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A B S T R A C T

Nine compounds (1–9) including one norisoprenoid (1), one polyol-glycoside (2), three sterols (3–5), three
phenols (6, 8, and 9), and one fatty acid (7) were isolated from Chlamydomonas sp. KSF108. Their chemical
structures were established using NMR spectroscopic techniques and compared with published data. None of the
compounds have been previously reported from the genus Chlamydomonas and they may therefore serve as
chemotaxonomic markers for Chlamydomonas sp. KSF108 within the genus.

1. Subject and source

Microalgae are a polyphyletic group of unicellular phytosynthetic
eukaryotes comprising at least 40,000–70,000 species from various
phyla such as Cyanophyta (blue algae), Rhodophyta (red algae),
Chlorophyta (green algae), Pyrrophyta, Cryptophyta, Haptophyta,
Heterokontophyta, and Streptophyta (Gimpel et al., 2015; Suh et al.,
2017).

Chlamydomonas is a genus containing many species of green algae in
the globally-distributed family Chlamydomonadaceae. Previous che-
mical investigation of the algae revealed the presence of carotenoids,
fatty acids, sterols, mycosporine-like amino acids, phycobilins, poly-
ketides, pectins, halogenated compounds, and toxins (Borowitzka,
2013; Leu et al., 2014; Cardozo et al., 2007; Hallmann, 2007; Milledge,
2011; Pulz et al., 2004).

The Antarctic freshwater microalga Chlamydomonas sp. KSF108 was
collected from freshwater near King Sejong Antarctic Station (62° 13′ S,
58° 47′ W) in 2014 and maintained in Bold's basal medium (BBM) with
incubation at 2–3 °C under continuous lighting from light-emitting
diodes at an intensity of 35 μmol photons m−2 s−1.

Botanical identification was performed by Professor Sanghee Kim
and the voucher specimen, Chlamydomonas sp. KSF108 (KPRI-KSF108),
was deposited at the herbarium of the Division of Polar Life Sciences,
Korea Polar Research Institute, Korea.

2. Previous work

Chemical studies have revealed that algae contain a variety of
constituents, including fatty acids, sterols, carotenoids, mycosporine-
like amino acids, phycobilins, polyketides, pectins, halogenated com-
pounds, and toxins (Borowitzka, 2013; Leu et al., 2014; Cardozo et al.,
2007; Hallmann, 2007; Milledge, 2011; Pulz et al., 2004). However,
investigation into the chemical composition of extracts from the genus
Chlamydomonas has been limited. Hence, we carried out a chemical
investigation of Chlamydomonas sp. KSF108 in the present study.

3. Present study

3.1. General experiment procedures

The 1D and 2D NMR spectra were obtained using Varian Unity
Inova 400MHz and a Bruker Ascend™ 500MHz spectrometer with
tetramethylsilane (TMS) as an internal standard and the chemical shifts
were recorded in δ values (ppm). Mass spectrum was recorded using a
JEOL JMS-AX 300L spectrometer. Genomic DNA extraction of micro-
alga Chlamydomonas sp. KSF0108 was performed using a DNeasy Plant
Mini Kit. PCR amplification of nuclear SSU rDNA was carried out using
ExTaq polymerase and specific primers G01 and G07. Sequencing was
analyzed by Macrogen, Inc. using an ABI 3730xl DNA Sequencer and
the sequence was aligned using the Genetic Data Environment (GDE
2.2) program (Smith et al., 1994). The optimal model was determined
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using MODELTEST ver. 3.7 (Posada et al., 1998) and the molecular
identification was analyzed using Bayesian (Huelsenbeck et al., 2001)
and Randomized Axelerated Maximum Likelihood (RAxML) methods
(Stamatakis, 2006).

3.2. Extraction and isolation

Freeze dried Chlamydomonas sp. KSF108 (110.0 g) was extracted
three times (3 h×500mL) with methanol. After removing the solvent
under reduced pressure, the residue was suspended in H2O and then
successively partitioned with n-hexane, CH2Cl2, EtOAc, and n-BuOH.
The n-hexane-soluble fraction (7.0 g) was separated chromato-
graphically on a silica gel column (60×3.5 cm, 63–200 μm particle
size, Merck) using a stepwise gradient of n-hexane-EtOAc (40:1 to 0:1,
each 500mL) to yield eight fractions (HFr.1-HFr.8), distinguishable by
their TLC profiles. HFr.3 (2.5 g) was subsequently subjected to silica gel
column chromatography (60× 3.5 cm) and eluted with n-hexane-
EtOAc (30:1) to yield 4 sub-fractions (HFr.3-1 to 3–4). HFr.3.3 (1.5 g)
was chromatographed on a silica gel column (60×3.5 cm) using a
gradient solvent system of n-hexane-acetone (15:1 to 0:1) to yield
compounds 3 (10.0 mg), 4 (2.0mg), 5 (2.0mg), 6 (3.0mg), and 7
(50.0 mg). The fractions of CH2Cl2 and EtOAc were combined (1.7 g)
and subjected to silica gel column chromatography (60× 3.5 cm) with
n-hexane-EtOAc (2:1) to yield 6 sub-fractions (HFr.9 to 14). HFr. 12
(280.0mg) was further purified using a YMC RP-18 column with an
MeOH-H2O mobile phase (4:1 to 6:1), and a semi-preparative Waters
HPLC systems with an isocratic solvent system of 80% MeOH in
H2O + 0.1% trifluoroacetic acid (flow rate 5 mL/min) over 90 min as
an eluent, UV detection at 254 and 210 nm to yield 8 (2.1mg) and 9
(6.1 mg). The n-BuOH and H2O fractions (5.4 g) were combined and
subjected to separation on a silica gel column (60× 3.5 cm) using a
gradient solvent system of CH2Cl2-MeOH-H2O (60:1:0.1 to 0:0:1).
Subsequently, the resultant eluents were separated using a semi-pre-
parative Waters HPLC systems with an isocratic solvent system of 90%
MeOH in H2O + 0.1% trifluoroacetic acid (flow rate 5 mL/min) as an
eluent over 90 min, with UV detection at 254 and 210 nm. This resulted
in the isolation of compounds 1 (10.5 mg) and 2 (3.8mg).

By comparison of their physical and spectroscopic data with those of
compounds reported in the literature, the chemical structures of the
compounds were identified as (Z)-2-(2,4-dihydroxy-2,6,6-trimethylcy-
clohexylidene)acetic acid (1) (Wu et al., 2014), lilioside D (2) (Kaneda
et al., 1984), cholesterol (3) (Popjak et al., 1976), β-sitosterol (4)
(Salleh et al., 2016), hurgadacin (5) (Shaaban et al., 2013), α-toco-
pherol (6) (Cohen et al., 1976), 9Z,12Z-nonadecadienoic acid (7) (Fang
et al., 2012), m-hydroxyphenol (8) (Landy et al., 1999), and p-meth-
oxybenzaldehyde (9) (Tran et al., 2018) (Fig. 1).

4. Chemotaxonomic significance

Here, nine compounds (1–9) including one norisoprenoid (1), one
polyol-glycoside (2), three sterols (3–5), three phenols (6, 8, and 9),

and one fatty acid compound (7) are reported for the first time from
Chlamydomonas sp. KSF108.

In this study, a norisoprenoid is reported for the first time from the
genus Chlamydomonas (Cardozo et al., 2007). Its precursor may be β-
carotene, modified sequentially by phyto-oxygenation (i) and hydration
(ii), to produce (Z)-2-(2,4-dihydroxy-2,6,6-trimethylcyclohexylidene)
acetic acid (1). Among the products formed under phyto-oxygenation
conditions, DHA was the first compound produced during heat treat-
ment of β-carotene at 30 °C (Kanasawud et al., 1990; Manuela et al.,
2009; Isoe et al., 1969). The ring-opening hydration of lactone was
described and made possible through a variety of mechanisms for hy-
drolyzed esters (Bombarelli et al., 2013). A putative biosynthesis
transformation mechanism from β-carotene to 1 is presented in Scheme
1. 1 might represent useful chemotaxonomic marker for Chlamydo-
monas sp. KSF108.

A polyol-glycoside was expected to be produced from poly-
saccharides, which are the main structural components of algae, such as
Chromochloris zofingiensis, Acutodesmus obliguus, and Chlorella sor-
okiniana species (Potin et al., 1999; Trincone et al., 1995; Kaneda et al.,
1984; Bartosova et al., 2015). In this study, compound 2, a polyol-
glycoside, was found in the genus Chlamydomonas for the first time,
which could confirm the chemotaxonomic relationship between Chla-
mydomonas sp. KSF108 and the other species of Chlamydomonas.

In this study, three sterols (3–5) were isolated for the first time from
the genus Chlamydomonas. Sterols are one of the most important che-
mical constituents of microalgae such as Pyramimonas cf. cordata and
Atteya ussurensis sp. nov. and a major component in the diet of aqua-
cultured organisms (Ponomarenko et al., 2004). In particular, phytos-
terols are reported to be found in a variety of substituted groups, added
to carbon-24 of the C27 cholestance side chain. They are an important
chemotaxonomic biomarker for microalgae (Nes, 2000; Leblond and
Chapman, 2002).

Phenols are classes of primary metabolites and mono-phenyl com-
pounds, α-tocopherol (6), m-hydroxyphenol (8), and p-methox-
ybenzaldehyde (9) have been found in most algae: Anabaena doliolum,
Spongiochloris spongiosa, Porphyra tenera and Undaria pinnatifida
(Onofrejová et al., 2010), but were first isolated from the genus Chla-
mydomonas. They may serve as precursors in the formation of secondary

Fig. 1. The structure of compounds (1–9) isolated from Chlamydomonas sp. KSF108.

Scheme 1. Biosynthetic Pathway of 1 from β-carotene.
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microalgal metabolites, such as halogenated and polyphenolic com-
pounds (Butler and Franklin, 2004) and another chemical markers to
differentiate Chlamydomonas sp. KSF108 from other species of Chla-
mydomonas.

Fatty acids with two methylene-interrupted double bonds as
9Z,12Z-nonadecadienoic acid (7) confirming by mass spectrum analysis
with EIMS at m/z 294 [M]+ were commonly found in a variety of
microalgae (Ginneken et al., 2011). Most species from the classes Cy-
anophyceae, Prymnesiophyceae, Bacillariophyceae, Rhodophyceae,
Cryptophyceae, Chlorophyceae, Xantophyceae, and Eustigmatophyceae
have been described in terms of their fatty acid profiles (Cardozo et al.,
2007; Patil et al., 2007; Otles et al., 2001), and fatty acid was described
as major compound in the genus Chlamydomonas during its first isola-
tion. Therefore, the isolation of 7 from Chlamydomonas sp. KSF108
could be of chemotaxonomic significance and serve as valuable che-
motaxonomic markers for Chlamydomonas sp. KSF108.

In conclusion, the structural skeleton of 1−9 were firstly isolated
from species of Chlamydomonas. Especially, polyol-glycoside (2), sterols
(3–5), phenols (6, 8 and 9) and fatty acid (7) exist widely in microalgae
and could potentially be used to describe the chemotaxonomic re-
lationships between Chlamydomonas species and other lineages. Ours is
the first report to describe the chemical composition of a
Chlamydomonas species, which may serve as chemotaxonomic markers
for the identification of genus. However, further studies into the che-
mical makeup of other Chlamydomonas species are required.
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