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ABSTRACT

There is described a cephalosporin C acylase
having the following characteristics: (a) it has
che ability to catalyze the enzymatic conversion
of cephalosporin C, glutaryl 7/-ACA, adipyl 7-ACA,
succinyl 7-ACA, N-acetylcephalosporin C, N~-benzoyl-
cephalosporin C and cephalothin into 7-amino cephaio-

sporanic acid, (b) 1t 1s composed of a =—-subunit
[molecular weilght: 26,000 dalton (SDS-PAGE)] and
8 ~subunit [molecular weight: 58,000 dalton (SDS-
PAGE)], (c¢) it has the following N-terminal amino

acid sequence of the a =-subunit: Thr—-Met~Ala-Ala—-Asn-
Thr~Asp~Arg~Ala—Val—Leu—Gln~Ala-Ala—Leu—Pro-PrO*Leu-.

A DNA which encodes cephalosporin C acylase 1is also
described, as well as an expression vector which
comprises this DNA and a host cell transformed by
the expression vector. Also described 1s a process
of preparing the above cephalosporin C acylase.
This product has higher stability and higher enzymétic
potency.
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CEPHALOSPORIN C ACYLASE

The invention relates to a new cephalosporin C
acylase (hereinafter referred to as "CC acylase N-176").
More particularly, it relates to a new CC acylase derived
from Pseudomonas diminuta N-176, a DNA encoding thereof,
an expression vector containing said DNA, a microorganism
transformed with said expression vector, and the

production of the CC acylase by culturing said
transformant.

Cephalosporin C acylase is a general term for an
enzyme, which is, in common, capable of hydrolyzing
cephalosporin C to 7-aminocephalosporanic acid (7-ACA).
7-ACA has been made by methods of chemical conversion of
cephalosporin C such as iminoether or nitrosyl chloride
method. However, to make cost reduction, an alternative
method utilizing enzymatic conversion has been searched
for a long time since similar enzvmatic conversion was
successfully adopted for the production of
b-aminopenicillanic acid (6-APA) which is a starting
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material for penicillins, another family of B-lactam
antibiotics. In the course of such efforts, two step
enzymatic conversion was devised using D-amino acid
oxidase and glutaryl 7-ACA (GL 7-ACA) acylase. This
method has been industrialized as the one where the
enzymatlic oxidation was substituted by chemical oxidation.
This two step method was an offspring to overcome the

difficulty of discovering acylases which can convert
cephalosporin C directly to 7-ACA.

However, since advantage of one step conversion over
the two step one was apparent, extensive studies for
searching such an enzyme named cephalosporin C acylase has
still been continued thereafter. Recently, cephalosporin
C acylases were definitely clarified to be produced by

Pseudomonas speciles (Cf. Japanese Patent Applications Laid
Open Nos. 61-152286 and 62~48380).

The inventors of this invention have conducted
extensive studies for searching new CC acylases, and as
the results, the present inventors have been found a new
characteristic CC acylase N-176 in the cultured broth of a
newly lsolated organism, Pseudomonas diminuta N-176 and
established industrial production of this enzyme. The CC

acylase N-176 of this invention, as compared with prior CC
acylases, 1s characterized by higher stability, higher
enzymatic potency and the like, and further
characteristics of this CC acylase will be apparent from
the description mentioned below.

A stralin named Pseudomonas diminuta N-176 which is a

cephalosporin C acylase producer was newly isolated from a
soll sample collected in Aomori Prefecture, Japan. A
culture of the living organism has been deposited with
Fermentation Research Institute, Agency of Industrial
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Science and Technology, 1-3, Higashi 1 chome Tsukubashi
Ibaraki-ken 305 Japan under the number FERM-BP 3046 on
August 7, 1990.

Pseudomonas diminuta N-176 has the following

morphological and physioclogical characteristics and
identlfied as Pseudomonas diminuta according to Bergey's
Manual of Systematic Bacteriology (Volume 1) and in the
result of the comparative experiment using Pseudomonas
diminuta ATCC 19146. The method described in Bergey's

Manual was employed principally for this taxonomic study.

1. Morphological characteristics

Morphological observation of the strain N-176 was
carried out by the optical microscope with cells grown in
Trypticase soy broth (BBL Co., Ltd., U.S.A.) at 37°C.

Strain N-176 was a gram-negative, motile bacterium.
The cell shapes were rod. Results are shown in Table 1.

Table 1. Morphological characteristics of strain

N-176
Gram stain negative
color of colony gray
cell shape rod
spore negative
motility positive
flagella single polar flagellum
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2. Physiological Characteristics

Physiological characteristics of the strain N-176
were summarized in Table 2.

The strain N-176 was oxidase positive, catalase
positive and O-F test negative. Gelatin was not liquefied
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and esculin hydrolvslis was negative. None of the
carbohydrates tested were fermented. Indole test was
negative. Voges-Proskauer test was negative.
Table 2. Physiological characteristics of the
strain N-176

L

Conditions Characteristics

P

growth in ailr +
in anaerobe -
at 8°C -
at 30°C +
at 37°C +
at 40°C -

pigment ~

catalase +w
oxidase +W

OF-tst -

TSI o A

IPA -

H28 (SIM medium) -
HZS (lead acetate) -
indole -
VP -~
Simmons' citrate -
urease (Christensen) i
gelatin liquefection -
csculin hydrolysis -
nitrate reduction/gas -/ -
lysine decarboxylasec -
ornithine decarboxylase —~
arginine dihydrolase -
acylamidase —
utilization of arabilinose ~

dulcitoel -
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glucose =
galactose -
ethanol -
inositol -
lactose =
maltose -
mannose —
rhamnose -
starch —
sucrose -~
trehalose N
Xylose -
lecithinase {(egg yolk) -

. e P

Note: +; positive, =-; negative, +w; weakly positive

The new CC acylase of this invention has the
following characteristics.

Namely, the new CC acylase of this invention

(a) has ability to catalyze the enzymatic conversion of
cephalosporin C, glutaryl 7-ACA, adipyl 7-ACA,
succinyl 7-ACA, N-acetylcephalosporin C,
N-benzovlcephalosporin C and cephalothin into 7-amlno
cephalosporanic acid,

(b) is composed of a-subunit [Molecular weight : 26,000
dalton (SDS-PAGE)] and B-subunit [Molecular weight
58,000 dalton {SDS-PAGE)] and

(c¢) has N-terminal amino acid sequence of the a-subunit
Thr-Met~Ala-Ala-Asn-Thr-Asp-Arg-Ala-Val-Leu-Gln-Ala-
Ala-Leu-Pro-Pro-Leu-
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The new CC acylase of this invention can be prepared

by recombinant DNA technology, polypeptide synthesls and
the like.

Namely, the new CC acylase can be prepared by
culturing a host cell transformed with an expression
vector comprising DNA encoding amino acid sequence of the

new CC acvlase in a nutrient medium and recovering the new
CC acylase from the cultured broth.

In this process, particulars of which are explained
in more detall as follows.

The host cell may include microorganisms [bacteria
(e.g. Escherichla coll, Bacillus subtllls, etc.), yeast
(e.g. Saccharomyces cerevisiae, etc.), animal cell lines
and cultured plant cells]. Preferred examples of the
microorganlsm may include bacteria, especially a strain

belonging to the genus Escherichia (e.g. E. coli JIJM109
ATCC 53323, E. coli HB101l ATCC 33694, E. coli HB10l~16

pabinad

FERM BP~1872, E. coli 294 ATCC 31446, etc.), veast,

especlally a strain belonging to the genus Saccharomyces
[e.g. Saccharomyces cerevisiae AH22], animal cell lines

le.g. mouse L9299 cell, Chinese hamster ovary (CHO) cell
etc.] and the like.

When bacterium, especially E. colli 1s used as a host

cell, the expression vector 1s usually composed of at
least promoter-operator region, initliation codon, DNA
encoding amino acid sequence of the new CC acylase,
termination codon, terminator region and rcplicatable
unit. When yeasts or animal cells are used as host cells,
the expression vector 1s preferably composed of at least
promoter, lnitiation codon, DNA encoding amino acid

sequences of the signal peptide and the new CC acylase and
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terminatlion codon, and 1t is posslible that enhancer
secquence, 5'- and 3'-noncoding region of the new CC
acvlase, splicing junctions, polvadenyvlation site and
replicatable unit are also inserted into the exXpression

vector.

The promoter-operator region comprises promoter,
operator and Shine-~-Dalgarno (SD) sequence (e.g. AAGG,
etc.). Preferable promoter-operator region may include
conventlionally employed promoter-operator region (e.g.
PL-promoter and trp-promoter for E. coll) and promoter of

the CC acvlase N~176 chromosomal gene. The promoter for
expression of the new CC acylase 1n yeast may include the
promoter of the TRP1l gene, the ADHI or ADHII gene and acid
ph

for expression of the new CC acylase in mammalian cells

osphatase (pH05) gene for S. cerevisiae and the promoter

may include SV40 early or late-promoter,

HTLV~-LTR-promoter, mouse metallothionein I{(MMT)-promoter,
vaccinia-promoter and the like.

Preferable initiation codon may include methionine
codon (ATG).

The signal peptide may include a signal peptide of
conventionally employed other enzymes (signal peptide of
the native t-PA, signal peptide of the native plasminogen)
and the like.

The DNA encoding amino acid sequence of the signal
peptide or the new CC acylase can be prepared in a
conventional manner such as a partial or whole DNA
synthesls using DNA synthesizer and/or treatment of the
complete DNA sequence coding for the new CC acylase
inserted in a sulitable vector [e.g. PCCN 176~2] obtainable
from a transformant {e.g. E. coli JM109 (PCCN 176-2) FERM

BP-3047] with a suitable enzyme (e.g. restriction enzyme,
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alkaline phosphatase, polynucleotide kinase, DNA ligase,
DNA polymerase, etc.).

The termination codon{s) may 1nclude a conventionally
employed termination codon (e.g. TAG, TGA, etc.).

The terminator region may include natural or

synthetic terminator (e.g. synthetic f£d phage terminator,
ete.).

The replicatable unit 1s a DNA compound having
capable of replicating the whole DNA sequence belonging
thereto in a host cell and may include natural plasmid,
artificially modified plasmid (e.g. DNA fragment prepared
from natural plasmid) and synthetic plasmid and preferable
examples of the plasmid may include plasmid pBR322 or
artificially modified thereof (DNA fragment obtained from
a suitable restriction enzyme treatment of pBR322) for E.
coll, veast 2 y plasmid or yeast chromosomal DNA for
vyeast, plasmid pRSVneo ATCC 37198, plasmid pSv2dhfr ATCC

37145, plasmid pdBPV-MMTneo ATCC 37224, plasmid pSvV2neo
ATCC 37149 for mammalian cells.

The enhancer sequence may include the enhancer
sequence (72 b.p.) of svV40.

The polyadenylation site may include the
polyadenylation site of SV40.

The splicing junction may include the splicing
junction of SV40.

The promoter, initiation codon, DNA encoding amino
acld sequence of the new CC acylase, termination codon(s)

and terminator region can consecutively and circularly be
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linked with an adequate replicatable unit (plasmid)

together, 1f desired, using an adequate DNA fragment(s)
(e.g. linker, other restriction site, etc.) in a

conventlional manner (e.g. digestion with restriction

enzyme, ligation using T4 DNA ligase) to give an
expression vector. When mammallan cells are used as host
cells, 1t 1s possible that enhancer sequence, promoter,
5'-noncoding region of the cDNA of the new CC acylase,
initiation codon, DNA encoding amlno acid sequences of the
signal peptlide and the new CC acylase, termination
codon(s), 3'-noncoding region of the ¢cDNA of the new CC
acylase, spllicing junctions and polyadenvylatlon site are
consecutively and clrcularly be liked with an adeguate
replicatable unit together 1n the above manner.

A host cell can be transformed (transfected) with the
expression vector. Transformation (transfection) can be
carried out 1in a conventional manner [e.g. Kushner method
for E. coll, calcium phosphate method for mammalian cells,
microlnjection, etc.] to give a transformant

(transfectant).

For the production of the new CC acylase in the
process of thilis invention, thus obtaincd transformant
comprising the expression vector is cultured in an aqueous
nutrient medium.

The nutrient medium may contaln carbon source(s)
(¢.g. glucose, glycerine, mannitol, fructose, lactose,
etc.) and lnorganlc or organic nitrogen source(s) (e.g.
ammonium sulfate, ammonium chloride, hydrolysate of
caseln, yeast extract, polypeptone, bactotrypton, beef
extract, etec.). If desired, other nutritious sources
le.g. inorganic salts (e.g. sodium or potassium
biphosphate, dipotassium hydrogen phosphate, magnesium
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chloride, magnesium sulfate, calcium chloride), vitamins
(e.g. vitamlin Bl), antibiotics (e.g. amplicillin,
kanamycin), etc.} may be added to the medium. For the
culture of mammalian cells, Dulbecco's Modiflied Eagle's
Minimum Essential Medium {(DMEM)supplemented with fetal
calf serum and an antibiotic 1s often used.

The culture of the transformant (including
transfectant) may usually be carried out at pH 5.5-8.5
(preferably pH 7-7.5) and 18 - 40°C (preferably 25-38°C)
for 5-50 hours. |

Wwhen thus produced new CC acylase exists 1n the
culture solution, culture filtrate (supernatant) 1is
obtained by filtration or centrifugation of the cultured
broth. From the culture filtrate, the new CC acylase can
be purified in a conventional manner as generally employed
for the purification and isolation of natural or synthetic
proteins (e.g. dialysis, gel filtration, affinity column
chromatography using anti-CC acylase monoclonal antibody,
column chromatography on a suitable adsorbent, high
performance ligquid chromatography, etc.). When the
produced new CC acylase exlsts in periplasm and cytoplasm
of the cultured transformant, the cells are collected by
filtration and centrifugation, and the cell wall and/or
cell membrane therecoft are destrovyed by, for example,
treatment with super sonic waves and/or lysozyme to glve
debris. The debris can be dissolved in a suitable aqueous
solution (e.g. 8M aguecous urca, 6M aguecous guanidium
salts). TFrom the solution, the new CC acylase can be

purified in a conventional manner as exemplified above.

if it 1s necessary to refold the new CC acylase

produced in E. coli, the refolding can be carried out 1in a

conventional manner.
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This invention further provides a process for the
preparation of a compound of the formula :

RSN
-

y N

0/

COOH

_nl (L)
CH,-R

wherein Rl is acstoxy, hydroxy and hydrogen
or its salt,

which comprises contacting a compound of the formula :

RZ—I;IH~—i’ 5. |
JH.N r;L\
~ 1
o/ CH,,~R (II)

COQH
wherein Rl is the same as defined above and

R2 is carboxylic acyl,
or its salt,
with the cultured broth of a microorganism transformed
with an expression vector comprising DNA encoding the new
CC acylase of this invention or its processed material.

The carboxylic acyl for R2 may iclude aliphatic,
aromatic or heterocyclic carboxylic acyl and suitable

example thereof may be C1-Cg alkanoyl which may have one
or two suitable substituent(s) selected from the group of

amino, carboxy, Ci1-.Cg alkanoylamino, benzamido or thienyl
and the like. |

Suitable salt of the compounda (I) and (II) may be
alkali metal salt (e.g. sodium salt, potassium salt).

If the CC acylase activity usually exists in
transformed cells, the following preparations can be
exemplified as a processed material of the cultured broth.

(1) Raw cells; separated from the cultured broth in

conventional manners such as filtration and centrifugation
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(2) dried cells; obtailned by drving sald raw cells in
conventional manners such as lvophilization and vacuum
drving

(3) cell~free extract; obtalined by destroying said raw or
dried cells in conventional manners (e.g. autolysis of the

cells using an organic solvent, grinding the cells with

alumina, sea sand, etc. or treating the cells with super

sonic waves)

(4) enzyme solution; obtained by purification or partial
purification of said cell-free extracts in conventional
manners (e.g. column chromatography)

(5) immobllized cells or enzyme; prepared by immobilizing
salid cells or enzyme in conventional manners (e.g. a

method using acrylamide, glass bead, ion exchange resin,
etc.).

The reaction comprilising a contact of the compound
(IT) with the enzyme can be conducted in an agqueous medium
such as water or a buffer solution, that is, it can be
usually conducted by dissolving or suspending the cultured
broth or i1ts processed material in an agqueous medium such
as water or a buffer solution containing the compound
(IT).

Prefterable pH of the reaction mixture, concentration
of the compound (II), rcaction time and reaction
temperature may vary with properties of a cultured broth
or 1ts processed material to be used. Generally, the
reaction 1s carried out at pH 6 to 9, preferably pH 7 to
9, at b5 to 40°C, preferably 5 to 37°C for 2 to 50 hours.

The concentration of the compound (II) as a substrate

in the reaction mixture may be preferably selected from a
range of 1 to 100 mg/ml.
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Thus produced compound (I) can be purified and

lsolated from the reaction mixture in a conventional
manner .

Brief explanation of the accompanying drawings is as
follows.

Flgure 1 shows restriction site and function map of
plasmids pCCN 176-1, pCCN 176-2 and pCCN 176-3. 1In this
Flgure, the abbreviation "MCS" means multiple cloning
site.

Figure 2 shows nucleotide sequence and deduced amino
acld sequence of the CC acylase N-176 chromosomal gene.
In the numbering of the DNA, the first nucleotide of the
coding region is designated as +1.

Figure 3 shows optimum temperature of the CC acylase
N-176.

Fligure 4 shows thermostability of the CC acylase
N-176.

Figure 5 shows optimum pH of the CC acylase N-176.

Flgure 6 shows pH profile of stability of the CC
acylase N-176,

Figure 7 shows inhibition of GL~7ACA acylasc activity
of the CC acylase N-176 by reaction products.

Figure 8 shows inhibition of cephalosporin C acylase
activity of the CC acylase N~-176 by reaction products.

In the following Examples, some plasmids, enzymes,
such as restriction enzymes, T4 DNA ligases, and other
materlials were obtained from commercial sources and used
according to the indication by suppliers. Operations
employed for the cloning of DNA, transformation of host

cells, cultivation of transformants, recovery of the new
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CC acylase from the cultured broth, and the like are well

kKnown i1n the art or can be adapted from literatures.

Following examples are given for the purpose of

1llustraing this invention, but not limited thereto.

Example 1

Isolation of the gene enceding cephalosporin C
acylase of Pseudomonas diminuta N-176

1.1 Preparation of chromosomal DNA of Pseudomonas
diminuta N-176

-y - N

Chromosomal DNA of Pseudomonas diminuta N-176 was
prepared according to the method of Harris-Warrick et al.,
Proc. Natl. Acad. Sci., USA 72: 2207-2211, 1975.
Pseudomonas diminuta N-176 was grown with shaking at 30°C

for 40 hours in 3 2 of meat extract broth (polypeptone
0.5%, sodium glutamate 0.5%, meat extract 0.2%, MgSO4-7H20
50 yg/ml), harvested by centrifugation and washed once
with 50 mM Tris~-HCl (pH 8) containing 1 mM EDTA.

Resultant cell pellets [approximately 5 g (wet weight)]
was suspended in 12.5 ml of 50 mM Tris-HC1l (pH 8)
containing 20% sucrose and 1 mM EDTA and treated with 12.5
mg of lysozyme at 37°C for 15 min. Furthermore, to this
suspension, 30 ml of 100 mM EDTA (pH 9.6)-1% lauroyl
sarcosylate and 10 ml of 5 mg/ml of pronase E were added
and the resultant mixture was incubated at 50°C for 2
hours. After addition of 1.25 g of CsCl to cach 1 ml of
the lysate, it was applled to equilibrium density gradient
centrifugation. After centrifugation, chromosomal DNA
fractions were pooled and dialyzed against 10 mM Tris-HCL
(pH 8) containing 1 mM EDTA (TE buffer).

1.2. Construction of genomic DNA library of Pseudomonas
diminuta N-176
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Three hundred micrograms of chromosomal DNA of

Pseudomonas diminuta N-176 was partially cleaved with 3.75

units of restriction endonuclease Sau3AI and the resultant
DNA fragments were applied to a GEN-PAK DNA column (6.0 mm
X 50 mm, Waters, USA) and elution was performed with a
linear gradient of NaCl (0.07-0.1M) in 25 mM phosphate
buffer (pH 6) at a flow rate of 1.0 ml/min over 30 min.
Fractions of DNA with an average size of 7-9 kilo bases
(kb) were pooled and DNA was collected by ethanol
precipitation and dissolved in TE buffer. 20 ug of the
plasmid vector pHSG298 DNA (Takara Shuzo, Japan) was
cleaved with BamHI (Takara Shuzo, Japan), followed by
phenol extraction and ethanol precipitation. The DNA was
dissolved in 200 ul of 10 mM Tris-HCl1l (pH 8) containing
1OmM EDTA and incubated at 37°C for 20 min with 1 unit of
bacterlal alkaline phosphatase (Takara Shuzo, Japan). The
reaction mixture was treated with phenol extraction and
ethanol precipitation and dissolved in 40 ul of TE buffer.
Sau3Al partially cleaved chromosomal DNA fragments (20 ug)
were ligated at 12°C for 16 hours with 500 units of T4 DNA
ligase (Takara Shuzo, Japan) to 5 ug of the linearized and
dephosphorylated pHSG298. The ligation mixture was used
for transformation of E. coli IJM109 (Toyobo Co., Ltd

Y 4

Japan). Transformation was performed according to the
procedure of D. Hanahan (Cf. J. Mol. Biol. 166, 557-580
(1983)). The transformants were selccted on LM agar
containing trypton (Difco) 1%, yeast extract (Difco) 0.5%,
sodium chloride 10mM, magnesium sulfate 10mM, agar 1.5%

and 20 ug of kanamycin /ml. The number of transformants
obtailned was 24,000.

st

a cephalosporin C acylase gene
A clone possessing a plasmid containing cephalosporin
C acylase gene was screened among the genomic DNA library

1.3. Selection of a clone possessing a plasmid containing
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of Pseudomonas dimlinuta N-176 by the following HPLC

method. Transformant colonies were picked up and grown
overnight at 30°C in 1 ml of 2% Boulllon (Eiken Chemical
Co., Ltd., Japan) supplemented with 1 mM
isopropyl-f-D-galactoslide {IPTG: Sigma Chemical Co., Ltd.,
U.S.A.). Cells were harvested by centrifugation and
resulting cell pellets were used for assay. Reaction
mixture (200 ul) containing 100mM phosphate (pH 8), 2 mg
of GL-7ACA or cephalosporin C Na and cell pellets were
thoroughly mixed and incubated for 10 min at 37°C. The
reaction was terminated by the addition of 200 pl of 4%
acetlic aclid. Sanmples were applied to a Inertsil ODS-2
column (4.6 mm x 150 mm) {Gasukuro Kogyo Co., Ltd., Japan)
and elution was performed with 0.567 g/l of Na2P04, 0.36
g/l of KH2P04 and 2-4% methanol. 7ACA was detected with

absorption at 254 nm.

L.4. Subcloning of the gene encoding cephalosporin C

PSS Sl a sl

acylase (Cf. Fig. 1)

Plasmid DNA was extracted from one of the positive
clones by the cleared lysate method described by Clewell
and Helinskl (Cf. Proc. Natl. Acad. Sci., USA 61:
1159-1166, 1969) and named pCCN1l76-1. The size of the
1nsert DNA was estimated to be approximately 8 kb by

agarose gel electrophoresis. 10 ng of the recombinant
plasmid pCCN176-1 DNA was clecaved with Kpnl (Takara Shuzo,
Japan) and 4kb of the resulting DNA fragment of the insert
was separated by agarose gel clectrophoresils, cluted from
the gel by electrophoresis, treated with phenol extraction
and ethanol precipitation and dissolved in TE buffer.

This DNA fragment of the insert of 1 jg was ligated with
25 units of T4 DNA ligase to 1 yg of pHSG299 DNA (Takara)
linearlzed by digestion with KpnI. E. coli JM109 was

transformed with this ligation mixture. Transformants

were selected on LM agar plates containing 20 ug/ml of

kanamycin and confirmed by criteria of loss of
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P-~galactosidase activity, size of an insert and presence
of cephalosporin C acylase. Activity of cephalosporin C
acylase was measured by the HPLC method as described in
Example 1.3. From one of the recomblnant strain, plasmid
DNA was exXxtracted by the cleared lysate method and named
PCCN176-2. 15 ug of pCCNl76-2 was cleaved with EcoRI
(Takara Shuzo, Japan), treated with phenol extraction and
ethanol precipitatlion and dissolved in 336 ul of Bal3l
butfer (20 mM Tris-HC1l {(pH 8), 600 mM NaCl, 12 mM CaCl
12 mM MgCl2 and 1 mM EDTA). This linearized DNA was
incubated at 30°C with 30 units of Bal3l nuclease. Fifty
Hl of alilquots were sampled after 30 sec, 1, 2, 3, 4 and 5
min of incubation and the reaction was stopped by adding
equal volume of phenol. After treatment of phenol and
ethylether extraction and ethanol precipitation, Bal3l
treated DNAs were dissolved in 20 mM Tris-HC1l (pH 7.5)
contalning 10 mM MgCl2 and 1 mM dithiothreitol (DTT) and
lncubated at room temperature for 30 min with 1 unit of
Klenow fragment (Takara Shuzo, Japan) in the presence of 2
mM each of 4ATP, dCTP, 4GTP, and 4dTTP (Kojin Co., Ltd.,
Japan). Reaction was terminated by phenol extraction,
followed by ethylether extraction and ethanol
precipitation. DNAs were dissolved in TE buffer and
cleaved with KpnI. The Kpnl cleaved DNA fragments with
the size of 2.6-3 kb were isolated by agarose gel
electrophoresis and ligated with T4 DNA ligase to pHSG298
DNA cleaved with KpnlI and HincII (Takara Shuzo). The
ligation mixture was used for transformation of E. coli JIM
109. Transformants were selected and confirmed as
described previously. Plasmid DNA was prepared from one
of the positive transformants and named pCCN176-3, the

2’

size of insert of which was estimated to be approximately
2.9 kb.

Example 2
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Determination of nucleotide sequence of the gene

— — g e s o o o o el wintubierw o

encoding cephalosporin C acylase of Pseudomonas
diminuta N-~176

2.1. Determination of nucleotide sequence
Restriction endonuclease mapping of the insert of

pCCN176-3 was performed using restriction endonucleases
EcoRV, Ecod4711ITI, M1lul, Ncol, Sacll, Sall, Smal and Xhol

(All from Takara Shuzo)}. Appropriate restriction
endonuclease cleaved DNA fragments were subcloned into M13
phage vector and used for determination of the nucleotide
sequences. Nucleotide sequence was determined by the
dideoxy chaln termination method (Cf. Sanger et al. Proc.
Natl. Acad. Sci., U.S.A. 74, 5463-5467 (1977)) using M13
sequencing kit (Toyobo Co., Ltd., Japan). The enzyme used
was a modified T7 DNA polymerase (Sequenase) and both
/~-deaza AGTP and d4dITP were separately adopted as the
nucleotide analog. Primers with the size of 20 bases
corresponding to the sequence located in the middle of DNA
fragments to be sequenced were also used in addition to
the universal primer. Gel electrophoresis was performed
at 2200 V for 5 or 13 hours using 5% polyacrylamide gel
containing 7 M urea of 80 cm long. The nucleotide
sequence of the insert of pCCN176-3 was shown in Fig 2.
One open reading frame of 2322 bp was recognized. This
open reading frame was confirmed as the gene encoding the
cephalosporin C acylase of Pscudomonas diminuta N-176 by
following two results.

L) The molecular weight of the cephalosporin C acylase
(the sum of the molecular weights of ¢ and f subunits)
estimated by SDS-polyacrylamide gel electrophoresis was
well colnclded with that calculated from the deduced amino
acid sequences for the open reading frame.

2) The amino~terminal sequences of a and B subunits of

the cephalosporin C acylase determined by gas-sequencing
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method (details will be described in the next Example)

were ildentical with the amino acid sequences between

codons at positions 1 and 18 and between codons at
positions 239 and 253.

2.2. Comparison of the amino acid sequence of the

cephalosporin C acylase of Pseudomonas diminuta N-176
with that of Pseudomonas sp. SE83

The amino acid segquence of the cephalosporin C

acylase of Pseudomonas diminuta N-176 was compared with

the known one of Fseudomonas sp. SE83 (Cf. K. Komatsu et
al., Japanese Patent Application laid open No.61-152286,
A. Matsuda et al.; J. Bacteriol. 169, 5815-5820 (1987)).
the number of amino acid residues of CC acylase N-176 was
1dentlical with that of SEB83 acylase. However, 50 amino

aclid residues and 198 nucleotide residues were recognized

to be different between two acylases and their genes,
respectively.

Example 3

Purification of the cephalosporin C acylase of
Pseudomonas diminuta N-176 from E. coli transformant

An aqueous medium (3LB) (400 ml) containing 3%
peptone (Difco Laboratories, U.S.A.), 1.5% veast extract
(Difco) and 0.5% NaCl was introduced into cach of five 1 ¢
flasks, sterilized at 121°C for 20 min, and supplemented
with 20 pg/ml kanamycin sulfate (Meiji Seika Co., Ltd
Japan) sterilized separately by filtration. To these
medla was 1lnoculated a loopful of slant culturec of E. coli

i 4

JM109 possessing pCCN176-~2, respectively and the organism
was grown at 30°C for 24 hours with shaking at 300 rpm on
a rotary shaker. Meanwhile, an aqueous medium (120 2)

comprising the same ingredients as mentioned above plus
0.2% fructose and 0.04 % adecanol (Asahi Denka Co., Ltd

* 7
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Japan)} was introduced into a 150 ¢ jar fermenter,
sterilized at 121°C for 15 min and supplemented with 0.25
mg/ml IPTG sterilized separately by filtration. To the
medium was inoculated whole volume of the cultured broth
as obtained above, whereafter the organism was grown at
28°C. The fermentation was conducted by stirring the
broth with a propeller equipment at 250 rpm and passing
sterilile alr through the broth at a rate of one volume per
volume of broth per minute. After 20 hours of
cultivation, 10 g of IPTG and 1 kg of yeast extract, both
of which were sterilized, were added to the culture broth
and the orxganism was further grown for 2.5 hours. After
the completion of the culture, the jar fermenter was
cooled to 5°C and the cells were harvested by continuous
flow centrifugation at 20,000 rpm using a sharpless
centrifuge. The cell pellet (approximately 2 kg) obtained
was suspended in 20 mM Tris-HCl buffer (pH 8) at
concentration of 100 g (wet weight) per 2. To this
suspension, DNase, RNase and lysozyme (all from Sigma Co.,
Ltd.) were added to make final concentrations of 40 u/ml,
12.5 ug/ml and 1 mg/ml, respectively, and the mixture was
incubated at room temperature for 2 hours with stirring.
After incubation, the suspension was centrifuged at 10,000
g for 40 min and the resulting supernatant was dialyzed
overnight against water. Meanwhile, the pellet was
resuspended in 20 mM Tris-HCl buffer (pH 8) and disruptecd
in an ice~water bath by four pulses of 30 sec of
sonication. The sonicated suspension was centrifuged at
10,000 g for 60 min and the resulting supernatant was also
dlialyzed overnight aganist water. Two dialyzed solutions
were combined and subjected to another centrifugation at
10,000 g for 40 min. The resulting supernatant was used
as crude extract. The crude extract was applied onto a
column of DEAE-Toyopearl 650H (Toso Co., Ltd., Japan) (15
X 15 cm) which had been equilibrated with 20 mM Tris HC1
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buifer (pH 8). After Washing the column with the same
bufter, the column was eluted with 20 mM Tris-HCl buffer
(pH 8) containing 100 mM NaCl. Fractions containing
cephalosporin C acylase activity were pooled and adjusted
to 60% saturation with ammonium sulfate, stirred for 30
min and centrifuged at 10,000 g for 20 min. The resulting
pellet was dissolved in 20 mM phosphate buffer (pH 7),
adjusted to 35% saturation with ammonium sulfate and
applied onto a column of Toyopearl HWS5F (Toso) (9.5 x 10
cm) equilibrated with the same buffer containing ammonium
sulfate of 35% saturation. After washing with the same
buffer, the column was eluted with 20 mM phosphate buffer
(pH 7) contalning ammonium sulfate of 20 % saturation.
Fractlons containing cephalosporin C acylase activity were
pooled, adjusted to 60% saturation with ammonium sulfate,
stirred for 30 min and centrifuged at 10,000 g for 20 min.
The resulting pellet was dissolved in 20 mM phosphate
buffer (pH 7), adjusted to 15% saturation with ammonium
sulfate and applied onto an HPLC column of Butyl-Toyopearl
650s (Toso, 2.2 cm x 20.0 cm) equilibrated with the same
buffer contalning ammonium sulfate of 15% saturation.
Elution was performed with a linear gradient of ammonium
sulfate (15 - 0% saturation) in 100 mM phosphate buffer
(pH 8) at a flow rate of 4 ml/min over 120 min. Fractions
contalning cephalosporin C acylase activity werce pooled,
adjusted to 60% saturation with ammonium sulfate, stirred
for 30 min and centrifuged at 10,000 g for 30 min. The
pellet was dissolved in 20 mM Tris-HCl buffer (pH 8) and
dialyzed against the same buffer. The dialysate was
applied onto an HPLC column of TSK gcl DEAE-Toyopearl 5PW
(Toso, 2.15 cm x 15 cm) eguilibrated with 20 mM Tris-HC1
buffer (pH 8) and elution was performed with a linear
gradient of NaCl (0-250 mM) in 20 mM Tris-HCl buffer (pH
8) at a flow rate of 5 ml/min over 180 min. Fractions

contalning cephalosporin C acylase activity were pooled,
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dialyzed against 20 mM Tris~HCl buffer (pH 8) and applied
again onto an HPLC column of TSK gel DEAE-Tovopearl 5PW
(Toso, 0.75 x 7.5 cm). Elution was performed with a
linear gradilient of NaCl (0-250 mM) in 20 mM Tris-HC1l
buffer (pH 8) at a flow rate of 1 ml/min over 180 min.
Fractions containlng cephalosporin C acylase activity were
pooled, dialyzed against 20 mM Tris-HC1l buffer (pH 8) and
used as the enzyme preparation. The total quantity of the

final enzyme preparation was 10 mg and its purity was
estimated to be 95%.

Example 4

Characterization of the cephalosporin C acylase of
Pseudomonas diminuta N-176 from an E. coll transformant

4.1. Specific enzyme activity
The activity of the cephalosporin C acylase was

determined by HPLC assay. Reaction mixtures (200 ul)
containing 100 mM glycine buffer (pH 9), 1.25-40 mM
Cephalosporin C Li and 19 ug of the enzyme is used for

assay of cephalosporin C acylase, meanwhile for assay of
GL-7ACA acylase activity, reaction mixture (200 npl)

containing 100 mM glycine buffer (pH 9), 0.48-10.4 mM
GL-7ACA and 0.5 npg of the enzyme is used. Reaction
mixtures were incubated for 2 min at 37°C and the reaction
was terminated by addition of 200 ul of 4% acetic acid.
Conditions for HPLC werc the same as those described in

Example 1.3. All assays used later in thilis section was

HPLC method. Specific enzyme activity was expressed as
unit per mg of protein. Protein concentrations were
determined by Bio~Rad protein assay kit (Bio-Rad Co.,
Ltd., U.S.A.) with bovine serum albumin as a standard.
Maximum specific enzyme activity (Vmax) and Michaelis
constant (Km} were calculated from slope and intersection
which were obtalined by Lineweaver-Burk plot (Cf. M. Dixon
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and E.C. Webb, Enzymes, Longmans, London, 1958). Maximum
specific enzyme activity of CC acylase N-176 was 100 and
3.1 units/mg for GL-7ACA and cephalosporin C,
respectively. Km values of CC acylase N-176 was 2.6 and
4.8 mM for GL-7ACA and cephalosporin C.

4.2. Substrate profile

Enzyme activity was determined by HPLC assay.
Reactlion mixture (200 pl) containing 100 mM glvcine buffer
(PH 9), 2 mg 0of a substrate and 20 pg of the enzyme was
incubated at 50°C for 2 min and the reaction was
terminated by addition of 4% acetic acid. The relative
enzyme activity was expressed as a percentage compared to
the activity for GL~-7ACA. To be noted, acylase activity
for cephalosporin C was examined also by detecting the
production of a-aminoadipilc acid with the amino acid
analyzer (Hitachl Co., Ltd., Japan).

Table 3. Substrate profile of CC acyalse N-176

il R 2 -

Substrates Relative enzyme activity

Succinyl 7ACA 32

Glutarvyl 7ACA 100

Adipyl 7TACA 19
Cephalosporin C 4
N-Acetylcephalosporin C 0.1
N-Benzovylcephalosporin C 0.0003
Cephalothilin 0.08
Note)

succlnyl 7ACA : 7-(3-carboxypropionamido)-3-acetoxymethyl
-3~cephem-4-carboxylic acid
Glutaryl 7ACA : 7-(4-carboxybutanamido)-3-acetoxymethyl

-3-cephem-4~carboxylic acid
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Adipyl TACA : 7-{5-carboxypentanamido)-3-acetoxymethyl
-3-cephem-4~carboxylic acid

4.3. Effect of temperature (Cf. Fig. 3)
a) Optimum temperature

Reaction mixture (200 pl) containing 0.1 M glycine
buffer (pH 9), 2 mg of GL-7ACA and 2 ug of the enzyme were
lncubated for 2 min at various temperature from 25 to

60°C. The optimum temperature was 50°C.

b) Thermostablility (CEf. Fig. 4)

One hundred ug/ml of the enzyme was treated in 0.1 M
glycine buffer (pH 9) at 50°C for 6.5 hours. Aliquotes of
the treated enzyme were sampled at 2, 3.5, 5, 6 and 6.5

hours later and the residual enzyme activities were
assayed in the reaction mixture containing 0.1 M glycine
buffer (pH 9), 10 mg/ml of GL-7ACA and 10 ug/ml of the

treated enzyme. The reaction was performed at 37°C for 2
min.

4.4, Effect of pH (Cf. Fig. 5)
a) Optimum pH
Reaction mixture (200 pl) containing 0.1 M buffer
( phosphate buffer between pH 6~8, Tris HCl buffer between
pH 7-9 and glycilne buffer bectween pH 8-10), 2 mg of
GL-7ACA or 3.3 mg of cephalosporin C Li and 3 ug of the

enzyme was used. The reaction was performed at 37°C for 2
min. Optimum pH for the enzyme was 9.

b) pH profile of stability (Cf. Fig. 6)

One hundred ug/ml of the enzyme was treated at 50°C
for 1 hour in 0.1 M buffer of various pH (phosphate buffer
used for pH 6 and 7 and glycine buffer for pH 8, 9 and
10). The residual enzyme activity was assaved in the
reaction mixture (200 ul) containing 0.1 M glycine buffer
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(pH 9), 2 mg of GL-7ACA and 2 ug of the treated enzyme.
Reactlon was performed at 37°C for 2 min.

4.5. Inhibition by reaction products {(Cf. Fig. 7 and Fig. 8)

a) Effect of reaction products on the enzyme activity of

the enzyme
Inhibitory activity of reaction products, namely

7-ACA, a-aminoadipic acid and glutaric acid on the enzyme
activity of the enzyme was examlined. The enzyme activity
was assayved in the presence of various concentrations of
7-ACA, a-aminoadiplc acid or glutaric acid. Reaction
mixture (200 nl) containling besides the reaction product,
0.1 M glycine buffer (pH 9), 2 mg of cephalosporin C Li
and 200 ug of the enzyme 1s used for cephalosporin C
acylase activity and reaction mixture containing 0.1 M
glycine buffer (pH 9), 200 ug of GL-7ACA and 5 ug of the
enzyme 1s used for GL-7ACA acylase activity. The reaction

was performed at 40°C for 5 min for cephalosporin C

acylase activity or at 37°C for 1 min for GL-7ACA acylase
activity.

b) Determination of inhibitlion constants (Ki)

for reaction products

Enzyme activity was assayed 1in the presence of 7-ACA
or glutaric acid. For determination of Ki of 7-ACA,
reaction mixtures (200 uyl) containing 0.1 M glvcine buffer
(pH 9), 0.26~2.08 ymole of GL-7ACA, 0.182-1.0 ymolc of
7-ACA and 1 ng of enzyme was incubated at 37°C for 3 min.

For determination of Ki of glutaric acid, reaction mixture
(200 nl) containing 0.1 M glycine buffer (pH 9),
0.096~-2.08 umole of GL-7ACA, 0.25-0.5 uymole of glutaric
acld and 0.5 ug of the enzyme was incubated at 37°C for 3
min. Lineweaver-Burk plots in the absence and presence of
elther inhibltor were shown to possess the same

intersection at vertical axis, indication the mode of
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1nhibltion by either inhibltor was competitive. Ki values
were calculated from the apparent Michaells constants

(Kmapp), Km and Vmax. Ki values of 7-ACA and glutaric
acid were 1.4 and 2.5 mM, respectively.

c) Effect of various enzyme inhibitors
Effect of p-chloromercuribenzoate (pCMB, Sigma

Chemical Co., Ltd.), phenylmethylsulfonyl fluoride (PMSF,
Sigma) and ethylenediaminetetraacetic acid (EDTA, Nacalai
Tesque Inc., Japan) on the activity of CC acylase N-176
was examined as follows. Four ug of CC acylase N-176 was
treated at 37°C for 4 hours with 0.1 or 1.0 mM pCMB, 0.1,
1.0, 2.0 or 5.0 mM PMSF, or 1.0 or 5.0 mM EDTA in 200 ul
of 0.1 M glycine buffer (pH 9). Residual activity of the
treated enzyme was assayed by adding 22 pl of GL-7ACA (100
mg/ml) as a substrate to the mixture. The reaction was
performed at 37°C for 2 min. Residual activity was

expressed as a percentage compared to the activity of the
enzyme treated with blank solution.

Table 4. Effect of enzyme inhibitors on the activity of
CC acylase N-176

Pl A Al e — Aot PP vl ———-,’

Tnhibltors Concentration Residual cnzyme activity

(M) (%)

pCMB 0.1 7.8
1.0 4.6

PMSF 0.1 06
1.0 g1
2.0 79
5.0 62

EDTA 1.0 91

5.0 13
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4.6 Determination of 1soelectric point (pl)
Analvtical 1lsoelectric focusing of CC acylase N-176

was performed according to the method of Olson et
al{Cf.FEMS Microbiol.Lett.l, 157-162(1977)})). Purified
acylase preparation was applied on thin layer of 4%
polyvacrylamide gel containing 2% Ampholine pH range 3.5-10
(Pharmacia LKB Biotechnology, Sweden). The proteins were
electrofocused for 2 hours at 100 volts using isoelectric
focusing apparatus SJ-1071EC (ATTO Co., Ltd., Japan).
After electrofocusing, the gel was stained with Coomassie
Brilliant Blue R~-250 and the isoelectric point was
determined from the calibartion curve made with pl markers
(Pharmacia LKB Technology) which were run simultaneously

with the sample. The pI value of CC acylase N-176 was
estimated to be 4.5.

4.7. Determination of molecular weight by

SDS-polyacrylamide gel electrophoresis
Sodium dodecyl sulfate (SDS)-polvacrylamide gel

electrophoresis was performed by the procedure described
by Laemmll (Cf. U.K.Laemmli; Nature 237, 680-685 (1970)).
Egg white lysozyme (molecular weight 14,000), soybean
trypsin inhibitor (21,000), bovine carbonic anhydrase
(31,000), egg white ovalbumin (43,000), bovine serum
albumin (68,000), rabbit muscle phosphorylase b (97,000)
were purchased from BioRad Laboratorics and used as

molecular welght standards. The final preparation of CC
acylase N-176 purified as described in Example 3 showed
two discrete bands on SDS~-gel electrophoresls, whose
intensities were proportional to be corresponding
molecular weights. The molecular weights of the two
proteins calculated from their mobility on gel
electrophoresis were 26,000 and 58,000. CC acylase N-176
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was concluded to be composed of two heterologous subunits
(¢ and B) of molecular weights 26,000 (a) and 58,000 (B).

4.8. Determination of amlino acid sequence
CC acvylase N-176 1is composed of two heterologous

subunits a and B as described in Example 4.7. Each
subunit was lsclated by reversed phase HPLC. Column used
was Cosmosil 5C4-300 (4.6 mm X 5 ¢cm, Nacalal tesque).
Elution was performed with a linear gradient of
acetonitrile (30% to 60%) in 0.1l% trifluoroacetic acid at
a flow rate of 1 ml/min over 20 min. The amino acid
sequence of each subunit purified as above was determined
by a gas-phase sequencer 470A (Applied Biosystems,
U.S.A.). The N-terminal amino acid sequences of a and B
subunits were Thr-Met-Ala-Ala-Asn-Thr-Asp-Arg-Ala-
Val-Leu-Gln-Ala-Ala-Leu-Pro-Pro-Leu and Ser-Asn-Asn-Trp-
Ala-Val-Ala-Pro-Gly-Arg-Thr-Ala-Thr~-Gly-Arg, respectively.

The expression plasmid, pCCN176-2 obtained in the
above Example was 1nserted into Escherichia coli JIJM109
and the resultant transformant as mentioned below has been
deposited with one of the INTERNATIONAL DEPOSITORY
AUTHORITY ON THE BUDAPEST TREATY, Fermentation Research
Institute{FRI), Agency of Industrial Science and
Technology at 1-3, Higashi 1 chome, Tsukubashi,
Tbaraki-ken 305, Japan on August 7, 1990.

Organism Deposit number
Escheichia c¢coll JM109 (pCCN176-2) FERM BP-3047
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The embodiments of the invention in which an exclusive
property or privilege 1s claimed, are defined as follows:

1. A cephalosporin C acylase having the followlng

characteristics

(a) has ability to catalyze the enzymatic conversion of
cephalosporin C, glutaryl 7-ACA, adipyl 7-ACA,
succinyl 7-ACA, N-acetylcephalosporin C,
N-benzovlcephalosporin C and cephalothin into 7-amlno
cephalosporanic acid,

(b) is composed of a-subunit [Molecular weight : 26,000
dalton (SDS-PAGE)] and B-subunit [Molecular weight :
58,000 dalton (SDS~PAGE) ],

(c) has N-terminal amino acid sequence of the a-subunit :
Thr-Met-Ala-Ala-Asn-Thr-Asp-Arg-Ala-Val-Leu-Gln-Ala-
Ala-Leu-Pro-Pro-Leu-

2. A cephalosporin C acylase of claim 1 which comprises

the amino acid sequence represented in Figure 2.

3., A DNA which encodes cephalosporin C acylase of claim
1 or 2.
4. The DNA of claim 3, which comprises the nucleotide

scquence represented in Figure 2.

(1

An expression vector which comprises claim 3 or 4.

6. A host cell transformed by the cxpression vector of
claim 5.

7. The host cell of claim ©6 which 1s an Escherichla
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coll. |
A process for producing cephalosporin C acylase,

igeg culturing the host cell of claim 6 or

A process for preparing a compound of the formula (1)

©
»

"NH e
2 ' .
/[:N /L 1 (1)

wherein R1 is acetoxy , hydroxy or hydrogen

or its salt,
which comprises contacting a compound of the formula

(I1) 3
RZ“NH~—_B, ) .
/ ‘ -~ CHZ-—Rl ( ITI )

wherein Rl is the same as defined above,

RZ is carboxylic acyl

or its salt
with the cultured broth of the transformant of claim

6 or 7 or its processed material.
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CCCGGGGATC TCGCAGACGG CTUGCGCGGT CCTGGCCAGC AATATGCGCA AGGCOGGOTT 60
CACGGTGCGAA CAGCAGGTGA TGGATTGGUG CACGGTGCTC GCCCGCCGGG CCAAGAAGGA 120
CGGCTGGAGC GTTTTCCCGG TCTACGCCAA CGGCATCGAC ATGATGTCGC CGCTGACGCA 180
TTTCTACATC GGCAACAACT GCGTGAACTA TGCGGGCTGG AGCTGCGACG CCGTCATCAC 240
CGAAAAGCTC GCCGCCTATG CCAAGGCGCC CGATCCGGCT ACCCGCAAAC GCATCGCGGC 300
CCGAAATCCAG GTCGAGGCCT ACAAGGACAC GCCCTCCGTG ATGTGGGGCC AGTTCAGUCG 360
GCCGGCGGGC TACCGCCTGC GCCTCAAGAA CATCGTCCAG TCCAGCTTCC CGATCTTCOTG 420
GCAGCTCACG CTCGACGCGT GAGCTTGCCC AGATTCCGAC AAGCAATGAG GTCCCGACGGE 480
GA ATG ACT ATG GCG GCC AAC ACC GAT CGC GCG GTC TTG CAG GCG GCG 527
Met Thr Met Ala Ala Asn Thr Asp Arg Ala Val Leu (Gln Ala Ala
i 0 10
CTG CCG CCG CTT TCC GGC AGC CTC CCC ATT CCC GGA TTG AGC GCG TCG 575
Leu Pro Pro Leu Ser Gly Ser Leu Pro Ile Pro Gly Leu Ser Ala Ser
15 20 29 30
GTC CGC GTC CGG CGC GAT GCC TGG GGC ATC CCG CAT ATC AAG GCC TCG 623
Val Arg Val Arg Arg Asp Ala Trp Gly Ile Pro His Ile Lys Ala Ser
35 40 495
GGC GAG GCC GAT GCC TAT CGG GCG CTG GGC TTC GTC CAT TCG CAG GAC 671
Gly Glu Ala Asp Ala Tyr Arg Ala Leu (Gly Phe Val His Ser Gln Asp
5 0 5o 60
CGT CTT TTC CAG ATG GAG CTG ACG CGT CGC AAG GCG CTG GCGA CGC GCG 7190
Arg Leu Pho Gln Met Glu Leu Thr Arg Arg Lys Ala Leu Gly Arg Ala
65 70 75
GCC GAA TGG CTG GOC GCC GAG GCC 6GCC GAG GCC GAT ATC CTC GTG CGC 767
Ala Glu Trp Leu Gly Ala Glu Ala Ala Glu Ala Asp [le Leu Val Arg
80 85 90
CGG CTC GGA ATG GAA AAA GTC TGC CGG CGC GAC TTOC GAG GCC TTG GGG 815
Arg Lou Gly Mot Glu Lys Val Cys Arg Arg Asp Pho Glu Ala Lou Gly
00 100 | 05 110
GTGC GAG GCG AAG GAC ATG CTG CGG GCT TAT GTC GCC GGC GTG AAC GCA 863
Val Glu Ala Lys Asp Mot Leu Arg Ala Tyr Val Ala Gly Val Asn Ala
I 15 1 20 125
TTC CTG GCT TCC GGT GCT CCC CTG GCCT GTC GAA TAC GGA TTG CTC GGA 11
Phe Lou Ala Sor Gly Ala Pro Leu Pro Val Glu Tyr Gly Leu Leu Gly
130 135 140
GCCA GAG CCG GAG CCC TGG GAG CCT TGG CAC AGC ATC GCG GTG ATG cGcC 959
Ala Glu Pro Glu Pro Trp Glu Pro Trp His Ser Ile Ala Val Mect Arg
145 150 155
'Wﬁgw?FWWPMIENQHAGENTS
Fig o 1 RN S
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GGC
Gly

GGC
Gly
300

CTC
LLou

AAC
Asn

(G
Gly

CTT
Val

GTC
Val
380

Ty

CGG
Arg

CGC
Arg

GAA
Glu
205

GAT
Asp

GGC
Gly

AGG
Arg

ATG
Met

CTG
Leu

2895

AAG
Lys

TAT
Tyr

GAT
Asp

GGO
i1ly

ATC
[ le
3095

CAG
Gln

ATC
Met

TAT
Tyr
190

GCC
Ala

GCG
Ala

GGC
Gly

CCG

Pro

TAT
Tyr
270

ACC
Thr

OGTC
Val

CTC
Lou

TTC
Pho

CC
Ala
Jul

GO G
Al a

TTC
Phe

2031000

1007

1055

1103

1101

1188

1247

12805

1343

1391

1439

1487

1583

1631
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GCC
Ala

TCG
Ser

GAC
Asp
415

GTC
Val

GTG
Val

GAG
Glu

GCG
Ala

GAT
Asp
195

GCC
Ala

ACG

Thr

GGA
Gly

GCC
Ala

AAT
Asn
07O

CTG
Leu

Glu

ACC
Thr

400

CAT
His

CGC
Arg

CCG
Pro

GCG
Ala

AAT
Asn
180

TGC
Cys

AAT
Asn

CTG
L.eu

GCO
Ala

TGG
Trp

H60
GCG
Ala

GAG
Glu

ACC
Thr

385

GTG
Val

AAC
Asn

GCC
Ala

GGC
Gly

ATG
Mot
465

AAT
Asn

CAT
His

CCG
Pro

TCG
SOr

CGC
Arg
015

GAC
Asp

TTC
Pho

CAG
Gln

GAT
Asp

GCC
Ala

CTC
Leu

CGC
Arg

TGG
Trp
450

CCQG
Pro

CGC
Arg

CCG
Pro

GCT
Ala

CCQC
Pro
530

GAC
Asp

GGC
Gly

CGO
Arg

GCG
Ala

CTG
Leu

CAG
Gln

GTC
Val

GTT

Val
435

.TCC

Ser

CGC
Arg

GTCO
Val

CCC
Pro

TTC
Phe
515

CAT
His

GAC
Asp

GCGO

Arg

AGG
Arg

ATA

[le
095

TCC
Ser

CTC

Leu

GCC
Ala
420

CCQG
Pro

GGC
Gly

GTG
Val

GTG
Val

TAC
Tyr
500

GCC
Ala

GTC
Val

TG
SOOI

ATG
Mot

GOG
Ala
L8O

TCG
Ser

TTC
Phe

TAC
Tyr
405

GGG
Gly

TCC
Ser

GAG
Glu

ATC
Ile

GCC
Ala
4185

CGC
Arg

GTC
Val

(GGG
Gly

GOG
Ala

GAT
Asp
D65
CTG

L,Lou

CAT
Hls

GAC
AspD
390

GAC
Asp

GAT
Asp

CGT
Arg

CAT
His

GAT
Asp
470

GAT
ASD

GCC
Al a

GO
Ala

50
GOG
Al a

ACG
Thr

GCC
Pro

I

TGC
Cys

GGG
Ala

GTC
Val

CCG
Pro

GAA
Giu

455

CCQG
Pro

GAC
Asp

GAG
Glu

GAT
Asp

TG
[Lou
H35

GAA
(: 1 u

GOT
Ala

CGG
Arg

TTC
Phe

1 g.

TG
Leu

ACG
Thr

GCG
Ala

CGC
Arg
4410

TGG
Trp

CCG
Pro

CAT
His

CGC
Arg

GCC
Ala
520

CGG
Aryg

GGG
Gly

TG
Ser

CTG
Lou

GCG
Ala
600

2 —

ACG
Thr

CGC
Arg

GGC
Gly
425

GAA
Glu

CGG
Arg

GGC
Gly

CCC
Pro

ATC
[le

0095

GCC
Ala

CGG
Ary

CT(
L,ou

GAG
Glu

GTG
Val

080

GCT
Ala

CGG
Arg

GGC
Gly
4190

TCG
Ser

AAQ
Asn

GGC
Gly

GGC
Gly

GAT
Asp
4190

ATG
Mot

GCG
Ala

AGG
Arg

AGGO
Ary,

GTC
Val
570

AGG
Thr

GTC
Val

ATG
Met

3995

TGG
Trp

ATC
Ile

(GC
Gly

TGG
Trp

ATC
Ile
475

TAT
Tyr

AAG
Lys

ATC
[ 1o

CTC
Lou

CAG
(1n
505
e
Al a

GAC
Asp

GCG
Ala

CCG
Pro

GGC
Gly

GGC
Gly

TGG
Trp

ATT
[le

460

ATC
[le

CTC
Leu

CGC
Arg

CAT
His

GAG
G lu
H40

ATG

Mot

TCT
Sor

CGC
Arg

CCG
Pro

GGC
Gly

CTG
Leu

CAT
His

CTG

LLeu
445

CCG
Pro

GTC
Val

TGC
Cys

CTG
Leu

GCC
Ala

D25

GCG
Ala

CTC
Lou

GCC
Ala

AGC
Sar

GGC
Gly
6505

—

GCA

<0100

1679
Ala
ATC 1727
[le
¢cTG 1775
Leu
430
CCG 1823
Pro
CAC 1871
His
ACQG 1918
Thr
ACC 1967
Thr
GTC 20195
Val
5ol10
GAT 2063
ASD
CTT 2111
LLou
GTC 21569
Val
TAC 2207
Tyr
GGG 2255
Gly
090
GTC 2303
Val
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TCA
Ser

GAC
Asp

GAG
Glu

GAA
Glu

655
GCC
Ala

GGC
Gly

GCG
Ala

GAG
Asp

AGC
Sar

130

GTG
Val

TCG
Sor

CCG
Fro

GAT
Asp

GCC
Ala
640

GAG
Glu

TGG
Trp

GAT
Asp

ACC
Thr

AANT
Asn
120

GGG
Al a

CCG

Pro

CAG
Gin

CAA
Gln

GCC
Ala
625

CTC

Leu

CAT

His

GCG
Ala

ACC
Thr

AT
Tyr
105

AGG

Ser

CAT
i[1s

ATG
Mot

GAA
(1

AGCTCTOTTC

GGC
Gly
610

GGA
Gly

TCO
Saer

CGG
Arg

GGG
Gly

GTG
Val
690

GGT
Gly

GGG
AT

TAT
Tyr

CTC

[Lou

GCTC
l, eu
170

GG

CAG
Gln

ATG

Met,

CTC
Val

CCG

Pro

CTG
Leu

675

CTG

lLeu

GCC
Ala

T G
Trp

GCC
Ala

TAT
Tyr
THY

GTC
Val

GTC
Val

CTG
L et

GCG
Als

CGC
ATEg

660

CTG
Leu

GCG
Ala

CTG

Leou

GTC
Val

GAT
Asp
740

AGG

ST

(CG
Pro

TGG
Trp

AAG
Lys

TCG
Ser
645

TTC
Phe

AAT
Asn

AAG

Asn

TCG
Sor

GTC
Val
725

GAG
(i1n

TG
Trp

GOC
Ala

TGG
Trp

GGO
Gly
630

CAG
Gln

ACG
Thr

CCG
Pro

GGG
Gly

CGC
Arg
710

TTO
Phe

AAT
Asn

GACG

GCC
Ala
615

TGG
Trp

AAC

Asn

CAT
His

GCT
Ala

TG
Lou
695

TAC

Tyr

CAC
H1s

GCG
Ala

AGG
Arg

GTG
Val

AGC
Ser

CTG
Leu

CCG

Pro

TCC
Ser

680

GTC
Val

GTC
Val

GGC
Gly

CCC

Pro

ATC
1o
160

TGAGGGCOGG

CCG
Pro

TGG
Trp

ACC
Thr

CTT

Leu
565

CGT
Arg

CCG

Pro

TTC
Phe

GCC
Ala

TGG
Trp
745

(G (G
Ala

ACC
Thr

GAC
Asp

GGG
Gly
650

GCC
Ala

CCG
Pro

TCA
Ser

CAT
Asp

TCC
Ser
7130

AGC

Sor

GO A
Ala

CTQG
Leu

CAG
Gln
635

CGA
Arg

ACG
Thr

ATC
ile

GCC
Ala

GTC
Val
715

GGG
Gly

GAC
Asp

GAG
Glu

CTG
Leu

620

GCC
Ala

AGC
Ser

CAA
Gln

GGT
Gly

GGG
Gly
700

GGC
Gly

CAT
His

TGT
Cys

(i CC
Al a

<O31000

CGC
Arg

TTG
Leu

TGG
Trp

TTC
Phe

GGC
Gly
685

CCG
Pro

AAT
Asn

CCG
Pro

GCQ
Ala

GTG
Val
1060

GCCTOGTTGTC AGCCTGOCEGE

GACQ
Asp

TCT
Ser

GGO
Gly

CCG
Pro

670

GAT
Asp

CAG
Gln

TGG
Trp

GCC
Ala

ATG
Mot
750

ACG
Tht

2351

2399

2447

24905

2543

2081

2639

2687

2735

2783

2834

2847
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