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therefore, the o-keto butyric acid obtained by fermentation of this micro-

organism is not easily applicable to food products. This is also valid for
derivatives obtained by further processing of the a-keto butyric acid obtained by

this process.

Nakahara, Nkajima-Kambe and Sato (Biotechnol. Lett. (1994), 16(3), 263-8)
have shown that a-keto butyric acid can be accumulated by a Rhodococcus equi
strain. However, in this bioconversion, 1,2-propanediol has to be added to the
medium, which is not preferred for obtaining food ingredients. Additionally, it is
not warranted that the micro-organism is harmless for producing food ingredients
or reactants in the synthesis of food ingredients.

There are further reports of accumulation of a-keto butyric acid in recombinent
micro-organisms (Kisumi, Sugiura, Takagi and Chibata, J. Antibiot. (Tokyo)
1977 Jan;30(1), 111-7). However, for the further synthesis of flavors (food-

ingredients) it is wished to get a-keto butyric acid from genetically not modified
organisms.

Sluis et al (Sluis, Wolken, Giuseppin, Tramper Wijffels, "Effect of threonine,
cysthionine, and the branched-chain amino acids on the metabolism of
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In particular, a-keto butyrate is the starting point for obtaining specific

furanones, for example the "Maggi-lactone" (5-ethyl-3-hydroxy-4-methy-2(5H)-

20 furanone), which has a very strong but specific flavour and which is used in

small concentrations as a "top-note". It is an object of the present invention to

find an alternative to the chemical synthesised a-keto butyrate that is so far used

as an intermediate for further synthesis of flavors.

25 It is also an objective, to have a micro-organism that is easy to cultivate.

It is a further objective to get o-keto butyric acid from a strain by a
bioconversion that does not include nutritionally questionable reactants.

30 Summary of the Invention

Remarkably, it is possible to use a food-grade micro-organism, which is a natural
mutant and which accumulates and/or secretes a-keto butyric acid in sufficient
amounts.

35



Consequently, in a first aspect the present invention provides a process
for accumul ating a-keto-butyrate by bioconversion fromthreoni ne by a
mcro- organismcultivated in a fernentation medium In a sec nd AR @085 t he
invention Rrfjoslgss @ process for accunul ating a-keto- b
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Another advantage of the present invention is that it provides a biotechnological
process of obtaining a-keto butyrate.

20
Yet another advantage of the present invention is that it provides a-keto butyrate,
which may easily and safely be used in food products or, which may be further
processed to substances suitable for addition to food products.

25 An advaniage is that the a-keto butyrate produced according to the invention
may be produced by a food grade micro-organism.

Additional features and advantages of the present invention are described in, and
will be apparent from, the description of the presently preferred embodiments,
30 which are set out below with reference to the drawings in which:

Figure 1 shows the accumulation of o-keto-butyrate (OBA = oxo butyrate) in mg
/L of fermentation medium over time (hours). The two curves illustrate a two
step fermentation process, wherein the biomass of the micro-organism is

35 transferred to a second medium suitable for accumulation of OBA after 72 hours
of fermentation in a first medium. The lower of the two serves as a control (no
threonine and was added to the medium).



Det ail ed Description of the Invention Wthin the context of this
specification the word "conprises” is taken to nean "includ Sgoﬁﬁj)%ﬂ t her

things". It is not intended to be construed as "consists of ‘5 he
term a- ket g,—dad,};oy?g;e is substitutable by the synonymc P%i/%fb’ butyrate
or by the nane of the correspondi ng conj4ugate acids. 10 e expression

"natural nutant” is taken to refer to a nutant mcro-organism which was
obt ai ned by ot her neans than by genetic engineering. In other words, the
expr essi on riaetajled Deseription ofthe hwantiowal | y nodi fi ed organi sm). Mitation,
in the context of the present invention, should not be construed as a 15
si ngl e poi ntout ati on, . or, tati.an only present on. the. cadi ng region of a
speci fic gen ..lt %ﬁ’r‘? ?d&t?’ﬁé%égﬁtﬁpﬁ? ca nr%‘?a‘f"?r n SPTPER) gtk %b“%ﬂ%? ki nd
of DNA al t efirglidas, among wher deings™t Has nohjdetdsd tdbe monstmietyas Scondistssyfeci f i ¢
gene prgducteplyrentioned in the context of the nmutation. For exanple, an
ilv-3 mutation (a locus in Neurospora crassa) should not be considered
only as a nutation restricted to 20 the coding region of the ilv-3 gene.
The term "| i Thedgang-beto hutpatasis substitutablerbyahe sguanymi¢ Wimei2soxo-batyratesed i n
geneti cs andyRfiBE fahe &tﬁ@&ﬂp&{&%&iﬁ'%ﬂ?@%.w th different |loci, which
tend to be inherited together. 25 e l]e m "l 1 nkage group V' refers to a
chronmosomal region of N crassa, which incorporates the ilv-3 |ocus. For
mor e ddfai | :Theeexpressiona "iiturah doudérgh év talBn to Ther ity -a3mivtantntierosbrghinisat,assa,

|. Geneti i H Glehd Bhh %S j: T A4 969. 30
The i?\?- gcg%%cﬁ?%gﬁéﬂlﬁﬁ?@tﬁ{egf tgg(ﬁ%?g’?eﬁ%eﬁ E[‘?e(gﬁl,%'{n&?lﬁ?en celsé to
mean t he ggﬂﬁé’&lgﬁ?sﬁ%}i Wg?rsé%ag}pg-_q;\_/l e

dS%Iigé?iisﬁli‘srrrber). l1v-3 is
the name of the gene in N. crassa. However, the termis herein considered

Lo also i nClViifibiiCin fRGordi Ur!thE' pRser! A Enthd S0 d ot bBloofXAIR g5 b
Saccharlgrryces (ier evi si ae, .n 35 wherg js% i1 i%%%‘g@nt iﬁe cg revi g |ldon
ILV-2. '1 9 AFE'ORORNABUEIH, 81 5 MuBHOBRRLY 1ESRE O HTCRnG FREIEPSOliZed
her ei n r ef erspeafitigeneMydletcthasontraryad inmtatsnds érought to be any kind of DNA
alteration, at any locus that impacts the activity of the specific gene product
mentioned in the context of the mutation. For example, an ilv-3 mutation (a locus
in Neurospora crassa) should not be considered only as a mutation restricted to

20 the coding region of the ilv-3 gene.

The term "linkage group”, as used in "linkage group IV", is a term used in
genetics and refers to a region on a chromosome with different loci, which tend

to be inherited together.

25
The term "linkage group IV" refers to a chromosomal region of N. crassa, which
incorporates the ilv-3 locus. For more detail: see Kuwana H, and Wagner RP,
The iv-3 Mutants of N. crassa, 1. Genetic and Biochemical Characteristics,
Genetics 62: 479-485, 1969.

30

The ilv-3 gene, in the context of the present invention, is intended to mean the

gene coding for EC 4.1.3.18 (Enzyme Commission number). Ilv-3 is the name of

the gene in N. crassa. However, the term is herein considered to also include the

same function of other organisms, for example in Saccharomyces cerevisiae,
35 where it is known under the abbreviation ILV-2.
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pat hways. 33€€‘PF gpef‘éf’éﬁ@ecpl‘fr g”ﬂtnd#pﬂfﬁ “S‘?‘gup N of N.
crassa. For exanple, the natural mutant is an |v 3 mut ant. Preferably, the

natural nut %&feﬁmymlﬂ dnserﬁ%cﬁﬁieﬁﬁiof ﬂférﬂrb&ﬂs §&éo%ﬂﬁ§ tslth@grésalﬂ&w@fﬁﬁm 35 H
and Wagner Bi.,ochéni cal

Char act or | (7 ERCaIRBRSEL 13 Topd Carade nices vy, RENSLBBEID 0% §a8105
PCT/ EPb®/ 126329teanPﬁe@usa:bwastt he natural nmutant strain is the N. crassa
strain coomercially obtainable fromthe Fungal Cenetic Stock Center of the

Kansas Nedi Gale Ct o, bR 87900 158 Sh80KS . FRARSr B hARYE funber
preferably belongs to the phylum of the Ascomycota, more preferably to the
Subclass of the Sordariomycetidae and even more preferably to the order of the
20 Sordariales. In a preferred embodiment, the micro-organism belongs to the genus
of Neurospora.

In a preferred embodiment, the micro-organism is a N. crassa strain.

25 In a preferred embodiment of the present invention, the micro-organism is a
natural mutant micro-organism.

Preferably, the micro-organism according to the present invention has a mutation
that impacts the isoleucine, leucine or valine biosynthetic pathways.

30
Preferably, it is a mutant of the linkage group IV of N. crassa. For example, the
natural mutant is an iv-3 mutant.

Preferably, the natural mutant strain is selected from the strains cited in Kuwana
35 H and Wagner RP, "The iv-3 mutants of N. crassa, 1. Genetic and Biochemical
Characteristics", Genetics 62: 479-485, 1969.



foll ow ng characteristics: Mating type A Genotype ilv-3, Alleles Y7110, 5
Li nkage group I VR, genetic background L, Miutagen M, markers; zﬁl euci ne
plus valine-3. References: Barrat et al, 1954, Adv Genet 6: 1593 Petliibns et
al , 1969,3& %Eg %) 40: 247-278. This strain has a mutation on the ilv-3
gene. Therefor in a preferred enbodi nent of the inventchﬁ'%l’oflﬁéwnatur al
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a 30 differ Y CHiiak! f3a & § of

a- ket g— but 8&R"PH&Q“JP g%l %%&Bn{ngf S}é%?e%gﬁ(g pro %E:itl on %‘%{&%gagl orr%glg? t he
first nedi uﬁ‘#‘}téthmnt ?GH' &GH%- residue (the micro-organism is collected
and transferred into a different medium 35 Alternatively, the nedi um may
be nodifiedyfo,f d %Qf-n LeEBnseval 16%
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Preferably, the process according to the present invention encompasses one, two

20 or more steps. If it encompasses two or more steps, there is at least one step
wherein biomass of the micro-organism is produced and at least one other step,
wherein o-keto- butyrate is accumulated.

Preferably, the process according to the present invention is a two or more step
25 continuous or discontinuous fermentation.

In a preferred embodiment, the process of the present invention comprises
cultivating the micro-organism in a first medium, which favors biomass
production and enzyme activation and thereafter cultivating the biomass in a

30 different medium, which favours accumulation and/or excretion of o-keto-
butyrate.

Preferably, after the production of the biomass, the first medium is filtered, the
residue (the micro-organism) is collected and transferred into a different medium.

35 .
Alternatively, the medium may be modified to form a different medium in the
presence of the micro-organism, that is, without a filtering step.
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Ther ef@?z, ghgﬁéle?%ﬁg% strafnf13 may b]nge ected froreﬁ a rguge nunber jcs)r
organi sns. PREPEILEEYME PIREFSY) or gani smor cell-line is selected that, in
case of the wild-type, is possesses the ability to convert a-keto-butyrate
to 2-aceto-g: a B eha Lo PhB&E WRE ASliffekert PR 2006° WO 03/ 046193 8
PCT/ EPO2/ 12%5@/@%@?0- or ga?l}?ess% t hat iﬁs capabl e 8f p;?;i-;)nt hesi zi ng i sol euci ne
and/or valine and leucine, if present as wld-type. This requirenent holds
true for hi gboeexghple; theancondmedivmriongirisesd additompd valmsandfonythicontheof t hese
organi sns may be suitable to accunulate a-keto-butyrate if the valine or

| sol eucine B?éfgr\g% y,ltﬁe glgorégshsof\alrther comprises extracting, isolating and/or purifying o-

keto-butyrate from the fermentation medium.

20 For example, it may be isolated from the medium on a column with a suitable
resin or by HPLC.

In an alternative embodiment, o-keto-butyrate is only pre-purified, meaning that
the medium containing a-keto-butyrate is used directly for further processing

25 after only an incomplete, partial isolation. For example, the medium may just be
filtered to remove the micro-organism and used directly for further processing.
This approach may be successful, if emoxyfurone or sotolon (top-note flavors)
are the end product. Emoxyfurone or sotolon may easily be isolated after its
synthesis has been completed.

30
In order to work the present invention, a suitable strain must be determined. Such
a strain may be selected according to features of its metabolism. Usually, the
bioconversion of threonine to o-keto-butyrate is common in most organisms,
including animals, higher plants and unicellular organisms. Therefore, a suitable

35 strain may be selected from a huge number or organisms. Preferably, a micro-
organism or cell-line is selected that, in case of the wild-type, is possesses the
ability to convert o-keto-butyrate to 2-aceto-2-hydroxy-butyrate. In other words,



5 negatively affected. For exanple, a strain is selected that accunul ates
or excretes a-keto-butyrate because of a deficient, malfunctijoRiAPR @005
i nhi bited acet ohydroxy acid synthase (the enzyne is given the Enzyne
Conmmi si on QY BREeEC 4- 1. 3.18), which is 10 capabl e of CORMGH '/{]2929
a-keto-butyrate to a-aceto-2-hydroxy-butyrate in wld- type organi sns as
t hose nentioned above. The enzyne, al s& cal l ed aceto lactate synt het ase,
owes the latter name to its parallel ability to convert pyruvate to a-

aCﬁ_t g! fcg at @anifé?dl_‘éfga%zﬁﬁ ftl’lia]féii@ c{%ﬁ%lé%f%?hﬁ@éi@iﬂ iisdilei?&lh@ hantifor Svaing yarel | S |

i nhi bited, ,deficient, I ORi NQ_Of. Si esse or_.exanpl e,
a natural nifuSHe 1f§r§§§9p%ewﬂg-g@e. ﬂ#ﬁ%ﬁﬂ‘gﬁe%englé‘g :%Weﬁéﬁh{@ ' g@ﬂg "glrﬁliodi ng
thi s enzynemanyiumicelluntarsergapsinen Angidind of ithase| oxganisms imay dg puggbleoto

prevent s nopomlyIe CéIKaR- te liRGhe GAIHE PORGERENE FaxliRay & sofiéhd®: al SO
ot her tants w i}{sal%qu%%pab e of accumul ating a-keto-butyrate. 20

Especi al | y, Bes3iyP ‘conprise one or several nutations affecting the

bi osynthetic pathway of the ami no acids valine, isoleucine and |eucine may
be useful . ghpr QLS ctlll i ScaRhhiBledNr S6Rbel WaAkaSboudprath

reduct oi so Frgigt,'g}efﬁi!1 Etiigf%?%% Ecdi ﬁﬁ%r&%é cig oll'ep d&?t ase. Ecljﬁ%az. 1.9) or
br anched- chBPsussPR 8 deficicnt g qﬂqqggeor( 1bjte .af?é}’, WY LAY, SYRRAE  hay be
sel ect ed f o(thalenkzity it @it thecBEnzymad €omikision-ounlyeraf€ 4mnd. Honwhichrisy be

suitabje st palig 3¢ Cc%gérﬁﬂgt&.lseﬂﬁbm&m@% IoRRketdIOWRNBSxy-Bli§ RO i BFilgut ant s
may accumul at'e a- keto-butyrate. For’ exanple, a fungﬁll S {?gl n {slﬁg%gqo/l
preferably SBCRIBEYSHS & 9?8’%%@“9?@?’(%‘??' © SRS %’rrf/’il 475 er,

al so speci f synthetases oiwes ity lditer santedblits. paFdiel ehdity ke cogtrapymaste toteai n my
be used. "b%@é‘c%facﬁgé. $fnde 4 Et%iiﬂ gﬁx{a}pﬁéaﬁéié‘ct&ﬁfiﬁ'%lﬁéh DY ERSRRY & inhibited

particular fr t eclLes N sa may be d. In _an enpodi ment’ of the
i nventi on, @RHECIRAL, ghopipg PR S @WP&@W%E’F PV%P%KQHQH%&'I%H{;B%I

Cent er15 menmiaynbel wbdyvim whicthe omsuadionTini thesgmei éncoduty Hiin enagmeal oreddy
descri beld aé‘ém ﬁﬁ%ﬁg@&&@gﬁ%&%diﬂﬁ r&8idn fs nothRl firclofigdTike of N

crassa, |. netrc an I ochem cal characteristics, genetics 62:
479- 485, 1969CBORAING FYME. f o0d- grade micro-organismis preferred. 1 9 APR

2006 WO 03/046193 PCTI EP02/ 12629 9 In order to obtain a-keto-butyrate, a
sui tabl e megug s hisBethR&! RBtR% will be capable of accumulating o-keto-butyrate.

20 Especially, strains that comprise one or several mutations affecting the
biosynthetic pathway of the amino acids valine, isoleucine and leucine may be
useful. For example, strains with a deficient acetohydroxy acid reductoisomerase
(EC 1.1.1.86), dihydroxy acid dehydratase (EC 4.2.1.9) or branched-chain amino
acid transaminase (EC 2.6.1.42), and so forth, may be selected for ability to

25 accumulate o-keto-butyrate and hence, may be suitable strains according to the
invention. However, also other mutants may accumulate o-keto-butyrate.

o

For example, a fungal strain is used, preferably selected from the subdivision of

the ascomycotina. However, also specific bacteria may be suitable. For example,
30 a yeast strain may be used. However, also a sirain from the genus of Neurospora,

in particular from the species N. crassa may be used. In an embodiment of the

invention, the N. crassa strain from the University of Kansas Medical Center

mentioned above may be used. This specific strain was already described as

Y7110-strain in: Kuwana and Wagner, The iv-3 mutants of N. crassa, 1. Genetic
35 and biochemical characteristics, genetics 62: 479-485, 1969.

Generally, a food-grade micro-organism is preferred.



Dependi ng on the selected strain, also a preculture may be prepared. In
general, the choice of an optinmal nedium for pre culture of 'R ?
fermentation as well as all fernentation paranmeters depends ﬁrgﬁ y %W t he
sel ect ed siyAlsRacidde skilled person usually is aware of oﬂﬂkinal
growi ng or cultivating conditions of specific strains. Bf exanple i f
fungus as N. crassa is-used, it may be%dequate to obtain a 10 suspension
of spores as a starter naterlal which will allow a synchronized and rapid
bi omass production at a later stage of the process. For nost fungal

strains, the speC|f|c fermentati on paranet er at ght,
nutritional s Qigeryfo qhtain P‘a’g‘?fP%é‘%?‘gi & is ﬁ‘%i?eﬁfﬁ%] ﬁ%r ggxg‘ﬂfﬁtg‘& in N.
crassa straDependifeorn dmeceélémﬂ stiiin oalbd z-pmmiitum hay de )pregayech dnigspdral,see:

Deut sch, Dﬁ% RORE TR Wt n%&ﬁﬁﬁnfﬂf g, aRCleihSiHic 6 el ZasN.
Bi . 23 D 259-264)..
Sty ai S ar oAl dERAR B PABETS épp@%% it el A ThBRKIRY 25 1 or

120 hours. b&s@@m@ﬁ.ﬁly, iTandid ofrthe apeinmd | growarg bha;ulﬁmtmg kooaditions éfavor
spore for na%]%) aIIy or asexually produced ones. As soon as
sufficient Ohass as been built up, sterile water nay be added to the 20
agar plate, which suspends the spores if shaken lightly. The spore
suspensi on th@ﬁ arfiple aifne doripuy d3eVusessaas wsed] dtrmay beuldequate tb mbtzise t hat

bacterjp or 1? g; %31&5 of § ordh s 3 #ﬁ%ﬁ:ﬂﬁf&ﬂal é‘h %ﬁ afl d i%%ﬂfdn?ibd e

starter has red dif I nt Egﬂﬂi
parcul ariti é@léblms @H@.@Wﬁ% ahadatey $t5$e Q Slmo‘i?ﬁs &rlm?ﬁt g3 SUHNS: st art er
cul ture may {hespesHid fefmemation phﬁmtefemeumerauﬂmppﬂt tight, swtrdpsnhsupmdy) gr owt h,

bi omass pr O:Etéa%% oL s?&ﬂ{aﬁfop?a(fﬁlmﬁtf?% %&'&' E@Rhifis, Whi E@H%ﬂ&f W th

reduced spo or m crassa | s E ecte C glogut I
i nventi on, Hoewsz-medimm rédgapk mavebe teed ﬁe&w]a ?Eb
Vogel -facch @ﬁdmnu@ﬁeblmw galbbeine Sclilatdpile V.| cressd” D@Jbbgig i’ Daseréix ﬁert; nent

Spor ennust en erer
Zeit, 1993, g %ﬂﬂ)zégg :Z"ﬁ(:%@%%?sca#y St&aﬁééantoes aprralE?Q e&%\;‘%@to
liquid medi @ewhuadergight gidydr for R 0cpurs @ﬁ&?"lﬁ %B%ﬁaﬁﬂa{erﬁf%é?ﬁ %lah 100
-200 rpm  AflteknGiind ifagort kpbré dormationt semalliar aseangllyepdducediOneouhs af t er

I nocul ati on, s%)%g 3 B&ﬁ%&ﬁl@%&nﬁs tﬁ%s%gelfﬂ@’ﬂfltsu &&ile'v@ﬁ@#ﬁﬁ&'b@%dd%ﬁ&@% ne may

be added to I g 5% t hreonine in
per cend0 by Wﬁﬁ’gﬁlﬂtﬁ priaele syspepds (Shez sporgf%t [;’{gg‘fIXT ZBF FPETesSUSPERRION - o oni ne
per liter offhieshtsifed inad WPRAMBC Wt ke IR case that bacteria or cell-lines

are selected to carry out the invention, the starter has to be prepared differently,
taking into account the parcularities of the specific bacterial strain or cell-line.

25 The starter culture may be used to inoculate a medium, which favors vegetative
growth, biomass production and/or accumulation of a-keto butyrate without or
with reduced spore formation. If N. crassa is selected to carry out the invention,
the starter may be added to a liquid medium, for example a Vogel-Saccharose
medium, as described earlier (Deutsch, "Das Experiment: Sporenmusterbildung

30 beim Schlauchpilz N. crassa", Biologie in unserer Zeit, 1993, 23(4): 259-264).
On lab-scale, the spores may be added to liquid medium in an Erlenmeyer, which
is put at 25°C and shaken with 100 —200 rpm.

After starting the fermentation, for example 8 to 40 hours after inoculation,

35 preferably 8 to 30 hours after inoculation, threonine may be added to the medium
to achieve a concentration of 0.1 — 5% threonine in percent by weight, preferably
0.2 — 4%, more preferably 0.5 — 3% threonine per liter of medium.



PCT/ EPO2/ 12629 10 If a strain with a deficient aceto |lactate synthetase is
used, also isoleucine and valine may be added to the nediunL ﬁgﬁgu «t he
strain cannot synthesize these amno acids. O course, the § ofd¥8 true
for any sta| i any nutation or 5 deficiency affecting the
isoleucineyggppﬁ%&gathmay. However, these am no acids H4HFE%added in
finely tuned anobunts, because of negatl@e or positive feedback regul ation
mechani sms. I n particular, high levels of isoleucine inhibit or
down-regul ate the activity of the threonine dehydratase (ilv-1 gene product

in N crasga) ,and, .henc reduc he ,accu ation aqf a-ket.o-butyrate.

| nt er est i nSﬁyJ Sti%n\)’QB} pdefigign ﬁcq%gtlgﬁatgéyp@é &t 150154 hglaspﬁqliu'cdg%én@r oduct
of N. crasselineayapbe addieidio the medilm, heeause shenssiaith eannodsynthasing theseval i ne
Lotal pedi (i AR, OF cblisd e s [WIASRRY Rir sy sHaRliyith bol dhufleioh 7} 95 ©F
0.01 t8 1 fvgféﬁ%néyﬁf@@%ﬁ}eylsegéimP/véﬁ%%gb a%nﬁa\’{?‘.’eragwﬁé‘mf“é? A6Eat i on
time, howevshonlddpeadizdom finelyt yweedofmbentsp becausooft hegative o godidiveed. The
accumul at i oge eagﬁ'x@ atfGl theRHAMERL CInl PartifiBarTRSHHRVEIRTOTERSIBECIRY ifiggitN. 20

crassa descri aboye may r.each hi.gh anoynt .atter.an optimal ti.re of
f er nent at i off. dOFHkT t"nﬁ’ra?u %&ﬁ@f%‘?ﬂ’g@n&’%%{%‘y@%t@y' DBMEPIORBCHBy s,
pr ef er abl y MOcrassd) adismcs, ratueer the taacumulgtion ef didetehufyratenintefestingly,t i vat i on

of bi qgass &fﬁ{ne%hfd.hq.é nga&i\}‘d?&%ftiﬂé WAt SendSrotRiRt 6 BcaBQY SndyShe ARicdsual |y
referred to, as a, conti nuous, fer rreng(ﬁtl 0 ~ocess, , For h@)éalggé.el no substance

at all may Weamplepmewnts meitheryiAccosipgly, ¥ Kt afided o & #n the
sane |ine, intifamonat o00.0081te i Sfsbynwyight ofidi dnealivrer Preiereblyaivaling ise onl vy,
for exanpl fHh 56£6.01 RO T h A bRpraferstle 0BOL WY,

Accordi ng t%dd%gtﬁgt %glev%ﬁ atlg&ggﬁl%{]ﬁé eoni ne fefs ’add%gji nerdi ?f eérent intervals
after startbhwet 30 fermentation, for exanple after 8, 16, 24, 48 and 72
hour s.15Addi tional ly, other netabolites or nutrients may be added accordi ng
to such a pehd GhfhentRidh! fHHEYRoREvdiaidefedds WG BRCHpY dihfckidndliGA ithay RPerti es
as descri bgg %Fovgenare gen’ergﬁé‘{/ i:ha?eact eri zegﬁripn that the formation of

bi omass is UelPEd substanti al | y 35 simultaneously to the accumnul ati on of
the key-netabolite. Concomtantly, besides the usual pH drop during

fermentati ofpe RRCHAASHME of RDANECKED Wity ABY iPhe medium fermented by the N.
20 crassa described above may reach a high amount after an optimal time of
fermentation. The maximum amount may be achieved after 20 to 200 hours,

preferably 40 to 150 hours after starting the fermentation.

The cultivation of biomass for obtaining o-keto-butyrate as depicted above is

25 usually referred to as a continuous fermentation process. For example, no
substance at all may be added to the medium after fermentation has started. In the
same line, threonine, or nutrients may be added after a certain time only, for
example after 10 to 40 hours after inoculation of the medium. According to
another variation, threonine is added in different intervals after start of the

30 fermentation, for example after 8, 16, 24, 48 and 72 hours. Additionally, other
metabolites or nutrients may be added according to such a pattern.

Continnous or batch processes with transient properties as described above are
generally characterized in that the formation of biomass is achieved substantially

35 simultaneously to the accumulation of the key-metabolite. Concomitantly,
besides the usual pH drop during fermentation, no drastic change in pH may be
effected.



effected. 1 9 APR 2006 WO 03/046193 PCT/ EP02/ 12629 11 Alternatively, a nore
sophi sticated continuous two (or nore) step process may be 4@'!‘@2{]@" S
kind of fernentation yields, as was found surprisingly, much higher
concentr at ket o- butyrate because the nmedi um coposi el is 5

optim zed ;\%&%/Ogélgglfl c effect of a specific step. For % g12623 s
possible to envisage a first step, whikh is directed to bUI|d up bi onass,
and a follow ng step, for exanple, a second step, where essentially the

bi oconversion occurs. The two (or rmre) step fer ment ati on process,

o kbt os buty GRSy, prge RSB S Brbept e (F pS) MEBBRET AL Co
a- ket o- buty dl i

step fer menthatapphiedr ﬂ‘h&klndmf fesmexdatinn yiedds, aﬂmrfbllmbbl}l;pﬂbirMSmunhy be
produced at &Q%nfc Ridns AT GReH- [ beleh @it the HheiBSS cAARBodifA @unlt P

0.01 % th t
E)ar amgt |°§ gﬂé‘?fgé‘ﬂ aaﬁ?&‘“ﬁﬁpfgfp{ﬁ% Iaygpe?‘lﬁ‘)’t ‘ﬁé’r Fr?éacﬁ’n‘ﬁ’i‘ﬁ’o I%iét fsné‘?slégqlgﬁegl are
added wi t ho@vﬁagc:arﬁtsim;ep, tvéhiclr isglireated te dniichup®fiomansy s a fdjpevidigragepn t he
sel ected m %fe Bi $ Joﬁ&tste Swh@@%seﬂ'%l?i‘ﬁm%%ver@ﬁﬁ%@rs may differ

drastically tlc opt i ma Iomass ftormation and a-keto
butyrate synt heS| S may be d| ffer ent from the values given 20 below. It is
even possi biThe tWwat (er shora) rstdpadernientatione poocess, ssurptismglyptrrowedd gl ber  bot h

st eps, %he %ggéem@fgy &9&@?& dé&@gﬁh&tgn%wkaawﬁaae Bwokl %heé

a-ket o-butyra crassa stra es
above, t he befqleweg. Hirst f%f""’ﬂ’?@o’é’c‘?ﬁ‘(ﬂﬁﬁ% FBRLGHOB PSSR Pe ?fgl 7,

preferably Adcordingh, biomasspnaf be piodducdd at tacspbeifidtpH. As squid amduﬂicwnt
temer atur e yifmaQ has Hn it BT @RNEAHEP Rrdigheshdl WS eablEPTANCPRUOr 1 to

10 d , I -
10 days, b ofl) Esgﬁﬁfﬁﬁrﬂvi'é%“‘%a)tlét‘i)f’ﬁﬁng ot qhibrily, H5hem BB el en

bi omas$5i s lingletiemts archddedwithyutldéscatdimg tiet driginal edidn. preferably 9 to 11
by addition of NaOH thus starting the bioconversion process. Furthernore

to Thi's p olBbesures, dspeplis angls sHBuey PUEE- GEFIET 0t i AP 581 508 oduced
by the N crasspetsts anay i diﬂiat |d1'a&tntaﬁj&0\}n pémicelddi pptomal tpke forobewsasss
formation and a-keto butyrate synthesis may be different from the values given
20 below. It is even possible, that a strain has the same or a similar optimal pH for
both steps, the biomass formation and the a-keto butyrate synthesis.

If a-keto-butyrate is to be produced with the N. crassa strain described above,
the starting pH for the accumulation of biomass may be below 7, preferably 4 to

25 6, more preferably 4.5 to 6. At this pH and a temperature of 20 to 30°C, a
fermentation is started and conducted for 1 to 10 days, preferably 2 to 5 days, for
example with the Vogel-saccharose medium indicated above and under agitation
or stirring.

30 When sufficient biomass is built up, the pH may be changed to 7 to 14,
preferably 9 to 11 by addition of NaOH, thus starting the bioconversion process.
Furthermore threonine, valine and/or isoleucine may be added at this stage.

According to this process, 2 to 10 g o-keto-butyrate per L medium may be

35 produced by the N. crassa strain identified above. In addition, the process is
simple and rapid, because the pH change is essentially sufficient to start
increased o-keto-butyrate synthesis.



sinpl e and rapid, because the pH change is essentially sufficient to start

i ncreased a-keto-butyrate synthesis. 1 9 APR 2006 WD 03/ 046 9 %@c

PCT/ EP02/ 12629 On the other hand, a discontinuous two step appr h pss al so
possi bl e I%hf context of the present invention. Accordin I%/{ after the
bi omass i s "BuP’ , it is separated fromthe medium fRST #ﬁ?e by
filtration. Thereafter, the biomass is 12put into a new nmedium which is
adjusted to the prormtl on of accunul ation of a- 5 keto-butyrate. In case

e iy e e i st it e,
preferably §oRigxY ﬂ‘ElH@ESEPEépVEBHW %‘E‘}QEAIPQIX éﬁf‘ég ﬁllléjt-"?ﬁ gpp{}d%ess
yi el ds 10 hsgtaraiﬁdlfrm thef madinet, doberapide by (fﬁtrmngﬂhﬁeaﬁ@ra itlae biossshlie t hat

by further ﬁﬁiﬂté aﬁewarﬁbaiaﬁfrwc% i9hdfubRd 16 HieFoR¥ A0 Bf SRAAMGESE fat | ons
are obtai ne For exanpl e, the bionass formation may be conducted in a

Vogel - sacch @S@lty%%l um al so used for the continuous two step approach.
The bi omass buil d-up 15 may be conducted at 10C to 45C, preferably 22 to

2?|Cr ‘; ?Lgl ]E gn Eg&?ﬂﬁ a OGN, %‘?b.é&la ésgﬁfr?]lvé;ﬁ)ls_??%%& accunfiftite ﬂ-k&ﬁlb\ﬁﬁ'ai@tthﬁgr g{ od.
for exanpl eP éwﬂ%ﬂ%‘ﬁ to ProgAte aqqupgltlat}@dflﬁmogl}}aﬁ EfT?’g ?g‘? uci ng
bi omass andpréferabl;xanml El. Inke thertontmud0s bwib fséap approawh) thi§ grodsise guelder si on.
Such ajpuff E%Pﬁx:ﬁat %W—Eet@%‘&%&ét%'(!—locélﬁj 3l o's§611 % ﬁm@pgp&mo aci d

concentrati or] E our t.he unul™at1 on t he tar,ﬁ nol ecul e. The
ski |l ed per 88Rsimenisaf thegnedipm erSl’& T gqpoenigat ‘é’&ﬂéﬁ”ﬁ f& nedi um and the

paranmeters to be adjusted to this end. The factors are generally chosen in

a way that ? e‘i% Sthé foﬂaﬁﬁkﬁl AR ﬁef«'éond%éteal lacep ﬁsawahafo%e
%r

activated. For_ exa crasE‘?, strain de I&ﬁ ove |s a
phosphat e b@¥gdigm BPW“B P Step(#pPIo ?Ili“‘ﬁ’rlPSF li‘ﬂ
pref er adl y, niayl be rmmdhetedsaid10°CTtue45ﬁﬁ f prefarably 2 $upptE@rfentletb Vi ﬂhys

t hr eoni ne, 339(%&% lt842ga#ﬁun&&%1g g?lraﬁ bz bARI¥Ying; tbr ex Ofihlem)r e preferably

0. 2-4% and I ne,” for exa 1.5% preférably 01-0.5% to
convert threonine into a-keto-butyrate. The fermentation in the phosphate
buffer for MHoodhebrcshversivaythedicnasiuntebie fseparaigd, for example by filtration,

from the first medium suitable for producing biomass and, for example, put into a
20 buffer suitable for bioconversion. Such a buffer or medium is generally

characterised by a pH and amino-acid concentrations that favour the

accumulation of the target molecule. The skilled person is aware of the factors to

be added to the medium and the parameters to be adjusted to this end. The factors

are generally chosen in a way that the enzymes implied in the desired
25 bioconversion are activated.

For example, if the N. crassa strain defined above is used, a phosphate buffer
(0.1 M) or glycine buffer (0.1 M) with pH 7-14, preferably, 9-11 may be used.
The buffer may be supplemented with threonine, for example, 0.1 — 10%,

30 preferably 0.1 — 5%, more preferably 0.2-4% and valine, for example, 0.005-
1.5%, preferably 0.01-0.5%, to convert threonine into o-keto-butyrate. The
fermentation in the phosphate buffer for bioconversion may be conducted for 12
hours to 3 days, preferably 18 hours to 48 hours, at a temperature of 10 to 45°C,
preferably 23 to 30°C.

35



hours to 3 days, preferably 18 hours to 48 hours, at a tenperature of 10 to

45C, preferably 23 to 30C. 35 1 9 APR 2006 WD 03/ 046193 131%%3%@12629
In general, the same starter and |iquid medium and the sane addr't

suppl enment OOJ/ nggsci fic amno acids as described for the continuous
one-step 28&%%5et out above may be used. O course, RGTEay o py
conducting fermentation with an intactldricro-organism 5 also an enzyne
extract of such, or a commercially avail able enzyne isolate nay be used to

perform the _bioconvegsi r h i t -ke y . : xanpl e,
enzynes nma bge%g{ﬁ'l a@e'%%om%%egﬁqéﬁ%srg?s }fﬁ %ﬁd%%eﬁ?rﬁgﬁ ?dc;ﬂﬁg?agi n. A
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pr epar ed tq)rg%gsgﬁyd@ﬁgbav&ﬁbpbbme&ate. 10 Dependi ng on the furtherOI
utilizatio t he a-ket,0- A i A i £ 1O . ium
For exanpl bFoMSEo g podoEhfl SshasHilioR twith A Wiy phEREbERIT

a- ket 0Sbut yalsa en enzymee gxtiast of sieh; oF psgmmmeaciedy qu)é&;%gq tQRY 15

pr fﬂ”ft ;,( Sf&r ]yﬁéﬁilﬁ@ lpertbhavine fbils(smhe@ﬁmeﬂ@wﬁmmﬁ@e (S oskeétglbubyrayed rioty - 4 )
nmet hyl - -furanone) or sqgtolon (3- r 5 - -furanone),
for exanpl el_%xatanﬂ?rr‘? fmqbc?re %58@#%% t%gr(}g(-:ée}rsagséjr%tg/g gyéggécgg%%?é#hese t Wo
flavors gendma¢digmocemaprising an optapizad pHs Snzym 2HVAI0E UKlbprosysYis Ay thegy
concent r at i §aSared Qo ERAMANMETI RetoHHufelr ONe may be produced by filtering

the f rbgal yphes from the nmedium optionally further purifying the nmedium
and b;i changing the conditions to pronote a |actonization reactjon. 25 In

a first stePependimmpnithe fudberatdization of dherpriketehutysdpcimprabedaolteds ket o-
butyrate i ngbRemERehdim, kiR oafa dsd&RR with 4 fifitabRdesimor by HRL.Came
concentration of a-keto-butyrate favours the formation of the enol tautoner
of a- keto-butyrate. Thereafter, pH may be adjusted to 8 and phosphate

buf fer may Beweserafio-ketehutyrate isbisiduan as inieraiedipty i synthestzesoBer ende, for

- exampl®.  products, for example flavors such as emoxyfurone (5-ethyl-3-hydroxy-4-
methyl-2(5H)-furanone) or sotolon (3-hydroxy-4,5-dimethyl-2(5H)-furanone),
for example, a purification or isolation process may be adequate. These two
flavors generally constitute "top-notes", which are used in very low

concentrations.

20
For example, emoxyfurone may be produced by filtering the fungal hyphes from
the medium, optionally further purifying the medium and by changing the
conditions to promote a lactonization reaction.

25 In a first step, it may be adequate to determine the concentration of o-keto-

butyrate in the medium. Addition of K,CO; to the medium in the same
concentration of o-keto-butyrate favours the formation of the enol tautomer of o~
keto-butyrate. Thereafter, pH may be adjusted to 8 and phosphate buffer may be
added. Then, the medium is heated for 4 hours at 120°C, for example.
30 Optionally, boiling stones may be added at this stage to prevent boiling over. In
this step, emoxyfuone (5-Ethyl-3-4-methyl-2(5H9-furanone) is formed,
consisting of originally two molecules of a-keto-butyrate, one of them in the
enol-form. Thereafter, the medium may be cooled to under 10°C and 10% HCl is
added (10 parts of 10% HCI per part of o-keto-butyrate).. Subsequently, the
35 medium may be heated again for 1/2 to 3 hours to alleviate ketone hydrolysis.
Ring formation may be finally achieved by applying a vacuum (10 to 100 mbar)



30 Optionally, boiling stones may be added at this stage to prevent boiling
over. In this step, enoxyfuone (5-Ethyl-3-4-nethyl -2(5H9-fa9 ?ngs
formed, consisting of originally two nol ecul es of a-keto-bBu m , one of
themin th Jorm Thereafter, the nedium my be c nder 10C
and 10% Hd%q(gm%alfded (10 parts of 10% %—O per part of g‘b@&é’%ﬁﬁyr ate)..
Subsequently, the 35 nmedi um nay be hea% d again for 1/2 to 3 hours to

al l eviate ketone hydrolysis. Ring formation nay be finally achi eved by
applyi ng a ¥o40'4n9040, twhichORadesy watkr Snd\PR22 OB, it QT e RS niclecule,

PCT/ EPO2/ 126§g at 419 to 90C. which | eads to water and (1/2) CO2 split of
fromthe nol cillllrgsu Wieghmﬁyggﬁn'ts i n enoxyfuran. Enoxyfurone (a | actone)
may be easily isolated fromthe mediumby ether 5 extraction, for exanple

by usi ng meghoxbRirbAd h Vikeohe) nia) Be ehsilyessoldled Hd2) the yiatdiinaby sthéh

addi ti on of triumsul phate.; The. fol | owi.n | es_afe.qgLy b y of

i |lustratioff q?narﬁ;r FﬁaW:’)l% “S%OWF@WSE%@@%?&}“ ?é ﬁlclq%ﬁ t%P r?gﬁzm

subj ect nmat sywsterfand vathoadskitiont oNgirimeasuiphate. 10 Percent ages and parts are by
wei ght unl ess ot herw se indicated. Exanple 1: Accunul ati on of

- ket o- but t bi i f th i i,n N 15 | AL AND
e L
fromthe Kaslsagd beedimstiuedastlonitingdbe svbjeat ouitier epr appigationt i ng

type Agar ePch@ﬁﬁQe@ﬁhcppgrts()di‘eBQQ&Vei%_}guﬁ!&_sféﬂxWﬁfdﬁawd.pr eparation of a
starter. The conposition of the "Horowtz"-nmedium which is used to this
end, is given in table 1 below Table 1: "Horowi tz" mediumfor cultivation
of N. crassa to obtain spores. V~ Wwole Salt Solution *200 m d ycerol

(8799 185 M EGaafie 10 dcalMAREY of odetsbatyraté b WibedhviRsibn b ithasinng

in V. crassa

15
MATERIAL AND METHODS

Spores of a N. crassa strain with a ilv-3 (-) genotype purchased from the Kansas

Medical Center under catalogue number FGSC 575, mating type A, are plated
20 out on agar in an Erlenmeyer for preparation of a starter. The composition of the

"Horowitz"-medium, which is used to this end, is given in table 1 below.

Table 1: "Horowitz" medium for cultivation of N. crassa to obtain spores.

Whole Salt Solutiog * 200 ml
Glycerol (87%) 185 ml
Casein hydrolysate 05¢g
Yeast Extract 5g

Malt Extract 5¢g

Agar 20g
Biotin Solution ** 100 ul

| Distilled water ' adjust to 1000 ml

pH 6.5

25 *Whole Salt Solution
25 g K-Tartrat (di-Potassium tartrate hemihydrate — Merck)



Agar20 g Biotin Solution **100 pi D stilled wateradjust to 1000 m pH6.5 25

*Whol e Salt Solution 25 g K-Tartrat (di-Potassiumtartrate gegiA%fggmBﬁa -
Merck) 1 9 APR 2006 WO 03/046193 15 20 g Na-Nitrate 5 g KHZPO4'2.5°g MySO4

x 7H20 O. @CIZ x 21120 5 0.5 g NaC Adjust to 1000 mM with distilled
water. 10 §&(%]3 % Soluti on Dissolve 5 ng Biotin in 108"MP%H9%°t hanol .

The strain is grown under |ight at 25C1% or 120 hours. PCT/ EP02/ 12629
Thereafter, 10 m of destilled water are put into the Erl enneyer to

suspense they o NRNgSate 4 M of the suspension are taken and put into an
Er | enneyer g%ﬁéﬁi ing 15 liquid "Vogel -saccharose"-nedium given in table 2
bel ow. This 4s enriched, fromthe beginning, with L-valine and
L-i sol euci n2.5 gMgSamili£) the "Vogel -saccharose-nedi um conprises a
modi fied "Vggel ca@laix salwtion”, the ingredients of which are given in
tabl e 3 bel 8{\2\)1 %eérenta Ion is conducted at 25C and 100 rpm for 168 hours
(7 days5). LYH¥ @8nl ne i s added 24 hours after the 20 start of the
f er ment at i o Adfuk®tay1 000 m] wWittidistaltdWodel - Sal t sol uti on2 Saccharose sol ution
(50% 2 L-Valine solution (25 g/1)*0.07 L-1solueucine solution (25 g/1)*0.03

**Biotin Soluti

Dissolve 5 mg Biotin in 100 m1 50% Ethanol.

10

The strain is grown under light at 25°C for 120 hours.

Thereafter, 10 ml of destilled water are put into the Erlenmeyer to suspense the

spores. 4 ml of the suspension are taken and put into an Erlenmeyer containing
15 liquid "Vogel-saccharose"-medium, given in table 2 below. This medium is

enriched, from the beginning, with L-valine and L-isoleucine. Furthermore, the

"Vogel-saccharose-medium comprises a modified "Vogel-salt solution", the

ingredients of which are given in table 3 below. Fermentation is conducted at

25°C and 100 rpm for 168 hours (7 days). L-threonine is added 24 hours after the
20 start of the fermentation (10 g/1).

Table 2: "Vogel-saccharose" medium for fermentation of N. crassa

Ingredie %
Modified Vogel-Salt solution 2
Saccharose solution (50%) 2
L-Valine solution (25 g/1)* 0.07
L-Isolueucine solution (25 g/1)* 0.03
L-Threonine (100 g/1) 2
Sterile water 93.9




L- Threoni ne (100 g11)2 Sterile water93.9 Table 2: "Vogel -saccharose" nedi um
for fermentation of N. crassa 1 9 APR 2006 WD 03/ 046193 16 jcg-séf) ﬁg 629
Tabl e 3: Modified "Vogel-salt” solution as used in the "Vogel é@
fermsntatlg&lﬂg}iggé m 7.7 ~xnount pellitre ;,; Ingredient_- CO6H5NaO7 X 5
H20150 g g NHANO3 (rodification)0 MySOAx7H2O J§TEREIPOX 2 H20 (to
20 mM H20 di ssolve)-5g Biotin Soluti onlﬁsee table 1)5 m Trace el enent
solution***5 m Distilled wateradjust to 1000 m ***Trace el enent sol ution
55gcitri %;%)ﬁ @l Médfkd 5%%[@@9 &1&@& las Gude@ ( M ("Seb1-3acbhdriB&" 0. 25 ¢

CusSH™ x 5 0583 SO4X 20 10 0.05 g H3BG3 0.05 g NazMbO4 x 2 H20
( Sodi um no Hee - Merck) Adluqr.'rn 1nn.m uith distilled

wat er . SampImsredient hie nedi tim.are. .t aken af{tAn IFE2.:flour s and anal ysed
for by 15 P8 BE for mance chr omalSIggaphy) RESULTS I n the
medi um a- mp'wt yrate accunulated up tg 400 mpgd g(HPLClanal ysis). 20

NH;NO; (modification) 0

MgSO, x 7 H,O 10g

CaCl, x 2 H,O (to 20 ml H,O dissolve) 5g

Biotin Solution (see table 1) 5ml

Trace element solution™** 5ml

Distilled water adjust to 1000 ml

***Trace element solution

5 5 g citric acid x H,O
5 g ZuSO4 x H,O
1 g FC(NH4)2(SO4) x 6 H,O
0.25 g CuSO4 x 5 H,O
0.05 g MnSO,4 x H,O

10 0.05 g H;BO;

0.05 g Na;MoO, x 2 H;0 (Sodium molybdate dihydrate — Merck)
Adjust to 100 ml with distilled water.

Samples of the medium are taken after 24, 48, 72 hours and analysed for by
15 HPLC (high performance liquid chromatography).

RESULTS

In the medium, o-keto-butyrate accumulated up to 400 mg/l (HPLC-analysis).

20
In conclusion, by fermentation of a natural mutant micro-organism it is possible
to achieve an accumulation of a-keto-butyrate in the medium. In the present
example, a natural ilv-3 mutant ascomycotine fungus (V. crassa) proved to be
effective.

25



I'n conclusion, by fermentation of a natural mutant mcro-organismit is
possible to achl eve an accunul ation of a-keto-butyrate in thle %ggln
the present exanple, a natural ilv-3 mutant ascomycotine fungus

crassa) pr e effective. 25 1 9 APR 2006 WO 03/

PCT/ EPO2/ 1 Zgloéﬁggaérjrpl e 2 : Increased acc]urrul ation of a- %‘?‘%ﬁjﬁﬁ%’ﬁ ate In a
two-step fernentation process MATERI AL7AND METHODS 5 The sanme strai n,
medi a and equi pnent as cited in exanple 1 are used. In a first

ferment ati orExapipleess: iIacidased Castuhalativic Wfabi-igodutPpditeinCanpwostéey the

enri ched Vogg}%é%#haﬁ%lr%% n, L-valine and L-isoleucine (threonine is added
€

10 lately) data in exanple 1. At the begi nning of the
fermentation, the pHis at 5.8, and drops to 4.4 after 72 hours at 26C
under sli ghmmm 206pg pm) . Then the hyphal cells are filtrated

(0. 221i and transferred into a different 15 nmedium that is a phosphate
buffer (0.1 M, which further conprises tbreonine (2% and valine (0.03%.
The pH is adjhesewe strein] cegia and\equipnientry citod mesxample bergused0 hours, at 25C
and 200 rpm the bioconversion is interrupted by flltratlng the msdi umto

remove the and stori the perneaie at 4 ntil further

anal ysi s. RE% r’%gs = cﬁ"t%mn gmgq lggﬁoél%e‘i)ﬁ)f Ozﬂ’gh gaé“&‘ﬁ‘ﬁ“ RIS ai ned
in the nedi the airiched Yogdsalisoluting, b-valive wédlli@llﬁmmﬁaﬁthl@ﬂnmtlh afdedr assa.
Figureid Illmét ﬁ&&idh@&o&ﬁ@@ﬁ%zl'lﬁtdx&ﬁpﬁfl kBt O o3¢ fethel Wrhldgtdtione of the

o~ ket o- but yrii L L oo R TEOMGE Bl? 8 @&%@?ﬁf}!@é%ﬁmion of

a suitable r(@@ﬁmm th a natural 30 nutant food-grade m cro-organi sm
yi el ds sufficient anounts of a ket o-butyrate converted fromthreonine to

enable a | ndlLilSt rtlhglh}%ha ¢ells e filtrated (0.22pm) and transferred into a different

15 medium, that is a phosphate buffer (0.1 M), which further comprises threonine
(2%) and valine (0.03%). The pH is adjusted to 10 with NaOH (10N).

After in total 110 hours, at 25°C and 200 rpm, the bioconversion is interrupted by
filtrating the medium to remove the biomass angl storing the permeate at 4°C
20 until further analysis.

SULTS

High amounts of a-keto-butyrate (> 8 g/lI) were obtained in the medium after

25 conducting a two-step fermentation with N. crassa. Figure 1 illustrates the
accumulation of o-keto-butyrate during time of the overall fermentation process.
Bioconversion of threonine to a-keto-butyrate was up to 90%.

In conclusion, the two-step fermentation of a suitable medium with a natural
30 mutant food-grade micro-organism yields sufficient amounts of a-keto-butyrate
converted from threonine to enable a industrial production.



18 Clains 1 9 APR 2006 1. A process for accunul ati ng a-keto-butyrate by

bi oconversion fromthreonine by a mcro-organismcultivated in a
fermentation medium 5 2. A process for accunul ating a- ket o- hud APRt 2008y

bi oconversion fromthreonine by an enzyfe extract of a mcro-organism 3.
A process according to claim1 and 2 wherein the mcro-organismis a food
10 grade m cro-organism 4. A process according to any of clainms 1 to 3,
wherein the m Q:Irlgglgr ganismis a natural nutant m cro-organi sm Neurospora
crassa strain ilv 15 5. A process according to any of clains 1 to 4
wherein the mcro-organism exhibits very |ow or no acetohydroxy acid

synt het ase actiyvit eQr el t ' Irﬁjm. to0 5, which
conprises cul til\'/at‘?(ﬁré)g?slélfe%rgérclgglrﬁ%-ﬁ% ggﬁlgg{ﬁq&fﬁﬁe@ H%‘%ﬁs}r‘% Ium e\%l?lgc)h favors
the production of WyiaomaxesorgenisgOeuitivatedines fornamnipsion medivmd t hereaft er
cultivatingsthe bionmass in a different nedium which favours accunul ation
and/ or excretion of a-keto butyrate. 7. A process according to claim®6,
wher ei n t he nedi urd wivcesh fdr ascymulatingie-kermbhitatey tagvdisrsiandomethiaoning f

a-keto-butyrate cofppics ko Sf £610-& weight, 0.1 - 10%threonine, O
- 1% valine, and/or a pa%%ehatai S algj uostéa to 7 11. 30
3. A process according to claim 1 and 2 wherein the micro-organism is a food

10 grade micro-organism.

4. A process according to any of claims 1 to 3, wherein the micro-organism is a

natural mutant micro-organism Neurospora crassa strain ilv3.

15 5. A process according to any of claims 1 to 4 wherein the micro-organism

exhibits very low or no acetohydroxy acid synthetase activity.

6. A process according to any of claims 1 to 5, which comprises cultivating the
micro-organism in a first medium, which favors the production of biomass of
20 the micro-organism and thereafter cultivating the biomass in a different

medium, which favours accumulation and/or excretion of a-keto butyrate.

7. A process according to claim 6, wherein the medium which favours
accumulation and/or excretion of a-keto-butyrate comprises, in percent by
25 weight, 0.1 - 10% threonine, 0 - 1% valine, and/or a pH that is adjusted to 7-
11.

30



