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Tom tit:

Bacillus subtilis 12 mdt loai vi khuian gram dwong c6 nhiéu dic diém thuin loi trong san xuét protein tai t6 hop &
cac linh vire cong nghiép, néng nghiép, y dwec va thue phim. Nghién ctru dwoce thue hi¢n nham phat trién hé thong
biéu hién cim @ng chira promoter Pgrac100 dwoc sap nhip tai vi tri lacA trong bd gen ciia vi khuin B. subtilis. Két
qua cho thiy, promoter Pgrac100 c6 thé kiém soat chit ché sy biéu hién protein muc tiéu trong hé théng sap nhap
v6i ty 18 cam tng lan hrot dat 3,3, 7,6 va 10,8 sau 4 gio' nudi cAy véi chat cam &ng biéu hién protein (Isopropulp-D-
1-thiogalactopyranoside - IPTG) & cac nong dd 0,01, 0,1 va 1,0 mM. Thoi gian cim g va nong d9 IPTG c6 anh
hwéng quan trong dén hiéu qua biéu hién protein muc tiéu. Sau 4 gio nudi ciy cam vng véi 0,1 mM IPTG, chiing
B. subtilis sap nhiap mang promoter Pgrac100 cho hiéu qua biéu hién protein cao nhit véi lrgng GFP chiém 13%
protein tf;ng s0 té bao. H¢ théng vector sap nhip chira promoter Pgrac100 cé tiém nang rng dung trong nghién ciru
co ban va sin xuit cong nghiép.

Tir khod: Bacillus subtilis, lacA, Pgrac100, sap nhap, vector cim ung IPTG.

Chi s6 phén loai: 2.8

1. Mé dau chimg minh Pgrac100 trong hé thdng plasmid doc lap co

B. subtilis 12 10i vi khufin tidm ning dugc sir dyng lam thé bicu hién protein BgaB trong t€ bao B. subtilis 1én deén

t& bao chu trong san xudt protein ti t& hop & céc finh vuc 30% protein tong so cua t€ bao [5]. Locus lacA 1a locus tiem

cong nghiép, néng nghiép, y dugc va thuc pham [1]. Véi ning duoc sir dung phd bién dé sap nhap gen ngoai lai vao

DNA b¢ gen do ma hoa protein khong thiét yéu cho té bao

tiém ning ing dung 16n, hé théng biéu hién cho B. subtilis
vi khuan [2].

véi cac loai promoter dung cac chat cam ung khac nhau da

dugc nghién ctru. Trong d6, chién lugc phat trién vector sap Trong nghién ctru nay, ching toi thiét ké vector cam tmg

nhép ra doi nham giai quyét van d€ cua vector sao chép doc mang promoter Pgrac100 ¢6 kha ning sap nhap vao vi tri

lap nhu sy bat on trong cau tric vector hay sy lan truyén lacA ctia vi khuan B. subtilis va danh gia kha ning diéu hoa

cua céc gen khng khdng sinh [2, 3]. Tuy nhién, chién luoe biéu hién protein ciia chiing sap nhap thong qua protein chi

nay con gap kho khan do so lugng ban sao ctia gen muc tiéu thi GFP,

trong t& bao giam sau khi sap nhap vao bd gen cua ching
cht 1am mirc d6 biéu hién protein giam [3, 4]. Do vay, cac 2. Déi tuiong va phuong phap nghién ciu

romoter manh dugc dinh hudng st dung trong cac hé X .
P £ s s o % .Ag N 2.1. Chiing vi sinh vit, plasmid va diéu kién nudi cay
thong vector sap nhap nham tang cuong bi€u hién protein

muc tiéu. Pgrac100 la mot promoter manh dugc cai tién tir
promoter Pgrac01 cho phép biéu hién vuot muc protein ing
dung trong san xut cong nghiép. Nghién ctru trude day da
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Céac chung vi sinh vat, plasmid va cac trinh tu
oligonucleotide st dung trong nghién ctu dugc trinh bay
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Abstracts:

Bacillus subtilis is a prospective gram - positive
bacterium that offers an opportunity for the production
of recombinant proteins in the pharmaceutical,
agricultural, industrial, and food industries. The goal
of this study was to develop an integrative inducible
expression system by incorporating the Pgrac100
promoter into the lacA locus of the B. subtilis genome.
The results showed that the Pgrac100 promoter was able
to strictly control the expression of the target protein,
with induction factors of 3.3, 7.6, and 10.8 after 4 hours
under induction with 0.01, 0.1, and 1 mM Isopropulf-
D-1-thiogalactopyranoside (IPTG), respectively. The
duration of induction and the concentration of IPTG
had significant effects on the efficacy of target protein
expression. Specifically, when induced with 0.1 mM
IPTG after 4 hours, there was a significant rise in GFP
expression, accounting for 13% of the total cellular
protein. Our new vector system provided more options
for the production of recombinant proteins in basic
research and industrial applications.

Keywords: Bacillus subtilis, integrative, Isopropulp-D-
1-thiogalactopyranoside-inducible vector, lacA locus,
Pgrac100.

Classification number: 2.8
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Bang 1. Danh sach céc chiing vi khuan, plasmid va oligonucleotide dwoc

Development of expression vector sidung.

Chiing vi khuin ~ Ngudn/tai li¢u tham khio  Ghi chi
E. coli OmniMAX  Invitrogen Dong hoa plasmid
B. subtilis 1012 [6] Tao chiing sap nhap
pHTO1 (7] Chung dbi chimg 4m
pHT10-gfp* (7 Chung dbi chimg dwong
HT2095 T:qu ra trong nghién ctru Ch]lng B bsuty»tzlts sap
nay nhap tai vi tri lacA
Tén plasmid Ngudn/tai ligu tham khiao  Ghi chi
pHTO1 [71 Déi chimg 4m
pHT10-gfp+ (7 Déi chimng duong
pHT1399 T}f b0 suu tap cua céc tac Ve?ctf)r lfhung, sap nhap
gia tai vi tri lacA
pHT2095 T:@o ra trong nghién ctru Vector sap nhép tai +v; tri
nay lacA, mang gen gfp
Oligonucleotide Muc dich sir dung
ON1354 PCR khuén lac
ON1277 P?R khuén lac va nhan
ban gen gfp*
ON1280 Nhan ban gen gfp*
ON562 Kl?m tre} gen :gﬁn trong
chiing sap nhap
ON384
ON1442 I§1§m Fra’ gen sap nhap
G vi tri 3’lacA
ON945
ON946 l§1§m Fra, gen sap nhap
G i tri 5’lacA
ON1441

2.2. Dong hod vector pHT2095 chira promoter
Pgracl00 co khd nang sap nhdp tai vi tri lacA cua vi
khudn B. subtilis

Vector pHT2095 dugc tao ra bang cach ndi gen gfp* vao
vector khung suon pHT1399 tai vi tri cit BamHI/Aafll. Gen
gfp* dugc thu nhan bang phan tmg PCR st dung khuén tir
plasmid pHT10-gfp" [7] v6i cip mdi ON1277-ON1280. San
pham nbi c6 chira vector pHT2095 duoc bién nap vao chung
E. coli OmniMAX, sang loc trén méi truong cd bd sung
khang sinh ampicillin (100 pg/ml) va PCR khuén lac véi
cap mdi ON1277-ON1354. Khuan lac cho két qua duong
tinh dugc nudi céy, tach chiét bé‘mg bo kit GeneJET Plasmid
Miniprep (Thermo Scientific) va trinh tu gen dugc giai theo
phuong phap Sanger cai tién.
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2.3. Tao chiing B. subtilis sap nhdp

Vector pHT2095 dugc bién nap vao té bao vi khudn B.
subtilis 1012 dé tao ching sap nhap HT2095. Vi khuan duoc
nuéi cdy 6 37°C trong 10 ml méi truong LB chira khang sinh
neomycin (10 pg/ml) va 100 pl ethylene glycol tetraacetic
acid (EGTA) 0,1 M va lic 50 vong/phit trong 2 gio. Thém
10 pg vector pHT2095 vao va nudi cy lic ¢ 200 vong/
phut & 37°C trong 2 gid. Vi khuan duoc nudi ciy trén moi
truong ran LB co bd sung khang sinh neomycin (10 pg/
ml) va & qua dém & 37°C. Cac khuan lac dic trung cho B.
subtilis dugc chon dé thuc hién PCR khuan lac véi 3 cap
moi ON1442-ON945; ON562-ON384; ON946-ON1441 dé
kiém tra sy sap nhap.

2.4. Biéu hién protein GFP ciia chiing B. subtilis sdp
nhdp

Vi khudn B. subtilis dwgc nudi cdy & 37°C trén moi
truong ran LB ¢6 bd sung neomycine (10 pg/ml) va IPTG
& cac ndng do khac nhau (0, 0,1 va 1 mM). Sau 12 gid, kha
nang biéu hién GFP cuia khuén lac dugc danh gia thong qua
su phat sang dudi tia UV ¢ budce song 320 nm.

Vi khuén B. subtilis dwoc nudi cdy ¢ 37°C trong moi
truong 1ong LB ¢6 bo sung khang sinh neomycine (10 pg/
ml) va IPTG ¢ cac nong d6 khac nhau tir 0 dén 2,0 mM. Thu
mau & cac thoi diém 0 gio - trudc cam ung va 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22 va 24 gid - sau cam g, sinh khoi té
bao duge thu nhan dé kiém tra sy biéu hién protein GFP béng
cach do huynh quang & budc song 470 nm. Sinh khéi té bao
duogc huyén phu trong 500 ul dung dich dém PBS (25 mM
SDS, 250 mM sucrose) chtira 200 pg/ml lysozyme va u o
37°C trong 30 phut. Ly tam ¢ toc do 13.000 vong/phit trong
5 phut va thu dich ndi. Hut 50 pl dich ndi vao dia NuncTM
384 @ do hoat tinh GFP bang may doc dia CLARIOstar
Plus - BMG LabTech ¢ budc song kich thich 470+8 nm
va budc song phat quang 515+8 nm. Hoat tinh phat quang
cua GFP dugc tinh theo cong thirc: dGFP/OD . Trong do,
dGFP: don vi huynh quang tuong doi cia mau (RFU - The
relative fluorescent unit) va OD,: mat d0 quang hoc cta
mau [8]. Bén canh do, miic d) biéu hién GFP trong tong
s protein té bao dugc xac dinh bang k¥ thuat dién di SDS-
PAGE [9] va tinh toan bang phan mém AlphaEaseFC 4.0.

2.5. Phwong phdp thong ké

Moi thi nghiém dugc lap lai 3 lan trong cung diéu kién.
Pon vi hoat tinh GFP cua timg mau dugc biéu thi duéi dang
trung binh £ d6 1éch chuan cta don vi huynh quang tuong
dbi (RFU) tir 3 thi nghiém. Str dung phan mém Excel dé tinh
toan va xtr 1y s6 liéu thu dugc.
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3. Két qua va ban luan

3.1. Dong hoa vector pHT2095 chira promoter
Pgrac100 co kha ning sip nhdp tai vi tri lacA cua vi
khuén B. subtilis

Gen muc tiéu gfp* dugc thu nhan bﬁng PCR véi cap moi
dac hiéu ONI1277-ON1280 tor khudén pHT10-gfp* mang
trinh tu nhan biét cua 2 enzyme cit gidi han BamHI va
Aafll. San pham PCR duoc dién di kiém tra trén gel agarose
2%, két qua cho thdy c6 1 vach sang c6 kich thudc tuong
tig véi kich thude 1y thuyét 1a 748 bp (hinh 1A). Nhur vay,
gen muyc ti€u da dugc thu nhan thanh cong. San phém PCR
duogc ndi vao plasmid khung suon pHT1399 tai vi tri BamHI
va Aafll. Ching E. coli OmniMAX chtra plasmid tai t6 hop
pHT2095 phat trién duoc trén moi trudng LB chira khang
sinh ampicillin (100 mg/ml) dugc kiém tra bang PCR khuéan
lac. Két qua dién di san pham PCR cho théy, ca 4 khuan
lac E. coli dugc chon dé sang loc déu xuét hién vach sang
v6i kich thude dung nhu 1y thuyét 13 1417 bp (hinh 1B).
Khuén lac sé 1 duge chon dé tach plasmid va giai trinh tu
boi Cong ty Macrogen. Inc (Han Qudc). Két qua cho thay
c6 su twong dong 100% ciia vector dong hoa so véi trinh tu
Iy thuyét (két qua khong trinh bay & day). C6 thé két luan
da tao dong thanh cong vector tai to hop pHT2095 mang
promoter Pgrac100 voi gen chi thi gfp+.

(A) (B)

pHT2095
M1 2 3 a

Hinh 1. Dién di trén gel agarose 2%. (A) San phadm PCR nhan ban
gen gfp* (748 bp); (B) San phdm PCR tir 4 khuan lac (1417 bp). M:
thang DNA chudn; 1, 2, 3, 4: ma khuan lac.

3.2. Tao vi khuin B. subtilis sip nhdp chira vector
pHT2095

Plasmid pHT2095 dugc bién nap vao té bao B. subtilis
1012 bang phwong phap bién nap tu nhién. Cac khuan lac B.
subtilis ¢ mang vector tai to hop da duoc sap nhap vao b
gen duoc diat tén 1a HT2095. Vi khuan sap nhap c6 kha ning
phat trién trén dia moi truong chita khang sinh neomycin.
Phuong phap PCR Kkhuén lac st dung 3 cép mdi dic hiéu dé
kiém tra su sap nhap tai 2 vi tri cua vi khuén tai to hop va
kiém tra gen muc tiéu sap nhap gfp* duoc thé hién trén hinh

n



2A. Két qua dién di san pham PCR trén gel agarose cho
théy, ca 2 khuén lac B. subrilis duoc chon déu cho 3 vach
sang (hinh 2B), ching t6 cd su sap nhap gen gfp” tai vung
3’va 5’ cta locus lacA. Nhu vay, chung B. subtilis sap nhap
HT2095 da duogc tao thanh cong.

(A) (B)
1 2 3
747 bp 751 bp 713 bp
ON1442 ON945 ON‘SGZ ON384 ON946 ON1441
T \ 0 T
) Pgrac
(: 1 (1 ] [ » 4:
lacA3 lac! gfp+ neof lacAS

the tw cap mdi s& dung.

3.3. Biéu hién protein GFP ciia chiing B. subtilis sdp
nhdp HT2095

Su biéu hién protein GFP cua céac chung vi khuén duoc
khao sat trén méi truong ran LB ¢6 bd sung IPTG thong qua
d6 sang cua khuan lac dudi tia UV. Két qua khao sat cho
thay, khuan lac B. subtilis HT2095 c6 kha nang phat huynh
quang ting dan theo nong d6 IPTG cam tng tir 0 dén 1 mM,
d6 sang manh nhét dugc ghi nhan ¢ nf")ng do IPTG 1 mM.
Ching ching duong pHT10-gfp* c6 kha ndng phat sang
manh dudi diéu kién cam tng IPTG, trong khi chiing chiing
am pHTO1 khong c6 kha nang phat huynh quang (hinh 3A).
Diéu nay chung to d6 sang cua khuén lac 12 do GFP duogc
biéu hién & cac chung B. subtilis tai to hop mang gen gfp".
Nhu vay, ching HT2095 sap nhap da biéu hién thanh cong
protein muc tiéu GFP trén moi truong rin.

(A)

=

N
a

Néng do IPTG (mM)

0 01 1,0
=11
ool E1 3
~0 E

- N
o o

Don vi phat huynh quang
(RFUs x 10%)
s

L

Oh I Oh 2h 4h | Oh 2h 4h
HT2095 PHT10-gfp*
0.01mM =0.1mM =1.0mM

pHTO1

IPTG =0 mM
Hinh 3. Sw biéu hién GFP cla cac chiing B. subtilis khao sat. (A)
Tin hiéu huynh quang trén méi trwdng ran; (B) Hoat tinh GFP thu dugc
trén moi trwdng ong.
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Két qua do hoat tinh GFP trong méi trudong long (hinh
3B) phu hop véi két qua khao sat biéu hién GFP trén moi
truong ran. Promoter Pgrac100 sau khi sap nhap vao bo gen
B. subtilis c¢6 thé kiém soat chit ché sy biéu hién protein
muc tiéu, thé hién qua sy ting tin hiéu huynh quang dang

ké & chung khao sat HT2095 khi
tang nong d6 chat cam Gmg IPTG

tir 0 dén 1 mM. Khi cam Gng voi
cac ndong d6 IPTG khéc nhau (0,
0,01, 0,1 va 1 mM) thi ty 1¢ cam
ung cua chung HT2095 thu duoc
lan luot 1a 3,8, 6,5, 8,2 sau 2 gio
va 3,3, 7,6 va 10,8 sau 4 gio. Két
qué nay thap hon so véi chiing ddi
chung pHT10-gfp" chtta plasmid
doc lap vai ty 1é cam tng lan luot
1a 4,03, 25,4 va 45,6 ¢ thoi diém
2 gio va 2,8, 17,2 va 31,1 ¢ thoi
diém 4 gio so voi mau khong cam tng (hinh 3B). Ngoai
ra, mic d§ phat huynh quang cua ching HT2095 thu dugc
cao nhét ¢ thoi diém 4 gio sau cam tng ¢ ndong do IPTG 1
mM la 76,780+1,178 RFUs, thép hon khoang 3 lan khi so
v6i ching d6i chimg duong pHT10-gfp" mang plasmid doc
lap pHT10-gfp*. Nhu vay, méc du promoter Pgrac100 la
promoter manh hon PgracO1 3 lan [5], nhung khi sép nhap
vector chtta Pgrac100 vao b gen cua B. subtilis cho muc
d6 biéu hién protein van thdp hon, diéu nay 1a do su khac
biét vé s6 luong ban sao gen muc ti€u. Trong do, té bao chu
pHT10-gfp" chtra 4-6 ban sao cua gen gfp* do plasmid doc
lap pHT10-gfp* duoc thiét ké tir plasmid ty nhién pBS72 va
plasmid nay ton tai 6n dinh trong té bao vi khuan B. subtilis
v6i sb lwong 4-6 ban sao [10]; con ching HT2095 chi co
duy nhéat mot ban sao gfp" duoc sap nhap vao bo gen tai
vi tri lacA. Su ting ndng d6 IPTG thuc diy hoat dong cia
promoter nén hoat dong phién ma tang; lwuong mRNA ma
hoa cho protein muyc tiéu ting kéo theo sy ting sé lugng
protein c6 hoat tinh. Khi lwong IPTG da dap ung du cho
hoat dong cam tng gen, dii co ting thém ndng do chat cam
(g thi ciing khong 1am ting sb luong protein myc tidu. Két
qua nay phu hop véi co s 1y thuyét va nghién ciru trude
day thuc hién trén cac vector mang promoter Pgrac01 va
Pgrac100 [5]. Nhu vay, hé thong vector sap nhap cam tng
IPTG pHT2095 ¢6 kha nang kiém soat chit ché sy biéu hién
protein muyc tiéu trong vi khuén B. subtilis.

18
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3.4. Anh hwong cua thoi gian cam rng dén sw biéu
hién GFP cua chiing B. subtilis HT2095

Trong thi nghiém nay, chung B. subtilis HT2095 duogc
nudi cdy ¢ 37°C trong mdi truong long LB ¢o bd sung 1
mM IPTG. Sinh khdi té bao & cac thoi diém 0 gior (trude
cam ung) va 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 va 24 gio
(sau cam tng) dugc thu nhan dé do muc do phat huynh
quang (RFUs). Dong thoi, gid trj OD,,
diém khac nhau ciing dugc ghi nhan dé danh gia anh huong

cua mau cay ¢ thoi

cua thoi gian cam Gng IPTG ddi vai stc séng cia té bao.
S6 liéu thé hién & hinh 4 cho théy, hoat tinh GFP cta chung
khao sat thay doi theo thoi gian cam Gmg. Tir thoi diém 0
gid cho t&i 4 gioy sau cadm g, hoat tinh clia cac mau c¢6 xu
huéng ting va dat toi da & 4 gid v6i hoat tinh gap gan 22
lan so v6i trude khi cam tng. Tuy nhién, khi tiép tuc kéo
dai thoi gian nudi cdy tir 6 dén 24 gio, hoat tinh GFP cua
cac mau khao sat giam dan. Sy giam hoat tinh nay c6 thé
lién quan dén mat do té bao va lugng protein biéu hién. Do
vi khuan B. subtilis biéu hién GFP noi bao, khi mat do té
bao tang theo thoi gian thi lwong GFP va mRNA ma hoa
cho protein GFP ciing s& dugc nhan 1én va chia cho thé hé
té bao sau. Tuy nhién, khi kéo dai thoi gian nudi cay, lugng
mRNA mi héa cho GFP ¢6 thé bj phén i dan dén sy san
xut protein muc tiéu bi giam theo thoi gian nudi cdy. Ngoai
ra, két qua 0D,
vi khuan tai to hgp bat dau da vuot qua pha log va bude

(hinh 4) ciing cho théy, & thoi diém 4 gio,
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Hinh 4. Sw sinh trwdng va san xuat protein GFP clia ching B. subtilis
HT2095 theo th&i gian nudi cay.

vao dau pha cin bang. Pay 1a giai doan 6n dinh nhat ctia hé
nudi céy, sb luong té bao dat trang thai cuc dai va stic séng
té bao & trang thai t61 wu. Nhu vay, thoi gian cam ing ti wu
cho sy biéu hién protein GFP trong méi truong long ciia vi
khuédn B. subtilis cam tmg sap nhap HT2095 1a 4 gio. Két
qua nay phi hgp voi nghién ciru cia ching toi trude d6 vé
anh huong cua thoi gian cam tmg d6i v6i su san xudt protein
muc tiéu GFP trong vi khuan B. subtilis sap nhap cam (mg
chtra promoter Pgrac212 [4].

3.5. Anh hwong ciia nong d¢ IPTG dén sw biéu hi¢n
GFP cia chung B. subtilis HT2095

Trong thi nghiém nay, vi khuan B. subtilis HT2095 dugc
nudi cdy ¢ 37°C trong méi truong long LB c¢b bd sung

()]

KDa M pHT01 HT2095
C—
8 0,1 IPTG (mM)

0 1}

. -
150
120

100
85

PR
£ 3
70
60
50 o
40

= - QOGFP

30

Pon vi phat huynh quang (RFUs x 10‘)

0 0,010,02 0,03 0,040,05 0,1 0,2 0,3 04 05 06 0,7 08 0,9 10 1,3 1,5 1,7 20 20

Néng d IPTG (uM)
B Don vj phat huynh quang

——&—— Mit dé quang hoc (OD,,,)

Hinh 5. Anh hwéng ciia ndng dé IPTG dbi v&i chiing B. subtilis HT2095 nuéi cay. (A) Su sinh trwedng va san xuét protein GFP trong didu
kién cdm (ng & cac néng dd IPTG khac nhau; (B) Phan tich protein thu dwoc tir chiing HT2095 khi cdm &ng véi 0,1 mM IPTG béng SDS-PAGE.
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khang sinh neomycine (10 pg/ml) va IPTG & cac nong do
khac nhau tir 0 ti 2,0 nM. Két qua trong hinh 5A cho thiy,
chung B. subtilis HT2095 ¢6 xu hudng ting mirc d6 biéu
hién GFP khi tang néng d6 chit cam ung. Cu thé, hoat tinh
GFP thu dugc trong diéu kién cam tng 0,1 va 0,2 mM IPTG
lan luot cao gfip 7,5 va 8,5 1an so voi diéu kién khong cam
mg (0 mM). Tuy nhién, khi tiép tuc gia ting nong d6 IPTG
dén 1,0 mM thi gia tri GFP (RFUs) chi gip 10 lan so véi
diéu kién khong cam tng. O ndng @ IPTG 16n hon 1,0 mM
(1,3, 1,5, 1,7 va 2,0 mM) thi hoat tinh GFP va stic song té
bao c6 sy suy giam (hinh 5A). Didu nay co thé giai thich
do IPTG la chét doc d6i vai té bao vi khudn, nong do IPTG
cao trong mdi truong nudi cdy co tac dong xau dén sirc song
ctia t& bao [4, 11]. Sy biéu hién protein GFP cua ching B.
subtilis HT2095 sap nhap mang promoter Pgrac100 va gen
muc tiéu gfp" dat hi€u qua cao & diéu kién cam ung voi 0,1
mM IPTG sau 4 gid nudi cdy voi lugng protein GFP chiém
13% protein tong s té bao (hinh 5B), két qua nay phi hop
v6i cac nghién ciru lién quan dén phat trién hé thong sap
nhdp mang promoter Pgracl00 trude do [3, 8]. Tuong tu,
hé théng vector cam ung chita promoter Pgracl00 sap
nhép tai vi tri amyE c6 kha nang kiém soat hiéu qua sy biéu
hién protein muyc ti€u trong vi khuén B. subtilis, v6i luong
protein BgaB va GFP chiém lan lugt 15 va 14% protein tong
s6 té bao [4].

4. Két luan

Hé¢ thong vector pHT2095 cam g IPTG mang promoter
Pgrac100 dugc sap nhap vao bd gen ciia vi khuan B. subtilis
tai vi tri lacA c6 kha nang kiém soat chat chd su biéu hién
hiéu qua protein muyc tiéu GFP trong té bao ¢ cac nong do
IPTG khéc nhau. Sau 4 gid nudi cdy cam ung trong moi
truong LB 1ong véi 0,1 mM IPTG, vi khuén B. subtilis san
xuét lugng GFP dat 13% protein tong sd té bao. Hé thong
vector sap nhap co tiém ning ing dung trong nghién ciru co

ban va san xuat cong nghiép.
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