30 August 2005 TITLE D- Hydantoi nase From Cchrobactrum Ant hr opi

CROSS- REFERENCE TO RELATED APPLI CATIONS 5 This application clains the
benefit of U S. Provisional Application No. 60/281, 150, filed April 3,
2001, the contents of which are herein incorporated by reference in their
entirety. 10 FIELD OF THE | NVENTI ON The present invention relates to a
novel D- , hydantoinase from Cchrobactrum ant hropi that enagpiggusebegsi vely
hydrol yzes D-hydantoins to their correspondi ng D-N-carbanoyl -a-am no aci d;
the nucleic 15 acid that encodes for the _enzyne; an expression vector

I ncludi ng the nucleic acid; and a host L apabl e of expressing the
enzyne. BACKCROUND OF THEyGAMEDIh&ARE 2Rrdiy ditrobaaseum Arsthrepdy ne t hat

catal yzes the conversion of 5-nonosubstituted hydantoins to the

correspondi ng N carbanoyl -a-am no aci ds. The o%t i cal l ure
N- car banoyl - a- ami no aci EROSSnRERERENEE HIO) RALATED ADPL % or enzymatic

means to amgno aci dsy i LhbsyZPcd R ARk Nt ABI bR 18CLIEVE . BT Operty makes
them val uable for the production of optically pure D-_or L-amno acids,
whi ch ‘are usef lBravisdomadi Appkigajyionhdopr 6842 8% i WD off 1188nPBYHE Kot i
penicillins andﬁfﬁph S ' 0 it Dl e
optically pure cér%g%ngﬁﬁg%?ﬁ%¥§€“§§? sgfghﬁﬂﬁﬂﬁpﬁﬁéﬁﬁggg??éfgéfdatk, C.
Mul ler, R, Sizafemencll inkekeit esqtirgty.Wagner, F. (1992). In

Bi ocatal ytic production of am no acids and derivatives. (D. Rozell and F.
Wagner, Ed.) p.75-128 Hanser Publishers, New York]. Hydantoi nase enzynes

have been 3% isolated from a vafilEbd QF THE HINENTION (i ng Kl ebsiella, 1 30

August 2005 Cor ynebankepresent\gimizattion welatssutomnaselBaeillus, and
Streptonyces. BfAReAInRaL eALor U2 ulPLAZREHA8 that enantio-

selectively hydrolyzes D-hydantoins to their

corresponding D-N-carbamoyl-o-amino acid; the pucleic

15 acid that encodes for the enzyme; an expression vector
including the nucleic acid; and a host cell capable of
expressing the enzyme.

BACKGROUND OF THE INVENTION
20 Hydantoinase is an enzyme that catalyzes the
conversion of S-monosubstituted hydantoins to the

corresponding N-carbamoyl-a-amino acids. The optically

pure N-carbamoyl-a-amino acids can then be hydrolyzed by

chemical or enzymatic means to amino acids. This

25 important entantioselective property makes them valuable
for the production of optically pure D- or L-amino acids,
which are useful intermediates for the preparation of
semisynthetic penicillins and cephalosporins. The use of
hydantoinase to produce optically pure N-carbamoyl amino

30 acids is known in the art ([Syldatk, C., Muller, R.,
Siemann, M., Krohn, K., and Wagner, F. (1992). In
Biocatalytic production of amino acids and derivatives.
(D. Rozell and F. Wagner, Ed.) p.75-128 Hanser
Publishers, New York]. Hydantoinase enzymes have been

35 isolated from a variety of sources including Klebsiella,



A2 descri bes a hydant oi nase produced from Agrobacterium tunefaciens
exhibiting inproved activity and stability in 5 al kaline nmedium at high
tenperatures. U S. Patent No. 5,516,660 discloses novel. specinens of the
Art hrobacter species which produce hydantoi nases that are capabl e of
produci ng L-a-amno acids fromD-, L- and/or D, L-5- nonosubstituted
hydantoins. U S. Patent No. 5,714,355 10 describes a nutangomegistpopsf the
Art hrobacter species which has up to 2.7 fold greater enzymatic activity
than the parent organism PCT Publication WO 00/58449 describes nodified

hydant oi nases that exhibjt_inprqved, epzynati roperties relative to
previously isol F%H“fgaﬁbﬁﬁﬂggi%§§8§?° 'S?FEVQ EhngcﬁZ%ﬂsto i sol ate
new enzynes thandegRreptommeasoveBueoperr FaskeattApplicaksoneEP/0239%% al ytic
act | VIt t 3(;- S(ljJMVARy_ f@_Esgf%éhé\ld\éE _ tht&@na%Téhe ﬁ%@%@@% ffaﬁﬁt Wg‘r@ﬁﬁbEeﬂi&ﬁCt ed to
i sol ated an purified, ydanti,onase, from ropact rum-_ant hy opj ,
preferably havi %Wfﬁ‘écé@aﬂeﬁ%%ﬁ oFLREGTRINES 3ChViFY gRg: éﬁ:ﬁi’hg’tﬁ}ﬁd‘nat
| east 80% i d®ent RiyalinsE@dinmat Righhenpegstntes nvéhsi.oRaksnal¥o. di rect ed
tS EQH:JS ﬁfo c 125 @9%%%@@@!&51?%5@0@&2 hciﬁéﬁé E'c;f-?b;!h)é hbt%h%sg&& DNA  of

j or ¢ er.i.v refro € prese invention |s so
directed to a PREBHET n“ﬂ}ﬁc‘?h8§9888?|h%%oil§$ﬁ§s nﬂ'@tePEeaEFagléiﬁji%Jg f or
the enzyme of tpeoduwrany ilom-add@ndhaecidesaivm DAyem iznd /s 8l sp-shrected to
an expression vector, conprisi nucleic acid coding for the enzyne of the
i nventi on. Furtﬂ%??s??ﬁ§{E%??%ng9?ﬁ§iﬁﬁ3§jn Psgdi$ d¥Po 3 "Hbt f or
produci ng tHe edzycmeilgﬁs hewitpuenspering® ofnphé Argirobatterngpeciag t abl e
cel | contai ni ngwhiieh &lLs RLke 8061 peh d YrehBer SHMRLIE BREI{IMENHLN in a
suitable 2 30 Aggust 2005 nedi um under C%ETLtIODS sui table for expression
of the enzyne. e parent organism. PCT P ication WO 00/58449

: describes modified hydantoinases that exhibit improved
enzymatic properties relative to previously isolated
15 hydantoinases. There still remains a need to isolate new
enzymes that exhibit improved enantioselectivity as well
as catalytic activity.

SUMMARY OF THE INVENTION
20 The present invention is directed to isolated and

purified D-hydantionase from Ochrobactrum anthropi
preferably having the sequence of SEQ ID NO: 2 or a
protein having at least 80% identity to SEQ ID NO: 2.

The present invention is also directed to nucleic

25 acids coding for the enzyme, preferably the genomic DNA
of SEQ ID NO: 1 or cDNA derived therefrom.

The present invention is also directed to a
recombinant host cell comprising nucleic acid coding for
the enzyme of the invention.

30 The present invention is also directed to an
expression vector comprising nucleic acid coding for the
enzyme of the invention.

Further, the present invention is directed to a
method for producing the enzyme of the invention

35 comprising culturing a suitable cell containing nucleic
acid coding for the enzyme of the invention in a suitable



Finally, the present invention is directed to a process for converting
5-nonosubstituted hydantoins to 5 the correspondi ng N carbanoyl -a-am no
aci ds using the hydantoi nase of the invention to result in a product of
hi gh chiral purity. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Figure 1:
Tenperature profile of hydantoi nase activity in whole cells. Figure 2: pH
optimum of hydantoi nase activity in glutaral dehyde-treat edoggldust 2605ur e
3: Fragnments of DNA and pol ypeptide useful in the 15 present i'nvention.
Probes 1 - 4 were used to obtain the enzyne of the invention. Probes 1

through 4 are, ufe%‘i%%@&éé Jeo %ﬁ%k@s% e%l%hfgﬁ%sm%n 3 P, aci d

sequence i s SEQ enco sequence |nned|ately
bel ow t he 20 ani¥&Yaéid sequence (SEQ | D NO 8) The inverse of SEQ ID

NO 8 i.s SEQ I D NO 10rifaDUy £ the HeBesnt i inveapiofels adiirteld gbasm d hydl 3f.
Figure 5: Sche j p e f {iﬂg nom ¢ DNA
sequence encodrﬁjgo'?ﬁége%‘g?/n%érﬁ}er%ﬁngzg%%\%g\ﬁ F’g%gf @Sgﬁégiﬁ a‘% t he

am no aci d séqudhee covfespandirmgy Ne cafbarimy li- uvemnn@nanﬁagwsanCth@). N-

t erm nal sequen )rde equenci, shown in
bol df ace type. %Séﬁeg%ﬁ£%§$%€i?%%?gﬁg%gﬁgkgﬁwggggﬂtuEh%eggg gons ruction
of pBMS1000HY- 1 HHERAFREr® DESERILYTI ON OF THE | NVENTI ON The present invention
relates to an isolated nucleic acid nolecule conprising a nucleic acid

sequence coding 35 for all Inas hr obact r um
anthropi. A preferred stralBQE P ci PP &@Qﬁp&' BRiﬁfNE 30 August 2005

ATCC 20203510defdsrredt witerneratanerpeefileypé ydanfinassl peELvH, in
Rockvill e, Maryl and, whbis Aselignder the provisions of the Budapest Treaty.
Preferably, theFigure 2: pH optimum of hydantoinase activity in
glutaraldehyde-treated cells.
Figure 3: Fragments of DNA and polypeptide useful in the
15 present invention. Probes 1 - 4 were used to obtain
the enzyme of the invention. Probes 1 through 4
are, respectively, SEQ ID NOS: 4 through 7. The
amino acid sequence is SEQ ID NO: 9, which is
encoded by the DNA sequence immediately below the
20 amino acid sequence (SEQ ID NO: 8). The inverse of
SEQ ID NO:8 is SEQ ID NO:10.
Figure 4: Schematic representation of plasmid hydi3f.
Figure 5: Schematic representation of plasmid hyd4f.
Figure 6: Genomic DNA sequence encoding the enzyme of the
25 invention (SEQ ID NO:1) and the amino acid sequence
of the enzyme of the invention (SEQ ID NO :2). N-
terminal sequence (SEQ ID NO:3) determined by Edman
sequencing is shown in boldface type.
Figure 7: Construction of pKSHY3
30 Figure 8: Construction of pBMS1000HY-1

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to an isolated nucleic

acid molecule comprising a nucleic acid sequence coding
35 for all or part of hydantoinase from Ochrobactrum
anthropi. A preferred strain of Ochrobactrum anthropi is



nucleic acid nolecule is a DNA nol ecule and the nucleic 5 acid sequence is
a DNA sequence. All DNA sequences are represented herein by fornulas whose
left to right orientation is in the conventional direction of 5 to 3'.
Nucl eoti de base abbrevi ations used herein are conventional in the art,
i.e., Tis thymne, Ais 10 adeni ne, C I's cytosine, and Gis guanine; also,

Xis A T, G or G Puis purine (i.e., Gor A), and Py i80 Augustiogose
(i.e., T-or §. Further preferred is a DNA sequence having all” or part of

t he nucl eoti de sequence substantially as shown in Figure 6 (SEQID NO 1),
this DNA sequence; or_a DNA sequence

whi oh hybri di 264765 UMD REPPEbEed 16 th SHBONERT LoBF SRBraiSR FiFhe DNA
sequence hybri dCedieamider, Retkihybet Mamdlahdonu SAr ) noeldr Ittyzbrl di zation

condi tions  sel ?E&vié)iron@NéfSEHUeﬁ‘& geeats! t BAD: 8Q¥nkonelogy, 20
preferably greater_ than § A)OE ﬁéeater than 90%
horol ogy. ~ Scr eeAPREEINASIAJEP E?‘ﬁlr‘?\de‘#qta D@ﬁn‘ﬂ? SOHES B [rbec BRFTEHF out

according tost hecn@témmhendesctm HNA rseidmenre, 34AB1 HQR- s@&ﬂxe@ﬂ:eBSa)re t he
contents of whigh &y cher ﬁé?eh@c}?}ﬁ I e

h
sequences capabl e, of hybridi zing un stri ngent cond |t|on§ W th the DNA

di scl osed in thBrb‘T’r&aéFrf’n 3BpERcHis senvepthenat f %ﬁﬂr’eo faPl ef? B3 vari ant s
of the discl oswmlsleqheaeesbbm&eonatws@dIlye:mneseﬁﬁe in Cchrobactrum

anthropi, but rg&@&ﬂlggagh?nd&%gla%edlw 3P p& tgy be derived

from ot her bacterial sour neral “techni ues nuél e| c acid
hybri di zat ih a?%emdﬁescpoéﬁdclﬁﬁpmfalai“é GTis eﬁuaéPlnerl @1smwl ctf ar O oni ng,

a Laboratory I\/BZNUH,IC;, 6ol d, Spui iy gdariber (ileY, ¢ 1982),, and Ptiyld;-layrres B. D.
et al., In: ccxgﬂjgnléghg kly bg Idlrlz%?e%@ aF§15tlfé1a§5feCf3elrxA9p%8 nA RL Press,

Washi ngt on, 1985 Whi ch, references are i ncorporated harern by
ref er ence. In % e€§§eh6’f’l%9rﬂﬂc]1 &3t P&éts‘éﬁtﬁ?ﬁé“(qle@tldﬁ BREVSNCE) August

2005 sequence) sdditagtiallpasd sHownhdnhyigni®inaEEQ iIb N®:1), or a

15 DNA sequence complementary to this DNA sequence; or a DNA
sequence which hybridizes to SEQ ID NO:1 or its
component. Preferably, the DNA sequence hybridizes under
stringent conditions. Stringent hybridization conditions
select for DNA sequences of greater than 80% homology,

20 preferably greater than 85% or, more preferably, greater
than 90% homology. Screening DNA under stringent
conditions can be carried out according to the method
described in Nature, 313: 402-404 (1985), the contents of
which are herein incorporated by reference. The DNA

25 sequences capable of hybridizing under stringent
conditions with the DNA disclosed in the present
application may be, for example, allelic variants of the
disclosed DNA sequences, may be naturally present in
Ochrobactrum anthropi, but related to the disclosed DNA

30 sequence, or may be derived from other bacterial sources.
General techniques of nucleic acid hybridization are
disclosed by Maniatis, T. et al., In: Molecular Cloning,
a Laboratory Manual, Cold Spring Harbor, N.Y. (1982), and

by Haymes, B.D. et al., In: Nucleic Acid Hybridization, a
35 Practical Approach, IRL Press, Washington, D.C. (1985),
which references are incorporated herein by reference.

In the case of a nucleotide sequence (i.e., a DNA

4



preferred that the nucl eoti de sequence be at |east about 15 nucleotides in
| ength. Preferred DNA fragnents are the probes of SEQID 5 NOCS: 4-7 (probes
nunbers 1 - 4, respectively in Figure 3). The hydantoi nase nol ecul es of

t he present “invention do not necessarily need to be catalytically active.
For exanple, catalytically inactive enzynme or fragnents thereof may be
useful in raising antibodies to the 10 protein. it is alsgoeuyuerpbesed
that the present invention enconpasses nodified or variant sequences. As
used in the present application, the term"nodified" or "variant", when

referring to a nucl eotide ol ypepti de _15 sequence, ans, a nucl eoti de
or pol ypepti de SERYE HE%g WHEFF? OFf 8REET PHNY % %{ﬂapﬂof-%r%e'se‘cfuéﬁces
specifically disefeseddhenai rthel hecDbbt tde ussmnesicel behet reestntbouvent i on

can be obtalneq5u§hegeg@{a gmnquggﬁ wel | known to those of 20 ordinary
skill in the art. | east ree alfernative principal methods may be

enpl oyed: (1) the i sBF%f?B’fF%fDNﬁ‘ dEaePeRtt ranfiddeDRBOReY R EEX £Bm  genoni ¢
DNA or conpl BneMoé&r: ¢ - DNipfciaAnuwbech Tont4) nespekheisehyenc&igdbe(2). t he

cheri cal synthesi s okt heyEbIGAUENGSIoAOLd Ye L SYRLLAS iByaheile DA

sequence by pol ynerase chain reaction | TSt approac
genomi ¢ or cDNAGS BPE r?e?%ﬁﬁaqiéyéBPégnEﬂ @?\Qﬁﬁﬁéﬂtﬁﬁai%ﬁnﬂqqﬁVea
sequence codi ngexadfléprcatdlyricpaly dHhadthierd\wdayhmei aasfradmenhtexanpl e, an

0,2 hr 0Pl aenORG LRV IATLeGAT BE EIERNPLADNORHEL O crlcdentify the

DNA sequence co or part o ar1 ous echnlques can
be used to $%re®ACOFRER- genonic DNA or cDNA I|brar|es 35 For exanpl e,
| abel ed singl e strandiedNA gor ebatesplment ahatughecptésuhta inegHed6e present

in the target gaRGMCsINARYa1¢PNA SRANG S RlyleRLepar a Ol cERE; gNZYTE S
the present application, the term "modified" or
“variant”, when referring to a nucleotide or polypeptide

15 sequence, means a nucleotide or polypeptide sequence
which differs from the wild-type sequences specifically
disclosed herein.

The DNA sequences of the present invention can be
obtained using various methods well known to those of

20 ordinary skill in the art. At least three alternative
principal methods may be employed:

(1) the isolation of a double-stranded DNA sequence from
genomic DNA or complementary DNA (cDNA) which contains
the sequence;

25 (2) the chemical synthesis of the DNA sequence; and
(3) the synthesis of the DNA sequence by polymerase chain
reaction (PCR).

In the first approach, a genomic or ¢DNA library can
be screened in order to identify a DNA sequence coding
.30 for all or part of the hydantoinase. For example, an O.
anthropi genomic DNA library can be screened in order to
identify the DNA sequence coding for all or part of the
enzyme. Various techniques can be used to screen the
genomic DNA or cDNA libraries.

35 For example, labeled single stranded DNA probe
sequences duplicating a sequence present in the target
genomic DNA or cDNA coding for all or part of the enzyme

5



30 August 2005 can be enployed in DNA/DNA hybridi zati on procedures carried
out on cloned copies of the genomic DNA or cDNA which have been denatured
to single stranded form A genomc DNA or cDNA library can al so be screened
5 for a genomic DNA or cDNA coding for all or part of the hydantoi nase
usi ng i nmunobl otting techniques. In one typical screening nethod suitable
for either inmmunoblotting or hybridization techniques, thgg gﬁgﬁﬁ&
library, which is usually contained in a vector, or 10 cDNA library |s
first spread out on agar plates and then the clones are transferred to
mepbr anes. A DNA probe can

filter menbranes
t Ihen be hybri di §8d88re‘5%xﬁg?}r)ﬁq E}Bdb&églﬁﬁ% H'&'r:f’rﬂ'glﬁé‘ﬁh%n BFFCREUTEP ones t o
identify those chunésdcwt aimicignetiecopiraicad theDbnaricc DNA codePNA f or al |

or part of the Qﬁgéﬂtﬂéws&en b@nﬁ@@ré@%%fi’a@@%oéﬁﬁn&eﬁef% sequences of
t he present I nvention codi ant oi nase_ can be

;
chemical |y synt hesi z%ogerl*—?f?lchgﬁpPE cmfzheh%@ré’eaﬁ%rﬁ%go §i AGTES?ed he
hydant oi nase5 cafiobea 2@emsymich Az od aBNA wlings fot 410 draperbl oforhe| eot i des

that can be segygahi@dysd |1g§h§dlm,(nyﬂ@nﬁb@ ggr {;@&ﬁnt(f{ ki nal  restriction

sites or conplenentary term nal quen Jﬁ¥ 5 %he cprrect
| i near sequence of ntit|¥Hti é‘ca nSEHEER 9rﬂ‘e§f38 0 e PRA nces of
the 25 present iinmunq:blcom:iambmghffbrlcbiztamronpaet:hmiqudme thydgemmmrtase can

be synthesi zed Eﬁknfhﬁ¥g%y'8wh§Ehy1s uéﬁ%ﬂ#? %Engéﬁﬁ aE%@bt r,

oligonucleotides at |east 15 bases r| rrers at rR/brl di ze
to opposit et st FEMsI T He iaf et Eﬁm%‘a@q@@ﬁc na?‘-??%?&ét?ﬁ 3@“ t
enzymati cal | y atpéidlordee amt ersesfeagraedgicofidteDentorantbe far get

sequence. Repea&g&lmaﬁyecl 38 :ocRE P10 WU ALESN Of e oLAD! ol apneal | ng

of the priners extensr on o -termni anneal ed priners
with a DNA pol yherdFriband 8T ar fRiRyacrBnt BeR thfe Po8nd ebPete def i ned by
the 5 ends of d:h:maCchmdmtsfysamse Wichesetoatainifigends gemaiic 5,

185-189 (1989) .pNA or cDNA coding for all or part of the hydantoinase.
In the second approach, the DNA sequences of the
present invention coding for all or part of the
hydantoinase can be chemically synthesized. For example,
the DNA sequence coding for the hydantoinase can be
20 synthesized as a series of 100 base oligonucleotides that
can be sequentially ligated (via appropriate terminal
restriction sites or complementary terminal sequences) so
as to form the correct linear sequence of nucleotides.
In the third approach, the DNA sequences of the
25 present invention coding for all or part of the
hydantoinase can be synthesized using PCR. Briefly,
pairs of synthetic DNA oligonucleotides at least 15 bases
in length (PCR primers) that hybridize to opposite
strands of the target DNA sequence are used to
30 enzymatically amplify the intervening region of DNA on
the target sequence. Repeated cycles of heat
denaturation of the template, annealing of the primers
and extension of the 3'-termini of the annealed primers
with a DNA polymerase results in amplification of the
35 segment defined by the 5' ends of the PCR primers. See,
White et al., Trends Genet. 5, 185-189 (1989).



6 30 August 2005 The DNA sequences of the present invention can be wused in
a variety of ways in accordance with the present invention. The nost
apparent use of the DNA sequence is to prepare hydantoi nase to be useful
for the conversion 5 of 5- nonosubstituted hydantoins to the correspondi ng
N carbanmoyl -a- am no acids. However, they also can be used as DNA probes
to screen other cDNA and genomic DNA libraries as to sel egp Agu t2005
hybri di zati on other DNA sequences that code for proteins rel ate
hydant oi nase. 10 In addition, the DNA sequences of the present |nvent|on

coding for all or LoLpase §§ﬂ obes to
screen ot her cDNA angfle gé\%gmr%%igﬁl bégrl es%%sgsel ec rﬂ.’gonDI\lg?l o zat i on,
DNA sequences t &€ cb’aeaf‘fﬂ‘rleml’dé’ﬁt BRYARSH Rscozdreae fvidih é'fn@aﬁ?%wtot her
than 0. 15 ant hriapentIde. Dithes eggenappaxdnt Rigepbesensd DN gatfueNcedd ng for

all or part of ttlae?at?%{]g .}%ﬁ%&o@.ﬂgs@é& ﬂ%euggg i 91{ t(l'le gghvgyégcied) to

pr epare vari gus Tu fons can ener
the nutation 20oéhéng‘é%nqgr@%ﬁth‘&eéchﬁim@ﬁcéoe%%d@ipr?h@lnﬂutl‘ht ed
codon, or non- degenency®-a-antino bBEASUL aidweRredtpeshePtal stharngens hase@ no

aci d sequence eacodey Byoddie ULALER, GaSN piess, ML RdpEiA seduences

can be prepared, for ting the BiiTass equence so
25 that the nut gtlpﬁﬁrlf%%lﬂsc £9 ﬁeﬁ-ﬁétd@f é’clﬁbé‘ﬁdlﬁﬁﬁlscﬁli taithegnDNA| nserti on,

i nversion or addetiefcef WA @odsDEEr a};mdt@macrésaﬁéa tlztfbehg}agﬂ@@ﬁzaste

ol ypepti de, ysi 0 e Qr. . exa

gethods of 1Hte?g Xéﬁi§§€§lﬂ%ﬂ% gﬁés$§ §%E|%? el Qﬁﬁseﬁg 5Fi§)2ﬂ°n 30

Bi o/ Technol . 2, ©83ER%BIPY f§94)>r rayt é:theahydaminaseA@aasbﬂwedlas

8749- 8764 (1985pNAnskdbekal sBreen cbatér cDﬁAagndS_.?énogHS.ADﬁﬁ 14824838 (3985)
may be enpl oyed, .| ditio Lrecte en can be
purchased from l(§8m£"]r"?91eacCL tbb’ %Xbﬁ‘.% or eXabngﬁese?%ﬁesngk?g %%T %Sfm ng
site-directed nﬂY@@RﬁR&ﬂ%?ecﬁﬁlﬁéubﬁﬁdﬁ%ﬁberganlsms other than O

15 anthropi.

The DNA sequences of the present invention coding
for all or part of the hydantoinase can also be modified
(i.e., mutated) to prepare various mutations. Such
mutations can be either degenerate, i.e., the mutation

20 changes the amino acid sequence encoded by the mutated
codon, or non-degenerate, i.e., the mutation does not
change the amino acid sequence encoded by the mutated
codon. These modified DNA sequences can be prepared, for
example, by mutating the hydantoinase DNA sequence so

25 that the mutation results in the deletion, substitution,
insertion, inversion or addition of one or more amino
acids in the encoded polypeptide using various methods
known in the art. For example, the methods of site-
directed mutagenesis described in Morinaga et al.,

30 Bio/Technol. 2, 636-639 (1984), Taylor et al., Nucl.
Acids Res. 13, 8749-8764 (1985) and Kunkel, Proc. Natl.
Acad. Sci. USA 82, 482-492 (1985) may be employed. 1In
addition, kits for site-directed mutagenesis can be
purchased from commercial vendors. For example, a kit

35 for performing site-directed mutagenesis can be purchased
from Amersham Corp. (Arlington Heights, IL). In
addition, disruption, deletion and truncation methods as

7



from Amer sham Corp. (Arlington Heights, IL). In addition, disruption,

del etion and truncation nethods as 7 30 August 2005 described in Sayers et
al., Nucl. Acids Res. 16, 791-802 (1988) may al so be enpl oyed. Both
degenerate and non- degenerate mutations may be advant ageous in producing
or using the polypeptides of the present invention. For 5 exanple, these
mut ati ons may permt higher |levels of production, easier BU%ldUQF?O or

provi de additional restriction endonucl ease recognition sites such
nodi fi ed DNA and polypeptlde nol ecul es are included wthin the scope of

the present inv tlon 0, resent inveption_furt concerns expression
vectors conpri si Bﬁé q‘ﬁ@f%%s 85d?#1 Helq ﬁcbﬁsgﬁ?ﬁ t7ﬁ§ 562

hydant oi nase of (tlﬁésl) npayit # bse ml@meﬂcpye@m cﬂmthvéegeme;rqj:reefaerdabby contain
all or part of crgeabtrhbe %tﬁﬁﬁuﬁﬁ?eﬁe hawangabbsud Usd %}tdd%lﬁ qygnces
substantially 15 as sgg #i#gféigwa 6. _Furt her Ereferre are exgre55|on
vectors conpri sithg=8n GGFabbr éh?]REe§ BhetRERtiGRer af PYel y | nked
to the DNA séqu@ﬁé@Pé@dlt@psenmuﬂdtlons pay tpeamithbidlyetaiteyielasef As used in
this context, theoahet{dn OF@e[ﬁtéﬁ/ §h¥1kiéb\<&ﬂ>n %ﬁgﬁr&'&ﬁie taf&l‘al'izﬁgl%ft ory DNA

20 sequences are _capable o ing the replicatipn an
expressi on of tHhES %f%h e?ftdé’né‘lg

d/
Ffg® f%ﬁCQﬂWltb?np%}qes(ﬁ'&iﬂesHﬁﬂant0|nase
Expr essi on vectmpélﬁie@tDNAtqu woflpept Bdemoletnlventamn imcdudklen in the

form of " pl asm dsiniihid) o 5pd eleebnt Qpiddi! shydouhe ot randed DNA | 0ops

which, int |r vector form "are not pound onosone. However, the
i nvention i |ntende ?c??qﬁﬁQ§dén¥EEFl?HrﬁﬁrthFBrﬂ%?%ﬁr4§xﬁﬁ8§§ﬁﬁh°%ectors
whi ch serve equieatent cdmmcisiogsaabiA vdeqienbecoodikndumr adlt be patt

subsequent|y = 30¢hehetin adRiieaskonr VaR! Oleleely! I4hd gpBLeseql | nvention

typlcally contain an ori |cat|on a pro cated 1 n front
(i.e., upstrean1%?5°¥§u?é§€; §g&ﬁéﬁﬁ% taify all or Part 0 one 6f the DNA

sequences having the nucleotide sequences substantially

15 as shown in Figure 6. Further preferred are expression
vectors comprising one or more regulatory DNA sequences
operatively linked to the DNA sequence coding for all or
part of the hydantoinase. As used in this context, the
term "operatively linked" means that the regulatory DNA

20 sequences are capable of directing the replication and/or
the expression of the DNA sequence coding for all or part
of the hydantoinase.

Expression vectors of utility in the present
invention are often in the form of "plasmids", which

25 refer to circular double stranded DNA loops which, in
their vector form, are not bound to the chromosome.
However, the invention is intended to include such other
forms of expression vectors which serve equivalent
functions and which become known in the art subsequently

30 hereto.

Expression vectors useful in the present invention
typically contain an origin of replication, a promoter
located in front (i.e., upstream of) the DNA sequence and
followed by the DNA sequence coding for all or part of

35 the hydantoinase structural protein. The DNA sequence
coding for all or part of the structural protein is
followed by transcription termination sequences and the

8



foll owed by the DNA sequence coding for all or part of 35 the hydantoi nase

structural protein. The DNA sequence coding for all or part of the

structural proteinis followed by transcription term nation sequences and

the 8 30 August 2005 remmi ni ng vector. The expression vectors can al so

I ncl ude ot her DNA sequences known in the art, for exanple, stability

| eader sequences whi ch provide for stablllty of the expregpiqiyust 2dost ,

secretory | eader 5 sequences which provide for secretion of the expression

pr oduct, sequences whi ch al |l ow expression- of the structural gene to

nodul ated (i.e the presence géﬁ absence of n%érlents or, ot her inducers
e

in the growh me GRS e KTy s AR SRRV & 5 555 @189 provi di ng 10
phenot ypi ¢ sel editicdidpnothemn By sedutnees delols, imtths larty felrenents such as

centroneres Whi Gxappo¥i detaﬁiclqttycztesa@ialéé@én&@stmad@i ¥ea eaBQrsequences
restriction endonucl eases.

whi ch provi de Slt 23 tgr %eﬁl g é I
characteristics OF ﬁé At BPE §?ﬂﬁl§58 B uSEFHRTSEY 1 eBgeEonpatlble
with the hosf celdquahres wisiqlo pyevedel iyedecrébiom)ahyhe, ewpeassiaming in a

fungal cell systg@guthe s@sm:essl Qﬂla@calqrowseﬁwé%&w deN cRpEONDt ers
isolated from the Cgrormter from

Aspergi |l us ni dlﬂtﬁggurgrﬁied}en%(%xﬁ?%‘é%%ﬁ‘? \;éc?o‘r sbynﬁ]?ezgré RESF°% f ungal
aut ononousl-y regbsence nf seirdrbes (AR ther. endugiRS finorhEugapitim oxyspor um

and Sacchar onycegaiGef e\/rhasr*}@%)g whi @n&gsomtleﬁ éfla Vda‘f)%b@(eogEC w@l@ﬂ‘n elf-

replicating plasmds in fun hosts rréd un
expr essi on 37§ct 6’? n8EYRife ﬁ‘%\?@ﬁf‘?ﬁn”aot”fﬁm%?m FGﬁlSﬁl' ﬁ‘Fe?Sb%Je’(fg’ence
and thus will i #ﬂegeatsasuqh(aShosntr¢m&na@swhEGhLnxmvaﬂbammtdtentry of host

cell's. Such inkeghaii@p ds t@:@efﬁéérﬁ‘:{h b%%@“é@q@énd’e@%&@ﬂ £8BeL4L
stability. An eggresz* resent 1 nvention

cont enp
is at |east capSbFes °’ﬂ|‘?\ﬁ§€t Iaﬁﬁa}Plﬁer%‘;(frrléﬁf"?l?:a‘ir?%’r?uFﬁeEgEﬁer|'E1T*ﬁa coli and
integration in thagattexigitlics afdtlpr efanabl gxpiessEopr eeston, usdd trhest

hydant oi nasgs pe compatible with the host cell which is to be employed.

For example, when cloning in a fungal cell system, the
expression vector should contain promoters isolated from
the genome of fungal cells (i.e., the trpC promoter from
Aspergillus nidulans). Certain expression vectors may

20 contain a fungal autonomously replicating sequence (ARS;
i.e., ARS from Fusarium oxysporum and Saccharomyces
cerevisiae) which promotes in vivo production of self-
replicating plasmids in fungal hosts. It is preferred
that the fungal expression vectors of the invention do

25 not have a fungal ARS sequence and thus will integrate
into host chromosomes upon plasmid entry of host cells.
Such integration is preferred because of enhanced genetic
stability. An expression vector as contemplated by the
present invention is at least capable of directing the

30 replication in Escherichia coli and integration in fungal
cells, and preferably the expression, of the hydantoinase
DNA sequence of the present invention. Suitable origins
of replication in E. coli various hosts include, for
example, a COlEI plasmid replication origin. Suitable

35 promoters include, for example, the trpC promoter from A.
nidulans and the neo-r gene promoter from E. coli.
Suitable termination sequences include, for example, the

9



DNA sequence of the present invention. Suitable origins of replication in

E. coli various hosts include, for exanple, a Col El plasm d replication
origin. Suitable 35 pronoters include, for exanple, the trpC pronoter from
A. nidul ans and the neo-r gene pronoter fromE. coli. Suitable

term nati on sequences include, for exanple, the 9 30 August 2005 trp C
termnator fromA nidulans, and the neo-r gene term nat oBofARjlisE2008! i - :
It is also preferred that the expression vector include a sequence codi ng
for a ' selectable marker. The selectable narker is preferably 5

antibiotic resistance. As sel ectable markers, phleomycin resistance (for

fungal cells), &#BiCitFIHAESFSERARA" dHELIRBEM RS ?Qﬁﬂ3§9aﬁcge??or
bacterial cell s):el:atlnam:r daone Bl eadly. ey dyseellséd praferrdedsehantene al s are

known in the ag fH Vel rgh%\id(ye ayv g ngghée &Qdﬁgietf%@ g expr eSS| on

vectors containln e5|re nt r ol nces ey b
constructed usi f§ e%?%ﬁﬁ%ﬂﬁr Eont?#ﬁuﬁe%BQRaPéEhﬂ? i BRA ?ﬁa?ﬁé art,
many of whi ch aaetileknridedsistSacdr ods eblabtah&éema&kyrs Cbnbesrgycifk

Labor at ory VenuaLs, ngh o (seinew bl 8 Sy Lo dp%. 5 b2hgcaLary, Gl d

Spring Har bor, I vent | on |ona y concerns_ host
cells contaln|nﬁe%mV%Rbﬂ€§§F5ﬁn9%cf%¥fFﬁéFeEb apNBesequence codi ng
for all or partcoﬁvérw&itmyl Bagkoydde pllasbfcehéSepﬁﬁamahbyaﬁ@mthm an

expressi on vectgﬁ e n&qla cgggrégmﬁéfglalggbggéﬁ% one of the DNA

sequence havi ng cl eot'i de sequences s as shown in Figure
6. Further Jgpreferreoeud'rt@bﬁés?XE@ﬁ‘%lQ?oMeﬁf':ﬁrﬁgc%alé)@ﬁﬁge;*r@?o‘ﬁe%@&%r

conpri si ng one esdimy andeguhetsl ysdaf&%nc@@qmapcné capiruetel dsimgting the

replication andég Jgg %ggréggg %Hga ?%%ﬂ%%%ﬁlﬁahkﬁgegr 0 a DNA

sequence codlng onall
i ncl uded are ho@%nxxﬂﬂ @hé§htarﬁl¢EFQ§1b§QpFés%?@%FQRanE'almhM%¥ﬁ i ses a

DNA sequence WhCTdniirs beeabobatdieWManiale. 2ndi sdiiiet], coetes ek f
truncat ed) -y aﬁaéﬁ%f“ﬂ@%o&QEory, Cold Spring Harbor, NY (1989).
The present invention~additionally concerns host

cells containing an expression vector that comprises a
DNA sequence coding for all or part of hydantoinase. The
host cells preferably contain an expression vector, which

20 comprises all or part of one of the DNA sequence having
the nucleotide sequences substantially as shown in Figure
6. Further preferred are host cells containing an
expression vector comprising one or more regulatory DNA
sequences capable of directing the replication and/or the

25 expression of and operatively linked to a DNA sequence
coding for all or part of the hydantoinase. Additionally
included are host cells containing an expression vector
which comprises a DNA sequence which has been modified
(i.e., disrupted, deleted or truncated) so as to code for

30 a hydantoinase molecule which is not catalytically
active. Suitable host cells include both eukaryotic and
prokaryotic host cells, for example, E. coli cells.
Suitable eukaryotic host cells include, for example, R.
toruloides, Cephalosporium acremonium, and Penicillium

35 chrysogenum cells. A preferred host cell is E. coli ATCC
98563 containing plasmid pBMS2000, deposited with the

10



30 a hydant oi nase nol ecule which is not catalytically active. Suitable
host cells include both eukaryotic and prokaryotic host cells, for
exanple, E. coli cells. Suitable eukaryotic host cells include, for
exanple, R toruloides, Cephal osporium acrenonium and Penicillium 35
chrysogenumcells. A preferred host cell is E. coli ATCC 98563 contai ning
pl asm d pBM52000, deposited with the 10 30 August 2005 Amegp dagudlyPE05
Culture Collection, Rockville, Maryland, U S. A, under the provisions of
the Budapest Treaty. Expression vectors may be |ntroduced into host cells

by vari ous et hagig, koo dh (e et cEPeIRP ﬁocgviiﬁ@sl‘/ﬁ%igﬁ q0f host
cells with expreSS| on vectors _can carried out e yl ene
gl ycol nmedi at ed Y- Brdt opindsr t‘:lh&n?FSYhﬁ’fq’rtﬁl ofethEdBu rredt¥er net hods

for introducing exprmqs&mmmbmrgtrﬁaww imelrbaucédrintex avpt ecells
el ectroporationbxb{,ﬂicﬂé Cnd tHBGt 5‘99% af, 19ePretopl @g{.dé ﬁ{pgg can al so be
a

enpl oyed. Once expressi on vector heen introduce
appropriate RostreBFtectinn mishoss Fe}ﬁsﬁ/ “BéthPcPﬁﬁéﬁllOTUﬁGé’ltoéén%FM iRsns
perm tting expresstisd afutd arygehanpolysthydfenehglhydantaiizasa. 15 Host cells

e ¢
cont ai ni ng an epgggéil%tn}[f%hg%omégﬁ% g&gtggans ﬁa‘p%&zse%gﬁggemg% or

all or part of Qi hase ntif nor e of the
following five eﬁeﬁf%ﬁr %acﬁ&re%%owsm;\swﬁw d‘i%i?t cehls ( boxr he
presence or absenmplrf mrelcan:ogeﬁeu&{) fuiratisens; infdctAsmOsSskng the |evel

of transcripgi O?ﬁé‘&? T ngﬁgqo? ﬂs%dggt E?@%ﬁ%e@ydant oi nase NMRNA

transcripts in etection o0 gene product
i mmunol ogi cal ly; and®R%® a@n?ﬁ‘ﬁfeﬁ%@}' Vesk Py mBas gkeely Indireguend Bt erred
met hod of identafii apddopria?2® hostheell r stheappepasckll tnke peesentered a DNA

sequence cod ngblt&ﬁé%aébomgrmeagt efntiia -y dantolonse san..he delealed by

DNA- DNA or i-Z7ation I ng ~“probes conplenen
sequence. of the hydant01nase
15 Host cells containing an expression vector which

contains a DNA sequence coding for all or part of the
hydantoinase may be identified by one or more of the
following five general approaches: (a) DNA-DNA
hybridization; (b) the presence or absence of marker gene

20 functions; (c) assessing the level of transcription as
measured by the production of hydantoinase mRNA
transcripts in the host cell; (d) detection of the gene
product immunologically; and (e) enzyme assay, enzyme
assay being the preferred method of identification.

25 In the first approach, the presence of a DNA
sequence coding for all or part of the hydantoinase can
be detected by DNA-DNA or RNA-DNA hybridization using
probes complementary to the DNA sequence.

In the second approach, the recombinant expression

30 vector host system can be identified and selected based
upon the presence or absence of certain marker gene
functions (i.e., acetamide utilization, resistance to
antibiotics, resistance to fungicide, uracil prototrophy,
etc.). A marker gene can be placed in the same plasmid

35 as the DNA sequence coding for all or part of the
hydantoinase under the regulation of the same or a
different promoter used to regulate the hydantoinase

11



In the second approach, the reconbi nant expression 30 vector host system
can be identified and sel ected based upon the presence or absence of
certain marker gene functions (i.e., acetamde utilization, resistance to
antibiotics, resistance to fungicide, uracil prototrophy, etc.). A marker
gene can be placed in the same plasm d 35 as the DNA sequence coding for
all or part of the hydantoinase under the regulation of tBhgARguEt2005
different pronmoter used to regul ate the hydantoinase 11 30 August 2005
codi ng sequence. Expression of the narker gene in response to induction or

sel ection indicalLgs, éq%(B%ﬁﬁfnce eESloentlgﬁ?rec Q%%nagktexpre55|on

vector that carries seque €&°Codl 8f the 5
hydant oi nase. | KeEPen$di§Ql imsiicsaen, °¥rﬁ?%ﬂQ§é9§ti@ﬁ#QﬁteShybanPb¢$ﬁn§?lﬂQNA

transcripts canobet]@ésm bﬁécohbbﬁaﬂi Zeaépxeasaaﬁav&to'iortha%aaafﬁes
pol yadenyl at ed éa%e %%I aq%) ﬁgyg y#SQ%%EFrn blotting or 10

nucl ease protec |on assay” using Do ®the RNA sequence.
Al ternativel¥, bﬁ@@@%ﬁ%ﬂaﬁﬁﬂ:lelc aC|ds of the host cell may be extracted

and assayed ;or hybm d-_lrz@ttlhq&dtg §g@§b1pr Qagspréauéa%é{ ¢rth apgr oach, the
expression of a art t oi_ nasg can be assesse
|rmunolog|callykyd ntOl éﬁblgﬁkbgrﬁﬁﬁﬁkﬁﬁ% SHFEEt PR sﬁ%?SFﬁ EVlfth appr oach,
expressi on of h?rkﬁﬂiﬂ4ﬂ§§@n eagape. nﬂﬁaum%dmbyeasm%@ya@;nwéateﬂeRNA

hydant oi nase engyfebe aiGd1vitled uﬁan&zmﬁa@a E?tfaaﬁl@aex%pbm%t sequences of
expression VE es of |nv%ﬁ}|on may

ct réiedﬂ asn1%§ b 2
be det erm red %y VAri o ngag %ﬁﬁﬁﬁ1ﬁsﬁn?h% REIPS EOMPSRARPEEE
di deoxy chai n teReriRE} isgausBrRod Aktaledivhdy, | thesSaeged necleic adidsc.

Nat|. Acad. Sciof WA %st5é§31514 Kel *kblraceéd dnd e sibxan:G | bert et hod
as descri bed |q1P 0cC N% Aca SCI USA 74, 560-564 (1977) may be
ybridization to suc¢h D

enpl oyed.

In the fourth approach, the expression of all or

15 part of the hydantoinase can be assessed immunologically,
for example, by Western blotting.

In the fifth approach, expression of hydantoinase
can be measured by assaying for the hydantoinase enzyme
activity using known methods.

20 The DNA sequences of expression vectors, plasmids or
DNA molecules of the present invention may be determined
by various methods known in the art. For example, the
dideoxy chain termination method as described in Sanger
et al., Proc. Natl. Acad. Sci. USA 74, 5463-5467 (1977),

25 or the Maxam-Gilbert method as described in Proc. Natl.
Acad. Sci. USA 74, 560-564 (1977) may be employed.

It should, of course, be understood that not all
expression vectors and DNA regulatory sequences will
function equally well to express the DNA sequences of the

30 present invention. Neither will all host cells function
equally well with the same expression system. However,
one of ordinary skill in the art may make a selection
among expression vectors, DNA regulatory sequences, and
host cells using the guidance provided herein without

35 undue experimentation and without departing from the
scope of the present invention.
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It should, of course, be understood that not all expression vectors and
DNA regul atory sequences will function equally well to express the DNA
sequences of the 30 present invention. Neither will all host cells function
equally well with the sane expression system However, one of ordinary
skill in the art may nake a sel ection anong expression vectors, DNA

regul atory sequences, and host cells using the guidance pgowudedt peo®i n

wi t hout 35 undue experinmentation and without departing fromthe scope of
the present invention. 12 30 August 2005 The present invention further
concerns pol ypeptide : b S o] 0 t oi nase,
sai d pol ypepti de nn|g?gFégéﬁ%gféﬁggﬁ§i§%3§ﬁghéf|E%Qﬂ%gftg°%?58€%9%$ t he

ani no acid sequddEcsdBst eMRTESILRIadl S HRFwPaTti AL ARy dsntPAnagR: case of
pﬁl ypept : de nol esailde?olpllfs@gsﬁiic@ mglpailesfphardaably Nasdng hllSopredsy r eﬂ
that pol ypepti e . t 1 ) .achgds_Ln gt h.
Al'l am no acid S%si .Segyi%Zen%?qfl?ltgd‘liﬁgéeslera]&?%g%ei %"‘l?'fﬂgg%%fgg%gt a%aThAVﬁp

L- confi gur at Pon.>X FiRBERI hig ik Fhet adref PesbppRpided&chsrBhefature, J.

Bi ol . Chehm 243,co&@SZsBﬁ@%al{dQGQ)zyd@ﬁt]?ﬁmais&t,i vosid @predgrpedachsk r esi dues
are as shown i ¢ | T r p ; ACl D
1-letter code3- I%éatl ?£€%%§%@%§PEP%%%sﬁtﬁgeééﬁy -0 ygﬁn8§Y%%MMn
FPheL- phenyl al adi®RgtRMet L- net hi oni ne AAl aL- al ani ne SSer L-seri ne

11 eL-isoleucine LLenb: !l gmiticn@cIdhrésidieepidBRtified herein are in the

10 natural L-configuration. In keeping with standard
polypeptide nomenclature, J. Biol. Chem. 243, 3557-3559
(1969), abbreviations for amino acid residues are as
shown in the following Table of Correspondence:

SYMBOL AMINO ACID
l-letter code | 3-letter code

Y Tyr L-tyrosine
G Gly L-glycine
F Phe L-phenylalanine
M Met L-methionine
A Ala L-alanine
S Ser L-serine
I Ile L-isoleucine
L Leu L-leucine
T Thr L-threonine
\'4 Val L-valine
P Pro L-proline
X Lys L-lysine
H His L-histidine
Q Gln L-glutamine
E Glu L-glutamic acid
W Trp L-tryptophan
R Arg L-arginine
D Asp L-aspartic acid

13



Wal L-val i ne PProL-proline KLysL-lysine HHi sL-histidine Q3 nL-glutam ne

EQ uL-glutam c acid WIrpL-trypt ophan RArgL-argi ni ne DAspL-aspartic acid 13
30 August 2005 NAsnL-asparagi ne CCysL-cysteine All am no acid sequences are
represented herein by formulas whose left to right orientationis in the 5
conventional direction of am no-term nus to carboxy- term nus. The

pol ypeptides of the present invention may be obtained by §g¢q@ﬁgtgo@§ans
i.e., chenmcal synthesis of the polypeptide fromits conponent” am no
acids, by 10 nethods known to those of ordinary skill in the art. For

exanpl e, the solidphaseprocedure described in Houghton et _al _ Proc.

Nat|. Acad. Sci. 82, 5131-%135 (1985) mé¥" be enpl oyerEP3Ragidepref erred

that the polypeptlies be o©btal ned by pmg@uctlor I'n mwéygﬁémﬂé C O

nnnnn f o all

eukar yOt ic host 15‘-cetts cxpi‘ esSsHAg—a—DBNA Seguence coth Rg—F6+—ar+— Or pal‘t
of the hydantoinase, or by in vitro translation of the nRNA encoded by a
DNA sequence coding for all or part of the hydantoi nase. For exanple, the

DNA sequence of Figung @miABYadrd %é&;hkéﬁ&éaeﬂr@slréﬁe%ﬁtea Hesein hgd above

and 20 |nserted i.tabl e ression_vector whi, ¢ urn may be
used to transforéﬁééiﬁflﬁggfg # ceFFg h%rl?%F%ﬁﬁﬁnnéﬁtlHOE% cell may then

be cul tured X o pPWRREdonRd dhy%R#wqm efsamifectrimjies tor cebleoxy-oduction of
pol ypepti des bytdhsmsneans are known in the art, and are 25 descri bed

nerein.  The i sol at ed, and pyrifi &l oY PAD! Si0GSE:

obtained by synthetic means, i.e., chemical synthesis of
the polypeptide from its component amino acids, by

10 methods known to those of ordinary skill in the art. For
example, the solid phase procedure described in Houghton
et al., Proc. Natl. Acad. Sci. 82, 5131-5135 (1985) may
be employed. It is preferred that the polypeptides be
obtained by production in prokaryotic or eukaryotic host

15 cells expressing a DNA sequence coding for all or part of
the hydantoinase, or by in vitro translation of the mRNA

1nvenglon may be

encoded by a DNA sequence coding for all or part of the
hydantoinase. For example, the DNA sequence of Figure 6
may be synthesized using PCR as described above and

20 inserted into a suitable expression vector, which in turn
may be used to transform a suitable host cell. The
recombinant host cell may then be cultured to produce the
hydantoinase. Techniques for the production of
polypeptides by these means are known in the art, and are

25 described herein.

The isolated and purified D-hydantoinase of the
invention preferably has the sequence of SEQ ID NO:2 or a
protein having at least 80% homology to SEQ ID NO:2.

The variant amino acid or DNA sequences within the

30 scope of the invention are homologous to the sequences
specifically disclosed herein. The degree of homology
(percent identity) between a specifically disclosed and a
variant sequence may be determined, for example, by
comparing the two sequences using the GAP compdter

14



I nvention preferably has the sequence of SEQID NGO 2 or a protein having
at | east 800 honology to SEQ ID NO 2. The variant am no acid or DNA
sequences within the 30 scope of the invention are honol ogous to the
sequences specifically disclosed herein. The degree of honol ogy (percent
i dentity) between a specifically disclosed and a variant sequence nmay be
determ ned, for exanple, by conparing the tw sequences qg)pg LSy
conmput er 14 30 August 2005 progranms, version 6.0, described by Dever eux et
al. (Nucl. Acids Res. 12:387, 1984) and-avail able fron1the Uni versity of

W sconsin Genetics Conputer G oup The GAP ramutilizes the
al i gnnent et hod*GA*8"Re et Eheit éné V@T‘r%‘zc‘ﬂbﬁl bWbPeV ek¥gak43, 1970), as

revised by Smi t hwed. it bdsreres(Ade: 38Ppl 1 9¢a haﬁd48x2a11a119!&1)froﬁrtbél y, the
GAP program def if§gess iy acIf ws@ansiﬂesM%@, @Eg?%%ﬁ@ﬁ% - €.,

nucl eoti des or am ng__acid whi are sim| the tot aI nunber
of 10 synmbols i FAEhEr %H?ﬁ‘i “thﬂF\éZ?%tréee&&éﬁE@ﬁntT'ﬁ%t ctﬁg(?fferred def aul t
paraneters fér NeedGARpragr shmisnbl (de:Mol(. 1)31am uﬂartyn:,ormamsoas mat ri x

(containing a vakueood by chifl d8ATHLERANTAR! OhpBPdideaLibheo) for

nucl eoti des, conparlson matrix _o ov_and 15
Bur gess, Nucl. ASBdS- Régrleﬂ.ygmge AR Progragedef ined HWilaghtinrds and
Dayhof f, eds., Ahkasumberrraft @ldghbedueynimlandi. St uthelent iNeki ornadmlno

Por oo Cal Rese EEBSF%% Ia% ngijoa]?S%ﬁ%%ée? eac%%)o%%pﬁﬂl n eac Sag,

for each gap an 1't1 onal
and 20 (3) A8 p&MEPPIS figt t@ﬁdsﬁaﬁger‘l‘ﬁ% th61 g}ﬁép??‘&é%niﬁsodugeﬁ inthis
manner may thenphrefer:sa:d aefduandpprandticat A5k Nghe CGAD roprrameimnclude:

purification tqehnkguasear mé??{@%r?’mactw&”géé?ﬂ%@ﬂ@fg o geedurge such  as

I on exchange chr.omat ogra tration romat’ogr ap

i mmunoaffinity ERFokef rﬂ@l’%ﬁﬁy Rey© bECT YRS é?%tl’%&eﬁ)séd’rhéPEXﬁOt%%'t erm

"isol ated and pandftied'weighted comparison matrix of Gribskov and
15 Burgess, Nucl. Acids Res. 14:6745, 1986, as described by
Schwartz and Dayhoff, eds., Atlas of Protein Sequence and
Structure, National Biomedical Research Foundation, pp.
353-358, 1979; (2) a penalty of 3.0 for each gap and an
additional 0.10 penalty for each symbol in each gap; and
20 (3) no penalty for end gaps.

The polypeptides produced in this manner may then be
isolated and purified using various protein purification
techniques. For example, chromatographic procedures such
as ion exchange chromatography, gel filtration

25 chromatography and immunoaffinity chromatography may be
employed.

As used herein, the term “isolated and purified”
means the D-hydantoinase is substantially free of the
constituents present in a natural or cellular

30 environment.

In addition to the conversion process of the
invention, the polypeptides of the present invention may
be used in a variety of other ways. For example, the
polypeptides can be used to prepare in a known manner

35 polyclonal or monoclonal antibodies capable of binding
the polypeptides. These antibodies may in turn be used
for the detection of the polypeptides of the present

15



means the D-hydantoinase is substantially free of the constituents present
in a natural or cellular 30 environnent. In addition to the conversion
process of the invention, the polypeptides of the present invention nmay
be used in a variety of other ways. For exanple, the polypeptides can be
used to prepare in a known manner 35 polyclonal or nonocl onal antibodies

capabl e of binding the polypeptides. These antibodi es nmay3g AupUstRdDS used
for the detection of the polypeptides of the present 15 30 August 2005

invention in a sanple, for exanple, a cell sanple, using inmunoassay
t echni ques, such, as radi oi,munoas sa% or enzyne inmungassay._. The anti bodi es

can al so be used!BYFRtAPR APt 9 SHPRIR Waﬁﬁ?m?%? Burcety| ﬂ@ml?)rﬁa' M§-$Eept i des
of 5 the presentimmreatsay aadhnimpled, rgchhesm fadimivanhonssayaur ces. Due to

the degeneracy naidirg Shnbig.080p! | cngPdacipthiah deasdits 14 dRdNghe bel g

nore than one c r am no aci esi dues and st.op S|gnals

other 10 DNA seffenddSYwWRRERMBHRFARPIHhE OLaRBr HRIINY &B8PIPLBRARTALSSa8
depi cted in Bi gwle Greagnbeingseadc fgi dride ipobattaid amenf frétevgalopsept i des of
the present invey Qg In addition, it wll be understood that allelic

variations of these _DNA and anino acid sequences naturally eX|st or may
be 15 intentional |y PHErbauERE RIFRFLATHBASIK Gin ThA Qﬁ%ﬁ%&q codghese
vari ati ons can héhiddnoeastlasefirdyy tdiereObeting encfd thanache cbddrefepces in

the overal Squgﬁ(}‘it ofOEthamﬂ% ealdl(H]%es.SLHQéé atn"& gg.g?nsi%?aglré ' Wher

i nver si ons I ons of one or nbre am no seq uence 20
Such ani no é@l d %§FHF%F%%SWW FRcedgethe o?a“ﬁéff‘ﬁp@ acish S:eﬁz@eaagl s of

simlarity i n pcdsardlepyctedaamgaugmfd Bbimhiyt ye Unedr @phobheignaddrydeapbi |l icity
and/or the h%hgbhg%@g{ & Y tt*?a E:?ééé’:‘ﬁf 3 iv%@k&‘?d szr qd%%}?' &
negatively charge cids inclu é; utam c aci d;
posi tively Chardédwé nee aerdrrstood that allellc varlatlons of these

DNA and amino acid sequences naturally exist, or may be

15 intentionally introduced using methods known in the art.
These variations can be demonstrated by one or more amino
acid differences in the overall sequence, or by
deletions, substitutions, insertions, inversions or
additions of one or more amino acids in said sequence.

20 Such amino acid substitutions may be made, for example,
on the basis of similarity in polarity, charge,
solubility, hydrophobicity, hydrophilicity and/or the
amphiphatic nature of the residues involved. For
example, negatively charged amino acids include aspartic

25 acid and glutamic acid; positively charged amino acids
include lysine and arginine; amino acids with uncharged
polar head groups or nonpolar head groups having similar
hydrophilicity values include the following: leucine,
isoleucine, valine, glycine, alanine, asparagine,

30 glutamine, serine, threonine, phenylalanine, tyrosine.
Other contemplated variations include salts and esters of
the aforementioned polypeptides, as well as precursors of
the aforementioned polypeptides, for example, precursors
having N-terminal substituents such as methionine, N-

35 formylmethionine and leader sequences. All such
variations are included within the scope of the present
invention.

16



i nclude lysine and arginine; amno acids with uncharged polar head groups
or nonpol ar head groups having simlar hydrophilicity values include the
foll owi ng: leucine, isoleucine, valine, glycine, alanine, asparagine, 30
gl utam ne, serine, threonine, phenylalanine, tyrosine. Oher contenplated
variations include salts and esters of the aforenentioned pol ypeptides, as
wel | as precursors of the aforenentioned pol ypepti des, fogomgg[]’gﬂg)%
precursors having N-term nal substituents such as nethionine, "N 35

f ornyl met hi oni ne and | eader sequences. All such variations are included

wi thin the scope of fthe present. inventiqn. 16 30 August 2005 T resent

i nvention further co %%r S e RSt O %%Fséﬁﬁi%od’q’?%&gn?o?‘ﬁéé%é]?gpﬁpri si ng
cul turing a hospreéu¢ingdmdantoagasd eoaprasshgncwidsirdngcaphdste agll
expressing the cBygaMMNase eQbrbbsi b URRELSNCApdHIRPbedEEH;O81idY @ReSS) . S
The hydant oi nasg @f t he 1nve tkﬁg | S_an.enz Q’ﬁ hat gter gosel ect |)vel y
catal yzes the cORVEPETHRFSST B- ABn OPut B PRAPIHESERE 1 BERFRES) -
correspondi ng D-N- cErhdmsantoantse oftitde, inventiver dborn eheymendati on i s
additional |y di geet&sbdirxdtihn@1pr 85€5EydesCOA¥EESHRIYs1b8 BEOSESS). The
conversi on process of tthj&};&nve tion 1S zt eﬁosel ective b3 8o 'B‘fi'OdUCI ng
primarily the DP83WET® FAALAERTRING &Pt FRG TTsPPRRdins P Miceni ¢

m xture of D anfdrbaneinersiin®hacidsvarnsi bhepebems sheannventige igur e

hydant oi nase, paadi@ldoainyr bhiredeod & wigshyfandQi NagenvedsiQl» Whol e cells.
The conver S{?ch gggces of “the i nventjon can be td%%l cted as, follows: II
te

DL-5 Subst i it o THeDERPYRE T hREECRBS §f the invention is

steroselective,i.e., producing primarily the D-isomer
even when the starting material is a racemic mixture of D
and L-isomers. The conversion process can utilize pure
hydantoinase, partially purified or crude hydantoinase,
15 or whole cells.
The conversion process of the invention can be
depicted as follows:

I I
R
R// 0O %
7 < /'—COOH
NH NH D—hydantomase‘ HN
Y "
0 H,0 N,
N-Carbamyl-D-Ami i
DL-5 Substituted arbamyl-D-Amino Acid
Hydantoin

20 wherein R is H or a hydrocarbon moiety. The specific
chemical nature of the “R” moiety is not important since
the D-hydantoinase enzyme of the invention specifically
acts on the hydantoin moiety.

The N-carbamyl-D-amino acid produced by the above

25 reaction is optionally converted in a second step to a D-

amino acid as depicted below.
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HN N- Car banyl -D- Amino Acid 20 wherein Ris H or a hydrocarbon noiety. The
specific chemcal nature of the "R' npbiety is not inportant since the

D- hydant oi nase enzynme of the invention specifically acts on the hydantoin
noi ety. The N-carbanyl -D-am no acid produced by the above 25 reaction is-
optionally converted in a second step to a DD am no acid as depicted bel ow.
17 | carbanyl hydrolase or chem cal hydrolysis NH N Car bggnaugbst®00% Acid
H2ZO R D-Amno Acid wherein Ris as defined herein above. The above second
step can be acconplished via chemical or 5 enzymatic nethods using
conventional procedyres known in the art, such as the HONO net hod of Bayer
(Takehahashi, et al., J. Fernentation Technol ogy, 57:328, 1I879). The
conversion procegs of the present invention may be carried out subsequent
to the fernentati@n of the host 10 cell enployed (two-stage fernentation
and conversion), o} rently therewith, that is, iy the latter case, by

in situ fernmentatfon and conversiQ ar{'qa' n(grlﬁgstage fer né cood and
conversion) . | he single-stage€ 8@ %% he m croor gpni sms can be grown

in an 15 appropriate nedi umuntil Y cient growm h of the m croorganisns
Is attained. A ccﬁfﬁ)@md of Forwlcgeﬂﬁ%aﬁkgdﬁ&ystl%en be added®™t® the m crobi al

cul tures and the NHst er eosel ecti ve enz;i_g%f coconversi on CB”L : B'ﬂ?&i ith the
bta -

fermentation, preferably until conplett®“conversion is 2070 I 'ned.

N-Carbamyl-D-Amino Acid *

wherein R is as defined herein above.

The above second step can be accomplished via chemical or
5 enzymatic methods using conventional procedures known in

the art, such as the HONO method of Bayer (Takehahashi,

et al., J. Fermentation Technology, 57:328, 1979).

The conversion process of the present invention may

be carried out subsequent to the fermentation of the host

10 cell employed (two-stage fermentation and conversion), or
concurrently therewith, that is, in the latter case, by
in situ fermentation and conversion (single-stage
fermentation and conversion). 1In the single-stage
process, the microorganisms can be grown in an

15 appropriate medium until sufficient growth of the
microorganisms is attained. A compound of Formula II can
then be added to the microbial cultures and the
stereoselective enzymatic conversion continued with the
fermentation, preferably until complete conversion is

20 obtained.

In the two-stage process, the microorganisms can, in
the first stage, be grown in an appropriate medium for
fermentation until exhibiting the desired enzymatic
activity. Subsequently, the cells can be harvested by

25 centrifugation, and microbial cell suspensions prepared
by suspending harvested cells in an appropriate buffered
solution. Buffers such as tris-HCl, phosphates, sodium
acetate and the like may be used. Water can also be used

18




In the two-stage process, the mcroorganisnms can, in the first stage, be
grown in an appropriate nediumfor fernentation until exhibiting the
desired enzymatic activity. Subsequently, the cells can be harvested by 25
centrifugation, and mcrobial cell suspensions prepared by suspending
harvested cells in an appropriate buffered solution. Buffers such as
tris-HCl, phosphates, sodium acetate and the |ike may be wgqguym@s can

al so be used 18 30 August 2005 to prepare suspensions of mcrobial cells. -
In the second stage t he conpound of For mula Il can be mxed with the

m crobi al cell he sie nz Wersion
catal yzed by the n? %%Pgssusgﬁﬁ sus enS| onﬁ% &lns\?eréflﬁg%h%sg%?'e Cgarabl y

conduct ed unti | Stage. oher&ompound|of cﬂoﬁ‘%@acéﬁp@%cb%ﬂ“%dnw&hl the g
st er eosel ECtIVElm)icb&ﬂi@i yoead. st@pémOQ@)vahal ORe PEXRSSEelllei¢el | s can be

I mobi | i zed by Ures kn i N for
exanpl e, Immbl @QE@%&/Q lf(‘j 1 Z%\ﬁn t %ﬁ% rf&}gq &c%?fR Messi ng,
Academi c Pre8s, SNéRPWQ@ ahe ¢Wmau%éswc¢6ﬂ%nlmqn§umsdswﬁﬁdsu um

Series 106, 19291 & NEKPSHDI Aremitde. cAmBbuEaANCLIFkala Beckiety,
Washi ngt on D. CL | ve the 15 coval ent attachnent or

za n . nv
entrapnent of ceF?Ee%?ebleﬁtéa%{lgqﬁy%é’lé’ft acts or can involve the adsorption
of cells to inorganf® fé?e erguet Blaurrecess . Thke Igaldm ¢iamabe extract or

appropriately i pguset W ByC@éﬁxﬁerﬁt@@nﬁﬁ pwa@@uiégedaohm Ciﬁvah@rurt
att achnent f@t (0} VaI’I g{s sugr% % ZP ) t.l’ |.ce faaro e ce ul ose,
dextran, glass, 3 e—c assachtsett s),

pol yacryl am de B®a®‘é¢1§ﬂmrl§7 By %4 Vst M%ﬁénm b«yad@mq &mém Nev adkyi nat e,
carrageenan, agahd IMM@Q&E&%&%&%IW@QQQ”&@@W&M EBiDepologrer 25
menbr anes such gg ulvong nifratel.acet st % I,1 pad gol am de and
the |ike or Lo p‘{ LB HEARIRR / of e bt &R N ePACBECEE Y as silica,
al um na, kao||nWa$Qﬁpgton D.C.). Immobilization can involve the

15 covalent attachment or entrapment of cells or

hydantoinase extracts or can involve the adsorption of
cells to inorganic or organic surfaces. The hydantoinase
extract or appropriately induced whole cells can be
immobilized by covalent attachment onto various support

20 matrices such as agarose, cellulose, dextran, glass,
HYPOL (Hampshire Chemicals, Lexington, Massachusetts),
polyacrylamide co-polymers or polystyrene or by
entrapment with alginate, carrageenan, agar,
polyacrylamide or microencapsulated within polymer

25 membranes such as cellulose nitrate/acetate, nylon, lipid
polyamide and the like or by adsorption to inorganic or
organic surfaces such as silica, alumina, kaolin, ion
exchange resins, porous glass, clay, cellulose, collagen,
calcium phosphate gel, bentonite, carbon or Type Z and

30 Type CZ biocarriers (W.R. Grace & Company). After the
conversion is complete, the immobilized enzyme can be
physically separated from the reaction mixture and used
for subsequent reactions.

Growth of the microorganisms for either

35 Dbioproduction of the enzyme or for in situ enzymatic
conversion can be achieved by one of ordinary skill in
the art by the use of an appropriate medium. Appropriate
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exchange resins, porous glass, clay, cellulose, collagen, calcium
phosphate gel, bentonite, carbon or Type Z and 30 Type CZ biocarriers (WR
Grace & Conpany). After the conversion is conplete, the immbilized enzyne
can be physically separated fromthe reaction m xture and used for
subsequent reactions. Gowh of the mcroorganisns for either 35

bi oproduction of the enzyme or for in situ enzymatic convay AugastcZoDsoe
achi eved by one of ordinary skill in the art by the use of an appropriate
medi um Appropriate 19 30 August 2005 nedia for grow ng m croorgani Sns

i ncl ude those that provi de nutrients necessary for the rowt h of the

mi crobi al cel | sPedRy f(,ozfn S¥eMyRg UBLEEPRTIANIFME e HRHIR EREFENERRE gr owt h
requirenents ofprquamtmubats hostesxsddy forAthy pimaithnedi ahef or growt h

i ncl udes necessgyyrGAaH géigur&?&caﬂit\fa‘}%eguﬁgt':‘érﬁﬁsallgnge EAgE P! ement s.

| nducers can also b he term"” ucer reln,” _i.ncludes

any conpound erRftiti EGPWEt‘lﬁ?tq‘b‘fr?"f?é"tﬁeQ r BkF RATA} TR PE Bef &edilon
activi ty wi Bhi A ttheimadr ebdatm cBbt .gddwvtRuiihabldes mhm(eesaryncém hydant oi n,

hydant ol nic_acighand.s Fasoibicd SRS THE. AU Bl ol NOHERI S

typically about O. to a per cent of total reactl on

m xture. Car borFas‘bli”rlt,s@sbﬁ‘fa9d¢?fét udess "EpeYee n@st Beed hempimyct ose,
gl ucose, fruct asssluglepcangl commsund GnhasidthgSormeatiancbf thanddsilred
propyl ene gl yc h Js o a ae8hate,
sodi um ci trat ecgnzr@ﬂqﬁk gfkt&sﬁﬁn{ %c?)éyalg’llég &’g@hﬁggﬂ& f’é?ngb#ﬁt arrétle and the
like; andl8 cohbitabdge hnducersh Analuds SyaABEOHhd l"tyﬁénFPkﬁlc Arid erdgen
sources can inclammld-Z adhpeus COrThes keeint | ofjlUaduceoyibeaypimally beef

extracts, yeast extr %casao Dl asses ng%myn?um a5 rgg{zgfte‘h aﬂ}ﬁtﬂ Zoy,

pept one, yeastam ne fumnitrate f &te an
Trace el enent s WaFUrRe| ude phosphat es and nagnesi um
Carbon sources may include sugars such as maltose,

15 lactose, glucose, fructose, glycerol, sorbitol, sucrose,
starch, mannitol, propylene glycol, and the like; organic
acids such as sodium acetate, sodium citrate, and the
like; amino acids such as sodium glutamate and the like;
and alcohols such as ethanol, propanol and the like.

20 Nitrogen sources can include N-Z amine A, corn steep
liguor, soy bean meal, beef extracts, yeast extracts,
molasses, baker’s yeast, tryptone, nutrisoy, peptone,
yeastamine, sodium nitrate, ammonium sulfate and the
like.

25 Trace elements can include phosphates and magnesium,
manganese, calcium, cobalt, nickel, iron, sodium and
potassium salts.

The medium employed can include more than one carbon
or nitrogen source or other nutrient.

30 Preferred media include aqueous media containing the
following (in weight %):

Medium 1 Medium 2
35 Malt Extract 1% Peptone 0.3%
Yeast Extract 1% Glycerol 4%
Peptone 1% Malt Extract 1%

20



manganese, cal cium cobalt, nickel, iron, sodiumand potassiumsalts. The
medi um enpl oyed can i nclude nore than one carbon or nitrogen source or
other nutrient. 30 Preferred nedi a i ncl ude agueous nedi a containing the
following (in weight % : 35 Medium 1Medium 2 Malt Extract 1%ept one0. 3%
Yeast Extractltd ycerol 4% Peptone 1%halt Extract 1% 20 30 August 2005

Q ucose 2% Yeast Extract 1% pH 7.0 pH 7.0 The pH of the nggliAuguUES2005
preferably adjusted to about 5 6 to 8, nost preferably 6.5, sterilized,
i.e., at a tenperature of 121C for 30 m nutes, and then adjusted to a pH

of about 6.5 to 7.5, preferably 7.0, after _sterilization. During growth of
host cells, the pH o?y?ﬂ%s?redi% is 10 pref&P8bI ¥R Th ailfied between 4.0
and 9.0, nost prefepdb?yobetween 6.0 and 8pH 7F0r the conversion process
usi ng pre-formed hydantionase, the pHis preferably between about 8 and

11, nore preferably et ween_ahout 9 . and, 10. 15 Tenperature is a neasure of
the heat energy avarraptt 9ot %é‘egF‘B‘Br’oﬂlPGF?SHa%M %‘%‘ﬁ\?&fégi B F¥tesses
and shoul d b& nd pabnewdtn wresfigrebiirat. 3 heteridizedf fi.@.enatemer gy

avai |l abl e for thiggoREOCESS o 1S4iolcaRbE 3¢ GARELALUrShd G BA5udiley RiOCesses
of the invention 28 I pval vin g%rJowth of host cells 1s fromabout 15C to
about 60C. A pr & P8y ‘%ﬁ?i‘]:?e?%t e 7 angieferrBly abdlt 25568 to about 40C.

| f pre-formed hydanibizetsiorn.s used for the conversion process, the

tenperature is pref e%%%gmﬁ?gé@egfaggg C@_qgst, Otﬁé’%ﬁ OChe LS R 6kerably

bet ween 25_about 40
10 preferably maintained between 4.0 and 9.0, most

preferably between 6.0 and 8.0. For the conversion
process using pre-formed hydantionase, the pH is
preferably between about 8 and 11, more preferably
between about 92 and 10.

15 Temperature is a measure of the heat energy
available for the bioproduction and conversion processes
and should be maintained to ensure that there is
sufficient energy available for this process. A suitable
temperature range for the processes of the invention

20 involving growth of host cells is from about 15°C to
about 60°C. A preferred temperature range is from about
25°C to about 40°C. If pre-formed hydantoinase is used
for the conversion process, the temperature is preferably
between about 30°C to about 75°C, more preferably between

25 about 40°C about 45°C.

Pressure is not known to be critical to practice of
the invention and for convenience, atmospheric pressure
is typically employed.

The processes of the invention utilizing growing

30 host cells are preferably carried out under aerobic
conditions. The agitation and aeration of the reaction
mixture affects the amount of oxygen available during the
stereoselective reduction process which can be conducted,
for example, in shake-flask cultures or fermentor tanks

35 during growth of microorganisms in a single-stage or two-
stage process. An agitation range from 50 to 500 RPM is
preferable, with 50 to 100 RPM being most preferred.
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Pressure is not known to be critical to practice of the invention and for
conveni ence, atnospheric pressure is typically enployed. The processes of
the invention utilizing growing 30 host cells are preferably carried out
under aerobic conditions. The agitation and aeration of the reaction

m xture affects the anmount of oxygen available during the stereoselective
reduction process which can be conducted, for exanple, in3gaigast ek
cultures or fernmentor tanks 35 during growth of microorganisns Iin a

singl e-stage or two- stage process. An agitation range from50 to 500 RPM
is preferable, with 50 to 100 RPM being nost preferred. 21 30 August 2005
Aeration of abobErREirn ©T18PeBE udes tef 1gi Yopares, Qfumd roper el W &E ni nut e
(i.e., 0. 1 to fedid pPer mipuete(sad,, ow Lhcaerati/pmn ak pbepérfed,ol unes of
air per volune {thfﬁéyé%iBﬁroE1£%%d% %lvglumég\g€fg?rb%éggvo 3 el%&?ferred' S
In the stereosel ective conversion process, conplete “conversion of the
conpound of ForRe:R PErNE}REERe (L fOr SeXaWD eeimmostorte@ex®xe®s hours,
pLeferany Eﬁ to 24Inh?hksstaeass&kyitEVQn&éﬂm&ﬁéﬂaﬁ @&obahéia&dmpﬂékﬁﬁging
the conpound o | Wy o) ' €, P 1 e or
enzynme as descré%{%%gpgi hk %éeh?%rpﬁn%?oﬁf Mea rIgaEn?Voﬁ%ﬁer’o%t?%t can be
noni t ored by hi §FRHEEH o EFRRCBPORE duit &hirkprtogPaSferebbtr 32 do B¢ si npl e
colorinetric asemes. mehsusedrfad ted tomergy th?ﬁﬁd%*ﬁ@ﬂéaiir@lit%easl t he g
15 reaction nedi e I-0N. PL OCESS t hou n _organic |iquid,
or a mscible g«%&@é@?c%gl ngfﬁﬁfsﬁ Q}Pﬁoar g%rﬁrco A ﬁgﬂigg H"Cﬁl'i ’dq’r‘ﬁs}?ture may
al so be enpifoyetrMherr BBFYHE pre-descrtied naigi-nagbe farmdsiaro@fer si on
process, it is yefreatedohopesildly cadlbd. rori® c3@advBl Rt ofo 8 r dd¥hageapound

compound and  redt fosrrdh Ehe R EELEL A e BREPLF R MES RS can be
suspended i n sASFY®s such as nethanol to about 100
It is preferred to employ an aqueous liquid as the
15 reaction medium for the conversion process, although an
organic liquid, or a miscible or immiscible (biphasic)
organic/agueous liquid mixture may also be employed when
using pre-formed hydantoinase.

In the conversion process, it is preferred to employ

20 0.1 to 30 weight % of the compound of Formula II starting
material based on the combined weight of the compound and
reaction medium. High concentrations of hydantoins can
be suspended in solvents such as methanol to about 10%
(wt.) concentration to increase their solubility. The

25 amount of enzyme or microorganism employed relative to
the starting material is selected to allow catalysis of
the stereoselective enzymatic conversion of the present
invention.

In the conversion process using preformed enzyme,

30 hydantoinase is generally added to a concentration of
about 0.5 to about 10 units per ml.

The products of the stereoselective conversion
process of the present invention may be isolated and
purified by known methodologies such as by extraction

35 distillation, crystallization, column chromatography, and
the like.
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(wm.) concentration to increase their solubility. The 25 anount of enzyne

or mcroorgani smenployed relative to the starting nmaterial is selected to

al l ow catalysis of the stereosel ective enzymatic conversion of the present
i nvention. In the conversion process using preforned enzyne, 30
hydant oi nase is generally added to a concentration of about 0.5 to about
10 units per m. The products of the stereosel ective conve3ia@gusP2@igss of
the present invention may be isolated and purified by known nethodol ogi es
such as by extraction 35 distillation, crystallization, colum

chromat ography, and _the Like. 22 30 August 2005 ,A preferred thod for
separating the desir@dpregﬁfﬁﬁﬂuTe5F°¢o$$%n%fﬂarPFbﬂ$tqh§ %&ﬁﬁ?ﬁ ng conpounds
of the reactiorompdund b§ Pyrmdss il nfirémetlre xemadning xompeundsrafigthean

Ami con (Bever| y1re¥%§§8§h{-&§ﬂﬁr§)issi)gY%a§§ir[ lee Bbie@idd Wiatleo cartridge or

simlar product. eprotel nate ernedte contalning the N-car blarryl
D-amino acids ¢RFOHERCPRABFYo (BRESFBEpdlEsseeipeeisio SAEF3 B_ira
conventi onal 5chefitealfil echtnidrogprtThege etextiatiéar conddaicti.ngThée

hydantoi nase canelecaflalol @:iURPEAE aint Aot RN U UdBay 208 S HE

conver si on process of e present invention results in_ high Y%g%d of the
compound of For RGRES| caR b \pheayedyFe| tthe FefPesteYe thafiRBoat %
preferably greaberehhhdonaboilterd08q wvexlengircgfyer abhy mpteatetet han 15 about

95% and nost prcggggamxgaa%gly%%’c&om@seorc%%eme uPEPF3S a0k S0 RRML S 1N

excel l ent optical purity I'cal optical purity is greater than about
90% pref et8bl FOPVERERPRtBERFES6out 95% and nost preferably greater than
99% 20 The fol | ow nghexaoplteasianeptorddrerofi ithaspredante infrent i pr esent

| nventi on. Thes%e%é%@?é?ﬁ RV LEe15UbE Nale JORPBNSE AW IFAGmAlat e iAvention,

and are not inten . ,
typical yield is greater than about 80%, preferably

greater than about 90%, more preferably greater than

15 about 95%, and most preferably about 99%. The present
process also results in excellent optical purity.
Typical optical purity is greater than about 90%,
preferably greater than about 95% and most preferably
greater than 99%.

20 The following examples are further illustrative of
the present invention. These examples provide further
understanding of the invention, and are not intended to
limit the scope of the present invention.

25 EXAMPLES
Example 1: Use of Whole Cells of Ochrobactrum anthropi
as Hydantoinase Enzyme Source

1.1 Consecutive Conversion Runs with Washed Cells
30 of Ochrobactrum anthropi
Ochrobactrum anthropi was inoculated, a loopful from
trypticase soy (pH 8.0) slant into two flasks of 100ml
BPYNH production medium per 500ml regular flask, and
shaken at 37°C for 24 hours.
35 BPYNH Production Medium:
>0.5% Beef Extract Powder
0.5% Yeast Extract
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limt the scope of the present invention. 25 EXAMPLES Exanple 1: Use of
Whol e Cel |l s of Ochrobactrum ant hropi as Hydantoi nase Enzynme Source 1.1
Consecutive Conversion Runs with Washed Cells 30 of Ochrobactrum ant hrop
Ochrobactrum ant hropi was i nocul ated, a |oopful from trypticase soy (pH
8.0) slant into two flasks of 100m  BPYNH production nedi um per 500m
regul ar flask, and shaken at 37C for 24 hours. 35 BPYNH Psedugliserodégdi um
0. 5% Beef Extract Powder 0.5% Yeast Extract 23 30 August 200571%

Bact o- Pept one 0. 15% NaCl 0. 1% hydantoin (pH 8.0) 5 Wwole broths (200 m)
were centrifuged 12,000 rpmat 10C 15 m nutes, washed once with 0.9%
saline, resuspended in 1% Backg-PApteéme 125 nl flasks and prewarned to
37C. DL-p-hydroxyphenyl hydesy @iar1(200 ng 10 aliquots) was suspended in 5
m 400 nmM TAPS buffer pH 53.7 %%g pr evar med to 37C. Cell suspensions were
added, pH quickly adj usteblgio CBUMPTH i N NaoH, final vol ume adjusted to
20 M with H2O, and i ncub&H dh®)shaken in stoppered flasks at 37C. Sanpl es
were taken (800 Al) 15 and inactivated with 200 Al 12% TCA. Supernatants

T e B AR o LSS BB L B S
conversion: 1" Ud®8Cugb minutes, washed once with 0.9% saline,
resuspended in 10 ml saline in 125 ml flasks and
prewarmed to 37°C. DL-p-hydroxyphenyl hydantoin (200 mg
10 aliquots) was suspended in 5 ml 400 mM TAPS buffer pH 8.7
and prewarmed to 37°C. Cell suspensions were added, pH
quickly adjusted to 8.5 with 1N NaOH, final volume
adjusted to 20 ml with Hz0, and incubations shaken in
stoppered flasks at 37°C. Samples were taken (800 ul)
15 and inactivated with 200 pl 12% TCA. Supernatants were
assayed as previously described. Percent conversion
results are summarized in the following table.

Table 1
20 Reuse of washed cells, % conversion:

1°° use 2™ yuse 3™ use

1 hour 5 hrs 24 hrs 4.5 hrs | 23 hrs | 5 hrs | 23 hrs
5% 18% 54% 9% 34% 12% 27%

25 1.2 Temperature Profile of Hydantoinase Activity

Culture was inoculated into BPYNH production medium
100 ml per 500 ml regular flask and shaken at 37°C for 22
hours. Washed cells, 1 ml were incubated at 10X
concentration in 0.45% saline/100 mM TAPS pH 8.5/10 mg
30 per ml DL-p-hydroxyphenyl hydantoin at 28°, 32°, 37°, and
42°C for 5 hours and 24 hours. Reactions were terminated
with 250 pl 12% TCA and supernatants assayed. Relative
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3 su 1 hour5 hrs24 hrs4.5 hrs23 hrs5 hrs23 hrs 5%48%%499%34%42%R27% 25 1. 2
Tenperature Profile of Hydantoinase Activity Culture was inoculated into
BPYNH production medi um 100 m per 500 m regular flask and shaken at 37C
for 22 hours. Washed cells, 1 ml were incubated at | OX concentration in
0. 45% sal i ne/ 100 mM TAPS pH 8.5/10 ng 30 per nml DL-p-hydroxyphenyl
hydantoin at 28, 32, 37, and 42C for 5 hours and 24 hour s30 Regast 2005 wer e
termnated wth 250 yl 12% TCA and supernatants assayed. Relative 24 30
August 2005 activities appear in Figure 1. Optimal activity occurs at
tenperatures gr er.t.nan_42C 1.3 Effect of ut aral dehyde and Acet one

Tr eat nent of 536\%301’%&5& PEPTRE ned cléi‘ﬁres&Spe Elﬁlo.ag%ﬁi)élg}’i%cf%}rﬁg of
culture was treéhteempenasuges greafian ah@ndéhYde (G A.) final concentration
2% in phosphate buffer pH 7.0, or with 0.5 mM GA 2% in phosphate buffer

and 1 m acetone, or_with 1 5 n _.acetane_alaone .at rpomitemerature for
10 m nut es. Thg'?reEa 5&%8?@%@?&@5@?{@8 i ﬁb‘%oﬁe %?Sé‘/é‘g% r?zft and then
with saline % 1Whgl®iCeddsoni um sulfate and resuspended in 1 m 100 mM TAPS
buffer pH 8.5. Resuspgededere! dusisReBS 0N HEA ilgieBabedewd thirel0 ny/ m

Ayt 520 Tor Yoot SheAtth ol ThoPa FaFH{ICUEE WFch-2ob AL ToA 12% and

assayed. Tabl e gopgemmagfipwrc® oin ghosahardebyifierampd dclt one withydant oi nase

activity: TreatgentRel aki Ve peddpHdee Garkesl adduf har aek¥rd, or with

d utaraldehygelogs ml acetone alone at room temperature for 10 minutes.
The treated cells were washed with 10 ml 0.9% saline and
then with saline + 1 mg/mi ammonium sulfate and
resuspended in 1 ml 100 mM TAPS buffer pH 8.5.
Resuspended cell suspensions were incubated with 10 mg/ml

15 D,L-p-hydroxyphenyl hydantoin in 100 mM TAPS pH 8.5

(final volume 800 ul) at 42°C for 4 hours. Reactions

were terminated with 200 pl TCA 12% and assayed.

Table 2
20
Effect of glutaraldehyde and acetone on hydantoinase
activity:

Treatment Relative Activity

Control (buffer only) 1

Glutaraldehyde 1.2

Glutaraldehyde/Acetone 1.2

Acetone 2.8

25
1.4 pH Optimum of Hydantoinase Activity
Using a glutaraldehyde treated cell concentrate of
Ochrobactrum anthropi, incubations were done with 10
mg/ml DL-p-hydroxyphenyl hydantoin in 200 mM TAPS buffer
30 at various pHs and 42°C. pH range 8.0-8.8 was covered in
one experiment and pH 8.8-9.8 in another run. pH
adjustments back to normal were made at sampling times
and at least every 30 minutes. Figure 2 shows the
optimum pH of activity at pH 8.8.

25




G ut aral deh de Acetonel. 2 Acetone2.8 1.4 pH Opti mum of Hydant oi nase

Activity Using a glutaral dehyde treated cell concentrate of Cchrobactrum
ant hropi, incubations were done with 10 ng/m DL=p-hydroxyphenyl

in 200 mM TAPS buffer 30 at various pHs and 42C. pH range 8.0-8.8 was

covered in one experinment and pH 8.8-9.8 in another run.
back to normal were nmade at sanpling times and at |east eygRugdst 208t €s.
optimum pH of activity at pH 8.8. 25 30 August 2005 1.5

Figure 2 shows the
G ut aral dehyde treated cells

Stability of Enzynme at pH 8.8, 9.3 and 9.8
frompH profile study were held at pH 8.8, 9.3 and 9.8 for about 4-hours.

Solids were washed, resuspended in 25 mM TAPS pH 8.8 and 10 ng/m

D, L- p- hydr oxyphe2ngl $hetsiitidiynodnBnzyme ket e at 8, 423 faord 4.Bour s.

showed great est st abididata0ltonfB2Y EEaRo PS8 ff&@?ﬁ?{ﬁ%f@@&'é‘eﬁa H of

activity at .
stability at pI—P’

hydant oi nases at sal ka&d |wee:epHash5dPHr&uh5ﬁendedA¢m 35 tnMTAPS. BH18 /& and 3 1. 17

0.5 002 20 1 Cabhenty of 1 SubR hale SROGAN L ALAE LR BRboc LT ST 07

tely soluble at 5

The D, L- p- hydr ox
my/ m and so su$

reater 10 enzyne

grg ]'lE)%ltdgétt Pﬁ:ﬁStBlrj é g/a%_fdog 8. %tﬂl??%: 48 SBYfity of

besh

ate”1s not

ensh %§ HEs25 Reslel thetrnednsteat shitt ﬁtaba%h%mehyde

treated cells. ehaghdbaid @HSswer ereatméd: nVopARTumHbiB.oE ad2Cvioy & hours,

and pH adj ust regls Nere: Bads; backela, WY BrodbnlpaRle c8VBHLaDEHT Reaction

was assayed and

enzyme stability at pH 8.8 rather than pH 9.3 or 9.8.

Table 3

Stability of hydantoinase at alkaline pH:

i5

20

pH Relative Activities
8.8 1.75
9.3 1.17
S.8 0.62

1.6 Effect of Substrate Concentration on Rate of

Conversion

The D,L-p-hyd}oxyphenyl hydantoin substrate is not

completely soluble at 5 mg/ml and so suspensions were

25 made and incubated with glutaraldehyde treated cells.
Incubations were in 200 mM TAPS pH 8.8, 42°C for 6 hours,
and pH adjustments were made back to normal at least

every hour. Reaction was assayed and product formed in

mg/ml is recorded below.

30
Table 4
Effect of Substrate Concentration on Rate of Conversion

Substrate

mg/ml 30 min{60 min|2 3/4 hr| 4 hr | 6 hr %
Conversion

5 .56 1.0 1.9 2.1 2.2 | 40%

10 .75 1.4 3.4 4.0 4.4 40%

26
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ng/m is recorded below. 30 Table 4 Effect of Substrate Concentration on
Rat e of Conversion Substrate ng/m 30 mn60 mn2 3/4 hr4 hr6 hr% Conversi on
5.561. 01.92. 12. 240% 10. 751. 43. 44. 04. 440% 26 30 August 2005

20. 821. 54. 06. 27. 735% 50. 951. 64. 26. 39. 217% 1.7 | rmobilization of

Hydant oi nase Crude extract of hydantoi nase was obtained by 5

m crof | ui di zing of washed cell concentrate. Enzyne was i n3®paugugezoos
celite by slurrying crude extract and celite with two vol unmes of acetone
and 4% gl ut aral dehyde and washed with water. Solids were recovered by

centrifugation apd—hag—an—pctiytty-ot—aboti—0—3tHofperT—30-grapraf danp
wei ght. After rea_c_t_LEgJMJ I bi 1% Zed enzﬁ (rre th%‘ e c'?l"(’)n t"‘ﬁ‘i“xture was
filtered to renove ebhyne,| t heh ¢vapérdteddtd ¢nebt3enfhovdl paB% |The pH was
adjusted to 5.0, The m XtTure treated Wt activated charcoatr and t he

filtrate 15 adjusted to pH 2.0. The N-carbanmoyl amno acid crystallized

I mredi ately, an ft ng . r, the crystals were
filtered and vvagﬁgd \?\n&“{l%ﬁ% er laoélln%?d%?éﬁ;tofﬁggopt ical rotation of this
materi al was nmeasur e8TUP® @fferaEmedr eHySRRIPITRE Sy HRS CWtHINgdt BENt i C
D-N-carbanoyb (dchydloxyphaty lofghiehse) cqliepehednt Fatdli S Ehaba¢ aky y and

with the literat; Table .5 2 ' . [0 L O f z tically

gener at ed produé%ﬁﬁ]?g};g%%g?C,Ozlg.cjfve%l%go:gggpfa%r&?&ﬁ éﬁ%%%%rgﬁgy%%?i c

D- N- Car banoy! ASEhbtactith fpvgyolumes of acetone and 4% glutaraldehyde
and washed with water. Solids were recovered by

centrifugation and had an activity of about 0.3 IU per
10 gram of damp weight.

After reaction with immobilized enzyme, the reaction
mixture was filtered to remove enzyme, then evaporated to
one tenth volume. The pH was adjusted to 5.0, the
mixture treated with activated charcoal and the filtrate

15 adjusted to pH 2.0. The N-carbamoyl amino acid
crystallized immediately, and after storage at 0°C for 1
hour, the crystals were filtered and washed with water
and dried.

The optical rotation of this material was measured

20 and compared with the value for authentic D-N-carbamoyl
(4-hydroxyphenyl glycine) prepared in this laboratory and
with the literature value.

Table 5
25 Optical rotation of enzymatically generated product

[@]20D (C=0.5%, 50:50 agqueous ethanol)

Enzymatic D-N-Carbamoyl Amino Acid -170.80°
Synthetic D-N-Carbamoyl Amino Acid -173.08°
Literature Rotation -175°
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Synthetic DN Carbanmoyl Am no Acid-173.08 Literature Rotation-175 27 30
August 2005 This rotation clearly shows that the material isolated from
the bioreactor has the D-configuration. It also shows that it is at Ieast
98% pure. 5 1.8 Reuse of |Immobilized Hydantoi nase G utaral dehyde

I rmobi li zed enzynme (9.23 grans danp weight) was suspended in 20 m 400 mw
TAPS pH 8.7, 400 ng D, L-p-hydroxyphenyl hydantoin added, 8@®&ugast2005 h

ni t rogen and shaken at 42C, 130 rpmfor 23 hours. 10 InitiaIIy pH dr opped
for up to 4 hours or so, but eventually stabilized and even rose slightly.

pH was adj usted ban% ton r Qnce ever for the, first six
hours and 800 Al sanpiad,® °Pv8€éﬁf%ﬁ ﬁ°¥80 Aﬁﬁéﬁ TIAY assayed. At
24 hours enzynei§9ﬂaﬁsdvﬁwqm:E&ewbsheghqmomhhaatEhe Drewifigustiane alfded,

and returned togailcBCYRGIE BxtbekoLg ggniéégﬁegggqg§@§utlve runs. Enzynme was
stored in H20 between runs 2 and 3. Results in terns of ng/m of carbanoyl

am no acid appear in the followng table. (Runs 2 and 3 reflect a 20
carryover ofSappr8xiRewsd yofl Iinm@bptizdd &fydpnodimage Tabl e 6 Reuse of

I?)/mmbi I3i ﬁdBEyggng oi@m@ara(lm ep{tﬁm&bqtlhzb@%l 2e1/ %@215%8m§/1 SDZy
ZZREB 9- 2310. 9% gét) was suspenéed in %0 mz 400 mM TAPS pH 8.7, 400 mg

D L-p-hydroxyphenyl hydantoin added, overlaid with
nitrogen and shaken at 42°C, 130 rpm for 23 hours.

10 Initially pH dropped for up to 4 hours or so, but
eventually stabilized and even rose slightly. pH was
adjusted back to normal about once every.hour for the
first six hours and 800 ul sampled, inactivated with 200
pl 12% TCA and assayed. At 24 hours enzyme solids were

15 washed with water, fresh substrate added, and returned to
incubate as before for three consecutive runs. Enzyme
was stored in H:0 between runs 2 and 3.

Results in terms of mg/ml of carbamoyl amino acid
appear in the following table. (Runs 2 and 3 reflect a
20 carryover of approximately 1-1.3 mg/ml of product).

Table 6
Reuse of Immobilized Hydantoinase
(mg/ml product)

Hour Day 1/Run 1 Day 2/Run 2 Day 3/Run 3
1 1.8 2.8 2.3
2 2.8 - 3.1
3 - 7.1 -
4 5.9 - 5.7
5 - 10.2 -
6 9.2 - 7.8
7 10.4 - 9.4
22 - 10.9 -
23 10.9 - -

25
Final recovery of hydantoin:
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Fi nal recovery of hydantoin: 28 30 August 2005 Day 1Day 2Day 3 273 ng

(629 255 ng (58% 274 ng (63% 5 Exanple 2 Purification and Characterization
of Hydantoi nase from OCchrobactrum anthropi 2.1 Purification of
Hydant oi nase Sl ant cultures on trypticase soy 3% or YNH agar (pH 8.0) were
I noculated into 100 mM YNH nedium per 500 mMl 10 regul ar flasks and shaken
250 rpm at 28C for-24 hours. Seed was crossed at 4% into 180 Augu§Sebehb
medium (pH 7.0) per 500 m regular flask and shaken 250 rpm at 28C for 24
hours. (Final whole broth pH-- 7.9-8.1) 15 YNH 1% yeast extract

powder CSH- 8: 8% corn steeﬁrlmo—rima’g:ggm 6

hydant oi n0. 1% hydant oi n ({ WhGE ells 2 from10
liter broth by centrifuda 6Hménﬁbﬁés¢53%%d@ﬂ (3%, 0 474 &9 iW§3&>Q  The
cells were disrupted by passing 3 tines through mcrofluid zer
(Mcrofluidics Corporation). The m xture 20 was centrifuged to renove cel
debris and the resulting pellet was mg§ Hnrce with 200 M. The final

vol ume of crude enz bt ai ne iumsuylfate to 60% of
saturation was adggﬁyfg cation éFg ¥§%§ﬁftFFéE?F%ﬁF éﬁR%YBPEEPb??%ﬁeﬁfqghzyne
was 25 col | ebted by centrifugati @rhrdbee tpel eéntasomdi ssol ved in 50 nM
HEPES pH 7.5 to a final volume of 250 m. The enzyme was centrifuged to

renove renainin nactiy qlids, The enz me was di al yzed over ni ght
agai nst 50 M 2% ‘30 Yﬁﬁéﬁ é%i St Hydantoihase

Slant cultures on trypticase soy 3% or YNH agar (pH
8.0) were inoculated iﬁto 100 ml1 YNH medium per 500 ml
10 regular flasks and shaken 250 rpm at 28°C for 24 hours.
Seed was crossed at 4% into 100 ml CSH-8 medium (pH 7.0)
per 500 ml regular flask and shaken 250 rpm at 28°C for 24
hours. (Final whole broth pH ~ 7.9-8.1)

YNH: 1% yeast extract powder | CSH-8: 8% corn steep ligquor

0.15% NaCl 0.5% sucrose
0.1% hydantoin 0.1% hydantoin
(pH 8.0) (pH 7.0)

15
Whole cells were harvested from 10 liter broth by
centrifugation and resuspended to 1.0 liter in Hz0. The
cells were disrupted by passing 3 times through
microfluidizer (Microfluidics Corporation). The mixture
20 was centrifuged to remove cell debris and the resultiﬁg
pellet was washed once with 200 ml. The final volume of
crude enzyme obtained was 1.3 liter.
Ammonium sulfate to 60% of saturation was added to
the clarified fraction. The precipitated enzyme was
25 collected by centrifugation. The pellet was dissolved in
50 mM HEPES pH 7.5 to a final volume of 250 ml. The
enzyme was centrifuged to remove remaining inactive
solids. The enzyme was dialyzed overnight against 50 mM
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HEPES pH 7.5 buffer and concentrated in a Centriprep 30 (30,000 MACO) to
50 m. The concentrated enzyne solution was applied to a 45 x 300 mm DEAE
Trisacryl colum pre-equilibrated with 50nM 5 HEPES pH 7.5. The col um was
washed again with 2-colum volunmes of the sane buffer. The enzyne was '
eluted wwth a gradient of 0-300 mMM NaCl over 500 ml in 50mM HEPES pH 7.5.
Fractions were assayed for protein content and activity. Jhaugesko@esive
fractions were concentrated in 10 a Centriprep 30 (30,000 MACO to
approximately 2.0 m. Concentrate from DEAE Trisacryl colum was applied

to a 10 x 300 1 p e EPES pH
7.5) and el ut e?@@%%ﬁ?ﬁf égfﬁ%i”’%‘hé "f]ogm:égl%g%gé%n% f%n%%lg]g%%k Olz:ctl ve
fractions for tht? SAPMYER) 100c39 U were pool ed and concentrated to 1.0
m | on a IOen_t(r]I icon B(The((j 30n0eAt MNEY eimapRbledié® wasl awuie&bto a I45 g

pol yacryl am de tiy gndi. |ons S ce
into sections angfdtohg]q} n Iﬂgl g99$ |c§§§%\?\e €°as E’ §6g§o‘f“act5|%\7]:Mty The
sections comt aifffEFF PHe "hjdantles r%i%;'élmlh@lalsvwwh%raé@ne@'ﬂﬁbel?m@dlmo

r ec0\d/er enzymé vo'ljhﬁlesebzyBBeOQérﬁ?é ek far- .t P'I‘ﬁe%:%%ﬁ@ wa@s e28088 hﬁra}g]gneous
as eterm ne P r i ght ] Qn, O
ée%/dfs‘gﬁtrgg on c rorra %k};%/ 58\6“91 mD%EOH&nhE?%C £

Hydant oi nase grap i ndi cated ar wei ght
of the native hydant EFAg5&oRs Wrre ARmeoRdniot| pramirogontent 1800 Dal t ons.

Heat denat ur ed sasipliey . of Th&@é&}@ld&i@rer lﬂ@a@ﬂloz@ Wet@UuebRgePERtaRl igave a
the s Lampih SarE RS Yo ofrb UUS ACHT Y Pe it 8 "2 000"
Dal t ons i ndi cati ng Fﬁasevﬁéammlmge%m@w Ciodup\nobaﬁl ypral dednodi mer

(53,000) with acsaceodaryo85ws tgukirdse nunabmmat p'iér-@eﬁuﬁﬁr&(éd%gust 2005
Unboi | ed Sa”p|%ﬁt%f58nﬁﬁnﬁﬁﬁﬁb 7r%?“% ngf”{ w1th about 60 ml of
the same buffer.
15 The peak active fractions for the Superose 12 column
were pooled and concentrated to 1.0 ml on a Centricon 30
(30,000 MWCO) and applied to a 1 mm 10% polyacrylamide
gel and run under native conditions. The gel was sliced
into sections and the individual sections were assayed
20 for activity. The sections containing the hydantoinase
activity were electroeluted to recover enzyme. The
enzyme obtained by this process was >90% homogeneous as
determined by SDS-Page.

25 2.2 Molecular Wéight Determination of Hydantoinase
Gel filtration chromatography indicated the
molecular weight of the native hydantoinase to be
approximately 100,000 to 110,000 Daltons.
Heat denatured samples of hydantoinase run on
30 reducing SDS gel gave a single band at approximately
53,000 Daltons, while on non-reducing SDS gel the same
sample gave nearly equal intensity bands at 57,000 and
53,000 Daltons indicating that the hydantoinase protein
is probably a homodimer (53,000) with a secondary
35 structure running at 57,000.
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gave a single band at about 100,000 Daltons confirmng the results

obt ai ned by gel filtration chromatography. 5 2.3 Specific Activity of
Hydant oi nase Active band eluant from preparative native gel was assayed
and protein determned by Pierce Mcrotiter assay protocol using BSA
standard. Specific activity was determ ned at greater than 4 1U per ng of
protein. 10 2.4 PI Value of Hydantoinase Active band el uangg Augist 2005
preparative native gel was run on the Phast System | EF- PAGE g€l with a pH
range of 3-9 using |ow MWprotein markers and the gel was silver 15

stai ned. Pl of aCth@nE@{‘EEd)ré%Inﬁil%sV"%Q eﬁéﬁﬁéﬂoﬂeﬂoﬁtreamwbsgt Ly 4. 5.

2.5 Nterm nal %trg no_aci %fs g%%r‘]iﬁ I—gdantm nase he N-t'erm nus of the
53,000 Da subuni®t ‘wa& 207%et @5 8 bt oHeeq Eﬂ%?f‘%e(‘f@@ﬁ&mbnﬂo be:
Al a- Lys- Val - | | &hieyseghitGoptRimedaby| gel Thiltahaiss pelirapatiogrRbly. (SEQ | D
NG 3) Exanple 3 25 Isol at| on of the gene encodi ng hydant oi nase from

DNA from Qchr obactrum

Ochrobactrun}’amgh%opgs Prepar at.i on gf r onpsonal
anthropi. 30°T 25 RFCH LG AS TN Y Af Y RBERETBFe seed media were
inocul ated from a slantivf bendr elaent ufiramigreppiratid@aatiiveuyes wey € grown

at 28C, 250 rprrhfsgg 24 hur Rinl Aslq ext : %
hydantoin, pH 8 ;’f?/f?il' ) W’Eﬁg ﬁgr \c/lggs'/%éﬁ % n%?%cﬁe gl{zijcgéocg\? ﬁ; nd 35

di gested in TE Ff@t r45i0e) BSA §t6nd‘i‘ﬁ‘1/| Eﬁ?ﬁ?lﬁh‘f’ faé'rtlvéSMt ‘d??n ng 100 g/ m
prot ei nase K andefe&% 1885 .atTgereasaspenmi o IWapet nog ket @doaki’7C for 1 hour.
The m x wasy;@l 30 August 2005 then precipitated in 10% CTAB

(hexadecyl tri me&h | anponi.um hrom de, Sigma H5882) in 0.7 M NaC at 65C
for 20 minutestd remifdUCePE HEARLRMIGSE pol ysacchari des, and

Active band eluant from preparative native gel was
run on the Phast System IEF-PAGE gel with a pH range of
3-9 using low MW protein markers and the gel was silver

15 stained. PI of active band protein was determined at
approximately 4.5.

2.5 N-terminal amino acid sequence of Hydantoinase
The N-terminus of the 53,000 Da subunit was
20 determined by automated Edman sequencing to be: Ala-Lys-
Val—Ile—Lys-Gly-Gly-Thr-Val-Ile-Thr-Ala-Asp—Arg—Thr-Phe
(SEQ ID NO:3)

Example 3

25 Isolation of the gene encoding hydantoinase from
Ochrobactrum anthropi

3.1 Preparation of chromosomal DNA from Ochrobactrum
anthropi.

30 Two 125 ml flasks containing 25 ml of seed media
were inoculated from a slant of Ochrobactrum anthropi.
The cultures were grown at 28°C, 250 rpm for 24 hours in
1.5% yeast extract, 0.15% NaCl, 0.1% hydantoin, pH 8.0.
Cells were harvested by centrifugation, lysed, and

35 digested in TE (10 mM Tris-Cl pH 8.0, 1mM EDTA) buffer
containing 100 pg/ml proteinase K and 0.5% SDS. The
suspension was incubated at 37°C for 1 hour. The mix was
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remai ning proteins. (WIlson, K (1994) Preparation of 5 Genomc DNA from
Bacteria, in F. M Ausubel, R Brent, RE. Kingston, D.D. More, J.A Smth,
J.G Seidman, and K. Struhl (Eds.), Current Protocols in Ml ecular
Bi ol ogy. John Wley & Sons, New York.) The m xture was extracted tw ce,
first wwth chloroformisoanyl alcohol (24:1), then 10 with
phenol : chl orof ormi soanyl al cohol (25:24:1) and precipitag@@ddglst 2005
i sopropanol. The DNA pellet was dissolved in TE containing 100 gg/mM RNase
A and incubated at 22C for 16 hours. A second proteinase K/ SDS digestion
was perfornmed a Xt I |.t.atjon
were' T epeat od. $ﬂek%@éﬁ?ﬂ:’a egs% \"j‘g‘é(ij% %E%ﬁerﬁ%%ﬁﬁ%%etﬂgf&w&?&nl%ﬂd
deternined spe®FPBhRL cHsmE HaPP§2 bitim @0 7nkh NaCD atokSfFuéero?d of genonic
DNA 1 br ar)(/ of Q&hﬁﬂ@@cﬁd W8mo=8 g@fgbr@au ?é@fllé hepcﬂ'ytsﬁbghaﬁid@ént haaci d
sequence (experipne ctlon ove) fou era

Jgr(ﬁa iored fﬁq t{% Ljeggﬁr}pl 829%{{' ys% ens 391

ollgonucleotlde pro re syﬁ?hes
DNA Synt hesi Zer CPErRATNA Hirglr Bagjeriend lBSFll&b@#%@%,t R.yB3omgARRE.

(1 9Ar7n§r Sgam NQF 99&_891%@&;1 u:g@d M?or@f abe. asﬁwﬁher.rt; b|9éhd61§i|&¢ Seutder n, 5. M
geste

wWth restriction endlonﬁECTIS jé u%rrrl{‘—'i[ 9 &?fg dq{—? ﬁa((ﬁll rf;@ B%\@bﬁ)dl zation

was conduct ed i AOIMVAG ey & iSens ( New w@ ) 30TIge MiMtNFSPERS gF Rt eds X
Eeppar dt’ , s4 1%% SDﬁ;e 1&&@&/ %thd@lﬁtﬁiﬂ:{f@?msﬂé ﬁl@fcﬁﬁthNAézi mé/l Eﬁ&gﬁ) .
uffer a ok . s.tetra | igma T-
3411. Sout hgé:n LjT ﬁle‘li?fm%‘?ﬁ“i‘ igo a&‘ge %?‘y‘?lﬁ’w%ko%s%ﬁa? Hha
identified two PF%@#@{H@G@ Kb d$ePrigpaxol. 3Bheieh peybetdvzed to one of the

N-termnal oli gaﬂygéle@td de Tar@&a&lzﬁn n s om/rﬁhwse@ﬁr%n@m was di gest ed
with 32 30 August 2005 mdéé[,c hores d t hrough 18% SeaPl aque
(FMC) preparative agaro ? 02 MR eP’é?%e 137902 M EDTA)

buffer at 10 VoK{%DS(ﬁigg@thggr@as(Rﬁrformed and the organic extractions
15 and ethanol precipitation were repeated. The DNA was

dissolved in TE. The DNA concentration was determined
spectrophotometrically at 260 nm.

3.2 Construction of genomic DNA library of Ochrobactrum
20 anthropi ’

From the N-terminal amino acid sequence
(experimental section 2.5 above) four 17-mer degenerate
oligonucleotide probes were synthesized with the Applied
Biosystems 391 DNA Synthesizer PCR-MATE (Figure 3), end-

25 labeled with y[**P]ATP (Amersham AH 9968), and used to
probe a Southern blot (see Southern, E.M. 1975, J. Mol.
Biol. 98:503-517) of O.anthropi chromosomal DNA digested
with restriction endonucleases BamHI, EcoRI, and HindIII.
Hybridization was conducted in TMAC solution (3 M TMAC,

30 0.1 M Na3PO4, pH 6.8, 5X Denhardt's, 1% SDS, 100 pg/ml

denatured salmon sperm DNA, 1 mM EDTA) buffer at 46°C for
18 hours. TMAC is tetramethylammoniumchloride, Sigma T-
3411. Southern blots of the HindIII digest of the
chromosomal DNA identified two fragments 6 Kb and 12 Kb,
35 which hybridized to one of the N-terminal oligonucleotide
probes. O.anthropi chromosomal DNA was digested with
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slices containing 5-7 Kb DNA fragnents and 10-14 Kb 5 fragnents were
excised and isolated with the dass Max DNA Spin Cartridge system (BRL).
The Hindlll fragments were ligated to the pBluescript KS+ phagem d vector
(Stratagene) that had been nodified by replacing the anpicillin selectable
mar ker with a neomycin sel ectable 10 marker (pSTKSN), cleaved with H ndl |
and dephosphorylated with bacterial alkaline phosphatase.30 Aagust 2305 on

m xture was used to transformE.coli XL1- blue cells (Stratagene) by

el ectroporation at 2.5 Kvolts, 200 ohns, 25 Fd. Transformants were

sel ected on Lg agagarid, Céllétc&irﬁglgler&écg{tmﬂroﬁgl@r%mdm% %e%_PSQ!I;_@%t {#Mr)of clone
cont ai ni ng hyda ' . gen on 0 0 e Qi ¢ rary were
prepared and s%}rgg%g%&v\n ﬁ%faﬁgsﬁ-?ée/lr ﬁnnt&'ﬁEoF?gcglmﬁgﬁn& iagek?% e. Twelve
cl ones from eacR-PPAgheEMTAePRIfRT tataly0y vedtacla 120 Mowrst ur Gerer

i prep MeLhod b o N A e A O o) " Souther n
anal yoi o of - PheSE- BTG, "eRE EFTT e A LRal THbAtaTzehe EORRLia obe.
Restriction anaP¥y3i SpetGantiraddet $uafent UBRRE. clTheedinddfai frvabnatast i cal 13
of the  13Kb L LL e B e RN bl ot ti by
determined the ISEAHT A BP Ao BPEHEd RyAARPIRRESE. e i ¢ hi
the fragment. A2mpidilHdeRyeloctabipmearkanswittolaanedmicom seteafakliee t wo
had been cl saveq aih Eoom A Heaenhar e et eri al al kal ine
pﬁos pﬁg? age?a\éﬁggﬁ’%ﬁwy&v\ﬁ/gegi %%qgtbé‘&@ﬁbﬁ 1a2ﬁ<€<}li8ﬁi BBOgRNZASS - hed above
and anal yzed 35Thy HasRiodi géxtion wapwosed ore s raaséorneht 61 eKitlrat
containd the corﬂh@@tceflrlégn@e&.ai:asgé_m;-utaoﬁigt E1& 0 RIHREEIBE af P BIN&o1ks, These
Lvo ol ones ver e,gasayed o aqti Y 33,30 AVQUSL 202,804 gngarag ghovn to
produce about t@ree e Anolht: of
15 containing 30 pg/ml neomycin.
3.3 Selection of clone containing hydantoinase gene
Colony blots of the genomic library were prepared
and screened with the N-terminal oligonucleotide probe.
Twelve clones from each fragment were initially selected
20 for further evaluation. Plasmid DNA was isolated from
each transformant using the TELT mini-prep method (He, et
al., Nucl. Acids Res., 18:1660 (1990)). Southern
analysis of these clones identified two that hybridized
to the probe. Restriction analysis determined these two
25 clones contained identical 13 Kb HindIII fragments in the
same orientation (Figure 4). Further analysis of the
13Kb HindIII fragment by primer extension and Southern
blotting determined the location and orientation of the
hydantoinase gene within the fragment. A 4 Kb ECORV
30 fragment was isolated from one of the two clones and
subcloned into the pBluescript KS+ phagemid vector pSTKSN
that had been cleaved with EcoRV and dephosphorylated
with bacterial alkaline phosphatase. Plasmid DNA was
isolated from 12 colonies as described above and analyzed
35 Dby EcoRI digestion. Two clones were identified that
containd the correct fragment in opposite orientations
(Figure 5). These two clones were assayed for activity
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total cellular enzyne as the original Ochrobactrumcells. Nucleotide
sequenci ng of the 4 Kb EcoRV fragnent identified the sequence that was
conplementary to probe 4 5 (SEQID NO 7). Translation of the adjacent DNA
sequence produced an am no acid sequence that was identical to the ‘
previously determined Ntermi nal am no acid sequence (SEQ ID NO 3). 10 3.4
Det ermi nati on of nucl eotide sequence The nucl eotide sequenge Aigush2005
hydant oi nase gene encoded on the 4 Kb EcoRV fragnment was determ ned by the
di deoxy chain term nation nethod (Sanger, et al., Proc. Natl. Acad.

Sol L US A 74 848330 %d LE0Y cUobH P 8Bl BUAGY Ghtseauenci ng

system (Prorreg\zi}a_ t.er m nal onucl eoti de use 0 Identify
the gene (forwaPBarif sEPZ¥MY %%/rﬁl?‘?eé’iri-éanf"ﬁt@?}?%ﬂbﬁﬁqrﬁ'@rge %re used

t o sequence theNeqleq:tadgfmeqhennnbgtdﬂf siteand¥b EELRUIafi@r®Si S was
performed on a {%eLong r ai ni ng
7 Murea in TBE éo osge%ﬁ/? s Sé@l efide Bdk??%l\/?%@?%%&‘%ﬁ% glé R7 TA)
buf fer at 2700 VEFRsIP ﬂ‘?e7éoon€?’éS:|‘ﬂRﬂ%tqfdéh§ea@Hﬁ€@t iDAAS BEAREBIE Fi gur e
6. The codi ng rpgoducdds abd4nihp hehd saapmneedeRat Ofaf 430 tdFaNOr &Gk

T e N oBrEHouddy, BAEShIncl R LAY Ll DS A0lKeaRKLE! Rekd or M of

the enzyne (enferl rrent section ermn prot'e
sequence deter RPom the translation of the DNA sequence i s identical
to the protein sequence identified in experinmental section 2.5 above. 30

Exanpl e 4 Bxpress) Ohebrhifa 0288 SOIMABRLALNAS L. Coll. 4. 1

Subcl oning into expression vectors i Ng ion of the hydantoinase
gene was mut ageni zetrehPUPERCE IS r%%‘{en&eBQHh%I@%é%@Pnaﬁésﬂw%tl on site

at the transl atémrodeidanh shées4 okb tH@R F2aghegt Sia (e ceRdhBg Bediten and a
BanH site at t&%ﬁégxye@ﬁagﬁ £080 8808 on method (Sanger, et al., Proc.
Natl. Acad. Sci.,U.S.A. 74:5463-5467 (1977)) using the
15 fmol DNA cycle sequencing system (Promega). The N-

terminal oligonucleotide probe used to identify the gene
(forward and reverse) and synthesized internal primers
were used to sequence the entire gene from both strands.
Electrophoresis was performed on a 7% Long Ranger (AT

20 BIOCHEM) polyacrylamide gel containing 7 M urea in TBE
(0.089 M Tris-borate, 0.089 M boric acid, 0.002 M EDTA)
buffer at 2700 volts. The complete nucleotide sequence
is shown in Figure 6. The coding region is 1440 bp long
and codes for a 480 amino acid protein (MW = 53 kD).

25 This is consistent with the deglycosylated form of the
enzyme (experimental section 1.5 above). The N-terminal
protein sequence determined from the translation of the
DNA sequence is identical to the protein sequence
identified in experimental section 2.5 above.

30

Example 4
Expression of the gene for hydantoinase in E. coli.

4.1 Subcloning into expression vectors

35 The coding region of the hydantoinase gene was
mutagenized by PCR to insert a BamHI plus NcolIl
restriction site at the translation start site of the
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to facilitate cloning into the expression vectors. The follow ng priners
were synthesized for the PCR reaction: 51- GGGAACGAGGATCCATGGCAAAGGT- 3'
(SEQ ID NO 10) 5 (contains BanH and Ncol sites) '

5' - AACTCATGCGCGGATCCCGAACCTG 3" (SEQ ID NG 11) (contains BanH site) The
PCR fragment was digested with BanH and colum purified with the d ass
Max DNA Spin Cartridge system 10 (BRL). This fragnment was3@ ipgatied2005 t he
pBl uescri pt phagem d vector pSTKSN that had been cleaved with BanH and
dephosphoryl ated with bacterial al kaline phosphatase. The ligation m x was

used to transfo o}.1 anyy t I (BRRLg Rlsaspl was
| sol ated from 6%?%%[%%?%?% dgsggl efl?c% %)%pkéglerrpnt arfd ggc?ﬁ%%@% above
and anal yzed by tBafRfitiiRie Genipgvdntd ¥hfe sdPspEsior sinchrKed tTHe correct

construct and wépdléwitdiesriaealsywede byntNoelizddgestithe ARl réayeidmad t he
Ncol site. One gfi_ NS, Ssub [ LA, sever al
expression 20 vect%(?(g, 5 EI ure ;E%&%ﬁ%ﬂﬁ%ﬁe &gganggnel\y'plﬁél—wa pKSHY3 was
di gested wi th NBPRERIAS I gRenNcel etitte®dhor esed through a 0. 8%

SeaPl aque ( FMC) 5' pREQPECATGCECCERTCISEANRITG-3 ' TAEshof femcat140 volts for 4

hours. The 1479 L nt was excised from25 the gel and

I solated with tfggg@%%sé %%N&%%Fﬁ Cartridge system (BRL). This fragnment
was |igated to TBRpPER sixrempatct ¥ps pBigRsos with, Bapikmndneolemmes, 991 May

30, 2000, S.W pinisdsh Tvidh aneesTisdiMax' BNgh sExpressdirddgeEsghesn chia Col i

Ex [ t ! ; [ h [0 | db
rorerence) Tt TBRY poath ictaOnatl fib HcBEEa RS 'RUREBBERST OV ¢ was
used to transfBrRIEDIMeITaREFKEY ftate hpdcBeer ¢lBRAVED WEBR BAWY wer e

screened by NcohandBaddphabgrsidassed widh eenteisbdalfia iger pResplasier. uct

(Figure 8). Thig. clone 35 was naned pBMS1000OHY-1. This cl.one was used to
transform E. coﬂ"e HostaE 3R8y Fp* Eﬁﬁl‘f&gxio#’frﬁﬁ? ﬁfé’ﬁ.l BBSWRCIA gust 2005

competent cells (BRL). Plasmid DNA was isolated from 6
15 colonies as described in experimental section 3.3 above

and analyzed by BamHI digestion. Five of the clones

contained the correct construct and were further analyzed

by Ncol digestion. All five had the Ncol site. One of

these was selected for subcloning into several expression
20 vectors (Figure 7). This clone was named pKSHY3.

PKSHY3 was digested with Ncol and BamHI, then
electrophoresed through a 0.8% SeaPlaque (FMC)
preparative agarose gel in TAE buffer at 40 volts for 4
hours. The 1479 bp Ncol/BamHI fragment was excised from

25 the gel and isolated with the Glass Max DNA Spin
Cartridge system (BRL). This fragment was ligated to
expression vector pBMS1000 (U.S. Patent No. 6,068,991 May
30, 2000, S.W. Lin and T. Franceschini, “High Expression
Escherichia Coli Expression Vectors”, contents of which

30 are herein incorporated by reference) that had been
cleaved with Ncol and BamHI. The ligation mix was used
to transform E.coli DHSamcr competent cells (BRL).

Colonies were screened by NcoI/BamHI digests and all
conferred the correct construct (Figure 8). This clone

35 was named pBMS1000HY-1. This clone was used to transform
E.coli hosts W3110, BL21, and #7 (ATCC 23736).

35



4.2 Expression in E. coli hosts Two clones fromeach host were selected for
shake flask evaluation. Restriction analysis confirned that 5 each cl one
contai ned the correct construct. Fresh overnight cultures were used to

i noculate 25 ml T-broth cultures grown under neonycin selection. Cultures
were incubated at 37C and grown to a A600 of 2. A zero tinme point was
nmeasured and then the cultures were induced 10 with 0.4 m3d Rigus@eomnd
two hour time points were taken. The cultures were harvested and assayed
for activity and tinme points were anal yzed for expression on a 4-20%
protein gradient gel (Enprotech), electrophoresed under reducing
conditions at 20-25 mA. Protein gels 15 indicate increased |evels of
expressi on conpéreéd Expxdrsiay iigi Ral cadchhelsagtrumcells. Table 7 sunmari zes

the actvity resultstwdasashed thBRSEdIE HYstSwe Bl 2de M2T c8N@ELNshalEe t he best
host for furtherlhé antoJ{}p Se exp%e55|.oq_11 studlgs.. 20 T@bl e % %? | eVt
Vei ght Hydant oi RA88" ARYF RS g/ 1B G PPoT R 1P G9PIaT18% 10730, 213. 3
WB110- 20. 18_§5 _BEQIZIL-qmr@&@tB!iZQd_Zﬂl.el&&I@e¢t1@?&%’4&@‘57- ZE‘JrQ-‘Sﬂ_ZL 2 25 Exanpl e
5 Characteri zat boaraihd reDRivrezahd A Red €60IMbAANY e Bydant pimase 36 30
August 2005 5.1 Silgstrate S eC|f|Q|tey . .
cultures grown under ne€omycin selection. Cultures were
incubated at 37°C and grown to a Asew of 2. A zero time
point was measured and then the cultures were induced
10 with 0.4 mM IPTG. One and two hour time points were
taken. The cultures were harvested and assayed for
activity and time points were analyzed for expression on
a 4-20% protein gradient gel (Enprotech), electrophoresed
under reducing conditions at 20-25 mA. Protein gels
15 indicate increased levels of expression compared to the
original Ochrobactrum cells. Table 7 summarizes the
actvity results. Based on these results, BL21l was chosen
as the best host for further hydantoinase expression

studies.
20
Table 7
Sample Wet Weight Hydantoinase Activity
(g/10 ml) (10/9)
T7-1 0.09 7.5
W3110-1 0.21 3.3
W3110-2 0.18 3.5
BL21-1 0.19 8.0
BL21-2 0.13 8.0
7-1 0.16 4.6
7-2 0.24 4.2
25 Example 5

Characterization and Immobilization of recombinant
hydantoinase
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E. coli BL21 containing the hydantoi nase gene was grown as described in
exanple 4.2. The cells were 5centrifuged and washed wth 100 mM car bonat e
buffer pH 9.0 and resuspended in the sanme buffer and ruptured by

soni cation. The enzynme was purified as described in exanple 2. The purified
enzyme was tested for substrate 1Ospecificity with various hydantoins as
substrate. The results are summarized in table 9. Table 9 Sylasigust 26%8ci fic
Activity U m Hydantoin7.5 Uracil 1.8 2-thio uracil N. D. 5-nethyl

hydant oi n10. 6 5, 5-di phenyl hydant oi nN. D. Hydr oxynet hyl 5, 5-di net hyl

hydant oi n5. 6 p- rsyqr oggMg@éMe hydankoiil, 9 D L hydantoi n 5-acetic acidl.8
2-thio hydantoin4.3 5.2 ion req]tjl rements Puri fi ed hydant oi nase was

assayed with hydant ofn c‘&\}’t @lﬁﬂeca’a G bRret a\f’é:ﬂlBﬁ§en§? ¢ W%hs at 100
MM concentr at | growlhes réssdrtibedr tn sexawmplezed2i n Twbicelld weéed ow. 20 Tabl e

ﬁ-/l(‘)] (:VF; a|7 50255%91?:25.&%&% a\ﬁ:dt %as?p@%l(tﬁDI@% rﬁw%%oﬁhhé ﬁugfer%ﬂ(l 1) 3.6

August 2005 Be @I ?né ?Suﬁé’e{‘fi?? n e eS| ]%u%ﬁﬁr \?P?ly’@ g?ﬁ%ﬂazﬁgeﬁge of

metal ion but Fephliration. The enzyme was purified as described in
example 2. The purified enzyme was tested for substrate
specificity with various hydantoins as substrate. The
results are summarized in table 9.

10
Table 9
Substrate Specific Activity
IU/mg
Hydantoin 7.5
Uracil 1.8
2-thio uracil N.D.
5-methyl hydantoin 10.6
5,5-diphenyl hydantoin N.D.
Hydroxymethyl 5,5-dimethyl hydantoin 5.6
p-hydroxymethyl hydantoin 1.9
D,L hydantoin 5-acetic acid 1.8
2-thio hydantoin 4.3
5.2 Metal ion requirements
15 Purified hydantoinase was assayed with hydantoin

with the addition of the various metal ions at 100 mM
concentration. The results are summarized in table 10
below.

20 Table 10
Metal Ion Specific activity:

None (EDTA) 4. Mg (II) 5.2
Ca (II) 3.6 Mn (II)

25 Co (II) 3.6 Ni (II)
Cu (II) 1.2 Zn (II)
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5 and Mi(lIl) seemto stinulate the activity of the enzynme. 5.3 Tenperature

opti mum of purified and i nmmobilized reconbinant hydant oi nase The

reconbi nant enzynme was i nmobilized as described 10 for the native enzyne

in exanple 1.7. The immbilized enzynme and the purified enzyne were

assayed at various tenperatures to determ ne the tenperature optinma. The

results are given in table 11 below. 15 Table 11 20 25 Temm§¢@gu§@f§ﬁ5uive
00100 559

activity Imobilized enzynePurified enzyme 257338 3710069 451 385
659480 758266 Although the present invention has been described in sone
detail by way ofeilitistrati onsagd exanple for purposes of clarity and
understanding, it wll be 30 apgarent that certain changes and

nodi fications nﬁ? g%” practicéd®within the scope of the appended clainms. 38
30 August 2005 CLAIMS WHAT IS CLAIMED IS: 1. An isolated nucleic acid

ol ecul e compr i ehak 355 a889UeBGLE NAte GARAARS B2 PRLYPPR:IBLEORDIEB N0 the
amno acid eqqu%f gﬁ SEQID NO 2, 2. An hsolated,nuclelc aci d nol ecul e
havi ng a seqr'lsjen%% At ) | §SEBNLP HeIEAFS 618 ATEI Y &f GRRoPREMI®: t hat
10 encodes SEQ ID NGO 2. 15 3. The nucleic acid nolecule of daim1 which is
a DNA nol ecules,3 Temperature optimum of purified and immobilized

recombinant hydantoinase

The recombinant enzyme was immobilized as described
10 for the native enzyme in example 1.7. The immobilized

enzyme and the purified enzyme were assayed at various

temperatures to determine the temperature optima. The

results are given in table 11 below.

15 Table 11

Temperature Relative activity

Immobilized enzyme Purified enzyme

25 73 38
20 37 100 €9
45 100 100
55 93 85
65 %4 80
75 ' 82 66

25

Although the present invention has been described in
some detail by way of illustration and example for
purposes of clarity and understanding, it will be

30 apparent that certain changes and modifications may be
practiced within the scope of the appended claims.
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4. The nucleic acid nolecule of daim2 which is a DNA nol ecul e.

i sol ated nucleic acid nol ecule according to claim1, 20 having the
nucl eoti de sequence of SEQID NGO 1. 25 30 6. An isolated nucleic acid

nol ecul e encoding a polypeptide having an am no aci d sequence t hat
| east 80% honol ogous to SEQ ID NO:2. 7. An expression vector conprising a

nucleic acid molecule of Claiml. 8. The expression vect oz Augtse2005
further conprising an origin of replication, a pronoter, and a

transcription

term nati on sequence. 35 9. The expression vector of Claim8

further conprising a selectable marker @&ggyg 39 30 August 2005 10. The
expression vector _of Claim?7 co%prl sing The DNA sequence of SEQ I D NO 1.

11. The expressPBfTvEE GFABIERY

12. The expression vector of Claim1ll wherein said plasmd is selected

from the oroup: 10l asgyds dyel dla i cpLogld i ol sk col|

conta|n|ng t he expressi on vector

the expressi®n FESEBRCBfLhAlL qucedRpsa BBLYReRHHe aPTdsARd RAgaTHeC

expressi on vect aciaf sehemder Hf 3RQ1IHD Nhe2 host cel |

sel ected fromthe group: eukaryotic and prokaryotic. 17. A process for
producing a pol ypeptide having the amno acid sequence of SEQ ID NO 2
conpri si ng cul t &k i ngPR5i3pkatess hugdeic Fcid Maher3iigndavingndi segnance

resulting in
10

15

20

25

30
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that is complementary to a nucleic acid mdlécule that
encodes SEQ ID NO:2.

7

3. The nucleic acid molecule of~C1aim 1 which is a DNA

molecule.

4, The nucleic acid molecule of Claim 2 which is a DNA

molecule.

5. An isolated nucleic acid molecule according to claim 1,
having the nucleotide sequence of SEQ ID NO:1.

6. An isolated nucleic acid molecule encoding a

polypeptide having an amino acid sequence that is at
least 80% homologous to SEQ ID NO:2.

7. An expression vector comprising a nucleic acid

molecule of Claim 1.

" 8. The expression vector of Claim 7 further comprising

an origin of replication, a promoter, and a transcription

termination sequence.

9. The expression vector of Claim 8 further comprising
a selectable marker gene.

39

5. An

is at

m 7 wherein said vector 5 is a plasmd.

conta|n|ng

of daim13 which is



expression of the polypeptide. 18. A process for stereoselectively

converting a 5- nonosubstituted hydantoin conprising contacting said 5 30
nonosubstituted hydantoin with the D hydantoi nase as

or a biologically active fragment or analog thereof, under conditions

suitable to formthe

m Xt ur e.

40
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20

25
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10. The expression vector of Claim 7 comprising the DNA
sequence of SEQ ID NO:1.

11. The expression vector of Claim 7 wherein said vector

is a plasmid.

12. The expression vector of Claim 11 wherein said
plasmid is selected from the group: plasmid hydl3f and
plasmid hyd4f.

13. A host cell containing the expression vector of
Claim 7.

14. A host cell containing the expression vector of
Claim 8.

15. A host cell containing the expression vector of
Claim 9.

16. The host cell of Claim 13 which is selected from the
group: eukaryotic and prokaryotic.

17. A process for producing a polypeptide having the
amino acid sequence of SEQ ID NO:2 comprising culturing
the host cell of Claim 13 under conditions resulting in
expression of the polypeptide.

18. A process for stereoselectively converting a 5-
monosubstituted hydantoin comprising contacting said 5-
monosubstituted hydantoin with the D-hydantoinase as
shown in SEQ ID NO:2, or a biologically active fragment
or analog thereof, under conditions suitable to form the
corresponding D-N-carbamoyl-amino acid.

19. The process of Claim 18 wherein said 5-
monosubstituted hydantoin is a racemic mixture.

40

shown in SEQ I D NO 2,

correspondi ng D N-car banoyl -am no acid. 35 19. The
process of Claim 18 wherein said 5- nonosubstituted hydant30 Augese20GEen c



