; €3epNpv26TNdW , -Z pl1 G p002 Reconbi nant

L N-car bammyba,aﬂﬂzgom Art mwmmﬂmﬂumﬁ@ﬁescens process foxpthaepbeeedsat i on
of L ami no acids by neans present invention relates to a new

reconbi nant (rec-) 5 L-N-carbdf@$fase from Arthrobacter aupescens and to a
process for the preparation of L-am no acids by means of 1 ALdSr yl ase.
The L-am no aci ds which can advant ageously be prepared by neans of the new
rec- car banoyl ase are [ nt_chiral 10 starti materials for the organic
synthesis e. g. of %% malb:f'n%ﬁ‘t ﬂr“rﬁﬁﬁi’?ﬁﬁé’@gﬁ dPh and ani nal
nutrition. ﬂi‘lﬁaﬁh@cﬁt@g%ﬂlﬁe@@éﬁhbibfbyeeﬁ soer chaeb&@pammlcﬁavma.by L- N
or D-N-carbanoyl ases of the.D L-c |_am no S, Whi ch are accessible
fromthe corresponding hyag‘ﬁ‘tn(? r?smﬁ{/)s %}’ h fit oi nases has hitherto
|l ed to the establishing of processes for the preparati on of L- and D-am no

acids on an industrial scale. Evidence of the presence of L-specific
car banoy| &8s presdeeniprevi tee felathe hosa deverseombrigiang ofrec-)

m CroorgarL—yn 49N Pladd - From }&/P{:hrgﬁéctgr 20rEz¥ms %91%17’t02a 163- 176,

Syl dat k et In Drauz K. and dmann, _H.: Enzyne sis in Oganic
Synt hesi s PIRS&fei FRT A \RF¢RAT a1 H0K) Of T%ea!ﬁreeeﬁerédéf byy. mw%@ﬁ‘)yr ase
activity ighiceldsrisdmd &érain Arthrobacter aurescens has al so al ready
been known 25 for a re tiver Iong time. There has noreover been success
in isolat iﬂ_geet hi s .carbanmp

n a horra en]eous fOFt nd in deted"erg ning the
Nt er i nal T qUEATA Freas (nhel S CERPRRE SISRIRIYPE B5GRAAh Dhea s TU
Br aunschwaeenriO ) . tHowemer red hea geameo whasé aneleskmporrt*alne ehzyrad was
unknowp o) r e ned
(oyer expr essﬁ(}dc%qééeidcé%%ln% T'Zntzkt'%eoaﬁ%ﬁ%ﬁ ggﬁ?fﬁggggrg s@quence t her eof
or the DNAlmMgsoh abdese tolf sllmﬁhbala@ﬁidlEehm@ﬁ@eamér animad mettitdwn.n t he
literature. WD 99/ 51722 PCT/ EP99/ 01681 2 - 2 AUG 2002 Three

tLhcalr b?nvyﬂhaese&iwrﬁwg@shé)ypw@mmﬂawofr%tl@ﬁléoaweeeltzer i@ aha é)twi in
e liter

e vo6, | s Bt Bt 408 of fie 8o sfnEhARogaan1ES s 105 ,

Wat abe et v&uadh ar]e ﬁmgmnle)g@rdregﬂhe 13drr&6Reo889Ng Hywewndwoinishdy
Lcar ba Wtﬂﬁﬁ%éﬂ%&@r éeljlf‘{ﬁéflfté’ Pé‘été‘B' ‘Eh@lnt@s% ‘Bl‘l@‘r’zh

unsui ta or use | sca e i ndusirral
been possr@ é’thFQ-aﬂﬁ:ﬁS)nymet emai%tl@nc@fbhnwnds@ ﬁmeﬁpAratCﬁrdﬁbamt er

aurescens a(rﬁﬂr&usftfﬁlaﬂ ERVAOL, %vﬁ&ﬁé@a@f’y{ﬁl@ ﬁ?e@éhgé otfoLglsb%ctﬂFicf ree
Lanm no aci ds, onIQ/ as a om nant |y, hono eneouslé BUI’I enzyme or in
the form SRERIOYHAS “’rrLkeeEH‘ qe% P the o Eoﬂévﬁﬁﬁﬁanent al
probl ems atirseinsn dihenid@atd@rgabi g ot@gswa Téesel i pcUudEpli.nCel .alBi:a,

{ranspegt dgfid 3ugne (popesialy, oy sheeabaeyl oagloe geidel

possi b e eact’ dns ( € am no or nred bei ng gr aded
enzynes pMedemannand | miurs e Caa kys tvntanPraeeicheypEbagds by |ysis of

(the whol emdmllﬁs-ed/@{waep@%s@@gg) 20 expensive purification procedures.
A both the formns enpl oyed, the L-carbarnoylase fromA a. is very

unstabl o L ksl PRl Ee Ohe CORERL el TRV T80 doni 1
doct or at e stthrediins Althrobacter aurescens has also already been known
25 for a relatively long time. There has moreover been success
in isolating this carbamoylase in a homogeneous form and in
determining the N-terminal sequence (for lit. see the
article; Miller, doctorate thesis TU Braunschweig 1990).
However, the gene which codes for the enzyme was unknown
30 and accordingly has so far been neither cloned nor over-
expressed. The recombinant enzyme and the amino acid
sequence thereof or the DNA which codes this amino acid
sequence were thus not known in the literature.
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25, Braunschwei g 1992). In the case of the use as a honogeneous!ly purified
enzyne, tlwe dssiabesy is evidently due to unavoi dabl e changes/epggtdisspr ot ei n
concentration and the salt content. The sensitivity of the wild-type enzyne
to oxidation reactions has furthernore been observed. 30 &)\ré ver \%en t he
carbanpoyl ase fromthe wild-type strain s purified, onl y~ WIZ&D ield
of 2.7%1s achl eved (Miller doctorate thesis TU Braunschwei g 1990). This

I ield I te ficat | | th
it hor Lo MSRe AT OY o1 e Ragna B o= SBOBPORFRE FRE TR (P ina

conpetitiwa |fmiusﬁcr i od mMSﬁnfbhethEteredurm ¢Batfiskeamitn@lagi dppl. WO
99/ 51722 BCT/. EP99/ 6 002, Th bhect rese t i nvention
was therefE(g're 0 o(tIIIlacISrnO re ;Ig%%e %3ta? EF b% ésgI’II{IIIIgr%l %%I %r ‘fform and
with a betBtl@rsqm eIBi@mqimeoBmd:ll’nemhelEQaar bam)yzﬁééewéﬂ tWatpalheoretart and
with theose re d f th r rescens.
Nevert hge)l ess, e the I rtI)%ef&fe(g |?%%r§e)ht IgIIg\,hl §ﬁ§‘ §6§gce§§9%§7tegh II%I ustri al
scal e i mm@mxh&&@tmmtw@ye@ereueheageéatgveé&t upistypbde @@ldectivity
Wi th respegle k& sibstdie AHH $56T eRCheTLshEY sBhTe iBbRUWLERAl Dbe
adversely influenced. 10 These and further objécts which are not nentioned
in nore d&&9®H5it which can readily be seen fromthe prior art are
achi eved by enzynes which are the subject matter of claiml1l. The ami no acid
sequences Itthéraeoth ittt protleedredod s thhe Nt @, empiloyhehgene speqlidiees deri ved
t herefyom ar ecte [ ' ates _t vectors
nodi f.%‘g C%r%at%hog}l éeed%%%ﬁe;g%@g%g%%%QS%gééﬁéﬁéoIIrgesp Iiﬂg%g pl asm ds and
@al m 6 t@ltelaefargﬂjldﬁ et qudsamaey bami sesaahdscetPsgdret hbeghiese drgani sns.

ai ms 7 ikl G 5% rya-adsvag'tﬁﬂ@@&ﬁlﬂéﬂﬁﬁﬁhgﬁ&géﬁeoaglgr B84 ilgep Of

L-am no aci ds usi ng t ese enzynes according to the irnventio preparlng
L- N car ba®d\AYESe 9 dirft Altehrae t oF %ﬁ?%s@’éné‘“@?bi‘r&t—aﬁtﬂsdPFi@Pé(’Sf wbyle

reconbi naide 1Rt hagbmd-- ﬁﬁ{d&ﬁ@{ﬂaﬁﬁq&r&\ﬂﬂl&hs gpipar efl vhehitheegar banoyl ases

t tabi | th t hel d
Sctivity BRolas, ThAFS cureiis ocihorE A bFen Frapaeprhol iy tetishs? 9°°
bi ot r ansf diesgteicdra lily dieesttifon Ni-rceamamwh—alnlnn gelgsfpopogsébde sfided0 %
and a decu:%g tmtsom i d¥ind t@éfdé aféfméﬁ"ieb&%ﬁg”&égkﬁﬁ% ge %ﬁ%%sful

use of the car asesma e | ndostr
prepar at i &/ 29Tnes. é’rﬁGIﬁ:?be‘)l I%mml’%b%ﬁ ¥ivial FQHEP@MPFPyté?udl es that

honmbgeneopdloduy iy ady i Q?me'Iél%é'lPé 881 St h¥edYah@r nek¥sathew m nutes
at 50 COD(M | | er .doctorate thesis TU Br(iunschwel g 35 1990), while the

r ec- cat bamdPERSd Viss Bigi ASF ORISR TS0 AU'G 2002 37 C, the activity
of the rec-carbanoyl ase is al nost unchanged for 100 h (fig. 2). This was in
no way t o Ibebiodhedden fomb isnmevyed heteesLatarbamoydbrecadvamt Ageeus. The

use of the%evre%ormts&aamecarml%%h@vésgaeéfoeﬁ@suge B@rdBI}ﬁaIn'trSt tinme
t he possi BI lity-of obtaining a |large-scale 1ndustrial access

‘F% aryl su ldFad HRERS 2k &tWI%\‘ﬁt%‘ﬁzWaﬁl% B?BPF%I’ISPSPFrﬁthon vi a
(éf ) NC&ﬁblIi‘Wl ramﬂl(lz:l'%lléiﬁzyrﬂ'@e(siféml ylwabﬂiﬂuesheeﬂslw th]ge only one
of t ar.nano SES at al Sso orre t he POSSI DI |ty 0}
convefz5|§o % %W’tmﬂfh %W%%?%a?r% Ii?n HWo%alfdd to a degree
adequat e h@moaelnaogneﬂs»caiteumetemme o‘deeslabnladm isoavidenhéyhi gh

L- enanti ogglee gl \GrIaXrol(d%H—])é:Q{H‘a/Acfé‘% nﬂaaahéISpPété{‘hScﬁﬁthErQI:?oﬂ' afd

suitable for reaction enzynmes accordi n%é e I nventlon he free
L- ani no a&ihgs sald Iqq{@ﬁ’ge ﬁ?lkﬁ’ e?%‘?ﬁ%%”’ytbb?%u ® YibATENBSeSNTHBCani no
acid sequencexiditdlbrt hayaed B3 g ehd def i eelosbhodt béeflcobbappytiase from

Arth ts t f de t t t . of I
i it o108 Yt S 1 AN RANDY S48 Sohot B i CdGhERECSC RGN (1ot

t he pri or iar purliifd esbw arldy i anviesty viowgeyie k& quEn2 %% whs chchbdeetihese am no

aci d_sequepngy (iarajlo%etd?rr etFIearLﬁIjeé)J}'s %@%ﬂﬁ%h@%?oﬁﬁ‘?' oy :"E‘Ee Jow per

se. The vectors asm ds and guest organi sms celfs contai ning thése gene
sequences Yaleédalasl@l e amj:esrmm i Genp Predeed e@lupiﬁsqaasoarerpwﬁ%aand pAW
178-2 (fige1} hs ach%r QIlecrHéezﬁI:d’eﬁIIQéré& pﬂé&ﬂ@; oﬁiueﬁé gfkimeWaleh can be

used are in glrl nciple all the mcroorganis are kpown to the expert

and ar¥ sBFP Blbétfldﬁe s Yig pds e P%tl%‘f'? Iﬂwlﬁ)@rb‘?l EPTREEFSVERX0 i s

preferredthe production of L-amino acids.



- 2 AU G 2002 I nduction of the expression can in principle be achieved s
with all tWoe9stilieds known to the expert. However, rhamoBeTAprevinsssl] PTG
systens and | actose systens are preferred. The L-N- carbanoyl ase gene hyuC
from Art hrobacter aurescens is isolated and expressed as fgé Mene
library representative of the entire geRome of to Arthroba a&% ens in
an E. coli ~, RESIII vector vvas conpil ed and screened with an

ol i gonucl t|d t i nal ] i d ence

of the puriid apTStErth e FEer by FvEHE Py, ol BRerABOYR 3 fordigif

pPAW 6, mhingjra:catebkmd@ca?rl@am@ym&ef;agmsnnmpﬂem forar e beidttera

aur escens c tyd r.gof

determ neé) ini t? en]???ce(g@sﬁrl'%g gn#ﬁ?n%s§a§§%§%&g%ste erﬁfﬁ]&e%sg?bonl{ t he

nucl eoti de o= Thevni d?%@ faRECPRRECaN N K¥fuence
Heqihoelth §he hj p p? dafeneladd

derivedsf rmm&b@pwﬂr@mﬂlegmé@e%héhbs@ar leﬁevfha%e%o from

Pseudononas . and Baci || us atear ot her nophi | ys, pﬂentl fied at the
C t er mi nal* SSd HIMTHS R o‘?n%’é%cﬁéﬁeoﬂyﬁpl 1*?HBS§F& SCalse IR
derived n@reatss @{mﬁd em@wﬁ@drpnéumhtblstée Y-t aeniiRdl yerd; determ ned by

am no acid enci.n of t he yla urified from25

Ar t hr obact®i— Cl#r feh %%E?%?';%D 3}%55\3?%3@“ ied via a PCR from
pAW 6 and strmacethmmt)rsareﬁ: co$hoe3<qirees|ba adveosel@aibdimdnassl .can be
produced in a high anbunt in the reconbinant cells via a pronoter which can

be '”dPGEGkH@’sé *Lﬁhéuﬁ.ff I-E]e ’E&gféct§0w§f8§659@ REet ﬂ‘éf-]ltlg 8¢d RrNgsrPf the

DNA and Seq | pe de reproduce the nucl eotide sequence and
(e e am no dﬁﬁﬂi—]séﬂﬂ'eﬁﬂbl@? 3 ¥%%dkhyb}a‘ﬁo?Pa§efFP@mtheaPrl%taeﬁ$t RIS

‘car banpy@siewaie W@{ﬁx@@g Wyiéhea pEPERE Qﬁbﬁ'@@ﬂl ﬁﬁtQ@Z:YI&S Migh are
optional | y P i Vi dual am ng aci ds

repar ed,
but are der \}gge %r%c*gc%%?‘b%%?ﬁa@eef?Sg\ ?\rﬁ pﬁﬁ egfech 1 $ i3 bect of
t he char a(2t,erar81 itdee radres resiptenadsvéer avedstheabkeomnaae @q@a:lelqtegbod or
even begt gr, maNNGY §Oresg, i 4 }@fa@égceést%%%%%msa&%&eeowtm lity of
wor ki ng up, lower sensitivity to oxidatio are al'so
under st ood-hes IR IRAUIERS en2d@i8 Hintehtheecobraspopgdiagdplissmists ami no
aci ds or @Hde 136 @eéwed}c@&né&lfh@dreeeeezaﬁeani’.lsﬁgeam' ckihaver H s-TAG
or Asp-TA m)dlflcatlon on the Ctermhnus are preferred here. According to
the i nventi%h UG FIIFEF NS ani no acids are prepared fromthe
correspondi ng L N- car banmoyl -am no acids or L-N-fornyl-amno acids with
t hese adva&hitadgeous to Ndardampyl 6 esn aﬁ@vahtegdyustaredesshéor the

L- N-cagpa Sitoey [ SHVL ST % n ar tuted

LN- car 6) )Q or. lcCII\rl-fjlf%?CL | am n(g %.%I%é eﬁisrﬁﬂg Eﬁ%:‘sga rr%cs)urail S?Oc%gl%%tgl

pr ef erabl )}'—Ooé'-bﬁ’r éﬁé@&#qrbm chiral hydantoins via hydant oi nases. By the

addi tional use of a chemical or enzymatic process for the racem zation of

hydant oi N8y Prepeceissy \Mﬂm-kbehsbaamjnmaée Prom hatheobadustr aalkeseang for the
oductio n extr vantageous

(r%nner fro%n% %ﬂdg’ %}Tosl ﬁ:shae e easy&ﬁ%{%%e%glpégh rgl anﬁgﬁlggq‘ 5SSt ut ed

hydant oi nsvhmqrh arapayed swzdeh cthiz¢ ncaxlpampy baseabd§ shet pbierherd&., The

st er e 5Ol of ﬁgle%e&y@ﬁrg@a%ﬂfw &peﬁtae%ytﬁgyégsbaayggdby the prior

raceni zation step - optional f acenase - ant oi nase
bri ngs ab@@tifHd e SWIQ‘%OCL S‘b?r@iekﬁ‘é%tﬂﬁhﬁﬁywaﬁhn6338f3&§ tPhe

st er eospeaihfe (blrcﬁfrai-rré\fdlﬁt[a{ﬁi’@'w ﬁse@u@@epdsﬂl aget 8rtheedn¥entinorelhen take

care of the | for & preparation.o am no. aci si.nce the
hydant oi n&S€ Slﬁﬁp of| >né co?ltal‘récgt t% ?h%e%%#bliﬁgl_‘g’l QgeltHOeghﬁ&e show
absol ute ﬁa@t@ow@cle‘aaﬁHMaHrﬁomrthﬂ sorceanfubqusei bfathen of the

St er eo3§onBN$ o r%}ﬂb%éycﬁ{‘té)'fhsr e £§%‘I@3165@§t9%£1t?EoB&Q@“%Qk“th\éﬁ‘et her
in the D or Lconfiguration, Is y converte 0 an L-amno acid. '
- 2 au~ z&?@ﬂﬁré\‘té@bqu It'rﬁé“ﬁd?%t%@é@%l anmino acids are reacted with the
enzynes in a so-called enzyne nenbrane reactor. The stability of the

enzynmes engl %é%dt%”é%ﬂrﬁﬁar{&‘ainw@a@ﬂzywssfﬁaﬂéﬁedhhﬁ hbﬁoge?ebe@)lpy an
I Nes

ultrafiltrati,q ne e ed several _tines

successi oRYdrt4E %rfé'?qya]pﬁ J&El‘n%) %S)Ejfgl’é%df‘éﬁtPﬁ}Yf 8r *€He process are
t her ef or enﬁ.amﬁ:(hs NGO 19C | MinEY ext ydaﬂetc@sa:’ae ythesiet BU Bnaanbshwaug and .
draw ternati VY n I onjgarriers.
Thi s vvags suc ésf lﬁl |e]%//egéd clané%%%él(%?eﬁgl ?/Qﬁ %?%I éég y Q ter it
was possible for the rec enzynme to be enployed in a pure form Al the

nmet hods known to the expert (coval ent, adsorptive etc.) for imobilizing
enzymes on carrier materials (silica gels, Si02, EAH Sepharose,

nitrocel |l ul ose, Eupergit) can be used, but carbodiim denedi ated coval ent
coupl | ng to EAH- Sephar ose |s advant ageous. When rmdl fi ed |n th| S way, the

o o e —— r 1 o o o



.- z,au-¢ zooz in 16 m TES buffer (25 mM Tris-HC , 25 nM EDTA, 10 ~
sucrose, pH 8.0). For cell lysis, 2 mM lysozyne solution (100 ng/m TES
buffer) were added and the m xture was incubated for 60 mn at 37 C. 2 ni
10 ~ Na lauryl sarcosinate and 2 nl prgteinase K (10 ng/ nt_)z\% 2@@2 added
and the m xture was incubated for a further 60 mn at 37 C [g; and
0.6 mM ethidiumbromde (10 ng/nt) were then added and the m'xture was

]E:gpt 5f|8f lhgz(risd:nq]%e%?\lﬁggﬁgl ent d;w a %{flﬁﬁgggn&@iﬂ%#fo f ’Ofor ﬁfﬁ)hrotor

cent 11455, SRS U BpE et m,%’s*’eﬁ%'rn@"ve%%da'ﬂ%%enof oxt raction

twice w tralized phenol each time and the DNA sol uti on was
di al ysedggﬁént?gﬁ{ns%e against 2 L TE buffer each tinme. Construction of the
,gene library: 10 ~.g genomic DNA of Arthrobacter aurescens were treated
with 0.75 unit of the restrlctlon enzyne Xholl for 30 n1n at 37 C. The

2 R e SRR G U A AL ©
soarose. ek O Mo BB TRek tattﬁ@téﬁé;ﬁom@tﬁaﬁzrctt;m-
R T R e
Lm0 e k9 B el VPR T 5,

phase, the

Do oo PR OYlhSet ReqA 16 dle 18 PttsrﬁtﬁatﬁO&S%&twiﬁ‘é‘Bg%r%ﬁq%rt%@?ﬁﬂA' nan
ed h,100 ~1.70 ¢ h d d
fégﬁéﬁéﬁgéﬁs%t“?%-ﬁya RetadieRind S6igs 16 Ardedibe HBauatt Jof 3 alodik o

descri bed Sanbr ook et 002 substitution

vector s BRSTRS, B P lE (RRRRRL BoBpai b B 2R02, 2 05k and

of "l t1 pPITPN MG AR SR o 8 s St Fdr rehlfo WA g 2iine %?Pignim
BRI i N N
mel ting gg@{m%gfmq:ﬂgl%fyl ng the DNA of the ~, arms via the gel as

descri be were then ligated by incubating in each case
about 25 ng of the two vector arns with 25 ng of fragnments of A aurescens
cl eaved with XhoII in a volunme of 10 p.l, ligase buffer of the manufacturer

(Boehr i nggE, FhHaddSoflundkl ynfth HaBErOY i [ emhatdL & 2 P-1 of the

batch were errp oye rn"an in vitro packing sys em and packed in phage
particle R t aI
From t heorbanp s Hrofh AR RS, AHEREHED i man(s e koRTRN R,
BHB2688 éfd"e‘?n?é?ohgag‘/ ithah 01':@ % Wﬂh tﬁé‘q_kN%rmeo}Ié%'éfafrﬁirndAa&g0 ”M
Tris-HCL, 3 2, 0.05 0 (VIV) 2-nmercaptoethandol, 1 nmM EDTA, pH 8.0),

10 ~, 1 F { 3pl 1M
Tri sl %&He‘%"%% %"o%"ﬁfft"ﬁﬁtﬁ?‘“@%trtn“ﬁ PR SivcHivd gbhS o dRles P 1

1~12 g %Eﬂ%@%mlrﬁ aclé % ﬁ/@% &an Becprgpared gMNbioEhamiddie |igation

batch vvere m xe i ncubat e at 25 The packl ng was stopped by

addi ti onpQdinQ %m@chséﬂmqv@ of §e8T91eNfégt rsan%Sone pdd%f@»t rf@mé

Tris-HC1, pHd |ne per 1 L uene.
| dent i {1 gad 8ty lniily tﬁ%y@érfegéa?e RES Jbldisd Rew R/Qhﬁ\?éepgé@?reéy pl aque

hybri di zat 1 on: fromthe in vitro packing was

s i noupe at%tﬁﬂﬁwtmééw e ol Ty pretated Vbt BIgR A okt
cul ture Gﬂjeggaﬂs ﬁlélcthr@arﬁ?e ¢RkY 276 irtphnd éPé&tu fHy mﬁ:er@BaNﬁrhé’Wﬂlét?Q?ée rature,

taken up In t agar and poured on to an ate and 1 ncubat ed
at 37 C I t 5 10 ¢
2 S“‘?r‘.& [itg he exboH g, 213 AERE Or ¥ BURiTe, bUEICBRNFIBOBTE,
vvithout q/\qad}gedéd%agar LBmaI soft agar as LBmal W|th07%
agar). ISI e pl aques devel oped on the plate in this period of tine. A
nylon filter (Quiabrane, Quiagen GrbH) was placed on the agar plate and to
t he phage DNA was thereby transferred into the plaques on the filter. The
DNA on the filter was denatured for 5 min by placing the filter on a stack
of What mann paper inpregnated with denaturing solution (0.5 MNaOH, 1.5 M
NaCl) and renatured for 5 min in the same manner with the is renaturing
solution (1.5 MNad, 0.5 MTrisHO, pH 7.4). The filter was washed in
2xSSC (I xSSC. 8.75 ¢ NaCI, 4 4 9 Na C|trate per 1 L H20 pH 7 0) dried and

A NN~



ATGIT (T T) GA (T/C GI (ACT/IG AT (ANCT) GI-3" (Seqg. 1) 30 10 pnol of
this oligonucleotide were |abelled with 80~tC y'2P-ATP and 6 units of

pol ynucl eoti de kinase in a volune of 10 ~I for 30 min at 37 C and the

| abel | ed ol i gonucl eotide was added to tdhe hybridization sol utt QnAUG gqgg
Hybridi zati on was carried out at 32 C for 20 hours. The filter was wa

35 first briefly with 0.2xSSC, 0.1 %6DS at roomtenperature, 30 mn at 32 C
and a further time with OI1xSSC, 0.1 %SDS 11 - 2 AU G 2002 at room

t enper at Urggd&%tmdfm Jf dfﬂw.e Cxpie s ifour tdwer i rErimdhple %Sgcréﬂe&eSDS for
15 mn at . JAfter dryin Qsitive ages. were termned _yia

aut or adi %g?"&ﬁﬁﬁ/.al@tt%c?f m%éﬁ%i‘é‘é’é”,n ;{:\/\%R:\?}u SHERY 1 LS ¢ ht PRBBPEbe
wer e i sol atypdtlesse. TOTES cfystlemsplaged ardoda\asttiens ealrd wredberr&dnver si on
of the reconbi nant phage into a plasm d: The vector ~, RESII| contains, in
addition t he - h b E,l.l'ltd.l i f AE epl J i orgin
of the E. ?lolh %p agm%%%ﬁoﬁgstae %&E’%ﬁ? in i;fé:gﬂnlst‘agance %%%%@ea%ﬂ%\%géégg
recogni ti oASsagedates @nds pxpaesgegosis ifed-lei fi c reconbi nati on system
(the resolvase fromthe transposon Tnl721). The phage is inhibited inits
nul i tplicapi 9anay1iimr%w apbsantpeghld %ﬁ-tf@'én@if@i%ﬂcﬁnec@fi HB101
F'Lac [::Tnl 39 anR]) whi ch contagins a_derivati of _this transposon, and
at the ShnBEERFEbARESY FUTRTOFESC AR B Tof G L BAXSTR HAS wi th ¢ he
substi t ut i compiaegdeandyisarekeactr amshosmn-odddeshuasad tviade winiblcomverted into
a plasmd. [ o[ Lsolat:ed f t '

hybr i di Zedd%??%@?hSQ%bOEQQDB?Sé:\éﬁn?ﬁéiog?rﬁ?%e agﬁqa@qugﬁlgég%e?%n#%]he agar

pl ate. Thepuuiéied hydantedngpendsam Arghyopacham Fyrgsaans 0.Bhedl of this

phage suspgngipR dWeawTeXedhwohh cBnt aihed 2217 .@VaNINE B dmee: ofrdihe
strain E. colb Hgl 1 F' Lac L;::Tn1739 tn%ﬂ% ttéreﬂhm xttrJnréﬁ‘was mcub;aéed for 5
nmin at YoohtEBrperstEre 2URGSCRPPodHREd S nedhene JheuAGiePeide m

i sopropyl £8gubnegakaetrepyr anssddeeamdniele im Xttur envtaiscdtryculited for 45 min
on arolle ; .quo I E@gr |l ates with
50 Ng/ m kg g%{/lglzﬁngﬁgwﬁggaggfmgpgf%g%\%g?e%&glgltée&df?' ] d(S’pover ni ght.

Pl asmi d DNBe@ssniEsel &t dyrehsm rradisguferpRg c Sheniassing agitbtarsiieneer i bed
by Kieser §4984pd arémt haiphashoteaAbmonas ! tey ehly whi-diaiashnaANS:

cont ai ns affraggent 7.6 kb Lo sl z§ rgqxﬁ@rtshr%%agoet{ v S‘iéf%% 2D02 12

aur escells. TFRE FPSYABRPRESs SRaqRBRCBECHA RS P UmEP R moR 2n YR
sequencer sidadtiieedunoRehdTC- tBeninadi rydKiofs tiyeorhyRlsticdgiaseargkeramal ysed
with the PLoghangnafl Sk0ecCOP eab! PRbecRACkRIS vl ALV, dJ ame coul d
be identifi as the héuH ene for hydantoi nase on the basis of the

i denti cal AGraEBeBE WRbhafhRoNaEPYMiBade FEE dEEbAII MG vh@migiu eteie

N-t ernm nal sgegdentihe BYdaREOLANS earBanbithsep phriAdE & Horame was

identifjed at,the end_of hyuH startin ith a.GIG start codon _gne. .base
bef or e %%eAEEB’ﬁogSSgﬁrT@iréPcFﬁg'h{?bﬁ % %%?m?ﬂ’elaé’srﬁ o Hcid s SR Teri ved
for this opka meRERnGromapdWskhoasdhdnseslpd drnde NIl -Eadedipyl ase of

Bacillus s I N har )4 f
Pseudom)naéggg.ggﬁlgé%)gg %tg zbe§ég: %éﬁoglh{%g&)%a %T%tg %ﬁogun%%%glll_g%r% E[ahE:i d
sequence nBWMEBREr iBothei gesomPiRanhe CRILEr MilFfalR RIARGHEE ofhiigle can be

N- L- car bampyhaseqdf b?rﬂ:ﬁesshgia%] rbShasean D ssertation 1992). The gene was
desi gnat ed hyuC for N L-carbanoyl ase. Expression of hyuCin E. coli JMLO9

via a prompter which scan be i ndyced with _rhamm . ' For_ expressi of the
N- L-car%agg?ﬁggﬁcﬁeﬁEoﬁﬁﬁegi Feg. 'igc P4 Phe tg'een%sarb?ﬁﬁeﬁ Plrgdﬁfﬁ gt%ge

pol ynmer asethbhapeptidactrepmro@BER) £hEheautleopriides e 856 camhdS33ie warigo

obt ai ned frQqu i c RS 1S [ S T e JTGACGTAATAGTTAAGAA- 3
(Seq. 2) ég%%qﬁm&%ﬁéTg&%%%gﬁ%& -eE}q'.céA'\S) "By means of
the prinmer, a restriction cleavage site for_ the 'enzyme Ndel was inserted
at thé N t¥nhpnus, ofnd-gaBharPylapeada§e Wided sfoadh LYCthe fHx¥Rert BRe two

cl eavage s TG k¥ 4 phae 3 d hamsgydr onot er
of the vec?%?ﬁé\?&%l%%ﬁ‘(%\%owlfﬁgt Iaglé. bbfég%)q%g&fﬁrs%d;ﬁg codon usegd for
transl ation of the gene in Arthrobacter aurescens was furthernore converted
into an ATG start codon. 13 - 2 ~~~ G 2002 The batch was conducted in 100
~.1. 1 ng pAW6 DNA in each case 30 pnol of the two priners, 0.2 mM dNTP,
16 mM (NHQ) 2SCA, 67 mM Tris-HC1L, pH 8.8, 0.01 ~ Tween, 1.5 mM Mgd 2, 0.5
unit of Taqg pol yrnerase were enployed. The anplification was carried oizt
in 30 cycles with three stages, 1 mn 94 C, 1 min 50 Cand 1.5 mn 72 Cin
a Mni Cycler ~PTC150, Biozym Di agnosti k GrbH The anplified fragnent was
purified over ~ QUI Aquick Spin colum (Quiagen GrbH). 500 ng of the
fragnent were treated in a volunme of 20 ~1 with in each case 10 units of
the restriction enzynes Ndel and BanH for 1 h in the buffer supplied by

Y T RN I A Y b1 e Y Y. Y. o oy . o



~30.Cin a water-bath, with shaking (200 rpn). At an optical density of the
culture of 0.5 (neasured at a wavel ength of 600 nmin a photoneter), 1 m
of a 20~ !rhamose solution is added to the culture (final 14 - 2 AU G
2002 concentration 0.2 g/L) and the cukture is incubated fuxt .

i ncubation for a further 9 h, about thlg maxi mum of the N-L- g%gr%?DQZe
activity is reached, a speC|f|c activity of 1.8 units/ng crude extract,
measured wi ofi Andavbdweyll aming paimtmbis are debtvedt EBromothst Fecry was
found in CU{:&&.‘BSﬁo Lsk hag ?{1abeeafhd RAHCad, WA Nrd H88Besss thbet erm nation

of the substrate s ectrumo e rec N-Carbanpyl ase from A, a. The
substrate spBarfrEpEySEoshesfamahdil fROVRs 35 edtibabes Wit AN

honmogeneouskyuRyn if b@@de%&ylé&ren-rme&:ﬁ/ﬁs mreweﬂoﬁfm@é cel tnbr palkkdews and
ion exchangg chro g;} g{y on Str.eani.ine- [%EA gedl a. A solution
of the part ‘éﬁF&l e0pdPRLTEY PP & P‘f‘s‘?%]u%f ©¥ShM (exception
N- car banoyl senstthivaniyneo ok irdgdtion Gt N TriwstaiGls are 8abswasnpeepaoed and
was used inste f. th t an t t est.
| nst ead of %% %gfag or%gzl)csgt I%?{@;é?%&&%}? élrg &]ﬁé‘?%‘% Qdéﬂ;}&%é egsﬁ andard
test, by meamgnof apsde] omeammaqwchtaaque(nmm@Hdhefbecmnmeu n a
potling wat fﬁogét thﬁ’ﬂs ndSR4 d i APE Aot PG URSAI A €ation on the

or nyl - trypt opha ar banoy| t hi enyl al ani ne and
N—acetyl D €= tﬁ?{?ﬁ@ﬁﬁaﬁrea@d?ﬂfQWQ%él%e of the substrate .
N- car banoyl - D, L- phenyl al ani ne 900 ~. 1 met hanol to 100 ~1 assay sol ution
were used. The concentration of the amno acid was then determ ned either
by means of A¢FRRXHbRgchPoEhaeinveatipnaf the degdiesh Imiaming rgids nase by
HPLC. VD S0L5h7eq FEIHEPRS 498LsbBni RGAT=N2RAZ RNy Il ST HL0AbI ON Of

the substrate spectrum and the stereospem icity of
rec- L- N CarDanby¥ akerny SnfRiBC 8Ghesr HeEbr 68&@@&4@{%@%&? yeTRal

met hod[ MV Nt haspyasbs| - Kéyau@@aazlaeatéaHPtﬁuwm Syiagési cN-Carb
oD Y R ST ELLYBORAROL D brpaby AR L0 T
t ophanN- Carlbanwkbameyl:Fhoeny{-u}-ﬁnrmgikam2nBH§bﬁ:dIS| efThese chiral

| al ani necol
L- L- Phenyl a ﬂ‘rﬁ%@%%‘%&%ﬁ%ﬁé# PaXu NP ESPRARSy T 8 b PSR AT R A% HpLC
phen | al ani WeN-legddpieinases. Throshaeadddtipppd; use of a chemical or

rosi neN- Caré}Wéth Lp%&QanEBE11?13'8'—98851%&9%&%%05@ iRty banmoyl - L- L
- Phenyl gl yci nen. d. HPL

ci necol ori rFé‘E?‘F%?@ o) C&Pm'}zg Y2 BpheRy PEI §clAsASH logustiniél itgrte 1for

| yci neN- Cartfteayytoddet Boi\ afi neamdnoohomdgebanableamonmem—rﬁ:a:rﬁtaﬁmd an

D, L- L- Aspar o] p

D P B e L AELEL SRR AL e T gancotna which are

L- L- d ut ameasy d:%@m@@ﬁé%rl@hmaﬂmﬁeNOHOSUbStltUted hydantoins with

Car banoyl - Laztoxﬁtgi@léﬂf@edcﬁaiﬁélaﬁér Eéfekabm9 auéta%qfe diRcl aple WO

99/ 51722 PCT/ EP99/01681 16 _- g g gieat stability of the

rec- L- N- Cartfiiridne T 3nr . BhegrenKeABERLBELEFS ﬁﬁﬁsﬁ:@@d:lryeconbl nant

L-car barmylea;aml/mra;ttefm eldyathe7p§:10'fh5aeémmdatﬁiolhestebor dgitarc]{namaly asy 01;]

activity S case ¢ interv 1 - 100 h.

The acti V:Nfsy ]%apm%g Aty y rr‘g%sgr e{éﬁ eﬁrﬁ?ﬁgéo\i/f‘%gﬁaﬁfyn mSletd t?’o% 100 h

(fig. 2). logwiedpordinyg bf @heDrbeNtchbambahBylhageacm Theenzyne '
sol ution ( i LDy t ) are

“diluted w ﬁlg%eéﬁﬁ&%iéaﬁgéo Ut?l 3%9%5,1,\899%@9 Eébb‘i}ﬁa.n% %dTg'{HnHaI

pr ot ei ncondéhi§iiIn theplsaky arye af ther 1?ﬁFss§6PulfP6n 1%[‘feeadded to 1.5 g

of previ ougnepwmsdterb rEAbeselm@aLeémﬂB écf:i@l;TPB&hﬂEBCtheBhQE:&thoMﬁEdﬁ ng

cce eI ho b t he th tion of
1 mnsnna 2o dhsy TRAEREESn okt fbe FepRaReTiRebe Rofisiet Mgt
coupling sdhﬁqloxte)fstfﬂ]ﬂemwiﬁldlmt hThanpndpropghptsintet hyl - car bod| i mde

hydr ochl ori

(final conce éiﬁ ation ‘%l'fc\ﬂgDCf %lgyn%grégfsﬁ@g%gxggr {éﬂlgshgﬁ%%é:r?llnszw

over head slfi&Iresorthas talBotlke (pydaptabnry whehher Thasshied Ds oy (iered of f
W th sucti gbrnGuasiiesh b h{§efih£@§¥"' éBn@e?t%Tﬁ.hﬁobHBf eardne MY . pH-
7.0. The inmobillzedmaterial is kept in the |last washing solution for one'
hour.It is then washed again (0.1 MTris buffer, pH 7.0) and25kept in 0.1 M
Tris buffer, 0.1 MM Wd 2, pH 7.0). Theactivity of the imobilized enzyne
was 100 $, conmpared withthat of the enzyne enpl oyed. Enzyne measurenents of
the N-L-Carbanoylase: 5 mM of a cell culture induced with rhamose are 30
centrifuged at 3000 rpmfor 5 mn in a Heraeus Megafuge, washed with 5 n
buf fer (200 n1V|Tr|s HC1, pH 7.0), centrifuged again, taken up in 1 m

T  r r P



WO 99/ 51722 PCT/EP99/01681 1 ~ - 2 au ~ zooz HC1, 0.1 mM WMl 2 pH 7.0) and
br oken down by ultrasound (U trasonics Sonicator, Mcrotip, 2x30 sec, duty
cycle 50 ~). Cell debris is renoved by centrlfugation in an Eppendorf
centrifuge at 13000 rpmfor 10 min. Thg 5 supernatant, calrea AW%}Q@Q@
extract, is enployed for the enzynme neasurenent. 100 ~,1 crude extracti-or
purified enzyme are m xed wwth 800 ~1 2 nM N-car banoyl am no aci d, preheated

o .
2t 37CERHEETERLY ohhPoPEPERRtany Ao aat A e ] W e oncer i ¢
aci d. Terezyteod elm ahsohchadefr eokzpinbatedboane sesaiammat khoff by

cent Il 4RI P | o AN FRPERIGRE SCERBIGYAAC Al H0Q HAAM The

supernd? héen neasure orlnetrlca y nlﬁﬁydrln)
The reatetawnadximrbhﬁsrsépapatbM PR a4 tpRfd1trs tdiam RemiRn® el um, the

mobi | e p, %E 15y9d3sevéYéY)t@ﬂ@%phgﬁbctiﬁé@) 40, uEid¥idn fé@WLlate 1.0
m/mn. te by f the

ction is nmeasurenment o absortlond%§$£%
wavel ergftinofaosd pRPductionEQORRES EP§TPN<§ ay) Lor, the S;L%)>'3“fe
Degussattk&féﬁof& sdlpbMer sihck Stulikgaklrelfockeddagnosio asetabH.x120>
Reconbi n -N-car ha | ase from Art hrobacter aurescens, process for the
pr epar at{ ﬁﬁ ’6’1“‘—? 3 goé gbe RENGE of this <130> 980025 AM <140> PCT/ EP
99/ 01681 <141> 1999-03-11 <150> DE 19814813.5 <151> 1998-04-02 <160> 5
<170> Halte@i'malti/eelyZ thezaaﬁzyme<2an>b1a7 imppd IDNR K 2IBCI¥EI€F 2| al

SequeanhO$%§ 5 2eDEFaR ARt LoR 1 QoA Hin ICiRIF SRAUANCEy 1EgH Ve gt €rm na

sequence Forrase ron1 rthrobacter aur escens <400> 1 atgttbgabg

t nat hgtorﬂ%loa?f@efzilﬁ>w39 53521 bDNA FE21 PhAtd il AmSegsiepse <220> <223>

Descri t|o of Artificial Sequencg Primer S956 <900> 2
p Ibyed £n a pure ogm Aﬁl the methods known to the

expert (covalent, adsorptive etc.) for immobilizing enzymes
on carrier materials (silica gels, S5i0;, EAH-Sepharose,
nitrocellulose, Eupergit®) can be used, but carbodiimide-
mediated covalent coupling to EAH-Sepharose is
advantageous. When modified in this way, the enzyme can
'also be used in a fixed bed reactor.

The following examples are intended to illustrate the
invention, but in no way limit it.

Examples:

Isolation of the whole DNA from Arthrobacter aurescens:

180 ml yeast extract medium K2 (Bacto-peptone 4.0 g, yeast
extract, 4.0 g, glycine, 7.5 g, KH2PO4 2.0 g, K;HPO4'H,0

4.0 g, pH 7.0 in 1000 ml H,0) were inoculated with
Arthrobacter aurescens and incubated at 30 °C with shaking
(200 rpm). The cells were harvested by centrifugation in a
Sorvall GSA rotor at 4 °C, 6000 rpm for 10 min, and the
pellet was washed in 20 ml TE buffer (10 mM Tris-HCl, 1 mM
EDTA, pH 8.0), centrifuged again as before and resuspended



agaacat at'g tttgacgtaa tagttaagaa <210> 3 <211> 28 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
S957 <400> 3 aaaaggatcc tcacttcgac gcctcgta <210> 4 ' <211> 1239 c212> DNA
c213> Arthrobacter aurescens 17 30 28 g 19 a 2 AU G 2002 sé% ug%%bpz
<222> (1)..(1239) <400> 4 gtg acc ctg cag aaa gcg caa gcg dﬁ gag
aaa gag atc cgg 48 Val Thr Leu G n Lys Ala @ n Ala Ala Arg Ile Qu Lys Qu

Ile
ctg

144

Lys Al
ggc
Arg
ttc
Ser
gcc
Gu

Arg Lirb 1@ b TE bhfféec (2§gmMt TriceHIds ¢ M ERTE, g0 gtt acc cgg

20 chgogt ag uC%L'eu li %a@f ca h ?étg%clgg? dg? é’éfrl;cs(g%‘f%/al TfrEAr ge{_e;t -glj-hr

Tyr TAOPmy /Gl TS wafara KeaeAagldaidu aftgr they mixtwie Waa Met 35 40

95 aaa 9%?1&%3&% £48 @@qr_glkt atg 7ga@ chngcqocéc I\Qagalé\?fyf‘tc atc 192

u Ser Asn 11€ Ile 50 55 60
cga GGt inafee a%fﬂdg%tmécsrgﬁgléﬁtsec& &y me/anlgegieEe Baen240 Ay Arg
G;J t@dﬁeﬁ‘rarﬁﬁptﬂf’é qnﬁyukéuWBéolfiltc?bhlt%dN@ﬁ/aAt GRS 7%07151§0a}‘5ﬁa ch
ga C cga aac C Qg gg¢ ac ca S e p
val Arg %s f/b"[‘ % g %sgl h%?ilrl %l%’ 9‘512€ g’f‘brgtg tgc
ctt g@g:egaihegccadcg@dg&@datgecmgxgageamsggmrﬁ:&ﬁﬁg/edlainV@I Cys Ala Leu
Ala 5%¢gfi éﬂtracentrlgtge 3¢ 9%%00 rpm, 17 °C , T1270 rotor

for 48 hours. The DNA was identified via UV light, drawn
off from the centrifuge tube via a disposable syringe and
dialysed against 2 litres of TE buffer for 2 h. The

ethidium bromide was removed by phenol extraction twice

with 2 ml neutralized phenol each time and the DNA solution
was dialysed again twice against 2 L TE buffer each time.

Construction of the Agene library:

10 pg genomic DNA of Arthrobacter aurescens were treated
with 0.75 unit of the restriction enzyme XhoII for 30 min

at 37 °C. The genomic DNA was only partly cleaved here. The
DNA was separated in a 0.7% "low melting agarose gel”, the
DNA was visualized by UV light and an agarose block with
fragments of between 7 kb to 13 kb in size was cut out. The
agarose block was melted at 65 °C in a volume of 500 pl
buffer (TE buffer with 0.5 M NaCl), extracted with the same
amount of phenol, and the agarose and phenol were separated |
off by centrifugation at 4 °C in an Eppendorf centrifuge at |
13000 rpm, 30 min, 4 °C. One tenth the volume of 3 M Na
acetate, pH 6.2 and 2.5 volumes of ethanol were added to

the aqueous phase, the mixture was incubated at -70 °C for
30 min and centrifuged in an Eppendorf centrifuge for 10

min, the liquid was removed and the DNA precipitated was

| washed with 100 pl 70 % ethanol, dried in air and

f resuspended in 10 pl TE buffer. The ARESIII vector was

' prepared as described in Sambrook et al. The phage is a
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110 tac gtg aat cgg cat cca ttt gag ttc atc gcg atc gtg gag gag
Val Asn Arg His Pro Phe Qu Phe Ile Ala lle Val Qu Gu Gu 115

gcc cgc ttc agc agt ggc atg ttg ggc ggc cgg gcc at ,&é% %gg 432
Phe Ser Ser Ay Met Leu Ay 4@ pArg Ala lle Alal‘Gé 2140
gt

gac agg gaa ctg gac tct ttg gat gag gat gga gtg 480 Leu Val
Leu f Ser Leu Val A u Asp Val 145 150 155 160 tcc
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ac_¢ e a aa.cta n Ala a Arg
AR i i HoRfeafll dneeltee t MEoB T ASE 160 ok GARSBLE €5a goa
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gtt
Adn
gcc
Ser
ccg
Leu
gtt
Al a

v%norm %hQ/aVe@}@rZ@U prsagipg 1- Hg NelthIZ@ﬂPQO\”g*g*t ]a‘bamag‘ésgac cac

Pro %‘éﬁ”ff%ﬁtg A oo eparadingod s e o) "ﬁé""” ?f"“‘ffﬁ ceo goe
i s u g g
FIPERRE hag™B cpaagfzgagﬁg ogtRP768 A fog D WS 9FL Leu
Gsu A cPBbedr ghblie . Veehe2 HNAZ5Q 285 taamh ga@aﬁédg@y gat ggc aca
%l ¢ gac ctc acg gtg 81g Ai:n2 u II Thr Val Al a
nodiie iR Chre3eh ShReraBoRil 20 Bdst 6% Gif SACTSE dhksteg
gasctl'itZS atq ofgfBadgmAhasPod @. yaerasGeynsAs:de@ved/ahﬂ:m oXKbYIAd u
T; 2 5,.9ac g c grpaq”gfaaqi f£tc cge
fH' A‘e\%é@ §9 §§ Eg ,%\Egggg BBE%Eﬁl S%%G%%%G u Ser ée]'&g%«rg Val
/wgpenmnmggrgembﬂ) and 0.5 unit of ligase overnight at
17 °C. 2 pl of the batch were employed in an in vitro
packing system and packed in phage particles. The packing
batch was prepared as described in Sambrook et al. from the
two E. coli strains E. coli BHB2690 (sonified extract, SE)

and BHB2688 (freeze-thaw extract FE). For packing, 7 pl

buffer A (20 mM Tris-HCl, 3 mM MgCl,, 0.05 %(V/V) !
2-mercaptoethanol, 1 mM EDTA, pH 8.0), 10 pl FE extract,

6 pl SE extract, 1 pl buffer M1 (113 pl HO, 3 pl 1 M Tris-
HCl1, pH 7.5, 300 pl 0.05 M spermin, 0.1 M putrescin, 75 pl
0.1 M ATP, 1 pl 2 mercaptoethanol, 9 pl 1 M MgCl;) and 2 pl
DNA from the ligation batch were mixed and incubated for

1 h at 25 °C. The packing was stopped by addition of 0.5 ml
SM buffer (5.8 g NaCl, 2 g MgS04'7 H20, 50 ml 1 M Tris-HC1,

pH 7.5, 2 g gelatine, per 1 L) and one drop of toluene.

Identification of a recombinant phage with the hydantoinase
gene by plaque hybridization:

The phage lysate obtained from the in vitro packing was
diluted to about 5000 phages/ml in SM buffer. 0.1 ml
diluted phage lysate was incubated with 0.1 ml of an
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au GN% %1‘1‘:r%tne -I;eerGluLl l eO B/H 7.0), dried and baked in a
vacuum oven for 30 wmin at 120 °C in order to fix the DNA.
The filter was then prehybridized with hybridizing solution
20 (5x8SC, 1 % blocking reagent from Boehringer Mannheim,
0.01 % Na lauryl sarcosinate, 0.02 % sodium
dodecylsulfonate) at 32 °C. After two hours, radiocactively
labelled oligonucleotide was added. The oligonucleotide was
obtained from MWGE Biotech GmbH, and the nucleotide sequence
25 was derived from the N-terminal amino acid sequence of the
L-hydantoinase from Arthrobacter aurescens (Siemann,

Dissertation 1992).

Oligonucleotide: 57-
ATGTT (C/T)GA(T/C)GT (A/C/T/G)AT(A/C/T)GT-3" (Seq. 1)

30 10 pmol of this oligonucleotide were labelled with 80ouCi y-
2p-ATP and 6 units of polynucleotide kinase in a volume of
10 pl for 30 min at 37 °C and the labelled oligonucleotide
was added to the hybridization solution. Hybridization was
carried out at 32 °C for 20 hours. The filter was washed

35 first briefly with 0.2xSSC, 0.1 %SDS at room temperature,
30 min at 32 °C and a further time with 0.1xSSC, 0.1 % SDS
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Patent clains 1. rec-L-N Carbanoyl ase from Art hrobact er aurescens and
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claim2. 4. Vectors containing the gene sequences according to claim3. 10
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gene and two recognition sequences (res) for a position-specific recombination

system (the resolvase from the transposon Tn1721). The phage is inhibited in
its mulitplication by infection of a specific E. coli strain (E. coli HB101 F'Lac
[::Tn1739 tnpR]) which contains a derivative of this transposon, and at the same
time the plasmid is cut out of the phage DNA together with the substitution
fragment via the transposon-coded resolvase and converted into a plasmid.
Recombinant phages were isolated from the plaque which hybridized with the
probe by cutting out the plaque region from the agar plate. The material was
resuspended in 0.5 ml SM buffer and 0.1 ml of this phage suspension was mixed
with 0.1 ml of an overnight culture of the strain E. coli HB101 F'Lac [::Tn1739
tnpR], the mixture was incubated for 5 min at room temperature and introduced
into 2 mt LB medium with 0.1 M isopropy! B-thiogalactopyranoside and the
mixture was incubated for 45 min on a roller at 37 ° C. Aliquots were then plated
on to LB agar plates with 50 pg/m! kanamycin and the agar plates were
incubated at 37 ° C overnight. Plasmid DNA was isolated from the resuliting
colonies by a method described by Kieser (1984), and the plasmid pAW16 was

thereby obtained. pAW16 contains a fragment 7.6 kb in size from Arthrobacter



8...Process according to claim7, characterized in that N carbanoyl- or
N-fornmylam no acids are reacted. 9. Process according to claim8, 20
characterized in that the N-carbanoyl am no acids are prepar-e féﬂg@ gaqz
correspondi ng hydant oi ns by neans of hydantoi nases. 10. Proce€s C ng
to claim9, characterized in that 25 the hydantoi ns enpl oyed are constantly
racem zed by enzymatic or chem cal processes. ~, WD 99/51722 24

PCT/ EP9¥H 06642 ThSfragfient wasFsempesweddn dultiwith the aid ef an ALRchar act eri zed
inthat it is carried out in an. enzynme nenbrane reactor. 12. Process

accor di repquencer and theBAatoRedd ™ SBwleneings Kite ffonnPhlahatiBearfnanapseenpl oyed
are immobilized on carriers. 13. Process according to claim12,

char act evittzthd progrdrab df ltite GEBG lsoliwere PagRIGEs Ani sparraading fractheoabent |y on
10 EAH Sepharose. . Al.AY9. AY. A9l . A . A(F. AD. ASAY. AA. A, . AA. ARE. A 3. AF2. A3U,

. A33. A3.be idéntiffeddad\thé hpuBidarie is¥hiliantoinase on the basis of the identical
}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cathesdd] tha dneinb] sid b sqlsridecd e vaidpivith itheseguefcdd N-terminal end of
the hydantoinase. Another open reading frame was identified at the end of hyuH,
starting with a GTG start codon one base before the stop codon TGA of the
hyuH gene. The amino acid sequence derived for this open reading frame shows
homology to an N-L-carbamoylase of Bacillus stearothermophilus NS1122A
(Mukohara et al., 1993) and of Pseudomonas sp. NS671 (Watabe et al., 1992).
The N-terminal amino acid sequence moreover coincides with the N-terminal

sequence of the N-L-carbamoylase from A.s [sic] (Siemann Dissertation 1992).

The gene was designated hyuC for N-L-carbamoylase.

Expression of hyuC in E. coli JM109 via a promoter which

'can be induced with rhamnocse:

'For expression of the N-L-carbamoylase gene hyuC in E.
coli, the gene was amplified via the polymerase chain
'reaction (PCR). The two primers S956 and S957 were obtained
 from MWG Biotech GmbH.

$956: 5 -AGAACATATGTTTGACGTAATAGTTAAGAA-3~ (Seq. 2)
S957: 5 -AAAAGGATCCTCACTTCGACGCCTCGTA-3" (Seq. 3)

;By means of the primer, a restriction cleavage site for the
"enzyme Ndel was inserted at the N-terminus, and a BamHI

. cleavage site at the C-terminus. The two cleavage sites are
necessary to insert the gene after the rhamnose promoter of |
the vector pJOE2702 (Volff et al., 1996). The GTG start
codon used for translation of the gene in Arthrobacter
aurescens was furthermore converted into an ATG start

© codon.
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Expression of hyuC in E. coli JM109/pAW178-2:

1 ml of an overnight culture of E. coli JM109/pAW178-~2
+(fig. 1) in LBayp is introduced into.100 ml fresh LBamp
'medium in a 1 litre conical flask and this is incubated at
30 °C in a water-bath, with shaking (200 rpm). At an
optical density of the culture of 0.5 (measured at a
wavelength of 600 nm in a photometer), 1 ml of a 20%

! rhamnose solution is added to the culture (final
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specific activity of 1.8 units/mg crude extract, measured
with N—carbamoyl—L-tryptophan as the substrate. No activity
was found in cultures which had not been induced with

rhamnose.

Determination of the substrate spectrum of the

© rec~L~N-Carbamoylase from A.a.

The substrate specificity of the carbamoylase was
investigated with homogeneously purified enzyme. This was
obtained after cell breakdown and ion exchange
chromatography on Streamline-DEAE and MonoQ media. A
solution of the particular substrate in a concentrations

! [sic] of 1.8 mM (exception N-carbamoyl-L-methionine: 50 mM)
in 0.1 M Tris-HCl, pH 8.5 was prepared and was used instead

. of the standard substrate in the standard activity test.
Instead of the trichloroacetic acid (TCA) used for stopping
in the standard test, by means of [sic] heat denaturation

(incubation for 10 min in a boiling water-bath) was used in
the case of the substrates N-formyl-D,L-tryptophan, N-

. carbamoyl-L~thienylalanine and N-acetyl-D,L-tryptophan, and
in the case of the substrate N-carbamoyl-D,L-phenylalanine

' 900 pl methanol to 100 pl assay solution were used. The

; concentration of the amino acid was then determined either
by means of HPLC or colorimetrically after reaction with

- ninhydrin or by HPLC.
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tryptophan colorimetric
N-Carbamoyl-D- D-Tryptophan n.d. HPLC
tryptophan
N-Formyl-D-L- L-Tryptophan 97 8.5 HPLC
tryptophan
N-Acetyl-D,L- L-Tryptophan n.d. HPLC

(j) tryptophan

i N-Carbamoyl-L- L-Thienylalanine 314 2.3 HPLC
thienylalanine colorimetric
N-Carbamoyl-D, L~ | L~Phenylalanine 97 0.7 HPLC
phenylalanine
N-Carbamoyl-D- D-Phenylalanine n.d. HPLC
phenylalanine
N-Carbamoyl-L-~ L-Tyrosine 126 0.3 HPLC
tyrosine
N-Carbamoyl-L~ L-Methionine 17 HPLC
rnethionine colorimetric
N-Carbamoyl-L-~ L~-Phenylglycine n.d. HPLC
phenylglycine colorimetric
N-Carbamoyl-D- D~Phenylglycine n.d. colorimetric

C:)' phenylglycine

N-Carbamoyl-8- B-Alanine n.d. colorimetric
alanine
N-Carbamoyl D,L~- |L-Aspartate n.d. colorimetric
aspartate
N~Formyl L- L-Aspartate n.d. colorimetric
aspartate
N- Carbamoyl L- |L-Glutamate n.d. colorimetric
glutamate
N- Carbamoyl-L- |L-Arginine n.d, colorimetric

arginine

n.d:

not detectable
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5 of 1 - 100 h. The activity initially measured remained
virtually unchanged for 100 h (fig. 2).

Immobilization of the rec-L~-N-Carbamoylase:

250 pul enzyme solution (after the purification, protein
(:) concentration: 2.3 mg/ml) are diluted with 19.75 ml of a
10 solution of 1 mM MnCl, in water (final protein
concentration: 0.028 mg/ml). 4 ml of this solution are
added to 1.5 g of previously washed EAH-Sepharose 4B (from
Pharmacia Biotech, washing successively with 0.1 M
phosphate buffer, pH 6.5 and then with a solution of 1 mM
15 MnCl, in water). After an adsorption phase of 20 min,
545 pnl of a coupling solution of 500 mM N-(3-
dimethylaminopropyl) -N’~ethyl-carbodiimide hydrochloride
(EDC) in water, pH 6.0 are added to the batch (final
concentration of EDC: 60 mM) and the mixture is shaken in
20 an overhead shaker for up to 30 h (preferably 15 h). The
~ solid is filtered off with suction and washed three times
) with 0.2 M Tris buffer, 0.5 M NaCl, pH 7.0. The immobilized
" material is kept in the last washing solution for one hour.
It is then washed again (0.1 M Tris buffer, pH 7.0) and
25 kept in 0.1 M Tris buffer, 0.1 mM MnCl,, pH 7.0). The
activity of the immobilized enzyme was 100 %, compared with
that of the enzyme employed.

Enzyme measurements of the N-L-Carbamoylase:

5 ml of a cell culture induced with rhamnose are

30 centrifuged at 3000 rpm for 5 min in a Heraeus Megafuge,
washed with 5 ml buffer (200 mM Tris-HCl, pH 7.0),
centrifuged again, taken up in 1 ml buffer (200 mM Tris-



"109%&' () - K+ {"109&' ()~K+ {"10%& ()- K+ {"10%& ()- K+ {"10%& ()- K+293g4g5g: g;
{ ()~ +g&; ()-K+ { ()-K+ { ()-K+ { @%9 q%ﬁ%ggg

g<gKgxN/ 7 WO 990R37RS - K+) 2ay” {" 109& ()- K+ {"100& ()- K+1 {" RER/BPeY/
{"109&' ()-K+ {"109& ()-K+KgXg\gagfgggrgZ@7 {"10% {" 109 () - K+) ?ay"
{"109%&' ()-K+% {"109%& ()-K+ {"10%& ()-K+ {"10%& () - K+rgsgtguyg
{"109%&' ()-K+ {"109& ()-K+)?ay"1 {" 10%&']( -K+1 {"109%&' () - K+ gg%‘mzlG
{'1OW&T()-K+gggggggg~dJ07 {"109%& ()-K+ {"109%& ()-K+ {"109%& () - K+) ?ay"
{"10%& () -den { "oLOP&n Imdkchy { P Y& ) - 4630 9989885 L9wn by ultrasound
(Ultrasonics Sonicator, Microtip, 2x30 sec, duty cycle
50 %). Cell debris is removed by centrifugation in an
Eppendorf centrifuge at 13000 rpm for 10 min. The
5 supernatant, called the crude extract, is employed for the
enzyme measurement. 100 pl crude extract or purified enzyme
are mixed with 800 pl 2 mM N-carbamoylamino acid, preheated
at 37 °C, in 100 mM Tris-HCl, pH 8.5 and the mixture is
incubated for 10 min at 37°C. The reaction is stopped by
10 addition of 400 pl trichloroacetic acid. The protein which
has precipitated out is separated off by centrifugation in
C) an Eppendorf centrifuge at 13000 rpm for 10 min. The
supernatant is then measured in an HPLC or colorimetrically
(ninhydrin). The reaction mixture is separated in an HPLC
'15 with an RP-18 column, the mobile phase is 0.3 % (V/V)
phosphoric acid, 80 % methanol, flow rate 1.0 ml/min.
Detection is by measurement of the UV absortion [sic] at a
wavelength of 280 nm.
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(;) <220>

<223> Description of Artificial Sequence: Primer S956

<400> 2
agaacatatg tttgacgtaa tagttaagaa 30

<210> 3

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer S957

<400> 3
aaaaggatcc tcacttcgac gcctcgta 28

<210> 4

<211> 1239

<212> DNA

<213> Arthrobacter aurescens
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<400> 4

gtg acc ctg cag aaa gcg caa gcg gcg cgc att gag aaa gag atc cgg 48
Val Thr Leu Gln Lys Ala Gln Ala Ala Arg Ile Glu Lys Glu Ile Arg
1 5 10 15
gag ctc tcc cgg ttc teg geca gaa gge ccc ggt gtt acc cgg ctg acc 396
Glu Leu Ser Arg Phe Ser Ala Glu Gly Pro Gly Val Thr Arg Leu Thr
20 25 30

tac act cca gag cat gcec gec geg cgg gaa acg cte att gecg get atg 144
Tyr Thr Pro Glu His Ala Ala Ala Arg Glu Thr Leu Ile Ala Ala Met
35 40 45

aaa gcg gcc gcc ttg age gtt cgt gaa gac gca ctc gga aac atc atce 192
(_) Lys Ala Ala Ala Leu Ser Val Arg Glu Asp Ala Leu Gly Asn Ile Ile
50 55 60

ggc cga cgt gaa ggc act gat ccg gag ctt cct gecg ate gecg gte ggt 240
Gly Arg Arg Glu Gly Thr Asp Pro Glu Leu Pro Ala Ile Ala Val Gly
65 70 75 80

tca cac ttc gat tct gtc cga aac ggc ggg atg ttt gat ggc act gceca 288
Ser His Phe Asp Ser Val Arg Asn Gly Gly Met Phe Asp Gly Thr Ala
85 90 95

ggce gtg gtg tgc gec ctt gag gect gcc cgg gtg atg ctg gag aac ggc 336
Gly Val Val Cys Ala Leu Glu Ala Ala Arg Val Met Leu Glu Asn Gly
100 105 110

tac gtg aat cgg cat cca ttt gag ttc atc gcg atc gtg gag gag gaa 384
Tyr Val Asn Arg His Pro Phe Glu Phe Ile Ala TIle Val Glu Glu Glu
115 120 125

ggg gcc cgc ttc age agt ggc atg ttg gge ggce cgg gce att gca ggg 432
Gly Ala Arg Phe Ser Ser Gly Met Leu Gly Gly Arg Ala Ile Ala Gly

(;) 130 135 140

ttg gtc gce gac agg gaa ctg gac tect ttg gtt gat gag gat gga gtg 480
Leu Val Ala Asp Arg Glu Leu Asp Ser Leu Val Asp Glu Asp Gly Val
145 150 155 160

tcc gtt agg cag gcg gct act gec tte gge ttg aag ccg gge gaa ctg 528
Ser Val Arg Gin Ala Ala Thr Ala Phe Gly Leu Lys Pro Gly Glu Leu
165 170 175

cag gct gca gcc cgc tcc geg geg gac ctg cgt get ttt ate gaa cta 576
Gln Ala Ala Ala Arg Ser Ala Ala Asp Leu Arg Ala Phe Ile Glu Leu
180 185 190

cac att gaa caa gga ccg atc ctc gag cag gag caa ata gag atc gga 624
His Ile Glu Gln Gly Pro Ile Leu Glu Gln Glu Gln Ile Glu Ile Gly
195 200 205

gtt gta acc tcc atc gtt ggc gtt cge gca ttg cgg gtt gcc gtc aaa 672
Val Val Thr Ser Ile Val Gly Val Arg Ala Leu Arg Val Ala Val Lys
210 215 220



{" 109 () - K+ {"109%&' ()-K+ {"10%&' ()- K+ {"100& ()-Kek(i)i*i+,i-i<ilinV)
{"100& ()-K+ {"10%& ()-K+)?ay" {"10%& ()-K+ {"100& ()-K+ {"100@& ()- K+
"100& ()-K+iLiMR SiAi i i~dJ0) {" 109 ()-K+ {" 109 ()- K+

E' 109%& 8 K+) I'>a;/" 0" L0 ()I K+ {')'1%%&' ()-f(l {" 1%%&' ()- 2 ALGi2002 0
{7 10% ()-K+ {"109 ()- K+K {* 10% ()24 {" 109’ ()-K¥) 2ay"+ {* 10% ()- K+
{"
{"

109 @beké@é?ay fac1086K o} - dod bbéiddc~d£ﬁ)a&%l&&ﬁ)ctg cgc cag gat 720
Gly Arg Ser Asp His Ala Gly Thr Thr Pro Met His Leu Arg Gln Asp
225 230 235 240

gcg ctg gta cce gec gect cte atg gtg agg gag gtc aac cgg ttc gtc 768
Ala Leu Val Pro Ala Ala Leu Met Val Arg Glu Val Asn Arg Phe Val
245 250 255

aac gag atc gcc gat ggc aca gtg gct acc gtt gge cac ctc aca gtg 816
Asn Glu Ile Ala Asp Gly Thr Val Ala Thr Val Gly His Leu Thr Val
260 ) 265 270

gce cce ggt gga gge aac cag gtc ccg ggg gag gtg gac ttc aca ctg 864
Ala Pro Gly Gly Gly Asn Gln Val Pro Gly Glu Val Asp Phe Thr Leu
275 280 285

gac ctg cgt tct ccg cat gag gag tecg ctc cgc gtg ctg atc gac cgc 912
Asp Leu Arg Ser Pro His Glu Glu Ser Leu Arg Val Leu Ile Asp Arg
290 295 300

—

atc teg gtc atg gtc ggc gag gtc gec tece cag gce ggt gtg get gece 960
Ile Ser Val Met Val Gly Glu Val Ala Ser Gln Ala Gly Val Ala Ala
305 310 315 320

gat gtg gat gaa ttt ttc aat ctc agc ccg gtg cag ctg gect cct acce 1008
Asp Val Asp Glu Phe Phe Asn Leu Ser Pro Val Gln Leu Ala Pro Thr
325 330 335

atg gtg gac gcc gtt cgec gaa geg gecc teg gee ttg cag ttcec aca cac 1056
Met Val Asp Ala Val Arg Glu Ala Ala Ser Ala Leu Gln Phe Thr His
340 345 350

cgg gat atc agc agt ggg gcg ggc cac gac tcg atg ttc atc gcc cag 1104
Arg Asp Ile Ser Ser Gly Ala Gly His Asp Ser Met Phe Ile Ala Gln
355 360 365

gtc acg gac gtc gga atg gtt ttc gtt cca agc cgt gct gge cgg agc 1152
- Val Thr Asp Val Gly Met Val Phe Val Pro Ser Arg Ala Gly Arg Ser
) 370 375 380

cac gtt ccc gaa gaa tgg acc gat ttc gat gac ctt cgc aaa gga act 1200
His Val Pro Glu Glu Trp Thr Asp Phe Asp Asp Leu Arg Lys Gly Thr

385 390 395 400
gag gtt gtc ctc cgg gta atg aag gca ctt gac cgg taa 1239
Glu Val Val Leu Arg Val Met Lys Ala Leu Asp Arg
405 410
<210> 5
<211> 412
<212> PRT
<213> Arthrobacter aurescens
<400> 5
Val Thr Leu Gln Lys Ala Gln Ala Ala Arg Ile Glu Lys Glu Ile Arg
1 5 10 15
Glu Leu Ser Arg Phe Ser Ala Glu Gly Pro Gly Val Thr Arg Leu Thr

20 25 30
Tyr Thr Pro Glu His Ala Ala Ala Arg Glu Thr Leu Ile Ala Ala Met
35 40 45
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Gly Arg Arg Glu Gly Thr Asp Pro Glu Leu Pro Ala Ile Ala Val Gly
65 70 75 80
Ser His Phe Asp Ser Val Arg Asn Gly Gly Met Phe Asp Gly Thr Ala
85 90 95
Gly Val val Cys Ala Leu Glu Ala Ala Arg val Met Leu Glu Asn Gly
100 105 110
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Tyr Val Asn Arg His Pro Phe Glu Phe Ile Ala Ile Val Glu Glu Glu
115 120 125

Gly Ala Arg Phe Ser Ser Gly Met Leu Gly Gly Arg Ala Ile Ala Gly
130 135 140

Leu Val Ala Asp Arg Glu Leu Asp Ser Leu val Asp Glu Asp Gly Val
145 150 155 160

ger Val Arg Gln Ala Ala Thr Ala Phe Gly Leu LyS Pro Gly Glu Leu
165 170 175

Gln Ala Ala Ala Arg Ser Ala Ala Asp Leu Arg Ala Phe Tle Glu Leu
180 185 190

His Ile Glu Gln Gly Pro Ile Leu Glu Gln Glu Gln Tle Glu Ile Gly
195 200 205

val Val Thr Ser Ile Val Gly Val Arg Ala Leu Arg Val Ala Val Lys
210 215 220

Gly Arg Ser Asp His Ala Gly Thr Thr pro Met His Leu Arg Gln Asp
225 230 235 240

Ala Leu Val Pro Ala Ala Leu Met val Arg Glu Val aAsn Arg Phe Val
245 250 255

Asn Glu Ile Ala Asp Gly Thr Val Ala Thr Val Gly His Leu Thr Val
260 265 270

(;} Ala Pro Gly Gly Gly Asn Gln val Pro Gly Glu val Asp Phe Thr Leu
275 280 285

Asp Leu Arg Ser Pro His Glu Glu Ser Leu Arg Val Leu Ile Asp Arg
290 295 300

fle Ser Val Met val Gly Glu Val Ala Ser Gln Ala Gly Val Ala Ala
305 310 315 320

Asp Val Asp Glu Phe Phe Asn Leu ger Pro Val Gln Leu Ala Pro Thr
325 330 335

Met Val Asp Ala val Arg Glu Ala Ala Ser Ala Leu Gln Phe Thr His
340 345 350

Arg Asp Ile Ser Ser Gly Ala Gly His Asp Ser Met Phe Ile Ala Gln
355 360 365

val Thr Asp Val Gly Met Val Phe Val Pro Ser arg Ala Gly Arg Ser
370 375 380
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400

Glu Val Val Leu Arg Val Met Lys Ala Leu Asp Arg

405 410
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10, Process according to claim 9,
characterized in that
25 the hydantoins employed are constantly racemized by

enzymatic or chemical processes.
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13. Process according to claim 12,
characterized in that
the rec-L-N-carbamoylase is immobilized covalently on

() 10 EAH-Sepharose.
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