
30 August 2005 TITLE  D-Hydantoinase From Ochrobactrum Anthropi
CROSS-REFERENCE TO RELATED APPLICATIONS  5 This application claims 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 INVENTION The present invention relates to a
novel D- ,hydantoinase from Ochrobactrum anthropi that enantio- selectively
hydrolyzes D-hydantoins to their  corresponding D-N-carbamoyl-a-amino acid;
the nucleic 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 5-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, 1 30
August 2005 Corynebacterium, Agrobacterium, Pseudomonas, Bacillus,  and
Streptomyces. European Patent Application EP/0739978  



A2 describes a hydantoinase produced from Agrobacterium  tumefaciens
exhibiting improved activity and stability in 5 alkaline medium at high
temperatures. U.S. Patent No.  5,516,660 discloses novel. specimens of the
Arthrobacter  species which produce hydantoinases that are capable of
producing L-a-amino acids from D-, L- and/or D, L-5- monosubstituted
hydantoins. U.S. Patent No. 5,714,355 10 describes a mutant specimen of the
Arthrobacter species  which has up to 2.7 fold greater enzymatic activity
than  the parent organism. PCT Publication 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 2 30 August 2005 medium under conditions suitable for expression
of the  enzyme. 



Finally, the present invention is directed to a  process for converting
5-monosubstituted hydantoins to  5 the corresponding N-carbamoyl-a-amino
acids using the hydantoinase of the invention to result in a product of
high chiral purity. BRIEF DESCRIPTION OF THE DRAWINGS 10 Figure 1:
Temperature profile of hydantoinase activity in  whole cells. Figure 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 hydl3f.
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 3 30 August 2005
ATCC 202035, deposited with the American Type Culture  Collection,
Rockville, Maryland, U.S.A., under the  provisions of the Budapest Treaty.
Preferably, the  



nucleic acid molecule is a DNA molecule and the nucleic 5 acid sequence is
a DNA sequence. All DNA sequences are  represented herein by formulas whose
left to right  orientation is in the conventional direction of 5' to 3'.
Nucleotide base abbreviations used herein are  conventional in the art,
i.e., T is thymine, A is 10 adenine, C is cytosine, and G is guanine; also,
X is  A, T, C, or G, Pu is purine (i.e., G or A), and Py is  pyrimidine
(i.e., T or G). Further preferred is a DNA  sequence having all or part of
the nucleotide sequence  substantially as shown in Figure 6 (SEQ ID NO:1),
or a 15 DNA sequence complementary to this DNA sequence; or a DNA  sequence
which hybridizes to SEQ ID NO:l 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 30 August
2005 sequence) coding for part of the hydantoinase, it is  



preferred that the nucleotide sequence be at least about  15 nucleotides in
length. Preferred DNA fragments are the probes of SEQ ID 5 NOS:4-7 (probes
numbers 1 - 4, respectively in Figure 3).  The hydantoinase molecules of
the present invention  do not necessarily need to be catalytically active.
For  example, catalytically inactive enzyme or fragments thereof may be
useful in raising antibodies to the  10 protein. it is also contemplated
that the present invention  encompasses modified or variant sequences. As
used in  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 cDNA library can  be screened in order to identify a DNA
sequence coding  .30 for all or part of the hydantoinase. For example, an
0. 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 employed in DNA/DNA hybridization procedures  carried
out on cloned copies of the genomic DNA or cDNA  which have been denatured
to single stranded form. A genomic DNA or cDNA library can also be screened
5 for a genomic DNA or cDNA coding for all or part of the  hydantoinase
using immunoblotting techniques. In one typical screening method suitable
for either  immunoblotting or hybridization techniques, the genomic  DNA
library, which is usually contained in a vector, or 10 cDNA library is
first spread out on agar plates, and then  the clones are transferred to
filter membranes, for  example, nitrocellulose membranes. A DNA probe can
then  be hybridized or an antibody can then be bound to the  clones to
identify those clones containing the genomic 15 DNA 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  used in
a variety of ways in accordance with the present  invention. The most
apparent use of the DNA sequence is  to prepare hydantoinase to be useful
for the conversion 5 of 5- monosubstituted hydantoins to the corresponding
N- carbamoyl -a- amino acids. However, they also can be used  as DNA probes
to screen other cDNA and genomic DNA  libraries as to select by
hybridization other DNA  sequences that code for proteins related to
hydantoinase. 10 In addition, the DNA sequences of the present invention
coding for all or part of the hydantoinase can be used as  DNA probes to
screen other cDNA and genomic DNA libraries  to select, by hybridization,
DNA sequences that code for  hydantoinase molecules from organisms other
than 0. 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. In  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 30 August 2005 described in Sayers et
al., Nucl. Acids Res. 16, 791-802  (1988) may also be employed. Both
degenerate and non- degenerate mutations may be advantageous in producing
or  using the polypeptides of the present invention. For 5 example, these
mutations may permit higher levels of  production, easier purification, or
provide additional  restriction endonuclease recognition sites. All such
modified DNA and polypeptide molecules are included  within the scope of
the present invention. 10 The present invention further concerns expression
vectors comprising a DNA sequence coding for all or part  of the
hydantoinase of the invention. The expression  vectors preferably contain
all or part of one of 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 30 August 2005 remaining vector. The expression vectors can also
include other DNA sequences known in the art, for  example, stability
leader sequences which provide for  stability of the expression product,
secretory leader 5 sequences which provide for secretion of the expression
product, sequences which allow expression- of the  structural gene to
modulated (i.e., by the presence or  absence of nutrients or other inducers
in the growth  medium), marking sequences which are capable of providing 10
phenotypic selection in transformed host cells, stability  elements such as
centromeres which provide mitotic  stability to the plasmid, and sequences
which provide  sites for cleavage by restriction endonucleases. The
characteristics of the actual expression vector used must 15 be 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 30 August 2005 trp C
terminator from A. nidulans, and the neo-r gene  terminator from E. coli.
It is also preferred that the  expression vector include a sequence coding
for a '  selectable marker. The selectable marker is preferably 5
antibiotic resistance. As selectable markers, phleomycin  resistance (for
fungal cells), ampicillin resistance, and  neomycin resistance (for
bacterial cells) can be  conveniently employed. All of these materials are
known  in the art and are commercially available. 10 Suitable expression
vectors containing the desired  coding and control sequences may be
constructed using  standard recombinant DNA techniques known in the art,
many of which are described in Sambrook et al. Molecular  Cloning: A
Laboratory Manual, 2nd edition, Cold Spring 15 Harbor Laboratory, Cold
Spring Harbor, NY (1989). The present invention-ad ditionally 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 August 2005 American Type
Culture Collection, Rockville, Maryland,  U.S.A., under the provisions of
the Budapest Treaty. Expression vectors may be introduced into host cells
by various methods known in the art. For example, 5 transfection of host
cells with expression vectors can be  carried out by the polyethylene
glycol mediated  protoplast transformation method. However, other methods
for introducing expression vectors into host cells, for  example,
electroporation, biolistic injection, or 10 protoplast fusion, can also be
employed. Once an expression vector has been introduced into  an
appropriate host cell, the host cell may be cultured  under conditions
permitting expression of large amounts  of the hydantoinase. 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 30 August 2005
coding sequence. Expression of the marker gene in  response to induction or
selection indicates the presence  of the entire recombinant expression
vector that carries  the DNA sequence coding for all or part of the 5
hydantoinase. In the third approach, the production of  hydantoinase mRNA
transcripts can be assessed by  hybridization assays. For example,
polyadenylated RNA  can be isolated and analyzed by Northern blotting or 10
nuclease protection assay using a probe complementary to  the RNA sequence.
Alternatively, the total nucleic acids  of the host cell may be extracted
and assayed for  hybridization to such probes. 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. 12 30 August 2005 The present invention further
concerns polypeptide  molecules comprising all or part of the hydantoinase,
said polypeptide molecules preferably having all or part  of one of the
amino acid sequence substantially as shown 5 in Figure 5. In the case of
polypeptide molecules  comprising part of hydantoinase, it is preferred
that  polypeptide molecules be at least about 10 amino acids in  length.
All amino acid residues identified 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: SYMBOLAMINO ACID
1-letter code3-letter code  YTyrL-tyrosine GGlyL-glycine
FPheL-phenylalanine MMetL-methionine AAlaL-alanine SSerL-serine
IIleL-isoleucine LLeuL-leucine TThrL-threonine 



VValL-valine PProL-proline KLysL-lysine HHisL-histidine QGlnL-glutamine
EGluL-glutamic acid WTrpL-tryptophan RArgL-arginine DAspL-aspartic acid 13
30 August 2005 NAsnL-asparagine CCysL-cysteine All amino acid sequences are
represented herein by  formulas whose left to right orientation is in the 5
conventional direction of amino-terminus to carboxy- terminus. The
polypeptides of the present invention may be  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  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 80o 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
computer 14 30 August 2005 programs, version 6.0, described by Devereux et
al.  (Nuc1. Acids Res. 12:387, 1984) and available from the  University of
Wisconsin Genetics Computer Group (UWGCG).  The GAP program utilizes the
alignment method of 5 Needleman and Wunsch (J. Mol. Biol. 48:443, 1970), as
revised by Smith and Waterman (Adv. Appl Math 2:482,  1981). Briefly, the
GAP program defines similarity as  the number of aligned symbols (i.e.,
nucleotides or amino  acids) which are similar, divided by the total number
of 10 symbols in the shorter of the two sequences. The  preferred default
parameters for the GAP program include:  (1) an unary comparison matrix
(containing a value of 1  for identities and 0 for non-identities) for
nucleotides,  and the 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 30 August 2005
invention in a sample, for example, a cell sample, using  immunoassay
techniques, such as radioimmunoassay or  enzyme immunoassay. The antibodies
can also be used in  affinity chromatography for purifying the polypeptides
of 5 the present invention and isolating them from various  sources. Due to
the degeneracy nature of the genetic code,  which results from there being
more than one codon for  most of the amino acid residues and stop signals,
other 10 DNA sequences which encode the same amino acid sequence  as
depicted in Figure 6 may be used for the production of  the polypeptides of
the present invention. In addition,  it will be understood that allelic
variations 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 30 August 2005 The present
invention further concerns a method for  producing hydantoinase comprising
culturing a host cell  containing an expression vector capable of
expressing the  hydantoinase of the invention ("bioproduction" process). 5
The hydantoinase of the invention is an enzyme that  stereoselectively
catalyzes the conversion of 5- monosubstituted hydantoins to the
corresponding D-N- carbamoyl--amino acids, and therefore the invention is
additionally directed to this process ("conversion" 10 process). The
conversion process of 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: II
DL-5 Substituted  Hydantoin D-hydantoinase H2O I 



HN N-Carbamyl-D-Amino Acid 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.
17 I carbamyl hydrolase  or chemical hydrolysis NH, N-Carbamyl-D-Amino Acid
H2O R/ 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) . In 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-HC1, phosphates, sodium  acetate and the like may be used. Water can
also be used 18 30 August 2005 to prepare suspensions of microbial cells.
In the second  stage, the compound of Formula II can be mixed with the
microbial cell suspensions, and the stereoselective  enzymatic conversion
catalyzed by the microbial cell 5 suspension. The conversion is preferably
conducted until  all or nearly all, of the compound of Formula II is
stereoselectively hydrolyzed. In the conversion process, the cells can be
immobilized by conventional procedures known in the art  10 (see, for
example, Immobilized Enzymes for Industrial Reactors, 1975, Ed. R. Messing,
Academic Press, New York;  and Immobilized Microbial Cells ACS Symposium
Series 106,  1979, K. Venkasubramanian, American Chemical Society,
Washington 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
bioproduction 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 19 30 August 2005 media for growing microorganisms
include those that  provide nutrients necessary for the growth of the
microbial cells, and can vary substantially depending  upon the growth
requirements of the particular host cell. 5 A typical medium for growth
includes necessary carbon  sources, nitrogen sources, and trace elements.
Inducers  can also be added. The term "inducer", as used herein,  includes
any compound enhancing formation of the desired  enzymatic conversion
activity within the microbial cell. 10 Suitable inducers include hydantoin,
hydantoinic acid and  Formula I compounds. The amount of inducer is
typically  about 0.1 to about 1.0 weight per cent of total reaction
mixture. 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  liquor, 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 %): 35 Medium 1Medium 2 Malt Extract1%Peptone0.3%-
Yeast ExtractItGlycerol4% Peptone 1%Malt Extract 1% 20 30 August 2005
Glucose 2% Yeast Extract 1%  pH 7.0 pH 7.0 The pH of the medium is
preferably adjusted to about  5 6 to 8, most preferably 6.5, sterilized,
i.e., at a temperature of 121C for 30 minutes, 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 of the medium is  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 9 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 15C to
about 60C. A preferred temperature range is from about  25C to about 40C.
If pre-formed hydantoinase is used  for the conversion process, the
temperature is preferably  between about 30C to about 75C, more preferably
between  25 about 40C about 45C. 



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. 21 30 August 2005
Aeration of about 0.1 to 10 volumes of air per volume of  media per minute
(i.e., 0. 1 to 10 v/v) is preferred,  with aeration of about 5 volumes of
air per volume of  media per minute (i.e., 5 v/VT) being most preferred. 5
In the stereoselective conversion process, complete  conversion of the
compound of Formula II may take, for  example, from about 4 to 48 hours,
preferably 12 to 24  hours, measured from the time of initially treating
the  compound of Formula II with a microorganism (i.e., host 10 cell) or
enzyme as described herein. The formation of  the reaction product can be
monitored by high performance  liquid chromatography (HPLC) or by simple
colorimetric  assays. 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/aqueous 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 100  



(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. 22 30 August 2005 A preferred method for
separating the desired  compound of Formula I from the remaining compounds
of the  reaction medium is by passing the reaction mixture  through an
Amicon (Beverly, Massachusetts) S1OY3 spiral 5 ultrafiltration cartridge or
similar product. The  deproteinated permeate containing the N-carbamyl
D-amino  acids can be cleaved to the respective D-amino acid by
conventional chemical technology. The retentate  containing the
hydantoinase can be used for a subsequent  10 conversion process. The
conversion process of the present invention  results in high yield of the
compound of Formula I. A  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 37C for 24 hours. 35 BPYNH Production Medium:
0.5% Beef Extract Powder  0.5% Yeast Extract 23 30 August 2005 1%
Bacto-Peptone  0.15% NaCl 0.1% hydantoin  (pH 8.0) 5 Whole broths (200 ml)
were centrifuged 12,000 rpm at  10C 15 minutes, washed once with 0.9%
saline,  resuspended in 10 ml saline in 125 ml flasks and  prewarmed to
37C. DL-p-hydroxyphenyl hydantoin (200 mg 10 aliquots) was suspended in 5
ml 400 mM TAPS buffer pH 8.7  and prewarmed to 37C. Cell suspensions were
added, pH  quickly adjusted to 8.5 with iN NaOH, final volume  adjusted to
20 ml with H2O, and incubations shaken in  stoppered flasks at 37C. Samples
were taken (800 Al) 15 and inactivated with 200 Al 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 use 



3 su 1 hour5 hrs24 hrs4.5 hrs23 hrs5 hrs23 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 37C
for 22  hours. Washed cells, 1 ml were incubated at lOX  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  42C for 5 hours and 24 hours. Reactions were
terminated  with 250 yl 12% TCA and supernatants assayed. Relative 24 30
August 2005 activities appear in Figure 1. Optimal activity occurs  at
temperatures greater than 42C. 1.3 Effect of Glutaraldehyde and Acetone
Treatment of  5 Whole Cells Washed cell suspension 0.5 ml aliquots of
culture  was treated with 0.5 ml glutaraldehyde (G.A.) final  concentration
2% in phosphate buffer pH 7.0, or with 0.5  ml G.A. 2% in phosphate buffer
and 1 ml acetone, or with 10 0.5 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
Al) at 42C for 4 hours. Reactions  were terminated with 200 Al TCA 12% and
assayed. Table 2 20 25 Effect of glutaraldehyde and acetone on hydantoinase
activity: TreatmentRelative Activity Control (buffer only)1
Glutaraldehyde1.2 



Glutaraldeh de Acetone1.2 Acetone2.8 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 42C. 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 30 August 2005 1.5
Stability of Enzyme at pH 8.8, 9.3 and 9.8  Glutaraldehyde treated cells
from pH profile study were held at pH 8.8, 9.3 and 9.8 for about 4-hours. 5
Solids were washed, resuspended in 25 mM TAPS pH 8.8 and  10 mg/ml
D,L-p-hydroxyphenyl hydantoin and incubated at  42C for 4 hours. Results
showed greatest stability of  enzyme at pH 8.8 treatment. Optimum pH of
activity at  8.8 in pH profile study was probably due to greater 10 enzyme
stability at pH 8.8 rather than pH 9.3 or 9.8. Table 3  Stability of
hydantoinase at alkaline pH: 15 PH Relative Activities  8.8 1.75  9.3 1.17
9.8 0.62 20 1.6 Effect of Substrate Concentration on Rate of  Conversion
The D,L-p-hydroxyphenyl 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, 42C 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/ml30 min60 min2 3/4 hr4 hr6 hr% Conversion
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 Immobilization of
Hydantoinase Crude extract of hydantoinase was obtained by 5
microfluidizing of washed cell concentrate. Enzyme was  immobilized on
celite by slurrying crude extract and  celite with two volumes 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 0C 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 [a720D (C=0.5%, 50:50 aqueous ethanol) Enzymatic
D-N-Carbamoyl Amino Acid-170.80 



Synthetic D-N-Carbamoyl Amino 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 least
98% pure. 5 1.8 Reuse of Immobilized Hydantoinase Glutaraldehyde
immobilized enzyme (9.23 grams damp  weight) was suspended in 20 ml 400 mM
TAPS pH 8.7, 400 mg  D,L-p-hydroxyphenyl hydantoin added, overlaid with
nitrogen and shaken at 42C, 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 Al sampled, inactivated with 200  Al 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 H2O 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) HourDay 1/Run 1Day 2/Run 2Day
3/Run 3 11.82.82.3 22.8-3.1 3-7.1- 45.9-5.7 5-10.2- 69.2-7.8 710.4-9.4
22-10.9- 2310.9-- 25 



Final recovery of hydantoin: 28 30 August 2005 Day 1Day 2Day 3 273 mg
(62%)255 mg (58%)274 mg (63%) 5 Example 2 Purification and Characterization
of Hydantoinase from  Ochrobactrum anthropi 2.1 Purification of
Hydantoinase Slant cultures on trypticase soy 3% or YNH agar (pH  8.0) were
inoculated into 100 ml YNH medium per 500 ml  10 regular flasks and shaken
250 rpm at 28C 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 28C for 24
hours. (Final whole broth pH -- 7.9-8.1) 15 YNH: 1% yeast extract
powderCSH-8: 8% corn steep liquor  0.15% NaCl0.5% sucrose 0.1%
hydantoin0.1% hydantoin (pH 8.0)(pH 7.0) Whole cells were harvested from 10
liter broth by  centrifugation and resuspended to 1.0 liter in H2O. The
cells were disrupted by passing 3 times through  microfluidizer
(Microfluidics Corporation). The mixture 20 was centrifuged to remove cell
debris and the resulting  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 29 30 August 2005 



HEPES pH 7.5 buffer and concentrated in a Centriprep 30  (30,000 MWCO) to
50 ml. The concentrated enzyme solution was applied to a 45  x 300 mm DEAE
Trisacryl column pre-equilibrated with 50mM  5 HEPES pH 7.5. The column was
washed again with 2-column volumes of the same buffer. The enzyme was
eluted with a  gradient of 0-300 mM NaCl over 500 ml in 50mM HEPES pH  7.5.
Fractions were assayed for protein content and  activity. The peak active
fractions were concentrated in 10 a Centriprep 30 (30,000 MWCO) to
approximately 2.0 ml.  Concentrate from DEAE Trisacryl column was applied
to a 10 x 300 mm Superose 12 column (pre-equilibrated  with 50 mM HEPES pH
7.5) and eluted with 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 Weight 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. 30 30 August 2005
Unboiled samples of enzyme on non-reducing SDS gel  



gave a single band at about 100,000 Daltons confirming  the results
obtained by gel filtration chromatography. 5 2.3 Specific Activity of
Hydantoinase Active band eluant from preparative native gel was  assayed
and protein determined by Pierce Microtiter assay  protocol using BSA
standard. Specific activity was  determined at greater than 4 IU per mg of
protein. 10 2.4 PI Value of Hydantoinase 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 28C, 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-C1 pH 8.0, 1mM EDTA) buffer  containing 100 g/ml
proteinase K and 0.5% SDS. The  suspension was incubated at 37C for 1 hour.
The mix was 31 30 August 2005 then precipitated in 10% CTAB
(hexadecyltrimethylammonium  bromide, Sigma H-5882) in 0.7 M NaCl at 65C
for 20  minutes to remove cell wall debris, polysaccharides, and  



remaining proteins. (Wilson, K. (1994) Preparation of 5 Genomic DNA from
Bacteria, in F.M.Ausubel, R. Brent, R.E.  Kingston, D.D. Moore, J.A. Smith,
J.G. Seidman, and K.  Struhl (Eds.), Current Protocols in Molecular
Biology.  John Wiley & Sons, New York.) The mixture was extracted  twice,
first with chloroform:isoamyl alcohol (24:1), then 10 with
phenol:chloroform:isoamyl alcohol (25:24:1) and  precipitated in
isopropanol. The DNA pellet was  dissolved in TE containing 100 gg/ml RNase
A and  incubated at 22C for 16 hours. A second proteinase K/SDS digestion
was performed 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[32PJATP
(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 Hindlil.  Hybridization
was conducted in TMAC solution (3 M TMAC, 30 0.1 M Na3PO4, pH 6.8, 5X
Denhardt's, 1% SDS, 100 gg/ml  denatured salmon sperm DNA, 1 mM EDTA)
buffer at 46C for  18 hours. TMAC is tetramethylammoniumchloride, Sigma T-
3411. Southern. blots of the Hindill 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 32 30 August 2005 HindIll, electrophoresed through a 0.8% SeaPlaque
(FMC)  preparative agarose gel in TAE (0.04 M Tris-acetate,  0.002 M EDTA)
buffer at 10 volts for 16 hours. Gel  



slices containing 5-7 Kb DNA fragments and 10-14 Kb 5 fragments were
excised and isolated with the Glass Max  DNA Spin Cartridge system (BRL).
The HindIII fragments  were ligated to the pBluescript KS+ phagemid vector
(Stratagene) that had been modified by replacing the  ampicillin selectable
marker with a neomycin selectable 10 marker (pSTKSN), cleaved with Hindlll
and  dephosphorylated with bacterial alkaline phosphatase.  The ligation
mixture was used to transform E.coli XL1- blue cells (Stratagene) by
electroporation at 2.5 Kvolts,  200 ohms, 25 Fd. Transformants were
selected on LB agar 15 containing 30 g/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 Hindlll fragments in the  same orientation (Figure 4). Further analysis
of the  13Kb HindIll 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 by EcoRI digestion. Two clones were identified that
containd the correct fragment in opposite orientations  (Figure 5). These
two clones were assayed for activity 33 30 August 2005 and one was shown to
produce about twice the amount of  



total cellular enzyme as the original Ochrobactrum cells.  Nucleotide
sequencing of the 4 Kb EcoRV fragment  identified the sequence that was
complementary to probe 4 5 (SEQ ID NO:7). Translation of the adjacent DNA
sequence  produced an amino acid sequence that was identical to the
previously determined N-terminal amino acid sequence (SEQ  ID NO:3). 10 3.4
Determination of nucleotide sequence The nucleotide sequence of the
hydantoinase gene  encoded on the 4 Kb EcoRV fragment was determined by the
dideoxy chain termination 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. coll. 4.1
Subcloning into expression vectors 35 The coding region of the hydantoinase
gene was  mutagenized by PCR to insert a BamHI plus NcoI  restriction site
at the translation start site of the 34 30 August 2005 coding region and a
BamHI site at the 3' end of the gene  



to facilitate cloning into the expression vectors. The  following primers
were synthesized for the PCR reaction:  51-GGGAACGAGGATCCATGGCAAAGGT-3'
(SEQ ID NO:10) 5 (contains BamHI and NcoI sites)
5'-AACTCATGCGCGGATCCCGAAGCTG-3' (SEQ ID NO:11)  (contains BamHI site) The
PCR fragment was digested with BamHI and column  purified with the Glass
Max DNA Spin Cartridge system  10 (BRL). This fragment was ligated to the
pBluescript phagemid vector pSTKSN that had been cleaved with BamHI  and
dephosphorylated with bacterial alkaline phosphatase.  The ligation mix was
used to transform E.coli DH5amcr  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 NcoI digestion. All five had the
NcoI site. One of  these was selected for subcloning into several
expression 20 vectors (Figure 7). This clone was named pKSHY3.  pKSHY3 was
digested with NcoI 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 NcoI/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 NcoI and BamHI. The ligation mix was
used  to transform E.coli DH5amcr 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 30 August 2005



4.2 Expression in E. coli hosts Two clones from each host were selected for
shake  flask evaluation. Restriction analysis confirmed that  5 each clone
contained the correct construct. Fresh overnight cultures were used to
inoculate 25 ml T-broth  cultures grown under neomycin selection. Cultures
were  incubated at 37C and grown to a A600 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, BL21 was chosen  as the best
host for further hydantoinase expression  studies. 20 Table 7 SampleWet
Weight Hydantoinase Activity (g/10 ml)(III/9) T7-10.097.5 W3110-10.213.3
W3110-20.183.5 BL21-10.198.0 BL21-20.138.0 7-10.164.6 7-20.244.2 25 Example
5 Characterization and Immobilization of recombinant  hydantoinase 36 30
August 2005 5.1 Substrate specificity 



E. coli BL21 containing the hydantoinase gene was grown as described in
example 4.2.The cells were 5centrifuged and washed with 100 mM carbonate
buffer pH 9.0 and resuspended in the same buffer and ruptured by
sonication. The enzyme was purified as described in example 2.The purified
enzyme was tested for substrate 10specificity with various hydantoins as
substrate. The results are summarized in table 9. Table 9 SubstrateSpecific
Activity IU m Hydantoin7.5 Uracil1.8 2-thio uracilN.D. 5-methyl
hydantoin10.6 5,5-diphenyl hydantoinN.D. Hydroxymethyl 5,5-dimethyl
hydantoin5.6 p-hydroxymethyl hydantoin1.9 D,L hydantoin 5-acetic acid1.8
2-thio hydantoin4.3 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) 4.8 Mg (II) 5.2  Ca (II) 3.6
Mn (II) 7.1 25 Co (II) 3.6 Ni (II) 3.6  Cu (II) 1.2 Zn (II) 1.8 37 30
August 2005 Fe (III) 3.8  Fe (II) 9.3 There is activity in the absence of
metal ion but Fe(II)  



5 and Mn(II) seem to stimulate the activity of the enzyme. 5.3 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 20 25 TemperatureRelative
activity Immobilized enzymePurified enzyme 257338 3710069 45100100 559385
659480 758266 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. 38
30 August 2005 CLAIMS WHAT IS CLAIMED IS: 1. An isolated nucleic acid
molecule comprising a 5 sequence that encodes a polypeptide comprising the
amino  acid sequence of SEQ ID NO:2. 2. An isolated nucleic acid molecule
having a sequence  that is complementary to a nucleic acid molecule that
10 encodes SEQ ID NO:2. 15 3. The nucleic acid molecule of Claim 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,  20 having the
nucleotide sequence of SEQ ID NO:1. 25 30 6. An isolated nucleic acid
molecule encoding a  polypeptide having an amino acid sequence that is at
least 80% homologous to SEQ ID N0:2. 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. 35 9. The expression vector of Claim 8
further comprising  a selectable marker gene. 39 30 August 2005 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  5 is a plasmid.
12. The expression vector of Claim 11 wherein said  plasmid is selected
from the group: plasmid hydl3f and  plasmid hyd4f. 10 13. A host cell
containing the expression vector of  Claim 7. 14. A host cell containing
the expression vector of  15 Claim S. 15. A host cell containing the
expression vector of  Claim 9. 20 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 25 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 30
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. 35 19. The
process of Claim 18 wherein said 5- monosubstituted hydantoin is a racemic
mixture. 40 


