ladder
(Thermo Fisher Scientific)
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Plasmid pCB301-S2/G2a-pll s6 1 duoc chuyén vao té bao A. tumefaciens
AGLI1. Pé chon dong khuan lac A. tumefaciens AGL1 mong muén, phin Ung
colony-PCR véi cip moi 35S-SQF va 35STerm dugc tién hanh. Két qua cho thay &
ca 4/4 dong khuan lac A. tumefaciens AGL1 déu thu dugc bang cé kich thudc
khoang 2,27 kb, kich thudc nay 13 dung so véi kich thudc duoc tinh toan vé 1y
thuyét (Hinh 3.28D).

Nhu vay dong khuan A. tumefaciens mang vector pCB301-S2/G2a-pll di
dugc tao thanh cong. So d6 vector biéu hién pCB301-S2/G2a-pll duoc thé hién ¢
Phu luc 31.

3.3.2. Biéu hién cac khang nguyén tai té hgp COE-S1D/G2a-pll, COE/G2a-pll-
tp va S2/G2a-pll tam thei trong 14 thuéc 14 N. benthamiana

3.3.2.1. Biéu hién khing nguyén COE-S1DIG2a-pll tam thoi trén cdy thudc ld N.
benthamiana

Quy trinh biéu hién cua khang nguyén COE-S1D/G2a-pll tam thoi trong 14
thudc 14 N. benthamiana dugc tién hanh theo quy trinh biéu hién cia khang nguyén
COE/G1la-pll c6 cai tién. Nam ngay sau khi bién nap hdn hop dich khuan chia
chung A. tumefaciens mang vector chia HcPro va chung A. tumefaciens mang
vector pCB301-COE-S1D/G2a-pll téi té hop véi gia tri ODgyo 0,6 Va0 14 thude 14 N.
benthamiana thuy canh 7 tuan tudi, la thudc 1&4 N. benthamiana van xanh tét (Hinh
3.29A). Su tich lily cua khang nguyén COE-S1D/G2a-pll trong 14 thubc 14 N.
benthamiana duoc phat hién bang phan tng Western blot st dung khang thé khéang
c-myc. Két qua dién di SDS-PAGE va Western blot cho thay khang nguyén COE-
S1D/G2a-pllI da duoc biéu hién thanh cong trong 14 thudc 14, thé hién & bang trén
mang co6 kich thudc 16n hon 55 kDa (Hinh 3.29B).

Theo tinh toan Iy thuyét, khéi lugng phan tr cua khang nguyén COE-
S1D/G2a-pll tai t6 hop dang monomer theo tinh toan ly thuyét 1a 38,2 kDa, tuy
nhién, khdi lugng phan tir thuc té thu duoc caa khang nguyén COE-S1D/G2a-pll
dang monomer 12 16n hon 55 kDa. Sy chénh léch gitra khdi lugng Iy thuyét va khoi
lugng thuc té cua khang nguyén COE-S1D/G2a-pll ¢6 thé la do anh huong cua cac
vi tri glycosyl hda lam anh huong dén su di chuyén va phan tach caa khang nguyén
trong qua trinh dién di SDS-PAGE. C0 39 vi tri glycosyl hoa trong trinh tu axit
amin cua protein COE-S1D/G2a dugc du doan (Phu luc 32). Khang nguyén COE-
S1D/G2a-plI khong dugc phat hién & dich chiét 14 thudc 14 N. benthamiana khdng
chuyén gen.
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Hinh 3.29. Biéu hién protein COE-S1D/G2a-pll tam thoi trén cy thudc 14 N.

benthamiana.
A. Lé thuc 14 N. benthamiana sau khi biéu hién tam thoi protein COE-S1D/G2a-pll. B. Kiém tra sy
tich lily cua protein COE-S1D/G2a-pll bang Western blot. 30 pg TSP dugc chiét tir [a WT, hoic
protein COE-S1D/G2a-pll va protein ScFv dic hiéu H5N1 duoc dién di bing SDS-PAGE. Khang
thé khang c-myc duoc ding lam khang thé so cap. C. Phét hién protein COE-S1D/G2a-pll bang
Western blot str dung huyét thanh cua lon duoc tiém vacxin Corning chira PEDV AJ1102 dang vo
hoat

Muc do tich lily cia khang nguyén COE-S1D/G2a-pll tai to hop trong la
thudc 14 dugc ban tinh luong bang Western blot (Hinh 3.29B). Ham lwong va tin
hiéu cua c4c bang ScFv dic hiéu H5 [156] duoc sir dung dé xay dung duong chuan
bang phan mém ImageQuant TL (Cytiva) sau khi chup anh bang may Amersham™
Imager 680 (Cytiva). Két qua ban dinh luong cho thiay khang nguyén COE-
S1D/G2a-pll tich lily trong 14 thudc 1& & mirc xap xi 115 mg/kg 1a twoi chiém 1,95%
protein tan tong s6 (Hinh 3.29B). Nhu vay, khang nguyén COE-S1D/G2a-pll c6
muac do tich liiy trong 14 thudc 14 N. benthamiana xap xi véi khang nguyén
COE/G2a.

Ngoai ra, su biéu hién cta khang nguyén COE-S1D/G2a-pll ti td hop trong
14 thudc 14 N. benthamiana thuy canh ciing dugc phat hién bang huyét thanh lon
tiém vacxin Corning (Wuhan Kegian Biology) chtra chuing PEDV AJ1102 (Hinh
3.29C). Két qua Western blot ¢ Hinh 3.29C cho thiy bing duoc phat hién trén
mang c6 kich thudc theo dung tinh toan 1y thuyét 1a gan 55 kDa. Diéu nay ciing cho
thiy protein COE-S1D/G2a-plI duoc san xuat tir 14 thude 14 N. benthamiana la c6
hoat tinh khang nguyén tuong tu vdi khang nguyén cia PEDV tu nhién. Nhu vay,
khang nguyén COE-S1D/G2a-pll di duoc biéu hién thanh coéng trong 14 thudc 14 N.
benthamiana.
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3.3.2.2. Biéu hién khang nguyén COE/G2a-plI-tp tam thoi trén 14 thuéc 14 N.
benthamiana

Quy trinh biéu hién cua khang nguyén COE/G2a-pll-tp tam thoi trong 14
thudc 14 N. benthamiana dugc tién hanh theo quy trinh biéu hién cua khang nguyén
COE-S1D/G2a-pll ¢6 cai tién. Sau ngay sau khi bién nap hn hop dich khuan chtra
chung A. tumefaciens mang vector chia HcPro va chung A. tumefaciens mang
vector pCB301-COE/G2a-pll-tp tai to hop Vvéi gia tri ODgy 0,6 Vao 14 thudc 14 N.
benthamiana thity canh 7 tuan tudi, 14 thuc 14 N. benthamiana van xanh tét (Hinh
3.30A). Sau khi bién nap, tit ca cac Ia thudc 14 dugc thu nhan va bao quan ¢ ta -80 °C.
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Hinh 3.30. Biéu hién protein COE/G2a-plI-tp tam thoi trén cay thudc 14 N.
benthamiana.
A. Lathuéc la N. benthamiana biéu hién protein COE/G2a-pll-tp tam thoi. B. Kiém tra sy tich lity
cua protein COE/G2a-pll-tp bang Western blot. 30 pg protein tan tong sb duoc chiét tir 14 WT, 10
Mg protein tan téng s6 chira protein COE/G2a-pll-tp va protein ScFe dac hi¢u H5N1 duoc phan tach
bing SDS-PAGE. Khéng thé khang c-myc dugc dung lam khéang thé so cip. C. Phat hién protein
COE/G2a-plI-tp biang Western blot sir dung huyét thanh cua lon dwgc tiém vacxin Corning chia
PEDV AJ1102 (Kegian Biology, Wuhan Kegian Biology, Trung Quéc) dang v hoat

Sy biéu hién tam thoi ctia khang nguyén COE/G2a-pll-tp trong 14 thudc 14 N.
benthamiana duoc phat hién bang phan ng Western blot st dung khang thé khang
c-myc. Két qua dién di SDS-PAGE va Western blot cho thay khang nguyén
COE/G2a-pllI-tp da duoc biéu hién thanh cong trong 14 thubc 14, thé hién & cac bang
trén mang c6 kich thudc gan 35 kDa (Hinh 3.30B). Két qua ban dinh luong bang
Western blot st dung dudng chuan cta khang nguyén ScFv dic hiéu H5N1 [170]
dugc xdy dung bang phan mém ImageQuant TL (Cytiva) cho thiy khdng nguyén
COE/G2a-pll-tp tich liiy trong 14 thudc 14 & mirc xap xi 590 mg/kg 14 tuoi, chiém
5,62% protein tan tong so.
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Sy tich lity cua khang nguyén COE/G2a-pll-tp ti to hop trong 14 thudc 1a N.
benthamiana thiy canh ciing duoc phat hién bing huyét thanh lon tiém vacxin
thuong mai Corning (Wuhan Kegian Biology) chira ching PEDV AJ1102 (Hinh
3.30C). Két qua Western blot & Hinh 3.30C cho thiy bang dugc phat hién trén
mang c6 kich thudc theo dung tinh toan 1y thuyét 1a gan 35 kDa. Piéu nay ciing cho
thiy protein COE/G2a-pll-tp dugc tao ra trong 14 thude 14 N. benthamiana c6 tinh
khang nguyén tuong tu véi khang nguyén tu nhién cia PEDV. Nhu vay, khang
nguyén COE/G2a-pll-tp di duwoc biéu hién thanh cong trong 14 thube 14 N.
benthamiana.

3.3.2.3. Biéu hién khang nguyén S2/G2a-pll tam thoi trén l&4 thuéc 14 N.
benthamiana

Khang nguyén S2/G2a-pll dwoc biéu hién tam thoi trong la thudc 14 N.
benthamiana theo quy trinh biéu hién cua cac khang nguyén COE-S1D/G2a-pll.
Niam ngay sau khi bién nap, 1a dugc thu nhan van xanh tét (Hinh 3.31A). Su tich
lity caa khang nguyén S2/G2a tai to hop duoc kiém tra bang phan (g Western blot.
Két qua Western blot cho thay khang nguyén S2/G2a-pll da duoc biéu hién thanh
cong trong 14 thudc 14, thé hién ¢ 2 bang dugc phat hién trén mang la khoang 100
kDa va l6n hon 250 kDa.

Khdi lwong phan tir caa khang nguyén S2-pll tai t6 hop dang monomer theo
tinh toan ly thuyét 1a 72,33 kDa, tuy nhién, khoi lugng phan ti thyc té thu duoc cia
khang nguyén S2-pll dang monomer la Ién hon 100 kDa (Hinh 3.31B). Su chénh
léch giira khéi luong Iy thuyét va thue té cua khang nguyén S2-pll c6 thé 1a do anh
huong cua cac vi tri glycosyl hda dan dén dén sy thay do6i trong qué trinh di chuyén
va phén tach ctua khang nguyén dudi dién di SDS-PAGE. Cé 67 vi tri glycosyl hoa
trong trinh ty axit amin cua protein S2/G2a duoc du doan (Phu luc 33).

Khi biéu hién khang nguyén S2 trong hé thdng E. coli, néu khong co
glycosyl hoa trén khang nguyén S2 thi khang nguyén S2 c¢6 kich thudc khoang 90
kDa [17]. Muc d6 tich lily ctia cac khang nguyén S2/G2a-pll tai to hop trong 14
thudc 14 duge ban tinh lugng dia vao ham lwong va tin hiéu cia cac bang khang
nguyén chuan H5-pll [133] dé xay dyng duong chuan bang phan mém ImageQuant
TL 8.0 (Cytiva). Sau khi dinh lwong, mtc do biéu hién caa khang nguyén S2/G2a-
pll trong 14 thudc 14 dat xap xi 86,7 mg/kg 14 twoi, chiém khoang 1,47 % protein tan
t6ng so.
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Hinh 3.31. Biéu hién protein S2/G2a-pll tai t6 hop tam thoi trén thude 14 N.
benthamiana.

A. L4 thudc 14 N. benthamiana sau 5 ngay bién nap. B. Két qua danh gia mirc d6 biéu hién cua
protein S2/G2a-pll bang Western blot str dung khéang thé khang c-myc. 15, 30, 45 pg TSP duoc
chiét tir 14 biéu hién protein S2/G2a-pIl dugc phan tach bang SDS-PAGE. Protein H5-pII duoc sir
dung dé dinh luong protein S2/G2a-pll trong dich chiét 14; C. Két qua phat hién protein S2/G2a-pli
bang Western blot str dung huyét thanh cua lon duoc tiém vacxin thuong mai Corning chira PEDV
AJ1102 dang v hoat

Sy biéu hién cta khang nguyén S2/G2a-pll tai to hop trong 14 thudc 1a N.
benthamiana thiy canh ciing duoc phat hién bang huyét thanh lon tiém vacxin
Corning (Wuhan Kegian Biology) chira chung PEDV AJ1102 (Hinh 3.31C). Két
qua Western blot & Hinh 3.31C cho thdy bang duoc phat hién trén mang cé kich
thude twong tu duwoc phat hién ¢ Hinh 3.31B. Diéu nay ciing cho thay protein
S2/G2a-pll dugc san xuét tir 1a thude 14 ¢6 tinh khang nguyén twong tu nhu khang
nguyén ciia PEDV tu nhién. Nhu vay, khdng nguyén S2/G2a-pll di duoc biéu hién
thanh cong trong 14 thude 14 N. benthamiana.

Mtc d6 tich lily cua cac khang nguyén tai to hop trén cay thudc 14 N.
benthamiana dugc trinh bay ¢ Bang 3.1.

Bang 3.1. Mc d6 tich lity cuia cac khang nguyén tai to hop tir trong 14 thudc 14 N.
benthamiana

STT | Tén khang nguyén | Mirc d¢ tich liily ciia khang nguyén | % Protein tan
tai to hop trong 1a thudc 1a . tong sb
benthamiana
(mg/kg la twoti)
1 COE/Gla-pll 234 4
2 COE/G2a-pll 118 2,01
3 | COE-S1D/G2a-pll 115 1,95
4 COE/G2a-plI-tp 590 5,62
5 S2/G2a-pll 86,7 1,97
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3.3.3. Tinh sach va phén tich dic diém oligomer cia cac khang nguyén COE-
S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pl| tai té hep
3.3.3.1. Tinh sach va phan tich dic diém oligomer cia khing nguyén COE-
S1D/G2a-pll

Khang nguyén COE-S1D/G2a-pll duogc tinh sach theo quy trinh tinh sach
khang nguyén COE/G2a-pll sur dung Ni Sepharose Fast Flow. Cac phan doan trong
quéa trinh tinh sach khang nguyén COE-S1D/G2a-pll bang sic ky ai luc IMAC ti
thuc vat bao gdom dich chiét thd (RE), dich chay qua cot sau khi dwa hdn hop dich
chiét tho tron Ni Sepharose Fast Flow I1&n cot (FT), dich rira chay qua cot sau khi bd
sung dém rira (W) va phan doan chira khang nguyén tinh sach (E) duoc thu nhan dé
phan tich. Nong d6 protein tan tong sé trong RE, FT, W va E duoc do bang thir
nghiém Bradford. Sy hién dién cua khang nguyén COE-S1D/G2a-pll trong céc
phan doan nay duoc kiém tra sir dung phuong phap dién di SDS-PAGE, nhuém
bang Coomassie Blue va danh gia bang Western blot (Hinh 3.32).
kDa

M RE FT W E kDa M RE FT W E
- — — =

130 |— Oligomer 130 - Oligomer

10071 100 o

70— Monomer —

55 : T :2 g Monomer
55 . - A EEE—
40 —|

35—
35 -~

25
25 -~

15 —

15—l

B

Hinh 3.32. Két qua dién di SDS-PAGE, nhuém Coomassie blue (A) va Western
blot (B) kiém tra qué trinh tinh sach khang nguyén COE-S1D/G2a-pll st dung
phuong phap IMAC.

RE: dich chiét thd; FT: dich chay qua cot sau khi dwa hdn hop dich chiét thd tron Ni Sepharose
Fast Flow lén cot; W: dich rira chay qua cot sau khi bé sung dém rira; E: khang nguyén tinh sach.
30 pg protein tan tong sb cua RE, FT, W va 30 pl khéang nguyén tinh sach duoc phan tach trén
gel SDS-PAGE.

Cac két qua cho thiay khang nguyén COE-S1D/G2a-pll khong hién dién
trong FT va W. Khang nguyén COE-S1D/G2a-pll tinh sach dugc phat hién vai ham
lugng cao trong phan doan E. Dya vao két qua do protein téng sé bang Bradford va
két qua ban dinh lugng bang Western blot, khang nguyén COE-S1D/G2a-pll duoc
xéac dinh c6 do tinh khiét dat xap xi 80%, véi hiéu suat thu hoi khang nguyén COE-
S1D/G2a-pll tir dich chiét thuc vat sau tinh sach IMAC dat xap xi 27%.

Khang nguyén COE-S1D/G2a-pll sau tinh sach IMAC dugc st dung dé danh
gia dac diém oligomer bang SEC va phan tng lién két chéo. Két qua tinh sach
khang nguyén COE-S1D/G2a-pll bang SEC va két qua kiém tra cac phan doan sau
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tinh sach SEC bang Western blot cho thiy khang nguyén COE-S1D/G2a-pll duoc
phét hién ¢ cac phan doan tir 16-24, twong ung véi khdi luong phan tir khoang 440
kDa-669 kDa (Hinh 3.33A, B). Sau tinh sach SEC, su hién dién cua khang nguyén
COE-S1D/G2a-pll & phan doan 20 va 22 dugc danh gia bang dién di SDS-PAGE va
nhuom Coomassie blue (Hinh 3.33C). Két qua cho thdy khang nguyén COE-
S1D/G2a-pll sau SEC c6 d¢ tinh khiét cao.

A E— C 20 2 M kDa
-y 2000 kDa s K;l protein cl}uan_ co — 950
7 khoi lugng phéan tir cao —t—130

440 kDa -

© | OB TG Monomer -0
=== COE-S1D/G2a-pll — - ——35

30
669 kDa 75 kDa —-—35
40 Vi A c
{ 158 kDa 25

b2
20 | ] 5

23¢° Ve COE-S1D/G2a-pII
s 10 15 20 2 30 38 -l kDa M -BS3 +BS3

Oligomer
B kDa M 1012 141618 2022 24 262830 3234 3638 D .o W‘—

] 130—
1815 ! Oligomer 70 — Monomer
um:J_ 55 — . P —
70 —{ 9

- Monomer 35—

.-
40 — . 25 —§

=

-

Trin

55 —|

35—

IS — s

Hinh 3.33. Két qua tinh sach va phan tich dic diém oligomer cuia khang nguyén
COE-S1D/G2a-pll bang phuong phap sac ky loc gel SEC va phan ung lién két chéo
A. Biéu d6 biéu dién két qua tinh sach khang nguyén COE-S1D/G2a-pll bang SEC. B kit chira cac

protein c6 trong lwong phan tir 16n tir 75-2000 kDa (GE Healthcare) duoc ding dé udc tinh khdi
lugng phan tir cua khang nguyén COE-S1D/G2a-pll. B. Két qua Western blot kiém tra cac phan
doan sau tinh sach cac khang nguyén COE-S1D/G2a-pll bang phwong phap sic ky loc gel SEC st
dung khang thé khang c-myc. C. Két qua dién di SDS-PAGE va nhuém Coomassie blue kiém tra
khéng nguyén COE-S1D/G2a-pll ¢ phan doan 20 va 22 sau tinh sach SEC. D. Xac dinh dic diém
oligomer cuia khang nguyén COE-S1D/G2a-pll dwa vao phan wng lién két chéo. () va (+) BS3: su
hién dién caa BS3 & nong do 0 va 5 mM. San phdm duoc phan tach trén SDS-PAGE, chuyén mang
va nhan dién khi c6 mat khang thé khang His-tag.

Ngoai ra, trang thai oligomer cua khang nguyén COE-S1D/G2a-pll ciing
dugce danh gia st dung BS3 trong phan tng lién két chéo. Két qua dién di SDS-
PAGE, nhuém Coomassie blue va Western blot cho thay khi c¢é sy hién dién cua
BS3, xuat hién bing c6 kich thuéc 16n hon 250 kDa trén mang (Hinh 3.33D). Do
do, cac dir ligu phan tich trang thai oligomer cta khang nguyén COE-S1D/G2a-pll
bang SEC va phan tng lién két chéo déu cho thay khang nguyén COE-S1D/G2a-pll
tu nhién ton tai & dang oligomer.
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3.3.3.2. Tinh sach va phan tich déc diém oligomer cua khang nguyén COE/G2a-plI-

tp

Khang nguyén COE/G2a-pll-tp duoc tinh sach bang phuong phap IMAC dé
phuc vu cac thi nghiém tiép theo. Khang nguyén COE/G2a-pll-tp duoc tinh sach
theo quy trinh tinh sach khang nguyén COE/G2a-pll c6 cai tién st dung Ni
Sepharose Fast Flow. O budc rira nham loai bo cac khang nguyén Ian tap, khi s
dung dém rira c6 bd sung imidazole nong do 30 mM. Cac phan doan trong qué trinh
tinh sach khang nguy@n COE/G2a-pll-tp bang IMAC tir thuc vat bao gom dich chiét
thd (RE), dich chay qua cot sau khi dwa hdn hop dich chiét thd tron Ni Sepharose
Fast Flow 1&n cot (FT), dich rira chay qua cot sau khi bd sung dém rira (W) va phan
doan chtra khang nguyén tinh sach (E) duoc thu nhan dé phan tich. Nong d6 protein
t6ng s trong cac phan doan duoc do bang phuong phap Bradford. Sy hién dién cua
khang nguyén COE/G2a-pll-tp trong cac phan doan nay dugc kiém tra sir dung
phuong phap dién di SDS-PAGE, nhuém bang Coomassie Blue va danh gia bang
Western blot (Hinh 3.34).
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Hinh 3.34. Két qua dién di SDS-PAGE, nhuom Coomassie blue (A) va Western
blot (B) kiém tra qué trinh tinh sach khang nguyén COE/G2a-plI-tp sir dung
phuong phap IMAC.

RE: dich chiét thd; FT: dich chay qua cot sau khi dwa hdn hop dich chiét thd tron Ni Sepharose
Fast Flow 1én cot; W1, W2, W3: dich rira chay qua cot sau khi bd sung dém rira 1an 1, 1an 2 va lan
3; E: khang nguyén tinh sach. 30 g protein téng s6 caa RE, FT, W1, W2 va 30 pl protein tinh
sach duoc phan tach trén gel SDS-PAGE.

Céc két qua cho thdy khang nguyén COE/G2a-pll-tp khong dugc phét hién
trong dich FT va W, diéu nay chang té khang nguyén COE/G2a-pll-tp bam tét voi
cot Ni Sepharose Fast Flow va khong bi rira troi khoi cot khi st dung dém rira voi
nong d6 imidazole 30 mM. Khéang nguyén COE/G2a-pll-tp tinh sach dwoc phat
hién véi ham luong va d6 tinh khiét cao trong phan doan E. Dua vao két qua do
protein tong s6 bing Bradford va két qua ban dinh lwong bang Western blot cho
thiy khang nguyén COE/G2a-pll-tp duoc xac dinh c6 d6 tinh khiét dat xap xi 82%,
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véi hiéu suét thu hoi khang nguyén COE/G2a-pll-tp tir dich chiét thuc vat sau tinh
sach IMAC dat xap xi 20%.
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Hinh 3.35. Két qua tinh sach va phan tich déc diém oligomer cua khang nguyen
COE/G2a-pll-tp bang phuong phap sac ky loc gel SEC va phan tng lién két chéo
A. Biéu d6 biéu dién két qua tinh sach khang nguyén COE/G2a-pll-tp bang SEC. Bb kit chtra cac
protein c6 trong lwong phan tir 16n tir 75-2000 kDa (GE Healthcare) duoc ding dé uéc tinh khdi

luong phan tir caa khéang nguyén COE/G2a-pli-tp. B. Két qua Western blot kiém tra cac phéan
doan sau tinh sach cac khang nguyén COE/G2a-plI-tp bang phuong phép sic ky loc gel SEC sir
dung khéang thé khang c-myc. C. Xac dinh dic diém oligomer cua khang nguyén COE/G2a-pll-tp
dira vao phan ung lién két chéo. (=) va (+) BS3: su hién dién cua BS3 ¢ nong d6 0 va 5 mM. San

pham duoc phan tach trén SDS-PAGE dudi diéu kién bién tinh va nhan dién khi c6 mat khang

thé khang His-tag.

Khang nguyén COE/G2a-pll-tp sau tinh sach IMAC dugc dung dé kiém tra
dic diém oligomer bang SEC va phan tng lién két chéo (Hinh 3.35). Két qua tinh
sach khang nguyén COE/G2a-pll-tp bang SEC va két qua kiém tra cac phan doan
sau tinh sach SEC bang Western blot cho thay khang nguyén COE/G2a-pll dugc
phét hién tai cac phan doan tir 10-30, trong d6 phan I6n khang nguyén COE/G2a-
pll-tp duoc phét hién tai nhiéu phan doan tir 18-26, véi khdi luong phan tir khoang
158-669 kDa (Hinh 3.35A, B). Ngoai ra, trang thai oligomer cua khang nguyén
COE/G2a-plI-tp ciing dugc phan tich sir dung BS3 trong phan tng lién két chéo.
Két qua dién di SDS-PAGE, nhuém Coomassie blue va Western blot cho thay khi
c6 sy hién dién cua BS3, xuét hién bang co kich thudc 16n hon 250 kDa trén mang
(Hinh 3.35C). Do d6, cac dit liéu phan tich trang thai oligomer cua khang nguyén
COE/G2a-pllI-tp bang SEC va phan ung lién két chéo déu cho thiy khang nguyén
COE/G2a-plI-tp tu nhién ton tai & dang oligomer.
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3.3.3.3. Tinh sach va phdn tich ddc diém oligomer cua khang nguyén
S2/G2a-pll

Khang nguyén S2/G2a-pll dugc tinh sach theo quy trinh tinh sach khang
nguyén COE/G2a-pll sir dung Ni Sepharose Fast Flow. Cac phan doan trong qué
trinh tinh sach khang nguyén S2/G2a-pll bang sac ky ai luc IMAC tir thuc vat bao
gom dich chiét thd (RE), dich chay qua cot sau khi dwa hén hop dich chiét thd tron
Ni Sepharose Fast Flow Ién cot (FT), dich riza chay qua cot sau khi bo sung dém ria
(W) va phan doan chira khang nguyén tinh sach (E) dwoc thu nhan dé phan tich.
Nong d6 protein tong sé trong cac phan doan duoc do bang phuong phap Bradford.

) M RE FT W E ,

y Oligomer ka M RE FI W E Oligomer
250— e i ——— ‘—
130— Monomer 20—

1_%)— — ' ¢ 130— Monomer
|- 100— ‘
) 55— —
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25— 35— ?
25— b—=
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Hinh 3.36.7Két qua dién di SDS-PAGE, Western blot (A) va nhuom Coomassie
blue (B) kiém tra qué trinh tinh sach khang nguyén S2/G2a-pll sir dung phuwong
phap IMAC.

RE: dich chiét tho; FT: dich chay qua ct sau khi dwa hdn hop dich chiét thd tron Ni Sepharose Fast
Flow Ién cot; W: dich rira chay qua cot sau khi bo sung dém rua; E: khdng nguyén tinh sach. 30 pg
protein tan tng s cua RE, FT, va 30 pl protein tinh sach dugc phan tach bang SDS-PAGE.

Su hién dién cua khang nguyén S2/G2a-pll trong cac phan doan nay dugc
kiém tra sir dung phuong phép dién di SDS-PAGE, nhuom bang Coomassie Blue va
danh gia bang Western blot (Hinh 3.36). Két qua kiém tra qua trinh tinh sach khang
nguyén S2/G2a-pll bang SDS-PAGE, nhuém Coomassie blue va Western blot cho
thay phan 16n khang nguyén S2/G2a-plI da bam véi Ni Sepharose Fast Flow, khang
nguyén S2/G2a-pll hau nhu khong bi rira troi trong qua trinh bd sung dém rira vao
cot. Khang nguyén S2/G2a-pll thu nhan dugc sau tinh sach ¢c6 ham luong cao (Hinh
3.36A, B). Nhu vay, khang nguyén S2/G2a-pll da duoc tinh sach thanh cong tu 14
thuoc 14 N. benthamiana bang phuong phap IMAC. Dya vao két qua do protein
tong sé bang Bradford va két qua ban dinh luong bang Western blot cho thay khang
nguyén S2/G2a-pll dugc xac dinh c6 do tinh khiét xap xi 81%, véi hiéu suat thu hoi
khang nguyén S2/G2a-pll tir dich chiét thuc vat sau tinh sach IMAC dat xap xi
22%.
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Do tinh khiét va hiéu suit thu hoi sau tinh sach céc khang nguyén téi té hop

tir 14 thudc 1a N. benthamiana bang phuong phap IMAC dugc thé hién & Bang 3.2.

Bang 3.2. o tinh khiét va hiéu suat thu hoi sau tinh sach cac khang nguyén tai to
hop tir 14 thuéc 14 N. benthamiana bang phuong phap IMAC

STT Tén khiang nguyén Do tinh khiét cia Hiéu suit thu hdi
khing nguyén sau khang nguyén sau
tinh sach IMAC (%) |[tinh sach IMAC (%)
1 COE/Gla-pll 85 35
2 COE/G2a-pll 82 25
3 COE-S1D/G2a-pll 80 27
4 COE/G2a-pll-tp 82 20
5 S2/G2a-pll 81 22
N Kit protein chuin c6 khdi lwong phan tir cao
& — S2/G2a-pll
»2 000 KDa
| 440 KDa
669 KDA| 75 KD
49 I\ 158 KDa
g ‘ SV C $2/G2a-pII
—
o Y T T T T T kDa M -BS3 +BS3 .
0 5 10 15 20 25 30 3 m Oligomer
B %28:; p  Monomer
i M 9 1 1315 1719 212325 27 29 3133 A
1 Oligomer o
%ﬁg—-—-'...z 3‘:7-
30— . o Monomer 25—
w— T T —-—- - —
70 —; 15— W

Hinh 3.37. Két qua tinh sach va phan tich dic diém oligomer caa khang nguyén
S2/G2a-pll bang phuong phép sac ky loc gel SEC va phan ung lién két chéo
A. Biéu d6 biéu dién két qua tinh sach khang nguyén S2/G2a-pll biang SEC. Bo kit chtra cac
protein c6 khdi lwong phan tir 16n tir 75-2000 kDa (GE Healthcare) duoc ding dé uéc tinh khéi
lugng phén tir cua khang nguyén S2/G2a-pll. B. Két qua Western blot kiém tra cac phan doan sau
tinh sach cac khang nguyén S2/G2a-pll bang phwong phép sac ky loc gel SEC sir dung khang thé
khéng c-myc. C. X4c dinh dic diém oligomer ctia khang nguyén S2/G2a-pll dua vao phan tng lién
két chéo. (—) va (+) BS3: sy hién dién ciia BS3 & néng d6 0 va 5 mM. San pham dugc phan tach
trén SDS-PAGE, chuyén mang va nhan dién khi c6 mit khang thé khang His-tag.

Khéang nguyén S2/G2a-pll sau tinh sach IMAC duoc dung dé kiém tra dac
diém oligomer bang SEC. Két qua tinh sach khang nguyén S2/G2a-pll biang SEC va
két qua kiém tra cac phan doan sau tinh sach SEC bing Western blot cho thiy



94

khang nguyén S2/G2a-pll duoc phat hién ¢ cac phan doan tir 9 dén 25 (Hinh 3.37A,
B). Khang nguyén S2/G2a-pll chi yéu tap trung & cac phan doan tir 15 dén 23,
tuong @ng véi khdi lwong woc tinh khoang 440 dén 669 kDa. Trang thai oligomer
cua khang nguyén S2/G2a-pll cing dugc phén tich sir dung BS3 trong phan ung
lien két chéo. Két qua dién di SDS-PAGE, nhuém Coomassie blue va Western blot
cho thay khi c6 su hién dién cua BS3, xuét hién bang co kich thuéc I6n hon 250
kDa (Hinh 3.37C). Nhu vay, cic két qua phan tich dac diém oligomer cua khang
nguyén S2/G2a-pll bang SEC va phan tng lién két chéo déu cho thay khang nguyén
S2/G2a-pll tu nhién ton tai & dang oligomer
3.3.4. Pdnh gid tinh sinh mién dich ciia cac khang nguyén tai té hep COE-
S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll trén chugt

Kha nang kich thich sinh dap ttng mién dich cua cac khang nguyén tai to hop
bao gom COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll dugc so séanh véi
khang nguyén COE/G2a-pll trén chudt.

1 14 21 Ngay
| | | S

Tiém lan 1 Tiém lan 2 Thu mau

Hinh 3.38. So d6 gay dap tng mién dich trén chudt vei cac khang nguyén
PEDV G2a téi to hop

M3i con chudt duoc tiém 2 1an véi 1 pg khang nguyén tai to hop/liéu hoic
PBS tron vai chat bo tro Emulsigen®-D (MVP). So d6 gay dap ang mién dich trén
chuot cua céc khang nguyén tai t6 hop duoc thé hién & Hinh 3.38. Kha ning kich
thich sinh cac khang thé IgG, IgA, IgM dac hiéu PEDV, hiéu gia khang thé trung
hoa PEDV va nong do cytokine IFN-y dugc phan tich dya trén huyét thanh cua cac
con chudt sau tiem lan 2.
Pdp ing sinh khang thé 19G déc hiéu PEDV

Dap ng sinh khéang thé IgG dic hiéu PEDV trong huyét thanh cua cac nhém
chudt duoc phan tich thong qua ELISA. Két qua ELISA chang to ¢6 sy hién dién
cua khang thé IgG dic hiéu PEDV trong huyét thanh cua ca 4 nhém chudt tiém cac
khang nguyeén tai té hop COE/G2a-pll hoic COE-S1D/G2a-pll hoic COE/G2a-pll-
tp hodc S2/G2a-pll. Didu nay c6 nghia 1 ca bdn loai khang nguyén tai té hop nay
déu c6 kha ning kich thich sinh khang thé IgG dac hiéu PEDV. Ngoai ra, dép ung
mién dich sinh khang thé IgG dic hiéu PEDV trong huyét thanh caa nhém chudt
tiém khang nguyén COE/G2a-pll va cac nhom nhom chuot tiém khang nguyén
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COE-S1D/G2a-pll hoic COE/G2a-pll-tp hoac S2/G2a-pll 1a c6 su khac biét, thé
hién ¢ gia tri p<0,001 (Hinh 3.39).

ns p=0,774
I 1
ns p=0,469
I 1
* p<0,001
5 ' * p<0,001 !
. 1
» p<0,001 ns p=0,260
4 1 1 r 1

o

0OD450 nm

Nhém chudt thi nghiém

Hinh 3.39. Phan tich dap tng mién dich sinh khéang thé IgG dic hiéu cua PEDV
trong huyét thanh ctia cdc nhém chuét st dung ELISA

Pia ELISA duoc phu véi PEDV SM98 (10*3” TCID50/mL). Huyét thanh ciia nhém chust duoc
tiém vai khang nguyén COE/G2a-pll hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-
pll va PBS duoc dung lam khang thé 1. S liéu dwoc thé hién ¢ dang gia tri trung binh = Do léch
chuan. *: p <0,05, khac biét c6 ¥ nghia thng ké. ns: khong c6 su khac biét vé théng ké

Cac nhom chuot tiém khang nguyén COE/G2a-pll hoac COE-S1D/G2a-pll
hoidc COE/G2a-pll-tp hoic S2/G2a-pll c6 gia tri OD450 trung binh lan luot 13 3,51;
3,76; 3,72; 3,77. Khang thé IgG dac hiéu PEDV trong cac nhom chuét tiém khang
nguyén COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-pll dugc kich thich
sinh ra manh hon so véi nhdm chuét tiém khang nguyén COE/G2a-pll. Piéu nay c6
nghia cac khang nguyén tai to hop COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-
pll c6 kha ning kich thich sinh khang thé IgG dac hiéu PEDV t6t hon so vé6i khang
nguyén COE/G2a-pllI. Pap wng mién dich sinh khang thé IgG dic hiéu PEDV giita
nhom chuot tiém khang nguyén COE-S1D/G2a-pll va nhom chudt tiém khang
nguyén COE/G2a-plli-tp 1a twong tu nhau, thé hién & gia tri p= 0,496> 0,05. Thém
vao d6, dap tng sinh khang thé IgG dic hiéu PEDV giira nhém chudt tiém khang
nguyén COE-S1D/G2a-pll va nhom chu6t tiém khang nguyén S2/G2a-pll la tuong
tuy nhau, thé hién & gia tri p= 0,774> 0,05. Nhom chudt tiém khang nguyén
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COE/G2a-pll-tp va nhom chuét tiém khang nguyén S2/G2a-pll cing khong co su
khac biét vé mat thdng ké trong dap ung sinh khang thé IgG dic hiéu PEDV, thé
hién & gia tri p= 0,260> 0,05. Piéu nay co nghia 1a cic khang nguyén COE-
S1D/G2a-pll, COE/G2a-plI-tp va S2/G2a-pll c6 kha ning kich thich sinh khang thé
IgG dic hiéu PEDV tuong duong nhau. Khang thé IgG dic hiéu PEDV trong nhém
chuot duoc tiém PBS khong duoc tim thiy (Hinh 3.39).

Kha ning kich thich sinh khang thé IgG dic hiéu PEDV trong huyét thanh
ctia cac nhém chudt dugc Kiém tra bang Western blot. Két qua Western blot ching
t6 khang thé IgG dic hiéu cac khang nguyén tai to hop cia PEDV di duoc kich
thich sinh ra trong cac nhom chuot duoc tiém khang nguyén COE/G2a-pll hoac
COE-S1D/G2a-pll hoac COE/G2a-pll-tp hodc S2/G2a-pll. Khoéng phét hién khang
thé IgG dac hiéu khang nguyén PEDV trong nhoém chudt dugc tiém PBS (Hinh
3.40).
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COE/G2a-pII COE-S1D/G2a-pll COE/G2a-pll-tp S2/G2a-pll PBS
Huyét thanh chudt

Hinh 3.40. Phan tich dap ung sinh khang thé IgG dic hiéu PEDV trong huyét
thanh céc nhom chudt sau 2 1an tiém bang Western blot
Khéang nguyén COE/G2a-pll hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-pll
tinh sach SEC duoc sir dung dé dua vao giéng. Huyét thanh cua cac nhém chudt duoc tiém voi
cac protein nay va PBS duoc dung lam khang thé 1.

Pdp 1ng sinh khang thé Ig4 dac hiéu PEDV

Vé dap ung sinh khang thé IgA dic hiéu PEDV, két qua ELISA chiing to c6
su hién dién cua khang thé IgA dic hiéu PEDV trong ca bon nhém chuot tiém
khang nguyén COE/G2a-pll hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoic
S2/G2a-pll. Pidu nay c6 nghia 13 ca bdn khang nguyén nay déu ¢ kha ning kich
thich sinh khang thé IgA dic hiéu PEDV trén chuot. Cac nhém chuét tiém khang
nguyén COE/G2a-pll hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoiac S2/G2a-
pll ¢ gia tri ODyso trung binh Ian lwot 13 0,44; 0,53; 1,73; 0,43 (Hinh 3.41). Bap
tng mién dich sinh khang thé IgA dic hiéu PEDV trong nhém chuét tiém khang
nguyén COE/G2a-pll va cac nhom chuét tiém khang nguyén COE-S1D/G2a-pll
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hoac COE/G2a-plI-tp 1a c6 su khac biét vé mit thong ké, thé hién & gia tri p<0,05.
Céc khang nguyén COE-S1D/G2a-pll va COE/G2a-pll-tp da kich thich sinh khéang
thé IgA dic hiéu PEDV manh hon so véi khang nguyén COE/G2a-pll trén chuot.
Dic biét, dap ttng mién dich sinh khang thé IgA dic hiéu PEDV dugc ghi nhan cao
nhat & nhém chudt tiém khang nguyén COE/G2a-pll-tp va cd su khac biét vé mat
théng ké véi cac nhom chudt duoc tiém cac khang nguyén con lai véi gia tri p<0,05.
Piéu nay chiing to khang nguyén COE/G2a-pll-tp c¢6 kha ning kich thich sinh
khang thé IgA dic hiéu PEDV tbt hon cac khang nguyén COE-S1D/G2a-pll,
S2/G2a-pll va COE/G2a-pll. Khang nguyén COE/G2a-pll-tp c6 kha nang kich
thich sinh khang thé IgA dic hiéu PEDV véi gia tri OD450 cao hon gap hon 3 1an
S0 vaGi cac khang nguyén con lai. Khang nguyén COE/G2a-pll da kich thich sinh
khang thé IgA dic hiéu PEDV tuong ty nhu khang nguyén S2/G2a-pll trén chudt,
thé hién ¢ gia tri p= 0,993. Ngoai ra, khang nguyén COE-S1D/G2a-pll ciing di kich
thich sinh khang thé IgA dic hiéu PEDV twong ty nhu khang nguyén S2/G2a-pll
trén chuot, thé hién ¢ gia tri p= 0,165. Khong tim thay khang thé IgA dic hiéu
PEDV trong nhém chu6t tiém PBS (Hinh 3.41).
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Nhém chudt thi nghiém

Hinh 3.41. Phan tich dap ung sinh khang thé IgA dic hiéu PEDV trong huyét thanh

ctia cac nhém chudt bang ELISA.

Dia ELISA duoc phu v6i PEDV SM98 (10*% TCID50/mL). Huyét thanh ciia nhém chuét duoc
tiém vai khang nguyén COE/G2a-pll hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-
pll hoic PBS duoc dung 1am khang thé 1. S liéu duoc thé hién ¢ dang gid tri trung binh + d6 léch

chuan. *: p<0,05, khéc biét cé y nghia thdng ké. ns: khong c6 su khac biét vé théng ké
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Pdp irng sinh khang thé IgM ddc hiéu PEDV

Vé dap ung sinh khang thé IgM dac hiéu PEDV, két qua ELISA ching to
khang thé IgM dic hiéu PEDV di dugc sinh ra trong ca bon nhém chudt tiém khang
nguyén COE/G2a-pll hoiac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-
pll. Hay noi cach khéc, ca bén khang nguyén nay déu da kich thich sinh khang thé
IgM dac hiéu PEDV trén chudt. Cac nhom chuét tiém khang nguyén COE/G2a-pll
hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hodac S2/G2a-pll cO giad tri ODys
trung binh lan luot 1a 2,84; 3,80; 3,86; 1,98. Bap (tng mién dich sinh khang thé 1gM
dac hiéu PEDV ¢ nhom chuot tiém khang nguyén COE/G2a-pll la c6 su khac biét
vé mat thong ké véi cac nhom chudt tiém cac khang nguyén khac, véi gia tri
p<0,005 (Hinh 3.42).

0OD450 nm
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Nhém chudt thi nghiém

Hinh 3.42. Phan tich d4p &ng sinh khang thé IgM dic hiéu PEDV trong huyét thanh

& cac nhom chuot bang ELISA

Pia ELISA duoc phu véi PEDV SM98 (10**" TCID50/mL). Huyét thanh caa nhém chudt duoc tiém
voi khang nguyén COE/G2a-pll hoac COE-S1D/G2a-pll hodc COE/G2a-pll-tp hodc S2/G2a-pll hodc
PBS duogc dung lam khang thé 1. S6 liéu duoc thé hién ¢ dang gia tri trung binh + d6 Iéch chuan. *:

p<0,05, khac biét c6 y nghia thong ké.

Dép ung sinh khang thé IgM dac hiéu PEDV & nhém chudt dugc tiém khang
nguyén COE-S1D/G2a-pll vd COE/G2a-pll-tp 1a cao hon dap tng sinh khang thé
IgM dac hiéu PEDV ¢ nhom chu6t tiém khang nguyén COE/G2a-plI; trong khi do,
dap ung sinh khang thé IgM dic hiéu PEDV & nhém chudt tiém khang nguyén
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S2/G2a-pll lai thip hon so v&i nhém chudt tiém khang nguyén COE/G2a-pll. Piéu
nay c6 nghia la cac khang nguyén COE-S1D/G2a-pll va COE/G2a-pll-tp da kich
thich sinh khang thé IgM dic hiéu PEDV tét hon khang nguyén COE/G2a-pll,
trong khi khang nguyén S2/G2a-pll di kich thich sinh khang thé IgM kém hon
khang nguyén COE/G2a-pll. Khang thé IgM dic hiéu PEDV duoc sinh ra trong hai
nhém chuét tiém khang nguyén COE-S1D/G2a-pll va khang nguyén COE/G2a-pll-
tp 12 c6 sy khac biét, thé hién & gia tri p= 0,025< 0,05. Pap tng khang thé IgM dic
hiéu PEDV duoc phét hién manh nhat & nhém chuét tiém khang nguyén COE/G2a-
pll-tp va thap nhit & nhdm chudt tiém khang nguyén S2/G2a-pli-tp. Khéng phat
hién thay khang thé IgM dic hiéu PEDV trong nhém chudt duoc tiém PBS (Hinh
3.42).

Kha nang trung hoa PEDV
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Nhom chudt thi nghiém

Hinh 3.43. Phan tich dap ting trung hdoa PEDV caa huyét thanh & nhém chudt bang
thi nghiém trung hoa virus trén té bao.
S6 liéu vé hiéu gia khang thé trung hoa cua huyét thanh tirng nhém chudt dugc thé hién dang gia tri
trung binh + d¢ léch chuan. ns: khong cé su khac biét vé thong ké khi p>0,05.

Sy hién dién cua cac khang thé trung hoa PEDV trong huyét thanh chudt

dugc danh gia thong qua thi nghiém trung hoa virus trén té bao. Két qua chung to



100

phat hién dugc khang thé trung hoa PEDV trong ca bén nhém chudt dugc tiém
khang nguyén COE/G2a-pIl hoac COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac
S2/G2a-pll. Piéu nay cho thiy ca bdn loai khang nguyén nay da kich thich sinh cac
khang thé dic hiéu c6 kha ning trung hoa PEDV trén chudt. Hiéu gia khang thé
trung hoa PEDV trung binh dugc xac dinh & cac nhom chudt dugc tiém khang
nguyén COE/G2a-pll hodc COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-
pll lan luot 12 9,25; 10,05; 12,55; 9,25. Tuy nhién, dap tng sinh khang thé trung hoa
PEDV trong cic nhom chudt tiém khang nguyén COE/G2a-pll hoic COE-
S1D/G2a-pll hodac COE/G2a-pll-tp hodc S2/G2a-pll 1a khong cé sy sai khac vé mat
thdng ké, thé hién & gia tri p> 0,05. O nhom chudt tiém PBS, khang thé trung hoa
PEDV khéng duoc tim thay (Hinh 3.43).

Dap ung sinh cytokine IFN-y
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Nhom chuét thi nghiém

Hinh 3.44. Néng do IFN-y trong huyét thanh cua cac nhdm chuét thi nghiém bang
bo kit ELISA
S ligu duoc thé hién & dang gia tri trung binh + d¢ léch chuan. *: p<0,05, khac biét c6 ¥ nghia
thng ké; ns: khdng c6 su khéc biét vé thong ké

Nong d6 cytokine IFN-y trong huyét thanh cua lgn con duoc xac dinh sir

dung bo kit ELISA (Mouse IFN-y ELISA Basis kit, Mabtech). Két qua ELISA
chting t6 IFN-y duoc tim thay trong huyét thanh cta cac nhém chudt tiém véi khang
nguyén COE/G2a-pll hodc COE-S1D/G2a-pll hoac COE/G2a-pll-tp hoac S2/G2a-
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pll, trong khi d6 IFN-y khong dugc tim thay trong nhém chudt tiém PBS. Diéu nay
chting t0 ca bon khang nguyén nay déu co kha ning kich thich san sinh IFN-y trén
chudt (Hinh 3.44). Pap ung sinh IFN-y trung binh trong huyét thanh cia nhém
chudt dugc tiém khang nguyén COE/G2a-pll hoiac COE-S1D/G2a-pll hoac
COE/G2a-pll-tp hodc S2/G2a-pll lan luot dat 531,8 + 40,58 pg/mL; 210,2 + 34,2
pg/mL; 216,6 + 38,8 pg/mL; 404,15+ 41,2 pg/mL. Pap Gng sinh IFN-y cia nhém
chudt tiém khang nguyén COE/G2a-pll va cac nhém chudt tiém cac khang nguyén
khac 1a c6 sy khac biét vé thong ké, véi gia tri p<0,05. Péap tmg sinh IFN-y duoc
ghi nhan dat gi4 tri cao nhit trong nhém chudt duoc tiém khang nguyén COE/G2a-
pll; dat gia tri thdp nhat trong hai nhom chudt duge tiém khang nguyén COE-
S1D/G2a-pllI hoic COE/G2a-pll-tp. Piéu nay co6 nghia 13 khang nguyén COE/G2a-
pll di kich thich sinh dap ung IFN-y cao gap 2,5 lan so v&i cac khang nguyén COE-
S1D/G2a-pll va COE/G2a-pll-tp va cao gap 1,3 1an so voi khang nguyén S2/G2a-
pll. Bap g sinh IFN-y & cac nhém chudt tiém khang nguyén S2/G2a-pll la khac
biét vé thong ké so v6i cac nhom chudt tiém cac khang nguyén con lai, v6i gid tri
p<0,05. Nhom chudt dugce tiém khang nguyén S2/G2a-pll c6 murc d¢ dap img IFN-y
thip hon so v6i nhom chudt dugc tiém khang nguyén COE/G2a-pll nhung lai cao
hon so véi cac nhom chudt duge tiém COE-S1/G2a-pll hodc S2/G2a-pll. DPap tung
IFN-y duoc ghi nhan tai nhom chudt tiém khang nguyén COE-S1D/G2a-pll hoac
COE/G2a-plI-tp 1a twong duong nhau, khong c6 su khac biét vé mit thong ké, thé
hién ¢ gia tri p=0,729 (Hinh 3.44).

Nhu vay, dua vao mac do biéu hién, hiéu suat thu hoi sau tinh sach va kha
ning kich thich sinh mién dich trén chudt cua cac khang nguyén ching to ngoai
khang nguyén COE/G2a-pll tai to6 hop thi hai khang nguyén tai t6 hop COE-
S1D/G2a-pll va COE/G2a-pll-tp c6 thé 1a cac tng vién tiém niang trong phong
PEDV. Tuy nhién, trong khudn kho cua luan an, do cé gidi han vé thoi gian thyuc
hién, khang nguyén COE-S1/G2a-pIl dugc lya chon dé danh gia kha nang kich
thich sinh dap tng mién dich trén lon.

3.3.5. Pdnh gid tinh sinh mién dich ciia khing nguyén COE-S1D/G2a-pll trén
lon

- Thi nghiém 1: So sanh tinh mién dich cua khang nguyén COE-S1D/G2a-pll va
khang nguyén COE/G2a-pll (liéu 12,5 pg) trén lon con; so sanh anh hudng cua chat
bd tro Montanide ISA™ 201 (SEPPIC) va chat b trg Emulsigen®-D (MVP) dén
tinh sinh mién dich cua khang nguyén COE-S1D/G2a-pl|

Tinh sinh mién dich cta khang nguyén COE-S1D/G2a-pll duoc so sanh véi
khang nguyén COE/G2a-pllI trén lgn con. Lon con dugc chia thanh 5 nhom. Nhom
1 va nhém 2 lan luot dugc tiém voi khang nguyén COE/G2a-pll hoic COE-
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S1D/G2a-pll (12,5 pg/con) tron véi chat bo trg Montanide ISA™ 201 (SEPPIC).
Nhom 3 dugce tiém vai khang nguyén COE-S1D/G2a-pll (12,5 ug/con) tron véi
chat bd tro Emulsigen®-D(MVP). Nhom 4 duoc tiém voi vacxin vo hoat Bayovac®
SuiShot® PT-100 (Bayer). Nhém 5 dugc tiém véi PBS tron voi chat bd trg
Emulsigen®-D(MVP).
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Hinh 3.45. So d6 gay dap tng mién dich protein COE-S1D/G2a-pll trén lon con
lan 1

So dd gay dap tng mién dich protein COE-S1D/G2a-pll trén lon con lan 1
dugc thé hién ¢ Hinh 3.45.
+ Pdp teng sinh khang thé IgG déic hiéu PEDV
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Hinh 3.46. Phan tich dap (ng sinh khang thé IgG dic hiéu PEDV trén cac nhom lon
thi nghiém bang ELISA.
S6 liéu duoc thé hién ¢ dang gia tri trung binh = d6 léch chuan. *: p<0,05, khac biét c6 y nghia
thdng ké. ns: khéng cd su khéc biét vé thong ké. M: Montanide ISA™ 201 (SEPPIC), E:
Emulsigen®-D (MVP), Bayovac: Bayovac® SuiShot® PT-100 (Bayer)
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Pép tng sinh khang thé IgG dic hiéu PEDV duoc danh gia bang ELISA. Két
qua ELISA cho théiy cd 3 nhém lon 1, 2, 3 dugce tiém voi khang nguyén COE/G2a-
pll hoic COE-S1D/G2a-pll déu c6 su sinh khang thé IgG dic hiéu PEDV va dap
tmg IgG dic hiéu PEDV ¢ cac nhom nay déu cao hon véi nhom tiém vacxin vo hoat
Bayovac® SuiShot® PT-100 (Bayer) (p<0,05). Khong c6 su khac biét vé mat thong
ké trong dap Umg I1gG dac hiéu khang nguyén PEDV gifra 2 nhém lgn con dugc ti€ém
khang nguyén COE-S1D/G2a-pll va COE/G2a-pIl khi tron véi chat bo tro
Montanide ISA™ 201 (SEPPIC), véi gia tri ODyso trung binh cua hai nhém xép X1
0,48. Tuy nhién, kha nang sinh khang thé IgG dic hiéu khang nguyén PEDV giira 2
nhom lgn tiém COE-S1D/G2a-pll khi sir dung chat bo trg khac nhau 1a c6 su khéac
biét vé théng ké. Pap ung IgG dic hiéu PEDV manh hon dugc ghi nhan ¢ nhém lon
con duoc tiém khang nguyén COE-S1D/G2a-pll tron véi chét bo tro Emulsigen®-D
(MVP) so cung loai khang nguyén nay tron véi chat bd trg Montanide ISA™ 201
(SEPPIC), voi gia tri ODysp trung binh cia nhom 3 dat 0,76. Khang thé IgG dac hi¢u
PEDV khong duogc tim thdy & nhom lon con tiém PBS tron Emulsigen®-D (MVP)
(Hinh 3.46).
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Hinh 3.47. Phan tich dap tng sinh khang thé IgG dic hiéu khang nguyén PEDV
trén cac nhom lgn thi nghiém bang Western blot.
Huyét thanh ctia cac nhém lon duoc ding lam khang thé 1. Miii tén chi bang protein dang

monomer, dau ngoac chi bang protein dang oligomer. M: Montanide ISA™ 201 (SEPPIC), E:
Emulsigen®-D (MVP); Bayovac: Bayovac® SuiShot® PT-100 (Bayer)

Tuong tu nhu két qua ELISA, két qua Western blot st dung khang nguyén
PEDV ciing cho thdy khang thé IgG dic hiéu khang nguyén COE/G2a-pll hoic
COE-S1D/G2a-pll dugc phat hién trong huyét thanh cta cac nhom lon 1, 2, 3 tiém
v6i cac khang nguyén twong tng, trong khi dé cac khang thé IgG dic hiéu cac
khang nguyén PEDV tai t6 hop khong c6 mit trong nhom lon dbi chimg am sau 2
lan tiém (Hinh 3.47). Két qua Western blot cho thdy nhom lon 3 tiém khang nguyén
COE-S1D/G2a-pll tron chat bd trg Emulsigen®-D (MVP) c6 tin hiéu bing khang
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nguyén dam hon trén mang Western blot so v&i nhom Ign 2 tiém khang nguyén
COE-S1D/G2a-pll tron chét bo tro Montanide ISA™ 201 (SEPPIC) (Hinh 3.47).
+ PAp ing sinh khang thé IgA déic hiéu PEDV
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Hinh 3.48. Phan tich dap tng sinh khang thé IgA dic hiéu PEDV trén cac nhom
lon thi nghiém bang ELISA
S lidu dugc thé hién ¢ dang gia tri trung binh + d6 1éch chuan. *: p<0,05, khac biét c6 ¥ nghia
thdng ké. M: Montanide ISA™ 201 (SEPPIC), E: Emulsigen®-D (MVP), Bayovac: Bayovac®
SuiShot® PT-100 (Bayer)

Su sinh khang thé IgA dac hi¢u PEDV duogc kiém tra béng bo kit ELISA
(PED IgA Ab ELISA, Binote, Korea). Theo hudng din ctia nha san xuét, gia tri
ODysp > gia tri cutoff (0,35+ mean ODyc) dugc xem la duong tinh véi khang thé
IgA dac hi¢éu PEDV. Trong thi nghiém nay gia tri cutoff dugc xac dinh béng 0,439
theo chi dan cua bo kit. Két qua ELISA cho thdy ca 3 nhom lon duogc tiém véi
khang nguyén COE/G2a-pll hoic COE-S1D/G2a-pll déu duong tinh v6i khang thé
IgA dic hiéu PEDV. Pap tng mién dich sinh khang thé IgA dic hiéu PEDV ¢
nhoém lon 2 tiém khang nguyén COE-S1D/G2a-pll 1a cao hon so véi nhom lon 1
tiém COE/G2a-plI khi tron cing chét bo trg Montanide ISA™ 201 (SEPPIC). Dic
biét, dap ung IgA dac hiéu PEDV ¢ nhom lgn 3 ti€ém khang nguyén COE-S1D/G2a-
pll kém chat bo tro Emulsigen®-D (MVP) 1a cao hon so voi dap tng IgA dic hiéu
PEDV ¢ nhom lon 2 tiém chat bd trog Montanide ISA™ 201 (SEPPIC), véi gi tri
ODyso trung binh cua hai nhom Ign lan luot dat 0,71 va 0,49. Trong khi dap ung IgA
dac hi¢u PEDV ¢ nhom lon 3 cao hon so véi nhom tiém vacxin vo hoat Bayovac®
SuiShot® PT-100 (Bayer), thi dap tng IgA dac hiéu PEDV ¢ nhom lon 1 va 2 lai
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thip hon so v&i nhom tiém vacxin v hoat Bayovac® SuiShot® PT-100 (Bayer)
(p<0,05). Pap tng mién dich sinh khang thé IgA dic hiéu PEDV khong dugc phat
hién & nhoém lgn con tiém PBS tron Emulsigen®-D (MVP) (Hinh 3.48).
+ Ddnh gid kha nang trung hoa PEDV
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Hinh 3.49. Phan tich dap tmg trung hdoa PEDV trong huyét thanh ctia cac nhom
lon thi nghiém bang thi nghiém trung hoa virus.
Hiéu gia khang thé trung hoa > 8 duwoc xem 1a duong tinh. * sai khac c6 y nghia thong ké (p
<0,05). ns: khéng c6 su khac biét vé thong ké. M: Montanide ISA™ 201 (SEPPIC), E:
Emulsigen®-D (MVP), Bayovac: Bayovac® SuiShot® PT-100 (Bayer)

Kha ning trung hoa PEDV cua cac huyét thanh lon duoc xac dinh bang thi
nghiém trung hoa virus. Két qua danh gia trung hoa cho thdy ¢ 4 nhém lon thi
nghiém dugc ti€ém vdi khang nguyén COE-S1D/G2a-pll hoac COE/G2a-pll hoac
vacxin vo hoat Bayovac® SuiShot® PT-100 (Bayer) déu c6 mit cac khang thé dic
hiéu c6 kha ning trung hoa khang PEDV. Tuy nhién, khong c6 su khac biét vé cac
dap Gmg mién dich sinh khang thé c6 kha ning trung hoa PEDV ¢ cac nhom lon
dugc tiém v6éi COE/G2a-pll hoic COE-S1D/G2a-pll tron chit bod trg Montanide
ISA™ 201 (SEPPIC) hoic COE-S1D/G2a-pll tron chat bd trg Emulsigen®-D
(MVP), thé hién & hiéu gia trung hoa trung binh & cac nhom 1a 8. Cac dap tng mién
dich sinh khang thé c6 kha niang trung hoa PEDV & nhom lon tiém vacxin thuong

mai cao hon mot chut so voi cac nhom lgn dugc tiém cac khang nguyén tai t6 hop.
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Diéu nay c6 thé duoc giai thich bai sy twong thich vé chung cia vacxin thwong mai
(SM98) v6i chung PEDV duoc dung cho phan Gng trung hoa. Cac khang thé co kha
nang trung hoa PEDV trong nhom lon dugc tiém voi PBS kém chét bo tro khong
duogc tim thiy (Hinh 3.49).
+ Dap ung sinh IEN-y trong cdc nhom lon thi nghiém
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Hinh 3.50. Phan tich dap tmg sinh IFN-y trén cac nhom lon thi nghiém bang bo
kit ELISA.
S liéu duoc thé hién ¢ dang gia trj trung binh + do 1éch chun. *: p<0,05, c6 sw khéc biét ¢6 ¥
nghia thong ké. ns: khong c6 su khac biét vé thong ké. M: Montanide ISA™ 201 (SEPPIC), E:
Emulsigen®-D (MVP), Bayovac: Bayovac® SuiShot® PT-100 (Bayer)

Nong do IFN-y trong huyét thanh ciia lgn con dugc xac dinh bang bd kit
ELISA (Porcine IFN-y ELISA Basis kit, Mabtech). Két qua chimg to IFN-y da duoc
tao ra trong cac nhom lgn con ti€ém vdi khang nguyén COE/G2a-pll hoac COE-
S1D/G2a-pll kém chat bé trg, trong khi d6 IFN-y khong duoc tao ra trong cac nhom
lon con tiém voi vacxin thuong mai vo hoat Bayovac® SuiShot® PT-100 (Bayer)
va nhom lon con d6i chimg am. Khong cé su khac biét vé dap tng IFN-y trong
huyét thanh ctia nhém 1 va nhém 2 dugce tiém voi khang nguyén COE-S1D/G2a-pl|
hoic COE/G2a-pll kém chat bo trg Montanide ISA™ 201, v6i nong d6 IFN-y dat
hon 500 pg/mL. Hai nhéom lgn 2 va 3 tiém khang nguyén COE-S1D/G2a-pll tron
véi hai loai chiat bd tro khac nhau la Montanide ISA™ 201 (SEPPIC) hoac
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Emulsigen®-D (MVP) 14 c6 su sai khac vé mat thong ké trong dap tmg IFN-y, voi
gia tri p<0,05. Pap tmg IFN-y dugc ghi nhan dat gid tri cao nhat dat 1281,77 pg/mL
+ 23,7 pg/mL ¢ nhom lgn con dugc tiém véi khang nguyén COE-S1D/G2a-pll kem
chét bd trg Emulsigen®-D (MVP) (Hinh 3.50).

Céc két qua so sanh kha ning gdy dap tmg mién dich trén lon con voi khang
nguyén COE-S1D/G2a-pll va khang nguyén COE/G2a-pll cho thiy khang nguyén
COE-S1D/G2a-pll kich thich sinh khang thé IgA dic hiéu PEDV tét hon so voi
khang nguyén COE/G2a-pll. Tuy nhién, cac dap tmg mién dich sinh khang thé IgG
ddc hiéu PEDV, kha nang trung hoa PEDV va dap ung IFN-y cua hai khang nguyén
nay la twong dwong nhau & trén lon con. Ngoai ra, cac két qua cho thiy chat b trg
Emulsigen®-D (MVP) ¢ tac dung tot hon chat bd trg Montanide ISA™ 201
(SEPPIC) khi tron véi khang nguyén COE-S1D/G2a-pll trong viéc kich thich dap
g mién dich sinh khéng thé IgG, IgA dic hiéu PEDV va dap tmg IFN-y.

- Thi nghiém 2: So sanh tinh sinh mién dich ctia khang nguyén COE-S1D-G2a-pl|
(lidu 50 pg) véi vacxin thuong mai trén lon con
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Hinh 3.51. So do gay dap ung mién dich protein COE-S1D/G2a-pll trén lgn con
lan 2

Tinh sinh mién dich cua khang nguyén COE-S1D/G2a-plI (liéu 50 pg) duoc
so sanh véi vacxin thuong mai Corning chtta ching PEDV AJ1102 dang vo hoat
(Wuhan Kegian Biology) thugc nhém G2b trén lgn con. Lon con dugc chia thanh 3
nhom. Nhom 1 duoc ti€ém voi khang nguyén COE-S1D/G2a-pll (50 pg/con) tron
v6i chat bd trg Emulsigen®-D (MVP). Nhom 2 duoc tiém véi vacxin thuong mai
Corning, v0 hoat chtra chung PEDV AJ1102. Nhom 3 dugc tiém voi PBS tron véi
chét bo trg Emulsigen®-D (MVP). So d6 gy dap ung mién dich trén lon con dugc
trinh bay ¢ Hinh 3.51.
+ Pdp teng sinh khang thé IgG ddic hiéu khdng nguyén PEDV

Kha ning sinh khang thé IgG dic hiéu PEDV duoc kiém tra bang ELISA.
Khang nguyén COE-S1D/G2a-pll tinh sach SEC (1 pg/mL) duoc ding dé phu dia
ELISA. Két qua ELISA cho théy, sau tiém lan 1, ca 2 nhom lon duoc tiém khang
nguyén COE-S1D/G2a-pll kém chat bo tro Emulsigen®-D (MVP) hodc vacxin
thuong mai Corning déu c6 su san sinh khang thé IgG dic hiéu PEDV. Sau 1 lan

tiém, dap ting IgG dac hiéu PEDV & cadc nhoém tiém vacxin thuong mai Corning cao
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hon v&i nhom tiém khang nguyén COE-S1D/G2a-pll kém chét bo tro Emulsigen®-
D (p<0,05). Tuy nhién, sau lan tiém thr 2, dap ung IgG dic hiéu PEDV ¢ nhém
tiém khang nguyén COE-S1D/G2a-pll kém chit bo trg Emulsigen®-D cao hon so
vO1 & nhom tiém vacxin thuwong mai Corning (p<0,05), v&i ¢ gid tri ODyso trung
binh cta 2 nhom lan luot 1a 3,8 va 2,087. So véi dap tng mién dich sinh khang thé
sau tiém lan 1, kha ning sinh khang thé IgG dic hiéu PEDV sau tiém lan 2 & nhoém
lon tiém khang nguyén COE-S1D/G2a-pll da ting 4 lan, trong khi d6 kha ning sinh
khang thé IgG dac hiéu PEDV ¢ nhom tiém vacxin thuong mai Corning lai giam
1,6 1an. Pap ung mién dich sinh khang thé IgG dic hiéu PEDV khong dugc tim
thdy ¢ nhom lon con tiém PBS va Emulsigen®-D sau tiém 1an 1 va lan 2 (Hinh
3.52).
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Hinh 3.52. Phan tich dap ung sinh khang thé IgG dic hiéu PEDV trén cic nhém
lon thi nghiém bang ELISA.
Sé liéu duoc thé hién & dang gié tri trung binh £ SD. * p <0,05, khac biét c6 y nghia théng ké. E:
Emulsigen®-D (MVP), Corning: vacxin thwong mai Corning (Wuhan Kegian Biology)

Tuong tu nhu két qua ELISA, két qua Western blot cling cho thay, sau tiém
lan 1 va lan 2 déu c6 su hién dién cua khang thé IgG dic hiéu COE-S1D/G2a-pll
trong cac nhom lon dugc tiém khang nguyén COE-S1D/G2a-pll kém chit b tro
Emulsigen®-D va nhém lgn ti€ém vacxin thuong mai Corning. Trong khi d6 cac
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khang thé IgG dic hiéu khang nguyén PEDV tai t6 hop khong tim thay trong nhém
lon d6i chimg am PBS tron chét bo tro Emulsigen®-D sau tiém lan 1 va lan 2 (Hinh
3.53).
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Hinh 3.53. Phan tich dap tng sinh khang thé IgG dic hiéu khang nguyén COE-
S1D/G2a-pll ciia PEDV trén cac nhém lon thi nghiém bang Western blot.
Huyét thanh ciia cac nhém lon duge dung lam khang thé 1. Miii tén chi biang protein dang
monomer, ddu ngodc chi bang protein dang oligomer. E: Emulsigen®-D (MVP), Corning: vacxin
thuong mai Corning (Wuhan Kegian Biology)

+ Pdp iing sinh khang thé IgA ddc hiéu khang nguyén PEDV

Kha nang sinh khang thé IgA dic hiéu PEDV duoc kiém tra bang ELISA.
Khang nguyén COE-S1D/G2a-pll tinh sach SEC (1 pg/mL) duoc st dung dé 1am
khang nguyén cho phan ing ELISA. Két qua ELISA chimg té sau 1 lan tiém, ca 2
nhéom lon dugc tiém khang nguyén COE-S1D/G2a-pll kém chat bo trg
Emulsigen®-D hoic vacxin thuong mai Corning déu cé su sinh khang thé IgA dic
hi¢u PEDV. Kha ning sinh khang thé IgA dic hiéu PEDV ¢ 2 nhém lon 14 twong tur
nhau, voi gia tri p>0,05. Sau 1 lan tiém, khang thé IgA dac hiéu PEDV ¢ nhém lgn
tiém khang nguyén COE-S1D/G2a-pll dugc tao ra twong ddi manh, dat gia tri
ODyso 14 1,2. Sau 2 1an tiém, c6 su gia ting dap ung sinh khang thé IgA dic hiéu
PEDV ¢ nhom lgn tiém khang nguyén COE-S1D/G2a-pll kém chit bd tro
Emulsigen®-D, véi gia tri ODysgla 1,57, trong khi d6 ¢6 su giam nhe trong dap ing
sinh khang thé IgA dic hiéu PEDV & nhom tiém vacxin thuong mai Corning. Tuy
vy, dap ung mién dich sinh khang thé IgA dic hiéu PEDV & 2 nhom lon nay la
tuong tu nhau, thé hién & gia tri p>0,05. Pap tng mién dich sinh khang thé IgA dic
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hiéu PEDV khong ton tai & nhoém lon con tiém PBS va chét bo tro Emulsigen®-D
(Hinh 3.54).
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Hinh 3.54. Phan tich dap Gng sinh khang thé IgA dic hiéu PEDV trén cac nhom lon
thi nghiém bang ELISA.
S lidu duoc thé hién & dang gia tri trung binh £ d6 1&ch chuan. *: p<0,05, khac biét co y nghia
thong ké. ns: khong c6 su khac biét vé théng ké. E: Emulsigen®-D (MVP), Corning: vacxin thuong
mai Corning (Wuhan Kegian Biology)

+ Kha nang trung hoa PEDV

Kha niang trung hoa PEDV ciia cac huyét thanh lgn duoc xac dinh thong qua
thi nghiém trung hoa virus. Két qua danh gia trung hoa cho thdy & ca 2 nhém lon thi
nghiém tiém vé&i khang nguyén COE-S1D/G2a-pll kém chét b trg Emulsigen®-D
hodc vacxin thuong mai Corning (Wuhan Kegian Biology) déu c¢6 mit cac khang
thé c6 kha nang trung hoa PEDV. Sau 1 lan tiém, hi¢u gia khang thé trung hoa trung
binh ciia nhém lon tiém COE-S1D/G2a-pll kém chat bo trg Emulsigen®-D va
vacxin thuong mai Corning lan luot 1a 20,11 va 25,45. Sau 2 lan tiém, hiéu gia
khang thé trung hoa trung binh ctia nhém lgn tiém COE-S1D/G2a-pll kém chat bd
trg Emulsigen®-D 14 32, hiéu gia nay di ting 1,6 1an so véi sau 1 lan tiém, trong
khi d6 hiéu gia khang thé trung hoa trung binh cta nhém lon tiém vacxin thuong
mai Corning van khong thay dbi. Tuy nhién, sau 1 1an tiém va sau 2 1an tiém, dap

g sinh khang thé trung hoa PEDV ¢ 2 nhém lon trén 13 twong ty nhau, thé hién ¢
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gia tri p>0,05. O nhom lgn tiém v6i PBS kém chat bo trg Emulsigen®-D, khang thé
trung hoa PEDV khéong duoc ton tai (Hinh 3.55).
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Hinh 3.55. Phén tich kha niang trung hda PEDV cta huyét thanh & cic nhom lon thi
nghiém bang thi nghiém trung hoa virus.
Hiéu gi4 khang thé trung hoa > 8 dugc xem 1a dwong tinh véi khang thé trung hoa PEDV. * ¢6 sy
khac biét co y nghia théng ké (p <0,05). ns: khong c6 su khac biét vé thong ké.
E: Emulsigen®-D (MVP), Corning: vacxin thuong mai Corning

Nhu vy, cac két qua cho thdy khang nguyén COE-S1D/G2a-plI (50 pg/licu)
kém chat b6 trg Emulsigen®-D di kha ning kich thich sinh cac khang thé c6 kha
nang trung hoa PEDV tuong duong vai vacxin thuong mai Corning (Wuhan Kegian
Biology) trén lon con 4-5 tuan tudi sau 2 1an tiém.

Tom lai trong khuon khd coa luan an, cac khang nguyén COE/G2a-pll,
COE-S1D/G2a-pll va COE/G2a-pll-tp tai to hop duogc tao ra trén cay thudc 14 N.
benthamiana co thé 13 cac Gng vién tiém ning dé phat trién vacxin tiéu don vi ngin

ngtra sy lay nhiém cua ching PEDV G2a trén lgn & Viét Nam.
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Chuong 4. THAO LUAN

4.1. Mirc @9 biéu hién va kha ning thu hdi cia cac khang nguyén tai té hop tir
la thudc 14 N. benthamiana

Dich PED da va dang gy ton that nghiém trong vé mat kinh té cho nganh
chin nuéi lon ¢ nhiéu qudc gia trén thé giéi. Viéc phat trién chién luoc san xuat
vacxin nhanh chéng, hiéu qua, an toan va tiét kiém chi phi dé bao vé lgn chéng lai
PEDV la van dé vd cung can thiét, dac biét 13 & cac nude chau A, trong d6 co Viét
Nam. Trong khudn khé cua luan &n nay, dau tién, ching téi mudn so sanh tinh sinh
mién dich cua khang nguyén tai té hop duoc san xuat tir thuc vat véi vacxin thuong
mai chira chung PEDV thudc nhém G1la, do d6, trinh tu gen ma héa protein COE
cua chung PEDV DR13 nhugc doc thudc nhém Gla duoc lua chon. Bung nhu ky
vong, khang nguyén COE/G1la-pll di duoc biéu hién thanh cong trén cay thudc 14
N. benthamiana sir dung céng nghé biéu hién tam thoi. Khang nguyén COE/Gla-pll
da biéu hién trong la thudc 14 N. benthamiana & mirc d6 cao, dat 234 mg/kg 14 tuoi,
chiém xap xi 4 % protein hoa tan tong s6 (Hinh 3.2, Bang 3.1).

Tiép dén, chung PEDV thudc kiéu gen G2 duoc phat hién Ia tac nhan cha
yéu gay ra dot dich PED tai Viét Nam [5, 6], nén trong phan tiép theo cuaa luan én,
trinh  ty gen ma hoa protein COE, COE-SID va S2 cua chung
NAVET/PEDV/PS6/2010 doc luc cao thudgc nhém G2a da lua chon dé phuc vu
nghién cau. Bon loai khang nguyén tai t6 hop c6 ngudn gbc tir chang
NAVET/PEDV/PS6/2010 thudc nhém G2a di duogc tao ra trong cdy thudc 14 N.
benthamiana bang céng nghé biéu hién tam thoi bao gdm cac khang nguyén
COE/G2a-pll, COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll. Cac khang
nguyén COE/G2a-pll va COE-S1D/G2a-pll c6 mirc do tich lity trong 14 thudc 14 N.
benthamiana xap xi nhau, lan luot dat 118 mg/kg 14 tuoi (Hinh 3.14, Bang 3.1) va
115 mg/kg 14 twoi (Hinh 3.29, Bang 3.1), chiém xap xi lan luot 2,01 va 1,95%
protein hoa tan tong sb. So vai cac khang nguyén khac trong nghién ciu, mac do
tich liiy cua khang nguyén S2/G2a-pll trong la thuéc 14 N. benthamiana 1a thap
nhat, dat 86,7 mg/kg 14 twoi, chiém xap xi 1,47% protein hoa tan tong s6 (Hinh
3.31, Bang 3.1).

Mic dau cuing dung hop motif pII nhung muc d tich liy cua khang nguyén
COE/G2a-pll tir chung chung NAVET/PEDV/PS6/2010 doc luc cao thugc nhom
G2a la thap hon 2 1an so véi mac d6 biéu hién cua khang nguyén COE/Gla cua
chung PEDV DR13 thugc nhdm Gla. Biéu nay c6 thé duogc giai thich bing su khac
biét vé trinh tu nucleotit va trinh ty aa cua hai bién thé COE. Khi so sanh véi trinh
tu goc cua COE/G1a, sy twong dong trong trinh ty nucleotit va aa caa COE/G2a lan
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luot 12 95,7 va 96,4% (Phu luc 11, Phu luc 13). Sau khi t6i vu ma biéu hién trong N.
benthamiana, mic do twong dong trong trinh ty nucleotit cua hai bién thé COE 1a
75,5% (Phu luc 16).

Khang nguyén COE/G2a-pll-tp c6 muc do tich liy trong 14 thudc 14 N.
benthamiana cao nhat trong sé cac khang nguyén tai té hop duoc nghién ciu, dat
Xap xi 590 mg/kg 1a twoi, chiém gan 5,62% protein hoa tan tong sé (Hinh 3.30,
Bang 3.1). Mac d6 tich lily cua khang nguyén COE/G2a-pll-tp gip 2,52 lan so véi
muc do tich liy cia khang nguyén COE/G1la-pll; gap 5 lan so véi mic d6 tich liy
cua khéang nguyén COE/G2a-pll va khang nguyén COE-S1D/G2a-pll; gip 6,8 lan
so v4i mirc do tich liy cia khang nguyén S2/G2a-pll trong la thudc 14 N.
benthamiana. Nhu vay, dua vao muc do tich iy cua cac khang nguyén COE/G2a-
pll va khang nguyén COE/G2a-pll-tp trong 14 thubc 14 cho thay viéc gian thém motif
tp dd gdp phan lam ting mic do tich lily ctia khang nguyén trong 14 thudc 14 1én 5
lan. Trong mot nghién ctu cua Phan Trong Hoang (2020), mic do biéu hién khang
nguyén H5-pll-tp (H5 oligomer tp) chi dat khoang 0,02 % TSP duya vao két qua ban
dinh lwong bang Western blot [145]. Nhu vay, mutc d6 biéu hién cua khang nguyén
COE/G2a-pll-tp 1a cao hon rat nhiéu lan so véi mtc @6 biéu hién cua khang nguyén
H5-pll-tp trong nghién ciu truéc. Mac do biéu hién cao cua khang nguyén
COE/G2a-plI-tp 1a mét loi thé rat I6n trong qua trinh san xuat san xuat vacxin, diéu
nay c6 thé gilp nang cao san lugng khang nguyén tai to hop trén cuing mét sb luong
cay thudc 1a N. benthamiana dan dén giam gia thanh cua vacxin thanh pham trong
tuong lai.

Mirc d tich lity cua cac khang nguyén COE trong ciy thudc 14 va mot sé cay
trong khéc cling d3 duoc bao cdo trong cac nghién ctru trude d6. Khi str dung hé
thng cay thudc 14, khang nguyén COE d3 dugc tao ra bang chuyén gen 6n dinh
hodc biéu hién tam thoi. Tuy nhién, muc do biéu hién cta khang nguyén COE trong
cay thudc 14 sir dung cong nghé biéu hién tam thoi thudng cao hon. V& mire do biéu
hién cua cac khang nguyén COE trong cay thudc 14, & mot s6 nghién ctru cua Kang
va cong su, muc do tich lily cua khang nguyén COE sir dung chuyén gen 6n dinh
dat 0,1% protein hoa tan tong sé [114] va 2,1% protein hoa tan téng s [13]. Murc
d6 tich liily cua khang nguyén COE trong ciy thudc 14 N. benthamiana str dung
cong nghé biéu hién tam thoi dat 5% protein hoa tan tong sd [113]. Ngoai ra, gan
day, trong mot nghién ctu khac, mac do tich liy cua khang nguyén COE dung hop
Poly-Fc cua IgG trén cay thudc 14 N. benthamiana st dung cong nghé biéu hién tam
thoi duoc bao cao dat 0,74 % protein hoa tan tong sé [125]. Nhu vay, khi cing st
dung cong nghé biéu hién tam thoi trén cay thudc 14 N. benthamiana, muac do tich



114

lity ctia khéang nguyén COE/G2a-pll-tp trong nghién ctru nay 1a cao hon 1,1 1an so
véi mace do tich lay cua khang nguyén COE trong nghién ctru cua Kang va cong su
[113]; va cao hon 7,5 1an so véi mic do tich lity cua khang nguyén COE dung hop
Poly-Fc cua IgG trong nghién ciru cua Nguyen Quang Duc Tien va cong su [125].
Mtc d6 tich lily cua céac khang nguyén tai to hop khac nhu COE/Gla-pll,
COE/G2a-pll, COE-S1D/G2a-pll va S2/G2a-pll trong la thuéc 1a N. benthamiana
cling cao hon 2-3 1an so voi mtc d6 biéu hién cua khang nguyén COE dung hop
Poly-Fc cua IgG [125].

Sy biéu hién cta khang nguyén COE trong cac ddi tugng thuc vat khac ciing
da dugc bao cao trong cac nghién ctlru trude day. Murc do tich lily cua khang nguyén
COE trong cu khoai tay dat 0,1% protein hoa tan tong sé [115], trong ngd dat
0,122% protein hoa tan tong s6 [118]. Khang nguyén COE dung hop phdi tir nham
té bao M (Col) c6 mirc do tich lity dat 0,083% protein hoa tan tong sé trong calli
khi str dung promoter rice a-amylase 3D (RAmMy3D) [11]. Mtc d96 tich liy trong ndi
nhii cua COE dung hop LTB khi str dung promoter dac hiéu ndi nhii lta mi tiéu don
vi glutenin Bx17 ¢6 trong lugng phén tir cao (HMW-BxX17-p) va intron hoat hoa dau
tién cta lua (Actl-I) dat 1,3 % protein hoa tan tong s6 [123]. Nhu vdy, cac két qua
trong cac nghién ctru trén cho thdy muc do tich lity ctia khang nguyén COE trong
khoai tay, ngd, lta déu thip hon muirc do tich liy ctia cac khang nguyén COE/G2a-
pll-tp, COE/Gla-pll, COE/G2a-pll, COE-S1D/G2a-pll va S2/G2a-pll trong la
thudc 14 N. benthamiana.

Ngoai ra, sy biéu hién cua khang nguyén S1 dung hop motif GCN4pll (S1-
pll) trén cay thube 14 N. benthamiana str dung cong nghé biéu hién tam thoi ciing da
dugc bdo cao trong nghién cuu trudc day. Tuy nhién, mirc d6 tich liiy cua khang
nguyén S1-pll trong la thudc 1a N. benthamiana chi dat 0,005% protein hoa tan tong
s6 [20]. Nhu vy, mutc d6 biéu hién tam thoi trong 14 thude 14 N. benthamiana cua
cac khang nguyén COE/G2a-pll-tp, COE/G2a, COE-S1D/G2a-pll va S2/G2a-pll
cao lan luot gap 1124; 402; 390; 294 lan so vai khang nguyén S1-pll trong nghién
ctru trude do.

Do tinh khiét va kha ning thu hoi cac khang nguyén tai t6 hop tir 14 thudc 14
N. benthamiana bang phuong phap tinh sach IMAC da dugc téng hop ¢ Bang 3.2.
Két qua cho thay, sau khi tinh sach bang phuong phap IMAC, cac khang nguyén tai
t6 hop COE/Gla-pll, COE/G2a-pll, COE-S1D/G2a-pll, COE/G2a-pll-tp va
S2/G2a-pll déu co do tinh khiét trén 80%. Hiéu suat thu hdi ciia cac khang nguyén
sau tinh sach IMAC tur 14 thudc 14 dao dong tir 22-35 %. Sau tinh sach béng IMAC,
khang nguyén COE/G1a-pll c6 kha ning thu hoi sau tinh sach IMAC cao nhat, dat
35%, trong khi d6, khang nguyén COE/G2a-pll-tp c¢6 kha ning thu hdi thip nhat,
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dat 20%, ké tiép 1a khang nguyén S2/G2a-pll véi hiéu suat thu hoi dat 22%. Cac
khang nguyén COE/G2a-pll va COE-S1D/G2a-pll c¢6 hiéu suit thu hoi sau tinh
sach IMAC xép xi nhau, dat 14n lugt 25% va 27%.

4.2. Tinh sinh mién dich cia khang nguyén COE/G1la-pll trén chugt

Kha niang sinh dap ang mién dich caa dich chiét thyc vat chira khang nguyén
COE/G1la-pll dugc so sanh vai vacxin thuong mai CTC Vacc PED (Han Quéc)
chtra chung PEDV DR 13 nhuoc doc trén chudt. Trong thi nghiém gay dap ttng mién
dich, chudt duoc tiém 3 lidu véi dich chiét thuc vat chia 18,76 pg khang nguyén
COE/G1a-pll. Pung nhu ky vong, cac két qua Western blot va ELISA (Hinh 3.6A,
B) cho thay dich chiét thuc vat chira khang nguyén COE/G1la-pll da kich thich sinh
manh dap tng sinh khang thé IgG dic hiéu PEDV va dac biét mic d6 dap tng sinh
khang thé IgG dic hiéu PEDV dugc tim thay & nhom chudt tiém dich chiét thuc vat
chtra khang nguyén COE/Gla-pll la twong ty nhu nhom chudt duoc tiém vacxin
thuong mai PEDV sau lan tiém thir ba. Miac dau, dap ng mién dich niém mac déng
vai trd quan trong trong viéc phong PEDV va dap tng sinh khang thé IgA niém mac
co sy lién quan chat ché toi hiéu qua bao vé lon truéc sy xam nhiém cua PEDV
[157, 158], tuy nhién d4p @ng dich thé trung gian qua khang thé IgG ciing rat can
thiét dé bao vé lon méi sinh dap tng sinh khang thé khoi sy 1ay nhiém PEDV [157,
158]. Cac nghién ctru trude day cling cho thay vai trd quan trong cua khang thé 1gG
trong viéc bao vé duong tiéu hoa [159, 160]. Trong nghién ctu nay, khang nguyén
COE/G1la-plI duogc tiém vao chuot thong qua duong tiém dudi da, day la con duong
tiém ching dugc sir dung phd bién trén nguoi va nhiéu dong vat khac nhau nham
kich thich san sinh cac dap @ng mién dich dich thé qua trung gian khang thé IgG.
Ngoai ra, bén canh dap ung sinh khang thé IgG dic hiéu PEDV, cac dap ung sinh
khang thé IgA va IgM dic hiéu PEDV ciing duoc phét hién trén nhom chudt duoc
tiém dich chiét thuc vat chaa khang nguyén COE/Gla-pll, tuy nhién cac dap ung
nay thap hon so vdi nhém chudt duge tiém vacxin thuong mai PEDV DR13 nhugc
doc. Nhiéu cong bd da chirng minh khang thé IgG, IgA va IgM dic hiéu véi khang
nguyén ciing duoc ton tai trong huyét thanh cua dong vat khi sir dung duong tiém
du6i da [161-164]. Ngoai ra, Su va cong su ciing di chang minh trong mot sé
truong hop (tly thudc vao loai chat bd trg, khang nguyén va con dudng tiém) céc
con dudng thuong gay ra mién dich dich thé cd thé ciing kich thich dong thoi dap
tng mién dich dich thé va dap &ng mién dich niém mac nham phong tac nhan gay
bénh [164].

Trong qué trinh trung hoa virus, cac khang thé trung hoa di uc ché chu ky
lay nhidm cua virus thong qua viéc tc ché lien két bé mat, hop nhat, xam nhap,
nhap bao va sao chép cua virus [165]. Viéc ting cuong cac dap ung sinh khang thé
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trung hoa dugc sinh trén ngudi/dong vat sau khi tiém phong la mot yéu cau quan
trong ddi véi phat trién vacxin do c6 mdi twong quan manh giira hiéu qua caa mot
vacxin véi dap tng khang thé trung hoa [166]. Dich chiét thuc vat c6 chira khang
nguyén COE/G1la-pll (18,76 pug) di kich thich sinh khang thé trung hoa trén chudt,
vé6i hiéu gia khang thé trung hoa trung binh ciia nhom l1a 57,6. Hiéu gia khang thé
trung hoa cang cao thé hién kha niang trung hoa PEDV cang cao. Pé tang cudong dap
ttng mién dich, dic biét 1a mién dich niém mac chéng lai PEDV, viéc sir dung
vacxin duong miéng cé chira khang nguyén COE ciing da duoc béo cao la cé kha
nang kich thich mién dich niém mac chéng lai PEDV [11, 167]. Ngoai ra, vi PEDV
cha yéu gay ra nhiém tring duong ruot, khang nguyén COE d3 dugc dung hop voi
peptit nhim vao té bao tua (DCpep) va peptit nham vao té bao M (Col) nham hudng
dén tuong tng cac té bao tua (DC) va céc té bao vi nép gap duong ruot (M) [11,
167, 168]. Hoat tinh sinh mién dich qua dudng miéng cua chung Lactobacillus chia
gen méa héa khang nguyén COE dung hop DCpep va Col trén chuot da duoc nghién
ctru trude d6 [167, 168]. Khi so sanh véi cong bd cia Ma va cong su, hiéu gia
khang thé trung hoa PEDV trong huyét thanh cua cac con chudt dugc udng chung
Lactobacillus casei tai t6 hop mang gen biéu hién COE dung hop véi DCpep hoic
Col hodc ca DCpep va Col lan luot 13 24, 24 va 36 [168], nhu vay hiéu gia khang
thé trung hdoa PEDV trong nghién cau trén 1a thap hon so véi trong nghién cau cua
chang t6i. Nhiing két qua nay cho thay dich chiét thuc vat co chira khang nguyén
COE/G1a-pll c6 thé 1a mot Gmg vién vacxin day hta hen chéng lai sy xay nhiém
cua chung PEDV Gla.

4.3. Tinh sinh mién dich ciaa khang nguyén COE/G2a pll trén lgn nai va kha
ning bao hd lon con chong lai chiing PEDV G2a dgc lwc cao

PEDV chu yéu gay ty & tir vong cao & lgn con méi sinh dudi 1 tuan tudi,
chinh vi vay, dé phong PEDV hiéu qua, vacxin nén dugc tiém vao lon nai dé kich
thich sinh dap ang mién dich trong sira lon me, gitp bao vé lon con méi sinh. Vi
vay, khang nguyén COE/G2a-pll (100 pg/liéu) duoc tiém 2 lieu cho lon nai mang
thai (trong luong khoang 60 kg). Viéc lya chon liéu tiém caa khang nguyén
COE/G2a-pll cho lon nai dwgce can cir vao cac yéu té nhu lidu tiém cua khang
nguyén COE/G1la-pll trén chudt nhat tring; cong thirc chuyén doi liéu dya trén
trong lwong va dién tich bé mat cua dong vat dugc xay dung va cdng bd trude do
[169]. Trong thi nghiém trudc dé, dich chiét thuc vat chira khang nguyén COE/Gla
(18,76 pg/liéu) da kich thich sinh khang thé trung hoa vai hiéu gia trung binh la
57,6 trén chudt nhit trang (co trong lwong trung binh 20 g). Do liéu khang nguyén
sir dung dé gy dap tng mién dich s& anh hudng dén gia thanh san xuat caa vacxin
sau nay, trong thi nghiém tiép theo, ching t6i muédn lua chon liéu khang nguyén
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COE/G2a-pll thip nhat dé tiém vao lon nai ma van kich thich dap tng mién dich
tbt, thé hién thdng qua hiéu gia khang thé trung hoa I6n hon 16. Sau khi tinh toan
dwa trén cong thirc chuyén doi liéu dugc cong bé boi Anroop va Shery (2016)
[169], két hop Véi cac tinh toan dé can d6i gia thanh vacxin sau nay, ching toi hy
vong khang nguy@n COE/G2a-pll s& kich thich sinh khang thé trung hoa PEDV véi
hiéu gia trung hoa trung binh khoang 32 trén lgn nai nham bao vé lon con sinh ra tir
lon nai. Do vay, ham luong cua khang nguyén COE/G2a-pll thich hgp trong mot
lidu dé tiém vao lgn nai mang thai 1a 100 pg.

Pung nhu ky vong, cac két qua nghién cau cho thiy 100% lon con 5 ngay
tudi dugc sinh ra tir lon me tiém 2 liéu khang nguyén COE/G2a-pll (100 pg/liéu)
déu séng s6t, phan co trang thai binh thuong va c6 su ting trong luong co thé sau
thi nghiém cong cuong doéc véi chung PEDV G2a doc lyc cao (Hinh 3.24, 3.25).
Trong khi d6, tit ca lon con dwogc sinh ra tir lon me tiém PBS déu chét. Ty 18 chét
cua lon con dugce dé ra tir lon me tiém PBS sau khi cong cuong doc cling dugc ghi
nhan trong cac nghién ciru trude do, thé hién & ty 16 chét cua lon con c6 d6 tudi nho
hon 7 ngay ma bi nhiém PEDV la tir 80% dén 100% [171]. Ty Ié tir vong bing 0%
& cac lon con cua lon nai tiém khang nguyén COE/G2a-pll sau khi cong cuong doc
cd thé duogc giai thich mot phan boi cac dap ang mién dich sinh khang thé dic hiéu
PEDV c6 kha ning trung hoa PEDV (hiéu gia khang thé trung hdoa PEDV trung
binh 32) va dap ung IFN-y & lon nai di dugc truyén thu dong sang lon con thdng
qua sita me. Mtrc d6 dap tng mién dich sinh khang thé c6 kha ning trung hoa
PEDV ¢ lon néi sau tiém khang nguyén COE/G2a-pll (Hinh 3.19) va lon con cua
ching (Hinh 3.22) 1a kha twong tu véi cac dap tng mién dich sinh khang thé c6 kha
ning trung hoa PEDV xuét hién & lon nai sau tiém vacxin PEDV bat hoat va lon
con caia ching [172]. Sy giam kha nang dap ung mién dich dich thé cua lon nai sau
tiém khang nguyén COE/G2a-pll vao ngay thir 50 c6 thé dugc giai thich boi su
truyén khang thé tir méau vao sira cua lon nai. Cac dap @ng mién dich sinh khang thé
IgA, IgG dic hiéu PEDV c6 kha niang trung hoa PEDV trong huyét thanh cua lon
con vao ngay thir 10 1a kha tuong tu véi cac dap (ng mién dich sinh khang thé nay
trong huyét thanh lon nai & ngay thtr 50 sau tiém khang nguyén COE/G2a-pll. Piéu
nay ciling da tirng dugc ghi nhan trong mot nghién ciu trude day cua Bandrick va
cong su (2014), cho thay mic d6 dap tng mién dich sinh khang thé 1gG va IgA ¢
lon con ciing twong tu mic d6 dap ttng mién dich sinh khang thé 1gG va IgA trong
stra non va huyét thanh caa lon nai [173]. Ngoai ra, cac dap ung mién dich dich thé
duogc sinh ¢ lon nai va lon con c6 thé khong giéng nhau tai cac thoi diém lay mau
khac nhau. Do vay, nghién ctu tiép theo nén danh gia dap tng mién dich dich thé
cua lon nai va lon con tai mot sé mdc thai gian khac nhau.
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Cytokine duoc tao ra trong lon me, c6 thé dugc truyén thu dong cho lon con
théng qua sita me, do d6 gitip lon con nhan duoc kha niang mién dich cua lon me.
IFN-y, mot cytokine quan trong thuoc 16p loai Il cua interferon, c6 vai tro quan
trong trong kha nang mién dich bam sinh va thich tng [174]. Té bao T hoat hoa va
té bao tidu diét tu nhién 1a cac té bao tao ra IFN-y. IFN-y la nhan t6 khong thé thiéu
nham kich hoat cac dai thuc bao va kich thich té bao lympho T hd tro lién quan dén
Thi [174]. Vi vay, IFN-y giup ting cuong phan ¢ng té bao, hd trg cac phan tng
mién dich nham bao vé co thé chdng lai cac tac nhan nhu vi khuan va virus, hd tro
qua trinh khang nguyén duoc boc 16 cho té bao mién dich, kiém soat hoat dong cua
hé thbng mién dich bam sinh, lién két cac té bao lympho va noi md, kiém soat
Thi/diéu chinh Th2 va can bang qué trinh san sinh cac té bao ciing nhu qua trinh
chét té bao lap trinh [174]. Chinh vi thé, kha ning sinh IFN-y duoc danh gia nham
thé hién mot phan tinh sinh mién dich & mtc d6 té bao cua vacxin. Pang cha ¥ 1a
nong d6 IFN-y & lon néi (ngay thir 35 sau tiém) va cac lon con 5 ngay tudi (trudc
khi cong cudng doc) dugc phat hién & nong do rat cao lan luot 1a 932,3 + 145,2
pg/mL (Hinh 3.20) va 824,5 + 157,68 pg/mL (Hinh 3.23). So vai cac nghién cau
trudc day, nong do IFN-y ¢ lon nai dugc tiém khang nguyén COE/G2a-pll lic dé la
cao gap 5 lan so véi lon néi tiém vacxin PEDV chét b sung khang nguyén
Flagellin (Vac201-FIiC) [172] va cao gap 10 lan so véi lon nai dugc tiém vacxin bat
hoat PEDV c06 chtra IgG-Fc [175]. Cac mac do dap tng IFN-y ¢ lgn néi (ngay thi
50 sau tiém) va cac lon con caa né (ngay thir 10 sau cong cuong doc) déu ting gap
2 13n so véi cac mirc do dap tng IFN-y caa ching trude khi cong cudng doc.

Trong nghién ctu nay, khang nguyén COE/G2a-pll dugc tiém vao lon nai
mang thai 2 1an, mdi lan 100 pg kém chat bd tro. Ham lwong khang nguyén
COE/G2a-pll trén liéu thdp hon 4 1an so véi ham luong khang nguyén duoc st
dung trong nghién ciru trude day [91]. Lon ndi mang thai trong nghién ctru trudc
day duoc tiém 3 1an véi khang nguyén S1 (400 ug/liéu) két hop véi chat bo tro [91].
Sau khi cong cudng doc, ty 1& séng s6t cua lon con duoc dé ra tir lon nai di duoc
tiém khang nguyén S1 trong nghién ctru trude 1a 87,5%, ty 1 nay 1a thap hon so voi
ty 1é song s6t cua lon con duoc sinh ra tir lon néi tiém khang nguyén COE/G2a-pl|
(ty 18 sdng s6t 100%). Viéc str dung ham luong khang nguyén COE/G2a-pll trén
licu thap hon dé gdy dap ting mién dich trén lon me ma van dam bao hiéu qua bao
ho lgn con (100%) chéng lai ching PEDV G2a doc luc cao c6 thé mot phan duoc
giai thich bang sy hinh thanh khang nguyén COE/G2a-pll dang oligomer c6 khdi
luong phén tir cao. Nhirng dir liéu nay chung to khang nguyén COE/G2a-pll duoc
san xuat trong thuc vat c6 thé 1a mot 13 mot ang vién vacxin tiém nang dé phong sy
lay nhim cua PEDV. Tuy nhién, nghién ciru ndy van cd mot sé han ché do sé lon
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nai va lon con st dung trong nghién ctu khong I6n. Cac nghién cau tiép theo can
duoc tién hanh trén s lwong 16n lon nai va lon con dé cé dit liéu day du hon. Hon
nita, luong khang nguyén COE/G2a-pll trén lidu va anh hudng caa cac chat bo trg
khac nhau gidp cai thién kha ning gay dap ung mién dich ciing nén dugc nghién
ctu. Ngoai ra, su hién dién hoac khéng hién dién caa PEDV trong phan lgn con sau

cong cudng doc ciing nén dugc danh gia dé co di liéu day du hon.

4.4. So sanh tinh sinh mién dich caa cac khang nguyén tai té hgp COE-
S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll véi khadng nguyén COE/G2a-pll
trén chuot

Trong phan tiép theo, chiing t6i da dit ra muc tiéu tao ra cac (ng vién khang
nguyén tai to hop c6 kha nang kich thich sinh dap tng mién dich tét hon khang
nguyén COE/G2a-pll. Do vay, kha ning kich thich sinh dap trng mién dich cua céac
khang nguyén tai t6 hgp COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll duoc
so sanh véi khang nguyén COE/G2a-pll trén chudt nhat trang. Trong thi nghiém
nay, ké thira két qua cua cac thi nghiém gay dap ang mién dich trude d6 va dya vao
cong thic chuyén doi lidu dugc cong bod boi Anroop va Shery (2016) [169] ciing
nhu nham nhan biét rd sy khac biét gitra cac khang nguyén tai to hop trong viéc
kich thich sinh mién dich, chiing tdi lya chon liéu ciia cac khang nguyén tai to hop
thap nhat, dugc du doan c6 thé kich thich sinh céc khang thé c6 kha ning trung hoa
PEDV trén chuét nhat trang. Do vay, ham lugng cua cac khang nguyén tai to hop
COE/G2a-pll, COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll trong mét licu
gay dap tng mién dich trén chudt 1a 1 pg. Pung nhu ky vong, cac két qua danh gia
tinh sinh mién dich trén chuot chieng to cac khang nguyén téi to hop nay (voi liéu 1
ng/con) déu di kich thich san sinh khang thé IgG, IgA, IgM dic hiéu PEDV c6 kha
nang trung hoa PEDV va dap tng IFN-y trén chudt.

Vé khang thé IgG dic hiéu PEDV, ba loai khang nguyén téai t6 hop COE-
S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll c6 kha nang kich thich san sinh khang
thé IgG dac hiéu PEDV tot hon khang nguyén COE/G2a-pll. Céc khang nguyén
COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-pll cé kha nang kich thich san sinh
khang thé IgG dic hiéu PEDV tuong duwong nhau (Hinh 3.39). Vé dap tng sinh
khang thé IgA dic hiéu PEDV, khang nguyén COE/G2a-pll-tp c6 kha ning kich
thich san sinh khang thé IgA dic hiéu PEDV véi gia tri OD450 cao hon gap hon 3
lan so vai cac khang nguyén con lai. Khang nguyén COE-S1D/G2a-pll ¢ kha ning
kich thich san sinh khang thé IgA dic hiéu PEDV tt hon so véi khang nguyén
COE/G2a-pll (Hinh 3.41). Vé dap ting sinh khang thé IgM dac hiéu PEDV, khang
nguyén COE-S1D/G2a-pll va COE/G2a-pll-tp da kich thich san sinh khang thé IgM
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dic hiéu PEDV tét hon khang nguyén COE/G2a-pll, trong khi khang nguyén
S2/G2a-pll di kich thich san sinh khang thé IgM kém hon khang nguyén COE/G2a-
pll. Pap ttng sinh khang thé IgM dic hiéu PEDV duoc phat hién dat gia tri cao nhat
& nhom chudt dugc tiém khang nguyén COE/G2a-pll-tp va thap nhat & nhdm chuot
duogc tiém khang nguyén S2/G2a-pll (Hinh 3.42). V& kha ning trung hoa PEDV,
cac khang nguyén COE/G2a-pll, COE-S1D/G2a-pll, COE/G2a-pll-tp va S2/G2a-
pIl c6 kha nang kich thich san sinh cac khang thé c6 kha ning trung hoa PEDV
tuong dwong nhau, véi hiéu gia khang thé trung hoa PEDV cua cac nhom déu 16n
hon 9,25 (Hinh 3.43). V& dap tng sinh cytokine IFN-y, khang nguyén COE/G2a-pl|
da kich thich san sinh dap ing IFN-y cao nhat, gip 2.5 1an so véi cac khang nguyén
COE-S1D/G2a-pll va COE/G2a-pll-tp va gip 1,3 1an so v6i khang nguyén S2/G2a-
pll. Khang nguyén S2/G2a-pll c6 mirc d6 dap tmg sinh IFN-y thip hon so v&i nhém
chudt dugc tiém khang nguyén COE/G2a-pll nhung lai cao hon so v&i cac nhdm
chudt dugc tiém COE-S1/G2a-pll hodc S2/G2a-pll. Khang nguyén COE-S1D/G2a-
pll va COE/G2a-pll-tp c6 mirc d6 dap ung sinh IFN-y 1a twong duwong nhau (Hinh
3.44).

Véi dang khang nguyén dung hgp motif pll, cdc khang nguyén COE/G2a-
pll, COE-S1D/G2a-pll va S2/G2a-pll c6 mic do kich thich san sinh khang thé IgG,
IgM va IgA dic hiéu PEDV va cytokine IFN-y khac nhau. Diéu nay c6 thé duoc
giai thich boi sy khéac nhau trong thy thé dugc nhan biét boi cac té bao lympho B
hoic su khac nhau trong dic diém cau trdc cua ting khang nguyén. Céac khéang
nguyén COE/G2a-pll, COE-S1D/G2a-pll va S2/G2a-pll khac nhau ¢ ving thy thé
dugc nhan biét boi cac té bao B. Khang nguyén COE/G2a-pll chira thy thé nhan
biét boi té bao lympho B tir aa 499-638; khang nguyén COE-S1D/G2a-pll chira thu
thé nhan biét boi té bao lympho B tir aa 499-789; khang nguyén S2/G2a-pll chua
thu thé nhan biét bai té bao lympho B [8, 14, 15]. So véi khang nguyén COE/G2a-
pll, khang nguyén COE-S1D/G2a-pll ¢ thém 1 ving thu thé duoc nhan biét boi té
bao lympho B tir aa 638-789. Dua vao két qua phén tich cac phan doan SEC bang
Western blot cho thay trong lugng phan tir cia khang nguyén COE-S1D/G2a-pll 1a
I6n hon so voi trong lugng phan tr cua khang nguyén COE/G2a-pll. Khi khang
nguyén COE/G2a-pll chu yéu tap trung ¢ phan doan 22-26 véi trong luong phan tir
158-440 kDa (Hinh 3.16) thi khang nguyén COE-S1D/G2a-pll lai chii yéu c6 mat &
cac phan doan tir 16-24 véi trong lugng phéan tir 440-669 kDa (Hinh 3.33). Khi phéan
tach cac protein khang nguyén bang SEC, cac protein c6 c¢o kich thudc 16n s& di ra
khoi cot sém hon cac protein c¢é kich thuéc nho. Piéu ndy c6 thé ly giai mot phan
tai sao khang nguyén COE-S1/G2a-pll da kich thich san sinh khang thé 19G, IgA,
IgM dic hiéu PEDV t6t hon khang nguyén COE/G2a-pll trén lon.
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Ngoai ra, trong khudn kho luan an, ching t6i mudn nghién cau xem liéu viéc
dung hop thém motif tp co thé tao ra khang nguyén dang oligomer cé trong luong
phan tir I6n hon va hoat tinh sinh mi&n dich tét hon so véi khang nguyén COE/G2a-
pll hay khong. Két qua danh gia kha ning gdy dap ang mién dich cua hai khang
nguyén COE/G2a-pll va COE/G2a-pll-tp cho thdy khang nguyén COE/G2a-plI-tp
¢ kha nang kich thich san sinh khang thé IgG, IgA, IgM dic hiéu PEDV tot hon
khang nguyén COE/G2a-pll trén chuét. Bac biét, khdng nguyén COE/G2a-pll-tp da
kich thich san sinh khang thé IgA dic hiéu khang nguyén COE/G2a-pll cao hon 4
lan so vé&i khang nguyén COE/G2a-pll trén chudt thé hién ¢ gia tri OD,so trung binh
ctia hai nhédm chuét trong phan tng ELISA lan luot 1a 1,73 va 0,43. Diéu nay co thé
dugc giai thich mot phan boi sy khac nhau trong dic diém oligomer cua hai loai
khang nguyén. Cac két qua phan tich trang thai oligomer cua khang nguyén
COE/G2a-plI-tp bang SEC kém bo kit chira cac khang nguyén c6 trong lugng phan
tr 16n két hop véi cac két qua Western blot cho thay trong khi phan Ién khang
nguyén COE/G2a-pll dugc phat hién tai phan doan tir 22-26 vai trong lugng phén
tar khoang 158-440 kDa (Hinh 3.16) thi phan 16n khang nguyén COE/G2a-pll-tp
dugc phat hién tai nhiéu phan doan tir 18-26 Vi trong luong phan tir khoang 158-
669 kDa (Hinh 3.35). Nhu vay, viéc dung hop motif tp cia IgM c6 thé di 1am ting
trong luong phan tr cia khang nguyén. Diéu ndy cé thé dugc giai thich boi cau
disulfide bén trong phan tu tp lién quan dén Cys575, axit amin gan cudi trong dudi
tp [140, 141]. Su tang vé khdi luong phan tir dan dén su tang kha nang gay dap ung
mién dich va kha ning bao ho dong vat ciing da duoc bdo céo trong nghién ciru
trudc day khi dung hop khang nguyén H5 vgi motif pll-tp [145]. Nhiéu nghién ctu
da chiing minh céc dap ung sinh khang thé IgA dic hiéu PEDV c¢6 su tuong quan
v6i kha niang bao ho lon con chdng lai sy xam nhiém cua PEDV [157, 158]. Do
vay, mirc d6 tang cudng 4 lan dap tng sinh khang thé IgA dic hiéu PEDV dugc san
sinh trong nhém chuot tiém khang nguyén COE/G2a-pll-tp so vai nhom chudt tiém
khang nguyén COE/G2a-pll c6 thé c6 ¥ nghia trong viéc chdng lai su xam nhiém
cuaa PEDV. Tuy nhién, kha nang trung hoa PEDV cua hai khang nguyén nay la
tuong duong nhau trén chudt (Hinh 3.43).

Nhu vay, cac két qua budc dau cho thay ngoai khang nguyén COE/G2a-pll
thi cac khang nguyén COE-S1D/G2a-pll va COE/G2a-pli-tp c6 thé 1a cac tng vién
tiém nang trong phong PEDV. Tuy nhién, do c6 giéi han vé thoi gian thuc hién,
khang nguyén COE-S1/G2a-pll duoc lya chon dé danh gia kha ning gay dap ung
mién dich trén lon.
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4.5. So sanh tinh sinh mién dich ciaa khang nguyén COE-S1D/G2a-pll véi
khang nguyén COE/G2a-pll trén lgn con

Viéc bd tri cac thi nghiém danh gia tinh sinh mién dich caa khang nguyén
trén lon nai mang thai kha phac tap va tén kém, do vay, trong khuén khé cua luan
an, tinh sinh mién dich cua khang nguyén COE-S1D/G2a-pll dugc so sanh véi
khang nguyén COE/G2a-pll trén lon con 4-5 tuan tudi. Viéc st dung lon con 4-5
tuan tudi cho thi nghiém danh gia Gmg vién vacxin phong PEDV ciing di duoc thé
hién trong nhiéu céng bé trudc dd [73, 74, 80, 81, 88].

Tinh sinh mién dich trén lon con cia khang nguyén COE-S1D/G2a-pll dugc
so sanh voi khang nguyén COE/G2a-pll. Liéu cac khang nguyén tai té hop COE-
S1D/G2a-pll va COE/G2a-pll sir dung dé giy dap (ng mién dich trén lon con duoc
can ctr vao két qua cua thi nghiém gay dap tng mién dich caa cac khang nguyén
COE-S1D/G2a-pll va COE/G2a-pll trén chudt trude d6 két hop véi cong thic
chuyén doi lidu dugc cong bd boi Anroop va Shery (2016) [169]. Do dé, trong thi
nghiém dau tién trén lgn con, sau khi tinh todn, ham luong cua cac khang nguyén
tai t6 hop COE-S1D/G2a-pll va COE/G2a-pll trong mat liéu tiém trén lon con la
12,5 ug.

Cac két qua cua thi nghiém gay dap tng mién dich tha nhét trén lon con cho
thiy khang nguyén COE-S1D/G2a-pll da kich thich sinh khang thé IgA dac hiéu
PEDV tét hon so v6i khang nguyén COE/G2a-pll (Hinh 3.48). Két qua nay la co su
tuong quan Voi két qua danh gia trén chudt. Pap tng mién dich sinh khang thé IgA
c6 mdi lién hé chat ché véi hiéu qua bao ho dong vat trudc sy xam nhiém cua
PEDV [157, 158], do vay day la yéu té quan trong dé so sanh kha nang kich thich
sinh dap tng mién dich cia khang nguyén COE-S1D/G2a-pll va khang nguyén
COE/G2a-pll. Tuy nhién, cac dap ung mién dich sinh khang thé IgG dic hiéu
PEDV (Hinh 3.46), kha ning trung hoa PEDV (thé hién ¢ hiéu gia khang thé trung
hoa trén lon con trung binh la 8, Hinh 3.49) va dap trng sinh IFN-y (cua hai khang
nguyén nay 13 trong dwong nhau & trén lon con. Nhu vay, ¢ su khac nhau vé két
qua vé dap tmg IgG dac hiéu PEDV va dap ung IFN-y giita hai nhom duogc tiém
khang nguyén COE-S1D/G2a-pll va COE/G2a-pll trong thi nghiém trén lon con va
trén chuot. Pidu nay co thé duoc giai thich bai ¢6 su khac nhau vé dap (ng mién
dich trong co thé cua chudt va lon con hoic do anh huong bai sy khac nhau vé sb
luong dong vat dugc thu nghiém trén nhom.

Khi vacxin tiéu don vi dugc ciu thanh boi protein khang nguyén ma khong
phdi tron vé6i chat bo tro thi cé kha niang sinh mién dich kém vi cac protein khang
nguyén khong dé dang dugc cac té bao mién dich nhan ra. Cac protein khang
nguyén don 1¢ thuong 6 tinh tham thp do trong lwong phan tir cao va dic tinh ua
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nuéc [176]. Ngoai ra, cac protein khang nguyén déu dé bi phan hay bai enzyme, do
d6 c6 thoi gian ban huy ngan trong co thé sdng. Vi vay, vacxin tiéu don vi hoan
chinh can co sy phdi tron cua khang nguyén véi cac chat bo trg [177]. Chat bo tro
duoc 1a bt ky cht, hop chit hodc tham chi 1a chién lugc ndo c6 thé lam tdng cuong
dap tmg mién dich, dic biét 1a dap ung mién dich thich tmg, khi duoc phdi tron
cung véi mot khang nguyén [178]. Chat bd tro chi yéu duoc st dung dé bat chudc
tin hiéu nguy hiém va duoc thu thé nhan dang khu6n mau (Pattern recognition
receptors, PRR) nhan ra dé tao diéu kién hap thu khang nguyén thong qua cac loai
té bao dich chinh (vi du: bach cau don nhan, dai thuc bao va té bao tua), do d6 ting
cudng kha ning sinh mién dich. Ngoai ra, chat bo tro co thé kich hoat va lam
truong thanh céc dai thuc bao, té bao lympho T, té bao lympho B, té bao tiéu diét tu
nhién [179] va cac dong té bao siéu nho, cac tin hiéu tién viém va chdng viém, giy
ra phan tng chemokine va cytokine gay viém [180]. C4c chirc nang chinh cua mot
chat b trg thanh cong khong chi bao gdm kha nang kich thich mién dich cua n6 dé
giam lidu luong khang nguyén va sb 1an tiém ching ting cuong can thiét dé kich
hoat kha nang mién dich bao vé 1au dai ma con ca dam bao sy an toan va 6n dinh
ciia khang nguyén trong vacxin [181]. Chit bd tro c6 vai tro dé bao vé khang
nguyén va gilp cho khang nguyén duoc giai phong ra tir tir dé kich thich sinh mién
dich [181].

Do vay, trong khuon khd coa luan 4an, anh huong cia cac chat bo tro
Montanide ISA™ 201 (SEPPIC) va Emulsigen®-D (MVP) dén kha nang kich thich
sinh dap g mién dich ctia khang nguyén COE-S1D/G2a-pll ciing dd duoc danh
gia. Chat bo trg Montanide ISA™ 201 (SEPPIC) va Emulsigen®-D (MVP) ciing da
dugc st dung trong cic nghién ctru phat trién vacxin phong PEDV [172, 173].
Motanide ISA™ 201 (SEPPIC) la chét bo trg dang nhii tuong pha nudc lién tuc bén
trong cac giot dau chia pha nudc thir cap (nhii twong kép), trong khi d6
Emulsigen®-D (MVP) 14 chét b tro dang nhii twong kép dau trong nude. Cac két
qua cho thdy chit b6 tro Emulsigen®-D (MVP) c6 tac dung tot hon chét bo trg
Montanide ISA™ 201 (SEPPIC) khi tron véi khang nguyén COE-S1D/G2a-pll
trong viéc kich thich dap ing mién dich sinh khang thé IgG, IgA dic hiéu PEDV va
dap ung IFN-y. Tuy nhién, véi liéu 12,5 pug khang nguyén COE-S1D/G2a-pll, cac
dap img mién dich sinh khang thé dac hiéu PEDV va kha ning trung hoa PEDV ciia
huyét thanh & nhom lgn tiém khang nguyén nay tron chat bd tro Emulsigen®-D
(MVP) van chua cao, do vy viéc ting ham lugng khang nguyén COE-S1D/G2a-pll
trén lidu cho thi nghiém kich thich sinh dap g mién dich trén lon 14 diéu can thiét.

Trong thi nghiém thir hai trén lon con, nham ting cudng dap tng mién dich,
dic biét ting cuong dap tng sinh cac khang thé c6 kha niang trung hda PEDV trong
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huyét thanh lon, ham lugng ctia khang nguyén COE-S1D/G2a-pll trong mot lidu dé
gay dap ung mién dich trén lon con duge ting 1én 4 1an so véi trong thi nghiém thir
nhat. Liéu khang nguyén COE-S1D/G2a-pll duoc sir dung dé giy dap (mg mién
dich trén lon con la 50 pg. Cac két qua phan tich cho thay, so voi thi nghiém thu
nhat, da c6 su ting cuong trong dap tmg sinh cac khang thé co kha ning trung hoa
PEDV trong huyét thanh cta lon con dugc tiém 2 liéu khang nguyén COE-
S1D/G2a-pllI (50 pg/liéu), thé hién ¢ hiéu gia khang thé trung hoa trung binh cua
huyét thanh lgn con 1a 32 (Hinh 3.55). Dac biét, cac két qua phan tich con cho thay
khang nguyén COE-S1D/G2a-pll (50 pg/liéu) kém chat bd tro Emulsigen®-D ¢6
hiéu qua twong duong voi vacxin thuong mai Corning (Keqian Biology, Wuhan
Kegian Biology, Trung Qudc) trong viéc kich thich sinh dap tng mién dich sinh
khang thé IgA (Hinh 3.54) va kha ning trung hoa PEDV trén lon con 4-5 tuan tudi
sau 2 1an tiém. Pap tmg mién dich sinh khang thé IgG dic hiéu PEDV (Hinh 3.52)
dugc sinh trén lon con duoc tiém 2 lidu khang nguyén COE-S1D/G2a-pll (50
ug/liéu) kém chat b tro Emulsigen®-D (MPV) 13 cao hon so vacxin thuong mai
Corning (Kegian Biology, Wuhan Kegian Biology, Trung Qudc). Kha ning kich
thich sinh dap tng mién dich cia ung vién vacxin phong PEDV trén lon con da
duoc béo cédo trong cac nghién ciru trude day. Trong nghién ctru Subramaniam va
cong sy (2017), nhém lon con 4 tuan tudi duoc kich thich sinh dap @ng mién dich
vé6i 2 lieu khang nguyén S1-NTD dung hop Fc lgn va khang thé don chudi ScFv dic
hiéu té bao tua (200 pg khang nguyén/liéu) tron vai 50 pg chat bo tro cholera toxin
(CT) bang cach tham thau qua da (Ian 1) va tiém bap (Ian 2) ciing di kich thich sinh
khang thé trung hoa véi hiéu gia khang thé trung hoa trung binh nhom la 32 [88].
Do d6, khang nguyén S1-NTD-Fc-ScFv duoc tiém vao lon con véi liéu 200 pg (cao
gap 4 1an so véi liéu cua khang nguyén COE-S1D/G2a-pll) di kich thich sinh khang
thé trung hoa trén lon con twong dwong véi khang nguyén COE-S1D/G2a-pll.
Trong mot nghién ctu khéc cia Chang va cong su (2018), lon con 4 tuan tudi dugc
tiém bip 2 lidu voi 2 mL dung dich chira 10° TCID50/mL Baculovirus trinh dién
S1 va 2 mL dung dich chira 10° TCID50/mL Baculovirus trinh dién S c6 hiéu gia
trung hoa trung binh lan luot 1a 16 + 12 va 24 + 8 [80]. Hiéu gia khang thé trung
hoa trung binh cia hai nhém trong nghién ctiru cia Chang va cong su (2018) la thap
hon so véi hiéu gia khang thé trung hoa trong nhdm lon con dugc tiém véi 50 pg
khang nguyén COE-S1D/G2a-pll. Nhing két qua nay cho thay khang nguyén COE-
S1D/G2a-pIl 1a mot Gmg vién tiém ning dé san xuit vacxin tiéu don vi phong
PEDV.

Tong két lai, cac két qua ctia ludn 4n di cho thiy tiém ning cua viée sir dung
cac khang nguyén COE/G2a-pll, COE-S1D/G2a-pll va COE/G2a-pll-tp duoc san
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xudt trén hé thong cay thudc 1a N. benthamiana bang cong nghé biéu hién tam thoi
trong phat trién vacxin tiéu don vi ngin ngira sy 1ay nhiém cta ching PEDV G2a

trén lon & Viét Nam.
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KET LUAN VA KIEN NGHI
KET LUAN
Khang nguyén COE/Gla-pll tir ching PEDV DR13 nhuoc doc thuoc nhém
Gla di duoc biéu hién thanh cong trong 4 thudc 14 N. benthamiana véi ham
lwong 234 mg/kg 14 tuoi. Dich chiét 14 chira khang nguyén COE/G1la-pllI da
kich thich sinh cac khang thé IgG, IgA va IgM dic hiéu PEDV c6 kha ning
trung hoda PEDV véi hiéu gia khang thé trung hoa cao trén chuét. Kha ning
kich thich sinh cac khang thé trung hoa PEDV cua dich chiét 14 chta khang
nguyén COE/G1la-pll la tuong duong véi vacxin thuwong mai CTC Vacc PED
(Han Qudc) trén chuot.
Khang nguyén COE/G2a-pll tir ching NAVET/PEDV/PS6/2010 doc luc cao
thuoc nhom G2a di dwgc biéu hién thanh céng trong 14 thudc 14 N.
benthamiana véi ham lugng 118 mg/kg 1a tuoi. Khang nguyén COE/G2a-pll
d3 kich thich sinh céc khang thé IgG, IgA dac hiéu PEDV c6 kha ning trung
hoa PEDV va IFN-y cao trén lon nai sau 2 lan tiém (100 pg/liéu). Sau khi
cong cuong doc vai chung PEDV G2a doc luc cao, 100% lon con duogc dé ra
tir lon nai tiém khang nguyén COE/G2a-pll déu séng sét, cd triéu chiang 1am
sang binh thuong va co sy tang trong lugng co thé.
Céc khang nguyén COE/G2a-pll-tp, COE-S1D/G2a-pll va S2/G2a-pll tu
chung NAVET/PEDV/PS6/2010 doc lyc cao thuoc nhom G2a da duoc biéu
hién thanh cong trong 14 thudc 14 N. benthamiana véi ham luong dat lan luot
14 590; 115; 86,7 mg/kg la twoi. Khang nguyén COE/G2a-pll-tp da kich thich
sinh khang thé IgA dic hiéu PEDV tét nhat trong s cac khang nguyén con lai
trén chuot. Khang nguyén COE-S1D/G2a-pll di kich thich sinh khang thé IgA
dic hiéu PEDV tét hon so v6i khang nguyén COE/G2a-pll trén lon con. Khi
tron cung véi khang nguyén COE-S1D/G2a-pll, chat bd tro Emulsigen®-D
(MVP) ¢6 tac dung tét hon chat bo tro Montanide ISA™ 201 (SEPPIC) trong
viéc kich thich dap tng mién dich sinh khang thé IgG, IgA dic hiéu PEDV va
dap ung IFN-y trén lon con. Khang nguyén COE-S1D/G2a-pll (50 pg/liéu)
kém chat b tro Emulsigen®-D (MVP) ¢6 hiéu qua twong dwong voi vacxin
thuong mai Corning (Wuhan Kegian Biology) trong viéc kich thich sinh cac
khang thé c6 kha ning trung hoa PEDV trén lon con. Pap tng mién dich sinh
khang thé IgG dic hiéu PEDV duoc sinh trén lon con dugc tiém 2 liéu khang
nguyén COE-S1D/G2a-pll (50 pg/licu) kém chat bo trg Emulsigen®-D
(MVP) 1a cao hon so vacxin thuong mai Corning (Wuhan Kegian Biology)
trén lon con.
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KIEN NGHI

Hoan thién quy trinh san xuat khang nguyén COE/G2a-pll tai to trén cay
thudc 14 N. benthamiana va danh gia kha ning kich thich mién dich bao ho
trén sé luong 16n lon con duoc dé ra tir lon nai tiém khang nguyén COE/G2a-
pll chdng lai chung PEDV thudc nhém G2 gay bénh thuc dia & Viét Nam.

Gay dap tng mién dich cac khang nguyén COE-S1D/G2a-pll va COE/G2a-
pll-tp trén lon nai va danh gia kha nang bao ho lon con duoc sinh ra tur lgn néi
sau khi cong cuong doc vai chiung PEDV thuoc nhdm G2 gay bénh thuc dia ¢
Viét Nam.
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Phu luc 1. Danh sach cac trinh ty day du ciia gen ma héa protein S cua cac
chang PEDV xuit hién tai Viét Nam ding ky trén Ngan hang
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DR13 (Han Quéc) trudce va sau khi tdi vu ma biéu hién ¢ thuc
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Phu luc 3. So sanh trinh tu axit amin cua protein COE/G1a cua chung
PEDV DR13 (Han Quéc) trudc va sau khi tdi vu ma biéu hién
GTNUC VAL ..o
Phu luc 4. Két qua thiét ké vector tach dong pRTRA-COE/G1a-pll............
Phu luc 5. So dd vector tach dong pRTRA-COE/1a-pll......ccccvvvvvverereenens.
Phu luc 6. So dd vector biéu hién pCB301-COE/1a-pll ........ccoovvvvrereeeenee.
Phu luc 7. Du doan cac vi tri glycosyl hda trong trinh tu axit amin cua
Protein COE/GLA ...ccviiiiiiiiiiiie e
Phu luc 8. Western blot phéat hién ham lugng COE/G1la-pll trong dich
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Phu luc 9. Cay pha hé duoc xay dung tur trinh tu nucleotit cia gen ma héa
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Phu luc 10. So sanh trinh tu nucleotit caa gen ma héa protein COE/G1a tur
chiung PEDV DR 13 nhugc doc va trinh tu nucleotit cia gen
ma hda protein COE/G2a tir chung PEDV NAVET/PS6/2010
Phu luc 11. Muc do twong dong trong trinh tu nucleotit caa gen ma héa
protein COE/G1a tir chung PEDV DR13 nhugc doc va trinh
tu nucleotit ctiia gen ma héa protein COE/G2a tir chung
NAVET/PEDV/PS6/2010 @0C IuC Ca0......ccveeeeveeecreeecrieeenee.
Phu luc 12. So sanh trinh tu axit amin cua protein COE/G1a tir chung
PEDV DR13 nhugc doc va trinh ty axit amin cua protein
COE/G2a tir chung NAVET/PEDV/PS6/2010 ........cccccvveneeene.
Phu luc 13. Muc do twong dong trong trinh tu axit amin cua protein
COE/G1a tir chung PEDV DR13 nhugc doc va trinh tu axit
amin cua protein COE/G2a tur chung
NAVET/PEDV/PS6/2010 @0C IuC Ca0......ccveeevveeecreeecrieeene.
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So sanh trinh tu nucleotide cua COE/G2a cua chiung PEDV
NAVET/PS6/2010 trudc va sau khi téi wvu ma biéu hién & thuc

So sanh trinh ty axit amin caa COE/G2a cua chung PEDV
NAVET/PS6/2010 trude va sau khi téi vu ma biéu hién

U VAL DEANG .ot Xl
Mt d6 twong dong trong trinh tu nucleotit sau khi téi wu ma

biéu hién & cay thudc 14 N. benthamiana cua gen ma hoa

protein COE/G1a tir chung PEDV DR13 nhugc doc va trinh

tu nucleotit sau khi téi vu ma biéu hién & cay thubc 1a N.

benthamiana cua gen ma hoa protein COE/G2a tir chung
NAVET/PEDV/PS6/2010 G0C IurC Ca0.......cccvvvevieeiieciie e X1V
Két qua thiét ké vector tach dong pRTRA-COE/G2a-pll................... X1V
So d6 vector tach dong pPRTRA-COE/2a-Pl ......cecevveeeeeeeeeeeseeeenn. XV
So d6 vector bién hién pCB301-COE/G2a-Pll .....c.oovvereereerrreeen. XVI
Du doan cac vi tri glycosyl hoa trong trinh ty axit amin cua

Protein COE/G2a.......cciieiiii et XVII
Trinh ty nucleotit cua doan gen méa hoa protein COE-S1D cua

chung NAVET/PEDV/PS6/2010 .......ccooveiiieieeeie e XIX
Két qua thiét ké vector tach dong pRTRA-COE-S1D/G2a-pll .......... X1X
So do vector tach dong pRTRA-COE-S1D/G2a-pll .........cvvevrenene, XX
So dd vector biéu hién pCB301-COE-S1D/G2a-pll ....c.ovevvveverenen. XXI
Két qua thiét ké vector tach dong pRTRA-COE/G2a-pll-tp............ XXII
So d6 vector tach dong pPRTRA-COE/2a-pl-tP .......ccvvevveverireen. XX
So do vector biéu hién pCB301-COE/2a-pH-tP c.vevvevevverreeen, XXIV
Trinh ty nucleotit cia gen ma hda protein S2/G2a tir chung
NAVET/PEDV/PS6/2010 ......ooiiieeie et XXV
Két qua thiét ké vector tach dong pRTRA-S2/G2a-pll ................... XXVI
So d6 vector tach dong pRTRA-S2/G2a-pll.........ccovvvvervrerrenann, XXVII
So dd vector biéu hign pCB301-S2/G2a-pll......ccevvvverererrrernnne. XXV
Du doan cac vi tri glycosyl hoa trong trinh tu axit amin cua

protein COE-S1D/G2a........c.ooviiiiii i XXIX
Du doan cac vi tri glycosyl hoa trong trinh tu axit amin cua

PrOtEIN S2/G28.....c.uiiiiiiiiie e XXXII
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PHU LUC
Phu luc 1. Danh sach céc trinh tu day du cia gen ma hda protein S caa cac ching
PEDV xuat hién tai Viét Nam ding ky trén Ngan hang gen

STT Ma No,l. xudt Nam Tén chung Kicu
Genbank hién gen

1 | KX982553 | Hung Yén | 2013 VNO1/HY/2013

2 | KX982557 | Hung Yén | 2013 VN12/HY/2013

3 | KX982561 | HaNgi | 2013 VN97/HN/2013

4 | KX982572 | ThaiBinh | 2014 VN385/TB/2014

5 | KX982570 | Ha Noi 2014 VN344/HN/2014

6 | KX982569 | HoaBinh | 2014 VN297/HB/2014

7 | KX708906 | Ha Noi 2015 HUA-PED94

8 | KX982566 | Vinh Phiic | 2014 VN270/VP/2014

9 | KX982555 | Hung Yén | 2013 VNO6/HY/2013

10 | KX982559 | Hung Yén | 2013 VN19/HY/2013

11 | KX982558 | Hung Yén | 2013 VN15/HY/2013

12 | KX982556 | Hung Yén | 2012 VN11/HY/2012 G2b

13 | KX982563 | Hung Yén | 2013 VN112/HY/2013

Quang

14 | KX982560 Ninh 2013 VN44/QN/2013

15 | KX982562 | Hung Yén | 2012 VN101/HY/2012

16 | KX982574 | Ha Noi 2015 | VN-K23/HN/2015

17 | KX982575 | Thai Binh | 2015 VN-K28/TB/2015

18 | KX982577 | HoaBinh | 2015 KX982577

19 | KX982567 | SonlLa 2014 VN288/SL/2014

20 | MK435392 | Ha Nbi 2015 HUA-PED120

21 | KX708907 | HaNbai 2015 HUA-PED96

23 | MT198679 | Hung Yén | 2018 IBT/2018

VN/KCHY-

22 | KJ960180 | Hung Yén | 2013 | 310113/2013/KhoaiChau/
HungYen/Vietnam

24 | KP455313 | HaNboi 2013 HUAPEDA45

25 | KP455314 | HaNbi 2013 HUAPEDA47

26 | KJ960179 | Viing Tau | 2013 | VN/VAP1113 1/2013/

Vung Tua/Vietnam




27 | KJ960178 | Vinh An | 2013 | VN/JFP1013_1/2013/Vinh
An/Vietnam
28 | KR941556 | Mién Biac | 2013 GF0413-
1/NorthVietnam/2013

29 | KX982554 | Hung Yén | 2013 VNO02/HY/2013

30 | KX982568 | Ha Noi 2014 VN292/HN/2014

31 | KX982571 | Vinh Phiic | 2014 VN367/VP/2014

32 | KX982573 | Hung Yén | 2015 VN-K2/HY/2015

33 | KX708901 | Ha Nai 2015 HUAPEDSS

34 | KX708902 | Ha Noi 2015 HUAPEDS6

35 | KX982576 | Hung Yén | 2015 VN-TH15/HY/2015

36 | KX708895 | Ha Noi 2015 HUAV?2

37 | KX708903 | Ha Nai 2015 HUAPED111

38 | KX708896 | Ha Noi 2015 HUAPED113

39 | KX708897 | HaNai 2015 HUAPED114

40 | KX708898 | Ha Nai 2015 HUAPED115

41 | KX708899 | Ha Nai 2015 HUAPED118

42 | KX708900 | Ha Nai 2015 HUAPED117

43 | KX708904 | Ha Nai 2015 PED103

44 | KX708905 | Ha Nai 2015 PED106

45 | MK435383 | Ha Nai 2016 HUAPED180

46 | KX708894 | HaNai 2016 HUAM17

47 | MK435378 | HaNai 2016 HUAPED230

48 | MK435388 | Ha Noi 2016 HUA-PED155

49 | KT941120 | Ha Noi 2016 HUA-14PED96

50 | KX982554 | Hung Yén | 2013 VNO02/HY/2013

51 | KR941552 | Miénnam | 2013 VNZ-
0514/SouthVietnam/2014

52 | KX982564 | HoaBinh | 2013 VN232/HB/2013

53 | KR941553 | Miénnam | 2014 VNL-
0514/SouthVietnam/2014

54 | KR941554 | Miénnam | 2014 VN_G'
0514/SouthVietnam/2014

55 | KR941555 | Mién bdc | 2013 VNOL14-

1/NorthVietnam/2013

G2a




56 | MG373534 | Vinh Long | 2015 VL2

57 | KP455315 Ha Noi 2014 HUAPEDS5

58 | KP455318 Ha No1 2014 HUAPEDG3

59 | KP455316 Ha No1 2014 HUAPED58

60 | KP455317 Ha No1 2014 HUAPEDG0 Glb
61 | KP455319 Ha No1 2014 HUAPEDG7

62 | MK435385| Ha Noi 2015 HUAPED176

63 | MK435377 | Ha Noi 2016 HUAPED254

64 | KX982564 | Hoa Binh | 2013 VN232/HB/2013
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Phu [uc 2. So sanh trinh tu nucleotit cua COE/Gla cua chﬁng PI‘EDV‘DR13 (Han
Quoc) trudce va sau khi toi wu ma biéu hién & thuc vat bang phan mém Bioedit

COE-Gla
COE-Gla

COE-Cla
COE-Gla

COE-Gla
COE-Cla

COE-Gla
COE-Gla

COE-Cla
COE-Gla

PEDV
PEDV

DEDWV
PEDV

PEDV
DEDWV

PEDV
PEDV

DEDWV
PEDV

DR13
DR13

DR1=
DR13

DR13
DR1=

DR13
DR13

DR1=
DR13

original
optimized

original
optimized

original
optimized

original
optimized

original
optimized

10 20 a0 a0 =0 &0 70 20 s0
cleeealoeaalonaalonealoaealoeealonealonealoneeloaaaloeealosaaloeaalonealoeeeloneeloneeloneslonn

GTTACT T TGCCATCATTCARTGATCATTCTT TTGT TAATAT TACTGTCTCTGCGGCTTTTGGTGGTCATAGT GGTGCCARCCTCATTGCATCTGACAC
G TAGT. . ... C..C..CAG......... cC..... AL .T..A. .A..C..C........ CTC...A..T..T..T..A. .T........

.C..T..C..A .CTCA........ C..... T..C..G..... C..T..C..T..T..C........ A..C..TTC...C..C..C..C...... AGT

A...TC...C..T..A. .... BC.T........ C..... cC..... T..... CTCA. .G........ C.o..... TCA. .. ..ieenn A..C..C..T.

LLTLGL L A..T..A..A. ... CTC...A........... T..T..... C..C..G..T..T..... C..A ... C........ T..... G..

N = . A..G..A..T...

Phu luc 3. So sanh trifnh tu axit amin cua p,rotein COE/Gla cua chung PEDV
DR13 (Han Quoc) trudc va sau khi toi wu ma biéu hién ¢ thuc vat

COE-Gla PEDV DR13 original
COE-Gla PEDV DR13 optimized

COE-Gla PEDV DR13 original
COE-Gla PEDV DR13 optimized
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Phu luc 4. Két qua thiét ké vector tach dong mang gen ma hda khang nguyén
COE/G1la-pll

0,9

A

A. Két qua colony-PCR sir dung cap moi 35S-SQF va 35S-Term-R. 1-4: cac khuan lac s6 1-4
dugc kiém tra, (-): d6i chirng am; B. Dién di san pham cét cac plasmid pRTRA téi t hop véi
enzyme BamHI va PspOMI. 1-4: c4c plasmid sé 1-4 duogc kiém tra. Marker: GeneRuler 1 kb DNA
Ladder (Thermo Fisher Scientific).
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Phu luc 5. So d6 vector tach dong pRTRA-COE/1a-pll

Camy 355
Pro,
Mote,
-

Hin diit \
cap \ I"SBAE’) I’4090),

4094 bp

(926) IO dsg

pRTRA_SP_COE/G1a_pll_His_cmyc_KDEL
Mau xanh la: Promoter va terminator 35S cta Cauliflower mosaic virus (CaMV); Mau d6 nau: LeB4
SP, peptide tin hiéu tir cdy dau rang ngua; Mau xanh da troi: COE/G1la; Mau hong: isoleucine zipper,
GCN4pll; Mau vang: dudi 6xHis; Mau cam: dudi c-myc; Mau do: KDEL, peptide dinh hudng tich liy
& ludi noi chat hat.
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Phu luc 6. So do vector biéu hién pCB301-COE/1a-pll

Hin Al (6942)A/o¢) (99) orj|,

o \ caNN 35S Promote,.

ator

caW 35S Termin

pCB301_35S_SP_His_COE/G1a_pll_cmyc_KDEL

Vang gen tir vi tri HindIII (6465) dén vi tri HindlIl (5296) chira cassette biéu hién bao gdm promoter

va terminator 35S cua Cauliflower mosaic virus (CaMV): mau xanh 1a; LeB4 SP, peptide tin hiéu tir

cay dau rang ngua: mau do ndu; COE/Gla: mau xanh da troi; isoleucine zipper, GCN4pll: mau héng;

duéi 6xHis: mau vang; dudi c-myc: Mau cam; KDEL, peptide dinh hudng tich lily & ludi ndi chit hat;
mau do.

OriV: diém khoi dau sao chép; nptll: gen khang khang sinh kanamycin; TrfA: mé hoa protein khoi
dau sao chép, can thiét cho hoat dong cua OriV; RB: right bolder: viing bién gigi bén phai; Nos
promoter: promoter cua vi khuan, chiu trach nhiém sinh téng hop nopaline; nptlll: gen khang
kanamycin; Ter Nos: terminator cta vi khuan, chiu trach nhiém sinh téng hop nopaline; LacZ: ma hoa
enzyme phan cit duong lactose thanh duong don.
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Phu luc 7. Du doan cac vi tri glycosyl hda trong trinh ty axit amin cua protein

COE/G1la
STT/axit STT/axit STT/axit STT/axit
amin/du STT vitri | amin/dy | STT vitri | amin/du STT vitri | amin/du STT vi tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl hoa glycosyl hoa glycosyl hoa glycosyl hoa
hoa hoa hoa hoa
1V - 376G - 72P - 107 E -
2TG 1 38 F - 73 F - 108 F -
3L- 39S G 7 74TG 14 109 G -
4P - 40Sn 5L - 110Sn
5SG 2 41 F - 76 Q - 111G -
6F- 42 C - 77Sn 112V -
TNG 3 43V - 78V - 113K -
8D - 44 D - 7T9NG 15 114 F -
9H - 45TG 8 80D - 115Tn
10Sn 46 R - 8lY - 116 SG 16
11F- 47 Q - 82 L - 117 L -
12V - 48 F - 83Sn 118 Y -
13NG 4 49Tn 84 F - 119F -
141 - 501 - 85Sn 120 Q -
15Tn 51Tn 86 K - 121 F -
16V - 52 L - 87 F - 122 Tn
17Sn 53 F - 88 C - 123 K -
18 A - 54Y - 89V - 124 G -
19A - 55N G 9 90Sn 125 E -
20 F - 56V - 91Tn 126 L -
21G- 57TG 10 92Sn 1271 -
22 G - 58N G 11 93 1L - 128T G 17
23 H - 50SG 12 94 L - 129 G -
24Sn 60 Y - BA- 130 Tn
25G - 61 G - 9 G - 131P -
26 A - 62Y - 97 A - 132 K -
27 Nn 63V - 98 C - 133 P -
28 L - 64 Sn 9Thn 134 L -
291 - 65 K - 1001 - 135Q -
30A - 66 S n 101 D - 136 G -
31Sn 67 Q - 102 L - 137V -
32D - 68 D - 103 F - 138T G 18
33Tn 69 Sn 104 G - 139D -
4TG 5 70NG 13 105 - 140 V -




351 - 71C - | 106 P - |

"G" = Glycosyl hoa; "n" = Khong dugc glycosyl hoa; "-" = Khac
Du doan cac vi tri glycosyl hoa trong trinh tu axit amin caa protein COE/G1a dugc thyc hién st dung
cdng cu du doan GPP cta nhom tac gia [152 ] Bai hoc Nottingham.



X

Phu luc 8. Western blot phét hién ham lwgng COE/G1a-pll trong dich chiét thd
truéc va sau khi bao quan ¢ 4°C sir dung khang thé khang c-myc

1d 2d 3d 4d 5d 6d 7d i
KDa 0d )

170 — , L R
]30_ . .

100 —| =

70 —| -l

85—

40

35| o NN COE

QY S — P ~—

15—

0d: dich chiét tho trudc khi bao quan; 1d, 2d, 3d, 4d, 5d, 6d, 7d: Dich chiét tho duoc bao quan
trong 1 ngay, 2 ngay, 3 ngay, 4 ngay, 5 ngay, 6 ngay va 7 ngay. Protein hoa tan tong so6 (11 pg)
dugc phan tach trén 4-12% SDS-PAGE
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Phu luc 9. Cay pha hé duogc xay dung tur trinh tu nucleotit caa gen méa hoa protein

S
KX982561/VNOT7Vietnam/2013 -
9 97— KF468754/1A2/USA/2013
L KJ451038/KNU-1303/Korea/2013
100 — KX9B2574/VN-K23/Vietham/2015 G2b
- KF272920/Colorado/USA/2013
N P _|: KX982553/VNO1 Vietnam/2013
% KX982572/VN385/Vietnam/2014 -
o7 NAVET/PS6/2010 Y .
52 _|: KX708896/HUA-PED1 13/Vietnam/2015
69 63 L KJIBO180/VN/KCHY-310113/Vietnam/2013
L MK435383/HUA-PED180/Vietnam/2016 G2a
5 %3 KP455313/HUA-PED45/Vietham/2013
45 |: KU646831/AH2012/China/2012
KF724938/6-565T0413/Thailand/2013
GU180143/KNU-0802/Korea/2009 -

476': DQ985739/LJB-03/China/2006 b
63 KP455316/HUA-PEDS8/Vietnam/2014
KR011756/FR-001/France/2014 Gl1b

KJ399978/0H851/USA/2014
W: KJ645702/Chio126/USA/2014 _
99 100 GU937797/SMI8/Koreal1998
65 _|: AF353511/CV777/Belgium/1978
JQ023161/DR13/Korea/1999 Gla
100 AB548618/83P-5-parent/Japan/2010
410(:': JX560761/SD-M/China/2012

TGEV/DQ811788/USA/2006

100

0.05

Cay pha h¢ duoc xay dung bang phan mém MEGA-X, phuong phap Neighbor joining voi
bootstrap 1000. Dau sao d6 thé hién trinh ty PEDV chung NAVET/PS6/2010. Chung TGEV duoc
sir dung lam nhém ngoai.
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Phu luc 10. So sanh trinh tu nucleotit caa gen ma hoa protein COE/G1a tur ching
PEDV DR13 nhugc doc va trinh tu nucleotit caa gen ma hoa protein COE/G2a tur
chung NAVET/PEDV/PS6/2010

10 20 30 40 50 60 70 80 90 100
e A I | PP O N I P e e I I PP [ I
COE-G2a-NAVET-PS6-2010 GTTACTTTGCCATCATTTAATGATCATTCTTTTGTTAATATTACTGTCTCTGCTGCTTTTGGTGGTCATAGTGGTGCCAACCTTATTGCATCTGACACTA
COE-Gla-DR13 ................. P Gt e e Coii i
110 120 130 140 150 160 170 180 190 200
F I I N | O IS IR I I L I T O | ISP ISP N |
COE-G2a-NAVET-PS6-2010 CTATCAATGGGTTTAGTTCTTTCTGTGTTGACACTAGACAATTTACCATTTCACTGTTTTATAACGTTACAAACAGTTATGGTTATGTGTCTAAATCACA
COE-G1a-DR13 e A e e G.....
210 220 230 240 250 260 270 280 290 300
e e [ I | R
COE-G2a-NAVET-PS6-2010 AGACAGTAATTGCCCTTTTACCTTGCAATCTGTTAATGATTACCTGTCTTTTAGCAAATTTTGTGTTTCTACCAGCCTTTTGGCTAGTGCCTGTACCATA
COE-Gla-DR13 G..T.......coou... Gt e Al G....T.........
310 320 330 340 350 360 370 380 390 400
F o A T S o e I L P o [ R |
COE-G2a-NAVET-PS6-2010 GATCTTTTTGGTTACCCTGAGTTTGGTAGTAGTGTTAAGTTTACGTCCCTCTACTTTCAATTCACAAAGGGTGAGTTGATTACTGGCACGCCTAAACCAT
COE-Gla-DR13 .. ... ... ... C...... G.itt e P c

|
COE-G2a-NAVET-PS6-2010 TTGAAGGTGTTACGGACGTT
COE-Gla-DR13 LColll C...oinntn

Phu luc 11. Mirc d6 trong dong trong trinh ty nucleotit caa gen ma hoa protein
COE/Gla tir chung PEDV DR13 nhugc doc va trinh tu nucleotit cia gen mé hoa
protein COE/G2a tir chuing NAVET/PEDV/PS6/2010 doc luc cao

Phin trim twong dong

1 57 1 coeca

COE/Gla

Phan tram khac biét
N
&=
'
N

Phy luc 12. So sénh trinh ty axit amin cua protein COE/G1a tir chung PEDV DR13
nhugc doc va trinh tu axit amin cta protein COE/G2a tir chang
NAVET/PEDV/PS6/2010

10 20 30 40 50 60 70 80 90 100
e e e e I [P I |
COE-G2a-NAVET-PS6-2010 VTLPSFNDHSFVNITVSAAFGGHSGANLIASDTTINGFSSFCVDTRQFTISLEYNVINSYGYVSKSQDSNCPFTLOSVNDYLSFSKFCVSTSLLASACTI
COE-Gla-DR1I3 e N

COE-G2a-NAVET-PS6-2010 DLFGYPEFGSSVKFTSLYFQFTKGELITGTPKPFEGVTDV
COE-Gla-DR13 ... .. ... .G LO.....
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Phu luc 13. Mirc d6 twrong ddng trong trinh ty axit amin cua protein COE/G1a tir
chung PEDV DR13 nhugc doc va trinh tu axit amin caa protein COE/G2a tur

chung NAVET/PEDV/PS6/2010 doc luc cao

Phan trim twong d(’ing

& 1 2

] S— |

£ 1 - 964 | 1  COE/G2a
E e - 4
E| 2 37 - 2  COE/Gla
= | <

<

& 1 2

Phu luc 14. So sanh trinh tu nucleotide cia COE/G2a cua ching

NAVET/PE

COE-GZa-NAVET-PS56 original
COE-G2a-HAVET-PS6 Optimized

COE-GZa-NAVET-PS56 original
COE-G2a-HAVET-PS6 Optimized

COE-GZa-NAVET-PS56 original
COE-G2a-HAVET-PS6 Optimized

COE-GZa-NAVET-PS56 original
COE-G2a-HAVET-PS6 Optimized

COE-GZa-NAVET-PS56 original
COE-G2a-HAVET-PS6 Optimized

DV/PS6/2010 truéc va sau khi téi wu ma biéu hién & thuc vat

CTATCAATGGCTTTAGT TCT T TC TG TG T TGACAC TAGAC AR T TTACCAT TTCACTGTTTTATAACGT TACARACACTTATGETTATGTGTCTARATCACA
....... c.c.c..c...........G.....C..G..G..C.....CARCC. .C..C. .G..C. .C..C..C..C...AGC..G..T.

G..TTC...C.....G..C.......G..C..G..C.........AGC..C.....G..C..C..G..A...TCT...C.....TC...T..C.....

GA'I‘I:'I"I"I"I"I‘GG'I"I‘AI:I:I:'I‘GAG'I"I"I‘GG'I‘AG'I‘AG'I‘G'I"I‘AAG'I"I"I‘AI:G'I‘I:I:I:'I‘I:'I‘AI:'I"I‘TEMTTEAEAMGGGTGAGTTGATTAE'I‘GGEAEGEE'I‘AMEEAT
...................... c.ccgcrc..G6....C.C..A.G....C.G..... T.....C...C..........A..C.....G..T.

TTCARGCTCTTACCCACCTT
. C..T..G

Phu luc 15. So sanh trinh tu axit amip cua COE{GZa cua chung ‘
NAVET/PEDV/PS6/2010 trudc va sau khi toi vu ma biéu hién ¢ thuc vat bang

COE-G2a-NAVET-PS6 original
COE-G2a-NAVET-PS6 Optimized

COE-G2a-NAVET-PS6 original
COE-G2a-NAVET-PS6 Optimized

10 20 30 10 50 60 70 80 90

100
|

VTLPSFNDHSFVNITVSAAFGGHSGANLIASDTTINGFSSFCVDTRQFTISLFYNVINSYGYVSKSQDSNCPFTLOSVNDYLSFSKFCVSTSLLASACTI
VTLPSFNDHSFVNITVSAAFGGHSGANLIASDTTINGFSSFCVDTRQFTISLEFYNVTINSYGYVSKSQDSNCPFTLOSVNDYLSFSKFCVSTSLLASACTI

DLFGYPEFGSSVKFTSLYFQFTKGELITGTPKPFEGVTDV
DLFGYPEFGSSVKFTSLYFQFTKGELITGTPKPFEGVTDV
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Phu luc 16. Mirc d6 twong ddng trong trinh tu nucleotit sau khi téi vu ma biéu hién ¢
cay thudc la N. benthamiana ciia gen mé héa protein COE/G1a tir chung PEDV DR13
nhuoc doc va trinh tu nucleotit sau khi toi wu ma biéu hién & cay thude 14 N.
benthamiana cia gen mé hoa protein COE/G2a tir chung NAVET/PEDV/PS6/2010
doc luc cao

Phin trim twong dong

112

1 - 7553 1 COE/G2a tbi wu ma
2 | 299 - 2 COR/Gla thi wu ma

112

Phin trim khac biét

Phu luc 17. Két qua thiét ké vector tach dong pRTRA-COE/G2a-pl|

kb 1 2 3 45 6 M kb

A. Két qua colony-PCR sir dung cap moi 35S-SQF va 35S-Term-R. 1-6: cac khuan lac s6 1-6 duoc
kiém tra; B. Dién di san phim cit plasmid pRTRA tai t6 hop vai enzyme BamHI va PspOMI. 1-5: cac
plasmid sé 1-5 dugc kiém tra. Marker: GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific)
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Phu luc 18. So db vector tich dong pPRTRA-COE/2a-pl|

CaMv 355
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"hoter

Hin dy (4090)

348)
sap @
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(v66) WO dsg

O/Vorl (1094) /
‘eucine Zipper

Is

pRTRA_SP_His_COE/G2a_pll_cmyc_KDEL

Mau xanh la: Promoter va terminator 35S cua Cauliflower mosaic virus (CaMV); Mau do6 nau:
LeB4 SP, peptide tin hiéu tir cdy dau ring ngya; Mau tim: COE/G2a; Mau hdng: isoleucine zipper,
GCN4pll; Mau vang: dudi 6xHis; Mau cam: dudi c-myc; Mau do: KDEL, peptide dinh hudng tich

lity & ludi noi chét hat.
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Phu luc 19. So d6 vector bién hién pCB301-COE/G2a-pll
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pCB301_35S_SP_His_COE/G2a_pll_cmyc_KDEL

Vung gen tir vi tri Hindl11 (6942) dén vi tri Hindl11 (5296) chira cassette biéu hién bao gdm promoter
va terminator 35S cua Cauliflower mosaic virus (CaMV): mau xanh 1a; LeB4 SP, peptide tin hiéu tir
cdy dau rang ngua: mau d6 nau; COE/G2a: mau tim; isoleucine zipper, GCN4pll: mau hdng; dudi
6xHis: mau vang; dudi c-myc: Mau cam; KDEL, peptide dinh hudng tich lily & ludi noi chat hat: mau
do.

OriV: diém khoi dau sao chép; nptll: gen khang khang sinh kanamycin; TrfA: m4 héa protein khoi
dau sao chép, can thiét cho hoat dong cua OriV; RB: right bolder: viing bién gisi bén phai; Nos
promoter: promoter cua vi khuan, chiu trach nhiém sinh tong hop nopaline; nptlll: gen khéng
kanamycin; Ter Nos: terminator cta vi khuan, chiu trach nhiém sinh téng hop nopaline; LacZ: ma hoa
enzyme phan cit dudng lactose thanh duong don.



XVII

Phu luc 20. Dy doan cac vi tri glycosyl hoa trong trinh ty axit amin cua protein

COE/G2a
STT/axit STT/axit STT/axit STT/axit
amin/du STT vitri | amin/dy | STT vitri | amin/du STT vitri | amin/du STT vi tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl hoa glycosyl hoa glycosyl hoa glycosyl hoa
hoa hoa hoa hoa
1V - 33Tn 65 K - 107 E -
2TG 1 4TG 5 66 Sn 108 F -
3L- 351 - 67 Q - 109 G -
4P - 36 NG 6 68 D - 110Sn
5SG 2 37G - 69Sn 111 Sn
6F- 38 F - 7T0NG 13 112V -
TNG 3 39S G 7 71C - 113K -
8D - 40Sn 7T9NG 14 114 F -
9H - 41 F - 80D - 115TG 16
10Sn 42 C - 8lY - 116 SG 17
11F- 43V - 82 L - 117 L -
12V - 44 D - 83Sn 118 Y -
13NG 4 45TN 84 F - 119F -
141 - 46 R - 85Sn 120 Q -
15Tn 47 Q - 86 K - 121 F -
16V - 48 F - 87 F - 122 Tn
17Sn 49Tn 88 C - 123 K -
18 A - 501 - 89V - 124 G -
19A - 51SG 8 90Sn 125 E -
20 F - 52 L - 91Tn 126 L -
21G- 53 F - 92Sn 1271 -
22 G - 54Y - 93 1L - 128T G 18
23 H - 55N G 9 94 L - 129 G -
24Sn 56V - BA- 130 Tn
25G - 57TG 10 96 SG 15 131P -
26 A - 58 N n 97 A - 132 K -
27 Nn 5SG 11 98 C - 133 P -
28 L - 60 Y - 9Thn 134 F -
291 - 61 G - 1001 - 135E -
30A - 62Y - 101 D - 136 G -
31Sn 63V - 102 L - 137V -
32D - 64 Sn 103 F - 138T G 19
33Tn 69 Sn 104 G - 139D -
4TG 5 70NG 12 105 - 140 V -




XVIII

351 - 71C - | 106 P - |

"G" = Glycosyl hoa; "n" = Khong dugc glycosyl hoa; "-" = Khac
Du doan cac vi tri glycosyl hoa trong trinh tu axit amin caa protein COE/G2a dugc thuc hién st dung
cdng cu du doan GPP cta nhom tac gia [152] Dai hoc Nottingham.



XIX

Phu luc 21. Trinh tu nucleotit ctia doan gen ma hoa protein COE-S1D cua chung

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

COE-S1D/PEDV/NAVET/PS6/2010

NAVET/PEDV/PS6/2010

1 | i |
ACTTCTTTTGTTACTTTGCCATCATTTAATGATCATTCTTTTGTTAATATTACTGTCTCTGCTGCTTTTGGTGGTCATAGTGGTGCCAACCTCATTGCAT

110 120 130 140 150 160 170 180 190 200

TACRAATTCTAGCTTTTTGGCAGGTGTTTATTATACATCTGATTCTGGACAGTTGTTAGCTTTTAAGAATGTCACTAGTGGTGCTGTTTATTCTGTCACG

§10 620 630 640 650 660 &7 680 690 700

CCGTGTTCTTTTTCAGAGCAGGCTGCATATGTTGATGATGATATAGTGGGTGTTATTTCTAGTTTGTCTAGCTCCACTTTTAACAGTACTAGGGAGTTGC

CTGGTTTCTTCTACCATTCTAATGATGGCTCTAATTGTACAGAGCCTGTGTTGGTGTATAGTAACATAGGTGTTTGTAAATCTGGCAGTATTGGCTATGT

: 810 } 820 830 i 840 ! 850 : 860 870

CCCATCTCAGTCTGGCCAAGTCAAGATTGCACCCACGGTTACTGGGAATATTAGTATTCCCACCAACTTTAGT

Phu luc 22. Két qua thiét ké vector tach dong mang gen méa hda protein COE-

S1D/G2a-pll

kb M12 3 45 6 7 8 9 10 11 kb kb M 12 3 5 kb

1,35

A. Két qua colony-PCR chon loc cac dong khuan lac mang gen md héa COE-S1D/G2a-pl|
cap moi 35S-SQF va 35S-Term-R. 1-11: cac khuén lac s 1-11 duoc kiém tra; B. Két qua dién di
san pham cit cac plasmid vai enzyme BamHI va PspOMI. 1-5: c4c plasmid sé 1-5 duoc kiém tra.
Marker: GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific).
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Phu luc 23. So db vector tich dong pPRTRA-COE-S1D/G2a-pl|

CaMy 358
Pro
Mote,

i dilt (4545, /
/ /

4547 bp

pRTRA_SP_His_COE-S1D_pll_cmyc_KDEL

Mau xanh l1a: Promoter va terminator 35S ctia Cauliflower mosaic virus (CaMV); Mau do nau:
LeB4 SP, peptide tin hiéu tir cdy dau ring ngua; Mau xanh nuéc bién: COE-S1D/G2a; Mau hong:
isoleucine zipper, GCN4pll; Mau vang: dudi 6xHis; Mau cam: dudi c-myc; Mau do: KDEL,
peptide dinh hudng tich lily & lugi ngi chat hat.
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Phu luc 24. So d6 vector biéu hién pCB301-COE-S1D/G2a-pll

caNN 355 Promoter
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pCB301_SP_His_COE-S1D/G2a_pll_cmyc_KDEL

Vang gen tir vi tri HindllI (7205) dén vi tri Hindlll (5296) chira cassette biéu hién bao gdm promoter
va terminator 35S cua Cauliflower mosaic virus (CaMV): mau xanh 14; LeB4 SP, peptide tin hiéu tu
cdy dau rang ngua: mau do ndu; COE-S1D/G2a: mau xanh nudc bién; isoleucine zipper, GCN4plI:
mau hong; dudi 6xHis: mau vang; dudi c-myc: Mau cam; KDEL, peptide dinh huéng tich liy & ludi
noi chat hat: mau do.

OriV: diém khoi dau sao chép; nptll: gen khang khang sinh kanamycin; TrfA: ma hda protein khoi
dau sao chép, can thiét cho hoat dong cua OriV; RB: right bolder: viing bién gisi bén phai; Nos
promoter: promoter cua vi khuan, chiu trach nhiém sinh téng hop nopaline; nptlll: gen khang
kanamycin; Ter Nos: terminator cta vi khuan, chiu trach nhiém sinh tong hop nopaline; LacZ: ma hoa

enzyme phan cit duong lactose thanh duong don.
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Phu luc 25. Két qua thiét ké vector tach dong chtra gen ma héa khang nguyén
COE/G2a-pll-tp

kb M 12 3 4(-)567 8 9 kb kb M1 2 3 4 56 7 8 kb
6,0 _ ’ ! 4 = i
S0 Sdidedi e

1,0 -

\
- e G W e o

A B

A Két qua colony-PCR chon loc cac dong khuan lac mang gen ma hoa COE/G2a-pll-tp su dung
cap moi 35S-SQF va 35S-Term-R. 1-9: cac khuan lac s6 1-9 duoc Kiém tra; B. bién di san pham
cit plasmid pRTRA tai to hop vai enzyme BamHI va PspOMI. 1-6: cac plasmid sé 1-6 duoc kiém
tra. Marker: GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific).(-): d6i ching &m
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Phu luc 26. So db vector tich dong pPRTRA-COE/2a-pll-tp

(k66 o ded

4151 bp

"Clting z pper

PRTRA_SP_His_COE/G2a_plI_tp_cmyc_KDEL

Mau xanh la: Promoter va terminator 35S ctia Cauliflower mosaic virus (CaMV); Mau do nau:
LeB4 SP, peptide tin hiéu tir cdy dau ring ngya; Mau tim: COE/G2a; Mau hdng: isoleucine zipper,
GCN4pll; tp: mau xanh da troi; Mau vang: du6i 6xHis; Mau cam: dudi c-myc; Mau do: KDEL,
peptide dinh huéng tich liy & lugi ndi chat hat.
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Phu luc 27. So db vector biéu hién pCB301-COE/2a-pll-tp

Promoter
v 359
caW

Hin dill {

6999)
| Noi | {99

7206 bp

caWV 355 Terminator
a
(BTG} MPUH

oM 2l

p=
£
")

pCB301_SP_His_COE/G2a_pll_tp_cmyc_KDEL

Ving gen tir vi tri HindIII (6999) dén vi tri Hindl11 (5296) chira cassette biéu hién bao gdm promoter
va terminator 35S ctia Cauliflower mosaic virus (CaMV): mau xanh la; LeB4 SP, peptide tin hiéu tu
cdy dau rang ngua: mau d6 nau; COE/G2a: mau tim; isoleucine zipper, GCN4pll: mau hdng; dudi
6xHis: mau vang; dudi c-myc: Mau cam; KDEL, peptide dinh hudng tich liy & lugi noi chat hat: mau

de.

OriV: diém khoi dau sao chép; nptll: gen khang khang sinh kanamycin; TrfA: ma hoa protein khoi dau
sao chép, can thiét cho hoat dong cua OriV; RB: right bolder: viing bién gisi bén phai; Nos promoter:
promoter cua vi khuan, chiu trach nhiém sinh tong hop nopaline; nptlil: gen khang kanamycin; Ter
Nos: terminator cua vi khuan, chiu trach nhiém sinh tong hop nopaline; LacZ: ma héa enzyme phan cat

duong lactose thanh duong don.
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Phu luc 28. Trinh tu nucleotit caa gen méa hoa protein S2/G2a tur chung

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

S2/PEDV/NAVET/PS6/2010

NAVET/PEDV/PS6/2010

10 20 30, 40, 50 60, 0 80 %, 100

GAGTTGCCTGGTTTCTTCTACCATTCTAATGATGGCTCTAATTGTACAGAGCCTGTGTTGGTGTATAGTAACATAGGTGTTTGTAAATCTGGCAGTATTG

: 10 } 120 130 } 140 150 } 160 170 } 180 100 } 300

GCTATGTCCCATCTCAGTCTGGCCAAGTCAAGATTGCACCCACGGTTACTGGGAATATTAGTATTCCCACCAACTTTAGTATGAGTATTAGGACAGAATA

210 220 230 240 250 260 270 260 290 300
P e R AT TP PP SR o O T 1 P R F Pt R PO N 1 AP EPEPI B |

TTTACAGCTTTACAACACGCCTGTTAGTGTTGATTGTGCTACATATGTTTGTAATGGTAACTCTCGTTGTAAACAATTACTCACCCAGTACACTGCAGCA

310 320 330 340 L350 360 370 380 390 400
B T T A BRI (T e S A T I S B

TGTAAGACCATAGAGTCAGCATTACAACTCAGCGCTAGGCTTGAGTCTGCTGAAGTCAACTCTATGCTTACTATTTCTGAGGAGGCTCTACAGTTAGCTA

, 410 : 420 430 i 440 450 i 460 470 i 480 490 i 500

CCATCAGTTCGTTTAATGGTGATGGATATAATTTTACTAATGTGCTGGGTGTTTCCGTGTATGATCCTGCAAGTGGCAGGGTGGTACAAAAAAGGTCTTT

510 520 530 540 550 560 570 580 590 600
| | | ST I | B I | | | | BRI I | i

CATTGAAGACCTGCTTTTTAATAAAGTGGTTACTAATGGCCTTGGTACTGTTGATGAAGACTATAAGCGCTGTTCTAATGGCCGCTCTGTGGCAGATCTA

610 620 630 640 650 660 670 680 690 700
AT | P APUPEPE R RSP R S B St ST o I R L A A

GTCTGTGCGCAGTATTACTCTGGTGTCATGGTACTACCTGGTGTTGTTGACGCTGAGAAACTTCATATGTATAGTGCGTCTCTCATCGGTGGTATGGTGC

710 720 730 750 760 770 780 790 800

TAGGAGGTTTTACTGCAGCAGCTGCAL TGCCTTT lAGCTAl GCTGTT LAAGCGAGACTCAATTATCTTGCTCTACAGACGGATGTTCTACAGCGGAACCA

‘ 810 i 820 830 i 840 850 i 860 870 i 880 820 i 500

GCAATTGCTTGCTGAGTCTTTTAATTCTGCTATTGGTAATATAACTTCAGCCTTTGAGAGTGTTAAAGAGGCTATTAGTCAAACTTCTAAGGGTTTGAAC

: 910 } 920 530 940 950 980 U : 980 550 2000

ACTGTGGCTCATGCGCTTACTAAGGTCCAAGAGGTTGTTAATTCGCAGGGTGCAGCTTTGACTCAACTTACCGTACAGCTGCAACACAACTTCCAAGCCA

, 1010, i 1020 1030 i 1040 1050 i 1060 1070, i 1080 1090 i 1100

TTTCTAGTTCTATTGATGACATTTACTCCCGACTTGACATTCTTTCAGCCGATGTTCAAGTAGACCGTCTCATCACCGGCAGATTATCAGCACTTAATGC

: a0, i 120 30, : o 150, : s 70, } Ao 190, i | 100

TT TTGT TGC TCAAACCC T TACTAAGTATACTGAGGTTCAGGC TAGCAGGAAAC TAGCACAGCAAAAGGT TAATGAGTGCGTTAAATC GCAATC! TCAGCGT

1210 i 1220 1230 i 240 1250 i 260 1270 i 1280 1290 i 300

TACGGTTTTTGTGGTGGTGATGGCGAGCACATTTTCTCTTTGGTACAGGCCGCACCTCAAGGCCTGCTGTTTTTACACACAGTACTTGTACCAGGTGACT

: 1310 ! 1320 1330 ! 1380 1350 : 1380 1370 i 1380 1350 ! 1400

TTGTAAATGTTAGTGCCATCGCTGGCTTATGTGTTAACGATGAAATTGCCTTGACTCTACGTGAGCCTGGCTTAGTCTTGTTTACGCATGAACTTCAAGA

1410 i 1420 1430 i 440 . 1450 ! 460, 1470 i 1480 1490 i 500

TACTGCGACGGAATATTTTGTTTCATCGCGACGTATGTATGAACCTAGAAAACCTACCGTTGGTGATTTTGTTCAAATTGAGAGCTGTGTGGTCACCTAT

: 1930 ! 1520 1930 i 2540 1950 i s 1970 i 2580 1990 ! 2600

GTCAAT TTGACTAGAGACCAAC TACCAGAAGTAATCCCAGAT TACATCGATGT! TAACAAAACAC TTGAT GAGAT TTTAGCTTCTCTGCCCAATAGAACTG

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700

GTCCAAGTCTTTCTCTAGATGTTTTTAATGCCACTTATCTTAATCTCACTGGTGAAATTGCAGATTTAGAGCAGCGTTCAGAGTCTCTCCGTAATACTAC

170 1720 1730 1740 50 1760 1780 1790
| i | B . s B [ i | i . i | i B

AGAGGAGCT CCAAAGTC T TATATATAATATCAACAACACACTAGT TGACCT TGAGT GGCTCAACCGAGT TGAGACATATATCAAGTGGC CG
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Phu luc 29. Két qua thiét ké vector tach dong mang gen ma hda protein S2/G2a-

pll
v M1 1 w M1 23456 1 b M 1 6 1y
6,0
227 10
30
20—
LS—
10—

Khuéch dai doan gen ma hoa protein S2/G2a bang PCR. B. Két qua colony-PCR sir dung cap moi
35S-SQF va 35S-Term-R. 1-6: cac khuan lac s6 1-6 duoc kiém tra; C. Dién di san pham cit
plasmid pRTRA tai t6 hop v6i enzyme BamHI va PspOMI. 1, 6: cac plasmid s6 1, 6 dwoc kiém tra.
Marker: GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific).
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Phu luc 30. So do vector tich dong pRTRA-S2/G2a-pl|

Camv 355
Pro,
Mote,.

Hin dii (5461)

5465 bp
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A
Camy 358 To™ ™

PRTRA_SP_His_S2/G2a_pll_cmyc_KDEL

Mau xanh la: Promoter va terminator 35S cua Cauliflower mosaic virus (CaMV); Mau do nau:

LeB4 SP, peptide tin hiéu tir cdy dau ring ngua; Mau hong cam: S2/G2a; Mau hdng: isoleucine

zipper, GCN4plIl; Mau vang: dudi 6xHis; Mau cam: dudi c-myc; Mau do: KDEL, peptide dinh
hudng tich lity & ludi noi chat hat.
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Phu luc 31. So db vector biéu hién pCB301-S2/G2a-pl|

w 155 Prom oter
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7 dlll (812300
IIH.IJ’ (81230 Igggj

Mgy

(4187) oS

pCB301_SP_His_S2/G2a_pll_cmyc_KDEL

Vang gen tir vi tri Hindlll (8123) dén vi tri HindlIl (5296) chira cassette biéu hién bao gdm promoter
va terminator 35S cua Cauliflower mosaic virus (CaMV): mau xanh 14; LeB4 SP, peptide tin hiéu tu
cdy dau rang ngua: mau d6 nau; S2/G2a: mau hong cam; isoleucine zipper, GCN4pll: mau hong; dudi
6xHis: mau vang; dudi c-myc: Mau cam; KDEL, peptide dinh hudng tich lily & ludi noi chat hat: mau
do.

OriV: diém khoi dau sao chép; nptll: gen khang khang sinh kanamycin; TrfA: ma héa protein khoi
dau sao chép, can thiét cho hoat dong cua OriV; RB: right bolder: viing bién gisi bén phai; Nos
promoter: promoter cta vi khuan, chiu trach nhiém sinh tong hop nopaline; nptlll: gen khang
kanamycin; Ter Nos: terminator cua vi khuan, chiu trach nhiém sinh tong hop nopaline; LacZ: ma hoa
enzyme phan cit dudng lactose thanh duong don.
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Phu luc 32. Dy doan cac vi tri glycosyl hoa trong trinh tu axit amin caa protein

COE-S1D/G2a

STTaxit | STTvi | STT/axit | STTvi | STT/axit| STTvi | STT/axit | STT vi
amin/du tri amin/dy tri amin/du tri amin/dy tri
doan glycosyl doan | glycosyl | doan | glycosyl | doan | glycosyl
glycosyl hoa glycosyl hoa glycosyl hoa glycosyl hoa
hoa hoa hoa hoa

1V - 351 - 69Sn 103 F -

2TG 1 36N G 6 70NG 13 104 G -

3L- 37G - 71C- 105Y -

4P - 38 F- 72P - 106 P -

5SG 2 39SG 7 73 F - 107 E -

6F- 40Sn 74TG 14 108 F -

7TNG 3 41F - 75L - 109 G -

8D - 42 C - 76 Q - 110Sn

9H - 43V - 77Sn 111 G-

10Sn 44 D - 78V - 112V -

11F - 45TG 8 7T9NG 15 113K -

12V - 46 R - 80D - 114 F -

13NG 4 47 Q - 8Ly - 115Tn

141 - 48 F - 82 L - 116 SG 17
15Tn 49Tn 83Sn 117 L -

16V - 501 - 84 F - 118Y -

17Sn 51Tn 85Sn 119F -

18 A - 52 L - 86 K - 120 Q -

19A- 53 F - 87 F - 121 F -

20 F - 54Y - 88 C - 122 Tn

21G - 55NG 9 89V - 123 K -

22G - 56V - 90Sn 124 G -

23 H - 57TG 10 91 Tn 125E -

24Sn 58N G 11 92Sn 126 L -

25G - 59SG 12 93 F - 1271 -

26 A - 60Y - 94 L - 128 L -

27 Nn 61 G - 95 A - 129 G -

28 L - 62 - 96S G 16 130 TG 18
291 - 63V - 97 A - 131 P -

30A- 64 Sn 98 C - 132 K -

31Sn 65 K - 99 Thn 133 P -

32D - 66 Sn 1001 - 134 L -

33Tn 67 Q - 101D - 135E -

A4TG 5 68 D - 102 L - 136 G -




XXX

STT/axit | STTvi |STT/axit |STTvi |STT/axit | STTvi |STT/axit | STT vi
amin/du | tri amin/dyu | tri amin/du | tri amin/du | tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl | hoa glycosyl | héa glycosyl | hoa glycosyl | hoa
hoa hoa hoa hoa

136 G - 155G - 193V - 231 P -

137V - 156 F - 194Y - 232 G -

138T G 19 157 K - 195S G 24 233 F -

139D - 158 G - 196 V - 234 F -

140 V - 159 E - 197 Tn 235 Y -

141S G 20 160 G - 198 P - 236 H -

142 F - 1611 - 199 C - 237Sn

143 M - 1621 - 200S G 25 238 N n

144 Tn 163 Tn 201 F - 239D -

145 L - 164 L - 202Sn 240 G -

146 D - 165Tn 203 E - 241Sn

147 V - 166 N G 22 204 Q - 242N G 32
148 C - 167 Sn 205 A - 243 C -

149 TG 21 168 Sn 206 A - 244T G

150 K - 169 F - 207 Y - 245 E -

151 - 170 L - 208 V - 246 P -

152 Tn 171 A - 209 D - 247V -

1531 - 172 G - 210D - 248 L -

154'Y - 173V - 211D - 249V -

136 G - 174Y - 2121 - 250 'Y -

137V - 175Y - 213V - 251S G 33
138 T G 19 176 T n 214 G - 252 N n

139D - 177 Sn 215V - 2531 -

140 V - 178 D - 216 | - 254 G -

141S G 20 179Sn 217S G 26 255V -

142 F - 180 G - 218Sn 256 C -

143 M - 181 Q - 219 L - 257 K -

144 Tn 182 L - 220S G 27 258 Sn

145 L - 183 L - 221Sn 259 G -

146 D - 184 A - 222Sn 260 S n

147 V - 185 F - 223TG 28 2611 -

148 C - 186 K - 224 F - 262 G -

149 TG 21 187 N G 23 225N G 29 263 Y -

150 K - 188 V - 226 S G 30 264V -

151 - 189 Tn 2271TG 31 265 P -

152 Tn 190Sn 228 R - 266 S G 34
1531 - 191G - 229 E - 267 Q -

154 Y - 192 A - 230 L - 268 Sn




XXXI

STT/axit | STTvi | STT/axit | STTvi |STT/axit | STTvi |STT/axit | STT vi

amin/dy | tri amin/dy | tri amin/dy | tri amin/dyu | tri

doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl

glycosyl | hoa glycosyl | héa glycosyl | hoa glycosyl | hoa

hoa hoa hoa hoa

269 G - 274 A - 279 G - 284 P -

270 Q - 275 P - 280N G 35 285 TG 37

271V - 276 T n 2811 - 286 N G 38

272 K - 277V - 282S G 36 287 F -

273 1 - 278 Tn 2831 - 288S G 39
"G" = Glycosyl hoa; "n" = Khong dugc glycosyl hoa; "-" = Khac

Du doan cac vi tri glycosyl héa trong trinh tu axit amin caa protein COE-S1D/G2a dugc thuc hién sur
dung cdng cu du doan GPP cta hhdm tac gia [152] DPai hoc Nottingham




XXXII

Phu luc 33. Du doan cac vi tri glycosyl hda trong trinh ty axit amin cua protein

S2/G2a
STT/axit | STTvi | STT/axit | STTvi | STT/axit | STTvi | STT/axit | STT vi
amin/dy tri amin/du tri amin/dyu tri amin/du tri
doan | glycosyl doan | glycosyl doan | glycosyl doan | glycosyl
glycosyl hoa glycosyl hoa glycosyl hoa glycosyl hoa
hoa hoa hoa hoa
1E- 34 G- 67Y - 100 A -
2L - 3BY - 68 L - 101 C -
3P- 36V - 69 Q - 102 K -
4G - 37P- 70L - 103TG 14
5F- 38SG 4 71 - 104 1 -
6F- 390 - 72Nn 105 E -
7Y - 40Sn 73Tn 106 SG 15
8H- 41 G - 74P - 107 A -
9Sn 42 Q - 75V - 108 L -
10NN 43V - 76 Sn 109 Q -
11D - 44 K - 77V - 110 L -
12G - 451 - 78D - 111SG 16
13Sn 46 A - 79 C - 112 A -
14 NG 1|47P- 80 A - 113 R -
15C - 48 Tn 81Tn 114 L -
16 TG 249V - 82Y - 115E -
17 E - 50TG 5 83V - 116 Sn
18 P - 51 G- 84 C - 117 A -
19V - 52N G 6 85N G 13 118 E -
20L - 531 - 86 G - 119V -
21V - 54S G 7 87 Nn 120N n
22Y - 551 - 88Sn 121S G 17
23S G 3|56P - 89R - 122 M -
24Nn 57TG 8 90 C - 123 L -
251 - 58 NG 9 91K - 124 Tn
26 G - 5 F - 92Q - 1251 -
27V - 60S G 10 93 L - 126 Sn
28 C - 61 M - 94 L - 127 E -
29K - 62S G 11 95Tn 128 E -
30Sn 631 - 96 Q - 129 A -
31G- 64 R - 97V - 130 L -
32Sn 65T G 12 98 Tn 131 Q -
331- 66 E - 99 A - 132 L -




XXX

STT/axit | STTvi |STT/axit | STTvi |STT/axit |STTvi |STT/axit | STT vi
amin/du | tri amin/dy | tri amin/dy | tri amin/du | tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl | hoa glycosyl | hoa glycosyl | hoa glycosyl | hoa
hoa hoa hoa hoa

133 A - 171 L - 209V - 247Y -

134Tn 172 L - 210 M - 248 A -

1351 - 173 F - 211V - 249V -

136 SG 18 174 Nn 212 L - 250 Q -

137 Sn 175K - 213 P - 251 A\ -

138 F - 176 V - 214 G - 252 R -

139N G 19 177V - 215V - 253 L -

140G - 178 Tn 216 V - 254 N n

141D - 179N n 217D - 255Y -

142 G - 180 G - 218 A - 256 L -

143 Y - 181 L - 219 E - 257 A -

144N G 20 182 G - 220 K - 258 L -

145 F - 183TG 23 221 L - 259 Q -

146 Tn 184V - 222 H - 260 T n

147 N n 185D - 223 M - 261 D -

148V - 186 E - 224°Y - 262V -

149 L - 187 D - 225S G 25 263 L -

150 G - 188Y - 226 A - 264 Q -

151V - 189 K - 227Sn 265 R -

152S G 21 190R - 228 L - 266 N G 27
153V - 191 C- 229 | - 267 Q -

154Y - 192Sn 230G - 268 Q -

155D - 193Nn 231 G- 269 L -

156 P - 194G - 232 M - 270 L -

157 A - 195R - 233V - 271 A -

158S G 22 196 Sn 234 L - 272 E -

159 G - 197V - 235G - 273S G 28
160 R - 198 A - 236 G - 274 F -

161V - 199 D - 237 F - 275N n

162V - 200 L - 238T G 26 276 SG

163 Q - 201V - 239 A - 277 A -

164 K - 202 C - 240 A - 278 | -

165R - 203 A - 241 A - 279 G -

166 Sn 204 Q - 242 A - 280N G 29
167 F - 205Y - 243 L - 2811 -

168 1 - 206 Y - 244 P - 282TG 30
169 E - 207S G 24 245 F - 283S G 31
170D - 208 G - 246 Sn 284 A -




XXXIV

STT/axit | STTvi |STT/axit | STTvi |STT/axit |STTvi |STT/axit | STT vi
amin/du | tri amin/dy | tri amin/dy | tri amin/dy | tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl | hoa glycosyl | hoa glycosyl | hoa glycosyl | hoa
hoa hoa hoa hoa

285 F - 321 Tn 357 L - 394V -

286 E - 322Q - 3581 - 395K -

287 Sn 323 L - 359 Thn 396 Sn

288 V - 324Tn 360 G - 397 Q -

289 K - 325V - 361R - 398S G 43
290 E - 326 Q - 362 L - 399Q -

291 A - 327 L - 363Sn 400 R -

292 | - 328 Q - 364 A - 401 -

293S G 32 329 H - 365 L - 402 G -

294 Q - 330N G 36 366 N n 403 F -

295T G 33 331F- 367 A - 404 C -

296 Sn 332Q - 368 F - 405 G -

297 K - 333A- 369V - 406 G -

298 G - 3341 - 370 A - 407 D -

299 L - 335SG 37 371Q - 408 G -
300NN 336 SG 38 372Tn 409 E -

301 TG 34 337SG 39 373 L - 410 H -

302V - 3381 - 374 Tn 4111 -

303 A - 339D - 375K - 412 F -

304 H - 340D - 376 Y - 413S G 44
305 A - 3411 - 377Tn 414 L -

306 L - 342°Y - 379V - 415V -

307 Tn 343S G 40 380 Q - 416 Q -

308 K - 344 R - 381 A - 417 A -

309V - 345 L - 382Sn 418 A -

310Q - 346 D - 383 R - 419 P -

311 E- 347 1 - 384 K - 420 Q -

312V - 348 L - 385 L - 421G -

313V - 349S G 41 386 A - 422 L -

314N G 35 350 A - 387 Q - 423 L -
315Sn 351D - 388 Q - 424 F -

316 Q - 352V - 389 K - 425 L -

317G - 353Q - 390V - 426 H -

318 A - 354V - 391NG 42 1427 Tn

319 A - 355D - 392 E - 428V -

320 L - 356 R - 393 C - 429 L -




XXXV

STT/axit | STTvi | STT/axit | STTvi |STT/axit | STTvi |STT/axit | STT vi
amin/dyu | tri amin/dy | tri amin/dy | tri amin/dyu | tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl | hoa glycosyl | hoa glycosyl | hoa glycosyl | hoa
hoa hoa hoa hoa

430V - 468 T n 509 P - 547 L -

431 P - 469 A - 510 E - 548N G 58
432 G - 470 TG 46 511V - 549 L -

433D - 471 E - 5121 - 550 TG 59
434 F - 472°Y - 513 P - 551G -

435V - 473 F - 514 D - 552 E -

436 N G 45 474V - 515Y - 5531 -

437V - 475S G 47 516 | - 554 A -

438Sn 476 Sn 517D - 555D -

439 A - 47T R - 518V - 556 L -

440 | - 478 R - 519N G 51 557 E -

441 A - 479 M - 520 K - 558 Q -

442 G - 480 Y - 521 TG 52 559 R -

443 L - 481 E - 522 L - 560 S G 60
444 C - 482 P - 523D - 561 E -

445V - 483 R - 524 E - 562 S G 61
446 N n 484 K - 5251 - 563 L -

447 D - 485 P - 526 L - 564 R -

448 E - 486 T G 48 527 A - 565N G 62
449 | - 487V - 528 S G 53 566 T n

450 A - 488 G - 529 L - 567 TG 63
451 L - 489 D - 530 P - 568 E -

452 Tn 490 F - 531N G 54 569 E -

453 L - 491V - 532 R - 570 L -

454 R - 492 Q - 533Tn 571 Q -

455 E - 4931 - 534 G - 572S G 64
456 P - 494 E - 535P - 573 L -

457 G - 495Sn 536 SG 55 5741 -

458 L - 496 C - 537 L - 575Y -

459V - 497V - 538S G 56 576 N G 65
460 L - 498V - 539 L - 5771 -

461 F - 49TG 49 540 D - 578 N G 66
462 Tn 503 L - 541V - 579 N n

463 H - 504 Tn 542 F - 580 T n

464 E - 505R - 543N G 57 581L -

465 L - 506 D - 544 A - 582V -

466 Q - 507 Q - 545Tn 583D -

467 D - 508 L - 546 Y - 584 L -




XXXVI

STT/axit | STTvi | STT/axit | STTvi |STT/axit | STTvi |STT/axit | STT vi
amin/du | tri amin/dy | tri amin/dy | tri amin/dyu | tri
doan glycosyl | doan glycosyl | doan glycosyl | doan glycosyl
glycosyl | hoa glycosyl | hoa glycosyl | hoa glycosyl | hoa
hoa hoa hoa hoa

585 E - 589 R - 593Y - 597 P -

586 W - 590V - 594 | -

587 L - 591E - 595 K -

588 N G 67 592 Tn 596 W -

"G" = Glycosyl hoa; "n" = Khong dugc glycosyl hoa; "-" = Khac

Du doan cac vi tri glycosyl hda trong trinh tu axit amin cta protein S2/G2a dugc thuc hién st dung
cbng cu du doan GPP cua nhom téc gia [152] Dai hoc Nottingham
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