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(regi onal ) : piAsRideePRET thdwaer, is more complicated and more expensive in
10 comparison with N-Ac-PPT. However, penicillin G acylase has 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



GM KE, IS, MW Mz, SD, SL, Sz, TZ, UG ZW, eura- sisches Patent (AM AZ,
BY, KG Kz, MO, RU, TJ, TM, europaisches Patent (AT, B@z(g%b&ﬁoogf DK,

ES, FI, FR GB, GR IE IT. LU M, NL. PT, SE), OAPI-Patent (BF, , CF,
CG d, M GA ON, GV M, MR NE, SN, TD, TGQ. Ver 6f fentlicht: M t
i nt ernati onal em Recherchenbericht. --- Vor Ablauf der fur il nderungen der

Anspruche geltenden Frtst; VeroffentliThung wind wi ederholt, falls

Ander ungen i and der
ander eng Sgpgfzré%féﬁ&vﬁ Eﬂg}ﬁg%{ﬁh B@Q%W%égg h%}}&@i% @%@8%&%’3 on Codes
and Abbr evi #tnativsis) ThepdratreiptidationscDEL 42939068 gRlDEdep 7 Pd4@azet t e
verw esen Nﬁfa@ﬂ t|e: METHOD FOR THE PRODUCTI ON OF L-AMD | O ACI DS FROM

THEI R RACE sedat theherbidigay aghionaf vaserpie phsphinntuicnemaneeciienVAGE BY

MEANS OF 1S ) MES (54) Bezei chnung: VERFAHREN ZUR

HERSTELLUNG%W’E@%D% %ﬁégl HREN RACEM SCHEN N- ACE

TYL- D, LstIMTﬁbbmhmbrEWé&mé@bﬁnWh e deRébtyldNes Mbuid Ekstusively! ERTER,
e

REKOMBI NANTER ENZYME (57) Abstract i nvention relates to a nethod for
the product PEAVBHN %r‘-o%ﬁﬂi@@aﬂfﬁ ©f bl-aerinl-BPdt and of dhacety! derivativasiofis,

especially M} t DL - der| vati ves.
The et hod ?éérncg;ﬂﬂ?{ag;'{] |ze H'ﬁo ?%'gg t‘)q?ﬂé%éé%f}f&'f_y TQP&%%‘F\V@? SEF the

cor r espondi m@réfomnoelmmlq&suaée t6 qh@ptepe@word@ae%whata%djéom BAACIRrI C
racemate cleavage by neans of isolated reconbinant tN enzynes while the

N- acet yl - D-¥dPpviarpicidal getive sompprad poplpsihimethricino franl teirancemis N-

deacet yhat e cids_ .ar ratively
separ a d%d f%o@%%%é‘%ggeag(g@ﬁf%{ %;12 b\'g:él{’pﬁlo(?ff%‘gﬂa%tqs\/‘gﬁﬁﬁaggg Phe

i nconpl et el %ammeﬁwﬂhetmiemmmwhoms EBLAdFS0402t | DESA-Ad80Pedurmenf assung:
Ein Verfabren sue Hers | ang von protei nogenen oil er nicbt-protei nogenen

L- Ani nosaurléf; A"|39§§§§%ﬂ%‘8f‘5wa€t @Bﬁﬁb@ﬁiﬁgﬁ@pﬁtﬁ&:pwcega@ thetherthregcen schen

enoymat | sl L alcefigh HeCHUHP i e HAYEReE \stst et Bien IR 3 e
sel ektiv I\I—Iéw@.:jolstrhtdiba)momitmtldﬁﬁ (Hosuten HuWidi the eade vf thé\FhRes appRdhtion

deacetyl i er wa' hrend N-Acetyl -D-Derivate der korrespondi erenden
D- Ani n aur[é%\aﬁé§§$2%%)&aé‘t‘% PEPIOXRSk @é‘rﬁ%@&”t gh which indusidat suitability is

deacetylien Ak erten
N Acety] - b DER Pk ed o nal ETEadn KRR it S ERESRA] of 1 on
N- Acet yl - LeDeymeat en agebumtroftwhieh tenprallefetobbirie 2208ons and subsequent

purification stéps 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



-1- Process for the preparation of L-amno acids fromtheir racemc
N-acetyl-D, L derivatives by enzymatic resol ution by rreaniz%ct&geqlz%gd,
reconbi nant enzynes 5 The production of the nonproteinogenic an no acid
L- PPT (L-phosphinothricin) by resolution with high purity and yield has
previously only been described by cl eawge of phenacetyl phosphinothricin
with penicillin G acylase fromEscherichia coli (DE-A-3048612). The
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3.5.1.32), whose natural 30 substrate iIs enzoy ycl ne,

derivative R&SeRd an aromatic N-acyl function. It was therefore
interesting that these enzynes can al so accept N-acetylated am no aci ds,
in particular N-acetyl phosph-nothricin, as a 22 Cctober 2003 -2- substrate,

these h6i ngThgicshing o indRVibyat daRenavdd Gl hadalbSaMbaSH ldescribed in
. the application DE-A-19652284. The nucleic acid fragments coding for the
appropriate deacetylases were recloned in the appropriate expression
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



functions. The patent applications DE-A-2939269 and DE- A-2717440 di scl ose
that the herbicidal action of racem c phosphinothricin er? &? f58§n its L
enantiomer (L-PPT) alone. 5 In this connection, it was interestin hat the
deacetyl ases found exclusively cleave the L-enantioners of N—acetyl PPT,
and of N-acetyl derivatives of sone pfdtei nogenic amno acids, with high
specificity. These enzynes are therefore excellently suited to the
preparation of L-am nodeasietidatedn particular of the herbicidal active
conmpound L-ph drs]phi nothricin, fromtheir racemc N 10 acetyl derivatives
accor di ng t #the principle of resolution, as is described, for exanple, in

the patent appli qp)i onsogaRaghvPBRARbet oA 23O 9:iRE Sbtdhod- 3048612.

Si gni ficant disadvantages of the processes in the three patent
appl i cati ons descri bedrraparadivelydvmndng noodeacsfrtyhated Neadea;d{D dbdvatives only
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expressi ng one or novel deacetyl ases as already characterized
i n DE- AO1 9652284) in a suitable fornland anount, and in nmaking it
possi bl e mn t.he Id of t hese 25 enzynes to prepare L-PPT and sone
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encodi ng the enzynme has al so already been carried out, the first operation
consists in transferring the appropriate nucleic acid fragnent to a
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suitabl e bacterial strain, and/or in order to 22 Octo 1 sol at e
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ei ther be ugo%ges%orn%c Vacem;c trxpacéeiylz ES &ér(fvzgtﬁ/ae%tds?nng grge %lr rsn%rgt tached to a
deacetylases from the group consisting of the hippurate hydrolases, and in -
_ particular carrying out the enantioselective production of L—phosph.inothricin,
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?



matri x by nmeans of suitable coupling groups. 5 Afirst enzymatic test is
advi sable in order to obtain general confirmation as to %t hgr épbg
desired reaction is proceeding. Al further steps serve t i t he
paranmeters with respect to the reaction specificity (based on starting
material and product), the reaction rate, the reaction efficiency, the
hal f-1ife of the enzyme enployed, and 2he possible substrate
concentratiogns. In the case 10 that individual paraneters do not
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t he- applicati on DE- A-19652284. The nucleic acid fragnents coding for the

appr opr i at efldcieBtiy the eleayaga of bbperiylDilndetiativepr opri at e expressi on
vect or sgas carried out further belowin Exanple 1 in order thus to ensure a
necessary extent of unequivocal substrate specificity and the absence of

side 20 rehcaddition, theusveraldmeiaasitd tesd o tHeeBombiridhe daRBbiyfaleison
DE- A-1 9652284 to show that N-acetyl-L-PPT is deacetylated, it was not

possi bl e t oPEIbRet Agtbiopatalysts whishrpipw thenepprapgatedeactions it teaicarTied

exclusive r i | - L-an ' a N-acetyl -L-PPT, however,
is an el erreﬁ@g%'/rqu gihoér\!‘-'c}l?siE '%t(g% COP%?&%&%SM rr‘fvgﬁ ﬂ'{%@ﬁ?'ﬁhﬁﬁ'&]gg re. 25 The
i nvention repaietimt yidldpriagetcdiar using the essurmbihan ddadetnheadpoeni ¢ or
nonpr ot ei nogeni ¢ L-am'no acids fromtheir racem c N-acetyl-D, L derivatives,
whi ch t@nprimyeabiized formse| ecti vel y deacetyl ating N-acetyl-L derivatives of
the corresponding L-am no acids by an enzynmatic resolution by neans of

| sol ated, reconbi nant hi ppurate hydrol ases, while N-acetyl-D derivatives

of the cor rEspmvention udhernwracertesifccthedardngolipbtthe488egtRacet yl ated 5
10 and (b) separating the dea_cettyl ated L-am no aci ds obt ai ned
described above at reaction temperatures of approximately 25°C to 65°C,
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



preparatively fromthe nondeacetyl ated N-acetyl-D derivatives and/or the
i nconpl etely deacetylated N-acetyl-L derivatives. The in Qﬁ%l on rzﬁ)l tes in
particular to a process for the preparation of L- phosphi PP O?L PPT)
from N-acetyl -D, L- phosphinothricin by enzymatic resolution by neans of

i sol ated, reconbi nant hi ppurate hydrol ases. The invention furthernore
relates to a process for the preparati-oh-of L- glutam c acid, L-histidine,
L-l euci ne, L-glutam ne and/or L-phenylal anine from their correspondl ng

N- acet yl - D, EXaBP&:Rfirnedybisobuiy ketone, thedormine acidi® the-PhRCarodoced
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. corresponddngngacem ¢ N-acetyl-D, L derivatives using one or nore

deacetyl ases fromthe group consisting of the hippurate hydrol ases, and in
particular carrying out the enantioselective production of

L- phospglnoEQ Igs 20 L-glutam c acid, L-histidine, L-Ieucine,

L- gl utam ne an L- phenyl al ani ne from their correspondi ng raceni c
N-acetyl -D, L derlvatlves using one or nore deacetylases fromthe group
consi sting of the hippurate hydrolases. In particular, the invention
relates to & proE’E@dumhonlof(tberpiaasemzqme §s agrecombinant peoteiaini i osel ecti ve

producti on E. G‘g g ée L-am no acids fromtheir corresponding racemc
N acet yl - D, ESGRP{GHE ¢8<: using the enzymes deac7 from Stenotrophormonas sp.

and/ or deacZ from Comanonas aci dovorans (both deacetyl ases are descri bed
in DE-A-19652284), and in this context very particularly the processes

whi ch mmprﬂs@d@abmrnctu@altgédéefr&ﬂ @t@aafrbﬁﬁ&h@ﬁés 5., Bhayabt an of
L- phosphi not hri ci glutam ¢ acid, L-histidine, L-leucine, L-glutanine

n
and/ or L- ptfa-B Pé[’nﬁsnﬁ,mﬂq@eﬂqaiﬂase was clospdrasi a§.4 ko BamHiKSaltaginen L
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carried pp. 121-152].
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




out using high substrate concentrations and/or with the attai nment of high
space/tinme yields, in particular using the reconbi nant dﬁ§ﬁ§t¥$a%ﬁ in 10
i mobilized form The invention furthernore relates to t 4 §/i égout of
the processes described above at reaction tenperatures of approximtely
25C to 65C, preferably at reaction tenperatures of approximately 30C to
45C and 15 particularly preferably at réaction tenperatures of

approximately 35C kg 40C. In addition, the invention relates to the
carrying- outa/-éfm He ©iNcacetdd-Phds dPidNalblov @ raM Napbpsaihatec pHcBAt r at | ons

of oroater ThahfghOalttl SuE P, P oRE BUBHERYS BT & BETCT r ot one
of greater tIkBRTA0bmet) Spdeavie by aliqudts ofitiay fegt bathes aldry adalBedy @i

concentratiqns of great er than 500 mM 25 The invention furthernore rel ates
to the separ@Y¥'dihremaiograpbyenddP Bl gelluloge platps (MerskE usingiuced with the

aid of tde si &0, e d. h 0 i N-acetyl -D, L

Geri vat ies THORPABRESIPAARIN 2 52 B0 AuchiC THERBRETe DRB6S e o
N-acetyl - D deade viibie by autoraaiodrastiy 660 XptsiMiy reacted - as in the case of
N-acetyl-L derivative. 30 In this context, utilizable processes are the use

of i on- exchdigdhe gHABtHERasIgR A e enzyme seadtian, thmtast batohgs were mpasurebe

extraction _ . LV | r gani.c | vent
Cuch as, 1o BAEHRLGTRIG ShherdTbR 1K K5 Soha TG cBlit (AR bl e
L-am no aci KHyPO L d0bs REthaisidpEad]. oabive raes 9l tlmihR Uiteradugous phase,
fromwhich it I s thegsconcentrated by dryi ndg.145 Exanpl es: 1. Production of
the ded® enfQnditiges.d r%k'e‘rﬁﬁ"ﬁéhﬁe%abiéifﬂmi@ﬂ EsCird-aeetybLddPEat 10 The deacl

structural geapgufrom Stenotrophononas sp., coding for an N Ac-PPT-specific
deacetyl ase, was cloned as a 1.4 kb BanH /Salt fragnment (described in
DE- A-1 9652784)exprassidrheloBsmaningShle Highestav-agetys-LtRPPispdafiic deacetylase

activity produces the deacetylase protein according to semiquantitative
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



Hi sTag expression vector pQE30 from Qui agen [ Qui:aexpress Kit, Type 1V,
Catal og No. 32149, Stuber et al. (1990), in |Imunol ogical t.hod 5
Lefkovits, |. and Pernis, B., eds., Vol. 1V, Acadenic pré%gsdﬂﬁﬂﬁWB%k, pp.
121-152]. Al nol ecul ar-bi ol ogi cal studies were carried out according to
standard protocols, as described, for exanple, in Ausubel et al. (1995),
Current protocols in nolecular biol ogy-John Wley and Sons, New York. The

Fecommended S5y BR AR ftechen Hauites: &4 of KRR SRNORFohBOer e
sel ected on 118f4 NQOFN@@@IWU#FW.r@ggti@rgctgr;@gtgﬁdslilﬁ%@%T: %ﬂﬁsexpr essi on of

reconbi nant fuslion protein was induce tion of TG The cells
wer e har vesiuaatitateyetenzyme détadoinition, thedretein dctivns 286 intubhtddat

' Ki ng- o5h tein,. B f SDS/ pol., | am

\gloraclt ngﬁgr g’?. @Fh g@l’ﬁ”?ﬂﬁ%%@?@x&@%@&ﬁﬁ'o‘ﬁéﬁgpeé‘{gﬁ%'«ré‘ﬁ"ﬁm ?\?&égf possible to
detect Bhe BOBTAM NORLISL APPSR F0ft® Thedlitih FIPlvaBath HledllrddPa.  The
enzymatic activity of the deacetylase fUusion proteéin was detected Inh a 30

radi oassay usan@minoe@cidanalyzed (BiotRbic A€ &0@1)bstrate. For this, 200 Sul

each of the.induced.cyltures re perneabilized at 37C with 0.5%t ol uene,
0.5% et ha‘nihef%ff%' .Cﬂr*ﬁs %@’ﬁpt %%?ﬁ‘&?'sdfwgof‘ﬂ@ﬁ’@%% Gnded in 25 pl

each of 22 %é@&?{a%%vnybfg. a g[%fﬁg;é%?gﬁ&%{%ﬁﬁﬁg,oflo mM NaCl, 10 nM

Na phosphate, pH'7. and’ i ncubat e _ r the qualitative
det er mi nat i subsifatefsec])lFCjm S800RRTOff cultores of hepdxprasdionftrain, dusas of the test

bat ches_were anal yzed by thin- |ayer chromatography on_HPTLC cel | ul ose
pl at es??Mer ER?S'gé %a@mﬁy ﬁpffﬁﬁzﬂ@g!' 3wy, t&r‘rﬁ@ﬁF%?Q mg of HisTag @gaedusionThe

radi oacti ve,hag |54 [ P N For
t he quanti f?cat [ ghnéwgﬁfta rfg%gﬁgy\gncgbﬁ%gt:??S%g&%?tpgg{eﬁﬁgﬁg%g%&(r\'}gr%la&r@ﬂg]ur ed
I n radi o- HHB@ausi ng Spherisorbl SAX as a separating colum (eluent: 5 nM

KH2PO4, .10% nethanol, pH = 1.92, flowrate: 0.5 m/mn). Under these 10
conditions, [14C]-L-PPT eluted at 4.5 mn and [14C]-Nacetyl-L-PPT at 6.5
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For the investigation of substrate specificity and stereospecificity of the
~deac1 protein, 5 ug each of purified enzyme 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
30  enantiomers, while it was not possible to react the correspondin_g 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._ .
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N-Ac-L-histidine 43
N-Ac-L-leucine 33
N-Ac-L-valine
N-Ac-L-serine 4
20 N-Ac-L-proline 0
1. All compounds are the L. enantiomers
2. The specific activity [nmol of glycine/min/mg of protein] measured
using hipp'uric acid was set equal to 100%, and the other values weré
25 based thereon
4, Resolution of N-acetyl-D,L-phosphinothricin by
biotransformation using celis of the deac producer strain:
30 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




15 For the investigation of substrate specificity and stereospecificity of
the deacl protein, 5Ng each of purified enzynme were incubated i ul
batches in 10 mM Nad, 10 nM Na phosphate, pH = 7.5 w t%dﬂkﬁ*’&&i’% of the
N acetyl-L-ami no acids or of the corresponding D enantioners nmentioned in
20 Table 1. For conparison, hippuric acid (Nbenzoyl glycine), the natural
substrate of deacetyl ase, was enpl oyed.10Fhe reactions were incubated at

37C for 1 h and then neasured in the am no acid analyzer (Biotronic LC
5001) for fdOraM blaChi 1@ md Necgpheaphate, 1 ¢5.5 Badlilyophilizati ewareight.Hewas! at i ve
deacetyl ase activities far t L-enantianers of the yaripus strates. In
25 add ¢ on PRSSHIG I FfRx M 0 G RBRA iRy Br s el gkt and Eneie °*
addi ti onal | yngihRANAG 4 hagh%p@@mcydeaé@ww@é BBty AndPro Wi @en?in gt ural am no
acids, in particular N-Ac-L-glutamc "acid, N-Ac-glycine, N Ac-L-histidine,
N- Ac- L- omi t ellewyinglexperimestsana, biogatalykt. gl ut ami ne and N-Ac-L phenyl al ani ne.
In all cases, the. en was, exclusively active wt he L 30 enantioners,
whi T i 5 wad O SES BEBUIEY RIS et iresdsidetiSn i miolsh dotiagcs  n any
case. In al kypihale SAcHd SSIRHinGRPceAPAfors:. the reaction of the

N-acetyl-L derivatives only took place to a very snmall extent or else noL. _
22 Cctober 2003 9 5 10 15 20 at all. Table 1: Substrate specificity of the

deac enzynme, SubstJat | . .acti Vi 4, Hi ric id

(N benzog;l g(ﬁci nei@ﬂﬁiﬁ?%%@tﬂggﬂﬁg%f?%ﬂ@g%ﬁé Q\ﬁ%ig L- or ni t hi ne37
N- Ac- L- met hygni nefh ppfic- L- erypt ophan0. 4 N Ac- Ly phgay! al ani ne24

N- Ac- L-tyrosinell

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).




N- Ac- L-glutam ¢ aci d100 N Ac-L-gl utam ne30 N Ac-glyci ne59

N- Ac- L-hi stidine43 N Ac-L-leucine33 N-Ac-L-valine2 N Ac- ?Q%ﬁ” neé
N-Ac-L-proline0 1. 2 Al conpounds are the L enantioner P ¢
activity [nnmol of glycinelmn/ng of protein] neasured "using hippuric acid
was set equal to 100% and the other values were 25 . based thereon 4.
Resol ution of N-acetyl-D, L- phosphi not hr1i1c-i n by biotransformation using

cells of th producer str A 400 ml culture of the expression
strain pQED&@%?%\és ﬁ:x%ﬁ?(‘ aQ%\dt%é RRT gssiunstign ohthaausteate. The
harvested cells were W in 22 Cctober 2003 -10- 10 mM NaCl, 10 nmM
Na phosphate, pH = 7. an% yophi l i zed overnight. It was possible to store
the cells treated in this way for several weeks at 4C while nmaintaining a
hi gh Speci f re—deacetyl-ase actiwvi f\l‘and to use themin the foll ow g

exper i ment s saﬁéﬁét;wmryst 3 SroacOfoltitisn Y Abbhigednaatd s wer e

resuspended|{in 1 of the follfow n.c1|_ substratd sol utions of varying
concent Pat i )NsaCGS!W Py EETrimM] qdePPIT-[mN} PPT, dilsEfTdNracstyl-0,LPBY) (2) 50
mV{1.3% (3)100 mMM "to(2.6% (4)250 M 6. 7% (':) 5Q0 mM' (13.3% As reaction
buffer, thejbhatches contained 10 pM Nadl ., 10 2. 15 ohosohate gH = 8.0
and were incypated on-a shaker jatg 100 rpm and “71%0

L0

50 | 25 100

100 S 48 96

250 108 86

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 descﬁbed above. The resuits 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.



for 48 h. The free PPT fornmed in the hydrolysis reaction was determned in
an amno acid analyzer (Biotronic LC 5001). The results S ri.zed in
Tabl e 2. The enantioneric purity of the reaction product %@Ctgﬁéﬂ@ggd by
chiral HPLC using the separating colum Chirex(r) (D) Penicillam ne 20
(Phenonenex). The eluate used was 2 mM CuSO4, 10% net hanol with a flow
rate of 0.5 m/mn. Detection was carriléd out photorretrlcally at 254 nm

Under these tion ference s Iutlon PPT el 17 m n and
those of D ABPISE: o1 HeRcipn Kpates g ihe rpraen o hhopepudd BaflE: e
exclusively as the reaction productlon. The conver5|on rates achi eved

[ L- PPT 25 produced/ N acetyl-L-PPT in the substramx 100] were between 100%
in the | ow I: ncent riat i mVv 50 and 66%in the highest
Substrat e chiEastoRe MY ra'nfﬁi '5"4'3'89 Cctobef 2003 5 10 -ff  Table 2:
Resol uti on p§. N—acetyl D, L- PPT @s a function of the substrate

Aaduct anl 11t

concentr at i ppr—Substrate—solutHer—Preduet—solut u1* Conversion rate

N-acetyb-D, L1PPT [ mM L- PPT [ mI2Z2.PPT/ N-acetyl -D, L-PPT in % . 105100 5025100
1004896 250 ' ' falyst: 2 ng/m In the
foll owing' kfperiment, the cor/d#h?ration of biocftalyst was increased 15
and reaction_kinetics of the suBstsate cleavagé were recorded. 13 ng of the
| yophili zed €ells were resuspdn in 1 nm of supstrate solution,
consi sting Oé% 500 nmM N-acetyl -1%1 =PPT, disodiunjsalt (13.3%wyv), 10 nM

I .

NaCl, 10 phosphate  pHI= and incubated at 100 rpm and 37C on a
shaker'. For 31 186.5
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



the determ nation of the L-PPT forned, 50,1 each of aliquots fromthe 20
reaction batch were renoved over a period of 55 h, centrlézu(?(g‘g %2%
supernatants were frozen at -20C until anal yS| s. The quan ? g aI ysi s
of the reaction product L-PPT and the determnination of the enantioneric
purity were carried out as described above. The results are summarized in

Tabl e 3. Under t he chosen condltlons the L-specific substrate cl eavage
was conplete . after In this case,, .a.conve éon rate of about
%b‘gﬁ

90% and a spsﬂ?é’) ﬂ@"@/‘?’éﬁ&%fﬂeﬁ viasg was meppieg hsfong fYyst/h] were
hi d. 2
achi eve JmiRdshetict0®sing e %dﬁ@a c?es%nb&?ﬁfEk&’rﬂ e ﬂeAf‘térgcodUﬂ:g;B7 459 7

resol ution of N-acetyl-D, L-PPT Reacti on tine

9106. 0 23181he ralaligs EPZYTROR:NIGIt SR> 80%oofdhatvahte dxetenﬁinb,lddoatmal yst: 13

‘mg/ M. Substr te conce trat ion: 500 mM N-acetyl -D, L-PPT 15 5. I mobilization
of the purlf %B PGtein: In order to be able to carry out the enzyne
reactiolywith the isolated deac protein, the enzynme purified in Exanple 2
as a HisTag fusion protein was 20 i mobilized on the polynmer carrier

VI NA- Epoxy .osyrﬂeﬁ(olptioﬁicﬁd\é-laodadeyll-ﬁﬂ.nphosﬁhindthiisi,n asiagdeanopiliged n was
concentrated to 15 ng/ni amoni um sul fate precipitation and dialyzed
over ni ght agai nst eﬁq\#wrﬁé&amlemrmaﬁero For a standard coupling
reaction, 10 ng of the protein were slowy shaken at roomtenperature for 2
days vvith 100 ng of VINA carrier. The imobilizate 25 was then centrifuged

of f and washegloflenz@as InmdbiliFaRd (rhbistiveRghtPwhS Riade@Nfto a column reactor
10  and used as a biocatalyst for the resolution of various concentrated substrate
| solutions having various flow rates. The substrate solutions contained the

concentrations of N-acetyl-D,L-PPT, diammonium salt in 10 mM NaCl, 10 mM
Na phosphate, pH = 8.0 indicated in Table 4. The reactions were carried out
at 37°C for a total of 10 days. The reactions were quantified by determination

15  of the L-PPT present in the material flowing through the column by means of
amino acid analysis and chiral HPLC (see Example 4). The results 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.



also in 50 MM Na phosphate, pH 7.0. To bl ock free epoxy groups, the carrier
was then incubated at roomtenperature with 50 mM Na phoz&h& e %_poda = 7.0,
50 nM 2-nercapto-ethanol for 1 h. The biocatal yst was th tgp th 4C in
1 mM of 5 nmM Na phosphate, pH = 7.0, 0.02% Na azide. For the determ nation
30 of the protein coupling, the protein content of the solution was
determned before and after imobilizddion, and also in the wash
solutions, with the aid of the Bradford nethod [Bradford (1976), Anal.

Bi ochem 72:130@4r54] Respluton ekhwsetyl 4pbPE L ysingrisamebitiz ﬁeacty of the
deacetyl ase was neasur far i rmobi | i zation using the

radl oassay descri bed ﬁ%ﬁﬁlagc@u%ﬂfq{eé?{%oupl ing, the relative enzyne

activity was > 90% of the value determ ned for the dissolved protein. 5 6.
Resolution of Neacetyl-D |-phosphinothricin yusing immhbilized deac enzyne

in a col um| sebskrate:solutign dfFieNzatae | PRddIt | | ZQCRNVERICH | \Wpabiticne YRty | oaded
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vari ous “conf "E‘(feé?t" SUDS t|EV@Ish| | #PHH hav fRfevar i ous (19 8W-FAEE. | The
substrate s;[ruMgons cont aijned t he gq:n:c]epﬁmp [%ps of N @pgbyéta%ﬂeh PT,

di ammoni um patt—T v NlaCt—316—pM—Na—phopphate,—pH=08-0—+Hdt€ajed in
Tabl e 4. TheplPBactions werid.tarriefl28t at B3E for a {BBal of 10 dhys. The
reacti ons WEFr€ quantiiied %Sueter Mination Ip of The LyPPT presemnt—]n the
material flpw ng through t{®¥e3col unh 2339 neans| ## ani no{ 8¢i d anal ysip and
chiral HPLG (see Exanmple 4)..The rg are resentefl 1 n Table 4.} The

hi ghest conpersion rate of 0853.% Wwas igﬁi eve 2Png  thel i ghest subsfrate

concenq atippgg (500 M) a Ngs ty subst Faje flow 68 03 mM/mn). The

space/tl me

vl

concentratijons and reachedotde highesp val ue| o 181 [rrgggf L- PPT/g of
bi ocat al ystjfht—at—=a—substfate—concentratt+orpf—566—+mwMprd—a—FHowofy 0.3
mM/mn. Ovgr the total exp&b nental 1§driod, the i mobi] 1¥8d deacetyj ase
showed a g(ﬁod stabiTity apd stilT nad about [B0% of thej starting actlivity
after 10 d at _37C. 22| Eck ober [20b3 5 28 93
03  |46.0 18 181
15 0.5 26.3 11 173
1500 0.03 2(8.2 83 82

*: Reactions at 37°C



10 15 -14- Table 4: Resolution of N-acetyl-D, L-PPT using i mobilized deac

i ol um reactor Substrate solution Flow rate Rr.oduct (5% er si on
enzyne in a c (SIQL){?bq_r_ g¥/g

Space/tinme yield N-acetyl-D, L-PPT [m/m nasolution rate |
[IF\)/I\/] L- PPT [%1\/] [ 94 of biocatal yst/h]* 1000.129. 75939 0.322.04487 0.513. 82891

2500. 138. 43150 0.3 .25.02099 0.518. 1141Py 5000. 171. 12893 0. 346. 018181

0.526. 311173 5000. 03208. 28382 React i@grd 37C 22 Cctober 2003 -15 CLAIMS
1. A process for the preparation of proteinogenic or nonproteinogenic L-
amno acids fromtheir racemc N acetyl-D, L derivatives, which 5 conprises

(a) selectively deptaeessdor the pieparttivh-of pletdineddanie r AbnpRRein6geABIRONI NY
L-amino acids by a%}ng %%YJEH rclar% tﬂgisf%gérlni%nf\lpacetyl-D,L derivatives, which
5 comprises _

(@)  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

10 ndt deacetylated

and _
(b) separating the deacetylated L-amino acids obtained

preparatively from the nondeacetylated N-acetyl-D derivatives
and/or the incompletely deacetylated N-acetyl-L derivatives.
15
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 clairhed in claim 1 for'the 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 deac? 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



means of isolated, reconbinant hi ppurate hydrol ases, while N- acetyl-D

derivatives of the corresponding D-am no acids are 10 nq getagetzbl st ed and
(b) separating the deacetylated L-ami no acids obt ai ned péze qPRe; PPy from

t he nondeacetyl ated N-acetyl-D derivatives and/or the inconpletely
deacetyl ated N-acetyl-L derivatives. 1562. The process as clained in claim
1 for the preparation of L- phosphinothricin .(L-PPT) from

N-acet yl - D, L- phospgi ici | | ai N laimi for-th
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and/ or L-phenyl al@smBgidia@Beidd\Rirknsor r espondi ng N-acetyl -D, L derivatives.
4. The process as clainmed in one or nore of clains 1 to 3, wherein the

enanti osel ective production of one or nore L-amino acids fromtheir 25
correspondi Eg racenm ¢ N-acety|-D L derivatives is carried out using the
enzymes deal f r of'SRIRGEFORRGIRIMES I8 Pneidnere efeclains i dond, Bhesertiras '

aci dovogans. 5. &Rk i ' ' e, or re of claims 1 to 3,
wherein the 30 enarﬂ'ggﬁf@@?&%hg{y@@ﬁ%ﬁp%qucﬁ-"%&eﬁﬁ?'ﬁé{?ﬁﬂf? cin,
L- gl utam ¢ aci d, ilimbbi#izedifoen. L-| euci ne, L-gl utam ne and/ or L-phenyl al ani ne

fromtheir corresponding racemc N-acetyl-D,/L derivatives is carried out
usi ng 22 Cctober 2003 -16- the. enzynes dead from Stenotrophononas sp.

' .. 6. | ai med i
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produced are enpleaytidn temperatalid areeshgrexiMatdly 25°0'@ gsecess as clained in
one or re of clains 1 to 6, where the reacfion tenperatures are

approﬂ tely 25C to 65C. '10 8. The process as clained in one or nore of

O il 1R Brddi8s RS f bre BY RFE ot blhifhs SO0 Witdre the ©F ™"
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



1500 mMM 15 9. The use of one or nore hippurate hydrol ases in a process as
claimed in one or nore of claims | to 8 for the enantiozgﬁcthvego
production of one or nore L-amino acids fromtheir correspo Ge Ef Renmic N
acetyl-D, L derivatives. -20 10. The use of one or nore hippurate hydrol ases
in a process as clainmed in one or norejof-clainms 1 to 8 for the

enanti osel ective production of L- phosphinothricin, L-glutam c acid,

L- histidine, L-leucine, L-glutam ne and/or L-phenylalanine fromtheir
correspondi ng r aé&Hn8mInas eojdovdrans idea pratcisg &s. cldbnddlin Jie onamrefofdead

from St enot rophonpnas TSﬁnes ndﬁgr deac2 from Conanmonas acidovorans in a
process as clai nE®{ b " 1he eeaptioseleglives produstigniad L-piesphinothricin,

enant i osel ecti ve [ f . ar - ' acids,. fromtheir
correspondi ng r a(lféﬁrlnggghcl\ﬁl?ggieht’% P%ﬂﬁ'-n%ol‘ggpﬁ\?gt }.Sc@%@%%& gﬁge{?g@l%maead from
St enot r ophononasfrep theirdtmrespeadihd raeeni@ NoatstheD, 12888vathksComanonas
acidovorans in a process as clained in one or nore of clains i to 8 for

t he enanti osel ective production of L-phosphinothricin, L-glutamc acid,

L- hi stidine, L-Ieucine, L-glutam ne, L-phenylalanine fromtheir

correspondi ng racem c N-acetyl-D, L derivatives.





