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utyric acid. However, Pseudomonas is not a food-grade micro-organism and,
therefore, the a-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, Sugjura, 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, o-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 a-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 o-keto butyric acid in sufficient

amounts.
35
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15 An advantage of the present invention is that it provides a process for easily and

cheaply obtaining o-keto butyrate.

Another advantage of the present invention is that it provides a biotechnological
process of obtaining o-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 advantage is that the o-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 a-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).
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Mut ants of N. crassa, |. Genetic and Bi ochem cal Characteristics, Cenetics

62: 479- 485ui?RP, i8dhd RRntdx¢t-of WHEeHResdn® ihtihtioN) sBSlldhot BE cBhSFEED as a

invenjion, is.intended to nean the . . .
ié single point mutation, or a mutation only present on the coding region of a

specific gene. Much to the contrary, a mutation is thought 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.

—d

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 V. 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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pref er abl y th@ tdrhe"abd8Ted0Tort"Becatfl"Sasdiand, dependihg oa the ebatexed enbodi ment,
the m cro-organi sm bel ongs to the genus of Neurospora. In a preferred

enbodi ment, the mcro-organismis a N. crassa strain. 25 In a preferred
enbodi ment Riéfdrdﬂﬂypm% ae imbodiamenit of the peocess nocardgmniosthe presentnaiventibn,

mut ant m cr, | e I ' t
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val i 18 bi odpateniami,dupguhenyeast30 Preferably, it is a nutant of the |inkage
group IV of N crassa. For exanple, the

Preferably, the micro-organism is a bacterium or a fungus. If it is a fungus, it
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.
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activity. Eégg]n&gn F@f@?&ﬁ%ﬁ% n hgsa oy %ttu%n 8&6@6 g 33%%@‘61 defi ci ent
or inhibited dehydroxy acid dehydratase or acetohydroxy acid synthase.
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two 20 or enco WO m)res’es ere |s at
| easiOone sompriseher enalfibictioning, dﬂefwie Ofii l@hﬂﬂ@dgdm% r&eFl§'R¥PQB€|"cé'&déﬁ¥d agt

| east one ﬂﬁﬁ&ﬁoﬁ(}?ﬂwﬂ‘y‘@ =gkN a-keto- butyrate is accunul ated. Preferably,
the process according to the present inventionis a two or nore step 25

continuous or discontinuous fernmentation. In a preferred enbodi nent, the
process of j hg pfe‘fé&éﬂ éxﬁb@ditﬂam Gbérpﬁii&@swgauisni veahiibigs tvery milowo-cor gani sm
in a first ms\di1 @l} (? %ﬁ‘%rs bItO production and enzyne activation
and t her eaft&PIY qxly\ﬂﬂ PRSP O R s: in a 30 different medium which
favolfs accumul ati on and/or excretion of a-keto-

In a preferred embodiment, the micro-organism has a deficient or inhibited

dehydroxy acid dehydratase or acetohydroxy acid synthase.

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 a-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.



butyrate. Preferably, after the production of the bionmass, the first nedium
is filtered, the residue (the mcro-organism is collected and transferred
into a di Wioemaas19gedi um 35 Alternatively, the nedi um maydeErmwded2ded to
forma different nediumin the presencg of the mcro-organism that is,
without a filtering step. WD 03/046193 PCT/ EP02/ 12629 7 In a preferred
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i sol at ed fbmmassduikbuprndrihaapmiopriatesinzynee agiivadibhe resin or by HPLC. In
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30 In order to work the present invention, a suitable strain nust be
det erm ned. Such . . .

15 For example, the second medium comprises additional valine and/or threonine.

Preferably, the process further 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, a-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 a-keto-butyrate to 2-aceto-2-hydroxy-butyrate. In other words,
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(EC 2. 6. 1. ¢oyrespondlisgpenzymp, may be selected for ability to 25 accunul ate

a- keto-butyrate and hence, nay be suitable strains according to the

Of course, also other mutants will be capable of accumulating a-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 a-keto-butyrate.

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 strain 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, I. Genetic
35 and biochemical characteristics, genetics 62: 479-485, 1969.

Generally, a food-grade micro-organism 1s preferred.
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soon as sufficient biomass has been built up, sterile water may be added to the

20 agar plate, which suspends the spores if shaken lightly. The spore suspension
thus obtained may be used as a starter culture. In 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.
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anoupn§s neither. Accordingly, valine is added to the mediumin an initial
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added to ramin an anount o to 1 % nore preferably 0.01 -
0.5% by vmnﬁtlctedlS The fernmentation t| me, however, depends on the type of
fernmentation that is

The accumulation of alpha keto butyrate in the 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 a-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.

Continuous 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.
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parameters may differ drastically. In particular, optimal pH for biomass
formation and o-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 o-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 a-keto-butyrate synthesis.
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approach is al so possible in the context of the present invention.
Accordingly, after the biomass is built up, it is separated fromthe
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approach, I's process yields 10 high anounts of a- ket o- but yrate (3-10
g/L). It is possible that by further specific ]
For the bioconversion, the biomass may be separated, 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 a-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
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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 a-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 o-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 a-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)



A medi um conprising an optim zed pH enzynme activators and precursers is
then prepared to accunmul ate a-keto-butyrate. 10 Depending on the further
utilizati wo @fo46tee a- ket o-butyrate, it may be isolated frrowviitve/1oeei um

for exanple on a colum with a suitablejgesin or by HPLC. However, if
a-keto-butyrate is used as an internediate to synthesize other end 15
products, for exanple flavors such as enoxyfurone (5-ethyl-3-hydroxy-4-

met hyl - 2( 54f) 40 uo L0ORE)whichsleads tm waserhaust (ﬁ:@) £,8; apheehyrom (thejmelackione)
for exanpl g,.. Lk i i sol ati on process nay be adequate. These two
flavors geﬁ@?%fe;éﬁgé#s;%ogpgﬁﬁ?bp- notes", which are used in very |ow
concentrations. 20 For exanple, enoxyfurone may be produced by filtering

the fungal ply Jrfeoga 156n 8 RhdiMbe Odsilgnioldted Ukkbine thep unédivhn &yt beheredi um
and by changin _tlhe 0

nditions to pro a .l acioni zation. reacgtion, X5 In
a first stepragionyelpryexapelguly 15 d’é%gyﬁ?‘ﬁ%b‘{%x%}%&fn%rf e rgz et o-
butyrate igdiba dROwitiaddtitbd 6ONanfunke6Bateo the nediumin the sane
concentrati'on of a-keto-butyrate favours the formation of the enol tautomner
of a- keto-butyrate. Thereafter, pH may be adjusted to 8 and phosphate
buf f er mayThe folldevddg cRaaples laee rgé\cﬁmhyiwa)hQéJtlﬂuSﬁ@ﬁlom andyiragdatn REO®AYF or

exanpl e. 3%&@ @@%Ioby%é)@itah:@gist?{égﬁ?é sﬁ@xé?tbﬁla%fé@e& e pRdsens hppRcation.

prevent bo over D, qu yfuone, . .

( 5- Efly| - 3Pdraentages-and pagtsfage B oyright un ?ﬁ?r?%gef,wlseeﬁ%lf:%&efing of originally
two nol ecul es of a-keto-butyrate, one of themin the enol-form

Thereafter, the nmedium nay be cooled to under 10C and 10% HC is added (10
parts of 10% HC per part of a-keto-butyrate).. Subsequently, the 35 nedium
may be heapg@dnggiei It Accuwiilation 3fhoketw-butylate bydviechnversiom pltbreenine

Ri ng formatigp rr% be finally achi eved by applying a vacuum (10 to 100

nbar) WO OB} O4€TE$%CT/ EPO2/ 12629 14 at 40 to 90C, which |eads to water
and (15 2) C2 split of fromthe nolecule, which results in enmoxyfuran.

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.

Ingredient ‘mount per litre
Whole Salt Solution * 200 ml
Glycerol (87%) 185 ml
Casein hydrolysate 05¢g
Yeast Extract 5g

Malt Extract 5g

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)



Enoxyfurone (a | actone) nmay be easily isolated fromthe nediumby ether 5
extraction, for exanple by using nethyltetrabutylether in 3 cicles in a H20
syst em andom3toac@sldi ti on of Natrium sul phate. The fol | ow rRETeBRPLES ar e
given by way of illustration only and ifs no way should be construed as
limting the subject matter of the present application. 10 Percentages and
parts are by wei ght unless otherw se indicated. Exanple 1. Accunul ation of
a- ket o- but 20 gt™¥aNitdaieoconver si on of threonine in N crassa 15 MATERI AL AND
VETHODS Sper, N. crassa strain with a ilv-3 (-) genotype purchased
fromthe Kafsas? Midical Center under catal ogue nunber FGSC 575, mating
type A ar25m Mg%0.20tb@ on agar in an Erlenneyer for preparation of a
starter. Tbgép@m&tjwi@of the "Horow tz"-medium which is used to this
end, iis givenin table 1 below. Table 1: "Horowitz" nediumfor cultivation
of N.Jcras9a & 53t aj n spores. Ingredient Anpbunt per litre Whole Salt

Sol ution * A2Rwtad 1000 yslewith di@i¥éd waGr.n  Casein hydrolysate 0.5 g Yeast
Extract 5 g Malt Extract 5 g Agar 20 g Biotin Solution ** 100 |
Distilled water adjust to 1000 Ml pH 6.5 25 *Wwole Salt Solution 25 g
K-Tartrat F&Bident Sekitiom tartrate heni hydrate - Merck) WO 03/ 046193

PCT/ BPO2/ 12043195 nfd BlotiR i1 66 A1 Bkt O+

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

Ingredient Y%

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




2.5 g MgSH x 7H20 0.5 g CaCl2 x 2H20 5 0.5 g Nad Adjust to 1000 ml wth
distilled water. **Biotin Solution Dissolve 5 ng Biotin in 100 mM 50%

Et hanol . whlo3fhel9strain i s grown under |ight at 25C for 12@ThCRRA2629
Thereafter, 10 m of destilled water arggput into the Erlenmeyer to
suspense the spores. 4 m of the suspensi on are taken and put into an

Erl ennmeyer containing 15 liquid "Vogel -saccharose"-nmedi um Iql ven in table
2 bel ow. Tﬁ“ablel’TBdIMmdllﬁecbrﬁVmgtédaltf rsointidre aseysathiingthen"Viegel-sadcharosghd

L-i sol euci pe, rt her e the " Vogel - sacchar ose- nmedi um conpri ses a

nmodi fied | ? n@ql}mgna{ Yy on-—t ‘ s U given in
tabl e 3 belegredientrent ation is “conduct ed ardmeyatper i ‘dm for 168 hours
(7 days). H@Ng@glxnseﬂze) added 24 hour s afiter théSO@ start of the

f er ment at R p0), 9 1)~ |ao| € Z. Vogel sacchar ose_s()@dl um flor fernmentation

| nor

of N. cra$sq ret-eat— Yo ~Mdf+ed—Voget=Salt—suofutTom 2{Sacchar ose
sol uti on ’IAN% ( dluf arltg)nt)nl ution (25 gill)y* o 070 L—setdeuci ne sol uti on

o Ul

(25 g/1)* | Dg%0: K7 He@oni ne (100 g/ 1) 2 jLerl e WA8er 93 d WO 03/ 046193
PCT/ EP02/ [ ZaZ3, x 2a1Falfte2® mINHgD fdissdlveYogdl - sal t " 5s®l ution |las used in the

"Vogel - sa @’f@ﬁ@g@jundle(sggmémgllqn medi um [ingr edi ehinlAmount |per litre;
OHONAC7 ¥ S8 Sferhdfli SoTultba®s¥ 250U 5ml
Distilled water adjust to 1000 ml

***Trace element solution

5 5 g citric acid x H,O

5 g ZnSO, x H,O
1 g FC(NH4)2(SO4) X6 HzO
0.25 g CuSO, x 5 H,O
0.05 g MnSO4 x H,O

10 0.05 g H3BO;
0.05 g Na,MoO, x 2 H,O (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 (N. crassa) proved to be
effective.

25



NHANG3 (nodification) 0 MSOM x 7 H2Olog CaCl2 x 2 H2O (to 20 m H20
dissolve) 5 g Biotin Solution (see table 1) 5 mM Trace el enent

sol uti on*wo @/m6193Di stilled water adjust to 1000 m  *** TrraaeErekeneat
solution 55 g citric acid x H2O 59ZnS4xH20 1 g Fe(NH4)2(SH4) x 6 H20
0.25 g QuS™ x 5 H20 0.05 g MaS&4 x H20 10 0.05 g H3BG3 0.05 g Na2MbO4 x 2
H2O ( Sodi um nol ybdate di hydrate - Merck) Adjust to 100 mMl with distilled
wat er . SamBssnple 2he Ieciieasedr acampulation: ehfj asketoghutyrate ins aa fwoastepy sed

for by 15 Dq;;P rmance |iquid chromatography). RESULTS In the
medi um a- Iggﬁgg‘éﬁ{ﬂyr i(:a)(?{ae%gurrul ated up to 400 ng/l (HPLC analysis). 20 In

conclusion, by fernentation of a natural nutant mcro-organismit is

possi bl e thaARERIAG VNN | ati on of a-keto-butyrate in the medium In
the present exanple, a natural ilv-3 nutant asconycotine fungus (N
crassa% proved to be effective. 25 WO 03/046193 PCT/ EP02/ 12629 17 Exanple
2 : | ncr easp@ saaarsndial mediadndedqiapmebtidsyciddein exampled- e eped.f er nent ati on

process MATERI AL AND METHODS 5
In a first fermentation, biomass is produced by inoculating a medium comprising
the enriched Vogel-salt solution, L-valine and L-isoleucine (threonine is added
10 lately) according to the data in example 1. At the beginning of the fermentation,
the pH is at 5.8, and drops to 4.4 after 72 hours at 26°C under slight agitation

(200 rpm).

Then the hyphal cells are filtrated (0.22pum) 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 aan storing the permeate at 4°C
20 until further analysis.

SULTS

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

25 conducting a two-step fermentation with N. crassa. Figure 1 illustrates the
accumulation of a-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 o-keto-butyrate
converted from threonine to enable a industrial production.



The sane strain, nedia and equipnent as cited in exanple 1 are used. In a
first fernmentation, bionmass is produced by inoculating a nmedium conprising
t he enri ched3¥agwB- salt sol ution, L-valine and L-isol euci reeT(thegzadne i s
added 10 lately) according to the dataign exanple.l. At the begi nning of
the fernmentation, the pHis at 5.8, and drops to 4.4 after 72 hours at 26C
under slight agitation (200 rpn). Then the hyphal cells are filtrated
(0.22m andChimssferred into a different 15 nedium that is a phosphate
buffer (0.1 M, which further conprises threonine (2% and valine (0.03%.
The pH is adjusted to 10 with NaOH (| . After jn total,k 110 hours, ,at 25C
and 200 rpnh- thereRcsE SRAGcYMIHatRg aﬂfegpﬁb pirate mﬁwfspnwraxq OMHAGARMIGIM t 0

remove the bi dyesmiandogantisnd guktivatddahneRtBemfatideme@umnti| further
anal ysis. RESULTS Hi gh anpbunts of a-keto-butyrate (> 8 g/1) were obtained

in the nmediumafter 25 conducting a two-step fernentation with N crassa.
Figure 1 il2.usApadeess fhreacenmutating odetobutyrket oy biscyneemsicufromghtdominef t he

overal | fermeqi a;' 0B ' is of threonine to
a- ket o- but yr at V\%g p ?g}@@%%%()fl%nﬁgcgﬁ\(ﬁ? @ll%ﬁ; the two-step fernmentation of
a suitable nmediumw th a natural 30 nutant food-grade m cro-organi sm

yi el ds suffy Ci”ﬂi’épl%@@ébnéc%oﬂqin%‘t&%la‘i’mbl%ﬁ/d @%et@iﬁﬁﬁ@ﬁﬁi@fb-ﬁ%&ﬁﬁrﬂﬁ@@%é@ to
enabl fg%a i ndustrial .product|oR. WO 03/046193 PCT/ EP02/ 126 18 dains 1.

A protlss for HaYRIFLRrPLEINENket o- but yrate by bi oconversion from threoni ne
by a micro-organismcultivated in a fernentation nedium 5 2. A process for

accumul atin ket o-butyrate by bhiocenversiqn framf.hreoni.ne by an enzyne
extract of B miitHOsFE-Afeording to fhe of Plalind 44 3, sititreiy! 8 Micto-prenfin T
wher ei n t he maNewmsgard smsse saamood 10 grade micro-organism 4. The
process according to any of clains 1 to 3, wherein the mcro-organismis
15 5. The process according to any of claims 1 to 4 wherein the micro-organism is
a natural mutant micro-organism.

6. The process according to any of claims 1 to 5 wherein the micro-organism
exhibits very low or no acetohydroxy acid synthetase activity.
20
7. The process according to any of claims 1 to 6, which comprises cultivating
the micro-organism in a first medium, which favors the production of
biomass of the micro-organism and thereafter cultivating the biomass in a
different medium, which favours accumulation and/or excretion of a-keto-
25 butyrate.

8. The process according to claim 7, wherein the medium which favours
accumulation and/or excretion of a-keto-butyrate comprises, in percent by
weight, 0.1 — 10% threonine, 0 — 1% valine, and/or a pH that is adjusted to 7-
30 11.

9. The process according to any of claims 1 to 7, which further comprises
extracting, isolating and/or purifying a-keto-butyrate from the fermentation
medium.

35

10. The use of a micro-organism to produce natural o-keto-butyrate by

bioconversion from threonine.



a Neurospora crassa strain. 15 5. The process according to any of clains 1
to 4 wherein the mcro-organismis a natural nmutant mcro-organism 6. The
process awoonduey3to any of clains 1 to 5 wherein the nm crRrToERan2&m
exhibits very |ow or no acet ohydroxy aci qgsynt hetase activity. 20 7. The
process according to any of clainms 1 to 6, which conprises cultivating the
mcro-organismin a first medium which favors the production of bionass
of the mcro-organismand thereafter cultivating the bionmass in a

di fferent mpdj Wiprodessorlproauisiag SCEMLE atyRexRa i a-keto- 25
butyrate. 8. %mgrgﬁess pgc or dlggg }xg:pd % m 7@. \j\ﬁ}wlgfrhg?)r%@tsﬁz f?r%‘éll%&r% whi ch
favours accunkiTaPFEHTang) Shergp i poketgdutyrate used as A RresUsSHis theane i n
percent by weagturding tb-th8Yrotess @fiang of @laidfd walldne, and/or a pH that is
adj ust?;d to 7- 30 11. 9. The process according to any of clains 1 to 7,

whi ch further conprises extracting, isolating and/or purifying
a-keto-butyrate fromthe fernmentation nedium 35 10. The use of a

m cro-organi smto produce natural a-keto-butyrate by bioconversion from

t hreoni ne. WD 03/ 046193 PCT/ EP02/ 12629 19 11. A process for producing

5- et hyl - 3- hydr oxy- 4- met hyl - 2( 5H) - f uranone (enoxyfurone), wherein the
a-keto butyrate used as a precurser is the one according to the process of
any of claim1 to 10. 5



