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TOM TAT

Vi khuén Yersinia pestis 1a tic nhan gy bénh dich hach, mét trong nhiing loai bénh truyén nhiém nguy
hiém nhat dugc biét cho dén nay da gy ra hang triéu ca tir vong trén thé gidi va co thé dugc st dung nhur
mot vii khi sinh hoc ¢6 tinh huy diét cao. P& chan doan bénh dich hach ¢ ngudi ciing nhu phat hién Y. pestis
trong moi trudng, nguoi ta thuong dya trén viéc phat hién khang nguyén nang F1 cia loai vi khudn nay.
Muyc tiéu cua nghién ciru nay la nham tao khang nguyén FI cua Y. pestis dé 1am nguyén lidu cho que thir sic
ky mién dich phat hién nhanh Y. pestis. Do viéc nu6i cay Y. pestis dé thu nhan khang nguyén F1 hoic DNA
ciia vi khuin nay rit kho khan nén chung t6i da tién hanh tong hop nhén tao gen muc tiéu cafl, mi hoa
khang nguyén F1, nhim biéu hién trong t& bao Escherichia coli. Sau khi téi ru héa ma bo ba ma héa amino
acid (codon) cho E. coli, gen cafl di dugc téng hop bing phuong phap “gapless” PCR. Két qua giai trinh tur
cho thiy phwong phéap nay cho phép tdng hop dwoc trinh ty gen muc tidu véi do chinh xac 1a 2/6 dong
plasmid. Tiép do6, trinh ty gen nay da dugc dua vao vector pET-52b(+) va biéu hién trong té bao E. coli
BL21 (DE3) ¢ dang dung hop v&i dudi ai lyc (His),. Cac két qua dién di _protein SDS-PAGE, tinh sach
protein bang sic ky 4i lyc Ni va Western blot cho thiy khang nguyén tai t& hop F1 da duogc tao ra thanh
cong v6i hiéu sudt 16n & dang thé vii trong té bao E. coli.

Tir khéa: Biéu hién, dich hach, khang nguyén F1, tong hop gen, Yersinia pestis

MG PAU

Dich hach 1a mét bénh truyén nhidm tién trién cip
tinh, cuc ky nguy hiém do vi khuan Yersinia pestis
gdy ra. Bénh luu hanh trong quan thé mot s loai dong
vat gim nhdm (chu yéu 13 chudt) va bo chét ky sinh
trén chung 1di tir d6 lay truyén sang nguodi qua trung
gian bo chét nhiém khuan. Trong lich sir lodi nguoi
duoc ghi nhén cho dén nay, dich hach 1a loai bénh
truyén nhiém véi s ca tir vong cao nhit (khoang 200
triéu ca) (Perry, Fetherston, 1997). Hién nay, benh
dich hach van dang luu hanh rai rac tai mot so qudc
gia trén thé gioi. Trong nhitng nam gan day, tai Viét
Nam khong ghi nhan truong hop nao méc bénh dich
hach. Tuy nhién, nguy co lay lan bénh dich hach tir
nudc ngoai vao Viét Nam la rat 16n. Mat khac, Y.
pestis con co thé dugc st dung nhu vii khi sinh hoc
voi tinh hity diét rét 16n, gay lo ngai cho cong ddng
qudc té dac biét trong thoi diém hién nay khi cac vu
khiing b lién tiép dién ra trén thé gidi.

Vé tac nhan gy bénh, Y. pestis 1a truc khuén,
Gram am, khong di dong, khong hinh thanh bao tir
thudc ho Enterobacteriaceae. O nguodi va dong vat,

vi khudn nay sinh truéng trong dai thyuc bao, lan tran
trong céc té bao dang biéu mo sau dé lan ra toan bod
co thé (Zhou et al., 2006). Sau khi nhidm vao co thé,
Y. pestis tiét ra mot protein nang dugc goi 1a khang
nguyén F1, chi co ¢ Y. pestis. Do vay, khang nguyén
nay thudng duge sir dung trong chan doan bénh dich
hach hay phat hién Y. pestis trong méi truong. O Y.
pestis, qua trinh téng hop va tiét khang nguyén F1
dugc mi hoéa boi operon F1 bao gdm 4 gen cafl,
cafIM, caflA va cafIR niam trén plasmid pMTI,

trong d6 cafl ma hoa khang nguyén F1, cafIM va
caflA déng vai tro trong viéc tao ciu truc va tiét
protein ra bén ngoai té bao, cafIR dong vai trd trong
didu hoa qua trinh phién mi cac gen trén operon
(Zhou et al., 2006). Vé mit cau truc, khang nguyén
F1 1a mot chudi polypeptide bao gdm 170 amino
acid, khdi luong phén tir tir 17-17,6 kDa, diém ding
dién 4,1 - 4,4 (Andrews et al., 1996; Galyov et al.,

1990). Khang nguyén F1 la mot protein co6 tinh ki
nudc véi cau triic bac hai gp nép B (Andrews e al,

1996; Galyov et al., 1990).

) Nhim tao khang nguyén F1 lam nguyén liéu Qé
chan doan bénh dich hach, nhi€u nghién ctru da biéu
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hién protein khang nguyén nay trong té bao E. coli
(Andrews et al., 1996; Erova et al., 2013; Tsui et al.,
2015). Céch tiép can dwoc st dung phd bién 1a biéu
hién toan b operon trong E. coli dé tao khing
nguyén F1 ¢ dang ngoai bao tuong tu nhu ¢ Y. pestis
(Andrews et al., 1996; Tsui et al., 2015). Bén canh
d6, Erova et al (2013) da biéu hién tryc tiép gen cafl
trong ndi bao cua E. coli véi viée st dung vector
biéu hién pET-20b(+) (Erova ef al., 2013). Khi dugc
biéu hién ¢ dang dung hop véi dudi ai lyc (His)s &
dau cacboxyl, khang nguyén F1 c6 thé dwoc tao ra ¢
trang thai hoa tan (Erova et al., 2013). Trong nghién
clru nay, dé tranh cic van dé lién quan dén an toan
sinh hoc, chung t6i d tién hanh tong hop nhan tao
gen cafl va dua gen nay vao vector pET-52b(+) dé
biéu hién khéng nguyén F1 ¢ dang dung hop véi
duéi 4i luc (His);p 6 ddu cacboxyl twong ty nhu
nghién ctru ctia Erova va dong tac gia.

VAT LIEU VA PHUONG PHAP

Chiing vi sinh vit

Ching E.
hsdRMS-mcrBC)
A lacX74 recAl araD139
A(araleu)7697 galU galK rpsL (StrR) endAl nupG]
(Thermosciencetific) dugc sit dung dé nhan dong
gen. Chung E. coli BL21 (DE3) [F- ompT hsdSB
(rBmB-) gal dem (DE3)] (Thermo Sciencetific Inc.)
duogc sir dung dé biéu hién.

TOP10 [F- mcrd A( mrr-
®80lacZAM15

coli

DNA va hé vector

Vector pJET 1.2 (Thermo Sciencetific Inc.) duge
sit dung dé nhan dong gen. Hé vector pET52b(+)
(Merck) duge str dung cho myc dich biéu hién gen.
Trinh ty gen mé héa cho Cafl dugc lay trén GenBank
(ma s6 KM880026) va téi wu hoa ma bd ba ma hoa
amino acid.

Thiét ké gen cafl

Dua trén trinh tu gen cafl trén GenBank, chung
t61 str dung cong cu tim kiém chudi bit cip (BLAST)
va cong cu phan tich ma bo ba hiém (GenScript) dé
ti wu b ba ma hoa cho chudi amino acid.

Téng hop gen cafl

Vi trinh ty DNA d3 t5i wu, chung toi thiét ké 22
oligos (Bang 1), d§ dai cac doan dao dong tur 30 dén
50 mer (Lei, Qihan, 2002). Cac oligo lién ke 6 cac
trinh ty DNA duoc goi 1én nhau. Mot cap mdi ngin
(Moi F1) dugc thiét ké thém vi tri cét cua 2 enzyme
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gi6i han Neol va Sacl dé ghep nbi gen sau nay (Bang
1). Cac doan oligos va moi duoc tong hop boi Cong
ty Sinh héa Phii Sa. Qué trinh tong hop gen gdm 2
giai doan:

Giai doan 1 (tao doan gen) vdi 22 doan oligos
dugc thiét ké géi lén nhau, doan oligonucleotide
duoc téng hop bang phan tmg PCR ty mdi, hdn hop
mdi 0,3 puM, st dung enzyme Pfiu polymerase. Chu
trinh nhiét: 94°C/30 gidy, 53°C/15 giay, 72°C/15
gidy.

Giai doan 2: nhan gen bang ky thuat PCR binh
thuong voi khudn 1a san phdm PCR cua giai doan 1,
enzyme Pfu polymerase. Chu trinh nhiét: 94°C/2
phat, 58°C/30 gidy, 72°C /15 gidy.

Xdy dung hé vector biéu hién gen cafl
(pPET52b(+)-cafl)

San pham tong hop gen cafl dugc gin vao
vecror tach dong pJET1.2 va bién nap vao té bao E.
coli TOP10. Cac dong té bao da chon loc duge PCR
kiém tra bé'lng cap moi dic hiéu va giai trinh ty dé
xac dinh trinh tw DNA.

Gen cafl trong vector tich dong dwoc cét va gin
vao vector biéu hién pET52b(+) bang vi tri cit cua 2
enzyme Ncol va Sacl. San pham ndi duoc bién nap
vao té bao E. coli BL21 (DE3).

Bieu hién gen

Vector biéu hién mang gen caf! dugc bién nap
vao té bao biéu hién E. coli BL21 d kiém tra kha
ning biéu hién cia protein tai to hop. Sau khi nudi
cdy qua dém trong méi truong LB long co chira
ampicilin 100 pg/ml (LBA), dong té bao mang gen
duogc chuyén sang méi truong LBA 1ong méi véi ti
1& 1/100. Nudi cdy té bao biéu hién ¢ nhiét do 37 °C
cho dén khi OD 600 ciia méi trudng nudi cdy dat gia
tri 0,6 - 0,8. Ngay sau do, chéit cam ung [PTG duogc
thém vao t6i nong do cudi 1a 0,5 mM. Két qua cia
san phim protein tai t& hop dwoc kiém tra trén gel
polyacryamide 12% (Hoefer, 1994).

Kiém tra protein tai td hop bing Western blot

Protein tong s6 thu duoc tir t& bao biéu hién
dugc xtr 1y bang dich pha mau (0,125 M Tris-HCI;
4% SDS; 20% Glycerol; 0,02% Bromophenol
Blue; pH 6,8). Dich protein duoc kiém tra bang
SDS-PAGE trén gel polyacryamide 12% va
chuyén 1én mang PVDF nho hé théng chuyén
mang Trans blot semi dry (Bio-Rad). Mang chura
khang nguyén dugc phu bing dung dich khoa
mang (Blocking) (5% stta tach bo trong dung dich
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dém TBST (0,1% Tween 20 trong dém Tris-
saline)) trong 1 gio. Sau khi rira mang 3 1an bang
dém TBST, mang duoc 0 v&i khang thé 1 (khang
thé khang His - HyTest), d6 pha lodng 5.000 lan.
Sau 1 gid, mang dugc ria lai bang TBST 3 lan dé
loai bo hoan toan lién két khong dac hiéu. Tiép tuc
i mang v&i khang thé 2 (khang thé cong hop

Bang 1. Trinh tw DNA céac doan oligo.

enzyme peroxidase khang chudt - HyTest), d0 pha
loang 10.000 lan. Sau 2 gi0, mang duoc rua lai 3
lan v&i dém TBST va phat hién bang dung dich
chira co chéat cho peroxidase (Promega). Mang
trong dung dich co chit dugce 0 & nhiét do phong 5
- 10 phut, sau d6 dugc dimg phan tng biang H,0.
Két qua dugc xac dinh trén anh sang thudng.

Chu thich

STT Tén oligos Trinh tw (5'-3')
Oligo1 ATGAAGAAAATTTCCTCTGTAATTGCCATTGCGCTCTTTG
Oligo2 CAGCATTCGCAGTTGCAATGGTGCCAAAGAGCGCAATGGCAAT
3 Oligo3 ATTGCAACTGCGAATGCTGCGGATCTGACCGCCTCG
4 Oligo4 CGTAATACGTGCCGGTTCTACAAGGGTCGCGGTGGCGGTAGTCGAGG
CGGTCAGATCCG
5 Oligo5 TAGAACCGGCACGTATTACGCTGACGTATAAAGAAGGTGCG
6 Oligo6 TACCATTGTCCATAATGGTAATTGGCGCACCTTCTTTATACGTCAG
7 Oligo7 CCAATTACCATTATGGACAATGGTAACATCGATACGGAACTTTTAGTG
8 Oligo8 ACCCAGCGTCAGAGTACCCACTAAAAGTTCCGTATCGATGT
9 Oligo9 GGTACTCTGACGCTGGGTGGGTACAAAACCGGTACCAC
10 Oligo10 CGGTGAAGTTCACGGAGGTGGAGGTGGTACCGGTTTTGTACCC
11 Oligo11 CCTCCGTGAACTTCACCGACGCGGCAGGAGATCC
12 Oligo12 CTGGCTGGTAAAGGTCAGATACATTGGATCTCCTGCCGCGT
13 Oligo13 TATCTGACCTTTACCAGCCAGGACGGCAACAATCACCAGTTTAC
14 Oligo14 TCTTTGCCAATCACTTTGGTCGTAAACTGGTGATTGTTGCCG
15 Oligo15 GACCAAAGTGATTGGCAAAGACAGCCGCGATTTCGATATCT
16 Oligo16 TCGCCATTGACTTTCGGCGAGATATCGAAATCGCGGCTG
17 Oligo17 GCCGAAAGTCAATGGCGAAAACCTGGTGGGAGATGATGTAGTTCTCGC
CACGGG
18 Oligo18 CCGATGCTCCGCACGAAAAAGTCCTGGGAGCCCGTGGCGAGAACTACA
19 Oligo19 TCGTGCGGAGCATCGGTAGCAAGGGAGGAAAGCT
20 Oligo20 GGTATATTTACCCGCCGCCAGCTTTCCCCCCTTGCTA
21 Oligo21 GGCGGCGGGTAAATATACCGACGCTGTTACCGTCACG
22 Oligo22 TCACTGGTTGCTCACCGTGACGGTAACAGCGTC

23 F1-Ncol-F

24 F1-Sacl-R

ATACCATGGTGAAGAAAATTTCCTCTGTAATTGC

TTAGAGCTCCTGGTTGCTCACCGTGAC

Mbi xudi, thém trinh
tw nhan biét clia
enzyme gi¢i han
Ncol

Mbi ngwoc, thém
trinh tw nhan biét
cua enzyme gidi
han Sacl

KET QUA VA THAO LUAN

Cii bién mi bd ba va tong hop gen cafl

Duya trén trinh ty DNA trén GenBank, chiing toi
da cai bién ma bo ba: ti 16 GC ban dau tir 44% lén

52,3%, chi sé twong thich ma bo ba (CAI) tir 0,67
1én 0,79 (Hinh 1).

Sau d6 22 doan oligo dugc thiét ké dé tong hop
gen ma khong can trinh ty khuén cta gen nay. Dé
tong hop thanh cong, qua trinh dugc thiét 1ap gdm
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hai giai doan chinh. Giai doan 1 1a tao gen khuén tir
22 doan oligo bﬁng ky thuat PCR tu mdi. Giai doan 2
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la tao thanh doan gen cafl hoan chinh bing k¥ thuat
PCR véi khuon 14 san phdm PCR cuia giai doan 1.

atgaagaaaatttcctctgtaattgccattgecgetectttggcaccattgcaactgecgaat
M K K I §s § v 1 A I A L F G T I A T A N
gctgcggatctgaccgectcgactaccgeccaccgecgacccttgtagaaccggecacgtatt
A A D L T A S T T A T A T L V E P A R I
acgctgacgtataaagaaggtgcgccaattaccattatggacaatggtaacatcgatacg
T L T Y K E G A P I T I M DN G N I D T
gaacttttagtgggtactctgacgctgggtgggtacaaaaccggtaccacctccacctcce
E L L v 6 T L T L G G Y K T G T T S T S
gtgaacttcaccgacgcggcaggagatccaatgtatctgacctttaccagccaggacggce
v ~N. ¥F T b A A G D P M Y L T F T S Q D G
aacaatcaccagtttacgaccaaagtgattggcaaagacagccgcgatttcgatatctceg
N NH Q F T T K v I 6 K D S R D F D I S
ccgaaagtcaatggcgaaaacctggtgggagatgatgtagttctcgeccacgggctecccag
P K VvV N G E N L V G DD V V L A T G S Q
gactttttcgtgcggagcatcggtagcaagggaggaaagctggecggecgggtaaatatacc
b ¥ F vV R § I 6 § K 6 6 K L A A G K Y T

gacgctgttaccgtcacggtgagcaaccagtga

D A V T Vv T V S N Q
Hinh 1. Trinh tw gen caff sau cai bién.
1 2 3 4 bp
700
500

Hinh 2. San pham tdng hop gen caff trén gel agarose
1,5%. 2,4: Thang DNA chudn 1kb (Thermo Scientific); 1:
San phdm PCR v6i 22 modi oligo; 3: San pham PCR voi
mdi F1 (Bang 1).

Bing DNA thé hién trén dudng chay sé 1, cho
théy san phém PCR ty mdi chi cho 1 bang dic hiéu,
kich thudc khoang 500 bp. San phim cua giai doan 2
duoc thé hién tai duong chay $6 3, cho 1 bang DNA
kha dic higu véi kich thuéc mong mudn (khoang
500 bp) (Hinh 2). Két qua khiang dinh, san pham
PCR phtt hop véi tinh toan 1y thuyét va du diéu kién
dé tién hanh tich dong gen.

Tao vector tach dong

Sau khi da téng hop dugc DNA c6 kich thuéc

356

mong mudn, san pham nay dugc gin nbi vao vector
tach dong pJET 1.2/blunt. Vector nay c6 kha nang
ghép ndi cac doan DNA dau bang, sau bién nap chi
nhitng dong té bao mang gen mdi co thé sinh truéng
trén moi truong chon lgc. Piac tinh nay do vi tri chon
dong ndm trong gen gy doc cho té bao E. coli, gen
Eco47IR. Cac dong té bao tiép tuc dugc chon loc
bang phwong phap PCR véi cip mdi pJET primer, tir
15 dong té bao chon loc, 12 dong té bao cho kich
thudc san pham PCR nhu mong mubn (khoang 500
bp) (Hinh 3).

Chon ngdu nhién 6 dong té bao, tach DNA
plasmid va doc trinh tw dé xac dinh dong plasmid
mang gen chinh x4c nhat. Két qua doc trinh tu cho
thdy, co 2 trén tong s6 6 dong cho trinh ty hoan toan
turong ddng véi trinh tu gen cafl ban dau. Ca 2 dong
déu co thé sir dung cho muc dich tao vector biéu hién.
Vi vay, 1 trong 2 dong thé bio mang gen cafl dugc
chon ngu nhién cho muc dich tao vector biéu hién.
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bp 1 2 3 4 5 6 71 8

700
500 —

Hinh 3. Sang loc cac dong té bao mang gen caf1 bang cap mdi pJET1.2 (Invitrogen). 1: Thang DNA chuan 1kb (Thermo
Sciencetific); 2-16: San pham PCR tir khuan lac cac dong té bao.

Tao vector bi¢u hién

Gen cafl tir dong t& bao da chon duoc cét véi 2
enzyme gidi han Ncol va Sacl, sau d6 tinh sach va gén
vao vector biéu hién pET52b(+) di dugc xir Iy vai 2
enzyme Ncol va Sacl. San phim nbi ghép dugc bién
nap vao té bao E. coli BL21. Céc thé bién nap dugc
sang loc bang phan tmg PCR véi cip mdi T7. Tir 5
dong sang loc, ching t6i chon dugc 2 dong mang gen
voi kich thuéec mong mudn va dang vai tinh toan 1y
thuyét (khoang 700 bp) (Hinh 4). Vector biéu hién
mang gen cafl dugc dat tén 1a pETS2b-cafl.

bp
700
500

Hinh 4. Sang loc pET52b-caff v&i cap mdi T7. 1-5: San
pham PCR sang loc cac thé bién nap. 6. Thang DNA chuén.

Biéu hién gen cafI trong té bao E. coli BL21

20

Hinh 5. Kiém tra kha ndng biéu hién gen cafl trén gel
acryamide 12%. 1: Dong t& bao mang vector pET52b-caf1
trwdc cdm ng; 2: Dong té bao mang vector pET52b-caf?
sau cadm (ng; 3: San pham bidu hién gen caff tinh sach
qua cot sac ky ai lwc Ni; M: Protein chudn (Gangnam).

Nhu mé ti & phan phuong phép, protein thé thu
nhén sau biéu hién duoc xu ly va kiém tra trén gel
acryamide 12%. Két qua cho thiy, sau cam tng thu
duogc bang protein c6 kich thudc ding nhu tinh toan
tai duong chay s6 2 (khoang 18 kDa). San pham biéu
hién xir ly ¢ dang tan khong cho bang protein quan
tam, san phém xtr ly ¢ dang thé vui duoc tinh sach
qua cot sac ky ai luc Ni va cho mot bang protein duy
nhéit dung vai kich thude tinh toan (Hinh 5) (Két qua
xt ly dang tan khong dugc trinh bay). Chung to
protein sinh ra ¢ dang thé vui. Co thé khing dinh
bude dau gen cafl da dugc biéu hién thanh cong.
Kiém tra Cafl tai td hop b&"mg Western blot

Trong qua trinh biéu hién protein tai to hop, mot
diém thiét yéu can phai x4c dinh 13 protein biéu hién
phai chinh xac 1a protein mong mudn. Mot trong
nhitng k¥ thuat ddy 1a Western blot.

1 2 3 M

20
17

Hinh 6. Phan tich sy biéu hién cla protein Caf1 béng ky
thuat Western blot. 1: Protein t ching mang vector
pET52b-cafl trwéc cdm wng; 2: Protein t ching mang
vector pET52b-cafl sau cam rng; 3: Protein tr ching
mang vector pET52b-cafl tinh sach qua c6t sic ky ai luc
Ni; M: Protein chuan (Gangnam).

Trong thi nghiém nay, duya trén dac tinh cua
protein la sy dung hop cua protein dich vo6i dudi His-
tag nén protein dich dugc xdc dinh gian tiép qua
protein gin két dudi His. Dya vao san phdm khang
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thé khang protein gan két dudi His (khang thé 1) da
duogc thwong mai, protein dich dugc nhan biét qua k¥
thuat Western blot. Két qua hinh 6 cho thdy, protein
dung hop duoc thé hién qua 1 bang véi kich thudc
dung nhu tinh toan (khoang 18 kDa). Piéu nay c6
thé khing dinh, protein Cafl da dugc biéu hién thanh
cong trong h¢ vector pET52b(+).

Tuy nhién, v6i cac két qua trén, cafl méi chi
dugc biéu hién thanh céng ¢ dang dung hop, thé vui.
Dé c6 thé tao ra san pham Cafl c¢6 hoat tinh khing
nguyén, san pham protein can dugc tiép tuc xtur Iy va
kiém tra hoat tinh khang nguyén.

KET LUAN

Vé6i muc tidu tao ra san pham protein khang
nguyén vo Cafl bing con duong tai td hop, gen cafl
da dugc téng hop thanh cong dua trén qua trinh
PCR 2 buéc. Két qua nay cho phép tdng hop cac gen
khac ma khong can trinh ty DNA mach khuén. Hon
nira, budc dau d3 biéu hién thanh cong protein doc
nay trong té bao E. coli. Ket qua nay mé ra trlen
vong trong viéc sur dung nguon khéng nguyén tai to
hop dé ché tao cac kit chan doan nhanh vi khuin
dich hach.

Léi cim on: Cong trinh dwoc thuc hién bang nguon
kinh phi Pé tai Nghién civu khoa hoc cong nghé cdp
B$ Quéc phong theo Hop dong nghién ciru khoa hoc
va cong nghé cdp Bé Quéc phong, md sé dé tai:

216.33.051.
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SUMMARY

Yersinia pestis is the etiologic agent of plague, one of the most deadly infectious diseases described in the
history of humanity. It was responsible for millions of deaths all over the world. Yersinia pestis also can be
used as a highly lethal biological potential weapon. For plague diagnosis in humans as well as to detect Y.
pestis in the environment, fraction 1 capsular antigen (F1) of the bacteria was usually used as a good marker.
The aim of this study is to produce Y. pestis F1 antigen to serve as a material for development of
immunochromatographic test strips for rapid detection of Y. pestis. Because of the difficulty in Y. pestis culture
for DNA extraction as well as F1 antigen production, we artificially synthesized the target caf! coding for F1
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antigen for expression in Escherichia coli. After the codon optimization step, cafl was synthesized by
“gapless” PCR using 22 overlaping oligonucleotides cover the complete sequence of this gene. The sequencing
result showed that we successfully synthesized the target gene. In total 6 clones sequence, there are 2 clones
sequence which were 100% identity with reference sequence. The target sequence was then introduced
into pET-52b(+) vector and expressed in E. coli BL21 (DE3) in the form of (His),o affinity tag fusion. As the
result of SDS-PAGE, the recombinant protein Cafl of 18 kDa was highly expressed in E. coli as inclusion
body form and was purified by His-tag affinity chromatography. The recombinant Cafl was then confirmed by
Western blot with His-tag antibody.

Keywords: Expression, F1 antigen, gene synthesis, plague, Yersinia pestis
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