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Abstract

The invention relates to a method comprising the steps a) providing isobutyric acid, b) bringing
iIsobutyric acid into contact with the combination of isobutyrate kinase and
phosphotransisobutyrylase and/or isobutyryl-coenzyme A synthetase/ligase and/or isobutyrate-
coenzyme A transferase, c) bringing the product from step a) into contact with isobutyryl-
coenzyme A dehydrogenase, d) bringing the product from step b) into contact with methacrylyl-
coenzyme A hydratase, and €) hydrolyzing the product from step d) to form 3-hydroxyisobutyric
acid, where at least one of the enzymes is used in the form of a cell which, compared to its
wildtype, comprises a reduced activity of a 3-hydroxyisobutyric acid dehydrogenase or a variant

thereof, a cell which has at least one enzyme from the group comprising isobutyryl-coenzyme A

- synthetase/ligase, iIsobutyrate-coenzyme A transterase, iIsobutyrate Kinase,

phosphotransisobutyrylase, isobutyryl-coenzyme A dehydrogenase, methacrylyl-coenzyme A
hydratase and 3-hydroxyisobutyryl-coenzyme A hydrolase and, compared to its wildtype, a
reduced activity of a 3-hydroxyisobutyric acid dehydrogenase or a variant thereof, wherein the
cell preferably has, in addition, a monooxygenase, more preferably a monooxygenase of the
alkBGT type or a variant thereof and the use of such a cell for preparing 3-hydroxyisobutyric
acid.
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Biotechnological preparation
of 3-hydroxyisobutyric acid

The invention relates to a method comprising the steps a) providing isobutyric acid, b) bringing
Isobutyric acid into contact with the combination of isobutyrate kinase and
phosphotransisobutyrylase and/or isobutyryl-coenzyme A synthetase/ligase and/or isobutyrate-
coenzyme A transferase, c) bringing the product from step b) into contact with isobutyryl-
coenzyme A dehydrogenase, d) bringing the product from step c) into contact with methacrylyi-
coenzyme A hydratase, and e) hydrolyzing of the product from step d) to form 3-
hydroxyisobutyric acid, where at least one of the enzymes is provided in the form of a cell,
which, compared to its wildtype, comprises a reduced activity of a 3-hydroxyisobutyric acid
dehydrogenase or a variant thereof, a cell which has at least one enzyme from the group
comprising isobutyryl-coenzyme A synthetase/ligase, isobutyrate-coenzyme A transferase,
isobutyrate kinase, phosphotransisobutyrylase, isobutyryl-coenzyme A dehydrogenase,
methacrylyl-coenzyme A hydratase and 3-hydroxyisobutyryl-coenzyme A hydrolase and,
compared to its wildtype, a reduced activity of a 3-hydroxyisobutyric acid dehydrogenase or a
variant thereof, wherein the cell preferably has, in addition, a monooxygenase, more preferably
an alkane hydroxylase of the alkBGT type or a variant thereof and the use of such a cell for
preparing 3-hydroxyisobutyric acid.

Methacrylic acid constitutes one of the most important industrially produced chemicals. In the
form of its monomeric methyl ester, it is required as a polymerisation reactant for preparing
polymethyl methacryiate, being known to the public under the trade name Plexiglas, and is
indispensible in many areas of application. Examples of the use of polymethacrylate include
dentistry, where it is used for prostheses, the automotive industry, in which it is used as the
glass for indicator and tail lights, optics, in particular as a material for contact lenses and
spectacle glass, the building trade, where it is used as polymer concrete and also as a two-
component adhesive, the textile industry as a consituent of polyacrylic fibres, and in the
domestic home as a material for items such as dishes and cutlery.
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Methacrylic acid is conventionally prepared starting from fossil raw materials such as oil. For
example, isobutylene and tertiary butanol can be converted to methacrolein, which Is then
further oxidised to methacrylate (Willlam Bauer, Jr. "Methacrylic Acid and Derivatives” In
Ullmann's Encyclopedia of Industrial Chemistry 2002, Wiley-VCH, Weinheim). Alternatively,
amidosulphates of methacrylic acid, which are produced starting from the corresponding 2-
hydroxynitriles, can be hydrolysed to form methacrylic acid. The industrial production of
methacrylic acid using such methods depends however not only on a continucus supply of fossil
reactants, but also takes place with the consumption of considerable quantities of aggressive,
environmentally harmful chemicals. For example, the production of 1 kg of methacrylic acid by

hydrolysis of amidosulphates of methacrylic acid requires 1.6 kg of sulphuric acid.

In order to overcome the dependence on fossil raw materials as a source of energy and
reactants for industrial syntheses, diverse efforts are currently being adopted, which are aimed
at producing industrially required fine chemicals biotechnoiogically on the basis of renewable
raw materials. In the case of methacrylic acid and the respective methyl ester, a
biotechnological synthesis route via 3-hydroxyisobutyric acid, which can be readily dehydrated
chemically or enzymatically to form methacrylic acid, is suitable (William Bauer, Jr. "Methacrylic
Acid and Derivatives" in Ullmann's Encyclopedia of Industrial Chemistry 2002, Wiley-VCH,
Weinheim). The prior art teaches the preparation of 3-hydroxyisobutyric acid from isobutyric
acid using wildtype isolates of bacteria and yeasts (Hasegawa et al., 1981; Hasegawa et al.,
1982, WO 2007/141208 A2 und WO 2008/119738 A1). Isobutyric acid is used exclusively as

the substrate for preparing 3-hydroxyisobutyric acid by suitable strains, for example by Candida
rugosa. The abovementioned patent applications, WO 2007/141208 A2 and WO 2008/119738
A1, describe a genetically modified cell and method for preparing 3-hydroxyisobutyric acid from
carbohydrates, glycerol, carbon dioxide, methanol, L-valine, L-glutamate, CO, synthesis gas,
methane etc. and also its further chemical conversion to methacrylic acid or methacrylic acid
esters.

The preparation of 3-hydroxyisobutyric acid via the biotechnological methods described above
Is currently however uneconomical. A significant drawback here is the high raw material costs
for isobutyric acid and, concomitantly, at times the low yield during their conversion or use of
appropriate microorganisms.



CA 02857986 2014-06-03
k L |

201100275

Against this backgrounag, it is the object of the present invention to develop an improved method
for the biotechnological preparation of 3-hydroxyisobutyric acid, which is superior to the

methods described In the prior art with regard to yield, purity and the resources required.

5 Furthermore, the object of the present invention consists in developing a biotechnological
method for preparing 3-hydroxyisobutyric acid starting from unsubstituted, particularly non-

heteroatom-containing, alkanes.

Furthermore, the object of the present invention is to develop a biotechnological method for
10  obtalning 3-hydroxyisobutyric acid starting from renewable raw materials and/or without the use

of, or with less use of, harmful reactants, intermediates, catalysts or by-products.

These and other objects are achieved by the subject matter of the present application and
particularly also by the subject matter of the accompanying independent claims, with

15  embodiments arising from the dependent claims.

The object is achieved according to the invention in a first aspect by a method comprising the

following steps:

20
a) providing isobutyric acid,
b) bringing isobutyric acid into contact with
25 the combination of isobutyrate kinase and phosphotransisobutyrylase and/or
Isobutyryl-coenzyme A synthetase/ligase and/or
Isobutyrate-coenzyme A transferase,
30

c) bringing the product from step b) into contact with isobutyryl-coenzyme A
dehydrogenase,
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d) bringing the product from step ¢) into contact with methacrylyl-coenzyme A hydratase,

and

e) hydrolyzing the product from step d) to form 3-hydroxyisobutyric acid,

wherein at least one of the enzymes used in the steps b), ¢) and d) from the group
comprising isobutyrate kinase, phosphotransisobutyrylase, isobutyryl-coenzyme A
synthetase/ligase and isobutyrate-coenzyme A transferase, preferably all, enzymes Is used
in the form of a cell, which, compared to its wildtype, has a reduced activity of a 3-

hydroxyisobutyric acid dehydrogenase or a variant thereof.

In a first embodiment of the first aspect, the isobutyric acid is formed by bringing isobutane into
contact with a monooxygenase, preferably an alkane hydroxylase, more preferably one of the

alkBGT type or a variant thereof.

In a second embodiment of the first aspect, which also constitutes an embodiment of the first
embodiment, the hydrolysis in step e) is achieved by bringing the product from step d) into

contact with a 3-hydroxyisobutyryl-coenzyme A hydrolase.

In a third embodiment of the first aspect, which also constitutes an embodiment of the first and
second embodiment, the cell has both the iscbutyryl-coenzyme A dehydrogenase in step ¢) and
the methacrylyl-coenzyme A hydratase in step d) and

the combination of isobutyrate kinase and phosphotransisobutyrylase and/or

Isobutyryl-coenzyme A synthetase/ligase and/or

iIsobutyrate-coenzyme A transferase.

In a fourth embodiment of the first aspect, which also consitutes an embodiment of the first to
third embodiment, the cell additionally has an alkane hydroxylase, preferably one of the alkBGT

type or a variant thereof.
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In a fifth embodiment of the first aspect, which also constitutes an embodiment of the first to
fourth embodiment, the 3-hydroxyisobutyric acid dehydrogenase is XP 504911.1 or a variant
thereof.

The object in a second aspect is achieved, according to the invention, by a cell which has at
least one enzyme from the group comprising isobutyryl-coenzyme A synthetase/ligase,
isobutyrate-coenzyme A transferase, isobutyrate kinase, phosphotransisobutyrylase, isobutyryl-
coenzyme A dehydrogenase, methacrylyl-coenzyme A hydratase and 3-hydroxyisobutyryl-

coenzyme A hydrolase and, compared to its wildtype, a reduced activity of a 3-

hydroxyisobutyric acid dehydrogenase or a variant thereof.

In a first embodiment of the second aspect the cell has, in addition to an isobutyryl-coenzyme A

dehydrogenase, and in addition to a methacrylyl-coenzyme A hydratase,
the combination of isobutyrate kinase and phosphotransisobutyrylase and/or
Isobutyryl-coenzyme A synthetase/ligase and/or
Isobutyrate-coenzyme A transferase,

preferably furthermore a 3-hydroxyisobutyryl-CoA hydrolase.

In a second embodiment of the second aspect, which also constitutes an embodiment of the

first embodiment, the cell further comprises an alkane hydroxylase, preferably one of the
alkBGT type or a variant thereof.

In a third embodiment of the second aspect, which aiso constitutes an embodiment of the first

embodiment, the 3-hydroxyisobutyric acid dehydrogenase is YaliOF02607g (XP_504911) or a
variant thereof.

In a third aspect the object of the present invention is achieved by using the cell according to
any of Claims 7 to 10 for preparing 3-hydroxyisobutyric acid.
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In one embodiment of the third aspect, the 3-hydroxyisobutyric acid dehydrogenase is
XP 504911.1 or a variant thereof.

In a further embodiment of the first, second or third aspect, the cell is a bacterial or lower

eukaryotic cell.

In a further embodiment of the first, second or third aspect, the cell is a yeast cell from the group
of genera which comprises Yarrowia, Candida, Saccharomyces, Schizosaccharomyces and

Pichia and is preferably Yarrowia lipolytica.

In a fourth aspect the object of the present invention is achieved by a reaction mixture

comprising the cell according to the second aspect and also isobutane or isobutyric acid.

The inventors of the present invention have surprisingly established that the inactivation of a

gene which codes for an enzyme identified as 3-hydroxyisobutyric acid dehydrogenase in a

microorganism leads to an increased yield of 3-hydroxyisobutyric acid.

The inventors have further surprisingly found that it is possible to prepare 3-hydroxyisobutyric

acid biotechnologically, starting from alkane reactants, particularly isobutane.

Conducting the method according to the invention initially requires the provision of isobutyric
acid. Firstly, there is the option of using commercially available isobutyric acid. Secondly, there
IS the option to prepare isobutyric acid using isolated enzymes or whole organisms with suitable
catalytic capability, starting from other reactants, for exampie by cultivation of an organism
which naturally produces isobutyric acid. In a preferred embodiment, the isobutyric acid is
prepared by bringing isocbutane, or another suitable alkane precursor, into contact with a
suitable monooxygenase, preferably alkane hydroxylase, which, in a particularly preferred
embodiment, is an alkane hydroxylase of the alk-BGT type or a variant thereof. In a preferred

embodiment, the term “alkane hydroxylase’, as used here, is understood to mean an
oxidoreductase which has the ability to oxidise saturated hydrocarbons, particularly isobutane or
3-hydroxyisobutane, to give the carboxylic acid, preferably at a terminal carbon atom. The prior
art describes a series of suitable microorganisms and enzymes. For example, Patel et al.
(Journal of Applied Biochemistry, 1983, 5 (1 - 2), 107 — 120) describe describe 16 new bacterial
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strains which have the ability to oxidise gaseous alkanes with a chain length of from C2 to C4 to
give the corresponding methyl ketones, secondary and primary alcohols and aldehydes. Grant
et al. (2011) describe the oxidation of alkanes to corresponding acids by means of the alkB
alkane hydroxylase (Grant, C, Woodley, J & Baganz, F 2011, 'Whole-cell bio-oxidation of n-
dodecane using the alkane hydroxylase system of P. putida GPo1 expressed in E. coll', Enzyme
and Microbial Technology, vol 48, no. 6-7, pp. 480-4806).

On the other hand, there is the option to prepare isobutyric acid using suitable strains of
microorganisms which, naturally or by genetic modification, are endowed with metabolic
pathways which include producing isobutyric acid by feeding with suitable carbon sources, e.g.
glucose. Examples of microorganisms include e.g. Yarrowia lipolytica, Candida rugosa,
Hanseniaspora valbyensis, Hansenula anomala, Trichosporon aculeatum, Trichosporonmn
fennicum, Endomyces reessii, Geotrichum loubieri, Micrococcus flavus, Micrococcus luteus,
Micrococcus lysodeikticum, Candida parapsilosis, Pichia membranaefaciens, Torulopsis
candida, Coccidioides posadasii, Coccidioides immitis, Verticillium dahliae, Gibberella zeae,
Thielavia terrestris, Metarhizium acridum, Magnaporthe oryzae, Sordaria macrospora,
Metarhizium nisopliae, Ajellomyces dermatitidis, Chaetomium globosum, Paracoccidioides
brasiliensis, Nectria haematococca, Neurospora tetrasperma, Chaetomium thermophilum und

Neurospora crassa.

In a preferred embodiment, the isobutyric acid is provided by oxidation of isobutane by the
oxidoreductase alkB from the alkBGT system of Pseudomonas putida or a variant thereof. AlkB
IS an oxidoreductase from the alkBGT system of Pseudomonas putida, which is known for its
alkane hydroxylase activity. This is dependent on two further polypeptides, alkG and alkT. AIkT
IS characterised as FAD-dependent rubredoxin reductase, which transfers electrons from NADH
to alkG. AlkG is a rubredoxin, an iron containing redox protein, which functions as a direct
electron donor for alkB. In a preferred embodiment, the term “alkane hydroxylase of the alkBGT
type’, as used here, is understood to mean a membrane-bound alkane monooxidase. In a
further preferred embodiment the same term “alkane hydroxylase of the alkBGT type” is
understood to mean a polypeptide with a sequence homology of, with increasing preference, at
least 795, 80, 85, 90, 92, 94, 96, 98 or 99 % to the sequence of the alkB of Pseudomonas putida
Gpo1 (data bank code: CAB54050.1). In a further preferred embodiment, the term is understood

to mean a cytochrome-independent monooxygenase. In a further preferred embodiment, the
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term “alkane hydroxylase of the alkBGT type” is understood to mean a cytochrome-independent
monooxygenase which uses a rubredoxin or homologue as electron donor. In a particularly
preferred embodiment, the term is understood to mean a membrane-bound, cytochrome-
iIndependent alkane monooxygenase of, with increasing preference, at least 60, 70, 80, 80, 85,
90, 92, 94, 96, 98 or 99 % to the sequence of the alkB of Pseudomonas putida Gpo1, which
requires as electron donor at least alkG (CAB54052.1), but preferably the combination of alkG
with the reductase alkT (CAB54063.1), wherein alkG and/or alkT may also be a homologue of
the respective polypeptide. The term “"sequence’, as used here, may refer to the amino acid
sequence of a polypeptide and/or its nucleic acid coding sequence. In a further preferred
embodiment, "an oxidoreductase of the alkB type”, as used here, is a cytochrome-independent

oxidoreductase, i.e. an oxidoreductase which does not include cytochrome as cofactor.

There is the option, for this purpose, to bring purified components of the alkBGT system into
contact with isobutane, particularly alkB. In a preferred embodiment, isobutane is brought into
contact with an alkBGT-containing whole-cell catalyst; in a most preferred embodiment

expressed with a recombinant £.coli strain of the heterologous alkBGT.

The teaching of the present invention may be implemented not only by using the exact amino
acid or nucleic acid sequences of the biological macromolecules described herein, but also by
using variants of such macromolecules, which may be obtained by deletion, addition or
substitution of one, or more than one, amino acids or nucleic acids. In a preferred embodiment,
the term “variant” of a nucleic acid sequence or an amino acid sequence, hereinbelow used

synonymously and interchangeably with the term *homologue”, as used here, means another
nucleic acid or amino acid sequence which has an homology, here used synonymously with
identity, of 70, 75, 80, 85, 90, 92, 94, 96, 98, 99 % or more percent, with respect to the
corresponding original wildtype nucleic acid or amino acid sequence, wherein preferably the
amino acids other than the amino acids forming the catalytically active centre or essential for

the structure or folding are substituted or deleted or the latter are merely conservatively

substituted, for example a glutamate in place of an aspartate or a leucine in place of a valine.

The prior art describes algorithms which may be used to calculate the degree of homology of
two sequences, e.g. Arthur Lesk (2008), Introduction to Bioinformatics. 3™ edition. In a further

more preferred embodiment of the present invention, the variant of an amino acid or nucleic
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acild sequence, preferably in addition to the aforementioned sequence homology, has
essentially the same enzymatic activity of the wildtype molecule and of the original molecule.
For example, a variant of an enzymatically active protease polypeptide has the same, or
essentially the same, proteolytic activity as the polypeptide enzyme, i.e. the capability to
catalyse the hydrolysis of a peptide bond. In a particular embodiment, the term “essentially the
same enzymatic activity’ means an activity, with respect to the substrates of the wildtype
polypeptide, which clearly lies above the background activity and/or differs from the Ky and/or
Keat Values by less than 3, preferably 2, more preferably one, order of magnitude, which the
wildtype polypeptide exhibits with respect to the same substrates. In a further preferred
embodiment the term “variant” of a nucleic acid or amino acid sequence includes at least one
active part/ or fragment of the nucleic acid or amino acid sequence. In a further preferred
embodiment, the term “active part”, as used here, means an amino acid sequence or a nucleic
acid sequence which has less than the full length of the amino acid sequence and/or codes for
less than the full length of the amino acid sequence, wherein the amino acid sequence or the
coded amino acid sequence with a shorter length than the wildtype amino acid sequence
essentially has the same enzymatic activity as the wildtype polypeptide or a variant thereof, for
example, alcohol dehydrogenase, monooxygenase or transaminase. In a particular
embodiment, the term “variant” of a nucleic acid comprises a nucleic acid whose
complementary strand, preferably under stringent conditions, binds to the wildtype nucleic acid.
The stringency of the hybridisation reaction is readily determinable by those skilled in the art
and depends in general on the length of the probe, the washing temperatures and the salt
concentration. Generally, longer probes require higher temperatures for the hybridisation,

whereas shorter probes work at lower temperatures. Whether hybridisation takes place

depends In general on the capability of the denatured DNA to anneal to complementary strands
which are present in its environment and below the melting temperature. The stringency of
hybridisation reactions and the corresponding conditions are described in more detail in
Ausubel et al. 1995. In a preferred embodiment, the term “variant” of a nucleic acid. as used
here, comprises any nucleic acid sequence which codes for the same amino acid sequence as
the original nucleic acid or a variant of this amino acid sequence in terms of the degeneracy of

the genetic code.

After the provision of isobutyric acid, this is, according to the invention, brought into contact with
an enzyme or enzyme system, which has the capability to convert it to isobutyryl-CoA. It is
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possible to bring isobutyric acid into contact with the combination of isobutyrate kinase and
phosphortransisobutyrylase. The term “isobutyrate kinase”, as used here, is understood to
mean an enzyme which has the capability to phosphorylate isobutyric acid with hydrolysis of
ATP. In a particularly preferred embodiment, the term “phosphotransisobutyrylase”, as used
here, IS understood to mean an enzyme that catalyses the conversion of the phosphorylated
putyric acid to Isobutyryl-CoA using coenzyme A. Those skilled in the art can find suitable
enzymes in the prior art, for example: NP_348286.1, YP_001311072.1, YP 001311673.1,
YP_003845108.1, CCC57671.1, ZP_02993103.1, YP_001255907.1, YP 001788766.1,
YP_001783065.1, ZP_02613551.1, ZP_05129586.1, NP _783068.1, ZP 02616584.1,
YP 001392779.1, ZP 02642313.1, YP_697036.1, NP 563263.1, YP_699607.1,
ZP_05129585.1, ZP_05394270.1, ZP_04821992.1, YP_001086582.1, YP 001884532.1,
YP_001919/732.1, YP_001513941.1, YP_001322041.1, NP_349675.1, YP 001307350.1,
/P_02074622.1, AAA75487.1, ZP_05979314.1, ZP 02950703.1, YP 003935519.1,
YP_001126403.1, /P 03147541 .1, BAD11094 .1, ZP 08532470.1, CBK83142.1,
P _02027123.1, ZP_02206646.1, ZP_03226899.1, ZP _05791023.1, YP 002950277.1,
YP_003825217.1, ZP_08609344.1, YP_004819378.1, YP_001376086.1, ZP 06425397.1,
ZP_04152833.1, ZP_03292064.1, ZP_07525976.1, YP _003477715.1, YP _001664465.1,
ZP_04218902.1, YP_003677577.1, ZP_02211576.1, ZP_04187800.1, ZP 04302360.1,
ZP _04098303.1, /P _00394509.1, YP_085496.1, NP _846616.1, ZP 04313571.1,
YP_896508.1, NP_980529.1, ZP_04170515.1, YP _001646798.1, ZP 00240356.1,
/P_04269443.1, ZP_04291055.1, ZP_04176201.1, ZP_01860365.1, ZP 03237173.1,

YP_001471381.1, ZP_08211979.1, ZP_04208847.1, YP_004820818.1, ZP 04103879.1,
YP_003666354.1, NP_833876.1, ZP_04285820.1, ZP_04086212.1, ZP 041474761,

NP_623752.1, ZP_03231885.1, ZP_04066826.1, ZP 08211238.1, ZP 07709086.1,
YP_002315321.1, YP_002447739.1, ZP_00741048.1, ZP 040738201, YP 003988617.1,
YP_002368967.1, YP_148233.1, YP_003251443.1, AEN87678.1. YP 003564885.1.
YP_004660977.1, YP_004587379.1, NP_349675.1, AAA75487.1. YP 001788766.1,
YP_001255907.1, ZP_02993103.1, YP_001783065.1, ZP 02613551.1, ZP 02616584.1,
YP_001392779.1, ZP_05394270.1, NP_783068.1, CCC57671.1, YP_697036.1, NP 5632631
YP_699607.1, ZP_02642313.1, YP_001919732.1, ZP_07525976.1, YP 001884532.1.
ZP_04821992.1, ZP_03292064.1, ZP_05129586.1, YP_001307350.1, ZP 02950703.1,
ZP_05129585.1, YP_001086582.1, YP_001311072.1, YP_001513941.1, YP 003845108.1,
YP_001322041.1, ZP_06425397.1, YP_001311673.1, YP_003935519.1, NP 348286.1.
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ZP 02027123.1, ZP_08532470.1, YP_001664465.1, YP 002950277.1, YP 004820818.1,
ZP 07709086.1, ZP 08211979.1, ZP_02211576.1, ZP_05979314.1, ZP 02074622.1,
YP_003677577.1, CBK83142.1, YP_003477715.1, ZP_02206646.1, BAD11094.1,
ZP 01860365.1, ZP_03226899.1, NP _623752.1, YP_003988617.1, ZP 08005605.1,
YP_003599607.1, YP _003831638.1, YP_003564885.1, YP 004587379.1, AENS87678.1,
YP_001376086.1, YP_004819378.1, ZP 04152833.1, YP_001126403.1, ZP 031475411,
ZP 04218902.1, ZP _08609344.1, ZP _00240356.1, YP 002368967.1, ZP 04147476.1,
ZP_04176201.1, ZP 042694431, YP_003666354.1, ZP 04073820.1, ZP 04103879.1,
NP_833876.1, ZP_04285820.1, ZP _04187800.1, ZP 04313571.1, ZP 03231885.1,
ZP 03237173.1, ZP 04086212.1, ZP_04302360.1, ZP 08094177.1, NP 980529.1,
ZP 04098303.1, YP _085496.1, ZP 04170515.1, YP _002447739.1, BAD11089.1,
ZP _00394509.1, YP_001646798.1, YP_002315321.1, NP 846616.1, ZP 04066826.1,
YP_896508.1, YP_003866727.1, ZP_00741048.1, YP_001487375.1, ZP 06875892.1,
ZP 04291055.1

Everything In this application relating to the sequence data from data bank codes from the prior
art comes from the NCBI (National Center for Biotechnology [nformation, access date:
19.10.2011) data bank, specifically using the release available online on 19.10.2011.

Alternatively, isobutyryl-CoA may be obtained from isobutyric acid using isobutyryl-coenzyme A
synthetase or ligase. In a p\referred embodiment, the term “isobutyryl-coenzyme A ligase”, as
used here, is understood to mean an enzyme that catalyses the conversion of isobutyric acid to
iIsobutyryl-CoA using coenzyme A and nucleoside triphosphate. In a particularly preferred
embodiment, the term “iscbutyryl-coenzyme A synthetase”, as used here, is understood to

mean an isobutyryl-coenzyme A ligase, wherein the NTP hydrolysed in the course of the
reaction is ATP. Those skilled in the art can find suitable enzymes in the prior art, for example:
NP 579516.1, NP 125992.1, YP 004423263.1, YP 004070968.1, YP 182878.1,

YP_002306709.1, YP_002959654.1, YP_004762301.1, YP_002581616.1, YP 002994502.1,
YP_004623157.1, NP_143577.1, YP_002307387.1, NP_579566.1, YP 004623106.1,
YP_004763660.1, YP_002583149.1, YP_002959108.1, YP_002993622.1, YP 001736558.1,
YP_003649375.1, YP_004423314.1, ZP_04874839.1, YP_183356.1, ZP 04874991.1
YP_001041242.1, YP_003860266.1, NP_126044.1, NP 143628.1, YP 003669211.1
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YP_002428622.1, YP_001013511.1, YP_004175933.1, YP_004174284.1, YP_001012369.1,
YP_004781520.1,  YP_004071372.1, NP 769799.1, YP 4292571,  CAJ70793.1,
ZP_08257475.1, YP_930006.1, NP _618478.1, ZP 08667208.1, YP 001239140.1
YP_004438172.1, YP_003400029.1, YP_001206872.1, NP _070039.1, YP 003727548.1,
YP_004625200.1, ZP_08422040.1, YP_460839.1, ZP 08631067.1, ZP 02883796.1.
YP_002953381.1, ZP_08110577.1, YP_003542795.1, ZP 08905433.1, ZP 06908198.1,
YP_001581540.1, NP_632517.1, YP_004519194.1, YP 004515899.1, YP 004120624.1
ZP_07293826.1, CAJ73927.1, ZP _07331643.1, YP_001278815.1, ZP 08840735.1,
YP_002289530.1, YP_001637486.1, YP_004342727.1, ZP 07026137.1, ZP 081124811,
YP_003487360.1, YP_001540910.1, ZP_07946223.1, YP_685524.1, YP_004812635.1,
ZP 08677213.1, ZP_08803651.1, ADI05837.1, YP 8749761, YP 002465105.1,
YP_003355503.1, ZP_07026765.1, YP_001430231.1, YP_004893707.1, YP 003766745.1,
YP_004627663.1, YP_003649567.1, ZP_07307686.1, YP_001546514.1, YP 686303.1,
YP_002992636.1, YP_004516207.1, YP_001154008.1, YP_004338243.1, YP 0033579731

Lastly, isobutyryl-CoA may be prepared from isobutyric acid by means of isobutyrate-coenzyme
A transferase. In a preferred embodiment, the term “isobutyrate-coenzyme A transferase”, as
used here, is an enzyme that catalyses the formation of isobutyryl-CoA from iscbutyric acid by
transferring coenzyme A from an acyl-CoA functioning as donor. Those skilled in the art can find
suitable enzymes in the prior art, for example: NP_149326.1, AAB53234.1, YP 001310904.1,
AADS4947.1, AAP42564.1, CAQ57984.1, YP_001886322.1, NP_622378.1, ZP_08693244.1,
/P_07926619.1, ZP_08555875.1, ZP_04390377.1, ZP_01867058.1, ZP 04573915.1,
ZP_07913714.1, ZP_07923474.1, ZP_08691337.1, ZP_08600063.1, ZP 02692961.1,
ZP_08582386.1, /ZP_00144733.1, ZP_05815087.1, ZP 06524353.1, ZP 07952599.1,
YP_004254308.1, YP_003039857.1, YP_003828410.1, ZP_06175535.1, NP 602657.1,
ZP_06748826.1, /P 06749807 1, /P _04970682.1, ADO77683.1, AAO18070.1,
ZP_03887867.1, AEJ99145.1, EGB63075.1, NP_931005.1, YP_003968227.1, ZP 08327315.1,
ZP_06025832.1, YP_003260518.1, YP_003016746.1, YP_001452140.1, EGW68380.1.
ZP 024249261, ZP _03828051.1, EGB72667.1, EFW53769.1, ZP _03001766.1,
ZP_05402063.1, YP_049390.1, ZP_08690265.1, YP_003936148.1, YP 002382110.1,
NP_416725.1, YP_003941041.1, YP_001744415.1, YP_003296165.1, ZP 07151665.1,
NP_754650.1, YP_002413271.1, EGC06740.1, YP_001459023.1, ZP_05272741.1,
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ZP_04005084.1, YP_541501.1, YP_002335226.1, YP_001089188.1, ZP 040544281,
YP_001784143.1, YP_001306376.1, ZP_07820010.1, ZP 03065638.1, YP 004441693.1,
NP_905281.1, YP_001321984.1, ZP_06636026.1, YP_003296060.1, ZP 07903700.1,
YP_004509865.1, ZP_08626421.1, YP_002933615.1, YP_002771575.1, ZP 06715088.1.
ZP_01548307.1, ZP_06982396.1, ZP_08643079.1, YP_002497558.1, YP 001513889.1,
NP_438933.1, YP_248482.1, YP_531878.1, YP _002746872.1, YP 0027440761,
ZP 01792337.1, YP_002940319.1, YP_001471175.1, ZP 01220381.1,
YP_002123783.1,NP 149327 1, CAQ57985.1, YP_001886321.1, AAD54948 1,
YP_001310905.1, AAP42565.1, ZP_05092257.1, NP 6223791, ZP 08555876.1,
ZP_02692960.1, YP_002335225.1, YP_001306375.1, ZP 086932451, YP 001513888.1,
YP_001321983.1, ZP_07926620.1, ZP_02424916.1, YP_001409735.1, ZP 06983458.1
YP_003828409.1, YP_004707898.1, YP_003936149.1, ZP _07577382.1, YP 001089189.1,
YP_001471174.1, ZP_05272742.1, YP_002940318.1, ZP_05402064.1, YP 0042543171,
YP_003968226.1, CBK81879.1, ZP_07819217.1, YP_001740168.1, YP 049389.1,
ZP_08709179.1, YP_001918401.1, YP_003016745.1, NP_905290.1, YP 004509856.1,
ZP_03828050.1, YP_426559.1, YP_001929287.1, YP_001568118.1, ZP 04390271.1,
ZP_07913715.1, ZP_07820042.1, YP_003260519.1, ZP_08691338.1, ZP 01548308.1,
ZP_08327314.1, ZP_04970681.1, ZP_04054413.1, ZP 08690266.1, ZP 05887868.1,
ZP_06748825.1, YP_001918068.1, ZP_08731713.1, NP_602656.1, ZP 065243541,
ZP_01867057.1, ZP_04573916.1, ZP_05815086.1, ZP 060258311, ZP 00144734.1,
ZP_08600062.1, YP_001784144.1, EGQ80092.1, ZP 061755341, ADO77682.1

ZP_01220382.1, YP_597732.1, YP_003945474.1, YP_004219013.1, YP 002562694.1.
YP_001788168.1, YP_002285170.1, NP_268527.1, YP 001392125.1, CBZ04738.1

ZP_06921170.1, ZP_07461446.1, YP_531879.1, YP_002805353.1, YP 003452384.1,
YP_001255346.1,  YP_001385091.1,  YP_878775.1, EGC06741.1, NP 663914.1,
YP_059486.1, YP_002382109.1, YP_001884900.1, ZP_07307813.1, ZP 02621896.1,
ZP_07903699.1, ZP_08729700.1, YP_001309762.1, YP_001768507.1, YP 6029491,
EGL48602.1, XP_501388.1, XP_002841479.1, XP_002481641.1, XP 002147496.1
XP_001879757.1, XP_661332.1, XP_003295652.1, XP_001936644.1  AAK40365.1
XP_001802255.1, XP_002383405.1, XP_001390976.1, XP 001212457.1, EGP83670.1.
XP_001227675.1, XP_003176313.1, XP_001268294.1, XP 7511171, EGF82407.1
XP_001258382.1,  EFW13413.1,  XP_003065510.1, EGD93452.1  EEH22314.1
XP_001247983.1, EGE09225.1, XP_003022194.1, CBX98353.1, XP 003014185.1.

e
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XP_002564448.1, XP_003239146.1, EGX51025.1, EGO01287.1, XP_002792936.1,
EFQ30503.1, XP_001838038.1, XP_002847737.1, EGO55093.1, XP_957979.1,

XP_001547410.1, EGR48848.1, XP_003038014.1, EER44122.1, EFY39528.1, EGC42434 .1,
EEHO09119.1, EFY92418.1, EGS22244 1, XP_002629107.1, XP_002548743.1,
XP_001904655.1, EFX03923.1, XP_716276.1, XP_002422356.1, XP_388121.1,
XP_001586993.1, EGX96527.1, XP_368380.1, NP_595848.1, XP_003345762.1, XP_759662.1,
XP_003001963.1, EGG06029.1, XP_002175297.1, XP_001386078.2, XP_003040746.1,
XP_459426.2, EDK36000.2, CBQ73919.1, EGU85384.1, XP_001525161.1, XP_001731221.1,
XP_002490853.1, XP_001486721.1

The next step In the biotechnological synthesis of 3-hydroxyisobutyric acid according to the
invention comprises bringing the product from step b), the isobutyryl-CoA, into contact with an
Isobutyryl-coenzyme A dehydrogenase. In a preferred embodiment, the term “isobutyryl-
coenzyme A dehydrogenase’, as used here, is understood to mean an enzyme that catalyses
the oxidation of isobutyryl-coenzyme A to methacrylyl-coenzyme A with release of reduction
equivalents. Suitable examples include the polypeptides known from the prior art with the
databank codes XP_501919.2, EDP50227.1, XP_001267173.1, XP _751977.1, EFW17827 1,
XP_001241675.1, XP_003070631.1, XP_002376988.1, EGS22147.1, XP 0012717421,
XP_002794645 .1, XP_001214528.1, XP_959931.1, EGO55678.1, EEH46977.1,
XP_002543210.1, XP_ 001401697 .1, EEHO07104 .1, BAES9223.1, EGU83504.1,
XP_002627767.1, XP_002483661.1, EFX03379.1, XP 003048205.1, EGX54111.1,
XP_002150528.1 EFQ35634.1, XP_001548029.1, XP _659303.1, XP 002841387.1,
XP_001791413.1, XP_001904778.1, XP_390966.1, XP 003015640.1, EGD94205.1,

XP_003233609.1, XP_003018507.1, XP_002561081.1, XP_360875.1, EFY92504.1,
XP_003344493.1, CBX95087.1, EGC41158.1, EGX92432.1, XP_003169516.1, EFZ00003.1,

EGR49157.1, EGP87134.1, XP_002848756.1, XP_003302688.1, XP 001937377.1,
EEH18077.1, XP_001227538.1, XP_001586947.1, AAK63186.1, XP_001538624.1,
AAQO4622.1, EGF84480.1, EER45206.1, XP_502873.1, EGS21840.1, XP 752854.1,
XP_003170973.1, CBF88712.1, XP_001264273.1, XP_003232243.1, EGD97329.1,
XP_002479178.1, XP_658428.1, XP_002844533.1, EGE05996.1, XP 001223344.1,
EGX956352.1, XP_001389698.2, CAK37343.1, EGR51332.1, XP_003068884.1,
XP_002146883.1, XP_001243830.1, CAP65331.1, XP_001268770.1, XP_001818195.1,
EFQ34732.1, XP_001210950.1, XP_962250.1, EEHS0726.1, XP_001804465.1,

L



10

15

20

25

30

CA 028b7986 2014-06-03

201100275

15

XP_003023750.1, EGO58886.1, CBX97678.1, XP 002561648.1, EEH15844.1, XP 389837.1,
XP_363106.2, EFY97392.1, EFY90016.1, EGU81915.1, XP 002621381.1, EEQ89840.1,
EGX53945.1, XP_003295397.1, XP_003011911.1, EER38173.1, XP 0027927251,
XP_003045885.1, XP_001935173.1, EGP88451.1, XP_001584930.1, XP 001836878.1,
FGG04035.1, XP_003005525.1, XP_001553916.1, XP 762332.1, CBQ71452.1, EFX05387.1,
XP_568632.1, XP_001884381.1, EGO01481.1, XP_003332014.1, XP 003197572.1,
XP_001731213.1, XP_003026264.1, EGF80206.1, XP_003346492.1 XP 003324899.1,
FEH09831.1,  XP _002582344.1,  EGT41105.1,  XP 002640134.1,  CBJ32167.1,
XP_002607968.1,  EFW43327.1, XP_003099748.1,  CAF95757.1, NP 491859.1,
XP_002471089.1, YP_001611803.1, XP 002904727.1, EGG17601.1, EFX71478.1
CBN81547.1, XP_002640162.1, ADY46184.1, XP 003099703.1, EFA76871.1, AAH82665.1,
2JIF_A, XP_001658431.1, CAD38535.2, AAH13756.1, NP 001124722.1, NP 001600.1,
XP_003255101.1, XP_003283361.1, CAJ81939.1, XP_002640145.1, NP 491871.1,
XP_001104844.1, AAH54428.1

The next step of the method according to the invention comprises the hydration of methacrylyl-
coenzyme A to form 3-hydroxyisobutyryl-coenzyme A by means of a methacrylyl-coenzyme A
hydratase. In a preferred embodiment, the term “methacrylyl-coenzyme A hydratase”, as used
here, Is understood to mean an enzyme that catalyses the addition of a water molecule onto
methacrylyl-coenzyme A to form 3-hydroxyisobutyric acid. Examples include the polypeptides
known from the prior art with the databank codes XP_502475.1, XP 003067220.1,
XP_001239658.1, XP_002567879.1, XP_002145078.1, XP 001259415.1, CAK97202.1,
XP_001211164 .1, XP_001401252.2, XP_753374 .1, XP_664448 1, CBF71576.1,

XP_001274572.1, XP_002340305.1, XP_002845201.1, XP_001824127.1, XP 002795848.1,
XP_003304302.1, EGC44435.1, EER38804.1, EEH09966.1, XP_001936195.1, EEH50797.1,

EEH15784.1, EGO61149.1, XP_003170409.1, XP_961123.1, EGS18121.1, XP 001554659.1,
XP_003230996.1, EGEQ07573.1, XP_002621253.1, EGE81015.1, EEQ89969.1, XP 361538.2,
XP_001224889.1, XP_002381216.1, CBX96718.1, EFY95366.1, XP 001595164.1,
XP_001911969.1, EGX51365.1, EFY87978.1, EFQ29854.1, EGU81865.1, XP 003050469.1,
XP_003352189.1, XP_002839588.1, XP_003002061.1, EGD96635.1, XP 003022976.1,
XP_003010670.1, EFX03685.1, EGR47862.1, XP_002584325.1, XP 387195.1, EGX94938.1
XP_002616791.1, XP_462069.2, XP_001800531.1
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Finally, the hydrolysis of the product from step d), the 3-hydroxyisobutyryl-CoA, is required to
release the desired product, 3-hydroxyisobutyric acid. For this purpose, the possibility exists
initially to subject the product to extreme pH conditions by addition of acid or base, which
promote the hydrolysis without the action of a further enzyme. In a particularly preferred
embodiment, the hydrolysis takes place however by bringing the product from step ¢) into
contact with a 3-hydroxyisobutyryl-coenzyme A hydrolase. In a preferred embodiment, the term
“3-hydroxyisobutyryl-coenzyme A hydrolase”, as used here, is understood to mean an enzyme
which hydrolyses 3-hydroxyisobutyryl-coenzyme A to 3-hydroxyisobutyric acid and coenzyme A.
The following proteins may be cited here as examples: XP_504911.1, XP_003066853.1,
XP_001246264.1, XP_385460.1, EFY92465.1, XP_363761.1, XP 003346508.1, EFY97405.1,
EEQO0955.1, XP_002623105.1, XP_001223375.1, XP_002794385.1, XP 003046454.1,
EGO58901.1, EEH47368.1, EGS21819.1, EEH18429.1, AAK07843.1, XP 002540650.1,
XP_002484211.1, XP_002150057.1, EFQ36202.1, EDP49675.1, XP_750988.1,
XP_003235672.1, EGR51338.1, XP_003013762.1, XP _003019423.1, EGE05569.1,
XP_003169276.1, EGD98503.1, EEH06901.1, XP_ 001544047 .1, EGC47721.1,
XP_0018210388.1, EGE82172.1, XP_002842837.1, XP _002835633.1, EGX53716.1,
EFX05960.1, XP_001590627.1, XP_ 001552254 .1, XP_962266.2, EGX95378.1,
XP_001392906.1, XP_003302932.1, CBF89164.1, EGU77782.1, EGP84417.1,
XP_001258223.1, XP_001268201.1, XP_002569077.1, XP 001214240.1, EER38573.1
ADD198251, XP_001939164.1, XP_658197 1, XP 001248657.1, XP_3156590.3,
XP_00304/713.1, EFR21351.1, EGP83804.1, EFX82586.1, EFN83706.1, XP 001799030.1,
XP_002423077.1, XP_002073789.1, XP_001987737.1, XP_002050275.1, XP 002091863.1,
XP_002005175.1, XP_001974736.1, EGF81169.1, EFW47689.1, XP_002149358.1,
XP_002149354.1, CBY01415.1, NP_611373.1, CAP65353.1, XP 002569208.1, AAL39202.2,
XP_002543763.1, XP_001664110.1, XP_002034506.1, XP_002565243.1, XP_003049329.1,
XP_001360407.1, XP_001865614.1

Biologically active enzymes are used, according to the invention, in steps b) to d). In this
connection, as long as at least one of the enzymes is used in the form of a cell which, compared
to Its wildtype, has a reduced activity of a 3-hydroxyisobutyric acid dehydrogenase or a variant
thereof, as in the case of all enzymatically active polypeptides used according to the invention,
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these may be cells comprising enzymatically active polypeptides or their lysates or preparations
of the polypeptides at all purification levels, from the intact cell or its crude lysate up to the pure
polypeptide, which have the respective biologically active enzyme in endogenous or
recombinant form, preferably overexpressed. In this field, numerous methods are known to
those skilled in the art with which enzymatically active polypeptides can be overexpressed in
suitable cells and purified or isolated. All expression systems available to those skilled in the art
can thus be used for the expression of the polypeptides, for example, vectors of the pET type or
pGEX type. Chromatographic methods are suitable for purification, for example affinity
chromatography purification of a recombinant protein provided with a for example tag by using
an immobilised ligand, for example, a nickel ion in the case of a histidine tag, of immobilised
glutathione in the case of a giutathione S-transferase fusioned onto the target protein or of
immobilised maltose in the case of a tag containing maltose-binding protein. Those skilled in the
art are also aware how they can work out suitable reaction conditions in the context of their
routine experimentation, under which the enzyme of interest shows activity, preferably optimal
activity. These conditions include, for example, the selection of suitable buffers, the evaluation
and adjustment of the optimal pH, a specific salt concentration and specific minimum protein

concentration; see, for example, Cornish-Bowden, 1995.

If purified enzymes are used for the method according to the invention and not intact living cells,
then the former may be used either in soluble form or immobilised. Suitable methods are known
to those skilled in the art by which polypeptides may be covalently or non-covalently

immobilised on organic or inorganic solid phases, for example by sulphydryl-coupling chemistry

(e.g. kits from the Pierce company).

Since the method according to the invention however makes use of a plurality of enzymes with
different cofactors, which possibly are added in stoichiometric amounts in the case of purified
polypeptides, the enzymes required for the method are provided, in a particularly preferred
embodiment, in the form of a single whole-cell catalyst, i.e. in the form of a viable, metabolically
active cell. The enzymes may be presented on the surface of the whole-cell catalyst, as
described in the prior art, for example in DE 60216245. However, it is very particularly preferred
that the enzymes dependent on regenerating cofactors, more preferably all enzymes, are

localised in such a way that their active centres remain in contact with the interior of the cell so
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that the required cofactors and cosubstrates are acquired from the cell metabolism and further
resupplied.

The preparation of mutants of a cell which has a specific enzymatic activity, with the aim of
reducing this enzymatic activity for the mutants to be obtained compared to the wildtype of the
cell, is feasible to those skilled in the art using standard methods in the field of molecular
biology, genetics and microbiology (Sambrook ef al., 1989). For example, a random
mutagenesis by treatment of wildtype cells with radioactive radiation followed by a step for
selecting suitable mutants by determining the enzymatic activity of isolated colonies using
sultable assays Is possible, as described for numerous enzymes in the prior art (Cornish-
Bowden, 1995). Further methods comprising the insertion of a deactivating point mutations, for
example into the promoter or into the active centre of the enzymatically active polypeptide, is a
method also established for decades (Fersht and Winter, 2008).

In a preferred embodiment, the cell used is a prokaryotic, preferably a bacterial, cell. In a further
preferred embodiment, it is a mammalian cell. In a further preferred embodiment, it is a lower
eukaryotic cell, preferably a yeast cell. Examples of prokaryotic cells include Escherichia,
particularly Escherichia coli, and strains of the genus Pseudomonas and Corynebacterium.
Examples of lower eukaryotic cells include the genera Saccharomyces, Candida, Pichia,
Yarrowia, Schizosaccharomyces, particularly  the sfrains Candida tropicalis,
Schizosaccharomyces pombe, Pichia pastoris, Yarrowia lipolytica and Saccharomyces

cerivisiae. In the most preferred embodiment, it is Yarrowia lipolytica.

An aspect essential to the teaching according to the invention consists in the fact that a cell is
used whose 3-hydroxyisobutyric acid dehydrogenase activity, or the activity of a variant thereof,
Is reduced. In a preferred embodiment, the term “3-hydroxyisobutyric acid dehydrogenase
activity”, as used here, is understood to mean the activity of an enzyme that oxidises 3-
hydroxyisobutyric acid to the aldehyde.

In a preferred embodiment, the 3-hydroxyisobutyric acid dehydrogenase is an enzyme from the
group which comprises the polypeptides known from the prior art XP 5049111,
XP_003066853.1, XP_001246264.1, XP_385460.1, EFY92465.1, XP_363761.1,
XP_003346508.1, EFY97405.1, EEQQ90955.1, XP_002623105.1, XP 001223375.1,
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XP_002794385.1, XP_003046454.1, EGO58901.1, EEH47368.1, EGS21819.1, EEH18429.1
AAK07843.1, XP_002540650.1, XP_002484211.1, XP 002150057.1. EFQ36202.1
EDP49675.1,  XP_750988.1,  XP_003235672.1, EGR51338.1, XP 003013762.1
XP_003019423.1, EGE05569.1, XP_003169276.1, EGD98503.1, EEH06901.1
XP_001544047.1, EGC47721.1, XP_001821058.1, EGE82172.1, XP 002842837.1

)

]

XP_002835633.1, EFX05960.1, XP_001590627.1, XP_001552254.1, XP 962266.2,

XP_001392906.1, XP_003302932.1, CBF89164.1, EGP84417.1, XP 001258223.1
XP_001268201.1, XP_002569077.1, XP_001214240.1, EER38573.1, XP 0019391641
XP_658197.1, XP_001248657.1, XP_003047713.1, EGP83804.1, XP 001799030.1
EGF81169.1,  XP_002149358.1,  XP_002149354.1,  CBY01415.1,  CAP65353.1
XP_002569208.1, XP_002543763.1, XP_002565243.1, XP_003049329.1, XP 0019330341
XP_002551090.1, XP_001209304.1, XP_001796105.1, XP 003305815.1, CBY01417.1
XP_002144318.1, XP_003035025.1, XP_003047232.1, EDK39415.2, XP 0030709361
XP_001878640.1, XP_001833463.1, XP_001484132.1, XP_003051032.1, XP 7192441
XP_001796108.1, XP_456589.2, XP_001384410.2, XP_0024210551, XP 719127.1
XP_001524095.1, XP_003336106.1, EGN96107.1, XP_003043164.1, XP 001903154."
XP_758336.1, XP_003051445.1,  CBX93804.1,  XP 002614534.1,  EFW22385.1

)

]

H

¥

XP_003047715.1, XP_003009661.1, XP_001903159.1, XP_002144320.1, XP 754672.2,

EGG05569.1, more preferably is an enzyme from the group XP_504911.1, XP_003066853.1
XP_001246264.1, XP_385460.1, EFY92465.1, XP_363761.1, XP 003346508.1, EFY97405.1
EEQ90955.1, XP_002623105.1, XP_001223375.1, XP_002794385.1, XP 003046454.1

EGOS58901.1, EEH47368.1, EGS21819.1, EEH18429.1, AAK07843.1, XP 002540650.1
XP_002484211.1, XP_002150057.1, EFQ36202.1, EDP49675.1, XP_750988.1

XP_003235672.1, EGRb51338.1, XP_003013762.1, XP 003019423.1, EGE05569.1
XP_003169276.1, EGD98503.1, EEH06901.1, XP_001544047 1, EGC47721.1
XP_001821058.1, EGE82172.1, XP_002842837.1, XP _002835633.1, EFX05960.1
XP_001590627.1, XP_001552254.1, XP_962266.2, XP_001392906.1, XP 003302932.1
CBF89164.1, EGP84417.1, XP_001258223.1, XP_001268201.1, XP 002569077.1
XP_001214240.1, EER38573.1, XP_001939164.1, XP_658197.1, XP 001248657.1
XP_003047713.1, XP_002551090.1, EDK39415.2, XP 001484132.1. XP 719244 .1
XP_456589.2, XP_001384410.2, XP_002421055.1, XP_719127.1, XP 001524095.1
XP_002614534.1, XP_504911.1, particularly preferably is XP 504911.1 XP_002551090.1

b

?

]

}

!

?

]

}

EDK39415.2,  XP_001484132.1,  XP_719244.1,  XP_456589.2, XP 0013844102
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XP_002421055.1, XP_719127.1, XP_001524095.1, XP_002614534.1, and most prefarably is
XP_504911.1.

In a preferred embodiment, the 3-hydroxyisobutyric acid dehydrogenase is a 3-
hydroxyisobutyric acid dehydrogenase from the group which comprises the polypeptides known
from the prior art BAC82381.1, NP_746775.1, YP_004703920.1, YP 001670886.1,
ADR61938.1, YP_001269834.1, YP_001747642.1, YP_606441.1, BAJ07617.1, YP_257885.1,
EGH62730.1, ZP 06461142.1, ZP 05642104 .1, YP 004351842 .1, EGH86869.1,
YP_002874705.1, EGH24275.1, ZP_07777517.1, ZP_07003462.1, ZP 07264531.1,
EGH72043.1, YP_233798.1, EGH66664.1, EGH33025.1, EGH77479.1, EGH54475.1
EFW86611.1, EGH13085.1, ZP_03399204.1, NP_790630.1, YP _346429.1, ZP 04590292.1,
EGH46911.1, YP_004681354.1, YP_840711.1, YP_002007768.1, YP_2984566.1,
ZP_06495708.1, YP_001777122.1, YP_837675.1, YP_624179.1, YP 001117046.1,
YP_555519.1, YP_004360017.1, ZP_07673810.1, YP_004714189.1, YP_003607711.1,
YP_557465.1, YP_001810630.1, YP_003749513.1, ZP 081404571, AEA83842.1,
YP_001861262.1, YP_001892508.1, ZP_03264187.1, ADY83615.1, YP 001844789.1,
YP_002233766.1, ZP_02893156.1, ZP_06693498.1, YP_001705868.1, YP_001715485.1,
YP_775329.1, ADX90568.1, ZP_06059137.1, ADX01770.1, ZP_05825497.1, ZP 06069662.1,
YP_372791.1, YP_002254778.1, AEG71628.1, YP_001584514.1, ZP 02358230.1,
/P_03569839.1, YP_439994.1, ZP_02365286.1, YP_554218.1, YP 004473140.1,
YP_001889364.1, ZP_03585594.1, YP_110641.1, YP_003734018.1, ZP 06839562.1,
YP_001583635.1, ZP_00944342.1, ZP_03573494.1, YP_001115788.1, ZP 03582471.1,
YP_776268.1, YP_623275.1, ZP_04522920.1, ZP 04947734 1, ZP_02910304.1,
YP_371475.1, YP_001811564.1, YP_002798276.1, YP_003910785.1, YP 004230293.1,
ZP_02881368.1, ZP_03822695.1, ZP_02891780.1, ZP 06726280.1, CBJ40252.1.
ZP_02376988.1, ZP_05359923.1, YP_002908300.1, YP_004348870.1, YP 001172440.1,
YP_003747923.1, YP_046276.1, NP_522210.1, YP_001156335.1, ZP 03268101.1,
ZP_07236476.1, YP_001861075.1, ZP_05136769.1, YP _293155.1, YP 001083192.1,
YP_001970187.1, YP_002026611.1, YP_003776462.1, ZP 02381313.1, ADP96674.1

FGF41785.1,  ZP_08410855.1,  ZP_05911432.1,  AEL06416.1,  ZP 01989307.1,
ZP_06178628.1, NP_636638.1, ZP_01260019.1, ZP_04929809.1, ZP 08460617.1,
YP_004068587.1, YP_002553266.1, ZP_06877402.1, YP_002439068.1, NP 800628.1.
ZP_08100296.1, NP_252259.1, YP_001279202.1, ZP_01367000.1, YP 001346959.1,
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ZP_01133887.1, EGM15746.1, YP_339977.1, ZP_04921053.1, ZP_04764368.1, NP_762450.2,
YP_986257.1, YP_789596.1, YP_004191179.1, YP_004416219.1, NP 937094.1,
YP_002794225.1, ZP_02244049.1, ZP_05943914.1, YP_450771.1, YP 200485.1,
/P_08178115.1, NP_717293.1, ZP_06730192.1, ZP 04958952.1, ZP 03698449.1,
/P _04922804.1, YP_003288698.1, YP_001141739.1, ZP_08188278.1, YP 786279.1,
ZP_05127790.1, YP_363098.1, ZP_01104144.1, ZP _05886382.1, ZP 05620602.1,
/P_01614260.1, NP_641651.1, ZP_06705559.1, ZP 01260775.1, ZP 06182137.1,
/P _05879122.1, YP_001631119.1, ZP_08552251.1, ZP_08570660.1, ZP 017382111,
ZP_01893199.1, ZP_08520681.1, ZP_08182597.1, YP_264191.1, YP 001414164.1,
/P_08638362.1, YP_422950.1, EGF41343.1, ZP_00056040.1, ZP_08700476.1, NP_800135.1,
/P_08272093.1, ZP_08181910.1, ZP_02194300.1, ZP _03698989.1, YP 004235082.1,
preferably is an enzyme from the group comprising the enzymes BAC82381.1, NP 746775.1,
YP_004703920.1, YP_001670886.1, ADR61938.1, YP_001269834.1, YP 001747642.1,
YP_606441.1, BAJO7617.1, YP_257885.1, EGH62730.1, ZP_06461142.1, ZP 05642104.1,
YP_004351842.1, EGH86869.1, YP_002874705.1, EGH24275.1, ZP 077775171,
ZP_07003462.1, ZP_07264531.1, EGH72043.1, YP 233798.1, EGH66664.1, EGH33025.1
EGH77479.1, EGH54475.1, EFW86611.1, EGH13085.1, ZP_03399204.1, NP 790630.1,
YP_346429.1, ZP_04590292.1, EGH46911.1, ZP_06495709.1, YP _004714189.1,
ZP_08140457 .1, AEA83842.1, ADY83615.1, YP_001844789.1, ZP _06693498.1,
YP_001705868.1, YP_001715485.1, ADX90568.1, ZP 06059137.1, ADX01770.1,
/P_05825497.1, ZP_06069662.1, YP_004473140.1, YP_003734018.1, YP_002798276.1,
ZP_03822695.1, ZP_06726280.1, ZP_056359923.1, YP_001172440.1, YP 046276.1,
ZP_07236476.1, YP_001083192.1, ZP_04929809.1, ZP_08460617.1, ZP 06877402.1,
YP_002439068.1, NP_252259.1, YP_001279202.1, ZP_01367000.1, YP_001346959.1,
EGM15746.1, YP_789596.1, ZP_05620602.1, YP_264191.1, YP_580776.1, YP 7925421,
YP_004379211.1, ZP_06880384.1, YP_001186868.1, ZP_04932430.1, ZP 01364121.1,
YP_002442182.1, NP_249434.1, YP_001350119.1, EGH98403.1, 30BB_A, 3Q3C A. In a
preferred embodiment, the phrase “a cell which, compared to its wildtype, has a reduced activity
of a 3-hydroxyisobutyric acid de<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>