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Highlights
* Enhancement of C-phycocyanin from Spirulina cultivation
* Accumulation of C-phycocyanin through metabolic stress

* Biological properties of C-phycocyanin and application

Abstract

Spirulina is currently popular in the food, cosmetic and medical industries. Spirulina

can produce the important bio-substance C-phycocyanin. Spirulina cultivation has extrinsic

factors for improving C-phycocyanin and biomass production, such as light intensity, nitrate

concentration, pH, and temperature. In addition, the optimum conditions and nutrients had

affected cell stress conditions. High-content C-phycocyanin accumulated through the

C-phycocyanin synthesis pathway under stress conditions. C-phycocyanin has important

biological properties, including antioxidant, anti-inflammatory, and cholesterol reduction

properties. Due to these attractive properties, the application of C-phycocyanin is increasing

in various industries. Therefore, Spirulina is considered a potential source of C-phycocyanin.

Keywords : C-phycocyanin, Spirulina, cultivation
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Table 1 Condition of Spirulina cultivation for C-phycocyanin production

Microalgae Conditions C-phycocyanin Protein Biomass References
S. platensis pH 7.5 and CO; 10% 18.75% 49 mg/\/d (8)
S. platensis pH 8.5 and CO; 14% 64% 72 mg//d )
S. platensis pH 9.5 CO, 13% - 62 mg/\/d 9)
S. platensis Nitrate: 2.0 g ¢/l - - 1.44 g/\ 9)
S. platensis Nitrate: 2.5 ¢/l - - 3.50 g/l (10)
Salinity: 1.5 ¢/l
S. platensis Nitrate: 3.0 g/l - - 2.33 g/| (10)
Spirulina CO, 10% - - 272.12 mg/\/d (10)
strains
LAMB171
Spirulina CO2 10% - - 265.45 mg/\/d (11)
strains
LAMB172
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Table 1 (continued)

Microalgae Conditions C-phycocyanin Protein Biomass References

Spirulina CO,10% - - 260.91 mg//d (11)
strains

LAMB220

S. platensis  Sodium glutamate 0.34 mg/ml - 13.37 g/l (11)
FACHB-314 5mM

S. platensis Succinic acid 0.311 mg/ml - 13.37 g/l (11)
FACHB-314 7.5 mM

C. caldarium  Biliverdin 30 mg/l  C-PC increased 12.7% - - (12)

C. caldarium Biliverdin 6 mg/l C-PC increased 9.4% - - (12)
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Suitable conditions for cell growth and phycocyanin
hyperaccumulation: Especially nitrate fed-batch strategy
and substrates addition

Substrates

—

Metabolic stress
(by nutrient
enrichment)

Substrates

stablishment of
favorable
conditions

Environmental

Adjustment of
conditions

environmental
conditions

—

| Metabolic intermediates |

R—— b

as metabolic
stress

Culture medium - Succinic acid
o
\ # \\\ »Sodium glutamate
L \<
== [ Glvtamate \_\
> [ Pyruvate \\.
Phycocvanobilin Hi.gll tontent
Phycocyanin
o, Biliverdin IX : !
F

2 R Important metabolic o
Environmental \H‘ mtetmedlates//
conditions | e

Figure 1 Factors of Spirulina for biomass and C-phycocyanin accumulation which a is significant factors affected on high

biomass and C-phycocyanin production, and b is metabolic intermediates of high content of C-phycocyanin from

Spirutina™
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Plants
C5

Glutamate
Clutamyl-tRNA synthetase

Glutamyl- tRNA reductase (GTR)

Glutamate- 1-semialdelyde
aminotransferase (GSA)

Glutamyl tRNA

Glutamate-1-semialdehyde

i

Animals
C4

Succinyl-CoA + Glycine
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SAM-dependent
methyltransferase
e e [ |

) Sirohyvdrochlorin
(In higher plants) ferrochelatase (SiFC)

Siroheme

Coproporphyrinogen I11

Protoporphyrinogen IX

S-Aminolevulinate delydratase (ALAD)

Porphobilinogen b

Hydroxymethylhilane Synthase

Hydroxymethylbilane
l Uroporphyrinogen 111 synthase (UROS)

roporphyrinogen 111

Uroporphyrinagen I decarboxylase (UROD)
Caproporphyrinogen Il oxidase (CPQ)

Protoporphyrinogen IX oxidase (PPO)

Protoporphyrin IX

Heme
Reduction
b
¥
5
= Biliverdin
W
% l
Further =
reduction | 5 Phycocyan

(In red algae)

) . Mg=chelatase (MgCh)
Fe-chelatase (FeCh)

synthese (Peyd)

Phycocyanin

[ Mg—protoporphyrin IX

Heme oxygenase

IXa

Phycocyanobilin

Chlorophyll

obilin

Figure 2 Pathway of heme in microalgae which a is biosynthesis of ALA precursor, b is biosynthesis of all organisms, and

c is protoporphyrin IX in plants and algae®
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Table 2 Biological properties of C-phycocyanin

T iUDIN1TA1809LYad UDNAINTNITAIU

auyadasvesd-lilalegiudauisateadiu

Microalgae Biological properties References
S. platensis Anti- inflammatory properties (18)
S. maxima Antioxidant and anti-inflammatory properties (19)
Spirulina sp. Reduction in the blood cholesterol levels, protection (20)

against some cancers, prevention of cardiovascular

diseases, and improvement in the resistance of the

body’s immune system
Spirulina sp. Inhibition the spread of the virus HIV-1, HIV-2, HSV and (21)
influenza
S. platensis Reduction the lipid accumulation in the steatosis L02 (22)
cells and the liver

Spirulina sp. Antioxidant and anti-inflammatory properties (23)
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Table 3 C-phycocyanin application

Microalgae Application

Results References

S. platensis Food industries

Ice cream, gum, fruit drinks, noodles, (18)

wasabi, jelly, candy, yogurt, margarine,

butter and baked goods

S. platensis Fluorescent probes

Labels for cell-sorting, Fluorescence (18)

microscopy, fluorescence activated cell

sorting (FACS), fluorescence correlation

spectroscopy (FCS) and labeling of

proteins, antibodies and nucleic acids

S. platensis Food industries

C-PC for food coloring (25)

S. platensis Nutraceuticals and

pharmaceuticals

Antioxidant, inhibits the number of cancers (25)

cells and has anti-carcinogenic effects

Spirulina sp. Environment

Phycocyanin can be used as an indicator (15)

for several environmental problems such

as algal bloom

Spirulina sp. Cosmetic

Phycocyanin is incorporated in various (15)
cosmetic products such as lipstick,

sunscreen, eye shadow and hair dye

Spirulina sp. Food industries

Prepare edible films and coatings that (26)
extend the shelf life of products by

reducing deterioration by microorganism

action and prevent the oxidative process

that occurs in foods
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