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Research and development on the microbial pro-
duction of useful biolipids have been progressed with
deep interest in a stable supply of the valuable oils
by fermentation processes. Until now, the production
of eicosapentaenoic acid (Shimizu et al., 1988), y-
linolenic acid (Hansson and Dostalek, 1988), and doc-
osahexaenoic acid (Li and Ward, 1994), using various
oleaginous fungi, has been reported. However, like
other oleaginous plants or animals, processes for cell
disruption and oil extraction were still essential to re-
cover the products because they were entirely accu-
mulated in the cell. We have challenged development
of the excretive production of triacylglycerols (TGs) by
microorganisms, such as yeasts and fungi, for realiza-
tion of low-cost lipid fermentation.

We previously, isolated the yeast Trichosporon sp.
strain SH45Y and bred its mutant strain E2, which ex-
tracellularly accumulates TGs containing palmitoleic
acid in the ethyl palmitate medium (Yagi et al., 1994).
Palmitoleic acid has the biological function of prevent-
ing apoplexy (Yamada et al., 1989). For an increased
production of palmitoleic TGs from ethyl palmitate, we
have further obtained the strain E228 (Fukui and Yagi,
1994) by the screening, using an unsaturated fatty
acid-auxotrophic yeast strain as a tester (Yagi et al,,
1994), after mutagenesis on E2. Furthermore, we
have bred the novel mutant strain of Trichosporon sp.,
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L-12, which excretes TGs from glucose as the sub-
strate for growth (Nojima et al., 1995). In this commu-
nication, we studied substrate specificities in the ex-
cretive production of TGs by the mutant strains of
yeast Trichosporon sp.

At first, we examined the production of TGs by the
strain E228 cultivated in the liquid medium (Yagi et al.,
1994) containing 1% free fatty acids or fatty acid-ethyl
esters. Cultivation was performed at 28°C with shak-
ing (120 strokes/min). After a 4-day incubation, prod-
ucts accumulated in the intra- and extracellular space
were extracted and analyzed by TLC and HPLC (No-
jima et al., 1995; Yagi et al., 1994). Table 1 shows the
growth of cells and the extracellular production of TGs
on various substrates. Cells were grown on long-chain
free fatty acids (C,,—C.,), but not on middle chain fatty
acids (C4—C,,). Because free fatty acids are hardly
soluble in water, we exchanged them for their ethyl
esters, which are more emulsive than free acids. The
cell growth was recovered on ethyl caprate (C,,) and
ethyl laurate (C,,), though not on caprylate (Cg). Extra-
cellular accumulation of TGs was accompanied with
cell growth when fatty acids or its esters having a
chain length of up to 16 carbon-atoms were used as
the substrates. Over the length of 18 carbons, how-
ever, oleic acid and its ester could be used only as the
substrates for TG-excretion. Cells might be just able
to grow and excrete TGs on oleate (C,4.,) because
this substrate is more stable in the oxidation condi-
tions during cultivation than linoleate (C,5.,). The melt-
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ing temperatures of arachidate (C,,.,) and behenate
(Coy.,) are much higher than the cultivation tempera-
ture, so it was thought that cells could hardly use
these substrates. Amounts of the extracellular TGs
have not corresponded with cell growth.

The constitution of fatty acids in TGs secreted by
the yeast grown in fatty acid-ethyl esters was shown
in Table 2. In almost all products, the numbers of car-
bon-atoms of major constituent fatty acid were coinci-
dent with that of the substrate. When ethyl palmitate
was used as the substrate, palmitic acid and palmi-
toleic acid were accumulated in the TGs. The amount

Table 1. Cell growth and triacylglycerol (TG)-secretion
on various substrates.?
Substrate Growth® TG-secretion®
Caprylate (Cg.q) Free - -
Ethyl ester - -
Caprate (Cyp.0) Free - -
Ethyl ester + +
Laurate (Cyp.0) Free - -
Ethyl ester ++ ++
Myristate (Ciq.9) Free + ++
Ethyl ester ++ ++
Palmitate (Cig.0) Free * *
Ethyl ester + +4+
Palmitoleate (Cis.;) Free + +
Ethyl ester + +
Stearate (Cig.9) Free + -
Ethyl ester * -
Oleate (Cig.1) Free * +
Ethyl ester + +
Linoleate (Cyg.0) Free + -
Ethyl ester + -
Arachidate  (C,.,) Free +
Ethyl ester *
Behenate (Cpp.0) Free * -
Ethyl ester + -

2 The strain E228 was used.
b — no; %, poor; +, moderate; ++, well.
¢ —, no; %, slightly; +, fairly; ++, well.

Table 2.
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of palmitoleic acid was about half of palmitic acid. A
small amount of palmitoleic TGs was also produced
from ethyl palmitate; however, further desaturation
and chain elongation of the constituents were not ob-
served on this substrate. From these results, it was
considered that this yeast could take up the fatty acids
or ethyl esters, which have 12 to 16 carbon-atoms as
the growth substrates; then it could deposit the excess
of input as TGs in the extracellular space. In this
process, the conversion of saturated fatty acid to an
unsaturated one specifically occurs for palmitic acid
(Cro).

It is generally known that the middle chain fatty
acids are poisonous for many organisms. In this ex-
periment, growth of this microorganism was not inhib-
ited by the fatty acids having 10 to 14 carbon-atoms.
We have already reported the microbial transforma-
tion of fatty acids to methylalkylketones (n-alkane-2-
ones), useful chemicals as biofuel, flavor, solvent, and
biological signals, using the fungi and yeasts (Yagi et
al., 1992, 1991). In these reports, middle chain (Cg—
C,,) fatty acids were easily converted to n-alkane-2-
ones, but the fatty acids containing more than 16 car-
bons were hardly transformed by all the microorgan-
isms examined. From these observations, we specu-
lated that the microorganisms would avoid the toxicity
of middle chain (C4—C,,) fatty acids through their con-
version to nonpoisonous compounds such as n-
alkane-2-ones. In regard to extracellular production of
TGs, therefore, we would propose the following con-
sideration: The conversion of the fatty acids to TGs
and excretive TG-accumulation is a convenient mech-
anism to avoid the toxicity of middle chain fatty acids
in the yeast Trichosporon sp.

The production of TGs in the medium containing
fatty acid-ethyl esters (C,,—C,q 1%) or glucose (1%)
was monitored for one week (Figs. 1, 2). The mea-
surement of glucose in the medium was performed by
HPLC (Nojima et al., 1995). The substrates were con-

Extracellular accumulation of triacylglycerol (TG) on fatty acid-ethyl esters by the strain E228.

Substrate Extracellular

Substrate .
consumption (mg)

TG (mg/100ml)

Constituent fatty acids (mg/100 ml)

C10:0 C12:0 C14:O C16:0 C16:1 C18:0

Ethyl caprate (Ci0:0) 386.4 62.2
Ethyl laurate (Cyz.0) 751.8 191.9
Ethyl myristate (Cis.0) 501.3 192.9
Ethyl palmitate (Ci6.0) 380.1 167.6
Ethyl palmitoleate ~ (Cyg.4) 84.8 24.4
Ethyl oleate (Cig:1) 183.7 4.5

39.8 ND ND 3.4 ND 4.4 9.9 1.9

ND  30.6 ND 20.6 2.6 191 82.8 13.7
ND ND 134.6 1.2 ND ND 20.5 9.9
ND ND ND 90.6 38.6 1.4 11.1 5.1

ND ND ND 05 209 ND 1.6 0.3
ND ND ND 1.0 ND ND 2.1 1.2

Cells were cultivated at 28°C for 96 h in the medium containing 1% fatty acid-ethyl esters.

Inoculation: 2x107 cells.
ND: Not detectable.

Abbreviations: C,4.0, C15.0, C14.0: Ci6-0» C16:1, C15-00 C1s.1, @nd Cy5., indicate capric, lauric, myristic, palmitic, palmitoleic, stearic, oleic, and

linoleic acid, respectively.
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Ethyl laurate (C12:0)

Ethyl myristate (C14:0)

Triacylglycerol-secretion by Trichosporon sp. 127

Ethyl palmitate (C16:0)
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Time course of triacylglycerol (TG) production on fatty acid-ethyl esters by the strain E228.

Cells were cultivated at 28°C in the medium (100 ml) containing 1% of each substrate. O, extracellular TGs; @, intracellular

TGs; O, substrate.
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Fig. 2. Time course of triacylglycerol (TG) production on glu-

cose by the strain E228 and L-12.

Cells were cultivated at 28°C in the medium (100 ml) containing
1% of glucose. Cell growth was also monitored as the dry cell
weight (m). O, extracellular TGs; @, intracellular TGs; O, substrate.

sumed, and the products (TGs) were accumulated
both in the intra- and extracellular spaces. The
amounts of TGs were increased as long as each sub-
strate was remaining in the medium. After consump-
tion of the substrate, the modes of TG-accumulation
were dissimilar in the fatty acid medium and in the glu-
cose medium. On ethyl laurate, the level of both intra-
and extracellular TGs reached a plateau, and that of

TGs formed on glucose was drastically changed. Sub-
sequent to a use up of glucose, the amounts of extra-
cellular TGs immediately decreased with an increase
of the intracellular TGs (Fig. 2). This phenomenon
was more remarkable in the strain L-12 than in the
E228. The accumulation of extra- and intracellular
TGs has not arrested the cell growth of both strains.
The middle chain fatty acids were not detectable in
the constituents of TGs formed on glucose (Nojima et
al.,, 1995). The activities of lipase, also, were hardly
detected in either medium. These results indicate that
the extracellular TGs accumulated in the glucose
medium were able to be taken up once more and
were usable as the energy sources by the cells, al-
though the TGs converted from ethyl laurate (Fig. 1,
Table 1) would not be used anymore because of the
toxicity of its constituent lauric acid (Hatton and
Kinderlerer, 1991). The decrease in the amounts of
excreted TGs on other fatty acid-ethyl esters (C,, and
C,¢) could not be checked in the term of this experi-
ment. Recently we have observed that the level of ex-
tracellular TGs does not reduce on the substrates of
fatty acids (1%), as long as they remained over 0.2%
in the medium.

In this study, the highest conversion rate (about
60%, TGs excreted to substrate consumed) for TG-
secretion was obtained in ethyl myristate medium
after a one-week cultivation (Fig. 1). So myristic acid
was considered to be most effective for the secretion
of TGs by the Trichosporon; however, this substrate is
more expensive. Further research is necessary for the
establishment of low-cost excretive fermentation of
TGs, which are available for the biofuels, using this
yeast system.
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