Journal of Applied Biology & Biotechnology Vol. 11(6), pp. 168-177, Nov-Dec, 2023
Available online at http://www.jabonline.in
DOI: 10.7324/JABB.2023.131653

CrossMark

< clickfor updates

Isolation and biochemical characterization of natural algal isolates
from Kangsabati River, West Bengal toward single-cell proteins

production

Kamalendu De, Dipankar Ghosh*

Department of Biosciences, JIS University, Agarpara, Kolkata, West Bengal, India.

ARTICLE INFO

ABSTRACT

Article history:

Received on: May 21, 2023
Accepted on: August 07, 2023
Available online: October 25, 2023

Key words:
Biofactories,

Food supplements,
Nutraceuticals,
Sustainability,

Value added molecules.

Human dietary deficiency is one the dismaying question due to consumption of modern readymade foods in today’s
hectic life pattern. Broad spectrums of population are enforcing them toward malnutrition or nutritional deficiency
in developing or underdeveloped countries. Additional nutritious and balanced food sources must be made available
to control this present scenario. However, conventional protein-rich resources would not compensate the demand of
protein-rich food crops with increase in raising population. In this context, algae could be the potent higher protein-
rich food supplements through carbon allocation to algal biomass generation without hampering food chain, and soil
resources depletion. Realizing the wide-scale adoption, high protein yielding algal isolates with lowered nucleic acid
content and higher chlorophyll content need to be explored considering its toxicity on community health. To this end,
the diverse topographical locations of the Kangsabati River have been considered for isolation of broad spectrum of
algal regimes to examine quantity of total protein, nucleic acid, and chlorophylls. The present study has depicted that
algal isolate DK contains highest protein and chlorophyll content in the best on the 12" day indulging 36% protein
and 13% chlorophyll where total nucleic acid amount is very limiting 0.52%. Moreover, a DK1 alga has shown
limited pathogenicity through hemolysin assay toward its acceptance for community usage as single-cell protein-rich

food supplement and alterative nutraceutical.

1. INTRODUCTION

The world population growth rate is increasing by leaps and bounds. In
2017, the United Nations of Organization projected that, in 2050, there
would be 9.8 billion people on the planet and 11.2 billion by the year
2100. The existing supply of protein would fall short of meeting the
need for protein in the future. Moreover, people are becoming aware
of how nutrition and health are related. Now, everyone must make sure
they have access to alternative food sources. The other food sources
must satisfy the biological impacts and metabolic requirements.
Customers’ demand for a healthy lifestyle consequently takes on
greater significance. Thus, the functional food sector has experienced
remarkable growth. Protein enriched algal biomass may be used as
a raw material in that sector. The dried biomass of microorganisms
(including algae) is known as single-cell protein (SCP). SCP may
be an alternate and possible render of protein supplement compared
to conventional protein resources in food. According to the protein
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sources, SCP can be categorized into fungal protein, bacterial protein,
yeast protein, and algal protein. Among all those protein sources,
algal SCP is the best source of protein because algae contain 4-6%
of total nucleic acid per unit dry algal biomass having higher protein
content [1]. Microbial biomass with higher nucleic acid, that is, DNA
and RNA contents, limits its usage as protein supplements in society.
Higher nucleic acid intake by the human body creates many health
hazards [2].

Algal biomass has become a point of attraction for different value-
added products generation. Algae are a strong contender as a protein
source. Algal photoautotrophic growth lacks of need for irrigation or
arable land, climatic independence, and high protein content compared
to conventional agriculture using protein-rich crops. The most
important components in algae are protein, amino acids, carbohydrates,
lipids, vitamins (e.g., A, B1, B2, B6, B12, C, E, nicotinate, biotin,
folic acid, and pantothenic acid), and minerals (e.g., Na, K, Ca, Mg,
Fe, and Zn) [3.,4]. Aforementioned biocomponents of algae have a
positive impact on human health. Algal biomass produces food, feed,
fuel, vitamin, and nutraceuticals [4-6]. Algal-derived polyphenols and
polysaccharides have well-known for their biological functions [7].
Arthrospira platensis, Chlorella vulgaris, and Aphanizomenon sp.
are good sources of protein and nutraceuticals, having 65-75% (w/w)
of protein [8]. Spirulina platensis is a good source of protein and
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amino acids that help people to fight against diabetes, hypertension,
and high blood pressure, as well as lose weight [9], and also act as
an immune enhancer. Another important biomolecule in algal biomass
is chlorophyll which has a good impact on human health. Several
scientific researchers have claimed that chlorophyll could reduce
the probability of cancer, and it binds with carcinogenic chemicals,
which are known as aflatoxin and prevent liver, stomach, colon, and
skin cancer [10,11]. Algae subject to self-shaded or riparian canopy
conditions synthesize larger chlorophyll relative to algal biomass than
those exposed to high light intensity [12].

In the present study, algal isolates were gathered for our research
investigation from the natural water body, the Kangsabati River. The
cause of the selection of the river Kangsabati and its different sampling
sites is to know the effect of the topographical variation and community
habitat brought any impact on algal biomass and biomolecule
generation. Kangsabati River basin is primarily inside the Indian state
of West Bengal and is roughly defined by the 86° 37’ 55.30"” E — 86°
47' 23.35" E longitudes and the 22°55' 16.53" N- 23° 2" 30.41"N. Our
novel algal isolates (DK1) have been identified at Mohanpur, which is
in the district of Paschim Medinipur, and their latitude and longitude
are 21.8398°N and 87.4232°E, respectively. Water temperature lays
range between 25°C and 28°C in the summer months and 20-22°C in
winter months; water p* lies 7 during the months of isolate collection.
Epiphytic algal isolates were taken from the photic (euphotic) zone of
the river Kangsabati in the winter season. The main objectives of this
study are to attain the successful screening and the isolation of novel
algal isolates from the various locations along the river Kangsabati
(K-ecosystem) to obtain the highest possible yield of biomass, along
with the highest percentage of protein, chlorophyll with the least
amount of nucleic acids. In addition, it is crucial to demonstrate the
biomass’s safety, particularly when cyanotoxins are thought of as
SCPs for dietary supplements using hemolysin assay.

2. MATERIALS AND METHODS

2.1. Sample Collection

The river Kangsabati’s six separate places provided six different
microalgal isolates, namely, Mohanpur (DK1), Temohoni (DK2),
Daspur (DK3), Binpur (DK4), Dherua (DKS5), and Chalkdaulat (DK6)
in the district of Jhargram and Paschim Medinipur, West Bengal
[Figure 1] during December 2019 to February 2020 at the winter

seasons (when water temperature belong 22°C-25°C and p"-7) as it
is the favorable season for algal growth. The various types of algal
samples are found in the Indian state of West Bengal using latitude
and longitude, such as DK is situated at 21.8398°N, 87.4232°E; DK2
is situated at 22.4853°N, 87.5618°E; DK3 is situated at 22.6068°N,
87.7246°E; DK4 is situated at 22.5830°N, 86.9186°E; DKS5 is
situated at 22.4888°N, 87.0968°E; and DK6 is situated at 22.4288°N,
87.4715°E. The collected algal isolates were cultured in the laboratory
of JIS University, Biotechnology Department, Agarpara, Kolkata, West
Bengal for characterization and analysis of biomolecules. In this study
DK, isolate declined growth every time at room temperature (~22°C).
To this end, the DK6 sample did not consider for further study.

2.2. Screening and Isolation

Algal isolates were individually inoculated in sterilized 50 mL falcon
tubes with 25 mL of sterilized Bold’s basal medium (BBM) in the
laboratory after filtering and serial dilution (10® times). To prepare
200 mL BBM, the following key nutrients were required: 5g.-NaNO,,
1.5g.-MgS0O,.7H,0, 1.5g-K HPO,, 3.5g.-KH,PO,, 0.5g.-CaCl,.2H,0,
0.5g.-NaCl, 10g.-EDTA, 6.2g.-KOH, 0.996g-FeSO,.7H,0, 2.28g.-
H,BO,,1.7g.-ZnS0O,, 0.142g-MoO,, 0.098g.-Co(NO,),.6H,0, 0.288¢g.-
MnCl,, and 0.314g.-CuSO,.5H,0 [13,14]. To maintain the purity of
the microalgae cultures, repeated streaking on an agar plate was done
routinely. Isolated algal samples were cultured for 18 days at 22(+2)°C
within 24 h using fluorescent lights. During the exponential growth phase,
microalgal cultures were taken and homogenized by centrifugation at a
speed of 13,000 rpm for 15 min. The pellet part of the algal samples was
stored at —20°C (in 15% v/v glycerol) for further experiment.

2.3. Preparation of Comparative Standard Curve between
Algal Dry Biomass and Optical Density (OD) of Algal Culture

Algal isolates were grown in a 250 mL conical flask containing
100 mL BBM broth under batch cultivation to prepare the standard
curve of OD versus biomass. Inoculum volume (5 mL) of each isolate
was inoculated into each labeled flask separately. Daily 12/12(L/D)
photoperiod batch culture was conducted, with temperature maintained
at 22(£2)°C on a shaker at 120 rpm. After that, a standard curve of OD
versus dry weight was created when culture OD_,, was more than 1
at a given point in the development cycle of algae. In the experiment,
before taking the algal isolates, each empty 2 mL Eppendorf was
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Figure 1: Sampling sites of the river Kangsabati.
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measured and noted down. Each isolate was divided into two sets
of 2 mL Eppendorf tubes and centrifuged at 12,000 rpm for 10 min.
The volumes used for each isolate were 400, 800, 1200, and 1600 uL.
The pelleted Eppendorf was then maintained in a dryer at 40°C for
drying after the supernatant was removed. After drying the pellet,
each Eppendorf was measured again to get the weight of the biomass.
The Eppendorf was then vortexed to dilute the dry algal biomass with
1 mL of distilled water, resulting in a final volume of 2 mL. Then,
the measurement of the absorbance of the isolates was done with
a spectrophotometer at 750 nm wavelength [15]. These standard
straight-line equations help to measure the amount of biomass from
spectrophotometric value [Supplementary Figure 1].

2.4. Growth Curve Study of Algal Isolates

Daily 12/12(L/D) photoperiods were used to study the batch
cultivation, and the temperature was kept at 22(+2)°C on a shaker for
18 days at 120 rpm. Measurements of concentrations of algal isolates
were determined at 3 days intervals by UV-Vis spectrophotometer
(using UV-Vis spectrophotometer from Shimadzu, Model No: UV-
1800) at 750 nm. After that, we determined the amount in (mg/mL) of
algal growth using OD versus biomass standard equation [15].

3. PROTEIN QUANTIFICATION OF ALGAL ISOLATES

3.1. Protein Extraction from Algal Isolates

We followed the protocol of Slocombe et al. [16] for the extraction of
protein from algal isolates. 1 mL of the batch culture’s algal sample was
obtained on the day “0”, maintained in each labeled Eppendorf tube, and
centrifuged at 12,000 rpm for 10 min. The pellet containing the Eppendorf
was then stored in an incubator for 30 min for freeze-drying after the
supernatant had been removed. After that, 0.2 mL 24% (w/v) TCA
(Trichloroacetic acid) was added to each lyophilized microalgal isolates
biomass containing Eppendorf, and it was vortex to dissolve the biomass
completely. Now, it was incubated at 95°C for 15 min. It was cooled to
room temperature after incubation. It was then centrifuged with 0.6 mL of
distilled water for 20 min at 4°C at 15,000 rpm. The pelleted portion was
re-suspended in 0.5 mL of 0.1 N NaOH and maintained at 55°C for 3 h
after discarding the supernatant portion. Then, centrifugation for 20 min
at 15,000 rpm was followed at room temperature [16]. The Bradford test
for protein estimation was performed on the retained supernatants.

3.2. Protein Estimation

For protein estimation, 250 uL supernatant was kept in an Eppendorf.
Then, 750 uL PBS buffer (p"-7.4) and 1000 puL Bradford reagents
were mixed into that supernatant. The buffer solution used in our study,
phosphate-buffered saline (PBS), had a pH of 7.4. It was a salt solution
based on water that contains potassium dihydrogen phosphate, sodium
chloride, potassium chloride, and disodium hydrogen phosphate. The
buffer had aided in keeping the pH steady. PBS, a non-toxic solution, was
commonly used in biological laboratories. PBS had improved protein
stability and, in contrast to water, prevents osmosis from rupturing or
shriveling up cells. In addition, it had preserved the protein’s integrity.
Otherwise, it was unfolded, denatured, damaged, or entangled with
DNA and lipids, which were irrelevant cell components. Bovine serum
albumin (BSA) was used to prepare the standard protein curve. A known
concentration of BSA was standardized using the Bradford method [17],
and a standard protein curve [Supplementary Figure 2a] was prepared at
the earliest. To prepare the Bradford reagent, at first, 100 mg of Coomassie
Brilliant Blue G-250 was dissolved in 50 mL of 95% ethanol. 100 cc of
phosphoric acid at 85% (w/v) was added to this solution. A final volume

of 1 L was achieved by diluting the obtained solution. Coomassie Brilliant
Blue G-250, 4.7% (w/v) ethanol, and 8.5% (w/v) phosphoric acid were
the final proportions in the reagent [17]. Afterward, the unknown protein
concentration was compared to the known concentration of the protein
standard curve in pg/mg unit. OD value was taken at 595 nm wavelength
of light absorbance using a spectrophotometer. This procedure was
followed for 0, 3%, 6™, 9" 12, 15" and 18" days of algal culture.

4. EXTRACTION AND ESTIMATION OF TOTAL
CHLOROPHYLL (A AND B) PIGMENTS

Total chlorophyll measurement had played important role during algae
based SCP production as predominant indicator of photosynthesis
and biomass generation under broad spectrum of light source and
intensity. Moreover, total chlorophyll content in algal SCP had also
been enumerated in this present study because it had always considered
as essential precursor for biogenesis of diverse ranges of vitamins,
antioxidants, and nutraceutical constituents [ 18,19]. In this present study,
on day 12", 1 mL of the algal isolate from the batch cultivation was
placed into each separated, labeled Eppendorf tubes, and centrifuged for
10 min at 12,000 rpm. The supernatant had been discarded. The pelleted
part was kept in a dryer at 50°C for drying. Then, 1 mL 90% (v/v)
acetone was poured into it as a solvent, and it was sonicated repeatedly
until or unless the residue became colorless [18]. After two consecutive
sonications, an ice bath treatment was given. Finally, it was centrifuged
again at 8000 rpm for 8 min. To measure the absorbance of these samples
with a spectrophotometer at 645 nm and 663 nm, wavelength (against
the solvent blank), 1 mL of isolate extract, and 1 mL of distilled water
were poured into a 2 mL cuvette [20]. A calibration curve was prepared
to relate the absorbance with the day. This procedure was followed for
the 12" day of the algal growth culture. 2 mL of solvent (Acetone) was
filled in a 2 mL cuvette and used as a blank. Using equation 1, the total
chlorophyll “a” and “b” was calculated at [21,22].

Total chlorophyll (a+b) (mg/mg)=

(20.21 [A645] + 8.02 [A663]) x Volume of extraction (mL)
Weight of the sample(mg)

5. QUANTIFICATION OF TOTAL NUCLEIC ACID
(DNA AND RNA)

5.1. DNA Extraction

The DNA extraction protocol had been provided by the DNAzol
(Thermo Fisher Scientific) manufacturers and was used to quantify
the cellular DNA, a patent-pending DNA isolation reagent containing
guanidine thiocyanate and a detergent mixture. It is a purely non-
toxic and ready-to-use reagent for the isolation of genomic DNA from
microalgal biomass [23]. On the 12" day, 1 mL of the algal isolate
was taken into each separately labeled Eppendorf from the batch
culture and centrifuged at 12,000 rpm for 10 min. After that, the
supernatant was discarded. The pellet containing Eppendorf was kept
in an incubator for 30 min. After drying the pellet, 1 mL of DNAzol
reagent was added to the dry pellet and sonicated 5 times; between two
consecutive sonications, Eppendorf was kept in an ice bath.

5.2. DNA Estimation

For the estimation of DNA, we followed the procedure of the
diphenylamine (DPA) method [24]. A spectrophotometer (UV-Vis
spectrophotometer from Shimadzu, Model No: UV-1800) was used to
measure the standard samples’ OD at 595 nm. The only minor change
in our experiment was that for a reaction volume of 2 mL, the reaction
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time was 10 min in a boiling water (100°C) bath rather than 1 h at
60°C for a reaction volume of 1.5 mL. We obtained the most accurate
findings when DNA was combined with impurities. Finally, from the
sonicated isolates, 250 uL was kept in another Eppendorf, along with
750 pL of Tris-buffer and 1000 puL of diphenylamine reagent were
mixed into it to make the final volume of 2 mL. After that, it was kept
in a boiling water bath for 10 min. As a result, a color change was
observed, and finally, O.D was taken at 595 nm against an Eppendorf
containing 250 uL. DNAzol, 750 uL Tris buffer, and 1000 uL DPA used
as a blank. A calibration curve was prepared to relate the absorbance
with the day. This procedure was followed for the 12" day of the algal
growth culture. All these data were compared with a standard curve
of DNA to calculate the concentration of DNA in ug/mg unit. The
known concentration of DNA was standardized using the DPA method
[Supplementary Figure 2b]. From here, the unknown concentration of
DNA was compared to know the DNA concentration in ug/mg unit.

5.3. RNA Extraction

From the batch cultivation of algae, on the day 12", 1 mL of algal
isolates was taken into each separately labeled Eppendorf tubes and
centrifuged for 10 min at 12,000 rpm. After that, the supernatant
was discarded, and the pellet containing Eppendorf was kept in an
incubator for 30 min. The extraction protocol had been provided by
Trizol (Thermo Fisher Scientific) a manufacturer used to quantify
the cellular RNA. It is based on the phenol-chloroform extraction
procedure [25]. After adding 1 mL of Trizol reagent to the dried pellet,
it was sonicated 5 times. Eppendorf tube was placed in a cold bath in
between each sonication.

5.4. RNA Estimation

For the estimation of RNA, we followed the procedure of the standard
orcinol reagent method [26]. The only minor change in our experiment
was that we used citrate buffer (pH-6), which inhibited base hydrolysis
during the period of RNA estimation, and there actual volume was
2 mL; the reaction time was 30 min in a boiling water (100°C) bath.
We obtained the most accurate findings when RNA was combined
with impurities. The OD at 665 nm of the standard samples was then
determined using a spectrophotometer (UV-Vis spectrophotometer
from Shimadzu, Model No: UV-1800). After sonication, 250 uL of
the sonicated algal isolates was kept in another Eppendorf. Then,
750 uL of citrate buffer and 1000 uL of orcinol reagent were mixed
within it, and the final volume was 2 mL. After that, it was kept in a
boiling water bath for 30 min. There was a color change, and finally,
the OD value was taken at 665 nm wavelength of light absorbance
against an Eppendorf tube containing 250 uL Trizol, 750 uL citrate
buffer, and 1000 uL orcinol reagent, used as a blank. A calibration
curve was prepared to relate the absorbance with the day. This
procedure was followed for the 12" day of the algal growth culture.
All these data were compared with the standard curve of RNA to
calculate the concentration of RNA on the same amount of biomass.
A known concentration of RNA was standardized using the Orcinol
method, and a standard RNA curve was prepared at the earliest
[Supplementary Figure 2c]. From here, the unknown concentration of
RNA was compared to the known concentration of RNA in ug/mg unit
dry algal biomass.

6. PATHOGENICITY TEST

The separated algal isolates were centrifuged at 10,000 rpm for 5 min.
Following removing the supernatant, the PBS buffer was added to the
algal pellet. Then isolated algal cultures were sonicated for 5 min to

break them down. After that, this undeveloped culture was inoculated
into sheep blood agar. As a positive check, a 50X blood cell lysis
buffer was employed [27,28].

7. MORPHOLOGICAL ANALYSIS

Morphological analysisis importantto identify microalgae. Ithasbecome
a useful tool to identify the algae considering their high-resolution
photomicrographs [29]. The compound bright field microscope was
used to study the morphological characteristics of the algal isolates.
From the pure culture, one drop of each algal isolate was spread over
three different clean grease-free slides. Algal isolates were found
after drying with low and high magnification. For light microscopic
analysis %400, x1000 magnification in Magnus MLXiPlus, Magcam
DC3 was used. All isolates had prominent green chlorophyll, meaning
all collected algal isolates belonged to the class Chlorophyceae [30].
The binomial name of the microalgae was not mentioned here because
only morphological description is insufficient to identify an alga
taxonomically. For example, the Chlorella-clade is distinguished by
its members’ great cryptic variety; yet, none of the morphological
traits individually assessed was adequate to conclusively establish
the taxonomic position of the clade’s members. Some morphological
characteristics were varied, frequently altered by technical
manipulations during sample preparation for the monitoring of water
bodies, or they were lost altogether. Eight groups in the Chlorella-clade
were described using a combination of morphological, biochemical,
ultra structural, molecular genetics, physiological, and ecological
data (a polyphasic approach). Assumptions were made regarding the
division of the genera and species within these groups [31]. Hence, we
did not mention the binomial name of the isolated alga and it was sent
for DNA sequencing for taxonomic identification.

8. RESULTS AND DISCUSSION

All those limitations related to our research design mentioned at the
earliest had been overcome by our trial and error methods. Initially, we
had selected springtime for sampling, but we failed to grow the algal
isolates. That is why we had chosen the winter season and we got success.
Another one was the selection of cultured medium. We had given priority
to both the BBM broth and BG-11 broth. In BBM broth, we found the
growth of algal isolates but in BG-11, no growth was observed. Finally,
we selected the BBM broth. In the experiment, we got essential entities of
microalgae isolates from the Kangsaboti river water in BBM agar media.
Moreover, DK1, DK2, DK3, DK4, and DKS5 algal isolates’ growth phases
were studied in BBM broth medium to compare the growth rate under the
same condition (room temperature, i.e., 22(+2)°C).

8.1. Growth Curve Determination

A growth curve analysis can determine the maximum growth
time (days) for comparative tests and the amount of commercial
development required for the highest possible biomass production. The
calculation of biomass concentrations using OD at 750 nm as opposed
to 680 nm was more accurate. Depending on the physiological stage
of the organisms, photosynthetic pigments vary widely. A wavelength
cutoff of 750 nm is used in microalgae cultures to prevent interferences
with absorption caused by these pigments [15]. Inoculum development
was carried out on BBM media. Algal isolates showed very fast and
maximum growth on the 6%"-12%" days in the log period. All algal
isolates attained the exponential phase on 12 days in BBM medium
[Figure 2a]. Like cell division, it may be considered that the day
0-6 days is a preparatory phase where necessary cell organelles are
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synthesized for further multiplication onward. The maximum growth
of algae isolates in BBM media showed on the 12" day. On day 12, the
maximum concentrated algal culture showed in DK1 (5.67 mg/mL),
DK4 (5.84 mg/mL), and DK5 (4.24 mg/mL), but, in DK2 and DK3, it
was 3.65 and 2.72 mg/mL, respectively, and it was lower than DK1,
DK4, and DKS5 [Figure 2b].

8.2. Protein Quantification

In BBM media, algal isolates showed maximum growth in the log
period on the 6"-12% day. Spontaneously, five algal isolates attained
the maximum protein concentration on 12 days in BBM medium
[Figure 3]. Out of five algal isolates, DK1, DK4, and DKS5 algal
isolates were the best isolates in terms of protein yield on 12%-
day biomass estimation. It was 2.057 mg/mL, 1.955 mg/mL, and
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1.761 mg/mL of dry biomass, respectively, and low protein yield
in DK2 and DK3 isolates and it wasl.26 mg/mL and 0.936 mg/
mL of dry biomass, respectively [Figure 4a]. If we expressed the
protein content in pug/mg, the amount of protein content would be
362.52, 343.41, 345.11, 334.98, and 415.08 pg/mg of dry biomass
of the five algal isolates, namely, DK1, DK2, DK3, DK4, and DKS,
respectively, on the day 12 [Figure 4b]. This data (ug/mg) concludes
that DK2 and DK4 had lower protein content in their dry biomass.
DK2 isolates were not considered for further study after the slow
growth rate. Only DK 1, DK4, and DK5 were considered for further
comparative analysis. Moreover, experimental results show that
DK algal isolate (per dry biomass) contains 36(+2) % total protein
content which is promising and comparable with existing algal
regimes [Table 1]. However, DK1 algal isolate might accumulate
an even higher quantity of total protein content per unit biomass if
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Table 1: A comparative summarization of bimolecular contents in DK 1 with other algae and mushroom (where ND refers to not-determined)

Organisms Protein percentage Nucleic acid percentage (dry weight basis) Total nucleic acid percentage References
(dry weight basis) DNA RNA (dry weight basis)
Mushroom
Agaricus bisporus 39.84 (+£0.66) 0.17 (£0.01) 2.49 (+£0.08) 2.66 [37,38]
Volvariella volvacea 41.00(£3.79) 0.29 (+0.01) 3.59 (£0.20) 3.88 [37,40]
Pleurotus sajor-caju 39.25 (£3.89) 0.68 (£ 0.11) 4.39 (+0.46) 5.07 [40]
Algae
Arthrospira platensis 62.21 1.34 4.13 5.47 [36]
Chlorella pyrenoidosa 65.2 ND ND ND [41]
Aphanizomenon flosaquae 62.4 ND ND ND [42]
DKI algal isolate 36 (£2) 0.129 (+0.08) 0.392 (+0.19) 0.52 (+0.13) Present study
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Figure 4: (a) Comparative study of protein concentration (mg/mL) in 12 days of algal isolates; (b) comparative study of protein concentration (ug/mg) in 12 days

of algal isolates; and (c) in protein estimation color change (yellow to blue).

multi-process parameter optimization, stress responsive studies, and
metabolic engineering can be done in the near future as a follow-up
study toward large-scale production [32,33].

8.3. Chlorophyll Quantification

Further studies were done for the selection of the best isolates out of
three algal isolates namely DK 1, DK4, and DKS in terms of growth
rate, protein, and chlorophyll content. The total chlorophyll estimation
result showed the total amount of chlorophyll in DK1 isolate was
134.45 pg/mg on the day 12". On the same day, in DK4 and DK35, it
was 103.26 and 114.53 pg/mg, respectively. The comparative study
showed that the highest chlorophyll concentration was observed in the
DK1 algal isolate [Figure 5]. Thus, higher level of total chlorophyll
content had shown a clear indication that DK1 could be very effective
algae based SCP having higher antioxidant activity, vitamin content,
and higher nutraceutical properties [18,19,22].

8.4. Total Nucleic Acid Quantification
On the day 12%, the total amount of DNA was quantified, and it was
1.29, 1.3, and 1.77 pg/mg of dry biomass of DK1, DK4, and DK5

algal isolates, respectively. However, the total amount of RNA
of DK1, DK4, and DKS5 isolates were 3.92, 3.26, and 5.54 ug/mg,
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Figure 5: Comparative study of concentration (ug/mg) of chlorophyll and
nucleic acid in best three isolates.

respectively. DK1 and DK4algal isolates had less amount of nucleic
acids (DNA+RNA), and it was 5.21 and 4.56 ug/mg of dry biomass
on the day 12" of culture. However, in the DKS5 isolate, the residual
amount of nucleic acid was 7.31 pg/mg on the same day of biomass
estimation which was higher than both DK1 and DK4 algal isolates
[Figure 5]. On the contrary, DK1 isolates also had a high amount
of protein, and chlorophyll and the residual amount of nucleic acid
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were low. In comparative Table 1, it had clearly been shown that DK 1
algal isolate bears comparatively lower total nucleic acid percentage
per unit dry algal biomass weight, that is, 0.52(+0.13)%. It was also a
good sign as a food supplement with minimal side effects on human
health [34].

8.5. Pathogenicity Determination for Potent Algal Isolate DK1

DK1 algal isolates’ crude culture did not show any zone in the agar
plate. However, 50X buffer showed a clear zone on the sheep blood
agar plate. This result showed that the DK1 algal isolates had no
pathogenic activity compared to the blood cell lysis buffer [Figure 6].
This positive control lysis buffer broke down the red blood cell
by disrupting the cell membrane. The non-pathogenic gesture of
DK1 isolate could establish it as an enormously acceptable cheaper
SCP supplement for under-nourished communities and large-scale
production in food industries [22].

Figure 6: Hemolysin assay in sheep blood agar medium of
best sample (DK1).
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Figure 7: Microphotographs of all the microalgae involved in this study.
(a and b) Mohanpur (DK 1) x400, x1000; (¢ and d) Temohoni (DK2) x400,
x1000; (e and f) Daspur (DK3) %400, x1000; (g and h) Binpur (DK4) %400,
x1000; (i and j) Dherua (DKS5) %400, x1000 magnification.

8.6. Morphological Analysis of DK1Algal Isolate

Microphotographs of all the microalgae involved in this study are
given in Figure 7. Figure 7a and b indicated Mohanpur (DK1) 400X,
1000X; Figure 7c and d indicated Temohoni (DK2) 400X, 1000X;
Figure 7¢ and findicated Daspur (DK3) 400X, 1000X; Figure 7g and h
indicated Binpur (DK4) 400X, 1000X; and Figure 7i and j indicated
Dherua (DKS5) 400X, 1000X magnification of algal isolates. Only
novel algal isolates (DK1) were observed in the laboratory with the
help of a bright field microscope. Under the microscope, the following
characteristics were observed: Isolates were unicellular with a thin
cell wall, non-motile, that is, lack of flagella, spherical or ellipsoidal
shape, cells were solitary and few cells formed clumps, chloroplast
cup-shaped and were prominent but parietal in position and there was
a vacuole inside the cell [35].

8.7. Comparative Overview on Biochemical profiles of DK1
Algal Isolate as Single-Cell Protein

A comparative overview had been inferred considering the algal
biomass content, total protein, nucleic acids, and chlorophyll profiles
of DKI1 algal isolate as single-cell protein based food supplement.
A comparative out rich had also been set forward to justify the industrial
feasibility of newly isolated DK1 algal isolate with existing single-
cell protein supplements, that is, mushrooms, existing algal single-
cell protein candidates. The biomolecular profile had been showing
that during the 18" day’s growth phase study of DKI isolate, the
residual amount of protein, chlorophyll, and nucleic acid (DNA, RNA)
concentration (ug/mg) were first increased and after the 12" day, it
was spontaneously decreased [Figure 8]. While the protein content of
the well-known protein-rich algae A. platensis, Chlorella pyrenoidosa,
and Aphanizomenon flosaquae is higher (62—65%), but in DK1 algal
biomass, it is only 36%. However, the nucleic acid concentration of
DK1 algal biomass, which is 0.52% of dry biomass, was lower than
that of existing SCP algae regimes, that is, A. platensis. Once more, the
protein levels of the DK1 algal isolate were shown to have higher and
somewhat comparable [Table 1] to that of other mushrooms such as
Agaricus bisporus (39%), Pleurotus sajor-caju (39%), and Volvariella
volvacea (41.0%) [36-42]. This comparative overview on DK1 had
been emphazing that DK1 algal isolate could have been considered
as potent protein-rich food supplement, high nutritional value added
biofactories [43]. Moreover, higher level of protein content with lower
quantity of nucleic acids in DK1 algal isolate would be representing it
as effective value added biomolecular platform toward food security
and industrial sustainability [44,45]. Amelioration on SCP production
using algal isolate DK1 could enforce DK1 algal isolate as future
“Algal meat” or “Microbial meat” which can compete with animal
and plant derived protein resources toward human consumption. Algal
isolate DK 1-based “Algal meat” may not only reduce the possibility of
higher need for arable land usage but also minimize the potable water
consumption in near future [46].

9. CONCLUSION

The present study had clearly concluded that DK1 algal isolate seems
most potent single-cell protein candidature out of all other algal isolates
having higher protein, higher chlorophyll content with least quantity of
total nucleic acids. According to these findings, the dry biomass of the
organisms had a protein content of 36%, chlorophyll content of 13%,
and nucleic acid content of 0.52% on the 12" day of the algal growth
cycle. Hemolysin assay had clearly shown that DK1 algal isolate was
non-pathogenic in nature and did not show any cellular toxicity. It
was a good sign for human consumption considering usage of DK1
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Figure 8: Biomolecular analysis on DK1 isolate (concentration [ug/mg] profile in dry biomass) (a) DK1 protein concentration profile; (b) DK1 chlorophyll

concentration profile; (¢) DK1 DNA concentration profile; and (d) DK1 RNA concentration profile.

algal isolate. As future way forward, DK1 algal isolate had been
needed for molecular identification and physicochemical parameter
optimization in comparison to existing SCP-based algal assemblages
for ameliorating total protein content, and biomass productivity toward
commercialization it as algae-based single-cell protein supplement in
near future.
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Supplementary Figure 1: Calibration curve of collected algal isolates in (mg/mL) on dry biomass.
Protein standard curve y=7.7386x DNA standard curve
R*=0.9721 < y=0.0142x
03 0.5 )
e R:=0.9491
0.25 04
. e 203
& 015 =}
= S 02 .
0.1 s
0.05 L 0.1 °
0 o 0 s
E 0 0.01 0.02 0.03 0.04 0 10 20 30 40
Protein concentration(mg/ml) m DNA concentration(ug/ml)
RNA standard curve ¥=0.0021x
0.07 R*=0.9839
0.06 (]
§ 0.05
2 0.04
~ 0.03
0.02
0.01
0
0 10 20 30 40
RNA concentration(ug/ml)

Supplementary Figure 2: (a) Protein standard curve; (b) DNA standard curve; and (c) RNA standard curve.
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