-1- TECHNICAL FIELD The present invention relates to a breeding
method of lipid producing fungi and use of such a method. The invention
particularly relates to a method for the production of lipid producing fungi
that belong to genus Mortierella, said method comprising an expression
suppressing step of suppressing expression of a lipid metabolism gene
encoding GLELO, MAELO, A5 fatty Léid desaturase, A6 fatty acid
desaturase or Al2 fatty acid desaturase in the lipid producing fungi,
wherein said expression suppressing step includes an RNAI step of
suppressing expression of the lipid metabolism gene by an RNAiI method
or a cosuppression step of suppressing expression of the lipid
metabolism gene by a cosuppression method. BACKGROUND ART
There have been ongoing developments and actual applications of
techniques for producing useful compounds through metabolism of
microorganisms (broadly, fermentation techniques). In one specific
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acid and other polyunsaturated fatty
particularly relates to a method for the production of lipid
producing fungi that belong to genus Mortierella, said method
comprising an expression suppressing step of suppressing
expression of a lipid metabolism gene encoding GLELO,
MAELO, A5 fatty acid desaturase, A6 fatty acid desaturase or
A12 fatty acid desaturase in the lipid producing fungi,
wherein said expression suppressing step includes an RNAi
step of suppressing expression of the lipid metabolism gene
by an RNAi method or a cosuppression step of suppressing

expression of the lipid metabolism gene by a cosuppression

method.

BACKGROUND ART

There have been ongoing developments and actual
applications of techniques for producing useful compounds
through metabolism of microorganisms (broadly, fermentation
techniques). In one specific example, lipid producing fungi are
known that have the ability to produce a large amount of

lipids through metabolism. Representative examples of such



acids (PUFA), and for this reason Mortierella are highly useful in industrial
applications (see Patent Document 1, for example). In a variety of useful
organisms including microorganisms such as the lipid producing fungi, it
iSs common practice to breed the organisms, i.e., modify the genetic
characteristics of the organisms to achieve more desirable characteristics
(breed improvement). This is partiéu@aﬂy important in fermentation
techniques, in which efficient production of compounds by the
microorganisms is sought for to reduce manufacturing cost. Breeding is
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In a variety of useful organisms including
microorganisms such as the lipid producing fungi, it is
common practice to breed the organisms, i.e., modify the
genetic characteristics of the organisms to achieve more
desirable characteristics (breed improvement). This is
particularly important in fermentation techniques, in which
efficient production of compounds by the microorganisms is
sought for to reduce manufacturing cost.

Breeding is basically a two-step process. In the first
step, a population with genetic variations is prepared (simply
“population preparing step”). In the second step, a breed or
strain with desirable characteristics is screened for (simply
“screening step”). The population preparing step and
screening step can be carried out in a variety of ways
depending on the type of microorganism used. In the case of
microorganisms such as the lipid producing fungi, (1)
mutation or (2) transformation is generally employed in the
population preparing step.

(1) Method employing mutation



randomly and many different types of mutations result. As such, while it
may be possible to obtain a breed (strain) with a target trait in the
screening step, there is always a possibility that unexpected damage is
caused on genes other than the genes associated with the target trait.
For example, in the case of the lipid producing fungi, a change in the type
of produced lipid may accompany reduced proliferating ability or spore
forming ability, among other things. Therefore, it is not necessarily the
case that a strain with good productivity is obtained in the population

prepating SieheMpiQ¥iRg B%ﬂ@ﬁrf%‘{i@?éﬂ”é@ﬁm% AEPRIQY NG on, a

mutation, many different kinds of mutations randomly dccur in the
popaivigtiadls Mmeking upribe mopHiadiens Thys,ifre puitalde ssteenindoducing
method is not available, it takes a tremendous effort to find a mutant
m (stedind witina sarget iediybefawsey in thiovasecall tidivichralsadfide occurs
population need to be screened for each different kind of mutation. (2

ra e MEH B dsing RAREfHIEEERN atp&iatin ﬁﬂéﬁ&ﬁ@%presult- As
AR SR In BRI, o E YRS i
« agomatan oo ey as e flabe Soels o
pdbsinaxi serepring sk iécted damage is caused on genes other
than the genes associated with the target trait. For example,
in the case of the lipid producing fungi, a change in the type
of produced lipid may accompany reduced proliferating
ability or spore forming ability, among other things.
Therefore, it is not necessarily the case that a strain with
good productivity is obtained in the population preparing
step employing mutation.

Further, in the method employing mutation, many
different kinds of mutations randomly occur in the individuals
making up the population. Thus, if a suitable screening
method is not available, it takes a tremendous effort to find a
mutant (strain) with a target trait because, in this case, all
individuals of the population need to be screened for each
different kind of mutation.

(2) Method employing transformation

In a population preparing step employing

transformation, a population of transformants is obtained by

introducing DNA fragments required for acquiring a target



only required to screen for a desirable breed (strain) from the
transformants. Screening is therefore easier, and other genes are
prevented from unexpected damages. As a result, the labor required for
the breeding can be significantly reduced. As described above, the
population preparing step of breeding is more desirably carried out by
way of transformation. For example, there have been many reports
concerning transformation methods for filamentous fungi including genus
Mortierella. Specifically, (a) Non-Patent Documents 1 through 3 and other
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As described above, the population preparing step of
breeding is more desirably carried out by way of
transformation. For example, there have been many reports
concerning transformation methods for filamentous fungi
including genus Mortierella.

Specifically, (a) Non-Patent Documents 1 through 3 and
other publications disclose techniques for transforming
filamentous fungi such as Aspergillus nidulans or Neurospora
crassa by a particle delivery method. In these techniques, a
uracil auxotrophic strain is used as a transformed host strain,
and a transformed strain is screened for by using the
complementary gene as a marker gene.

As to a transformation method of M. alpina, a technique
disclosed in Non-Patent Document 4 has been known. In this
technique, the spore is turned into a protoplast, and genes
are introduced into the cell by an electroporation method. For
the screening of transformants, hygromycin B resistance gene

(hpt) from E. coli is used as a marker gene, and transformants



to more desirable characteristics, there are cases where functions of
specific genes are intentionally removed either partially or completely.
While this can be achieved by the method employing mutation as
described in section (1) above, the method poses some disadvantages as
noted above. Therefore, there is a need for a technique of breeding
mutant strains with the method em'p%;ﬂng transformation as described in
section (2) above, so that functions of specific genes can be partially or
completely removed both easily and reliably. In one known technique of
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gene deletion method in which genes on the chromosome are deleted by
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m étalgdaish®loying mutation as described in section (1) above,
the method poses some disadvantages as noted above.
Therefore, there is a need for a technique of breeding mutant
strains with the method employing transformation as
described in section (2) above, so that functions of specific
genes can be partially or completely removed both easily and
reliably.

In one known technique of obtaining such a mutant
strain with the partial or complete functional removal of
specific genes, expression of specific genes is suppressed.
Some of the examples of such a technique include an RNAi
method, a gene deletion method in which genes on the
chromosome are deleted by homologous recombination, a
co-suppression method, and an antisense method. Among
these methods, the method employing homologous
recombination is known to provide stable results. The RNAi
method, which is fairly new, has been reported in many

organisms, and is known to be highly effective.
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DISCLOSURE OF INVENTION

However, there has been no report as to a method of
suppressing expression of specific genes in lipid producing
Mortierella.

Further, while the gene expression repressing effects of
the RNAi method have been well-documented in many
organisms for example, whether or not the method will be

effective in a specific organism cannot be known until the



importance of PUFA as an important nutrient has won the recognition in
the last years. This has called for a fermentation technique that allows for
more efficient PUFA production. However, such a fermentation technique
cannot be achieved without a technique of efficiently and effectively
breeding Mortierella, which are known to produce lipids reliably. The
present invention was made in view éfthe foregoing problems, and an
object of the invention is to provide a breeding method for effectively and
efficiently breeding lipid producing Mortierella by suppressing expression
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fermentation technique that allows for more efficient PUFA
production. However, such a fermentation technique cannot
be achieved without a technique of efficiently and effectively
breeding Mortierella, which are known to produce lipids
reliably.

The present invention was made in view of the foregoing
problems, and an object of the invention is to provide a
breeding method for effectively and efficiently breeding lipid
producing Mortierella by suppressing expression of specific
genes. The invention also provides use of such a method.

In accomplishing the invention, the inventors resorted to
the RNAi method to obtain a Mortierella mutant strain in
which expression of MAELO gene or A12 fatty acid desaturase
gene was suppressed. A functional analysis of the mutant
strain revealed that the mutant strain produced very
long-chain saturated fatty acids in reduced proportions in the
case of the MAELO gene, and that the mutant strain produced

mead acid in the case of the A12 fatty acid desaturase gene.



a lipid metabolism gene encoding GLELO, MAELO, A5 fatty acid
desaturase, A6 fatty acid desaturase or A12 fatty acid desaturase in the
lipid producing fungi, wherein said expression suppressing step includes
an RNAI step of suppressing expression of the lipid metabolism gene by
an RNAIi method or a cosuppression _step of suppressing expression of
the lipid metabolism gene by a cos?u%p_ression method. (2) The method of
item 1, wherein said RNAI step includes a transformation step of
introducing a recombinant expression vector into the lipid producing fungi,
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stranded RNA cofresponding to all of or part of a nucleotide sequence of
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fatty acid desaturase, A6 fatty acid desaturase or Al2
fatty acid desaturase in the lipid producing fungi,
wherein said expression suppressing step includes an
RNAi step of suppressing expression of the lipid
metabolism gene by an RNAi method or a cosuppression
step of suppressing expression of the lipid metabolism
gene by a cosuppression method.

(2) The method of item 1, wherein said RNAi step includes a
transformation step of introducing a recombinant
expression vector into the lipid producing fungi, wherein
the recombinant expression vector causes expression of
double stranded RNA corresponding to all of or part of a
nucleotide sequence of the lipid metabolism gene.

(3) The method of item 2, wherein said RNAi step further
includes an expression vector constructing step of
constructing the recombinant expression vector.

(4) The method of item 2 or 3, wherein the transformation

step is carried out by an electroporation method or a

particle delivery method.



method comprising an expression suppressing step of suppressing
expression of a lipid metabolism gene encoding GLELO, MAELO, AS
fatty acid desaturase, A6 fatty acid desaturase or A12 fatty acid
desaturase in the lipid producing fungi, wherein said expression
suppressing step includes an RNAI step of suppressing expression of the
lipid metabolism gene by an RNAi method or a cosuppression step of
suppressing expression of the lipid metabolism gene by a cosuppression
method. The following will describe Mortierella, a breeding method, and
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ortierella The Mortierella Used in a breeding method according to the
prespRbiavarios aemet padicMiary; bFeEd, algivagous kinds of
filamentous fungi of genus Mortierella can be used. Genus Mortierella
include two subgenera, Mortierella and Micromucor. The fungi that belong
to su%ienus Mortierella all_produce fatt¥ acids with 20 carbon atoms,
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M. alpina, M. elongata, M. exigua, M. hygrophila,"M. isabellina, M.
médieela, MogasisMg an expression suppressing step of
suppressing expression of a lipid metabolism gene encoding
GLELO, MAELO, A5 fatty acid desaturase, A6 fatty acid
desaturase or A12 fatty acid desaturase in the lipid producing
fungi, wherein said expression suppressing step includes an
RNAi step of suppressing expression of the lipid metabolism
gene by an RNAi method or a cosuppression step of
suppressing expression of the lipid metabolism gene by a
cosuppression method.

The following will describe Mortierella, a breeding
method, and use of the method in this order, according to the
present invention.

[1] Mortierella

The Mortierella used in a breeding method according to
the present invention are not particularly limited, and various
kinds of filamentous fungi of genus Mortierella can be used.
Genus Mortierella include two subgenera, Mortierella and

Micromucor. The fungi that belong to subgenus Mortierella all

produce fatty acids with 20 carbon atoms, such as



cogitans, M. capitata, and M. vinacea. Among these examples,

Mortierella alpina, common lipid producing fungi, is particularly preferable
in the present invention. Some strains of M. alpina are known to store
arachidonic acid (ARA) and other PUFAs. For this reason, M. alpina has
been widely used not only for the research of PUFA biosynthesis but also
in industries producing PUFA. The dQlirce of M. alpina or other Mortierella
are not particularly limited. For example, the fungi can be obtained from
various microorganism depositary institutions such as the Institute for
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cogitans, M. capitata, and M. vinacea. Among these examples,
Mortierella alpina, common lipid producing fungi, is
particularly preferable in the present invention. Some strains
of M. alpina are known to store arachidonic acid (ARA) and
other PUFAs. For this reason, M. alpina has been widely used
not only for the research of PUFA biosynthesis but also in
industries producing PUFA.

The source of M. alpina or other Mortierella are not
particularly limited. For example, the fungi can be obtained
from various microorganism depositary institutions such as
the Institute for Fermentation or ATCC (American Type
Culture Collection). In the case of strains for which patent
applications have been filed, the organisms can be obtained
from the International Patent Organism Depositary in the
National Institute of Advanced Industrial Science and
Technology. Alternatively, an unknown strain of Mortierella

may be obtained from natural environment by a known

screening method.



That is, it is preferable that the expression suppressing step include an
RNAI step of suppressing expression of the above-mentioned lipid
metabolism genes. More specifically, DNA fragments that cause RNAI
are introduced into lipid producing Mortierella. With the resulting
expression of double stranded RNA, expression of the lipid metabolism
genes is suppressed and therefore Iiﬂid’ producing fungi with desirable
characteristics are bred. It is preferable that the RNAI step include a
transformation step and an expression vector constructing step. It is to be
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present invention may include additional steps as well. TheTollowing will

t hdepardaa: theifgsrectivensteps of the expression suppressing step in
detail. [2-1] RNAI step The RNAI step according to the present invention is
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good results, for example.

That is, it is preferable that the expression suppressing
step include an RNAi step of suppressing expression of the
above-mentioned lipid metabolism genes. More specifically,
DNA fragments that cause RNAi are introduced into lipid
producing Mortierella. With the resulting expression of double
stranded RNA, expression of the lipid metabolism genes is
suppressed and therefore lipid producing fungi with desirable
characteristics are bred.

It is preferable that the RNAi step include a
transformation step and an expression vector constructing
step. It is to be noted that a breeding method of lipid
producing fungi according to the present invention may
include additional steps as well. The following will describe
the respective steps of the expression suppressing step in
detail.

[2-1] RNAi step
The RNAi step according to the present invention is not

particularly limited as long as expression of the lipid



degradation of mMRNA that hybridizes with the dsRNA, and thereby
suppresses expression of genes corresponding to the mRNA. Therefore,
the RNAI step can be regarded as a step of introducing dsRNA
complementary to the nucleotide sequence that codes for the entire part
or some part of a gene whose expression is to be suppressed. The
nucleotide sequence or length of intréduced RNA is not particularly
limited as long as it can suppress expression of a target gene. For this
purpose, techniques of conventional RNAIi methods can be suitably

mél@&B-omerH%_@?PeOIH'tmgmi@r%%mghﬁdhqufgdy%%ﬁee@éane&, an

particularly limited either, and can be carried out according to
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constructing step The expression vector constructing step according to the

of double stranded RNA (“dsRNA”) in the cell promotes

degradation of mRNA that hybridizes with the dsRNA, and

thereby suppresses expression of genes corresponding to the

mRNA.

Therefore, the RNAi step can be regarded as a step of
introducing dsRNA complementary to the nucleotide sequence
that codes for the entire part or some part of a gene whose
expression is to be suppressed. The nucleotide sequence or
length of introduced RNA is not particularly limited as long as
it can suppress expression of a target gene. For this purpose,
techniques of conventional RNAi methods can be suitably
used.

The method of introducing RNA into the lipid producing
fungi is not particularly limited either, and can be carried out
according to conventional RNAi methods. In one specific
example of introducing dsRNA into the cell, plasmid DNA
(recombinant expression vector) that codes for RNAi-inducing

RNA is introduced into the cell, and is expressed in the cell to

suppress gene expression, as will be described later in



present invention is a step of constructing a recombinant expression
vector in Mortierella (lipid producing fungi), wherein the recombinant
expression vector is used to express double stranded RNA corresponding
to the entire part or some part of the nucleotide sequence of a
predetermined gene whose expressign should be suppressed. That is,
the step is not particularly limited as ng as a recombinant expression
vector is constructed in Mortierella such that the recombinant expression
vector, with a suitable sequence of DNA ligated under the control of a
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RNAI. In other words, in the “expression vector constructing step, a
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gene that encodes the double stranded RNA is expressed under the
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transcribed, so as to generate RNA

present invention is a step of constructing a recombinant
expression vector in Mortierella (lipid producing fungi),
wherein the recombinant expression vector is used to express
double stranded RNA corresponding to the entire part or some
part of the nucleotide sequence of a predetermined gene
whose expression should be suppressed. That is, the step is
not particularly limited as long as a recombinant expression
vector is constructed in Mortierella such that the recombinant
expression vector, with a suitable sequence of DNA ligated
under the control of a promoter, brings about expression of
double stranded RNA that causes RNAi. In other words, in the
expression vector constructing step, a recombinant expression
vector is constructed in such a manner that a gene that
encodes the double stranded RNA is expressed under the
control of a promoter.

The gene whose expression should be suppressed is a

gene encoding GLELO, MAELO, A5 fatty acid desaturase, A6

fatty acid desaturase or A12 fatty acid desaturase.



(inverted repeat RNA) that forms a double strand within the molecule. In
this manner, expression of a host gene corresponding to the RNA can be
suppressed. The method enables RNAI to be continuously generated in
the cell, and therefore suppresses expression of the target gene over an
extended time period. Note that, the provision of a linker sequence is
optional but preferable. In one spetiﬁé example of the expression vector
constructing step, reverse cDNA of the target gene, a linker sequence,
and forward cDNA of the target gene are ligated in this order and inserted
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case of double stranded RNA corresponding to only some part of the
sh@fifd @be suppressed are transcribed, so as to generate RNA
(inverted repeat RNA) that forms a double strand within the
molecule. In this manner, expression of a host gene
corresponding to the RNA can be suppressed. The method
enables RNAi to be continuously generated in the cell, and
therefore suppresses expression of the target gene over an
extended time period. Note that, the provision of a linker
sequence is optional but preferable.

In one specific example of the expression vector
constructing step, reverse cDNA of the target gene, a linker
sequence, and forward cDNA of the target gene are ligated in
this order and inserted downstream of a promoter that can be
expressed in the host cell, so as to prepare a construct (RNAi
plasmid). The RNAi plasmid is then introduced into lipid
producing fungi and transcribed in vivo, so as to generate
inverted repeat RNA that forms a double strand within the
molecule.

Note that, the order or direction of the antisense strand

and sense strand incorporated in the RNAi plasmid is not



portion of the gene is suitably selected depending on purpose. The
promoter is not particularly limited either as long as it can effectively
express the gene that encodes the double stranded RNA in Mortierella
(lipid producing fungi). As such, conventional promoters can be suitably
used. A non-limiting example of such_conventional promoters is hisH4.1
promoter. Various types of converitidraT vectors can be used to provide
the recombinant expression vector. Some of the examples include a
plasmid, phage, and cosmid, which are suitably selected according to the

pa¥PRpf1Ags call vpe @F Morggrela) pg the emplayed MEINOR Q] (inverted
introduction. Specific examples include pBR322, pBR325, pUC-type,

re PRYESRIPLYY RS @B PRILY BS VeLtonss dhip te6aMbN UL RXAIeSSIvR host to
vector may include DNA segments other than the promoter and the gene
foencatingtihe stouiedstdhriRIBAARNA N ondmsitingodxamptes of such DNA

segments include a terminator, a selection marker, an enhancer, and a

nuclE3tiEESEqueiite fof meroviRg - Wee trardRlesH tftierRg Ragpeéf the
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stv¥eetdciatrravsed eetteA pei-dimitindo only some part of the gene, a
portion of the gene is suitably selected depending on purpose.
The promoter is not particularly limited either as long as
it can effectively express the gene that encodes the double
stranded RNA in Mortierella (lipid producing fungi). As such,
conventional promoters can be suitably used. A non-limiting
example of such conventional promoters is hisH4.1 promoter.
Various types of conventional vectors can be used to
provide the recombinant expression vector. Some of the
examples include a plasmid, phage, and cosmid, which are
suitably selected according to the type of host cell (type of
Mortierella) or the employed method of introduction. Specific
examples include pBR322, pBR325, pUC-type,
pBluescript-type, and pBI-type vectors.
The recombinant expression vector may include DNA
segments other than the promoter and the gene encoding the
double stranded RNA. Non-limiting examples of such DNA

segments include a terminator, a selection marker, an

enhancer, and a nucleotide sequence for improving



example of the terminator is the trpC terminator used in the invention.
The selection marker may be, for example, a gene that complements
auxotrophy, or a drug-resistant gene. Specific examples of genes that
complement auxotrophy include: genes that complement auxotrophy for
amino acid such as leucine, histidine, methionine, arginine, tryptophan, or
lysine; a gene that complements éu}(étr_ophy for nucleic acid such as
uracil or adenine; and a gene that complements auxotrophy for vitamins.
In this way, a medium depleted with a specific nutrient such as above

trérﬂgqmo\qqt@qﬁ&%eﬁgiyhnutrients) can be easily screened for

transformed strains that have incorporated the recombinant expression

vectqrh 8pegifie erarpples ehdaigesistantuenas inkude dener eebisianiong

to ampicillin, hygromycin, bleomycin, kanamycin, gentamicin, or
aschloramphesicat |a tHis maynrdansformettstodintrthatsitane tincorpdkatesiuch,

the recombinant expression vector can be selected by simply screening
cogy smidpBatorfaimiAéaisn CAYorge s48f< thatyrowlpipeinator  is

dium. The enh is not payticularly limited as | itisa DNA
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sequence of 72 base long near the” replication origin of monkey-deriv
tr aRMius 48 (SVIAD) cartberused Asdn @ddane@1Othar canyentionalting

enhancers
example of the terminator is the trpC terminator used in the
invention.

The selection marker may be, for example, a gene that
complements auxotrophy, or a drug-resistant gene. Specific
examples of genes that complement auxotrophy include: genes
that complement auxotrophy for amino acid such as leucine,
histidine, methionine, arginine, tryptophan, or lysine; a gene
that complements auxotrophy for nucleic acid such as uracil
or adenine; and a gene that complements auxotrophy for
vitamins. In this way, a medium depleted with a specific
nutrient such as above (medium without specific nutrients)
can be easily screened for transformed strains that have
incorporated the recombinant expression vector. Specific
examples of drug-resistant genes include genes resistant to
ampicillin, hygromycin, bleomycin, kanamycin, gentamicin, or
chloramphenicol. In this way, transformed strains that have

incorporated the recombinant expression vector can be

selected by simply screening an antibiotic-containing medium



can be used as well. With the use of an enhancer, the transcription
activity can be improved even when the promoter region alone is
insufficient to obtain a sufficient level of desired gene expression. As
described above, various types of DNA segments can be included in the
recombinant expression vector depending on intended use of the vector
or the type of vector-introduced céll: The method of constructing the
recombinant expression vector is not particularly limited either. Generally,
the promoter, the gene encoding double stranded RNA, and optionally

fo PIRREDNA sgoments @ iptrogyced ina Rigdetermined order into a

suitably selected carrier. For example, the gene encoding double

straigd RNA and &iei pramveteydeptianpdyl pn enhasees éelpiatars andis a
the like) are ligated to one another to construct an expression cassette,

D MaAichisacheatidedsesfintodhe Veeatbr.gmame comstroctarsofriition of an
expression cassette, the order of DNA segments can be specified by
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encoding double

can be used as well. With the use of an enhancer, the
transcription activity can be improved even when the
promoter region alone is insufficient to obtain a sufficient
level of desired gene expression. As described above, various
types of DNA segments can be included in the recombinant
expression vector depending on intended use of the vector or
the type of vector-introduced cell.

The method of constructing the recombinant expression
vector is mnot particularly limited either. Generally, the
promoter, the gene encoding double stranded RNA, and
optionally other DNA segments are introduced in a
predetermined order into a suitably selected carrier. For
example, the gene encoding double stranded RNA and the
promoter (optionally, an enhancer, terminator, and the like)
are ligated to one another to construct an expression cassette,
which is then introduced into the vector.

In the construction of the expression cassette, the order

of DNA segments can be specified by providing each DNA



stranded RNA. The type of reagent, such as the restriction enzyme or
ligase, used to construct the recombinant expression vector is not
particularly limited, and can be selected from commercially available
products. The proliferation method (producing method) of the

recombinant expression vector is not particularly limited, and

conventional methods can be used therefor. Generally, Escherichia coli
are used as a host to proliferate the vector. Here, Escherichia coli may be
suitably selected according to the type of vector used. [2-1-2]
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invention is not particularly limited as lo the recombinant exp ssmn
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part or some part of the nucleotide sequence of a specific gene is

inirirodlesed iato tHe dipitheroducing flregi. Aesushnthtoprocedure,positioned
condition, or material used in the step is not particularly limited. That is, -
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corresponding to the entire part or some part of a desired gene whose
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st:l;nr?litlar(]i RNA. The type of reagent, such as the restriction
enzyme or ligase, used to construct the recombinant
expression vector is not particularly limited, and can be
selected from commercially available products.

The proliferation method (producing method) of the
recombinant expression vector is not particularly limited, and
conventional methods can be wused therefor. Generally,
Escherichia coli are used as a host to proliferate the vector.
Here, Escherichia coli may be suitably selected according to
the type of vector used.

[2-1-2] Transformation step

The transformation step according to the present
invention is not particularly limited as long as the
recombinant expression vector for expressing double stranded
RNA corresponding to the entire part or some part of the
nucleotide sequence of a specific gene is introduced into the
lipid producing fungi. As such, the procedure, condition, or

material used in the step is not particularly limited. That is,



the resulting transformed lipid producing fungi, expression of the desired
gene is efficiently suppressed by RNAI. As described above, a gene
whose expression is to be suppressed is a GLELO gene (GB accession
No. AF206662), a MAELO gene (GB accession No. AF268031), a A5
fatty acid desaturase gene (GB accession No. AY464949, AF067654,
AF054824), A6 fatty acid desatura'sé%e‘ne (GB accession No. AB070557,
ABO070556, AB070555, AF307940, AF110510, AB020032), or a A12 fatty
acid desaturase gene (GB accession No. AF417244, AF110509,

inABA2Q033, &t h Bioherat 281 + B2 82049 Va I addition {Q 1ReS& e ctor

also the expression of the following genes can be suppressed: a AS fatty

coafid rdrsatdrase geflee a &2faky atirhdesaitrase genedrB agenssigfep is
No. AJ278339, AF085500, Y18554, Y18553, AB015612, AB015611), a
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metabolism. The MAELO gene is known to exhibit a weak activity for
sugepeexedibamotydinogiie 8sidld D@L Ah20Bf roducing fungi. In
the resulting transformed lipid producing fungi, expression of
the desired gene is efficiently suppressed by RNAi.

As described above, a gene whose expression is to be
suppressed is a GLELO gene (GB accession No. AF206662), a
MAELO gene (GB accession No. AF268031), a AS fatty acid
desaturase gene (GB accession No. AY464949, AF067654,
AF054824), A6 fatty acid desaturase gene (GB accession No.
AB0O70557, ABO70556, ABO70555, AF307940, AF110510,
AB020032), or a A12 fatty acid desaturase gene (GB accession
No. AF417244, AF110509, AB020033, Eur. J. Biochem. 261,
812-820 (1999)). In addition to these also the expression of
the following genes can be suppressed: a A8 fatty acid
desaturase gene, a A9 fatty acid desaturase gene (GB
accession No. AJ278339, AF085500, Y18554, Y18553,
AB015612, ABO15611), a A15 fatty acid desaturase gene, a
A17 fatty acid desaturase gene, and a ®3 fatty acid desaturase
gene. By suppressing expression of genes involved in lipid

metabolism, the yield of desired lipids can be increased or



y-linolenic acid (GLA, 18:0n-6) (Japanese PCT Laid-Open Publication No.
2002-523098). However, it is believed that a gene that plays a principal
role in this reaction is the GLELO gene, which has been isolated. As
such, other functions of the MAELO gene are suspected. According to an
annotation of the GenBank, a role of the MAELO gene in the catalysis of
the chain-elongating reaction of saturdted fatty acids or monounsaturated
fatty acids has been suggested. However, there has been no report that
suggests functions of the MAELO gene in Mortierella (lipid producing

defUPgl s pafiicwarly M. @Q{J%%M%fgﬁﬁ(‘j%l@s%'ﬂiﬂﬁ)-&cqu%‘a'é‘e dNefBids
s of the MAEL

is a need to analyze function gene in M. alpina. As will be

c adesseibed@ierdd Examples, the inventors of the present invention
analyzed functions of the MAELO gene in M. alpina using yeasts. It was
founthag h erésxiatmgy the NdREG® gdvid EliVolyed in thedatelyBidattlye acid
chain-elongating reaction of very long-chain saturated fatty -21- acids. .
des@iREraBE s&SrEsIHE eXbiskicksofake MARLE® dn&SH R aipivelyed in

T ttﬁ RNA%(i]a%etyod a strain with a reduced proportion of very long-chain
RIStulBfefratt 136?&-5 in lipids was obtained. These results revealed, for
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long-chain saturatedTatty acids in M. alpina. The Al2 fatty acid
geRspitiase Jelitheaedss BmeNéwne acid (DGLA, 20:3n-6) via
y-linolenic acid (GLA, 18:0n-6) (Japanese PCT Laid-Open
Publication No. 2002-523098). However, it is believed that a
gene that plays a principal role in this reaction is the GLELO
gene, which has been isolated. As such, other functions of
the MAELO gene are suspected. According to an annotation
of the GenBank, a role of the MAELO gene in the catalysis of
the chain-elongating reaction of saturated fatty acids or
monounsaturated fatty acids has been suggested. However,
there has been no report that suggests functions of the
MAELO gene in Mortierella (lipid producing fungi), and
particularly in M. alpina (Mortierella alpina). Accordingly,
there is a need to analyze functions of the MAELO gene in M.
alpina.

As will be described later in Examples, the
inventors of the present invention analyzed functions of the
MAELO gene in M. alpina using yeasts. It was found as a
result that the MAELO gene is involved in the catalysis of the

chain-elongating reaction of very long-chain saturated fatty



that catalyzes the reaction of converting oleic acid (18:1) to linoleic acid
(18:2). Thus, by suppressing expression of the A12 fatty acid desaturase
gene by the RNAI method as in the Examples below, a strain (mutant
strain) can be obtained in which a proportion of ca9 fatty acids, such as
mead acid, is increased. The present invention also discloses an
application even when a gene whose expression is to be suppressed is
not specified. For example, when only a nucleotide sequence of EST
with unknown functions is known, an expression vector that encodes

acigwlesiranded RNA corresponding o s F3Liis e onpipediRELO gene

obtaining transformant strains with the expression vector and analyzing
infumctiongeatihe BpnsieenediNstiains e iunedionsofdbegenewiiththe BRUuced
can be analyzed. In this manner, with the disclosed breeding method,
progkootvn fuedtionsryf dgegecanbe pradictet ekltrdasfornmatiohamethodpids
(gene introducing method) used in the transformation step is not
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belowha partiglefdelivery sngth@d swas Haee fardhe transfedeatiatn enzyme
that catalyzes the reaction of converting oleic acid (18:1) to
linoleic acid (18:2). Thus, by suppressing expression of the
A12 fatty acid desaturase gene by the RNAi method as in the
Examples below, a strain (mutant strain) can be obtained in
which a proportion of ®9 fatty acids, such as mead acid, is
increased.

The present invention also discloses an application even
when a gene whose expression is to be suppressed is not
specified. For example, when only a nucleotide sequence of
EST with unknown functions is known, an expression vector
that encodes double stranded RNA corresponding to the EST
is constructed. By obtaining transformant strains with the
expression vector and analyzing functions of the transformed
strains, functions of the gene with the EST can be analyzed.
In this manner, with the disclosed breeding method, unknown
functions of a gene can be predicted.

A transformation method (gene introducing method) used

in the transformation step is not particularly limited, and



[2-2] Other steps, other methods A breeding method according to the
present invention may include steps other than the transformation step or
recombinant vector constructing step. One specific example of such an
additional step is a screening step for selecting a suitable transformant
strain from a group of transformed ligid producing fungi. A screening
method is not particularly limited. Fof “example, after culturing and
growing transformant strains, a strain may be selected based on
predetermined genetic characteristics. That is, a specific method of the

cofHRHNNInSEPIS 19t Padiculary, imied, Peprnding 08 11g RUHIPQSR Phod or

breeding, such conditions are set that allow a transformant strain with
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selection as specifically described above. Instead, the invention also
wdRCldesiafioreadieg thahofoemmiay kg other

[2-2] Other steps, other methods

A breeding method according to the present invention
may include steps other than the transformation step or
recombinant vector constructing step. One specific example of
such an additional step is a screening step for selecting a
suitable transformant strain from a group of transformed lipid
producing fungi.

A screening method is not particularly limited. For
example, after culturing and growing transformant strains, a
strain may be selected based on predetermined genetic
characteristics. That is, a specific method of the screening
step is not particularly limited. Depending on the purpose of
breeding, such conditions are set that allow a transformant
strain with desirable characteristics to be selected, and a
conventional method is used to select such a transformant

strain. For example, selection can be made using a

conventional auxotrophic marker or drug resistant marker.



procedures. [3] Use of the present invention [3-1] Lipid producing fungi
(novel breed) As described above, a breeding method of lipid producing
fungi according to the present invention is adapted to suppress
expression of one of the above specified genes and thereby provide a
breed with improved characteristics (traits). Thus, with the method, a
novel breed (novel strain) can be eff iently and effectively produced by
using lipid producing fungi of genus Mortierella as an original breed. The
Mortierella are well known lipid producing fungi, and include highly

reliaple spegies puas M, @lging, cHausips £xamulg < SERN W present

improved lipid productivity can be produced both easily and efficiently.

inedhesnvith a dreedingdeethad echerdime tothe qieaentinentinstrain of
expression of any gene in the transformed lipid producing fungi can be
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the original breed Mortierella, the invention provides a transformant
PrefiqiandISthasis ne., dhodiditimt elipadie B hraie iy Fivie liplas i) -
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selection as specifically described above. Instead, the
invention also includes a breeding method employing other
procedures.

[3] Use of the present invention

[3-1] Lipid producing fungi (novel breed)

As described above, a breeding method of lipid
producing fungi according to the present invention is
adapted to suppress expression of one of the above specified
genes and thereby provide a breed with improved
characteristics (traits). Thus, with the method, a novel breed
(novel strain) can be efficiently and effectively produced by
using lipid producing fungi of genus Mortierella as an
original breed. The Mortierella are well known lipid producing
fungi, and include highly reliable species such as M. alpina.
Thus, for example, a strain with improved lipid productivity
can be produced both easily and efficiently.

Further, with a breeding method according to the

present invention, expression of any gene in the transformed

lipid producing fungi can be suppressed. Thus, by



fragments, EST, etc.) from the original breed Mortierella, and by causing
RNAI using an expression vector that encodes double stranded RNA
corresponding to the DNA fragments, the invention discloses, for
example, a transformant strain in which expression of the total length
gene of the DNA fragments is suppressed. Through a functional analysis
of the transformant strain, unknown“flinctions of the gene can be
predicted. That is, the present invention also discloses a method of
predicting unknown functions of a gene. As described above, a

suAREINOIaNE strain potaingd byp breeding methog o theipresgit original

invention is highly useful. Also disclosed is a breeding kit for
brigelemprsingdherinyention, agdasatibed belaw it 2lsBreedipgakitFormant
breeding kit is not particularly limited as long as it is for implementing the
s tbeeedingtmetheotbdeseribgd in section {2] abovel Asssuretirspedificpable  of
structures, materials, devices, and -25- the like included in the breeding kit
PT@WetpErticHahe linit®ddSpecifiély, of bre@dsy kit RSdabhed totoasy or
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Further, by obtaining suitable DNA fragments (cDNA
fragments, EST, etc.) from the original breed Mortierella, and
by causing RNAi using an expression vector that encodes
double stranded RNA corresponding to the DNA fragments,
the invention discloses, for example, a transformant strain in
which expression of the total length gene of the DNA
fragments is suppressed. Through a functional analysis of
the transformant strain, unknown functions of the gene can
be predicted. That is, the present invention also discloses a
method of predicting unknown functions of a gene.

As described above, a transformant strain obtained by a
breeding method of the present invention is highly useful.
Also disclosed is a breeding kit for implementing the
invention, as described below.

[3-2] Breeding kit

A breeding kit is not particularly limited as long as it is
for implementing the breeding method described in section [2]

above. As such, specific structures, materials, devices, and



carry out the expression vector constructing step, the breeding method
may include (b) reagents for constructing the recombinant expression
vector (a). Further, in order to carry out the transformation step, the
breeding kit may include (c) reagents for introducing the recombinant
expression vector (a) into lipid producing fungi. Further, the breeding
method may additionally include (d)? agents for culturing the lipid
producing fungi and/or a transformant strain into which the recombinant
expression vector (a) have been introduced. As used herein, the term

thd S3gRAISTNClUARMRIQHS fypes Biﬂ[éeea&ﬁﬁ‘gr; RIPCTIPENtSQYIPEeREi cularly

devices, or the like. For example, for the transformation, conventional

li rfeagentss e bR disBe:, Spesifiedaimg at the scagriis ate tot Rartigulady the
limited. For example, enzymes or buffers can be used depending on the
re ypeaffitransformatioh rbguibet:. e Optignaily t o dxperimental tool such as

a micro centrifugal -26- tube may be used. Further, competent _
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co2eePing A HE presentirvention gan hearrieghioutsome part of the
nucleotide sequence of a specific gene. Further, in order to
carry out the expression vector constructing step, the
breeding method may include (b) reagents for constructing
the recombinant expression vector (a). Further, in order to
carry out the transformation step, the breeding kit may
include (c) reagents for introducing the recombinant
expression vector (a) into lipid producing fungi. Further, the
breeding method may additionally include (d) reagents for
culturing the lipid producing fungi and/or a transformant
strain into which the recombinant expression vector (a) have
been introduced.

As used herein, the term “reagents” include various
types of reagents, experiment equipment, devices, or the like.
For example, for the transformation, conventional reagents
can be wused. Specific forms of the reagents are not
particularly limited. For example, enzymes or buffers can be
used depending on the type of transformation required.

Optionally, an experimental tool such as a micro centrifugal



both easily and reliably. [3-3] Producing method of lipid, and lipids
obtained by the producing method In a producing method of lipids
according to the present invention, PUFA-containing lipids are produced
from the lipid producing fungi described in section [3-1] above. For
example, PUFA-containing lipids can be conveniently produced by
culturing the lipid producing fungi. Tr?tﬁe_following, lipids produced by
Mortierella are described. The PUFA-containing lipids are one of many
useful products produced by Mortierella. A wild-type strain with good
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contains'mostly arachidonic acid, and very long-chain saturated fa
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Am. Oil Chem. Soc., 75, 1501-1505, 1998). As used herein, the cab
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atoms with two or more double bonds, wherein the first double bond
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of the representative exam #es of cab PUFA contained in Mortierella
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acids having 20 or greater carbon atoms with ho double bond.

With the breeding kit as exemplified above, a breeding
method according to the present invention can be carried out
both easily and reliably.

[3-3] Producing method of lipid, and lipids obtained by
the producing method

In a producing method of lipids according to the present
invention, PUFA-containing lipids are produced from the lipid
producing fungi described in section [3-1] above. For example,
PUFA-containing lipids can be conveniently produced by
culturing the lipid producing fungi.

In the following, lipids produced by Mortierella are
described.

The PUFA-containing lipids are one of many wuseful
products produced by Mortierella. A wild-type strain with good
PUFA productivity is known to produce a large amount of 06
PUFA that contains mostly arachidonic acid, and very
long-chain saturated fatty acids (VLSA) are also produced as a
byproduct. (Higashiyama K. et al. J. Am. Oil Chem. Soc., 75,
1501-1505, 1998). As used herein, the ®6 PUFA refers to



Some of the representative examples of VLSA contained in Mortierella
include eicosanoic acid (arachidic acid), docosanoic acid (behenic acid),
tetracosanoic acid (lignoceric acid), and hexacosanoic acid (cerotic acid).
Since these VLSAs are all biosynthesized from stearic acid, which is the
precursor of arachidonic acid and other cab PUFAs, the VLSA
biosynthetic pathway can be regar‘dg«? as an alternative pathway of the
cab PUFA biosynthetic pathway. Generally, saturated fatty acids have
considerably higher melting points than unsaturated fatty acids containing
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acids containing 18 carbon atoms, oleic acid” and linoleic acid, which are
twidorpungabrated daftylacidbantd diunsatenated fattyacidrsaspeetiveide bond
have melting points of 13.4C and -5.2C, which are significantly lower than
octtre rmehihg tdoint %68 of stelarnadide an eXampieaoisamratdtfattymethyl
acids. As to VLSA, these fatty acids have considerably -28- high meltin
te pBIARUSINCS HE feing PEinf mbfeses it e RéAsadM§ ehah eyt UFA

Docosanoic acid (behenic.acid), tetracasanaic .acid (lignoceric agid), . .
CORSLEAN b AT ST bl TR rCRITE Ko 7o oL BAGIE Miggacid.
difbAf- (RIPRIE ThR Meling PopL e linids sich agdriglycerides is

strongly influenced by the melting point of the constituting fatty acids, and
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For this reason, an oil or

acids having 20 or greater carbon atoms with no double bond.
Some of the representative examples of VLSA contained in
Mortierella include  eicosanoic acid (arachidic  acid),
docosanoic acid (behenic acid), tetracosanoic acid (lignoceric
acid), and hexacosanoic acid (cerotic acid). Since these VLSAs
are all biosynthesized from stearic acid, which is the
precursor of arachidonic acid and other @6 PUFAs, the VLSA
biosynthetic pathway can be regarded as an alternative
pathway of the @6 PUFA biosynthetic pathway.

Generally, saturated fatty acids have considerably
higher melting points than unsaturated fatty acids containing
the same number of carbon atoms. For example, by
comparing fatty acids containing 18 carbon atoms, oleic acid
and linoleic acid, which are monounsaturated fatty acid and
diunsaturated fatty acid, respectively, have melting points of
13.4°C and -5.2°C, which are significantly lower than the
melting point 69.6°C of stearic acid, an example of saturated

fatty acids. As to VLSA, these fatty acids have considerably



fat is often a solid at ordinary temperature, or may deposit and turn turbid
or solidify when stored at a low temperature. For the separation and
removal of a solid fat to obtain a liquid oil, procedures employing a
wintering method or emulsion separation method are commonly used
(Oils and Fats Handbook, SAIWAI SHOBO (1988) P. 261). An oil or fat
produced by Mortierella contains se &al % VLSA, through the proportion
varies depending on the culturing conditions. For food use, it is often
preferable that the oil or fat be stably provided as a transparent liquid

higﬁem‘ﬂ%'g% semperatye conditionse Wills syshipifls CADRG-Q0RINeH an

y separating and removing a solid fat by the wintering method or
ineFeHsion geparaiing MethedHhe melboddyoies aemplexbpiReedeesacid),
and therefore requires increased manufacturing time and increased cost.
te fuathes sineectrecpebdLigtion of tilorfaitday dis Hrec ¥s SAdiosguetitbticerotic
pathway which constitutes an alternative -29- pathway of lipid

achibsyrifesss, itRediiedt 1 Riprbve the -Viefd-of dirtdPUFANThe 84h7°C,
PUFA con@ini%mostlg %ﬂrrachidonic ci% glons itutes nﬁst of tthe PUFA d
TeSRGGERELY a WilE-BS AR RVMG §doli BUFA Palictiiy! Mat¥f&Tides
is a5 6% BIGH MU YRES B ”iﬂ@”h?&@ﬂ%ga@%ﬂi@rg? OYOPELAlS tituting
mutant “strains producing modified PUFA aré Known. Analyses of these
fa thytantesidains Aave reveateddbat desetivitngthg Abdint of oil or fat
containing VLSA is generally high. For this reason, an oil or
fat is often a solid at ordinary temperature, or may deposit
and turn turbid or solidify when stored at a low temperature.
For the separation and removal of a solid fat to obtain a
liquid oil, procedures employing a wintering method or
emulsion separation method are commonly used (Oils and
Fats Handbook, SAIWAI SHOBO (1988) P. 261). An oil or fat
produced by Mortierella contains several % VLSA, through the
proportion varies depending on the culturing conditions.

For food use, it is often preferable that the oil or fat be
stably provided as a transparent liquid even under low
temperature conditions. While such lipids can be obtained by
separating and removing a solid fat by the wintering method
or emulsion separation method, the method involves complex
procedures and therefore requires increased manufacturing
time and increased cost.

Further, since the production of oil or fat favors the

VLSA biosynthetic pathway which constitutes an alternative



desaturase activity either completely or partially leads to accumulation of
mead acid, and that complete or partial deactivation of the A5 desaturase
activity leads to accumulation of dihomo-y-linolenic acid. In this manner,
while different PUFAs can be produced by mutational modification, a
mutant strain cannot be obtained without damaging genes of the
PUFA-producing wild-type strain athier Than the genes associated with the
target traits. These problems can be solved by a method producing lipid
producing fungi according to the present invention. That is, the method

p RRAHENIJIPIFiRRAUETONAGHACCPLING 1q St R INVENIEREANve the

reduce"the amount of VLSA-containing lipids, which easily solidity to form

yiéats. oFheesfore dwpluthe method, liquid oil suitable for food can be
produced without time-consuming and costly procedures such as the

wintéiing method Bidrdulsiow sdparatiog methoslt 30- Rurledri dhecdgse acid
the said method does not favor the alternative VLSA biosynthesis

copthiialt estargee P UHARM B Frddbearmigeithoved prodidivig. strain
Further, a_PUEA-nroduci i ined without damagi .
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Is preferable that the lipids contain ca9 PUFATN a proportion of not less
stfam8%producing modified PUFA are known. Analyses of

these mutant strains have revealed that deactivating the A12
desaturase activity either completely or partially leads to
accumulation of mead acid, and that complete or partial
deactivation of the A5 desaturase activity leads to
accumulation of dihomo-y-linolenic acid.

In this manner, while different PUFAs can be produced
by mutational modification, a mutant strain cannot be
obtained without damaging genes of the PUFA-producing
wild-type strain other than the genes associated with the
target traits.

These problems can be solved by a method producing
lipid producing fungi according to the present invention. That
is, the method producing lipid producing fungi according to
the present invention can reduce the amount of
VLSA-containing lipids, which easily solidify to form fats.
Therefore, with the method, liquid oil suitable for food can be
produced without time-consuming and costly procedures such

as the wintering method or emulsion separation method.



preferably not less than 8.8%, or more preferably not less than 9.4%, with
respect to total fatty acids in the lipids. Further, it is preferable that the
lipids contain mead acid in a proportion of not less than 1.3%, or more
preferably not less than 1.6%. Further, it is preferable that the lipids
contain arachidonic acid in a proportion of not less than 10% with respect
to total fatty acids, and very Iong-chgﬁﬁ saturated fatty acids in a
proportion of not more than 0.1% with respect to total fatty acids. More
preferably, the lipids contain arachidonic acid in a proportion of not less
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fatty acids in a proportion of not more than 0.1% with respect to total fatty
ale€idsa That i/ A rpsertaplieatien plserdiselpses ther fellowuFipidsin be
Lipids produced by the lipid producing method, -31- containing ca9 PUFA
prindayrepgortiormoftiot lessntiano8%dvith espdaet tdiwidlfatty aEids @ dre a
lipids. - Lipids produced by the lipid producing method, containing mead
Plé%vamaq%wﬂsn SitacHRssABN Py OBt Bt thalthiasaaging
the lipid, produci ethod, , containing

of the lipids. - Lipids produced b
ge&rﬁéhf’d@?fcra“c ift & Brogortion %?ﬁ&%%%"t al 1Ob AT FEpbE R Sotal
fatty’laﬁigqujetggllmi%pﬁrllpc\éecryon also discloses lipids produced by
the lipid producing method. It is preferable that the lipids
contain ®9 PUFA in a proportion of not less than 8%,
preferably not less than 8.8%, or more preferably not less
than 9.4%, with respect to total fatty acids in the lipids.

Further, it is preferable that the lipids contain mead
acid in a proportion of not less than 1.3%, or more preferably
not less than 1.6%.

Further, it 1is preferable that the Ilipids contain
arachidonic acid in a proportion of not less than 10% with
respect to total fatty acids, and very long-chain saturated
fatty acids in a proportion of not more than 0.1% with respect
to total fatty acids. More preferably, the lipids contain
arachidonic acid in a proportion of not less than 20% with
respect to total fatty acids, and very long-chain saturated
fatty acids in a proportion of not more than 0.1% with respect
to total fatty acids.

That is, the present application also discloses the
following lipids:

- Lipids produced by the lipid producing method,



long-chain saturated fatty acids in a proportion of not more than 0. 1%
with respect to total fatty acids of the lipids. While the invention is
susceptible to various modifications and alternative forms, a specific
embodiment thereof will be described below in more detail by way of
Examples. It should be understood, however, that it is not intended to
limit the invention to the particular forths disclosed, but on the contrary,
the invention is to cover all modifications, equivalents, and alternatives
falling within the scope of the invention as defined in the appended

coHis Hp<aneplesh gexample A) FHnGtonahanalysis o MAELR 88784 with

plasmid for expressing MAELO gene in yeasts was prepared according to

reBiedelovgngopeoceeyes: bicst M odinina wasieldtured for 5 days in GY
medium (2% glucose, 1% yeast extract, pH = 6.0), and total RNA was

extractedigsidg Reasyyptad mihiykit (QAGEWLATham; @d8Ziregersaethod,
transcription reaction was carried for 1 pg of total RNA, using SUJ[oerScript .
comfsisihgd BYRRtbsRdstEi fr ITPPEHRIMitRIgery tsditothan 1.3%
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ith ST ey FInei and rest ion Doy ey g ORA 0%
cofa@menh of ahelt 9h@dpiwas dgadtgth a proportion of not less than
10% with respect to total fatty acids of the lipids, and very
long-chain saturated fatty acids in a proportion of not more
than 0.1% with respect to total fatty acids of the lipids.

While the invention is susceptible to various
modifications and alternative forms, a specific embodiment
thereof will be described below in more detail by way of
Examples. It should be understood, however, that it is not
intended to limit the invention to the particular forms
disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternatives falling within the
scope of the invention as defined in the appended claims.

[Examples]

(Example A) Functional analysis of MAELO gene

A plasmid for expressing MAELO gene in yeasts was
prepared according to the following procedure.

First, M. alpina was cultured for 5 days in GY medium
(2% glucose, 1% yeast extract, pH = 6.0), and total RNA was

extracted using RNeasy plant mini kit (QIAGEN). Then, a



to vector pYES2 (Invitrogen) digested with restriction enzyme Hindlll and
restriction enzyme Xbal. As a result, plasmid pY2MEL was constructed.
MAELO-H 1: 5'-gcaagcttatggccgccgcaatcttggac-3' (SEQ ID NO: 15)
MAELO-S 1: 5'-gcactagtttagatgtgcttgctgttggag-3' (SEQ ID NO: 16) The
plasmid pY2MEL was used to transform a S. cerevisiae INVScl strain,
and strains that grew on a uracil-defidient plate (2% glucose, 0.17%
Yeast Nitrogen Base w/o Amino Acids and Ammonium Sulfate (Difco),
0.5% ammonium sulfate, histidine (20 mg/1), leucine (60 mg/1),

rePYROPNRAAAQ B19(H; S0 BACeAgH) WEIE SElaied AStHANSTO[MEdf total

strains. These strains were then inoculated once with a platinum foop on

RNMedigTeonBinherde fafinoper 1130 Yeast Siiipges Hasesy/tem for
Amino Acids and Ammonium Sulfate (Difco), 0.5% ammonium sulfate,

RT198 C&gitdiifyide e 31N P-490 histisline(20syg i) deizme (BONAy/1)For the
tryptophan §40 mg/1), and 0.05% stearic acid (18:0), and the medium was
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digested with restriction enzyme HindIIl and restriction
enzyme Spel, and a DNA fragment of about 950 bp was ligated
to vector pYES2 (Invitrogen) digested with restriction enzyme
HindIIl and restriction enzyme Xbal. As a result, plasmid
pY2MEL was constructed.

MAELO-H1: 5’-gcaagcttatggccgccgcaatcttggac-3’ (SEQ ID
NO: 15)

MAELO-S1: 5’-gcactagtttagatgtgcttgctgttggag-3° (SEQ ID
NO: 16)

The plasmid pY2MEL was wused to transform a S.
cerevisiae INVScl strain, and strains that grew on a
uracil-deficient plate (2% glucose, 0.17% Yeast Nitrogen Base
w/o Amino Acids and Ammonium Sulfate (Difco), 0.5%
ammonium sulfate, histidine (20 mg/1), leucine (60 mg/l),
tryptophan (40 mg/l), 2% Bacto agar) were selected as
transformed strains. These strains were then inoculated once
with a platinum loop on a medium containing 2% raffinose,
0.17% Yeast Nitrogen Base w/o Amino Acids and Ammonium

Sulfate (Difco), 0.5% ammonium sulfate, 1% Tergitol Type



residue in the fungi to methyl ester by a hydrochloric acid/methanol
method, the sample was extracted with hexane. The resulting fatty acid
methyl ester after the removal of hexane was analyzed by gas
chromatography. Table 1 below represents the yields of very long-chain
saturated fatty acids in each broth. [Table 1] Yields of very long-chain
saturated fatty acids (mg/1) 20:0 2230 24:0 26:0 YES2-introduced strain
0.78 0.06 0.06 0.65 pY2MEL-introduced strain 0.63 0.12 0.34 1.4 As
shown in Table 1, the pY2MEL-introduced strain produced more 22:0,

NP4Q and SEQYRLY ('Qﬁﬂi?fg}""l)s,ai‘éré@ﬂl faity gcids a3 compaed il iheso

pYES2-introduced strain -33- (control). The result stiggests the chain
m £longatingiactivis 0f theddiiQ gede (fogvery, langdhaiesateated fatty a s
acids. (Example B) Breeding of MAELO gene expression suppressing
cudtraineAcctrding th therfslldwing brokedgre, Blhptasmid%or (valg)ngeleedose
expression of double stranded RNA corresponding to a portion of MAELO
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plasmid pY2MEL, and the medium was cultured at 28°C for
42 hours by shaking. The fungi were collected by
centrifugation, and freeze-dried. After inducing the fatty acid
residue in the fungi to methyl ester by a hydrochloric
acid/methanol method, the sample was extracted with
hexane. The resulting fatty acid methyl ester after the
removal of hexane was analyzed by gas chromatography.
Table 1 below represents the yields of very long-chain

saturated fatty acids in each broth.

[Table 1]
Yields of very long-chain saturated
fatty acids (mg/l)
20:0 22:0 24:0 26:0
pYES2-introduced strain 0.78 0.06 0.06 0.65
pY2MEL-introduced strain 0.63 0.12 0.34 1.4

As shown in Table 1, the pY2MEL-introduced strain
produced more 22:0, 24:0, and 26:0 very long-chain saturated

fatty acids as compared with the pYES2-introduced strain




plasmid pBluescriptlISK+(BamHI-) was constructed. Then, by using
plasmid pD4 (D. A. Mackenzie et al. Appl. Environ. Microbiol., 66,
4655-4664, 2000) as a template, PCR was carried out with LA Taq
(TaKaRa). As the primers, primer HisProFX and primer TrpCRX were
used. The reaction was carried out in 30 cycles at 94C for 1 minute, 55C
for 1 minute, and 72C for 2 minutés‘?"l‘h‘e amplified DNA fragments were
digested with restriction enzyme EcoRlI, and the resulting DNA fragments
were inserted at the EcoRl site of the plasmid pBluescriptlISK+(BamHI-),

(céﬁﬁsot CcopRiuctRIgsmid WRRRLIRISPEREK N elongatin activity of
5'-tacgaattcaagcgaaagagagattatgaa-3' (SEQ ID NO: 1) %rpCR%:

the'-jeagRlcgdeiaapsRAgFRIGH S dREhIR NQr 3k 2Dtk BipiHGi was
cultured at 28C for 5 days in GY broth (2% glucose, 1% yeast extract, pH
= 6.0F Feompihe re&)itind3 fergligenomit DNRPARAsPreeertacosxging $sion
the procedure of E. Sakuradani et al. Eur J. Biochem., 260, 208-216,
SU{ZRYE B 15§ thd genomic DNA of M. alpina as a template, PCR was

dout with LA T TaK . As.th i , i MAELORNAIl-1
o RN Be TR B R e s o e RS for
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The amplified DNA fragment of about 0.9 kb was TA cloned into the
corresponding to a portion of MAELO gene was constructed.

Plasmid pBluescriptlISK+ was digested with restriction
enzymes Spel and BamHI, and the ends were blunted with the
DNA blunting Kit (TaKaRa). By allowing for self-ligation,
plasmid pBluescriptIISK+(BamHI-) was constructed. Then, by
using plasmid pD4 (D. A. Mackenzie et al. Appl. Environ.
Microbiol., 66, 4655-4664, 2000) as a template, PCR was
carried out with LA Taq (TaKaRa). As the primers, primer
HisProFX and primer TrpCRX were used. The reaction was
carried out in 30 cycles at 94°C for 1 minute, 55°C for 1
minute, and 72°C for 2 minutes. The amplified DNA fragments
were digested with restriction enzyme EcoRI, and the
resulting DNA fragments were inserted at the EcoRI site of the
plasmid pBluescriptIISK+(BamHI-), so as to construct plasmid
pBlueHpt.

HisProFX: 5’-tacgaattcaagcgaaagagagattatgaa-3’ (SEQ ID
NO: 1)

TrpCRX: 5’-gaagaattccctctaaacaagtgtacctgt-3° (SEQ ID
NO: 2)



pTBlueT-Vector (TaKaRa). After confirming the nucleotide sequence, the
fragment was digested with restriction enzymes Ncol and BamHI. The
resulting DNA fragment of about 0.9 kb was inserted in the Ncol-BamHI
site of the plasmid pBlueHpt, so as to construct plasmid pBlueMEi3.
MAELORNAI 1-1: 5'-ctggatcctatggccgccgcaatcttggaca-3' (SEQ ID NO: 3)
MAELORNAI3- 1: 5'-aaccatggtcatccetaggtggaagtaatg-3' (SEQ ID NO: 4)
By using the genomic DNA of M. alpina as a template, PCR was carried
out with LA Taq (TaKaRa). As the primers, primer MAELORNAIl and

primgy. Mé‘!?z@ﬁ%b?’sw%ﬁ‘fl‘ﬂ%ﬁ%ci he reagiien was earg ‘}{QUHH‘ @Y broth

cycles at 94C for 1 minute, 55C for 1 minute, and 72C for 1 minute. T
(298Sulting S Tregryeni of abett et Kpvps=T4 Qb:;nepfmtﬁlthetmfﬁéesulting

pTBlueT-Vector (TaKaRa). After confirming the nucleotide sequence, the
fufiag meamEs digda e d witla sestrictiparenk yawsso NetohgndBlbh dherocedure

resultln%DNA fragment of about 0.7 kb was inserted in the Ncol-BInl site

of Jth® eMER, Sostb c%h%ﬁh&rﬁlasr%%%@ﬁé’é6 1999.
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Péﬁ@gq}%@t of 2P -3 ki oRipiped by %%ft'pﬁaﬂf{eaRa). As the primers,
primer MAELORNAil-1 and primer MAELORNAi3-1 were used.
The reaction was carried out in 30 cycles at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute. The amplified DNA
fragment of about 0.9 kb was TA cloned into the
pTBlueT-Vector (TaKaRa). After confirming the nucleotide
sequence, the fragment was digested with restriction enzymes
Ncol and BamHI. The resulting DNA fragment of about 0.9 kb
was inserted in the Ncol-BamHI site of the plasmid pBlueHpt,
so as to construct plasmid pBlueMEi3.

MAELORNAil1-1:
S’-ctggatcctatggccgecgecaatcttggaca-3’ (SEQ ID NO: 3)

MAELORNAi3-1:
5’-aaccatggtcatccctaggtggaagtaatg-3’ (SEQ ID NO: 4)

By using the genomic DNA of M. alpina as a template,
PCR was carried out with LA Taq (TaKaRa). As the primers,
primer MAELORNAil and primer MAELORNAIiS were used. The
reaction was carried out in 30 cycles at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute. The resulting DNA

fragment of about 0.7 kb was TA cloned into the



plasmid pBlueMEI5 with the restriction enzyme EcoRI was inserted in the
EcoRl site of plasmid pDura5, so as to construct plasmid pDura5MEi5I.
By using the genomic DNA of M. alpina as a template, PCR was carried
out with LA Taq (TaKaRa). As the primers, primer MAELORNAI 1-1 and
primer MAELORNAI2 were used. The reaction was carried out in 30
cycles at 94C for 1 minute, 55C fdr31€fn“|nute, and 72C for 1 minute. The
amplified DNA fragment of about 0.7 kb was then TA cloned into the
pT7Blue T-Vector (TaKaRa). After confirming the nucleotide sequence,

pTiRA fagmeatwas digesied with restietion %ﬁ’i?ﬁll\}‘r‘g' apdBambl Fide

resulting DNA fragment of about 0.7 kb was then inserted in the
s ey el BasmHisie fobtbenlasmida BBiLigdRE 6@ asiteconrsitycepiasmidnzymes
pBlueMEi2. - 37 MAELORNAIZ2: 5'-tgccatggggaaatatgccctaggccatgc-3'
NqSE@rd N8imll7) Byesingshd gerpmMid\DNAGE ddnalpinacds abemlate,”7 kb
PCR was carried out with LA Tag (TaKaRa). As the primers, primer .
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carried out in 30 cycles.at 94C for in .55C for 1 minute, and 72C
SOréHa Eﬁ’ln%?é? euaC%dﬂh%arBKé Rgg ee&f%f bout 0.5 kb was TA cloned
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sequence, the fragment was digested restriction enzymes Ncol an
1DBfih.: TH§ resulting DNA fragment of about 0.5 kb was then

MAERORNAIiS: 5’-tgatctcctaggtggaacactgatagccac-3’ (SEQ
ID NO: 6)

A fragment of about 3.3 kb obtained by digesting the
plasmid pBlueMEi5S with the restriction enzyme EcoRI was
inserted in the EcoRI site of plasmid pDura5, so as to
construct plasmid pDuraSMEiS1.

By using the genomic DNA of M. alpina as a template,
PCR was carried out with LA Taq (TaKaRa). As the primers,
primer MAELORNAil-1 and primer MAELORNAi2 were used.
The reaction was carried out in 30 cycles at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute. The amplified
DNA fragment of about 0.7 kb was then TA cloned into the
pT7Blue T-Vector (TaKaRa). After confirming the nucleotide
sequence, the fragment was digested with restriction enzymes
Ncol and BamHI. The resulting DNA fragment of about 0.7 kb
was then inserted in the Ncol-BamHI site of the plasmid

pBlueHpt, so as to construct plasmid pBlueMEi2.



inserted in the Ncol-B1nl site of the plasmid pBlueMEi2, so as to
construct plasmid pBlueMEi4. MAELORNAI4:
5'-cacttacctaggggcttcttcttgagg -3' (SEQ ID NO: 18) A fragment of about
2.9 kb obtained by digesting the plasmid pBlueMEi4 with the restriction
enzyme EcoRI was inserted in the EcoRI site of plasmid pDura5, so as to
construct plasmid pDuraS5Mei4l. Tﬁé&a‘smid pDura5Mei51 allows for
excess expression of double stranded RNA corresponding to about 700
bp of the MAELO gene. In the case of plasmid pDura5Mei4l, double
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expressed in excess. -38- Using the pfasmid pDuraSMEi

IDPR@asMgi41, transformation was carried out by a particle delivery
method. As the host, M. alpina Aura- 1 strain (Auras) was used. For the
seleBipnw$ iragsfdimed strains, SOMNAr ofediimalpsrused 5.8 gofnplate,
Yeast Nitrogen Base w/o Amino Acids and Ammonium Sulfate (Difco),
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Several ten transformed strains obtained for each

55°C for 1 minute, and 72°C for 1 minute. The amplified DNA
fragment of about 0.5 kb was TA cloned into the pT7Blue
T-Vector (TaKaRa). After confirming the nucleotide sequence,
the fragment was digested with restriction enzymes Ncol and
Blnl. The resulting DNA fragment of about 0.5 kb was then
inserted in the Ncol-Blnl site of the plasmid pBlueMEi2, so as
to construct plasmid pBlueMEi4.

MAELORNAi4: 5’-cacttacctaggggcttcttcttgagg -3’ (SEQ ID
NO: 18)

A fragment of about 2.9 kb obtained by digesting the
plasmid pBlueMEi4 with the restriction enzyme EcoRI was
inserted in the EcoRI site of plasmid pDura5, so as to
construct plasmid pDuraSMei41l. The plasmid pDuraSMei51
allows for excess expression of double stranded RNA
corresponding to about 700 bp of the MAELO gene. In the
case of plasmid pDuraS5Mei4l, double stranded RNA
corresponding to about 500 bp of the MAELO gene can be

expressed in excess.



plasmid were inoculated on GY medium. For each plasmid used, two of
the transformed strains which stably held the marker ura5 gene were
selected. Specifically, transformed strains #1 and #2 were used for
cultures transformed by pDura5Mei51, and transformed strains #3 and #4
were used for cultures transformed by pDura5Mei4l. The transformed
strains #1 and #2 are for expressiﬁg3 uble stranded RNA corresponding
to about 700 bp of MAELO gene. The transformed strains #3 and #4 are
for expressing double stranded RNA corresponding to about 500 bp of

MAREG, ﬂ%‘:e- thQ" e3e Qe rangiPea siiRis 1 hroudhid, M neiq 1,

presence Or absence of the gene was confirmed by PCR. Specifically,

tr gaRgBGIAN AoMaARI S PaEed- fa gach b3B-dArnsfeivkd gkadiveand ReRkhod.
was carried out with EX Tag (TaKaRa) using the genomic DNA as a

A stetrhislalen #¥s thé. prifpersg Printer- RONAA ismdjovimed RBINA2wesrd used.
The reaction was carried out in 35 cycles at 94C for 1 minute, 54C for 1
mindt®TandyoC fF1E liiRie. AL a tEsUKSfiRe Presencd BRizplifiedDNEgar

A T TR A e R o
e A e SIEfe ST Lo e ANOTSS, 20
g Bfthel i@ ATegignofshedtpasiai®edB 0 mg of tyrosine, 1.0 g of
methionine, 2.0 mg of arginine, 2.0 mg of histidine, 4.0 mg
of lysine, 4.0 mg of tryptophan, 5.0 mg of threonine, 6.0 mg
of isoleucine, 6.0 mg of leucine, 6.0 mg of phenylalanine,
and agar (20 g/1)).

Several ten transformed strains obtained for each
plasmid were inoculated on GY medium. For each plasmid
used, two of the transformed strains which stably held the
marker uradS gene were selected. Specifically, transformed
strains #1 and #2 were used for cultures transformed by
pDuraSMei51l, and transformed strains #3 and #4 were used
for cultures transformed by pDuraSMei41l. The transformed
strains #1 and #2 are for expressing double stranded RNA
corresponding to about 700 bp of MAELO gene. The
transformed strains #3 and #4 are for expressing double
stranded RNA corresponding to about 500 bp of MAELO gene.
For each of the transformed strains #1 through #4, the

presence or absence of the gene was confirmed by PCR.

Specifically, genomic DNA was prepared from each



strains #1 through #4. Primer RDNAL: 5'-acaggtacacttgtttagag-3' (SEQ ID
NO: 7) Primer RDNAZ2: 5'-cgctgcgttcttcatcgatg-3' (SEQ ID NO: 8) Each
transformed strain was then inoculated in a test tube containing 10 ml of
GY broth. The sample was cultured at 28C for 12 days by shaking, and
the fungi were collected by filtration, From a removed portion of fungi,
total RNA was extracted using the I%ﬁe‘asy plant mini kit (QIAGEN).
Then, a reverse transcription reaction was carried for 1 pg of total RNA,
using SuperScript First-Strand Synthesis System for RT-PCR

tr%ﬂ%‘?@ﬂﬂ@dsos%:S%}’“@ﬁ%izef‘@h‘p}vfa?é the, [eaCion, A faAM EX Tagq

examer was used as a primer. By using 1 -40- pg of cDNA as a template,
(TERRR@S gaiied ontevitl pomaic WA Qrd, Rrivaes MAEE OAs aitdleExTaghers,

(TaKaRa). The reaction was carried out in 20 cycles at 94C for 1 minute,
pri6C foRIDMNAute paand 72Grford RIDtA ZPriveare MBSEIMD-TThe reaction was
5'-agtccatcgaqtccttcgtcttcca—fﬂ' (SEQ ID NO: 9) Primer: MAELO-2:

cagriggigR¥dcdihciecaiades e 4DNdot0) rnmpeRrtSrodditt fasfor 1

electrophorased,.and fluorescence intensjties were compared between
b B oot G40 TaMENACTI Todl It SHohea 4 BscREESaCe of
arﬂt{grf]lg%%ini:ngﬂ@Paﬁ’H{'&{‘P Bang wes OPEesvedingaY ok i¥firmed in all
of the transformed strains #1 through #4, whereas no
amplification of DNA fragment was observed in the Aura-1
strain.

It was therefore confirmed that the DNA fragment was
introduced through recombination of pDuraSMEi51 or
pDuraSMei41 in the 18SrDNA region of the transformed
strains #1 through #4.

Primer RDNA1: 5’-acaggtacacttgtttagag-3’ (SEQ ID NO: 7)

Primer RDNA2: 5’-cgctgcgttcttcatcgatg-3’ (SEQ ID NO: 8)

Each transformed strain was then inoculated in a test
tube containing 10 ml of GY broth. The sample was cultured
at 28°C for 12 days by shaking, and the fungi were collected
by filtration.

From a removed portion of fungi, total RNA was
extracted using the RNeasy plant mini kit (QIAGEN). Then, a
reverse transcription reaction was carried for 1 pg of total
RNA, using SuperScript First-Strand Synthesis System for
RT-PCR (Invitrogen), so as to synthesize cDNA. For the

reaction, a random hexamer was used as a primer. By using 1



strained #1 through #4. It was therefore confirmed that expression of
MRNA of the MAELO gene was suppressed in the transformed strains #1
through #4. The remaining fungi were dried, and the fatty acid residue in
the fungi was induced to methyl ester by a hydrochloric acid/methanol
method. After extraction with hexane, the resulting fatty acid methyl ester
was analyzed by gas chromatograbﬁ . The results are shown in Table 2
below. -41- [Table 2] Control Transformed strains Aura-1 #1 #2 #3 #4
Proportions in total fatty acids (%) y-linolenic acid 4.2 4.9 4.3 3.7 3.3

n i@P”&@NU@O!fQifaa%iQrﬁ-Bl%@ez-7f3€‘%a2-%a°§38'ai99{14%13%?%@i?ﬁ-%rimer
6.725.125.2 22:01.30.00.00.6 0.6 24:03.40.10.10.30.3 26:0 0.0

MARD®-0.0 0.8 rAmean baigeEN. oM Takied, theppagrtiomeiNerRa). The
long-chain saturated fatty acids dropped significantly in the transformed

r e gtediitsn Specificadly régathesis oftveBOong-chain stt@4fed faty atidsiinute,
was completely suppressed in the transformed strains #1 and #2,

5 Syfedods théridYyHiHesida s’ 2°C for 1 minute.

Primer: MAELO-1: 5’-agtccatcgactccttcgtcttcca-3’ (SEQ
ID NO: 9)

Primer: MAELO-2: 5’-cggtgtcagccaactcccagtactt-3° (SEQ
ID NO: 10)

The PCR product was electrophorased, and fluorescence
intensities were compared between the bands of about 340 bp
fragments. The result showed a distinct band in the Aura-1
strain, while no band was observed in any of the transformed
strained #1 through #4. It was therefore confirmed that
expression of mRNA of the MAELO gene was suppressed in the
transformed strains #1 through #4. The remaining fungi were
dried, and the fatty acid residue in the fungi was induced to
methyl ester by a hydrochloric acid/methanol method. After
extraction with hexane, the resulting fatty acid methyl ester
was analyzed by gas chromatography. The results are shown

in Table 2 below.



partially suppressed in the transformed strains #3 and #4. (Example C)
Breeding of A12 fatty acid desaturase gene expression suppressing
strain For the excess expression of double stranded RNA corresponding
to a portion of the A12 fatty acid desaturase gene, a vector was
constructed according to the foIIowmﬁ procedure. By using plasmid
pMOD10 (Eur. J. Biochem. 261, -42- 812-820 (1999)) as a template, PCR
was [cpdnife opif with primer A12-1, primer A12-2, and LA Taq (TaKaRa),
so as to amplify a DNA fragment of about 670 bp. The reaction was
carried out in 30 cycles at 94C for 1 minute, 55C for 1 minute, and 72C
for 1 minute. Primer A12-1: 5'-gcggatccatggcacctcccaacacta-3' (SEQ ID

NO: 11) Primer A12-2: 5'@&@ggpcttcataataqggmgms%rggQ ID NO:

12) The ampllfled DNA‘W was dlgesgeld with #QS[I’IC[IO%?FIZ)/@QS

d|%e§ in aPmld pMOD 10 with BamHI and Mscl usmg the ligation
, SO as to obtain plasmid pBA12RNAI. The plasmid
A12 A| was then digested with restriction enzyme EcoRI, and the

eﬂnole ere blucpted with the DMAQquntlng ki I 6TaKaR%) By d@gstln%vgth
¥he restriction enzyme BamHlI, a

fat

Dihomo-y-linolenic

acid 3.0 2.8 2.7 3.0 2.9
Arachidonic acid 23.2 22.6 26.7 25.1 25.2
22:0 1.3 0.0 0.0 0.6 0.6
24:0 3.4 0.1 0.1 0.3 0.3
26:0 0.0 0.0 0.0 0.0 0.0

As can be seen from Table 2, the proportion of very
long-chain saturated fatty acids dropped significantly in the
transformed strains. Specifically, synthesis of very long-chain
saturated fatty acids was completely suppressed in the
transformed strains #1 and #2, whereas their synthesis was
partially suppressed in the transformed strains #3 and #4.

(Example C) Breeding of A12 fatty acid desaturase gene
expression suppressing strain

For the excess expression of double stranded RNA
corresponding to a portion of the Al12 fatty acid desaturase
gene, a vector was constructed according to the following
procedure.

By wusing plasmid pMOD10 (Eur. J. Biochem. 261,



fragment of about 1.1 kb was obtained. The plasmid pBlueHpt was
digested with restriction enzyme Ncol, and the ends were blunted with the
DNA blunting kit (TaKaRa). By digesting with the restriction enzyme
BamHI, a DNA fragment of about 4.7 kb was obtained. These two
fragments were ligated to each othiefiith the ligation high (TOYOBO), so
as to obtain plasmid pBlueA12RNAI. The plasmid pBlueA12RNAi was

8 1digesteyl witlythe eskiction erzypetieoRParRl theakesulingiPlAout with
fragment of about 2.8 kb was inserted in the -43- EcoRI site of plasmid

prpPueaSAddad to psiaimepladrid- PDuaatd 1I2RNPA.GTHE pldsrRid), so as to
pDura5A12RNAI was used to transform the M. alpina Aura-1 strain, using

ampHfcleddidety faEsacnér dhe abeetiorPotrahsforhb@ skginstion was
strains that can grow in SC agar medium were selected. Sever
CaLIEA . ST E A Eh v i A b ey for 1
mﬁlﬁp%h%glﬁ‘e??ad‘ef ap gefie yyere selected. As in Example B, it was
?lt#:e sgé‘fecte '

confirmed that three o strains (transformed strains #5
throtah 0, hashincarpasated dac RASIVICLRRWEERAIARNAIKOBII SEQ 1D
recombination, in the 18SrDNA region of the chromosome. Each
N @raristgrmed strain was cultured at 28C for 5 days in a flask containing
500 ml of SC broth. For the breeding of the Aura-1 strain (control), uracil
was Batae 50 1Pto the-sgarsec Hemta rdmaesat peaioagges’ (SEQ

IDfLi{?%i’: C!PJZ\SA was

The amplified DNA fragment was digested with
restriction enzymes BamHI and Stul, and was ligated to an
about 3.7 kb fragment obtained by digesting the plasmid
pMOD10 with BamHI and Mscl, using the ligation high
(TOYOBO), so as to obtain plasmid pBA12RNAi. The plasmid
pBA12RNAi was then digested with restriction enzyme EcoRI,
and the ends were blunted with the DNA blunting kit
(TaKaRa). By digesting with the restriction enzyme BamHI, a
fragment of about 1.1 kb was obtained. The plasmid
pBlueHpt was digested with restriction enzyme Ncol, and the
ends were blunted with the DNA blunting kit (TaKaRa). By
digesting with the restriction enzyme BamHI, a DNA fragment
of about 4.7 kb was obtained. These two fragments were
ligated to each other with the ligation high (TOYOBO), so as
to obtain plasmid pBlueA12RNAi. The plasmid pBlueA12RNAi
was digested with the restriction enzyme EcoRI, and the

resulting DNA fragment of about 2.8 kb was inserted in the



synthesized according to the procedure of Example B, and PCR was
carried out using primer A12-3, primer A12-4, and Ex Taq (TaKaRa). The
reaction was carried out in 20 cycles at 94C for 1 minute, 55C for 1
minute, and 72C for 1 minute. Primer A12-3:
5'-ttgctattgatctgacctgggcectc-3' (SEQ 5 NO: 13) Primer A12-4:
5'-tgggaacaaagacctggtccttgg-3' (SEQ ID NO: 14) The PCR product was

E @leetrophpsased, y1d Hueiesceoe ratsnsities wase ¢empased ietwWeRs mid
the bands of about 310 bp -44- fragments. The result confirmed a distinct

pIbamd fthe RINAQL strain, whereas no band was observed in any of the
transformed strains #5 through #7. 1t was therefore confirmed that

expré&foP b HIRNA BRRE A PAhGRAM desbsurassé dehe (Wasnsform the

suppressed in the transfoymed strains #5 through #7. The fatty aci
MR B8 TnGRTE artih St s B S B TRE Yot ips For

h i I ol trql T. ' - .
o aeia P o e o S g P im
S®.00:h y-linplenic acid B ére2 0 0&xed. Several ten transformed

strains were inoculated on GY medium, and strains that
stably held the marker uraS gene were selected. As in
Example B, it was confirmed that three of the selected strains
(transformed strains #5 through #7) had incorporated the
plasmid pDura5A12RNAi, through recombination, in the
18SrDNA region of the chromosome. Each transformed strain
was cultured at 28°C for 5 days in a flask containing 500 ml
of SC broth. For the breeding of the Aura-1 strain (control),
uracil was added (50 mg/1) to the SC broth.

From a removed portion of the fungi, cDNA was
synthesized according to the procedure of Example B, and
PCR was carried out using primer A12-3, primer Al12-4, and
Ex Taq (TaKaRa). The reaction was carried out in 20 cycles at
94°C for 1 minute, 55°C for 1 minute, and 72°C for 1 minute.

Primer A12-3: 5’-ttgctattgatctgacctgggcctc-3° (SEQ 1ID
NO: 13)

Primer A12-4: 5’-tgggaacaaagacctggtccttgg-3° (SEQ 1ID
NO: 14)

The PCR product was electrophorased, and fluorescence

intensities were compared between the bands of about 310 bp



Dihomo-y-linolenic acid 2.4 0.2 0.2 0.1 Arachidonic acid 11.91.51.1 2.3
Total of G) 6 fatty acids 32.5 2.0 1.3 3.0 ca 9 PUFA 18:2rag 0.2 6.3 6.9
5.9 20.2G)90.00.90.90.8 Mead acid 0.0 1.6 1.6 1.3 Total of rag fatty
acids 0.2 8.8 9.4 8.0 As can be seen from Table 3, the proportion of cab
PUFA dropped in the transformed stf4is, but there was a significant
increase in the proportion of ca9 PUFA. Specifically, while a considerable
fr apieH of Mpad acdd was ppsentindbe atransiammead staias the Adravdira- 1
strain did not contain any -45- mead acid. That is, it was found that the
s tedility to wioduea smead acidaand otlvea sa9 ¢tiFeAv eah berobtaingd byf the
suppressing expression of the A12 fatty acid desaturase gene.
trpsfiorTresd. AbRIICABIR I TR 1ggi bicediHy Wbl of RpRI srefiekigmed

fungi according to the ent invention, utant strain of lipid
e AT B S Atk bg SBeAC pe SHSRSE e
wl p?c}l‘é'é@%'&!%e‘ﬂﬂe'dc q{%%'ﬁﬁ‘eqf%eﬁ{%ﬁ&@p#%ssn %H%ﬁjs#w
using producing fungi of genus Mortierella as an original breed, a
nove} hreath (agvel steain)p Witk desitedushareterisicsicancie PIINTEged as
both efficiently and effectively.
in Example B. The results are shown in Table 3 below.

[Table 3]

Control Transformed strains
Aura-1 #5 #6 #7
Proportions in total fatty acids
(%0)
®6 PUFA
linoleic acid 14.8 0.1 0.0 0.1
y-linolenic acid 3.4 0.2 0.0 0.5
Dihomo-y-linolenic acid 2.4 0.2 0.2 0.1
Arachidonic acid 11.9 1.5 1.1 2.3
Total of ® 6 fatty acids 32.5 2.0 1.3 3.0
®9 PUFA
18:2 @9 0.2 6.3 6.9 5.9
20.2 @9 0.0 0.9 0.9 0.8
Mead acid 0.0 1.6 1.6 1.3
Total of @9 fatty acids 0.2 8.8 9.4 8.0

As can be seen from Table 3, the proportion of @6 PUFA
dropped in the transformed strains, but there was a
significant increase in the proportion of ®9 PUFA. Specifically,
while a considerable amount of mead acid was present in the

transformed strains, the Aura-1 strain did not contain any



Further, since the invention allows for self-cloning, expression of an
above-mentioned lipid metabolism gene can be suppressed by carrying
out an RNAI method using DNA fragments suitably obtained from the
original breed Mortierella. The invention therefore also discloses a
transformant strain (transformant), T.é?’a‘novel strain, capable of
producing more lipids and/or modifying the type or composition of the

m dpids #ar@duresa tThe Moitigralta eserviell knavn iRiE prBdLEgteNgiroduce
and include highly reliable species such as M. alpina. Thus, with the

m peatenticn@ntiam @& strih wath im@roviet kpdds productivibeg modifiedtipid by
composition, and/or improved productivity of specific lipids can be

SURBAGESH BEIEERsIg i@ e fefieredtl 2adé¥cAed, d opeddidg Aotasd e
of lipid producing fungi according to the present invention can be used to
efficiently and effectively produce lipid producing fungi of genus

IN%%%%%'gho%iﬂﬁq@ﬂgﬁbprJore applicable to industries related to

vario ermentation techniques using Mortierella, in addition to
foodyphiarmageutical eaneh sthem industies aisingigieh fepreatatioRg  fungi

techniques. -47- SEQUENCE LISTING <110> SUNTORY LIMITED <120>

acCotd VAT KON tHEET iOESs Of tL I D AROOWCENGrRUNGIANDT &ISE OfF lipid
prggggiﬁlg fungi of genus Mortierella can be obtained, in which
expression of an above-mentioned lipid metabolism gene is
suppressed. That is, by using lipid producing fungi of genus
Mortierella as an original breed, a novel breed (novel strain)
with desired characteristics can be produced both efficiently
and effectively.

Further, since the invention allows for self-cloning,
expression of an above-mentioned lipid metabolism gene can
be suppressed by carrying out an RNAi method using DNA
fragments suitably obtained from the original breed
Mortierella. The invention therefore also discloses a
transformant strain (transformant), i.e., a novel strain,
capable of producing more lipids and/or modifying the type or
composition of the lipids it produces.

The Mortierella are well known lipid producing fungi, and
include highly reliable species such as M. alpina. Thus, with
the present invention, a strain with improved lipid
productivity, modified lipid composition, and/or improved

productivity of specific lipids can be produced both easily and



METHOD <130> P160307 <150> JP 2004-107512 <151> 2004-3-31
<160> 18 <170> Patentln Ver. 2.1 <210> 1 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
HisProFX <400> 1 tacgaattca agcgaaagag agattatgaa 30 <210> 2 <211>
30 <212> DNA <213> Artificial Sequdéqﬁ(fe <220> <223> Description of
Artificial Sequence: TrpCRX <400> 2 gaagaattcc ctctaaacaa gtgtacctgt
efBRi€AtPy 3 <211> 31 <212> DNA <213> Artificial Sequence

As described, a breeding method of lipid producing fungi
according to the present invention can be used to efficiently
and effectively produce lipid producing fungi of genus
Mortierella. The invention is therefore applicable to industries
related to various kinds of fermentation techniques using
Mortierella, in addition to food, pharmaceutical, and other

industries using such fermentation techniques.



<220> <223> Description of Artificial Sequence: MAELORNAI1-1 <400>
3 ctggatccta tggccgcecgce aatcttggac a 31 -48- <210> 4 <211> 30 <212>
DNA <213> Atrtificial Sequence <220> <223> Description of Artificial
Sequence: MAELORNAI3 <400> 4 aaccatggtc atccctaggt ggaagtaatg 30
<210>5<211> 30 <212> DNA <213> Atrtificial Sequence <220> <223>
Description of Artificial Sequence: MAELORNAIL <400> 5 ttggatccat
ggccgcecgca atcttggaca 30 <210> 6 <211> 30 <212> DNA <213>

sEOUBRREGeR0ee <220>

<110> SUNTORY LIMITED

<120> CULTIVATION METHOD OF LIPID PRODUCING FUNGI AND USE OF SUCH A
METHOD

<130> P160307

<150> JP 2004-107512
<151> 2004-3-31

<160> 18
<170> Patentln Ver. 2.1

<210>1

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: HisProFX

<400> 1
tacgaattca agcgaaagag agattatgaa 30

<210>2

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: TrpCRX

<400> 2
gaagaattcc ctctaaacaa gtgtacctgt 30

<210> 3

<211>31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI1-1

<400> 3
ctggatccta tggccgcecgce aatcttggac a 31



<223> Description of Artificial Sequence: MAELORNAIS <400> 6
tgatctccta ggtggaacac tgatagccac 30 <210> 7 <211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Description of Atrtificial
Sequence: RDNA1 <400> 7 acaggtacac ttgtttagag 20 -49- <210> 8
<211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: REORA2 <400> 8 cgctgcgttc ttcatcgatg
20 <210> 9 <211> 25 <212> DNA <213> Atrtificial Sequence <220>

<223> Description of Artificial Sequence: MAELO-1
<210>14

<211> 30
<212>DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI3

<400> 4
aaccatggtc atccctaggt ggaagtaatg 30

<210>5

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI1

<400>5
ttggatccat ggccgcecgca atcttggaca 30

<210>6

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI5

<400> 6
tgatctccta ggtggaacac tgatagccac 30

<210> 7

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: RDNA1

<400> 7
acaggtacac ttgtttagag 20



<400> 9 agtccatcga ctccttcgte ttcca 25 <210> 10 <211> 25 <212> DNA
<213> Atrtificial Sequence <220> <223> Description of Artificial
Sequence: MAELO-2 <400> 10 cggtgtcagc caactcccag tactt 25 <210>
11 <211> 27 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: d12-1 <400> 11 gcggatccat ggcacctccc
aacacta 27 <210> 12 <211> 28 <21¥2 DNA <213> Artificial Sequence

2i%0-8<220> <223> Description of Artificial Sequence: d12-2 <400> 12
< >

<211> 20
<212> DNA
<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: RDNA2

<400> 8
cgctgcgttc ttcatcgatg 20

<210>9

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELO-1

<400> 9
agtccatcga ctccttcgtc ttcca 25

<210> 10

<211>25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELO-2

<400> 10
cggtgtcagc caactcccag tactt 25

<210> 11

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: d12-1

<400> 11
gcggatccat ggcacctcce aacacta 27

<210> 12

<211> 28

<212> DNA

<213> Artificial Sequence



agaggccttc ataataaggt acgcaggc 28 <210> 13 <211> 25 <212> DNA
<213> Atrtificial Sequence <220> <223> Description of Artificial
Sequence: d12-3 <400> 13 ttgctattga tctgacctgg gectc 25 <210> 14
<211> 24 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: d12-4 <400> 14 tgggaacaaa
gacctggtcc ttgg 24 <210> 15 <211> 29 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Primer

<2Iz\él),g\ELO-Hl <400> 15 gcaagcttat ggccgccgca atcttggac 29

<223> Description of Artificial Sequence: d12-2

<400> 12
agaggccttc ataataaggt acgcaggc 28

<210> 13

<211> 25

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: d12-3

<400> 13
ttgctattga tctgacctgg gcctc 25

<210> 14

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: d12-4

<400> 14
tgggaacaaa gacctggtcc ttgg 24

<210> 15

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELO-H1

<400> 15
gcaagcttat ggccgcecgca atcttggac 29

<210> 16

<211> 30

<212> DNA

<213> Artificial Sequence



<210> 16 <211> 30 <212> DNA <213> Atrtificial Sequence -51- <220>
<223> Description of Artificial Sequence: Primer MAELO-S1 <400> 16
gcactagttt agatgtgctt gectgttggag 30 <210> 17 <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer MAELORNAI3 <400> 17 tgccatgggg aaatatgccc
taggccatge 30 <210> 18 <211> 27- 2212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Primer

MAELORNAIi4
<220>

<223> Description of Artificial Sequence: Primer
MAELO-S1

<400> 16
gcactagttt agatgtgctt gctgttggag 30

<210> 17

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELORNAI3

<400> 17
tgccatgggg aaatatgccc taggccatgc 30

<210> 18

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELORNAIi4

<400> 18
cacttaccta ggggcttctt cttgagg 27



<400> 18 cacttaccta ggggcttctt cttgagg 27 -52- Claims: 1. A method for
the production of lipid producing fungi that belong to genus Mortierella,
said method comprising an expression suppressing step of suppressing
expression of a lipid metabolism gene encoding GLELO, MAELO, AS
fatty acid desaturase, A6 fatty acid desaturase or A12 fatty acid
desaturase in the lipid producing furig, -wherein said expression
suppressing step includes an RNAI step of suppressing expression of the
lipid metabolism gene by an RNAiI method or a cosuppression step of
suppressing expression of the lipid metabolism gene by a cosuppression

HEAS2. The method of claim 1, wherein said RNAI step includes a
transformation step of introducing a recombinant expression vector into
the lipid producing fungi, wherein the recombinant expression vector
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part of a nucleotide sequence of the lipid metabolism gene. 3. T
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vector constructing step of -53- constructing the recombinant expression

gattexpression suppressing step of suppressing expression
of a lipid metabolism gene encoding GLELO, MAELO, A5
fatty acid desaturase, A6 fatty acid desaturase or Al2
fatty acid desaturase in the lipid producing fungi,
wherein said expression suppressing step includes an
RNAi step of suppressing expression of the lipid
metabolism gene by an RNAi method or a cosuppression

step of suppressing expression of the lipid metabolism

gene by a cosuppression method.

2. The method of claim 1, wherein said RNAi step
includes a transformation step of introducing a
recombinant expression vector into the lipid producing
fungi, wherein the recombinant expression vector causes
expression of double stranded RNA corresponding to all of
or part of a nucleotide sequence of the lipid metabolism

gene.

3. The method of claim 2, wherein said RNAi step

further includes an expression vector constructing step of



4. The method of claim 2 or 3, wherein the transformation step is carried
out by an electroporation method or a particle delivery method. 5. The
method of any one of claims 1 to 4, wherein the lipid producing fungi are
Mortierella alpina.
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constructing the recombinant expression vector.

4. The method of claim 2 or 3, wherein the
transformation step is carried out by an electroporation

method or a particle delivery method.

S. The method of any one of claims 1 to 4, wherein the

lipid producing fungi are Mortierella alpina.



