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Fig. 2
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Fig. 3
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Fig. 4
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MICROORGANISM SENSITIVE TO
LYSOZYME

TECHNICAL FIELD

The present invention relates to a microorganism of the
genus Rhodococcus suitable for production of a recombinant
protein, and more specifically, to a mutant strain more
sensitive to lysozyme at a low concentration than a wild-
type strain and capable of easily causing cell lysis. Use of the
mutant strain makes it easier to extract and recover an
expressed protein.

BACKGROUND ART

As a technique for expressing a recombinant protein in a
microbial host, an expression system using Escherichia coli
(E. coli) as a host has been generally and widely used. This
is because E. coli is extremely easy to handle in a laboratory.
More specifically, £. coli is confirmed as a safe microbial
host and proliferates at a high rate, and its molecular
biological operations in a laboratory are well established. On
the other hand, development of host microorganisms having
usefulness and advantages over E. coli in view of recombi-
nant protein expression has progressed.

Microorganisms of the genus Rhodococcus are not patho-
genic, except a few, and easily cultured in an ordinary
laboratory. In addition to such essential conditions, they
have the function as microbial catalysts, which is considered
to be extremely useful from an industrial point of view. For
these reasons, recently, various molecular biological tech-
niques have been developed by use of such microorganisms.
For example, in an attempt to add a further useful function
to the microorganisms, techniques involving gene recombi-
nation has been developed. As a result, a shuttle vector was
established which can replicate autonomously both in E. cofi
and in a microorganism of the genus Rkodococcus (R, De
Mot et al., Microbiology 143, 3137-3147, (1997)). Further-
more, there is a report that a transposable transposon is
present in a microorganism of the genus Rhodococcus (1,
Nagy et al., J. Bacteriol. 179, 4635-4638 (1997)). Thus, it is
expected to improve the microorganism in function, for
example, by destroying the gene or integrating an exogenous
gene into the chromosome.

In an attempt to further improve a microbial catalytic
action based on such a molecular biological establishment,
development of a vector for expressing a recombinant
protein has been underway (JP Patent Publication (Kokai)
No. 10-248578 A (1998)).

A microorganism of the genus Rhodococcus, namely,
Rhodococcus erythropolis is not only useful as a microbial
catalyst but also advantageous in that it can grow under a
low temperature condition of 4° C. For this reason, it is
expected that Rhodococcus erythropolis may produce a
recombinant protein or the like in a temperature range where
E. coli could not be used. Development of an inducible
expression vector has been underway for such a purpose (the
application already filed by Tamura, on Aug. 12, (2002)).

However, the cell wall of a microorganism of the genus
Rhodococcus is particular and rigid in structure compared to
those of other gram-positive bacteria. Therefore, extraction
of a cellular content from the microorganism is complicated
and difficult compared to the case of E. coli. More specifi-
cally, a microorganism of the genus Rkodococcus has an
extremely strong resistance to a cell-wall lytic enzyme used
generally for microbial cell lysis, such as lysozyme.
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Examples of a cell lysis method include a method of
exposing cell wall to a high-concentration antibiotic, such as
penicillin, for a predetermined time to weaken the cell wall
and then being subjected to cell lysis with lysozyme, and a
method of applying ultrasonic treatment to bacterial cells for
a long time to physically destroy them. However, these
methods are complicated in process, it is difficult to treat a
large amount of cells, and specimens are not likely to be
treated uniformly. These problems are significant in view of
industrial use. The effectiveness of an antibiotic such as
penicillin is brought by inhibiting a de-novo synthesis of a
cell wall and therefore the cell wall completed in synthesis
is not affected by such an antibiotic. Therefore, the effect of
such an antibiotic is considered to be low in low-temperature
conditions where rapid growth is not expected.

It is known that the cell wall structure of a microorganism
of the genus Rhodococcus is commonly seen in bacteria of
the genus Corynebacterium (C. E. Barry III et al., Prog.
Lipid Res. 37, 143-179 (1988)) and an invention similar to
the present invention has been made in view of an object of
facilitating a molecular biological operation such as trans-
formation (JP Patent Publication (Kokoku) No. 01-003475 B
(1989), T. Hirasawa et al., J. Bacteriol. 182, 2696-2701
(2000)).

DISCLOSURE OF THE INVENTION

The present invention is directed to providing a microor-
ganism of the genus Rhodococcus improved in sensitivity to
lysozyme and capable of being lysed with lysozyme at a low
concentration, the microorganism allowing recovery of the
protein by treatment of the microorganism with lysozyme
after an exogenous gene is integrated to the microorganism
and allowed to express. Furthermore, the present invention
provides a method of producing an exogenous protein by use
of the microorganism of the genus Rhodococcus having a
high sensitivity to lysozyme.

The present inventors conducted studies with a view
toward to attain an expression system for a recombinant
protein by use of a microorganism of the genus Rhodococcus
by overcoming a difficulty in extracting a cellular content.
As a result, they found a novel microorganism of the genus
Rhodococcus more sensitive to lysozyme at an extremely
low concentration than a wild type strain. More specifically,
mutation was induced in a wild type strain to obtain a mutant
that cannot grow in a medium containing lysozyme. Muta-
tion is usually induced by a chemical mutagen such as
nitrosoguanidine or irradiation with radioactive rays. How-
ever, taking safety and convenience into consideration,
ultraviolet ray irradiation is employed in the present inven-
tion. Furthermore, the present inventors found that cell lysis
can be performed only by lysozyme treatment without
pretreatment with penicillin or the like, and that a cellular
content such as a recombinant protein accumulated in the
cells can be extracted in a much easier manner than a
conventional method. Based on these findings, the present
invention was completed.

More specifically, the present invention includes

(1) A mutant of a microorganism of the genus Rkodococ-
cus having a higher sensitivity to lysozyme than a wild-type
microorganism of the genus Rhodococcus.

(2) The microorganism of the genus Rhodococcus accord-
ing to item (1), in which the microorganism of the genus
Rhodococcus is Rhodococcus erythropolis.

(3) The microorganism of the genus Rhodococcus accord-
ing to item (2), in which the Rhodococcus erythropolis is
Rhodococcus erythropolis strain 1.-65 (deposited on Jun. 12,
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2002, originally at the International Patent Organism
Depositary of the National Institute of Advanced Industrial
Science and Technology (Tsukuba Central 6, 1-1-1 Higashi,
Tsukuba, Ibaraki, Japan) under Accession No. FERM
BP-8443) or Rhodococcus erythropolis strain 1.-88 (depos-
ited on Jun. 12, 2002, originally at the International Patent
Organism Depositary of the National Institute of Advanced
Industrial Science and Technology (Tsukuba Central 6,
1-1-1 Higashi, Tsukuba, Ibaraki, Japan, Accession No.
FERM BP-8444).

(4) A method of producing a protein comprising

transforming a mutant of a microorganism of the genus
Rhodococcus having a higher sensitivity to lysozyme than a
wild-type microorganism of the genus Rhodococcus by a
gene encoding an exogenous protein; expressing the gene;
and treating the microorganism of the genus Rhodococcus
with lysozyme, thereby extracting and recovering the pro-
tein.

(5) The method of producing a protein according to item
(4), in which the microorganism of the genus Rkhodococcus
is Rhodococcus erythropolis.

(6) The method of producing a protein according to item
(5), in which the Rhodococcus erythropolis is Rhodococcus
erythropolis strain .-65 (Accession No. FERM BP-8443) or
Rhodococcus erythropolis strain 1.-88 (Accession No.
FERM BP-8444).

Now, the present invention will be explained in detail.

A microorganism of the genus Rhodococcus according to
the present invention is a mutant microorganism of the genus
Rhodococcus, which has a higher sensitivity to lysozyme
than a wild-type microorganism of the genus Rhodococcus.
The microorganism of the genus Rhodococcus is not limited
to a specific species and includes Rhodococcus erythropolis,
Rhodococcus fascians, and Rhodococcus opacus. The wild-
type microorganism of the genus Rhodococcus refers to a
microorganism belonging to the genus Rhodococcus and
having no genetic mutation, for example, Rhodococcus
erythropolis strain JCM 3201. More specifically, the micro-
organism of the genus Rhodococcus according to the present
invention having a higher sensitivity to lysozyme is a mutant
derived from a wild-type microorganism of the genus
Rhodococcus as a parent strain, and having an increased
sensitivity to lysozyme compared to the parent strain. The
phrase “having an increased sensitivity to lysozyme™ means
that cell lysis may occur at a low lysozyme concentration. If
cell growth is inhibited when lysozyme is added to a
medium where a microorganism is cultured, it is said that the
microorganism has a sensitivity to lysozyme. The sensitivity
to lysozyme can be expressed by a minimum lysozyme
concentration capable of inhibiting the growth of a micro-
organism (a minimum growth inhibitory lysozyme concen-
tration). A source providing lysozyme is not limited, for
example, egg-white lysozyme may be used. The minimum
growth inhibitory lysozyme concentration is obtained as
follows: for example, a microorganism of the genus Rhodo-
coccus 1s prepared in a liquid medium at a density of 1x10
to 1x10° cells/10 pl. Lysozyme is serially diluted from a
concentration of several hundreds pg/ml to several pg/ml.
Each of the serial dilutions is added to 10 pul of the liquid
medium prepared above. The microorganism is cultured for
several days. The lysozyme concentration that inhibits the
growth of a microorganism of the genus Rhodococcus
represents the minimum growth inhibitory lysozyme con-
centration. Alternatively, the degree of sensitivity to
lysozyme can be determined by adding lysozyme to a
predetermined concentration of a microorganism of the
genus Rirodococcus, and monitoring a change in absorbence
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while culturing. In this case, a strain non-sensitive to
lysozyme continues to grow without causing cell lysis by
lysozyme, and thus absorbence increases with time, whereas
a strain sensitive to lysozyme causes cell lysis by lysozyme,
and absorbence decreases rapidly.

The minimum growth inhibitory lysozyme concentration
of'a microorganism of the genus Rhodococcus having a high
sensitivity to lysozyme according to the present invention is
preferably 50 pg/ml or less, more preferably, 25 pug/ml or
less, and most preferably 13 pg/ml or less. This is equal to
or less than 4, preferably Y16, and particularly preferably,
Y30 of the minimum growth inhibitory lysozyme concentra-
tion of a wild type, that is, a parent strain.

A microorganism of the genus Rhodococcus generally has
a high resistance to lysozyme, so that the microorganism
cannot be lysed with lysozyme alone. Therefore, an antibi-
otic such as penicillin must be used at a high concentration
to inhibit the cell wall synthesis of the microorganism during
growth to weaken the cell wall, and then lysozyme is applied
to the microorganism. However, the organism of the genus
Rhodococcus according to the present invention can be lysed
with lysozyme alone.

The organism of the genus Rhodococcus having a high
sensitivity to lysozyme according to the present invention
can be obtained by treating a wild-type microorganism of the
genus Rhodococcus such as Rhodococcus erythropolis strain
JCM 3201 with a chemical mutagen or a physical mutagen,
culturing it in an agar medium, transferring the colonies thus
grown onto a medium containing lysozyme and a medium
not containing lysozyme, culturing both, and selecting a
bacterial cell not grown in the medium containing lysozyme.
The sensitivity to lysozyme can be determined by the
aforementioned sensitivity test. Examples of such chemical
mutagens include alkylation agents such as N-methyl-N'-
nitro-N-nitrosoguanidine and mustard gas, non-alkylation
agents such as hydradine and nitrite, DNA nucleotide ana-
logs such as 5-bromo uracil, 2-aminopterin, and DNA inter-
calators, such as acrydine orange. Examples of such physical
mutagens include ultraviolet rays, X-rays, y-rays, and neu-
tron beam. A method of treating a microorganism with a
mutagen, the concentration of a chemical mutagen to be
used, and the intensity of a physical mutagen to be used may
be appropriately selected in accordance with a known
method.

Examples of such an microorganism of the genus Rkodo-
coccus having a high sensitivity to lysozyme according to
the present invention include Rhodococcus erythropolis
strain [.-65 (Accession No. FERM BP-8443) and Rhodo-
coccus erythropolis strain 1-88 (Accession No. FERM
BP-8444).

In a microorganism of the genus Rhodococcus having a
high sensitivity to lysozyme according to the present inven-
tion, its sensitivity to lysozyme is higher than that of a
wild-type strain, that is, a parent stain; however, the sensi-
tivity to at least one member of antibiotics such as ampicil-
lin, kanamycin, chloramphenicol, tetracycline, and thios-
treptone is equal to that of the wild strain and thus has no
significant difference. Even if the sensitivity differs between
them, the difference from the wild type is not so large as that
from lysozyme sensitivity. More specifically, a microorgan-
ism of the genus Rhodococcus having a high sensitivity to
the lysozyme according to the present invention has a
resistant gene to a certain antibiotic integrated as a selection
marker. Therefore, when the microorganism of the present
invention is transformed by an expression vector having an
exogenous gene integrated therein and a transformant is
selected based on the selection marker, non-transformed
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microorganism of the genus Rhodococcus cannot grow since
the sensitivity to the antibiotic is not lowered and thus only
transformant can be selected. In this respect, as long as a
microorganism of the genus Rhodococcus having a high
sensitivity to lysozyme according to the present invention
has a sensitivity to the antibiotic to be used for selection
even if the sensitivity to other antibiotics is low, it can be
used.

A recombinant protein can be efficiently obtained by
using a microorganism of the genus Rhodococcus having a
high sensitivity to lysozyme according to the present inven-
tion. To explain more specifically, the protein can be
obtained by transforming a microorganism of the genus
Rhodococcus having a high sensitivity to lysozyme accord-
ing to the present invention with a gene encoding an
exogenous protein derived from other species, culturing the
transformed Rhodococcus microorganism in the conditions
where the gene can be expressed, thereby expressing the
exogenous protein, treating the microorganism having the
expressed protein therein with lysozyme, thereby extracting
the protein, and purifying and recovering the protein from
the extract solution. The transformation of a microorganism
of the genus Rhodococcus of the present invention may be
performed in accordance with a known method. At this time,
a transformation efficiency of a microorganism of the genus
Rhodococcus with a reduced sensitivity to lysozyme is
equivalent to that of a wild type strain, that is, a parent strain,
even if there is a difference between them, the difference is
not so significant. In some cases, the transformation effi-
ciency is more or less lowered by the effect of introduction
of mutation; however, there is no case where the efficiency
of expressing and producing an exogenous protein is sig-
nificantly reduced.

Transformation can be performed by using a known
expression vector for a microorganism of the genus Rhodo-
coccus or by expression vector pHN170 constructed by the
present inventors such that the expression of the vector can
be induced by thiostreptone.

A microorganism of the genus Rhodococcus transformed
by integrating an exogenous gene therein is cultured. After
the exogenous gene is expressed, the cells of the microor-
ganism are collected by centrifugation, or the like, sus-
pended in a buffer solution, such as a phosphate buffer,
having lysozyme dissolved therein, and incubated at a
temperature near an optimal temperature of lysozyme for
several tens to several hours. The cells of the microorganism
are lysed by the action of lysozyme and the expressed
protein is extracted into the buffer solution. The extracted
protein is purified by a known protein purification method to
obtain the protein. The concentration of lysozyme to be used
in cell lysis is 0.1 mg/ml to 10 mg/ml, preferably about 1
mg/ml. Purification can be performed by use of any sepa-
ration and purification method. For example, ammonium
sulfate precipitation, gel filtration, ion exchange chromatog-
raphy, and affinity chromatography may be used singly or in
an appropriate combination. In the case where an expression
product is present in the form of a fusion protein with GST,
His tag, it may be purified by use of the nature of a peptide
or a protein that is fused to a desired protein. To explain
more specifically, since GST has an affinity for glutathione,
the desired protein can be efficiently purified by affinity
chromatography by use of a column having a carrier to
which glutathione is attached.

The specification includes the specification and/or con-
tents of the drawings of JP Patent Application No. 2002-
239554 based on which the present application claims the
priority.
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BRIEF DESCRIPTION OF THE DRAWINGS

The application contains at least one drawing executed in
color. Copies of this patent or patent application publication
with color drawing(s) will be provided by the Office upon
request and payment of the necessary fee.

FIG. 1 shows photographs of LB agar mediums onto
which serially diluted culture solutions are spotted for
comparing their growth;

FIG. 2 is a graph showing a growth curve of Rhodococcus
erythropolis strain [.-65;

FIG. 3 is a graph showing a growth curve of Rhodococcus
erythropolis strain [.-88;

FIG. 4 is a graph showing a growth curve of Rhodococcus
erythropolis strain JCM 3201; and

FIG. 5 shows SDS polyacrylamide electrophoresis of the
cases where a PIP protein was expressed by Rhodococcus
erythropolis strain [.-65, [.-88 and JCM3201.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will be now explained with refer-
ence to Examples, which should not be construed as limiting
the present invention.

EXAMPLE 1

Production of Lysozyme-sensitive Bacterial Strain

Rhodococcus erythropolis strain JCM 3201 was cultured
in LB medium (1% Difco Bacto Tryptone, 0.5% Difco Yeast
Extract, and 1% sodium chloride) with shaking at 30° C. The
LB medium was taken in the middle of the logarithmic
growth period and appropriately diluted. The dilution was
applied onto an LB medium plate containing 1.5% agar at a
density of about 5x10° bacterial cells per plate, and the
application surface was irradiated with 254 nm ultraviolet
ray by means of an ultraviolet-ray irradiation apparatus
(manufactured by Atto, power: 4 W) placed at a distance of
15 cm from the application surface for 20 seconds. The
medium irradiated with the ultraviolet ray was cultured
stand still at 30° C. for 2 days to obtain about 5x10? colonies
per plate. The colonies were scraped by a cocktail stick and
inoculated onto a 96-well plate filled with about 150 ul of
LB medium. After the colonies were sufficiently suspended,
a part of the suspension was inoculated onto a 96-well plate
filled with 150 pl of LB medium containing lysozyme
derived from egg-white in a concentration of 50 pg/ml
(manufactured by Sigma, hereinafter simply referred to as
“lysozyme”). The couple of plates thus obtained were cul-
tured stand still at 30° C. for 2 days. As a result, a mutant
strain capable of growing only in lysozyme-free LB medium
was obtained as a lysozyme sensitive strain. Examples of
such a novel lysozyme sensitive microorganism according to
the present invention include Rhodococcus erythropolis
strain 1-65 and Rhodococcus erythropolis strain [.-88,
which was originally deposited on Jun. 12, 2002 under
Accession Nos. FERM BP-8443 and FERM BP-8444,
respectively at the International Patent Organism Depositary
of the National Institute of Advanced Industrial Science and
Technology (Tsukuba Central 6, 1-1-1 Higashi, Tsukuba,
Ibaraki, Japan). A request for transferring the microorgan-
isms from the original deposition to the international depo-
sition based on the Budapest Treaty was made and accepted
as of Jul. 28, 2003. The bacterial strain was inoculated in LB
medium and cultured with shaking at 30° C. A part of the
culture solution was taken in the middle of the logarithmic
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growth period and diluted with fresh LB medium so as to
contain 1x10°, 1x10% 1x10?, 1x10?, and 1x10 cells in 10 pl
of the LB medium. The diluted culture solutions thus
prepared were spotted onto each of LB agar mediums
containing lysozyme in concentrations of 50, 25, 12.5 and
6.3 pg/ml. After the mediums were cultured at 30° C. for 2
days, the presence or absence of bacterial cells grown on
mediums was checked. In this manner, the minimum growth
inhibition concentration was determined (Table 1 and FIG.
1). As shown in the figure, the culture solutions of bacterial
strains JCM3201, L-65, and [.-88 were dropped onto an LB
agar medium containing no lysozyme and an LB agar
medium containing lysozyme (12.5 pg/ml) and then sub-
jected to culturing. The bacterial strains JCM3201, L-65,
and L-88 cells were dropped respectively onto the upper
stage, the middle stage, and the lower stage of the LB agar
medium and cultured as shown in FIG. 1. The numbers of
bacterial cells contained in culture solutions were 1x10°,
1x10% 1x10%, 1x10?, and 1x10 cells in this order from the
left.

TABLE 1

Minimum growth-
inhibiting lysozyme
concentration (ug/ml)

Bacterial strain Deposition No.

Rhodococcus erythropolis FERM BP-8443 12.5
strain L-65
Rhodococcus erythropolis FERM BP-8444 12.5
strain L-88
Rhodococcus erythropolis ATCC25544 >400
strain JCM 3201

EXAMPLE 2

Turbidity Change of Rhkodococcus erythropolis Strain
L-65 Culture Solution by Addition of Lysozyme

To 100 ml of LB medium, Rkodococcus erythropolis
strain [.-65 was inoculated and cultured with shaking at 30°
C. The absorbence (ODg,,) of the culture solution was
measured at an absorption wavelength of 600 nm every hour
from the beginning of the logarithmic growth period. When
ODj reached about 0.2, the volume of the culture solution
was divided into halves. To one of them, lysozyme was
added to a final concentration of 12.5 pg/ml. No lysozyme
was added to the other. While both solutions were further
cultured continuously, the absorbence was measured. The
results are shown in FIG. 2. The growth profiles of Riodo-
coccus erythropolis strain 1.-65 culture solutions with
Lysozyme (12.5 pg/ml) and without lysozyme were shown
by absorbence at 600 nm. When OD, reached about 0.2,
lysozyme was added (Indicated by the arrow in the figure).
When lysozyme was added, a sharp decrease in absorbence
was observed. This is considered because bacterial cell lysis
was caused by lysozyme.

EXAMPLE 3

Turbidity Change of Rhkodococcus erythropolis Strain
L-88 Culture Solution by Addition of lysozyme

The same operation as in Example 2 was performed by
use of Rhodococcus erythropolis strain 1.-88. Absorbence
was measured and the results are shown in FIG. 3. The
growth profiles of culture solutions of Rhodococcus eryth-
ropolis strain L-88 with lysozyme (12.5 pg/ml) and without
lysozyme were shown by absorbence at 600 nm. When
OD_ reached about 0.2, lysozyme was added (Indicated by
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the arrow in the figure). When lysozyme was added, a sharp
decrease in absorbence was observed. This is considered
because bacterial cell lysis was caused by lysozyme.

COMPARATIVE EXAMPLE 1

Turbidity Change of Rhodococcus erythropolis Strain
JCM 3201 Culture Solution by Addition of Lysozyme

The same operation as in Example 2 was performed by
use of Rhodococcus erythropolis strain JCM 3201. Absor-
bence was measured and the results are shown in FIG. 4. The
growth profiles of culture solutions of Rhodococcus eryth-
ropolis strain JCM 3201 with lysozyme (12.5 pg/ml) and
without lysozyme were shown by absorbence at 600 nm.
When ODy, reached about 0.2, lysozyme was added (Indi-
cated by the arrow in the figure). Regardless of the presence
or absence of lysozyme, the same tendency of growth was
observed.

EXAMPLE 4

Sensitivity of Lysozyme Sensitive Bacterial Strain to
Ampicillin

The sensitivity of Rhodococcus erythropolis strain L-65
and [.-88 to ampicillin was determined in the same manner
as in Example 1. To explain more specifically, the bacterial
cells of each strain were inoculated in LB medium and
cultured with shaking at 30° C. A part of the culture solution
was taken in the middle of logarithmic growth period and
diluted with fresh LB medium so as to contain 1x10°, 1x10%,
1x10%, 1x10%, and 1x10 cells in 10 pl of the LB medium.
The diluted culture solutions thus prepared were dropped
onto each of LB agar mediums containing lysozyme in
concentrations of 15, 10, 1, and 0.1 pg/ml. After the medi-
ums were cultured at 30° C. for 2 days and the presence or
absence of bacterial cells grown on the mediums was
checked. In this manner, the minimum growth inhibition
concentration was determined (Table 2). Similarly, the wild
type and the mutant strain were compared for sensitivity to
kanamycin, chloramphenicol, tetracycline, and thiostrep-
tone; however, no significant difference was observed
between them.

TABLE 2

Minimum growth-
inhibiting ampicillin
concentration (ug/ml)

Bacterial strain Deposition No.

Rhodococcus erythropolis FERM BP-8443 1
strain L-65
Rhodococcus erythropolis FERM BP-8444 1
strain L-88
Rhodococcus erythropolis ATCC25544 15
strain JCM 3201

EXAMPLE 5

Transformation Efficiency of Lysozyme Sensitive Strain

The transformation of Rhodococcus erythropolis was
performed by an electroporation method. The method will
be described in detail below. Rhodococcus erythropolis
strain JCM 3201, L-65, and L-88 were cultured in 100 ml of
LB medium with shaking at 30° C. until they reach their
logarithmic growth periods. The culture solutions were
cooled on ice for 30 minutes, and centrifugally separated to
recover cells. To the recovered cells, 100 ml of ice-cooled
sterilized water was added, stirred well, and again centrifu-
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gally separated to recover cells. To the recovered cells, 100
ml of an ice-cooled 10% glycerin solution was added, stirred
well, and centrifugally separated to recover cells. The cells
were washed again with the ice-cooled 10% glycerin solu-
tion and suspended in 5 ml of an ice-cold 10% glycerin
solution. Then, 400 pl of the resultant cells were mixed with
plasmid DNA (pHN144; Nakashima and Tamura; the full
length sequence is represented by SEQ ID No: 1) capable of
self-replicating in Rhodococcus erythropolis. The mixture
solution was transferred to an electroporation cuvette (0.2
cm gap cuvette manufactured by Bio-Rad) and applied with
an electric pulse by a gene introduction apparatus, gene
pulser I, (manufactured by Bio-Rad) at an electric field of
12.5 kV/cm in strength, a capacitance of 25 uF (the pulse
controller), and an external resistance of 400 €. The mixture
of cells and DNA treated with the electric pulse was mixed
with 1 ml of LB medium and cultured at 30° C. for 4 hours.
Thereafter, cells were collected and applied onto LB agar
medium containing thiostreptone in a concentration of 10
pg/ml and cultured at 30° C. for 3 days to obtain transfor-
mants for each case. The transformation efficiency (the
number of colonies formed) per 1 ng of DNA is shown in
Table 3.

TABLE 3

Transformation

Bacterial strain Deposition No. efficiency rate

Rhodococcus erythropolis FERM BP-8443 2.6 x 10°
strain L-65
Rhodococcus erythropolis FERM BP-8444 2.5 x 10°
strain L-88
Rhodococcus erythropolis ATCC25544 4.0 x 10°
strain JCM 3201

EXAMPLE 6

Extraction of Recombinant Protein Produced by Rhodo-
coccus erythropolis Strain L-65

A plasmid (pHN170, Nakashima and Tamura: the full
length sequence is represented by SEQ ID No: 2) was
constructed such that it could self-replicate in a bacterial cell
of Rhodococcus erythropolis and could be induced by thios-
treptone to express a proline iminopeptidase (hereinafter
referred to as “PIP”) protein (T. Tamura et al., FEBS Lett.
398, 101-105 (1996)) having a 6x histidine tag at the C
terminal. This plasmid was introduced into Rhodococcus
erythropolis strain [.-65 by an electroporation method.
Transformants were screened on LB agar medium contain-
ing tetracycline (20 pg/ml). The transformants were inocu-
lated on 4 ml of LB medium containing tetracycline (8
ng/ml) and cultured with shaking at 30° C. until the absor-
bence at an absorption wavelength of 600 nm reached 0.8.
The entire culture solution was added to 40 ml of LB
medium containing thiostreptone (1 pg/ml) and cultured
with rotation in a vaned flask for 16 hours. After PIP protein
was induced to express, bacterial cells were centrifugally
collected at 1,500xg for 15 minutes. After the cells thus
collected was suspended in 4 ml of a 50 mM phosphate
buffer (pH8.0) containing 300 mM salt, lysozyme was added
so as to obtain a final concentration of 1 mg/ml. The
resultant solution was incubated at 37° C. for one hour,
cooled on ice, and centrifuged at 10,000xg for 15 minutes to
separate the supernatant (s) and the precipitate (p). An
aliquot of 1 ml was taken from the obtained supernatant (s)
and placed in another microcentrifuge tube. To the micro-
centrifuge tube, 50 pl of Ni-NTA Superflow (manufactured
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by QIAGEN) was added, which had been previously equili-
brated with a 50 mM phosphate buffer (pH 8.0) containing
300 mM salt. The resultant mixture was incubated at 4° C.
for one hour while turning it upside down, washed three
times with 1 ml of a 50 mM phosphate buffer (pH 6.0)
containing 300 mM salt and 10% glycerin, and thereafter,
eluted with 50 pl of a 50 mM phosphate buffer (pH 6.0)
containing 500 mM EDTA, 300 mM salt and 10% glycerin
to obtain 6x histidine-fused PIP protein. An aliquot (10 pl)
was taken from the protein thus obtained and subjected to
SDS polyacrylamide gel electrophoresis. As a result, a clear
band was detected near the molecular weight (34.3 KDa),
which was predicted from the amino acid sequence of the 6x
histidine-fused PIP protein (FIG. 5). On the other hand, the
precipitate (p) was resuspended in 1 ml of a 100 mM sodium
dihydrogen phosphate —10 mM tris chloride buffer (pH 8.0)
containing 8M urea, allowed to stand alone for 30 minutes,
and subjected to centrifugation at 10,000xg for 15 minutes.
The resultant supernatant was transferred to a new micro-
centrifuge tube, 50 pl of Ni-NTA Superflow, which had been
previously equilibrated with a 100 mM sodium dihydrogen
phosphate —10 mM tris chloride buffer (pH 8.0) containing
8M urea, was added to the microcentrifuge tube, and incu-
bated at room temperature for one hour while turning upside
down. After the microcentrifuge tube was washed three
times with 1 ml of a 100 mM sodium dihydrogen phosphate
-10 mM tris chloride buffer (pH 6.3) containing 8M urea, it
was subjected to elution with 50 pl of a 100 mM sodium
dihydrogen phosphate —10 mM tris chloride buffer (pH 8.0)
containing 500 mM EDTA and 8M urea to obtain 6x
histidine-fused PIP protein. An aliquot (10 pl) was taken
from the protein thus obtained and subjected to SDS poly-
acrylamide gel electrophoresis (FIG. 5). Reference symbol
M represents a molecular marker and molecular weight is
shown at the left side of the figure to indicate an approximate
molecular weight of each band. Band patterns of individual
lanes are shown in FIG. 5 as follows.

Lane 1 (JCM 3201,s) shows an electrophoretic pattern of
a sample obtained from the supernatant in the case where
PIP is expressed by bacterial strain JCM 3201. Since cell
lysis rarely takes place in a buffer solution under nondena-
turation condition (containing no urea), a desired band
(indicated by the arrow) is not detected. Lane 2 (JSM3201,
p) shows an electrophoretic pattern of a sample obtained
from the precipitate in the case where PIP is expressed by
bacterial strain JSM 3201. Lysis takes place slightly in a
buffer solution under denaturation conditions (containing
urea) and thus a thin band of interest is detected.

Lane 3 (JCM3201+amp,s) shows an electrophoretic pat-
tern of a sample obtained from the supernatant in the case
where PIP is expressed by bacterial strain JCM 3201 where
the sample is treated with ampicillin for 2 hours before cell
collection. Since the sensitivity to lysozyme is increased by
the treatment with ampicillin, cell lysis takes place even in
nondenaturation conditions. As a result, a desired band can
be clearly confirmed.

Lane 4 (JSM3201+amp, p) shows an electrophoretic
pattern of a sample obtained from the precipitate in the case
where PIP is expressed by bacterial strain JCM 3201 where
the sample is treated with ampicillin for 2 hours before cell
collection. It is considered that even though the cells pre-
viously treated with ampicillin do not cause cell lysis in a
buffer under the nondenaturation conditions, they lyse in a
buffer under denaturation conditions to give a detectable
desired band.

Lane 5 (L-65, s) shows an electrophoretic pattern of a
sample obtained from the supernatant in the case where PIP
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is expressed by bacterial strain L-65. Cells were lysed
completely with lysozyme treatment to give a detectable
desired band.

Lane 6 (L-65, p) shows an electrophoretic pattern of a
sample obtained from the precipitate in the case where PIP
is expressed by bacterial strain L.-65. Since the precipitate is
considered to contains only residual cells after lysis, the
desired band is not detected.

Lane 7 (L.-88, s) shows the electrophoretic pattern of a
sample obtained from the supernatant in the case where PIP
is expressed by bacterial strain [.-88. The same phenomenon
as in the case of bacterial stain L-65 is considered.

Lane 8 (L-88, p) shows the electrophoretic pattern of a
sample obtained from the precipitate in the case where PIP
is expressed by bacterial strain [.-88. The same phenomenon
as in the case of stain L-65 is considered.

As for the antibiotic used in the aforementioned opera-
tion, a required amount of a solution containing 5 mg of
tetracycline dissolved in 1 ml of 50 wt % ethanol or 10 mg
of thiostreptone dissolved in 1 ml of dimethylsulfoxide was
used.

EXAMPLE 7

Extraction of Recombinant Protein Produced by Rhodo-
coccus erythropolis Strain 1.-88

The same operation as in Example 6 was performed
except that Rhodococcus erythropolis strain 1.-88 was used
in place of Rhodococcus erythropolis strain L-65 (FIG. 5).

COMPARATIVE EXAMPLE 2

Extraction of Recombinant Protein Produced by Rhodo-
coccus erythropolis Strain JCM 3201

The same operation as in Example 6 was performed
except that Rhodococcus erythropolis strain JCM 3201 was
used in place of Rhodococcus erythropolis strain L-65 (FIG.
5).
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COMPARATIVE EXAMPLE 3

Extraction of Recombinant Protein Produced by Riodo-
coccus erythropolis Strain JCM 3201

A transformant was prepared in the same manner as in
Example 6 except that Rhodococcus erythropolis strain JCM
3201 was used in place of Rhodococcus erythropolis strain
L-65. The expression of PIP protein was induced by thios-
treptone. Two hours before cell collection, 480 pl of an
aqueous solution of ampicillin (50 mg/ml) was added (a final
concentration of 600 pg/ml) and subjected to cell collection.
Thereafter, the same operations as in Example 6 were
performed and the obtained sample was subjected to elec-
trophoresis (FIG. 5).

All publications, patents and patent applications cited
herein are incorporated herein in its entirety by reference.

INDUSTRIAL APPLICABILITY

As shown in Examples, a microorganism of the genus
Rhodococcus of the present invention has an increased
sensitivity to lysozyme compared to a wild type strain. The
transformation efficiency of the microorganism of the
present invention is not significantly changed from that of
the wild-type stain. It is therefore possible to efficiently
transform a microorganism of the genus Rhodococcus of the
present invention by a gene encoding the exogenous protein,
express the exogenous protein, cause cell lysis with
lysozyme, and extract and recover the protein easily.

Sequence listing free text
SEQ ID No. 1: Plasmid pHN 144
SEQ ID No. 2: Plasmid pHN 170

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 5108

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Plasmid
pHN144

<400> SEQUENCE: 1

gagctegace gegegggtec cggacgggga agagcegggga getttgecag agagegacga 60

cttececttyg cgttggtgat tgeceggtcag ggcagecatce cgccatcegte gegtagggtyg 120

tcacacccca ggaatcgegt cactgaacac agcageceggt aggacgacca tgactgagtt 180

ggacaccatc gcaaatcegt ccgatccege ggtgcagegg atcategatg tcaccaagece 240

gtcacgatce aacataaaga caacgttgat cgaggacgtc gagecectca tgcacageat 300

cgeggecggy gtggagttea tegaggteta cggcagegac agcagtcectt ttecatctga 360

gttgctggat ctgtgeggge ggcagaacat accggtecge ctecategact cctegategt 420

caaccagttyg ttcaaggggg agcggaagge caagacattce ggcatcgece gegtcccteg 480
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-continued
cceggecagg tteggegata tcgcgagecg gegtggggac gtegtegtte tcgacggggt 540
gaagatcgte gggaacatcg gcgegatagt acgcacgteg ctegegeteg gagegtceggyg 600
gatcatcctyg gtggacagtg acatcaccag catcgeggac cggcegtctec aaagggccag 660
ccgaggttac gtcttetece tteccegtegt tetcteeggt cgegaggagyg ccatcgectt 720
cattecgggac agcggtatgce agctgatgac getcaaggeg gatggcgaca tttecgtgaa 780
ggaactcggyg gacaatccgg atcggetgge cttgetgtte ggcagegaaa agggtgggec 840
ttccgaccetyg ttcgaggagg cgtcttecge cteggtttec atccccatga tgagecagac 900
cgagtectete aacgtttecceg tttcecctegg aatcgegetyg cacgagagga tcgacaggaa 960
tctegeggee aaccgataag cgcectcetgtt ccteggacge teggttcecte gacctcegatt 1020
cgtcagtgat gatcacctca cacggcagcg atcaccactg acatatcgag gtcaacggtce 1080
gtggtceggyg cgggcactee tcgaaggcege ggccgacgee cttgaacgac tcgatgacte 1140
tagaggatcc ccgggtaccg agctcecgtcag gtggcacttt tcggggaaat gtgcgcggaa 1200
ccectatttg tttattttte taaatacatt caaatatgta tccgctcatg agacaataac 1260
cctgataaat gcttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg 1320
tcgececttat teccctttttt geggcatttt geccttectgt ttttgctcac ccagaaacgce 1380
tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg agtgggttac atcgaactgg 1440
atctcaacag cggtaagatc cttgagagtt ttcgcceccga agaacgtttt ccaatgatga 1500
gcacttttaa agttctgcta tgtggcgegg tattatcceg tattgacgcce gggcaagagce 1560
aactcggtcg ccgcatacac tattctcaga atgacttggt tgagtactca ccagtcacag 1620
aaaagcatct tacggatggc atgacagtaa gagaattatg cagtgctgcc ataaccatga 1680
gtgataacac tgcggccaac ttacttctga caacgatcgg aggaccgaag gagctaaccyg 1740
cttttttgca caacatgggg gatcatgtaa ctcgccttga tecgttgggaa ccggagctga 1800
atgaagccat accaaacgac gagcgtgaca ccacgatgec tgtagcaatyg gcaacaacgt 1860
tgcgcaaact attaactggc gaactactta ctctagettc ccggcaacaa ttaatagact 1920
ggatggaggc ggataaagtt gcaggaccac ttctgcgcte ggcccttecg gctggcectggt 1980
ttattgctga taaatctgga gccggtgage gtgggtcteg cggtatcatt gcagcactgg 2040
ggccagatgg taagccctcee cgtatcgtag ttatctacac gacggggagt caggcaacta 2100
tggatgaacg aaatagacag atcgctgaga taggtgcctc actgattaag cattggtaac 2160
tgtcagacca agtttactca tatatacttt agattgattt aaaacttcat ttttaattta 2220
aaaggatcta ggtgaagatc ctttttgata atctcatgac caaaatccct taacgtgagt 2280
tttegtteca ctgagecgtca gaccceccecgtag aaaagatcaa aggatcttcet tgagatcctt 2340
tttttectgeg cgtaatctge tgcttgcaaa caaaaaaacc accgctacca geggtggttt 2400
gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttce agcagagcgce 2460
agataccaaa tactgttctt ctagtgtagce cgtagttagg ccaccacttc aagaactctg 2520
tagcaccgcce tacatacctce getctgctaa tcectgttace agtggcectget gecagtggeg 2580
ataagtcgtg tcttaccggg ttggactcaa gacgatagtt accggataag gcgcagcggt 2640
cgggctgaac ggggggttceg tgcacacage ccagettgga gcgaacgacce tacaccgaac 2700
tgagatacct acagcgtgag ctatgagaaa gcgcecacget tceccgaaggyg agaaaggcgg 2760
acaggtatce ggtaagcggce agggtcggaa caggagageg cacgagggag cttcecagggg 2820
gaaacgcctg gtatctttat agtectgteg ggtttegcca cctcectgactt gagegtcgat 2880
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-continued
ttttgtgatg ctcgtcaggyg gggcggagcce tatggaaaaa cgccagcaac gcggcectttt 2940
tacggttecct ggecttttge tggecttttg ctcacatgtt ctttectgeg ttatccecctg 3000
attctgtgga taaccgtatt accgectttg agtgagctga taccgctcge cgcagccgaa 3060
cgaccgageg cagcgagtca gtgagcgagg aagcggaaga gcegeccaata cgcaaaccgce 3120
ctctececge gegttggecg attcattaat gcagectggca cgactagttg tacacccgag 3180
aagctcccag cgtectectyg ggccgegata ctegaccacce acgcacgcac accgcactaa 3240
cgattcggece ggcgctcegat teggeceggceg ctegattegg cecggecgcecteg attcggececgg 3300
cgcetegatte ggceggeget cgattceggec gagcagaaga gtgaacaacce accgaccacg 3360
cttcegetet gegegecgta cccgacctac cteeccgcage tcgaagcage tceccgggagt 3420
accgecgtac tcacccgect gtgctcacca tecaccgacyg caaagcccaa cccgagcaca 3480
cctecttgecac caaggtgccg accgtggcett tcecgcectegca gggttccaga agaaatcgaa 3540
cgatccagcg cggcaaggtt caaaaagcag gggttggtgg ggaggaggtt ttggggggtg 3600
tcgccgggat acctgatatg getttgtttt gecgtagtega ataattttee atatagectce 3660
ggcgegtegyg actcgaatag ttgatgtggg cgggcacagt tgccccatga aatccgcaac 3720
ggggggcgtyg ctgagcgatce ggcaatgggce ggatgceggtg ttgcttececge accggceegtt 3780
cgcgacgaac aacctccaac gaggtcagta ceggatgage cgcgacgacyg cattggcaat 3840
gcggtacgte gagcattcac cgcacgegtt gectcggatcet atcgtcatcg actgcgatca 3900
cgttgacgee gcgatgegeg cattcgagca accatccgac catccggege cgaactgggt 3960
tgcacaatcg ccgtecggee gegcacacat cggatggtgg cteggeccca accacgtgtg 4020
cegcaccgac agcgeccgac tgacgccact gegetacgece caccgcatceg aaaccggect 4080
caagatcagc gtcggcggceg atttcgegta tggcgggcaa ctgaccaaaa acccgattca 4140
ccecgattgg gagacgatct acggccegge caccccgtac acattgcegge agetggcecac 4200
catccacaca ccccggcaga tgccgegteg geccgategg gecgtgggee tgggecgcaa 4260
cgtcaccatg ttcgacgcca cccggegatg ggcatacceg cagtggtgge aacaccgaaa 4320
cggaaccgge cgcgactggg accatctegt cetgcagecac tgccacgecyg tcaacaccga 4380
gttcacgaca ccactgccgt tcaccgaagt acgcgccacc gcgcaatcca tctccaaatg 4440
gatctggege aatttcaccg aagaacagta ccgageccga caagcgcatc tceggtcaaaa 4500
aggcggcaag gcaacgacac tcgccaaaca agaagccgte cgaaacaatyg caagaaagta 4560
cgacgaacat acgatgcgag aggcgattat ctgatgggeg gagccaaaaa tccggtgcege 4620
cgaaagatga cggcagcagc agcagccgaa aaattceggtyg cctecacteg cacaatccaa 4680
cgettgtttg ctgagccgeg tgacgattac cteggcegtg cgaaagcteg ccgtgacaaa 4740
getgtegage tgcggaagca ggggttgaag taccgggaaa tcgccgaagce gatggaacte 4800
tcgaccggga tcegteggecg attactgecac gacgcccgea ggcacggega gatttcageg 4860
gaggatctgt cggcgtaacc aagtcagcegg gttgtegggt tecggcecgge gcteggcact 4920
cggaccggcece ggcggatggt gttcectgecte tggegcageg tcagctaccg ccgaaggect 4980
gtcatcgacc ggcttcgact gaagtatgag caacgtcaca gcctgtgatt ggatgatccg 5040
ctcacgctecg accgctacct gttcagetge cgeccgetgg gcatgagcaa cggccaactce 5100
tcgttcaa 5108

<210> SEQ ID NO 2
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<211> LENGTH: 8971

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Plasmid

PHN170

<400> SEQUENCE: 2

gagctegace

ctteececttyg

tcacacccca

ggacaccatce

gtcacgatce

c¢geggecggy

gttgctggat

caaccagttyg

ceceggecagyg

gaagatcgte

gatcatcctyg

ccgaggttac

cattcgggac

ggaactcggg

ttcecgacctyg

cgagtetete

tctegeggec

cgtcagtgat

gtggtccggg

tagagtaacg

agcctgeatg

agcaaagatc

cgagatgaaa

aggcatagge

cagcatcgec

cgcaccegtt

gctacttgga

ctacgecgga

tatcgecgac

ttteggegty

gcatgcacca

cctaatgeag

agtcagctce

ctttatcatg

cegetttege

gegegggtee
cgttggtgat
ggaatcgegt
gcaaatcegt
aacataaaga
gtggagttca
ctgtgecggge
ttcaaggggg
ttcggegata
gggaacatcyg
gtggacagtg
gtcttetece
agcggtatge
gacaatccgg
ttcgaggagg
aacgttteeg
aaccgataag
gatcacctca
cgggcactee
ggctacteeyg
gggcatteceyg
acctggegec
tctaacaatg
ttggttatge
agtcactatg
ctcggageac
gccactateg
cgcategtygyg
atcaccgatg
ggtatggtgg
ttcecttgegy
gagtcgcata
ttceggtggg

caactcgtag

tggagcgcga

¢ggacgggga

tgccggteag

cactgaacac

ccgatecege

caacgttgat

tcgaggteta

ggcagaacat

agcggaagge

tcgegagecyg

gegegatagt

acatcaccag

ttcecegtegt

agctgatgac

atcggetgge

cgtettecge

tttecectegy

cgectetgtt

cacggcageg

tcgaaggege

tttaacggac

ccgtgaacce

gatgagtaag

cgctcategt

cggtactgee

gegtgetget

tgtccgacey

actacgcgat

ccggcatcac

gggaagatcg

caggcceagt

cggcggtgct

agggagageg

cgcggggcat

gacaggtgce

cgatgatcgg

agagcgggga

ggcagccate

agcagccggt

ggtgcagegg

cgaggacgte

cggcagcgac

accggteege

caagacattc

gegtggggac

acgcacgteg

catcgeggac

tctetecggt

gctcaaggeyg

cttgctgtte

cteggtttec

aatcgegetyg

ccteggacge

atcaccactg

ggcegacgece

ccegttetea

ggtggaatgc

gegtacagaa

catcctegge

gggectetty

agcgctatat

ctttggecege

catggcgacc

cggegecaca

ggctcegecac

dgccggggga

caacggecte

tcgtecgatyg

gactatcgte

ggcagegete

cctgtegett

getttgecag

cgccategte

aggacgacca

atcatcgatg

gagccectca

agcagtccett

ctcatcgact

ggcatcgece

gtegtegtte

ctegegeteg

cggegtetee

c¢gcgaggagy

gatggcgaca

ggcagcgaaa

atccccatga

cacgagagga

teggttecte

acatatcgag

cttgaacgac

cgctttagge

cceceggeace

ccactccaca

accgtcacce

cgggatatcg

gegttgatge

cgcecagtec

acaccegtec

ggtgcggttg

ttcgggctca

ctgttgggcg

aacctactac

cccttgagag

gecgcactta

tgggtcattt

geggtatteg

agagcgacga

gegtagggtg

tgactgagtt

tcaccaagce

tgcacagcat

ttccatctga

cctegategt

gegteecteg

thangggt

gagcgtcggg

aaagggccag

ccatcgectt

tttccegtgaa

agggtgggcee

tgagccagac

tcgacaggaa

gacctegatt

gtcaacggte

tcgatgacte

ttgacccegy

cgggetttee

ggaggaccgt

tggatgctgt

tccattecga

aatttctatg

tgctecgette

tgtggattet

ctggegecta

tgagcgetty

ccatctectt

tgggctgett

ccttcaacce

tgactgtett

tcggcgagga

gaatcttgca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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cgecccteget caagectteg tcactggtcee cgeccaccaaa cgttteggeg agaagcaggce 2160
cattatcgcce ggcatggegg ccgacgcegct gggctacgte ttgctggcegt tegecgacgceg 2220
aggctggatg gecttcceca ttatgattcet tctegecttece ggcggcateg ggatgccecgce 2280
gttgcaggcc atgctgtcca ggcaggtaga tgacgaccat cagggacagc ttcaaggatce 2340
gctegegget cttaccagce taacttcegat cattggaccg ctgatcgtca cggcgattta 2400
tgccgecteg gegagcacat ggaacgggtt ggcatggatt gtaggcgccg ccectatacct 2460
tgtctgecte ceccgegttge gtegeggtge atggagecgg gcecacctcga cctgaatgga 2520
agccggeggce acctcecgctaa cggattcacce actccaagaa ttggagccaa tcaattcettg 2580
cggagaactg tgaatgcgca aaccaaccct tggcagaaca tatccatcge gtccgccatce 2640
tccagecagee gcacgeggeg catcteggge agegttgggt cetggecacyg ggtgegcaac 2700
tagaattgat ctcctcgacc gccaattggg catctgagaa tcatctgcegt ttectcegecacg 2760
caacgtactt gcaacgttgc aactcctagt gttgtgaatc acaccccacce ggggggtggg 2820
attgcagtca ccgatttggt gggtgcgcce aggaagatca cgtttacata ggagcttgca 2880
atgagctact ccgtgggaca ggtggccggce ttegccggag tgacggtgceg cacgctgcac 2940
cactacgacg acatcggect getcegtacceg agecgagcegea gcecacgceggyg ccaccggege 3000
tacagcgacg ccgacctega ccggctgcag cagatcctgt tctaccggga getgggcette 3060
cegetegacyg aggtegecge cctgctegac gacceggecyg cggacccgeyg cgcgceacctyg 3120
cgecgecage acgagetgcet gtccgecegg atcgggaaac tgcagaagat ggcggeggece 3180
gtggagcagyg cgatggaggce acgcagcatg ggaatcaacc tcaccccgga ggagaagttce 3240
gaggtctteg gegacttcega ccccgaccag tacgaggagg aggtcecggga acgetggggyg 3300
aacaccgacg cctaccgcca gtccaaggag aagaccgect cgtacaccaa ggaggactgg 3360
cagcgecatcee aggacgaggce cgacgagetce acccggeget tegtegecect gatggacgeg 3420
ggtgagceeyg ccgactcecga gggggcegatg gacgcecegecg aggaccaccg gcagggcatce 3480
geeegcaace actacgactg cgggtacgag atgcacacct gectgggega gatgtacgtg 3540
tcecgacgaac gtttcacgceg aaacatcgac gecgccaage cgggectege cgcectacatg 3600
cgegacgega tcctegecaa cgccgtecgg cacacccect gageggtggt cgtggeccgg 3660
gtetecegee cggtetcace ccacggetca cteccgggee acgaccaccg cegteccegta 3720
cgegeacace tceggtgecca cgtcecgecge ctecgtcacyg tcegaaacgga agatccccgg 3780
gtaccgagct cgtcaggtgg cacttttegg ggaaatgtgce gceggaacccce tatttgttta 3840
tttttctaaa tacattcaaa tatgtatccg ctcatgagac aataaccctg ataaatgcett 3900
caataatatt gaaaaaggaa gagtatgagt attcaacatt tccgtgtcge ccttattcce 3960
ttttttgegg cattttgect tectgttttt gctcacccag aaacgctggt gaaagtaaaa 4020
gatgctgaag atcagttggg tgcacgagtg ggttacatcg aactggatct caacagcggt 4080
aagatccttg agagtttteg ccccgaagaa cgttttccaa tgatgagcac ttttaaagtt 4140
ctgctatgtg gecgcggtatt atcccegtatt gacgccgggce aagagcaact cggtcegccgce 4200
atacactatt ctcagaatga cttggttgag tactcaccag tcacagaaaa gcatcttacg 4260
gatggcatga cagtaagaga attatgcagt gctgccataa ccatgagtga taacactgcg 4320
gccaacttac ttctgacaac gatcggagga ccgaaggagc taaccgcttt tttgcacaac 4380
atgggggatc atgtaactcg ccttgatcgt tgggaaccgg agctgaatga agccatacca 4440
aacgacgagc gtgacaccac gatgcctgta gcaatggcaa caacgttgcg caaactatta 4500
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actggcgaac
aaagttgcag
tctggagecyg
cecctecegta
agacagatcg
tactcatata
aagatccttt
gegtcagace
atctgetget
gagctaccaa
gttettetag
tacctegete
accgggttygyg
ggttcgtgcea
cgtgagcetat
agcggcaggyg
ctttatagte
tecaggggggce
ttttgetgge
cgtattaccg
gagtcagtga
tggccgatte
agcegecceca
ggcgcteatt
ggcacccgca
atgatgatge
ctcecacate
ttcatgtatg
ggtggggate
tatggtgaac
tagtgatttg
gtagttcacyg
aatggcatct
cagagggact
gactgcgtat
gttgccgaac
tttagactga
tatcccttee

ccegtgeatyg

tacttactct

gaccacttcet

gtgagcgtgg

tcgtagttat

ctgagatagg

tactttagat

ttgataatct

ccgtagaaaa

tgcaaacaaa

ctctttttec

tgtagcegta

tgctaatcct

actcaagacg

cacagcccag

gagaaagcge

tcggaacagg

ctgtegggtt

ggagcctatyg

cttttgctca

cctttgagtyg

dcgaggaagce

attaatgcag

geggtggtea

ccaaccteeg

gegaggggcet

aggtgtttca

gtgaggtgcg

actctggeca

tttattgcag

tcatteggge

agtacctegg

gectectgat

ctgtactttyg

gaagataagc

gccagegeca

agctttgatce

tceggttect

ttggtcatat

gtcattagcet

agcttecegy

gegeteggee

gtctegeggt

ctacacgacyg

tgccteactyg

tgatttaaaa

catgaccaaa

gatcaaagga

aaaaccaccg

gaaggtaact

gttaggccac

gttaccagtyg

atagttaccg

cttggagega

cacgcttece

agagcgcacyg

tegecaccte

gaaaaacgce

catgttettt

agctgatacc

ggaagagcgc

ctggcacgac

ccaaccggygy

tgtgtttgty

cacgggtgec

ggatgaaatc

agcaatccct

cgtttggegt

atattttgte

cgttcattat

geggecaate

attctggatt

cegggagete

ctceggatac

gegetecace

ttagggecte

cggatctace

ccctgagaga

ttgctttete

caacaattaa

ctteeggety

atcattgcag

gggagtcagg

attaagcatt

cttcattttt

atcccttaac

tcttettgag

ctaccagegyg

ggcttcagca

cacttcaaga

getgetgeca

gataaggcge

acgacctaca

gaagggagaa

agggagctte

tgacttgage

agcaacgcgyg

cctgegttat

getegecgea

ccaatacgca

tagagtcceg

tggaacggcg

caggtttege

ggtgggtcga

cgaaagcaac

gaagacgtga

gacctcateg

cgtgatatce

cctgtatacyg

ctctgatete

ctcgtaagat

gtcaatgagce

gatgagcect

atatgatgac

tgcctettee

gcatccaaac

aagcaggtaa

ctcagggget

tagactggat ggaggcggat

getggtttat tgctgataaa

cactggggce agatggtaag

caactatgga tgaacgaaat

ggtaactgte agaccaagtt

aatttaaaag gatctaggtyg

gtgagtttte gttccactga

atcctttttt tctgegegta

tggtttgttt gccggatcaa

gagecgcagat accaaatact

actctgtage accgectaca

gtggcgataa gtegtgtett

agcggtcggg ctgaacgggyg

ccgaactgag atacctacag

aggcggacag gtatccggta

cagggggaaa cgcctggtat

gtcgattttt gtgatgeteg

cctttttacyg gttectggee

ccecctgatte tgtggataac

gecgaacgac cgagegcage

aaccgectet cccegegegt

ctgaggcgge gtagcaggte

ceggtategyg gtgtgteegt

gtgttgcagt ccctegcace

ctagtttatt aatgatgatg

ttgttgtatc cttcacgatce

agttccgaac cagctatttt

tattcgccca ccgttataag

cagtccttta tegtgeceggt

tttegecttt cegegtatte

agcagatgct gatggtaaaa

ccagatgaac cgtatttttt

ctgttcatet ccttcaccegt

ttcagatgat cctggtactt

cccatcaaaa ataccttctce

acaccatagt caattgtgaa

tgatcgtaga atagaaccgt

tcgtgggaca tgcccegggece

ttgcacagct tgtaataaat

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840
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ataaattccg tttacctttg cgtagtttte tatgcattcc tgatccatgg ccgctceectt 6900
ctctgacgcece gtccacgetg cctectcacg tgacgtgagg tgcaagcceg gacgttecege 6960
gtgccacgee gtgageccgee gegtgecgte ggctcectca geccegggegyg cegtgggage 7020
ccgectegat atgtacaccce gagaagctce cagegtecte ctgggccgeg atactcgacce 7080
accacgcacg cacaccgcac taacgattcg gecggegete gatteggecyg gegetcgatt 7140
cggeeggege tcegattegge cggcegetega tteggcecgge getcegatteyg gecgagcaga 7200
agagtgaaca accaccgacc acgctteege tetgegegee gtacccgace tacctcccge 7260
agctcgaage agctceceggg agtaccgecg tactcacceg cctgtgcetca ccatccaccyg 7320
acgcaaagcce caacccgagce acacctettg caccaaggtyg ccgaccgtgg ctttecgete 7380
gcagggttece agaagaaatc gaacgatcca gcgcggcaag dgttcaaaaag caggggttgg 7440
tggggaggag gttttggggg gtgtcgccgg gatacctgat atggctttgt tttgcgtagt 7500
cgaataattt tccatatagc ctcggcgcecgt cggactcgaa tagttgatgt gggcgggcac 7560
agttgcccca tgaaatccge aacggggggce gtgctgageg atcggcaatyg ggcggatgeg 7620
gtgttgctte cgcaccggce gttegcgacg aacaacctec aacgaggtca gtaccggatg 7680
agccgcgacg acgcattgge aatgcggtac gtcgagcatt caccgcacge gttgctecgga 7740
tctatcgtca tcgactgcga tcacgttgac gcecgcgatge gecgcattcga gcaaccatcce 7800
gaccatcegyg cgecgaactyg ggttgcacaa tcgcecgteceg gecgcegcaca catcggatgg 7860
tggcteggee ccaaccacgt gtgccgecacce gacagcegece gactgacgece actgegetac 7920
geecaccgea tcgaaaccgg cctcaagatce agegteggeg gegatttege gtatggeggg 7980
caactgacca aaaacccgat tcaccccgat tgggagacga tctacggecce ggccaccccyg 8040
tacacattgce ggcagetgge caccatccac acaccccgge agatgccgeyg tceggeccgat 8100
cgggeegtgg gectgggecg caacgtcacce atgttcegacyg ccaccceggeyg atgggcatac 8160

cegcagtggt ggcaacaccg aaacggaace ggecgcgact gggaccatct cgtcectgeag 8220

cactgccacg ccgtcaacac cgagttcacg acaccactge cgttcaccga agtacgcgece 8280
accgcgcaat ccatctccaa atggatctgg cgcaatttca ccgaagaaca gtaccgagcece 8340
cgacaagcge atcteggtca aaaaggeggce aaggcaacga cactcgccaa acaagaagcce 8400

gtccgaaaca atgcaagaaa gtacgacgaa catacgatgc gagaggcgat tatctgatgg 8460
gecggagcecaa aaatccggtyg cgccgaaaga tgacggcage agcagcagec gaaaaattceg 8520
gtgcctcecac tcgcacaatce caacgcttgt ttgctgagec gegtgacgat tacctcecggece 8580
gtgcgaaage tcgecgtgac aaagetgtceg agctgeggaa gcaggggttyg aagtaccggg 8640
aaatcgccga agcgatggaa ctctcgacceg ggatcegtegyg ccegattactyg cacgacgcce 8700
gcaggcacgg cgagatttca gcggaggatc tgtcggcgta accaagtcag cgggttgtceg 8760
ggtteccggee ggcgcetegge acteggaccg gcecggcggat ggtgttetge ctetggegea 8820
gcgtcageta ccgecgaagg cctgtcatcg accggcectteg actgaagtat gagcaacgtce 8880
acagcctgtg attggatgat ccgctcacgce tcgaccgcta cctgttcage tgccgcccegce 8940

tgggcatgag caacggccaa ctctegttca a 8971

The invention claimed is: FERM BP-8443) or Rhodococcus erythropolis strain 1.-88
1. An isolated microorganism of the genus Rkhodococcus (Accession No. FERM BP-8444).
that is Rhodococcus erythropolis strain L.-65 (Accession No. I T S



