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The aim of this study is to increase production of carotenoids in recombinant Escherichia coli by
Archaea chaperonin. The carotenoids are a widely distributed class of structurally and functionally di-
verse yellow, orange, and red natural pigments. These pigments are synthesized in bacteria, algae,
fungi, and plants, and have been widely used as a feed supplement from poultry rearing to aqua-
culture. Carotenoids also exhibit diverse biological properties, such as strong antioxidant and anti-
tumor activities, and enhancement of immune responses. In the microbial world, carotenoids are pres-
ent in both anoxygenic and oxygenic photosynthetic bacteria and algae and in many fungi. We have
previously reported cloning and functional analysis of the carotenoid biosynthesis genes from
Paracoccus haeundaensis. The carotenogenic gene cluster involved in astaxanthin production contained
seven carotenogenic genes (crtE, crtB, crtl, crtY, crtZ, crtWW and crtX genes) and recombinant Escherichia
coli harboring seven carotenogenic genes from Paracoccus haeundaensis produced 400 ng/g dry cell
weight (DCW) of astaxanthin. In order to increase production of astaxanthin, we have co-expressed
chaperone genes (ApCpnA and ApCpnB) in recombinant Escherichia coli harboring the astaxanthin bio-
synthesis genes. This engineered Escherichia coli strain containing both chaperone gene and astaxanthin
biosynthesis gene cluster produced 890 ng/g DCW of astaxanthin, resulting 2-fold increased pro-

duction of astaxanthin.
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Fig. 1. Carotenoid biosynthesis pathways. Biosynthesis pathways of isoprenoid (A), Cs (B), Cy (C) and Csp (D) carotenoids in micro-
organisms and plants which the enzymes have been cloned.
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Fig. 2. Constructions of archaea chaperonin expression plasmid. (A) pET2la-ApcpnA carrying the archaea chaperonin A gene and
(B) pET2la-ApcpnB carrying the archaea chaperonin B gene of Aeropyrum pernix K1.
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and Western blot analysis. (A) and (C) The expressed
proteins were analyzed using 12% SDS-PAGE. (B) and
(C) Western blot analysis of the expressed proteins. M,
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ypeptidase B (pro-CPB); 2, the co-expression of pro-CPB
and archaea chaperonin A; 4, the co-expression of
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Fig. 4. Carotenoids production from recombinant E. coli on LB broth. (A) E. coli containing plasmid pCR-XL-TOPO-Crt full only;
(B) E. coli containing pCR-XL-Crt full and pET-21a-ApcpnA; (C) E. coli containing pCR-XL-Crt full and pET-21a-ApcpnB.
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Fig. 5. HPLC analysis of carotenoids produced in E. coli. (A) Standard substrate; (B) E. coli containing plasmid pCR-XL-Crt full
only; (C) E. coli containing pCR-XL-Crt full and pET-21a-ApcpnA; (D) E. coli containing pCR-XL-Crt full and pET-21a-ApcpnB.
Peak 1, astaxanthin; Peak 2, zeaxanthin; Peak 3, lycopene; Peak 4, [B-carotene.
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Table 1. Comparison of produced carotenoids from the transformant cells with pCR-XL-TOPO-Crt full and archaea chaperonins

(ApcpnA and ApcpnB)

Plasmids

Total carotenoids (ug/g DCW¥)

Astaxanthin (ug/g DCW)

PCR-XL-Topo-Crt full
PCR-XL-Topo-Crt full and ApcpnA
PCR-XL-Topo-Crt full and ApcpnB

639 (£10) 400 (+10)
959 (+10) 890 (+10)
877 (+10) 500 (+10)

*DCW is abbreviation of dry cell weight.
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