22 Cctober 2003 (12) NACI I DEM VERTRAG UBER DI E | NTERNATI O\IALE
ZUSAMMENARBEI T AUF DEM GEBI ET DES PATENTWESENS ( PCT) VERGHE,

| NTERNATI ONALE ANMELDUNG (19) Wel torgani sation fur geistiges gent ur n
Internationales Biiro

111111111111 llc’ln é{g&llllllllllllllllllll 111ff111111 [TIIN 21111111

10) Int s LF 2 EPES001)
b WO o1/ ngégnil (4%‘)&;&(&?%%@%@&%%% r”&I %N“ﬁlgiﬁg'%g;gsg&t tm (51)

| nternati onal e Patentkl assi | kati on7: N 15/55, 11108, 9180, Ci12P

31/ 00, 13100 §d kBl SRS oA £8 AT "\; © e b A

| nt er nati onal es Annmlida

Ei nrei chungssprache: (26) VerSffentl JHgssprache: (30) Angaben zur
Prioril at (43pRutmthabontdedlichiisditim362. 9 20. {(10) lntethd@Ralé Peborenttich @eymbEr (71)
Annel der (fir2alinpaBedt 2HM20H31 aat en T AusnahnW(Qr 61/05982 AVENTI S
CROPSCI ENCE-GVBH-(-DE/-DEJ—Bruhi-Agstrasse-50, D 65929 Frankfurt (DE) (72)
Erl i nder Tsl)amdrngliﬁﬁa%;ﬁmwamﬁem:bﬂn meti@8ns/gsaur flufrEElB) GE, BAFWSEIH, INK ARISG, Kf n;%/ DEJ;

| m Kl ei nf el 5450 B2HAE P Koni gstein (DE). "X B3IEBR NG, Ay, MX,
(nat i onally 1odEmicAB AlbaciodM  AUrcrhidosé Bﬁoghféﬁmﬁvm DGR TR TR

CuU CZ, DM Dz, EE, G, G, HR, HU, ID, 'S, JP, KG XP, KR Kz,
LC, LK, |(_2FQ InLrlmtloLa‘?s AWN‘"’"R’% JNK%OOOIYIKDG zw) M‘ BcsthQung&gaten P{l'egmnBO Aﬂ‘é) Pa§ﬁ(cf$|
SK, TJ, TM TR, IT, UA, GM, KE, 1.5, MW, MZ, SD, SL, SZ, TZ, UG, ZW), eura-
(25) Einreichungssprache: Deutsch sisches Patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
europiisches Patent (AT, BE, CH, CY, DE, DK, ES, Fl,
(26) Verdifentlichungssprache: Deutsch FR, GB, GR, IE, IT, LU, MC, NL, FT, SE), OAPI-Fatent
(BF, BJ, CF, CG, Cl, CM, GA, GN, GW, ML, MR, NE,
(30) Angaben zur Prioritat: SN, TD, TG).
199 33 3629 20. Juli 1999 (20.07.1999) DE
YergfTentlicht:

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme
vor US}: AVENTIS CROPSCIENCE GMEH [DE/DE];
Briiningstrasse 50, D-65929 Frankfurt (DE).

—  Mit internationalem Recherchenberichi.
— Vor Ablauf der fir Anderungen der Anspriiche geltenden
Frist; Verdffentlichung wird wiederholt, falls Anderungen

{72) Erfinder; und eintreffen.

(75) Erfinder/Anmelder (nur fir US): BARTSCH, Klaus
{DE/DE]; 1m Kleinfeld 54, D-61462 Konigstein (DE). Zur Erkldrung der Zweibuchstaben-Codes, und der anderen
Abkdirzungen wird auf die Eridirungen ("Guidance Notes on
(81) Bestimmungsstaaten (national): AE, AG, AL, AM, AU, Codes and Abbreviations") am Anfang jeder reguliren Ausgabe
AZ,BA,BB,.BG,BR,BY,BZ,CA,CN,CR,CU,CZ,DM, der PCT-Guazette verwiesen.

(54) Title: METHOD FOR THE PRODUCTION OF L-AMINO ACIDS FROM THEIR RACEMIC N-ACETYL-D, L-DERIVA-
TIVES BY ENZYMATIC RACEMATE CLEAVAGE BY MEANS OF ISOLATED RECOMBINANT ENZYMES

U001 O

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON L-AMINOSAUREN AUS ITHREN RACEMISCHEN N-ACE-
TYL-D,L-DERIVATEN DURCH ENZYMATISCHE RACEMAT-SPALTUNG MITTELS ISOLIERTER, REKOMBINANTER
ENZYME

(57) Abstract: The invention relates to a method for the production of proteinogenic or non-proteinogenic L-amino acids, especially
L-phosphinothricin, from their racemic N-acetyl-D,L-derivatives. The method is characterized in that: (a) N-acetyl-L-derivatives
of the corresponding L-amino acids are selectively deacetylated by enzymatic rmcemate cleavage by means of isolated recombinant
ey enzymes while the N-acetyl-D-derivatives of the corresponding D-amine acids are not deacetylated and (b) the deacetylated L-anzino
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“~ (57) Zusammenfassung: Ein Verfahren zur Herstellung von proteinogenen oder nichi-proteinogenen L-Aminosiuren, insbesondere
L-Phosphinothricin, aus deren racemischen N-Acetyl-D,L-Derivaten ist dadurch gekennzeichnet, daB (a) durch eine enzymatische
Racemat-Spaltung mittels isolierter, rekombinaner Enzyme selektiv N-Acety)-L-Derivate der korrespondierenden L-Axninosziuren
deacetyliert werden, wihrend N-Acetyl-D-Derivate der korrespondierenden D-Aminosiuren nicht deacetyliert werden und (b) die
erhaltenen deacetylierten L-Aminoséuren priparativ von den nicht deacetyliertien N-Acetyl-D-Derivaten und/oder den nicht voll-
stindig deacetylicrien N-Acetyl-L-Derivaten getrennt werden.
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15 example, in DE-A-2939269). On account of this, only very low space/time

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



deacetyliert werden, wa' hrend N-Acetyl-D-Derivate der korrespondierenden
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N- Acetyl - L-Derivaten getrennt werden. 23 Cct ober 2003 -1- Process for the
preparation of L-amno acids fromtheit“facenic N-acetyl-D, L derivatives

by enzynati | : ﬁ%ﬂ - 1 80 ophj tyenzynes 5 The
producti on %Pbsﬁgieggﬂﬁ%bo'?éeép ogeﬁlo%fcging%%%@ga Tywﬁé@ﬁ&gﬁ?lnot hricin) by
resol ution ¥andtiomsgMhpyatént appticaticdIDEA&-2930269 wldyDEBA-271heem descri bed
by cl eavage of phenacetyl phosphinothricin with penicillin G acylase from
Escheri chi adlﬁS’FC?SEﬂbBI Ksberbicidal actine of yacerais @‘Qﬁphlflﬂi’éfﬂﬁat}ﬂ?]ﬁﬂ@ﬁ'frgg?mever,
IS nore co Iy C d'i’@,é*‘ C sive in 10 conparison with N Ac- :
However , pgﬁ%(!fl ?’ﬁﬂ' . a@wg-ls—gé@g'g‘ no specificity for aliphatic acyl

radi cal § anth thisisoahection itspecintéretting tdt the dealitllaset H6lind krausivagy ! ases
| i kewi se have no or only a | ow substrate specificity for N Ac-PPT and have

previ ousl y EeRyesRe h-nptiyrarsioh NreestsbPRIT, apd of Naaeetyt ?@iwaﬁiwesm hout
B & 26502089 e A OTIESHHIE Bt o8 Hon sB5oiiub TP B Pyparas wer e

achi evabl e. thehefopaerodlleaply|suitatiite thé-Brebatada dBLdinsinbeRass, iMBartleupeci fi ¢
cl eavage of N-Ac-PPT carboxylic acid esters by acylase |I. Even this enzyne,

however, ha@f the hesbicidal actiyé pempprad trpkosphimdhiicin fraol teirracemiteNef or e

i & at tertfi [ ¢ itional ;synthesis step in . th 20
b epar 10 ondesf Vel @b wBPoting B ASRIHIE or FEGIETh eh Fhsatos dor
descri bes tdersplecinfthe ;iaft@rhtaépﬁmaﬁ{msl EP?A@S(ﬁlozg?@EeA%mngdrﬁn soi |
acetylam no acids, prefera

if‘glé late §/| %E@%ﬁfﬁ@?ﬁﬁé} éig%%@ﬂet disagvantages 1ok the preicegses inthe té@e_
O account FrepfETicatoRt BbEAMICRINE MRy AN BRI RISV o1y
tests carrilew substratd comentasionbl(@bdu Gbwintthaicabbof deapaient apphcaRwcr i bed
bel ongié © té\fﬁ&g},"ggég) cha{nplg)éj trar?*}p(laoyhe%? r0?1I a%sc%fmt( (I)EfC wf?;i'c?l'i%dt?szt%éi m%sb(ialit? ?st ural
to be assessed as low, that (2) reaction is carried out with nonisolated
énzymes, on account of which the problems of side reactions 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



30 substrate is N-benzoyl glycine, an am no acid derivative having an
aromatic N-acyl function. It was therefore interesting tzléaéctz)ge\?%(]gnzynes
can also accept N-acetylated am no acids, in particular

N- acet yl phosph-nothricin, as a 22 Cctober 2003 -2- substrate, these being
am no acid derivatives having aliphatiec3\acyl functions. The patent
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novel deacetyl ase%ﬁ(such as already c ér g?ﬁé#?&%ﬁggtﬁaﬁé&agggﬁﬁé[%@ in a
sui tabl e foPresefd anount, and in nmaking it possible with the aid of these
25 enzynmes to prepare L-PPT and sone proteinogenic L-amno acids fromthe

chem cally very easily accessible racemc N-acetyl-D, L derivatives by
resol uttson Whekldhigd of irklid daaid R0 AU EId L l??'s‘, bf(rééad' BebAietBfSed fi Wi Ch
the enzymatic activity is already approximately nov%,
. 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



30 and in which cloning of the nucleic acid sequence encoding the enzyne
has al so already been carried out, the first operation cgﬁsﬁé %r'603 .
transferring the appropriate nucl ei ¢ aci d fragment to a’sui 1 & vector in
order then either to carry out overproduction in a suitable bacteri al
strain, and/or in order to 22 Cctober 2803 -3- isolate the protein after

t he overexpression. The enzyne isolated in this way can either be used
directly for the enzyn@gdaetylateeti on or el se attached to a matrix by neans
of suitable corpllng groups. 5 Afirst enzymatic test is advisable in order
to obtain g confirmation as to whether the desired reaction is
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appr opr i al erLXBfRBShRAnY SERch, RSl b nridser below in Example 1 in
order thus to ensu necessary extent of unequivocal substrate
specifilGity and the absence of side 20 reactions. Thus, although it was

possi bl e in he a nnta on DE-A-1 9652284 to show that N-acetyl-L-PPT is
deacet yl at el eu@v Lg sa&efede@t?%t%ﬁ&memform%emra is not also

deacet yl at eghnéﬁhﬁ; £18) LbisiRiin ACkiReoL - @bﬁa?ﬁhé'andko ARG AStf M

N-acetyl - PT, however, 1s an el enentary preconditio

use int endet!hehreccce're%nﬁhtg NracetyltDh dezivatiess by emzpmatie sssdiotiort.he
preparation of proteinogenic or nonproteinogenic L-amno acids fromtheir

racem c N-acetyl-D, L derivatives, which conprises
15 The invention furthermore relates to a process which comprises carrying out

the enantioselective production of one or more L-amino acids from their
.corresponding racemic N-acetyl-D,L derivatives using one or more
deacetylases from the group consisting ef 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?



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

correspondi ng L-am no acids by an enzymatic resol ution by, 5 (gg‘ag%%%b
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of the corresponding D-amno acids are not 22 Cctober 2003 deacetylated 5
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furthergore relates to a process which conprises carrying out the
enanti osel ective production of one or nore L-amino acids fromtheir
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L 51 ut am neoGrsing niotERus s bR Endilshs Aol i muariy T phBisk
N-acet yl - D, $patertimetyiolds, id Pargcflarusing T8 fecotRisinght/d [h&&dmnt he group
consi sting of the hippurate hydrolases. In particular, the invention

rel at e0t o iMeRjEeeEIGIA-ch conprises carrying out 25 the enantiosel ective
production of one or nore L-amino acids fromtheir correspondi ng racemc
N-acetyl -D, L derivatives using the enzynmes deac7 from Stenotrophononas sp.

and/ or deacPhd invenfiomuriirasmaeirdiNes e dAiMy-8apsahE! @E6sssake descri bed
in DE-A-19652284), and in this context very particularly the processes

whi ch conprdessribad apoNg abeagtiasn 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



30 enanti osel ective production of L-phosphinothricin, L-glutamc acid,
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descri blg)d a ?gﬁ.gﬁg teaction tenperatures of approximately 25C to 65C,
preferably at r 4ETT on tenperatures of approximately 30C to 45C and 15

particularly preferably at reaction tenperatures of approximately 35C to
40C. In addition, the invention relates to the carrying-out of the
processes Hescr Preduction of dbe sicacteratymne as aareicombinanat protedpioxi mately 10

nMMto 20 1?%0 . pref eL,_abI yat substrate concentrations of greater than 50
M  parti caParf Cﬁfaef-‘e ‘ably at substrate concentrations of greater than

250 MM and very particularly preferably at substrate concentrations of
greater than 500 nM 25 The invention furthernore relates to the separation

of thetd- arfive degbd stluckial gt fror SleRbRENESH oM b[,)pt B8dmgdoPhnt he steps

descri bed above fromthe corresponding N-acetyl-D, L derrvatives, which
have eit herN#rPBdespacificdearetylase, was closedasea 314 kb BaetifSdll ftagineat i ve -

96 MOt PeendBatmbEd f e KASEET2641TRto I BI% PSS Yeavage it oftha. | VA Ve
' HisTag expression vector pQE30 from Quiagen [Quiaexpress Kit, Type IV,

Catalog No. 321489, Stiiber et al. (1990), in Immunological Methods,

15 Lefkovits, I. and Pemnis, B., eds., Vol. IV, Academic Press, New York,
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




In this context, utilizable processes are the use of ion-exchange Con
chromat ography on an acidic ion exchanger or else the ext tion t he
N-acetyl-D, L derivatives by neans of an organic solvent,;%ﬁ§ﬂ°@@f2 gr 22
Oct ober 2003 -6- exanple, of nethyl isobutyl ketone, the L-ami no acid or
the L-PTC produced above passing into the aqueous phase, fromwhich it is
t hen concentrated by drying. 5 Exanpleg- 1. Production of the deac enzyne
as a reconbi Escherichia cols: 10 The deacl structural gene

from St enot r@@%’%ﬂf{?g@?@%@?&dd&’ Rd- ft8rmidNa®l, Ae-reiiNag phesphatedpHchby| ase,

was cl oned aaﬁ.lf egqplalb/ t : | ' - A- 110652284)
into the Bam Tégﬁa@cﬁeavagfgﬁgi%g Og?ﬁ? ﬁféallt&ﬁ@%@é@i&ﬁr}%fs})&[@nﬁ9iﬁ% pQE30
from Qui ager -PRI foareredr 846 elch of Aliqueots ¥f theGasabawhbe wetd Bhly-8ldubethiet al .
(1990), in Immnol ogi cal Methods, 15 Lefkovits, |. and Pernis, B., eds.,
Vol . 1V, Acdﬂ\é‘?ﬁ%"'P%@é%graﬂgwovdﬁﬂl—c}99!'”'9%91652? (Margk) Msing ul ar - bi ol ogi cal

. . ror | IR
For exarmy e ProPRnBpSS aiifid w7 8 e tneRbBicBEfyE veRBRuRiE ) ar
bi ol ogy, Johmadl Vieiblabg aSeavadidgrnpiiool X-Eyeilfel | gat ed 20 construct was

transfornmed in the bacterial strain E. coli M5 recommended by the
manuf act ur eFof the guantiicatign ol shesnane reactions thetast batahesawerenmeasursg/ n

or ot of n was | s P ORR R on SR B S 8nG oL R IILER B S0l 5

h after indiH Ry, 209 aiethiasblapH-=20G21NbvIratd1 0. 5vaMhiAY Wikigkithéde 25

protein. By means of +8DS/pol yacryl am de el ectrgphoresis of cell aliquots of
the in8ucegordiyars, [ iGl-lekd %@%@%ﬁ’é‘*-ﬁdntﬂ\e@f&[ Eﬂrél‘&lp%f]'hb-%ﬁatfum on
protein as ditional band of 49 kDa. The enzymatic activity of the

deacet yl ase fusion protein was detected in a 30 radioassay using

[ 14C] - N- acelthe-expRESEias clane tavingthe. hiflesstiNMasetyRP0OPSulspeafiie 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



of the induced cultures were perneabilized at 37C with 0.5%tol uene, 0.5%

et hanol for 30 mn. The cell pellets were then resuspen%;%lér{ %eSrg%?J each of
22 COctober 2003 -7- 0.1 mM [ 14C] - N-acetyl -L-PPT, 10 nmM

phosphate, pH 7.5 and incubated at 37C for 1 h. For the qualitative
determ nation of the [14C]- L-PPT fornmed, 5 pl each of aliquots of the test
bat ches were analyzed by thin- |ayer c’ngomat ography on HPTLC cel | ul ose

| at Me | :.259 I t. Th
Fadi oact | ve dbRAtibeRay xRt Jrciioe balPhes 974 af Big swﬂﬁw?rxiﬁzw %iim For
the quantifican priopiN-bbsyenpPe rtesa%rs E0nditiBfs: ts%%taﬂz%z e measur e ed

i n radi o- HPLC uslI ng Spherl sor bl as a separating col uent:
KH2PO4, . 10%uastitativel enqwmeﬂeiegmnaﬂboy\meqlretef@frﬁcmmsmaye |ridudated ﬁtes e 10

'conditions, PT .el .yt ed a cety PPT at 6.5
mn. The exé’&17 é 'Hhsﬁ Mot erey %?’ﬁg&e@t&#—@@g} ?P'\i_” °ﬁ’F’T1 é’t@t:l fic
deacet ylsase 508Ghiwnt FSATE em
guantitative deter n?bﬁlf]%%ﬁ?f{ﬂbz pr o@o%%gﬁg%@hgbout w%gy«? hﬁ%ghfeocfal
prot ei n andimas aminossid aoalyzdere(Bmzqme LAuE0@1)cati on and the

bi ot ransf or tlon rificati of the deacetyl ase by

.d
affinity ch esﬁ*e G ec?é%[@@%?/f%%fs‘@%pﬁ’%‘f%“ﬁ“ "i‘§8¢%lf'%d fromthe
expr essi on abé@é@:a%@&%&?y 8 rizavinig (gvﬁsps%ﬁgfﬂegf 09 ﬁrﬂo:t&e cl oni ng

described in Exanple 1 actording to gen protocol (Q aexpress Kkit)
by affini tysnbstoatafsegr)a[imm@mnnmmultum of tHeoexpresabatsearrautrwas (Ni - NTA)
under qﬁtlve CQ itio r this, 800 culture of the expression

strai Seoes‘e\%m P&'P%ﬁgﬁﬂn%ﬁﬁafﬁﬁfa%éaolaﬁe 1Gee sl Hid aoiescibpicn 1. The
drey oot ed SBtcteiPtaving adpgeiaRaUy UPPERLEDm L Eiroteh Tha Y pudty '} ABHL o 2"

| ysat e (12080%. of _total protein) was treated with 4 ml of 50% strength
Ni - NTA suspension for the binding of the H sTag fusion protein and the
material was then | oaded onto an enzynme colum. The affinity matrix was

washed withg10 VQhEQﬁ‘Eté’&ﬁ)%@iﬁ'&l@‘HﬁC% 88 Efé%ﬁvﬂ&%ﬁﬂe"&é#ef#%eof elution

30 buffer. To chec pur| |ca Ion uot's
di sruptbon, of the

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

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 hvi f’é'o?r%c t he
various protein-containing fractions was determ ned usi nght't glo (Qgtssays
22 Cctober 2003 -8- described in Exanple 1 (reaction batches: 9 pl of
protein solution + 1 Nl of 1 mM[14C]-Nacetyl-L-PPT, reaction conditions:
see above). For the quantitative enzym®-determination, the protein
fractions were jncubated at 37C with 50 nM of N-acetyl-D, L-PPT (9 pl of
protein sol #i&h + 1 ul of 5 500 nM N-acetyl-D, L-PPT) for 30 mn. The
resulting PPT was then neasured in an am no acid analyzer (Biotronic LC
5001). The protein in the crude extract after cell disruption had a

speci fic debaseyl: Substrate spéaificy & thealdagkrmimerotein (1 ncat = 1 nnol of
substrate/sec.). From800 m of culture of the expression strain, it was 10
possi ble by affinity chromatography to isolate 10 ng of Hi sTag deacfusion
protein havimga specTfit activity of—20—ncatfnmg—of—profeinr—apd a purity of
about 8D% |Rubstrederate specificity and ster ¢Beblamtivity 9% of | t he

deacetyl ase] ., I5 For the | Avesiigation of subsirate specificrty and

st er eospeci 1iF8PRYIHBCII{D-barazpylglyeibedi n, 5Ng £389 of purified|enzyme were

i ncubated in.2Q ul batches in 10 M NaCl, 10 Na phosphate] pH = 7.5
with 25 mv be%cﬂ-r PB&%P%O‘QFE}M -1-anino acids™r_of the corrpsponding D

enant i oner s| REREIQBRfHiAL 20 Table 1. For conpp ii'son, hi ppuri c| aci d
(N-benzoyl g-—yc—»—né}—ﬁﬁae—na-t—kmal—s-ub&_%e_m_, 'Mms enpl oyed.
The reacti ohgi-peiemictfivhiped at  37C for 1 h pgd then neasured in the am no
' Hpr—of—the—f+ee—ajm no aci ds.
achKvities for th

aci d anal yzgr—(Brotronmc €506 —For—Formats
Tabl e 10 nd| dbfed -iryplopbbati ve deacetyl ase
L-enanti onmefs. Of The various substratres. In ppuric acid
and N Ac- L- pPTACiehedRlpnia®,vime al so  additijo?hl |y cl eaves tlhe N-acetyl

derivatives|pf.a,r 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) Reac-N:-diGtdrmigldéigm ne and N-Ac-L | 4gq

N-Ac-L-glutamine ' 30
15 |N-Acglycine |59

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

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

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




phenyl al anine. In all cases, the enzyne was exclusively active with the L
30 enantioners, while it was not possible to react the cqrrespond] D
conpounds in any case. In all other cases tested (see Tabize&it??er?jr?@g
reaction of the N-acetyl-L derivatives only took place to a very small
extent or else noL. 22 Cctober 2003 9 5 10 15 20 at all. Table 1:
Substrate specificity of the deac enzym@ -SubstratelRel. activity2 [%

Hi ppuric acid (N-benzoyl gl yci ne) 100 N-Ac-L- phosphi not hri ci n43

N- Ac- L- or ni t116 mbBRak A fiosphate, pHhe-7.5 angdyephizes] avernight. It was

N- Ac- L- phenyl al ani ne24 N Ac-L:tyrosinell N-Ac-L-glutamc, aci 0,.

N Ac- L 6l ut PReRER CRERiS 1S el beRRUI Mis it iopiuars ReRkS & A aiess

N- Ac- L- val i pgainldififigla Righi pRAiflth difecktlasd howAtyland # fid thepipopeds are the L
enantioners The specific activity [nnol of glycinelmn/nmy of protein]
measur ed following experiments as a biocatalyst.

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).




using hippuric acid was set equal to 100% and the other values were 25 .
based thereon 4. Resolution of N-acetyl-D,L-phosphinothrigi

bi ot ransformati on using cells of the deac producer strai r%ﬁ @%g%h%@%?’m
culture of the expression strain pQEDEAC was fernented and induced as
described in Exanple 1. The harvested cells were then washed in 22 Cctober
2003 -10- 10 mM NaCl, 10 mM Na phosphattd,- pH = 7.5 and | yophilized

over ni ght . I_It vvai pﬁi ble to store the cells treated in this way for
several week<® 2ac wiigsolutipn at Nranety-[a L §h assetunciien géthesybsteate acti vity
and to use themin theqbohirQg g experinents as a biocatalyst. 5 2 ng of
the Iyophilized cells were resuspended in 1 m of the following substrate

sol utions of varying concentrations: 10 (1)10 mM N-acetyl -D, L- PPT, di sodi um
salt ( 0.3%—25606~M1-3%(3)100 M “to(2. 6% (4)250 oM 6 7% (5)500

= OO TV =

mv' (13. 3% ASubskatd Solutioni f er, [tMedbet sdieforPontlaCobrddnitdacl , 10 nM Na
. 15 phosphate H = and verfe ‘i ncubated on g shaker at 100 rpm gnd 37C

, P 8.0
for 48 B. Thel-aeet-PrFPPIrimM] ijd-PR [mMF ol ysi § L-PRIYNeacetydD dePRT 1fi ned in
an amno afid analyzer (Biotrdgnic LC 5001). The_ results are sunmayi i
Table 2. Thpenantioneric purifly of the reacti Hn' Poduct was analy

chiral HPLQ yg) ng the separatinggcol um Chirex(irJgg D) Penicillam ng 20

( Phenonenexp—Fhe—eluvate—dsed-has 2 M CuSOL, OQ%T 1 | ow

rate of 0.5 Mo/ min. Detection Wwasscarried out ghgjgoretrically at 2%4 nm
3 ' : iin and

Under‘ t hesefcomditi OTTS; referefce—sotuttrons—of——=FPFPF—etute-at—3+n
those of D-PHI0at 21 nin. In all48 est sanples, |L9®PT was det ect ed
excl usi v,elg as the reactron pfoduction. THE cgnversion rates achigved

[L-PPT 25 pr&@fliced/ N-acetyl-L-P#8in the substfa8® x 100] were betfeen 100%
Intheyg  |s00 | 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.



| ow substrate concentrations (10 nM

substrate concentration used (500 MV .
-D,L-PPT as a function of the subst
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peaction batch werlegrenoved over a period of 55 h,

fromthe 20

Rl
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i ncubat e

I at 100 rpm and 37C on a
pd, 50,1 each of aliquots

centrifuged

200 vint 1 |
VN UrTiurma

hnal ysis. The quantitative

and the supernatants—were—frogzer—at

anal ysi § of{ 1the reacti on produ@z.7L- PPT and the fleterm nati on of the
enanti omeri g puUrtty Were carrTjied out as describged above. The results are
summari zed j 4 Table 3. Under tﬁﬂﬂchosen conditipns, the L-specific
substrate cj eavage was conpl etle after about b5 h. In this case, a
conversion |rate of about 90%on1(96a space/tine vigld of 483 [ng of L-PPT/g

of bi ocat al yﬁé/ h] were achi eved181 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



22 Cctober 2003 -12 5 10 Table 3: Reaction kinetics of the resol uti on of

N-acetyl -D, L- PPT Reaction tinme [h]L-PPT [mMM* 00 127.7 4%&@%%%@ 23181.6
31186.5 47208. 6 55221.8 Concentration of biocatalyst: 13Ty d ?rate

concentration: 500 mM N-acetyl-D,L-PPT 15 5. |mmobilization of the purified
deac protein: In order to be able to carry out the enzynme reaction with the
i sol ated deac protein, the enzyme puri¥ded in Exanple 2 as a HisTag fusion

protein was 20 ihmohil.iz on the polymer carrier Yl NA-Epo Bi osynt h(r)
(ke edel o RS Seliyity o fhs QehSiyBRe Wit eARnpd beloskcin Alkdeed o’ 15 o) mi
by amoni umigishdiahiLaticdl @5h§ thékd %ﬁg i3 N ARSI Hling, M Na
phosphat e, pIH = 8.0. ! For g s?gén(gg? o%ﬁh%égﬁleggﬁglﬁ?hl% ny dgﬁﬁlpéé
prot ei n wer ghelrelatiye sinakeme activity evast e 80% aftthe erafusr detedaipedvibt thel 00 ng of
‘'VINA carrier, bilizate 25 was then centrifuged off and washed 1 x

Tt]e i

each in i mol¥99Y8d PERCSuf fer, and also in 50 mM Na phosphate, pH 7.0. To
bl ock free epoxy groups, the carrier was then incubated at room
tenperature with 50 mM Na phosphate, pH = 7.0, 50 mM 2-ner capt o- et hanol
for 1 h. Thé.bi oResolutionwafdNdvetylsb d-pHosphit@thricinlusingdmrmobitizéal
phosphate, pH = 7.0, 0.02% Na azi de. For the determination 30 of the
protei n coupl i ng,daa3cLRAYERRimaGAIUEM reActefic sol uti on was det er ni ned
before and after inmmobilization, and also in the wash solutions, with the

ai d of
1 g of enzyme immobilizate (moist weight) was loaded into 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.
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0.3 25.0 20 99
0.5 18.1 14 119
500 0.1 71.1 28 93
0.3 46.0 18 181
0.5 26.3 11 173
| 500 0.03 208.2 83 82

Reactions at 37°C



enzynme in a columm reactor Substrate solution Flow rate Product Conversion
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1. A process for the preparation of @ity nogenic or nonproteinogenic |
am nopaci ds fromtheir racemc N-acetyl-D, L derivatives, which 5 conprises

(a) selectively deacetylating N-acetyl-L derivatives of the corresponding
L-am no aci ds by Paprcmesyrﬁmthe prepafaﬂolncm Jb’&lteuﬁ@g'ﬁiﬁc of nbﬁﬁr‘o@élﬁggeﬁ%q_qnb' nhant

B' gpmuagt :C%Sr glr %Srﬁﬁo acids f?or'?nl_ thgr(;?;cemlc N- acle\t/ﬁ tDI \Iiedserl(\?/];tntfes? vs?rﬂ(r:fq coponding
5 comprises _
(@)  selectively deacetylating Néacetyl-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



10 not deacetylated and (b) separating the deacetyl ated L-am no acids

obtained preparatively fromthe nondeacetylated N acety erivatives
and/or the inconpletely deacetylated N-acetyl-L derivati v?ezgogt é 22600§he
process as clainmed in claiml for the fr eparation of L- phosphinothricin

. (L-PPT) from N-acetyl -D, L-phosphi nothtfcin. 3. The process as clained in
claim1 for-the preparation of L-glutamc 20 acid, L-histidine, L- Ieuci ne

L- gl utam ne and/ I e f their correspondi ng N-acetyl -
derivatives. %%Iegrgg@%s@%qéf]% an?tﬁoﬁﬁnﬂ?a%?egwmﬁﬂ aagfrom o 3
wherein the ena@mﬁgm@@@é@d&;&gﬁgtl on of one or nore L-am no acids from
their 25 correspondl ng racem ¢ N-acetyl-D, L derivatives is carried out

using the enzynes dead fron1StenotrophonDnas sp. and/or deac2 from
Comanonas agi dovorans. 5. The process as clained in one or nore of clalns 1

to 3, wherePn th eéb’oeﬁ%ﬁ%B?é'mgt'n\%lep?rdaaaefcﬁlams migﬁomare.mmn cin,
L-glutagic acid, de e an phenyl al ani ne
fromtheir corrgspdghlglhﬁg{ I??ggh?té ace%e%_p%;(ﬁ}%g‘r%]\?aetm 8¥ fjé" carried out
usi ng 22 Cct ober ind®@Biliz&8fotrhe. enzynes dead from St enot r ophononas sp.

and/ or deac2 from Conmanbnas aci dovorans. 6. The process as clainmed in one
or nore of claims 1 to 5, where the 5 reconbinant hi ppurate hydr ol ases

produced arg em ' ' ilihzed form 7. 0 as clalnedln
one or nor eﬁof "W@‘??goéléﬁs A%HB\%%@ i" gﬂ% Orf’é%{gtqf(‘f}‘?'fr@nﬁg} é

appr oxi mat el y 25@actioh ¥mpedius J@%ﬂﬁr@ﬁiﬁfeﬁel?%?tﬁo’@d n one or more of

cl ai ns to 7, where the substrate i's presen concentration of nore

than 50" nMto
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



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.



