WD 2011/ 039156PCT/ EP2010/ 064309 PROCESS FOR PRODUCI NG CYSTEI NE AND/ OR
GLUTATHI ONE FROM CYSTI NE EMPLOYI NG YEAST 5 Field of the invention

Thi s i nvewbDi2on/o3eisat es to a process for the producti on eCTmpsdieiossand/ or

gl utat hi one from cystine. 10Background of the invention A maj or
source of commercially available cystein is cystine. Cystine can be

el ectrochem cally reduced to cystein (sonetines spelled "cysteine"). This
process i s expensive and conpl ex. JP03180188 descri bes a nmethod to produce
cystein fromcystine in al kaline conditions using a solution with an

al kali -resi stant enzyne wth hydrogenase 15activity. JP02092294 descri bes a
nmet hod to produce cystein fromcystine using an enzyne solution with

hydr ogenase activity. Description of the invention Surprisingly, we have
found that cystein and/or glutathione may be produced by 20 contacting
cystine with a [ LS I Lr t i | refore
provi des a pr O&%&E%ﬁgl?ﬁg %‘1’{9&1&&% @#S@@‘féﬁ%\f@ﬁ}ﬁ gﬁgféfg!(h\qgne from
cystine conprising contacFRVEESTINE BGMRH-QYINGY&AJENi sm and recoveri ng
the cystein and/ or gl utathione. In a preferred enbodi nent the
tenpegature of the process of the invention is 0- 100C. Preferably the
tenperature is between 20-80C, nore preferably between 30-70C, 25 even nore
preferably between 35-65C, nost Helskefitheigventioneen 40-60C. |f the
tenperature i Srhrsqevérmwn Chiafes 8 BCES fofrfaﬁe BRIEASH GoySIMTLRYBF bidfatfie
cystein and/or gl utathione nmay not | ace or only  occur to l1ttle
extent. N@F@b@ﬁma at Iom/tenperature the solublllty of cystine is |ow,
which may result in too little cystine in solution. If the tenperature is
t oo hlgh (i.e. above 100C) the conversion fromcystine to cystein and/or

30g! i@ at hi one may not take pl Baekaroundiof the-tnventiona |ittle extent.
M croor gani s mRYorSkQir8e Cé?sE&h&e?d’ﬁll&aﬁx‘%lIbb'lbafz;{étéln Recj<ahd efysteicah hone.

Therefore, during the contacting of Cystine w a m croorgani sm not only

cyst ei n, elsgiroglesdcally utedupedrie CYABIR(saMetines ePelirErosianesa3bs prosass ie
formed. @Qﬁlﬁﬁ%%d%ﬂp@. g 0'18‘88 nBéé’ﬁ‘ﬁ%ﬁh&H toldh dee%?Eteﬁ‘*ﬁfRﬁﬁE{/ﬁufnetnhe
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preferably between . Preterably 5 pH 1's bétwee nDre
preferabﬁ?‘ub@”tWé'éhyd:fOWSBaC@U@n nor e preferabl y between 5 and 7.

a preferred enbodi nent the process of the invention is done on industri aI
scal e. Throughout the description of the invention, an industrial scale
process or an industrial proc&escrptiomef thednvention] t o enconpass a process

on a volune S@%HﬁlsW@yCQvé ﬁa@&#oun@rtﬁéﬁéﬁlﬂih( a%gﬂo(?%ﬁamn% &P e SHBLYESR: by N8,
even nore preferably , host pref
20  contacting cystine Wlth a mlcroorganlsm Ina flrst aspect the invention therefore provides a

process for the production of cystein and/or glutathione from cystine comprising contacting
cystine with a microorganism and recovering the cystein and/or glutathione.
In a preferred embodiment the temperature of the process of the invention is 0—
100°C. Preferably the temperature is between 20-80°C, more preferably between 30-70°C,
25 even more preferably between 35-65°C, most preferably between 40-60°C. If the
temperature is too low (i.e. below 0°C) the conversion from cystine to cystein and/or
glutathione may not take place or only occur to a little extent. Moreover, at low temperature
the solubility of cystine is low, which may result in too little cystine in solution. If the
temperature is too high (i.e. above 100°C) the conversion from cystine to cystein and/or
30  glutathione may not take place or only occur to a little extent.
Microorganisms may store cystein intracellular in the form of glutathione. Therefore,

during the contacting of cystine with a microorganism, not only cystein, but also glutathione



preferably | ess than 250 nB. Any type of m croorgani smnmy be used
in the process of the invention. Preferably the mcroorganismis suitable
for the cwowverwgizerséof cystine to cystein and/ or gl utat hirpocn®EP2Bacssn? al and
fungal mcroorgani sns are preferred, such as those which are suitable for
food and feed 15 applications. Preferred m croorganisns are those that have
the status of being food-grade and thus,can be safely applied to food for
human consunption. Exanples of m croorgani sns suitable to be used in the
process of the invention include filamentous fungi, such as Trichoderm or
Aspergillus, and yeast. Preferably the m croorganismis yeast. Yeast
strains belonging to the genera Saccharonyces, Kl uyveronyces or Candi da are

20 preferaRlns aRed. d@@%inﬁtdn%e%té@%l iRMG PebckSs biifie IRAUSpSACH MY PT¥GRS, fOr
exanple to'the strain Saccharonyces cerevi siae are even nore preferred.
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content as COIPaRstelr&d ER@ofinfenP HIaRESI GlhaiimedtidMisaddne srERbiasdtiaschR.

whi ch no_cystine is present and/or to which no cystine has been added.
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Enzymatic treatnents nay be done using cellul ases, glucanases,

hem cel | ul ases, chitinases, proteases 30and/or pectinases. A conbi nation of
treatnments is al so possible. WD 2011/ 039156PCT/ EP2010/ 064309 4 In a
preferred enbodi nent the |ysed organismare cell walls (e.g. in the form of
cell walls). The cell walls nmay be part of a yeast autolysate, but nmay al so
be separated fromrel eased cell contents. In a preferred enbodi nent a
reductant and/or a cofactor is present in the process of



5 the invention. Adding a reductant and/or a cofactor may enhance the rate
and/ or conversion and/or yield of the process. The reductant and/or

cof act or we 2prigf3ersabl y sel ected fromthe group consi sti rgTaP2¢0AcLI0Ed)

ni coti nam de adeni ne di nucl eoti de, (reduced) nicotinam de adeni ne

di nucl eoti de phosphate, (reduced) |ipoam de, (reduced) flavin adeni ne

di nucl eoti de (FAD), (reduced) flavin m)gonucl eotide (FMN), (reduced) netal
ions, and H2. 10l n anot her enbodi nent ohe or nore enzynes are present in

t he process of the invention. The enzyne is preferably selected fromthe
group consi sting of protease, cystein reductase, hydrogenase, and |ipoam de
dehydrogenase. Preferably the one or nmore enzymes are added to the
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sul phur-cont ai'ni ng substance whi ch E/Stel n. Yeast extract has been
known foﬂ"@fﬁﬁr)gaQ'é@r@aaQGa’b?d’tﬁdc@/ @)‘?F)'Bﬂ'f'g)?éieﬁ shnskt fog examplgial §Aci0AS . suieh as
cyst esn, n{aa,trgsumh%ﬁﬁéa%@ ?gbé”@m ns. A yeast extract rich in cystein
woul d be a’suitable WO 20 1/ 039156PCT/ EP2010/ 064309 5 cystein or
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are known for their flavour enhancing properties. ey are capabl
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5'-ribonucl eotides are usually added to soups, sauces, narinades and
flavour Sessl)ni REr hoMmaoepigalign tasBnigHeR Mayonclyde mixigg it Baticlgeseon semd

yeasbps eXTah@/%F grats b@aw BV%tds‘érbf'asmﬂ‘ﬂnd a%tat@s/qatﬁ % b mﬂl%TH@QFe%trﬂéﬂfrﬁé@m y
at | east 6, 0% w' w, even nore preferably | east 12% 14% 16% even
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based onahNget chees dordiVirA&hAtsT or\EatBients] TheWkt Nte RARESE NYradBsP Tpreferred
5'-ribonucl eotides in the yeast extract of the invention (% w is based o

t he wei gREcasetthey Nétl'eqot @ed%r%ﬂeﬁ'ﬁt‘ toét“(@ff'cﬁ'r*@ elotwsisdn of aliadhiang. Sneymealit at ed
as di sodirdginfeltd mB?Bé@BMé’U%@ cbiRNRsed AglhceMasss, hbh%ﬂ@ﬁé&obhlﬂﬁasels‘a&bté‘a%%
does not nean that yeast extract cannot contain NaCl, but neans that
NaCl 3¢ s éQ@PUB‘%‘d‘”ﬁ?QﬁrﬁtQ‘P@‘W@é@t‘ obleataentstinplsp ResERIPcul ati on of 9w/ w. The

| atter cal culation can be performed by 20met hods known to those skilled in
the art. I n anot her aspect the invention provides a yeast autol ysate
rich in cystein and/or glutathione, preferably conprising at least 1.2 ng/g
w w cystein based on total dry matter. The Food Chem cal Codex defines
Aut ol ysed Yeast as follows: "Autol ysed Yeast is the concentrated, not
extracted, partially soluble digest obtained fromfood-grade yeasts. 25
Solubilisation is acconplished by enzyne hydrol ysis or autolysis of yeast
cells. Autolysed Yeast contains both soluble and insol ubl e conponents
derived fromthe whole yeast cell’'. A yeast autolysate differs fromthe
yeast extract because the yeast autoI ysate in add| tionto aII the
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Preferably the amount of cystein in the yeast autolysate of the invention
is at least 3.3 ng/g, nore preferably at least 3.6 ng/g, 4.4 ng/m even
nore prefwoabliys3atsel east 4.8 ny/ g based on total dry naPrCemEP2R0ebsrably t he
anount of 5'-ribonucleotides in the yeast 10 autolysate of the invention is
at least 2% ww, 3% 4% nore preferably at least 6, 8 10% w w, even nore
preferably at least 12% 14% 16% even,nor e preferably at |east 18% 20%
22% nost preferably at | east 25% w w based on NaCl free dry matter wei ght,
whereby NaCl free is defined as above. Cystein and gl ut at hi one
may be neasured by several nethods, for exanple by using 15 NVR, liquid
chromat ography (LC), for exanple high-pressure LC (HPLC), or LC conbi ned

Wi th mass spegf 5%&% éh%henpfhe(wad Mﬁ&{ﬁare cell wall<34.6h 'Thé%}’m%f%ell be
determ ned using ninhydrin as describ 8 Gai t onde, ~ Bi ochem cal

Jour nal Wed®7)The gl wallpmaypbe garp oé@syea@wwtelyﬁatanawtomag ialsose penrsatadrane
recover egy | b¥scheebsidgg. known in the art. For 20 exanple, the cystein
and/ or gl utathione my be recovered by centrifugation, whereby the
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EXAMPLES Exanple 1 5Cystein production during yeast autolysis Cream
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hours after the start” of the autolysis (t=4 hrs), additions in w w al
based onSY®e@ may peiengrad fopdopeivisesieofrarstiae {0 cystein or gigtattyongy Oh&m%y of
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adjustnment. The yield on dry matter was 70% The supernatants, contal ning

the 20 uMiNgeE@RPonents from the yeast cells, were anal ysed for cystein
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Table 1. Tab stein content of the supefnatants Experinent Protease
Cystine gwy.thlone preferably comprising at Ieast 1.8 mg/g cystein based on total dry matter. The
Food Chemical Codex defines a “yeast extract” as follows: "Yeast Extract comprises the
water soluble components of the yeast cell, the composition of which is primarily amino-
25  acids, peptides, carbohydrates and salts. Yeast extract is produced through the hydrolysis
of peptide bonds by the naturally occurring enzymes present in edible yeast or by the
addition of food-grade enzymes". Cystein and glutathione are major sources for the
preparation of process flavours by reacting with reducing saccharides. US4,592,917
describes the preparation of a boiled chicken flavour by reacting a reducing saccharide with
30 an amino acid (leucine) and a sulphur-containing substance which may be cystein. Yeast
extract has been known for many years as a source of protein, peptides, aminoacids such

as cystein, fats, minerals and B-vitamins. A yeast extract rich in cystein would be a suitable
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cystein or glutathione source for producing process flavours. Preferably the amount of
cystein in the yeast extract of the invention is at least 4.6 mg/g, 4.7 mg/g, more preferably at
least 5 mg/g, 5.1 mg/g, 6.1 mg/g, 6.2 mg/g, even more preferably at least 6.7 mg/g, 6.8
mg/g based on total dry matter. Preferably the yeast extract of the invention does not
comprise any added glutathione or cystein.

In a preferred embodiment the yeast extract of the invention comprises at least 1%
w/w 5’-ribonucleotides based on NaCl free dry matter weight. 5'-ribonucleotides, especially
5-IMP and 5-GMP, are known for their flavour enhancing properties. They are capable of
enhancing the savoury and delicious taste in certain types of food. This phenomenon is
described as ‘mouthfeel’ or umami. Yeast extracts rich in 5-ribonucleotides are usually
added to soups, sauces, marinades and flavour seasonings. Preferably the amount of 5'-
ribonucleotides in the yeast extract of the invention is at least 2% w/w, 3%, 4%, more
preferably at least 6, 8, 10% w/w, even more preferably at least 12%, 14%, 16%, even more
preferably at least 18%, 20%, 22%, most preferably at least 25% w/w based on NaCl free
dry matter weight. The weight percentage of 5’-ribonucleotides in the yeast extract of the
invention (%w/w) is based on the weight of the NaCl free dry matter of the composition and
is calculated as disodium salt heptahydrate (2Na.7Aq) of 5’-ribonucleotide. NaCl free does
not mean that the yeast extract cannot contain NaCl, but means that NaCl is excluded from
the yeast extract for the calculation of %w/w. The latter calculation can be performed by
methods known to those skilled in the art.

In another aspect the invention provides a yeast autolysate rich in cystein and/or
glutathione, preferably comprising at least 1.2 mg/g w/w cystein based on total dry matter.
The Food Chemical Codex defines Autolysed Yeast as follows: "Autolysed Yeast is the
concentrated, not extracted, partially soluble digest obtained from food-grade yeasts.
Solubilisation is accomplished by enzyme hydrolysis or autolysis of yeast cells. Autolysed
Yeast contains both soluble and insoluble components derived from the whole yeast cell'. A
yeast autolysate differs from the “yeast extract” because the yeast autolysate, in addition to
all the interesting components present in yeast extracts, also contains interesting cell wall
components which are not separated from the soluble fraction. Examples of interesting
components from the cell walls are B—glucans, mannoproteins and the yeast lipid fraction.
These components may evoke or enhance mouthfeel attributes such as fattiness and

fullness. Yeast autolysate has been known for many years as a source of protein, peptides,

0

3
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(obt ai ned as Al cal ase, Novozynes, Denmark) in an anmount of 0.0068g/g based
on dry matter) and incubation for 3.5h, resulting in an autol ysate. The pH
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2011/ 039156PCT/ EP2010/ 064309 8 using H2SO4 and the autol ysate was i ncubat ed

for appr gm.m&%k%u%a@cyé}@ﬁtfatst Rnci4is @hY BRRMIRS A%%%fédtag@e @&kn HAQRtdiPM
for 15 mn, resultin b?%lln a pellet conprising cell | s and a supernat ant

whi ch i sWé’UWe%@ sgifg @XSte'ﬂ'I‘?égb'@”I"@'ﬂe chrpé@pwqgwr@@ﬁsa flggeep- tha yeass and

resuspendg@iysheVi e inddstiorGRAY bd BSEmMeH AGRT cr@ﬁr'ﬁeye‘égtn&*ﬁdnﬁ’ﬂﬁe tottMferSER@LARAL ant
was 5 discarded and the pellet conp I’ISIev%t e cell walls was resuspended in

wat er t o PEOHhii®aleasd sekeineldeing vingpse: irefeqgbly @euyﬁaﬁtwt@mﬁéwér\n@mqﬂ frag w w

baseds on 5t B, abliddr bétheﬁﬁEenoéO bhe 95€A|pr8@sg Yo p-rrcrb%cgraYyé%E hEtblysRLAH a @y t he
yeast extract was 15 %Qam of yeast eéxtract were

added cy§elidratip !?e@’e@)‘ 50@!”9@@%%%”9%)” W@ 9%’9@7%ydr ogenase (10 U g), and
oxi di zed ni Cob'réf@ﬁb@/ethé%ﬁﬂuﬂ?oﬂb%ﬁ ‘?rPEHedﬁ'eaépaLﬁESMatej& tﬁ&l@ér@tl&r@rﬁt %fast he

cell wall suspension were added stine 6 g), glucose (0.7 g), glucose
dehydr ogérfa®e/s f@@/%?feraé?f%r’datdﬁ?%h RGO, f‘l”ﬂﬁl’ﬁ' GUCH NP RESTeR aﬁh(cqté@ﬁtd@

(0. 5mMM) . 1308 bdddt 8n3dotall BE REH¥RPrad bRt 81 érﬁo@htﬁ)f 5L RBosRIdotived in %5%%5' on

and the yeast extract were then incubated at 35C for approxi mately

hour 40 CpdiolsatevRidherne s b drast Sphwive gt r4%alMpie argfeﬁ@bly ﬁélqaﬁh@;ﬁjﬂ Or@
reagent %Nd&%hr mg%dprl%‘fer%lkﬁ at @ds‘i qg‘o;t,e 143 Bigog, t't%‘@hCn'ﬁ‘rbre~];S)r’éfe'F'af’dly GLRRE 18%0! .

104, p. 627-6 G ucose ()¥ rogenase was obtai ned from Codexi s,
| nc, 2002&&@83’00@10& pﬂﬁéeralptéoﬁ/tdeast 3%, W/@YAbQ%BQ” Nagal fregising mattennweiaht, of

cystein (ymermy NatheSHRimeFak oY | Suspensi on

Cystein and glutathione may be measured by several methods, for example by using
15  NMR, liquid chromatography (LC), for example high-pressure LC (HPLC), or LC combined
with mass spectrometry (LCMS), or (HP)LC-MSMS.
Cystein may also be determined using ninhydrin as described by M.K. Gaitonde,
Biochemical Journal (1967), vol. 104, p. 627-633.
Cystein and/or glutathione may be recovered by techniques known in the art. For
20 example, the cystein and/or glutathione may be recovered by centrifugation, whereby the
microorganism is discarded as the pellet and the cystein and/or glutathione is recovered in
the supernatant, or by filtration whereby the microorganism is discarded as the retentate (or
filter cake) and the cystein and/or glutathione is recovered in the filtrate. When the cystine is
contacted with a live microorganism or a killed but intact microorganism, prior to recovering
25 the cystein and/or glutathione it may be preferred to lyse the microbial cell in order to
release the cystein and/or glutathione. Cystein and/or glutathione may be recovered from a
lysed microorganism suspension which comprises a solid fraction which mainly consists of
cell walls for example by centrifugation and (ultra)filtration. The skilled person will
understand that said solid fraction comprising cell walls may also comprise some cystein or
30 glutathione. Therefore, it may be preferred to wash the solid fraction one or more times in

order to recover as much cystein and glutathione as possible.
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EXAMPLES

Example 1
5 Cystein production during yeast autolysis

Cream yeast from Saccharomyces cerevisiae (dry solids is 18.2 %) was autolysed at
pH 59 and 51°C by adding endo-protease from Bacillus licheniformis (Alcalase,
Novozymes, Denmark). During the autolysis cystine (2% w/w), reduced nicotinamide
adenine dinucleotide (NADH, 1% w/w) and/or glucose (1% w/w) were added, either at the

10  start of the autolysis (t=0 hrs) or 4 hours after the start of the autolysis (t=4 hrs), additions in
w/w all based on total dry weight, according to Table 1.

After 20 hours of autolysis a solid liquid separation was done by centrifugation,
without pH adjustment. The yield on dry matter was 70%. The supernatants, containing the
soluble components from the yeast cells, were analysed for cystein content (mg/g dry

15 matter) using NMR and HPLC. Results are presented in Table 1.

Table 1. Cystein content of the supernatants

Experiment Protease | Cystine | NADH Glucose Cystein (mg/g)
Comp. Ex. A t=0hrs - - - 1.78
Ex. 1 t=0hrs t=4 hrs t=4 hrs -—- 5.05
Ex. 2 t=4hrs t=0 hrs t=0 hrs -—- 6.15
Ex. 3 t=0hrs t=0 hrs t=0 hrs -—- 4.63
Ex. 4 t=0hrs t=0 hrs t=0 hrs t=0 hrs 6.74
20 Example 2

Cystein production by yeast cell walls and yeast extract
Approximately 2 kg of cream yeast from Saccharomyces cerevisiae (a yeast
suspension with a dry solids content of 19.9 % w/w) was heat-treated at 51°C for 5 min. The
pH of the suspension was subsequently adjusted to 6.0 using NaOH. The yeast suspension
25 was autolysed by adding Bacillus subtilus serine endoprotease (obtained as Alcalase,
Novozymes, Denmark) in an amount of 0.0068g/g based on dry matter) and incubation for

3.5h, resulting in an autolysate. The pH of the autolysate was subsequently lowered to 5.1



KH2F04 5 NaCl 0.5 CaCl2 (1M * 4,5 nL * added froma 1 M stock solution
after sterilization of the nedia The nedia was heat-sterilized for 180

m nut es awo0OR60@39iBke i ncubation tenperature was 5 30C amdTiEPe010A6438Nt at | on
time was 24 hours. Every flask was fernented in duplicate (A and B). O her
conditions are listed in Table 4. Cystein and cystine were added according
to Table 5. Table 4. Fernentation condiéi ons Baffle no Stopper water |ock
Stirrer speed 100 rpm Fernentation volufre 25 nL 10 Table 5. Addition of
cystine Flask nr addition anbunt added (ng/L)

using H,SO, and the autolysate was incubated for approximately 18 h. Next, the autolysate
was centrifuged at 4400 rpm for 15 min, resulting in a pellet comprising cell walls and a
supernatant which is a yeast extract. The pellet was washed with cold water 2 times and
resuspended in water and centrifuged under same conditions. The supernatant was
5 discarded and the pellet comprising the cell walls was resuspended in water to a final
concentration of cell walls in the suspension of 7.7% w/w based on total dry weight of the
cell walls. The dry matter content of the yeast extract was 15% w/w.
To 150 gram of the yeast extract were added cystine (1.2 ), glucose (1.3 @),
glucose dehydrogenase (10 U/g), and oxidized nicotinamide adenine dinucleotide (0.5mM).
10  To 150 gram of the cell wall suspension were added cystine (0.6 g), glucose (0.7 g), glucose
dehydrogenase (10 U/g), and oxidized nicotinamide adenine dinucleotide (0.5mM). See
Table 2. The pH was adjusted to 6.5. The cell wall suspension and the yeast extract were
then incubated at 35°C for approximately 18 hours. Cystein was measured
spectrophotometrically using the ninhydrin reagent as described by M.K. Gaitonde,
15  Biochemical Journal (1967), vol. 104, p. 627-633.
Glucose dehydrogenase was obtained from Codexis, Inc, 200 Penobscot Drive,
Redwood City, CA 94063, USA.

Table 2. Amount of cystein formed (mg)

Sample Cell wall Yeast extract
suspension
Comparative example (no addition) 0.83 0.91
With added cystine, oxidized nicotinamide adenine
: . 1.8 1.62
dinucleotide, glucose, and glucose dehydrogenase

20

Example 3
Cystein production during fermentation

Saccaromyces cerevisiae was grown in 100 mL shake flasks on mineral media

25 according to Table 3. Vitamins, cofactors, and trace elements were added separately.



1 no addition 1A --- 1B --- 2 + cystine 2A 400 2B 480 At the end of
fermentation, the absorbance of the broth at 600 nmwas neasured as a 15
measur e ovVognovisseAfter that, the broth was split in t®ROTEPREI0OMSI One
portion was boiled for 10 mnutes in order to rel ease cystein and/or
glutathione. This resulted in a cell suspension. The dry matter content of
this cell suspension was determ ned by grying and subsequent wei ghing. The
other portion was filtrated; the resulting retentate was di scarded and a
clear filtrate was obtained. Both the filtrate and the cell suspension were
anal yzed for cystein both 20at t=0 (after inoculation) and at t=24 hours
(Table 6). Table 6. Fernentation results Flask A(600)

Table 3. Media composition (in g / 500 mL unless otherwise indicated).

Compound Amount
NH4H,PO,4 30
MgCl,.6aq 2

NH,4CI 8.1
KH,PQO4 5
NaCl 0.5

CaCl, (1M) * 4.5 mL
* added from a 1 M stock solution after sterilization of the media

The media was heat-sterilized for 180 minutes at 160°C. The incubation temperature was

5 30°C and the fermentation time was 24 hours. Every flask was fermented in duplicate (A
and B). Other conditions are listed in Table 4. Cystein and cystine were added according to
Table 5.

Table 4. Fermentation conditions

Baffle no
Stopper water lock
Stirrer speed 100 rpm
Fermentation volume | 25 mL

10

Table 5. Addition of cystine

Flask nr | addition amount added (mg/L)
o 1A
1 no addition 1B —
, 2A 400
2 + oystine B 480

At the end of fermentation, the absorbance of the broth at 600 nm was measured as a
15  measure of growth. After that, the broth was split in two portions. One portion was boiled for

10 minutes in order to release cystein and/or glutathione. This resulted in a cell suspension.

The dry matter content of this cell suspension was determined by drying and subsequent

weighing. The other portion was filtrated; the resulting retentate was discarded and a clear

filtrate was obtained. Both the filtrate and the cell suspension were analyzed for cystein both
20  at t=0 (after inoculation) and at t=24 hours (Table 6).



cystein t=0 t=24 1A 0.405 Filtrate - _ cel
filtrate - _ cell suspension _
WO 2011/039156
10

Table 6. Fermentation results

Flask | A(600) cystein
t=0 t=24
cell suspension - -
cell suspension - -
cell suspension - +
cell suspension - -

suspension _ _ 1B 0.413

PCT/EP2010/064309

“—" means not detectable (i.e. below the detection limit); “+” means detectable cystein.

Cystein was determined using an HPLC-MSMS system (Waters) using a ZIC-HILIC

column (Merck, Darmstadt, Germany). °C labeled cystein as internal standard was used.



_2A 1.124 filtrate _ _  cell suspension _ + 2B 1.167 filtrate - _  cell
suspension _ _ "-" npeans not detectable (i.e. below the detection limt);
"+" meanswoebsaBatske cystein. Cystei n was det er mPaEEPAGI 630N
HPLC- MBM5 system (Waters) using a ZI G H LIC colum (Merck, Darnstadt,
Germany). 13C | abel ed cystein as internal standard was used.

11

CLAIMS
1. Process for the production of cystein and/or glutathione from cystine comprising
5 contacting cystine with a microorganism and recovering the cystein and/or
glutathione.
2. Process according to claim 1 wherein the microorganism is yeast.

10 3. Process according to claim 1 or 2 wherein the lysed microorganism are cell walls.

4. Process according to claim 1 or 2 wherein the microorganism is in a fermentation

media.
15 5. Process according claim 4 wherein the cystine is added to the fermentation media.

6. Process according to any one of claim 1-5 wherein a reductant and/or a cofactor is

present.

20 7. Process according to any one of claim 1-6 wherein one or more enzymes are

present.
8. Process according to claim 7 wherein the enzyme is selected from the group
consisting of protease, cystein reductase, hydrogenase, and lipoamide
25 dehydrogenase.

9. Yeast extract comprising at least 1.8 mg/g cystein based on total dry matter.

10. Yeast extract according to claim 9 comprising at least 1% w/w 5'-ribonucleotides

30 based on NaCl free dry matter weight.

11. Yeast autolysate comprising at least 1.3 mg/g w/w cystein based on total dry matter.



WO 2011/ 039156PCT/ EP2010/ 064309 11 CLAI M5 1. Process for the production
of cystein and/or glutathione fromcystine conprising 5contacting cystine
wi th a mwoaorigamissm and recovering the cystein and/ or @CUERREG0OM309

2. Process according to claim1 wherein the mcroorganismis yeast. 103.
Process according to claim1 or 2 wherein the |ysed m croorgani smare cel
walls. 4. Process according to claiml1 .or 2 wherein the mcroorganismis in
a fernentation nedia. 155. Process according claim4 wherein the cystine is
added to the fermentation nedia. 6. Process according to any one of claim
1-5 wherein a reductant and/or a cofactor is present. 207. Process
according to any one of claim1-6 wherein one or nore enzynmes are present.
8. Process according to claim7 wherein the enzyne is selected fromthe
group consisting of protease, cystein reductase, hydrogenase, and |ipoam de
25dehydr oget?aggast autaysateegagcordng et cedmprlilsicCAEPESING edbtleasts 1hy/ WveySt ei n
based on t ot alipGi)kidBRbEShased on NaCl free ey m,\éﬁ@lsxkeigﬁtt. ract according to claim9
conprising at least 1% w w 5" -ri bonucl eoti des 30based on NaCl free dry
matter weight. 12 12. Yeast autolysate according to claim 11l conprising at
| east 1% w w 5' - ribonucl eoti des based on NaCl free dry matter weight.



