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eura 6 °°¢ hceo%p?aiirgs%%t Wi ﬁA\ -Aé—ZIjP'l?YFIovlsgfer, pénilxlizl)l’in .Iéuécy;ll_gs’e -rll_as no specificity
for aliphatic acyl radicals and thus also no specificity for N-Ac-PPT. Other
known acylases likewise have no or only a low substrate specificity for
N-Ac-PPT and have previously only been employed in microbial
biotransformations without purification of the enzymes (as described, for
15 example, in DE-A-2939269). On account of this, only very low spaceftime
yields were achievable. The patent application EP-A-0382113 discloses the
L-specific cleavage of N-Ac-PPT carboxylic acid esters by acylase I. Even
this enzyrme, however, has no spec;ificity for the free carboxylic acid and
therefore necessitates esterification as an additional synthesis step in the

20  preparation of the substrate.

The patent application DE-A-19652284 describes the specific isolation of
microbial deacetylases from soil samples with specificity for N-acetylamino -
acids, preferably N-acetylphosphinothricin (N-Ac-PPT), and the cloning of the
25  corresponding genes from Stenotrophomonas sp. and Comamonas
acidovorans.
On account of the sequence homologies found and the substrate specificity
tests carried out, it was possible to show that the deacetylases described
belong to the group of hippurate hydrolases (EC 3.5.1.32), whose natural
30  substrate is N-benzoylglycine, an amino acid derivative having an aromatic
N-acyi function. It was therefore interesting that these enzymes can also

accept N-acetylated amino acids, in particular N-acetylphosphinothricin, as a
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purification steps cannot be solved or can only be solved very cost-intensively

and that (3) cost-intensive product preparation is necessary (as in the case of
20  the patent application DE-A-3048612).

The object on which the invention is based lies in expressing one or more
novel deacetylases (such as already characterized in DE-A-19652284) in a
suitable form and amount, and in making it possible with the aid of these
25 enzymesto prepare L-PPT and some proteinogenic L-amino acids from the
chemically very easily accessible racemic N-acetyl-D,L derivatives by

resolution with high yield and enantiomeric purity.

In the case in which the enzymatic activity is already approximately known,

30  and in which cloning of the nucleic acid sequence encoding the enzyme has
also already been carried out, the first operation consists in transferring the

~ appropriate nucleic acid fragment to a suitable vector in order then either to

carry out overproduction in a suitable bacterial strain, and/or in order to



5 The production of the nonproteinogenic anmno acid L-PPT
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previously only been described by cleavage of phenacetylphosphinothricin
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in particul €secet yl phosph-nothricin, as a 22 Cctober 2003 -2- substrate,
these being am no acid derivatives having aliphatic N-acyl functions. The
patent applications DE-A-2939269 and DE-A-2717440 disclose that the
her bi citgal Ihbickhiog of ARATHGalRERR)I AU d&d Ha%ﬁftaég\ggeéﬁ %‘scu‘itﬁéd in

enantionmer (L-PPT) alone. 5 In this connection, _ Irnteresting that the
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vectors as carried out further below in Example 1 in ‘order thus to ensure a
necessary extent of unequivocal substrate specificity and the absence of side

20 reactions. Thus, although it was possible in the application DE-A-19652284
to show that N-acetyl-L-PPT is deacetylated, it was not possible to show that
N-acetyl-D-PPT is not also deacetylated. The exclusive reaction of N-acetyl-
L-amino acids and N-acetyl-L-PPT, however, is an elementary precondition

for the industrial use intended here.

25
The invention relates to a process for the preparation of proteinogenic or
nonproteinogenic L-amino acids from their racemic N-acetyl-D,L derivatives,
which comprises

30 (@)  selectively deacetylating N-acetyl-L derivatives of the

corresponding L-amino acids by an enzymatic resolution by

means of isolated, recombinant hippurate hydrolases, while N-acetyl-D

derivatives of the corresponding D-amino acids are not



therefore excellently suited to the preparation of L-amno acids, in
particular of the herbicidal active conpound L-phosphin Lcln, om
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resolution, as is described, for exanple, in the patent applications

EP- A- 0304021, DE- A-2939269 and DE-A-3048612. Significant disadvantages of
the processes in the three patent applications described above, however,
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in the case of,the patent application 15 DE-A-2939269) can be enpl oyed, on
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reaction is carrigg oWepdrhtthd'Pidl GicRtyiseanZy alids ¥ptaHey of which the
probl ens of side reactions and subsequent purification steps cannot be

sol ved or can only be mepartivelyriorodise nondeasstylated NeavdtylHateiGtives

cost - i ntensi ve product eparation is necessa s in the case of 20 the
pat ent &pplication DE-@&'%%%%@i’i‘?qmﬁJﬁE?'BQF@E?W[%Q‘&\E#%(F?‘YW@ defvaliveson i s
based lies in expressing one or nore novel deacetyl ases (such as already

characterized in DE-A-1 9652284) in a suitable formand anount, and in
maki ng it pdé&siibventert telates inipdriciuldresep@tess fgmths prepgratpanéLL- PPT and

sonme proteinpgenic L-amnm no ids fromthe chemcally very easily,.

accessi bl e ngéﬂ‘%“{f'ohﬂr%ﬂyf?ﬁ)?@”a FacelYr DdsPRosphirtBric yrerdtis gh vyi el d
and enant i opREif | fliddy eg&gﬁ,'m I£dh nzymatic activity is

al ready app%&lm%ﬁye% sn%\;\én%,aiéa?fg an Ei|nn '%\%} c(% Jgﬁ%l’?l ng of the nucleic acid
sequend® encodi ng the enzyne has al so already been carried out, the first

operation cgpsi.sts in transferring the appropriate nucleic acid fragnent
B i

to a suitabil B&JRYRYION IWNGRHBPTE; ekies 1@ RAOERSS 05 ihe PERarain et bduction in a
suitabl e bagh@aink! adl Bl Aoubihe? ARt AINg ZnBRARBheriBRnnt 1rhB0! At ©
the protein“after the overexpression. The enzyne isolate n H’n s Way can
ei t her be ubeir chrrespdngirai-ddedyldh ydeiviatives by tenapmatic eéswutidrt.ached to a
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advi sable in order to obtain general confirmation as to whether the
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_ particular carrying out the enantioselective production of L-phosphinothricin,
20 L-glutamic acid, L-histidine, L-leucine, L-glutamine and/or L-phenylalanine
from their corresponding racemic N-acetyl-D,L derivatives using one or more

deacetylases from the group consisting of the hippurate hydrolases.

In particular, the invention relates to a process which comprises carrying out

25  the enantioselective production of one or more L-amino acids from their
corresponding racemic N-acetyl-D,L derivatives using the enzymes deac?
from Stenotrophomonas sp. and/or deac2 from Comémonas acidovorans
(both deacetylases are described in DE-A-19652284), and in this context
very particularly the processes which comprise carrying out the

30  enantioselective production of L-phosphinaothricin, L-glutamic acid,
L-histidine, L-leucine, L-glutamine and/or L-phenylalanine from their

corresponding racemic N-acetyl-D,L derivatives using the enzymes deac?



the enzyne, which results in a further optimzation of the natural enzynme
present. 15 The cloning of.individual deacetyl ases used r}%s lre been
described in the-application DE-A-19652284. The nucl eic C?%Ollé?r nts
coding for the appropriate deacetylases were recloned in the appropriate
expression vectors as carried out further belowin Exanple 1 in order thus
to ensure a necessary extent of unequi¥ocal substrate specificity and the
absence of ?i de . 20 reactions. Thus, although it was possible in the
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invention relates to a process for the preparation of proteinogenic or

nonpr ot ei nof&Etienio e seayavaof N-aeetyhBil dedalives. N- acet yl - D, L deri vati ves,
which cgnprises 30 (a) selectively deacetylating N-acetyl-L derivatives of
the corresponding L-am no acids by an enzynmatic resolution by neans of

i sol ated, rkradditioanthelihamiiot @ldtedrokiasase oMhd Rcbmbirfint deBce§fidokat i ves
of the corresponding D-am no acids are not 22 Cctober 2003 deacCetylated 5

10 and (b) BEskeatiasiopriatysinwhighaallaw thesapnreptatedeactions indek carried

preparative . C | =D derjvatives.,K and/ or the
i nconpl et el {)/'Xt e%@@bﬁ?%’%%@éb&&kﬁg)ﬁ %h"?%’(y/‘gﬁfp*%@ﬁ?'ﬁ PbA e ates in
particul ar $mace/tmedtsids fiarpdriicular esiagahé escorhbihanbdasdeiasédin cin (L- PPT)
from N-acetyl -D, L- phosphi nothricin by enzymatic resolution by neans of

i sol at £@, riaueedilizethiorm: ppur at e hydrol ases. The invention furthernore
relates to a process for the preparation of L- glutam c acid, L-histidine,
L-l euci ne, L-glutam ne and/or L-phenylal anine from their corresponding

N-acet yl - D, Thalgvientidbh igshdhh 8 281medd © thesslirbfin@But dbthélfobdnseat i on
furthernore relates to a process which conprises _carr?/icésg out the
enant i osel etasciibeg @bgye @t serdiondteanaratuses of approxnatelyb G tone5%ei r

preferably at reaction temperatures of approximately 30°C to 45°C and
15 particularly preferably at reaction temperatures of approximately 35°C to
40°C. -

In addition, the invention relates to the carryingj-out of the processes
described above at substrate concentrations of approximately 10 mM to

20 1500 mM, preferably-at substrate concentrations of greater than 50 mM,
particularly preferably at substrate concentrations of greater than 250 mM and
very particularly preferably at substrate concentrations of greater than
500 mM.

25  The invention furthermore relates to the separation of the L-amino acid or of
the L-PTC produced with the aid of the steps described above from the
corresponding N-acetyl-D,L derivatives, which have either not been reacted
- as in the case of N-acetyl-D derivative - or not been completely reacted - as
in the case of N-acetyi-l_ derivative.

30
In this context, utilizable processes are the use of ion-exchange
chromatography on an acidic ion exchanger or eise the extraction of the

N-acetyl-D,L derivatives by means of an organic solvent, such as, for



.correspondi ng racem c N-acetyl-D, L derivatives using one or nore

deacetyl ases fromthe group consisting of the hippurate (k)%é al as and in
particul ar carrying out the enantioselective production 68066 Fos

L- phosphi nothricin, 20 L-glutam c acid, L-histidine, L-I|eucine,

L- gl utam ne and/or L-phenyl al anine fromtheir corresponding racemc
N-acetyl -D, L derivatives using one or +®fe deacetylases fromthe group

consisting of the hippurate hydrolases. In particular, the invention
rel ates to £XpFesef Mpihyhisebuiyt kelesectherlyamineacid arshe hePEGaodosad ect i ve

producti on : - am pds fromtheir .corresponding racemc
N-acetyl - D, %58%?’\?%% 1@é%u@eﬁ%aqéﬁ)&gi’mﬁeéoﬁ'e%9h eip ﬁ?ﬁ@f’&ﬁ\l@g%ﬁﬁnas sp.
and/ or deacdnfingm Comanonas aci dovorans (both deacetyl ases are descri bed
in DE-A-19652284), and in this context very particularly the processes
whi ch conprise carrying out the 30 enantiosel ective production of

L- phosphi noé%bﬁlgs_ L-glutamc acid, L-histidine, L-leucine, L-glutam ne
and/ or L-pheny anine fromtheir corresponding racemc Nacetyl-D,L
derivatives using the enzynes dead 22 COctober 2003 -5- from

St enot r ophonmonas sp. or/and deac2 from Comanonas aci dovorans (both

deacet yl aset. ar ePoeduclion ¢f the Didas-cr2yiR? 8¢ a. reBonibiaany pesteihaire a

signi ficant _seguence hopol ogy, which results in an identical or at |east
sinilar fuﬁﬁ?ﬁﬁﬁc ff €& cl eavage of N-acetyl-D, L derivatives. 5 In
addition, the invention relates to the use of the reconbi nant deacetyl ases
produced as biocatal ysts which allow the appropriate reactions to be

carrietd ourhelslkag? BrobtusalRFENeA G BBARHOHRGMONEs 3pIceEinYitbPahhe attai nment
of high space/tinme yields, in particular using the recofbl nant

deacet y| asd¥-AnPPT-spaadia deacsiylase.wagbionedesna il ghkth BanittrSalt Fageleat es t o
th i - .t . b t 2t t t

of “appr oxi HaPErIpSLE OF-EIE6E3ER infef ba L8Rl ibvaseretnes of
appr oxi mat 4% T34 expPoskiin Mol FOEBD HSH 'cﬁﬁég%ﬂgggﬁbﬁaﬂe%s?ﬁtéﬁgﬁsﬁvon

tenperatures of approximately 35C to 40C ition, vention
rel ates toGaalogaiNpy3AAD ftiber ettal. (19902 Sedsimuisdagicalddetingiee at substrate

concent at i-on0 8. FRBEROTEL B ol Ibl 1) Atadeibg e ueurisiiy 2t substr at e
concentr at ippng20f13pjeater than 250 nM and
Ali molecular—biqlogical studies were carried out according to standard
protocols, as described, for example, in Ausubel et al. (1995), Current
protocols in molecular biology, John Wiley and Sons, New York. The religated
720 construct was transformed in the bacterial strain E, coli M15 recommended
by the manufacturer (Qiagen), and recombinant clones were selected on
100 pg/ml ampicillin and 25 ug/ml kanamycin. The expression of recombinant
fusion protein was induced by addition of 1 mM IPTG. The celis were
harvested 4-5 h after induction and stored at -20°C until the working-up of the
25  protein. _
| By means of SDS/polyacrylamide electrophoresis of cell aliquots of the
induced clones, it was possible to detect the HisTag deacT fusion protein as
an additional band of 49 kDa.
The enzymatic activity of the deacetylase fusion protein was detected in a
30 radioassay using [14C]-N-acetyl-L-PPT as a substrate. For this, 200 ul each
- of the induced cultures were permeabilized at 37°C with 0.5% toluene, 0.5%
ethanof for 30 min. The cell pellets were then resuspended in 25 ul each of




very particularly preferably at substrate concentrations of greater than
500 MM 25 The invention furthernore relates to the separ téon of bge
L-amino acid or of the L-PTC produced with the aid of t ¢ 2908cr i bed
above fromthe corresponding N-acetyl-D,L derivatives, which have either
not been reacted - as in the case of N-acetyl-D derivative - or not been
conpletely reacted - as in the case of /N-acetyl-L derivative. 30 In this
cont ext, ut I on- exchange chromat ography
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anpicillin and pug/ M kananycin. The expression of reconbi nant fusion

prot ei n was Thadupesssipn elddbtHavmgthelhighédtRFacefihe-RRT.SpetRiccdedt@tpgss ed 4-5
h after induction aad stored at -20C until the working-up of the 25
protei n. By2fR4PrefueessieisacatypserPerteln accordipade semiqeantative al i quot s of

the ) determination with a proportion of about 10% to the total protein and was

e

15  used for the enzyme purification and the biotransformations described below.
2. Purification of the deacetylase by affinity chromatography:

The deacetylase protein was isolated from the expression strain pQEDEAC
20 newly named according to the cloning described in Example 1 according to
the Quiagen protocol (Qiaexpress kit) by affinity chromatography on nickel
nitrilotriacetate matrix (Ni-NTA) under native conditions. For this, 800 ml of
culture of the expression strain pQEDEAC were fermented and induced as
described in Example 1. The harvested cell pellet (4 g) was resuspended in
25 20 ml of lysis buffer and disrupted using ultrasound. After centrifuging off, the
clear protein lysate (120 mg of total protein) was treated with 4 ml of 50%
strength Ni-NTA suspension for the binding of the HisTag fusion protein and
the material was then loaded onto an enzyme column. The affinity matrix was
washed with 10 volumes of wash buffer and then eluted with 4 ml of elution
30  buffer. To check the affinity purification, aliquots of the cell disruption, of the
wash solutions and of the eluate were analyzed by means of
SDS/polyacrylamide gel electrophoresis. The deacetylase activity of the

various protein-containing fractions was determined using the radioassays



i nduced clones, it was possible to detect the H sTag dead fusion protein as
an addi tional band of 49 kDa. The enzymatic activity of t O‘?C!f?@ %%ase
fusion protein was detected in a 30 radi oassay using [1 ] o] L- PPT
as a substrate. For this, 200 Sul each of the induced cultures were

perneabilized at 37C vvith 0.5%toluene, 0.5% ethanol for 30 mn. The cell
pel lets were then resuspended in 25 pl-8ach of 22 Cctober 2003 -7- 0.1 mM

14C] - N- t L: PET, 10 Na phgs ht H ( d bat ed
57 for - £ONBEH 1 g | diecyan dEt G ehAreIn Sufan ey CalorepT
formed, 5 ph eael'*of-nehéaypLprf, eBeridreebndi %%evq@ezﬁﬁémgd by thin-

| ayer chromat ogr aphy on HPTLC cel l'ul ose plates si ng
n- pr opanol : ZEENdtatyei enzyng detarminatiohutbetprofiie frnatibnmwerey ncobatiz] aler e made

enzyne T eactrclt Wihaora tﬁﬁ@eéaL%Féﬂ@gEféf@&&%w ipB s bekols ng
Spheri sgy bl 5@%%1\1%@%@@ RLPOD) R g@[ﬂ% i n%@@%}# dﬁ? PPt mg;e@% m red

met hanol , pH = 1. fl'ow rate: t hese I'tions,
[ 14C] - L- PPTueautaadnatacnd Enalynere(rﬁiotidr#C]LO\Em‘E)tyl L-PPT at 6.5 nin. The
expression one aV| n I - L- PPT-speci fi¢c deacetyl ase

th h st
activity pr ﬁcfgg SR ggf’?l b?%grecf | §'€H9i“8p fgk 3 se 'Cquantl tative
determ nati GBaM‘éMhs@ eRﬁiQH?bf B%agf'n?a%tbt%@ﬁ)heattQqsrir%iaéf protei n and was

15 used for the énzynme purificatio Iotranstormati ons descri bed
bel ow. 2. Paubeﬁtratafseor) Bform I8@0delafaiyiues of the aldressioy stbfmitragr aphy: The
deacetxhase éel n S.i s | ated fromthe expression strain pQEDEAC 20

new y madp ledh8 ‘!"BVF EregigaraRivdedeelatse 40 mo elkHigdiag deaciysioni ng t o

it ot i SRRk AT RERERAC Ry B2 0 Yoy ptefi AR HAY Y pBBul 500

of cul tureB@¥%.the expression strain pQEDEAC were fernmented and i nduced as
described in Exanple 1. The harvested cell pellet (4 g) was resuspended in
25 20 m of lysis buffer and disrupted using ultrasound. After centrifuging

off, the cgear Qﬁﬁ§ﬁhib éﬁ?ﬁ“&nm o 865%%&’%’“2 dd}ttﬁbrl%e%’é%iylhé‘éat ed with 4

m of 50% strength N - Sus i'STag fusion
proteifband the material was then | oaded onto an enzynme col umm. The
affinity rix was washed with 10 vol unes of wash buffer and then el uted

with 4 m drordhgifvestieation of substige spesiticity @ndrstergospegifieity ptte on,
aliquots of ythe 50tdin 05 b Walch ¥ pugfheﬁté%zyme were incubated in 20 ul batches

in 10 mM NaCl, 10 mM Na phosphate, pH = 7.5 with 25 mM each of the N-
acetyl-L-amino acids or of the corresponding D enantiomers mentioned in
20  Table 1. For comparison, hippuric acid (N-benzoyiglycine), the natural
substrate of deacetylase, was employed. The reactions were incubated at
37°C for 1 h and then measured in the amino acid analyzer (Biotronic
LC 5001) for formation of the free amino acids. Table 1 indicates the relative
deacetylase activities for the L-enantiomers of the various substrates. In
25  addition to hippuric acid and N-Ac-L-PPT, the deac? enzyme also
additionally cleaves the N-acetyi derivatives of a number of naturai amino
~ acids, in particular N-Ac-L-glutamic acid, N-Ac-glycine, N-Ac-L-histidine,
N-Ac-L-ornithine, N-Ac-1-leucine, N-Ac-L-glutamine and N-Ac-L-
phenylalanine. In all cases, the enzyme was exclusively active with the L
3G enantiomers, while it was not possible to react the corresponding D
compounds in any case. In all other cases tested (see Table 1),. the reaction

of the N-acetyl-L derivatives only took place to a very small extent or else not._ .



wash sol utions and of the eluate were anal yzed by neans of

SDS/ pol yacryl am de gel el ectrophoresis. The deacetyl ase
vari ous protein-containing fractions was determ ned usin
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The reacti ohgi-peiemictfivhiped at  37C for 1 h pgd then neasured in the am no
aci d anal yzgr—(Brotronmc €586 —For—format+ph—of—the—+F+ree—am no aci ds.
Tabl e 10 nd| dbfed -iryplopbbat i ve deacetyl ase acPdvities for th

L-enanti onmefs. Of The various substratres. In T rppuric acid
and N Ac- L- pPTACiehedRlpnia®,vime al so  additijo?hl |y cl eaves tlhe N-acetyl
derivati ves| pf : of natural amno acigd In particul ar

N- Ac- L- gl ut q&'@‘glrgg’%?’kﬁ Ac-glycine, N Ac-1-hi sﬁ dine, N Ac-Lll-omthine,

N- Ac- L- | euc) peac-NAGtnig! m ne and N-Ac-L p | al anine. I all cases,

t he enzyne ESA%;&%E%[%'%RSC* ve—wt-hthe L 1-30-epantioners] while it was
not possi bl eNtAc-t.eglatantine corresponding D cdmgounds in any gase. In all
ot her cases[tested(see Tabte 1) —the reacttqm—of—the—IN=acet{yl - L

deri vaflbves| Wri\grgbyesle pl ace to a very small €8%nt or el se ndL.

N-Ac-L-histidine

43

N-Ac-l-leucine

33

N-Ac-L-valine

N-Ac-L-serine

20

N-Ac-L-proline

25

30

All compounds are the L. enantiomers

The specific activity [nmol of glycine/min/mg of protein] measured

using hippuric acid was set equal to 100%, and the other values were

based thereon

Resolution of N-acetyl-D,L-phosphinothricin by

biotransformation using celis of the deac producer strain:

A 400 ml culture of the expression strain pQEDEAC was fermented and

induced as described in Example 1. The harvested cells were then washed in




22 October 2003 9 5 10 15 20 at all. Table 1: Substrate specificity of the
deac enzyne SubstratelRel. activity2 [9%9 Hippuric acid

(N-benzoyl gl yci ne) 100 N- Ac- L- phosphi not hri ci n43 N Ac-L- ordf PRPRYFPO3 ,

N- Ac- L- net hi oni ne0 N-Ac-L-tryptophan0.4 N Ac-L-phenyl al ani ne24

N Ac-L-tyrosinell N-Ac-L-glutam c aci d100 N Ac-L-glutam ne30 N Ac-glycine59
N- Ac- L- hi stidine43 N Ac-L-Ieucine33 N-A¢®-L-valine2 N Ac-L-serine4
N-Ac-L-proline0 1. 2 Al conpounds are the L enantioners The specific

activity [ ni®mdt NgGj.ciheMiNg phpsphate, gi-b=17].5 anddyophilizadovernighbtnas aci d
t | to. 100% d t t val. 25  based 4.

Resor vt i on BoskBic it slor e KR ERARHM BisTallr Seliel wheRS AH ATt sisi no

cells of t h?naiﬁ@@niﬁft;@n@ﬁrsp%brf@i dBacd lésé’rQ@ti\)ﬁg & {oise @end fAthexpr essi on

strain pQEDEAC was fernented and induced as described in Exanple 1. The
harvest ed cé&llavingrexpetimenitasediocatalysoct ober 2003 - 10-

5 2 mg of the lyophilized cells were resuspended in 1 ml of the following

substrate solutions of varying concentrations:

(1) 10 mM N-acetyl-D,L-PPT, disodium salt { 0.3%)

| (2 50mM " " (1.3%)
10  (3) 100mM  ” " (2.6%)
(4) 250mM " " (6.7%)
(5) 500mM " ” (13.3%)

As reaction buffer, the batchés contained 10 mM NaCl, 10 mM Na

15 .phosphate, pH = 8.0 and were incubated on a shaker at 100 rpm and 37°C
for 48 h. The free PPT formed in the hydrolysis reaction was determined in an
amino acid analyzer (Biotronic LC 5001). The resulis are summarized in
Table 2. The enantiomeric phrity of the réacfion product was analyzed by
chiral HPLC using the separating column Chirex® (D) Penicillamine

20  (Phenomenex). The eluate used was 2 mM CuSQ,, 10% methanol with a flow
rate of 0.5 mil/min. Detection was carried out photometrically at 254 nm.
Under these conditions, reference solutions of L-PPT elute at 17 min and
those of D-PPT at 21 min. In all test samples, L-PPT was detected exclusively
as the reaction production. The conversion rates achieved [L-PPT

25  produced/N-acetyl-L-PPT in the substrate x 100] were between 100% in the
low substrate goncentrations (10 mM, 50 mM) and 66% in the highest

substrate concentration used (500 mM).




10 MM NaCl, 10 mM Na phosphate, pH = 7.5 and |yophilized overni ght It vvas
possible to store the cells treated in this way for severg wee ?8%

while maintaining a high specific deacetylase activity ooct 8% hemin
the follow ng experinents as a biocatalyst. 5 2 ng of the |yophilized
cells were resuspended in 1 m of the following substrate solutions of
varyi ng concentrations: 10 (1)10 nM N-ddetyl -D, L- PPT, disodiumsalt ( 0.3%

2) 50 1.3 100 "to(2.69 4) 250 6. 79 5)500 mM' (13.3% As
Fenct on but 148 3 no. RgHae oFkackii-Cb-FRT R (uneBORD KBE Sdisisesphat e

pH = 8.0 and ver e inc%ﬁ;)% i shaker at 100 rpmand 37C for 48 h. The
free PPT formed in th SIS reaction was determned in an am no acid

anal yzer (Biotronic LC 5001) The results are summari zed in Table 2. The

enanti oneri ':rpu-H—t—y—ei—t—he—r-ea-c lyzed by chiral HPLC
using the S«S@b@frhf@scﬂ@iubﬁm Chi[rrrsildt ddMitidPeni o Chararsidn2atd Phenomgnex) .
The el uate psed was nv CuSM4,| 10% net hanol wjth a flow rate of (.5

m / mi n. SDet a&lratamywad- PRTrimdd] qde-PPAdmddiet r | caI |y PRT/5cetyhD,LUPRE t hese

conditions,lreference solutiong of L-PPT elute at 7 mn and thosg of
DPPT at 21|mn In all test sanples., L-PPT wad 'Befected exclusivelly as

the reaction-,@roductlon The cgngersion rates gcfygeved [L-PPT 25

pr oduced/ N- geet ‘y’: —PRPTin-thelsubstrate x 1nm were hetween 100%.in t he
| ow subst raf &oconcentrat i ons (] 025rM 50 mvp anc 10 i n the highest.
substrat e cprcemtTatTonmused—(H00- )22 Cctolyer—2663—5—16—FHF T2Tb| e 2:

Resol uti on p1ON-acetyl -D, L- PPT|a#8 a functi on off 8e substrate
concentratifon_Substrate sol uti ¢n_Product Solutifon™ Conversiom rate
N-acet yl - D, ILS¥PT [ oM L- PPT [ nM 19BPT/ N acet yI - D, 86 PPT

10 500 ‘ 164 66

* Concentration of biocatalyst: 2 mg/mi

In the following experiment, the concentration of biocatalyst was increased
15 and reaction kinetics of the substrate cleavage were recorded. 13 mg of the
. Iyophilized cells were resuspended in 1 ml of substrate solution, consisting of
500 mM N-acetyl-D,L-PPT, disodium salt (13.3% w/v), 10 mM NaCl, 10 mM
Na phosphate, pH = 8.0 and incubated at 100 rpm and 37°C on a shaker. For
the determination of t'h_e L-PPT formed, 50 ul each of aliquots from the
20  reaction batch were removed over a period of 55 h, centrifuged and the
supernatants were frozen at -20°C until analysis. The quantitative analysis of
the reaction product L-PPT and the determination of the enantiomeric purity
were carried out as described above. The results are summarized in Table 3.
Under the chosenl conditions, the | -specific substrate cleavage was complete
25  after about 55 h. In this case, a conversion rate of about 90% and a
spaceftime yield of 483 [mg of L-PPT/g of biocatalyst/h] were achieved.



in % .105100 5025100 1004896 25010886 50016466 Concentrati on of

bi ocatalyst: 2 ng/m In the foll ow ng' experinent, the cqucentrat, of

bi ocat al yst was increased 15 and reaction kinetics of t%«%@%}Bé‘?r@ﬁg

cl eavage were recorded. 13 ng of the lyophilized cells were resuspended in
1 m of substrate solution, consisti ng of 500 mM N acetyl -D, L-PPT,

di sodiumsalt (13.3%wv), 10 nM Nad ;120 nMm Na phosphate, pH = 8.0 and

i ncubated a 0,rpm 7C on ker Far det on of the

L- PPT for rreh jbg% 31 ea #%I'ﬂ'?ﬁl@?& %Fﬁstqlfét'ofbo Ygrélg:?ﬁ wer e renoved

over a period of 55 h, centrifuged and the supernatants were frozen at

-20C until analysis. The quantitative analysis of the reaction product
L- PPT and th : ' hon of| (] Jomeric purity were carried out as
described a Regth L%-Ie jmd in Table 3. Under the chosen

condi tions,|phe L-specific subs@rate cl eavage wag conplete 25 after about
55 h. I n thFs—ease—a—converston—+ate—et—about—90% and a space/tine yield
of 483 bmg pf L-PPT/g of bi ocatﬂYSt/h] were achfeved. 22 Cctober 2003 -12
5 10 Tabl e BT Reaction kimetids of the resotuttToph of N-acetyl -D, L- PPT
Reaction tij# [h]L-PPT [mM* (®BUAB7.7 459.7 9106/ 0 23181.6 31186.5 47208.6
55221. 8 Concentration of bl ocat_ladaygt: I3 ng/'ni Sphbstrate concentration: 500

mV N-acet yl 9. L- PPT

23 181.6
131 186.5
10 47 - 208.6
55 2218
*: Concentration of biocatalyst: 13 mg/mi

Substrate concentration: 500 mM N-acetyl-D,L-PPT

15
5. Immobilization of the purified' deac protein:

in order to be able to carry out the enzyme reaction with the isolated deac
protein, the enzyme purified in Example 2 as a HisTag fusion protein was

20  immobilized on the polymer carrier VINA-Epoxy Biosynth® (Riedel de Haen).
For this, the deac protein was concentrated to 15 mg/mi by ammonium sulfate
precipitation and dialyzed overnight against 1 M Na phosphate, pH = 8.0. For
a standard coupling reaction, 10 mg of the protein were slowly shaken at
room temperature for 2 days with 100 mg of VINA carrier. The immobilizate

25 was then-centrifuged off and washed 1x each in immobilizétion buffer, and
also in 50 mM Na phosphate, pH 7.0. To block free epoxy groups, the carrier
was then incubated at room temperature with 50 mM Na phosphate, pH = 7.0,
50 mM 2-mercapto-ethanol for 1 h. The biocatalyst was then stored at 4°C in
1 mi of 5 mM Na phosphate, pH = 7.0, 0.02% Na azide. For the determination

30 of the protein coupling, the protein content of the solution was determined
before and after immobilization, and also in the wash solutions, with the aid of
the Bradford method [Bradford (1976), Anal. Biochem. 72: 248-254]. The



15 5. Inmmbilization of the purified deac protein: In order to be able to

carry out the enzynme reaction with the isolated deac prcgzeé' nzyne
purified in Exanple 2 as a HisTag fusion protein was 20 immglbl?éfr%)ggon t he

pol ymer carrier VINA-Epoxy Biosynth(r) (Riedel de Haen). For this, the
deac protein was concentrated to 15 ng/nm by ammoni um sul fate
preci pitation and dial yzed overni ght agkinst 1 M Na phosphate, pH = 8.0.
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i mobi | i zat i idhen i i i@ﬁ,%,l”b ;

i nmobi || zat ?gnrgg@b?jyﬁlr anr&@ﬁg:% g%dlggg%gcﬂ rgﬁcﬁlgg%mggﬁg? I(Jae, 11('p . Od.dhpggbl ock
free epoxy dheugkative legzyamerdcdivity wes + BE% ofrthebvatusddeterminech foetimer at ure wit h
‘50 mM Na pho heite PH = 7.0, 50 nM 2-nercapto-ethanol for 1 h. The

bi ocat al yst qi%so‘(%ﬂ e ed at 4Cin 1 m of 5 nM Na phosphate, pH = 7.0,
0.02% Na; azi de. For the determ nation 30 of the protein coupling, the
protein content of the solution was determ ned before and after

i mobi | i zat iGon, desalutioniof Niacetwisi,Lsphospbimothricinhusing immobilizedhe
Bradford nethod [Bradford (1976), Anal. Biochem 72: 248-254]. The 22

Oct ober 2003 - 13-degeRnzyrae i ajGalupnreagier:jeacet yl ase was neasured before
and after inmobilization using the radl oassay described in Exanple 1.
After coupling, the relative enzyne activity was > 90% of the val ue

det er mi ned fiag of Bzyrilé FpalovRIZaRs Bhéﬂsf‘we@bl‘ﬁ} wie fldetiigl #Eolumn reactor
N-acetyl - D, L- phosphi nothricin using i nmobilized deac enzyne in a colum
react orl0 1 @nefusefigma bicarbalyst foathe (assldionwivgnoys wescemsated substiate col um

reactaor 10 i t al [ the.r tion of .vari,ous

concent r at 0L RLE FAVERL BT RIRYP B 1% sb S S BBLoPSRoBlaMRR R b ¢ ot
sol utions ceoheentedtidniert N-aBe8MD, BRI WighniSnate kit D10 W Nadi, 30/ um
salt in 10 mM NaCl, 10 Na phosphate, pH = 8.0 indicated in Table 4. The

vl h
reacti ons whlaePhesphatel pblie 8.Qindigaedn Tabled alhefeapfonsyre Taeriedant i ons

were quanti fj 1 i 0 ) - PPT t, ] . materi al
flowi ng thr %tgﬁo(?ﬁogdaﬁ{éﬁ%%fn%a%a@eor%aggﬁgﬁgggécﬁ]@é@ﬂ%Bﬂ&{ @etéﬁﬁm I°Pal  HPLC
(see Et8npl of the. L-FIRS preseht i theanateriab fiowied throublthe célumm ®yithehes bi
conversion rate of, 83% was achi eved using the hi %hest substrate

concent r at | 8FEQ 8¢l R ysimand gBirrbAELC sedviaginie f)-olie resulis are

presented in Table 4. The highest conversion rate of 83% was achieved using
the highest substrate concentrations (500 mM) and the lowest substrate flow
(0.03 mi/min). The space/time yvield increased with the flow rate and the

20 substrate concentrations and reached the highest value of 181 [mg of
L-PPT/g of biocatalyst/h] at a substrate concentration of 500 mM and a flow of
0.3 mli/min. Over the total experimental period, the immobilized deacetylase
showed a good stability and still had about 80% of the starting activity after 10
days at 37°C.



(0.03 mM/mn). The space/tinme yield increased with the flow rate and the 20
substrate concentrations and reached the highest value of_1 f
L- PPT/ g of biocatal yst/h] at a substrate concentration ofz%géohgﬂg@ﬁa a flow
of 0.3 mM/mn. Over the total experinmental period, the immobilized
deacetyl ase showed a good stability and still had about 80% of the
starting activity after 10 days at 3734 22 COctober 2003 5 10 15 -14- Table

4: Resolution of N-acetyl-D, L-PPT using inmmobilized deac enzynme in a col um
react or Subskdded: sol UBeSUEIMOF N%tpﬁ%&tﬁ?T%Wﬂgﬂ@WIQ@ leaci me yiel d

N-acetyl -D, L- PPT [m /g |t { of L-PPT/g [ MM L-PPT [nM [ % of
bi ocat al yst/h]* 1000. oLis '594‘85'5‘@%2&@ 0.513. 82891 2500. 138. 43150 0. 3
. 25.02099 0.518.114119 5000.171. 12893 0. 346. 018181 0.526. 311173

5000. 03208. 28382 Reactions at 37C 22 Octoher 2003 -15
| Substrate solution | Flow rate { Product Conversion | Spaceftime yield
5 N-acetyl-D,L-PPT | [ml/min.] | solution rate [mg of L-PPT/g
| [mM] L-PPT [mM] { [%] of biocatalyst/h]*
100 0.1 29.7 59 39
0.3 220 44 87
, 0.5 13.8 28 91
100|250 01 |384 31 50
0.3 25.0 20 99
0.5 18.1 14 119
500 0.1 71.1 28 93
A 0.3 | 46.0 18 181
15 0.5 26.3 11 173
1500 0.03 208.2 83 82

*: Reactions at 37°C



CLAIMS 1. A process for the preparation of proteinogenic or

nonpr ot ei nogeni ¢ L- amno acids fromtheir racem c N acetyl - I? L
derivatives, which 5 conprises (a) selectively deacetyl at’ n% Rpee{(,zg%l -
derivatives of the corresponding L-am no acids by an enzynmatic resol ution
by nmeans of isol ated, reconbinant hi ﬁdi?r'at e hydrol ases, while N acetyl -
derivatives of the correspondi ng D arigq&ici ds are 10 not deacetyl ated and
(b) separating the deacetylated L-am no acids obtained preparatively from
t he nondeacetyl ated N-acetyl-D derivatives and/or the inconpletely

deacet yl at ed. N- aé‘epl;doessd@nﬁh@qirepaﬁatloh%f%)rofaﬁ@og[&r%@ﬁﬁoﬁﬁr&éiﬁbﬂ@ﬁci (0 claim
1 for the preparati,on of r'%hosphl nothricin 2
N-acetyl -D, L- pho?Hﬂf‘ﬂ@P Tepmm their ragrmig Mwesstyl 4 Ldetivatives, whithi m 1 for-t he

preparagi on of Lng g% 20 acid, L-histidine, L-leucine, L-glutam ne
and/ or L-phenyl aFanl ne from their corresponding N-acetyl-D, L derivatives.

4. The process as cl aiaed séle(@ﬂeewrdéﬁééﬂflé‘ﬁng?Naéd&yllLng@?tn)@%eéf%g the

enanti osel ecti ve productl on of one or nore L-am no aci romtherr
correspondi ng raceni cCRIrasrR@ndingLraming acids bysan enqmatloatésoumousbyng t he

enzynmes dead from Ste S nd/ oy, deac2 from Conmano

aci dovorans. 5. The pﬁ%tgégg)l?i%&qﬁﬁa?r ﬁ%@ﬁnﬁﬂéhﬁpuiﬁ;?@ygfo’@%ﬁ r’ﬁéh‘iP ’ND 3,
wherein the 30 enanthest9l-BUdrivatives SHed d?rlig t

L-glutagm c acid, L histi gl ne, L- Ileum ne, &Sh’ﬁﬂ am n 505\15,;?1% £|:(LH§ enyl al ani ne
fromtikir cor respon‘él@trf@a%@é&ted N-acetyl - D L derivatives is carried out

usi ng 22 Cct ober r?uOO?’ -16- the. enzynes dead from St enotrophononas sp.
and/ or deac?2 fr &Y comanonas aci dovorans. 6. The process as clainmed in one
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one or nore of clai mPrepawtigelniiendhe mendeacetylated N-acetyl D derivatives

and/or the incompletely deacetylated N-acetyl-L derivatives.
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2. The process as claimed in claim 1 for the preparation of L-
phosphinothricin (L-PPT) from N-aCetyl-D, L-phosphinothricin.

3. The process as claimed in claim 1 forthe preparation of L-glutamic
20 acid, L-histidine, L-leucine, {.-glutamine and/or L-phenylalanine from

their corresponding N-acetyl-D,L derivatives.

4, The process as claimed in one or more of claims 1 to 3, wherein the

enantioselective production of one or more L-amino acids from their

25 corresponding racemic N-acetyl-D,L derivatives is carried out using
the enzymes deacT from Stenotrophomonas sp. and/or deac2 from

Comarnonas acidovorans.

5. The process as claimed in one or more of claims 1 to 3, wherein the
30 enantioselective production of L-phosphinothricin, L-glutamic acid, L-
histidine, L-leucine, L-glutamine and/or L-phenylalanine from their

corresponding racemic N-acetyl-D,L derivatives is carried out using



reaction tenperatures are approximately 25C to 65C. '10 8. The process as
claimed in one or nore of clains 1 to 7, where the subsg{q@e hs %w?sent in
a concentration of nore than 50 mMto 1500 nM 15 9. ThefUS&OBs or
more hippurate hydrolases in a process as clainmed in one or nore of clains
| to 8 for the enantiosel ective productfon of one or nore L-anino acids
fromtheir corresponding racemc N acetyl-D L derivatives. -20 10. The use
of one or nore hi Y, l,.ases 4,n_a process as claimed in one or nore
of olaims 1o 8 hornkbeg IR PrBb e taRes SR w1e/pr deacd from

phosphi not hri ci n,Cédmah#a® dcidsiidtand.- hi stidine, L-leucine, L-glutamne
and/ or L-phenyl alanine fromtheir corresponding racemc N acetyl-D,L

derivatives. 25 11. The use of dead from Stenotrophononas sp. and/or deac?2

from Conmanpnas i dovorans in.a process as clainmed in one or nore of

clainms 1 to®8 for 'ErRICERSHEP SRIMEEHNwaesTdnoE elglaisns bite Sowhepe the - ani no
11. The

acids fgomtheir i 1 - L 30 derivyatives.

use of gead fromr%%rﬁl[g?raﬁgﬂlgﬁgﬁgggq’w 8%%?@&%&?#&%958 ober 2003 -17
Conmanpnas aci dovionmobilizeddognocess as clainmed in one or nore of clains i
to 8 for the enanti osel ective production of L-phosphinothricin, L-glutamc
acid, L-histidine, L-leucine, L-glutam ne, L-phenylalanine fromtheir

correspond i‘ P9 T PRI CodSRE iRl idEhE LSS claims 1 1o 6, where the

reaction temperatures are approximately 25°C to 65°C.
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8. The process as claimed in one or more of claims 1 to 7, where the
substrate is present in a concentration of more than 50 mM to
1500 mM.
15 9 The use of one or more hippurate hydrolases in a process as claimed

in one or more of claims 1 to 8 for the enantioselective production of
one or more L-amino acids from their corresponding racemic N-

acetyI-D,L derivatives.

20  10. lThe use of one or more hippurate hydrolases in a process as claimed
in one or more of claims 1 to 8 for the enantioselective production of L-
phosphinothricin, L-glutamic acid, L-histidine, L-leucine, L-glutamine
and/or L-phenylalanine from their corresponding racemic N-acetyl-D,L
derivatives.

25

11. The use of deac? from Stenotrophomonas sp. and/or deac2 from
Comamonas acidovorans in a process as claimed in one or more of
claims 1 to 8 for the enantioselective production of one or more L-
amino acids from their corresponding racemic N-acetyi-D,L

30 derivatives.

12.  The use of deac? from Stenotrophomonas sp. and/or deac? from





