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Carotenoids are isoprenoids with a long polyene chain containing 3 to 15 conjugated double bonds,
which determines their absorption spectrum. They typically consist of a Cy hydrocarbon backbone of-
ten modified by different oxygen-containing functional groups, to yield cyclic or acyclic xanthophylls.
Much work has also been focused on the identification, production, and utilization of natural sources
of carotenoid (plants, microorganisms and crustacean by-products) as an alternative to the synthetic
pigment which currently covers most of the world markets. Nevertheless, only a few carotenoids (B-
carotene, lycopene, astaxanthin, canthaxanthin, and lutein) can be produced commercially by fermen-
tation or isolation from the small number of abundant natural sources. The market and demand for
carotenoids is anticipated to increase dramatically with the discovery that carotenoids exhibit sig-
nificant anti-carcinogenic activities and play an important role in the prevention of chronic diseases.
The increasing importance of carotenoids in the feed, nutraceutical food and pharmaceutical markets
has renewed by efforts to find ways of producing additional carotenoid structures in useful quantities.
Because microorganisms and plants synthesize hundreds of different complex chemical carotenoid
structures and a number of carotenoid biosynthetic pathways have been elucidated on a molecular
level, metabolic and genetic engineering of microorganisms can provide a means towards economic
production of carotenoid structures that are otherwise inaccessible. The aim of this article is to review
our current understanding of carotenoid formation, to explain the perceived benefits of carotenoid in
the diet and review the efforts that have been made to increase carotenoid in certain microorganisms.
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Fig. 1. Structure and numbering of stem name carotene.
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Fig. 2. Characteristic end groups of carotenoids.
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Fig. 3. Structures of important carotenoids.

Table 1. Classification of carotenoids

Basis Sub group Characteristics Examples
Structure Carotenes Constituting carbon and hydrogen a-carotene, [B-carotene, B-cryptoxanthin,
Xanthophylls Constituting carbon, hydrogen, and oxygen Lutein, zeaxanthin, violaxanthin, fucoxanthin
Cyclization ~ Acyclicm End group not closed Lycopene
Alicyclic
a. Monocyclic One end group open, one closed y-carotene
b. Bicyclic Both closed B-carotene
Structural ~ Allenic Continuous double bond Neoxanthin
alteration Acetylenic Presence of a triple bond Dehydro apocarotenoid
Apocarotenoid Less than 40 Carbon atoms Bixin
Higher carotenoid = More than 40 Carbon atoms Crocetin

Function Primary Required for photosynthetic process B-carotene, zeaxanthin, antheraxanthin,
lutein, violaxanthin, neoxanthin
Secondary Presence not directly related to plant a-carotene, capsanthin, bixin, lycopene,
survival astaxanthin
z22 3%, £3 24 E4 (retinoic), 8 A7t M A(retinal, T}(Table 2).
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Table 2. Biological function of carotenoids
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Disease

Mechanism of action

Carotenoid associated

Prostate cancer
Colorectal cancer
Breast cancer

Lung cancer
formation

Modulates expression of certain genes leading to tumor formation

Light-induced erythema
Eye health xerophthalmia

CVD Reduction of LDL oxidation

Reduction of oxidative stress at plaque side
Reduction of lipoprotein sensitivity to oxidative damage

Cataract and macular

degeneration free radicals

Inhibition of cell cycle progression at G1 phase

Inhibits cell proliferation, transformation, and micronucleus

Filtering of blue light and scavenging reactive intermediates
Quenching active oxygen species

Protect the macula from blue light-induced damage and scavenge

lycopene

[-carotene, lutein

lycopene

B-carotene wide range of
carotenoid

B-carotene

B-carotene, lycopene, lutein
Lutein, Zeaxanthin

B-carotene, lycopene and
combination of various
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Lutein Zeaxanthin
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Table 3. Classification of carotenoids
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Enzyme Gene

Organisms

Formation of carotenoid back bone

Dehydrosqualene synthase crtM Staphylococcus aureus
GGPP synthase crtE Erwinia uredevora, Synechocystis PCC6803
al-3 Neurospora crassa
Phytoene synthase crtB Erwinia herbicola, E. uredovora, Flavobacterium sp, Myxococcus xanthus,
Rhodobacter capsulatus, R. sphaeroides, Streptomyces griseus, Synechococcus
sp., Synechococcus sp., Synechocystis sp., Thermus thermophilus, Paracoccus
sp. MBIC1143
crtYB Xanthophyllomyces dendrorhous
carRP Mucor circinelloides
carRA Phycomyces blakesleeanus
al-2 Neurospora crassa
psy Arabidopsis thaliana

Dehyrogenatin_of phytoene

Phytoene dehydrogenase crtl Rhodobacter capsulature, E. herbicola, E. uredovora, Flavobacterium sp., S.
griseus, Paracoccus sp. MBIC1143
crtP Synechococcus sp., Synechocystis sp.
t-Carotene dehydrogenase crtQ Anabaena sp.
Lycopene_cyclization
Lycopene cyclase crtY A. aurantiacum, E. herbicola, E. uredovora, Flavobacterium sp., S. griseus,
Halobacterium salinarium
crtl Synechococcus sp.
crtYe, crtYd  Brevibacerium linens
crtYB X. dendrorhous
carRP Mucor circinelloides
carRA P. blakesleeanus
al-2 N. crassa
Formation of acyclic xanthophylls
Hydroxyneurosporene synthase crtC Rhodobacter
Methoxyneurosporene desaturase  crtD Rhodobacter
Hydroxyneurosporene-O- crtF Rhodobacter
methyltransferase
Spheroidene monooxygenase crtA Rhodobacter
Formation of cyclic xanthophylls
Zeaxanthin glucosylase crtX E. herbicola, E. uredovora
B-Carotene hydroxylase crtZ A. aurantiacum, Alcaligenes PC1, E. herbicola, E. ureodovara, Flavobacerium
sp., Paracoccus sp. MBIC1143
B-Carotene ketolase crtW A. aurantiacum, Alcaligenes PC1, Bradyrhizobium sp. ORS278, Paracoccus sp.
MBIC1143
bkt Haematococcus pluvialis

ma, A. aurantiacum 5°| QT T, B Azl o AEd
P. haeundaensis mutant$l PUEZ % wild type E T} astax-
anthing 29 o YA TH48]. stA % EAM ] =5 &
g 7EE o= At Sd ZIH L e B N gE 25
o B9 ™ol o A HAE YT T e B
< 72 .

7I2E|0|=9| AAH 4K & HE

ZHEE ol ARS FANAE A 7HEE 0BTt F

g ol R oy, HHE Y JlRE =Y 78 EF
1E3 F7hste FAY. A AA JIRE R E AFL
20149 159 28l S 7289 on, 201990 = oF 189 &
Z /M AR q4sta 9tk 53] xanthophyllsAl 7HZE
0] 9l lutein, cantaxanthin, astaxanthin® 7} 7} &0}
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Table 4. Main applications of microalgae due to their carotenoid content

Microalga

Application

Product formula

Price ($/kg)

Isochrysis galbana
Phaeodactylum tricornutum
Arthrospira
Nannochloropsis gaditana

Aquaculture, nutraceutical
Cosmetics, nutraceutical
Aquaculture, cosmetics

Pavlova lutheri Aquaculture
Thalassiosira weissflogii Aquaculture
Tetraselmis Aquaculture

Haematococcus pluvialis
Chorella vulgaris
Dunaliella salina

Aquaculture, nutraceutical

Nutraceutical, food ingredients

Aquaculture, cosmetics, nutraceutical

Aquaculture, cosmetics, nutraceutical, food ingredient

Paste, dry powder 100-400
Paste, dry powder >200
Paste, dry powder >200
Paste, dry powder 300
Paste, dry powder >300
Paste, dry powder >300
Paste, dry powder 600-800
Dry powder >600
Dry powder, tablets 30-100
Dry powder, tablets 100-400
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FHE FaEol oY, 3 =9I, e &
4, °}°]iﬂ% o AF 7heH 4F, AAF o AL}
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oF 2 A% HEAFOoR R AH 1 it g%
S AFT F astaxanthin Aol A kg B 3,000 28, B-
carotene> WA ZF 12 £Z )2 AFdA kg T 600
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