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ABSTRACT

Microalgae are recognized as hopeful sustainable feedstocks for biodiesel production due to their fast
growth rate, high photosynthetic efficiency, and ability to accumulate considerable lipid content. The
present study focuses on the isolation, purification, and molecular identification of freshwater
microalgae from Shiv Kund Dhosi Hill, Mahendergarh, Haryana, India, and the evaluation of their
biodiesel production potential. From the water source one algae was isolated and named as MKIO01, it
was successfully established in sterile culture. Biodiesel extraction using a solvent-based method
revealed that MKIO1 yielded a higher lipid-derived biodiesel output, producing approximately

10.0£ 0.1 mL from 20 g of dried biomass. Molecular identification using 18S rRNA gene sequencing
confirmed MKIO1 was Chlorella sp. showing 100% similarity with reference sequences in the NCBI
database. Phylogenetic analysis further supported the taxonomic placement. The results focous on
Chlorella sp. from the Dhosi Hill region as a promising candidate for biodiesel production.
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1. INTRODUCTION

Microalgae involve wide range of unicellular, microscopic, photosynthetic organisms, including
eukaryotic algae and cyanobacteria which inhabit approximately every ecological niches. They are
fast growing organisms that convert carbon dioxide and nutrients into biomass and reproduce more
rapidly compared to terrestrial plants (Marousak et al., 2023). Their growth rate and photosynthetic

activity are affected by environmental characteristics, namely temperature, light, pH, nutrient and
aeration. Generally, most cultured algae bloom at pH 7-9, light wavelength 400 to 700nm (Kombe
et al., 2023) and temperature 25-450°C, though growth conditions may vary among species. More
than 50,000 species are discovered and up to 30,000 are studied (Osnai et al.,2017). Cultivation of
microalgae for the production of metabolites, such as carotenoids, chlorophyll, long-chain
polyunsaturated fatty acids, antioxidants, phycobiliproteins and enzymes, has received researchers’

interest (Hasnain et al., 2023). Similarly, they are utilized as food for humans, animal feed, bio-
fertilizer and cosmetics among others. The primary step towards the successful investigation of
microalgae is optimal methods for sampling environments and the isolation, purification and
maintenance of strains (Shivanandi et al., 2022). One of the challenges in culturing microalgae is
the high susceptibility of cultures to contamination by algal species, bacteria, viruses and fungi,

which may interfere with cell structure, biomass yield and the erroneous identification of
monocultures for molecular genetic analysis (Surya et al., 2024).

Over the past few decades, unicellular microalgae have been extensively advocated as a sustainable
and green bioenergy resource and could serve as an alternative to traditional fuels (petroleum oil,
coal, and natural gas) (woljko et al., 2023). Microalgae offer numerous benefits for biodiesel
production compared to land-based crops and plant materials, including greater photosynthetic
efficiency, quicker nutrient absorption rates, shorter life cycles, elevated lipid content, increased
biomass productivity, and adaptable cultivation environments (zare et al., 2022). The industrial-
scale cultivation of microalgae demands a significant quantity of nutrients and freshwater (Zayadan
et al., 2023). Water is an essential resource that should be utilized wisely, and employing non-
potable water for the cultivation of microalgae can reduce the consumption of freshwater. In fact,
the majority of the freshwater used is released as wastewater, which is nutrient-dense and presents a
significant threat of eutrophication (Kumar et al., 2020).

Despite having greater levels of neutral lipids, fatty acids, polar lipids and growing quickly in their
natural environment, microalgae are still largely unexploited for manufacture of biodiesel. Isolation
and characterization of microalgal strains having enhanced oil-producing potential therefore
continue to be key areas of research. In the present study, naturally isolated microalgal species were
analised, and the 18S rRNA gene of isolates has been sequenced to ensure their taxonomic identities.

2.MATERIALS AND METHODS

2.1 Analysis of Dhosi hill water

Biological oxygen demand (BOD), Ammonical nitrogen (NH3-N), total nitrogen (TN), chemical
oxygen demand (COD), total phosphate (TP) of water sample have been evaluated through
following standard processes, ISO 5815-1, ISO 6060, ISO 6878, ISO 13878, ISO 23695
respectively. The pH of water sample has been estimated utilizing the instrument, pH meter
(Alasady et al., 2021).

2.2 Sample collection, purification and isolation
From Shiv kund, Dhosi Hill, one microalgal sample has been collected and named as MKIOI1
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(latitude 28.052758° N, longitude 76.028563° E) located in Haryana, India.

Fig 1. Shiv kund, Dhosi hill, Mahendergarh, Haryana, India.

For eliminating contaminants and potential microalgal predators such as protozoa and rotifers, the
samples were immediately filtered through sieves having mesh sizes of 60 along with 120um
(Nutiyal et al.,, 2014). Meanwhile microalgal samples attained from natural environments are
typically contaminated with various microorganisms, collected samples have been purified three
times at 5000 rpm for 5 minutes by centrifugation. Biomass pellets have been produced and then
reconstituted in growth media that contained mixture of 0.22um filter-sterilized antibiotic solutions
that contained 500mg/mL cefotaxime, 200mg/mL kanamycin, 50 mg/mL nystatin. The use of a
combination of broad-spectrum antibiotics was essential, as different bacterial species may exhibit
varying sensitivities to individual antibiotics (Kumar et al.,2019).

2.3 Genomic DNA extraction

From algal tissue, genomic DNA has been extracted utilizing HiPurA™ Fungal DNA Purification
Kit (Cat. No. MB543, HiMedia Laboratories, India) following manufacturer’s instructions. Briefly,
around 100 to 150mg of algal tissue has been ground as well as mixed with 400 ul of Lysis Buffer
(PL), afterward incubation at 65°C for 10 minutes with intermittent mixing (Adhoni et al.,2016).
Following incubation, mixture has been incubated on ice for 5 minutes prior to 130ul of
Precipitation Buffer (PS) was added. After being moved to a HiShredder column, lysate has been
centrifuged for 120 seconds at 13,000 rpm (Pandey et al.,2019).

Flow-through has been collected and mixed with 1.5 volumes of diluted Binding Buffer (BB). The
mixture has been loaded onto a HiElute Miniprep Spin Column in two successive steps, each
followed by centrifugation at 6000 x g (=8000 rpm) for 60 seconds. Later column has been washed
twice with 500ul of diluted Wash Buffer (WSP), first at 6000 x g (=8000rpm) and then at 13,000
rpm. Column has been centrifuged at 13,000 rpm for extra 2 minutes to eliminate any residual wash
buffer (Jagadevan et al.,2019). Finally, genomic DNA has been eluted through integrating 50ul of
Elution Buffer (ET) to column then centrifugation. Purified DNA was quantified as well as kept at —
20°C for downstream utilizations (Banerjee et al., 2021).

2.4 PCR amplification and purification

The 18S rRNA gene has been amplified utilizing 2 oligonucleotide primers: 194F (5'-
CCATGCATGTCTAAGTNTAA- 3') and 195R (5'-CAATTGTTCCTCGTTAAG-3'). Purified
genomic DNA served as the template for PCR amplification of a fragment approximately 700 bp in
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length (Sabu et al.,2017).

20ul reaction mixture including 1ul of DNA template, 10xPCR buffer, 0.2mM of every dNTP,
0.5uM of every primer, 2 U/ml of Taq DNA polymerase has been used for every PCR reaction
(TaKaRa Taq™, Cat. No. R0O01C). 32 cycles of denaturation at 95°C for half a minute, annealing at
45°C for 40sec, extension at 72°C for 40sec, followed by final extension at 72°C for Smin,
comprised amplification process (Hawary et al.,2024). PCR products have undergone
electrophoresis on 1.5% agarose gel in Tris-acetate-EDTA (TAE) buffer, stained utilizing 0.5pg/ml
of ethidium bromide and examined under UV illumination (Jagadevan et al., 2021). Positive
amplicons were excised and purified utilizing the FavorPrep™ GEL/PCR Purification Kit (Cat. No.
FAGCKO001, Favorgen Biotech Corp., Taiwan) as per protocol of manufacturer (Abou et al.,2024).

2.5Sequencing and phylogeneticanalysis

The purified PCR product was sequenced using the Sanger method on an ABI 3500XL Genetic
Analyzer. The obtained 18S rRNA sequences were visually inspected and manually edited in
BioEdit (version 7.2.5) to remove non-overlapping regions at the 5’ and 3’ ends. Molecular
identification of the microalgal isolates has been carried out by applying BLAST (Basic Local
Alignment Search Tool) method to compare modified sequences with pre-existing sequences in
National Center for Biotechnology Information (NCBI) database. Resulting sequence has been
submitted to NCBI GenBank database under accession number MN365023.1 (Khan et al.,2017).

2.6 Biodiesel production

Biodiesel was produced using the solvent extraction method. The dried microalgal biomass was
ground into a fine powder using a laboratory grinder to increase surface area. The powdered algal
biomass was then mixed with a solvent mixture of n-hexane and methanol to extract lipids
(Neofotis et al.,2016). The mixture was thoroughly agitated to ensure efficient extraction and then
allowed to settle for phase separation. After settling, two distinct layers were observed the upper
organic layer containing biodiesel and the lower layer containing residual biomass and solvent
impurities. The upper layer of biodiesel was carefully separated and collected (Sirohi etal.,2023).

3.RESULTS AND DISCUSSION

3.1 Physiochemical characterizations of Dhosi Hillwater

The physicochemical characteristics of water sample collected from Shiv kund, Dhosi Hill,
Mahendergarh, Haryana, India are presented in table 1. The pH was found to be slightly alkaline
7.07 and 7.14. The COD of water was 118.08 mg/ml and 98.4mg/ml. The BOD OF water was 20.4
mg/ml and 17.8 mg/ml. The concentration of total phosphate in water was found to be 0.71 mg/ml
and 0.69 mg/ml. The concentration of total nitrogen in water was found to be 9.8 mg/ml and 8.4

mg/ml. The ammonical nitrogen concentration of water was 3.9 mg/ml and 4.2 mg/ml.
Table 1. Physiochemical characteristics of Dhosi Hill water

Sr no. Parameters Sample 1 (mg/1) Sample 2 (mg/1)
1 pH 7.07 7.14

2 COD 118.08 98.4

3 BOD 20.4 17.8

4 Phosphate as P 0.71 0.69

5 Total nitrogen 9.8 8.4

6 Ammonical nitrogen 3.9 4.2
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3.2 Isolation and biodiesel production

One algal culture MKIO1 was successfully isolated from a Shiv kund, Dhosi Hill, Mahendergarh
Haryana, India. MKIO1 was tested for biodiesel production and it was observed that MKIO1
produce high amount of biodiesel. Approximately 10.0 = 0.1 mL of biodiesel was obtained from 20
g of dried MKIO1 algal biomass using the solvent extraction method. So MKIO1 was selected for
further study. 3.318s rRNA coding region amplification, sequencing and identification

18S rRNA gene fragment (~100bp) was identified by clear single band on agarose gel
electrophoresis, which was result of effective PCR amplification of genomic DNA from algal
isolates using reverse primers along with universal forward (Rukhmana et al.,2021). 18S rRNA gene,
which encodes small subunit of eukaryotic ribosomes, contains both conserved and variable regions
(V1-V9, excluding the V6 region). The conserved regions are widely used to determine
phylogenetic relationships among species (Ahmad et al.,2021). Sequence analysis revealed that the
MKIO1 strain shared 100% sequence similarity with Chlorella spp, confirming its close
phylogenetic relationship to this species. The obtained 18S rRNA sequences were deposited in
NCBI GenBank database, corresponding accession numbers, sequence lengths, and closest
homologous species are listed in Table 2. The identification of the isolate was further validated by
phylogenetic analysis of the 18S rRNA sequences, which supported its clustering with Chlorella spp.
A phylogenetic tree was constructed using the bootstrap method.

Table 2. Comparing the amplicon produced by sequencing 18s rRNA genomic area in the NCBI
database allows for the molecular identification of isolated microalgae. Information on freshwater
isolated algae sequences, including accession numbers, amplicon length in base pairs, similarities
among amplified sequences.

Microalgal strain|Accession Length (nt) Precent similarity
identified number
Chlorella sp. AB970452 570BP 100%

H2

DNA Mass Base Pairs
(ng /5 pl)

1 % TAE agarose gel

Figure a: Isolated genomic DNA Figure b: Quality check of PCR subjected to 1% agarose
gel. Product Subjected to 1.5% Agarose gel electrophoresis. M is 1000 bp marker.
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) AB978452.1_1-578 (8.1265634)

O U23936.1_4-571 (8.8411849)

0.0301886[100]

O HM1E1758.1_1-564 (8.8661737)

0,0302011[20]

{0 GRE95326.1_4-565 (@.08485719)

0.0116013[100]

() GQUI53IET. 1_4-565 (8.8B347819)

Figure 2. Blast result of chlorella sp. showing the phylogeny of the organism with other algal species.

4.CONCLUSION

The present study successfully isolated and molecularly identified one freshwater microalgal strain
from the Shiv kund Dhosi Hill in Mahendergarh, Haryana, India. Using 18S rRNA gene sequencing,
the isolate was genetically characterized and identified as Chlorella sp. Physicochemical analysis of
the pond water indicated favourable conditions for algal growth, with slightly alkaline pH and
moderate nutrient concentrations.The identification of Chlorella species from a natural freshwater
habitat highlights the biodiversity of microalgae in the Dhosi Hill region and their potential for
various biotechnological applications such as biofuel production, bioremediation, and nutrient
recycling. Future research should focus on optimizing growth conditions and exploring the
biochemical composition of these isolates to assess their suitability for commercial and
environmental use.
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