; e3eytt uw@W y6yTynx BI Nl W-~6' BV~I | N9 y- @ ut anyl cyst ei ne Produci ng Yeast
Technical Field The present invention relates to a yeast that has a nutant
gl ut at hi one synthetase with a reduced activity and to a food utilizing

cells of the yeast. yglutanyl cysteine ang cysteine produced
useful in the field of foods. Background Art Cysteine is useumm@ﬂmmmmmw
pur pose of enhancing the flavor of foods and the |ike. Known pro,gﬁgﬁon
nmet hods of cysteine include a protein deconposition nmethod and a
sem -synthetic nmethod. The nethods t PR OB %Qﬁrently used in the main are
t he proteol ysys nethod and the sem synthetic nethod. Although natural food
mat eri al s having hi gh cystegj e 1 e Vier hepedt ke mpeaked f or t he pur pose
of using themto enhance§t§#£$?éﬂun§%ﬁéfoods, sucﬁﬁﬁatural food materials
have little been known. On the other hand, it has been reported that heat-
or enzyme-treatnent of yeast extracts containing yglutanylcysteine may give
rise to food mateniabkd Raeldg hi gh cysteine contents (WO 00/30474).

y-gl utanyl cysteine is synthesized fromcysteine and gl utanjc,acjd
substrates by the f-nnetpnesentygnueaﬁy%ys%ﬁﬁéss%t%e?(%@g].c Eﬁalfh%g%t her
hand, ~o~RU~uu~inm 2 glutathione is synthesized fron1~-ghut§g¥bg¥§teine
and gl yci ne aa subantagéutbyhihaef gHBLPERage YrHPabhfGHECEInERETSSs:
Therefore) as a nmethod of breeding a yeast that_ accunul ates

~-gl ut any| cyshadneoi a fogd ceildring trerE REytHE BPBSGsed disruption of a
gene that encodes gl utathione synthetase. Yeasts 0 e t encode
gl ut at hi one sygiulenyieyisaded nee@nddicyskELaG QF@dPEggrEESQF%%aB g8%30474;

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

Mol ecul ar Bi olsgfudf imhdheelfiieldg of14e996707, 1997; Inoue et al .,

Bi ochi m ca et Biophysica Acta, 1395(1998) 315-320. However, each of the
above-nenti oned yeasts has a defect that their growh rates are decreased
to a large extent. Further) Qtake, et al. reported that the yeast whose
gene encodi ng BlckgnanshAy nt het ase has been di srupted shows a bad growt h

under a culture in a nmedium containj nQ.gl ut at hi gne d n GammarisdheM th a
culture in a medi umG@EReANT g Qﬁﬁda&ﬂﬁro% a g)sget %5 ?a,n Agri . g%i ol .

Chem , 54(12), 3145-3150, 1990).. However. sinc i ey
gl ut at hi one i rfleaRiat £QRES b ‘?yljé&ep'engln\%ﬁgﬁg%&%%{%&t%hi metholS it is

al so expensi ve, such nedia are not_preferabl gg%g% I LRSE- arfdd 4 he
ot her hand, itoﬂwﬁH%F%kP%J%RP}?ﬁﬁuﬁ(Rﬁ?%ﬁ%?té?%éﬁQ%re tlg above-&%ntioned

yeasts at high densities in inexpensi i I3 NG-d Rfdrdignt
amount's of gILﬁ%ﬁ%ﬁ%ﬂﬁ¢9%ﬁl%§@§€£°§h ﬁ%ﬁﬂ§%¥?gﬁﬂ$g€% . 3 Disclosure of

the Inventlon-used in the main are the proteolysys method and the

semisynthetic method. Although natural food materials
having high cysteine contents have been demanded for the
purpose of using them to enhance the flavor of foods,
such natural food materials have iittle been known. On
the other hand, it has been reported that heat- or
enzyme-treatment of yeast extracts containing y-
glutamylcysteine may give rise to food materials having
high cysteine 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,

*G00002*



In the above-nentioned technical background, an object of the present
invention is to provide a yeast which harbors a nmutant gl utathione
synthetase with a reduced activity and produces y-glutanyl cysteine and a
y-glutanyl cysteine-containing food utiliz ng the yeast. As a result of
extensive studies in order to achieve the above-nentioned object, the
inventors of the present invention have found that a nmutant gl utathione
synt hetase having a specified nutation has a noderate gl utathione

synt het ase aC%h.MitE)fhitha@'sesﬁ(ﬁthbbﬁzadCﬂﬂ‘Uinaﬂ@Iutﬂm}yl@m@mCmei ne and
for the gromh of the yeast and that the yeast harboring the nutant enzyne
accunul ates ~yaieiaBy beysudsneatebebgbyhacizaeitagnt RE glusasbiPAgent i on.
That is, the present invention provides the follow ng. (1) A yeast which
harbors a nut aghtgaktthaehi Ongesyfdhes ase aavetigodtof coxeedhrdor BBRHT

mut ati on sel ected fromthe group consisting of a nutation to replace a
threoni ne resifie alcdutiR@sist yogld¥amylbyaneisel enchhehregntigdtand a
mutation to replace a glycine residue at the position 387 with an aspartic
aci d residue, rapgenhiagh by plupesed disramtiopsoéi ge gep®) thiad Foagedes
according to (1), in which the yeast further has a nutation to replace a
proline resid@guihﬂﬂmbﬂﬁﬁﬁjﬂtMeﬂhbaMtMeasteuwhﬂéerégpﬂﬁethat4eP§?d?he
yeast according to (2), in which the nutant gl utathione synthetase has the
nutation to reguhaeaHitnmd hyeometmsee diakie betent K 3P 4E0 A7 BHERAT

i sol eucine residue and the nutation to replace the proline residue %p t he
posi tion 54 wiitrh w |ceutd 07 4 eitcike. gtd)alThe Agxdst Bicdlor dhft o ?‘12()])2 i'n

whi ch the nutant gl utathione synthetase has the nmutation to replace the
gl yei ne resi dua 48- 3180 pdsi 20 orCIE8E Wit lRlan APRIY BTGP IS o‘tfg t he
mutation to replace the proline residue at the position 54 with a | eucine
resi due. (5) Theyeass, ackay-di Ty t oL 2% oous qt)ako BAOCHIMIFR H a

gl ut at hi one synthetase free of the nutation has the am no acid sequence of
SEQ I D NO: 2. (HiophesyemsicacotINGLIMB andl dne2df (1) to (5), in which the
yeast belongs to the genus Saccharonyces. (7) A food or beveragehco rising
a culture obtained Bjowenewmrierch Hef v 12RO NG R AP BRES 012 %D to
(6) under a suitable condition, or a fractionation géoduc% gf th arge
above- ment i onetefett utbat obhaini FEOWHR LFARST 95 eFerCBPELhEC Bl TTT 2 or

fractionation product in which cysteine has been produced by .a
treatment. (8)efTbentoodFuntlirive e & fng ’T‘?P‘{)rﬂ‘?éjiﬁl%itcrhe Bﬁetaaésftood or

beverage is an al coholic beverage, a bread food, or ferﬁggtgge%ood
flavori ng nat ewhate gehreTreco@ing gkurathippedi¥Rb Bgaﬁgi g a culture

obtained by culturing a yeast according to any one of . .
Y disrup%ed ghows a bad grgwth under a culture in a medium

containing no glutathione in comparison with a culture
in a medium containing glutathione (Ootake et al., Agri.
Biol. 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 also inappropriate to culture
the above-mentioned yeasts at high densities in
inexpensive media containing insufficient amounts of

glutathione for use on an industrial level.



5 (1) to (6) under a suitable condition. (10) A nethod of producing food or
beverage which contains 'y-glutanylcysteine or cysteine, conprising the
steps of culturing a yeast according to any one of (1) to (6) under a

sui tabl e condition, mxing the obtained gulture or fractionation product
thereof, or the culture or fractionation product thereof subjected to heat
treatnent with a food or beverage raw naterial) and processing the m xture
into a food or beverage. Hereinafter, the present invention will be
described in plgseidsudbeofetise Dhvehtipnesent invention is a yeast which
har bors a nmutant gl utathi one synthetase having one or both of the follow ng
nut ati ons and produnesthyghbbeeymeysiene@. teahnigaht PaekepoeRBstFRut e the

t hreoni ne residue at the position 47 by an isol eucine residue (hereinafter,
al so referredobgeas 6F4Thet ppesentit anvenjionnds(by MEP¥ELfenat Be38bstitute
the glycine residue at the position 387 by an aspartic acid residue
(hereinafter, waien hefporedat muaantGadubathpenengyathehyse| Kithe2present

i nvention, "harboring a mutant gl utathione synthetase" presupposes

har bori ng subgtagtkal hytnoivi! dntlypeodhiveat hi ohetaynterstetne AR ain the
present invention, "producing Y 6 glutanylcysteine" nmeans accunul ating
y-gl utanyl cysge@;n@tmymgsﬂém@bcamtammg i foed | wkhbiz g ukke t Fe@ds b

wi | dtype yeast strain does. Preferably, the yeast of the present invention
when cul tured in anASDanedsuditcofit exitensives BFuAdP§hiRoPTHEFe *Omor e
preferably 1.1% by wei ght or nore, of y-glutanylcysteine inits Io%iéithnic
growt h phase. aEhieler rrhiee abolve -peadtioped; RO IgCEse e ARIRDTOT SWién “Cal t ur ed
in an SD nedium contains glutathione in a r%g%e of 0.0001 t%ﬁ 196%y

wei ght, pr ef epaklsgnitn inveangonohaye0Epund (:h6¢6 P akendhE LYy ER Hron

| ogarithm c growt h phase. The term"logarithm c growth phase" as . used
herein ref ers synthefhaee having ¢h spesifimte musatyoRsfased MAFATS t he
culture increases logarithmcally with respect to culture tine. The

above- ment i oned ukedihtiicores sy thettasieo RO Vi tot a?t%t@r?elesyﬁﬂrhetthe?se and of
optional nutations described hereinbel ow are determ ned with ref% enge to
the reported amcwmdcitdeeqfencolotesydsysyeang ahdt APEnESy FrRE8s& gene

(GSH2) of Saccharonyces cerevisiae (Inoue et al.,. Biqchi ' ta,
1395 (1998) 31Hme3ampteiBhkthadc dhg &Faﬁtsgtﬁﬁ%%%%}en%%qqg%y in the
sequence listing). The nucl eoti de sequence of the sane gﬁﬁ@.is §%%wn in SEQ
ID NO: 1. For ecoyiwlates tYth@éerséeH‘P@'mé’&ﬁte gl GCACYONE synt het ase

harbored by the yeast of the present invention has a deletion of one am no
aci d resi due @resnN-IFeRHG Y porti on as conpared with the

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.



7 reference sequence) the above-nentioned positions 47 and 387 correspond
to the 46th and 386th am no acid residues, respectively, fromthe
N-term nal of the nutant gl utathione synthetase. The yeast of the present
invention may further have one or both ofy the follow ng nutations in
addition to the above-nentioned nutation. (3) Miutation to substitute the
proline residue at the position 54 by a | eucine residue (hereinafter, also
referred to as "P54L-type" nutation). A preferred enbodi nent of the nutant
gl ut at hi one sx@t)hq-lh@sgeaaltbabedrmngheoyéast &h whécpr ébenMutaéntion is as
follows. (i) A glutathione synthetase having a T47l-type nutation and a
P54L-type nut gli@athiione Aygithietsieohass ghehsugesinayiteg rap&ageDPepe
mutation and a P54L-type nutation. Furthernore, the above-nentioned nutant
gl ut at hi one symtleRnase irespdefeeaabltheopesitiinhi ¢A yithaehi dF€1EPRLREt ase
free of the nutation has am no acid sequence shown in SEQ ID NO: 2.. Since
the mutant gl weatikivenansy nineetmta than ity eplaoey shee Prioddde A#Sdd6n has a
reduced activity as conpared with the wild-type gl utathione synthetase, the
yeast which hafbaine o imiioants e nde aprledvdos ygisdidadyl cyst ei ne.
Furthernore, since the yeast which harbors the above-nentioned nutant

gl utat hi one (& )syrHeaiecass radaimbing redu@dd dnurddshoides ytiatase
activity, it can also grow well in a nmedium containing no glutathione. The
yeast of the pyasethionenymmdtsasothamartiecwudatian ma fEREFarthSs it can
produce yglutanyl cysteine. Specifically, it includes yeasts bel o,ncgi ng to
the genera Sacfhasiny aessidlh as S areridrirre S &emehfitsjae aspartl

Schi zosaccharonyces such as Schi zosaccharonyces ponbe, and the like) It is
preferred thatadi® pesduefandetips guaratioly dif iXAPIREE FHOIRFW BT nore

pol ypl oi dy in consideration of good growmh. The yeast havi ng_dipl oidy or
nmore pol ypl oi dyesadudeabtlz neos byiomtdhgrite Qm{ﬁjfﬂﬁed RIS sed in
breedi ng the yeast harboring the above-nenti oned nut ant Iu&g{hione
synthetase Wit s p Timopéast afcerding- g panyl &t ofe) s‘g‘ht as®? har bori ng
strain and selecting a strain which harbors the nutant ‘gl utatﬂ)irongr[l
synt het ase andwiptchlusesletativtong| syathetase rbFse ret obt Qi Mt bt P of 3°
yeasts. Simlarly, yeasts having triploidg or_nore Eolyploidy can be

obt ai ned. The yeastmbhotaeigreeanencaveht PR EAMNYe?created by gene
substitution using, for exanple, DNA encoding the ?I E_IL tgi 0ﬂ$)sy%het ase
havi ng the abo(é)nEhei veedt nacaerdingThe JRAsPHfth gr fen?’ T nvention can
al so be obtai ned by subjecting the mﬁld-tégenéeast 0 a ordigggy mut at i on
treatnent suchwhichivtherwepati balopesater BAe nBARYH PRCE AEPAYER Such as

\-ethyl - (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-
glutamylcysteine, 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



9 nitrosoguani dine (NTG, ethyl nethanesul fonate (EMS), nitrous acid, or
acridine. It can be confirned that the obtained nutant has the objective
nut ation by, for exanple, a PCR nethod or the |ike. The above-nentioned
gene substitution can be perforned as fold ows. That is, a yeast is
transfornmed with a reconbi nant DNA contai ning a nucl eoti de sequence that
encodes the gl utathione synthetase having introduced therein the objective
mut ati on to cause reconbi nati on between the nutant gl utathione synthetase
gene and the ghztabhkemeuﬁuethataa&tghhe oondhbienronosone. On this
occasion, a marker gene inserted in the reconbi nant DNA deﬁending on the
characteristi¢1gych mstavgobroprpdotingefhodt ornRe¥erRECnH LBHl ation easy.
Furthernore, making the above-nentioned reconbi nant DNA |inear, béhcleavage
with a restrighhenig8ZyIg1etahiibcyékelmador nopsiteineon eempybsing the
replication control region that functions in yeasts fromthe r czg?inant
DNA can ef fi cis@BllsY o ¢@1tuse nigo aa yersdi ACCATARNSh tPh8NMWeL8fbPhant /DNA i s
i ncorporated into the chronosone. The strain in which the reconhi nant DNA
has been i NCorpON&t)ednideiro af e itaibdensomd iitdonhe MdFARG- HBAt COTEd “Finner
under goes reconbi nation with a gl utathi one synthetase gene sequence

i nherent |y exighitiGeobrt Frastriomeddon, produedt thiedeofo s &y ure e |
the wi | dtype gl utathione synthetase gene and the nutant gl utathione
synt het ase geng miastimsertien ipraiudte thex@adhrosiesiedda fa2% he ot her
parts of the reconbi nant DNA (vector segnent and nmarker qu% squId be
present bet weelrddindit Wit an fperer HRsETaT® Y% "tarﬁesf%ﬁ 1% he

wi | d-type gl utathione synthetase gene functions. Next, to | eave only the
mut ant gl ut at hjxenee syAntdeties enigetureninie & HRHFmRSINRI%ne copy of

gl ut at hi one synt het ase gene together with the vector segnent (i ncluding

al so the marker gene) is elimnated fromthe chronosonmal DNA by

reconbi nati on of the two gl utathione synthetase genes. i S occasion,
there are two cases.Hdwreiomef tele, thhPiRINY fﬂé"%?’i?t?ﬂm Ynt het ase gene
is left on the chronosomal DNA and the nutant gl utathione synthetase gene
is excised theledcoibed nimndeb@tlcase, on the contrary, the nutant

gl ut at hi one synthetase gene is |l eft on the chyonbsonal e
wi | d-type gl ut at hi orBheyyesst ad® HepPTES Ei‘s‘é%e.n?horbo%% Ecgg‘g%%@t he mar ker

gene is elimnated so that the occurrence of.a secon ' LoN n be
confirnmed by phiehchypbareorseapBRERRY SﬁuFﬂﬁhhﬁ?ﬁe?yﬁg%ésggﬁghggﬁggt?6%

gene-substituted strain can be selected bg anglifgiag th§ gggt t hi one
synt het ase generbyothPGR tibehEalapdiedaMhfhyonres28E BEPEFE® The nut ant

gl ut at hi one synt hetase gene used in gene substitution may be one that
encodes ful | -| ghgtamyglayatRiBRe synt hetase but may al so be a gene fragment

2t encotes a parl Cl NG ETENTE R0 BB chb LAELLASR! BeaTubA hon S1 Lo

the position 47 by an isoleucine residue (hereinafter,
also referred to as np47I-type" mutation); and

(2) Mutation to substitute the glycine residue at the
position 387 by 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-



gene" substitution perfornmed in the sanme manner as descri bed above w ||
result in introduction of the objective nutation into the wld-type

gl ut at hi one synt hetase gene on the chronpbsonal DNA. In the case where the
gl ut at hi one synt hetase gene on the chromgsonmal DNA and the nutant

gl ut at hi one synt het ase gene contenpl ated to be introduced have | ow honol ogy
to each other to such an extent that a gene substitution nethod cannot be
applied thereto, the glutathione synthetase gene on the chronosonal gene
may be disr Upﬁfqtamgli:?bltemd" behasbactoguil heingt wralytanst ¢y preine

synt hetase gene on a plasmd or a chronosomal DNA. The nut ant gIEEathione
synt het ase geng haui pgcirbbidesceadsminati dargen BuoBBtathes ByWi-¢-
site-specific nutation using synthetic oligonucl eotides. The nucl eoti de
sequence of th glybahhi@meaimnﬂbesasePg@ﬁer@blBacE%%r%%?%EsoﬁeF%%isiae has
been reported ?Pnoue et al., Biochim Biophys. Acta, 1395 (1998% 315- 320,
GenBank accesgirgle¥t3804enSEOn BhNG thltamed: Ha §an&Dc A P& iLR&A St r om

t he chronosonal DNA of Saccharomnmyces cerevisiae by a PCR nethod.in which an
ol i gonucl eot i de or eRawed dhased ooxehe morel drEfgsaddyudndd BY oI ds
primers. For the transformation of yeasts, those nethods conventionally
used in the tQﬁn§&ﬁﬁnakﬁpq-ghuyamgnsyssaiheainaipSoﬂ@ﬁﬁﬁéﬁhﬂéphaﬁ?wg KU

met hod, a KUR net hod, 12 an el ectroporati on nethod, or the Iikﬁanay be
enpl oyed. Fur thieiger e Futhiepmbati, othpr yeastr 5 $henPa&SERSr e"VEFallon of
yeast and separation of nonoploid yeast, and the |ike are1§$scribedein
"Chemi stry angnarganisimreddperameint atediuie PRt dserg LORShAit dlies on
Yeasts" First Edition, H rokawa Shoten; "Bio Minual Series 10, Cene
Experinent al Nefrhpdsofvi 6 hooebstey 0 A% 1Y B9, Pmﬁfo'sf’ﬁﬁl,ﬁ’ arfti The i ke.
The yeast of the present invention may be enhanced jn y-gluta i ne
activity in adshirndgent 00 had bbriag 00 N Viﬁjcﬂ%'?hijcfhe%/ts%nf%%%%@ﬁil‘ﬁe
yeast of the present invention produces yglutanyl cysteine in a.,certain
anount or nor egeewitlyrphaseel [Then tenredilpgarddng e eﬂ?qv‘?ﬁhgﬁsﬁ Ieaesvel whi ch
contains no glutathione, so that it is excellent in%agﬁlit% ﬁfrpggducing
y-gl ut anyl cystesed pereimi refene. tahe BERSEr &R oBRLFR et By " TUPThrPhg the

ygl ut anyl cyst ei ne- produci ng yeast obtai ned as, described

suitabl e condivéast cehlai A8T§RgutReyFRYELERNENCELRRE %§$§%$EH@$8511Y
fractionation product thereof contains -glutanylcysteine. The cul ture may
be a culture bwbth reapafrhi i§ 98&§PrEeF¥§ or may be yeast cells collected
therefrom disrupted cells or cell extracts,(yeast _gx is also
reconmendabl e to obtEha abpracPeBhiPPEH BPEH%%Pnéoﬂﬁaﬁﬁ?%EEEn ok

y-gl utanyl cysteine fromthe cell fragnments_or e ;
t he above- ment obnsatbaprpgr 8YBSRELAFLNG™ aFuP§é§?§§%t§%%§%%?n§

fractionation product thereof can rel eas i I YePeteakl ¢pst ei ne.
The nedium to Besgsdfefoheggifhe °ﬁéaﬁ8t%6§¥?%§b%§rp§q imted so far as it

alfows the yeaiheoleggit%kFiﬁﬂgJIQQT&'Q@&JQ%d%r%WdU@Qd aRdefficiently

13 Heati ng

glutathione synthetase gene (GSH2) of Saccharomyces

cerevisiae (Inoue et al., Biochim. Biophys. Acta, 1395
(1998) 315-320, GenBank accession ¥13804) (shown in SEQ
ID NO:2 in the sequence listing). The nucleotide
sequence of the same gene is shown in SEQ ID NO:1l.

For example, in the case where the mutant
glutathione synthetase harbored by the yeast of the
o acid

present invention has a deletion of one amiln

residue at the N-terminal portion as compared with the



produce y-glutanyl cysteine. For the yeast of the present invention, due to
its ability of growing well on a medium containing no glutathione, nedia
usual ly used on an industrial scale can be used. Note that, necessary
nutrients may be added to the medi um as ngcessary depending on the
characteristics of the yeast used. Culture conditions and preparation of
yeast extracts and the |ike may be perforned in the sanme manner as usual
yeast culture and preparation of yeast extracts and the |ike are perforned.
The yeast extragksoitie kequente ,olthai aboveymensgioneg BOS 0SS &t ARC s of
yeast cells or those obtained by treating digested yeast cells. The

above- nent i oneg € Wdryeapond ractihena6itin gudoABEth Ferawt atidt R&H G

y-gl ut anyl cystei ne or cysteine can be used for the production of foods and
beverage. The degssctand Bevamge tibec INsdexaligeHoldfc ey SFHFRE bread f oods,
and fermented food flavoring materials . Production of cysteine from

Ygl ut anyl cyst gjiRerdphiand dyremteterste may be performed 14 during the
production of foods and beverage or after their production._ The

above- ment i oned f oodseantbdey erfagheamrqrastudayant gty ST e or a
fractionation product thereof containing y-glutanylcysteine or_cysteine
with a food oryheyes@ger dvetmter i the afwll bowioes SR §Hen i i Lﬁ"%d:%}ﬂ%la f ood
or beverage. The food and beverage of the present invention can be produced
by using the sgherh@vavdbermnahisiased hmseatuben- f or usual foods and beverage
and by the same nmethod as that used for usual foods and bexgrage except
that the aboverapnt i mmest Dot t o eswps 1 eete oFke | RFC-bFRRIESST4Ues2Y. Y&uch raw
materials include, for exanple, rice, barleg, cornstarch, etc._ for

al cohol i ¢ bevepagetivhent byoarlegoime, reab weshherebRpt LT t 81H8nt ati on
yeast, etc. for bread foods, and soybean and wheat, etc, for fernented food
flavori ng mat erénesredrtef asxPpPasht tvhedf MEEBLEPRN ngs Fig. 1 is a di agram

showing the growth of K2 strain in an SD nediumor ap S nidgughggggaining
1- mM gl ut at hi one (SDESp&gfarrhdeamhoﬂ%@ﬁ9ﬁ1QBnFﬁ?nWHga n8cBs85ry anount of

uracil .
synthetase harbored by the yeast of the present

invention is as follows.

(1) 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-mentioned mutant
glutathione synthetase is preferably one in which
glutathione synthetase free of the mutation has amino
acid sequence shown in SEQ ID NO:2.

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

harbors the above-mentioned mutant glutathione



Fig.-2 is a diagram showi ng the growth of K3 in i '

_ gr _ strain in an SD medi um or

gDnggg;gglgoghgln{ngfl-nwlg:utathlone (SDGSH), with each nediunlcontainﬁgg
. unt of uracil. 15 Fig. 3 is a diagram show th

of K1, K2 and K3 strains, respectivel [ [ i S e

, _ , Tes y, ign SD nedi a (contai ni ng necessa

anounts of wuracil). Description of Preferred Enbodinents Fbrei%after tLg

present invention will be described in detail with reference to Exanbles

The conpositions of the nedia used in the Exanples are as follows. Note '

e e byt gt
G ucose 2% activity, it can also gréw ;egl ih L kggﬁgﬁdégglgggggé't'onl
no glutathione.

The yeast of the present invention is not
particularly limited so far as it can produce Y-
glutamylcysteine. Specifically, it includes yeasts
belonging to the genera Saccharomyces such as
Saccharomyces cerevisiae, Schizosaccharomyces such as
Schizosaccharomyces pombe, and the like. It is
preferred that the yeast of the present invention has
dipoloidy or more polyploidy in consideration 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 synthetase with a monoploid of a wild-type
glutathione synthetase-harboring strain and selecting a
strain which harbors the mutant glutathione synthetase
and produces y—glutamylcysteine from the obtained
diploid yeasts. Similarly, yeasts having triploidy or
more polyploidy can be obtained.

The yeast of the present invention can be created
by gene substitution using, for example, DNA encoding
the glutathione synthetase having the above-mentioned
mutation. The yeast of the present invention can also
be obtained 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-



Ni trogen Base 1-fold concentration (10-Fold concentration Nitrogen Base is
a mxture of 1.7 g of Bacto Yeast Nitrogen Base w o Am no Acid and Ammoni um
Sulfate (Difco Laboratories, Inc.) and 5 g of anmonium sul fate dissolved in
100 m of sterilized water, adjusted to apout pH 5.2 and sterilized by
filtration through a filter). [Conposition of SDFQOA nediun] SD nedi a
containing 50 ng/l of uracil and 1 g/1 of 5-fluoroorotic acid hydrate in
final concentrations. 16 Conparative Exanple 1 Breeding of a yeast in

whi ch the gengieReadigi@angadnat inaey ,sphblrét meshanssulpnpted (BYrrercial Iy
avai | abl e Saccharonyces cerevisiae used for foods was allowed to form
spores to obt ajjk rauEdhRealdi drbread djeast , Ittcannbs ¢comfhymed Fhakr e, an
uraci| auxotrophic strain S2 was obtained fromthe strain S by using an
SDFQA agar nmegiy+RiGee aiutand Waacithe Bbgecthisesmuiiatis® WYs dB8Fai ned a
yeast strain KL in which the glutathione synthetase gene (GSH2) was

di srupted by thenpldod dex ndibd pr\WDhe0/13B£24 A, Exanple 1 Breeding of a
yeast having a nutant gl utathione synthetase <1> Preparation of a cassette
for the substitutiommef adovedusertitoned glemeatshibsitd taFiORe Cade Hene (1)
Preparation of a cassette for the substitution of a G387D type gl utathione
synt het ase genfs A& g drd gTefo FloW<CATRRARCAACT @AK@@S?TA@C‘FEa(‘SEQ%I“BdI\IO: 3))
and R1 (CA GATTTTCAGTACGAGC (SEQ I D NO:4)) and Pyrobest DNA

Pol yner ase ( Takai Shte@)mbiceit tHNA cmordiainimg ishdiuskeat iie trauence

manuf acturer was anplified a region encoding a segnment fromthe m dstream
of the open regghitheidades (IRF)ghitdtielepait s sy MaettEe gene of S2
strain to about 40 by downstream of the ORF by a pol ynerase chain reaction

(PCR) met hod. fHver@@need regemetn aripe | 1 ber bkvel Bt bR dovP RS
recombination between the mutant glutathione synthetase
gene and the glutathione synthetase gene on the
chromosome. On this occasion, 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, by cleavage with a restriction enzyme or the
like and in addition removal of a replication 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
incorporated into the chromosome in the above-mentioned
manner undergoes recombination with a glutathione
synthetase gene sequence 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 into the



17 purified and an enzymatic reaction was '

_ at i perfornmed at 72C for 1
rnder the follow ng conditions to add a nucleotide A to each of ?hg1nutes
be;P1n|. (Reaction m xture conposition) Gene fragnent solution 10x PCR
E er (MA 2 free) 25 "M WA 2 2.5 mvldf{)l'P Taq DNA pol ynerase (Takara
Shuzo) Purified water Total 5 ~1 5 ~13~C 5 ~1 0.5~ 31.5 ~,1 50 ~1 The

reacti on product described above was ligated to '
( : plasm d pCEM T Eas
(Promega Corporation) according to the instruction of thg nanufactﬁrer to

obtain a pl asgj d,GOLRNBALL PERM e baet s pet £l -
o Xt oty Spaet spefi the neceanhbman
(GGT) corresponding to the 387th anmino acid (Ay) of the glut athi%ngOdon

synt hetase gefgsCopLatnedsbomepteifed L -
. 8tkd wasne bshould ede byresens
(GAT). This operation was perforned by using CpikChangeTNlSi?e-[Xregtggdon

Mut agenesi s K atage i t FEn _ |
Wt agenest ¢ “bhekBhhetaceb sassod ganto, { Imeratamnl e Tt ne

Egg$$é$$$2§§££§%gﬁ?%g%ééﬁé@ég?@gEﬁﬁEEthyﬁiheaadePgénerfﬁzcﬁions.

GSH2NB41daSh/pGEN|“@Ex@reﬁérQQQVGELLE;NEﬁgéﬁﬁhlggf’ B PEBAPHS i

to the ' gaupabbiPHecor r espondi ng
synthetase gene on the chromosomal DNA, one copy of
glutathione synthetase gene together with the vector
segment (including also the marker gene) is eliminated
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 glutathione
synthetase gene is left on the chromosomal DNA and the
mutant glutathione synthetase gene is excised therefrom.
In another case, on the contrary, the mutant glutathione
synthetase gene 1is left on the chromosomal DNA and the
wild-type glutathione synthetase gene 1s excised. 1In
both cases, the marker gene is eliminated so that the
occurrence of a second recombination can be confirmed by
phenotype corresponding to the marker gene. The
objective gene-substituted strain can be selected by
amplifying the glutathione synthetase gene by a PCR
method and examining its structure.

The mutant glutathione synthetase gene used in

gene substitution may be one that encodes full-length
glutathione synthetase but may also be a gene fragment

that encodes a part of the enzyme SO far as it includes

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



18 ptasm d pYES2 (Invitrogen) fromwhich 2~ on was renoved was prepared.
PYES2 was cleaved with restriction enzynmes Sspl and Nhel and the cl eaved
ends were blunted and then re-circularized to obtain a plasm d pYES2dash.
pYES2dash and GSH2M54ldash/ pGEM were eaci, cl eaved with restriction enzynes
Sacl and Sphl to cleave out a fragnment containing URA3 gene from pYES2dash
and a gl utathione synthetase gene fragnent having a nutation from
GSH2Ms41dash/ pGEM and these were ligated to each other. Thus a plasmd
GSH2MB41dash/ g¥ES2dapbtieat poappeetdorfsaifiiiashAnyEBURSH 8s di gest ed
with a restriction enzyme Munl to obtain a cassette 1. (2) Preparation of a

cassette for phgcsubshi hubikenwalilarddidlet ypeigtunodubtdne efnthetase gene
Usi ng priner F3 (CTAATATGGATGICGGCAACCCAAG (SEQ ID NO: 7, corresponding to a

regi on about g@9ebagoepmutatipat earof thm whedoORFpef gdutskbigafe t hat
encodes the glutathione synthetase)) and prinmer R3

( CCACAGCT TTGOghAMREERE EAGehSEQN! EhbOcByrpmardmeyr B¥8st DNA Pol yner ase
(Takara Shuzo) under the conditions indicated by the manufacturer, a
fragment includi ng thetgeutaski ahersyhhhepivtagbhenss sgptEefrarh @a8S
y

amplified by a polynerase chain reaction (PCR) nethod. The gene fragnent
anplified as dasehebet rehwsomsas DPdr iahide ¢hgntudangn gy weeit8ic84ct i on was
performed at 72C for 10 mi nutes under the sane conditions as that 19
descri bed abowgnitheadsenyrneotdone eApilatedc foobet Hatradwcsd DANE e¥ct i on
product obtai ned as descri bed above was ligated to plasmd pGEM T Easy
(Pronmega) acceofiol@dyo instadictoties foowiuddd apy eprtentartbRdc fu9e™ o obt ai n
a plasmi d GSH2FD63/ pGEM Next) a codon (ACT) corresponding to the 47th

substitution method cannot be applied thereto, the

glutathione synthetase 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~gpecific
mutation using synthetic oligonucleotides. The
nucleotide sequence of the glutathione synthetase gene
of Saccharomyces cerevisiae has been reported (Inoue et
al., Biochim. Biophys. Acta, 1395 (1998) 315-320,

GenBank accession Y13804, SEQ ID NO:1), and the gene can
be obtained from the chromosomal DNA of Saccharomyces
cerevisiae by a PCR method in which an oligonucleotide
prepared based on the nucleotide sequence is used as
primers.

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,



am neo acid, Thr, of the glutathione synthetase gene contained in
GSHZFD63/ pGEM was substituted by an Il e codon (ATT). This operation was
performed by using Qui kChangeTM Site-Directed Mitagenesis Kit (Stratagene)
according to the protocol provided by the manufacturer. As the prinmers,
primer F4 ( CGGTGICACCAGTAATTATCTATCCAA (SEQ ID N0O:9)) and primer R4

( GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ I D NO: 10)) were used. Thus, a plasmd
GSH2FD63dash/ pGEM was prepared. pYES2dash and GSH2FD63dash/ pGEM wer e each
cl eaved with §SEiEEE%BgoEQHBﬁSm&ﬁbdQHQrSphé 1okel mayebeuemployagment
containing U gene trom pYES2dash and a gl ut at hi one synt het ase gene

fragment havi LONmER 9L SREREROgdasBdlp&EMsuahdasheperdere | i gated
to each other?g?ﬁagygg%lésﬁid EEHZFDGSdash /| pYES2dash was prepared.

GSH2FD63dash %8¥§§%9§ﬁho‘fa cakeauad wephratheat bEchbonpénidngenstobtain a
cassette 2) <2>"bBreeding of a yeast harboring a reduced-type 20

gl utat hi one sypthetasq kL) sBeeadies10baaineashemashayi agdaOEganbsmFpe
gl ut at hi one synthetase Using the cassette 1 prepared as descri bed above,

gene subst i tufl:&g%r%ehbc%lg Lythat hilongxpertihenaad Fecknikuss onr ¥iedskas
performed. After preculturing the S2 strain, the culture was subcultured in

50 m of YPD madisymeand s t wie@kantal IShioenl;od@iict Mentadr Serieshdde. The
cul tured cel | 57 were suspended in 1M sorbitol and the cassette 1 was nixed
to performtr %@feorﬁ?&iéﬁ%eti%a@ SRIUhE atiiton .Y eBisd st afsfmstnddi t$9%i n was
cultured on an SD plate containing 1 mM glutathione and a strain that grows
t hereon was se&lffdfitha Afdid trnfiik€.ng i ncorporation of the cassette 1 to
the objective site on the chronobsone by PCR, the obtained strain was naned

K2 internediate. Thed Jjddsy reinie prsent tinved tdnh Skl GRIARASHOA
agar medium Then, a yeast strain K2 in which the glutathione synthetase
was substitut g qxg%%%%ytl\b@%t\é@%eolab&jm&ftyf riomaiddd. tdtonaities harRorgm@w. The
results of conparison with the reported nucl eotide sequence of the

gl ut at hi one sypthetase geEieathidae cdyntmgoese cerevi si ae (I noue et al .,

Bi ochim Bi ophys. Acta, 1395 (1998) 315-320, CGenBank accession Y13804)

indicate that the muppatyghsit abhiane psyeaddret aveverneonfPEORIFES strai n has
substitution of the codon of proline residue (CCT) at the position 54 by

the codon of |guetarylepstetnéOiT)ai centaini arount tpE BETIRENITONRd 21
&387D-type nutati on. . .
well in a medium used on an industrial level which

contains no glutathione, sO that it is excellent in
ability of producing Y—glutamylcysteine per unit time.
The culture obtained by culturing the y-
glutamylcysteine-producing yeast obtained as described
above under suitable conditions contains Y-
glutamylcysteine. Such a culture or fractionation
product thereof contains y-glutamylcysteine. The
culture may be a culture broth containing yeast cells or
may 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 cell fragments or

yeast extracts.



(2) Breeding of a yeast harboring a T471-type gl utathione synthetase Using
the cassette 2 prepared as descri bed above, gene substitution of the

gl ut at hi one synt hetase gene of S2 strain was performed. After preculturing
the S2 strain, the culture was subculturgg in 50 mM of YPD nedi um and
cultured until the logarithm c growth phase. The cultured cells were
suspended in 1M sorbitol and the cassette 2 was m xed to perform
transformation by el ectroporation. The transformant strain was cultured on

an SD pl ate contai nli-lggt%ngw:l% UL 1841 Ofen B16h&a Séu B wird hedngaoweng her eon was
sel ected. The incorporation of the cassette 2 at the objective position on

the chr OMOSONG, WRnG 9L EEBEHe by 2a PERasTL bnait LandprbGuob! heueoSt Fakn was
naned K3 internmediate.” The K3 internediate was cultured and spread on an

SDFQA agar nedi h nsEo tyd + &K ?gﬁefﬁsead on an SD agar

medi um and thﬁegg%ggngy%%g?ﬁ%rgapﬂe¥éﬁgélegﬁg: to obtain a K3 internediate
strain into which thg.0RRa:aMPEbI bot heBdcassettetdraassinotoduced. The K3
internediate strain was cultured and spread on an SDFOA agar medi um Then,
a yeast straipg K3;ip19khehitihetebukat faenassynt hdlave tgbeeyeastsabstituted
by the T47ltype was obtained fromthe strains that grew. The results of
conpari son wi tfet be ekepe hadentabaotiodgraequeiteant efifigiieniili one
synt het ase gene 22 of Saccharonyces cerevisiae (Inoue et al., Biochim

Bi ophys. Acta (19 Dt e CrBBardomces siers tYkdBd)e i ndi cat e t hat
t he nmut ant glg?%gﬁgﬁhi §§%§%§?é§g gene of the K3 strain has substitution of
the codon of @,&%J A8 HeSieIe onCCRueatt o Nespadiitliidy B4F lgyowiadcvedd on

| euci ne residde f%tﬂ) in addition to the above-nentioned T47I]-type
mutation. (3) JPreRRERE iU tefimnd pooigl utexhiiodenoplediid peasl LIVMFRA havi ng
a G387D-type nutant gl utathione synthetase (K2 strain) was mated with a
nmonopl oi d yeasl, (YATaadntdaonwaltd aeal beetused .t oNebeaithad . di pl oi d yeast .
The diploid yeast was nmade to form spores by a conventional nethod to

obtai n a nonopldidh s@aas tniikmt handyndoe eldedB A thfise MARAM A ut at hi one
synthetase. Then, the nonoploid yeast (MATa) having the G387D-type t ant
gl ut at hi one syudws ey atspdriii mpnopl el ghewac famdismrihd i 7Dt ype
mut ant gl ut at hi one synthetase were nated to each other to obtain a diploid
yeast strain Zilsdwyvi ng the G387D-type nutant gl utathione synthetase in the
formof a honobzygote. A diploid yeast strain Z2 having the T47]-type nutant
gl ut at hi one synt het amel wase ateud Ditenneand PrerATATERT RG2St t was
confirmed that the strains Z1 and Z2 accunul ated y-gl utanyl cysteine in
anounts of 1% e¢tihaces pand dtlye ybikse may|be P?BfQB‘Be‘%tHEIi € ot®Tfe growth of
a yeast having the nutant gl utathione sznthetase and itg.grodyc§égg£y of
ygl ut anyl cyst ehamnét) ar oanal oyeast aFpit e opfyd @reparation ©

extracts and the like are performed. The yeast extracts

may be those obtained by treating hot water extracts of

yeast cells or those obtained by treating digested yeast

cells.

The above-mentioned culture or fractionation
'product thereof that contains y—glutamylcysteine or
cysteine can be used for the production of foods and
beverage. The foods and beverage include alcoholic

beverage, bread foods, and fermented food flavoring

materials. Production of cysteine from y-

glutamylcysteine by heat treatment may be performed



The strains K1, K2 and K3 were cultured in SD nedia (containing necessary
anmounts of uracil) or SD nedia containing 1 nM of gl utathione (containing
necessary anounts of uracil). Measurenent of their gromh was started at
the tine when the growth of the yeasts rgached a |ogarithmc growh phase
and the absorbance at 660 nm becane 1.4 or nore. The results obtained are
shown in Figs. 1 to 3. The specific gromh rate (degree of growth per 1
hour) of the strain K2 on a nmedium containing glutathione was 1.171 while
its specific &EP%? £13 €pPOAEc HREH USE COMO @S Namg hevefageat oF ofElehs 1. 161.
The specific gromh rate of the strain K3 was 1.169 on the nedi um
cont ai ni ng gl pf, 8% hi ppeaaseidnlS6 on the nedi um containing no gl utathione.
As will be apparent fromFigs. 1 to 3 and fromthe specific growh rates,
the strains K2 and 3¢ ahs6veraenvebhednfoeds aandnbeyerage ndrgl ut at hi one and
hence is nore suitable for culture on an industrial |level than the strain
of which the glyhatBhone mymihgt aseugeneehas beEnadtiopratien. PTREREFor e,
yeasts having a G387D-type or T47l1-type gl utathi one synthetase can be
advant ageous| y,usedsf Bbndk hihgs yo§l@tanylss téate | @ ety e bnersdt tin & t hout
24 glutathione or wth a small anount of glutathione. (2) Productivity of
y- gl ut anyl cystgione oef beieaiane Kawamdtk3izheandr REASCREINED tRRIMEETHEPe
cultured in SD nedia (containing necessary anmounts of uracil). asurenent s
of their growjhtand Food srabieserageuntToé fgod| arAnYe¥esaaenef wEPR started
at the tinme when the growth of the yeasts reached a |l ogarithmc growh
phase and t he pales@nianes ealt 1660 cam ibec @rednce doPYNYRENITRE s FEET *6Ygr owt h

rates of the strains were 1.104) 1.161 and 1.156, respectively. The %Frains
K2 and K3 materials as those used for usual foods and beverage an

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
include, 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
strain in an SD medium or an SD medium containing 1-mM
glutathione (SDGSH), with each medium containing a
necessary amount of uracil.

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

necessary amount of uracil.



accumnul ated gl utathione in amunts of 0.001 or nore and 0.006 or |ess per
dry yeast cell. The yglutanyl cystei ne accunul ati on anmount of each strain
per dry yeast cell in a logarithmc growmh phase was as fol |l ows . 25
Table 1 Culture start oftinme after 1
neasurenent~-g|utanylcysteinestrainKlabou?2.6hoursIater1.7505trainKlaboutS.
3hour sl ater 1. 747str ai nK2about 1. 5hour sl at er 1. 121st r ai nK2about 3. 8hour sl at er 1.
125st rai nK3about 1. 5hour sl ater 1. 118(strai nK3 | about 3. 8hour sl ater1. 120 Next,
the productivity ofpys0l yt pgVhcyshgrar @eswimgtthé ngrowchseedufed. KThe
productivity of y gTu anyl cysteine per unit tinme was nmeasured by an
increase in thgaRBUREQin¥- OkeEpRELLYSL Rl NEncEDt medRd (@ont&hkapdchi fl ask
per unit time mﬂen each strain was cultured therein in 50 mM of SD nmedi um
(containing a peeessaLyaABRHRE 6F utaeil). This value is controlled by the
y-gl utanyl cystei ne accunul ati on amount per dry cell and the growmh rate of

the yeast. The values were 0.116 ng/ hour for the strain K1, 0.2130 ng/ hour
for the

Description of Preferred Embodiments

Hereinafter, the present invention will be
described in detail with reference to Examples.

The compositions of the media used in the Examples
are as follows. Note that agar media contain 2% of
purified agar.

[YPD medium composition]

Glucose 2%
Peptone 1%
Yeast extract 0.5%
(pH 5.0)

[SD medium composition]

Glucose 2%

Nitrogen Base 1-fold concentration

(10-Fold concentration 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
ammonium sulfate dissolved in 100 ml of sterilized water,
adjusted to about pH.,5.2 and sterilized by filtration
through a filter).
[Composition of SDFOA medium]

gD media containing 50 mg/1l of uracil and 1 g/l of

5-fluoroorotic acid hydrate in final concentrations.



strain K2, and 0.127 ng/hour for the strain K3. A yeast containing
y-glutanyl cysteine in an anount of 1~ by weight or nore per dry yeast cel
and yeast extracts therefrom have been reported to be usable for enhancing
the flavor of foods (WO 00/30474). There{ re, the strains K2 and K3, which
have greater specific growh rates than at of the strain K1, are

advant ageous for producing a yeast containing 1% or nore of

y-gl utanyl cystei ne per dry yeast cell and yeast extracts therefrom In
addition, the strains K2 and K3 26 are higher in productivity of

y-gl utanyl cysteine per unit time than that of the strain KLl. Furthernore)
since the strains,K2¢a0d KRampNéain Krd¥Himy abre yHag utmtwiose thehey are
suitabl e for eortures on an industrial Tevel in which no glutathione is
cont ai ned. Frgghghgnggggﬁgvbgm@gknganetbgnyﬁasashawhaqdiheugﬁs¢txype or
T471 type nutant—grutathione synihetase can be said to be suitable for the
production of yeastg. naRt-8iRING ¥vakiuaBI¥l systpanemgndsyeaseveRLAACt S
therefrom (3) Studies on stability of subculture of strains K2 and K3 The
strains K2, K3;.4lrandeédasei@scuitioved ao YBbmnedozesThesePSBARi As were
each subculturéd ten times and whether or not reverse nutation occurred was
exam ned. The | t.uar L@l mgdrasnf gl [(Bago)ThaFurshesmehest #8i n was
i nocul at ed inP§H§%#géP ?ﬁ%@ékgﬁfaining 4 mM of a YPD Iliquid nedium and

cul tured with shakiingdo t3QphiAf straduf ii2ciwest optedmied £198r tHhén of the
culture was subcultured in a test tube containing 4 nl of a YPD liquid

medi um This QResAll @ vARudeRealreGDFOR tdgaes medietmh arongraifpkng -

mut ati on occurred was confirmed as follows. That is, the yeast cells were
col l ected from e 1qid tetme it aizh vand difteicferdoroyeRdt DNAR & led™ wer e
collected, followed by confirmation of the nucleotide sequences of the

mut ati on poi Nt idH 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 type glutathione synthetase gene

Using primer Fl1 (CATAAAACAACTGAAGCGTTAGCTC (SEQ ID
NO:3)) and Rl (CAGGCCAAAGATTTTCAGTACGAGC (SEQ ID NO:4))
and Pyrobest DNA Polymerase (Takara Shuzo) under the
conditions indicated by the manufacturer was amplified a
region encoding a segment from the midstream of the open
reading frame (ORF) of the glutathione synthetase gene
of S2 strain to about 40 bp downstream of the ORF by a
polymerase chain reaction (PCR) method.

The gene fragment amplified as described above was



27 addition, presence or absence of growth when cultured at 30C on an SD
agar nedi um contai ning 10-nM net hyl gl yoxal (containing a necessary anount
of uracil) was confirned. These results denonstrated the stability of
subcul tures of the strains K2, K3, Z1 an? Z2. (4) Studies on P57L nutation
The influence of P54L nutation on the nu gnt gl ut at hi one synt het ase was
studied. A plasmd containing a glutathione synthetase gene having the
T471 -type or the G387D-type nutation al one was prepared. As the plasmd
cont ai ning a gl utathi.o synt NeeaRECOH2 waes pes€drmeli atpladei d was
prepared by tggr&géggdg§35§$i%§z§?§tggliterature (I'noue, et al., Biochim
Bi ophys. ACtafo}Sg% .998)e 53 153320 kheFifbatlowting coddd tiACE) teorfdsgondi ng
to 47th am no~aci d, r, of the glutathione synthetase gene of plasmd

PEGSH2 was subgstl D% & LM (AT BheofteldminiThi s operation was
per formed usi Elgltdétﬁ%}(ﬁgangeTM SiteDirected Miutagenesis Kit (Stratagene) in

accor dance MAt%é#%}ﬁgyuﬂfm&ﬁkpﬁdh sataenl). As the priners, primer F4
( CGGTGT CACCA! ATCCAACCCC (SEQ ID N0: 9)) and priner R4

(WT%TA@TMTT%%M (SEQiBNO 10)) were uskdil Thus, plasnid
pPEGSH2- T471 was constructed.” Next, the codon (GGT) corresponding to 387th

amno acid, Ay, of it tRLdH Mooibhetag¢ gene of phasin d pEGSH2 was
substituted by a codéﬁg I#) ofeﬁgg. Th%s 28 operation was perforned
usi ng Qui k ChangeThﬂggtﬁMquﬁifuj Mut agenesis Kit (Stratagewk) in accordance
wi th the manufacturer's protocol. As the priners, priner F2

( CCACAGCGGGAAGAT GECGLAMAGMTATH SEQ | D NO: 5)) and priner ®Raul
(CATTGITTCCGCCATCTTCCCGCTGTGG (SEQ I D NO: 6)) were used. Thus, plasmd
PEGSH2- G387D was COnfécﬁqgﬁﬁdpoﬁhéf@S@t(kadEMCShWM) str@ih Kldash that
shows uracil requirenment was obtained fromthe strain K1 as follows. That
is, the strain Kl was,eufisdefatara YPD nedium at 30C f@d-80Mhours and the
culture was spread on an SDFQA plate. From anong the yeasts that grew on
the SDFOA plate was ggtgeted a yeast strain, Kldash, th30 $Bowed uraci

requi renment and whose gl utat hi one synt hetase had been destructed. The
strain Kl dash obtained as described above was transforned with the
above-nentioned plasm ds pEGSH2, pEGSH2-T471, and pEGSHZ-GBS?E.totoQtain
pEGSH2/ Kl dash, pEGSHPh&4ZbAKkdeshpraduchEdssprEB8¢DrRPUSsHAET FH4PRS®
respectively. The transformation of Kl dash strains with ejch glaaghg was
performed as febl paasmIdapGEM-TaEesy HPEEHEO8r CRGPPRETRCEAsACSPFAI R, the

cul ture was subcul tured in 50 m of YPD medi um and cultured until a
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
glutathione 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 protocol
provided by the manufacturer. As the primers were used
Primer F2 (CCACAGCGGGAAGATGGCGGAAACAATG (SEQ ID NO:5))
and Primer R2 (CATTGTTTCCGCCATCTTCCCGCTGTGG (SEQ ID

NO:6)). Thus, a plasmid GSH2MS41dash/pGEM was prepared.

On the other hand, a plasmid corresponding to the



|l ogarithm c growth phase was reached. The cultured cells were suspended in
1 Msorbitol, the objective plasmd was m xed) and transformati on was
performed by el ectroporation. The transformants were cultured on an SD agar
medi um containing 1 nmM of glutathione andjg 29 strains that grew were
sel ected. The strains pEGSH2/ KI dash, pEGSH2-T471/ Kl dash) and
pEGSH2- G387D/ Kl dash were cultured with shaking in SD nedia at 30C for 30
hours and cultures were inoculated in SD nedia in a concentration of 2% and
cul tured with sy pHESRDQ Inkhietmogamit fofong lwitiatthi Zn e rHEc elaeu | zemed €ch
cells in the logarithm c growh phase thereof (10 hours after this culture
was started) wess messpamEl. GpYESZhwaise cleavedc wihared tird cAad c8nount  of
about 0.80 in the case of the pEGSH2/ Kl dash strain, and in an anount_ of
0.001 to 0. 00Grzynde Sask aid tMeehEESHX IR T Yed R tengdr] were blunted
pEGSH2- G387D/ Kl dash strai ns. The above-nentioned results indicate that
yeasts can havand theshuces: gl xtcwlan pred syntoitiaise antasmid q¥Esdash.
mut ations T471 or G387D al one and without the nutation P54L and can contain
a slight anourgYES2dpsh aamd O3SHIMS 4 hdasie/PEEM (fRre AL RkeaRe #L D hi gh
productivity of ~-glutanylcysteine.

restriction enzymes Sacl and SphIl to cleave out a

fragment containing URA3 gene from pYES2dash and a

glutathione synthetase gene fragment having a mutation

from GSH2MS41ldash/pGEM, and these were ligated to each

other. Thus a plasmid GSH2MS4ldash/pYES2dash was

prepared. GSH2MS4ldash/pYES2dash was digested with a

restriction enzyme Munl 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
NO:7, corresponding to a region about 700 base pairs
upsteam from the ORF of a GSH2 gene that encodes the
glutathione synthetase)) and primer R3
(CCACAGCTTTGGCCAATGCCTTAG (SEQ ID NO:8)) and Pyrobest
DNA Polymerase (Takara Shuzo) under the conditions
indicated by the manufacturer, a fragment including the
glutathione synthetase gene of S2 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



I ndustrial Applicability According to the present invention, a yeast which
harbors a nmutant gl utathione synthetase with a reduced activity and
produces y-glutanylcysteine is provided. The yeast of the present invention
can be used in producing y-gIutanylcyste&ge-containing foods or

cyst ei ne-cont ai ni ng foods. 30 CLAIMS 1.7°A yeast which harbors a nutant

gl ut at hi one synt hetase having one or both nutations selected fromthe group
consisting of a nmutation to replace a threonine residue at the position 47

with an isol eucine .res due and A Jadt aticaeotadecpl aoeeachl péi kder esi due at
the position ?%#&%%é?%%ﬁhspartic acid residue, and which produces

Y-glutanylcyste&m%gn?. The yeast according to claiml, wherein the yeast
further has a FtRtIon to replace a proline residue at the position 54 with

a | eucine residue. 3y The ¥8a%in FReFutn@btaicld ms2 desearidied @RVt ant
gl utat hi one synthetase has the nmutation to replace the threonine residue at

the position 4Jaémfﬁﬂbd S g deLd BRI Eubt Hep momtesgd Jore @@ TEF%Ce t he
proline residue at e position 54 with a | eucine residue. 4. The yeast

according to claim2 yhersid phevias@ny gihe atdriwires byrahd AP the
mutation to repl ace t%e glycine residue at the position 387 with an

aspartic acid .ﬁqﬁééﬁﬁbﬁﬁga Btjon to replace the proline residue at
§%E%$t ale ko

t he position uci ne residue. 5. The yeast accordiﬂg7to any one
of claims 1 to 4, whgLgin 2 ghavmt ROME symtdmpersblig eeo ofhe e/ it ati on has

the anmino acid sequence of SEQ I D NO: 2.
amino acid, Thr, of the glutathione synthetase gene
contained 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 ¥4
(CGGTGTCACCAGTAATTATCTATCCAACCCC (SEQ ID NO:9)) and
primer R4 (GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ ID
NO:10)) were used. Thus, a plasmid GSH2FD63dash/pGEM
was prepared.

pYES2dash and GSH2FD63dash/pGEM were each cleaved
with restriction enzymes SacI and Sphl to cleave out a
fragment containing URA3 gene from pYES2dash and a
glutathione synthetase gene fragment having a mutation
from GSH2FD63dash /pGEM, and these were ligated to each
other. Thus a plasmid GSH2FD63dash /pYES2dash was

prepared. GSH2FD63dash /pYES2dash was cleaved with a

restriction enzyme to obtain a cassette 2.

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



31 6: The yeast according to any one of clains 1 to 5 wherein the yeast

bel ongs to the genus Saccharonyces. 7. A food or beverage conprising a
culture obtained by culturing the yeast according to any one of clains 1 to
6 under a suitable condition, or a fractéﬁnation product of the culture
cont ai ning glutanyl cysteine, or the cultdre or fractionation product in

whi ch cystei ne has been produced by a heat treatnent. 8. The food or
beverage according to claim 7, wherein the food or beverage is an al coholic
beverage, a bé@g JE%%&né”s drffyat ed food flavoring material. 9. A yeast
extract produ 4 y usi ng culture obtained by culturing a yeast according
to any one of gl aiﬂ?eelditn Q,Vﬁ::rgi%;ea%tswatrwan@oradimiadrm-tme A et hod of
produci ng foo& Jr everag% i ch contains ~-glutanyl cysteine or cysteine,

conprising the QfnE Wdbdihdde yeast according to any one of clains
SRR

1to 6, mxin tarned culture or fractionation product thereof, or

the culture or fr aCtﬂél.Lr}?i e REQdnitd heraafpaadd ect dsar st aha¥.nent

with a food or beverage Taw naterial, and processing the m xture inag a
food or bevera ; i thione synthetase gene O

tution of the gluta Y
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in which the glutathione synthetase was substituted by

G387D-type was obtained from the strains that grew.
The results 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 synthetase
gene of the K2 strain has substitution of the codon of
sidue (CCT) at the position 54 by the codon of

proline re

leucine residue (CCT) in addition to the above-mentioned
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G387D-type mutation.
(2) Breeding of a yeast harboring a T47I-type
glutathione synthetase

Using the cassette 2 prepared as described above,
gene substitution of the glutathione synthetase gene of
s2 strain was performed. After preculturing the S2
strain, the culture was subcultured in 50 ml of YPD
medium and cultured until the logarithmic growth phase.
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 was 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 selected to
obtain a K3 intermediate strain into which the gene
substitution cassette 2 was introduced. The K3
intermediate strain was cultured and spread on an SDFOA
agar medium. Then, a yeast strain K3 in which the
glutathilone synthetase gene was substituted by the T47I-
type was obtained from the strains that grew.

The results of comparison with the reported

nucleotide sequence of the glutathione synthetase gene
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Biophys. Acta, 1395 (1998) 315-320, GenBank accession
Y13804) indicate that the mutant glutathione synthetase
gene of the K3 strain has substitution of the codon of
proline residue (CCT) at the position 54 by the codon of
leucine residue (CCT) in addition to the above-mentioned

T47I-type mutation.

(3) Preparation of a diploid yeast

Monoploid yeast (MATa) having a G387D-type mutant
glutathione synthetase (K2 strain) was mated with a
monoploid yeast (MATa) by a conventional method to
obtain a diploid yeast. The diploid yeast was made to
form spores by a conventional method to obtain a
monoploid yeast (MATa) having the G387D-type mutant
glutathione synthetase. Then, the monoploid yeast
(MATo) having the G387D-type mutant glutathione
synthetase and the monoploid yeast (MATa) having the
G387D-type mutant glutathione synthetase were mated to
each other to obtain a diploid yeast strain Z1 having
the G387D-type mutant glutathione synthetase in the form
of a homozygote. A diploid yeast strain Z2 having the
T47I-type mutant glutathione synthetase was also
obtained in a similar manner. It was confirmed that the
strains Z1 and Z2 accumulated y-glutamylcysteine in

amounts of 1% or more per dry yeast cell.



10s 110% ()- -/ODLE1F1GlLJ1$2~ @ 10TT!
| . : IsS 10% ()-10%: ()- 10g 10
10931mL0%g& ()- !V ml0%& ()- m0%g& () - $2025666666) r g\ :( )10TT! %0%&'9()- 10 10

10s@109%& ()-!|
10! s  #109& ()-: #109%& ()-:'i ~109%& ()-y°
<=.>1??a?= 10! x sS109& ()-% s sSlO‘(%)&' )(/)%

10

&10% : & ()-! &L0%&' ()-!![sS 10%& ()-678MB9g: <<} <. =
QU ()-y! dS10% () - S10%& () -

¢3> Studies on the growth of a yeast having the mutant
glutathione synthetase and its productivity of ¥-
glutamylcysteine

(1) Growth of strains K2 and K3

The strains K1, K2 and K3 were cultured in SD
media (containing necessary amounts of uracil) or SD
media containing 1 mM of glutathione (containing
necessary amounts of uracil). Measurement of their
growth was started 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 containing
glutathione was 1.171 while its specific growth rate on
a medium containing no glutathione was 1.161. The
specific growth rate of the strain K3 was 1.169 on the
medium containing glutathione and 1.156 on the medium
containing 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
glutathione synthetase gene has been destructed.
Therefore, yeasts having a G387D-type or T47I-type
glutathione synthetase can be advantageously used for

cultures on an industrial level on a medium without

<<
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glutathione or with a small amount of glutathione.
(2) Productivity of y-glutamylcysteine of strains K2 and
K3

The strains K1, K2 and K3 were cultured in SD
media (containing necessary amounts of uracil).
Measurements of their growth and accumulation amount of
Y—glutamylcysteine were started 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
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 per dry yeast cell. The y-
glutamylcysteine accumulation amount of each strain per
dry yeast cell in a logarithmic growth phase was as

follows.

10

10
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Culture time after y-glutamylcysteine

start of measurement (%)
strain K1 |about 2.6 hours later 1.750
strain K1 | about 5.3 hours later 1.747
strain K2 |[about 1.5 hours later 1.121
strain K2 |about 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 y-glutamylcysteine per
unit time was measured. The productivity 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 uracil). This value is controlled
by the y-glutamylcysteine accumulation amount per dry
cell 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 an amount
of 1% by weight or more per dry yeast cell and yeast
extracts therefrom have been reported to be usable for
enhancing the flavor of foods (WO 00/30474). Therefore,
the strains K2 and K3, which have greater specific
growth rates than that of the strain K1, are
advantageous for producing a yeast containing 1% or more
of y-glutamylcysteine per dry yeast cell and yeast

extracts therefrom. In addition, the strains K2 and K3
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unit time than that of the strain K1. Furthermore,
since the strains K2 and K3 contain 0.001% or more of
glutathione, they are suitable for cultures on an
industrial level in which no glutathione 1is contained.
From the above viewpoints, the yeast having the G387D-
type or T47I1 type mutant glutathione synthetase can be
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, K3, Zl1 and 22 were cultured on YPD
media. These strains were each sqbcultured ten times
and whether or not reverse mutation occurred was
examined. The subculture was performed as follows.

That is, each straln was inoculated into a test tube
containing 4 ml of a YPD liquid medium and cultured with
shaking at 30°C. After sufficient growth, a portion of
the culture was subcultured in a test tube containing 4
ml of a ¥YPD liquid medium. This operation was repeated
ten times.

Whether or not reverse mutation occurred was
confirmed as follows. That is, the yeast cells were
collected from the culture broth and the chromosomal
DNAs thereof were collected, followed by confirmation of

the nucleotide sequences of the mutation points. In
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)loqg&f()'t)1%%%¥t&%hR1%%@%@6hé”bé”@ﬂ%@ﬂ@@Q@&ig@bﬁﬁh when cultured at
30°C on an SD agar medium containing 10-mM methyl
glyoxal (containing a necessary amount of uracil) was
confirmed. These results demonstrated the stability of
subcultures of the strains K2, K3, Z1 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 oOr 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) corresponding to 47th amino
acid, Thr, of the glutathione synthetase gene of plasmid
pEGSH2 was substituted by a codon (ATT) of Ile. This
operation was performed using Quik Change™ Site-
Directed Mutagenesis Kit (Stratagene) in accordance with
the manufacturer's protocol. As the primers, primer F4
(CGGTGTCACCAGTAATTATCTATCCAACCCC (SEQ ID NO:9)) and
primer R4 (GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ ID
NO:10)) were used. Thus, plasmid pEGSH2-T47I1 was
constructed.

Next, the codon (GGT) corresponding to 387th amino
acid, Gly, of the glutathione synthetase gene of plasmid

pEGSH2 was substituted by a codon (GAT) of Asp. This
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operation was performed using Quik Change™ Site-
Directed Mutagenesis Kit (Stratagene) in accordance with
the manufacturer's protocol. As the primers, primer F2
(CCACAGCGGGAAGATGGCGGAAACAATG (SEQ ID NO:5)) and primer
R2 (CATTGTTTCCGCCATCTTCCCGCTGTGG (SEQ ID NO:6)) were
used. Thus, plasmlid pEGSH2-G387D was constructed.

On the other hand, the strain Kldash that shows
uracil requirement was obtained from the strain K1l 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 Kldash obtained as described above was
transformed with the above-mentioned plasmids pEGSH2,
pEGSH2-T47I, and pEGSH2-G387D to obtain pEGSH2/Kldash,
pEGSH2-T47I/Kldash, and pEGSH2-G387D/Kldash strains,
respectively. 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 objective
plasmid was mixed, and transformation was performed by

electroporation. The transformants were cultured on an

SD agar medium containing 1 mM of glutathione and
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amount of 0.001 to 0.006% in the case of the pEGSH2-
T47I/Kldash and pEGSH2-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 glutathione synthetase with a reduced
activity and produces Y-glutamylcysteine is provided.
The yeast of the present invention can be used in
producing y-glutamylcysteine-containing foods or

cysteine-containing foods.
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synthetase having 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 y-glutamylcysteine.

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

4. The yeast according to claim 2, wherein the
mutant glutathione synthetase has the mutation 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 leucine
residue.

5. The yeast according to any one of claims 1

to 4, wherein a glutathione synthetase free of the

mutation has the amino acid sequence of SEQ ID NO:2,
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6. The yeast according to any one of claims 1
to 5, wherein 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
claims 1 to 6 under a suitable condition, or a
fractionation product of the culture containing y-
glutamylcysteine, or the culture or fractionation
product in which cysteine has been produced by a heat
treatment.

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

9. A yeast extract produced by using a culture
obtained by culturing a yeast according to any one of
claims 1 to 6 under a suitable condition.

10. 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.




