-1 DESCRI PTI ON METHOD FOR BREEDI NG LI PI D- PRODUCI NG
FUNGUS TECHNI CAL FI ELD The present invention rel ates
to a method for breeding a |ipid-producing fungus,
especially, a nethod for breeding a lipid- prodjmwmmmmm"
fungus belonging to Mortierella spp., the neth
bei ng such that the breeding is carried out by *159159%
transformati on, but not selegtion using antibiotic.
BACKGROUND ART Techni ques (fernmentation technigq |

a broad sense) for produ0|E§ usef ul conpounds ﬂ”Mﬂmmmmmm
m croor gani sm s net abdPESHRRAPEI6EEN devel oped an
reduced in practice. Lipid-producing fungi capabl e &fo002*
producing a lipidin a large quantity by its

met aboli smare sone concrete exanples. Fun

belMEG R B oF V5t (B BE PAN G dg Pl @Wlﬁ?@r BUNGUS
al pina are typical lipid-producing fungi. Mrtierella
spp., Wwhich are known to produce pol yunsaturated

fatty acid (PUFA) such as arachidonic acid, are
ﬂHﬁGgiNi@ﬁﬂyFugﬂﬂQI fungi (e.g., see Japanese Patent
Publ i cati on, Tokukouhei, No. 7- 34752 (published on

April Tioe IDoByeRbr iayseHdPAg FelakRsatPned JEmifee for
Pat ent Publlcatlon Tokukalsho No. 63-44891,
esidiste e 2lipidrpspdargings fumgyy) . especially, a method

for breeding a lipid-producing fungus belonging to
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—produéing fungi capable of
producing 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
polyunéaturated 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



Breeding (i.e., breed inprovenent) for inproving

their genetic properties has been carried out for

vari ous useful organisns including mcroorgani sns

such as the [|ipid-producing fungi and the |iKke.

Breeding is very inportant especially in the
fernmentation technology in order to attain better
efficiency, |lower cost, and phe like in mcrobia
producti on of a conpound. The breedi ng net hod

basi cally includes the step of «creating a popul ation
iow | Kelbngaggn2di cl ¥@Bjlati on (hereinafter, this step

is referred to as the population creating step, for

t he sdRecoflirgsyiexpl dmetddn)imprevementyt efprof improving
sel ecting, out of the population, a variety having a
déstirageagitoppropet ticrseihrs tegent hpsrrd s Faf saragus
to as the selecting step, for the sake of easy

axpt Anhtorghnisnar iiogd ugioge g8 et g Mol HAGptBHcAs ashdhe
popul ation creating step and sel ecting_step depending
dapivhi o dsingof fangsefand ortdeni ii¢.s Boegslipgedis Fotrery
m croorgani sms  such as the |ipid-producing fungus and
timepbirkent( espeniedeninr éhei rigrmeﬁ;é@@om teghnology in
transformation process is mainly adopted as the ) )
posie mitpoat ierisabiete s edplecienp ymirayeh cosdata g Prodddss in
I n the popul atjion creation step adopting the nutagen
trmarohgaﬁp@@ég%qtlp@eowp@loalﬂp@hm@- created by

inducing mut ation in the m craqorgani,smby. various

mot hodSheThaecd g AaeHesrs DaRISed AL INGRS e step of
nmut at i ons randon y. ) ) . . ..
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 Ipopulation, 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



Therefore, even if a variety (strain) show ng a

targeted trait is obtained in the selecting step,

there is a possibility that the variety would have an
unexpected danmage in a gene other than the gene
regarding the targeted trait. For exanple, the

mut ati on woul d deteriorate a |lipid-producing fungus
internms of multiplication,-gpore formation

capability, or the like, even though the nutation

causes the |ipid-producing_ fungus to produce a
dnfftegeneKisncaoises | plany Théndsorad, musapyus ataedomly.
creating step adopting the nutagen treating process
doeer eistrepr @viese ttha waristydlstraia)ststewiegn spetargeted
obt ai ned. Further, this nmethod creates a popul ation_ . .
doadt d6cabtafneddinviaaaselaoting ¢ bk e ke igsagpossibility
mut ati ons are randonly caused. Therefore, (if_ the .
ddradcttiey waEs tHf Wé?uk%ehaifiépapatli’éﬁxé’le@ét?finglasmé‘pgedila a
not have appropriate selecting nethod gscreening )
maroPther dhad tha&ehr afﬁtgar@é%itﬁ)e avgated Hgait. For
targeted character, ,all the individuals cansistin )
A B ith & AmsKak o BEOSHEC REHCT O T i 2olIP 1 dn eR UCing
kind of mutations they have, This i.s highly .
ITREEE U8 onblini REETS2) OFr amRHbHRAIGH OFhoc 859 TReadRR&tION

(e PO a0 T abke, et A URIp A (B Gtion causes
SIS oY LATSL B d ML SCT oLgEnLam L0BE o
tl?}.g?c?.t eI‘%erefore, 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 not 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



character (i.e., transformation ). That is, the

popul ation creating step adopting the transformation
process creates a population controlled to express

only specific gene for the targeted character.
Therefore, the selecting step after the popul ation
creating step is only required to select the desired
variety (strain) out of the ghtained transformants.

Thus, the screening is easy in the selecting step.
Further, it is possible to avoid unexpected damage in
thredyerre Ddthefragmertthengenesaeyatdi nfptehe thegdrageted
character. Therefore, this method saves the |abor of
chetaretedi Ay e. sifgwirtsioampyions).dddwt bed thoveombkation
popul ation creating step in the breeding preferably
sdeptinghetap adepiing i e pregwiormabiore gl ess mapptes
t echni ques have been reported as to how to transform

i Irepulation wrptrllefdi ¢ sBPrespePrdy spscibel @egre for

Specifically, (a) Docunents 1 to 3 listed bel ow
dhectasgeted hahguastenr Tthersliogen Hee fselepdimaustep after
fungi, such as Aspergillus nidulans, Neurospora

thespapwlatipar crepsing|stedr ysnehhivdeqpinesede select the
techni ques, uracil-auxotrophic strains are used as
exgireer uphEcthestradng evtoefl thenofdedagd srangépemants.
conplementary to, uracil auxotrophy strain are used as
FrREr thenssTeRRING ecasy 48| ERe $pkeqtinAsPbypadiurther,

Mor eover, (b} Docunent _4 |isted bel O\g di scl oses -5
1t 1s possible to avoid unexpected damage in the gene

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



techni que of the transformati on process of M alpina

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 perfornmed using, as the marker gene,
hygronycin B-resi stant gene (hpt) derived from
Esherichia coli. Wth this,. gn organismthat can grow

on a hygromnycin containing nedium can be selected out
as the transformants. Docunment 1: Fungaro M H. et al.
Rerchsnitwe obf athe Letansfasna2dsn 297oct995 ofodinetipira In
Herzog R W et al. Appl. Mcrobiol. Biotechnol., 45,
33ds33h A d96epPgdurtemlasts Anmpeepadedefraun spomes and a -
Genet., 17, 97-103~ 1990 Docunent 4: Mackenzie D. A
gemt . isAgphnsEaviedninto celdbi bly. elestrapesa tiesl, mzibod.
However, the technique adopting the transformation is
dsadeanragecusening iaf ithali tfassfermendisf eist i perfprmed
and efficiently performthe breeding of the |

| pingg prasd Udi ngmankryuLarhet Fm@esiRUBresistant gene
Specifically, in the technj qu;@(;a) adopting the )
H{bantd de mistdchrirerm t R heiri ahigntoolo’ TRBUShEY, e organism
particle delivery nmethod, the filanmentous fungi such
dhax cam guoanPrl INEemysant 60péainHpgferasidgar gan be

not suitable for industrial production of the lipids
sipdecaedpopp as the transformants.

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
is 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,



because lipid productivity of the filanmentous fungi is
low. On the other hand, the technique (b) disclosed

in Docunent 4 is a technique for transform ng M

al pina, which is known as an industrially-applicable

I'i pi d- produci ng fungus. Thus, the technique (b) is

advant ageous over technique (a) in terns of industria
application. However, all Nbgtierella spp., typified

by M al pina, are not hygronycin sensitive.

Therefore, if a hygromycin tolerant fungus of

Npxt¢aesel lipidpproducusedyas! the fibsmen teushignginisilow.
tol erance cannot be used as the marker. Mst of PUFA

are eGentthal dthey hends, thid dieatebiatee () disclosed in
conpl i cated physiol ogical functions in vivo.

Thecefmeat 4PURA a etsilvesquechoat teanisborasngy M. alpina,
important nutrient recently. Therefore, there is a
dehdeld forisa fdrmewmati oas te@mi qundibstripldduepplicable
PUFA nore efficiently. To attain such a fernmentation
tlephhipreducings feogssar y Tlousst abh¢ shteahnaghsi que) is
for efficiently and effectively breeding fungi of N
MuivanteReausppovemhiedhaieuki dhly inelteabre @ andustrial
|'i pi d-produci ng fungus. The present invention is
#cephglaitséldd in view of the above problem An object

of the present invention is to provide a nethod of

br eedigweevapi albrMontiarglfurips., BEPefigichdy oM. alpina,
Mortierella spp., the nmethod being capabl e of .
W di a BWST O M eitprotiueithye £ thlgasekdeacti el jygramycin
efficiently without using an antibjotic.

tolerant fungus of Mortierella spp. is .used as the host, the

hygromycin tolerance_cannot be used as the marker.

Most of PUFA are essential fatty acids, which relate
to complicated physiological functions in vivo. Therefore,
PUFA receives much attention as an important nutrient
recently. Therefore, there is a demand for a fermentation
technique that produces PUFA more efficiently. To attain
such a fermentation techﬁique, 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.



7 DI SCLOSURE OF I NVENTION I n view of the above

probl ens, 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 of
Mortierella spp., if an auxotrophic strain of a

fungus of Mortierella spp..,7which is a lipid

produci ng fungus, was obtained and a system was
established in which transformation is perforned

using as a marker a gene conplenentary to auxotrophy
for the auxotrophic strain. The inventors also found
thag Qis@ SAfRENOE SN BMTHdKkNs it possi ble to adopt

sel f-cloning, thereby making the breeding nore

ef fi cilantvieandfefthectiboere Tieo blaament theaviem ¢ mtors of the
based on these findings. A nmethod according to the
pressent invemtion fcuad, et kodebult lofeddiggnd works, that
| i pi d- produci ng fungus belonging to Mortierella spp.
titewmst b dbé ned sislitlg thecfieiently amel feffathiyely perform
transformati on. The step of performng the
ttranstformaation i frol wlésstirins ep tdfe fumgsfel riMagtigrellia
mar ker gene into a host, where the host is an _
Dt dghfan agtxainodiia grkiipi ¢fpaofucigus fehgdertimmglla
the marker gene is a gene conplenentary to the

asmpt,r vhiclofisthdipadixprtodphbingsiunrgus, andssebssinag and
transformant by using, as a marker, recovery fromthe
auxoyséphy ofashesiestlislrad nist hodhich ptedepaprypation is
arranged such that the

performed using as a marker a gene complementary to

auxotrophy for the auxotrophic strain. The inventors also
found that 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



-8 |lipid-producing fungus is Mrtierella alpina,
Mortierella hygrophila, or Mrtierel Za chl anmydospor a.
Moreover, the nethod is preferably arranged such that

t he auxotrophic strain is a uracil auxotrophic

strain. Furthernore, the method is preferably

arranged such that the marker gene is

or ot hi di ne-5' - phosphat e decaghoxyl ase gene or

orotidylic acid pyrophosphoryl ase gene. Mreover, the
nmet hod may be arranged such that an el ectroporation

higp idogb rord waint g cfendgpl s ves y Mettietelils wpdnai n Martierella
step of transferring. Furthernore, the nethod may
thygnarhilac| adedMontersilep dilabydiasipara.héMoreover, the
auxotrophic strain froma wld-type |ipid-producing
fmoatiued reldpréimralblybjperangdkguebsthatdtlse renguotisophic
the present invention will be nade clear by the
@ésainpis on ol aExetrephihesthiant dgethefrmiege, the
present invention wll be evident fromthe follow ng
axpthadt inrmiaferefdyeacranged: saradr diliatgdheBESAT KEDERENE
FOR CARRYI NG OQUT THE | NVENTI ON One enbodi ment of the

bB esedt Ot hidimg dn-phosddsats bedlpepboxylaseoul gepg  or
noted that the enbodinent is not tolimt the present
orestdYHR. aci e qpleesphanylasei 88nct he step of
performng transformation in which auxotrophy is

utili Meregvar, fheksretRoderiay il A anredtepchf that an

creating a 1:|o_opul ation . . .
electroporation method or particle delivery method is used

in the step of transferring.

Furthermore, _the method may furthef includes the
step of obtaining the auxotrophic strain from a wild-type
lipid-producing 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 utilized as a

marker is performed as the step of creating a population



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

Using this fungus as a host, a gene conplenentary to
the auxotrophy is transferred into the cells of the
fungus (transformation). Afger that, a transfornmant

is selected out of the population using recovery from
the auxotrophy in the host as the marker. The

fislcleding desgehisdsc i Hadeatioms heo f begusresd (i.e., as the
Mortierella spp., which the present invention uses, .
P ulrided ngreeting aéesdi %@Gt%fmélqor eg&nt auxotrophic
invention, and a wuse thereof. (1) Fungus of ,
wireirr efl & dymeunecf udbeidioreer spdrelifaoigined.pdhis
bred by the ,b[eeding net hod of the present, invention
i@t s igartlipid apT9d HiCARReH N gHIS: OUSIRE| HrsniBpgUs as a
fungi belonging to Mortierella spp. may be used as :
S Hungus 8RBT é@t@mléme%amr&| atlep. apxodropdey 1s
into two subgenus, nanely, rtierella and X
Wransiaeed 110 rifiyi CHdP onfithe tfiiingbs: (g sfprmation).
subgenus produce fatty_ acids of carbon nunber of 20
NERT astBfbichidoriT@fiod MaBdnwhd | S$IRFEbelodHyi Rf the
to M cranucor subgenus produce fatty acids of carbon
RARelagrm P E§SOVERE QR U S WBPHTQRBYI it {fis host
used ilwtrgkpresent i nvention may be any fungi

s bR MRk

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 is not
particularly limited. Various filamentous fungi belonging
to Mortierella spp. may be used as the fungus, for example.
Mortierella spp. is divided into two subgenus, namely,
Mortierella and Micromucor. All fungi belonging to
Moftierelld 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.I used

in the present invention may be any fungi belonging to



- 10 either Mrtierella subgenus or M cronucor

subgenus. Specific exanples of the fungi belonging to
Mortierella spp. are: M alpina, M elongata, M

exigua, M hygrophila, M isabelina, M turficola, M
gansii, M cogitans, M capitata, M vinacea, M

chl anydospora, and the like. It should be noted that
the present invention is n Ol_i mted to these fungi.
Among them M alpina (Mrtierella alpina), which is

wi dely used as a |ipid-producing fungus, can be
peieheraMortissedld 5 Uhege n prsesenMicrorenicoorsub e hsiknown
that strains of M alpina accurmulate, within the

f ungusSpedifes, RUEAnpiel asof artdohi dbmngi acbdl¢ABMg to
M alpinais wdely used not only in the researches

oM vt espitchepis afe POFAabpinal si. elodhgttd,alM. exigua, M.
producti on of PUFA. How to obtain the fungus of
Moygrepélilcs sppl., isobeluding M. afypifieqld,s Mot gamsii, M.
particularly limted. It is possible to obtain the

f cogtenfs; oM depgsitate,y MnstintandmnsM. fahlamydospora, and
m croorgani sns and the |ike, such as Institute for
fdrerdnkat ilonshordkla beATicd edArtdratc AheTppesCultt imeention is
Col l ection), or the like institution. For strains for
vihbth lipdtedt tppltheste ofiubgie Wemorgl dhhemty M. alpina
possible to obtain the strain fromthe International
HdlentieceJani stipibsposi whriclof ide Natdedyal wpsditase a
of Advanced |ndustrial Science and Technol ogy. ]
Hipidheproduiciggpdswigue, t 6asbt Ben prefdrabéy amaatknomn the
strain belonging to Muxrtierella spp.

present invention. It is known that strains of M. alpina

accumulate, within the fungus bodies, PUFA such as
arachidonic 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.,
including 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



froma natural environnent using a well-known

screening - 11 nmethod. (2) Lipid-Producing Fungus
Breedi ng Met hod According the Present Invention The
breedi ng net hod according to the present invention

may be arranged in any way, provided that the

popul ation creating step conprises a step of

performng transformation_(yereinafter,

transformati on step). The breeding nethod according

to the present invention, however, nmay nore

pneftkioahl y conprise a step of obtaining an

auxotrophic strain (hereinafter, auxotrophic strain
obtaining step). O course, the breedi ng nmethod may
conprise a step(s) other than these steps. In the

fol | ovi2ng, LipebePstcopsimge déuagured iBroaedmg. Method
<Auxotrophic Strain Cbtaining Step> The auxotrophic
shicad ndiohg dihd Ryesteeyt Isvaotioparticularly limited,
provided that it obtains an auxotrophic strain
(auxotThehi brewdang) frahedw ddeoypmgf utmgushaf present
Mortierella spp. A well-known technique for obtaining
anvanobnophay btr arnamme denadopt eday, Bspevciddd ythanh the
case where a gene relating to the auxotrophy is known
(ropujativrcasecatiagesten scdmprdsoat a sfepheofapainfsiming
of whol e genonme, or the like case), it is possible to
divea sforhea biptot rityriecnedten.n byakabekmationhestegehe. The

breeding method according to the present invention,
however, may more preferably comprise a step of obtaining
an auxotrophic strain (hereinafter, auxotrophic strain
obtaining step). Of course, the breeding method may
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 is 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.



-12 The present invention is not limted to a

particular kind of auxotrophic strain. For exanple,

the auxotrophic strain may be an auxotrophic strain

for an amno acid such as |eucine, histidine,

met hi oni ne, arginine, tryptophan, lysine, or the

i ke; an auxotrophic strain for a nucleic acid base
such as uracil, adenine, or iphe |ike; an auxotrophic
strain for a vitamn; or the like. In the present

i nvention, for exanple, an auxotrophic strain for
uraci ITHhepresant emvantion isusxstr dshitedttaig)pasticular
used, as in Exanples |ater described. The uracil )
&iixcst rafpRivatnoginic is¢ravped ol | sx @RS affeouguKetrophic
Mrtierella spp., because it allows to use 5-fluoro
oitoeie aay Ps- PR auslodrapddcastaainmfkerapoemino acid
positive selection in the screening. Therefore, while
SAECux &g opheecsteai nhdptidimieg Bidhigainge ardbgigaae,
to obtain a strain that cannot grow in a synthetic
FEYPGAPIR Wh L e ne parf tihiLHEe naiy eusatrophigsteainider a
auxot rophi ¢c_strain obtaining step may be arranged to
sutaiaict peldihasp SHER 88 BERIcAL aneminigy pg thaedike; an
mut ati on gene. For exanple, screening with 5-FOA nmay
FelpRETQR iy SHr @tHefOY o SobY HigAman ur 8€ Itheuxbidsophine” the
strain in which nmutation oc&irs at URA3 gen%,or URA 5
FERS eI AV sntons dode FKAGRIE h Sk HBEQItpPR A atrayn for
be perfornmed in order to obtain a lysine auxotrophic
A {hprwacfﬁeﬁm%w BEEOLEORRILYSIT yidHe 18y USPSs as
ggpﬁi)q@lr}lﬁlaﬁi](%rﬁgfgeégglcfibteod.oti‘th% %r%.%i?lg(lg}ttggrpoh}gﬁic strain

is especially advantageous for Mortierella spp., because it
allows to use 5-fluoro orotic acid (5-FOA) tolerance as a
marker for positive selection in the screening.

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 auxotrophic 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



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 for performng the
transformation in the population creating step for

the breeding. The transformeidon step at |east

i ncludes a gene transfer step and the sel ecting-out

step. O course, the transformation step may include a
sdsepldy atleermardeert hgsaestfops,usd hecelssartyanbfiergetdon
transfer step in the present invention is not

pstrep.cul arly Iimted, provided that the gene transfer
step transfer a marker gene into a host, where the

host is an auxotrophic strain of a fungus
(l'ipid-producing fungus) of Mortierella spp., and the
mar ker<'feapsifermeaéna Stoppl efkemartyratsfieeStep>
auxotrophy. The marker gene is not particularly
limtebheasrdnafprmsitidn geep is, eonplesmnbady atwtdhe the
nmut ati on (auxotrophic rmutation) in the auxotrophic

sttregi for peefofindald ytheexaaplsdorviatiba rar ke goapulation
are: leu2 gene for |eucine auxotrophic strain, his3
gereatfiog Biepi iméheabroedopi cTher tiansfomaagrre $tap at
| ysi ne auxotrophic strain, trpl gene for tryptophan
deesttr ophledssr ai geng 43agsierostemrasdgéhe Beleckimg-out
auxotrophic strain, ade2 gene for adenine auxotrophic
s3teq1.n . Of course, the transformation step may include a

step(s) other than these steps, if necessary.

The gene transfer step in the present invention is not
particularly limited, provided 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 mutation) 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
uraS gene for uracil auxotrophic strain, ade2 gene for
adenine auxotrophic strain.

For example, the present invention may be arranged



For exanple, the present invention may be arranged -14
such that the host is the uracil auxotrophic strain

and the marker gene is ura5 gene, as described in

Exanpl es. There is no particular |imtation as to how

to obtain the marker gene. The marker gene may be
obt ai ned, by wusing a well-known nethod, froma
(mcro)organism (such as yegast) other than the

fungus. A commercial ly-avail able marker gene may be
used. Alternatively, because self-cloning is
appthcdbd e the hbetpsesleaturavdntiicotropdicnsiiedn gerk the
may be obtained fromthe fungus of the Mrtierella
spprkeshgehei s used geridjeababtscidred nat Bmeenplehe

| at er - descri bed Exanpl es are arranged such that urab
gene \Rlseobtiai ned pfaraic W anllpinnta (ivastds toshogy adateain
sequence of urab gene in three kinds of yeasts. How to
tthensherrkdre ggere (The. mdwvet genansiay npei obtehsed, by
gene transfer step is not particularly limted.. A _
dosireta mgnlrknwm-mmcﬁefmm sulmiggo}jdeganism (such
el ectroporati on nethod, particle delivery nmethod, or

tahfe yda e adhendheay tee fautgupprbpromreeyciddy-aneilable
fungi of Mrtierella spp., it is preferable that the
fmaghksrbodasse bemay ot bl asteed. | fAltrrmaidvelyporhecarise
method is adopted. A specific nmethod of the particle
dellfvdoyimg hisd applisablsarto ctlee gpreseriodnvetion, the
course, the particle delivery nethod is not limted
ttoagkerpgane| angyin bfet abdaimed dnekrer thendungust of the
particularly limted in terns )
Mortierella spp., which is used as the host. For instance,

the later-described Examples are arranged such that ura5
gene was obtained from M. alpina (host), using a base
sequence of uraS gene in three kinds ofyeasté.

How to transfer the gene (i.e., how to tranéform) 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 is preferable that the fungus bodies be
protoplasted, 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



of its specific structure, provided that the marker

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 nmarker gene
shoul d be constructed as a gene construction which is
prepared by ligating (a) a region (hereinafter,

reconbi nant region) to be respobined with a

chronmosonme with (b) an expression cassette prepared

by ligating a pronoter thereto. Therefore, the gene
compt rsct thhat nblye benariesf gened dant obehexpossseda dn the
vector in which the gene construction has been

i prsesd et invantéonatihelmarkies gene shostldubti oansayuséed
transferred into the host directly. The expression

s seigen ofcdetmectien yamissh vilki pheparedohyaligeding (a) a
t he gene construction, should be structured such that
titegiprofbeeeinaficrgareshirbinten upsgieam tof heheecpankéned
gene. It is preferable that a term nator be |igated
iwittthe adowhstoroasoshet heitlar Kb) gehe. eXpresyn igpssette
addition to the expression cassettes of the marker
gerepaned bive ligetimg nanrosgpser thergine Therefore, the
construction may contain a nulti-closing site, so
tgeme acenssvueticormagx fradspaslerredr ints Yendresh WHa a
ligated thereto. Further, the gene construction, may
coattemin pipicty dfeemens monstriaetiore hagprieeep oinseérted.
cassettes of the marker gene (which contains the
hbesnativelio ik egeBRNEORETI AtE0 Nt eRAVN R riransferred
reconmbi nant regi on, and the

into the host directly.

The expression cassette of the marker gene, which is
contained in the gene construction, should be structured
such that the promoter is ligated in the upstream 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 recombinant region, the gene construction may
contain a multi-closing site, so that a cassette for
expression 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
éontains the promoter, the marker gene, and the
terminator), the recombinant region, and the
multi-cloning site. The gene construction is not
particularly limited in terms of its specific structure.

There is no particular limitation as to the specific



mul ti-cloning site. The gene construction is not
particularly limted in ternms of its specific

structure. There is no particular Iimtation as to the
specific -16 kinds of the DNA fragnents nenti oned

above. For exanple, there is no particular |imtation
in case of the pronoter, provided that the pronoter

can cause expression of the drar ker gene effectively.

It is possible to use a known pronoter appropriately

in the present invention. It should be noted that the
kasktofl tenDIN firagheénks Ninfeettibaedhiadidbicl Poonekemple,
used in the | ater-described Exanples. Simlarly,

tiedre iis Ao partticular lihmithaidwnind tassedithehromoter,
term nator, provided that the term nator can function
gsrevidedantieat pthenptetmd twt i n stheseA dapmession of the
term nator may be wused in the present invention. It
siheitke hegarot ea ffdwttive pr.eslentisi puesdiibde its node | anmldredwn
to trpCtermnator used in the |ater-described
Bxcomloder &ppiriogrmately thetkei sresenpantvienudian. It should
l[imtation in the case of the reconbi nant region,
frovindde d hehat heheeqmmds erant imegnoon sis BDNA slegmeed to
by which the marker gene to be transferred into the
flureddis . 1 bpdpmbteheubbdt iiar éhlea lappr-daschidbdhsExpedples.
in chronmosonme. In the |later described Exanple, the
reonmEmgnt then ds o B tichdsonBiniDesidi8Br)cabeot the
is no particular limtation regarding the reconbinant
ebepressabor vecovided thast thiweternlieagemecavofisnctiimnons a
is introduced into a vector to prepare an

transcription termination site. A known terminator may be

used in the present invention. It should be noted that
present invention 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 18S ribosomal DNA (188Sr).

Thére is 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,



expression vector. The expression vector may be

equi val ent to a general reconbi nant expression vector.
The reconbi nant expression vector nay be prepared by
using a plasmd, a phage, a cosmd, or the like.

However, - 17 there is no particular limtation
regardi ng how to prepare the reconbi nant expression
vector. Moreover, the prepagration of the reconbi nant
expression vector may be carried out by using a known
method. In general, a plasmd can be used preferably
itheatee iprepapattionlasf lihitatienonbgasadingxhpssdooprepare
vector. <Transformation Step 2: Selecting-out step>

Te sereceohmpimamt st egpngsshent r ane¢ it i ¥erepagris the
not particularly limted, provided that the
eteparatiosutof thepreedshiniayt ¢HPres st oreRlinr UBRNgbe
t he necover¥ from the auxotrophy of the host as the
reakded Tolel ol eusing- cut kaaspnmegpedd achr rired gemenal, a
usi ng a_known_  nethod appropriately. Specifically, the
wlaganidgcant bt ssedwyraferablyi By Bue Biepapation of the
synthetic nedium the transformants obtained after

tTfE QaMd NETEN8KPFE§BEPR ¥4LOTsynt heti c nedi um bei ng

such that a specific nutritionis omtted therein in
view of the auxotrophy that is to be used as the

marker. Wth this, it is possible to screen the

t r ansfoF FARBEOBRG YN RECRI4 SiCdREINE RUHSLEPPDed

above, the auxotrophy is used as the nmarker in the )
t r ansf bRAaPEHFldngpoUthataRxBt rmigans{ormat1on step 1s

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 étep. The auxotrophic
marker 1is 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



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

advantageous in that a gene derived fromthe fungus

of Mortierella spp. used as the host can be utilized.
Moreover, the use of the - 18 auxotrophy as the marker
is preferable for food product devel opnent, conpared
with the case where the antijgpdy tolerance is used as
the marker. This is nore specifically explained here
referring to the case of the technique of Docunment 4
expkatnephiyn asBatlegrmanéesr is pheferiadhlet Her chsed wheoduct
the hygronycin tolerance is used as the nmarker, by

Wi lfo pexamyd], ecolmpanedewitlh thabtysgreoheareethe antibody
transformants to be selected, it is necessary to add
ttode hggcemecasddh ashthpegiankeds a result, the lipid
produced by using the transformants woul d be

cont arfi it éd Whohe hygeoificaly Eaplammed piatret oefeering to
consuned as food, it is better to avoid that the l[ipid.
ithe comsanphathd wechhiggtonpti P.oromeantanpl explairade in
of the auxotrophy is the uracil auxotrophic strain, a,
JBackerpucid ngriedibhat iis, uded ¢asehwherst dhle hygromycin
production. This makes it possible to produce the

Itiope Hankel és suisest iakel thgrmarket, h&Y ohglis of newareple. In
the gene (such as ura5 gene or the |ike) o
Wit eent @Bln grome th@ugmméfﬂ»mamsf spshersdectadatit is
is, by using the auxotrophy as the marker, it is
grees prary otavadd Weyrbymgeomyet ai ndheongdium. As a

perform sel ecti ve culturing )
result, the lipid 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 Whiie selectively growing the fungus in which the
gene (such as uraS 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




al ways. Thus, it is preferable to use the auxotrophic
marker as in the present invention. <Selecting Step>
According to the breeding nethod of the present - 19

i nvention for breeding the |ipid-producing fungus,

popul ati ons of strains of various characters can be

obt ai ned by transferring various genes in the
transformation step in whichghe auxotrophy is used as
the marker. Therefore, the present invention nmay be
arranged to conprise the selecting-out step for
delvecitiog, forombdeeditgi ntde popipiat-ipowdacuagi efyngus,
having a desired character. The "selecting step"” is
ddpeiationy omft hetrdiss eofi npdotust effaiactdre can be
transformati on step. The selecting step is not for
sddtedhieny oliy t heértmasfstoimg@nt , vatioiusy t lgeraesot ridphy the
as the marker. The selecting step is for selecting a
ttramsffor meatioma\s tregp oy evpiehethbl @uxttnogdhyr is cusedf as
the plurality of the obtained transformants. There is
nhepamackenr Theredoron thgarpfeschbwingendaeny may be
the selecting step specifically. In order to select
autraptge d ran sfanpamse hive neckasdipgedataptep chur acleeting,
the selecting step may be arranged, according to the
dupposthe odbtained epapngationpea cearicdsl SRVIRE & dowiged
met hod under conditions that al]ow selection of the
tolamed otamant Thigavi seleciéngr et t@plbl és criifbetent from the

“selecting-out step” in the transformation 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 selectioh 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



(3) Use of Present Invention The breedi ng net hod
according to the present invention for breeding a

|'i pi d-producing fungus is, as described above,

arranged such that a desired variety -20 having a
desirabl e character is selected (screened) out of a

popul ati on having a genetic variations. As the marker

in the selection (screeningq_auxotophy is used. Wth
this arrangenent, it is possible to efficiently and
effectively produce a novel variety (novel strain)
dbaalmg e fdexiradde dharsacter iypsleatetpistrpentd)i ogt of a
fungus belonging to Mortierella spp. Mirtierella spp.
apepwehtidmomaviisgaal gphdtipnediatignsungsisthe marker in
Especially, M alpina. is known for its high

ridlé abelédtjioas (acrepndng)pdarakngoplmguss wiseds With this
possible to produce efficiently and easily a strain
aqraavegdmdot, iéxamppessibld hw | ¢fficiqurtdguenidi ¢ifectively
Mor eover, the breeding nmethod according to the

preséncei @ endveh warieper {wovel hetrienansobtat edniusing as
only a gene of the |ipid-producing fungus to be

ttten s fwoil dedty Moy eavelipidepfediionngy fungpsl i baldmegimg to
the present invention. Thus, it is possible to obtain
aMoréreredln isgie. DB fieaghans phr oare eeli karawype asupgligid
of Mortierella spp., and transfer the DNA fragnent

i prod tieén gafnogophEs s ciailly, Meradpynconts dnowg for its
expression of a specific gene (high expressjon, )
corgh otdliabildty expraadipith prodiiggngi finngiys. o 8 possible
expression, etc.). This makes it

to produce efficiently 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 lipid-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



possible to obtain a transformant, that is, a novel
strain, which can attain such inprovenents such as an
increase in lipid production, nodification of the

lipid production in termnms of kind or conposition of

the lipid to produce, etc. O course, the present

i nvention may be arranged such -21 that a DNA fragnent
derived fromother variety_ig _transferred into the
auxotrophic strain, without self-cloning. The

breedi ng net hod according to the present invention is
ndtatpart i QNAr | yragmiered idertieeds fiforhecbbhque vanety is
adopt and may adopt a known techni que. For exanpl e,
itratrhefecasd of ised f - dheni ngudbowamhiabt aistraim, without
appropriate DNA fragnent fromthe wld-type fungus of
Moz lifi @oglireg.spp.  (host) is not particularly linmted

and may be performed by a known techni que. Moreover,

t he apphoprbatedbng Mmrelidnedt a€oprdiagpl &0 a idehe present
be transferred, etc.) is not particularly limted,
prodrdddnt hatnohep DAt agherdimiaed rredieirzes 20t 4egbmdgue
and desired character, or has a possibility to

rtealeidaeptt tared chreaactde pt Forkeewnplte chirhis \BNAFlaragrene ple,
may be such that an expression cassette ligated at
lisagheaniaase qfr sedi-eloand g, phefertabloptsiinh agn appropriate
termnator is inserted in a reconbinant expression
Viedthorfragonenériromhetlpe exdartyneehingis of nfﬁortneirﬁil&%@pp
to this. Further, the present invention is not

| (hAstedist & ot BROtianea rlihliani tess apsb qnay bisepprfpormed by

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]




fragnent in the |ater-descri bed Exanpl es. The present
invention is described in detail referring to

Exanpl es. It should be noted that these Exanples are

not tolimt the present invention. [Exanple 1] -22

Here, a specific exanple of the breeding nmethod of

the present invention is explained. In the present
exanple, a uracil auxotrophlz-strain was obtai ned,

and transformation and sel ection of the uraci
auxotrophic strain were perforned. (1) Cbtaining

Ur aci | Haugota ophecificr akampls ol dpie Prexdizig method of
Ohtaining Step) In order to_formspores of M al pina,
Mhepsiase viash VE RGN dise XphaBzap el DR enpae aan L 3oFample,
sucrose, 0.2% NaN03, 0. 1 9%H2 P04, 0.05%C1)

0B 0594EFSDid - 7HROX0tpopbisee SHUATAR0, WIS ag&Dtadajedst edand
to pH6.0) and incubated at 28 C faor approximtely 2 .
vigassformations ambnsslegfdadedl nthoesiiagn! agissitgophic
solution  (ldrop/100ni H20). Then, hyphae were renoved
uslirednawegeasriqormed. (| waki Q@ ass Co., Ltd.: Product
No.: 3Gl), thereby to obtain a spore sol ution.

Mut agen treatnent was carried out with
N-nethyl-.N-nitro -N -nitro soguani.dine (MING wth_
r espect)t O fdnés ol res 1k ABEOLEORHIC BEEdi( AR HaRAIC
net hod of Jareonki tmongkol et at. (S.

Jabedak Qigesig eteR) . JAOCS, 69, 939-944, 1992).

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%KCIl, 0.05%MgS04'7H20,
0.001%FeS04'7H20, 2% agar; adjusted to pH6.0) and
incubated at 28°C for approximately 2 weeks. This was
then suspended in Tween 80 aqueous solution
(l1drop/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 10°9
according to the method of Jarednkinnongkol 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
0.05mg/ml, and incubated at 28°C for 4 days. Thereby,

six 5-FOA tolerant strains were obtained. The obtained



The spores treated by nutagen were spread on GY

medi um (2% gl ucose, 1% yeast extract, 2% agar;

adjusted to pH 6.0) containing 5-FCA of 1.Omg/nl and
uracil of 0.05nmg/mM, and incubated at 28" C for 4
days. Thereby, six 5-FOA tolerant strains were

obt ai ned. The obtained -23 strains were evaluated with
respect to uracil auxotrophyg_That is, grow hs of

t hese strains on SC nedi um and uracil -added SC nedi um
were conpared. (SC nedium Yeast N trogen Base w o
Artiradn Acwds e agnda Aparoed wmithSubbptet (o na)cib.aigxotrophy.

(NH4) 2SO4 1. 7g, glucose 20g, agar 20g, adenine 20ny,

t yr osiTiea80Ry, grewhhenbfiehle g traigsnoneSC nddjum and
hi stidine 2.0ng, lysine 4.0ng, tryptophan 4. 0ng,
turecint 88 deOngC | s duninnew6réngorhparicde §S@hgmedium:
phenyl al anine 6.0ng/liter; uracil-added SC nmedi um

Weast Notmidenh eBasdhev fvaluninon AsticksedanbatAsd i orhisim
six 5-FOA tolerant strains could grow on the
(Batfiateao et oredliGg) (Néls)t8O pdrégt glvaisy 208, gegew 20g,
poorly on the medium containing no uracil. Two of the
side e Dol gr dprosinai I8mgonmetmetnigrow .meghearginine
medi um contai ning no uracil. These strains were naned
&. dmga- histidane 2n0mAgy dyaiser di. 0mg)trRpdbpdtdmntodme,
Enzyme Activity Wen a strain shows 5-FOA tol erance
dindreorreicid  aukotg,ophipodsucisephénbiyges, laoneine 6.0mg,
possibility is that the strain lacks an activity of
phehyldaeabie phospheg fliter; uracil-added SC medium:
uracil 50mg/liter).

The evaluatién showed that all the six 5-FOA
tolerant strains could 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 wuracil
auxotrophy as its phenotypes, one possibility is that the
strain lacks an activity of orothidine-5’-phosphate
decarboxylase (which is an enéyme coded by ura3 gene;
abbreviated to ura3p hereinafter) or orotidylic acid
pyrophosphorylase (which is an enzyme coded by uraS
gene; abbreviated to uraS5p). Thus, the activities of these

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



decar boxyl ase (which is an enzynme coded by ura3 gene;
abbreviated to ura3p hereinafter) or orotidylic acid

pyr ophosphoryl ase (which is an enzyne coded by ura5
gene; abbreviated to urabp). Thus, the activities of
these enzynes in the Aura-1 strain and Aura-2 strain
were -24 evaluated. These strains were incubated on
uracil -added GY nmediumat .23C for 4 days with

shaki ng. Preparation of cell-free extract solution of

t he fungus bodies was carried out according to a
eetaiocteodi fi ed fromthe method of Wnn et al. (J. P
Wwnn et al. Mcrobiology, 146, 2325-2331, 2000).

Speci flilta$ ¢ y strain$ umars bodiebaspdaiared Uneei tadded GY
4-day incubation at 28C on the GY |iquid medi um ]
contlaiim ngt U2 &2CI fof 4. dByg WithwehelsinpeRieparagonvof
trisbuffer (pH 7.5) containing (3-nercaptoethanol. )
Tedhfreehex el dts spbugian L@ﬁnéhebﬁuagmwibﬂgiwwwga@med
a French press. The obtained sol ution was centrifuged
1031 o et Ct o i N & Lijse ra altnerith 0 it iged t Fro teelther magthod of
extract solution. Further, the supernatant was
Wippect ¢d talsupér FoenWiingaet otlunddiceehivlagns 146,
100,000x% for 60 mn, thereby to renove organella. In
th235Snay3la 300¢bke fraction was obtained. The ura3p
activity was neasured using the obtained soluble

fract iSopeadiertyngthe tivngeshdrdresyoshtabredetfrom 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 B-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.
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 uraSp 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,




el. (A Yoshinoto et al. Methods in Enzynol ogy Vol 51,
74-79, ACADEM C PRESS 1978). The urabp activity was
nmeasur ed using the obtained soluble fraction according
to the nethod of Unezu et. al. (K Urezu et al. J.

Bi ochem , 70, 249-262, 1971). The results, that is,
conparison of the enzymc activities regarding
pyri m di ne biosynthesis, -.25 are given in Table 1. As
seen fromthe results in Table 1, both the two

strains had the ura3p activity equivalently to the
pareegivetr & rfablg hoAs aspradrow tthenassudtedned dhle 1,
these two strains. Further, 108 to 109 spores prepared
Jeptdr dhel ywaestraisubiberd gdhe srnadkp stvifin ageivalently to
treatment. This gave five 5-FOA tolerant strains, .
tthree  axfe whissita¢nul dutonogiaop activitiedvam detected in

containing no uracil. -26 Table 1 Stra i nura3p
(thgfsteg T wioaSprims.tg) wild typel 5. 220. 2 A ura-11 2.
6- Aura-22 1. 2 X-- : not detected (3) Cbtaining

genondDntheyr, WOBaltpi AR aRBROEBRAPTEPBE &y SRPadRjehn were
and the uracil_ auxotrophic strains (the Aura-1 straip
antbjmnted tot thenpagee i yeytagem MeaHIPERL. akhis gave five

5-FOA tolerant strains, three of which could not grow on

the medium containing no uracil.



the wild type were respectively incubated in GY |iquid
nmedia at 28' C for 5 days. Fromthe obtained fungus
bodi es, genonme DNAs were prepared according to the
nmet hod of Sakuradani et..al. (E. Sakuradani et al.
Eur. J. Biochem, 260, 208-216, 1999). Spores of M
al pina were inoculated in a liquid nmedium (2%

gl ucose, 1% yeast extract; agfusted to pH 6.0) and

i ncubated at 28 C for 4 days, and fungus bodies were
coll ected therefrom Then, all RNAs were prepared by
Hpabbehl ori de guani di ne/ CsC net hod. Using digotex-
dT3 0 <Super> nRNA Purification Kit (From Total RNA)

AVER Y

fromt EM—R‘W e eikata e @ PLREab TrOjhe) TTEEp FlmP | 11 ed
usi ng 2AP-c8 Whnesi b kif $orBduct Nagel: 2 |

( STRAT VAured) oot hi ni AR ur®s c pi na
-27 | n |ani no a8 sequence® bf Ara5p of three kinds of
yeast s¥-namet yeteGtadnerel | a gram ni col a, Saccharonyces -
cerevi siae, and Sordaria nmacrospora, the follow ngs

are anmino acid sequences of two regions having a hi %1
honol dgy W Phaside cgbBPMReHIBA DI Adpavkarm (zed cDNA
SEQ ID. NO 1) Region 2: KEAKDHGEG (see SEQ ID NO
zi)leaE.‘éd on these am no acid sequences of the two

regi ons sense primers and anti sense primners )
respec¥ valpingyiafyd the uracil auxotrophic 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 total RNA. Then, a cDNA library was
prepared using ZAP-cDNA Synhesis Kit (Product Name
(STRATAGENE)).

(4) Obtaining uraS cDNA from M. alpina



the foll owi ng base sequences were synthesi zed.
Sensepriner: 5 -TTYGEHCCI GCl TAYAARGGHATYCC-3'  (see
SEQ ID. NO 3) Antisenseprinmer: 5

- CCCTCDCCRTGRTCYTTI GCYTCYTT-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

i nosi ne. Then, PCR was carri2dd-out with (a) the genone
DNA of M alpina as a tenplate, (b) the two priners
menti gned above, and (c) Ex Taq pol ynmerase (Takara

Bi o | A& JamiBpngcid epgyicaies 1fdr WoERY ! (thisgudinds of
nane; Bionetra). The PCR was carrjed ?ut wth 35

HKead s, of nampely,at Gdawmerella; gramuycoland Sagghprgmyces
72C, and then 10 m nute, -28 elongation at 7 )
tGRIIEIAFI RS, amés %?@%@d W@f%ﬁé@m ;tﬁfsézsgl%mgs are
fragment, a, base sequence.of which was then .
RLPRT raard TRETARE CF Pagtlont " ias  BIAS { VEITHE g y high
onol qgous with the nown ura5 gene. Using the DNA as
g“b?’dgg,gyt Wat ESF@\ChI?{}F%y of M al pina prepared in

(3) was screened by plaque hybridization, thereby
obtai ning plasm d pBMAURAS including cDNA of the urab

sene. SENAR1) B PAGK GBS 0SS BB NRRSTICC,
i ch 8880415 REARBREACIHEr Sal ot 1B R 1D

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 Wés 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



(5) doning of ura5 genone DNA Based on the cDNA
sequence (SEQ ID. NO 5) of the wura5 gene, the
following prinmer CRON 1 and CRON2 were synthesi zed:
Primer CRON 1: CTTCTCTTCAGCCCCCAGCCGCATCGGICC ( SEQ.
ID. NO 7) Prinmer CRON 2: :
GAGTCCACGAAAACTGCTGATGAGCAGCAC (SEQ ID. NO. 8) Using
the genome DNA of M alpinags_a tenplate, urab

genone DNA was cloned by PCR The PCR was carried out
with 30 cycles of 1 min at 94C, 1 mn at 55C, and 2
nlongatidaCat dfl® Chdneddaftiemut e el ongati on at 72C
thereafter. -29 As a result, it was found that no

i nt roMleis siredl woedr appgexdnmee tydye 1 30D p II0ANA iffagaténh, a
of Mutation Site in Auxotrophic strain Using the

praser seGREMde anfl wRObh2 wPERthas dedefronieeid usThg, DNA
as tenplates, the genonme DNA of Aura-1 strain and
Aregmestr avas Whiiohd wer eber duighlyuxoe rodleigo ust waths the
Ther eby, ura5 genone genes fromthe respective

stnaimrs wead georeed.Uging FER wvadlAarsi edpsobesi theagDNA
cycles 1 min at 94C, 1 mn at 55C, and 2 mn at _7.2C,
dntiraher 1. nzheirex glremenddnnat3)7ma g kereahest byl plaque
was found that in the Aura-1 strain one adeni ne was
imgbridigationg3t therohyt hebitaininagi oplestvl apBMAURAS
frame shift was

including cDNA of the urab gene.

cDNA of the ura5 gene had the base sequence shown
in SEQ. ID. NO. 5. The urab gene codes uraSp, which has

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

(5) Cloning of uraS genome DNA
Based on the cDNA sequence (SEQ. ID. NO. 5) of the
ura5 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, urad
genome DNA was cloned'by PCR. The PCR was carried out
with 30 cycles of 1 min at 94°C, 1 min at 555C, and 2 min

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



observed in ORF. On the other hand, in the Aura-2
strain, guanine at 398th was replaced wth adenine,

and glycine at 133th in a notif sequence was repl aced
with aspartic acid. This suggested that these

mut ati ons inactivated the wura5p activity in these two
strains. (7) Reconbi nant Expression Vector:

Constructing pDura5 PlasnmggD4 (supplied fromD. B.
Archer, see Docunent 4) was digested with restriction
enzynmes Ncol and BanH, and its ends were blunted by
Uss ng sehld, B umasnfpihtd tBeadmet iNdmen BakatedBim, urad
Inc.). Then, a DNA -30 fragnment of 5.4 kbp except hpt
rgech d meggemte,. which is the hygronycin B tol erant gene
was purified by using GFX PCR DNA and Gel Band
Purification Kit (Product Nanme (nade by Amasham
Pharnaci a Biotech & Science). Wth the restriction
enzyngé) EddRntafidaxhoh, ofBNURASionbtSiiteedni nA Ko twephic
digested. After blunting its ends, a fragnent of

aidproxri mat el y 0. 65 kbp including ura5 cDNA was

purified. These two fragnents were |igated with each

ot her Byingi tlye| pgamiess KON Plodurd KREN ToyoBER was
Ltdl.é). The direction of ura5 gene is confirned to
setrformed upimgniad pompBRtes,f tlagrasnonkatD Ndntadi Asira-1
hisH4.1 pronoter on the 5 side of ura5 gene, and )
tytp@inemmdchadbra-8nsthei whilehovaneasirmesid. apgotrophic
Transformati on_using %Dura 5 (Transformation )
strains. Thereby, urad genome genes from the respective

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 frame 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

urab5p 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



Step) SC agar nedi um was used as the sel ective nedi um
for the transformant. Spores (x108) of Aura-1 strain
were spread on the SC agar nedi um pDura5 was
transferred into the host by the particle deliver

met hod (transformation). The gene transfer, carried

out by using PDS-1000/He particle delivery system
(Product Nane; BIO RAD), wgg perfornmed under the
follow ng conditions: Heliumpressure: 7590kPa (1100
psi); vacuumin chanmber: 28inch HG Di stance from,
faagetenBaf) Sahdkbpngscept bartt Ped dragsmentr whigh ks the
Four colonies grew on the SC -31 agar nediumafter 2-3
deyeiomyisani &h telezedtafgancet was gersifiedndyerusmgs&FX
col onies were collected as the transformant, which
WRCEB IRNA eainds Gral tBangl Rusifiearisror Kiht (BrpdecikgName
wer e exam ned by usin PCR as to whether the gene was
t{memd € ebyed nash ame T harmaciss Bintgaton® Stacigs). With
prepared fromeach transformant. PCR was carried out
libiengreptrigéime oAy MES t KecRhpladt @, £RoFaq PBMAURAS
pol ynerase (Takara Bio Inc. and the follow,n
mbtreémdqnw(%navar@l\mgeﬁﬁ)%rAfFﬁmAbiuntmg it ends, a

ACAGGTACACTTGITTAGAG SEQ ID. . 9) Priner R :
m@rwmmaémo-@ 12{80 al%)§1w¢ﬂlélgvcﬂefD$la§20DNA

carried out with 35 cycles of 1 mn at 94C, :
was purified. These t%/vo ragments were ligated with each

other by using ligation high (Product Name (Toyobo Ltd.).
The direction of ura5 gene is confirmed to select, as
plasmid pDurad, a fragment that contains hisH4.1
promoter on the 5’ side of ura5 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. pDuraS 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.lum. Four colonies grew on the SC



1 mn at 54C, and 2mn at 72C, and then 10 m nute

el ongation at 72C thereafter. As a control, PCR was
performed on the Aura-1 strain. It was found that no
DNA anplification was observed for the Aura-1 strain
used as the host. Meanwhile, DNA fragnment of 1.5kbp
was anplified in each of the transformant #1 to #4.
This confirned that reconbination wth plasm d pDura5
occurred in 18SrDNA regi on of each of the
transformant #1 to #4, thereby transferring the wura5

geper medibouht Beter the3 tdagsincmtidh taa 28Uerafter the
incubated in SCliquid nedia at 28C for 4 days with

shaké nGrainsferderrTheseeveblmi e d haveraaSpodheyrel as the
activity. The results, that is, the conparison of the

wramsferznyart aethich ivesre Jadleded an # Tall ¢42. As seen
fromthe result in the Table 2, the transformant #1

to #4 Ted tecovfsedarhe #ctioi#4y weqei eakeningdt byomsing
several tines greater than the wild type. This proved
AR tdhe to anbfettread tiveag egemewfamdtrooreddrred into them.
effectively. Table 2 Strainur a5 p wild type59. 0
Trlaasf ofstat kon gétrm@me#1938.A 0 Wwaansforepeiecsh from each
Strai n#245. 6 Transformation Strai n#355. 2

transformant. PCR was carried out using the genome 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 Strai n#4295. 0 Further, the sane 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 respectively. This confirned

that the transformation is reproducible. [Exanple 2]

The present exanple descri_b§§ an exanpl e where a

novel strain, nanely GLELO géne-transferred strain was
prepared by the breeding nethod in which the uracil

- 33 ayx@t1oPhi €h sttraisprepaned: 1 nobkanplerel imas hsted! in
(1) Constructing pDura 5G.ELO vector G.ELO gene codes
for Bqiatt meeid sehaBrcelfongatd aps wittyrshakhngh in order
converts y-linolenic acid into dihono-y-1Ilinolenic

3ei Bva @ ELO tiRN e redp RIrepanedabyivROR Tdnplrekiudas| ahat is,
using cDNA of M alpina as 'a tenplate based on the

hase coeqpanrtsonfof hResagusncen@ rieacARICEEG2Y shown in
disclosed in J. M Parker-Barnes et al. Proc. Natl.
Actsie Sci AsUSsen 97rdAb)th8284s8289in 20he. Tabithe2PCRhe
anplification, the following ; priners MAGLELOL and
VRGEfeRmvene ugad. tBri wer NMAGIELGicoCe0AdG CGAEG GAGITtY
GATTG C G C CATTC C (SEQ ID. NO 11) Prinmer MAGLELQZ:
equivalently to or several times greater than the wild type.

This proved that the transferred uraS 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. 0

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 uracil



GGATCCTTACTGCAACTTCCTTGCCTTCTC (SEQ ID. NO 12) The
anplified GLELO gene was digested with restriction
enzymes Ncol and BanHl, thereby to obtain a fragnent

of approxi mately 1kb. Moreover, pD4 was digested with
the restriction enzynmes Ncol and BanH, thereby to
obtain a fragnent of approximately 7.7kb. Each

fragment was |igated by usimg ligation high (Product

-34 Nane; Toyobo Ltd.), thereby to obtain-plasmd
pDELELO. On the other hand, pDura5 was partially
divgestetbhid lstEaoRIprefene d DNAExeagpdat 5 was used.
approximately 6.2 kb, which were cut only at one of

two EcoRl sites, were purified. After ends of the
fragments were blunted by wusing DNA Blunting Kit

( Prodid) Qanstriaking BPorend GLELCheectagment s were

subj ected to self ligation by using - ligation high )

( Pr odtLElregefieyobdelst doy. aTfrtty acidgebmitisn iedomgadhon
only that one of the sites which was |ocated in the
Enmime,of hhicne 4.cbrpvortster wdinolenic ect egids into
pDura 5'. Moreover, pDG.ELO was digested wth EcoRIl,
thidroghyp -y eoliolstlaic facighettldE b genzkwasTipy e Fanaghent SCR
were then inserted at EcoRl site of pDura5' . From
terapdificatientesing pIRNA ¢fi M. walrinaces L ® teynladsi based
cassettes and urab expression cassettes were al izqned
iom titiee dxec diegeenes RAsthelsrqeanss & ollhln&dt206662)

expression vector pDuraS5G.ELO
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 MAGLELOl and
MAGLELO2 were used.

Primer MAGLELO1:
CCATGGATGGAGTCGATTGCGCCATTCC
(SEQ. ID. NO. 11)
Primer MAGLELO2:
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 with the restriction enzymes Ncol and BamHI,
thereby to obtain a fragment of approximately 7.7kb. Each

fragment was ligated by using ligation high (Product



(2) Transformation using pDura5G.ELO (Transformation
Step) Following the sane nethod as in (8) in Exanple
1, transformation was carried out for the Aura-1
strain thereby obtaining three transformant. For the
sake of easy explanation, these transformants were

| abel ed as #5 to #7, respectively. The transfornmant
#5 to #7 were exam ned by ugihng -35 PCR as to whether
or not pDura5G.ELO was transferred into them The PCR
was carried out in the same manner as in

Exaiid eTdyob® DEdt)hehxdtatey soRDNAm:arpﬂasaﬂmeDﬂLEd@.
f ound that t he DNA fragnent of 1.5kbp was anplified

in eagdnokhehetHyrechshrai pD#babo was Pairsialdpnidigesded
that reconbination with pDuraSGLELO occurred in

1BSHDRA JRYI Theef, DAt fregemstrtai of affpraximatelhdr. &o¥kb,
transferring the ura5 gene. (3) Analysis of Expression
afh GIELrgeneclisi mnifNeamsyopleanef nwo KE¢oRPr sdtes, were
Nane (nmade by Q ACGEN)), total RNA was extracted from
gnghifdd 1 haftero emda5 afertda rfragmends sveaendlumtad by
#2 created in Exanple 1 and the GLELO

gesierg AN B hedtistg d&its (Bsoducty# N ameat Bakiara( Bio Inc.),
above. The strains #5 to #7 had been incubated under
tifhee shmagrnecibatwene condijecoed 4o iselfhéigatipnd by using
anal ysis. Using Super Script First-Strand Synthesis
Sygatiorf orhigh (Product Name; Toyobo Ltd.). 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 were then inserted at EcoRI site of pDura5’.
From these fragments, a plasmid in which GLELO
expression cassettes and urad expreésion cassettes were
aligned in the same direction was selected as recombinant

expression vector pDuraSGLELO.

(2) Transformation using pDura5GLELO
(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



RT- PCR (Product Name (nede by Invitrogen)), reverse
transcription of the total RNA (l1U g) was perforned
with random hexaner, thereby synthesizing cDNA. Then,
PCR was perforned using 1},tl (1 / 20 in amount) of
synthesi zed cDNA as a tenplate, EX Taq pol ynerase
(Takara Bio Inc.), and the followng prinmers MAG.ELO
5 and MAGLELO 6: Primer MAQEELO 5:
SEQ

CTTTGIGGGCATGCAGATCA -36 ( " ID. No. 13) Prinmer

MAGLELO 6: TGAAGATGGAGCTGIGGIGGTA (SEQ I D. NO 14)
HERPER WesSwiathed cutn ot tpD2FaGGLEL Of whd riransdecred
Imin at 55C, 2min at 72C, and then 10 m n el ongation
ahtd2ehther gafé ePCRElveas r ophoieesicau bfint ibepsaguct mEnner
the PCR was carried out. Fluorescent density for a
kand rof (8)r danebkaedpleapby oubimgete3@obmens BéHparlednd
As a result, the band was very light in the

DTS cantwdentinydi thaodtthe BN Ar&mgmend- of dnSidrp edas
strains, while the band was in a clear density in all
haplified GuElexghneft rtresf thred strains. #50ta h#7. This
ot her hand, when the PCR was carried out in the sane
mmRenbsd  witHaB80 cyclesbinhtidand wah i n gPearaSGLELO
density in all the strains. This suggests that

oquessg drin A88mD NA r@gib® gértéumgmrie@cséa%iéds iHD thee #7,
GLELO gene-transferred strains. (4) Lipid Analysis of
@@ Geneafisdasfierg $heaiimaS 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—tfansferred 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 (lpg) was performed with
random hexamer, thereby synthesizing ¢cDNA. Then, PCR
was performed using lul (1/20 in amount) of synthesized
cDNA as a template, EX Taq polymerase (Takara Bio Inc.),
and the following primers MAGLELO 5 and MAGLELO 6:

Primer MAGLELO 5: CTTTGTGGGCATGCAGATCA



The spores of the two ura5 gene-transferred strains #1
and #2 created in Exanple 1, and the G.ELO gene-
transferred strains #5 to #7 obtained in (2) above

were respectively inoculated in liquid nedia (5%

gl ucose, 1% yeast extract; adjusted to pH 6.0), and

i ncubated at 28C for 7 days with shaking. After the

i ncubation, the fungus -37_Bgdies were collected by
filtration. The collected fungus bodies were then

dried and wei ghted. According to hydrochloric

aci d- met hanol nethod, fatty acid regB#i{gsIDn Nphel 3)
fungus bodi es were converted into nethyl ester. The

ol Al ere M ASE TN L Ce €t T Guink GeXTE GaeA 6 W TG RERGRET Awhi ch
was distilled off thereafter, thereby obtaining nethyl
ester fatty acids. The obtai ned met(ByQedDor Nat i)
acids were analyzed with gas chromatography. The

result of the analysis is shown in Table 3, show ng

wei ght of dried fungus bodies when the respective
Jére-RE B sf@s reairriedr aiuts wWithaR$f eyedas) ohelmigr 86in94°C,
and fatty acid conpositions and total lipid )
Amdmcai oRS a@pudmiinn atth@ 2 °Cungosl Bddiresl Of méaciglongation
strain. In Table 3, 16:0 is palmtic acid, 18:0 is
site@aPP € dhedeaftkd.1 is oleic acid, 18:2 is linoleic
acid., 18:3 is y-linoleic acid, 20:3 is

di homEledtrapheiresasi dof 20h4 | pradasi dohi ¢heacPERandas
24:0 is lignoceric acid. -38 Table 3

carried out. Fluorescent density for a band of fragment of

approximately 300bp was compared. As a result, the band
was very light in the fluorescent density in both the uras
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 ura5 gene-transferred strains
#1 and #2 created in Example 1, and the GLELO gene-
transferred strains #5 to #7 obtained in (2) above were
respectively 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



Strainur a5 Gne GL EL 0 gene Transferred
Strai nTransferred Strain #1#2#6#7 Wi ght of Dried
Fungus14.811.718.118. 616. 8 body (m/Medium1im -) Fatty
Aci d Conposition (9 23.021.123.122.322.8 16 :
05.75.96.56.18.1 18 034. 033. 832. 832.430.0 18 :
16.58.04.55.85.1 18.23.84.11.92.72.4 18 :
33.83.63.84.14.3 20 : 316.3%4.519. 3' 20. 320. 7
2042. 62_. 63.73.03.0 24 04.36.44.43.33.6 O her Lipid
P_rod.uctl on Anmount (ng/ Mediunl nl) Tot al
I5ond it O78ret8ToH2tied6 b33 f2iirati @wo. ike. 2edlegged fumpgus
: 40.820.501.411.611.31 Lipid Content (ng/Dried Fungus
Botjiey) were then dried and weighted. According to
hydrochloric acid-methanol method, fatty acid residues in
the fungus bodies were converted into methyl ester. The
obtained methyl ester 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 reépective gene-transferred
strains (transformant) were grown, and fatty acid
compositions and total lipid production amount in the
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.



Total Lipid .342297406427377 20 :

313.210. 615.517.916. 1 20455.642.978.186.778.0 20 :
3/18 3 Ratiol.010.881.991.571.77 (20 : 3+204) /18 : 3
Rati 05. 34. 412. 09. 210. 3 As seen from Table 3, the
transfer of GLELO gene increased the weight of dried
fungus bodies, and the ratios of dihono-y-linoleic
acid and arachi donic acid IE the total fatty acids.
However, the transfer of GLELO gene -39 decreased the
ratio of y-linoleic acid in the total fatty acids.
Aywhernore, total amount of |ipid produced in the
produced and total lipid content were increased as a
result of the transfer of GLELO gene. Moreover, the

transfer of GLELO gene |ncreased t he productl on anount

ntont o of

a¢i d. The GLELO gene-trangferr@
silgni fi cant Sti@t ease in th T@PF&”@E 3/18: 3) between

and—eoentent-s—of—di-horro—y—t+not cuc?l, ci-thrand—ar-achidoniT
Y

S showed 120 gene

dithono-y-linoleic acid anj y- | $¥@hei ¢ gci dTrarsfemeduSerain

the product of the chain qu_lgltn eg#_o;g ITTng TEack gon

# 7

andbad@chi donic acid, which i'sla netafjolite from
dil hémg/MeHiumol1@ilo) aci d, oyer y-|linoleilc acid

a t A>3 an w2 v re¢—r-attro
( ngggb: 2%/ Paies) FHFg'éSLurMJg di hnq)nyo y-{1g ol ei1g @cli d16.8

[E_X&Etltlye 3cidhe Cpngsssitiokanpl e lexpl ai ns a specific
exanpyg in 23.0| 21.1| 23.1| 22.3| 228

16 : 0 5.7 5.9 6.5 6.1 8.1
18: 0 34.0 33.8 32.8 32.4 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/Medium1mL)
Total Lipid A 5.07 3.48 7.32 7.94 6.33
20: 3 ' 0.20%f 0.13} 0.28| 0.33 0.27
20 : 4 0.82| 050} 1.41| 1.61 1.31

Lipid Content

(mg/Dried Fungus Body g)
Total Lipid 342 297 406 | 427 377
20: 3 13.2| 106, 15.5| 17.9 16.1
20 : 4 556| 429| 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




whi ch the breedi ng nethod according to the present.

i nvention was applied to a fungus of Mrtierella spp.
other than M alpina. (1) Obtaining Uacil

Auxotrophic strain (Auxotrophic Strain Cbtaining

Step) In order to formspores of -M hygrophila and M

chl anydospora, these fungi were respectively

i nocul ated on Czapek-Dox nmed a (3% sucrose, 0.2%

NaNO3, -40 0. 1%KH2PO4, 0. 05%KC1, 0. 05%wWSH4. 7H20,

0. 001%-eSM4. 7H20, 2% agar ; adj usted to pH6.0) and
idestatad athe8Caftbs appydinede st yalidweiaksthFhéséahefatty
t hen suspended in Tween 80 aqueous solution (Idrop/
00dls . H2OrthEhrenordy pboel wane ureiofed pidi pgoduagdisn the
filter (Iwaki dass Co., Ltd.; Product No.: 3Gl),
therdhyetio ohtaitotalspiopiel sobnteon. Wweragénctesacderas a
was carried out with Nenethyl- N -nitro-Nnitro

segudni dfhethé MiNensfieth afes@ddiLOo gporees Mbrgoverioghe
to 109 according to the nethod of Jareonkitnongkol et
atrangf8r of d&EHIKDt gengkahceeaabd JAECBrogsictdgy- gamount
1992). The spores treated by nutagen were spread on GY |
reelil a clo2vbegl tisc oz, d 196 gemar-lisxeledet acich #yad; ag@jalsidanic
to pH6.0) containing 5-FOA of 1.0mg/mM and uracil of

G dishy/ The aLEAUbgene dirazsderseds ghyainghahpyed a
two 5-FOA tol erant strains were obtained fromM

hyigmd fiidrat andconess- FOA ttblcer aatiat (30n3vdsd St abpeween

dihomo-y-linoleic 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% NaNOs,



fromM chlanydospora. The obtained strains were
evaluated with respect to uracil auxotrophy. That is,
growt hs of these strains on SC nedi um and

uracil -added SC nedi um were conpared (SC medi um

Yeast Nitrogen Base w o Am no Acids and Ammoni um

Sul fate (Difco) 5.0g, (NH4)2SO4 1.7g, glucose 20g,

agar 20g, adenine 20ny, tygpsine 30ngy, nethionine
1.0nmg, arginine 2.0ng, histidine 2.0ng, |ysine 4.0ny,
tryptophan 4.0nmg, threonine 5.0ng, isoleucine 6 0

Deueb KeIHLORY, -41 plebp%Kadi,ne 6. 0ngd|0PUNMgSO4 7H20,
uracil -added SC nedium uracil 50ng /liter) . The

OV 00U FS GO, ha? %al hgelre cistjalsted] 5te0pH6.0) and
tolerant strains could grow on the uracil-added medi um
hhke B darte8°S rfairnappurtoxjreatplgo Werks hd hese uwere

containing no uracil. One of the two strains fromM |
hirgmrophishes pemdete simai TWeom M 86h! afflHe9IBY a SQPgion
not grow on the nedium containing no uracil. This ope

o1 drbipe/ 100 st He@. TloemM hitpdraspHvEse vesmafcl aging a
M+ Aura-1 strain, while the strain from M

gihasy dikeor dIwads rabess aC Mo Adda; 1Psodaet Noy: 3Gl),
Eval uation of Enzyne Activity These two strains were
itheredatyedo b taitia spodedsciatiosyi YhntagoBdregtmenhy¥as
wi th shaking. Preparation of cell:-free extract . s
semriedn ottt hew i g - Besfibed - Nasn Haer Ned@ 1tgegoguanidine
according to a nethod nodified fromthe netho? of

(MNNG)  with respect to spores of 10 X 08 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 uracil of
0.05mg/ml, and.incubated at 28°C for 4 days. Thereby,
two 5-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,



Wwnn et al. (J. P. Wnn et al. M crobiology, 146,
2325-2331, 2000). Specifically, the fungus bodies
obtained fromthe 4-day incubation at 28C on the GY
liquid nmedium containing uracil of 0.05ng/m were
suspended in 0.1M trisbuffer (pH 7.5) containing
(3-nmercapt oet hanol . Then, the cells were crushed by
appl ying 35MPa using a Frengh _press. The obtai ned
solution was centrifuged to obtain a supernatant,
whi ch was the cell-free extract solution. -42 Further,
yteidelgabi omgyastenr rivathdliaddder SOndinhédigm:
of 100, 000xg for 60 mn, thereby to renove organella.
lrddil sS@ayg / Htepj.ubl e fraction was obtai ned. Using
t he obt ai ned soluble fraction, orotidylic acid
pyr opiisphev ylaaeidur shpweattilvat yaMashevahtatiedd S5-FOA
according to the nmethod of Urezu et al. (K Unezu et
abledant Bs bediigrs , cald 2g¢Be @62 n 1974 ) urdhe -evad edht imadium
showed that the ura5p activity was bel ow neasurabl e
lliket the eecerf strzdae dutaigrew (®poTimnsiortiet i predium
using pbDura 5 (Transformation Step) M hygrophila
Métimihgornd whheilydospor af MoeAurvee 1 swaains from M.
i nocul ated on Czapek-Dox nedi um and incubated at 28C
floy g Pomkdias ,antertbley stoamndrepors. chiamyp@osporaecould
coll ected as described in (1) above. SC agar nedi um
west gsed asn tthee seledétimecoptiaiming no uracil. This one of

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

was n_arned as MC-Aura-l strain.

(2) Evaluation of Enzyme Activity

These two strains were incubated on uracil-added GY
medium at 28°C for 4 days with shaking. Preparation of
céll—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 ai. 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/m! were suspended in 0.1M
trisbuffer (pH 7.5) containing B-mercaptoethanol. Then,
the cells were crushed by applying 35MPa using a French
presé. The obtained solution was centrifuged to obtain a

supernatant, which was the cell-free extract solution.



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
Nane; BIO RAD), was perforned under the follow ng
conditions: Helium pressure: 7590kPa (1100 psi);

vacuum i n chanber: 28inch.i4g . Di stance fromtarget:

3cm and tungsten particle dianmeter 1.1pm) After the
gene transfer, about dozen colonies grew on the SC
darthmed; usugfarer cendrifaygatdsn nswat iaarracd28outorunder
each strain. These colonies were collected as the
tocemdftopmsntaf THRO MDOdigndars 6dhdmionc thegebyarksl e move
i mpl ement ation discussed in the foregoing detail ed
exgamatlrod s thie way elay spbublle fsaciien tWast ebhaired.
details of the present invention, which should not be |
nar r oWging nteepeditednedt woduite fractiornf ogwdhdylic acid
enbodi nents and concrete _exanples, but rather may be
apptapdosphamylasear i farahp)wi t ALhivike spWeist ofvieHwated
present invention, gr ovi ded such variations do not

ecaudling toctpe methed opdismzelel ad. §Kt Yorezn et al. J.
bel ow. | NDUSTRI AL APPLI CABI LI TY A nethod according to
tBio ghembnt? Q n2A 12902 97 bt e g valiagien ps baws hghat
fungus is, as described_above, includes a . . .
tthen SR PRt REHLEEE WRSC PedPHy measst@blendimit day igach of
ene into a host, where the host is an auxotrophic
hese strains.

(3) Transformation using pDura 5 (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) above.

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 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 1.1pm.) After the gene transfer, about

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




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 sel ecting

a transformant, using, as a marker, recovery fromthe
auxotrophy of the host (selecting-out step). Wth this
arrangenent, the present invention makes it possible

to efficiently and effectivey produce a novel

variety (novel strain) fromthe |ipid-producing

fungus belonging to Mrtierella spp. as the wild -
tipparbativrvbredw8FC det f eatbnistgain. appeiscalsiodonies hwere
present invention. Thus, it is possible to obtain an
asplopteditas thRAtTargfammatytom t he wi | d-type fungus of
Mrtierella spp., and transfer the DNA fragment into
the adieer opinocimnants t rerdby S@REFBLS i ngxamples  of
expression of a specific gene (high expressjon., )
domplomierH@ tép nex sHessiseed i Mg, thenhioregemss detailed
expression,. etc.). This nmakes it possible t obtain a,
(%R Hhemt SeTN&t SPelva tRotldn ssrrbe nthefieghnigal details
attain such i nmprovenents such ,as an increase jn lipid
priodbie i RFE SGv it eeR He oW R | spiod da%t%nniaﬁrowly
terms of kind or conposjtion of the |ipid to,produce,
dnderppetedr sYithigpghe Aigmiks| 1ofk fiwh asmbpdgments and
produci ng - fungus, and incl%ges hi ghly-reliable lipid
JTIHEES ¥y CFYRRIE SsudPastavin &l pinysy %ﬁuép Egr dingnany
to the present . invention,, for ?(a le, it is possi b%.e
tREeti RS efWHR I e thenSREY Aodudtt i dFeseTd strvgRtion,
m}@ll(?\pidesdIsnlrl)éﬁv%%rligtitor}fs do not exceed the 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, récovery from the
auxo.trophy 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 lipid-producing flingus belonging to

Mortierella spp. as the wild type.



lipid productivity, or like effect. Therefore, the
present invention is applicable industries relating to
various fernentation techniques wusing Mrtierella

spp., and food industry, pharmaceutical industry, and
the like industries using the fernentation

techniques. -45 CLAIMS 1. A nethod for breading a

| i pi d-producing fungus belogging to Mrtierella spp.,
conprising the step of: performng transformation,

the step of performng the transformation conpri sing

t he shvepseofert reaisfelonimg aisreagpticgdne iimt otlee hpsesent
where the host is an auxotrophic strain of the )
ihpedtivroduBhog, fitngusyossiblehdonmik@ingeare rpprogumete
conpl enentary to the auxotrophy of the auxotrophic
$INAI fragmilenel dcoimgthet maddf ty panfumgwsi af, Mertaerella
mar ker, recovery fromthe auxotrophy of the host. 2.
Spe . rethddtesn sitr ftbet BPNA Oragment whépetlne auxotrophic
|'i pi d-producing fungus is Mrtierella al pina, |
sbrairer el ereiyygrophitaelling EBpricsséd na ofhearfRRRIIHE agene
3. The method as set forth in Claim1l or 2, wherein:

{ higluxepostsisiosty, r aicerityadlimeci ¢f augBPrephRienst tarHNe,
4. The nethod as set forth in daim3, wherein: theg
mahibitigenef sx@msissignnectc Jphbhppamakascy Hoxysdyle to
gene or orotidylic acid pyrophosphoryl ase .

obtain a transformant, tﬁat 1s, a novel strain, which can

attain such improvements such as an increase in lipid
production, modification of the lipid production in terms
of kind 6r composition of the lipid to produce, etc.

Mortierella spp., are well known as a 1ipid prodﬁcing
| fungus, and includes highly-reliable lipid producing
fungus such as M. alpina. Thus, according to the present
invention, for example, it is possible to attain effective
‘and easy production of a strain which is improved in the
lipid productivity, 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.



gene. 5. The nethod as set forth in any one of O ains
1to 4, wherein: -46 an el ectroporation nethod or
particle delivery method is used in the step of
transferring. 6. The nethod as set forth in any one of
CGaims 1 to 5, further conprising the step of:
obt ai ning the auxotrophic strain froma wld-type
|'i pi d- produci ng fungus. - 45 -
CLAIMS

1. A method for breading a lipid-producing fungus
belonging to Mortierella spp., comprising the step of:

performing transformation, the step of performing
the transformation comprising 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.

2. The method as set forth in Claim 1, wherein:
the lipid-producing fungus is Mortierella alpina,

Mortierella hygrophila, or Mortierella chlamydospora.

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

the auxotrophic strain is a uracil auxotrophic strain.

4. The method as set forth in Claim 3, wherein:
the marker gene is orothidine-5’-phosphate
decarboxylase gene or orotidylic acid pyrophosphorylase

gene.

5. The method as set forth in any one of Claims 1 to

4, wherein:




~ Iy .

- 46 -

an electroporation method or particle delivery

method is used in the step of transferring.

6. The method as set forth in any one of Claims 1 to
5, further comprising the step of:
obtaining the auxotrophic strain from a wild-type

lipid-producing fungus.



