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GENE CODING FOR ESTERASE AND NOVEL MICROORGANISM

CONTAINING SAID GENE

'This invention relates to a gene. épding for an
esterase, a recombinant plasmid containing said gene, a novel
microorganisfn transformed with the recombinant plasmid, and
a process for producing an esterase by cultivating the micro-
organism.

Prior Art

Recently, it has frequently been tried to utilize
For such a

enzymes such as esterase in hydrolysis reaction.

for example,

purpose, there are known various esterases,

esterases origi_nated from animals (e.g. pig liver, pig
pancreas, etc.), and esterases oxriginated from microorganisms,
such as Arthrobacter globiformis, Geotrichum candidum, Candida
cylindracea, Pseudomonas fluorescens, etc.

I-‘u'rfher , it is known that an esterase is obtained
by ut:.la.zn.ng a recombinant DNA technology in microorganism,
such as Rhizopus delemar (cf. Japanese Patent First Publica-
tion (Kokai) No. 87175/1991) , Pseudomonas fragi (cf. Biochemi-
cal and Biophysical Research Communications, Vol. 141, 185-190
(1986)).

. Ho_weve.;r, the known esterases or known methods for
producing esterase have various problems. For instance,

animal-origin esterases are very expensive. Besides, above-

. This Sheet Has Been Replaced




%,
pancr eas,

etc.), and esterases ori g| nated from m croorgani snms, such as

Art hrobacter globiforms, Geotrichum candi dum Ca,nm—da—ew—l—ﬁdfacea-
'(Pse'udom)nas fluorescens, etc. Further, it is knovvn that Lol ase | [

"obtained by utilizing a reconbi nant DNA t echnol o e rsm. such
as Rhi zopus del emar (of. Japanese Pat ent2 R rst Pubu I kal) No.

87175/ 1991), Pseudononas fragi (cf. Biochem - cal Resear ch
Communi cations, Vol. 141, 185-190 (1986)). However, the known esterases or

knotwn met hods for produci ng esterase have vari ous probl ens. For instance,
animal -origin esterases are very expensive. Besides, above- '
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mentioned microorganisms-origin esterases of the genus
A.rthrobacter, Geotrichum, Candida, Pseudomonas, or Rhizopus
had problems such that they were disadvantageous in activity,
-stébility, or specificity, or that the esterase-producihg
microorganism had no high productivity. |

As a resu.lt of various investigations, the present
inventors found tha_i: the desired esterase can be produced
favorably by utilizing recombinant DNA technology in a
microorganism of the genﬁs Serratia. That is, the present
inventors have succeeded to obtain a gene coding for an
esterase from a microorganism of the genué Sérratia, and have
found that a transformed microorganism having a significantly
increased esterase productivity can be obtained by introducing
the recombinant plasmid containing the said gene into a host
microorganism, and further have found that the des:.red
esterase can be produced by using said transformed mlcroorgan—

ism on an industrial scale.

Summary Description of the Invention

An object of the invention is to provide a gene
‘coding for an esterase originatéd from. a microorganism of the
genus Serratia. Another object of the invention is to provide
a'mutant strain which has a .high. éroductivity of esterase.
Another object of the. invention-is to provide' a recombinant
plasmid produced by inserting said gene into a vector plé_smid.
A further object of the invention is to provide a transformed
microorganism containing said recombinant plasmid. A st.ill

further object of the invention is to provide a method for the



-2- nmentioned mcroorgani snms-origin esterases of the genus Arthrobacter,
Geotri chum Candi da, Pseudonobnas, or Rhizopus had problens Such that they
R®ere di sadvantageous in activity, stability, or gpiesiebtiHakBan R}ackhat the

est erase- produci ng m croorgani sm had no. hi gh prod result of
various investigations, the present invefters fou I red
esterase can be produced favorably by utilizing r t echnol ogy

in a mcroorgani smof the genus Serratia. That is, the present inventors
have succeeded to obtain a gene coding for an

production of an esterase by cult;vating'said transformed
microorganism and collecting the produced esterase outside and
inside the cells of the microorganism.
Brief Description of Drawing
5 Fig. 1 shows a restriction endonuclease map of the
plasmid DNA pLIPE1O01l isolated from the recombiﬁant cells in
Example 2.
Fig. 2 shows restriction endonuclease maps of each
of plasmid DNAs, pLIPElll, pLIPE121, pLIPElBl; pLIPElél, and
10 pLIPE151, which were produced by deleting thé plasmid DNA

pLIPE10l1 using a restriction endonuclease and DNA ligase.

Detailed -Desbrigtion of the Invention

The gene encoding an esterase originated from a

microorganism of the genu'é Serratia of this invention is a

15 double stranded DNA 6:E 1839 base pairs having an open reading
. frame, specific_:ally DNAs having the nucleotide sequences shown

- in SEQ ID NO:1 and SEQ ID NO:2 hereinafter.

——

The donor microorganisms for such a gene encoding
an..-éstérase include any mi_croorganisms belonging to the genus
20 Sérzétia which has an esterase productivity, for'example,
Serratia marcescens Sr4l (FERM BP-487), Serratia liguefaciens
ATCC 27592, Serratia marcescens ATCC 13880, Serratia
marcescens ATCC 14764, Serratia marcescens ATCC 19180, -
Serratia marcescené ATCC 21074, Serratia marcescens ATCC
25 27117, Serratia marcescens ATCC 21212, etc.
'El;he donor microorganism includes also mutant strains

derived from wild strains, such as wvarious amino acid-



est.erase froma mcroorgani smof the genus Serratia, and have found that a
transfornmed m croorgani smhaving a significantly increased esterase
Producti'vity can be obtained by introducing the reconbl nant | asm d

containing the said gene into a host m roorgan| c‘iFlave f ound
that the desired esterase can be prodUc d™by usin
m croorgan- ismon an industrial scale. Summary

| nvention An object of the invention is to provi de a gene codi ng for an
e;teraseforLginated froma m croorgani smof the genus Serratia. Another
object of the invention is_to pr oy, tr

broguct fvi 1y TIEEHAG gt ATee v ahrel iRtk DL B RReD sRtns,

r ecombi nant

various vitamin-requiring strains, and the like, for example,
Serratia marcescens M-1 (FERM BP-4068). Said Serratia
- marcescens M-1 has more than two fold higher .esterase
5  productivity than the parent strain Serratia marcescens Srél
and contains an esterase gene coded by the DNA sequence of SEQ
ID NO:2. The mutant strain M-1 can be obtained by treéting
) the parent'SErratia'marcescens Sr41i(FERM BP-487) with N-
‘methyl-N’-nitro-N-nitrosoguanidine (NTG) according to a method
10 of Aderburg et al: [Biochemical and Biophysical Research
Communications, Vol. 18, 788 (1965)], cultivating the thus
treated microorganism on an agar medium containing emulsified
triglyceride, and collecting the colony around which the
largest clear zone is formed, In the same manner, another
15 matant strain Serratia marcescens G205 having 1.5 fold or
higher esterase-productivity can be obtained from the parent

strain Serratia marcescens Sr41.
. The vector plasmid-to be inserted with the gene
~encoding an esterase includes . any -plasmids which are
20 replieable in transformed cells, but is preferably plasmids
which have a copy'nﬁmber of 1 to several thousands and contain
a resistant marker against antibiotics such as ampicillin,
kanamycin, chloramphenicol, énd_further contain an appropj:iate
promoter such as lac, tac, or t:p. Moreover, the vector
25 plasmids may further contain a plasmid stabilizing gene such

- as par and parB.

These vector plasmlds include, for example, pLG339



pl asm d produced by i-nserting said gene into a vector plasmd. A further
obj ect of the invention is to provide a transfornmed m croorgani sm

&ont ai. ni ng sai d reconbi nant plasmd. A still furthé——bj ect. of the
invention is to provide a method for the -3--p Hgﬁdegl[hstaen&tﬁplszsd erase

by cultivating said transfornmed m croorgani-sm and co roduced
esterase outside and inside the cells of the m croor

DescriDtion of Drawing Fig. 1 shows a restriction en
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map of the

[Gene, Vol. 18, 332 (1982)], PBR322 [Gene, Vol. 2, 95 (1977)],
pUC18 [Gene, Vol. 33, 103 (1985)], pUCl9 [Gene, Vol. 33, 103
(1985], pHSG298 [Gene, Vol. 61, 63 (1987)], pHSG299 [Gene,
Vol. 61, 63 (1987)], and the like.

The above vector plasmids are commercially available
or can be obtained from microbial cells containing these
plasmids by a conventional method, for example, by “cleared
lysate method" (cf. Yasuyuki Takagi, "Procedure for Experiment

in Genetic Engineering", page 125, published by Xodansha,

1980), or by "alkéline lysis method" [cf. Maniatis et al.,

“Molecular Cloning", page 368_, Cold Spring Harbor Laboratory, =

U.S.A. (1982)].

The host microorganisms (both for the recombination
of plasmids and for the expression of the desired esterase),
include 'any microorganisms which can be transformed with the

recombinant plasmid and can replicate the plasmid therein, and

can express the gene on the plasmid and can produce a

functional protein. These host microorganisms are, for

example, microorganisms bélonging to the genus Serratia or the
genus Escherichia, specifically Serratia marcescens Sr4l and
various mutant strains derived therefrom , for example,
Serratia marcescens M-1, Serratia marcescens TT392 [cf.
Journal of Bacterioclogy, Vol. 161, 1 (1985)], or Escherichia
coli K12 DH5 [c_f.' Maniatis et al., "Molecular Cloning”, 2nd
volume, Al0, Cold Spring Harbor Labdratory, U.S.A. (1989)].

" The chromosomal DNA containing the gene encoding an

esterase can easily be obtained from microorganisms containing



pl asm d. DNA pLI PE101 isolated fromthe reconbinant cells in Exanple 2. Fig.
2 shows restriction endonucl ease maps of each of—ptasti-d—bBNAsS—pLIPE111,

ALI'PE121, pLIPE131, pLIPE141, and pLIPE151, whi ch_Thls 18, uced by del eting
the plasm d DNA pLI PELIO1l using a restriction endony R d| i gase. :
Det ai | ed Description of the Invention~The-gene enc}iﬂ se
originated froma m croorgani smof the genus Serra . ention is

a doubl e stranded DNA of 1839 base pairs having an open reading frane,

specifically DNAs having the nucl eoti de sequences shown in SEQ ID NO 1 and

SEQ I D NO 2 herginafter. The donor m croorgapi sns for such _a ne encodjn
Q. safé gene by a conventiona mgthod, for example,geby treat:‘l.n

the microbial celis with a lysozyme and further with a
surfactant (.é.g. sodium lauryl. sulfate, sodium N-lauroyl
- sarcosinate, etc.), extracting the cells thus treated with an
5 organic solvent (e.g. phenol, chloroform, diethyl ether, etc.)
to remove proteins, and then precipitaf.ing the DNA with
ethanol [cf. Journal of Molecular Biolqg_y, Vol. 3, 208 (1961),

N and Biochimica et Biophysica Acta, Vol. 72, 619 (1963)].
| The recombinant plasmid comprising the chromosomal
10 DNA containing a gene .encoding esterase and the vector plasmid
can easily be prepared by a czonventibnal' méthﬁd, -for example,
_by cleaving the chromosomal DNA and the plasmid DNA with an
appropriate restriction endonuclease (e.g. EcoRI, BamHI,
HindIII, Sall, etc.) and then treating the resultant with DNA
15 ligase (e.g. T4 DNA ligase, E. coli DNA ligase, etc.), if
required, after treating the resultant with a terminal
transferase or DNA polymerasé [cf. Methods in Enzymology, Vol.
68, 4J. (1979), and Yasuyuki Takagi, "Procedure for Experimenf_
in Genetic Engineéring“ p .page 135, published by Kodansha,

20 1980]. '

Selection. of the _desired recombinant plasmid
containing the esterase gene from a mixture of recombinant
plasmids obtained by the above proéedure can be done as
follows.

25 - Microbial cells being restriction endonuclease
deficient and having no esterase activity (e.g. Escherichia

coli K12 DH5) are transformed with the above mixture of recom-



~an esterase include any m croorgani sns belonging to the genus Serratia
whi ch has an esterase productivity, for exanple, Serratia nmarcescens Sr4l
Y FERM BP- 487), Serratia |iquefaciens ATCC 27592, Serratia narcescens

Serratia marcescens ATCC 14764, SerThistShest HasBe acd ATCC
19180, Serratia marcescens ATCC 21074~ 7Serrati a > 27117,
c

ATCC 13880,

Serratia marcescens ATCC 21212, etc. The donor m_

| udes al so

mut ant strains derived fromw | d strains, such as various amno acid-
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binaht plasmids, - and the thus-~transformed cells are .spread
onto an agar medium-co'ntaining an emulsified triglyceride, for
example, a nutrient agar medium containing tributyrin
emulsified with polyoxyethylene cetyl alcohol ether (Brij 58)
and also containing a prescribed concentration of an
antibiotic. After incubatioﬁ at 30 to 37°C for 1 to 2 days,
the colony of a transformant around which a large clear zone
is formed is isolated.

The above introduction of the recombinant plas:ﬁid
into the host microorganism is carried out by a conventional
method, for example, by t_reating the host cells with an
aqueous calcium chloride solution at ja low temperature to
increase the membrane permeability of the cells and then
introducing the recombinant plasmid into the host cells [cf.
Journal of Molecular Biology,'Vol.'53, 159 (1970)], or by an
electroporation method.

Then, the plasmid DNA is extracted from the trans-
formant by ‘“alkaline lysis method" to give a recombinant
plasmid cdntaining the géne encoding an esterase.

.In orde::j to make the transformation efficient, the
recombinant . plasmid thus obtained is modified in a
microorganism which is restriction éndoﬁuclease deficient and
is the Same sﬁecies of the host microorganism to be used for
expressing the esterase. That is, when the host microorganism
to be used is Serratia marcescens Sr4l, the recombinant
plasmid obtained above is introduced into Serratia marcescens

TT392, which is restriction enzyme deficient strain. The



requiring strains, various nucleic acid-requiring strains, various

vitamn-requiring strains, and the |ike, for exaaneT_££u44ﬁ44}4m&Feescens

M1 (FERM BP-4068). Said Serratia marcescens M 1 has nmor e an

fold higher esterase productivity than the parenthi

marcescens Sr41l and contai ns an esterasé gene code quence of
SEQ ID NGO 2. The nmutant strain M1 can be obtained e par ent

Serratia marcescens Sr4l1 (FERM BP-487) with N nethyl -

-nitro- N—nitrosoguanidine (NTG according to a nethod of Ader burg et al.

[ Bi ochem cal and Bj 9 I cal, Research Conmu |cat|ons, 8 1965
cultivating tﬁﬁcPﬂ%%RP%§atB&aﬁW&FooFBHﬁlSWP Atdfdagds néﬂP&ﬁF@SntgF%Wn Aé

enul sified trhg ¥88&b%%ls%ﬂd colJ ecting the colony around which the

The modified recombinant plasmid is then introduced
into a host microorganism to obtain the desired trénsformént
5 suitable for-the'production of the desired eéterase.

The introduction of the recombinaﬁt'plasmid.into the

host microorganism can easily be done by the method of Takagi

) & Kizumi [cf. Journal of Bacteriology, Vol. 161, 1 (1985)].

The host microorganisms to be used for said transformation

10 include the above-méntioned.microorganisms but are preferabiy

strains having high esterase productivity. The desired

transformant can be obtained by isolating the colény

expressing antibitotics resistance.

The transformed microorganisms obtained by the

15 ébove-mentioned methbd are, for exémple, Serratia marcescens

. TA5025 (FERM BP-4067) which is obtained by introducing a

recombinant plasmid consisting of pUC19 and the 2.8 kb SalI-

BamHI DNA fragment containing an esterase gene into Serratia

marcescens Sr4l; Serratia.marcescens TBE10l which is obtained

20 by introducing a recombinant plasmid consiéting of pBR322 and

the 4.0 kb Sall DNA-fragment containing an esterase gene into

Serratia marcescens Sr4l. These transformed strains all have

the same morphological characteristics as those of the host
microorganism Serratia marcescen§ Sr41l.

25 | The production of esterase with the transformed

microorganism obtained above is carried out by cultivating the

microorganism in a medium and collecting the esterase outside



| argest clear zone is formed. In the same manner, another nutant strain
Serratia marcescens (205 having 1.5 fold or higher esterase-productivity.
tanm be obtained fromthe parent strain Serratia marcescens Sr4l. The vector
plasmd to be inserted with the gene encodi ng anT&.sSleet&heBwan

pl asm ds which are replicable in transf @ ned cell s rabI y

pl asm ds which have a copy nunber of 1 to several contain a
resi stant marker agai nst antibiotics such as anpi CI ananym n,

chl 6ranpheni col, and further contain an appropriate pronDter such as 1lac,
tac, or trp. Mreover, the vector plasmds may further contain a pl asmd
st abl 1izing gems dmstide the cellpe® the microorganism.

The medium used for the production of esterase
includes any conventional medium wherein the microorganism can
grow. Suitable medium containé a carbon source such as

5 saccharides (e.g. glucose, sucrose, molasses, etc.), organic
acids (e.g. fumaric acid, citric acid, etc.), alcoh_ols (é.g.
glycerol, etc.), o:rf amino acids (e.g. alanine, glutamine,

T : asparagine, etc. )' and a nitrogen source such as inorganic

ammonium salts (e.g. ammonium sulfate, ammonium chloride,

10 etc.), urea , peptone, corn steep liquor, yeast extract, casein

hydrolysate, and the like. . The carbon source is usually

contained in an amount of 1 to 15 % by weight based on the

whole weight of the-ﬁedimn , and the nitrogen source is usually

contained in an amount of 0.1 to 2.0 % .by weight based on the'

15 whole weight of the medium. The medium may optionally contain

| further an appropriate amount of an inorganic salt (e.g.

' _phoSphate , magnesium salt, potassium salt, calciu:m'salt, etc.)

and/oxr a metaliic ion (e.g. iron, manganese, copi:er, zinc,

etc-..._)'. In case of a synthetic. medium, it may further contain

20 vitamins or amino acids, .and further, inducers for esterase

production (e.g. vegetable oils, surfactants, etc.), defoaming

égents, antibiotics which are suitable for stabilizing the

recombinant plasmid in microorganisms. The medium is
preferably adjusted to a pH 5 to 8.

25 : The cultivation of the transformed microorganism is

carried out by a conventional method‘. For example, the micro-

_ organism is inoculated into a medium and is cultivated by



These vect or pl asm ds include, for exanple, pLG339 -5 - (CGene, Vol. 18,

332 (1982)]

, PBR322 [ Gene, Vol. 2, 95 (1977)], pUC18 [ Gene —33, 103
{1985)], puC19 [Gene, Vol. 33, 103 (1985], pHSGZQS"fC%ﬁE~—VE¥éLEI; 63
(1987)], pHS&299 [Gene, Vol. 61, 63 (1987)], andhtm@mnth%m cghove vect or
pl asmi ds are conmercially avail abl e o# t@n-be obt '

1 d _ _ robial cells
contai ning these plasm ds by a conventional netho by
ure for

“cleared |lysate nethod" (cf. Yasuyuki Takagi, "Pr
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Experi ment

shaking culture, aeration culture, standing culture, and the

like. The cultivation conditions may vary depending on the
kinds of the medium and cultivation methods, but may be any
conditions suitable for growth of the'microorganism, usually
at the initial pH 5 - 8, at 20 to 40°C, for 1 to 2 days.

The esterase produced outside and inside the
cultivated cells is collected by alcqnventional method. For
example, the esterase contained in the medium is collected by
means of salting out with an. inorganic salt,.precipitation
with an organic solvent,-absorption or desorption with ion
exchange resin and variqps' column chrematogrephy, ‘gel

filtration, use of protein-precipitating agent, or a

. combination of these methods. The esterase accumulated within

the cells is obtained by firstly disrupting the'eells by a
physical method such as frictionai disrupting device (Dyno
Mill) or a chemical means such as treatment with lysozyme, and
then collecting the esterase in the cell extract by the above-
mentioned method.

The gene encoding the esterase of this invention is

not limited to those of the DNA sequences disclosed

'specifically-in the present specification but includes any

gene having a DNA sequence obtained by modifications in the
sequence such as insertion, deletion, substitution. That is,
the esterase gene may artificially be modlfled directly in a
test tube by using a synthetlc.mutated DNA primer designed on

the basis of the DNA sequence of the esterase gene specifi-

cally disclosed herein, or by using a chemical mutating agent



"i'n Genetic Engineering”, page 125, published by Kodansha, 1980), or by
al kaline lysis nethod" (cf. Maniatis et al., " NMol'ecular Coning®, page

868, Cold Spring Harbor Laboratory, U S A (1988 egg§¥
m croorgani sms (both for the reconbination of pl émqﬁﬁﬁh IaCEzfihe
expression of the desired esterase), intiude any[mmamﬂﬂﬂmg whi ch can

be transfornmed with the reconbi nant plasm d and

t her ei n,

functi ona

the plasm d

and can express the gene on the plasmd and can produce a
protein. These host m croorganisnms are, for exanple,

-m croorgani sns belongfng to the genus Serratia or the genus Escherichia,
speci fical | y Sechatisa framiss caasdsr hydaad ine i okt ite ant Feathiers derfveant
. therefrom for exanple, '
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gene may be obtaineg by treéting an esterase producing strain
with NTG or UV.

Examples

The present invention is. illustrated by the
following Examples but should not be construed to be limited
thereto. |

In the Examples, the esterase activity was measured
by'a convenient method (using Lipase XKit S, manufactured by
Dainippon Pharmaceutical Co., Ltd., Japan). It was also
measured by another method ?omprising subjecting the product

to enzymatic reaction in olive oil (as a substrate) at pH 8.0,

37°C for 20 minutes, and then measuring the amount of formed

- fatty acid. The unit of esterase activity was expressed as

pumols of fatty acid formed per minute. Besides, the medium

used in Examples has the following formulation, wherein "%

- is W/V% unless specified otherwise.

LB medium: 1.0% of Bactotryptone (manufactured by
Difco), 0.5% of Bacto Yeaét Extract (manufactured by Difco),
and 0.5% of sodium chloride. |

IBG plate medium: 1.0% of Bactotryptone (manu-
factured by Difco), 0.5% of_Bact6 Yeast Extract (manﬁfactured
by Difco), 0.5% sodimm chloride, and 1.0% of Gellan Gum.
(manufactured by. Wako Pure Chemical Industries,'Ltd., Japan) .

Tributyrin—containing LBG plate medium: LBG plate
medium containing 0.5 v/v% of tributyrin, 0.5% of polyoxy-

ethylene cetyl alcohol ether, and 0.005% of ampicillin.



‘Serratia marcescens M1, Serratia marcescens TT392 [ of Journal of

Bact eri ol ogy,

Vol . 161, 1 (1985)], or Escherichia col

Martiatis et al., "Ml ecular doning", 2nd vol une, A10, Cold Sprl g Har bor

encodi ng an esterase can easily be obtdided from

Laboratory, U S. A (1989)]. The chronosonal DNATﬁemkaﬁh$B
6 said gene by a conventional nethod, for exanpl e 1‘“ E‘

m crobi al ce
sodi um | auryl
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contalnlng
t he

ls with a |ysozyne and further with actant (e.qg.

sul fate, sodium N-I aur oyl

Esterase!producing medium: 1.0% of.dextrih, 2.0% of
meast, 0.2% of ammonium sulfate, 0.1% of potassium dihydrogen
phosphate, 0;05% of magnesium sulfate heptahydrate, 0.01% of
calcium éhloride dihydrate, 0.001% of ferrous sulfate hepta
hydrate, 0.5% of Tween 80, and 0.1% of colorin.

Example 1 | |
(1) Preparation of chromosomal DNA containing a gene
encoding an esterase:

Serratia marcescens Sr4l (FERM BP-487) was subjected
to aerobic shaking culture in LB medium (200 ﬁl)'at 30°C
overnight, and then th§_ cells were collected by
centrifugation; The cells were éuspended in 0.9% agqueous
sodium chloride soiution (200 ml1) once and then collected by
centrifugation in order to wash them. The cells thus washed
were suspended in an aqueous solution of 50mM Tris-HCl-50mM
disodium ethylenediamine tetraacetate (pH 7.5, 200 ml)
containing 200 mg of lysozjme, and the mixture was allowed to
stand at room temperature for one hour.

To the mixture Qas added sodium lauryl sulfate in
a concentration of 0.5%, and thereto was further added
Protenase K, and the mixture was mildly shaken at 50°C for 3
hours to lyse the cells. The mixturé was extracted twice with
an equal volume of phenol saturated with an agqueous solution

of 10 mM Tris—HCl—i mM disodium ethylenediamine tetraacetate

'(pH'8.0) (hereinafter, referred to as "TE"), and further

extracted twice with a mixture of equal volume of TE-saturated

phénol and chloroform, and then the resultant aqueous'phase



€ -
sar cosl nat e,

etc.), extracting the cells thus treated with an organic

solvent (e.g. phenol, chloroform diethyl ether, etc.) To remove proteins,

Bi ol ogy, Vol
619 (1963)].

and then precipitating the DNA wi th et hanol [chhlgbgé&gngeg; cuI ar
.3, 208 (1961), and Biochiyca et

The reconbinant plasmdT rTsi ng m&m%
contai ning a gene encodi ng esterase and the vect

VoI 72,

eaS|Iy be

prepared by a conyentlona! nmet hod, for exanple, by cIeaV|ng t he chronosonal
DNA and the plasmd DNA with an appropriate restriction endonucl ease (e g.

EcoRl, BanHl,
| i gase (e.qg.

whEcRibIegRRY cobhartBIRptPH WL ET ¢ DoAOE, "B ot n 1

treating the gesuljaahiWekh 1% ¥ Wd'3repare a TE solution containing 2.5
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mg of the chromosomal DNA containing ‘a gene encoding an
esterase.
(2) Preparation of a recombinant plasmid DNA:
The chromosomal DNA prepared in the above (1) (20

ug) was completely digested with restriction eﬁdonuclease

 Sall, which was extracted twice with a mixture of equal volume

of TE~saturated phenol and chlorofo;m. To the mixture was
added 0.5 volume of 7.5 M ammonium acetate, and the DNA was
recovered by centrifugation.yith two times volume of_ethanol.
DNA (0.5 pg) of plasmid vector pUCl9, which was
completely digested with the same restriction enzyme as above,
was dephosphated-.by treating with alkaline phosphatase
(manufactured by Takara Shuzo Co., Ltd., Japan,.0.4 unit) at
56°C for one hour, and the resultant was extracted twice with
a mixture of equal volume of TE-saturated phenol and chloro-
form, and thereto was added 0.5 volume of 7.5M ammonium
acetate, and then the vector plasmid DNA was recovered by
preéipitatihg with two volumes of ethanol. The dephosphated
plasmid vectoi thus obtained was mixed with the chromosomal
DNA obtained above (3 pg) and ligated with a DNA ligation kit
(manufactured by Takara Shuzo Co., Ltd.) at 4°C for 16 hours
to gi&e the recombinant plasmid DNA.
(3) Transformation with the recombinant plasmid and -
preparation of colony bank with E. coli host:

‘The cells of E. coli DH5 were treated by the method



transferase or DNA pol ymerase [of. Methods in Enzyrml 0 Vol 8, 41
(1979), and Yasuyuki Takagi, "Procedure for r1nent |n Cenetic

Engi neeri ng"

desired recorrbl nant plasm d containing the esteral

page 135, publ i shed by Kodansha hﬂﬁ@i\eet}&BmtRie edf. t he
ﬁ; m xture of

reconbi nant pl asni ds obtai ned by the abbde- proced

follows. Mcrobial cells being restriction endonu ‘Eﬂg E‘l ci ent and

having no esterase activity (e.g. Escherichia coli K12 DH5) are transforned
with the above m xture of recom
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of Hanahan {[cf. Journal of Molecular .Biology,' Vol. 166, 557
(1983)] and thereto was added the reaction mixture containing
a plasmid DNA obtained in the above (2), by wﬁich the
transformation was effected. The cells thus treated were
spread onto LBG plate medium containing ampicillin (50 pg/ml),
and they were incubated at 37°C overnight to give the trans-

formant (about 20,000 strains) containing recombinant plasmids

- inserted with fragments of the chromosomal DNA of Serratia

marcescens Sr4l.
(4) Isolation and identification of a transformant
strain containing a gene en90ding an esteraée:

when an esterase producing strain is inoculated to
a tributyrin-containing LBG platé medium, the esterase
produced in the medium deéomposes tributyrin to give fatty
acids, by which the triglyceride emulsion around_the colony
is modified to form a circulax clear zone around the colonies.
By utilizing this phenomenon, the screening of transformants
was effected. | ‘

The transformants (about 20,000 strains) obtained
in-fhe=above (3) werxre inoculated to a tributyrin-containing
LBG. plate medium, which was incubated at 37°C overnight, by
which one strain foiming a clear.zone was isolated from the
DNA bank of Sall. | |

The formation of this clear zone will be owing to

the activity of esterase, because when Serratia marcescens

Sr4l was inoculated to a tributyrin;-containing LBG plate

. medium and incubated at 37°C overnight, the formation of a



7 bi nant plasmds, and the thus-transforned cel | s are spread onto an agar
medi um contai ning an enmulsified triglyceri de—for—exanpte, nutri ent

“agar nedium containing tributyrin enulsifi S\%gep}lg(ﬁe&m@,gﬁ&ehyl ene cetyl

al cohol

ether (Brij 58) and al so containing a p
an anti biotic.
colony of a transformant around which a large c

After incubation at 30~t& 37[err

entratlon of
! t he
rrred S

[ _so_l ated. The above [ _nt roducti on of the reconbi nant_ pl asm d into the host
m croorganismis carried out by a conventional method, for exanpl e, by
treating the I‘é(i%ta cells with
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zone was gbserved, but when the ‘untransformed E. coli

DH5 and the E. Coli DHS5 carrying a plasmid vector pUCl9 were
inoculated to a: tributyrin-‘-containing LBG plate medium and
incubated at 37°C overnight, no formation of a clear zohe was
observed. |

Besides ; the transformant being capable of formation
of a clear zone was -cultivated in a LB medium (60 ml)
containing ampicillin (200 pg/ml) by aerobic shaking culture
at 37°C overnight, and the cells ‘were collected and suspended
in a 200 mM Tris-HCl buffer solution (pH 8.0, 20 ml). After
disruption of the cells by s_onication, the esterase activity
of the mixture was measured by the convenient method. 2As a
result, there was observed 1.5 x 10° units of esterase
activity. | _

Moreover, the mixture obtained above was subjected
to an electrophoresis with SDS polyacrylamide gel. As a
result, the product showed a new band, which-was not shown in
the product from E. coli DH5 containing only vector j_:lasmid,
at the same position ae that in the partially purified
standard esterase obtained from the supernatant of the culture
of Se_rrat.ie Jrarceecens Sr4l. |
Example 2

P;nalyeis of plasmid:
A plasmid DNA was preparedl from the cells of the

transformant obtained in Example 1-(4) by a conventional

- method [cf. Maniatis et al., "Molecular Cloning", page 368,

Cold Spring Harbor Laboratory, U.S.A. (1982)], cleaved with



4

aqueous calciumchloride solution at a | ow tenperature to increase the
menbrane perneability of the cells and then introducing the reconbi nant
plasmd into the host cells [of. Journal of Ml ecular Biology, Vol. 53, 159
(1970)], or by an el ectroporation nethod. ThenTHhHeaphaB&hae is

extracted fromthe trans- formant by * ~alkaki ne I 0 give a
reconbi nant plasm d containing the gene encodln In order to
n asm

make the transformation efficient, the reconbina

is nodified

_ ( _ hus obt ai ned
in a mcroorgani smwhich is restrlctlon endonucl ease

deficient and is the sanme species of the host mcr ni smto, be %fed for
expressi ng t h¥2&dO8s esREtiQn fRASNYG QﬁiﬁSrﬁ%$ogg§&nl jected to an
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agarose gel electrophoresis. As a result, it was confirmed
that this plasmid .(hereinafter, referred to as "pLIPE1l0l")
contained a Sall DNA fragment of about 4.0 kb. |
The restriction endOnuolease map oflthe recombinant DNA
fragment of about 4.0 kb contained in pLIPE10l is shown in the

accompanylng Fig. 1.
The Sall DNA fragment of about 4.0 kb of the plasmld

pLIPE10l1 was cleaved with various restrictioq endonucleases,

“and each DNA fragment was subcloned into plasmid vector pUC1l9,

followed by transformation_of E. coli DH5 therewith. The
transformants were cultiveted in a tributyrin-containing LBG
plate medium in the same manner as described above, and it was
determined whether a clear zone was formed or not.

The restriction endonuclease maps of each. DﬁA
fragment are shown in the accompanying Fig. 2. As to E. coli
DH5 transformed with the plasmid oontalnlng Sall-BamHI DNA
fragment of about 2.8 kb (pLIPE11l) and the strain transformed
with the plasmid containing SalI-BstPI DNA fragment of about
2.6 kb:(pLIPEl21), there were observed the formation of a
clear zone and esterase activity (measured by the convenient
method). However, as_to'E. coli DH5 transformed with the
plasmid containing SalI-Pvull DNA fragment of about 1.9 kb
(pLIPE131), the plasmid containing Sall-BstPI DNA fragment of
about 1.7 kb (pLIPE}41), and the plasmid containing ClaI-Sall
DNA fragment of about 3.6 kb (PLIPE151), there was observed

neither the formation of a clear zone nor esterase activity



to be used is Serratia marcescens Sr41, the reconbinant plasm d obtained
above is introduced into Serratia marcescens TT392, which.is r Fction
enzyne deficient strain. The -8 reconbi hanMdi fied

is isolated

fromthe mcroorganism The nodified.r&conk Beemke smdis

then introduced into a host -nmicroorgari $¢h t-0 obta -
“transformant suitable for the production of the de |\ m The
“introduction of the reconbinant plasmd into the: .
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(measured by the convenient method).

It was found from the above results that the gene
encoding an esterase originated from Serratia marcescens Sr4l
was present in the SalI-BstPI DNA fragment of about 2.6 kb.
Example 3

Analysis of clone DNA:
[Determinatior} of-nucleotide sequence]

The recombinant plasmid pLIPEl21 waé treated with
Kildbase Deletion Kit (manufactured by Takara Shuzo Co., Ltd. )
to prepare various- deletion plasmids. These plasmids thus
obtained were subjected to ?.nnealing of a primer, synthesis
of complementary chain with Klenow fragment of DNA polymerase
[labelled with (a-S2P)dCTP (14.8 x 10° Bq/pmol, 74 x 10° Bq)]
according to the dideoxy chain termination method of Sanger
et al. [Proc. Natl. Acad. Sci. USA, Vol. 74, 5463 (1977)], and
the nucleotide sequences thereof were determined based on the
data of an electrbphoresi_s with an 8% urea-modified poly-
acrylamide gel and autoradiography.

As a resu.lt, it'. has been found that the DNA sequence
of f:he gene encoding an ésterase o_riginated from Serratia
marcescens Sr4l is composed of 1839 base pairs from the
initiation codon ATG to the codon écc.

Besides, the amino acid sequence de_termined from the
nucleotide sequence is shown in SEQ ID NO: 3. The ﬁ-terminal
Met in this amino acid sequence was not found at the N-
terminus of amino acid sequence of the purified enzyme product

of the Serratia-origin esterase, which will be .caused by



host M croor gani sm can ea5|ly be done by the nmethod of Takag| & Klzun1 [ of .

Journal of BaC
ased for said tpagglgrn tlon |nclude the above- nenti ond

are preferably ﬂgh esterase productivit
j‘m d by +sbBating the co
antibitotics re

t r ansf or nant

, 1 (1985)]. The host _m
T RIS SHEETEAS SEEND|It
V. REPLAGEDPY ed
FoFF—EXpT essT g

ransformed m croorgani sns obtai ned by the

I

above-nenti oned nethod are, for exanpl e, Serratia marcescens TA5025 (FERM
BP-4067) which is obtained by introducing a reconbi nant plasm d consisting
of pUCL9 and the 2.-8 kb Sal |- BanH DNA fragnment contalnln% an esterase

e

gene into Ser FemP¥adaPécNcErzminal, meshigninenfroms tBAsPFB

obt ai ned
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én pRPerced in
the cells by methionine amlnopeptidgse present in the cells.
Moreovef, although. Seriatia—origin esterase 1is an extra-
cellular enzyme, it has no signal peptide which is usually
present aﬁ the N-terminus of secretory proteins.

Example 4 .

Serratia marcescens Sr4l (FERM BP-487) was incubated
in a nutrient medium (glucose 0.5%, peptone 1.0%, meat extract
0.3%, yeast extract 1.0%, and sodium chloride 0.5%, pH 7.0,
3 ml) overnight, and the culture thus obtained (0.1 ml) was
inoculated in a fresh medium (3 ml) of tﬂe same nutrient
medium as above, which was incubated at 30°C for 3 hours, and
after adding thereto NTG in a concentration of 0.1 mg/ml, was
further incubated for additional 30 minutes. The culture
broth was centrifugéd, and the cells thus obtained were washed
three times with a physiological saline solution (by centri-
fugation method). The cells thus obtained were suspended in
a phjsiological saline'éolution and spread onto an LBG plate
medium.containing tributyiin'o.s%, glucose 2% and EDTA 2mM in
an~§mount of 1 - 1000 cells/one plate. After incubating at
30°C for one day, the colony forming a large clear zone was
collected to give Serratia marcescens M-1 strain (FERM P-
12833). The thus-obtained mutant strain (one platinum loop)
was inoculated to an esterase-producing medium containing
ampicillin (SOO.ug/ml) and subjected to rediprocating shaking
culture (shaking aﬁplitude_? cm, 120 r.p.m.) at 30°C forx 20

hours. The culture broth was centrifuged to give a super-
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by i ntroducing a reconbinant plasm d consisting of pBR322 and the 4.0 kb
Sal.l DNA fr@gmn%——m%ﬁ esterase gene into Serr g

&r4l1. These transf a;@gnﬁgﬁmédns all have the sanme nor.phplTeds SHEET HAS BEEN
char act eri st i &kis shect ' he. host mi ﬁroorgani sm Serraftia nBERIACH
Sr4l. The prod “ﬂ&m ase with~the Transforned ni'cFoor gant s
obt ai ned above | by cultivating the m croorganismin a nmedi um
and. col l ecting the esterase outside 9 and inside the cells of the

m croor gani sm _
natant having an esterase activity of about 80 x 10° unit/ml

(measured by the convenient method). This strain had about
2.5 times higher esterase productivity than the parent host
strain Serratia marcescens Sr4l.

5 : - In the same manner as described in Examples 1 to 3,
the chromosomal DNA was isolated from the above Serratia
marcescens M—l,‘ and the éequence was analyzed. As a result,

: : it had a nucleotide sequence as shown in SEQ ID NO: 2. As is
| clear therefrom, the sequence was the same as the DNA sequence
10 - of that .obtained from Serratia marcescens Sr4l except that the
9th base was different, _that_ is, it was composed of 1839 base
pairs from the initiation codon ATG to the codonl GCC. The
amino acid sequence determined therefrom was the same as that
deduced from SEQ ID NO: 1.
15 Example 5 |
Preparation of a strain having  high estezfase
productivity: . |
The plasmid pLIPEill was introduced into a restric-
tion endonuclease-deficieﬁt strain, Serratia marcescens TT392,
20 to give a transformed | strain. The pLIPElll plasmid DNA
modified with Serratia marcescens was extracted from the cells
of th_e transformed strain by alkaline lysis method. Then,
Serratia marcescens Sr4l cells were transformed with the
plasmid DNA obtained above by electréporation method to give
25 a transformant Serratia marcescens TA5025 (FERM P-12607)..
The thus-obtained tran_sf.ormant (one platinum loop) was

~inoculated to an esterase-producing medium containing



1
The medi um used for the production of esterase includes any conventi onal
medi um wherein the m croorgani smcan grow. Swtabl e nediu ns a

carbon source such as saccharides (e.g. glucose, Tmuﬁfe&ffﬁssézp é}§ etc.
organic acids (e.g. fumaric acid, citric_gacid, et
gl ycerol, etc.), or am no acids (e g. 2l & | Tie, ﬂ glne etc.)

and a nitrogen source such as inorganic ammni um sa ni um
sul fate, amonium chloride, etc.), urea, peptone,.corn steep | i quor, yeast

extract, casein hydrol ysate and the |iKke. The. carbon source is usually

e "o BERY 8 (406047 ot e BERAC ST DB MELELIE SR B

| 0.1 to 2.0 % by, yei,ght (Q?i%_‘i’:q_n%n dffflitude 7 cm, 120 r.p.m.) at 30°C for 20
| "hours. - The culture broth was centrifuged to give a super-

'natent'having an esterase activity of about i.9 x 10° unit/ml
5 (measured by the convenient method). This strain had about
6 timés higher esterase productivity than fhe host strain
Serratia marcescene Sr4l.
- Example 6
Production of esterase:

10 | '~ An esterese-produeing medium (20 liters) containihg
ampicillin (500 u.g/ml) was charged into a 30 liter-vb_lume jar
fermenter and was sterilized. Previously, the above Serratia
marcescens TA5025 was incubated in the same medium by |
reciprocating shaking culture at 30°C for 20 hours in the same

15 manner as above. The pre-culture broth thus obtained (200 ml)
was inoculated to the above medium and incubated under
aeration at 30°C with stirring at 200 r.p.m., 0.5 vvm for 18
hours. The culﬁure'broth was centrifugéd to remove the cells,
and the supernatant (18 1liters) was concentrated with e

20 ultrafilter (AIL-lOlO, manufactured by Asahi Chemical Industry
Co., Ltd.) to give a crude .enzyme solution (2000 ml) which had
an 'esterase. activity of 1.7 x 10° unit/ml (measured 'by the
convenient method).

Example 7
25 Production of esterase:

An esterase-producing medium (20 liters) was charged



' whol e wei ght of the medium The nedium may optional |y contata—further an

appropriate amunt of an inorganic salt (e.g. phosphate hggasalt
“potassiumsalt, calciumsalt, etc.) and/or a net al'tihisé @a

manganese, copper, zinc, etc.) I'n casepf_a synth

~further contain vitam ns or am no acids, and furthe esterase
production (e.g. vegetable oils, surf actants, etc.), def oam ng agents
anti-bi otics which are suitable for stabilizing the reconbinant plasmd in
m cr oor gani Sis. - The nmedium is preferably adjusted to a pH5 to 8. The
cultivation ofihbe tar apef QiR IR 03BES FétméRtéreGrllt whY Bterilized.

conventional nethod. For exanple, the mcro- organismis inoculated into a
“medi um and i s Poétvivasty, bgerratia marcescens M-1 was incubated in the same
medium by reciprocating shaking culture at 30°C for 20 hours
in the same manner as above. The pre-culture broth thus
5 obtained (200 ml) was inoculated to the above medium and
incubated under aeration at 30°C with stirring at 200 r.p.m.,
0.5 vwvm for 18 hours. . The culture broth was centrifuged to
remove the cells, and the supernatant (18 liters) was
concentrated with a ultrafilter (AIL-1010, manufactured by
10 Asahi Chemic.al Indtzstry Co., Ltd.) to give a crude enzyme
solution (2000 ml) which had an esterase activity of 7.9 x 10°
unit/ml (measured by the convenient method).
Effects of the Invention |
The mutant strain and the transformant containirig
15 a recombinant plasmid inserted with a gene encoding an
esterase of the present invention have excellent esterase

productivity, and the cultivation of the transformant can give

the desired esterase in high purity on a large scale.
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H .
-10- shaking culture, aeration culture, standing

m croorgani sm usually at the initial
2 days. The esterase produced outside™

but may be any conditions suit
pH.S5 -
4Rd =i nside th
the este

coll ected by a conventi onal
- the.mediumis collected by neans of salting
precipitation

SEQ ID NO:1:

TYPE: nucleic acid
STRANDEDNESS: double

TOPOLOGY :

linear

8,  at 2

iy

nmet hod. For exanpl e,

' LENGTH: 1839 base pairs

MOLECULE TYPE: genomic DNA
STRAIN:

ATG
CTG
GAT
CTG
GGC
CAG
TTG
ACC
AGC
GGC
GAT
AAG
CAC
GGG
) GGC
" mac
GTG
GTT
AAC
CcTC
GGT
GAC
ACC
ACG
GGC
GCC
GAT

GGC
TTT
AAC
cce
GGC
GAC
GGA
GCC
GAA
olole}
CTG
GcC
GGG
CTG
TTC
Gaa
TTT
CAC
Gac
AAC
CTG
TCG
TGG
TTT
aac
GGC
aAcc

Serratia marcescens Sr4l

ATC
TCC
GGC
CTG
CTG
GCG
TAC
GGT
GGC
CGC
TTG
TTC
CTG
GCG
TAC
GCC
CGC

-GAT

CaC
ATT
ATG
ACC
GTG
ATC
GAC
GGC
CAG

TrT
GAC
TTC
ACG
cee
eTC
cce
TAC
AAT
GAG
GCe
GGC
AGC
GTC
GCe
flels
GCce
ece
TAC
cce
CGG
ATC
GAA
ATC
TAT
TAT
CAG

AGC
GCC
GAT
CTG
GGT
AAC

GGC.

ACC
cTe
TCG
GGG
AAT
GGC
AAC
CAG
GGC
cTC
cCG
GCG
acc
GTG
ATC
GAT
GGC
CTC
AAC
GCG

TAT
TTG
GAA
ATC
CTT
AAT
AAA
ACC
ACC
CTG
TTC
TTG
GAA
AGC
TCC
AAG
GAC

TCG
TGG

CTG

GTC
CTG
AGC
GAG
CTG
TTG

ARG
Gce
GGC
ACG
ccc
Gce
AcC
GCT
cce
ATC
GGG
CTG
GAC

ATG

AAC
GTG
GGC
ACC
GAC
CTA
AAC
TCC
AAC
GAC
GGC
ATC

GAT
ATC

‘TAT

GCG
TGG
GGC
GAT
CAG
ATT
GGC
CCG
GGG
GTG
GCG
TAT
ATC
ACC
TCC
GCC
TCC
TCC
AAC
CGC
GGC
CGC
GCC
AAC

CTG
TCT
cac
cTC
AAC
TGG
GCG
GCC
GGC
GAT
2AAA
GAC
GTG
GCG
GTC
AAC
TCG
GCC
TGG
CAC
GAG
CTG

.AAC

AAT
GAC
GGC
ACC

GAC
ACC
CAG
ATC
cce
TCA
CGC
GAG
ATC
ACC
GCT
GTG
ATC
CAG
Gee
ATC
CTG
ACC
AAT
CTG
TTT
TCG
GCG
GAT
GGT
GGC
GAG

GAA
TAC
ACC
GGC
GAC
GTG
GGC
GTG
TCA
ATC
ATG
GCG
AGC
AGC
TTC
GGC
ACC
AAC
CTG
CCG
TAT
AAC
GAA
TG
GAC

GTC

re, and the like.
cultivation conditions may vary dependi ng on the kinds of the
tul tivation nethods,

AAC
GCT
GGT

AGC

TCC
ATC
ACC
CTG
TTT
GGC
cca

GGC
GAC
GCC
TAT
CTG
AAT
TTG
TTC
TCG
GTC
ACG
ATC
GAT
GGC
GCC

GCG
TAC
TTC
ACC
GAA
GAC
TAC
GGC
CGC
GAT
CGC
TTC
CAC
GCa
TCG
GAG
CCG
ATC
cce
TTC
CTG
ACG

AAG
ATC
CAC
TAC

TCA
Cac
GGC
CaG

GCC
TAC

GGT
GTG
TAT
GCG
AGC
ACC
CCG
AAC
TCA
GTC
TTC
TAT
ACC
CGC
AGC
GGC
TTC
AAT
Gac

i and

AAT
CcTC
TCG
GCC
GCG
GGC
TAT
ACC
ATT
ACG
CAG
CTC
TGG
ACC
GAT
TTG
AAC

.TCC

CAG
GAC
GGC
GGG
GGC
CGcC
ATC
GGC

GCGe
ATC
GGT
CAG
GCG
caa
GAA
GAC
AGC
AAC
CTG
GCC

GGC .

GGC

CCG
GGC
TTC
ATT
GAT

AGT
CcCe

GAC
TTC
AAT

The

Xo) f the
E‘%r 1to
g’g@ ells is
ained in

out with an inorganic salt,

48
96
144
192
240
288
336

384
432
480
528
576
624
672
720
768
816
864
912
960
1008
1056
1104
1152
1200
1248
1296



i

wi th an organi c solvent, absorption or desorptlon—vwf+r¢fﬁ++5«ﬂ%yﬂya- resin
and various colum chromatography, gel f||tra iO8 et
protein-precipitating agent, or a conbination o 3¢ ﬁiﬁ ed The
esterase accunulated within the cells ig,obtained uptlng t he
cells by a physical nmethod such as frlcéﬁoﬁal dlsr (Dyno
MIl) or a chem cal neans such as treatnent with Iysozyne and t hen

collecting the esterase in the cell extract by the above- nentioned nethod.
The gene encoding the esterase of this invention is not limted to those of

fgg{EEA.ﬁé@“é@§e§Aﬁ éﬁboééedﬁﬁecéébcﬂkhysgé éEE Rg%Sﬁeg ?&@Cbﬁbcéth&AEUtl344
es any 8ene catlons

ATC A CTG C AGC AAA GAA Al T TGG_CTG ATT TTC AGC AAA 1392

- GAG GTG GAT CAT CAG GTG ACC GCC GCC GGA TTG AAA TCG GAT TCG GGC 1440
CTC AAA GCC TAT GCG GCC GCC ACC ACC GGC GGC GAC GGC GAT GAC GTC 1488
CTG CAG GCT CGC AGC CAC GAC GCC TGG CTG TTC GGC AAC GCC GGC AAC 1536
GAC ACG CTT ATC GGC CAT GCC GGC GGC AAC CTG ACC TTC GTC GGC GGC 1584
AGC GGC GAT GAC ATC CTG AAG GGG GTC GGC AAC GGC AAT ACC TTC CTG 1632
TTC AGC GGC GAT TTC GGC CGC GAC CAG CTG TAT GGC TTC AAC GCC ACC 1680
GAC AAA CTG GTA TTT ATC GGC ACC GAG GGC GCC AGC GGG AAT ATC CGC 1728
GAC TAT GCC ACG CAG CAA AAC GAC GAT CTG GTG CTG GCC TTC GGC CAC 1776
AGC CAG GTC ACG CTG ATC GGC GTC TCG CTC GAT CAT TTC AAC CCC GAT 1824

CAG GTG GTG TTG GCC | . 1839

SEQ ID NO:2: -
LENGTH: 1839 base pairs,

TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: Genomic DNA
STRAIN: Serratia marcescens M-1

i ATG GGC ATT TTT AGC TAT AAG GAT CTG GAC GAA AAC GCG TCA AAG GCG 48
CTG TTT TCC GAC GCC TTG GCC ATC TCT ACC TAC GCT TAC CAC AAT ATC 96
GAT AAC GGC TTC GAT GAA GGC TAT CAC CAG ACC GGT TTC GGC CTC GGT 144
CTG CCG CTG ACG CTG ATC ACG GCG CTC ATC GGC AGC ACC CAG TCG CAG 192
GGC GGC CTG CCC GGT CTT CCC TGG AAC CCC GAC TCC GAA CAG GCC GCG 240
CAG GAC GCG GTG AAC AAT GCC GGC TGG TCA GTG ATC GAC GCC GCG CAA 288
TTG GGA TAC GCC GGC ABA ACC GAT GCG CGC GGC ACC TAC TAC GGC GAA 336
ACC GCC GGT TAC ACC ACC GCT CAG GCC GAG GTG CTG GGC AAA TAT GAC 384
AGC GAA GGC AAT CTC ACC GCC ATT GGC ATC TCA TTT CGC GGT ACC AGC 432
GGC CCG CGC GAG TCG CTG ATC GGC GAT ACC ATC GGC GAT GTG ATT AAC 480
GAT CTG TTG GCC GGG TTC GGG CCG AAA GCT ATG CGA CGC TAT ACG CTG 528
AAG GCC TTC GGC AAT TTG CTG GGG GAC GTG GCG AAA TTC GCG CAG GCC 576
CAC GGG CTG AGC GGC GAA GAC GTG GTG ATC AGC GGC CAC AGC CTC GGC 624
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sequence such as insertion,
gene may artificially be nodified directly in a te%
synthetic nmutated DNA primer designed on the basis
" the esterase gene specifi- cally. disclosed herein,

" nmutating agent

NTG or

UV.

GGG
GGC
TAC
GTG
GTT
AAC
cTC
GGT
GAC
ACC
ACG
GGC
GCC
GAT
ACG
ATC
GAG
CTC
CTG
GAC
AGC
TTC
GAC

GAC:

AGC
CaG

CTG
TTC
GAA
TTT
CAC
GAC
AAC
CTG
TCG
TGG
TTT
AAC
GGC
ACC
CTT
AGC
GTG
AAA
CAG
ACG
GGC
AGC
ARA
TAT
CAG
GTG

del eti on,

substi tuti on:

+-11- such as form c-agéd, hydrazi
nmut ant gene nmay be obtained by treating an esterase
Exanpl es

GCG
TAC
elolel
CGC
GAT
CAC
ATT
ATG
ACC
GTG
ATC
GAC
GGC
CAG
TAC
ACC
GAT
GCC

GCT

CTT
GAT
GGC
CTG
GCC
GTC

GIG TTG GCC

GTC
GCG
GGC
GCG
GCG
TAC
cce
CGG
ATC
GAA
ATC
TAT
TAT
CAG
CTG
CTG
CAT
TAT
CGC
ATC
GAC
GAT
GTA
ACG
ACG

SEQ ID NO:3:
'LENGTH:
TYPE: amino acid

TOPOLOGY:lineaxr

AAC
CAG
GGC
cTC

CCG

GCG
ACC
GTG
ATC
GAT
GGC
CTC
AAC
GCG
CGC
CGC
CAG
GCG
AGC
GGC
ATC
TTC
TTT
CAG
CTG

AGC
TCC
AAG
GAC

TCG
TGG
CTG
GTC
CTG
AGC
GAG
CTG
TTG
GAC
AGC
GTG
GCC
CaAC
CAT
CTG
GGC
ATC
CAA
ATC

613 amino acids

MOLECULE TYPE:peptide

1

ATG
AAC
GTG
GGC
ACC
GAC
CTA
AAC
TCC
AAC
GAC
GGC
ATC

GCC

ACC

GCC
GAC
GCC
AAG
CGC
GGC
AAC
GGC

GCG
TAT
ATC
ACC
TCC
GCC
TCC
TCC
AAC
CGC
GGC
CGC
GCC
AAC

GAA
GCC
ACC
GCC
GGC
GGG
GAC
ACC
GAC
GTC

.GCG

GTC

TCG
cce
TCG
cac
GAG
CTG
AAC
AAT
Gac
cec
ACC
GGC
ACC
cce
ACC
TGG
GGC
GTC
CAG
GAG
GAT
TCG

CAG
cce
ATC
CTG
ACC

CTG
PTT
TCG
GCG
GAT
GGT
GGC
GAG

GGC

TCC
GGA
GGC
CTG
ARC
GGC
CcTG
Gec
cTG
cre

10

AGC
TTC
GGC
ACC

CTG
CCG
TAT
AAC
GAA
TTG
GAC

GTC
ATT
TGG
TTG
GGC

TTC

CTG
AAC
TAT
GCC
GTG
GAT

I

GAC

GCC
TAT
CTG

TTG
TTC
TCG
GTC
ACG

ATC

GAT
GGC
GCC
ACG
CTG

GAC

GGC

ACC
GGC

GGC

AGC
CTG
CAT

' t he esterase
using a

. g%beab

i

GCA
TCG

n Bemcance of
hem cal
urt her,
produci ng strain with

ACC
CcCG

TGG
ACC

GGC
CAG

GAG AAC GAT CCG
TCA TTG GGC

CCG
ATC
CCG
TTC
CTG
ACG

CAC-

AAG
ATC
cac
TAC
CTG
ATT
TCG
GGC
AAC
TTC
AAT
TTC
GGG
Gce
TTC

GTC
TTC
TAT
ACC
CGC
AGC
GGC
TTC
AAT
GAC
GCG
TTC
GAT
GAT
GCC
GTC
ACC
AAC
AAT
TTC
AAC

GGG
GGC
CGC
ATC
GGC
GAC
AGC
TCG
GAC
GGC
GGC
TTC
GCC
ATC
GGC
CcC

TTC
ATT
GAT
AAA
AGT
cce
AAA
GaC
TTC
AAT
GAC
ARA
GGC
GTC
AAC
GGC
CTG
AcCC
cec
cAC
GAT

Met Gly Ile Phe Ser Tyr Lys Asp Leu Asp Glu Asn Ala Ser Lys Ala
5 .

15

a

672

720

768

816

864

912

960
1008
1056
1104
1152
1200
1248
1296
1344
1392
1440
1488
1536
1584
1632
1680
1728
1776
1824
1839



The present invention is illustrated ‘by the foffﬁﬁrﬁﬁﬁﬁgaﬁﬁrés but
shoul d not be construed to be limted thereto. @ﬂn&é@lﬂﬁ e
esterase activity was neasured by a conveni ent netE se Kit S,
manuf act ured by Dai ni ppon Pharmaceutical Co:, Ltd %)Bm was al so
~neasured by another nethod conpri si ng=s8Bj ecting t to enzymatic
reaction in olive oil (as a substrate) at pH 8.0, 37[err] for 20 m nutes,
and. t hen measuring the anmount of forned fatty acid. The unit of esterase
activity was expressed as [err]Jols of fatty acid formed per minute.

Besi des, _t he di_um use n Exanples has [ he | I owi ng.fo e} rein
"o5.is W% & eéf%éaiﬁ Al TRhed s%f é &ﬂ yr gl &% %Ils hon "1
Asp Asn Gly Phe Asp Glu Gly Tyr His Gln Thr Gly Phe Gly Leu Gly
35 40 45 .

Leu Pro Leu Thr Leu Ile Thr Ala Leu Ile Gly Ser Thr Gln Ser Gln
50 55 60

Gly Gly Leu Pro Gly Leu Pro Trp Asn Pro Asp Ser Glu Gln Ala Ala
65 _ 70 75 : 80

Gln Asp Ala Val Asn Asn Ala -‘Gly Trp Ser Val Ile Asp Ala Ala Gln
. 85 : 90 - 95

Leu Gly Tyr Ala Gly Lys Thr Asp Ala Arg Gly Thr Tyr Tyr Gly Glu
100 _ 105 _ 110

Thr Ala Gly Tyr Thr Thr Ala Gln Ala Glu Val Leu Gly Lys Tyxr Asp
115 120 125

Ser Glu Gly Asn Leu Thr Ala Ile Gly Ile Ser Phe Arg Gly Thr Ser
130 - 135 140 _

Gly Pro Arg Glu Ser Leu Ile Gly Asp Thr Ile Gly Asp Val Ile Asn
145 150 - 155 . 160

Asp Leu Leu Ala Gly Phe Gly Pro Lys Ala Met Arg Arg Tyr Thr Leu
165 _ 170 , 175

Lys Ala Phe Gly Asn Leu Leu Gly Asp Val Ala Lys Phe Ala Gln Ala
180 ' 185 ' 190
7 His Gly Leu Ser Gly Glu Asp Val Val Ile Ser Gly His Ser Leu Gly
' 195 200 205
Gly Leu Ala Val Asn Ser Met Aia Ala Gln Ser Asp Ala Thr Trp Gly
210 215 : _ 220 :

Gly Phe Tyr Ala Gln Ser Asn Tyr Val Ala Phe Ala Ser Pro Thr Gln
225 : - 230 235 240

Tyr Glu Ala Gly Gly Lys Val Ile Asn Ile Gly Tyr Glu Asn Asp Pro
245 250 _ 255

Val Phe Arg Ala Leu Asp Gly Thr Ser Leu Thr Leu Pro Ser Leu Gly
260 ] 265 270

Val His Asp Ala Pro His Thr Ser Ala Thr Asn Asn Ile Val Asn Phe
275 - 280 285 '

Asn Asp His Tyr Ala Ser Asp Ala Trp Asn Leu Leu Pro Phe Ser Ile
290 - 295 300



LB nmedium 1.0% of Bactotryptone (manufactured by Difco), 0.5% of Bacto
Yeast Extract (manufactured by Difco), and 0.5%of sodium chloride. LBG
plate nedium 1.0% of Bactotryptone (nanu- facturqﬂlsbg,ee@[afsea ,Relﬂacst% of

Bact o Yeast Extract (manufactured by Difco), 0.5% S’Emm! , and 1. 0%

of Gellan Gum (manufactured by Wako PurggCheni cal ., Japan).
Tributyrin-containing LBG plate nedium LBG plate ontai ning O.

viv% of tributyrin, 0.5% of polyoxy- ethylene cetyl al cohol ether, and

0. 005% of anpicillin

Leu Asn Ile Pro Thr Trp Leu Ser His Leu Pro Phe Phe Tyr Gln Asp
305 310 315 320

Gly Leu Met Arg Val Leu Asn Ser Glu Phe Tyr Ser Leu Thr Asp Lys
325 330 335

Asp Ser Thr Ile Ile Val Ser Asn Leu Ser Asn Val Thr Arg Gly Ser
340 345 350

Thr Trp Val Glu Asp Leu Asn Arg Asn Ala Glu Thr His Ser Gly Pro
355 ' 360 365

Thr Phe Ile Ile Gly Ser Asp Gly Asn Asp Leu Ile Lys Gly Gly Lys
370 375 380

Gly Asn Asp Tyr Leu Glu Gly Axrg Asp Gly Asp Asp Ile Phe Arg Asp
385 390 395 400

Ala Gly Gly Tyr Asn Leu Ile Ala Gly Giy Lys Gly His Asn Ile Phe
' 405 ' 410 415

Asp Thr Gln Gln Ala Leu Lys Asn Thr Glu Val Ala Tyr Asp Gly Asn
420 ' 425 430

Thr Leu Tyr Leu Arg Asp Ala Lys Gly Gly Ile Thr Leu Ala Asp Asp
435 440 _ 445

Ile Ser Thr Leu Arg Sexr Lys Glu Thr Ser Trp Leu Ile Phe Ser Lys
450 455 _ - 460

Glu Val Asp His Gln Val Thr Ala Ala Gly Leu Lys Ser Asp Ser Gly
465 470 - 475 480

i Leu Lys Ala Tyr Ala Ala Ala Thr Thr Gly Gly Asp Gly Asp Asp Val
‘ 485 490 495

Leu Gln Ala Arg Ser His Asp Ala Trp Leu Phe Gly Asn Ala Gly Asn
500 505 - 510

Asp Thr Leu Ile Gly His Ala Gly Gly Asn Leu Thr Phe Val Gly Gly
515 520 : 525

Ser Gly Asp Aép Ile Leu Lys Gly Val Gly Asn Gly Asn Thr Phe Leu
530 _ 535 540 '

Phe Ser Gly Asp Phe Gly Arg Asp Gln Leu Tyr Gly Phe Asn Ala Thr
545 550 555" 560

Asp Lys Leu Val Phe Ile Gly Thr Glu Gly Ala Ser Gly Asn Ile Arg
- 565 570 _ 575

Asp Tyr Ala Thr Gln Gln Asn Asp Asp Leu Val Leu Ala Phe Gly His
580 _ 585 590



- 12 - Esterase produci ng nmedium 1.0% of dextrin, % of neast 0. 2% of
amyoni um sul fate, 0. 1% of pot assi um di hydr ogen phosphate '
sagnesi um sul fat e hept ahydrate, 0.01% of cal ci um chl Urlf’c-‘lileetﬁlhsi‘l%d.mﬁ og0- 001%

of ferrous sulfate hepta hydrate, 0.5% of Tween 80, a rin. ,
Exanple 1 (1) Preparation of chrorms'On%ﬂ DNA cont ai n I odi ng an
e

esterase: Serratia marcescens Sr4l1 (FERM BP-4 87) was su j aerobi c

shaking culture in LB medium (200 m) at 30[err] overnight, and then

t he cells wer e col | ected by centrifugation. The cells were

S“Spe”deg 1NePn %3989 ey 11e Gly Val Ser Leu Asp His Phe Asn Pro Asp
595 600 605

Gln val Val Leu aAla
610



SOdI um chloride solution (200 m) once and then collected by centrifugation
in order to wash them The cells thus washed were susnended n_an_agueous

sol ution of 50MM Tris-HJ - 50nN|d|sod|un1 et hyl enedi a
7.5, 200 m)

E‘E
ORI o' o™ oo el et

to stand at

lauryl sulfate in‘ déonlentration of 0.5% and thereto was further added
Protenase K, and the mixture was mldly shaken at 50[err] for 3 hours to

| yse the cells. The m xture was extracted twice with an equal vol unme of
phenol saturated with an_aqueous solution of 10 mM Tris-HCO -1 M di sodi um
et hyl enedi ami ne tetraaciRet ipredaimednépdi nafter, referred to as "TE"),

and further

10

15

20

25

1. A gene encoding an esterase originated from a
microorganism of the genus Serratia.

2. The gene as claimed in claim 1 which has a.DNA
sequence as shown in SEQ ID NO: 1 or SEQ ID NO: 2.

3. A recombinant plasmid comprising a vector
plasmid containing a gene encoding an esterase originated from
a microorganism of the genus Serratia.

4. 'A. transformant which contains a recombinant
plasmid comprising a vector plasmid containing a gene encoding
an esterase originated from a microorganism of the genus
Serratia. | |

5. The transformant as claimed in claim 4, wherein
the host microorganism is a microorganism of the genus
Serratia or a microorganism of the genus Escherichia.

6. A transformant Serratia marcescens TA5025 (FERM
BP-4067).

7. A method for the production of an esterase,
whxch comprlses cultlvatlng a microorganism transformed with
a- recomblpant plasmid (said plasm;d comprising a vector
plaémid containing a gene encoding an esterase originated from
a microorganism of the genus Serraiia), and_collecting the
produced esterase outside and inside the cells.

8. A microorganism of the genus Serratia which
contains a gene having é.DNA sequence shown in SEQ ID NO: 2.

'9. A method for the production of an esterase,

which comprises cultivating the microorganism as set_forth in

This Sheet Has Been Reilaced
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extracted twice with a m xture of equal volume of TE—saturat ed phenol and
chloroform an ul tant aqueous phase L3 St ed-t 0

preC|p|tat|on hanol The precipitate was d|s~olv o v E@Ne;are-ﬂ
a TE SO|UtIO g ﬂ? of the chronosonal n::—*__,gi___; -gefe. . -
encodi ng an. es aration pd a reconbi nant plasm d DNAR—

chronosonmal DNA prepared in the above (1) (20 [err]g) was conpletely
digested with restriction endonucl ease _

claiﬁ § in a medium, and collecting the esterase produced

outside and inside the cells.

10. A mutant strain Serratia marcescens M-1 (FERM.

BP-4068) .

- This Sheet Has Been Reilaced
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éal.l, which was extracted twice with a mxture of equal vol une of
TE-saturated phenol and chloroform - To the m xture was added 0.5 vol urre of

¥.5 M anmoni um acetate, and the DNA was recovered by c

two tines volume of ethanol. DNA (0.5 [err]) of plasm fi N6& e Yakdmemifich

was conpletely digested with the sane-ré8trction enzylfe as VA ED\aS
dephosphated by treating with alkaline phosphatasel{saatactiiee

Takara Shuzo Co., Ltd., Japan, 0.4 unit) at 56[err] for one hour and the
resultant was extracted tw ce W|th a mxture of equal vgl}lu(rjreoof5 I f
TE-saturated phenol and zﬁ;d]! [ O reto was added 0.5 volune o
7.5M amoni um acet ate, an 1? %tt é%@tgfsﬁiggﬁ?ﬁ'm was recovered by
precipitating with two vol unes of ethanol. The dephosphat ed

10

A gene encoding an esterase originated from a
microorganism of the genus Serratia, a mutant strain having

high esterase productivity containing said gene ,. a recombinant

'plasmid comprising said gene inserted into a vector plasmid,

2 novel microorganism. transformed with s-aid recombinant
plasmid, and a method for the production of an esterase which
comprises cultivating the mutant strain or the novel
microorganism as set forth above .in a medium and collecting
the pfoduced esterase outs:i..de and inside the cells. Said
mutant strain haviné' high esterase productivity and new
transformed mi_croor.ganism have excellent esterase productivity
and can produce the desired esterase in high purity on a large

scale.

TG



v

plasm d vector t hus obtai ned was m xed with the chronobsonmal DNA obt ai ned _
above (3 [err]) and ligated with a DNA® Ilgatlon kit (manufactured by Takara
Shuzo Co., Ltd.) at 4[err] for 16 hours to give the reconbinant plaspid -

DNA. (3) Transfornatlon with the reconbinant plasmd and preparation of - -
colony bank with E. coli host: The cells of E. coli DH5 were treated by the’
method - - 14 - of Hanahan [of. Journal of Ml ecul ar Biol.ogy, 1¥8l . 166,

557 (1983)] and thereto was added the reaction m xture contai ning

Fig. 1
pLIPE101 n
. = =>,_.._. _.,_§> % .
2233 & a7  Zog = 5
= =_'E g- -— :zﬂ =ﬁ= ] = %
SES80 ¥ amdad AR 23388 s
L (11 HREE !
.
as Been Replaced
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a plasm d DNA obtained in the above (2), by which the transformati on was
ef f ect ed. The cells thus treated were spread onto LBG pl ate nedi um
containing anpicillin (50 [err]/m), and they were incubated at 37[err}
overnight to give the trans- formant (about 20,000 strains)--contai ning
reconbi nant plasmds inserted with fragnents of the chronnsongl DNA of
Serratia marcescens Sr4l. (4) I sol ation and identification 6fZ2a
transformant strain containing a gene encodi ng an esterase: -Wen an
esterase produgi,ng_.strain is inoculated to a tributyrin-containing LBG |

pl ate medi um t 8- dst er ase produced in the nedi um deconposes tributyrin to
give fatty acids, by which the triglyceride enmulsion around the col ony

pLIPE111 1kb

BstP 1

BamH I
- Kpn I
~EcoR 1

pUC19

— Pvu 1l
—Clal
—{ Kpn I
— Bgl 11
— EcoR V
—i BsiP 1
| {Pvu Il
" Pvull

L HindII
Sall
-
—

@ pLIPE121
—_—T T T 1T IT T TF

- Kpn I
— EcoR 1

pLIPE131
——{TT T 1111

pLIPE141

HindII] j=d

~BamHI
- Kpn 1
—~ EcoR1

— EcdR A" .
— Bwill -
__18al1 H:

INEEINE
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is nodified to forma circular clear zone ar By utilizing

S
thi s phenonenon, thej SeRLT f~tr-ansf or mant s REELACEMENTUS SG
transformants (about %@b@*'@ﬁvﬁﬁﬁgﬂ dbt ai ned BDesceipitioypaged) V0" faged .27
inoculated to a tributyrin-containinfg [LBG pl aiEikitts)n whigeh 2% pdpey i €d
at 37[err] overnight|, lby28hFEB @9p Jtrain fo ?a‘graaziﬁg(e)afp@e&@..%spég%&[g_ted

fromthe DNA bank off Jall. The formgtijon of §hishidnesi zoRgeRiPl g
to the activity of dsterase, “because yhkn-Sefratia nmarcescens Srﬁ?&\%aém

i nocul ated to a trilutyrin-containing] LBG p ab%ﬁé'n“ﬁ};ﬁ%?ﬁ”@@tlﬁ{‘\aﬁ

37[err] overnight, the formation O @ = = e L Irerrreeeseeets

GENE CODING FOR ESTERASE AND NOVEL MICROORGANISM

CONTAINING SAID GENE

This invention relates to a gene coding for an
esterése r 2 recombinant' plasmid containing said gene, a novel
microorganism transformed with the recombinant plasmid, and
a pﬁocess for producing an esterase by cultivating the micro-
orgaﬁism. |

Prior Art

Recently, it has frequently been tried to utilize
enzymes such as esterase in hydrolysis reaction. For such a
purpose, there are known various esterases, for example,
esterases o_riginated from animals (e.g. pig liver, pig
pancreas, etc.), and esterases originated from microorganisms,
such as Arthrobacter globiformis, Geotrichum candidum, Candida
cylindracea, Pseudomonas fluorescens, etc.

Further, it is known that an esterase is obtained
by utilizing a recombinant DNA technology in microorganism,.
such as Rhizopus delemar (cf. Japanese Patent First Publica-
tion (Kokai) No. 87175/1991), Pseudomonas fragi (cf. Biochemi-
cal and Biophysical Research Communications, Vol. 141, 185.-190
(1986)). '

However, the known esterases or known methods for
producing esterase have various problems. For instance,

animal-origin esterases are very expensive. Besides, above-



15 - clear zone was observed, but when the untREZh&TIdMENTASEEETCql i DHS5 and
the E. Coli DH5 carrying a plasmd vector p & frrocotgted to a
tributyrin-containing LBG plate nedium and i ncubg§eﬁl ﬂt19 [dr] overnight,
no formation of a clear zone was observed. Hes| d&s, F e’t't ajsfior mant bei ng
capabl e of formation of a clear zone yas culfti | mgdi um (60 ml)
containing anpicillin (200 [err]/m ) by aergbic shaking cultune at 37[err]
overnight, and the cells were collected and ' mM Tri s- HO

buffer solution (pH 8.0, 20 m ). After

mentioned microorganisms-origin es:terases. of the genus

Arthrobacter, Geotrichum, Candida, Pseudomonas, or Rhizopus
had problems such that they Qere disadvantageous in activity,
stability, or specificity, or that the esterase-producing
microorganism had no high productivi?: .

As a result of various investigations, the present
inventors -found that the desired esterase can be produced
favorably by utilizing recombinant DNA technology in a
microbrganiém of the genus Serratia. That is, the present
inventors have succeedéd to obtain a gene' coding for an
esterase from a microorganism of the genus Serratia, and have
found that a transformed microorganism having a significantly -
increased esterase productivity can be obtained by introducing
the recombinant plasmid containing the said .gene into a host
microorganism, and further have found that the desired
esterase can be produced.by using said transformed microoxrgan-
ism on an industrial scale. |

Summary Description of the Invention

An object of the inventicn is to provide a gene
coding for an esterase originated from a microorganism of the
genus Serratia. Anéther object of the invention is to provide
a mﬁtant strain which has a high productivity of esterase.
Ano£her object of the invention is to provide a. recombinant
plasmid produced by inserting said gene into a vector plasmid.
A further object of the invention is to provide a transformed
microorganism containing said recombinant plasmid. A still

further object of the invention is to provide a method for the



disFuption of the cells by sonication, the esterase activity of the m xture

was neasured by the convenient nethod. As
X [err] units of esterase activity. Mre
was subjected to an el ectrophoresis with
result, 'the product showed a new_band,
fromE. coli DH5 containing only vector pl &

on? 5 PeR bl "

IS™pol yacr yl-amide

that in the partially purified standard

erase-ohtained f

supernatant of the culture of Serratia rc

was observed 1.5

AEPLE T THTXBWER abt ai ned above

gel . As a

i n the product
e position as
romthe

escens Sr4l. Exg

of plasm d:

Inpl e 2 Anal ysi s

production of an esterase by cultivating said transformed
microorganism and collecting the produced esterase outside and
inside the cells of the microorganism. |

Brief Descrivtion of Drawing

Fig. 1 shows a restriction endonuclease map of the
piasmid DNA pLIPE10l isolated from the recombinant cells in
Example 2.

Fig. 2 shows restriction endonuclease maps of each
of plasmid DNAs, pLIPElll, pLIPE1l21, pLIPEl31, PLIPEl4l1l, and
PLIPE151, which were prdduced by deleting the plasmid DNA
pLIPE10l using a reétrictiog.endonuclease and DNA ligase.

Detailed .Description of the Invention

The gene encoding an esterase originated from a
microorganism of the genus Serratia of this invention is a
double stranded DNA of 1839.base pairs having an open reading
frame, specifically DNAs having the nucleotide sei_:_uences shown
in SEQ ID NO:1 and SEQ ID NO:2 hereinafter.

The donor microorganisms for such a gene encoding
an esterase inciude any microorganisms belonging to the genus
Serratia which has an esterase productivity, for example,
Serratia marcescens Sr4l (FERM BP-487), Serratia liquefaciens
ATCC 27592, Serratia marcescens ATCC 13880, Serratia
marcescens ATCC 14764, Serratia marcescené ATCC i9180,
Serratia {marcescens ATCC 21074, Serratia .mércescens ATCC
27117, Sefratia marcescens ATCC 21212, etc.

The donoxr microorganism includes also mutant strains

derived from wild strains, such as various amino acid-



A pl,asm'd DNA was prepared fromthe cells of the transf

nt obtained in

Exanpl e 1-(4) by a conventional nethod [0 D I i:alt SHgETal .. " Mol ecul ar
Cl oni ng"; page 368, Cold Spring Harbor|L atory, U-§ A (1982)], cleaved
W th -16- various restriction endonugl

agar ose gel

el ectrophoresis. As a regult
plasm d . (hereinafter,

referred to as "{

i 12 RERAIMA r el that this

LI

bases and theanZij ected to an

PE101") contalnéd a Sall DNA

fragnent of about 4.0 kb. The restrictidn €ndonucl ease nmap of the

reconbi nant DNA

requiring st;:ains, various nucleic acid-requiring strains,
various vitamin-requiring strains, and the like, for example,
Serratia marcescens M-1 (FERM BP-—40685. Said _Serrat.ia
marcescens M-l has more than two fold higher esterase
productivity than the parent strain Serratia marcescens Sr4l
and contains an esterase gene coded by the DNA sequence of SEQ
ID NO:2. The mutant strain M-1 can be obtained by treating
the parent Sérratia marcescens Sr4l (FERM BP-487) with N-
methyl-N’-nitro-N-nitrosoguanidine (NTG) according to a method-
of Aderburg et al.. [Biochemical and Biophysical Research
Communications, Vol. 18, 788 (1965)], cultivating the thus
treated microorganism on an agar medium containing emulsified
triglyceride, and collecting the colony around which the
largest clear zone is formed. In the same 'manner, another
mutant strain Serratia marceséens G205 having 1.5 fold or
higher_esterase—productivity can be obtained from the parent
strain Serratia marcescens Sr4l.

The vector plasmid to be inserted with the gene
encoding an esterase includes any '?laémids which are
replicable in transformed cells, but is prefe:i:ably plasmids
which have a copy nﬁmber of 1 to several thousands and contain
a résistant marker against antibiotics such as ‘ampicillin,
kanamycin, chloramphenicol, and further contain an appropriate
promoter such as lac, tac, or trp. Moreover, the vector
plasmids may further contain a plasmid stabilizing gene such
as par and parB.

These vector plasmids include, for example, pLG339



fragment of about 4.0 kb contained in pLIPEL1O1 is shown in the acconpanying
Fig. 1. The Sall DNA fragnment of about “graanid pLlI PE101 was
cl eaved with various restriction endon cﬁaﬁses ahdEak LDNA fragnent was
subcl oned into plasm d vector pUC19, f¢lfowed by transfofmation of E. col
DHS5 therew th. The transformants wer %] & (R dog N
tributyrin-containing LBG pl ate nedfum e sane nan
above, and it was determ ned whether ajclear fofmed or not. The
restriction endonucl ease nmaps of each .DNA fragnent are shown in the
acconpanying Fig. 2. As to E. coli DH5 Transtorned wth the plasmd

cont ai ni G| vVEATHY e)NS3hr pagenY 19 paRAYY Podnkb YoLl PELLl (@,

strain transforne
pUC18 [Gene, Vol. 33, 103 (1985)], pUClS [Gene, Vol. 33, 103

}.l.f

hel as descri bed

(1985], pHSG298 [Gene, Vol. 61, 63 (1987)], pHSG239 [Gene,
Vol. 61, 63 (1987)], and the like.

The above vector plasmids are commercially available
or can be obtained from microbial cells containing these
plasmids by a conventional method, for example, by "cleared
lysate method” (cf. Yasuyuki Takagi, "Procedure for Experiment
in Genetic Engineering", page 125, published by Kodansha,
1980), or by "alkaline'lysis method" [cf. Maniatis et al.,
"Molecular Cloning", page 368, Cold Spring Harbor Laboratory,
U.S.A. (1982)].

The host.ﬁicroorganisms (both for the recombination
of plasmids and for the expression of the desired esterase),
include any micrborganisms which can be transformed with the
recombinant.plasﬁid and can replicate the plasmid therein, and
can express the gene on the plasmid and can produce a
functional protein. .These host microorganisms are, for
exampie, microorganisms belongiﬁg‘to the genus Serratia or the
genus Escherichia, specifically Serratia marcescens Sr4l and
various mutant strains. derived therefrom, for example,
Serratia mafcescens M-1, Serratia marcescens TT392 ([cf.
Journal of Bacteriology, Vol. 161, 1 (1985)), or Escherichia
coli K12 DH5 [cf. ﬁaniatis et al., "Molecular Cloning", 2nd
volume, AlO0, Cold Spring Harbor Laboratory, U.S.A. (1989)].

The chromésomal DNA containing the gene encoding an

esterase can easily be obtained from microorganisms containing



with the plasmid containing Sall-BstPl DNA fragnment of about 2.6 kb

¢pLl PE121), there were observed the for [ Lol,a,. Sﬁggfcne and esterase
activity (neasured by the convenient neth T Ho to E. coli DH5
transfornmed with the plasm d containi ng aII-PvuII DNA fracnent of about
1.9 kb (pLIPE131), the plasmd contg nin al 2 SBEERI 19DNA fragnent of about
1.7 kb (pLI PE141), and the plasmid contaijnijng Clal-Sall DPNA fragnment of
about 3.6 kb (pLI PE151), there was observe ofjmati on of a

cl ear zone nor esterase activity 17

said gene by a conventional method, for example, by treating
the microbial celis with a lysozyme and further with a
surfactant (e.g. sodium lauryl sulfate; sodium N-lauroyl
sarcosinate, etc.), exfracting the cell; thus treated w;th an
organic solvent (e.g. phenol, chloroform, diethyl ether, etc.)
to rémove proteins, and then precipitating the DNA with
ethanol [cf. Journal of Molecular Biology, Vol. 3, 208 (1961),
and Biochimica et Biophysica Acta, Vol. 72, 619 (1963)].

The recombinant plasmid comprising the chromosomal
DNA containing a gene encoding esterase and the vector plasmid
. can easily be prepared by a gonventional method, for example,
by cleaving the chromosomal DNA and the pl;smid DNA with an
appropriate restriction endonuclease (e.g. EcoRI, BamHI,
HindIII, Sall, etc.) and then treating the resultant with DNA
ligase (e.g. T4 DNA ligase, E. coli DNA ligase, etc.), if
required, after treating the resultant with a terminal
transferase or DNA polymerase [cf. Methods in Enzymology, Vol.
68, 41 (1979), and Yasuyuki Takagi, "Procedure for Experiment
in Genetic Engineering", page 135, published by Kodansha,
1980].

Selection of the desired recombinant _plasmid
containing the esterase gene from .a mixture of recombinant
plasmids obtained by the above procedure can be done as
follows.

Microbial cells being restriction endonuclease
deficient and having no esterase activity (e.g. Escherichia

coli K12 DH5) are transformed with the above mixture of recom-



(measured by the convenient nethod). It was found fromthe above results

t hat the gene encodi ng an esterase origin Y PJ&Qqhﬁgr mar cescens Sr4l

was present in the Sall-BstPl DNA fragment ~about” 2. . |Exanpl e 3

Anal ysis of clone DNA: [Determ nation of rudl eotide sequefhcé¢] The

reconbi nant plasm d.pLlI PE121 was tregated \i tth XBlEE&asI89Delefi on Kit

(manuf actured by Takara Shuzo Co., Ltd.) tjo|prepare variogs| deletion

pl asm ds. These plasm.ds thus obtai ned re subjected to apnealing of a

primer, synthesis of cohplenentary chain with Kl enow fragnment of DNA

pol ymer ase 32 : ' : -
binant plasmids, and the thus-transformed cells are spread

~onto an agar'medium'containing an emulsified triglyceride, fox
example, a nutrient agar ‘medium confaining tributyrin
emulsified with polyoxyethylene cetyl alcohol ether (Brij 58)
and also containing a prescribed concentration ©of an
antibiotic. After incubation at 30 to.37°C for 1 to 2 days,
the colony of a transformant around which a large clear zone
is formed is isolated.

The above introduction of the recombinant plasmid
into the host microorganism is carried out by a conventional
method, for example, by tf:eating the host cells with an
aqueous calcium chloride solution at a low temperature to_'
increase the membrane permeability of the cells and then
introducinglthe recombinant plasmid into the host cells [cf.
Journal of Molecular Biology, Vol. 53, 159 (1970)], or by an
electroporation method. .

Then, the plasmid DNA is extracted from the trans-
formant by "alkaline 1lysis method"” to give a recombinant
plasmid céntaining the gene encoding an esterase.

.In ordef to make the transformation efficient, ﬁhe
recombinant plasmia thus obtained is modified in a
microorganism which is restriction endonuclease deficient and
is the same species of the host ﬁicroorganism to be used for
expressing the esterase. That is, when the host.microorganism
td be used is Serratia marcescens Sr41l, the recombinant
plasmid pbtained'above is introduced into Serratia marcescens

' TT392, which is restriction enzyme deficient strain. The



[l abelled with ([err] P)dCTP (14.8 x [err] Bq/anI 74 x [err] Bq)]
according to the dideoxy chain term natidgn dHS of—Sargex et al. [Proc.
Natl. Acad. Sci. USA, Vol. 74, 5463 (1977) [Nt e LAEEM&MJ SEhTedt i de sequences

t hereof were determ ned based on the datsa f an electrdﬁqgre3|s with an 8%
urea-nodi fied poly- acrylam de gel_ %pq_aLtcrqgs aresult, it has
been found that the DNA sequence of the gerje encodi ng anfe$t er ase
originated from Serratia narcescens Sr4l]}i s—tonposed—e+—1889 base pairs
fromthe initiation codon ATGto the cod¢n GCC. Besides, the am no-acid
sequence determned fromthe nucl eoti de sequence 15 sSho n SEQ ID.NO 3.

The N-terploghpMibnkn Hhhsm3d Nends! dmd@g4¥gREe Was Bebibeerd arolhethe

microorganism.

The modified recombinant plasmid is then introduced
into a host microorganism to obtain the desired transformant
suitable for the production of the'desired esterase.

The introduction of the recombinant plasmid into the
host microdrganism.can easily be done by the method of Takagi
& Kizumi [c£. Journal of Bacteriology, Vol. 161, 1 (1985)].
The host microorganisms to be used for said transformation
include the above-mentioned microorganisms but are preferably
strains having high esterase productivity. The desired
transformant can be obtained by isolating the colony
expressing éntibitotics resistance.

The transformed microorganisms obtained by the
above-mentioned method are, for example, Serratiafmarcescens
TA5025 (FERM BP-4067) which is obtained by introducing a
recombinant plasﬁid consisting of pUC1l9 and the 2.8 kb Sall-
BamHI DNA fragment containing an esterase gene into Serratia
ma:ceédens Sr4l; Serratia marcescens TBE1l0l which is obtained
by introducing a recombinant plasmid consisting of pBR322 and
the 4.0 kb Sall DNA fragment containing an esterase gene into

. Serratia marcescens Sx4l. These transformed strains all have o
the same morphological characteristics as those of the host
microorganism Serratia marcescéns'Sr4l. |

The prpduction‘of esterase with the transformed
microoiganism.obtained above is carried out by cultivating the

microorganism in a medium and collecting the esterase outside



termnus of amno acid sequence of the puified enzyoe product of the
Serratia-origin esterase, which will be daRgPd- by ~*T SHEET- | renoval of
N-term nal nethionine fromthe protein pjogueed in the—eells by nethionine
am nopepti dase present in the cells. Morgoyjer gééé1 Sefratia-origin
esterase is an extra- cellular enzyge~ if Has? R M peptide which is
usual ly present at the N-term nus of secrdetlary.proteins. |Exanple 4 Serratia
mar cescens Sr41 ( FERM BP-487) was i ncubatjed

and inside the cells of the microorganism.

The medium used for the production of esterase
includes any conventional medium wherein tﬁe microorganism can
grow. Suitable medium contains a carbon source such as
saccharides (e.g. glucose, sucrose, molasses, etc.), ofgani;
acids (e.g. fumaric acid, citric acid, etc.), alcohols (e.q.
glycerol, etc.), or amino acids (e.g. alanine, glutamine,
asparagine, etc.) and a nitrogen source such as inorganic
ammonium salts (e.g. ammonium sul'fate, ammonium chloride,
etc.), urea, peptone, corn steep liquor, yeast extract, casein
hydrolysate, and the like. The carbon source is usualiy
cbntained in an amount of 1 to 15 % by weight based on the
whole weight of | the.medium, and the nitrogen source is usually
contained in an amount of 0.1 to 2.0 % by weight based on the
whole we.fght of the medium. The medium may opti.onallj contain
further an appropriate amount. of an inorganic salt (e.g.
phosphaté, magnesium salt, potassium salt, calcium salt, etc.)
and/o;r: a metallic ion (e.g. iron, manganese, copper, zinc,

- etc.). In case of a synthetic medium, it may furthéi: contain
vitamins or amino acids, and further, inducers for esterase
production (e.g. vegetable oils, surfactants, etc.), defdaming
agen.ts, antibiotics which are suitable for stabilizing the
recombinant plasmid in microorganisms. . The medium is
preferably adjusted to a pH 5 to 8.

The cultivation of the transformed microorganism is
carried out by a conventional method. For example, :the micro-

organism is inoculated into a medium and is cultivated by



in a nutrient nmedium (glucose 0.5% peptone~l_Q% neat extract 0.3% yeast
extract 1.0% and sodiumchloride 0.5% pH 7HEPL@CE$*F)MT§§@§' ght, and the

culture thus obtained (0.1 nl) was i nocul atledg—+r—a difum (3 m) of
the sane nutrient medium as above, which S n:fgbated at § Oferr] for 3
hours, and after adding thereto N'I'Gllon a cqgnge REBAISR 0.1 ng/ m, was
further incubated for additional 30~ nuted. The. culture broth was

centrifuged, and the cells thus obtained nes with a
physi ol ogi cal  saline solution (by centri- The cells thus
obt ai ned were suspended in a physiol ogical saline solution and spread onto

an LBG pl afra iR} WRLat&l N &8at{bRUEN LA, SYadliags eud b BRBA M in
an anount of 1 - 1000 cel{s/one pl at e. After i ncubating at

like. The cultivation conditions may vary depending on the

re mashed three

kinds of the medium and cultivation methods, but may be any
conditions suitable for growth of the microorganism, usually
at the initial pH 5 - 8, at 20 to 40°C, for 1 to 2 days.

The esterase ﬁroducéd outside and inside the
cultivated cells is collected by a' conventional method. For
“example, the esterase contained in the medium is collected by
means of salting out with an inorganic salt, precipitat;on
with an organic solvent, absorption ox desorption with ion
exchange resin and variqps column chromatography, gel
filtration, . use of protein-precipitating agent, or a
cbmbination of these methods. The esterase accumulated with;n
the cells is obtained by firstly disrupting the cglls by a
physical method such as frictional disrupting device (Dyho
Mill) or a chemical means such as treatment with lysozyme, and
then collecting thé esterase in the cell extract by the above~
mentioned method. |

The gene encoding the esterase:of this invention is
not limited to those of the DNA sequences disclosed
specifically in the present specification but-includes any
gene having a DNA sequence obtained by modifications in the
sequence such és insertion, deletion, substitution. That is,
the esterase gene may artificialiy be ﬁodified directly in a
test tube by using a synthetic mutated DNA primer designed on
the basis of the DNA sequence of the esterase gene specifi-

cally disclosed herein, or by using a chemical mutating agent



30[err] for one day, the colony formng a |l arge clear zone was collected to
give Serratia marcescens M1 strain (FERNIEP?‘#ﬁﬁQE——?——Jhe~thus-obtained
mutant strain (one platinumloop) was inoc | BEPAACE! ENJ1&E§Ferse-producing
medi um contai ning anpicillin (500 [err]/m nd subj éct€djt g reciprocating
shaking culture (shaking anplitude /7. cm 1PO| r 215 FER ﬁb730[err] for 20
hours. The culture broth was cehTr%#U@ed L o] gl ve a super - -19 - natant

havi ng an esterase activity of about 80x[fer aqured by the
conveni ént nethod). This strain had about

such as formic acid, hydrazine sulfite. Further, a mutant
gene may be obtaineq by treating an esterase producing strain
with NTG oxr UV.

Examples

The -present invention is illustrated by the
following Examples but should not be construed to be limited
thereto.

In the Examples, the esterase activity was measured
by a convenient method (using Lipase Kit S, manufactured by
Dainippon Pharmaceutical Co., Ltd., Japan). It was also
measured by another method gomérising éubjecting the product
to enzymatic.reaction in olive oil (as a substrate) at pH 8.0,
3i°c for 20 minutes, and then measuring the amount of formed
fatty acid. The.uﬁit of esterase activity was expressed as
umols of fatty acid formed per minute. Besides, the medium
used in Examples.has the following formulation, wherein "3%"
is W/V% unless specified otherwise.

LB medium: 1.0% of Bactotryptone (manufactured by
Dif;o); 0.5% .0of Bacto Yeast Extract (maﬁufacfﬁred by Difco),
and 0.5% of sodium chloride.

LBG plate- medium: 1.0% of Bactotryptone (manu-
factured by Difcqj, 0.5% of Bacto Yeast Extract (manufactured
by Difco), 0.5% sodi.u.m chloride, and 1.0% of Gellan Gum
(manufactured by Wako Pure Chemicai Industries, Ltd., Japan).

Tributyrin-containing LBG plate medium: LBG plate
medium containing 0.5 v/v% of tributyrin, 0.5% of polyoxy-

ethylene cetyl alcohol ether, and 0.005% of ampicillin.



2.5 tlnes hi gher esterase product|V|ty than the parent host strain Serratia
nmarcescens Sr4l. In the sanme manner fles 1 to 3, the
chronmosomal DNA was i sol at ed fron1the a o&%bggﬁﬁﬁ%ﬁa Pﬁq:)e'scens M 1, and
the sequence was analyzed. As a result,| it had a nucl eqtiljde sequence as
shown in SEQ ID NO 2. As is clear ltéﬁer f rlonp 5t RERSPQPerjcqd was the sane as
the DNA sequence of that obtained fiom Serfati a marcescdng Sr4l except t hat
the 9th base was different, that is, it ToOnpoSed of 1439 base pairs

fromthe initiation codon ATG to the codpn GCC. The anm ng jaci d sequence
determined therefromwas the sane as that- deduced from SEQ ID NO 1.

Exanpl e 5 ' Esterase producing medium: 1.0% of dextrin, 2.0% of

meast, 0.2% of ammonium sulfate, 0.1% of potassium dihydrogen
phosphate, 0.05% of magnesium sulfate heptahydrate, 0.01% of
calcium chloride dihydrate, 0.001% of ferrous sulfate hepta
hydrate, 0.5% of Tween 80, and 0.1%-of colorin.
Example 1

(1) Preparation of chromosomal DNA containing a gene
encoding an esterase:

Serratia marcescens Sr4l (FERM BP-487) was subjected
to aerobic shaking culture in LB medium (200 ml) at 30°C
overnight, and then thg cells were collected by
centrifugation.. The cells were suspended in 0.9% agqueous.
sodium chloride soiution (200 ml) once and then collected by
centrifugation in oxder to wash fhem. The cells thus washed.
were suspended iﬁ an aqueous solution of 50mM Tris-HC1l-50mM
disodium ethylenédiamine ' tetraacetate (pH 7.5,_ 200 ml)
cbntaining 200 mg of lysozyme, and the mixture was allowed to
stand at room temperature for one hour._
| | To the mixture was added sodium laﬁryl sulfate in
'a concentration of 0.5%, and thereto was further added
Protenase X, and thé mixture was mildly shaken at 50°C for 3
hours to lvse the cells. The mixture was extracted twice with
an equal volume of phenol saturated with an aqueous solution
of 10 mM Trié-HCl-i mM disodium eﬁhylenediamine tetraacetate
(pH 8.0) (hereinafter, referréd to as "“TE"), and further
extracted twice with a mixture of equél volume of TE-saturated

phenol and chloroform, and then the resultant agueous phase



Preparation of a strain having hi gh esterase productivity: The
plasm d pLIPE111 was introduced into a G .

endonucl ease-deficient strain, Serratia F‘E%@MSN?%ET 0 give a
transforned strain. The pLIPE111 plasiyid DNA nodified th Serratia
mar cescens was extracted fromthe C]ﬁ | s af t 25tFES 99 m;d strain by

al kaline lysis nmethod. Then, Serratila rgescens Sr4l cellfs were
transfornmed with the plasm d DNA obt ai neq above by el ectroporati on net hod

to give a transformant - Serratia marcescerjs _TA5025 (EERM 4067). The
t hus- obt ai ned transformant (one platinuml|oop) was inoculated to an

esterase U OUM JWt LB RY Pr&OIE P NGn with ethanol. The precipitate

was dissolved in TE to prepare a TE solution containing 2.5

mg of the chromosomal DNA contaihing a gene encoding an
esterase.
(2) Preparation of a recombinént plasmid DNA:

The chromosémal DNA prepared in the above (1) (20
Kg) was completely digested with restriction endonuclease:
'S‘alI, which was eéxtracted twice with a mixture of equal volume
of TE-saturated phenol and chloroform. To the mixture was
added 0.5 volume of 7.5 M ammonium acetate, and the DNA was
recovered by centrifugation with two times volume of ethanol.

"DNA (0.5 ug) .of plasmid #ector puUC19, which was
completely digested v.rith the same restriction enzyme as above,
was dephosphated 'by treating with alkaline phosphatase
(manufactured by Takara Shuzo Co. , Ltd., Japan, 0.4 unit) at
56°C for one hpur , and the resultant was extracted twice with
a mixture of equal volume of TE-saturated phenol and chloro- -
form, and thereto was added 0.5 volume of 7.5M ammonium
acetate, and then the vector plasmid DNA was recovered by
precipitating with tv;o volumes of ethanol. The dephosphaﬁed
plasmici vector thus -obtained was mixéd with the chromosomal
DNA obtained abové (3 #g) and ligated with a DNA liéation k.it
(manufactured by Takara Shuzo Co. , Ltd.) at 4°C for 16 hours
to give the recombinant plasmid DNA.

(3) Transformation with the recombinant plasmid and

preparation of colony bank with E. coli host:

The cells of E. coli DH5 were treated by the method



- 20 - anpicillin (500 [err]/mM) and subjected to reciprocating shaking
culture (shaking anplitude 7 cm 120 r.p.n{J Ol 84 ¥ | F RO hours. The
culture broth was centrifuged to give a su eﬁéﬂﬁg ‘ﬁ%fﬁﬁggng an esterase
activity of about 1.9 x [err] wunit/m (measyired by the cohveni ent nethod).
This strain had about 6 times higher esterasé¢ @HEAEB 1% y|than the host
strain Serratia nmarcescens Sr4|..'EﬂénﬁTe Producti on of psterase: An

est erase-produci ng nmedium (20 liters) contai rmmg o :

of Hanahan (cf. Journal of ﬁolecular Biology, Vol. 166, 557
(1983)] and thereto was added the reaction mixture containing
a plasmid DNA obtained in the above (2), by which the
transformation was effected. The cells thus treated were
spread onto LBG plate medium contair.xing ampicillin (50 pg/ml),
and they were incubated at 37°C overnight to give the trans-
formant (about 20,000 strains) containing recombinant plasmids
- inserted. with fragments of the chrpmoéomal DNA of Serratia
marcescens Sridl.
(4) Isolation and identification of a transformant

;train containing a gene enqoding an esterase:

When an esterase producing strain is inoculated to
a tributyrin-containing LBG plate medium, the esterase
produced in the medium decomposes tributyrin to give fatty
acids;.by which'thé triglycefide emulsion around the colony
is modified to form a circular clear zone around the colonies.
By utilizing this phenomenon, the screening of trénsformants
was effected. |

The transformants (about 20,000 strains) obtained
in the above (3) were_;noculated_to a'tributyrin-containing
LBG plate mediu@,_which was incubated at 37°C overnight, by
which one straiﬁfforming a clear zone was isolated from the
DNA bank of SalIl.

The formation ofﬂthis clear zone will be owing to
the activity of esterase, because when Serratia marcescens
Sr4l was inoculated to a tributyrin-containing - LBG plate

medium and incubated at 37°C overnight, the formation of a



arrp|C|II|n (500 [err]/m) was charged into a 30 liter-volume jar fernenter

and was sterilized. Previously, the abovsg ns TA5025 was
i ncubated in the same nedi um by reci procctlﬂlﬁﬁLW{wmgsmﬁ re at 30[err]
for 20 hours in the sane manner as above. The pre-cul tu roth thus

obtained (200 m) was inocul ated +#ol5he cLb( ngﬁd | ncubat ed under
fpr 18 hours.

aeration at 30[err] with stirring at.200

The

culture broth was centrifuged to renove 1hu cells._and_t he| supernatant (18

liters) was concentrated with a ultrafilfer (AIL 1010 manpuf act ured by

Asahi Chenical Industry Co., Ltd.) to give atrude—erzyse-50l ution (2000
m) whi chCh88TaRang é‘l’%%ec’la%?m'ciy bptiwhen [the ]u’EIEFflPﬁimmBQs@r eFMA t he

conveni ent lget haod) .

nd ‘the E. Coli DHS carrying a plasmld vector pUCl9 were
inoculated to a tributyrin-containing LBG plate medium and
_.incubated at 37°C_overnigl;u_:, no formation of a clear zone was
observed. |

Besides, the transformant being capable of formation

of a clear zone was cultivated in a LB medium (60 ml)

containing ampicillin (200 pug/ml) by aerobic shaking culture

at 37°C overnight, and the cells were collected and suspended

in a 200 mM Tris-HCl buffer solution (pH 8.0, 20 ml). After

disruption of the cells by sonication, the esterase activity'

of the mixture was measured by the convenient method. 2as a
result, there was observed 1.5 x 10° units of es"cerase
activity.

Moreover, the mixture 'obtained. above was subjected
to an electrophore.sis with SDS .polyacrylamide gel. As a
result, the product showed .a new band, which was not sho.wn in
the product from E. coli DH5 containing only vector plaémid,
at the same position as that’ in the partiially purified
standard esterase obtained from the supernatant of the culture
of Serratia marcescens': Sr4l.. | |
Example 2

Analysis of plasmi'd:

A plasmid DNA was prepared from the cells of the

transformant obtained in Example 1-(4) by a conventional

method [cf. Maniatis et al., "Molecular Cloning", page 368,

Cold Spring Harbor Laboratory, U.S.A. (1982)], cleaved with



Exaﬁple 7 Production of esterase: An esterase-producing medium (20 liters)
was char ged - 21 - into a 30 liter-volune jar ferngn:ej and was
sterilized. Previously, Serratia marcesqenspMCEMPRS SHEEYbfted in the sane
medi um by reci procating shaking cul ture jat 3g¥éyg? ~6+~—0|hours in the sane
manner -as above. The pre-culture Erotr tlhus _ebtai ned (200 m ) was

i nocul ated to the above medi um and +Rctfatled? SrickB 9% af pn at 30[err] with
stirring at 200 r.p.m, '

various reétriction endonucleases and then subjected to an
égarose gel electrophoresis. As a result, it was confirmed
that this plasmid .(hereinafter, referrea to as "pLIPElOl")
contained a Sall DNA fragment of about 4.0 kb.

The restriction ehdonuclease map of the recombinant DNA
fragment éf about 4.0 kb contained in pLIPE10l is shown in the-
accompanying Fig. 1.
| The Sall DNA fragment of about 4.0 kb of the plasmid
pLIPE10l was cleaved with various restriction endonucleases,
and each DNA fragment was subclonéd into plasmid vector pUC1S,
followed by transformation.of E. coli DH5 therewith. The
transformants were cultivated in a tributyrin-containing LBG
'piate medium in the same manner as described ;bove, and it'wag
determined whether a clear zone was formed or not. |

. The réstriction endonuclease maps of each DNA
fragmént are shown in the accompanying Fig. 2.  As to E. coll
DH5 transformed with the piésmid containing Sall-BamHI DNA
.fragment of about 2.8 kb (pLIPElll) and the strain transformed

" with the élasmid contaihing Sall-BstPI DNA fragment of about
2.6 kb (pLIPEl12l1), there were observed the formation of a
clear zone and esterase activity (measured by the cénvenient
métﬂod). However, as to E. coli DH5 transformed with the
plasmid containiﬂg_SalI-PvuII DNA fragment of about 1.9 kb
(pLIPEl31),.the plasmid contaiﬁing Sall-BstPI DNA fragment of
about 1.7 kb (pLIPE1l41), and the plasmid containing ClaIl-Sall
DNA fragment of about 3.6 kb (pLIPE15l1), there was observed

neither the formation of a clear zone nor esterase activity



0.5 vvmfor 18 hours. The culture broth was centrifuged to renove the
cells, and the supernatant (18 liters) was c Trated—w-tha ultrafilter
(Al'L-1010, manufactured by Asahi Chemcal In UEE‘F CC&""”LSHEE)T fo give a
crude enzyne solution (2000 m ) which had an e<terase actlvﬁy of 7.9 x
[err] unit/m (measured by the canvwenient nefhg d)25 ée§ he- |l nventi on
The nmutant strain and the transformant contafnin an pl asm d
inserted with a gene encoding an esterase of{t |c Pt csc“'f lmlnntion have
excel l ent estérase productivity, and the cul Livation of the trjansformant
can give the desired esterase in high purity on a Targe scat
(measured by the convenient method).

It was found from the above results that the gene
encoding an esterase originated from Serra;tia marcescens Sril
was present in the Sall-BstPI DNA fragment of about 2.6 kb.
Example 3 '

Analysis of clone DNA:
[Deteminatior} of nucleotide seguence]

The recombinant plasmid pLIPEl21 was treated .with
Kilobase Deletion Kit (manufactured by Takara Shuzo Co., Ltd.)
to prepare various- deletion .plasmids. These plasmids thus .
obtained were subjected to _annealing of a primer, synthesis
of complementary chain with Klenow fragment of DNA polymerase
[labelled with (a~32P)dCTP (14.8 x 10° Bg/pmol, 74 x 10° Bg))
according to -the dideoxy chain termination method of Sanger
et al. [Proc. Natl. Acad. Sci. USA, Vol. 74, 5463 (1977)], and
the nucleotide sequences thereof were determined based on the
data of an electrophoresis with an 8% urea-mod:.f:.ed poly-
acrylamide gel and autoradiography.

‘As a resu}I.t, it has been found that the DNA sequence
of the gene encodihg an esterase originated from Serratia
marcescens S'r4_1 is composed of 1839 base pairs from the
initiation codon ATG to the codon GCC. _ |

Besides + the amino acid sequence determined from the
nucleotide sequence is shown in SEQ ID NO: 3. The N-terminal
Met in this amino acid sequence wés not found at the N-
terminus.of amino acid sequence of the purified enzyﬁe product

of the Serratia-origin esterase, which will be caused by



-22- SEQ I D NO 1: LENGTH: 1839 base pairs TYPE
doubl e TOPOLOGY: linear MoLECGULE TYPE: ggne
mar cescens Sr4l ATG GGC ATC . TTT AGC TAT

48 CTImisShaet SEONEED TTG GCC ATC
96 GAT AAC GTﬂm \ GGC TAT GAC_G

GCG

nucl ei ¢ aC|d STRANDEDNESS

G 755 8 Bl 1

removal of N-terminal methionine'from the protein produced in
the cells by methionine aminopeptidase present in the cells.
Moreové:y although. Serratia-origin estérase is an extra-
cellular enzyme, it has no signal peptide which is usually
present at the N-terminus of secreﬁory proteins.

Example 4 | |

Serratia marcescens Sr4l (FERM BP-487) was incubated

'in a nutrient medium (glucose 0.5%, peptone 1.0%, meat extract

0.3%, yeast extract 1.0%, and sodium chloride 0.5%, pH 7.0,
3 ml) ovefnight, and tﬁe culture thus obtained (0.1 ml) was
inoculated in a fresh medium (3 mll) of the same nutrient
medium as above, which was incubated at 30°C for 3 hours, and
after adding thereto NTG in a concentration of 0.1 mg/ml, was
further incubated for ad&itional 30 minutes. The culture
broth was centrifugéd, and the cells thus obtéineﬁ were washed
three times with é physiological saline solution (by centri-
fugation method). The cells thus obtained were suspended in
a physiological saline soiution and spread onto an LBG plate
medium containing tributyrin 0.5%, glucose 2% and EDTA 2mM in

an amount of 1 - 1000 cells/one plate. After incubating at
30°C fﬁi one day, the colony forming a large clear zone was
collected to give Serratia marcescens M-l strain (FERM P;
12833). The thus-obtained mutant strain (one platinum loép) 
was inoculated to an esterase-producing medium containing
ampicillin (500 pug/ml) and subjected to reciprocating shaking
culture .(shaking amplitude 7 cm, 120 r.p.m.) at 30°C for 20

hours. The culture broth was centrifuged to give a super-



CAG TCG CAG 192 GGC

CTGCCGCTGACGCTGATCACGGCG%‘
c o

GGC CTG CCCpeGF—-CFF—Eee-F665

GCG GTG AAC| ARBPIACEMENT SHEET TL

GCC GaC AAAl GC ACC TAC TAC GGC GAA 33 5 ACE]
ACC ACC GCT CcIG %QAA TAT GAC 384 AGC_GAA ~
ACC GCC ATT CiC CC AGC 43ZGGCCCGCGCGAGTCGCTG
ATC GGC GAT GG ATT AAC 480 GAT CTG TTG GCC GGG TTC GGG
CCG AAA GCT |ATG CGA CGC TAT APG CTG 528 AAG GCC TTC GGC AAT TTG CTG GGG
GAC GTG GCG'"rATTC TG TAG 576 CAC GGG CTG AGC GGC GAA GAC GTG GTG
ATC ACC GEr&Ae AL Ca%st@%‘hs@ﬁgﬁ% &E CaPAGtAGE AT G 03CEnSEEMTAG
AGC GAC GCA ACC TGG 672 GGC TTC TAC CAG TCC AAC TAT GTC GCC TTC
GCC TCG 720 T AAG & SButAT
CAC A %&%CCG Q@ggy 2 T Aori¥eh e Fe 684 ﬁT% Aty Rd

2 5 times higher esterase productivity than the parent host
strain Serratia marcescens Sr4l.

_ In the same manner as destribed in Examples 1 to 3,'
the chromosomal DNA was isolated from ‘the above Serratia
marcescens M-1l, and the sequence was analyzed. As & result,

it had a nucleotide sequence as shown in SEQ ID NO: 2. 'As is
clear therefrom, the sequence was the same as the DNA sequence
of that obtained from Serratia marcescens Sr4l except that the
9th base was different, that is, it was composed of 1839 base
pairs from the initiation codon ATG to the codon GCC. The:
amino acid sequence determined therefrom was the same as that
deduced from SEQ ID Nb: 1.
Example 5 |
Preparation of - a strain having high esterasé
- productivity: |
The plaémid PLIPE11ll was introduced into a restric-
tion endonuclease-deficient strain, Serratia mat'cescens Tﬁ‘392 '
to give a transformed strain. The pLIPEl1l1ll .plasmid DNA
modified with Serratia mar&escens was extracted from the célJt_s_
of the transformed strain by alkaline lysis method. Then,'_
Serratia marcescens Sr4l cells were transformed with the |
plasmi.d DNA obtained above .by electroporation method to give
| a transformant Serratia marcescens TA5025 (FERM P-12607).
The thus-obtained transformant '(one platinum iOOp) was

inoculated to an esterase-producing medium containing



GIG TTT
.CAC GAT
CAC TAC
CCG ACC
GIG CTG
GIC TCC
AAC CGCC
GGC AAT
GAC GGT
GGC AAA
- GIC GCC

CGC GCG CTC GAC GGC ACC TCG CTG ACC CTG CCG TCA TTG GGC 816 GIT
GCG CCG CAT ACC TCC GCC ACC AAC AAT ATC GTC AAC TTC 864 AAC GAC
GCG TCG GAC GCC TGG AAT CTG TTG COGFFFE—TFEE~ATF—942-CTC AAC ATT
TGG CTA TCC CAC CTG CCG TTC TTC TAT CB@'-@&"”’:“Q%@HE@' CTG ATG CGG
AAC TCC GAG TTT TAT TCG CTG ACC GAC] cd ACC ATC ATC
AAC CTG TCG AAC GTC ACG CGC AGT ITd GAA GAT CTG
AAC GCG GAA ACG CAC AGC GRG2 110 C IGGC AGC GAC
GAT TTG ATC AAG GGC GGC AAA 1152 G T4 GAG GGC CGC
GAC GAT ATC TTC CGC GAC 1200 GCC J3C GGC TAT AAC CTG ATC GCC GGC

GGC CAC AAT ATC TTC. 1248 GAT ACC CAG CAG GCG TTG ARA AAC ACC GAG
Tég’p%gl% %-50 ?1%%11) and subjected to reciprocating shaking

culture (shaking amplitude 7 cm, 120 r.p.m.) at 30°C for 20
hdurs. The culture broth was centrifuged to give a super-

‘s s .
natant having an esterase activity of about 1.9 x 10° unit/ml

(meaSured by the convenient method). This strain had about
6 times higher esterase productivity than the host strain
IISer.rat.ia marcescen.';' Sr4l..
Example 6

Production of esterase:

An esterase-producing medium (20 liters) containing
a:néicillin (500 ng/ml) was charged into a 30 liter-volume jar
fermenter and was sterilized. Previously, the above Serratia
marcescens ‘I'A5025 was incubated in the same medium by
rec::.procat:.ng shaking culture at 30°C for 20 hours in the same
manner as above. The pre-culture broth thus obtained (200 ml)
was inoculated to the above medium and incubated .under
aeration at 30°C with stirring at.200 r.p:m., 0.5 vvm for 18
hours. The cultt_lre'broth was centrifuged' to remove the cells,
and the supernatant (18 .lite:c"s) was concentrated with a
ultrafilter (AIL-1010, manufactured by Asahi Chemical Industry
Co., Ltd.) to give a crude enzyme solution (2000 ml) which had
an éétérase activity of 1.7 x 10° .unit/ml (measured by the
convenient method).

Example 7
Production of esterase:

An esterasé-producing medium (20 liters) was charged



-23- [err] CG C GCC AAA GGC GGC ATT ACG CTG GCG GAC GAC

1344 [err]TC AGC AAA GAA ACC TCC TGG CTG ATT TTC AGC AAA

1392 GAG GTG GAT CAT CAG GTG ACC GCC GCC wmq TCG GGC 1440
GC GAT--GAC [GTC 1488 CTG

C IAAC GCC GGC AAC| 1536 GAC ACG
CTT ATC GGC CAT GCC C GT2SGEEBA87 1584 AGC GGC GAT
GAC ATC CTG AAG GGG GTC C

TTC GGC CGC GAC CAG CTG TAT GGC TTC AAC G CTG GTA TTT
ATC GGC ACC GAG GGC GCC AGC GGG AAT ATC CcA&Z ACG CAG CAA
AAC GAC GAT CTG GIG CTG GCC TTC GGC CAC 1776 AGC CAG GIC ACG CTG ATC GGC

GIC TCG CEGQ#dATaCAI0 TIG ttAGCEMneAT jaB24fermenter and was sterxrilized.

A GCC ACC
CAG GCT CGEC AGC CAC GAC GCC TGG CTG TTC
GG&C
GGC

3

o

:
KVEIRK

TTC CTG 1632 |TTIC AGC GEC GAT
ACC 1680 GAC

Previously, Serratia marcescens M-l was incubated in the same
medium by reciprocating shaking culture at 30°C for 20 hours
in the same manner as above. The pre-culture broth-thus.
obtained (200 ml) was inoculated to the above medium and
incubaﬁed under aeration at 30°C with stirring at 200 x.p.m.,
0.5 vvm for 18 hours. The culture broth was centrifuged to
-remove the cells, and the supernatant (18 liters) was
concentrated with a ultrafilter (AIL-1010, ﬁanufactured'by
Asahi Chemical Indﬁstry Co., Ltd.) to give a crude enzyme
solution (2000 ml) which had an esterase activity of 7.9 x 10°
unit/ml (measured by the convenient method).

Effects of the Invention |

The mutant straiﬁ and the transformant containing
a recombinant plasmid inserted with a gene encoding an
esterase of the present invention have excellent esterase
productivity, and the cultivation of the transformant can give

the desired esterase in high purity on a large scale.



CAG GIG GIG TTG GCC 1839 SEQ
D NO 2: LENGTH 1839 base pairs. TYPE: nucleic acid STRANDEDNESS: doubl e
TOPOLOGY: |inear MOLECULE TYPE: Genomic DNA SIRAIN: Serratia nmarcescens M1
ATG GGC ATT TTT AGC TAT AAG GAT CTG GAC GAA A mgﬁ@ﬁm@%ﬁ 48 CTG
TTT TCC GAC GCC TTG GCC ATC TCT ACC TAC GCT TAG-GAC -AAT.A 96 GAT AAC
GGC TTC GAT GAA GGC TAT CAC.CAG ACC GGI TTC &g CIC GGI 144 |CIG CCG CTG
ACG CTG ATC ACG GCG CTC ATC GGC AGC-ARE CAG Tlcd GAB FEB2I9¢%:C|GEC CTG CCC
GGT CTT CCC TGG AAC CCC GAC TCC GAA CAG GCC 5 240

SEQ ID NO:1:

LENGTH: 1839 base pairs

TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: genomic DNA
STRAIN: Serratia marcescens Srdl

ATG GGC ATC TTT AGC TAT AAG GAT CTG GAC GAA AAC GCG TCA ARG GCG 48
CTG TTT TCC GAC GCC TTG GCC ATC TCT ACC TAC GCT TAC CAC AAT ATC 96
'GAT AAC GGC TTC GAT GAA GGC TAT CAC CAG ACC GGT TTC GGC CTC GGT 144
CTG CCG CTG ACG CTG ATC ACG GCG CTC ATC GGC AGC ACC CAG TCG CAG 192
GGC GGC CTG CCC GGT CTT CCC TGG AAC CCC GAC TCC GAA CAG GCC GCG 240
CAG GAC GCG GTG.AAC AAT GCC GGC TGG TCA GTG ATC GAC GCC GCG CAA 288
TTG GGA TAC GCC GGC AAA ACC GAT GCG CGC GGC ACC TAC TAC GGC GAR 336
ACC GCC GGT TAC ACC ACC GCT CAG GCC GAG GTG CTG GGC AAA TAT GAC - 384
AGC GAA GGC AAT CTC ACC GCC ATT GGC ATC TCA TTT CGC GGT ACC AGC 432
GGC CCG CGC GAG TCG CTG ATC GGC GAT ACC ATC GGC GAT GTG ATT AAC 480
GAT CTG TTG GCC GGG TTC GGG CCG AAA GCT ATG CGA CGC TAT ACG CTG 528
AAG GCC TTIC GGC AAT TTG CTG GGG GAC GTG GCG ARA TIC GCG CAG GCC 576
CAC GGG CTG AGC GGC GAA GAC GTG GTG ATC AGC GGC CAC AGC CTC GGC 624
GGG CTG GCG GTC AAC AGC ATG GCG GCG CAG AGC GAC GCA ACC TGG GGC 672
GGC TTC TAC GCG CAG TCC AAC TAT GTC GCC TTC GCC TCG CCG-ACC CAG 720
TAC GAA GCC GGC GGC RAG GTG ATC AAC ATC GGC TAT GAG AAC GAT CCG 768
GTG TTT CGC GCG CTC GAC GGC ACC TCG CTG ACC CTG CCG TCA TTG GGC 816
GTT CAC GAT GCG CCG CAT ACC TCC GCC ACC AAC AAT ATC GTC AAC TTC 864
AAC GAC CAC TAC GCG TCG GAC GCC TGG AAT CTG TTG CCG TTC TCC ATT 912
CTC AAC ATT CCG ACC TGG CTA TCC CAC CTG CCG TTC TTC TAT CAG GAT 960
GGT CTG ATG CGG GTG CTG AAC TCC GAG TTT TAT TCG CTG ACC GAC ARA 1008
GAC TCG ACC ATC ATC GTC TCC AAC CTG TCG AAC GTC ACG CGC GGC AGT 1056
ACC TGG GTG GAA GAT CTG AAC CGC AAC GCG GAA ACG CAC AGC GGG CCG * 1104
ACG TTT ATC ATC GGC AGC GAC GGC AAT GAT TTG ATC AAG GGC GGC AAA 1152
GGC AAC GAC TAT CTC GAG GGC CGC GAC GGT GAC GAT ATC TTC CGC GAC 1200
GCC GGC GGC TAT AAC CTG ATC GCC GGC GGC AAA GGC CAC AAT ATC TTC. 1248
GAT ACC CAG CAG GCG TTG ARA AAC ACC GAG GTC GCC TAC GAC GGC AAT 1296



CAG GAC GCG GTG AAC AAT GCC
GGA TAC GCC GEC AAA ACC GAT
GGT TAC ACC ACC GCT CAG GCC
AAT CTC ACC GCC ATT GGC ATC
TCG CTG ATC GEC GAT ACC ATC GEC GAT GIG ATT
TTC GGG CCG AAA GCT -ATG CGA CGC TAT.  CTG [Cl GGC AAT TTG
CTG GGG GAC GIG GCG AAA TTC GCG CAG G 57¢ C 5GC GAA GAC .
~GIG GITG ATC AGC GEC CAC ACGC CTC G&C 624 GGG CTG GG GIC AAC AGC
- ATG GCG GCG CAG AGC GAC GCA ACC TG G 6772 — -
4CG CTT TAC CTG CGC GAC GCC AAA GGC GGC ATT ACG CTG GCG GAC GAC 1344
ATC AGC ACC CTG CGC AGC AAA GAA ACC TCC TGG CTG ATT TTC AGC AAA 1392
SAG GTG GAT CAT CAG GTG ACC GCC GCC GGA TTG AAA TCG GAT TCG GGC 1440
CTC AAA GCC TAT GCG GCC GCC ACC ACC GGC GGC GAC GGC GAT GAC GTC 1488
CTG CAG GCT CGC AGC CAC GAC GCC TGG CTG TTC GGC AAC GCC GGC AAC 1536
GAC ACG CTT ATC GGC CAT GCC GGC GGC AAC CTG ACC TTC GTC GGC GGC 1584
. AGC GGC GAT GAC ATC CTG AAG GGG GTC GGC AAC GGC AAT ACC TTC CTG 1632
TTC AGC GGC GAT TTC GGC CGC GAC CAG CTG TAT GGC TTC AAC GCC ACC 1680
GAC AAA CTG GTA TTT ATC GGC ACC GAG GGC GCC AGC GGG AAT ATC CGC 1728
GAC TAT GCC ACG CAG CAA AAC GAC GAT CTG GTG CTG GCC TTC GGC CAC 1776
AGC CAG GTC ACG CTG ATC GGC GTC TCG CTC GAT CAT TTC AAC CCC GAT 1824
CAG GTG GTIG TTIG GCC - - + 1839

GCC TGG TCA GIG ATC GAC GCC GCG CAA 288 TTG
GCG CCC CCC ACC LACTACCEc—-AA—B36 ACC GCC
GA CTG GGC|AREPLRGEMENT SHEER AGC GAA GGC
A 32T CCG CGC GAG
d TTG GCC GGG

SEQ ID NO:2:

LENGTH: 1839 basé pairs.

TYPE: nucleic acid
STRANDEDNESS: double

TOPOLOGY: lineaxr

MOLECULE TYPE: Genomic DNA
S'.i?RAIN: Serratia marcescens M-l

ATG GGC ATT TTT AGC TAT AAG GAT CTG GAC GAA AAC GCG TCA AAG GCG . - 48
CTG TTT TCC GAC GCC TTG GCC ATC TCT ACC TAC GCT TAC CAC AAT ATC 96
GAT AAC GGC TTC GAT GAA GGC TAT CAC CAG ACC GGT TTC. GGC CTC GGT 144
CTG CCG CTG ACG CTG ATC ACG GCG CTC ATC GGC AGC ACC CAG TCG CaG 192
GGC GGC CTG CCC GGT CTT CCC TGG AAC CCC GAC TCC GAA CAG GCC GCG 240
' CAG GAC GCG GTG AAC AAT GCC GGC TGG TCA GTG ATC GAC GCC GCG CAR 288
TTG GGA TAC GCC GGC AAA ACC GAT GCG CGC GGC ACC TAC TAC GGC GAR 336
ACC GCC GGT TAC ACC ACC GCT CAG GCC GAG GTG CTG GGC ARA TAT GAC 384
AGC GAA GGC AAT CTC ACC GCC ATT GGC ATC TCA TIT CGC GGT ACC.AGC 432
- GGC CCG CGC GAG TCG CTG ATC GGC GAT ACC ATC GGC GAT GTG ATT AAC 480
GAT CIG TTG GCC GGG TTC GGG CCG ARA GCT ATG CGA CGC TAT ACG CTG = 528
ARG GCC TTC GGC AAT TTG CTG GGG GAC GTG GCG AAA TTC GCG CAG GCC 576
CAC GGG CTG AGC GGC GAA GAC GTG GTG ATC AGC GGC CAC'AGC CTC GGC 624



GEC TTC TAC GCG CAG TCC AAC TAT GIC GCC TTC GCC TCG CCG ACC CAG 720 TAC
GAA GCC GEC GGC AAG GIG ATC AAC ATC G&C TAT GAT_CCG 768 GIG TTT
CGC BCG CTC GAC GGC ACC TCG CTG ACC CTG CCG 1
GCG CCG CAT ACC TCC GCC ACC AAC AAT ATC GIC
GCG TCG GAC GCC TGG AAT CTG TTG CCG TTC TCC
TGG CTA TCC CAC CTG CCG TTC TTC TAT- GAG-GAT
AAC TCC GAG TTT TAT TCG CTG ACC GAC AAA 1008
AAC CTG TCG AAC GIC ACG CGC GEC AGT 1056 A
AAC GCG GAA ACG CAC AGC GGG CCG 1104 ACG TT

GAT TTG Alde Mg 6§ 3Cali ncd hae AGIALAET bk e CGrkg 34CT
o o i e LR G G MR L

&%CTCAAC T COG ACC
25:FEBT®9ATG

G ACC ATG ATC GrC Tec
C TGG GTG GAA AT |CTG AAC OGC

960

GGC CAC ABF© EAE; ELCEEEEETE

TAC GAC CGOEC SAR GOOEGC GGC AAG GTG ATC AAC ATC GGC TAT GAG AA CCG 768
GTG TTT CGC GCG CTC GAC GGC ACC TCG CTG ACC CTG CCG TCA TTG GGC 816
GTT CAC GAT GCG CCG CAT ACC TCC GCC ACC AAC AAT ATC GTC.RAC TTC 864
AAC GAC CAC TAC GCG TCG GAC GCC TGG AAT CTG TTG CCG TTC TCC ATT 912
CTC AAC ATT CCG ACC TGG CTA TCC CAC CTG CCG TTC TTC TAT CAG GAT - 960
GGT CTG ATG CGG GTG CTG AAC TCC GAG TTT TAT TCG CTG ACC GAC AAA 1008
GAC TCG ACC ATC ATC GTC TCC AAC CTG TCG AAC GTC ACG CGC GGC AGT 1056
ACC TGG GTG GAA GAT CTG AAC CGC AAC GCG GAA ACG CAC AGC GGG CCG 1104
ACG TTT ATC ATC GGC AGC GAC GGC AAT GAT TTG ATC AAG GGC GGC AAA 1152
GGC AAC GAC TAT CTC GAG GGC CGC GAC GGT GAC GAT ATC TTC CGC GAC 1200
GCC GGC GGC TAT AAC CTG ATC GCC GGC GGC AAA GGC CAC AAT ATC TTC 1248
GAT ACC CAG CAG GCG TTG AAA AAC ACC GAG GTC GCC TAC GAC GGC AAT 1296
ACG CTT TAC CTG CGC GAC GCC AAA GGC GGC ATT ACG CTG GCG GAC GAC 1344
ATC AGC ACC CTG CGC AGC AAA GAA ACC TCC TGG CTG ATT TTC AGC ARA 1392
GAG GTG GAT CAT CAG GTG ACC GCC GCC GGA TTG AAA TCG GAT TCG GGC 1440
CTC AAA GCC TAT GCG GCC GCC ACC ACC GGC GGC GAC GGC GAT GAC GTC . 1488
CTG CAG GCT CGC AGC CAC GAC GCC TGG CTG TTC GGC AAC GCC GGC AAC 1536
GAC ACG CTT ATC GGC CAT GCC GGC GGC AAC CTG ACC TTC GTC GGC GGC 1584
AGC .GGC GAT GAC ATC CTG ARG GGG GTC GGC AAC GGC AAT ACC TTC CTG 1632
TTC AGC GGC GAT TTC GGC CGC GAC CAG CTG TAT GGC TTC AAC GCC ACC 1680
GAC AAA CTG GTA TTT ATC GGC ACC GAG GGC GCC AGC GGG AAT ATC CGC 1728
GAC TAT GCC ACG CAG CAA AAC GAC GAT CTG GTG CTG GCC TTC GGC CAC 1776
"AGC CAG GTC ACG CTG ATC GGC GTC TCG CTC GAT CAT TTC AAC CCC GAT 1824
CAG GTG GTG TTG GCC 1839

SEQ ID NO:3:

LENGTH: 613 amino acids
TYPE: amino acid
TOPOLOGY:linear .
MOLECULE TYPE:peptide

Met Gly Ile Phe Ser Tyr Lys Asp Leu Asp Glu Asn Ala Ser Lys Ala
1 5 10 15



ACG

AGC
GAT
TAT
AGC
CAT
AAG
GAC
GAG
CTG
GAT

CTT TAC CTG CGC GAC GCC AAA GGC GGC ATT ACG_CTG GCG GAC GAC 1344 ATC

ACC CTG CGC AGC AAA GAA ACC TCC TGG CTG ATT| T g@AEHgégz GAG GIG
CAT CAG GTG ACC GCC GCC GGA TTG AAA TCG A g AAA GCC
G0G GOC GOC ACC ACC GGG GGC GAC GGC GAT GAJ dTC_1488 CTG cAG jacT cac
CAC GAC GCC TGG CTG TTC GGC AAC &G {GC AAQ 11526 EEB 8% 11} ATC GCC
GCC GGC GGC AAC CTG ACC TTC GIC GGC GGC  15B4 AG ATC CTG
GGG GTC GGC AAC GGC AAT ACC TTC CTG 1632 TG GGC CGC
CAG CTG TAT GGC TTC AAC GCC ACC 1680 GAC. . GGC ACC

GEC GCC AGC GGG AAT ATC CGC 1728 GAC TAT GCC ACG CAG CAA AAC GAC GAT
GIG Gﬁ@iﬂh?'ﬁﬂr(xibdﬁﬁlIZﬁﬁAA@CIQAGS@ECTh@GT@rGAAﬁcTQGCHG$CA$GEitEC
CAT TTC AAC CCC GAI0 1824 CAG GIG GIG BBG GCC

1839 SEQ I D NO 3:

Asp Asn Gly Phe Asp Glu Gly Tyr His Gln Thr Gly Phe Gly Leu Gly
35 40 45

Leu Pro Leu Thr Leu Ile Thr Ala Leu Ile Giy Ser Thr Gln Ser Gln’
50 55 ; 60

Gly Gly Leu Pro Gly Leu Pro Trp Asn Pro Asp Ser Glu Gln Ala Ala
65 ' 70 75 ' 80

Gln Asp Ala Val Asn Asn Ala Gly Trp Ser Val Ile Asp Ala Ala Gln
' 85 : ' 80 95

Leu Gly Tyr Ala Gly Lys Thr Asp Ala Arg Gly Thr Tyr Tyr Gly Glu
100 ) 105 110 -

Thr Ala Gly Tyr Thr Thr Ala Gln Ala Glu Val Leu Gly Lys Tyr Asp
115 120 125

Ser Glu Gly Asn Leu Thr Ala Ile Gly Ile Ser Phe Arg Gly Thr Ser
130 . 135 140

Gly Pro Arg Glu Ser Leu Ile Gly Asp Thr Ile Gly Asp Val Ile Asn
145 150 155 . 160

Asp Leu Leu Ala Giy Phe Gly Pro Lys Ala Met Arg Arg Tyr Thr Leu
165 o 170 ' 175

-Lys Ala Phe Gly Asn Leu Leu Gly Asp Val Ala Lys Phe Ala Gln Ala
is0 _ . 185 ' 190 '

His Gly Leu Ser Gly Glu Asp Val Val Ile Ser Gly His Ser Leu Gly.
195 . 200 205 | |

Giy Leu Ala Val Asn Ser Met Ala Ala Gln Ser Asp Ala Thr Trp Gly
210 S 215 ' 220

Gly Phe Tyr Ala Gln Ser Asn Tyr Val Ala Phe Ala Ser Pro Thr Gln
225 230 | 235 240

Tyr Glu Ala Gly Gly Lys Val Ile Asn Ile Gly Tyr Glu Asn Asp Pro
245 250 _ 255

val Phe Arg Ala Leu Asp Gly Thr Ser Leu Thr Leu Pro Ser Leu Gly
260 . 265 270

V4l His ASp Ala Pro His Thr Ser Ala Thr Asn Asn Ile Val Asn Phe
275 280 285

Asn Asp His Tyr'Ala'Ser Asp Ala Trp Asn Leu Leu Pro Phe Ser Ile
230 295 300



LENGTH: 613 ani no acids TYPE: anino acid TOPOLOGY: | i near .

TYPE: peptide Met Ay Ile Phe Ser Tyr Lys Aspj p Au ASBT A a Ser Lys
Ala 1l 5 10 'ﬁ%ﬁiﬁéﬁ -1 - 25 -
Leu Phe Ser Asp Ala Leu Ala Ile Ser Thr Tyr AN @ Tyr H's é?f | ¢ 20

25 30 Asp Asn Gy Phe,Asp ® § @5 FEB Ws G n Thr Gy. Phe
Gy Leu Ay :

Leu Asn Ile Pro Thr Txp Leu Ser His Leu Pro Phe Phe Tyr Gln Asp
305 310 g 315" 320

Gly Leu Met Arg Val Leu Asn Ser Glu Phe Tyr Ser Leu Thr Asp Lys
' 325 . 330 335

Asp Ser Thr Ile Ile Val Ser Asn Leu Ser Asn Val Thr Arg Gly Ser
340 345 - - 350

Thr Trp Val Glu Asp Leu Asn Aig Asn Ala Glu Thr His Ser Gly Pro
355 ’ 360 365

Thr Phe Ile Ile Gly Ser Asp Gly Asn Asp Leu Ile Lys Gly Gly Lys
370 : 375 380

Gly Asn Asp Tyr Leu Glu Gly Arg Asp Gly Asp Asp Ile Phe Arg Asp
385 390 : 395 400

Ala Gly Gly Tyr Asn Leu Ile Ala Gly Gly Lys Gly His Asn Ile Phéu
405 410 415 :

Asp Thr Gln Gln Ala Leu Lys Asn Thr Glu Val Ala Tyr Asp Gly Asn '
420 . - 425 430 ~

| Thr Leu Tyr Leu Arg Asp Ala Lys Gly Gly Ile Thr Leu Ala Asp Asp
' 435 : 440 445

Ile Ser Thr Leu Arg Ser Lys Glu Thr Ser Trp Leu Ile Phe Ser Lys
450 : 455 460

Glu Val Asp His.Gln val Thr Ala Ala Gly Leu Lys Ser Asp Ser.Gly
465 470 : 475 . 480

Leu Lys Ala Tyr Ala Ala Ala Thr Thr GlyﬁGly Asp Gly Asp Asp Val
485 : . 490 - 495

.Leu Gln Ala Arg Ser His Asp Ala Trp Leu Phe Gly Asn Ala Gly Asn
500 505 ' 510

Asp Thxr Leu Ile Gly His Ala Gly Gly Asn Leu Thr Phe Val Gly Gly
515 : 520 525

Ser Gly Asp Asp Ile Leu Lys Gly Val Gly Asn Gly Asn Thr Phe Leu
530 335 540 -

Phe Ser Gly Asp Phe Gly Arg Asp Gln Leu Tyr Gly'Phe Asn Ala Thrx
545 550 555 . 560

Asp Lys Leu Val Phe Ile Gly Thr Glu Gly Ala Ser Gly Asn Ile Axg
565 570 575

‘Asp Tyr Ala Thr Gln Gln Asn Asp Asp Leu Val Leu Ala Phe Gly'His
580 . 585 590



35 40 45 Leu Pro Leu Thr Leu Ile Thr

Ala Leu Ile Ay Ser Thr A n Ser An 50 EET
60 Ay Ay Leu Pro Ay Leu Pro Trp Asn Pro p%M&N&S@ a{Ala 65
nf Asp Ala Val Asny Asn Al a

70 75 . 80
Ay Trp Ser Val Ile Asp Ala Ala Gn 85 .. 25 FEB 1999
95 Leu Ay Tyr Ala Ay Lys Thr Asp AIa"A?Z] Gyl Thr Tyr Tyr dy & u 100
105 110 Thr Ala Gy Tyr - Thr a dn Ala Ad Val Leu
Ay Lys Tyr Asp.l1l15 ' : 120 - 12 r du Ay
Asn Leu Thr Ala lle Ay Ile Ser Phe ‘Arg Ay Thr Ser 130 )
135 Ser Gln val I#fr Leu Ile Gly Val Ser Leu Asp His Phe Asn Pro Asp
595 o 600 605

-

Gln Val Val Leun Ala
610



Ay Pro Arg Qu Ser LeulleGyRﬂf ay Been Replaceds y v/3 || e Asn 145

150 155, : III" ‘ p Leu Leu Ala Ay Phe Ay
Pro Lys Al a Vb‘%EPAAEjLMH@T BAEETHY L 170

175 Lys Ala PhF Oy AsSn Lel Leuy Ay Asp Val Ala Ly 80
185 FeRYgA S| Gy Leu Ser Gy Gu pHERSHEET HASBEsr [|d y
Hs Ser Leu @} 3 _ - 28260 REPLAGED y Left Al a
Val Asn Ser . e ef Asp Ala Thr_Trp AV ZT0

215 - 220 Ay Phe Tyr Ala A n Ser Asn Tyr Val Ala Phe Al a

géel(r) ‘?{/? -IC-;IhlrJ Ala d ngayt Lys Val Ig Agﬁol | e Hulwlywumjs’ﬁmsp Pro

Is claim

1. a gene encoding an esterase.originated from a
microorganism of the genus Serratia.

2. The gene as claimed in claim 1 which has a DNA
sequence as shown in SEQ ID NO: 1 or SEQ ID NO: 2.

3. A recqmbinant plasmid comprising a vector
plasmid containing a gene encoding an esterase orxiginated from
a microorganism of the genus Serratia.

4., A transformant which contains a recombinant
plasmid comprising a vector plasmid containing a gene encoding
an esterase originated from a microorganism of the genus
Serratia.

5. The transformant as claimed in ;laim 4, wherein
the host microorganism is a microorganism of the genus
Serratia or a miéroorganism of the genus Escherichia.

6. A transformant Serratia marcescens TA5025 (FERM
BP-4067).

7. A method for the production of an esterase,
which comprises cultivating a microorganism transformed with
a recombinant plasmid (said plasmid comprising a vector
plasmid containing a gene encoding an esterase originated from
a microorganism of the genus Serratia), and collecting the
produced esterase outside and inside the cells.

8. A microorgénism of the genus Serratia which
contains a gene having a DNA sequence shown in SEQ ID NO: 2.

9. A method for the production of an esterase,

which comprises cultivating the microorganism as set forth in



245 250 255 Val  Phe Arg Ala Leu Asp Gy

Thr Ser Leu Thr Leu Pro Ser Leu Ay 260 265

270 Val His Asp Ala Pro His Thr Ser Ala Thr Asn Asn WHKNSHEEBHAQMEE&7

280 . 285 Asn Asp His Tyr Ala Ser Asp |Al a TREPRACEDeu Lej
Pro Phe Ser Ile 290 295 SO00——2o=tew- Asn

Ile Pro Thr ' eu Pro Phe Phe Tyr d n Asp 305
LT e

claim & in a medium, and collecting the esterase produced

outside and inside the cells.

lQ.. A mutant strain Serratia marcescens M-1 (FERM

BP-4068) .
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Ay Leu Met Arg Vgl Leu Asn Ser ‘GjujPhe Tyr Ser Leu Thr Asp Lys 325 .
330 c 3 Ile Ile Val Ser
Thr Arg Ay Ser 340 i’ 23 FES W91 ' 345 “ &%ﬁc bp

G u Asp Leu Asn Arg r{Hs Ser Ay Pro 3
365 Thr Phe-Ile.lljle Gy Ser Asp Gly Asn Asp Leu Ile Lys Ay Ay Lys 370

375 o 380 3y Asn Asp FyBOLeu Gu Gy Arg Asp dy Asp Asp
Ile Phe Arg Asp 385 390 39

400 Ala Ay @ : a_C

410 S 3-EELERASE AN

Tyr Asp Ay Asn CONTAIEING SAID GENE

Abstract of the Disclosure:

A gene er;coding an estérase .originated from a
microorganism of the genus Serratia, a mutant strain having
high esterase productivity containing said gene, a recombinant
plasmid cdmprising said gene inserted into a vector plasmid,
a novel microorganism transformed with said reéombinant
plasmid, and a method for the production of an esterase which
comprises cultivating the mutant strain or the novel
microorganism as set forth above in a medium and collecting
the produced esterase outside and inside ‘the cells. Said
mutant strain having high esterase productivity and new '
transfomed micréor-ganisin have excellent ésterase productivity
and can produce the desired esterase in high purity on a large

scale.
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420
lys
445
455
Ser

480
490
Asn
Ile
525

425 , 430 Thr Leu Tyr Leu Arg Asp Al a
Gy Ile Thr Leu Ala Asp Asp 435 440
Ser Thr Leu Arg Ser Lys Gu Thr Ser Trp Leu | Phe Ser Lys 450
460 Au Val Asp His dn Val Thr AIR@:,%@ LeU=lys
Ser Gy 465 . 470 EPLAREMENY ¢ al”
Lys Ala Tyr Ala Ala Ala Thr Thr Ay Ay Asp @ AésrgAspVal f1_8'5
495 Leu G n Ala Arg Ser Hi s Asp|Ala 29 FERM99he; Ay
dy Asn 500 505 510 Asp Thr;-Lau
His Ala Ay dy.Asn Leu Thr Phe Val Ay Ay $15- 520
Fig. 1
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Ser Ay Asp
535

Phe Asn Al a
560 Asp Lys
570 :

Ala Phe Ay
@ n Val Thr

Asp Ile Leu Lys Gy Val

540 Phe Ser
Thr 545
Leu Val

575 Asp Tyr Ala Thr G n Gn A
H s 580
Leu Ile Gy Val Ser Leu AspgH.s Phe As

Fig. 2
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Phe Ile Gy Thr Qu Ay Ala Se

Gy Asn Ay Asn Thr
Gy Asp Phe Gy Arg Asp @ n Leu Tyr
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Phe Leu 530
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595 600 605 G n Val Val Leu Ala 610 - 28 -
The clainms defining the invention are as .fallows: 1. A transforpent |

Ser tch cdn :| e G4y ‘
pl asmg a gene e ctﬁb%ﬂiggg g‘g anibaes =]

gene Iﬂﬂ u :;.__‘..__.:.a-;.:..._..".___ D )
Ser rall r 41 (FERM BP- 487) of2&- gene hav gﬂjm’pMkeunc{e as

The claims defining the invention are as follows:

—_ Y-
1. A transformant Serralia marcescens which contains a recombinant plasmid

" including a vector plasmid containing a gene encoding an esterase, wherein said gene
is a gene having the DNA sequence as shown in SEQ 1D NO: 1 obtained from Serratia
marcescens Sr41 (FERM BP-487) or a gene having the DNA sequence as shown in
SEQ ID NO: 2 obtained from Serratia marcescens M-1 (FERM BP-4068).
2. A transformant Serratia marcescens TA5025 (FERM BP-4067).
3. A method for the production of an esterase, which includes cultivating a
microorganism Serratia marcescens transfoﬁned with a recombinant plasmid including
a vector plasmid containing a gene encoding an esterase (said gene includes the DNA
sequence as shown in SEQ ID NO: 1 obtained from Serratia marcescens Sr41 (FERM
BP-487) or the DNA sequence as shown in SEQ ID NO: 2 obtained from Serratia
marcescens M-1 (FERM BP-4068)) and collecting the produced esterase outside and
inside the cells. |
4, A method for the production of an esterase, which includes cultivating. the
microorganism as set forth in claim 3 in a medium, and collecting the esterase
produced outside and inside the cells. '

5. A mutant strain Serratia marcescens M-1 (FERM BP-4068).
8. A transformant according to clalm 1 substantially as hereinbefore descnbed with
reference to any one of the examples sequence ldentlf cations or accompanymg'

: R

drawings. RTINS

]

7. A method according to claim 3 Or 4 substantially as hereinbefore described with

reference to any one of the examples,--ldentlﬁcatlons or accompanying drawings.
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2. A transformant Serratia marcescens TA5025 (FERM BP- 4067 A
met hod for the production of an esterase, which if ) a
m croorgani sm Serratia nmarcescens transforned wt , ar—pl s d

i ncluding a vector plasmd containing_a gene enco ih‘?)g an esterase] (paid

gene includes the DNA sequence as Show’n~"in SEQ I D 13MAGT8 frpm
Serratia marcescens Sr4l1 (FERM BP-487) or the DNA|séquence as shg I n SEQ.
ID NO 2 obtained from Serratia marcescens M1 ( FERM BP-4068)) and

coll ecting the produced esterase outside and inS| e the cell.si- A

met hod for (Ll Jar 0%!{9&&.%‘:9({51:@1 ;ao%&nm %[Eé:efﬂl piy@béad ide

m cr oor gani sm nmedi um and collecting the esterase

produced oghd ¢iand u &l\%i&@lﬁ@l éxﬁ;népentf\d%ba@trééér@& nibetHdtd¢dlls .
mar cescens M1 (FERM BP-4068). 6. A transformant according to claim1

subst ant i aMotesrdie) ealkefovigh d@%&rralﬁ%w:tﬂ@;m esterase is an extra- -

cellular enzyme, it has no signal peptide which is usually.
present at the ﬁ-terminus of secretory proteins.
Example 4 |

Serratia marcescens Sr4l (FERM BP-487) was incubated
in a nutrient medium (glucose 0.5%, peptone 1.0%, meat extract
0.3%, yeast extract 1.0%, and sodium chloride 0.5%, pH 7.0,
3 ml) overnight, and the culture thus obtained (0.1 ml) was
inpculated in a fresh medium (3 ml) of the same nutrient
medium as above, which was incubated at 30°C for 3 hours, and
after adding thereto NTG in a concentration of 0.1 mg/ml, was
further incubated fo'r additional 30 minutes. The culture
broth was centrifugéd, and the cells thus obtained were washed
three times with a physiological saline solution (by centri-
fugation method). The cells thus obtained were suspended in
a physiological saline solution and spread onto an LBG plate
medium containing tributyrin 0.5%, glucose 2% and EDTA 2mM in
an amount of 1 - 1000 cells/one plate. After incubating at
30°C for one day, the colony forming a large clear zone was
collected to give Serratia marcescens M-l strain (FERM BP-
.'4_06.8) . The thus-obtained mutant strain (one platinum loop)
was inoculated to an esterase-producing medium containing
ampicillin (500 pg/ml) and subjected to reciprocating shaking
culture (shaking arﬁplitude 7 cm, 120 r.p.m.) at 30°C for 20

hours. The culture broth was centrifuged to give a super-



reference to any one of the exanples, sequence i dentfdesAirraa: W
acconpanyi ng draw ngs. 7. A net hod accordi ng to cljcAatagdT i
substantially as hereinbefore described with referenceg to any one
exanpl es, identifications or acconpapying draw ngs. - A3MAY 096
a nmedium and collecting the esterase” produced outsi Hefand inside

| tihe

-

natant having an esterase activity of ag%‘u"'tu’%‘d % 10° unit/ml
(measured by the convenient method). This strain had about
2.5 times higher esterase productivity tl;an the parent host
strain Serratia marcescens Sr4l.

In the same manner as described in Examples 1 to 3,
the chromosomal DNA was isolated from the above Serratia
marcescens M-1, and the sequence was analyzed.  As a result,
it had a nucleotide segquence as shown in SEQ ID NO: 2. As is
clear therefrom, the sequence. was the same as the DNA seguence
of that obtained from Serratia marcescens Sr4l except that the
9th base was different, that. is, it was composed of 1839 base
pairs from the .initiation codon ATG to the codon GCC. The
amino acid seguence determined therefrom was the same as that
deduced from SEQ ID NO: 1.

Example 5
Preparation of a strain having high esterase
productivity:

The plasmid pLIPElll was introduced into a restric-
tion endonuclease-deficient strain, Serratia marcescens TT382,
to give a transformed strain. The pLIPElll plasmid DNA
modified with Serratia marcescens was extracted from the cells
of the transformed strain by alkaline lysis ‘method. Then,
Serratia marcescens Sril ceils' were transformed with the
plasmid DNA obtained above by. electroporation method to give
a transformant Serratia marcescens TA5025 (FERM BP-4067).
The thus-obtained. transformaht (one platinum :'Loop) was

inoculated to an esterase-producing medium containing
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The claims defining the invention are as follows:
1. A transformant Serratia marcescens which contains a recombinant plasmid

including a vector plasmid containing'a gene encoding an esterase, wherein said gene
is a gene having the DNA sequence as shown in SEQ 1D NO: 1 obtained from Serratia
marcescens Sr41 (FERM BP-487) or a gene having the DNA sequence as shown in
SEQ ID NO: 2 obtained from Serratia marcescens M-1 (FERM BP-4068).

2. A transformant Serratia marcescens TA5025 (FERM BP-4067).

3. A method for the production of an esterase, which includes cultivating a
microorganism Serratia marcescens transformed with a recombinant plasmid inciuding
a vector plasmid containing a gene encoding an esterase (said gene includes the DNA
sequence as shown in SEQ [D NO: 1 obtained from Serratia marcescens Sr41 (FERM
BP-487) or the DNA sequence as shown in SEQ ID NO: 2 obtained from Serratia
marcescens M-1 (FERM BP-4068)) and collecting the produced esterase outside and

inside the cells.

4, A method for the production of an esterase, which includes. cuitivating the
microorganism  9f claim 5 in a medium, and collecting the esterase

produced outside and inside the cells.

5. A mutant strain Serratia marcescens M-1 (FERM BP-4068). |

6. A transformant according to claim 1 substanﬁally as hereinbefore described with
reference to any one of the examples, sequence identifications or accompar;ying
drawings. | .

7. A method according to claim 3 or 4 substantially as hereinbefore described with

reference to any one of the examples, identifications or accompanying drawings.
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GENE_CODING FOR ESTERASE AND NOVEL MICROORGANISM ...
CONTAINING SAID GENE

Abstract of the Disclosure:

A gene encoding an esterase originated from a
microorganism of the genus Serratia, a mutant strain having
high esterase productivity containing said gene, a recombinant
plasmid comprising said gene inserted into a vector plasmid,
a2 novel microorganism transformed with said recqmbinant
plasmid, and a method for the production of an esterase which
comprises cultivating the mutant strain or the novel
microorganism as set forth above in a medium and collecting
the produced esterase outside and inside the cells. Said
mutant strain having high esterase producti&ity and new
transformed microor-ganism have excellent esterase productivity
and can produce the desired esterase in high purity on a large

scale.




