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Nghién ciru tao cu truc mang promoter rphl nhiim tang cwong
biéu hién protein tii to hop & nam dwoe liéu Cordyceps militaris
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Tém tit:

Cordyceps militaris 1a loai nim dwgc liéu chira nhiéu hoat chit cé loi cho strc khée nhw cordycepln, adenosine,
pentostatin, polysaccharlde, carotenoid. Tuy nhién, ham lwgng ciia cac hgp chit nay 6 cac ching nam tw nhién t1r0’ng
dm thap Gan day, hé gen cua C. militaris da dugc glal trinh tu hoan toan va cac gen lién quan dén sinh tong hop cac
chit cé lgi da dwgrce xac dinh. Do d6, viéc nghién ciru ting cudng sinh tong hgp cac hoat chit quy o C. militaris nho
cong nghé DNA tai to hop co nhiéu thuin lgi. Trong nghién ciru nay, cac tac gia da tao thanh cong vector nhi thé véi
vung T-DNA mang cAu tric ting cuong biéu hién gen dwéi sy diéu hoa béoi promoter rpbI tix chinh loai C. militaris.
Ciu triic T-DNA tir vector nhi thé dugc chuyen vao hé genr nim nho phuong phap chnyen gen thong qua vi khuén
Agrobacterium tumefaciens. Phan tich ngau nhién mot so thé chuyen gen bang PCR véi cac cap moi dic hi¢u chirng
minh cau tric T-DNA da dugc tich hgp thanh cong vao h¢ gen C. militaris. Quan sit cac thé chuyén gen dudi kinh
hién vi huynh quang x4c nhin sw biéu hi¢n manh ciia gen ma héa protein huynh quang do6 DsRed dudi sy dleu hoa
caa promoter rpbl. Vector nhi thé mang promoter rpbl tao dwgc trong nghién ctru nay c6 thé dwgc sir dung aé tang
cuong sw biéu hién cuia cac gen mong muon ¢ nam dwgec li€u C. militaris.

Tir khoa: chuyen gen nho vi khuin Agrobacterium tumefaciens, Cordyceps militaris, protein huynh quang DsRed,

vector nhi thé mang promoter rpb1.

Chi sb phdn loai: 1.6

1. Dt van de

Udc tinh, ¢6 hon 500 loai thudc chi Cordyceps da dugc
thu thap va phan loai. Trong do, C. militaris 1a loai duoc
sir dung phd bién trong y hoc ¢b truyén & cac nudc chau
A. Hién nay, loai nAm nay dang duoc nudi trong dang qua
thé ¢ quy md cong nghlep Nam C. militaris chira nhiéu
hoat chit c6 kha ning chdng lai té bao ung thu, khang viém
va diéu hoa tang cuong mién dich [1-3]. Tuy nhién, ham
lugng thanh phan c6 hoat tinh sinh hoc nhu cordycepin,
adenosine, pentostatin, polysaccharide va carotenoid ¢ cac
chung tu nhién thuong twong dbi thip. Vi véy, nghién ctru
tang cudng su biéu hién cua cac gen lién quan nho cong
nghé DNA tai t6 hop c¢6 thé gitp taing ham lugng hoat chat
¢6 loi & ndm C. militaris [4].

H¢ gen cua loai C. militaris da dugc gidi trinh ty hoan
toan va cac gen/nhom gen lién quan dén qua trinh sinh
téng hop cac chét ¢6 loi da co ban dugc xac dinh. Co s&
dit liéu hé gen ndm C. militaris (https://mycocosm.jgi.doe.
gov/Cormil/Cormil.home.html) c6 thé duoc khai thac cho
cac nghién ciru biéu hién gen tai t6 hop nhiam ting cuong
su biéu hién cua cac gen mong mudn [4, 5]. Nhiéu loai
promoter manh da dugc img dung rdng réi trong nghién ciru
biéu hién tai t6 hop ¢ ndm soi. Tuy nhién, viéc sir dung cac
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promoter dé diéu hoa biéu hién gen & C. militaris van con
twong dbi han ché [4-6]. Nam 2014, T. Lian va cs [7] su
dung ky thuat real-time PCR da chi ra mot s6 gen biéu hién
manh & cac giai doan phat trién khac nhau cua C. militaris.
Trong s6 d6, gen rpb1 lién quan dén sinh tong hop enzyme
RNA polymerase II dugc ddc biét cht y, vi gen nay biéu
hién manh va 6n dinh qua cac giai doan phat trién cua
C. militaris. Ving trinh tu 5° ctia gen rpb! ¢ thé dugc khai
thac lam promoter cho nghién ctru diéu hoa biéu hién gen tai
t6 hop & nam C. militaris.

Dé chuyén gen vao nam, nhiéu phuong phap chuyen gen
da duoc phat trién. Tuy nhién, phuong phap chuyén thong
qua vi khuan 4. tumefaciens dugc chimg minh 1a ¢ hiéu
quéa ddi véi nhiéu loai ndm soi khac nhau, trong d6 ¢6 ca C.
militaris [8-10]. Dén nay, viéc chuyén gen vao C. militaris
van chu yéu sir dung gen khang khang sinh hoic gen khang
chat diét co [4]. Viéc sir dung cac vector mang gen khang
thudc dé tao chung chuyén gen thuong khong dap tmg dugc
c4c tiéu chudn vé an toan trong linh vire san xuat thie pham.
Do do, chung tai to hop dugc tao ra nho st dung vector
mang marker tro dudng pyrG s& co tiém ning cao dé img
dung vio thyc tién, dong thoi gitp loai bo viéc st dung cac
gen khang thudc.
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Abstract:

Cordyceps militaris is a valuable medicinal mushroom
that contains numerous bioactive ingredients such as
cordycepin, adenosine, pentostatin, polysaccharides, and
carotenoids. However, the contents of these substances
in wild-type strains of C. militaris are relatively low.
Recently, the genome of C. militaris has been fully
sequenced, and genes involved in the biosynthesis of
beneficial constituents have been identified. Therefore,
research on enhancing the biosynthesis of the bioactive
compounds in this fungus by recombinant DNA
technology has advantages. In the present study, the
authors have successfully generated a binary vector with
a T-DNA region carrying a construct regulated by the
native rpb1 promoter that can enhance gene expression in
C. militaris. The T-DNA structure from the binary vector
was then transferred into the C. militaris genome by
Agrobacterium tumefaciens-mediated transformation.
Analysis of some fungal transformants by PCR using the
specific primer pairs indicated that the T-DNA structure
was successfully integrated into the fungal genome.
Observation of the transformants under fluorescence
microscopy confirmed the overexpression of the DsRed
fluorescent protein under the regulation of the rpbl
promoter. The binary vector carrying the rpb1 promoter
constructed in this study can be employed to promote the
expression of target genes in the medicinal mushroom
C. militaris.

Keywords: Agrobacterium tumefaciens-mediated
transformation, binary vector carrying promoter rpbl,
Cordyceps militaris, DsRed fluorescent protein.
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2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Céc chung vi sinh vat, gém C. militaris G12, C. militaris
ApyrG, A. tumefaciens AGL1 va Escherichia coli DH5a do
Phong Genomic, Phong Thi nghi¢ém trong diém cong nghé
Enzym va Protein, Truong Pai hoc Khoa hoc Ty nhién, Pai
hoc Qudc gia Ha Noi cung cip. Vector nhi thé nguyén ban
pEX2 dung trong nghién ctru dugce tao ra boi K.T. Nguyen
vacs (2016) [9]. Moi truong dich chiét khoai tay (PDA hodc
PDB) va Czapek-Dox (CD) duoc st dung cho nudi nim
C. militaris. M0i truong Luria Bertani (LB) duoc st dung
dé nudi cac chung vi khuan. Ching nam C. militaris ApyrG
dugc nuoi trén moi truong dia thach PDA c6 bo sung 0,1%
uridine va 0,1% uracil trong 8-10 ngay, ¢ 25°C dudi diéu
kién chicu sang nham kich thich sy hinh thanh cua bao tu.
Bao tir nAm dugc thu hdi theo mo ta cua K.T. Nguyen va cs
(2016) [9]. Dich bao tir dugc dicu chinh vé nong dd 10° bao
tir/ml va dugce giit & 4°C cho céc thi nghiém tiép theo.

Cac cap mdi sir dung trong nghién ctru nay dugc liét ké
& bang 1. Cap mdi CMrpbl1-F2/CMrpbl-R2 dic hiéu cho
viing promoter ctia gen rpbl (mi s6 GenBank: KC242729)
dugc thiét ké bang phan mém Primer3 (https://bioinfo.ut.ce/
primer3-0.4.0). Trinh tu vung promoter cua rpb ! duogc trich
xuét tir dit liéu hé gen ndm C. militaris tai https://mycocosm.
jgi.doe.gov/Cormil/Cormil.home.html. Hai cip mdi con
lai do Phong Genomic, Phong Thi nghiém trong diém cong
nghé Enzym va Protein, Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia Ha Noi cung cap.

Bang 1. Cac cdp méi dung cho PCR.

Kich thuwéc
STT Tén mdi Trinh tw mbi (5°-3°) sén phim
PCR (bp)
GGGACTAGTGTCGAGGCTGTACC
1 CMpbl-F2 ) oA (Spel) oss
GGGCTCGAGGATATGGCGATGAC
2 CMipbl-R2 GG ATT (hol)
3 DeRedp  AACTCGAGCACGTGCTTAAGGAT
ATC ATGGCCTCCTCCGAGG o
4 DeRedr  AAGGATCCCCGCGGGAGCTCGAT
AT CCTACAGGAACAGGTGGTGGC
5  pyrG-orftF  ATGTCTTCCAAGTCGCAATT w0
6  pyrG-or:R  TATTGCGCACCAACACG

2.2. Tdch chiét DNA tong sé tiv hé soi ndm C. militaris

Céc chung C. militaris dugc nudi trong moéi truong dich
chiét khoai tay PDB (Potato dextrose broth). Riéng dbi véi
chung C. militaris khuyét dudng uridine/uracil (ApyrG) thi
mbi truong PDB can bo sung thém 0,1% uridine va 0,1%
uracil. NAm duoc nudi trén may l4c 6n nhiét & 25°C, tde do
200 vong/phut trong 3 ngay. Hé soi ndm duoc thu lai bang
cach loc dich nu6i qua mang Miracloth dé phuc vu tach
chiét DNA téng s6. Viéc tach chiét DNA téng sb duoc thuc
hién theo quy trinh di cong bé trude diy véi mot sb diéu
chinh phu hop [9]. M6t lugng 0,15 g hé sgi nim dugc chia
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vao ong eppendorf v6 trung va dugc gid nat bang diia thuy
tinh vo tring trong khoang 1 phut. B6 sung 600 pul dém chiét
(2,5% SDS, 200 mM Tris-HCl1 pH 8, 250 mM NacCl, 25 mM
EDTA 0, 2% B- mercaptoethanol) va 3 ul proteinase K Vao
dng chira mau. Mau duoc tron déu bang may vortex. U mau
& 60°C trong 30 phut. B6 sung 300 pl 3 M sodium acetate
(pH 5,2) va dao déu 6ng. Mau duoc ly tim & 4°C, toc do
12.000 vong/phit trong 20 phat. Hat dich ndi chuyén sang
ong eppendorf mdi va bd sung thém 1 the tich isopropanol
lanh d¢ két tia DNA. Pao nhe 6ng va tién hanh ly tim lanh
& toe d6 12.000 vong/phut trong 10 phit. Bé phan dich noi
va thu két tia. B6 sung 700 pl ethanol 70% vao dng dé rira
két tia. Ly tam ong & 12.000 vong/phit trong 5 phat. Két
tia dwoc lam kho bang may SpeedVac cua Hiang Thermo
Scientific (M¥). B6 sung 50 pl TE (Tris- EDTA, pH 8) va
3 ul RNase A (10 mg/ml) dé hoa tan miu va mau duoc u &
60°C trong 30 phut dé loai bd RNA. Mau DNA tong s6 dugc
kiém tra trén gel agarose 0,7% bang phuong phap dién di.
Mau duogc bao quan & 4°C cho cac thi nghiém tiép theo.

2.3. Tao vector nhij thé pEX2-rpb1

Vungtrinh typromoter (940 bp) cuia gen rpb I dugckhuéch
dai bang PCR sir dung khuon 1a DNA tong s tach chiét tir
C. militaris va cap mdi dic hiéu CMrpb1-F2/CMrpbl-R2
(bang 1). Bé dam béo tinh chinh x4c cia qua trinh sao chép
DNA, enzyme Phusion™ high-fidelity DNA polymerase
cua Hang Thermo Scientific (My) da dugc st dung. Quy
trinh PCR gdm 94°C (6 phiit); 35 chu ky lip ciia 94°C (30
gidy), 58°C (30 gidy), 72°C (1 phut) va 72°C (10 phut). San
pham PCR duoc kiém tra trén gen agarose 0,7% va duoc
cit véi _enzyme gi6i han Spel va Xhol. San pham duoc tinh
sach bang MEGAquick-spin™ Plus Total Fragment DNA
Purification Kit cua Hang INtRON Biotechnology (Han
Quédc) theo huéng dan cua nha san xuit. San pham tinh
sach dugc nbi vao vector nhi thé pEX2 ciing da dugc cit
bang cting 2 enzyme Spel va Xhol. Viéc ghép ndi dugc thuc
hién voi enzyme T4 DNA ligase (Thermo Scientific, M¥).
Hdn hop lai duoc bién nap vao vi khuén E. coli DH50 bang
phuong phap sb¢ nhiét. Cac khuan lac xuét hién trén dia moi
treong chon loc (méi truong LB chira 100 mg/l khang sinh
kanamycin) dugc kiém tra bang k¥ thuat PCR khuan lac
(colony PCR) sir dung cip mdi dic hiéu (bang 1). GoTaq®
Green Master Mix cua Hang Promega (M¥y) dugc st dung
cho colony PCR. Nhiing khuan lac véi két qua PCR xac
nhan sy c6 mit cua doan chén dugce nudi dé tach plasmid.
Plasmid téi t6 hop dugc xac nhan bang cit véi enzyme gidi
han BamHI va giai trinh ty mot phén plasmid.

2.4. Chuyén gen vao nim C. militaris théng qua vi
khuan A. tumefaciens

Quy trinh chuyén gen vao nim C. militaris nho vi khuan
A. tumefaciens dugc tién hanh dya theo quy trinh ciia K.T.
Nguyen va cs (2016) [9] va Z. Zheng va cs (2011) [10].
Vector nhi thé duoc bién nap vao vi khuén A. tumefaciens
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AGLI1 nho hé théng chuyén gen bang xung dién Gene Pulse
Xcell™ Electroporation System cua Hang Bio-Rad (MY).
Céc khuan lac vi khuén mang vector nhi thé dugc xac nhan
bang PCR v&i cip mdi dic hiéu CMrpbl -F2/CMrpb1-R2.
Vi khuan duoc nudi trong méi truong LB 1ong ¢b bd sung
kanamycin (100 mg/l) & 28°C, 200 vong/phut, khoang 18
dén 20 gio. Hut 0,5 ml dich nuéi cho vao 6ng falcon chira
4,5 ml mdi truong cam tmg IM c6 b sung acetosyringone
(AS) [9]. Nudi lic trong tbi & 28°C, 200 vong/phut, cho t&i
khi dich nu6i c6 OD dat 0,6 dén 0,8 (khoang 5-6 gi(‘r). Tron
100 pl dich nuoi da cam tng véi 100 pl bao ti nam (ndng
d6 10°bao tir/ml). Hon hop dugce trai déu 1én mang cellulose
da dat san trén moi truong IM (c6 b sung 0 ,01% uridine,
0,01% uracil, 200 uM AS). Bia dugc U trong hop t6i & 22°C
trong 2,5 ngay. Dé chon loc thé chuyén gen, mang cellulose
dugc chuyén sang dia moi truong thach Czapek Dox (CD)
co bd sung khang sinh cefotaxime (600 mg/l) dé diét vi
khudn A. tumefaciens. U dia ¢ nhiét do 25°C trong 5 ngay.

2.5. Xdc nhdn cdc thé chuyén gen

Céc khuén lac nAm xut hién trén dia chuyén gen duogc
céy chuyén sang dia méi trudng CD mdéi va dugce tinh sach
bang phuorng phap phan lap bao tir don. Cac thé chuyen
dugc nudi cay trong mdi truong PDB dé thu sinh khéi hé
soi cho tach chiét DNA tong s6. Cau trac biéu hién gen
DsRed trong hé gen céc thé chuyén gen dugc xac nhan bang
PCR su dung cap mdi dic hiéu DsRed-F/DsRed-R (bang
1). Kha nang biéu hién cua protein DsRed ¢ cac thé chuyén
gen dugc kiém tra du6i kinh hién vi huynh quang Axioplan
fluorescence microscope (Carl Zeiss, Puc). Cac thé chuyén
gen di duge xac nhan bang PCR duogc nudi trén moi truong
thach CD ¢ nhiét d¢ 25°C, trong 3 ngay. Dung kep v0 trung
lay mot phan hé soi nam tu dia nudi cay va chuyen lén lam
kinh. Nho mot giot nude cét v0 trung 1én gilra phan hé soi
nam. Pat lamen I€n phia trén mAu cin quan sat va ép nhe dé
dan mong mau. Tiéu ban dugc quan sat dudi kinh hién vi
huynh quang ¢ vat kinh 20X.

3. Két qua va ban luan

3.1. Tao vector nhi thé pEX2-rpbl mang promoter
rpbl cua C. militaris

Promoter rpbl c6 kich thude 940 bp duoc khuéch dai
tir hé gen ndm C. militaris bang PCR sir dung cap mdi dic
hiéu CMrpbl-F2/CMrpbl-R2 (bang 1). San pham dugc
nbi thanh cong vao vector nhi thé pEX2 [9] tai vi tri Xhol
va Spel dé thay thé promoter gpdA c6 nguon gbc tir nAm
soi Aspergillus nidulans. Vector nhi thé thu dugc dat tén
la pEX2-rpbl (hinh 1A). Vector pEX2 -rpb1 dugc xac nhan
bang cat kiém tra v0i enzyme gi6i han BamHL Enzyme
BamHI ¢6 2 vi tri cit trong vector pEX2-rpbl, gom 1 vi tri
cit trong trinh ty promoter rpbl (Prbpl) va 1 vi tri trong
khung vector. Phan tich san phdm cit enzyme gidi han trén
gel agarose 0,7% cho thiy 1 bang DNA c6 kich thudc tuong
tmg v&i 1,49 kb, twong dwong véi kich thude tinh toan
dya trén trinh tu (hinh 1B). Két qua thu dugc khang dinh
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promoter rpbl da dugce tich hop ding vi tri trong vector tai
t0 hop pEX2-rpbl.

(A) ot e bt
N > .

940 bp BamHi

PEX2-rpb1
11,05 kb

10,96 kb

M pEX2-rpb1

9,68 kb
6 kb

3 kb

LB PpyrG marker Prpb1  DsRed TtrpC RB

T mn]

BamHI BamHI

1,49 kb

Hinh 1. Vector nhj thé pEX2-rpb1 mang céu tric biéu hién
protein DsRed dw&i sw diéu hoa ctia promoter rpb1. (A) So dd
tao vector pEX2-rpb1, trong d6 promoter rpb1 tir C. militaris dwoc
st dung dé thay thé promoter gpdA tir A. nidulans; (B) So db cét
vector pEX2-rpb1 v&i enzyme gidi han BamHI va két qua phan tich
san pham twong (rng trén gel agrose; M 1a thang DNA chuan 1 kb.

3.2. Tich hop cdu triic biéu hién protein huynh quang
DsRed vao hé gen cia C. militaris

Dé danh gia hiéu qua diéu hoa biéu hién gen cua promoter
rpbl, chu triic T-DNA ciia vector pEX2-rpb1 dwoc chuyén vao
ching C. militaris ApyrG khuyét dudng uridine/uracil st dung
phuong phép chuyén gen thong qua vi khuan A. tumefaciens.
Phuong phéap chuyén gen nay di dugc chimg minh 1 hi¢u
qua cao & nhiéu loai nim khac nhau [8, 9], bao gdm ca
C. militaris [10]. Hiéu qua chuyén gen & C. militaris véi
marker trg dudng pyrG st dung vi khuan 4. tumefaciens
dat 150-210 thé chuyén gen cho 10° bao tir nAm. Chon ngiu
nhién 4 thé chuyén gen doc 1ap (ky hiéu C1-C4) va ciy
ddng thoi 1én moi trudng t6i thiéu CD va méi trudng CD ¢
b6 sung uridine va uracil (CD+uridine+uracil). Két qua thu
duoc cho thy, ca 4 thé chuyén gen déu sinh truong duoc trén
moi truong t6i thiéu CD, trong khi ching ddi ching ApyrG
chi sinh truong duoc khi méi truong CD ¢6 bd sung uridine
va uracil (hinh 2A). Piéu nay ching to, ca 4 thé chuyén
gen déu da nhan duoc gen pyrG va ¢ kha ning ty tong hop
uridine va uracil dé dap tmg nhu cau sinh trudng cua té bao.

Pékhangdinh chinhxac khaning phuc hdisinh truong cua
cac thé chuyén gen trén moi truong khuyét uridine va uracil,
DNA téng sé tir cac ching nay dugc kiém tra bang PCR sir
dung cap moi pyrG-orf- F/pyrG orf-R va DsRed-F/DsRed-R
(bang 1) Phan tich san pham PCR trén gel agrose cho thay,
ca 4 thé chuyén gen déu xuét hién 2 bang DNA dic trung
v6i kich thude 730 va 899 bp, tuong ung vai kich thude cua
gen DsRed va gen pyrG (hinh 2B). Két qua nay chung minh
céu trac T-DNA cua vector nhi thé pEX2-rpbl dd dugc
chuyén gen thanh cong vao hé gen ndm C. militaris.
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Két qua chuyén gen cD CD + uridine + uracil

(A)

c2

®c:

ApyrG

ST

Hinh 2. Xac nhan cac thé chuyén gen & C. militaris. (A) Cac thé
chuyén gen dwoc nudi trén moi trwdng chon loc CD va CD + uridine
+ uracil. Chiing C. militaris khuyét duwéng uridine/uracil dwoc st
dung dé danh gia kha nang sinh trwdng cla cac thé chuyén gen;
(B) Cap moi pyrG-orf-F/pyrG-orf-R dac hiéu cho marker chon loc
pyrG va DsRed-F/DsRed-F ddc hiéu cho gen huynh quang dé DsRed
duoc str dung dé xac nhan sw tich hop clia ciu tric T-DNA vao hé
gen clia cac thé chuyén gen; M: thang DNA chuén 1 kb; (-): dbi chirng
am st dung nwéc cat vo tring; (+): déi chirng dwong st dung vector
pPEX2-rpb1.

3.3. Xdc nhin sw biéu hién ciia gen DsRed duwéi sw
diéu hoa cua promoter rpbl

Gen chi thi huynh quang d6 DsRed dugc st dung rat
phé bién trong chuyén gen vao nim soi dé chung minh vai
trd cla cac promoter, cling nhu tao ra chung nam bleu hién
protein DsRed cho cac muc dich nghién cttu cy thé [9, 11].
Trong nghién ctru nay, cau triic biéu hién gen DsRed duoc
chuyén thanh céng vao nim duoc li¢u C. militaris. Két qua
phéan tich dinh tinh duéi kinh hién vi huynh quang cho thiy
hé soi ctia cac thé chuyén gen déu c6 tin hiéu huynh quang
do rat rd nét (hinh 3). Két qua thu dugc ciing khéng dinh
gen DsRed c6 thé st ‘dung 1am gen m6 hinh dé danh gla
kha niang diéu hoa biéu hién gen ciia cac promoter & nim
C. militaris.

Hinh 3. Quan sat sy biéu hién cta protein DsRed trong hé sgi
nam C.) militaris chuyén gen. Hé sgi nam dwgc quan sat dudi
kinh hién vi huynh quang Axioplan fluorescence microscope. Tin
hiéu huynh quang dé DsRed & 4 th& chuyé&n gen ddc lap (C1-C4)

du6i sy didu hda ctia promoter rpb1. Chiing C1, C2 va C4 cho mirc
do tin hiéu manh hon ching C3.

Mot nghién ctru g?m day cua T. Lian va cs (2014) [7] chi
ra rang, genrpbl biéu manh va on dinh ¢ cac giai doan khac
nhau trong qua trinh phat trién ciia nAm C. militaris. Piéu
ndy goi y rang, promoter clia gen rphl co thé giir vai tro
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quan trong trong diéu hoa biéu hién gen & C. militaris. Gen
rpbI ma hoa tiéu phan 16n (large subunit) ciia enzyme RNA
polymerase II va c6 murc do bao thu cao ¢ dong vat, thuc vat
va ndm. Do d6 trinh tu gen nay dugc sir dung pho bién trong
phan loai sinh vat [12]. Tuy nhién, vai tro cua promoter rpb/
trong diéu hoa biéu hién gen & ndm van chua duge diéu tra.
Céc két qua thu dugce tir nghién ctru nay chi ra rang, su biéu
hién cia gen huynh quang DsRed dugc kich hoat manh ¢ C.
militaris nho promoter 7pb1 (hinh 3). Day la nghién ctru dau
tién chirg minh promoter rpb1 cé thé duoc st dung dé diéu
hoa biéu hién gen tai to hop & nam dugc liéu C. militaris.
Nghién ctru ciing bude dau cho thy, viéc chuyén gen vao
C. militaris st dung marker trg dudng pyrG va vi khuin
A. tumefaciens 13 hoan toan kha thi va bo trg cho phwong
phap chuyén gen st dung gen khang hygromycin B lam
marker chon loc [11].

4. Két luan

Nghién ctru ndy da tao thanh céng vector nhi thé pEX2-
rpbl mang promoter #pb/ nhim ting cudng su biéu hién
ctia gen mong mudn & C. militaris. Két qua nghién ctru da
chtng minh rang promoter rpbl c6 kha ning kich hoat su
biéu hién manh cua gen ma hoa protein DsRed tir san ho do
Discosoma sp. & nam duoc liéu C. militaris. Vector pEX2-
pbl tao dwoc tir nghién ctru nay c6 thé duge sir dung dé
tang cuong su biéu hién cia cac gen lién quan dén sinh tong
hop cac chat c6 loi & C. militaris.

Cac tac gia xin tran trong cam on Dai hoc Qubc gia Ha
Noi da cip kinh phi cho nghién ctru nay thong qua dé tai
“Nghién ctru phat trién hé thong bleu hién gen mdi ¢ nam
duoc liéu C. militaris phuc vu san xuét enzym tai to hop va
céc chat c6 hoat tinh sinh hoc” (ma s KLEPT.20.03).
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