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-glut | cysteine contentofgpry2084! as a
nmet'’hod for breeding such yeast. y-Qdut a??‘?lscystel ne and cystei ne pr oduced
therefromare useful in the food 10 industry. DescriptiQ of the gel ated
Art Cysteine is used for the. purpose ofinproving flavor of foodstuffs and
so forth. Wile the 1S.' proteol ysis nethod, sem -synthetic nmethod and so
forth are known as nethods for producing cysteine, mainly used nethods at
present are the proteol ysis met hod SERENCRELISIENG - synt hetic nethod. I n order
to utilize cysteine for inproving flavor of foodstuffs, natural food
materials 2 v C ei ne content are desired. However, such

nat ur al foog rn‘%tg??ﬂa s%g:\li)e %@?dly been known so far. d utathione, which

|satr|pep S ste th glutamc acid and

gl yci ne, Lﬁﬁ ﬁgﬁfﬂb ﬁﬁgﬁﬁ%éﬁ%s“éabﬂ@ﬁﬁwgmﬁﬁg flavor of foodstuffs.

d ut at hi one i s synthesized fromcysteine via y- glutanyl cysteine. However,

y- gl ut anyl c¥s3®i B&ISYOPIIBE. April 2004 scarcely used for inproving flavor

of foodst uffs y-Q utanyl cysteine is synthesized fromcysteine and

glutam c acifygpy th the aid of y-glutamylcysteine synthetase (GSH1). And

gl ut at hi one Iﬁl %@lh% d from 5. y-glutanylcysteine and glycine with the

aid of gl uté IO et ase (GSH2). A yeast strain, Saccharonyces

cerevisiae YHIl7 in which the pronoter of y-glut arryl cystei ne synt het ase

gene is repKh@dJB\ﬂtﬂﬁ alddebng transcriptional pronoter 10 4P8, was
{repOrted t o<briodGe@-A5+2k ge anount of y- gl utanyl cysteine synthetase. in its
.cell (Yasuyuki Ootake - et al., Bioscience and industry, vol. 50, No. 10,

pp. 989- 994, ({482%. ' Further, Ootake et al. also reported that glutathione

was not detected in a glutathione 15 synthetase deficient strain of

Saccharonyc erevi siae, Y strai n, in another report (Yasuyuki Ootake et

~ Agrlcgﬁq? g?teé‘rﬁiﬂg& Ucal chemistry, vol. 12, No. 54,

pp 3145 3150, 1990). Inoue et al. reported gene dlsruptlon of the 20

gl ut at hi one(%lj})t het ase gene on a chronmosone (Yoshiharu I|noue et al. '

Bi ochi mi ca €211Bi pphysica Acta, No. 1395, = pp.315-320, 1998). This di srupt ed

gene is congperpgh.to code for a glutat hi one synthetase in which an no

acid resid 0 - h pons are correctly translated, 25 but a

C-term nus g@;‘)’l)oé]r?lrfg%p%l S&ﬁ%b% position is deleted. Inoue et al.

report ed thgt |.ut at hi one content of the gene-disrupted strain was

measur ed, bf# 21 April 2004 gl utathione was not detected. By the way,

while it is<kiowbescaptianf obviatiliconbdsnuense: eringe fobtRiBned by adding a

saccharide to y- glutanylcysteine and heating them ‘(Japanese Patent Laid 5

open Publ i cagggony (Kokai) No. 4- 91762), it is not known that cysteine is
-+ el eased wheny t ne is heated. As described above, tihere are
i reports congerg\réa%& g[%d %}:I{Zlncteaht of expression, of y-glutanyl CyStEIZEG 10

synt het ase gnd dj sruption of gl ut at hi one synt het ase gene. However, the

obt ai ned Sat€ nyces cerevisi'ae strains showed a | ow y-gl utanyl cyst ei ne

content or 621d>n&4 show good growth in any case, and they are not .

con5| ‘dered {DI2DHFDNAY satisfy the requirenents needed for the industrial 15

" productiongzig Xes fiepar Seghehfat the YHT178 strain in which expression of

y- gl ut anyl cyst ei ne synt hetase was enhanced could accunul ate 1.69% of

y-gl utanyl cgﬁ(ﬁl ne at nost in its cell in a synthetic mninmal nedium

(Oot ake et 20 ‘Bi osci ence and |ndustry, supra). However, the growth

rate of the<§dasPescaiphion eiedibibhifas! ﬁ@ﬂuﬁfﬂiﬁorﬂféﬂer fartBBugh t he growt h

rate in YPD nmediumwhich is nore nutritious than the synthetic m ni nal

medi um was {4pppogted, it cannot be said that the required growth - -25 rate -

i's attainedg n L | YPD nedium Further, tghe ‘

reported y- g(fégtgg% tcg&%stgla?\gdgcg t:ar?tt?%egiaﬂpril 2004 of the YL1 strgg‘i nin

whi ch t he ggfltoﬁt?' one synthetase gene was disrupted is as |ow as 0.533%

and it cann accept ed for practical use of industrial.level (COotake

et al., Agr(zc Chem, 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 utathi one synthetase was partially reduced, the gl utathione

synt hetase was not fully elimnated fromit (Chris M Gant et al.,

Mol ecul ar Biology of the Cell,. 10 vol. 8, pp.1699-1707, 1997). However,

since the YL1 strain shows significantly different proliferation

abilities during the logarithmc growth phase in a, nedium containing

gl utat hi one and a nediumnot containing glutathione, it is essentially




15 strain of the present invention include a Saccharomyces cerevisiae
strain that produces a glutathione synthetase having a deletion-of a
~CGtermnus region froman arginine resiQﬁﬁ at a position ofzﬁxgﬂgbgg., a
gl ut at hi one synt hetase of which am no ac resi dues of 20 370th position
"and thereafter are deleted. Based on the aforenentioned report of |noue
et-al. (Yoshiharu Inoue et al., Biochimca et Biophysica Acta, "No. 1395,
pp. 315- 320, 1998), it was thought that the gl utathione synthetase
~contai ning KB&21D¥86th amino acid 25 residues but suffering fromdeletion
of the 397t K243 Motifcial rSegieige and the residues thereafter |ost the
activity. Therefore, it was expected that if any one of 12 21 Apeil 2004
t he codons %?Gth am no acid residue and those upstreamtherefrom of the
{
u

ons Qho ! .
O osei onS2ba DS G5B 1o of Tl o RE ol B ARt e S ase et ity
a

expr essi on ,
However, - ene substituted strain produced by using a gl utathione
synt het ase ¢4 iBn which the 370th codon was replaced with a stop codon
produced aattamrecgginhgaidcgg!tunsdtricgne as will be shown in the e}anples
menti oned bel ow, and therefore it was suggested ~10 that it .had feeble
glutathione<§ﬂﬁ;Qetase activity. Based on the above finding, the
Sacchar onyc G revisiae strain of the present invention can be obtained
by weakenin %%% glutathione synthetase activity of cells. In order to
weaken the. gtan & &jqne 15 synthetase activity., there can be used a nethod
cof .. changiKA3x Ket priohdk Seqencehe gl ut at hi one synt het ase gene fromthe
{_proper pronoter of the gene to a weaker pronoter derived from another
gene, a netReggof . weakeni ng expression or activity or the both of 20
gl ut at hi one AT t er: i ng region of
gl ut at hi one<2§% Pgé(g@gtg%ﬁng?qigtﬁ{}ﬁgg%g‘?é%k@ﬁm%é @gt ?@?t y of
transcription factor of the gene or the |like. The gl utathione synthetase
- gene sequené@0 af be 25 nodified by, for exanple, usual nutagenesis
treat ment s . ajtaascess @attriddan diit tertege eat nent with a nut ageni zi ng 3agent
such as N-nethyl -N-nitrosoguani dine (NTG, ethyl 13 .21 April 2004
met hanesul f qpege5(EMS), nitrous acid and acridine, or. gene substitution
utilizing acg gc reconbination technique. The gene substitution can be
. perforned a I% 5 (see Fig..4). A Saccharonyces cerevisiae strain is
- transforned %?' reconbi_nant DNA containing a gl utathione synthetase
gene modi fi & oAFHdiCEtl S8HUEI6Ee  synt het ase having feeble activity shoul d
be encoded (weakened-type gl utathi one synthetase gene), for exanple, 10 a
gl ut at hi one<83%0% het ase gene in which the 370th codon is changed to a stop
codon, to c&ps® D t vt oOart PRI EBelgiencwe axEime sl - oy PECID! ut at hi one .
synt het ase gene and the gl utathione synthetase gene on a chronosone. this
~case, if a g@@%@g gene is included in a plasmd 15 'according to a
“~ phenotype o st such, as .auxqtrophy, handling will beconme easy. further,
after the BgB@&éfg%ﬁgBQCtttﬁ%c gfl%rementi oned reconbi nant DNA usi ng
plasmd, if it i's linearized by digestion with a. restriction enzyne and
its replicakZH)}) éontrol region 20 which functions in Saccharonyces
cerevisiae Kgireppved, strains in which the reconbinant DNA is taken up
into a chrg PRy can efficiently be obtained. In a-strain in which the
reconbi nant |st.LnC££§orated into a chronosone as descri bed above, the
25 reconbin§ D&A]Jéﬁé FEEShi nation with a gl ut at hi one synt het ase gene
sequence that originally exists on the chronosone, and two of fused genes
of the norn&B20>4 21 April 2004 gl utathi one synthetase gene and the
weakened- t y223>gDedcati bt iomeo B\Art hiEiicdab Syqoencar epiimserfoedP(ht o t he
chronosone so that other portions of the reconbi nant DNA (vector portion.
and marker. eF shoul d be interposed 5 between them Therefore, in this
state, the ngﬁ%ﬁ - gl Efthione synt het ase gene functions., Then, H@ or der
to | eave onF§gﬁ Ec%ggg zﬁﬁggwpe gl ut at hi one synt het ase gene on t
chronmosone DNA, one copy of the gl utathione synthetase gene is dropped
from 10 th&€ZHbr @npsone DNA together with the vector portion (including
t he marker gene) by reconbination of two of - the gl utathione synthetase
genes. In that case, the normal glutathione synthetase gene is left on the
chronmosone DNA and t he weakened-type gl utathione 15 synthetase gene is
exci sed, or conversely, the weakened- type gl utathione synthetase gene is
| eft on the chronosone DNA and the nornmal gl utathione synthetase gene is
excised.' Since a nmarker gene is excised in any case, the occurrence of
t he second reconbi nati on can be 20 confirnmed by exam ning an expression




m nute using a reaction solution having the following 5 conposition.
(Composi tion of reaction solution for PCR) Yeast chronosonel Pyrobest. DNA
Pol ynerase (Takara Shuzo)0.5 | 1010X P ffer10 I 10 mv dNI’R@,éﬁ 40020
prol /I GSH2F7 (SEQ ID NGO .6) 2 | 20 pnol GSH2R7 (SEQ I D NO
Purified water76.5 pl 15Total 100 j AL The gene fragment anplifi ed as .
descri bed above was purified, and nucleotides A were added to its end by

: enzymatkc reaction perforned at 72C for 10 minutes in a 20 reaction
soI ution hawZid’ti¥e fol | owi ng conposition. (Conposition of .reaction
sol uti on) ScﬂZﬂﬁ}d}HAof gene fragnent 5 jil 10X PCR buffer (MyCl 2 free) 10 |
25 25 MM Mo&223> Artificidl BeqemATP 51 Taq DNA pol ynerase (Takara Shuzo)
0.51 23 Purified water31.5 p,| Total 50 tI 21 April 2004 The reaction
pr oduct wasd g’at ed to a plasmd 5 pGEMT Easy (Pr orrega) according to the
manuf act ur er % instruction t&o tai E & |l asm d_GSH2 GEM Then, the
codon corresg %Dﬁécy@ £ ¥ 0% 7 b T Ll oS edenee ‘o Pr s ru hi one synt het ase
gene-contained in GSH2dash/ pGEM was replaced with a stop codon by.site 10
specific nmutgélesis. This procedure was performed by using Qui kChangeTM
Site-Direct egabiiaagenest taaat agcSTRATAGENE) according to the manufgrturer's
i nstruction. As the prinmers, GSH2ZMF1 (SEQ I D NO. 8) and GSH2M R1. (SEQID

NO 9) Were Thus a pl asmid. 15 GSH2Mdash/ PGEM was produced.
Separ at el y, Z’ m d correspondl ng to the plasmd PpYES2 (Invitrogen) of
whi ch 20r| % ved was produced. pYES2 was digested with restriction

~enzynes &hdN Ahel, the digested ends were blunt-ended, and 20 the -
(products Wer<5313) @ateﬂcuml detiwéntea pl asmi d pYES2dash. Each of pYES2dash and
GSH2Mdash/ pGEM was digested with restriction enzynmes-Sacl and Sphl to

obtain a frag cont ai ni ng URA3 gene from pYES2dash and a gl ut at hi one
synt het ase rgglr[? i .0 2 sh/ pGEM and

t hese fragmegtz?5 fl)er i} I{I%Y ;ﬂﬂﬂuﬁ'ﬂtﬁ%é g%érﬁr d%ﬁ@? E@EYESZdash was
_produced. SSH2Mjash/ pYESZdash was di gested with a restriction 2 4 21 April

2004 enzyne P 8t o obtain Cassette 2 (Fig. 3). (2) Construction of strain
havi ng weak@getzgggape gcgigitege higgoet tagat rgageseicgene substituti on 5 Géhe :
substitution of the glutathione synthetase gene of the Nal strain was
per f or med byaug ng Cassette 2 -produced as described above (Fig. 4). The
Nal strain p> ggecul tured, and the culture was subcultured in 50 nl of
YPD nmedi um l{ > Bge culture reached the 10 logarithm c grow h phase. The
cul tured ceIE WQ nded in 1 Msorbitol and m xed with Cassette 2,
and transf& ABhl df”@]h EEHNC8 was attained by electroporation. The -
transformant strains are cultured on an SD plate containing 1 nM of

- gl utat hi one£2209d the 15 grown strains were selected. |ncorporation of
Cassette 2<gg3 D@s&lﬁﬁ!f(ﬁndoﬂﬁr?lP&lhh%eﬁhéwsﬁﬁﬁle\“’aﬁ)rcm' rmed by PCR

~-and the obtained strain was designated as Na3 internediate strain. Then,

~ the foll owi go gcedures were performed in 20 order to |l eave only the
weakened- t g @ t at hi one nt het ase gene on the chronobsone as shown in
Fig. 4. Thgam@ Pt éltf‘@cﬁcﬁ@ C§§?§igﬁ09\g§cﬁ:tﬁctcured in YPD medium #nd the
cul ture product was inocul ated on an SDFQA plate containing 1 nM of

gl ut at hi one. The sequence of the 25 gl utathi one synthetase gene of a strain
grown on the plate was determ ned to confirmthe sequence of the target
site was correctly substituted. Thus, an Na3 25 strain was obtained. 21
April 2004 .<4> Gowth of Na2 strain and Na3 strain and production of .
y-glutanyl cysteine 5 Proliferation ability in the logarithm c growth phase
of the Na2 strain and the Na3 strain obtained as described above was 7

i nvestigated. The Na2 strain and the Na3 strain.were precultured in YPD
medi um and the cultures. were each inoculated in 50 mM of SD nedi um 10
(containing 50 ng/L of uracil) or SD nmedium (containing 50 ng/L of uracil)
containing 1 mmof 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 difference of proliferation ability 1.5 in the
medi um not cont ai ni ng gl ut at hi one conpared with the nmedi um contai ni ng

gl utathione. Further, the Na3 strain showed better growth-in the
| ogarithm c growmh phase in the nmedium not containing glutathi one conpared
with the Na2 strain (Fig. 6). 20 Then, production anmunts of

y-gl utanyl cysteine and glutathione per unit tine in the logarithmc growh
" phase-were investigated for the Na2 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 nedium (containing a required..





