Liquid cation exchanger 5 The present application relates to a process 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, where the liquid cation exchanger is hydrophobic, and
where the liquid cation exchanger has 10 one or more negative charges and an overall negative
charge, b) contacting the aqueous solution and the prganic solution, and c) separating off the organic
solution from the aqueous solution, where the liquid cation exchanger is a fatty acid, and where the
organic compound has at least two amino groups and no negatively charged functional group, as well
as corresponding reaction mixtures. 15A fundamental problem in the biotechnological production of
fine chemicals starting from renewable raw materials, said chemicals being conventionally synthesized
starting from fossil fuels, consists in transferring the product first obtained, which is typically in the form
of a large-volume aqueous phase, to an orgando-piasexclihigetransfer is carried out firstly in order to
concentrate a finished intermediate or end product and in order, if appropriate, to permit the synthetic
processing in subsequent réaction steps in 20 organic solution, secondly in order to improve the yield
of the reaction in the aqueous phase by removing the desired product or to allow the reaction to
proceedrat ailewdtninpphcitidustriaty tsefpldramewatadingcithermad congenttpieon:f the prosiset that
is often present in_low concentrations from.the large-volume agueous solytion js generally not
appropriate. ISPArtoNIY & orhBond LA e PhaSe by Btem BomaHE e 4 L USte drBhiic
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specific partition coefficient is Kow, also referred to as P_value, which characterizes the partitio
SequilibtREH 514 CoRMpOIRGHBHIERT ot SEthHAIIARE SAE i ABS e Phase: Kow - P -
Coetanol/Cwater One example of a positively charged organic compound that is in high demand
Industrially o dar ATIRGIANIEAGIL (D). 200 deivatyes Hieael 0 parliciar e el Esler
(ALSME). ALS s an important starting materia f?} the production of polymers, Tor example for
producifigipipitig Eystehter it Mavs. eonveitshalsyriesadprsdire dretartderyirdvlfossinraly in
materialsiR ferprgers i ailens yialdyiaiauralagiram, whish is-synthesized i imeszatinnfo
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D@@OZQanlQQW%, secondly i order to improve the yield of the reaction in the aqueous phase by removing

the desired product or to allow the reaction to proceed at all within an industrially useful framework.
Direct thermal concentration of the product that is often present in low concentrations from the large-

volume aqueous solution is generally not appropriate.

25 Partitioning a compound in a two-phase system comprising an aqueous, hydrophilic phase and an organic,
hydrophobic phase which are immiscible, depends substantially on the physicochemical properties of the
particular compound. Whereas compounds with a high fraction of, or exclusively consisting, of
unsubstituted hydrocarbons accumulate predominantly in the hydrophobic phase, compounds with a high
fraction of polar groups such as heteroatom-containing functionalities and very particularly compounds

30 with charges are present predominantly or virtually exclusively in the aqueous phase, which hinders

transfer to an organic phase.

Partitioning a compound in said two-phase system by adjusting the equilibrium is often described with

the help of partition coefficients, for example according to the Nernst equation.



The prior art teaches the obtainment of. positively charged organic compounds by contacting an
agueous reaction mixture comprising a biological agent with an organic phase comprising an organic
solvent. 20 Thus, for example, DE10200710060705 describes the obtainment of the product ALSME
by means of extraction by shaking with ethyl acetate from an aqueous reaction mixture. Asano et at
(2008) disclose the extraction of ALS with toluene from an aqueous reaction solution comprising an
ALS synthesizing enzyme. 25The object of the present invention is therefore to develop a process for
removing positively charged organic compounds having at least one positive charge from an aqueous
reaction mixture, where as advantageous as possible a position of the partition equilibrium between
reaction mixture and a hydrophobic organic phase used as extractant is desired, i.e. the partition
equilibrium should as far as possible be on the side of the hydrophobic organic phase. 30 It is a further
object of the invention to develop a process for fetrovfigGrganic compounds having at least one
positive charge from an aqueous solution comprising a biological agent using a hydrophobic organic
phase tract in whic [} tifion gquilibrium is as far assihle on the side of the. ..
hydrop%%gﬁg%)%%%%lgﬁggggg '? ?SE) gfﬁ?ﬁ’wéﬁ%b}%ﬁg?é{g t Oeai%veﬁﬁlc%;n’ t‘?@vg%ﬁaae&%&e{% ST }tel(r)ﬁloving
organic CUMPEUR@S hekimng Bc Bestcehe pe sl k4G fibrauEATaGhasus solution using a hydrophobic
organic solution as extractant, which adversely affects and/or slows as little as possible the growth of
biotechnologically relevant 5microorganisnks, in lpgréicul%Escherichia coli, and/or in so doing reduces
the number of divisible and/or viable and/or téspiratGrally d&tive cells by as little as possible. Finally,
the object of the invention is to discover a process for removing an organic compound having at least
one posifive Sharde frem R AAL80URSQIHTIAR LAMBHSING, R biRlogical agent dsingqa yskopmebic 10
organic phase as extractant, in which the totality of the properties that are decisive for the yield, the
ovEtall E6HUEPSIBA SR ot PrARTISBHRS 5t KIS Pa&hyHE HIateRn ABIBE Calosy Al priceésitn
particulangheatexeityngrgaritaphase porpased ivithythabhitlogicapaglenpadddne sibsarpiitimehiide
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progression or, in the case of a continuous process, as long as possible a usability ot the biological
agent, 18 paratGiRy Whehinewhgueme Bompstirenanhiuitdsast shepusitielesrgions W sroduct
or an inermediateOf dhacsyatbasis pibegasiwhiehiisisynthesized witbpastisipatior afvarsatalytisactivity
of the bjological agent.. These and,other objects are achieved by the subject matter of the present
et T S e L S oL o e R i R

embodintetitetiansing fom Ahé MEgefrienbast ainkd: 10200710060705.

The prior art teaches the obtainment of positively charged organic compounds by contacting an aqueous
reaction mixture comprising a biological agent with an organic phase comprising an organic solvent.
20 Thus, for example, DE10200710060705 describes the obtainment of the product ALSME by means of
extraction by shaking with ethyl acetate from an aqueous reaction mixture. Asano ef al. (2008) disclose
the extraction of ALS with toluene from an aqueous reaction solution comprising an ALS synthesizing

enzyme.

25  The object of the present invention is therefore to develop a process for removing positively charged
organic compounds having at least one positive charge from an agueous reaction mixture, where as
advantageous as possible a position of the partition equilibriom between reaction mixture and a
hydrophobic organic phase use& as extractant is desired, i.e. the partition equilibrium should as far as
possible be on the side of the hydrophobic organic phase.

30
It is a further object of the invention to develop a process for removing organic compounds having at least
one positive charge from an aqueous solution comprising a biological agent using a hydrophobic organic
phase as extractant, in which the partition equilibrium is as far as possible on the side of the hydrophobic

organic phase.



“The problem addressed by the invention is solved in a first aspect by a process 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, where the liquid cation exchanger is hydrophobic,
b) contacting the aqueous solution and the organic solution, and c) separating off the organic solution
from the aqueous solution, 4 where the liquid cation exchanger is a fatty acid, and where the organic
compound has at least two amino groups and no négatively charged functional group. S In a first
embodiment of the first aspect of the present invention, the temperature in step b) is 28 to 70,
preferably 30 to 37C.  In a second embodiment of the first aspect of the present invention, which is
also an embaqdiment of th H%OﬁrSt embodiment of the present invention, the pH in step b) is 6 to 8,
prefera%]]sé.%"%ef. .Jf’ﬁtﬁg Pl BB e O A BT RFST S ETT OF S B HTmIBH O WA RN also an
embodinmentostitrechizgictdrspcondiembodinientiofihe présehb iy entiofn, thetjoroblerwistsalvetidiy a
processadwé}&rg therganisGomBeAng, isgicompgHadaf the Formula AR rlftdrcaliHzaandx is 1

to 20, preferably 6 to 10. In a fourth embodiment of the first aspect of the present inverition, which is
alsd an BHTSOERSHE o th HrSrTd Rt eifrsdimrtipore drasertirrebrisrmie Prisighiiaddied by
a procesapiwheddthegrganitydiamnelis i aytlitessgatdisving at least two amino groups, preferably
diaminoisoiditol and diaminoisosorbitol. In a fifth embodiment of the first aspect of the present
invention, which is also an embodiment of the first to fourth embodiment of the present invention, the
problentisadghraei dyee pfdke iy wHerdstedifqartitaivectaril ofin £ ani oreste samperd oidrmic
compouagisal asib dbkaamixihenhesdimanihtbenfystiasnestaliba presentioventian,mnhieh is
alsl% an éarmblpdi 1ent of trgre fii:rs% to fifth tbotdimgnt ?f tLhe resent itqvien‘tio , the p%o_b em js (fo-Q’Ed by a
process Where e VBIME FRH6 8t SryahicsSTtioh 16 BG RARRIESITEATS 981 611K 4% 0@nth
embodimeritlofthesfiish agpectiof thageseny inventiondwitiob isaisbraipsmboglithesis gfrthes30ifirst to
sixth embediment ofithepresgntinysnion, he-Rrabiamys sRINGEAY G PIOSesS Whssitheiayid
cation exchanger is a fatty acid having more than 12, preferably having 14 to 22, even more preferably
16 to 1§,035’r%18ﬁ éffg)rﬁge grganic extractant, 1s optimized with regafd to thé total ymid or a more rapid
progression or, in the case of a continuous process, as long as possible a usability of the biological agent,
15 vparticularly when the organic compound having at least one positive charge is the product or an
intermediate of the synthesis process which is synthesized with participation of a catalytic activity of the

biological agent.

These and other objects are achieved by the subject matter of the present application and in particular also
20 by the subject matter of the attached independent claims, with embodiments arising from the dependent

claims.

The problem addressed by the invention is solved in a first aspect by a process for removing an organic

compound having one or more positive charges from an aqueous solution, comprising the steps

25
a) providing the aqueous solution containing the organic compound and a hydrophobic organic
solution which comprises a liquid cation exchanger,
where the liquid cation exchanger is hydrophobic,
36

b) contacting the aqueous solution and the organic solution, and

¢) separating off the organic solution from the agueous solution,



In an eighth embodiment of the first aspect of the present invention, which is also an embodiment of
the first to seventh embodiment of the present invention, the problem is solved by a process where the
liquid cation exchanger is an unsaturated fatty acid, preferably oleic acid or erucic acid. 5In a ninth
embodiment of the first aspect of the present invention, which is also an embodiment of the first to
seventh embodiment of the present invention, the problem is solved by a process where the aqueous
solution furthermore comprises a biological agent with catalytic activity. In a tenth embodiment of the
first aspect of the present invention, which is also an embodiment of the first 10to ninth embodiment of
the present invention, the problem is solved by a process where the biological agent is a cell,
preferably a bagigtialcellid dnien slevspthembrdiment of the first aspect of the present invention,
which is also an embodiment of the first to tenth embodiment of the present invention, the problem is
solved by a process where the organic 15compound is an organic compound that is toxic to the cell. In
a twelfth embaodimendtrofibihecfigstiaspeqicahthkapraskenttimve ntiomp veiniohsi sual saoam: gnibdygichentof the
first to eIeventﬁlgmmg%gt of the present invention, the problem is solved by a process where the
organic solution moreover comprises at least one organic solvent, preferably a fatty acid and/or a fatty
20acid ester. The object of the invention is achieved in a second aspect by a reaction mixture
compriging ARtagiealissobftibg @rdaspbydrDph gbiccor gariaise)utio endkwhetaihehydiophebimorganic
solution %&Qﬁ}ﬁiS%% ga}gté( acid, more preferably a fatty acid having more than 12 or 14 to 22 or 16 to
18 carbon atorﬁ/s, even more preferably an unsaturated fatty acid as liquid cation exchanger, and

where the aqueous solution comprises an organic compound which has at least two amino groups and
30no negativeimsbargeshisnctianahgiaupsdnpdissi-embodiongnh of the sesondaspectipttbemresent

mvgnhogfsghe Fr(g%lgm is solved by a, wher th%aqueo%és.s Iutlgm feﬂgr?ﬁ% %gé%%ﬂ- es an intact cell with

ca{alytic activh f/’, pre EPAB f/%{ Satténa té(érfr,trlﬁ re 1Brsé?8r ny = ‘embodiment of the

second aspect of the present invention, which is also an embodiment of
In a third emboediment of the first aspect of the present invention, which is also an embodiment of the first
to second embodiment of the present invention, the problem is solved by a process, where the organic

compound 1s a compound of the Formula H;N — (CH;), ~ NH;, and x is 1 to 20, preferably 6 to 10.

15
In a fourth embodiment of the first aspect of the present invention, which is also an embodiment of the
first to third embodiment of the present invention, the problem is solved by a process, where the organic
diamine is a cyclic sugar having at least two amino groups, preferably diaminoisoiditol and
diaminoisosorbitol.

20

In a fifth embodiment of the first aspect of the present invention, which is also an embodiment of the first
to fourth embodiment of the present invention, the problem is solved by a process where the quantitative

ratio of liquid cation exchanger to organic compound is at least 1.

25 In a sixth embodiment of the first aspect of the present invention, which is also an embodiment of the first
to fifth embodiment of the present invention, the problem is solved by a process where the volume ratio

of organic solution to aqueous solution is 1:10 to 10:1.

In a seventh embodiment of the first aspect of the present invention, which is also an embodiment of the
30 first to sixth embodiment of the present invention, the problem is solved by the process where the liquid
cation exchanger is a fatty acid having more than 12, preferably having 14 to 22, even more preferably 16

to 18, carbon atoms.



the first embodiment of the present invention, the problem is solved by a reaction mixture according to
one of Claims 14 to 15, where the organic compound is a compound of the Formula H2N - (CH2). -
NH2, 5and x is 1 to 20, preferably 6 to 10. In a third embodiment of the second aspect of the present
invention, which is also an embodiment of the first to second embodiment of the present invention, the
problem is solved by a reaction mixture, where the organic diamine is a cyclic sugar having at least
two amino groups, preferably diaminoisoiditol and JSOdiaminoisosorbitoI. The object of the invention is
achieved in a third aspect by a process for removing an organic compound having one or more
positive charges from an aqueous solution, comprising the steps: 15a) provision of the aqueous

solutioni£QRIGINRGIIR ARIANIG eMPauURsand ot 3.bugkorhakicotaanicsaldtionwhiahcenprises a
liquid cation exchanger, \C%here tge qupuid cation exchg n%er [ hydr‘oil[\)/h(c)1 ic, and where the liquid_cation
exchan%‘té?l HaE ST GTRRSTE S ATV PRSP BE SR A6 VET Iy SRVE AP JE0 5B KOR ALY the
aqueousasoiutichaagd the erganietsd lativnidnp dsbpalatngidfftheiorganic solution from the aqueous
solution. In one embodiment of the third aspect of the present invention, which is also an embodiment
of the first embodiment of the present invention, the process comprises the step: 25 d) Workingup the

organic'8ctutiBh, $HeFEABN; By haEriedPat iRt RFEBH JRITRICBmPYEhE iR ArrSriRediaqiediuide
solutionfirstlmasseaaneneimiiodimentiaf Hhesthirthaspes! oktheoprasantsisivantion whicksisvalso @
embodimen of e SPlishembdiment.of {g Rissenlinenton. e\ gmpgraiure in step b) of the
process ccordslng to the invention is 28 to 70C, pre? rably 30 to § C. 7

In a tenth embodiment of the first aspect of the present invention, which is also an embodiment of the first

10 to ninth embodiment of the present invention, the problem is solved by a process where the biological

agent is a cell, preferably a bacterial cell.

In an eleventh embodiment of the first aspect of the present invention, which is also an embodiment of the
first to tenth embodiment of the present invention, the problem is solved by a process where the organic

15 compound is an organic compound that is toxic to the cell.

In a twelfth embodiment of the first aspect of the present invention, which is also an embodiment of the
first to eleventh embodiment of the present invention, the problem is solved by a process where the
organic solution moreover comprises at least one organic solvent, preferably a fatty acid and/or a fatty

20 acid ester.

The object of the invention is achieved in a second aspect by a reaction mixture comprising an aqueous

solution and a hydrophobic organic solution,

25  where the hydrophobic organic solution comprises a fatty acid, more preferably a fatty acid having more
than 12 or 14 to 22 or i6 to 18 carbon atoms, even more preferably an unsaturated fatty acid as liquid

cation exchanger,

and where the aqueous solution comprises an organic compound which has at least two amino groups and

30 no negatively charged functional group.

In a first embodiment of the second aspect of the present invention, the problem is solved by a, where the
aqueous solution further comprises an intact cell with catalytic activity, preferably a bacterial cell, more

preferably E. coli.



In a third embodiment of the third aspect of the present invention, which is also an embodiment of the
first to second embodiment of the present invention, the pH in step b) of the process according to the
invention is 3 to 8, preferably 6 to 8, particularly preferably 6.2 to 7.2. 5In a fourth embodiment of the
third aspect of the present invention, which is also an embodiment of the first to third embodiment of
the present invention, the quantitative ratio of liquid cation exchanger to organic compound during the
process is at least . In a fifth embodiment of the tgird aspect of the present invention, which is also
an embodiment of the first 10to fourth embodiment of the present invention, the volume ratio of organic
solution to aqueous solution is 1:10 to 10:1. In a sixth embodiment of the third aspect of the present
Invention, which is also an embodiment of the first to fifth embodiment of the present invention, the
organic compound has at leasf, one positively 15charged substituent of the. Formulagﬂl%--N4R2R3R4 ()

or, if at 1Bt SRRISTbRHRSHE AT tHEBYOLB CORPRSIGFES, TSR AR AR S BhadiiRBotbnated
form 20thefeaf cwhetie 2 p RBcaprdskd iavdepen dentlyhddmo e sahethiy, aregele ctédufiromcthéigrowp

comprising fyeragens methylysthyle QFQM&%E%QM’i?&'%lnﬁi&ﬂ%'oﬂﬁ@ﬁ’drrﬂ%%ﬁ%rt%fﬂ!%%}"’

substituted or unsubstituted and/or straight-chain or branched or cyclic alkyl or alkenyl. In a seventh
embodiAfdnt B terthitts54h8ct 8t te present invention, which is also an embodiment of the first to
sixth embodiment of the present invention, the organic compound has the Formula (Il) Z-A-N4R2R3R4

(1) 8 wher R Je.and le. i endently of ane another,.are selected,from the group.comprising
yroge el TS e o e or
unsubstitistéd ssardrestbatimeetiditheo psrapichisenbeeybsieraikyrols aiNsed byswiserton isbgusdrbesrbon

chain corpprising atleastithreegaragaratoms, Areferably.andinsubstitutead: alkeayharoupand.where Z
IS %elect d from the group which comprises -COOH -000125, -COH, -CH20H and unprotonated forms
thereof’cﬁﬁnmmsosorb ol.

The object of the invention is achieved in a third aspect by a process for removing an organic compound

having one or more positive charges from an aqueous solution, comprising the steps:

15 a} provision of the aqueous solution containing the organic compound and of a hydrophobic
organic solution which comprises a liquid cation exchanger,
where the liquid cation exchanger is hydrophobic,
and where the liquid cation exchanger has one or more negative charges and an overall
negative charge,
20 b) contacting the aqueous solution and the organic solution, and

¢) separating off the organic solution from the aqueous solution.

In one ¢mbodiment of the third aspect of the present invention, which is also an embodiment of the first
embodiment of the present invention, the process comprises the step:
25
d) working-up the organic solution, preferably by back-extraction of the organic compound info

a further aqueous solution.

In a second embodiment of the third aspect of the present invention, which is also an embodiment of the
30 first embodiment of the present invention, the temperature in step b) of the process according to the

invention is 28 to 70°C, preferably 30 to 37°C.



where 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 straight-chain or branched
or cyclic alkyl or alkenyl. 15In an eighth embodiment of the third aspect of the present invention, which
is also an embodiment of the first to seventh embodiment of the present invention, the organic
compound has the Formula 11l NH3tA-COORL1 (lll), 200r an unprotonated form thereof, where Rl is
hydrogen, methyl or ethyl and A is an unsubstituted7 straight-chain alkylene group having at least three
carbon atoms. In a ninth embodiment of the third aspect of the present invention, which is also an
embodiment of the first to eighth embodiment of the present invention, the liquid cation exchanger has
at least ne:rikyLAbSBAKRNY!BreKRNANIY AtdRASE /X GRFEAN.ALQMISK AN AISA anlssmingl Jyhstituent
from the group which comprises -COOH, -0802H, -OPO(OH)2- and -OPO(OH)0- and unprotonated
forms tHEFEST S BRRACRBO OIS 6T e tHIRY He JRTPHF the! e hVAREDT, AN A1 an
embodimenttiohtheé first poefintiiyeimdbd 8ciment oftipe:farelsiertt 2nvérition, the liquid cation exchanger is an
unsaturated fatty acid, 30preferably oleic acid. In an eleventh embodiment of the third aspect of the
present invention, which is also an embodiment of the first to tenth embodiment of the present
invéntiold, tHevAGUEResERItRS b e FRse ebMpAKEEIBISISGR A Kk it Withe AERAESEH9RYIeO In a
twelfth embedimentabibenthirdfaspast ehtheveresenthinvention whith isfalgeianembedinent af the
first to elre\éeglcth (Ianm(k))o imu%l%t %_flethle per%§§gglknv§ption, the biological agent is a cell, preferably a
bacterial cell. 5 In & fourteerth embodiment of the third aspect of the present invention, which is also
an embodiment of the first to twelfth embodiment of the present invention, the presence of the organic

compound ras amdisgdantagranselisst: ondhe catalyicachvitynilR I Adifteenhembadimentof the

third asgegto thebpresen_tin ention, which js also an embodiment of the first to thirteenth embodiment
of the proARHTISURRHBRENHE HreRE SRR T e U LT SR LA oY e LA SOV

preferabhy Gtfatbylacid and/or a fatty acid ester. In a sixteenth embodiment of the third aspect of the

present invention, which is also an embodiment of the 15 first to fourteenth embodiment of the present

invention, the arganic solution comprises, as liquid cation exchanger, 20 to 80% b)évolume,tpreferably
%H

25 to 799603V RIMPETBrBIEIE Geith A tiPed SbHIEMICHSRIIE BRI Pn APT dS tHr it tHBOEHgEHi€TBpound
is methylr#2samittotaniaten an dbthagtesiat dellewthich thasmatadyitgrpotiviyhirvalvedtinibecymnbigsis of

methyl 1g:aminQIAHIs is presgakin fie agueous solution.
N'R*R’R* (1)

or, if at least onc substituent from the group comprising R, R” and R” is hydrogen, the unprotonated form

20 thereof,

where R*, R* and R’, independently of one another, are selected from the group comprising
hydrogen, methyl, ethyl, propyl, Z-propvl, butyi, t-butyl, pentyl, hexyi, benzyl, hydroxyl,
substituted or unsubstituted and/or straight-chain or branched or cyclic alkyl or alkenyl.

25
In a seventh embodiment of the third aspect of the present invention, which is also an embodiment of the
first to sixth embodiment of the present invention, the organic compound has the Formula (I1)
Z-A-N'R'R’R*(II)
30

or, if at least one substituent from the group comprising R*, R® and R®, is hydrogen, the unprotonated

form thereof,



20In a seventeenth embodiment of the third aspect of the present invention, which is also an
embodiment of the first to fifteenth embodiment of the present invention, the organic compound is a
cyclic sugar with at least one amino group, preferably with at least two amino groups. In a fourth
aspect, the object of the invention is solved by a bioreactor comprising an aqueous solution, 25
comprising a biological agent, and a hydrophobic organic solution comprising a liquid cation
exchanger. In a preferred embodiment of the prese@t invention, the term "bioreactor”, as used herein,
is understood as meaning the vessel in which biotechnologically useful microorganisms are cultured
under controlled conditions and/or can be used for a biotechnological process, preferably the synthesis
of an organic ceraRORNGR 8Q,dlRNiRisesarsienbedimant.of the f&w&t&&mwf%mgsc@lﬁ&mg
embodiment of the first embodiment of the third aspect of the present invention, the hydrophobic
organic solutioR {RARmASTE o mbHs &S R ¥htty HERY las?é‘??%ré’%%bl?‘?ﬂ'éﬂh;}ﬁ%?ﬂra'fé‘?@%{'] gL
embodiment ofiheifoudtr aspeéctitvihichdsaisoigin-emiadimentaf sheytitstdk decatdmsmbodiment of
the second aspect of the present invention, the hydrophobic organic solution comprises oleic acid as
cation exchanger and 25 to 75% by volume of methyl laurate as solvent. In a fourth embodiment of
the Fourth aspettsiihichiis @R EaEraAB ot MCGTRAEE st tdegirdhernbsieTe itasf messrbisent
invention, the angathigraempiomptis® compound according to one of the embodiments of the first
aspect of the invention. In a fifth aspect, the object of the present invention is achieved by a process
for producing an organic compound with one or more positive charges, where the organic compound is
toxic to cells, coshphiging i1 5eteateddirgpithasraepiabish solmtives of €5IE.inGOIVE, ifCHhH. syHikeHisndf the
organic compaipehpraterablysealisiwhich catalyze at least one step of the synthesis, in the presence
of a hydrophobic organic solution comprising a liquid cation exchanger and optionally an organic
solvent. In a first embodiment of the fifth aspect of the present invention, the organic compound is
12-aminolaur ¢ 20aciglermBthid i2eatwinblaurate, @ndntheopgainic Splvennis mithy| turate:chhe
inventors of the presenfinyentionhaxe found ihatilis eficiency, of removing an.arganis.camagynd

having one or more positive charges from an aqueous solution to a hydrophobic organic solution can
surprisingly be increaSEP RS HE s BTERBELonpTsedy IRjEdastion exchanger. Without wishing

to
15 In an eighth embodiment of the third aspect of the present invention, which is also an embodiment of the

first to seventh embodiment of the present invention, the organic compound has the Formula 11
NH,"-A-COOR! (1II),

20 or an unprotonated form thereof, where R' is hydrogen, methyl or ethyl and A is an unsubstituted,

straight-chain alkylene group having at least three carbon atoms.

In a ninth embodiment of the third aspect of the present invention, which is also an embodiment of the
first to eighth embodiment of the present invention, the liquid cation exchanger has at least one alkyl or
25 alkenyl group having at least six carbon atoms, and also a terminal substituent from the group which

comprises —COOH, —OSO,H, -OPO(OH)y— and —~OPO(OH)O- and unprotenated forms thereof.

In a tenth embodiment of the third aspect of the present invention, which is also an embodiment of the
first to ninth embodiment of the present invention, the liquid cation exchanger is an unsaturated fatty acid,

30 preferably oleic acid.

in an eleventh embodiment of the third aspect of the present invention, which is also an embodiment of
the first to tenth embodiment of the present invention, the aqueous solution furthermore comprises a

biological agent with catalytic activity.



25 be bound to any one theory, the inventors of the present invention aSsume that the negative charge
or the negative charges of the liquid cation exchanger interacts/interact ionically with the one or more
positive charges of the organic compounds and that this interaction leads to a masking of at least one
positive charge, which increases the solubility in the organic phase. 30In a preferred embodiment, the
term liquid cation exchanger”, as used herein, means a compound that is soluble in a hydrophobic
organic solvent and which, on account of one or mqre negative permanent charges, is able to form an
ionic interaction with at least one cation. Typically, a liquid cation exchanger comprises at least one
saturated or unsaturated hydrocarbon chain, which may be straight-chain or branched, and also a
negatively charged group, for example a carboxy group. In one preferred 11 embodiment, the liquid
ion exchanger is a fatty acid, in a further preferred embodiment an unsaturated fatty acid, for example
oleic actllAIF'EHE SrEtaTFRENEHIBUTIRTERHIRE Mol PR B EREHEr 1St sy e IBHBEheT G Acid
(also refested dovastD EhtiedierDERHRAS D nnaqprede iechencpadiment ithediduicientéxehangsadhas
not only.gp overall negative charge, but no positive charge at all. In a third embodiment, the term
"overall charge" of the ion exchanger or of any other molecule, as used herein, is understood as
meaning the sum of the charges of all functional groups bonded covalently to the molecule. For
example; lafieaeid basdinergativechagassoveralbehasganisraspectiva afdke preseaeeneffurther

moleculegs gr counterigns which are present in the agueouys solution. 10 In a preferred embodiment of
the precin it e e e e O 1 A AR R oL i B
phases #iedexpersystofsaecantiseirdireethdhnd especially without interposition of a physical barrier
such as a membrane. Contacting takes place in the simplest case by placing the two phases into the
same vesse] and mixing them together in a suitable manner, for example by stirring. 15 In one
ovaforrall SSEAEHE BHGATE CoBBtH HUE U B, A T SHHET b fefdfec
embodifrent; thetomghricleempounididogssrgt ihesrdioe ghativesohasgésicmmmeopre fenmmgd erdi delisnent,
the orgapic cOMPANREIS ABusARINasRRAXYIC ACIdHR Ane.peferred embodiment, the wording “one
or more" charges of a certain type means at least one corresponding charge. 20 In a preferred
embodiment, the term "has a charge”, as used herein, means that a compound referred to in this way
has a caofresipeatinendidigennod disebits Spiutioitiat phiditonddipretarably 240:42ndd0imet ta 42, 3 to
10,6 todh OB RIGIRIADILALRE o8 PISIRIrRd smbodinantyit S ARSITANSIIY Rlepenl chayge. In a
further preferred embodiment, the term *has a charge”, as used herein, mea s that the corresponding
25 functiitargrouf B EompoURTS presamtktoHO7 pretiv ke ivilriane E st didige, i.e.
to at leagtbemarespieiedanly Pehnayeshiranial pafeiahiy 29 dna-durther praferrad @mbosiment, an
amino gcr?a I_ﬁ;tl-lgl‘:IgZ}E Cg%h}[% i a tgwole%lle. as.a grou 2\{nvith alposittive charg%e, ti_ﬁrlres(ﬁective E.whether it
is preser‘rit In complete pr% onate eftsjsfrrln,ersfécir?lalﬁy otonated form or ompletely Shprotornated form.
30In one preferred embodiment of the invention, the term “"comprising” is to be understood in the
sefse of,"inchglinehihl S NREASHNHVRIV A IRpEYTS QRIPRISIDG, A 63 IRARIS Sense have JuHRe! of
constituents as well as A. 12 In a preferred embodiment, the term "hydrophobic”, as used herein, is
underst85d'55 thEHRTAL ﬁ%%bﬁﬁab%rﬁyf&fr%%?aﬁi&}‘i?PEW§s5‘98@&?&%%%%&6&%@5}%%@@%%}9& its
own liguédsphaserthatgsgieanrtjedbfinedifromatheraqueosugrpiiase. The latter may be a continuous liquid
phase or an emulsion. In a further preferred embodiment, the term "hydrophobic”, as used herein, is
understood as meaning the property of 5a compound to essentially not dissolve in water. Finally, the
term in &@fﬂﬁ%ﬂﬂ-ﬁ@@ﬂ&é@&%ﬁﬁdﬁﬁ%tﬁ%‘ﬁ@é& Releh DisaUtEsrstot SHER BB A stR s cipBind
referredctenprithis Wweiplbgis-a Roralued(h ISangsteic OgtanokoWMake tRadition eagfficients: Hungamentals
and Physieal diemisibael, A phiey Reties nSalktion Shemisine John Wlen& Sens.chishester.
1997) w ogjeﬁogarltffﬁm In base |§)greater than b more pre?erafb(fy ’grea%er than 0. , EVven more
preferaw@f%t@pm%eﬁ éﬁdvhi@gﬁ)m@fémmy@l@ag@efwamigoorganisms are cultured under controlled

conditions and/or can be used for a biotechnological process, preferably the synthesis of an organic
compound.

36
In a first embodiment of the fourth aspect, which is also an embodiment of the first embodiment of the

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



10 In a further embodiment of the present Invention, the liquid ion exchanger has no’or only a
moderate toxic effect on biotechnologically relevant microorganisms. The term "toxic effect", as used
herein, is understood, in a preferred embodiment of the invention, as meaning the property of a
compound, upon contact with the corresponding microorganisms, to reduce their growth rate, to
reduce their metabolic 15 activity, to increase their energy consumption, to reduce their optical density
or number of cells capable of growth and/or to Ieadlgirectly to their death and lysis. In a preferred
embodiment, at least one of these effects is achieved for a toxic compound even at low concentration,
preferably at a concentration of 1000, more preferably 100, even more preferably 50 or 25, most

preferably, 3na-entRIRRESQR &%i%&Maglia&@mﬁ%cﬁwaaﬁgo%ruﬁm9&%{3%@%@@%{;@&% begd
routlnelﬁ to investigate toxicity. These include, for 20 example, measuring the respiration of

correspBHGiAE TR BT FATHEME VTR HhE QYRR e BB AHER & TRSHRE DERTBRTRTE O BFE i
samplessanchtbiersbilysegudritwotenting of the colony-forming units (CPUSs). In a preferred embodiment,
a "moderate toxic effect" is understood as meaning that microorganisms in a growth phase in the
presence of the compound grow further and/or are metabolically active, but to a lesser extent than in
the‘cas& ot deth&BPoR isoh b AeBhuATEF i dERifdalc SHdition S ZtTatatis ditc £U6F thesccond
correspanshdgreamipenekcandephave as pxiendeddag phaseyihpiconiactingabagueeumandorganic
solution,fakes place under.sultable. ponditions, and, n pariculan over,a peripd wihich suffices for an
adequate transfer oaftt(f’1e orgartic compound from the aqueousyp ase to the organic phase, ideally even
for establishing the corresponding equilibrium. This period of time 30conditions can be determined by
the perspn skillgdimndbenant iy thersav sepafir Quiing eXREIIMaHatifRn BranR atict Aty  REeFe MR- nt
embodi%e&pt, the organic.compound havin% one or more posjtive charges is a terminally aminated fatty
[

actd, pattitlfidy PreterabRP 1 A MABIAtHEPSER & ARCoRarth 8red BiEd TRt Ye st BB Fotnds.
The perseniskibpecin e artaailbrecognise that an ester of a fatty acid, in the 13 presence of a
biological system comprising esterase activities, can be present partially in the form of the
corresponding acid and both compounds should in this connection be considered in this regard to be
equival&ht: ﬂgkwﬁ%{;|;9*}%%3f%?&§h6rpréfﬁ?fa&m%%%&tﬂféé.emﬁyawaﬁfﬁ/fam@ﬂ*&a%mbaaa%ﬁ@m, as
used hersinpeaisionntlostecihe gesedpondingestars;epreferably methylestersxiand adog vergaisindn a
particular ferred diment, t rm "alkylene.groupy, as used herein, is a group_ of.th
b SR ROt S S R
substituehis k) Beades sriamiers giouy discadsrbosy thrcupeniacprehefrephehiboinisrivinienat least
3, morecpraiatakly Rilrpskitn BeraRete@hl dliina csuhstitutedalkylene chain”, at leastone
hydrogen 10 atom is replaced by a substituent other than a hydrogen atom or an alkyl radical,
preferably an atom other than a hydrogen atom. In one particular embodiment, the term "unsubstituted
alkylenéngrdg tralm disesd v rénfily ot asthnpasenbimpdtocathoer shia r o the f orifalain(QHR), -
without 2 3upstituent ok is iR 1210 @RRHIsIvRrelettad ampadiment of the present compound,
the organic compound with one or more positive charges is a cyclic sugar. In a further particularly
preferred embodiment, this cyclic sugar has at least two amino groups. In an even more preferred
embodifftentviheote pélibesuganitis eestigansel &ated tfrranhdhéfdiaminotiantyidsod deexyhexiptsnd
particulgrly, & diamingL .36 dianhydiesg S dideox Dhgiiol,in ﬁg&l%ﬁﬂ&@’%‘f%{é%ﬂqe?‘l%%m&ﬁt the
three stereoisomers thereof, 2,5-diamino-1,4:3,6-dianhydro- 20 2,5-dideoxy-D-mannito _11),
2,5-diartASiEng's b aiiasid - 208 ARIB P g N arlif g Seadigihsifibagger. Without wishing to
1,43, 6-siaahyd o dhidgexyy| didiioliib)s which difer: intheichisaliy el positinn:dianchi:cE e @mino
o T SR (.S R U R TG AR ERS: AR PP B SP SRR SO
charges of the organic compounds and that this interaction leads to a masking of at least one positive

charge, which increases the solubility in the organic phase.

30 In a preferred embodiment, the term “liquid cation exchanger”, as used herein, means a compound that is
soluble in a hydrophobic erganic solvent and which, on account of one or more negative permanent
charges, 1s able to form an ionic interaction with at least one cation. Typically, a liquid cation exchanger
comprises at least one saturated or unsaturated hydrocarbon chain, which may be straight-chain or

branched, and also a negatively charged group, for example a carboxy group. In one preferred



25In a preferred embodiment of the present compound, in combination with a cyclic sugar as organic
compound to be removed, a compound is used as solvent which is selected from the group which is
selected from the group which comprises kerosene (K), benzyl benzoate (B), methyl laurate (ML),
cis-9- o ctadecen- 1 -ol (OD). 30In a particularly preferred embodiment, the organic compound is DAI
(diaminoisoiditol) or DAS (diaminoisosorbitol), the liquid cation exchanger is an unsaturated fatty acid,
preferably oleic acid, and the aqueous phase has g pH of at least 6.5 or 7, preferably 7 to 10, more
preferably 7.5 to 9.5. 14 In a particularly preferred embodiment, the organic compound is DAI or DAS,
the liquid cation exchanger is DEHPA, and the aqueous phase has a pH of at least 3 or at least 3.5,

preferally,3 denBaPigfarably #iQ k8. ipare preferably, 4.5 e ndnorerrreterabiihato Rhadqidy 5In a
preferre emb?gdir\lp;gnt, the mixture that is formed bgecontactin aqueous and hydrophobic phase is
le

exposedtd aif te TBRPePTre it the SUFpBEEEFbetBPPHASH s Hfarktibh AL &FERIERP'E) or in
an additivhatistbpxin)phdgihteipromGisphisedeparbtibit Aar @Xainle, temperature can be increased
under standard pressure to above 50, 55, 60, 65, 70, 75, 80, 85, 90 or 95C. 10The temperature in step
b) depends not only on the properties of the liquid cation exchanger, but, particularly if the contacting
of the afu st HRPOTGAHIL St tikes phateradahateariot sroceldsa e hjaedus phase,
also on gheitempaataralietui emeniaeliamnreactions thatalekaldayplacedn hehatiieousphase.
Particul if a,biojogical agent.such as.a living cell is catalytically active in th ueous phase, the
romper e B B A R R R s e
in step By149 9 1body ritotes preterablyF20 w80, PBrs FOChBDaIT O 38 ued0C o piHagstep b)

must alsectpkeilptereensiderationthaderuicementsofamosinuiansousheprocasdingJigastions, the
stability of starting materials, products, intermediates or agents. In a preferred embodiment, the pfiis 3

to 8, more preferably 6 to 8, even more preferably 6.2 to 7.2. 20 In order to transfer the organic
compound frefarthe catfedous phiae pssompletély agpossibletethectrganieditase, a sudficiend
amountefithe liguid catipphexchangesds deguliedndina pigierredembedimentf theRLsseDL invention,

the quantitative ratjo of liquid cation exchanger and organic compound in at least one step, in a
continu8lEi5rHCBEE S AfitnEt O PEFNE EntiRi BG IS dBFHRIFE AR, E RIS 4889 bY @128 8¢ 35Bne
moleculghakliduidicatior: exchbngenisiustdnperpniaetilewitierargan)ceerapplyie: dtrdngeven more
preferred embodiment, the ratio is greater than 2, 3, 5, 10, 15, or 20, preferably 1.5 to 3. In a preferred
embodiment, whether the cation exchanger is a liquid cation exchanger is determined by its state of
aggregatiGRcARHra I SRSy T s ey aiite cyrersbsanFrealt preeatidnresdharyehes isEadA 30 an
organicephagaistiiahchagduidhenpempaliadsalpngsidethe calion: exchangerethentheials: ohe
aggregation of the mixture is decisive. | suff.ices.(i_lf - optionaII[%/ us'ng routine processes known from the

nic. compound 1S an @-anunecarboxylic aci (l:) g E) ' -
fur BORLERTE e MipETEttie, Piefrably at

. or%tl S 0 In ong PSS
prior art -a mix can be prepared which' IS’ liquid overalt a p
37C, andocgmiprigesothrectiquiittrpatioraexehrgencEorexandpie citangay be necessary to dissolve the
caipn

In a preferred embodiment, the term “has a charge”, as used herein, means that a compound referred to in
this way has a corresponding charge in aqueous solution at pH 0 to 14, preferably 2 to 12, 2 to 6, 8 to 12,
3 to 10, 6 to 8, most preferably at pH 7. In a preferred embodiment, it is a permanently present charge. In
a further preferred embodiment, the term “has a charge”, as used herein, means that the corresponding
25  functional group or compound is present at pH 7 predominantly with the corresponding charge, i.e. to at
least 50, more preferably 90, even more preferably 99%. In a further preferred embodiment, an amino
group (-NH;) counts in a molecule as a group with a positive charge, irrespective of whether it is present

in complete protonated form, partially protonated form or completely unprotonated form.

30 In one preferred embodiment of the invention, the term “comprising” is to be understood in the sense of
“including”, i.e. not definitively. A mixture comprising A can in this sense have further constituents as

well as A.



. 15 exchanger at a higher temperature than that used in the process and to cool the mixture to
processing temperature. The volume ratio of the organic solution to the aqueous solution is, together
with the cation 5 exchanger/organic compound quantitative ratio, significant for an efficient process. In
one particular embodiment, it is 100:1 to 1:100, more preferably 20:1 to 1:20, even more preferably
10:1to 1:10, 4:1 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 cati n exchanger. In a 10 preferred embodiment of the
present invention, the term "fatty acid", as used heréin, is understood as meaning a carboxylic acid,
preferably alkanoic acid, having at least 6, preferably 8, more preferably 10, most preferably 12,

carbon afoms.t8-R Pslered Smbrdimanthey areistraighchaindattyacids-anshina fiuithes e

embodiment branched ones. In one preferred embodiment, they are saturated fatty acids. In a
particul 8P BrEfE % B o SR tRS afe BRgRiaraRitniss imalfuritRliphitaies Bridoalrent, it is
a 15 strzightd dnaintiattyuacid phhkeaﬂhea@st&ét&garﬂmwtﬁmm]ﬁamiﬂgm d@mb.km_bmaﬁ,. prefexsaily at
position, 2. i ek REATaHed ARROsBRIL! R meneunstalzd fart el inidh lng depible
bond is at position 9 and/or 11. In a further preferred embodiment, the liqui cation ex anger is an
unsaturaeRbie GselbRiEd HighistiEcgrotip EoRifrising ol aei fptienrsiEredgmbasimsatidieic acid
and icosenbieragidis imthewwastupreder et e mbodinanteitiscaleicatid. Jayanpastiewtaly prefased,
embodiment, it i fatty acid havin 7,89 10 11,1213, 14 15,1 , 9, 20, 21, 22, 23,
o 25, T e B e R T e et el 14,
carbon &etiie? éeriare praveValsly faving Chichestsr. 14%0 2homdetasidferadiysd 60tds 28:acarbenhtoms.

In a furtherdyelersd srmkediment, thediguid jpnexahanger usad isa mixtyraoidifietent fatty-acids, as

is 25 present for example in the form of soya oil or globe thistle oil. In this case, the fatty acids have to
be released under certain circumstances by hydrolysis of the corresponding ester, which can be
accomplish8dtlyy rediudimgnthe bkl oessimiteremmeasbedigkidowrasirogdimnesprocediiye: todieaparseon

skilled igithe - H0MLPatticHarypreferrad anhrdinentof the presentipyention, a.gombination of

two liquid cation excharFIF%ers, preferably at least one of them a fatty acid, is used. 16 embodiment of
the pre<BAETHORhIBA, RFFESTEH I HIB oY RRA AR WA CadiyTieea i P Paptsea Retanp o tritRsistood
as meaning:a bidicatalystaynihisizatyaoeihiyg allstageshofrpuoficatian, fsoptibe watirgealbi the
isglated Ir e. In ferre i t, it is a cell.expressing enzymes with catajytic activity.
T cel T b B e R e 1 ot o
compristh§r & Bsids indesd ety rie biitsitandyes- doit preiyed moredpprefereidacmboditient, the
agent isgdoacteralel fonereu eiarpbly B-gramaagativeRaciarigbealionast prelaniahiyfrgato In a
further preferred embodiment, it is a euk [c cell, more preferably a fungus cell, yet more preferably
a yeast%égiﬁ %ec%’tag?ryeferaﬁwgg%% 5%%%?& oorrgaiﬁ?]‘?atap,lg’%cr g{ ?n%p%{gtic?tﬁ%’?e(ﬁsgﬁﬁ%&@e@%%%ﬁg The
term "ceédl"aigarin of panicalar eetivddithaintaudeduisdhistipplications ssygaonyidts Y d extliandeably
with the.{ermp1d 0 misreerganis R sprilersrote s, aah M ay b AR isqlated.cell oga.mixturg o gultures.

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

membr&RE RSP GHEGOSNC HSEBRBIR cRoE BRBhEoTREREN! T8iPtig Bldfsgielanigentidan
isolatedumleClilésin rariqusfetadesmbpumificaticmdbendhisktanibedlicatalyticaldy Activenmplecyles

produceth Y A6l A PG B ERIREAE BIDOOADERN L i3 A MAISGHIE RN AIOUR.CpriSing

peptides, polypeptides, carbohydrates, nucleic acids or mixed forms thereof. In an even more
preferréd SiBYE B IS IS ety tie 415 @ffeetivepBR papeE. s wHindriedprsatied erpdbenmiant, it is

arcimmakilizeganofestiterrdéonding compound, and/or have an extended lag phase.

The contacting of aqueous and organic solution takes place under suitable conditions and in particular
over a period which suffices for an adequate transfer of the organic compound from the aqueous phase to
the organic phase, ideally even for cstablishing the corresponding equilibrium. This period of time

30 conditions can be determined by the person skilled in the art in the course of routine experimentation.

In a particularly preferred embodiment, the organic compound having one or more positive charges is a
terminally aminated fatty acid, particularly preferably 12-aminolauric acid or an ester thereof or a mixture

of both compounds. The person skilled in the art will recognise that an ester of a fatty acid, in the



The catalytic functions required for synthetic biotechnological processes are diverse. In a preferred
embodiment, the term "catalytic activity" as used herein, is a synthetic activity, i.e. the catalysis of
chemical reactions involving the formation of at least one new covalent bond. In a further preferred
embodiment, it is a transport activity, i.e. the ability of a molecule to effect transportation of another
25molecule from one compartment to another, e.g. the absorption of a substance from the aqueous
medium via a cell membrane into the interior of the gell. In a particularly preferred embodiment, the
biological agent is a living cell which is used in the presence of the liquid cation exchanger for the
catalysis, preferably in order to synthesize an organic compound 30with one or more positive charges,

which is,remeyed sYRRRAUE BN Simpianeeusy:by means ahthe gt cation.exchangsr 10 .
hydrophobic organic phase. 17 can be expressed in the sense of a lower Icat of an enzyme. In a

further SRTSSRTFIEHT, HE BHiMEPoTImBAGEHEHAUING (18 SqRMSondf Y EdR Bk BrRS S e Rense of
an increasecditGlAdotanierizyfme: hoidsfurthey embddiiventsthreaspedifidityyoftiiecdtahiciactvityscan be

a'tered,J&ﬁ%@%p&%m‘m&m&é@g&i&a&%&%ﬂ%&&&%&@l%gf@s?fs{@t?ﬂye%@ﬁx.erts, a substrate

molecule other than the desired substrate Smolecule. In a further embodiment, the organic compound
has'a toxic effect on a cell as biological agent. In a further embodiment, the organic compound is an

organicigomgetindavishishreedd cashtisavailabilityhof aryesseptiabtoasubstratec.al, Go-LpauReL Thys can
e.g. be the case if rganic compound inhibits a corresponding regeneration reaction..10 Besides

the quu%ogﬁgn e&%ﬁéﬁgérf'ﬁieﬂy@%ﬁ%%ﬁg g%oa%?%ﬁ ase E%ﬁr%ﬁhéﬁrﬁg}rae élgbr%%%gésa y%:lr%b%obic
solvent STHsist et Sen)Bae ihercavadissonb sedptismbeap aritp oz Ijeikireatorrealsangas i st 3.

hydrophghic pbassand iapreven.undesired behaviouhsdanRyamplis.tegsiation4n spigfaves
embodiment, thels%g ntis Egtartin% ma%erial of a reactiongroceg%{'n in he§queous solution, most
15 pref&IaBIy B SibstrAte 8 AR Bho) & Lhtaly S Fe At SPot ch??é" e 48ue30£'8BIGHA. In a

preferrediaambbodimentytitis b fettyracidudsten indanpattidel sy prefeheduenh bbgimentothe, selvent is a
fatty acigLgster Rrsferably.methyl geler,of afativ.agid mhich.senvas, as lighid catign xchangel;s The

fraction of the solvent, if present, in the hydrophobic organic phase is, in one preferred embodiment,
201 to égpﬁercent by volume (% by volume). In a preferred embodiment, the fraction of the solvent is
10 to 90, more preferably 20 to 80, most preferably 25 to 75% by volume. In a most preferred

embodiment of the.p) ?&?&?e&%%%g%{l' ‘8%@%%&%@%%@5@93}%%?%algigo%”dé%%‘%ﬁhéﬁ'e rm
12-aminolaurate, which is prepared in the aqueous phase by a recombinant . coli strain %y 25
stepwisBOSita st tha ¢eeHe sesEalborrtenrItisdtry| natrars dsbaileiedethin DRIOPEO 20860705,

and theihydrophabicophass CoMArises 2odopfatralaipnathas:igkidgationexehangaradisseived in
methyl laurate ag substrate of (e reagtion. 1. particularly 2,5-diamino-1,4:3,6-dianhydro-2,5-dideoxy-D-
hexitol, in a most preferred embodiment the three sterecisomers thereof, 2,5-diamino-1,4:3,6-dianhydro-
20 2,5-dideoxy-D-mannitol (I}, 2,5-diamino-1,4:3,6-dianhydro-2,5-dideoxy-D-glucitol (I} and 2,5-
diamino-5 1,4:3,6-dianhydro-2,5-dideoxy-L~iditol (II1), which differ in the chirality at position 2 and 3,
The amino groups can here be in the endo, endo (1), endo, exo (II) or exo, exo (IIT) position, based on the

chair form of the fused five-membered rings.

25  In a preferred embodiment of the present compound, in combination with a cyclic sugar as organic
compound to be removed, a compound is used as solvent which is selected from the group which is
selected from the group which comprises kerosene (K), benzyl benzoate (B), methyl laurate (ML), ¢is-9-
octadecen-1-ol (OD).

30 In a particularly preferred embodiment, the orgamic compound is DAl (diaminoisciditold or DAS
(diaminoisosorbitol), the liquid cation exchanger is an unsaturated fatty acid, preferably oleic acid, and

the aqueous phase has a pH of at least 6.3 or 7, preferably 7 to 10, more preferably 7.5 to 9.5.



In a preferred embodiment, the organic compound is a compound of the Formula H2N - (CH2)x - NH2*
30Here, x can assume the values 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2I,
22, 23, 24, 25, 26, 27, 28, 29, 30, preferably Ito 20, even more preferably 1 to 10. 18 Fig. 1 shows a
control experiment for confirming that LSME does not have a toxic effect, investigated with a E coll
W3110 strain and compared to potassium phosphate buffer (Kpi) as negative control. 5Fig. 2 shows
the viability of the strain E coil W3110 in the form o Jhe number of CFUs which the strain can form in
the absence of a liquid cation exchanger and in the presence of different liquid cation exchangers after
Oh,4hand 24 h. Fig. 3a shows the results of removing diammoisoidito (DAI) and d a inoisosorbitol

(DAS) figm %&9@&%%&%5%&%9%@#?%@&1&H%ﬁ;{i&f‘ fXeNangemkig- Bb shaws g esults
of removing DAl and DAS from an agueous phase using gleic acid as liquid cation exchanger. 15Fig.

3¢ showd HE§esii ST remBBnlr DAICAHYIIAE ko B SGAk6aY prisd rsticusify & Rbid Eafion
exchangereFigy 4 shtlysithepedfeabbf LSitnd aiguigdatibly exchdhget ors the toxicity by reference to the
change in living cell count of an E coli-W3110 strain in the presence of ALSME 0.2%, with ammonia
adjusted to 20 DEHPA ("D2EHPNH3 2%") or a DEHPA/LSME mixture (2%/98%) ("D/L") in the
presendd dPALSIorE YotimeR), HSHoTE tHBEHeQrBrditicrantitiacr einfn axthuhogiebsnplitee TR of
methy| apiselbtdr ate: RracdcingpbraGedl Sirdis . pihp@xrimentwasgariied avbhas deaspibed: im Example
> 25 Fu fiione (e lidencs ohalisrent lguid carion exehanaars,on. e Meld,of IS uner
aminolaurate Which an E. coil Straih with suitable genetic modification produces. The experiment was
carried BerdsddusEied MERamhphe - 49 70, 75, 80, 85, 90 or 95°C.

10 The temperature in step b) depends not only on the properties of the liguid cation exchanger, but,
particularly if the contacting of the aqueous and the organic solution takes place as the reaction proceeds
in the aqueous phase, also on the temperature requirements of any reactions that are taking place in the
aqueous phase. Particularly if a biological agent such as a living cell is catalytically active in the aqueous
phase, the temperature must be suitable for retaining this activity. In a preferred embodiment, the

15 temperature in step b) is 0 to 100°C, more preferably 20 to 80°C, 28 to 70°C, 30 to 37°C, 35 to 40°C.

The pH in step b) must also take into consideration the requirements of any simultaneously proceeding
reactions, the stability of starting materials, products, intermediates or agents. In a preferred embodiment,
the pH is 3 to 8, more preferably 6 to 8, even more preferably 6.2 to 7.2,
20
In order to transfer the organic compound from the aqueous phase as completely as possible to the
organic phase, a sufficient amount of the Hquid cation exchanger is required. In a preferred embodiment
of the present invention, the quantitative ratio of liquid cation exchanger and organic compound in at least
one step, in a continuous process summed over the entire course of the reaction, is at least 1, i.e. at least
25 one molecule of liquid cation exchanger is used per molecule of the organic compound. In an even more

preferred embodiment, the ratio is greater than 2, 3, 5, 10, 15, or 20, preferably 1.5 to 3.

In a preferred embodiment, whether the cation exchanger is a liquid cation exchanger is determined by its
state of aggregation at the processing temperature, preferably at 37°C. If the cation exchanger is used in
30 an organic phase which has further compounds alongside the cation exchanger, then the state of
aggregation of the mixture is decisive. It suffices if — optionally using routine processes known from the
prior art — a mixture can be prepared which is liquid overall at the processing temperature, preferably at

37°C, and comprises the liquid cation exchanger. For example, it may be necessary to dissolve the cation



Example 1: Investigation of the toxicity of the solvent LSME which is used in compositions with liquid
cation exchanger. This experiment was used to show the relatively low toxicity of LSME with regard
to biotechnologically 5relevant microorganisms, which makes LSME a suitable organic solvent for the
process according to the invention. Before the determination of the CFU was able to be carried out, a
plate LB (10 g/L peptone from casein, 5 g/L yeast extract, 10 g/L NaC1) was streaked with E. coil
BW3110 and incubated for 24 h. On the 10 evening of the following day, a preculture was inoculated
from this previously streaked plate. This preculture had a volume of 50 mL LB medium and was
incubated overnight for ca. 16 h. On the following day, the preculture with an 0D600 of 0.2 in 200 mL
of M9 megiuNa2HROA &9l HEPOA 300 MNAELOS i NHACKL gkl fliacs,
element solution, pH 7.4. Trace element solution: HCI 37% (= 455.8 g/L) 36.50 g/L; Mn I2*7Hf0 1.91
g/L; Zn$BRFAYEH 1.87 g/L; Na 15 EDTA*2H20 (Titriplex 1) 0.84 g/L; H3B03 0.30 g/L;
Na2M004*2H20 0.25 g/L; CaC12*2H20 4.70 g/L; FeSO4*7H20 17.80 g/L; CuC12*2H20 0.15 g/L) was

transinogilated, with 3% glepse,(wiv) andingubatad for ca, 20 by Afferdh %%@9&%% %éh ¢, main

culture, the cells were harvested, centrifuged at 5258 g and 4C for 10 min and resuspended with an
0DB00 GFBGHECYOrFEISOIRRPIY, BHIFFEREYHEFTO4 T8PPIV EP ESchim @ (sEps  Inifoeg pprticutar
determinaticfimwere gamwied ©ut WithmAkShMiExBothobuiier280:-selutionssedspntained pdosglusose
(w/v). The bacterja, suspensio s then transferred to the shake flasks and treated with the
respecti?/'%’%zis‘)tg%c(ggg f? 5?1%1:% elr‘latﬁ%rioggh mixing has taken place by swirling the flask, 100 fiL of
the suspension was pipetted out and placed into 900 fiL of previously charged sterile saline. This

correspangletasampling attineroit 4 Thendallowed,inclbation of tha.preparationsal.23Q spm
and 300%% FUs évere determined over a perﬁ%of 22;?3. The samples were 25 taken firstly at time

poifits t8" ¢35 ST 195 Eb P55 & SHEP APAABAED dI¥ RSy AR 1 SSEifE s tALdsaind ahd, in
additiomtentinig, achubthetiaddidionaidilltiolkseriesciabaplaged Battin, prdferddyndinimizedéviations. The

0D600 Was SRl he cels Wers FeshSReRdRddnAQ Mo @kih, ﬁ}éﬁ%{?eagaqigﬂ@@hm%@}%m fasig with 30
5 mL of LSME 98% (w/w). One dilution stage per pr%i))%%téaga\ggsdglate out. The number of CFU/mL

remaindt M5 SERRBIRSPAEEIBE Fh6sh s Pl Breds SaIEA fEBI EdtinfbRjust
30.3% wasiceladidedfe26] Example2;, Gompanativeraaesimenisrelaingpiothedexisityaémarious liquid

cation exch %gi@gyxen\; %ei%igﬁﬁlcm%g&fﬁacﬁyba% ant mliﬁﬁr%fg%rl};fmﬁe bogy}c% ?exrgbgﬂ@h ws ghe

lower toxicity of unbranc atty acids compared with ot errh’qu catiol sexchang ch as DEHPA

as well &s bhFarkrierr dpfacd riraeenent shtifraterarpyeiasd Hrdtyped prevhichréiedayblisimy o vl LB

deiunbwa&iqowt?tﬂdi in & L%ﬁé;b@ﬁtzgeﬂafkaudﬁmanﬁrwu&umc%é%%m&g&aqpQg?gn%@%edf he
culture was cultured oyernight at 37C and. wit aking at.200.rpm used, on the next day.in order to
S SRR % SHHL FHAIHCED SR eSdais SOt P PR eciom)

inoculaté an identicar main cuttdre to ano b sf
were thesiduhthiée imesbpitdegd darbictbmticaliconditionsidAtran @D w0y to RS dremdinawlture svas

coygredunithn aaeh£ase identicalivelumes {3BmY ahsplvent and then furthes insbated: 19, 39
carbon atoms, preferably more than 12, yet more preferably more than 14, carbon atoms, yet more

preferably having 14 to 28, 14 to 22, most preferably 16 to 18, carbon atoms.

In a further preferred embodiment, the liquid ion exchanger used is a mixture of different fatty acids, as is
25  present for example in the form of soya oil or globe thistle oil. In this case, the fatty acids have to be
released under certain circumstances by hydrolysis of the corresponding ester, which can be
accomplished by reducing the pH or similar measures known as routine procedure to the person skilled in

the art.

30 In a particularly preferred embodiment of the present invention, a combination of two liquid cation

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

A particular advantage of the present invention lies in the compatibility of the process according to the

invention with biotechnological processes and biological agents used therein. In one particular



To determine the number of CFU (colony-forming units) 0.1 ml samples were taken in the following
15experiments and diluted in sterile 0.9% NaC1 solution. Suitable dilution stages were plated out on
LB agar plates. After incubation at 34C overnight, the colonies formed were counted and the CFUs
deteimined. Experiment 1: Comparison of the toxicity between DE2HPA and a saturated fatty acid as
liquid cation exchanger 20 50% DEHPA and lauric acid (15%), each dissolved in LSME and laden
equimolar or 25 mol% with ALSME, were contacte%as liquid cation exchanger with a E. coli BL21
(DE3) strain, and the influence of these two compounds on the ability of the strain to form colonies,
expressed in CFUs, was investigated. Preliminary experiments showed that methyl laurate - which

could n@ffiyaction aﬁt@elg}y&%@a{m%égﬁek@ﬂm&%m% i [aek ot GBarae; 4s welliqlsrated by
the strains used. 21 Table 1: Experiment No. E. coh strain used Liquid cation exchanger used

q callo) |
NumberBIEFIS ZrBroo e f 24 HANSHDAT T2 0% AUl Bl 31 EsPNGKRI9R4R L E BB LI DES)
DEHPA:@Q%z ligkaed/inBle2d(DIa 3)preferred embodiment, it is a cell expressing enzymes with catalytic activity.

The cell may be a prokaryotic, including Archaea, or a eukaryotic, preferably from the group comprising
5 Pseudomonas, Corynebacterium and E. coli. In a yet more preferred embodiment, the agent is a bacterial
cell, more preferably a gram-negative bacterial cell, most preferably E. coli. In a further preferred
embodiment, it 1s a eukaryotic cell, more preferably a fungus cell, vet more preferably a yeast cell, most
preferably Saccharomyces or Candida, Pichia, in particular Candida tropicalis. The term “cell” is, in a
particular embodiment, used in this applications synonymously and exchangeably with the term

0 “microorganism”. Furthermore, the celi may be an isolated cell or a mixture of cultures.

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

membrane fraction or cytosolic fraction or a crude extract of the cell.

15 If the biological agent is an isolated molecule in various stages of purification, then this can be all
catalytically active molecules produced by a cell. In a particularly preferred embodiment, it is a molecule
from the group comprising peptides, polypeptides, carbohydrates, nucleic acids or mixed forms thereof.
In an even more preferred embodiment, it is a catalytically effective polypeptide. In a further preferred
embodiment, it is an immobilized molecule.

20
The catalytic functions required for synthetic biotechnological processes are diverse. In a preferred
embodiment, the term “catalytic activity” as used herein, is a synthetic activity, i.e. the catalysis of
chemical reactions involving the formation of at least one new covalent bond. In a further preferred
embodiment, it is a transport activity, i.e. the ability of a molecule to effect transportation of another

25 molecule from one compartment to another, e.g. the absorption of a substance from the agueous medium

via a cell membrane into the interior of the cell.

In a particularly preferred embodiment, the biological agent is a living cell which is used in the presence
of the liquid cation exchanger for the catalysis, preferably in order to synthesize an organic compound
30 with one or more positive charges, which is removed subsequently or simultaneously by means of the

liquid cation exchanger to a hydrophobic organic phase.

In a particularly preferred embodiment, the presence of the organic compound has a disadvantageous

effect on the catalytic activity. In one embodiment, this can reduce the amount of available activity, which



Laurie acid 1.2% It is found that both liquid cation exchangers significantly reduce the number of
CFUs, but when using lauric acid in contrast to DEHPA still a few viable cells are present and the
saturated fatty acid is 5therefore to be preferred as liquid cation exchanger. Experiment 2: Comparison
of the toxicity between branched saturated fatty acids and various amounts of oleic acid as liquid
cation exchanger For this, two different concentrations of oleic acid were used and the volume was
adapted by adding he corresponding amount of LSI\§IE (methyl laurate). Table 2: Experiment No. E.
coli strain used Liquid cation exchanger used Num}:)er of CFUs after 22 or 24 hrelativetot=0h 2a E
coil BL21(DES3) Isononanoic acid 0 2b E coil BL21(DE3) 2-Ethylhexanoic acid 2c

can be expressed in the sense of a lower k., of an enzyme. In a further embodiment, the affinity of the
agent having the catalytic activity can be effected in the sense of an increased Ky of an enzyme. In a
further embodiment, the specificity of the catalytic activity can be altered, for example in such a way that
it preferentially converts, or preferably converts, a substrate molecule other than the desired substrate

5 molecule. In a further embodiment, the organic compound has a toxic effect on a cell as biological agent.

In a further embodiment, the organic compound is an organic compound which reduces the availability of
an essential co-substrate or co-enzyme. This can ¢.g. be the case if the organic compound inhibits a
corresponding regeneration reaction.
10
Besides the liquid cation exchanger, the hydrophobic organic phase can furthermore comprise a
hydrophobic solvent. This can serve to increase the absorption capacity of a liquid cation exchanger in the
hydrophobic phase and to prevent undesired behaviour, for example flocculation. In a preferred
embodiment, the solvent is a starting material of a reaction proceeding in the agueous solution, most
15 preferably the substrate of an enzyme-catalyzed reaction proceeding in the aqueous solution. In a
preferred embodiment, it is a fatty acid ester. In a particularly preferred embodiment, the solvent is a fatty

acid ester, preferably methyl ester, of a fatty acid which serves as liquid cation exchanger.

The fraction of the solvent, if present, in the hydrophobic organic phase is, in one preferred embodiment,
20 1 to 99 percent by volume (% by volume). In a preferred embodiment, the fraction of the solvent is 10 to

90, more preferably 20 to 80, most preferably 25 to 75% by volume.

In a most preferred embodiment of the process, the organic compound is 12-aminolauric acid and/or
methyl 12-aminolaurate, which is prepared in the aqueous phase by a recombinant E. coli strain by
25  stepwise oxidation of the terminal carbon atom of methyl laurate, as disclosed in DE10200710060705,
and the hydrophobic phase comprises 25 to 75% oleic acid as liquid cation exchanger dissolved in methyl

laurate as substrate of the reaction.

In a preferred embodiment, the organic compound is a compound of the Formula H,N — (CH;), — NHa.
30 Here, x can assume the values 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25,26, 27, 28, 29, 30, preferably 1 to 20, even more preferably 1 to 10.

The present invention is furthermore illustrated by the following figures and limiting examples, which

reveal further features, embodiments, aspects and advantages of the present invention.



E. coB 21(DE3) LSME/25% oleic acid 11% 2d E. coB 2 (DE3) LSME/75%.oleic acid 18% 2e E. coill
W3110 Isonona o ¢ acid 0 2f E. coil W3110 2-Ethylhexanoic acid 0 2g E. coli W3110 LSME/25% oleic
acid 29% 2h 1 E. coli W3110

18

Fig. 1 shows a control experiment for confirming that LSME does not have a toxic effect, investigated

with a E. coli W3110 strain and compared to potassium phosphate buffer (Kpi) as negative control.

5 Fig. 2 shows the viability of the strain £. coli W3110 in the form of the number of CFUs which the strain
can form in the absence of a liquid cation exchanger and in the presence of different liquid cation

exchangers after 0 h, 4 h and 24 h.

Fig. 3a shows the results of removing diaminoisoiditol (DAI) and diaminoisosorbitol {DAS) from an

10 aqueocus phase using D2EHPA as liquid cation exchanger.

Fig. 3b shows the results of removing DAT and DAS from an aqueous phase using oleic acid as liquid

cation exchanger.

15 Fig. 3c shows the results of removing DAI and DAS from an aqueous phase without using a Hguid cation

exchanger.

Fig. 4 shows the effect of using a liquid cation exchanger on the toxicity by reference to the change in
living cell count of an E. ¢co/i-W3110 strain in the presence of ALSME 0.2%, with ammonia adjusted to

20 DEHPA ("D2EHPNH3 2%") or a DEHPA/LSME mixture (2%/98%) (“D/L”) in the presence of ALSME
0.2%.

Fig. 5 shows the effect of different liguid cation exchangers on the OTR of methyl aminolaurate
producing £. coli strain. The experiment was carried out as described in Example 5,

25
Fig. 6 shows the influence of different liquid cation exchangers on the vield of methyl aminolaurate
which an E. coli strain with suitable genetic modification produces. The experiment was carried out as

described in Example 5.



LSME/75% oleic acid 17% 22 Experiment 3: Comparison of the toxicity between unbranched
saturated fatty acids and unsaturated fatty acids as liquid cation exchanger 5Here, different amounts
of an unsaturated fatty acid were compared with an unsaturated fatty acid as regards their toxicity
when being used as liquid cation exchanger compared. On account of the lower solubility of the
unsaturated fatty acid lauric acid, this was used in a smaller amount. The volumes of the different
cation exchangers were made the same with the L%\/IE. The number of CFUs was determined at the
start, after 4.5 h and after 24 h. 10 As Fig. 2 reveals, the addition of the saturated fatty acid as liquid
cation exchanger, even at a lower concentration than that of the unsaturated fatty acid, brings about a

decreasgyifhifie &RbR-NORIGRSIMNBERRS OF e WINARTARFEINACIH ARINGTEAREINA0G GRS i

established. 150Qverall, a decrease in the toxicity for the various investigated liquid cation exchangers
in the fofBMthG BPA&FEABRd: DEHPA > saturated fatty acids > unsaturated fatty acids. Example 3:
Removal of diaminoisoiditol (DAD and diaminoisosorbitol (DAS) using various liquid cation exchangers

from an AQuaaNARNASE.LOTHR SHATRIE SR DAl B INNSKERARGRL, IEIERAEAIEA AL AleiC

acid, as constituents of an organic hydrophobic phase increases ption capacity 0
hydtopHBlIRHHESE FER2R HBSI KA E1ikFGdc ¥BipB i opRd OreaRi¢é SBlfsrimtsstachrngre K¥rosene
(K), benaykhamzoate (B), methyl laurate (ML), cis-9- 250ctadecen- 1 -ol (OD). As liquid cation
exchangers, oleic acid and D2EHPA were compared in terms of their effect with the respective pure
solvent. The experimental procedure proceeded identically in all cases: the aqueous phase comprised
2% by Wsight B dripnirirationl chbofdanieaphblsdchnsisted ofithekorids pbhgihgestive fitand:20% by

weight of e ,3QirespRetive Jiguicheation: exchRRORknT DE.YRIWWE rafia.Rf eIWAPDASES WES el (in
each case 4.5 m 2 At a constant temperature of T-30C, the samples were shaken for 2 hours in a

walter bEHFPRSH, A PRt AP ea PR S s N9 SPtEh (i pHSSBENOERY SRS P 3 he BiS was
adjustegieratioases withlagueduStanimiobianetisulphidricaaciotubated overnight for ca. 16 h. On the

following day, the preculture with an ODgy of 0.2 n 200 mL of M9 medium (NaZHPO4 6.79 g/L;
KH2PO4 3.0 g/L; NaCl 0.5 g/L; NHA4CI 1 g/L; 1 mL/L trace element solution, pH 7.4. Trace element
solutton: HCI 37% (=455.8 g/L) 36.50 g/L; MnCR2*7TH20 1.91 g/l.; ZnSO4*7H20 1.87 g/l.; Na
15 EDTA*2H20 (Titriplex III) 0.84 ¢/L; H3BO3 0.30 g/L; Na2MoO4*2H20 0.25 ¢/L; CaCl2*2H20
4.70 g/L; FeS04*7H20 17.80 g/L; CuCI12¥2H20 0.15 g/L) was transinoculated with 3% glucose {w/v)
and incubated for ca. 20 h. After the incubation of the main culture, the cells were harvested, centrifuged
at 5258 g and 4°C for 10 min and resuspended with an ODgge 0f 30 in 10 mL 50 mM Kp; buffer at pH 7.4
(or 25 mM HEPES buffer pH 7.4 if CFU determinations were carried out with ALSME). Both buffer
20 solutions used contained 5% glucose (w/v). The bacteria suspension was then transferred to the shake
flasks and treated with the respective substance solutions. After thorough mixing has taken place by
swirling the flask, 100 pL of the suspension was pipetted out and placed into 900 ul. of previously
charged sterile saline. This corresponded to sampling at time point t;. Then followed incubation of the
preparations at 250 rpm and 30°C. The CFUs were determined over a period of 22 h. The samples were
25  taken firstly at time points t, 3, ts and tx;. For some preparations, a further sampling time point t; s was
added and, in addition to this, a further additional dilution series was plated out in order to minimize

deviations.

The ODgop was 60. The cells were resuspended in 10 mL of Kp; buffer and then mixed in the flask with
30 5 mL of LSME 98% (w/w). One dilution stage per preparation was plated out. The number of CFU/mL
remained constant over a period of 6 h. After 22 h, a percentage decrease in living cell count of just

30.3% was recorded.



23 Fig. 3a shows the results of the reactive extraction with D2EHPA as liquid cation exchanger.. .
Without the addition of acid or alkali, the degree of extraction in the case of a pH range from 5.4 to 6.2
is ca. 100%. The addition of acid leads to a considerable reduction in the degree of extraction. In the
event of adding a 5 small amount of alkali, no influence on the degree of extraction is evident for the
experiments with benzyl benzoate. If a large amount of alkali was added, starting pH from 11 to 12, the
experiments could not be evaluated. When using DAS with cis-9-octadecen- 1-ol as solvent, a
reduction in the degree of extraction with increasinéopH is observed, although the samples were
milky/cloudy, in the event of the extraction of DAI, upon the addition of a small amount of alkali no

significqmgmgﬁgﬂcwgptm@@&5;&9%@9&%&@ O RN CaE RS g}%% igé.y&hghpéx‘éh%%&rto 12

the degree of extraction drops significantly, the two phases rermaining milk espite repeated
centrifud@tidiilsosechuplogiclR R SR BYEiorEa Miient at the phase boundary. When methy! laurate
was used as solvent, the addition of a small amount of alkali, initial pH 10 to 11, led to a slight drop in
the pH. #id e phess s Titviioud, The addilion otadare amaunt.of Aisallied ip.ihe {ormation of
a single clear phase. 15The results of using oleic acid as Niquid cationexc anger are shown'in llflg. 3b.
In the cE¥aE ST HEE¥EHHEMASS ¥ detjreershekunctidreofedoss il fivtvachieved. The experiments
with methyl laurate as solvent could only be evaluated if sulphuric acid was used during the
preparation.to lower the pH. The.maximum degree of extraction achieved was 4% in the case of the
extractziﬂg;:lh1 Sé?Digrgcﬁtgﬁé)%OWfﬁén%g@e%f }%t SEBRL M FhE SRpErmShts 59 PR AHHE thEessPAdisn of
DAS withyeis:Busctd decentespbadimpbient. PE: cobilddikewisktuonlyobaeyial aatétifahbvatartingipt-bwas
reduced yith K24 Amaxinum.dsares.ohextiactinnelR-a% ah RE L Was.ateyeds Inbe.gase of

the extraction of DAI, a maximum degree of extraction of 85% was achieved at pH 7.9 if neither alkali
not acid WA A KHew T e 888%8???5?‘@%3&?%@%f&@@dﬁ?@?ﬂﬁ?éé‘&ﬁé&%ﬁﬂ%é@é%’r%@-o”‘ftéﬁt%ﬁén.
When usihg Kefogeneaascsiiventaforahecaxttactiomaf BAStamsxialum-degrees of extrattan o£85% at
PH 8.5 and..inthg gase of the extraction of DAI, a 25 maximum degree of extraction of 77.5% at pH
8.4 are achieved. The addition of alkali leads to a very slight reduction in the degree of extraction. The
experiments with benzyl benzoate could be evaluated only in cases where the pH of the aqueous

phase had heemievates:with sulpburicacid-befanestheistart of thenaxperimenikdhe maxmumdegree
of extraction.in the c f the extracti f DAS is 61.5% at pH 7.3, that of DAl 15.3 at 1.1. Above
oH . 2 e R SR ST re S st e ie o s
remainedetd uehcepenbatiar derfitfugetichtchas lnimstesnivire degrekaod éxtfddiodeemthedpH is
evident. In every case, the degrees of extraction are significantly below 20%. 5Example 4: Reduction
in the toxicity of an organic.compound with positive charge by contacting with a liquid cation exchanger
This ex?éﬂ%ﬁgﬁf%?fo BErraLg e preSaeEbPE il Beib ke iges il tiufeetst a
positivetradtagged organic compound in an aqueous phase which is a fermentation liquor can be
redyiced 10by extracting this compound into the organic phase. The fundamental experimental
procedure corresponded to that in Example 1. Since ALSME 0.2% (w/v), dissolved in aqueous
systems ‘Had SHA kiAo freidt (A1 e kpriARsATRME 15 M ried SAdeagam e e Aot s witke
D2EHPNEVIIS ME2/a 8% {aviwidpidhashake fiagls WIZEHP NH3 herenmeantag, RrEhPAtaden of

quantigfiyel it ammaniam,J euyes ohing Iauid ian exenander meigues e Mansfer ol Al gME
into the organic phase, as a result of which its concentration in the'aqueous phase, in' w ich the cells
are alsd'ftEtBaryYIsSraRiiinedss IFhovder fntaeribd dotoxic effdorkaieséd by DREIRAS lowieddcatiations

of 2% (M%%%@W&M@m Bige — is well tolerated by the strains used.



The bacteria were firstly resuspended in 5 mL (corresponds to half of the buffer volume). A further 5
mL of buffer were optionally admixed with 0.4% (w/v) ALSME and then optionally vortexed with 5 mL
of D2ZEHPNH3/LSME 2/98% (w/w) for 1 min at 3000 rpm. This solution was added to the initially
charged bacteria suspension in the shake flask and mixed. The first sample was then taken. 25 The
solution had a foamy consistency at the start of the experiments, although this had disappeared in
both experiments at the time of taking the second Eigmple. The abbreviation "D/L" was used for
D2EHPNH3 (D2EHPA laden with ammonia)/LSME 2/98% (w/w). Between the sampling to and t1,5 h
the number of CFU/mL increased by 34.3%. From the sampling HO to the last sampling (t22) the
numbergialCFU/ML reduced by 54.9%. Compared to the preparation with D2EHPNH3/LSME 2/98%
(W/iw) wi . tion-of ALSME 0.2% (w/y). the humberof reproduciblecells-after 22 h-was 4.5
times higHsFasat Me 3| o6 HStraigtieantly lo err‘ﬂlr%cﬁ‘i’é’%%%ée%}éiﬁﬁ% &[flfﬁ’é“%"rﬂﬁﬁpﬁ‘r'éparations in
HEPES buffer (see Fig. 4). Compared to the preparation with ALSME 0.2%ea¢w/\ZRinrthehshakeiflask,
without the addition of an organic phase, the number of CFU/mL was 2800 times. highey.,, 25 It is found
that the_presence af the liquid cation exchanger reduces the toxicity of the positively charged

compduid, determined’héré BiztBFUmber of Réf&Ining CFUSs. 5 Example?4¢'Comparative
experimants relating to ghe, toxicityekmarious ligmigkgation exchangers towapds a microorganism

producging m-aminoladric a%if* {ALS)-and-the-methyl-ester-(ALSME)—The bigtransfermation-of methyl
laurate %g methyl aminoz’;:’;lﬁoré %B@Fgéted in ar;]8a- ofd" 8 rallel 10fermentatigr% é’ystem from DasGip
with different ion exchangers. 1L reactors were used for the fermentation. The pH probes were

calibrated URINgh Ak R SRR %Qc%’iﬂ%é&eﬁ%ﬁﬁ%%ﬁ%%‘déi ons bt 4209 i ZVQGH-I-L@%’I‘%eaCtO rs

were filled with 300 mL of water and autoclaved for 20 min at 121C in order to ensure sterility. The p02
probes &g fivéh ipaiarfast GvBHiight 18/t ﬁ%‘&s‘f%biﬂ.céﬁ fHe RS TharAiMeg, thewatefitag¥8ntoved
under the:alpantbengh-rAI eplacaihyohighieaidensity medium with 50 mg/L kanamycin and 34 mg/L
chloramphenicol. Subsequently, the p02 probes were calibrated with a one-point calibration (stirrer:
600 rpm/gassing: 10 sL/h air) and the feed, correctant and induction means stretches were cleaned by
means of clean-in-place. For this, the tubes were flushed with 70% ethanol, then with 1 M MOIL then
with steplgderarineralisgdiwaier andinalh4Qiledwithdherasraative madidd Mag Ak :angtLHsSME
producing_E co/i st[rain dBL21 DI%S TIr pBT10 pACYC:Duet[TAcvl was firstly grown from cryoculture in
LB medidiiy ?ﬁ ML TH6 Wit HERd flask) with 50 mg/L kanamycin and 34 mg/L chloramphenicol
ovérnight at 37C and 200 rpm for ca. 18 h. Then, 2 mL in each case were 25 transinoculated in high
cell density e A aiHePsen o @hkidR0 M. 9fa SeRAaie,autociausd RQ0 Ay stosk salition. with
1% MgSO4*7H20 and 2.2% NRICI), (N114)2S04 1.76 g/L, K2HPO4 19.08 g/L, KH2PO4 12.5 glL,
yeast eX¥ASETEE g AR lime st idrate- 11.2 g, ammonium iron citrate solution 17 mL/L of a
separately autoclaved 1% strength stock solution, trace element solution 5 mL/L of separately
autocla\i%%ﬁtgzck solution (HCI (37%) 36.50 g/L, MnC12*4H20 1.91 g/L, ZnS0O4*7H20 30 1.87 g/L,

ethylenediaminetetraacetic acid dihydrate 0.84 g/L, H3B03 0.30 g/L., Na2M00412H20 0.25 g/L.
CaCl2+ZMpaimert Yo Fe504sriREst7.80 g/L, Buad s zachanseynsy) (3 x 25 Mimivraei 66WAL baffled
flask) with 50 mg/L kanamycin and 34 mg/L c¢hlorainphenicol and incubated fog@-furtherfih at
37C/200 rpm. .
relativetot=0h

2a E. coli BL21(DE3) Isononanoic acid 0

2b E. coli BLZ1{DE3) 2-Ethylhexanoic acid 0

2c E coli BL21{DE3) LSME/25% oleic acid 1%

2d E. coli BL21(DE3) LSME/75% oleic acid 18%

2e E coli W3110 Isononanoic acid 0

2f E. coli W3110 2-Ethylhexanoic acid 0

2g E coli W3110 1.SME/25% oleic acid 29%

Zh E. coli W3110 LSME/75% oleic acid 17%

i5
It is found that the number of viable cells when using the unsaturated fatty acid oleic acid together with

LSME is consistently significantly higher than when using branched saturated fatty acids.



26 The 3 cultures were combined in a shake flask and the optical density was determined at 7.2. In
order to inoculate the reactors with an optical density of 0.1, in each case 4.2 mL were drawn up in as
mL syringe and the reactors were inoculated by means of canulae via a septum. 5The following
standard program was used: DO regulator pH regulator Preset 0% Preset O mi/h P 0.1 P 5 Ti 300s Ti
200s Min 0% Min
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Experiment 3: Comparison of the toxicity between unbranched saturated fatty acids and unsaturated fatty

acids as liquid cation exchanger

5 Here, different amounts of an unsaturated fatty acid were compared with an unsaturated fatty acid as
regards their toxicity when being used as liquid cation exchanger compared. On account of the lower
solubility of the unsaturated fatty acid lauric acid, this was used in a smaller amount. The volumes of the
different cation exchangers were made the same with the LSME. The number of CFUs was determined at
the start, after 4.5 h and after 24 h.

10
As Fig. 2 reveals, the addition of the saturated fatty acid as liquid cation exchanger, even at a lower
concentration than that of the unsaturated fatty acid, brings about a decrease in the CFUs, whereas in the

case of the unsaturated fatty acid an increase in the CFUs is established.

15 Overall, a decrease in the toxicity for the various investigated liquid cation exchangers in the following

order is found: DEHPA > saturated fatty acids > unsaturated fatty acids.

Example 3: Removal of diaminoiseiditel (DAT) and diaminoisosorbitol (DAS) using various liquid

cation exchangers from an aqueous phase

20  This example shows that a liquid lon exchanger, here D2EHPA or oleic acid, as constituents of an organic
hydrophobic phase increases the absorption capacity of the hydrophobic phase for a positively charged

compound.

The organic solvents used here are kerosene (K), benzyl benzoate (B), methyl laurate (ML), cis-9-
25 octadecen-1-0l (OD). As HLquid cation exchangers, oleic acid and D2EHPA were compared in terms of

their effect with the respective pure solvent.

The experimental procedure proceeded identically in all cases: the aqueous phase comprised 2% by
weight of diamine and the organic phase consisted of the corresponding solvent and 20% by weight of the
30 respective liquid cation exchanger. The volume ratio of the two phases was 1:1 (in each case 4.5 ml). Ata
constant temperature of T=30°C, the samples were shaken for 2 hours in a water bath. Then, after
centrifugation and phase separation, the phases were analyzed. The pH was adjusted in all cases with

agueous ammonia or sulphuric acid.



0 mL/h Max 100% Max 40 mL/h N (Rotation) From To X02 (gas mixture) From To F*(gas flow) From
To Growth and biotrans- formation | 0%
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Fig. 3a shows the results of the reactive extraction with D2EHPA as liquid cation exchanger. Without the
addition of aci¢ or alkali, the degree of extraction in the case of a pH range from 5.4 to 6.2 is ca. 100%.

The addition of acid leads to a considerable reduction in the degree of extraction. I the event of adding a

5 small amount of alkali, no influence on the degree of extraction is evident for the experiments with benzyl
benzoate. If a large amount of alkali was added, starting pH from 11 to 12, the experiments could not be
evaluated. When using DAS with cis-9-octadecen-1-ol as solvent, a reduction in the degree of extraction
with increasing pH is observed, although the samples were milky/cloudy, in the event of the exiraction of
DAI, upon the addition of a small amount of alkali no significant influence on the degree of extraction is

10 evident, in the case of an initial pH of 11 to 12 the degree of extraction drops significantly, the two phases
remaining milky/cloudy despite repeated centrifugation, a ca. 1.5 cm thick white layer was evident at the
phase boundary, When methyl I1aurate was used as solvent, the addition of a small amount of alkali, initial

pH 10 to 11, led to a slight drop in the pH, and the phase was milky/cloudy. The addition of a large

amount of alkali led to the formation of a single clear phase,

15 The results of using oleic acid as liquid cation exchanger are shown in Fig. 3b. In the course of the
experiments, a degree of extraction of 100% was not achieved. The experiments with methyl laurate as
solvent could only be evaluated if sulphuric acid was used during the preparation to lower the pH. The
maximum degree of extraction achieved was 4% in the case of the extraction of DAS and 48% in the case
of that of DAL The experiments as regards the extraction of DAS with cis-9-octadecen-1-ol as solvent

20 could likewise only be evaluated if the starting pH was reduced with H2504. A maximum degree of
extraction of 5.5% at pH 6 was achieved. In the case of the extraction of DAJ, a maximum degree of
extraction of §5% was achieved at pH 7.9 if neither alkali nor acid was added. The addition of alkali led
fo a significant decrease in the degree of extraction. When using kerosene as solvent for the extraction of
DAS, a2 maximum degree of extraction of 85% at PH 8.5 and, in the case of the extraction of DAI, a

25 maximum degree of extraction of 77.5% at pH 8.4 are achieved. The addition of alkali leads to a very
slight reduction in the degree of extraction. The experiments with benzyl benzoate could be evaluated
only in cases where the pH of the aqueous phase had been lowered with sulphuric acid before the start of
the experiment. The maximum degree of extraction in the case of the extraction of DAS is 61.5% at
pH 7.3, that of DAI 15.3 at pH 1.1. Above pH 6, a further lowering leads to an increase in the degree of

30 extraction. The aqueous phase remained cloudy even after centrifugation for 45 minutes.

The degrees of extraction obtained in the corresponding comparative experiments with the same solvents

but without Hquid cation exchanger are shown in Fig. 3¢, plotted against the pH. No clear dependency of
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the degree of extraction on the pH is evident. In every case, the degrees of extraction are significantly
below 20%.

Example 4; Reduction in the foxicity of an organic compound with positive charge by contacting

with a liguid cation exchanger

This experiment shows that through the presence of a liquid cation exchanger the toxic effect of a
positively charged organic compound in an aqueous phase which is a fermentation liquor can be reduced

by extracting this compound into the organic phase.
The fundamental experimental procedure corresponded to that in Example 1.

Since ALSME 0.2% (w/v), dissolved in aqueous systems, had a bactericidal effect, this experiment was
carried out again in combination with D2EHPNH3/LSME 2/98% (w/w) in the shake flask, D2EHPNH3
here meaning D2EHPA laden quantitatively with ammonium. The use of the liquid ion exchanger
improves the fransfer of ALSME into the organic phase, as a result of which its concentration in the
aqueous phase, in which the cells are also located, is reduced. In order to reduce a toxic effect caused by

D2EHPA, fow concentrations of 2% (w/w) D2ZEHPNH3 were used.

The bacteria were firstly resuspended in 5 mI. {corresponds to half of the buffer volume). A further 5 mL
of buffer were optionally admixed with 0.4% (w/v) ALSME and then optionally vortexed with 5 mL of
D2EHPNH3/LSME 2/98% (w/w) for 1 min at 3000 rpm. This solution was added to the initially charged

bacteria suspension in the shake flask and mixed. The first sample was then taken.

The solution had a foamy consistency at the start of the experiments, although this had disappeared in
both experiments at the time of taking the second sample. The abbreviation “D/L” was used for
D2EHPNH3 (D2EHPA laden with ammonia)/LSME 2/98% (w/w). Between the sampling f, and t, 5 h the
number of CFU/mL increased by 34.3%. From the sampling (t; 5) to the last sampling (t2;) the number of
CFU/mL reduced by 54.9%. Compared to the preparation with D2EHPNH3/LSME 2/98% (w/w) without
the addition of ALSME 0.2% (w/v), the number of reproducible cells after 22 h was 4.5 times higher and,
at 3.4%, not significantly lower than the average value of the control preparations in HEPES buffer (see
Fig. 4). Compared to the preparation with ALSME 0.2% (w/v) in the shake flask, without the addition of
an organic phase, the number of CFU/mL was 2800 times higher.



Script Trigger sharp 31% DO (1/60h) Induction IPTG 2 h after feed start Feed trigger 50% DO Feed
rate 3 [mL/h] 10The experiment carried out can be divided into two phases, the cultivation during
which the cells should reach a certain optical density, and the subsequent biotransfonnation during
which the expression of the genes required for the biotechnological process for producing ALSME was
induced. The pH values were regulated to pH 6.8 on the one hand with ammonia (12.5%). During
cultivation and biotransformation, the dissolved oxygen (DO) in the culture was regulated at 30% via
stirrer speed and gassing rate. The 15 fermentation was carried out as a feed batch, where the feed
start, 5 g/Lh glucose feed (500 g/L glucose with 1% MgSO4*7H20 and 2.2% NFLCI), was triggered via
a DO peak. With feed start, the temperature was also reduced from 37C to 30C. The expression of the
transaminase was induced 2 h after feed start via the automatic addition of IPTG (1 mM). The

incluctioh BB AR GBREE A EA T by e WA Ao 6 DK SR ORY HEFFesher
feed stamBefodeditesterd bérthehintramsier rfationinthe Gptical 20density of the culture broths was
determined. The start of the biotransfonnation phase was carried out 14 h after feed start. For this, 150
mL of a mixture of methyl laurate and the respective ion exchanger (10% w/w) were added as a batch
to the fermentation broth. The ion exchangers used were di(2-ethylhexyl)phosphoric acid (DEHPA),
lauric agighnipledeCongids fralonctipeanicinpalmitalejaacid, siaeac aCidand diquidtueiafl fraadfagyracids
from the sapqnification of globe thistle oil. In order to proyi amino gr donor.f {
ransaniARge d ihe BB B 2 O AR S L ATAR ) SFEAEETEL oo1con
(125 g/L) were added to the fermentation broth. For the sampling, 2 mL of fermentation broth were
removed®obirirasienratpn sl methyl laurate to methyl aminolaurate was tested in an 8-fold parallel

10 fermentation system from PasGip with different 1on exchangers.

1L reactors were used for the fermentation. The pH probes were calibrated using a two-point calibration
with measurement solutions of pH 4.0 and pH 7.0. The reactors were filied with 300 mL of water and
autoclaved for 20 min at 121°C in order to ensure sterility. The pO2 probes were then polarized overnight
15 (at least 6 h). On the next morning, the water was removed under the clean bench and replaced by high
cell density medium with 50 mg/lL kanamycin and 34 mg/L chloramphenicol. Subsequently, the pO2
probes were calibrated with a one-point calibration (stirrer: 600 rpm/gassing: 10 sL/h air) and the feed,
correctant and induction means stretches were cleaned by means of clean-in-place. For this, the tubes
were {lushed with 70% ethanol, then with 1 M NaOH, then with sterile demineralised water, and finally

20 filled with the respective media.

The ALS and ALSME producing £. coli strain BL21 (DE3) Tlr pBT10 pACYC:Duet[TAcv] was firstly
grown from cryoculture in LB medium (25 mL in a 100 mL baffled flask) with 50 mg/L kanamycin and
34 mg/l. chloramphenicol overnight at 37°C and 200 rpm for ca. 18 h. Then, 2 mL in each case were

25  transinoculated in high cell density medium (glucose 15 g/L. (30 mL/L of a separately autoctaved 500 g/L
stock solution with 1% MgSO.*7H,O and 2.2% NH,CI), (NH4)»S04 1.76 g/L, KoHPO, 19.08 g/L,
KH,PO: 12.5 g/, yeast extract 6.66 g/L., trisodiumcitrate dihydrate 11.2 2, ammonium iron citrate
solution 17 mL/L of a separately autoclaved 1% strength stock sohution, trace element solution 5 mL/L of
separately autoclaved stock solution (HCI (37%) 36.50 g/I., MnCL*4H.O 1.91 g/L, ZnSQ*7H.0

30 1.87 ¢/L, ethylenediaminetetraacetic acid dihydrate 0.84 g/L, H;BO; 0.30 g/L, Na,MoO.*2H,0 0.25 g/L.,
CaCl,*2H,04.70 g/l., FeSO*TH,0 17.80 g/L, CuCL*2H,0 0.15 g/1.)) (3 x 25 mL in a 100 mL baffled
flask) with 50 mg/I. kanamycin and 34 mg/l. chloramphenicol and incubated for a further 6 h at
37°C/200 rpm.



5 part of it was diluted 1/20 in an acetone/HCI mixture (c(HC1) = 0.1 mol/L) and extracted. Samples
were taken from all 8 reactors at 1.25 h, 3 h, 5 h, 20 h, 22 h and 25 h after the start of the
biotransfonnation. The transfer rates for oxygen (OTR = oxygen transfer rate) and carbon (CTR =
carbon transfer rate) were determined during the fermentation via offgas analysis on the DasGip
systems. The fermentation was ended 22 h after the start of the biotransformation. 10 Quantification of
ALS, ALSME, DDS, DDSME, LS, LSME, HLS, HL% E, OLS and OLSME in fermentation samples
was carried out by means of LC-ESUMS2 by referénce to an external calibration for all analytes and
using the internal standard aminoundecanoie acid (AUD). 28 For this purpose, the following

INStrUMeRiS; WeHS:LISRere FRlkindastramaRt 5280,(AqientBakinganl witheyiasampler. Q138K
binary pump %0131 2B) and column oven (013 16A) S Mass spectrometer TripelQuad 6410 (Agilent;

Bobling®A WA BEF LU B R BB IR Srdx TE” G816 % 2MImiifTe SERIGIEPSD 8 3% §HMBore size
100 A (Rriehomeanex;wAschatfdnbdity) mezecoflwmnla midiKatoher Ultra 1-1PLC In-Line Filter; 0.5 gm
filter depth and 0.004 mm internal diameter (Phenomenex; Aschaffenburg) 10 The samples were
prepareth Dy PIREHING 1900 Rbefsolventdacetone/0.1 N HCI mixture = 1:1) and 100 gl of sample into a
2 mL reaction vessel. The mixture was vortexed for ca. 10 seconds and then centrifuged at ca. 13 000
rpm for 5 mm. The clear superratart-was-remeved-usirg-a-pipette-and-analyzed following appropriate
dilution with diluent (80% (VALERCREL36%, o distilEd 981"+ 0.1% 15formic acid). For each
900 gL sample, 100 pL of 1 {B voluhe of 90 pl). The HPLC
separation was carried out ust eolumr]. The injection volume was
0.7 pL, the column temperatu in-The-mebile| phase consisted 200f

elttent A (0.1% strength (v/v)[a4 i aei mﬁmj}? with 0.1% (v/v) formic
acid). The following gradient ' f tB[%10
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Script

Trigger sharp 31% DO (1/60h)

Induction IPTG 2 h after feed start

Feed trigger 50% DO

Feed rate 3 [mL/h}

10 The experiment carried out can be divided into two phases, the cultivation during which the cells should
reach a certamn optical density, and the subsequent biotransformation during which the expression of the
genes required for the biotechnological process for producing ALSME was induced. The pH values were
regulated to pH 6.8 on the one hand with ammonia (12.5%). During cultivation and biotransformation, the
dissolved oxygen (DO) in the culture was regulated at 30% via stirrer speed and gassing rate. The

15 fermentation was carried out as a feed batch, where the feed start, 5 g/Lh glucose feed (500 g/L. glucose
with 1% MgSO,*7TH,O and 2.2% NH,Cl), was triggered via a DO peak. With feed start, the temperature
was also reduced from 37°C to 30°C. The expression of the transaminase was induced 2 h after feed start
via the automatic addition of IPTG (1 mM). The induction of the alk-genes was carried out by the manual
addition of DCPK (0.025% v/v) 10 h after feed start. Before the start of the biotransformation, the optical

20  density of the culture broths was determined.

The start of the biotransformation phase was carried out 14 h after feed start. For this, 150 ml of a
mixture of methyi laurate and the respective ion exchanger (10% w/w) were added as a batch to the

fermentation broth. The ion exchangers used were di(2-ethylhexyl)phosphoric acid (DEHPA)Y, lauric acid,
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oleic acid, palmitic acid, palmitoleic acid, stearic acid and a mixture of free fatty acids from the
saponification of globe thistle oil. In order to provide an amino group donor for the transaminase, at the
same time as the addition of the organic phase, 10.7 mL of an alanine solation (125 g/L) were added to
the fermentation broth. For the sampling, 2 mL of fermentation broth were removed from the reactor and
part of it was diluted 1/20 in an acetone/HCI mixture (c(HC1) = 0.1 mol/L) and exfracted. Samples were
taken from all 8 reactors at 1.25h, 3 h, 5h, 20h, 22 h and 25 h after the start of the biotransformation.
The transfer rates for oxvgen (OTR = oxygen transfer rate) and carbon (CTR = carbon transfer rate) were
determined during the fermentation via offgas analysis on the DasGip systems. The fermentation was

ended 22 h after the start of the biotransformation.

Quantification of ALS, ALSME, DDS, DDSME, LS, LSME, HLS, HLSME, OLS and OLSME in
fermentation samples was carried out by means of LC-ESI/MS? by reference to an external calibration for

all analytes and using the internal standard aminoundecanoic acid (AUD).



77'23 29 The ESI-MS2 analysis was carried out in the positive mode with the following parameters of
the ES! source: Gas temperature 280C Gas flow 11 L/min Nebulizer pressure 50 psi Capillary
tension 4000 V  Detection and quantification of the individual compounds was carried out with the
following parameters, 10with in each case one product ion being used as qualifier and one being used
as quantifier Analyte Precursor ion [mk] Product ion [m/zi Residence time [ms] Collision energy [eV]
DDSME 245.2 167.1 28

For this purpose, the following instruments were used:

e HPLC instrument 1260 (Agilent; Boblingen) with autosampler (G1367E), binary pump (G1312B)
and column oven (G1316A)
5 e Mass spectrometer TripelQuad 6410 (Agilent; Béblingen) with ESI source
¢ HPLC column: Kinetex C18, 100 x 2.1 mm, particle size: 2.6 um, pore size 100 A (Phenomenex;
Aschaffenburg)
¢ Precolumn: KrudKatcher Ultra HPLC In-Line Filter; 0.5 um filter depth and 0.004 mm internal
diameter (Phenomenex; Aschaffenburg)
10
The samples were prepared by pipetting 1900 pL. of solvent (acetone/0.1 N HCI mixture = 1:1) and
100 pL. of sample into a 2 mL reaction vessel. The mixture was vortexed for ca. 10 seconds and then
centrifuged at ca. 13 000 rpm for 5 min. The clear supemnatant was removed using a pipette and analyzed
following appropriate dilution with diluent (80% (v/v) ACN, 20% double distilled H,O (v/v), + 0.1%
15 formic acid). For each 900 pL sample, 100 uL of ISTD were pipetted in (10 ul. for a sample volume of
90 pL).

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

acid). The following gradient profile was used

Time {min] Ehuent A |%)] FEluent B [%]
0 77 23
0.3 77 23
0.4 40 60
2.5 40 60
2.6 2 98
5.5 2 98
5.6 77 23

9 77 ‘23
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The ESI-MS® analysis was carried out in the positive mode with the following parameters of the ESI

source:

s (as temperature 280°C
5 e (Gas flow 11 L/min
s Nebulizer pressure 50 psi

s Capillary tension 4000 V

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

10 with in each case one product fon being used as qualifier and one being used as quantifier:

Analyte Precursor ion Production Residence time Colilision energy [eV]
[m/z] fm/z} [ms]
DDSME 2452 167.1 25 6
DDSME 245.2 149.] 50 8
HILSME 2313 181.2 15 2
HLSME 2313 163.2 25 5
DDS 231.2 213.2 50 0
DDS 231.2 149.1 25 9
ALSME 230.3 198.1 25 10
ALSME 230.3 ' 163.2 15 10
OLSME 226.2 1972 50 0
OLSME 2292 161.1 25 5
HLS 217.2 181.2 33 0
HLS 2172 163.1 20 4
OLS 2152 1631.2 25 0
OLS 215.2 95.2 60 13
Results:
15
If DEHPA as described in the prior art is used as cation exchanger, then directly after adding the
compound to the culture, this results in a drop in the OTR. The curve drops within a short time to 0,
which indicates that metabolically active cells are no longer present in the culture. DEHPA thus has a
high grade toxic effect on cells.
20

If lauric acid is used as Hquid cation exchanger instead of DEHPA, then although this likewise leads to a
drop in the OTR, this is not so severe, and in the course of the next 22 h the cells recover and exhibit

increasing metabolic activity. Accordingly, lauric acid is notably less toxic than DEHPA.
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Even better resulis can be observed when using saturated fatty acids with longer carbon chains. If palmitic
acid and stearic acid are used, then the OTR curve falls significantly more shallowly than in the case of
using lauric acid or even DEHPA. It can be concluded from this that these fatty acids have a considerably

5 lower toxic effect.

The use of unsaturated fatty acids such as palmitoleic acid, saponified globe thistle oil {contains
predominantly linoleic acid) and oleic acid surprisingly leads to even better results. These fatty acids
surprisingly exhibit an even lower toxicity than the saturated fatty acids.

10
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215.2 95.2 60 13 Results: 15 If DEHPA as described in the prior art is used as cation exchanger, then
directly after adding the compound to the culture, this results in a drop in the OTR. The curve drops
within a short time to 0, which indicates that metabolically active cells are no longer present in the
culture. DEHPA thus has a high grade toxic effect on cells. 20 If Laurie acid is used as liquid cation
exchanger instead of DEHPA, then although this likewise leads to a drop in the OTR, this is not so
severe, and in the course of the next 22 h the cells recover and exhibit increasing metabolic activity.
Accordingly, lauric acid is notably less toxic than D%ZHPA. 30 Even better results can be observed
when using saturated fatty acids with longer carbon chains. If palmitic acid and stearic acid are used,
then the OTR curve falls significantly more shallowly than in the case of using lauric acid or even
DEHPA. It can be concluded from this that these fatty acids have a considerably 5lower toxic effect.
The use of unsaturated fatty acids such as palmitoleic acid, saponified globe thistle oil (contains
predominantly linoleic acid) and oleic acid surprigihghysleads to even better results. These fatty acids
surprisingly exhibit an even lower toxicity than the saturated fatty acids. 10 31 Literature sources:

5
1. Process 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

10 solution which comprises a liquid cation exchanger,
where the liquid cation exchanger is hydrophobic,
b) coniacting the aqueous solution and the organic solution, and
15
¢} separating off the organic solution from the aqueous solution,

where the liquid cation exchanger is a fatty acid,

20 and where the organic compound has at least two amino groups and no negatively charged

functional group.

2. Process according to Claim 1, where the temperature in step b) is 28 to 70, preferably 30 to 37°C.

25 3. Process according to one of Claims 1 to 2, where the pH in step b) is 6 to 8, preferably 6.2 to 7.2.

4. Process according to one of Claims 1 to 3, where the organic compound is a compound of the

Formula HoN — (CH»), — NH,, and x is 1 to 20, preferably 6 to 10.

30 5. Process according to one of Claims 1 to 4, where the organic diamine is a cyclic sugar with at least

two amino groups, preferably diaminoisoiditol and diaminoisosorbitol.

6. Process according to one of Claims 1 to 5, where the quantitative ratio of liquid cation exchanger to

organic compound is at least 1.



J. Sangster, Octanol- WaterPartition Coefficients: Fundamentals and Physical Chemistry, Vol. 2 of
Wiley Series 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-Laurolactam
Hydrolase: A New Enzymatic Synthesis of 12-Aminolauric Acid, Biosc. Biotechn. Biochem., 72(8),
2141-2150 10DE10200710060705 (2007): Recombinant cells producing G-aminocarboxylic acids or
their lactams 32 Claims S 1. Process for removing3 n 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 10solution which comprises a liquid
cation exchanger, where the liquid cation exchanger is hydrophobic, b) contacting the
agueous solution and the organic solution, and 15 c? separating off the organic solution from
the aquéous SSTTHRSEOWREY RS 7] i Btk RAHGEPIs S Pty 4 ZEHHSHRER e BRgERTE
compound fdgiat ledstltved &mino groups and no negatively charged functional group. 2. Process
according to Claim 1, where the temperature in step b) is 28 to 70, preferably 30 to 37C. 253. Process
according to one of Claims 1 to 2, where the pH in step b) is 6 to 8, preferably 6.2 to 7.2. 4. Process
accordifig B BIfESGreing e hiHaiasthécorgdhfescH hEYeon eHRFEENE afftHe EdfmuEE2N -
(C112)x - NibZe aafl ) rkftoaBR, Hakaierably B tevi0 ndpbpycess roeorslingienaneef Claims 1 to 4,
where the organic diamine is a cyclic sugar with at least two amino groups, preferably diaminoisoiditol

and diaminoisosorbitol.
9. Process according to one of Claims 1 to §, where the liguid cation exchanger is an unsaturated fatty

acid, preferably oleic acid or erucic acid.

10. Process according to one of Claims 1 to 9, where the aqueous solution further comprises a biological

agent with catalytic activity.

11. Process according to Claim 10, where the biological agent is a cell, preferably a bacterial cell.
15
12. Process according to one of Claims 10 to 11, where the organic compound is an organic compound

that 1s toxic to the cell,

13. Process according to one of Claims 1 to 12, where the organic solution moreover comprises at least

20 one organic solvent, preferably is a fatty acid and/or a fatty acid ester.
14. Reaction mixture comprising an aqueous solution and a hydrophobic organic solution,

where the hydrophobic organic solution comprises a fatty acid, preferably a fatty acid having more
25 than 12 or 14 to 22 or 16 to 18 carbon atoms, yet more preferably an unsaturated fatty acid as lquid

cation exchanger,

and where the aqueous solution comprises an organic compound which has at least two amino groups
and no negatively charged functional group.
30
I5. Reaction mixture according to Claim 14, where the aqueous solution furthermore comprises an intact

cell with at least one catalytic activity, preferably a bacterial cell, more preferably E. coli.



33 7. Process according to one of Claims 1 to 6, where the volume ratio of organic solution to aqueous
solution is 1:10 to 10:1. 58. Process according to one of Claims 1 to 7, where the liquid cation
exchanger is a fatty acid having more than 12, preferably having 14 to 22, even more preferably 16 to
18, carbon atoms. 9. Process according to one of Claims 1 to 8, where the liquid cation exchanger is
an unsaturated fatty acid, preferably oleic acid or erucic acid.  10. Process according to one of
Claims | to 9, where the aqueous solution further comprises a biological agent with catalytic activity.
11. Process according to Claim 10, where the biological agent is a cell, preferably a bacterial cell. 12.
Process according to one of Claims 10 to 11, where the organic compound is an organic compound

that is tQic0, L6 Rlkure 213, RIAGE SR AGCOIHING 19:97S RF IS LA L2n1here (herganis Splution

moreover comprises at least 20one organic solvent, preferably is a fatty acid and/or a fatty acid ester.
14. ReactidAThBRIrE Eodipri&iHg an NedetrisSBIbtvm aRaE HyufBA8bic organic solution,  where
the hydrophobic organic solution comprises a fatty acid, preferably a fatty acid having more 25than 12
or 14 10,22 9L, .Ip AR GRrbOn AlRMS yeLmee RLEfpiblY anunsaluraled fallv.acid. as ghid gafion
exchanger, and where the aqueous solution comprises an organic compound w ich has at least two
amiho groupsiatidens Megative s enirdederabotibtaingistifitidenddiaginRisessiibitrixture according to
one of Claims 14 to 15, where the organic compound is a compound of the Formula H2N - (CH2)x -
NH2, and x is 1 to 20, preferably 6 to 10.  17. Reaction mixture according to one of Claims 14 to 15,
where the organic diamine is a cyclic sugar 5with at least two amino groups, preferably
diaminoisoiditol and diaminoisosorbitol.



