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ABSTRACT

Auxenochlorella pyrenoidosa

Biodiesel is an alternative to diesel fuel, which is produced from bio oils via transesterification. It is

Heterotrophic

nontoxic, biodegradable and has the potential to replace the conventional diesel fuel. Microalgae can
produce fatty acids called unsaturated lipids, which can be extracted and processed to form biofuel. The

Lipid
Biodiesel
Hot springs.

present study was aimed to isolate of heterotrophic microalgae from hot springs of Palghar, Maharashtra
for lipid production. Auxenochlorella pyrenoidosa was isolated and tested for its lipid production
ability. Results of study revealed that A. pyrenoidosa has the ability to produce about 11.56% lipid of its
dry weight. Fatty acid profile of the extracted lipid showed the presence of C14:0, C16:0, C18:0, C16:1,
C18:1, C18:2 and C18:3 fatty acids which make it a good biodiesel feedstock.
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Isolation of Heterotrophic Microalgae from Hot Springs for Lipid Production

1 Introduction
Biodiesel is produced by transesterification of oils and has the
capability of being an alternative for the conventional diesel fuel.
Also it is nontoxic and biodegradable. The use of biodiesel will
ultimately lead to a reduction of harmful emissions of carbon
monoxide, hydrocarbons and particulate matter and to the
elimination of SOx emissions, which can also help in reducing the
greenhouse effects and global warming (Khan et al., 2009; Singh
& Singh, 2010; Mahmudul et al., 2017).
Microalgae are small sized organisms which can grow in fresh
water and marine ecosystems, have been gaining a lot of interest
as a biodiesel feedstock. Microalgae manufacture and store lipids
within their cells, especially under stress environment. Under
stress conditions like nitrogen starvation, microalgal growth is
inhibited and the cells store lipids as a survival strategy. These
storage lipids can be converted to biodiesel (Liu et al., 2017; Tan
et al., 2017). Algae have capability to produce at least 15 times
more oil per acre than alternatives such as rapeseed, palms,
soybeans, or jatropha (Parmar et al.,2011; Chen et al., 2018).
Moreover, algae-growing facilities can be built on land unsuitable
for conventional agriculture. They can grow 20 to 30 times faster
than food crops. The hard part about algae production is growing
the algae in a controlled way and harvesting it efficiently
(Voloshin et al., 2016).
Local microalgae species can be screened for lipid production as it
can be expected that they are better adapted for the resident
geographical, climatic and ecological conditions over laboratory
strains (Hu et al., 2008; Mata et al., 2010). Most organisms have
evolved under relatively typical climates and are not normally
able to survive in extreme environment such as temperature, pH
etc. However, there are areas on earth where environmental
conditions are beyond the normal limits for growth and can thus
be considered as extreme. A wide range of microalgal species
worldwide are found in such extreme environments (Varshney et
al., 2015). In the present study, green microalgae of Chlorella
spps was isolated from a hot spring and tested for its lipid
productivity and its potential use of the fatty acids in production
of Biodiesel.
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supplemented with 0.1% glucose and incubated in dark to check
for heterotrophic growth.
2.2 Molecular Identification of Microalgae:
The molecular identification of the isolated microalgae was
carried out by Xcelris Labs Ltd, Ahmedabad, India. The DNA
was isolated from the culture using Xcelgen gDNA kit. Isolated
DNA was amplified with 18S rRNA Specific Primer (1F and 4R)
using Veriti® 96 well Thermal Cycler (Model No. 9902). A single
discrete PCR amplicon band of 900 bp was observed. The PCR
amplicon was enzymatically purified and further subjected to
Sanger sequencing. Bi-directional DNA sequencing reaction of
PCR
amplicon
was
carried
out
with
1F
(CTGGTGCCAGCAGCCGCGGYAA)
and
4R(CKRAGGGCATYACWGACCTGTTAT) primers using BDT
v3.1 Cycle sequencing kit on ABI 3730xl Genetic Analyzer.The
18S gene in SSU region sequence was used to carry out BLAST
alignment search tool of NCBI genbank database.
2.3 Effect of Autotrophic and Heterotrophic mode of nutrition
on Biomass and lipid production
The microalgal isolate was inoculated in 100ml of BG 11 and
cultured for 14 days. The microalgae cells were separated by
centrifugation and then were inoculated in separate flasks
containing 50 ml of BG 11 broth with and without Sodium Nitrate
(Nitrogen source). The Culture was grown at 25°C, with
approximately 8000 lux white light illumination and 16 :8 hours
light: dark photoperiod on an orbital shaker at 100 rpm for 7 days
2.4 Extraction of Lipid and Fatty Acid Methyl Ester (FAME)
analysis

2.1 Isolation of Heterotrophic Microalgae

A 20 ml sample of the microalgal broth is centrifuged. The
biomass
pellet
is
recovered
and
extracted
with
chloroform/methanol/water system (1:1:0.9) as described by Işik
et al. (1999). The mass of the lipids extracted is measured
gravimetrically by evaporating the solvent. The extracted lipid
was subjected to transesterification by Metcalfe et al. (1966) in
which the sample containing lipid fraction was placed in a test
tube where a mixture 3mL of BF3/MeOH was added. The
mixture was heated in a water bath at 70°C for 20 min. For
recovery of the fatty acid methyl esters the derivatized mixture
was washed into a separatoryfunnel with 15 mL of hexane and 20
mL of distilled water.

Water samples were collected from Sativali hot springs located in
Palghar District, Maharashtra. The water samples were plated on
BG 11 agar plates (Himedia). Green colonies were further
purified on BG 11 agar plates to obtain pure culture. The cultured
microalgae were assessed microscopically for contamination. The
microalgal isolate was also inoculated on BG11 agar

The organic and aqueous phases were then separated. The organic
phase containing the fatty esters was dried, and the solvent was
evaporated at 50°C by GC/MS analyses using an Agilent 7890A
gas-chromatograph equipped with a 8975C MS detector and
fitted with an HP-5 MS fused silica column (length 30 m; i.d. 0.25
mm; film thickness 0.25 mm).

2 Materials and Methods
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3.2 Molecular Identification of Microalgae
The DNA was isolated from the culture and was amplified with
18S rRNA Specific Primer (1F and 4R). The PCR amplicon was
enzymatically purified and further subjected to Sanger
Sequencing. After sequencing the sequence was found to be
matching to A. pyrenoidosa.
3.3 Biomass and Lipid production

Figure 1 Auxenochlorella pyrenoidosa (400X)

The microalgal isolates were subjected to nitrogen deprivation for
lipid accumulation. There was a drastic difference in lipid
production when the nitrogen concentration was limited under
autotrophic mode. In heterotrophic mode, the lipid content
increased but not to a great extent. During nitrogen limitation or
starvation the metabolic flux is shifted from protein synthesis to
lipid production and hence the lipid concentration increases.
3.4 FAME analysis of extracted Lipids

3 Results
3.1 Isolation of Microalgae
After inoculation of the water sample, considerable growth
was observed on the plates after 7 days. Each Green Colony
was subcultured on sterile BG11 medium. Serial subculturing
of the microalgae was done to obtain axenic cultures. On
Microscopic examination, the microalgae cells were observed
to be spherical in shape and green in colour. No flagella were
observed. The cells were present singly and also in clumps.
The isolated microalga wasable to grow on BG11 medium
supplemented with 0.1% glucose which indicated that it was
capable of growing heterotrophically. Purity of the culture was
verified microscopically and no contaminating microalgae
species were found.

The FAME analysis of the extracted lipids after transesterification
showed the presence of C14:0, C16:0, C18:0, C16:1, C18:1,
C18:2 and C18:3. Differences were observed in the fatty acid
profiles of the microalgae when cultured under autotrophic mode
and heterotrophic mode.
4 Discussions and Conclusions
The availability of organic carbon and nitrogen deprivation are
crucial for efficient lipid productivity in microalgae (Liu et al.
2013; Babuskin et al. 2014). It has been reported that for C.
Pyrenoidosa maximum biomass production was achieved when
glucose was supplied in the medium as a carbon source
(Ratnapuram et al., 2018). In the present study, the presence or
absence of nitrogen and organic carbon in the culture medium
concurrently influenced lipid accumulation inthe isolated

Figure 218S rRNA sequence of Auxenochlorella pyrenoidosa
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Table 1 Lipid production in A. pyrenoidosa under autotrophic and heterotrophic modes of nutrition
Name

Mode

Condition

Dry cell weight (mg/L)a

% of lipid extracted

With Nitrogen source

1196 ± 20

4.6

Without Nitrogen source

988 ± 26

9.3

With Nitrogen source

1068 ± 16

10.53

Without Nitrogen source

864 ± 13

11.56

Autotrophic
A.

pyrenoidosa
Heterotrophic
a

Mean ± SD (n=3)

Table 2 Fatty acid profile of A. pyrenoidosa under autotrophic and heterotrophic modes of nutrition
Fatty Acids

A.
Under Autotrophic Mode

pyrenoidosa
Under Heterotrophic Mode

Saturated Fatty Acids

5.07 %

13.39%

C14:0

0.62%

2.32%

C16:0

3.6%

10.78%

C18:0

0.85%

0.29%

Monosaturated Fatty Acids

1.1%

8.33%

C16:1

0.41%

5.88%

C18:1

0.77 %

2.45 %

Polyunsaturated Fatty acids

10.67 %

25.88 %

C18:2

1.88 %

4.13 %

C18:3

8.79 %

21.75 %

microalgae. Under unfavourable conditions especially nitrogen
deficiency; microalgae accumulate more lipid as energy storage
(Pal et al. 2011; Huang et al., 2013). However, the remarkable
increase of algal lipid content in this study was found in the
treatment without nitrogen addition. For commercial lipid
production, algae need to have high biomass productivity and high
lipid content (Lv et al., 2010). In previous studies, it was found
that supplementation of organic carbon in the culture medium
enhanced algal biomass production but the lipid content in algae
was not affected (Heredia-Arroyo et al. 2011; Cheirsilp & Torpee
2012; Babuskin et al. 2014). Similar results were observed in the
current study as well.

conditions than autotrophic conditions, while the requirements for
N are similar between the two modes of nutrition.

The present study shows that supplementation of organic carbon
in the medium affects the saturated fatty acid and
monounsaturated fatty acid content in the microalgae but the
polyunsaturated fatty acid content is affected by presence of both
organic carbon and nitrogen in the medium. The effect of nitrogen
deprivation/starvation on the growth of microalgae was studied
under autotrophic and heterotrophic conditions. Growth was
enhanced in heterotrophy compared with that in autotrophy, but
the growth advantage disappeared under nitrogen starvation. This
study shows that the algae grow faster under heterotrophic
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The fatty acid profile of A. Pyrenoidosa contained major fatty
acids that traditional biodiesel feedstock possesses with the high
content of C16:1, which is considered to be the best fatty acid to
improve biodiesel’s characteristics after C18:1. A. Pyrenoidosa
was very productive under both autotrophic and heterotrophic
mode of nutrition and was found to be the best candidate for the
production of biodiesel. Further detail studies are required to
determine if the isolated strains can be optimised in terms of
media composition and culture conditions for better productivity.
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