Table S1. Pigmented compounds of different microorganisms and their biological properties.

Genus/Species Color Pigment Compound Application Reference
Prokaryotes
Gram-negative bacteria
Achromobacter sp. Orange red- Duerre and Buckley, 1965
pink
Acinetobacter lwofii Pink Bacterioruberin-like Antioxidant activity | Ghosh et al., 2007
Aeromonas salmonicida Brown Melanin Margalith, 1992
Agrobacterium arantiacum Pink-red Astaxanthin, adonixanthin | Food additive, Yokoyama et al., 1995
antioxidant
Allochromatium vinosum Orange brown | Anhydrorhodovibrin Kirti et al., 2014
Allochromatium warmingii Pink-violet Kirti et al., 2014
Altererythrobacter ishigakiensis | Orange-red Astaxanthin, adonixanthin Matsumoto et al., 2011
and zeaxanthin
Alteromonas citrea Lemon yellow | Non Carotenoid Antibiotic property Gauthier, 1977

Alteromonas (Pseudomonas)
nigrifaciens

Blue

Indigoidine

Norton and Jones, 1969

Alteromonas nigrifaciens Eumelanins (black Protection from UV | Liu and Nizet 2009;
or brown), phaeomelanins | irradiation Soliev et al., 2011
(yellow-red),
allomelanins, and
pyomelanins
Alteromonas rubra Red Prodigiosin Antibiotic, Williamson et al., 2007
immunosuppressive
and anticancer
activities
Aureobacterium sp., Yellow Decaprenoxanthin Fukuoka et al., 2004

Arthrobacter glacialis,
Cellulomonas biazotea,
Corynebacterium glutamicum




Azotobacter chroococcum Black Catechol melanin Margalith, 1992
Bacillus  thuringiensis subsp. | Black Melanin Mosquitocidal Liu et al., 1993
israelensis activity
Bradyrhizobium sp. Orange-red Canthaxanthin Impart color in Kirti et al., 2014
farmed salmons
Burkholderia cepacia Black-brown Melanin Kirti et al., 2014
Burkholderia glumae Yellow Toxoflavin Antifungal, Karki et al., 2012
phytotoxic activity
Cellulophaga lytica Iridescent blue, Kientz et al., 2012
violet, red,
yellow, and
green
Cellulophaga tyrosinoxydans Yellow Phaeomelanin Kahng et al., 2009
Chlorobiaceae Brown-green Chlorobactene, Grice et al., 1998;
renieratene, Schaeflé et al., 1977
renierapurpurin
Chlorobium Green Bacteriochlorophyll ¢,d.e Montano et al., 2003
Chlorobium tepidum Yellow Chlorobiumquinone Frankenberg et al., 1996
Chloronema Green , red Bacteriochlorophyll 4, Takaichi et al., 2001a
keto-myxocoxanthin
(Deoxyflexixanthin)
Chromatium sp. Green, red Bacteriochlorophyll 4, Madigan, 1986
Spirilloxanthin,
rhodovibrin, rhodopsin,
Okenone
Chromobacterium violaceum Purple Violacein (3-(1,2-dihydro- | Anmicrobial activity | Rettori and Duran, 1998

5-(5-hydroxy-1H-indol-3-
yl)-2-oxo0-3H-pyrrol-3-
ilydene)-1,3-dihydro-2H-
indol-2-one)

Chryseobacterium

Yellow- ornage

Flexirubin

Used in treatment of

Venil et al., 2015




chronic skin
disease, eczema etc;

antioxidant,
antimicrobial
Collimonas sp. Blue/purple Violacein Antibacterial activity | Hakvag et al., 2009
Colwellia Red Prodigiosin-like Bowman et al., 1998
Cytophaga/Flexibacteria Yellow Tryptanthrin Antibiotic activity Wagner-Dobler et al., 2002
Cytophaga uliginosa Yellow-red Flexirubin Cytochrome ¢ Bowman, 2000
oxidase activity
Desulfovibrio Green Siroheme Cytoplasmic Simon and Kroneck, 2013
respiratory sulfite
reduction
Desulfovibrio desulfuricans Red Desulforubidin Sulfite reducing Lee et al., 1973
(Desulfomicrobium norvegicum) activity
Desulfovibrio sp. Blue to green, Desulfoviridin Warren et al., 2005
fluorescent
Dinoroseobacter shibae Pink-red Bacteriochlorophyll 4, and Endres et al., 2015
spheroidene
Dokdonia sp. Yellow-orange | Salinixanthin, Zeaxanthin Bertsova et al., 2016
Enterobacter sp. Red [-carotene Used as feed Tanskul et al., 2013
supplement for hens
or other avian
Erwinia chrysanthemi Blue Indigoidine Antioxidant Reverchon et al., 2002
Flavobacterium sp. Yellow-red Flexirubin Photoprotective Reichenbach et al. 1974
compound
Gemmatimonas aurantiaca Ornage Carotenoids (oscillol Kirti et al., 2014
2,2’-dirhamnoside)
Hahella chejuensis Red Prodigiosin Antibacterial and Kim et al., 2007
algicidal activities
Hyphomonas sp. Brown Pyomelanin Plonka and Grabacka, 2006




Hyphomonas strain Brown-black Melanin Kotob et al., 1995
lodobacter fluviatile Violet Logan, 1989
Janthinobacterium lividum Bluish-purple Violacein Antibacterial, Matz et al., 2004
algicidal activity
Janthinobacterium lividum Violet Violaceinand Antibacterial activity | Nakamura et al.,2003
deoxyviolacein
Janthinobacterium svalbardensis | Violet Violacein-like Avgustin et al., 2013

Kiloniella Yellow-orange | Phenazine Antimicrobial Schneemann et al. 2011
activities
Klebsiella sp. Black Melanin Shrishailnath et al., 2010
Lamprocystis roseopersicina Rosy pink Kirti et al., 2014
Leisingera sp. Blue Indigoidine Antibacterial Gromek et al., 2016
Marinomonas mediterranea Black Eumelanin Plonka and Grabacka, 2006
Marinomonas mediterranea Black Melanins Photoprotective and | Solano et al., 1997;
antioxidant Solano and Sanchez-Amat,
1999
Nanocystis exedens Yellow-orange Carotenoids Margalith, 1992
Pantoea agglomerans Blue Fujikawa and Akimoto,
2011
Paracoccus carotinifaciens Pink to red Astaxanthin Fish feed supplement | Malik et al., 2012
in USA
Paracoccus haeundaensis Ornage-red Astaxanthin Lee et al., 2004
Paracoccus zeaxanthinifaciens Yellow Zeaxanthin Malik et al., 2012
Pararhodospirillum Bacteriochlorophyll 4, Baldani et al., 2014
and carotenoids
lycopene and rhodopsin,
rhodopin
Pelagibacter Yellow-orange | Phenazine Antibacterial Choi et al., 2010
Photobacterium ganghwense Pink Antibacterial Ramesh et al., 2017
Potobacterium, Blue-green Luciferin Toxicity assays, Ramesh and Mohanraju,




Shewanella, Vibrio, bioluminescence 2015
imaging
Photobacterium kishitanii, Blue Lumazine (BFP) Yoshizawa et al., 2012
Vibrio azureus
Photorhabdus luminescens Yellow Anthraquinone Antibiotic activity Lietal, 1995
Polaribacter sp. Proteorhodopsin Light harvest and Gonzalez et al., 2008
generate a proton
gradient across the
cytoplasmic
membrane
Pontibacter Pink Menaquinone-7 Joshi et al., 2012
Porphyromonas canoris, Black Porphyrin Antioxidant Smalley et al., 1998
Porphyromonas gingivalis
Protomonas extorquens Red Rhodoxanthin Feed additive Nelis and de Leenheer,
1991
Pseudoalteromonas strain 520P1 | Purple Violacein Cytotoxic activity Yadaet al., 2008; Zhang
against U937, K562, and Enomoto, 2011
and HL60 leukemia
cell lines
Pseudoalteromonas strains, Yellow Tetrabromopyrrole Antibacterial, Tebben et al., 2011;
Chromobacterium Inducing larval Andersen et al., 1974
metamorphosis
Pseudoalteromonas denitrificans, | Red Cycloprodigiosin Apoptotic effects on | Yamamoto et al., 1999;
Pseudoalteromonas rubra liver cancer cell lines; | Kim et al., 1999
antimalarial
Pseudoalteromonas flavipulchra, | Yellow Bromoalterochromide A Cytotoxic activities Speitling et al. 2007
Pseudoalteromonas maricaloris, and B
Pseudoalteromonas prydzensis,
Pseudoalteromonas rubra
Pseudoalteromonas luteoviolacea | Violet Violacein Antibacterial activity | Kobayashi et al., 2007

and cytotoxicity




Pseudoalteromonas rubra

Yellow-red

Prodigiosins (2-methyl-3-
butyl-prodiginine, 2-
methyl-3-pentyl-
prodiginine (prodigiosin),
2-methyl-3-hexyl-
prodiginine, and 2-
methyl-3-heptyl-
prodiginine);
cycloprodigiosin

cytotoxic effects
against U937, K562,
and HL60 leukemia
cancer cells

Wang et al., 2012

Pseudoalteromonas tunicata

alkaloid tambjamines

antitumor activity,
Antimicrobial and
cytotoxic activities

Franks et al., 2005;
Pinkerton et al. 2010

Pseudomonas aeruginosa Blue Pyocyanin Antibiotic activity Angell, 2006
Pseudomonas aeruginosa Brown Pyorubin Antibacterial activity | Saha et al., 2008
Pseudomonas aeruginosa Brown Pyomelanin Plonka and Grabacka, 2006
Pseudomonas aeruginosa Yellow-orange | Phenazine Colorant in Isnansetyo and Kamei
beverages, cakes, 2009; Saha et al., 2008
confectionaries,
pudding, decoration
of food items
Pseudomonas aeruginosa Oxychlororaphine Margalith, 1992
Pseudomonas aeruginosa Yellow-green Fluorescein Coloring agent Margalith, 1992

Pseudomonas aeruginosa, Yellow Phenazine-1-carboxylic Margalith, 1992
Pseudomonas aureofaciens acid

Pseudomonas aeruginosa Yellow Pyoverdine Pathogenesis and Peek et al., 2012

biofilm formation
Pseudomonas argentinensis Yellow Peix et al., 2005
Pseudomonas aurantiaca Yellow Bromoalterochromide A Cytotoxic activities Speitling et al., 2007
and B
Pseudomonas aureofaciens Golden yellow Margalith, 1992

Pseudomonas brassicacearum

Orange

Phloroglucinol derivatives

Antimicrobial

Ivanova et al., 2009




activity

Pseudomonas cepacia Purple 4,9-di-hydroxyphenazine- Korth et al., 1978
1,6-dicarboxylic acid
dimethyl ester
Pseudomonas chlororaphis Green Chlororaphine Antioxidant Margalith, 1992
Pseudomonas fluorescens Yellow-green Pyoverdine Meyer and Abdallah, 1978
fluorescent
Pseudomonas indigofera Blue Indigoidine Dyeing properties Knackmuss, 1973
Pseudomonas magnesiorubra Red Prodigiosin Antimicrobial Lewis and Corpe, 1964
activity
Pseudomonas magnesiorubra Orange-yellow | Magnesidin Antimicrobial Kohl et al., 1974
activity
Pseudomonas paucimobilis Nostoxanthin Jenkins et al., 1979
Pseudomonas phenazinium purple Iodinin Byng and Turner, 1976
Pseudomonas syringae Blue Pyocyanine Margalith, 1992
Pseudovibrio Yellow-orange | Phenazine antimicrobial Schneemann et al., 2011
activities
Ralstonia eutropha Blue Indigo Drewlo et al., 2001
Ralstonia solanacearum Red Melanin Pathogenic activity Hernandez-Romero et al.,
2005
Rheinheimera strains Deep blue Glaukothalin antibacterial and Grossart et al., 2009
cytotoxic activities
Rhizobium sp. Brownish black | Melanin Margalith, 1992
Rhodobaca bogoriensis Bacteriochlorophyll 4, Takaichi et al., 2001b
demethylspheroidene
and
demethylspheroidenone
Rhodobacter sphaeroides Bacteriochlorophyll 4, Polivka et al., 2007

neurosporene,
spheroidene




Rhodovulum sulfidophilum Green Chloroxanthin Color based whole- | Yoshida et al., 2007
cell biosensors
Phaeobacter, Blue Indigoidine Antibacterial Cude et al., 2012
Roseobacter
Rubritalea squalenifaciens acyclic C30 —type Antioxidant activity | Misawa, 2011
carotenoic acids,
diapolycopenedioic acid
Rugamonas rubra Red Prodigiosin Antibacterial activity | Kirti et al., 2014
Salinibacter ruber Red Carotenoids Antén et al., 2002
Saprospira grandis Orange-red Xanthophyll, Antioxidant Aasen and Liaaen-Jensen,
Saproxanthin 1966
Serratia marcescens Red Prodigiosin Antibacterial, Margalith, 1992; Chen et
Antifungal, Anti al., 2013
Entamoeba histolytica,
Immunosuppressive
properties, in vitro
apoptotic effects,
and in vivo anti-
tumor activities
Serratia marinorubra Red Prodigiosin Antibacterial Activity | Margalith, 1992
Serratia plymuthica Red Prodigiosin Antibacterial Activity | Grimont and Grimont,
1991
Serratia rubidaea Red Prodigiosin Antibacterial Activity | Moss, 2002
Shewanella algae, Dark brown Pyomelanin Kotob et al., 1995

Shewanella colwelliana,
Shewanella hanedai

Shewanella colwelliana

Black-brown

Eumelanins (black

or brown), phaeomelanins
(yellow-red),
allomelanins, and
pyomelanins

Protection from UV
irradiation

Liu and Nizet 2009;
Soliev et al., 2011; Plonka
and Grabacka

2006




Shewanella violacea Violet 5,5'-didodecylamino-4,4- | Dyeing application Kobayashi et al., 2007
dihydroxy-3,3'-
diazodiphenoquinone-
(2,2") (Indigoidine)
Sorangium Red Myxin Antimicrobial, Sekhon and Hargesheimer,
antifungal 1975
Sphingomonas Red Astaxanthin Antioxidant Asker et al., 2007
astaxanthinifaciens
Stenotrophomonas maltophilia Orange Antibacterial Ramesh et al., 2017
Stigmatella aurantiaca Yellow& red Myxobactin, myxobactone Kleinig et al., 1970
Thermus filiformis Cso carotenoids Antioxidant Mandelli et al., 2012
Thioalkalivibrio versutus Yellow Natronochrome and Takaichi et al., 2004
chloronatronochrome
Thiocapsa roseopersicina Rosy peach Kirti et al., 2014
Thiocystis violacea, Violet
Thiodictyon elegans
Unidentified marine Yellow 2-methyl-pyrimidine-5- Laatsch, 2006
bacterium carboxamide
Vibrio sp. Red Prodigiosin Antimicrobial Rameshkumar and Nair,
activity 2009
Vibrio sp. Blue Ramesh et al., 2017
Vibrio cholerae Melanin, Homogentisic Kotob et al., 1995; Ruzafa
acid etal., 1995
Vibrio cholerae Eumelanins (black Protection from UV Liu and Nizet 2009;
or brown), phaeomelanins | irradiation Soliev et al., 2011
(yellow-red),
allomelanins, and
pyomelanins
Vibrio fischeri Yellow Yellow fluorescent protein Herring, 2002




(YFP) chromophore

Vibrio gazogenes Red Prodigiosin like Antibacterial Activity | Moss, 2002
Vibrio gazogenes Orange-yellow | Magnesidin Antialgal Imamura et al., 1994
Vibrio psychroerythrus Red Prodigiosin, Zeaxanthin Antibacterial Activity | Kirti et al., 2014
Vibrio ruber Red Prodigiosin Antibacterial Activity | Shieh et al., 2003
Vogesella sp. Deep blue Colorant Cardona-Cardona et al.,
2010
Xanthomonas campestris Yellow Xanthan Food additive & Qian et al., 2006
Antibacterial
Xanthomonas oryzae Yellow Xanthomonadin Photoprotective Venil et al., 2013;
pigment; Rajagopal et al., 1997
Chemotaxonomic
and diagnostic
markers
Zobellia Yellow-red Flexirubin Nedashkovskaya et al.,
2004
Zooshikella ganghwensis, Red Cycloprodigiosin-and Antimicrobial Ramaprasad et al., 2015 ;
Zooshikella marina prodigiosin activity Lee et al., 2011
Zooshikella rubidus
Marine a-proteobacterium Red Heptylprodigiosin Cytotoxic activity, Lazaro et al., 2002
antimalarial activity
Gram-positive bacteria
Arthrobacter atrocyaneus Blue Indigoidine Dyeing properties Knackmuss, 1973
Arthrobacter crystallopoietes Dark green Indigoidine Colorant Margalith, 1992
Arthrobacter oxidans Blue Nicotine Colorant Knaekmuss and
Beekmann, 1973
Arthrobacter polychromogenus Blue Indigoidine Dyeing properties Knackmuss, 1973
Bacillus sp. Yellow-pink Carotenoids Antioxidants Khaneja et al., 2010
Bacillus Yellow-orange | Phenazine Antibacterial activity | Choi et al., 2010
Bacillus indicus, Yellow-orange | Diapocarotenoids Pérez-Fons and Fraser,




Halobacillus,

Heliobacteria,
Methylobacterium rhodinum,
Planococcus,

Staphylococcus aureus,
Streptococcus faecium

2012

Bacillus indicus

Yellow-orange

Glycosyl-diapolycopene

Pérez-Fons and Fraser,
2012

Bacillus licheniformis Red Diadinoxanthin Nugraheni et al., 2010
Bacillus subtilis Black Antibiotic activity Nakamura, 1989
Bacillus subtilis Yellow Riboflavin Food colorant Stahmann et al., 2000
Clostridium puniceum Pink Pectolytic activity Lund et al., 1981
Deinococcus radiodurans Red Deinoxanthin Antioxidant Activity | Hong-Fang, 2010
Dietzia (Rhodococcus) maris Bluish Red Joshi et al., 2003
Exiguobacterium Yellow, orange | Carotenoid Antioxidant and Balraj et al., 2014
antibacterial
Micrococcus sp. Red Prodigiosin like Antioxidant activity | Variyar et al., 2002
Micrococcus luteus Yellow Antibacterial activity | Umadevi and Krishnaveni,
2013

Micrococcus roseus Orange to pink | Canthaxanthin Cooney et al., 1966
Micrococcus yunnanensis Red sarcinaxanthin, Antioxidative Osawa et al., 2010

sarcinaxanthin mono- activities

glucoside, and

sarcinaxanthin

diglucoside
Micromonospora Yellow-orange | Phenazine Antimicrobial Schneemann et al., 2011

activities

Planococcus maritimus Red 11lycol-carotenoic acid Antioxidant Shindo et al., 2008

ester and methyl glucosyl-
3,4-dehydro-apo-8’-




lycopenoate

Planococcus maritimus acyclic C30 —type Misawa, 2011
carotenoic acids
Staphylococcus aureus Golden Staphyloxanthin Antioxidant Clauditz et al., 2006
Staphylococcus aureus Yellow Carotenoids Marshall and Wilmoth ,
1981
Streptococcus agalactiae Ornage-red Granadaene Antioxidant Rosa-Fraile et al., 2006
Actinomycetes
Actinomycete isolate CNB-632 | Red Marinone Antibacterial activity | Pathirana et al., 1992
Actinomadura madurae Red Prodigiosin like Gerber, 1969
Brevibacterium Yellow-orange | Phenazine Antibacterial activity | Choi et al., 2010
Brevibacterium iodinum purple Iodinin Margalith, 1992
Brevibacterium linens Yellow-red Isorenieratene Antioxidant activity | Martin et al., 2009
Corynebacterium michigannise Greyish to Joshi et al., 2003
creamish
Gordonia jacobaea Red Canaxanthin Food colorant and Veiga-Crespo et al., 2012
cosmetic application
Microbacterium arborescens Orange Lycopene Godinho and Bhosle, 2008
Mycobacterium abscessus, Carotenoids Saviola, 2014

Mycobacterium avium,
Mycobacterium chelonae,
Mycobacterium fortuitum,
Mycobacterium goodie,
Mycobacterium smegmatis,
Mycobacterium tuberculosis

Mycobacterium aureus Escholtzxanthin Margalith, 1992
Mycobacterium aurum Yellow-red Isorenieratene Antioxidant activity | Martin et al., 2009
Mycobacterium chubuense Yellow Zeaxanthin, Margalith, 1992

escholtzxanthin




Mycobacterium kansasii, Carotenoids Margalith, 1992

Mycobacterium marinum

Mycobacterium lacticola Red Astaxanthin Fish feeds Kirti et al., 2014

Mycobacterium phlei Yellow Isorenieratene (leprotene) | Antioxidant activity | Margalith, 1992

Nocardia sp. Blue-black Indigo Margalith. 1992

Nocardia madurae Red Prodigiosin Antibacterial activity | Gerber and Lechevalier,

Nocardia pelletierie 1976

Pseudonocardia sp. Yellow Phenozostatin D Antibacterial and Maskey et al., 2003
antifungal activities

Streptomyces sp. Dihydrophencomycin Antibiotic activity Pusecker et al., 1997

Streptomyces sp. Yellow Streptochlorin Anticancer activity Karuppiah et al., 2013

Streptomyces sp. Blue Ammosamide A

Streptomyces sp. Red Ammosamide B

Streptomyces sp. Yellow N-

carboxamidostaurosporine

Streptomyces sp. Blue Akashin Antitumor activity Maskey et al., 2002

Streptomyces sp. Yellow Griseolutein Antibacterial activity | Umezawa et al., 1950

Streptomyces sp. Red Panosialin Anti-influenza Aoyagi et al., 1971
activity

Streptomyces sp. Red Marineosin A Cytotoxic effect, Boonlarppradab et al., 2008
antifungal

Streptomyces sp. Brown-black Melanin Antimicrobial Vasanthabharathi et al.,
activity 2011

Streptomyces sp. Red Hyaluromycin Hyaluronidase Harunari et al., 2014
inhibitory activity

Streptomyces amakusaensis, Brownish black | Melanin Margalith, 1992

Streptomyces antibioticus,
Streptomyces biverticillatus,
Streptomyces glaucescens,
Streptomyces kentuckensis,




Streptomyces lavendulae,
Streptomyces lucensis,
Streptomyces violaceus,
Streptomyces violaceorectus

Streptomyces aureofaciens Blue-green Indigoidine Kirti et al., 2014
Streptomyces chibanensis Black —-brown Melanin Kirti et al., 2014
Streptomyces coelicolor Blue Actinorhodins Antibiotic Bystrykh et al. 1996
Streptomyces coelicolor Red, blue Prodigiosin, Antimicrobial Ahmad et al., 2012
undecylprodigiosin and activity
actinorhodin
Streptomyces coelicolor Red-brown Flaviolin Melanin production | Thanapipatsiri et al., 2015
Streptomyces davawensis Pink/reddish Roseoflavin Antibacterial Otani et al., 1974
orange compound
Streptomyces diastaticus Yellow Diastaphenazine cytotoxic and Lietal, 2014
antibacterial
activities
Streptomyces echinoruber Red Rubrolone Antibiotic activity Iacobucci and Sweeney,
and food colorant 1981
Streptomyces griseoviridis Reddish purple | Roseophilin Cytotoxic effect Hayakawa et al., 1992
Streptomyces lincolnensis Dark Lincomycin (melanin like) | Antibacterial Margalith, 1992
Streptomyces longisporubei Red Prodigiosin Antimicrobial Gerber and Lechevalier,
activity 1976
Streptomyces longisporus Red Prodigiosin Antibacterial activity | Variyar et al., 2002
Streptomyces mediolani Yellow-red Isorenieratene Antioxidant activity | Martin et al., 2009
Streptomyces parvulus Orange red Actinomycin D Antibacterial activity | Shetty et al., 2014
Streptomyces pilosus Red Piloquinone Margalith, 1992
Streptomyces spectabilis Red Prodigiosin Antibacterial activity | Variyar et al., 2002
Streptomyces variegatus Red Antibacterial activity | Lee et al., 2011
Streptomyces viridoflavus Blue Candidin Antifungal activity Taber et al., 1954
Streptoverticillium rubrireticuli | Red Prodigiosin like Antimicrobial Gerber and Lechevalier,




activity 1976
Thermoactinomyces antibioticus | Orange-red Thermorubin Antibacterial activity | Moppett et al., 1971
Archaea
Halobacterium salinarium, Red Bacterioruberin Antioxidant activity Mandelli et al., 2012
Halococcus morrhuae
Halobacterium halobium Red Bacteriorhodopsin Matsuno-Yagi and
Mukohata, 1977
Halobacterium salinarium, Cso carotenoids Antioxidant Mandelli et al. 2012
Halococcus morrhuae
Haloferax alexandrinus Dark Red Canthaxanthin Malik et al., 2012
Haloferax mediterranei Carotenoid Antitumor, Rodrigo-Bafos et al., 2015
antioxidant, food
colorants and
cosmetic application
Cyanobacteria
Acaryochloris marina Green Chlorophyll 4 Roy et al., 2011
Anabaena Blue-red Phycobiliproteins Antiox-idant, anti- Hemlata and Fatma, 2009
inflammatory,
neuroprotective and
hepatopro-tective
properties
Anabaena planctonica Carotenoids Antioxidant Guedes et al., 2013
Anabaena variabilis Blue C-phycocyanin antiviral, anticancer, | Sharma and Kaur, 2016
antioxidant,
antifungal and
antibacterial
Arthronema africanum Blue C-phycocyanin and Antioxidant , anti- Chaneva et al., 2007;

allophycocyanin

Inflammatory
and neuroprotective
effects

Romay et al., 2003




Aulosira fertilissima Yellow Aulosirazole Antitumor activity Rezanka and Dembitsky,
2006
Chlorococcus giganteus Carotenoids Antioxidant Guedes et al., 2013
Chlorogloeopsis Black Scytonemin Antioxidant Jehlicka et al., 2014; Wada
etal., 2013
Chlorogloeopsis fritschii Caloxanthin Roy et al., 2011
Cyanobacteria Antheraxanthin, Hertzberg and Jensen, 1967
Aphanicin,
Aphanizophyll,
canthaxanthin, iso-
cryptoxanthin, Flavacin,
oscilloxanthin,
mutachrome,
myxoxanthophyll
Cyanobacteria Yellow green Scytonemin Anti-proliferative, Stevenson et al., 2002
anti-inflammatory
activities
Cyanophytes Pink-reddish Cyanophycin, Van den Hoek et al., 1995
phycocyanobilin,
phycoerythrobilin
Cyanothece sp. Carotenoids Antioxidant Guedes et al., 2013
Leptolyngbya sp. Red Phycoerythrin Antioxidative Pumas et al., 2012
activity
Limnothrix sp. Blue C-phycocyanin Antioxidant Gantar et al., 2012
Lyngbya, Blue Phycocyanin antioxidant activity | Guedes et al., 2013
Leptolyngbya
Lyngbya aestuarii Black Scytonemin Antioxidant Edwards et al., 2000; Wada
etal., 2013
Lyngbya majuscule Carotenoids antioxidant activity | Guedes et al., 2013

Nodularia harveyana




Nostoc sp. Black Scytonemin Antioxidant Wada et al., 2013
Nostoc carneum Carotenoids Antioxidant Guedes et al., 2013
Nostoc commune Red-violet Canthaxanthin, Bohm et al., 1995
Mycosporine
Nostoc paludosum Blue, red Phycocyanin, Moreno et al., 1995
Phycoerythrin,
Allophycocyanin
Nostoc punctiforme Carotenoids Antioxidant Guedes et al., 2013
Nostoc spongiaeforme Violet Nostocine A Antimicrobial, Hirata et al., 1996
antifungal, herbicidal
activities
Oscillatoria Red Phycoerythrin Antioxidant, anti- Chu et al., 2002; Sonani et
aging proprties al.,, 2015
Oscillatoria agardhii Blue C-phycocyanin, Antioxidant Millie et al., 1990
Echinenone
Oscillatoria irrigua Red Phycourobilin Stadnichuk et al., 1985
Phormidium Blue Phycocyanin antioxidant activity | Patel et al., 2006
Prochlorococcus divinyl-chlorophyll 2 and Takaichi et al., 2012
b, chlorophyll c-like
pigment, zeaxanthin, and
a-carotene
Phormidium tenue Red C-phycoerythrin MubarakAli et al., 2012
Scytonema obscurum Carotenoids Antioxidant Guedes et al., 2013
Spirulina maxima Blue-red Phycobiliproteins Fluorescent labels in | Tomasseli et al., 1997;
immunoassays Kronick,1986
Spirulina (Arthrospira) platensis | Light blue Phycocyanin Anti-oxidative, hypo- | Boussiba and Richmond,
cholesterolemic 1980;
activity, anti- Walter et al., 2011

inflammatory,
cytotoxicity effects




and fluorescent agent
in immunoassay
analysis

Stigonema sp. yellow-green Scytonemin Ultraviolet sunscreen | Haefner, 2003
pigment
Symploca sp. Red Dolastatin Antitumor activity Luesch et al., 2001; Soliev
and Enomoto, 2013
Synechococcus elongates Blue C-phycocyanin Antiviral, anticancer, | Sharma and Kaur, 2016
antioxidant,
antifungal and
antibacterial
Synechocystis Blue-red Phycobiliproteins Fluorescent labels in | Hong and Lee, 2008;
immunoassays Kronick,1986
Synechocystis salina Yellow-red [-carotene , Lutein Antioxidant Guedes et al., 2013
Trichodesmium Carotenoid Antioxidant Ananya et al., 2014
Eukaryotes
Fungi
Agaricus bisporus Black Melanin Margalith, 1992
Agaricus bisporus Black GHB-melanin Cryptobiosis and Vogel et al., 1977
cytotoxicity
Albatrellus confluens Red Grifolinone Cytotoxic activity Yang et al., 2008
Aleuria aurantia Red Aleuriaxanthin Margalith, 1992
Alternaria alternata Yellow Fonsecin Shaaban et al., 2012
Alternaria tagetica Reddish orange | Alterperylenol, Antifungal activity Okuno et al., 1983
dihydroalterperylenol
Ashbya gossypii Yellow Riboflavin (Vitamin B2) food colorant Stahmann et al., 2000
Aspergillus sp., Red Mevinolin (lovastatin) Lowers blood Parthasarathy and
Monascus ruber, cholesterol Sathiyabama, 2015

Penicillium citrinum,
Phomopsis vexans,




Pleurotus ostreatus

Aspergillus niger Yellow Aurasperone A Antibacterial, Song et al., 2004
anticancer
Aspergillus cristatus Yellow-Red Catenarin, emodin, Food colorants and Caro et al., 2012
physcion, erythroglaucin, | antibiotic properties
rubrocristin, questin
Aspergillus fonsecaeus Yellow Fonsecin Priestap, 1984
(carbonarius)
Aspergillus glaucus Yellow-Red Emodin, catenarin, Antimicrobial Caro et al., 2012
cynodontin, Activity
helminthosporin,
tritisporin, physcion
(parietin), erythroglaucin,
aspergiolide A, Physcion-
9-anthrone, Catenarin,
Viocristin, Rubrocristin,
Aspergillus melleus, Yellow-red Xanthomegnin, Durley et al., 1975
Aspergillus sulphureus viomellein, rubrosulphin,
and viopurpurin
Aspergillus nidulans, Black Melanin Margalith, 1992
Aspergillus niger
Aspergillus oryzae Orange-red Anthraquinone group Joshi et al., 2003
Aspergillus repens Yellow-red Erythroglaucin, physcion | Food colorants Caro et al., 2012
Aspergillus versicolor Yellow Sterigmatocystin Cytotoxic activity Piontek et al., 2016
(Vuillemin)
Auxarthron umbrinum Red rumbrin Anticancer Clark and Murphy, 2009
Blakeslea trispora [-carotene, Lycopene Antioxidant Papaioannou and

Liakopoulou-Kyriakides
2010

Boletus sp.

Blue-yellow

Atromentin, grevillin A,
variegatorubin, pulvinic

Nelsen, 2010




acid, and vulpinic acid

Botrytis cinerea Grayish DHN-melanin Growth and Schumacher, 2016
virulence
Cantharellus cinnabarinus Canthaxanthin Poultry feeds and Kirti et al., 2014
fish feeds
Cercospora piaropia Red Cercosporin Herbicide Jiménez et al., 2010
Chaetomium globosum Purple Cochliodinol Antibacterial and Meiler and Taylor, 1970
Chaetomium cochliodes antifungal
Chroogomphus rutilus Pink Boviquinone 3 Jiménez et al., 2010
Chlorociboria aeruginosa, Blue-green Xylindein Antialgicidal & Sakaki et al., 2002; Hinsch
Chlorociboria aeruginascens textile dyes et al,, 2015
Cladosporium sp. Melanin Margalith, 1992
Claviceps purpurea Yellow-red Ergoxanthin Hooper et al., 1971
Cochliobolus miyabeanus Melanin Margalith, 1992
Colletotrichum lagenarium, Melanin Margalith, 1992
Colletotrichum lindemuthianum
Cordyceps sp. Yellow Cordycepin anti-cancer, anti- Tuli et al., 2014
oxidant and anti-
inflammatory
activities
Cordyceps bifusispora Yellow Cordycepoid A Edible Lu etal., 2013
Cortinarius Yellow-red Emodin, dermocybin, Food colorants and Zalas et al., 2015
dermorubin, flavomannin | antibiotic properties
Cryptococcus neoformans Black-brown Melanin Kirti et al., 2014
Curvularia lunata Red Cynodontin Antifungal Gessler et al., 2013
Curvularia lunata Yellow-red Catenarin, chrysophanol, Food colorants and Caro et al., 2012

cynodontin,
erythroglaucin,
helminthosporin,
tritisporin

antibiotic properties




Cylindrocarpon sp.(LL- Yellow Pyrrocidine A Antibacterial, Uesugi et al., 2016
Cyan426) cytotoxicity
Dermocybe sp. Phallacinol Antibacterial Gessler et al., 2013

and antifungal
activities

Dermocybe austroveneta

Red fluorescent

Hypericin-like

Margalith, 1992

Dermocybe sanguinea Yellow-red dermocybin-1-f-D- Food colorants and Caro et al., 2012
glycopyranoside; antibiotic activities
dermorubin; ermolutein;
dermoglaucin;
5-chlorodermorubin;
emodin & physcion
Drechslera avenae Red Cynodontin Antifungal Gessler et al., 2013
Drechslera dictyoides, Red Catenarin Food colorant and Caro et al., 2012
Drechslera graminea, antiobiotic activity
Drechslera phlei,
Drechslera teres,
Drechslera triticirepentis
Elsinoe fawcetti Red Elsinochromes Cytotoxicity Liao and Chung, 2008
Epicoccum nigrum Purple Epicocconone Natural fluorescent | Bell and Karuso, 2003
probe
Fungi K_BK5 Red Austrocortinin Caro et al., 2012
Fusarium Red Javanicin Fungitoxicity, Margalith, 1992
antibacterial,
insecticidity,
phytotoxicity,
membrane
modification, metal
chelating
Fusarium sp. Yellow-red catenarin, cynodontin, Food colorants Caro et al., 2012

erythroglaucin,




helminthosporin,
physcion, tritisporin

Fusarium,
Nectria haematococca

Fusarubin

Fungitoxicity,
antibacterial,
insecticidity,
phytotoxicity,
membrane
modification, metal
chelating

Margalith, 1992

Fusarium solani Red karuquinone A Cytotoxic and Takemoto et al., 2014
anticancer activity
Gomphidius glutinosus Yellow Gomphidic acid Knight and Pattenden,
1979
Helminthosporium catenarium, | Red Anthraquinonoid Joshi et al., 2003
Helminthosporium graminium
Herpotrichia rhodosticta Orange Averythrin and Food colorants Caro et al., 2012
averythrin-6-monomethyl
ether
Isaria farinosa Red Hydroxyanthraquinoid
Lactarius sp. Blue Azulenes Harmon et al., 1980
Lactarius deliciosus Red Dihydroxyazulene, Rai, 2009
Acetylazulene,
Lactaroviolin
Lactarius indigo Red Lactaroviolin Nelsen, 2010
Lactarius indigo Blue Stearoyldeterrol Nelsen, 2010
Lactarius lilacinus Red Lilacinone Spiteller et al., 2003
Laetiporus sulphureus Laetiporic acid A Antimicrobial and Popa et al., 2016
antioxidant
Magnaporte grisea Brown-black Melanin Margalith, 1992
Melanogaster broomeianus Yellow Melanocrocin Aulinger et al., 2001




Microsporum cookei Yellow Luteosporin, Floccosin, Kawai and Nozawa, 1982
iridosporin, rubrosporin
Monascus Orange Lovastatin (mevinolin) Anti- Goswami et al., 2012
hypercholesteremic
Monascus anka Yellow Ankaflavin Antimicrobial, Feng et al., 2016
anticancer , anti-
obesity
Monascus purpureus Red Monascorubramin Cytotoxic effect
Monascus sp. Orange Rubropunctatin Antimicrobial
Monascus purpureus Orange Monascorubrin, Antibacterial,
monascoflavin antifungal
Monascus purpureus Red Rubropunctamine Cytotoxic effect
Monascus pilosus Yellow Monascin Anticancer, anti-
obesity
Monascus ruber Red Monarubrin, Antimicrobial
Rubropunctin
Mycena aurantiomarginata Red Mycenaaurin A (polyene) | antibacterial activity | Jaeger and Spiteller, 2010
Mycena haematopus Red Haematopodin Baumann et al., 1993
Mycena sanguinolenta Blue Sanguinone A Peters and Spiteller, 2007
Nectria haematococca Red Bostrycoidin antituberculoticand | Awakawa et al., 2012
antimicrobial
activities
Nectria haematococca Yellow Nectriachrysone Antibiotic related Parisot et al., 1991
Neurospora crassa Yellow-orange | B-carotene Antioxidant, Priatni, 2014
cosmetic colorant
Pachybasium candidum Yellow-red Pachybasin, chrysophanol | Food colorants Caro et al., 2012

Penicilliopsis clavariaeformis

Red fluorescent

Hypericin-like

Margalith, 1992

Pencillium, Aspergillus Purple Spinulosin Antibacterial Margalith, 1992
Pencillium albidum Red Albidin Antifungal Tisler, 1989
Pencillium islandicum Yellow-red Skyrin, emodin Food colorants and Caro et al., 2012




antibiotic properties

Pencillium chrysogenum Yellow Chrysogenin
Penicillium citrinum Yellow-red Citrinin, emodin Antibacterial Subramani et al., 2013
&Cytotoxic activity
Penicillium marneffei Red Monascorubrin Natural food Woo et al., 2014
colorant
Penicillium oxalicum Red Arpink Red Anticancer activity Dufossé, 2006;
(Anthraquinoid) Sardaryan 2006
Penicillium purpurogenum Red Azaphilones Food colorants Carle and Schweiggert,
2016
Pestalotia sp. Yellow Pestalone Antibiotic Cueto et al., 2001
Phoma saccardo, Yellow-red Anthraquinones Herbicidal and Rai et al., 2009
Phoma sorghina My-copesticidal
activities
Phoma exigua var. foveata Yellow-Red Pachybasin, Emodin, Food colorants and Caro et al., 2012
Chrysophanol, and bioactive properties
Phomarin
Phoma lingam and Yellow Phomaligin A Phytotoxic activity Pedras et al., 1995
Phoma wasabiae
Phycomyces blakesleeanus Yellow-ornage | B-carotene Antioxidant Tagua et al., 2012
Pycnoporus sanguineus Red Phenoxazine (Cinnabarin) | Cytotoxic and Smania Jr et al., 2003

antiviral activity

Pyricularia oryzae Dark Melanin Margalith, 1992
Ramularia collocygni Red Rubellin D Phytotoxic activity Heiser et al., 2003
Schizophyllum commune Blue Indigotine (Indigo) Cytotoxic activity Hosoe et al., 1999
Schizophyllum commune Black-brown Melanin Antibacterial, Arun et al., 2015
antifungal,
antioxidant and
antiproliferative
Scytalidium cuboideum Red Draconin Textile dyes Hinsch et al., 2015




Scytalidium Yellow Textile dyes Hinsch et al., 2015

ganodermophthorum

Suillus bovinus Yellow-orange | Amitenone Antibiotic activity or | Asawa and Minami, 1971

anti-virus effect

Suillus grevillei Orange Aurantricholide B, Velisek and Cejpek, 2011
pyrandione and furanones

Suillus grevillei Yellow Grevilline A Shmuel, 2004

Talaromyces albobiverticillius, Red Monascus-like Antibacterial, food Yilmaz et al., 2014

Talaromyces marneffei, colorants

Talaromyces minioluteus,

Talaromyces purpurogenus,

Talaromyces atroroseus Red Mitorubrins, food colorant Frisvad et al., 2013
Glauconic acid,
Purpuride

Thielaviopsis basicola Melanin Margalith, 1992

Trichoderma aureoviride Yellow-red Pachybasin, chrysophanol | Food colorants Caro et al., 2012

Trichoderma harzianum Yellow-red Pachybasin, chrysophanol

Trichoderma reesei Yellow Sorbicillin Antifungal activity Basaran and Demirbas,

2010
Trichoderma viride Yellow-red Pachybasin, chrysophanol, | Food colorants, Caro et al., 2012

emodin &1,3,6,8- bioactive properties

tetraHAQN,2,4,5,7-

tetraHAQN
Trichophyton rubrum Yellow-purple | Melanoid Zussman et al., 1960
Trichophyton violaceum Yellow-red Xanthomegnin, Ng et al., 1969

viopurpurin, vioxanthin

Ustilago maydis

Verticillium dahlia

Wangiella dermatitidis

Brown-black

Melanin

Margalith, 1992

Verticillium dahlia

Yellow

Juglone

Cytotoxic activity

Babula et al., 2009




Xylaria euglossa Green-yellow Phlegmacin A Wang et al., 2004
Other fungal species Naphthoquinones Phytopathogenic Medentsev and Akimenko,
1998
Yeast
Candida famata Yellow Riboflavin food colorant Stahmann et al., 2000
(Debaryomyces hanseni)
Candida lipolytica Yellow Tryptanthrin Antibiotic activity Wagner-Dobler et al., 2002
Cryptococcus neoformans Black Melanin Antioxidant Casadevall and Perfect,
1998
Cryptococcus neoformans Black/brown DOPA melanin Butler and Day, 1998
Kluyveromyces marxianus Black Melanin Kirti et al., 2014
Phaeococcomyces sp. Black Melanin Margalith, 1992
Phaffia rhodozyma Pink-red Astaxanthin Feed supplement for | Kirti et al., 2014
salmons, crabs,
shrimps, chickens,
and egg
production
Pichia (Candida) guilliermondii | Yellow Riboflavin food colorant
Rhodotorula Orange-red Carotenoids, torulene, Margalith, 1992
torularhodin
Sporidiobolus Carotenoids Antioxidant Konuray and Erginkaya,
Sporobolomyces ruberrimus 2015
Yarrowia lipolytica Brown-red Lycopene Antioxidant, Nambou et al., 2015
anticancer, anti-
inflammatory
Other species Carotenoids Antioxidant Yurkova et al., 2008
Lichens
Acarospora chlorophana Yellow Rhizocarpic acid Lu et al., 2011
Caloplaca sp. Yellow-red 2-chloroemodin, Food grade colorants | Caro et al., 2012

citreorosein, emodin,

and antibiotic effects




fallacinal, phallacinol,
parietin, parietin,
physcion, teloschistin

Caloplaca cerina Yellow Emodin, fallacinal,

physcion, teloschistin
Caloplaca erythrantha Yellow Emodin, 7-chloroemodin
Candelariella sp. Red Calycin Edwards et al., 2003
Cladonia sp. Red Skyrin Food grade colorants | Caro et al., 2012

and antibiotic effects

Dirinaria aegialita Red Gyrophoric acid Jehlicka et al., 2014
Heteroderma obscurata Yellow Emodin Food grade colorants | Caro et al., 2012
Laurera benguelensis Yellow-red Emodin, fallacinal, and antibiotic effects

parietin, physcion,

citreorosein, teloschistin
Lepraria sp. Yellow-red Atranorin Edwards et al., 2003
Nephroma laevigatum Emodin, 7-chloroemodin | Food grade colorants | Caro et al., 2012
Teloschistes sp. Yellow-red Emodin, erythroglaucin, and antibiotic effects

fallacinal, parietin,

teloschistin, parietinic acid
Teloschistes exilis Yellow Parietin, teloschistin
Xanthoria sp. Yellow-red Citreorosein, emodin,

erythroglaucin, fallacinal,

fallacinol, physcion,

parietin, teloschistin

(phallacinol or fallacinol)
Xanthoria fallax Yellow-red Emodin, erythroglaucin,

fallacinal, fallacinol,

parietin
Xanthoria mandschurica Red, yellow Erythroglaucin, parietin
Xanthoria parietina Yellow-red Emodin, fallacinol,




fallacinal, parietinic acid,
Physcion

Microalgae

Amphidinium carterae Dinoxanthin Roy et al,, 2011

Chlorella fusca, Yellow Lutein Food colorant, Dufossé, 2016

Chlorella zofingiensis, anticancer

Chlorella protothecoides,

Chlorella vulgaris,

Chlorococcum citroforme,

Coelastrum proboscideum,

Muriella aurantiaca,

Muriella decolor,

Neospondiococcum gelatinosum,

Tetracystis aplanosporum,

Tetracystis intermedium,

Tetracystis tetrasporum

Chlorella ellipsoidea Yellow Zeaxanthin Antiproliferative Cha et al., 2008
effect

Chlorella vulgaris Carotenoids Antioxidant Guedes et al., 2013

Chlorella zofingiensis Red Astaxanthin Food additive, Ip and Chen, 2005
antioxidant

Chlorococcum Yellow Lutein Feed additive, Campo et al., 2007
disease prevention

Chlorophyta Red Prasinoxanthin Graham and Wilcox, 2000

Chlorophyta Siphonoxanthin, Van den Hoek et al., 1995

siphonein
Chondrus crispus Blue, red Phycocyanin, Franklin et al., 2002
Phycoerythrin
Chroomonas salina Brown Alloxanthin Cheng et al., 1974
Cryptophyta Crocoxanthin, Van den Hoek et al., 1995

monadoxanthin




Diatomophyceae (Diatoms) Red Diadinoxanthin Graham and Wilcox, 2000
Dinoflagellates (Dinophyta) Red Peridinin Van den Hoek et al., 1995
Dinoflagellates Blue-green Luciferin Toxicity assays, Ramesh and Mohanraju,
bioluminescence 2015
imaging
Dinophyta Orange Diatoxanthin, Van den Hoek et al., 1995
dinoxanthin, pyrroxanthin
Dunaliella sp. Orange-red Carotenes Anticancer, Arun and Singh, 2016
antibacterial,
antiviral, anti-
inflammatory, anti-
allergic, anti-
atherosclerosis
activities
Dunaliella salina Yellow-red [-carotene, lycopene, Antioxidant activity | Hosseini and Shariati, 2009
phytoene,
bacterioruberin, and
salinixanthin
Dunaliella tertiolecta B-carotene , Chlorophyll 4, | Antihypertensive Fox, 1985; Roy et al., 2011
Auroxanthin, activity
Mutatoxanthin
Euglenophyta Red Diadinoxanthin, Lee, 1999
Neoxanthin
Eutreptiella gymnastica Eutreptiellanone Roy et al., 2011
Galdieria sulphuraria Yellow Lutein Antioxidant Graziani et al., 2013
Gymnodinium galatheanum Yellow Gyroxanthin diester Bjornland et al., 2000
Haematococcus pluvialis Red Astaxanthin Antioxidant, Shah et al., 2016

nutraceuticals, food,
cosmetics, and
aquaculture
industries




Haslea ostrearia Blue Marennine antibacterial, Gastineau et al., 2012
antiviral, anticancer
Heterokontophyta Orange Diatoxanthin Antioxidant Van den Hoek et al., 1995
Muriellopsis sp. Yellow Lutein Feed additive Campo et al., 2007
Neospongiococcum excentricum | Yellow-orange | Zeaxanthin Colorant for poultry | Kirti et al., 2014
and fish
Pavlova lutheri Carotenoids Antioxidant Guedes et al., 2013
Phaeodactylum tricornutum Orange Fucoxanthin Antioxidant Guedes et al., 2013
Phorphyridium aerugineum Red Phycoerythrin Cosmetics Sonani et al., 2016
Porphyridium aerugineum Carotenoids Antioxidant Guedes et al., 2013
Pyramimonas parkeae Yellow Loroxanthin Roy et al., 2011
Raphidophyceae Heteroxanthin, Van den Hoek et al., 1995
vaucherixanthin,
violaxanthin
Scenedesmus almeriensis, Yellow Carotenoid, Lutein Antioxidant activity | Guedes et al., 2013
Scenedesmus capricornutum,
Scenedesmus maximus,
Scenedesmus obliquus,
Scenedesmus quadricauda
Siphonocladales, Codiales Red Siphonaxanthin Antioxidant activity | Van den Hoek et al., 1995
Spongiococcum excentricum Yellow Lutein As poultry feed Kirti et al., 2014
Takayama Brown-Red Fucoxanthin, violaxanthin, De Salas et al., 2003
diadinoxanthin,
diatoxanthin, gyroxanthin
diester
Trentepohliaceae, Palmella Red Carotenoids Sheath and Wehr, 2003
(Hematochrome)
Other eukaryotic microbes
Plasmodium falciparum Brown Hemozoin Triggers immune Olivier et al., 2014

(a protozoan)

complex




Thraustochytrium (a protist)

Orange-red

astaxanthin, zeaxanthin,
canthaxanthin,
echinenone,
phoenicoxanthin
(adonirubin), and {3-
carotene

Antioxidant activity

Carmona et al., 2003
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