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Fatty acid composition profiles of 235 strains of three microalgal
divisions within the NIES Microbial Culture Collection
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To evaluate the occurrence of polyunsaturated fatty acids as phenotypic markers, we analyzed the fatty acid
compositions of 235 strains of microalgae within the divisions Heterokontophyta, Cryptophyta, and Haptophyta held in
the Microbial Culture Collection at the National Institute for Environmental Studies. Eicosapentaenoic acid (EPA, 20:5)
was present at >10% of the total fatty acid composition in 119 strains. Docosahexaenoic acid (DHA, 22:6) DHA was
present at >10% of the total in 16 strains, most in the Haptophyta, in addition to two unidentified strains in the
Pelagophyceae (Heterokontophyta). Strains of the Heterokontophyta other than the Chrysophyceae and the
Pelagophyceae and the strains of Cryptophyta typically contained more EPA than DHA. The Heterokontophyta, with 11
classes, including the newly recognized Aurearenophyceae, Pelagophyceae, and Schizocladiophyceae, showed diverse
fatty acid profiles, although clear phenotypic results defining each taxonomic group were not confirmed.
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INTRODUCTION

The fatty acid compositions of a large number of
microalgae have been reported. Of particular inter-
est from a chemotaxonomic viewpoint is the occur-
rence of polyunsaturated fatty acids (PUFAs). Cul-
ture strains of microalgae are maintained in the
Microbial Culture Collection at the National Institute
for Environmental Studies, Tsukuba, Japan (MCC-
NIES). An exhaustive analysis of fatty acid composi-
tion using this culture collection will provide useful
information for investigators. Differential segrega-
tion of microalgae by their fatty acid profiles indi-
cates the potential utility of fatty acids as biomark-
ers (Sahu et al, 2013). We hope to establish the fatty
acid compositions of algae in the MCC-NIES in order
to distinguish them. Microalgae are a potential
source of bioactive compounds with pharmaceutical,
biomedical, and nutraceutical prospects. In particu-
lar, their production of PUFAs, such as eicosapentae-
noic acid (EPA, 20:5) and docosahexaenoic acid (DHA,
22:6), is the subject of intensive research and increas-
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ing commercial attention (Guschina & Harwood,
2006). PUFAs have important nutritional value for
human health (Abedi & Sahari, 2014). Selection and
screening of PUFA-producing species are considered
important to increasing the commercial use of algae.
Here we show the fatty acid composition of 235
strains within the divisions Heterokontophyta, Cryp-
tophyta, and Haptophyta held in the MCC-NIES.

MATERIALS AND METHODS

Microalgae were supplied by MCC-NIES and were
grown under light at 20C in the culture media des-
ignated by MCC-NIES. Stationary growing cells
were harvested by centrifugation and then lyophi-
lized.

Lipids were extracted by the method of Bligh &
Dyer (1959). The dried lipid fraction was mixed with
2ml of 5% (w/w) HCl-methanol and heated at 90C
for 2 h to obtain fatty acid methyl esters. The solu-
tion was extracted twice with 2 m/ z-hexane. The 7-
hexane fraction was concentrated for use in gas
chromatographic analysis. Gas chromatography was
performed with a fused-silica capillary column (0.25
mm internal diameter X50 m; Chrompack Cp-Sil 88,
Agilent Technologies Inc., USA), with the oven tem-
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perature programmed to increase from 150 to 210C
at 5C min~'. The fatty acid composition was calcu-
lated by a Chromatopac C-R8A data processor (Shi-
madzu Corp., Kyoto, Japan). To identify the fatty
acid methyl esters, we performed gas chromato-
graphic - mass spectrometric analysis with a GCMS-
QP2010 Ultra (Shimadzu) equipped with a Varian
capillary column (0.25 mm internal diameter X60 m;
Agilent Technologies) at an ionization energy of 70
eV. The oven temperature was initiated at 120C for
1 min and then raised to 175C at 25C min~}, then to
235C at 5C min~}, and then held for 5 min. The in-
jection and interface temperatures were 250C, and
the ion source temperature was 200C.

RESULTS AND DISCUSSION
Fatty acid compositions are shown in Table 1.

Heterokontophyta

Through the analysis of nuclear-encoded SSU
rRNA and plastid-encoded rbcL, psaA, psbB, and
psbC, Yang et al. (2012) reported three major clades
of the Heterokontophyta. SI clade comprised the
Schizocladiophyceae, Phaeophyceae, Aurearenophy-
ceae, Chrysomerophyceae, Phaeophyceae, Raphido-
phyceae, and Xanthophyceae. In particular, Schizo-
cladiophyceae and the Phaeophyceae formed a sub-
clade within SI clade. The Chrysophyceae,
Eustigmatophyceae, Pinguiophyceae, Synchromophy-
ceae and Synurophyceae formed the SII clade. The
Bacillariophyceae, Bolidophyceae, Dictyochophyceae
and Pelagophyceae formed the SIII clade.

The major fatty acids in the Heterokontophyta
were 14:0, 160, and 16:1, and most Bacillariophyceae
species contained 20:5. The highest content of 20:5
was found in Asterionellopsis glacialis (NIES-265,
417), in which it accounted for 40% of the total fatty
acids. One of the most well-known marine diatoms
that produce 20:5 is Phaeodactylum tricornutum,
with 20:5 constituting up to 40% of its total (Yong-
manitchai & Ward, 1991; Fernandez et al., 2000;
Tonon et al., 2002; Liang et al., 2006). The yield of
20:5 in A. glacialis was equivalent to that in P. tri-
cornutum. The content of 22:6 was 0% to 4% in the
Bacillariophyceae. The fatty acid composition of
Chaetoceros spp., which are food for the larvae of
crustaceans and fish, has been reported (Liang et al.,
2006; Chen, 2012; Boelen et al., 2013; Wang et al.,
2014). Although trace amounts of 22:6 have been re-
ported in Chaetoceros spp. (Liang et al., 2006; Chen,
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2012; Boelen et al., 2013; Wang et al., 2014), we did not
detect any in three strains (NIES-377, 553, 586). Six-
teen strains in the genus Skeletonema (NIES-17, 223,
323, 324, 2533, 2534, 2535, 2536, 2537, 2837, 2839, 2840,
2841, 2842, 2843, 2844) had similar fatty acid composi-
tions to those of S. costatum (Berge et al., 1995; Chen,
2012) and S. marinoi (Chandrasekaran et al., 2014).

In addition to fatty acid production, biodiesel pro-
duction by several genera of diatoms has been re-
ported (Graham et al., 2012). Some, such as Cyclotel-
la, are capable of heterotrophic growth, so a high
yield of biomass is expected (Glaude & Maxey, 1994;
Pahl et al., 2010). The content of 20:5 in four strains
of Cyclotella was 8.3% to 15.4%. Fistulifera saprophila
(NIES-2722) had a very high content of 20:5 (25.7%).
The closely related F. solaris was shown to be a
powerful candidate for production of 20:5 and bio-
diesel because of its high lipid productivity (Liang et
al., 2014).

In the Chrysophyceae, Ochromonas danica is one
of the most studied species with respect to fatty acid
and lipid biosynthesis (Vogel & Eichenberger, 1992).
The structure of two algal betaine lipids —1,2-diacyl-
glyceryl-O-4’-(N, N, N-trimethyl)homoserine and 1,2-di-
acylglyceryl-O-2"-hydroxymethyl-(V, NV, N-trimethyl)
p-alanine— was first determined from their produc-
tion in O. danica (Nichols & Appleby, 1969; Vogel et
al., 1990). The algae in the genus Synura, sometimes
classified in the class Synurophyceae (Siver et al.,
2015), are characterized by distinctive siliceous sur-
face scales. In Synura, 14:0, 16:0, and 18:4 were abun-
dant, and 22:6 was more abundant than 20:5.

Nannochloropsis oculata (NIES-2145) is the most
studied alga in the Eustigmatophyceae (Tonon et al.,
2002; Olofsson et al., 2012). A high 205 content appears
to be a characteristic feature of Nannochloropsis
(Huerlimann et al., 2010; Lim et al, 2012). Contents of
16:0, 161, 180, and 205 were >10% in N. oculata, and
the high contents of 16:0 and 16:1 were similar to those
in Vischeria sp. (NIES-2147, 2148).

The picoplankton Pelagomonas calceolata was de-
scribed as a new species, in a new genus, family, or-
der, and class, the Pelagophyceae, by Andersen et al.
(1993). We detected 12:0, 14:0, 16:0, 16:1, 18:0, 18:1,
18:2, 18:3, 184, and 22:6 in all Pelagophyceae strains,
but detected 20:5 in only five strains. The fatty acid
and polar lipid compositions in the Pelagophyceae
have not previously been reported.

The major fatty acids in 24 strains in the Raphido-
phyceae were 14:0, 16:0, and 20:5. Chattonella marina
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Fatty acid composition of microalgae

(NIES-1, 14, 115, 557, 558, 559, 603, 1974, 1975, 1976),
Fibrocapsa japonica (NIES-136, 462, 560, 605, 1303),
and Heterosigma akashiwo (NIES-9, 145, 293) kill fish
in Japanese aquaculture through algal blooms (Giner
et al., 2008). These strains also contained a higher
proportion of 184 than other raphidophytes. Other
studies of the content of 18:4 in the Raphidophyceae
support our results (Mostaert et al., 1998; Nichols et
al., 1987; Marshall et al., 2002; Giner et al., 2008;
Dorantes-Aranda et al., 2015). 16:0 and 16:1 were
abundant in the Xanthophyceae, and 20:5 was de-
tected in all strains except those of Botrydiopsis
(NTES-621, 2899).

The Pinguiophyceae and the Aurearenophyceae
were identified as new classes in 2002 and 2008, re-
spectively (Kawachi et al., 2002; Kai et al., 2008).
High EPA content (23.5% to 56.0% of total fatty acids)
is a characteristic feature of five genera in the Pin-
guiophyceae (Kawachi et al,, 2002). We found 20:5 in
three strains at 3% to 15% of the total. Auwurearena
crucitata (NIES-1863, 1864, 1865) had >20% of 16:0 and
4% to 14% of 20:5.

Most of the Phaeophyceae are macroalgae, with
only one filamentous unialgal strain in the MCC-
NIES (NIES-548). The major fatty acids in Acinetos-
pora crinita (NIES-548) were 16:0, 18:1, 18:2, 18:3, 184,
and 20:5.

The Schizocladiophyceae were classified in 2003
(Kawai et al., 2003). The major fatty acids in the fila-
mentous marine alga Schizocladia ischiensis (NIES-
1044) were 16:0, 16:1, 18:1, and 20:5. The major fatty
acid composition of Giraudyopsis sp. (NIES-1862), in
the Chrysomerophyceae, was similar to that of A.
crinita (NIES-548), in the Phaeophyceae.

Cryptophyta

The Cryptophyceae, the only class in the Cryp-
tophyta, are marine or freshwater flagellated unicells,
and most are photosynthetic. The major fatty acids
in most strains were 16:0, 18:3, 18:4, and 20:5. In par-
ticular, most strains contained high proportions of
18:3+18:4 (15.1%—53.4%). Furthermore, 22:6 was
found in all strains of Cryptomonas, Rhodomonas, and
Hemiselmis except for NIES-3185. The results in
Cryptomonas and Rhodomonas support previous re-
ports (Dunstan et al., 2005; Wacker et al., 2016).

Haptophyta
The Haptophyta are divided into two classes, the
Pavlovophyceae and the Prymnesiophyceae, which

Mitani et al.

contain well-known species of the Prymnesiales and
coccolithophorids. The major fatty acids in the Hap-
tophyta were 14:0, 16:0, 16:1, 18:4, and 22:6. The con-
tent of 20:5 also was high in the Pavlovophyceae. In
addition, 185 was detected in some strains in the
Prymnesiophyceae. Emiliania huxleyi is a model
coccolithophorid, and its fatty acid composition has
been reported (Bell & Pond, 1996; Boelen et al., 2013;
Kotajima et al., 2014). Four Emiliania strains and the
closely related species Gephyrocapsa oceanica had
similar fatty acid compositions to those previously
reported (Bendif et al., 2016). In the Pavlovophyceae,
PUFA production has been investigated most inten-
sively in Pavlova lutheri (Kato et al., 1995; Meireles et
al., 2003; Guihéneuf & Stengel, 2013). This species is
widely used in aquaculture as live feed for marine
invertebrates (Rico-Villa et al., 2006; Ponis et al., 2008).
Fatty acid compositions of MCC-NIES strains in the
Pavlovophyceae were similar to that of P. lutheri
(Kato et al., 1995). In addition, two unidentified
strains of Pavlova, NIES-1815 and 1816, had good
quantities of both 20:5 and 22:6, suggesting advan-
tages in aquaculture nutrition.

CONCLUSION

The fatty acid profiles presented here provide use-
ful information in the search for microalgae as sourc-
es of valuable compounds. Microalgae as sources of
PUFAs such as 20:5 and 22:6, with beneficial effects
on human health, are attracting increasing attention.
Microalgae offer sources of many other useful com-
pounds, such as antioxidants, pigments, biofuel, and
bioplastics. We hope to enrich the information avail-
able to microalga researchers through the MCC-
NIES.
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