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ABSTRACT

Phycocyanin extracted from Spirulina platensis is purified by ion-exchange chromatography. The purity of chromatographed
phycocyanin is measured by their UV vis spectral absorbance which exhibited (A620/280 = 4.53). The purified pc was preserved at 4°C
with intermittent exposure to 25°C for 3 months. At the end of the storage the purity of phycocyanin (A620/280 = 1.3). The phycocyanin
with unstable spectral ratio may affect the quality and reliability of results concerning time. Whereas under preservation phycocyanin
is lowly loses its purity. The pure form of phycocyanin has been used in the bioactive assay and electrochemical studies. This report
illustrates the screening of spectral ratio of phycocyanin primarily at each time of application.
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INTRODUCTION

Cyanobacterochrome phycocyanin a photosensitive water-
soluble photosynthetic accessory pigment widely reported in
Spirulina platensis. It is an oxygenic photosynthetic cyanobacterium
present in fresh and marine water environments [1]. Phycocyanin
receives more importance in the food and beverage industry as
a natural blue colorant [2]. PC can be used as a color additive in
numerous foods and coatings for dietary supplements (U.S. Food and
Drug Administration). C-PC can be used as a fluorescent reagent,
fluorescent probe, and fluorescent tracer, in the field of medicine
[3]. C-PC is also acting as a nontoxic photosensitizer that can be
involved in adjuvant therapy in photodynamic therapy (PDT) of
tumors [4]. Phycocyanin is an oligomeric protein and it also consists
of two subunits (a and ) that can be trimer (af}) or hexamer (af}).
Phycocyanin is a trimer and it contains three chain tetrapyrrole that it
is covalent binds to cysteine thioether [5]. Phycocyanin is composed
of phycobilins (tetrapyrrole chromophores) linked with cysteine
residues. Phycocyanin can be easily extracted using buffers due to its
water-soluble nature. The purification of PC is facilitated by proper
control of pH and ionic strength of buffers to keep the complex in a
stable form [6]. The C-PC purification methods are the combination
of fractional precipitation, column chromatography followed by
gel filtration. Several methods have been adopted for phycocyanin
extraction and purification. Therefore it is essential to develop a single
step chromatography to yield PC with high purity [7]. The purity of
pc is monitored by measuring the absorbance ratio at A620/A280 nm.
Optimizing light conditions at the time of cultivation also increases
the purity and yield [8].

C-PC in an aqueous solution is sensitive to heat and light. It often
undergoes free-radical oxidation and unfolding of protein subunit
at high temperature (47°C) [9]. The stability of phycocyanin is one
of the limiting factors for wide application. Stabilizing agents like
sucrose, glucose, sodium chloride, ammonium sulfate, citric acid
were widely used to extend the stability of phycocyanin. The protein
conformation of phycocyanin changes in response to external factors
pH, temperature and light [10]. This study aims to determine the
phycocyanin storage stability by analyzing their spectral property.

MATERIALS AND METHODS

C-phycocyanin extraction and purification

The wet biomass of Spirulina platensis (1g) was suspended in 5ml
of 0.1 mM phosphate buffer (pH 7). The cell suspension was frozen
at -20°C for 12 h with subsequently the suspension thawed at 25°C for
every 12 h for a period of 48 h. Then it was centrifuged at 10,000 rpm
(4°C) for 15 min to extract phycocyanin (C-PC). The supernatant with
PC was subjected to further purification. The crude PC extract was
fractionated with 30% - 50% Ammonium Sulfate (NH,SO,) (w/v).
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The precipitate containing mainly pc and mixed with 2-3 ml of 0.01M
Na- Phosphate buffer (pH 7) was dialyzed against the same buffer
(0.001M) at 4°C for overnight. The dialyzed PC (1 mL) was loaded
on top of the CM-Sephadex (A 25X) column then it was washed with
10 mL of the 0.1 M NaCl buffer (pH 7). The blue-colored fractions
(5mL) were collected and analyzed under a spectrophotometer at 620
and 280 nm.

Analysis of spectral quality of phycocyanin

The chromatographed phycocyanin fractions were stored in
the refrigerator at 4°C for 3 months. For every month the PC was
exposed to 25 C for 1 h. The absorption spectrum of C-phycocyanin
has determined under UV- Visible spectrophotometer (200 nm - 900
nm). The purity was evaluated based on absorbance ratio A620/A280
[11]. Declining in the spectral property of PC was analyzed for every
month.

RESULTS AND DISCUSSION
Extraction and purification of C-phycocyanin

Phycocyanin is the water-soluble accessory photosynthetic
pigment embedded in the phycobilisome. To extract phycocyanin
the cell-wall ruptured by physical (high pressure, gas bubbles and
chemical methods (enzyme, acid and alkali). Among the various
methods for phycocyanin extraction, an efficient method is freezing
and thawing [12]. The crude phycocyanin extract was purified for
various applications such as food colorant (0.7), and pharmaceutical
drug (4.0). The purity of extract is systematically monitored by UV-vis
spectroscopy [13]. Phycocyanin in the crude extract was concentrated
by precipitation to exclude other water-soluble components [14]. For
further purification of CPC, The crude extract was precipitated with
30% and 50% of Ammonium sulfate [15]. The precipitate recovered
from 50% saturation was dialyzed and chromatographed. At each
step of purification (Table 1), there was an increased concentration
of CPC. The final purification of CPC was achieved by ion-exchange
chromatography on cation column CM Sephadex A 25x. The column
was eluted with 0.1M NaCl buffer which is more specific to PC.
Phycocyanin eluted from the column with purity ratio (A620/280
>3.0) collected and lyophilized for further use (Table 1).

Spectral analysis of purified phycocyanin on storage

Lyophilization is commonly adopted by industries to
commercialize phycocyanin to conserve the functional properties
[16]. The phycocyanin was freeze-dried and stored in the refrigerator
to reduce degradation. However, lyophilization causes degradation of
some active molecules which affects the antioxidant property. Storage
conditions may affect the chemical composition of the material [17].
In this study, the purity of phycocyanin was highest in the freeze-

dried powder form at the time of storage, (Figure 1b) (A620/280 =
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4.53). A decline in the purity of phycocyanin on storage was evident
from 2™ month (Figure 1a) (A620/280 = 1.3) to 3™ month (Figure 1c)
(A620/280 = 0.58). This illustrates the actual ability of phycocyanin
to resist storage conditions. The degradation in phycocyanin
proteins was analyzed by UV-vis spectroscopic property. Decreasing
absorbance after the storage is evident for the conformational changes
in phycocyanin [18]. In a normal state phycocyanin chromophore lies
in the linearly stretched form whereas during degradation it changes
to cyclic form [19]. These conformational changes in the protein were
monitored by measuring the absorbance at 620 nm [20]. The stability
of phycocyanin is improved by the addition of preservatives like
sucrose, ammonium sulfate, citric acid, sodium chloride and glucose
[21]. High purity phycocyanin is preferred for bioactivity studies [22].

To maintain the purified form some chemical stabilizers (sodium
azide, dithiothreitol) were used. However, these preservatives are
toxic and harmful to human consumption [23]. The changes in the
spectroscopic property of freeze-dried phycocyanin are due to the
changes in the conformational state of bilin protein [24]. Similar to
this study the previous report illustrated the importance of the optical
spectroscopic feature of PC to monitor the urea-induced loss of
trimeric to the monomeric form. This unfolding of protein is observed

Table 1: Data of phycocyanin extraction and purification from Spirulina platensis.

i
Cell extract 0.9
Precipitation with ammonium sulfate 1.26
Dialysed phycocyanin 2.39
CM - Sephadex G25x 4.53
300 600

0.05

0.00

-0.05 L . 1

Absorbance

300 600
Wavelength nm

Figure 1: Absorption spectra of purified phycocyanin (lyophilized) obtained
by ion exchange chromatography that were recorded from 200- 800nm for
1st month (b) 2nd month (a) 3rd month (c). All spectra were measured at
room temperature.
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through CD spectra in the visible range. This Uv- vis spectral analysis
is very simple and not time-consuming when compared to FTIR and
CD spectra (Figure 1).

CONCLUSION

Pure phycocyanin in a native form is highly recommended for
chemical analysis, bioactive assays and electrochemical studies. The
protein backbone and chromophore in the phycocyanin with good
stability and purity is measured by its specific absorbance (A620/280
nm). Even though the purified phycocyanin in the freeze-dried form
under storage, the bioactivity slowly reduces concerning deviation
in their absorbance ratio. The nature and stability of phycocyanin
before each application should perform this spectral screening as a
primary step. Changes in the spectral value an indicator of protein
unfolding and denaturation can be screened primarily by UV-vis
spectral property. This spectral quality analysis indicates the nature
of phycocyanin with time which has an impact on the quality and
reliability of the result.

ACKNOWLEDGMENT

The first author S. Sivasankari would like to thank the Department
of Science and Technology- New Delhi, India for the fund (IF 140666)
to support the research work.

REFERENCES

1. Okechukwu PN, Ekeuku SO, Sharma M, Nee CP, Chan HK, Mohamed
N, Anisah Froemming GR. In vivo and in vitro antidiabetic and antioxidant
activity of Spirulina. Phcog Mag. 2019;15:17-29.

2. Wu Q, Liu L, Miron A, Klimova B, Wan D, Ku¢a K. The antioxidant,
immunomodulatory, and anti-inflammatory activities of Spirulina: an overview.
Arch Toxicol. 2016 Aug;90(8):1817-1840. doi: 10.1007/s00204-016-1744-5.
Epub 2016 Jun 3. PMID: 27259333.

3. Ma X, Liu L, Zhang R, Liu JD, Shen W. Effect of expression on the
expression of INOS in pancreatic tissues of rats with type 2 diabetes mellitus.
Contemporary Medicine. 2010;16:1-3.

4. Zeng X, Danquah MK, Zhang S, Zhang X, Wu M, Chen XD, Ng IS, Jing
K, Lu Y. Autotrophic cultivation of Spirulina platensis for CO2 fixation and
phycocyanin production. Chemical Engineering Journal. 2012;183:192-197.
https://tinyurl.com/yajrxbmv

5. SongK, LiL, Tedesco L, Clercin N, Hall B, Li S, Shi K, Liu D, Sun Y. Remote
estimation of phycocyanin (PC) for inland waters coupled with YSI PC
fluorescence probe. Environ Sci Pollut Res Int. 2013;20(8):5330-5340. doi:
10.1007/s11356-013-1527-y. Epub 2013 Feb 10. PMID: 23397212.

6. Mishra SK, Shrivastav A, Mishra S. Effect of preservatives for food grade
C-PC from Spirulinaplatensis. Process Biochemistry. 2008;43(4):339-345.

7. Soni B, Trivedi U, Madamwar D. A novel method of single step hydrophobic
interaction chromatography for the purification of phycocyanin from
Phormidium fragile and its characterization for antioxidant property. Bioresour
Technol. 2008;99(1):188-194. doi: 10.1016/j.biortech.2006.11.010. Epub
2007 Jan 17. PMID: 17234404.

8. Sivasankari S, Vinoth M, Ravindran D, Baskar K, Algarawi AA, Abd_Allah EF.
Efficacy of red light for enhanced cell disruption and fluorescence intensity
of phycocyanin. Bioprocess and Biosystems Engineering. 2020:1-0. https:/
tinyurl.com/y87ewk7x

9. Toong C. Understanding the thermal stability and environmental sensitivity
of phycocyanin using spectroscopic and modelling tools. 2008. https://tinyurl.
com/y9ytucof

10. de Morais MG, da Fontoura Prates D, Moreira JB, Duarte JH, Costa JA.
Phycocyanin from microalgae: Properties, extraction and purification, with
some recent applications. Industrial Biotechnology. 2018;14(1):30-37.



International Journal of Proteomics & Bioinformatics a

"

12.

. Bennett A, Bogorad L. Complementary chromatic adaptation in a filamentous

blue-green alga. J Cell Biol. 1973;58(2):419-435. doi: 10.1083/jcb.58.2.419.

Tavanandi HA, Mittal R, Chandrasekhar J, Raghavarao KS. Simple and
efficient method for extraction of C-Phycocyanin from dry biomass of
Arthospira platensis. Algal research. 2018;31:239-251

.Patil G, Chethana S, Sridevi AS, Raghavarao KS. Method to obtain

C-phycocyanin of high purity. Journal of chromatography A. 2006;1127(1-
2):76-81.

. Kaur S, Khattar JI, Singh Y, Singh DP, Ahluwalia AS. Extraction, purification

and characterization of phycocyanin from Anabaena fertilissima PUPCCC
410.5: As a natural and food grade stable pigment. Journal of Applied
Phycology. 2019;31(3):1685-1696.

.Moon M, Mishra SK, Kim CW, Suh WI, Park MS, Yang JW. Isolation and

characterization of thermostable phycocyanin from Galdieriasulphuraria.
Korean Journal of Chemical Engineering. 2014;31(3):490-495.

.Hsieh Lo M, Castillo G, Ochoa Becerra MA, Mojica L. Phycocyanin and

phycoerythrin: Strategies to improve production yield and chemical stability.
Algal Research. 2019;42:101600. https://tinyurl.com/ydyqgwez

.Papalia T, Sidari R, Panuccio MR. Impact of different storage methods

on bioactive compounds in arthrospiraplatensis biomass. Molecules.

2019;24(15):2810. https://tinyurl.com/y79j3tky

. Kupka M, Scheer H. Unfolding of c-phycocyanin followed by loss of non-

covalent chromophore—protein interactions: 1. Equilibrium experiments.

SCIRES Literature - Volume 5 Issue 1 - www.scireslit.com Page - 004

20.

21.

22.

23.

24.

BiochimicaetBiophysicaActa 2008;1777(1):94-103.

https://tinyurl.com/y756Ixyg

(BBA)-Bioenergetics.

. Stadnichuk IN, Krasilnikov PM, Zlenko DV. Cyanobacterialphycobilisomes

and phycobiliproteins. Microbiology. 2015;84(2):101-111.

Bocker L, Hostettler T, Diener M, Eder S, Demuth T, Adamcik J, Reineke
K, Leeb E, Nystréom L, Mathys A. Time-temperature-resolved functional
and structural changes of phycocyanin extracted from Arthrospira
platensis/Spirulina. Food Chem. 2020 Jun 30;316:126374. doi: 10.1016/j.
foodchem.2020.126374. Epub 2020 Feb 6. PMID: 32066073.

Wu HL, Wang GH, Xiang WZ, Li T, He H. Stability and antioxidant activity
of food-grade phycocyanin isolated from Spirulina platensis. International
journal of food properties. 2016;19(10):2349-2362. https://tinyurl.com/
yauxtfzz

Bhayani K, Mitra M, Ghosh T, Mishra S. C-phycocyanin as a potential
biosensor for heavy metals like Hg 2+ in aquatic systems. RSC advances.
2016;6(112):111599-111605. https://tinyurl.com/yauxtfzz

Chaiklahan R, Chirasuwan N, Bunnag B. Stability of phycocyanin extracted
from Spirulina sp: Influence of temperature, pH and preservatives. Process
Biochemistry. 2012;47(4):659-664. https://tinyurl.com/ybt7q9as

Patel HM, Rastogi RP, Trivedi U, Madamwar D. Structural characterization
and antioxidant potential of phycocyanin from the cyanobacterium
Geitlerinema sp. H8DM. Algal research. 2018;32:372-383. https://tinyurl.com/
ybbm8qgse



