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1701 WU MA DI TRUYEN BE BIEU HIEN PROTEIN ORF2
CUA PORCINE CIRCOVIRUS TRONG ESCHERICHIA COLI

Trwong Quéc Phong', Khudt Hitu Thanh',
Tran Thi Thanh Ha?, Dang Vii Hoang’

TOM TAT

Bai bao nay trinh bay mot s6 két qua vé t6i ru hoa ma di truyén gen ORF2 ciia porcine circovirus
va biéu hién ORF2 trong vi khuan chu Escherichia coli BL21(DE3). Gen ORF2 ti vu dd duoc tach
dong thanh cong trong vector biéu hién pET22b(+) va chuyén vao E. coli BL21(DE3). Sy biéu hién
ctia protein ORF2 trong E. coli BL21(DE3) dé duoc kiém tra bang dién di gel polyacrylamide va lai
Western blot. Két qua nghién ciru ti uru hoa diéu kién biéu hién ciia chung tai t6 hop cho thiy protein
ORF2 tai t6 hop dugc biéu hién manh ¢ ndng d6 chat cam tng IPTG 0,05 mM, nhiét d6 37°C va thoi
gian cam ung la 4 gio. Protein ORF2 tai td hop da duogc tinh sach st dung séc ky ai luc dac hi¢u dudi
His-tag. Protein ORF2 tai to hop dang tinh sach nay ¢6 thé dugc sir dung 1am khang nguyén gay mién
dich trén dong vt tao khang thé dic hiéu. Viéc biéu hién thanh cong protein khang nguyén ORF2 ctia
porcine circovirus trong E. coli BL21(DE3) s& gilip cung cap ngudn khang nguyen phuc vu cho céc
nghién ctru tmg dung trong tao sinh pham chan doan va phat trién vaccine thé hé moi.

Tir khéa: Escherichia coli, biéu hién gen, ma di truyén tdi wu, ORF2, porcine circovirus 2 (PCV2)

Codon optimization for expression of porcine circovirus ORF2 protein
in Escherichia coli
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SUMMARY

In this paper, some results of codon optimization of porcine circovirus ORF2 gene and
expression of ORF2 protein in Escherichia coli were presented. Optimal ORF2 gene was
successfully cloned in expression vector pET22b (+) and transformed into E. coli BL21(DES3)
host. Expression of ORF2 protein in E. coli BL21(DE3) was checked by polyacrylamide gel
electrophoresis and Western blot method. Optimization studies of expression conditions for
recombinant strain indicated that the highest level of recombinant ORF2 was achieved in
conditions of 0.05% isopropyl B-D-1-thiogalactopyranoside (IPTG) inducer, 37°C temperature
after 4 hours induction. Recombinant ORF2 protein was purified using His-tag specific affinity
chromatography and could be used as antigen for animal immunization to generate specific
antibodies. Successful expression of porcine circovirus ORF2 protein in E. coliBL21(DE3) could
provide antigen source for applied studies in diagnosis and development of novel vaccines.

Keywords: Escherichia coli, gene expression, optimal codon, ORF2, porcine circovirus 2
(PCV2)

1. MO PAU lon dugc xac dinh 1a do porcine circovirus 2
(PCV2) gay ra. Virus PCV2 gay ra bénh 1y coi
coc, cham 1on, 16l loan ho hép va c6 thé chét,
do d6 gay thiét hai rat 16n vé kinh t& cho nguoi
chan nuoi. Cho dén nay, PCV2 c6 mit & hau hét

Hoi chirng coi coc sau cai sita (post-weaning
multisystemic wasting syndrome — PMWS) &

! Truong Pai hoc Bach khoa Ha Néi
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cac qubc gia trén thé gidi [1]. ty 1& nhidm PCV2
& Viét Nam tuong dbi cao va ting hang nim
[3]. Dé giam thiéu thiét hai, bién phap phong
bénh bang vacxin va chan doan sém tic nhan
gy bénh PCV2 dé dwa ra phac d6 diéu tri hop
ly 1a giai phap t6i wu duoc Iya chon. PCV2 1a
virus khong vo chira DNA, hé gen dang vong
soi don. Hé gen cia PCV2 gdm 1768 nucleotid
chtra hai khung doc mé chinh (ORF), trong dé
ORF1 ma hoa cho 2 protein lién quan véi qua
trinh sao chép (Rep va Rep’), ORF2 ma hoa
mot protein capsid ctua virus (Cap) [8]. ORF2
1a protein cdu trac duy nhét cua virus va lién
quan dén dap tng mién dich cua vat chi. Do do,
protein ORF2 duoc coi la khang nguyén quan
trong ng dung trong chan doan va phét trién
vacxin phong bénh.

Escherichia coli 1a mdt trong nhling vat
chii biéu hién gen ngoai lai hi¢u qua va dang
dugc str dung dé san xudt nhiéu loai protein tai
t6 hop. Tuy nhién, vat chi biéu hién nay gip
khoé khan khi biéu hién gen tur virus va sinh vat
nhan thyc do sy khong twong thich vé ma di
truyén. Gen ORF2 cta PCV2 c6 chtra nhiéu ma
hiém, dic biét 1 cum ma hiém nam ¢ dau N
cua gen [6]. Cac nghién clru trudc day cho thay
rang: protein ORF2 khong duoc biéu hién trong
E. coli BL21(DE3), nhung lai duogc biéu hién
trong ching cai bién E. coli BL21-CodonPlus
(DE3)-RIPL hoic E. coli BL21-Rosetta (DE3)
tur trinh ty gen ORF?2 ty nhién [4,11]. Protein
ORF2 dugc biéu hién thanh cong trong E. coli
BL21(DE3) khi gen ORF2 duoc bién d6i bang
cach thay thé 15 ma hiém [6] hodc loai bo trinh
tur dau N chira ma hiém [12]. Protein ORF2 tai
t6 hop ciing dugc téng hop khi duoc biéu hién
ddng thoi cung véi glutathione-S-transferase
(GST) hoac protein bam maltose (MBP) [7]. Tuy
nhién, mirc do biéu hién cua gen ORF2 trong E.
coli con thap. D¢ ting cudng biéu hién protein
ORF2 cua PCV2 trong E. coli BL21(DE3),
chung t6i da tién hanh t6i wu hoa toan bo trinh
tu gen ORF2 st dung phan mém OptimumGene
ctia Genscript (M¥). Viéc tdi uu khong chi thay
thé cac ma hiém ma con thay ddi cu tric bac 2

ctia mRNA thuan lgi cho qua trinh dich ma tong
hop protein.

II. VAT LIEU VA PHUONG PHAP
NGHIEN CcUU

2.1 Vat liéu

Chung E. coli BL21 (DE3), vector pET22b(+)
dugc chuyén giao tir Vién Cong nghé Sinh hoc —
Vién Han 1am Khoa hoc Viét Nam. Céc hoa chat
dung cho sinh hoc phan tr, dién di protein dugc
nhdp tor Sigma-Aldrich (My), New England
Biolabs (M¥), Merck (Ptrc). Khang thé khang
dudi His-tag, khang thé bac 2 khang IgG thé tho
gin cong hop alkaline phosphatase duoc mua
tir Genscript, Sigma-Aldrich (My). DNA t6i wu
dugc tong hop héa hoc boi Genscript (M).

2.2 Phwong phap nghién ctru
Phwong phdp téi wu ma di truyén

Viéc téi vu ma di truyén phu hop ching
chu E. coli dugc thuc hién bﬁng phén mém
OptimumGene ctia Genscript. Chét lugng cia
trinh ty t6i wu dugc danh gia thong qua chi s6
CAI va FOP. Chi s6 CAI = 1,0 dugc coi 1a diéu
kién tot nhat dé biéu hién trong vat chu lya chon.

Khuéch dai gen ORF2

DNA t6i wu duoc sir dung lam khuén cho
phan ung PCR khuéch dai gen ORF. 2, Su dung
cap moi dac hi¢u Orf2-F (5°- TTA CCA TGG
CTT ATC CGC GTC GCC G -3’) va Orf2-R
(5’- ATA CTC GAG CGG TTT CAG CGG
CGG GT -3”). Hon hop phan tmg PCR bao gdbm
0,2 mM dNTps, 1,5 mM MgCl, 0,2 uM mdi
loai moi, 1X dém, 1,25 U Taq DNA polymerase,
1 pul DNA khuon. Phan Gng dugc thuc hién 30
chu trinh nhiét bao gdm 95°C trong 30s, 59°C
trong 30s, 68°C trong 60s. San pham ciia phan
g duoc kiém tra bang dién di trén gel agarose
0,8%.

Tdach dong gen ORonpt
hi¢n pET22b(+)

vao vector biéu

San phém PCR véi cap moi dic hiéu co
gan 2 vi tri cat enzyme han ché Ncol va Xhol
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vao 2 dau 5’ va vector pET22b(+) duoc xir Iy
ddng thoi bang cap enzyme Ncol/Xhol va tinh
sach. Cac san pham cét dugc ndi ghép sir dung
enzyme T4 DNA ligase va bién nap vao E. coli
BL21(DE3) bang phuong phap sc nhiét. Sy
c6 mit cia gen ORF2 trong vector biéu hién
pET22b(+) duoc kiém tra bang phan tng PCR
va cit enzyme Neol/Xhol [9].

Biéu hién protein ORF2

Céu triic biéu hién tai t6 hop pET22: ORF2,,
trong E. coli BL21(DE3) dugc st dung dé bicu
hién protein ORF2. Qua trinh biéu hién duogc
thuc hién theo phuong phap mo ta boi Sambrook
va Russell (2001) (Sambrook, Russell, 2001).
Su biéu hién dugc cam g boi 1 mM isopropyl
B-D-1-thiogalactopyranoside (IPTG) ¢ 37°C
trong 4h. Sinh khéi duoc thu hdi va xir 1y bang
dém dién di (0,125 mM Tris-HCI, pH 6,8; 10
mM EDTA; 1% SDS, 1 % mercaptoethanol, 8
M urea) ¢ 95°C trong 5 phut. Protein thé vui
dugc tach chiét nhu sau: sinh khéi vi khuan
duoc hoa tan trong dém Tris-HCI, pH 6,8 va
pha v& bang siéu am. Can tia thu duoc bang ly
tam dem xu ly béng dém (Tris-HCI, pH 6,8; 8
M Urea). Dich protein duoc phan tich bang dién
di trén gel polyacrylamide (SDS-PAGE) va hién
mau bang thudc nhudm coomassie blue [5].

Diéu kién biéu hién protein ORF2 dugc t6i
uu don yéu t6 bao gdbm ndng do IPTG (0; 0,05;
0,1;0,3; 0,5; 0,7; 0,9; 1,1 va 1,3 mM), nhiét do
(20, 25, 30 va 37°C), thoi gian (0, 1, 2, 3, 4, 5h).

Phwong phap lai Western blot

Phuong phap lai Western blot dugc thuc hién
theo mo ta boi Hammer va cong su (2010) [2]
va duoc tom tit nhu sau: protein duoc phan tach
bang dién di SDS-PAGE sau d6 dugc chuyén
1én mang PVDF theo k¥ thudt ban kho; mang
dugc phi boi 5% sita gdy va u véi khang thé
bac 1 khang His-tag (0,01 pg/ml) & 4°C qua
dém; sau khi rira thanh phan khong bam, mang
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duogc u v6i khang thé bac 2 cong hop alkaline
phosphatase khang khang thé bac 1 (pha lodng
1:50000); tin hiéu trén mang dugc hién thi boi
co chat NBT/BCIP.

Phuwong phdp phén tich hinh danh gel va
thong ké

Cuong d6 bang protein trén ban gel dién
di dugc phan tich va xac dinh bang phan mém
Quantity One 4.6.9 (Bio-rad, My). % rORF2 =
C or/C ¥100, trong do CrORF; l1a cuong d6 bang
protein dich rORF2, C_ la tong cuong do cac
bang protein trén mt duong chay.

III. KET QUA VA THAO LUAN

3.1 T6i wu héa ma di truyén gen ORF2 ciia
porcine circovirus

Trong nghién ctru nay, viéc toi wu ma di
truyén phu hop ching chu E. coli dugce thyc hién
bang phan mém OptimumGene (GenScript).
Két qua toi wu dwoc danh gia thong qua hai
thong s6 1a chi sb thich ing ma di truyén (CAI)
— tan sb sir dung ma di truyén va tan sé ma t6i
uu (FOP). Chi s6 CAI >0,8 duoc xem la c6 mirc
d6 biéu hi¢n tot, CAI = 1,0 c6 mirc d6 biéu hién
cao nhat trong vat chu dugc lya chon. Két qua
phan tich cho thiy trinh ty trudc khi t6i uu co
chi s6 CAI 13 0,59, trong khi d6 trinh tir t6i wu
duogc lya chon 1a 0,88 (hinh 1a, 1Db).

Két qua phan tich tin s6 mi tdi uu ciing
cho thay trinh ty trudc toi wu chi co 41% ma
di truyén 1a dat nhém chét lugng 91-100, trong
khi d6 trinh tw sau toi wu 1a 70%. 30% ma di
truyén con lai trong trinh ty sau toi wu c6 mirc
chét luwgng thudc cac nhom tir 51-90, khong co
ma di truyén nao thudc nhom chat lugng < 50;
trong khi d6 trinh tu trudc tdi wu c6 toi 29% ma
di tnlyén ¢6 muc chat lugng thudc nhom < 50
(hinh Ic, 1d). Tir cac két qua thu duogc chi ra
rang: trinh ty gen ORF2 t6i uu 1y thuyét s& c6
muc do biéu hién cao trong E. coli.
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Hinh 1. T6i wu ma di truyén gen ORF2 cta porcine circovirus. Phan bé tan sé sir dung ma
theo chiéu doc cua gen trwéc (a) va sau téi wu (b); tan s6 ma téi wu trwéc (c) va sau téi wu (d)

3.2 Tach dong va biéu hi¢n gen ORF2

Kb M 1 X M 3 4

Hinh 2. Phé dién di san pham PCR v&i
moi dac hiéu va xw ly vector pET22::0RF2
bang cap enzyme Ncol/Xhol.

Puwong chay M, thang DNA chudn 100bp; dwong
chay 1, san phcfm PCR sir dung cap moi déc hiéu

gen ORF2 va khuon pET22b(+); dwong chay 2,
4, san pham PCR sir dung cap moi ddc hiéu gen
ORF2 va khuén pET22::ORF2; dwong chay 3,
vector pET22::ORF2 duwoc xir Iy bang Ncol/Xhol.

Trinh ty gen sau khi duoc t6i wu ly thuyét
(ORF2,) dd duogc tong hop hoa hoc boi
GenScript (My), khuéch dai bang cap moi
dic hiéu va duoc dwa vao vector biéu hién
pET22b(+). Két qua sang loc va kiém tra vector
pET22 ti t6 hop dugc thé hién trén hinh 2.

Theo 1y thuyét, doan gen ORF2, duoc dua
vao vector pET22b(+) c6 kich thude 705 bp. Do
d6, su xuat hién cua bang DNA c6 kich thudc
khoang 0,7 kb trén phd dién di san phdm PCR
v6i moi dic hiéu va san pham cat plasmid bang
hai enzyme han ché cho thiy doan gen ORF2
da dugc tach dong thanh cong trong vector biéu
hién pET22b(+). Boan gen ORF' 201” trong vector
pET22::ORF2  clng da duogc phan tich trinh
ty dé khang dinh két qua tach dong, ki€m tra
khung doc va trinh ty acid amin. Két qua cho
thiy doan gen ORF. 2 dugc tach dong c6 khung
doc mo va trinh tu acid amin suy dién hoan toan
khong thay d6i so véi trinh tu gen gdc (hinh 3).
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Hinh 3. Trinh ty nucleotid trwéc - sau khi toi wu ma di truyén va trinh tw acid amin suy dién
(trinh tu gen toi wu dwoc té6 dam)

Vector bieuhién tai t0 hop pET22::ORF2, d&
dugc chuyén vao ching chu E. coli BL21(DE3)
dé biéu hién protein khang nguyén ORF2. Két
qua phan tich protein dich chiét tir sinh khdi
vi khuin bang dién di gel polyacrylamide
cho thy: xuat hién mot bang protein dam c6
kich thudc khoang 29 kDa d6i v6i mau mang
pET22::ORF 201”; trong khi d6, mau mang vector
pET22b(+) va pET22::ORF. 201” khong cam tng,
khong thay xuat hién bang protein ddm nay
(hinh 4A). Kich thudc bang protein xuat hién
nay 1a phu hop véi kich thude 1y thuyét cia san
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pham gen ORF2 dung hop véi trinh tu dan PelB
va doan peptide chtra du6i His-tag thudc vector.
bé khéng dinh chic chin thém sy biéu hién cta
protein ORF2 tai t6 hgp, Western blot da duoc
thyc hién su dung khang thé dac hiéu khang
dudi His-tag. K&t qua cho thiy chi xuét hién
bang tin hiéu dam véi kich thudc khoang 29
kDa d6i v6i mau pET22::ORF2, , cic mau doi
chuing hoan toan khong thay xuat hién bang tin
hiéu nao. Tir cac két qua thu duge co thé khang
dinh rang protein ORF2 d dugc tich dong va
biéu hién thanh cong trong E. coli BL21(DE3).
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Hinh 4. (a) Phé dién di protein téng sé tir E. coli BL21(DE3) mang vector pET22b(+)
(duwong chay 1), pET::ORF2 c6 cam ung IPTG (dwong chay 2) va pET::ORF?2 khong cam ung (duong chay 3).
(b) Phé Western blot str dung khéang thé khang duéi His-tag déi véi dich chiét
protein ttr sinh khéi E. coli BL21(DE3) mang pET22b(+)
(dwong chay 1), dich chiét protein tir sinh khoi E. coli BL21(DE3) mang pET22::ORF2 ¢6 cam iing
(dwong chay 2) va khéng cam g (dwong chay 3). M, protein chudn (Thermo Scientific, My)

3.3 T6i wu héa biéu hi¢n protein ORF2

Dé xac lap dugc diéu kién phu hop biéu hién
protein ORF2 trong E. coli, mot sb diéu kién da
duogc khao sat bao gdbm ndng do chit cam tng,
nhiét do va thoi gian.

Chit cam tmg IPTG déng mot vai trd rat quan
trong, anh huong dén mtrc d6 biéu hién protein tai
t6 hop trong vét chi [10]. Trong nghién ciru nay,
hé vector biéu hién duoc sir dung 1a pET22b(+)
va vét chu 1a E. coli BL21 (DE3), do d6 mtic do
biéu hién cia gen ORF2 dugc kiém soat truc tiép
boi T7 promoter va gian tiép 1a L8-UVS5 lac [10].

0o 0oy ol

Trude tién, chat cam ung IPTG s€ hoat hoa su
biéu hién gen ma hoa T7 RNA polymerase dudi
su didu khién ciia promoter L8-UV5 lac, tiép theo
la pét mé promoter T7 c’Té biéu hién gen ORF2 .
bé xac dinh ndong d6 chat cam g thich hop, mét
dai ndng do IPTG (0,0; 0,05; 0,1; 0,3; 0,5; 0,7;
0,9; 1,1 va 1,3 mM) dugc khao sat va két qua cho
thdy muc do biéu hién protein khong c6 su ting
1én khi ting ndng d6 IPTG tir 0,05 — 1,3 mM (hinh
5), do d6 ndng do chat cam tng IPTG 0,05 mM
dugc lya chon cho cac nghién ctru tiép theo. Néng
d6 nay thap hon 20 1an so véi ndng do duge Kong
et al. (2011) [4] st dung trong nghién cuu.
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Hinh 5. Anh hwéng cda néng d6 chat cam ng IPTG (0; 0,05; 0,1; 0,3; 0,5; 0,7; 0,9; 1,1 va
1,3 mM) Ién sinh téng hop rORF2
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Nhiét d6 1 yéu t6 thir hai dwoc lya chon dé
tién hanh t&i vu vi nhiét d6 anh huong dén toc do
ctia cc phan tmg sinh hoa trong co thé va dong thoi
anh huong dén toc do sinh truéng cua vi khuén.
Trong nghién cltu nay, bdn gia tri nhiét d6 duogc lya
chon bao gdm 20, 25, 30 va 37°C. Két qua cho thy
mirc d9 biéu hién 14 thap nhét & 20°C, sau d6 ting
1én dén 30°C va 37°C (hinh 6).

209%C  289C

309

Hinh 6. Anh hwéng cda nhiét dé 20, 30, 35
va 37°C Ién sinh téng hop protein rORF2.
Pha protein tan va pha protein khong tan tir sinh
khoi vi khudn sau cam irmg dwoc phdn tich. M,

protein chudn (Thermo Scientific, My).

Tuy nhién, mic do biéu hién protein ORF2 &
nhiét do 20 — 30°C 1a rat thip, chi & diéu kién nhiét
d6 37°C xuit hién mot bang protein ORF2 dam. Do
do6, diéu kién nhiét 6 37°C duoc lua chon cho cac
nghién ctru tiép theo, diéu kién nay ciing dugc Kong
etal. (2011) [4] su dung trong nghién ctru cua minh.

Hinh 7. Mirc dé biéu hién protein ORF2 t&i
t6 hop theo thoi gian (0, 1, 2, 3, 4 va 5 h)
M, thang protein chuan (Thermo Scientific, My)
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Két qua nghién ctru thoi gian cam ung cho
thidy murc do biéu hién protein ORF2 ting lén
theo thoi gian trong khoang thoi gian nghién
ctru 0 — 5 gio (hinh 7). Dé thuan tién cho nghién
cuu, thoi gian cam ung duoc lya chon 1a 4 gio.
Két qua nay ciing phu hop voi nghién ciru cia
Kong et al. (2011) [4].

3.4 Tinh sach protein ORF2 tii t6 hop

Protein ORF2 tai t& hop dugc gin thém dudi
His-tag nén dugc tinh sach sit dung cdt Hi-
Histrap (GE Healthcare, My). Két qua dién di
protein cho thay dich chiét protein thé (duong
chay 1) xuat hién rat nhidu bing protein, trong
d6 co 1 bang protein ORF2 dam (hinh 8).
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Hinh 8. Tinh sach protein ORF2 t&i té6 hop
cua virus PCV2

1, dich chiét thé protein; 2, dich protein khong
bam cét; 3, dich protein phan doan ddy bang
500 mM imidazole. M, protein chudn (Thermo
Scientific, My).

Tai phan doan khong bam cot, xuat hién tat
ca cac bang protein nhu mau dich chiét tho,
ngoai trir bang protein ORF2 giam di, diéu do
ching té protein ORF2 da dugc giti lai trén
cot. Trong khi d6 tai phan doan diy bang 500
mM imidazole chi thay xuat hién bang protein
ORF2. Tir két qua nay dua dén két luan rang:
protein ORF2 da duogc tinh sach tr dich chiét
sinh khdi vi khuan E. coli bang sic ky ai luc dic
hi¢u duoi His-tag.
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IV. KET LUAN

Viée toi vu mi di truyén cia gen ORF2 va
x4c dinh diéu kién biéu hién i wu da biéu hién
thanh cong protein ORF2 trong E. coli BL21
(DE3). Viéc biéu hién va tinh sach thanh cong
protein ORF2 tai to6 hop c6 ¥ nghia cung cap
ngudn khang nguyén gy dap ung mién dich
trén dong vat, tao khang thé dic hiéu phuc vu
cho phat trién sinh phdm chin doan va vacxin
phong bénh do porcine circovirus gay ra.

Loi cam on

Cong trinh nay dwoc thuc hién trong khudn
khé dé tai “Nghién ciru biéu hién protein tdi
16 hop ciia virus PCV2 dé ché tao sinh phdm
chan dodn va lam nguyén liéu tién téi san xudt
vacxin”’ ciia B6 Nong nghiép va Phdt trién Nong
thén do Tién sy Pang Vii Hoang, Bé mén Héa
sinh Mién dich, Vién Thii y. Nhém tac gia xin
chan thanh cam on PGS.TS Nguyén Viét Khong,
nguyén truéng B6 mon Héa sinh mién dich —
Vién Thit y da cung cdp ching PCV2 dé thuc
hién dé tai nay.
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