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Lycopene: Progress in microbial production
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a b s t r a c t

Background: Carotenoids are an important group of natural and liposoluble pigments found in plants and
microorganisms, displaying yellow, orange or red color. They act as membrane-protective antioxidants
which efficiently scavenge 1O2. . Lycopene is a red carotenoid with potential in alleviating chronic disease
such as some types cancers and coronary heart disease, its production is from vegetable sources (e.g.
tomatoes) and chemical synthesis; nonetheless, due to the increasing interest of this molecule, alter-
native methodologies to produce higher amounts have been developed.
Scope and approach: This review discusses the biotechnological and economic impact of the microbial
production and recovery of lycopene as an alternative bioprocess to obtain this carotenoid.
Key findings and conclusions: Microbial production of lycopene can be promoted with the addition of
inhibitors that prevent chain cyclization during the biosynthesis of b-carotene or genetic engineering;
also, the optimization of culture medium and growth conditions of the microorganism can be performed.
Actually, potential applications of lycopene imply that its biotechnological production has become
increasingly necessary, and reports have described its production using metabolic engineering.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Carotenoids are an important group of natural and liposoluble
pigments found in plants and microorganisms, displaying yellow,
orange or red color. Some carotenoids act as precursors of Vitamin
A as well as membrane-protective antioxidants which efficiently
scavenge 1O2 and trap peroxyl radicals (ROO*) (Avalos & Carmen
Lim�on, 2015; Cardenas-Toro et al., 2015; Mokhtar et al., 2016;
Staj�ci�c et al., 2015). Also, anticancer, antiproliferative and pro-
differentiation activities has been attributed. Carotenoids are
commercially used as nutritional supplements, food and cosmetic
colorants and animal feed with a global market of $1.5 billion by
2014, with an expected increase to $1.8 billion by 2019 (BCC-
Research., 2015; J. Kim et al., 2012; M. J. L�opez-Nieto et al.,
2004a,b; Marova et al., 2012; Petrik, Obruca, Benesova & Marova,
2014; Reyes, Kao & Katy, 2014). Carotenoids are divided into two
groups: carotenes (carbon and hydrogen molecules) such as b-
carotene and lycopene, and xanthophylls (carbon, hydrogen and
oxygen molecules) such as lutein, zeaxanthin and violaxanthin. For
example the lutein and zeaxanthin are the main carotenoids found

in wheat, they have antioxidant activity and together with meso-
zeaxanthin make up macular pigments responsible for reducing
the amount of light irradiation reaching the photoreceptoral layer
of the retina (Berrow, Bartlett & Eperjesi, 2011; J. Kim et al., 2012;
Mellado-Ortega, 2012). Astaxanthin is the carotenoid that pro-
vides salmon and crustaceans their characteristic coloration
(Montanti, Nghiem & Johnston, 2011). Furthermore, b-carotene is
one of the most studied carotenoids because of antioxidant activity
and pro-Vitamin A character, widely applied in the field of food and
cosmetics (H. Chen & Zhong, 2015; Wenjiao Ge et al., 2015). Lyco-
pene (Fig. 1) is a red carotenoid with potential in alleviating chronic
disease, such as cancer and coronary heart disease, is a more potent
ROS scavenger, also, has been demostred to induce cell-to-cell
communication and modulate hormones and immune system
(George, Kaur, Khurdiya, & Kapoor, 2004; Staj�ci�c et al., 2015). It
obtained from vegetable sources (e.g. tomatoes) and chemical
synthesis, however, due to the increasing interest of this molecule,
alternative methodologies to produce higher amounts have been
developed (H. a. Z. Chen, Q., 2015; W. Ge et al., 2015; M. J. L�opez-
Nieto et al., 2004a,b; Y. Sun, Yuan, & Vriesekoop, 2007). In view
of above introduction, this review discusses the microbial pro-
duction of lycopene as an alternative to obtain this carotenoid as
well as the biotechnological and economic impact.
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