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of 1.73 using 50 mM KPB PH 7.

Abstract Phycocyanin (C-Pc) is a natural pigment with extensive use in the
food, cosmetic, and pharmaceutical industries. Spirulina sp. is regarded as a
natural source of C-Pc. The optimal growth conditions increased the pigment
content. The extraction and purification process are crucial steps that shouldn't
be disregarded to keep phycocyanin's quality at
buffers and concentrations of (NH4),SO, were evaluated in this work to extract
C-Pc. The optimal buffer was 100 mM KPB at pH 7 with a purity value of
0.809 and C-Pc concentration of 4.32 whereas,
concentration was 65% with purity ratio 0.91 and the C-Pc concentrations was
4.47. lon exchange chromatography was used to purify C-Pc, yielding a purity

maximum level. Several

the optimal (NH4),SO4

keywords: Phycocyanin, Spirulina sp., Potassium phosphate buffer, Ammonium sulfate, Pigment.

1.Introduction

Phycocyanin  (C-Pc) is a
protein complex belonging to the light-
harvesting phycobiliprotein family,
together with allophycocyanin and
phycoerythrin [1]. Water-soluble
phycocyanin (C-Pc) is present in up to
15% cyanobacteria [2]. The o and p
subunits are the basic building blocks of
phycocyanins which together form o and
B-protomer subunits which can further
form trimmers (o )3 and hexamers (a )6
[3,4]. An apparent the molecular mass is
found to be 14-21 kDa [5-7]. The
tetrapyrrole chromophore
phycocyanobilin, which is linked to the
apoprotein, causes C-Pc to appear dark
Blue and upon that the maximum
absorbance lies between 610-620 nm [8,9].

pigment-

According to Safari et al. [10], C-Pc
possesses  anti-inflammatory,  antioxidant,
and anticancer activities. Certain algae
species have polysaccharides and

phycobiliproteins  that can stop  the
proliferation of tumor cells, according to
Cuellar-Bermudez et al. [11] and Ravi et
al. [12]. The absorbance ratio of Agzo/Azso
is typically used to assess the purity of C-
Pc; a purity of 0.7 is regarded as food

grade, 3.9 as reactive grade, and more than

4.0 as analytical grade [13]. In 2004,
Bhuyan et al. [14] found that it is
necessary  to look  for renewable,

alternative sources of natural dyes that
don't interfere with the equilibrium of the
ecosystem [15 ,16]. Algae may be the ideal
source of natural dyes for industrial
applications because of their rapid growth
rate, wide range of colors, and widespread
occurrence in various climatic
circumstances [17, 18]. For
phycobiliproteins to have the best yield
and Dbe commercialized, optimizing the
extraction process is critical [19]. A
number of techniques, including density
gradient centrifugation, ammonium sulfate
precipitation, chromatography methods,
and aqueous two-phase extraction, have
been developed for the separation and
purification of C-Pc [20 - 24]. The cell
rupture approach is employed in the
extraction of phycobiliproteins in order to
release these proteins with a good solvent
that can be used in the food industry with
lower cost at the same time [25, 26].

Inorganic solvent extraction has proven
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to be an effective and different approach

for recovering C-Pc in several
investigations. A common method for
extracting the contents of Spirulina is
called Soxhlet extraction; however,

Chemat et al. [27] state that this method is
seemed to be less advantageous due to its
high energy consumption and use of
hazardous chemicals. Many techniques
had been published for the purification of
phycobiliproteins [30].

In this report, we are focusing on the
evaluation of different buffers in the extraction
step under exactly the same physical factors
(time & temperature) followed by optimizing
the steps of (NH,4).SO, precipitation and ion
exchange chromatography for C-Pc
purification.

2. Materials and methods
Extraction of phycocyanin

Spirulina sp., which was acquired from the
Water Quality Lab and Algae Biotechnology
Culture Collection Dept. of Botany, Faculty of
Science, Mansoura University of Science in
Egypt, was the source of C-Pc.

To determine the maximum C-Pc purity and
concentration, the biomass of two-liter culture
of Spirulina sp. was collected via centrifugation
at 4000 rpm, and the pellet was combined with
the tested extraction solvent buffers. About 10
mL of the different buffers were added to 0.1 g
fresh weight biomass.

The buffers were: 100 mM phosphate buffer
(KPB) pH 7, 100 mM acetate buffer pH 5, 100
mM ammonium buffer pH 9, and distilled
water that served as a control. The cells were
subjected to freezing at -20°C for 24 h then
thawing at 4°C for 2 h. To get rid of cell debris,
the extracts were centrifuged at 10,000 rpm
using a cooling centrifuge (SIGMA Model 3-
18K, Germany) at 4°C. After centrifugation,
the purity was assessed. A JENWAY Model
7315 UV-Vis spectrophotometer (UK ST15
0SA) was used to measure the absorbance of
the extracts at three different wavelengths: 280,
620, and 652 nm. The absorbance ratio
Aso/A2gp Was used to assess the purity
(equation 1) [29]. As reported by Boussiba and
Richmond [30], the equation (2) was used to
calculate the concentration of C-Pc (mg ml™).
The samples were measured in triplicate.

. A620
Purity = 280

eq (1)

C — Pc(mg/ml) = (A620 — 0.474 A652) eq (2)

5.34
Purification of phycocyanin

Ammonium  sulfate  precipitation  of
extracted phycocyanin

Upon C-Pc calculations, the most favorable
solvent buffer was used for further step after
centrifugation. The supernatant, containing C-
Pc, was subjected separately to 25, 45, 50, 55,
60, 65, and 70 % ammonium sulfate
precipitation. Each (NH,4).SO, concentration
was added gradually and the precipitation
process involved constant stirring in an ice bath
for 30 minutes, followed -by centrifugation at
10,000 rpm for 10 minutes at 4 °C. Pellets re
suspended in an optimal extraction buffer of a
specified volume. For each (NH4),SO4
concentration, the C-PC  purity and
concentration were measured.

Dialysis of phycocyanin

The optimal extraction buffer and the
greatest purity ratio of ammonium sulfate
obtained in this study were employed first.
To get rid of salts, C-Pc dissolved pellets
were dialyzed against 1 L of 10 mM KPB
pH 7 using cellulose membrane dialysis
tubing  (SERVAPOR, dialysis  tubing,
MWCO 12000-14000 RC, diameter 21
mm) overnight at 4 °C with continuous
stirring.
Purification of dialyzed phycocyanin

Sulphopropyl-sepharose "fast flow"
anion exchange chromatography was used
to purify the dialyzed C-Pc. lon exchange

chromatography was performed with “fast
flow" sulphopropyl-sepharose resin. The
first calibration of the column was
performed in a 10 mM potassium

phosphate buffer (PH 7). The dialyzed C-
Pc was carefully loaded on the column at a
volume of 5 ml. After that the same buffer

of calibration was wused for removing
unbound fractions in three bed volumes.
For C-Pc elution, 10 mM potassium

phosphate buffer pH 7 containing 0.25
mM NaCl was used in and gradually the
buffer concentration increased to 20 mM,
30 mM, 40 mM, 50 mM, 60 mM, and 70
mM. The collected fractions in blue color
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were collected and kept to evaluate conc.
and purity of C-Pc.

Statistical analysis

All analyses were tested in triplicate and
values were averaged. The standard errors (SE)
were computed as well.

3. Results and Discussion
Extraction of phycocyanin

The right choice for the extraction and
purification processes is crucial to getting
C-Pc from Spirulina sp. Figure 1 displays
the properties of the C-Pc extract based on
different extraction buffers, in which the
fixed volumes and physical factors were
taking in consideration. The concentration
and purity ratio of the crude C-Pc extracts
were calculated in order to assess the
extraction methods' efficacy. The Ago/Azso
absorbance  ratio, which  shows the
contamination of aromatic amino acid-rich
proteins (Azgp) and the maximum peak
height for C-Pc (As), IS commonly used
to assess the purity of C-Pc, which is
important  in  commercial  applications.
Food grade purity is defined as 0.7,
reagent grade as 3.9, and analytical grade
as greater than 4.0 [31]. Cyanobacteria
cells are frequently ruptured in laboratories
by freezing and thawing cycles [32 ,33].

Cell volume increases as a result of the
formation of ice crystals during the
freezing of intracellular fluid, and cell

contraction occurs when the fluid thaws.
Additionally, because of differences in the
concentration of electrolytes in particular
places, freezing causes adjustments to the
pressure conditions of the cell membrane
and osmotic chocks, which exacerbates the
damage to the membrane [34,35]. The
choice of solvent is an important
parameter to consider in this technique. Of
the  solvents evaluated, sodium and
potassium phosphate buffers (pH 7.0) [33,
36] proved to be the most suitable, leading
to a higher extraction yield (217.18 mg/g)
[38] and purity (0.87) [33]. In our study
and regarding the findings shown in Figure
1, 100 mM potassium phosphate buffer
(KPB) pH 7 was the most effective one for
achieving the maximum level of purity,
both in terms of the extracted C-Pc

concentration and purity.

M Purity W C-PC concentration (mg/ml)
5
45 +0.01
4
3.5
3
Zi +0.153  *0.02 *0.03
1.5
1| £0.10 +0.203 40.30
05 [
0
\'Q/:' . \0 ’8\‘ Q’bx'
> Q AN N
VS’Q} &0 o"’Q &

Figure (1): purity and concentration of C-Pc
extract from different extraction buffers.
100mM, pH 5,9 and 7.

Ammonium  sulfate
extracted phycocyanin

Ammonium sulfate precipitation was the
initial stage in the purification of C-Pc. One can
employ a variety of precipitating agents,
including polyethylene glycol (PEG), ethanol,
and acetone. Ammonium sulfate was chosen
above others because of its Ammonium sulfate
precipitation was the initial stage in the
purification of C-Pc. Another study could be
employed a variety of precipitating agents, such
as polyethylene glycol (PEG), ethanol, and
acetone. However, ammonium sulfate has a
superiority compared to others ones, owing to
its many benefits, including its easy
precipitation ability to prevent protein
denaturation and bacteriostatic action [30].
There were seven distinct ammonium sulfate
concentrations used. Based on the purity ratio,
the optimal ammonium sulfate concentration
for C-Pc purification was selected. As can be
shown in Table (1), Figure (2), the precipitation
step with 65 % in this investigation produced
the highest purity ratio (0.91+0.045) with a C-
Pc concentration of 4.47 + 0.212 mg/ml. At
70% saturation, the purity ratio started to drop.
Thus, 65% of the precipitation's ammonium
sulfate  saturation was chosen.  After
precipitating a 65% (NH,4),SO, solution, Kumar
et al. [28] produced C-Pc with a purity ratio of
1.5. Even though their data show a larger yield,
it's crucial to remember that their experiment

precipitation  of
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involved multiple extraction stages in order to
acquire more than 80% content.

Table (2): The quantity and purity of
Phycocyanin extracted by different ammonium
sulfate concentrations.

Ammonium | Purity of Conc. of C-Pc

sulfate conc. | C-Pc (mg/ml)
25% 0.279+0.016 0.152+0. 17
45% 0.533+0.017 1.895 +0.106
50% 0.63+0.097 1.045 + 1.03
55% 0.61+0.027 1.64 £ 0.385
60% 0.74+0.02 244 +1.3
65% 0.91+0.045 447 +0.212
70% 0.82+0.008 1.48+0.098

W Purity of C-Pc B Concn of C-PC (mg/ml)

. +0.212

4

) +1.3

, +0.106 o +0.385 +0.098
+1. 0.04p1:0.00

+0.049t0-
. ﬁ0.01§8'§_)1 0.097.+0.02
0

% Y0%E004,0. 04,000,714 0,7004YV.,
Ammonium sulfate %

Figure (2): Purity and of C-Pc concentrations
extracted by different ammonium sulfate
concentrations.

Purification of phycocyanin

After precipitating C-Pc, 10 ml of
extraction was dialyzed against 10 mM
KPB. To prevent saturation in the solution
buffer, the solution buffer was changed
three times throughout dialysis. The goal
of dialysis was to lessen the amount of salt
that remained after the precipitation
process. purity was 1.08  following
dialysis. Fractions were separated after the
dialyzed C-Pc  was  purified  using
sulphopropyl-sepharose  "fast  flow" and
eluted with several concentrations of KPB
(10 mM, 20 mM, 30 mM, 40 mM, 50 mM,
60 mM, and 70 mM). The C-Pc containing
fractions, 4 to fraction 8, were designated
by blue color. As shown in Table 2 and
Figure 3,4 the highest purity, 1.738, was
recorded for fraction 7. Using gel
filtration, Julianti et al. [39] produced a
pure C-Pc with a purity of 1.729.
Phycocyanin  from  Calothrix sp. was
refined by Santiago-Santos et al. [21]

using ion exchange chromatography with
Q-sepharose rapid flow, yielding a purity

of 2.2. The following list (Table 2)
includes the C-Pc purity, concentration,
and separation factor.
Table 3:  Purity, concentration and
separation  factor of C-Pc  containing
extracts and fraction eluted from
sulphopropyl-sepharose column.
Fractions | Purity C(:;; /C;?]BC' Se?:g& tllon
Crude 0.8 0.304 0.144
Precipitated | 0.907 0.240 1.62
Dialyzed 1.08 0.283 1.81
F1 0.14 0.02 1.155
F2 0.19 0.32 0.12
F3 0.37 0.43 0.168
F4 1.2 3.28 1.72
F5 0.99 3.491 1.22
F6 1.01 3.49 1.75
F7 1.07 2.61 1.97
F8 1.73 2.3 2.17
F9 1.4 2.08 2.19
3
25 = == Crude extract F8 sepharoi_e
, ‘
2 ! \

=
wn

~

-

1=
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Figure 3: UV-Vis spectrum of crude and
ion exchange chromatography fraction.
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Figure 4: UV-Vis spectrum of ion exchange
chromatography fractions.
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Conclusion

One cyanobacterial species, Spirulina
sp., has been studied for the commercial
production of C-Pc. First, different buffers
were examined to achieve the maximum
extraction (based on purity ratio). The
optimal  operating parameters, including
potassium phosphate buffer (KPB) (pH 7),
which produced a purity of 0.809. To

ascertain the proper (NH4)2S0,4
concentration for phycocyanin
preciptation, (NH,)2SO, with 65%

saturation percentages was found to give
the highest purity C-Pc (0.907). Finally,
sulphopropyl-sepharose led to a final
purity being 1.739 which eluted with 50
mM KPB.
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