1 21 April 2004 METHOD FOR PRODUCI NG y- GLUTAMYLCYSTEI NE Backgr Qund of the
Tnvention 5 Field of the Invention The present invention relates to yeast
and yeast " extract having a high y-glutamll cysteine content2haprl 20841 'as a
nmet hod for breeding such yeast. y-d utamyl cysteine and cysteine produced
therefromare useful in the food 10 industry. Descripti Q1 of the gel ated
Art Cysteine is used for the. purpose ofi rOV|n flavor of foodstuffs and
so.forth. Wile the 1SMEEﬁ@Pb3P OW@FH@GPYSQ%V AMRLEESTEINEt hod and so
forth are known as nethods for prodUC|ng cystelne mai nly used nethods at
present are the proteolysis nmethod and the sem-synthetic nethod. In order
to utilize cysteine for inpgQving fI.vor _foodstuffs nat ural food
“materials 20 having a high cy8terfiet8ntént E3-188. However, such
natural food materials have hardly been knomn so far. dutathione, which
IS a tripeptide consisting of cysteine bonded with glutam c acid and

glycine, gs a t e . used for inproving flavor of foodstuffs.
G ut at hi one 1§75y | eine via y- glutanylcystelne However ,

y- glutanylcystelne rhe? p%%séﬁ@qlnve 2on relates to yeast and yeast

extract-hav1ng a hlgh y-glutamylcysteine content as well
as a method for breeding such yeast. y-Glutamylcysteine
o : and cysteine produced therefrom are useful in the food

10 industry.

‘Description of the Related Art
Cystelne is used for the. purpose of’ 1mprov1ng
flavor of foodstuffs and so forth. While the
15 "proteoly51srmethod, semi-synthetic method and so forth
are known as methods for producing cysteine, mainly used
methods at present are the proteolysis method and the
semi-synthetic method. In order to utilize cysteine for
improving flavor of foodstuffs, natural food materials
20 having a high cysteine content are desired. However,
such natural food materials have hardly been known so
far.
Glutathione, which is a tripeptide consisting of
cysteine bonded with glutamic acid and glycine,.is also
25 known to be used for improving flavor of foodstuffs.
Glutathione is synthesized from cysteine via y-

glutamylcysteine. However, y-glutamylcysteine is



scarcely used for inproving flavor of foodstuffs. y-Qdutanylcysteine is
synt hesi zed from cysteine and glutamc acid with the aid of :
y-gl utanyl cysteine synthetase (GSH1). And gl utathione is S¥PREﬁ§@§§d from
5. y-glutanyl cysteine and glycine with the aid of glutathiofie Sy tase
(GSH2). A yeast strain, Saccharonyces cerevisiae YHT178, in which the

pronoter of y-glutanylcysteine synthetase ene is replaced wwth a strong
transcripti ond" 35 té%eflo %,mvﬂ%&%%%m@ét&ﬂf&r'ge anount of
y- glutanyl cysteine synthetase in its cell (Yasuyuki OCotake et al., "

Bi osci ence and i ndu¥rPyutamylcystejpe 1s sypphesdzedsframooystefnet her,

" Ootake et al. also_reported . that, glutathione was not detected in -a

gl ut at hi one 1576y glpdeRds @sidcwdtt Sheyigidoisycehatanyie¥steingi siae YL
train, in anqth report .. .Ootake, et al., Agricultural and
Bi ol Iogi cal oh&¥d ?‘?}?%\?o|(.‘5(5@3%35"‘§495‘lgﬁ7°§i28?3&80?9&5%7?Z?ﬁoﬁ’ém&t al .

reported n of the 20 _gl utathi one synthetase gene on a

di t
ChrOWDSOﬁge?$5§hiﬁ§$ﬂ§£?ﬁﬁﬁslg? apd "gpyGeRenyakhethe; 8dysfca Acta, No.
1395, . 315-32 8). _Thi [ ene is considered to code for a
e conPRarhegne, suftheatiend i st ducs.

glutathionersgn resi dues of 1-396th positiagns
are correctly trans m_nus region fromthe 3i§§h
mt  of

- Co ( éa%ed 23 bgt a S—ter I
position is del ete® YPABUeSEEAR: PESEPAEG™RES GPAEKLRFEERe LES
the genefdisragt%gi%hr%'g %%%mo %%ug%d%—gfatamylcysteine synthetase
&f;_ gene is'replacéd with a strong transcriptional‘brombter
10 APS{ was reported to producé.a large amount of y-
glutamy}cysteine synthetase in its cell (Yasuyuki Ootake
éf al., Bioscience and Induét:y, vol. 50, No. 10,
Pp-989-994, 1992); ‘Further, Ootake et al. also reported
that glutathione was not detected in a glutathione
15 synthetase deficient strain of Saccharoﬁyces cerevisiae
YL1 strain, in.another report (Yasuyuki Ootake et al.,
Agricultural and Biﬁlogicai Chemistry, vol. 12, No. 54,
pp.3145-3150, 1990). |
Inoue et al. reported gene disrupﬁion of the
- 20 glutathione synthetase gene on a chrdﬁosome (Yoshiharu
Inoue et al.,'Biochimica et Biophysica Acta, No. 1395,
pp.315-320, 1998). This disrupted géne is consideréd to
code for a glutathione syntﬁetase in which amino acid
residues of 1-396th positions are correctly translated,
25 but a C-terminus region from the 397th position is

deleted. Inoue et al. reported that glutafhione content

of the gene-disrupted strain was measured, but



3 21 April 2004 gl utathione was not detected. By the way, while it is known
that a flavor conposition can be obtained by adding a saccharide to y-

gl ut anyl cyst ei ne and heating them (Japane3e Patent Laid 5 oggﬂ Pg@hécation
(Kokai) No. 4-91762), it is not known that cysteine is rel S n

y-gl utanyl cysteine is heated. As described above, there are reports

concerni ng enhanc nt of expressjqn, of_ y-glutanylcysteine 10 synthetase
and disruptio#iﬁ %% QQQﬂWﬁﬁ3@§%u drene. However, the obtai ned

Sacchar onmyces cerevigsi strains, .showed .,a |.ow y-gl utanyl cystei ne content
or did not show go&d 3$5V¢ YVn“ﬁﬁ;‘%ggéﬁsaﬁﬁoﬁﬁe3h§Feanéﬂaaﬁﬁéidered to
fully satisfy the reqfirenents needed for the industrial 15 'production.
It was report SPMPRFILD RGP Pe ShtRined, hihiadding @ sasqchargde to y-
y-gl utanyl cyst ei ne_synt het ase was, enhanced .coul d accunul ate 1. 69% of
- ol ut amyl cysGaeRt Gystelne ShEL Reating, thely (FRBAnesR Faksrtddichn
(Oot ake gt al ., 20 _Biqgscience I_ndusiry, . However, -the growth
rate of %he yé’gseln PP TR 3%%\}55& ni{o'r éﬁ?:jtpfé?)' A% ASugR Y k& wt h
rate in YPD iumwhich is nore_ nutrjtious than the_synthetic m ninal

medi um was 1 Eastedng Ao redeassdy whien YrHeuEeRyLrEatgingt AS- 25 rate

is attai ned ahenghndustrial | evel even in YPD

As described above, there are reports concerning
(ﬂ . enhancement of expression of y-glutamylcysteine
10 synthetase and disruption of glutathione synthetase gene.
However, the obtained Saccharomyces cerevisiaé strains
showed a low y-glutamylcysteine content or did not show
good growfh'inrany case, and they are not cqnsidered to
fully satisfy the requirements ﬁeeded for the industrial
15 ‘production. |
It was reported thét_the YHT178 strain in which
expression of Y—glutamylcysteine synthetése waé enhanced
(mj | could accumulate 1.69% of y-glutamylcysteine at most in
its qell in a synthetic minimal medium (Ootake et al.,
20 Bioscienge and Industry, supra). However, the growth
rate of the yeast in this medium was not reported.
Although the growth rate in YPD medium which is more
nutritious than the synthetic minimal medium was
reported, it cannot bé said that thé required growth
25 - rate is attained at an industrial level even in YPD
medium. |

Further, the reported y-glutamylcysteine content



medium Further, the reported y-glutanylcysteine content 4 21 April 2004 of
the YL1 strain in which the glutathione synthetase gene was disrupted S
as low as 0.533% and it cannot be accepued for practical PE ﬂ
industrial.level (Ootake et al., Agric. Biol. Chem, supra? P 2084 ¢ i on,
Chris 5 et al. pointed out that since the phenotype of YL1 strain
corresponded to that of a strain of which_ glutathione synthetase was
partial ly redSdedn® fd! g?‘iﬁaa‘t%’dhé"hs%ﬁﬂ Het& Lyt Hang fynrhgtasenat ed
fromit (Chris M Gant_.et al., Ml ecular Biology of the Cell, 10 vol . 8, .
bp. 1609- 1707, FEBE7FASISHIRESS it A MBS &l 1A 3F s Vs 16 GiAmIcdads y

di fferent prollferatlo abilities durlng he | ogarjthm c growth phase in
a, medi um coff&iSh 3%06% RRAGIE s r?b“ttj rla@or%teé’eai Afiakeat hi one,
it is essentlally dlfferent from 15 the gl utat hi one synthetase meakened
strain of theHpedsen?Irhfentd S - #HFFhemﬁﬂR?ahi wasaddpbired £hads
glutathlgne was ot det ect ed mhe | ut.at’hi one content of the |.ut at hi one

synt het ase gefi& & Sr Bordded et lf’(?é%?eofhe’ncﬁh@‘@ctyae o 2(3(1( upra) was

Tont oned 25 SR6PAR SREGHFERTA s Ak e 3 RSN EG SRt ovi de
glutathione synthetase was partially reduced, the
glutathione synthetase was not fully eliminated from it

ﬁir (Chris M. Grant et al., Molecular Biology of the cell,

i. 10 &ol. 8, pp.1699-1707, 1997). However, since the YLl
strain shows significantly different proliferation
abilities during the logarithmic growth phase iﬁ a.
ﬁedium containing glutafhione and a ﬁedium not
containing glutathione, it is essentially different from

15 the glutathione synthetése weakenéd strain of the
present invention.

'Furthermore, it was reported that glutathione was
not detected when glutathione content of the glutathione.
sYnthetase gene disrupted strain produced . by Inoue et al.

20 (supra) was measured.
Summary of the Invention

Under such a technical background as mentioned
25 above, an object of the present invention is to provide
a natural food material that can practically be used for

improving flavor of foodstuffs like cysteine, more



a natural food material that can practically be used for inproving flavor
of foodstuffs like cysteine, nore 5 21 April 2004, specifically to provide
yeast which can be used even for productfon at industrial éfx f@ﬁg shows
a large accunulation anount of y-glutanylcysteine, and yea

produced by using such yeast. 5 The inventors of the present i nvention
found that gstelg i rel eased when é; | ut a chﬁtelne is heated, and
concei ved t hatPPFLi1fatd¥al TPoBEO @r SRSEon PR Gany bg UsgRy EYESt ei ne i s
heat ed, a natuyral d naterlg that can he used |ike a natural food

mat eri al contgPﬁlﬁﬁo Tst&ﬁgtélnéHQBEFHlB& E8&dcerd shevsr 8r dargeni ng at
breedi ng yeast strains, ,showi ng a high y-glutanylcysteine content, the

i nventors attéﬁﬁ?@ﬁlﬁﬁlepsFﬂBPthef @Tﬁl%?ﬁmﬁﬁ§Y§éﬁ#h@ta%@dgﬁﬂé$tkbmever

satisfactory’ gsul%s H ao# be obtalnegS The inventors further 15
assi duousl y sE8UFBGT BRGHS®E PESUPLN9t REFNs¥ERSESsfully obtained a strain
show ng hi gh y-gl ut anyl c eine _c ent and, gqod growth. Thys, the
present Pnvention ﬁégng ﬁ%?FEh%E ggﬁ Pr?ﬁethénﬁﬁggéﬁP fAvaA: that
provides the 20 follown %1 A strain of Saccharonyces, cerevisiae,
whi ch can cofiY3Ff188, H$ 3@%@ FeerWHBPevwllg/t@mmfawt%y%%emeh%*aedcont ai ns

4- 0,
0.004 0'1/6byaﬂﬁlggﬁcgivghu£ﬁgglg%eadﬁgku%ai %ood material containing

y~glutamylcysteine is heated, a natural food material
o that can be used like a natural food material containing
10 cysteiné could be producéd. Therefore,'aiming at
 breeding yeast strains éhowing a high y-glutamylcysteine
content, the inventors attempted to disrupt the
glutathione synthetase gene. However, satisfaétory
results could not be obtained. The inventors further
15 assiduously studied, and és a result, they successfully
‘obtained. a strain showing a high y~glutamylcysteine
content and good growth. Thus, the present invention
G?é . was accomplished.
That is, the present invention prov1des the
20 follow1ngs. ‘

V (1) A strain of Saccharomyces cerevisiaé, which can
contain 1%'by weight or more of y-glutamylecysteine and
contains 0.004-0.1% by weight of glutathione during its

‘_logarithmic growth phase, when thé strain is cultured in

25 a medium in which a glutathione synthetase deficient
strain of’Séccﬁaroﬁyces cerevisiae shows a slower. growth

rate than a wild type strain.



| ogarithm c growt h phase, when the strain is cultured in 25 a nediumin
whi ch a gl utat hione synthetase deficient strain of Saccharomnyces

cerevi siae shows a slower gromh rate than a wild type str?LR.1goa&hApdl
. 2004 (2) The strain of Saccharonyces cerevisiae according Pﬂ), erein
‘the mediumin which a glutathione synthetase deficient strain of
Saccharomyces cerevisiae shows a slower growh rate than a wild strainis
a .5 nmedi um né2)conThenshgaghueit FagabasemEcesdicamends i aeoaraomidigg

gl ut at hi one, y-glutanylcysteine, L-cysteine and cystine. (3) The strain of
Sacchar onyces teel dVir sWherginotengedigm i, witieheian gilligakbdiomd i s a ni ni mal
medium 10" (4) A strain of Saccharonyces cerevisiae, wherein glutathione
synt het ase enédtiébebpsg grfitadrndnetraynt hdt Seccharemyres cerevdsd@e has
deletion of a C termnus region froman arginine residue at "a position of
370. 15 (5) YEBS¥WSeRkt phevWepr ggavth Bpteuthan agwils: s&iraisf isSacchar onyces
cerevisiae according to any one of (1) to (4) in a suitable nmediumand -
utilizing themggiumneat eerrainipy AlHEARBAONS OBr delieddulm sotai n of
Saccharonmyces 20 cerevisiae containing y-glutamylcysteine, conprising the
steps of consepotaingngegbubphbhonst rarpbubdmylcysteine, L-cysteine

and cystine.
k3) $he strain of Saccharomyces cerevisiae according
(- -~ to (2), wherein the medium is a minimal medium.
10 .(4) A strain of Saccharbmyces cerevisiae, wherein
glutathione sjnthetaée encoded by a glutéthioné
synthetase gene on a chromosome has deletion of a C-
terminus region from an érginine residue at a position
of 370.
15 (5) - Yeast extract produced by culturing a strain of
Saccharomyces cerevisiae acéqrding to any one of (15 to
(4) in a suitable medium and utilizing the obtained
£ cells. |
| (6). A method for breeding a strain of Saccharomyces
20 cerevisiae containing y-glutamylcysteine, comprising the
 steps of constructing recombinant strains of
Saccharomyces cerevisiae in which glutathione synthetase
gene is modified by a gene recombination technique and
selecting a recombinanf strain that contains 0.004-0.1%
25 by weight of glutathione during its logarithmic grqwth'
phase when the strain is cultured in a medium in which a

glutathione synthetase deficient strain of Saccharomyces



Sacchar omyces cerevisiae in which glutathione synthetase -gene is nodified
by a gene reconbi nati on technique and selecting a reconbinant strain that.
contains 0.004-0.1% 25 by weight of glutathione during its &Pgsﬁkbagic'
grow h phase when the strain is cultured in a nmediumin whic a

gl ut at hi one synthetase deficient strain of Saccharomyces 7 21 April 2004
cerevisiae shows a. &% rowh rate than a wild strain. The strain of

Sacchar onyces g@F@Vﬁ?ﬁﬁb “Ehé ﬁ#@?@ﬁtgFHV@HtF@ﬁebF@@Gb€SW11d strain.

y- gl ut anyl cyst ei ne rtain _amount and shows good growth in an
5 industrially used%ﬁsdﬁ ﬁﬁgﬂc SagﬁéaKBPYESﬁtSPHPHdSISPupitﬁ ne.

Therefore, it _is us fuyl for eff|C|%nt production of yeast eXtract

cont ai ni ng y- PFGE ROYENELeD. PESUEesey- S%BF%ﬂﬁiPﬁﬁt8¥n?héXEﬁﬁﬁiﬁga Fig.
1 sh lib t f by heat
Lreatment ot BHOFTCRER CXA?‘E’S‘?‘QE@H&"}}W& SR DAPHDy 1 A2 d. ot o

) t 15 t t t

oot esonts y- aPGREEIIAIa0e kRt n TR bugh & SS%P?'OFOCE g g, 2

h lib b heati pg.
reatment ar JhosdtngERRt EnligRie . B IENCENTLTIEE S plethee
GSHZNUash/pYES%ggsh contalnlng a cgﬁsetge for

| 3 st e

gction of ye ract containing y-
glutamylcysteine.
10 : jef ] . f 1 .
Fig. 1 shows liberation of cysteine from y-
glutamylcysteine by heating treatment at pH 3. PCA
-represents pyrolidonecarboxylic acid, Total Cysteine
15 represents the tofal amount of cysteine, and Y—Glu-Cys
represents y~glutamylcysteine (ﬁhe same shall apply to
Fig. 2).
(f} | ‘Fig. 2 shows 1iberation‘ofrcysteine from y-

glutamylcysteine by heating treatment at pH 5.
20 Fig. 3 shows construction of plasmid
'GSﬁZMdash/pYESZdash containing a cassette for
substitution of ﬁeakened-type glutathione synthetase
gene (Cassette 2). |
Fig. 4 schematically shows gene substitution of
25 glutathione synthetase gene using Caséette 2.
Fig. 5 shows growth of Na3 s;rain tOD“uj in SD

medium or SD medium containing 1 mM of glutathione



substitution of weakened-type gl utathione synthetase gene (Cassette 2).

Fig. 4 schematically shows gene substitution of 25 glutathione synthetase
gene using Cassette 2. Fig-. 5 shows growsh of Na3 strain (th b@ SD
medi um or SD nedi um containing 1 nmM of gl utathione 8 21 Apri EH&Q
(containing a required amount of uracil). Fig. 6 shows growth of Nat strain
and Na3 stral i.um (cqant ai nin qui red nDunt of uracil). 5
Det ai | ed Descr'i ptnlngﬁ'% g[dhe LSS or?“\qglf%a & Praf’r"ré present invention will
be "'explained in de As descri bed abaove, _t he gresent i nvention is first
10 based on the frn 1ﬁg @h&PO@?s€E| b 0%, §p2i AtgajReAnd. Nogd| gEamkRcyst '

eine is heate te| e i_s__heate C for to 300

m nutes at qu P ﬁéﬁﬁ&ﬁ cys einve & £EHELS o?@ﬁuPﬁt8%cV§FEFie'and PCA

. (pyrolidonecarboxylic.acid), and therefore cysteine can 15 be obtained with
high yield as a whole. The term"cysteine" may be used hereinafter to refer

to both @f L-cysteine g '. { pe di sul fide of
L-cystei ne. The SaccharGmyc . s grEsEnt 20

i nvention is produced based on the aforenentroned ' .

Hereafter, the present invention will be explained
in detail. |
Q;' S As described above, the present invention is first
10 besed on the.finding that cysteine is obtained when y-
glutamylcysteine is heated. If y-glutamylcysteine is
heated at 50-120°C for 3 to 300 minutes at pH 1-7, y-
glutamylcysteine is decomposed into cysteine and PCA
'(pyrolidonecarboxylic,acid), and therefore cysteine can
‘15  be obtained with high'yiéid as a whole. The term
“cysteine” may be used hereinafter to refer to both of
L-cysteine and cystine, which is an oxidized type |
'(51 disulfide of L—cysteine.
: The Saccharomyces cerevisiae strain of the present
20 invention is produced based on the aforémentioned
finding for the purﬁqse of improving flavor of
foodstuffsland so forth. When'tﬁe Saccharomyces
.cerevisiae strain of the present invention is cultured
in a medium in which a glutathione synthetase deficient
25 'strain of Saccharomyces cerevisiae shows a slower growth

rate than a wild strain, it contains 1% by weight or

more of y-glutamylcysteine in terms of a ratio with



finding for the purpose of.inproving flavor of foodstuffs and so forth.
“VWen the Saccharonyces cerevisiae strain of the present inventionis -
cultured in a nmediumin which a glutathi®ne synthetase def] ke@;p§§ strain
of Saccharonyces cerevisiae shows a slower growth rate th i strain
It contains 1% by weight or nore of y- glutanylcysteine in terms of a ratio

th 9 21 | 200 t. | id t i.n | qgarithmic

Sﬁownh pha?ﬁrllﬁ GF% %%fgggﬁp %ﬁa%ﬁﬂe i segyr % %BW&ganylcystelne
| ut at hi t | c te ne,_ or

g[u?agh?ongoaf % @L s a : gﬁ?dp%é%ﬁggengeB%lggr ef%?“%?%ﬁp?g cel
ht ft t d a 105C r urs.. Further, when the Saccharonyces

gngVISI:e g[Wagiugﬁmy ﬁgsb?égﬁn?rlﬂggﬁﬁFBﬁopg Eefen? el A 2OREEREmM i n

Ser evi oi a¢ shodd BEsTS F*?%ﬁ%&fﬁgfr'af‘i'egi‘%aséiﬁ%wﬁéoé% SERS TeoBuRt cbt

cerevisiae sh slio n r C ain

1% b izght r r.abl % Db

y- Blﬁtgﬁggcys glﬁ@ %b é%%$a|%§y8%&é i fﬁ)ﬁg ﬁ&ﬁtceg?eVSFgBty 0. 004-

0. 01% by melg?gg h%%%%ﬁtgkoﬁﬁsdﬁrk%% 3 ﬁepggarlthn1c 15 grow h phase. As

wi ||l be descr I N exanple ment i-one Hafter, the Saccharonyces
FRETBEM W N WS R R R R T
' of the present invention is cultured in a medium in

(_. which a glutathione synthetase deficient strain of

L 10 Sacéharomyces cerevisiae shqws a slower growth rate than
a wild strain, it can contain 1% by weight or more,
preferably 1.7% by weight or more, of Y—glutamylcysteine
and contains 0.004—6;1% by weight, preferably 0.004-
0.01% by weight, of glutathlone during its logarlthmlc

15 - growth phase. As will be descrlbed in examples
mentioned hereinafter, the Saccharomyces cerevisiae
strain of the present invention produces a.trace amount
of glutathlone, and shows growth better than that of a
glutathione synthetase deficient strain in a medium that

20 does not contain glutathione. 1In this specification, a
.strain which has feeble glutathione synthetase activity
in such a degree that it should pfoduce 0.004-0.1% by
weight of glutathione in the aforementioned medium, like
the Saccharomyces cerevisiae strain of the present

25 invention, may also be feferred to as "glutathione

synthetase weakened strain”. On the other hand, a

“glutathione synthetase deficient strain” refers to a



gl ut at hi one synt het ase deficient strain in a mediumthat 20 does not
contain glutathione. in.. this specification, a strain which has feeble

gl ut at hi one synthetase activity in suchl® degree that it sgpﬂéqzebgduce
0.004-0.1% by .weight of glutathione in the aforenentioned nediuny |ike
t he Saccharonyces cerevisiae strain of the present 25 invention, may al so

| ¢ ine..On the other .

nand, & gl UPSERLBNG eI tRor CRg HArTELaN; JETIR AR Zl%*re%éﬂ*fst?ietﬁeil"kp?? ]
| | $ Lorent S . )3

activity and CRSOE RPenc eyt AP hRonenh =, PRoRE LT ERERIER, FRR™C o

Ctage duri ng BUEShRE nebifn,] SHICASOR LA RS SECIR AORSELLAL B

stage during culturern whic acchar ohyc

corevisl 20 1 nsEihlViBobpLASESgh 008K LARLES! LLck0s B LULESL L Ruryps

They- gl ut anyl cystei he“conten al ways

T g LB hogkerak293n LATLA ALABLR BBABE118085 knod sdbhathipbalnat the

10 content becones more at an oin n !

phace that cuPPheBRapyinnERtShER ApehkhBl st EhaT s hRIER TS Donds o

5 grow h phacstOiRg’ BRRER i (LA RE RS B Mokl

be always 1% by weight or more during the whole

(j - . logarithmic growth phase,.and it is sufficient that the

“ 10 content becomes 1% by weight or more at any point during
the logarithmic growth phase, preferably during such a
logarithmic growth phase that culture broth should show
an_absorbance.thaﬁ corresponds to 1/2 or more of
absorbancé du;ing stationary phase after the logarithmic

15 growth phase.

R The Saccharomyces cerevisiae strain of the present
invention produces y-glutamylcysteine in an amount
exceeding a certain level and shows good growth in an
induétrially used medium, for example, a medium not

20 containing glutathione as described above. Tﬁereforet
it shows superior productivity‘of faglutamylcysteine ﬁer
unit time and is suitable for efficient production of
yeast extract containing y-glutamylcysteine. Fufther,
yeast extract of high cysteine content can be produced

25 by heating the obtained yeast éxtract.

Examples of the medium in which a glutathione

synthetase deficient strain of Saccharomyces cerevisiae



i nvention produces y-glutanylcysteine in an anount exceeding a certain

| evel and shows good growth in an industrially used nmedium for exanple, a
medi um not 20 contai ni ng gl ut at hi one as dgscri bed above. Thgiﬁ N4 it
shows superior productivity of y-glutanylcysteine per wunit il and is
suitable for efficient production of yeast. extract containing

y-glutanyl cysteine. Further, yeast extract of thh cysteine content can be
produced 25 b§hrR¥Et Bn§leWeropEarkld rpsgsthant pawilderbrpins éf et heanedi um
in which a glutathione synthetase deficient strain of Saccharonyces

" cerevisi ae 1ls§£aAﬁrFpaﬁogéssHéﬂ§a§h§P&ﬁeFygﬁéﬁFﬁSPaﬁétﬂﬁéﬁYaaﬁﬁld strain,
i.e., a strain that has %Iutathione synt hetase activity and produces

gl ut at hi one, PREAUEES gértekbipre, anfdydgm A6 eXa8mpafni Agmghdudt APSne and
a medi um not containing 5_gl utathione, y-glutanylcysteine, L:cysteine and

cystine. SpeEPRFEAPLPI GAPEBLEBIRPRJISNG: anerdHl RESI §OBLBANABISD nedi um
can be nentioned. Wen the Saccharonyces cerevisiae strain of the present

i nventi of sho#dutatRéepsphy—otwkamy hays tainas ok ep¥site bierrnharvst e sti cs,
10 the aforenentigned di um shoul d_gontain a nytrient _correspoending to
such auxotropﬁ??chﬁcéiiﬁplE?I%QPFO5§nd§nPﬁomé8PH§10Pﬁ€%atﬁﬂﬁhc9§tﬁpne,

nucl eotides, vitamns and so fQrth, as required. Specific exanples of the
Sacchar onyces™g Bl spgebe mentioned. When the Saccharomyces

cerevisiae strain of the present invention shows
("‘f aqxotrophy other than the aforementioned characteristics,
10 _~ the aforementioned medium should-cohtain a nutrient
corresponding to such auxotrophy, for example, varidus
~amino acids other than cysteine, nucleotides, vitamins
and so forth, as required. |
Specific examples of the Saccharomyces cerevisiae
15 strain of the present invention include a Saccharomyces
cerev;siae strain that prdduées'a glutathione synthetase
having a deletion of a C-terminus region from an
Ké | arginine residue at a position of 370, i.e., a
glutathione synthetase of which amino acid residues of
20 .370th position and thereafter are deléted..
Based on.the afofementioned report of Inoue et al.
(Yoshiharu Inoue et al;, Biochimica et Biophysica Acta,
No. 1395, pp.315-320, 1998), it was thought that the
glutathione synthetase containing the 1-396th amino acidi
25 residues but suffé;ing from deletion of the 397th amino
acid residue and the residues thereafter lost the

activity. Therefore, it was expected that if any one of



15 strain of the present invention include a Saccharonyces 'cerevisiae
strain that produces a glutathione synthetase having a deletion of a
- Ctermnus region froman arginine residd@ at a position of ?é@n:boﬁ-’ a

gl ut at hi one synt hetase of which am no acid residues of 20 % h position °
and thereafter are deleted. Based on the aforementioned report of Inoue
et-al. (Yoshiharu I.noue et _al.., BiqQchim g et Biophysica Acta, No. 1395,
pp. 315- 320, 153'@ F°PP%§%t ﬁgﬁﬁﬁt apHEp Rdd geSidrki 6RE SPRERet ase

containing the 1-396th,am nq acid_25.residues. hut suffering fromdel etion
of thg gggth SRFﬁ5echF§eF83Faﬁe°£n hﬁhgiPEEEB&QEEtﬁ@PEQPFgFeIost t he

The codons of “FSMCKUEAM RS, HaPCEFBAE A LEASE SERBL FEARENERGI rom of t he
xpr assi on pr SABECRIaPaBRBHOEROUPPRE BPh: ShRFORBSS SLIKRRBISSE et ivi L.
oy 5 o ATIERRUARE SRSl o BESUE % Bl LIR A LA SHESRE
D et RSCMTRLR, BB b L A5 S50l iR RRE okl 1 (LB
ol utathi one SYRENSYBSR, BELK! ks -EBTEHEAT AR, O8G0  HARALurb eca
a trace amount of glutathione as will be shown in the
(_:. examples mentioned below, and therefore it was suggested
10 that it had feeble glutathione synthetase activity.
Based onlthe above finding, the Saccharomyces.
cerevisiae strain‘of the present invention can be
" obtained by weakening the glutéthione éynthetase
activity of cells. In order to’weaken the glutathione
15 synthetase activity, there can be used a method of -
changing the p;omoter of the glut#thione synthetase gene

from the proper promoter of the gene to a weaker

promoter derived from another gene, a method of

ST

weakening expression or activity or the both of
20 glutathione synthetase by modifying the-promoter or a
| coding_region of glutathione synthetase gene, a method
of weakéning activity of transcription factor of the
gene or the like.
The glutathione synthetase gene sequénce can be
25 modified by, for example, usual mutagenesis treatments
such as UV irradiation, treatment with a mutagenizing

agent such as N-methyl-N-nitrosoguanidine (NTG), ethyl



obt ai ned by weakeni ng the gl utathione synthetase activity of cells. In
order to weaken the. glutathione 15 synthetase activity., there can be used
a method of.. changing the pronoter of titse gl ut athi one syn% %ﬂg@o ene
fromthe proper pronoter of the gene to a weaker pronoter rom
anot her gene, a nethod of weakening expression or activity or the both of
20 gl utathione s nthet%se by nmodifying the prongter or a _coding region of
gl ut at hi one s gpgselfonate (ﬁﬂﬁﬁodanFoﬂéaﬁgﬁﬂn@nécﬁpﬁﬂﬂynéﬁ or.
transcription factor of .the ene ,qr, the like. The gl utathione synthetase
gene sequence9ERF GEPSE4tRLIPR; 8&13}21P6raeﬂ§ﬁﬁ¢éc G&GambANaLdeResi s
treatnments ch.as W irradiation, treatnent with a nutagenizing agent
such as N—net%?FhH—HPFrosoguanld|ne (NTG), ethyl 13 .21 April 2004

met hanesul fonate (E and acridi ne, ar ene  substitution

nitro cid
utilizing a genetiCNEécgﬁanﬁﬁgﬁﬁlkPEéﬁﬁl888 ?hBe§§ﬁ€m§8b§§i?Bilﬁﬂscan be

performed as foll ows see F| 4 A Saccharomyces cerevisiae strain is
transfored wifR aFFQCO inahtS BERF ngeRevEFitat hronbn simt het ase
gene nodi fied, so t Iutaﬁglone S Lhet se haV|ng feeble activity shoul d
be encoded (méﬁ?@ﬁ 8 Je"g tﬁtﬁ?Sﬁ DA ePY8e CgRRaY NIPEr @exanpl e, 10 a -
gl utat hi one S%T 10n eE%n%He%héghgéﬂg %Z E?legdso that glutathione

synthetase having feeble activity should be encoded
(7: (weakened-type glutathione synthetase gene), for example,
10 a glutathioﬁe synthetase gene in which the 370th codon
is changed to a stop codon, to cause recombination
between the weakened-type glutathiocne synthetase gene
and the glutathione synthetase gene on a chromosome._ In
this case, if a marker gene is included inﬁa plasmid
15 ‘accordipg to a phenotype of host.such as auxotrophy, -
handliné will become easy. Further, after the
production of the aforementioned recombinant DNA using é
i plasmid, if it is linearized by digestion with a -
restriction enzyme and ité replicafion control region
20 which functions in Saccharomyces cerevisiae is removed,
strains in which the recombinant DNA is taken up into a
chromosome can efficiently be obtained.
In a strain in which the recombinant DNA is
incorporated into a chromosome as described above, the
25 recombinant DNA causes recombination with a glutathione
synthetase gene sequence that originally exists on the

‘chromosome, and two of fused genes of the normal



I's changed to a stop codon, to cause reconbi nation between the
weakened-type gl utathione.synthetase gene and the glutathione synthetase
gene on a chronmosone. this case, if a ndrker gene is |ncluggg Hgm64plasn1d
15 "according to a phenotype of host such as auxotrophy, P

~becone easy. Further, after the productlon of the aforenentioned

reconbi nant DNA sihg a pl asni ari zed by. digestion with a.

restriction eﬁﬂ#@ 1% §YF’3{H‘% e] &?%%Fﬁﬁeﬁﬁéﬁeﬁﬁdﬁ%ﬁ’ﬁ functions in

Saccharonycesﬁﬁgre%}3|ae IS I ved strains.in which,the reconbi nant DNA
égﬁﬁl %

is taken up i FENS &%E JP5ET560aRER. TPR a strain.in

which th t rated.into ronpsone .as descri bed
abgge, tﬁerGS% g@%%fwﬁhﬁt %ﬁ& po F@E%ﬁﬁpﬁaP%oﬁﬁﬁiFﬁCSmBPBP&FhPHﬁe

synt het ase ge =3 uence t.hat o exi sts.on_th ¢chrofmsone, and two
o¥ f used ge%eg %t BOS D f? aﬁ%FFygfﬂﬁ SPBP&Phgﬁnén§§ﬁPﬁé?Qse gene
and t he ake e | ut at hi one s e _gene are |nserted into the
chr onosoffe sogfﬁgégﬁtﬁ@% &FSH§§8F¥théHrgﬁbﬁb§B%ﬁ? Ore (RRERR} portion

en them Therefore, in this

d Kk ld b
‘ S?atgartﬁ; no%@gka% Oupgtﬁ%@#@tg&%%ﬁ%?ﬁ?efﬁgﬁggPﬁﬁCt|ons Then, i'n order

to |l eave only the d tion_t ut at hi one nt het ene on the
chr onosone D%A one Theh!, Oln' ¥RGert' 26868"5nTY %He gefeglon ype

glutathione synthetase gene on the chromosome DNA, one
. | copy of the glutathione‘synfhetase gene is dropped from
10 the chromosome DNA together with the vector portion |
(including the marker gene) by recombination of two of
the glutathione synthetase genes. In that case, the
normal giutathione synthetase gene is left on the
chromoéome DNA and the weakened-type glutathione
i5 synthetase gene is excised, or conversely, the weakened-
_type glﬁfatﬁidne synthetase gene is left on the
chromosome DNAland the normal glutathione synthetase

gene is excised. Since a marker gene is excised in any

’ /" ~,

case, the occurrence of the second recombination can be
20 | confirmed by examining an expression tréit corresponding.
to the marker gene. Further, the desired gene disrﬁpted
strain can be selected by amplifying the glutathione
-synthetase gene by PCR and investigating its structure.
Saccharomyces cerevisiae éan be transformed by a
25 method usually used for transformation of yeast, for
example, the protoplast method, ﬁU method, KUR method,

electroporation method and so forth.



copy of the glutathione synthetase gene is dropped from 10 the chronosone
DNA together with the vector portion (including the marker gene) by _
reconbi nation of two of the glutathione Eynthetase genes. bpa m%bo ase,
the normal gl utathione synthetase gene is left on the chronoSone and
t he weakened-type gl utathi one 15 synthetase gene is excised, or conversely,
t he weakened- type gJ utathi.one synthetase gene is left on the chronosone
DNA and the nornal ST r&fﬂlﬁlﬁ&%’e SEHIENGES SUGsEF. PITOMETE mar ker
gene is excised in.any,K case,, t.he occurrence of the second reconbination
can be 20 conﬂaﬂh&}ﬁ b&é‘?ﬂqﬁﬁt’?tfdaﬁrb@r"?s‘%’}% ka5 dFofRAVNE: to the
mar ker gene. FEurther, .the desired gene disrupted strain can be sel ected by
anpl i'fyi ng thg%@ ﬁaﬁ%a&'ﬁgycﬁﬁtq‘?é?ed’s@%eq P& il BRAEERItgating its
structure. Saccharonyces cerevisiae can be transfornmed by a "25 met hod
usual |y used FEVSLNY flavafivather whest erhynced ynglatamydcpssedprast

met hod, KU nethgg@]KUR met had el ectro hod. and so forth. 15 21

. paration ne
April 2004 ExSrYE&NEESS4q d‘t‘@r?'sédh&‘?@é‘?’ﬁ]’c&oast S  can al so be
nodified in a nner .simlar to.the abqve... The Saccharonyces cerevisiae
stain of the § 35@%P1PWV%ﬁMQ£h%%%f%tié%ﬁ%lq¥How enhanced y-gl ut anyl cystei ne
5 synt het ase activi&%, N a%dition to the feeble %jutat@ione synt het ase
activity. - e Saccharomyces cerevisiae straln of the present

invention or a parent strain used for the production
(;,‘ - . thereof may be a haploid, diploid or further higher
10 pdlyploid. |
The Saccharomyces cerevisiae strain of the present
invention can be obtained by culturing strains of
SaccharomycesAcerevisiae modified as described above in
a medium in which arglutathione synthetase deficient
15 strain of Saccharomyces cerevisiae shows a slower growth
rate than a wild strain and selecting a recombinant
 strain containing glutathione in the raﬁge of 0.004-0.1%
‘o by weight during its logarithmic gréwth phase.
Yeast extract containing y-glutamylcysteine can be
20 produced by culturing the Saccharomyces cerevisiae
strain of the present inventioﬁ-in a suitable medium and
using the obtainéd cells. Further, by heating the
-obtained yeast exfract, yeast extract with a high
cysteine content.cén be produced.
25 : The medium used for the production of yeast
. extract is not particularly limited, so long as the

Saccharomyces cerevisiae strain of the present invention



The Saccharomyces cerevisiae strain of the present invention or a parent
strain used for the production thereof nmay be a haploid, diploid or

further higher 10 polyploid. The Sacchardryces cerevi si ae ségg@mzab4the
present invention can be obtained by culturing strains of actchar omyces
cerevisiae nodified as described above in a nmediumin which a glutathione
synt het ase de%hcient 15 strain of Saccharomyces cerevisiae shows a sl ower

growt h rate EHIHSaIQPA IZPWED aRAY eLELEdEntd Ya Prodysssnsnt  strain

taini I hi in the r f.0.004:-0.1% Db I ght duri it
Togari thmc obsibAnSEYsteyag ARTIE 2 T Bt B rRIeEy STOTAmbPEySt oine can

be 20 produced by culturing the Saccharomyces cerevisiae strain Qf the
present -inve%FCSﬁgfﬁmgcgﬁi?Sﬁﬁglﬁéﬂﬁuﬁﬁ§ﬁ‘n Q&i k&St RECSERL ABYSRELPE,

e Dy e ok Soon OB BIR YRR a8 el 5301 cENLL3EL 11 2 i g
CerevisiSe ot PhhabRupRE! pceRith, veendy 1% 2RE, FRabgirtalicue gova
dince the sapiEROER ¥ab' BEVEERAY. R ER RIS R nt e ctte Hehiren " can
show good gron48.8VER Lﬂeamgﬁghﬂnhgokeﬁgggganhggending on traits of a
strain to be used.
Culture conditions and procedure for the
iO preparation of yeasf extract may be similar to those for
usual culture of Saccharomyces cerevisiae and
preparation of yeast extract. The yeast extract may be
prepared by treéting an extraét obtained from extractionr
of yeast.cells with hot water or treating digesied yeast

15 cells.

Hereafter, the present invention will be explained

20 more concretely with reference to the following examples.

<1> Liberation of cysteine from y-glutamylcysteine by
heat treatment
An agueous solution of reduced-type y-
25 glutgmylcysteine at a concentration of I-mmoi (pH was
adjusted to 3 or 5) was heated at 98°C, and products

were investigated in the time course. As a result, it



5 glutathione, a nediumusually used for industrial purpose can be used.
Necessary nutrients are further added. to the medium as required dependi ng
on traits of a strain to be used. Cultung conditions and pépﬁ@ﬂg@g4for t he -
~10 preparation of yeast extract may be simlar to those for al culture
of Saccharomyces cerevisiae and preparation of-yeast extract. The yeast
extract may be prepared by treating an extract obtained fromextraction

of yeast. cel¥aswEpunfothaiyersoshowaainn§igrgedt eddydasy- 15 cells. Best
Mode for Carrylng out the I nvention Hereafter, the present invention wll
be expl ai ned 928 amHﬁP¥sESHBPeFé§ydﬁFPHPPEFQréﬁEB FESFﬁénPoﬁpémnng
exanpl es. <1> Liberation of c¥ste|ne fromy-g Iutan¥ cysteine by heat

treat ment An EHEEBGQOESFBFPBK 8F°r§8&ée&SP9HB ?525 ghUt &RyFégstelnandt a
concentration of 1 mol g was adjusted to SQ was heated at 98C, and
products wer#)ikVelERrGiPdd ?HdtHXSFFﬁBeCSBPég bﬁso tadBgat with h3gb1 Apri
2004 was_found tE as shown in Figs. 1 and 2, y-- glutanylcysteine was
deconpos@d i n¥de gstelne and pyrolldonecarboxyllc acid (shown as "PCA" in
Figs: 1 and 2) by heating, and cysteine could be obtained with high 5 - -
“yield. .

<2> Construction of glutathione synthetase geﬁe
" disrupted strain |
| Then, a glutathione synthetase gene disrupted
10 strain was constructed.
(1) Isolation of Saccharomyces cerevisiae showing uracil
auxotrophy
In a conventional manner, a haploid'Na_straiﬁ was
- obtained from Saccharomyces cerevisiae isolated from the
15 nature. An Nal strain showing uracil auxotrophy was
obtained from the Na strain using an SDFOA plate
containing uracil (SD medium containing 2% of purified
agar, 50 mg/L of uracil and 1 g/L of 5—f1u0rdorotic acid
hydrate as the final concentrations). Since the uracil
20 auxotrophy of the Nal strain was complemented with the
URA3 gene as will be described later, the strain was

considered to be a variant strain for the URA3 gene.

{Composition of SD medium)
25 Glucose 2%
Nitrogen Base : 1-fold concentration

(Nitrogen Base of 10-fold concentration was prepared by



<2> Construction of glutathione synthetase gene disrupted strain Then, a
gl ut at hi one synthetase gene.di srupted 10 strain was constructed. (1) 7
| sol ati on of Saccharonyces cerevisiae shdf ng uracil auxoaéggh%ﬁég a
conventional manner, a haploid Na strain was obtained fronfS g 6nyces
cerevisiae isolated fromthe 15 nature. An Nal strain show ng uraci

h : ' , of t rali ' pl ate
Contal ning ur SAET OLSE 3 BRESCaPE Ag 726, BRCSeT eSECD%‘Qgg PITORRA o
il d | 5 f [ ' h as in
concent rat i ondf > &ride’ ARIURERY Safbhden SRR Y 2 9 ke

I ted w : b s r, the strain was
ggzgiggfgdeto eegaggrfggﬁgggfgﬁn§?§rh hé U§§§§§%%%?g2§%%%gﬁpositign of ?D
di a s Ni 0 ngentr at i AR n_Base o
T0-f ol 4 con3Z%?53%?‘%ﬁ%@gg?Qsﬁ?éﬁn&%ﬂﬁ%ﬁi F-?ao%%&gg%p%%%ngl rixture
f 1.7 Bact @, s n | n | ate
(Di fco) “and 54 oro amion 48" FERFEa LR CRsR AR tT ol et Y TR ™ ©

adjusting the solution to about pH 5.2, and subjecting _ _

(2) Production of cassette for glutathione synthetase’

 deficiency
(w‘ ‘ A glutathione synthetase gene‘disrupted strain was
10 constructed by using the Nal strain as a parent strain.

First, a region from the upstream region to the
terminus region of the glutathione synthetase (GSH2)
gene was amplified by PCR using chromosome DNA of the
Nol strain as a template. PCR was performed by allowing

.15 " a reaction at 94°C for 1 minute-ana then repeating 30
times a cycle consisting of reactions at 94°C for 30
seconds, 60°C for 40 seconds and 74°C for 1 minute and
30_seconds using a reactiqn solution ﬁaving the

following composition.

20_
| (Composition of reaction solution for PCR)
Sclution of chromosome DNA 1 pnl
10X PCR buffer 10 pl
10 mM dNTPs . o 10 ul
25 10 pmol/pl GAL11F (SEQ ID NO: 1) 1 pl

10 pmol/pl GSH2R3 (SEQ ID NO: 2) 1 pl

Purified water 76 nl



5°the solution to filtration sterilization using a filter) (2) Production
of cassette for glutathione synthetase deficiency A glutathione synthetase
gene disrupted strain was 10 constructed9y using the Nal 5{&@%3 @ﬁla
parent strain. First, a region fromthe upstreamregion to tg IV
region of the glutathione synthetase (GSH2) gene was anplified by PCR
usi ng chronosone DNA of the Nat strain as a tenplate. PCR was perforned by
al l owing 15 a rB8RtP3ANaf{ TO¥RBPY# 1 ni nute-and thed Mdpeating 30 tines a-
cycle consistizﬁ of _reactions at 94C for 30 seconds; 60C for 40 seconds
and 74C for 1 nt®b®% and 30 seconds using a reack9®ritkol ution having the
foll ow ng conposition, 20 (Conposition of reaction solution for PCR)

Sol uti on of chrgﬁﬁs%ﬂéyﬁﬁﬁéier?OEORPB R buffer 10 | 10 mM dNTPs 10 | 25 10
prol /| GAL11F (SEQID NG 1) 11 10 pnol/1 GSH2R3 (SEQ ID NG 2) 1
Purified water 76 1 19 KOD Dash (TOYOBO* 1 | Total 100 ill (*:

Apolynerage for FKIQT%% égﬁblgégg4fragment amplified as described
above was ligated to a plasmid pGEM-T Easy (Promega)

according to the manufacturer'’s instruction to obtain

GSH2/pGEM.
¢ . ' Separately, the URA3 gene was obtained as a
10 selection gene marker by PCR using a plasmid pYES2

(Invitrdgen) cohtaining the gene as a template. PCR was
.performed by allowing a reaction at 94°C for 1 minute
and then repeating 30 times a cycle consisting of
reactiohs at 94°C for 30 seconds,-52°c for 30 seconds

15 and 74°C for 40 seconds using a reaction solution having

the following composition.

C%g (Cémpositidn of reaction solution for PCR)
10 ng/pl pYES2- 1w

20 10X PCR buffer 10 pl

10 mM ANTPs 10 pl

10 pmol/pl URA3F2 (SEQ ID NO: 3) 1 pl

10 pmol/pl URA3R2 (SEQ ID NO: 4) 1 ul

Purified water 76 pl
25 KOD Dash : 1 pl
Total . 100 pl



5 The GSH2 gene fragment anplified as described above was ligated to a

plasm d pGEM T Easy (Pronmega) acco
to obtain GSH2/ pGEM Separately, t
sel-ection gene marker by. PCR using
containing the gene as a tenplate.

rding to the manufacturer's instruction
he "URA® gene was obt ai ne . 0

.a plasm d pYES2 (Invit?%é@ﬂ%oo} _
PCR was perfornmed by allowi ng a reaction

for 1 minute, and ting .30 ti | e consi sting of
o sacTor LGl g pebiauo 30 (s o crcl e congi ol o
i sl SREES S0 W3 Dl U BT GTPORAASE, e
buffer 10 | Ps 10 1 |/| URA3F2 (SEQ ID.NO 33). 1 p.1 10,
plrjml N umsm-%?'ﬁggH%BTﬁs&d%at) ap YrpB"Bene | é&%&r 5Rs WRisH RBSCHEReL p. 1

Total 100 | 2Q,21.April .20Q4.Then,

restriction %%%§§Eeﬁgﬁp,w & en&ee
digested5endst
restriction enzy na

by using this URA3-GSH

o2 Ut O8N B LEATIP FRa I U TBCRATS ¥ER

H2/ nGEM was di gested wi th a

SR PR ARG SrgqEas Toared

e blunt-ended with a-
was performed

%

2/pGEM as a template and primers .

having sequences corresponding to the end regions of the

CSH2 gene to prepare C

allowing a reaction at

e

assette 1. PCR was performed by

94°C for 1 minute and then
10 repeating 30 times a cycle consisting of reactions at
94°C for 30 seconds, 56°C for 30 seconds and 74°C for 1
minﬁte using a reaction solution having the following
composition. |
.15 (éomposition of reaction solﬁtion for PCR)
10 ng/pl URA3fGSﬁ2/pGEM 1 ul
10X PCR buffer, 10 pl
(} IQ mM dNTPs 10 pl
) 10 pmol/pl GALLIF (SEQ ID NO: 1) 1 pl
20 10 pmol/pl GSH2R (SEQ ID NO: 5) 1 pl
Purified water | 76 ul:
KOD Dash 1 pl
- . Total 100 pl
25 (3) Acquiéition of glutathione synthetase gene deficient

strain

The glutathione synthetase gene of the Nal strain



5 to prepare a plasm d URA3- GSH2/ pGEM PCR was performed by using this
URA3- GSH2/ pGEM as a tenplate and priners - havi ng sequences corresponding to
the end regions of the GSH2 gene to prepare Cassette 1. PCR g f or ned
by allowng a reaction at 94C for 1 mnute and then 10 repea ng times
a cycle consi-sting of reactions at 94C for 30 seconds, 56C for 30 seconds:
and 74C for 1 mnyte using.a reaction solution having the follomﬁng
conposi tion. §5(é&ﬁﬁ&?tﬁﬁoPYOFSFBQCFPEﬁe§5Pu§|BﬁoﬂBFe§Cﬁ§ degcragbe

URA3- GSH2/ pGEM 1 |~ 10X PCR buffer. 10 | 10 nmM dNTPs 10 R 10 pnol /pl
GAL11F (SEQ.I BbN@e 1)T118|N12b s_’ermlws c&m%@gydom e cultyeeifi ed
water 76 | E gt - 100 | %3 Acqui sition of gl utathione
synt het ase geH@SdEP 8 éﬁpre F&lﬁOTﬁé 8ﬁu¥ thﬁﬁéu§yHPﬁé%aEBegﬁﬁétBFethe
M| strain 21 21 ﬁp 2004 wa gméru pted by using Cassette 1 produced as
described ab&%8° ?ﬁetﬂﬁl QSPEFE € prevhpi BhadeandChe L EIERE  was

subcul tured in of YPD ne m,until the culture_ reached- the
| ogarithric gF&iﬁﬁ Hﬁﬁ?esu?ﬁgngﬁatﬁpei sorbitol and mixed with
Cassette 1, and transformation was performed by
electroporation. Transformant strains were cultured on
SD plates containing 1 mM of glutathione,'and grown
_Q:; strains were selected. 'By PCR and measurement of
10 glutathione content in cells as described‘later, a
étrain of which glutathione synthetase gene was replaced
with Cassette 1 was selected to obtain Na2 strain.
In the Nazlstrain‘produced as described above, a
sequence derived from the URA3 gene fragment was added
15  after the 11th codon in the cording region of the

glutathione Synthetase gene. Therefore, the glutathione

synthetase gene was correctly translated only for a

Cvz sequence up to the 11th amino acid residue.
20 <3> Construction of glutathione synthetase weakened
strain

Then, a strain having substitution of weakened-
‘type glutathione synthétasé gene was produced.
(1) Production of cassette for subétitution of weakened-
25 type glutathione synthétase-gene
The glutathione synthétase gene fragment of the

'Nal strain was amplified by PCR. PCR was performed by



5 cells were suspended in 1 Msorbitol and mxed with Cassette 1, and
transformati on was perforned by el ectroporation. Transfornant strains were
cultured on SD plates containing 1 nm oR2gl utathione, and g Pﬂ 2084 T @i ns
“were selected. By PCR and neasurenent of 10 gl utat hi one conten in-—cells as
described later, a strain of which glutathione synthetase gene was

Crarn pr o LUSEataEL e Loume ol 6! 8d- é@a&%ﬁi@”ﬁgﬁlﬁv 38’ Ahfthia Bﬁ%
f t

g[ﬁ?gfﬂfoﬁgssgggﬁgtéég géagam%%ere%&glgogﬁgsggtﬁgghf rﬁea§§ ﬁ%gggg geng .
mas.correctly baéb tgg gghgnﬁgr @gepeguengs U éggégeaélkgng §t cid

resi due. 20 < ructlon of ¢l ut'at’hi-one syn ain

Then, a ,str i bgt kene p hi one

synt het ase ggﬁgnggé ggéggcédkggkyggro%ugﬁ?oﬁ ogagééé ??g ggiigﬂbg?itution
of weakeged- 23 bgﬁgtgkgtathione synt het ase- gene The gl ut at hi one synt het ase
gene fragment, o? e [ strain was anplified by PCR. PCR was perforned by
22 21 April 2004 allowing a reaction at 98C for 10 seconds and then
.repeating 30 tines a cycle consisting of reactions at 98C for 10 seconds,

60C for 30 segepflsoapdidaCokOtedction solution for PCR)

Yeast chromosome 1 pul

Q’; Pyrobest DNA Polymerase (Takara Shuzo) 0.5 pl
10 10X PCR buffer 10 pl
10 mM dNTPs 8l
20 pmol/pl GSH2F7 (SEQ ID NO: 6) 2 pl

20 pmol/pl GSH2R7 (SEQ ID NO: 7) 2 pl

- Purified water | | 76.5 pl

15 Total 100 pl

The gene fragment amplified as described above was

purified, and nucleotides A were added to its end by an

PR

enzymatic reaction performed at 72°C for.10 minutes in a

20 reaction solution having the following composition.

(Composition of reaction solution)

- Solution of gene fragment : 5 pl

10X PCR buffer (MgCl, free) 10 pl
25 25 mM MgCl, 3 ul
2.5 mM dATP 5 pl

Taq DNA polymerase (Takara Shuzo) 0.5 pl



m nute using a reaction sol ution having the following 5 conposition.
(Composition of reaction solution for PCR) Yeast chronosonel Pyrobest DNA

Pol ynerase (Takara Shuzo)0.5 | 1010X PCRZ%uffer10 | 10 nwlﬁgyﬁﬁﬁgb?go
pmol /I GSH2F7 (SEQ ID NO 6) 2 | 20 pnol/| GSH2R7 (SEQ I D NO

Purified water76.5 pl 15Total100 ] Al The gene fragnent anplified as

descri bed above,_was ﬁgrif% and nucl eotides A were added to its end by
-an enzynmatic r%ﬁfffb p@? 8Fned at 72C for 10 n1%ht%§5§n a 20 reaction
sol ution havi ng Ee fol | owi ng conposjtion. (Conposjtion of reaction

sol ution) Solut?% f gene fragnment 5 jil 10X P Uﬁkfer (Md 2 free) 10
25 25 mMwgd 2. 3 . | 2.5 MM dATP 51 Taq DNA pol ynerase (Takara Shuzo)
0.5 1 23 Purified water31.5 p,| Total50 tI 21 April 2004 The reaction

~product was |igatedghg ?eghﬁighdproduct was ligated to a plasmid

5 PGEM-T Easy (Promega) according to the manufacturer’s
instruction to obtain a plasmid GSH2dash/pGEM.
Then, the éodon corresponding to the 370th amino

‘acid of the glutathione synthetase gene .contained in

(”_ | GSHZdash/pGEM was replaced with a stop codon by.site-

‘ 10 specifié mutgenesis. This procedure was performed by
using QuikChange™ Site-Directed Mutagenesis Kit
{STRATAGENE) according to the manufacturer’s instruction.
As the primers, GSH2M-F1 (SEQ ID NO: 8) and GSH2M-RI

‘(SEQ ID NO: 9) weré used; Thus, a plasmid
15 '~ GSH2Mdash/pGEM was produced.

Separately, a plasmid correspénding to the plasmid
pYESé (Invitrogen).of which 2pori was removed was
produced. pYES2 was digested with restriction enzymes
SspI and Nhel, the digested ends were blunt-ended, and

20 the products were ligated to.obtain a plasmid pYES2dash.
Each of pYEszdésh and GSH2Mdash/pGEM was digested with
restriction enzymes SacI and SphI to thaih a fragment
containing URA3 gene from pYESngsh and a‘glutathione
synthetase gene fragment having a muﬁation from

‘25 ' GSHZMdash/pGEH, and these fragments were ligated. Thus,
a plasmid GSH2Mdash/pYES2dash was produced.

GSH2Mdash/pYES2dash was digested with a restriction



5 pGEM T Easy (Pronega) according to the manufacturer's instruction to
obtain a plasm d GSH2dash/ pGEM Then, the codon corresponding to the 370th
am no acid of the glutathione synthetasg4gene-contai ned in21gﬁﬁ%g@§h/pGEM
was replaced with a stop codon by.site 10 specific nutgenests.” ThI'S

. procedure was performed by using Qi kChangeTM Site-Directed Mitagenesis
Kit (STRATAGENE) according to the manufacturer's instruction. As the
primers, GSH2RRE FSEEPFEﬁgK?bﬁﬁlﬁnﬂaﬁﬁﬁﬁEPRi (BE® | HYNO. 9) were used.
Thus, a pllasmd 15 GSH2Mdash/ pGEM was produced. Separately, a plasmd
corresponding to the plasmd pYES2 (lInvitrogen) of which 2ori was renoved
was produced., pYES2 was digested with restriction enzynes . Sspl and Nhel,
t he digested,éagscﬂgﬁErﬁFEﬁ geﬂgeﬂFrﬁﬁB baving PrBlEREd-TEPE |igated to
obtain a plasnld SYESZdash. Each of YESngsh_and_GSHZNUash/pGENIwas_

di gest ed wi t hILPERFR{RRP RYRRBGHRES SEBNCaRBPEBAFUESOBbt ai n a fragnent

cont ai ni pg URA3 geng from pYES2dash an | uf at hi ope synt het ase gene-
fragnentghaving a ng?%?i%Hﬁ%?bﬁ?%ﬁp%EQghﬁgghﬁ Eiﬁ}héﬂﬂet%%%Eh?Féﬁﬁents wer e
| i gated. Thus, a plasm d GSH2Mlash/ pYES2dash was produced.

GSH2Mlash/ pYES2REsRE whRe aifgbsEEHAdRt Nag P@lgtfpr@ﬁﬂogyzualm Gapsetpeod
enzynme Munl to obtain Cassette, 2 ' (2) Construction of strain

Fig. 3).
havi ng weakenBB28yped @F LESFRFHAR ség?ﬁ%%égéggeﬁé-sdﬂ%%iNQRi%#Fain

was precultured, and the culture was subcultured in 50
(;,' ml of YPD medium until the culture reached the

10 logarithmic gfowth phase. The cultured cells were
suspended in 1 M sorbitol and mixed with Cassette 2, and
transformation of the cells was attained by
eleCt;oporation. The transformant strains are cultured
on aﬁ.SD plate containing 1 mM of glutathione, and the

15 .grown strains were selected. Incorporatibn of Cassette
2 at the desired site on the chromosome was confirmed by
PCR, and tﬁe ocbtained strain was désignated as Na3
interﬁediate strain.

Then, the following procedures ﬁere performed in

20 order to leave only the weékéned—type'glutathione
synthetése gene on the chromosome as shown in Fig. 4.
The No3 intermediate strain was cultured in YPD medium,
and the culfure product .was inoculated on an SDFOA plate
containing i mM of glutafhione. The sequence of the

25 glutathione synthetase gene of a strain grown on the

plate was determined to confirm the sequence of the

target site was correctly substituted. Thus, an Na3



5 Cene substitution of the glutathione synthetase dene of the Nal strain
was perforned by using Cassette 2 produced as described above (Fig. 4).
The Nal strain was precultured, and the2ulture was SUbCUJEPA@ﬁQbG 50 n
of YPD mediumuntil the culture reached the 10 |ogarithm c growh h%ase.
The cultured cells were suspended in 1 Msorbitol and m xed with Cassette

2, and transf ' of | s was attained by electroporation. The
t ransf or mant éﬁ%g?%gq§¥%(%%$§ﬁ$§% on an SD plate containing 1 mM of

gl ut at hi one, and the 15 grown strains vere sel ected. I ncorporation of
Cassette 2 at the desired site on the chrompsonme was confirmed by PCR
and t he obt ai internedi ate strai.n. Then,

' si_gnat.ed _as
the fol | ow ng%%o?gé%gg%%@%pgﬁgﬁﬁeaqdn[ﬁaago S(Etr@éﬁ £G4 @gpé%ﬁllfnt he
Kk d-t t at hi t het ase gene on the chronbsone as shown in
2?3.62? Tﬁge 3¥T§§3#%@§%8§%Q§f53?ﬁ mgs cultured in YPD nedium and the

G ut at hi one. The sebtones e Ertipl” sBTL TRyt b 1o RR RISk ER st rain
PR T I i
April 2004 . <4z GOWD QhoMR2uak! 3heBRd g3 St TALD B8 Broduston

the Na3 strain were ?recultured in YPD medium, and fhe

('Q cultures were each inoculated in 50 ml of SD medium

| 10  (containing 50 mg/L of uracil) or SD medium (containing
50'mg/L of uracil) containing 1 mM of glutathione, and
cultured at 30°C with shaking. The results are shown in
Figs. 5 and 6. As shown in-Fig. 5, the Na3 strain did
‘not show significant difference of proliferation ability

15 in the medium not centaining glutathione compared with
the medium containing glutathione. Further, the Na3 |
- strain showed better growth in the logafithmic growth
phase in the medium ﬁot containing glutathione compared
with the Na2 strain (Fig. 6).

20 . Then, production amounts of y-glutamylcysteine and
gl-utathione- per unit time in the logarithmic growth
.phase‘were investigated for the Na2 strain and the Na3
strain. The No2 strain and the Na3 strain were
precultured in YPD medium, and the eeltures were each

25 inoculated in 50 ml of SD medium (containing a required.

amount of uracil), and cultured at 30°C with shaking.

The production emqunts of y-glutamylcysteine and



of y-glutanylcysteine 5 Proliferation ability in the logarithmc growh
phase of the Na2 strain and the Na3 strain obtained as described above was
i nvestigated. The Na2 strain and the Na2eéastrain. were precub@g&&% b YPD
medium and the cultures. were each inoculated in 50 n 8IUH110
(containing 50 ng/L of uracil) or SD medium (containing 50 ng/L of uracil)

containing 1 Eﬁkﬁ; l.ut at hi one, and cultured_at 30C mnth shaki ng. The
results are s ai 1°I9ieg§"er§ Heqsgredaasg I“r&i&owﬁ Fi¢el5S W8Ee Na3 strain

did not shom13| t dlffe ce Qf prollferatl nability 1.5 in the
medi um not coﬁFﬁ1 %S%WiEFWF5 fw@@ﬁ £H tHE&VuﬁPéoﬁPﬁining

| ut at hi one. FEur. er t he 3 traln sh e romﬂh-in t he
Pogarlthn1c gF@%ﬁﬁ §%§HN$ WHE& Wﬁl Gﬁh;?ﬁl 6 ﬁFuﬁaghione-conpared
with the Na2 strain, (Fi yction arounts of’
y- gl ut anyl cyst F&tkac 5%61 %d'ltg% QP %eﬁera%u?f% %t L L4 PABRUES§aFPt hnic growth

phase- mere I Ny t| far the hbz tral and the Na3 strain, -The Na2
strain and thg%%gé Fﬁi}nc % pre% ?tﬁ?gﬁ FOARVER RF FERERHEYIRA cul t ur es

were each 25 inaocul ated in_50 of SD_medi um (¢containing a reqU|red
amount of uralPf) ¥-4 HtﬁﬂY%ﬁY%HeéPeSGEQMH%Ht§EBk9%% C°ﬁ$@ﬁ¥ﬁoﬂhd§‘én'
amunt s of y- ghulagulcysteine,and 28,2180 2004l yLat hi one wer e
- cells contained in a predetérmined amount of medium-was
(?; | taken on filter paper, and heated at 165°C for 4 hours.
10 Then, the remained cells were weighgd and the weight was

used as dry cell weight. Contents of y-glutamylcysteine

and glutathione per dry céll weight are shown in Table 1.-

Table 1
Culture time y-Glutamylcysteine Glutathione
_before - (%) (%)
measurement**
NaZ2 strain About 2.6 hours 1.752 : 0
No.1l ' .
Na?2 strain About 5.3 hours . 1.748 0
. No.2
( No3 strain Bbout 1.5 hours C o 1.101 0.0043
No.l ' .
No3 strain About 3.8 hours 1.117 0.0045
15
From these results, y—glutamylcysteine'production
amount per unit time was calculated for each strain. In
order to demonstrate the preference of the Na3 strain to
the Na2 strain, results for the strain showing a higher
20 y-glutamylcysteine content (Na2 strain No.l) among the

Na2 strains and the strain showing a lower y-



collected by centrifugation of each culture, and the cells were washed
twice with distilled water and extracted wth hot wafer at 70C for 10
mnutes to 5 obtain cell content. The celd7 content was centgj and
y-gl utanyl cysteine and gl utathione contents in the obtained sUpérnatant
‘were neasured. Further, yeast cells contained in a predeterm ned anmount of
nmedi um was taken on filter, paper, and heated at, 105C for 4 hours. 10 Then,

t he remai ned @“M%%G’WQ%éW (ﬁﬁr% Nodgd agendgr thes Na3

wei ght. Contents..a Iuta tel t.at hi on er, dry cell weight
are shown in ﬁflﬁaé""fy“% gletl r?gf“% Wl cy Ef‘g héd ét at hi one
before - (% (9 maasure t** Nat trai nAbout 2.6 hoursil. 7520 No.1 Na2

' strai nAbout 5! XE0 NS, & lated £R%0 e Nodh im0 D@3 No. 1
Na3 strai nAbout, 3.8 hoursl (]#)70 45 No. 2 15 Fromthese resul s,

~y-gl utanyl cy s TS YRS é%ﬁuﬁ{“ SETAIY- t Afeani€SBAEcultBRed for each

strain. i.n order, to .denmonstr te t he %re1 erence of the Na3 strain to
-5 production amoun s were 16 mg/hour for the Nc2 strain

“and 0.124 mg/hour for the Na3 strain.



the Na2 strain, results for the strain showi ng a higher 20

y-gl utanyl cysteine content (Na2 strain No.1l) anong the Na2 strains and the
strain showing a lower y 27 21 April 2004 gl utanyl cysteine ?pﬂ Bhod Na3
strain Noll) anpong the Na3 strains e used for the calculation. That is,
a maxi mum val ue was cal cul ated for the Nat strain, and a m ni mum val ue
for the Na3. strain. As a result, the production amunts were 0.116

ng/ hour for the Nat strain and 0.124 ng/ hour for the Na3 strain. 28 CLAI M5
21 AprilcRAfMs1l. A strain of Saccharomyces cerevisiae, conprising at | east
1% by wei ght of y- glutanylcysteine and 0.004-0.1% by wei ght of gl utathione
during said strain's logarithmc growh phase, when the strain is cultured
in a mediumwherein said nediumcauses a gl utathione synthetase --

deficient strai f reV| n
Sacchar oﬁwycesﬁcsgrra %v?sgécg&?\npq?@%%grcgmn Sy %h'%ﬁS'éﬁreag%gﬁrﬁ Y)Vg etﬁqﬁ%gtyr ai n of
Sacchar onycesglowmgldystieane arid 61084+ 1% hynwenghn of ptateidnel ehurimy Mandcettrams said

in i es not caontain hi.one oes _n I co aln

o utat ni one,  YoaMTE R COMR. Wndh HAHEd Ry Gred B2 Bt Rl said, , o
Sacg:halr o%gszmedium/cmsee aaguatbiomg syrthethae M Qeficidné rskrain d)thacchmsblngmes S a
g1t at hi one. soneAPadd Bk e PG A SEHAFENEST DU BRI R o i nus

at position 33dmé mediunt.s ar gi ni ne

2. The strain of Saccharomyces cerevisiae of claim 1, wherein the medium in which
a said strain is grown does not contain glutathione, or does not contain

glutathione, y-glutamylcysteine, L-cysteine and cystine.

3. The strain of Saccharomyces cerevisiae according to claim 2, wherein the
medium is a minimal medium.

4, A strain of Saccharomyces cerevisiae comprising a glutathione synthetase gene
wherein said gene is deleted at the C-terminus at position 370 from its arginine
residue.

5. Yeast exiract produced by culturing a strain of Saccharomyces cerevisiae

according to any one of the preceding claims in a suitable medium.

6. A method of producing a strain of Saccharomyces cerevisiae containing at least

1% by weight of y-glutamylcysteine comprising the steps of :

a) constructing genetically altered strains of Saccharomyces cerevisiae
wherein the glutathione synthetase gene is deleted at the C-terminus at
position 370 from its arginine residue;

- b) culturing said constructs in a medium wherein a glutathione synthetase-
deficient strain of Saccharomyces cerevisiae grows slower than a wild
strain of Saccharomyces cerevisiae; and



residue. 5. Yeast extract produced by culturing a strain of Saccharomyces
cerevisiae according to any one of the preceding clains in a suitable
medium 6. A nethod of produci ng a strain of Saccharonyces EFA@Mbﬁb?e
containing at |east 1% by weight of ygglutanylcysteine conprising

steps of : a) constructing genetlcally altered strains of Saccharomyces
cerevisiae wherein the glutathione synthetase gene is deleted at the

C-terninus atg) pOSlsblaﬁ:ﬁg 3 ﬁrb@é@altlhé smramsnfrm é;ﬁsmgiweehe RbnstHictd! hibvieg sai d
constructs in a nmedium ut at hi one synt hetase- deficient Strain

of Saccharonyces c8PE410sh” aQV&e&%g@F'B\ﬂ@'OQ‘EM’”SWﬁW lggarihnpic; growih phase
Saccharonyces cerepigiliag@, and 29 21 April 2004 c) isolating and propagati ng
strains from anongst the constructs having 0.004-0.1 % by wei ght of
gl utathione during their logarithmc growth phase in culture. 7. A nethod

of produgjng Arﬁéth@d Bf ?{bd@ﬂﬁ@hfﬁrﬁw&@acﬁﬁér@mﬁ sa@e:@w%étbamamr@tatll@a%@t | %
by wei ght of cystelne conprisin e steps of : a) constructing

- gl ut amy
r econbi nant s%/ﬁgi!/ﬁ@e'@?t ofygharmypptalae E@F@!ﬁ'ﬂﬂ@@stﬁﬁ’ét{’él n the gl utathione

synthetase gegge | Scéﬁ%ﬂhéﬂr@dre%mﬁmgﬁ@&rélﬁé:er@aeé);dr&ﬂ{cetseﬁ?&rﬁb'@ whelein
culturing said constructs’in a nedi um wherein at hi one synt het ase-

deficient strain ofesgdigfiensnyydbetass Q@D%l'%@qﬂ'f&ﬂsb}é lBogRnte far@mbinalipnd type
strain of Sacchar og&gﬁﬁqaué‘.erew siae; and c) isolating and propagating
strains from anongst the constructs having 0.004-0.1% by wei ght of

gl ut at hi one dB} i ngCYiENG SpigRENEIHGEs & grasditin priesein & glutaiiiiangr eynthetase-

deficient strain of Saccharomyces cerevisiae grows slower than a wild
type strain of Saccharomyces cerevisiae; and

c) isolating and propagating strains from amongst the constructs having
0.004-0.1% by weight of glutathione during their logarithmic growth phase

in cuiture.



30 21 April 2004 Abstract of the Disclosure Yeast extract is produced by
using a strain of Saccharomyces cerevisiae, which can contain 1% by wei ght
5 or nore of y-glutanylcysteine and contajgs 0.004-0.1t by ,yej f
glutathione during its logarithmc growh phase, when the s%rgFﬁQ@EQ
cultured in a mediumin which a glutathione synthetase deficient strain

-shows a slower growth rate than a wld strain of Saccharonyces 10

Prea

cerevisiae, for exanple, a stibgtratt It dhe dhssdoswzr evi si ae, wherein
gl ut at hi one synt het ase encoded by -a gl utathione synthetase gene on a
chronosone has deletion of a Ctermnus region fromthe 370th argini ne
residue. There are provided yeast that can be .used for production 15 at

i ndustrial |evel andedfdwexindcih is gnedaepdc pyt dgisdtagaecsivgiadni of anount
and yeast extract produced by using the yeast. 1/3 SEQUENCE LI STI NG <110>
Aj i nonot o Co. Saqaf2azompoze VERay FdRAREDIGINGan contpAmy 13y SFEME ght]130>
B751SMOP1193 <140> <141> 2001-05-24 <150> JP 2000- 155121 <151> 2000- 05-25
<150> 9 5 or more of y-glutamylcysteine and contains 0.004-0.1% by
weight of glutathione during its logarithmic growth
phase, when the strain is cultured in a medium in which
a glutathione synthetase deficient strain shoﬁs a slower
growth rate than a wild strain of Saccharomyces
10 cerevisiae, for example, a strain of Saccharomyces
cerevisiae, wherein glutathione synthetase encoded by a
glutathione synthetase gene on a chromosome has deletion
of a C-terminus regibn from the 370th arginine residue.
There are provided yeast that can be used for production
15 at industrial level and shows a high y-glutah&lcysteine

accumulation amount, and yeast extract produced by using

the yeast.
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<170> Pat ent | n Ver. 2.0 <210> 1 <211> 21 <212> DNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence:-priner
for PCR <400> 1 tatgaagact gtacagtctc c <210> 2 <211> 34 fﬁA&ﬁz@Nﬁ <213>
Artificial Sequence <2*20> <223> Description of Artificial Sequence:
primer for PCR <400> 2 ccggggagct cagctaaatg gtgtacttcg ctac 21 April 2004
21 34 <210> 3 <211> 29 2/3 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: priner for PCR

SEQUENCE LISTING
- <110> Ajinomoto Co., Iﬁc. |
<1205 METHOD FOR PRODUCING 7 ~GLUTAMYLCYSTEINE
<130> B751SMOP1193

{140 o
<{141> 2001-05-24

<150> IP 2000-155121
151> 2000-05-25 -

<1607 9
<170 PatentIn Ver. 2.0

210> 1

{21 2t

<212> DNA- ,

{213 Artificial Sequence

<2205 . , :

<223> Description of Artificial Sequence: primer for PCR

<400> 1 . .
tatgaagact gtacagicic ¢ 21

<210> 2

Q11 34
212> DNA'

<213> Artificial Sequence

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

<400> 2 ‘
ccggegaget cagefaaatg gtgtacticg ctac 34

<210> 3
<2117 29



21. April 2004 <400> 3 attaacccgg gttgattcgg taatctccg 29 <210> 4 <211> 30
<212> DNA .<213> Artificial Sequence <220> <223> Description of ‘Artificial
Sequencer priner for PCR <400> 4 attaacc gottttttag ttttgpA%ggogg <210>
‘5 <211> 23 <212> DNA <213> Artificial é@guence <220> <223> Description
"of Artificial Sequence: prinmer for PCR <400> 5. agctaaatgg tgtacttcgc tac.
23 <210> 6 <211> 20 <212> DNA <213> Artificial  Sequence <220> '<223>
Description of Artificial Sequence: primer for PCR <400> 6 cagattccga
~gtttactgga X@12> DNA ‘ : - , '

, © <2138> Artificial Sequence

<220 .
<223> Description of Artificial Sequence: primer for PCR

<400> 3 _
attaacccgg gitgattegg taatcteceg 29

<210> 4

<211> 30

<212> DNA

<213> Artificial Sequence

<2200 A
<223) Description of Artificial Sequence: primer for PCR

<400> 4 '
-attaacccgg ggttttttag ttttgetege - 30

Q100 5

{211 23

<212> DNA

<{213> Artificial Sequence

<220> |
<223> Description of Artificial Sequence: primer for PCR

<400> 5 '
agctaaatgg tgtacttcge tac - _ 23

<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220 _
- €223> Description of Artificial Sequence: primer for PCR

<400> 6 .
cagattccga gittacigea _ 20

210> 7



<210> 7 3/3'<211> 23 <212> DNA <213> Artificial Sequence

<220>

21 April 2004

<223> Description of Artificial Sequence: prinmer f.oor PCR <400> 7

agaaggaat g agcctaaaac age <210> 8 <211>?2$ <212> DNA <21321ﬁ$ﬂt%0@|a

Sequence <220> <223> Description of Art

ci al Sequence:

prinmer for PCR 23

<400> 8 ggcagggaag gcaagtagct ggcattaagt gagccctc 38 <210> 9 <211> 38
<212> DNA <213> Artificial Sequence <220> <223> Descripti
Sequence pQ&ner for PCR <400> 9 gagggctcac ttaatgccag ctacttgcct tccctgcec

215 ok |
213> Artificial Sequence

<2200
<223> Description of Artificial Sequence: primer for PCR

- <4005 17

agaaggaatg agcctaaaac agce

<210 8
<211> 38
<212> DNA

" <213> Artificial Sequence

<220

on of Artificial

23

223> Description of Artificial Sequence: primer for PCR

<400> 8
ggcagggaag geaagtaget ggecattaagt gageccete

210> 9
<211 38

*<212> DNA
<213> Artificial Sequence

<220> .
<{223> Description of Artificial Sequence; primer for PCR

<400 9
gagggctcac ttaatgecag ctactigeet tccetgee

38

38



