Enzymatic method for producing aldehydes Field of the invention 5 The invention relates to methods
for producing aldehydes and the oxidation and reduction products thereof. Prior art Enzymatic
methods for producing aldehydes are described widely 10 in the literature. Thus, for example, WO
2009001304 describes a method for producing aldehydes from polyunsaturated fatty acids with
cooperatith GFABHdEBPEfbxide-lyases. Biochemical routes for obtaining 3om®tEpbotaoalssssa
described 15 in Smit et al., Appl. Microbiol. Biotechnol., 2009, 81, 987-999. Producing aldehydes from
alcohols with the help of methanol oxidases and catalases from Pichia, Hansenula, Candida, or
Torulopsis is described in US 5783429.  Using xylene or alkane monooxygenases it is possible,
according 20 to WO 2001031047, to obtain aromatic aldehyde derivatives. 3-Hydroxypropionaldehyde
(3HPA) cBRTEvesHve reatbed nfiemanefvpdmertant dednodes for the industrial production of
polymers and plastics, and also to equally important acrylic 25 acid esters. Further important products
which can be derived from 3-hydroxypropionaldehyde are 1,3-propanediol (by reduction),
3-hydroxypropionic acid (by.oxidation) and acrolein (by dehydration). Since to date there are no

commercial SPHrees ofidshydroxyprppipnaldehyde available, the production of 30
3-hydroxypropionaldenyde, i particufar in the form of the reuterin, from glycerol is being intensively

investigatees -PUMRRE BQTeaFIgAtRE diel fahbadB0soTalrtcs BAd Mbhrdgedyy desinterdh tAgents
Chemothgi:; 4889.033. £14-8Exdescubed ihssiermentative prgduction of 1-hydroxypropionaldehyde

from glycerol using Lactobacillus reuteri.

Prior art .

Enzymatic methods for producing aldehydes are described widely

10 in the literature.

Thus, for example, WO 2009001304 describes a method for

producing aldehydes from polyunsaturated fatty acids with

cooperation of 13-hydroperoxide-lvases.

Biochemical routes for obtaining 3-methylbutanal are described
,.987m999.
Producing aldehydes from alcohols with the help of methanol

15 in Smit et al., Appl. Microbiol. Biotechnol., 2009, 81

oxidases and catalases from Pichia, Hansenula, Candida, or
Torulopsis is described in US 5783429,
Using xylene or alkane monooxygenases it is possible, according

20 to WO 2001031047, to obtain aromatic aldehyde derivatives.

3-Hydroxypropionaldehyde (3HPA) can be converted to acrylic
acid, an important monomer for the industrial production of
polymers and plastics, and also to equally important acrylic

25 acid esters. Further important products which can be derived
from 3-hydroxypropionaldehyde are 1, 3-propanediol (by
reduction), 3-hydroxypropionic acid (by oxidation) and acrolein
(by dehydration). Since to date there are no commercial sources
of 3-hydroxypropionaldehyde available, the production of

30 3-hydroxypropionaldehyde, in particular in the form of the

reuterin, from glycerol is being intensively investigated.



S An analogous method using 02 limitation is described in US 5413960.  D1K180099 discloses a
method with the continuous introduction of 10 glycerol and use of Lactobacillus reuteri D5SM12246.
Doleyres et al., Appl Microbiol Biotechnol. 2005 Sep;68 (4):467- 74, describe a method for producing
3-hydroxypropionaldehyde in L. reuteri ATCC 53608 under various growth conditions and show 15 that
repeatedi@se b thelsidéatlyst is not possible on account of the heavily de@ea8RY GLAOVIDS5683
CN1778935 describes a one-step fermentation of a glycerol solution with Klebsiella pneumoniae
DSM2026 in the presence of 20 semicarbazide. US 2962027 describes a method for producing
3-hydroxypropionaldehyde in an aerobic two-step fermentation of Klebsiella pneumoniae NRRL
B-4011, where, in the first step, 25 firstly cell mass and glycerol dehydratase is generated and, in the
second StBPSin the prasekitedst sehdicambazive, gheeld §9sonvRztbatd S hpdrdxpoiopionaiiehyde. EP

166945 dassiibes dhe biejechnolegicaldrduction g3 S-hydraxypropignaidaivda wilh (piel alia) K-
pneumoniae with the addition of coenzyme B12 in a virtually quantitative yield by increasing the
cell/subsha¥@eatfer CBVR cORRAMS fdtireodt - GiMAtveseatsRi priistihydratithenyields and

conversign yatesure lewnMoreqvern the described methods, a high expenditure for the provision of
the biocatalyst 5 is always required, which then only has a short service life, i.e. which can then only

be uged in the short-term.
- An analogous method using 0, limitation is described in

US 5413960.

DK180099 discloses a method with the continuous introduction of

10 glycerol and use of Lactobacillus reuteri DSM12246.

Doleyres et al., Appl Microbiol Biotechnol. 2005 Sep;68 (4):467-

74, describe a method for producing 3-hydroxypropionaldehyde in

L. reuteri ATCC 53608 under various growth conditions and show
15 that repeated use of the biocatalyst is not possible on account

of the heavily decreasing activity.

CN1778935 describes a one-step fermentation of a glycerol
solution with Klebsiella pneumoniae DSM2026 in the presence of

20 senmicarbazide,

US 4962027 describes a method for producing
3-hydroxypropionaldehyde in an aerobic two-step fermentation of
Klebsiella pneumoniae NRRL B-4011, where, in the first step,

25 firstly cell mass and glycerol dehydratase is generated and, in
the second step, in the presence of semicarbazide, glycerol is

~converted to 3-hydroxypropiocnaldehyde.

" EP 1669457 describes the biotechnological production of
.30 3-hydroxypropionaldehyde with (inter alla) K. pneumoniae with

the addition of coenzyme B:; in a virtually quantitative yield by

increasing the cell/substrate ratio.



It was therefore an object of the invention to provide a method which overcomes the described
disadvantages of the prior art. 10 Description of the invention Surprisingly, it has been found that the
methods described below are able to achieve the object of the invention. 15 The present invention
therefore provides a method for producing aldehydes, comprising the steps A) bringing preferably an
aqueouswd|itiphOofla2Vigihal diol into contact with a hydrolyase, B) separaty fepaitiebyds figated in
step A) and the hydro-lyase, C) at least one repetition of steps A) and B) with 20 the hydro-lyase
obtained from step B) and optionally D) isolating the &ldehyde formed, characterized in that the
method is carried out in the presence of a compound which forms a bond with the aldehyde. 25 The
invention further provides a method for producing oxidation and reduction products of the aldehyde
obtained by the aforementioned method. Advantages of the method according to the invention are
the 30 v@u@%&@pt%@&w@ld&g aéqqhygg Q.ﬁgd Hleﬁ!%%% %égfgd%?ej]gngﬁgvg%ge of the
hydro-lyase used as - 4 - biocatalyst and its ability to be reused. This facilitates a continuous
procedurgiA¥dghensdinage si o mathos &scordiny to Murigowetion srthahthedesmu hedd to
suppresssagehdary actyiti - u as.bi , far. I ther
reduction of thgga%et?yd}gil%q;%gﬁr?oglﬁ%%%%g&% a%%%y (g@i?l%r% %%:ﬁ%eg&‘%t%%%e?%%
inveritiondi§ tRdhE sethel beebdindiio-ihetiheantionlofférs the opliery 6f werkig forlihd eost part

with the exclusigm, QR FRAUGHORILQOXKIAR, 35 (BSU in the short-term.

It was therefore an object of the invention to provide a method

which overcomes the described disadvantages of the prior art.
10

Degcription of the invention

Surprisingly, it has been found that the methods described below

are able to achieve the object of the invention.

15 The present invention therefore provides a method for producing
aldehydes, comprising the steps A) bringing preferably an
agueous solution of a vicinal diol into contact with a hydro-
lyase, B) separating the aldehyde formed in step A) and the
hydro-lyase, C) at least one repetition of steps A) and B} with

20 the hydro-lyase obtained from step B) and optionally
D) isolating the aldehyde formed, characterized in that the
method is carried out in the presence of a compound which forms

a bond with the aldehyde.

25 The invention further provides a method for producing oxidation
and reduction products of the aldehyde obtained by the

aforementioned method.

Advantages of the method according to the invention are the
30 wvirtually guantitative yield of aldehyde based on the alcohol

used, the long service life of the hydro-lyase used as



10 of which corrosion and undesired oxidation for example of the product can be reduced, a simple
set-up in terms of apparatus is made possible and energy can be saved, and also other known
problems associated with the gassing of a biotechnological reactor such as, for example, foam
formation, are prevented. 15 In connection with the present invention, the term "aldehyde" is likewise
understod@ asdmheédaingIw@rates and dimers of the aldehyde and also mixRdIed € 2A8se/comid@Ainds,
and, for example, reuterin in the case of 3-hydroxypropionaldehyde. 20 Unless stated otherwise, all
stated percentages (%) are percentages by mass- H§ydro-lyases which can be used in the method
according to the invention are enzymes which are listed in the EC Class 4.2.1.X. 25 Here,
hydro-lyases which are particularly advantageous for the method according to the invention are those
which ar®hesv mtependartlyistcadriyirie/BER, ke \iiteehave AhldrdfebeHcat|peren without
the presmfﬁgg@gy@&%&{ﬁgpstitutes/analogs for this substance such as, for example, 30
corrinoids, cobalamines. Examples of representatives of such hydro-lyases can be found in WO
200814884 fug fipathzpyaydsedreferably yseihnthe fretsiiascdrginglte thawrhiion aid glycerol

dehydrataggs apg diol-debydratagessand, a&ﬁQ%-aQe@ge@i@e&{a/gf@aé%%ﬁ@é%é@ﬁ EG4.2.1.28). In
this connection, in particular the glycerol dehydratases
5 hydro-lyase used as biocatalyst, such as, for example, further
reduction of the aldehyde to alcochol, to the formed aldehyde.
A further advantage of the present invention is that the method
according to the invention offers the option of working for the
most part with the exclusion or reduction of oxygen, as a result
10 of which corrosion and undesired oxidation for example of the
product can be reduced, a simple set-up in terms of apparatus is
made possible and energy can be saved, and also other known
problems associated with the gassing of a biotechnological
reactor such as, for example, foam formation, are prevented.
15
In connection with the present invention, the term “*aldehyde” is
likewise understood as meaning hydrates and dimers of the
aldehyde and also mixtures of these compounds, and, for example,
reuterin in the case of 3-hydroxypropionaldehyde.
20 Unless stated otherwise, all stated percentages (%) are

percentages by mass.

Hydro-lyases which can be used in the method according to the
invention are enzymes which are listed in the EC Class 4.2.1.X.

25 Here, hydro-lyases which are particularly advantageous for the
method according to the invention are those which are active
independently of coenzyme Bis, i.e. which have a hydro-lvase
activity even without the presence of coenzyme Bi; or
substitutes/analogs for this substance such as, for example,

30 corrinoids, cobalamines. Examples of representatives of such

hydro-lyases can be found in WO 200814864,



5 which can be isolated from microorganisms selected from the group of the genera Klebsiella,
Citrobacter, Clostridium, Lactobacillus, Ehterobacter, Caloramator, Salmonella and Listeria,
particularly preferably the glycerol dehydratase selected from the group of the species Klebsiella
pneumoniae, 10 Citrobacter pneumoniae, Clostridium pasteurianum, Lactobacillus leichmannii,
Citrobact#? iteirfiédigit} Téctobacillus reuteri, Lactobacillus buchneri, LacrabacRREIxevis 55683
Ehterobacter agglomerans, Clostridium pasteurianum, Clostridium perfringens, Clostridium kluyveri,
Caloramator viterbensis, Lactobacillus 15 collinoides; Lactobacillus hilgardii, Salmonella typhimurium,
Listeria monocytogenes and Listeria innocua are used in the method according to the invention. The
glycerol dehydratase used is preferably coded by the genes selected from the group consisting of
pduC, pdiime deivE: 20 InokiRs Hdelc: Hiash Hiats efakrandtthe ARG genesfidim@atiobabitus

reuter! ATGCARTI0 Ao 2dypptagentsisifiese ol e dveergl dshuliptase vaaaL SHOPH22

described in WO-A-2004/056963 which hasthe SEQ.-ID No. 322 disclos 63. The
nucleoticdlseyuerer ¥ €sls ahddehier2s saitsbld Benésdorla gl ceBST déhydrhatas®) can be found, for .

exampleri the {Kyeto-fneyciopedia gf 9&9@%%ﬂaéer&%e%%%1daé%%§@at@§sd@éabases of the
|

National Center for Biotechnology Information (NCBI) of the | Library Of Medicine (Bethesda,
MD, &SAStErThe FRBIcBRdE SRYaERS daRbaBe BOCsPiRaTELssFeditVeikicathr Biemgidsa aboratories.

In connegfionwith the diol dehudiatasesanay bg advaptlagegus Lo use i the,mathad,in particular the
diol dehydratase which

Lactobacillus, Enterobacter, Caloramator, Salmonella and

Listeria, particularly preferably the glycerol dehydratase

selected from the group of the species Klebsiella pneumoniae,

10 Citrobacter pneumoniae, Clostridium pasteurianum, Lactobacillus
leichmannii, Citrobacter intermedium, Lactobacillus reuteri,
Lactobacillus buchneri, Lactobacillus brevig, Enterobacter
agglomerans, Clostridium pasteurianum, Clostridium perfringens,
Clostridium kiluyveri, Caloramator viterbensis, Lactobacillus

15 collinoides, Lactobacillus hilgardii, Salmonella typhimurium,
Listeria monocytogenes and Listeria innocua are used in the
method according to the invention.

The glycerol dehydratase used is preferably coded by the genes
selected from the group consisting of pduC, pduD, pduE, pddA,

20 pddB, pddC, dhaB, dhaC, dhakE and the gldARC genes from
Lactobacillus reuteri ATCC55730. Also advantageous is the use of
the gliycerol dehydratase variant SHGDH22 described in
WO-A-2004/056963 which has the SEQ.-ID No. 322 disclosed in
WO 2004056963 . The nucleotide sequence of this and further

25 suitable genes for a glycerol dehydratase can be found, for
example, in the “Kyoto Encyclopedia of Genes and Genomes” (KEGG
database), the databases of the National Center for
Biotechnology Information (NCBI) of the Nationmal Library of
Medicine (Bethesda, MD, USA) or the nucleotide sequence database

30 of the European Molecular Biologies Laboratories.

In connection with the diol dehydratase, it may be advantageous

to use in the method in particular the diol dehydratase which



can be isolated from microorganisms selected from the group of the genera Klebsiella,
Propionibacterium, Clostridium, Lactobacillus, Salmonella, Citrobacter, Flavobacterium,
Acetobacterium, Brucella and Fusobacterium, particularly 5 preferably can be isolated from
microorganisms selected from the group of the species Klebsiella pneumoniae, Propionibacterium
freudenr@ieh# & B4&RITIEMGlycolicum, Lactobacillus brevis, Salmonella tyBemvEERY) Titr Simtes
freundii, Lactobacillus buchneri, Brucella melitensis, Fusobacterium nucleatum, 10 Klebsiella oxytoca,
Salmonella typhimurium, Listeria monocytogenes-arfd Listeria innocua. In connection with the
propanediol dehydratase, it may be advantageous in the method in particular the propanediol
dehydratase which can be isolated from microorganisms selected 15 from the group of the genera

CitrobacfeRICIRtrichGha kKRshsiIR LEéopaemnaaPwplofisdestad ahaosalionetiaopartiofarly
preferabiytanssisplated &o8y BuQROrganisms selestadramythe groun of the, species Citrobacter

freundii, Clostridium %:Xcolicum, Klebsiella oxytoca, Klebsiella 20 pneumoniae, Lactobacillus brevis,

LactobadiftiSsthameti Eactobacmas edllifoides LPRIASHBActe idmvirkaiehrgiéiirand Salmonella

typhimurisse dBshe easq wherge-Bydp-lyase peadinthedpethnd according 25,49 fhe invention is a
vitamin B12 dependent enzyme, it may be advantageous to carry out step A) in the presence of an

enzyme BREDBFEARINe S¥miEx hafihggivberoriefYr&ass veacase 2etas edisFeahyshstase

reactivasgraniiyity singedhedweiedy ase£e8:05sibly.hedaagtivaied BiroyeBhinding afthg,30 vitamin.
Such a reactivase is descriped for example in Mori et al,, J. Biol. Chem. 272:32034 (1997). Preference
is given rga{f's PRiGhSds whichP&nt 6 b1 d Foht HdbrgARheREME L Fusy RERTHS -

correspogdihgdnyelia-dy asereaimbe isplated. Suitakle giot dehydratase, reastivasasare kaown from
Klebsiell%ox toca (GenBank Nos: AAC15871, AF017781; GenBank Nos: AAC15872, AF017781)
Salmonefts B UtiuAT (ESEHB G ROS EARSE 108 usobacterium nucleatum,

10 Klebsiella oxytoca, Salmonella typhimurium, Listeria
monocytogenes and Listeria innocua.
In connection with the propanediol dehydratase, it may be
advantageous in the method in particular the propanediol
dehydratase which can be isolated from microorganisms selected

15 from the group of the genera Citrobacter, Clostridium,
Klebsiella, Lactobacillus, Propionibacterium and Salmonella,
particularly preferably can be isoclated from microorganisms
selected from the group of the species Citrobacter freundii,
Clostridium glycolicum, Klebsiella oxytoca, Klebsiella

20 pneumoniae, Lactobacillus brevis, Lactobacillus buchneri,
Lactobacillus collinoides, Propionibacterium freudenreichii and

Salmonella typhimurium.

In the case where the hydro-lyase used in the method according
25 to the invention is a vitamin B,; dependent enzyme, it may be
advantageous to carry out step A) in the presence of an enzyme
and/or enzyme complex having glycerol dehydratase reactivase
activity or diol dehydratase reactivase activity since the
hydro-lyase can possibly be deactivated through binding of the
30 wvitamin. Such a reactivase is described for example in Mori et
al., J. Biol. Chem. 272:32034 (1997). Preference is given to

using reactivases which can be isolated from the organism from



5:AF026270; GenBank Nos: AAD39008, AF026270) and Lactobacillus collinoides (GenBank Nos:
CADO01092, AJ297723; GenBank Nos: CAD01093, AJ297723), suitable glycerol dehydratase
reactivase from Klebsiella pneumoniae (cf. WO 2008137403). 10 The hydro-lyases used according to
the invention in the method can be used in all forms of accessibility known to the person skilled in the
art. Thusitheidvd-lyaseslsed can be used as isolated enzymes, isolatedar/eemonle frloRs 683
recombinant expression system, or as a constituent of enzyme complexes. 15 Preference is given to
using the hydro-lyases in the form of a whole-cell redttor, i.e. the hydro-lyases are present in a
biological cell, preferably in the cell which expresses the hydro-lyase. The cells having hydro-lyase can
express the hydro-lyase already 20 as wild type or can have been genetically modified such that they
only have"ihglrd-ase eetggrasdiregulipéithe dermtie nedifitations Wikkeype celis tabihining

hydro lvage sihiejsrobauised indie mejlgdaccoding i e iNapign (e 1e selubich are 25
described above as microorganisms from which the hydro-lyases can be isolated. Gengﬁcaﬁy modified
cells whicttesiams adle BydrdIfdde aAd ¢ad Beluscdaniisaindihed adesTtfky7t.the invention are

describedhdgn exanmple sin Wih 2098148040 4 the dis¢losiiie-0h 3%y i-ChAﬁiﬁé&%% is explicitly made

]
here. Furthermore, it may be advantagéous to reduce the tendency of the cells towards the reactive

formation"Std3Rerot i cEFrGiATe N®sHld ARRIEL) B paiE (idp tElte nelelc - afthelesriebpuading
aldehydeg &0 neducede dhe serespanding aleatiors darpudh sppropriate gepatic. iqdification of the

cells. For example, in cases where the aldehyde to be produced by the method according
CADOI093, AJ297723), suitable glycerol dehydratase reactivase

from Klebsiella pneumoniae {cf. WO 2008137403).

10 The hydro-lyases used according to the invention in the method
can be used in all forms of accessibility known to the person
skilled in the art. Thus, the hydro-lyases used can be used as
isolated enzymes, isolated for example from a recombinant
expression system, or as a constituent of enzyme complexes.

15 Preference is given to using the hydro-lvases in the form of a
whole-cell reactor, i.e. the hydro-lyases are present in a
biological cell, preferably in the cell which expresses the
hydro-lyase.

The cells having hydro-lyase can express the hydro-lyase already

20 as wild type or can have been genetically modified such that
they only have a hydro-lyase activity as a result of the genetic
modification.

Wild type cells containing hydro-lyase which can be used in the
method according to the invention are the cells which are

25 described above as microorganisms from which the hydro-lyases
can be isolated.

Genetically modified cells which contain suitable hydro-lyase
and can be used in the method according to the invention are
described, for example, in WO 2008148640, to the disclosure of

30 which reference is explicitly made here.

Furthermore, it may be advantageous to reduce the tendency of

the cells towards the reactive formation of by-~products from the



5 to the invention is 3-hydroxypropionaldehyde, cells with an activity, that is reduced compared to their
wild type, of an enzyme El which is able to reduce 3-hydroxypropionaldehyde to 1,3-propanediol are
used. Enzyme E1 (1,3-propanedioldehydrogenase, 3-hydroxypropionaldehyde reductase, 1,3- 10
propanediol:NAD+ oxidoreductase or propane-1,3-diol:NAD+-1- oxidoreductase; EC 1.1.1.202)
catalyse¥'¢he fEketidd 32 hfdroxypropionaldehyde + NAD(P)H 5 1,3-propaReticEPNADR)$5888h
enzymes are e.g. the proteins with the GenBank accession numbers AP007281.1, EDX43365.1,
BAG24545.1, ABQ82306.1, 15 A3043839.1, EE168879.1,EE166346.1, EE173647.1, EEJ92522.1,
EE109194.1, EE173500.1, ABQ83973.1 or BAG26138.1. From this data it is possible to identify
corresponding oxidoreductase for the cell containing the particular hydrolyase which is used in the
method &ccSRaFE S the vBatidi eRda0 tehedteadsreivigicomgareanossnitiine. The wording

"reduced;acivity ot anezyae’ used s preferably understond asmeaning.an agtivity jeduced by a

factor of at least 0.5, particularly preferably of at least 0.1, moreover preferably of at [éast 0.01,
moreovefRRERPIGR e Eralsy of AP 29164500 aRd nidst pesiéidably BPat ledsr®denl.ithe

reduction-intbe agtixibe ot asegainenzne saptake-plage.dar eyample hytargeted ar ypdirgeted

mutation, by the addition of competitive or non-competitive inhibitors or by other measures, known to
the persciPsKiffsd MHREH 38r Fetiud iy st BRersyitRd S8 a8t dehedfic erRyme. whtbf auitability for

reducingbe a¢tivity, ofcasenzime By dargesacmutatianaren forexgmple cJiacted knegkouts, in
.which, for example, promoter active sequences of the target gene, active regions (necessary for the
aﬂawﬁcﬁﬂﬁﬁﬁﬁcﬁl which is able to reduce 3-hydroxypropionaldehyde to

1,3-propanediol are used. Enzyme E; (1, 3-propanediol -
dehydrogenase, 3-hydroxypropionaldehyde reductase, 1,3-

10 propanediol:NAD' oxidoreductase or propane-1,3-diol:NAD'-1-
oxidoreductase; EC 1.1.1.202) catalyses the reaction 3~
hydroxypropionaldehyde + NAD(P)H =2 1,3-propanediol + NAD(P)'.
Such enzymes are e.g. the proteins with the GenBank accession
numbers AP007281.1, EDX43365.1, BAG24545.1, ABQS82306.1,

15 AB043839.1, EEI08979.1,EEI66346.1, EEI73647.1, EEJ92522.1,
EEI09194.1, EEI73500.1, ABQB83973.1 or BAG26138.1.

From this data it 1s possible to identify corresponding
oxidoreductase for the cell containing the particular hydro-
lyase which is used in the method according to the invention and

20 to reduce its activity compared to its wild type.

The wording “reduced activity of an enzyme” used is preferably
understood as meaning an activity reduced by a factor of at
least 0.5, particularly preferably of at least 0.1, moreover
preferably of at least 0.01, moreover even more preferably of at

25 least 0.001 and most preferably of at least 0.0001. The
reduction in the activity of a certain enzyme can take place,
for example by targeted or undirected mutation, by the addition
of competitive or non-competitive inhibitors or by other
measures, known to the person skilled in the art, for reducing

30 the synthesis of a specific enzyme.



5.the enzyme) of the target gene or the entire target gene are deleted, substituted with foreign DNA or
are interrupted with foreign DNA. Furthermore, various techniques of gene silencing are known to the
person skilled in the art which, via antisense nucleic acids 10 or small-interfering RNA (SiRNA),
reduce, or even completely prevent, specifically the transcription and/or the translation of individual
genes. Dépending/dr2the7delected system, this suppression can take placedrapsenty,ocensss g3
inducible or be present constitutively. 15 Methods are likewise known to the person skilled in the art
with which individual point mutations can be placed & the target gene in a targeted manner.
Furthermore, methods are known to the person skilled in the art with which mutations can be placed in
the target gene in an undirected manner in order to then select 20 cells which have a reduced activity
of an enBine . tFHus] stgh fmtatieicampe thiggered evg. thy thé raturahegrmerate duying the

replicati011.1‘_3&1‘;Eae‘ﬁggcrﬁtﬂl erial.or Xpasing th lls to physical or.chemical noxae, such as, for
example, UV light, Nmeﬁy?—NQ-ni%%ﬂnﬁéééﬁar%%ﬁ%f ef%%llﬂ%%%heé}nggﬂﬁggﬁg% nitrose acid,
hydroxyarhihelor 4£mirogumiine 1-oxidective cellstdorgaipaguntredyase usesl accopding to the
|nvent|orblgr§g§ method 3y, _ Jﬁlllglg &%é%gg cﬂl% Q{ﬁfer%%q:eadtielgg given té)tlllv(lan %%Is. 3Q It
may be advantageous for the living hydro-lyase-containing cglls Gsed as ydrolilﬁ}ases 0 be keptin a
suitaBle frediBR-aYTIRY tfd nidtifod o520 naina Seppiivey tehiwith thegetD gsutestances required

for growthegweyer, dt pas-heen fungdithat, @5 regards-syoply with gxxg%%éhgﬁg §§ advantageous to

limit this. Consequently, it is preferred for the living,”hydro-lyasecontaining ce a‘ﬁ"uy ro-lyases
to be usécdDHﬁ%‘téﬁlA@%?‘under microanaerobic or anaerobic conditions. Microanaerobic or anaerobic

conditions. arerpseferally characterizedinthatihemediugusiurounding the Iving, 1noum o

hydro-lyase-containing cells used as hydro-lyases has a content of dissolved oxygen of less than 1

mg/L, préfefaBhPEE RRs $ar O miL, Sh P adiclafEidsss 10 thadrd: 1 9R5/8S based oA thawids
mediym. Jihese.conditiops cae:e.achigxed SORRXIMPIE- Ay the ”@Pi%@éﬂr@&ﬁ%wéawe”s not

being additionally gassed by air or oxygen, I.e. air or oxygen is not passed through the medium, and, if

appropri®E S &ditonaRARE Chrdiher ARG e Riatfidh Ailkt(REisthe translation

of individual genes. Depending on the selected system, this
suppression can take place transiently, can be inducible or be
present constitutively.

15 Methods are likewise known to the person skilled in the art with
which individual point mutations can be placed in the target
gene in a targeted manner. Furthermore, methods are known to the
person skilled in the art with which mutations can be placed in
the target gene in an undirected manner in order o then select

20 cells which have a reduced activity of an enzyme E;. Thus, such
mutations can be triggered e.g. by the natural error rate during
the replication of genetic material ér by exposing the cells to
physical or chemical noxae, such as, for example, UV light, N-
methyl-N'-nitro-N-nitrosoguanidine, ethyl methanesulfonate,

25 nitrose acid, hydroxyamine or 4-nitroquinoline l-oxide.

The cells containing hydro-lyase used according to the invention
in the method may be living cells or dead cells, preference
being given to living cells.

30 It may be advantageous for the living hydro-lyase-containing
cells used as hydro-lvases to be kept in a suitable medium

during the method, said medium supplying them with the



15 sealed as far as possible in an air-tight manner. In order to be able to carry out the separation of
aldehyde and hydro-lyase to be undertaken in step B) in a simplified manner, it is preferred for the
hydro-lyase to be immobilized on a 20 support. If the hydro-lyase is used as free, isolated enzyme,
many methods of enzyme immobilization are available to the person skilled in the art, such as, for
example,itre 20UplMg meamoxide-activated support materials and methodsmtesctiped imthgdierature,
such as, for example: Mateo et al. Advances in the 25 design of new epoxy supports for enzyme
immobilization-stabilization, Biochem Soc Trans. 20Q0 Dec;35(Pt 6):1593-601 and Balcao et al.,
Bioreactors with immobilized lipases: state of the art, Enzyme Microb Technol. 1996 May 1;
18(6):392-416. If cells having hydro-lyase activity are used as hydro-lyases, 30 methods known to the
person skilidesinatheest arequsiedsidr flomopitizigithettslievsiich ds; frmexarape, Calcium alginate

methods. |n particular, t iloxane-hased method described in DE, 102007031689, and also the
immobilizial%on %?%h%ﬁr ge:%s%\%ﬁ?%ewégtﬁnlm%%gﬁy avaifaple’ Xerl?tﬁ(a? Fdﬁ% i§ %%?tﬁ%latrﬁl ble in this
connectichli% In fhromethesadcording té the rvbatiordsubstitutéckand uisubstiy@tosdigaldiels can
be used ip sten A):eferally t st re selected from the group comprising carboxyl,
amino, ester,e%)lcy?énaste r%nd¥ ﬁy%?%séﬁ g%%lup %v% er;sLey RS pgﬂicﬁ?arg/spergfe%?eg tl n‘the method
accordingHedht inativaase Wiadepreferaiglt vichratdiots with a terbonahadriehdgt afrfrom 2

to 20, in %H@i‘%%ff%@éi%ﬁed ye B@@fg@éﬁgﬁ; fr%% 5%9 cartz)%%ag%m%l,%gfecrﬁeéj vicinal

diols used in the method according to the invention include in partlcﬁgﬁsugars an sugar alcohols
having 3 fe6 EBRboTHaEMESiBly aShfer Exdinple, suybirsh-pardedacpreferentads givkhsn tisd
connectiondony&:RSaR3REY, BHY N INPALANLGYEROL 1 DRl YlRraabicaipl iusec pdfe
method according to the invention as vicinal diol, meaning that the resulting aldehyde 20 is
3-hydroxyprBgichalRF§EETAS WS difssrot i paftichldratde 1 2pmpatiédiolisused, ihagkich

case propanah ispoltainesras ydshvde, This aldshyde can be gonveried o Daprgpanglandpropionic
acid through a disproportionation, which readily follows.
-be achieved, for example, by the medium surrounding the cells
not being additionally gassed by air or oxygen, i.e. alr or
oxygen is not passed through the medium, and, if appropriate,
additionally the container surrounding the reaction mixture is

15 sealed as far as possible in an air-tight manner.

In order to be able to carry out the separation of aldehyde and
hydro-lyase to be undertaken in step B) in a simplified manner,
it is preferred for the hydro-lyase to be immobilized on a

20 support. If the hydro-lyase is used as free, isolated enzyme,
many methods of enzyme immobilization are available to the
person skilled in the art, such as, for example, the coupling to
epoxide~activated support materials and methods described in the
literature, such as, for example: Mateo et al. Advances in the

25 design of new epoxy supports for enzyme immobilization-
stabilization, Biochem Soc Trans. 2007 Dec;35(Pt 6):1593-601 and
Balcdo et al., Bioreactors with immobilized lipases: state of
the art, Enzyme Microb Technol. 1996 May 1;18(6):392-416.
If cells having hydro-lyase activity are used as hydro-lyases,

30 methods known to the person skilled in the art are used for
immobilizing the cells, such as, for example, calcium alginate

methods. In particular, the siloxane-based method described in



25 The vicinal diol is used in step A) in a concentration range from 0.01% by weight to 50% by weight,
preferably from 0.2% by weight to 20% by weight, based on the total reaction mixture. In step B),
the aldehyde formed in step A) and the hydro-lyase 30 are separated. The separation of the
hydro-lyase, immobilized in particular on a support, takes place here by means of separation methods
known WP 2{olthel@st3ada skilled in the art, such as, for example, centriflgEtiopPH010 /055683
hydro-lyase-containing cells are used as hydro-lyase in step A), it is conceivabla to separate the cells
from the aldehyde for example by means of a suttablk fitter, for 5 example by means of a filter with an
exclusion size in a range from 20 to 200 kDa. Also conceivable is the use of a centrifuge, of a suitable

sedimentation device or of a combination of these devices, it being particularly preferred to separate
off at led3Esdmeldithe tehs firstpdyasktimehetibnrenidithém 2 1 01pasé thbaldetiyte, pertially freed

from the dels aaultpliayon l ceatrfuoatign dedee 1 qellsseRAIEAQT 0 s way. If they
have been obtained in several separation stages carried out In succession, are optionally purified and
can be passédiairectylaghihdo SWPAY tHB Hewever, it may prove to be advantageous to again wash
the hydro-lyase-containing cells before carrying out step A) again, in which case this washing
preferably takes place with the same medium which is used in step A). Particularly preferably, the
wasRing WatH-{ie medhrdussEarddBepR) takes haeivitPthe audigsadedticmet glucose; by

doing soytha.iosmatian of by-preduats degyed from the aldehyds can bg suppresseddnan .,
advantageous manner during the actual biotransfoLmation.
he substituents are selected from the group comprising
carboxyl, amino, ester, isocyanate and hydroxyl groups, where OH
is particularly preferred.

10 1In the method according to the invention, use is made preferably
of vicinal diols with a carbon chain length of from 2 to 20, in
particular of from 2 to 12 and very particularly of from 2 to 6
carbon atoms. Preferred vicinal diols used in the method
according to the invention include in particular sugars and

15 sugar alcohols having 3 to 6 carbon atoms, such as, for example,
sorbitol; particular preference is given in this connection to
1, 2-propanediol, ethylene glycol and glycerol.

In particular, glycerol is used in the method according to the
invention as vicinal diol, meaning that the resulting aldehyde

20 1is 3-hydroxypropionaldehyde. As well as glycerol, in particular
also 1,2-propanediol is used, in which case propanal is obtained
as aldehyde. This aldehyde can be converted to n-propanol and
propionic acid through a disproportionation, which readily
follows.

25 The vicinal diol is used in step A) in a concentration range
from 0.01% by weight to 50% by weight, preferably from 0.2% by

weight to 20% by weight, based on the total reaction mixture.

In step B), the aldehyde formed in step A) and the hydro-lyase
30 are separated.
The separation of the hydro-lyase, immobilized in particular on

a support, takes place here by means of separation methods known



For washing the cells, these can, for example, be resuspended in 25 a suitable volume of the medium
used in step A) and then be freed from the medium by the separation methods described above, in
particular by filtration, sedimentation or centrifugation, or else by a combination of these measures.
Analogous washing operations can likewise be used for hydro-30 lyases immobilized on a support. -

13 - Simitenly 2 0e0segEratian of aldehyde and hydro-lyase to be undertakepdmrstep2B) camoles Arwle
easier by immobilizing the compound which can form a bond with the aldehyde, on a. support. Of
suitability here are, for example, ion exchanger resirnigladen 5 with hydrogen sulfite, such as
Amberlite(r) C0400 or Amberlitee IRA400 (Rohm and Haas). It is essential to the invention that step A)
and B) is repeated at least once with the separated-off hydro-lyase in order to 10 utilize the biocatalyst
again wittr freshevigieaistial telpradece the aldehyde Insagjpreferred, Atternatiseehalyodiment of the
method acgording fo Q&invgnt&o@ﬁte&)rsoé)l B) and C) are.carried out 15 continuously. This can be

realized in different %ays:QFhe ydroylyase |syprse§§rcfto IR TRHMObIZed Torm a5 afilosr?ary%ﬁase, and a

medium dondainingyiheeavidinalsgotyolZand the cosnpoumckiirigh Teliasca bepa ndthaehelatdehytleflows
moundﬂ%%om the aldehyde for example by means of a suitable filter, for

5 example by means of a filter with an exclusion size in a range
from 20 to 200 kDa. Also conceivable is the use of a centrifuge,
of a suitable sedimentation device or of a combination of these
devices, it being particularly preferred to separate off at
least some of the cells firstly by sedimentation and then to

10 pass the aldehyde, partially freed from the cells, to an
vltrafiltration or centrifugation device.
The cells separated off in this way, if they have been obtained
in several separation stages carried out in succession, are
optionally purified and can be passed directly again to step A).

15 However, it may prove to be advantageous to again wash the
hydro-lyase-containing cells before carrying out step A) again,
in which case this washing preferably takes place with the game
medium which is used in step A).
Particularly preferably, the washing with the medium used in

20 step A) takes place with the additional addition of glucose; by
doing so, the formation of by-products derived from the aldehyde
can be suppressed in an advantageous manner during the actual
biotransformation.
For washing the cells, these can, for example, be resuspended in

25 a suitable volume of the medium used in step A) and then be
freed from the medium by the separation methods described above,
in particular by filtration, sedimentation or centrifugation, or
else by a combination of these measures.
Analogous washing operationsg can likewise be used for hydro-

30 lyases immobilized on a support.



20 immobilized hydro-lyase and, according to step A), is brought into contact with it. The resulting
aldehyde is separated off as mobile phase from the stationary phase, which corresponds to the
separation of aldehyde and hydro-lyase in step B). The vicinal diol continuously fed afresh to the
hydro-lyase corresponds to a 25 repetition of steps A) and B) with the hydro-lyase obtained from step
B). Alterrigtiv@l§y L thel@siapound which foinis a bond with the aldehyde can beresertin inmebiized
foLm as a stationary phase. The vicinal polyol and the hydro-lyase are present in a medium and 30
thus, according to step A), brought into contact ard fldw-around the immobilized compound which
foims a bond with the aldehyde, in which case the aldehyde formed remains on the stationary - 14 -
phase. The hydro-lyase leaves the stationary phase, which corresponds to the separation of aldehyde
and hydr&-lyaskanlsyop Blearsdisaed to te sthtishdsgipttseaghibtdgethby adth freshibdcinal polyol,
for example 4 a reactor, further, variant of a method according to the invention
which is ?&é%’g%ea g%%n%%ué%/ol ?gss:igé%%iﬁ%lh t gtebo%ﬁ?ﬁee "Eor}%%oﬁn WHicH forme ael%and with the
aldehydecgnaisadhehydio-lyase fpepresenvimdinnobilizéckfarhdeshstdtonany phaseppdnedium
containing ¢he, vicj | fl r t at phaseg is_thus brought into contact with
the hydroglf/a%g ng(%rgji?’l% 0 gt%[g%)g% Zﬁgﬁy%;e ?o:lr’!nlwé]d isgbéé%%qadct%atﬁé%fatro%%f ﬁhaf'sﬁ—iegt?f/1 the
compoundiifichysiresgbond it the aldehydeaddibas tHusBesitddfaratedhinbmrthe by@ro-lyase
according 10,369 Blrdhs viciRakgigloontinuously fed afresh to the stationary 15 phases corresponds
to a repetition of steps A) and B) with the hydro-lyase obtained from step B). In order to achieve the
set object, a compound which forms a bond with the aldehyde must be present during the method 20

accordingrio the inwendion: Thedondformed with e aldghydecan by agykngywnfarm gheateq
at least once with the separated-off hydro-lyase in order to
10 wutilize the biocatalyst again with fresh vicinal diol to produce
the aldehyde.

In a preferred, alternative embodiment of the method according
to the invention, steps A), B) and C) are carried out
15 continuocusly.
This can be realized in different ways:
The hydro-lyase is present in immobilized form as stationary
phase, and a medium containing the vicinal polyol and the
compound which forms a bond with the aldehyde flows around the
20 immobilized hydro-lyase and, according to step A), is brought
into contact with it. The resulting aldehyde is separated off as
mobile phase from the stationary phase, which corresponds to the
separation of aldehyde and hydro-lyase in step B). The vicinal
diol continuously fed afresh to the hydro-lyase corresponds to a
25 repetition of steps A) and B) with the hydro-lyase obtained from
step B}.
Alternatively, the compound which forms a bond with the aldehyde
can be present in immobilized form as a stationary phase. The
vicinal polyol and the hydro-lvase are present in a medium and
30 thus, according to step A), brought into contact and flow around
the immobilized compound which forms a bond with the aldehyde,

in which case the aldehyde formed remains on the stationary



chemical bond, such as, for example, covalent or ionic bonds, but also the so-called weak bonds such
as hydrogen bridge bonds or bonds brought about by electrostatic interactions. 25 Preferably, the
compound which forms a bond with the aldehyde forms a covalent bond with the aldehyde. The
compound which forms a bond with the aldehyde can be polyfunctional, i.e. more than one bond to the
aldehydevan2id foraredoyer molecule of compound. 30 Suitable compounggwhighpfot 0va bepd with
the aldehyde are, for example, hydrazides, amines, hydrazines, urea compounds, hydroxylamines,
alcohols, mercaptans, hydrogensulfites, - 15 - suHiteg, metabisulfites and pyrosulfites, where, in the
method according to the invention, preference is given to using semicarbazide [CAS 57-56-7],
carbohydrazide [CAS 497-18-7] and sodium sulfite [CAS 7757-83-7]. 5 These can be used free in
solution grledseeimMbbilizgdon-suppes | peeferenchdeingrgivendrthiphenrectionioh
non-immapilj jssolved c oynds since these_can enter into a bond with the aldehyde more
effectivelg%%%e%ﬁé%%%%cﬁg ar%gar%?ﬁgsr ggl%eot}% p?éfvé'%l u%tﬁg%e Isl((-g(%ﬁ’ﬁrr)? F@X&%%sxfo If the
method agteliiy to trednientiordisttaridd ostwith celis; it iplpreferredaiocordiog¢a therinwenrtion if - -
the comp i § ith ab (?(%I}Aﬁjf is.added to E"ue medium surrounding the cells.
Mixtures gf&’l %%f%’%%é%{n s% %%%g\;'mg gozra]é With the édeﬁg e xé%noa%;g sg%%%d?:ﬁfgscﬁr%lférred if,
in thebmethotbadderdingas tha invehtisn réaehicinalagiolrahichid etfan tien al grearnp:dkthevdoingound
which forg ith t I din a ratio.of at least 1:1, preferably of at least
0.3, i FaRCt Of o 20 Toast L eten O o e entoe e A netts b e QoAb
aldehyde¥¥dipfef eaimpedsdiand whdsle, fdiaha istiatiste afimdethdds khbwnhy dve persensskilled in

the art focg isalation 25:0f lawmelesulaeweigh.subsianees 1gAn. complex composipng. g suitable

By way of example, mention may be made at this point of precipitation by means of suitable solvents,

extractiorF B hfcanstF sHr@bielssivents peorplbxatienSoraatngle Bieme sas bbopatvd@hsssor
cyclogdextsnderivativess arytaljgdliotheo contact with the hydro-lyase according

to step A)}. The aldehyde formed is bonded to the stationary

phase by the compound which forms a bond with the aldehyde and
hag thus been separated from the hydro-lyase according to step
B) . The vicinal diol continuously fed afresh to the stationary
15 phases corregponds to a repetition of steps A) and B) with the

hydro-lyase obtained from step B).

In order to achieve the set object, a compound which forms a
bond with the aldehyde must be present during the method

20 according to the invention.
The bond formed with the aldehyde can be any known form of
chemical bond, such as, for example, covalent or ionic bonds,
but also the so-called weak bonds such as hydrogen bridge bonds
or bonds brought about by electrostatic interactions.

25 Preferably, the compound which formg a bond with the aldehyde
forms a covalent bond with the aldehyde.
The compound which forms a bond with the aldehyde can be
polyfunctional, i.e. more than one bond to the aldehyde can be
formed per molecule of compound.

30 Suitable compounds which form a bond with the aldehyde are, for
example, hydrazides, amines, hydrazines, urea compounds,

hydroxylamines, alcohols, mercaptans, hydrogensulfites,



30 purification and/or isolation by means of chromatographic methods or conversion of the aldehydes
to derivatives which can be separated off easily. - 16 - Part of the isolation in step D) can also be to
separate the compound which foims a bond with the aldehyde again from the aldehyde. This can be
achieved by methods known per se to the person 5 skilled in the art, depending on the bond present.
Thus, forexahidle,/bavds7between aldehydes and semicarbazide or carbobgdrezidencary los skesyed
by acid; bonds between the complex of aldehyde and the compound entering into a bond with the
aldehyde, and also Amberlitee CG400 or Amberlited RA400 can be 10 separated, for example, by
increasing the salt concentrations, for example of 1M NaCl or a system of NaHCO3/Na2C0O3 (0.15
M/0.075 M). Furthermore, a bond between the aldehyde and the compound which enters into a bond
with the shdéliydeesan be ttabkem by tthermalkirgatmest 115l Adertheheandributiontiosachéavingithe

object spegified af the start is al ade.hy a methed for producing .oxidation aor reduction products of
an aIdehygcg,gco%pr?gsir%?ttr%'eE sete%?sl:{;ne l;t)%{(-)l\'/is g%we(?f%a%eé{ééh;%e %f/"rfr?enangsoof‘%ﬁé TWethod described
20 abovesforprediuary dlleh§d8s Fronbeicihhl diots; bidhehitmaizalber Hic@stalsig rédetibh ahlde

aldehyd%%gqucgggﬂ@gatméjisp;ggg%igne}ta'on or dehydration to give optionally unsaturated

reduction or oxidation intermediates and optionally 25 IIl) the further chemical or biocatalytic reaction
of the rediicgivn crxidziondstrinegfitdsobaintdiprstep |I3by eedantion] dtidatiomror addition.

Oxidation ghihEdon PraGRCI LALARY 4R el IECARRY A BHEE AR Aaple. optionally

unsaturate
immobilized, dissolved compounds since these can enter into a

bond with the aldehyde more effectively and more quickly and are
thus able to prevent undesired secondary reactions.

10 If the method according to the invention is carried out with
cells, it is preferred according to the invention if the
compound which forms a bond with the aldehyde is added to the
medium surrounding the cells.

Mixtures of the compounds which form a bond with the aldehyde

15 can also be used.

It is preferred if, in the method according to the invention,
the vicinal diol and the functional group of the compound which
forms a bond with the aldehyde are used in a molar ratio of at
least 1:1, preferably of at least 1:1.2, in particular of at
20 least 1:1.5.

In step D) of the method according to the invention, the
aldehydes formed can be isolated where, for the isolation, all
methods known to the person skilled in the art for the isolation
25 of low molecular weight substances from complex compositions are
suitable. By way of example, mention may be made at this point
of precipitation by means of suitable solvents, extraction by
means of suitable solvents, complexation, for example by means
of cyclodextrins or cyclodextrin derivatives, crystallization,
30 purification and/or isolation by means of chromatographic
methods or conversion of the aldehydes to derivatives which can

be separated off easily.



30 carboxylic acids, carboxylic acid derivatives, amines, isocyanates, acetals, nitriles and oximes. - 17
- The reduction or oxidation inteimediates of step Il) can therefore already be the desired reduction or
oxidation products of the aldehyde. 5 Firstly, in step 1), an aldehyde is provided by means of the
method described above for producing aldehydes, where said aldehyde can optionally, as described
above inigpnpection with thhis method, have been purified. In step 11), the ajstlehyde zandhesbeas
converted chemically or 10 biocatalytically by reduction, oxidation, disproportionation or dehydration,
to give reduction or oxidation intermediates, particulpglyif the aldehyde obtained in step 1) is
3-hydroxypropionaldehyde, to give 1,3-propanediol (1,3-PDO) (reduction), acrolein (dehydration) or
3-hydroxypropionic acid 15 (oxidation). In this connection, details relating to the conversion of
3-hydroxypropianaldthy destolacratein are desasibbyl, inder alins by HalltandsStssm st dowmnal of the

O SRR EEOT B0 ooyt s fepks oL o ool o
3-hydroxgprgdiorie acid from 3-.hydr‘oxypropiqnaldehyde in turn is described., inter alia, in US
propionid Bl Conbe Trcd o3 A Bk SPORan G £ B2 Bropansl T 8 Hotianatormation
mediim £Srirairedu, B mhd-;_img; M.deieemaiidg-lanm‘eh@ hoRAupdeayLE. Thmsdorfddt.; Parsons,
oo RS0 e b AL S b 1 Ko B SSALA S A by chermical or
microbiokgidadnedng hide dostioneoxidationest dedittoniic a baddsfuthewstep IO fsuitabiity here
ihen Panloy & oo sion 90e Qi ARARCEID SR D008 AURONE QeI Whlch can
, if appropriate, be converted in a yet further step IV radical means with the formation of
aldehyde, and also Amberlite® CG400 or Amberlite® IRA400 can be
10 separated, for example, by increasing the salt concentrations,
for example of 1M NaCl or a system of NaECO0;/Na,CO;
(0.15 M/0.075 M). Furthermore, a bond between the aldehyde and
the compound which enters into a bond with the aldehyde can be
broken by a thermal treatment.
15
A further contribution to achieving the object specified at the
start is also made by a method for producing oxidation or
reduction products of an aldehyde, comprising the steps:
I) provision of an aldehyde by means of the method described
20 above for producing aldehydes from vicinal diols,
II}) chemical or biocatalytic reaction of the aldehyde by
reduction, oxidation, disproportionation or dehydration to give
optionally unsaturated reduction or oxidation intermediates and
optionally
25 TI3II) the further chemical or biocatalytic reaction of the
reduction or oxidation intermediates obtained in step II) by
reduction, oxidation, or addition.
Oxidation or reduction products of the aldehyde include
compounds such as, for example, optionally unsaturated
30 carboxylic acids, carboxylic acid derivatives, amines,

isocyanates, acetals, nitriles and oximes.



5.-polymers based on acrylic acid. Of suitability here is in particular the radical polymerization of
optionally partially neutralized acrylic acid in the presence of suitable crosslinkers to form
water-absorbing polyacrylates, which are also referred to as "superabsorbents”. The chemical
oxidation of 10 acrolein to acrylic acid and the subsequent radical polymerization of the acrylic acid
obtainedutie Wayiz te3cribed, inter alia, in WO-A-2006/136336. Furthenmareg b2 ikeniss 583
contemplated that the conversion of acrolein obtained in step Il) by oxidative esterification to 15 acrylic
acid esters, which can then, if appropriate, be converted-in a yet further step 1V) by radical means with
the formation of polymers based on acrylic acid esters. Preferred reduction or oxidation products of the
aldehyde 20 obtainable from the method according to the invention via steps explained above are thus
the substéihees ¢Biptopemediol cbzigtepapal, acrotemesthypdrexypbpidreg atid) peegionic acid, acrylic

acid, acrylic acid: r | rs,based on acrylic acid or acrylic acid esters, where the aldehyde
obtained){lén gte% §$ t§ i%gg%%?&%%oﬁ%ﬁa d%?ﬁ)llag.%nﬁﬁé %?(ogr%%%soﬁ:sté)ac b ot\}vl,?ﬁle BFe% REention
is descrilsgldl rwagolelikaple without any intention of limiting the invention, the scope of application
of which arises from the 30 entire description and the claims, to the embodiments specified in the

examples.
5 Firstly, in step I), an aldehyde is provided by means of the

method described above for producing aldehydes, where said
aldehyde can optionally, as described above in connection with
this method, have been purified.
In step II), the aldehyde can then be converted chemically or
10 biocatalytically by reduction, oxidation, disproportionation or
dehydration, to give reduction or oxidation intermediates,
particularly if the aldehyde obtained in step I) is
3-hydroxypropionaldehyde, to give 1, 3-propanediol (1,3-PDO)
(reduction), acrolein (dehydration) or 3-hydroxypropionic acid
15 (oxidation). In this connection, details relating to the
conversion of 3-hydroxypropionaldehyde to acrolein are
described, inter alia, by Hall and Stern in Journal of the
Chemical Society, 1950, pages 490-498, whereas details on
producing 1,3-propanediol from 3-hydroxypropionaldehyde can be
20 found inter alia in US 5,334,778. The production of
3-hydroxypropionic acid from 3-hydroxypropionaldehyde in turn is
described, inter alia, in US 6,852,517. If the aldehyde obtained
in step I) is propanal from 1,2-propanediol, then l1-propanol and
propionic acid can be formed by ready disproportiocnation of the
25 propanal in the biotransformation medium (Sriramulu, D. D.;
Liang, M.; Hernandez-Romero, D.; Raux-Deery, E.; Lunsdorf, H.;
Parsons, J. B.; Warren, M. J. & Prentice, M. B. J. Bacteriocl.,
2008, 190, 4559-4567).

30 TIf appropriate, the reduction or oxidation intermediates
obtained in step II) can be converted yet further by chemical or

microbiological means by reduction, oxidation or addition in a



The following figures are part of the examples: - 19 - Figure 1: concentration course of glycerol, 3HPA
and 1,3-PDO during conversion of glycerol with immobilized L. reuteri cells in the course of one
biotransformation cycle. Figure 2: concentration course of glycerol, 3HPA and 1,3-PDO during
conversion of glycerol with immobilized L. reuteri cells in the course of 7 biotransformation cycles and
in the pré¥en28 b seaiicaiBazide as scavenger. Figure 3: accumulated yieht'of BHPALDuM NG5 683
conversion of glycerol with immobilized L. reuteri cells in the course of 7 biotransfoLmation cycles and
in the presence of semicarbazide as scavenger. Figufe 4: concentration course of glycerol, 3HPA and
1,3-PDO0 during conversion of glycerol with immobilized L. reuteri cells in the course of 10
biotransformation cycles and in the presence of carbohydrazide as scavenger. 20 Figure 5:
accumuldtes §iay of BRIPAlddring @énvarsionsf lghaerblerith ihsmbbilived ti meuten celssin the course

of 10 biogrgpsfaration gycles.apd i the,presence of garhohydrazide as 8&%@?&1956&%‘98%@

course with respect to time of the concentrations of glycerol and 1,2-propanediol during
biotransféffiatiorFofdlycbroraiEbf tapidpamedibi witBR riebtsrptslls. BO Rigarest: twe@rsinofathe

concentraiianseof 2. glyegorandiy3 FRQ duiingsenen puceessive ighansipgnaligns of glycerol
- 20 - with immobilized L. reuteri cells without the addition of sulfite (comparative example)

5 polymers based on acrylic acid. 0Of suitability here is in
particular the radical polymerization of optionally partially
neutralized acrylic acid in the presence of suitable
crosslinkers to form water-absorbing polyacrylates, which are
also referred to as “superabsorbents”. The chemical oxidation of
10 acrolein to acrylic acid and the subseguent radical

polymerization of the acrylic acid obtained in this way is

described, inter alia, in WO-A-2006/136336.

Furthermore, it is likewise contemplated that the conversion of

acrolein obtained in step II) by oxidative esterification to
15 acrylic acid esters, which can then, if appropriate, be

converted in a yet further step IV) by radical means with the

formation of polymers based on acrylic acid esters.

Preferred reduction or oxidation products of the aldehyde

20 obtainable from the method according to the invention via ste@s
explained above are thus the substances 1,3-propanediol, 1-
propanol, acrolein, 3-hydroxypropionic acid, propionic acid,
acrylic acid, acrylic acid esters and polymers based on acrylic
acid or acrylic acid esters, where the aldehyde obtained in step

25 1I) is 3-hydroxypropionaldehyde.

In the examples listed below, the present invention is described
by way of example without any intention of limiting the
invention, the scope of application of which arises from the

30 entire description and the claims, to the embodiments specified
in the examples.

The following figures are part of the examples:



Figure 8: course of the concentrations of 31-IPA, glycerol and 5 1,3-PDO0 during seven successive
biotransformations of glycerol with immobilized L. reuteri cells with the addition of sodium
hydrogensulfite (according to the invention). Figure 9: course with respect to time of the
concentrations of 10 3HPA, glycerol and 1,3-PDO during biotransformation of glycerol with wild type
L.reuteri @ells2 0 Eiptr@ 197 course with respect to time of the concentrationg@t 2EEPA Dlyce s el
1,3-PDO during biotransformation of glycerol 15 with genetically modified L. reuteri cells. WO
2010/127970PCT/EP2010/055683 - 21 - Examples:Example 1: Cultivation of Lactobacillus reuteri S
The cultivation of Lactobacillus reuteri was carried out in anaerobicized MRS medium (medium for
Lactobacillus according to DeMan, Rogosa and Sharpe) with the addition of 20 mM of glycerol
(MRSG20) in closed suitable packs at 80 rpm. The medium MRSG20 10 (composition [data per liter]:

10 g of pr. ptone No. 3. (Roth). 8 g of beef extract (Roth), 4 g.of yeast extract (VWR), 1.5 mL
of gcherojéi)}(gqogt%F,)?‘[L 'mlf:% v%lgg(ﬁg(g J(I-c\;%tr%o}fﬁ L 8?%5 t§L i@?&tlroz)nl[’log &%‘%f%‘?ﬁ%t&s a0
hydrogenphosplatedRotds 260 gif obdodiampacetatettrihyarate {Rathy, 100 gibiof dbidiamaenium
hydrogenigtrﬁge{@%%%% g}%ﬁl o&g&a%lfgg%ggggtgm%%pggydratel{Ela?_oth}, 2.5 g/L of manganese

sulfate tetrahydrate owing anaerobicization an aut%gfévmg (20 min at 121C), was admixed
with 25 mL of a glucose solution (4 mol/L). For preculture 1 (50 mL), a cryo culture was used. For this,

20 L. reutefi,92132 w, I i ich_additionally rises,6% (w/y) of low-fat
milk powderlge?nd 10% (%5%%‘3@%%%5% r%%%y% Vé%d%?g t éergt%ék%%{ﬁgre?%% oé/égr\:ig %culture (20
ml of MRSUYHé&igiN) a8 HiXEd 211 With #ersoersottition. Thephdduieed sérvedas Exnistmabils

inoculum aNdWas course of 7 biotransformation cycles and in the presence

of semicarbazide as scavenger.

10
Figure 3: accumulated yield of 3HPA during conversion of
glycerol with immobilized L. reuteri cells in the course of 7
biotransformation cycles and in the presence of semicarbazide as
scavenger.

15
Figure 4: concentration course of glycerol, 3HPA and 1,3-PDO
during conversion of glycerol with immobilized L. reuteri cells
in the course of 10 biotransformation cycles and in the presence
of carbohydrazide as scavenger.

20
Figure 5: accumulated yield of 3HPA during conversion of
glycerol with immobilized L. reuteri cells in the course of 10
biotransformation cycles and in the presence of carbohydrazide
as scavenger.

25
Figure 6: course with respect to time of the concentrations of
glycerol and 1,2-propanediol during biotransformation of

glycerol and of 1,2-propanediol with L.reuteri cells.

30 Figure 7: course of the concentrations of 3HPA, glycerol and

1,3-PDO during seven successive biotransformations of glycerol



25 incubated at 33C. After 15 hours, from this batch, a second preculture (50 mL) was inoculated to
1% strength and incubated for 9 hours at 37C. This served in turn as 1% strength inoculum for the
main culture (2 times 1L). After 15 hours at 33C, the cells were harvested. 30 For this, 2 liters were
centrifuged off (4000 g; 20C; 10 min), the supernatant was discarded and both resulting pellets were
resuspemie® LT life2 TOT M potassium phosphate buffer (KPP; - 22 - K2I#ROAEPKHRPOYEFXHR]) at
pH 7. Centrifugation was carried out again under the same conditions. The supernatant was again
discarded, the cell pellet was resuspended in 0.2-M2KPP at pH 7 in the ratio 1 g to 1 mL and stored
under N2. This suspension was 5 used for the subsequent immobilization. Example 2: Immobilization
of Lactobacillus reuteri 10 For the immobilization, 20 mL of the cell suspension described in example 1
were mixed-withneahkdtiliZgdiel Gentaltdy hezdd to WB5CH the: L shikatddvere produted with the
LentiKaeégiiggpgéG§g@m§g}ggg‘péieg}ggﬁﬁe§jdual moisture of 28%. After back-swelling in _
LentiKat-Stabilizer(r) (GeniaLab), the immobilizates 15 were stirred for at least.2 hours in anoxic
atmosphere at 300 rpm to stabilize the Lentikat in LentiKat-Stabilizer0. The immobilizates

separategh ofy agd gvashed tuice,with 0.1 MAKEE-aLpH 7 uere Jegenerated;iq 3% srengiyfor 15 hours

at 33C standing in MRSG20 in a completely filled 1 L bottle with the 20 option for gas exchange. After
sepatatifg S mEBH RS SRR S HIURTA (HerdvietamusdiMesenvere ivashedawick with 0.1

M KPP (phlcD). 2pfai3mple 84 HPLG-based guantificationof alvcerql and.L, 3z prppansdiol, fo quantify

glycerol and 1,3-propanediol (1,3-PDO0), in each 1 ml of cell suspension, the biomass was separated

off by 30FeEHIRRIGREST Ei¢- fid 252004 CH anB® dIHf eBd-GMire supernatant were analyzed
using a Shimadzu HPLC system (Autosampler SIL-10AT, Pump LC-10AT, Degasser DGU-3A,

refractive , .
Figure 9: course with respect to time of the concentrations of

10 3HPA, glycerol and 1,3-PDO during biotransformation of glycerol

with wild type L.reuteri cells.

Figure 10: course with respect to time of the concentrations of
3HPA, glycercl and 1,3-PDO during biotransformation of glycerol

15 with genetically modified L. reuteri cells.



- 23 - index detector RID-10A, UV detector SPD-10A, oven CTO-10A, Controller SCA-10A-VP) with an
Aminex HPX-87H 300 x 7.8 mm separating column (Bio-Rad Laboratories GmbH, Munich) with a
particle size of 9 um and using a precolumn (HPX-87H, 5 30 x 4.6 mm). The substances to by
analyzed were eluted isocratically with a mobile phase from 5 mM of sulfuric acid with a flow rate of
0.6 ml/mirifoR 20 Prih2at OC. Identification was made on the basis of a corrparisrpwitl fues msidence
time of reference substances (Sigma-Aldrich Chemie 10 GmbH, Steinheim). The concentration of the
compounds in the culture supernatants was calcwatet wia a comparison of the peak areas with a
calibration curve generated beforehand with external standards. 15 Example 4: Conversion of glycerol
to 3HPA with immobilized Lactobacillus reuteri (comparative example) The immobilizates prepared as
in examphammdgaden with 20 L. reuteri were used at 10% strength (20 g, corresponding to a
concentration of 2 g of dry cells per liter) in a biotransformation in a glass fermenter (total volume 500
mL) with 200 mL of reaction buffer. The latter consisted of anaerobicized and preheated (to 35C) 0.1
M KPP (pH 7). After 25 establishing a constant pH of 7 and a constant temperature of 35C, the

reaction was siaried;hy addipgSmk 0f 9886 srepgthglyseral (Roth, sqriesponding to a concentration

of 502 mM in the reaction mixture). Sampling was carried out every 10 minutes for one hour and then

The cultivation of Lactobacillus reuteri was carried out in
anaerobicized MRS medium (medium for Lactobacillus according to
DeMan, Rogosa and Sharpe) with the addition of 20 mM of glycerol
(MRSG20) in closed suitable packs at 80 rpm. The medium MRSG20

10 (composition [data per liter]: 10 g of proteose peptone No. 3
{(Roth), 8 g of beef extract (Roth), 4 g of yeast extract (VWR),
1.5 mL of glycerol (Roth), 1 mL of Tween80 (Roth), 40 mL of salt
solution [10 g/L of dipotassium hydrogenphosphate {Roth},

250 g/L of sodium acetate trihydrate {Roth}, 100 g/L of

15 diammonium hydrogen citrate {Roth}, 10 g/L of magnesium sulfate
heptahydrate {Roth}, 2.5 g/L of manganese sulfate tetrahydrate
{Roth}], following anaerobicization and autoclaving (20 min at
121°C), was admixed with 25 mL of a glucose solution (4 mol/L).
For preculture 1 (50 mL), a cryo culture was used. For this,

20 L. reuteri SD2112 was stored in MRS medium, which additionally
comprises 6% (w/v) of low-fat milk powder and 10% (v/v) of
glycerol, at -80°C. To produce the stock culture, an overnight
culture (10 ml of MRS medium) is mixed 1:1 with the stock
solution. The preculture served as 1% strength inoculum and was

25 incubated at 33°C. After 15 hours, from this batch, a second
preculture (50 mL) was inoculated to 1% strength and incubated
for 9 hours at 37°C. This served in turn as 1% strength inoculum
for the main culture (2 times 1L). After 15 hours at 33°C, the
cells were harvegted.

30 For this, 2 liters were centrifuged off (4000 g; 20°C; 10 min),
the supernatant was discarded and both resulting pellets were

resuspended in 1 liter 0.1 M potassium phosphate buffer (XKPP;



30 every 30 minutes for 2 hours. The concentrations of glycerol and of the by-products were
determined by means of HPLC as in example 3. - 24 - Quantification of 3-hydroxypropionaldehyde
was carried out by means of a colorimetric test as in Doleyres et a/. ("Production of
3-hydroxypropionaldehyde using a two-step process with Lactobacillus reuteri, Applied Microbiology
and Biot@ichridlagy, 132Vl 8, 2005, pages 467-474). After a reaction timeraf @@ pUn@es sc@R/ErSion
of glycerol could no longer be observed both in the case of the free cells and also in the case of the
immobilized cells. Concentration courses for glycer@t 3HPA and 1,3-PDO are given 10 in figure 1,
during the biotransformation, 1.29 g of 3HPA were produced. The reaction medium was separated off
from the cells and immobilizates and stored separately at 4C. The conversion of glycerol to 3HPA and
the by-pitdii®s taoKBlata, ddvotding ta thedndlysiSatescrilfediabdve; taa25%a 15 14mbnonetuse of the

cells and/Qr.| ilizates, no ersi f erol 1o 3HPA could he established.  Example 5:
Conversio%nrao%}{g;]lgge%%ﬁo%BQPigv%é i(?n(gr)%qg%i%églgo &?ob%%ﬁ%g%g%t%ﬂ%aﬁqﬁ% the %}r“élsence of
semicarstiZid@zdedrditdeo telihvertidreThednmobilizetesgreduded As In Bx&PPleaZ apd laden with

L. reuter&wer&gs%@ﬂﬁ% rength (28 94" Q@Qﬁ?@e 5.con ration of af dry cells per
liter) in a biotransformation ir? a glass fernjeanter %tota: volume 5§0 lﬁ%li)qv%ﬁ%%O%un%E%??ela%%o‘r’%%ﬁer.
The fatteve8AsiSerofiine M KEremieT | ahiedds 30 atNi@emicarbazide and has been anaerobicized

Example 2: Immobilization of Lactobacillus reuteri

10 For the immobilization, 20 mL of the cell suspension described
in example 1 were mixed with Lentikat-Liquid® (Genialab) heated
to ~35°C, the Lentikats were produced with the LentiRat®-Printer
{(GeniaLab) and dried to a residual moisture of 28%. After back-
swelling in LentiXKat-Stabilizer® (Genialab), the immobilizates

15 were stirred for at least 2 hours in anoxic atmosphere at
300 rpm to stabilize the Lentikat in LentiKat-Stabilizer®. The
immobilizates separated-off and washed twice with 0.1 M KPP at
PH 7 were regenerated to 3% strength for 15 hours at 33°C
standing in MRSG20 in a completely filled 1 L bottle with the

20 option for gas exchange. After separating the immobilizates from
the medium (aerobic conditions), these were washed twice with
0.1 M KPP (pH 7).

25 Example 3: HPLC-based quantification of glycerol and 1,3-

propanediol

To quantify glycerol and 1,3-propanediol (1,3-PDO), in each 1 ml
of cell suspension, the biomass was separated off by

30 centrifugation (10 min, 16.100 ¢, 4°C) and 40 ul of the culture
supernatant were analyzed using a Shimadzu HPLC system

{Autosampler SIL-10AT, Pump LC-10AT, Degasser DGU-3A, refractive



and also preheated to a reaction temperature of 35C. After 30 establishing a constant pH of 7 and a
constant temperature of 35C, the reaction was started by adding 8 mL of 98% strength - 25 - glycerol
(Roth; corresponding to a concentration of 500 mM in the reaction mixture). The removal and analysis
of samples from the reaction mixture was carried out as described in example 4. 5 After a reaction
time of 19Q nipates] tEore@ction medium was separated off from the immelgtizates and fleshe 83
anaerobicized, preheated reaction medium (0.1 M KPP pH 7 with 500 mM of semicarbazide) was
added. As described above, a further biotransformatidn €ycle was carried out. In total, 7 successive 10
cycles without interim storage of the immobilizates were carried out. Concentration courses for
glycerol, 3HPA and 1,3-PDO are shown in figure 2; figure 3 shows the accumulated yields of 3HPA.
The conviansien oflglyeetmito BHPA fFok plcelatthcsemicarbiazibeals asseavargel faccording to the

analysis ribed-above..in the first 5 cycles only to -55%; i > 2 furt ycles, the yield was
continuogs ?/ICFer u%%%%ozg%(gngpe :Ej’Coé:qu\’/ggsigﬁY 0 gﬁ/%g%l%O%Héigwﬁﬁ?fn}rﬁgiﬂg]eréﬁ[i'_actobacilIus
reuteri inskepreseineg of chvohy tRazid® sk doading ao thel iy e GtidrH ThEumidb)lizatehpraduced as.in

example Jaden with.25 L. ri e used at 10% st th (_2 of, onding to a
concentrét%w%fgg % o%%l? c% S |%eer iter é a‘yggﬂgns%oérqﬁét%c%rr} na g(lzta%s) erén?gffter (total volume 500
mL) With 2004 of reectionBukfes Ukiss Eiee sonsistsyofnb WKP® (pbr?) addialed 520 mM of

carbohydyazide apd NasREEN: 1 4 mobile phase from 5 mM of sulfuric acid

with a flow rate of 0.6 ml/min for 20 min at 40°C,
Identification was made on the basis of a comparison with the
residernice time of reference substances (Sigma-Aldrich Chemie

i0 GmbH, Steinheim). The concentration of the compounds in the
culture supernatants was calculated via a comparison of the peak
areas with a calibration curve generated beforehand with

external standards.

15
Example 4: Conversion of glycercl to 3HPA with immobilized

Lactobacillus reuteri (comparative example)

The immobilizates prepared as in example 2 and laden with
20 L. reuteri were used at 10% strength (20 g, corresponding to a
concentration of 2 g of dry cells per liter) in a
biotransformation in a glass fermenter (total volume 500 ml)
with 200 mL of reaction buffer. The latter consisted of
anaerobicized and preheated (fto 35°C) 0.1 M KPP (pH 7). After
25 establishing a constant pH of 7 and a constant temperature of
35°C, the reaction was started by adding 8 mi, of 98% strength
glycerol (Roth, corresponding to a concentration of 500 mM in
the reaction mixture).
Sampling was carried out every 10 minutes for one hour and then
30 every 30 minutes for 2 hours. The concentrations of glycerol and
0of the by-products were determined by means of HPLC as in

example 3.



30 anaerobicized and also preheated to a reaction temperature of 35C. After establishing a constant
pH of 7 and a constant temperature of 35C, the reaction was started by adding 8 mL of - 26 - 98%
strength glycerol (Roth; corresponding to a concentration of 500 mM in the reaction mixture). The
removal and analysis of samples from the reaction mixture was carried out as described in example 4.
5 After aWeagtidrdtih2# 180 minutes, the reaction medium was separatedoff fEra theintbpbiizates
and fresh anaerobicized, preheated reaction medium (0.1 M KPP pH 7 with 520 mM of
carbohydrazide) was added. As described above; aZféirther biotransfoLmation cycle was carried out. In
total, 10 successive 10 cycles without interim storage of the immobilizates were carried out;
concentration courses for glycerol, 3HPA and 1,3-PDO are shown in figure 4; figure 5 shows the
accumul@eainfidlis of BHRA o T He-torersivp b gheesd deBrRA wad bygrodects ¢adk pigce 15 with

bohydrazi accordi lysi ihed abave, in al les 10 -95%.
carbohygyazide asescaveng 571%89@'&'9 é%%v}ﬁh%f%: ¥3Is Si%'@g?redma 2ve, in alf 18 cygles 19 -9

Example 7: Conversion of glycerol to 3 e 20 Lacto a% us reuteri in the presence of
sulfur-copfaiding XeraairHR 2coerditgtvdhe Wiiamtion THeccallsgrotucetess inexample 1 were

suspended i il rol i 1 that I 25 ¢ ti 2.2x101
Sl e ey aing B o e or
sodidm piRésulfitd; irkdéh cRsORih B ’erfl doncentration of 100 mmol/L in the reaction solution), the

suspensiop\as incubatedsfor 120main, guring which-thedaixturg, was kept oxygen 30.ree py
introducing a continuous stream of nitrogen. The concentrations of 3HPA and 1,3-PDO resulting after
120 min &L asBehe eBFSRbRfeSRIET RtaBREE, dMbvFbR ifgRtset the free cells

and also in the case of the immobilized cells.
Concentration courses for glycerol, 3HPA and 1,3-PDO are given
10 in figure 1; during the biotransformation, 1.29 g of 3HPA were
produced. The reaction medium was separated off from the cells
and immobilizates and stored separately at 4°C.
The conversion of glycerol to 3HPA and the by-products took
place, according to the analysis described above, to ~25%.
15 TUpon re-use of the cells and/or immobilizates, no conversion of

glycerol to 3HPA could be established.

Example 5: Conversiqn of glycerol to 3HPA with immobilized
20 Lactobacillus reuteri and in the presence of semicarbazide,

according to the invention

The immobilizates produced as in example 2 and laden with
L. reuteri were used at 10% strength (20 g, corresponding tc a
25 concentration of 2 g of dry cells per liter) in a
biotransformation in a glass fermenter (total volume 500 mL)
with 200 mi of reaction buffer. The latter consists of 0.1 M KPP
(pH 7) and alsc 500 mM semicarbazide and has been anaerobicized
and also preheated to a reaction temperature of 35°C. After
30 establishing a constant pH of 7 and a constant temperature of

35°C, the reaction was started by adding 8 mL of 98% strength



WO 2010/127970PCT/EP2010/055683 - 27 - in the achievable 3HPA concentration and also the
reduction in the cell viability decrease as a result of adding the sulfur--containing compounds. 5 Table
1 Sulfur-containing compound ¢(3-HPA) [mmol/L] ¢(1,3-PDO) [mmol/L] Cell viability [CFU/mL] None
504

WO 2010/127970 PCT/EP2010/055683

- 25 _—

glycercl {(Roth; corresponding to a concentration of 500 mM in
the reaction mixture).

The removal and analysis of samples from the reaction mixture
was carried out as described in example 4.

5 After a reaction time of 150 minutes, the reaction medium wag
separated off from the immobilizates and fresh anaerobicized,
preheated reaction medium (0.1 M XPP pH 7 with 500 mM of
semicarbazide}) was added. As described above, a further
biotransformation cycle was carried out. In total, 7 successive

10 cycles without interim storage of the immobilizates were carried
out. Concentration courses for glycerol, 3HPA and 1,3-PDO are
gshown in figure 2; figure 3 shows the accumulated yields of
3HPA.

The conversion of glycerol to 3HPA took place with semicarbazide

15 as scavenger, according to the analysis described above, in the
first 5 cycles only to ~55%; in the 2 further cycles, the yield

was continuously reduced.

20 Example 6: Conversion of glycerol to 3HPA with immobilized
Lactobacillus reuteri in the presence of carbohydrazide,

according to the invention

The immobilizates produced as in example 2 and laden with

25 L. reuteri were used at 10% strength (20 g, corresponding to a
concentration of 2 g of dry cells per liter) in a
biotransformation in a glass fermenter {(total volume 500 mL)
with 200 mL of reaction buffer. The latter consists of 0.1 M KPP
(pH 7) and also 520 mM of carbohydrazide and has been

30 anaerobicized and also preheated to a reaction temperature of
35°C. After establishing a constant pH of 7 and a constant

temperature of 35°C, the reaction was started by adding 8 mL of



32 5.1*104 Na2S205 524 31 >6.0*109 NaHS03 546 30 3.2*109 Na2S03 607 31 2.6*109

10

i5

20

25

30

WO 2010/127970 PCT/EP2010/055683

- 26 -

98% strength glycerol (Roth; corresponding to a concentration of
500 mM in the reaction mixture).

The removal and analysis of samples from the reaction mixture
was carried out as described in example 4.

After a reaction time of 180 minutes, the reaction medium was
separated off from the immobilizates and fresh anaerocbicized,
preheated reaction medium (0.1 M KPP pH 7 with 520 mM of
carbohydrazide) was added. As described above, a further
biotransformation cycle was carried out. In total, 10 successive
cycles without interim storage of the immobilizates were carried
out; concentration courses for glycerol, 3HPA and 1,3-PDO are
shown in figure 4; figure 5 shows the accumulated yields of
3HPA.

The conversion of glycerol to 3HPA and by-products took place
with carbohydrazide as scavenger, according to the analysis

described above, in all 10 cycles to ~95%.

Example 7: Conversion of glycerol to 3HPA with free
Lactobacillus reuteri in the presence of sulfur-containing

compounds, according to the invention

The cells produced as in example 1 were suspended in a

1000 millimolar glycerol solution such that an overall cell
concentration of 2.2x10%° CFU/ml results. After adding a sulfur-
containing compound {(sodium sulfite, sodium hydrogensulfite or
sodium pyrosulfite; in each case with an end concentration of
100 mmol/L in the reaction solution), the suspension was
incubated for 120 min, during which the mixture was kept oxygen-
free by introducing a continuous stream of nitrogen. The
concentrations of 3HPA and 1,3-PDO resulting after 120 min, and

also the cell viabilities, listed in table 1, show the increase



Example 8: Conversion of 1,2-propanediol or glycerol to propanal 10 or 3-hydroxypropionaldehyde,
respectively, with immobilized Lactobacillus reuteri in the presence of carbohydrazide, according to the
invention The cells produced as in example 1 were in each case suspended 15 in a 500 millimolar
glycerol solution and/or a 500 millimolar 1,2-propanediol solution such that an overall cell
concentratior2 6fL2.2x208 TFU/ml results. After adding carbohydrazide withearn: eng zongeniratiomsof
100 mmol/L in the reaction solution, the suspension was incubated for 120 min, during which the
mixture 20 was kept oxygen-free by introducing a-c@uinuous stream of nitrogen. The concentration
courses of glycerol and 1,2- propanediol shown in figure 6 illustrate the equivalent transformation of
the two substrates. - 28 - Example 9: Conversion of glycerol to 3HPA with immobilized Lactobacillus
reuteri cells inltive praseavein sulliiPéotamirgtoamphundsaadd withdhe additiemef gluaeserto the
washing solytion accordi he invention 5 The immobilizates produced as jn exa %e 2 and laden
with L. re%%e%i \%%:r@L uféL g? ;g%yst(r%n%rt %Zcf EFnl_assln% B‘]gfgrélégi‘ofrﬁa %1 mw g éls% I%\'{:Li Hter with 20
mL of rearstivhasthition. Thepatedcomprises 80 mmol/L of glycerol and, after 10 heating to 30C, was
adjusted to a constant pH of 5 (comparative example and example according to the invention). In the
mixture according to the invention, sodium hydrogensulfite was additionally added to the reaction
solutn (according to an end concentration of 50 mmol/L). Following completion of one 15
biotransfeg®ation cycle (30 min), the immobilizates were filtered off, regenerated for a period of 30 min
in MRSG20-(see-example-1)-and-ysed-again-as-described in-a reaction.solution In the manner
describe&%fid‘fgl_&gf’lg&f\féjré“igns &t giycétofare|carridd duf WhereaSStithott @ Addivon of
hydrogenssidfiie20dn each transfofmatien gtep, 10 marelil, ofj1,3-PDC; argsfarmed (figure 7), when
adding sedium-hydregensulfite;-a-feduction-in-the{ 1 3-PDQ concentration can be observed (figure 8).
25 Exarnﬁ%nf'o: Conversion of gly etBfto 3HPA \A'it#free, genetically Bnmobffied or modified

Lactobgathugsreuteri, according to e invention | 31 > 6.0%10°
NaHS0;3 546 30 ' 3.2%10°
Na,S03 607 31 2.6*10°

Example 8: Conversion of 1,2-propanediol or glycerol to propanal
10 or 3-hydroxypropionaldehyde, respectively, with immobilized
Lactobacillus reuteri in the presence of carbohydrazide,

according to the invention

The cells produced as in example 1 were in each case suspended
15 in a 500 millimolar glycerol solution and/or a 500 millimolar
1l,2-propanediol solution such that an overall cell concentration
of 2.2x10% CFU/ml results. After adding carbohydrazide with an
end concentration of 100 mmol/L in the reaction solution, the
suspension was incubated for 120 min, during which the mixture
20 was kept oxygen-free by introducing a continuous stream of
nitrogen. The concentration courses of glycerol and 1,2-
propanediol shown in figure 6 illustrate the equivalent

transformation of the twoe substrates.

25



The wild type cells or the cells generated by deletion of the 30 oxidoreductase gene were suspended
in a 250 millimolar glycerol solution such that in each case an overall cell concentration of 1.2x101
CFU/ml results. As the concentration courses in the - 29 - course of a 120 minute biotransformation
show, when using the L. reuteri wild type, the 31-IPA formed after 20 minutes' biotransformation is
degradediih @VbE ofGiEAfdEMation of 1,3-PDO (figure 9), whereas the conersionrsf @HPA B5E83PDO
is 5 prevented when using the cells generated by deletion of the oxidoreductase gene (figure 10).
Example 11: Production of acrolein from a fermentai®n-product 10 containing 3HPA, according to the
invention It was possible to obtain acrolein from the fermentation products obtained as in examples 4 -
6 by acidic hydrolysis at elevated temperatures. For this, some of the fermentation 15 product was
diluted wibravard eindhe Catioy @ 1000mirdd guthc@®pards bb 3 2HFsrenitih hycreehiot iczaeitl and

incubate t37C. F ing addition of -ry, n solution_ (Fluka, 0.01 mol/L of
tryptophglncfi(i%é%gé1 cn%t%ﬁ?z Ll%f ﬁ)?%%\(lzér%%rig %%:.E aﬁg i??t%bﬁ%ﬁ%gﬁﬁﬁe?ﬁmse%#k é’?f C f(?g %?,ltﬁ%éna%rolein
which 20daebfonmad igae prockss fernasliia thiured Adddoswichtcoutd denguantifigd by colorimetry

through igsoqtbspf_gglqn QE%@@H%QF 3%, - Glaims; 1. A method for producing aldehydes, comprising the

steps
5

The immobilizates produced as in example 2 and laden with
L. reuteri were used at 20% strength (4 mL) in a
biotransformation in a glass fermenter with 20 mL of reaction
solution. The latter comprises 80 mmol/L of glycerol and, after

10 heating to 30°C, was adjusted to a constant pH of 5 (comparative
example and example according f£o the invention). In the mixture
according to the invention, sodium hydrogensulfite was
additionally added to the reaction solution (according to an end
concentration of 50 mmol/L). Following completion of one

15 Dbiotransfeormation cycle (30 min), the immobilizates were
filtered off, regenerated for a period of 30 min in MRSG20Q {(see
example 1) and used again as described in a reaction solution.
In the manner described, a total of 7 conversions of glycerol
are carried out. Whereas without the addition of hydrogensulfite

20 in each transformation step, 10 mmol/L of 1,3-PDO are formed
{(figure 7), when adding sodium hydrogensulfite, a reduction in

the 1,3-PDO concentration can be observed {(figure 8).

25 Example 10: Conversion of glycerol to 3HPA with free,
genetically unmodified or modified Lactobacillus reuteri,

according to the invention

The wild type cells or the cells generated by deletion of the
30 oxidoreductase gene were suspended in a 250 millimolar glycerol
solution such that in each case an overall cell concentration of

1.2x10%° CFU/ml results. As the concentration courses in the



A) bringing a vicinal diol into contact with a hydrolyase, B) separating the aldehyde formed in step A)
and the hydro-lyase, C) at least one repetition of steps A) and B) with the hydro-lyase obtained from
step B) and optionally D) isolating the aldehyde formed, characterized in that the method is carried out
in the presence of a compound which forms a bond with the aldehyde. 2. The method as claimed in
claim 1, éaraétefizé@ wPthat the hydro-lyase in step A) is a glycerol dehydratager2.0lte/meggghas
claimed in claim 1 or 2, characterized in that the hydro-lyase used in step A) is immobilized on a
support. 4. The method as claimed in at least one-oélaims 1 to 3, characterized in that in step A),
cells having hydro-lyase activity are used as hydro-lyase. 5. The method as claimed in claim 4,
characterized in that
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course of a 120 minute biotransformation show, when using the

L. reuteri wild type, the 3HPA formed after 20 minutes’
biotransformation is degraded in favor of the formation of
1,3-PDO (figure 9), whereas the conversion of 3HPA to 1,3-PDO is
prevented when using the cells generated by deletion of the

oxidoreductase gene (figure 10).

Example 11: Production of acrolein from a fermentation product

containing 3HPA, according to the invention

It was possible to obtain acrolein from the fermentation
products obtained as in examples 4 - 6 by acidic hydrolysis at
elevated temperatures. For thig, some of the fermentation
product was diluted with water in the ratio 1:100, mixed with 3
parts of 37% strength hydrochloric acid and incubated for 0.5 h
at 37°C. Following addition of a DL-tryptophan solution (Fluka,
0.01 mol/L of tryptophan in 0.0% mol/L of hydrochloric acid) and
incubation a further time at 37°C (0.5 h), the acrolein which
had formed in the process formed a colored adduct, which could

be quantified by colorimetry through its absorption at 560 nm.



--.31 - the cells have an activity, which is reduced compared to their wild type, of an oxidoreductase
which is able to reduce the aldehyde. 6. The method as claimed in at least one of claims 1 to 5,
characterized in that the vicinal diol in step A) is glycerol or 1,2-propanediol. 7. The method as claimed
in at least one of claims 1 to 6, characterized in that the vicinal diol in step A) is used in a
concentratior? fAryel 263 7®.01% by weight to 50% by weight, preferably frarom/2%2lop weight 6830%
by weight, based on the total reaction mixture. 8. The method as claimed in at least one of claims 1 to
7, characterized in that steps A), B) and C) are carrigd out continuously. 9. The method as claimed in
at least one of claims 1 to 8, characterized in that semicarbazide [CAS 57-56-7], carbohydrazide [CAS
497-18-7] or sodium sulfite [CAS 7757-83-7] are used as a compound which forms a bond with the
aldehydeGi8ifige method as claimed in at least one of claims 1 to 9, characterized in that in the
method according to the invention, the vicinal diol and the functional group of the compound which
forms a bond with the aldehyde are used in a molar ratio of at least 1:1, - 32 -

1. A method for producing aldehydes, comprising the steps

A) bringing a vicinal diol into contact with a hydro-
lvase,
B) separating the aldehvde formed in step A) and the

hydro-lvase,

C) at least one repetition of steps A) and B) with the
hydro-lyase obtalned from step B) and optionally

D) igolating the aldehyde formed,

characterized in that

the method is carried out in the presence of a compound which

forme a bond with the aldehyde.

2. The method as claimed in claim 1,
characterized in that

the hydro-lyase in step A) is a glycerol dehydratase.

3. The method as claimed in claim 1 or 2,

characterized in that

the hydro-lyase used in step A) is immobilized on a support.

4. The method as claimed in at least one of claims 1 to 3,

characterized in that

in step A), cells having hydro-lyase activity are used as

hydro-lvyase.

5. The method as claimed in claim 4,

characterized in that



preferably of at least 1:1.2, in particular of at least 1:1.5. 11 A method for producing oxidation or
reduction products of an aldehyde, comprising the steps: I) provision of an aldehyde by a method as
claimed in one of claims 1 to 10, Il) chemical or biocatalytic reaction of the aldehyde by reduction,
oxidation, disproportionation or dehydration to give optionally unsaturated reduction or oxidation
intermedigte and opgaaally 1) the further chemical or biocatalytic reactiopotierestugtiarsess3
oxidation intermediates obtained in step Il) by reduction, oxidation, or addition.

- 31 -

the cells have an activity, which is reduced compared to

their wild type, of an oxidoreductase which is able to reduce
the aldehyde.

6. The method as claimed in at least one of claims 1 to 5,

characterized in that

the vicinal diol in step A) is glycerol or 1,2~propanediol.

7. The method as claimed in at least one of claims 1 to 6,
characterized in that
the vicinal diol in step A) is used in a concentration range
from 0.01% by weight to 50% by weight, preferably from 0.2%
by weight to 20% by weight, based on the total reaction

mixture.

B. The method ag claimed in at least one of claims 1 to 7,

characterized in that

steps A), B) and C) are carried out continuously.

9. The method as claimed in at least one of claims 1 to 8,
characterized in that
semicarbazide [CAS 57-56-7], carbohydrazide [CAS 497-18-7] or
sodium sulfite [CAS 7757-83-7] are used as a compound which
forms a bond with the aldehvyde.

10. The method as claimed in at least one of claims 1 to 9,
characterized in that
in the method according to the invention, the vicinal diol
and the functional group of the compound which forms a bond

with the aldehyde are used in a molar ratio of at least 1:1,
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preferably of at least 1:1.2, in particular of at least
1:1.5,

A method for producing oxidation or reduction products of an

aldehyde, comprising the steps:

I) provision of an aldehyde by a method as claimed in one
of claims 1 to 10,

II) chemical or biocatalytic reaction of the aldehyde by
reduction, oxidation, disproportionation or dehydration

to give optionally unsaturated reduction or oxidation

intermediates and optionally
III) the further chemical or biocatalytic reaction of the
reduction or oxidation intermediates obtained in step

II} by reduction, oxidation, or addition.



