
Production of lycopene by metabolically engineered E. coli  

Keywords: 
 idi, crtE, crtI, crtB, lycopene, carotenoid.  

118-125 | JRM | 2013 | Vol 2 | No 1 

 

This article is governed by the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/2.0), which gives permission for unrestricted use, non-commercial, distribution and 
reproduction in all medium, provided the original work is properly cited. 

 
www.jmicrobes.com 

Journal of Research in  

Microbes  
An International  

Scientific Research Journal 

Authors: 

Bui Tri Thuc1, Nguyen Thi 

Huong1, Nguyen Xuan Vu1, 

Khuat Huu Trung2, Duong 

Van Cuong1* 

 

Institution: 

1. Department of 

Biotechnology and Food 

Technology, College of 

Agriculture and Forestry, 

Thai Nguyen University.  
 

2.Molecular Biology  

Division, Agricultural 

Genetics Institute, Hanoi,             

Vietnam. 
 

 

Corresponding author: 

Duong Van Cuong.  

 
 

Email: 
duongvancuong@tuaf.edu.vn  

 

 

 

 

 

 

 

 
 

Phone No: 

84-91-298-4529  

 

 

Fax: 

84-280-385-2921  

 

 

Web Address: 

http://www.jmicrobes.com/  

documents/MI0025.pdf. 
 

 

Dates: 
Received: 11 Dec 2012 Accepted: 05 Jan 2013 Published: 22 Feb 2013 

Article Citation: 
Bui Tri Thuc, Nguyen Thi Huong, Nguyen Xuan Vu, Khuat Huu Trung and                
Duong Van Cuong. 
Production of lycopene by metabolically engineered E. coli.  
Journal of Research in Microbes (2013) 2(1): 118-125 

An International Scientific Research Journal 

Original Research  

Journal of Research in Microbes 

J
o
u

r
n

a
l
 
o
f
 
R

e
s
e
a
r
c
h

 
i
n

 
M

i
c
r
o
b

e
s
 

ABSTRACT: 
 
 
 Lycopene is the red pigment dominantly available in several higher plants.  
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  its  production. 
Metabolic engineering of the well understood non-carotenogenic bacteria  E. coli  is 
one of the main approach. The biosynthesis pathway of lycopene derived from the 
building block of  isopentenyl diphosphate (IPP) catalyzed by the enzymes isopentenyl 
diphosphate isomerase, geranylgeranyl pyrophosphate synthetase, phytoene 
synthase, and phytoene dehydrogenase encoded by idi, crtE, crtB, crtI, respectively. In 
this study we  have  designed a polycistronic  operon harboring  idi, crtE, crtI, and crtB  
based on pRSET-A vector to express the required enzymes in  E. coli  BL21(DE3). We 
have successfully constructed the pR-iEIB vector harboring  idi, crtE, crtI, and crtB. 
Over expression of the polycistronic operon under the control of T7 promoter 
generated red cell pellet. HPLC analysis of the 24 h culture was used to confirm the 
availability of lycopene at 1.15 mg/l.  



 

 

INTRODUCTION 

 Carotenoid is a group of natural pigments 

synthesized in some plants, fungi, and bacteria. To date, 

there are over 700 carotenoids identified in nature which 

are different in their C40 backbones as well as types and 

levels of desaturation (Umeno and Arnold, 2003). 

Among the carotenoids, lycopene is one of the most 

potential quencher of singlet oxygen species (Di Mascio 

et al., 1989). In industry, lycopene is widely used as 

functional foods and feed supplements for antioxidant 

intake (Armstrong, 1997). It was described to protect 

cells from oxidation that slow down the development of 

prostate cancer, esophagus cancer, colon cancer, and 

enhance immune system function  (Giovannucci, 1999). 

Because of these beneficial effects on human health  

(Sandmann and Gerhard, 2001), interests in dietary 

carotenoids has increased recently. According to BCC 

Research’s report, global market of carotenoids in 2007 

is $766,000,000 with predicted growing trend of 

$919,000,000 in 2015 (März, 2008) 

 Among fruits and vegetable, tomato is the 

primary source of dietary lycopene for human 

consumption (Clinton, 1998). Chemically synthesized 

carotenoids production has been performed. 

Unfortunately, although other chemically synthesized-

carotenoids such as β-carotene and astaxanthin are 

approved by European countries, lycopene failed to meet 

with limitations. Lycopene has been produced by 

chemical synthesis, fermentation, and extraction from 

natural sources (Johnson and Schroeder, 1996). 

However, these methods are facing serious limitations 

including season-dependence, environmental 

contamination, and low economic outcome. Therefore, 

employing bacteria to synthesize lycopene is an 

attractive alternative way for lycopene production                      

(Lee and Schmidt-Dannert, 2002a). Moreover, consumer 

preferences for naturally produced carotenoids contribute 

growing interests in the engineering of bacteria for 

carotenoids production (Clinton, 1998). 

 The aim of this study is to modify the                              

non-carotenogenic E. coli strain to a carotenogenic one 

which is able to synthesize natural lycopene. Is has been 

shown that the expression of a policistron including three 

exogenous genes in E. coli cells GGPP synthase (crtE), 

phytoene synthase (crtB), phytoene desaturase (crtI) is 

sufficient for the conversion of carotenoid building block 

isopentenyl diphosphate (IPP) to lycopene (Figure 1) 

through non-mevalonate pathway. In addition, to 

maintain the balance between IPP and DMAPP, we                    

also overexpress the endogenous gene isopentenyl 

diphosphate isomerase (idi). All the four genes are 

placed under the control of T7 promoter in pRSET-A 

expression vector. (Figure 1).  

 

MATERIALS AND METHODS 

Cloning of idi and crt genes 

 Three genes including crtE, crtI, and crtB which 

are responsible for lycopene conversion were amplified by 

PCR from Pantoea ananatis obtained from Leibniz 

Institute DSMZ-German Collection of Microorganisms 

and Cell Cultures. The IPP isomerase (idi) gene 

responsible for endogenous carotenoid precursor 

balancing was amplified from E. coli DH5α. Primers 

sequences listed in table 1. Each of the four target genes 

was ligated into pLUG TA cloning vector (INTRON 

Biotechnology) by T4 DNA ligase (New England 

Biolabs). Ligation products were transformed into 

competent E. coli DH5α by heat shock and plated onto LB 

agar plates supplemented with ampicilin (100 µg/ml),                   

X-gal (40 mg/ml) và IPTG (100 μg/ml). White colonies 

were picked and inoculated in 5 ml LB media. Plasmids 

were extracted and mapped by appropriate restriction 

enzymes. Target inserts in positive clones were 

sequenced.  

Construction of a crt policistronic operon and 

expression plasmid 

 The 5’ forward primers were designed not only 

to amplify the coding region of the gene but also to place 
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a Shine-Dalgarno (SD) sequence (AGGAGG), a spacer 

of eight nucleotides (N8), and a specific unique 

restriction site (table 1). This design allows each gene to 

obtain its own SD sequence and a spacer in the 

policistronic operon. Sequential positions of the genes in 

policistron is idi → crtE → crtI → crtB  that corresponds 

to the sequential positions of unique restriction sites on 

pRSET-A NdeI→ BamHI → XhoI → KpnI → EcoRI 

(figure 3). 

 First, both pLUG-idi and pRSET-A (Invitrogen) 

were digested by NdeI and BamHI and gel purified by 

(MEGA- spinTM Agarose Gel Extraction KIT). Ligation, 

transformation, clone screening, and plasmid mapping 

were performed as described in gene cloning section. 

pRSET-A harboring idi called pR-idi. Second, crtE was 

subsequently integrated into pR-idi based on BamHI and 

XhoI, resulted in pR-iE. Similarily, crtI and crtB were 

finally inserted by XhoI-KpnI and KpnI-EcoRI into                    

pR-iE and pR-iEI resulted in pR-iEI and pR-iEIB which 

is the final construction used for lycopene production 

(figure 3). 

 

Bacterial strains and culture conditions 

 pR-iEIB was transformed into E. coli BL21

(DE3) to form lycopene-producing strain.  For lycopene 

production, bacteria was grown on LB agar plates under 

selection pressure of ampicillin (100 mg/ml) in an 

incubator at 37°C overnight. Individual colonies on 

plates were inoculated in a 5 ml flask containing 5 ml of 

LB media supplemented with the same antibiotic for 12 h 

in a rotary-shaking incubator at 180 RPM. Subsequently 

the primary culture was transferred into 250 ml flask 

containing 50 ml LB media under the same condition. 

0.5 mM IPTG induction was performed while OD600 nm 

reached 0.3-0.5 for 12 h, 24 h, and 48 h.  

Lycopene analysis by HPLC 

 Lycopene formed by recombinant E. coli strain 

was analyzed by HPLC following protocol previously 

developed (Johnson and Schroeder, 1996; Yoon et al., 

2006b). IPTG induced culture was collected by 

centrifugation at 14.000 RPM for 40 sec and washed 

once by purified water. 1 ml of acetone was added to cell 

pellet. After incubation at 55°C for 15 min in dark, 

sample was centrifuged 14.000 RPM for 10 min and 

supernatant was collected into new tube. Lycopene was 

analyzed on Liquid Chromatography equipment                       

(LC–20A, Shimadzu, Japan) with the following 

parameters: Detector UV-VIS at 454 and 475 nm; 

Symmetry column C18 (250×4 mm; 5 µm); methanol: 

acetonitrile phase (70:30), flow speed 1,5 ml/min. 

 

RESULTS AND DISCUSSIONS 

Construction of the lycopene-producing policistronic 

operon in pRSET-A vector 

            Four genes idi, crtE, crtI, and crtB  cloned from 

E. coli DH5α and P. ananatis into pLUG TA cloning 

vector and sequenced (data not shown) were used for 

construcion of the lycopene-producing policistronic 

operon. Construction procedure was as described in 

methodology section. To check the present of idi, crtE, 

crtI, crtB in target vectors pR-i, pR-iE, pR-iEI, pR-iEIB, 
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Figure 1: Natural metabolic pathway in E. coli (A) 

and engineered carotenogenic pathway (B) 
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vector mapping were perform with appropriate 

restriction enzymes which are shown in figure 2.                          

The sizes of pRSET-A, idi, crtE, crtI, and crtB are 3 kb,       

549 bp, 936 bp, 1479 bp, and 930 bp, respectively. 

Double digestion of pR-i by Ndel-BamHI form 2 bands 

~3 kb and ~500 bp corresponding to pRSET-A and idi. 

Single digestion of pR-iE by either BamHI or XhoI;                  

pR-iEI by Xhol or KpnI, and pR-iEIB by EcoRI resulted 

in expected bands at ~4,3 kb, ~6 kb, and ~7 kb. 

 Each gene idi, crtE, crtI, crtB harboring its own 

ribosom binding site, start and stop codon, thus in the 

pRSET-A vector they function as a policistronic operon 

drived by promoter T7. In this study, crtB from                            

P. ananatis harboring TTG start codon which is not 

prefered by E. coli. Several studies have shown that                   

E. coli prefers ATG as start codon for translation at the 

rate of 90% which is much higher than GTG (8%) and 

TTG (1%) (O'Donnell and Janssen, 2001; Schneider et 

al., 1986). Thus, in the sequence of primer crtB-F we 

changed TTG to ATG to improve expression of the gene 

in E. coli. 

Imbalance of carotenoid precursor and effect of 

overexpression of idi in metabolic engineered E. coli 

strain 

 IPP is the building block for synthesis                              

of carotenoids (Das et al., 2007; Lee and Schmidt-

Dannert, 2002b). IPP and DMAPP are converted by                        

isopentenyl diphosphate isomerase (IPP isomerase) 

encoded by idi. In most of the engineered carotenogenic 

E. coli strains, the imbalance of IPP lead to the decrease 

of carotenoid production. To overcome this bottle neck, 

endogenous and/or exogenous idi were co-overexpressed 

with the crt genes. In all cases, addition of idi resulted in 

2 to 5 folds higher production compared to non-idi 
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Figure 2: Vector mapping of pR-i (A), pR-iE (B), pR-iEI (C), pR-iEIB (D) M: DNA ladder 1kb; 

(A) lane 1: pR-i  digested by NdeI-BamHI; (B) lanes 2, 3  pR-iE digested by BamHI, XhoI;               

(C) lanes 4, 5  pR-iEI digested by Xhol, KpnI; (D) lane 6: pR-iEIB digested by EcoRI 

Figure 3: Design of pR-iEIB vector 
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strains (table 2). In this study, we integrated the native 

endogenous idi from E. coli DH5α in our policistronic 

operon.  

Expression of pR-iEIB in E. coli BL21 (DE3)  

 Cell pellet of E. coli BL21(DE3) transformed by 

pR-iEIB vector and induced by IPTG is in pink color 

which is the color of lycopene, while the control strain 

harbouring pR-iEI is in white color (figure 4). To ensure 

that the pink pigment produced is lycopene, cell pellet 

was collected and analysed by HPLC. 

Lycopene analysis by HPLC 

 Chromatogram of pure lycopene (A), 12 h 

sample (B), and 24 h (C) sample are presented in                       

figure 5. The picks are elevated at 9.930 min, 10.037 

min, and 9.963 min that confirm the present of lycopene 

in metabolically engineered strain. Concentration of 

lycopene in 12 h and 24 h samples are 0,868 mg/l and 

1.15 mg/l, respectively. The 24 h culture is 25% higher 

than 12 h one. Our result is lower than previous studies 

of metabolically modified E. coli for lycopene 

production. In Yoon et al., (2006a), it is reported that 

crtE, crtI, crtB, and ipiHP1 were constructed into 

pTr99A driven by trc promotor, lycopene output reached 

17 mg/l (Yoon et al., 2006a). Using a set of crt gene 

derived from P. Agglomerans, productivity of lycopene 

was improved to 27 mg/l which is twice higher than the 

similar system employed crt genes derived from 

P.ananatis (12 mg/l) (Yoon et al., 2007). Moreover, 

addition of dxs and gps genes enhance lycopene 

productivity to 45 mg/l (Wang et al., 2000).  

  

 Our study is a first step of engineering a non-

carotenogenic E. coli strain into a strain capable of 

lycopene production. In the upcoming work, we have 

planned to include the upper MVA pathway (Yoon et al., 

2009) and the whole MEP pathway (Kim and Keasling, 

2001), together with crt operon, to drive stronger the 

metabolic flow in E. coli to lycopene. Instead of high 

copy plasmid pRSET-A, we will test some low copy 

plasmids which were shown to perform as well as or 

better than high copy plasmid in carotenoids production 

(Jones et al., 2000). Codon optimization is considered to 

optimize the crt genes sequence for E. coli preference 

(Jang et al., 2011). Another interesting approach is to 

employ a reduced-genome E. coli strain, which has been 

shown dominant to native E. coli because of less 

metabolic burden, as bacterial factory for carotenoid 

production (Pósfai et al., 2006; Lee et al., 2009). 

Moreover, a plasmid free strain would be more stable 

and useful for industry application (Lemuth et al., 2011). 
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Primer name Sequence 

idiF ATACATATGATGCAAACGGAACACGTCAT 

idiR AATGGATCCTTATTTAAGCTGGGTAAATGCAG 

crtEF TAAGGATCCAGGAGGTAATAAATATGTATCCGTTTATAAGGACAGC 

crtER CCTCTCGAGTTAACTGACGGCAGCGAG 

crtIF TAACTCGAGAGGAGGTAATAAATATGAAACCAACTACGGTAATTG 

crtIR CCTGGTACCTCAAATCAGATCCTCCAGCA 

crtBF TGAGGTACCAGGAGGTAATAAATATGAATAATCCGTCGTTACTCAATCA 

crtBR AATGAATTCCTAGAGCGGGCGCTGCCA 

Table 1: Primers used in gene cloning 

Figure 4: Lycopene production in E. coli  

BL21(DE3) harbouring pR-iEIB (1) cell pellet of  

E. coli BL21(DE3) harbouring pR-iEIB; (2) cell  

pellet of E. coli BL21(DE3) harbouring pR-iEI 
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Figure 5: Chromatogram of lycopene (A) 12 h 

sample (B) and 24 h sample (C) 

A 

B 

C 

Strains Carotenoids Without idi With idi References 

E. coli JM109 Lycopene 228 (μg/ g ) 1029 (μg/g) (Kajiwara et al., 1997) 

β- carotene 488 (μg/ g ) 1310 (μg/g ) 

Phytoene 246 (μg/ g ) 504 (μg/g) 

E. coli JM101 
β- carotene 440 (μg/ g ) 928 (μg/g) 

(Albrecht et al., 1999) 
Zeaxanthin 495 (μg/ g ) 1094 (μg/g) 

E.coli DH5α Lycopene 4.95 ( mg/ l) 12.85 (mg/l) (Choi et al., 2010) 

X. dendrorhous Carotenoids 193,6 ( μg/ g dry yeast) 419.3 (μg/g dry yeast) (Lodato et al., 2007) 

Table 2 Effect of over expression of idi in carotenoid production. 
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