PROCESS FOR PRODUCING PHOSPHOLIPID CONTAINING LONG
CHAIN POLYUNSATURATED FATTY ACID AS CONSTITUENT
THEREOF AND UTILIZATION OF THE SAME TECHNICAL FIELD The
present invention relates to a producing method of phospholipids
including long-chain polyunsaturated fatty acids as constituents, and use
of such phospholipids. The invention particularly relates to a method for
efficiently and stably producing phosphbl'rpids, and to phospholipids
produced by the method, and representative use of such phospholipids.
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The present invention relates to a producing method of
phospholipids including long-chain polyunsaturated fatty
acids as constituents, and use of such phospholipids. The
invention particularly relates to a method for efficiently and
stably producing phospholipids, and to phospholipids
produced by the method, and representative use of such

phospholipids.

BACKGROUND ART

Phospholipids (PL) are known to possess various
physiological functions, including brain function improving
effect, anti-stress effect, and cholesterol reducing action. PL
occur in various forms, well-known examples of which
include phosphatidylcholine (PC), phosphatidylserine (PS),
phosphatidylethanolamine (PE), and phosphatidylinositol (PI).
These different forms of PL have different functions and
properties.

Among these different types of PL, phospholipids whose

constituents are long-chain polyunsaturated fatty acids



convenience of explanation) are known to exhibit superior brain function
improving effect, as compared with phospholipids whose constituents are
not LCPUFA (may be referred to as "non-LCPUFA-PL" for convenience
of explanation) (see Non-Patent Publication 1, for example). Specific
examples of LCPUFA include, for example, docosahexaenoic acid (DHA),
arachidonic acid (AA) and the like. Non-phospholipid LCPUFA derivatives
are also known to possess brain functi@n‘improving effects (see Patent
Publication 1, for example). However, unlike phospholipids such as the
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explanation) (see Non-Patent Publication 1, for example).
Specific examples of LCPUFA include, for example,
docosahexaenoic acid (DHA), arachidonic acid (AA) and the
like.

Non-phospholipid LCPUFA derivatives are also known to
possess brain function improving effects (see Patent
Publication 1, for example). However, unlike phospholipids
such as the LCPUFA-PL or Non-LCPUFA-PL, the
non-phospholipid LCPUFA derivatives are believed to act on
the hippocampus of the cerebrum to improve the brain
functions.

The LCPUFA-PL is considered to provide superior brain
function improving effect because (1) it has the structure
actually present in the brain, (2) it can pass through the
blood brain barrier, and (3) it can reach the brain tissue or
other tissues in the body without being captured or modified
in the liver, since the molecule is absorbed without entering

the liver.

The following more specifically describes these reasons.



LCPUFA exist as compounds such as PC, PS, PE, and PI, and therefore
exhibit a variety of functions in the brain. (2) The phospholipids can reach
the brain tissue. This has been proved by an experiment in which orally
administered labeled-phospholipids were detected in the brain tissue (see
Non-Patent Publication 2). (3) When absorbed, one of the two fatty acid
molecules of the phospholipids is hydrolyzed to generate
lysophospholipids in the digestive systetn- The lysophospholipids are
absorbed in the small intestine and reassembled into phospholipids in the
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acid-producing filamentous bacteria produce a small amount of
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of triglycerides containing arachidonic acid (see Non-Patent
Non-Patent Publication 2). (3) When absorbed, one of the two
fatty acid molecules of the phospholipids is hydrolyzed to
generate lysophospholipids in the digestive system. The
lysophospholipids are absorbed in the small intestine and
reassembled into phospholipids in the small intestine cells
before they are absorbed through the Ilymph vessels
(Non-Patent Publication 3). In this manner, the LCPUFA-PL
circulates through the body without entering the liver.
Conventionally, the LCPUFA-PL has been produced by
being prepared or purified from organs, eggs, or other parts
of animals containing a large amount of LCPUFC-PL. In one
specific example, the LCPUFA-PL is prepared from the cow
brain, or a phospholipid fraction from the pig liver or fish
egg is purified (see Patent Publications 2 and 3). Further,
particular species of marine bacteria are known to produce
LCPUFA-PL (see Non-Patent Publication 4). Furthermore, it

is also known that arachidonic acid-producing filamentous

bacteria produce a small amount of phospholipids



Publication 5). In the industrial production of phospholipids, phospholipids
are generally extracted together with oil or fat, when the oil or fat, of
which primary ingredient are triglycerides, is extracted from a starting
material. Hexane or the like solvent is used as a solvent for extraction.
The extracted oil or fat includes gum substance, which may cause the
coloring and foaming of the oil or fat. Therefore the gum substance is
removed through a gum-removing proc‘éss, in which almost all parts of
phospholipids are transferred to the gum substance. Accordingly,
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triglycerides, is extracted from a starting material. Hexane or
the like solvent is used as a solvent for extraction.

The extracted oil or fat includes gum substance, which
may cause the coloring and foaming of the oil or fat.
Therefore the gum substance is removed through a
gum-removing process, in which almost all parts of
phospholipids are transferred to the gum substance.
Accordingly, phospholipids are produced by purification of
the gum substance.

In the case where soy bean lecithin is produced as
phospholipids, raw oil is extracted from soy, which is a
starting material in this case, by using hexane as a solvent.
The residual defatted soy is used as food, feedstuff or the
like. As the raw oil, on the other hand, includes gum
substance, the gum substance is separated through a
gum-removing process and then purified. Through the
process the soy bean lecithin is produced. When the content

of the soy bean lecithin or phospholipids is detected after

the aforementioned series of production steps of the soy



phospholipids in the purified oil is no more than 0.05%. Consequently, it
becomes apparent that the phospholipids are removed mainly through
gum-removing process (see Non-Patent Publication 6). [Patent
Publication 1] Japanese Laid-Open Patent Publication No. 4883 1 /2003
(Tokukai 2003-48831) (published on February 21, 2003) [Patent
Publication 2] Japanese Laid-Open Patent Publication No. 35587/ 1999
(Tokukaihei 11-35587) (Published on Féb‘ruary 9, 1999) [Patent
Publication 3] Japanese Laid-Open Patent Publication No. 59678/ 1996

Tokukainet 182867 8)r(Fuplisheslogn March 5 d99g) N rh-B@é?ﬂbnpids is
Publication 1] G. Toffano et al., Nature Vol.260 p331-333 (1976)

NantRatesd Puitiicatie 2] £awoffahb eiat &didical Bdal Johwal Yoh2ént of
pl8-24 (1987) [Non-Patent Publication 3] Katsumi Imaizumi, Clinical
Ritgsoh(®@inshdEiyo), Yok srpfieth @Ugsp[Nen-PaxenePiblkatidh. 4] %.

Consequently, it becomes apparent that the phospholipids
are removed mainly through gum-removing process (see
Non-Patent Publication 6).
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Japanese Laid-Open Patent Publication No.
48831/2003 (Tokukai 2003-48831) (published on February
21, 2003)

[Patent Publication 2]

Japanese Laid-Open Patent Publication No.
35587/1999 (Tokukaihei 11-35587) (Published on February
9, 1999)
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Japanese Laid-Open Patent Publication No.
59678/1996 (Tokukaihei 08-59678) (Published on March 5,
19906)

[Non-Patent Publication 1]

G. Toffano et al., Nature Vol.260 p331-333 (1976)

[Non-Patent Publication 2]

G. Toffano et al. Clinical Trial Journal Vol.24 p18-24
(1987)

[Non-Patent Publication 3]

Katsumi Imaizumi, Clinical Nutrition (Rinsho Eiyo), Vol.



Kazunaga Yazawa et al., Oil Science (Abura Kagaku), Vol. 44, pp.
787-793 (1995) [Non-Patent Publication 5] S. jareonkitmongkol et al.,
Apple Environ Microbiol Vol.59 p4300-4304 (1993) [Non-Patent
Publication 6] Oils and Fats Handbook, Saiwai Shobou, p. 178-184 (1988)
But through the conventional techniques, it is difficult to produce
LCPUFA-PL efficiently and stably. Specifically, sources of LCPUFA-PL
are limited and only a small amount of PCPUFA-PL can be obtained
because the LCPUFA-PL currently available all derive from the
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But through the conventional techniques, it is difficult

to produce LCPUFA-PL efficiently and stably.

Specifically, sources of LCPUFA-PL are limited and only
a small amount of LCPUFA-PL can be obtained because the
LCPUFA-PL currently available all derive from the
aforementioned animal organs, or the egg yolk of animals.
The supply is therefore unstable, and the same quality
cannot always be obtained. Further, with the epidemic of the
mad-cow disease, it has become very difficult to use the cow
brain or other animal organs.

As for the technique using microbe, in the LCPUFA-PL
derived from marine bacteria, the majority of its fatty acids
are branched fatty acids which are distinct to bacteria and
are rarely seen in humans or other animals. The LCPUFC-PL
derived from marine bacteria is therefore not suitable as a

nutritional composition for human consumption. Further,



small amount is detected in a mixture of a large amount of triglycerides.
Therefore it is difficult to apply this method in an industrial application.
The present invention was made in view of the foregoing problems. An
object of the invention is to provide a technique to produce LCPUFA-PL
efficiently and stably, and to provide low-cost LCPUFA-PL with a stable
quality in stable quantity. Another object of the invention is to provide
representative application of the techm’tfue. DISCLOSURE OF
INVENTION The inventors of the present invention diligently worked to
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That is, the present invention provides a method for

problems. An object of the invention is to provide a
technique to produce LCPUFA-PL efficiently and stably, and
to provide low-cost LCPUFA-PL with a stable quality in stable

quantity. Another object of the invention is to provide

representative application of the technique.

DISCLOSURE OF INVENTION

The inventors of the present invention diligently
worked to solve the foregoing problems. In accomplishing
the present invention, the following findings (1) and (2) were
obtained when lipid producing cells that produce LCPUFA
lipids were wused as a starting material to produce
LCPUFA-PL. (1) In extracting triglycerides from cells, the
fraction of the extract containing triglycerides as a major
component contained hardly any phospholipids, contrary to
an expected outcome of finding phospholipids with the
triglycerides. In the residual cells obtained by the extraction

of the triglycerides, a large amount of LCPUFA-PL remained.



producing phospholipids that contain LCPUFA as a constituent
(LCPUFA-PL), wherein lipid producing cells producing lipids that contain
long-chain polyunsaturated fatty acids (LCPUFA) are used as a starting
material, the method including a PL extracting step of extracting
phospholipids (PL) from defatted cells obtained by extracting triglyceride
(TG)-containing oil or fat from the lipid producing cells. It is preferable that
the producing method further include af oil or fat extracting step of
extracting TG-containing oil or fat from the lipid producing cells and
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before the PL extracting step. The lipid producing cells used in the
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Phabphamhcia RPagiaiiens @rebdporium; Mucor; Fusarium; Aspergillus;
Rhodotorula; Entomophthora; Echinosporangium; and Saprolegnia. It is
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one of an aliphatic
producing lipids that contain long-chain polyunsaturated

fatty acids (LCPUFA) are used as a starting material, the
method including a PL extracting step of extracting
phospholipids (PL) from defatted cells obtained by extracting
triglyceride (TG)-containing oil or fat from the Ilipid
producing cells.

It is preferable that the producing method further
include an o0il or fat extracting step of extracting
TG-containing oil or fat from the lipid producing cells and
obtaining the defatted cells, the oil or fat extracting step
being carried out before the PL extracting step.

The lipid producing cells used in the invention are not
particularly limited, but are preferably at least one kind
selected from the group —consisting of: Mortierella;
Conidiobolus; Pythium; Phytophthora; Penicillium;
Cladosporium; Mucor; Fusarium; Aspergillus; Rhodotorula;
Entomophthora; Echinosporangium; and Saprolegnia. It is
preferable that the lipid producing cells that belong to genus

Mortierella also belong as subgenus Mortierella, and that the



organic solvent and water, or supercritical carbon dioxide gas be used as
an extractant used to extract PL from the defatted cells. The aliphatic
organic solvent is preferably a saturated hydrocarbon, an alcohol, a
mixed solvent of saturated hydrocarbon and alcohol, or a mixed solvent
of halogenated hydrocarbon and alcohol. It is preferable that the extract
be at least one of hexane, ethanol, methanol, hydrous ethanol, isopropyl
alcohol, and acetone, and that the extréct be a mixed solvent of hexane
and ethanol. A hexane:ethanol ratio of the mixed solvent of hexane and
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the producing method that, in the ol or fat extracting step, the oil or fat be
eXanted from the lipid producing cells using at least one of compression
extraction employing applied pressure, rendering extraction, and
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one of an aliphatic organic solvent and water, or supercritical carbon _ .
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produced by the foregoing producing method, and include LCPUFA as a

dutsiituedt. dbH sonsliteemliERYEA ivRglanic solvent is preferably a
saturated hydrocarbon, an alcohol, a mixed solvent of
saturated hydrocarbon and alcohol, or a mixed solvent of
halogenated hydrocarbon and alcohol. It is preferable that
the extract be at least one of hexane, ethanol, methanol,
hydrous ethanol, isopropyl alcohol, and acetone, and that
the extract be a mixed solvent of hexane and ethanol. A
hexane:ethanol ratio of the mixed solvent of hexane and
ethanol is preferably in a range of 4:1 to 0:6 by volume.

It is preferable in the producing method that, in the oil
or fat extracting step, the oil or fat be extracted from the
lipid producing cells using at least one of compression
extraction employing applied pressure, rendering extraction,
and extraction using an extractant. It is preferable that an
extract of at least one of an aliphatic organic solvent and
water, or supercritical carbon dioxide gas be used as the
extractant used to extract PL from the defatted cells. Hexane
is preferably used as the aliphatic organic solvent.

Preferably, the lipid producing cells used in the oil or fat



particularly limited, but is preferably at least one kind selected from the
group consisting of: eicosadienoic acid, eicosatrienoic acid,
eicosatetraenoic acid, eicosapentaenoic acid, docosadienoic acid,
docosatrienoic acid, do cosatetraenoic acid, docosapentaenoic acid,
docosahexaenoic acid, tetracosadienoic acid, tetracosatrienoic acid,
tetracosatetraenoic acid, tetracosapentaenoic acid, and
tetracosahexaenoic acid. At least one dfQC=C double bonds in a LCPUFA
molecule may be conjugated, and the LCPUFA preferably includes
argachidanig Cé(ﬂ@}?déqredgqqg@%@qegpic acid. Itis preferable that a
proportion of arachidonic acid with respect to total fatty acids contained
as conftituesishas igpal § CRUEA:R Lrig 0.Soperhent py evgight drgreaieion are
Specifically, the LCPUFA-PL is preferably at least one kind of
glyestustestphoiipidiseldeteeigrim gshergiodp Gargistimgtéfod, and include
hosphatidylcholine; phosphatidylserine; phosphatidylethanolaming; .
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acid, docosadienoic acid, docosatrienoic acid,
docosatetraenoic acid, docosapentaenoic acid,
docosahexaenoic acid, tetracosadienoic acid,
tetracosatrienoic acid, tetracosatetraenoic acid,

tetracosapentaenoic acid, and tetracosahexaenoic acid.

At least one of C-C double bonds in a LCPUFA molecule
may be conjugated, and the LCPUFA preferably includes
arachidonic acid and/or docosahexaenoic acid. It is
preferable that a proportion of arachidonic acid with respect
to total fatty acids contained as constituents of total
LCPUFA-PL is 0.3 percent by weight or greater.

Specifically, the LCPUFA-PL is preferably at least one
kind of glycerophospholipid selected from the group
consisting of: phosphatidylcholine; phosphatidylserine;
phosphatidylethanolamine; phosphatidylinositol;
phosphatidic acid; and cardiolipin. In the case where the
LCPUFA-PL is at least phosphatidylcholine, it is preferable

that a proportion of arachidonic acid with respect to total



respect to total fatty acids contained as constituents of total
phosphatidylserine be 5 percent by weight or greater. In Phospholipids
according to the present invention, the LCPUFA-PL includes at least
phosphatidylcholine and phosphatidylserine, and the LCPUFA includes at
least arachidonic acid, and a proportion of arachidonic acid with respect
to total fatty acids contained as constituents of total phosphatidylcholine
is 40 percent by weight or greater, ard bl proportion of arachidonic acid
with respect to total fatty acids contained as constituents of total

pResphatidylsgiine is 2@ REECRIE QY weight or eaieti e ROSPhalipids total
may be adapted so that the LCPUFA-PL includes phosphatidylcholine
inhioaipdast i theludesldinemdey-lindepie Beichas b RuWE lanthageeater. In
proportion of dihomo-y-linolenic acid with respect to total fatty acids
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weight or greater. Further, the phospholipids may be adapted so that the .
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inventidn irtiusies hao Plpédisaaidig si@paf the the present invention, the
LCPUFA-PL includes at least phosphatidylcholine and
phosphatidylserine, and the LCPUFA includes at least
arachidonic acid, and a proportion of arachidonic acid with
respect to total fatty acids contained as constituents of total
phosphatidylcholine is 40 percent by weight or greater, and a
proportion of arachidonic acid with respect to total fatty
acids contained as constituents of total
phosphatidylserine is 20 percent by weight or greater.

The phospholipids may be adapted so that the
LCPUFA-PL includes phosphatidylcholine that at least
includes dihomo-y-linolenic acid as LCPUFA, and that a
proportion of dihomo-y-linolenic acid with respect to total
fatty acids contained as constituents of total
phosphatidylcholine is 3 percent by weight or greater.
Further, the phospholipids may be adapted so that the
LCPUFA-PL includes phosphatidylserine that at least

includes dihomo-y-linolenic acid as LCPUFA, and that a

proportion of dihomo-y-linolenic acid with respect to total



foregoing producing method; and a solution preparing step of preparing a
phospholipid solution by dissolving the LCPUFA-PL-containing PL
obtained in the PL extracting step in a liquid lipid that contain LCPUFA as
a constituent. It is preferable that the producing method further include an
oil or fat extracting step, wherein oil or fat obtained in the oil or fat
extracting step is used as the liquid lipid, and that an amount of oil or fat
extracted in the oil or fat extracting stebzbe suppressed, so as to extract
in the PL extracting step the LCPUFA-PL as a lipid composition
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as a constituent. It is preferable in the lipid composition that a proportion
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LCPUFA-PL-containing PL obtained in the PL extracting step
in a liquid lipid that contain LCPUFA as a constituent.

It is preferable that the producing method further
include an oil or fat extracting step, wherein oil or fat
obtained in the oil or fat extracting step is used as the liquid
lipid, and that an amount of oil or fat extracted in the oil or
fat extracting step be suppressed, so as to extract in the PL
extracting step the LCPUFA-PL as a lipid composition
dissolved in the liquid lipid.

A lipid composition according to the present invention
is produced by the method of producing a lipid composition,
and at least includes: LCPUFA-PL; and a liquid lipid
including LCPUFA as a constituent. It is preferable in the
lipid composition that a proportion of LCPUFA with respect
to total fatty acids of the liquid lipid be 11 percent by weight
or greater.

A lipid composition according to the present invention

is not necessarily required to be obtained by the method of

producing a lipid composition as long as it contains the



In the present invention, the lipid composition may be used in food. That

is, the present invention includes food that contains the lipid composition.
Further, in the present invention, food may include an oil-in-water

dispersion liquid in the form of a liposome formed by the phospholipids. A
specific example of food is a nutriment. For a fuller understanding of the

nature and advantages of the invention, reference should be made to the
ensuing detailed description. BEST MOBE FOR CARRYING OUT THE
INVENTION The following will describe one embodiment of the present
IDURIYigR 81 detail It should be noted that the invention is not limited in

any way by the following descriptions. Specifically, the present
embodindnpdéserdaesp phosipholipide éndia groductbgemetifeacktheréafrention
lipid composition and a producing method thereof, and use of the
imaytidae in wakd ofeppeararéér {ti Phedphefipitie agtidiing te i may be
invention, and a producing method thereof The present invention
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(LCPU A-P(}ji) using, as a starting.material, lipid producing cells that
rodue e e 88 P BB s VOB G may e

providesna psRrlucinginethad of ppospholipids (fefewed 18 8IMA¥ASEes food
"producing method" where appropriate), in which LCPUFA-PL
that contains the lipid composition. Further, in the present
invention, food may include an oil-in-water dispersion liquid
in the form of a liposome formed by the phospholipids. A
specific example of food is a nutriment.

For a fuller understanding of the mnature and

advantages of the invention, reference should be made to the

ensuing detailed description.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe one embodiment of the
present invention in detail. It should be noted that the
invention is not limited in any way by the following
descriptions. Specifically, the present embodiment describes
phospholipids and a producing method thereof, lipid
composition and a producing method thereof, and use of the
invention, in order of appearance.

(I) Phospholipids according to the invention, and a
producing method thereof

The present invention provides phospholipids that



is produced. Specifically, a producing method according to the present
invention at least includes a PL extracting step of extracting
phospholipids (PL) from defatted cells obtained by extracting triglyceride
(TG)-containing oil or fat from lipid producing cells. That is, in the present
invention, the defatted cells (residual cells) from which an oil or fat such
as triglycerides has been removed are used as a source of LCPUFA-PL.
As such, the invention may include andf or fat extracting step, carried
out before the PL extracting step, of extracting a TG-containing oil or fat

freeihedinid@rducingcelle aAd tobtaining defattedieelspilipidising, as a
producing cells> The lipid producing cells used as a starting material in

theaprdsant mverdidm Arelipt garticoldiyclimiged asllongtast theyoateice lipids
microorganisms capable of producing LCPUFA-PL. Specific examples

Wehedee Mg &ilty coiirlioslub By thitd, Phytobhvesrdi Penidsianprovides
Cladosporium, Mucor, Fusarium, Aspergillus, Rhodotorula,
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the present invention at least includes a PL extracting step
of extracting phospholipids (PL) from defatted cells obtained
by extracting triglyceride (TG)-containing oil or fat from lipid
producing cells.

That is, in the present invention, the defatted cells
(residual cells) from which an oil or fat such as triglycerides
has been removed are used as a source of LCPUFA-PL. As
such, the invention may include an oil or fat extracting step,
carried out before the PL extracting step, of extracting a
TG-containing oil or fat from the lipid producing cells and
obtaining defatted cells.

<Lipid producing cells>

The lipid producing cells used as a starting material in
the present invention are not particularly limited as long as
they are microorganisms capable of producing LCPUFA-PL.
Specific examples include Mortierella, Conidiobolus, Pythium,
Phytophthora, Penicillium, Cladosporium, Mucor, Fusarium,
Aspergillus, Rhodotorula, Entomophthora, Echinosporangium,

and Saprolegnia.



strains of Mortierella are known to be capable of producing LCPUFA-PL
that includes arachidonic acid (AA) as a constituent of LCPUFA
(hereinafter AA-PL). When Mortierella are used, it is preferable that the
cells belong to subgenus Mortierella, examples of which include
Mortierella alpina, Mortierella polycephala, Mortierella exigua, Mortierella
hygrophila, and Mortierella elongata. More specifically, bacterial strains of
subgenus Mortierella capable of produb'r:ng AA-PL are, for example, M.
polycephala IF06335, M. elongata IF08570, M. exigua IF08571, M.

hygroppia 1H059Add Mc MpiNaclE18568s AT fs16266¢ ATG G328 bterial are
ATCC42430, CBS219.35, CBS224.37, CBS250.53, CBS343.66,

cBTted2, £RSH2DHE, EBS6H. 7yl CBST152B8.KXheptioahuced. For
subgenus Mortierella, the following strains are capable of producing

AR PEERiNGE0 ranRgi Ui e SreelisA TCTYL 6960 ©vRidiobdiw or more
heterosporus CBS138.57, and Saprolegnia lapponica CBS284.38. All of

(HREL UL e a8 Hotn Th&iURE 1ot SEEmentation, Osaka (IFO),
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SAMO0219 (International Deposit No. FERMBP-1239 based on Budapest
LCPUFA-PL that includes arachidonic acid (AA) as a
constituent of LCPUFA (hereinafter AA-PL). When Mortierella
are used, it is preferable that the cells belong to subgenus
Mortierella, examples of which include Mortierella alpina,
Mortierella polycephala, Mortierella exigua, Mortierella
hygrophila, and Mortierella elongata.

More specifically, bacterial strains of subgenus
Mortierella capable of producing AA-PL are, for example, M.
polycephala 1FO6335, M. elongata IFO8570, M. exigua
IFO8571, M. hygrophila IFO5941, M. alpina IFO8568,
ATCC16266, ATCC32221, ATCC42430, CBS219.35,
CBS224.37, CBS250.53, CBS343.66, CBS527.72, CBS529.72,
CBS608.70, and CBS754.68.

Other than subgenus Mortierella, the following strains
are capable of producing AA-PL: Echinosporangium
transversalis ATCC16960, Conidiobolus heterosporus
CBS138.57, and Saprolegnia lapponica CBS284.38.

All of these strains are available from Institute for

Fermentation, Osaka (IFO), American Type Culture



Treaty), separated from soil by a research group including the inventors
of the present invention, is available. Further, a more specific example of
microorganisms that belong to subgenus Mortierella and is capable of
producing LCPUFA-PL (DGLA-PL) whose LCPUFA constituent is
dihomo-y-linolenic acid (DGLA) is the strain M. elongata SAM 1860
(International Deposit No. FERMBP-3589 based on Budapest Treaty)
separated from soil by a research groub6including the inventors of the
present invention. Further, a more specific example of microorganisms

that helang io subgenupdvortierellagnd is capabledfr PAABHERG U voor
LCPUFA-PL (mead amd-PLS whose LCPUFA constituent is mead acid is

thelsitaimM] alpita SAVZOBE )(JreernatienaltDepassit No. FERMBP-6032

based on Budapest Treaty) separated from soil by a research group
includifysthaniatmors sherde sehtanvdngom <GuBiingotiysd Mortierella
producing cells> The present invention js adapted to_culture
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Further, a more specific example of microorganisms
that belong to subgenus Mortierella and is capable of
producing LCPUFA-PL (DGLA-PL) whose LCPUFA constituent
is dihomo-y-linolenic acid (DGLA) is the strain M. elongata
SAM1860 (International Deposit No. FERMBP-3589 based on
Budapest Treaty) separated from soil by a research group
including the inventors of the present invention.

Further, a more specific example of microorganisms
that belong to subgenus Mortierella and is capable of
producing LCPUFA-PL (mead acid-PL) whose LCPUFA
constituent is mead acid is the strain M. alpina SAM2086
(International Deposit No. FERMBP-6032 based on Budapest
Treaty) separated from soil by a research group including the
inventors of the present invention.

<Culturing of lipid producing cells>

The present invention is adapted to culture
microorganisms (lipid producing cells) capable of producing

LCPUFA-PL, so as to produce the cells in a sufficient



depending on the type of lipid producing cells. Generally, a liquid medium
or solid medium is inoculated with the spores or mycelia of lipid producing
cells to be cultured, or with a pre-culture solution of the lipid producing
cells. When the cells are required in a large quantity, use of a liquid
medium is often more preferable. The culturing equipment is not
particularly limited. For a small culture, the cells may be cultured by
shaking cultivation in a liquid mediunTp]gced in various types of test
tubes or flasks, or by static cultivation by inoculating an agar plate. For a

large Gyiure AgriQysc fypes of feerngisgInclcingh @ janeEneaigi Sako  the
be used. The type of culture medium useéis not particularly limite

pifteyecartd isisukalhlyseleciedyand prdpeded from1kpoivn pamdensitiz  cells
according to the type of lipid producing cells used. Alternatively, a
elebivmisfS kRtewrodoaipbsitiom ot edninertiafyagafigble medium can

be used. When a liguid medium is used, the carbon source is not
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kinds. The nitrogen source'is not particularly limited either, and
thpuedtionalddeiices carobiadsuitallywsed sShmecoflthee éxanpleshe spores

include: natural sources such as peptone, yeast
or mycelia of lipid producing cells to be cultured, or with a
pre-culture solution of the lipid producing cells. When the
cells are required in a large quantity, use of a liquid medium
is often more preferable. The culturing equipment is not
particularly limited. For a small culture, the cells may be
cultured by shaking cultivation in a liquid medium placed in
various types of test tubes or flasks, or by static cultivation
by inoculating an agar plate. For a large culture, various
types of fermentors, including a jar fermentor can be used.

The type of culture medium used is not particularly
limited either, and is suitably selected and prepared from
known components according to the type of lipid producing
cells used. Alternatively, a medium of a known composition,
or a commercially available medium can be used.

When a liquid medium is used, the carbon source is
not particularly limited and common sugars can be suitably

used. Specific examples of such sugars include glucose,

fructose, xylose, saccharose, maltose, soluble starch, syrup,



extract, malt extract, meat extract, cazamino acid, corn steep liquor,
soybean protein, defatted soybean, and cotton seed lees; organic
sources such as urea; and inorganic sources such as sodium nitrate,
ammonium nitrate, and ammonium sulfate. Among these examples,
natural sources derived from soy beans are particularly suitable in the
present invention, though the type of suitable source varies depending on
the type of cultured strain. Specific exa?ﬁples of such sources include soy
beans, defatted soy beans, soy bean flakes, edible soy bean proteins,

apLcrbd refysg, $aYMAiKoaNAT90Y SOUEAMERY ESE RX@MULS: be used
eat-denatured defatted soy beans, or more preferably defatted soy

bétihs okiboned loy a heat treatbént tfcabhavf 76£0 to PAE @nel kuibsksuent
removal of an ethanol-soluble component can be used. These nitrogen
sourced ban Ivé Usegiesithe pal6RE ordn Aebnivividtion btk brmided either,
kinds. Components other than the carbon source or nitrogen source are
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source$ include: ions of inorganic acid such as ions of phos ic acid;

oReef Akalinetaleqr pkali eapmetals fuehas calciim 9fb SodM, corn
ion, magnesium ion, and calcium ion; metal ions of groups VIIB to VIII,

suele ps lionu aicked osdbeli ransivespanedefatted soybean, and cotton
seed lees; organic sources such as urea; and inorganic
sources such as sodium nitrate, ammonium nitrate, and
ammonium sulfate. Among these examples, natural sources
derived from soy beans are particularly suitable in the
present invention, though the type of suitable source varies
depending on the type of cultured strain.

Specific examples of such sources include soy beans,
defatted soy beans, soy bean flakes, edible soy bean proteins,
bean-curd refuse, soya milk, and soy flour. Among these
examples, heat-denatured defatted soy beans, or more
preferably defatted soy beans obtained by a heat treatment
of about 70°C to 90°C and subsequent removal of an
ethanol-soluble component can be used. These nitrogen
sources can be used either alone or in a combination of two
or more kinds.

Components other than the carbon source or nitrogen

source are not particularly limited either. As required, a

known mineral nutrient source can be suitably selected and



metal ions of groups IB to 11B, such as copper and zinc; and various
vitamins. The content (percent addition) of each component in a liquid
medium is not particularly limited, and a conventional amount can be
suitably adopted as long as it does not inhibit the growth of the lipid
producing cells. In actual practice, the total amount of carbon source
added is preferably in a range of generally from 0.1 percent by weight to
40 percent by weight, or more preferabh91‘ percent by weight to 25
percent by weight. In the case of a nitrogen source, the total amount

addedds preteraph ifsa JANgE Oh9eNne ¥ Hem8-Qt pescem N WRIghid@ s of
10 percent by weight, or more preferably 0. 1 percent by weight to 10

pawegh by wveightl Ischcase 0f adeodinthadipieoiti is prdidrabdethas thelkali
initial amount of carbon source added be in a range of 1 percent by

wesghtlo ©peaddralby evigiht, rued lat tiiglialkemeadcotimitrogen, sodium
source added be in a range of 0, 1 percent by weight to 6 percent by
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medium in order to increase the yield of LCPUFA-containing unsaturated
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The content (percent addition) of each component in a
liquid medium is not particularly limited, and a
conventional amount can be suitably adopted as long as it
does not inhibit the growth of the lipid producing cells. In
actual practice, the total amount of carbon source added is
preferably in a range of generally from 0.1 percent by
weight to 40 percent by weight, or more preferably 1
percent by weight to 25 percent by weight. In the case of a
nitrogen source, the total amount added is preferably in a
range of generally from 0.01 percent by weight to 10
percent by weight, or more preferably 0.1 percent by weight
to 10 percent by weight. In the case of a feeding culture, it
is preferable that the initial amount of carbon source added
be in a range of 1 percent by weight to 5 percent by weight,
and that the initial amount of nitrogen source added be in a
range of 0.1 percent by weight to 6 percent by weight. Both
the carbon source and nitrogen source can be fed to the

culture medium; however, it is more preferable to feed only



examples of the precursors of unsaturated fatty acids include:
hydrocarbons such as hexadecane or octadecane; fatty acids or salts
thereof, such as oleic acid or linoleic acid; fatty acid esters, such as
ethylester, glycerine fatty acid ester, or sorbitan fatty acid ester; and oils
or fats, such as olive oil, soy bean oil, rapeseed oil, cotton oil, and
coconut oil. These precursors may be used either alone or in a
combination of two or more kinds. The 4fhount of precursors of
unsaturated fatty acids added is not particularly limited. Generally, the

PIECW eQ's 0%f Wisatyrated fatty acids are added in a range of 0.001
percent to 10 percent with respect to the total weight of the medium, or

more pieferablytdad peieentto pdqédteent witnkedped taibedothineight the

of the medium. The lipid producing cells may be cultured using these
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iange) de plopditivoofipolysnsatitated fatliexadecane or octadecane;
fatty acids or salts thereof, such as oleic acid or linoleic
acid; fatty acid esters, such as ethylester, glycerine fatty
acid ester, or sorbitan fatty acid ester; and oils or fats, such
as olive oil, soy bean oil, rapeseed oil, cotton oil, and
coconut oil. These precursors may be used either alone or in
a combination of two or more kinds.

The amount of precursors of unsaturated fatty acids
added is not particularly limited. Generally, the precursors
of unsaturated fatty acids are added in a range of 0.001
percent to 10 percent with respect to the total weight of the
medium, or more preferably 0.5 percent to 10 percent with
respect to the total weight of the medium. The lipid
producing cells may be cultured using these precursors as a
sole carbon source.

The culture conditions are not particularly limited, and
are suitably selected according to the type of cultured strain.

For example, the culture temperature is generally in a range

of 5°C to 40°C, or more preferably 20°C to 30°C.



acids (PUFA) in the resulting unsaturated fatty acids can be increased.
The pH of the medium is not particularly limited either. Generally, a pH
range of 4 to 10 is used, or more preferably a pH range of 5 to 9 is used.
The cultivation period is not particularly limited either. Generally, the
cultivation period is 2 to 30 days, preferably 5 to 20 days, and more
preferably 5 to 15 days. The external process carried out on the medium
is not particularly limited, and is suitablg Kelected from conventional
cultivation methods, including stirring aeration cultivation, shaking

%'Eiéfﬁﬂ%{bi%@‘iﬁtaﬁiﬁ eClﬂ@\@QOHaé?”tS’é f%tr@WﬁCtFﬂgﬁeﬂ? la tli:‘@mperatu re
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increased.

The pH of the medium is not particularly limited either.
Generally, a pH range of 4 to 10 is used, or more preferably
a pH range of 5 to 9 is used. The cultivation period is not
particularly limited either. Generally, the cultivation period
is 2 to 30 days, preferably 5 to 20 days, and more preferably
5 to 15 days. The external process carried out on the
medium is not particularly limited, and is suitably selected
from conventional cultivation methods, including stirring
aeration cultivation, shaking cultivation, and static
cultivation.

<0il or fat extracting step>

In the present invention, the PL extracting step is
carried out after carrying out the oil or fat extracting step
for the cells collected in the lipid producing cell culturing
step. The oil or fat extracting step is for producing defatted
cells (residual cells) from the collected mass of cells,

wherein an oil or fat such as triglycerides is extracted from

the cells and removed. In this step, non-PL lipids are



as a constituent, and therefore has a good market value as a
LCPUFA-containing oil or fat. In the oil or fat extracting step, the collected
cells may be used either directly as viable cells, or after sterilization.
Further, the cells may be processed in the culture solution without being
collected. Alternatively, the collected cells may be used either directly in
the form of a cluster, or after they are processed into a plate, string, grain,
powder, or any other form. The collect% method of cells is not
particularly limited either. When the amount of cultured cells is small,

9%@1{8%:@1@9%9%%@9%93#@@&9 %Eﬁ@@@%n@bi@f‘ﬁ hardly
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other hand, when the amount of collected cells is large, it is prefera
talthe Y Pe\s@daraled hyt lcentirmious sentriiwgadion, avithfart witeutcting
filtration using a film, etc. The collected cells may remain wet, or may be
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more preferable. In this way, an oil gr fat can be efficiently extracted (see
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invention may include a cell collecting step of collecting cells, and a cell
DO¢ESHAY-8@Ataining oil or fat.

In the oil or fat extracting step, the collected cells may
be used either directly as viable cells, or after sterilization.
Further, the cells may be processed in the culture solution
without being collected. Alternatively, the collected cells may
be used either directly in the form of a cluster, or after they
are processed into a plate, string, grain, powder, or any
other form. The collecting method of cells is not particularly
limited either. When the amount of cultured cells is small,
centrifugation can be carried out using a common centrifuge.
On the other hand, when the amount of collected cells is
large, it is preferable that the cells be separated by
continuous centrifugation, with or without filtration using a
film, etc.

The collected cells may remain wet, or may be dried to
obtain dried cells. In the present invention, use of dried
cells is more preferable. In this way, an oil or fat can be

efficiently extracted (see Examples). A method of drying the

wet cells is not particularly limited. For example,



of processing the collected cells. In the cell processing step, the collected
cells may be processed into an arbitrary form, or wet cells may be dried
to obtain dried cells. In the oil or fat extracting step, a method of extracting
oil or fat from the cells is not particularly limited, and a conventional
extracting method can be used. Specifically, at least the following
methods are available: compression extraction employing applied
pressure; rendering extraction using héBwater or steam; and extraction
using various extractants. The compression extraction employing applied

E@ﬁ%ﬁtﬁ?ﬁlpad‘i‘]gmﬁ%y lﬂ?t‘é%d: a3 éfg‘gﬁ?dhca@sexvéfﬁtﬂ’ilthiion, a heat
component in the cells by applying pressure on the material used. For

exampie ca tethocounipg eshyidmulia pdedy oph ibatelt igpe era inethoged .
using devices such as a continuous expeller can be used. The rendering
extractibh snotgfdeiculdng likpéd, pme dagieea asllypadtweimgpestep, a
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the collected cells may be processed into an arbitrary form,
or wet cells may be dried to obtain dried cells.

In the oil or fat extracting step, a method of extracting
oil or fat from the cells is not particularly limited, and a
conventional extracting method can be used. Specifically, at
least the following methods are available: compression
extraction employing applied pressure; rendering extraction
using hot water or steam; and extraction using various
extractants.

The compression extraction employing applied pressure
is not particularly limited as long as it can extract an oil
component in the cells by applying pressure on the material
used. For example, a method using a hydraulic press of a
batch type, or a method using devices such as a continuous
expeller can be used.

The rendering extraction is not particularly limited,
and may be a dry type or wet type. Specifically, a dry type
using direct fire, or steam rendering (wet type) by an

autoclave are available.



with other components such as water and protein. With a centrifuge, the
waste water is separated, and a crude oil is obtained with optional
filtration. The conditions of steam rendering are not particularly limited.
For example, elution may be carried out for 4 to 6 hours under the heated
steam of 3 kg/cm2 to 4 kg/cm2. The type of extractant used for the
extraction is not particularly limited. Generally, an extract of at least one
of an aliphatic organic solvent and watéfis used. Alternatively, a
supercritical carbon dioxide gas may be used. Among such extracts,

specifierexampies 9f afiRbate9roppiesaeRs Kskeaisallfriedil or fat is
hydrocarbons such as hexane, petroleum ether (organic solvent including
bianteaeean hekane asgmajer cehiponends)r kéioves fich asragetdnet steam,
alcohols such as methanol, ethanol, propanol, and butanol; esters such
faretpiypandtdte; dnd RaRyBEhateideirbegrborsetidheallshlotdfernsahs are
dichloromethane. In the case of water, an aqueous solution dissolving a
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oil or fat such as triglycerides. The extraction process with the extractant

ey tid fograedtbid ifva datchnar wontinuaustya fheeabnditiods ®f crude oil is
obtained with optional filtration. The conditions of steam
rendering are not particularly limited. For example, elution
may be carried out for 4 to 6 hours under the heated steam
of 3 kg/cm?2 to 4 kg/cm?2.

The type of extractant used for the extraction is not
particularly limited. Generally, an extract of at least one of
an aliphatic organic solvent and water is used. Alternatively,
a supercritical carbon dioxide gas may be used. Among such
extracts, specific examples of aliphatic organic solvents
include: saturated hydrocarbons such as hexane, petroleum
ether (organic solvent including pentane and hexane as
major components); ketones such as acetone; alcohols such
as methanol, ethanol, propanol, and butanol; esters such as
ethyl acetate; and halogenated hydrocarbons such as
chloroform and dichloromethane. In the case of water, an
aqueous solution dissolving a known solute may be used.

These extracts may be used either alone or in a combination

of two or more kinds. Among the extracts as exemplified



extraction with the extractant are not particularly limited either. The
temperature, the amount of extractant used, and the time of extraction
are suitably selected according to the type of extracted oil or fat such as
triglycerides, and the amount of cells used (volume, weight). In the
extraction, it is preferable that the cells be gently stirred by being
dispersed in the extractant. In this way, the extraction can be carried out
efficiently. Note that, after the oil or fat 3§tracting step, the resulting
defatted cells may be directly used in the PL extracting step, or may be

a9sessed apd stared Tarates dseh A sesaiited.abavex g Oilkgr Bttroleum

extracting step is one of the producing steps of defatted cells, as well as a
stepeaf predyotedeatidsifas, whidhlitsalflhas ssmarkeevpluefdiwis] #, the order
oil or fat is the required product, the defatted cells can be regarded as a
astélinigistrisee the byprdduet defhttdcbelssobraglad-iprte s .

production of oil or fat can be stored, and can be used as a raw material

in the pretfuctfoht HEhiaRg BIAE presetiflentBf. Adia< taOGI SRAY be

extractir}lg st%pt iS. not negess rily required.in the produci methad, of the
carried o in I§L c?tg of coriltmuo S X e conditions of
present invention. <PL extracting step> In a producmg method according

todheRressnt pventiondhe RLextTaging step of sxtraeting RUEPY 1imited
defatted cells is essential. In the PL extracting step, the

either. The temperature, the amount of extractant used, and
the time of extraction are suitably selected according to the
type of extracted oil or fat such as triglycerides, and the
amount of cells used (volume, weight). In the extraction, it is
preferable that the cells be gently stirred by being dispersed
in the extractant. In this way, the extraction can be carried
out efficiently.

Note that, after the oil or fat extracting step, the
resulting defatted cells may be directly used in the PL
extracting step, or may be processed and stored for later use.
As described above, the oil or fat extracting step is one of the
producing steps of defatted cells, as well as a step of
producing oil or fat, which itself has a market value. Thus, if
the oil or fat is the required product, the defatted cells can
be regarded as a waste. In this case, the byproduct defatted
cells obtained in the production of oil or fat can be stored,
and can be used as a raw material in the production

according to the present invention. As such, the oil or fat

extracting step is not necessarily required in the producing



method of extracting PL from the defatted cells is not particularly limited.
However, as in the oil or fat extracting step, it is preferable to use
extraction with an extractant. The extractant used to extract PL from the
defatted cells is not particularly limited. As in the oil or fat extracting step,
an extract of at least one of an aliphatic organic solvent and water, or
supercritical carbon dioxide gas can be suitably used. Among such
extracts, examples of aliphatic orgarric%lvents include: saturated
hydrocarbons such as hexane or petroleum ether (organic solvent

cRR@IRY o@eﬂ%‘%%@é‘ﬁ%aﬁ?ﬁﬁﬁi‘i’f .components); ketones such as
acetone; alcohols such as methanol, ethanol, propanol, and butanol;

esters stRh axettyt eiceatet dyatogenated hydrocarbons such as

chloroform and dichloromethane; cyanized hydrocarbons such as

acetonitfile; and etieetsisuttg asdrtng éthexClpand igage dfavatdican present
agueous solution dissalving a known solute may be used. These extracts

RS BA IR etthEr afdne 6T & chfiBinatithiof o GPHhbAs Wigs, PL from

men thf extrﬁcts as exemplified ab?ve, refer, Ele e%<am les of
e%ﬂ%e cells™ 18 essqon 1al. ~In gnﬁ dlg GB( racpiml%) step, the
aliphatic organic solventsinclude: saturated  hydrocarbons, alcohvls, a

mixes selvent ofsatyratedh Bydcarppg,andigleohgle aReka Mixedi$eveRt not
of halogenated hydrocarbon and alcohol. As a saturated hydrocarbon,
pexarie isl pidferabtei fssdan Hicohoheathansl isprdierablé. 48 fat extracting
step, it is preferable to use extraction with an extractant.
The extractant used to extract PL from the defatted
cells is not particularly limited. As in the oil or fat extracting
step, an extract of at least one of an aliphatic organic
solvent and water, or supercritical carbon dioxide gas can be
suitably used. Among such extracts, examples of aliphatic
organic solvents include: saturated hydrocarbons such as
hexane or petroleum ether (organic solvent containing
pentane and hexane as major components); ketones such as
acetone; alcohols such as methanol, ethanol, propanol, and
butanol; esters such as ethyl acetate; halogenated
hydrocarbons such as chloroform and dichloromethane;
cyanized hydrocarbons such as acetonitrile; and ethers such
as diethyl ether. In the case of water, an aqueous solution
dissolving a known solute may be used. These extracts may
be used either alone or in a combination of two or more

kinds.

Among the extracts as exemplified above, preferable



a mixed solvent of saturated hydrocarbon and alcohol, a mixed solvent of
hexane and ethanol is preferable. As a mixed solvent of halogenated
hydrocarbon and alcohol, a mixed solvent of chloroform and methanol is
preferable. Among these organic solvents, hexane and/or ethanol are
particularly preferable when used in food. When using a mixture of
hexane and ethanol, it is preferable that the hexane:ethanol ratio of the
mixture be 4:1 to 0:6 by volume, more%?eferably 4:1 to 1:4 by volume,
and further preferably 4:1 to 2:4 by volume. In the event where the

B%%@H@”%‘f raéiﬂﬂﬁfé@i@n 9%(@“&%’1%%&09%&@6@@ igHsethated
When a mixed solvent of hexane and ethanol, or ethanol is used, a small
ampdurntod mieder snay dcadders  Theaextradienl prosessarith thefexteactantated
may be carried out in a batch or continuously. The conditions of
&xdedonnlith the axtradenhab rongariculaxg dnsely aither [ Tihalogenated
temperature, the amount of extractant used, and the time of extraction
M@nﬂs&g}%@ct@d%co?&mal%&%he fYPe & PISEFBBANE ndtigrocarbon,

mount of .cells_u d%\{) ume, weight .Cln}tlhoe1 e>ggzﬂ:tion it.Is preferabl
[

afthe Gells be egeern ys(%i'rre bf/L eﬁlg ispefse i %%gleiﬁa%{aen I %se - As

waythe-extragtion fan be carigdrautefficignty ocQthss steRsTPSalcohol, a
described above, a producing method according to the present invention
ah leasi insbibesrilie BL extracting stepd ethanol is preferable. As a
mixed solvent of halogenated hydrocarbon and alcohol, a
mixed solvent of chloroform and methanol is preferable.

Among these organic solvents, hexane and/or ethanol
are particularly preferable when used in food. When using a
mixture of hexane and ethanol, it is preferable that the
hexane:ethanol ratio of the mixture be 4:1 to 0:6 by volume,
more preferably 4:1 to 1:4 by volume, and further preferably
4:1 to 2:4 by volume. In the event where the hexane:ethanol
ratio is 0:6, an organic solvent with 100% ethanol is used.
When a mixed solvent of hexane and ethanol, or ethanol is
used, a small amount of water may be added.

The extraction process with the extractant may be
carried out in a batch or continuously. The conditions of
extraction with the extractant are not particularly limited
either. The temperature, the amount of extractant used, and
the time of extraction are suitably selected according to the
type of PL to obtain, and the amount of cells used (volume,

weight). In the extraction, it is preferable that the cells be



and preferably includes the oil or fat extracting step. In addition, the
method may also include other steps. Specific examples of such steps
are the cell collecting step and cell processing step, as described above.
Further, as will be described in later Examples, a PL purifying step of
purifying the PL obtained in the PL extracting step may be additionally
included. A specific method by which the PL purifying step is carried out,
i.e., a method of purifying the crude PL2%6btained in the PL extracting step
is not particularly limited. In later Examples, PL is purified by thin layer

shramatogiaphydThy) BEasetonediactiongtian, Havwevstttheemethodis this

not just limited to this, and various solvent fractionating methods such as
ooduymnt bly anzatiogeapby caa tebesedh ritie dasriet effédiadhey .
chromatography is not particularly limited, and conventional carriers can
be suitat§Rthissd STR@ 81vent used in the solvent fractionation is not
particularly limited either, and conventional solvents can be suitably used.

<Phosphdlifias SEEBRAnPBINE préscf LSS PREEAMDIgIASording to

ﬁcordin to the. present inven ioln are, produce téy Etﬁe ducir)t me[thod
g € nr etr)1t 1 Vel%clon a eahst 1Hci ude : € ac 1ng step,
escribed above. In other "'words, phospholipids according to the presen

e e e
bAWHA RS aleenstikebd may also include other steps. Specific
examples of such steps are the cell collecting step and cell
processing step, as described above. Further, as will be
described in later Examples, a PL purifying step of purifying
the PL obtained in the PL extracting step may be additionally
included.

A specific method by which the PL purifying step is
carried out, i.e., a method of purifying the crude PL obtained
in the PL extracting step is not particularly limited. In later
Examples, PL is purified by thin layer chromatography (TLC)
or acetone fractionation. However, the method is not just
limited to this, and various solvent fractionating methods
such as column chromatography can be used. The carrier
used in the chromatography is not particularly limited, and
conventional carriers can be suitably used. The solvent used
in the solvent fractionation is not particularly limited either,

and conventional solvents can be suitably used.

<Phospholipids according to the present invention>



Phospholipids according to the present invention are not particularly
limited as long as they include LCPUFA as a constituent, and may be any
conventional phospholipids. Specific examples of such phospholipids
include: glycerophospholipids such as phosphatidylcholine (PC),
phosphatidylserine (PS), phosphatidylethanolamine (PE),
phosphatidylinositol (PI), phosphatidylglycerol (PG), phosphatidic acid
(PA), and cardiolipin (CL); sphingopho%ﬁholipids such as sphingomyelin
(SP); and lysophospholipids such as lysophosphatidylcholine (LPC),

lysophaspBatislyisensie L Psy dysenkosrbgtidyiethanelamipe {(kREhtion are
lysophosphatidylinositol (LPI), lysophosphatidylglycerol (LPG), and

ysorhospldatisyc taiel girBA) Angnarilke $sophebpholipitisdPEh B8e PEnPbther
and phosphatidic acid are particularly preferable. Phospholipids

scedethng R ehedépt thyeAGEP 1AdDge B I6hst dreddedrbfinvention are
phospholipids as exemplified, above, and may include two or more kinds
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ification step, various types of trace compagnents may he added.
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eHenibrn thepoasphalpids: dariveehfop the lipid producing cells. The

constituent LCPUFA of phospholipids according to the present invention
is not pRHicslphwlinpietbasloogedithg to the present invention are

not particularly limited as long as they include LCPUFA as a
constituent, and may be any conventional phospholipids.
Specific examples of such phospholipids include:
glycerophospholipids such as phosphatidylcholine (PC),
phosphatidylserine (PS), phosphatidylethanolamine (PE),
phosphatidylinositol (PI), phosphatidylglycerol (PG),
phosphatidic acid (PA), and cardiolipin (CL);
sphingophospholipids such as sphingomyelin (SP); and
lysophospholipids such as lysophosphatidylcholine (LPC),
lysophosphatidylserine (LPS), lysophosphatidylethanolamine
(LPE), lysophosphatidylinositol (LPI),
lysophosphatidylglycerol (LPG), and lysophosphatidic acid
(LPA). Among these phospholipids, PC, PS, PE, PI and
phosphatidic acid are particularly preferable.

Phospholipids according to the present invention
include at least one kind of phospholipids as exemplified
above, and may include two or more kinds of phospholipids.

In the case of crude phospholipids not purified by the



is an unsaturated fatty acid having 20 or greater carbon atoms with a
double bond. Specific examples of such unsaturated fatty acids include:
eicosadienoic acid; eicosatrienoic acids such as dihomo-y-linolenic acid
and mead acid; eicosatetraenoic acids such as arachidonic acid (AA);
eicosapentaenoic acid; docosadienoic acid; docosatrienoic acid; do
cosatetraenoic acid; docosapentaenoic acid; docosahexaenoic acid
(DHA); tetracosadienoic acid; tetracosaflienoic acid; tetracosatetraenoic
acid; tetracosapentaenoic acid; tetracosahexaenoic acid. Among these

LCR U La tiaehidenis acid £1¥Y) @ngiore dosgsaparenQieASE{PHA) attay be
preferable. Only one kind of LCPUFA, or two or more kinds of LCPUFA

ady be comtainesk asmgohstiventsuwot the 11GRd FA-RK po therl £SPUBA,aat lipid
least one of the C-C double bonds (-C=C-) in its structure may be

corjupeee mthel eshjuefatd adoultié bondxt may ifdhide atésebanbiagrodelipids
(C=0), or may be formed hy adjacent C-C double bonds. The proportion
SrATEPUEATRITR e fetiRbdob 95ty CABRs Dntined in the LCPUFA-PL

is not payticularly limited, huti bly.22 t by weight .
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greater, more preterably 31 percent by wei eater, and fu

preferahhs 37 PergeRtby ¥eight praresier \WheRaiRahidanici asid (AAKISas it
contained as LCPUFA, the proportion of AA with respect to total fatty
dsida gonfaired inrthed CRUFAPhisd having 20 or greater carbon
atoms with a double bond. Specific examples of such
unsaturated fatty acids include: eicosadienoic acid;
eicosatrienoic acids such as dihomo-y-linolenic acid and
mead acid; eicosatetraenoic acids such as arachidonic acid
(AA); eicosapentaenoic acid; docosadienoic acid;
docosatrienoic acid; docosatetraenoic acid; docosapentaenoic
acid; docosahexaenoic acid (DHA); tetracosadienoic acid;
tetracosatrienoic acid; tetracosatetraenoic acid;
tetracosapentaenoic acid; tetracosahexaenoic acid. Among
these LCPUFA, arachidonic acid (AA) and/or
docosahexaenoic acid (DHA) are preferable. Only one kind of
LCPUFA, or two or more kinds of LCPUFA may be contained
as constituents of the LCPUFA-PL.

In the LCPUFA, at least one of the C-C double bonds
(-C=C-) in its structure may be conjugated. The conjugate
double bonds may include a carbonyl group (C=0), or may be

formed by adjacent C-C double bonds.

The proportion of LCPUFA with respect to total fatty



not particularly limited, but is preferably 0.3 percent by weight or greater,
more preferably 5 percent by weight or greater, further preferably 20
percent by weight or greater, and particularly preferably 34 percent by
weight or greater. When the LCPUFA-PL is PC, the proportion of AA with
respect to total fatty acids contained as constituents of the total PC is
preferably 15 percent by weight or greater, or more preferably 40 percent
or greater. When the LCPUFA-PL is P8l the proportion of AA with respect
to total fatty acids contained as constituents of the total PS is preferably 5

BRGESt by Meighid! greatre QrdPrepKeiIakly 2Q Pepeant by MG Phited,
greater. In this way, phospholipids according to the present invention can
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regardless of the producing method used, phospholipids according to the
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percent by weight or greater, and the “proportion o respect to

fotalfatty agisisieantpingd +9s geRatiuRSs of R tPtalPS 15:2Q REFASRAYPL is
weight or greater. Further, phospholipids according to the present
not particularly limited, but is preferably 0.3 percent by
weight or greater, more preferably 5 percent by weight or
greater, further preferably 20 percent by weight or greater,
and particularly preferably 34 percent by weight or greater.

When the LCPUFA-PL is PC, the proportion of AA with
respect to total fatty acids contained as constituents of the
total PC is preferably 15 percent by weight or greater, or
more preferably 40 percent or greater. When the LCPUFA-PL
is PS, the proportion of AA with respect to total fatty acids
contained as constituents of the total PS is preferably 5
percent by weight or greater, or more preferably 20 percent
by weight or greater. In this way, phospholipids according to
the present invention can provide superior products such as
nutritional compositions.

Note that, regardless of the producing method used,
phospholipids according to the present invention include
LCPUFA-PL that contains at least PC and PS, and LCPUFA

that contains at least AA. In such PC- PS-containing

phospholipids with AA-containing LCPUFA, the proportion of



invention may include PC that contains DGLA as LCPUFA, and may
additionally include PS that contains DGLA as LCPUFA. When the
phospholipids include PC that contains DGLA as LCPUFA, the proportion
of DGLA with respect to total fatty acids contained as constituents of the
total PC is 3 percent by weight or greater. When the phospholipids
additionally include PS that contains DGLA as LCPUFA, the proportion of
DGLA with respect to total fatty acids™ cGhtained as constituents of the
total PS is 1 percent by weight or greater. The PC and PS behave

Sﬂ_ﬁe'&%ﬁ‘UM i@é'@% Q_@@B/t@‘%‘@é’fv‘ fgiﬁ'ﬂﬂcéemg%%%lifﬂ@‘&i%- dbHStituents
with the AA contained as LCPUFA, the combined effects in the body

mfikeh phosphdlipids of treOprpsenidavtersipnweeeghmorerdegitebte rassand the
nutritional compositions. Further, with AA or DGLA contained as

pPCPpPAtitha pedpérile it furRsipes bf thede tedmipsimtinbke contained
phospholipids of the present invention even mare desirable as nutritional
BompOSHTHS U ShESAR fis URE tfR& %k dolyuiattifhtdtf i kiPanty gight or
c%résé{i%tétles about 10 percent of fatty acids in the blood or an important

grgan such as liver. More specifically, in the human blood, the

compogsition fatips of faflyasidsipthes phegphelipifsgare 14 pefeent Afrdsent
percent eicosapentaenoic acid (EPA), and 3 percent DHA. The AAis an
impeiatio aonstiyeritafithel eelP@ermbeanes and ad invoesilidthes LCPUFA,
and may additionally include PS that contains DGLA as
LCPUFA. When the phospholipids include PC that contains
DGLA as LCPUFA, the proportion of DGLA with respect to
total fatty acids contained as constituents of the total PC is
3 percent by weight or greater. When the phospholipids
additionally include PS that contains DGLA as LCPUFA, the
proportion of DGLA with respect to total fatty acids
contained as constituents of the total PS is 1 percent by
weight or greater.

The PC and PS behave differently in the body and have
distinct physiological functions. Thus, with the AA contained
as LCPUFA, the combined effects in the body make
phospholipids of the present invention even more desirable
as nutritional compositions. Further, with AA or DGLA
contained as LCPUFA, the properties and functions of these

compounds make phospholipids of the present invention

even more desirable as nutritional compositions.



regulation of fluidity in the cell membrane. Various functions of AA in the
body metabolism are known. It is also known that the AA serves as an
important direct precursor of prostaglandins. Further, in recent years, the
role of AA as a nutriment for infants has caught the attention. The AA is
also the subject of study as a constituent fatty acid of endogenous
cannabinoid (2-arachidonoyl monoglycerol, anandamide) that has
neuroactive effects. Generally, ingestio%’bf food rich in linoleic acid
produces AA in the body through conversion. However, in infants, elderly,

and therpatients %W%?@t@ﬂ@tl?ﬁ?&f}%@WE@isﬁﬁﬁﬁﬁ’é@d, and it
catalytic action of enzymes involved in the biosynthesis of AA Is weak,

aiachih tAhAdendb toule tefipient diverefofe tdiyeaididiakeé of hfeidblood or an
desired. As with AA, the DGLA is also one type of polyunsaturated fatty
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krqwn. (ki Riso knpwnhab the QGELADIgNes a5 an impokiantdiresin portant
precursor of prostaglandins. More specifically, it is known that series 1
constituent of the cell membrane, and is involved in the
regulation of fluidity in the cell membrane. Various functions
of AA in the body metabolism are known. It is also known
that the AA serves as an important direct precursor of
prostaglandins.

Further, in recent years, the role of AA as a nutriment
for infants has caught the attention. The AA is also the
subject of study as a constituent fatty acid of endogenous
cannabinoid (2-arachidonoyl monoglycerol, anandamide) that
has neuroactive effects. Generally, ingestion of food rich in
linoleic acid produces AA in the body through conversion.
However, in infants, elderly, and the patients or potential
patients of common adult diseases, the catalytic action of
enzymes involved in the biosynthesis of AA is weak, and the
AA tends to be deficient. Therefore, direct intake of AA is
desired.

As with AA, the DGLA is also one type of
polyunsaturated fatty acid, and it constitutes the fatty acids

in the blood and important organs such as liver. In humans



prostaglandins is produced from DGLA. Particularly, various actions of
series 1 prostaglandins produced from DGLA have been under study,
including, for example, platelet aggregate suppressing action,
vasodilating action, broncodilating action, and anti-inflammatory action.
Generally, DGLA is converted from linoleic acid. However, as with AA,
DGLA becomes deficient when the activities of enzymes involved in the
DGLA biosynthesis are weak. Therefofét direct intake is also desirable for
DGLA. As described above, phospholipids according to the present

EBJMQT‘WHB?'L&%%H%@%E?@E‘Q %@%@?QBA‘@'&M@%F@@@&"YS about
include at least a certain amount of AA as a constituent of PC and PS.
$he phasppelieids of thie nvesdipe cre thetefere fighly dasithbleBarther, as
nutritional compositions. (Il) Lipid composition according to the present
wiehtioh AandpeodéingAnetbodlisaredttid eothpasitidh etate S katiepn  of
conditions of a lipid composition according to the present invention are
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#5ed as a %@Y%%Wh%@in the liquidnlipid-eqntain LEGPUEA asgecursor  of
constituent (LCPUFA lipid). That is, one example of a lipid composition
paensdbnglorile nyesknd inventier isia pligspholipidskaoban ithtcBeries 1
prostaglandins is produced from DGLA.

Particularly, various actions of series 1 prostaglandins
produced from DGLA have been under study, including, for
example, platelet aggregate suppressing action, vasodilating
action, broncodilating action, and anti-inflammatory action.
Generally, DGLA is converted from linoleic acid. However, as
with AA, DGLA becomes deficient when the activities of
enzymes involved in the DGLA biosynthesis are weak.
Therefore, direct intake is also desirable for DGLA.

As described above, phospholipids according to the
present invention include at least PC and PS as LCPUFA-PL,
and additionally include at least a certain amount of AA as a
constituent of PC and PS. The phospholipids of the invention
are therefore highly desirable as nutritional compositions.

(II) Lipid composition according to the present invention,
and producing method thereof

The composition, state, or other conditions of a lipid

composition according to the present invention are not



LCPUFA-PL is dissolved in a liquid LCPUFA lipid. <Absorption of
LCPUFA-PL contained in a phospholipid solution> In a highly purified
form, phospholipids exist as a powder, and is generally very hygroscopic
and easily degradable (See Biochemistry Experiment Lecture 3, Science
of Lipids, pp. 22-23, Tokyo Kagaku Dajin Co., Ltd. (1974)). Therefore, for
ease of handling, phospholipids are often dissolved in a small amount of
liquid lipid used as a solvent (phosphoﬁﬁid solution). As the liquid lipid
used as a solvent, triglycerides (TG) etc. can be suitably used. With the

@R ARl prepaad daanhaspigling golitiop: degmadadioni®fon includes

CPUFA-PL can be effectively prevented for better handling. However,
pherstiaker gsi tbod a etficiabinugtake ot hePPkrAskRnis dfienepreientedin one
Specifically, as described in the BACKGROUND ART section, the

piedsiiaiples apmddigesiive tradt &re absbBBYR Ard’ foim efissolved as a
lysophospholipids, and reassembled into phospholipids in the small
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generally used as the liquid lipid usually
present invention is a phospholipids solution in which
LCPUFA-PL is dissolved in a liquid LCPUFA lipid.
<Absorption of LCPUFA-PL contained in a phospholipid
solution>

In a highly purified form, phospholipids exist as a
powder, and 1is generally very hygroscopic and easily
degradable (See Biochemistry Experiment Lecture 3, Science
of Lipids, pp. 22-23, Tokyo Kagaku Dojin Co., Ltd. (1974)).
Therefore, for ease of handling, phospholipids are often
dissolved in a small amount of liquid lipid used as a solvent
(phospholipid solution). As the liquid lipid used as a solvent,
triglycerides (TG) etc. can be suitably used.

With the LCPUFA-PL prepared in a phospholipid
solution, degradation of LCPUFA-PL can be effectively
prevented for better handling. However, when taken as food,
efficient wuptake of LCPUFA-PL is often prevented.
Specifically, as described in the BACKGROUND ART section,
the phospholipids in the digestive tract are absorbed in the

form of Ilysophospholipids, and reassembled into



contain LCPUFA as a constituent, but the concentration of LCPUFA is
generally low. As such, the fatty acids providing the acyl group also
include fatty acids other than LCPUFA ("non-LCPUFA fatty acids"
hereinafter). Thus, when the liquid lipid used as a solvent contain only a
small amount of LCPUFA, a large amount of non-LCPUFA fatty acid is
used during the reassembly of phospholipids from lysophospholipids. As
a result, the actual amount of absorbed® EPUFA-PL is greatly reduced
even when high-quality LCPUFA-PL is ingested as phospholipids. It is

H@é%ﬁbi%'i’d%r efgrpblerlpat the iquid fipid bei /. CRYEA:lipidy s4Gh aghe

G, that contain a large amount of LCPUFA as a constituent, because it
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invention is adapted to provide a lipid composition in which the
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lipid compasition> The liquid LCPUFA lipid used as a solvent of the
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alcohol ester can be use her, “various type escribed’in
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used as the LCPUFA contained as a constituent of the LCPUFA lipid.
Becausklibe faity agida eanlig ditestylused aslhe LGRUFA lipid usually
contain LCPUFA as a constituent, but the concentration of
LCPUFA is generally low. As such, the fatty acids providing
the acyl group also include fatty acids other than LCPUFA
(“non-LCPUFA fatty acids” hereinafter).

Thus, when the liquid lipid used as a solvent contain
only a small amount of LCPUFA, a large amount of
non-LCPUFA fatty acid is used during the reassembly of
phospholipids from lysophospholipids. As a result, the actual
amount of absorbed LCPUFA-PL is greatly reduced even when
high-quality LCPUFA-PL is ingested as phospholipids.

It is therefore highly preferable that the liquid lipid be
a LCPUFA lipid, such as TG, that contain a large amount of
LCPUFA as a constituent, because it allows the LCPUFA-PL
to be efficiently absorbed. As such, the present invention is
adapted to provide a lipid composition in which the
LCPUFA-PL is dissolved in a liquid LCPUFA lipid.

<Components of the lipid composition>

The liquid LCPUFA lipid used as a solvent of the



lipid, the liquid LCPUFA themselves can be used as the LCPUFA lipid. As
will be described later, TG-containing oil or fat obtained in the oil or fat
extracting step of a producing method according to the present invention
can be used as the LCPUFA lipid. The oil or fat, such as triglycerides,
obtained by the oil or fat extracting step of the present invention can be
suitably used as the LCPUFA oil or fat, because it contains LCPUFA as a
constituent. The proportion of LCPUFA3(ith respect to total fatty acids in
the LCPUFA lipid is not particularly limited, but is preferably 11 percent by
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preferably 27 percent or greater. When arachidonic acid (AA) is contained
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Because the fatty acids can be directly used as the LCPUFA
lipid, the liquid LCPUFA themselves can be used as the
LCPUFA lipid.

As will be described later, TG-containing oil or fat
obtained in the oil or fat extracting step of a producing
method according to the present invention can be used as
the LCPUFA lipid. The oil or fat, such as triglycerides,
obtained by the oil or fat extracting step of the present
invention can be suitably used as the LCPUFA oil or fat,
because it contains LCPUFA as a constituent.

The proportion of LCPUFA with respect to total fatty
acids in the LCPUFA lipid is not particularly limited, but is
preferably 11 percent by weight or greater, more preferably
25 percent or greater, and even more preferably 27 percent
or greater. When arachidonic acid (AA) is contained as
LCPUFA, the proportion of arachidonic acid with respect to
total fatty acids contained in the LCPUFA lipid is not
particularly limited, but is preferably 9 percent by weight or

greater, or more preferably 20 percent or greater. The upper



with the LCPUFA-PL can be increased. In this way, when absorbed in the
small intestine, a large amount of LCPUFA will be able to provide the
acryl group during the reassembly of phospholipids from the
lisophospholipids. As a result, the amount of actually absorbed
LCPUFA-PL will not decrease, or decreases only slightly. The
LCPUFA-PL is generally a powder, and is very hygroscopic and easily
degradable. However, by providing te3BCPUFA-PL as a phospholipid
solution, it is not required to take into account these hygroscopic and
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the form of a liquid, overall handling can be further improved. As the
praspiitolipids used as a solute, phospholipids according to the present
invention are used, i.e., phospholipids obtained by a producing method
accordWghtenthélpregere poehtion. kéwetdr Uit ihe prddent aneatdn te total
fat-soluble substance other than phospholipids may also be included as
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words, the LCPUFA content in the liquid lipid which coexists
with the LCPUFA-PL can be increased. In this way, when
absorbed in the small intestine, a large amount of LCPUFA
will be able to provide the acryl group during the reassembly
of phospholipids from the lisophospholipids. As a result, the
amount of actually absorbed LCPUFA-PL will not decrease, or
decreases only slightly.

The LCPUFA-PL is generally a powder, and is very
hygroscopic and easily degradable. However, by providing the
LCPUFA-PL as a phospholipid solution, it is not required to
take into account these hygroscopic and degradable
properties of LCPUFA-PL. Further, with the LCPUFA-PL in
the form of a liquid, overall handling can be further
improved.

As the phospholipids used as a solute, phospholipids
according to the present invention are wused, Ii.e.,
phospholipids obtained by a producing method according to

the present invention. However, in the present invention, a

fat-soluble substance other than phospholipids may also be



according to the present invention. Non-limiting examples of additives
include: vitamin E, tocotrienol, sesamin, sesaminol, sesamol, astaxanthin,
astaxanthin esters, sterols, and carotenes. Many of additives as
exemplified above are already included in the fat-soluble composition.
However, the additives added to the fat-soluble composition are not
necessarily required to be fat soluble. A lipid composition according to the
present invention can be used as a mu&Rional composition in food etc. As
such, the invention can use all additives that can be added to food.

fREdusing method ofthe lipid composition> A producing method of the
lipid composition is not particularly limited. In the invention, phospholipids

obtaineM oloy- &i prdtlitcingereathodlefsphosphalghdsfadcardingottetheubstances
present invention are dissolved in liquid LCPUFA lipid, and optionally,
otrenedmporéatrdm added ahd distoled wluipbieédsin cipdtwgasipids,
a producing method of a lipid composition according to the present
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invention, the oil or fat obtained in the oil or fat extracting step can be
suitably/ugdd as thed GPiveA lipidyAbsuchdded to a lipid composition
according to the present invention. Non-limiting examples of
additives include: vitamin E, tocotrienol, sesamin, sesaminol,
sesamol, astaxanthin, astaxanthin esters, sterols, and
carotenes. Many of additives as exemplified above are
already included in the fat-soluble composition. However, the
additives added to the fat-soluble composition are not
necessarily required to be fat soluble. A lipid composition
according to the present invention can be used as a
nutritional composition in food etc. As such, the invention
can use all additives that can be added to food.

<Producing method of the lipid composition>

A producing method of the lipid composition is not
particularly limited. In the invention, phospholipids obtained
by a producing method of phospholipids according to the
present invention are dissolved in liquid LCPUFA lipid, and
optionally, other components are added and dissolved or

dispersed. In other words, a producing method of a lipid

composition according to the present invention at least



producing method of a lipid composition according to the present
invention may include an oil or fat extracting step. By controlling the
procedure of extracting oil or fat such as triglycerides in the oil or fat
extracting step, or the procedure of extracting LCPUFA-PL in the PL
extracting step, a lipid composition according to the present invention can
be produced more easily. Specifically, by suppressing the extent to
which the oil or fat is removed (extractéd) from the lipid producing cells,
the composition of lipids remaining in the resulting defatted cells can be

Yﬁré@_@ydTé'@ ?ht@nPQf @E@?é@ﬂﬁ@tﬂ%&u@ﬂﬂ"@f@’i%{@h??i@%c*éo%olution
conditions are suitably selected according to various prerequisites such

a3 Hieaadmposiitapof e lipide pempagition, tytecs fipid ipidlicisg belison by
or the extraction method used to remove oil or fat from the cells. For
ebiamply i mgethan Ripteta begarie golverit iSH8ef hs @b adretnitn the PL
conditions such as the amount of organic_solvent, the number of

ExtE A ProsdsR I AR ExtrichibH ientpRisture  are varied in the oil or

fat extracting, step. .In this way, liquid oil or fat such as triglycerides (TG
o Tsiha e 0 i i e R eI ST Present

Futber i sincerthe remaipingiouisheil os £t is 2 kGRUSA lipid Whoss tracting
constituent is LCPUFA, a lipid composition can be readily obtained. Thus,
e prasenb mveationdy suprdssing the: ao©PU PRextpited aikosfath, a
in the oil or fat extracting step,

producing method of a lipid composition according to the
present invention may include an oil or fat extracting step.

By controlling the procedure of extracting oil or fat
such as triglycerides in the oil or fat extracting step, or the
procedure of extracting LCPUFA-PL in the PL extracting step,
a lipid composition according to the present invention can be
produced more easily. Specifically, by suppressing the extent
to which the oil or fat is removed (extracted) from the lipid
producing cells, the composition of lipids remaining in the
resulting defatted cells can be varied.

The extent of removal is not particularly limited, and
extraction conditions are suitably selected according to
various prerequisites such as the composition of the lipid
composition, type of lipid producing cells, or the extraction
method used to remove oil or fat from the cells. For example,
when an aliphatic organic solvent is used as an extractant,

conditions such as the amount of organic solvent, the

number of extraction processes, and extraction temperature



a lipid composition can be extracted as a phospholipid solution in the PL
extracting step. In other words, the lipid composition as a phospholipids
solution can be easily produced by varying conditions of the oil or fat
extracting step in a producing method of phospholipids according to the
present invention. In a lipid composition according to the present
invention, the two primary components, LCPUFA-PL and LCPUFA lipid,
can be mixed at any proportions. As suth,the amount of LCPUFA lipid is
not particularly limited as long as it can achieve the required fluidity for

imrravgdibanding ot ha Rhpsrholnid solutian: Kydberin QW @ 89iusiquid

the concentrations of the primary components, a lipid composition
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amount of extracted oil or fat in the oil or fat extracting step,
a lipid composition can be extracted as a phospholipid
solution in the PL extracting step. In other words, the lipid
composition as a phospholipids solution can be easily
produced by varying conditions of the oil or fat extracting
step in a producing method of phospholipids according to the
present invention.

In a lipid composition according to the present
invention, the two primary components, LCPUFA-PL and
LCPUFA lipid, can be mixed at any proportions. As such, the
amount of LCPUFA lipid is not particularly limited as long as
it can achieve the required fluidity for improved handling of
the phospholipid solution.

Further, in order to adjust the concentrations of the
primary components, a lipid composition according to the
present invention may include lipids other than the lipids
obtained by processes in a producing method according to

the present invention, i.e., the LCPUFA, or the oil or fat

obtained from the lipid producing cells used as a starting



handling of the LCPUFA-PL, the lipid composition can be directly used as
phospholipids. (llI) Use of the present invention The use of the present
invention is not particularly limited. As a representative example,
phospholipids or a lipid composition according to the present invention
can be used as a nutritional composition for supplying LCPUFA-PL. The
organism for which the nutritional composition is used is not particularly
limited. Human is a representative exafh%le. Other examples are
domestic animals and test animals. The nutritional composition may be

Eﬁ?@é@@'e{fﬂ.a_f)&/@@ﬂ@ﬁ by M%',afHHS}iS_QS@“Q!U?mMW?r%P&TDE',‘:PUFA,
the present invention includes food that includes the phospholipids or
bpidic@PISiHAN 1 Fentl aeqordiagad deadpresent invention is not

particularly limited as long as phospholipids or a lipid composition
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common foods. A method by which the phospholipids or lipid composition
pRr@dgédlipid solution is dissolved mostly for improved
handling of the LCPUFA-PL, the lipid composition can be
directly used as phospholipids.

(IIT) Use of the present invention

The use of the present invention is not particularly
limited. As a representative example, phospholipids or a lipid
composition according to the present invention can be used
as a nutritional composition for supplying LCPUFA-PL. The
organism for which the nutritional composition is used is not
particularly limited. Human is a representative example.
Other examples are domestic animals and test animals. The
nutritional composition may be ingested in any manner, but
oral administration is most preferable. Thus, the present
invention includes food that includes the phospholipids or
lipid composition.

Food according to the present invention is not
particularly limited as long as phospholipids or a lipid

composition according to the present invention is included.



these common foods is not particularly limited, and any conventional
method can be suitably used depending on the type of food used.
Further, food according to the present invention includes functional foods
used for specific purposes, such as health foods or nutriments. Specific
examples include nutraceutical foods including various supplements, and
specified health foods. For ease of handling, it is preferable that
phospholipids according to the present"fﬁvention be prepared as a
phospholipid solution. However, in the case of supplements, the

Rhesriglinid agutiophRid1campasiion) canbeeditecths uaedtQnlydty various

processing it into appropriate form. In this case, the form of the
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later). Alternatively, a lipid composition according to the present invention
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whbem phagphalipidp pr adigideddmptisiionaceonding tbdbels. A method by
which the phospholipids or lipid composition are added to
these common foods is not particularly limited, and any
conventional method can be suitably used depending on the
type of food used.

Further, food according to the present invention
includes functional foods used for specific purposes, such as
health foods or nutriments. Specific examples include
nutraceutical foods including various supplements, and
specified health foods. For ease of handling, it is preferable
that phospholipids according to the present invention be
prepared as a phospholipid solution. However, in the case of
supplements, the phospholipid solution (lipid composition)
can be directly used only by processing it into appropriate
form. In this case, the form of the phospholipid solution is
not particularly limited. Specifically, a lipid composition (or
food) according to the present invention may be in the form

of a liquid, powder, or capsule (see Example 6 to be

described later). Alternatively, a lipid composition according



present invention are used as food etc. with the addition of other
components, the additional components may be solubilized in the form of
a liposome, using the phospholipids. In this case, a dispersion liquid of an
oil-in-water (O/W) type with a liposome can be used as a composition
according to the present invention. As described above, in the present
invention, the LCPUFA-PL can be efficiently and stably obtained from the
lipid producing cells obtained by fermefitation of microorganisms.
Conventionally, animal organs such as the cow brain have been the
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disease, these conventional sources have been avoided. The present
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application, and any conventional technique may be used depending on

iha vdpioed ps¢s obtained by the producing method. Thus,
when phospholipids or a lipid composition according to the
present invention are used as food etc. with the addition of
other components, the additional components may be
solubilized in the form of a liposome, using the
phospholipids. In this case, a dispersion liquid of an
oil-in-water (O/W) type with a liposome can be used as a
composition according to the present invention.

As described above, in the present invention, the
LCPUFA-PL can be efficiently and stably obtained from the
lipid producing <cells obtained by fermentation of
microorganisms. Conventionally, animal organs such as the
cow brain have been the major source of LCPUFA-PL.
However, with the epidemic of the mad cow disease, these
conventional sources have been avoided. The present
invention, on the other hand, relies on fermentation
techniques to obtain LCPUFA-PL. This is advantageous in

terms of customer acceptance, making the present invention

particularly suitable when the phospholipids or lipid



[Examples] The following will describe the present invention in more
detail based on Examples. It is to be noted that the invention is not limited
in any way by the following Examples. The culture media used in the
Production Examples 1 through 5 in producing dried cells and defatted
cells are described in detail in the following section "Preparation of
Culture Media." [Preparation of Culture Media] The composition of seed
culture medium A used in the Productibf Example 1 for producing dried
cells and defatted cells, was 1% yeast extract, 2% glucose, and the
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composition of seed culture medium B was 1% yeast extract, 2%
glucosq el %spyikedsl oil fasdidhe frethaning daitig waier.dbe mestalimited
was adjusted to pH 6.3. For the main culture medium C, culture medium
&b ferdaddadtiotbugtura veretiom Csa.alse nariditadelmetiurhlewlisld of
prepared with ,EH 6.1. The culture medium C-a was prepared, such that
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minutes. The culture medium C-b was prepared such that 112 kg of
pydrolisidlaeosgp\wdscation, and any conventional technique may
be used depending on the intended use.

[Examples]

The following will describe the present invention in
more detail based on Examples. It is to be noted that the
invention is not limited in any way by the following Examples.
The culture media used in the Production Examples 1
through 5 in producing dried cells and defatted cells are
described in detail in the following section "Preparation of
Culture Media."

[Preparation of Culture Media]

The composition of seed culture medium A used in the
Production Example 1 for producing dried cells and defatted
cells, was 1% yeast extract, 2% glucose, and the remaining
being water. The media was adjusted to pH 6.3. Similarly,
the composition of seed culture medium B was 1% yeast
extract, 2% glucose, 0.1% soy bean oil and the remaining

being water. The media was adjusted to pH 6.3. For the main

culture medium C, culture medium C-b was added to culture



added to water, and stirred. The solution was adjusted to 1000 L of final
volume by adding further water, and subsequently was sterilized at 140C
for 40 seconds. The composition of the culture medium D used in the
Production Examples 2 through 5 for producing dried cells and defatted
cells was 1.8% glucose, 1.5% soy bean powder, 0.1% soy bean oil, 0.3%
KH2PO4, 0.1% Na2S04, 0.05% CacCl2.2H20, 0.05% MgCI2.6H20, and
the remaining being water. The culturétedium D was adjusted to pH 6.3.
[Production Example 1 for producing dried cells and defatted cells] As the
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the arachidonic acid-containing phospholipid producing cells. A strain in
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seed culture (the first step) started with shaking at 100 rpm and 28C. It
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was Erepared in an aerated stirring culture bath of 50 L. To the culture
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culture medium C prepared up to 5600 L in the

was sterilized at 121°C for 20 minutes. The culture medium
C-b was prepared such that 112 kg of hydrous glucose was
added to water, and stirred. The solution was adjusted to
1000 L of final volume by adding further water, and
subsequently was sterilized at 140°C for 40 seconds.

The composition of the culture medium D used in the
Production Examples 2 through S5 for producing dried cells
and defatted cells was 1.8% glucose, 1.5% soy bean powder,
0.1% soy bean oil, 0.3% KH2PO4, 0.1% Na2S0O4, 0.05%
CaCl2:2H20, 0.05% MgCl2:6H20, and the remaining being
water. The culture medium D was adjusted to pH 6.3.
[Production Example 1 for producing dried cells and defatted
cells]

As the lipid-producing cells, Mortierella alpina
CBS754.68 was used as one of the arachidonic
acid-containing phospholipid producing cells. A strain in
custody of CBS754.68 was inoculated to the seed culture

medium A. The seed culture (the first step) started with

shaking at 100 rpm and 28°C. It was continued for three



culture bath of 10kL volume. The main culture was started at a
temperature of 26C, with aerated volume of 49 Nm3/hr and with an
internal pressure of 200 kPa. After an adequate time had passed, the
culture feeding, in which an adequate amount of hydrous glucose was
added, was suitably conducted. As the culture feeding, a total of 1454 kg
of hydrous glucose was added six times. Thus the main culture was
continued for 306 hours. After the mairft@utture, the cells culture media
were sterilized at 120C for 20 minutes, and then the wet cells were
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cells were dried by a fluidized-bed vibrating dryer so as to obtain dried
callsadriegdanatee #0041y rnieightof vatee Tihetdriedfceid wereTmnshertedilture
by a pneumatic transporter to a filling position, was filled with nitrogen
gas o 13 tbrramer Bag wlade of &lrainlins paidpiitvas openiaylated.

heat sealed after the filling, and then stored in a refrigeration cabinet at
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so as to obtain the defatted cells A-1. To the defatted cells A-1, 3L of
hexaneNwag added agaid. Altdr stiteing benty tos thiteetegpyswas inoculated
to the main culture medium C prepared up to 5600 L in the
culture bath of 10kL volume. The main culture was started
at a temperature of 26°C, with aerated volume of 49 Nm3/hr
and with an internal pressure of 200 kPa. After an adequate
time had passed, the culture feeding, in which an adequate
amount of hydrous glucose was added, was suitably
conducted. As the culture feeding, a total of 1454 kg of
hydrous glucose was added six times. Thus the main culture
was continued for 306 hours.

After the main culture, the cells culture media were
sterilized at 120°C for 20 minutes, and then the wet cells
were collected from the media by a hydro-extractor of
continuous type. The wet cells were dried by a fluidized-bed
vibrating dryer so as to obtain dried cells dried up to 1% by
weight of water. The dried cells were transported by a
pneumatic transporter to a filling position, was filled with
nitrogen gas into a 1m3 container bag made of aluminum

pouch with its opening heat sealed after the filling, and then



at room temperature, and subsequent similar operation as the
aforementioned operation, the defatted cells A-2 were obtained. After the
second extraction process of hexane, 3 L of hexane was added again to
the defatted cells A-2. After stirring gently for three hours at room
temperature, and subsequent similar operation as the aforementioned
operation, the defatted cells A-3 were obtained. Again, 3 L of hexane was
added to the defatted cells A-3. Aftersﬁﬁing gently for three hours at
room temperature, and subsequent similar operation as the

aigementioned eperatienide, defafiedeells A-gawersobfairrg. In the

four extraction processes of hexane, the extracted lipid in any of the
collectethhexant tayers ivase abost exclusiviglyddglyceridekg of the dried
Phospholipids were not detected in these layers. [Production Example 2
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medium_ D was prepared in a 10 L aerated stirring culture bath and then
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ilamentous bacteria to produce chidonic agid, was .ipoculated and .
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obtain the defatted cells A-1. To the defatted cells A-1, 3L of
hexane was added again. After stirring gently for three hours
at room temperature, and subsequent similar operation as
the aforementioned operation, the defatted cells A-2 were
obtained.

After the second extraction process of hexane, 3 L of
hexane was added again to the defatted cells A-2. After
stirring gently for three hours at room temperature, and
subsequent similar operation as the aforementioned
operation, the defatted cells A-3 were obtained. Again, 3 L of
hexane was added to the defatted cells A-3. After stirring
gently for three hours at room temperature, and subsequent
similar operation as the aforementioned operation, the
defatted cells A-4 were obtained.

In the four extraction processes of hexane, the
extracted lipid in any of the collected hexane layers was
almost exclusively triglycerides. Phospholipids were not

detected in these layers.



consumption of glucose, 1% glucose was suitably added. The cultured
cells were sterilized in a similar manner as in the Example 1 and were
dried after the culture medium was removed so as to obtain dried cells.
To 40 g of the dried cells, 120 mL of hexane was added. After the mixture
was stirred gently at room temperature for 3 hours, the hexane layers
were removed by filtration. Then, 120 mL of hexane was added to the
obtained cells again. After stirring genfh?for 15 hours at room
temperature, the hexane layers were removed by filtration. From the

phiaiegdc diicd gells tiop) whichdienewas BEraGiedd redidtal dgxitefatted

was removed by aeration so as to obtain the defatted cells B. In the

bexdsp layers collected in the extraction process of hexane, the extracted

lipid was almost exclusively triglycerides. Phospholipids were not
detectdiifethidse r yefsm fprodustivn rexanpid 8 for Prodiasing tried tedlsin a
and defatted ceIIs] Except that Mortierella elongata SAM 1860

(itermafidii tBepssit N HEERMERL 388 P BALe PR BUdMpBst THeBlHZ8d- As
| d h I d (DGLA),
oS GBSy MO, BB g B35,

cing cells frie S|m| ar as in the

Prp.pwfémﬁgmm%gw%%comuc fueelo ghlaimthesiefatied €plS  was

C. In the hexane layers collected in the extraction process
inoculated and cultured at 26°C, with an aerated volume of

lvvm and with the stirring frequency of 300 rpm. The
culturing was continued for 9 days. Depending on the
consumption of glucose, 1% glucose was suitably added. The
cultured cells were sterilized in a similar manner as in the
Example 1 and were dried after the culture medium was
removed so as to obtain dried cells.

To 40 g of the dried cells, 120 mL of hexane was added.
After the mixture was stirred gently at room temperature for
3 hours, the hexane layers were removed by filtration. Then,
120 mL of hexane was added to the obtained cells again.
After stirring gently for 15 hours at room temperature, the
hexane layers were removed by filtration. From the obtained
dried cells from which hexane was extracted, residual hexane
was removed by aeration so as to obtain the defatted cells B.

In the hexane layers collected in the extraction process
of hexane, the extracted lipid was almost exclusively
triglycerides. Phospholipids were not detected in these

layers.



of hexane, the extracted lipid was almost exclusively triglycerides.
Phospholipids were not detected in these layers. [Production Example 4
for producing dried cells and defatted cells] Except that Mortierella alpina
SAM2086 (International Deposit No. FERMBP-15766 based on Budapest
Treaty), filamentous bacteria to produce mead acid, were inoculated as
lipid-producing cells, a similar procedure as in the Production Example 2
was conducted so as to obtain the defafled cells D. In the hexane layers
collected in the extraction process of hexane, the extracted lipid was

?ﬁ?@ﬁﬁé@'ﬂﬂi’%HM}S‘I%”@G%PHSP?BHQEBE VgHG &Qt detgstedin thes@i tted
layers. [Production Example 5 for producing dried cells and defatted
celldkExcept that Echinosporangium transversalis ATCC 16960,

filamentous bacteria to produce arachidonic acid, were inoculated as '
lipid-prédiesigtcéha ty Mansienedescbeny atie Rrodddidvh EXdmptanational

was conducted so_as to obtain the defatted cells E. In the hexane layers

LneQsdtin the-extrichidhiploctss df MAGRE, N extrattetnipit wadeaty), a
RSl X el e, HalYgHdes, PhosRRRIRES Wi SSfeRRa 12 11852 acid
(DGLA), was inoculated as lipid-producing cells, the similar
procedure as in the Production Example 2 were conducted so
as to obtain the defatted cells C.

In the hexane layers collected in the extraction process
of hexane, the extracted lipid was almost exclusively
triglycerides. Phospholipids were not detected in these
layers.

[Production Example 4 for producing dried cells and defatted
cells]

Except that Mortierella alpina SAM2086 (International
Deposit No. FERMBP-15766 based on Budapest Treaty),
filamentous bacteria to produce mead acid, were inoculated
as lipid-producing cells, a similar procedure as in the
Production Example 2 was conducted so as to obtain the
defatted cells D.

In the hexane layers collected in the extraction process
of hexane, the extracted lipid was almost exclusively
triglycerides. Phospholipids were not detected in these

layers.



layers. [Production Example 6 for producing dried cells and defatted cells]
Except that the culture time period was 6 days, a similar process as in the
Production Example 2 was conducted so as to obtain dried cells
Mortierella polycephala IFO06335. In addition, except that the amount of
the dried cells was 20 g and that the hexane volume was 60 mL, a

similar process as in the Production Example 2 was conducted to obtain
the defatted cells F, Mortierella polyceéﬁarla IFO6335. In the hexane
layers collected in the extraction process of hexane, the extracted lipid

Y\Ialscﬁirﬁ‘éstti8¥P|E%E‘éﬁ'ﬁ;_)t['kg|H¢%Q"v‘§r1%*@ﬁ§€'i‘ﬁ'§°@§1"¥%f%‘%@lQ%@P&P‘diié‘fatted
these layers. [Production Example 7 for producing dried cells and

defd¢d cells] Except that the culture time period was 6 days, a similar
process as in the Production Example 5 was conducted to obtain dried

cells oEEEGRGspbahgimh itasuersdlis ATTC 18960 ¢ @bitoh l&xéepp 960,
that the amount qof the dried cells was 20 g and that the hexane volume

WABBEREOY SimPR TrBERRs dQin MEOSTHG ST &S 2Gvagcid, were

conducted t obtairithe&iefatte&i cells G, E inosporangﬂum transuersalis .
Al’.'i_(&(‘cli G(‘) as lipid-producing cells, a sSsimilar process as 1in

the Production Example 2 was conducted so as to obtain the
defatted cells E.

In the hexane layers collected in the extraction process
of hexane, the extracted lipid was almost exclusively
triglycerides. Phospholipids were not detected in these
layers.

[Production Example 6 for producing dried cells and defatted
cells]

Except that the culture time period was 6 days, a
similar process as in the Production Example 2 was
conducted so as to obtain dried cells Mortierella polycephala
IFO6335. In addition, except that the amount of the dried
cells was 20 g and that the hexane volume was 60 mL, a
similar process as in the Production Example 2 was
conducted to obtain the defatted cells F, Mortierella
polycephala IFO6335.

In the hexane layers collected in the extraction process
of hexane, the extracted lipid was almost exclusively
triglycerides. Phospholipids were not detected in these

layers.



In the hexane layers collected in the extraction process of hexane, the
extracted lipid was almost exclusively triglycerides. Phospholipids were
not detected in these layers. [Example 1: Extraction of phospholipids
containing arachidonic acid from the defatted cells A-2] Twenty five mL of
various organic solvents were added as extractant to one gram of the
defatted cells A-2 obtained in the Production Example 1 for producing
dried cells and defatted cells. The mixRfe-was stirred gently at 60C for
one hour. As an extraction media, hexane, mixed solvents of hexane and

el (@10 8). BHAACh & MixXes SYyert of iHiowiorn o dTRthanR Wasfatted

used. The composition of these extraction media (mixing ratio by volume)
isediteyvn in Table 1. [Table 1] Extractant Compositions (mixing ratio by
volume) Hexane Hexane:Ethanol = 6:0 Mixed solvent of hexane and
ethanoE#Ey BE%arid Ethdivt = gud tuibeed Senentuf He@dnavarl ethadalys, a
(b) Hexane: Ethanol = 4:2 Mixed solvent of hexane and ethanol (c

BERHABT EtRIRFESS3 Miked Sbivdht of h%&ﬁﬂé%&%ﬂhar%?‘&i‘)”l—ﬁ’é)fané was
Et

E4iagel =24 Mixed spient of hexane and elfianol () Hexane EURBRLT g um
transversalis ATCC16960. In addition, except that the
amount of the dried cells was 20 g and that the hexane
volume was 60 mL, a similar process as in the Production
Example 2 was conducted to obtain the defatted cells G,
Echinosporangium transversalis ATCC16960.

In the hexane layers collected in the extraction process
of hexane, the extracted lipid was almost exclusively
triglycerides. Phospholipids were mnot detected in these
layers.

[Example 1: Extraction of phospholipids containing
arachidonic acid from the defatted cells A-2]

Twenty five mL of various organic solvents were added
as extractant to one gram of the defatted cells A-2 obtained
in the Production Example 1 for producing dried cells and
defatted cells. The mixture was stirred gently at 60°C for one
hour. As an extraction media, hexane, mixed solvents of
hexane and ethanol (a to e), ethanol, a mixed solvent of
chloroform or methanol was used. The composition of these

extraction media (mixing ratio by volume) is shown in Table

1.



Mixed solvent of chloroform and Chloroform: Methanol 2:1 methanol In
either case, after the layers of the organic solvent were filtrated, collected
and subsequently the organic solvent was removed so as to obtain a
crude phospholipid fraction. The obtained phospholipid fraction was
fractionated into triglycerides (TG) and phospholipids (PL) by thin-layer
chromatography with silica gel (TLC). A mixed solvent of hexane and
ethyl ether with the mixing ratio of 7:3Wasused as a developing solvent.
Both fractions were scratched and the fatty acids were qualified and
quantifiqdawglq cing the fractions toward methyl ester by way of
methanol hydrochloride method. Pentadecanoic acid was used as an
internal reference. The result of the qualification and quantification of the

t%‘/aag(rjl,? Is shown In the Table 2. [Taklexdpbiitis as extracted Content
f at(iy acids(m/ g L CPUFA in Extractafhdefagad tellSytotalfat '

SHRSASCETYS Eﬁ?ﬁlﬁéﬂfef%aml 4 spiert ot hesamend ethanol

) glacids |
_Sepanp. IETGA@PGLAH xaneogags dlemees e diddheand
S
(b

Mixed solvent of hexane and ethanol

)

Hexane:Ethanol = 4:2
Mixed solvent of hexane and ethanol (c) Hexane:Ethanol = 3:3
Mixed solvent of hexane and ethanol (d) Hexane:Ethanol = 2:4
Mixed solvent of hexane and ethanol (e) Hexane:Ethanol = 1:4
Ethanol Hexane:Ethanol = 0:6

Mixed solvent of chloroform and

Chloroform:Methanol = 2:1
methanol

In either case, after the layers of the organic solvent
were filtrated, collected and subsequently the organic solvent
was removed so as to obtain a crude phospholipid fraction.
The obtained phospholipid fraction was fractionated into
triglycerides (TG) and phospholipids (PL) by thin-layer
chromatography with silica gel (TLC). A mixed solvent of
hexane and ethyl ether with the mixing ratio of 7:3 was used
as a developing solvent. Both fractions were scratched and
the fatty acids were qualified and quantified by inducing the
fractions toward methyl ester by way of methanol
hydrochloride method. Pentadecanoic acid was used as an
internal reference. The result of the qualification and

quantification of the fatty acids is shown in the Table 2.



(b) 24.4 40.4 43.7 2.5 Mixed solvent of hexane and ethanol (c) 24.1 43.4
42.5 2.5 Mixed solvent of hexane and ethanol (d) 19.9 45.2 42.7 2.6
Mixed solvent of hexane and ethanol (e) 16.4 41.8 42.5 2.6 Ethanol 16.3
42.0 41.7 2.6 Mixed solvent of chloroform and 24.9 66.1 40.4 2.5
methanol In the case where only hexane was used as extractant, the
phospholipids were not extracted. In other cases, on the other hand, a
remarkable amount of phospholipids wad extracted. In addition, not less
than 40% of the total fatty acids in the phospholipids were LCPUFA such
as araqh'rgqﬂig Qq:id (AA) or dihomo-y-linolenic acid (DGLA).
Eicosapentaenoic acid (EPA), on the contrary, was not detected.
[Example 2: Extraction of phospholipids containing arachidonic acid from

the defatted cells A-1 through A-4]| Oipailies ettaadied S@vent at hgxane
and ethanol (mixing ratio of 1:1 by yéitimejidsds added to ROBGGFAMSiof
fe@statted cells A-1 through A-4 oBgEdRiEd sFlise Produ :@Q@Fﬁ@ﬁi’p%ﬁds

for producing dried cells and defatted—cgits;respeggivety THe MiXturgsS . A

werersiirred gently at 60C tor 90 0.0 35.0

Mixed solvent of hexane and ethanol

(@) 20.0 40.0 43.0 2.6
Mixed solvent of hexane and ethanol

(b) 24 .4 40.4 43.7 2.5
Mixed solvent of hexane and ethanol

(c) 24.1 43.4 42.5 2.5
Mixed solvent of hexane and ethanol

(d) 19.9 45.2 42.7 2.6
Mixed solvent of hexane and ethanol

(e) 16.4 41.8 42.5 2.6
Ethanol 16.3 42.0 41.7 2.6

Mixed solvent of chloroform and
methanol

24.9 66.1 40.4 2.5

In the case where only hexane was used as extractant,
the phospholipids were not extracted. In other cases, on the
other hand, a remarkable amount of phospholipids was
extracted. In addition, not less than 40% of the total fatty
acids in the phospholipids were LCPUFA such as arachidonic
acid (AA) or dihomo-y-linolenic acid (DGLA).
Eicosapentaenoic acid (EPA), on the contrary, was not
detected.

[Example 2: Extraction of phospholipids containing
arachidonic acid from the defatted cells A-1 through A-4]
One liter of a mixed solvent of hexane and ethanol

(mixing ratio of 1:1 by volume) was added to 200 grams of



minutes. After filtration of the solvent layers, the same operation was

repeated twice. All of the organic solvent layers were then collected and
removed so as to obtain a crude phospholipid fraction. The obtained
phospholipid fraction were fractionated into TG and PL by thin-layer
chromatography with silica gel (TLC), similarly as in the Example 1, so as

to conduct qualification and quantification of the fatty acids. The result of

the qualification and quantification issRéwn in Table 3. The weight in

Table 3 indicates the amount per 1 g of the defatted cells. [Table 3] Lipids

ap EQuent ot HGEYEA ). @e{m%Fg’ ﬁcmeéﬁfﬁ@?ﬂéa@ﬁaﬁi @ot%ia uction
each LCPUFA in the extracted cells fatty fraction % lipids (mg) acids AA
B&bAnTdial AA Dot Agodal (oig)A-LPlezl. 44218 2.5648.0 QF260t86@ cells,
10.1 TG 98.342.02.544.541.32.4643.8 A-2PL 23.042.52.645.1

978 601Ye W TA he 2m g n s B a4 9tisreglegarstbL 23.047.6 Aer 90
45,1 9.78 0.60 10.4 TG 26.841.82.544.311.2 0.67 11.9 A-4 PL 22.8
BIRYEHs 0016970.54 1630 PE 197 46082 824 B06!6 %8855 thife same
eryde phasehalipid fraction 9bigingg, from e fefBiedigels 2% sotvent

layers were then collected and removed so as to obtain a
crude phospholipid fraction. The obtained phospholipid
fraction were fractionated into TG and PL by thin-layer
chromatography with silica gel (TLC), similarly as in the
Example 1, so as to conduct qualification and quantification
of the fatty acids. The result of the qualification and
quantification is shown in Table 3. The weight in Table 3

indicates the amount per 1 g of the defatted cells.

[Table 3]

Lipids as | = Content of LCPUFAIn | \pispp i the extracted

Defatted Fraction extracted | total fatty acids in each lipids (mg)

cells fatty fraction (%) p g
"ﬁ‘gi)s aa | poLa | Tol | aa | pora | Totl
Al PL 22.4 42.5 2.5 45.0 9.52 0.56 10.1
TG 98.3 42.0 2.5 44.5 41.3 2.46 43.8
A2 PL 23.0 42.5 2.6 45.1 9.78 0.60 10.4
TG 46.2 42.0 2.5 44.5 19.4 1.16 20.6
A3 PL 23.0 42.5 2.6 45.1 9.78 0.60 10.4
TG 26.8 41.8 2.5 44.3 11.2 0.67 11.9
A4 PL 22.8 42.4 2.6 45.0 9.67 0.59 10.3
TG 19.7 40.9 2.5 43.4 8.06 0.49 8.55

The crude phospholipid fraction obtained from the
defatted cells A-2 was dissolved in cold acetone at 4°C,
insoluble acetone constituent was collected twice so as to

obtain the purified phospholipid fraction. The purified




insoluble acetone constituent was collected twice so as to obtain the

purified phospholipid fraction. The purified phospholipid fraction did not
contain neutral lipids. In addition, the ratio of AA and DGLA in the total

fatty acid was 43.4% and 2.6% respectively. Further the purified

phospholipid fraction was fractionated by thin-layer chromatography with

silica (TLC) into phosphatidylcholine (PC), phosphatidylethanolamine

(PE), phosphatidylserine (PS), phosphéﬁblylinositol (P1) and glycolipids

(GL), and then the qualification and quantification of the fatty acids were
GANGYBIEG 1ATTiKed SRVRSY: Of ghiprofsm, wetangh agRlic AddS angids. In
water with the mixing ratio of 100:75:7:4 was used as a developing
salEntt.ohe tempesitionodt A& ehtaln@dpunfied phespbolipidatsghovid was
in Table 4. [Table 4] Content of LCPUFA in total fatty acids in Fraction

Percktit Bnrkighb&ackematiori ) as fatty acids (%) AA DGLA PC 58.9

53.73.1 PE25.133.91.7 PS3,12351.4 PI5422.233 GL7.518.3
14 Further the purified phospholipid fraction was

fractionated by thin-layer chromatography with silica (TLC)
into phosphatidylcholine (PC), phosphatidylethanolamine
(PE), phosphatidylserine (PS), phosphatidylinositol (PI) and
glycolipids (GL), and then the qualification and
quantification of the fatty acids were conducted. A mixed
solvent of chloroform, methanol, acetic acids and water with
the mixing ratio of 100:75:7:4 was used as a developing
solvent. The composition of the obtained purified

phospholipids is shown in Table 4.

[Table 4]
Content of LCPUFA in total fatty acids in
Fraction Percent by weight each fraction (%)
as fatty acids (%)
AA DGLA
PC 58.9 53.7 3.1
PE 25.1 33.9 1.7
PS 3.1 23.5 1.4
PI 5.4 22.2 3.3
GL 7.5 18.3 1.4

[Example 3: Extraction of phospholipids containing PUFA
from the defatted cells B through E]

Twenty five mL of a mixed solvent of hexane and
ethanol (mixing ratio of 1:1 by volume) was added to 5 grams

of the defatted cells B through E obtained in the Production




[Example 3: Extraction of phospholipids containing PUFA from the

defatted cells B through E] Twenty five mL of a mixed solvent of hexane

and ethanol (mixing ratio of 1: 1 by volume) was added to 5 grams of the
defatted cells B through E obtained in the Production Examples 2

through 5 for producing dried cells and defatted cells, respectively. The
mixtures were stirred gently at 60C for 90 minutes. After the layers of the
organic solvent were filtrated, the sam57operation was repeated twice. All

of the layers of the organic solvent were then collected and removed so
asdeapainasude phospholinit astien. Sheohizinad pbnspholaidseratted
were fractionated, similarly as in Example 1, into TG and PL by thin-layer
cidmatogrgpdiy twthlsilica gel (litisoeas oaandidiraealifigatinriyangdt 60°C
quantification of the fatty acids. The result of the qualification and
doanbftatiom istsisowd fheTalile & . THcneight iblTabe Samdicasglirent were

amount of the defatted cells per 1 g. [Table 5] Lipids as Content of
FEBEER M toRF G RGAS RAUTEHINEN ERPactER 8ALR Fraklidi ooy Minel the

Befaettesdcl):(fa%ion fatt extract c‘il celg aceids %d To(t)éllli%igs (r%%) (fA oved
SEIA acid L ISU(EAC”%mg) SR 58.6 3052 550 5B £505E 502 6F™

$8 &9 1bS5pthin a crude phospholipid fraction. The obtained
phospholipids were fractionated, similarly as in Example 1,
into TG and PL by thin-layer chromatography with silica gel
(TLC) so as to conduct qualification and quantification of the
fatty acids. The result of the qualification and quantification
is shown in Table 5. The weight in Table 5 indicates the

amount of the defatted cells per 1 g.

[Table 5]
Lipids as | Content of LCPUFA in total fatty acids in | LCPUFA
extracted each fraction (%) in the
Defatted | Fraction fatty extracted
cells acids Mead Total lipids
(mg) AA DGLA acid LCPUFA (mg)
B PL 20.0 20.2 2.3 0.0 22.5 4.50
TG 50.2 9.6 1.9 0.0 11.5 5.77
C PL 22.2 0.3 45.6 0.0 45.9 10.2
TG 43.0 0.0 35.7 0.0 35.7 15.4
D PL 22.3 0.0 0.0 31.1 31.1 6.94
TG 42.0 0.0 0.0 25.8 25.8 10.8
E PL 21.5 34.7 3.1 0.0 37.8 8.13
TG 42.5 20.0 2.5 0.0 22.5 9.56

[Example 4:Production of purified LCPUFA-PL]

Fifty mL of a mixed solvent of hexane and ethanol
(mixing ratio of 1:1 by volume) was added to 10 grams of the
defatted cells F and G obtained in the Production Examples 6

and 7 for producing dried cells and defatted cells,




CPL22.20.345.60.045.910.2 TG43.00.035.70.035.7154D PL
22.30.00.031.131.16.94 TG 42.00.00.025.825.810.8 EPL 21.5
34.73.10.037.88.13 TG 42.520.0 2.5 0.0 22.5 9.56 [Example
4:Production of purified LCPUFA-PL] Fifty mL of a mixed solvent of
hexane and ethanol (mixing ratio of 1:1 by volume) was added to 10
grams of the defatted cells F and G obtained in the Production Examples
6 and 7 for producing dried cells and defatted cells, respectively. The
mixture was stirred gently at 60C for 90 minutes. After the solvent layers

W@é‘i)@'&r ﬁ@@l&he ‘BaRenoperatien wassrepeateddfu g@?fttwicﬁ-‘gA@S ekefor 90
solvent layers were then collected and removed so as to obtain a crude
phospitelipid Aéction thiee chibirattcrimiee phospbobpidilraciondyashe same
dissolved in cold acetone at 4C, and insoluble acetone constituent was
ealetadd awicevsd s rershadindhel purtfiear pHospeelipid Hacedn. thie solvent
gurified phospholipid fraction did not contain neutral ljpids. The $urified

RYSPRoliBiBTFactiof WaS Fra€fidrated Bya tRFLAYBHCHBmAgHapRP tain a
LSRN RORe (e | ovainea  erude
%E%@WBQ@@@&%H ghicoliifis{Glveanddhenike gualificaiomt 4-c,
and insoluble acetone constituent was collected twice so as
to obtain the purified phospholipid fraction. The purified
phospholipid fraction did not contain neutral lipids. The
purified phospholipid fraction was fractionated by a
thin-layer chromatography with silica gel (TLC) into
phosphatidylcholine (PC), phosphatidylethanolamine(PE),
phosphatidylserine(PS), phosphatidylinositol(PI) and
glycolipids (GL), and then the qualification and
quantification of the fatty acids were conducted. A mixed
solvent of chloroform, methanol, acetic acids and water with
the mixing ratio of 100:75:7:4 was used as a developing
solvent.

The composition of the purified phospholipids obtained
from the defatted cells F is shown in Table 6, while the
composition of the purified phospholipids obtained from the

defatted cells G is shown in Table 7.



guantification of the fatty acids were conducted. A mixed solvent of
chloroform, methanol, acetic acids and water with the mixing ratio of
100:75:7:4 was used as a developing solvent. The composition of the
purified phospholipids obtained from the defatted cells F is shown in
Table 6, while the composition of the purified phospholipids obtained from
the defatted cells G is shown in Table 7. [Table 6] Content of LCPUFA in
total fatty acids in Fraction Percent by @%'rght each fraction (%) as fatty
acids (%) AADGLA PC56.2 30.03.1 PE28.515.82.2 PS10.215.61.1
Pl14.4 146118 &L 0.7 8.5 1.3 [Table 7] Content of LCPUFA in total fatty
acids in Fraction Percent by weight each fraction (%) as fatty acids (%)
AADGLA PC60.217.92.1

............................................................... ..Content.of LCPUJFA in. total.fatty. acids in
......... Fraction..........l..Percent. by weight...l............. each fraction (%)
as fatty acids (%)
AA DGLA

PC 56.2 30.0 3.1

PE 28.5 15.8 2.2

PS 10.2 15.6 1.1

PI 4.4 11.6 1.9

GL 0.7 8.5 1.3

[Table 7]
Content of LCPUFA in total fatty acids in
Fraction Percent by weight each fraction (%)
as fatty acids (%)
AA DGLA
PC 60.2 17.9 2.1
PE 23.1 10.0 1.7
PS 12.2 8.8 1.0
PI 3.2 9.5 0.9
GL 1.3 8.5 1.1

[Example S: Encapsulation with LCPUFA-containing
phospholipids]

A 100:35 mixture (weight ratio) of gelatin (Nitta Gelatin
Inc.) and food-additive glycerin (Kao Corporation) was
prepared and water was added thereto. By dissolving the
solution at 50°C to 60°C, a gelatin coat with a viscosity of
2,000 cp was prepared.

Next, a crude phospholipid fraction, which was
obtained from the defatted cells A-2 in the Example 2, and a
vitamin E oil (Eisai Co., Ltd.) was mixed at a weight ratio of

100:0.05 so as to prepare the product 1.




PE 23.110.01.7 PS12.2881.0 PI3.29509 GL1.3851.1
[Example 5: Encapsulation with LCPUFA-containing phospholipids] A
100:35 mixture (weight ratio) of gelatin (Nitta Gelatin Inc.) and
food-additive glycerin (Kao Corporation) was prepared and water was
added thereto. By dissolving the solution at 50C to 60C, a gelatin coat
with a viscosity of 2,000 cp was prepared. Next, a crude phospholipid
fraction, which was obtained from the B&fatted cells A-2 in the Example 2,
and a vitamin E oil (Eisai Co., Ltd.) was mixed at a weight ratio of

100:0.05189 as t@ﬁﬁ%lf@rﬁmﬁslffﬁ@ll?fﬁ-d 8 8 6 de:PRASRhQIR obtained
fraction, which was obtained from the defatted cells A-2 in the Example 2,
arpurifiecth phabphwtipidi fractids eXrartechfrai saBwareggde (ths ratiopalirified
DHA in the total fatty acids was 25%), soy bean oil (SHOWASANGYO
ob.obih) @l idvitamint sl (Exdaiacd € d_ténowas saikebat 8eighttago ratio
of 50:50:50:0.05 so as to prepare the product 2. By using the products 1

5t D A aBRUIATYR ol Shyifd ks ESIASIGNBS a %R iodtsan oil
PEIGUSRA RANGERRY e CNaIn g {82 M of IS RIATHE RO YIRMETIRS" co.,
Ltd.) was mixed at a weight ratio of 50:50:50:0.05 so as to
prepare the product 2.

By wusing the products 1 and 2, encapsulation and
drying was conducted by a known method to produce a soft
capsule containing 180 mg of the product pro grain. Either
soft capsule was suitable for oral ingestion.

[Example 6: Preparation of drinks with LCPUFA-containing
phospholipids]

The crude phospholipid fraction, which was obtained
from the defatted cells A-2 in the Example 2 was stirred in
water at 60°C for S5 to 30 minutes, wusing a
mixing-and-dispersing device (the Mtechnique product,
CLEARMIX). As a result, a solution with dispersed liposome
being uniformly dispersed in water was obtained. The
concentration of phospholipids in the solution with dispersed
liposome was from 0.1% to 20% and was controllable freely.

The average grain diameter of liposome in the solution
with dispersed liposome was from about 50 nm to about 100
nm. The solution with dispersed liposome containing 10%

phospholipids was added to orange juice, carbonated water,



soft capsule was suitable for oral ingestion. [Example 6: Preparation of
drinks with LCPUFA-containing phospholipids] The crude phospholipid
fraction, which was obtained from the defatted cells A-2 in the Example 2
was stirred in water at 60C for 5 to 30 minutes, using a
mixing-and-dispersing device (the Mtechnique product, CLEARMIX). As a
result, a solution with dispersed liposome being uniformly dispersed in
water was obtained. The concentratio@éf‘phospholipids in the solution
with dispersed liposome was from 0. 1% to 20% and was controllable

treehe e hedMarage @raindiameten of ligosame ethg sQiytioR With in 1/100
dispersed liposome was from about 50 nm to about 100 nm. The solution

Wwithndispessedldipas opweegoiniain(igr d0Pa qehoshhielikislsagasthdded tod of the
orange juice, carbonated water, coffee, milk, soy milk, and a potage

$oigs @ath imvensoow/v), Ebaseo plepateyproderce) deivksadsle foug oral
of the present invention. These drinks were suitable for oral ingestion.

TRE MVERtbn being thus described, it will be obvious that the same way

may bevaried in many ways. .Such, .variations were not to, be regarded as .

2 depantie (10 Tha SR A oot (e RUSHSN ant AlILGcRe CDvious
’E‘I?Qtf'c%l’&r‘s s"%ﬁrﬂ‘@”‘%Q? 0%‘995 tBé’”%élf'i@& in the AILY$ 'W@Q?@q lBuch
be included within the scope of the following claims.

variations were not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications

as would be obvious to one skilled in the art are intended to

be included within the scope of the following claims.

INDUSTRIAL APPLICABILITY

In a producing method of phospholipids according to
the present invention, PL is extracted from defatted cells
obtained by extracting oil or fat whose major component is
TG from lipid producing cells, so as to efficiently produce
LCPUFA-PL. The lipid producing cells can be cultured for
mass production, and therefore can be effectively used as a
supply source.

Conventionally, the LCPUFA-PL are obtained only in a
small quantity from limited sources, and as such the supply
and quality of LCPUFA-PL are unstable. With the present
invention, however, the LCPUFA-PL can be stably provided in
a mass quantity and with a good quality. With the epidemics

of various diseases such as the mad cow disease, use of



INDUSTRIAL APPLICABILITY In a producing method of phospholipids
according to the present invention, PL is extracted from defatted cells
obtained by extracting oil or fat whose major component is TG from lipid
producing cells, so as to efficiently produce LCPUFA-PL. The lipid
producing cells can be cultured for mass production, and therefore can be
effectively used as a supply source. Conventionally, the LCPUFA-PL are
obtained only in a small quantity from frdited sources, and as such the
supply and quality of LCPUFA-PL are unstable. With the present

ipMentian. BewaYRs. e LEPYEARLE cagRe plahblnPrvided ke 8 MAsSctically

quantity and with a good quality. With the epidemics of various diseases
such@sdhelmad caw diseasdpuse of rpnimehorgagsislch asithetbawpresent
brain has been practically impossible. It is therefore very meaningful, as
imfierptesant IQveREion, 1 secireeditbiaphly ssuide of KEPUERPFA-PL
that are safe tg use. The defatted cells are the by-product of the step in

{hrth 8 oradSuth &SFG is extracted from cells. Conventionally, the

defatieq pells hawe been disposed as & iaste of albest, used pg animaly
feedings, as with residues of common microbial fermentation. The

RFESeH inyentiagy orydipe aifjeihands usesthg defatied celle @s theom  cells.
practical supply source of LCPUFA-PL. The invention therefore enables
Conventionally, the defatted cells have been disposed as a
waste, or, at best, used as animal feedings, as with residues
of common microbial fermentation. The present invention, on
the other hand, uses the defatted cells as the practical
supply source of LCPUFA-PL. The invention therefore enables
the LCPUFA-PL to be produced at relatively low cost, in
addition to effectively using the “waste” defatted cells.

Phospholipids according to the present invention can be
handled with ease when provided as a solution using a liquid
LCPUFA lipid as a solvent (lipid composition). Alternatively,
the phospholipids can be directly used in food, so as to allow
for efficient uptake of LCPUFA-PL. When the liquid LCPUFA
lipid is oil or fat such as TG obtained in the oil or fat
extracting step in particular, a high-quality lipid composition
can be efficiently obtained.

The present invention therefore enables LCPUFA-PL to
be produced both efficiently and stably, and thereby provides
LCPUFA-PL at low cost while ensuring stable supply and

quality.



the LCPUFA-PL to be produced at relatively low cost, in addition to

effectively using the "waste" defatted cells. Phospholipids according to the
present invention can be handled with ease when provided as a solution

using a liquid LCPUFA lipid as a solvent (lipid composition). Alternatively,

the phospholipids can be directly used in food, so as to allow for efficient
uptake of LCPUFA-PL. When the liquid LCPUFA lipid is oil or fat such as

TG obtained in the oil or fat extracting @?Ep in particular, a high-quality

lipid composition can be efficiently obtained. The present invention
therefoﬁ@s”@@@é_ﬂi@?&"zéf&d@, b%lﬁ’éo%li;%@@ﬂt@ Gi‘}ff@@_ﬁtﬁ@i@d §mbi’ently
and thereby provides LCPUFA-PL at low cost while ensuring stable
aupglsand 1guality.d WsetedeGied BBoWR, theypfesentinvaniion eficaniliques.
and stably produces LCPUFA-PL by fermentation techniques. The

praserp iveatidn igmersforaapslichblensdioasly ap pkigsthds deadihgonly to
with functional food but also jn industries dealing with food in general and
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long-chain upsaturated fatty agids (LCPUFA) as gonstituents,
AL S L R e T R i
phosphatidylserine, and the



LCPUFA includes at least arachidonic acid, and wherein a proportion of
arachidonic acid with respect to total fatty acids contained as constituents
of total phosphatidylcholine is 40 percent by weight or greater, and a
proportion of arachidonic acid with respect to total fatty acids contained
as constituents of total phosphatidylserine is 20 percent by weight or
greater. 2. The phospholipids as set forth in claim 1, wherein the
LCPUFA-PL includes phosphatidylcholﬁfb‘that at least includes
dihomo-y-linolenic acid as LCPUFA, and wherein a proportion of
dihgmpy-linolenic acid with respect to total fatty acids contained as
constituents of total phosphatidylcholine is 3 percent by weight or greater.
3. The phospholigidsodssiet for(LO RIEIFAL BL?, imhdraibithg LEPWePEhain
includes phosphatidylserine that at least includes dihomo-y-linolenic acid
2O LOPUFAL vt edhEaélry aastoperlibh STEiROme-s-heohatictagariisith

respect to total fatty acids contained as constituents of total

phosphXttfiAsdihe is 1ihercenttly Wighe drligreatd 4L AdipR1 confbbsitioeast
e TR RS b e SR e ® e ehe
¢AMPOSPNncludes at least arachidonic acid, and

wherein a proportion of arachidonic acid with respect to
total fatty acids contained as constituents of total
phosphatidylcholine is 40 percent by weight or greater, and a
proportion of arachidonic acid with respect to total fatty

acids contained as constituents of total

phosphatidylserine is 20 percent by weight or greater.

2. The phospholipids as set forth in claim 1,

wherein the LCPUFA-PL includes phosphatidylcholine
that at least includes dihomo-y-linolenic acid as LCPUFA,
and

wherein a proportion of dihomo-y-linolenic acid with
respect to total fatty acids contained as constituents of total

phosphatidylcholine is 3 percent by weight or greater.

3. The phospholipids as set forth in claim 1 or 2,
wherein the LCPUFA-PL includes phosphatidylserine
that at least includes dihomo-y-linolenic acid as LCPUFA,

and



6. The lipid composition as set forth in claim 4 or 5, which is processed
into a capsule or tablet. 7. Food containing the lipid composition of any
one of claims 4 through 6. 8. The food as set forth in claim 7, which is an
oil-in-water dispersion liquid in the form of a liposome formed by the
phospholipids. 9. The food as set forth in claim 7 or 8, which is a
nutriment.
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wherein a proportion of dihomo-y-linolenic acid with
respect to total fatty acids contained as constituents of total

phosphatidylserine 1s 1 percent by weight or greater.

4. A lipid composition containing phospholipids of any

one of claims 1 through 3.

5. The lipid composition as set forth in claim 4 which is

used as a nutritional composition.

6. The lipid composition as set forth in claim 4 or 35,

which is processed into a capsule or tablet.

7. Food containing the lipid composition of any onc of

claims 4 through 6.

8. The food as set forth in claim 7, which is an
oil-in-water dispersion liquid in the form of a liposome

formed by the phospholipids.

9. The food as set forth in claim 7 or 8, which 1s a

nutriment.





