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Lycopene la sSc to mau do co trong cac loai qua nhu gac, ca chua, bucri do.... Sdc to nay la chS't ch6ng oxi 
hoa hieu qua va da dugc chiing minh la c6 kha nSng ch6ng lai mOt s6 b^nh ung thu nhat djnh, nhu ung thu 
tuyen tien li^t. Voi tî m nSng thuong mai cua lycopene da co nhi^u nghien cuu san xu l̂t lycopene bang cac 
phuong phap khac nhau, trong do phuong phap dî u huong trao do! chat dang du(?c quan tam nghien ctiu. 
Con du6ng sinh tong hpp lycopene tir ti^n ch^t isopentenyl diphotphat GPP) dugc xiic tac boi c^c enzym 
isopentenyl diphotphat isomeraza, geranylgeranyl pyrophotphat synthetaza, phytoene synthaza, phytoene 
dehydrogenaza ma h6a boi cac gien tuong ling la idi, crtE, crtB, citL Trong nghien ciiu nay da thi^t k̂ ' mpt 
cau tnic policistron chira cac gien idi, crtE, crti, crtBdi;ta tr^n n^n tang vector pRSET-A nhSm bi^u hi^n cac 
enzym chuyen hoa c^c buoc xuc tac tir ipp d̂ 'n lycopene trong chung E. CO/JB121 (DE3). Da thi^t k^ thanh 
cong vector pR-iElB mang 4 gien idi, crtE, crtI, crtB. C^m img bi^u hi^n t6 hgp gien trong E. coli 
BL21(DE3) voi IPTG thu dugc can khu^n mk\i hong. PhSn tich dich cam ung sau 24h bang HPLC thu duoc 
ham lugng lycopene la 1,15 mg/1. 

Tir kh6a: Idi crtE, crd, crtB, lycopene, carotenoid. 

L BAT VAN DE lycopene dang dugc quan tam nghien cuu (Lee and 
Carotenoid la nhom sac to tu nhi^n dugc tong Schmidt-Dannert, 2002). 

hgp trong nhi^u loai thuc vat, tao nam va vi khuan; Muc ti6u cua nghien cim nay la su dung kl diuat 
nhom chat nay dang dugc quan tam nghien cuu vi di truyen de tao ra chung Escherichia coU co kha 
ti^m nang cua chiing vai doi song va sire khoe con nang san xuat lycopene. E. coli iu nhien co the cung 
nguoi (Sandmann and Gerhard, 2001). Lycopene cetp isopentenyl diphotphat, don vi cau thanh ciia tat 
thuoc nhom carotenoid, dugc su dung rgng rai trong ca cac carotenoid, thong qua con duong non-
cong nghiep thuc pham, dugc pham va my pham. Sac mevalonate (hinh LA). De co the tao ra lycopene, £ 
to nay CO kha nang bao ve te bao khoi sir oxi hoa, lam coli can dugc bo sung 03 gien ngoai lai tir Pan'toea 
Cham qua trinh phat trien cua mot so benh ung thu ananatis bao g6m geranylgeranyl pyrophotphat 
ti^n het tuyen, mot ket, thuc quan va ngan ngira synthaza (crtE), phytoene synthaza (crtB) va 
benh tim mach (Giovannucci, 1999). Su dung khau phytoene desaturaza (crtl). Trong thiet ke ciia 
phan an nhi^u ca chua, trong do co chiia lycopene, nghien cim nay cac gien noi tren duoc dat dudi su 
lam giam ty le mac ung thu (Sies and Stahl, 1998). di^u khi^n cua promoter T7 trong vector bieu hien 
Vol tac dung hiru ich cua carotenoid, nhu c^u cua cac pRSET-A (Hinh IB). Vai muc tieu giir can bang IPP 
hgp chat nay tren thi truong ngay cang tang. Theo cho vat chu, gien ma hoa enzym isopentenyl 
bao cao cua t6 chuc BCC Research, thi truong diphotphat isomeraza (idi) d6ng thai duoc dua vao 
carotenoid toan cau nam 2007 vao khoang 766 tri^u thiet k^ (Hinh IB). 
USD va du doan tang l6n 919 tri^u USD vao nam [a .vc..v.-co>v| 
2015 (BBC, 2008). 

Lycopene da dugc san xuat bang tong hgp hoa 
hgc, len men hoac tach tir nguon tu nhiSn Qohnson 
and Schroeder, 1996). Tuy nhi^n nhimg phuong 
phap nay co nhugc diem nhat djnh nhu tao nhi^u 
chat thai 6 nhiSm, phu thuoc thai vu, hi^u qua kinh 
te thap. Vi vay su dung vi sinh vat de tong hgp 
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Hinh 1. Con dvimg trao d6i chit tu nhifen trong E. 
call (A)vi\i6 sung gien ngoai lai (B) (Yoon etd, 

2006) 
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I I . VAT UEU VA PHUONG P H A P NGHIEN CUU 

1. Vat n^u 

Cac gien carotenoid crtE, crtl, crtB 6a dugc tach 
dong tir vi khuan Pantoea ananatis va gien idi tir vi 
khuan E. coli DH5a trong vector pLUG. Cac vi tri 
enzym giai han a 2 dau cac gien dugc bao 
toan (Nguyen Thi Huong etal., 2011; Tran Thi Huang 
efa/.,2010). 

Vi khuan E. coli DH5a va E. coli BL21(DE3) 
dugc cung cap tir Vien Cong nghd Sinh hgc. Cac bg 
KIT ADN- spinTM Plasmit ADN Puification va 
MEGA-spinTM Agaroza Gel Extraction cua Hang 
INTRON Biotechnology™. Vector bieu hien pRSET-
A ciia Hang Invitrogen™ Cac hoa chat thi nghiem 
ciia cac Hang Merk, Sigma va Invitrogen. 

Bang 1. TYinh tu cac cap 
T6n 

idiP 

idiR 

crtEF 

crtER 

crtIF 

crtIR 

crtBF 

crtBR 

crtYF 

crtYR 

2. Phuong phdp nghiSn cuu 

* Thiet kS vectorpR-iEIB 

cac cap moi nhan gien dugc thiet ke dua trdn 
trinh tu bg gien P. ananatistc^n ngan hang dir lî u 
NCBI (Bang 1). Da lira chgn cac vi tri cat enzym giai 
han duy nhat tr^n pRSET-A d^ tao cac dau treo trSn 
moi. D^ dam bao hoat dong ciia policistron, m6i cap 
moi deu dugc b6 tri vi tri bam cua ribosom, b6 ba ma 
dau va bg ba k^t thiic rifeng bi^t. Thir tu cac gien 
trong policistron Ian lugt la /c&—• crtE^^ cril^^ crtB 
tuang ling voi thii tu ciia cac vi tri giai ban duy nhat 
tr^n pRSET-A Ian lugt la Nde\-^ BamUl -^ Xhol -^ 
Kpnl^Ecom (Hinh 3). 

m6i siJr dung trong nghifen cuu 
Trinh tv 

ATACATATGATGCAAACGGAACACGTCAT 

AATGGATCCTTATTTAAGCTGGGTAAATGCAG 

TAAGGATCCAGGAGGTAATAAATATGTATCCGTTTATAAGGACAGC 

CCTCTCGAGTTAACTGACGGCAGCGAG 

TAACTCGAGAGGAGGTAATAAATATGAAACCAACTACGGTAATTG 

CCTGGTACCTCAAATCAGATCCTCCAGCA 

TGAGGTACCAGGAGGTAATAAATATGAATAATCCGTCGTTACTCAATCA 

AATGAATTCCTAGAGCGGGCGCTGCCA 

TAGGAATTCAGGAGGTAATAAATATGGGAGCGGCTATGCAA 

CGCAAGCTTTTAACGATGAGTCGTCATAATGG 

Qua trinh ghep noi gien idi vao vi tri Ndd va 
BamKl tren pRSET- A dugc thuc hien nhu sau: Gien 
idi dugc tach khoi vector pLUG bang each xu ly voi 
enzym Ndd. va BamUl, dong thai cat ma vong 
vector pRSET-A bang hai enzym tuang ling voi thanh 
phan phan ling nhu sau: 3 pi dung dich dem, 20 pi 
ADN plasmit, 2 pi enzym va 5 pi nuoc cat. H6n hgp 
phan irng dugc u a 37°C, trong 2 gia. Sau do dien di 
san pham phan ling cat tren gel agaroza 1% va thoi 
gel thu nhan lai gien idiva vector pRSET-A bang Kit 
MEGA- spin™ Agarose Gel Extraction. 

Gien idi dugc ghep noi vao cau tnic pRSET-A 
(Ma vong) nha enzym T4 ligaza, thanh phan phan 
ling gan noi nhu sau: 2 pi dem 5X, 4 pi vector, 12 pi 
ADN va 1 pi enzym noi T4 ligaza, li hon hgp phan 
ling a 16°C trong 5 gia. San pham phan ling gin noi 
dugc bien nap vao te bao kha bien E co//DH5a bang 

phuong phap soc nhiet 42*'C trong 90 giay. San pham 
bi^n nap dugc cay trai tren moi truong LB dac co bo 
sung ampicilin (0,5 pg/ml). Cac dong khuan lac 
trang dugc nhat nuoi tang sinh rieng re trong 7 ml 
LB long CO bd sung ampiciUn a dieu kien He ST̂ C 
qua d^m. Tach plasmit cac dong khuan lac thu dugc 
bang Kit "DNA-spin™" cua Hang Intron 
Biotechnology. Chgn Igc khuan lac, kiem tra su co 
mat cua gien idi trong vector bieu hien vol cac phan 
irng cdt b ^ g enzym gioi han tuong ling (Ndd, 
BanMX). 

Thuc hi6n tuong tu nhu tren tien hanh ghep noi 
gien crtE vao vi tri BaniHl va Xhol ciia vector pR-i, 
gien crtl vao vi tri Xhol va I^nl cua vector pR-iE, 
cuoi ciing la ghep noi gien crtB vao vi tri Kpnl va 
Eco^ ciia pR-iEI tao vector pR-iEIB. 

* Bieu hien pR-iEIB trong E. cohBL21(DE3) 
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Bien nap vector pR-iEIB vao t^ bao kha bi^n E. 

coli BL21(DE3) bang phuang phap soc nhi^t, m6i 

truong cay trai la LB dac bd sung ampicilin (0,5 

pg/ml) va IPTG. Khuan lac mgc tr^n dia thach dugc 

nhat nuoi riSng re trong 7 ml LB long co bd sung 

amp. Lay 100 pi mdi dong k h u ^ nuoi trong 5 ml LB 

long CO amp, nuoi lac ZTQ trong 2 g\b rdi do ODooo 

nm. Den khi OD dat 0,3 d^n 0,5 bd sung IPTG d^n 

nong do cuoi la 0,5mM, nuoi lac a 37"C trong 12 gia, 

24 gia. 

* Phan tich lycopene bing HPLC 

Lycopene tao thanh trong dich nuoi dugc phan 
tich bang phuong phap sac ky long hi^u nang cao 
(HPLC) dieo quy trinh cua Yoon S. Qohnson and 
Schroeder). MSu dich nuoi cam irng dugc ly tam thu 
can te bao a 14000 vong trong 40 giay, rua can v6i 
nuoc mot Ian. Bd sung 1 ml axeton vao dng can t̂ ' 
bao va li a 55''C, 15 phiit a trong toi. Sau do ly tam a 
14000 v/p trong 10 phiit va thu dich ndi chira 

lycopene sang mdt dng mdi. Lycopene chief xuat t 
t^ bao dugc dinh tinh, djnh lugng tr^n mdy (LC - 20̂^ 
Shimadzu, Japan) v6i di^u ki^n sdc ky la: Detecto 
UV-VIS la 454 va 475 nm, cOt Symmetry C18 (250x' 
mm; 5 pm); pha dOng metanola: axetonitrin (70:30) 
tdc dg ddng 1,5 ml/phiit. 

HI. KET QUA VA THAO LUAN 

1. K^t quA thi^t k^ vector pR-iEIB 

Dd kidm tra su co mat ciia gien idi, crtE, crtl, 

crtB trong cac plasmit (pR-i, pR-iE, pR-iEI, pR-iEIB) 

da tidn hanh cat vai enzym tuong l ing; k6't qua the 

hi^n trdn hinh 2. Theo ly thuydt khi cat vector pR-j 

dong thoi vai Ndd + BamHl se tao 2 bang: 1 bang 

khoang 3 kb ciia vector pRSET-A va 1 bang khoang 

500 bp ciia gien idi (549 bp). Khi cat m a vong pR-iE 

vai BamHl, Xhol; pR-iEI voi Xhd, Kpnl va pR-iEIB 

vai EcdRl se tao bang kich thuoc tuang irng khoang 

4,3 kb; 6 kb va 7 kb. 

aooobp 3ooobp 

-lUOJtp lOOObp 

-SOObp 

eooobp 

3000bp 

lOOOpb 

Hinh 2. K^t qua c i t pR-i (A), pR-iE (B), pR-iEI (C), pR-iEIB (D) 

M: Thang ADN chuan 1 kb; duong chay 1: pR-i cdt voi Ndel+BamHI; duong chay 2. 3 pR-iE ck voi Ik 
lugt voi BamHl, Xhol; duong chay 4, 5 pR-iEIcdtlin luot voi Xhol, Kpnl; duong chay 6:pR-iEIB cM voiEcoRI 

Hinh 2A cho thay, duong chay 1 xuat hidn 2 
bang CO kich thuoc Ian lugt 3 kb va 500 bp tuang img 
vector pRSET-A va gien idi (549 bp). Duong chay 2, 3 
xuat hien bang khoang 4,3 kb, dudng chay 4, 5 xuat 
hien bang khoang 6 kb, duong chay 6 xuat hi^n bang 

khoang 7 kb. Nhu vay co the ket luan da gan thanh 
c6ng gien idi, crtE, crtl, crtB tao vector tuong ling 
pR-i, pR-iE, pR-iEI, pR-iEIB va cac gien gan xuoi 
chi4u tr^n vector. Sa do vector pR-iEIB dugc th^ hien 
a hinh 3. 

RBS 
Bam HI C6so). 

-vael (99) 
RBS 

T7 Promoter \i Idi 

£o<J RI < . ,oS3> 

T7 Transcription Terminator 
f1 origin Amp pUC Orlglr 

E = > > C 

Hinh 3. Sa d6 vector pR-iEIB 
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Cac gien idi, crtE, crtl, crtB deu co chua vi tri 
bam cua ribosom, bg ba mo dau va bg ba ket thiic, vi 
vay tren vector pR-iEIB cac gien hoat dong theo 
nguyen ly polycistron duoi su dieu khidn ciia 
promoter T7. 

Trong nghien ciiu nay, gien crtBcna P. ananatis 
dugc sir dung co trinh tir ma bg ba ma dau TTG da 
thay ddi thanh bg ba ATG. Theo nghien cim cua 
Schneider nam 1986, E. coh thuong sir dung ATG 
lam ma bg ba mo dau cho qua trinh dich ma, E. coli 
cung CO the su dung cac ma bg ba kliac nhu GTG va 
TTG de lam ma ma dau. Tuy nhien, chiing uu ti^n sir 
dung ATG voi tan so 90%, Ian han rat nhi^u so voi 
GTG (8%) va TTG (1%) (O'Donnell and- Janssen, 
2001; Schneider etal., 1986). Do vay, trinh hr ma bg 
ba mo dau TTG thay ddi thanh ATG lam tang miic do 
bieu hien ciia gien nay trong E. colL 

2. Kk qua bi^u hito pR-iEIB trong K coliBl21 
(DE3) 

Sau khi bien nap vector pR-iEIB vao chiing vi 
khuan E coliBLZl (DE3) va cam irng bang IPTG da 
thu dugc cac dong khuan lac mau hong (Hinh 4). 

Hinh 4. Bi^u hi^n lycopene trong R coHBUl (DE3) 

Ong 1: can khuan dongE. coliBLZl (DE3) 
mangpR-iEIB; ong 2: doi chiing (can tebao E. coli 
BL21 (DE3) mangpR-iEI) 

Nhu vay dong E. coIiBUl (DE3) mangpR-iEIB 
bieu hien mau hong chinh la mau ciia sdc to 
lycopene. De khang dinh can khuan mau hong la 
lycopene tien hanh phan tich dich khuan cam ling 
bang phuong phap sac ky long hieu nang cao. 

3. K^t qua phSn tich lycopene b ^ g phuong phdp 
HPLC 

Sac ky do cua mSu chuan, m&u cam img 12 gia 
va 24 gia dugc thd hien a hinh 5. 

Tir hinh 5A, 5B, 5C cho thay thoi gian luu a cac 
sac ky do tuong ddi on dinh, tuong ung la 9,930 phiit, 
10,037 phut, 9,963 phut. Vay co the khang dinh dich 
cam ling co chua lycopene. 

i " 

M •-- . 

B u 

_.._,.. ..-.^ C ^ 

Hinh 5. Sic ky d6 (A) nilu chuin, (B) m5u 12h, (C) 
mSu 24h 

Ket qua bieu hifen td hgp gien pR-iEIB voi su dieu 
khien cua promoter T7 thu dugc ham lugng lycopene 
trong mau cam ling 12h la 0,868 mg/1, mSu 24h tang 
25% so voi mau 12h (1,15 mg/1). Da co nhieu nghien 
ciiu khac nhau v^ qua trinh dieu huong trao ddi chat 
nham tang cuong tdng hgp lycopene trong E. coli. 
Theo Sang-Hee Lee de tang cuong bieu hien 
lycopene, cac gien crtE, crtl, crtBva ipiHPldugc dua 
vao vector pTr99A voi promotor manh trc thu dugc 
ham lugng lycopene la 17 mg/1 (Yoon etal., 2006). E 
coli CO chira cac gien crt ciia P. agglomerans san xuat 
dugc 27 mg/1 lycopene khi nuoi trong moi truong 
khong chiia chait cam ling IPTG cao gap 2 Ian so voi 
san xuat b ^ g E. coli chda gien crt ciia P.ananatis (12 
mg/1) khi moi truong nuoi cay co bd sung 0,1 mM 
IPTG (Yoon et al., 2007). Wang va cong su da dat 
dugc kdt qua tang vgt khi ti^n hanh dua gien dxs va 
gpscixng cac gien of vao chiing vi khu& E. coli, lam 
hi6u qua tdng hgp lycopene tang len 45 mg/1 (Wang 
etal., 2000). So sanh voi cac ket qua tr€n, nham tang 
ham lugng lycopene trong cac nghien ciiu sau, du 
dinh mot sd huong, bao gom: Sir dung cac vector bieu 
hi6n voi promotor khac voi nong do chat cam ling va 
thai gian cam ling khac nhau; su dung gien crt ciia P. 
Agglomerans; dia cac gien ciia con duong 
mevalonate (mvaKl, mvaK2, mvaD); dxs, dxr, gps,... 
vao E. coh de tang cuong tdng hgp cac tien chat cua 
IPP. 
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IV. KET LUAN 

Da thiet ke thanh c6ng vector pR-iEIB mang 
policistron gom 4 gien idi, crtE, crtl, crtB. Cam ung 
bieu hien td hgp gien trong E. co//BL21(DE3) dudi 
su dieu khi^n cua promoter T7 thu dugc ham lugng 
lycopene la 1,15 mg/1. Kdt qua nay la ti^n d^ cho cac 
buoc nghien ciiu tidp theo nham tang ham lugng 
lycopene san pham va tao mot sd chiing E. coli co 
kha nang san xuat cac carotenoid co gia tri khac. 

Ldd cam on: Cong trinh dugc tai trg boi Bg Giao 
due va Dao tao. 
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PRODUCTION OF LYCOPENE BY METABOUCALLY ENGINEERED E. COU STRAIN 
Nguyen Tlii Huong, Nguyen Xuan Vu, Ngo Xuan Binh, Duong Van Cuong 

Summary 
Lycopene is the red pigment dominandy available in cochinchingourd, tomato, red grapefruit, etc. Because of its 
strong antioxidant property, lycopene has been considered as an anticancer compound in some specific cases, such 
as prostate cancer. The commercial value of lycopene enhanced studies to find alternative methods of production. 
Metabolic engineering of the well understood non-carotenogenic bacteria K colixs one of the main approach. The 
biosynthesis pathway of lycopene derived irom the building block isopentenyl diphosphate (IP?) catalyzed by the 
enzymes isopentenyl diphosphate isomerase, geranylgeranyl pyrophosphate synthetase, phytoene synthase, and 
phytoene dehydrogenase encoded by idi, crtE, crtB, crtl, respectively. In this study a policistron oiidi, crtE, crd, and 
crtSbased on pRSET-A vector has been designed to express the required enzymes in E co!ABL21(DE3). The pR-
iEIB vector were successfiilly constructed to harbour idi, crtE, crd, and crtR Overexpression of the policistron 
under the control of T7 promoter generated red cell pellet HPLC analysis of the 24h culture confirmed the 
availability of lycopene at 1.15 mg/L 
Keywords: Idi, crtE, crtl, crtB, lycopene, carotenoid. 
Ngu6i phan bi$n: TS. Nguyen Van Ddng 
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