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A peroxidase gene derived from Arthromyces of the following nucleotide seguence: Zz-CA
GGGTCCTGGAGGAGGAGGCGGGTCAGTCACTTGCCCGGGTGGACAGTCCACTTCGAACAG
CCAGTGCTGCGTCTGGTTCGACGTTCTAGACGATCTTCAGACCAACTTCTACCAAGGGTC
CAAGTGTGAGAGCCCTGTTCGCAAGATTICTTGAATTGTTTTCCATGACCGCGATCGGATT
TTCGCCGGCGTTGACTGCTGCTGGTCAATTCGGTGGTGGAGGAGCTGATGGCTCCATCAT
TGCGCATTCGAACATCGAATTGGCCTTCCCGGCTAATGGCGGCCTCACCGACACCATCGA
AGCCCTCCGCGCGGTCGGTATCAACCACGGCGTCTCTTTCGGCGATCTCATCCAATTCGC
CACTGCCGTCGGCATGTCCAACTGCCCTGGCTCTCCTCGACTTGAGTTCTTGACGGGAAG
AAGCAACAGTTCCCAGCCCTCCCCTCCTTCGCTGATCCCGGGTCCTGGAAACACTGTCAC
TGCTATCTTGGATCGTATGGGCGATGCAGGCTTCAGCCCTGTGAAGTCGTTGACTTGCT
TGCTGCGCATAGTTTGGCTTCTCAGGAAGGTTTGAACTCGGCTATTTTCAGGTCGCCTTT
GGACTCGACCCCTCAAGTTTTCGATACCCAGTTCATATCGAGACCTTGCTCTCAAGGGAAC
CACTCAGCCCGGACCCTCTCTCGGCTTTGCAGAGGAGCTCCCCCTTCCCTGGTGAATT
CCGCATGAGGTCCGACGCTCICTTGGCTCGCGACTCCCGAACCGCCTGCCGATGGCAATC
CATGACCAGCAGCAATGAAGTTATGGGCCAGCGATACCGCGCCGCCATGGCCAAGATGTC
TGTTCTCGGCTTCGAGGAACGCCCCACCGATTGCTGACGTTATTCCTTCTGCTCCTGT
GTCCAACAACGCTGCTCCTGTITATCCCTGGTGGCCTTACTGTCGATGATATTGAGGTTTC
GTGCCCGAGCGAGCCTTTCCCTGAAATTGCTACCGCCTCAGGCCCTCTCCCCTCCCTCGC TCCTGCTCCT wherein Z
represents either nothing or a nucleotide sequence encoding a substantially identical biological activity thereof,
ATGAAGCTCTGGCTTTTCTCCACCTTCGCTGCTGTCATCATCGGTGCTCTCGCTCTCCCC and a process for producing a
peroxidase by said gene were provided.
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PEROXIDASE GENE OIF MICROBIAL ORIGIN

ABSTRACT OF THE DISCLOSURE

A peroxidase gene derived from Arthromyces of the

following nucleotide sequence:

z-CA
CGOTCCTGGAGGAGGAGGCGGGTCAGTCACTTGCCCGGGTGGACAGTCCACTTCGAACAG
CCAGTGCTGCGTCTGOGTTCGACGTTCTACGACGATCTTCAGACCAACTTCTACCAAGGGTC
CAAGTGTCAGAGCCCTGTTCGCAAGATTCTTAGAATTGTTTTCCATGACGCGATCGGATT
TTCGCCGGCGTTGACTGCTGCTGGTCAATTCGGTGGTGGAGGAGCTGATGGCTCCATCAT
TGCGCATTCGAACATCGAATTGGCCTTCCCGGCTAATGGCGGCCTCACCGACACCATCGA
AGCCCTCCGCGCGGTCGGTATCAACCACGGCGTCTCTTTCGGCGATCTCATCCAATTCGC
CACTGCCGTCGGCATGTCCAACTGCCCTGGCTCTCCTCGACTTGAGTTCTTGACGGGAAG
AAGCAACAGTTCCCAGCCCTCCCCTCCTTCGCTGATCCCGGGTCCTGGAAACACTGTCAC
TGCTATCTTGCGATCGTATGGGCGATGCAGGCTTCAGCCCTGATGAACGTCGTTGACTTGCY
TGCTGCCGCATAGTTTGGCTTCTCAGGAAGGTTTGAACTCGGCTATTTTCAGGTCGCCTTT
CCGACTCGACCCCTCAAGTTTTCGCATACCCAGTTCTATATCGAGACCTTGCTCAAGGGAAC
CACTCAGCCCGGACCCTCTCTCGGCTTTGCAGAGGAGCTCTCCCCCTTCCCTGGTGAATT
CCGCATGAGGTCCGACGCTCTCTTGGCTCGCGACTCCCGAACCGCCTGCCGATGGCAATC
CATGACCAGCAGCAATGAAGTTATGGGCCAGCGATACCGCGCCGCCATGGCCAAGATGTC
TCTTCTCGGCTTCGACAGCGAACGCCCTCACCGATTGCTCTGACGTTATTCCTTCTGCTGT
GTCCAACAACGCTGCTCCTGTTATCCCTGGTGGCCTTACTGTCGATGATATTGAGGTHIC

. GTGCCCGAGCGAGCCTTTCCCTGAAATTGCTACCGCCTCAGGCCCTCTCCCCTCCCTCGE

TCCTGCTCCT

wherein Z represents either nothing or a nucleotide
sequence encoding a substantially identical biological

éctivity thereof,
ATGAAGCTCTCGCTTTTCTCCACCTTCGCTGCTGTCATCATCGGTGCTCTCGCTCTCCLC

and a process for producing a peroxidase by said gene were
provided.



AN,
7RG o,
N zaned
.57
o
)
it
it
-

-1 -

PEROXIDASE GENE OF MICROBIAL ORIGIN
BACKGROUND OF THE INVENTION:

1. Field of the Invention

This invention relates to a ¢cDNA encoding a peroxidase

5 originating from a microorganism (Arthromyces ramosus) and

a process for producling the peroxidase by use of host cells
containing said gene.

2. Prioxr Art

In recent years, peroxidases, which are enzymes
10 capable of oxidizing various compounds in the presence
of hydrogen peroxide, have been used in the same way as
various other oxidases as a clinical diagnostic reagent
in assays of glucose, cholesterol, phospholipids, urea and
so Torth. These enzymes have also been used as a labelled
15 enzyme in enzyme linked immunoassays. They have mainly
been produced from plants such as horseradish and Japanese
radish. However peroxldases originating from these plants
contain isozymes having slightly differing properties from
each other, and which therefore require considerable labour
20 costs in order to purlfy them to such a degree that they
are usable as a diagnostic reagent.

On the other hand, some peroxidases of microbial
origin have been known. I[lowever cytochrome c¢ peroxidases
and NADH peroxidases produced by bacteria or fungl are

25 unsuitable as a clinical or diagnostic reagent from the
VieWpoint of the specificity thereof, since they are
generally less specific than the common ones originating
from horseradish or Japanese radish. Recently, peroxidases
capable of acting on o-dianisidine as a hydrogen donor

30 have been produced from Eschelichia coli or microorganisms
belonging to the genus Myrothecium. However this enzyme
is also unsuitable for the aforesaid diagnostic use due
to the carcinogenic nature of o-dianisidine.

Under these circumstances, the present inventors

35 conducted research to obtain a naturally occurring peroxidase
of microbial origin, which is usable as, for example, a
clinical diagnostic reagent or a labelled enzyme in enzyme
linked immunoassays similar to conventional ones originating
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from horseradlsh or Japanese radish. The inventors have
already reported a peroxidase produced by a fungus belonging
to the genus Arthromyces, which peroxidase has the desired
properties (Japanese Patent Laid-Open No. 43987/1986).

They further clarified that the peroxidase of the genus

Arthromyces is far superior to conventional peroxidases

in terms of chemiluminescence generating activity in the
case of determining with chemiluminescent reagent, for
example, peroxides, as a clinical diagnostic reagent or
a labelled enzyme in an enzyme linked immunoassay (refer
to Japanese Patent Laid-Open No. 219388/1988).
SUMMARY OF THE INVENTION:

Although the Arthromyces peroxidase is an ideal

enzyme to be used as a clinical diagnostic reagent or in an
enzyme linked immunoassay as described above, the problem
was that this peroxidase cannot be produced at a reasonable
cost. This is because a large scale culture of a fungus
such as Arthromyces, is very difficult. 1In addition, it
was desired to reveal the amino acid sequence of the enzyme

protein in order to understand the action mechanism of the
enzyme at a molecular level. The clarification of the amino
acid sequence further should make 1t possible to modify the
peroxidase at a molecular level, namely, by using protein
engineering technlques. In order to solve these and other
problems, genetic engineering would be the most suitable
approach. However the gene encoding the aforesaid peroxidase
of Arthromyces origin hitherto has not been obtained. Thus
it was impossible to produce said enzyme on a large scale or
to modify. the same by use of proteln engineering techniques.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 illustrates the steps to the formation of an
intermediate plasmid pYE2006 in the construction of plasmid
pYEPOD1 which expresses the peroxidase protein 1n yeast.

Fig. 2 illustrates the steps from pYEZ006 to pYkZ2Z2m.

Fig. 3 illustrates the steps from pYE22m to the final
pYEPOD1 plasmid.
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I'ig. 4 illustrates electrophoretic patterns showing
that the yeast transformed with pYEPOD1 produced the
peroxidase proteilin.

Figs. 5(a), (b) and (c¢) l1llustrate the nucleotide

sequence of the c¢DNA of Arthromyces peroxidase including

portions of the 3' and 5' non-coding regions. The amino
acid sequence encoded by the ¢cDNA is also given.
DETAILED DESCRIPTION OF THE INVENTION:

The present inventors have conducted extensive

studies in order to solve the above problems. As a result,
they have successfully obtained a ¢DNA of Arthromyces

peroxidase and clarified the nucleotide sequence of said

gene and the amino acid sequence of said enzyme, thus
completing the present invention. Thus it has become

possible to produce the Arthromyces peroxidase on a large

scale in an appropriate host such as E. coli or a yeast

which 1is easy to grow and further to modify said peroxidase
by genetic engineering techniques.

Accordingly, the present invention provides a
peroxidase gene of Arthromyces origin or a variant or a
mutant thereof having a substantially identical biological
activity, a fecombinant vector containing said gene, host
cells transformed with such a plasmid containing said gene
and a process for producing the peroxidase by growing said
transformants.

The peroxidase gene of the present invention may be

obtained from a fungus belonging to the genus Arthromyces.

IFor example, Arthromyces ramosus, which was named SAM 003

and deposited with the Fermentation Research Institute,
Agency of Industrial Science and Technology under the
accession number of FERM BP-838, is available therefor.
In addition, there may be some other microorganisms

capable of producing a peroxidase which has a substantially
identical biological activity to that of the peroxidase

produced by the fungus of the genus Arthromyces. Such

microorganisms are also employable as the starting material
in the present invention.

The term "substantially identical” used herein is
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intended to mean that, with regard to the characteristics of
the peroxidase encoded by the gene of the present invention,
any enzyme which has substantially the same biological
activity as the enzyme obtained by the process described

in Japanese Patent Laid-Open No. 43987/1986 and has the
preferable characteristics described in Japanese Patent
[Laid-Open No. 219398/1988 is encompassed herein.

Isolation of the mRNA from the aforesaid starting
microorganism, preparation of a c¢cDNA library and screening
of said library may be performed by a known method, e.g.,
the one described in Molecular Cloning, second ed., (by
Sambrook et al., Cold Spring Harbor, 1988). For example,
the gene encoding the peroxidase of the present invention
can be obtained in the following manner.

At first, polyA RNAs are extracted from Arthromyces

cells. From the polyA RNAs as templates, c¢DNAs can be
prepared to be inserted into a phage cloning vector (for
example, Agtl0) which is then used to transform a host such
as E. colli. Next, the resulting cDNA library is screened
by use of a synthetic DNA probe corresponding to the partial
amino acid sequence of the peroxidase. Thus positive clones
contalining a DNA fragment encoding the target peroxidase
are selected. The DNA probe to be used in the screening
can be synthesized by purifying the peroxidase protein
from a culture of Arthromyces by the method as described
hereinafter. The amino acid sequences of at least some
portions thereof are determined, whereby an appropriate
probe can be chosen based on said sequences. Furthermore,
a longer probe fragment can be prepared by the polymerase
chain reaction (PCR) techniques.

When the full-length c¢DNA cannot be obtained in
the positive clones, a longer cDNA may be prepared by the
following procedure. Namely, the phage DNA is prepared
from one of the positive clones and an appropriate EcoRI
fragment from the phage DNA can be used to screen the same
library. Thus several positive clones will be obtained.
These positive phage clones are digested with EcoRI and the

separated DNA fragments are subcloned into an appropriate
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vector (for example, M13mpl8 or M13mpl9). The nucleotide
sequences of the thus inserted DNA fragments are determined
by, for example, the dideoxy sequencing method.

On the other hand, in order to reveal the full-length
cDNA of the peroxidase, the purified peroxidase protein are
analyzed to determine the amino acid composition and the
amino acid sequences in the amino and carboxyl terminal
regions and the results are compared with the amino acid
sequence deduced from the nucleotide sequence of the DNA
as determined by the aforesaid method.

Examples of the host cells for expressing the cDNA

include bacteria such as E. coli and Bacillus subtilis,

vyeasts and fungi.

The peroxidase of the present invention can be
produced by host cells which have been transformed with
a plasmid containing the peroxidase gene, preferably in
combination with the signal sequence for said gene, together
with an appropriate promoter and a terminator. For example,
the aforesaid transformant is cultured in a medium contain-
ing a suitable carbon source, nitrogen source and trace
metal elements 1n accordance with the method of Shinmen et
al. (Agric. Biol. Chem., 50, 247 - 249, 1986). The target
enzyme 1s purified from the cell extract or, preferably,

from the culture supernatant by a combination of known
purification procedures such as precipitation, adsorption,
filtration through a molecular sieve and electrophoresis.
For example, the cell extract or the culture supernatant

1s subjected to ammonium sulfate precipitation (at approxi-
mately 75. % saturation) followed by a combination of

column chromatography steps (e.g., DEAE-cellulose column
chromatography and Ultrogel*AcA44 column chromatography).
Thus the peroxidase of the invention can be obtained. It
1s expected that the peroxidase thus obtained has excellent
characteristics similar to the one described in Japanese
Patent Laid-Open No. 43987/1986.

Examples
To further 1illustrate the present invention,

the following non-limiting Examples will be given, wherein

* trade-mark
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all test procedures were performed in accordance with
the method described in Molecular Cloning, Second ed.,
(by Sambrook et al., Cold Spring Harbor, 1988), unless

otherwise stated.

Example 1: Analysis of the amino acid composition of
the peroxidase protein

The amino acid composition of the peroxidase
protein was analysed by use of a commercial peroxidase
of Arthromyces origin (available from Suntory, Ltd.).
First, the amino acid composition was analyzed by a
conventional method described in detail in Seikagaku
Jikken Koza 1, Tanpakushitsu no Kagaku II (by Takahashi,
Ikenaka, et al., Tokyo Kagaku Dojin) and Zoku Seikagaku
Jikken Koza 2, Tanpakushitsu no Kagaku (Vol. 1) (by
Tsunazawa, Sakiyama, et al.); Lectures on Biochemical
Experiments 1, Chemistry of Proteins 1II, 5t Edition
(Seikagaku Jikken Koza 1, Tanpakushitsu no Kagaku II, 5"
Edition) (authored by Takahashi, TIkenaka, et al.,
Published by Tokyo Kagaku Dojin, in April 1984) and
Sequel to Lectures on Biochemical Experiments 2,
Chemistry of Proteins (Zoku Seikagaku Jikken Koza 2,
Tanpakushitsu no Kagaku) (Vol.l) (authored by Tsunazawa,
Sakliyama, et al., Published by Tokyo Kagaku Dojin, in
March 1987) and Shinmen, Y., Asami, S. Amachi, T.,
Shimizu, S. and Yamada, H.; Crystallization and
Characterization of an Extracellular Fungal Peroxidase,
Agric. Biol. Chem., 50, 247-249 (1986); published by the
Agricultural Chemical Society of Japan. First, 5 nmole
of the peroxidase protein was sealed in a glass tube

together with 6 N hydrochloric acid and hydrolyzed at

110°C for 24 hours. Then the free PTH-amino acids

contalned 1in the reaction mixture were quantitated in an



10

15

20

amino

acid

Analyser 835)

analyser

CA 02055698 2001-06-28

- 6a_

(Hitachi

Automatic

Amino

Acid

to determine the amino acid composition

(refer to Table 1).

Amino

acid (mole/mol
AsSX# 34.42
Thr 19.64
Ser 35.48
GLx#*» 29.26
Pro 27.08
Gly 36.11
Ala 35.54
Val 19.52
Met 6.66

Table 1

Amino
protein) acid
(33) #u» Ile
(20) Leu
(38) Tyr
(28) Phe
(29) Lys
(38) His
(33) Arg
(19) CMC

( 7)

15.

28

3

17.

15.

(mole/mol

T4

. 89

.13

18

.62

15

.o

protein)

(17)
(28)
( 3)

(18)
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#: AsXx represents the total of Asn and Asp.

»#: Glx represents the total of Gln and Glu.

#»#%#: FEach of the figures given in the parenthesis represents
the amino acid number calculated on the basis of the
nucleotide sequence.

In order to study the amino acid sequence from the
amino terminus of the peroxidase protein, the protein was
carboxymethylated under reducing conditions, followed by
purifying by reverse phase HPLC. Namely, 100 mg (2.5 pupmole)
of the peroxidase was dissolved in 3.0 ml of a denaturation
buffer solution [Tris‘HCl (pH 8.5) containing 6 M Gdn-HC1,
10 mM EDTA-2Na) and incubated at 50°C for 1 hour. Next,

143 uymole (10 pl) of 2Z2-mercaptoethanol was added thereto

and the atmosphere of the reaction system was replaced by

nitrogen. After an incubation at 37°C for 1 hour, 150 pl of

1 M sodium iodoacetate (dissolved in the denaturation buffer

solution, 0.207 g/ml) was added and the mixture was adjusted

to pH 8.0 to 8.5 with NaOH. After introducing a nitrogen
stream in the reaction system, the mixture was incubated in
the dark at 37°C for 1 hour. During this period, the pH

value of the reaction system was maintained at 8.0 to 8.5.

After the completion of the reaction, the reéction mixture

was thoroughly dialyzed against H,0. The dialyzate was

subjected to reverse phase HPLC under the following
conditions and the protein fractions were collected,
concentrated and lyophilized:
reverse HPLC conditions: column = Zorbax ProlO0 PROTEIN
' PLUS*20 ¢;

4.0 ml/min.;
mobile phase: A 0.05 % TFA in H,0, B = CH3CN,
A :B=8: 2 (v/v);
detection: Asgg
The yield of the protein was 16 %. As a result of SDS-PAGE,

only two protein molecular species (molecular weight:

flow rate

approximately 40 K and 30 K) were detected from the protein

fraction.

The amino acid sequence of the N-terminal region of

of the carboxymethylated peroxidase protein obtained above

* trade—~mark



10

15

20

25

30

35

-8 -

(5 nmol) was analyzed with a gas phase protein sequencer
(Shimadzu Seisakusho, Ltd.). As a result, no free PTH-amino
acid was detected, which indicated that the N-terminal amino
acid was protected. Thus the N-terminus of the carboxy-
methylated peroxidase protein was deprotected in the
following manner.

An aqueous solution of the carboxymethylated
peroxidase (100 nmol/ml) was concentrated to 100 nmol/0.5 ml
while blowing a nitrogen stream thereto. Then 30 ul of a
reaction buffer solution (0.25 M sodium phosphate buffer
golution, 0.05 M EDTA, 5 mM Z2-mercaptoethanocl) was added
and the resulting mixture was adjusted to pH 7 with NaOH.
Pyroglutamyl peptidase was added thereto by 85 units (5 pl
of the commercial preparation from Bacillus

Amyloliquefaciens (Sigma Co.)) and the mixture was reacted
at 37°C for 18 hours. A 80 Hl aliquot of the reaction
mixture (12 nmol of peroxidase) was applied to the
seQuencer in two portions to determine the amino acid
sequence.

As a result, the protected residue at the N-terminal
was revealed to be pyroglutamyl and further the amino acid
sequence of the first 20 residues in the N-terminal region
was determined as follows. [This corresponds to positions
21 (Gln) to 40 (Asn) in Fig. §5):

(Gln)—Gly-Pro—Gly-Glquly“G1y~Gly—Ser—Val-Thr~Cys—Pro—Gly—
Gly-Gln-Ser-Thr-Ser-Asn;

wherein (Gln) represents a pyroglutamic acid residue.
Nekt.%the partial amino acid sequences of the
peroxidase protein were determined by the following method.
The carboxymethylated peroxidase (48 nmol, 1.9 mg)
was suspended in 100 pl of 0.1 M NH,HCOs (pH 7.9), to which
2 nl of a 1 % solution of TPCK-Trypsin (Worthington) in
0.0024 N HC1 was added and the mixture was incubated at 35°C
for 6 hours. White clouding in the liquid disappeared
immediately after the addition of the enzyme and the solu-

tion became clear. After the completion of the reaction,

the mixture was lyophilized to stop the reaction. The dry
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residue was dissolved in 70 % formic acid to be provided
to the next step of HPLC.

The peptide fragments of the trypsin digest were
separated by reverse phase HPLC under the following

conditions:

column = Bakerbond Widepore C; (350 &), 68 ¢ x 250:

flow rate = 1.0 ml/min;

pressure = 80 kg/cm?;

temperature = ambient;

mobile phase: A = 0.05 % TFA in H,0, B = CHsCN,

A :B=8:2 (v/v);

detection: As49).
Fach peak was further purified by reverse HPLC. Then
the amino acid sequences of the purified peptides were
determined. The sequences of the following 6 peptides
were determined as follows by a gas phase protein sequencer
(Shimadzu Selsakusho, Ltd.). [These peptides respectively
correspond to the regions in Fig. 5 as follows: peptide 1:
positions from 125 (Ala) to 154 (Arg); peptide 2: positions
from 162 (Ser) to 188 (Arg); peptide 3: positions from 240
(Gly) to 261 (Phé); peptide 4: positions from 275 (Thr) to
288 (Val); peptide 5: positions from 300 (Met) to 307 (Arg):
and peptide 6: positions from 325 (Ala) to 336 (Asp).]
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Peptide 1: Ala-Val-Gly-Ile-Asn-His-Gly-Val-Ser-Phe-
Gly-Asp-Leu-Ile-Gln-Phe-Ala-Thr-Ala-Val-
Gly-Met-Ser-Asn-Cys-Pro-Gly-Ser-Pro-Arg

Peptide 2: Ser-Asn-Ser-Ser-Gln~Pro-Ser-Pro-Pro-Ser-
LLeu-Ile-Pro-Gly-Pro-Gly-Asn-Thr-vVal-Thr-
Ala-Ile-Leu-Asp-Arg

Peptide 3: Gly-Thr-Thr-Gln-Pro-Gly-Pro-Ser-Leu-Gly-
Phe-Ala-Glu-Glu-Leu-Ser-Pro-Phe-Pro-Gly

‘ Glu-Phe

Peptide 4: Thr-Ala-Cys-Arg-Trp-Gln-Ser-Met-Thr-Ser -

| Ser-Asn-Glu-Val

Peptide 5; Met-Ser-Val-Leu-Gly-Phe-Asp-Arg

Peptide 8: Ala-Ala-Pro-Val-Ile-Pro-Gly-Gly-Leu-Thr-
Val-Asp

Example 2: Cloning of Arthromyces peroxidase cDNA
(1) Preparation of a c¢DNA library

Cells of Arthromyces ramosus strain were ground
in liquid nitrogen in a mortar. From the ground cells,
a RNA fractlon was prepared by the method using guanidine
thiocyanate/caesium chloride. Further, polyA<RNA fraction
was separated therefrom by use of oligo(dT)cellulose. The
details of the guanidine thiocyanate/caesium chloride method
and the purification of polyA:RNA by oligo(dT)cellulose
can be found in, for example, R. McGookin, Robert J. Slater
et al. (Methods in Molecular Biology, vol. 2, Humana Press
Inc., 1984).
' To be more specific, to the ground cells obtained
above were added, 4 times by volume in total of 5 M
guanidine thiocyanate, 50 mM Tris-HCl (pH 7.5), 10 mM EDTA

and 5 % Bmmercaptoethanol, and the resulting mixture was

further ground. Then N-lauroylsarcosine and caesium chloride

were added and dissolved in the ground mixture in such a
manner as to respectively give the final concentrations of
4 % (w/v) and 0.15 g/ml. Thereafter, the mixture was cen-
trifuged at 10,000 g for 20 minutes to give a supernatant.
o.7 M caesium chloride and 0.1 M EDTA (pH 7.5) were intro-
duced into a centrifugal tube and the aforesaid supernatant



10

15

20

25

30

35

-11 -

was laminated thereon, followed by centrifuging at 20°C
at 100,000 g for 18 hours with a Hitachi Rotator RPS28-A.
After removing the supernatant, the residual precipilitate
was dissolved in 10 mM Tris-HCl (pH 7.5). Then 6 M ammonium
acetate and ethanol were added thereto in such a manner as
to respectively provide the final concentrations of 4 %
(v/v) and 70 % (v/v). After being allowed to stand at
-80 °C overnight, the mixture was centrifuged to recover the
precipitate which was then washed with 70 % ethanol, dried
under a reduced pressure and dissolved in sterilized water.
To this solution, 10 M lithium chloride was added at the
final concentration of 2 M. After allowing the mixture to
stand in ice/water for 4 hours, a RNA fraction was yielded.
The RNAs were then fractionated in an oligo(dT)cellulose
column. Namely, a column was packed with oligo(dT)cellulose
and equilibrated with 1 X column binding solution [20 mM
Tris-HC1 (pH 7.5), 1 mM EDTA, 0.5 M NaCl, 0.2 % SDS].
Next, the RNA precipltate was dissolved in a column eluting
solution [20 mM Tris-HC1l (pH 7.5), 1 mM EDTA. 0.2 % SNDS ]
and incubated at 85°C for 5 minutes. An equal volume of
2 X column binding solution was added and the solution was
passed through the oligo(dT)cellulose column which hagd been
equilibrated. After the column was washed with 1 x column
binding solution, the column eluting solution was intro-
duced, whereby a RNA fraction was eluted and recovered.
To this fraction, 2 M sodium acetate was added at the final
concentration of 0.15 M. After being allowed to stand at

-80°C overnight, the mixture was centrifuged. The preci-

pitate thus formed was washed twice with 70 % ethanol, dried
under a reduced pressure and dissolved in sterilized water.
The polyA-RNAs thus obtained were used as the
templates to prepare cDNAs with a commercial cDNA
synthesizing kit "cDNA Synthesis System Plus" (Amersham,
Co.) in accordance with the recommendation by the
manufacturer. The resulting cDNAs were inserted into
the E. coli phage vector Agtl0 and thé vector was then
introduced into an E. coli strain such as CB00HF1
(available from Clone Tech, Co.) to thereby give a c¢DNA
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library. In the production of the ¢DNA library, a
commercial kit "cDNA cloning system Agtl0" (Amersham, Co.)
was used in accordance with the recommendations by the
manufacturer.
(2) Screening by use of synthetic DNA fragments

The synthetic DNA fragments used in this example had
nucleotide sequences presumed based on a partial amino acid
sequence of the peroxidase and they were synthesized with
a DNA Synthesizer 371A (Applied Bio-System, Co.).
Cloning of a partial cDNA as a screening probe

First, in order to clone a partial fragment of the
peroxidase gene a PCR reaction was performed as follows.
The complementary chains were synthesized from the
polyA-RNAs purified above by a ¢cDNA synthesis kit.
The resulting cDNAs were amplified by the PCR reaction
with use of a set of synthetic DNA fragments
5' -CCCTGCAGGATCCATGTGGCA(AG)TC(GATC)ATGAC-3"',
comprising a linker region and a nucleotide sequence
corresponding to the partial amino acid sequence
Trp-Gln-Ser-Met-Thr, and one other synthetic DNA fragment
5" -GCGAGCTCGGTACCCGGGTTTTTTTTTTTTTTTTT-3",
comprising a linker region and a polyT chain. The reaction
mixture was prepared by using GeneAmp* Kit (Takara Shuzo
Co., Ltd.) in accordance with the instructions given in the
kit. A cycle comprising reactions at 94°C for 1.5 minutes,
at 45°C for 2.5 minutes and at 72°C for 3.4 minutes was
repeated 25 times. Then the amplified c¢cDNA were cleaved
with KpnI and BamHI and cloned into plasmid M13mpl8 and
M13mpl9. .The restriction sites were those present in the
primers existing at each end. As a result of the sequencing
of these clones, a clone containing a nucleotide sequence
corresponding to the partial amino acid sequence of
the peroxidase in addition to the primer sequences was
identified. Thus a partial fragment of the peroxidase
gene could be obtained.
Screening

A DNA fragment (approximately 0.4 kb) containing

the partial sequence of the peroxidase gene was used as a

* trade—mark
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probe, and a ¢cDNA library of approximately 5,000 clones was
screened in the following manner. The Agtl0 cDNA library
was plated in such a manner as to give approximately 1,000
pPlaques per plate and the plates were incubated at 37°C.
Kach plate was covered with a nylon membrane (Amersham, Co.)
which was pinholed at several points with'an injection
needle so as to memorize the relative locations of the
membrane and the plate. Next, the membrane was removed and
it was layered with the plaques upside on a filter paper
which had been impregnated with a denaturation solution
(L.5 M NaCl, 0.5 M NaOH). After being allowed to stand as

such for 7 minutes, the membrane was layered on a filter

paper impregnated with a neutralization solution (1.5 M
NaCl, 0.5 M Tris-HCl, pH 7.2, 0.001 M EDTA) and allowed to
stand for 5 minutes. After air-drying, the membrane was
placed on an UV trans-illuminator with the plaque side
downward and irradlated for 2 to 5 minutes to thereby fix
the DNA.

The DNA-DNA hybridization was performed in accordance
with the method of Jeffrey and Flavell (Cell 12: 439 - 439,
1977). Namely, the membrane filter, on which the DNA had
been fixed, was immersed in a hybridization solution
(6 x SSC, 5 x Denhard's solution, 0.5 % SDS. 10 Hg/ml salmon
sperm DNA) at 65°C for 30 minutes. Then the membrane was
pPlaced into a thick nylon bag and the probe DNA labeled with
32p (10% to 108 cpm/pg) was added thereto. After a reaction
in the hybridization solution at 65°C for 16 to 20 hours,
and the subsequent removal of the hybridization solution,
the membrane filter was washed in a washing buffer solution

|5 x SSC, 0.1 % SDS (W/V)] at 85°C for 15 minutes four

times. The membrane filter was then dried and subjected to
autoradiography at - 80°C with X-ray film and a sensitized
paper sheet.

As a result, 6 positive clones were obtained.
Aamong these clones, Cl and C2 containing longer insertion
fragments were cleaved with EcoRI and subcloned into
M13mpl8. The method for the subcloning will be described
hereinafter. When the insertion fragments were analyzed
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with a DNA sequencer Genesis 2000 (du Pont), further
nucleotide regions corresponding to the remaining partial
amino acid sequences were found. Thus the region of the
gene extending between the point approximately 0.5 kb '
upstream of the c¢DNA obtained by the PCR reaction and

the polyA region, was acquired.

In order to obtain the full-length cDNA, a cDNA
library of approximately 50,000 clones was screened with the
N-terminal region (about 400 bp) of the C2 clone as a probe
by the same method as the one described above. Among 20
positive clones thus obtained, Cl11 and C13 clones having
longer insertion fragments were digested with EcoRI and
subcloned into M13mpl8. As a result of the sequencing
thereof, a nucleotide sequence corresponding to the amino
acld sequence at the N-terminal was found.

(3) Subcloning

Phage DNA was prepared from each positive clone
obtained above 1in accordance with the instructions attached
to the Agtl0 kit. After being digested with EcoRI, the
phage DNA was subjected to agarose gel electrophoresis.
After the completion of the electrophoresis, the appropriate
fragment was excised from the gel and the DNA was collected
and purified by using Gene Clean*kBio 101, Co.) in ac-
cordance with the instructions given therein. After
being extracted with phenol/chloroform and precipitated
with ethanol, the DNA was ligated with E. coli phage
vector M13mpl8, which had been digested with EcoRI and
dephosphorylated with an alkaline phosphatase, and used
to transform E. coli strain JM109.

(4) Comparison of nucleotide sequence with amino acid
sequence

In the peroxidase c¢DNA, the encoding region
corresponded to an amino acid sequence consisting of 364
residues and ranged from the initiator codon ATG to the
terminator codon TGA given in Fig. 5. The amino acid
sequence in the amino terminal region of the peroxidase
as determined in Example 1 initiated with Gln at position 21

in Fig. 5 and the 20th amino acid residues after said Gln

* trade-mark
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(i.e., up to Asn at position 40) completely aereed with the
one deduced from the cDNA sequence. Also were found the
regions of the cDNA corresponding to the remaining partial
amino acid sequences which had been determined above
[peptide 1: positions 125 (Ala) to 154 (Arg); peptide 2:
positions 162 (Ser) to 186 (Arg); peptide 3: positions 240
(Gly) to 261 (Phe); peptide 4: positions 275 (Thr) to 288
(Val); peptide 5: positions 300 (Met) to 307 (Arg): and
peptide 6: positions 325 (Ala) to 338 (Asp)].

These results indicated that the cloned cDNA was
the peroxidase gene. The peptide region ranging from the
Met encoded by the initiator codon ATG to the 20th residue
deduced from the nucleotide sequence was not found in the
mature form of the peroxidase, and thus it seemingly
corresponded to a signal peptide}

Example 3: Expression of peroxidase protein in yeast

The full-length cDNA was excised from the clone C13

containing the full-length cDNA of Arthromyces peroxidase

obtained in Example 2 and inserted into a yeast expression
plasmid. Thus a peroxidase expressing plasmid in yeast was
constructed. .

(1) As the yeast expression plasmid, pYE22m constructed
by the following method was employed. The ARS region
(autonomous replication site in yeast chromosome) was
removed from YRp7 [refer to Struhl, K. et al., Proc. Natl.
Acad. Sci. USA, 76, 1035 - 1039 (1979): Stinchcomb. D.T.

et al., Nature, 282, 39 - 43 (1979); Tschumper, G and
Carbon, J., Gene, 10, 157 - 166 (1980) (FERM BP-3355)]

with BamHI and BglII. To the EcoRI site of the resulted
pPlasmid YRp7-ars, an EcoRI fragment containing an IR region
(inverted repeat) of 2 pm DNA B-form was inserted to con-
struct pYE2001. A plasmid which was obtained by removing
the two EcoRI sites and Sall site from pYEZ2001 by fill-in
treatments was referred to as pYE2008 (Fig. 1). To the
HindIII site of this pYE20086 adjacent to the IR region,

a glyceraldehyde 3-phosphate dehydrogenase gene (GAPDH)

of 2.1 kb obtained from yeast chromosome [refer to Holland
JP, Holland MJ, J. Biol. Chem., 245, 9839 - 9845 (1979):
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Ashikari, T. et al., Appl. Microbiol. Biotechnol., 30,
515 - 520 (1989)] was inserted to form pYE201l1l.

An EcoRI site was introduced into the upstream of
the GAPDH structural gene of pYE201l1l, adjacent to initiation
codon, by the site-specific mutagenesis with a synthetic
DNA 5'-TAAATAGAATTCATGGTTA-3', to thereby construct plasmid
pYE2211 [Ashikari, T. et al., Appl. Microbiol. Biotechnol.,
30, 515 - 520 (1989)]. The GAPDH structural gene region
was deleted from pYE2211 with EcoRI and Sall and the
EcoRI - Sall multi-cloning site of pUCl9 was inserted in
place, thus constructing a plasmid pYE22m (refer to Fig. 2).

A fragment of approximately 1.4 kbp obtained by
partially digesting the Cl1l3 clone with EcoRI, which contained
the full-length c¢DNA fragment of POD, was ligated with a
fragment of approximately 8.3 kbp obtained by digesting
pYE22m with EcoRI. The plasmid thus obtained was referred
to as pYEPOD1 (Fig. 3). POD should be expressed in this
plasmid under the control of glycelaldehyde 3-phosphate
dehydrogenase promoter. A yeast strain S. cerevisiae G-1315
(Mat «, tripl) [H. Yoshizumi et al., J. Jpn. Soc. Starch
Sci., 34, 148 (1987)] was transformed with this plasmid.
Other strains may be used as a host, so long as they are
tryptophan-requiring ones (trpl). The transformation was
performed in accordance with the method reported by Ito et
al. [J. Bacteriol., 153, 163 (1983)]. Thus a transformant
which restored the ability to synthesize tryptophan was
obtained. This transformant was referred to as G-1315
(pPYEPOD1) .

The transformant G-1315 (pYEPOD1l) was incubated in
5 ml of Burkholder's medium [P.R. Burkholder, Am. J. Bot.,
30, 206 (1943)] containing 1 % casamino acids under shaking
at 30°C for 48 hours. 1 ml of the culture broth was
collected and the supernatant was concentrated approximately
50-fold by Ultra-Free* C3GC (Milipore Co.). The yeast cells
were treated by the method of Yaffe et al. [Proc. Natl.
Acad. Sci. USA, 81, 4819 (1984)] to obtalin proteins.

* trade-mark
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These proteins were separated by SDS polyacrylamide
electrophoresis and then subjected to Western blotting
on a nylon membrane to detect those which reacted with
antl-Arthromyces peroxidase antibody in the enzyme-labelled

antibody method [refer to, for example, Imabori et al.,
Zoku Seikagaku Jikken Koza: Tanpakushitsu no Kagaku,

Tokyo Kagaku Dojin (1987)). As a result, a single band
was observed at almost the same position as that of the
Arthromyces peroxidase protein in both of the extracellular
and intracellular fractions. Since a plasmid-free host
GH1315 did not exhibit such a band, it was confirmed that

the Arthromyces peroxidase protein was produced by the
recombinant yeast (Fig. 4).

(3) Next, the peroxidase activities in the supernatant
and the cells were determined (using the rest of the culture
(4 ml). The cells and the supernatant were separated.

The enzyme activity in the supernatant was measured as

such. The cells were suspended in 1 ml of a 10 mM potassium
phosphate buffer solution and disrupted by ultrasonication.

After centrifuging, the supernatant was used as a crude
enzyme solutilion.

The enzyme activity was determined by the following
method. To 1 ml-bf a 0.1 M potassium phosphate buffer
solution (pH 7.0), 1.3 ml of a 11.5 mM phenol solution.
0.20 ml of a 10 mM 4-aminoantipyrine solution and 0.2 ml
of a 6 mM hydrogen peroxide solution were added. After
pre-heating the mixture at 37°C, 0.25 ml of the sample was
added and the mixture was reacted for 5 minutes. After
the completion of the reaction, 0.2 ml of a 20 % sodium
azide solution was added and the absorbance at 500 nm was
measured. The obtained value was referred to as a reaction
value. Separately, a control value was determined by adding
0.2 ml of a 20 % sodium azide solution before adding the
sample and then the reaction was performed. The absorbance
measured in the same manner was referred to as the control
value. The titer of the peroxidase was expressed in Unit
(U), namely, the amount of the enzyme capable of consuming
1l mol of hydrogen peroxide within 1 minute was referred
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to as 1 U. The titer (U/ml) of the sample peroxidase was
calculated in accordance with the following equation.
Titer (U/ml) = 0.396 X A Asgo X (dilution ratio
of sample):

wherein A Asgg represents the difference between a
reaction value and a control value.

As a result of the measurement, it was found that
the extracellular supernatant showed an activity 15.6 mu/ml
whereas the crude cell extract showed no activity. The
protein concentration in the extracellular supernatant was
0.53 mg/ml and the specific activity of POD was 290 u/ml.
Based on these data, it was estimated that approximately

0.01 % of the extracellular proteins represented the active
POD protein.

Example 4: Expression of peroxidase protein in E. coli
Expression of the peroxidase in E. coli was studied.

As the expression plasmid, pKK223-3*(purchased from
Pharmacia) was employed. The EcoRI fragment of the clone
Cl3, prepared by the same method as the one described above,
was ligated with a fragment of approximately 4.6 kbp
obtained by digesting pkk223-3 with EcoRI. The plasmid thus

obtained was referred to as pKPOD1l. It is believed that POD
would be expressed by a tac promotor in this plasmid. An E.

coli strain WA802 (ATCC 33526) (F- metBl lacYl galK2 galT22

A~ supE44 hsdR2) (a gift from Dr. B. Bachmann of Eschelichia
coll Genetic Stock Center) was transformed with this plasmid

and thus an ampicillin-resistant transformant was obtained.
This transformant was referred to as WA802 (pKPOD1).

The transformant WA802 (pKPOD1) was incubated in 2 ml
of LB medium (AP 50 pg/ml, IPTG 1 mM) under shaking at 37 °C
for 15 hours. Cells were harvested from 1 ml of the culture
and a cellular protein fraction was prepared by the method

of Yaffe et al. Proteins, reacting with anti-Arthromyces

peroxidase antibody were then detected by the aforesaid
enzyme-labelled antibody method. As a result, a single band

was observed at the same position as that of the Arthromyces
peroxidase protein. Since plasmid-free host WA802 did not

* trade—-mark
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exhlibit such a band, it was considered that the Arthromyces
peroxidase protein was produced in the recombinant E. coli.

Similar to the case of the yeast, cells were harvested
from the residual culture (1 ml) and a crude cell extract was
prepared. Although the peroxidase activity was examined,
it showed no peroxidase activity.

According to the present invention, the ¢DNA of
a peroxidase gene of microbial origin has been provided and
the nucleotide and amino acid sequences thereof have been
clarified. A yeast and E. coli transformed with a plasmid
containing the aforesaid cDNA produce the protein idehtical
with the Arthromyces peroxidase. In fact, the enzyme
activity was detected in the case of the yeast. Thus
the present invention has enabled the production of the
peroxidase of Arthromyces origin on a large scale by use
of genetic engineering techniques and further to modify the
peroxidase molecule through protein engineering techniques.
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T'HE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A peroxidase gene encoding a protein containing an

d amino acid sequence represented by the following

formula (1) :

X -
QGPGGGGGSV TCPGGQSTSN SQCCVWFDVL DDLQTNFYQG SKCESPVRKI
LRIVFHDAIG FSPALTAAGQ FGGGGADGSI IAHSNIELAF PANGGLTDTI
EALRAVGINH GVSFGDLIQF ATAVGMSNCP GSPRLEFLTG RSNSSQPSPP

10 SLIPGPGNTV TAILDRMGDA GFSPDEVVDL LAAHSLASQE GLNSAIFRSP
LDSTPQVFDT QFYIETLLKG TTQPGPSLGF AEELSPFPGE FRMRSDALLA
RDSRTACRWQ SMTSSNEVMG QRYRAAMAKM SVLGFDRNAL TDCSDVIPSA
VSNNAAPVIP GGLTVDDIEV SCPSEPFPEI ATASGPLPSL APAP |

15
Oor a gene contalning a substantially identical
sequence and encoding a proteln exhibiting
substantially the same biological activity,

20

wherein X represents a hydrogen atom or a

polypeptide represented by the following formula
(II) :

MKLSLFSTFAAVIIGALALP (II)

and the alphabetical letters in the formulae (I) and (II)
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respectively represent the following amino acids:

A; alanine, C; cysteine, D; aspartic acid,

E; glutamic acid, F; phenylalanine, G; glycine,
H; histidine, I; isoleucine, K; lysine,

L; leucine, M; methionine, N; asparaglne,

P; proline, Q; glutamine, R; arginine,

S; serine, T; threonine, V; wvaline,

W; tryptophan, Y; tyrosine."

A substantially pure peroxidase having an amino

acid sequence represented by the following formula

(I) :

X_

QGPGGGGGSYV
LRIVFHDAIG
EALRAVGINH
SLIPGPGNTV
LDSTPQVEDT
RDSRTACRWQ
VSNNAAPVIP

TCPGGQSTSN
FSPALTAAGQ
GVSFGDLIQF
TAILDRMGDA
QFYIETLLKG
SMTSSNEVMG
GGLTVDDIEV

SQCCVWEFDVL
FGGGGADGS1I
ATAVGMSNCP
GEFSPDEVVDL
TTQPGPSLGFK

QRYRAAMAKM
SCPSEPFPEL

(L)

DDLQTNFYQG
IAHSNIELAF
GSPRLEFLTG
LAAHSLASQE
AEELSPFPGE
SVLGFDRNAL
ATASGPLPSL

SKCESPVRKI
PANGGLTDTIL
RSNSSQPSPP
GLNSAIFRSP
FRMRSDALLA
TDCSDVIPSA
APAP

25

30

wherein X represents a hydrogen atom or a polypeptide

represented by the following formula (II):
MKLSLFSTFAAVIIGALALP (I1)
and the alphabetical letters in the formulae (I) and (II)
respectively represent the following amino acids:
A; alanine, C; cysteine, D; aspartic acid,
E: glutamic acid, F; phenylalanine, G; glycine,

- histidine, I; isoleucine, K; lysine,

+ leucine, M; methionine, N; asparagine,

glutamine, R; argilinine,

threonine, V: valine,

H
L
P; proline, Q:
S; serine, T;
W

+ tryptophan, Y; tyrosine.
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A peroxidase gene having a nucleotide sequence
represented by the following formula (III) or a

nucleotide sequence encoding substantially the same

proteln sequence:

7 —
CAGGGTCCTGGAGGAGGAGGCGGGTCAGTCACTTGCCCGGGTGGACAGTCCACTTCCAAC
AGCCAGTGCTGCGTCTGGTTCGACGTTCTAGACGATCTTCAGACCAACTTCTACCAAGGG
TCCAAGTGTGAGAGCCCTGTTCGCAAGATTCTTAGAATTGTTTTCCATGACGCGATCGGA
TTTTCGCCGGCGTTGACTGCTGCTGGTCAATTCGGTGGTGGAGGAGCTGATGGCTCCATC
ATTGCGCATTCGAACATCGAATTGGCCTTCCCGGCTAATGGCGGCCTCACCGACACCATC
GAAGCCCTCCGCGCGGTCGGTATCAACCACGGCGTCTCTTTCGGCGATCTCATCCAATTC
GCCACTGCCGTCGGCATGTCCAACTGCCCTGGCTCTCCTCGACTTGAGTTCTTGACGGGA
AGAAGCAACAGTTCCCAGCCCTCCCCTCCTTCGCTGATCCCGGGTCCTGGAAACACTGTC
ACTGCTATCTTGGATCGTATGGGCGATGCAGGCTTCAGCCCTGATGAAGTCGTTGACTTG
CTTGCTGCGCATAGTTTGGCTTCTCAGGAAGGTTTGAACTCGGCTATTTTCAGGTCCCCT
TTGGACTCGACCCCTCAAGTTTTCGATACCCAGTTCTATATCGAGACCTTGCTCAAGGGA
ACCACTCAGCCCGGACCCTCTCTCGGCTTTGCAGAGGAGCTCTCCCCCTTCCCTGGTGAA
TTCCGCATGAGGTCCGACGCTCTCTTGGCTCGCGACTCCCGAACCGCCTGCCGATGGCAA
TCCATGACCAGCAGCAATGAAGTTATGGGCCAGCGATACCGCGCCGCCATGGCCAAGATG
TCTGTTCTCGGCTTCGACAGGAACGCCCTCACCGATTGCTCTGACGTTATTCCTTCTGCT
GTGTCCAACAACGCTGCTCCTGTTATCCCTGGTGGCCTTACTGTCGATGATATTGAGGTT
TCGTGCCCGAGCGAGCCTTTCCCTGAAATTGCTACCGCCTCAGGCCCTCTCCCCTCCCTC

GCTCCTGCTCCT

(III)

wherein Z represents either nothing or a nucleotide
Sequence represented by the following formula (IV):

ATGAAGCTCTCGCTTTTCTCCACCTTCGCTGCTGTCATCATCGGTGCTCTCGCTCTCCCC

(IV).
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A recombinant vector having a peroxidase gene as

claimed i1n claim 1 or 3.

Host cells transformed with a recombinant wvector as

claimed in claim 4.

A process for producing a peroxidase which
comprises culturing host cells as claimed in claim
5 and recovering and purifying a peroxidase-active

substance from the cell extract or the culture

broth.
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AAACCCACCT GTTCTACTAC TAGTCCTCTT CCATTTTGTA TTTGAACGCT GTTTCCGACG

TCAAGAACGA CAACT ATG AAG CTC TCG CTT TTC TCC ACC TTC GCT GCT GTC
Met Lys Leu Ser Leu Phe Ser Thr Phe Ala Ala Val
10

ATC
Ile

TCA
Ser

GTC
Val

45
TCC
Ser

GAC
Asp

GGT

Gly

GCC
Ala

GCG
Ala
125

ATC
Ile

GTC
Val

30
TGG
Trp

AAG
Lys

GCG
Ala

GGA
Gly

TTC
Phe
110
GTC
Val

GGT
Gly
15

ACT
Thr

TTC
Phe

TGT

ATC
Ile

GGA
Gly

95
CCG
Pro

GGT
Gly

GCC ACT GCC

Ala

Thr

Ala

GCT
Ala

TGC
Cys

GAC
ASp

GAG
Glu

GGA
Gly

80
GCT

CTC
Leu

CCG
Pro

GTT
Val

AGC
Ser

65
TTT
Phe

GAT

Ala Asp

GCT AAT
Ala Asn

ATC AAC

Ile

ASn

GTC GGC

Val

Gly
145

GCT CTC CCC CAG GGT
Pro Gln Gly

Ala

GGT
Gly

CTA
Leu
50

CCT
Pro

TCG

Ser

GGC

Gly
GGC
Gly
CAC
His
130

ATG
Met

Leu

GGA
Gly

35
GAC
Asp

GTT
Val

CCG

Pro

TCC
Ser

GGC
Gly
115
GGC
Gly

TCC
Ser

20

CAG TCC

Gln

GAT
AsSp

CGC

Ser

CTT
Leu

AAG

Arg Lys

GCG
Ala

ATC
Ile
100
CTC
Leu

GTC
val

AAC
Asn

TTG
Leu
85

ATT
Ile

ACC
Thr

TCT
Ser

TGC
CYS

ACT
Thr

CAG
Gln

ATT
ILle

70
ACT
Thr

GCG
Ala

GAC
Asp

TTC
Phe

CCT
Pro
150

CCT GGA GGA

Pro

TCG
Ser

ACC
Thr

55

CTT
Leu

GCT
Ala

CAT
His

ACC
Thr

GGC
Gly
135
GGC

Gly

AAC
ASN

40
AAC
Asn

AGA
Arg

GCT
Ala

TCG
Ser

ATC
ile
120
GAT
Asp

TCT

Gly
25

AGC
Ser

TTC
Phe

ATT
Ile

GGT
Gly

AAC
Asn
105
GAA
Glu

CTC
Leu

CCT

Gly Ser Pro

GGA
Gly

CAG
Gln

TAC
Tyr

GTT
Val

CAA

Gln
90

ATC
Ile

GCC
Ala

ATC
1le

CGA
Arg

GGC
Gly

TGC
Cys

CAA
Gln

TTC
Phe

75
TTC
Phe

GAA
Glu

CTC
Leu

CAA
Gln

CTT
Leu
155

GGG
Gly

TGC
Cys

GGG
Gly

60
CAT
His

GGT
Gly

TTG
Leu

CGC
Arg

TTC

Phe
140

GAG
Glu

60

111

159

207

255

303

351

399

447

495

043



TTC
Phe

ATC
Ile

GAT
ASp

AGT
Ser
205
TTG
Leu

TTG
Leu

GAG
Glu

TTG

Leu

AGC
Ser
285
TCT
Ser

ATT
Ile

TG

Leuy

CCG
Pro

GCA
Ala
190
TTG
Leu

GAC
AsSp

CTC
Leu

CTC
Leu

GCT
Ala
270

AAT
Asn

GTT
Val

CCT
Pro

ACG
Thr

GGT
Gly
175
GGC
Gly

GCT
Ala

TCG
Ser

AAG
Lys

TCC
Ser
255
CGC

GGA AGA AGC

Gly
160
CCT
Pro

TTC
Phe

TCT
Ser

ACC
Thr

GGA
Gly
240
CCC
Pro

GAC

Arg Asp

GAA
Glu

CTC

Leu

TCT
ser

GTT
Val

GGC
Gly

GCT
Ala
320

Arg

GGA
Gly

AGC

Ser

CAG
Gln

CCT
Pro
225
ACC
Thr

TTC
Phe

TCC

Ser

ATG
Met

TTC
Phe
305
GTG
Val

Ser

AAC
Asn

CCT

Pro

GAA
Glu
210

CAA
Gln

ACT
Thr

CCT

Pro

CGA
Arg

GGC
Gly
290
GAC
Asp

TCC
sSer

AAC

Asn

ACT
Thr

GAT
ASp
195
GGT
Gly

GTT
Val

CAG
G1n

GGT
Gly

ACC
Thr
275
CAG

Gln

AGG

Arg

AAC
AsSnh

AGT

Ser

GTC
Val
180
GAA
Glu

TTG
Leu

TTC
Phe

CCC
Pro

GAA
Glu
260
GCC
Ala

CGA
Arg

AAC

ASn

AAC
ASh

TCC
Ser
165
ACT
Thr

GTC
Val

AAC
Asn

GAT
AsSp

GGA
Gly
245
TTC
Phe

TGC
Cys

TAC
Tyr

GCC
Ala

GCT
Ala
325

CAG
G1ln

GCT
Ala

GTT
Val

TCG
Ser

ACC
Thr
230
CCC
Pro

CGC
Arg

CGA
Arg

CGC
Arg

CTC
Leu
310
GCT
Ala

CCC

Pro

ATC
Ile

GAC
ASp

GCT
Ala
215
CAG
Gln

TCT
Ser

ATG
Met

TGG
Trp

GCC
Ala
295
ACC
Thr

CCT
Pro

TCC
Ser

TTG
Leu

TTG
Leu
200
ATT
Ile

TTC
Phe

CTC
Leu

AGG
Arg

CAA
Gln
280

GCC
Ala

GAT
ASp

GTT
Val

CCT
Pro

GAT
ASp
185
CTT
Leu

TTC
Phe

TAT

GGC
Gly

TCC
ser
265
TCC

Ser

ATG
Met

TGC

ATC
I1le

CCT
Pro
170
CGT
Arg

GCT
Ala

AGG
Arg

ATC
Ile

TTT
Phe
250
GAC
ASD

ATG
Met

GCC
Ala

TCT

Ser

CCT
Pro
330

TCG
Ser

ATG
Met

GCG
Ala

TCG
Ser

GAG
Glu
235
GCA

Ala

GCT
Ala

ACC
Thr

AAG
Lys

GAC
Asp
315
GGT

Gly

CTG
Leu

GGC
Gly

CAT

His

CCT
Pro
220

ACC
Thr

GAG
Glu

CTC
Leu

AGC

Ser

ATG
Met
300
GTT
Val

GGC
Gly

639

687

735

783

831

879

927

975

1023

1071



F/g. 5(c)

CTT ACT GTC GAT GAT ATT GAG GTT TCG TGC CCG AGC GAG CCT TTC CCT
Leu Thr Val Asp Asp Ile Glu Val Ser Cys Pro Ser Glu Pro Phe Pro
335 340 345
GAA ATT GCT ACC GCC TCA GGC CCT CTC CCC TCC CTC GCT CCT GCT CCT
Glu Ile Ala Thr Ala Ser Gly Pro Leu Pro Ser Leu Ala Pro Ala Pro
350 355 360
TGATCTGGTG AAGATGGTAC ATCCTGCTCT CTCACGATCC CTCTTAGCTA TTTATCCAAT

CTATCTACCT ATCTATGCAG TTTCTGTCCA CCCTCAGTTA TGAATATGAC TTGGTTATCT
GTGTATCCGA CTCGGTGCTT GGCAGCACGT GTATGATATT ATATAATCAA TCATGAACGC

ATTCCTCCGT GTGGGAGTGT GCGTCTTTCT CTCGGAG
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