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 |§§§§%¢ﬁ§23¥gﬁjﬁpgﬂpﬁ§§{eine via y- glutanyl cysteine. However,
y- gl ut anyl cyst ei ne 2004 scar ed for ovi n fIavor
of foodstuffs. Gyﬁﬁaﬁylcyé&eﬁﬁgﬁasyfynfﬁé't%ﬁhiprgﬁpé§sggﬁn

| utam c acid he ai.d of Iuta i ne nt het ase ( GSH1 And
glutathione i & §§%F%é§§xé9q'§ﬁﬁfé nXut my cystei%e content(as wéll

as a method for breeding such yeast. y-Glutamylcysteine

i - 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



5. y-glutanyl cysteine and glycine with the aid of glutathione synthetase
(GSH2) . A yeast strain, Saccharonyces cerevisiae YHT178, in which the
pronot er of y-glutanyl cystei ne synthetase2 gene is replaced %%B@;ﬁgétrong
transcriptional pronoter 10 4P8, was reported to produce a ?'r anount of
y- glutanyl cysteine synthetase in its cell (Yasuyuki Ootake et al.,
Bi osci ence and industry, vol_ 5Q, No. ,10, _pp.989-994, 1992). 'Further,
Oot ake et al . S§°%6 pésteé’d Lo, JMBE AR 7Y e O T FeodstdE st in a
gl utat hi one 15 synthetase deficient strain of Saccharonyces cerevisiae YL1 -
strain, in another F¥epbPtanyhcygtrineviakeyethgpizedafrprusystainand o
" Biological chemstry, val. 12, No. 54, pp.3145-3150, 1990). I|noue et al.
reported gene 389 GdHibadd Corcite Wik hytheadHidofd yyalnEanELcysheinn a

T305pp. 3155436 11de8) (BT o 8pAILCALALORS BnerRERERLEET COMB for a
glutathigne s¥n etase_in which am_.no_aci d rgsidues of _1-396th positions
ctly

t
are corr THLREAEY LQYS5S1BG aRACIL¥FARUYLERGEBR fignPEhe 397t h
osition is | eted.. [ noue .. r d that gl utathione content of
Ehe gene-disr%ngé%gﬁPgﬁn%X£§%ﬁ§§§&r2@%%@3r 3 21 April 2004 gl utathione was

not detected. By the wa Lle.it i,s known that a flavor, co L.tion can
be obtai ned by addi%gygggggghgﬁﬂﬁé §80§9a6Pﬁygﬁfl8§§?¥Fﬁéa§nagﬁgiﬁvng t hem
(Japanese Pat ent | i cation ﬁKokai 4_91762%heit I S not

Lai open Pu No.
knoan that - cyBi ¥PAEN ShPCREREEY=RAE! J-atUEanyleySteine sunthetase
o gene is replaced with a strong transcriptional‘brombter
10 AP8, 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



heat ed. As descri bed above, there are reports concerning enhancenent of
expression, of y-glutanylcysteine 10 synthetase and di sruption of

gl ut at hi one synt het ase gene. However, tha obtai ned Sacchar9g¥c§§@0 |
cerevisiae strains showed a | ow y-glutanyl cysteine content P ﬁot show
good growth in any case, and they are not considered to fully satisfy the

requi renents needed.f.or the indystyial = 15 'production. It was reported

t hat the-YHTlﬁ@q%ﬂ' 190G Wi Y fiﬁﬁ%ﬁiﬁ n of y-glutamylcysteine
synt het ase was enhanced, coul d accunul.ate 1.69% of y-gl utanyl cysteine at
most in its cell i%yaq“g’;‘?ntwi’?é’t'i LEREAES 1% KRG Shekke & PT, 20

Bi osci ence and industry, supra). However, the growh rate of the yeast in
this medi um weOTRGS o8 Cam beobiaigied hy g @ats@qohaypgendd om whi ch
is nmore nutritioqus than the synthetic¢ . mninal nmediumwas_reported, it
cannot be sai g&.[uﬁzggnyﬁﬁérsﬁ:gdaer @d“g?‘&ﬁt n-gzg‘r%t dJapanesg fafexnt dpid-

I ndustrial |evel even.i.n_YRD Lum.  Eurther, .t reported - .
y-qutan%Icyst%ﬁ% gﬁﬂﬁgﬁE;EHZQ%%ﬁfﬁp §%b4q6§1€ﬁ§%YLftsﬂﬁaPﬁti#nﬁﬁﬁbh t he
gl ut at hi one s% thetasgﬁ, ene was _disrupted is as low as 0.533% .and it
cannot be ac 58Fe&yﬁ dSi Cglegsedb ey nEpny GEStEEBRakE ot al .,

Agric. Biol. gggqu supra). In addition, Chris 5 et al. pointed out that
since the phenotype ‘of YL1 strain corresponded to that of a strain of

whi ch gl ut at hi one n artially reduced, the | ut at hi one
synt het ase was not 3%|?§E§?§§F§g§€ vaO%bl & are reports cdnerning

(- ' 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



(Chris M Gant et al., Mlecular Biology of the Cell,. 10 vol. 8,

pp. 1699-1707, 1997). However, since the YL1 strain shows significantly
different proliferation abilities during4the logarithmc g#ﬁéﬁﬂzgagse in
a, nmedium containing glutathione and a nmediumnot contain Py t hi one,
it is essentially different from 15 the gl utathi one synthetase weakened
strain of the Rﬁéfnt I nventjon. Furthernore, it was reported that

gl ut at hi one’ vvé’sé Yddt & wnegh Wit e Bl HahiEan s s ehageat hi one

synt het ase gene di srupted strain produced.g%hlnoue et al., , 20 (supra) was

measured. SumP&TF IS ESTRRIR] 0F GRiOW Fh & 3 Emiand idacegiindens

nmenti oned 25 above, %p ogiect of. t elgéfse t.invention_.is to provide a
natural food AGCEREA R Pﬁ?ﬁfr@?’ti 18 P ARsSF g 19Vigdr dWot@kS avor of
foodstuffs |ike cysteine, nore 5 21 April 2004, specifically, to provide
yeast which c&F 1§ -usé@Zéven B4 Silsdtrot iBWP%R) 4 ndbsPRAAF1PByefERE shows
a |large accun%lation amgunt of Iutag%lcysteine, and yeast extract

produced Yoy ué nﬁ'_ISU(P!‘?% out yﬂ-tg‘q %r@l%quwtp'ﬁb%_é’rﬁ dventi on
concei ved t haP P RAERAREES AN ot HURATE. OF Syl cyst eine i s
Tater Al - cont SRS DB IS A0 A Iod ZoRSEEorDe ai m ng at
e 00, Yo A L B RNl ol Y s 7
ﬁir (Chris M. Grant et al., Molecular Biology of the cell,
| 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



gl ut at hi one synt hetase gene. However, satisfactory results could not be:
obt ai ned. The inventors further 15 assiduously studied, and as a result,

t hey successfully obtained a strain showsng a high y- glut
content and good grow h. Thus, the present invention ggikW%§b§%

That is, the present i nvent i on provi des the 20 follomnngs (1) A straln of
Saccharonyces cere%|5|ii, whi ch can, contain 1%.0Db I ght or nore of -

y- gl ut anyi cystBFRé*aha ontQi R §°31684Y8afﬁ>byh%€ ﬁﬁnopegpﬁﬁgtﬁﬁﬁﬁe during
its logarith hase n the strain_is cultured in 25 a nmedi um
in which a g|§%£tﬁ B°§§ﬂphéﬁa§858§FF&P nttevedy and §ho8gcehdAgRIFces

cerevisiae shows a slower growmh rate than a wild type strain. 6 21 Apdl
2004 (2) The §FF3WH16Flsac6H8PBﬁyeésm@%%@@%@ya‘éemrngndmeeqt; wher ei n
the nmediumin mglch g Htatgmg nthet se deficient strain of

Sacchar onycesE&F 8GFsPL8YUSH Yau§F A FUGRoXERSEat e than a wild strain is

.5 dj t t at hi A medi ym not . cont ai ni-n
Gl Utat hi Bne. v gl ot SR t)LeaFHES e%°55?2£asseaadleysppaen fefindnehats ain of

Sacchar onyces cereyi si ae aciordl wherein the mediumis a mnina
modi um 10 (/SRELRFalh BFLSaEENaMBRpcesy LeFeuY LrHEt Shner L7 theated al hi one |

ZZFE??Eﬁsife” R PabieTuday bBrEn P ranhaR ARy, APRd PatPadeLaroa peeRbEon of

370. . . .
y~glutamylcysteine is heated, a natural food material

< 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.



15 (5) Yeast extract produced by culturing a strain of Saccharonyces
cerevisiae according to any one of (1) to (4) in a suitable nedium and
utilizing the obtained cells. (6) A nethgd for breeding a ﬁihaL?pga

. Saccharonyces 20 cerevisiae containing y-glutanyl cysteine, oﬂg 'S ng t he
‘'steps of constructing reconbi nant strains of Saccharonyces cerevisiae in
whi ch gl ut at hi one synthetase -gene is nodified by a gene recombination

t echni que and(23el e€hengtraincokbFaanhasomycest betrerdstiaienaceo@ddng. 1% 25
by weight of glutathione during its logarithmc growth phase whén the
strain is cul £@r éd)irnwhergdnuinenmediism 4n ghicht B glateghtiemease defici ent
strain of Saccharonyces 7 21 April 2004 cerevisiae shows a slower growth
rate than a werdtbetaps. defheientashrainSadc Facompcenycese viesiead sdaet he
present invention produces y-glutanyl cysteine exceeding a certain anount
and shows goo8hgWewRhSILAWEH STPHEhsTALE thapsedwidd gradahigs aone not
containing glutathione. Therefore, it is useful for efficient production -
of yeast dext r BefigBnpatnFARLRingngt ghitafrbiongeor1@, mediliam agsl anati on of
the DraWnga Fig. 1 shows liberation of cysteine fromy- glutanylcysteine
by heating treantaaniag ghusathinane; eprebenanypyysteiivaechrbpspeineaci d,
Total Cysteine 15 represents the total ampunt of cysteine, and y-Qd u-Cys
represents,y-699t§ﬁ§E69§teine (the sanme shall apply to Fig. 2). Fig. 2

shows Jiberat}g? of cysteine fromy-

$ﬁe 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



gl utanyl cysteine by heating. treatnment at pH5. 20 Fig. 3 shows
construction of plasm d GSH2Mlash/ pYES2dash contai ning a cassette for
substituti-on of weakened-type gl utathione?synt hetase gene égﬁ hg

Fig. 4 schematically shows gene substitution of 25 glutathlon het ase
gene using Cassette 2. Fig-. 5 shows growth of Na3 strain (OD.. ) in SD

medi um or SD nedi um-contai.ning_1 of Iuta hi one 8 21 April 2004
(containing a FE&Jiﬁéﬁ ﬁ@ﬁ We 8 S &@FI b T8t&h GRe Ny Powtid o S 1Rt 1 ai n

and Na3 strain in ﬁg % un1(c3n hﬁg EU|red amount of uracil). 5
Detai | ed Descri ptiof 8f 5tfignd FSﬁ P@X CerR¥1SEEERE thention wil |
be explained _in de .descrlggd above, the Eresent I nvention is first

10 based on t RESEE H%lﬁ&vﬁﬁ oy PrOAREePs Yosl AF BBl GHERe)De grGEafINOY st

heat | ted 50-120C for 3 to 300
ﬁlﬂﬁtéi afapaglc?kt%l% h?n§§ é%g égﬁglsgoa 38%8 d s cyst;ine gnd PCA

) l'i-d d t.h f t ~ 15 he .obtained with
bRy e‘?ﬂeéir 1 a3 Lﬁg;ﬁ”mﬂ«e E#Zﬁﬁé% 78, OB fok] SrBtatdfger Lo 1 ef er
to bot h of ' d d [fid f
L cystei ne, TAY %é?@%%?%ﬂyc@@%%?%rm. " rufhedl fRE S b BRent ! 1100 ©
i nvention i s EF§§§C%&Pbas yeas%h for nentloned flndlng f or the pur pose

of . i nprovi ng n o rac contalining 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



foodstuffs and so forth. \Wen the Saccharonyces cerevisiae strain of the
present invention is cultured in a mediumin which a glutathione

synt het ase deficient 25 strain of Sacchar®myces cerevisiae ?pgﬁﬁﬁ@oglomer
growmh rate than a wild strain, it contains 1% by weight o
y-glutanylcysteine in terns of a ratlo with 9 21 April 2004 respect to
solid conpone t r. s Io ar rOWth has In. the present

i nventi on, 3 dﬂé 4E% &ﬁﬁf' o& gra g@athlone refers to a

cont ent -{@6 of y-gluta stelne or glutathlone mnth respect to 5 solid
conponents of cellsf lﬁd?% e 9r8¥tp Rdi §re shradp ﬁ€9t563 aftrI88® for 4
hours. Further, e S [ces cerevi.sige_str of the_ present

i nvention is éul }tglgjr %&ﬂ%maq?r:%g’ i Gmrng \ﬁh.rc?ﬁ“&rﬁ uf’ﬂPHP anSVﬁf‘ﬁéfLase

. deficient strain of 10 Saccharonmyces cerevisiae shows a slower growh rate
than a wild strain, it can contain 1@6by wei ght or nore, preferably 1.7%
by wei ght; or ‘nore, of Y8t & ) . d ns_0.004 0. 1% by

wei ght, preferably 0.00%4" %1 gt Jtring its

| ogarithm c 15 growh phase As will be descrlbed in exanples ment i oned
herei nafter, the Saccharonyces cerevisiae strain of the present invention
produces a trace a |yt at f a bette tha t hat
of a gl utathione 29%?%a53559d§> CPE%EQQFrgﬂvgngfgn%%ar%gP?hgf 8*858s not
contain gl utathi gag,ihn. this specification, a strain whi ch has feebl e

gl ut at hi one synthetase ‘activity in such a degree that it should produce

0. 004-0. 1% by . wei 3t agbcghbat Hb6US, | Bnbhprabahe BRELAREd B HEL o1 ke

10 based 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—cysteiné.
) 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. Whén'tﬁe Saccharomyces
.cerevisiae strain of thé 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



t he Saccharonyces cerevisiae strain of the present 25 invention, nmay al so
“be referred to as "glutathione synthetase weakened strain”. On the other

hand, a "glutathione synthetase deficien® strain" refers to %% ﬁ% Apri |
2004 strain that is substantially deficient in glutathione L§W? QP%se
activity and cannot produce glutathione in a mniml nmedium Further, in

St age duri ng SERHEER: 9 ACHIC FOMRABARCsr Renry Gf o ABSGRLt MGy cos
They: ol ut any| GYSUEI EREBR -t inEA HBEooBE AMYRYLLans by SetoPECRE 6 o

10 content hotoHLEC AU bYREPGRE OF HAREGBRiang FBFAES dipi Agcorhent
phace that culthir BT o R ERBE LAY SRENPEARE ShEbRBALERS (WAFh CEPFRSRbIER 1o

112 0r TS, OborabeALHRNGRI L0 Bt ol BRRS R 2t gL gger] L ©

15 growt h phase: aromyces cerév ent

i nvention prog%%%§ éég%gaa Lﬁ%gu%i%% iq n ?nnunt exceeding a certain
growt

| evel and shows "goo I n-an” imdustri Fy used nedium for exanple, a
di t 20 t aj.ni I i d i bed ab .. Theref it

Shows super  or prodafrirty BReY. Se: S5t BPur RESnapLokiriar: FETaME | o
itable f f i ' . i-ni

gl ut anyl cysPdi nePefRBE ShugReton A828hn cBtTEh SOHERER ER ent can be

Ptpduced 25 bynhedt bng1tegtRRbA"e¢n¥RREhs8* He2ikient strain of

10 Saccharomyces cerevisiae shows 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 .glutathione during its logarithmic'

15 - growth phase. As will be descfibéd in examples
mentioned hereinaffer, the Saccharomyces cerevisiae
st;ain of the present invention produces a.trace amount
of glutathione, and shows.growth better than that of a
glufathione 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



Exanpl es of the nmediumin whi ch a gl ut at hi one synthetase deficient strain
of Saccharonyces cerevisiae 11 21 April 2004 shows a slower growh rate
than a wild strain, i.e., a strain that 18as gl ut at hi one syg{ﬂ§ﬁ§%64
activity and produces gl ut at hi one, include, for exanple, i um not
cont ai ni ng gl utat hi one and a nedi um not containing 5 gl utathione,

y-glutamyl cysgeigey, khgéfasigﬁbeegn%xgahgédef§e§ ne B, S HESEREBHE, froes

m ni mal nedi a Ssuc Ium-can ntione

e oo £3hingl oLl aBE3590Y LAKCRLLAR.S AR AUILEGRIYoBLD B, LNan ! e

aforenentlone characterrstics the a ore Ione RotP'd®cont ai n

anutrient casnoaandbAguh SHERCAUKO!IQPDN LOLs SKATDS %¢§%5°uénea”‘“°

aci ds other than cyStelne, nuc and so

e o BekhC 1 £484R: £hndl GRELEACHAALAM Coge0e! Y1 4 BRagtPaRkiRG"

the present invention~rncl Ces -cerdvisi ae”sf

producessa gl ugthian nSMHPEﬁtﬂﬁﬁbeQaEE”geg}geE%tkﬁ@ g cépg;gggg‘nus regi on

from an arglnlne residue at ‘a position

Chereaf ter ar S aeraraqe RsChPEhER THEReakesTHodd %@P@%‘é?iiﬁf noue et -al

(oshihan | 84EREenking oEhL ISR R ORMALER, Mend RS0

Con a0 BeIASORLD 38 59 e48n ot gbon bbb LB o et o

FQt'VLtY- TheiSBQE?thhic“@ﬁo@%ﬂeﬁhﬁgeEhﬁhd'Rt§ﬁ¥ Q0¢r9Eient 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
absorbance 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
induetrially 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 extract.

Examples of the medium in which a glutathione

synthetase deficient strain of Saccharomyces cerevisiae



12 21 Apeil 2004 the codons of 396th amino acid reésidue and those upstream
therefrom of the glutathione synthetase structural gene was replaced with
a stop codon, an expression product woulid not show the gluéghgmqﬁ 45

synt hetase activity. However, - a gene substituted strain produced by
using a glutathione synthetase gene in which the 370th codon was repl aced
‘Wth a stop codon produced a trace anount of glutathione as will be shown

in the exanpFE8¥Fedt FARWETLHEKEOWhaF@tehdhanope widdwasradggedted,~20 t hat
it had feeble glutathione synthetase,activitX. Based on the above finding,
“the Saccharon§g€§?n tbptyhapaglytpihiope syathesasat arkightyoandan be
obt ai ned by weakening the gl utathione synthetase activity of cells. In
order to weakBROfHESSgHkELRRPdRBEL5 18FAIREY afOraEERIPLY, , 2t KEAAUBaROBe used
a nethod of.. changing the pronoter of the gl utathione synthetase gene
fromthe propEPRhRsRSREr I4RtRRBIGBR2NE & WEFHER nBEoRBRERLBARPVed from
anot her gene, a nethod of weakening expression or activity or the both of
20 gl ut aPhi onglgyathérase bwglﬁﬁﬁmyfﬁbs faéner ohvt¥fteine anddrygtirgi on of
gl ut at hi one sgnthetase gene, a,nmethoqd of meakenin? activity of - ~
transcripti onSPEELSLCBE IV neVagdRESoKIPAS PEkBINIRE1GMEEARNFBRR 3§nBRet ase
gene sequence can be 25 nodified by, for exanple, .usual nutagenesis .
treatments sHERIHE €A PRa@FAELBASAr r BRERNEDS FACHIAMIRST zi ng  agent

such as N—nethgl-hhnLtroso uani dine (NTG, ethyl 13 , 21 ril 2004
c - cerevisiae st¥raln of the present invention shows

("‘f auxotrophy 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



met hanesul fonate (EMS), nitrous acid and acridine, or. gene substitution
utilizing a genetic reconbination technique. The gene substitution can be
- performed as follows 5 (see Fig. 4). A 3&ccharomyces cerevb§| b&aln S
transfornmed with a reconbi nant DNA contai ning a gl utathione sgﬁt et ase '
gene nodi fied so that gl utathione synthetase havi ng feeble activity should
ene for exanple, 10 a

be encoded ( ene% ype 355 hi_one s et ase

gl ut at hi one s th 985y 8fe PR CH o3 Fﬁség §nand tAQSEed to a stop
d t nbi bet K d-t | ut at hi

synt het aSeCSS?e%s%%%%m Graeae ef,“’%i% BGEaE léﬁﬁes AEBelAfGmosone.  this

case, if a mar enells I ncl uded 1.2 a nh 15 "according to a

phenot ype of ﬁogycgﬂfﬁ a9 Rax 8P o phY - AR YT gawFFPPbEBQHB'eé§y Furt her,
ft th f_th t ed t DNA

ol asmid, 11| EAEeR ?fsiér PrafeRy HPHLe: PO RRPR She BLBFRPBLPBR enzyme and

I ch f Sacch
cer ovt 8 Eéafégﬁ‘g%.ﬁ%% e SBPATRET B Eret ncn r SRmA R L ORped o TR op

D R ol OTRSBMRCEATL S LLShSTL! ¥y BRaBRR oy Rl Sl 2o hbaly e,
cequence t hat 3R, 87 Sath §o96Rc P8 REbnaCell aks St ORnaones BFORBEED ganes
o et ool A 00F BLULALRAENE BYCMIRACREQRDRRIEE LA
(_:. 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 glutathione 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



chronosone so that other portions of the reconbi nant DNA (vector portion
and marker. gene) should be interposed 5 between them Therefore, in this
state, the nornal - gl utathione synthetasda3gene functions., %pﬁﬁmzﬁg4order-
to leave only the deletion type glutathione synthetase gene oh 't
chronmosone DNA, one copy of the glutathione synthetase gene is dropped
from 10 the chr%nosogg DNA to?ether wi.th the vector portion (including
the marker geMErhgResuddnpats: (EMSr pidrons arddgpadapRradéngynPlet ase
genes. In that case, the. naqrnal yt at hi one synthetasemgene is left on the

) |
chr onosone DNﬂegﬁdsPﬁét%§&ﬁéﬁédngﬂézdpﬁtétHP6ﬁ$195r§9ﬁ éng§dogene is

exci sed, or cgnvgrsely, t he weakened- type gl utathione synthetase gene is
left on the CRFOMGIYRFe DNA and the normal gl utathione synthetase gene is
excised.' Since a naﬁker 8ene gs excised in apy case, the occurrence of

the second reconbi nAPPoASEENSBESSHLUEAPT, FBR BE BRAAPETRE af EXPpEE¥sion
trait cogrespondin%u tg t he_marker gene. Further, the desired gene
di srupted st{8FR EaA-bé)sel LRI YRYFEF TRECYRELIRE LS BERIBNES synt het ase
gene by PCR agd in estigatLﬁg its str cturg. Saccharonyges cerevisiae can
be transfor medEBYS5CTREC HE L iBd2usGSPIYLREBE PHA £PANEABLREL Ron of yeast,
for - exanpl e, hhﬁﬁghOto | ast e hod, KU net ogh UR WEEQOd’ .
el ectroporati gnt SaRENGYREREGAPR. 9eRe poddfied) 584 TG LULBRNiRBAI at or v
sequences such_a gnoters. ca ab 0 be nnd'fieg i n.a manner simlar to
t he above. Tﬁgnggggﬁﬁ?oﬁﬁgéggcg?g i?iﬁgtéfé%ﬁ § OPEQ BRegBRPIPAvent i on may
ﬁthher Shom’?Qggﬁgggdxigkgt8E¥L§¥ﬁgghgesynthetase gene), for example,
10 a glutathione 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 in a plasmid
15 ‘accordipg to a phenotype of host such as auxotrophy, -
handling will become easy. Further, after the
production of the aforementioned recombinant DNA using é
pe plasmid, if it is linearized by digestion with a -
restriction enzyme and its replication 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



5 synthetase activity, in addition to the feeble glutathione synthetase
activity. The Saccharonyces cerevisiae strain of ‘the present invention or
a parent strain used for the production ltdhereof may be a hgphgbgm glplord
or further higher 10 polyploid. The Saccharomyces cerevisia€ s |H of . t he
_present invention can be obtained by culturing strains of Saccharonyces
cerevisiae nodi.fied.as descrhﬁs above in gsdiun1in whi ch a gl ut at hi one

synt het ase defiGEHILPRS S S& ENE ec¥FaFERrdst¥Rbus a sl ower
wt h te t il d strai,n,and sel ecting.a reconbi,nant _strain
gcrngt ai ni LS S| @g?ﬂt%%&%’ﬁ%ssﬁ@'}%ﬁf FCOE 6‘6&96!“?%‘-‘"—691 wBtghtb8uring its.
I I thm wth phase. Yeast extract containing y-glutanyl cysteine can
bggagb prggug% IEW”%&%FHFFhS%Fﬂé th&ECSMHEES € rEé?sF&EO ﬂPgPﬁ PfAthe
t - tion-i i tabl e nmedium and using.the ohtained cells.
EL?fﬁgr, L;Vﬁggkgﬁﬁk?ﬁgr%géﬁtgﬁﬁe@afgﬁgf9§?F9a§b?%}ga £ SRFPIEPSGAth a hi?h
tei cont ¢ rodyced. .25 The Lum used for the production o
;ng??ng;ffgc %%g%%§t%§§£?icﬂﬁEF?§OF?nif§3§g§% ?B%Beast?%eno @thar onyces
growth and of PLECARYY G, SIOREE RS AP EngFESEERPRE [ n (1. I n parti cul ar.
' th S har o S revi,si.ae strain of . th resent.invention can
zhgafgoog grgafhaevgﬁgﬁﬁ_g%ngapgﬁl§8tagngaPH%nggggsﬁiﬁiﬁ?ﬁnEYPS nedi um
usual |y used L95hRAY3he' BynthUthRR° g4AT BY ¥REI-nERSEBRLY o, " LEA! S are
. 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 DNA and 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.



added. to the nmedium as required dependi ng on traits of a strain to be
used. Culture conditions and procedure for the 10 preparati on of yeast
extract may be simlar to those for usualsculture of Sacchg{gpmgﬁé4

cerevisiae and preparation of yeast extract. The yeast extrac

prepared by treating an extract obtained fromextraction
with hot water or treating .digeste east 15 cells. Best

may be
of yeast. cells
Mode for Carrying

out the Invention HEFPIISHLON F& Y SRIENSST WI9h B erometeeE 20

nore concr et el \M%ﬁ1r ference to the foll ow ng exanpl es.
cyst ei ne from§yl %ﬁ%% i;qﬁ?

<1> Li beration of

Dyt P e FANST TR 38 Ty hsuSESH&rt i on of

reduced-type 25 gl ut,anyl cystei ne at, a concentration of 1 nmol (pH was
adj usted to 3&'&9 #qfﬁ?%gﬁ{c&f SEIRVE S 10 Frdu Qs R esfrdsti gated in
As

the tinme course.

aresult, it 17 21 April 2004 was found that, as shown

in Figs. 1 and™enfionmay,fArtharishovenipacsthassdutanyleysteine and
pyrol i donecarboxyli¢ acid (shawn as. "PCA' . .n Figs. .1 d, .2) by heating,
and cyst &i ne 53#&%@5&ta§m&tiﬁ't Hhidgilitgon ‘-"%/ité}ed%ne@é’; nstruction of
~glutat hi one synt het ase gene igrupted strain Then, a glutathione

synt het ase geﬁgu&ﬁi d SYRG %ﬁQQ1Qﬁ£§V structed. (1) Isolation of

Sacchar onyces cerevE%Ea% showi ng uracil auxot.rop

, hy _.
accharomyces cerevisiae sf&aln of the present

invention or a parent strain used for the production

10  polyploid.

. thereof may be a haploid, diploid or further higher

The Saccharomyces cerevisiae strain of the present

invention can be obtained by culturing strains of

Saccharomyces. cerevisiae modified as described above in

a medium in which a glutathione 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 range of 0.004-0.1%

s by weight during its logarithmic growth phase.

Yeast extract containing y~glutamylcysteine can be

20 produced by culturing the Saccharomyces cerevisiae

strain of the present invention in a suitable medium and

using the obtained cells. Further, by heating the

-obtained yeast extract, yeast extract with a high

cysteine content can 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



In a conventional manner, a haploid Na strain was obtained from
Saccharonyces cerevisiae isolated fromthe 15 nature. An Nal strain
showi ng uracil auxotrophy was obtai ned, fllomthe Na strain H?h&ﬂz@ﬂ4SDFOA
plate containing uracil (SD nedium containing 2% of purified "agar, 50
ng/L of uracil and | g/L of 5-fluoroorotic acid hydrate as the final
concentrations). Since the uracil 20 auxqtrophy of the Nal strain was

conpl enent ed ®APHSt FEOAUBRSVEEnangs efitiicigatdys prodgesater, the strain was
considered to variant .strain.for fhe URA3 ne. 25 (Conposition of SD
‘medium) 4 ucgggtg&yiﬁVFnggﬁ éﬁsétl-fipdpﬁgféﬁﬁf?ﬁti%ﬁnéﬂfggﬁgen Base of

10-fol d conce trahion was pr 2004 di ssol.ving a m xture

of 1.7 g Bact B VELePOR ERSLERTRRLE 1Ay B CAAA0 DR IHE BRECRIVORPURNSIP Al ¢
ad) ust1 ng. theoRBl ErPAIBRoa BB BEeE, iBnd BEARE ARG SBPERSALHAL i on (o
ol ut at i Sne sgAPhaEaseRBack; Alafeb KSGRALK hegHo EniABRaLE Saine i srupt ed
iret, areq BAEEPSK HRRCHeoteBl Mueras oy heCt Leftn fePS CBTGHAE *t he
Ba of the. napao BSCeaeiEn nRrRE  YER R R S5BPndinGOhy TARSR R 5 A
reaction at 94G feon {,M,Qufgz8nd then repeating 30
' Culture conditions and procedure for the
iO preparation of yeas£ 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.
Mode £ . . ] )

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



times a cycle consisting of reactions at 94C for 30 seconds, 60C for 40
seconds and 74C for 1 minute and 30 seconds using a reaction solution
having the followi ng conposition. 20 (Carposition of react%gﬂﬁﬂggﬁﬁion for -
"PCR) Solution of chromosonme DNA 1 | 10X PCR buffer 10 | 8 Ps 10
25 10 pnol /1 GAL11F (SEQID NGO 1) 11 10 pnol/l GSH2R3 (SEQ ID NO 2) 1 |
Purificed water 76 1 19 KCD Dash (TOYCGBO* 1 | Total 100 ill (*: :

pol ynerase fovWapCRpupd hpat, agoshewrhanGBagsgeheantdagment anplified as
descri bed above was Ligated to a plasm d pGEM,T Easy (Pronmega) according
to the nanufaEiHF@WY%09ﬁ§FﬂﬁétWéﬁ PSCBBPSFﬁd &Blo/ pEE lsepapate|y, the
URA3 gene was obtained as a 10, sel egtion gene marker . PCR usi ng

pl asm d pYES2PY¥PhIAPPEERRPOXEALSI ACAY ﬂﬁ@oﬁBnésaspﬁAfeﬁﬁlgﬁgs PéRaﬁés
perfornmed by Ilomn a.reactiqn at 94C for 1 minute and_then repeating 30
tines a cycle éoh¥|§g?ﬁén8? aPéaEYﬁGﬁ%“&tcgﬂéﬂfBP sbtadpsra¥itBokighr 30
seconds 15 and 74& for 40 seconds using a reaction soluti-on having the
follomﬁné con%b?i Fo (Conposition of reaction solution for PCR) 10 ng/|
PYES2 1 '

<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



20 10X PCR buffer 10 I .10 mMdNTPs 10 1 10 pnol/l URA3F2 (SEQ ID NO 33) 1
p.1 10, prol/l URA3RZ (SEQ:-ID NO 4) 1 JAI Purified water 76 | 25 KOD
Dash 1 p.1 Total 100 | 20 21 April 2004 IBnen, GSHZ/pGENIwaz1g#®%ﬁh§d with

arestriction enzyme Muni, and the termni were blunt-ende

di gested ends, an URA3 gene fragnent of which ends me{e qunt egdggFE;tEE%l
restriction e I re p

PCR was perfo?ﬁég%%éqﬁ |%§ﬁ%%FgQBR§§ ES asY%a% ltf€g§Wd |ners

e nd Seuenare gRipRoAIdsNG: pomegngﬂﬂl el gt Upiledd) SR s0G0% e 0

prepare Cassett.e allomnng a‘rea é for 1

m nut e -and t hgpm, églﬁgp%ﬁ?fgg 39ntﬁ535m§ %§c§%8%§ﬂ§]% i 0g.Qf- reactions at

94C fpr 30 secon ] 0 seconds a n1?u é u5|n90ﬁ o
eact| on <ol 3%?258? Hopd Elféﬂ“ﬁ?}“” N S L N fle/rl
GsH2R (S2Q | DR Sg?uﬂgnpgﬁr R @59&&%%81 %#rf%?& fio'

(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



.25 (3) Acquisition of glutathione synthetase gene deficient strain The

gl ut at hi one synt hetase gene of the MI strain 21 21 April 2004 was

di srupted by using Cassette 1 produced ag9descri bed above. Jgﬁﬁﬁﬁ% strain
was precultured,and the culture was subcultured in 50 ni of éiuny
until the culture reached-the logarithmc growh phase. The cultured 5
cells were suspended in 1 Msorbitol and mixed with Cassette 1, and '
transformati on $88 BafRof FRYCBY) *el ectroporati on. Hr&Asformant strains were
cultured on SD plates containing 1 nm of glutathione, and grown strains
wer e sel ect ed. t®ER and neasurenent of 10 mlneﬁQﬁd%% content in cells as
described later, a sirain of i ch géﬂtathione synt het ase gene was
replaced with Eh&sBP¥EMSTREE E8FEFBY to obtain Nat strain. In the Nat
strain produced as descri bed above, a sequence derived fromthe URA3 gene
fragment was added 15 after the 11th codon in the cording region of the

Nes corrBerl y (1 ansTAEcHORA GoRey THATBEREOARRLEETY BROIEER BRno ai d
Then, a . et r aRRORBUFAG LABSEPRUETOR BLoGBaReRUAN Tt Faa¥gNaEaRRTaNe
of “woakened- St PRARGT B S EReohahe REREE REC o ans EERE TP 4onPBRE By nt het ase
gene fragnentGgﬁzyggEmybl strain was anplified by PCR PCR was perforned by
Qj: . ' Separately, the URA3 gene was obtained as a
10 seiection 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



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 seconds and 72C for 1 mnute &ing a reaction so%yhhﬂpgggving
the following 5 conposition. (Conposition of reaction solu PCR)
Yeast chronosonel Pyrobest DNA Pol ynerase (Takara Shuzo)0.5 | 1010X PCR -

I GSH | D /1
GSHORT (SEQ 1D NO. i SSHRPREM yee F898 55 Qwﬁﬁomg)@st;;cmd”‘éni
f lified d bov r ed, and nucl eoti des wer e
aggggePg ?FE gﬁ%? 3 ”ﬁ$C%y%a%h% g%é&%in ﬁ%ﬁ%%ﬁﬁ@&“&?dﬁﬂc £ 8¢ ¥8eni nut es

in a 20 reacty ut| aV| he foll.ow n o 05|t| Conposi tion
of reaction sgl %So%) ut’ @%A eH&“ﬁg ﬁ@ﬂ’g c%i 1 A Sp lé‘r

(Mg 2 free) I 5 nM dATP 51 aq pol ynmer ase
(Takara Shuzo qﬁ n%%dPHP¥%Igdrﬁ&FgﬁgflgnpePZ?HFaﬁgﬁltWafllAﬁﬁFP 42004

5 to prepare a plasmid URA3-GSH2/pGEM. PCR was performed

by using this URA3-GSE2/pGEM as a template and primers .

having sequences corresponding to the end regions of the

GSH2 gene to prepare Cassette 1. PCR was performed by

e

allowing a reaction at 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 pl
10X PCR buffer, S 1o
(} 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 o 1 pl
-, Total : 100 pl
25 (3) Acquiéition of glutathione synthetase gene deficient
strain

The glutathione synthetase gene of the Nal strain



The reaction product was ligated to a plasmd 5 pGEM T Easy (Pronega)
according to the manufacturer's instruction to. obtain a plasmd

GSH2dash/ pGEM Then, the codon correspondilng to the 370th a @. 4 d of'
t he gl utathi one synt hetase gene-contained in GSH2dash/ pGE replaced
wWith a stop codon by.site 10 specific nutgenesis. This procedure was
performed by wusin gylkChan eTM,Site-Directed Miutagenesis Kit

( STRATAGENE) &@50?3? YPtsd RE HadBPaCageette FnEFPGEF?@naS degserabgHi mer s,
GSH2M F1 (SEQ I D NO % and GSH2M R1 (SEQ I D NO were used. Thus, a

pl asnmid 15 G8ROWBashF e@%m&rwemdpreephtm y;and pthe ewlture
corresponding to thgcaéasn1 g YES2 & nvi trogen) ,of whic¢ch 2ori was renoved
was produced¥3FYER LugededficgUnm hoﬁegPPl@FﬂbﬂmeHBFh%sthgsﬁpléﬁﬁeNheI

t he di gested ends re_bluynt-ended, and 20 the products were ligated to
obtain a p|asﬁﬁa°B“§s§& ﬁOgaE&EﬁmaF B?EEEBaBHagﬁd B MIESHIEREM was
digested _with i striction enZéngs Sai and SE to qQbtain_a fragnment
cont ai ni g URES géngeFFoﬁPﬁ?Eg 8dshnahdMasgrl E?ﬁlﬁﬂé neFRtneisle gene

f ragnment haV|Eg n% ion_from 25 GSHZNUash/ ?nd these fragnents were
ligated. Thus“?S§e5F&shirdaB8H ﬁﬁﬁ§ﬁPﬁWEEQBBSH ﬁegeﬁ gauedqry
GSHZNUash/pYES da h was g gest {ka.restrlctjon 2 4 21 ril 2004
enzynme Munl t§& 88 PROERL By e TE3Nt (SR (WIHS | red e n

havi ng weaken thlone ynt het as .substitytion 5 Gene
substitution gﬂ P¥§%8Fu989ﬁﬁeﬂéngyﬁtﬂ%t8 egfﬂgﬂgﬁb?the | 9EP¥Ri n was
~performed by Ysingngagash! SefeclbqIuGE ﬁ&desefaebfsduraeb&gfﬁﬁg 4). The
10 glutathlone content in cells as descrlbed later, a

strain of which glutathione synthetase gene was replaced

with Cassette 1 was selected to obtain Na2 strain.

In the Na2 strain 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 synthetasé gene was produced.
(1) Production of cassette for subetitution of weakened-
25 type glutathione synthétase-gene
The glutathione synthetase gene fragment of the

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



was precultured, and the culture was subcultured in 50 m of YPD nedium
until the culture reached the 10 | ogarithnic growh phase. The cul tured
cells were suspended in 1 Msorbitol an@2m xed with CassetépAéﬂ“%ﬁg
“transformation of the cells was attained by electroporation. The -
transfornmant strains are cultured on an-SD plate containing 1 nmM of

I hi , e 1 . i d. | i f.
g utatnione, 3ol DLANR S Angue ponel Bl hacatRoTaon o
opdLhe obt 2l edestifln a3 s analed asohag e pLec pedbate, shooLp hen.

the foll owi ng proce S were perfo

veakenied-Lypeygh et S gheccBRhAS! BReCO80S 9 LUSGALOTRIOPEgs SPoIn 11
cult e brodugtobes Looel! 3t edagesgh SOERBhaLsy SonLAETDB L AMO! |

grown ongthe .plaLe; determned to confirmthe sequence of the target
site was corrgct? éﬁ%@?ltuted. Thus, an Na3 25 strain was obtained. 21
April 2004 .<4> Gowh of Na2 strain and Na3 strain and production of
-y-glutanylcysteine 5 Proliferation ability in the logarithm c growth phase

of the Na2 Stféﬁﬂpﬁﬁgtigﬁ B@Srgé&gﬁﬁgoggghgggnafordﬁéﬁéibed above was

i nvesti gated. The strarn an rain’weré precultured in YPD
medi um and th t each inoculated in 50 m of, SD medi um 10
i ng 506%%§{Ed¥ﬁ€§%%¥$§g 1 ud

(containi or SD nedi um (contai ni ng
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

STy

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



50 ng/L of uracil) containing 1 mm of glutathione, and cultured at 30C
with shaking. The results are shown in Figs. 5 and 6'. As shown in Fig. 5,
the Na3 strain did not show significant 28 fference of proléggaﬁkh@p
ability 1.5 in the nmedium not containing glutathi one conpare 1t t he
medi um cont ai ni ng glutathione. Further, the Na3 strain showed better
growh-in the I goatiithmic growh phase in the nedium not containing
-glutathione,conggfétlea}Vﬂg?ﬁe Na2 strain.(Fig. 63;'§d£#heh, producti on
anount s of y-glgéﬁnylcysteine and glutathione per _unjt tinme in the
| ogarithmc gro a phase-were investigated for t3® Wa2 strain and the Na3
strain. The Na2 strain and the Na3 strain were precultured in YPD nedium
‘and the cultures were each 25 inoculated in 50 mM of SD nedi um (containing
“a required.. anoun f L), - cul tured. C,w th_shaking. The
producti on amounts %ngfgég?%hélnggggﬁeagﬁdqiggﬁégAﬁPiﬁ Egaimb ut at hi one
wer e neasured f al : r l4;ect centri.fugation of each
Sond PREM-2.FREY, (PEORaRT SechRufE, 1S Mhel FrbkeadPareang

cul ture, and e e wa dtwce Wwth di's

extracted W tinbeLualen 8 A06har o1010LAYLCRSO 3 AOLARR col | content.

The cell content was centrifuge a grut anylrcys ne and gl ut at hi one
.contents in the ob&kaLped p anf. - red. r ast cells
contained in a pred%?ggﬁiﬁgg g%%ﬁ%teéfﬁﬁéngﬁﬁagssgtg gngzﬁE?i¥§%ﬁopaper,

R L R L R e

(and gl ut at hi 0ggaphsHY YcER! hakereBiaded FReNNal SrdgPb8adn by.site-

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

7 ‘(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



Table 1 Culture tinmey- Glutarryl cystei ned ut at hi one before -(% (%
measur enent ** Nat strai nAbout 2.6 hoursl. 7520 No.1 Na2 strai nAbout 5. 3
hoursl. 7480 No.2 Na3 strainAbout 1.5 houpgl111010.0043 No. 1 @Pﬁsﬁbb@ﬁnp@OUt
3.8 hoursl1.1170.0045 No.2 15 Fromthese results, y- glutanylcys eine
. production anount per unit tinme was cal culated for each strain. in order
to denonstrate the preference of .the Na3 strain to the Na2 strain, results
for the strai fAREKBG MgnL hegRkFash GagFethfyRcyEigind)content (Na2 strain
No. 1) anong-the Na2 strains and the strain showing a lower y 27 21 Apri
2004 gl utanyl cystei ne content (Na3 straln Nol I') anbng the Na3 strains were
used for the c | cylatjon., That is, ﬁ mym val ue was cal cul ated for the
Nat strain, ahf)aCORFhFAGHEOR QL ?BFaﬁﬂe AEANIsVRakRNedst¥PPesul t, the -
roduction a re 0.116 np/hour for the Nat strain and O. 124 ng/ hour
For the Na3 s?ﬁ%%ﬁtge%n%1§¥ﬂéﬁgga§$r9?“?0§Hb§tl§P§%P8|n of Saccharonyces

ng at least 1%b
CereV'S'ée’ conprISéege substftutfgnyogetﬁ futgthlone synthetase

gene of the Nal strain was performed by using Cassette 2
produced as described above (Fig. 4). The Nal strain
was precultured, and the culture was subcultured in 50
(;,' ml of YPD medium until the culture reached the |

10 logarithmic growth 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 obtained strain was désignated as Noa3
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



gl ut anyl cystei ne and 0. 004-0. 1% by wei ght of gl utathione during said
strain's l.ogarithmc growh phase, when the strain is cultured in a medium
wherein said nedium causes a gl utathi on€3>ynt het ase -- def Nbogs rain of
Saccharonyces cerevisiae to grow slower than a Saccharonyces erevi si ae
wild strain in the sanme nedium 2. The strain of Saccharomyces cerevi si ae

of claim1, P which a said strain is grown does not
contain gl utat F%Hglggg gﬁggH%%dpcontaln gl ut at hi one, y- glutanylcystelne

L-cysteine and cystine. 3. The strain of Saccharonyces cerevisiae ‘according
t-o claim2, wherein the nediumis a mnimal nedium 4. A strain of

Sapgharorrypeség?rtw Si etor%o r| SI n %ggitﬁf i tosne;ﬁs %‘Qﬁ g)slﬁe ne wher ei n
sai gene is e ﬁ%ﬁﬁb i ni ne
resi due. Y e uced by culturlng a strain of Saccharonyces
cereV|S|ae aggi 9;5£$ gﬁénsf the preceding clains in a suitable

di A hod f
Cont ai ni Ry at | east 1’%%&%%9%%?3 R e e Eﬁ@%ﬁ%ﬁ%é%‘ the
t fo: tr al | | trai f h
Gerovi siae - wRLRBEN? it R PR R5R A PR S o AL P n obERed e
Cterm t f t b | t
const ructs | noSPREdPER aRbvel BT ghieREAodred synf]%ﬁ%'tl[g@% g‘aﬁg%%{fgsf rain
f Sacch | th f
gaccﬁgfo?rrygre“s’%?%r 55‘?5.@535% 95t R rr:58048 YepCaeSiinRy aRt hopagating
(stralns fr0n1é&@@9§bstQ%reoaﬁthEhécﬁigh@a iRl 8849 efquym@ﬁig t of

glutathione during their logarithmc growh phase in cultur . A nethod

gf pr odﬁ@l ng @cghtauﬁlatg §@CﬁB?LOH£Cﬁ§aE?Li?Vb§' 3B ﬁ@ﬂ&gﬁf‘kegnﬁklhgﬁg | %

y wei ght of y-glutanyl Cysteine conprising the steps of : ‘a) cons cting

r econbi nant S5Oam§$LOBf5aQQB§i(?n&éﬁﬁa‘iﬁﬁ.ﬁ}{;' $ AR ¥eegehlathione, 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 not 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 straln were
precultured in YPD medium, and the cultures 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



t he gl utathione synthetase gene is nodified by a gene reconbi nation

techni que; b) culturing said constructs in a nediumwherein a gl utathione
synt hetase- deficient strain of Saccharomges cerevisiae gr? ql-gyer than
awld type strain of Saccharonyces cerevisiae; and c) iso atPng and

pr opagati ng strains from anmongst the constructs having 0.004-0.1% by

wei ght of glut ne dur| their logarithm.c romﬂh fhase in culture. 30

21 April 2004 ﬁmeQ§Hr as ¢€&§P Ext re@1F ¢'$Fdduced by
R gf GRS v o
Qul'tured 1 S“ AldRuete WAEORT £ FioRd ShhLAG: HaboHeRPd, ent ot rain
Corovi ai ae. T G BeRR: r%&ho%”wa&?r%%&ih&?gﬂ;@%s 0CBHBUESEAES whorein
dhr omsoe. halPRATE: FEAL GP R BN -cr FALESTLoFREPR LI RE STO LG ni ne
residue. There are rOV|df%Y%ea st that can be used for production 15 at

i ndustrial |ef®d ¥ndluhanE Fﬁﬁn? andt ahyratiieraccartents att ofainount
and yeRst o B A el et R S 10 11O
'B751SMP1193 <£igs contalned in a predetermlned amount of medium was
(?; . taken on filter paper, and heated at 105 C for 4 hours.
10 Then, the remained cells were weighgd and the weight was
used as dry cell weight. Contents of y-glutémylcysteine

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-



<141> 2001- 05-24 <150> JP 2000- 155121 <151> 2000-05-25 <150> 9 <170> P a t
ent | n Ver. 2.0 <210> 1 <211> 21 <212> DNA. <213> Artificial Sequence
<220> <223> Description of Artificial Sexuence:-primer for f?$?fﬂ99> 1.

t at gaagact gtacagtctc c <210> 2 <211> 34 <212> DNA <213> % ficral
‘Sequence <2*20> <223> EEscrrption of Artificial Sequence: primer for PCR

<400> 2 ccggg ct cagctaaatg gtgtacttcg ctac 21 April 2004 21 34 <210> 3
<211> 29 2/3 PEAMGNR TS L0 HANG R ol %'géq@éﬁr@ewm 1) axmeng Bésetrﬂqﬁtl on
_Of Art'f'C'als %-%%EF%eﬂﬂ“dgga‘E%r égg calculation. That is, a

maximum value was calculated for the Na2 strain, and a
minimum value for the Na3. strain. As.a result, the
5 production amounts were 0.116 mg/hour for the Na2 strain

“and 0.124 mg/hour for the Na3 strain.



21. April 2004 <400> 3 attaacccgg gttgattcgg taatctccg 29 <210> 4

<211> 30

<212> DNA .<213> Artificial Sequence <220> <223> Description of Artificial
Sequencer prinmer for PCR <400> 4 attaacccgg ggttttttag ttttgch
<212> DNA <213> Artifici Sequence <220> <223> Description
of Artificial Sequence: primer for PCR <400> 5. agctaaatgg tgtacttcgc tac.
<211> 20 <212> DNA <213> Artificial Sequence <220> <223>

5 <211> 23

23 <210> 6
Description

of Artificial Sequence: priner for PCR <400> 6 cagattccga

gtttact ggpAlIS <210> 7 3/3 <211> 23 <212> DNA

A strain of Saccharomyces cerevisiae, comprising at least 1% by weight of y-
glutamylcysteine and 0.004-0.1% by weight of glutathione during said strain’s
logarithmic growth phase, when the strain is cultured in a medium wherein said
medium causes a glutathione synthetase - deficient strain of Saccharomyces
cerevisiae to grow slower than a Saccharomyces cerevisiae wild strain in the

same medium.

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.

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

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.

Yeast exiract produced by culturing a strain of Saccharomyces cerevisiae

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

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

<210>



<213> Artificial Sequence 21 April 2004 <220> <223> Description of
Artificial Sequence: priner for PCR <400> 7 agaaggaatg agcct aaaac age <210>
8 <211> 38 <212> DNA <213> Artificial Sequence <220> <22§fAéﬁ§ﬁ Aption
of Artificial Sequence: primer for PCRy23 <400> 8 ggcagggaag gtaagt agct
ggcattaagt gagccctc 38 <210> 9 <211> 38 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: priner for PCR

<400> 9 gagggef cacCisbk@ity &8 asropagting KhGinst F6rat S4HENGES the constructs having
0.004-0.1% by weight of glutathione during their logarithmic growth phase
in culture.

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

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

a) constructing recombinant strains of Saccharomyces cerevisiae wherein
the glutathione synthetase gene is modified by a gene recombination
technigue;

b) culturing said constructs in a medium wherein a glutathione synthetase-
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.





