22 May 2006 1 DESCRI PTI ON y-d ut anyl cyst ei ne ‘Produci ng Yeast Technica

Field The present invention relates to a yeast that has ' apwWiaMoos

gl utat hi one synthetase with a reduced activity and to a food utilizing
cells of the yeast. y- grutanylcysteinedﬁnd cysteine produced therefromare
useful in the field of foods. Background Art Cysteine is used for the

pur pose of enhancing the flavor of foods and the-like. Known production
nmet hods - of cysteine include a protein deconposition nethod and a

sem -synt hetic nethod. The nmethods DB&CRAPEIGNrrently used in the main are
t he proteol ysys nethod and the sem synthetic nmethod. Although natural food
materials having high cysteine conten hgy gppded for the

pur pose -of using then1t3'§hﬁ§ﬁ@giFﬂg'Pﬁ§$o§¥§?9§g§ g? ‘stuch natural food
materials have little been known. On the other hand, it has been reported
that heat- or enzyne-treatnment of yeast extracts containing y-

gl utanyl cyst gegnieyrl1giField se to food materials having high cysteine.
contents (WO 00730474). y-glutanylcysteine is synthesized from cysteine
and gl utam c aci d grespbeteateinbynthonf natates bé §-yvehstabhatyBa%ine
synthetase. On the other hand,. 22 May 2006 2 gl utathione is synthesized
from y- gl ut agyhayahe aeutadhighgcisyathstasbswithes pgdupaeds aRELYHEY of

gl utat hione synthetase. Therefore, as a nethod of breeding a yeast that
accunul at es ¥ngl ¥bagy Feydt eitigdizinki gelienbEénthe yehste nmy be proposed

di sruption of a gene that encodes gl utathione synthetase. Yeasts whose
genes that epgad@mylcysteine and cysteine produced therefrom are

useful in the field of foods.

. Background Art

Cysteine is used for the purpose of enhancing the
flavor of foods and the like. Known production methods
of.cysteine include a protein decomposition method and a
semi-synthetic method. The methods that are currently
used in the main are the proteolysys method and the
semisynthetic method. Although natural food mate;ials
having high cysteine contents have been demanded for the
'éurpose of using them to enhance the flavor of foods,
such natural food materials have little been known. 0On
t+he other hand, it has been reported that hegtu or
enzyme-treatment of yeast extracts containing y-
Qlutamylcysteine may give rise to food materials having
high'cysteihe contents (WO 00/30474).

y-glutamylcysteine is synthesized from.cysteine
_and glutamic acid as substrates by the function'of-y—

glutamylcysteine synthetase. On the other hand,




gl ut at hi one synt het ase have been disrupted are reported in WO 00/30474,

O ake et al., Agri. Biol. Chem, 54(12), 3145-3150, 1990; fﬂﬁk al .

Mol ecul ar Biology of the Cell., 8, 1699-1707, 1997; Inoue et

Bi ochimca et Biophysica Acta, 1395(1998) 315-320. However, each of the

above-nentioned yeasts has a defect tha their growh rates are decreased

to a large extent. Further, Otake, et al. reported that the yeast whose

gene encodi ng gl ut at hi one synt hetase has been disrupted shows a bad growth

under a culture in a nmedium containi ‘}% no gl utithl onegln co arlaon with a
i

culture in. ShEeRtEhtET rﬁ?fgttg?%’t%ﬁ %?Ré“ (OPAREARY LGFSTEARPi “9B; of |
Chem, 54(12), 3145-3150, 1990 Hg? i ngi me% uq{éti%h
gl ut at hi one |HLEBIRRIAR & BB HLRS e & dgéll | one itself is

al so expensive, such nedia a not preferable.fo ndu i.a On the
ot her hgnd i SYRIRE PR aIT?t?’ﬁe%eﬁ’Eﬁr'o%rslﬁtg‘e?h guf’%ubgee%{l % égrrentloned

~yeasts at- h| gh densities in inexpensive nedia contg hn% nsu f| ci ent
anounts of glthak peHENYALes -G UAAMYAGYSERine LByBf-IR2 806 3

Di scl osure of the Invention In t ove- n:entl ed tech round an
obj ect of thé:rtﬁ%é’i'ﬂyll?ﬁ/éﬂf?%‘??‘? IR e © ?ac’sne q:In %%%l?%rs a

tant gl utathij t het th d d {
Dot ayl cy BT S S0 EeARR T cYere! %ZW%%%?L%‘%%%S PHaE" 80588, g (e
t. As | t _of t t
Lbove: mont | oGNS (ARG T AR |,
t hat tant, gl ut t
noderate gl ottt M%ﬁi}ﬁ%@e@%& vanf' 108, SRS B e 2

Ka?lbgi ?%l f%g &l dne aé]oe,nzaﬂgeo thG G ouLh af - 1419 YeAsk #d1d3t dehgnyeast

Cell., 8, 1699-1707, 1997; Inoue et al., Biochimica et
. Biophysica Acta, 1395(1998) 315-320.

However, each of the above-mentioned yeasts has a
defect that their growth rates are decreased to a large
extent. PFurther, Otake, et al. reported that the yeast
whose gene encoding glutathione synthetase has ﬁeen
disrubted shows a bad growth under a culture in a medium
containing no glutathione in comparison with a culture
in.a medium containing glutathione (Otake et al.. Agri.

: -Bio1. Chem., 54(12), 3145-3150, 1990). However, since

media containing glutathione in abundance are generally

expensive and glutathione itself is also expensive, such
media are not preferable for industrial use. On the
other hand, it would be alsc inappropriate to culture
the.aboveumentioned YeastS'at high densities in
inexpeneiVe media c¢ontaining insufficient amounts of

glutathione for use on an industrial level..




accurnul ates y-gl utanyl cysteine, thereby. achieving the present invention.
I n one aspect of the present .invention, there is providedasyeagl Which
harbors a mutant gl utathione synthetase having one or both nutations
selected fromthe group consisting of a3wtation to replace a threonine
residue at the position 47 with an isoleucine residue and a nutation to
repl ace a glycine residue at the position 387 with an aspartic acid

resi due, and .ictfo rodug stlglu anyl cysteine. In another aspect of the
present i nventi-6#; 2 et hod of . produci ng food or

beverage which contain y-gl ut anyl cystejine or .cysteine, conprising the
steps of culturi ngﬂi‘rhéi?/e Ig?v%?mn%/rhiéy?lh%%‘?c&?}%ﬁxg’ﬁéﬁ‘{%ém affied
culture or fr(%:ti opat%or}%é)roduct 2. May 2006 .Satt her eof., . or tkées%ul ture or
fractionati on®praauct® t et B HEYRHAW H&altor PELYHIf APERST food or

beverage raw _Jmt.er. al nd. processi t mxture. intg a f r beverage.
In, ye'? anot h%lru%%p%%]fbod% t%gm‘b’f%réérﬁrﬂf . o!nc‘)an,syflﬁbreé:aisse Wﬁ(r%glv?lded a °
Veast of i he TSUUAT G HIGY And Hiodi e anar Vot LaRAChIBRaP TG the yeast
extract fromthe,cells of the yeast. That _.is, the resen{:l i nvention

provi des t he Y E4ULEH 5.5’3%‘;%%“%“%88 PIRAPTNERST KOF S L2 P ahRe gV RS hi one
synt het ase having at, |e e _qr th nutatjon.selected r t he group
consisting of a rru?‘ast Fo%g%gigeB%ac?%%gnsf‘ﬁ?egh?ﬁlee?e%?dﬁgdS% ?ﬁ]e position 47
ith an isol I Lesi nd nut ation.to,.repl ace_a glycine.rgsi due at
the posi t on S8 ate, kBE, A48 el cTohgn, BB3bfe! “InE SuetkSp oincER

YO AL OV eeate (bl PEoKCRRLeACER0A Dot % (flalf YRbERCAISRY OOt

further has mutati on "to Tepla
synthetase having a specified mutation has a moderate

glutathione synthetase activity suitable for the

accumulation of y-glutamylcysteine and for the growth of

the yeast and that the yeast harboring the mutant enzyme
accumulates y-glutamylcysteine, thereby achieving the

present invention.

In one:aséect of thé present invéntion, there
is provided a yeast Which harbors a mutant glutathione
synthetase_héving one or both mutations selected from the group
consisting of a mutation to replace a threonine residue at the
position 47 with an isoleucine residue and a mutation to
replace a glycine residue at the position 387 with an aspartic
acid residue, and which produces glutamylcysteine.

In another aspect of the present invention, there is
provided a method of. producing food or beverage which contains
y-glutamylcysteine or cysteine, comprising the lsteps of
‘culturing the yeast of the invention, mixing the obtained

culture or fractionation product




the position 54 with a |eucine residue. 22 May 2006 4 (3) The yeast
according to (2), in which the nutant gl utathione synthetasgq, okhe
mutation to replace the threonine residue at the position 47 Wth an

i sol eucine residue and the nmutation to replace the proline residue at the
position 54 with a |leucine residue. (4) The yeast according to (2), in

whi ch the nutant gl utathione synthetasge has the nutation to replace the
glycine residue at the position 387 with an aspartic acid residue and the
mutation to replace the proline residue at the position 54 with a |eucine
residue. (5) The yeast according to any one of (1) to (4), in which a

gl ut at hi eRersymt f t | S m.no_aciLd sequence of
SEQ | D NO 2. (é) t%lgﬁ%eagﬁ%gg%or%?ng}%%agﬁgtgoﬁe %#%f? tt(g'e(%?],% in which
the yeassulpjiairgs tbo Hehe garusmERCCRAEOMICESod (B Ackepsyor rhgver age
conprising a.culture obtained by culturing the yeast according to any one
of (1) tBYBYalurdler PrOSRAYIABI Bhe gridturonntora ddodact ikematagm product  of

t he above- nent| d Lture contai_njn | ut anyl cysteine, or, the culture
or fractionat?%ﬁg%p?djﬁ@f FIPSAN o bvgﬁéﬁg@“hé§vﬁ% "or BekRdSby a heat

treat mengrovi8id Thendioed oF B?M&E@ﬂ?gaaag%agitngﬂ?ac(tz ’coim%g\;l‘%éﬁgegh]?OO;OOd or

beverage is an al coholic beverage read f ood, a

flavori nghdrediefgsalos @%htabﬁngeasyegg_&réﬁttm oduraft i Usideg @ cul ture
obtained by culturing a yeast according to any one of 22 May 2006 5 (1) to

(6) underuitaduliet abdred idcmdi,t i end (LBpak inet hole of yewodueixtigatood or bever age

-whi ch cont ai n -gl.utanmyl cystei ne or cysteine, conprising the
- _ {Eom t Qlé%lls g¥ the vyeast. Y ‘ P g‘

That is, the present invention provides the

following.

(1) A yeast which harbors a mutant glutathione
synthetase having at least one or both mutation selected
' from the group consisting of a mutation to replace a
threonine residue at the position 47 with an isoleucine
residue and a mutation to replace a glycine residue at
‘the position 387 with an aspartic acid residue, and
which produces y-glutamylcysteine.

(2) The yeast according to (1), in which the yeast
further has a mutation to replace a proline residue at

- the position 54 with a leucine residue.




steps of culturing a yeast according to any one of (1) to (6) under a
suitable condition, mxing the obtained culture or fractigﬁqhégﬂ) r oduct
thereof, or the culture or fractionation product thereof subjected to heat
.treatment with a food or beverage raw material, and processing the

m xture into a food or beverage. Hereinafgger, the present invention wll be
described in detail. The yeast of the present invention is a yeast which
har bors a mut ant gl utat hi one synt hetase having one or both of the follow ng
mut at i ons and produces y- glutanylcysteine. (1) Miutation to substitute the
t hreoni ne resi{@deThe yehstpascerding7toy(h. i Toldukshethe fuhant '
(hereinafter, also referred to as "T47l-type" nutation); and (2) Mitation
to substitut eglhsaghjonsesynthdbasathanetheompiabirmato Ferkpesgddic acid
residue (hereinafter, also referred to as "G387D-type" nmutation). In the
present i nventhoaoniher besifyeaatuthetPeFikiemi bhavsintdetiiteysif&pposes
harboring substantially no wl.d-type glutathione synthetase. Al so, in the
present i nventespduepanduthagmytaplonpio 2ol ace)| thamrelidtei Ta@idkeans
accunul ating y- glutanyicysteine in the mcrobial cells in a |arger.anount
than a wild- aypthgepesitieni h4debth Priguem wegiB§east of the present
invention when cultured in an SD medi um contains. 1.0% by weight or

nore,' nore préferEbeyyeast, agcording tor(Hbr eln gthichy tha@Mtt@dteine in its
| ogarithmc growmh phase. Furthernore, the yeast of the present invention
when cul t ur edgintathspnecayithebateihas e dutaron to reRidge . 0001%

to 0.1% by weight, preferably.-in a range of 0.001%to 0.006% by weight, in
its |logarithngtycine residue at the position 387 Wltn an aspartic - _

acid residue and the mutation to replace the proline
residue at the position 54 with a leucine residue.

(5) The yeast according to any one of (1) to (4). in
‘which a glutathione synthetase free of the mutation has
the amino acid sequence of éEQ ID NO:2.

(6) The yeast according to any one of (1) to (5), in
which the yeast belongs to the genus Saccharomyces.

(7) A food or beverage comprising a culture obtained by
culturing the yeast according to any one of (1) to (6)
under a suitable condition, or a fractionation product
of the above-mentioned culture containing y-
giqtamylcysteine, or the culture or fractionation
product in which cysteine has.been produced by a heat
treatment.

(8) The food or beverage according to (7)., in which the
food or beverage is an alcoholic beverage, a bread food,
or a fermented food flavoring material. |

(9) The yeast extract produced by using a culture

obtained by culturing a yeast according to any one of




growth phase. The term"logarithnic growh phase" as used herein r

a phase in which the nunber of yeast cellspduring the cul tbyng 'ﬂﬁfggg;: to
logarithmcally .with respect to culture tine.. The above-nen%#ongd
positions of mutation of glutathione synthetase and of opti'onal mut at i ons
descri bed hereinbel ow are determined with reference-to the reported am no
aC|d_sequence encoded by a gl utathione synthetase gene (GSH2) of
Saccharomyces carevisiae (Inoue et al., Biochim Biophys. Acta, 1395

(1998) 315-320', CGenBank accession, Y13804 hown in SEQ 1D i
gcégu?gciol ilstf:hb)toﬂri@ ﬂm‘i%t?o‘%“”ség]cﬁ n‘)coébg%fmjt%é sarrngene :\Ig ghlo\r/]vnt |hﬁ

1 1. For exanple, _in_the case where.the t t af hi one
synthet ase hafb®} el BYTRR YeRFOGITHE tecbcfdeso&tb%e\%[e}i i g}n %i a del etion
of one amino acid residue at the N-termnal portion as_conpal LiLN the 22
May 2006 7 retenbates SWQWYW§%%-%H§ﬁ5ﬁéBepOSPWgIﬁ)‘%l \gtr} 387

correspond to. the 46th and 386th am no acid resjdue r i val
Che’ T orm nabeeps o8 Huf e es A oh Sy T S GRS 3 1T

preSen; invention may further _ have one or. both aof it | g tations
![ Reag(rjlolt: gg rzgi gﬁﬁ %j’wﬁ‘ﬁ'ﬁ)ﬁéﬁe n‘fﬁ’é‘f’r@nqn'( <) n{biél%ln ﬁ% su égi tute
al so referredguibuse opsiyas p‘iﬁéﬁﬁfﬁﬁ?ﬁg‘?cﬁltpfegee%%fe eqnﬂodi(angl@fﬁf:ﬁre’
mut ant gl utathi one synthetase harbored by the -

|n¥e?pion iz %§é§%@??%é¥a¥?§nﬁpfﬁéﬁﬁér#hﬁ%é%%%ﬁ@ﬁi%ﬁﬁf’ J%?ﬁgﬁg?iiga-type
mut ati on an 4L - Lon i I i
&B87D-type - ?reatmeﬁgpv?i{wtéitfggd (le-lgeﬁa‘e]%ég qgéu %q:e%yirgf'et&?@ having a

processing the mixture into a food or beverage.

Hereinafter, the present invention will be
described in detail.
| The yeast of the present invention is a yeast
which harbors a mutant glutathione synthetase having one
or both of the foliowing mutations and produces Y-

glutamylcysteine.

{1) Mutation to substitute the threonine residue at
Vthe position 47 by an isoleucine residue (hereinafter,

" also referred to as *T47I-type" mutation); and

- (2) Mutation to Substitute the glycine residue at the
bositionk387 5y an aspartic acid residue (hereinafter,

also referred to as "G387D-type" mutation}.

In the present invention, *harboring a mutant
glutathione synthetase" presupposes harboring.
substantially no wild-type glutathione synthetase;

Also, in the present invention, "producing y-




mut ati on and a P54L-type nutation. Furthernore, the above-nentioned nut.ant
glutathione synthetase is preferably one in whichr gl utatBhqpg s)gt het ase
free of the nutation has am no acid sequence shown in SEQ ID NG 2.  Since
t he nutant gl utathione synthetase having the above-nentioned nutation has
a reduced activity as -conpared with theeéw | d-type gl utathione synthet ase,
the yeast which harbors the nmutant enzynme produces y- gl utanyl cysteine.
Furthernore, since the yeast which harbors the above-nentioned nutant

gl utat hione. 22 May 2006 8 synthetase retains a reduced gl utathione
synthetase aglusdanylcystetne areans Awewiulating yeglutPEEACEISEEE® no

gl utathione. The yeast of the present invention is nqt articuh rly
limted so faknaehe tmicrppialRells gt |\ HAHISS B §6§’&f"18’d1 ?‘y i t

i ncl udes yeasts belonging to the genera Saccharonyces such as
Sacchar onycestyRe exgas hes tisein ARechErshprablys t eaé'eag%hf)?o%%%char onyces
. ponbe, and the like. It is preferred that the_yeasE)oug?he present

i nventi on hasPresemt cinReiich el SHHEIRS i h S dediBh G588 -
growt h. The yeast having diploidy or nore polyplQid n.be oht ai.ned by
mating the nohdb¥ B Wekght (wedgne. Mi%%%@%&ﬁha%arh%ﬂeﬁg the
“above-nentioned mutant gl utathione synthetase with a nnng@loid of

wild-type glar aedneno®ymodetasy lexsheingg 18t Aen1eAgritPade ﬁﬁo‘ﬁtgst rain

whi ch harbors the mutant gl utathione synthetas and produces . :
-gl ut anyl cysphase- f FYRthREMOECai 4BE Y)élaﬁItOP% ?f@ﬁsPE? %P%‘i ﬁ'gﬂau?lo%ast s
y-9g nyl cy Y., ¥
having triploidy or nore polyplaidy can be ohtained., Th

g t .of th
present i nveritheh @uEtWed gnidy Shymebim 1t i%’r’ﬁf&rﬁgo,%s 3‘?‘ gxa(rarple,

DNA encodi n .
o g range of 0.0001% to 0.1% by weight, preferably in a

range of 0.001% to 0.006% by wgight, in its logarithmic
growth phase. The term "logarithmic growth phase" as
used herein refers to a phase in which the number of
yeast célls duriné the culture increases logarithmica;ly
with respect to culture time..

Thé above-mentioned positions of mutation of
glutathione synthetase and of optional mutations
described hereinbelow are determined with reference to
the reported amino acid sequence encoded by a
glutathione synthetase gene (GSH2) of Saccharomyces

- cerevisiae (Inoue et al., Biochim. Biophys. Acla, 1395
(1998) 315-320, GenBank éccession Y13804) (shown in SEQ
ID NO:2 in the sequence listing). The nucleotide
Sequehce of the same gene is shown in SEQ ID NO:l.
| Fér example,_in the case where the mutant

' glutathione synthetase harbored by the yeast of the

' present invention has a deletion of one amino acid

residue at the N-terminal portion as compared with the




t he gl-utat hi one synt hetase having the above-nentioned nutation. The yeast
of the present invention can also be obtained by subjectiqugagﬂmgld-type
yeast to an ordinary nutation treatnment such as UV irradiation, or a
treatment with a nmutagen such as N-methyl -N 22 May 2006 nitrosoguani di ne
(NTG, ethyl nethanesulfonate (EMS), nithous acid, or acridine. It can be
confirmed that the obtained nutant has the objective nutation by, for
exanple, a PCR nethod or the like. The above-nenti omed gene substitution
can be perforned 0 hafne i Shofe ViRaStibliel! posLoioRs 4middia |
reconbi nant Efgf%ﬁﬁﬁg%n%%gﬁgnﬁgéleo?i%eosequence tha?aencodes the

gl utathi one sypt het hngoi PhEodEERdahheE8bEnt BRiAkI a6idveesidiass pn to
cause reconb%ﬁgtFgﬁéggpéégng?hgﬁnutant glutathione synt hetase gene and

t he gl utathione synth e the S eeoccadton &
sPBLEGLEGC 8806 Oflo!Nore Ll RARSORE thEtbbst

mar ker gene i hg he reconbl nant DNA depending on the characteristic

such as auxotrophy. of th es the mani pul ati on easy. Furthernore,
maki ng the_ab%%%gﬁ%%%?%%e Yﬁggéﬁ%?éént DNA linear, by cleavage with a
restriction enzynme Qg t [ g HRe 8861 t{ QPeh £18N anapl farElggt i cation
control region. tha €5 %%?#oég ?ﬁ\y%aSts rromthe reconginant DNA can

efficiently gﬁve r&@gegg ﬁoﬁﬁrgknthg f@iggwiﬂg:mufgggaﬁgnﬁﬁtaamwtidn

i ncor porat ed. fhto chronmosone. The strain in which the reconbi nant DNA

has been incogﬁg£ﬁ£egbgggg %Hgigﬁégnﬁﬁeggibﬂ.the above-nentioned manner
under goes rec rnatron w a glutathione synthetase gene sequence

i nherently exjstin r ; hdabrbhentWpebiged gendse 1. e.,
the wild typet%}utg%ﬁ?%ﬁgggyﬁghg?gigﬂggﬁiognd ﬁe n%tan?‘ gl ut at hi one :

synt het ase geBgSiéignigieﬁ§eg &Qheiﬁéerégi&ﬁa gthBfeiflafter, also

referred to as "P54L-type" mutation).

A preferred embodiment of the mutant glutathione
synthetase harbored by the yeast of the present
invenfion is as follows.

(i) A glutathione synthetase having a T47I-type
mutation and a P54L-type mutation.

(ii) .A glutathione synthetase having a G387D-type
mutation and a P54L-type mutation.

Furthermore, the above—mentiongd'mutant
glutathione synthetase is preferably one in whichse
glutathione synthetase free of the mutation has aminb
acid sequence shown in SEQ ID NO:2.

Since the mutant glutathione synthetaée having the
aboveémenfioned mutation has a reduced activity as
compared with the wild-type glutathibne synthetase, the
yeast which harbors the mutant enzyme produces Y-
glutamylcysteine. Furthermore, since the yeast which

harbors‘the aboﬁe—mentioned mutant glutathipne_




chronosone so that the other parts of the reconbinant DNA (vector segnent
and nmarker gene) should be present between the two fusion 9ai8s3006
Therefore, inthis state, the wild-type glutathi one synthetase gene
functions. Next, to leave only the nmutant gl utathione synthetase gene 0On
t he chronpbsomal DNA, one copy of gl utatBione. synthetase gene together
with the vector segnent (including-also the narket gene) is elimnated
fromthe chronbsonmal DNA by recomnbination of the two gl utathione

synt het ase genes. On this occasion, ther re two cases.. .| ne case, the
wi | d-type gl FdERHheRse SRS R G qlgﬁa%ﬁqnﬁae Smt&#g%r‘?al DNA and
the mutant gl utathione synthetase gene i expised(%gﬁrefroql nhg anot her

case, on the AGHk¥EYY: +heCAREHC FRAGMHUhe? & MG SRR eft on

the chronobsonmal DNA and the wld-type glutathione synthetase gene is

exci sed. In WOIHEERYILO%e narker gene is elininated so that the
occurrence of a second reconbi a&{on can e.confkpned.%y- Qhenotype
correspondi ng to t NE&erea@tt gthdPermress)te ANFR &R SuBS i t uted strain
can be selected by anplifying the glutathione synthetase gene by a PCR
met hod and eRaRtkoHLatky stinkhed S0 HF A drit FUEROFUSFeTSynt het ase gene

Synthet ase. bELHRTEASEAGRITE Yo RBoPARARETLY | Akt SORERISE SCRAFE of the
ragmont i s REIPRIALEEP 0 SeReghe Ao BT BFred | the same
TaaL | on i ni GAGR PSS ST S AR AR 05 Sohe “ohr omosoral
DA I the cage uhere (e ghulaLHLONe. U NG(AS5,2nere ofs! he ohromosom

preferred that the yeast of the present invention has
dipoloidy or more polyploidy in éonsideration of good
growth. The yeast having diploidy or more polyploidy
can be obtained by mating the monoploid yeast used in
" breeding the yeast harboring the above-mentioned mutant
glutathione synthefase with a monoploid of a wild-type
glutathione synthetase-harboring strain and.sélecting a
strain which harbors the mutant glutathione synthetase
.;' and produces y~glufamylcysteine from the obtained
diploid yeasts. Similarly, yeasts having triploidy or
more polyploidy can be obtaiped. |
The yeast of the present iﬁvention can be created
by gene substitution using, er example, DNA enceding
the glufathione synthetase having the above-mentioned
mutation. The yeast of the present invention can also
_be'obtaihéd by subjecting the wild-type yeast to an
ordinary mutation treatment such as UV irradiation, or a

treatment with a mutagen such as N-methyl-N-




synt het ase gene contenplated to be introduced have | ow honology to each
other to such an extent that, a gene substitution nmethod ganag20we applied
thereto, the glutathione synthetase gene on the chronosomal gene may. be
di srupted and foll owed by harboring the nmutant gl utathi one synthetase gene
on a plasmd or a chronosomal DNA. The f@utant gl utathi one synthetase gene
having the desired nmutation can be obtained by a site-specific mnutation
usi ng synthetic oligonucleotides. The nucleotide sequence of the

gl utat hi one synthetase gene of Saccharomyces.cereyisi a n reported
(1 noue et alni}tmwfml‘ﬁr‘tﬁ‘phWGﬁctea,hy%g? Ul%fg-gg;gO?EhggﬁBank

accession Y13804, SEQ ID NO 1), and. the ne ca L pe om,t he

chronpsomal DNAtEPUSRGHA Yy REFIUR%yY gi%agaﬁygﬁ E’gﬁg‘ﬁ%’?ﬁ@dgﬁlé{vﬁch an

ol i gonucl eot i de repared based on the nucl.eotid ence | sed as

priners. For @h‘éafﬁ%fiﬂ‘b?%‘i iRRe o?h?eéﬁlﬁt%%ow%ﬁgcﬁ%’%&dg&'ctg%\%nt i onal |y

...used in the transformation of yeagts, . such.as a protoplast nethod, a KU
net hod, a KURCHampkRl, 2FGhyne 19 dP% 1S oporati on nethod, or the Iike

may be enpl oyed. Furthernore, nanipul ation pro r S spore

;orma_t ibog of Ygﬁst_ﬂ:ﬂ %éﬁd ’ﬁ?rb _ e%’r&%}ﬁ o‘{)ug?s%ég%t?%?a%%%%%%i ke ar et I

escribed in em stry an ani sns, .. Experi pent.al . Li ri menta

Techni ques onP&EER¥™ed ¢$r%91¥§h?1(£¥iaﬁiE%kaﬁaygﬁ%?e%% Eﬁfg ﬁgnug Series

10, . Gene Experinmental Methods with Yeasts'. Fir | G on, desha, and
R i ngd, I Biride, pelaes

the |ike. ThewiEast ¥RCIPRIBFRE e enhance

y-glutanylcysteine activity in addition to _h | : ant gl ut at hi one
synt het ase.  Theal RRFOFS pg:g‘yé‘?ﬁh %rﬁﬁlpeg m%é‘e“‘?l;ﬂét '

introduced therein the objective mutation to cause
recombination between the mutant glutathione synthetase
gene and the glutathione synthetase gene on the
chroﬁosome. On this oqcasioﬁ, a marker geﬁe inserted in.
" the recombinant DNA depending on the characteristic such
as auxotrophy of the host makes the manipulation easy.
Furthermore, making the above-mentioned recombinant DNA
linear, ﬁy cleavége with a restriction enzyme oxr the
Jike and in addition removal of a replicétion control
'region,that functions in yeasts from the recombinant DNA
can efficiently give rise to a strain in which the |
recombinant DNA is incorporated into the chromosome.

The strain in which the recombinant DNA.has-been
incorpérated‘into the chromosome in the above-mentignqd_
manner undérgoes recombination with a glutathione

| 5ynthetasé gene seguence inherently existing on the
chromosome, so that the two fused genes, i.e., the wild-
type glutathione synthetase gene and the mutant

glutathione synthetase gene, are inserted :LIl_tO the




gl utanyl cysteine in a certain anmount or nore and grows well in a nedium
used on an industrial level which contains no glutathione9@afdme it is
excellent in ability of producing y-glutamnylcysteine per unit tine. The
culture obtained by culturing the y- glutanylcysteine-producing yeast
obt ai ned as described above under suitahe conditions contains y-

gl utanyl cysteine. Such a culture or fractionation product thereof contains
y-gl utanyl cysteine. The culture may be a culture broth containing yeast
cells or may be yeast cells collected therefrom disrupted cells or cel
extracts (yeashreméscmd o that sthed suktheneeaurbsnofbitbet sregiombinant
fractionation product containing y-glutanylcysteine fromthe cell ,
fragnents or DyEaftechdr apdgue? dviy mMdEerl YeHeadt shguillde bgbpresanht i oned
culture containing y- glutanylcysteine or a fractionation product thereof
can rel ease pysreimettfe amy -Histamdenest.ci Peerdheraredinnthbs petafked for
~culture is not particularly limted so far as it allows the yeast of the
" present inventhenwild-grype weilutaitdafd isyindielitpsepgesec Eupcliongay| cyst ei ne.
‘For the yeast of the present invention, due to its ability of grow ng well
on a medi um cont aiNexty rw Jlaave kindiye theenugansughngatbdgneon an

I ndustrial scale can be used. Note that, necessary nutrients nmay be added
to the medi unsmsthetsces gEne depdits mhnemoshmadhBNact erescoPy 6f t he yeast
used. Culture conditions and preparati on of yeast extracts and the

like. may be pghitatteibrien symthedimse rgemectogstheuawifbadhec YRCEPE and
preparation of yeast extracts and the |like are perfornmed. The yeast
extracts naysdmdrosdnaiinaling ahsa ride megkpst geaedr iexeddpisaged

from the chromosomal DNA by recombination of the two
glutathione synthetase genes. On this occasion, there
are two cases. In one case, the wild-type glutathicne
synthetase gene is left on the chromosomal DNA and the
ﬁutant glutathione synthetase gene is excised therefromr
In another case, on the contrary, the mutant glutathione
synthetase gene is left on the chromosomal DNA and the
wild-~type glutathione sYnthetase‘gene is excised. 1In
both cases, the marker gene is eliminated so that the
 occurren¢e of a second recombination can be confirmed by

= phenotype corresponding to the marker gene. The
pbjective gene—subétituted strain can be selected by -
amplifying the glutathione synthetase gene by a PCR
method and exémining its structure.

The mutant glutathione synthetase gene used in
gene sibstitution may be one that encodes full-length-
glutathione'synthetase but may also be é gene fragment -
that encodes a part of the enzyme so far as it inclﬁdes

' the mutation site. Also, when a gene fragment is used,




yeast cells or those obtained by treating digested yeast cells. The
above-mentioned culture or fractionation product thereof thajaemkai ns
y-gl utanyl cysteine or cysteine can be used for the producti.on of foods and
beverage. The foods and beverage include al coholic beverage, bread foods,
and fermented food flavoring material s.1¥Production of cysteine fromy

gl utanyl cystei ne by heat treatnent may be perfornmed 22 May 2006 14 during

t he production of foods and beverage or after their production. The

above-nentioned foods and beverage are . proquced by m xi culture or a
fractionati orﬂﬁ%cﬁ}&sqm&&ﬂ %%'?ﬁ%’?ﬁ%gmy E’F‘u 5‘% &% ne%%ngsor cyst ei ne
with a food or beverage raw nmaterial .and _pr.ocessing.the m re into a
food or beverdffeT f W%ﬁg&(}e\}é‘? of® i ro%”é%é‘h iorr?v)é:n%'on can be
produced by using the sane raw teri.al s.as those ys r.usual foods and
bever age and OWWQV%MW&%&% it w&??dt\y&e t?gﬁ%'{}lgg&;é and beverage

except that the above-nentioned cultyre or fractionation product is used.
Such raw nat T¥RiRetase 9RRES qrbrﬁb&é’#}ﬁo osomat E)éllg‘r'l ey, cornstarch, etc.

forment ati on yeast Lrbridie R AT J5Hs SLARAtRI8Eo AT IR RSP S ¢ f or
feynehteq food flavorin mat er . Br'%L ex kan%ti&%' fhﬁ% eDra\/\,ings . Fig.
1is a diagr &R A c@‘fao]:/m%faqu St F"gll Al ngant%ﬁ meng um or an SD
medi.um cont ai ni -mM gl ut at hi.one R [ C aining a
necessary amlj‘iylﬁ‘cqg’cﬁ]?alﬁeacqgefnge ﬁod{tef‘qlga%%i%g? \é\llmt'igl ﬁ%%gr{:lg: [§ gcllallég]reo%tgﬁ IofI Kg

st rarnan ar_]-hsolrjno o%yuq}ooreaac% So hrgai:d't%ms%%?xt %hnIeQQeqftthat a gene

substitution method cannot be applied thereto, the

glutathione syntheta-Se gene on the chromosomal gene may.
be disrupted and followed by harboring the mutant
glutathione synthetase gene on a plasmid or a

chromosomal DNA.

The mutant glutathione synthetase gene having the
desired mutation can be obtained by a site-specific
mutation using synthetic oligonucleotides. The
nucleotide sequence of the glutathione synthetaée gene
of Saccbaromyces cerevisiae has.been réported (fnoue et
al., Biochim. Biophys. Acta, 1395 (1998) 315-320,

GenBank accession Y13804, SEQ ID NO:1), and the gene can
' be obtained from the.dhrbmosomal DNA of Saccharomyces
cerevisiae by a PCR method in which an oligonucleotide
"prepared based on the nucléotide seguence is used as
rprimers;

For the transformation of yeasts, those methods

conventionally used in the:transformation of yeasts, |

such as a protoplast method, a KU method, a KUR method,




gl ut at hi one (SDGSH), with each nmedium containing a nécessary anmount of
uracil. 22 May 2006 15 Fig. 3 is a diagram show ng the growbhapbodsl, K2
and K3 strains, respectively, in SD nedia (containing necessary anounts of
uracil). Description of Preferred Enbodi nents Hereinafter, the present
invention will be described in detail wijtsh reference to Exanples. The .
conpositions of the nedia used in the Exanples are as follows. Note that
agar media contain 2% of purified agar [YPD medi um conposi ti on] G ucose
2% Peptone 1% Yeast extract 0.5% H 5.0) [SD nmedi umco iti
d ucose 2% Nt redgeitRmaratias ntoFaf like- Fﬂé‘Ide@onE'BﬁrPVQ Fon
Nitrogen Base is a mxture of 1.7 g of Bacto Yeast N trogen Base w o Am no
Acid and. Afhorifhen@und amanipled iosh Praceduees BSHED) 2gnFPSTE of  armoni um
sul fate dissolved in 100 m of sterilized water, adjusted to about pH, 5.2
and steril i zdtbumatrion roff i¥east modu gepaEtios, PE ["86‘9}96@%11 g/aSE - SDFOA

medi umj  SD nedia containing 50 ng/l of uraci|l and 1 of 5-fluoroorotic
aci d hydr at e and fiheal Lideh e desicgided Ainvy F@U’G@tﬁ’ éBﬁpQF&PW@mExanpl el
Breeding of a yeast in which the gene encoding gl utathione s¥nth%tase was
di srupt ed Comwmenimantaly diingy|3d . S%é@l% 8”9 bpigugs on Yeasts® -

. Flrst Edition, Hirokawa Shoten; "Bio Manual Series 10,
Gene Experimental Methods with Yeasts™, First Edition,
'Youdbsha; and the like.

The yeast'of the present invention may be enhanced
in y-glutamylcysteine activity in addition to harboring
.a mutant glutathione synthetase. |

The jeast of the present invention prqduces Y-
giutamylcysteine in a certain amount or more and grows
well in a medium used on an industrial level which
contains no glutathione, so that it is éxcellent in
Aability of producing y-glutamylcysteine per unit time.

The culture obtained by culturing the y-
glutamylcysteiﬁe-producing veast obtained as described
above under suitable conditions contains y-
glutamylcysteine. Such a cultﬁre or fractionation
prOduct thereof contains y-glutamylcysteine. The
culture may be a culture broth containing yeast cells or
méy be yeast cells collected therefrom, disrupted cells
or cell extracts (yeast'extracts). It is also
recommendable to obtain a fractionation product

- containing y-glutamylcysteine from the céll fragments or

yeast extracts.




used for foods was allowed to formspores to obtain a nonopl oi

yeast, strain S (MATa). Furthermore, an uracil auxotrophlngézégd%gggdmas
obtained fromthe strain S by using an SDFOA agar nedi um contai ni ng
uracil. Fromthe strain S2 was obtained a yeast strain Kl in which the:
gl ut at hi one synthetase gene (GSH2) was 18i srupted by the nethod described
in WD 00/30474 A Exanple 1 Breedi ng of a yeast having a nutant

gl ut.at hi one synthetase <1> Preparation of a cassette for the substitution

of a reduced-type glutath th
cassette for the s&%@mnﬁa}égfsi%ge-%§§%ﬁpﬁﬁg éiﬁ?géﬁggﬂggg§£?ﬁé¥ase gene

Usi
( CAGOCA AN BT ARG oS DR P ik R Py P SBRCE DR Paf y ret ase
(Takara Shuzo) under the conditions the manuf act urer was
anplified a nﬂiﬁaﬁ¢<ﬂﬁﬁiﬁ¥ﬂ?afF?@bﬁEH%“F?%ﬁi?ﬁ% ﬁ%trean1of t he open

reading frame (ORF) of the glutathlon nthet eq S2
strain to
about 40 bp downst FAEMSAINT: TerPe, S 8fy e asegcﬁaln reaction (PCR)

met hod. . The gene fragnent amplifje descrlb 2
%gffr n%glﬂ%‘?’ ‘;B\@aﬁreéét'vﬁf 006 17

purified and Ra¥tEeAiAaR %P pgﬁf &F 10

under the follomﬁng condltlons to nucI o e ofn12Utes
termni. (Reddi d??erﬁ%&l‘hrjé“’@d’rﬁt?g\ or?)m&eﬁ’e réggen?fg%ﬁ%??gKS || 8( PCR
buffer (MCl2 free)5 gl 25 nM MyC1l23 F dATP qgmpNA pol ymer ase
(Takara Shuz@m@q¥qe'WDH#PFEEY%&Y§F§in3 I aqg%

present invention, due to its ability of growing well on
a medium containing no glutathione, media usually used
on an industrial scale can be used. Note thét,
necessary nutrients may be added to the medium as
necessary depending on the charac;eristicé of the yeast
used.

Culture conditions and preparation of yeast
ext;acts and the like may be performed in the same
manner as usual yeast culture.and preparation of yeast
extracts and the like are performed. The yeast extracts
may be fhose obtained by treating hot water extracts of

'erast cells or those obtained by treating digested yeast
Lcells.

The above-mentioned culture or fractionation
.prOHUCt thereof that contains y-glutamylcysteine or .
dysteine can be used for the production of foods and
beverage. The foods and beveragé include alcoholic
beverage, bread foods, and fermented food flavoring

materials. Production of cysteine from y-

-glutamylcysteine by heat treatment-may be performed




The reaction product described above was ligated to plasmd pGEM T Easy
(Pronega Corporation) according to the instruction of the AL a6dgurer to
obtain a plasmd GSH2M541/ pGEM Next, by site-specific nutation, a codon
(GGT) corresponding to the 387th amno acid (G@y) of the glutathione
synt het ase gene contained in GSH2M541Jp&M was substituted by an Asp codon
(GAT). This operation was performed by using Qui kChangem Site-Directed

Mut agenesi s Kit (Stratagene) according to the protocol provided by the

manuf act.urer._ As the_priner were u e Rr.i t
(CCACACIZC{{SA@?M@ (880D ﬂ&dg) ?ﬁﬁ REvEFRdS, OR AEteT

(CATTGITT CTTO GIGG ( SEQ ID NC: 6)). Thus, a plasnmd
GSH2Ms41dash/ £Ped. On the ot her hand, a plasmd correspondi ng

to the 22 May ZOOGFéﬁ_ngEEE%ﬁﬁgggﬁgéb 5go H)b LM, ¥R ghe 2Et on was

reaned was prepa restrictiron enzymes Sspl and
‘and the cle ved ds wer.e bl unt e ] i obtain a
pI asm d pYESB']:é’gr‘F Q’E’sﬂ‘&é‘&ﬁ‘ aﬁ"d Zﬁgk‘ﬁ%ﬁﬁ h?%&k/ﬁ%%@%eﬁﬂgﬁ%ed-m th
restriction enzynes gﬁélglnd o ﬁ#gﬁé$§ %§%§%§% fréggggh éX%lﬁ?ly ng URA3
gene fron1pYE@ﬁ& IEH%# t e gen ragnen aving a
mut ati on ldash/p S <& her
Thus a plasmégégg xgéfﬁi?ﬁFpgggéga %r%gg ggggég?%%QQ%EQZEEﬁ%ggg%/pYESZdash
was digested wi,th a_ restr] zy t t 1. (2
Preparation Jfte @&af98F: 8% & sgubrsr?h% %I%%%rﬁ?aﬁé%%ﬁ?ﬁ ttgHI%"ut at §1| Z)ne

' igpﬁggégﬁglﬁgggﬁgikn '8H%§885%a9g§éA§§§&§§%rSG§E%€$§§§?$§Zﬁ§$%Z ORF of a
GSH2 gene that %E&%issa%h%hogkuhggﬁjggﬁ §¥Hﬁﬂef3§3§)aﬁ8db90éf§§eFﬁhd
by the same method as that used for usual foods and
beverage except that the above-mentioned culture or
fractionation product is used. Such raw materials
,includé, for example, rice, barley, cornstarch, etc. for
alcoholic beverage, wheat flour, sugar, table salt,
butter, fermentation yeast, etc. for bread foods, and.

soybean and wheat, etc. for fermented food flavoring

materials.

‘Brief explanation of the Drawings

Fig. 1 is a diagram showing the growth of K2
étrain in‘an SD medium or an SD medium containing l-mM-
‘giutathione (SDGSH), with each medium containing a
necéssary amount of uracil. |

Fig. 2 is a diagram showing the growth of K3
strain in an SD medium or an SD medium contalnlng 1-mM
_glutathione (SDGSH), with each medium containipg a

necessary amount of uracil.




( CCACAGCTTTGGCCAATGCCTTAG (SEQ 1D NO 8)) and Pyrobest DNA Polynerase
(Takara Shuzo) under the conditions indicated by the nanuﬂﬁﬁﬁg§§ﬁ06aa
fragnent including the glutathione synthetase gene of S2 strai'n was
anplified by a polynerase chain reacti (PCR) nethod. The gene fragnent
anplified as descri bed above was purifi/ed and an enzymatic reacti on was
performed-at 72C for 10 m nutes under the sanme conditions as that 22 My
2006 19 descri bed above to add nucleotide A to each of the termni. The
reaction product Otﬁi?'.neﬁ B8 FepGdnd shevag Wae Liroathd be Rlaskzd pGEM T
Easy (Pronega) according to instructions provided by the manufacturer to
obtain a plasffj4f ¥SHARGH P EM sk ttived v 0dan spA@BaieoN ceapanding to the
47th amno acid, Thr, of the glutathi one synthetase gene contained in
GSH2FD63/ pCGEM gnasss tdmoiies R alrddiay.codon (ATT). This operatiaon was
performed by using i kChangem Site-Directed Miutagenesis Kit (Stratagene)
according to the protocol provided by the manufacturer. As the priners,
primer F4 ( CGGTGICACCAGTAATTATCTATCCAACCCC (SEQ ID NO9)) and prinmer R4

( GOGGT TGGATAGRIAAT TAGECTEA AR QB odidel@)s) were used. Thus, a
pl asm d GSHZE% pared. p ash and GSH2FD63dash/ pGEM

vere each cleaved puddy d85td CliHan peesyRs ifeehtaoa Spll be cleave out a
fragnent contai ning URA3 gene from pYES2dash and a gl utat hi one synt hetase

gene fragmentghavisied fpitatiHn Wian Caderbaddat mMmamiieand t hese were
ligated to each. other. Thus a plasm d GSH2FD63dash / pYES2dash was

prepar ed. ‘GSH2FD63dash ddnferrdatha@® aheawedis ted ineshel Exampleszyne to

~obtain a-cassette 2.

are as follows. Note that agar media contain 2% of
purified agar.

IYPD medium composition]

Glucose 2%
Peptone 1%
Yeast extract 6.5%
{pH 5.0)

[SD medium composition]

Glucose 2%

Nitrogen Base = 1-fold concentration

.'r(lq-Fold coﬁcentration Nitrogen Base is a mixture

of 1.7 g of Bacto Yeast Nitrogen Base w/o Amino Acid and
Ammonium Sulfate (Difco Laboratories, Inc.) and 5 g of.
ammoniﬁm sulfate dissolvéd in 100 ml of sterilized water,
adjusted to about pH,5.2 and sterilized by filtration
through a filter).
[Composition of SDFOA medium]

SD media containing 50 mg/l of uracil and 1_g/l.of

' Sffluqroorotic acid_hydrate.in finalucongentrations]




<2> Breeding of a yeast harboring a reduced-type 22 May 2006 20 gl utat hi one
synthetase (1) Breeding of a yeast harboring a GB87D-type oghytaédysone

synt hetase Using the cassette 1 prepared as described above, dﬁ
substitution of the glutathione synthetase gene of S2 strain was
performed. After preculturing the S2 sigain, the culture was subcul tured
in 50 m- of YPD mediumand cultured until the |logarithm c growh phase.
The cultured cells were suspended in 1M sorbitol and the cassette 1 was

m xed to performtransformati on by electroporation. The transformant
strain was cultured on an SD plate containing 1 nNIqutathlone and a
strain. that grows thereon was selecteo. Aft%r s oEooratlon of
t he cassett eComparahévahFXample i : v

obt ai ned straln was naned K2 e é & 1 a{ e was

whi ch the glutathlone synthetase was subst tedn§¥ GBQ;;%&QQ§%éNas
obt ai ned fromthe SemmeRgiakly Frahta Q1ﬁa$ PLOFCEorparT 'son Wi th t he
reported nucl eoti de sequence of the hlone S ntq§tqﬁﬁx%qpqi of
Saccharonyceﬁséér§9F5f89d€lﬂ%%ea%%OQﬁ ophys. Acta, 1395
(1998) 315-320, GenBank accession Y13804) d|c ta

gl ut at hi one mynonéoaéebrgéﬂeY%@s¥*mﬁ?@?%@r%Jﬁﬂﬁﬁé su EFFP@FFbH%Bf%%he codon

of proline residue (CCT) at the OS]tI 54 b t h dan gf euci ne

resi due. ( CCTYragiddapre ﬁoPBl"Ph% egéjrevﬁﬁo t(f‘%?‘f/a O%h%l &B87D-t ype
t at 2) Breedi f t 471- i

T el heonin s "By s nd 30 sHFORLGLE Redfidd 0B L AL PACLE.

From the strain S2 was obtained a yeast strain Kl in

which the glutathione synthetase gene {(GSH2) was

disrupted by the method described in WO 00/30474 A.

Example 1 Breeding of a yeast having a mutant

glutathione synthetase

<1> Preparation of a cassette for the substitution of a
reduced-type glutathione synthetase gene
(1) Preparation of a cassette for the substitution of a
G387D tyﬁe glutéthioge synthetase gene

Using primer F1l ( CATAAAACAACTGAAGCGTTAGCTC {(SEQ ID
NO:3)})} and Rl (CAGGCCARAGATTTTCAGTACGAGC (SEQ ID NO:4))
and Pyrobest DNA Polymerase  (Takara Shuzo)} under the
conditions indicated‘by.the manufacturer was amplifiéd a
region encoding a segment from the midstream of the open
reading frame (ORF):of'the glutathione synfhetase gene
of S2 strain to about 40 bp downstream of the ORF by a
polymerase chain reaction (PCR} method.

The gene fragmént amplified as described above was




Using the cassette 2 prepared as descri bed above, - gene substitution of the
gl utat hi one synthetase gene of S2 strain was perforned. Afb @gul turing
the S2 strain, the culture was subcultured in 50 m of YP d‘Pﬁmand
cultured until. the logarithm c growth phase. The cultured cells were
suspended in 1M sorbitol and the cassett?® 2 was nixed to perform
transformati on by el ectroporation. The transformant strain was cultured on
an SD plate containing 1 nMglutathione and a strain that grows thereon

| ected. _Th t f .1h £t
bosi 1 on on i ARRER et a%é’*@%ﬂttﬁi%ﬁ%@ f%?fﬁzsnﬁ#f&&'ﬁ%’%%% Sbt ai ned
t I d
Spr ead ﬁ’ﬁsaﬂaﬁ,%&cﬁéafalgéﬂé?ﬁtlﬁéﬁr%%%ﬁ’tl TPAFLELIRE Rt 2a on

an SD agar nedi eo@n&i 3}1 L;hg# Sofhﬁﬁegtf&éﬁ"iﬁfe selected to obtain a K3
S

i nternedi ate %‘tl? e gene tirtution cassette 2 was

introduced. T |nt er Etlgg_! t cultured and spread on are
SDFOA Agar %‘Fﬁi a y%as Iﬁ]écgral n in which the glutathione

synt het ase gene was, subs itu b e T471 type was optajned fromthe
strains that grew ﬁfeaétﬁ' it %Jtc'%: A ison with the gegorted nucl eot i de

sequence of ‘the gl 2 May 200622, of Saccharonyces

cerevisiae (Inoue gltoa’%t c%n%}l%tﬂ 6@6 _l‘[lg- 3!Acta 13955(%3998) 315- 320,

GenBank accessi on 3 ndi cat e that the nmut ant gl ugat i one synt het ase
A% b Hagie a‘?

gene of the K3 str titution of the codon of ol i ne re5| due

(CCT) at the,posi,ti%)ﬂri]‘3 %@h%,ﬁﬂte codon of .leucine reS| ul?)  (CCT)
r

addition.to the ab tToned T471-type nutation. eparati on of a

di pl oi d yeast I\/bnopﬂ q)ﬁae ly(nMg_]'E?ge hﬁvdﬁgaas%%@typg gugtfnt

Purified water 31.5 pl

Total 50 pl

The reaction product described above was ligated
to plasmid pGEM-T Easy {(Promega Corporation) aqcording
to the instruction of the manufacturer to obtain a
plasmid GSH2MS41/pGEM.

Next, by site-specific mutation, a codon (GGT)
corresponding to the 387th amino acid (Gly)} of the
giutathione synthetase gene contained in GSH2MS41/pGEM
was substituted by an Asp codon (GAT). This operation
was performed by using QuikChange™ Site-Directed
Mutagenesis Kit (Stratagene) according to the pro;bcol
provided by the manufacturer. As the primers were used

_Primer FZ (CCACAGCGGGAAGATGGCGGAAACAATG-(SEQ ID NO:5))
Aaﬁd Primer R2 (CATTGTTTCCGCCATCTTCCCGCTGTIGG (SEQ .ID
.NO:G)j. Thus, a plasmid GSH2M541dash/pGEM was prepared.

On the other hand, a plasmid corresponding to the




gl ut at hi one synthetase (K2 strain) was mated with a nonopl oid yeast (MATa)
by a conventional method to obtain a diploid yeast. The dijp hﬂ%ﬂ# opgast was
made to form spores by a conventional nethod to obtain a "non ol'd yeast
(MATa) having the G387D-type nutant gl utathi one synthet ase. Then t he
monopl oi d yeast (MATa) having the G387DBype nutant gl utat hi one
synt het ase and the nonopl oi d yeast (MATa) having the G387Dtype nutant

gl ut at hi one synthetase were mated to each other to obtain a diploid yeast

o a homozyqoP bl pFErd §eHBTCEBbER) SohAERTAE SR paolet o

geﬁ;?ﬁgegn?hsﬁg%hgféégralns 3&%% accuﬁ%‘g{edpsgé%hJ any cysielﬁgsln
amount s of Igng fragayﬁxses afcthe 2edbla 2.99&5@ syl on

t he growt h of east ant I oné sy ase an Its

productivi ty Eh%“fé‘”&iféﬁﬁi&i:ﬂg &1*2 %h i mé% pgsdhdis, The

strai ns Ki, were culture necessary

amount s of Ur éid h%d?gﬂﬁ%§9f&§éﬁ'n§@l\% ﬁ%@fe%ﬁ't@iﬁ&%’& &gt ai ni ng

necessary ano nts of uracil asur ene e|r growt h was started at
the tinme when. t eéggp t grow h phase
and the absor%ance at % %ﬁziﬁggcgﬁgffﬁﬁ nor é?#%s gi obt ai ned are
shown in - cdiEa PREG fﬁﬁAﬁrf&?é‘ #178nf %qﬁ&s&faﬁ%“h per 1

hour) of the st on a ne um con ni ng ut at hi one was 171 while

Its specific @IM {(ﬂ{@e%tg%?% %ﬁ@%ﬁ\%\é}& qpagﬁﬁg al o gs 1.161.

The specific growth rat on the
from GSH2MS4l1ldash/pGEM, and these were ligated to each

‘other. Thus a plasmid GSH2MS4ldash/pYES2dash was
prepared. GSH2MS4ldash/pYES2dash was digested with a

~restriction enzyme MunI to obtain a cassette 1.

(2) Preparation of a cassette for the substitution of a
T47I-type glutathione synthetase gene
Using primer F3 (CTAATATGGATGTCGGCAACCCAAG (SEQ ID
ﬁ0:7, corresponding to a region about 700 base pairs
upsteam from the ORF of a GSHZ gene that encodes the
giutathione synthetase)) and primer R3
(CCACAGCTTTGGCCAATGCCTTAG. {SEQ ID NO:B)} and Pyrobest
DNA Polymerase (Takara Shuzo) under the conditions
indicated by the manufacturer, a fragment including the
glutathione synthetase gene of $§2 strain was amplified
by a polymerase chain reaction (PCR) method.
The gene fragment amplified as described above was
,purified and an enzymatic reaction was performed at 72°C

for 10 minutes under the same conditions as that




medi um contai ni ng gl utathione and 1.156 on the nmedium containing no
glutathione. As will be apparent from Figs. 1 to 3 and frgﬁwh%@%&ﬂ@cific
growh rates, the strains K2 and K3 also grew well on media containing no
gl utathione and hence is nore suitable for culture on an industrial |evel
than the strain of which the glutathionk? synthetase gene has been
destructed. Therefore, yeasts having a G387D-type or T471-type

gl ut at hi one synt hetase can be advantageously used for cultures on an

i ndustrial leyvel op a. nmedi um w thout LY+ 4 [ or with a
smal | anount G?Sﬁ¥gP%?h?Bﬂge %é)agﬁo%%%%%@?%égggléqg J?%ﬁ??éggfeine of
strains K2 and K3 The strains K1, K2 and K3 were cultured in SD nedia
(cont ai ni ng nE8E®LRty anpunts of uracil). Measurements of their growth and

accunul ati on amount of - tanyl.c [ r | wh
theu grow{h of tﬁe %%s’f%agjé%%ﬂ%r%a?%g;%%@n{%d Sér%véf%%%%dmaeg\dﬁhe o
b b e at 660 1.4 | £ f th
Strai e wer o 980M S5EGE; £6 AndsRacPERT sy PREHERl] MECEaEF D |2

accunul at ed qutathLone_ln annﬁgﬁé?gé58%09&&6&gn6¥§éiﬁggk fo QOS4 1 4 ess

per dry yeast t@efPSTERGEJORE B i he_accunul ati on anount of each

“strain per dr east ' garithm c growt h. phase was as foll ows.
22 May 2006 ZBX?éﬂ%é §§€%+?§$é8?#ﬁé after y-glutamyl cysteine start

of measur ement (% Next, a codon (ACT) corresponding to the 47th
amino acid, Thf, of the glutathione synthetase gene
éontained in GSH2FD63/pGEM was substituted by an Ile
codon (ATT). This operation was performed by using
QuikChange“’Site—Directed Mutagenesis Kit (Stratagene)
according to the protocol provided by-the manufacturer.
As the primers, primer F4
(CGGTGTCACCAGTAATTATCTATCCAACCCC (SEQ ID NO:9))} and
ériﬁer R4 (GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ ID
NO:10)) were used. Thus, a plasmid GSH2FD63dash/pGEM
was prepargd.

pYES2dash and_GSHZFDGSdash/pGEM were each cleaved

with restriction enzymés SacI and Sphl to cleave ocut a
"fragment containing URA3 gene from QYESZdash and a |
glﬁtathione synthetase gene fragment having a mutation
from.GSHZFDGBGaSh /DGEM, and these were ligated to each .
‘other. Thus a plasmid GSH2FD63dash /pYES2dash was
prepared. GSH2FD63dash )pYESZdash was cleaved with a

restriction enzyme to obtain a cassette 2.

<2> Breeding of a yeast harboring a reduced-type




st rai nKlabout 2. 6hour sl ater 1. 750 strai nKi about 5. 3hour sl ater 1. 747

st rai nK2about 1. 5hour sl ater 1. 121 strainK2about3.8hoursIater%2%§%[ 06

strai nK3about 1. 5hour sl ater1. 118 strai nK3about 3. 8hour sl at er I" %%xt, t he
productivity of y-glutanylcysteine per unit tinme was neasured. The
productivity of y- glutanylcysteine per ahpit tine was neasured by an

I ncrease in the anmount of y-glutanylcysteine contained in a Sakaguch

flask per unit tine when each strain was cultured therein in 50 m of SD
medi um (contai ning a necessary anount of uracil). This value is controlled
by the y-gl ut gnutaysienaespothetasei on anount per dry cell and the growth
rate of the yeast. The values were 0.116 ng/hour for the strain K1, 0.130
ng/ hour for the) Biéadindof amdy@asl 7haxpoising foGIHP SE¥RE n K3. A yeast
containing y-glutanylcysteine in an anount of It by weight or nore per dry
yeast cell angiyeashiom«tsypmtketaseefrom have been reported to be usable
for enhancing the flavor of foods (WO 00/30474). Therefore,.  the strains
K2 and K3, whi ch haveimy cthercapeetté cl prenated asedasmiiRethiiahfverne
strain Ki, are advantageous for producing a yeast containing 1%wor_ nore

of y-gl ut anyl ggséeswespetutign yefisthe eglutahionestsynsheotri 94 &from In
addition, the strains K2and K3 22 May 2006 26 are higher in productivity of
y- gl ut anyl cysgei seratn wami perfoomedan After srecHd tyrdmo YRE S2urt her nor e,
'since the strains K2 and K3 contain 0.001% or npre of | ut at hi one, they
are suitabl e §bratnl ttiescehtune wasusibealtyzad|in rF’Q/WchrP#]oYER ut at hi one
is contained. From the above viewpoints, the yeast havin th%16887D- type
or T47] type wefimt ghdtaeehtenedsynthbiike kegamjidhmic growth phase. .

The cultured cells were suspended in 1M sorbitol and the
cassette 1 was mixed to perform transformation by
electroporation. The transformant strain was cultured
on an SD plate containing 1 mM glutathione and a strain
that grows thereon was selected. After confirming
incorporation of the cassette 1 to the objective site on
the chromosome by PCR, the obtained strain was named K2
intermediate. The K2 intermediate was cultufed and
spread on an SDFOA agar medium. Then, a yeast strain K2
in wﬁich the glutathione synthetase was substituted by
G387D-type was obtained from.the strains that grew.

Thé fesults of comparison with the reported
nucleotide sequence of the glutathione synthetase gene
of Saccharomyces cerevisiae (Inoue et al.,. Biochim.
Biophys. Acta, 1395 (1998) 315-320, GenBank accession
¥13804) indicate that the mutant glutathione synthétasé
gene of the K2 strain has substitution of the codbﬁ of
proline residue (CCT) at the position 54 by the codon of

'leucine-reéidue.(CCT) in addition to: the above-mentioned




said to be suitable for the production of yeasts containing

y-gl utanyl cystei ne. and yeast extracts therefrom (3) St udiﬁgvk%gzo%%abi lity
of subculture of strains K2 and K3 The strains K2, K3, Z1 an wer e
cultured on YPD nedia. These strains were each subcultured ten tines and
whet her or not reverse nutation occurre®Was exanined. The subcul ture was
performed as follows. That is, each strain was inoculated into a test tube
containing 4 m of a YPD |liquid nediumand cultured with shaking at 30C.
After sufficient_growh, a ttion of the culture was subcultured in a
test tube corﬁ%‘?ﬂ?‘nﬁmﬁ TR % T9BypD | i quid medium This operation was

repeated ten tjnes. et her or. not. rever t_atn C red was
confirmed as §%l I]?ﬁ%":fé/}!l}f%to s2 YRSy S O(S%Ir{% a\?ved;ée)ﬁl CSSH ected fronthe
culture broth and the chrom)glgrrgl DNAs t hereof were collected, followed by
confirmati on SFEHIIRRS Y HReER%TUences of the nutation points. 22 My

2006 27. addi tion, 3%9??[8%1% %ria?%%ﬁaiﬁx%rp%\%ﬁ%(gkerhe&g.j'gﬁg@qigy;ve,30C on

an SD agar medi um (contal ning a necessary
amount of wuracil: s...confirmed. .The | fAeddhe ot ability
of subcul t urdd® fs\,\‘ﬁ?ﬁe“s?l? 7 ?(g,t ,&%{ang‘&% %ﬁ § g‘% u%f e;b on P57L

mut ati on The influence of PS54L_nutatio t t ind YAt kbone

synt het ase vva%z_sstqﬁﬂr}éﬂ.w% p?%gﬁ?ﬂn%%ht %f%%ﬁgggeg:ﬁl}?z%ﬁng’lne synt het ase gene

Pl asmd cont AT A G AThTaRs Vo PR LRl e o S R ed. This
plasmi d was - prepared byt De.fiEh hosk SPSGId Deshd:t fhid & Q5ASweIe dilaple,
| The cultured cells were suspended in 1M sorbitol and the
cassette 2 was mixed to perform transformation by
electroporation. The transformant strain was cultured
on an SD plate containing 1 mM glutathione and a strain
that grows thereon ﬁas selected. _The incorporation of
the cassette 2 at the objective position on the
chromosome was confirmed by a PCR method, and the
obtained strain was named K3 intermediate. The K3
intermediate was cultured and spread on an SDFOA agar
medium. The transformant that grew was spread on an SD
agar medium and the strains that grew were seiected to
obtain a K3 intermediate strain into which the gene
substitution cassette 2 was introduced. The K3
intermediate strain was cultured and spread on am SDFOA
dagar medium. Then, a yeast strain K3 in which the
glﬁtathione synthetase gene was substituted by the T47I-
.type was obtained from the strains that grew. 
The results of coméarison with the reporped

nucleotide sequence of the glutathione .synthe_tase.,geqe'._ |




et al., Biochim Biophys. Acta, 1395 (1998) 315-320). First, the codon

- (ACT) corresponding to 47th amno acid, Thr, of the glutatahﬂggugﬁnthetase
gene of plasmd pEGSH2 was substituted by a codon (ATT) o% I

operation was perforned using Qui k Changetm Site- Directed Mitagenesis Kit

(Stratagene) in accordance with the manuBdcturer's protocol. As the

primers, primer F4 (CGGTGTCACCAGTAATTATCTATCCAACCCC (SEQ ID NG 9)) and

.primer R4 ( GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ ID 140: 10)) were used.

Iglrjfesgloﬁz:nng ?E%géh%’%h )ré\l%ﬁ g‘%%%%&k“%e&né\%ﬂ%‘f L?‘h:g't ‘(rzlio%ne l'ngfqPCw;‘tT)het asé gene

f pl d t f_,AS Thi.s. .22 Ma
8002 ggngperatlo ¥HSA8E Zr%%ggﬁglﬁysgpfﬁg anéﬁ?gﬁﬁan %&9%§§é§? g
Mut fact
or ot ool - As *‘*%3‘@.56‘”%1?‘2?93%?@%‘3&5%% et seo 1 0

Used, Thus, | plag asmﬁ%ﬁ@%@ﬁﬁ%%%&% PR IPLARP A0, 1 ne
AR T ey }b.n ae%ﬁoc%@oé“% at “30C
for 80 hours aakihe f{éi@@gg@wﬂe%a A AR Wit Ehomgnong the

yeasts t hat grew on te was sel ect ed a yeast sftrain

that showed uigglyFRd %@ﬁ; and whose gl utathione synthetase had been
destructed. The stral n 'Ki dash obt ai ned as descri bed above was transforned

wi th the above-nmentioned plasm ds pEGSH2, pEGSH2-T471, and pEGSH2- G387D to
- obtain pEGSH2/ Kl dash, pEGSHZ-T47I/Kidash and pEGSH2- G387D/ Kl dash strai ns,

respectivel y (3@ dRsHaldRdOn ofiphlad@s fedlsial NS Wi th
Monoploid yeast (MATa) having a G387D-type mutént

glutathione synthetase (K2 strain) was mated with a
monoploid yeast (MATa) by a conventional method to

~ obtain a diploid yeast. The diploid feast was made to
form spores by a conventional method to obtain a
monoploid yeast (MATa) having the G387D-type ﬁutant
glutathione synthetase. Then, the monoploid yeast
(MATa) having the G387D-type mutant glutathione
$ynthetase and the monoploid yeast (MATa) having the

- G387D~-type mutant glutathione synthetase were mated to.

- each other to obtain a dlploid yeast strain 4l hav1ng
the G387D-type mutant glutathione synthetase in the form
of a homozygote. A diploid yeast strain %2 having the
T47I-type mutant glutathione synthetase was also
'obtained in a similar manner. It was confirmed that the
étrains %1l and %2 accumulated y-glutamylcysteine in

-amounts of 1% or more per dry yeast cell.




each plasm.d was perforned as follows. That is, after preculturing the

Ki dash strain, the culture was subcultured in 50 nl of YPByngdisupgand
cultured until a logarithmc gromh phase was reached. The cultured cells
were suspended in 1 Msorbitol, the objective plasmd was m xed, and
transformati on was performed by electropdration. The transformants were
cultured on an SD agar medi um containing | ‘mM of gl utathione and 22 My
2006 29 strains that grew were sel ected. The strains pEGSH2/ Kl dash, K

pPEGSH2- T471 / Kl ggsEBngds hgﬁr H%Zl;]%g‘] I%fi%\%é/ggte Ha iy aheMndtapitaki ng in

SD nedia at $ cultures re rnoculated in SD nedia in
a concentration of 2% and culJtured with . I Jhg..amount  of

gl ut at hi one agtBhaitRiene ﬂﬁn{;:lé?{gs? na’?%elf%g}rlucﬁ%iﬁg%ovﬁt h%phase t her eof

(10 hours aftfr th{i{rg cu ti% was started) was neasured. @ utathione was

accumul at ed | HTBFR¥OEAT 81 3bout 0.80% in the case of the pEGSH2/ Kl dash

- strain, and in_an moupt of O ) %4 n the case of the pEGSH2-
1T e BBVt oS REHEE &7 1

T471/ Kl dash a strains. The above-nentioned results

i ndi cate that yeaStéﬁ%Pﬁgf’gg% glfii'oceﬁpd Gt AN Qi rddatasp activity

with the nutations ne and w thout the nutation P54L and
can contain a slight anmpunt . | %ﬁﬁé hee GRtd il )t e ey
contributing 1{186?1%9&00%?%5%%{?{:#%&%%&9 ut amyl cysteine. 1 ndustri al
Applicability Accordin . I he SEPt L1 Ve i e @orfasiniMy ch  harbors a
mut ant gl ut at'ﬂf’%ﬁg ())/II}l %%I?%ilég :\I'I\A%Iﬁ (gf]r%duced acti(\(ﬁty and produces

1o A AR ERRIEY of MFsdePpl plakteshesseor nvaston con be
CySteine_Contg%gggﬂ'wggog§arted at the time when the growth of the
yeasts reached a logarithmic growth phase and the
absorbance at 660 nm became 1.4 or more. The results:
obtained are shown in Figs. 1 to 3.

The specific growth rate (degree of growth per 1
hour) of the strain K2 on a medium conté}ning
glutathione was 1.171 while its specific growth rate on
a medium containing no glutathione was 1.161. Thg
specific growth rate of the strain K3 was 1.169 on the
‘medium containing glutathione and 1.156 on the medium
containihg no glutathione. As will be apparent from
‘Figs. 1 to 3 and from the specific growth rates, the
strains K2 and K3 also grew well on media containing no.
glutathione and hence is more suitable for culture on an
industrial level than the strain of which the
glutathioﬂe‘synthetase géne has been destructed.
Therefore, yeasts having a G387D-type or T47I-type
glutathione synthetase can be advantagequsly used for

cultures on an ihd‘us.trial level on a medium Withc.'uf?-. .




22 May 2006 30 CLAIMS 1. A yeast which harbors a nutant gl utathione
synt het ase having one or both nutations selected from thezgmggpuﬁBnSisting
of a mutation to replace a threonine residue at the position 47 wth an

i sol eucine residue and a nmutation to replace a glycine residue at "the
position 387 with an aspartic acid residdae, and which produces

y-glutanyl cysteine. 2. The yeast according to claim1l, wherein the yeast
further has a mutation to replace a proline residue at. the position 54

w th aleucine residue. 3. The yeast according to claj erein the
nutant gl ut atgliuhechspheh e ¥d tha & Pﬂélﬁuf"aﬂlﬁﬁ ?’g g#’@%&é@"é‘)%é t hr eoni ne
residue at the position 47 with an _isol eucine feskﬁye and.thgupgﬁﬁfion to
repl ace the (molHmeuctdvdty Ff YhelBERNYISHSESANG (9 Stettthe ” (851 due. 4.

The yeast according to claim2, wherein the nutant glutathione synthetase
has the nutatf®n to replace the glycine residue at the position 387 with

an. aspartic acid residue and the nutatiop,.to repla -nrghi ne residue
at the position 54 Tet Htxaidgcfde KFeQFGugg g?rﬁh%u§§3%€8a%go$%ing to any

one of claims 1 to 4, wherein a glutathione_synthe sEree of the

mut ati on has m&@%rﬁ%@éﬂ’d%&@é’%ﬁéaﬁy 3@6“{‘%)5@2&%%1&7&9 2006 31 6. The
yeast ‘according to any one of clains 1 _to 5, wherei bgfongs to
the genus Satsstaunenpads of thei® gEevEP Bpgdﬁg?ﬁﬁs?gggggrxﬁééé?age whi ch

cont ai ns'y-gl utanyl cystei ne or cysteine, conprigsing ihe S
. : Y gy—glﬁ%am%lcysteine wére startedrg% éhegklme éﬁ&& tﬁg

growth of the yeasts reached a logarithmic growth phase
and the absorbance at 660 nm became 1.4 Oor more. The
specific growth rates of the strains were 1.104, 1.161
and 1.156, respectively. The strains K2 And K3
accumulated glutathione in amounts of 0.001% or more and
0.006% or less pér dry yeast cell. The y-
glutamylcysteine accumulation amount of eagh strain per

dry yeast cell in a logarithmic growth. phase was as

follows.




culturing the yeast according to any one of clains 1 to 6, -mxing the
obtained culture or fractionation product thereof, or the Bultii®esor

- fractionation product thereof subjected to heat treatnent with a food or
beverage raw material, and processing t e m xture into a food or beverage.
8. The nmethod according to claim7, wheréin the food or beverage is an

al cohol i c beverage, a bread food, or a fernented food flavoring materi al.
9. A nethod of producing a yeast extract, conprising the steps of

culturing a yeast according to any on®abfleciains 1 to 6 under a suitable
condi ti on, ar : extractfromthe cells of the yeast .

Y Lo ST AL +
22 May 2006 1/8 SEQUEN LFeiEs 28 e H§9om)t ¢- gbutakptcystedmer
- GLUTAMYLCYSTELNE P | REEVE/Qf measseng4 0 <140> (@H1> 2002-( 1- 26
<150> JP 20015358182K1<]Bbou20@1l61hoRfs<1a0ar]0 <170> Pajsgqiln ver| 2.0
<210> 1 <21|5t2466 Kx2|aAboAS<31BoubaCeheEPIVCES CETEV 5 ae <22 <221>
CDS <222> (1) strhidh) <ﬂﬁgﬁt11@§9hgﬁ§scf§téf- TCa etiljfﬂj'aag gat

Astrain K2 jabout 3.8 hours later 1.125
_strain K3 |about 1.5 hours later 1.118
strain K3 |about 3.8 hours later 1.120

Next, the productivity of Yy-glutamylcysteine per

~unit time was measured. The pdeuctivity of y-
glutamylcysteine per unit time was measured by an
increase in the amount of Y-glutamylcysteine contained
in a Sakaguchi flask per unit time when each strain was
cultured therein in 50 ml of SD medium (containing a
necessary amount of ﬁracil). This value is controlled
by the y-giufamylcysteine accumulation amouat per dry
qell and the growth rate of the yeast. The values were
0.116 mg/hour for the strain K1, 0.130 mg/hour for the
strain K2, and 0.127 mg/hour for the strain K3.

A yeast-containing,y—glutamylcysteine in ah amount
bf 1% by weight or more per dry yeast cell and yeasf
extracts therefrom have been reported to be usable for
enhancing the flavor of foods (WO 00/30474).' Therefore;

‘thé strains K2 and K3, which have greater specific
grbwtﬁ rates than that of the strain Kl, are
advantageous for produciﬁg a yeast containing 1% or more

| of y-glutamylcysteine per dry yeast cell and yveast

-extracts therefrom. In addition, the strains K2 and K3
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gga
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ace
caa
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act
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Tyr Pro Pro Ser Lys 1 5 gaa gtt aac caa tgg get G u Val Asn

20 aaa ttc gag gag aac .cca Lys Phe Gn Qu t T r
cca att Pro Thr Pro Ile ate act |Ile Thr tcaAzggmﬁggkgat A

;Eg ?gi gg? EE? aéf cig g nt;En ?sn S ulLenlle Gn 10 15
y Len Sery yr Pro Pro 30 teg gtg tca

2?; ﬁgngéli42er Val 40 eel agg aaa tgt ttt gat Pro Arg Lys
are higher in productivity of y-glutamylcysteine per
unit time than that of the strain Kl1. Furthermore,
since the strains K2 and K3 contain 0.001% or more of
glutathione, they are suitable for cultures con an
industrial level in which no glutathione is contained.
Fromithe above viewpoints, the yeast having the G387D-
type or T47I type mutant glutathione synthetase caﬁ bé
said to be suitable for the production of yeasts
containing y-glutamylcysteine‘and yeast extracts
therefrom.
(3) Studies on stability of subculture of strains K2 and
K3 |

The strains K2, X3, %1 and Z2 were cultured on YPD
media. These strains were each sqbcultufég ten times
and whether or not reverse mutation occurred was
examined. The subculture'was performed as follows.
That is, each strain was inoculated into a test tube

containing 4 ml of a YPD liguid medium and cultured with

shaking at 30°C. After sufficient gfowth, a portion,of

.the culture was subcultured in a test tube containing 4

ml of a YPD liquid medium. This operafion was repeated
ten tiﬁes.

Whethgr_or not reverse mutation occurred was
confirmed as follows. That is;.the yeast cells were
collected from.the culture broth and the chromosomal
bNAs thereof were_dollected, followed by confirmation of

the nucleotidé_sequences of the mutation peints. In




Ser Pro Val Thr Ile 45 gag gcc gtt caa ata 192 Gn Ala Val- A n

2006 2/8 50 55 75 caa ccg gta tic aat gaa tta tac gcc cgt thﬁaﬁgx%:azsaphy
atg gcc 240 Gn Pro Val Phe Asn Gn Lea Tyr Ala Arg Ile Thr G'n Asp Met
Ala 65 70 agg cta Arg Lea caa eel gat let tat tta cat aaa aca act gaa geg
tta get cta tea 288 Gn Pro Asp Ser Ty27Lea Hi's Lys Thr Thr Qu Ala Lea
Ala Lea Ser 85 90 95 gat tcc gag tit act gga aaa ctg tgg tct cta tac ctt
get ace tta 336 Asp Ser Qu The Thr Ay Lys Lea Trp Ser Leu Tyr Lea Ala

Thr Lea 100 aaa tct gca cag ta L '
tea gat tat KFHUéPPnga@rﬁéﬁgcgb%Iaa S%%%eL8§SP?§&£§LQE§§DC§%EH%§E %%E %;3

aat t!t G n Asn Phe 120 aaa aa t Lys € | '
tea gig tea 3WEC gpuamh§DA@ﬁathg@g%msﬁ?XQQ#X§%$ fﬁ%%&l yl! aat aca gl

glyoxal (containing a necessary amount of uracil) was.
cpnfirmed. These results demonstrated the stability of
subcultures of the strains K2, K3, Zl and Z2.
(4) Studies on P57L mutation

| The influence of P54L mutation on the mutant
glutathione synthetase was studied.

.A plasmid containing a glutathione synthetase gene
having the T47I-type or the G387D-type mutation alone
-was prepared. As the plasmid'containing a glutathione
synthetase-gene, pEGSH2 was used. This plasmid was
prepared by the method described in a literature (Inoue,
‘et al., Biochim. Biophys. Acta, 1395 (1998) 315;320).

First, the codon (ACT)-cofresponding to 47th amino
acid, Thr, of the glutathione synthetase gene of plasnid
pEGSH2 was substituted by a codon (ATT) of Ile. This
pperatidn was performed using Quik Changen‘Site-
Directed Mutagenesis.Kit (Stratagene) in accordance with

- the manufacturer's protocbl. As the primers, primer ?4
(CGGTGTCACCAGTAATTATCTATCCAACCCC (SEQ ID NO:9)) and
.primer R4 (GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ ID
NO:lO)) were used. Thus, plasmid pEGSHZ-T471-was
construbted.‘ |
 Next, the codon (GGT) corfésponding.to.387th‘amino'
acid, Gly, of‘the glutathibne synthetase gene of plasmid

pEGSH2 was substituted by a codon (GAT) of Asp;‘_This




act gaa Thr du 140 tit gea ggc 60 110 ggt ata tit

Ay lle Phe 125 cag

at.t aag Gn Ile Lys 80 aga 384 Arg caa 432 Gn ctt age x3ada 480 The
Ala Gy Lea 155 gtt gat aga ttg cac tct tat tta aat agg Val p Arg Leu
Hi s Ser Tyr Lea Asn Arg 165 170 aaa gga cca all tat aat gat caa Lys Ay

Pro Ile Tyr-Asn Asp G n 180 tac ctt ttg28et aag Tyr

Lea Lea Ser Lys 195

gca ttg gcc Ala Leu Ala 200 caa caa agt.tct let aca act agt Gn Gn Ser
Ser Ser Thr Thr Ser 210 215 caa aga aac gag aga aat gig tit

operation was performed using Quik Change™ Site-

Directed Mutagenesis Kit (Stratagene) in accordance with

the manufacturer's protodol. As the primers, primer F2

(CCACAGCGGGAAGATGGCGGAAACAATG (SEQ ID NO:5)) and primer

R2 (CATTGTTTCCGCCATCTTCCCGCTGTGG (SEQ ID NO:6)) were

used. Thus, plasmid pEGSH2-G387D was constructed.

On the other hand, the strain Kldash that shows

uracll requirement!was obtained from the strain Kl as

. follows. That is, the strain K1 was cultured in a YPD

medium at 30°C for 80 hours and the culture was spread

on an SDFOA plate.: From among the yeasts

that grew on

‘the SDFOA plate was selected a yeast strain, Kldash,

- that showed uracil requirement and whose glutathione

synthetase had been destructed.

The strain Kidash obtained as described above was

transformed with the above-mentioned plasmids pEGSH2,

PEGSH2-T471, and pEGSH2-G387D to obtain pEGSH2/Kldash,

PEGSH2-T47I/Kldash, and pEGSH2-G387D/Kldash strains,

réspectively. The transformation of Kldash strains with

each plasmid was performed as follows. That is, after

preculturing the Kldash strain,‘the culture was

subcultured in 50 ml of YPD medium and cultured until a

logarithmic growth phase was reached. The cultured

cells were suspended in 1 M sorbitol, the objectiﬁe

plasmid was mixed, and transformation was performed by

electroporation. The transformants were cultured on an

8D agar medium containing 1 mM of glutathione and




Gn
Leu.

260
Al a
Asp

aaa
gtc

Arg Asa G n Arg Mh Val Phe 225 230 ctg ttg gaa aaa tic ggt Lea

Gdu Lys Phe Ay 245 gtt aac gat aaa ttg tic Val Asn aquhmgxgea The

agg gac aca gag cag gaa Ser Gn Lys 160 gca aac aag .tac gat

Asn Lys Tyr Asp Pro 175 aat atg gtc all Igt gat As% Met 3a| ffé gg?
185 190 aaa get gig gaa tcg tat I[3%. Ala Val Gn Ser Tyr. gat cet

Pro gat caa Asp Gn ace aaa let gtt Thr Lys Ser Val 250 att gat gat'
Ile Asp Asp Lys 265 205 tea gga 576 Ser Gy aag tea 624 Lys Ser al

gca tic att gig
_ strains that grew were selected.

The strains pEGSHleldash, pEGSH2-T47I/Kldash, and
pEGSH2-G387D/Kldash were cultured with shaking in SD
media at 30°C for 30 hours and cultures were inoculated
in SD media in a concentration of 2% and cultured with
shaking at 30°C. The amount of glutathione accumulated
in cells in the logarithmic growth phase thereof (10
hours after this culture was started) was measured.
Glutathione was accumulated in an amount of about 0.80%

" in the case of the pEGSH2/Kldash strain, and in an
amount of 0.001 to 0.006% in the case of the pEGSH2-
T47I/Kldash and pPEGSH2-G387D/Kldash strains.

The above—mentioned results indicate that yeasts
can have a reduced glutathione synthetase activity with
the mutations T47I or G387D alone and without the
mutation P54L and can contain a slight amount of

glutathione in the cells, thereby contributing to high

productivity of y-glutamylcysteine.

Industrial Applicability

According to the present invention, a yeast which
harbors a mutant glutathidne synthetase with a reduced
activity and produces y-glutamylcysteine is provided.
The yeast.of the present invention can be used in

:'prbducing_y—glutamylcysteinercontaining_foods or

cysteine-containing.foods.




Ile Val Ala Phe Ile Val 220 aag gtc ttg gaa ttg aat Lys Val Lea Gu Lea
Asn 235 240 agg ttg acg tit gat gat Arg Lea Thr The Aspy %ggmﬁgga_ Thr
Gy ata gcg gig gtt tat tac 255 aag ctt tic all Lys Lea Phe I'l'e 270 aga
acg ggt tac 672 720 768 816 22 May 2006 3/8 Arg Asp Thr- Au Gn Gn lle Ala
Val Val Tyr Tyr Arg Thr Ay Tyr 275 2830285 aca acc act gat Lac acg tcc
gaa aag gac tgg gag gca aga cta tic 912 Thr Thr Thr Asp Tyr Thr Ser Qu
Lys Asp-Trp Gu Ala Arg Leu Phe 290 295 300 ctc gaa aaa agt tic gca ata aag
gcc. cca . gat tta etc act caa tta 960 Leu G u Lys Ser Phe Ala Ile Lys Ala
Pro Asp Lev Leu Thr G n Leu 305 310 $12I¥0 tct ggc tee aag aaa aft cag
caa ttg tig aca gat gag ggc gta tta Ser Gy Ser Lys Lys Ile Gn @n Leo Leo
Thr ‘Asp Qu Gy Val Leu ggt aaa Lac ate dy Lys Tyr Ile 340

1. A yeast which harbors a mutant glutathione
synthetase having one or both mutations_seleqted from-
the group consisting of a mutation to replace a

. ‘threonine residue at the position 47 with an isoleucine
residue and a mutation to replace a glycine residue at
the position 387 with an aspartic acid residue, and
which produces y-glutamylcysteine.

2. ' The yeast according to claim 1, wherein the
yeast further has a mutation to replade a proline
residue at the position 54 with a leucine residue.

3. The yeast according to claim 2, wherein the
mutant glutathione synthetase has the mutation to
replace the threonine residue at. the position 47 with an
isoleucine residue and the‘mutation to replace the

. ﬁroline residué at the position 54 with a leucine

‘residue.

4, The yeaét'accordingnto claim 2, wherein the
mutént glutathione synthetase has fhe mutation to
replace the glycine residue at the position 387 with an
aspartié acid residue and the mutation to replace the

 proline residue at the position 54 with a leucine
residue.

5. The yeast according to any one qf c¢laims 1

- to 4, wherein a glutathione synthetase free of the

mutation has the amino acid sequence of SEQ ID NO:2.




325 330 335 tee gat get gag aaa aag agt agt ttg tta aaa act Ser Asp Al a
Qu Lys Lys Ser Ser Leo Leo Lys Thr tit gtc aaa ata tat ccespbPheoygl Lys
Ile Tyr Pro 355 aag agg ctg gca tta agt ttg Leu gag Lys Arg Leo Ala Leo
Ser u 370 375 egg gaa ggt ggc gga aac aat Arg Qu Ay Gy Gy 385 ttg
aaa ggt ate gaa Leu Lys Ay Ile Qu fig aft Leo Ile 405 gaa cca gag Qdu
Pro A u aaa Let Lac aac Lys Ser Tyriﬁsn Asn Asn 390 gaa cgt Gu Arg ttg
aat Leo Asn gaa cca ate du Pro II'é 345 350

6. The yeast according to any one of claims 1
to 5, wherein the yeast belongs to the genus
Saccharomyces.

7. A method of producing food or beverage which
contains Y-glutamylcysteine or cysteine, comprising the steps of
“culturing the yeast according to any one of claims 1 to 6,
mixing the obtained culture or fractionation product
thereof, or the culture or fractionation product thereof
subjected to heat treatment with a food or beverage raw
material, and processing the mixture into a food or beverage.

8. The method according to claim 7, wherein the
food or beverage is an alcoholic beverage, a bread food, or
a fermented food flavoring material.

9. A method of producing a yeast extract,
comprising the steps of culturing a yeast according to
ény one of claims 1 to 6 under a suitable condition, and
preparing the yeast extract from the cells of the

yeast.




gat gat acg aag ctt ggc agg gaa gge Asp Asp Thr Lys Leu Ay Arg Gu Gy .
360 365 ccc Let aaa Lac gtg tta aaa Pro Ser Lys Tyr Val éQ%m%%ﬁ)Ef t at
Vat Tyr 380 aaa gaa aat Lys GQu Asn cac tgg gat H's Trp Asp 18 1008
1056 1104 cca cag 1152 "Pro G n aft ect aat ttt |Ile Pro Asn Phe 395 400
gca tat aft etc atg gag Ala Tyr Ile Led/fet G u gaa aat aat aft ata tta
cgt GQu Asn Asn Ile Ile Leo Arg 425 430 415 'gat aac Asp Asn ate agt gaa
eta gga aft tat ggt 1le Ser Gu Leo Ay Ile Tyr Ay 435 440 445 1200 1248
1296 -

SEQUENCE LISTING
<110> Ajinomoto Co., Inc.
120> 7-GLUTAMYLCYSTEINE PRODUCING YEAST
- <130> 0P1420

<140>
141> 2002-11-26

<150> JP 2001-359782
<151> 2001~11-26

<1607 10
- £170> PatentIn Ver. 2.0

Qi o

<211y 2466 |

<212> DNA

<213> Saccharomyces cerevisiae

<220
<221> DS
222> (1).. (1476)

<4005 1 .
atg gea cac tat cca cct tcc aag gat caa tig aat gaa tig atc cag 48
" Met Ala His Tyr Pro Pro Ser Lys Asp Gln Leu Asn Glu Leu Ile Gln
1 ' 5 10 I5
géa'gtt aac caa tgg gct atc act aat gga tla tec atg tat cct cet 96
Glu Val Asn Gin Trp Ala Ile Thr Asn Gly Leu Ser Met Tyr Pro Pro
- 20 % ' 30
aaa tlc gag gag aac cca tca aat gea tcg gig tca cca gta act alc 144"
Lys Phe Glu Glu Asn Pro Ser Asn Ala Ser Val Ser Pro Yal Thr Ile
35 0. 45 ,
~ tat cca ace cca ati ccl agg aaa tgt tit gal gag gee gt caa ata 192
_ Tyr Pro Thr Pro Ile Pro Arg Lys Cys Phe Asp Glu Ala Val Gln Ile




tgc
tea
450
Leo
475 .
Ay
act at acaca
t at at aat ca
ctttagtagc
t gt gaagaag g
gtaatgctcg t
cctctgcaaa
t acaat agga
t ct gaat agt
caccgcat ca
ctcgtttaga
aat at gggtc
ccattgaata t
t aaaagcggt
gcaaaccgca
cccct acggt
aaacaaaaat
tttaat gaag

. ageg gac aca gag cag gaa ata geg glg git tal tac aga acg ggl tac

1392 Val

Leo Arg Ser

Cys Leo Asp Ser

1344 Cys gtt eta tit aac gac gag caa gtt tla Leg aac gaa tit agt ggc
Leo Phe Asn Asp Au G n Val
455 460 tta cta aga tcc aaa tit aat act tca aat gaa ggt gga gi g geg gca
Lys The Asn Thr Ser Asn Au Gy Gly Val

480 gga tic gga tgt ttg gac agt aft2#Bt ctt Lac tag gtgtacatgt
Ile Ile Leo Tyr 485 490 1440 1486 22 May 2006 4/8

Leo Ser Asn G u Phenpgradgky Ser

Ala Ala 465 470
Gy Phe

tagat gct ag gaagatgatg ctagaacttg attaacaatt agttaaggaa 1546
cacttaipaca taaatttgctsgsgttttaggct catggccttct ttctttcacc 1606

9%%9

anc

P
d&d@t]@Ft

i s e 5L LA T
s =

Igut YtTc ltﬁ‘aﬁ;l’tggI I#a

1666
1726

celiithsg Mgt ofdaagt a 1786

tag@taaagg ttctttt7gggggccattagt tg@atttgcca agattgggtcc 1846

atcfaﬁ%gaé?a"t‘ H:tta@att gttthacgnta%a&taa?&aga{at @gaﬁi%c:t c%lgggcg?flgzg%

oo P

tca gat tat ftg att gat aag aaa aag get act éaa cag att aag caa

gaa t

{ aaaaal, ccgactt

cya Sref t’Eth ety s tlyg chbet Tt Gl Peltﬁtle?@

aattcatctt ggtdbtgcaa caccaaadgdt atatcaaata %95t gattcgt
ag@@%@%g 111 of 280 308 X001 Ce 3GR AN 429 aEEttQtES??gf?:
Sepitah hEATR TR 180 ae & e adan s HE dGgcat a
aacagtaaaalﬂ&tgcttcca at addl8agga ttcgtcaddl cttcataaaa
t aggqaaizaa cagataé %@@taﬁg @k A9 Q7lagB3A8CRRQLE 171 FeEAaBYL

HESERL S L BT e

120

1906
1966
2026
2086
2146
2206
2266
2326
2386
2446

a lgt axdt t cac

Ser Asp Tyr Leu Ile Asp Lys Lys Lys Gly Thr Glu GIn Ile Lys Gln

gic
Val
145
gtt
Val

aaa
Lys

tac
Tyr

caa
Gln

caa
Gln
225
ctg

130

135

gag tit aat aca gig tca gtg {ca
Glu Phe Asn Thr Val Ser Val! Ser

150

gal aga ttg cac fct tat tta'aat
Asp Arg Leu His Ser Tyr Leu Asq

165

gga cca aft tat aat gat caa aat
Gly Pro Ile Tyr Asn Asp Gln Asn

180

185

cit ttg tct aag geca tig gee aaa

Leu Leu Ser Lys Ala Leu Ala Lys

195

200

caa agt tet tdt aca act agl gat
GIn Ser Ser Ser Thr Thr Ser Asp

210

aga aac gag aga aat gig tit gat
Arg Asn Glu Arg Asn Val Phe Asp

215

230

ttg gaa aaa i{tc ggt acc aaa tci
Len Leu. Glu Lys Phe Gly Thr Lys Ser
245

gtt aac gat aaa ttg tic att gal gat
Val Asn Asp Lys Leu Phe Ile Asp Asp Lys Thr Gly Lys Leu Phe Ile

260

265

125
432
140
ttt gea gge cit age gag aaa 480
Phe Ala Gly Leu Ser Glu Lys
155 160
agg gca aac aag tac gat cct 528
Arg Ala Asn‘Lys Tyr Asp Pro
170 175
aig glc ati tct gat tca gga 576
Met Val Ile Ser Asp Ser Gly
190 .
get gtg gaa tcg tat aag tca 624
Ala Val Glu Ser Tyr Lys Ser
' 205
cet attl gic gea ifc att gig 672
Pro Ile Val Ala Phe Ile Val
220 :
‘caa aag gic tlg gaa ttg aat 720
Gln Lys Val Leu Glu Leu Asn
235 240
gii agg ttg acg tit gat gat 768
Val Arg Leu Thr Phe Asp Asp
250 259
aaa acg gga aag cit tic atf 816
270
864 -




<213>.Saccharonyces cerevisiae <400> 2 Met Ala His Tyr Pro Pro Ser Lys Asp
GnlLeo Asn 1 510 Gn Val Asn Gn Trp Ala Ile Thr Asn Gy

Phe Gu 35 .Tyr Pro Thr

50 20 25 du Asn Pro Ser Asn Ala Ser Val

Lys

Ser Pro

Ile Pro Arg Gn Pro Val Phe 65 G@n Pro Asp Ser Asp Ser Gn Phe 55 Asn Qu
Pro Pro 30

Lys Cys Phe Asp Qu Ala Val Gn'lle 60 Tyr Ala Arg

Leo 70 Tyr Leu His 85 Thr Ay Lys Gud/do Ile Gn

Pro Val Thr Ile 40 45

15 Met Tyr

Ile Thr G n Asp Met Ala 75 80 Lys Thr Thr Gu Ala Leu Ala Leu Ser

Arg Asp Thr
215

aca -acc act

Thr Thr Thr

250

ctc gaa aaa

Leu Glu Lys

305

tct gge tee

Ser Gly Ser

ggt aaa fac
Gly Lys Tyr

ttt gtc aas
Phe Val Lys
350
aag agg ctg
Lys Arg Leu
370
cgg gaa ggl
Arg Glu Gly
385
ttg aaa ggt
Leu Lys Gly

ttg att gaa
Leu Ile Glu

‘aaa tct tac

Lys‘Ser Tyr

435

git cta tit

Yal Leu Phe
450

t1a cta aga

Leu Leu Arg

465 '
gga ttc gga
Gly Phe‘GIy

Glu Gln Glu Ile Ala Val Val Tyr Tyr Arg Thr Gly Tyr
280 285
gat tac acg lcc gaa aag gac tge gag gea aga cla tic
Asp Tyr Thr Ser Glu Lys Asp Trp Glu Ala Arg Leu Phe
_ 295 300
agl tic gca ata aag gec cca gat tta cfc act caa tta
Ser Phe Ala Ile Lys Ala Pro Asp Leu Leu Thr Gln Leu
' 310 315 320
aag aaa ait cag caa ttg {tg aca gat gag gge gta tia
Lys Lys Ile Gin Gln Leu Leu Thr Asp Glu Gly Val Len
325 330 335
afc tcc gal goci gag aaa aag agt agi f{tg tta aaa act

Ile Ser Asp Ala Glu Lys Lys Ser Ser Leu Leu Lys Thr

340 345 350

ata tat ccc tig gai gat acg aag ctt gge agg gaa ggc

Ile Tyr Pro Leu Asp Asp Thr Lys Leu Gly Arg Glu Gly

360 365
gca tta agi gag ccc tct aaa tac gig tta aaa cca cag
Ala Leu Ser Glu Pro Ser Lys Tyr Val Leu Lys Pro Gln
375 380

ggc gga aac aat git tat aaa gaa aai att cct aat ttt

Gly Gly Asn Asn Val Tyr Lys Glu Asn Ile Pro Asn Phe
390 395 400

atc gaa gaa cgf cac igg gal gea tat att cic atg gag

Ile Glu Glu Arg His Trp Asp Ala Tyr Ile Leu Met Glu

- 405 410 415

cca gag 1tg aat gaa aaf aat afl ata tta cgt gat aac

Pro Glu Leu Asn Glu Asn Asn Ile Ile Leu Arg Asp Asn

420 425 430

aac gaa cca atc atc agt gaa cta gga alt tat ggt igc

Asn Glu Pro lle Ile Ser Glu Leu Gly Ile Tyr Gly Cys

440 | 445
aac gac gag caa git ti{a fcg aac gaa {it agt ggc ica
Asn Asp Glu GIn Val Leu Ser Asn Glu Phe Ser Gly Ser
455 460

tcc aaa tit aat acl tca aat gaa ggt gga gig geg gea

Ser Lys Phe Asn Thr Ser Asn Glu Gly Gly Yal Ala Ala
470 - 475 480

tgt tig gac agt alt att ctl tac tag giglacaigt

Cys Leu Asp Ser Ile Ile Leu Tyr

485 490

912

960

1008
1056
1104
1152
1200
1248

1296

1344

1392

1440

1486

90 95




Leo
Lys
Asp
Phe
Asn
Asn
Thr
Ser
Asp

Trp Ser LeulTyr Leu Ala Thr.Leo 100 105 110 Lys Ser Ala G n Tyr Lys

G n Asn Phe Arg Leo Ay Ile Phe Arg 115 120 125 Ser %; dego 1le
Lys Lys Lys Ay Thr Glu.Gn Ile Lys Gn 22 May 2006 5/8 13 Val G n
Asn Thr Val 145 150 Val Asp Arg Leu His Ser 165 Lys Ay Pro lle Tyr
180 Tyr Leu Leu Ser Lys Ala 195 G4/& n Ser Ser Ser Thr 210 Gn Arg
Gn 225 Leu Leu Gn Lys Arg Asn 230 Phe @Ay 245 135 250 255 Asp Lys
Gy Lys Leu Phe Ile 265 270 Val Val Tyr Tyr Arg Thr Ay Tyr Ser Va

Phe Al a GhUta't@d&c@elragﬂgﬂtalgygaagéh@@tgl591g1'a/dtt&%‘ﬂtaﬁéﬁtf\rﬁtﬁda%gﬁs[5416)/5 Tyr
Pro 170 Ht%taﬁ%? ccaacﬂcpfca Mggtthct glﬁtaggcl captccﬁctthtttcacc 1606
ctttagtagc gaagtacacc atitagctge accaacaglg tigclagata tggigactal 1666
tgtgaagaag ggtatfaact ctagtagacc ggcagacafa ccgaaacafa tgaaacitige 1726
gtaatgeteg tactgaaaal citiggccig titcttactg aafcecitta gtaaaaagta 1786
- ccletgcaaa tagglaaagg tictititgg geccattagt tgatttgcca agatiggtce 1846
tacaalagga aiftagcgaca gtaatgltag tgaagtaaaa tiggagacti taaaaaacat 1906
‘tclgaatagt aatctgggaa tcltaaaaat cegacttcce titatigigt tgaaattict 1966
caccgealca ggttcatega tttttctatg iggetitigt ggtitaggea ataccttcac 2026
ctegtitaga aaticatctt gglcttgeaa caccaaagat atatcaaata tctgattcgt 2086
aataigggtc aggaccagig ttctacaaac aaaggeagic aagacaticg tttgtaaaal 2146
ccatigaata tgaaccagta tcacaccaag aggccctaai aacagtatgg cccatgicac 2206
taaaagcggt acaagtgtiga cataaaagag accagcaata glgacaaaaa icagggcata 2266
gcaaaccgea aacagiaaaa tatgettcea ataaacagga ttcgtcagea cticataaaa 2326
cccciacggt faacaaataa aaattaaata tgttagical aaaacaagtc atatcaafge 2386
aaacaaaaat catgtactta ctaagaaigg glagataaat getctigagl tgaaaatitc 2446
‘tttaatgaag ttititctaa 2466

210> 2

<211> 491

-{212> PRT

213> Saccharomyces cerevisiae

<4007 2
Met Ala His Tyr Pro Pro Ser Lys Asp Gln Leu Asn Glu Leu Ile Gln
_ 1 5 10 15
~ Glu Val Asu GIn Trp Ala Ile Thr Asn Gly Leu Ser Mei Tyr Pro Pro
' 20 o 25 30
Lys Phe Glu Glu Asn Pro Ser Asn Ala Ser Val Ser Pro Val Thr Ile
- 35 | 40 45
_Tyr Pro Thr Pro Ile Pro Arg Lys Cys Phe Asp Glu Ala Val Gln Ile
50 55 60
Gln Pro Yal Phe Asn Glv Leu Tyr Ala Arg Ile Thr Gln Asp Met Ala
65 70 75 80
- Gln Pro Asp Ser Tyr Leu His Lys Thr Thr Glu Ala Leu Ala Leu Ser
' - 85 90 - 95
“Asp Ser Glu Phe Thr Gly Lys Leu Trp Ser Leu Tyr Leu Ala Thr.Leu
' 100 105 ' 110 .
- Lys Ser Ala Gln Tyr Lys Lys Gln Asn Phe Arg Leu Gly Ile Phe Arg
: 115 120 125
Ser Asp Tyr Leu Ile Asp Lys Lys Lys Gly Thr Glu Gln Ile Lys Gln




185 190 Leu Ala Lys Ala Val G n Ser Tyr Lys Ser 200 205 Thr Ser Asp Pro
Ile Val Ala Phe Ile val 215 220 Val Phe Asp G n Lys Val beufdspokeu Asn
235 240 Thr Lys Ser Val Arg Len Thr Phe Asp Asp Val Asn Asp Lys Len Phe
Ile Asp 260 Arg Asp Thr Gn Gn Qu Ile Ala 275 280 Thr Thr Thr Asp Tyr
Thr Ser G n Lys Asp 290 295 Leu G n Ly$/Ser Phe Ala Ile Lys 305 310 Ser
Gy Ser Lys Lys Ile Gn Gn 325 Ay Lys Tyr Ile Ser Asp Ala G n 340 The
Val Lys Ile Tyr Pro Leu Asp 355 360 Lys Arg Len Ala Leu Ser Gn Pro 370
375 Arg Gn dylf8y Ay Asn Ash3dval 385 390 I1#feu Lys Ay Ile Gn Gn Arg

s 405 Leu Vieol mdhe Bivdiete T S dls SRP LT 5Er @R LG A Arg Len Phe
300 Ala Pro Aﬂ% Leu Leu Thr %On Leu ?55 160

Yal Asp Arg Leu His Ser Tyr Leu Asn Arg Ala Asn Lys Tyr Asp Pro
165 170 175
Lys Gly Pro Ile Tyr Asn Asp G!n Asn Met Yal Ile Ser Asp Ser Gly
180 185 190
Tyr Leu Leu Ser Lys Ala Leu Ala Lys Ala Val Glu Ser Tyr Lys Ser
195 200 205
GIn Gln Ser Ser Ser Thr Thr Ser Asp Pro Ile Val Ala Phe Ile Yal
1210 215 20
Gin Arg Asn Glu Arg Asn Val Phe Asp Gln Lys Val Leu Glu Leu Asn
225 230 23% 240
Leu Leu Glu Lys Phe Gly Thr Lys Ser Yal Arg Leu Thr Phe Asp Asp
245 250 255
Val Asn Asp Lys Leu Phe Ile Asp Asp Lys Thr Gly Lys Leu Phe Ile
260 265 270
Arg Asp Thr Glu GIn Glu Ile Ala Val Yal Tyr Tyr Arg Thr Gly Tyr
275 280 285 _
Thr Thr Thr Asp Tyr Thr Ser Glu Lys Asp Trp Glu Ala Arg Leu Phe
290 ' 295 300
Leu Glu Lys Ser Phe Ala Ile Lys Ala Pro Asp.leu Leu Thr Gln Leu
305 310 . 315 320
Ser Gly Ser Lys Lys Ile Gln Gln Leu Leu Thr Asp Glu Gly Val Leu
325 330 335
Gly Lys Tyr Ile Ser Asp Ala Glu Lys Lys Ser Ser Leu Leu Lys Thr
- 340 345 350
Phe Val Lys Ile Tyr Pro Leu Asp Asp Thr Lys Leu Giy Arg Glu Gly
35 : 360 . 365
Lys Arg Leu Ala Leu Ser Glu Pro Ser Lys Tyr Val Leu Lys Pro Gln
370 375 » - 380
Arg Glu Gly Gly Gly Asn Asn Val Tyr Lys Glu Asn Ile Pro Asn Phe
386 390 395 = 400
Leu Lys Gly Ile Glu Glu Arg His Trp Asp Ala Tyr Ile Leu Met Glu
| 405 410 415
Leu Ile Glu Pro Glu Leu Asn Glu Asn-Asn ile Ile Leu Arg Asp Asn
420 - 425 430
Lys Ser Tyr Asn Glu Pro-Ile Ile Ser Glu Leu Gly Ile Tyr Gly Cys
_ 435 440 445
Val Lev Phe Asn Asp Glu Gln Val Leu Ser‘Asn Glu Phe Ser Gly Ser
450 . 455 S 4B0 -




Leu Leu Thr Asp Gn Ay Val Leu 330 335 Lys Lys Ser Ser Len Len Lys Thr
345 350 Asp Thr Lys Leu Gy Arg Qu Ay 365 Ser Lys Tyr ‘Q@IMQ}egnolsys Pro
Gn 380 Tyr Lys Gn Asn Ile Pro Asn Phe 395 400 Trp Asp Ala Tyr Ile Len
Met- G n 410 415 Asn Asn lle Ile Leu Arg Asp Asn 425 430 140 Gy Ile Tyr
Ay Cys 445 Lys Ser Tyr Asn Gn Pro |I1&/8le Ser Gn Len 435 440 Val Leu
Phe Asu Asp G n Gn Val 450 455 Leu Ser Asn G n Phe Ser Gy Ser 460 22 My
2006 6/ 8 Leu Leu Arg Ser Lys The Asn Thr Ser Asn Gn Ay Ay Val Ala Ala

465 470 475 xeﬁ’hﬁg@ey L9Y PiboRn/vmp S8 Ashl Gluldlg Qlgwalykizihfa 490 <210> 3
<211> 25 DNA <21 Au&bf|0|al Sequeqﬁ% <220> <223> &pscrlptlon of

Art|f|C|aI Plence: prlner
GIY Phe Gly Cys Leu Asp Ser Ile Ile Leu Tyr

485 490

210> 3

211> 25

<212> DNA

213> Artificial Sequence

Q200
£223> Description of Artificial Sequence: primer

<400> 3

cataaaacaa cigaagegit agcic 25
<210)> 4

211> 25

- <212> DNA

<213> Artificial Sequence

<2200
<223> Description of Artificial Sequence: primer

<400> 4
caggccaaag attttcagta cgage 25
2100 5
211> 28
<212> DNA
<213 Artificial Sequence

<220> _ |
© 223> Description of Artificial Sequence: primer

<400> 5
ccacageggg aagatggegg aaacaaig 28
- <2102 6
S Q1D 28
<212> DNA




480 <400> 3 cataaaacaa ctgaagcgtt agctc 25 <210> 4 <211> 25 <212> DNA
<213) Artificial Sequence <220> <223> Description of Artifhajalrdegauence:
prinmer <400> 4 caggccaaag attttcagta cgagc 25 <210> 5 <211> 2 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
pri mer <400> 5 ccacagcggg aagat ggcgg aadéBatg 28 <210> 6 <211> 28 <212>
DNA 22 May 2006 7/8 <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: primer <400> 6 cattgtttcc gccatcttcc cgctgtgg 28 <210>

7 <211> 25 Q232 xriMiciallSsquedeéi ficial Sequence <220> <223> Description
of Artificial Sequence: priner ' S
<220>
<223> Description of Artificial Sequence: primer

<400> 6 |
catiglitec gecatettce cgetgtag 28

210> 7

211> 25

<212> DNA

<213> Artificial Sequence

{220
<{223> Description of Artificial Sequence: primer

<400> 17
‘ctaatatgga.tgtcggcaac ccaag _ 25

<210> 8

QU 24

{212> DNA

<213> Artificial Sequence

- L2207
-~ €223 Description of Artificial Sequence: primer

- <400> 8

. ccacagetit ggccaatgee tiag 24
210> 9

211> 31

<212> DNA

{213> Artificial Sequence

-<220> _ o
<223 Description of Artificial Sequence: primer

400> 9 7 _ _ 7
cggtglcace agtaattatc tatccaacce ¢ . 3




<400> 7 ctaatatgga tgtcggcaac ccaag 25 <210> 8 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial 2% ©oprimer
<400> 8 ccacagcttt ggccaatgcc ttag 24 <210> 9 <211> 31 <212>DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: prinmner
<400> 9 .cggtgtcacc agtaattatc tatccaacgggc 31 22 May 2006 8/8 <210> 10
<211> 31 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: prinmer <400> 10 ggggttggat agataattac tggtgacacc g 31

<210> 10 '

<211 31

<212> DNA

<213 Artificial Sequence

| {2200

<223 Descripiion of ‘Artificial Sequence: primer

<400> 10
goggtiggat agataattac igglgacace g _ o 31






