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TOM TAT 
jj-carotene la mpt sac to thuoc nh6m carotenoid co gia trj thuong mai. Voi muc dich Qng cuong sinh 
tong hpp p-carotenetrong E. coli tai t6 hpp, mpt phan con duong mevalonate duoc bo sung them de 
t5ng cuong ngu6n tign chit IPP.Ba genemvaKl, mvaK2 va mvaD dupe tach dong tii Enterococcus 
foecium phan lap tgi Viet Nam va dua vao vector bieu hipn pET28 tao nen vector pET28-
mvaKlK2D. Vector bilu hien tai t6 hpp nay sau do dupe bi6n nap vio dong E. coli BL2I(DE3) tii 
t6 hop da mang sin vector pRSET-iEIBY mS hoa cho cac enzyme sinh tdng hpp P-carotene tir tien 
chat ffP. Hai he vector duoc hika hien ddng thoi t?o ra khuSn lac mau vang dac tnmg cuap-carotene. 
Dinh gia so bO cho thSy dong E. cob dupe b6 sung them m^t phSn con duong mevalonate co kha 
ning sinh tong hpp p-carotene manh hon so vdi dong khong dupe b6 sung. 
Tii kh6a: ^-carotene, mvaKl, mvaK2, mvaD, mevalonate pathway 

DAT VAN DE 

P-carotene la mot chat thuoc nhom 
carotenoid, dugc tim thay chu yeu o mpt s6 
loai thuc vat nhu ca rot, bi ngo, dau Ha 
Lan,... [4]. p-carotenedugc biet den voi vai 
tro la tiSn chat de tong hgp vitamin A - mgt 
lo î vitamin rat can thiet cho mat. Theo mot 
so nghiSn cuu chi ra rang, p-carotenec6 kha 
nang lam ch^m qua tiinh thoai hoa diem 
vang, tir do giam nguy ca mil loa [6], [9]. Ben 
canh do, p-carotene dugc chung minh la co 
kha nang chong oxi hoa manh, vi vay co tac 
dung ngan ngira benh ung thu va mot so benh 
vfi tim mach [2]. 

Do do, p-carotene dude sir dung rpng rai trong 
san xuSt cong nghiep dugc pham, my pham va 
thuc phim [7]. Hien nay, ban 90% p-carotene 
thuong mai dugc san xudt bang t6ng hgp hoa 
hpc [10], tuy nhien do moi lo ngai an toan thuc 
phim viec sir dung p-carotene tong hgp hoa 
hpc lam chSt phu gia da bi kiem scat chat che 
trong nhung nam gan day. Trong khi do viec 
khai thac p carotene til ngu6n ŝ n co trong tu 
nhien co nhugc diem la phu thupc thai vu, 
phiic tap trong xay dimg va quan ly viing 
nguyen lieu. Dieu nay din tai nhu cau tim 
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kiim nguon p-carotene tu nhien bang len men 
vi sinh v^t. Trong do, ky thuat dieu huong trao 
d6i chdt p-carotene trong cac vi sinh vat khong 
CO kha nang san sinh carotenoid dang dugc 
quan tam hi6n nay [8]. Dac biet, E. coli la mot 
v?t chii thich hgp cho san sinh p-carotene -v̂  
t6c dp chuyen hoa va tang trudng nhanh va no 
da dugc sii dung thanh cong trong san xuSt cac 
loai carotenoid khac nhu lycopene, astaxanthin 
va zeaxanthin [1], [3]. 

Qua trinh sinh tong hgp cac hgp chat 
carotenoid dugc chia thanh 2 giai doan. Giai 
doan thu nhdt la su t6ng hgp Isopentenyl 
diphosphate (IPP) - dan vi cdu thanh co ban 
cua tdt ca cac hgp chat carotenoid. Hai con 
duong sinh tong hap IPP la mevalonate 
(MEV) va non-mevolonate (MEP). Giai doan 
thii hai la day chuyen tao thanh cac 
carotenoid tir IPP. Trong E. coli chi ton tai 
con duong MEP ma khong t6n tgi con duang 
MEV va E.coli thilu cac enzyme chuySn hoa 
tir IPP din carotenoid. De tang kha nang san 
xudt p-carotcne trong E. coli, mpt phan con 
duang MEV khong co trong E.coli tu nhien 
CO thi dugc b6 sung vao chiing E. coli bieu 
hicn p-carotcne de tang cuong ngu6n tien chat 
IPP nh5m dam bao can b§ng trao doi chdt cho 
v t̂ chii, nang cao va on dinh kha nang san 
xuat p-carotene. 
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Xudt phat tir nhOng luan d i lm tren chiing toi 
t i ln hanh nghien ciiu b6 sung them cac gene 
mva ma hoa cho cac enzyme sinh tong hgp 
t i ln chdt IPP vao trong vi khudn E. coli voi 
muc dich tang cuong kha nang sinh tong hgp 
p-carotene. 

VAT LIEU, PHUONG PHAP NGHIEN CUU 

VSt li£u nghien cmi 

Vi khudn Enterococcus faeciumcung cap ba 

Vietnam Type Culture Collection. Vi khuan 
E. coli DH5a tai Vien Khoa hpc S\r song -
Dai hgc Thai Nguyen. 

- Vi khudn E. coli BL21(DE3) mang vector 
pR-iEIBY la vector b i lu hien pRSET-A mang 
policistron g6m 5 gene idi-crtE-crtl-crtB-crtY 
ma hoa cho cac enzyme tham gia vao qua 
trinh xiic tac sinh tong hgp p-carotene da 
dugc thiet ke thanh cong truac do. 

- Vector tach dong pLUG (LifeTechnology). 

- Cap m6i khuech dai cac gene mva bao gom: 
mvaKl, mvaKl, mvaD dugc thiet ke dua tren 
trinh t\r gene da cong b l tren ngan hang gene 
NCBI ma s5AF290095.I. Khi thil t k l trinh tv 
moi, trinh tu cac enzyme gioi ban dugc them 
vao d6 thuan tien cho vi?c thiet ke vector sau 
nay. Trinh tu cap moi dugc the hi^n trong 
bang I. 

Bang 1. Thong tin trinh tu cap moi mva 

Ten 
moi 

Trinh tijr5'-3' 

„ . „ CCATGGATGGCAAACTATGGCC 
AAG 

„, „ GAATTCTTAAACATAGGTATGTA 
Kl-R ^.^^^^ 

„, „ GAATTCATGATTGAAGTATCTGC 
^ ^ • ^ ACCA 
„ - _ GAGCTCTCATCGGTTTTCCTTTCT 
K2.R .^^^^ 

„ „ GAGCTCATGTTTAAAGGCAAAG 
^ - ^ CACG 

GCGGCCGCTTATTCAATAATCGC 
AATTCCTG 

Phtrong phap nghien ciju 

Tach chiet DNA tong so 

DNAvi khuan Enterococcus faecium dugc 

tach chilt b k g CTAB 2 % dua theo phuong 

phap tach chiet ciia Doyle va cs [5]. San p l ^ 

DNA dugc diing de lam nguyen lieu cho c^ 

nghien ciiu t i lp theo. '' 

PCR cdc gene mva 

Cac gene mvaKl, mvaK2, mvaD dugc khuldi 

dgi tir genome vi khuan E. faecium nho cap 

m6i dSc hieu (Bang I). Thanh phdn phan uig 

bao g6m: 19.3 pi nucrc cat khu- ion, I pi DNA, 

2.5 pi buffer lOX, 0.1 pi enzyme Taq 

DNApolymerase, 0.5 Û dNTP 10 mM, O.S nl 

primer mva-F (10 pm/I), 0.5 pi primer mva-K 

(lOpm/pl). Chu trinh nhiet dugc thuc hien nhu 

sau: 95°C: 5 phut, 30 chu ky cua (95"C: 45 

giay; 55"C: 45 giay; 72°C: 1 phiit), 72°C: 10 

phiit, bao quan a 4°C. San pham PCR kiem tra 

biing dien di tren gel agarose 1%. 

Gdn noi doan gene mong muon len vector 

Doan gene mong muon dugc gan len cau triic 

vector mo vong nh6 enzyme T4 ligase, thanh 

phdn phan iing gan noi nhu sau: 3 jil buffer 

ligase lOX, 5 pi vector, 5 pi doan xen va I 1̂ 

enzyme n i i T4 ligase, 16 [il nuoc. U hon hap 

phan ling a 22''C trong I gia. San phdm phan 

ling g5n noi dirge bien nap vao te bao kha 

bi ln E. coli DH5a bang phucmg phap soc 

nhiet 42''C trong 90 giay. San phdm bien nap 

dugc c ly trai tren moi tniong LB dac co bo 

sung khang sinh chgn Igc. 

Cdm irng bieu hien gene trong vi khudn 

E- coli 

Vector bieu hien dugc bien nap vao vi khuaii 

t l bao kha b i ln E. coli BL21(DE3) bSng 

phucmg phap soc nhiet, sau do cay trai tren 

moi truong th^ch LB c6 b l sung khang sink 

Khuan lac moc tren dia th^ch dugc nhat nu6i 

rieng re trong 5 ml LB 16ng co b l sung 

ampicilin 6 37 "C qua dem. Cdy chuySn 5~|d 

moi dong khuan nuoi trong 5 ml LB long co 

bo sung ampicilin, nuoi lac 37 "C sau 2 gio 

roi do ODeoo nm. D i n khi OD dat 0,3 din 0,5 

bo sung IPTG den n6ng dO cuoi la 0,5 mM, 

nuoi lac a 37''C trong 6 gia. 
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KET QUA NGHIEN C U U 

Ket qua tach dong va xac dinh trinh tu 

gene mvaKl, mvaKl, mvaD 

San phdm khulch dai cac gene mva dugc dien 

di tren gel agarose (hinh lA) , k i t qUa chi thu 

dugc mot bang duy nhat vai kich thirac xdp xi 

Ikb tuang irng do dai cac gene mva theo ly 

thuylt {mvaKl: 945 bp, mvaK2: 1088 bp; 

mvaD: 978 bp). D i l u nay cho thdy chiing toi 

da khuech dai thanh cong ba gene mva. 

San pham PCR sau do dugc gan vao vector 

tach dong pLUG va bien nap vao vi khudn 

E.coli DH5a, sau do cay trai tren moi truong 

thach LB co bo sung ampicilin, X-gal va 

IPTG. Chgn cac dong khuan lac trang nuoi 

tang sinh trong LB long ^k tach chilt plasmid 

va kiem tra kich thugc vector. Nhung dong 

khuan Igc co kich thuac ion ban so vai d l i 

chiing (dong chua co doan chen) dugc t i lp 

tuc chgn Igc bang enzyme giai han. Ki t qua 

dugc the hien nhu tren hinh IB . 

(A) L: Thang chudn DNA GeneRulerTM Ikb; 

duang chay 1-3: tucmg ung vdi sdn phdm PCR 

cdc gene mvaKl, mvaK2, mvaD 

(B): L: Thang chudn DNA GeneRulerTM Ikb; 

duang chay 1-3; tuang ung vdi sdn phdm cdt cdc 

gene mvaKl, mvaK2, mvaD 

Ket qua cho thay san phSm ci t cac dong nghi 

nga deu CO hai bang: Mot bang co kich thuoc 

3 kb tucmg duang kich thuac vetor pLUG va 

I bang kich thudc xdp xi 1 kb tuang ducmg 

kich thuoc cac gene mva. 

Tuy nhien, d l khang dinh chinh xac hon, 

dong thoi kiem tra miic dp 6n dinh thong tin 

di truyen, cac dong plasmid tai to hgp nay 

dugc diing de giai trinh tu. Sau khi giai trinh 

tu, chieu dai cac gene dugc bao toan: mvaKl: 

945 bp; mvaKl: 1088 bp; mvaD: 978 bp. Su 

dung cong cu NCBI BLAST, trinh tir gene 

mvaKl, mvaK2. mvaD tach dong trong 

nghien ciiu nay co dp tuong dong 100% so 

vai trinh tu gene mvaKl, mvaKl, mvaD ciia 

VI khuan Enterococcus faecium (ma so 

AF290095) da dugc diing de thiet ke moi cho 

ph4n ling PCR. 

Ket qua dich ma In-silicobang cong cu true 

myen EMBOSS Transeq cho thay gene dugc 

dich ma thanh cong, khong xuat hien cac dgt 

bien stop codon vo nghia (hinh 2). Nhu vay 

Hinh 1. Hinh dnh diin di sdn phdm PCR (A), chling toi da tach dong thanh cong cac gene 

.; , , , ,-, ,„, mvaKl, mvaKl, mvaD. 
san pham cat plasmid tai to hgp (B). 

"MANYGQGESSGKIILMGEHAWYGEPAIAFPFYATKVTAFLEELDAMDDQLVSSYYSGNLAEAPHALKNIKKLFIHLK 
KQHDIQKNLQLTIESTIPAERGMGSSAAVATAVTRAFYDYLAFPLSREILLENVQLSEKIAHGNPSGIDAAATSSLQPI 
YFTKGHPFDYFSLNTDAFLIVADTGIKGQTREAVKDVAHLFETQPHETGQMIQKLGYLTKQAKQAIIENSPETLAQTMD 
ESQSLLEKLTISNDFLNLLIQTAKDTGALGAKLTGGGRGGCMIALAQTKTKAQEISQALEDAGAAETWIQGLGVHTYV" 

(A) 
"MIEVSAPGKLYIAGEYAWETGHPAVIAAVDQFVTVTVESARKVGSIQSAQYSGMPVRWTRRNGELVLDIRENPFHYI 
LAAIRLTEKYAQEKNILLS FYDLKVTS E LDS 3HGRKYGLGS SGAVTVATVKALNVFYALNLSQLEIFKIAALANLAVQD 
NGSCGDIAASCYGGHIAFSTFDHPWLQEQETQHSISELLALDWPGLSIEPLIAPEDLRLLIGWTGSPASTSDLVDQVHR 
SREDKMVAYQLFLKNSTECVNEMIKGFKENNVTLIQQMIRKNRQLLHDLSAITGWIETPALNKLCNLAEQYEGAAKSS 
GAGGGDCGIVIVDQKSGILPLMSAWEKAEITPLPLHVYSDQRKENR" 

(B) 
"MFKGKARAYTNIALIKYWGKKNEELILPMNNSLSLTLDAFYTETEVIFSDSYMVDEFYLDGTLQDEKATKKVSQFLDLFRK 
EAGLSLKASVISQNFVPTAAGLASSASGLAALAGACNTALKLGLDDLSLSRFARRGSGSACRSIFGGFVEWEKGHDDLSSYA 
KPVPSDSFEDDLAMVFVLINDQKKEVSSRNGMRRTVETSNFYQGWLDSVEGDLYQLKQAIKTKDFQLLGETMERNGLKMHGT 
TLAAQPPFTYWSPNSLKAMDAVRQLRKQGIPCYFTMDAGPNVKVLVENSHLSEVQETFTKLFSKEQVITAHAGPGIAIIE" 

(C) 

Hinh 2. Kit qud dich ma In-silico gene mvaKl (A), mvaKl (B) vd mvaD (C) 
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Kit qud thiet ki vector bieu hien pET28-

mvaKlKlD 

• Gdn gene mvaKl vao vector bieu hien 

pET28 iq.0 vector tdi to hop pETlS-mvaKl 

Sau khi gan noi doan gene mvaKl vao vector 

pET28 ma vong va biSn nap vao vi khuSn E. 

Coll DH5a Ket qua sang Igc cac dong plasmid 

tai td hgp dugc the hien nhu tren hinh 3. 

Ket qua tach chilt plasmid cho thay cac dong 

khuSn lac thu dugc deu co kich thuac cao ban 

so voi duang chay DC (vector pET28), nen 

day la nhimg vector tai to hpp. 

Hinh 3. Pla.^mid cdc ddng CO khd ndng mang gene 

mvaKl 

Dudng chay f>C- plasmid pET28, Dudng chay 1-

4- plasmid tdi to hop tdch tir cdc ddng khudn Iqc 

trdng 

Khi cat cac dong kliuan lac nay vai enzyme 

BamHl va EcoRl deu cho hai bang sang: Mgt 

bang b'ch thuoc xap xi 5.3 kb tuang duang 

kich thuoc vector pET28 va mgt bang kich 

thuoc xdp xi I kb tuang duong kich thuoc 

doan gene mvaKl (hinh 4). Nhu vay da gdn 

thanh cong doan gene mvaKl yao vector 

pET28. 

Hinh 4. Sdn phdm cdt cdc ddng cd khd ndng mang 

gene mvaKl 

L- Thang chudn DNA Ikb. Dudng chay I, 2, 3. 4: 

Cdc dong plasmid tdi to hpp cdt bdng enzyme 

BamHl vd EcoRX 

• Gdn gene mvaKl vao vector biiu hien 

pET18-mvaKl tgo vector tdi to hgp pET^ 

mvaKJKl 

Doan gene mvaKl va vector tai t l hop 

pET28-mvfl/C/ dugc cat dong thai bdng hai 

enzyme giai han la EcoRl va Sac\ vdi muc 

dich thu doan gene mvaKl va md vong vector 

pET28-mvaKl. 

Gene mvaKl sau do dugc gan noi vao vector 

pET28-mvaKl va bien nap vao te bao kha biln 

E. coli DHScL Cac khuan lac dugc lua chon 

ngau nhien, tach chiet plasmid de sang Ipc cac 

dong cd kha nang mang doan chen. Nhihig 

dong cd kich thudc bang plasmid cao hon so 

vdi doi chiing (plasmid vector pETli-mvaK!) 

dugc tiep tuc sii dung de kiem tra sir co n^t cua, 

gene mvaKl bang enzyme gidi ban (hinh 5). 

Hinh 5. Sdn phdm cat plasmid cdc ddng cd kha 

ndng mang gene mvaKl. 

DC: Ddi chung vector pET28-mvaKlK2 khong 

cdt; Dudng chay I -6 . sdn phdm cat tuang ung 

vai cdc dong 1. 2. 3. 4. 5. 6. DiroTig chify L- Thang 

chudn DNA GeneRulerTM 1 kb. 

Ki t qua thu dugc tren hinh 5 cho thdy, tdt ca 

cac dong nghi ngd deu cd mgt bang duy nhat 

vdi kich thudc xdp xi7.4 kb (tuang iing voi 

tong kich thudc doan gene mvaKl va vector 

pETl^-mvaKl). Nhu vgy doan gene mvaKl 

da dugc gan thanh cong vao vector pET28-

mvaKl tao vector tai t l hgp pET28-

mvaKlKl. 

• Gdn gene mvaD vao vector bieu hi?ii' 

pET28-mvaKlKl ttfo vector tdi to hgp 

pET18-mvaKlKlD 

Doan gene mvaD dugc chen vao vector 

]pET28-mvaKlKlD, cac vector tai t l htjf 

dugc bien nap vao vi khuan E. coli DH5«. 

Cac dong khudn lac dugc kiem tra bdng so 
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sanh kich thudc vector va san phdm cdt bdng 
enzyme gidi han 

(A) (B) 

Hinh 6. Plasmid cdc dong co khd ndng mang gene 

mvaD (A); sdn phdm cdt chgn loc cdc dong mang 

gene mvaKl (B). 

(A). Duong chay DC: plasmid pET28-mvaKlK2, 

Duong chay 1-4- plasmid tdi to hgp tdch tit cdc 

ddng khudn lac trdng. 

(B) L • Thang chudn DNA Ikb. Duang chay I, 2, 3. 

4: Cdc ddng plasmid tdi to hgp cdt bdng enzyme. 

Ket qua tren hinh 6A cho thay cac dong 

khuan Igc dirge chgn deu cd kich thudc bang 

plasmid Idn ban so vdi doi chiing, day cd the 

la cac dong mang dogn chen. Ket qua kiem tra 
bang enzyme gidi ban cung cho thdy cac dong 
khuan lac nay deu cd mgt bang duy nhat vdi 
kich thudc khoang 8,3 kb, tuong duang vdi 
tong kich thudc ciia doan gene mvaD (978 
bp) va vector tai td hgp pET28-mvaKlK2 
(7401 bp) (hinh 6B). 

Tir nhimg ket qua tren chiing td viec thiet ke 
vector bieu hien mang policistron operon gom 
3 gene mvaKl-mvaKl-mvaD tren nen tang 
vector pET28 da thanh cong. 
Bieu hifn hai he vector pRSET-iElBY vd 
pET18-mvaKIK2D trong E. coli BL11(DE3) 
De Idem tra su hogt dgng ciia cac gene mva 
tren cau tnic vector pET28, dong thdi danh 
gia sa bp anh hudng cua viec bo sung mot 
phan con dudng mevalonate den kha nang 
sinh tong hgp p-carotene trong vi khuan E. 
coli, vector pET2S-mvaKlK2D dugc bien ngp 
vao vi khuan E. coli BL21(DE3) tai to hop da 
mang sin vector pRSET-iElBY ma hoa cho 
cac enzyme sinh tong hgp p-carotene tir tien 
chit IPP. 

Hinh 7. Kit qud biiu hien cda hai hi vector 

pET28-mvaKiK2D vdpRSET-iElBYlrong E. coli 

BL2l(DE3) 

(1) E. coli BL2I (DE3) khong mang vector (doi 

chiing): (2): E coli BL21 (DE3) mang vector pR-

iEIBY (mdu vdng nhat); (3): E. coli BL21 (DE3) 

mang dong thdi hai hi vector vector vector 

pET28-mvaKlK2D vd pRSET-iEIBY (mdu vdng 

dam — mdu dac trung cua p-carotene); 

Ket qua bieu hi?n cho thay, ong I khong co 

su bieu hien mau sac (can khuan mau trang) 

do chung vi khuan E. coli BL21(DE3) do 

khdng c6 mang cac gene ma hda qua trinh 

sinh tong hgp p-carotene, Ong so 2 va 3 cho 

can te bao cd mau vang nhgt va vang sam la 
mau dac tnmg ciia P-carotene, nhu vay cac 
gene dugc bien nap vao vi khuan E. coli deu 
boat dgng. 

Qua danh gia bang cam quan mau sac cho 
thay ong so 3 (dugc tang cudng ngudn tien 
chat IPP bdng viec bd sung cac gene mva) cd 
sir sinh tdng hgp p-carotene manh hon so vdi 
ong sd 2. Nhu vay viec bo sung them mgt 
phan con dudng mevalonatelam tang ham 
lugng P-carotene. 
KET LUAN 

Da tach dong thanh cdng 3 gene mvaKl, 
mvaKl, mvaD co kich thudc tuang ling idn 
lugt la 945 bp, 1088 bp, 978 bp. 
Thilt kl thanh cdng vector bilu hi?n pET28-
mvaKlK2D mang policistron gIm 3 genes 
mvaKl, mvaKl. mvaD ma hoa cho cac 
enzyme xiic tac con dudng sinh tong hgp tien 
chdt/PP. 

Cam ling bieu hien hai he vector: Mgt he 
vector lien quan den sinh tdng hgp tien chdt 
IPP, mgt he vector lien quan din sinh tdng 
hgp p-carotenetii tiln chat IPP trong E. coli 
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BL2I(DE3) thu dugc can khudn cd mau 

vang-mau dac trung cua P-carotene. Qua danh 

gia so bO bdng cam quan cho thdy viec bd 

sung them he vector lien quan den sinh tong 

hgp ti ln chdt IPP trong E. coli d l san xudt p-

carotene ed hieu qua cao hon so vdi chi bieu 

hien mpt he vector, 
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SUMMARY 
ENHANCE BIOSYNTHESIS OF B-CAROTENE IN RECOMBINANT 
ESCHERICHIA COLI HARBORING A PART OF MEVALONATE PATHWAY 

Vu Hoai Nam', Duong Van Cuong ' ' 
' University Agriculture and Forestry - TNU 

^ Institute of Life Sciences • TNU 

p-carotene is a carotenoid pigment which has commercial value. In order to improve the 
biosynthesis of this compound in a recombinant E coli strain, a part of mevalonate partway was 
introduced for enhancing metabolic flow to isopentenyl diphosphate, the building block of all 
carotenoids. Three genes including mvaKl, mvaK2, and mvaDwere cloned from Enterococcus 
faecium isolated in Vietnam and introduced into pET28 vector forming pET28-mvaKl K2D. 
Subsequently, this recombinant expression vector was transfomed into a recombinant E. coli BL21 
(DE3) containing pRSET-iEIBY vector encodes for enzymes responsible for biosynthesis of P-
carotene from IPP. The two vectors were co-expressed, resulted in colonies in yellow - the color 
of P-carotene. Compared to the E coli clone with pRSET-iEIBY only, P-carotene was synthesized 
stronger in the clone with the addition of a part of mevalonate pathway. 
Keywords: ^-carotene, mvaKl, mvaKl, mvaD, mevalonate pathway. 
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