BAO CAO KHOA HOC VE NGHIEN CUU VA GIANG DAY SINH HOC ﬂVIET NAM - HOI NGHI KHOA HOC [lUﬁC GIA LAN THU 6
DOI: 10.15625/vap.2024.0093

BIEU HIEN KHANG NGUYEN DUNG HOQ'P S1D-LL-37 O’ TE BAO
MO SEO LUA CHUYEN GENE

Nguyén Xuan Huy23", Moon-Sik Yang?3

Tém tat. Vung quyét dinh khang nguyén S1D, vi tri acid amin 636-789 cua
protein gai, 1a yéu t6 quyét dinh khang nguyén trung hoa cta vi rat gy bénh tiéu
chay cép trén lon (Porcine Epidemic Diarhea virus - PEDV). PEDV la tic nhan gay
bénh tiéu chay cip & lon, dic biét 12 lon so sinh. D€ ting phan rng mién dich cua
vaccine c6 ngudn gdc tir thwc vat trong hé thdng mién dich niém mac rudt, gene
S1D cua PEDV da dwgc dung hop véi Cathelicidin LL-37, déng vai tro quan trong
trong hé thdng mién dich bam sinh bao vé ciac bénh nhiém trung do vi khuan.
Gene dung hgp dwoc tao dong vao vector biéu hién & thwc vat dwdi sw kiém soat
cuia promoter 3D amylase cia lda (RAmylase3D) va peptide tin hiéu BiP, sau dé
dwoc bién nap vao mo seo cda lda thong qua phwong phéap bién nap gene bang
sung ban gene. Sw tich hop 6n dinh vao hé gene nhan va bi€u hién phién mi cta
gene chuyén dwoc xac nhan lan lwot bing PCR DNA t6ng s6 va phan tich
Northern blot. Sw bi€u hién cta protein di loai S1D-LL-37 dwoc xac nhan bang
phwong phap Western blot. K&t qua cho thay, sw biéu hién cao nhit cta protein
di loai trong md seo lia vao ngay thir 3 sau khi dwgc cadm &ng trong moi truedng
nudi cdy huyén phu khdéng chira sucrose bang phwong phap Western blot theo
thoi gian. Viéc biéu hién thanh cdng gene dung hop SID-LL-37 & md seo lua
chuyén gene sé dwoc nhan 1én va kiém tra tinh kha thi cta vaccine san xudt tir té
bao mo seo cia lua.

Tw khéa: PEDV, S1D, vaccine, mo seo laa, lia chuyén gene.

1. PAT VAN PE

PEDV la tac nhan gay tiéu chay cap & lon, dac biét & lon so sinh (Cavanagh va cs.,
1993). PEDV phé v& céc té bao nhung mao rudt va gay teo nhung mao ¢ hdng trang va
hoi trang, dan dén tr vong véi ty 18 tir vong 1én téi 95% & lon con bi nhiém bénh
(Ducatelle va cs., 1981). Bénh tiéu chay cap & lon dugc phat hién lan dau tién ¢ Bi, dugc
dat tén la CV777 (Pensaert & de Bouck, 1978a) va & Anh (Chasey & Cartwright, 1978)
vao nim 1978. Sy bing phét cia cin bénh nay da duoc béo cdo & nhiéu qudc gia chin
nudi lon dan dén thiét hai kinh té nghiém trong ¢ Canada (Turgeon va cs., 1980), chau Au
(Pospischil va cs., 1981), Nhat Ban (Takahashi va cs., 1983), Trung Quoc (Qin va cs.,
2019), Han Qudéc (Chae va cs., 2000),... O Viét Nam, dich tiéu chay cap ¢ lon xay ra &
nhiéu dia phuong va giy anh hudng den kinh té cua nguoi dan chin nudi lon (Luong
Trong Thing va cs., 2020; Nguyén Tat Toan va cs., 2012; Huynh Minh Trf va cs., 2017).
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PEDV c6 hinh dang coronavirus dién hinh véi cau tric phtc tap va bao gém 16p vo
va nucleocapsid (Pensaert & de Bouck, 1978b). Bo gene bao gdm mot chudi RNA sgi don
cam tng duong (Kocherhans va cs., 2001). Trong cé&c cau tric protein, protein S la khang
nguyén quyét dinh dé phat trién vaccine chong lai PEDV (Duarte & Laude, 1994; Yeo,
Hernandez va cs., 2003). Protein S ¢6 thé dugc chia thanh mién S1 (aa 1-789) va mién S2
(aa 790-1383) (Follis va cs., 2006). S1 duoc chia thanh 2 viing quan trong bao gom viing
quyét dinh khang nguyén trung hoa cua PEDV (CO-26K equivalent, COE gene) dai 139
aa trai dai trén vung aa 499-638 (Chang va cs., 2002) va mét vung epitope méi duoc dat
tén 12 S1D (aa 636-789) dé tao ra cac khang thé trung hoa virus (Sun va cs., 2008). Trong
cac nghién ciru trude day, gene S1D va/hoac dung hop vai Cholera toxin b subunit (CTB)
da duoc biéu hién & cay thudc 14 va kiém tra kha nang mién dich cia chung (Huy va cs.,
2016; Tien va cs., 2019). Thuc vat da dugc s dung l1am hé théng biéu hién dé tao ra
protein di loai tai tb hop. Cac protein di loai c6 thé duoc biéu hién ¢ cac phan cd thé l1am
thire dn cua cay va cd thé duoc st dung 1am vaccine thuc pham (Jacob va cs., 2013; Sala
va cs., 2003; Streatfield, 2006). Dé tang kha ning dap (ng mién dich cua vaccine thyc
pham & vat cha, gene S1D di duoc dung hop vai chat bo trg niém mac LL-37. LL-37 la
san pham tir sy phan cit protein khang khuan cation cathelicidin & ngudi (hCAP-18) nho
tac dung cua protease serine. LL-37 di duoc chiing minh 1a ¢ hoat tinh khang khuan
manh va dong vai tro quan trong trong kha néng mién dich bam sinh (Dirr va cs., 2006;
Kahlenberg & Kaplan, 2013; Sancho-Vaello va cs., 2020). Trong nghién ctu nay, gene
dung hop S1D-LL-37 duoc biéu hién & md seo lta dudi sy kiém soét cua promoter
Amylase 3D cua laa va duoc toi wu hoa dé dat dwoc mac biéu hién protein cao nhat trong
nudi cay huyén phi mé seo lta chuyén gene.

2. PHUONG PHAP NGHIEN CU*U
2.1. Tao dong vector biéu hién gene

Pé tao vector biéu hién gene ¢ té bao Iia, gene dung hop S1D-LL-37 duoc cat tur
plasmid nhan dong pMYV793 bang 2 enzyme cat han ché BamHI va Sacl (Takara Bio,
USA). Plasmid chtra promoter Amylase 3D, peptide tin hi¢u BiP va vung 3* khong ma hoa
ddng thoi ciing dugc cat md vong véi 2 enzyme cat han ché BamHI va Sacl (Takara Bio,
USA). Vector biéu hién va doan chén S1D-LL-37 dugc tinh sach bang Kit tinh sach DNA
(Qiagen). Phan ung ndi vector va doan chén dugc thuc hién nhd enzyme ligase (Takara
Bio, USA) & 4 °C qua dém. San pham sau khi néi duoc bién nap vao té bao E. coli kha
bién va nudi trong moi trudng LB bd sung ampicillin nong do 50 pg/mL. Cac khuan lac
dugc nudi cay, tach chiét plasmid bang Kit (Takara Bio, USA) va cat kiém tra bang 2
enzyme nhu ¢ trén. Plasmid pMYV797, mang gene S1D-LL-37, dugc tao dong thanh cong
dugc nhéan 1én trong moi trudng LB ¢6 bo sung khang sinh, tinh sach bang Kit, do nong do
va duoc st dung dé ban gene vao md seo té bao lla.

2.2. Ban gene vao md seo té€ bao lua

Hat IGa (Oryza sativa L. cv. Dongin) sau khi boc vo dugc khir tring va nudi cdy trén
moi truong chita muoi N6 va vitamin (Chu va cs., 1975) b6 sung thém axit 2,4-
dichlorophenoxyalic (2,4)-D) (2 mg/L), sucrose (30 g/L), kinetin (0,2 mg/L) trong 7 ngay
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dé tao md seo. Md seo duoc nudi ciy trén moi trudng dia thach va bién nap véi plasmid
pPMYV797 (Chen va cs., 1998) va tiép tuc duoc dong nudi ciy cé bd sung 2,4 D (2 mg/L),
sucrose (30 g/L, kinetin (0,2 mg/L), glucose (10 g/L) khdng dung khang sinh trong 3 ngay
trong diéu kién tdi va sau d6 chuyén sang méi truong chon loc N6 (Chu va cs., 1975) ¢6
bé sung khang sinh hygromycin B (50 mg/L) @ chon loc. Sau 2-3 tuan, mé seo lda
chuyén gene gia dinh da xuat hién.

2.3. Phan tich PCR DNA tdng so

Sy hién dién cua gene chuyén trong té bao mo seo dugc phén tich bing PCR DNA
tong s6. DNA tong s6 clia mo seo lla chuyén gene gia dinh va khdng chuyén gene duoc
tach bang ZR Genomic DNA Kit (Zymo Research, USA). PCR duoc thyc hién voi thé tich 25
uL chta: 500 ng of DNA tong s6, moi xudi (S1D-BamHI-F: 5°- GGATCC GAC GTT
TCT TTT ATG AC-3’) va moi nguoc (LL-37-R: 5°- AGG ACT CTG TCC TGG GTA
CAA-3’) 200 pM dNTPs, 1xTaq polymerase buffer va 02 don vi iTaq polymerase. Chu ky
PCR nhu sau: b1en tinh 95 °C trong 5 pht, tlep theo 30 chu ky cua bién tinh 95 °C trong 1
phut; bit cap mdi 55 °C trong 30 gidy va tong hop soi mai ¢ 72 °C trong 30 gidy va cudi
cuing 1a 72 °C trong 5 phdt. San pham PCR duoc kiém tra bang dién di 1,0 % gel agarose.

2.4. Phan tich Nothern blot

Pé cam ung qua trinh tdng hop mRNA cua md seo lta chuyén gene dudi su diéu
khién cua promoter RAmylase3D, md seo lda chuyén gene dugc cam {ng trong mdi
truong N6 khong chira sucrose trong 3 ngay. RNA tong s tir té bao lGa ty nhién va
chuyén gene duoc tach chiét biang Trizol Reagent (Molecular research center, Inc., Ohio,
USA) theo hudng dan caa nha san xuat. Mau RNA (20~30 pg) dugc phan tach bing dién
di 1,2% formaldehyde-agarose gel (Lehrach va cs., 1977) va tham tach 1én mang Hybond
N+ membrane (Amersham Pharmacia Biotech, Piscataway, NJ, USA). Mang duoc lai
trong budng Hybridization Incubator (Finemould Precision Ind. Co., Korea) voi moi S1D
dugc danh diu 32P-dCTP (Promega) & 65 °C trong dung dich (pH 7.4) chira 1 mM EDTA, 250
mM Na2HPO4.7H,0, 1% hydrolyzed casein, and 7% SDS. Mang duoc rira 2 1an véi dung
dich A (2x SSC, 0.1% SDS), 02 lan véi dung dich B (2x SSC, 1% SDS) va cubi cing 2
lan vai dung dich C (0.1x SSC, 0.1% SDS) trong 15 phut/lan ¢ 65 °C. Anh phong xa dugc
hién thi trén phim X-quang (Kodak, USA).

2.5. Phan tich Western blot

M6 seo lla chuyén gene dugc cam tng trong mdi trudng N6 khong chira sucrose
trong 4 ngay. Protein tong sé duoc tach chiét bang dém Arakawa (Arakawa va cs., 1997)
va do ndng dd protien bang Bradford protein assay (Bio-Rad Ic., Hercule, CA). Protein
tong s6 (50~80 pg) dugc phan tach trong gel SDS-PAGE 10% (Bio-Rad, USA). Céac band
protein trong gel duoc chuyén 1én mang Hybond C (Amersham Pharmacia Biotech,
Piscataway, NJ, USA) st dung hé théng mini-transblot (Bio-Rad, USA). Phan tng lai
protein dugc thuc hién véi mouse anti-S1D serum trong dém TBST chira 3,0% non-fat dry
milk, rira mang va lai véi khang thé 2 anti-mouse lgG conjugated with alkaline
phosphatase (Promega S372B) trong dém TBST. Mang duoc phat mau bang BCIP/NBT
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solution, premixed (Sigma, USA). Sau khi chon cac dong c6 biéu hién protien cao, céc té
bao lta dugc cam wng theo thoi gian dé toi wu hoa biéu hién.

3. KET QUA NGHIEN C(’U VA THAO LUAN
3.1. Ciu tric bi€u hién & té bao mo seo lda

Gene dung hop S1D-LL-37 chira trinh tu peptide tin hiéu BiP (Morris va cs., 1997;
Nguyen et al, 1991) va tin hiéu dinh hudng dich dén ludi noi chat (SEKDEL) tai dau 3
(Kang va cs., 2004) duoc tao dong vao vector biéu hién ¢ té bao lua va dit tén pMYV797
(Hinh 1). Biéu hi¢n cua protien dung hop S1D-LL37 dugc diéu khién boi promoter
RAmylase 3D. Gene ma héa hygromycin phosphotransferase (Hpt) duoc sir dung dé chon
loc cé4c té bao chuyén gene khang hygromycin B. Vector nay dugc bién nap vao té bao md
seo l0a bang phuong phap ban gene. Cac dong lGa gia dinh chuyén gene s& xuét hién 2 -3
tuan sau khi nudi ciy trong moéi truong chon loc bd sung hygromycine B.

Hindlll BamHI Kpnl Sacl  EcoRI

358 polyA| Hpt | p35S |_ pAm}'laseiiDIBiP s.g S1D LL37 | ¥UTR | IRp

Hinh 1. Cdu tric plasmid biéu hién & ltia, pMYV797. LB, bo T-DNA trdi; RB, bor T-DNA phdi,
Nos-t, nos terminator, pRAmy3D, promoter Amylase 3D & liia; S1D, gene S1D md héa yéu té
quyét dinh khdng nguyén ctia PEDV; Hpt, gene md hdéa khdng hygromycine B; p35S, promoter
CaMV 35 S; 35S polyA, trinh tw két thiic ctiia CaMV 35S; BiP s.g, peptide tin hiéu ctia N.
benthamiana; LL-37, trinh tw gene LL-37 ctia hCAP-18

3.2. PCR DNA tong sé

DNA tdng sé dugc tach chiét tir té bao lua gia dinh chuyén gene va tu nhién bang
ZR genomic DNA kit (Zymo Research, USA). Két qua PCR cho thay sy hién dién cua
S1D-LL37 trong hé gene cua té bao IGa chuyén gene véi kich thuéc khoang 576 bp (Hinh
2). Té bao lGa tu nhién khdng xuat hién band PCR. Théng qua két qua PCR, 25 dong Iia
chuyén gene da duoc chon loc cho cac thi nghiém tiép theo.

PMYV797 _l pAmylase 3D | BiP s.g’ S1D | LL37

3'UTR }7

S1D(BamHI)-F LL37R

MPCNC1 2 3 4 5 6 7 8 910111213 141516 1718 19 2021 22 23 24 25M

~576bl) D 0 G G et Gt e G G G G D Gt B e S D S G GO e G G w0 G0 -

LA AL L Y R LR B X T

Hinh 2. Két qud dién di sdn phdm PCR DNA téng sé. NC, ddi chitng Gm v&i mé seo lila tw nhién;
PC, d6i chirng dwong véi khuén mau plasmid pMYV797; dong 1-25, mé seo ctia cdc dong lia gid
dinh chuyén gene; M, 100 bp DNA ladder (Thermo Fisher Scientific)
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3.3. Phan tich Northern blot

Phién ma mRNA cua gene dung hop S1D-LL-37 trong té bao IGa chuyén gene
dugc xac dinh bang Northern blot (Hinh 3). Cac band rRNA giita cac dong lGa chuyén
gene twong ddi ddng déu va khdng bi dut gay, diéu ndy mét lan nira khang dinh luong
RNA tong sb duoc dién di trong cac mau tuong déi dong déu (Hinh 3A). Tuy nhién, tin
hiéu trén mang phim X-quang bién thién rat 16n giita cac dong lda chuyén gene, chiing
t6 6 sy sai khéc trong qua trinh phién ma thanh mRNA cua gene chuyén trong cac dong
lta chuyén gene (Hinh 3B). Chng t6i chon loc cac dong lta chuyén gene c6 tin hiéu cao
dé phan tich sy biéu hién cua protein. Cac dong lta chuyén gene #3, #11, #15, #18, #22
va #24 duoc chon loc. Trong d6, 3 dong chuyén gene gom #18, #22 va #24 c6 tin hiéu
cao nhét (Hinh 3B).

NC 3 6 8 10 11 14 15 18 22 24

_B

rRNA A

Hinh 3. Két qud phdn tich Northern ctia cdc dong mé seo liia chuyén gene. RNA téng s6 (25 ug)
tir mé seo liia chuyén gene va tw nhién dwoc lai véi mau do S1D-LL37 c6 kich thuéc 576 bp da
ddnh ddu phéng xa. NC, d6i chitng dm mé seo liia tw nhién; dong 3~24, mé seo ltia chuyén gene

3.4. Phan tich Western blot

Protein tai t6 hop S1D-LL-37 trong té bao lia chuyén gene dwgc diéu khién tir
promoter RAmylase 3D. Qua trinh tong hop protein nay Xay ra khi moi trudng cam ung
khéng bo sung sucrose. Dé tong hop protein S1D-LL-37, té bao IGa chuyén gene dugc
nudi cy trong moi truong mudi N6 dic khdng bd sung sucrose trong 4 ngay. Két qua
phan tich Western blot cho thay cac dong lda chuyén gene #18, ##22 va #24 c6 tin hiéu
band ddm hon cac dong con lai (Hinh 4).

Phan tu protein S1D-LL-37 gom 190 acid amin va duoc du doan cé khéi luong
20,78 kDa bao gdom khang nguyén S1D (17 kDa) va LL-37 (3,78 kDa). Tuy nhién, két qua
tong hop protein nay trong té bao lua khoang 43 kDa (Hinh 4). Ket qua nay duoc giai
thich do qué trinh bién di protein hau dich ma. St dung phan mém netNGlyc 1.0 dé du
doan cac vi tri gdn N-glycosylation cho thay protein S1ID-LL-37 c6 dén 7 vj tri c6 kha
ning gan N-glycosylation (Hinh 5). Theo két qua nghién ciu cia ching t6i trudc day,
khang nguyén S1D tai t6 hop & la cay N. benthamiana, c6 khdi lwong phan tir khoang 34
kDa, duoc cit cac cac phan tir duong gan vao trong qué trinh hau dich ma bang enzyme
PNGase F(+) va két qua thu band protein S1D sau xir Iy 17 kDa (N.-X. Huy et al 2016).
Két qua nghién ciru nay twong duong véi nghién ctru trude day cua ching toi (Huy et al,.
2016).
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Hinh 4. Két qud phdn tich Western blot ctia cdc dong mé seo ltia chuyén gene. (A) 12% SDS-
PAGE gel; (B) Phdn tich Western blot dwoc lai véi khdng thé da dong 1 anti-S1D sdn xudt twr
chuédt. M, thang chudn prestained protein (Thermo Fisher Scientific); PC: S1D dworc sdn xudt tir
E. coli; NC, mé seo lia tw nhién; dong 3~24, mé seo liia chuyén gene

Name: S1D-LL-37 Length: 198

DVSFMTLDVCTKY TIYGFKGEGIITLTNSS ILAGYYY TSDSGQLLAFKNVTSGAVYSVTPCSFSEQAAYVNDDIVGVISS Ba
LSNSTFNNTRELPGF FYHSNDGSMNCTEPVLVYSNIGVCKSGS IGYVPSQYGOVKIAPTVTGNISIPTNFSMSILLGDFFR 168
KSKEKIGKEFKRIVQRIKDFLRNLVPRTES

................................................ e ga
B L Moo Moeoeonnns Messtnsmsnssasssnsnanannsnann N es 1o@
.............................. 240
(Threshold=8.5)

SegName Position Potential  Jury MN-Glyc

agreement result

Sequence 28 NSSI  @.4653 (5/9) - SEQUON ASN-XAA-SER/THR.
Sequence 49 NVTS  ©.6667 (9/9) 4+ SEQUON ASN-XAA-SER/THR.
Sequence 71 NDDI  @.6716 (9/9) ++

Sequence 83 NSTF  @.5002 (6/9) = SEQUON ASN-XAA-SER/THR.
Sequence 87 NNTR  ©.5169 (3/9) + SEQUON ASN-XAA-SER/THR.
Sequence 88 NTRE @.3982 (7/9) -

Seguence 188 NDGS  @.6387 (8/9) +

Sequence 184 NCTE 9.6447 (9/9) ++ SEQUON ASN-XAA-SER/THR.
Sequence 114 NIGV  @.6781 (9/9) ++

Sequence 142 NISI @.6574 (9/9) ++ SEQUON ASN-XAA-SER/THR.
Sequence 148 NFSM  ©.4316 (5/9) - SEQUON ASN-XAA-SER/THR.
Sequence 183 NLVP  @.1462 (9/9) ---

Hinh 5. Trinh tw protein S1D-LL-37 va dw dodn vi tri gan N-glycosylation bang netNGlyc 1.0.
S1D-LL-37, ¢6 07 vi tri c6 khd ndng gdn N-glycosylation trong qud trinh hdu dich ma

Hai dong I0a chuyén gene #18 va #24 cho thiy cac band protein ddm hon cac dong
chuyén gene con lai nén dugc chon dé nghién ciu cam wng theo thoi gian sau 3, 5, 7 ngay.
Két qua cho thiy, protein tai to hop dugc biéu hién manh nhat vao ngay thir 3 sau cam
ng. Céc ngay tiép theo protein biéu hién giam dan (Hinh 6). Dong laa #24 duoc chon dé
nudi sinh khéi trong bioreactor dé phuc vu cho cac nghién ciru mién dich tiép theo.
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Hinh 6. Nghién cttu cdm ttng theo thoi gian mikc dd biéu hién S1D-LL-37 trong méi trudng cdm
trng huyén phu N6 khdong bd sung sucrose. Dong #18 va #24 dwoc chon loc dé nudi cdy huyén
phti cdm trng sinh protein tdi t6 hop. M, thang chudn prestained protein (Thermo Fisher
Scientific); PC:, S1D dwoc sdn xudt tir E. coli; NC, mé seo lia tw nhién; lanes dong 3~6, cdc ngay
thu mdu sau khi cdm trng

4. KET LUAN

Trong nghién ctru nay, ching t6i da tao dong thanh cong vector biéu hién o lda
mang gene dung hop S1D-LL-37 va bién nap vao té bao mo seo cua lia. Céc dong lda
chuyén gene duoc phén tich PCR, Southern blot va Western blot. Dong lda chuyén gene
#24 dugc chon loc thong qua phéan tich Western blot va cam ung theo thoi gian. Thanh
cdng cua nghién ciu nay la tién dé cho cac nghién ctiu vé tinh mién dich cua protein dung
hop S1D-LL-37 téi t6 hop & lGa khang lai PEDV.
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EXPRESSION OF FUSION EPITOPE S1D-LL-37
IN TRANSGENIC RICE CALLI

Nguyen Xuan Huy'23*, Moon-Sik Yang3

Abstract. An S1D epitope region, locates on aa residue 636-789 of spike protein,
is an alternative neutralizing epitope against porcine epidemic diarrhea virus
(PEDV). PEDV is an etiologic agent of diarrhea in pigs, especially newborn pigs.
In order to increase immune responses of plant-based vaccines in intestine
mucosal immune systems, an S1D gene of PEDV was fused with LL-37, a critical
role in the innate immune system defending bacterial infections. The fusion gene
was cloned into a plant expression vector under the control of rice amylase 3D
promoter and BiP signal peptide, subsequently introduced into rice calli via
particle bombardment-mediated transformation method. The stable integration
and transcriptional expression of the S1D-ligand fusion gene were confirmed by
genomic DNA PCR and Northern blot analyses, respectively. The expression of
S1D-mucocalmucosal adjuvant fusion protein was confirmed by immunoblot
analysis. The highest expression of heterologous protein in induced rice calli was
found on day 3 after induction in S- liquid medium using time- course Western
blot analysis. The successful expression of the vaccine-mucosal adjuvant fusion
gene in transgenic rice calli will be scaled up and test the feasibility of a rice-
based vaccine with an oral administration method.

Keywords: PEDV, S1D, vaccine, rice callus, transgenic rice.
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