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Produci ng Yeast Technical Field The preggnt i nvention relates to a yeast
that has a nmutant gl utathione synthetase with a reduced activity and to a
food utilizing cells of the yeast. y- glutanylcysteine and cysteine
produced therefromare wuseful in the field of foods. Background Art
Cysteine is used for the purpose of DERRRRETEGNt he flavor of foods and the
| i ke. Known production nethods of cysteine include a protein deconposition
nmethod and a sem -synthet.ic nethod. , Tk : . currently used
in the main are the proﬂéﬁﬁy§?EYﬂﬁFﬁ88Q§ﬁSF%E§QE%%§?%3§%ﬁetic met hod.
Al t hough natural food matérials having high cysteine contents have been
demanded for the purpose of using themto enhance the flavor of foods,
~such nat ural sbendimatieriads have little been knowmn. On the other hand, it
has been reportéd that heat- or enzynme-treatnent of yeast extracts
contai ning y- gl ut @pyl pyskente imagngive retates tood veasti that heds ng high
cysteine contents (WO 00/30474). y-glutanylcysteine is synthesized from
cyst ei ne andaghutafitC glaita thdohebsynahesaby whehf anceflogedf agtivity
gl ut anyl.cystei ne synthetase. On the other hand,. 22 May 2006 '

and to a food utilizing cells of the yeast. Y-

glutamylcysteine 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,




2 glutathione is synthesized fromy-glutanylcysteine and glycine as
substrates by the function of glutathione synthetase. The@ﬁﬁﬂ%@ﬂxﬁs a .
nmet hod of breeding a yeast that accumul ates y-gl utanyl cysteine in high
contents, there may be proposed di sruption of a gene that encodes

gl ut at hi one synt het ase. Yeasts whose gen@s that encode gl utathione
synt het ase have been disrupted are reported in WO 00/30474; O ake et al.
Agri. Biol. Chem, 54(12), 3145-3150, 1990; Chris et al., Mblecular

Bi ol ogy of the Cell., 8, 1699-1707, 1997; Inoui ﬁt a&. %i ochim ga et

Bi ophysi ca Agiutatiymnegsy swthesized fhntt Y-giehaBY1CEETEABFeM8nt i oned

ts h defect that thei wth rat e d |

Lxtant. | Fur{ MO TSIRE DIPEATEhA A HRGHER St ias Bhe. encodi ng
| ut at hi t het ase hag b di srupt ed d gt

Qul'tre i n o SEUESTont SREREORS -oPet 8 RPORES REcORAEE S nl PREG cul ture

in. a medium containi ng gl utathigne (O ake. et i Chem ,

54(12), 3145-B1D acaym) .am\évarl}ltéf‘wééysﬁﬁ&'flgl H’}nﬁg%i ﬁagﬁfngﬁf hi one i n
expenal ve, - sudtei iy e BHross b Bmh i Henddertn et FRURe o her
D2 gh donsigh i iond SAREHERA C WBagkh: hfirn, EndHr FRalcapbageT Yoasts
Pivent i on | n SHRESEARI ST A TR HooBs A et are sapetedr f (e
Byt hot ase with Wb ' Golithl i it PR 1 dias B v b oSt g o
y-glutanyl cystelne; coptaigi i 499d Wil 2! o1t &S Biology of the

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

éxpensive 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
inexpenéiVe media c¢ontaining insufficient amounts of

glutathione for use on an industrial level..




As a result of extensive studies in order to achieve the above-nentioned
object, the inventors of the. present invention have found sbhady ogut ant
gl utat hi one synthetase having a specified nutation has a noderate

gl ut at hi one synthetase activity suitable3or the accunulation of

y-gl utanyl cysteine and for. the growth of the yeast and that the yeast
har bori ng the nmutant enzynme accunul ates y-gl utanyl cysteine, thereby

achieving the,.pr 3§n£ i hventio .vln one aspect of the present invention,
there is progig8gu—gkskﬁégji%ﬁFgﬁ—ﬁﬁi%%ﬁs a mutant glutathione synthetase
ha i 9 Oe O D0t Y Bld o Sl SEk e PR RE U0 RSB S 1gCt

posi t1on 387 GPOHCa hs T iRty (PredTAl T e oo dest |

o ovi ded 3 nethea o iRt RO to o L R B B S e s & ¢
yeast of "t he THYNRE i LoHoH Gt S d LR POrLoBF P EaE PRt on
Pheroof ~subisgiddomy tReatof PeseRBieLattl Bo78tt bt HEver gt YoOs bt or i al
o 't he. pr esent i nvart fofieSEhey 85 S UaRar At doTet Hil BFABFoblici ng a yoast

extract, conprksi he_steps of .cul turi a, yeast of the inveptj under
a suitable'céﬁgﬁggoﬁ¥eaﬁgggreﬂ%PFﬁ&?F eoggggFfegﬁ?a%?vePrgﬁ?tﬁg @%?Is of

h .. i i i d h | owi :
yoast wni ch RRegeRt AEeREEPRChavE, FbhE R AdRist F oot REe B Mt Shne o

bot h nutatlogyg%hg%ggg 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 Steps of

‘culturing the yeast of the invention, mixing the obtained

culture or fractionation product




fromthe group consisting of a nutation to replace a threonine residue at
the position 47 with an isoleucine residue and a mutation jbhq 5eRjoace a
glycine residue at the position 387 with an aspartic acid residue, and

whi ch produces y-glutanyl cysteine. (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 |eucine residue. 23 )My 2006 4 (3) The yeast according
to (2), in which the nutant gl utathione synthetase has the nmutation to
replace the threonine residue at the position 47 with an isol eucine
residue and the nutation to replace the proline residue at the position 54
Wth a | eysidrF r esi e a j , Jn_which the nutant
gl ut at hi one syﬁtﬁglgggfﬁgghfﬁg ﬁ%fa?%%%ﬁgggggp aé%x#%é t@@§8? e residue at

the positilpjec38d Wit theah #spatikést acild Begodye oandelBeagait akjon to replace
the proline residue at the position 54 with a | eucine residue. (5) The
yeast acldrdilAg tFhRYORFS1ST thy migtpng intn avfiood er glewbatdd.one synt het ase
free of the nﬂ{%%kogn s_the ni?o aci d sequence of SEQ ID NO 2. (6) The
yeast according o an Sﬁea%Fxglf t Bhg Prese Jﬁﬁ?%ﬁ“ﬁ%ega%g%ﬂﬁbelongs to

t he genusrgyagehas oGRS oF7 r rising.a culture
obt ai ned by culturinggtﬁg §£§2% a cg{dgﬁé%t%ggﬁgggﬁékﬁpr?ffngo (6) under

‘a suitabtiee congist 08N cu@kudih agt%eagﬁi N PHOMUGEen Ofort R RPOYE- ment i oned
culture containing y glutanylcysteine, or the culture or fractionation

- product duitehilen cymstigiima,hasnbeqrqraducedtby aydwsat etteatment. (8) The
food or peverage according to (7), in which the food or beverage is an
alcoholi{?QQﬂﬁ§%a§§}lé Bﬁegaefﬁéa?t-or'a fermented food flavoring material .
| 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.




(9) The yeast extract produced by using a culture obtained by culturing a
yeast according to any one of 22 May 2006 5 (1) to (6) “nd%%I&a ggabl e
condition. (10) A nethod of producing food or beverage whi ch contains

y-gl utanyl cysteine or cysteine, conprising the steps of culturing a yeast
according to any one of (1) to (6) underg a suitable condition, mxingthe
obtained culture or fractionation product thereof, or the culture or
fractionation product thereof subjected to heat .treatnent with a food or
beverage raw material, and processing the mxture into a food or beverage.
Hereinafter, (B3 Phes¥emsknaeaerdindite G2). doxcovhbdy the AT The yeast
of the present invention is a yeast which harbors a nutant gl utathione
synt het ase hagilngathéope bpnthotasechad| thmimatatien | bh s ddifces v-
glutanyl cysteine. (1) Mutation to substitute the threonine residue at the
posi tion 47 byhmponiveeyeshdueeat dtiee (Pesitind t47 Wik A1 PG as
"T471 -type" nmutation); and (2) Mitation to substitute the glycine residue
at the ~positreaigsg bpdatheswutationcie rerlage The RF¢kilite Xesigus
referred to as "G387D-type" nutation). In the present invention, "harboring
a nutant gl utathtbaepegathenadé whtksaphreine#epkd¥y substantially no

w | d-type gl utathione synthetase. Also, in the present invention, .
"produci ng y (22 Whe veestcagrerding cyat &} he impdnchdditmdiaity v-

gl utanyicysteine in the mcrobial cells in a |arger anmount  than a wld-
type yeast stghnhatbagnepsenthebise haw thadtuigtiqn to replace the

glycine residue ét the position 387 witn_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




present invention when cultured in an SD nmedi um contains. 1.0% by wei ght or
nore, nore preferably 1.1% by weight or nore, of.y-glutanybg*&%@ﬂﬂ% inits
| ogarithm c growh phase. Furthernore, the yeast of the present I nvention
when cultured in an SD nedium contains glutathione in a range of 0.0001%
to 0.1% by weight, preferably in a rang® of 0.001%to 0.006% by weight, in
its logarithmc growh phase. The term"logarithm c growh phase" as used
herein refers to a phase in which the nunber of yeast cells during the
culture increases logarithmcally .. 'Jgh respect to culture tine.. The
above- ment i onb¥) pbRi ¢ brigndsr rﬁ:t%‘ﬁ“&#" it ‘bqrtff'ettlrﬂndne synt het ase and of

optional nutations. described herginpel o e det 1.ned wih reference to
the reported &k ho? JB¢Ehed R REC %%Hb%ogvcb@ o gieuteaqﬁﬁeeor@lsé}lnt het ase gene
(GSH2) of. Saccharonyces carevisiae (|noue et il ... Bi gchi m, E %ptﬂé . Acta,
1395 ~ (1998) Gastabus Y- VHANY LEFSIEdnGh OFL STEAP LRGN0 KPR 1§ b I'D"NO 2 in

t he sequence listing). The nucl eotide . sequence of. t U i's shown
in SEQ | D NO §teF%r°%e WhFering g I"Pée?:%gea\%/]ﬁ%ﬁ(glrf%eton&% nt g%ﬁ{]g(tlh)isone

synt het ase harbored by _the yeast of the resent Jnvention has, |l etion
of one anino &ei (6} gl Sk ‘?e‘f‘?ﬁ%ﬁﬁl% tn?lc?cnl\ﬁg 1!(:lric))‘z'Prpar edﬁ-‘vﬁh the 22

May 2006 7 reference sequence, the, above- ti.Qn si .l afs , 387
correspond t oCulhRrasth LFRCEERRHELR rR)r%%? rtcei-lse%u%g‘, gfr espegl} ve ye: from

the N-term nal of the mutant gl utathjone s h S of the
present i nven®¥ oRCaeiLPRAHRR gpﬂ%%éc{bn@‘%?éloo%tﬁibg’feeﬁ%e??t o‘?lﬁ-g%\nétng nut at i ons

in addition to the above-nentjoned tation. ( I t bstitute
the proline rEseatment yhth Eboé‘?? o ngg'e\fﬁ;aag% ezﬁ%“lr %ﬁ%ﬁu’e%{rﬁgrei nafter,

al so

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

| the 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-




referred to as "P54L-type" nutation). A preferred enbodi nent of the nutant

gl ut at hi one synt hetase harbored by the yeast of the presegbhﬁﬁﬂxﬁgtion.is
as follows. (i) A glutathione synthetase having a T471-type tation and a
P54L-type nmutation. (ii) A glutathione synthetase having a G387D-type

mut ati on and a P54L-type nutation. Furthernore, the above-nentioned nutant
gl ut at hi one synthetase is preferably one in which glutathione synthetase
free of the nutation has amno acid sequence shown in SEQ ID NO 2. Since

t he nutant gl utat hi one synthetase having the above-pentioned putation has
a reduced actgMitamypkcysteinstdesns agramylating d-glutamyionsteiRthet ase,

the yeast- which harbors the mutant enzynme produces y- glutanyl cysteine.
Furt her nore, 1 ridee thiCEQtist]l \Ffleks %rao&rafﬁ%a&l%%’& %é’d‘&%}t ant

gl ut at hi one. 22 May 2006 8 synthetase retains_a reduced gl ut gt m’lone
synt het ase a’@:‘mﬁ%/iif%sﬁts'@%ﬁfie_ h14Re %y oRTRECFAPAYa FBEI YFPESNPE FPRg  no

. glutathione. The yeast of the present invention isﬁggt .articu%an%
limted so faresent inwenhiudtqn PIRUERA sl 72 "§;9§e1'# iCHYS v

i ncl udes yeasts belonging to the genera Sacchar ces .such as .
Sacchar onycesl c&% & Sfekgh A %ﬁmerﬁ%ﬁ%{ is 15%3&% Y5 Enar onmyces

ponbe, and the like. It is preferred that the yeast of ,the _presen
i nventi on hasmwﬂqxﬁokﬂ9%Uglﬁﬁﬁ@YB§W§§PéP&yiPni%ﬁn%P&@F&FpﬂﬁgoﬂraBgﬂ
OO e e gL, 0Y (81, 102 POLYRLS! Seetih U5, BRLENRC0 b
T O e e furdl Yin 'dn BB medir GEitalils S SRR e 18 22
" 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 ;ogarithmica;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




gl ut at-hi one synt hetase-harboring strain and selecting a strain which

har bors the nutant gl utathione synthetase and produces y-gbqggnxhgysteine
fromthe obtained diploid yeasts. Simlarly, yeasts having tri'ploidy or
more pol ypl oi dy can be obtained. The yeast of the present invention can be
created by gene substitution using, for exanple, DNA encoding the '
gl ut at hi one synt het ase havi ng the above-nentioned nutation. The yeast of
t he present invention can also be obtained by subjecting the wld-type

yeast to an LN LRt T ”Eﬂé SUabn BSohNai p63TLBENOMT Gind
t r eat ment mntﬁ ﬁ%?é%ggggéé Be' ﬁﬁé -N 22 N%y 2006 ni trosoguani di ne

(BHTE,-ethylaggﬁhang§§%éggat@o(5%@9 ﬁtﬁ'&ﬁ&u§8§€hdamﬂhoaﬁéhdlﬁ651amesan be

confirmed th h&® rmed nutant has the objective nmutation by, for

exanmpl e, a PCR neth th Kene THHE fepti pRedm@eagt substi tution
can be perfo?ﬁ%ﬂeg lYQ?Y %rbwthelg téP@%ﬁ%t is transformed wth a

reconbi nant - Ln tlde sequence that encodes the
g»ﬁ?ﬁagﬁlon% yﬂtﬂ&f §8!

gl ut at hi one ase ng I ntroduced therein the objective nutation to

cause reconblnatl %&QEP 5Petﬂytﬁf&s&ﬁﬂtﬁﬁ@éﬂﬂfoﬁYHé ef@sehegene and
t he gl ut at hi one syn Seé gene on -t chronosone. On this occasion, a

ner ker gene 'gsertggelgfh 562 Dhaazb1 B AgPABYAEL0RD {heagdBE ot eri st c

such as auxo ?%phy of ost es the mani pul ati on easy. Furthernore,

maki ng the abﬁ 'ﬂEngbgﬂgngﬁEQHHé&aﬂﬁtE%@bn"”ear by cleavage with a

restriction enzymie or e and 1 n addition renoval of a replication

control . real pgy tnﬁﬁt%HESL'PBSshﬂsffééﬁé {OMpEHR1hECOEHI AaetaDNMe can

efficiently g rise to a strain irn which the. reconbinant DNA is
i ncor por at ed eggh berss5ai8 (Revhifhfthe,ratsabi nant DNA
has been |ncoP%%%g%&€ F%t%g ?%nnsgne in t%e above- nenti oned

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_




manner undergoes reconbination with a glutathione synthetase gene sequence
inherently existing on the chronosone, so that the two fusedsgesnss, i1-€..
the wld type glutathione synthetase gene and the nutant gl utathione
synt het ase gene, are inserted into the 22 May 2006 10 chronpbsone so t hat
the other parts of the reconbinant DNA @vector segnent and marker gene)
shoul d be present between the two fusion genes. Therefore, in this state,
the wi I d-type glutathione synthetase gene functions. Next, to | eave only

t he nmutant gl utathi one synthetase ne on the chronoso .. one copy of
gl ut at hi one. S¥HiME3RR HRIRIRD R FAVH ﬂ%"ﬂ?é’é‘ﬂ“&r S@%&%@%e(i ncl udi ng
al so the market gene) is elimnated from.ithe chro omal  DNA.

reconbi nat i orPPFTEHEY « vbt ARt cﬁfep"éﬁﬂlr#t%éa é‘gr%éfm 6?‘1%1:@112&8 casi on,
there are two cases. In one case, the wild-type glutathione synthetase

gene is |eft h 4HEERHIMMRonal DNA and the mutant gl utathi one synt het ase
gene is. excised therefrom . |n another case,, on the caqntrar t he nut ant

gl utat hi one synt heiB& R 9% The Pres InVeER 39S Bﬂ&yénd t he

wi | d-type ‘gl utat hi one synt het ase_gene_is excised. In ot h cases, the

~marker gene iPRRiigHiaRk SHMIRA IhdAoAuref HOLEERd reconbi nati on
obj ecti ve g bR Gy o FReELt BB IAET e bEe A By BRpr RS R ¢ ho
The. mut ant oA M G i G o T S et BUBL tut i on ey be.
) SO0 e SLLELD 205 B SE B 39 2 0°n
mutation sit ?S‘cb’?‘ilzsoos’a'cgg]aepon?ycgeesnepgngba ‘rr%r};[d it%euﬁ_elﬁice_ZZIWSZOOG
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-




11 gene substitution perfornmed in the sanme manner as described above w |l
result in introduction of the objective nutation into the piNigy2o08e

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

gl utathione synthetase gene contenplated to be introduced have | ow

honol ogy to each other to such an extent that, a gene substitution nethod
cannot be applied thereto, the gl utathione synthetase gene on the

chronosomal gene may. be dlsru ted and f.ol |l e nut ant
e BT by C S BB R

gl ut at hi one syhEFRIEEA FomoSomal The nut ant

gl ut at hi one synt het ase gene haV|ng the S|red N REL O I ned by
a site-speci fnttrons A¢Hh F RESTHTR i g oF‘FBoRﬁC% thz‘?(fémgé ﬁ'ﬁﬁ 11thltlf?:ll eot i de

sequence of the glutathlone S nthetas e of erevi si ae

has been repopbtainedhduetant céhé%ﬁ a&&% 1§%§C(1998)

...315-320, GenBank acceSS|on Y13804 Sgg%%ﬁgﬁg%; and the gene can be
obt ai ned f r oneX#BP R FroR el ces cerevisiae by a PCR

met hod in which an ollgonucleotl epared ugleeoti de
sequence is used aéThQNQPﬁﬁ%fmﬁﬁﬁquéﬁ 5&’§%§hﬁggg %3%5?5 t hose

met hods conventionally used in the fornatl n, o0 h as a
pr ot opl ast nepﬁﬁﬁpr@ﬁ¢uﬁ$mﬁ?&ﬁPw%.KG%a%e ﬁod §§8ﬁ§ygﬁog€§&§forﬁgﬁ

el ectroporation nmethod, or the I may, be e e
mani pul ati on Wb cd FRLORRANATE Qﬁk) 3% on o lfgggt%én sgba?étlon of

nmonopl oi d yeast, and the |ike cribed and Or gani sns,
Experl mental thak %Ilco‘ﬁ%eﬂ?‘ﬁ&f %&z ﬂh%t agqta%@éj

introduced therein the objective mutatlon to cause

recombination between the mutant glutathione synthetase
gene and the glutathione synthetase gene on the
chroﬁosome. On this oqcasion, 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, ny cleavege 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
incorperated‘into the chromosome in the above-mentiened_
manner undergoes recombinatlon with a glutathlone

| synthetase gene sequence inherently existing on the
chromosome, so that the two fused genes, i.e., the wild-
type glutathione synthetase gene and the mutent

glutathione synthetase gene, are inserted into the




First Edition, H rokawa Shoten; "Bio Manual Series 10, GCene Experinental
Met hods with Yeasts”, First Edition, Youdosha, and the |ike.pmdhgogeast of
the present invention may be enhanced in y-glutamnylcysteine activity in
addition to harboring a nutant glutathione synthetase.- The yeast of the
present invention produces y- glutanylcygeine in a certain anount or nore
and grows well in a nmediumused on an industrial |evel which contains no
glutathione, so that it is excellent in ability of producing

y-gl utanyl cysteine per unit tinme. The culture obtained by culturing the y-
gl ut anyl cyst echeomssshee i st theswsttiobtalihesd pastde ofr thed regiombdnandier
suitabl e conditions contains y- glutanylcysteine. Such a culture or ,
fractionati onDN®r Okictor hesgudn T aridhines-kery lgengly sbpyildi e pTesentgul t ure
may be a culture broth containing yeast cells or nmay be yeast cells

col | ect ed t hebetwemn ithes riwd efhsigdl germs .ceTherafonet sipythis sfatacts). |t
is also recomendable to obtain a fractionation product containing

" y- gl ut anyl cysties neiXd-omppeayloetd tifvampayndhetasge genee fungtions22 May 2006
13 Heating the above-nentioned culture containing y- glutanylcysteine or a
fractionation prodwxit,hereedfeaven onlgt dheemuyensi géutpginione

y-gl utanyl cysteine. The nediumto be used for culture is not particularly
limted so fasymishétass geme tdre theasthusimosomalpPdenonien@eRY 6f to gr ow
wel |l and efficiently produce y-glutanylcysteine. For the yeast of the
‘present invenglwtathdind synthedzde tgensf tggekhay Wakth she yepE@Fum
cont'ai ning no glutathione, nedia usually used on an industrial scale can
be used. Not esédmdnt - (Hewdaskimg isd dites maxftebegataddisoedABinadrdm as

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,




necessary dependi ng on the characteristics of the yeast used. Culture

condi ti‘ons and preparation of yeast extracts and the |ike.yayapgogerformed
in the sane manner as usual yeast culture and preparation of yeast
extracts and the |like are perforned. The yeast extracts may be those
obtained by treating hot water extracts Idf yeast cells or those obtai ned by
treating digested yeast cells. The above-nentioned culture or fractionation
product. t hereof that contains y-glutanmylcysteine or cysteine can be used
for the production q; f pods d

al cohol ic  belRARGE %?jeﬁlatjf%gc%?lb%%sﬁe_ %dfsg‘ﬁ%z“%%g’\?%ﬂé’%agﬁait rials,
perf or med 22 HEFHRAA PP MHELL HEFTONR (P ORoREaE S Bever g6 or
ot ouced by MBIAREE ACFELEY St SRAAGYES: SHAE DB of cont ai ni ng
b ocesel ng | HHBRTASE 9% 3 10t B oBETErage e ood and bever age. of

hose' used Tor usud MotILaRR HErE a08 Sndtonyphe STRreEirsaBeit, o °°
or - fract | ondl bR TS A S PR IAEE SL AR R, for
Fllour, sugar IIerAss (€ons qrdemiatog i, Phn Hegorchl Haeraghod
foods, and  goybaan and Wieal o8l dPGubf TRNEGHehR0trHYoGERg Mt erial s.

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-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,




Brief explanation of the Drawings .Fig. 1 is a diagramshow ng the growh
of K2 strain in an SD nediumor an SD nedi um contai ni ng 1-27¥Wagboteat hi one
(SDGSH), with each medium containing a necessary anount of uracil. Fig. 2
is a diagram showing the growth of K3 strain in an SD nediumor an SD

medi um contai ning 1-mM gl utathione (SD@3H), with each nmedi um containing a
necessary anmount of uracil. 22 May 2006 15 Fig. 3 is a diagram show ng the
growths of K1, K2 and K3 strains, respectively, in SD nedia (containing’
necessary anounts of uracil). Description of Preferred Enbodi nent

Her ei naft er, athelnatraponatian mathed. ose thes didkse 11ayh e FRPLOYPHR
reference-to Exanples. The conpositions of the nedia used in the Exanples
are as fol | ovirtismnarest magEPYREdi@N PRSI RSoFUChy St S8@¥&gar . [ YPD
medi um conposition] ducose 2% Peptone 1% Yeast extract 0.5% (pH 5.0)
[ SD nmedi um cdigaEittian]of easdsangbsemaratdon BisBopropdrddc¥Rashtrat i on
(10-Fol d concentration Nitrogen Base is a mxture of 1.7 % of Bacto Yeast
Ni trogen Basand dthaikidkendine siegcriledodnumCbemistey( Broc OTP8RF%or | es,
Inc.) and 5 g of anmoniumsulfate dissolved in 100 m of sterili %_eg wat er,
adj usted to drmerimens:gl dimesddni Erpegigpntol; Techydaues, 8hgKeastFiter).
[ Conposition of SDFOA nedi urﬂ L . ‘
o First Edition, Hirokawa Shoten; "Bio Manual Series 10,
Gene Experimental Methods with Yeasts™, First Edition,
‘Youdosha, 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-
glutamylcysteine 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
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
pi‘o‘duc:t 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 cell f_rag_men_ts or

yeast extracts.




SD nedi a containing 50 ng/l of uracil and 1 g/l of 5-fluoroorotic acid
hydrate in final concentrations. 22 May 2006 16 Cbnbarativgzﬁmgqnhg 1
Breeding of a yeast in which the gene encoding gl utathione synthetase was
di srupted Conmmercially avail abl e Saccharonyces carevi siae used for foods
was al lowed to formspores to obtain a 13onoploid bread yeast, strain S
(MATa). Furthernore, an uracil auxotrophic strain S2 was obtained fromthe
strain S by using an SDFQOA agar nedium containing uracil. Fromthe strain

S2 was obtained a yeast strain KL in which the ut at hi . 2t ase gene
(GSH2) was di sruptie@tdpa r&endbeys -AeetiPhe Fﬁ%\bfﬁofgﬁﬁgiﬁ%\‘.% anpl egl

Breedi ng of a yeast _having a nutant |yt at hi.one t paration
of a casset t @FPrAMHCTRSEMS A5 &nfEra%&mP&&&E’gdP?ég‘elg& gﬁgfﬁégngﬁ
synthetase gene (1) Preparation of a cassette for the substitution of a
387D type glnelaasieo sy sfigdmeefrom JeqdutAny C}S?T?%‘Fem \

( CATAAAACAACTGAAGCGTTAGCTC (SE% D NO3§E2> andlgyn:,e is not

( CAGGCCAAAGATTTTCAGRRCTEGE UisES PS NESH) FOTafd  PYFSbast "BNA. Pol yner ase
(Takara Shuzo) under. the _conditjons jndicated e.aan uper was
anplified a BaiisiIadanilidited site la‘gmlt%ht‘ga)f{n0 St Fg%n?%?%{thégopen

reading franme (ORF) of the gl utathione _syntheta g : : strainto
about 40 bp de¥hRIESERLANVRRERE 1P §r°§b ?ﬁgrégg gﬁgﬁﬁg%gggyion ( PCR)

met hod. The gene fragnment anplified, as descrihed _above May 2006 17
purified and BEedIEs YaplutaBIAcYEheRaE - pdr rtﬁ]ﬁj Y:efasfze\lp?tohr?ezlo ni nut es

under the fol | ou ng condiions L0 dd 9:nUEe0kIeAokusag veha bt
. 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
extracts and the like may bg performed in the samg
manﬁer 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 f—

-glutamylcysteine by heat treatment-may be performed




Gene fragnent solution5 1 | Ox PCR buffer (MyCl2 free)5 gl 25 mM MyC123 F. 1
2.5 mM dATP5 | Taq DNA pol ynerase (Takara Shuzo)0.5 | Puri fz'zqqa)\;\?@(%rm& I
Total 50 | The reaction product described above was ligated to plasmd
pCEM T Easy (Pronega Corporation) according to the instruction of the
manufacturer to obtain a plasmd GSH2M341/ pGEM Next, by site-specific

mut ati on, a codon (GGI) corresponding to the 387th amno acid (Ay) of the
gl ut at hi one synt het ase gene contained in GSH2ZM541JpGEM was substituted by

an Asp.codon AT BN SRR o 3 RE! LARTBRYaS B9 QutbLhangEm

Site-Directe gene) “accordrn the protocol

provi ded by the‘nanufgctgrer As the prinmers were used Primer F2
( CCACA (SEQ I D hK)S)) and Primer R2

( CATTGTTTCCGCCAT. 000 6 asmd
GSH2M341dash/ pGEM Efgr 3n %?QF grgl g %Q#%r% %sérln d correspondi ng

to the 22 May 2006 15 3l a3 gqﬂgYEszlehg | bEOHBLaLE AL HRLER Zo0ascbEs

r enoved vvas gave restriction enzynmes Sspl and
Mel and the cl eaved ends wer.e bl un d t e- Y0 obt ain a
pl asmi d pYESAdeneor Sop&adndnd,¥gd &E@N@‘i ?"P? ecaéif\/\efse%‘%{a%%qgl%aved with
O RS BiYerded, SN phgeghad e augraceggfageeaeqeﬁ@m ng URA3

gene from pYl atat ne syn se gene fragnent having a
Thus apl asmid tGoroRER T8N PRVES2SRe ThE Tl dhd PGB TIANS Dveszdash
- as dlgeStedﬁﬁe%%n% invention can be produced by using the same rew
‘materials as those used for usual foods and beverage and

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 l-mM-
‘giutathione (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 contalnlng 1-mM
_glutathione (SDGSH), with each medium containing a

necessary amount of uracil.




restriction enzyne Munl to obtain a cassette 1. (2) Preparation of a
cassette for the substitution of a T471-type gl utathione s g; @Re gene
Usi ng priner F3 (CTAATATGGATGICGGCAACCCAAG (SEQ ID NGO 7, corr sponding to
a region about 700 base pairs upsteam fromthe ORF of a GSH2 gene t hat
‘encodes the gl utathione synthetase)) ard primer R3

( CCACAGCTTTGGECCAATGCCTTAG (SEQ I D NG 8)) and Pyrobest DNA Pol yner ase
(Takara Shuzo) under the conditions indicated by the manufacturer, a

fragment includinggiie :glfga&mﬂﬁaﬁy@hwlagtwgmmﬁa SErELD Has
anplified by a polyrnerase chain reaction (PCR) nethod. The gene fragment

anpl i fied as G4 had-2have Véspediudliyed iandrmedizy Tebntatipdngi on was
performed at C for 10 nlnutes under the same conditions as that 22 May

2006 19 descrjdiagd; Gandurddl gwaleediide A to each of the termni. The
reaction product obtalned as descri bed above was |ligated to plasmd pGEMT

Easy (Pronega) according to instructions provided by the manufacturer to
obtain a plasm d GSH2FD63/ pGEM Next, a codon (ACT) corresponding to the

47th amno %fé&rimlorpfoﬁ @r&éﬂx@i&“ﬁﬁﬁ%d&bf@rﬁ@ ase gene contained in
GSH2FD63/ pGEMwas—substitared by an I1Te codon (ATT). This operation was

per f or med' by usi ng ydussiangem Siel SrBiseat! edviditasanesis el (Stratagene)
according to the protocol prOV|ded y the manufacturer. As the prinmers,

prinmer F4 ( GHAHERARGT AViCRANCEEL enS=Q toDEM@amPl psand  priner R4
( GGGGTTGGATAGATAATTACTGGTGACACCG (SEQ ID NO 10)) were used. Thus, a

pl asnid GSHZFD63dasf‘ﬂeo%%mpdm:mr@p@rfe¢hepxﬁaa¢ammdnesmmad@abspeem
“were each cl eaved

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]




with restriction enzynes Sacl and Sphl to cleave out a fragnment containing
URA3 gene from pYES2dash and a gl utathi one synthetase genesfy; fr%@ﬂﬁﬁt havi ng
a nmutation from GSH2ZFD63dash /pGEM and these were ligated to ot her
Thus a plasm d GSH2FD63dash /pYES2dash was prepared. .GSH2FD63dash

/| pYES2dash was cleaved with a restricti®n enzynme to obtain a cassette 2.
<2> Breeding of a yeast harboring a reduced-type 22 May 2006 20 gl ut athi one
synt hetase (1) Breeding of a yeast harboring a G387D-type gl utathi one

synt hetase Using the cassette 1 prepared as described above, gene .
substitution of the glutathione synthetase gene of S2 strain was
performed. After preculturing the $2 the culture S ul tured
in 50 nl of SPEpapabivien BRample s ¥eaplt, AR wWg'%?nlé'(é-hase

The cultured cells were susoended |n 1M sorbltol and he Gassette 1 was

m xed to pergepe enERdingngdy h i B st or mant
strain was cultured on an SD plate contalnl Iu athlo nd a
strain that growsCenseEshalbE @ LLaRe §ﬁqéﬁg%ﬁﬂﬁq ere|ncorporat|on of
the cassette 1 to the objective site on e chronnsoqe b & dhe

obt ai ned strﬁBﬁdmﬁﬁrnﬁﬁﬁésKﬂas|?&%9Vﬁ§iER °ﬁWm§3&F|nterne ate was
cultured and spread on an SDFQA agar nedlu Then St stralgn in
whi ch the glmenohiohd bypadeYedst na3tBuHa(Y ¢ é% TYPE was

obtained fromthe strains that grew The resul.t.s Elg with the
reported  nusraeildeuseltentic ogtlfflﬁje"l ﬁ%tvﬁ%%te Jgriln@q’g{)asetstgene of
Saccharonyces cerevisiae (lLnoue e Bi ochi B

(1998) 315- 3gbra&enBahk HEEESS?BnéDEé%8%33r|Wﬁé%5ﬁeééﬁggf?he nutant
g}utathlone ;%2%hghgsgtrgggesgfwégeeggafﬁé é‘;gggénggéiﬁnkfﬁhﬁﬁ the codon

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 amplified 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 fragment amplified as described above was




proline residue - (CCT) at the position 54 by the codon of | eucine

resi due(CCT) \in addition to the above- menti oned 22 May 2006,3% £D-type
nmut ation. . (2) Breeding of a yeast harboring a T471-type gluta% I one

synt hetase Usi.ng the cassette 2 prepared as descri bed above, '~ gene
substitution of the glutathione synt het abk® gene of S2 strain was
performed. After preculturing the S2 strain, the culture was subcul tured
in 50 mM of YPD nediumand cultured until the. logarithm c growh phase.

Th | t d I |s, ded ip.1 bi t ol an pg sgt o
m >e<egu|t ou:)g&f g&’ﬁ?"?’r%ﬁg"ﬁb‘?us ?%%gwé€+%yf$agrtoirg£i%n} bi%e '?Ifrg%%f oF t'rr'gznt% \é\?fai n
was cult L0 i i

ured 9N f@e‘?leqé‘?%% ‘_ﬁlﬁ&@f L0l ey 11y St ;&ﬁ}[{i%é% a@irain that

£
gr ows t her eon %S e | ncor pOI’anI on © e cassette 2 at the

obj ective posjition on.t r o) 59% med by a PCR nethod, and the
obt ai ned st ra?‘ﬁcgﬁ%&h%errer}g % ‘lgn ergrrﬁdﬁ'@?ef ié{JKS i nternedi ate was
cul tured and ?lgr'a?%‘%u?ﬂ] ﬁké%de%ggﬁds; Jfﬁ}_ea(%s#m The transformant that grew

Obtarn & K3 I ntormedi ate strain | ate which the gene sapsiitut i on cassette
2 was introduced. #%‘?frqq{?eé‘}nﬁe%‘?%teléslfr ai newggngm fﬂ’?g ;ﬁéll ggrggzsgtnte
Synthetase gone wasDUBSH HHEPDOHES FA9D) [V oe vas oBtAined i rom the

sequence of the o A MR 5t het ace gene 22 My 20060 Brof Sacohar onyces

cerevisiae (lnoue | i;achi m  Biophys. Acta, 1395¢(1§98) 315-320,
GenBank accession %. & T ‘ | 5(&19 )

Taq DNA polymerase (Takara Shuzo) 0.5 pl
Purified water 31.5 pl

Total 50 pl

The reaction product described above waé ligated
to plasmid pGEM-T Easy (Promega Corporation) according
to the instruction of the manufacturer to obtain a
plasmid GSHZMS41/pGEM7

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)). Thus, a plasmid GSH2M541dash/pGEM was prepared.

On the other hand, a plasmid corresponding to the




Y13804) indicate that the nutant gl utathione synthetase gene of the K3
strain has substitution of the codon of proline residue ( ﬁ?% he
position 54 by the codon of .leucine residue (CCT) in additio 0 the
above-nentioned T471-type nutatlon (3) Preparation of a diploid yeast
Monopl oi d yeast (MATa) -having a G387D-typ& nutant gl ut at hi one synt het ase
(K2 strain) was nmated with a nonoploid yeast (MATa) by a conventi onal

nmet hod to obtain a diploid yeast. The diploid yeast was nade to form

the. %382% ?yﬁﬁfvg il D25t LeRvaEoBshT nbrdu MRaRh Al ot ?@%%pﬁ; ?ﬁlill "
MAT i

Emnogl) oi S:Iyggs %‘Pﬁngﬁﬂﬁf%ﬁ ‘ dt &JQ&??B%EJ}[%}E ihl onet ssnt he':]ase

670 type meRErics (vepl fabar afackhe 2*?%3@ teﬁ&%?*’érﬁébn%%‘* e A

di pl oi d_yeast 4541 o iy 226 NaY L1 bz J44d- 81 A 30 o Bhilh AP SRR,V et ase

was al so obtain Ina simiar nmanner. I rnme stral ns

Joast col | TRERISH (A SAPABIEAZ R bl R Rach °él"*§‘e§%t‘%f€. g the
mut ant gl ut af ol oRe.sY, % %ﬁ%'éT‘ﬁaH Sald 0%&%'15’%51@5\:% o9t W anyl cyst ei ne

(1) Gowth of stralns e straln 3 were cultured in

SD nedi a (c égﬁg i.a containing
lﬂ%cont ai ni ng rPé i 4

1 nmM of gl ut at neces ary “anou urac .~ Measur enment

of their grosﬂ (ﬁ{ér%&%ﬂtﬁ%ase S?%ﬂ@ %él{@ IQH\QI*MQP @fm&ml&heast S

reached a Iogarlt mc gro
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




absor bance at 660 nm becane 1.4 or nore. The results obtained are shown in
Figs. 1 to 3. The specific growh rate (degree of growh p%bﬁﬁa ﬂﬁgr) of
the strain K2 on a nedium containing glutathione was 1.17 e its
specific growth rate on a nmedium containing no glutathione was 1.161. The
specific growth rate of the strain K3 wak91.169 on the nedium containing
gl ut at hi one and 1. 156 on the nedium containing no glutathione. As wll be
apparent from Figs. 1 to 3 and fromthe specific gromh rates, the
strains K2 and K3 al s rew wel | i a. " hi one and
hence is nor edgﬁ?{:g{aﬁ"g 'g%?v%nf?u?ggoé\@gjh&?ﬁ ug%ﬁ&a?e%e(?é tLEhlgén the strain
of which the | ut at hi one. synt hetase gene has been destructed. Therefore,
yeasts havi ngt&™®88%¥D-t ype or T471-type gl utathione synthetase can be

advant ageously used for__cultures o ']Egyﬁ; ' | V&b Aed dBiddm
without 22 May 2006729 HFaT T‘?\’i’o?\]éo‘g?&gvi(lt’ a sérrcxial safrélounﬁ of gl ut at hi one.

k) ko ana vabs Dedienr b PredEa BE y chady Tenndlit) o nrs o

uracil). M ts of thei ' i
V- ot ut byl cyo£8) LR hERaCLoar: Bho Rt IR of ol A At SR Rn S st s

"reached a logarithm.c h and the absorbance at 660 nm becane 1.4
or more. The piﬁﬁﬁgéiggéﬁéggﬁpPgﬁgé of the strains were 1.104, 1.161 and

1. 156, respectively, The strai t tgi¢d one in
amounts of 0.001% olﬂe’ﬁg‘r eaaﬁ‘ga(g%. %%ﬁ]g?é%esgt per dg?yﬁ‘l;/e%lls%j 4giel |. The y-

| ut I tei - | atJ ; i t L1
2 Vogari ¢ coBEBR FoLpnabht o E oLt  JlpEREmone S BRbadiygeaast cell 10

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 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




22 May 2006 25 Table 1 Culture tine after y-glutanyl '

of measur.ement (% strainKlabout2.6hoursIate¥19750 wicysteine start

strai nKi about 5. 3hour sl ater 1. 747 strainK2about1.5hoursIaterJz.’.ZM?LYZOO6

strai nk2about 3. 8hoursl ater 1. 125 strai nK3about 1. 5hoursl ater1.118

strai nk3about 3. 8hour sl ater1. 120 Next, thggproductivity of

y-glutanyl cysteine per wunit time was nmeasured. The productivity of y-

gl utanyl cysteine per unit time was neasured by an increase in the anount
of y-glutanylcysteine contained in a Sakaguchi flask per unit tinme when
each strain wgsut&thiomedsyhehetasen 50 ml of SD nediun1(containing a
necessary anount of uracil). This value is controlled by the

y- gl ut anyl cys{ e nereetimyl of | anyeastrbapeeriny a &87rfefR%e growt h rate of
the yeast. The values were 0.116 ng/hour for the strain Ki, 0.130 ng/hour
for the straghut@thbonle Osgzthetasour for the strain K3. A yeast containing
y-glutanyl cysteine in an anount of It by weight or nore per_dr east cel
and yeast extract susheg ethencassetbeeh prganast as dasqiidnd "‘T%’r‘)é'
enhancing the flavor of foods (WO 00/30474). Therefore, the strains K2 and
K3, whi ch havgege esitiestspetién cof gtiev plutadsianmFHACASE PR i n K1
are advantageous for producing a yeast containing 1% or nore  of : ,

y- gl ut anyl cysgei seratn way pentormed) fdeyepsecudiurdaGs WS rom. In

-addition, the strains K2and K3 22 May 2006 26 '
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 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 which the glutathione synthetase was substituted by
G387D-type was obtained from.the strains that grew.

The 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




are higher in productivity of -y-glutanylcysteine per wunit tinme than that
of the strain Kl. Furthernore, since the strains K2 and K§2§&£§jﬁ 0. 001%
or nore of glutathione, they are suitable for cultures on™an “i'ndustrial

| evel in which no glutathione is contained. From the above viewpoints,

t he yeast having the G387D- type or T4712kype nutant gl utathi one synthet ase
can be said to be suitable for the production of yeasts containing

y-gl utanyl cystei ne. and yeast extracts therefrom (3) Studies on stability
of subcul ture_of_strains KE @nd K3 The strains K2, K3, Z1 and Z2 were

cul tured on YPE HRdFEPe THAERLPPai ns were each subcultured ten tines and

whet her or nof_reversge nutation_occurre ] e e subcul ture was
perforned as # } | Rpeeding, 2 i§,Y%Eﬁ$:%Tﬂ%ﬁﬁﬁﬁk§¥?ﬂ%gﬁﬁ: é% into a test tube

containing 4 nj of a YPD |iqu d nediumand cultured with shaking at 30C
After suffici SHEYHGRTE %V%gb?F%ﬂeof the culture was subcultured in a

test tube containing 4 m, of a YPD |i.gui i Thi t was
repeated ‘ten ti neé?sn\ﬁ%tm‘? %?s%%&?e"\eeprlgeg wd;ﬁson&uo%%%ﬁ% dv%’?e'

confirned as follows. That, is, the ve r he

cul ture brot &Y s\t,}ﬁés%‘%ﬂ)%%%ngf t%\lﬁi‘%ﬁ%ﬂeﬁqﬂgmﬁn%*ﬁ% g%lh,ﬁe][ gﬁ owed by
confirmati-on of the nucl eotide_sequenc s N, 22 May
2006 27 addi tTorf FHEL SRR RFEEPEIR %%t%%o%%"%tetﬁ’?@% e ergéat 30C on
an SD agar medi um cont.ai ni ng. 10- m\ e : ( | i _hecessary
anount of ur a‘i:ifq%”}/va&he c%‘ﬁ??'ﬁ%d‘f’aﬁ'hée&syeé"}le@u’%/%aid-én%(%g{ti?a(tgﬁeor?&;ﬁe stability

(r)TLt ats_ iu_(t;(r:]ul ' urn?esdiolim tahned Séﬁff&éegznn& 1593 ﬁ%a@itﬂm@c %ﬂ%ﬁ 1;9&5%57L
| 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 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 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 comparison with the reporped

nucleotide sequence of the glutathione.synthetase,geqe ‘




The influence of P54L nutation on the mutant gl utathione synthetase was

~studied. A plasmd containing a glutathione synthetase genzgm@ﬁhﬂ@ t he .
T471-type or the G387D-type nutation al one was prepared. t e pPasnid

contai ning a glutathione synthetase gene, pEGSH2 was used. This plasnid

was prepared by the method described in238 literature (lnoue, et al.,

Bi ochim Bi ophys. Acta, 1395 (1998) 315-320). First, the codon (ACT)

corresponding to 47th amno acid, Thr, of the glutathi one synthetase gene

f pl id p5fESH it . ATT)_ pf Ile  Thi ! ati
ves per for ec ber ng A R iEhaRoct Gt el TR P bperiai P
(% oy 20°re) Alofe) (R0ER, s DEARIA LG St hoRlosdBAYS
. pri R4 E%ﬁg %A:Tﬁ%ﬁa T S 140: 10 d.
TEL;?ELIasn§ pEd% - €£%-€%%§i£$%ﬁ%ﬁ£%%#«éi%é%%ﬁg%ﬁﬁkﬁﬁ%ﬁﬁgﬁgaeySe

. di t ' id, i | ut ' t het
B e N R P

2006 28 oper gl o i ' ' Site- Direct
Mut agenesi s |1{ S%%%%%%é\@% nﬁcrpa)zc%?dt;ﬂh%@ov%ﬁﬁ% h5§ tr?&ntfgéect%g’figg" gf_

protocol . As i 0 A . Iy A gﬁ%g%%g?ﬁgﬁgg%T A s LSEQ I D
NO 5)) and p&%#EiH%é?§%%ﬁ%%34§§§£%£%¥u [ (%ﬁ%?%%ﬁﬁgﬁg%ﬁé&ere
used. Thus, @ml@aa0dREGRIEZHE{/D was constructed. On the other hand, the
strain Kidash that “shows uracil requirenent'was obtained fromthe strain
Kl as follows. That is, the strain KL was cultured in a YPD nediumat 30C

~for 80 hours and the culture was spread on an SDFOA plate.! From anong the

yeasts thap_q@qug%pdgg%fggﬂg%[Qea{%fgg% $elg¢t ed a yeast strain, Kidash

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 feast was made tp
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 ofher to obtain a dipioid yeaéf:strain al having
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.




t hat showed uracil| requirenment and whose gl utathione synthetase had been
destructed. The strain Kidash obtained as descri bed above ?Mé&ﬁmsforned
wi th the above-nentioned plasm ds pEGSH2, pEGSH2-T471, and pEGSH2- G387D to
obt ai n pEGSH2/ Kl dash, pEGSH2-T471/ Ki dash, and pEGSH2- G387D/ Kl dash strai ns,
respectively. The transformation of Kidadh strains with each plasnid was
performed as follows. That is, after preculturing the Kidash strain, the
culture was ‘subcultured in 50 m of YPD nediumand cultured until a '

| ogarithmc grg\évtegggjgg%gi égst%$gép&gth T&?rﬁ%édé‘g@q'laﬁ%d &H@ehﬁl@&pended. in

1Msorbito|,< m d was and transformati on was
performed by electroporation. The transf r lJgur,ed on an  SD
agar medi um CSﬁPEF‘ﬁFﬁS"‘? Wg}f’eﬁ‘—l’%? a"l"h‘?o%gg %m‘é%% 39 strains that
grew were sel eit gd. &ge étiai ns pEGSH2/ Kl dash, pEGSH2-T471/ Kl dash, and
pEGSH2- G387D) R HEBIYueY 88T ured with shaking in SD nedia at 30C for 30

~ hours..and . cul es re, i nogul I; ja in a concentration of 2%
I ERaRh oS SEhEhe e RS

and cultured w g at anount of gl utathione accumul at ed

incells in the | O%?ﬂia,g%@iaéi%%h lp%aégdt e (G t1d Srafdrer this

culture was starte asured" ut at hi one was accunul ated in an

anount of about .0.80% |n. C /48 dasdeasty a,.spand in an
amount of 0.0B%%¢8 955%%1%1%&?h€é§%§%a%$ the pEGSH2- T471/ Kl dash and

PEGSH2- G387D Kl ﬂgéh?élé@iﬁfg?z?gﬁﬁb@f%m{m resoflisiniig cate that

yeasts can 4% uce i one” synthetase activity wwth the

Contain a sl 1 BRCCETRLR 2By IEs S8 BEACEH] | PR ety Cont 11 buti ng
to high prOdg%&%¥ht¥agfs¥é9£g&a£¥|Eﬂétfiﬁﬁlwhen 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 oq 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?-. .




I ndustrial Applicability According to the present invention, a yeast which
harbors a nmutant gl utathione synthetase with a reduced ac@b%k%Mu@@d'
produces y-glutanylcysteine is provided. The yeast of the present
invention can be used in producing y- glutanyl cysteine- containing foods
or cysteine-containing. foods. 22 May 2@06 30 CLAIMS 1. A yeast which
harbors a mutant gl utathione synthetase having one or both nutations
selected from the group consisting of a nutation to replace a threonine
residue at the position 47 with an isogleucine, regesi mutation to
“replace a gl yiutathionguerawithhe B8t gRoYsYy Q\ftﬂféﬁaggggﬁ?i c acid

resi due, and which produces y-glutanylcysteine. 2. The eaﬁéleggﬂkfing to
claim 1, wher{gn Ruvducgdadtyf @ft NeglubamE TR ¢ e & proline
residue at.the position 54 with a | eucine residue. 3. The yeast according
to claim2, Jierein the nutant glutathione synthetase has the nutation to
repl ace the threonine residue at the ani Lon 47 mﬁig 204 %ﬁoﬁﬁucine
residue and the nutthei §krednsefflac&2t AB B of Ph% ¥RsrauEat the position 54
with a lreucine residue. 4. The yeast accordi ﬁg Lo glal EQLZ wherein the

mut ant gl ut amedite (SEAtRANASY RESESRETHLARPPBR®t 85 F&placd the gl ycine
residue at the position 387 with an asparti.c_agj.d kdue hge mut ati on
to replace'tfﬂ?aqﬂﬂﬂNQQ§sr@§id%%?%ﬂ:gFﬁgigogpgiSHcgﬂu%gﬁkgg F@ggF%eSEresidue.
5. The yeast according to any one of cl ai 1 to 4, . wherei | ut at hi one
synt het ase fwegluﬂ:axﬂhécyaﬁﬁé\ﬂﬁoﬂeﬁassFﬂ’ét%‘gd o the dhs‘g%]u‘@lg%lg %?‘QSEQ | D

hK?Z' 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.




22 May 2006 31 6. The yeast according to any one of clains 1 to 5, wherein
t he yeast belongs to the genus Saccharomnyces. 7. A nethod ZQfMﬁ)}mC' ng

- food or beverage which contains y-glutanylcysteine or cysteine, conprising
the steps of culturing the yeast accordlgg to any one of clains 1 to 6,

m xi'ng the obtained culture or fractionation product thereof, or the
culture or fractionation product thereof subj ected to heat treatnent wth
a food or beverage raw material, and processing the m xture into a food or

beverage. 8. The net hod according to cirabme73 wherein the food or beverage
: eatd—fo0d—or—a roented food flavoring

I s an al coholfrc—heverage; : Fpee
material. 9. [A nethod of (?%jc;u'&‘?‘?ig g afhely | yeglutenppeystegnehe st eps
of culturingla_yeast acg dgﬁ?% o 25 MeFRURARENST [claims 1 ¢®) 6 under f
sui t abl e condisticaan Khd| aboapari.eghbhesyeaseréxtract fyomdhe cells of the
yeast. 22 Mayse@agnlks BERLENCE.BI ROLNG Taly |/ 1 NOMDIP L0, , TN k120> r
- GLUTAWL CYSTEE Nei RROPULEDGuFERSE hons0 1 LFdA$0 <140> < i4t>—2602-) 1- 26
<150> JP 200 Sé?giﬁ&KZ<L2$3uf“§lslﬁoﬁfs§i§_er 0—<176 ffTéE“’” Yery 2.0
<210> 1 <2107 PZPR K3 21480ty .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 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 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




<213> Saccharonyces cerevisiae <220$ <221> CDS <222> (1).. (1476) <400> 1
atg gca cac tat cca ect tcc aag gat .Met Ala H's Tyr Pro Prq2§§5 0% 1 5
gaa gtt aac caa tgg get du Val Asn Gn Trp Ala 20 aaa ttc gag gag aac
cca Lys Phe Gn Qu Asn Pro tat Tyr 35 cca ace cca att Pro Thr Pro Ile
2;ﬁ ig; ALLeGJhr tca aat Asp aat Asn 2§ gca caa ttg aat gaa ttg ate cag
ulenlle Gn 10 15 gga tta tec atg tat ect cct Gy Len

Ser Met Tyr Pro Pro 30 teg gtg tca cca gta act Ser Asn Ala Ser Val

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 liquid medium and cultured with
_éhaking 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




40" eel agg.aaa tgt ttt gat Pro Arg Lys s Phe Asp ate 48 -

Val Thr Ile 45 gag gcc gtt caa ata 19% g?n Al a VaP Gn |ggi§%iﬁgmsggogro
2/8 50 55 75 caa ccg gta tic aat gaa tta tac gcc cgt all acc caa gat atg
gcc 240 Gn Pro Val Phe Asn Gn Lea Tyr Ala Arg Ile Thr Gn Asp Met Al'a 65
70 agg cta Arg Lea caa eel gat let tat2ffta cat aaa aca act gaa geg tta get
cta tea 288 Q n Pro Asp Ser Tyr Lea His 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 Gu The Thr Ay Lys Lea Tr er
100 aaa tct qﬁﬁ%ﬁ%ﬂy-t§68§§£°§agr'E§§G§SF R&aEEPHL$;VH%§SEﬁggﬁ&%%ga?e;egat

tat ttg all gat aag Ser Asp Tyr L _
, 30°C on an SD‘agarymedggmlégnﬁgfn&%g 1030 ieedPp cag aat tit

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




G n Asn Phe 120 aaa aag ggt Lys Lys Ay gtc gag tit aat aca gig tea gig
tea Val Gu The Asn Thr Val Ser Val Ser 145 150 act gaa 2bWay3006140 tit
gea ggc 60 110 ggt ata tit dy lle Phe 125 cag at.t aag Gn Ile Lys 80
aga 384 Arg caa 432 Gn ctt age gag aaa 480 The Ala Ay Lea 155 gtt gat
aga ttg cac tct tat tta aat agg Val Asp28rg Leu His 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 ttg let aag Tyr Lea Lea Ser Lys 195

operation was performed using Quik Change™ Site-
Directed Mutagenesis Kit (Stratagene) in accofdance 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 pEGSHﬁ—G387D was constructed.

On the other hand, the strain Kldash that showsl
uracll requirement!was obtained from the strain Kl as
.follows. That is, the strain K1 was culturéd in a YPD
medium at 30°C for 80 hours and the culture was spread
on an SDFOA pléte.i 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 beeg destructed.

The strain Kidash obtained as described above was
transformed with the above-mentioned plasmids pEGSH2,
PEGSH2-T47X, and pEGSH2-G387D to oﬁtain PEGSH2 /Kldash,
PEGSH2-T471/Kldash, and pEGSH2-G387D/Kldash strains,
réspectively. The transformation of Kldash strains with
‘éach plasmid was performed as follows. That is, after
preculturing the Kldash strain,‘the culture was
subcultured in 50 ml of YPD medium and culturéd until a
logarithmic growth phase was reached. fhe cultured
éells were suspended in 1 M sorbitol, the objectiﬁe
plasmid was miXed,-and transformation was performed by
electroporation. The-traﬁsformants were cqltured on an

8D agar medium containing 1 mM of glutathione and




ttg
Ser
Arg
245
cag
Pro
gl g
ace

Ala Leu Ala 200 caa caa agt.tct let aca act agt Gn Gn Ser

Thr - Thr Ser 210 215 caa aga aac gag aga aat gig ti y r

WMh Val Phe 225 230 <ctg ttg gaa aaa tic ggt Eengg}gﬁEﬂﬁéégPﬁza
gtt aac gat aaa ttg tic Val Asn Asp Lys Lea The 260 agg gac aca
gaa Ser G n Lys 160 gca aac aagg2ac gat cet 528 Ala Asn Lys Tyr
175 aat atg gtc all let gat Asn Met Val Ile Ser Asp 185 190 aaa

gaa tcg tat Lys. Ala Val Gn Ser Tyr gat cet Asp Pro gat caa Asp

aaa let gtt Thr Lys Ser Val 250té§t gat gat aaa |Ile Asp Asp Lys

strains that grew were selec

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.




265
I'le
Asn
Ay
acg
Val
gaa
Lys
gcc.
Pro

205 tea gga 576 Ser Gy aag tea 624 Lys Ser all gtc gca tic att gig
Val Ala Phe Ile Val 220 aag gtc ttg gaa ttg aat Lys quhm%gxﬁku Lea
235 240 agg ttg acg tit gat gat Arg Lea Thr The Asp Asp "acg gga Thr
ata gcg gig gtt tat tac 255 aag ctt tic all Lys Lea Phe Ile 270 aga
ggt tac 672 720 768 816 22 May 20063% 8 Arg Asp Thr Au Gn Gn lle Ala
Val Tyr Tyr Arg Thr Ay Tyr 275 280 285 aca acc act gat Lac acg tcc
aag ‘gac tgg gag gca aga cta tic 912 Thr Thr Thr Asp Tyr Thr Ser Qu-
Asp Trp Qu Ala Arg Leu Phe 290 295 300 ctc gaa aaa agt tic gca ata aag
cca gat tta etc act caa tta 960 E#IM3 Lys Ser Phe Ala Ile Lys Al a

Asp Lev Leu Thr G n Leu

1. A yeast which harbors a mutant glutathione
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 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 of claims 1

- to 4, wherein a glutathione synthetase free of the

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




305 310 315 320 tct ggc tee aag aaa aft cag caa ttg tig aca gat gag ggc
gta tta Ser Ay Ser Lys Lys Ile Gn An Leo Leo Thr Asp 4 Y, @h gk Leu ggt
aaa Lac ate dy Lys Tyr Ile 340 325 330 335 tee gat get gag aaa aag agt
agt ttg tta aaa act Ser Asp Ala Qu Lys Lys Ser Ser Leo Leo Lys Thr tit
gtc aaa ata tat ccc Phe Val Lys Ile Tyr Pro 355 aag agg ctg gca tta agt
ttg Leu gag Lys Arg Leo Ala Leo SeglG 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 Gu Pro Ju aaa Let Lac aac Lys Ser Tyr Asn

Asn Asn 390 .

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.




gaa
acg
cce

380

cca
etc
Asn

cgt Gu Arg ttg aat -Leo Asn gaa cca ate Gu Pro lle 345" 350 gat gat

aag ctt ggc agg gaa gge Asp Asp Thr Lys Leu Ay Arg Ghypg
Let aaa Lac gtg tta aaa Pro Ser Lys Tyr Val Leo Lys Cf

fy \kat Tyr
aaa gaa aat Lys Gu Asn cac tgg gat H's Trp Asp 410 1008 1056 1104

cag 1152 Pro G n aft ect aat ttt HMY& Pro Asn Phe 395 400 gca tat aft
A u Asn

atg gag Ala Tyr Ile Leo Met Gu gaa aat dat aft ata tta cgt

Ile Ile Leo Arg 425 430 415 gat aac

SEQUENCE LISTING
<110> Ajinomoto Co., Inc.
120> 7-GLUTAMYLCYSTEINE PRODUCING YEAST
- <1307 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)

- <400> 1

atg gea cac tat cca cct tce aag gaf caa tig aat gaa tté.atc cag
" Met Ala His Tyr Pro Pro Ser Lys Asp Gln Leu Asn Glu Leu Ile Gin

1 ' 5 10 15
géa'gtt aac caa tgg get atc act aat gga tta tcc atg tat cct cct
Glu Val Asn Gin Trp Ala Ile Thr Asn Gly Leu Ser Met Tyr Pro Pro
- 20 % ' 30
aaa tic gag gag aac cca tca aat gca tcg gig tca cca gla act atc
Lys Phe Glu Glu Asn Pro Ser Asn Ala Ser Val Ser Pro Yal Thr Ile

35 0. 45 ,
tat cca acc cca ati cct agg aaa tgt tit gal gag gec gl caa ata

l: Tyr Pro Thr Pro Ile Pro Arg Lys Cys Phe Asp Glu Ala Val Glﬁ Ile

43

96

144

192




Asp Asn ate
435 440 445
tla Leg aac
Ser Asn Qu
tca.aat gaa
Gu dy Gly
aft ctt Lac
490 1440 14
attaacaatt

cattccttct

ttgctagata t

ccgaaacat a
aatcccttta
tgatttgcca
tt ggagactt

tttattgtgt

gttttaggca
at at caaat a
aagacattcg
aacagt at gg
gt gacaaaaa

agt gaa eta gga aft tat ggt Ile Ser Au Leo Ay Ile Tyr Ay

1200 1248 1296 tgc 1344 Cys gtt eta tit aac ggghgggu@ga’gtt
gaa tit agt ggc tea 1392 Val Leo Phe Asn Asp Gu G'n Val' Leo
Phe Ser Gy Ser 450 455 460 tta cta aga tcc aaa tit aat act

ggt gga gig geg gca Leo Led/8Brg Ser Lys The Asn Thr Ser Asn
Val Ala Ala 465 470 475 480 gga tic gga tgt ttg gac agt aft
tag gtgtacatgt Gy Phe Ay Cys Leo Asp Ser Ile Ile Leo Tyr 485
86 22 gghy 2006 4/ 8 agkat acaca tagatgmtag gaagatgatg ctagaacttg

a g 4 tgt,agf.c t G2, LLa taggct

t%t:%lfttaog @% %20%t %& E & g@\’ g% % @ cetd ég%cc C aacagtg
ddnet et Phselsn ngtlcjéla éa@lag@&gaﬂteaﬁt!tm@t@gt@ add@ ggcagacata

t gédacttgc 1726 Jgpaatgctcg tactg@maaat ctttggectgy tttcttactg

; g t tottrtt ttagt
0'aaaaathd ({801 A5'GL gagagga?aa@g HARIT (& ot 8907881 20

agﬁt&é&gcﬁé!’ Se50lT ket 8 dvaghhr ol g‘“g‘&aLeﬂlc”t gd&8a3T ccgacttcce

taaaatttct 196@5 caccgcatca gdiitcatcga ttttt@batg tggcttttgt
atgat?qfctecg% 4928t g%gtcagt&tctt@gt% g2RLtGat ﬁ%tct??g%?taﬁc&l%g ;ggﬁi?:gi
t@?gt P%ii@ Gi ﬁgtﬁpf%ﬁ&@g’%fgewj&i@&iﬁ aggccct gat
cccatgtcaclﬂQOG taaaagcggwsacaagtgtga cdithaaagag accagcaata
L @@YA9EHe@ cd2G@c aaa aag cag aat tti agg cta ggt ata tit aga 384
Lys Ser Ala GIn Tyr Lys Lys Gln Asn Phe Arg Leu Gly Ile Phe Arg
s - 120 125 |
tca gat tat itg ati gat aag aaa aag ggt aci gaa cag alt aag caa 432
Ser Asp Tyr Leu Ile Asp Lys Lys Lys Gly Thr Glu GIn Ile Lys Gln
130 135 140
gitc gag 1ttt aat aca gig tca gtg {ca ttt gea gge ctt age gag aaa 480
Yal Glu Phe Asn Thr VYal Ser Val Ser Phe Ala Gly Leu Ser Glu Lys
145 150 . 155 160
gtt gal aga ttg cac tct tal tta aat agg gca aac aag tac gat cct 528
Val Asp Arg Leu His Ser Tyr Leu Asn Arg Ala Asn Lys Tyr Asp Pro
165 170 175
aaa gga cca att tat aai gat caa aaf aig gic ati tct gat fca gga 576
Lys Gly Pro Ile Tyr Asn Asp Gin Asn Met Val Ile Ser Asp Ser Gly
180 185 190 .
tac ctt ttg tct aag gea tig gee aaa get gtg gaa tcg tat aag tca 624
Tyr Leu Leu Ser Lys Ala Leu Ala Lys Ala Val Glu Ser Tyr Lys Ser
195 | 200 | 205
caa caa agt tct tet aca act agi gat cci att gic gea {tc att gig 672
Gln Gln Ser Ser Ser Thr Thr Ser Asp Pro Ile Val Ala Phe Ile Val
210 215 220 -
caa aga aac gag aga aal gig til gat caa aag gic tig gaa ttg aat 720
Gln Arg Asn Glu Arg Asn Yal Phe Asp Glm Lys Val Leu Glu Leu Asn
225 230 235 240
ctg tig gaa aaa itc ggt acc aaa tct git agg tig acg tit gat gat 768
Leu Leu. Glu Lys Phe Gly Thr Lys Ser Val Arg Leu Thr Phe Asp Asp
245 250 259
gtt aac gail aaa tig tic att gai gal aaa acg gga aag cit ttc atf 816
Val Asn Asp Lys Leu Phe Ile Asp Asp Lys Thr Gly Lys Leu Phe Ile
260 265 270 -

. .2gg gac aca gag cag gaa ala geg gig git tat tac aga acg ggt tac 864




gcaaaccgca aacagt aaaa tatgcttcca ataaacagga ttcgtcagca cttcataaaa 2326
cccctacggt taacaaataa aaattaaata tgttagtcat aaaacaagtc at abgagla®og386
aaacaaaaat catgtactta ctaagaatgg gtagataaat gctcttgagt tgaaaatttc 2446
tttaatgaag ttitttctaa 2466 <210> 2 <211> 491 <212> PRT <213>

Sacchar onyces cerevisiae <400> 2 Met Al &/fis Tyr Pro Pro Ser Lys Asp @n
Leo Asn 1 510 Gn Val Asn @dn Trp Ala lle Thr Asn Ay Leu Ser Lys Phe
GQu 35 .Tyr Pro Thr 50 20 25 du Asn Pro Ser Asn Ala Ser Val Ser Pro Ile
Pro Arg G n PArxz M Tiithelu 6 ARy alaASpl $er TAsPyrSerg GimGBhdyb5 Asn G u Leo
70 Tyr Leu His 85hr Gy Lys Guygjeo Ile Gn 35 Mt Tyr Pro Pro 30 Pro

Val Thr Ile
aca acc act gaf tac acg tcc gaa aag gac tgg gag gea aga cta tic 912

Thr Thr Thr Asp Tyr Thr Ser Glu Lys Asp Trp Glu Ala Arg Leu Phe
290 _ 295 300
clc gaa aaa agt itic gea ata aag gec cca gat tfa cic act caa tta 960
Leu Glu Lys Ser Phe Ala Ile Lys Ala Pro Asp Lev Leu Thr Glin Leu
305 ' 310 315 320
tct ggc icc aag aaa att cag caa tig ftg aca gat gag ggc gta tia 1008
Ser Gly Ser Lys Lys Ile Gin Gln Leu Leu Thr Asp Glu Gly Val Leu
| 325 330 335
ggt aaa fac alc tcc gal gei gag aaa aag agl agi tig tta aaa act 1056
Gly Lys Tyr 1le Ser Asp Ala Glu Lys Lys Ser Ser Leu Leu Lys Thr
: 340 345 350 ‘
it gic aaa ata tai ccc iig gai gat acg aag ctt gge agg gaa ggc 1104
Phe Val Lys Ile Tyr Pro Leu Asp Asp Thr Lys Leu Gly Arg Giu Gly
350 360 365
aag age ctg gea {ta agt gag ccc tct aaa tac gig tta aaa cca cag 1152
Lys Arg Leu Ala Leu Ser Glu Pro Ser Lys Tyr Val Leu Lys Pro Gin
370 375 380
cgg gaa ggl ggc gga aac aat git tai aaa gaa aaf att cci aat ttt 1200
Arg Glu 6ly Gly Gly Asn Asn Val Tyr Lys Glu Asn Ile Pro Asn Phe
385 390 395 400
- tig aaa ggt atc gaa gaa cgl cac tgg gal gea tat att clc atg gag 1248
Leu Lys Gly Ile Glu Glu Arg His Trp Asp Ala Tyr Ile Leu Met Glu
' - 405 410 415
ttg alt gaa cca gag lig aat gaa aat aat aif aia tta cgl gat aac 1296
Leu Ile Glu Pro Glu Leu Asn Glu Asn Asn Ile Ile Leu Arg Asp Asn
| 420 425 430
‘aaa tct tac aac gaa cca atc atc agt gaa cta gga alt tat ggt ige 1344
Lys Ser Tyr Asn Glu Pro ile Ile Ser Glu Leu Gly Tle Tyr Gly Cys
435 440 | 445
git cla tit aac gac gag caa git iia tcg aac gaa 1it agt ggc tca 1392
Yal Leu Phe Asn Asp Glu Gln Val Leu Ser Asn Glu Phe Ser Gly Ser -
450 455 460
t1a cta aga tcc aaa tit aat act tca aal gaa ggi gga gig geg gea 1440
Leu Leu Arg Ser Lys Phe Asn Thr Ser Asn Glu Gly Gly Val Ala Ala
465 470 . 475 480
‘gga ttc gga tgt tig gac agt alt atl ctl tac tag gtglacatgt 1486
“Gly Phe 6ly Cys Leu Asp Ser Ile Ile Leu Tyr |
485 490




40 45 Lys Cys Phe Asp Gu Ala Val Gnlle 60 Tyr Ala Arg Ile Thr Gn Asp
Met Ala 75 80 Lys Thr Thr Qu Ala Leu Ala Leu Ser 90 95 shag. TipeSer Leu
Tyr Leu Ala Thr.Leo 100 105 110 Lys Ser Ala Gn Tyr Lys Lys G'n Asn Phe
Arg Leo Ay Ile Phe Arg 115 120 125 Ser Asp Tyr Leo Ile Asp Lys Lys Lys
Ay Thr Glu.Gn Ile Lys Gn 22 May 2006 &/8 130 Val G n Phe Asn Thr Val
145 150 Val Asp Arg Leu His Ser 165 Lys Ay Pro lle Tyr Asn 180 Tyr Leu
Leu Ser Lys Ala 195 Gn Gn Ser Ser Ser Thr 210 Gn Arg Asn Gn 225 Leu

Leu G n Lys Aagiabsdica A30atE0RieQFadgaiddfy 4R22200z 4PPaacHIP deXtaaklda H4¢ Lys Leu
Phe Ile tatataatca cacitctaca taaattiget gttitaggct cattcctict tictticacc 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

<400> 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 GIn Ile
- 80 55 60
GIn Pro Val Phe Asn Glu 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
' 8 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 Len Gly Ile Phe Arg
: 115 o100 125- |
Ser Asp Tyr Leu Ile Asp Lys Lys Lys Gly Thr Glu Gln Ile Lys Gln




270 Val Vval Tyr Tyr Arg Thr Ay Tyr Ser Val Ser Phe Ala Ay Leu Ser
Lys. 155 160 Tyr Leu Asn Arg Ala Asn Lys Tyr Asp Pro @iqm%ﬁgmﬁAsp Gn
Met Val Ile Ser Asp Ser Ay 185 190 Leu Ala Lys Ala Val G'n Ser Tyr
Ser 200 205 Thr Ser Asp Pro Ile Val Ala Phe Ile Val 215 220 Val Phe
Gn Lys Val Leu Gu Leu Asn 235 240 3/fhr Lys Ser Val Arg Len Thr Phe
Asp Val Asn Asp Lys Len Phe Ile Asp 260 Arg Asp Thr Gn Gn GQu lle

275 280 Thr Thr Thr Asp Tyr Thr Ser G n Lys Asp 290 295 Leu G n Lys

Phe Ala Ile 1§ 305 310 Se35 Gy Ser Lys Iy Ile Gn Gn 325 dy Lys

1le Ser Agn &@pfd Bsn @rﬁOV:ﬁhgerV%I %¥§Phé m{ﬂcly gé@sbﬁmﬁps 355 360 Lys

LﬁguAissLE#§S?{e GPnPGin?%%g H s 265 T55 EOAsn val 985
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 - 429 430
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

Pro
335
Ay
Phe
Arg
Ile
Ser
Asn
Asp

Ile Gn
Asp Leu

Pro Gu Leu Asn Gn 420 285 Trp Gn Ala Arg Len Phe 300 Al a
Leu Thr G n Leu 315 320 Leu Leu Thr Asp G'n Gy \Wa2degu 330

Lys Lys Ser Ser Len Len Lys Thr 345 350 Asp Thr Lys Leu' Gy Arg GQu

365 Ser
395 400 Trp Asp Ala Tyr

Asp Asn
Il e Ser
Asn G n
Thr Ser

Ser Ile |

Lys Tyr Val Len Lys Pro Gn. 380 Tyr Lys Gn Asn Ile Pro Asn

425 430 140 Gy lle Tyr Ay Cys 445 Lys Ser Tyr Asn Gn Pro
G n Len 435 440 Val Leu Phe Asu Asp Gn Gn Val 450 455 Leu

Rl LgﬁrArgS)ér 995 PhéOQn2Gr My 2R0AuGNS dguvdlesialhlg Ser Lys The
%g n y Ay 4 ﬁ' Ala Al a 46547{3,70 475 Qvy Pm Gy Cys Len
Leu Tyr € N

Gly 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 ctgaagegit agcic 25

Q10> 4
{211 25

<212> DNA
<213> Artificial Sequence

<2200

<223> Description of Artificial Sequence: primer

4005 4

caggecaaag attticagta cgage 25

L2100 5

S 28

<{212> DNA
213> Artificial Sequence

220>

© 223> Descripiion of Artificial Sequence: primer

<400> 5

ccacageggg aagatggegg aaacaaig 28

<2107 6

Q1D 28

<212> DNA

Ile Len Mef8G n 410 415 Asn Asn Ile Ile Leu




485 490 <210> 3 <211> 25 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: primer 480 <400> 3 cat 32aa5P06
ctgaagcgtt agctc 25 <210> 4 <211> 25 <212> DNA <213) Artificial Sequence
<220> <223> Description of Artificial Sequence: prinmer <400> 4 caggccaaag
attttcagta cgagc 25 <210> 5 <211> 28 282> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: priner <400> 5 ccacagcggg
aagat ggcgg aaacaatg 28 <210> 6 <211> 28 <212> DNA 22 May 2006 7/8 <213>

Artificial SeQugnaetif2di@r Segdeade Description of Artificial Sequence: prinmer
<400> 6 : .
{2200
<{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




cattgtttcc gccatcttcc cgctgtgg 28 <210> 7 <211> 25 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial 28equesme: primer
<400> 7 ctaatatgga tgtcggcaac ccaag 25 <210> 8 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: prinmner
<400> 8 ccacagcttt ggccaatgcc ttag 24 <g}rg> 9 <211> 31 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: prinmer
<400> 9 .cggtgtcacc agtaattatc tatccaaccc ¢ 31 22 May 2006 8/8 <210> 10
<211> 31 <21@jpPhp <213> Artificial Sequence <220> <223> Description of
Artificial S%ﬂ?ﬁﬁ%?: primer <400> 10 ggggttggat agataattac tggtgacacc g 31

<212> DNA
<213 Artificial Sequence

| {2200

<223 Descripiion of ‘Artificial Sequence: primer

<400> 10
goggtiggat agataattac igglgacace g _ o 31




