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WHOLE CELL CATALYST COMPRI SING A HYDANTO NASE, - A RACEMASE ABIMakch 2004
CARBAMOYLASE The present NMME mmwwum dlrected to a nicro-organi sm which
i s abl e WO H&3FRde hydant i onerically enriched mri/RPooARiES -
‘Especial |y, this m cro-organi ssudes equi pped wth cloned genes coding for.

t he necessary enzynes. Racem ¢ 5-nopnosubstituted hydantoi ns can be

chem cal ly synt hesized according to Bucherer-Berg nmethod using al dehydes,
anmoni um bi carbonate and sodi um cyani de as reactants. They are inportant
precursors for the enzymatic production of D-and L- amino acids. Wth the
i ncreasi ng "YERRIGELE SPATEBYSTe BPTERISING 2aHYRIOTTAETARE - P IRAEEIGTSEepi) it HRRSMBERE

made towards the isolation of mcroorgani sns capable for stereospecific
hydr0|yS|STHE bhedariani:ordise 2o £HaHAcLes I Syl dat k
and Pi etzsc . H%drqﬁm s and~f or tlo%tegtleé;ttgg%o?{ns" 1&%%&@% Ver | ag,
Vi nhei n, Ro3=4 egrafle hydapfoing,itqg e@nm2‘3§l©¥7))
163- 176; S;hdabhea aﬂlno/ﬁmﬂdshﬂnﬁpécahll§iomﬁﬁhﬂthfﬁLéf 13m293- 309) .
The as;sémTetrlc bl%n rej gn. 5o ei t her b& é_p— ami no aci -consi sts of
three $tep§FUPPEhMH I 7O IERGY n&L &Mni |rtﬁ'F%ﬁs%§lﬁbst|tut ed
hydant oi nsefizgiymesi.ng openi ng hydrol ysis achi eved by a hydant oi nase and
(iii) hydrolysis of the N-carbanpbyl ami no.acid produced by hydant oi nase to

t he am no I MekTyty r r ens. DSM 374’> s one of
the few i sgﬁ m%gr oorg%##%ﬁlét@%%gb g’%%%‘% ercﬁ%hg’% %ﬁ%‘?} }'t ut ed
hydant oi nssmtbmzmi aRt¢errding t;l@sﬁuv:amgemirgjme@oﬁ wsimgcens~cel | s

as bi ocat ahyglenyaddle ALK B3 Bt bbhbte BHRP GGl (difht 4k 44 bany! ase

is the bottleneck for nost 9 March
- reactants. They are important precursors for the enzymatic

production of D-and L- amino acids. With the increasing
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. Biotechnmol. 51 (1999), 293-309). The asymmetric
20 bio-conversion to either L- or D- amino acids consists of
-three steps:

(1) chemical and/or enzymatlc racemlzatlon of 5-
subst:l.tuted 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 usihg A.
aurescens cells as biocatalyst is the low enzyme activity.
Especially the L-N-carbamoylase is the bottleneck for most

T
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WO 01/23582 . 2 PCT/ EP00O/ 08473 substrates leading to an increase of the
i.nt ernedi ate L-Ncarbanoyl amno acid in the cell, which is10darthieoter

converte correspondi ng am no acid. By conbi ni ng the purified
enzymes qv{)?]r&#gcks coul d be avoided but due to 5 ' the Iov?&@ﬂ?ﬂ’@“@f

enzynes in the cells and | oss of activity during the many necessary
purification steps this process is not cogt-effective. All three genes
encodi ng for the racemase hyuA (seq. 11), the L-specific hydantoi nase hyuH
(seq. 9) and the 10 stereoselective L-N-carbanoyl ase (seq 7) have been

cloned in E gepar lev Iy

the tot 1’3.| ceI glp‘):?rgt el n)l{@@iyrg“gom%l? gﬁéﬁga%gc !Eg he gltbe pucg gt%e%i) “For -
in vitro cafakPameviihamdiyey reid rimn the ?ﬁilée~wb69hb|lr$am0tstﬁtm‘tisex:an be
produced 15canderiidd it@d vAY E‘c&ﬂ?ésxf? ﬁ&fzﬁb\/ﬁxzpmenaf:&am B LAy tﬁfée

aurescens, strain., Regarding the djfferent enZynme activities tovar |
various subBRFifded ROZYMERROLEIenRCk Eoﬁﬁ}lﬁ@dbﬁna@@zﬂﬁé AaHe tdne "a@

rati os @ti gheedokoanRagitd e téwiymés if 8ReObRetL ahg LHsk idgwention to
provide a fur herﬁX £OS.SI bility of how a racenase, _a hydantoi nase and a D

or L-specifPE-CIH g the Y ReEREFArK Buﬁl’-géé’?stlﬁi‘r SHRPHrigaLEt i on
of enanti onprbeaklsy ienmiotharbsid abfect eef r om 5- nonosubst i t ut ed hydanaoi ns.
Especially, this p035|b|I|ty shoul d be suitable to be inplenented in 25

hat t - h to,b
Poot ot act Ppe: EEE et Sand WBlad Seb2 BBE FhePRRok?md%a Glady by o
claim 1. FutheelL-preicdifiay lhnpantysinase ehyulj éseq.t @) chadmtkdependi ng from
claimho O 8LBRebeetrdive 1Nt Aeddyfadd REQGEST) gl%i)fh%efz{rpd&éﬁ&& of

t he whole cell catalyst of t i nvent | on
process f or IBhE - pFeddc SeRnHL %rﬂﬁ@n@ﬂ%ﬁﬁﬁ?deﬁ@l bhgh Am\ﬁﬁisacﬁmoml ng

the catal ysgoagcefdithe totdme ¢ém/prtsr@aem)\(&oib§§§%13 9 March 2004

PCT/ EPOO/ 08473, Usi %flvvhol e l@? %é ri si.n cI oned - enes encodl ng
for a hydanPbPﬁ&gbn or 55913%%@ 4 s§° ndavprrgr ¢ sig €

car banoyl asentmhetslhérmn\uﬁélt?tréé ﬁémﬁbﬂilaahttstﬁdlhﬁd&ahob@ ;i:@::ducékﬂ

D- am nq caci a et g, conyer si

m xt urg'ssa ofgﬁ §§¥' &ﬁsét é{l}’%e °§°o§ e %ﬁ% gh%? ﬁg E\ira:gx%a:gacter

i ndustri al suaeeceml staiagm f- |m®1n@dthesdiﬁﬁependuenzwmecesits.\cixe:.das) a.
reduction ofo{8LARNRAL YRAshdUWhid Al tos Eﬂ%ténQ%éHSSaﬁl g@;@ﬁ@&e

produced in,one strain. 10 Advantageously, acteria is use
because of IR gRREYPR AGAG TR zft‘esr%%a%?tb?‘bﬁﬁﬁng%GPF?’o|¥§at‘-“d'-1t$§1 |
appl ired. There are several bacteria known to the skilled worker which can

be utilizedItnishaan obgeett .ofPrtdfiy alhyent fonheoi previtecan thae-tirad as cel |
and exg essesgsiﬁmw el hdl® SR L VAL RGBaRELIR0E! aBly SCF1° {1989))
L—spec:Lf:Lc carbamoylase can act together in a process for
the production of enantlomerlcally enriched amino acids
from 5-monosubstituted hydanto:l.ns Espec:Lally, this
poss1b111ty should be suitable to be 1mplemented in
25 processes on technical scale, that is to say it has to be

most cost-effective.

This is dbne by using a whole cell catalyst accordihg to
claim 1. Further preferred catalyéts are subjects to claims
depending from claim 1. Claims 6.to.9 are directed to a 

- 30 process for the production of the'whole.celllcatalyst of
the invention. Claims 10 and 11 protect a process for the
production of enantiomerically enriched amino acids us1ng
the catalyst according to the 1nventlon




It is another positive enbodiment of this invention that in principle all
genes encoding for the hydantoi nase, racemase and car baeryI@mrIngwuto t he
artisan ogg dipstgken to be 20 expressed in the whole cell catal

Preferably all genes can be taken from DSM 3747 (seq. 7, 9, P¢TfE 0‘1’%‘73
-enzynmes to be incorporated in the genetic code of the whole ceII cat al yst
natural |y possess different turnover ratesy It is a drawback if the rates
of co-working enzynmes 25 are not in |ine and internedi ates accunul ate
during the production inside the cell. The overexpression of the

hydant oi nasay eﬁ mation_of inclusion bodies
Y SERg Whole SELT.rRtelyd ModBIg e fonelr oghes enswdined

(Wese et al ﬁ gﬁgratlon)
coexpr essi on ‘BI" 17y tgenﬁﬁﬁeef@r‘l\?zmdmm araacemaseoaﬁdaht Oy to-

fine tune’ shectgpeeaaknanel1blesEdienen hays dsaarde o This can be done
e question

advant ageou S t he hydant ol nase gen

accor di ng té“%(%%%IVQFEFﬁBg@g F’XB t:O/EI(S’(Z""or‘:GJI dg tay; tThearbishb ?ﬂéidSysbemltﬁBE
hydant oi aseugeanefastSE dveompheess eHriv r

nlnber s. ¥R S {}g Z 1§h|v1§r ch 2004 F%T%J%POO/ 0847%\4"&\{]?6?{?#8898%8@ ment
of the instamt inventTon is di FREFEFAREUNG dres¥ Myraniro proidst pan of the

whol e cel | dorduseriatcecdlaey Thisheigndeiidaartly il e ptﬁea#-oélu%%@

known to thes I ker rve to_car t he, gene I nto
. expressi on s%%%éerr@g ?egaﬂgaﬂc‘s’?ggm Pés f&éﬂ%@& yutieurificacion or

PBR32, 2 arqu%‘éﬁtlée%@‘eﬁﬁc@llhenzmlsyare Warsiduesert eerﬁt&rYe ptesgids pBVBI
and pHWB2, pBWB4 and pBWB5, pBWB4 and pBWh3, pBWB2 or pBWB4 are used in

this reppectadvitdd€oskiy| € I od 0 10 produce
pl asmi ds can_be %%d%%\%d f*omgs?ﬁg{lﬁﬁrlgt &%%@zﬁg{g}% L‘@n é?ﬁ)‘Faus;L%Qﬁf high

61-69 or br JARFALFH R VERERS 2Rdnegay Sawdng mdilmlcatss tc’db@t ech or
G bco BRL. Hpml:aem)l | Tiadnt € ﬁ@smdérayegggggrganﬂgvﬁolﬁéd %fl ni ng:
over,

a pract i cal I me . -11T, . edi ess
Ltd., Oxfor c‘f%&ﬂl nng on #ﬁf‘ 11?)8%1:1&@)?;5? %Qll&t regpept arﬁrﬂﬁladahm a
T.: A qfure@s(ﬁham el oran dgenlmedgasxcéeas%ﬁa gscpgéyqu tﬂefr ifol i
I n: Rodrg gugs %é ctors ut t er wort

St oneham lléggl?eg ppl7 %Opérén&g él‘y gﬁn?e(fljrﬁglsdgy 33.n:1Q3eddel ,

D. V. (eds))lol‘%t hods in Enzynol ogy, Volunme 185, Academ c Press, Inc., San.
D ego, 1990; Sanbrook, J., Fritsch, E.F. and Maniatis, T. 1989. Ml ecuI ar

cloning: a E&bdfsat&f@tﬂad“%sﬁﬁﬂee&xb&@iﬂeﬁ'erbfgt Ebﬁgn)e% A oﬁ%ﬁPress,

Col d Spring Y. They are_j ncorporated erenceh
Over - expr es&i onFn glgr%enealgc § SRPHtrgetrE Khewhy é@ntﬁénglﬂel | ehcemasan,
e.g. using é@ﬂstqat!mpafl@rse ﬂdmnbltsoempe%ﬁtﬁﬁaﬁyéaﬁn‘éea%aﬂéw %%é’

Makri d rdes; | '
Pr eIE Ierggol §/!va?‘§r ex;i)eraégs?%ll6 g:r%’M of kﬂﬁé)e%ez&necsa%a})ﬁ%ﬁhog e?ﬁﬁﬁ?’iﬁ’l élé genes

pronot er caSe%: be itekesedFrom DRYIXT4H ,(geqmeTs Ysell) .for the

anplification of the gene of the. i nvention in a PCR are protected
simlarly. fPhemenzywischaale fierderatss foh LetPE HBGE 3
ERBCHE TIRECIN 7 i o o e

yst naturally possess dlfferent 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 preparatlon), 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 advantageocusly by overexpressing the hydant01nase
genes in question according to their turnover rates.
Accerdlng to, the DSM 3747-System the hydantoinase gene is
35 overexpresses from plasmids with reduced copy numbers.



19 March 2004 WO 01123582 6 binding site) which determi nes the efficiency

of protein synthesis. This principle Ls reﬁliz$glip operopggq?mctho?.

m cr oor ' The di sadvantage is that the efficiency of a translation
initiat ?gﬂdﬁ@s% can not be p?edi cted which 5 neans that fBETERSHIEEhe

many changes in .the translation initiation region have to be made and \
tested (Gifantini et al., 1998, M crobioljogy, 144) 947-954)a c) The
enzynme. activity.of each enzyme can be changed by nutation using error prone
PCR (Fromant et al. 1995, Anal. 10 Bi.ochem 224, 347-353) and DNA shuffling

, 199 - . -391 Again, this is very ti .consuni ng
gﬁgaSEE{Iy.g.%&f%ﬁﬁﬁtéEﬁgﬁhﬁgﬁggggi%Pﬁggﬁgﬁqu(}QXﬁq?ﬂQ% fﬁggF?eFGﬁ i on
in a reacti 8@ @aRraresgyefes thenpdoffictéon ofi giles who Td dé]l._ﬁncadalgm;ynes -

i th [ i coul ¢ ompp ned..t 0 .an op n, | s .needs a
rgrgeagg{gggggk§§§g$?g§%QE%%CﬁHggggﬁgéfngy §%£&ﬁéﬁg§3ag59é%b?ﬁﬁé§ﬁ FFBWFEhe
sane pronot &P Kixe fsiskd ke werker wian detiver &t cxalc;my mlmé)egené'hingozﬁphﬁe
the 20 Ghr oBRgHER (i Y) pPE£8EEBRIS piizidh il W a. te A ig
cogy nuﬁﬂefs. ﬁﬁligﬁg??ﬁ%??ﬁg vgfégﬁsa%gXpa ?%%%ub agﬁgps éﬁtﬁrgﬁfferent

copy nunmber BS& ntBA Ut 84 i 1RPR3I22r AyPnYsestiFq mrasikee cllgeet te with

251 Mo the pLastire | n b Sl en LR He P S PRy o ERger ot ed

25 into t in ste _ . .

str:alinn? Thieggf’égt%ﬁ&%%dl I%l%gf% gy t&%’gﬁétrﬁgwsa%"nd’qw i3%S Jrse@dnyn this

conbi nat i onsespefcm' i if‘cjmsﬁhe)lrnﬂcihﬂedewornteenpﬁsghfm;g %ndggnémo&nﬁgfé g(r) eThe
~Hla rept. _le cordi. : d c .

Fol | owity pRraoucd BlastF ol 58! Griierdn Fpryiintismest Al -

enant i oner i ¥ekhpden Enzigeb i 1P Gci 185, PETHEPOOIO A BT niren asfivovagehhe .

nyuA gene (828medd),! NAPHRAING Mo LRBD, CEERLAM % HULS'BO b8 1 @

shows the tine_, ) .
: applicable plasmlds, vectors can be found in:

- DNA cloning: a practical approach. Volume I-III, edited by
15 D. M. Glover, IRL Press Ltd., Oxford, Washington DC, 1985,
1987; Denhardt, D. T. and Colasanti, J.: A surey of vectors
fo:'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“'ed5
Cold Spring Harbor Laboratory Press, Cold Spring Harbbr,
25 N.Y. They are incorporéted 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,enz?mes 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 (se&; 6), S2480 (seqg. 1), S2248 (seq. 2), S2249(seq. 3),



WO 01123582 7 19 March 2004 PCTI EPOO/ 08473 course of conversions with
E.coli BWB110 containing pAW229 and pBVBI. pAW 2298%03t al ns1§£r{7|arch 2004 s
car banoyl on a pACYC plasmd, pBWB1 is a p eri va carri
the Yi yéam?lgggg gene. After consunption of 50% of the 5 s 8’84'{3_he_
reaction al nost stops conpletely, since spontanous racem sation _of INR is
very slow (Syldatk et. al., "Biocataiytic production of amino.acids and
derivatives" (1992), Hanser publishers, New York) pp. 75176). As can be
seen fromfigure 2, bringing the racemase 10 (seq. 11) into the systemby
using pBVB1 S2E1PBYBaq.ta¢ aecgeam@sméhwsh thereRLPABRY, Ay rggyg
racemase ge enabl rrg conversi on of the substraté .
hours i nduct?oHTSE= 3 e%_ﬁg (éersl?éa{ﬁ 7Y RFYY %Fetbi‘-épaﬂé’@r&sl%mdbed

above and Wenlela:lmcaﬂbatledomt h&%whﬁ@.ﬂaﬁ ZréMidembd! Lol pe Uiedal CAL!

II xX~t egr d h~dant oi_nase gene was
tS£ ;g;poﬁvn\sél%%%%%éheﬁ ma A?i"r‘%‘%i’i CnPHLESH diSnidene hy
car banoyﬁasecommﬂdlsm oﬁcgnam We-semﬁnéés p%ﬁzéﬁgmatgoﬁl) I,c.sft %,gﬁl;? 20
| asm d cont e
Pnduced at Zé%%a P%ef&tééggﬁ%)urigp%p On e eSOJﬁ%%Pﬁs{“pBﬁ‘BﬂueS@iqn

har vesti ng at®l %erﬁ%@tréﬁtpwcﬁ@ok szma: ast dakcr i Gedealhoge., Riigyr 55

et o naoe s IS RLERRL £k Bb QM { W1 PR ReRLAS RS WIS (P
i nase ge
r)altcgprage gerf'e%fe%)e?”il%eggﬂlﬂéﬁcéd'el@ﬁﬂﬁ}ﬂs i geis ﬂ’elgardmbltn@tlon of

BWB1 apd 32(Fhrdseh éaét and, comRhild 14PNy 85 PO T PFO B, L3 ! I 5kt G
'Itorypt ophanefﬁ% Jntr1 ate |i930 for%d up to a concentratlgr? of83d 4 M

E. coli °H“Fﬁ e o 88 oE,O\HBﬂ/\Bun (PhtopBRCBERHIE Wi t h
t he car barm;éxastehesmist rm praetiealgappioaditd, NEYBEed the BMAFYCeRE @S Mg th

{he ydant ot 40). WBRoLAKRAkRk e oM EIS) P betel Sueeg induced.
19 March 20@11\»39 (ke Zusgzo aendrrapa;mlmmfonme edﬁmwﬂdyaMeAggﬁh?lg}ger

floure B B %éﬂfss\/\sﬁ’i@? Falre DpRiAStr el O W Co ! RORBERRC) Brbas
racemase gerdd 'wa%aﬁ& %\599 pBhes e sterafsmnioss rﬂmm-ucmrpbrahed by

hydant oi naserefarence mtm‘éwpﬂht ook plane for 10 hours at 30C (Fig 7)
this case a fast :

Another aspect of the invention is a process for the
productlon of enantlomerlcally enr:.ched amino acids, wh:Lch
20. utilizes a whole cell catalyst accordlng 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 sirnthes_i_s of the
enzymes. is influenced by changing or by mutation of the
translation initiation region of each gene (the ribosomal



conversion of IIl to tryptophane takes place. Formation of the internediate
I.s strongly reduced and product. formation 10 is faster thag pgaen2o04figure
5, so that th nmbi nati on of pBWB4.and pBW3 is nost favourable for the
process. gl'g?ségent i nvention shows a new and superior wayPCUEPSHA$ATHhe a
hydant oi nase, a hydantoin racenmase and a carbanoyl ase in a whol e cell
catalysator. It is this 15 possibilty thatgrenders instant. invention to a
proper nmethod for the production of enantiomerically enriched am no acids
from hydant oi ns due to reduction of catal yst production costs.

Enant i oner i y: enr L. that ant.i.pode.of a 20 chira7: conpound
is the ngj o?%%%%%e%?ggﬁ gﬁ%%}[ lﬁir%e(ﬁ}%l(ﬁ% ?i%ggég?'eﬁﬂ’n(?faard) tes
within the fsvmeesksef Thiiss prdnesripilen ial |remipoeddincopptiosnisngfa pri mary

am ne functi 0 a-CArRQXW. I [ o] /i ne d-nt ernedi at
C-atom (a Zéﬁ ré: at o%?h%%fntss:a?egatéc}m %éaarq}s‘:'aa%#yg%ne ?ér ?H%r %lf‘gg'icdﬁé‘.cy _°t-e
Nevert hel es® dFrapalaEaprng Anifdadcionaregiar can deotr bedpaedd ctechavhich

enconpassed md¥ed eEhaE ¥BRABHCH AN sy U5 0 ' iidh DE
19903268. 8. CGenes epcodi ng.for _a peptide sequaer??(;éegafrdei 'téiéegg%%%g%%lodhw 30

as all genesThoskFbienwreliPgglaye o ke amans andi basted: (6rifaatinic =te.
The mi croor genj smM I/, 3M4 érobidileResi tad atoLeuysgne Samml ung fitr '

M kr oor gani smen and Zel | kul turen.. PCT/ EPO0/ 08473 -~ WD 011 23582 Exanples: 9
19 March 2004 RCTI EP00108473, Bacteri %I st rai ns,yrﬁ)l asm’;dg and grow h
conditions: B cOf CUABE BrEAVIS. B BT enaYme.ran (hggshangsd Rys3109)
was used fomutiamion psdogderedri prone TR hFEdomdhe é8egl.7) 199BYH M0,
9) and UAHG 1) ne r rthr ter scen SM 3747 oi 3 et
al ., Big?(ec#ﬁﬁ%é#' %887) §42 gg]gﬁ\Q%;&in%?&*C(ﬁl}u%ﬂgoff _ Tet 1§Igf4'i n
prepar ati onNatuxrr3Vai i ¥890B9L) .cdgrival thigHiis wedy Hhimestonsdfing oc. .
Nat|. Acad. a9 d&#c¥$. 7069-7072) was 10 used for, coexpression for the
genes nentioned above. E. coli strains were.either grown in LB liquid

medi um or on, LB-agar_pl at6_es ‘:Lu_ri g et al., 1960, Virplogy 12, 348-390),"
bot h suppl efént’ 1 260™TGERRLZPEC FeRST &Rl IPImPZQgFheir  function
chl or anphenidevla tresettoh phasate,cgehpisnEron diiBferent origins which -

15 encode enzymes wi_th appropriate properties could be
combined to an operon. This needs a large database
describing such enzymes. -

-e) All genes are expfessed from the same prémoter but from
replicons with different copy'numbers;fThis can be the

.20 chromosome (single copy) or plasmids,with low, moderate and
‘high copy numbers. By constructinQIVarieus:compatible
plasmids with different copy numbers and antibiotic markers -
‘carrying each the same cassette With the promoter and a
_polylinker sequence, genes of ihtereSt 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 many 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




15 The cultures were grown at 37C, for heterol ogous gene expression growh
.temperature was reduced to 30C or 25C. General protocols: Ablpy£Enbbss
reconbi nWo 0123882 echni ques. were standard net hods (Sanbrooé

Mol ecul-ar C oning: A |laboratory manual 20....(1989), Cold ﬁ@?@”%ﬁﬂéur
-Laboratory. Press, New York). PCR reactions were performed either with Pwo
Pol ymer ase or the ExpandTM Long Tenpl ate PCR System by follow ng the
recommendat i ons of Roche Di agnostics. Coexpression of hyuA hyuC, and hyuH

in E. coli: 25 For coexpression of the racenmase gene hyuA, the carbanoyl ase
gene hyuC, cours$éeclydenveiredenseRetiMHdlY -pr31f Lai§uer al
3150 £0hkaiBTNg Paes

constructio \éﬁ’é‘ﬁ ?I ffg{qegh features were nade.

expressi on 3 coptaing dre i FREhRmeYbysaugbse o"n @ asni ds

wer e used. M@i‘c Bﬁlasmydpl pBWBds g @ﬂlﬁad&io @%V%B‘gﬁavi%rga (;&?1977 .
PACYC1 ang an

Gene 22, 2 - 3,SORY nber of 40 asii
Cohen, 1973‘]3’%%% el’IO cn 14%%ff§6)cw%%bw%u%‘broéfthe 15. PSC101

pl asmi d8 (mmtal théQi‘éacIEu.m diddst Aashs Kdmp LSe10. s324Q 3244)
have a copyg orY’t?ax%ué §2eﬂlg %%lg%r c&[ 4 PCT/ EPOO/ 08473 nun{s)er of 5-10. A
copy nunber ot 113 ac [ eve I'nse e Ve $irw {Seldatkoet.

chr onosone.2¥he 'bﬁh@%’élahé‘é@-grpyodue:mﬁ zino déddie!l an@! asm d

nameoncopy déﬁibﬁ&tﬁﬂé"ééi apLey2 YC
. 10- 15carrh BR40- g0anpzyquB§%§S%’é%%%%%§cam%"% York, pp. 75-
hyuApBV\B4p e ReeRpBresy Adaure Qacmrmﬁm/\ﬁﬂmé&a&émaeeam

~hyuH ZBOAburseq.atlxmslntwuthayg Btemn hdd e (seq.
11) hyuC Iase %he'ne (sgé tﬁif ﬁihdq%antm nas‘gC%%Wf ﬁ 9) anp:
anpicill'inE SI stpa 18Rk Sgarbamoylase Gaxwk the racemase gene,

enables complete conversion of the substrate. After 4.5
| hours induction at 30°C 200'u1 permeabized cells were
prepared as descrlbed above and were incubated w1th 800 1l
15 of 2 mM D,L-IMH. _ ' '
The E. coli strain BW3110H with the-chronosomally
integrated hydantoinase gene was transformed with pBW32
(Figure 3), the pacyc plasmld contalnlng the carbamoylase
. and the racemase gene, or with PBW34 (Figure-4), the PBR
20 plasmld 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 harvestlng and permeablllzatlon
took place as described above. '

Figure 5 shows E. coli BW31_10 cells with pBW31l (the PBR
25 plasmid which carries the hydantoinaee gene) and pBW32. (the
PACYC plasmid with the carbamoylase and racemase genes).
- Cells were induced 10 hours at 30°C.

The combination of pBW31 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 BW3110 transformed with the plasmlds pBW34 (the pBR
- plasmid with the carbamoylase and the racemase genes) and
PBW35 (the pACYC plasmid with the hydanto:.nase gene) was
taken for this conversion. Cells were :Lnduced for 10 hours
35 at 30°C (Fig. 6). The combination of pBw34 and 35 shows an



cam chl oranpheni col resistance (chl oranpheni col acetyl transferase gene)
10 15 19 March 2004 WD 01123582 PCT/ EP00/ 08473 ‘11-The hytaMaeiin2tod gene

hyuH was_ al pressed using the strain BWB110H, which carr
chronoso oslﬁﬂgértion of the hyuH gene. All constructs enaBl ﬁﬁﬁro%/ows

transcri ptiOnaI regul ati on of gene 5 expression by the rhaBAD pronoter. For
coexpression of the carbanpyl ase gene hyu§ and the hydant oi nase gene hyuH
pAW229 and pBWB1 are transforned into E. coli 8WB110. For coexpression of

the racenase gene hyuA, the 10 carbanoyl ase gene hyuC and t he hydant oi nase

gene hyuH, nd .pB BWBA an \\B B are

sui tabl e corr%%?ia 3 |n°2Ea t@%ﬁl %R@%l%? al’géa'gﬁl v\e\g?oexgp'%}sa\m@% of all
t hree EnzymzsoducE fooima tBg1 ke BViBcorapBuBloven batesdharliSeen in
Constructi op; of .Lhg PAVR29 was obt ai ned Bi otechnol . (1999), enzynmes Ndel
and Bay con vl ng the hyuC 20 unpublished),. which plasm ds: by cleaving
pAWL78 (Wl ns et al. J. 68, 101-113) with the restriction nH and

ligating thelasmifppEWidheiihe @RR iptaspideebeh. thet @ﬁybemwlasﬁasammt with
the samg r:ﬁﬁé'f&b@ﬁa"sg s PRV YERb£R8a! witheBaE3C! (RRd ME

(Wese et In repara |on) wth the restriction _enzynmes ECoRI and BanHl
and |i gat i nelesBidswddh FEFAARERARATE [GeRAS - h;&quﬁéﬂewgq% Pl

whi ch was Cﬂérvmbhhméer@ JEEE T (Eig On) enZNNERispBYES waga@ ai ned by PCR

oDl ot O Shrrais Y Al WS, L RES 18, rormation of
( 5' AAAAAA&H&TIAAWETM&&QM S:eqdudzaadSB.ndn orpAVNEED fofinesel eh

a shi n daI ggr % g%ugt ctee;g(;ér&irans aﬁll"y’gndl Ihln |on \?%%8%%1&183.”1:[1011 of

i nserted i pBWBAeaHGN®BWS:ite msbmv@urab?aBV\Sﬂrw&hecwmsby i nserting ‘
t he hyuA PCR fragrrent 35 described above into the Hndlll site of pHA24.

pBV24 was ghe present invention shows a new and’ superlor way . to
-combine a hydantoinase, a hyd_a_nto:l.n racemase and a
.carbamoylase in a whole cell catalysator. It 'is this
15 possibilty that renders instant. invention to a proper
method for the product:.on of enantlomerlcally enriched
amino acids from hydanto:.ns due to reduct:Lon of catalyst
‘production costs. - '

Enantiomerically enriched means that. one antipode of a
20 chiral cdmpbund is the major component in'a mixture of both
antipodes. ' '

Am:.no acid denotes within the framework of this :|.nvent10n
all compounds comprising a primary amine function connected
to a carboxylic acid group via one intermediate C-atom (ot-

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 ac:Lds ,
are those mentioned in DE 19903268.8.

Genes encoding for a peptide sequence ate to be understood
30 as all genes possible with regard to the degeneratfion".of '
the genetic code.

The microorganism DSM 3747 is disposited at Deutsche
Sam:itlung fiir Mikroorganismen und Zellkulturen.



WO 01123582 12 19 March 2004 PCT/ EPOO/ 08473 obtained by cl eaving pAWM78
(Wlms et al, J. Biotechnol. ' (1999), 68, 101-113) with NdeIM@rInIZBﬁ)mdl II

and | i gatwo®@1b¥s321261bp | ong fragnent containing the hyuC ggéLﬁE &,?
which was cut with the sane restriction enzynmes. pBW22 was construct ed by

"PCR anmplifying of the "cer"-region fromthe col E1 plasm d using the priners
S2248 (5'-AAA GCA TGC ATG GCC CTT CGC TGP GAT-3') (seq. 2) and 52249

(5" - AAA GCA TGC ATG GCT ACG AGG GCA-3') (seq. 3). The.268bp fragnment was
cut with the restriction enzyme Sphl and inserted in the 10 vector pJOE2775
(Krebsf ~ngeExampdés,: 1998, Enzyne M crob. Technol. 22, 219-224) w-iich was
cut with th'e same restriction enzyne. pBV\BS vvas constructed by cl eaving

pBWB1 with ?‘itarl' %tt&'%[rlnc#] ryﬁrﬁg sp}?':ld’v@i The 1379bp fragnent 15

cont ai ni ng Eerasy SE&f sCeRALLiRMSH the sane
restricti onEengyrlés JMQB%ﬂXﬂauaﬂii-aFerecbrbyetT&hw 6gnpB\bgwit,h3ihe 103-

restriction y fra t ,cont ng the hyuH
gene and th Jéﬁgﬁagnsgsgg%rh o%%%er%qug\eﬂsnlligét céléé}ﬁlﬁ? %?51]‘ %&UW

Di ssert 8ti ohSe@ni ¥érshynH disag.gdh ar@@t&)qume@ mmmcgta.new titothe same
restriCti OMAERYEBaCCERNSUEEIE Hon Ny £NT AEPSENBE LT CORALEOF, NyuH into

t he rhamaos kb fr ment fromt col I rha eron was
25 anplifi e gl?ﬁz pr|2ne 17 Q‘SJQMMCH@G@Z@ACEG@D, (iseq. 4)

and 52518 (ﬁreﬁ@@éﬁ&ﬁﬁ¢TT£AHa%¥¥¥H%&¥AﬁT@THE%i1(ﬁ9ﬂ105XHEﬂ§ Engcol
chr onosonal QNA aﬁég b. ragrrent was; ~cut
restriction 2Ewsy SP LRS-, i L tYRA VEB1 o7 0BPETOM2) Mwash et
al ., 19084, u:&defeﬁ aaexg&hs‘tl&&) )fdahltﬂ-ke Whsh s tme £ Doh B8 EBSYEI Ci on
enzynmes Ba g 9. PBV\Bl Ut with the restriction
enzynmes Eco %tgg%ﬁl% w%%éa %&fglﬁggﬁxfd‘ﬁ’eﬁn g’r?ﬁ‘?‘nﬂ PREIHPUPEgORe was
inserted i rﬁ%‘ém@rvnéaeﬁsmemAMatcraMas lg &m, cmira\l:bbyt be, sane-390),
restrictiOboti®Ss b1 t I|f|ed

S Rro pgLoRence STr T bt A0 80 AP

at €.

usi ng the
011 23582 1?31 'Wrcﬁh%%ﬂmpé?mpeé/ Mﬁhﬁcergmsmm eerrymng Bgrah.nsnd |
i.nsertEs i Mioe tdel vecesr wpdeEGEdbdm( At QlTb'QChTIQ{n h I d&%h h was

't h_ Bg I an

e A B e e B o P ec™

General protocols: . _
All of the recombinant DNA techn:.ques 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
E:xpand"'M Long Template PCR .System by follow1ng the
recommendatlons of Roche Dlagnostlcs

Coexpression of hyuhA, hyuC, and hyuH in E. coli:
25 For coexpression of the racemase gene hyua, the
carbamoylase gene hyuC, and the hydant01nase gene hyuH in
~E. coli, several constructions with" different features were
made. To obtain comparable expréssion 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.,1141-1156) have a
copy number of 10-15. PSC101 plasmids (Cohen et al., 1973,
Procf.Natl. Acad. Sci. Usa, 70, 3240-3244) have a copy



5 inserted into the gene repl acenent vector pKO3 (Link et al, 1997, J.
Bacteriol., 179, 20, 6228-6237), which was cut with BanH . 18hgargere04

repl ace t carried out according to the authors' inst ons.. Positiv
i nserti gﬁ%\}gﬁg@ wer e screened usi ng MacConckey Rhammose pﬁ’gir&owfﬁm
-‘Preparation of cells and activity measurenents: For induction of the rhaBAD
pronpter strains with two plasmds were gloown in LB~+a"". strains with one
plasmid in LBWor LB~ respectively to ODsoo 0.3-0.5. Then Lrhamose was
added to a final concentration of 0.1 g 1-1 1 5 and the cultivation was

conti nued t, n f ap I t ed seper.at.el

for small scal eé%nggnegj%gas%rg:r tsrm%'g'%s %%ri eg%o%dﬂgéggh &6?% %}/ re
harvest ed, tRehgeneninte the2 BV halsi mhronosene ~r esuspended in 1 ml 0.2 M
Tris pH 7~.0, 1 mM Mnd 2. 10.ul 20 tol uene was added for perneabilizing the
cel | menbranes. After 30mn of incubation at 37C 200 ul of this cell
suspensi on were added to 800 ul of 2 nmM D, LI ndol yl met hyl hydantoin (IMi) in
0.1 MTri srﬁ{-l 8.5, mxed and shaked at 37C. This cell ampunt corresponds to
25 appr oxi eI plasnidy featnrgs aps gmmagsiged sinekablafen regul arly. The
reacti on was stopped hy adding 14% ¢trichlaoracetic acid. The time course of
product arﬂq:métﬁidCﬁaﬁent b2kl - ans d@%ﬁ/ e Nesk 19t a9 EPLhyanal :
The. ....-]. HPLC system Was equigped with a RP18 colum a$ described 30
previ ousl {101 € determnation Qi hydantol n gertvatives
am no aci d& Wet al ., |P888C J |18 dtechnol ., |98 61 (1): |BYYS).

W absorpti I—a-t—-280--n-m-a-nd—t-he_n@b4_Le_ph-ase_(_ 9
phosphori chW3ﬂ.(80% andpBRt hanqldao-3¥4 v/ v))|ams punped \hitiHa flow r
350f 1240 mM mn 1. WD 01123582 14 19. March 2004 PCT/ EPO0/ 08473 P
ssol so AMICx. (tfor $U -, printed jon 24.08. 2000, 0Z; 5T 38
Forth - PqH %%}34 ( EASY)P E%fs'catl didRel at'i ng| 98" Deposi t ed ¥ Gr

or O her Hielegiecal—vat-edi-at —ReH-e—-3b-5) It —Prepar '
Version 2 pBH34 updat ed QpBE? ZOQGX)—(SOZ ~ Int ﬂrampi onal Apphyaat rohyhian |v-S
~ nppucanr{s_or_agenrs rue rererernce ~ 990160 AM 1The indi cati ons nade bgl ow
rotate tot osited m garji or ot her{ hj.ol ogi cal ial n~ferjred
to Inthe Cg);%gﬁa'ﬁtion on: Bé‘gggem 1?Fﬁ')r?e 3 1~Iden ificatio:ﬁ%&:I :
Deposi t 1- FtName—ofdepositarytmsti-tutonBS~——DPent-Sthe—Sarnmiryrag—
vonM kr oor|@BW3hen and Zepﬁﬂilpﬂ-urérrl@ani - 3- 2AdBIeS S ‘| nyun

of deposi tdryinstitu6l on~geherQded' Weg Ib, . DI38124, ~Srauhschweig
Ger manydg.- 3- 3Dats of deposit. 1-3-4Accessi on Nunber DSMZ

37471-4Addl tional | ndi cati onsNONEL1- 6Desi gnated States for whichall
desi gnat ed at es| nd| cati ns ar del- 6Separgte Furnishing of

| ndi cat i on&PPTRYAL 1‘?1’6?0 PtBénsHEﬂ'lElﬁ'lzéﬂ‘gt ot he | ntenetional Bureau
| ater FOR RECEI VI NG OFFI CE USE ONLY .. O 4 This formwas received with the
international applicationhyuk: ~racefgnse genleo)(seq:OQ.Jl)I\I'I'ERNATI O\IAL BUREAU
USE ONLY

hyuC: carba.moylase gene (seq 7)
hyuH: hydantoinase gé_rie (séq. 9) |

10 . ‘amp: ampicillin resistance (f-lactamase
gene)

cam: chloramphenicol resistance
(chloramphenicol acetyl transferase
gene)

15



This formwas received by the International Bureau on: 19 March 2004 WO
01123582 15 PCT/ EPO0/ 08473 1. Wole cell catalyst for the qomygesbosy of 5
nmonosubstituted hydantoins to L- or D-amino acids conprising cloned genes
encodi ng W8H0123882dant oi nase, for a hydantoin racenase and aPOI/EF00/08473
-L-speci fic carbanpbyl ase; wherein, the genes are overexpressed in the cel
according to their turnover rates. 2..Catalyst accordlng toclaiml,
characterized in that a bacteria is used &% cell. 3. Catal yst according to
claiml and 2, characterized in that Escherichia coli is used as cell. 4.
Cat al yst according _to one or nore of preceding clains, characterized in
that the gentdech¥fankginase: lgeney dantbives alsacexpsesaad osibamiHease is

taken from DSM-87A7BW31106QC GRS 018 J¥ UGN, 9fmdy Mogke cel | cat al yst
according to clajml) characterizeg I n fﬁgt 3?%5%@%%-%%%Y@BHGF%&ﬁPb§%501
p~l CYC184 oﬂﬂﬂﬁgéiﬁHagénﬁsed. 6. Process according to claimb5,
characterized ~in that .plasm ds pBWB1 and pBWB2, pBWB4 and pBWB5, pBwWs4

and pBW3, pRB2conspbBlB4saketathied trandROGRSiomer Fdbiat Pof! BlgM
chargctegized Ln_that agy‘gg&c%§g train wth a chrd%%%o%a??y Insertion of
u .87

t he hydant oi TrReGBHE™ BEU&ording to claim5s, - _
char act eri zetb¥ ncokapresshianosfe thed deirbandyl 8 igdMOMByEE §AaSehke i S

used. hydantoinase gene hyuH pAW229 and pBW31 are transformed
into E. coli BW3110. | .
For coexpression of the racemase gene hyuA, the’

- 10 cérbamoylase gene hyuC and the hydantoinase gene hyuH,
PBW31 and pBW32, pBW34 and pBW35, or pBW34 and pBW53 are
suitable combinations in E. coli BW3110. _

To achieve coexpression of all three Enzymes in 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
.contéining the hyuC gene into-pJOE2962.(Altenbuchner,

20 unpublished), which was cut with the same réStriction

' enzynes. o _

PBW31l was constructed by cleaving pAwW92 (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 ofﬁthe_hyuAggene
using the primers S988 (5°-AGGCTGAAAATCTTCTCT-3') (seq. 6)
and S2480 (5°-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. _
PBW34 was created by inserting the hyuA PCR ffagment

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



AVENDED SHEET ( ARTI CLE 19) 19 March 2004 WO 0112382 16 PCT/ EPOO/ 08473 9.
Process according to claimb, characterized in that. prinmeismMat8dosS2248,
52249, _53plin9%s2S2518 are used. 10. Process for the producpépppdoess7s
enantionerically enriched am no acids, characteri-zed in that a whole cel
-catalyst according to claim1l is used. 11. Process according to claim 10,
characterized in that the process is perldrned in an

enzyme- menbrane-reactor. 12. Process for the productlon of whol e cel
catal ysts according to claim1 characterized in that alh genes ate

expressed fg1PaihedSBYEcPEaiRhel phwt17fsr qmﬂnﬁ‘ﬁr&tﬁ%w tdn repbteennow.t h

e T CBPYaBYTOg 0T s s a P P R PPIR s PEIER. EIES,
conpr|3|ng pﬁeﬁbpdxoﬁgcﬁrdgmgntocohmaﬁnﬁhgAﬁﬂﬁﬁﬂﬁhd*@EHE(:hﬁEWbGW5219)
A9 AOUE MY AR YNGR s B R ot ARBASR A SANALE: Aphus? G2
5 constructed by PCR amplifying of the "cer“—reglon from the
colEl plasmid using the primers S2248 (S -AAA GCA TGC ATG
GCC CTT CGC TGG GAT-3") (seqg. 2) and S2249 (5°~AAA GCA TGC
ATG GCT ACG AGG GCA-3°) (seq. 3). The 268bp fragment was
_ cut with the_restriction enzyme Sphi ana inserted in the
10 vector pJOE2775 (Krebsfénger et al., 1998, Enzyme Microb.
Technol 22, 219-224) which was cut with the same
restriction enzyme. ' -
pBW35 was constructed by cleaving pBW31 w1th the
.restrlctlon enzymes NdeI and BamHI. The 1379bp fragment
15 "contalnlng hyuH was 1nserted into pAW229 which was cut -
with the same restriction enzymes. o .
PBW53 was - .obtained by cleaving pBW31'with the restriction
enzymes Sphl and BamHI. The 1534bp fragment contalnlng the
- hyuH gene and the rhamnose promoter was 1nserted into pSB27.a'
20 1(Baumann, Dlssertatlon, ‘Universit&t Stuttgart, 1996), which
was cut with the same restriction enzymes. '

F_Constructlon of the chromosomal 1ntegrate of hyuH into the
rhamnose operon: . _
A 3.5kb fragment from the E. c011 rhamnose operon was
25 amplified using the primers S2517 (5--AAACAAGATCTCGCGACTGG—
3°) (seq 4) and S2518.(5 AAAAAGATCTTTATCAGGCCTACAACTGTTG-
3‘) (seq. 5) and E. coli chromosomal DNA as template. The
fragment was cut with the restriction“enzyme_Bgl;l;andh,
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. PBW3l was cut with the
restriction enzymes EcoRI and BamHI. The 1436bp fragment
containing the hyuH gene was inserted into the vector :
pBW39, wh;ch was also cut with the same restrlctlon
| 35 enzymes, to get pBW40. A 2.9kb fragment was’ ampllfled using
the'primers §2517 and 825;8 and pBW40 as a template. This .
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Indo:_l.ylmethylhydanto;n (IMH) in 0.1 M TrJ.s PH 8.5, mixed
and shaked at 37°C. This cell amount corresponds to

25 'approximately 5-6 mg cell wet weight. Sa.mples were taken

' regularly. The reaction ﬁas_ stopped by adding 14%
trichloracetic acid. The time course of product and educt
concéntra_tigp_s, was.. d_e't.:ermined using HPLC analy_sis. -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 minl.
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§ : Mikroorganismen und Zellkulturen GmbH
1-3-2 | Address of depositary Insmuﬂoq Mascheroder Weg lb D-38124
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1-3-3 | Date of deposit '
1-34  |Accession Number DSMZ 3747
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Eséherichia coli is used as cell.

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

5. "Process.for.the production of a whole cell catalyst
aécording to claim 1, | |
characterized in that
plasmids derived from pSC101, pACYC184 or pBR322 are used.

6. .Process according to claim 5,
' characterized in that _
. plasmids pBW31 and pBW32, pBW34 and pBW35, pBW34 and
| PBW53, pBW32 or pBW34 are used. |

7. Process according to claim 5, characterized in that an E.
coli strain with a chromosomally insertion of the
hydantoinase gene is used. '

8. Process according to claim 5,
characterized in that :
a rhamnose inducible E. coli promoter cassette is used.
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