Liquid cation exchange The present application relates to a method for removing an organic
compound having one or more positive charges from an aqueous solution, comprising the steps a)
providing the aqueous solution containing the organic compound and a hydrophobic organic solution,
which comprises a liquid cation exchanger, wherein the liquid cation exchanger is hydrophobic, b)
contacting the aqueous solution and the organic solution, and ci separating the organic solution from
the aqueous solution, wherein the organic compound is a compound of the formula NIMC-A-COORI,
and reaction mixtures associated therewith. A fundamental problem in the hichnological production of
fine chemicals starting from renewable raw if materials, which conventionally are synthesized starting
from fossil fuels, is to transfer the product once obtained, which is typically present in a large-volume
agueous phase, to-anmorganic phase. This transfer is canted out on the one hand in order to
concentrate a finished intermediate or end product and optionally also to make synthetic processing
possible in subsequent reaction steps in org@‘njpcggjﬂt@mh@@qron the other hand to improve the yield of
the reaction in the aqueous phase by removing the desired product or to make it possible for the
reaction-te-be-carried-out-at-all-on-atechnically sensible-scater Asarule; direct thermal concentration
of the product, which is often present in low concentrations, from the large-volume aqueous solution is

not sensihle. The distribution of 2.compoung,in @-0:RRase %MS&@@&OWJ%M an-agueous, hydrophilic
S

phase and an organic, hydrophobic phase, which are immiscible, depends decisively on the

physicodiéiical rapefties GF th particOIr CorfpBtitn Wherdss conmpotias Witnahigh propshion of
or consistingiexelusivehaef unsybstituted hydiaearbans-mainly acoumiilate inntheshydrophobiciphase,
compounds with a high,preportion of polar grouns sueh. as hetergatom-containing funclignaiffis,and
quite espeuaﬁy compounds wi nc arges are presentm m?y or practically exclusively in the aqueous
phase, whichr trapetstivansfer S0traA Ry Aricpliase sobHRSEN pecidistribitivy - coéficientisalso
called thg: P yalugmwhich sharagissizes shendisti-aquilibrivm of @gompeundoetwesmuan ostanekand an
aqueous phase: An example of a positively charged organic compound much in demand industrially is
| 2aminof&iRe Ecid (ALA) and derivatives'reit”, especially the methyl ester (ALAME). ALA is an
important sliming | a product in the production of polymers, for example for production of pipeline

systems and nylon, Conventionally,, Al is.produced starting from. fassil raw:materials.in.a-process

with low yield via laurolactam, which is synthesized by trimerization of butadiene, then hydrogenation
with Torniaier b BJerbdOHEEARE: theft SXHRHILH o Y d6TelaHbHE Teadti S it Ry dFoXSARLHH and
then Beckmann. reepiangement. A-pramisingeroutedor the biotechnolagical productioniof AlAlorMAME
is described In 15DE10200410060705. The Rrar.art igaches Ihe praduction, of Bl HAIaR-
organic compounds by contactin.g an aqueous reaction mixture comprising ablolog!cal agent with n
organic phase oorpriifiglarBryaHIe SORET. IEGH ERaMPIecDET000 710060705 4886 BES gbtkining
the prodygtALAWE Ry.shaking with ethyl.acetate flonyan agueaus, reaction Mituip:Asanetab

(2008) disclose the extraction of ALA with tolugne from an agueous reaction solution comprising an
ALASynthes i oHsynie. FrE B HBbIESONEA b e Drétent itention  hérefore 110 devdlop.

&rsfore 110 develop a
method ofsembving positiveltieharged.orgahic ebmpoends ndspecialy totamirfoearthoiylic-aeidss with
at least ope positiye;chargs fram,an aqueous reaction mixture, wherein a position of the distribution
equilibrium between reaction mixture and a hydrophobic organic phase used as extractam that is as
advantageous as possible is desirable, i.e. the distribution equilibrium should lie as far as possible on
the side ohtheshydraphahicergania phases-3bAnethemprableriro e salved hyithehinvehtiencbasists
of developing,e methad liemoving rganic compoulis Ll (erel one PRAINe Ehatas Gameelally
co-aminocarboxylic acids, fom an aqueous solution comprising a biological agent using a hydrophobic
organic phiabe mstextractanmoindwhibe tkecamserbtion Bgu s HmRIE 16Eate 8 4 18 B posEIBIE B1i the
side of th%ﬂﬁf@ﬁ@ﬂ&@b\@ﬂ[@@mﬁsphﬁﬁﬁy accurmulate i the hydrophobic phase, compounds with a high
proportion of polar groups such as heteroatom-containing functionalities and guite especially compounds

with charges are present mainly or practically exclusively in the agueous phase, which hampers transfer

3G 1o an organic phase,

The distribution of a compound in the stated two-phase system after establishment of equilibrium 15 often

described with the aid of distribution coefficients, for example according to the Nemnst equation



Another problem to be solved, bynvention consists of developing dethod of rem compounds with at
least one positive charge, especially cmatninocarboxylic acids, organic n aqueous solution using a
hydrophobic organic solution as extractant which impairs or slows down the growth of
biotechnologically relevant microorganisms, especially Esther/cm colif, as little as possible and/or
reduces the number of cells capable of dividing and/or viable cells and/or cells with active respiration
and/or metabolically and synthetically active cells as little as possible. Finally, a problem to be solved
in the invention isg. an organic compound with at least one positive charge, especially otAamin
marboxylic acids, from an aqueous solution comprising a biological agent using a hydrophobic organic
phase as extractant, in which all of the properties that are decisive for the yield, the overall turnover
and rapid practicability of a biotechnological synth&sis prétess on which it is based, especially the
toxicity of the organic phase against the biological agent and the uptake of the compound into the

organic extractant; arg.eRtimized withrespectto thejotal vield.or a fasferpioaress af: inihacase of a
continuous process, usability of the biological agent for as 15 long as possible, especially for the case

when th&8HHHE Gém‘ﬂﬁﬂﬁ’&%if’ﬁtﬁf:?éé’gt%ﬁq@%8§ﬁi%aﬁﬁg?‘¢gep ke product or an intermediate of the
synthesis process, which is synthesized with the participation of a catalytic activity of the biological
agent. These and other problems are solyed_by the subject matter of the present application and
especially also 20by the subject matter of the appendéd independent claims, wherein embodiments
follow from the subciaims. The problem to be solved by the invention is solved in a first aspect by a
method for removing anerganic ¢armpound:having-oneioraore pesitivechanges from amaquesus

SOIUtlon’ag%mfﬁgg!{lglghﬁzr%gg&s Lheper(?fylgsl ne xygég g’“gurgaotkl\s.{ ?3?(‘%@%9?&)?@?9\ tib?mo ir é%‘ili%}gzoereg i noﬁlé_nd
and a hydf b ic’organic solution, which comprises a‘liquid cation exchanger, wherein the liquid
cation exohianger ishydréphiobic! Fr icomtacting dheaguaous sbitition dndrhie orgaiie ofiony4hd c)
separatipg {he organic solution fram. the. agueaus, selution.. 4-RRwAd is a Gempauaghofdermula i
NHYA-COOR (), o ‘ o L _ , _ X
laurclactam, which is synthesized by trimerization of butadiene, then hydrogenation with formation of
cvelododecane, then oxidation to cyclododecanone, reaction with hydroxylaurin and then Beckmann
rearrangement. A promising route for the biotechnological production of ALA or ALAME 18 described in

15 DETO200710060705.

The prior art feaches the production of positively charged organic compounds by contacting an aqueous
reaction mixture comprising a biological agent with an organic phase comprising an organic solvent. For
example., DEIG200710060705 describes obtaining the product ALAME by shaking with ethyl acetate
26 from an aqueous reaction mixture. Asanc et al. (2008) disclose the extraction of ALA with toluene from

an aqueous Teaction selution comprising an AL A synthesizing enzyme.

The problem fo be solved by the present invention is therefore to develop a method of removing
positively charged organic compounds, especially w-aminocarboxvlic acids, with at least one positive
25 charge from an aqueous reaction mixture, wherein a position of the distribution equilibrium between
reaction mixture and a hydrophobic organic phase used as extractant that 1s as advantageous as possible 15
desirable, i.e. the distribution equilibrium should lie as far as possible on the side of the hydrophobic

organic phase.

36 Another problem to be solved by the invention consists of developing a method of removing organic
compounds with at least one positive charge, especially w-aminocarboxylic acids, from an aqueous
solution comprising a biological agent using a hydrophobic organic phase as extractant, in which the

distribution equilibrium is located as far as possible on the side of the hydrophoebic organic phase.



wherein RI is hydrogen, methyl, ethyl or a negative charge and A is an unsubstituted, linear alkylene
group with at least three, preferably at least eight carbon atoms, and wherein the liquid cation
exchangery acid. In a first embodiment of the first aspect, the problem is solved by a method
according to one of Claims I, wherein the temperature in step bi is 28 to 70, preferably 30 to 37C. In a
second embodiment, which is also an embodiment of the first embodiment of the first aspect, the
problem is solved bs a method according to one of Claims 1 to 2, wherein the pH in step biis 6 to 8,
preferably 6.2 to 7.2. In a third embodiment, which i5 also an embodimentthe first to second
embodiment of the first aspect, the problem is solved by a method wherein the molar ratio of liquidn
exchanger 1o orga _'&mC&m%a)?@ésb%t 1east) 0.4 third embodiment, which,s also an.empadiment of
the first to third embodiment of the first aspect, the problem is solved by a method wherein lume ratio
of organiesolutibn o agquésts SEluter s Trlito TOetalN & fourhembodimertiviicn isalse g
embodiment of the first.to third embodiment;of the firstaspestithe-prableniis,salwed by a-methad
wherein the liquid cation exchanger is a fatty acid with mare than 12, ,-regf?fﬁg'g’ with 14 to 22, more

preferaBlyf $6H5 18 Ghbh 67 A S E $BIRA I e MBSAHe At URIEH s Also"an BB dihaht of B first to
fourth embadimentof.the firstiaspeat;i¢the’ grobleprisisolvediby dimethodowherein the liquidication

exchangeris an unsaturated fafty acid, referahiv.olgig acid argpucic acid. Ina ith embodiment,

which is also an embodiment 0f the first to fitth embodiment of the first aspect, the problem is solved
by a method wherein the aqueous solution furthermore comprises a biolog with catalytic activity. In a
seventhrgrbodimepkwhich isialsaamembedismentofdhe: firstdasixth-embodimentof thefirstaspect,
the problem is solved by a metho ,V\{hhereingthr% biqlg%oal agent is a cell, preferably a bacterial cell and
the cell Mteprefetalily HAS A FecBHibinaHt akané MoRooXygenase. A recombinant transammase and
preferably:furttiegmorse at:leastene ehzyméftomhthe groupicommptising -analcohol delsydrégenése, an
alanine 9?Bxgr&gﬁggﬁgd%a@-&@%ﬁek%%ﬁnﬁlpnglaﬁtt%x%;%hsrmr phn.an.elghthiembodinent

which is also an embodiment of the first to seventh embodiment of the aspect, the problem is solved
by a methBHSREFRiASEHE prasBrcl Bt e SRGEAY dMPBERH AR ARABSIES SHEEEb P I atsRtic
activity, prefesably.dnghat theserganie-campoundisacompound thabisitaxid toithegel: n aninth
embodim.epdt inch.is also an embodigpent rst.to e'igt_hth embodiment g”he fi{hset aspect

VIGId Or & laster progress or, in the case of 4 CORunuols process, usability of pical agent for as
15 long as possible, especially for the case when the organic compound with at least one positive charge 15
the product or an intermediate of the synthesis process. which is synthesized with the participation of a

catalytic activity of the biological agent.

These and other problems are soived by the subject matter of the present application and especially also

20 by the subiect matter of the appended independent claims, wherein embodiments follow from the
subclaims.
The problem to be solved by the invention is solved in a first aspect by a method for removing an organic
compound having one or more positive charges from an aqueous sohution, comprising the steps
25
a) providing the agueous solution containing the organic compound and a hydrophobic
organic solution, which comprises a liquid cation exchanger,
wherein the liguid cation exchanger is hvdrophobic,
3

by contacting the aqueous solution and the organic solution, and

¢} separating the organic solution from the agueous selution,



the problem is solved by a method wherein the organic solution furthermore contains at least one
oreamc solvent, preferably a fatty acid and/or a fatty acid ester. 20In a tenth embodiment, which is
also an embodiment of the first to ninth emhodiment of the first aspect, the problem is solved by a
method according to Claim wherein the organic solution comprises as liquid cation exchanger 20 to 80
vol%, preferably 25 to 75 vol% oleic acid, and as solvent Laurie acid methyl ester and the organic
compound is 12-aminolauric acid methyl ester and a bacterial cell is present in the aqueous solution
that has a recombinant alkane monooxygenase, a récombinant transaminase and preferably
furthermore at least one enzyme from the group comprising an alcohol dehydrogenase, an alanine
dehydrogenas%}a%gglmgﬁ:%@&ﬁ%Q%Egggg%c%%rcggrggm§ thereof In;a second aspect, the problem to be
solved by the invention Is solved by a reaction mixture comprising an aqueous solution and a
hydrophobic organic solution, 30 wherein the hydrophobic organic solution comprisespreferably a fatty
acid with more than 17 carbon atoms, morexgreferabiy @n aunsaturatedliquid cation exchanger, and
wherein the peons solution a compound of formula (I 6 N H, -0001 whereinis hydrogen, methyl, ethyl
or a negative charge and A is an unsubstituted, linear alkylet group with at least three, preferably at
least eight carboratorfis. inhefreembuodiment of theisecotideadpsest, thé problsmme beissired by the
invention is solygd; by a-reaction.mixture-acearding fathasficshaspech wherein the aqueous solution
furthermore comprises a cell that has a recombinant alkane monooxygenase, a recombinant
transaminase and preferably furthermore at least one enzyme from the group comprising an alcohol
dehydrogenasepan glanine:depyttogenasezand the Atklagéne product or variants thereof Further
embodimentsaspect comprise all embodiments of the first aspect. The problem to be solved by the
invention is solved in a fourth aspect by a method for removing an organic compound having one or
mote positive charges from an aqueous solution, comprising the steps: he aqueous solution
containing iine;0rganisrcompannd-andradyarophobiciorganicisal uian.ehcorpses:a liguidieation
exchanger, Whe{)ein the liquid catiogl}exx;@%nggr is-hydrophobic, .

wheremn the temperature m step bjis 2 ), prefert 057

In a second embodiment, which is also an embodiment of the first embodiment of the first aspect, the
15 problem is solved by a method according to one of Claims 1 fo 2, wherein the pH in step b) 15 6 10 8,

preferabiv 6.2 to 7.2

In a third embodiment, which is alse an embodiment of the first 1o second embodiment of the first aspect.
the problem is solved by a method wherein the molar ratio of liquid cation exchanger to organic

20 compound is at least 1

In 2 third embodiment, which iz also an embodiment of the first to third embodiment of the first aspect,
the problem is solved by a method wherein the volume ratio of organic solution to agueous solution 1s

1:10t0 1001,

in a fourth embodiment, which is also an embodiment of the first to third embodiment of the first aspect,
the problem is solved by a method wherein the hquid cation exchanger is a fatty acid with more than 12,

preferably with 14 1o 22, more preferably 16 to 18 carbon atoms.

30 In a fifth embodiment. which iz also an embodiment of the first to fourth embodiment of the first aspect,
the problem is solved by a method wherein the hiquid cation exchanger is an unsaturated fatty acid,

H H .~ . " N |
nreferably oletc acid or erucic acid.



and wherein the liquid cation exchanger has one or more negative charges and a negative total
charge, h) contacting the aqueous solution and the organic solution, and separating the organic
solution from the aqueous solution. In a second embodiment of the fourth aspect of the present
invention. which also embodiment of the first embodiment of the present invention, the method
comprises the step in a third embodiment of the fourth aspect, if the a esent i.nvention. which also
represents an embodiment of the first to second embodiment of the present invention, the mperature
in step by of the method according to the invention i5 28 to 70C. preferably 30 to 3 In a fourth
embodiment of the fourth aspect of the present invention, which also represents an embodiment of the

first to third embodiment of the.present invention, the pHyn stenyof the methad ageording to.the

e

invention is 3 'to , prellerarfbly 6 to 8, especially preferably 6.2 to 7.2. In a fifth embodiment of the fourth
aspect o theprasentihve G WHICH MeoTEpraEERts s EAbUaRHEHT BF IHEHTST 10 1URReMbBEdiment
of the presgrtdmvention:the molar ratio of liquid cation exchanger to organic compound in the method
is at least I.  In a sixth embodiment of the fourth aspect of the present invention, which also
represents an embodiment of the first to fifth embodiment of the present invention, the volume ratio of
organic solutionrith aguedus:-iSsolutiors islic 10 wh@imdr alséyehth enbodimentorthiefodrith&8pect
of the present inventionalse feRreseants Anembedimentof fhe Heshio, sixth emhosiment-eftie present
invention, the or%anic compound has at least one positively charged substin%em of formula (1)

1'2.212. 3K HrohE BUBSREGER ol & GBS BASIHE B R AR RS AP EE8h  the TRprotblated
form theseofavhereint24;R3 and R4 aregeletted independentlyiof:ore alotherfiomdhergroup

Comp_”sm%%‘édaf&% 0y methyl vk propyl. 2-propyl Ui thRutyl" pentyl, hexyl, benzyl, hydroxyl,
substituted or unsubstituted and/or linear or branched or cyclic alkyl or alkenyl In an eighth

embBodiment of the fourth aspect of the present invention, which also represents an embodiment of the
first to Sﬁy%ﬂm@mb&"ﬂimﬂ&@f the.present invemianmthe arganicscampouind has-theed of the first

aspect, the problem is solved by a method wherein the presence of the organic compound has an adverse
effect on the catalytic activity, preferably in that the organic compound is a compound that is toxic 1o the

cell.

in a ninth embodiment, which is also an embodiment of the first to eighth embodiment of the first aspect,
the problem is solved by a method wherein the organic solution furthermore contains af least one organic

solvent. preferably a fatty acid and/or a fatty acid ester.

20 In a tenth embodiment, which is also an embodiment of the first to ninth embodiment of the first aspect,
the problem is solved by & method according to Claim 12, wherein the organic solution comprises as
fiquid cation exchanger 20 to 80 vol%, preferably 25 to 75 vol% oleic acid, and as solvent lauric acid
methy] ester and the organic compound is 12-aminolauric acid methyl ester and a bacterial cell 15 present

in the agueous solution that has a recombinant alkane monooxygenase, 4 recombinant transaminase and

25 preferably furthermore at least one enzyme from the group comprising an alcohol dehydrogenase. an
alanine dehvdrogenase and the AIKL gene product or variants thereof.
In a second aspect, the problem to be solved by the invention is soived by a reaction mixture comprising
an agueous solution and a hvdrophobic organic solution.

30

wherein the hydrophobic organic solution comprises a fatty acid, preferably a fany acid with more

than 12 carbon atoms, more preferably an unsaturated fatry acid as hquid cation exchanger,

and wherein the agueous solution is a compound of formula (1)



east one substituent from Ik group comprisi a R2, R: and R1 is hydrogene unproton.ated form thereof.
wherein R:, R- and R are selected independently of one another front the group comprising hydrogen,
methyl, ethyl, propyl, 2-propyl, butyl, t-butyl, pentyl, hexyl, benzyl, hydroxyl. substituted or
unsubstituted and/or linear or branched or cyclic alkyl or alkenyl, wherein A represents a
hydrocarbon chain comprising at least three carbon atoms; preferably 10unsubstitutec alkenyl group,
and wherein Z is selected from the group that comprises -CIO(100R5, -CON, -CH10H and
unpromnated hums thereof, wherein R5 is selected from the group comprising hydrogen, methyl, ethyl,
propyl, 2- propyl, butyl. t-butyl, pentyl, hexyl, benzyl, hydroxyl, substituted or unsubstituted and/or
linear or branched or cyclic alkyl or alkenyl. In a ninth embodiment of the fourth aspect of the present
invention, which also represents an embodiment of the first to eighth embodiment of the present
invention, the organic compound has the foPrifula*ift Nt -A1CIOOR' or an unprotonated form thereof,
wherein R' is hydrogenethyl or ethyl and A is n unsubstituted, linear alkylene group with at least three
carbon atoms. In a tenth embodiment of the fourth aspect of the, present invention ich alsg....
represents gﬁ%%%%d’i?n%ﬁ “of ?hrg%%@t{g}ﬁ’ﬂn% ‘ie?ﬁ”bcg i i?n“g ntof trﬁi e‘g\plr%‘éneﬁ?ﬁl\)/séiﬁiﬁgdﬁ?ﬁ\iﬂtedﬂ? iﬂ\)?(;?%fétion
exchanger hasatidast onetaikyboraikeny! groupaRitiablesstsix carbon atoms and a terminal
substituent from the group 30comprising -COOH, -080,H, -0P0(011)2- and -OP0(01-1)0- and
unprotonated forms thereof in an eleventh embodiment of the fourth aspect of the present invention,
which also represents an embodiment of the first to tenth embodiment of the present invention, the
liquid catiomexehatigerisancunsaturated. fattyabidrpreferablsddleibeaidnt@n is solved by & reaction

mixture according to the first aspect, wherein the aqueous solution furthermore comprises a cell that has a
16 recombinant alkane monooxygenase, a recombinant transaminase and preferably furthermore at least one
enzvme from the group comprising an alcohal dehydrogenase, an alanine dehydrogenase and the AlkL

aene product or variants thereof.

Further embodiments of the second aspect comprise all embodiments of the first aspect.

15
The problem to be solved by the invention is solved in a fourth aspect by a method for removing an
organic compound having one or more positive charges from an aqueous selution, comprising the steps:
a)  providing the aqueous solution containing the organic compound and a hydrophobic organic
26 solution, which comprises a liquid cation exchanger,
wherein the liquid cation exchanger is hvdrophobic,
and wherein the Hquid cation exchanger has one or more negative charges and a negative
total charge,
b} contacting the agueous solution and the organic solution, and
23 ¢) separating the organic solution from the aqueous solution.
In a second embodiment of the fourth aspect of the present invention, which also represents an
embodiment of the first embodiment of the present invention. the method comprises the siep:
36 d) working-up the organic solution, preferably by backwash of the organic compound into

another aqueous solution,



In a twelfth en.hodiment of the fourth aspect of the present invention, wilich aiso represents an
embodiment of the first to eleventh embodiment of the present invention, the aqueous solution
furthermore comprises a biological agent with catalytic activity. In a thirteenth embodiment of the fourth
aspect embodiment of the first to twelfth embodiment of preferably a bacterial cell. e present
invention, which also represents an miesent invention, the biological agent is a cell, Inin a fourteenth
embodiment of the fourth aspect of the present invention, which also represents an embodiment of the
first to thirteenth embodiment of the present invention, the presence of the organic compound has an
adverse effect on the catalytic activity. In a fifteenth embodimentfourth aspect of thesent invention,
which ajso igpliessiiaan embodiment olhe et fa fowiteenth.embediment of.the areseRb nyention.
the organic solution furthermore contains at lea.st one organic solvent, preferably a fatty acid and/or a
fatty aciel ésteirdeenthoemhoaifienectbf thepresent inventis, WhitH:alsofeptederits B éifibodiment
of the first tasfiftagnth gmbodimentofithe present inventionthe organic solution comprises, 20as liquid
cation exchanger, 20 to 80 vol%, preferably 25 to 75 vol% of oleic acid, and lauric acid methyl s
solvent, and the organic compound is 12-aminolauric acid methyl ester and in the aqueous solution a

bacterialcell is:presenttihathias alvatalytic astivityoinvolvetimnthersynthresishofl 2samirolacnic acid
methyl ester:ina fifthiaspect the problemioPe:sqlved by the davantinn is spived by# hioreagter

comprising an agueous usol'utlon,’ comprlsm%a biological ‘gégernt,aanq a'h_yjdrogr?mo ic organic solution
compristfie) & TR eatiSHERE FahGer. 1 5 Brefariet SBGHIMERIST e prigsent invention, the term

eactor”, as used herein, means any vessel in which biotechnologically usable microorganisms are

cultured, In gaptrolied conditiops 1%51‘9:{9{3‘?&@ § ‘%h‘ésp‘?gs%g[ ﬁ&&%@&%&@%&%‘ er?t%%f?z%’aWc%ﬁﬁ{?fWeme

synthesis of an organic compound. 10 In a third e.mhodime.t of the fifth aspect, which is also an
emBodirieht 6 thie firsttocgessitrenibadimentof tHethitd s pettioftie presphEifiBrificH e ©
hydrophgabigerganis.selutionferthermene.comprises a fatly id ester, preferably lauric acid methyl ester.
In a fourth embodiment of the fifth aspect, which is also an embodiment of the first to third embodiment
of the second aspect of the present invention, the hydrophobic organic solution comprises oleic acid
as catiomexchiargérdndi25t6:7 Svolittitaurabtizcidersat estertas.solvdnt!sinrepfifitnermbodiméntewhich is
also an gmbodimentof the.fEshia foih gmbadiment.of fe iith,aspeet ehihe presantinveniions the
organic compound is a compound according to one of the embodiments of the first aspect of the
inventiorP 1K a"sixth! 4$péet the problem to be solved by the present invention is solved by a method of
producing an organic compound with one or more positive charges, wherein the organic compound is

toxic to gells, corr 5”&%&%&%& | i%w{;%aj@m%usg%a sqlytion,.cells involyed in the synthesis.of the

organic compound, preferably cells that cata.lyse at least one step of the synthesis, in the presence of
a hydrophibbitrorganig:sotisns comprsiAg & ighiHcaton excrEYe et pcHEIRP i orgahie sblvent.
one positively charged substituent of formula {1}
2

~NR'RR* (I

o1, if at least one substituent from the group comprising R°. R’ and R is hvdrogen. the unprotonated form

thereof,

b
wal

wherein R™, R" and R are selected independently of one another from the group comprising
hydrogen, methvl, ethyvl, propvl, 2-propyl. butyl, t-butyl, pentyl, hexyl, benzyvl, hydroxyl

substituted or unsubstituted and/or linear or branched or cvelic alkyl or alkenyl.

30 In an eighth embodiment of the fouwrth aspect of the present invention, which aiso represenis an
embodiment of the first to seventh embodiment of the present invention, the organic compound has the

formula ()

7-A-NRR'R* (I



In a second embodiment of the sixth aspect of the present invention, the organic compound is
1220aminolauric acid or methyl ester thereof and the organic solvent is lauric acid methyl ester.
Further embodiments of the fourth, fifth and sixth aspect comprise all embodiments of the first and
second aspect of the present invention. The inventors of the present invention found that the efficiency
of removing an organic compound with one or more positive ch om an agueous solution into a
hydrophobic organic solution can. surprisingly, be increased when said organic solution comprises a
liquid cation exchanger. Without wishing to be bourftl to any theory, the inventors of the present
invention presume that the negative charge or the negative charges of the liquid cation exchanger
interacts/interact ionically with the one positive 20charge or the several positive charges of the organic
compounds and that this interaction leads to a masking of at least one positive charge, which
increases. the: solubility ihsthecorganichplisse. ceapabie & eRteARd intd anionicifteracion Witk at least
one catigpliguid cation exchanger typically compnsesat least one saturated or unsaturated
hydrocarbon chain, which canbe linear or branched, and a negative charged group, for example a
carboxyl group. In a preferred embodiment the liquid ion exchanger is a fatty acid, in a more preferred
embodiment it ig:aniurfsaitirated fatiye acids for iexarmplendieid avid atnthepreferréd embodimentthe liquid
ion exchangeris diz-ethylhexyliphesphoric acid (@lsocalled REHPAQUDZERP-Aluinia prefarred

embodiment, the liquid ion exchanger not only has a negative total charge, but even no positive
charge. in a prefeEaee MBoRITRHT e h Tt chARG R the 16 A BXCHANGEY br of some other in
molecule, as used herein, means the total of the charges of all functional groups bound covalently to

the molecule. Eqr.example aLpt! 7 lauric.acid hias,a negative sharge, s total sharge, Irgargliess of the
presence of other molectles or counterions such as potassium ions that are present in the aqueous
sollition In a preferredwrmbbdimeantef the present invention, the term "contacting”, as used herein,
means that two phases are exposed to one another directly and in particular without interposing a
physical barrier such as a membrane. In the simplest case contacting is.carried out by pytting the two
phases into thé¥hHETE<EE] %%(&Tﬁ’%%ﬂﬂ% BRBGEIEPTH %iggﬁﬁgg)lt@ \S/Jvas)(/?%‘%o;rFg e"x_agf% el t(?)# Fril'l)légﬁﬂr%ferred
embodiment thexprganie<ampolirddias a positive total char,e. In another preferred embodiment the
organic compound has no negative charges. In a preferred embodiment the organic compound is an
ei-aminocarboxylic acid. In a preferred embodiment the term "has a charge", as used herein, means
that’a compound so dE&iEHARd has & EoriEEh SHiHG-ChargR IH EolrBLE BolltiBn at Pr- i1,
preferably 2 to 12, 2 tg:6:8, t9:12,13:#0,1 0 6:10 i@xmosi-preferably-atsphifuia aprefersed-embadiment it
isa chargt_a that is Pe%’;2@»,“%E!Waegﬁéfg‘}---L@;%%%Dﬁ%%ﬁﬁi%ﬂ?d embodiment the term "has a c.harge", as
used herein, means that the corresponding functional group or compound has, at pH 7, mainly the
corresponding charge, i.e. to at least 50, more preferably 90 and even more preferably 99%. In a
preferreg,embadimentiof-the invention «the termm.: cantainingnis tovhecundersioodiin the:sensenof:
“comprising”, i.e. not concluding. A mixture containjng A can in this sense Q%\ége‘fg‘tt}gr[ﬁ%ﬂgﬁjtuents
besities K. HHE ForMUTANGH “SHE 6P Hots BRAFGeSY Meahe et TeASt She thargs of the corresponding
nature. In a preferred embodiment the term "hydrophobic”, as used herein, means the property of a
liquid to form, in the presence of an aqueous;phase; tsrow|iquid phase clearly delimited from the
agueous phase. It can be a continuous liquid phase or an emulsion. In another preferred embodiment
the term "hydrophobic”, as used herein, means the property of a compound of essentially not
dissolving in watetoriRally inanethempraferiad embedimenity as usedaherein athentebmiisi¢d. becar
unQerstQ?}g {[1 gh%t a C\%I;?p?!.lcqg :;g)g%%jg{pat%gnbas a P value (j. Sangster, Octane!- Water Partition
Cosfficients: Fundamentals’ and ”yS|CaP((F1em"|'stry, Vol. 2 of Wiley Series in Solution Chemi.vtry, John
Wiley St. Sons, Chichester, 1997), whose common logarithm is greater than 0, preferably greater than
0.5, morg, preferably greaterthandhandmest preferably greataerthanid IQdR.prothenembediment of
the present invention, the liquid ion ex han%er has no or on{y aJnoderate toxic gctio

! ne liguid 1on exenarige gaerale 1OxXIc aclion on e alky
biotechndloyid&Ry Y IEULHT P PESTGANS RS FhEY SR o Ric Ao T AR qrﬁ%%ﬁgci A
preferredenibeadimentiof thehinuemntion the propertyioha compousteiwhenlinieomtadtowithithezroup
correspongding micreerganisios, to lewsrdhsir grawtihraisyie lower thei-melahalis agtivity, to increase

in an eleventh embodiment of the fourth aspect of the present mvention, which alse represents an
embodiment of the first to tenth embodiment of the present mvention, the Lquid caton exchanger 1s an

unsaturated fatty acid, preferably oleic acid.



IS their energy consumption, to lower their optical density or the number of viable cells and/or to lead
directly to their dying off and lysis. In a preferred embodiment at least one of these effects of a toxic
compound is already achieved at low concentration, preferably at a concentration of 1000, more
preferably IOU, even more preferably 50 or 25, and most preferably 5 mg/L. A person skilled in the an
knows numerous methods for routine use, by means of which toxicity can be investigated. These
include 20 for example measurement of the respiration of corresponding microorganisms by means of
0) electrodes or comparative plating-out of samples%f microorganisms and subsequent counting of the
colony-forming units (CFCs). In a preferred embodiment, "moderate toxic action" means that
microorganisms that are in a growth phase continue to grow and/or are metabolically active in the
presence of the compound, but to a lower extent than for a control that is incubated in the same
conditions in thel Absenceliofitliectorespondingconthobnd awtlor avea lehgthéred ragephitisé” The
ceng of agueoys androrganicsolutiondakes plage. insuitahle genditions and inRardicularfor asiqperiod
that s sufficient for sufficient transfer of the organic compound from the aqueous phase into the
organic pHESET RSN RVER F51 St BlisHTehT ofthe LoftE&P8nding equilibrium. This time period and
30conditions can be determined by a person skilled in the an in routine experiments. In an

espetmbqdiment. the organic campqing hayingane o MoreRasitive.charges is a,terminally aminated

fatty acid, especially preferably 2-aminolauric acid or an ester thereof or a mixture of the two
compouRBEo R PO Bkilfed ih tHe Hamincd ppre i Har i SBYEPHa Pl dercahigshttie 14t
presence-of-a:biologicalisysiem comprising esterase cs, partially heform of the corresponding, acid
and in this connection the two compounds are to be regarded to t extent as equivalent. Accordingly, in
an especially preferred embodiment, as used herein, fatty acids or fatty acid derivatives also comprise
the €orrdsporidirigeestersbptateralsly threthyitesteccand Vieerversh iy ani espetidiy refepregnts an
embodiment thedern jalkylans graupimasuseshhareinnmeans:a:0rokp0fithefarmula (@ Yeroake. an
alkane with two substituents tha{; are left op%@,] and are preferably terminal. The two substituents can
y

be for exMPE SN AfThE §Fstp Shd s CaBEYIgPoUE in a preferred embodiment n is at least 3, more
preferably at least 6, more preferably Il In the case of a "substituted alkylene chain”, at least one

hvdfogefb.asom{g%ﬁﬁp@%%m&nf a,supstitent ather thap,a hydrogenatam anan,alkyl tesiduey; .

preferably another atom such as a hydrogen atom. However, in a special embodiment the term
"unsubstteted BRYIshetrotis!, As tissahereimnIHesas & hJardEaBonehaivbf the 6N (CHDY, -
without sai¢hsubstituentin? heldemperaturecinsstep, hixdepends:notanly.onthepropertesof the liquid
cation exchanoer but especially for the case when the contacting of the aqueous and the organic
solution takes place as the reaction proceeds in the aqueous phase, also on the temperature
requirementssofiamireationsctakihghsldesih theedqoedius iphxse [Espetiallj e theocasesimend
biological.agent.such as akivingigelkis catalytically aelivedndthe aqueousphase: thedemperature must
he suitable for maintaining this 2,)9 a é;)(}reft?ﬂtyed embodiment the }gmﬁergtqr_g %n{ step b) is 0.to 100C.
mord prefeldbl§ F0'18 86C2 88 16 70C 36 t6 37 4B 6400 TRE bl T 5t8p D)y Rlust aTs¥ taiks Thto
account therreguirsmentsoflany reactionstaking place sinhultanendishyfandthe stdbitityhofaduuts,
pfoductsggn&?(me%@meﬁ?gq;&@ﬁ In2 prefered ambediment the pHiS 340.8.mere Rigferably 6 to
8. even more preferably 6.2 to 7.1 In order to transfer the organic compound from the aqueous phase
into the 6?@‘5?\‘1’%%5%@%3 completely as possible, a sufficient amount of the liquid cation exchanger is
required. In a preferred embodiment of the present invention the molar ratio of liquid cation exchanger
and oroanic, samnound inatieastone.step. symmed in.a,£ontinugys, pracess. v the-oial auise of
the Feaction, IS at least |, 1.e’ at least one molecule of iIC]UI cation exchanger is used per'molecule of
the organiticompouid nearreyen moreprefeped embodifenttie ratoiissoreater thah 2,3 Baud, 15,
or 20, preferably k246 3im 14 plumeiratioRfthe. arganicselution tathe agueans seltioavetherwith the
cation herein, means any vessel in which biotechnologically usable microorganisms are cultured in controlled
conditions and/or can be used for a biotechnojogical process. preferably the svnthesis of an organic

30 compound.

In a second embodiment of the fifth aspect, which is also an embodiment of the first embodiment of the

third aspect of the present invention, the hiquid cation exchanger is a fatty acid, preferably oleic acid.



exchanger/organic compound molar ratio, important for an efficient process. In a special embodiment it
is 100:1 to 1:100, preferably 20:1 to 1:20, more preferably 10:1 to 1:10, 4: to 1:4, 3:1 to 1:3 or most
preferably 1:2 to 2:1. In a preferred embodiment of the present invention a fatty acid is used as liquid
cation exchanger. In a preferred embodiment of the present invention, the term "fatty acid", as used
herein, means a carboxylic acid, preferably alkanoic acid, with at least 6, preferably 8, more preferably
10, most preferably 12 carbon atoms. In a preferred embodiment they are linear fatty acids, in another
embodiment they are branched. In a preferred embbtiment they are saturated fatty acids. In an
especially preferred embodiment they are unsaturated. In another preferred embodiment it is a linear
fatly acg i AL IERRA .00 HOTS SORIRNG.AJOlDIR BORG. AIEIRIARlY ALARSNAN Sy dmanotner
preferre&embo iment itis a simple unsaturate i‘atty acid, in which the double bond is located at
position & drrdfoird dsphy ariotiser praferreesrmbBdifmetit e liqtitheation BRe Aanger s afcinsatirated
fatty acid,gelegted;from-thegroup:camprising 1hgleic acid, palmitoleic acid and gadoleic acid and
icosenoic acid. In the most preferred embodiment it is oleic acid. In an especially preferred
embodiment it is a fatty acid with 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 17,182 19, 20, 21, 22, 23, 24, 25,
26, 27, 28,229,330 ccarbbmatormsiegileraishy. more: thaisd 2; moredprefierdlily More thad dataibor
atoms, eyenmore. preferablywith 14,1028, 19,22 mastpreterably 46.t0.186arben atgms:i2QIn

another preferred embodiment a mixture of various fatty acids is used as liquid ion exchanger, for
example- i TREFIHRZEE EByA il or GobE HHisHE O PHIS EHHPIYEE preliminary hydrolysis if
necessary, if the fatty acids are present as esters. In an especially preferred embodiment of the
present {ivepiion, acomaination of uo Jayid eaien, exchanders AIRIelARbLD, t ast ana gl nem a
fatty acid, is used. A particular advantage of the present invention is the compatibility of the method
according thethes ievention with bioeihetsgieal proess8Es B BioIogIcH aiteris st tHERSTA 11 a
particulag,embodiment 3Q ;9fdthepresent invention, the term "biological agent with catalytic activity”, as
used herein, means a biocatalyst synthesized by a cell in all stages of purification, from the whole cell
to the isolated molecule. In a preferred embodiment it is a cell expressing enzymes with catalytic
activity. Thescell eancheha prokanyote; incladtinghkrohsea oraeukayiotd, prefertbly fromdirengraup
comprising Pseudomanas; Carngbagterhen and &.coll.lo-ap even.mare.preferred.embodiment the

agent is a bacterial cell, even more preferably a Gram-negative bactemost preferably E. coll. In
andther PrEEHEY SHIBEEE NBritiHRE BURAN BT T2H, ‘ﬁi"(?}éeﬂHé’f&%ﬁ?‘é%&ﬁ%@ﬂ%%ﬁ‘ﬁ?B?ém
preferabjydeyeasteelliimostpreferably Shacchasomveesier€andidarRichianiespetially Bandiata
tropic:Mts, The term cell’ it tispdy n 8 special embodiment, in. thisagpligation as being equivalent
and interc angeag)lé with the term "microorganism”. 5Furthermore, the cell can be an isolated cell or a
mixture of cultures. The kill used as biological agent can be viable, or it can be a preparation thereof,

forample @ membrangdrachion or eytosofic fractiancuderextragtofthe aell. \AWhen thepielagical mgent

is an isolated molecu,lde in variqus stages of %kjrg]fication. this can he all catalytic active molecules
e

P - P Ry N - i y e - at 1S 1o Y ) STET L
produced By A EEH HiCaRh BEPECTAIN Prataral embodiment it is a molecule from the group comprising

peptides, polypeptides, carbohydrates, nucleic acids or mixed forms thereof. In a more preferred

embodiment It is, a.catabdicalwactiye polypertide: i agatherprsierred mBOMMRNtit is-afks: and
immobilized molecule. ) .
second aspect of the present mvention.

25 The inventors of the present mvention found that the efficiency of removing an organic compound with
one or more positive charges from an aqueous solution into a hydrophobic organic solution can,
surprisingly, be increased when said organic solution comprises a hiquid cation exchanger. Without
wishing to be bound to any theory, the inventors of the present invention presume that the negative charge
or the negative charges of the liquid cation exchanger interacts/interact 1omically with the one positive

30 charge or the several positive charges of the organic compounds and that this interaction jeads to a

masking of at least one positive charge, which mncreases the solubility in the organic phase.

In a preferred embodiment. the term "Hquid cation exchanger”. as used herein. means a compound that is

soluble in a hydrophobic organic solvent, and owing o one or more negative permanent charges is



The catalytic functions required for synthetic biotechnological processes are varied. In a preferred
embodiment the term "et - as used herein, is a synthetic activity, i.e. the catalysis of chemical reactions
comprising the formation of at least one new covalent bond. In another preferred embodiment it is a
transport activity, i.e. the capacity of a molecule to effect the transport of another 20molecule from one
compartment to another, e.g. the taking up of a substance from the aqueous medium via a cell
membrane into the interior of the cell. In an especially preferred embodiment the biological agent is a
living cell, which is used for catalysis in the presenéé of the liquid cation exchanger, preferably in order
to synthesize an organic compound with one or more positive charges, which is removed subsequently
or simultancously by means of the liguid cation gxehanagrnie;a hydrophabic, organic phase. J.an
espemaW preferr ci enbodiment the presence of the organic compound has an adverse effect on the
catalyticcamtivity: 1! SrieoBATSBHRAGAHT s e ToWEFHIE aRTddRt SPECIvATY prESENt Wk EAAYE 3t)
epreSSﬁ%&M@%}%@@&B @t)@plowerekﬁhﬂféa@ engyme otawanather geibedinaept the-affinity ioflldeiagent
having catalytic activity can e affected I he sense.ofan increasad K1 plansnayme, in angter
embodiffEntthE Spedificity of e EAtdivtic activity can he altered. for example so that It preferably
convertsof preferably cormertsna substigtedmolesthengther tHarrthatdesiretrhyanatider&mpbdiment
the orgapig gompeune has a toxic action on a cell as biological agent. 16 In another embodimentganic
compound is an organic compound that: decreases the availability of an essential co-substrate or
co-enzyme. This can be the case for example when the organic compound inhibits a corresponding
regeneratian-reactionmirvadditiomtol thediguidxcationexchangérs thedyedrephliebitorgahic phaseorcan
furthermote.sonian.a vdionniobic. sphvant. Tais an-satye fatincieasing lha anseptian sapaslly of a
liquid caltion exc anger in the ydrophobic phase and for preventing undesirable behaviour, for
exatplerfidteidation s prefafidd Bmbstivhdift thessivert & uhaalEtoraiesdish takiny pidce in
the aqueguis.sRlution.mast-prefenably.the sulastate of-an:enzyme-catalyseddgactiontaking.plaee in
the aqueous sqlugion. Ina refFrAred embodiment it is a fatty acid ester, In an especially preferred
embodirfi&HittHe SolEht TS Falty Scid Bofer. bréferably’ methyl ester, of a fatly acid that serves as
liquid catidmiexchanger. The proportion of the solvent, if present, in the hydrophobic organic phase
is in a preferred embodiment | 15to 99 percent by volume ( yolVO0). In a preferred embodiment the
proportion of the solvent is 10 to 90, more preferably 20 to 80, most preferably 25 to 75 vo&% In a most
PrefbrrodherEUATH e B THRHB P BAAFIL BorhptRa 1T RhhrOIALc SeTe dhS BriHoBiic
acid methykesier :xwhieh is er-areprodiucad imthe pguedusyphaseiyracrggontbinant strainm of 20-E. colt
by progressive oxidation of the terminal ] m of lauric. acic hyl ester, as ig.disclosed.in
DEIOZ0GIT00E0708, Snd e Todropobic phase abmplos S 18 TE% oo soi e laid oaton
exchangelldissor/edinaeifier aciosriethyPastd s878rlct T StiBstrate. The teaching of the present
invention can be carried out not only using the exact amino acid or nucleic acid sequences of the
biolggica) macramolecules,deseribed herein, bt alse Lsing yariants,of said magromaleeyles, which
carthe oBtdindH Bl dSTBRoH SaHTEn 67 SlibStiton of oné B hiore than 6ne amind Acids or nucleic
acids. Incapréferredrembodimenthenérns "varamtiof ahntckeibracitr degeentdotaming aciganic
sequencg used,inthe following.as.equivalent and interchangeable with the term "homologue”, as used
herein, means another nucleic acid or amino acid sequence, which with respect to the corresponding
original wild-type nucleic acid or amino acid sequence has a homology, used here as equivalent to
identity, of 7075580185199 %:94in96::98, 99% Qe highet pereeniage; whereinprefedabibypamino
acids other than the aming acids forming the catalytically active.centre or amino acids,es ial for the
stru"(‘ftur(?] &t Fofdini %?én&é(le%éﬁ or &libs gﬁ%&‘%‘?f éﬁ 'a?tteé{r%? r({%ﬁﬁ%g%ﬁs%r{/éﬁ\;glg‘ sgu%sit?’tu%[zgt} f@ég
exampleta Ylutarmateinsiead of an kspartatecdraaiadsiratinsteadore valine Frae oy dicse7- n
another preferred embodiment the term "has a charge”, as used herein. means that the corresponding
functional group or compound has, at pH 7. mainly the corresponding charge, e to at Jeast 50, more

preferably 90 and even more preferably 99%.

fn a preferred embodiment of the invention. the term “contaming” is to be understood in the sense of
"comprising”, i.e. not concluding. A mixturc containing A can in this sense have other constituents

besides A. The formulation "one or mere charges” means at least one charge of the corresponding nature.



describes algorithms that can he used for calculating the extent of homology of two sequences,
eArthur Lesk (2008), Introduction to hioinformatics, 3r3 edition. In another prefened embodiment of the
present invention, the variant of an amino acid or nucleic acid sequence has, preferably additionally to
the aforementioned sequence homology, essentially the same enzymatic activity of the wild type
molecule or original molecule. For example, a variant of a polypeptide enzymatically active as
protease has the same or substantially the same proteolytic activity as the polypeptide enzyme, i.e. the
capacity to catalyse the hydrolysis of a peptide bond. In a special embodiment the term "substantially
the same enzymatic activity" means an activity with respect to the substrates of the wild-type
polypepfide. whichis. el ahave (he hackopunds aetiviv. aneiarifers, y dess e, . prefitably 2
more prelterahﬁy one order of 10 magnitude from the Km and/or values that the wild-type pol%/peptlde
has withtespacetetHersamesistatedaih Shotrer Préferied-dmbotfimainctiaterin *Vaiantora
nucleic acigoramingagidsequencesamprisas atleast one acdtver p;ati]r’@rt{tagmﬁﬁtr@fﬁheheueleic acid
or amrnoha rgl 1% Uﬁn(c:’e%lftlé Qrcc)rtrb erE dlhesfﬁtrcregoergx oq Ign S)?r;[ to Etermssur u;tﬁx naorttd’rsa;g us%dmh AT

means an'amino aci sequence or a nuclei ‘sequenc has a smaller Iength than th ?ull
length of thvé aminoocithsdgueahoebodiovdes for@ smemeﬁileﬁgthlthahﬂthedmﬂqehgthhéf teaming acid

sequencg, &tt\%@ttﬁth&atnrmﬁ&td@eqw orthegneeded-aming @@Jgfﬁetqu@nﬁ@nmmtsmalIardlength
than the wild-type amino acid seguence has substantrally the, same e z%% tic a as thg \r}/rld type
polypepfid& 6 V&H AR theteoffof ERatfpie 4s é(fgof?o?d‘éw&ﬁro&gﬁasé 3% g‘éﬁaﬁs‘*é%r
transaminase climaspéscialembodimentithe term tvariant'tofarmucleic acid pompiisesrasmucleic acid,
whose co| %I{egrtnerg ary strand, preferably under stringent 20 conditions, binds to the wild-type nucleic
acid. The stringeéncy of the hybridization reaction can easily be determined by a person skilled in the
art'&@nd generally depends on the length of the probe, the temperatures during washing and the salt
concentration: b generalelonoae probesireqiise. hig h@ﬁi@m@eﬁahuﬁ@&ﬂﬁﬁ hyhkridizationowhareasdower
temperatures ar suﬁglm nt; fo} shqrter samp )ersdf\;/}\({ ethe)r hyb rdlzatlorg takes Ia&eﬁg@eﬁr}regr}a}ljix% Qtnds
on the ability 8F tHe'¢ eﬁat}uféa DN AL Ohto complementary strands fttat are present in its
surroun@m@zsrcandnhd@ewbetéwttheﬂhettmg pointropheysteinge peyslhyb ridizationcfesttion @ndhe
correspanding CeRJILANS Aa fescribediin detail inAvsibeletak: dlh raspratetradtembadrme@tethe
term " of a nucleic acid, as used herein, comprlses any nucleic acid seq en cod s for he same
amino atid s@tjﬂ-"ehcgna‘s”th‘éol}rlﬁ’lrtat”hhme‘ BT oF LR SN F BHE Shino 4 QEld sec‘iuee}ncg i A

context ef-theydegeneracyzofthe:généticicoge:toSuitabléipelypeptidesithat dancbelused for thec
production gpot&’tgaﬂlqr%(?a't\rﬂ%@}g&@f Iongspecially. alkane, monoexygcnascs:Alkh, irapsaminases,
aldehyde dehydrogenases and alaninc dehydroitenases are described in the prior art, for example in
DE 1020040080708, EFM 10040258k i PCTAEPITITIOE 38542018 i he maStpfetiiied i he ar

embodimgntalkane MmoReoxygenase:is-an-atkanesmarooxyrenase ofithe AlkB:ype! AlkBsisaide
oxidoreductase from the AKBCT system from PSCULOLEIONT(S punda. which s known.for s
hydroxyla)séxégth?t§lﬁf 18 dependent o two other poli/pp ptides, A k& and AlkT. AlkT is characterized
as FAD-dependantrubredoxith rédmté@seﬁWhrom@ahsmrtgﬂéleétﬁaﬁslfreﬁrwwﬂ 5 Ay AIRETS a
rubredoxjn, a-fron-Gantaieingrede. BrRLein: which:lupetions as direct @tsetr@n(q@mtnfmmu@@ In a
preferred embodiment the term "alkane monooxygenase of the AIkB typ used herecp,bmeans a

membrah& B8 EikaHE o HoBLIHASE TR ABTREY Preterrad embodr “@h‘tﬁ R SamE e~ Bik&h
monoxygenasexaithe:AlkB:typetmeans:a polypéptide withea seguencéthomology oftiroreasintly
preferably atleas!, 5. 8085 99,92,94..96, 98.01,09%4g,he sequence of the AKB of Pseudomonas
put/do CIpO (dat ase code: CAB54050.1). in another preferred embodiment the term means a
cytochrome-independent monooxygenase. In another preferred embodiment the term "alkane
monooxygenasa@hther AlkBotyned S;meanstatayt@ﬂtuomea nelependentmoneaxygenase;whith sses at
least one 1ubredoxin, or homologus, ao plection donor, Inan especially preferred.embadiment the term
means d’membrane-boting, cytoc rome- |ndepen ent alkane m nooxygenase vith n%reasrng ly
preferablyd@iatieast 68270801 88, 8500002 94 16 cOBer 99U tothBbsEgueice BT thecAtBsf
h'elid07 1704 7ac-rut/6lasGpalinnhich, needs aselestinnAonanatleast AlkG (CAB54052.1 but preferably
the combination of AIkG with the reductase AIKT (CAB54063.1 ). wherein AlkG and/or .AIKT can also
be a homologue of the respective polypeptide. The term "sequence”, as used herein, relates to the
amino acid:sequende of &-pelypeptideandior thernucleigacid sequence encodingsitivin @acther &
preferreq.smpan mentan alkang %Qrﬂa@@%ygsna%er of.the AlB.YRE ,:35 USERBLSINS Briture

cytochrome-indépendent oxidoreductase, i.e. an oxidoreductase that does not comprlse cytochrome
as cofactor THEpTesBREIAvehfends fhitrerilllsratsd by tHE FSISHING fytresarasmsdiminghe
examples, from which further features, embodiments, aspects and advantages of the present invention
can be found. Fig. | shows a controlled experiment for confirming that LAME does not have toxic
action, investigated with an E coil W31 10 strain and in comparison with potassium phosphate buffer
(Kipp as negative control. 30Fig. 2 shows the viability of he strain E colt W3110 in the form of the

niimher of Cale that the <train fran form in the abeance nf a licind cation evehanoer and in the



Fig. 3 shows the ea liquid cation exchanger on the toxicity from e. change count of a El. coil W3110
strain in the presence of MAME (1.2%. DEHPA adjusted with ammonia ("D2EFIPNH3 2%") or a
DEHPA/LAME mixture (2%/98%) ("12/L") in the presence of ALAN/IE 02%. Fig. 4 shows the effect of
various liquid cation exchangers on the OTR of aminolauric acid methyl ester producing E. con strain.
The experiment was carried out as described in example 4. Fig. 5 shows the influence of various
liquid canon exchangers on the yield of aminolauric acid methyl ester produced by an 13. coil strain
with suitable genetic modification. The experiment Was carried out as JOdescribed in example 4. 20
Example I Investigation of the toxicity of the solvent LAME that is used in compositions with liquid
cation exghangers s test shoyed e relavely lowJoxie At AL [espegt ta biateghnplagically
relevantp aﬁiléms w |ch makes LAME a stitable organic solvent for the method according to the
inventiorBefore tierditarmination @f@@@@cé’lﬁld\’de HireRsttakernial 1B plateltf 0 ditpEptons ffém

casein, g,0{l.¥gast expact; 10.0id-NaGliwae stieakethwithek: 60n:18Wah1Q.anddncubated foia24 h.
In the evening of the next day ap recultuqe of this previc HFIy st{ f ed pl dIe was moculated This
precultuf& AL VOIS B B0t BFC R P G e L S h At Buemight for Approx. 16 h. On the
next day the preculture with an OD 600 of 0.2 was inoculated in 200 mid of M9 medium (Na214P0O4
6.79 ML KH2E Q4,3 fbéﬁn'\'@%gdﬁwﬁhm% 140%,mt.46 trace element.soltion, P .4-Fice
element solutlon FIC1 37% (-455.8 g/L) 36.50 di; MnCI2*7H20 1.91 g/16; Zn804*7H20 1.87 g/L,
Na-EDTA®p%4,0 Ciltiblex'c .68 e EsB00, g&anaewa%éw@d%m OB EA P S1R0Y 70
dd..: Fe$Q4t4H 1Quk7 18019/ ki utLid2 216001 ZuMiB)invith3% ghutaseatm?y) and:incubated:-farapprox.
20 h. After incubation of the main culture, the cells were harvested, centrifune 28.g.and 4C. for
10 min éﬁ%’{"m th'a dbg({' ' of 30, ), Were %&Efgp‘e?r!cf%ﬁn Ti%% ?%t? % épﬂu%(fr{sgt? H g 4 or1 25 mM
HEPES mrfezrcnmam, avher @kadefter‘ﬂmﬁwl@n@Wﬂﬁ%‘LMEW@?@G@éFﬁ@H Bt Bt %Wé%b?utuons
used coptained. 8% alurese iW/e30: Thensthe bacteral.suspensionwas Meneterﬁegl;ﬁe(me]ehm ng
flasks and the solutions of the respectlve sutﬁ[ances were ?d ed. After mlxm% b}( SWI ling flask

100 uld bFthe SUEPRRLIOA WAL Withcravin 65 plpette Brt BUE TR 960 HId S prepared e? e{ﬁne

This corregponded sésanapling at time point to. The mixtures were then incubated at 250 rpm and
30C. The CFUs were determined over a period of 22 h. mples were taken at time points to, ty, t6 and
t2). For some mixtures another sampling time point dded and furthermore another additional dilution

seriés whRe pIITEETEUES it oFdR b IR ZL IoHL THE BBEHHHAS 60, hd SfsWere rastidlsnd¥d in 10
mL Kpi buffer.anddhen mixedrimthe flaskavith & int6:0AME 98% {whnniOnedilutiokestepper assay

was plated ut: THe.DUmbSL ol SELIMkrempined Soconsiant over aRalior of G- Allela2 Ay
percentage droﬁln the live cefl Count o Just 30.3% was récorded ‘
place in the agueous p%msn Especially for the case when a biological agent such as a hving cell 15

catalvtically active in the aqueous phase, the temperature must be suitable for maintaining this activity. In
20 a preferred embodiment the temperature in step by is (0 to 100°C. more preferably 20 1o 80°C, 28 10 70°C,

3010 37°C, 35 10 40°C.

The pH in step b) must also ke into account the requirements of any reactions taking place

simultaneously, and the stability of educts, products, intermediates or reagents. In a preferred embodiment

25 the pH is 3 1o 8, more preferably 6 1 &, even more preferably 6.2 10 7.2,
In order to transfer the organic compound from the aqueous phase into the organic phase as completely as
possible, a sufficient amount of the liquid cation exchanger is required. In a preferred embodiment of the
present invention the molar ratio of liquid cation exchanger and organic compound in at least one step,
30 summed in a contnuous process over the total course of the reaction, is at least I, i.e. at Jeast one

molecule of liguid cation exchanger 1s used per molecule of the organic compound. In an even more

. . _ . . e -
preferred embodiment the ratio is greater than 2, 3, 5, 10, 15, or 20, preferably 1.5 w0 3.



This example shows the lower toxicity of 'near fatty acids relative to other liquid cation exc.hange as
DEHEA and branched and linear saturated fatty acids. First a preculture comprising 20 ml of LB
medium in a 100-ml baffle flask was inoculated with a cryoculture of the corresponding strain. The
culture was cultured overnight at 37C with shaking at 200 rpm and was used on the next day, to
inoculate an identical main culture to an OD of 0.2. The main cultures (each 30 mi., of LB medium)
were then incubated further under the same conditions. At an OD of 0.4 to 0.5, the main culture was
covered in each case with equal volumes (30 nil) ot bolvent and was then incubated further. For
determination of the number of CFCs (colony-forming units). in the next tests 0.1-ml samples were
taken and werg diluted.in sterile 0,93 Nagd soltion. uitable ditign steps were plated,out,an,
LB-agar pfates. After incubation at 34C. overnight, the colonies that had formed were counted and the
efflis werekherminet: Test CopAsBR ORI Betier a DD MIPASald AR eG4t/ 9Eid as
liquid catgxchangesb0%REREA: olauric acid (5%)Hin eachcasadissalved:in LAME: and with
equimolar&g&%‘;urpql%qz_]o loading with ALAME, as liquid cation exchanger, was contacted with an A'.
coil BLZ *strailf and the influence of these two compounds on the strain's ability to form colonies,
expressed in CFUts, was investigated. It had been shown in preliminary tests that laur ¢ acid methyl
ester - which owing to.insufficient |ading.cannatifunction asiliquid cationexchangenistolerated well

by the strains used. Table I: after770r24 h relative to t = 0 h Test No. 1ff %(L)i[i straigdgss,?d L{1 uid cation
EYEIn, Mes & carbpoxyic

exchandét HEEHRRRABBISICITIIS T4 EBITBES: ISES)N O ZAD, *° 15
acid, preferably alkanoic acid, with at least 6, preferably &, more preferably 10, most preferably 12 carbon
atoms. In a preferred embodiment they are linear fatty acids, in another embodiment they are branched. In

10 a preferred embodiment they are saturated fatty acids. In an especially preferred embodiment they are
unsaturated. In another preferred embodiment it is a linear fatty acid with at least 12 carbon atoms
comprising a double bond. preferably at position 9. In another preferred embodiment it is a simple
unsaturated fatty acid, in which the double bond is located at position 9 and/or 11. In another preferred
embodiment the liquid cation exchanger is an unsaturated fatty acid selected from the group comprising

15 oleic acid, palmitoleic acid and gadoleic acid and icosenoic acid. In the most preferred embodiment it is

oleic acid. In an especially preferred embodiment 1t is a fatty acid with 6, 7, 8.9, 10, 1112, 13, 14,15,
16,17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29, 30 carbon atoms, preferably more than 12, more
preferably more than 14 carbon atoms, even more preferably with 14 to 28, 14 10 22, most preferably 16

10 18 carbon atoms.

20
in another preferred embodiment a mixwure of various fatty acids is used as liquid jon exchanger, for
example in the form of sova oil or globe thistle oil. This comprises a preliminary hydrofysis if necessary,
if the fattv acids are present as esters.

25 In an especially preferred embodiment of the present invention, a combination of two liguid cation

exchangers, preferably with at least one of them a fatty acid, is used.

A particular advantage of the present invention is the compatibiiity of the method according to the
invention with biotechnological processes and biological agents used therein. In a particular embodiment
30 of the present invention, the term "biological agent with catalytic activity”, as used herein. means a
biocatalvst svnthesized by a cell in all stages of purification, from the whole cell to the isolated molecule,
in a preferred embodiment it is a cell expressing enzvmes with catalvtic activity, The cell can be a
prokarvote, including Archaea. or a eukaryote, preferably from the group comprising Pseudomanas,

Corviebacterium and E. coll. In an even more preferred embodiment the agent is a bactenal cell, even



Ib E. co/i 13L21(DE3) DEHPA0% Ic E. coil 131.21(DE3) Laurie acid 1.7% It can be seen that both
liquid cation exchangers lower the number of Cats considerably, but when lauric acid is used, in
contrast to DEFIPA, some viable cells are still present and the saturated fatty acid is 5therefore to be
preferred as liquid cation exchanger. Test 2: Comparison or toxicity between branched saturated fatty
acids and various amounts of oleic acid as liquid cation exchanger In this case two different
concentrations of oleic acid were used and the volume was adjusted by adding the corresponding
amount of LAME (lauric acid methyl ester). Table 211 Test No. E. coil strain used

more preferably & Gram-negative bacterial cell. most preferably £ coli. In another preferred embodiment
it is a eukaryotic cell, more preferably a fungus cell, even more preferably a veast cell, most preferably

Saccharomyees or Candida. Pichia, especially Candida tropicalis. The term "cell” 1s used, in a special
embodiment, in this application as being equivajent and interchangeable with the term "microorganmsm”.

Furthermore, the cell can be an isolated cell or a mixture of culturess,

L4y

The cell used as biojogical agent can be viable, or it can be a preparation thereof, for example a

membrane fraction or cvtosolic fraction or & crude extract of the cell.

10 When the biological agent is an isolated molecule in various stages of purification, this can be all catalyue
active molecules produced by a cell. In an especially preferred embodiment it 15 a molecule from the
group comprising peptides, polypeptides, carbohydrates, nucleic acids or mixed forms thereof. In a more
preferred embediment it is a catalytically active polypeptide. In another preferred embodiment it 1s an

immobilized molecule.

The catalvtic functions required for synthetic biotechnological processes are varied. In a preferred
embodiment the tenm “catalviic activity”, as used herein. is a synthetic activity, ie the catalysis of
chemical reactions comprising the formation of at least one new covalent bond. In another preferred
embodiment it is a transport activity, i.e. the capacity of a molecule to effect the transport of another
20 molecule from one compartment to another, e.g. the taking up of a substance from the agueous medium

via & cell membrane into the interior of the cell.

Ir an especially preferred embodiment the biofogical agent is a living celi, which is used for catalysis in
the presence of the liquid cation exchanger, preferably in order to synthesize an organic compound with
25 ome or more positive charges, which is removed subsequently or simultaneously by means of the liquid

cation exchanger mto a hydrophobic organic phase.

In an especially preferred embodiment the presence of the organic compound has an adverse effect on the
catalvtic activity. In one embodiment this can lower the amount of activity present, which can be
30 expressed in the sense of a lower ke, of an enzyme. In another embodiment the affinity of the agent
having catalvtic activity can be affected in the sense of an increased Ky, of an enzyme. In another
embodiment the specificity of the catalviic aciivity can be altered. for example so that it preferably
converts or preferably converts a substrate molecule other than that desired. In another embodiment the

organic compound has a wxic action on a cell as biological agent.



Liquid cation exchanger used NumberofCFCs | after77or24 h | relative tot=0h 1 7a - E. col; 13

L2(DE31 Isononanoic acid 2-Ethylhexanoic acid 0 0 dtpi E con B121(DE3) 2e dd E coif HI-210E3i E
coil BL2IIDE3) LAME/25% oleic acid 11% 18%

[n another embodiment the organic compound is an organic compound that decreases the availability of

an essential co-substrate or co-enzvme, This can be the case for example when the organic compound

inhibits a corresponding regeneration reaction.

i

In addition to the liguid cation exchanger, the hydrophobic organic phase can furthermore contain a
hydrophobic solvent, This can serve for increasing the absorption capacity of a liquid cauion exchanger
the hvdrophobic phase and for preventing undesirable behaviour, for example flocculation. In a preferred
embodiment the solvent is an educt of a reaction raking place in the agueous solution, most preferably the
10 substrate of an enzyme-catalysed reaction taking place in the agqueous solution. In a preferred embodiment
it is a fatty acid ester, in an especially preferred embodiment the solvent is a fatty acid ester, preferably

methvl ester, of a fatty acid that serves as liguid cation exchanger.

The proportion of the solvent, if present. in the hydrophobic organic phase is in 2 preferred embodiment |
i5 to 99 percent by volume (vol%). In a preferred embodiment the proportion of the solvent is 10 to 90,

more preferably 20 1o R0, most preferably 25 to 75 vol%.

in a most preferred embodiment of the method the orgamic compound is 12-aminolauric acid andior 12-
amineiauric acid methvl ester, which is or are produced in the agueous phase by a recombinant strain of
26 F. coli by progressive oxidation of the terminal carbon atom of lauric acid methyl ester, as 1s disclosed in
DEIO200710060705, and the hydrophobic phase comprises 25 to 75% oleic acid as hiqwd cation

exchanger dissolved in lauric acid methyl ester as reaction substrate.

The teaching of the present invention can be carried out not only using the exact amino acid or nucleic

b
LA

acid sequences of the biological macromolecules described herein, but also using variants of said
macromolecules, which can 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
amino acid sequence used in the following as equivalent and interchangeable with the term "homologue”,
as used herein, means another nucleic acid or amino acid sequence, which with respect to the
30 corresponding original wild-type nucleic acid or amino acid sequence has a homology, used here as
equivalent to identity, of 70, 75, 80, 85, 90, 92, 94, 96, 08, 99% or a higher percentage, wherein

preterab

v amino acids other than the amino acids forming the catalvtically active centre or amino acids
essential for the structure or folding are deleted or substituted or the latter are only conservatively

substituted. for example a glutamate instead of an aspartate or a leucine instead of a valine. The prior art



LA_ME/75'80 oleic acid 7eE. colt W$ | 101 Isononanoic acid 1 0 E coil W31 0 2-Ethylhexanoic acid E
coil W31 10 LAME/25EO oleic acid 1 29% 17% 9h E. "di W3110 LAME/75% oleic acid
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describes algorithms that can be used for calculating the extent of homology of two sequences, e.g. Arthur
Lesk (20083, Introduciion to bioinformatics, 3% edition. In another preferred embodiment of the present
invention. the variant of an amino acid or nucleic acid sequence has, preferably additionally o the
aforementioned sequence homology, essentially the same enzymatic activity of the wild type molecule or

5 original molecule. For example, a variant of a polypeptide enzymatically active as protease has the same
or substantially the same proteolvtic activity as the polypeptide enzyme, ie. the capacity to catalyse the
hvdrolysis of a peptide bond. In a special embodiment the term "substantially the same enzymatic
activity” means an activity with respect to the substrates of the wild-type polypeptide, which is well
above the background activity and/or differs by less than 3, preferably 2. more preferably one order of

10 magnitude from the Ky andior ke, values that the wild-type polypeptide has with respect to the same
substrates. In another preferred embodiment the term "variant” of 2 nucleic acid or amino acid sequence
comprises af least one active part/or fragment of the nucleic acid or amino acid sequence. In another
preferred embodiment the term "active part”, as used herein. means an amino acid sequence or a nuclere

acid sequence that has a smaller length than the full length of the amino acid sequence or codes for a

| smaller length than the full length of the amine acid sequence. wherein the amino acid sequence or the
encoded amino acid sequence with smaller length than the wild-type amino acid sequence has
substantiallv the same enzymatic activity as the wild-type polvpeptide or a variant thereot, for example as
alcoho! dehvdrogenase, moncoxygenase of transaminase. In a special embodiment the term "variant” of a
nucleic acid comprises a nucleic acid. whose complementary strand. preferably under stringent

20 conditions, binds to the wild-type nucleic acid. The stringency of the hybridization reaction can easily be
determined by a person skilled in the art and generally depends on the length of the probe, the
temperatures during washing and the salt concentration. In general, longer probes require higher
temperatures for hvbridization, whereas lower temperatures are sufficient for shorter samples. Whether

hvbridization takes place generally depends on the ability of the denatured DNA to annellate onto

25 complementary strands that are present in its surroundings, and indeed below the meling point. The
stringency of hvbridization reaction and corresponding conditions are described in detail in Ausubel ef al,
1995, In a preferred embodiment the term “variant” of a nucleic acid, as used herein, comprises any
nucleic acid sequence that codes for the same amino acid sequence as the original nucleic acid or a
variant of this amino acid sequence in the context of the degeneracy of the genetic code.

30

Suitable polypeptides that can be used for the production of organic compounds of formula (1}, especially
alkane monooxygenases, AlkL., transaminases, aldehyde dehydrogenases and alanine dehydrogenases are

described in the prior art, for example in DE10200710060705, EP11004029 or in PCT/EP2011/053834.



Test 3: Compan, n of toxicity between linear saturated fatty acids and unsaturated fatty acids as liquid
cation exchanger In this case various amounts of an unsaturated fatty acid were compared with an
unsaturated fatty acid with respect to their toxicity when used as liquid cation exchanger. Owing to the
lower solubility of the unsaturated fatty acid lauric acid, this was used in smaller amount. The volumes
of the various cation exchangers were compared with LAME. The number of CFOs was determined at
the start, after 4.5 h and after 24 h. As can be seen from Fig. 2, addition of the saturateacid as liquid
cation exchanger even in lower concentration than that of the unsaturated fatty acid brings about a
decrease in CID's, whereas in the case of the unsaturated fatty acid an increase in CPUs is recorded.
Overall, hare Js.a decrease, gl he xarous Joud ealion exehanaers Ivestoated frhe
fbllowing order: DEHPA’S saturate fattyunsaturated fatty acids =~ Example 37 Lowering the toxicity of
a positivily. chkFgedoryaatedesip St by tER@ e sHith A 20Ngtia CAtioh Xt RANgel THIE Tt shows
that thrqugh the niesence of a digiid.cation exchargsrithedaxic aetionofapositivelychargedarganic
compound. in an aqueous phase, which is fermentation broth, can be lowered, as this.compound is
extracted into %?&%ﬁié”%ﬁ%%’é{“?ﬁ‘é” 4sic "é@g‘érﬁﬁ%‘ﬁ al 5?3%%3&%%%%&%&%%@? fh‘g?‘l% example .
As ALAME@29%. (w/vjydissoivedkincdouesus systerhsiuhas baetetividatlagtion dthis test We8 répeated
in combinationwith REEHPNARLAME 2(98% Miw-intheshakingflask, where-D2EHRNIrd3means
D2EHPA loaded guantitatively with ammonium. By using the liquid ion exchanger, the trar],g[gr of
ALAME THIBHES Stefaiciprias e e TRt &, BotHibits RoNEEtrahBr il the Rquebiis piiase i Which
the cellsrare alse:lecated;dedrbases! Imeonder tpdiediucedoxic actiomeausednbyD2EHRPAdom ]y
concentiations: 1,296, (W) DAEHGIN wees used. obd, the baclRust (ESUSRARAEH N Ml ras
(corresﬁ)onés to half the buffer volume). A further 5 niL of buffer optionally with addition of 0.4% (w/v)
ALBME aidthercoptiiayewitis b BPENPNII3ATARIE 219806 fwiy Were voftex&t ol Fifiin‘at
3000 rpmthissalution was addadqto the: hacterialsuspensiamnin thessbaking: flask asgrmixgidnThen
the first sampling carried out, 1ne solution.had.a foamy, consisteney, al he siart ol.Ing fests, pup his
had disdpPESFearat the' Jha ShRPIRG in BEH tésts Tha abhreviation O/l Was Used for DIEHENH3
(ammoniastaden DRERH PAP LAME 2/108%6c{ow/w). Batwebnathessermphings!to and SN heCEETML
count ingreased, ¥, 34:3%. oM S2mRling, xR0 he Jast Samplings (22 the: G LA/ HkcauRt
decreased by 54.9%. Compared to the assay with 10 DIEHPNH3/LAME /98%; (W/}(/_V%Twithout‘ 9dition

of ALAMES298 (Wiv§ Ot viale cail Codfit Hrtdr 23 HWas BB MY Highet R’ at"4"486 ag i
significanflylowetithaadthe meanvalueofthe:gontkol assays(ifitHE TES itiffeb!{see Figii4)a@ompared

to the assay. with ALAVE 0.2% (wiv), insthe shaking flask, without addition of an. grganic.phasesthe

CIFUImic count was 2800 times higher. It can be seen that the presence of the liquid cation exchanger
lowers theleicityansesitveiy: cRERgEaespodndiSFEUNECH i €ade FoitHe Atimber 6P Cdts?
remainings Examplg.d.-Companative-tests for thentoxdians-iguishcatioprexehangersiversusian tane

20 monooxygenase of the AIKB tvpe”, as used herein, is a cytochrome-independent oxidoreductase, Le. an

oxidoreductase that does not comprise cytochrome as cofactor.

The present invention is further iHustrated by the following figures and non-limiting exampies. from

which further features, embodiments, aspects and advantages of the present invention can be found.

o
L

Fig. 1 shows a controlled experiment for confirming that LAME does not have toxic action. investigated
with an £ cofi W3110 strain and in comparison with potassium phosphate buffer (Kpi) as negative

control.

30 Fig. 2 shows the viability of the strain E. cofi W3110 in the form of the number of CFUs that the strain
can form in the absence of a liguid cation exchanger and in the presence of various hquid cation

exchangers after O h, 4 hand 24 h.



20aminolauric acid (ALA) and the methyl esterEl producing microorganism The biotransformation of
laurie acid methyl e.ster to aminolauric acid methyl ester was tested in the 8-fold parallel fermentation
system of DasCip with various n exchangers. L reactors were used for the fermentation. The pH
probes were calibrated by means of a two-point calibration with standard solutions of pH 4.0 and pH
7.0. The reactors were filled with 300 mL water and were autoclaved for 20 min at 1217C, to ensure
sterility. Then the p02 probes were polarized overni%ht (for at least 6 h). On the next morning, the
water was removed under the clean bench and Wa§"replaced 30 with high-cell-density medium with 50
mg/L kanamycin and 34 chloramphenicol. Next the p02 probes were calibrated with a single-point
calibratipy, (tigrar:. 00.tp1y £ 8assings 1 0.stllain and-he [ged. correctng-agent and induction-agent

sections were cleaned by Clean-in-Place. For this, the hoses were rinsed with 70% ethanol, then with |
M NaOHotHeafwith stefild deionizad watkt BracArany were et it hd répbtive B FhE ALA
and ALAMEmrosucing, E.ceaibstrain/BAZE (DEI): V. pifT10 pACYE iRueeswas firsti grownftom
crvoculture in LB medium (25 ml.., in a 100 rrd., baffle flask) with 50 mg/L kanamycm and 34 mg/L
chloramphenicol overnight at 37C and 200 rpm for approx. 18 h. Then in each case 2 mi., is inoculated
in high-déli-density editim (§lucose BO:hEalicofadeparatelyiautdbiavet BOGYEE stsck g6t with
1% MeSTE7H20:a062,2% NFLIGEL) (N1-1A2504 & 160/L,KHPQ4A-L2 08 g/L, KIi41304 12.5 g/,
yeast extract 6.66 g/L, trisodium citrate dihydrate 11.2 2, ammonium iron citrate solution 17 ml(EL of a
separately autoclaved 1% stock solution, trace element solution 5 mL/1... of separately autoclaved
stock soluioh (K Gs (B¢ %) 136160 (tAarMnCid) M B30 QthgheZinG 04 87U4Z001:87 g acid methyl
ethylenediaminetetraacetic acid dinydraie. 9,84, 0/l 1:1-)BA)A.30,0/4: NagMaQ4821120.0.23, gll,
CaC1,812H204.70 OE FeSai87k1)0 17.80 (EL CuC.1)*21-140 0.15 g/L)) (3 times each 25 inTE in a
100%iL Baffeshskywith 56 mg/L kanamycin and 34 mg/L chloramphenicol and incubated at 37C | 200
rpm lbr a further 6 h. The 3 cultures were combined in a shaking flask and the optical density was
determined as 7,2. For inoculating the reactors at an optical density of 0.1. n each case 4.2 mt. was
taken up in a 5 naL syringe and the reactors were inoculated by ca.nnula through a septum. The
fbliowing standard prograi DO controller pH controller Preset 10% Presetl0 mi/h P _, 10.1
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Example 1: Investigation of the toxicity of the solvent LAME that is used in compoesitions with

liquid cation exchangers

This test showed the relatively low toxicity of LAME with respect to biotechnologically relevant
microorganisms, which makes LAME a suitable organic solvent for the method according fo the

invention.

Before the determination of CFUs could be undertaken, an LB plate (10 ¢/ peptone from casem. 5 g/L
veast extract, 10 g/L NaCl) was streaked with £ coli BW3110 and incubated for 24 h. in the evening of
the next day, a preculture of this previously streaked plate was inoculated. This preculture had a volume
of 530 mL of LB medium. and was incubated overnight for approx. 16 h. On the next day the preculture
with an ODgge of 6.2 was inoculated in 200 mL of M9 medium (Na,HPO, 6.79 ¢/L; KH.PO, 3.0 ¢/L;

NaCl 0.5 g/L; NH.C1 1g/L; | mL/L trace element solution, pH 7.4 Trace element solution: HCE 37%

0.84 ¢/L; H:BO: 030 @/L; NaxMoO 2H,0 0.25 g/l CaCl*2H.0 470 ¢/L; FeSO7TH-G 17.80 /b
CaClL 2H-0 0.15 o/L) with 3% glucose (w/v}) and incubated for approx. 20 h. After incubation of the
main culture, the cells were harvested. centrifuged at 5258 g and 4°C for 10 min and, with an ODgge 0f 30,
were resuspended in 16 mL of 50 mM Kp; buffer at pH 7.4 (or 25 mM HEPES buffer pH 7.4, when CFU
determinations with ALAME were carmied out). Both buffer solutions used contamed 3% glucose {wiv],
Then the bacterial suspension was transferred to the sheking flasks and the solutions of the respective
substances were added. After mixing by swirling the flask. 100 uL of the suspension was withdrawn by
pipette and put into 900 uL of prepared sterile saline. This corresponded to sampling at time point &. The
mixtures were then incubated at 250 rpm and 30°C. The CFUs were determined over @ period of 22 h
Eirst the samples were taken at time points &, &, & and t,. For some mixtures another sampling time point
1, was added and furthermore another additional dilution series was plated out, in order to minimize

deviations.

The O was 60. The cells were resuspended in 10 mL Kp; buffer and then mixed in the flask with
3 mL LAME 98% (w/w). One dilution step per assay was plated out. The number of CFU/mL remained
constant over a period of 6 h. After 22 h, a percentage drop in the live cell count of just 30.3% was

recorded.

Example 2: Comparative tests for toxicity of various liquid cation exchangers to biotechnologically

relevant microorganisms



X02 (gas mixture)! from to (gas flow) from , to Growth and biotrans- formation 10%! 30% , Growth and
biotrans- formation %1 00%

This example shows the Jower toxicity of Hnear fatty acids relative to other liquid cation exchangers such

as DEHPA and branched and linear saturated fatty acids.

5 First a preculture comprising 20 ml of LB medium in a 106-ml baffle flask was incculated with a
crvoculture of the corresponding strain. The culture was cultured overmght at 37°C with shaking at 200
rpm and was used on the next day, to inoculate an 1dentical main culture to an OD of 0.2. The main
cultures (each 30 mL of LB medium) were then incubated further under the same conditions. Atan OD of
0.4 to .5, the main culture was covered in each case with equal volumes (30 mi) of solvent and was then

14 incubated Turther,

For determination of the number of CFUs (colony-forming units), in the next tests 0.1-ml samples werc
taken and were diluted in sterile 0.9% NaCl solution. Suitable dilution steps were plated out on LB-agar

plates. After incubation at 34°C overnight, the colonies that had formed were counted and the CFUs were

s

determmed.

Test 11 Comparison of toxicity between DE2HPA and a saturated fatty acid as liguid cation exchanger

0% DEHPA or lauric acid (15%). m each case dissolved in LAME and with equimolar or 25 mol%
20 loading with ALAME, as liquid cation exchanger, was contacted with an £, cofi BL2Z1 (DE3) strain and
the influence of these two compounds on the stramn's ability to form colonies, expressed m CFUs, was
investigated. It had been shown in preliminary tests that lauric acid methyl ester — which owmg to

insufficient loading cannot function as liquid cation exchanger — is tolerated well by the strains used.



Growth and biotrans formation 15% !r/ 1 172 HAI 1 140011500 | 1rpm! rpm 21% 21% 6 sl ,/h
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Table 1:

Test No E. coli strain used Piguid cation exchanger used i Number  of  CFUs
after 22 or 24Db
relativetot=0h

la E. cofi BLZI(DES) None 244%

b E. coli BL2T(DE3} DEHPA 0%

ic E.oeoli BL21DE3) Lauric acid 1.2%

It can he seen that both liquid cation exchangers lower the number of CFUs considerably, but when lauric

acid is used, in contrast to DEHPA. some viable cells are stlf present and the saturated fatty acid 15

5 therefore 1o be preferred as hiquid cation exchanger.
Test 2: Comparison of toxicity between branched saturated fatty acids and various amounts of oleic acid
as hgquid cation exchanger
1

In this case two different concenirations of oleic acid were used and the volume was adjusted by adding

the corresponding amount of LAME (Jauric acid methyl ester),

Table 2:

Test No. E. coli strain used Liquid cation exchanger used Number of  CFUs
after 22 or 24h
relativetot=0h

2a E coli BL2ZHDESS Isononanaic acid 0

b E coli BL2YDES) 2-Ethylhexanoic acid {)

2 E coli BL2ZUDES) LAME/25% oleic acid 1%

2d E ocoli BL2ZIHDEZ) LAME/75% oleic acid [8%

Ze E coli W3110 Isononanoic acid 0

af Eocoli W3HHD 2-Ethylhexanoic acid O

2g E coli W30 LAME/25% oleic acid 29%

Zh Ecoli W3THO - LAME/75% oleic acid 1%

i5

it can be seen that the number of viable cells when usimg the unsaturated fatty acid ofeic acid wgether

with LAME is consistently far higher than when using branched saturated fatty acids,



Script Triggeiit DO(1/60h) IPTG1 2 h after inductionfeed start Feed trigger 50% DO Feed ratel 3
m1.7111 The experiment carried out can he divided into two phases. mowinwhich the cells areeach a
specified optical density, and the subsequent biotransformation, in which the expression of the genes
necessary for the biotechnological processes of production of ALAME was induced. The pH values
were adjusted on one side with ammonia (12.5%) to pH 6.8. During growing and biotransformation, the
dissolved oxygen (DO) in the culture was controlled at 30% by means of the stirrer rotary speed and
the gassing rate. Fermentation was carried out as fed batch, wherein feed start, 5 g/Lh glucose feed
(500 g/L, glucose with 1% MiitS0J*71-1,0 and 2.2% NH4C11), was triggered by a DC) peak. At feed
start, the temperature was also lowered front 37C' to 30C. Expression of transaminase was induced 2
h after feed start by the automatic addition of 'Fro (I mM). Induction of the alk-genes was effected by
manual I5gduifier s DTPK (002506 Vo 0k aftE feed @f&rﬁﬁﬁéﬁbﬂéﬁ‘ﬁéﬁg #y0f th caittife' Broths
was detesmined.hefore the start of biotransformation. The Notransformation phase started 14 h after
feed start. For this, 150 mL of a mixture of Laurie acid methyl ester and the respective ion exchanger
(10% wi/w) were added as batch to the fermentation broth. 20 Di(2-ethylhexyl-)phosphoric acid
(DEHPAY), fauriesacidjcleirasids pakmiticsacidiepdivhitoledcvacidcsteand acill andhsaivixis dast freé fatty
acids framthe;sapanification.of alebe thistle pilwerg:ised-asion exchangers:dnQrderdmmake.an
amino group donor available for the transamlnase 10,7 mE of an alanine solution (125 gll., %was

added t&HEfBIAHIALGH B7BHT &iultine oty With Batiio 8 e SrghHIRohA5S" T oF KpliRG, 2 inL
of fermentatiapchrothewas fakendromAhe vEssel:ahd aipoition of dhiswiasddilute d d#200er &rd 1 and
acetone- lﬁC]ﬁrqn ixture (c(HCI) = 0.1 mon) and extracted. Samples were taken from all 8 reactors at 1.25
h,3h,5 20 h 22 h and 25 h after the start of biotransformation. The oxygen transfer rate (0'TR) and
car’ébn transfer rate (CTR) were determined during the fermentation by exhaust gas analysis on the

DasGip systems. qmeﬁf&mﬂegtatigmw{as anded:z2.hafter theastanefbiatiansiormation e lower
quantificationALAM I?m OI? ME, LS, LAME, HI.S, HLSME LS nd O ME nferme tatlon

centrat mEhan the uns < brlpgs aboul é asa, n O crc )
samples WA EATRBPALBY thesiL SHTEEBIINAY Wit extemal Calibraton for all Ahalytes and using

the |nternfaﬂhstand@r@l@rﬁmwﬂdecamr@%oldqmﬂﬁ})rﬁh@ffélIowmg equipment was used: BMX System
1260 (Agilent; Boblingen) with autosampler (01367E), binary pump (0131213) 15and column furnace
(0139{16A%

Overall, there is a decrease in toxicity with the various liguid cation exchangers mvestigaled, 1 the

followmg order: DEHPA > saturated fatty acids > unsaturated fatty acids.

Example 3: Lowering the toxicity of a positively charged organic compound by contacting with a

20 liguid catien exchanger

This test shows that through the presence of a liquid cation exchanger, the toxic action of a positively
charged organic compound in an aqueous phase. which is fermentation broth, can be lowered, as this

compound is exiracted info the organic phase.
The basic experimental procedure corresponded to that 1 example 1.

As ALAME 0.2% {w/v), dissolved in agueous sysiems, has bactericidal action, this test was repeated in
combination with D2ZEHPNHI/LAME 2/98% {w/w) in the shaking flask, where D2EHPNH3 means
30 D2EHPA loaded quantitatively with ammonium. By using the Hquid ion exchanger, the transfer of
ALAME into the organic phase 1s improved, so that its concentration in the aqueous phase, in which the
cells are also located, decreases. In order to reduce oxic action caused by D2EHPA, low concentrations

of 2% (w/wy D2EHPNH3 were used.



TripelQuad 6410 mass spectrometer (Agilent, Boblingen) with ES] source HPLC column: Kinetex
C18, 100 x 2.1 min, particle size: 2.6 um, pore size 100 A (Phen m n Aschaffenburg) Precolunm:
KrudKatcher Ultra MIX in -line filter: 0.5 um filter depth and 0.004 mm inside 20diameter
(Phenomenex; Aschaffenburg) The samples were prepared by pipetting 1900 gL of solvent
(acetone/O.CI mixture = I:1) and 10U tit_ of sample into a 2-rnL reaction vessel. The mixture was
vortexed for approx. 10 seconds and then centrlfuged at approx. 13000 rpm for 5 min. The clear
supernatant was removed with a pipette and was an4alysed after appropriate dilution with diluent (80%
(v/v) AGIN, 20% doubly-distilled water (vv). 0.1% formic aC|d) IOU iL ISTD was added by pipette per
900 uL of sample (10.ul; at asample.volume RGa0. 1 KEILL separation Was.caried.out Wil the
aforementioned column and/or precolumn. injection 3 olume was 0.7 uL, column temperature
50C. anbufiow rateodd:mlvin. Fhigmobile pREse! boﬁsm‘téd*b’f?elu?éﬁt A“f@.l%‘(‘?ﬂ% Bqliebus fEfmic

acid) ang gluent B (acatonitile, with. 0.1% (wid:farmic agig) « Thedollewing.gragientprofilevas wsed
Time 0 0.3 Eluent A 77 41/41Fluent 130,11

bacterial suspension 1n the shaking flask an TﬂiXLl’? éhmn g‘ze first sampling was carried out.

A

The solution had a foamy consistency at the start of the tests, but this had disappeared at the 2nd sampling
in both tests. The abbreviation "D/L™ was used for D2ZEHPNH3 {(ammonia-lfaden D2ZEHPAYLAME
2/98% (w/w). Between the samplings tp and t; 5 h, the CFU/mL count increased by 34.3%. From sampling
(t; 5} up (o the last sampling (1-2) the CFU/mL count decreased by 54.9%. Compared to the assay with
10 D2EHPNHI/LAME 2/98% (wiw) without addition of ALAME 0.29% (w/v), the viable cell count after
22 h was 4.5 times higher and at 3.4% was not significantly lower than the mean value of the contol
assays in HEPES buffer (see Fig. 43, Compared to the assay with ALAME (.2% {(w/v}) in the shakmg

flask., without addition of an organic phase, the CFU/mL count was 2800 times higher.
15 It can be seen that the presence of the Tiquid cation exchanger lowers the toxicity of the posttively charged

compound, found in this case from the number of CFUs remaming.

Example 4: Comparative tests for the toxicity of various liquid cation exchangers versus an ©-

20 aminolauric acid (AL A} and the methyl ester (ALAME) producing microorganism

The biotransformation of lauric acid methvl ester to aminolauric acid methy! ester was tested in the 8-fold

araliel fermentation svstern of DasGip with various ion exchangers.
P ; g

2
h

11 reactors were used for the fermentation. The pH probes were calibrated by means of a two-point
calibration with standard solutions of pH 4.0 and pH 7.0, The reacters were filled with 300 mL water and
were autoclaved for 20 min at 121°C, to ensure sterility, Then the pO2 probes were polarized overnight
(for at least 6 h). On the next moming, the water was removed under the clean bench and was replaced
30 with high-ceil-density medium with 30 mg/L kanamycin and 34 mg/L. chloramphenicol. Next the pO2
probes were calibrated with a single-point calibration (stirver: 600 rpm / gassing: 10 sL/h air) and the
feed, correcting-agent and induction-agent sections were cleaned by Clean-in-Place. For this, the hoses
were rinsed with 70% ethanol, then with 1 M NaOH, then with sterile deionized water and fmally were

filled with the respective media.



2.5 40_ 60 2.6 98 an 98 5.6 (.13 9 77 23 ES1- S2analysis was carried out in positive mode with the.
following parameters of the ESI source: Gas temperature 2$06C Gas flow 11 L/min

it
L7

The ALA and ALAME producing £ cofi strain BL21 (DE3} T1r pBT10 pACY C:Duet[TAcv] was first

grown from cryoculture in LB medium (25 mL in a 100 mL battle flask) with 50 mg/L kanamycin and

~y

34 mg/L chloramphenicol overnight at 37°C and 200 rpm for approx. 18 h. Then in cach case Iml is

L

inoculated in high-cell-density medium (ghucose 15 ¢/L (30 mL / L of a separately autoclaved 500 g/L
stock solution with 1% MgSO#7TH.0 and 2.2% NH.CI), (NHgp50, 1.76 /L, K;HPO, 19.08 g/L,
KH.PO, 12.5 /L, veast extract 6.66 g/L, trisodium citrate dihydrate 11.2 g, ammonium iron citrate
solution 17 mL/L of a separately autoclaved 1% stock solution, trace element solution 5 ml/L of
separately autoclaved stock solution (HCL (37%) 36.50 ¢/L, MnClL*4H-0 191 g/L, ZnSO5TH,0
10 1.87 o/L, ethvlenediaminetetraacetic acid dihydrate 0.84 ¢/L, H:BO; 0.30 ¢/L. Na;MoO,*2H,0 0.25 ¢/,
CaCl*2H.0 4.70 g/L, FeSO.*TH-0 17.80 g/L., CuCl*2H,0 0.15 o/L33 (3 times each 25 mL in a 106 mbL
baffle flask} with 50 me/L kanamyein and 34 mg/L chloramphenicol and incubated at 37°C / 200 rpm for

a further 6 h.

15 The 3 cultures were combined in a shaking flask and the optical density was determined as 7.2, For
inoculating the reactors at an optical density of 0.1, 0 each case 4.2 mb was taken up in a 5 mi syringe

and the reactors were inoculated by cannula through a septum.



Sprayer pressure 50 psi Capillary voltage 4( 10 V Detection and quantification of the individual
compounds was carried out withrameters, in each case using one product ion as qualifier and one as

guantifier: Analyte Precursor ion im/7,1 Product ion | mizi Residence time Imsi Collision energy ieVi
DDSME 245.7 167.1 25 6 DDSME 245.2

26
The following standard programme was used:
DO controller pH controller
Preset L% Preset { mi/h
P 0.1 P 5
Ti 300 s 2 200 5
Min (3% Min 0 mLi/h
Max L 100% Max 40 mL/Mh
X02 F
N {zas gas flow)
{rotation) | from (1o mixturel | from 1o from lto
Growth 0% 130% | Growth (0% 100% | Growth [15% | 80%
and and and
bicirans- 400 1500 1 biotrans- biotrans-
formation rpm {rpm | formation 1 21% 121% | formation |6 sL/h 72 si./h

Script

Trigeer sharp | 31% DO (1/60h)
IPTG 2 h after
induction feed start

Feed trigger | 50% DO

Feed rate 3 ImL/h]

LI

The experiment carried out can be divided info two phases, growing, in which the cells are to reach
specified optical density. and the subsequent biotransformation, i which the expression of the genes
necessary for the biotechnological processes of production of ALAME was induced. The phH values were
adjusted on one side with ammonia (12.5%) 1o pH 6.8. During growing and biotransformation. the
10 dissolved oxvaen (DO in the culture was controlled at 30% by means of the stirrer rotary speed and the
cassing rate. Fermentation was carried out as fed batch, wherein feed start. 5 g/Lh glucose feed (500 g/L
glucose with 1% MgSO*7H.O and 2.2% NH.Cl), was triggered by a DO peak. At feed start, the
temperature was also lowered from 37°C 1o 30°C. Expression of transaminase was induced 2 h afier feed

start by the automatic addition of IPTG {1 mM). Induction of the alk-genes was effected by manual

LA

addition of DCPK (0.025% wviv) 10 h after feed start. The optical density of the culture broths was

determined before the start of biotransformation.

The biotransformation phase started 14 h afier feed start. For this, 130 mL of 2 mixiure of lauric acid
methvl ester and the respective ion exchanger (10% wiw) were added as batch to the fermentation broth.
o6 Di{2-ethvihexvl-iphosphoric acid (DEHPA). lauric acid. oleic acid, palmitic acid, palmiteleic acid, stearic
acid and a2 mixture of free fativ acids from the saponification of globe thistle oil were used as ion

exchangers. In order to make an amino group donor avatlable for the transaminase, 10.7 mL of an alanine
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solution (125 ¢/L) was added to the fermentation broth stmultaneously with addition of the organic phase.
For sampling, 2 mL of fermentation broth was taken from the vessel and a portion of this was diluted 1/20
in an acetone-HCT mixture (¢(HCH = 0.1 mol/L) and extracied. Samples were taken from all 8 reactors at
1250, 3h, 5h 20 h, 22 h and 23 h after the start of biotransformation. The oxygen transfer rate (OTR)
and carbon transfer rate (CTR) were determined during the fermentation by exhaust gas analysis on the

DasGip svstems. The fermentation was ended 22 h after the start of biotransformation.

The guantification of ALA. ALAME. DDS, DDSME, LS. LAME, HLS. HLSME, OLS and OLSME in
fermentation sampies was carried out by means of LC-ESIMS® with external calibration for all analytes

and using the internal standard aminoundecanoic acid (AUD).

The following equipment was used:

e HPLC System 1260 {Agilent; Boblingen) with autosampler (G1367E), binary pump (G1312B)
and column furnace (G1316A)

e TripelQuad 6410 mass spectrometer (Agilent; Biblingen) with ESI source

e  HPLC columm: Kinetex C18, 190 x 2.1 mm, particle size: 2.6 um. pore size 100 A (Phenomenex:
Aschaffenburg)

« Precolumn: KrudKatcher Ultra HPLC in-lae filier; 6.5 um filier depth and 0.004 mm inside

diameter {Phenomenex; Aschaffenburg)

The samples were prepared by pipetting 1900 ul. of solvent (acetone/0.1 N HCI mixture = Fohy and
100 uL of sample into a 2-mL reaction vessel. The mixture was vortexed for approx. 10 seconds and then
centrifuged at approx. 13000 rpm for 5 min. The clear supernatant was removed with a pipette and was
analysed after appropriate dilution with diluent (80% (v/vy ACN, 20% doubly-distilled water {v/v), +

0.1% formic acid}). 100 uL ISTD was added by pipette per 900 uL of sample (10 L at a sample volume
ot 90 ply.

HPLC separation was carried out with the aforementioned column and/or precolumn. The injection
volume was 0.7 ul. column temperature 50°C, and flow rate 0.6 mL/min. The mobile phase consisted of
eluent A (0.1% (v/v) aqueous formic acid) and eluent B (acetonitrile with 0.1% (v/v) formic acidy. The

folowing gradient profile was used



231.2 149.1 25 9 ALAME 230.3 198.1 2; - 10 ALAME 230.3 163.2 15 IC OLSME 229.2 197.2 50

28
Time min] Eluvent A %] Eluent B [%4]
{1 77 23
0.3 77 23
0.4 40 60
2.5 40 64
2.6 2 98
55 2 gy
5.6 77 23
9 77 23

ESI-MS” analysis was carried out in positive mode with the following parameters of the ESI source:

5 e (as temperature 280°C
«  Gasflow 11 L/imin
e Sprayer pressure 50 psi
¢ Capillary voliage 4000V

10 Detection and quantification of the individual compounds was carried out with the following parameters,

in each case using cne product jon as gualifier and one as guantifier:

Analyte Precursor ion Product ien  Residence time
fm/z] fm/z] {ms]} Collision energy jeV]|
DDSME 2452 1671 25 6
DIDSME 2452 1491 50 8
HLSME 2313 181.2 15 2
HELSME 2313 1632 25 5
DS 2312 2132 50 ]
DS 2312 149.1 25 9
ALAME 2303 198.1 25 10
ALAME 2303 163.2 15 10
OLSME 2292 197.2 50 0
OLSME 2292 1611 25 b
HLS 217.2 181.2 35 a
HLS 2172 1631 20 4
OLS 2152 i61.2 25 0
OLS 2132 G52 60 i3



0 OLSM EI 229.2 161.1 25 H LS 217.1 181.2 35 0 HLS 217.2 163.1 20 4 OL8 215.2 161.2

A

Results:

If DEHPA is used as cation exchanger as described in the prior art, immediately after addition of the
compound to the culture there is intrusion of the OTR. The curve drops to 0 within a short time, which
indicates that metabolically active cells are no longer present in the culture. DEHPA is thus highly foxic

to cells.

If lauric acid is used as liguid cation exchanger instead of DEHPA, there is admittedly also intrusion of
the OTR, but it is less pronounced, and in the course of the next 22 h the cells recover and display

increasing metabolic activity. Lauric acid is accordingly far less toxic than DEHPA.

Even much better results can be observed when saturated fatty acids with longer carbon chains are used.
If palmitic and stearic acid are used, the decrease of the OTR curve is much shallower than when lauric

acid or even DEHPA is used, It can be concluded from this that these fatty acids are far less toxic.

The use of unsaturated fatty acids such as paimitoleic acid, saponified globe thistle oil {(contains mainly
Lnoleic acid) and oleic acid leads, surprisingly. to even better results. These fattv acids show,

surprisingly, even lower toxicity than the saturated fatty acids.



250 OLS 215.2 95.2 60 13 Results: If DEHPA is used as cation exchanger as described in the prior
art, immediately after addition of the compound to the culture there is intrusion of the OTR. The curve
drops to 0 within a short time, which indicates that metabolically active cells are no longer present in
the culture. DEHPA is thus highly toxic to cells,  ric acid is used as liquid cation exchanger instead
of DEHPA, there is admiuedlv also intrusion of the ()TR. hutpronounced, and in the course of the next
22 h the cells recover and display Oincreasing metabolic activity. Laurie acid is accordingly far less
toxic than DEHPA. Even much better results can be observed when saturated fatty acids with longer
carbon chains are used. If palmitic and stearic acid are used, the decrease of the OTR curve is much
shallowgrfpratg when lauric acid or even DEHPA is used. It can be concluded from this that these fatty
acids are far 1ess toxic. | 5 The use of unsaturatedacids such s palmitoleic acid, saponified globe
thistlemainly )leic acid) and oleic acid leadssurprisingly, to even better results. These fatty acids show,
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J.ngster, Octane)l1.-Water Partition Coidamental and Physical (Theinictrs. Vol 2 of Wit v Seri in
Solution Chemistry, John Wiley & Sons. Chichester. 1997 Asano, Y., Fukuta, Y., Yoshida. Y., and
Komeda, H. (2008): The Screening, Characterisation, and Use of w-Laurolactarn Hydrolase: A New
Enzymatic Synthesis of 12-Aminolauric Acid, Those, Biotechn. Biochem., 72(8), 2141-2150 DE10201
0060705 (2007): Recombinantls producing (a-aminocarboxylic acids or lactams thereof Ausubel
(1995), Current Protocols in Molecular Biology. john Wiley & Sons, Inc. A. M. Lesk (20081 Introduction
to Bioinlhrmatics, 3rd Edition 31 Claims I. Method 1or removing an organic compound from an
agueous solution, comprising the steps providing the aqueous solution containing the organic
compound and a hydrophobic organic solution, which comprises a liquid cation exchanger, ation
exchangeris hydrophobic, b) contacting the aqueous solution and the organic solution, and c)
separating the organic solution from the aqueous solution, 15 wherein the organic compound is a
compound of formula N A-COOR3 wherein R' is liygdsagen, methyl, ethyl or a negative charge and A is
an unsubstituted. linear alkylene group with at least three, preferably at least eight carbon atoms. and
wherein-the-tiquid-catiomexchanger is ‘Method according to one of Ctaimerein the tempéerature in step
b iss28 to 70, preferably 30 to

1. Method for removing an organic compound from an aqueous solution, comprising the steps

a} providing the aqueous solution containing the organic compound and a hydrophobic

organic solution, which comprises a liqud cation exchanger,

wherein the liguid cetion exchanger is hvdrophobic,

b} contacting the aqueous solution and the organic solution. and

¢} separating the organic solution from the aqueous solution.

15
wherein the organic compound is a compound of formula |
NH,-A-COOR' (1),
20 wherein R' is hydrogen, methyl, ethyl or a negative charge and A 15 an unsubstituted. linear

alkviene group with at least three. preferably at least eight carbon atoms.

and wherein the liquid cation exchanger 1s a fatty acid.

25 2. Method according to one of Claims 1, wherein the temperature in step b) is 28 to 70, preferably 30 to

37°C.

Lad

Method according 1o one of Claims 1 to 2. wherein the pH in step b is 6 to &, preferably 6.2 10 7.2.

30 4. Method according to one of Claims 1 to 3, wherein the molar ratio of liquid cation exchanger to

organic compound 1s at least 1,

5. Method according to one of Claims | to 4, wherein the volume ratio of organic solution to aqueous

solution 1s 110 to 1001,



37C. 3. Method according to one of Claims o 2 herein the pH in step his r to 8, preferably 6.2 to 7.2.
304. Method according to one of Claims | to 3 wherein the molar ratio of liquid cation exchanger to
organic compound is at least 1. Method according to one of Cla more than 12, preferably with 14 n the
liquid cation exchanger is a fatty acid with hlv 16 to 18 carbon atoms. 7. Method according to one of
Claims 1 to 6 wherein the liquid cation exchangeris an unsaturated fatty acid, preferably oleic acid or
erucic acid. Method according to one of Claims 1 to 7 wherein the agueous solution further comprises
biological agent with catalytic activity. 9. Method acr’:ordlng to Claim 8 wherein the biological agentis a
cell, preferably a bacterial cell and the cell more preferably has a recombinant alkane
monooxygenase, a recombinant transaminase and preferably moreover at least one enzyme from the
group comprising an alcohol dehydrogenase, an alanine dehydrogenase and the AIKL gene product or
variants theléotols:d@r firsthodracdordimg tb 'ne ohClaints 846’9 coikereintive preselice ofthe'8rganic
compound hﬁx’?@tﬂa@q\ﬁe[ﬁ@&ﬁﬁ@t\@n thecatalytic activitypreferaply-nihatthe organic compound is a
compound that is toxic to the cell. 201 I. Method according to one of Claims | to 10, wherein the organic
solution furthennore contains at least one organic solvent, preferably a fatty a/or a fatty acid ester.
Method acchrding tocCldim i, avhef €inithel organidessolution igom prises: asHiquid catiorsaxchahger 20 to
80 vol%, preferably.2a,10 {2 vl ptolgic,agid, and as solvent lauric acid methyl ester and the organic
compound is | 2-aminolauric acid methyl ester and a bacterial cell is present in the aqueous solution,
which has a recombinant alkane monooxygenase, a recombinant transaminase and preferably
moreovey. atxle&aﬁom{e&z;gm@ framthelgreup comp sing:an:aicatehdehydrogenaser ansalanine:
dehydrogena 1Se mg the AIk!.h eneEp{roduct or variants thereof 3013. Reaction mixture comprising an

(t Uu}h d 1% activit
aqueous solution and“a hydrophobic organic solution,

G, Method according 1o Claim &, wherein the biclogical agent 1s a cell, preferably a bacterial cell and the
cell more preferably has a recombinant alkane monooxygenase, a recombinant fransaminase and

preferably moreover at least one enzyme from the group comprising an alcohol dehvdrogenase, an

alanine dehvdrogenase and the AlkL gene product or variants thereof.

10. Method according to one of Claims 8 to Y. wherein the presence of the orgamc compound has an
adverse effect on the catalvtic activity, preferably in that the organic compound is a compound that is

toxic o the cell.

26 1. Method according to one of Claims 1w 14, wherein the organic solution furthermore contains at least

one organic solvent, preferably a fatty acid and/or a fatty acid ester.

127. Method according to Claim 11, wherein the organic solution comprises as liquid cation exchanger 20

1o 80 vol%, preferably 25 to 75 vol% of oleic acid, and as solvent lauric acid methyl ester and the

25 organic compound is 12-aminolauric acid methyl ester and a bacterial cell is present in the aqueous
solution, which has a recombinant alkane monooxygenase, a recombinant transaminase and
preferably moreover at least one enzyme from the group comprising an alcohol dehydrogenage, an

alanine dehvdrogenase and the AlkL gene product or variants thereof.
36 3. Redction mixture comprising an aqueous sotution and a hydrophobic organic solution,

wherein the hydrephobic organic solution comprises a fatty acid, preferably a fatty acid with more

than 12 carbon atoms, more preferably an unsaturated farty acid as liquid cation exchanger,



and wherein the aqueous solutionP(' d of til)rnluk NH 1A-COOR wherein R is hydrogen, methyl, ethyl
or a negative harge and A is an unsubstituted, linear alkylene group with at least three, preferably at
least eight carbon atoms. 14. Reaction mixture according to Claim 13 ;herein the aqueous solution
further comprises a cell that has a recombinant alkane monooxygenase, a recombinant transaminase
and preferably furthermore at least one enzyme from the group comprising an alcohol dehydrogenase,
an alanine dehvdrogenase and the AIkL gene product or variants thereof.

a3

and wherein the agueous solution ¢ a compound of formula (1)

NH4-A-COOR' (1),

LAt

wherein R' is hydrogen, methyi, ethyl or a negative charge and A is an unsubstituted, linear alkylene

group with at least three, preferably at least eight carbon atoms.

4. Reaction mixture according to Claim 13, wherein the aqueous solution further comprises a cell that
has a recombinant alkane monooxygenase, a recombinant transaminase and preferably furthermore at
i) least one enzyme from the group comprising an alechol dehvdrogenase, an alanine dehydrogenase

and the AIKL gene product or vanants thereof.



