KHOA HOC CONG NGHE

I

TAO CHUNG E. COLI CO KHA NANG SAN XUAT
LYCOPENE

TOM TAT

Nguyén Thj Huong', Nguy&n Xun Vi
Ng6 Xuan Binh', Duong Vin Cuong

Lycopene la sac t6 mau dé co trong cac loai qua nhu gac, ca chua, budi d6.... Sic t6 nay la chét chéng oxi
hoa hiéu qua va da dugc chimg minh 1a c6 kha nang chéng lai mot s6 bénh ung thu nhat dinh, nhu ung thu
tuyén tién liét. Véi tiém nang thuong mai cta lycopene da c6 nhiéu nghién ctru san xuét lycopene béng cac
phuong phap khac nhau, trong dé phuong phap diéu huéng trao déi chit dang duoc quan tim nghién ctu.
Con dudng sinh tong hop lycopene tir tién chét isopentenyl diphotphat (IPP) duge xvic tac bdi cc enzym
isopentenyl diphotphat isomeraza, geranylgeranyl pyrophotphat synthetaza, phytoene synthaza, phytoene
dehydrogenaza ma hoa béi cac gien tuong ung 13 idi, crtE, crtB, crtl. Trong nghién ctu nay da thiét ké mot
cdu truc policistron chira cac gien idi, ¢rtE, crtl, crtB dya trén nén tang vector pRSET-A nham biéu hién cac
enzym chuyén héa cac bude xuc tac tiripp dén lycopene trong chiing £, coli BL21 (DE3). D4 thiét k€ thanh
cong vector pRAEIB mang 4 gien idj crtE, crtl, crtB. Cam (mg biéu hién té hop gien trong E. colf
BL21(DE3) véi IPTG thu duge can khuéin mau hong. Phéan tich dich cam (mg sau 24h bang HPLC thu duoc

ham luong lycopene la 1,15 mg/1.
Tukhéa: /di, crtE, crtl, crtB, lycopene, carotenoid.,

L DAT VAN BE

Carotenoid la nhom sic té tuy nhién duoc téng
hop trong nhiéu loai thuc vat, tdo nam va vi khuin;
nhom chat nay dang duoc quan tim nghién ciu vi
tiém nang cta ching voi doi song va stre khoe con
nguoi (Sandmann and Gerhard, 2001). Lycopene
thudc nhém carotenoid, dugc st dung rong rai trong
cong nghiép thuc pham, duoc pham va my phim. Sic
t6 nay c6 kha ning bao vé té bao khoéi su oxi héa, lam
cham qué trinh phat trién cia mot s6 bénh ung thu
tien liét tuyén, rudt két, thuc quan va ngan ngira
bénh tim mach (Giovannucci, 1999). Sir dung khau
phan an nhiéu ca chua, trong d6 c6 chia lycopene,
lam giam ty l1é mac ung thu (Sies and Stahl, 1998).
Véi tac dung hiru ich cta carotenoid, nhu cau ctia cac
hop chat nay trén thij truong ngay cang ting. Theo
bdo cdo cua t6 chitc BCC Research, thi truong
carotenoid toan cau nidm 2007 vao khoang 766 triéu
USD va du doan tang lén 919 triéu USD vao nim
2015 (BBC, 2008).

Lycopene da duoc san xuit bing téng hop héa
hoc, Ién men hodc tach tir ngudn tu nhién (Johnson
and Schroeder, 1996). Tuy nhién nhimg phuong
phap nay c6 nhuoc diém nhit dinh nhu tao nhiéu
chat thai 6 nhiém, phy thuéc thoi vy, hiéu qua kinh
té thap. Vi vay sir dung vi sinh vat dé téng hop

'Khoa Céng ngh¢ Sinh hoc va Cong ngh¢ Thyc phim,
Truémg PH Nong Lam Thai Nguyén

lycopene dang dugc quan tam nghién ciru (Lee and
Schmidt-Dannert, 2002).

Muc tiéu cta nghién ciru nay la str dung ki thuit
di truyén dé€ tao ra ching Escherichia coli cé kha
nang san xuit lycopene. E. coli tu nhién c¢6 thé cung
cap isopentenyl diphotphat, don vi c4u thanh cua tit
ca cac carotenoid, thong qua con duong non
mevalonate (hinh 1A). D€ ¢6 thé tao ra lycopene, E
coli can dugc bd sung 03 gien ngoai lai tir Pantoea
ananatis bao gom geranylgeranyl pyrophotphat
synthaza (crtE), phytoene synthaza (crtB) v
phytoene desaturaza (crtl). Trong thiét ké cua
nghién ciru nay cac gien néi trén duoc dat dudi su
dieu khién cta promoter T7 trong vector biéu hién
PRSET-A (Hinh 1B). V6i muc tiéu giir can bing IPP
cho vat cha, gien ma hoa enzym isopentenyl
diphotphat isomeraza (idi) déng thoi duoc dua vao
thiét ké (Hinh 1B).

|.2-Ac_c(yl-<:u/\l | G3P + Pyiuvate |
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i Ly copranme I {

Hinh 1. Con dudng trao d6i chdt ty nhién trong E.
coli (A) vdbd sung gien ngoai lai (B) (Yoon et al,
2006)
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. VAT LIEU VA PHUDONG PHAP NGHIEN CUU
1. Vat lieu

Cac gien carotenoid crtE, crtl, crtB da duoc tach
dong tur vi khuidn Pantoea ananatis va gien idi tir vi
khuan E. coli DH5a trong vector pLUG. Céc vi tri
enzym gi6i han & 2 diu cac gien duoc bao
toan(Nguyén Thi Huong et a/, 2011; Tran Thi Huong
etal, 2010).

Vi khuan £. coli DH5a va E. coli BL21(DE3)
duoc cung cap tir Vien Cong nghé Sinh hoc. Cac bo
KIT ADN- spinTM Plasmit ADN Puification va
MEGA-spinTM Agaroza Gel Extraction cia Hing
INTRON Biotechnology™. Vector biéu hién pRSET-
A cta Hang Invitrogen™ Cac hoa chat thi nghiém
cta cac Hang Merk, Sigma va Invitrogen.

2. Phuong phéap nghién ctru
* Thiét ké' vector pR-iEIB

Céc ciap mdi nhan gien duoc thiét ké dua trén
trinh tu bo gien P, ananatis trén ngan hang dir liéu
NCBI (Bang 1). Da lua chon cac vi tri cit enzym gioi
han duy nhat tréen pRSET-A dé€ tao cac dau treo trén
moi. Dé dam bao hoat dong ctia policistron, médi cap
moi déu duoc bé tri vi tri bam cia ribosom, bé ba mé
dau va bo ba két thuc riéng biét. Thir tu cac gien
trong policistron lan luot 1a idi — crtE— crtf — crtB
tuong (mg véi thir tu cta céc vi tri gioi han duy nhat
trén pRSET-A lan luot 1a Ndel— BamHI — Xhol —
Kpnl — EcoRI (Hinh 3).

Bang 1. Trinh tu cic c3p mdi sir dung trong nghién ctru

Tén

Trinh tu

idiF

ATACATATGATGCAAACGGAACACGTCAT

idiR

AATGGATCCTTATTTAAGCTGGGTAAATGCAG

crtEF

TAAGGATCCAGGAGGTAATAAATATGTATCCGTTTATAAGGACAGC

crtER

CCTCTCGAGTTAACTGACGGCAGCGAG

crtlF

TAACTCGAGAGGAGGTAATAAATATGAAACCAACTACGGTAATTG

crtlR

CCTGGTACCTCAAATCAGATCCTCCAGCA

crtBF

TGAGGTACCAGGAGGTAATAAATATGAATAATCCGTCGTTACTCAATCA

crtBR

AATGAATTCCTAGAGCGGGCGCTGCCA

crtYF

TAGGAATTCAGGAGGTAATAAATATGGGAGCGGCTATGCAA

crtYR

CGCAAGCTTTTAACGATGAGTCGTCATAATGG

Qua trinh ghép néi gien Jidi vao vi tri Ndel va
BamHI trén pRSET- A dugc thuc hién nhu sau: Gien
idi duoc tach khéi vector pLUG béang cach xtr ly voi
enzym Ndel va BamHI, déng thoi cdt mé vong
vector pRSET-A béng hai enzym tuong tmg voi thanh
phan phan tmg nhu sau: 3 pl dung dich dém, 20 pl
ADN plasmit, 2 ul enzym va 5 pl nuéc cat. Hon hop
phan ung duoc 4 & 37°C, trong 2 gi¢. Sau d6 dién di
san phdm phan tmg cét trén gel agaroza 1% va thoéi
gel thu nhan lai gien idiva vector pRSET-A bang Kit
MEGA- spin™ Agarose Gel Extraction.

Gien idi dugc ghép néi vao ciu triic pRSET-A
(Mé& vong) nho enzym T4 ligaza, thanh phan phan
tmg gin ndi nhu sau: 2 pl dém 5X, 4 pl vector, 12 pl
ADN va 1 pl enzym néi T4 ligaza, G hon hop phén
{mg & 16°C trong 5 gio. San phdm phan tmg gin noéi
duoc bién nap vao té bao kha bién E. coliDH5aq bang

phuong phéap soc nhiét 42°C trong 90 gidy. San pham
bién nap duoc cdy trai trén méi truong LB dic c6 bo
sung ampicilin (0,5 pug/ml). Cac dong khuan lac
trang duoc nhat nuéi ting sinh riéng ré trong 7 ml
LB 16ng c6 bé sung ampicilin & diéu kién lac 37°C
qua dém. Tach plasmit cac dong khuén lac thu dugc
bing Kit “DNA-spin™” cha Hiang Intron
Biotechnology. Chon loc khuan lac, kiém tra su co
mdt cla gien idi trong vector biéu hién véi cac phan
umg cit bing enzym giéi han tuong ung (Nde,
BamHI).

Thuc hién tuong tu nhu trén tién hanh ghép néi
gien crtE vao vi tri BamHI va Xhol cia vector pRdi,
gien crt/ vao vi tri Xhol va Kpnl cia vector pR-E,
cudi cung 1a ghép noi gien crtB vao vi tri Kpnl va
EcoRI caa pR-El tao vector pR-EIB.

* Biéu hién pR-IEIB trong E. coli BL21 (DE3)
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Bién nap vector pR-EIB vao € bao kha bién L
coli BL21(DE3) béng phuong phap séc nhiét, moi
truong cay trai la LB dac bé sung ampicilin (0,5
pg/ml) va IPTG. Khuan lac moc trén dia thach duoc
nhat nuoi rieng ré trong 7 ml LB léng co bd sung
amp. Liy 100 pl méi dong khudn nuéi trong 5 ml LB
l6ng c6 amp, nudi lic 37°C trong 2 gior réi do 0Dy,
nm. Pén khi OD dat 0,3 dén 0,5 bd sung IPTG dén
nong do cudi la 0,5mM, nuéi lic & 37°C trong 12 gio,
24 gio.

* Phan tich lycopene bang HPLC

Lycopene tao thanh trong dich nuoi dugc phan
tich bdng phuong phap sic ky long hiéu ning cao
(HPLC) theo quy trinh ciia Yoon S. (Johnson and
Schroeder). Mau dich nuéi cam img duoc ly tam thu
can té bao & 14000 vong trong 40 gidy, rira can voi
nuoc mot lan. B sung 1 ml axeton vao éng can té
bao va i ¢ 55°C, 15 phut ¢ trong t6i. Sau d6 ly tam &
14000 v/p trong 10 phut va thu dich néi chira

1 M

b

<“—500bp

lycopene sang mdt ong méi. Lycopene chiét xuat t
té bao duoc dinh tinh, dinh lugng trén may (LC - 202
Shimadzu, Japan) v6i diéu kién sdc ky l1a: Detecto
UV-VIS la 454 va 475 nm, c¢ot Symmetry C18 (250x
mm; 5 ym); pha dong metanola: axetonitrin (70:30)
toc do dong 1,5 ml/phut.

W. KET QUA VA THAO LUAN
1. Két qua thiét ké vector pR-EIB

Dé kiém tra sy c6 mat cua gien idj, crtE, crt]
crtB trong cac plasmit (pR-i, pR-E, pR-El, pR-EIB)
da tién hanh cat voi enzym tuong Umg ; két qua thé
hi¢n trén hinh 2. Theo Iy thuyét khi cét vector pRi
dong thoi voi Ndd + BamHI sé tao 2 bang: 1 hang
khodng 3 kb ctia vector pRSET-A va 1 bing khoéng
500 bp cua gien 7di (549 bp). Khi cdt mé vong pR4E
voi BamH1, Xhol;, pR-iEl voi Xhol, Kpnl va pR-EIB
voi EcoRl sé tao bang kich thuoc tuong tmg khoang
4,3 kb; 6 kb va 7 kb.

7000bp
6000bp
3000bp 3000bp
1000pb 1 000bp
C D

Hinh 2. Két qua cit pR-i (4), pR-E (B), pR-EI (C), pR4EIB D)

M: Thang ADN chuan 1 kb; duong chay 1: pR-i cét véi Ndel+BamHI- duong chay 2, 3 pR-E cat vdi lin
lirot voi BamHI, Xhol; dirong chay 4, 5 pRiEI cat lin liot voi Xhol, Kpnl; duong chay 6: pR-iEIB cat vor EcoRl

Hinh 2A cho thay, duong chay 1 xudt hien 2
bang c¢ kich thuée lan luot 3 kb va 500 bp tuong img
vector pRSET-A va gien /di (549 bp). Duong chay 2, 3
xuat hién bang khoang 4,3 kb, duong chay 4, 5 xuit
hién bang khoang 6 kb, duong chay 6 xuat hién bang

RBS
Kpnl(zioy)
crd

RBS

Bam HI (650)‘
Ndel (99) )' RBS

|

RBS |

T7 Promoter '|, idi
1

Xhol (1606)
crtE

khoang 7 kb. Nhu vay c6 thé két luan da gén thanh
cong gien idi, crtE, crtl, crtB tao vector tuong img
PR, pRAE, pR-El, pR4EIB va cac gien gin xuéi
chiéu trén vector. So dé vector pR4EIB duroc thé hién
o hinh 3.

Eco RI(g4053)

T7 Tranacription Terminator

f1 origin Amp pUC Origin
J I, i,
> L > [ :>

Hinh 3. So d8 vector pR-iEIB
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Cac gien idi, crtE, crtl crtB déu c6 chia vi tri
bam cta ribosom, bé ba mé dau va bo ba két thuc, vi
vay trén vector pR-EIB cac gien hoat dong theo
nguyén ly polycistron dudi su diéu khién cua
promoter T7.

Trong nghién ciu nay, gien crtBcla P, ananatis
duoc sir dung c6 trinh tu ma bé ba m& dau TTG da
thay doi thanh bo ba ATG. Theo nghién ciru ciia
Schneider nam 1986, £. coli thuomg st dung ATG
lam ma bo ba m& dau cho qua trinh dich ma, £ coli
ciing ¢6 thé st dung cac ma bo ba khac nhu GTG va
TTG dé 1am méa m& dau. Tuy nhién, ching wu tién st
dung ATG voi tan s6 90%, lon hon rat nhiéu so véi
GTG (8% va TTG (1% (O'Donnell and- Janssen,
2001; Schneider et al, 1986). Do vay, trinh tu ma bo
ba m¢ dau TTG thay déi thanh ATG lam ting muc do
biéu hién cta gien nay trong E. coli.

2. Két qué biéu hién pR-LIB trong E. coli BL21
(DE3)

Sau khi bién nap vector pR-EIB vao ching vi
khuin E. coli B1.21 (DE3) va cam tmg bang IPTG da
thu duoc cac dong khuin lac mau hong (Hinh 4).

i iy 1 <

Hinh 4. Biéu hién lycopene trong E. coliBL21 (DE3)

Ong 1 can khuan dong E. coliBL21 (DE3)
mang pRIEIB; éng 2- doi chumg (cén té bao E. coli
BL21 (DE3) mang pR-iE])

Nhu vay dong E. coliBL21 (DE3) mang pR-iEIB
biéu hién mau héng chinh 1a mau cia sic to
lycopene. Dé khing dinh cin khuidn mau hong la
lycopene tién hanh phan tich dich khuin cam img
bing phuong phap séic ky 16ng hiéu ning cao.

3. Két qua phan tich lycopene bing phuong phap
HPLC

Sic ky db ctia mau chudn, mau cam ung 12 gio
va 24 gio duoc thé hién & hinh 5.

Tir hinh 54, 5B, 5C cho thay thoi gian luu & cac
sic ky db tuong déi 6n dinh, tuong tmg la 9,930 phit,
10,037 pht, 9,963 phiit. Vay c6 thé khang dinh dich
cam tmg c6 chtra lycopene.

.............

C

|
1 i " t
| Ii _
Hinh 5. Sic ky dé (A) mAu chuén, (B) miu 12h, (C)
mau 24h

“Két qua biéu hién t6 hop gien pREIB vai su diéu
khién cta promoter T7 thu duoc ham luong lycopene
trong mau cam tmg 12h 1a 0,868 mg/], mau 24h tang
25% so voi mau 12h (1,15 mg/I). Pa c6 nhiéu nghién
ctru khac nhau vé qua trinh diéu huéng trao déi chat
nhim ting cuong téng hop lycopene trong E. coli.
Theo Sang-Hee lee d€ ting cuong biéu hién
lycopene, cac gien crtE, crtl, crtBva jpiHHPI duoc dua
vao vector pTr99A véi promotor manh #re thu duoc
ham luong lycopene la 17 mg/1 (Yoon et al, 2006). E.
coli cé chura cac gien crt cia P. agglomerans san xuat
duoc 27 mg/1 lycopene khi nudi trong méi truong
khong chira chat cam tmg IPTG cao gap 2 lan so véi
san xudt bang E. colichtra gien crt ctia Pananatis (12
mg/l) khi méi truong nudi cdy c6 bé sung 0,1 mM
IPTG (Yoon et al, 2007). Wang va cong su da dat
duoc két qua ting vot khi tién hanh dua gien dxsva
£PS cung cac gien crtvao ching vi khuan £, coli 1am
hiéu qua téng hop lycopene tiang 1én 45 mg/l (Wang
et al, 2000). So sanh véi cac két qua trén, nhim tang
ham luong lycopene trong cac nghién ctru sau, du
dinh moét s6 huong, bao gdm: Stt dung cac vector biéu
hién véi promotor khac véi nong d6 chat cdm umg va
thoi gian cam ung khac nhau; sir dung gien crt cta P.
Agglomerans; dua cac gien cia con duong
mevalonate (mvaKl1, mvaK2, mvaD); dxs, dxr, gps,...
vao E. coli dé ting cuong téng hop cac tién chit clia
IPP.
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IV. KET LUAN

Pi thiét ké thanh cong vector pR-EIB mang
policistron gém 4 gien idi, crtE, crtl, crtB. Cam (ng
biéu hién té hop gien trong E. coli BL21(DE3) dudi
su diéu khién cta promoter T7 thu dugc ham luong
lycopene 14 1,15 mg/1. Két qua nay la tién dé cho céac
budc nghién ctu tiép theo nham ting ham luong
lycopene san phiam va tao mot s6 chung E. coli ¢6
kha nang san xuat cac carotenoid c6 gia tri khac.

Loi cdm on: Cong trinh duorc tai trg boi Bo Gido
duc va Pao tao.

TAI LIEU THAM KHAO

1. Giovannucci, E., 1999. Tomatoes, tomato-based
products, ycopene, and cancer: review of the epidermiologic
literature. J. Natl. Cancer Inst. 91 (4): 317-331.

2. Johnson, E. A. & Schroeder, W. A, 1996.
Microbial —carotenoids. Adv. Biochem. Eng.
Biotechnol. 53: 119-178.

3. Lee, P. C. & Schmidt-Dannert, C., 2002.
Metabolic engineering towards biotechnological
production of carotenoids in microorganisms. Appl.
Microbiol. Biotechnol. 60 (1-2): 1-11.

4. Nguyén Thi Huong, Nguyén Xuian Vi &
Duong Vin Cuong, 2011. Tdch dong gien crtl ma hoa
cho Phytoene dehydrogeneaza tu Pantoea ananatis.
Tap chi Y hoc Viét Nam 384 (2): 180-184.

5. O’Donnell, S. M. & Janssen, G. R., 2001. The
initiation codon affects ribosome binding and
translational efficiency in Fscherichia coli of cl
mRNA with or without the 5’ untranslated leader. ].
Bacteriol. 183(4): 1277-1283.

6. Sandmann & Gerhard, 2001. Carotenoid
Biosynthesis and Biotechnological Application.

Archives of Biochemistry and Biophysics 385(1): 4
12.

7. Schneider, T. D., Stormo, G. D., Gold, L. &
Ehrenfeucht, A., 1986. Information content of
binding sites on nucleotide sequences. J. Mol. Biol
188(3): 415-431.

8 Sies, H. & Stahl, W, 1998. Lycopene
antioxidant —and  biological  effects and its
bioavailability in the human. Proc. Soc. Exp. Biol.
Med. 218(2): 121-124.

9. Tran Thi Huong, Nguyén Thi Hoa & Duong
Vian Cudmng, 2010. Tdch dong va xdc dinh trinh ty
gien idi ma hdéa cho isopentenyl diphotphat
isomeraza tu E. coli DH5x. Hoi nghi khoa hoc vi
cong nghe khai nong lam ngu thiy toan quoc lan thi
5 (2): 827-832.

10. Wang, C., Oh, M. K. & Liao, J. C., 2000.
Directed evolution of metabolically engineered
Escherichia coli for carotenoid production.
Biotechnol. Prog. 16(6): 922-926.

11. Yoon, S-H., Lee, Y-M., Kim, J-E., Lee, S-H,
Lee, J-H., Kim, J.-Y. Jung, K-H., Shin, Y.C,
Keasling, J. D. & Kim, S-W. 2006. Enhanced
lycopene production in Escherichia coli engineered
to synthesize isopentenyl  diphosphate and
dimethylallyl  diphosphate  from  mevalonale.
Biotechnology and Bioengineering 94(6): 1025-1032.

12. Yoon, S. H., Kim, J. E,, Lee, S. H., Park, H. M,
Choi, M. S,, Kim, J. Y., Shin, Y. C., Keasling, J. D. &
Kim, S. W., 2007. Engineering the lycopene synthetic
pathway in E. coli by comparison of the carotenoid
genes of Pantoea agglomerans and Pantoea ananats.
Appl. Microbiol Biotechnol. 74(1): 131-139.

PRODUCTION OF LYCOPENE BY METABOLICALLY ENGINEERED E. COLI STRAIN ‘,
Nguyen Thi Huong, Nguyen Xuan Vu, Ngo Xuan Binh, Duong Van Cuong

Summary
Lycopene is the red pigment dominantly 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 E. col/is one of the main approach. The
biosynthesis pathway of lycopene derived from the building block isopenteny! diphosphate (IPP) catalyzed by the

phytoene dehydrogenase encoded by idj; crtE, crtB, crtl respectively. In this study a policistron of /dl, crtE, crtl, and

]
enzymes isopentenyl diphosphate isomerase, geranylgeranyl pyrophosphate synthetase, phytoene synthase, and ";
3

crtBbased on pRSET-A vector has been designed to express the required enzymes in E. coli BL21(DE3). The pR- *
iEIB vector were successfully coustructed to harbour idi, crtE crtl, and crtB. Overexpression of the policistron
under the control of T7 promoter generated red cell pellet. HPLC analysis of the 24h culture confirmed the 'z

availability of lycopene at 1.15 mg/1.
Keywords: /dj, crtE, crtl, crtB, lycopene, carotenoid.
Ngudi phan bién: TS. Nguyé&n Vin Pdng
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