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*000002* DESCRI PTI ON METHOD FOR BREEDI NG
LI Pl D- PRODUCI NG FUNGUS TECHNI C‘AL FI ELD The pr eser{
i nvention relates to a nethod fo br eed
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some concrete exanples. Fungi belonging to Mirtierella
spp. such as Mortierella alpina are typica
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Mortierella spp., the method being such that the breeding

is carried out by transformation, but not selection using

antibiotic.

.BACKGROUND ART

Techniques (fermentation techniques in a broad
sense) - for producing useful compounds by
microorganism’s metabolism have been developed ahd
reduced in practice. Lipid-producing fungi capable of
f)roducing a lipid in a large quantity by its metabolism are
some concrete examples. Fungi belonging to Mortierella
spp. such as Mortierella alpina are typical lipid-producing
fungi. Mortierella spp., which are known to produce
polyunsaturated fatty acid (PUFA) such as arachidonic
acid, are industrially useful fungi (e.g., see Japanese
Patent Publication, Tokukouhei, No. 7-34752 (published
on April 19, 1995) corresponding to Unexamined Japanese

Patent Publication, Tokukaisho, No. 63-44891, (published



-2- on February 25, 1988)). Breeding (i.e., breed

i nprovenent) for inproving their genetic properties
has been carried out for various wuseful organisns

i ncl udi ng m croorgani sns such as the |ipid-producing
fungi and the like. Breeding is very inportant
especially in the fernentation technology in order to
attain better efficiency, |owdr cost, and the like in
m crobi al production of a conmpound. The breedi ng
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creating a population including genetic variation

(hereinafter, this step is referred to as the population
creating step, for the sake of easy explanation), and the
step of selecting, out of the population, a variety having a
desirable property (hereinafter, this step is referred to as
the selecting step, for the sake of easy explanation).
Various processes can be adopted as the population
creating step and selecting step depending on which kind
of a useful organism is to be bred. For microorganisms
such as the lipid-producing fungus and the like, (1)
mutagen treating process or (2) transformation process is

mainly adopted as the population creating step.

(1) Mutagen treating process
In the population creation step adopting the mutagen
treating process, the population is created by inducing

mutation in the microorganism by various methods. The



-3- nutagenesi s causes many kinds of nutations
randomy. Therefore, even if a variety (strain)
showing a targeted trait is obtained in the selecting
step, there is a possibility that the variety would
have an unexpected damage in a gene other than the
gene regarding the targeted trait. For exanple, the
mut ati on woul d deteriorate a'$|p|d produci ng fungus
in ternms of multiplication, spore formation
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lipid. Therefore, the population creating step adopting the
mutagen treating process does not promise that a
productive strain can be obtained.

Further, this method creates a population consisted
of individuals in which many kinds of mutations are
randomly caused. Therefore, if the selecting step after the
population creating step did mnot have appropriate
selecting method (screening method) to obtain the mutant _'
(strain) having the targeted character, all the individuals
consisting the population should be checked to find out
which kind of mutations they have. This 1is highly

labor-consuming.

(2) Transformation process
Meanwhile, the population creating step adopting the
transformation process creates a population of

transformant by transfer, into a useful organism to be



-4- bred, a DNA fragnent necessary to obtain the
targeted character (i.e., transformation ). That is,
the popul ation creating step adopting the
transformati on process creates a popul ation
controlled to express only specific gene for the
targeted character. Therefore, the selecting step
after the popul ation creatirfy-step is only required
"to select the desired variety (strain) out of the
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other than the gene regarding the targeted character.
Therefore, this method saves the labor of the breeding
significantly.

As described above, the population creating step in
the breeding preferably adopts the transformation process.
For example, many techniques have been reported as to
how to transform filamentous fungi to which Mortierella
spp. belong.

Specifically, (a) Documents 1 to 3 listed below
~disclose techniques for transforming filamentous fungi,
such as Aspergillus nidulans, Neurospora crassa, by
particle delivery method. In these techniques,
uracil-auxotrophic strains are used as host strains that
are to be transformed, and genes complementary to
uracil auxotrophy strain are used as marker genes, in

order to select the transformant.

Moreover, (b) Document 4 listed below discloses a



Mor eover, (b) Docunment 4 |isted bel ow di scl oses a -5-
techni que of the transformati on process of M al pina
In this technique, plotoplasts are prepared from
spores and a gene is transferred into cells by

el ectroporation nethod. Mreover, screening of the
transformants is perforned wusing, as the marker gene,
hygronycin B-resistant gene- $hpt) derived from
Esherichia coli. Wth this, an organism that can grow
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Document 1: Fungaro M. H. et al. Fems microbial

Lett., 25, 293-297, 1995

Document 2: Herzog R. W. et al. Appl. Microbiol.
Biotechnol., 45, 333-337, 1996

Document 3: Armaleo, D. et al. Curr. Genet., 17,
97-103, 1990

Document 4: Mackenzie D. A. et al. Appl. Environ.

Microbiol., 66, 4655-4661, 2000

"However, the technique adopting the transformation
1s disadvantageous that it is difficult to effectively and
efficiently perform the breeding of the lipid-producing
fungus that produces PUFA.

Specifically, in the technique (a) adopting the
transformation of the filamentous fungus by the particle
delivery method, the filamentous fungi such as A
nidulans and N. crassa to be transformed are not suitable

for industrial production of the lipids such as PUFA,



for industrial production of the |ipids such as PUFA,
-6- because lipid productivity of the fil anmentous
fungi is low. On the other hand, the technique (b)
di scl osed in Docunent 4 is a technique for
transformng M al pina, which is known as an
industrially-applicable [ipid-producing fungus. Thus,
the technique (b) is advantdjeous over technique (a)
in terms of industrial appllcatlon However, al
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A, R0 0t 10 gromyci
tolerant fungus of Mortierella spp. is used as the host, the
hy.gromycin tolerance cannot be used as the marker. |

Most of PUFA are essential fatty acids, which relate
to complicated physiologicél functions in vivo. Therefore,
PUFA receives much attention as an important nutrient
recently. Therefore, there is a demand for a fermentatioh
technique that produces PUFA more efficiently. To attain
such a fermentation technique, it is necessary to establish
a technique for efficiently and effectively breeding fungi of
Mortierella spp., which are highly reliable as a
lipid-producing fungus.

The present invention is accomplished in view of the
above problem. An object of the present invention is to
provide a method of breeding a lipid-producing fungus
belonging to Mortierella spp., the method being capable of
breeding the lipid-producing fungus effectively and

efficiently without using an antibiotic.



breedi ng the |ipid-producing fungus effectively and
efficiently without using an antibiotic. -7-

DI SCLOSURE OF | NVENTION I n view of the above problens,
the inventors of the present invention found, as a
result of diligent works, that it would be possible
to efficiently and effectively perform transformation
for all strains of the fungi- 6f- Mortierella spp., if
an auxotrophlc strain of a fungus of Mrtierella

spp., which is a lipid producing fungus, was obtai ned
and a systemwas established in which transformtion
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t ransf or mant
performed using as a marker a gene complementary to

auxotrophy for the auxotrophic strain. The inventors also
found.thai use of this system makes it possible to adopt
self-cloning, thereby making the breeding'more efficient
and effective. The present invention is based on these
findings.

A method according to the present invention is a
method for breading a lipid-producing fungus belonging to
Mortierella spp., the method including the step of:
performing transformation. The step of performing the
transformation includes the steps of: transferring a
marker gene into a host, where the host is an auxotrophic
strain of the lipid-producing fungus, and the marker gene
is a gene complementary to the auxotrophy of the
auxotrophic strain; and selecting a transformant by using,
as a marker, recovery from the auxotrophy of the host.

The method is preferably arranged such that the



as a marker, recovery fromthe auxotrophy of the host.
The nmethod is preferably arranged such that the -8-

l'i pi d-producing fungus is Murtierella alpina,
Mortierella hygrophila, or Mortierella chlanydospora.
Moreover, the nethod is preferably arranged such that
the auxotrophic strain is a uracil auxotrophic
strain. Furthernore, the net#od is preferably
arranged such that t he mar ker gene IS
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Furthermore, the method may further includes the
step of obtaining the auxot'rophic strain from a wild-type
lipid-produéing fungus.

Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention

will be evident from the following explanation in reference

to the drawings.

BEST MODE FOR CARRYING OUT THE INVENTION

One embodiment of the present invention is
described below. It should be noted that the embodiment
is not to limit the present invention.

In the present invention, the step of performing
transformation in which auxotrophy is wutilized as a

marker is performed as the step of creating a population



transformation in which auxotrophy is utilized as a
marker is perforned as the step of creating a

popul ation -9- including a genetic variations to be
bred (i.e., as the population creating step).
Specifically, an auxotrophic strain of a fungus of
Mortierella spp. is obtained. This fungus is a

| i pi d- produci ng fungus. Using®this fungus as a host,
a gene conpl enmentary to the auxotrophy |s transferred
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The {following describes in detail the fungus of
Mortierella spp., which the present invention uses, the
breeding method according to the present invention, and a

use thereof.

(1) Fungus of Mortierella spp. '

The fungus of Mortierella spp. to-‘ be bred by the
breeding method of the present invention 1is not
particularly limited. Various filamentous fungi belonging
to Morfierella spp. may be used as the fungus, for example.
Mortierella spp. is divided into two subgenus, namely,
Mortierella and Micromucor. All fungi belonging to
Mortierella subgenus produce fatty acids of carbon number
of 20 such as arachidonic acid, meanwhile fungi belonging
to Micromucor subgenus produce fatty acids of carbon
number of 18 or less. The fungus of Mortierella spp. used

in the present invention may be any fungi belonging to



nunber of 18 or |ess. The fungus of Mrtierella spp.
used in the present invention may be any fungi

bel onging to -10- either Mortierella subgenus or

M cronmucor subgenus. Specific exanples of the fungi

bel onging to Mortierella spp. are: M alpina, M

el ongata, M exigua, M hygrophila, M isabelina, M
turficola, M gansii, M ceditans, M capitata, M

vi nacea, M chl anydospora, and the like. It should be
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1‘%% Q{‘tc‘%%‘)e'}{jﬂ%tn“ iy is known that strains of M. alpina
accumulate, within the fungus bodies, PUFA such as
' afachidoni-c acid (ARA). M. alpina is widely used not only
in the researches of biosynthesis of PUFA but also
industrial production of PUFA. |
How to obtain the fungus of Mortierella spp.-,
inéluding M. alpina, is not particularly limited. It is
possible to obtain the fungus from depository institutions.
for microorganisms and the like, such as Institute for
fermentation, Osaka, ATCC (American Type Culture
Collection), or the like institution. For strains for which
patent application have been filed, it is possible to obtain
the strain {from the International Patent Organism
Depository of the National Institute of Advanced Industrial
Science and Technology. Further, it is possible to obtain
and use an unknown strain belonging to Mortierella spp.

from a natural environment using a well-known screening



Sci ence and Technol ogy. Further, it is possible to
obtain "and use an unknown strain belonging to
Mortierella spp. froma natural environnent using a
wel | - known screening - 11 - nethod. (2)

Li pi d- Produci ng Fungus Breeding Method According the
Present I nvention The breedi ng nethod according to the
present invention may be arrldnged in any way,
provided that the population creating step conprises
a ste performng transformation (hereinafter,
tﬁ8ﬁ§28 Chation step). The breeding nethod according
to the present invention, however, may nore
preferably conprise a step of obtaining an

auxotro hi c reinafter, auxotrqphic_ strai
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however, may more preferably comprise a step of obtaining
a:ri 'auxotrophic strain (hereinafter, auxotrophic strain
obtaining step). Of course, the breeding method méy

comprise a step(s) other than these steps. In the following,

these steps are described in detail.

<Auxotrophic Strain Obtaining Step>

The auxotrophic strain obtaining step 1is not
particularly limited, provided that it obtains an
auxotrophic strain (auxotrophic mutant) from a wild-type
fungus of Mortierella spp. A well-known technique for
obtaining an auxotrophic strain may be adopted.
Especially, in case where a gene relating to the
auxotrophy is known (e.g., in case the gene is found out
by the analysis of whole genome, or the like case), it is
possible to obtain the auxotrophic strain by knock out the

gene.



possi bl e to obtain the auxotrophic strain by knock out
the gene. - 12 The present invention is not limted

. to a particular kind of auxotrophic strain. For
exanpl e, the auxotrophic strain nmay be an auxotrophic
strain for an amno acid such as |eucine, histidine,
nmet hi oni ne, arginine, tryptophan, lysine, or the

| i ke; an auxotrophic strain f@-a nucleic acid base
such as uracil, adenine, or the like; an auxotrophic
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- performed in order to obtain a'lysine auxotrophic

SthakRafples later described. The uracil auxotrophic strain
_- 1s especially advantageous for Mo'rtierella spp., because it
allows to use 5-fluoro orotic acid (5-FOA) tolerance as a
marker for positive selection in the scfeening.

Therefore, while the auxotrophic strain obtaining
step may be arranged to obtain a strain that cannot grow
in a synthetic medium in which a particular nutrition is
lacked, the auxotrophic strain obtaining step may be
arranged to obtain the strain with screening that limits
the mutation gene. For example, screening with 5-FOA
may be performed in order to obtain a uracil auxotrophic
strain in which mutation occurs at URA3 gene or URA 5
gene. Similarly, screening with aminoadipic acid may be
performed in order to obtain a lysine auxotfophic strain in
which mutation occurs on LYS2 gene or LYSS gene. It is

preferable to obtain an auxotrophic strain in which a

mutation gene is limited. This is because it is possible to



whi ch nutation occurs on LYS2 gene or LYS5 gene. It is
preferable to obtain an auxotrophic strain in which a
mutation gene is limted. This is because it is
possible to -13- specify the marker gene for use in
the transformation step. <Transformation Step 1: Gene
transfer Step> The transformation step is, as
descri bed above, the step far3 perform ng the
transformation in the population creating step for
t he breedlng The transformation step at | east
i FOPGRIdE ahGer@amiaisf2enet 4pr alda e sthectragséarmation
step. - O course, the transformation step nmay i ncl ude

a S¥Rep(s) other than these steps, if necessary. The
gene transfer step in the present invention is not
particularly limted, provided that the gene transfer
step transfer a marker gene into a host, V\,here t he
host i s BFPD S{ROPEIHRNCSEFPal n GANG trasifeT Step>
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step(s) other than these steps, if necessary.

The gene transfer step in the present invention is not
particularly limited, pfovided that the gene transfer step
transfer a marker gene into a host, where the host is an
auxotrophic strain of a fungus (lipid-producing fungus) of
Mortierella 'spp., and the marker gene is a gene
complementary to the auxotrophy.

The marker gene is not particularly limited, as long
as the gene is complementary to the mutation
(auxotrophic m_utation) in the auxotrophic strain.
Specifically, examples of the marker gene are: leu2 gene
for leucine auxotrophic strain, his3 gene for histidine
auxotrophic strain, lys2 gene for lysine auxotrophic strain,
trpl gene for tryptophan auxotrophic strain, ura3 gene or
urad gene for uracil auxotrophic strain, ade2 gene for
adenine auxotrophic strain.

For example, the present invention may be arranged



ura5 gene for uracil auxotrophic strain, ade2 gene for
adeni ne auxotrophic strain. For exanple, the present
i nvention- nay be arranged - 14 such that the host is
the uracil auxotrophic strain and the nmarker gene is
ura5 gene, as described in Exanples. There is no
particular limtation as to how to obtain the marker
gene. The marker gene may be lgbtai ned, by wusing a
wel | - known nethod, from a (nicro)organisn1(such as
yeast) other_ than the fungus. A commerci ally-avail abl e
Uk gte theyD petusethc AtTafHat HOItyoPhdeagis@in and the
self-gﬁonlng is applicable to the present |nvent|on

t HBATHEI k&F el Udy BETGhbt AP ‘frrl(?rﬁdc RB Eﬁﬁéﬁ? o%-
t he N%églerella spp iCh i s.used as the host. For :
i nst ancd€T§ HE P&t &ar&é%‘é FhdnEiaRoeRarte Rovarigegbtain
su h t hat ura5 gen ohtai ned from M _ al pi na.
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f bl that t f badi b t ed,

| .fS%iﬁiclg{fﬁag?dﬁo?%Ppﬂ RS P haese T nSR bRy the
f th t I d

Teherked AdiePEay §bt¥§i¥d?ﬁaoaarﬁﬁa omgusep) the

AJornereHa,spp.,xMhlch 1s used as the host. For instance,
the later-described Examples are'arrangéd such that urab
gene -Was_obtai.ned 'from M. alpina_-(host),' using a base
's.equence éf urad gene.in thr.ee kinds of yeasts."

How to transfer the géne (i.e., how to tr-ansform) in
the gene transfer step is not particularly limited. A
conventionally well-known method such as the
electroporation method, particle delivery method, or the
like method may be used appropriately. For the fungi of _
Mortierella spp., it 1s preferable that the fungﬁs bodies be
protopiasted, if the electroporation method is adopted. A
specific method of the particle delivery method is the
particle gun method. Of course, the particle delivery
method is not limited to the particle gun method.

The marker gene is not particularly limited in terms
of its specific structure, provided that the marker gene

can be transferred into the fungus bodies of Mortierella



method is not |imted to the particle gun nethod. The
mar ker gene is not particularly limted in terns of
its specific structure, provided that the narker gene
can be transferred into the fungus bodi es of
Mortierella - 15 spp. so that the marker gene can be
expressed. In the present invention, the marker gene
shoul d be constructed as a-deéne construction which is
prepared by Iigating (a) a region (hereinafter,
reconbinant reglon to.be reconbined  with a

t hth®) MATr kS 8S8Fofadhsket £EPTEPERSr e the
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Th¢ expression-cassette of the marker gene, which is
contained in the gene cdnstruction,_ s.houldﬂbe structured
such that the promoter is ligated in ‘the upsmfaxn of the
marker gene. It is preferable that a terminator be ligated
in the downstream of the marker gene. Moreover, in
addition to the expression cassettes of the marker gene
and the re_coi’nbinant region, the gene construction may
contain a multi-closing site, so that a cassette for
éxpression' of various gene can be ligated thereto. Further,
the gene construction may contain a DNA fragment other
than the expression cassettes of the marker gene (which
contains the promoter, the marker gene, and the
terminator), the recombinant region, and the
multi-cloning site. The gene construcfion i1s not

particularly limited in terms of its specific structure.

There i1s no particular limitation as to the specific



contains the pronoter, the marker gene, and the
termnator), the reconbinant region, and the

mul ti-cloning site. The gene construction is not
particularly limted in terns of its specific
structure. There is no particular Iimtation as to the
specific - 16 kinds of the DNA fragnents nentioned
above. For exanple, there i-slhe particular |imtation
in case of the pronoter, provided that the pronoter
can, cause expression of the marker gene effectively.

| tkind peds e DN 58 8a KREINM EFHIRBEST 2dspropFPat @kgmple,
in_the present |nveni|on It should be noted that the
prtééf‘err?t Isnpentiagticelanlimitaten tif! RS 1t§1,eo,ﬁ5to€;poter
used in Hﬂe | at er-descri bed Exanples. Simlarly
t RFQVide ot%hﬂmarommrat%th Fﬁ%é’ﬁ?ffﬁﬁelon of the
term nator, rOV|gH9 th%} ;?e tern1na r can functi
asATKEGT, ?pﬁf i gf |dﬁ QOcSeSl ekhBuHse @ known
t er m nat or used i.n t resent i nvent.i on.
sri%mral%gfnap aotmaete éE‘eﬁ %%Wwwrhfdm .Irﬁts‘éwuld
E@g}%tn{nator used in %he Iater descri bed
edruth Ak FBFe, plfffﬁﬁ% .gnﬁsn Yo ¢ feumgt limited to
I|n1t ion in th case onmbi nant r
pr%\ﬁ@%df’t REBTR LT SogRfl ABn I dRORH] e%cef@&iegmples
'c mar ker gene to be transferred into
fu%aa BT W o R S R A e
SOome. rr descri.bed Exa
s ARr Baptap 8 adt A TR P i PERT, GBG: funkithn as &
| Strré% carrlgolt?cg%a‘trel‘lrh%gifltc!r?nmrtgg%?{I nogvvt ?ermmator may be
used in the present inve-nti_on. It should be noted that
present i.rivention is not limited to trpC terminator used in
the later-described Examples. Furthermore, there is no
particulaf limitation in the case of the recombinant region,
provided that the recombinant region is a DNA segment by
~ which the marker gene to be transferred into the fungus
body of the Mortierella spp. can be inserted in
chromosome. In the later described Example, the
recombinant region is 188 ribo»somal DNA (18Sr).

There 1s no particular limitation regarding the
recombinant expression vector in case where the gene
construction is introduced into a vector to prepare an
expression vector. The expression vector may be
equivalent to a general recombinant expression vector.

The recombinant expression vector may be prepared by

using a plasmid, a phage, a cosmid, or the like. However,



reconbi nant expression vector in case where the gene
construction is introduced into a vector to prepare an
expression vector. The expression vector may be

equi valent to a general reconbi nant expression vector.

The reconbi nant expression vector may be prepared by
using a plasm d, a phage, a cosmd, or the liKke.

However, - 17 there is no partfcular limtation

regarding how to prepare the reconbi nant expression
vector. Moreover, the eparation of the reconbi nant
exté}ee@s.1§nn9eﬁﬁaﬁlqwrbgtmewrlpéu re&e T ngs h@g’v dkmoepare
nmethod. In general, a plasm.d can be used preferably
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vect or. <Transfornat|on Step 2: Sel ecting-out step>

THT SRR tiogy-Jutthst éECPﬁﬂ?}"Féaflrtaﬁ%’;PéF?ﬁﬁtQ%nVG@‘ébr imay be
not articularly limted, provided that the

HEdg- ot Bt eb‘séﬁgeét s KR Withe ™M ¢ 14 or Fan® ans Tyl
thg%%%co erg b auxotr hy . of the host as the
gang eem Rifespdynay Baecarepagasipnbgf the
usi a knovvn nmet hod. appropriately. Specifically, the
eé?g{m DGR SEBFCSHEQNLEC ¢t ed out by, in a
synthetlc medium the transformants obtained after

the gene transfer step, the synthetic nedi um being
such th ecific nutrition j omtted therein in
viow of S THEnSITORAISAY SHEP T Seesein gseat i oftve

mar ker ., . Wth ssible to scran t he

0
t ransf o??rﬁn?%feecatéplgy()%d E‘?Pl Llehpfytransformation step is

not particularly limited, provided that the selecting-out
step selects out the transformant using the recovery from
the auxotrophy of the host as the marker. The
selecting-out step may be carried out by using a known
method appropriately. Specifically, the selecting-out step
may be carried out by, in a synthetic medium, the
transformants obtained after the gene transfer step, the
synthetic medium being such that a specific nutrition is
omitted therein in view of the auxotrophy that is to be
used as the marker. With this, it is possible to screen the
transformants easily and efficiently.

As described above, the auxotrophy is used as the
marker in the transformation step. The éuxotrophib
marker is advantageoﬁs in easy operation and low
background. Further, auxotrophic marker is advantageous
in that a gene derived from the fungus of Mortierella spp.

used as the host can be utilized. Moreover, the use of the



As descri bed above, the auxotrophy is used as the
marker in the transformati on step. The auxotrophic

mar ker i s advantageous in easy operation and | ow
background. Further, auxotrophic marker is

advantageous in that a gene derived fromthe fungus

of Mortierella spp. wused as the host can be utilized.
Moreover, the use of the - 18 g&uxotrophy as the narker

is preferable for food product devel opnent, conpared

with the case where the antibody tolerance is used as

t P RaEkePhyThiSs the mrekspeds f Praldnakbeplfarnteo@depsoduct
referring to the case of the technique of Docunent 4

e i loagnem t, BReRP ed With thatcase whercashewaartébody

the hygronycin tolerance is used as the marker, by

wdpleraegsms asadrasobliermagkaabl y grow t he

transfornmants to be selected, it is _necessary to add '

the hygriohydSnTMore HeP el ofl lyasxplaingd) hienehaefepriag to
roduced by using the transformants would be . )
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cqopsuped as food i%ﬁis.better to avoid that the lipid |
igaﬁ 8T aHTHAt AR witPR thy§r R/ FR SEoV sigmihe hyveremycin

of the auxotrophy is the uracil auxotrophic _strain, a
urt® ?Tapﬁékilﬁgﬁﬁﬁﬂli @ | D usBRIKE DY dEalap! example. In
producti on. is makes,it possible to produce the L
| iPiHEWhP | B YeSfP\WeWegFg%ﬁéovﬁl@rﬂﬁqéasb?nSfQ/JmCéﬁd, it is

t he ene (such as, urab5 gene or the like i
c&&?%ﬁ%ﬁér&ot?xg@héh%u JELEPRY I Waﬁg?ermééi}uﬁﬁat/*s a

isr’esk{YIt?Sitﬂg tlE‘Sid produced by using the transformants
would be contaminated with hygromycin. For the lipid to
be consumed as food, it is better to avoid that the lipid is
contaminated with hygromycin.

For example, in case of the auxotrophy is the uracil
auxotrophic strain, a uracil-lacking medium is used in the
actual production. This makes it possible to produce the
lipid while selectiveiy growing the fungus in which the
gene (such as urab gene or the like) complementary to the
auxotrophy is transferred. That 1is, by wusing the
auxotrophy as the marker, it is poSsible to avoid
hygromycin contamination and perform selective culturing
always. Thus, it is preferable to use the auxotrophic

marker as in the present invention.

<Selecting Step>

According to the breeding method of the present



auxotrophy as the marker, it is possible to avoid
hygronyci n contam nati on and perform sel ective
culturing always. Thus, it is preferable to use the
auxotrophic marker as in the present invention.

<Sel ecting Step> According to the breedi ng net hod of

the present - 19 invention for breeding the

|'i pi d-produci ng fungus, popultions of strains of
various characters can be obtained by transferring
various .genes. in the transformation step in which the
aa%&em&g%y isfolﬁsed”af’seéltr’f% niiker lipngeRdrshecinge fungus,
presenﬁ i.nventiqgn may .be arranged to cggprise t he
sAWEHIAGORR S eps TS| 8t i FRFIOUS omhdHA Gstai negn  be
popul ation, a variety having a desired character. The

" eﬁg stBp" iEARFEEFENE {rGHRIONES " SAReS i ngfout the
step" i.n the .transformation.ste The selecting step
TR PEMAHPEC 1 dih TRACE SRET BLHEMEOP I 1y WA as
ayxotrophy as t marker. The selectipg.step is for
St PR R ahEeBERRE: nEDEn HAeh prdruraien May be
character, out of the p%uralit of the obtainfd -
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br“%%‘i“eg%hgt—%ubte Cs%re%i”edir?mthbé/ %rlé?l%%rgneetlg%% step. The
selecting step is not for selecting out the transformant,
using the auxotrophy as the marker. The selecting step is
for selecting a transformant having more preferable
character, out of the ©plurality of the obtained
transformants.

There is no particular limitation regarding how to
carry out the selecting step specifically. In order to select
out the transformant having the preferable character, the
selecting step may be arranged, according to the purpose
of the breeding, to be carried out by a known method
under conditions that allow selection of the transformant

having the preferable character.

(3) Use of Present Invention
The breeding method according to the present
invention for breeding a lipid-producing fungus is, as

described above, arranged such that a desired variety



under conditions that allow selection of the
transformant having the preferable character. (3) Use
of Present Invention The breedi ng nethod according to
the present invention for breeding a |ipid-producing
fungus is, as described above, arranged such that a
desired variety -20- having a desirable character is
sel ected (screened) out of a20popul ati on having a
genetic variations. As the marker in the selection

eeni n auxof ophy is .us
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e)fBr‘fﬁ%&)tQCQf e?f1c1ent1y and easily a strain improved, for
example, in the lipid productivity.

Moreover, the breeding method according to the
present invention can perform the transformation using
only a gene of the lipidl—producing fungus to be
transformed. Moreover, self-cloning is applicable in the
present invention. Thus, it is possible to obtain an
appropriate DNA fragment from the wild-type fungus of
Mortierella spp., and transfer the DNA fragment into the
auxotrophic strain, thereby controlling expression of a
specific gene (high expression, controlling of expression
timing, inhibition of expression, etc.). This makes it
possible to obtain a transformant, that is, a novel strain,
which can attain such improvements such as an increase
in lipid production, modification of the lipid production in
terms of kind or composition of the lipid to produce, etc.

Of course, the present invention may be arranged such



speci fic gene (high expression, controlling of
expression timng, inhibition of expression, etc.).
This makes it possible to obtain a transformant, that
is, a novel strain, which can attain such
i nprovenents such as an increase in |lipid production,
nodi fication of the lipid production in terns of kind
or composition of the |ipid-tol produce, etc. O
course, the present invention may be arranged such -
-2 that a_DNA fragnent derived fromother variety is .
tf efr e At ofrtargénéﬁi’%ot dsphvedstirgm, theputvariety is
self clonin The breeﬁlng nmet hod according to the
prtééé’ﬁt errﬁaent’irbtr? i sLh6t pa8MFAICANAE | i ffT@dhi n without
technique to adopt and may adopt a known
éﬁﬂﬁ‘ﬁ@@inﬁbr exanple, in the case of self-cloning,

howto bt ainh an_appr te, DNA fragnment fromthe
wi | d-t efulﬂﬁ‘a%db‘ggl\/b&t |aa%‘b?;r§1%osft% itenopresent

t ly | ted performed b
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I t d d red character, or has
3o bE e 91 %‘%ngf@ai‘rﬁgt S bhdPaoterinFen Empr ariate

3@3’“@‘5 kR b aE 1B T b S e fr o f o eretia spp.
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a known technique. Moreover, the .appropriate DNA
fragment (for example a gene to be transferred, etc.) is not
particularly limited, provided that the DNA fragment can
realize a targeted and desired character, or has a
possibility to realized the character.

For example, the DNA fragment may be such that an
expression cassette ligated at least with a promoter and
preferably with a terminator is inserted in a recombinant
expression . vector. However, the present invention is not
limited to this. Further, the present invention is not
limited to GLELO gene, which was used as the DNA
fragment in the later-described Examples.

The present invention is described in detail referring
to Examples. It should be noted that these Examples are

not to limit the present invention.

[Example 1]



expression vector. However, the present invention is
not limted to this. Further, the present invention
is not limted to GLELO gene, which was used as the
DNA fragnment in the | ater-descri bed Exanpl es.. The
present invention is described in detail referring to
Exanples. It should be noted that these Exanples are
not to linmt the present inve®ion. [Exanple 1] -22-
Here, a specific exanple of the breeding nethod of the
present |nvent|on|

h
exarrpl Ty CQTCI )g()r‘%ghﬁ slfnéflﬁe\kﬁ eeg:gltnaﬁ r{ggthod of
f
16, AL TR T BTt P b exomone
Urac" r/’aLB‘l ”Q%%.'?Jf&x% ﬁﬁé‘ ( %ﬁﬁophén%s S”%[t%l ed,  and
ot ep P

ai Mg er to orm spor €s of

g B LA P R R o
EQ?é%QS&% é}fo %%le%FeSO4 7H20, 2% agar; adj usted

i'nc éd at 28C for approximtely 2
vveeks This was then suspended in Tween 80 aqueous
solution (ldrop/ 100nm H2O . Then, hyphae were

removeq 1;&00‘%%& éaﬁhg%ib /@lflxg)lt hi&@ é”‘ﬁ%igp(Aulfoq:r;oph.ic

Pr oduct I'n"a spore

so:-L’HI I@@éﬂﬁgﬁg_%ﬁﬁﬁ nment was carried out with

tr r osoguani di ne
In order to form spores of M. alpina, M. alpina was

inoculated on Czapek-Dox medium (3% sucrose, 0.2%
NaNOs, 0.1%KH2PO4, 0.05%KCl, 0.05%MgS04 7H20,
0.001%FeS0O47H20, 2% agar; adjusted to pH6.0) and
incubated at 28°C for approximately 2 weeks. This was
then suspended in Tween 80 aqueous solution
(1drop/100ml H20). Then, hyphae were removed using a
glass filter (Iwaki Glass Co., Ltd..; Product No.: 3G1l),
thereby to .obtain a spore solution. Mutagen treatment was
carried out with N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) with respect to spores of 10 x 108 to 109
according to the method of Jareonkitmongkol et at. (S.
Jareonkitmongkol et al. JAOCS, 69, 939-944, 1992).

The spores treated by mutagen were spread on GY
medium (2% glucose, 1% yeast extract, 2% agar; adjusted
to pH 6.0) containing 5-FOA of 1.0mg/ml and uracil of
O.'OSr.ng/ml, and incubated at 28°C for 4 days. Thereby,

six 5-FOA tolerant strains were obtained. The obtained



(MING with respect to spores of 10 x 108 to 109
according to the nethod of Jareonkitnongkol et at. (S
Jar eonki t rongkol et al. JACCS, 69, 939-944, 1992). The
spores treated by mutagen were spread on GY nedium
(2% gl ucose, 1% yeast extract, 2% agar; adjusted to
pH 6.0) containing 5-FOA of 1 .0ng/ m and uracil of
0.05ng/ M, and incubated at-28C for 4 days. Thereby,
six 5-FOA tolerant strains were obtained. The obtained
-23- strains vver eval ate with respect tq uraci]|

amar%ﬁh‘yerm\f& BEY: TS PeREd Uramhaiorogephy.
di | - add d d d.
Todt umT 48y i aﬁo%i&e”%ﬁmé%\%f’ RgaisH and
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cOMSTREE noume - 1 RLEac e PRaE, & Tt 6.0ms,

E#{z@%yi%]t arlllllrf}%?n%%mg/zl 1844 ral rﬁracﬂ E&é' %lat Ié)@ omedlum
uracil 50Omg/liter).

The evaluation showed that all the six 5-FOA
tolerant strains c_ould grow on the uracil-added media like
the parent strain, but grew poorly on the medium
containing no uracil. Two of the six 5-FOA tolerant strains
could not grow on the medium containing no uracil. These

strains were named as Aura-1 strain and Aura-2 strain.

(2) Evaluation of Enzyme Activity

When a strain shows 5-FOA tolerance and uracil
auxotrophy as its phenotypes, one possibility is that the
strain lacks an activity of orothidine-5-phosphate
decarboxylase (which 1s an enzyme coded by ura3 gene;
abbreviated to ura3p hereinafter) or orotidylic acid
pyrophosphorylase (which is an enzyme coded by urab
gene; abbreviated to uraSp). Thus, the activities of these

enzymes in the Aura-1 strain and Aura-2 strain were



When a strain shows 5-FQOA tol erance and uracil
auxotrophy as its phenotypes, one possibility is that
the strain lacks an activity of

or ot hi di ne-5' - phosphate decarboxyl ase (which is an
enzyme coded by ura3 gene; abbreviated to ura3p
hereinafter) or orotidylic acid pyrophosphoryl ase
(which is an enzyne coded by2dra5 gene; abbrevi ated
to urabp). Thus, the activities of these enzynes in
t he ﬁ z-é strain and Aura-2 strain were -24-
eVdFURFLEY These strains were incubated on

uraci |l ;\added GY .nedi um at .28C for days with
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asHr. res he obt ai ned sol ution mas centrifuged
23%%32 supe hatant, which was the cell-free
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containing uracil of 0.05mg/ml were suspended in 0.1M
trisbuffer (pH 7.5) containing B-mercaptoethanol. Then,
the cells were crushed by applying 35MPa using a French
press. The obtained solution was centrifuged to obtaiﬁ a
supernatant, which was the cell-free extract solution.
Further, the supernatant was subjected to .super
centrifugation under conditions 100,000xg for 60 min,
thereby to remove organella. In this way, a soluble
fraction was obtained.

The ura3p activity was measured using the obtained
soluble fraction according to the method of Yoshimoto et.
el. (A. Yoshimoto et al. Methods in Enzymology Vol 51,
74-79, ACADEMIC PRESS 1978). The ura5p activity was
measured using the obtained soluble fraction according to
the method of Umezu et. al. (K. Umezu et al. J. Biochem.,

70, 249-262, 1971). The results, that is, comparison of

the enzymic activities regarding pyrimidine biosynthesis,



fracti on was obtained. The ura3p activity was neasured
usi ng the obtained soluble fraction according to the
nmet hod of Yoshinoto et. el. (A Yoshinoto et al.

Met hods in Enzynol ogy Vol 51, 74-79, ACADEM C PRESS
1978). The urabp activity was neasured using the

obt ai ned sol uble fraction according to the nethod of
Urezu et. al. (K Unezu et akSJ. Biochem, 70,
249-262, 1971). The results, that is, conparison of

1971) . The jhat i, comariso

broSy Rl elre“%ﬁgf"ﬁfa'z%l'.e: drehgrves dadbie’s A edn e 1
i T , rai ]

PR SHE S s atibaban Py i BT ERRIFRIEHEY o

104 SRIEL L R SCLECL0 AR NGRS LR

S‘ﬂﬂjeg%tfngAQErga{lﬁssa”e nmut agen treatnent. This gave

five 5 erant strains, three of which could not
grow o g ong ai 0 - 28-

Strai n@lﬂggg]geﬂgen‘gpngn}&uyg% %fﬁg?%@ngkédt f/%gaf%ghg \17ere
2 . a . - - - 7 t :
2SRy st AR i e e
CBNBOA tolerant strains, three of which could not grow on

the medium containing no uracil.



library M al pina and the uracil auxotrophic strains
(the Aura-1 strain and Aura-2 strain) derived fromM
alpina as the wild type were respectively incubated
in GY liquid nedia at 28C for 5 days. Fromthe
obt ai ned fungus bodi es, genone DNAs were prepared
according to the net hod of Sakuradani et. al. (E
Sakuradani et al. Eur. J. Bi2ichem, 260, 208-216,
1999). Spores of M alpina were inoculated in a liquid
iugln(Z% gl ucose, 1% yeast extract; adjusted to pH
6. d incubated at 28C for 4 days, and fungus
bodies were collected therefrom Then, all RNAs were
prepared by bydiwchl or| de3gyabind)ne] Ge6h (melhgd.
Using @1 9Oy -tppe3U<Super >m—g\|/-\?_l-'ur| FCagrom KIT From
Tot al RN/—\) (Z gt Net \aJTE UI Brp—tnc: )_l,lumxbﬁ\s
were purtfie m-tota—Rp e eBNAtHbrady

was pr anar arlx"llgc a—~ZARL_c DN/ Q\l QCI L l(lt f_Dr nrhlr‘f

Narre TRA?%C%‘NEY;& (4) bt ai ni ng ura5 CDNA from M
al pi na -27- In amno acid sequences of ura5p of three

' I I
Sacchanahy ot S pifR e STENG, BN Bl and oDNA

thenfQ 5g,ovvl ngs are amno acid sequences of two
regions having a high honology wth each other.

Regi on fr ESBHHKCLER | Sefe SERadiP albgot]r)ophic strains (the

Aura-1 strain and Aura-2 strain) derived from M. alpina as

the wild type were respectively incubated in GY liquid
media at 28°C for 5 days. From the obtained fungus
“bodies, genome DNAs were prepared according to the
method of Sakuradani et. al. (E. Sakuradani et al. Eur. J.
Biochem., 260, 208-216, 1999).

Spores of M. alpina were inoculated in a liquid
medium (2% glucose, 1% yeast extract; adjusted to pH
6.0) and incubated at 28°C for 4 days, and fungus bodies
were collected therefrom. Then, all RNAs were prepared by
hydrochloride guanidine/CsCl method. Using
Oligotex-dT30<Super>mRNA Purification Kit (From Total
RNA) (Product Name (Takara Bio Inc.)), mRNAs were
purified from tofal RNA. Then, a cDNA library was
prepared using ZAP-cDNA Synhesis Kit (Product Name
(STRATAGENE)).

(4) Obtaining urab cDNA from M. alpina



Regi on 2: KEAKDHCEG (see SEQ |ID NO 2) Based on these
am no acid sequences of the two regions, sense
prinmers and anti sense prinmers respectively having the
foll ow ng base sequences were synt hesi zed.

Senseprinmer: 5 -TTYGGHCCI GCl TAYAARGGHATYCC- 3' (see
SEQ ID. NO 3) Antisensepriner: 5

- CCCTCDCCRTGRTCYTTI GCYTCYTT-37 - (see SEQ ID. NO. 4)
“I" in the primer stands for inosine. Note that in the

Sequengg %212 ; dsg'; 8 nfc, torfeu\?vI :Sﬁbcc?g t?}%@gnﬂ§nh% of

i nosi ne. arried out

M
%alsgfrsiédna oV lga anﬁtg?gg?aT q %;%g?%g‘g%ﬁékﬁﬁo%yces
B'c%rlegész)ae usi;ng ?&ergcggge%atcpggggc}éd hel QBgl%gzgfngs are

| omet ra was car out wt

CYihERo0la i Bl iles 1 oM (8! RGO I %L high

t@lquﬁ%ﬁggg, w Qléseacglgqﬂq&dr approxi mately 130bp DNA

fragnment; se sequence of which was then
determ ned. The DNA fragment was found to be highly
honol ogous with the known ura5 gene. Using the DNA as

a prob DNAG | afed in
(3 )p vvagaesécllragleﬁed by#%?g{%? q%)?%/:rlsg(ga?%ﬁﬁ%p gfeby

obt ai mwglle)lrﬁw RPEVRIRAT Gl N Ao  chAvef, sne uras

gene.

Based on these amino acid sequences of the two regions,
sense primers and antisense primers respectively having

the following'base sequences were synthesized.

Senseprimer: 5’ -TTYGGHCCIGCITAYAARGGHATYCC-3’
(see SEQ. ID. NO. 3)
Antisenseprimer: 5’ -CCCTCDCCRTGRTCYTTIGCYTCYTT-3’
| (see SEQ. ID. NO. 4)
“I” in the primer stands for inosine. Note that in the
Sequence Table, “n” stands for the site corresponds to
inosine. |
Then, PCR was carried out with (a) the genome DNA
of M. alpina as a template, (b) the two primers mentioned
above, and (c}) Ex Taq polymerase (Takara Bio Inc.), using
T Gradient thermocycler (product name; Biometra). The

PCR was carried out with 35 cycles of 1 min at 94°C, 1

min at 52°C, and 2 min at 72°C, and then 10 minute



cDNA of the ura5 gene had the base sequence shown in
SEQ ID. NO 5. The ura5 gene codes urab5p, which has
the ami no acid sequence shown in SEQ ID. NO 6. (5)
Cl oni ng of urab5 genone DNA Based on the cDNA sequence
(SEQ ID. NO 5) of the wura5 gene, the foll ow ng
primer CRON1 and CRON2 were synthesized: Prinmer CRON
1: CTTCTCTTCAGCCCCCAGCCGCATEQETCC (SEQ ID. NO 7)
‘Primer CRON 2: GAGICCACGAAAACTGCTGATGAGCAGCAC ( SEQ

{ BRI, 35 7 SendMEIBRA TGS ol oned by PCR. The POR
S E  LARR loth Tad FadL, o
PO o2 ECL oAl Bl B kST P
Fegt:éln{flhlg :)I?’Voarq%?i Mut.at.i ontHS| é%éltﬁ A%rqﬂﬁh' C s s\t)vrl%n the
3‘%%6311#‘%#”%5&& AR s RN e h PR By alhe ©DNA
Yoy i R S
5%@% edﬁld HV\%} gté%zr(f N obJCalmng p? anl% .pnBﬂAURAS

including cDNA of the urab5 gene.

cDNA of the urad gene had the base sequence shown

in SEQ. ID. NO. 5. The uraS gene codes ura5p, which has

the amino acid sequence shown in SEQ. ID. NO 6.

(5) Cloning of urad genome DNA
Based on the ¢cDNA sequence (SEQ. ID. NO. 5) of the
uraS gene, the following primer CRON1 and CRON2 were

synthesized:

Primer CRON 1: CTTCTCTTCAGCCCCCAGCCGCATCGGTCC
(SEQ. ID. NO. 7)

Primer CRON 2: GAGTCCACGAAAACTGCTGATGAGCAGCAC
(SEQ. ID. NO. 8)

Using the genome DNA of M. alpina as a template, urab
genome DNA was cloned by PCR. The PCR was carried out
with 30 cycles of 1 min at 94°C, 1 min at 55°C, and 2 min

at 72°C, and then 10 minute elongation at 72°C thereafter.



and then 10 m nute elongation at 72C thereafter. It

was found that in the Aura-1 strain one adeni ne was
inserted at 93th fromthe initiation codon, and a

frame shift was observed in ORF. On the other hand,

in the Aura-2 strain, guanine at 398th was repl aced

W th adenine, and glycine at 133th in a notif

sequence was replaced with af9®artic acid. This

suggested that these nutations inactivated the urabp
activity in these two_strains. (7) Reconbi nant )
Eﬁp?e%sriyeowkﬁec{forwa%oﬂ%wéctt% TWDIPAEOP] §XAPEEDn urad
(supplied fromD. B. Archer, see Docunent 4) was
dig§és8F #F % restriction enzymes Ncol and BanmHl, and
its ends were blunted by using a DNA Blunting Kit.
(Product Nanme; Takara Bio Inc.). Then, a DNA - 30-

fragnme of .5. 4. kbp, except t mod fragnent, which is |
t he hgé}oigﬁpilfgcgﬁlloeﬁ‘ alt %%%@p?ﬁqi@i e pyUFtagphic
GEX_ PCR DNA and CGel Band Purification Kit (Product
NEE2 Y rade by Amasham Phar maci a Bi ot ech 8s Sci ence).

O SR A AR ST SRS | POVAES,
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strains were cloned. The PCR was carried out with 30
cycles 1. min at 94°C, 1 min at 55°C, and 2 min at 72°C,
and then .10 minute elongation at 72°C thereafter. It Was-
found that in the Aura-1 strain one .adenine was inserted
at 93th from the initiation codon, and a ffame shift was
observed in ORF. On the other hand, in the Aura-2 strain,
guanine at 398th was replaced with adenine, and glycine
at 133th in a motif sequence was replaced with aspartic
acid. This suggested that these mutations inactivated the

uradp activity in these two strains.

(7) Recombinant Expression Vector: Constructing
pDurab

Plasmid pD4 (supplied from D. B. Archer, see
Document 4) was digested with restriction enzymes Ncol
and BamHI, and its ends were blunted by using a DNA

Blunting Kit (Product Name; Takara Bio Inc.). Then, a DNA



pronoter on the 5 side of ura5 gene, and trpC
termnator on the 3' side of urab5 gene. (8)
Transformation using pbura 5 (Transformation Step) SC

.agar medi um was used as the selective nmedium for the

transformant. Spores (x 108) of Aura-1 strain were
spread on the SC agar nedi um pDura5 was transferred
into the host by the parti ct é0del i ver met hod
(transformation). The gene transfer, carried out by

HengB L BT SR e e B e o
R IR, kéﬁcé%%romta%angg
3%R3WNKU%§&‘9@} %hﬁ' ?ﬁ%ﬁﬁ@éﬁréﬂuﬁ% %;Lﬁcét Name

col oni es grew on t agar m af
gﬂ%&@é Q&n%@ﬁa%t Phd %”%Ht%{'} STJ? Wﬁi%eﬁ Wlth
oni es re co ecte as t trans ornant

vwehe | abgl:8didsh #Jeﬁér}/r%%s T@f‘cdfﬁﬁn ”@@Boﬁl KA URAS

wer e exam ned by usi PCR as to et her t ene was

t pansfigEHed | thcﬁ;ﬁ“ digh@led S.AfR9EROIR Y& ends, a

prepared frome transformant PCR was cafrried out

U?fé‘%%ﬂté}?t Qﬁnggg)r%mé“?eltyh@ %W@é ﬁlé:l(fﬁﬁ%ﬁi;% ura5 cDNA

pol ymrerise (Takara Bio Inc.), and
Pi A8y RN ardle RONAY %F&%re
ACAGGTACACTTGITTAGAG (SEQ

other by using ligation high (Product Name (Toyobo Ltd.).

ere ligated w1th each

The direction of urad gene is confirmed to select, as
plasmid pDurad, a fragment that contains hisH4.1
promoter on the 5’ side of uraS gene, and trpC terminator

on the 3’ side of ura5 gene.

(8) Transformation using pDura S5 (Transformation
Step) |

SC agar medium was used as the selective medium
for the transformant. Spores (x108) of Aura-1 strain were
spread on the SC agar medium. pDura5 was transferred
into the host by the particle deliver method
(transformation). The gene transfer, carried out by using
PDS-1000/He particle delivery system (Product Name; BIO
RAD), was performed under the following conditions:
Helium pressure: 7590kPa (1100 psi); vacuum in chamber:
28inch HG; Distance from target: 3cm; and tungsten

particle diameter 1.1lpum. Four colonies grew on the SC



Primer RDNA2: CGCTGCGTTCTTCATCGATG (SEQ ID. NO 10)

The PCR was carried out with 35 cycles of 1 mn at

94C, 1 min at 54C, and 2mn at 72C, and then 10

m nute elongation at 72C thereafter. As a control,

PCR was perforned on the Aura-1 strain. It was found
that no DNA anplification was observed for the Aura-1
strain used as the host. Mea®hile, DNA fragnent of

1. 5kbp was anplified in each of the transformant #1

to #4. This confirmed that reconbination w.th plasmd
pBEas Bedikmedaf e s DNpeY et 6H bsttigac it @8 healter the
transformant #1 tq #4, thereby transferring the ura5
g&fdLc - 3ansiet herlNEpe 1GANFSSaRCHeL CcolkrtiRgr eas the

i ncubated in SC |iquid nedia, a 8C for 4 days with

sﬁaﬁpﬁés)rm%m@frhl%ﬂb VB éépga?%ea%r#a]sﬁoeﬁfyne

activity. The results, that is, the conparison_of the,

ur asp éyﬁk?ngaé'b&‘t iR ped ?@ dRoift i WETFapkeIined REeHsing

fromthe resul{} ig t he, Table 2, the trar}sfor nt #1

t§ Rd tPecBRELRETt KBCA&EN 12 SedtrRaleRIFY iRt rthem.

several tinmes greater th the wild type. This proved

L2t hdStr afst BEPEUPGT ot Yéne TaRct PeRBgTed  Irom  cach

(e)ftfreelcr:ltslfg?}r}/én[a?’l(,ngwgsr%Iarllrlue (?u? sinV\élt%et >é%:%oSrnge' DNA
as the template, EX Taq polymerase (Takara Bio Inc.), and

the following primers RDNA1 and RDNA2.

Primer RDNA1l: ACAGGTACACTTGTTTAGAG
(SEQ. ID. NO. 9)

Primer RDNA2: CGCTGCGTTCTTCATCGATG
(SEQ. ID. NO. 10)

The PCR was carried out with 35 cycles of 1 min at 94°C,
1 min at 54°C, and 2min at 72°C, and then 10 minute
elongation at 72°C thereafter. As a control, PCR was
performed on the Aura-1 strain.

It was found that no DNA amplification was observed
for the Aura-1 strain used as the .host. Meanwhile, DNA
fragment of 1.5kbp was amplified in each of the
transformant #1 to #4. This confirmed that recombination
with plasmid pDura5 occurred in 18SrDNA region of each
of the transformant #1 to #4, thereby transferring the

urad gene.



Transformation Strain #1 556. 0 Transformation Strain
#2 45, 6 Transformation Strain #3 55. 2
Transformation Strain #4 295. 0 Further, the sanme gene
transfer operation for approximtely 108 spores of
aura-1 strain was repeated two tines. The resultants
were respectively incubated for 2-3 day at 28C, which
grew 3 and 4 col onies respet@?vely This confirnmed
that the transformation is reproducible. [Exanple 2]

Iﬂief’ripﬁaﬁﬁxaﬁ?ﬁe ggéé'éa@%gaé%é”ﬁféﬁs srriiehdpaisg in
f’%@p? RO DYt DL posling ARt Dodk I, wiigh sﬁmi&{vgcah order |
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ne was prepar Ication
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This proved that the transferred ura5 gene functioned

effectively.
Table 2

Strain urabp
wild type 59. 0
Transformation Strain #1 556. 0
Transformation Strain #2 45, 6
Transformation Strain #3 55. 2
Transformation Strain #4 295. 0O

Further, the same gene transfer operation for
approximately 108 spores of Aura-1 strain was repeated
two times. The resultants were respectively incubated for
2-3 day at 28°C, which grew 3 and 4 colonies respectively.

This confirmed that the transformation is reproducible.

[Example 2]
The present example describes an example where a
novel strain, namely GLELO gene-transferred strain was

prepared by the breeding method in which the wuracil



CCATGGATGGAGTCGATTGCGCCATTCC  (SEQ I D. NO 11) :
Primer MAGLELOZ2: GGATCCTTACTGCAACTTCCTTGCCTTCTC ( SEQ
ID. NO. 12) The anplified GLELO gene was di gested
with restriction enzynes Ncol and BanmH, thereby to
obtain a fragnent of approxi mately 1kb. Mreover, pD4
was digested with the restriction enzynes Ncol and
BanmHl, thereby to obtain a-fB33agnent of approxinmately
7.7kb. Each fragnment was ligated by using ligation
“high (Product -34- Nane; Toyobo_Ltd.), thereby to
oBIEF PLIWIRRIA §tpDO RIGPAFLE HE EH¥FERPAENH, WBBUKES dnas
partially digested wth EcoRI. Then, DNA fragnents of
approximately 6.2 kb, which were cut only at one of

two EcoRI sites, were npurified. After ends of the
fragmeht s GeRETHRGHIE Ay UTasPRY-BNY BEGHPFng Ki t
(Product. Nane; Takara Bio_lnc.) the fragnents we

re
subj ectEHELSY sBFRe| FEEESoRObya Uty acigafh@imiedangation
(Product Nane; Toyobo Ltd.). Then, _ fragnents in_ which
ofVZ3tRE: ond3ick he SOIBEERHS ch Vdinol§ it eqaiidt he 1nto
5' .side of histone 4.1 pr er were collected a
péaflmowwrap@ GBIC %Béte@%%&a@ 8EG&sVEd mem«ar@éim PCR
therg&ﬁnto.obtain fra g;s of 2._ 7kb. The fraqnents

& efsih

warB PLHERA PRt M R & C L BHNGDARa8  temmlghe based

RS SHd MUEM g fe R0 A U SEnGEES (1D: AF206662)

disclosed in J. M. Parker-Barnes et al. Proc. Natl. Acad.
Sci. USA., 97 (15), 8284-8289, 2000. In the PCR
amplification, the following primers MAGLELO1 and
MAGLELO2 were used.

Primer MAGLELO1:
CCATGGATGGAGTCGATTGCGCCATTCC
(SEQ. ID. NO. 11)
Primer MAGLELOZ2:
GGATCCTTACTGCAACTTCCTTGCCTTCTC
(SEQ. ID. NO. 12)

The amplified GLELO gene was digested with
restriction enzymes Ncol and BamHI, thereby to obtain a
fragment of approximately 1lkb. Moreover, pD4 was
digested Wilth the restriction enzymes Ncol and BamHI,
thereby to obtain a fragment of approximately 7.7kb. Each

fragment was ligated by wusing ligation high (Product



expressi on cassettes and ura5 expression cassettes
were aligned in the sane direction was sel ected as
reconbi nant expression vector pDura5GLELO. (2)
Transformati on using pburaSG.ELO (Transfornmation
Step) Followi ng the same nethod as in (8) in Exanple
1, transformation was carried out for the Aura-1
strain thereby obtaining thBde transformant. For the
sake of easy explanation, these transformants were

TR AR A s T SR SR 0
AN e A AT R i
B Bl T B B S ey 59 v
R S L 0, B AL er
SIRALCURRIHAE LS SlrASR AR oty SISEN o
T S RS L )
o350, Tl 8 LA SGRTERA L LOLr BB b
SARGALIHS BT TPLANIR 5 R L. SFoTH0 (4B Then,
fragments in which only that one of the sites which was.
located in the 5’ side of histone 4.1 promoter were
collected as pDura 5’. Moreover, pDGLELO was digested
with EcoRI, thereby to obtain fragments of 2. 7kb. The
fragments wefe then inserted at EcoRI site of pDura5’.
From these fragments, a plasmid in which .GLELO
expression cassettes and uraS expression cassettes were

aligned in the same direction was selected as recombinant

expression vector pDuraSGLELO.

(2) Transformation using pDuraSGLELO
(Transformation Step)

Following the same method as in (8) in Example 1,
transformation was carried out for the Aura-1 strain
thereby obtaining three transformant. For the sake of easy
explanation, these transformants were labeled as #5 to #7,

respectively.

The transformant #5 to #7 were examined by using



I ncubat ed under the same incubation conditions as in

the |Ilipid analysis. Using Super Script First-Strand

Synt hesis System for RT-PCR (Product Nane (nade by
Invitrogen)), reverse transcription of the total RNA
(1pg) was perfornmed wth random hexaner, thereby

synt hesi zing cDNA. Then, PCR was perforned using 1pl

(1 / 20 in amount) of synthegzed cDNA as a tenplate,

EX Taq pol ynerase (Takara Bio Inc.), and the.

fol |l owi ng pr| mers MAGLELO 5 and MAGLELO 6: Pri mer
VAL BL @551 0 CWITSHITEGONT GCAGATRA agBGEHEY Ms Noraniserred
Primer MAGLELO 6: TGAAGATGGAGCTGIGGTGGTA (SEQ | D.
Nantesyhere Adre WBS R a¥ pPedastiedyi @ Wt 200 djd esave aRnner
at 94C, 1mn at 55C, 2mn at 72C, _and then 10 mn
elahgat i Gh & Ezemn&eén@ﬁma d&rer aprisness sRAP Nk and

product of the carried out. Fluorescent
ddnBiNN 421 d %ia@afwafi thagian DNA pemamacé ). Gooppwas

was co ared. As a result, the band was very light in

t RemPLiae dsdent cdehsialy the bbRRee hethrass #5 to #7. This

gene-transferred strains, while the band was in

cIGRITmER | t ythat al FecRanPhRadiarELOVEhe- t]?’@ﬂlslféé?ﬁéaELO

strains. ~On the other hand, when the PCR was_carried

ORCGUT Ttk ms&@e%lamﬁ%rre@apw htie ty@cestrates phadto #7,
n_cl ear gens n all _the strains. This

S gvgeé‘gtbg trans ﬁ: urad gene.

(3) Analysis of Expression of GLELO gene

Using RNeasy plant mini kit (Product Name (made by
QIAGEN])), total RNA was extracted from each of the two
uraS gene-transferred strains #1 and #2 created in
Example 1 and the GLELO gene-transferred strains #5 to

 #7 created in (2) above. The strains #5 to.#7 had been
incubated under the same incubation conditions as in the
lipid analysis.

Using Super Script First-Strand Synthesis System for
RT-PCR (Product Name (made by Invitrogen)), reverse
transcription of the total RNA (lng) was performed with
random hexamer, thereby synthesizing ¢cDNA. Then, PCR
was performed using Iul (1/20 in amount) of synthesized
cDNA as a template, EX Taqg polymerase (Takara Bio Inc.},
and the following primers MAGLELO 5 and MAGLELO 6:

Primer MAGLELO 5: CTTTGTGGGCATGCAGATCA



amount of GLELO gene was increased in the GLELO
gene-transferred strains. (4) Lipid Analysis of GLELO
Gene Transfer-Strain The spores of the two urab
gene-transferred strains #1 and #2 created in Exanple
1, and the GLELO gene- transferred strains #5 to #7
obtained in (2) above were respectively inoculated in
liquid nedia (5% gl ucose, 1%3¢/east extract; adjusted
to pH 6.0), and incubated at 28C for 7 days with
shaki ng. After the incubation, the fu us -37- bodies
were collected by filtration. The col(S&E®Red 3 uhgusl3)

bodi es were then dried and wei ghted. Accordin
PRI BT MAG BELD st EW%T%@AGQHQTQ@E&QEM%S

in the fungus bodies were converted into neth

ester. The obtained methyl ester mdsﬁ(@rd@eé%thﬂ)
hexane, which was distilled off thereafter, thereby

obtai ning nethyl ester fatty acids. The obtained

net hyl _ester fatty acids were_ analyzed w th gas
cAMvPrel 6dt apa§. carricdesutt Vorth RO Gidepspé 1@1§hm94 C,
in Table 3, _showi ng weight of dried_ fungus bodies
wHeR1nhatre8pect P y@ie /2 4nsatd ddhenrt F Qi Aein elongation
(transformant) were grown, and fatty acid

cEip62i’G 6h§T8AA Ot al 1ipid producti on anpunt in the
fungus bodles of each strain. In Table 3, 16:0 is

pal mi t ife! %i—‘c,traphlcsrevﬁlﬁs ek eéhlec Répductlsoi ithe| HGR  was
aci d, 18 2 is linoleic acid, -linoleic acid

2§ Ti§ dPH(Bmf]WCPI’er%eé?fc dazwtyzé@ma danachl éaﬁgénent of

approximately 300bp was compared. As a result, the band
was very light in the fluorescent density in both the ura5
gene-transferred strains, while the band was in a clear
density in all the three GLELO gene-transferred strains.
On the other hand, when the PCR was carried out in the
same manner but with 30 cycles, the band was in clear
density in all the strains. This suggests that expression
amount of GLELO gene was increased in the GLELO

gene-transferred strains.

(4) Lipid Analysis of GLELO Gene Transfer-Strain

The spores of the two uraS gene-transferred strains
#1 and #2 created in Example 1, and the GLELO gene-
transferred strains #5 to #7 obtained in (2) above were
respectivély inoculated in liquid media (5% glucose, 1%
yeast extract; adjusted to pH 6.0), and incubated at 28°C

for 7 days with shaking. After the incubation, the fungus



acid, and 24:0 is lignoceric acid. -38- Table 3 ur a
5 Gene Strain Transferred GL EL 0 gene Strain
Transferred Strain # 1 # 2 #5 # 6 # 7 Wi ght of
Dried Fungus 14.8 11.7 18.1 18.6 16.8 body (ng/ Medi um
InmL) Fatty Acid Conposition (%9 23.0 21.1 23.1 22.3
22.8 16 : 05.75.96.56.1 1 18 0 34.0 33.8 32.8
32.430.0 18 : 16.58.04.5/5.85.1 18 : 2 3.8 4.1
1.9 2.7 2.4 18 : 3 3.8 3.6 3.8 4.1 4.3 20:3 16.3

14»0'%11%% vk %&Qe@teéobﬂv Fifiratfo: MReOc3ilctel Fungus

4 4.4 3. hér Lipid Producti on Anount
d\{%@,' uweme) tﬂefnal dlﬂlé)ad anly %Vé‘l%ﬂte%? 7A%4co§~d?1%g to
203020 0.28 0.33 0.27 20 0.82 0.50 1.41

1h%r30c§4-10r10 amd—methanol method, fatty acid residues in
the fungus bodies were converted into methyl ester. The
obtained methyl estér was extracted with hexane, which
was distilled off thereafter, thereby obtaining methyl ester
fatty acids. The obtained methyl ester fatty acids were
analyzed with gas chromatography. The result of the
analysis is shown in Table 3, showing weight of dried
fungus bodies when the respective gene-transferred
strains (transformant) were grown, and fatty acid
compositions and total lipid product.ion amount in th.e
fungus bodies of each strain.

In Table 3, 16:0 is palmitic acid, 18:0 is stearic acid,
18:1 is oleic acid, 18:2 is linoleic acid, 18:3 is y-linoleic
acid', 20:3 is dihomo-y-linoleic acid, 20:4 is arachidonic

acid, and 24:0 is lignoceric acid.



Li pid Content (ng/Dried Fungus Body g) Total Lipid 342
297 406 427 377 20 : 3 13.2 10.6 15.5 17.9 16.1 20 4
55.6 42.9 78.1 86.7 78.0 20 : 3/18 3 Ratio 1.01 0.88
1.99 1.57 1.77 (203+204) /18 : 3 Ratio 5.3 4.4 12.0
9.2 10.3 As seen from Table 3, the transfer of GLELO
gene increased the weight of dried fungus bodies, and
the ratios of dihonp-y-linolzg c acid and arachi donic
acidin the total fatty acids. However, the transfer
of GLELO gene -39- decreased the ratio of y-linoleic
adiabien3t he total fatty acids. Furthernore, total
anmount of lipid produced in the produced and total
lipid content were increased as a result of the
transfer of GLELO gene. Mreover, the transfer of

GLECO gene Tncreased the product 10Tk auogmt—and
co_nrt en?s of %’thom)-y-l [ nolpa'u raac':iL‘:g baiﬁqé)ar achtdogilC O gene
acid. The GLEI'@"§ene-transfer 83 '${"Si ng showed a -
significant increase in thp rat?%?020: 3/18: Farsstmed Strain
di hono-y-linoleic acid and|y-&iinglecra¢i dg N CR: ar g 4 -
the rogouCt ot tie char = [engt i eronyagTomrreacton
and &'° rP%uﬂ’i}l ?ﬂ}?& aEHréglfshar eaf 8 lor1ghe|raigqa 186 16.8
((20.94 0:4)/18:3) of a spm of di hono-y-1inoleic aci[d
and_amaMedivm dmldid  whikh is A netabdlite from
di hofretty- | iAsid ei €oamiasitiover y- i nol ei ¢ aci d.
(%) 23.0 21.1 23.1 22.3 22.8
16: 0 5.7 5.9 6.5 6.1 8.1
18: 0 340 33.8 32.8| 324 30.0
18 : 1 6.5 8.0 4.5 5.8 5.1
18 : 2 3.8 4.1 1.9 2.7 2.4
18: 3 3.8 3.6 3.8 4.1 4.3
20 : 3 16.3 14.5 19.3 20.3 20.7
20: 4 2.6 2.6 3.7 3.0 3.0
24 : 0 4.3 6.4 4.4 3.3 3.6
Other
Lipid Production Amount
(mg/MediumimL)
Total Lipid 5.07 | 3.48 7.32| 7.94 6.33
20: 3 0.20| 0.13 0.28| 0.33 0.27
20: 4 0.82 | 0.50 1.41 1.61 1.31
Lipid Content
(mg/Dried Fungus Body g)
Total Lipid 342 297 406 427 377
20:3 13.2 10.6 15.5| 17.9 16.1
20 : 4 55.6 | 42.9 78.1 86.7 78.0
20 : 3/18 : 3 Ratio - 1.01 0.88 1.99| 1.57 1.77
(20 : 3+20 : 4) /18 : 3 Ratio 5.3 4.4 12.0 9.2 10.3

As seen from Table 3, the transfer of GLELO gene

increased the weight of dried fungus bodies, and the:

ratios of dihomo-y-linoleic acid and arachidonic acid in

the total fatty acids. However, the transfer of GLELO gene




[ Exanpl e 3] The present exanple explains a specific
exanple in which the breedi ng nethod according- to
the present invention was applied to a fungus of
Mortierella spp. other than M alpina. (1) Cbtaining
Uraci| Auxotrophic strain (Auxotrophic Strain
Cobtaining Step) In order to formspores of M
hygrophila and M chl anydos@#f a, these fungi were
respectively inocul ated on Czapek-Dox nedi a (3%

ose, 2% Na -4 0.. 1 YKH2POX4, 0. 05%

%ﬁm@g&s@d FE@) ragiQoebre SHHOIERD, a5ofl adhr th&djt9§ﬁédfatty

ORR B %&@8%’%&9@, Csbosent o T rae b the
L S N T K
arRdn, Ofi\/hflgﬁeﬁc ew&?ereb FWBLELE Mg itharenver, the
P&E’é&#e&o%ﬁ@i@?g%??ﬁ E?E'sg'@?)gheaes%q@opo apgunt
LA o e
Zf’a?fr Ce, THG; %al??é L %ra%f‘”eaﬁd}’%g?%w%rﬁds' ped a
el ”taaﬂthE ?s%%é\t o LSR8 Y erpetween
d1homo—y-11nole1c acid and y-linoleic acid, which are the
product of the chain-length elongation reaction and a
ground substance thereof, or the ratio ((20:3+20:4)/18:3)
of a sum of dihomo-y-linoleic acid and arachidonic acid,

which is a metabolite from dihomo-y-linoleic acid, over

y-linoleic acid.

[Example 3]

The present example explains a specific example in
which the breeding method according to the present
invention was applied to a fungus of Mortierella spp. other

than M. alpina.

(1) Obtaining Uracil Auxotrophic strain (Auxotrophic
Strain Obtaining Step)

In order to form spores of M.. hygrophila and M.
chlamydospora, these fungi were respectively inoculated

on Czapek-Dox media (3% sucrose, 0.2% NaNOg,



two 5-FOA tolerant strains were obtained fromM
hygrophil a and one 5-FOA tol erant strain was obtained
~from M chl anydospora. The obtai ned strains were

eval uated with respect to uracil auxotrophy. That is,
growm hs of these strains on SC nmedi um and

uraci |l -added SC nedi um were conpared (SC nedi um

Yeast Nitrogen Base w o Ami ndO4cids ' and Anmoni um
Sulfate (Difco) 5.0g, (NH4)2SO4 1.7g, glucose 20g,

195Gt 3 ool 20T oo

By 165 S LV BT
RS RO a9 b s e
st R
T AR TR B L, 0B s B BT e o
p It M L R ety )
U T WL ST MM prcagment was
Cetlustantl, S AL TR L B e

d?X@NWC‘&P Shak ”Eesﬁ’éSPa&Bt'QBo%s of 10 x 108 to 10°
| according to the method of Jareonkitmongkol et at. (S.
Jareonkitmongkol et al. JAOCS, 69, 939-944, 1992).

The spores treated by mutagen were spread on GY
media (2% glucose, 1% yeast extract, 2% agar; adjusted to
pH 6.0) containing 5-FOA of 1.0mg/ml and wuracil of
0.05mg/ml, and incubated at 28°C for 4 days. Thereby,
two OS5-FOA tolerant strains were obtained from M.
hygrophila and one 5-FOA tolerant strain was obtained
from M. chlamydospora. The obtained strains were
evaluated with respect to uracil auxotrophy.

That is, growths of these strains on SC medium and
uracil-added SC medium were compared (SC medium:
Yeast Nitrogen Base w/o Amino Acids and Ammonium
Sulfate (Difco) 5.0g, (NH4)2S04 1.7g, glucose 20g, agar 20g,
adenine 20mg, tyrosine 30mg, methionine 1.0mg, arginine
2.0mg, histidine 2.0mg, lysine 4.0mg, tryptophan 4.0mg,

threonine 5.0mg, isoleucine 6.0mg, leucine 6.0mg,



cell-free extract solution of the fungus bodi es was
carried out according to a nethod nodified fromthe

nmet hod of Wnn et al. (J. P. Wnn et al.

M crobi ol ogy, 146, 2325-2331, 2000). Specifically,

t he fungus bodi es obtained fromthe 4-day incubation

at 28C on the GY liquid nmedium containing uracil of
0.05ng/ mM were suspended in4Q.4AM trisbuffer (pH 7.5)
cont ai ni ng (3-nercapt oet hanol. Then, the cells were
crushed. by applying 35MPa using a French press. The

o B ISEHMG ord i &/t e ;f uge@ il abdafin $#C medium:
supernatant, which was the cell-free extract sol ution.

- araqrl g/ Jtper centrifugati on was carried out

under _conditions of 100,000xg.for 60 mn, thereby to
renove Ty reluation, sheoweghythat %ﬁubhl@ phiaingd wad OA
obt ai ned, Using the obptained solggle fraction, _
ot Bt TRMF cSHGS pﬁﬁ}%&o%lﬁﬁb’r Prad@ q urbapl-agidad tpedium
mﬁiiev | uated according Eo the nethod of Unezu et al .
(Kkenkhe eargnt stragigchath SreeY P29rds20n1 gy  mpfHum
eval uat.i on showed t ha he urabp activity was bel ow
nERAPARIRE| Pt YiRPachOde ¢ eg}éesttr“é? nstragys from
Tr.ansf ormati on usi pDura 5 .(Transforpation_  Step) M
R TAa VAN 0T SETMD cFIoy dbs poRiemUd aapara could
was i nocul ated.on CZa ek- Dox medi.um and inc%ba}ed at
280% §roy deKkdLe hE gﬁ{/‘lf%‘?%%@“%rr{%.ura“ - This one of

the two strains from M. hygrophila was named as
MH-Aura-1 strain, while the strain from M. chlamydospora

was named as MC-Aura-1 strain.

(2) Evaluation of Enzyme Activity

These two st;ains were incubated on uracil-added GY
medium at 28°C for 4 days with shaking. Preparation of
cell-free extract solution of the fungus bodies was carried
out according to a method modified from the method of
Wynn et al. (J. P. Wynn et al. Microbiology, 146,
2325-2331, 2000).

Specifically, the fungus bodies obtained from the
4-day incubation at 28°C on the GY liquid medium
containing uracil of 0.05mg/ml were suspended in 0.1M
trisbuffer (pH 7.5) containing p-mercaptoethanol. Then,
the cells were crushed by applying 35MPa using a French
press. The obtained solution was centrifuged to obtain a

supernatant, which was the cell-free extract solution.



The spores were collected as described in (1) above.

SC agar nedium was used as the selective nedium for

the transformed strains. pDura5 was transferred into

the host by the particle delivery nethod
(transformation). The gene transfer, carried out by

using PDS-1000/He particle delivery system (Product

Narme; BI O RAD), was performé@ under the follow ng
conditions: Heliumpressure: 7590kPa (1100 psi);

vacuum i n chanber: 28inch HG Distance fron1target
3EHTERRT t UNEPEEn CRRLTITIER AP Beteas 1 CRImIGdAfe R twader
gene transfer, about dozen colonies grew on the SC
a@@#’l%&i’%ﬁw 8t d00.0PQxg fan. Gthcwpasi sheagbygtor giemove
each straln These col oni es mere col ] ected as the

t PABSIG hRNED THE SbdPneRtebimdraskiamrvea 8xahin e &f

i mpl ementati on di scussed _in foregoi.ng detail ed

expl and 1818 s @e0§6m9dt50514|%&§t FEReliPRe CaOhHiXHF acid
det ai | of the resen tion, which should not _ be
n®YTOR Sphper.y&a 8fed WIRPR)t heAPHREY ofWach evaluated
enbodi nent s _an concrete npl es, bu ther may be
appIcioaging ﬁ%r@e VAFFBP AR 9% etth% ﬁﬁr Y mszy g al. J.

%eizﬁfqrng?&péq& Re8 155 bhe T P éé{%i‘c?%?a"mgwed that
E &g[{)fUSTRl AL APPL| CﬁBi LITY A net h%ﬂ glcor di.ng to
FAEAEY OKEPoPC BFe AP ARG L ARSI (iRt odBcEAGE Of

f%ﬂ%%% gg,a£§ descri bed above,

(3) Transformation using pDura S (Transformation
Step)

M. hygrophila MH-Aura-1 or M. chlamydospora
MC-Aura-1 was inoculated on Czapek-Dox medium and

" incubated at 28°C for 2 weeks, thereby forming spores.
The spores were collected as described in (1) abbve.

SC agar medium was used as the selective medium
for the transformed strains. pDuraS was transferred into
the host by the - particle delivery method
(transformation).The geneée transfer, éarriéd out by using
PDS-1000/He particle delivery system (Product Name; BIO
RAD), was performed under the following conditions:
Helium pressure: 7590kPa (1100 psi); vacuum in chamber:
28inch HG; Distance from target: 3cm; and tungsten
particle diameter 1.lum.) After the gene transfer, about

dozen colonies grew on the SC agar medium after 2-3 day



i ncludes a transformation step including transferring
a marker gene into a host, where the host is an
auxotrophic strain of the |ipid-producing fungus, and
the marker gene is a gene conplenentary to the
auxotrophy of the auxotrophic strain (gene transfer
step); and selecting a transformant, using, as a

mar ker, recovery fromthe aukdtrophy of the host

(sel ecting-out step). Wth this arrangenent, the

present invention makes it possible to _efficiently
aﬁalc‘é%%@tq%@y HPoduder acaselStFatPet Yhesgvaolonies were
strain) fromthe |ipid-produci ng fungus belonging to

M EFET Y AT PPE HARREOTRP type. -44- Noreover,
sel f-cl nlng is_applicable in the resent inventio .
Thus, Tto &g ispt ARdan GPBFEREST at €XapRRIes  of

et fﬁ%é?i%lﬁ@ﬂ%&%ﬁﬁﬁﬂfﬁgsfﬁ?m Siegbing” detailed
A o g s s Bl S Seb o oar el dRtails
AR R a1 R Iy Ated. sehich SR IePhaRt  arrowly
neraneird Suklns e LB hs bt mveh ¢ R ppeimenth, and
o e ??%%bﬁpet%eqp-fg-ﬁaﬁguﬁtr%%‘%é Bepfppblicd’ if Hany

Mor t || || ! d
ForEtans [ REisEe TR el ool B¢ Lﬂ"r&ss?{;ﬁuﬂrﬂagﬁuon

L&g A dseuc?hsgcthaaxlﬂllgh%%s ngsho%c%gcrcgle%g t&le scope of the

patent claims set forth below.

INDUSTRIAL APPLICABILITY

A method according to the present invention for
breading a lipid-producing fungus is, as described above,
includes a transformation stép including transferring a
marker gene into a host, where the host is an auxotrophic
strain of the lipid—producing.fungus, and the marker gene
is a gene complementary to the auxotrophy of the
auxotrophic strain (gene transfer step); and selecting a
transformant, using, as a marker, recovery from the
auxotrophy of the host (selecting-out step). With this
arrangement, the present invention makes it possible to
efficiently and effectively produce a novel variety (novel
strain) from the Ilipid-producing fungus belonging to

Mortierella spp. as the wild type.



i nvention, for exanple, it is possible to attain
effective and easy production of a strain which is
improved in the lipid productivity, or |ike effect.
Therefore, the present invention is applicable to
industries relating to various fernmentation techni ques
using Mrrtierella spp., and food industry,-

pharmaceutical industry, andi4he like industries

using the fernmentation techniques. 45 LLOYD W SE

CLAIM5S 1. A nethod for_ breeding a |ipid-producing

f ungus Mereayehg seli-anringels aappiicakbnpin sthg tHesent
step of: performng transformation, the step of )
pePVeniiag - t B us.anéf by nBPSeAL NSt i PR hanstagpRrepriate
transferring a marker gene into a host, where the host

i PHA ufr@cgmenéu%épr%p%hé sVilg-hype tivengus of Mortierella
| i pi d- produci ng fungus, and the marker gene_ is i
orsiP dyRng teengfey ridivhdiNHodvagsre g toghl csaueeqtinggphic
a transformant, by using, .as a marker, recovery from

t HET2alx ot R BHHRY of ORKEOHIBE, EXPrARSIRE: Hd BasSBEFific gene
fogﬁh in Cdaiml, wherein: the Iipig-producing fungus .

i dhiBht | SFPTES IO na, CNBEEGRIRE| aOhy gE&FHiaSS10Ngr timing,
Martierella chlanmydospora. 3. The nethod as set forth

i ANGIRIHOT ¢l SXPIGRTIOM: 4R -kl ddvipoFerkeiSodt nBPRSEPIE to
or particle delivery nethod is used in the step of .

t dnsHiay @ rgansfoTREA Rkt iBd s st TRFEh sithaany %Eﬁéctaf can
OﬂnsltOSfthr

tain such 1mprovements such as an increase in lipid
production, modification of the lipid production in terms
of kind or composition of the lipid to produce, etc.

Mortierella spp., are well known as a lipid producing
fungus, and includes highly-reliable 1lipid producing
fungus such as M. alpina. Thus, according to the present
invention, for exampie, it 1s possible to attain effective
and easy production of a strain which is improved in the
lipid produ.ctivity, or like effect.

Therefore, the present invention is applicable to
industries relating to various fermentation techniques
using Mortierella spp., and food industry, pharmaceutical
industry, and the like industries using the fermentation

techniques.



conprising the step of: obtaining 5-FOA tol erant

st ?gi ns f?om a w | d-type lipid-producing fungus. 5. A

met hod for breeding a |ipid progducing fungus bel ongi ng

to Mrtierella spp. substantially as herei nbefore WISE
described with reference to any one or nore of the LLOYD

Exanpl es.
CLAIMS

1. A method for breeding a lipid-producing fungus belonging to
Mortierella spp., comprising the step of: performing trarisformat_ion, the
step of performing the tra’néfdrmati'oh comprising the steps of:

transferring a marker gene into a host, where the host is an uracil
auxotrophic strain of the lipid-producing fungus, and the marker gene is orotidylic
acid pyrophosphorylase gene; and

selecting a transformant by using, as a marker, recovery from the

auxotrophy of the host.

2. The method as set forth in Claim 1, wherein:

the lipid-producing fungus is Mortierella alpind, Mortierella hygrophila,

or Mortierella chlamydospora.

3. The method as set forth in Claims 1 to 2, wherein:

an electroporation method or particle delivery method is used in the step of |

transferring.

4. The method as set forth in any one of Claims | to 3 further
comprising the step of:
obtaining the 5-FOA tolerant strains from a wild-type lipid-producing

fungus.

5. A method for breeding a lipid producing fungus belonging to
Mortierella spp. substantially as hereinbefore described with reference to

any one or more of the Examples.



