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D-N-CARBAMOYL-AMINO ACID AMIDOHYDROLASE AND HYDANTOINASE

The present invention relates to DNA molecules and to recombinant vectors for use in
the transformation of a microbial host. In particular, the invention relates to DNA
encoding a carbamoylase enzyme and to hosts transformed with recombinant vectors
comprising the said DNA. .

Certain D-a-amino acids are well known pharmaceutical intermediates. For
example D(-) p-hydroxyphenylglycine is used as a starting material for the production
of the antibiotic amoxycillin. Processes for the preparation of D-a-amino acids are
therefore of importance and several enzymatic processes enabling production of D-
product from racemic starting material have been reported. '

UK. patents 1,534,426 and 1,564,982, for example, disclose hydantoinase
producing organisms which will hydrolyse 5-(substituted phenyl)hydantoins to give
intermediate D-N-carbamoyl-(substituted phenyl)glycines. However, to obtain the
corresponding D-tt-amino acid it is necessary subsequently to hydrolyse the
N-carbamoyl compounds formed, for example with nitrous acid.

To overcome the problem of having a first enzymatic and a second chemical
step to prepare D-ai-amino acids from hydantoin starting material it is possible to
convert the N-carbamoy! intermediate into the c-amino acid enzymatically with a
carbamoylase enzyme produced by a micro-organism, e.g. an Agrobacterium species as
described in U.K. Patent No. 2,022,581. A drawback with Agrobacterium NRRL
B11291 described in U.K. Patent No. 2,022,581, however, is that only limited
amounts of carbamoylase enzyme are produced. In addition, the organism exhibits
other enzyme activity which may be undesirable in certain circumstances.

PCT application WO 92/10579 (Kanegafuchi) discloses the production of D a.
amino acids using bacteria transformed with recombinant DNA encoding a
carbamoylase enzyme which converts D-N- carbamoyl-a-amino acid to a D-a
amino acid.

We have found that surprisingly higher levels of enzyme activity can be
obtained when a carbamoylase gene is expressed in a homologous host. By
'homologous host' we mean that the host is the same type of organism from which the
gene was originally isolated.

Accordingly the present invention provides a process for the production of a
carbamoylase enzyme which has the capability of converting a D-N-carbamoyl
(optionally substituted phenyl)glycine into the corresponding D-(optionally
substituted phenyl)glycine by expressing recombinant DNA encoding a carbamoylase
gene in a2 homologous host.

Preferably the homologous host is Agrobacteriumie the carbamoylase gene is
derived from Agrobacterium.

“l-
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We have additionally found that particular constructs lead to high levels of
expression in both heterologous and homologous hosts.

Accordingly in a further aspect of the present invention there is also provided
a recombinant DNA vector comprising a gene encoding a carbamoylase enzyme

5 which has the capability of converting a D- N-carbamoyl (optionally substituted
phenyl)glycine into the corresponding D- (optionally substituted phenyl)glycine
wherein the DNA vector is selected from the group consisting of pCAR1, pCARG,
pCAR12, pCAR21, pCAR26, pCAR 27, pCAR28, pCAR29, pGal2789RS3Carb, p
CAR31, pCAR32, pCAR36, pCAR44 and pCAR46 as herein described.

10 The advantage of the invention is that particularly large quantities of the
carbamoylase enzyme can be produced. Under suitable conditions active
carbamoylase enzyme can thus be obtained and used, preferably immobilised on a
solid support, to prepare the chosen D-a-amino acid.

Suitable substituents for optionally substituted phenyl groups as described

15 herein include hydroxy, C(j.g)alkyl, C(1.6) alkoxy and halogen. Preferred
(substituted phenyl)glycines include (p-hydroxyphenyl)glycine and
(3,4-dinydroxyphenyl)glycine, especially (p-hydroxyphenyl)glycine.

The carbamoylase gene may be isolated, as described hereinbelow, from total
or chromosomal DNA of organisms which produce a carbamoylase enzyme having

20  the said capability. ’

The carbamoylase gene may comprise further genes, for example regulatory
elements, or flanking DNA which has no particular or known function.

In a related aspect the invention provides DNA comprising a gene encoding a
hydantoinase enzyme which has the ability to convert a D,L- (optionally substituted

25  phenyl) hydantoin into the corresponding D-N-carbamoyi (optionally substituted
phenyl) glycine.

It will of course, be understood that the DNA of the invention has been

- separated from the majority of such chromosomal DNA and is not in its ‘natural’ state,
i.e. the form in which it occurs in nature. In one aspect, the DNA of the invention is

30 inisolated and substantially purified form and/or consists essentially of a
hydantoinase gene encoding the said hydantoinase enzyme.

In a further aspect the invention provides recombinant DNA comprising the
DNA of the invention.

Preferably the recombinant DNA encoding the hydantoinase gene comprises a

35 recombinant vector, more preferably a high expression vector capable of expressing
high levels of gene transcript.

The invention further provides a process for transforming a host cell with a
recombinant vector encoding the éarbamoylase or hydantoinase enzyme according to
the invention which comprises mixing together the host and recombinant vector under

-2-
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conventional transformation or electroporation conditions.

In another aspect of the invention there is provided a host cell transformed
with a recombinant vector according to the invention. Suitable hosts include
Agrobacterium and E. coli., for example E. coli DH1 , E. coli JM 101 and E. goli HB
101. | |

The invention also encompasses culturing the transformed host according to
the invention so that production of the carbamoylase or hydantoinase enzyme takes
place.

In a further aspect of the invention there is provided isolated and recombinant
DNA encoding a gene for a carbamoylase enzyme and a gene for a hydantoinase
enzyme. Culture of a suitable transformed host can then produce both carbamoylase
and hydantoinase activity.

Advantageous results are obtained when the carbamoylase and hydantoinase
activity are provided in the same construct for example as in pCAR1, pCARS,
pCAR31, PCAR32 and pCAR36.

In one aspect the DNA of the invention is obtained from a microorganism,
preferably from a soil isolate designated '80/44-2A" as described herein. The isolate
"80/44-2A" is believed to be an Agrobacterium and whilst we do not wish to be bound
by this designation the strain will herein be referred to as Agrobacterium 80/44-2A.
DNA obtained therefrom will similarly be referred to as Agrobacterium DNA.

In order to define the invention more clearly reference is made to the
accompanying drawings in which:

Figure 1 shows a restriction site and function map of plasmid pCP19;
Abbn:

-B = Bglll, Ba= BamHI, E = EcoRI, H= HindIII, P=Pst I, C=Clal, S = Sal I,
TcR = Tetracycline resistance gene,
€0s = cos site from bacteriophage lambda,
Solid line represents DNA from pCP19;

Figure 2 shows the reaction sequence for conversion of
N-carbamoyl-p-hydroxyglycine to D(-)p-hydroxyphenylglycine;

3
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Figure 3 shows a restriction site and function map of plasmid pCARI1;
Abbn:

C=_Clal, B =Bgl I, Ba = Bam HI, E = EcoRI, H = Hind III,

P =Pst1, (Only EH, and P. enzymes have been used for mapping of the
Agrobacterium DNA), S = Sal I, TcR = Tetracycline resistance gene,
€0s = ¢os site from bacteriophage lambda,

Solid line represents DNA from pCP19,

Shaded portion represents DNA from Agrobacterium BO/44-2A

Figure 4 shows a restriction site and function map of plasmid pCARG6;

Abbn:

C=Clal, B =BglII, Ba=Bam HI, H = Hind III, E = EcoR]I, .
P = Pst1(Only E,H, and P. enzymes have been used mapping the insert in this
plasmid (and Cla ), S = Sall,

Solid line represents DNA from pCP19,

Shaded portion represents DNA from Agrobacterium

Figure 5 shows a restriction site and function map of plasmid p1J2925;
Abbn:

ApR = ampicillin resistance

Figure 6 shows a restriction site and function map of plasmid pCAR12;

In the regions marked "polylinker", not all of the restriction sites in the pIJ2925 DNA
are shown.

Abbn:
Non-shaded portion represents pCP19 DNA (cloned from pCAR6 together with
Agrobacterium DNA),

Shaded portion represents Agrobacterium DNA,
Solid line represents pIJ2925 DNA

Figure 7 shows a restriction site and function map of plasmid pCAR21;

In the regions marked "polylinker", not all of the restriction sites in the pIJ2925 DNA
are shown.

Abbn:

Non-shaded portion represents pCP19 DNA (cloned from pCAR12 together
with Agrobacterium DNA),

Shaded portion represents Agrobacterium DNA,

Solid line represents plJ2925 DNA

3a
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Figure 8 shows a restriction site and function map of plasmid pCAR27;
Abbn:

Solid line represents M13mp 19 DNA,
Non-shaded portion represents pl J2925 DNA,
Shaded portion represents Agrobacterium DNA

Figure 9 shows a restriction site and function map of plasmid pCAR28;
Abbn:

Solid line represents M13mp 19 DNA,
Non-shaded portion represents pl J2925 DNA,
Shaded portion represents Agrobacterium DNA

Figure 10 shows the sequence of the Agrobacterium DNA from pCAR27 and
pCAR28. Only the "sense" or coding strand of the DNA molecule is shown. The
DNA strand is shown 5' — 3' from left to right. The nucleotide sequence is numbered
immediately below the sequence. The amino acid sequence (using the three-letter

code) of the carbamoylase encoded by the DNA is shown above each line of the
nucleotide sequence;

Figure 11 shows a restriction site and function map of pTR550;

Abbn:

B term. represents the transcriptional terminator from a ribosomal RNA operon,
Piac represents the tac promoter of transcription

3b
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Figure 12 shows a restriction site and function map of pCAR29;
Abbn:

Solid line represents pTR550 DNA,
Shaded portion represents Agrobacterium DNA

Figure 13 shows a restriction site and function map of pKT210;
Abbn:

A = Accl, E = EcoRI, H = HindlIII, P{=PfIMI,P=Pst], S =SalI

Figure 14 shows a restriction site and function map of pCAR26;

Abbn:

A = Accl, B = Bgl 11, Ba = Bam HI, E = EcoRI, H = Hind III, P = Pst I, Pf = PfIMI,
S=S_sII,Sa=§a11,Sp=§p_hI,Sm=§ln_aI,K=mL

Shaded portion represents Agrobacterium DNA,

Arrow represents carbamoylase coding sequence

The vector DNA has not been mapped for all the enzymes that cut in the polylinker or

Agrobacterium DNA. Not all of the Agrobacterium DNA has been mapped for Accl
and PfIMI

Figure 15 shows a restriction site and function map of pWOR901;
Abbn:
A = Accl, E = EcoRI, H = Hind III, Pf = PfIMI, P = Pst I, S =Sst1

Figure 16 shows a restriction site and function map of pWOR902;

Abbn:
A = Accl, E = EcoRI, H = Hind III, Pf = PIMI (no sites in pWOR902), P = Pst I,
S=S8stl;

Figure 17 shows a restriction site and function map of pCAR44;
Abbn:

A=Accl, B=BglII, Ba =Bam HI, E = ECoRLH = Hind III, P = Pst I
S =Sst 1, Sa = Sall, Sp = Sphl, X = Xbal,

Shaded portion represents Agrobacterium DNA,

Arrow represents carbamoylase coding sequence.

The vector DNA has not been mapped for all the enzymes that cut in the polylinker or
Agrobacterium DNA.

Figure 18 shows a restriction site and function'map of pWOR903;
Abbn: '
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A =Aval, E=EcoRV,P=Pst], § =S5t

Figure 19 shows a restriction site and function map of pWOR904;

Abbn:

A =Accl, B=BalII, Ba =Bam HI, E = EcoRI, H = Hind IlI, P = Pst I, Sm = Smal,
S =8st1, Sa = Sall, Sp = Sphl, X = Xbal, V = EcoRYV, C=Call, K =Kpnl,

Xh = Xhol, N = Nrul

The vector DNA has not been mapped for all the enzymes that cut in the polylinker.

Figure 20 shows a restriction site and function map of pWOR905;

Abbn:

A = Accl, B =BalII, Ba = Bam HI, E = EcoRI, H = Hind I, P = Pst I, Sm = Smal,
S =Sst I, Sa = Sall, Sp = Sphl, X = Xbal, V = EcoRV, C=Call, K =Kpnl,

Xh = Xhol, N = Nrul

The vector DNA has not been mapped for all the enzymes that cut in the polylinker.

Figure 21 shows a restriction site and function map of pCAR46;

Abbn:

A =Accl, B=BalIl, Ba=Bam HI, E = EcoRI, H =Hind II[, P = Pst1,

Sm = Smal, S = Sst I, Sa = Sall, Sp = Sphl, X = Xbal, V =EcoRV, C=Call,
K =Kbpnl,

Shaded portion represents DNA from Agrobacteriym BO/44-2A,

Arrow represents carbamoylase coding sequence

The vector DNA has not been mapped for all the enzymes that cut in the polylinker or
Agrobacterium DNA;

Figure 22 shows a restriction site and function map of pCAR31;

Abbn:

B =Bgl II, Ba = Bam HI, Bs = BspHI, C = Clal, E = EcoRI, V = EcoRV
H=Hind III, N = Nrul, P=Pst I, S = Sstl, Sa = Sall, Sp = Sphl,

Sc =Scal, TcR = Tetracycline resistance gene,

€0s = ¢os site from bacteriophage A,

Shaded portion represents Agrobacterium DNA

s

Figure 23 shows a restriction site and function map of pCAR32;
Abbn:

4a
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B =Bgl II, Ba = Bam HI, Bs = BspHI, C = Clal, E = EcoRI, V = EcRV,
H=Hind I, N =Nrul, P=Pst I, S = Sstl, Sa = Sall, Sp = Sphl, Sc = Scal,
TcR = Tetracycline resistance gene, cos = Cos site from bacteriophage A,
Shaded portion represents Agrobacterium DNA

Figure 24 shows a restriction site and function map of pCAR36;

Abbn:

A = Accl, B =Bgl I, Ba = Bam HI, Bs = BspHI, C = Clal, E = EcoRI, V = EcoRYV,
H =Hind I, N = Nrul, P = Pst I, Pf = PfIMI, S = Sst1, Sa = Sall, Sp = Sphl,

Sc = Scal, CmR = chloramphenicol resistance gene,

Shaded portion represents Agrobacterium DNA

Figure 25 shows a restriction site and function map of pDAN3;and

Abbn:

B =BglIl, Ba=Bam HI, E = EcoRI, H=Hind I, P=Pst I, S = Sstl, Sa = Sall,
Sp =Sphl, X = Xbal,

Shaded portion represents Agrobacterium DNA

Figure 26 shows a restriction site and function map of pDAN4.

Abbn:
B=ELIII,Ba=_liamI-II,E=F_j;QRI,H=_I;IQdIII,P=E§[I, S = Sstl,
Sa = Sall, Sp = Sphl, X = Xbal, Shaded portion represents Agrobacterium DNA

The DNA of the invention may be ligated to any suitable vector.

Normally the vector is a plasmid, for example a plasmid derived from E. coli,
or is a temperate or virulent bacteriophage.

Particular vectors include broad host range vectors such as pCP19 or pKT210
or derivatives thereof. The vectors pIJ2925 and pTRS550, described in detail herein,
may also advantageously be used.

A particularly useful vector is the mobilisation defective (Mob~) vector
PWOR902, a derivative of pKT210. pWOR902, obtained by a spontaneous deletion
of DNA from the Mob- unstable vector pWOR901, is less promiscuous than pKT210.
An advantage of pWOR902 is thus that recombinant strains are safer when
transformed by pWOR902 than, for example, pKT210. E. coli HB101 (pWOR902)
was deposited at the National Collection of Industrial and Marine Bacteria,
Aberdeen, Scotland on 4th November 1991 under the accession number NCIMB
40451. The deposit was made under the Budapest Treaty on the deposition of micro-
organisms for the purposes of patent procedure. pWOR902, derivatives thereof and
hosts transformed thereby form a further aspect of this invention.

Particularly useful derivatives of pWOR902 are the plasmids pWOR903,
4b
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pWOR904 and pWOR905 described hereinbelow. These may be obtained from
pWOR902 by standard methodology.

The recombinant vector according to the invention may be prepared by
standard techniques, for example by ligating DNA comprising the carbamoylase gene
to the chosen vector via direct combination of cohesive ends, homopolymer tailing or
by means of a linker or adapter molecule. '

It will be appreciated that recombinant vectors prepared according to the

4c
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above methods may contain the insert DNA in one of two possible orientations.
Recombinant vectors having the insert DNA in each orientation are included within
the scope of the invention.

Particular recombinant vectors include those designated as pCARI, pCARG,
PCARI12, pCAR21, pCAR26, pCAR27, PCAR?28, pCAR29, pGal2789RS3Carb,
PCAR31, pCAR32, pCAR36, pCAR44 and PCARA6, the preparation and
characterisation of which are described in detail hereinbelow.

In a particularly preferred aspect of the invention, plasmids pCAR26,
PCAR44 and pCARA46 are provided. PCAR26, and especially, pCAR44 and pCAR46
give a large amount of carbamoylase activity when host cells, especially
Agrobacterium, are transformed thereby and are cultured under suitable conditions.

It will be appreciated that the carbamoylase protein coding sequence may be
expressed from a heterologous promoter such as the tac promoter. Such expression is
included within the scope of the i invention.

In a specific aspect the invention provides a host, especially Agrobacterium,
transformed with pCAR46. In a specific aspect the invention provides NCIMB 40478
deposited under the Budapest Treaty on 14th February 1992,

A process for obtaining DNA encoding the carbamoylase enzyme comprises
the steps of:

a) constructing a gene library from chromosomal DNA fragments obtained from
a carbamoylase producing micro-organism;

b) carrying out one or more hybridisation experiments in order to select from the
said library clones which contain the DNA of the invention; and

c) isolating the DNA of the invention.

The gene library may be prepared by conventional ‘'shot-gun' methodology by:

(a) partial digestion of the chromosomal DNA of a carbamoylase producing
micro-organism with one or more suitable restriction endonucleases, for example
HindIII;

(b)  size fractionation to give fragments of appropriate length;

(¢)  ligation of the fragments into a vector to obtain a recombinant vector; and
(d  transformation or transfection of a suitable host with the recombinant vector.

As described herein, transformation or transfection may be carried out by
conventional methods well known in the art.
Size fractionation may suitably be carried out on a sucrose gradient and
fragments within chosen size limits may be selected.
-3~
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{Authornzed Officer)
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{Authorized Officer)
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In a preferred aspect a 'gene library' may be prepared by selecting fragments
of about 15 to 30 kb, in length and ligating the said fragments into a plasmid vector,
for example the vector pCP19. A suitable host is E. coli, for example E. coli DHI.

In order to identify clones in the gene library which contain the carbamoylase

5  gene, it is necessary to screen colonies for the ability to convert
N-carbamoyl-4-hydroxyphenylglycine into D(-)4-hydroxy phenylglycine. ‘Positive'
colonies may conveniently be identified and isolated by testing for the production of
ammonia (formed in the above reaction) by standard methods, for example by use of
an indicator such as phenol red.

10 To enable the skilled person readily to perform the invention a colony which
was positive in this test, specifically an £. cofi AG1 micro-organism transformed with
pCAR]1, was deposited at the National Collection of Industrial and Marine Bacteria,
Aberdeen, Scotland on 26th April, 1989 under the Accession Number NCIMB 40133.
E. coli NCIMB 40133 forms a further aspect of the present invention.

15 The plasmid DNA present in a positive colony, for example E. ¢coli NCIB
40133, may be further manipulated as described in the Examples herein to allow
determination of the sequence of the carbamoylase enzyme encoded thereby [see
Figure 10(b) below].

It will be understood that the amino acid sequence of this naturally occurring

20  enzyme may be subject to some variability. These have substantially the same amino
acid sequence as shown in Figure 10(b) below and have carbamoylase activity.

In a specific embodiment of the invention there is provided DNA or
recombinant DNA comprising the coding sequence from nucleotide 891 to nucleotide
1802 shown in Figure 10(b) below. The DNA sequence encodes a carbamoylase

25  enzyme with a calculated molecular weight of approximately 34,100.

In a further aspect of the invention there is provided a substantially purified
carbamoylase enzyme having the amino acid sequence from N- to C-terminus shown
in Figure 10(b).

In yet a further aspect of this invention there is provided a carbamoylase

30 enzyme as described hereinabove immobilised on a solid support, for example an
anion exchange resin such as the phenol-formaldehyde anion exchange resin Duolite
A568 (Rohm and Haas).

The DNA coding sequence or amino acid sequence shown in Figure 10(b)
can, if desired, be synthesized by conventional means, for example using an

35  automated synthesiser. ‘

Owing to the degenerate nature of the genetic code the amino acid sequence of
the carbamoylase enzyme can be encoded by numerous alternative DNA sequences.

It will be understood that the DNA of the present invention further comprises such
alternative sequences.

-7
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In yet another aspect the invention provides a DNA compound selected from:

a) a portion of the DNA insert of pCAR1, said portion being a BspHI - HindIII
fragment of 986 base pairs;

5 b) DNA sequences which hybridise to the said portion under stringent conditions
and which code for a carbamoylase enzyme capable of converting a D-N-carbamoyl
(optionally substituted phenyl)glycine into the corresponding D- (optionally
substituted phenyl)glycine.

10 In a particular aspect of the invention it has been found that the carbamoylase enzyme
may be conveniently produced in . cofi despite initial difficulties in getting
generation of soluble active enzyme using standard methods. In this aspect of the
invention DNA comprising the carbamoylase gene is first cloned into any suitable
vector which is, or has been, manipulated so that the gene is expressed in E. cofi under

15  the control of a suitable promoter.

Preferably the vector is a high copy number plasmid, for example pUC 18 or
a derivative of the naturally occurring . cofi plasmid NR1 (Foster, T.J. et af, 7. Bact.,
1975, 124, 1153).

To achieve effective expression of carbamoylase enzyme the promoter is

20  preferably non-inducible, i.e. there is no requirement to add chemicals or increase
temperature to derepress or induce it. Surprisingly, it has been found that, under
these conditions, . cofi cells produce, throughout their growth cycle, carbamoylase
enzyme which is both soluble and active.

One preferred promoter for expression of the carbamoylase enzyme in . cofi

25  isthe galactose promoter as described hereinbelow.

Plasmid DNA present in . coli NCIMB 40133 or derivatives thereof may also
be manipulated to give high level expression of hydantoinase as herein described.
‘The followihg examples illustrate the invention.

30 Examplel
Culture of Agrobacterium 80/44-2A and isolation of chromosomal DNA
50ml of AJ-1 broth (20g yeast extract, 1g KHpPOy, 1g K9HPOy, O.5g
MgS04.7H30, 0.1g CaCl.2H;0, 15mg MnS04.4H50, 20mg FeSO4.7H70 and 5g
glucose per litre, adjusted to pH 7.0 with 5M NaOH) was inoculated with a culture of
35  Agrobacterium 80/44-2A, (isolated from soil) and incubated in a gyrotory incubator at
259C for about 24 hours. The culture was centrifuged at approximately 1500 x g for
7 minutes at 10°C. The resulting supernatant was discarded, and the cell pellet was
washed in 10ml of saline phosphate buffer (8.5g NaCl, 7.2g KHoPOy4, 7.0g K9HPO4
pér litre) and then repelieted. The supernatant was discarded and the cell pellet was
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resuspended in 8ml of a lysing solution of 3% SDS (sodium dodecyl sulphate) and _
50mM Tris-HCI, pH 8.0, and incubated in a water bath at 65°C for 15 minutes. The
solution of lysed cells was allowed to cool to room temperature and was extracted
twice with 5ml of buffered phenol/chloroform (a 50:50 mixture of phenol and
chloroform buffered to a pH of approximately 7 with Tris-HCI, pH 8.0). The
recovered aqueous phase was extracted with 5ml of chloroform. The recovered
aqueous phase was precipitated by adding 0.1 volume of 3M sodium acetate
(NaOAc), mixing, layering 2.5 volumes of cold (-20°C) ethanol onto the solution and
swirling to mix. The clot of precipitated DNA was spooled onto a glass rod and
redissolved in 3ml of TE (10mM Tris-HCI, pH 8.0; 1mM EDTA, pH=8.0) containing
40pg/ml Ribonuclease A. The solution was incubated at 37°C for 30 minutes,
extracted with buffered phenol/chloroform, extracted with chloroform, and then

precipitated with NaOAc and ethanol. The DNA was spooled onto a glass rod and
redissolved in 3ml of TE.

Example 2
Construction of Genomic Library of Agrobacterium 80/44-2A

The plasmid vector pCP19 (Figure 1) is a derivative of the broad host range
plasmid pLAFR1 (Friedman et al., Gene 18 (1982) 289-296) and is similar to pCP13
(described by Darzins and Chakrabarty, Journal of Bacteriology 159 (1984) 9-18) but
lacks the kanamycin resistance gene present in pCP13. 2ug of plasmid pCP19 were
digested with 20 units of restriction enzyme Hind III (Gibco BRL, Paisley, PA3 4EF,
Scotland) at 37°C for 3 hours in Hind III digestion buffer (50 mM Tris-HC1, pH 8.0;
10mM MgClj; 100mM NaCl). The mixture was extracted with buffered
phenol/chloroform, then extracted with chloroform and the recovered aqueous phase
was treated with 0.1 volume 3M NaOAc and 2.5 volumes ethanol. The mixture was
incubated at -20°C for 1 hour to precipitate the DNA. After centrifugation in
microcentrifuge tubes at 12000 x g for 5 minutes, the DNA pellet was redissolved in
50ul of 50mM Tris-HC1 (pH 8.0), 0.imM EDTA (pH 8.0). One unit of calf
intestinal alkaline phosphatase (CIAP; from BCL, Boehringer Mannheim House,
Lewes, East Sussex, BN7 1LG) was added and the mixture was incubated at 37°C for ,
30 minutes. 45u1 of water and 51 of a 10% solution of SDS were added and the
mixture was incubated at about 68°C for 15 minutes. The mixture was then cooled to
room temperature, extracted with buffered phenol/chloroform, extracted with
chloroform and precipitated by adding NaOAc and ethanol. The DNA pellet was
redissolved in 40ul of TE.

25pg of DNA from Agrobacterium 80/44-2A (Example 1) were digested with .
12 units of Hind I in 150ul of Hind III digestion buffer (50mM Tris-HCI, pH 8.0;
10mM MgCly; 100mM NaCl) at 379C for 10 to 30 minutes to obtain cleavage at
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some, but not all, of the recognition sites for the restriction enzyme. The progress of
the digestion was monitored by removing aliquots and stopping the reaction by
phenol/chloroform extraction. Portions of the DNA samples recovered were
fractionated by electrophoresis on a 0.6% agarose (Ultrapure, from Gibco BRL) gel
5  in TBE buffer (89mM Tris base; 89mM boric acid; 2mM EDTA, pH 8.0) containing
0.5pg/ml ethidium bromide, and the DNA bands were visualized using ultraviolet
light. The required sizes of partially digested DNA fragments are approximately 15
to approximately 30kbp. These fragments were obtained by choosing suitable
aliquots from the partial digestion, combining them, and fractionating them by
10 electrophoresis on a 0.8% low melting point agarose (Ultrapure, from Gibco BRL)
gel in TBE buffer containing ethidium bromide. After visualizing the DNA bands
with ultraviolet light, the portion of the gel corresponding to fragments of size ca.
15kbp to ca. 30kbp was cut out and melted at 65°C for 15 minutes. The mixture was
cooled to about 37°C, and extracted twice with a solution of phenol buffered to
15 neutral pH with Tris-HC1 (pH 8.0). The recovered aqueous phase was extracted with
buffered phenol/chloroform, extracted with chloroform and the DNA was precipitated
by adding NaOAc and ethanol. The DNA was redissolved in 100yt of TE.
About 0.8pg of Hind III-digested, CIAP-treated pCP19 DNA, and about 4ug
of Hind III partially digested chromosomal DNA of Agrobacterium 80/44-2A were
20  co-precipitated by adding NaOAc and ethanol, and were redissoived in 12ul of DNA
ligase buffer (30mM Tris-HC1, pH 8.0; 4mM MgClp; 10mM dithiothreitol; 50ug/ml
bovine serum albumin, and 0.5mM ATP). One unit of T4 DNA ligase (Gibco BRL)
was added and the mixture was incubated at 120C for about 16 hours. 3ul of the
ligated DNA was packaged into lambda bacteriophage particles using the Gigapack
25  Gold Packaging Kit from Stratagene, La Jolla, California 92037 (see also Enquist and
Sternberg, Methods in Enzymology 68 (1979) 281-298). This gave 500ul of a
suspension of bacteriophage particles.
A 10ml culture of Escherichiacoli AG1 (a derivative of E. coli DHI: Hanahan,
Journal of Molecular Biology 166 (1983) 557-580), obtained from Stratagene, was
30 grown in L-broth (10g bacto-tryptone, 5g yeast extract, 5g NaCl and 1g glucose per
litre), containing 0.4% maltose and 10mM MgS0y4, at 379C on a gyrotory incubator
for approximately 16 hours. The cells were collected by centrifugation at ca. 1500 x
g for 7 minutes and resuspended in 10mM MgSOy4 to a final optical density at 600nm
of 0.5. Eleven aliquots of 400ul of cells of the E. coli culture were each mixed with
35  40pl of bacteriophage particles and incubated at 37°C for 15 minutes. Each mixture
was added to 800 of L-broth, incubated on a shaker at 37°C for 1 hour and
centrifuged at 12000 x g for 2 minutes to pellet the cells. Each cell pellet was
resuspended in 100y of L-broth and spfead on one L-agar (as for L-broth but
containing 1.5% agar) plate supplemented with 10ug/ml tetracycline. The plates
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were incubated at 370C for about 16 hours. 800 colonies were picked off to L-agar
plates containing tetracycline (10pg/ml) such that each plate had 50 colonies. These
plates were incubated at 370C for about 16 hours, and then each plate was
replica-plated to 2 L-agar plates, containing tetracycline, which were incubated at
370C for about 16 hours. Two sets of 16 plates resulted; these sets were copies of a
Genomic Library of Agrobacterium 80/44-2A DNA in E. coli.

Example 3
Isolation of a clone specifying carbamoylase activity

One set of 800 colonies (Example 2), representing a Genomic Library of
Agrobacterium 80/44-2A DNA in the plasmid pCP19 in E. coli AG1, was screened for
the ability to convert N-carbamoyl-p-hydroxyphenylglycine (N-carb.) to
D(-)p-hydroxyphenylglycine (D(-)HPG). Cells from half of one plate (i.e. from 25
different clones) of the library were scraped off into a microcentrifuge tube
containing 800u1 of assay buffer. The assay buffer was a solution of 1% N-carb.,
10mM phosphate buffer, 0.0012% phenol red (0.6ml of a 2% solution per 100ml of
N-carb. solution) adjusted to pH 6.7 with NaOH. This solution was a yellowish
colour. The contents of the tube were mixed, and the tube was incubated in a water
bath at 42°C for 24 hours. Conversion of N-carb. to D(-)HPG results in production
of ammonia (Figure 2) which raises the pH and can be detected by a change in the
colour of the phenol red from yellow to pinkish-red. One of the 32 tubes changed
colour to pinkish-red. The 25 colonies corresponding to this tube were restreaked,
from the relevant plate of the duplicate library, onto L-agar plates containing
tetracycline, which were incubated at 37°C for about 16 hours. A loopful of celis
from each restreak was tested for carbamoylase activity using the phenol red test
described above. One of the 25 colonies produced a pinkish-red colour. The reaction
tube was centrifuged at 12000 x g for 2 minutes to pellet the cells and the supernatant
was assayed by HPLC to confirm that D(-)HPG was present. The clone encoding
carbamoylase activity was deposited at the National Collection of Industrial and
Marine Bacteria, Aberdeen, Scotland on 26th April, 1989 under the accession number
NCIMB 40133. The deposit was made under the Budapest Treaty on the deposition
of micro-organisms for the purposes of patent procedure.

Example 4
Isolation and characterization of pCAR1 from Escherichia coli NCIMB 40133
400ml of L-broth containing 10pg/ml tetracycline was inoculated with a

‘culture of £. coli NCIMB 40133 (Example 3) and incubated in a gyrotory incubator at

370C for about 20 hours. The culture was centrifuged at ca. 6000 x g for 10 minutes
at 40C, and the resulting cell pellet was resuspended in 2.5ml of 25% sucrose, 50mM
- 12 -
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Tris-HC1 (pH 8.0). 0.5m! of a 10mg/ml lysozyme solution was added and the
mixture was incubated on ice for 10 minutes. 1ml of 0.25M EDTA (pH 8.0) was
added to the lysozyme-treated cells, followed by 4ml of lysing solution (0.25% Triton
X-100; 50mM Tris-HC1, pH 8.0; and 62.5mM EDTA, pH 8.0). The solutions were

5 mixed and incubated on ice for a further 5 to 10 minutes to lyse the cells. The lysed
cells were centrifuged at approximately 38000 x g for 30 minutes at 4°C and 8.0ml of
the supernatant was added to 8.4g CsC1. Once the CsC1 had dissolved, 1.0ml of
Smg/ml ethidium bromide solution was added, and the mixture was transferred to a
16 x 76mm polyallomer tube (Beckman Instruments, Palo Alto, California 94304).

10 The tube was sealed, and centrifuged at ca. 185000 x g for 60 hours. The resulting
plasmid band was visualized with ultraviolet light, and the DNA was removed using a
syringe fitted with a 21-gaugé needle. Ethidium bromide was removed from the
DNA solution by several extractions with isopropanol that had been saturated with
SM NaCl. The recovered aqueous phase was dialysed against 3 changes of TE buffer

15  for 1 hour each, extracted with buffered phenol/chloroform, extracted with
chloroform and the DNA was precipitated by adding NaOAc and ethanol. The
plasmid DNA (approximately 50pg) was redissolved in 5001 of TE. This plasmid
was designated pCARI; a restriction site map is shown in Figure 3.

20 Example$§
Construction of Plasmid pCAR6
Approximately 4j1g of plasmid pCAR1 (Example 4) were digested with
HindIII at 370C for 3 hours in a HindIII digestion buffer. The digested DNA was
fractionated on a 0.9% low-melting point agarose gel (Gibco-BRL) by electrophoresis
25  in TBE buffer. The portion of the gel containing the approximately 12kbp HindIII
fragment was excised, melted by heating to 65°C for 10 minutes, cooled to
approximately 379C and extracted twice with buffered phenol (phenol buffered to a
pH of approximately 7 with Tris-HCI, pH8.0). The recovered aqueous phase was
extracted with buffered phenol/chloroform, extracted with chloroform, and treated
30  with 0.1 volume 3M NaOAc and 2.5 volumes ethanol. The mixture was incubated at
-200C for one hour to precipitate the DNA, which was pelieted by centrifugation in
microcentrifuge tubes at 12000 x g for 5 minutes and redissolved in 20u! of TE.
Approximately 0.6 pg of HindIII-digested, CIAP-treated pCP19 DNA
(Example 2) and about 0.6y1g of the approximately 12kbp HindIII fragment from
35 pCARI (see above) were combined in a total volume of 20l of DNA ligase buffer.
One unit of T4 DNA ligase was added and the mixture was incubated at 12°C for
about 16 hours.
. Z.cofiHB101 {H. Boyer and D.Roulland-Dussoix, Journal of Molecular -
Biology 41 (1969) 459] was grown in 50ml of L-broth at 37°C on a gyrotory
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incubator to an O.D. at 600nm of approximately 0.5. The cells were pelleted by
centrifugation at 1500 x g for 7 minutes at 4°C, resuspended in 4ml 100mM MgCly,
repelleted, resuspended in 2ml 100mM CaCly, repelieted and resuspended again in
2ml 100mM CaClj. These cells were kept on ice for 1 hour. Transformation of the
. coli cells was performed as follows:- 10y of the ligation reaction mixture was '
added to 200ul of cells. The mixture was incubated on ice for 30 minutes, incubated
at 420C for 2 minutes, added to 8001 of L-broth and incubated at 37°C for 30
minutes. Dilutions of this mixture were spread on L-agar plates supplemented with
10pg mi-1 tetracycline, and the plates were incubated at 37°C for 16 hours. 20
tetracycline resistant colonies were restreaked on L-agar plates, supplemented with
10pg ml-1 tetracycline, and incubated overnight at 37°C. A loopful of cells was
scraped from each plate and tested for carbamoylase activity using the ‘phenol red
test’' described in Example 3. 15 of the 20 isolates gave positive tests for
carbamoylase activity.

Plasmid DNA was isolated (on a small scale) from each of the 20 isolates as
follows: Cells were scraped from a plate into 100y of 50mM glucose, 25mM Tris
HCl pH8.0, 10mM EDTA in a microcentrifuge tube, vortexed to mix and incubated at
room temperature for 5 minutes. 200yl of a fresh mixture of 0.2M NaOH and 1%
sodium dodecyl sulphate was added, the tube was inverted to mix the contents and
was incubated on ice for 5 minutes. 150 of 3M potassium acetate, adjusted to
pHA.8 with acetic acid, was added to the tube, the contents were mixed by inverting
the tube and the tube was incubated on ice for 5 minutes. The tube was centrifuged at
12000 x g for 2 minutes, the recovered supernatant was extracted with buffered
phenol/chloroform, extracted with chloroform and the recovered aqueous phase was
treated with 8001 of cold (-200C) ethanol. The contents of the tube were mixed and
incubated at room tempefatune for 2 minutes, the tube was centrifuged at 12000 x g
for 2 minutes to pellet the nucleic acid. The pellet was dissolved in TE, and portions
were used for restriction enzyme digestion to check the restriction map of the plasmid
DNA. Of the 20 isolates tested, the 5 isolates that produced no carbamoylase enzyme
contained pCP19 DNA, as judged from restriction enzyme digests of the plasmid
DNA. All 15 that gave carbamoylase enzyme contained plasmid with the 12kbp
HindIII fragment from pCAR1. The plasmid DNA was one of two types, which
differed only in the orientation of the 12 kbp HindIIl fragment relative to the
remainder of the plasmid vector. One of the isolates of E. coli with carbamoylase
activity was incubated at 37°C on a gyrotory incubator overnight in 400ml L-broth
supplemented with 10pg mi-1 tetracycline. Plasmid DNA was isolated from this
culture using the method described in Example 4. This plasmid was designated
pCARG; a restriction site map is shown in Figure 4.

- 14 -
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Example 6
Construction of Plasmid pCAR12
The plasmid vector pIJ2925 (Figure 5) is similar to pUCI18 (Norrander et al.,
Gene 26 (1983) 101-106), but it has a different polylinker at the multiple cloning site
5 nearthe 5'end of the JacZ' gene. 2jug of pIJ2925 DNA were digested with 10 units of
BamHI (Gibco-BRL) at 379C for 3 hours in 1001 of BamHI digestion buffer (SW
Tris-HCl, pH8.0; 10mM MgCly; 100mM NaCl). One unit of CIAP was added and
the incubation was continued for 30 minutes. 5l of 10% SDS were added and the
mixture was incubated at approximately 68°C for 15 minutes. The mixture was then
10 cooled to room temperature, extracted with buffered phenol/chloroform, extracted
with chloroform and precipitated by adding 0.1 volume 3M NaOAc and 2.5 volumes
ethanol. After incubating at -20°C for one hour the tube was centrifuged at 12000 x
g for 5 minutes and the DNA pellet was redissolved in 101 TE.
About 20pg of pPCAR6 DNA was digested with 12 units of Sau3AI
15 (Gibco-BRL) in Sau3Al digestion buffer (20mM Tris HCl pH7.4, 5SmM MgCl,
50mM KCI) at 37°C for 1-30 minutes to obtain cleavage at some, but not all, of the
recognition istes for the restriction enzyme. The progress of the digestion was
monitored by removing aliquots and stopping the reaction by phenol/chloroform
extraction. Portions of the DNA samples recovered were fractionated by
20  electrophoresis on a 0.8% agarose gel in TBE buffer containing ethidium bromide
and the DNA bands were visualised using ultraviolet light. DNA from one aliquot, in
which most of the DNA fragments were in the size range 1 to 5 kbp, was precipitated
using NaOAc and ethanol, and redissolved in 20u! TE.
About 0.5pg of BamHI-digested, CIAP-treated plJ2925 DNA and about 1 ug
25 of Sau3Al partially digested DNA of pCAR6 were mixed in 12ul of DNA ligase
buffer. One unit of T4 DNA ligase was added and the mixture was incubated at 12°C
for 16 hours.
A culture of £. coli DH50. (obtained from Gibco-BRL) was grown in a similar
way to that described for . cofi HB101 in Example 5. The cells from this culture
30  were treated with MgCly and CaCly and then transformed with the ligated DNA.
Transformants were selected on L-agar plates containing 50p1 mi-1 ampicillin,
12.5ug mi-1 isopropyl-B-D-galactopyranoside (IPTG, from Gibco-BRL) and 40pug
mil-1 5-bromo-4-chloro-3-indolyl-B-D galactopyranoside (X-gal, from Gibco-BRL).
Approximately 300 'white' colonies, which failed to convert the X-gal to a blue
35  compound and therefore presumably contain inserts in the polylinker of plJ2925
which disrupt the JacZ' gene on the plasmid, were patched onto L-agar plates
containing 50pg mi-1 ampicillin and grown overnight at 37°C. There were 25
patches per plate, and duplicate plaies were made. One set of plates was used to-test
for carbamoylase enzyme activity using the method described in Example 3. Cells
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from 25 patches were tested in each tube; one of the 12 tubes gave a positive test.

The colonies from the relevant duplicate plate were restreaked, grown overnight and

tested individually for carbamyolase activity. One of the 25 clones gave a positive

test; 400ml of L-broth supplemented with 50pg mil-1 ampillicin was inoculated with a
5  culture of this clone and then grown for about 20 hours in a gyrotory incubator at '

370C. Plasmid DNA was isolated from this culture using the method described in

Example 4. This plasmid was designated pCAR12; a restriction map is shown in
Figure 6.

10  Example 7
Construction of Plasmid pCAR21 :
Approximately 2ug of plasmid pCAR12 (Example 6) were digested with 5
units of Bg1II (Gibco BRL) at 379C for 3 hours in Bg11II digestion buffer (S0mM
Tris HC1 pH8.0; 10mM MgCly; 100mM NaCl). The digested DNA was fractionated
15  ona0.9% low-melting point agarose gel by electrophoresis in TBE buffer. The
portion of the gel containing the ca. 1.9kbp Bg11I fragment was excised and the DNA
was recovered using the method described in Example 5.
Approximately 0.5ug of this DNA fragment was mixed with approximately
0.5pg of BamHI-digested, CIAP-treated plJ2925 DNA (Example 6) in a total volume
20  of 12ul of DNA ligase buffer. One unit of T4 DNA ligase was added, and the
mixture was incubated at 12°C for about 16 hours and then used to transform . coli
DH5c.. The cells were spread on L-agar plates supplemented with ampicillin, IPTG
and X-gal (Example 6) and incubated overnight at 370C. 4 "white" colonies (see
Example 6) were restreaked on L-agar plates containing ampicillin, IPTG and X-gal,
25  grown overnight at 37°C and small scale plasmid DNA preparations were performed
on some of the cells, using the method described in Example 5. Portions of the DNA
were digested with restriction enzymes to check the restriction map of the plasmids.
* 3 of the 4 clones tested contained a Bg1I fragment of aproximately 2kbp, as expected
from the ca. 1.9kbp fragment from pCAR12 plus polylinker sequences from pLJ2925.
30 Cells from these 3 clones were tested for carbamoylase activity using the "phenol red
test” (Example 3). All of the tests were positive. 400ml of L-broth containing 50ug
ml-1 ampicillin was inoculated with a culture of one of the 3 "positive" clones and
grown for about 20 hours in a gyrotory incubator at 37°C. Plasmid DNA was
isolated from this culture using the method described in Example 4. This plasmid
35  was designated pCAR21,; a restriction map is shown in Figure 7.

Example 8 _
Construction of pCAR27 and pCAR28
Approximately 2ug of plasmid pCAR21 were digested with 5 units of HindIII
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for 3 hours at 37°C in HindIII digestion buffer. The digested DNA was fractionated
on a 0.9% low-melting point agarose gel by electrophoresis in TBE buffer. The
portion of the gel containing the ca. 1.9 kbp HindIII fragment was excised, the DNA
was extracted using the method described in Example 5 and the DNA was dissolved
in 20ul TE. ‘

Approximately 1pug of M13mp19 [Norrander, Kempe and Messing; Gene 26
(1983) 101-106] replicative form (RF) DNA was di gested with 5 units of HindIII for
3 hours at 370C in HindIII restriction buffer. The mixture was extracted with
buffered phenol/chloroform, extracted with chloroform and the DNA was precipitated
from the recovered aqueous phase using 3M NaOAc and ethanol. The DNA was
collected by centrifugation and redissolved in 20u1 TE.

About 0.81g of HindIlI-digested M13mp19 DNA and about 0.2pg of the ca.
1.9kbp HindIl fragment from pCAR21 were mixed in 151l of DNA ligase buffer.
One unit of T4 DNA ligase was added and the mixture was incubated at 120C for 16
hours.

A culture of E. coli DHSaF (obtained from Gibco-BRL) was grown in a
similar way to that described for E. coli HB101 in Example 5. The cells from this
culture were treated with MgCly and CaCly (as described in Example 5) and
incubated on ice for 2 hours. Transfection of the . cofi cells was performed as
follows: 0.5ul or 4ul of the ligation reaction mixture was added to 200u of cells,
incubated on ice for 30 minutes, incubated at 420C for 2 minutes and incubated at
room temperature for 15 minutes. 100ul of an overnight culture of Z. cofi DH5c,
30ul of 2% X-gal and 30pl of 2.5% IPTG were added to the mixture of cells and
DNA. This mixture was added to 2.5ml of a 1:1 mixture of L-broth and L-agar (kept
molten at 48-500C), rapidly mixed and then poured onto an L-agar plate to produce a
thin layer across the whole plate. The plate was incubated overnight at 37°C.

A mixture of blue (caused by -galactosidase activity on X-gal) and "white"
(i.e. not blue) plaques were visible on a lawn of DH50F' cells. The HindIII site is
within the lacZ' gene of M13mp19. Therefore insertion of DNA at this site should
inactivate the JacZ' gene and thus inactivate B-galactosidase activity in DHSOF' cells
infected with such M13mp19 derivatives. . cofi DHSOF' was grown in L-broth at
370C for about 16 hours. The resulting culture was diluted 1:100 with L-broth, and
"white" plaques were inoculated into 1ml of this diluted culture and incubated on a
gyrotory incubator (ca. 300rpm) for 5 hours. The cultures were transferred to
microcentrifuge tubes and centrifuged at 12000 x g for 3 minutes 1o pellet the cells.
The supernatants were stored at 49C; RF DNA was isolated from each sample of cells
using the small-scale method for plasmid isolation described in Example 5.
Restriction enzyme digests of these plasmids identified two isolates containing the ca.
1.9kbp fragment from pCAR?21, inserted in either orientation in M13mp19. 800u1 of
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the supernatant, from each of the cultures from which these plasmids were isolated,
was inoculated separately into 400mi of L-broth containing 4ml of an overnight
culture of E. coli DHSaF'. The supernatants contain bacteriophage particles; these
may infect the DH5aF' cells and produce double-stranded RF DNA inside the cells.

5  Each of the 400ml cultures was grown for 20 hours at 37°C and treated as described
in Example 4 to purify plasmid (RF) DNA. Restriction enzyme digests of the |
plasmids confirmed the structures of the plasmids. The plasmid from one culture was
designated pCAR27 (Figure 8), and the plasmid from the other culture was designated
pCAR28 (Figure 9).

10
Example 9

Determination of the Nucleotide sequence of the Agrobacterium DNA in pCAR27
and pCAR28

Plasmids pCAR27 and pCAR?28 were treated similarly to produce nested sets
15  of deleted clones and templates for sequencing:-
Approximately 8jig of RF DNA was digested with 10 units of Kpnl and 10
units of BamHI in 100u! of 20mM Tris HCI pH7.4, 5mM MgClyp, 50mM KCl. The
DNA was purified using phenol/chloroform extraction and precipitated using ethanol
in the presence of 0.3M NaOAc. The recovered DNA was treated with exonuclease
20  III, using the method described by Henikoff (Gene 28 (1984) 351-359), to delete into
the Agrobacterium DNA in the plasmids. The ligated products were used to transfect
cells of E. coli DH50F', using the method described in Example 8. Template DNA for
use in sequencing reactions was prepared as follows:
"White" plaques were individually inoculated into 1ml of a culture of . cofi
25 DH5aF' (see Example 8), grown for 5-6 hours at 37°C with vigorous shaking (300
rpm) and the cells were then pelleted by centrifugation. 800yl of supernatant was
removed to a fresh tube containing 150yl of 20% polyethyleneglycol (PEG 6000),
2.5M Na(l, mixed and incubated at room temperature for 12 minutes. The tube was
centrifuged at 12000 x g for 5 minutes to pellet the bacteriophage particles and the
30  supemnatant was discarded. The tube was centrifuged again briefly, all traces of
supernatant were removed and the pellet was resuspended in 1001 of 10mM
Tris-HC1 (pH 8.0), 0.1mM EDTA (pH8.0). 50ui of phenol (buffered to pH7 with
100mM Tris-HC1 pH8.0) was added, mixed and the tube was incubated at room
- temperature for 5 minutes. The tube was centrifuged at 12000 x g for 3 minutes and
35 the aqueous phase was removed to a fresh tube, extracted with chloroform and treated
with NaOAc and ethanol to precipitate the DNA. The DNA was recovered by
centrifugation and dissolved in 16ul of water. This DNA is single-stranded DNA
from M13 bacteridphagc particles, and was used as the "template” for sequencing
reactions. Sequencing was performed with Sequenase enzyme (United States
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Biochemical Corporation, Cleveland, Ohio, 44122, USA) using the method supplied
with the kit containing the enzyme. Several templates were sequenced to obtain the
complete sequence of the pCAR27 insert. Templates from deletions of pCAR28 were
used to determine the sequence of the fragment in the opposite direction. The

5 sequences from both directions were compared using software from DNASTAR Inc.,
Madison, WI 53715, USA to produce a consensus for the 1880bp of Agrobacterium

DNA; this consensus is shown in Figure 10, together with the deduced amino acid
sequence of the carbamoylase enzyme.

10  Example 10
Construction of pCAR29

Approximately 21g of RF DNA of pCAR28 (Example 8; Figure 9) was
digested with 5 units of BspHI (New England Biolabs, Beverly MA 01915, USA) in
50u1 of 20mM Tris HCI pH7.4, 5SmM MgCly, 50mM KC1. The DNA was purified

15 using phenol/chloroform extraction and chloroform extraction, precipitated using
NaOAc and ethanol, recovered by centrifugation and redissolved in 40ul of 10mM
Tris HC1 pH7.4 10mM MgCly, 50mM NaCl, 50ug mi-! bovine serum albumin,
10mM 2-mercaptoethanol. 1ul of a mixture of 250uM deoxyguanosine-triphosphate,
250puM deoxy-thymidinetriphosphate and 250uM deoxycytidine-triphosphate was

20  added followed by 2 units of "Klenow fragment” of E. coli DNA polymerase I
(Gibco-BRL). The tube was incubated at 37°C for 10 minutes, extracted with
phenol/chloroform and extracted with chloroform. The recovered aqueous phase was
treated with NaOAc and ethanol to precipitate the DNA, which was recovered by
centrifugation and redissolved in 50 of 50mM Tris-HC1 pH8.0, 10mM MgCly and

25 50mM NaCl. 5 units of each of the restriction enzymes HindIII and EcoRV
(Gibco-BRL) were added, the contents of the tube mixed and the tube incubated at
370C for 3 hours. The digested DNA was fractionated on a 0.9% low melting point
agarose gel by electrophoresis in TBE buffer. The portion of the gel containing the
990 bp fragment was excised and the DNA recovered from the agarose segment using

30  the method described in Example 5. The DNA was redissolved in 20ul1 of water.

pTR550 (Figure 11) is a plasmid vector, constructed by Dr G.M.P. Lawrence

(SmithKline Beecham Pharmaceuticals, Great Burgh, Epsom, Surrey, UK), and it is a
derivative of pKK223-3 (Pharmacia LKB Biotechnology, S-751 82 Uppsala,
Sweden). In pTR550 most of pKK223-3 that is derived from pBR322 has been

35  replaced by DNA from pAT153. Approximately 1jig of pTR550 was digested with 5
units of restriction enzyme Smal (Gibco-BRL) in 30l of 20mM Tris HCl pH.7.4,
SmM MgCly, 50mM KCl for 3 hours at 37°C. The digested DNA was purified
using phenol/chloroform and chloroform extraction, precipitated using NaOAc and
ethanol, recovered by centrifugation and redissolved in 30ul of 50mM Tris-HCI
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(pH8.0), 10mM MgCly, 100mM NaCl containing 5 units of HindIII. The mixture
was incubated at 370C for 3 hours, extracted with phenol/chioroform, extracted with
chloroform and the recovered aqueous phase was treated with NaOAc and ethanol to
precipitate the DNA. The DNA was collected by centrifugation and redissolved in
5 20ul of water. _
Approximately 0.5uug of pTR550 DNA, digested with both Smal and HindIII,
was mixed with approximately 0.21g of the 990bp fragment (from the BspHI site at
the beginning of the carbamoylase gene to the HindIII site at the end of the sequenced
DNA) from pCAR28 in 20y of DNA ligase buffer. One unit of T4 DNA ligase was
10  added and the mixture was incubated at 12°C for about 16 hours.
A culture of E. coli JM101 (Messing, Recombinant DNA Technical Bulletin
(NIH) 2 No 2 pp 43-48 (1979)) was grown, and the cells treated with CaClp and
MgCly, in a similar way to that described for . cofi HB101 in Example 5. The cells
were transformed with the ligation mixture DNA as described in Example 5: dilutions
15  of the celis were spread on L-agar plates containing 50pg ml-1 ampicillin and
incubated overnight at 379C. 22 ampicillin-resistant colonies were restreaked on
L-agar plates containing 50pg ml-1 ampicillin, incubated at 37°C overnight and then
small-scale plasmid DNA preparations (using the method described in Example 5)
were performed on cells of each of these isolates. Restriction enzymes digests of the
20  DNA preparations indicated one plasmid of the desired construction. The isolate
containing this plasmid was inoculated into 400m! of L-broth containing 50ug ml-1
ampicillin, grown overnight on a gyrotory incubator at 379C and plasmid DNA was
isolated using the method described in Example 4. Restriction enzyme digests

confirmed the correct structure of this plasmid; the plasmid was designated pCAR29
25  (Figure 12).

Example 11
Expression of carbamoylase in E. coli JM101 containing pCAR29
. coli JM101 containing pCAR29 (Example 10) was inoculated into 10ml of
30  L-broth containing 50pg mi-1 ampicillin and was grown overnight at 37°C on a
gyrotory incubator. 600 of this culture was inoculated into 60ml of L-broth
containing S0ug mi-1 ampicillin in a 250ml conical flask and incubated on a gyrotory
incubator at 379C. After 2 hours (Optical density at 600nm = ca.0.3) IPTG was
added to a final concentration of 1mM and growth was continued for a further 3
35 hours. The E. colicells in the culture possessed carbamdylasc activity. Cells of E. coli

IM101 containing pTRS550, grown in the way described above, did not possess any
carbamoylase activity.
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Example 12
Transfer of pCAR1 from E. coli to Agrobacterium

Plasmid pCAR1 was transferred to Agrobacterium from . coli by a triparental
mating involving conjugation of the bacteria, with . coli (pRK2013) as the 'helper
strain’ providing functions necessary for plasmid transfer. Agrobacterium15-10is a
strain derived from Agrobacterium 80/44-2A by mutagenesis using ultra-violet light. A
10ml culture of Agrobacterium 15-10 was grown in L-broth at 30°C on a gyrotory
incubator for approximately 20 hours. A 10ml culture of £. cofi AG1 (pCAR1) - see
Example 3 - was grown in L-broth containing 10pg/ml tetracycline at 37°C on a
gyrotory incubator for approximately 16 hours. A 10ml culture of Z. cofi HB101
(PRK2013) - see Figurski and Helinski, Proceedings of the National Academy of
Science, USA 76 (1979) 1648-1652 - was grown in L-broth containing 50pg/ml
kanamycin sulphate at 37°C on a gyrotory incubator for approximately 16 hours.
800ul of each culture was filtered through one sterile 0.451m pore-size HA filter
(Millipore, Blackmoor Lane, Watford, WD1 8YW, U.K.). The filter, which retains
the cells from the cultures, was then placed on the surface of an L-agar plate and was
incubated for 24 hours at 30°C. The filter was removed from the surface of the plate
to a screw-cap container containing 1ml of sterile saline phosphate buffer and the
container was shaken to re-suspend the cells from the filter. 1001 of this solution,
and dilutions in saline phosphate buffer, were plated on minimal medium (MM: 1g
KH)PO4, 1g K9HPO4, 0.5g MgS04.7H70, 0.1g CaCly.2H70, 15mg MnSQ4.4H,0,
20mg FeSO4.7H0, 5g glucose, 2g (NH4)2S04 and 15g agar, adjusted to pH7.0 with
5M NaOH) containing 100j1g/ml streptomycin sulphate and 10pg/ml tetracycline.
The . coli parent strains should be unable to grow on MM containing 100pg/ml
streptomycin. Agrobacterium 15-10 should not grow in the presence of 10ug/ml
tetracycline. Therefore only pCAR1-containing Agrobacterium 15-10 cells should
grow on this medium. After 5 days growth at 30°C colonies were re-streaked on
L-agar plates containing 25pg/ml streptomycin sulphate and 10p}/ml tetracycline and
incubated at 30°C for a further 3 days. Plasmid DNA was prepared from four isolates
using the method described in Example 5. Restriction enzyme digestion of portions
of the plasmid DNA was used to confirm that the tetracycline resistant ex-conjugants
(i.e. progeny from the conjugation) did contain pCAR1.

Example 13
Transfer of pCARG from E. coli to Agrobacterium
The method used for this transfer was very similar to that described for

' pCARI in Example 12. The parents in the mating were E. cofi HB101 (pCARG) - see

Example 5, £. coliHB101 (pRK2013) - see Example 12 - and Agrobacterium 15-10 -
see Example 12. Since both . cofi parent strains are auxotrophs, the progeny from
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the mating were plated on MM containing 10pg/ml tetracycline, but no streptomycin,
in order to select for Agrobacterium 15-10 (pCARG6) colonies. The presence of pCAR6

was confirmed by analysis of restriction enzyme digestion of plasmid DNA isolated
from ex-conjugants.

Example 14
Transfer of pCP19 from E. coli to Agrobacterium
The method used for this transfer was the same as that described for pCAR6
in Example 13, except that . coiHB101 (pCP19) was a parent strain in the mating
10 instead of E. cofiHB101 (pCARG6). The presence of pCP19 in ex-conjugants was

confirmed by analysis of restriction enzyme digestion of plasmid DNA isolated from
ex-conjugants.

Example 15

15 Demonstration of extra hydantoinase activity associated with pCAR1 and

pCARG6
Agrobacterium 15-10 (pCAR1), Agrobacterium 15-10 (pCARG) and Agrobacterium

15-10 (pCP19) were each inoculated into SOml of AJ-1 broth containing 0.1% alanine
hydantoin and 10ptg/mi chloramphenicol and grown for 24 hours in a gyrotory

20  incubator at 30°C. Each of the cultures was then treated as follows: the cells from
Sml of culture were collected by centrifugation, and the wet weight of cells was
measured. The cells were re-suspended in 20ml of 1% D,L-5-(p-hydroxyphenyl)
hydantoin in 0.2M Tris in a 50ml screw-capped conical flask and shaken in a water
bath at 42°C. Samples were removed after incubation for 10 minutes and after 30

25  minutes; the cells were spun out by centrifugation and the supernatant was assayed by
HPLC for the presence of D-N-carbamoyl-p-hydroxyphenylglycine. The
hydantoinase activity, in pmoles of product per g of cells (wet weight) per hour, was
calculated using the difference between the amounts of
D-N-carbamoyl-p-hydroxyphenylglycine product at 30 minutes and at 10 minutes.

30 The hydantoinase activities for Agrobacterium 15-10 containing pCAR1 or pCAR6
were 5-6 times higher than the activity for Agrobacterium 15-10 containing pCP19,
indicating that pCAR1 and pCARG6 contain the gene encoding hydantoinase activity.
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Example 16
Construction of plasmid pCAR26

The plasmid vector pKT210 (Bagdasarian et al., Gene 16 (1981) pp237-247;
map in Figure 13) is a chloramphenicol-resistant derivative of the broad host range
plasmid RSF1010. Approximately 2ug of pKT210 DNA were digested with 5 units
of EcoRI (Gibco-BRL) at 37°C for 3 hours in EcoRI digestion buffer (50mM Tris-
HCI, pH 8.0; 10mM MgCly; 100mM NaCl). A portion of the digestion mixture was
analysed by electrophoresis; the digestion did not appear to be complete, but one unit
of CIAP was added and the incubation was continued for 30 minutes. The digestion
mixture was loaded onto a 0.9% low melting point agarose gel and the DNA was
fractionated by electrophoresis in TBE buffer. The portion of the gel containing the
ca. 11.4 kbp EcoRI fragment, corresponding to linearised plasmid DNA, was excised
and the DNA was recovered using the method described in Example 5.

Approximately 2ug of pCAR12 (Example 6; see also Figure 6) were digested
with 10 units of EcoRI at 37°C for 3 hours in EcoRI digestion buffer. The digested
DNA was fractionated on a 0.9% low melting point agarose gel by electrophoresis in
TBE buffer. The portion of the gel containing the ca. 2.7 kbp EcoRI fragment was
excised and the DNA was recovered using the method described in Example 5.

Approximately 0.51.g of this ca. 2.7 kbp DNA fragment was mixed with
approximately 0.5ug of EcoRI-digested, CIAP-treated pKT210 DNA in a total
volume of 12ul of DNA ligase buffer. One unit of T4 DNA ligase was added and the
mixture was incubated at 12°C for about 16 hours.

A culture of £. coli AG1 (see Example 2) was grown in a similar way to that
described for . cofi HB101 in Example 5. The cells from this culture were treated
with MgClj and CaClp and then with the ligated DNA in a similar way to that
described in Example 5. The cell-DNA mixture was spread on L-agar plates
supplemented with 25ug ml-1 chloramphenicol, and the plates were incubated at
37°C for 16 hours. 17 chloramphenicol-resistant transformants were restreaked on L-
agar plates containing 25pg mi-1 chloramphenicol, and incubated overnight at 37°C.
A loopful of cells of each transformant was scraped from the plate and resuspended in
600u1 of the "phenol red" assay buffer (Example 3). After incubation for 5 hours at
42°C, 3 of the reactions had developed a pink colour. Plasmid DNA was isolated,
using the small-scale method described in Example 5, from the cultures
corresponding to the pink coloration in the tests. Restriction enzyme digestion of the
DNA preparations showed the presence of the ca. 2.7 kbp fragment from pCAR12.
One of the plasmid preparations had two copies of the fragment from pCAR12; this
plasmid was designated pCAR26. Further restriction enzyme digests showed that
pCAR26 contained all of the Agrobacterium DNA from pCAR12 i.e. the fragment from
PCARI12 extends beyond the EcoRI site in the carbamoylase gene (see Figures 6 and
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10) to the EcoRI site in the polylinker. Therefore the isolated fragment (of ca. 2.7
kbp) must have come from partially digested pPCAR12. A map of pCAR26 is shown

in Figure 14. Plasmid pCAR26 contains two copies of the complete carbamoylase
gene.

Example 17
Transfer of pCAR26 from E. coli to Agrobacterium
Like pCP19-derivatives, pKT210-based plasmids can be transferred by mating
using the helper plasmid pRK2013. The method used for transfer of pCAR26 was
10 similar to that described for pCAR1 in Example 12, but with the modifications
described below. . cofi AG1 (pCAR26) was grown at 37°C for 16 hours in L-broth
containing 25pg mi-1 chloramphenicol; £. coli HB101 (pRK2013) and Agrobacterium
15-10 were grown as described in Example 12. Cells from these 3 cultures were
filter-mated and then plated on MM containing 10ug mi-1 chloramphenicol. After 5
15  days growth colonies were restreaked on L-agar containing 25ug ml-1 streptomycin
and 10ug ml-1 chioramphenicol and incubated at 30°C for 3 days. Plasmid DNA was
prepared from one isolate using the method described in Example 5. Restriction
enzyme digestion of this DNA confirmed the presence of pCAR26.

20 Example 18

Construction of a mobilisation-defective derivative of pKT210
Approximately 2ug of pKT210 were digested with 5 units of PfIMI (New

England Biolabs; c/o CP Laboratories P.O. Box 22 Bishop's Stortford, Herts CM23
3DH) in PfIMI buffer (100mM NaCl; 50mM Tris-HCl, pH7.9; 10mM MgCly; 1mM

25  dithiothreitol; 100ug mi-! bovine serum albumin) at 37°C for 16 hours. The digested
DNA was fractionated on a 0.75% agarose gel by electrophoresis in TBE buffer. The
portion of the gel corresponding to the 10.5 kb fragment was excised, and the DNA
was recovered by electroelution using a Model UEA electroeluter (International
Biotechnologies Inc. PO Box 9558 New Haven, Connecticut CT 06535), by

30 conditions described in the apparatus manual, followed by precipitation with
isopropanol and then centrifugation to collect the DNA. The DNA was redissolved in
32yl of TE, 8l of a mixture of 150mM sodium acetate (pH5.0), 250mM NaCl, 5SmM
zinc acetate, 25% glycerol were added, followed by 20 units of mung bean nuclease
(New England Biolabs). This mixture was incubated at 37°C for 30 minutes; this

35  should generate blunt ends on the DNA fragment. The digested DNA was
fractionated, and the 10.5 kbp fragment isolated, as described above. The DNA was
redissolved in 20ul of TE to which 5l of 5 x ligation buffer (Gibco-BRL) and one
unit of T4 DNA ligasc were added. The ligation mixture was incubated at 12°C for
16 hours.

Y
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E. coliHB101 was transformed with 10yl of the ligation mix as described in
Example 5. Dilutions of this mixture were spread onto L-agar plaies containing 25pug
mi-1 of chloramphenicol. The plates were incubated at 37°C for 48 hours; only a few
transformants were obtained and these grew slowly on the initial selection plates.

5  Sixteen colonies were restreaked onto L-agar plates containing 25pg ml-1
chloramphenicol and incubated for 16 hours at 37°C after which the cells were
scraped off and small-scale preparations performed using a modified version of the
rapid boiling method (Holmes, D.S. and Quigley M. 1981. Anal. Biochem
114:p193). For each transformant, cells were resuspended in 300pt STET (8%

10 sucrose w/v; 0.5% Triton X-100 w/v; 50mM EDTA; 50mM Tris-HCl, pH8.0) in a
microcentrifuge tube and 10p1 of 33mg/ml of lysozyme in STET added. The
suspension was incubated on ice for 30 minutes, and then placed in a boiling water
bath for 3 minutes. The tube was centrifuged for 15 minutes and the pellet removed
with a flat sided toothpick. The volume was corrected to 330ul with STET and a

15 further 330l of isopropanol was added. The tube was shaken to mix the contents,
centrifuged for 10 minutes and the supernatant was discarded. The pellet was
allowed to dry, then resuspended in 30ul of TE. 2yl portions were digested with
restriction enzymes to determine the restriction map of each plasmid. DNA was
digested with the restriction enzyme Accl (Gibco-BRL), in a total volume of 10ui of

20  restriction buffer React 3 (50mM Tris-HCI, pH 8.0; 10mM MgCly; 100mM NaCl)
containing 5 units of Accl for 2 hours at 37°C. Plasmid DNA from one of the clones
appeared to have lost one of the Accl sites present in pKT210 (Figure 13) indicating
the loss of the larger (526bp) PAIMI fragment of pKT210 as expected. However on
digestion of this plasmid, designated pWOR901, with PfIMI it was found that only

25  one of two PfIMI fragments had been deleted, the smaller fragment remaining (Figure
15). This was not expected and suggested that the fragment isolated from the PfIMI
digest must have included a fragment of approximately 10.9 kbp from a partial digest

- of pKT210 (Figure 13). The frequency of transfer of pWOR901 in triparental
matings (performed using a method similar to that described in Example 17) was

30  found to be reduced by approximately 104-105 compared with the frequency of
transfer of pKT210. 500ml of L-broth, supplemented with 251g mi-1
chloramphenicol, was inoculated with the isolate of . coli HB101 containing
pWOR901 and incubated overnight at 37°C on a gyrotory incubator. Plasmid DNA
was isolated using the method in Example 4.

35
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Example 19

Electroporation of pWOR901 into Agrobacterium 15-10 and Isolation of
pWOR902
Approximately 200ng of pWOR901 DNA (Example 18) was used to
5 transform Agrobacterium 15-10 by high voltage electroporation (Wen-jun.S. and Forde

B.G. 1989. Nucleic Acids Research 17: p8385). The greatest efficiency occurred
when a resistance of 600 ohms was applied. Transformants were selected on L-agar
plates containing 10pg ml-1 chloramphenicol, grown at 30°C for 4 days. Twenty-two
small scale plasmid preparations were performed from cells of restreaked

10 transformant colonies using the rapid boiling method described in Example 18.
Restriction digests with 5 units Pst] were performed on plasmid DNA in React 2
restriction buffer (S0mM Tris-HCI, pH 8.0; 10mM MgCly; 50mM NaCl) for 2 hours
at 37°C. From these results various restriction patterns were observed. Examples of
the different types of plasmid were used to transform . cofi HB101 (using the method

15 of Example 5). Only one plasmid, when used to transform E. coli, gave stable
chloramphenicol resistant colonies. Digests of plasmid DNA prepared from these
chloramphenicol-resistant colonies showed that a further deletion of approximately
500bp had occurred. This deletion completely removed the small PfIMI fragment of
PWOR901. The new plasmid was designated pWOR902. A large-scale preparation

20  of DNA was performed on a 400m! culture of . coi HB101 (pWOR902). This DNA
had no sites for PfIMI (map shown in Figure 16). After introduction by
electroporation pWOR902 appeared to be stably maintained in Agrobacterium 15-10.
Thus pWOR902 is a stable, mobilisation-deficient (Mob~) derivative of pKT210,
suitable for use in . coli and in Agrobacterium. E. coliHB101 (pWOR902) was

25  deposited at the National Collection of Industrial and Marine Bacteria, Aberdeen,
Scotland on 4th November 1991 under the accession number NCIMB 40451. The
deposit was made under the Budapest Treaty on the deposition of micro-organisms
for the purposes of patent procedure.

30 Example 20
Construction of pCAR44 and transfer to Agrobacterium
Approximately 2ug of plasmid pCAR21 (Example 7) was digested with 5
units of HindIII at 37°C for 3 hours in HindIII digestion buffer. The 1.9kb fragment
was isolated by electroelution from an agarose gel slice after fractionation by
35  electrophoresis in TBE (Example 18). The recovered DNA was redissolved in 10u1
of TE.
Approximately 0.51tg of pWOR902 (Example 19) was digested with HindIII,
CIAP-treated and redissolved in 101 of TE. In an attempt to obtain multiple inserts
an excess of fragment (from pCAR21) to vector was ligated: 0.1p1 of cut pWOR902
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and 10p1 of the 1.9 kb fragment were mixed in a total volume of 15ul of ligation
buffer (Gibco-BRL) containing 1 unit of T4 DNA ligase for approximately 16 hours
at 12°C. 5pl of the ligation mixture was used to transform €. coli HB101 (using a
method similar to that described in Example 5) and the cells were spread on L-agar
5  plates containing 25ug ml-1 chloramphenicol and incubated at 37°C for 2 days. 24
wansformants were restreaked on L-agar containing 251tg mi-! chloramphenicol,
grown overnight at 37°C, and then cells were scraped from the plate and used for
small-scale plasmid preparations (Example 18). To determine the number of inserts,
and their orientations, an EcoRI digestion was performed on an aliquot of DNA from
10 each preparation. Analysis of the digested DNA showed that 5 of the clones
contained double inserts of the fragment from pCAR21; all of these plasmids showed
the same insert orientation, and this type of plasmid was designated pCAR44 (map in
Figure 17). 16 of the clones contained one insert of the pCAR21 fragment in
pWOR902. A large scale plasmid preparation was performed on a 500 ml culture of
15 one of the E. cofiHB101 (pCAR44) isolates (method of Example 4) and 200ng of this
~ DNA was used to transform Agrobacterium 15-10 by electroporation (Example 19).
Transformants were subjected to small-scale plasmid preparations; restriction enzyme
digests confirmed the presence of pCAR44.

20 Example 21

Demonstration of extra carbamoylase activity associated with pCAR26 and
pCAR44 in Agrobacterium
Agrobacterium 15-10 was inoculated into 50ml of AJ-1 broth; Agrobacterium 15-
10 (pCAR26) and Agrobacterium 15-10 (PCAR44) were each inoculated into 50 ml of
25  Al-1 broth containing 10ug mi-1 chloramphenicol. All three cultures were grown for
24 hours in a gyrotory incubator at 30°C; then each culture was treated as follows:-
1.36 ml of culture broth was mixed in a microcentrifuge tube with 140yl of 1%
hexadecylrimethylammonium bromide (in 65mM NayHPOy, 35mM NaH3POy,
pH7.0) and incubated at room temperature for 10 minutes. 50yl of this mixture was
30 removed to a microcentrifuge tube containing 1.45ml of 1.5% (wiv) D-H—carbamoyl-
p-hydroxyphenylglycine in 65mM NayHPO, 35mM NaHPOy4 (pH7.0; readjusted to
pH7.0 after dissolving the reaction substrate). The contents of the tube were mixed
and incubated at 48°C for 20 minutes. The cells were collected by centrifugation and
the supernatant was analysed by HPLC for the presence of D(-)p-hydroxy phenyl
35  glycine produced by the carbamoylase enzyme. The carbamoylase activities for
Agrobacterium 15-10 containing pCAR26 or pCAR44, per ml of culture broth, were
10-30 times higher than the activity for Agrobacterium 15-10, presumably because the .
extra copies of the 'carbamoylase gene in the recombinant strains lead to more
cérbamoylasc enzyme being produced.
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Example 22
Construction of pWOR903
Approximately 2y1g of pWOR902 DNA (Example 19) were digested with 10
5 units of Hind IIT at 37°C for 15 hours in Hind III digestion buffer. The DNA was 4
purified using phenol/chloroform extraction and chloroform extraction, precipitated
using NaOAc and ethanol, recovered by centrifugation and redissolved in 40l of
10mM Tris HC1 pH7.4 10mM MgCly, 50mM NaCl, 50ug mi-1 bovine serum
albumin, 10mM 2-mercaptoethanol. 1l of a mixture of 250uM
10 deoxyguanosine-triphosphate, 250uM deoxy-thymidinetriphosphate and 250uM
deoxycytidine-triphosphate was added followed by 2 units of "Klenow fragment" of
E. coli DNA polymerase I (Gibco-BRL). The tube was incubated at room temperature
for one hour, extracted with phenol/chloroform and extracted with chloroform. The
recovered aqueous phase was treated with NaOAc and ethanol to precipitate the
15 DNA, which was recovered by centrifugation and redissolved in 15u1 of DNA ligase
buffer. One unit of T4 DNA ligase was added and the mixture was incubated at 12°C
for about 16 hours.
5pl of the ligation mixture was used to transform . cofi HB101 (using a
method similar to that described in Example 5) and the cells were spread on L-agar
20  plates containing 25ug mi-1 chloramphenicol and incubated at 37°C for 2 days. 16
transformants were restreaked on L-agar containing 251g ml-1 chloramphenicol,
grown overnight at 37°C, and then cells were scraped from the plate and used for
small-scale plasmid preparations (Example 18).
The object of this experiment was to fill-in the recessed ends generated by
25  Hind III digestion to create blunt-ended DNA fragments. After religation this would
remove the recognition sequence for Hind III. In order to determine whether this had
occurred aliquots of DNA from the plasmid preparations were digested with Hind III.
Further aliquots were digested with ECoRV. Most of the transformants appeared to
contain plasmid with no Hind III sites but with similar EcoRV digestion patterns to
30 pWOR902. A large scale plasmid preparation was performed a 500ml culture of on
one of these isolates (method of Example 4). This plasmid, pWOR903 (map shown

in Figure 18), has a restriction map like that of pWOR902 (Figure 16) but it lacks the
Hind ITI site. |

35 Example 23
Construction of pWOR904 and pWOR905
Approximately 1pg of pWOR903 DNA (Example 22) was digested with 5
units of EcoRI at 37°C for 3 hours in EcoRI buffer. The mixture was-extracted with
phenol/chloroform, extracted with chloroform and the DNA was récovered by
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precipitation with NaOAc and ethanol. The recovered DNA was dissolved in 501 of
50mM Tris-HCl (pH8.0), 0.1mM EDTA (pH8.0) containing 1 unit of CIAP. This
phosphatase treatment, and recovery of the DNA, was as described in Example 2.
The DNA was redissolved in 10pl of water.

5 The plasmid pIC20R (Marsh et al Gene 32 (1984) pp481-485) is similar to '
the pUC plasmids (Vieira and Messing Gene 19 (1982) pp259-268) but with a
modified polylinker. Approximately 2pg of pIC20R DNA were digested with 5 units
of EcoRI at 37°C for about 15 hours in EcoRI buffer. The 84bp fragment
corresponding to the polylinker segment of pIC20R was recovered by electroelution

10 from an agarose gel slice after fractionation by electrophoresis in TBE buffer
(Example 18). The recovered DNA was redissolved in 10l of water.

8ul of the 84bp EcoRI fragment of pIC20R was mixed with 0.5ul of the
EcoRI-cut, CIAP-treated pWOR903 in a total volume of 12yl of ligation buffer
containing 1 unit of T4 DNA ligase for approximately 16 hours at 12°C. 5pl of the

15 ligation mixture was used to transform Z. coli JM101 (using a method similar to that
described in Example 5) and the cells were spread on L-agar plates containing 25ug
mi-1 chloramphenicol and incubated at 37°C for 2 days. 64 transformants were
restreaked on L-agar containing 25pg ml-1 chloramphenicol, grown overnight at
37°C, and then cells were scraped from the plate and used for small-scale plasmid
20  preparations (Example 18).

Aliquots of the DNA preparations were digested with HindIII to detect the
presence of the polylinkeff Further digestions were performed with Pstl, Sstl, and
double digests with BglII and SstI, to determine the orientation of the polylinker.
Isolates containing the polylinker in either orientation were obtained; large scale

25  plasmid preparations were performed on 500ml cultures of one of each type of isolate
(using the method of Example 4). Restriction maps of the plasmids, designated
pWOR904 and pWOR905, are shown in Figures 19 and 20.

Example 24
30  Construction of pPCAR46 and transfer to Agrobacterium
Approximately 2j1g of pCAR29 DNA (Example 10) were digested with 5
units of BamHI and 5 units of HindIII in a total of 50l of 50mM Tris-HCI (pHS8.0),
10mM MgCly, 50mM NaCl for 3 hours at 37°C. The 1.35kb fragment was isolated
by electroelution from an agarose gel slice after fractionation by electrophoresis
35  (Example 18). The recovered DNA was redissolved in 10p] TE.
Approximately 2j1g of pWOR904 DNA (Example 23) were digested with
'HindIII, followed by digestion with BglII. The DNA was then treated with CIAP
(Example 2) and finally redissolved in iOul TE.
1l of the cut pWOR904 was mixed with 4yl of the 1.35kb fragment of
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PCAR29 in a total volume of 12yl of ligation buffer containing one unit of T4 DNA
ligase and incubated at 12°C for approximately 16 hours.

5ul of the ligation mixture was used to transform E. coli DHSo. (using a
method similar to that described in Example 5) and the cells were spread on L-agar
plates containing 25g mi-1 chloramphenicol and incubated at 37°C for 2 days. 15
transformants were restreaked on L-agar containing 251g mi-1 chloramphenicol,
grown overnight at 37°C, and then cells were scraped from the plate and used for
small-scale plasmid preparations (Example 18).

Aliquots of DNA were digested with EcoRI, and with Pst], to confirm the
presence of the insert derived from pCAR29. A large scale plasmid preparation was
performed on a 500ml culture of one of the isolates (using the method of Example 4).
A restriction map of the plasmid, designated pCARA46, is shown in Figure 21. 200ng
of this DNA was used to transform Agrobacterium 15-10 by electroporation (Example
19). Transformants were subjected to small scale plasmid preparations; restriction
enzyme digests confirmed the presence of pCAR46. Agrobacterium 15-10 (pCAR46)
was deposited at the National Collection of Industrial and Marine Bacteria, Aberdeen,
Scotland on 14th February, 1992, under the accession number NCIMB 40478. The
deposit was made under the Budapest Treaty on the deposition of micro-organisms
for the purposes of patent procedure.

Example 25

Demonstration of extra carbamoylase activity associated with pCARd46 in
Agrobacterium

Agrobacterium 15-10 was inoculated into 50ml of AJ-1 broth; Agrobacterium 15-10
(pCAR46) was inoculated into 50 ml of AJ-1 broth containing 10pg mi-1
chloramphenicol. The cultures were grown for 24 hours in a gyrotory incubator at
30°C; then each culture was treated as follows:-

1.36 ml of culture broth was mixed in a microcentrifuge tube with 140ul of 1%
hexadecyltrimethylammonium bromide (in 65mM NapHPOy, 35mM NaH>POy4,
pH7.0) and incubated at room temperature for 10 minutes. 50y of this mixture was
removed to a microcentrifuge tube containing 1.45ml of 1.5% (w/v) D-N-carbamoyl-
p-hydroxyphenylglycine in 65mM NapyHPO4 35mM NaH,POy4 (pH7.0; readjusted to
pH7.0 after dissolving the reaction substrate). The contents of the tube were mixed
and incubated at 48°C for 20 minutes. The cells were collected by centrifugation and
the supernatant was analysed by HPLC for the presence of D(-)p-hydroxy phenyl
glycine produced by the carbamoylase enzyme. The carbamoylase activity for
Agrobacterium 15-10 containing pCAR46, per ml of culture broth, was 20-30 times
higher than the acnv1ty for Agrobacterium 15-10.
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Example 26
Construction of pCAR31 and pCAR32
Approximately 2ug of pCAR6 (Example 5) DNA were digested with 5 units
of ClaI'in a total of 50ml of 50mM Tris-HCl (pH 8.0), 10mM MgCly for 3 hours at
5 37°C. The digested DNA was fractionated on a 0.8% low melting point agarose
gel by electrophoresis in TBE buffer. The portion of gel containing the ca. 4.7
kbClal

fragment was excised and the DNA was recovered using the method described in
Example 5.

10 Approximately 0.6ug of Cla I digested, CIAP-treated pCP19 DNA
(Example 2) and about 0.6ug of the 4.7kb Cla I fragment from pCAR6 were
combined in a total volume of 20pl of DNA ligase buffer. One unit of T4 DNA
ligase was added and the mixture was incubated at 4°C for about 16 hours.

10p1 of the ligation mix was used 1o transform E. coli DH50. (using a

15 method similar to that described in Example 5) and the cells were spread on L-
agar plates supplemented with 10ug mi-! tetracycline and incubated overnight
at 37°C. 18 tetracycline resistant colonies were restreaked on L-agar plates
containing 10ug mi-1 tetracycline, incubated at 37°C overnight and then small
scale plasmid DNA preparations (using method described in Example 5) were

20  performed on cells of each of these isolates. Restriction enzyme digests of the
DNA preparations indicated clones with both orientations of the Cla I fragment in
the vector were obtained. These vectors were designated pCAR31 and pCAR32
(Figures 22 and 23).

500 ml cultures of E. coli DH50a (pCAR31) and E. cofi DH5qt (pCAR32)

25  were prepared in L-broth containing 10pg ml-! terracycline. Both cultures were

treated as follows:-

The culture was centrifuged at ca 6000 x g for 10 minutes at 4°C and the

resulting cell pellet was re-suspended in 10 ml of 50 mM glucose, 25 mM Tris-HCl
(pH 8.0), 10 mM EDTA, 5 mg ml-! of lysozyme. The mixture was incubated at

30 room temperature for 15 minutes. 10 mis of 0.2 M NaOH, 1% SDS solution was
added to the lysozyme treated cells and solutions were mixed and incubated on
ice for 20 minutes. 15 mls of ice cold 3M potassium acetate (pH 5.8) was added
to the reaction mixture and solutions were mixed and incubated on ice for a
further 60 minutes. The lysed cells were centrifuged at approximately 38000 x g

35  for 30 minutes at 4°C. The supernatants were collected and 0.6 volumes of
isopropanol added and DNA allowed to precipitate for 15 minutes at room
temperature.  The reaction mixture was centrifuged at approximately 6000 x
g for 30 minutes at room temperature and precipitated DNA re-suspended in 4.0
mis of TE. CsC1 gradients were then prepared (as per Example 4) and plasmid
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DNA was re-dissolved in 500pl of TE. Further restriction enzyme digestion
of this DNA confirmed the correct structure of pCAR31 and pCAR32.

Example 27

Transfer of pCAR31 and pCAR32 from E. coli to Agrobacterium ,
pCAR31 and pCAR32 were transferred to Agrobacterium 15-10 by mating

using the helper plasmid pRK2013 (as described for pCARI in Example 12).

Plasmid DNA was prepared from isolates using the method described in Example 5.

Restriction enzyme digestion of portions of the plasmid DNA was used to

confirm that the tetracycline resistant ex-conjugants did contain either pCAR31 or
pCAR32.

Example 28

Demonstration of extra Hydantoinase Activity Associated with pCAR31 and
pCAR32

Agrobacterium 15-10 (pCAR1), Agrobacterium  15-10 (pCARG), Agrobacterium 15-
10 (pCAR26), Agrobacterium 15-10 (pCAR31), Agrobacterium 15-10 (pCAR32),
and Agrobacterium 15-10 were each inoculated into separate flasks containing 50 mis
of AJ-1 broth containing 0.1% alanine hydantoin and the appropriate antibiotic. The
cultures were grown for 24 hours in a gyrotory incubator at 30°C. The resultant
cultures were assayed for hydantoinase

activity (as per Example 15). It was confirmed that pCAR1 and pCARS6, but not
PCAR26, give increased hydantoinase activity in Agrobacterium 15-10. Strains
containing pCAR31 or pCAR32 gave hydantoinase activities approximately 20
times higher than the activity for Agrobacterium 15-10 indicating that pCAR31 and
PCAR32 contain the gene encoding hydantoinase activity.

Example 29
Construction of pCAR36

Approximately 2yig of pCAR31 (Example 26) DNA were digested with 5
units of Hind III in a total of 50ul of 50 mM Tris-HCl (pH 8.0), 10 mM MgCly,
50 mM NaCl for 3 hours at 37°C. The digested DNA was fractionated on a 0.8%
low melting point agarose gel by electrophoresis in TBE buffer. The portion of gel
containing the ca 4.7 kb Hind III fragment was excised and the DNA was recovered
using the method described in Example 5.

Approximately 0.6pg of Hind III digested, CIAP treated pKT210 DNA
(Example 16) and about 0.6pg of the 4.7 kb Hind III fragment from pCAR31 were
combined in a total volume of 20ul of DNA ligase buffer. One unit of T4
DNA ligase was added and the mixture incubated at 4°C for 16 hours,

33 -

PCT/GB93/01378



WO 94/00577 PCT/GB93/01378

10

15

20

25

30

35

10pl of the ligation mix was used to transform . cofi HB101 competent
cells (using a method similar to that described in Example 5) and the cells
were spread on L-agar plates supplemented with 25 pg mi-1 chloramphenicol. 17
chloramphenicol resistant colonies were re-streaked on L-agar plates containing
25ug ml-1 chloramphenicol, incubated at 37°C overnight and then small scale
plasmid DNA preparations (using the method described in Example 5) were:
performed on cells of each of these isolates. Restriction enzyme digests confirmed
the presence of pCAR36. A restriction digest map is shown in Fig. 24.

500 mls of L-broth supplemented with 25ug mi-1 chloramphenicol was
inoculated with E. coli HB101 (pCAR36) and incubated overnight at

37°C on a gyrotory incubator. Plasmid DNA was isolated using the
method in Example 26.

Example 30
Transfer of pCAR36 from E. coli to Agrobacterium

PCAR36 was transferred to Agrobacterium by mating using the helper
plasmid pRK2013 (as described for pCAR1 in Example 12).Plasmid DNA was
prepared from isolates using the method described in Example 5. Restriction
enzyme digestion of portions of the plasmid DNA was used to confirm that the
chloramphenicol resistant ex-conjugants did contain pCAR36.

Example 31

Demonstration of Extra Hydantoinase Activity associated with pCAR36
Agrobacterium 15-10 and Agrobacterium 15-10(pCAR36) were each

inoculated into separate flasks containing 50 ml of AJ-1 broth containing 0.1%

alanine hydantoin (plus 10ug mi-1 chloramphenicol for Agrobacterium 15-10

(pCAR36) culture), and grown for 24 hours in a gyrotory incubator at 30°C. The

~ resultant cultures wereassayed for hydantoinase activity (as per Example 15).

The hydantoinase activities for Agrobacterium 15-10 containing pCAR36 were 6-7

times higher than the activity for Agrobacterium 15-10 confirming that pCAR36
contains the gene encoding hydantoinase activity.

Example 32
Construction of pDAN3 and pDAN4

Approximately 2yg of pCAR36 (Example 29) DNA were digested with 5
units of Sst I (Sacl) in a total of 50 pl of 50 mM Tris-HCl (pH8.0), 10 mM
MgClp, 50 mM NaCl for 3 hours at 37° C. The digested DNA was fractionated
on a 0.8% low melting point agarose gel by electrophoresis in TBE buffer. The
portion of the gel containing the ca 3.3 kb Sst I fragment was excised and the DNA
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was recovered using the method described in Example 5.

Approximately 0.5ug of Sstl digested, CIAP treated pWOR902
DNA(Example 19) and 0.5ug of the 3.3 kb Sst I fragment from pCAR36 were
combined in a total volume of 20l of DNA ligase buffer. One unit of T4 DNA
ligase was added and the mixture was incubated at 4°C for 16 hours. A

10ul of the reaction mix was used to transform E. coli HB101 competent
cells (using the method described in Example 5) and the cells were spread on L-agar
plates supplemented with 25ug ml-1 chloramphenicol. 4 chloramphenicol resistant
colonies were re-streaked on L-agar plates containing 25pg mi-1 chloramphenicol,
incubated at 37° C overnight and then small scale plasmid DNA preparations
(using the method described in Example 5) were performed on cells of each of
these isolates. Restriction enzyme digests of the DNA preparations indicated
clones with either orientation of the Sst Ifragment in the vector were obtained.
These were designated pDAN3 and pDAN4 and restriction maps are shown in
Figs. 25 and 26.

500 mis of L-broth supplemented with 25pug mi-1 chloramphenicol was
inoculated with Z.cofi HB101 (pDAN3) and a further 500 mls of L-broth
supplemented with 25pg mi-1 chloramphenicol was inoculated with . coli HB101
(PDAN4) and incubated overnight at 37°C on a gyrotory incubator. Plasmid DNA
was isolated using the method described in Example 26.

Example 33
Electroporation of pDAN3 and pDAN4 into Agrobacterium

Approximately 200 ng of either pDAN3 or pDAN4 was used to
transform Agrobacterium 15-10 by electroporation (Example 19). Transformants
were subjected to small scale plasmid preparations; restriction enzyme digests
confirmed the presence of pPDAN3 and pDAN4.

Example 34

Demonstration of Extra Hydantoinase Activity Associated withpDAN3 and
pDAN4

Agrobacterium  15-10 (pCAR36), Agrobacterium 15-10 (pWOR902),
Agrobacterium 15-10 (pDANS3) and Agrobacterium 15-10 (pDAN4) were each
inoculated into separate flasks containing 50 ml of AJ1 medium (Example 1),
supplemented with 5g 1-1 (NH4)2SO4 and 10pg mi-1 chloramphenicol, and grown
for 24 hours at 30°C. Each of the cultures were then treated as follows:- 500 pl
of IM MnSOy4 solution was added to the culture which was then shaken at 30°C
for afurther 35 minutes. The broth was assayed in the following way:- 1360 pl of
broth either neat or diluted was added to 140 pl of 1% cetyltrimethylammonium
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bromide solution in an eppendorf tube, mixed and incubated at room temperature
for 5 minutes. 1 ml of this solution was added to 19 mls of 1% D,L-5-(p
hydroxyphenyl) hydantoin in 0.2M Tris in a 50 mi screw capped conical flask
and shaken in a water bath at 42° C. Samples were removed after incubation for

5 10 minutes and 30 minutes and assayed using an HPLC (Example 15). The
hydantoinase activity in pmoles of product per ml of cells per hour was calculated.

It was demonstrated that pCAR36, pDAN3 and pDAN4 give increased

hydantoinase activity in Agrofacterium 15-10. Strains containing pDAN4 gave
hydantoinase activities approximately 230 times higher than the activity for

10 Agrobacterium 15-10 containing pWOR902.

Example 35
Construction of pGal2789RS3Carb

A copy number mutant of the naturally occurring E. coli plasmid NR1 was
15  obtained by spontaneous mutation. This plasmid (pRR21) was then reduced in size
by deleting un-needed regions to yield pDPT 2789. Thisis a 125 copy plasmid
containing the inc F11 region and Chloramphenicol and Spectinomycin resistance
markers. pDPT 2789 was then cut with Ndel, filled in and religated to make
pDTP2789 (Nde-). pDPT 2789 (Nde") was then digested with Stul and Esp1 and a
20 Swl-Espl fragment containing a Pgal promoter with a synthetic ribosome binding
site downstream was inserted. This vector was called pGal2789RS3V1V2.
pGal2789RS3V1V2 was digested with Ndel, filled-in with Klenow, and then
digested with BamH1. pCAR21 (Example 7) was digested with BspH1, filled-in
with Klenow, and then digested with BamH1. These digestions released an ~900bp
25  fragment containing the sequences coding for the carbamoylase gene resulting in the
plasmid pGal2789RS3Carb that expresses the carbamoylase gene off the Gal
promoter. »
This plasmid was then transformed into a number of Z. cofi K12 host strains
by standard CaCl3 procedures and production of carbamoylase was monitored during

30 cell growth by Coomassie blue staining of SDS-PAGE gels on which total cell
extracts had been run.
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CLAIMS

1. A process for the production of a carbamoylase enzyme which has the
capability of converting a D-N-carbamoyl (optionally substituted phenyl) glycine into
the corresponding D-(optionally substituted phenyl)glycine by expressing
recombinant DNA encoding a carbamoylase gene in a homologous host.

2. A process according to claim 1 wherein the homologous host is Agrobacterium.
3. A carbamoylase enzyme obtainable by the process of claim 1 or 2.
4. Recombinant DNA vector comprising a gene encoding a carbamoylase

enzyme which has the capability of converting a D-N-carbamoyl (optionally
substituted phenyl)glycine into the corresponding D- (optionally substituted phenyl)
glycine wherein the DNA vector is selected from the group consisting of pCAR1,
pCARG6, pCAR12, pCAR21, pCAR26, pCAR27, pCAR28, pCAR29,
pGal2789RS3Carb, pCAR31, pCAR32, pCAR36, pCAR44 and pCAR46.

5. Isolated DNA encoding a gene for a carbamoylase enzyme as defined in claim
1 and a gene for a hydantoinase enzyme which has the ability to convert a D,L-
(optionally substituted phenyl) hydantoin into the corresponding D-N-carbamoyl
(optionally substituted) phenyl glycine.

6. Recombinant DNA comprising the DNA of claim 5.

7. A recombinant DNA vector according to claim 6 which is pCAR1, pCARG,
pCAR31, pCAR32, or pCAR36.

8. Isolated DNA encoding a gene for a hydantoinase enzyme which has the
ability to convert a D,L - (optionally substituted phenyl) hydantoin into the
corresponding D-N-carbamoyl (optionally substituted phenyl) glycine.

9. Recombinant DNA comprising the DNA of Claim 8.
10. A recombinant DNA vector according to claim 9 which is pDAN3 or pDAN4.
11. A process for transforming a host cell with recombinant DNA according to

any one of claims 4, 6, 7, 9 or 10 which comprises mixing together the host and the
recombinant DNA under conventional transformation or electroporation conditions.
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12. A host cell transformed with a recombinant vector according to any one of
claims 4, 6,7, 9 or 10.

5 13: Ahostcell according to claim 12 which is Agrobacteriumor E. coli.

14, A method of producing carbamoylase and/or hydantoinase activity in a host
cell which comprises:

10 (a) introducing into said host cell DNA as defined in any one of claims 4 to 10
said DNA positioned for expression from a transcriptional and translational activating
sequence functional in said host cell; and
(b)  cultring said host cell transformed in step (a) under conditions which allow
for the expression of said DNA.

15
15. A method according to claim 14 wherein the DNA is a vector based on
pWORD902 or derivatives thereof.
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FIG. 10(b)
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VAIValGlynrgLeuLeuAspNetLeuThrﬂsnAlaAlaSerArgG!yVaIAsnPheIle
GTGGTTGGCCGCCTCCTCGACATGTTGACGAACGCAGCCAGCCGGGGCGTGAACTTCGTC
"969 --7979

~989 999 ~1009 ~1019

Va1PheProG1uLeualafeuThrThrPhePheProArgTrpHisﬂheThrnspGlunla
GTCTTTCCCGAGCTTGCGCTCACGACCTTCTTCCCGCGCTGGCATTTCACCGGCGAGGCC
g ~1029 ~1039 ~1049 ~1059 1069 ~1079

G1uLeuAspSerPheTyrGluThrGluMetProG1yProValValArgProLeuPheGlu
GAGCTC, ATAGCTTCTATGAGACCGQAATGCCCGGCCCGGTGGTCCGTCCACTCTTTGAG
L ~1089 ~1099 ~1109

Sacl

“1119 ~1129 T1139

ThrAlaAlaGluLeuGlyIleGlyPheAsnLeuGlyTyrAIacluLégValValGluGly
ACGGCCGCCGAACTCGGGATCGGCTTCAATCTGGGCTACGCCGAACFCGTCGTCGAAGGC
T1149 ~1159 ~1169 ~1179 ‘71189 ~1199

GlyValLysArgArgPheAsnThrSerIleLeuVaIAspLysSerGIyLysIleValGly
GGCGTCAAGCGTCGCTTCAACACGTCCATTCTGGTGGATAAGTCAGGCAAGATCGTCGGC
~1209 ~1219 ~1229 ~1239 ~1249 ~12s59

LysTyrArgLysIleHisLeuProGlyHisLysGluTyrGIUAIaTyrArgProPheGln
AAGTATCGTAAGATCCATTTGCCGGGTCACAAGGAGTACGAGGCCTACCGGCCGTTCCAG
1269 1279 ~1289 ~1299 ~1309 1319

HisLeuGluLysArgTerheGluProGlyAspLeuGlyPheProValTyrAspVaIAsp
CATCTTGRAQQGCGTTATTTCGAGCCGGGCGATCTCGGCT

TCCCGGTCTATGACGTCGAC
1329 ~1339 ~1349 ~1359 ~136

“L379
Salrl
AlanlaLysNetGlyNetPheI1eCysAsnAspArgArgTerroGluThrTrpArgVal
GCCGCGAAAATGGGGATGTTCATCTGCAGCGATCGCCGCTGGCCTGAAACGTGGCGGGTG
~1389 ~1399 ~1409 ~1419 1429 ~1439

NetGlyLeuLysGlyAlaGluIleIleCysGlyG1yTyrAsnThrProThrHisAsnPro
ATGGGACTTAAGGGCGCCGAGATCQTCTGCGGCGGCTGCAACACGCCGQCCCACAATCCC
~1449 ~1459 T1469 ~1479 ~1489 ~1499

1529 “1539 T1549 -

serTyrGlnAsnGlyAlaTrpSerAlaAlaAlaG1yLysVa1G1yMetGluGluGlyCys
TCGTACCAAAACGGCGCCTGGTCCGCGGCGGCCGGCAAGGTCGGCATGGAGGAGGGGTGC
~1s69 ~1s79 ~1589 ~1599 ~1609 ~1619

Sphi—

netLeuLeuGlyHisSerCysI1eValAlaProThrGlyGluIleValalaLeuThrThr

ATGCTGCTCGGCCGTTCGTGCATCGTGGCGCCGACCGGCGAAGTCGTTGCCCTGACCACG
~1629 ~1639 ~1649 ~1659 1669 . ~1679

ThrLeuGluAsoGluValIleThrAIaA1aVa1AspLeuAépArgCysArgGluLeuArg
ACGTTGGAAGACGAGGTGATCQCCGCCGCCGTCGATCTCGACCGCTGCCGGGAACTGCGC
~1689 ~1699 ~1709 ~1719 ~1729 ~1739

GluHisIlePheAsnPheLysAlaHisArgGlnProGlnﬁfsTyrGIyLeuIleAlaGlu
GAQCACATCTTCQATTTCAAAGCCCQTCGTCAGCCQCQGCACTQCGGTCTGGTCGCGGRQ
1749 1759 ~1769 ~1779 1789 ~1799

EcoRI—
Phexxx

T‘rcTGAAGGTCAGGCCAAAAAAACGGATGGGGCTGGGGACGTCGAAGCG§CAGCGTTacc
[ 1809 ~1819 ~1829 ~1839 1849 ~1859

CCTATCCGATCGAGAAAGETT
~1869 L 1879

indITI 10b/26 .
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