- WD 01/ 23582 PCT/ EPOQ 08473 WHOLE CELL CATALYST COVPRI SI NG A HYDANTO NASE, A
RACEMASE AND A CARBAMOYLASE The present invention is directeo to a

m cr o- SYQWI3S$A which is:abl'e to degrade hydantoins to ePGEHEPMASAI3Cal |y

- enriched am no acids. Especially, this mcro-organismis 5 equipped with
cl oned genes coding for the necessary enzynes. Racem c 5-nonosubstituted
hydant oi ns can be chem cally synthesized according to Bucherer-Berg nethod
using al dehydes, ammoni um bi carbonate and sodi um cyanide as 10 reactants.
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bi o- conversion to either L- or DO am no acids consists of three steps: (i)
chenical%ﬂﬁywﬁsénzynatic racem zation of 5- substituted hydantoins (ii)
ring openi ng hydrol ysis achieved by a hydantoinase 25 and (iii) hydrolysis
of the NRegérmhoy$-nmemesubstitpyredubrdanyoingdaanobeasbemdcaidyani no acid
by car bar@ﬁ@?@slzéataéebf&iﬁ% BUT 85€REEPSMIG et RoANBSRh! NE oW

I sol ated "m croorgani sns ca converting 5- nDnosubstlguted 30
hydantm|ﬁ%4%h¥@%%1n%m@EPH§m #%EaﬁbgﬁﬁgﬁnﬁﬁﬂesﬁﬂlH§lﬁgaﬂldeaéﬁescens cells

as biocat@dystantst hehépwaeazympBoathhvi pyecukspesi by thaeehzynﬁ@rll&anoyl ase

is the bottl eneck for 01/ 23582 _PCT/ EPOO/ 084 .2 substrates | eading
Lo i nartedeChion e R apHlchy apbinonacids . WIth the 1AcEedZing

demand for optically pure amino acids a lot of effort has

been made towards the isolation of microorganisms capable
for stereospecific hydrolysis of the hydantoins and

15 characterization of the enzymes (Syldatk and Pietzsch,
"Hydrolysis and formation of hydantoins" (1995), VCH
Verlag, Weinhein, pp. 403-434; Ogawa et al., J. Mol. Catal.
B: Enzym 2 (1997), 163-176; Syldatk et al., Appl.
Microbiol. Biotechnol. 51 (1999), 293-309). The asymmetric

20 Dbio-conversion to either L~ or D- amino acids consists of.
three steps:

(1) chemical and/or enzymatic racemization of 5-
substituted hydantoins

(ii) ring opening hydrolysis achieved by a hydantoinase
25 and

(iii) hydrolysis of the N-carbamoyl amino acid produced by
hydantoinase to the amino acid by carbamoylase.

Arthrobacter aurescens DSM 3747 is one of the few isolated
microorganisms capable of converting 5-monosubstituted

30 hydantoins to L-amino acids. The disadvantage of using A.
aurescens cells as biocatalyst is the low enzyme activity.
Especially the L-N-carbamoylase is the bottleneck for most



carbanoyl amno acid in the cell, which is not further converted to the
correspoweiong3sszpi no acid. By conbining the purified enzsoEerdomsiBenecks
coul d be avoi ded but due to 5 the | ow amounts of enzynmes in the cells and
| oss of activity during the many necessary purification steps this
process is not cost-effective. Al three genes encoding for the racenase
hyuA (seq. 11), the L-specific hydantoi nase hyuH (seq. 9) and the 10

st ereosel ectiive L-N-carb | ase (seg. 7) have been cloned _in E col
separately S t&?&eﬁsgﬁa‘{r’g’}/%tg’n AT R RE the drdremediaden Lak |

pr ot ei n) ( DEak®@itidiAdl amino Bicdidedmahe dellhe whildh shedot Furdhevitro

catalysis t s from thr [ ecaonhinant _.sfrajns can _he produced
15 and pur i"Jtal%ér %@os h-e_efcgote}%els\?e&}%lenr? MG ﬁ‘ec‘lg't %lyot%?g?oé'rnma?ﬂr ens
strai n. Regandifigd ez hmit lenanks anuld keavaidest dsitt ineyar ous
subst rad es e 187 IRt J1° YA n Ithe MR ERLHYE Jlf rati os

optim zed for each reaction, t is an object of this invention to provide
a further 20tEFdEMIARARDERfoRaRY ACSRESArYa PMFdLHCatie%e skePpsa thisor

L- speci fi c ppayeayilsase tc adsaclefiregaiiRer, in a process for the production
of enantionerically enriched am no acids from 5-nonosubstituted

hydant oi ns speci al | this ssihility should be suitable to

i mpl ement ea‘lﬁn <5t @sé&esse?ngﬁ ECh 1% al" S ZPE ST BR &t §\Y§5‘[ds§&y il'??has to be
nost cost - éhiee G-ispeciThiics hysladdiod nays eu iyl o swlpl @ )calnld ¢heal yst accordi ng
to claim r r.preferred r ] eGt |ai endi ng
fromclai méfeE O%i%%?c o 3' g(rjg g‘f&)%gbé?g‘%s%oqgﬁ% %50213&% gghﬁéogggduct I on
of the whola E&el Icodat seperaselvt pad expressed Coahighldexsdsliapputect a
process fonrot ke oePipduelcan ekiananbicensi@al hyoankiggheg am no acids using
t he catal yst, according to tbhe mxen i on. WD 01723582 PCI/ EPOO.08473 3

Usi ng whol B1e&rchalairy &0s PEORPPILIFRGI | of0F dBn¥LtERCGaLRYYSES the
hydant oi nagazyies #&rbydahkoithreacesesmbindnt Brraink- can be produced

15 and purified more cost-effective then from the Arthrobacter

aurescens strain. Regarding the different enzyme activities
towards the various substrates the enzymes can be combined

in enzyme reactors at ratios optimized for each reaction.

It is an object of this invention to provide a further

20 possibility of how a racemase, a hydantoinase and a D- or -
L-specific carbamoylase can act together in a process for
the production of enantiomerically enriched amino acids
from 5-monosubstituted hydantoins. Especially, this
possibility should be suitable to be implemented in

25 processes on technical scale, that is to say it has to be
most cost-effective.

This is done by using a whole cell catalyst according to
claim 1. Further preferred catalysts are subjects to claims
depending from'élaim 1. Claims 6 to 9 are directed to a

30 process for the production of the whole cell catalyst of
the invention. Claims 10 and 11 protect a process for the
production of enantiomerically enriched amino acids using
the catalyst according to the invention.



speci fic carbanoyl ase for the copversion of 5- nonosubstituted hydantoins

to L- qyobysd¥es0 acids results 5 in a fast and conpl et e porvepscusen of
racem ¢ m xtures of hydantoins to the corresponding L- or D-am no acids on

i ndustrial scale. This significantly reduces the production costs due to a
reduction of fermentation and purificat?on costs because all enzymes are
produced in one strain. 10 Advantageously, a bacteria is used as cell,
because of high reproduction rates and easy grow.ng conditions to be
appl i ed. Treirg avlzoleveebl @ataby$askqemprieim@ed&hneﬁedenaerbacodﬁhgh can

be utilizeg,jn, thSah€5PRELe, Pfeée%aﬂ&aaﬁtoﬁécbsééﬁage' Lngd Be yaed as

cell and expreSS|on systemin 1 I's regard (Yanisch-Perron et Gene
(1985), 3FPael 1qo‘9§rbwoy§a§ﬁo€%rtlaesﬁ:?wereheediaﬁeﬁr of this invention

that in raﬁd;ﬁtss@betﬂtuteenﬂweﬁeeﬂnggtéon toe bydanhei Aasas kasamege and
car ba | ase known to he arii san can be.takep to be,20 expressed _in the

whol e elll%aﬁa.?§? ef 2R ?§eaF?n§%ﬁ§%°nc% BREEBEENMEXGHFBEMPE747 (seq.
7, 9, 11) hydeneorysesot thoeconresponding 1A dheDgamthbcachdes oh the whole

|1 | | d d wback
TR T T e
accunul at ecaisie$ ndue heo @rnd@uctoﬂnlnﬁlﬂermhet@eibn 3hé puenéxpa@sgnon of

{he. ovdaniolpasgegengel a1E chitkhebeads boohecdOrARbLANSELapnCl st on

bodies (Wese et a I n preparation), I's unfavourable for a well

bal anced coexpression of all_the 30 three enzymes, Therefore vari ous
att enpls tRAVERHRILONELY AcPBIPPELR| B B?e@h%§ecﬁeﬁes RSOHSBelA RAGE This

can be doﬁepﬁdaabtﬁeﬁOﬁatesbandveaeprESﬁiﬁg &bﬁdgydaﬁbotﬂaﬁe genes in
guestion accordi ng t heir turnove ates. . cordi t he. DS
d e Syt cnvbhteRo Eiebenats Senatrs BacEEsiarkrakteld; Hir SRALRRMS vith
reduced comq;henbﬂhichythﬁ;bé3582lEEEﬁEIﬁIIBBé?BespeemtuPrhéerebﬁydanent of
the 'nStanéséﬂ¥fE£'leiscghrﬁgtﬁged as cell and expression system in
15 this regard (Yanisch-Perron et al. Gene (1985), 33, 103-
109).

It is another positive embodiment of this invention that in
principle all genes encoding for the hydantoinase, racemase
and carbamoylase known to the artisan can be taken to be

20 expressed in the whole cell catalyst. Preferably all genes
can be taken from DSM 3747 {(seqg. 7, 9, 1ll1).

The enzymes to be incorporated in the genetic code of the
whole cell catalyst naturally possess different turnover
rates. It is a drawback if the rates of co-working enzymes
25 are not in line and intermediates accumulate during the
production inside the cell. The overexpression of the
hydantoinase gene in E. coli leads to the formation of
inclusion bodies (Wiese et al., in preparation), which is
unfavourable for a well balanced coexpression of all the
30 three enzymes. Therefore, various attempts to "fine tune"
the expression of these genes have been made. This can be
done advantageously by overexpressing the hydantoinase
genes in gquestion according to their turnover rates.
According to, the DSM 3747-System the hydantoinase gene is
35 ovefexpresses from plasmids with reduced copy numbers.



to a process for the production of the whole cell catalyst according to

the inveywpopizssgd N principle all plasm ds known to the skicrierdonsarker can
serve to carry the gene into the 5 expression'system Preferably, plasmds
derived from pSC101, pACYCl184 or pBR322 are used to produce the catalyst. -
Most preferably plasm ds pBWB1 and pBMBf, pBWB4 and pBWB5, pBWB4 and

pBWs3, pBWB2 or pBWB4 are used in this respect. For the skilled worker

pl asm ds and methods to 10 produce | asm ds can be deduced from Studier et
al ., Met hdd§upkhpsoenbpgdments ot ghesdngitapitodpyeadion Neyadercten onega,
“E“/Eng'andoBhOb&B%esGIQ@&e&heobrﬁﬁb@QlBBLofNQmﬁ w@@abl@@uuecakaawhds

i 100 by SESOBAHE LR FHEASARe: TFIEF A BIS s KIAGTORDERTSE5,

1987; DenhabdtheDskllL@ddwﬁmkasanan,sérveAtsumayrgfthecgeme ihto tegul ating

Cohs) * oceapresih, Daceh “rxflerariy. BISHHUE” sy gedlitta il 0t B T
expre55|onpSQéﬁﬂGI@@FYq1ﬁ4 O BBRB22DAre. U@@@bﬁo PW@@HGGsthﬁ Enzynol ogy,
Vol ume 185.,£539eM, CM%rs%S?r 'f'%%ablysfaﬁa@hﬁ% pk%%(i aﬁangmb pBw3iritsch,

E.F. and Mani ati s, | ecul.ar cloning: a | aboratory manual 2d ed

Col d Sprln@nﬂaP§UP5LaE%WQﬁOPFdPP§y§3 CBﬁU3§pPFnQBW§4bBFe E§eﬁ ¥ fhe¥ are
|nCOprratQésbécﬁef@bgnﬁﬁeggkﬂwubh wo@k%&-@&ﬂ%ﬁiﬁboandamebﬁo&ecQﬂpgIShg? be
means kpown tq the _skil.led artisa stitutive or inducible
expregé?onp§9§P§ﬁsp&§sp%9ﬁeﬁ€& b %EQP %@s%% g ©r1§562 8. "M cr obi ol .

Rev. 60, nMethd51En53&bl301BB@feﬂéBLyGlFéB epresshumesfofhyoengynes a
rhamose  pRaieh) exby SR REOERLTLKEAS SabhR ek HRCHipkB BAAL!iBRe Primers

useful for on of the gene of the invention in a PCR are
protect ed spmligp e Pﬁﬁﬁﬁéﬁ§ wﬁ?@ﬁoﬁﬁeCﬁ§a?ﬁbﬁ@u§ﬁelﬂér exanpl e, prlners

S988 35 (spfia Elon22480a( p2actitalSagp8okedd. vALlume224%($¢deddted bl ~

01/23%%? PCT/&?CEﬁ%ver, IRL Press Ltd., Oxford, Washington DC, 1985,

1987; Denhardt, D. T. and Colasanti, J.: A surey of wvectors

for regulating expression of cloned DNA in E. coli. In:
Rodriguez, R.L. and Denhardt, D. T (eds), Vectors,
Butterworth, Stoneham, MA, 1987, ppl79-204;

20 Gene expression technology. In: Goeddel, D. V. (eds),
Methods in Enzymology, Volume 185, Academic Press, Inc.,
San Diego, 1990; Sambrook, J., Fritsch, E.F. and Maniatis,’
T. 1989. Molecular cloning: a laboratory manual, 2™ ed.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

25 N.Y. They are incorporated by reference herewith.

Over-expression can be accomplished be means known to the
skilled artisan, e.g. using constitutive or inducible
expression systems as reviewed by Makrides (Makrides, 1996,
Microbiol. Rev. 60, no. 3, 512-538)

30 Preferably, for expression of the enzymes a rhamnose
inducible E. coli promoter cassette is used.

In addition, primers useful for the amplification of the

gene of the invention in a PCR are protected similarly.

Primers which are feasible are for example, primers S988
35 (seé. 6), S2480 (seq. 1), S2248 (seq. 2), S2249(seq. 3),



. 5 82517 (seq. 4) or S2518 (seq. 5). Furthernore, all other primers which
coul d swougrgszzcarry out this invention and which are kpoywrpboosytse arti san
are deened to be useful in. this sense. The finding of a suitable priner is
done by 5 conparison of known DNA-sequences or translation of amno acid
sequences into the codon of the organi stin question (e.g. for
Streptonyces: Wight et al., Gene 1992, 113, 55- 65). Simlarities in amno
acid sequences of proteins of so called superfamlies are useful in this

regard, td@IW (($9@st$4hecetS2P18 (pomi sty RuBrbery9renoglliothen. 783) .
bract | cal abroaeh Catod by o ot T o by ot Lo Saah not
practica pr.oach, .edited by : it, res , or Ashi ngt on
DC, 1984; ‘%%Slpr%‘f%clﬁq‘%“.mAt° TP T O FRE HBES RSP pFP caei BRgEULdiRed by
M A. I nni sshild sembse Celhoufthding . ofSnanslytablle Tpdimdhi ie. ddaadpwyi ¢ Press,
Inc., San Diego,. 1990, -Th tegies are incorporated by _reference
heremﬁ?h.cﬁﬁ@ﬁ%%+é%§d%%tk%$&?ﬁ%&$ﬁ§ A TBR°F R §¥§%%§%€+8? ?ﬁeambPSduction
of enanti aerd cegdyerces chrto anh@ocadedsef whhehor@aniisml ineguasuhiohe cel |
catal yst a di t | L : t her gore, r S ksapreterred
%9{;. A9 L& LS LRAYEDL | O 1§E Der gpr ¢ &Q 88%69?%)3%

that is perforned |n an " enzyme- nmenbrane-reactor 1 1 o adopt
the turnoV&d) r S Endbian} FiesziRedmenpragiddseauenees wabl erebpineapsl $st to

each ot hercites® SuSefiihel esé 2beBibPdS 18 @ﬁi"éefc@%&f&,s-tab The genes are

expregsed with different pronmpters. The gene wt elo ctivity is
colrorbi ﬁr@d \Aﬁhr?%‘éln%t‘?'bnﬁgst OrORbEEFY afi BYP %%ergég'@d\i,\ﬁiévgﬁgége woul d

be that faideeCdngeninforindtEsentannddcioundsinecbiganyclao8ddenduce the
ol vor ot r G RERbEh gt v el v et [ aoer Ly rasr edopv e’ - i Reo TR " °
i nfl uencedPiysshardi NoxberdyWashingoon oPCt he984r aRERaProhotalsi aki on regi on
of each gefigi 4d Neo rhdOROAR! 2l Q) 230801 84d/ FERPLO8%4%$ M.A. 1Innis,
) 15 D.H. Gelfound, J.J. Sninsky and T.J. White. Academic Press,
Inc., San Diego, 1990. Those strategies are incorporated by
reference herewith.

Another aspect of the invention is a process for the
production of enantiomerically enriched amino acids, which
20 utilizes a whole cell catalyst according to the invention.
Furthermore, a process is preferred that is performed in an
enzyme-membrane-reactor (DE 19910691.6).

To adopt the turnover rate of all enzymes expressed in the
whole cell catalyst to each other there are different
25 methods to achieve this.

a) The genes are expressed with different promoters. The
gene with the lowest activity is combined with the
strongest promoter and vice versa. A disadvantage would be
that for each gene a different inductor is necessary to

30 induce the expression of all genes.

b) The genes are expressed with one promoter on a
polycistrgnic messenger. The ratios of synthesis of the
enzymes is influenced by changihg or by mutation of the
translation initiation region of each gene (the ribosomal



6 binding site) which determnes the efficiency of protein synthesis. This-
princi pweo 02368l i zed i n operons of mcroorgani sns. ThePdTER00/@84TIAgeE. | S
that the efficiency of a translation initiation region can not be

predi cted which 5 neans that for each ggne many changes in the translation
initiation region have to be made and tested (Gifantini et al., 1998,

M crobi ol ogy, 144, 947-954). c) The enzyme activity of each enzyme can be

changed by_ .nmutation usi error prone PCR (F nt, et al., 1995, Anal. 10
Bi ochem 2P4nding. s3de) ar’fgl ‘ier‘F@FF! r%#n‘iufé‘@l’ o P& 170,
389-391). Agathestily. smmwwﬂﬂcmecd@swmgzeﬂwdm@@re&'pnsdbfl nst ead of
nutagenizing enes tQ n&k zef%h%!%,f %pglgn %9%%%%” cascadg, genes
from di f f ef"&RE° FQGFH§ i C ﬁbg ghzyﬁes tth approprlng properties
coul d be caniﬁme&ltactm dpetdat it segdeods canl aoge beapaeddstedesdviich ng

such enz aﬁl e GRNELRAE gHY ﬁr%%ﬁzd cfh %’efsh%nsf%&‘i% l%&%&‘i%tl‘ah%&ht from
repllcons MAt erent copy nunbers. his Can be-t chr omosone
(single cop?}téﬁtﬂl%m%% ll/'WVIQO\JGO F?G‘dé\aéﬁeaélﬁdteﬁ’lt&ﬁ d@ﬁ}fﬁﬁiﬁﬂé‘rls etpy

constructipg vaniooigs samRIYikiegyR! agw,d9ni-bisagi.fferent copy numbers and
antibiotic markers carrying each the sanme cassette with the pronDter and a

pol yl'i nker seguence, nes .af .interest can _be inte ted,25 i the

pl asni ds i Fﬁ g’esteélﬁyg}?d A9 Viitas r‘ﬁfdfaé:glrfﬁ?é'ﬂ‘e \ﬁagh% SHE"g a Thi s

net hod al | ewsax ifoas tustions teructt grongn®CReFrogaoft manylconﬁﬂﬁéblenaland

Wih TR BI8cHIANC a4, B4ONS ST TR B0 RNl 198007 sRkfipRtr 3994( al
nmber The

di fferent evel's ‘accor'ding to the plasmd copy n ol'l owi ng
par agr aphs Neftowwet B& Ot.r et dgadh. Hpdsntisi ¥ervo tamgncopsEriag |y
enri ched a%h&°d@§ﬂ$§. Expression of the hyuA gene (seq. 11)is necessary
for conplete substrate conversion Figure 1 shows the tine :ill:: WO

01/ 23582 PCT/ EPOO 08473 ¢
d) Instead of mutagenlzlng genes to optimize their function

in a reaction cascade, genes from different origins which
15 encode enzymes with appropriate properties could be
combined to an operon. This needs a large database

describing such enzymes.

e) All genes are expressed from the same promoter but from
replicons with different copy numbers. This can be the

20 chromosome (single copy) or plasmids with low, moderate and
high copy numbers. By constructing various compatible
plasmids with different copy numbers and antibiotic markers
carrying each the same cassette with the promoter and a
polylinker sequence, genes of interest can be integrated

25 into the plasmids in one step and the plasmids combined
within one strain. This method allows a fast construction

~ and testing of mény combinations and with just one inducer

in one fermentation all genes are expressed at different

levels according to the plasmid copy number.

30 The following paragraphs show the transformation of

Hydantoins to enantiomerically enriched amino acids.

Expression of the hyuA gene (seqg. 11)is necessary for
complete substrate conversion. Figure 1 shows the time




. 7 course of conversions with E.coli BWB116 contai ni ng pAWV29 and pBWB1.

PAW 22Syvoeentsens t he car banoyl ase gene on a pACYC pl asnpEpEpiRW8ssi S a pBR
de3ivative and carries the hydantoinase gene. After consunption of 50% of

 the 5 substrate, the reaction al nost stops conpletely, since spontanous
racemi sation of IMHis very slow (Syldatk et. al., "Biocatalytic
production of am no acids and derivatives" (1992), Hanser publishers, New
York, pp. 75- 176). As can be seen fromfigure 2, bringing the racemase 10
(seq. 11) conrset lod Spsivenmshipnss iwid-hp BARD lan BWIBMAR cartte irmpAQY ®AW2EIT d wi t h

t he carba I nd f ; %%%lﬂ %[‘gg version of the
substr at e%ﬁf ?§ﬁ3}.'5é%ﬂ§&r2?ci n .uctl?lg%z%e 30 Zaglg)ygl peﬁ{eglaeaiodz}% cells were
prepared RSCYEsPAiasEd dab &R 3dnd Snér PBR dtrdtad-inie RIBDEarias Wie 2 mv

Py dant o nd e e e Rl ard e S (L cure 3], ihe PACYC. pl asr d
ydant 0i nas ene was _transfar.ne i gure : e p pl asm
cont ai% n&”%?g'r@&reoar%’ﬁ F&RH R Pﬂéﬂ%&‘gm g@ﬁ‘g’%%efM't PB4 (Figure
4), the pBBoa®amloassTire cepritsaitiiiory diheMBriza erha s and( SyikidEc admse gene.
Cell's were,indyced at for 8. urs BW\R2 ar. for 1.5 hours

(pBWB4) . e&l'l' h% \?é%tlaég%&ncdpﬁé)rdg‘%ca i zoaf{)iadthlrzdt Soik aﬁ%dlas descri bed
above. Fi glerdvatsivess' E1993)i, BABEEY ¢eibdlsiskients pBidgd Ydrike pBR ZH-pl asmid

Sar baroyl S08 ang o Seanass ancar O e e R I SR T e
conbi Hat i dFest FEIBENGA the SyAaRass hadisige R and nfdidor it from
D-L-1 MH t galcieep & whltd itHeeldBHalsy lase 3hd ARGk @ gene,
(the pER SRR ST K170 SSHNERTAARSE A T s e Bnd  pEVES.
(the pACYﬁqmnEmﬁnﬁudﬁﬂpﬂfutf@ﬂkﬂﬂlﬁmaﬂegymméah&ﬁedtdﬁmﬂsfWEréhis
conver ! Ofroahlc WY IR Lo P ot Mo Bt dd W esod Bt
15 of 2 mM D,L-IMH.
The E. coli strain BW311l0H with the chromosomally
integrated hydantoinase gene was transformed with pBW32
(Figure 3), the pACYC plasmid containing the carbamoylase
and the racemase gene, or with pBW34 (Figure 4), the pBR
20 plasmid containing the carbamoylase and the racemase gene.
Cells were induced at 25°C for 8.5 hours (pBW32), or for
11.5 hours (pBW34). Cell harvesting and permeabilization

took place as described above.

Figure 5 shows E. coli BW311l0 cells with pBW31 {the pPBR

25 plasmid which carries the hydantoinase gene) and pBW32 (the
PACYC plasmid with the carbamoylase and racemase genes).
Cells were induced 10 hours at 30°C.

The combination of pBW31l and 32 enables fast and complete
conversion from D-L-IMH to tryptophane. The intermediate is
30 formed up to a concentration of 0.4 mM.

E. coli BW311l0 transformed with the plasmids pBW34 (the pBR
plasmid with the carbamoylase and the racemase genes) and
pBW35 (the pACYC plasmid with the hydantoinase gene) was
taken for this conversion. Cells were induced for 10 hours
35 at 30°C (Fig. 6). The combination of pBW34 and 35 shows an



WO 01/ 23582 PCT/ EPOQO 08473 8 accunul ation of the internediate up to over
1mM  ThewoRhRsdsst formation takes place at a |ower rate t G043
figure 5. PI asmd pBWB4 (the pBR plasmd with the carbanoylase and™ 5 the
racemase genes) was conbined with pBW3 (the pSC101 plasmd with the
hydant oi nase gene). Induction took place8 for 10 hours at 30C (Fig 7). In
this case a fast conversion of IMH to tryptophane takes place. Formation
of the internediate is strongly reduced and product formation 10 is faster
t han seen iatddxgmwtﬁonsa)fttl:m 1rtme:ﬁmédﬂzﬂeéim o owEYBAmandripsWb3 i s nost

f avour abl e frood&c@ Pdﬂ-ﬁeéfon ‘h‘? vent g‘&\%%gzov?% naer\évag%d superi or

way to co ne a h it Of Nase, ase in
a whol e celﬂlqmt%llilsat or. It is th| s 15 p055| b| Ity that renders instant
invention to a proper method for the production of enantionerically

enriched  ailiign A% iR 4 ORKY GoHH QPNSsrfilte LK Qﬁ&l&tﬁéﬁbﬁﬁo féééy

production costs. Enantionerically enriched neans that one ant odde of a 20

chiral 2omfdthdracemane HERRS WA mamrbined with BBV U PSERGhodes.
Ani no aci d glenaiied withithd Ne/ddrivemtide Herld)i S Iﬂﬁiﬁf&icﬁ{l tclad}& I;ma@d unds
conpri si ng [ te car ic acid group
via one i ntM% s a?r&or#[tﬂ& %lgbcé ﬁl;:r? t%h‘lss @e At fibears only one
further res:odmers:l\d&vearﬁ HeMie S0 dldypiadphiaale arekamnnEiacenl Bovmec: oo dsf ar e

deened to QDE%l _9%25 4 %éalgeeé{x%qm %%ﬁ@e@@ﬂa@dﬁct & & 1Nass

nmentioned in nes e sedquence are to be
under st®od is3Fasten | thashaessvsigl Hiiausie 1P r sartdiato thee Qm@@mta?tqmrpﬁ)f

the geneti @EWAIE and HBEWST OO Gy S RRMr3the Iﬁxdlt&@%ﬁ&%ﬁ Deut sche

Samm ung fur M kr oor gani snmen and Zel | kul turen. fill

The present invention shows a new and superior way to
combine a hydantoinase, a hydantoin racemase and a
carbamoylase in a whole cell catalysator. It is this

15 possibilty that renders instant invention to a proper
method for the production of enantiomerically enriched
amino acids from hydantoins due to reduction of catalyst

production costs.

Enantiomerically enriched means that one antipode of a
20 chiral compound is the major component in a mixture of both

antipodes.

Amino acid denotes within the framework of this invention
all compounds comprising a primary amine function connected
to a carboxylic acid group via one intermediate C-atom (o-

25 C-atom). This a-C-atom bears only one further residue.
Nevertheless all natural and unnatural amino acids are
deemed to be encompassed. Preferred unnatural amino acids
are those mentioned in DE 19903268.8.

Genes encoding for a peptide sequence are to be understood
30 as all genes possible with regard to the degeneration of
the genetic code.

The microorganism DSM 3747 is disposited at Deutsche
Samﬁlung fliir Mikroorganismen und Zellkulturen.



. WO 01/ 23582 PCT/ EPO0/ 08473 9 Exanples: Bacterial strains, plasmds and

gr owt h wondisspns: E. coli JMLO9 (Yanisch-Perron et al. FEIEP(QWSSB), 33,
103- 109) was used for cloning procedures involving the hyuC5 (seq. 7),
hyuH (seq. 9) and hyuA (seq. 11) genes from Arthrobacter aurescens DSM
3747 (Grog et al., Biotech. Tech. (1987), 2, 85-90). E. coli BWB110 (WI s
et al, in preparation), a derivative of E. coli W110 (Hi Il and Harni sh,
1981 Proc._ Natl. Acad. Scii USA 78, 7069-7072) was:10 used for coexpression
for the ggﬁég‘PH‘@ﬁtloned above. E. coli strains were either grown in LB
liquid nmediumor on LB-agar plates (Luria et al., 1960, Virology 12,
348-390), Bab@blﬂlallp@tmmsedpwafsh\lﬂéoa@ldﬂgx@mﬁmiddﬂdit&f&ﬂls/: or 25pg/m

chloranph nlco l.e l,asmi_ r g e mere
grown at hd‘r %ﬁdé'%g :"‘8‘516&? gg’e gYeQ-_ ? | o eélre \Aé%st-ggﬁpé 5?0
reduced tdaOSO)Cwals 2sed f@enerl@mpugomw:leﬂur,dsl delhzanged:dm)ihyam DNA
t echnigque ta o] al culgr, A oning: A
e ey e A ey
ork). | 0 or e
ExpandTM kagg . Teaplsat e BCRs%y@be;m By, fceJlllowwzmtothﬂl%or@EeraCiat ijgps of
Roche Di agnosti cs., expr I,on qQf hy%A Eéa%ﬁ uH i . coli: 25 For
coexpressPSﬁpéFaFHQ ac 1§@ﬁévﬁy8 Eih§° &ﬂﬁi r]g & hyuc, and
él _hfef hyda[lealrﬁ?.Sh ,0a981hypuidci.nNaEl .c aldad .S @edr aismlcyrsst DB -7 24 tvhasl f
[ n e res were ohtai n_conpara expressi on evels o
t he S%ﬁes % FSEépfﬁsfggncg%y %&ﬁbgf egp §§§n1 §%§e§% Vise H gh 30
copy pl asm:ds bsltmlp)Bprtr&sml@be(rB@momr it L@ llt;l:@ﬁ;ne@nm oz2, orp77- 288)

have a copy_ % %lg)ftego @ergAQécg% pllg%r@ d%'r%g&ggél g%gsm 0?1978 J.

Bacteriol . have a_ copy mber. of s (Cohen
et al., 19?3h SPP@éeWQEFFd ﬂé&& 1§@|P9U5A appiciiddrnzznd /h&¥e a copy

25ug/ml chloramphenicol to select plasmid carrying strains.
15 The cultures were grown at 37°C, for heterologous gene

expression growth temperature was reduced to 30°C or 25°C.

General protocols:
All of the recombinant DNA techniques were standard methods
(Sambrook et al., Molecular Cloning: A laboratory manual

20 (1989), Cold Spring Habour Laboratory Press, New York). PCR
reactions were performed either with Pwo Polymerase or the
Expand™ Long Template PCR System by following the
recommendations of Roche Diagnostics.

Coexpression of hyuA, hyuC, and hyuH in E. coli:

25 For coexpression of the racemase gene hyuaA, the
carbamoylase gene hyuC, and the hydantoinase gene hyuH in
E. coli, several constructions with different features were
made. To obtain comparable expression levels of the genes,
variations in the copy number of plasmids were used. High

30 copy plasmids like pBR plasmids (Bolivar et al., 1977, Gene
22, 277-288) have a copy number of 40-50. PACYC184 plasmids
{Chang and Cohen, 1978, J. Bacteriol.,l1141-1156) have a
copy number of 10-15. PSC1l0l plasmids (Cohen et al., 1973,
Proc. Natl. Acad. Sci. USA, 70, 3240-3244) have a copy



WO 01/ 23582 PCT/ EPOO/ 08473 10 nunber of 5-10. A copy nunber of .1 is

achi eveslolpyzissserting the gene into the E. coli chronoranEPIA7H| asm d
features are summari zed in tablel: plasm d nane on copy nunber resistance
hyu - genes pAW29 pACYC 10-15 cam hyig pBWB1 pBR 40-50 anp hyuH pBWB2
pPpACYC 10- 15 cam hyuC + hyuA pBWB4 pBR 50 anmp hyuC + hyuA pBWB5 pACYC
10- 15 canlhyuH pBW53 pSC101 5-10 cam hyuH 5 Abbreviations hyu: hydant oi n

utilizing racerrase gene (seq.. 11) _hyuC c l.ase, ene seq. 7)
hyuH: hydé%‘ﬂ%vl%fas%f Je FORY) "‘I@%Ofaﬁpllrﬁ |qq &‘i/ (n

(f3-1act anmee ge@ﬁl@ntcﬁaﬂie & aranpherarisamesi st ance (chl or anpheni col
acetyl transferase gene) 15 ~~I1 WD 01/ 23582 PCT/ EPO0/ 08473 11 The
hydant oi nase gene hyuH was al so expressed using the strain BW110H, which
carries a chronosonal insertion of the hyuH gene. All constructs enable
transcriptional regulation of gene 5 expression by the rhaBAD pronoter.
For coexpilssipdmsyid @WW%W%G%W%W hydant oi nase gene
hyuH pAW29 and pBWR1 are transformed into E _coli RWR110 For

coexpr essymsﬂ{lé hiaraCRImse geRe Y Yhmddie |1 sGathany | |asa gernewu¢ and
e hydarjit ol nase gene hyuH,
PAW229 PACYC 10-15 cam hyuC
pBW31 PBR 40-50 amp hyuH
pBW32 PACYC 10-15 cam hyuC + hyua
pBW34 PBR 40-50 amp hyuC + hyua
PBW35 PACYC 10-15 cam hyuH
pBW53 pSC1l01 |5-10 cam hyuH
5
Abbreviations: hyu: hydantoin utilizing
hyuA: recemase gene (seq. 11)
hyuC: carbamoylase gene (seq. 7)
hyuH: hydantoinase gene (seq. 9)
10 amp: ampicillin resistance (f-lactamase

gene)

cam: chloramphenicol resistance
(chloramphenicol acetyl transferase
gene)

15



- pBWB1 and pBWB2, pBWB4 and pBWB5, or pBWB4 and pBWe3 are suitable

conbi natwigon®3ssr E. coli BWB110. To achi eve coexpressi on pCrapootsaree
Enzynmes in E. coli BWB110H, pBWB2 or pBWB4 can be used. 15 Construction of
the plasm ds: pAW229 was obtai ned by cl eaving pAWM78 (WIns et al., J.

Bi ot echnol . (1999), 68, 101-113) with the restriction enzynes Ndel and
BamH and ligating the 1241bp fragnment containing the hyuC gene into
pJOE2962 (Al tenbuchner, 20 unpublished), which was cut with the sane
restricti oBhechygansoipreglosne byndt wast edsby expresiseg paldE theese et

al., in pcepghat BB 10kt hwhhen eakiiek an cBRenBRenaORLsaR¢ 1Bamds and :
| igating the 1436bp fragnent containing the hyuH gene 25 into pBW22, which

was cut wi FRet R¥uHa#8N est riction enzynes. pBWB2 was obtai ned by PCR
anplification of the hyuA gene wusing the prinmers 5988
(5" - AGCCTRAMNMAZERSETGELS EnabRe. tEhhnserdpb24BB]l regulation of gene

(5'-AA@AAAGCTTTTAA&%%§$¥\ JTAT - 3 eg. 1) 30 and pAW10 (Wese et
al ., i pr%ﬁEFSFféﬁ? as g@ﬁpF§%§£ﬁ %ﬁ%ﬁ&%& ‘in primer S2480 is a shine
dal gar no sBquemocexpuesstipansifathencambaimavilase Tlemef hygfeandnddie nsert ed

into the ' : S|l A : " t | rid t he hyuA
PCR fragne%%agékéégé%%bg%n%bggéﬁiﬁ?@wgéewﬁ?hg?ﬁﬁas??gbﬁfhggﬁf . pBW24 was
WD 01/ 23582nPeTEEPORL@8BW3 1192 obt ai ned by cl eaving pAWL78 (WIns et al, J.
Bi ot echnol por(£888pre88ioch0brlidk Wakkmide! gand Hyhdl ! lkpdnd |igating the

1261bp | ong fragnment containjng the hyuC gene into pBW?2, i ch was cut

with tHe sSREDRESYIPSE: BROENTYHES ShFniPs IO todnels Gebg

anpl i fyi ngpBW3tLthendc eBW3regpBW3kr andt bBW36q! br pBENSE ends pBWSBhaxres | ners

S2248 (5' - AAA T TG . T T -3") (seq. 2) and S2249

(5" - AAA GCiui'ﬁﬁTgéng&gﬁéG &Cg?g'c)oﬁsg@;l )O?' The 268bp fragnent was
cut with tfe achievet coexpepsdo8phif add itheeet Egzymeshén E. coli

: BW3110H, pBW32 or pBW34 can be used.

15 Construction of the plasmids:
PAW229 was obtained by cleaving pAW178 (Wilms et al., J.
Biotechnol. (1999}, 68, 101-113) with the restriction
enzymes Ndel and BamHI and ligating the 1241bp fragment
containing the hyuC gene into pJOE2962 (Altenbuchner,

20 unpublished), which was cut with the same restriction
enzymes .
pPBW31l was constructed by cleaving pAW92 (Wiese et al., in
Preparation) with the restriction enzymes EcoRI and BamHI
and ligating the 1436bp fragment containing the hyuH gene

25 into pBW22, which was cut with the same restriction
enzymes.
PBW32 was obtained by PCR amplification of the hyuA gene
using the primers S988 (5’ -AGGCTGAAAATCTTCTCT-3') (seqg. 6)
and S2480 (57 -AAAAAAGCTTTTAAGAAGGAGATATACATA-3') (seq. 1)

30 and pAW210 (Wiese et al., in preparation) as template.
Included in primer S2480 is a shine dalgarno sequence for
translation initiation. The fragment was inserted into the
HindIII site of paW229.
pPBW34 was created by inserting the hyuA PCR fragment

35 described above into the HindIII site of pBW24. pBW24 was



10 vector pJOE2775 (Krebsfanger et al., 1998, Enzynme M crob. Technol. 22,
219- 224)wohnieBsseas cut with the same restriction enzyne.pdidfads
constructed by cleaving pBWB1 with the restriction enzynes Ndel and BanHl .
The 1379bp fragnent 15 containing hyuH was inserted into pAW229, which was -
cut with the same restriction enzymes. pBW3 was obtai ned by cl eavi ng pBWB1
wth the restriction enzynmes Sphl and BanmH . The 1534bp fragnent
containing the hyuH gene and the rhamose pronoter was inserted into pSB27
20 (BaunanrePiinRed thy i oleaUny pAWI A8 Slidng st alloeh) Bigtiethnaks cut
with the sappgest régl i pom eNzyyBe: tiFaRed T Uald o R{rih et IRSO® the
I ntegrate of uH iﬁr}go he rhammose prgjgon: A 3.5kb fragment fromthe E
col i rhamds%éﬁ?%r gER | SO RN F R PIG ggRe Sy PBW22,
Eg - AAACAACS?‘?'J‘JETWTAT CGES>wBEh Ct\_ﬁl_lsﬁe_cllsan% ﬁﬁtx&Rﬁﬂ;&'@n endzyénes . I1:_»BW2hZ was I
'-AAA@A ) : and E. _.coli_.chronosona
DNA as errpcfoa set_fr %%S%ﬁtam%ls&c\{ﬁn%\ﬁ 4%61‘-[(:}}1% (S5t 11ty o efrw[fret 11
and i nsertarlBhtwlaseid avtorg pthe2 0 (ivirss (6224 8l (S 7 -PEY GUZe MRS RATS2,

481-485), i trrcid € -y eatdd Ctgyo B 1Hl» 210k B , to
get pBWB9. \Mggv%mé\%ﬂ%m%*{fg’ ér%eés T ijc)t irécl)—ﬁpenz mes Eco albri::é)’ %lgr%lHl . The
1436bp  f r adENCCE HMAIM P FHE hyutseene )vvas'l'h%gé?ét% fxagmeniie Wasct or

pgxg thlz%hk f.ﬁ{%hefuﬁe%ﬁm%ﬂ% d 'eegﬁﬂtlﬁtajr@'igé&rt&m? 6}% %?518

p : : ra S i fied using e- priMers .an

and pBYo ¥€ %%%%%7 hi@(@eﬁ?#a%%ﬁﬁﬁz ﬁ%‘?ﬁEPW@“%@?T agnent
was cut w tedbgldli. @ 212y iwiicH hesy enitofvi th @2l hn(@Al t enbuchner,

unpubl i shed j.ch . cut with Bglll to get pBwW5. PBW5 was cut
with Bglll I)aens\cli'wyéﬁ%l\.@is%e resul ti ng 2.9kb rhaS-rhaP- hyuHrhaA fragnent was

5 i nsert ed PBW3S e qrons s taddphichessting PR3 L mivkh éheal , 1997, J.
Bacteriol . rekf$i 30 orb 23BnRed INaeM gl WRSEGUt The 1379bp fragment
15 containing hyﬁH was inserted into pAW229, which was cut .
with the same restriction enzymes.
pBW53 was obtained by cleaving pBW31l with the restriction
enzymes Sphl and BamHI. The 1534bp fragment containing the
hyuH gene and the rhamnose promoter was inserted into pSB27
20 (Baumann, Dissertation, Universit&dt Stuttgart, 1996), which
was cut with the same restriction enzymes.

Construction of the chromosomal integrate of hyuH into the
rhamnose operon:
A 3.5kb fragment from the E. coli rhamnose operon was

25 amplified using the primers S2517 (5’ -AAACAAGATCTCGCGACTGG-
37) (seq. 4) and S2518 (5 -AAAAAGATCTTTATCAGGCCTACAACTGTTG-
37) (seqg. 5) and E. coli chromosomal DNA as template. The
fragment was cut with the restriction enzyme BglII and
inserted into the vector pIC20H (Marsh et al., 1984, Gene

30 32, 481-485), which was cut with the restriction enzymes
BamHI and BglII, to get pBW39. PBW31l was cut with the
restriction enzymes EcoRI and BamHI. The 1436bp fragment
containing the hyuH gene was inserted into the vector
pBW39, which was also cut with the same restriction

35 enzymes, ﬁo get pBW40. A 2.9kb fragment was amplified using
the primers S2517 and S$2518 and pBW40 as a template. This



- With BanHl . The gene replacement was carried out according to the authors’
i nst ruc¥P@#H3358Posi tiv insertion events were. screened usfSERNOBHAckey
Rhamose plates. 10 Preparation of cells and activity nmeasurenents: For
i nduction of the rhaBAD pronoter strainsswith two plasmds were grown in
LBarrp+cam strains with one plasmd in LBa,,,p or LBcamrespectively to
D600 0.3-0.5. Then L- rhamose was added to a final concentration of 0.1

g 1-1 15 8dabhiEntUlbbvaLion; 1S peantl BHATihaeR:Einahe DAL aRRLRK Mt el y

5. If not cat ed seperate sca enzyne rreasurerrents cells
corr espondPﬁ@E?éléDééétéﬂbgghnﬁ@rr euﬁ§PPé§§B6d)V\H§H§h Was1aHsoocBtM Tris pH

7.0 and rﬁiﬁﬁps ded B ge %EgWZSM BB sPHaé. @utlwr.-m/hlvbgl&x ALY

t ol uene was adde er z t he. cell ranes After 30m n of
i ncubat i onT4E 598 Geng fmé }‘9 PF‘ ’?M&‘Heﬁgeﬁén FRERCRE(¥AS 0 800 pl of

2 mM DaL- iﬁdekybdetihybhyuengena febihciementl vibcEbirs pRE38. (Binki %&d algnd

shaked at Thi s B&& unt rrespo appg oxi mat el -6 ng cel
wet melght§zg3np es werergng 1§§gu ?rl§9§§h§2§§&C %ﬁc ¥ st%ﬁ%éd by
addi ng 14%ithi maaﬁacé‘hecgauedreiﬁﬂecemﬁatcwasseamrlpdoduc:t agred rédongt
concent r at tB”Eh&aR%u@ﬁb%m Eﬁgtﬁ}ﬁg'ﬂgngLCg@%gltX§' §ns£9%mflpla§}e§!é§t HELPS

equi pped wth columm as describ revi ousl
detern1natﬁ@ﬁeéﬁeﬁyﬁéﬂpﬁlNaﬁgPPVEFNVBbam@ﬁéeNPééﬁﬁénoyI anmino acids (May et
al ., 1998, J. Biotechnol., 26, 61 (1): 1-13). UV-absorption was neasured

o T SEpRERCIOALUE Buase SScoe L esstassente ¢, (500 00
01/ 23562 1AOPCHERbGA8473 POF SOBEAD REPREFEG AEFAARS VASAMEES O -
printed onp24shida00ere?2grdwl8 iBMLBayb.&er Nstr&i3s RA iB4ofi&ASYasmiddinat i ons
Eﬁ: at ilgg. t?B ePgsi18d, MELOOL BRI LS) 0By L NET3 By 05 00p5a), Material (PCT
© ISrhamnose was added to a final concentration of 0.1 g 172
15 and the cultivation was continued to a final OD of
approximately 5. If not indicated seperately, for small
scale enzyme measurements cells corresponding to ODgg of 20
were harvested, washed in 1 ml 0.2 M Tris pH 7.0 and
resuspended in 1 ml 0.2 M Tris pH 7.0, 1 mM MnCl,. 10 nul
20 toluene was added for permeabilizing the cell membranes.
After 30min of incubation at 37°C 200 nl of this cell
suspension were added to 800 pl of 2 mM D,L-
Indolylmethylhydantoin (IMH) in 0.1 M Tris pH 8.5, mixed
and shaked at 37°C. This cell amount corresponds to
25 approximately 5-6 mg cell wet weight. Samples were taken
regularly. The reaction was stopped by adding 14%
trichloracetic acid. The time course of product and educt
concentrations was determined using HPLC analysis. The
HPLC-system was equipped with a RP-18 column as described
30 previously for the determination of hydantoin derivatives
and N-carbamoyl amino acids (May et al., 1998, J.
Biotechnol., 26, 61 (1): 1-13). UV-absorption was measured
at 280 nm and the mobile phase (0.3% (v/v) phosphoric acid
(80%) and methanol (20%; v/v)) was pumped with a flow rate
35 of 1.0 ml min™
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1. Whole cell catalyst for the conversion of 5- nonosubstituted hydantoins
to L- wodét/ms8no0 acids conprising cl oged genes encodi n§CTP0608473
hydant oi nase, 5 for a hydantoin race e and a D- or L-specific

car banoyl ase. 2. Catal yst according to claim1l, characterized in that a
bacteria is used as cell. 10 3. Catal yst according to claiml and 2,
characterized in that Escherichia coli is used as cell. 4. Catal yst
accordinq io.one or nore of preceding clainms, characterized in that 15 the
genes encottHBt for the hydantoi nase, racemase and carbanoyl ase is taken
fromDSM 3747. 5. Catal yst according to one or nore of preceding clains,
char act erl zed Wmoldatel hecgenbygsar Bonvehexporversiom ofieScel | according to
20 their turn r t I OQHCHL QR4 | e cel

catal yst, chgkr{%g?ée%%ht?tneg ﬂf&éﬁ?gégnﬁsds@ﬁe% v(g% l?r%?nlﬂéc%%@gpACYQM or
pBR322 are useRMPRLSimg pebered %%’é%? deRgeetng | 5P B, hygwa\z%{lésezed in

that glasm ds P&/\Bé BPdaREYBe , r §EMRAs ansn@BYBD. §BVBAspadirpBVE3, pBWB2 or

pBWB4 are used 3 PrOfess according to claim6, characterized in that an
30 E coli str@FPHERAShr onosonal | y insertion of the hydantoinase gene
is used. This Sheet Has Been Replaced I | f ~ ° 11111~ WD 01/23582 16

PCT/ &P00/ 2847 X aalPsocassornding dtageclaiml &) m 6, characterized in that a
r haimose inducé}tgéfagtelg_;%édp{zgngﬁg{ cassette is

a bacteria is used as cell.

io0 3. Catalyst according to claim 1 and 2,
characterized in that
Escherichia coli is used as cell.

4. Catalyst according to one or more of preceding claims,
characterized in that
15 the genes encoding for the hydantoinase, racemase and
carbamoylase is taken from DSM 3747.

5. Catalyst according to one or more of preceding claims,
characterized in that
the genes are overexpressed in the cell according to

20 their turnover rates.

6. Process for the production of a whole cell catalyst,
characterized in that
plasmids derived from pSC101, pACYC1l84 or pBR322 are
used.

25 7. Process according to claim 6,
characterized in that
plasmids pBW31l and pBW32, pBW34 and pBW3S5, pBW34 and
pBW53, pBW32 or pBW34 are used.

8. Process according to claim 6, characterized in that an
30 E. coli strain with a chromosomally insertion of the

hydantoinase gene is used.

LT



used. 5 10. Process according to claim®6, characterized in that priners
S2480, WRétrss2249, S2517 or S2518 arg used. 11. ProcepeT/EP00/ESAT
production of enantionerically enrich 8 amino acids, 10 characterized in
that a whole cell catalyst according to claiml is used. 12. Process
according to claim 11, characterized in that the process is perfornmed in an
enzyne- nenbrane- 15 reactor. 13. Process for the production of whole cel
catal ysts characterized in that all genes are expressed fromthe sane
pronotor blt fPERFEFEsAFEST AP F@pF&ééﬂs with different copy 20 numbers.
14. Pl asm ds pBwﬁiraaBﬂ%izeﬁBwﬁ4than35 pBW3, AW229. 15. Primers S2480,

S2248, S2249, S2
according to C|3?%§3T§%g%ﬁﬁgé§ﬁégb §e%sggﬁﬁ§g§5 fFa E%FEFFIlFIII I
LI 11l - jused, ---- coon oo N VARV VAR,

| /11 /1T CSTII/

5 10. Process according to claim 6,

characterized in that
primers S$2480, S2248, S$2249, S2517 or S2518 are used.

11. Process for the production of enantiomerically
enriched amino acids,
10 characterized in that
a whole cell catalyst according to claim 1 is used.

12. Process according to claim 11,
characterized in that
the process is performed in an enzyme-membrane-

15 reactor.

13. Process for the production of whole cell catalysts
characterized in that
all genes are expressed from the same promotor but
from plasmids with replicons with different copy
20 numbers. '

14. Plasmids pBW31l, pBW32, pBW34, pBW35, pBW53, AW229.
15. Primers S2480, S2248, S2249, S2517, S2518.

16. Microorganisms comprising plasmids according to claim
14.
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