MORPHOLOGY AND MOLECULAR CHARACTERIZATION OF
NEWLY ISOLATED MICROALGAE STRAIN CHLORELLA VOLUTIS
LIPI13-WKT066 FROM WAKATOBI ISLANDS
AND ITS POTENTIAL USE

Delicia Yunita Rahman®”, Swastika Praharyawan, Farizul Fadiyah', Sapto Raharjo?, and
Dwi Susilaningsih!

!Reserach Center for Biotechnology, Indonesian Insitute of Sciences (LIPI), Indonesia
2Departement of Chemistry, Halu Oleo University , Indonesia

Abstract

Morphology and molecular characterization of microalgae isolated from Wakatobi Marine National Park was
conducted. An understanding of the characteristics of morphology, molecular, as well as metabolites profile of
the microalgae species is potentially useful for its future application. The primary aim of this study was to
isolate, identify and characterize the microalgae strain isolated from Wakatobi Marine National Park labeled as
LIPI13-WKTO066 with the emphasis on the evaluation of amino acid content as a basis for its health application.
Morphological observation under the microscope and molecular identification suggested that the microalgae
strain of LIPI113-WKTO066 belong to the strain under species of Chlorella volutis. Metabolite characterization of
the microalgae strain showed that the content of protein (11.9%), lipid (12.4%) and carbohydrate (4.7%) was in
the regular range. Further analysis of its amino acid content revealed the potency of the microalgae strain to be

used as antihypertensive agent.
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Introduction

Microalgae are considered as the primary
photosynthetic eukaryotes and are found all
over the world in different habitat including
fresh, marine, and brackish water (Lee, 2008).
In many ecosystems, microalgae play critical
roles in the primary producer, nutrients
cycling, and oxygen production (Guedes and
Malcata, 2012; Masojidek, 2013). Microalgae
have engaged the attention of researcher
worldwide due to their broad application in
many areas. Its biomass contains high valuable
primary and secondary metabolites such as
protein,  carbohydrates, lipid, pigment,
antioxidant, vitamins and antibiotics which are
beneficial for human health and attract
commercial interest in the food industry (Chen
and Vaidyanathan, 2013; Soto-Sierra et al.,
2018). Several microalgae were reported to
possess high protein content and many
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valuable compounds, including essential
amino acids and fatty acids that cannot be
synthesized by the human. Therefore they
were potential to be used as a health food or
dietary supplement (Milledge, 2011).

The many benefits possessed by microalgae
do not make it immediately applicable in the
real world. Some obstacles need to be
overcome before the idea of microalgae
industrialization become real, including the
harvesting process, the effective method to
obtain the active compounds, and the strain
selection which is fast-growing and high
biomass yield. The latter bottleneck can be
solved through strain selection, with the native,
indigenous strain  which survives in local
conditions (Rizza et al., 2017). Although
microalgae have huge diversity, only a few of
them were collected, identified, and available
in the culture collection (Singh et al., 2015).
Therefore, the isolation, identification, and
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characterization of local microalgae isolate
would increase the gene bank data and provide
the resources of microalgae strain for many
applications in the local industry.

More than 60% of Indonesia territory is
covered by water which not all of those areas
had been explored yet. One of the unique
marine environments also alleged to provide
unique diversity of microalgae is Wakatobi
marine national park. Wakatobi is an acronym
for the four main islands of Wangi-Wangi,
Kaledupa, Tomia, and Binongko that laid at
the Southeastern tip of Sulawesi. This marine
national park is famed for the diversity of its
beautiful coral garden (Unsworth et al., 2010).
Wakatobi has a diverse ecosystem inhabited by
a wide range of organisms, such as plankton,
coral reefs, fish, birds, turtles, and mangrove.
Moreover, microorganisms from these islands
have not been explored and utilized yet,
including microalgae.

This research work is aiming at isolation,
identification, and characterization of the
microalgae strain from Wakatobi marine
national park. In particular, an evaluation of
the amino acid content as a basis for a health
supplement.

Materials and Methods

Algal strain and cultivation

A microalgae sample was collected from
the pond in the Patuno resort Wangi-Wangi
Island (Southeast Sulawesi) at S 05°14.886’
latitude and E 123°35.200°. Single cell
isolation techniques used to isolate microalgae
strain under an inverted microscope (Olympus
CX41) following Sekiguchi method (2013)
with modification. The single cell was
incubated in 24 wells plate and enriched with
IMK medium. The cell colony then transfer to
20 mL of stock culture in a 100 mL
Erlenmeyer at room temperature under
continuous light. The algae were cultivated in
a single batch in 500 mL working volume for
18 days.

Morphological characteristic

The microalgae were examined under a
light microscope using brightfield and
differential  interference  contrast.  The
microalgae strain was identified according to
the morphological features. Morphological
features of the isolated microalgae were
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recorded photographically 100x magnification
using Olympus BX51 microscopy connected
with a digital camera system.

Molecular identification

Total genomic DNA from microalgae cells
was extracted using Vivantis GF-1 Plant DNA
Extraction Kit. PCR amplification of the
isolated DNA was performed on a
thermocycler (Biorad) using SR1 and SR12
primers following Sekiguchi (2013) with
modification. The reaction mixture contained 1
pL of DNA, 12.5 yL Go Taq green master mix
dNTP included, forward primer and reverse
primer.

Sequencing and phylogeny tree

Amplified DNA was sequenced with the
help of First Base (Singapore). The sequences
obtained by the forward and reverse primers
were inversed using BioEdit software
(Alzohairy, 2011). Further sequence analysis
of PCR product performed using the NCBI-
Blast (http://www.ncbi.nlm.nih.gov/BLAST/).
The sequences were compared with the several
microalgae sequences in the GenBank
database using Blast. Multiple alignment of the
sequences was done with the Mega X program
(Kumar et al., 2018).

Evaluation of growth and biomass
composition

The growth of isolated microalga was
monitored by optical density at 800 nm, the
condition where the spectrum not effected to
the absorption. The media used for cultivated
the isolated strain was IMK (Daigo Itd.) in 500
mL working volume. After 18 days the
biomass was harvested by centrifugation at
6000 rpm for 10 minutes. The biomass was
dried at 60°C for 24 hours. Total protein
content examined by extract 100 mg biomass
with phosphate buffer pH 7, the extract then
mixed with Bradford reagent (Merck) and the
spectrum  absorption monitored by a
spectrophotometer (Kruger, 2002). Total lipid
content investigated following the method of
Bligh and Dyer (1959). Total sugar content
also examined using the phenol-sulfuric acid
method with modification (Dubois et al.,
1956).

Determination of amino acid composition
Microalgae protein extract in phosphate
buffer pH 7 was used for amino acid analysis.
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The sample was analyzed using Ultra
Performance Liquid Chromatography (UPLC)
commercially by PT. Saraswanti (Bogor,
Indonesia). The column used for this analysis
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was detected with PDA at 260 nm.
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Figure 1. Microscopic overview of Chlorella volutis. LIPI13-WKT-066 with 1000x magnification.
The diameter of the cell approximately 3- 5 um. Scale bar: 10 um.

Results

Isolation of microalgae

A microalgae strain was obtained from a
pond near to the coast in Patuno area at
Wangi-Wangi Island (Wakatobi Islands,
Indonesia) and labeled as LIPI13-WKT-066. A
single cell picks up techniques under an
inverted microscope was used to isolate the
desired microalgae. The single cell was
washed several times in the fresh medium to
ensure only one cell picked up. The growth
single cell colony transferred to a new tube
contained IMK medium and kept as a stock
culture for further identification and analysis.

Microalgae identification

Morphology identification of LIPI13-
WKTO066 was performed by observing the cell
shape and diameter, the present of flagella and
mucilage, and some feature inside the cells
under a light microscope. The color of the
culture was used in macroscopic observation
of the isolated cell, which was bright green.
The cell has round or spherical, solitaire, thick
cell walls, pyrenoid inside the u-shape
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chloroplast with light green to yellowish color
and diameter about 5-7 um (Fig. 1). There is
no flagella and no mucilage present around the
cell. More extended observation showed the
cell formed the auto-spore for regeneration.
Based on consideration of morphology
features, it leads the isolate to belong to
Chlorophyta division without movement
organelle and supposed to be the genus of
Chlorella.

The molecular identification was carried
out to prove the genus of the isolated
microalgae strain as it was considered. The
BLAST result of 18S DNA sequences showed
that the isolated microalgae strain was
moreclose to Chlorella sp. KMCC 185 with a
similarity of 99% and the query cover of 99%.
The phylogeny showed the correlation of
isolated strain with other species from
Chlorella genus which has no flagella, no
mucilage and eyespot (Fig. 2). Moreover, the
morphology, physiology and molecular
analysis of the isolated microalgae was related
close to Chlorella volutis.
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Figure 2. Phylogeny tree of Chlorella volutis LIPI13-WKT-066 using Neighbour-Joining method

Growth and biomass chemical composition

The growth of LIPI13-WKT-066 was
monitored by a spectrophotometer at 680 nm.
The cultivation was carried out for 18 days,
and it started the stationary stage in about day
12 (Fig. 3). After 18 days, the culture was
harvested by centrifugation and dried the
biomass. The dried biomass  was
approximately 1.4 g/L. The dried biomass then
analyzed for protein, lipid, and carbohydrate
content as showed in Table 1.

3.0

Table 1. Chemical composition of microalgae
macronutrients of Chlorella volutis
LIPI13-WKTO066.

Parameter Dry Yield %
Biomass (mg)
(mg)
Protein 100 11.9 11.9
Total Lipid 100 12.4 12.4
Carbohydrate 100 4.7 4.7
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The amino acid content of the protein
extract was analyzed using UPLC to evaluate
the peptide that could be useful for the
therapeutic application. Fifteen amino acids
standard were used to identify the consisting
amino acid in LIPI13-WKT-066 protein
extract (Table 2). The LIP13-WKT-066 has
high content of L-Alanine, L-Proline, and L-
Glutamic Acid (150 — 200 mg/kg), followed by
Glycine, L-Arginine, L-Aspartic Acid, L-
Serine, and L-Threonine (50 — 100 mg/kg),
and less content of L-Phenylalanine, L-
Isoleucine, L-Lysine HCI, L-Tyrosine and L-
Valine ( < 50 mg/kg). Based on the standard
used in the analysis, the protein extract of
LIPI13-WKT-066 lack of L-Histidine.

Figure 3. Growth curve of Chlorella volutis
LIPI13-WKT-066 based on daily observation of
the optical density at 680 nm
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Table 2. Amino acid profiles of protein
extracted from Chlorella volutis
LIPI113-WKTO66.

Amino Acid Content of
Chlorella volutis

Amino Acids LIPI13-WKT066

(mg/kg)
Glicyne 87.83
L-Alanine 193.81
L-Arginine 52.43
L-Aspartic acid 86.10
L-Glutamic acid 149.55
L-Fenilalanin 21.63
L-Histidine n.d.
L-Isoleusin 28.91
L-Leusin 49.82
L-Lysine Hcl 33.45
L-Proline 181.36
L-Serine 57.90
L-Threonine 68.80
L-Tyrosine 37.14
L-Valine 49.83
Discussion

Microalgae exist in all aquatic ecosystem,
also in a harsh environment like hot spring,
soil, and polluted water environment. In this
study, the sampling point was at Patuno area in
Wangi-Wangi island part of the Wakatobi
marine national park. The location was chosen
as it has a unigue beach environment with
several freshwater spring sprout out in the
periphery beach-line. The sampling was done
in August, in the dry season in Indonesia. The
water temperature was about 28.8°C with pH
of approximately 7.9. A microalgae strain was
isolated and labeled as LIP113-WKT-066. The
single cell pick up techniques under an
inverted microscope was performed to obtain
the single cell microalgae. Anti-bacterial or
anti-fungus was added to propagation culture
to achieve an axenic microalgae culture. The
microalgae LIP113-WKT-066 was transferred
into IMK medium from Daigo which has high
content on sodium nitrate (200 mg/L) and a
small amount of phosphate, ammonium,
potassium, iron and also trace element. This
medium enhanced of seawater nutrition to
provide the nutrient for microalgae growth.

The morphology and molecular
characterization of LIPI13-WKT-066 lead the
identification to one of the chlorella species.
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The genus of Chlorella names came from the
Greek word Chloros and Latin suffix ella
which means green and microscopic size. It is
a unicellular microalgae found in fresh, marine
or brackish water and has been existed on earth
since 2.5 billion years ago (Safi et al., 2014).
Chlorella genus has many species among it,
and they are quite challenging to identify the
species when only based on morphology data.
In this study, microscopic observation of
LIPI13-WKT-066 showed that the strain was
unicellular and appeared to be solitary without
a mucilaginous envelope (Fig. 1). The shape of
the cell is spherical with almost similar size in
diameter about 5-7 um. As typical in Chlorella
genus (Yvonne and Tomas, 2000), this strain
also does not have the flagella. The strain has a
parietal, cup- or saucer-shaped chloroplast
with ellipsoid or spherical pyrenoid. The strain
multiplies asexually by formed autospore, in
which is the most common asexual
reproduction in algae.

Identification of microalgae strain is also
supported by sequence-based phylogenetic
analysis. A phylogenetic tree was constructed
by comparing the published microalgae 18s
sequences from Genbank by using the
Neighbour-Joining method in MEGA X
software (Kumar et al., 2018). Fig. 2,
represents the Neighbour-Joining showing
phylogenetic position of the strains and related
taxa based on 18S rRNA sequence
comparisons. In the phylogram analysis of the
microalgae sequences ties the isolate LIPI113-
WKT-066 to Chlorella voluntis. There are
many Chlorella species have been named since
the first type of Chlorella vulgaris Beijerinck
described in 1890, even though they are
suffering from a shortage of morphological
characteristics (Khaybullina et al., 2010;
Bocks et al., 2011). The molecular
identification could have to prove and
convince the identification. The species of
Chlorella volutis was introduced by Bocks et
al., in 2011. The etymology of “volutis” comes
from Latin which means rolling. They
described the Chlorella volutis as a solitary
cell, planktonic or edaphic, globose 5-6.5 um,
without mucilaginous.  Reproduction by
autospore, and the zoospore not attended. The
differs of Chlorella volutis from other species
of Chlorella genus by order of nucleotides in
ITS-1 and ITS-2 and the barcoding signatures.

The growth curve of LIPI13-WKT-066 in
IMK medium was monitored by optical
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density at 680 nm, in which the wavelength of
chlorophyll-protein  complexes, from the
inoculation day to the next 18 days (Fig. 3)
growth rate with initial absorbance of 0.1
showed a lag phase (2 days) followed by an
exponential phase extending till 9" days, a
slower late log phase, and a stationary phase.
The growth pattern of microalgae strain is in
accordance to Abou-Shanab et al., (2011) who
described the growth rate analysis.

Under our experiment growth condition,
Chlorella volutis LIPI13-WKT-066 has 11.9%
protein, 12.4% lipid, and 4.7% carbohydrate.
According to the literature, the content of
protein of mature Chlorella genus is about 26
— 70% of dry biomass weight, while the lipid
content 5-40%, and carbohydrate content
approximately reach 12-55% (Safi et al.,
2014). The nutrient composition in the culture
medium and the condition of cultivation could
make the variation of the chemical content of
biomass (da Silva Gorgdnio et al., 2013). Yeh
and Chang (2012) also reported that the
different condition in the microalgae
cultivation could cause different lipid content
and composition.

The nutritional quality of protein is
determined by its amino acid profiles (Safi et
al., 2013). The species from Chlorella genus
synthesize essential and non-essential amino
acid. Moreover, for example the amino acid
profile of C. vulgaris compares favourably and
even better with the standard profile for human
nutrition suggested by WHO and FAO (Safi et
al., 2014). According to Table 2, the most
abundant amino acid in Chlorella volutis
LIPI13-WKT-066 is L-Alanine (193 mg/kg)
following by L-Proline (181.36%) and L-
Glutamic acid (149.55). The protein extract of
Chlorella volutis LIPI13-WKT-066 contains
almost all amino acid that used as the standard,
except  L-Histidine. The amino acid
composition of each species among Chlorella
species might be different as it depends on the
metabolism of the species and also on the
cultivation conditions.

Protein or peptide fraction could be used as
a therapeutic agent. One interesting application
for high content protein microalgae is anti-
hypertensive agents. According to Setsuna and
Chen (2001), peptide fractions from C.
vulgaris gave a positive effect to act as anti-
hypertensive. Thus, the amino acid sequences
of the peptides were lle-Val-Val-Glu, Ala-Phe-
Leu, Phe-Ala-Leu, Ala-Glu-Leu, and Val-Val-
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Pro-Pro-Ala. Almost all of the peptides that
have higher antihypertensive potential had a
proline, phenylalanine, valine, and glutamic
acid. Perhaps the abundance of amino acid that
mentioned above in purified peptide might
explain the exhibited potency of its
antihypertensive activity (Setsuna and Chen,
2001; Shieh et al., 2009).

This study highlighted the isolation and
characterization of microalgae strain isolated
from Patuno area at Wakatobi marine national
park that lead to the identification of the
Chlorella volutis, one of the chlorella genus.
The algae has varied amino acid content with
the highest is Alanine followed by Proline and
Glutamic acid. Those abundance amino acids
were related to the composition of peptide that
acts antihypertensive.
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