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A unicellular green alga was axenically isolated from a tidal pool on Ulleung-do, Korea. Morphological,
molecular, and biochemical analyses revealed that the isolate belonged to Auxenochlorella protothecoides.
The current study is the first record of this species in Korea. The microalgal strain was named as A.
protothecoides MMO0011 and its growth, lipid and pigment compositions, and biomass properties were
investigated. The strain is able to thrive in a wide range of temperatures (5~35°C) and to withstand
up to 1.5 M NaCl. The results of GC/MS analysis showed that the isolate was rich in nutritionally
important polyunsaturated fatty acids (PUFAs). Its major fatty acids were linoleic acid (27.6%) and a
-linolenic acid (39.6%). Thus, this indigenous microalga has potential as an alternative source of w3
and w6 PUFAs, which currently come from fish and plant oils. Also, the HPLC analysis revealed that
the value-added antioxidant, lutein, was biosynthesized as the accessory pigments by the microalga.
A proximate analysis showed that the volatile matter content was 85.6% and an ultimate analysis in-
dicated that the gross calorific value was 20.3 MJ kg™. Since 40.5% of total nitrogen and 27.9% of total
phosphorus were removed from the medium, respectively, it also has potential as a feedstock for bio-
fuel applications which could be coupled to wastewater treatment. In addition, the biomass may also
serve as an excellent animal feed because of its high protein content (51.4%). Therefore, A. proto-
thecoides MMO0011 shows promise for application in production of microalgae-based biochemicals and
as a biomass feedstock.
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Introduction

Green microalgae (Chlorophyta) are photosynthetic mi-
croorganisms that can be found in every conceivable aquatic
habitat from seawater to freshwater. Marine microalgae are
known to play indispensable roles in global carbon, nitro-
gen, and phosphorus cycles as the major primary producers
in the maritime ecosystem [1, 6, 11]. Since they are capable
of taking up water (H20) and carbon dioxide (CO,) and con-
verting them into a variety of energy-rich organic com-
pounds such as lipids, hydrocarbons, carbohydrates, and
other valuable compounds via photosynthesis [7, 15, 20], mi-

croalgae have recently received considerable interest and ac-
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cordingly many studies have focused on the assessment of
their biotechnological potential [4, 25, 32].

In this study, we have isolated and identified a unicellular
microalga A. protothecoides MMO011 from a tidal pool on
Ulleung-do, Ullenug-gun, Gyeonsangbuk-do, Korea. Auxeno-
chlorella was ranked as a subgenus of Chlorella in 1965 [28],
then it was upgraded to the genus rank based on physio-
logical and biochemical characteristics by Kalina and
Puncochétfova in 1987 [12]. It was reported that A. proto-
thecoides was isolated from the sap secreted from Populus and
Ulmus trees in Germany [8, 30]. It was also found in munici-
pal wastewater in Minnesota, USA [18]. Due to the fast cell
growth and high lipid content of A. protothecoides, a number
of heterotrophic cultivation researches have been carried out
to produce biodiesel by sequestering CO, [5, 10, 38, 42, 43].
In addition, many previous studies have also shown that
A. protothecoides was able to produce relatively high concen-
tration of lutein when grown under heterotrophic conditions
[26, 27, 29, 34, 39].

The present report provides information on the first re-



cord of the species in Korea and its morphological, molec-
ular, and chemotaxonomic features were investigated.

Materials and Methods

Sample collection and isolation

Seawater samples were collected in April 2016 from a ti-
dal pool near Turtle Rock (37° 27 35.86”N, 130° 51" 2349"E)
on Ulleung-do, Seo-myeon, Ullenug-gun, Gyeonsangbuk-do,
Korea. Samples were then transported to the laboratory and
1 ml of each sample was inoculated into 100 ml BG-11 me-
dium [21]. The broad-spectrum antibiotics chloramphenicol
(Sigma-Aldrich, St. Louis, MO, USA) and imipenem (JW
Pharmaceutical, Seoul, Korea) were added to the medium
at a concentration of 100 g ml”, respectively in order to
prevent bacterial growth. The flasks were incubated in a stat-
ic condition at 25°C under cool fluorescent light (approxim-
ately 40 ymole m” s™) in a light:dark cycle (16:8 hr) until
algal growth was apparent. Well-grown algal cultures (1.5
ml) were centrifuged at 3,000x g for 3 min to harvest algal
biomass. The resulting pellets were streaked onto R2A agar
(Becton, Dickinson and Company, Sparks, MD, USA) sup-
plemented with imipenem (20 pg ml") and incubated under
the aforementioned conditions. A single colony was then
aseptically restreaked onto a fresh R2A agar plate to obtain

an axenic culture.

Morphological identification

The isolate was grown in R2A medium for 8 days. Live
cells were harvested by centrifugation at 3,000x g for 3 min,
washed three times with sterile distilled H,O, and examined
at 1,000x magnification under a Zeiss Axio Imager.A2 light
microscope (Carl Zeiss, Gottingen, Germany). For scanning
electron microscopy (SEM), 10 ml aliquots of cultures at ap-
proximately 1,000 cells mi? were fixed for 10 min in osmium
tetroxide (OsO,, Electron Microscopy Sciences, Hatfield, PA,
USA) at a final concentration of 2%(v/v). The fixed cells
were collected on a 3 ym pore size, polycarbonate membrane
filter (Whatman, Kent, UK) and washed three times with
distilled H.O to remove residual media components. The
membranes were dehydrated in an ethanol series (Merck,
Darmstadt, Germany) and immediately dried using an auto-
mated critical point dryer (EM CPD300, Leica, Wetzlar,
Germany). The dried filters were mounted on a stub and
coated with gold-palladium in a low vacuum coater (EM

ACE200, Leica, Wetzlar, Germany). Surface morphology was
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observed with a field emission scanning electron microscopy
(FE-SEM, SUPRA 55VP, Carl Zeiss, Jena, Germany).

For transmission electron microscopy (TEM), cells were
transferred to a 10 ml tube and fixed in 2.5%(v/v) gluta-
raldehyde (final concentrations) for 2 hr, the contents of the
tube were placed in a 10 ml centrifuge tube and concentrated
at 1,610 g for 10 min in a Vision Centrifuge VS-5500 (Vision,
Bucheon, Korea). The resulting pellet was subsequently
transferred to a 1.5 ml tube and rinsed in 0.2 M sodium
cacodylate buffer (Electron Microscopy Sciences, Hatfield,
PA, USA) at pH 7.4. After several rinses in 0.2 M sodium
cacodylate buffer, cells were post-fixed for 90 min in 1%
(w/v) OsOy4 in deionized H;O. The pellet was then em-
bedded in agar. Dehydration was performed in a graded
ethanol series (50, 60, 70, 80, 90, and 100% ethanol, followed
by two changes in 100% ethanol). The material was em-
bedded in Spurr’s resin (Electron Microscopy Sciences,
Hatfield, PA, USA). Sections were prepared on an EM UC7
ultramicrotome (Leica, Wetzlar, Germany) and stained with
3%(w/v) aqueous uranyl acetate (Electron Microscopy Sci-
ences, Hatfield, PA, USA) followed by lead citrate (Electron
Microscopy Sciences, Hatfield, PA, USA). The sections were
visualized on an H-7650 TEM (Hitachi, Tokyo, Japan) using
a voltage of 100 kV.

Molecular identification

For molecular analysis, genomic DNA was extracted us-
ing a DNeasy Plant Mini kit (Qiagen, Hilden, Germany). The
universal primers NS1/NS8 and ITS1/1TS4 described by
White et al. [35] were used to amplify the 185 rRNA se-
quence and internal transcribed spacer (ITS) region,
respectively. Phylogenetic analysis was performed with the
185 rRNA sequence of strain MMO0011 using the software
package MEGA ver. 6.0 [33]. Its closely related Auxenochlorella
and Chlorella sequences were downloaded and aligned in the
MEGA software, with the ClustalW tool. The best-fit nucleo-
tide substitution model (Kimura 2-parameter) was selected
using MEGA 6.0 based on the Bayesian information criterion.
This model was used to build a maximum likelihood (ML)
phylogenetic tree with 1,000 bootstrap replicates. Due to the
highly conserved nature of rRNA, the region RuBisCO rbcL
was also amplified with primers, rbcL 7F and rbcL 1391R,
described by Verbruggen et al. [37]. All analyses were car-
ried out in triplicate, unless otherwise stated. DNA se-
quences obtained in this study were deposited in the data-
base of the National Center for Biotechnology Information
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under accession numbers MF040300, MF040301, and
MF043910 (Table 2).

Temperature and NaCl tolerance testing

Routine serial subculturing on R2A agar slant was per-
formed to maintain the pure culture of A. protothecoides. A
single colony of strain MMO0011 was streaked onto R2A agar
plates in triplicate and incubated for 14 days. Survival and
growth of MMO0011 cells maintained at temperatures ranging
from 5C to 35T (at intervals of 5C) were examined to de-
termine the optimum culture temperature. NaCl tolerance
test was conducted at 20C using R2A agar supplemented
with 00 M, 05 M, 1.0 M, 1.5 M, and 2.0 M NaCl, respectively.

Gas chromatography/mass spectrometry (GC/MS)
analysis

The isolate was heterotrophically grown in R2A medium
for 8 days at 20C with shaking at 160 rpm on an orbital
shaker (SH30, Fine PCR, Gunpo, Korea) and cells were har-
vested by centrifugation at 2,063 g (1580R, Labogene,
Daejeon, Korea) for lipid analysis. The samples were
freeze-dried and pulverized to enhance the extraction
efficiency. Lipid extraction was performed using the method
developed by Breuer et al. [3]. The FAME composition was
analyzed using a 7890A gas chromatograph equipped with
a 5975C mass selective detector (Agilent, Santa Clara, CA,
USA). GC runs were performed on a DB-FFAP column (30
m, 250 pm ID, 0.25 pm film thickness; Agilent, Santa Clara,
CA, USA). The initial oven temperature of the gas chromato-
graph was 50C and maintained for 1 min. The temperature
was increased to 200C at a rate of 10°C min™ for 30 min
and it was then increased to 240T at a rate of 10C min”
and it was held for 20 min. The injection volume was 1 pl
with a split ratio of 20:1. Helium was used as carrier gas
at a constant flow rate of 1 ml min”. The mass spectrometer
parameters were as follows: injector and source temper-
atures were 250C and 230C, respectively, and the electron
impact mode at an acceleration voltage of 70 eV was used
for sample ionization, with an acquisition range from 50-550
m z". Compound identification was performed by matching
the mass spectra with those in the Wiley/NBS libraries. The
searches with a match value higher than 90% were consid-

ered valid.

High pressure liquid chromatography (HPLC) analysis
Pigment extraction was carried out using the method de-

veloped by Zapata et al. [41]. Briefly, 1 mg of freeze-dried
biomass was extracted in 90% HPLC grade acetone (Dae-
jung, Siheung, Korea) and filtered through a Whatman PTFE
syringe filter with a pore size of 0.2 ym (Florham Park, NJ,
USA) before injection. Samples were then analyzed on an
Agilent 1260 Infinity HPLC system (Waldbronn, Germany)
equipped with a Discovery C18 column (25 cm x 4.6 mm,
5 um, Supelco, Bellefonte, PA, USA) at 33C. The mobile
phase gradient was programmed as described by Sanz et
al. [24] at a constant flow rate of 1 ml min” consisted of
a mixture methanol: 225 mM ammonium acetate (82:18, v:v)
as solvent A and ethanol as solvent B (Table 1). HPLC grade
methanol and ethanol were purchased from ]. T. Baker
(Avantor Performance Materials, Center Valley, PA, USA).
HPLC grade ammonium acetate was obtained from Fluka
(Sigma-Aldrich, St. Louis, MO, USA). Samples were mixed
with HPLC grade H,O (Fisher, Seoul, Korea) to avoid peak
distortion [40] by adding 0.32 ml of HPLC grade H;O to
0.8 ml of each sample extract immediately before injection.
Pigment standards (Chlorophyll 4, chlorophyll b, and lutein)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Lutein content was quantified by calculating the total peak
areas of the lutein derived from a calibration curve.

Biomass characterization

The freeze-dried biomass samples were pulverized with
a mortar and pestle and sieved through ASTM No. 230 mesh
(opening = 63 pm). Ultimate analysis was conducted in order
to determine the carbon (C), hydrogen (H), nitrogen (N), and
sulfur (S) contents using a Flash 2000 elemental analyzer
(Thermo Fisher Scientific, Milan, Italy) in duplicate. Oxygen
(O) was calculated by subtracting the sum of percent of C,
H, N, S, and ash from 100%. Gross calorific value (GCV)
was estimated by the following equation developed by
Friedl et al. [9]: [GCV = 3.55C> - 232C - 2,230H + 51.2C
x H + 131N+ 20,600 (MJ kg™)].

Table 1. Gradient profile and mobile phase composition

Time (min) Solvent A (%) Solvent B (%)

0 100.0 0.0
20 61.8 38.2
22 25.0 75.0
33 20.0 80.0
36 10.0 90.0
37 0.0 100.0
40 0.0 100.0
42 100 0




Fig. 1. Light microscopy of A. protothecoides MMOO11.

Proximate analysis was carried out on a DTG-60A thermal
analyzer (Shimadzu, Kyoto, Japan). Platinum pans were
used to contain 30 mg of a-alumina (a-ALOs;) powder
(Shimadzu, Kyoto, Japan) as a reference material and ap-
proximately 10 mg of each sample, respectively. Nitrogen
(> 99.999%, N2) was supplied as the carrier gas at a rate
of 25 ml min" to protect the microalgae powder from
oxidation. Samples were heated from 50T to 900C at a rate
of 10°C min™. Thermogravimetric analysis (TGA) data were
analyzed by ta60 Ver. 221 software (Shimadzu, Kyoto,
Japan). Protein content was calculated from the N content
in the ultimate analysis by using the conversion factor (x
6.25).

Total nitrogen (TN) and total phosphorus (TP) con-
sumption

Journal of Life Science 2017, Vol. 27. No. 10 1155

Fig. 2. FE-SEM of A. protothecoides MMO0011.

TN and TP concentrations of the day 0 and day 8 R2A
media were estimated using HS-TN(CA)-L and HS-TP-L wa-
ter test kits (Humas, Daejeon, Korea) according to the manu-
facturer’s instruction.

Results

Identification of the strain MM0011

The cells were solitary, non-motile, and round in shape
with a diameter of approximately 3-4 um (Fig. 1, Fig. 2).
The cell walls were composed of a trilaminar layer (Fig. 3B)
and a prominent cup-shaped chloroplast was present (Fig.
1, Fig. 3). It was also shown that the isolate lacked a pyrenoid
in the chloroplasts (Fig. 3A). Overall, the strain MMO0011
showed typical morphology of the species A. protothecoides.
Molecular characterization inferred from sequence analyses
of the 18S rRNA, ITS region, and rbcL gene also showed

N

Fig. 3. (A) TEM of A. protothecoides MMO0011. CHL: chloroplast, M: mitochondrion, N: nucleus. (B) Magnification of the cell wall

structure. The arrow indicates the trilaminar outer layer.
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Table 2. Results from BLAST searches using the sequences of the 185 rRNA, ITS, and rbcL genes of strain MMO0011

Marker Accession No. Length Closest match Overlap Sequence
gene (bp) (GenBank accession No.) (%) similarity (%)
18S rRNA MF040300 1,802 Auxenochlorella sp. CCAP 211/61 (FN298932) 100 99

ITS MF040301 826 Auxenochlorella sp. CCAP 211/61 (FN298932) 95 93

rbcL MF043910 1,385 Auxenochlorella protothecoides UTEX 2341 (KY613608) 100 99
that the isolate belonged to the A. protothecoides group; fur- not survive at 20 M NaCl.
thermore, all results were in agreement (Table 2, Fig. 4).
Therefore, this marine microalga was identified as A. proto- GC/MS analysis of strain MM0011
thecoides MMOO11. The isolate was deposited at the Korean The FAME profile of A. protothecoides MMO0011, on the ba-
Collection for Type Cultures under the accession number sis of the average * standard deviation of three determi-
KCTC13291BP. nations, is summarized in Table 4. The major cellular fatty

acids of the isolate were Ciso (12.0%£0.5%), Cis2 ©6
Optimal growth temperatures and NaCl tolerance (27.6%+0.1%), and Ciss 03 (39.6%+0.6%). In addition, trace

of strain MM0011 amounts of unsaturated fatty acids such as Cig1 07
A. protothecoides MMO011 could grow at temperatures (3.2%£0.1%), Cis1 9 (2.5%+0.3%), and Cie2 06 (0.5%+0.0%)

ranging from 5T to 35C; its maximum growth was ob- were detected in this photosynthetic microorganism.

served at ambient temperatures (Table 3). Growth was sup-

pressed when incubated at lower temperatures. Also, the HPLC analysis of strain MM0011

isolate was able to withstand up to 1.5 M NaCl even though The pigment profile of A. protothecoides MMO011 is re-

poor growth was noticed in the presence of NaCl. It did ported in Table 5. The major pigments of the isolate were

Auxenochlorella protothecoides SAG 211-10a (KM020150)

~ Auxenachlorella protothecoides CCAP 211/7A (FN298931)
Auxenochlorella protothecoides CCAP 211/111 (FR865656)
Auxenochlorella protothecoides CCAP 211/8D (FR865686)

9a | Chiorella protothecoides var. galactophila CCAP 211/7D (LN610700)
Auxenochlorella protothecoides CCAP 211/8D (LN610701)
Heterochlorella luteoviridis CCAP 211/10B (LN610702)
Heterochlorella Iuteoviridis CCAP 211/111 (LN&610703)

{ Auxenochlorella protothecoides CCAP 211/17 (LN610704)

Auxenochlorella protothecoides SAG 211-7a (X56101)
Auxenochlorelia protothecoides MM0011 (MF040300)
‘ Auxenochlorella sp. CCAP 211/61 (FN298932)

Chlorella sp. CCAP 211/61 (AB206551)
Chliorella sp. (Jsh) (X72708)
Chlorelfa vulgaris CCAP 211/80 (FM205853)

T —
001

Fig. 4. The phylogenetic relationship of strain MMO0011 and its closely related species inferred from the 185 rRNA sequence data.
The tree was generated by the ML method with 1,000 bootstrap replicates. The scale bar represents a 1% difference in nucleo-
tides sequences.

Table 3. Growth of strain MMO0011 at various temperatures and NaCl concentrations

Temperature (°C) 5 10 15 20 25 30 35
Growth + ++ 4+ e+ 4+ 4+ ++
NaCl 0.0 M 05 M 1.0 M 1.5 M 20 M
Growth +++ ++ + + -

+++ : good growth, ++ : moderate growth, + : poor growth, - : no growth



Table 4. Lipid profile of strain MMO0011
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Component Content (%) Note
Neophytadiene (CxoHas) 0.6£0.0 -
Pentadecanoic acid (Cis.) 0.6£0.0 -

Palmitic acid (Cigo) 12.0£0.5 SFA (major)
Palmitoleic acid (Cis1 07) 3.2+0.1 -
Hexadecadienoic acid (Cis2 06) 0.5+0.0 -

Stearic acid (Ciso) 1.0+0.2 -

Oleic acid (Cis1 ®9) 2.5+0.3 -

Linoleic acid (Cis2 w6) 27.6%0.1 Omega-6 PFUA (major)
a-Linolenic acid (Ciss ©3) 39.60.6 Omega-3 PFUA (major)

Table 5. Pigment profile of strain MMO0011

Peak number Retention time Compound Content (%)

1 16.0 - 7.0£0.1
2 16.4 - 4240.0
3 244 Lutein 31.3+0.1
4 26.3 - 1.9+0.1
5 274 Chl b 14.4+0.1
6 294 Chl a 38.4+0.1
7 379 - 2.740.1

chlorophyll a (Chl a, 38.4%%0.1%), chlorophyll b (Chl b,
14.4%+0.1%), and lutein (31.3%+0.1%). The other minor
peaks were not identified. Lutein content of strain MM0011
was 3.5+0.1 mg g DW.

Biomass properties

In proximate analysis by TGA, the moisture content (MC)
is determined by the mass loss before 110°C under N, atmos-
phere, the organic matter (OM) refers to the mass loss be-
tween 110-900C under N as a result of thermal decom-
position, and the remaining mass represents the inorganic
matter (IM). The TGA profile is shown in Fig. 5 and the

Weight (%)
100.0

80.0
60.0
400
200

0.0
50.0 1500 2500 3500 4500 5500 6500 7500 8500

Temperature (°C)
Fig. 5. TGA profiles of A. protothecoides MMO011.

material composition of strain MMO0011 is presented in Table
6. The GCV and protein content based on the ultimate analy-
sis were 20.3 MJ kg'1 and 51.4%, respectively (Table 6).

Total nitrogen (TN) and total phosphorus (TP) removal
It was found that 40.5% of TN and 27.9% of TP from R2A
were utilized by the microalga, respectively (Table 7).

Discussion

Because of its simple morphology, A. protothecoides was
previously regarded as Chlorella protothecoides for a long peri-
od even though it is one from the oldest algal strains de-
posited in the culture collections [8]. Auxenochlorella was
ranked as a subgenus of Chlorella in recognition of its heavy
dependence on organic compounds such as sugars [17] and
vitamins [28] and absence of a pyrenoid [14]. Later, it was
ranked as a genus [12] and there are currently three tax-
onomically accepted species, A. protothecoides (Kriiger)
Kalina & Puncochétova, A. pyrenoidosa (H.Chick) Molinari
& Calvo-Pérez and A. symbiontica Darienko & Proschold.

Light and electron microscopic analyses suggested that
the isolate shared very similar morphological characteristics
with A. protothecoides, including the presence of trilamianr
outer layer in the cell wall and absence of a pyrenoid in
the chloroplast (Fig. 1, Fig. 3). Molecular identification re-
sults also confirmed that MMO011 belonged to the species.
A. protothecoides which is known as a terrestrial species [8],
but it was also isolated from wastewater [18] although its
origin is uncertain. This manuscript describes the first record
of the species isolated from seawater in Korea.

Analysis of the cellular fatty acid composition of the strain
MMO0011 revealed that it was rich in Ciso (12.0%) saturated
fatty acid (SFA) and Cis2 (27.6%) and Ciss (39.6%) un-
saturated fatty acids. Numerous studies have demonstrated
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Table 6. Proximate and ultimate analysis results of A. protothecoides MMO0011

Material component Proximate analysis (wt%)

Elemental composition Ultimate analysis (wt%)

MC 5.5
OM 85.6
M 89

C 44.4+0.1
H 6.6+0.1
N 8.2£0.0
O 31.4+0.2
S 0.5+0.0
Protein 51.4+0.1

GCV (MJ kg™) 20302

Table 7. TN and TP consumption by A. protothecoides MMO0011

TN (mg L% TN (mg L%
Day 0 135.03.7 72.840.8
Day 8 80.3+2.9 52.5+0.5
Consumption 54.716.6 20.3+0.3
(removal %) (40.5%+3.8%) (27.9%+0.2%)

that these essential PUFAs have many beneficial health ef-
fects [16] and a variety of commercial products are available
worldwide [19]. Omega-3 PUFAs are usually derived from
fish oils and omega-6 PUFAs are primarily obtained from
plant sources such as sunflower, corn, and soybean oils.
Therefore, this isolate may have the potential to be used as
an alternative to fish- and/or plant-based sources. The 16-
carbon saturated palmitic acid suitable for biodiesel pro-
duction was also biosynthesized by strain MM0011 as one
of the major fatty acids.

The OM is defined as the part of solid fuel that is driv-
en-off as a gas by heating and typical biomass generally has
a OM content of up to 80%(crop residue: 63-80%; wood:
72-78%). The OM content of the microalga (85.6%) used in
this study was higher than the range of wood-based biomass
feedstocks. The GCV was also calculated to understand the
potential of algal biomass as a biofuel feedstock (Table 6).
The results showed that the GCV was also higher than the
range of the terrestrial energy crops (17.0-20.0 MJ kg™) [22].
In addition, the biomass itself may serve as an excellent ani-
mal feed because of its high protein content (51.4%).

Pigment analysis revealed that the isolate was able to pro-
duce a high concentration of lutein. Lutein is a naturally
occurring carotenoid and it has been extensively used in the
food, pharmaceutical, and cosmetics industries. It has re-
cently received a significant attention due to its protective
roles in the human eyes [13]. These antioxidant properties
make lutein one of the fastest growing carotenoids on the

market estimated to grow to $309 million by 2018 with an

annual growth rate of 3.6% [31]. Commercial sources are cur-
rently extracted from marigold petals (Tagetes erecta), but the
lutein content is very low (0.3 mg ¢ DW) and it is also
difficult to separate from other esters [2, 23, 36]. It should
be stated that the lutein content of A. protfothecoides MMO0011
(35 mg g DW) is lower than those of the previously re-
ported microalgal strains (4.6-54 mg ¢" DW) [31]. However,
improved productivity could be achieved through the evalu-
ation of the effects of various culture conditions including
media components on stain MMO0011.

In this study, we report the first record of A. protothecoides
in Korea and it was added to the public culture collections.
In conclusion, this indigenous microalga could serve as po-
tential biological resource to produce compounds of bio-
chemical interest. The real potential of this maritime micro-
alga should be evaluated through further cultivation studies
at molecular, laboratory, and field scales.
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