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Abstract

The Arthrospira maxima, Spirulina major, and Spirulina subsalsa
are plenty available in Mexican lakes and ponds. This cyanobacte-
rium is used as an important dietary supplement due to its high
protein content and vitamins. However, the most commercial strain
in use is A. platensis, and very few reports exist on other Spirulina
species from Mexico and their potential phycocyanin production.
To use at a commercial scale, it is essential to evaluate native strains
in an efficient purification process. In this work, we demonstrated
the potential of Spirulina subsalsa for phycocyanin pigment pro-
duction and purification process, compared with native A. platensis
from Mexico. The biomass yield with S. subsalsa was 4.50+0.10 g/
Lt, which was higher than A. platensis, which was 1.36 g/It. The
crude phycocyanin pigment from S. subsalsa was 267+0.37 mg/g,
whereas 221+0.04mg/g in the case of A. platensis. After partial
purification, we found a higher purity grade in S. subsalsa, with a
higher yield and a recovery percent of 39.75%. In the case of A.
platensis, after partial purification, the recovery percentage was
35.37. After ionic chromatography purification, the purity of phyco-
cyanin was 2.57+0.03 in the case of S. subsalsa, whereas 1.91+0.02
in the case of A. platensis. SDS gel electrophoresis demonstrated
two phycocyanin bands showing 17 kDa and 12 kDa in the case of
both species. The two-step purification process functions very well
for S. subsalsa species, whereas A. platensis demonstrated efficien-
cy with one step. The extracted C-PC from S. Sulsalsa is safe as per
the cytotoxicity assay.
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Introduction

Photosynthetic cells are the most effective converters of
solar energy into biomass for product manufacture. The total
amount of annual global production of biomass is estimated to
be as much as 12,000 metric tons, and more than half of that
quantity is produced by China [1]. However, the commercial
and industrial applications are limited due to the low quality of
these refined products and productivity). Spirulina is the com-
mercially known name of the two major strains: Arthrospira pla-
tensis and A. maxima (Bacteria, Cyanobacteria, Cyanophyceae,
Oscillatoriales, Microcoleaceae, Arthrospira). However, there

are other species of interest within the Spirulina genera, such
as S. subsalsa (Z15), which is a promising source of phycocya-
nin. Recent studies implicated with enriched seawater medium
the possibility of cultivating S. subsalsa, significantly reducing
the cost for cultivation and increasing the profitable production
of metabolites with commercial interest, such as phycocyanin
[2]. Furthermore, S. subsalsa strain possesses a higher growth
rate and higher phycocyanin (C-PC) yield compared with the
commonly studied A. platensis [3]. We isolated the S. subsalsa
strain from the fish-pond Jocotepec, Chapala area, located in
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the western part of Mexico. These cyanobacteria are gram-
negative prokaryotic planktonic cells found worldwide in fresh
and marine waters [4]. This type of alga is an important diet
supplement and has been used as a source of protein and vita-
mins in humans since ancient times [5]. It is rich in protein (up
to 70%), it also contains vitamins such as B12 and provitamin A
(B-carotenes), and it produces phycocyanin (20% dry weight),
which is a pigment with potent antioxidant activity. It is also
rich in phenolic acids, tocopherols, and Gamma-Linolenic Acid
(GLA) [6].

Phycocyanin (PCY) is a bioactive compound that has enor-
mous demand in the global market of US$245.5 million, esti-
mated by 2027 Meticulous research [7]. This is reported after
the coronavirus pandemic analysis disease 2019 (COVID-19),
and considered as a powder or aqueous forms, also demanded
according to the grade of purity (analytical, cosmetic, or food
grades), and by applications like (biomedical, diagnostics, bev-
erages, foods, nutraceuticals and pharmaceuticals), and geo-
graphical demands by [7] Meticulous research which cannot be
underestimated. C-PC has so many humanitarian health ben-
efits as it acts as an antioxidant, anticancer, anticarcinogenic,
anti-inflammatory, neuroprotective, hepatoprotective, immu-
nomodulatory, and reno-protective pharmacological effects
and also antidiabetic potential and non-toxicity towards human
health [8,9,].

Cyanobacteria are the only prokaryotes that perform oxy-
genic photosynthesis with Phycobilisomes (PBS), which is a
photosynthetic pigment apparatus. They contain Phycobilipro-
teins (PBP), among them Phycocyanin (C-PC), falls into one of
the four groups [10]. It has two polypeptide subunits (a and
B) that form an oligomeric peptide called P.C. covalently linked
to chromophores with up to 160-180 amino acid residues in a
and B subunits. The molecular weight of a and B subunits nearly
from 10-19 kD and 14-21 kD, respectively, depending on spe-
cies, and the ratio of a and B subunits is usually 1:1 [11]. Puri-
fication and separation are very important to reach the highest
extraction yield with purity, for which we need to prevent the
degradation of the product and reduce operation costs [12].
Most of the methods reported before for the purification of
C-PC consist of several steps that generate high costs, and loss
of biological activity during the multi-step purification process
is a matter of concern [13]. Moreover, the growing demand for
green extraction procedures and purification processes leads
to adopting sustainable technologies that can be used for the
manufacture of products like fine chemicals, pharmaceuticals,
biofuels, and protein-rich biomass at the same time for a variety
of applications.

Our study aims to assess the qualitative and quantitative
content of phycocyanin in S. subsalsa species in comparison to
A. platensis, both collected in Mexico, to explore their biotech-
nological potential. The partial purification processes, like one-
step and two-step ammonium sulfate precipitation, were also
compared with phosphate buffer and water as solvents using
the sonication process for cell breakage. Again, purification with
the omission of the ammonium sulfate step is also intended to
evaluate the purity grade, quantity, and recovery efficiency of
C-PC to see if the process can be used for easy industrial scale-
up without affecting purity grade. Purification with lon-chro-
matography resulted in S. subsalsa species being a promising
source of phycocyanin with high purity and quantity to use as
an analytical grade and develop industrial products. This study
compared the quantity and quality of phycocyanin extracted by

different purification methods, like solvents, ammonium sulfate
precipitation or without precipitation step, membrane filtra-
tion, chromatography, and as well as characterization by SDS
of C-PC from two spirulina species. The present study focuses
on the importance of using green technologies to eliminate
conventional solvents like phosphate buffer to generate a less
expensive purification process and an alternative new source of
phycocyanin production from species like S. subsalsa.

Materials and Methods
Biomass Cultivation

Spirulina subsalsa strain was isolated from a fish tank, jo-
cotepec, near Chapala Lake, estimated as Mexico’s largest lake
in Jalisco. The cultivation was done using Zarrouk’s medium in a
photoautotrophic 7L (Applikon) bioreactor with constant aera-
tion and 24-hour LED illumination to promote phycocyanin pig-
ment production (C-PC). After 25 days, the biomass was collect-
ed by centrifugation at 10 min 10,000 rpm (Sorvall) and dried
in an oven at 60°C, 24 Hrs. Once completely dried, the biomass
was ground to obtain a fine powder. The commercial Arthro-
spira platensis biomass was obtained from the Biomex industry,
thoroughly dried, and used as a fine powder to compare the
extraction between the native isolated strains.

Phycocyanin Extraction & Estimation

The Phycocyanin (C-PC) extraction was performed following
the [14] protocol with the Arthrospira platensis and Spirulina
subsalsa strains using a 1:100 ratio consisting of 1 g dried bio-
mass and 100 mL of distilled water (DIH,O) and two types of
phosphate buffers as solvents (0.1 M) 5.1 pH and 7.5 pH with 30
min sonication (ultrasonic SB5200DTN) to disrupt the cell wall
and overnight cold-water agitation to release the Phycocyanin
(C-PC). The resulting blueish solution was centrifugated for 10
min at 6,000 rpm (Eppendorf 5810R) to retrieve the crude C-PC
extraction, and the resultant biomass was used for further ap-
plications such as metabolite extraction procedures for fatty
acid compounds, etc.

Cytotoxicity Assay

The Artemia franciscana was used as a bio-model to perform
the cytotoxicity test for S. subsalsa extract. There was a control
culture with no crude extract and three different concentra-
tions of crude extract: 100 ul (0.5%), 200 ulL (1%), and 500 ulL
(2.5%); added into 20 mL of prepared artificial seawater (45 g/L)
filtered with 0.45 cellulose membrane and used to start a popu-
lation of 10 (n=10) with Artemia. A. Franciscana cultured each
one in triplicate to evaluate cytotoxicity with critical response
in the first 24 hours of exposure to the aqueous crude extract
of phycocyanin using the protocol from [4]. After the first 24
hours, the experiment was continued until a week period to
confirm any toxic compound in the extract was going to affect
the Artemia franciscana species.

Partial Purification

Partial phycocyanin purification was achieved using a hyper-
saturated solution of Ammonium Sulfate (AMS) where 76.79
g (NH,),SO, were weighed per 100 mL distilled water (DIH,0).
Subsequently, it is stirred with a hot plate at 450 rpm, apply-
ing 100°C of heat to increase the colligative properties of the
solvent to favor the complete dissolution. Afterward, the AMS
solution was used to promote Phycocyanin (C-PC) precipitation,
a one-step process by using 60% (v/v) AMS only, and the other
two-step process as follows.
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In the two-step process, first a concentration of AMS 20%
(v/v) was used that was poured in, then kept overnight to pre-
cipitate and discard undesired proteins by centrifugation 10 min
6,000 rpm (Eppendorf 5810R), then the supernatant was recov-
ered and a second application of AMS 55% (v/v) was carried
out and let the solution kept overnight at 4° C. Later, it was cen-
trifugated for 10 min at 6,000 rpm to concentrate the partially
purified phycocyanin and then resuspended in DIH,O for further
proceedings [15].

Partial Purification by Ultracentrifugation

After ammonium sulfate precipitation the concentrated
phycocyanin was resuspended in DIH,O and then ultra-cen-
trifugated for 10 min 10,000 rpm (Biorad) using 50 mL falcon
tubes (cornning) with 50 kD membrane filter integrated to wash
the AMS residue and concentrate the phycocyanin where the
phycocyanin and its subunits obtained in the upper part of the
membrane is located and the salts with other undesired com-
pounds, escaped from the membrane during centrifugation.

lon-Exchange Chromatography Purification (IEC)

The concentrated phycocyanin above was resuspended in
distilled water (DIH20), then equilibrated in phosphate buffer
0.1 M, and then purified through the lonic Protein Liquid Chro-
matography using a DEAE FF-cellulose (Cytiva) column previ-
ously equilibrated with phosphate buffer 0.1 M to perform the
ion-exchange purification. The equilibrated phycocyanin (5 mL)
was injected into the column and was eluted by different phos-
phate buffer elution solutions with incremental NaCl concentra-
tions (0- 0.5 M) to promote ion exchange interactions according
to Safeei et al. [16] method. Samples after chromatography and
kept in refrigeration to compare results and SDS-PAGE analysis.

Fourier Transform Infrared Spectroscopy analysis (FTIR)

The FT-IR studies have been followed by the method de-
scribed by Davis and Mauer [17]. The 10 mg of lyophilized C-PC
samples from all the types of extracts like STD (sigma) sample,
crude extract, UFC extract, and IEC purified were subjected to
an FTIR spectrophotometer (model- Cary 630 FTIR) to produce
the L.R. spectrum. |.R. spectra region 400-4500 cm™ were re-
corded at room temperature 25°C. For each spectrum, the fre-
quencies for all sharp bands were accurate to 0.01 cm™

SDS-PAGE

The electrophoresis was made by taking 10 ul concentrated
samples collected from the different extractions and purified
from the chromatography column using the two strains. One
reactive grade phycocyanin standard was obtained from Sigma-
Aldrich was used as a control (Sigma-P2172) and was compared
to confirm the phycocyanin bands present in two native spiruli-
na species using the sodium dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) at 12% concentration running with
a (Sigma-P2172) molecular marker 14-40 kD during 180 min,
with 100 V according to the Walls [18] protocol.

Results and Discussion
Biomass Quantification

After 30 days of the culture, the biomass yield of Spirulina
subsalsa was 4.50+0.10 g/Lt with an average of 0.15 g/Lt bio-
mass growth per day. This report is quite interesting regarding
biomass yield quantity nearly four times previously reported.
There are only a few previous reports regarding Spirulina sub-

salsa yield exhibited biomass production around one g/Lt as
reported newly [3] for its biotechnological potential for phy-
cocyanin production using a low-cost seawater medium. Here,
the major challenges associated with C-PC production include
cultivation cost reduction, alternative strain with a higher yield,
and C-PC extraction efficiency with a cost-effective purification
process without using toxic solvents.

As Arthrospira platensis is a commercial strain for phycocya-
nin production at present, reported by several authors with an
amplified range of biomass yield, like Diaz et al. [19], reported
0.3 g/Lt maximal daily biomass productivity using Guillard’s
f/2 medium. Karemore et al., (2020), using Zarrouk’s medium,
demonstrated a wide range of daily growth ratios depending
on the culture conditions that encompasses 0.18 — 0.25 g/Lt in
A. platensis [20] cultivated A. platensis using the same Zarrouk
medium and reported a yield of 2.92 g/Lt, noticeable lower
quantity compared with the present research indicating that
this native Spirulina subsalsa (S.S.) represents a promising and
highly productive strain. Another advantage, according to Sel-
vendran [21], is that one of the advantages of Spirulina cultures
is that they are much less susceptible to contamination due to
high alkalinity in the medium or sea water medium, ensuing the
result of clean cultured Spirulina biomass for cost-effective ap-
plications.

Cytotoxicity Assessment

The Artemia franciscana exposure to C-PC survival after sev-
en days is represented in Figure 1. The control without any ex-
tract at the end of the 168 hours with only 31 living crustaceans
survived. The next groups showed better survival rates with a
high concentration of C-PC exposure. With the 0.5% extract, we
obtained 612, 1% extract 842, and 2.5% extract 10+2 living or-
ganisms after 168 hours of exposure to C-PC, respectively. The
result demonstrated better survival in the treated samples as
probably the C-PC presence in the medium was the only protein
source or food available, and that did not exist in the control
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Figure 1: Artemia franciscana survival rate after seven days of C-PC
exposure with different concentrations: 0.5%, 1%, 2.5%, and con-
trol without any extract. C-PC exposure curve confirming the non-
toxicity (A). A. franciscana with C-PC present in the medium (B).
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Figure 2: Comparative yield by the one-step precipitation process
(AMS 65%) and two-step precipitation process (AMS20%+ 55%)
for quantity and purity C-PC from Arthrospira platensis and
Spirulina subsalsa. (similar letters represents no difference among
treatments whereas different letters shows significant difference
statistically.
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Table 1: Purity, quantity, and recovery ratio obtained with different treatment procedures: The one-step process (AMS65) & the two-step pro-

cess (AMS55).

. C-PC purity | C-PC quantity | C-PC recovery i C-PC purity C-PC quantity = C-PCrecovery
Strain Treatment Strain Treatment
(Ago/A,g) (mg/g) (%) (Ago/Ag) (mg/g) (%)
Crude
Crude extract 267+0.37 a
0.34+0.07 a 221+0.04 a 100.00 extract 0.33+x0.03 a 100.00
49.89+0.17 c 110.77£0.26 ¢
AP AMS 65% 1.05+0.02 c 22.57 ss AMS 65% 0.93+0.01 b 41.36
one-step P.B.pH 5.1 1.06+0.05 ¢ 39.15+0.12 b 17.71 one-step P.B.pHS5.1 0.90+0.01 b 103.73+0.30 ¢ 38.73
PBpH 7.5 1.02+0.08 ¢ 78.18+0.16 b 35.37 PBpH 7.5 0.99+0.01 b 129.28+0.80 ¢ 48.27
4.61
AMS 55% 0.94+0.05 b 10.19+0.03 d AMS 55% 1.15+0.01c 125.98+0.41b 47.04
AP SS
P.B.pH5.1 0.77+0.04 b 06.89+0.04 d 3.11 P.B.pH5.1 1.06£0.03 b 129.84+0.63 b 48.48
two-step two-step
PB pH 7.5 0.87+0.04 b 05.10+£0.03 d 231 PBpH 7.4 1.19+0.06 c 106.47£0.17 b 39.75

C-PC: Phycocyanin; AMS: Ammonium Sulfate; PB: Phosphate Buffer; AP: Arthrospira Platensis; SS: Spirulina Subsalsa

group. Therefore, the results confirmed that the C-PC extracted
from Spirulina sub salsa is safe and does not contain any harm-
ful cyanotoxins that negatively affect other living organisms.

Phycocyanin Yield and Partial Purification

The phycocyanin (C-PC) extractions and yield from Arthro-
spira Platensis (A.P.) and Spirulina subsalsa (S.S.) are repre-
sented in Table 1. The first stage of the extraction was with
only cold distilled water (DIH,0) in case of A.P., we obtained
22140.04 mg/g of C-PC (22.1% of biomass) with a purity ratio of
0.34+£0.07 and in the case of S.S. higher quantity of phycocyanin
was achieved that is 267+0.37 mg/g (26.7 % of biomass) with a
purity ratio of 0.33+0.03. The quantity of C-PC was significantly
higher with S.S. Therefore, all the downstream processes with
S.S. have greater C-PC quantity compared with A.P. However,
the purity ratio is nearly the same for both.

The precipitation process was done by the ammonium sul-
fate method. During the one-step precipitation process with
AMS 65% done using DIH,0O as a solvent for crude extract, we
found 49.89+0.17 mg/g C-PC with 1.05+0.02 purity ratio for A.P.
and 110.7740.26 mg/g C-PC with 0.93+0.01 purity ratio for S.S.
S.S. here shown almost 2.22 times higher phycocyanin produc-
tion with double recovery rates like 44.36 % and 22.57% from
the crude extract in the case of A.P. Using the phosphate buffer
as extraction solvent with pH 5.1 (PB5), we found 39.15+0.12
mg/g (C-PC) with 1.06+0.05 purity, and phosphate buffer with
pH 7.5 (PB7), we found 78.18+0.16 mg/g (C-PC) with 1.02+0.08
purity in case of A. platensis. But with S.subsalsa strain using
PB5, we obtained 103.73+0.30 mg/g of C-PC with 0.90+0.01 pu-
rity; using PB7, we got 129.28+0.80 mg/g (C-PC) with 0.99+0.01
purity for S.S. Here, we can say phosphate buffer works bet-
ter for partial purification with a step process at 7.5pH, which
was also demonstrated by other workers (Table 1). The recovery
percentage was 35% in the case of A.P. and 48% in the case of
S.S.

In the two-step process, after discarding the first precipitat-
ed part with AMS 20%, the rest extract again precipitated with
AMS 55% when DIH,O used as an extraction solvent showed
10.19+0.03 mg/g C-PC yield with 0.94+0.05 purity for A.P. and
125.98+0.41 mg/g C-PC yield with 1.15+0.01 purity for S.S. In
this case, we found the step extraction process gives a signifi-
cantly higher yield in the case of S. subsalsa with a food-grade
purity. With PB5, the C-PC yield was 6.89+0.04 mg/g containing
a purity value of 0.77+£0.04 and with PB7, 5.10+0.0mg/g con-
taining a purity value of 0.87+0.04 for A.P. But in the case of
A.P., a two-step process is not a good choice, even if with buffer,
it has shown less yield. In the case of using PB5, we got C-PC
yield of 129.84+0.63mg/g with 1.06+0.03 purity, and using PB7
yield was 106.47+0.17 mg/g with 1.19+0.06 purity for S.S. (Fig-
ure 2, Table 1). It’s quite impressive results in case of S.S. we can
get C-PC almost 12% of biomass after AMS precipitation with
food grade purity.

The results demonstrate that AMS 65% for both the strains
had more C-PC recovery compared with AMS 55% due to the
high salt availability that produced more precipitation, as
shown in Figure 3. Nonetheless, the purity ratio has no signifi-
cant difference between the AMS 65% and AMS 55%. The re-
covery percentage was found to be better, like 35% and 48%, in
both the strains using one-step precipitation with AMS65%, as
in two-step precipitation, only S. subsalsa showed better results
in the percentage of recovery, like 39-47%. Specifically, for A.P.,
the AMS 65%-PB7 had the better outcome for quantity and pu-
rity. Meanwhile, S.S. had the best extraction result using AMS
55%-DIH,0 for quantity and purity. This implies that precipita-
tion incrementing AMS only affects the amount of recovered
C-PC and has no significant effect on partial purification. Hence,
depending on the strain, the amount of C-PC has considerable
variation. Clearly, S.subsasa has shown good vyield, like 12.9%
concentrated C-PC after partial purification and 47% recovery
with a 1.15 purity value, which can be used as food additives

Table 2: C-PC yield and purity comparative analysis after ultracentrifugation (50 kD) from. A.platensis (AP) and S. subsalsa (Z15).

. C-PC purity C-PC quantity C-PC Recovery ) C-PC purity C-PC quantity = C-PC Recovery
Strain Treatment o Strain Treatment o
(AgofAsg0) (mg/g) (%) (AgofAsg0) (mg/g) (%)
AMS 65% 1.13+0.01a 39.54+0.17 b 17.89 AMS 65% 1.08+0.02 b 95.73+0.07 b 35.75
AP SS
P.B. pH 5.1 1.10+0.03 a 28.30£0.12 b 12.81 P.B. pH 5.1 1.04+0.03 b 84.99+0.04 ¢ 31.74
one-step one-step
PBpH7.5 1.15+0.01 a 69.67+0.20 a 31.53 P.B. pH 7.5 1.28+0.02 a 78.68+0.03 d 29.38
AMS 55% 1.21+0.05a 09.26+0.03 c 4.19 AMS 55% 1.38+0.02 a 108.31+0.03 a 40.45
AP SS
P.B. pH 5.1 1.06£0.12 b 05.98+0.04 ¢ 2.71 P.B. pH 5.1 1.00+0.06 b 98.08+0.02 b 36.62
two-step two-step
PB pH 7.5 1.04+0.06 b 03.36+0.08 d 1.52 PBpH7.4 1.32+0.05a 85.16+0.04 c 31.80

C-PC: Phycocyanin; AMS: Ammonium Sulfate; PB: Phosphate Buffer; AP: Arthrospira Platensis; SS: Spirulina Subsalsa
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extracted with water only (Table-1, Figure 2). Here, the com-
parison between phosphate buffer and water used for crude
phycocyanin extract was clear. After ammonium sulfate precipi-
tation, it was clearer whether one can use a one-step process
or two steps for better purity, which can depend on strains or
species. C-PC is considered to be food grade when >0.7, cos-
metic grade when >1.5, reactive grade when > 3.9, and ana-
lytical grade when >04.0 when the purity ratio is like this range,
respectively [22-24].

Our results are higher than the previous; that is, total C-PC
content was lower in A. platensis and S. sub salsa at 6.4% and
7.5%, respectively, with purity no higher than 0.7 observed [3].
However, there are reports of very similar or higher percentag-
es of recovery using the AMS precipitation method [24] which
found that the ASP procedure was very effective in increasing
the recovery of C-PC. AS concentration is critical to determine
if it will be effective on the yield and purity index [22]. Gorgech
et al. [12] reported a significant increase in C-PC yield upon us-
ing higher AS concentrations, like 60%, with 92% recovery of
PCY [12]. In another report, using AMS at 65% resulted in 53%
of C-PC yield [25]. But purity value varies in all the cases. Spiru-
lina platensis C-PC yield was reported before but not analyzed
much after the one-step and two-step process or comparative
analysis with phosphate buffer and water as a solvent (Table-1,
Figure 3).

Purified Phycocyanin by Ultrafiltration (U.F.)

After AMS precipitation, partially purified phycocyanin (C-
PC) passed through ultracentrifugation (U.F.) with both the
strains, Arthrospira Platensis (A.P.) and Spirulina Sub salsa (S.S.),
and the results shown in Table 2 and C-PC recovery interpreted
from all the different treatments based on the crude extract
type (CREX).

After Ultracentrifugation (U.F.) with the samples from
the one-step process (AMS 65%) with DIH,O C-PC yield was
39.54+0.17 mg/g with 1.13+0.01 purity ratio for A.P. and
95.73+0.07 mg/g with 1.08+0.02 purity ratio for S.S. which is
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Figure 3: One-step (AMS 65%) and two-step precipitation process
of Phycocyanin (20%+ AMS 55%) for comparative yield and
quality C-PC. Analysis. AP: Arthrospira Platensis and SS: Spirulina
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Figure 4: Comparison one-step process (AMS 65%) and two-step
process (AMS 55%) for quantity and purity C-PC ratio between Ar-
throspira platensis and Spirulina subsalsa after ultracentrifugation.
(Similar letters represents no difference among treatments where-
as different letters show significant difference statistically.

more than double the amount. Using the Phosphate Buffer
5.1 pH (PB5) samples for ultracentrifugation (U.F.), the yield
was 28.30+0.12 mg/g (c-Pc) with 1.10£0.03 purity and by us-
ing phosphate buffer 7.5 pH (PB7) previous sample, the C-PC
was 69.67+0.20 mg/g with 1.15+0.01 purity respectively for
A.P. In the case of S.S., PB5 samples yielded 84.99+0.04 mg/g
C-PC with 1.0440.03 purity, and PB7 samples demonstrated
78.68+0.03 mg/g C-PC yield with 1.28+0.02 purity. In the case
of S. sub salsa, both water and PB7 were found suitable to con-
centrate C-PC quantity (7.8-9.5%), the recovery rate was found
[29-35] after ultracentrifugation (U.F.), and purity had similar
values. (Table-2, Figure 4)

The previous samples with a two-step process (AMS 55%)
using DIH20 after ultracentrifugation (U.F.) showed 9.26+0.03
mg/g C-PC yield and 1.21+0.05 purity for A.P., which was a
very low yield in comparison to S. subsalsa where we found
108.31+0.03 mg/g C-PC with 1.38+0.02 purity almost 10 times
higher. By using PB5, previous partially concentrated samples
after ultracentrifugation (U.F.), C-PC content was 5.98+0.04
mg/g with 1.06+0.12 purity, and by using PB7, C-PC content was
3.36+0.08 mg/g with 1.04+0.06 purity for A.P. But in the case
of S. subsalsa with PB5 samples after ultracentrifugation (U.F.),
we got 98.08+0.02 mg/g C-PC with 1.00+0.06 purity, and by
using PB7, C-PC content was 85.16+0.04 mg/g with 1.32+0.05
purity for S.S. (Table 2, Figure 4) with is a significant result not
reported before.

We suggest a two-step extraction process with water is the
best method for not spending for phosphate buffer with nota-
ble recovery percent after U.F. that is 31-40%. As in the case of
A. platensis, the single-step process was good, with a recovery
rate of 17-31 % after U.F. without much-affecting purity. Never-
theless, A.P. with AMS 65%-PB7 has 69.67+0.20 mg/g as better
C-PC recovery and 1.21+0.05 purity ratio achieved with AMS
55%-DIH,0 after U.F.

The one-step process (AMS 65%) has no intermediate ac-
tions; meanwhile, the two-step process includes precipitation
with (AMS 20%) first, then the second step with AMS 55% dur-
ing the precipitation. All the treatments with different letters
present statistically significant differences between them.

C-PC purification is usually done using precipitation and
chromatographic techniques [26,27]. The purity grade or Purity
Index (P.I.) of C-PC can be determined by dividing absorbance
at 620nm with absorbance at 280nm. Here, we could achieve
C-PC purity of nearly 1.5 after ultracentrifugation with 50KD
membrane, and it is of cosmetic grade, according to previous
reports [22,24,27]. Although AMS is a widely used method for
C-PC purification, eliminating the salt after precipitation is time-
consuming and challenging. Recently, direct ultrafiltration was
reported by various workers like Singh et al. [28] who obtained
a purity index of 2.89 for C-PC, and the recovery was 83.58%
without using AMS. Garcia-L opez et al. [29] also achieved a pu-
rity index of 2.65 and 3.72 by Membrane filtration and U.F,, us-
ing A. maxima biomass. Likewise, Sala et al. (2018) used the U.F.
process for C-PC concentration with 50 kDa, and the y recovery
of C-PC was 93.4% with a purity index >1.5, which can be used
for cosmetic purposes. But in our case, we could achieve nearly
1.5 purity grade using the AMS precipitation step and then Ul-
tracentrifugation. Further analysis was done by modifying the
process of ultracentrifugation, eliminating the AMS step, as the
number of studies reporting C-PC purification by membrane
techniques is limited in the literature. Again, M.F. and U.F. tech-
niques are easy to scale up for large-scale operations for indus-
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Table 3: Purity, quantity, and recovery ratio obtained after the lon-Exchange Chromatography (IEC): one-step process (AMS65%) and two-step
process (AMS55%) from Arthrospira Platensis (A.P.) and Spirulina Subsalsa (S.S.).

. C-PC purity C-PC quantity C-PC Recovery . C-PC purity C-PC quantity | C-PC Recovery
Strain Treatment Strain | Treatment
(Ago/Ag) (mg/g) (%) (AgofAg) (mg/g) (%)
A.P. SS
AMS 65%
one step 1.91+0.02 a 3.09+0.12 a 1.40 one step  AMS 65% 2.57+0.03 a 25.15+0.04 a 8.04
AP ss
two AMS 55% 1.60+0.01 a 0.59+0.17 b 0.27 two step AMS 55% 2.45+0.02 a 21.53+0.07 a 9.39
steps

Table: 4: FTIR spectrum for phycocyanin from S.subsalsa & A. platensis.

Peak Frequency .
. Functional groups
No. ranges (cm™)
C—N stretching vibration
1 1000 1000-1250 ) ) )
presence of aliphatic amines
C—N stretching vibration
2 1038 1000-1250 ) ) )
presence of aliphatic amines
N—O stretching vibration presence of nitro
3 1362 1290-1400
compounds
C—C stretching vibration
4 1519 1000-1500 .
presence of aromatics
—C=C- stretching vibration presence of
5 1680 1640-1680
alkenes
C (triple bond) C- stretching vibration
6 2355 2100-2300
presence of alkynes
O—H stretching vibration presence of
7 2989 2500-3300 .
carboxylic acids
O—H stretching vibration presence of
8 3255 3200-3500
alcohols, phenols

Fourier Transform Infrared Spectroscopy analysis (FTIR)
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nificant difference statistically).
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Figure 6: FTIR spectrum for phycocyanin extract analysis from
S.subsalsa Y A. platensis.

C-PC: Phycocyanin; AMS: Ammonium Sulfate; PB: Phosphate Buffer; A.P: Arthrospira platensis; S.S: Spirulina Subsalsa S.S; 1EC: lon-Exchange Chromatography.

trial applications without washing steps.

Phycocyanin Purified by lon-Exchange Chromatography

The Purified phycocyanin (C-PC) by lon-Exchange Chroma-
tography (IEC) obtained with Arthrospira Platensis (A.P.) and
Spirulina Subsalsa (S.S.) are demonstrated in Table 3 and Fig-5.
The one-step process samples with DIH,0 for A. plantensis and
the two-step process with DIH20 for S.subsalsa selected from
ultracentrifugation process to proceed for further purification
with ionic exchange chromatography because they resulted the
highest C-PC purity ratio . One-step process samples (DIH20)
showed 3.09+0.12 mg/g C-PC yield with 1.91+0.02 purity ratio
for A.P. and 25.15+0.04 mg/g with 2.57+0.03 purity ratio for S.S.
AMS 55%-DIH,0 obtained 0.59+0.17 mg/g and 1.60+0.01 purity
for A.P. and 21.53+0.03 mg/g with 2.45+0.02 purity for S.S. as
it was is demonstrated in Figure 5. Once again, during the ion
exchange chromatography purification, a considerable amount
of C-PC was lost, and the recovery percentage was 8-9% in S.
subsalsa. In the case of A. platensis, it was very low, like 1.4%.
Nonetheless, results with purity ratio have no statistically signif-
icant difference among the one-step and two-step processes in
the case of S. subsalsa, indicating that the presence of NaCl (0.3
M) during the ion interactions has the same effect whether the
extracted C-PC had higher or lower AMS concentrations during
the precipitation.

There are several chromatographic methods like lon Ex-
change Chromatography (IEC), Gel Filtration Chromatography
(GFC), Membrane Chromatography (MC), and hydrophobic in-
teraction (membrane) chromatography (HIC/ HIMC) were re-
ported for the purification of C-PC [13,22,23] and among them
IEC method is more common due to higher yield of C-PC with
analytical grade. However, there are reports on elution buffers
with pH gradients [30] reported a purity value of 1.82, and re-
covery was 77.3% at pH 7.5 at room temperature. But Bermejo
et al. [31] improved the C-PC purity index, P.I. > 2.0 from S. pla-
tensis with a recovery of 80%, using an anion exchange matrix,
gel filtration matrix, and Sephadex G-100. Different combina-
tions of techniques gave better results, like C-PC purification
from S. platensis, which reported a maxim purity index of 3.9
in the case of ultrafiltration followed by IEC with pH gradient
[24,27]. reported that Arthrospira platensis C-PC purification
by IEC using salt gradient elution with NaCl 0.3M. and obtained
C-PC 1.68 purity. However, it was not clear in those previous
reports about the recovery percentage calculated from the pre-
vious ultracentrifuged sample or from the crude extract.

Apart from that, there is no report related to Spirulina sub-
salsa purification, and thus, here we report C-PC 2.4-2.6 purity
value after the purification by IEC NaCl 0.3M. So here we tried
using a cation exchange column (Cytiva-DEAE-FF) and achieved
purity P.I. > 2.0 from S.subsalsa, but we found that the recovery
percentage from the crude extract was 8-9%. But in the case of
platensis, we could not achieve good results like recovery was

Submit your Manuscript | www.austinpublishinggroup.com

Ann Agric Crop Sci 9(2): id1152 (2024) - Page - 06



Austin Publishing Group

a0y ®SSIEC
@AP IEC

- 5 UF

ome-. 2 ©55 CRUDEX

EC T, @AP CRUDEX

OPTICAL DENSITY

Marker
21kDa >

Marker
14 kDa >

x » - w w “o

G L S E &
‘wg» 600 AN WAVELENGTH (nm)

Figure 7: SDS-PAGE reveals the C-PC from the ultrafiltration (U.F. 50
kDa) and ion-exchange chromatography (IEC): (A) lane 1- molecular
marker, lane-2-C-PC standard(sigma), lane-3-AP UFC sample, lane-
4-SS UFC sample, lane-5-AP IEC sample, lane-6-SS IEC sample. (B)
different purity level of C-PC samples pick height at 620nm absor-
bance during the spectral scanning.

very low 1.4%, which may be due to the biomass purchased be-
ing stored for a long.

Phycocyanin Quality Analysis by FTIR

IR spectroscopy is an accepted tool for the characterization
of biomolecules [32]. This spectrometer uses a blackbody radia-
tor as an Infrared (I.R.) photon source. Infrared studies are mul-
tidisciplinary, but more attention is paid to biochemical inves-
tigation. The FT-IR technique was used to evaluate the type of
organic and inorganic complexes in plants. Phytochemical con-
stituents of Spirulina by FTIR method had very few reports and
were recorded in the region of FT-IR spectra in 3428-3320 cm-1
to 620-490 cm-1 in the different frequency ranges by [33] but
with whole algae powder. Still, not many reports on phycocya-
nin FTIR signature have been reported yet. The FTIR spectrum
of the extract of Ulva lactuca reported phycocyanin as the most
bioactive component with a transmittance maximum of 1652.

So, to compare all the types of extracts, we subjected to FTIR
analysis and found same pattern ofthe picks with all. As the purity
increases with UCF and IEC samples the pick height was higher.
Again, all the extracts had a similar pattern to the C-Pc standard
we purchased from Sigma Aldrich. (Figure 6, Table 4). Here we
found phycocyanin as the most bioactive component with trans-
mittance maximum peals at 1000, 1038, 1519,1680, 2989, and
3255 in the case of S. sub salsa and A. platensis; both were very
much similar to our Phycocyanin standard purchased from sig-
ma. So, purity level can be trusted as much as the Sigma standard.

Characterizing the C-PC by FTIR spectroscopy method is a
rapid, simple, and nondestructive technique that can give evi-
dence for the presence of various functional groups. S. platen-
sis C-PC demonstrated functional groups with the frequency of
peaks 674 and 795 cm'1, of which 1456, 1539, and 2359 cm?!
were S-0 stretching vibration, CH2 bending vibration, the pro-
tein amide Il band and presence of carboxylic acids, respectively
[25]. Patel A. et al. (34) reported that the protein amide Il band
was detected at 1539 cm ! (C——0 stretching) and the sharp am-
ide | band at 1655 cm * from the I.R. spectra of freeze-dried
C-PC of Spirulina, Phormidium, and Lyngbya spp.

Phycocyanin Characterization by SDS-PAGE

The C-PC extractions of Arthrospira Platensis (A.P.) and Spi-
rulna Subsalsa (S.S.) at the final steps of Ultracentrifugation
(50kD) (UTC) and lon-Exchange Chromatography (IEC) were put
together in a sodium dodecyl-sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) to demonstrate the presence of the
protein bands with the extracted samples as it is shown in fig-
ure 6. In all cases, the C-PC is evident as the a and B subunits
are migrated within the 21kDa and 14kDa range compared with

the C-PC standard used as a control sample (sigma) as an indi-
cator and also with a protein marker (Sigma) with band size.
Furthermore, the high purity ratio C-PC obtained the highest
absorbance signal, it is shown (Figure 7-B) in the spectral scan-
ning, with the spectrophotometer having the I.C. bands as the
highest pick among all and the crude extract as the lowest at
620nm signal. These results confirm that the purification pro-
cesses are effective for both strains A.P. and S.S. for C-PC as they
increase the absorbances according to their purity level, and
consequently, the undesired compounds are removed.

In previous reports, characterization of C-PC from Limnothrix
sp. also demonstrated maximum absorbance spectra at 620 nm
and fluorescence at 644 nm [35]. The molecular mass of C-PC
was reported to be between 81 and 215 kDa in different cya-
nobacterial genera, and a and B subunits were found between
15.2 and 24.4 kDa [15,34]. In Calothrix sp., two subunits with
molecular weights of 17 and 21 kDa using SDS-PAGE (M.C. Santi-
ago-Santos et al. 2004) were found. Patel et al. [34] reported the
molecular weight of B subunit for all C-PCs that was 24.4 kDa.
Still, the molecular weights of a subunits vary in different cya-
nobacteria like 17, 19.1 and 15.2 kDa for Spirulina, Phormidium,
and Lyngbya spp., respectively. However, in the case of S. subsal-
sa, there were no reports regarding a and B subunits. We found
very similar band sizes like 14kDa and 17kDa for a and B sub-
units like S. platensis Standard purchased from Sigma (P2172).

Conclusions

The Spirulina subsalsa resulted as a promising and alterna-
tive source of C-PC when compared with commercial strains like
S. platensis, usually considered for biotechnological purposes
such as metabolite production and pigment accumulation. Each
and every step of the yield and recovery percentage was evalu-
ated comparatively when precipitation, filtration, and chro-
matographic purification steps were done to predict which pro-
cess would be more efficient and which stain is better for C-PC
yield with more purity. In this work, we generated evidence to
suggest that S.subsalsa is a robust and precious strain, mainly to
produce C-PC that can be used for industrial purposes. Further-
more, we characterized the C-PC subunits are very similar to A.
platensis by SDS bands. The extract is also nontoxic, and with
the efficient purification method, the product can achieve high
purity with the IEC method with the value of C-PC enhanced to
2.4, suitable for the cosmetic grade or more quantity with the
UCF method for the food industry.
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