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NOVEL ESTERASE AND PROCESS FOR PREPARING THE lSAME

This invention relates to novel esterase and process for preparing
the same.

Recently, attempts have been made to use esterase for organic
synthetic reactions (e.g., hydrolysis reaction). For example, esterase
derived from pig liver is often used for this_pur pose. However, this

esterase is disadvantageous for industrial use because jt is expensive.

On the other hand, there have been known esterases derived [rom
microorganisms such as Arthrobacter globiformis IFO 12985 [Patent
Publication (unexamined) No. 181788/1989] (Molecular Weight:
43,000), Bacillus stearothermophilus [Archiv. Biochem. Biophys. 160,

: 504-513 (1974)} (Molecular Weight: 47,000), Geotrichum candidum

: [Agric. Biol. Chem. 37 (6), 1457-1464 (1973)] (Molecular Weight:

' 53,060-55.000). Pseudomonas aeruginosa (]. Biochem. 86, 643-656
(1979)] (Molecular Weight: 55,000), Pseudomonas riuorescer.xs .
Biochem. 95, 1047-1054 (1984)] (Molecular Weighi: 48.,000).

e ——

R

i | cet Has Been Replaced

i



43, 0{00)“?“ Baci | | us stearot her mophi | us [Archiv. Biochem Bi

504-

Bi ol {.

Pseu
55,
( Mol
t haz

5

i

13 (1974)] (Mol ecul ar Weight: 47,000), Geotrichum capdi
Chem 37 (6), 1457-1464 (1973)] (Mol ecul ar Wi ght:

ononas aerugi nosa [J. Biochem 86, 643-656 (1979)] (Mol ecul ar

0), Pseudononas fluorescens [J. Bioche n.- 95 1047-1054 (1984)]

cul ar Weight: 48, 000). However, these esterases have difficulties

t hey can not be w deI%/ e , .
- However, these esterases have difficulties that they can not be widely

applied because of their narrow substrate specificities.

" The ob}ect of the present invention is to provide a novel esterase
which is derived from a"microorganism and can be applied for organic
synthetic reactions as widely as pig liver esterase.

Other object of the present invention is to provide a process for
preparing said eslerase.

e ~Another object of the present invention is to provide a process
- for p-reparing a lower alkyl (2R, 3S)-3-(4-lower alkoxyphenyl)glycidate
by using said esterase,

As a result of various investigations, we have now found a potent
esterase which is derived from a microorganism belonging to genﬂs
Serratia,

The esterase of the present invention is a novel esterase having
the following physico-chmical properties and enzymatic characteristics:
(1) Activity

It (i.e., said esterase) hydrolyzes an ester bond of an organic
carboxylates.

(2) Substrate specificity

It acts on alky} esters of organic carboxylic acids, triglycerides or
thiol esters. For example, the esterase of the present invention has
ability to hydrolyze a lower or higher alkyl esters of organic carboxylic
acids (e.g., a lower fatty a’cid. a higher fatty acid, a lower alkoxy-
substituted-phenylglycidic acid and the like). Moreover, it .also has

potent ability to hydrolyze triglycerides composed of glycerol and
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appls ed because of their narrow substrate specificities. The o ﬁg%H

pfesent invention is to provide a novel esterase which is deri g’iﬁ SBEEN
m croorganl sm and can be applied for organic synthetic reacti aq W

as’ pl g liver esterase. OQther object of the present invention is to provi de

a pfocess for preparing said esterase. “Anof her obj ect of the present

I nvention is to provide a process for preparing a | ower al kyl (2R

39) 33- Q\?‘ate‘?\ﬂﬁ’éllﬂléqw&egﬂl\}xgh%@sd& %bgeﬂ%wu%%%gﬁk?rmey £948. result

of various investigation ave now T ou
-~ Further, it also has ability to hydrolyze thiol esters such as dimercaprol

tributyrate and the like. - But it has no ability to hydrolyze casein.
(3} Optimum pH

It shows optimum pH of about 7.5-9.0 when olive oil is used as
the substrate.
(4) pH stability

It remains more than 93% of its activity when it is stored at a pH
5-9 at 30 °C for 60 minutes. ‘ -
(S) Optimum temperature

It shows optimum temperature of about 40-S0 °C when the
enzymatic reaction is carried out in 100 mM Tris-HCl buffer (pH 8.0)
by using olive oil as the substrate.
(6) Heat stability

It remains 100% of its activity when it is stored at a temperature
not higher than 50 *C in 100 mM Tris-HC!{ buffer (pH 8.0) for 30
minutes.
(7) Assay of enzyme activity

(a) activity on olive oil

The enzyme reaction is carried out at pH 8.0 at 37 C for 20
minutes by using olive oil as the substrate. The activity of the
esterase _which produces one u mole of fatty acid per minute is defined
as one unit. {cf., Example 1}

(b) activity on triglycerides or fatty acid esters
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esterase which is derived froma m croorgani sm bel ongi ng to géQus ~Serrati-a-
The ésterase of the present _invention is a novel esterase havi Eﬁfstsgt?ﬁ HAS BEEN
fol ] ew ng physico-chm cal properties and enzymatic characteri gt cs.EPH:YED
Actiyity It (i.e., said esterase) hydrolyzes an ester bond of an organicC
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carboxyl ates. (2) Substrate specificity It acts on alkyl esters of organic

carboxylic aqifisenyinpd YegELBASIsCEartl PloutAepH- 8/Pkt FRMpIfer [He esterase
of tHe present invention has .

minutes by using triglycecrides or ratt'} acid esters as the substrale,

The aclivity ol the eslerase which produces one p mole of lalty acid per
minute is defined as one unit, (cf., Example 3)

(c) activity on thiol esters

The enzyme reaction is carried out at pH 8.5 at 30 °C for 10
minutes by us.ing dimercaprol tributylate as the substrate. After the
reaction, 5,5'-dithiobis{(2-nitrobenzoic acid) (color-producing reagent)
is added to the reaction mixture. The amodtht of the liberaled 5-mercapto-
2-nitrobenzoic acid is measured by spectrophotometer. The activity of
the esterase which produces one p mole of 5-mercapto-2-nitrobenzoic
acid per minutle is defined as one unit. (cf., Example 4)
(8) Molecular weight

62,000 + 2,000 (SDS-polyacrylamide gel electrophoresis}
(9) 1soelectric point .

4.6 + 0.1
(10) Effect of melal ions

It is activated in the presence of ImM calcium ion. On the other
hand, its activity is inhibited by 40-90% in the p.resence of |mM zinc
-ion. copper ion, manganese ion, and completely inhibited in the
presence of 1 mM cobalt ion, nickel ion, iron (11) ion, iron (111) ion or
eLhyl_enediaminetetraacetic acid.' |
| | 'I;I:le above-mentioned esterase of the present invenlion is

obviously different from known esterases ih thal it has molecular



ability to hydrolyze a | ower or higher alkyl esters of orgaprc-carboxytTT
acids (e.g., a lower fatty acid, a higher fatty acid, a | oweFHIEISKERYHAS BEEN
substi tut ed- phenyl glycidic acid and the like). Mreover, it al SBFERAGED

potent ability to hydrolyze triglycerides conposed of glycerol and
water-soluble lower fatty acids or water-insoluble higher fatty acids.
Further, it also has ability to hydrolyze thiol esters such as dinercaprol

tribut yseighaod 62600 ke2, 0B (hatealwsedpbvbsmsfeyomdﬁm nligeegelasei n.
electrophoresis) .and isoelectric point of 4.6 + 0.1.

According-to the present invention, the above-mentioned
este.rase can be prepared by cultivating a microo_rganism belonging to
the genus Serratia in a medium, accumulating said esterase inside or
outside of the microorgahism, and recovering the accumulated esterase
therefrom.

Any mxcroorgamsrn belonging to the genus Serratia which can

4‘..-'4'.,,'-

produce the above-mentioned esterase may be used as the esterase-

(- -

3 itriaiamor

producing microorganism of the present invention. Examples of such

microorganism include Serratia marcescens Sr41 (FERM-BP No. 487), a

-

mutant thereof and the like. But, the microorganism used in the
present invention are not limited to those mentioned-above. .Por
example, a recombinant which is produced from the above mentioned
microoganisms according 1o the bioengineering methods may be also
used.

Any medium in which the esterase-producing microorganisms of
the present invention can grow and proliferate may be used as the
medium. Examples of the carbon source include, for example, sugars
such as glucose, sucrose, molasses and the like, organic acids such as
fumaric acid, citric acid and the like, alcohols such as glycerol and the
like, agnipo acids such as alanine, glutamine, asparagine and the like
aﬂd 50 ro‘rth. Inorganic ammonium salts such as ammonium sulfate,
ammonium chloride and the like, urea, peptone, corn steep liquor,

yeast extract, casein hydrolysate and the like can be used as the
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(3) Optinmum pH It shows optimum pH of about 7.5-9.0 when olive oil is used

95% of its activity when it is stored at a pH 5-9 at 30 C fqr
(5) ~Optimum tenperature It shows optimum tenperature of about._40- 50 err]C

as the substrate. (4) pH stability It retains at |east It rerﬁ%%gH %{éﬁt&%

.-—............iv

when the enzymatic reaction is carried out in 100 nM Tris-HC buffer (pH

8.0 .
2,, nitrogen source. It is preferred touse 1 - 15 w/w¥% of the carbon
\

source and 0.1 - 2.0 w/w¥% of the nitrogen source. If réquired.
inorganic salts such as phosphates, magnesium salts, potassium salts,
calcium salts and the like, or metal jons such as iron ions, manganese
jons, copper ions, zinc ions and the like may be added 1o the medium.
When a synthetic medium is used, vitamins such as biotin, thiamin and
the like, or growtih-promoting substances such as carnitine may, if
required, be added to the medium. Moreover, inducers such as
vegetable oils or surfactants may, if necessary, be added to the
medium. It is preferred to adjust the pH of the medium to a pH of
about 5 - 8.

The cultivation can be carried out in a conventional manner after
inoculating the microorganism into the medium. For example, any
method such as shake culture, aeration spinner culture, stationary
cufture or continuous culture may be used for this purpose. |

Thé condition of cultivation may vary depending on a kKind of the
medium, a cultivation method and the like. Any condition under
which the microorganism of the present invention can grow, proliferate
and produce the esterase is appropriate for this purpose. But it is
usually preferred to begin the cultivation at a pH of aboqt S5 -8, and
then carry it out at room temperature or under warming, [or example,
at a temperature between 20 and 40 °C for one to 2 days.

The esterase accumlated inside or outside of the cultivated
microorganism can be recovered and purified in a conventional

manner. For example, the esterase accumlated in the culture broth
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by using olive oil as the substrate. (6) Heat stability It remains 100% of
its activity when it is stored at a tenperature not higher tha ,_gg C 1T 166
mM Tris-HCO buffer (pH 8.0) for 30 mnutes. (7) Assay of enzy ts%gi;igq;’%ﬁ?\il
(a)-activity on olive oil The enzyne reaction is carried out

37 C for 20 mi'nutes by using‘olive oil as the substrate. The act|V|ty of

the esterase which produces one p nole of fatty acid per mnute is defined

Y can be rcovered by a combination o{ known methods such as salting-

out with inorganic salt {e.g., ammonium suifate, an alkali metal sulfate
or an alkali mefal halide}, differential precipitation with hydrophilic
organic solvent (e.g., an alcohol or acetone), column chromatography by
jon exchange resin or hydrophobic resin, gel filtration and protein
precipitation with nucleic acid, tannin or the like. The thus-obtained
esterase can be further purified by a combination of known
purification methods such as isoelectric precipitationé__siialysis,
electrodialysis, electrophoresis and the iike. For ex;;ple, the -
purification is carried out by;

(1) femoving microbial cells from the culture broth by
centrifugation,

(2) treating the supernatant with a 45% saturated ammonium
sulfate solution, '

(3) subjecting the resulting precipitate to an anion exchange resin
(DEAE-TOYOPEARL 650M, MonoQ) chromatography after &1a1y§is
thereof, |

(4) subjecting active [ractions to hydrophobic resin (Butyl-

. TOYOPEARL 650S) chromatography after dialysis thereof, and

(5) subjecting the obtained active fractions to gel filiration
(Superose 6) after dialysis and condensation thereof. The thus-
obtained purified esterase is a polypeptide showing a single band with
a molecular weight of 62,000 + 2,000 by SDS-polyacrylamide.gel

electrophoresis.
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as one unit. (cf., Exanple 1) (b) activity on triglycerides ur‘?atf-y—aeﬂ—d-—-——‘
esters - 4- The enzyne reaction is carried out at pH 8.0 a’f“‘%%fﬁﬁdﬁsmrﬂ
mnutes by using triglycerides or fatty acid esters as the subst rf&feACEhe |

activity of the esterase which produces one [err] nole of faftTy acrd per
mnute is defined as one unit. (cf., Exanple 3)

As mentioned before, the esterase of the present invention have
potent ability to hydrolyze wide range of substrate such as aikyl esters
of organic carb‘oxyﬁc.acids, triglycerides'or thiol esters. Therefore, it
can be applied for organic synthetic reactions as widely as pig liver
esterase. For example, it can be applied for preparation of an optically
active isomer from a racemic mixture thereof, or preparation of a
chiral compound from a prochiral compound thereof. In particular,
the esterase of thg present invention is characterized in that it has
strong ability to hydfoiyze a (lower)alkyl (lower)alkoxyphenyl=
glycidate. For example, when it is used for hydr.olysis of a racemic
lower alkyl trans-3-(4-lower alkoxyphenyl)glycidate, a lower alkyl
(2R, 3S)-3-(4-lower alkoxyphenyl)glycidate can be prepared in good
yield. The thus-obtained lower alkyl (2R, 3S)-3-(4-lower alkoxy-
phenyl)glycidate is useful as a synthetic intermediate of
pharmaceuticals such as diftiazem hydrochloride.

In the following Examples, %" means "w/v%"” unless otherwise
prescribed.

Examples

Example 1
A medium (pH 7.0, 20 liters) containing dextrin (1%), ammonium

sulfate (0.2%), meast-S (2%), potassium dihydrogenphosphate (0.1%),
_magnesium sulfate (0.05%), calcium chloride (0.01%), ferrous sulfate

(0.001%), Tween80 (0.5 v/v%) and polyalkylene glycol derivative-type

surfactant (trade name: KARARIN 102, manufactured by Sar;yo

Chemical Industries, Lid., 0.1 v/v%) was placed in a 30-liter jar-
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(c), activity on thiol esters The enzynme reaction is carried put—at nH 8.5

at 30 'C for 10 mnutes by using dinercaprol tributylate as tﬂmsum{wﬁg&m
After the reaction, 5,5 -dithiobis(2-nitrobenzoic acid) (coljor- prRzdLsgsng !
reagent) is added to the reaction m xture. The anmount of the-t+t+berated -
5-nmercapt o- 2-nitrobenzoic acid is nmeasuréd by spectrophotoneter. The
activity O the esterase which produces one [err] nole of

Bl o ayec Boer At Akt B BsBkEing. SR beSiuR2oM Ry An seidna o
el ect rOphOnrlg?c':esgcens Sr41 which was obtained by reciprocal shaking at 30 °C for

20 hours in the same medium as above was inoculated into the
sterillized medium. -The cultivations was carried out by aeration and
agitation (200 rpm, 0.'vam) at 30 °C for 18 hours. The culture broth
was centrifuged, and the supernatant (4.5 liters) was salted out with
45% saturated ammonium sulfate solution. The precipitate was
collected by filtration with celite, eluted with water. The eluate was
dialyzed and lyophilized. 4.1 g of esterase (18,600 unit/g) wefe
obtained as crude enzyme powder.
(Assay of enzyme activity)
The enzyme activity was estimated according to the following
method. o
A mixture of 225 ml of 2% polyvinyl alcohol (Poval 117,

manufactured by Kurare Co., Ltd.) and 75 ml of olive oil was emulsified
by stirring at 14,500 rpm at 5-10 °C for 10 minutes. 5.0 ml of the
olive oil-emulsion thus-obtained an& 4.0-m! of 0.25M Tris-HClI buffer
{pH 8.0, containing 2.5 mM calcium chloride) were preincubated at 37
“C for 10 minutes. One m! of an enzyme soluiion was added thereto to
initiate enzymatic reaction. After the mixture was incubated at 37 °C
for 20 minutes, 20 ml of a mixture of acetone - ethanol (1:1) were

. added to the reaction mixture to stop the enzymatic reaction. The
mixture was titrated with 0.05 N sodium hydroxide solution by using
phenolphthalein as the indicator. A blank solution was prep;ared in

the same manner as above except that acetone - ethanol (1:1) is added
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(9) lIsoelectric point 4.6 + 0. 1 (10) Effect of netal ions It is activated

in.the presence of 1 mMcalciumion. On the other hand, itsraetdulty |s
inhi bited by 40-90%in the presence of 1 nM zinc ion, copp THI@BHEE’(‘&%F"
ion,:and conpletely inhibited in the presence of 1 nM cobalff i omepPmiceiee - ‘

ion, iron (I1).ion, iron (I1l) ion or ethyl'enedi am neketra '
above-nenti oned esterase of the present invention is obviously different

from known esterases ih that, it s nol ecul ar .
to the substrate so?ulxon bgt%re adganjon of the enzyme solution. Said

blank solution was titrated in the same manner as above. The amount

of enzyme which liberated one pmole of fatty acid per minute was

defined as one unit (U).

Example 2

10 liters of the supernatant obtained in the same mannér as
described in Example | were salted out with 45% saturated ammonium
sulfate solution. The precipitate (esterase) was dissoived in 20 r%r\{[
Tris-HCl buffer (pH 7.5). The solution was dialyzed and subjected to a
column of an anion exchange resin (DEAE-TOYOPEARL 650M, Toyo Soda
Co., Ltd.) which was pre-equilibrated with the same buffer. The
column was washed with 20 mM Tris-HC! buffer (pH 7.5). The elution
of enzyme was carried out by a liner gradient of 0 to 1.0 M sodium
chloride solution containing 20 mM Tris-HC! buffer (pH 7.5). . Esterase
was eluted with about 0.27 M sodium chloride solutions containing 20
mM Tris-HCl buffer (pH 7.5). The active fractions were collecied and
dialyzed against 20 mM Tris-HCl buffer (pH 7.5) and subjected to a
column of a sirong anion exchange resin (MonoQ, manufactured by
Pharmacia LKB Biotechnology) which was pre-equilibrated with the
same buffer. The column was washed with 20 mM Tris-HCI buffer (pH
7.5). The elution of enzyme was carried out by a liner gradient 91’ 010
0.6 M sodium chloride solutions containing 20 mM Tris-HCI buffer (pH
7.5). Esterase was eluted with about 0.35 M sodium chloride solutions
containing 20 mM Tris-HCl buffer (pH 7.5). The active fract-ions were
collected and dialyzed against 5% saturated ammonium sulfate solution

T L



wej ght of 62,000 + 2,000 (neasured by SDS-pol yacryl am de yget

el ectrophoresis) and isoelectric point of 4.6 + 0.1. Accg fftiiSrﬂj%EET HAS BEENt‘he
pr esent i nventi on, t he above-nenti oned esterase canp be B’F&Lﬁ&ﬁ%d by -
cul tivating a mcroorgani smbelonging to the genus SerratTa Tmamedrom
accurul ating said esterase inside or outside of the m croorgan5| m and
recoverl ng the accunul at ed esterase

. containing 20 mM Tris-HCI buffer {pH 7.5) and sub;ected 10 a column

of a hydrophobic resin (Butyl-TOYOPEAL 650S, manufactured by Toyo
Soda Co. Ltd.) Which was-pre-equilibrated with the same buffer. The
column was washed with the same buffer {(pH 7.5). The elution of
enzyme was carried out by a liner gradient of 5 to 0 % saturated
ammonium sulfate solution containing 20 mM Tris-HCl buffer (pH 7.5).
The active [ractions were collected and dialyzed against 0.15 M sodium
chloride solution containing 20 mM Tris-HCI buffer (pH 7.5) and
condensed. The residue was subjected to gel filtration of moleeular
sieve resin (Supgroﬂse 6, manufactured by Pharmacia LKB
Biotechnology) which w;§ pre-equilibrated with the same buffer. 56.8
mg of purified esterase protein were obtained.

The purified esterase showed molecular weight of about 590,000
by gel filtration and about 62,000 by SDS-polyacrylamide gel
electrophoresis.

The specific activities and yields of esterases obtainf.'d in each of
the above purification steps are shown in the following Table 1 (The
enzyme activily was estimated in the same manner as described in
Example | and the amount of ‘protein was measured by LoWry
method.)

The esterase obtained above showed no protease activity when

casein was used as the substrate,
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therefrom Any m croorgani sm bel onging to the genus Serratia which can
produce t he above-nenti oned esterase nay be used as the St’{ %;Pgsogﬁé&' ‘ng
N

m croorgani sm of the present invention. Exanpl es

m'cgoorgani sm_ include Serratia marcescens Sr 4l (depos

Fernmentati on Research Institute Agency of Industrial Science and Technol ogy
on 26 March, 1983 and accorded the accession nunber FERMBP No. 487), a
mutant thereof and the |ike. But, thelahlerborgani smused in the present
i nvent ion are *
Purification Total Total - Specific activity | Yield
step protein |activity |}(units/mg protein)| (%)
(mg) (units)
Supernatant 16470 385400 23.4 100
of culture
45% ammonium 1529 341000 223 88.5
sullate
= DEAE-TOYOPEAL 247 | 227500 921 59.0
650M _ -
MonoQ 143 141300 988 367
Butyl-TOYOPEAL 84.5 85350 1010 22.1
6508 . '
Superose 6 56.8 S8500 1030 15.2
Example 3

The substrate specificity on various kinds of triglyderides and
fatty acid esters was investigated with réspect to the esterase obtlained
in Example 2.

(Assay of hydrolyzing activity'on triglycerides and fatty acid esters)

0.2 g of each substrate, 4 ml. of 0.2 M Tris-HCI buffer (pH 8.0) and
one ml of 6 mM calcium chloride solution were placed in 100 m] fiask.

" After a ten minute-preincubation, one ml of enzyme solution was
added thereto to initiate enzymatic reaction. The miXture was
incubated at 37 'C under 80 rpm for 10 minutes. 20 ml of a mixture

of acetone - ethanol (1:1) were added to the reaction mixture to stop

This Sheet Has Been Reﬂlaced 12
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not |imted to those nentioned-above. For exanple, ..a reconmbinant

which is produced fromthe above mentioned m croorgansi ms | aa&OHEEN Pials Bkl 9
bi oengi neeri ng nmet hods may be al so used. Any medi um i wWhirtlacept he

est-er ase- produci ng m croorgani sms of the present inventio

proliferate may be used as the nmedium _Exanpl es of the .carbon source

I ncl ude, for exanple, sugars such as glucose, sucrose, nolasses and the
| i ke, organic acids such as fumaric aC|d citric acid and the Ilike,

al cohofiS, ensymatic reaction. The mixture was titrated with 0.05 N sodium
hydroxide solution by using phenolphthalein as the indicator. A blank
solution was prepared in-the same manner as above except that
acetone - ethanol (1:1) was added to the substrate solution before
addition of the enzyme solution. Said blank solution was titrated in
the same manner as above. The amount of enzyme which can liberate
one umole of [atty acid per minute is defined as one unit.
(Results) | ‘ o
The result are shown in the following Tables 2 and 3. The
enzyme activily is shown as relative activity (%) [methyl n-caprylate

{Table 2), tricaprylin (Table 3) = 100].

Table 2
Substrate Relative activity (%)
methyl acetate 9.7
methyl n-but'yrate 72.8
methyl n-valerate 38.9
methyl n-caproate | 14.6
methyl n-caprylate 100 1)
methyl n-caprate 92.2
' meihﬂ)l laurate 61.2
methyl myristate 34.0
methyl palmitate : 14.6
methy! linolenate 38.9

s u\ m ’ﬁ““



such as glycerol and the |like, amno acids such a

gl utam ne, asparagine and the |like and so forth. |norganicjarm

such as ammoni um sul fate, ammoni um chl ori de and the |ike,

corn steep liquor, yeast extract,

o

ea,

e poy
S o

casein hydrol ysate and the |i ke can be

used as the - 6 -
methyl linolate 515
methyl oleate 2.9
1);: 204 unit/mg brotein .
Tablle 3

Substrate Relative activity (%)
triacetin 7.6 |
tributylin £93.2
tricaproin 70.3
tricaprylin 100 2)
tricaprin 42 .4
trilaurin 29.7
trimyristin 33.9
tripalmitin 1.6
Tristearin 1.6

2): 1169 unit/mg protein

Example 4

The substrate specificity on dimercaprol tributyrate was

investigated with respect to the purified esterase obtained in Example

2.

The .esterase was added to a substrate solution of Lipase Kit S

[Substrate: dimercaprol tributyrate, manufactured by Dainippon

Pharmaceutical Co., Ltd.]. After the hydrolysis was carried out, 5.5-

dithiobis{2-nitrobenzoic acid) (color-producing agent) was added to

T

Been R

< i

eplaced

]




nitrogen source. It is preferred to use 1 - 15 w w% of t he.carbenr—sotrce™]
and 0.1 - 2.0 wwof the nitrogen source. If required, ijnesgSHEET Hd BEEN
such as phosphat es, magnesium salts, potassiumsalts, callci umREBHASEDPand tihe
li ke, or netal ions such as iron ions, manganese ions, coOpper—tons, ZIMc

i oris and the |ike nmay be added to the.nedium Wen a synthetic mediumis
used, vitamns such as biotin, .thiamn and the |ike, or growh-pronoting
substances such as carnitine may, if required, be added to the nmedium

Mor eOYRE , réattiote nSixS UL, asmz@gﬂéeﬁﬁmn@i'lm@reﬁwhfa@éaw SnEBYurinfg necessary,
be added to the nedium It is preferred to adjust the pH of the nmediumto a
pH of the amount of the liberated S-mercapto-2-nitrobenzoic acid at 412 nm.

The esterase showed the enzyme activity of 1.7 x 105 units/mg
protein.
Example 5
1.5 mg of the purified esterase obtained in Example 2 were
added to 75 ml of an aqueous 1mM calcium chloride solution. 75 ml
%61 toluene solution containing 1M racemic methyl trans-3-(4-
methoxyphenyl)glycidate were added thereto. The mixture was
adjusted to pH 8.0 and stirred at 30 °C for 4 hours. After the reaction,
the ratio of (+)-isomer [(2S, 3R)-isomer) and (-)-isomer [(2R, 3S)-
isomer] of methyl trans-3-(4-methoxypheny_l)glycidate in toluene
layer was measured by High Performance Liquid Chromatography
(column: Chiralcel 0}, manufactured by Daicel Chemical Industries, Ltd.,
mobile phase: n-heXane : isopropyl alcohol = 9:1).
The results are shown in the following Table 4

Table 4 -

The ratio of optically active isomers (%)

Optical yield of (-)-trans

(+)-trans-isomer (-)-trans-isomer isomer (%)
0.4 99.6 94
Example 6 -

Optimum pH and pH stability were investigated with respect Lo

the purified esterase obtained in Example 2.

15

-

T e \\\\\\\\\\\\\\\\\\

e om SvrpA s & s

e gy m e



about 5 - 8. The cultivation can be carried out in a conventd
after inoculating the mcroorganisminto the nmedium For exiimbes,HEaT\yAs BEEN
met hod such as shake culture, aeration spinner culture, stationar§PLéGERure
of g¢ontinuous culture may be used for this purpose. The cong-t+
cultivation may vary depending on a kind of the nmedium a cultivation
nmet hod and {.he. Ilkeaqﬁn‘¥/ cocrpdltlon u ger whi ch .t he m croorgani smof the
present i nvORLIBYE 3%, S G',th%?wrdﬂgc@et RBZY S ALVl
approptigte for thIS S usu l.y pref 0 begin the
cul ti Vggatbﬁ sgme Eﬁ ggutfesscr%%d 1gn§xamp 1 egcepftﬁag he

enzymatic reaction was carried out at various pH. The each activity

was shown as relative activity (%) (the activity at pH 8 = 100).

On the other hand, pH staQility was examined by adjusting the
enzyme solution at a specified pH, incubating at 30 °C for one; hour and
then estimating the enzyme acgivity in the same manner as described
in Example 1. The enzyme activity was shown as the relative activity
(%) of residual activity (the activity measured immediately‘ before_
incubation = 100), and the pH adjustment was carried out by using

"Mcllvaine buffer (pH 3.0-7.0), 100 mM Tris-HCl buffer (pH 8.0 - 9.0)
and 100 mM glycine buffer (pH 9.0 - 11.0)
(Results)

The results_are shovgn in the following Table S and 6. It is clear
from these Tables that th‘e optimum pH of the esterase is about 7.5 -
9.0, and the esterase is stable at a pH of about 5 - 9.

Table 5 (Relative activities at each pH)

pH . {3 4 5 6 7 8 -9 10 11l
Relative activity (¥} [ 0 S 20 39 69 100 80 2 O

Table 6 (pH stability)
pH 3 4 5 6 7 8 9 10 11

Residual activity (%){ 0 S 95 100 100 100 100 65 O

/-—

Example 7 :
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then carry it out at roomterrperature or under warm ng, for_exanple, . at.a
tenperature between 20 and 40 'C for one to 2 days. The estﬁg‘gggggcggg‘gﬂwj
inside or outside of the cultivated m croorgani smcan be ré&coveasda
pur{fied in a conventional manner. For exanple, the esterase_ accum-at-edii
the culture broth -7.- can be rcovered by a conbinati an of known nethods
such as salting- o

\

Optimum temperature and heat stability were investigated with
respect to the purified esterase obtained in Example 2.

. The oplimum temperature was determined by measuring the
enzyme activily in the same manner as described in Example 1 except
that the enzymatic reaction is carried out at various temperature. The
enzyme activity was shown as relative activity (%) (the activity at 45

C = 100).

On the otﬁer hand, the heat stability'%‘as examined by inpubating
the enzyme in 100 mM Tris-HCl buffer for 30 minutes at a specified
temperature, and estimating the enzyme activity in the same manner
as described in Exan;ple 1. The enzyme activity was shown as the
relative activity (%) of residual activity (the activity measured
immediately before incubation = 100).

(Results) ‘

The besults are shown in the following Table 7 and 8. It is clear
from Tables that the optimum temperature is about 40 to SO *C, and
the esterase is stable at a temperature not higher than 50 °C.

Table 7
Temperature (*C) 10 15 20 30 35 40 45 50 S5
Relative activity (%) | 10 14 19 39 S1 72 100 64 4

Table 8
Temperature ('C) 4 30 40 50 S5 60
Residual acitivity (%) 100 100 100 100 2 0

Rep Jaced
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out with inorganic salt (e.g., ammonium sul fate, an al kali netal sulfate or
an alkali nmetal halide), differential precipitation with r n|||c
organi ¢ solvent (e.g., an al cohol or acetone), colum chr %ﬁ&$4n
exchange resin or hydrophobic resin, gel filtration and prote|

preci pitation with nucleic acid, tannin,or the |ike. The thus-obtained
esterase can be further purlfled by a conbi nation of known purification
nmethods such as isoelectric precipitation, dialysis, electrodialysis,

el ect r oppgrsesgand the like. For examite, the purification is carried out

by; (1) renoving mcrobial ¢ells fromthe culture broth by
The isoelectric point of the purified esterase obtained in Example

2 was examined by means of electrophoresis under the following
conditions: '

carrier: Ampholine (pH 3-10)

density gradient of 0 to S0 % sucrose

voltage: at 400V for 26 hours from the beginning and then

at 80%V forl14 hours
temperature: 2 °C
110 m! column was used. .
As a result, the isoelectric point of said esterase was found to be .

46 + 0.1

Example 9
The purified esterase obtained in Example 2 (protein: 95 pg) was

dialyzed against distilled water, and the dialyzed solution was
evaporated to dryness. The residue was subjected to ax; amino acid
sequencer. As a result, the amino acid sequence from N-terminal 10
12th was found io be as follows:
N-terminal—(X)—Ilez—Phe-Ser-Tyi‘5-Lys-Asp-Leu-Asp-Glu1 O-Asn-Ala
wherein X is an amino acid which has not yetl been identified.
Example 10

The effect of metal jons or known enzyme-inhibitors on the

purified esterase obtained in Example 2 was investigated as follows:

This Sheet Has Been Rzil aced
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centrif ug ation, (2) treatlng the supernatant with a 45% sat urated
ammoni um sul fate solution, (3) subjecting the resulting p

ani on exchange resin (DEAE— TOYOPEARL 650M MonoQ chromat gﬁﬂgp JE%:; %%’EN
dir al ysis thereof, (4) subjecting active fractions to hydrophobic resin
(Butyl - TOYCPEARL 650S) chromat ography after dialysis thereof, and (5)
subj ecting t-he obtained active fractions to gel filtration (Superose 6)

af ter dialysis and condensation thereof The t hus-

1mM each metal ion or ImM each inhibitor was added to the

enzyme solution, and the enzyme activity was estimated in the same
manner as described in Example 1.

The activity was shown as relative activity (%) (the activity
estimated by no addition of metal ion or inhibitor = 100).
(Results)

The results are shown in the following Table 9 and 10.

Table 9 (The effect of metal ions)

Metal ion Relative activity

(1mM) (%)

no addition 100
Co2+ 0
Li* . 143
Zn2+ 29
Cu2+ 57
‘Mg2+ 123
Ni2+ 0
‘Mn2* 11
Hg2* 86
Fel+ : 0
Fe3+ 0
CaZ* : 285
Pb2+ 86
K* 94

Table 10 (The effect of inhibitors)

Inhibitors(1mM) Relative activity
without reagent _ 100
Ethylenediaminetetraacetic acid 0
p-Chloromercury benzoale 86

: This Sheet Has-Been Reilaced .
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obtained purified esterase is a pol ypepti de show ng a si nglye—trarmd—w [%& en
nol ecul ar wei ght of 62,000 + 2,000 by SDS-pol yacryl am de geTHIS SHEET HAS Sk&
el ectrophoresis. -8- As nentioned before, the esterase of th@EBIrﬁbc ent 3
i fventi on have potent ability to hydrolyze w de range of substrate such as

al kyl
Ther ef or

-
?

esters of organic carboxylic acids, triglycerides or thiol esters.

it

‘Sodium dodecyl sulfate 157

*§

Phenylmethylsulfonyl fluoride 100

Example 11

12 liters of the supernatant obtained from the culture broth in
the same manner as described in Example 1 were concentrated by
using qltrafiltr-ation membrane (SIP-3013, Asahi Chemical Industries
Co., Ltd.). The concentrate was salted out with 35% saturated
ammonium sulfate solution containing 10 mM Tris-HCI buffer (pH 7.5).
The precipitate (esterase) was dissolved in 10 mM Tris-HCI buffer (pH
7.5). The solution was dialyzed and subjected to a column of an anion
exchange resin (DEAE-TOYOPEAL 650M, manufactured by 'I:oyg Soda
Co., Ltd.) which was pre-equilibrated with the same buffer. The
column was washed with 10 mM Tris-HC!l buffer {(pH 7.5). The elution
of enzyme was carried out by a liner gradient of 0 to 0.8 M sodium
chloride solutions containing 10 mM Tris-HCI buffer (pH 7.5). Esterase
was eluted with about 0.3 M sodium chloride solutions containing 10
mM Tris-HCI buffer (pH 7.5). The zctive fractions were collected and
dialyzed against 0.15 M sodium chloride solution containing 10 mM
Tris-HCl buffer (pH 7.5). ’_I'he solution (101 ml) was concentrated 10 8§
ml by ultrafiltration {Diaflo ultrafilter PM-10, manufactured by
Amicon Co., L1d.). The concentrate was subjected to gel (iltration of a
molecular sieve resin (Sephacryl S-300 HR, manufactured by
Pharmacia LKB Biotechnology) which was pre-equilibrated with the
same buffer. The active [ractions were collected and dialyz;ed against

2% saturated ammonium sulfate solution containing 10 mM Tris-HCI

T —

This Shee

. //Il/I///IlI/////I/I//iI/w

"y



can be applied for organic synthetic reactions as wdely as pig liver

esterase. For exanple, it can be applied for preparation at—optT (..d.l EN
active isoner froma racenmc mxture thereof, or preparati 19 BHEET
conmpound from a prochiral conpound thereof. In particular the“s@%‘i‘ ase Q

the present invention is characterized in-that it has strohg~ablTity to
hydrol yze a (I ovver)al kyl (1 ower)al koxyphenyl - glycidate. For exanple, when
it i*s used for droI sis of a racem c |ower alky|l trans-3-(4-1ower

al koxyphéwjlf;@ )gané subierted k912 colymaspl 3 hydrepbpbic resin

al koxyphen )gI yCi d an be prepared in good yield, The thus-obtained
| ower  al |(9 @gﬁﬁiﬁ(ﬁ&m, meRyLgctured by ¥oyo Soda Co., Ltd.) which

was pre-equilibrated with the same buffer. The column was washed
with the same buffer. Enzyme was eluted from the resin by a
stepwise gradient of 2% to 0% saturated ammonium salfate solutions
containing 10 mM Tris-HCl buffer (pH 7.5). 133mg of purified
esterase protein were obtained.

Physico-chmical properties and enzymatic characteristics of this
purified esterase are identical to those obtained in Example 2. )

The specific activities and yields of esterase obtained in each of
the above-purification steps are shown in the following Table 11 (The
enzyme aclivily was estimated in the same manner as described in |
Example 1 and the amount of protein was measured by Lowry
method.). The esterase obtained above showed no protease activity

when casein was used as the substrate,

All of purification steps above was carried out below S °C

Table 11
Purification Total | Total Total Specific [Yield
step volume |protein | activity activity | (%)
(ml) (mg) (units) (units/m

protein)
Supérnatant 12000{ 13900 1416000 102 100
of culture
Concentration 1000] 1920 | 1343000 699 95
by UF membrane '

Th;s
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gty = A At e N = e s v et g oo

phtenyl ) gl

such as diltiazem hydrochl ori de.

chlori de
pol yal kyl

oy

ycidate is useful

as a synthetic internediate of phar maceut i cal s

In the foll ow ng Exanpl es,
"W v% unless otherw se prescribed. Exanples Exanple 1 A medi u /E'ﬁ 102?%%5'“
liters) containing dextrin (1%, amoniumsulfate (0.2%, neas é o
pot assi um di hydr ogenphosphate (0.1%, magnesium sulfate (0.05%, cal clum
0.01%, ferrous sulfate (0.001%, Tween80 (0.5 v/v% and
P98 IS Roriit VA [ Ve TN 645 [1269000 | 1967 | 90
sulfate
DEAE-TOYOPEAL 101 298 656000 2201 46
650M
Sephacryl 45 194 590000 3041 42
S-300 HR
Phenyl-TOYOPEAL 18 133 414000 3113 29
650M
gk
Example 12

The amino acid composition of purified esterase obtained in

Example 11 was examined by using an amino acid analyz_.e-r under the

following conditions.

Each enzyme solution in éM hydrochloride (2.0 mg/ml) was

sealed in a glass tube under vacuum and then hydrolyzed for 20, 40 or

70 hours at 110 "C. The hydrolysate was evaporated to dryness under

reduced pressure, dissolved in 0.02N hydrochloride solution and

analyzed with an amino acid analyzer (Hitachi model L-8500).

Cystein

and cystine were determined as cysteic acid after performic acid

oxidation of the sample according to the method of Moore!),

Tryptophan was determined according to the method of Simpson et

al.z)

References: 1) Moore, S. (1963) J. Biol. Chem. 238, 235-237.
2) Simpson, R.J., Neuberger, M.R,, and Lin, T.-Y. (1976)
J. Biol. Chem. 251, 1936-1940. '
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surfactant (trade nanme: KARARIN 102, nmanufactured by Sany
I ndustri-es, Ltd.,-0.1 wv% was placed in a 30-liter jar-
sterllllzed by autocIaV|ng A broth (200 m) of Serratia

wHi &h was obt ai ned by reciprocal shaking at- 30 [err]C for
sane nedi um as above was inocul ated into the sterillized

cultivations was carr.i ed out by aeration and agitation (2
30 € for 18 hours. The culture broth

o Cheni cal
f er ment er a‘nd

EeSTETIS Sl
705 RUERTSHASSR e
redi

rpm 0. 5vvim) at

Table 12
 Amino acid Residues / molecule?)
Asxb) 89
TheC) 40
Ser¢) 43
Gixb) 40
Pro 15
Gly 78
Ala 56
Val 28
Ile 31
Leu 58
Tyr 23
Phe 28
Lys 20
His . 14
Arg 14
Cys 0-1
Met 2
Trp 7

a): Based on an Molecular weight of 62,000.

b): Sum of acid and amide forms.

¢): The serine and threonine values were oblained by extrapolation to

time zero, assuming first-order decay.

Example 13

The purified esterase obtained in Example 11 was dialyzed

against water, and its calcium content was determined by using an

' ato;n.i'é absoption spectrometry (Hitachi model Z-9000).

As a result, the calcium content in the purified esterase was one

mole per an enzyme molecular mass of 62,000.

Example 14

_—
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wds centrifuged, and the supernatant (4.5 liters) was salted out with 45%

saturated amoni um sul fate solution. The precipitate was cgJ.i.e.cLeet By
filtration with celite, eluted with water. The eluate was diralsysiedt and BEEN
Iyophl lized. 4.1 g of esterase (18,600 unit/g) were obtaingd as REPUAGED

enzyne powder. -(Assay of enzyme activity) The enzyne acti vilty—nas—~estimate
according to the follow ng nethod. A mxture of 225 ml of 2% pol yvi nyl

g: |C°h°| (Poval g‘ﬂ'xjeegsuﬂwl@céé’éﬁﬁcml EFECo TPirie dledtdr W oftafhe 8fin0! 1 VE

was emnul si
Example 11 on dimercaprol tributyrate was investigated in the same

manner as described in Example 4.
The esterase showed the enzyme activity of 5.2 x 103 units/mg

'protein.

e
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st enx L

by “stirring at 14,500 rpmat 5-10 [err]Cfor 10 minutes. 5.0 ml of the oI|ve
oi | -emul si on thus-obtained and 4.0 ml of 0.25M Tri s-HCl bﬁﬁrﬁﬂ%
coptaining 2.5 mM cal cium chl oride) were preincubated at Ipig B q
mnites. One n of an enzynme sol ution was added thereto tlo i nifE

enzymatic reaction. After the m xture was incubated at_377CTor 20.m nutes,
20l of a mxture of acetone - ethanol (1:1) were added to the reaction

m xttre to stop the enzymatic reaction. The mxturelmmunulmﬂmwmth 0.05
N sodi um hyg& 0X] de oI ut i on. by using phénol pht hal ei

bl ank sol ut in the same manner as abové excepPt that acetone

- ethanol (1:1) i.S.Aafgg%gerase having the following physico-chemical properties

and enzymatic charactaristics:

(1) Activity: it (i.e., said esterase) hydrolyzes an ester bond
of organic carboxylates, |
(2) Substrate specificity: it acts on alkyl esters of organic
carboxylic acids, triglycerides or thiol esters,
(3) Optimum pH?:ffs optimum pH is 7.5 - 9.0 when the
hydrolysis is carried out by using olive oil as the substrate,
(4) pH stability: it is stable at pH 5.0 - 9.0 when it is stored
at 30 °C for one hour, |
(5) Optimum temperature: its optimum temperature is 40 -
50 °C when the hydrolysis is carried out by using olive oil
as the substrate,
(6) Heat stability: it is stable at a temperature of not higher
than 50°C when it is stored at pH 8.0 for 30 minutes,
(7) Molecular weight: 62,000 + 2,000 (SDS-polyacrylamide
gel electrophoresis),
(8) Isoelectric pbint: 4.6 + 0.1,
(9) Effect of metal ions: it is activated in the presence of
I mM calcium ion, and inhibited in the presence of ImM
cobalt ion, nickel ion, iron ion or ethylenediaminetetraacetic
acid.

2. The esterase according to Claim 1 which is derived from a

microorganism belonging to the genus Serralia.

e ——
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totthe substrate solution before addition of the enzynme solution. Said

bl ank solution was titrated in the ove. The_amnunt. of
enzynme which |iberated one [err.] Iﬁmm El Gﬂper m nulteyigveseeaidedtn
as' dhe unit (U). Exanple 2 10 liter ant obt al ned RePLACY®
sane manner as described in Exanple 1 were salted out with

anmoni um
L

3. The esterase according to.Claim 2 in which the microorganism
is Serratia marcescens.
4. A process for preparing noﬁel eslerase which comprises

(a) cultivéting a microorganism having ability tc;"‘produce
the esterase claimed in Claim I, and

{b) recovering said esterase from the culture broth.

S A process according to Claim 4 in which the mi(:ro.organisrn
i-;-a., belong to the genus Serralia.

6. The process according to Claim 5 in which the microorganism is
Serratia marcescens.

7. A process for preparing a lower alkyl (2R, 3S)-3-(4-lower
alkoxyphenyl)glycidate which comprises the steps of:

(a) treating a racemic lower alkyl trans-3-{4-lower alkoxy-
phenyl)glycidate with the esterase claimed in Claim | thereby
stereoselectively hydroly-zing 2S, 3R-isomer thereof, and

(b) recovering uncreacted 2R, 3S-isomer from the reaction

mixture.
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suf fate solutjon. The precipitate (esterase) was dissolved in_20 oM
Tris-HC buffer (pH 7.5). The solution was dialyzed and sua*ﬁ%tsﬁgsﬁﬁﬁ@sﬁm
col. umm of an ani on exchange resin (DEAE- TOYOPEARL 650M To

Ltd.")" which was pre-equilibrated with the sane buffer. Thelcolum.-was
washed with 20 nM Tris-HCl buffer (pH 7.5). The elution of enzyne.was
carrieed out by a liner gradient of 0 to 1.0 M sodium chloride solution
containing 20 mM Tris-HC buffer (pH 7.5%. . I-Esterase was eluted with
about 0.27 M sodium chl oride sol ution riing 20 MM Tris-HC buffer (pH
7.5). The active fractions were collected and di al yzed agai nst 20 nM
Tris-HCl buffer (pH 7.5) and subjected to a

A novel esterase which is derived from Serratia marcescens is

disclosed. Said esterase has the following physico-chemical properties
and enzymatic charactaristics:

(1) Activity; it (i.e., said esterase) hydrolyzes an ester bond of organic
carboxylates, (2) Substrate specificity; it acts on alkyl esters of organic

carboxylic acids, Lrigl'ycerides or thiol esters, (3) Optimum pH; its

s .
eet

optimum pH is 7.5 - 9.0 when the hydrolysis is carried out by using
olive oil as the substrate, (4) pH stability; it is stable at pH 5.0 - 9.0
when it is stored at 30 °C for one hour, (5) Optimum temperature; its
optimum temperature is 40 - 50 ‘C when the hydrolysis is carried out
by using olive oil as the substrate, (6) Heat stability; it is stable at a
temperature of not higher than 50°C when it is stored at pH 8.0 for 30
minutes, (7} Molecular weight; 62,000 + 2,000 (SDS-polyacrylamide gel
electrophoresis), (8) Isoelectric point; 4.6 + 0.1, (9) Effect of metal ions;.
it is activated in the presence of ImM calcium ion, and inhibited in the
presence of 1mM cobalt ion, nickel ion, iron ion or ethylenediamine-
tetraacetic acid. Said esterése can widely be applied for organic

synthetic reactions.

. m
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colum of a strong ani on exchange resin (MonoQ rmanufact
LKB Bi ot echnol ogy) which was pre-equilibrated with the sanfg
colum was washed with 20 mM Tris-HCl buffer (pH 7.5). TH
enzynme was carried out by a liner gradient of 0 to 0.6 M
sol utions containing 20 mM Tris-HCl buffer (pH 7.5). Estd
with about 0.35 M sodium chloride sol utions contai ni ng 20 ¥
buffer (pH 7.5). The active fractions were collected and ¥

5% sat ur at ed amoni um sul fate sol uti on
THIS SHEET HAS BEEN
REPLACED

NOVEL, ESTERASE AND PROCESS FOR PREPARING THE SAME

This invention relates to novel esterase and process for preparing
the same.

Recently, attempts have been made to use esterase for organic
synthetic reactions (e.g., hydrolysis reaction). For example, esterase
derived from pig liver is often used for this purpose. However, this
esterase is disadvantageous for indusirial use because it is expensive.
On the other hand, there have been known esterases derived from
microorganisms such as Arthrobacter globiformis IFO 12985 [Patent
Publication (unexamined) No. 181788/1989] (Molecular Weight:
43,000), Bacillus stearothermoohilus [Archiv. Biochem. Biophys. 160,
S04-513 (1974)} (Molecular Weight: 47,000), Geotrichum candidum
[Agric. Biol. Chem. 37 (6), 1457-1464 (1973)} (Molecular Weight:

'_ 53,060-55,000), Pseudomonas aeruginosa {]. Biochem. 86, 643-656
';-_.(19_79)] (Molecular Weight: 55,000), Pseudomonas rluorescerzns ().
‘Biochem. 95. 1047-1054 (1984)] (Molecular Weight: 48,000).

—_—
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- 11 - containing 20 MM Tris-HCl buffer (pH 7.5) and subj (;EQE@.T%@JEE‘?‘J"
of a hydrophobic resin (Butyl-TOYOPEAL 6?9% & gtgégi@c -

Ltd.) which was pre-equilibrated with thg sange ecaﬂzw\g
washed with the same buffer (pH 7.5). Theg_el Uthl’L of enzy ryed
by a liner gradient of 5 to 0 % saturated amoni um sulfatklsolution ——
containing 20 mM Tris-HCl buffer (pH 7-5%.-The active fraftions were

col |l ected and di al yzed against 0.15 M sodi um chl ori de sol ttTom cont al ni ng
20 mM Tri st@/eban‘fmes(epelsmrayeamave difficulties that they can not be widely

(bu‘t

applied because of their narrow substrate specificities.

The ob'ject of the present invention is to provide a novel esterase
which is derived from 2 microorganism and can be applied for organic
synthetic reactions as widely as pig liver esterase.

Other object of the present invention is to provide a process for
preparing said esterase.

Another object of the present invention is to provide a process
for p.reparing a lower alkyl (2R, 35)-3-(4-lower alkoxyphenylglycidate
by using said esterase.

As a result of various investigations, we have now found a potent
esterase which is derived from a microorganism belonging to genus
Serratia.

The esterase of the present invention is a novel esterase having
the following physico-chmical properties and enzymatic characteristics:
(l.) Activity

It (i.e. said esterase) hydrolyzes an ester bond of an organic
carboxylates.

(2) Substrate specificity

It acts on alky! esters of organic carboxylic acids, triglycerides or
thiol esters. For example, the esterase of the present invention has
ability to hydrolyze a lower or higher alkyl esters of organic carboxylic
acids (e.g., a lower fatly acid, a higher fatty acid, a lower alkoxy-
substituted-phenylglycidic acid and the like). Moreover, it also has

potent ability to hydrolyze triglycerides composed of glycerol and

This Sheet Has Been Rep
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condensed. The residue was subjected to gel fiItrat| WY s
resin (Superose 6, manufactured by Pharm A@h@@«hh IREQ;L)\CWE:d'hSMES
pre-equilibrated with the same buffer. 5“8’5 §ES%;\c;q,@;wl ] TErase protein
were obtained. The purified esterase s'hondy?__n_g,ﬂc;ulax—’w 9 MARUSS?
590, 000 by gel filtration and about 62,0 by SDS- pol yacr \l fam de gel

el ectrophoresis. The specific activities and yi el ds of estie

in each of the above r|f|cahgon steps are shown in the flol

(The enzyne“éﬁ:‘tqrvﬁ?l}‘ slogégy 't‘é(daF 5 Ple YEALR-IRIRINDIG

Further, it also has ability to hydrolyze thiol esters such as dimercaprol

tributyrate and the like. - But it has no ability to hydrolyze casein.
(3) Optimum pH

It shows optimum pH of about 7.5-9.0 when olive oil is used as
the substrate.
(4) pH stability

It remains more than 95% of its activity when it is stored at a pH
5-9 at 30 °C for 60 minutes.
(5) Optimum temperature

It shows optimum temperature of about 40-50 °C when the
enzymatic reaction is carried out in 100 mM Tris-HCl buffer {pH 8.0}
b}} using olive oil as the substrate.
(6) Heat stability

It remains 100% of its aétivity when it is stored at a temperature
not higher than 50 °C in 100 mM Tris-HC! buffer (pH 8.0) for 30
minutes. -
(7) Assay of enzyme activity

(a) activity on olive oil

The enzyme reaction is carried out at pH 8.0 at 37 °C for 20
minutes by using olive oil as the substrate. The activily of the
esterase which produces one p mole of fatty acid per minute is defined
as one unit. (cf., Example 1)

(b} activity on triglycerides-or latty acid esters

This Sheet Has Been Replac
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Exanpl e |

and the amount of protein was
esterase obtai ned above showed no prot :
the substrate. - 12 - Table I Purifi ' Tot a 12 MARa1997
Specific activity Yield :

-

GV v | REPLACEMERNSHES ™
“fe ¢dsel n was used ‘as

The enzyme reaclion is carried out al pH 8.0 at 37 "Clor 10
minutes by using triglycerides or fatly acid esters as Lhe substrate.
The aclivily of the esterase which produces one p mole of [atly acid per
minute is defined as one unit. (cf., Example 3)

(c) activity on thiol esters

The enzy me reaction is carried out at pH 8.5 at 30 "Cfor 10
minutes by us.ing dimercaprol tributylate as the substrate. After the
reaction, 5,5°-dithiobis(2-nitrobenzoic acid) (color-producing reagent)
is added to the reaction mixture. The amount of the liberated S-mercapto
2-nitrobenzoic acid is measured by speclrophotomeler. The activity of
the eslerase which produces one p mole of 5-mercaplo-2-nitrobenzoic
acid per minute is defined as one unit. (cf., Example 4)
(8) Molecular weight

62,000 + 2,000 (SDS-polyacrylamide gel electrophoresis)
(9) Isoelectric point

46401
(10) Effect of metal ions

It is activated in the presence of ImM calcium ion. On the other

hand, its activity is inhibited by 40-90% in the presence of I mM zinc

ion, copper ion, manganese ion, and completely inhibited in the

presence of {mM coball ion, nickel ion, iron (11} fon, iron (I11) ion or
elhylenediamineletraacelic acid.
The above-mentioned eslerase of the present invention is

obviously different from known eslerases ifi thal it has molecular
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weight of 62,000 » 2,000 (measured by SDS-polyacrylamide gel
electrophoresis) and isoelectric point of 4.6 + 0.1.

According.to the present invention, the above-mentioned

esterase can be prepared by cultivating a microorganism belonging to

the genus Serratia in a medium, accumulating said esterase inside or

outside of the microorganism, and recovering the accumulated esterase

therefrom.

Any microorganism belonging to the genus Serratia which can

produce the above-mentioned esterase may be used as the esierase-

producing microorganism of the present invention. Examples of such

microorganism include Serratia marcescens Sr41 (FERM-BP No. 487), a

mutant thereof and the like. But, the microorganism used in the

present invention are not limited to those mentioned-above. For

example, 2 recombinant which is produced from the above mentioned

microoganisms according to the bioengineering methods may be also

used.

Any medium in which the esterase-producing microorganisms of

the present invention can grow and proliferate may be used as the

medium. Examples of the carbon source include, for example, sugars

such as glucose, sucrose, molasses and the like, organic acids such as

fumaric acid, citric acid and the like, alcohols such as glycerol and the

like, amino acids such as alanine, glutamine, asparagine and the like

and so forth. Inorganic ammonium salts such as ammonium sulfate,

ammonium chloride and the like, urea, peptone, corn steep liquor,

yeast extracl, casein hydrolysate and the like can be used as the
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Exanpl e 3 The substrate specificity on v rmg—;ﬁeﬂr\'tf@ Of erl des and
fatty acid esters was investigated with rspe(}tEPtﬂM-‘EPne e 3% WRaﬂ
Exanpl e 2.. (Assay of hydrolyzing activitylon cerides

esters) 0.2 g of each substrate, 4 m of 0.2 MTris-HC bu
one mM of 6 mM cal ciumchloride solution were placed in 10

atty aC|dr

a ten m nut grjpF Ggeie dBarLEN. uonepﬁérafreaned/meesm-umqu of the carbon

source and 0.1 - 2.0 w/w¥% of the nitrogen source. If required,
inorganic salts such as phosphates, magnesium salts, potassium salts,
calcium salts and the like, or metal ions such as iron ions, manganese
ions, copper ions, zinc ions and the like may be added to the medium.
When a synthetic medium is used, vitamins such as bjotin, thiamin and
the like, or growth-promoting substances such as carnitine may, if
required, be added to the medium. Moreover, inducers such as
vegetable oils or surfactants may, if necessary, be added to the
medium. It is preferred to adjust the pH of the medium 10 a pH of
about 5 - 8.

The cultivation can be carried out in a conventional manner alter
inoculating the microorganism into the medium. For example, any
method such as shake culture, aeration spinner culture, stationary
culture or continuous culture may be used for this purpose.

The condition of cultivation may vary depending on a kind of the
medium, a cultivation method and the like. Any condition under
which the microorganism of the present invention can grow, proliferate

and produce the esterase is appropriate for this purpose. But it is
usually preferred to begin the cultivation at a pH of aboqt S - 8, and
then carry it out at room lemperature or under warming, [or example,
at a temperature between 20 and 40 'C for one 1o 2 days.

The esterase accumlated inside or outside of the cultivated
microorganism can be recovered and purified in a conventional

manner. For example, the esterase accumlated in the culture broth
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added thereto to initiate enzymatic reaction.

37 Cunder 80 rpmfor 10 m nutes. 20

(1:1) were added to the reaction m xtu 1a-\1$§”§(

reaction. The m xture was titrated with 0.0

usi ng phenol pht hal ein as the indicator .\

t he same manner as above except that -7 -
can be rcovered by a combination of known methods such as salting-
out with inorganic salt (e.g., ammonium sulfate, an alkali metal sulfate
or an alkali mefal halide), differential precipitation with hydrophilic
organic solvent (e.g., an alcohol or acetone), column chromatography by
jon exchange resin or hydrophobic resin, gel filtration and protein
precipitation with nucleic acid, tannin or the like. The thus-obtained
esterase can be further purified by a combination of known
purification methods such as isoelectric precipitation, dialysis,
electrodialysis, electrophoresis and the like. For example, the
purification is carried out by;

(1) removing microbial cells from the culture broth by
centrifugation,

(2) treating the supernatant with a 45% saturated ammonium
sulfate solution,

(3) subjecting the resulting precipitate to an anion exchange resin
(DEAE-TOYOPEARL 650M, MonoQ) chromatography after cﬁalysis
thereof,

(4) subjecting active [ractions to hydrophobic resin (Butyl-

. TOYOPEARL 650S) chromatography after dialysis thereof, and

(5) subjecting the obtained active fractions to gel filtration
(Superose 6) after dialysis and condensation thereof. The thus-
obtained purified esterase is a polypeptide showing a single band with
a molecular weight of 62,000 + 2,000 by SDS-polyacrylamide gel

electrophoresis.
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acetone - et hahol (1:1) was added to the substrate f 'g.{agwri
of. the enzyne solution. Said blank sol Mg ﬁl\ae}d wﬁi %ES‘E&% ri
as above. The anpunt of enzyne which calirHi$B ?‘{ gone [err mwgg?/ l !
acid per mnute is defined as one unit.}(Res ’ﬁlhe-—-r-ésu ér% I n

the following Tables 2 and 3. The enzynme-acfivity is shownias relatjive i

activity (% [nmethyl n-caprylate (Table =28 -tricaprylin (T bl'e 3) = 100]

Tabl e 2 Substrate Rel ative activity (%
As mentioned before, the estgrase of the present invention have

potent ability to hydrolyze wide range of substrate such as alkyl esters
of organic carb'oxylic‘ acids, triglycerides.or thiol esters. Therefore, it
can be applied for organic synthetic reactions as widely as pig liver
esterase. For example, it can be applied lor preparation of an optically
active isomer from a racemic mix_tur.e thereof, or preparation of a
chiral compound {rom a prochi;al compound thereof. In particular,
the estgrase of the present invention is characterized in that it has
strong ability to hyd::olyze a (lower)alky! (lower)aikoxyphenyl=
glycidate. .For example, when it is used for hydrolysis of a racemic
lower alkyl trans-3-(4-lower alkoxyphenyl)glycidate, a lower alkyl
(2R, 35)-3-(4-lower alkoxyphenyl)glycidate can be prepared in good
yield. The thus-obtained lower alkyl (2R, 35)-3-(4-lower alkoxy-
phenyl)glycidate is useful as a synthetic intermediate of
‘pharmaceuticals such as diltiazem hydrochloride. _
In the following Examples, "%" means "w/v%" unless otherwise
prescribed.
Examples
Example {
A medium (pH 7.0, 20 liters) containing dextrin (1%), ammonium
sulfate (0.2%), meast-S (2%), potassium dihydrogen_phosphﬁté (0.1%),
. magnesium sulfate (0.05%), calcium chloride (0.01%), ferrous sulfate
(0.001%), Tween80 (0.5 v/v%) and polyalkylene glycol derivative-type
sucfactant (trade name: KARARIN 102, manufactured by Sar;yo

Chemical Industries, Ltd., 0.1 v/v%) was placed in a 30-liter jar-
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fermenter and sterillized by autc;clavfng. A broth (200 ml) of Serratia
marcescens Sr41 which was obtained by reciprocal shaking at 30 °C for
20 hours in the same medium as above was inoculated into the
sterillized medium. -The cultivations was carried out by aeration and
agitation (200 rpm, 0,5vvm) at 30 °C for 18 hours. The culture broth
was centrifuged, and the supernatant {4.5 liters) was salted out with
45% saturated ammonium sulfate solution. The precipitate was
collected by filtration with celite, eluted with water. The eluate was
dialyzed and lyophilized. 4.1 g of esterase (18,600 unit/g) wefe
obtained as crude enzyme powder.
(Assay of enzyme activity)

The enzyme activity was estimated according to the following
method. | |

A mixture of 225 ml! of 2% polyvinyl alcohol (Poval 117,
manufactured by Kurare Co., Ltd.) and 75 ml of olive oil was emulsified
by stirring at 14,500 rpm at 5-10 C for 10 minutes. 5.0 ml of the
olive oil-emulsion thus-obtained ana 4.0 -ml of 0.25M Tris-HCI buffer
(pH 8.0, containing 2.5 mM calcium chloride) were preincubated at 37
*C for 10 minutes. One ml of an enzyme solution was added thereto to
initiate enzymatic reaction. After the mixture was incubated at 37 °C
for 20 minutes, 20 m! of a mixture of acetone - ethanol (1:1) were
added to the reaction mix.ture to stop the enzymatic reaction. The
mixture was titrated with 0.05 N sodium hydroxide solution by using
phenolphthalein as the indicator. A blank solution was pre;:;ared in

the same manner as above excepl that acetone - ethanol (1:1) is added
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to the substrate solution before adyition of the enzyme solution. Said
blank solution was titrated in the same manher as above. The amount
of enzyme which liberated one pmole of [atty acid per minute was
defined as one unit (U).
Example 2

10 liters of the supernatant obtained in the same manner as
described in Example 1 were salted out with 45% saturated ammonium
sulfate solution. The precipitate iesterase) was dissolv_%g in 20 mM
Tris-HCl buffer {pH ‘7.5). The solution was. dialyzed and subjected 10 a
column of an anion exchange resin (DEAE-TOYOPEARL 650M, Toyo Soda
Co., L1d.) which was pre-equilibrated with the same bulfer. The
column was washed with 20 mM Tris-HCl buffer (pH 7.5). The elution

of enzyme was carried out by a liner gradient of 0 to 1.0 M sodium

~ chloride solution containing 20 mM Tris-HCl buffer (pH 7.5). , Esterase

was eluted with about 0.27 M sodium chioride solutions containing 20
mM Tris-HCl buffer (pH 7.5). The active fractions were collected and
dialyzed agaiﬁst 20 mM Tris-HCl buffer (pH 7.5) and subjected to a
column of a strong anion exchange resin (MonoQ, manufactured by
Pharmacia LKB Biotechnology) which was pre-equilibrated with the
samé buffer., The column was washed with 20 mM Tris-HCl buffer (pH
7.5). The elution of enzy me was carried out by a liner gradient qf 0 to
0.6 M sodium chloride solutions containing 20 mM Tris-HCl buffer (pH
7.5). Esterase was eluted with about 0.35 M sodium chloride solutions
containing 20 mM Tris-HCl buffer (pH 7.5). The active fract}ons were

collected and dialyzed against 5% saturated ammonium sulfate solution
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containing 20 mM Tris-HCl buffer {pH 7.5) and subjected to a column
of a hydrophobic resin (Butyl-TOYOPEAL 650S, manufactured by Toyo
Soda Co. Ltd.) which was.pre-equilibrated with the same buffer. The
column was washed with the same buffer (pH 7.5). The elution of
enzyme was carried out by a liner gradient of 5 to 0 % saturated

~ammonium sulfate solution containing 20 mM Tris-HCI buffer (pH 7.5).
The active fractions were collected and dialyzed against 0.15 M sodium
chloride solution containing 20 mM Tris-HC! buffer (pH 7.5) and
condensed. The residue was subjected to gel filtration of molecular
sieve resin (Superose 6, manufactured by Pharmacia LKB
Biotechnology) which was pre-equilibrated with the same buffer. 56.8
mg of purified esterase protein were obtained.

The purified esterase showed molecular weight of about 590,000
by gel filtration and about-62,000 by SDS-polyacrylamide gel
electrophoresis.

The specific activities and yields of esterases obtained in each of
the above purification steps are shown in the following Table 1 (The
enzyme activily was estimated in the same manner as described in
Example 1 and the amount o_f-protein was measured by Lov}ry
method.)

The esterase obtained above showed no protease activity when

casein was used as the substrate,
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Table 1
Purification Total Total Specilic activity | Yield
step protein |activity {(units/mg protein) | (%)
(mg) (units)

Supernatant 16470 385400 23.4 100

of culture

4S% ammonium 1529 341000 223 88.5

sulfate

DEAE-TOYOPEAL 247 227500 921 59.0

650M

MonoQ 143 141300 288 367

Butyl-TOYOPEAL 84.5 85350 1010 22.1

650S

Superose 6 S56.8 S8500 1030 15.2
Example 3

The substrate specificity on various kinds of triglyderides and

fatty acid esters was investigated with respect to the esterase oblajned

in Example 2.

(Assay of hydrolyzing activity on triglycerides and fatty acid esters)

0.2 g of each substrate, 4 ml of 0.2 M Tris-HCl buffer (pH 8.0} and

one ml of 6 mM calcium chloride solution were placed in 100 mi {lask.

" After a ten minute-preincubation, one ml of enzyme solution was

added thereto to initiate enzymatic reaction.

incubated at 37 'C under 80 rpm for 10 minutes.

The mixture was

20 ml of a mixture

of acetone - ethanol (1:1) were added (o the reaction mixture to stop
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anount of the |iberated 5-nercapto-2-ni (T BINEES | RS st
esterase showed the enzyne activity of {.7 YETEACEi ts/ny
5 1.5 ng of the purified esterase obtaimed Th Exanple 2

of an aqueous 1mM cal cium chloride solution. 75 m of tol
containing 1M racem ¢ nethyl trans-3-(4- :h%t‘hoxyphenyl ) gl yici date_wer.e added

thereto.. Thehaieday@atisreaction. The mixture was titrated with 0.05 N sodium

g gdeﬁémt 0 75 ‘h{

hydroxide solution by using phenolphthalein as the indicator. A blank
solution was prepared in-the same manner as above except that
acetone - ethanol (1:1) was added to the substrate solution before
addition of the enzyme solution. Said blank solution was titrated in
the same manner as above. The amount of enzyme which can liberate
one pmole of fatty acid per minute is defined as one unit.
(Results)

The result are shown in the following Tables 2 and 3. The
enzyme aclivily is shown as relative activity (%) [methyl n-caprylate

(Table 2), tricaprylin (Table 3) = 100].

Table 2
Substrate . Relative activity (%)
methyl acetate 9.7
methyl n-butyrate 72.8
methyl n-valerate 38.9
methyl n-caproate | 14.6
methyl n-caprylate 100 1)
methyl n-caprate 92.2
methyl laurate 61.2
methyl myristate 340
methy! palmitate _ 14.6
methy! linolenate 38.9
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adjusted to

the ratio of (+)-isoner [(2S, 3R)-isoner] and (-)-isonef
of nethyl trans-3-(4-nethoxyphenyl)glycidate in toluenellayer.was
by H gh Performance Liquid Chronatography. écol umn: Chiral cel Ql,

manuf act ur e

i sopropyl alicohplethy?lihjolalde resul s are showgii.§ the fol |l ow n

Tabl e 4 The

(-)-trans (4)- tm@mhylmme ( )-trdns-isoner 2.9 isoner (%

pH 8.0 and stirred at 30 'C for 4 hours. Af ﬁf?fshggfﬁ

by _Dajcel Chemcal 1nd stuejs, 1td. . nmohile phase'

rafLmnf nh_flﬂﬁll\_Lﬁ_ﬂfl\QIQnmIO /0

oo

1): 204 unit/mg protein .

Table 3
Substrate Relative activity (%)

triacetin 7.6 |
teibutylin 93.2
tricaproin 703
tricaprylin 100 2)
tricaprin _ 424
trifaurin | 297
trimyristin 339
tripalmitin 1.6
Tristearin 1.6

2): 1169 unit/mg protein

Example 4

The substrate specificity on dimercaprol tributyrate was
investigated with re.SpecL to the purified esterase oblained in Example
2.

The .esterase was added to a substrate solution of Lipase Kit S
[Substrate: dimercaprol tributyrate, manufactured by Dainippon
Pharmaceutical Co., Ltd.]. After the hydrolysis was carried c;ut, 5.5-

dithiobis(2-nitrobenzoic acid) (célor-producing agent) was added to
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the reaction mixture. Enzyme aclivity was estimated by measuring

the amount of the liberated 5-mercapto-2-nitrobenzoic acid at 412 nm.
The esterase showed the enzyme activity of 1.7 x 103 units/mg
protein.

Example 5

1.5 mg of the purified esterase obtained in Example 2 were
added to 75 ml of an aqueous ! mM calcium chloride solution. 75 ml
of toféene solution containing 1M racemic methy! trans-3-(4-
methoxyphenyl)glycidate were added thereto. The mixture was
adjusted to pH 8.0 and stirred at 30 °C for 4 hours. After Lhe reaction,
the ratio of (+)-isomer [(2S, 3R)-isomer] and (-)-isomer [(2R, 3S)-
isomer] of methy! trans-3-(4-me1hoxyphenyl)glycidat_e in toluene
layer was measured by High Performance Liquid Chromatography
(column: Chiralcel OJ, manufactured by Daicel Chemical Industries, Ltd.,
mobile phase: n-hexane : isopropy! alcohol = 9:1).

The results are shown in the following Table 4

Table 4-
The ratio of optically active isomers (%) Optical yield of (-)-trans
(+)-trans-isomer (-)-trans-isomer isomer (%)
0.4 99.6 94

Example 6
Optimum pH and pH stability were investigaled with respect 1o

the purified esterase obtained in Example 2.

—_—
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activity (the

activity measur eOpitinmedn b | walsedever mimed &ty ameasdfiag, trnenzlyenetactivity

adj ustmrent was carried out by using MIllvaine buffer (pH 3.

Tris-HJ buid dhe( 2@ Mmanmenpsaaescrie dingExaipde bufekeep( pHag.the 11.0).

enzymatic reaction was carried out at various pH. The each activity

was shown as relative activity (%) (the activity at pH 8 = 100).

On the other hand, pH stability was examined by adjusting the

0-7.0), 100 M

enzyme solution at a specilfied pH, incubating at 30 °C for one hour and
theh estimating the enzyme activity in the same manner as described
in Example 1. The enzyme activity was show‘n as the relative activity
(%) of residual activity (the activity measured immediately' before

incubation = 100), and the pH adjustment was carried out by using

"Mcllvaine buffer (pH 3.0-7.0), 100 mM Tris-HCl buffer (pH 8.0 - 9.0)

and 100 mM glycine buffer (pH 9.0 - 11.0).

(Results)

The results are shown in the following Table 5 and 6. It is clear

from these Tables that the optimum pH of the esterase is about 7.5 -

9.0, and the esterase is siable at a pH of about 5 - 9.

Table 5 (Relative activities at each pH)

pH ) 3 4 S5 6 7 8 ‘9 10 i1
Relative activity (%) | 0 5 20 39 69 100 80 2 O
Table 6 {pH stability)
pH 13 4 5 6 7 8 9 10 11
Residual activity ()| 0 S 95 100 100 100 100 65 O
This Sheet Has Been R
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(Results) The results are shown in the foIIowi n s;d:ear
fromthese Tables that the opti num pH of T gﬂ éNTsn

and the esterase is stable at a pH of ab Qc I v m")
activities at each pH) pH 3 b i q?% ﬁ?‘g -
Rel ative activity (%9 0 5 20 39 69 100 80 2 0 Tghle_6 e
stability) pH 3 4 5 6~ 17 -8 9 10 | 11 ReS|duaI

activity (4940 5 95 100 100 100 100 d5
Optimum temperature and heat stability were investigaied with

O RESBEENS
gdTabl e

respect to the purified esterase obtained in Example 2.

The optimum temperature was determined by measuring the
enzyme activily in the same manner as described in Example 1 except
that the enzymalic reaction is carried out at various temperature. The
enzyme activity was shown as relative activity (%) (the activity at 45
*C = 100).

On the other hand, the heat stability was examined by in_cubating
the enzyme in 100 mM Tris-HCl buffer for 30 minutes at a specified
temperature, and estimating the enzyme activily in the same manner
as described in_Exarz.lple 1. The enzyme activily was shown as the
relative activity (%) of residual activity (the activity measured
immediately before incubation = i00).

(Results)

The results are shown in the following Table 7 and 8. It is clear
from Tables that the optimum temperature is about 40 to 50 ‘C, and
the esterase is stable at a temperature not higher than 50 "C.

Table 7
Temperature {‘C) 10 1S 20 30 35 40 45 50 55
Relative activity (%)} 10 14 19 39 S1 72 100 64 4

Table 8
Temperature {°C) 4 30 40 S0 55 60
Residual acitivity (%)} 100 100-100 100 2 0
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reaction’is carried out at various tenperature.
- 18 -~

Example 8
The isoelectric point of the purified esterase obtained in Example

2 was examined by means of electrophoresis under the following
conditions:
carrier: Ampholine (pH 3-10)
density gradient of 0 to 5O % sucrose
voltage: at 400V for 26 hours from the beginning and then
at 800V for14 hours
temperature: 2 ‘C
110 ml! column was used.
As a result, the jsoelectric point of said este.rase was found to be '

46 + 0.1

Example 9
The purified esterase obtained in Example 2 (protein: 95 pg) was

dialyzed against distilled water, and the dialyzed solution was
evaporated lo dryness. The residue was subjected to ar; amino acid
sequencer. As a result, the amino acid sequence from N-terminal to
12th was found 10 be as follows:
'N-lerminal~(X)-IleZ-Phe-Ser-Tyi‘5-Lys~Asp-Leu-Asp-Glu1O-Asn-Ala
wherein X is an amino acid which has not yet been identified.
Example 10

The effect of metal jons or known enzyme-inhibitors on the

purified esterase obtained in Example 2 was investigated as follows:
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n the sane
shown as the

activit

&40 1he

i medi ately before incubation = 100). (Results) The results are shovvn in
the fol | ow ngnziadleesgluaioh 8and tthesenkgate activity was estimated in the same

manner as described in Example 1.

The activity was shown as relative activity (%) (the activity

estimated by no addition of metal ion or inhibitor = 100).

(Results)

The results are shown in the following Table 9 and 10.

Table 9 (The effect of metal ions)

Metal ion Relative activity

(ImM) (%)

no addition 100
Co2+ 0
Li* 143
Zn2+ 29
Cu2+ 57
‘Mg2+ 123
Ni2+ 0
‘Mn2+. 11
Hg2+ 86
Fe2+ 0
Fe3+ 0
Cal+* 285
Pb2+ 86
K* 94

Table 10 (The effect of inhibitors)

Inhibitors(I mM)

Relative activity

without reagent

Ethylenediaminetetraacetic acid-

p-Chloromercury benzoate

100
0
86

e e
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esterase is stable at a tenperature not [ [ f-C—tate—7
Tenperature ([err]C 10 15 20 30 35 Rel at I tiy
(% 10 14 19 39 51 72 100 64 4 Table 8 Terrperature '[eﬁr?\c’gA{?G‘ggy 4
30 40 50 55 60 Residual acitivity (_0/%0 100 100 100 10D 0]

from Tabl es that the opti nmum tenperaturefl @ﬁgg‘% L 4U IO?DR‘ ﬁ.ﬁ(dg% t\ﬁ@-léé‘!e.

Sodium dodecyl sulfate 157
Phenylmethylsulfonyl [luoride 100
Example 11

12 liters of the supernatant obtained from the culture broth in
the same manner as described in Example 1 were concentrated by
using gltral‘illralion membrane (SIP-3013, Asahi Chemical Industries
Co.,Ltd.). The concentrate was salted out with 35% saturated
ammonium sulfate solution containing 10 mM Tris-HCl buffer (pH 7.5).
The precipitate (esterase) was dissolved in 10 mM Tris-HCI buffer (pH
7.5). The solution was dialyzed and .subjected to a column of an anion
exchange resin (DEAE-TOYOPEAL 650M, manufactured by Toyo Soda
Co., Ltd.) which was pre-equilibrated with the same buffer. The
column was washed with 10 mM Tris-HCl buffer (pH 7.5). The elution
of enzyme was carried out by a liner gradient of 0 to 0.8 M sodium

-chloride solutions containing 10 mM Tris-HCl buffer (pH 7.5). Esterase
was eluted with about 0.3 M sodium chloride solutions containing 10
mM Tris-HCl buffer (pH 7.5). The active fractions were collected and
dialyzed against 0.15 M sodium chloride solution containing 10 mM
Tris-HCl buffer (pH 7.5). The solution (101 ml) was concentrated to 8
mi by ultrafiltration (Diaflo ultrafilter PM-10, manufaciured by
Amicon Co., Ltd.). The concentrate was subjected to gel [iltration of a
molecular sieve resin (Sephacryl S-300 HR, manufactured by
Pharmacia LKB Biotechnology) which was pre-equilibrated with the
same buffer. The active [ractions were collected and dialyz.ed against
2% saturated ammonium sulfate solution containing 10 mM Tris-HCl

-
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-18- Exanple 8 The isoelectric point of the purified ester '
Exanpl e 2 was exam ned by nmeans of electrp ﬂ_ﬂgs SESHAS HEN }%ﬂ?f&ﬁ&?‘ﬂs&r&g
conditions: carrier: Anpholine (pH 3-10) d L‘g.ggjjl ent ? Mz& ﬁﬂ?
sucrose vol tage: at 400V for 26 hours fromthe egi nning d t?} Vv
for 14 hours
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buffer (pH 7.5) and subjected to a ¢olumn of a hydrophobic resin
(Phenyl-TOYOPEAL 650M, manufactured by Toyo Soda Co., Lid.} which
was pre-equilibrated with the same buffer. The column was washed
with the same buffer. Enzyme was eluted from the resin by a
stepwise gradient of 2% to 0% saturated ammonium saifate solutions
containing 10 mM Tris-HCl buffer (pH 7.5). 133 mg of purified
esterase protein were obtained.

Physico-chmical properties and enzymatic charactgiistics of this
purified esterase are identical to those obtained in Example 2.

The specific activities and yields of esterase obtained in each of
the above-purification steps are shown in the fo;lowing Table 11 (The
enzyme activitly was estimated in the same manner as described in |
Example 1 and the amount of protein was measured by Lowry
method.). The esterase obtained above showed no protease activity
when casein was used as the substrate.

All of purification steps above was carried out below S °C

Table 11
Purification Total | Total Total Specific |Yield
step volume |protein | activity activity | (%)
(ml) (mg) (units) {units/m
protein)
Supernatant 12000] 13900] 1416000 102 100
of culture
Concentration 1000f 1920} 1343000 699 95
by UF membrane
This Sheet Has Been R,
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tenperature: 2 [err]C 1 10 m col umm was ubggs SASETAHASBRAN tﬁﬁpwm&‘#ﬁﬁﬁﬂ
point of said esterase was found to be 4.6+ O.HEPEAGKE®l e 9] The purifi d‘ -
esterase obtained in Exanple 2 (protein: 9b5-ferrfr—wasdia yzé*dpﬁza’ﬂﬁt 997
distilled water, and the dialyzed solution was evaporated to}dryness. The
resi due was subjected to an am no acid sequencer. As a resul{, the amno
aci d sequence—+em-N-terRat—to—i2th—ha StHdt-o—he—as—FoHbaumma=s ST

35% ammonium 175 645 |1269000 1967 90

sulfate

DEAE-TOYOPEAL 101 298 656000 2201 46

650M

Sephacryl 45 194 590000 3041 42

S-300 HR

Phenyl-TOYOPEAL 18 133 414000 3113 29

650M

Example 12

)

i

Pl

The amino acid composition of purified esterase obtained in
Example 11 was examined by using an amino acid analyzer under the
following conditions.

Each enzyme solution in 6M hydrochloride (2.0 mg/ml} was
sealed in a glass tube under vacuum and then hydrolyzed for 20, 40 or
70 hours at 110 °C. The hydrolysate was evaporated to dryness under
reduced pressure, dissolved in 0.02N hydrochloride solution and
analyzed with an amino acid analyzer (Hitachi model L-8500). Cystein
and cystine were determined as éysteic acid alter performic acid
oxidation of the sample according to the method of Moore 1),
Tryptophan was determined according to the method of Simpson et
al.2) |
References: 1) Moore, S. (1963) J. Biol. Chem. 238, 235-237.

2) Simpson, R.J., Neuberger, M.R,, and Lin, T.-Y. (1976)
J. Biol. Chem. 251, 1936-1940.
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N-termnal - (X)-11e2-Phe-Ser-Tyr [err]-Lys-Asp-Leu-Asp-Gu | O0-Asn-Ala

wherein X is an anmno acid which has not vy |

The effect of netal ions or known enzyme- |%1H'€§§§{T;C%E%Eke; %EP Eﬁ‘r§QEET
esterase obtained in Exanple 2 was investigated.as.follows!
metal ion or 1 nmM each inhibitor was added to the enzyne s Iut?é % Whe
enzyne activity was estimated in the san@3 -

Mot 6 o st sy At

Table 12
Amino acid Residues / molecule?)
AsxP) 89
Thr¢) 40
Ser€) 43
Glxb) 40
Pro 15
Gly 78
Ala . 56
Val 28
Ile 31
Leu 58
Tyr ' 23
Phe 28
Lys 20
His ) 14
Arg 14
Cys 0-1
Met 2
Trp 7

a): Based on an Molecular weight of 62,000.
b): Sum of acid and amide forms.
c): The serine and threonine values were obtained by extrapolation 10
time zero, assuming first-order decay.
Examople 13 |

The purified esterase obtained in Example 11 was dialyzed
against water, and its calcium cbntent was determined by using an
atomic absoption spectrometry (Hitachi model Z-9000).

As a result, the calcium content in the purified esterase was one

mole per an enzyme molecular mass of 62,000.

Example 14 P

e
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manner as described in Exanple 1. The activity was shown ag rerartve

inhibitor = 100). (Results) The results ai
and 10. Table 9 (The effect of netal ions)_Mta

activity (1 nv (O/c) no addi tion
[err]

activity (9% (the activity estimated by n E’%g%é%éfn’\g%ﬁg‘?g -ﬁEPbﬁCliWENTSHEET

! %Qﬂaw??o

The substrate specificity of the purified esteras
Example 11 on dimercaprol tributyrate was investigated in the same
manner as described in Example 4.

The esterase showed the enzyme activity of 5.2 x 105 ﬁnits/mg

'p rotein,

e
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11 [err]
0 [err]
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What js claimed is;
1..An esterase having the following physico-chemical properties

and enzymatic charactaristics:

(1) Activity: it (i.e., said esterase) hydrolyzes an ester bond

of organic carboxylates,

(2) Substrate specificity: it acts on alkyl esters of organic
carboxylic acids, triglycerides or thiol esters,

(3) Optimum pH: its optimum pH is 7.5 - 9.0 \vhen_the
hydrolysis is carried out by using olive 0il as the substrate,

(4) pH stability: it is stable at pH 5.0 - 9.0 when it is sfored

-at 30 °C for one hour,

(5) Optimum temperature: its optimum temperature is 40 -
50 ‘C when the'hydrolysis is carried out by using olive oil
as the substrate,

(6) Heat stability: it is stable at a temperature of not higher
than 50°C when it is stored at pH 8.0 for 30 minutes,

(7) Molecular weight: 62,000 + 2,000 (SDS-polyacrylamide

gel electrophoresis),

" (8) Isoelectric point: 4.6 + 0.1,

(9) Effect of metal ions: it is activated in the presence of
ImM calcium ion, and inhibited in the presence of I mM
cobalt jon, nickel ion, iron ion or ethylenediaminetetraacetic

acid.

2. The esterase according to Claim | which is derived from a

microorganism belonging to the genus Serratia.

This Sheet Has Been Re
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3. The esterase according to.Claim 2 in which the microorganism
is Serratia marcescens. |
4. A process for preparing novel esterase which comprises

(a) cultivating a microorganism having ability 16 produce
the esterase claimed in Claim 1, and

{b) recovering said esterase {rom the culture broth.

S A process according to Claim 4 in which the mic‘:ro_org anism
belong to the genus Serratia.

6. The process according to Claim 5 in which the microorganism is
Serratia marcescens.

7. A process for preparing a lower alkyl (2R, 3S)-3-(4-lower
alkoxyphenyl)glycidate Sv,hich comprises the steps of:

(a) treating a racemic lower alkyl trans-3 -(4-lower alkoxy-
phenyl)glycidate with the esterase claimed in Claim | thereby
stéreo_selectiveiy hydrols;zing 28, 3R-isomer thereof, and

(b) recovering unreacted 2R, 3S-isomer from the reaction

mixture.

—_—

This Sheet Has

T



é

20 - Sodi um dodecyl sulfate 157 -Rhenyl

fluoride

fromthe culture broth in the same manher  ageptlRcEY i
concentrated by using ultrafiltration

100 Exanple 11 12 Miggm@;fgﬁ.@s%&:\u :

I ndustries Co., Ltd.). The concentrate salted out w tih{35%

ammoni um sul fate sol ution containing 10 “Tris-HCl buffe
precipitate (esterase) was dissolved in 10 mM Tris-HO bu

NOVEL ESTERASE AND PROCESS FOR PREPARING THE SAME

BSTRACT

A novel esterase which is derived from Serratia marcescens is
disclosed. Said esterase has the following physico-chemical properties
and enzymatic charactaristics:

(1) Activity; it (i.e., said esterase) hydrolyzes an ester bond of organic
carboxylates, (2) Substrate specificity; it acts on alky! esters of organic
carboxylic acids, triglycerides or thiol esters, (3) Optimum pH; its
optimum pH is 7.5 - 9.0 when the hydrolysis is carried out by using
olive oil as the substrate, {4) pH stability; it is stable at pH 5.0 - 9.0
when it is stored at 30 °C for one hour, {5) Optimum temperatucre; its
optimum temperature is 40 - S0 ‘C when the hydrolysis is carried out
by using olive oil as the substrate, (6) Heat stéﬁility; it is stable at a
temperature of not higher than 50°C when it is stored at pH 8.0 for 30
minutes, (7) Molecular weight; 62,000 + 2,000 (SDS-polyacrylamide gel
electrophoresis), (8) Isoelectric point; 4.6 « 0.1, (9) Effect of metal ions;.
it is activated in the presence of 1mM calcium ion, and inhibited in. the
presence of I mM cobalt ion, nickel ién. iron jon or ethylenediamine-
tetraacetic acid. Said esterase can widely be appliéd for organic

synthetic reactions.
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7.5). The solution was dialyzed and subjected to a col um
exchange resin (DEAE- TOYOPEAL 650M manufactured by Toy
whi ch was pre-equilibrated with the same buffer. The co
10 nM Tris-HA buffer (pH 7.5). The elution of enzynme wg

Tris-HC buffer (pH 7. 5) Est erase was fl uted with about o506
chl oride solutions containing 10 nM Tri5-HO buffer (pHIZ. 8)

fractions were collected and di al yzed agai nst 0.15 M sodi um chl ori de
solution containing 10 MM Tris-HCl buffer (pH 7.5). The solution (101 m)
was concentrated to 8

NOVEIL, ESTERASE AND PROCESS FOR PREPARING THE SAME

This invention relates to novel esterase and process for preparing
the same.

Recently, attempts have been made to use esterase for organic
synthetic reactions {(e.g., hydrolysis reaction). For example, esterase
derived [rom pig liver is often used for this purpose. However, this
esterase is disadvantageous for industrial use because it is expensive,
On the other hand, there have been known esterases derived from

microorganisms such as Arthrobacter globiformis IFO 12985 [Patent

Publication (unexamined) No. 181788/1989] (Molecular Weight:

43,000), Bacillus stearothermophilus [Archiv. Biochem. Biophys. 160,

504-S13 (1974)] (Molecular Weight: 47,000), Geotrichum candidum
[Agric. Biol. Chem. 37 (6), 1457-1464 (1973)} (Molecular Weight:
53,000-55,000), Pseudomonas aeruginosa {J. Biochem. 86, 643-656

{1979)} (Molecular Weight: 55,000), Pseudomonas fluorescens {].

Biochem. 95, 1047-1054 (1984)}] (Molecular Weight: 48,000).



m by ultrafiltration (Diaflo ultrafilter PM 10, manufag
Co., Ltd.). The concentrate was subjected to gel filtraky
sieve resin (Sephacryl S-300 HR, manufactured by Pharma
Bi ot echnol ogy) which was pre-equilibrated with the sane
fractions were collected and dial yzed agai nst 2% satura
solution containing 10 nM Tri s-HCl - 221 -

uff gr APRHS%c

d ammoni um sul

However, these esterases have difficulties that they can not be widely
applied because of their narrow substrate specificities.

The object of the present invention is to provide a novel esterase
which is derived from a microorganism and can be applied for organic
synthetic reactions as widely as pig liver esterase.

Other object of the present invention is to provide a process for
preparing said esterase.

Another object of the present invention is to p'rovide a process
for p-reparing a lower alkyl (2R, 3S)-3-(4-lower alkoxyphenyllglycidate
by using said esterase.

As a result of various investigations, we have now found a potent
esterase which is derived from a microorganism belonging to genus
Serratia.

The esterase of the present invention is a novel esterase having
the following physico-chmical properties and enzymatic characteristics:
(1) Activity

It (i.e., said esterase) hydrolyzes an ester bond of an organic
‘carboxylates.

(2) Substrate specificity

It acts on aiky'l esters of organic carboxylic acids, triglycerides or
thiol esters. For example, the esterase of the present invention has
ability to hydrolyze a lower or higher alkyl esters of organic carboxylic
acids (e.g., a lower fatty a-cid, a higher fatty acid, a fower alkoxy-
substituted-phenylglycidic acid and the like). Moreover, it ;xlso has

potent ability to hydrolyze triglycerides composed of glycerol and



buffer (pH 7.5) and subjected to a colum of a hydrophohi
(Phenyl - TOYOPEAL 650M manufactured by Toyo Soda Co., Lt daanhﬁﬁ
pre-equilibrated with the sane buffer. The col um was t@ g%sanfe
buffer. Enzyme was eluted fromthe resin by a stepwi se g dl‘leﬁ]tf\ 1 td 0%
sat urated anmoni um sal fate sol utions containing 10 nM Tr} - HC buffe__,(_pH‘
7.5). 133ng of purified esterase proteisn were obtained. Co-chm cal _;
properties and enzymatic characteristics of this purifie st-eragse~ar e
i dentical to those obtained in Exanple 2. The specific activities and
yi el ds of esterase obtained in each of

water-soluble lower fatty acids or water-insoluble higher fatty acids.

Further, it also has ability to hydrolyze thiol esters such as dimercaprol
tributyrate and tpe like. - But it has no ability.to hydrolyze casein.
(3) Optimum pH
It shows optimum pH of about 7.5-9.0 when olive oil is used as
the substrate.
(4) pH stability
It redaws al least ‘
-I-e—Fem-a-ﬂa-s—a&eFe—&ra-a-C)S% of its activity when it is stored at a pH
5-9 at 30 °C for 60 minutes.
(S) Optimum temperature
It shows optimum temperature of about 40-50 °C when the
enzymatic reaction is carried out in 100 mM Tris-HCl buffer (pH 8.0)
by using olive oil as the substrate.
(6) Heat stability
It remains 100% of its activity when it is stored at a temperature
not higher than 50 “Cin 100 mM Tris-HCl buffer (pH 8.0) [or 30
minutes.
(7) Assay of enzyme activity
| (a) activity on olive oil
The enzy me reaction is carried out at pH 8.0 at 37 °C for 20
minutes by using olive oil as the substréte. The activity of the
esterase which produces one p mole of fatty acid per minute is defined
as one unit. (cf., Example 1)

(b) activity on triglycerides or fatty acid esters



t he above-

enzyme activity was estimated in the sane manner as deqqaﬁhé@ﬁ f
and the amount of protein was neasured by Lowy nethod.
obt ai ned above showed no protease activity when casei n W

purification steps are shown in the foll ow ng.Tab

erase
S 1&@3954513 ‘the

substrate. Al of purification steps above was carried pyt below 5 [err}C
Table 1 Purification Total Total _ Total ecTfTC Yield
step volune protein activity activity _(A}(rﬂ) (rrg)
(units) (units/m

The enzy me reaction is carried out at pli 8.0 at 37 "Clor 10
minutes by using Lriglycerides or [atty acid eslers as the subslrate.
The aclivily of the esterase which produces one u mole of fatty acid per
minute is defined as one upit. (cf., Example 3)

{c) aclivity on thiol esters

The enzy me reaction is carried out at pH 8.5 at 30 "C for 10
minules by us'ing dimercaprol tributylate as the substrate. Alter Lhe
reaction, 5,5'-dithiobis(2-nitrobenzoic acid) (color-producing reagent)
is added lo Lhe reaction mixture. The amount of the liberaled S-mercapto-
2-nitrobenzoic acid is measured by spectrophotometer. The activity of
the esterase which produces one u mole of 5-mercapto-2-nilrobenzoic
acid per minute is delined as one unit. (cf., Example 4)

(8) Molecular weight

62,000 + 2,000 {SDS-polyacrylamide gel electrophoresis)
(9) Isoelectric point

4.6 + 0.4
(10) Effect of metal ions

It is aclivated in the presence of ImM calcium ion. On Lhe olher
llarid; ils activity is inhibited by 40-90% in Lhe p.resence of |mM zinc
ion, copper ion, manganese ion, and completely inhibiled in the
presence of | mM coball ion, nickel ion, iron (11} ion, iron (111) ion or
elhylenediamineletraacelic acid.

The above-mentioned esterase of Lhe presenl invenlion is

obviously differenl from known esterases ify thal it has molecular



protein) Supernatant 12000 13900 1416000 T80 0f

cul ture Concentration 1000 1920 1343000
menbr ane - 22 - 35% anmoni um 175 645 00, .. A967 -
90 18 APR ©

- 5 - o

weight of 62,000 + 2,000 (measured by SDS-polyacrylamide
gel electrophoresis) and isoelectric point of 4.6 + 0.1.

According to the present invention, the
above-mentioned esterase can be prepared by cultivating a
microorganism belonging to the genus Serratia in a medium,
accumulating said esterase inside or outside of the
microorgansim, and recovering the accumulated esterase
therefrom.

Any microorganism belonging to the genus Serratia
which can produce the above-mentioned esterase may be used
as the esterase—produciné microorganism of the present
invention. Examples of such microorganism include
Serratia marcescens Sr4l (deposited at Fermentation
Research Institute Agency of 1Industrial Science and
Technology on 26 March, 1983 and accorded the accession
number FERM-BP No. 487), a mutant thereof and the 1like.
But, the microorganism used in the present invention are
not limited to those mentioned-above. For example, a
recombinant which is produced from the above mentioned
microorgansims according to the bioengineering methods may
be also used.

Any medium in which the esterase-producing
microorganisms of the present invention can grow and
proliferate may be used as the medium. Examples of the
carbon source include, for example, sugars such as
glucose, sucrose, molasses and the like, organic acids
such as fumaric acid, citric acid and the like, alcohols
such as glycerol and the 1like, amino acids such as
alanine, glutamine, asparagine and the like and so forth.
Inorganic ammonim salts such as ammonium sulfate, ammonium
chloride and the like, urea, peptone, corn steep 1liquor,
yeast extract, casein hydrolysate and the like can be used

as the



sul fat e DEAE- TOYCPEAL 101 298 656000  [ZEHACEMENTABIEESUM

Sephacryl 45 194 590000 3041 i
Phenyl - TOYOPEAL 18 133 414000 3 113 %96 gg@gﬁgghmil e 12
The amino acid conposition of purified esterase obtaing arrpl e 11 yvas

exam ned by using an am no acid anal yzer under the
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nitrogen source. It is preferred to use | - 15 w/w$% of the carbon
source and 0.1 - 2.0 w/w¥% of the nitrogen source. If required,
inorganic salts such as phosphates, magnesium salts, potassium salts,
calcium salts and the like, or metal ions such as iron ions, manganese
ions, copper ions, zinc ions and the like may be added to the medium.
When a synthetic medium is used, vitamins such as biotin, thiamin and
the like, or growth-promoting substances such as carnitine may, if
required, be added to the medium. Moreover, inducers such as
vegetable oils or surfactants may, if necessary, be added to the
medium. . It is preferred to adjust the pH of the medium to a pH of
about 5 - 8.

The cultivation can be carried out in a conventional manner alter
inocuiating the microorganism into the medium. For example, any
method such as shake culture, aeration spinner culture, stationary
culture or continuous culture may be used for this purpose.

The condition of cultivation may vary depending on a kind of the
medium, a cultivation method and the like. Any condition under
which the microorganism of the present invention can grow, proliferate
and produce the esterase is appropriate for this purpose. But it is
usually preferred to begin the cultivation at a pH of abou_t 5 - 8, and
then carry it out at room temperature or under warming, for example,
at a temperature between 20 and 40 °C for one to 2 days.

The esterase accumlated inside or outside of the cuitivated
microorganism can be recovered and purified in a conventional

manner. For example, the esterase accumlated in the culture broth



fol I owi ng conditions. Each enzyme sol ution in 6M hydr obRESIAcMENT. SH
was sealed in a glass tube under vacuum and then hydro .4
70 hours at 110 'C. The hydrol ysate was evaporated to ?ynp sApRad@ﬂ?r
pressure, dissolved in 0.02N hydrochl ori de solution an ana?yzed W th
am no acid anal yzer (H tachi nodel L-8500). Cystein ang icysiine—were
determ ned as cysteic acid after perfaqrmic.acid oxidatijon of 1he sanwple-
according to the nmethod of More 1). Tryptophan was determ ned according to
t he nmethod of Sinpson et al.2)
can be rcovered by a combination of known methods such as salting-

out with inorganic salt (e.g., ammonium sulfate, an alkali metal sulfate
or an alkali metal halide), differential precipitation with hydrophilic
organic sotvent (e.g., an alcohol or acetone), column chromatography by
ion exchange resin or hydrophobic resin, gel filtration and protein
precipitation with nucleic acid, tannin or the like. The thus-obtained
esterase can be further purified by a combination of known
purification methods such as isoelectric precipitation, dialysis,
electrodialysis, electrophoresis and the like. For example, the
purification is carried out by;

(1) removing microbial cells from the culture broth by
centrifugation,

{(2) treating the supernatant with a 45% saturated ammonium
sulfate solution,

(3) subjecting the resulting precipitate to an anion exchange resin
(DEAE-TOYOPEARL 650M, MonoQ) chromatography after dialysis
thereof,

(4) subjecting active fractions to hydrophobic resin (Butyl-
TOYOPEARL 650S) chromatography after dialysis thereof, and

(S5) subjecting the obtained active fractions to gel filtration
(Superose 6) after dialysis and condensation thereof. The thus-
obtained purified esterase is a polypeptide showing a single band with

a molecular weight of 62,000 + 2,000 by SDS-polyacrylamide gel

electrophoresis.
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As mentioned before, the esterase of the present invention have
potent ability to hydrolyze wide range of substirate such as alkyl esters
of organic carboxylic acids, triglycerides.or thiol esters. Therefore, it
can be applied for organic synthetic reactions as widely as pig liver
esterase. For example, it can be applied for preparation of an optically
active isomer from a racemic mixture thereof, or preparation of a
chiral compound from a prochiral compound thereof. In particular,
the esterase of the present invention is characterized in that it has
strong ability to hydrolyze a (lower)alkyl (lower)alkoxyphenyl-
glycidate. For example, when it is used for hydrolysis of a racemic
lower alkyl trans-3-(4-lower alkoxyphenyl)glycidate, a lower alkyl
(2R, 3S)-3-{4-lower alkoxyphenyllglycidate can be prepared in good
yvield. The thus-obtained fower alkyl (2R, 35)-3-(4-lower alkoxy-
phenvyijglycidate is useful as a synthetic intermediate of
pharmaceuticals such as diltiazem hydrochloride.

In the following Examples, "%" means "w/v%" unless otherwise
prescribed.

Examples

Example 1
A medium (pH 7.0, 20 liters) containing dextrin (1%}, ammonium

sulfate {0.2%), meast-S (2%), potassium dihydrogenphosphate (0.{%),
magnesium sulfate (0.05%), calcium chloride (0.01%), ferrous sulfate
(0.001%), Tween80 (0.5 v/v%) and polyaikylene glycol derivative-type
surfactant (trade name: KARARIN 102, manufactured by Sar;yo

Chemical Industries, Ltd., 0.1 v/v%) was placed in a 30-liter jar-



[err]

40 Pro
56 Val
58 Tyr

40 [err]

15 dy
28 lle
23

fermenter and sterillized by autoclaving. A broth (200 ml) of Serratia

marcescens Sr41 which was obtained by reciprocal shaking at 30 °C for

20 hours in the same medium as above was inoculated into the
sterillized medium. ‘The cultivations was carried out by aeration and
agitation {200 rpm, 0.5vvm) at 30 °C for 18 hours. The culture broth
was centrifuged, and the supernatant (4.5 liters) was salted out with
45% saturated ammonium suifate solution. The precipitate was
collected by filtration with celite, eluted with water. The eluate was
dialyzed and lyophilized. 4.1 g of esterase (18,600 unit/g) were
obtained as crude enzyme powder.
(Assay of enzyme activity)

The enzyme activity was estimated according to the following
method. o

A mixture of 225 ml of 2% polyviny! alcohol (Poval 117,
manufactured by Kurare Co., Ltd.) and 75 ml of olive oil was emulsified
by stirring at 14,500 rpm at 5-10 °C for 10 minutes. 5.0 ml of the
olive oil-emulsion thus-obtained and 4.0 ml! of 0.25M Tris-HCl buffer
(pH 8.0, containing 2.5 mM calcium chloride) were preincubated al 37
°C for 10 minutes. One ml of an enzyme solution was added thereto io
initiate enzymaltic reaction. After the mixture was incubated at 37 °C
for 20 minutes, 20 ml of a mixture of acetone - ethanol (1:1) were
added to the reaction mixture to stop the enzymatic reaction. The
mixture was titrated with 0.05 N sodium hydroxide solution by using
phenoliphthalein as the indicator. A blank solution was pre;;ared in

the same manner as above except thal acetone - ethanol (1:1) is added
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to the substrate solution before addition of the enzyme solution. Said
blank solution was titrated in the same manner as above. The amount

of enzyme which liberated one pmole of fatty acid per.minute was
defined as one unit (U).

Example 2

10 liters of the supernatant obtained in the same mannér as
described in Example 1 were salted out with 45% saturated ammonium
sulfate solution. The precipitate (esterase) was dissolved in 20 mM
Tris-HCI buffer {(pH 7.5). The solution was dialyzed and subjected 10 a
column of an anion exchange resin {DEAE-TOYOPEARL 650M, Toyo Soda
Co., Ltd.) which was pre-equilibrated with the same buffer. The
column was washed with 20 mM Tris-HC! buffer (pH 7.5). The elution
of enzyme was carried out by a liner gradient of 0 to 1.0 M sodium
chloride solution containing 20 mM Tris-HCl buffer (pH 7.5). _ Esterase
was eluted with about 0.27 M sodium chloride solutions containing 20
mM Tris-HCl buffer (pH 7.5}. The active fractions were collected and
dialyzed against 20 mM Tris-HCl buffer {(pH 7.5) and subjected to a
column of a strong anion exchange resin (MonoQ, manufactured by
Ph.armacia LKB Biotechnology) which was pre-eq uilibrate'd with the
same buffer. The column was washed with 20 mM Tris-HCl buffer (pH
7.5). The elution of enzyme was carried out by a liner gradient of 0 to
0.6 M sodium chloride solutions containing 20 mM Tris-HCI buffer (pH
7.5). Esterase was eluted with about 0.35 M sodium chloride solutions
containing 20 mM Tris-HCl buffer (pH 7.5). The active fractions were

collected and dialyzed against 5% saturated ammonium suifate solution



tinme zero, assunming first-order decay. Exanple 13 The purifi-ed-—esterdst
dbtained in Exanple 11 was di al yzed agai nst water; and |igspLeeERENHSHER] &nt

was determ ned by using an atom c absoption spectronetry tachi nodej |

Z-9000). As a result, the calciumcontent in the purifijed ¢§ APRs83%s!one

nol e per an enzyne nol ecul ar mass of 62,000. Exanple 1 L
11 - b

el o

containing 20 mM Tris-HC! buffer (pH 7.5} and subjected 1o a column
of a hydrophobic resin (Butyl-TOYOPEAL 650S, manufactured by Toyo
Soda Co. Ltd.) which wa§-pre—equi1ibrated with the same buffer. The
column was washed with the same buffer {pH 7.5). The elution of
enzyme was carried out by a liner gradient of S to 0 % saturated
ammonium sulfate solution containing 20 mM Tris-HC! buffer (pH 7.5}
The active fractions were collected and dialyzed against 0.15 M sodium
chloride solution containing 20 mM Tris-HCl buffer {pH 7.5) and
condensed. The residue was subjected to gel filtration of molecular
sieve resin (Superose 6, manufactured by Pharmacia LKB
Biotechnology) which was pre-equilibrated with the same buffer. 56.8
mg of purified esterase protein were obtained.

The purified esterase showed molecular weight of about 590,000
by gel filtration and about 62,000 by SDS-polyacrylamide gel
electrophoresis. |

The specific activities and yields of esterases obtained in each of
the above purification steps are shown in the following Table | (The
enzyme aclivity was estimated in the same manner as described in
Ex'émple ! and the amount of protein was measured b*).f Lowry
method.)

The esterase obtained above showed no protease activity when

casein was used as the subsirate,



- 24 - The substrate specificity of the purified esteras %@Q&@Eﬂﬁwﬁhﬁg
tributyrate was investigated iin

Exanpl e 11 on di nmercapr ol
as described in Exanple 4. The esterase showed the enzy

[err]

uni ts/ ng protein.

e mannert

aqtg VARR 1887 5.2, x
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Table 1
Purification Total Total Specific activity | Yield
step protein activity |(units/mg protein) | (%)
(mg) (units)

Supernatant 16470 385400 23.4 100

of cuiture

45% ammonium {529 341000 223 88.5

suifate

DEAE-TOYOPEAL 247 | 227500 921 59.0

6S0M

MonoQ 143 141300 988 36.7

Buty!-TOYOPEAL 845 | 85350 1010 22.1

6508 _

Superose 6 56.8 58500 1030 15.2
Example 3

The substrate specificity on various kinds of triglyderides and

fatty acid esters was invesiigated with respect to the esterase obtained

in' Example 2

(Assay of hydrolyzing activity on triglycerides and fattly acid esters)

0.2 g of each substrate, 4 m! of 0.2 M Tris-HCl buffer {pH 8.0) and

one ml of 6 mM calcium chloride solution were placed in 100 m! {lask.

After a ten minute-preincubation, one ml of enzyme solution was

added thereto to initiate enzymatic reaction. The mixture was

incubated at 37 °C under 80 rpm for 10 minutes.

20 mi of a mixture

of acetone - ethanol (1:1) were added to the reaction mixture 1o stop
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Stereoselectivity of the esterase of the present inventi or

di sclosed in the reference AU40977/89 was determ ned. Enzynes %S%RTW y
esterase of the present invention: Serratia marcescens [ernr 1 ERVIB 87}
o

was cultivated in 60 m of

- 13 - —

the enzymatic reaction. The mixture was titrated with 0.05 N sodium
hydroxide solution by using phenolphthalein as the indicator. A blank
solution was prepared in-the same manner as above except that
acetone - ethanol {1:1) was added to the substrate solution before
addition of the enzyme solution. Said blank solution was titrated in
the same manner as above. The amount of enzyme which can liberate
one umole of fatty acid per minute is defined as one unit.
(Resuits)

The result are shown in the following Tables 2 and 3. The
enzyme activity is shown as relative activity (%) [methyl n-caprylate

(Table 2), tricaprylin {Table 3) = 100].

Table 2
Substrate Relative activity (%)
methyl acetate 9.7
methyl n-butyrate 72.8
methy! n-valerate 38.9
methyl n-caproate 14.6
methyl n-caprylate 100 1)
methy! n-caprate 92.2
methyl laurate 61.2
methyl myristate 34.0
methyl palmitate 14.6
methy!l linolenate 38.9




nutrient broth (dextrin 1% ammoniumsulfate 0.2% neas @ﬂgﬁﬁgﬁjjﬁﬁfﬁﬁﬁ
Jerr] 0.05% J[err] 0.01% [err] 0.001% Tween 80 0.5% a nh 102 0. 1%
pH 7.0) at 300C for 18 hours. The culture broth was centr'fvgpgyﬂoﬁﬁﬁtaln a
supernat ant. The supernatant was used as an enzyne sol utiibn of the present

I nvention. The enzyne of the reference: According to the ras
that described above, Serratia marcesceps ATCC 27117 str
and the resulting supernatant was used as an-enzyme sol utf
ref erence.

methyl linolate SL.5

methyl oleate 2.9

1) 204 unit/mg protein -

Table 3
Substrate Relative activity (%)
triacetin 7.6
tributylin 93.2
tricaproin 70.3
tricaprylin 100 2)
tricaprin 42.4
trilaurin 29.7
trimyristin 33.9
tripalmitin ’ 1.6
Tristearin 1.6

2): 1169 unit/mg protein

Example 4

The substrate specificity on dimercaprol tributyrate was
investigated with reépect to the purified esterase obtained in Example
2.

The esterase was added to a substrate solution of Lipase Kit S
[Substrate: dimercaprol tributyrate, manufactured by Dainippon
Pharmaceutical Co., Ltd.]. After the hydrolysis was carried out, 5,5~

dithiobis(2-nitrobenzoic acid) {color-producing agent) was added to



Method 3.75 ml of 0.4 MTris-HC buffer (pH 8) containin

mxed with 7.5 ml of a toluene solution of 1.5 g of racem
t rans- 3- (4- et hoxyl phenyl ) gl yci date and 26 the m xtur
at 30[err]C for 10 mnutes. To this m xture was added 3. 45} il

super nat ant (enzyne

EAPR M2 ¢

nrh

L
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the reaction mixture. Enzyme activity was estimated by measuring
the amount of the liberated S-mercapto-2-nitrobenzoic acid at 412 nm.

The esterase showed the enzyme activity of 1.7 x 105 units/meg

protein.

Example S

1.5 mg of the purified esterase obtained in Example 2 were
added to 75 m! of an aqueous 1 mM calcium chloride solution. 75 ml
of toluene solution containing 1M racemic methy!l trans-3-{4-
methoxyphenyllglycidate were added thereto. The mixture was
adjusted to pH 8.0 and stirred at 30 °C for 4 hours. Afler the reaction,
the ratio of (+)-isomer [{2S, 3R)-isomer] and (-)-isomer [(2R, 35)-
isomer] of methyl trans-3-(4-methoxyphenyl)glycidate in toluene
tayer was measured by High Performance Liquid Chromatography
{column: Chiralcel 0], manufactured by Daice! Chemical Industries, Ltd.,
mobile phase: n-hexane : isopropyl alcohol = 9:1).

The results are shown in the following Table 4

Table 4 -
The ratio of optically active isomers (%) Optical yield of {-)-trans
(+)-trans-isomer {-)-trans-isomer isomer (%)
0.4 99.6 94

Example 6
Optimum pH and pH stability were investigated with respect Lo

the purified esterase obtained in Example 2.
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solution) and the resulting m xture was stirred at 1400 Bﬁﬂf&ﬁE ot r\tb

carried out the hydrolysis reaction. The enzynme was used}iin sucR ﬁnmz
that the extent of hydrolysis of the substrate was 40 to 094 B AR

reaction for 3 hours. After conpletion of the reaction, hyl trans-3- (34

met hoxyphenyl ) gl yci date recovered was anal yzed by hi gh pdr¥formance | IC]UI»Q

chromat ogr aphy (HPLC) using a Daicel Chigalcel QJ colum -m n&t he

extent of hydrolysis and optical purity of nmethyl (2R

35)-3- (4-met hoxygg?{]n%!.:m pH was determined by measuring the enzyme aclivity
in the same manner as described in Example | except that the
enzymatic reaction was carried out at various pH. The each activily
was shown as relative activity (%) {the activity at pH 8 = 100).

On the other hand, pH stab:ility was examined by adjusting the
enzyme solution at a specified pH, incubating at 30 °C for oné hour and
then estimating the enzyme aclivity in the same manner as described
in Example 1. The enzyme activity was shown as the relative activity
(%) of residual activity (the activity measured immediately' before
incubation = 100), and the pH adjustment was carried out by using
‘Mclivaine buffer (pH 3.0-7.0), 100 mM Tris-HCl buffer (pH 8.0 - 9.0)
and 100 mM glycine buffer (pH 9.0 - 11.0).

(Results)

The results are shovgn in the following Table S and 6. It is clear
from these Tables that the optimum pH of the esterase is about 7.5 -
9.0, and the esterase is stable at a pH of about 5 - 9.

Tabl_e S (Relative acti.vities at each pH)

pH 3 4 5 6 7 8§ 9 10 i
Relative activity (%} ] 0 S 20 39 69 100 80 2 O

Table 6 (pH stability)
pH 3 4 S 6 7 8 9 10 11
Residual activity {%)] 0 S 95 100 100 100 100 65 O

Examgle 7



gl yci dat e. Based on these val ues, E-value was cal cul at edl rgechRNHEET b
fol low ng formula [Journal of American Chem cal Soci ety, 04 7
pp7294-7299(1982)]. The stereoselectivity of eachie zi'lﬁeARgsigg

e.e.)] Note)
I ni ng

eval uated by E-value. In [(1 - O(1 - e.e.)] In[(1 - O
C. Extent of hydrolysis (%/100 e.e.: Optical purity Anmou
Amount of remaining (2R 3S)-isonmer _ 15-.- (25, 3R)-iso

Optimum temperature and heat stability were investigated with
respect to the purified esterase obtained in Example 2.

The optimum temperature was determined by measuring the
enzyme activily in the same manner as described in Example 1 except
that the enzymatic reaction is carried out at various temperature. The
enzyme activity was shown as relative activity (%) (the activity at 45
*C=100).

On the otﬁer hand, the heat stability was examined by incubating
the enzyme in 100 mM Tris-HCI buffer for 30 minutes at a specified
temperature, and estimating the enzyme activity in the same manner
as described in Exaﬁple 1. The enzyme activity was shown as the
relative activity (%) of residual activity (the activity measured
immediately before incubation = 100).

(Resuits)

The results are shown in the following Table 7 and 8. It is clear
from Tables that the optimum temperature is about 40 to 50 °C, and
the esterase is stable at a temperature not higher than 50 °C.

_ Table 7
Temperature (*C} 10 IS 20 30 35 40 45 S50 55
Relative activity (%} 10 14 19 39 S1 72 100 64 4

Table 8
Temperature {*C) 4 30 40 50 55 60
Residual acitivity (%)} 100 100 100 100 2 0




e.e. = Amount of remaining Anount of remaining (2
(2S, 3R)-isoner Results The results are shown in Table

16 APR 37

- 18 - Lo

Example 8
The isoelectric point of the purified esterase obtained in Example

2 was examined by means of electrophoresis under the following
conditions: |
carrier: Ampholine (pH 3-10)
densily gradient of 0 to 50 % sucrose
voltage: at 400V for 26 hours from the beginning and then
at 800V for14 hours
temperature: 2 °C

110 ml column was used.

As a result, the isoelectric point of said esterase was found to be

46+ 0.1

Example 9
The purified esterase obtained in Example 2 (protein: 95 ug) was

dialyzed against distilled water, and the dialyzed solution was
evaporated to dryness. The residue was subjected to afz amino acid
sequéncer. As a result, the amino acid sequence from N-terminal to
12th was found to be as follows:
N'—-terminal—(X)—IleZ—Phe—Ser—Tyr5—Lys—Asp—Leu~Asp—GIuIO-Asn—Ala
wherein X is an amino acid which has not yet been identified.
Example 10

The effect of metal ions or known enzyme-inhibitors on the

purified esterase obtained in Example 2 was investigated as follows:



s ]
g e S TR

9 e.e. (9 E-val ue Ref drence et s . -1
S RoenE

Enzyne

43 .7 73 .7 85 Present invention 497

155 Consi deration As seen fromthe above results, the E-a uqegr)f 404z
of the present invention is about tw ce of that of th ef ce enzyns.
That is, stereoselectivity of the enzynme of the present ipyention-is—about
tw ce higher than that of the referengelgngyme. In view pf this, it _Is
clear that, when racemc glycidate is subjected to asynmetTT<T

ImM each metal ion or 1mM each inhibitor was added to the
enzyme solution, and the enzyme activity was estimated in the same
manner as described in Example 1.

The activity was shown as relative activity (%) (the activity
estimated by no addition of meta{ ion or inhibitor = 100).

(Results)
The results are shown in the following Table 9 and 10.

Table 9 (The effect of metal ions)

Metal ion Relative activity

(l1mM) (%)

no addition 100
Co2+ 0
Li* 143
Zn2+ 29
Cu2+ 57
‘Mg?2+ 123
Ni2+ 0
‘Mn2+ 1l
Hg2+ 86
Fel+ - 0
Fe3+ 0
Calt 285
Pb2+ 86
K* 94

Table 10 (The effect of inhibitors)

Inhibitors(1 mM) Relative activity
without reagent 100
Ethylenediamineletraacetic acid 0
p-Chloromercury benzoate 86




purity can be obtained by using the esterase of the pr
Exanple 16 pH Stability of substrate and enzynme pH sta

substrate, the enzyne of the present invention and the
reference were evaluated. (1) pH Stability of substrate

- 20 -

Sodium dodecyl sulfate 157

Phenylmethylsuifonyl fluoride 100

Example 11

12 liters of the supernatant obtained from the culture broth in
the same manner as described in Example | were concentrated by
using ultrafiltration membrane (SIP-3013, Asahi Chemical Industries
Co., Ltd.). The concentrate was salted out with 35% saturated
ammonium sulfate solution containing 10 mM Tris-HCI buffer _(pH 7.5).
The precipitate (esterase) was dissolved in 10 mM Tris-HCI buffer {pH
7.5). The solution was dialyzed and subjected to a column of an anion
exchange resin (DEAE-TOYOPEAL 650M, manufactured by T.oyo Soda
Co., Ltd.) which was pre-equilibrated with the same buffer. The
column was washed with 10 mM Tris-HC! buffer (pH 7.5). The elution
of enzyme was carried out by a liner gradient of 0 to 0.8 M sodium
chloride solutions containing 10 mM Tris-HCl buffer (pH 7.5). Esterase
was eluted with about 0.3 M sodium chloride solutions containing 10
mM Tris-HCl buffer (pH 7.5). The active fractions were collected and
di_alyzed against 0.15 M sodium chloride solution containing [0 mM
Tris-HCl buffer (pH 7.5). The solution (101 ml) was concentrated 1o 8
ml by ultrafiltration {Diaflo ultrafilter PM-10, manufactured by
Amicon Co., Ltd.). The concentrate was subjected to gel filtration of a
molecular sieve resin (Sephacryl S-300 HR, manufactured by
Pharmacia LKB Biotechnology) which was pre-equilibrated with the
same buffer. The active fractions were collected and dialyz;sd against

2% saturated ammonium sulfate solution containing 10 mM Tris-HCI



- 28 - 7.5 nm of a toluene solution containing 0.75 ng o RmmmMTL

t'r ans- 3- (4- met hoxyphenyl ) gl yci date was added to 7.5 m o -feach—of“vﬁfl—&\!s
0.2 Mbuffer solutions and the mixture was stirred at 149Q r 2rrj ¢
for 6 hours. Then, the ratio (% of nethyl PH]RPR%% £
trans- 3- (4- net hoxyphenyl ) gl yC| dat e remai ni ng in the reacti

determ ned by HPLC As PR l R

E

buffer (pH 7.5) and subjected to a column of a hydrophobic resin
(Pheny!-TOYOPEAL 650M, manufactured by Toyo Soda Co., Lid.) which
was pre-equilibrated with the same buffer. The column was washed
with the same buffer. Enzyme was eluted from the resin by a
stepwise gradient of 2% to 0% saturated ammonium salfat¢ solutions
containing 10 mM Tris-HCl buffer (pH 7.5). 133 mg of purified
esterase protein were obtained.

Physico-chmical properties and enzymatic characteristics of this
purified esterase are identical to those obtained in Example 2.

The specific activities and yields of esterase obtained in each of
the above-purification steps are shown in the following Table {1 (The
enzyme activity was estimated in the same manner as described in
Example | and the amount of protein was measured by Lowry
method.}. The esterase obtained above showed no protease activity
when casein was used as the substrate.

All of purification steps above was carried out below S °C

Tabie 11

Purification Total | Total Total Specific |Yield
- step volume |protein |activity activity {%)

{(ml) (mg) {units) (units/meg

protein)
Supernatant 12000y 13900} 1416000 102 100

of culture
Concentration 1000| 1920 | 1343000 699 95
by UF membrane




the buffer solutions, Mllvain buffer solution (pH 4-7),
solution (pH 8-9) and gl yci ne- NaOH buffer solution (pH
Results The results are shown in Table 14. Table 14 pH
Remai ning ratio of substrate(% 4

55 6 69
- 22 -

35% ammonium 175 645 | 1269000 1967 90
sulfate
DEAE-TOYOPEAL 101 298 656000 2201 46
6SOM g
Sephacryl 45 194 590000 3041 42
S-300 HR
Phenyl-TOYOPEAL 18 133 414000 3113 29
650M

Example 12

The amino acid composition of purified esterase obtained in
Example 11 was examined by using an amino acid analyzer under the
following conditions.

Each enzyme solution in 6M hydrochloride (2.0 mg/m!) was
sealed in a glass tube under vacuum and then hydrolyzed for 20, 40 or
70 hours at 110 °C.  The hydrolysate was evaporated (o dryness under
reduced pressure, dissolved in 0.02N hydrochloride solution and
analyzed with an amino acid analyzer (Hitachi model L-8500). Cystein
and cystine were determined as cysteic acid after performic acid
oxidation of the sample according to the method of Moore 1),
Tryptophan was determined according to the method of Simpson et
al.2)

References: 1) Moore, S. (1963) J. Biol. Chem. 238, 235-237.
2) Simpson, R.J., Neuberger, M.R,, and Lin, T.-Y. {1976)
J. Biol. Chem. 251, 1936-1940. '
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Table 12
Amino acid Residues / molecule)

Asxb) 89
Thr¢) 40
SerC) 43
Glxb) 40
Pro S
Gly 78
Ala 56
Val 28
lle 31
Leu 58
Tyr 23
Phe 28
Lys 20
His 14
Arg 14
Cys 0-1
Met 2
Trp 7

a). Based on an Molecular weight of 62,000,

b): Sum of acid and amide forms.

_c): The serine and threonine values were obtained by exirapolation to
time zero, assuming first-order decay.

Example 13

The purified esterase obtained in Example 11 was dialyzed
against water; and its calcium content was determined by using an
atomic absoption spectrometry (Hitachi model Z-9000).

As a result, the calcium content in the purified esterase was one
mole per an enzyme molecuiar mass of 62,000.

Example 14




5m of Tris-HO buffer solution (pH 8) was added to 5 m [0
solution and the m xture was subjected to heat treatnent a
hour s. The enzyne solution thus treated was diluted (100
case of the present invention and 25 tines in the case of

To 50 [err] of the diluted solution were added 1 m of the
agent, 5,5'-dithiobis(2-nitrobenzoic achg), and 20 [err] o a e
phenyl et hyl sul fonyl fluoride and the m xture was pre-incu at 30[err]C

for 5 hours. Th?n, 100 [err] of a substrate sol ution (aqueous di nercapr ol
tributylate he subsirate specificity of the purified esterase obtained in

CERAREY

ol or l.opi ng

Example 11 on dimercaprol tributyrate was investigated in the same

manner as described in Example 4.

The esterase showed the enzyme activity of 5.2 x 105 units/ meg

protein.



solution: Lipase Kits manufactured by Dai ni ppon Seiyaku K "
thereto and the mixture was reacted at 30[err]C for 10 mimgreACERENESHIT
term nation of the reaction, absorbance at 412 nm was neds et erm ne
the amount of the rel eased 5- thio-2-nitrobenzoic acid. Th detivity
was eval uated by taking the anpbunt of the enzyme which re| ¢gase 1 [err]nol
of 5- thio-2-nitrobenzoic acid per 1 mnute as 1 unit. Thet ' - '
activity of the reaction m xture was shewn_by the reIativE activity (9% -by
taking the enzyne activity of the reaction

COMPARATIVE EXPERIMENTS

Example 15

Stereoselectivity for substrate

Stereoselectivity of the esterase of the present
invention and the enzyme disclosed in the reference AU40977/89
was determined.

Enzymes used

The esterase of the present invention: Serratia

marcescens Sr4l (FERM BP-487) was cultivated in 60 ml of
nutrient broth (dextrin 1%, ammonium sulfate 0.2%, meast § 2%,
KH,PO;, 0.1%, MgSO,+7H,0 0.05%, CaCl,-2H,0 0.01%, FeSQO,-7H,0
0.001%, Tween 80 0.5% and Colorin 102 0.1%, pH 7.0) at 30°C
for 18 hours. The culture broth was centrifuged to obtain a
;upernatant. The supernatant was used as an enzyme solution
of the present invention.

| The enzyme of the reference: According to the same

manner as that described above, Serratia marcescens ATCC 27117

strain was cultivated and the resulting supernatant was used
as an enzyme solution of the reference.

Method

3.75 ml of 0.4 M Tris-HCl buffer (pH 8) containing
2mM CaCl, was mixed with 7.5 ml of a toluene solution of 1.5

g of racemic methyl trans-3-(4-methoxylphenyl)glycidate and



m xture wi thout heat treatnent as 100 % The amount of prgk 'L[)\dEMENTESHEET¥
reaction mxture (ng/m) was measured according to Lowy npi : esul s
The results are shown in Table 15 Table 15 Heating Present&lﬁrmqptﬁgﬁ 1 ,-_
Ref erence ! 5
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the mixture was pre-incubated at 30°C for 10 minutes. To this
mixture was added 3.75 ml of the above supernatant (enzyme
solution) and the resulting mixture was stirred at 1400 rpm
for 3 hours to carried out the hydrolysis reaction.

The enzyme was used in such amount that the extent
of hydrolysis of the substrate was 40 to 50% after the
reaction for 3 hours.

After completion of the reaction, methyl trans-3-(4-
methoxyphenyl)glycidate recovered was analyzed by high
performance liquid chromatography (HPLC) using a Daicel
Chiralcel OJ column to determine the extent of hydrolysis and
‘optical purity of methyl (2R, 3S)-3-(4-methoxyphenyl)-
glycidate. Based on these values, E-value was calculated
according to the following formula [Journal of American
Chemical Society, 104, pp7294-7299(1882)]. The
stereoselectivity of each enzyme was evaluated by E-value.

In {1 ~C)(1 - e.e.)]
E=

in [(1 - C)(1 + e.e.)]
Note} C: Extent of hydrolysis (%)/100

e.e.: Optical purity

Amount of remaining Amount of remaining
(2R, 3S)-isomer - (258, 3R)-isomer
e.e.=
Amount of remaining Amount of remaining
(2R, 3S)-isomer + (25, 3R)-isomer
Results

The results are shown in Table 13



time (hrs) Resi dual Anount of Resi dual Anount =
protein activity protein (% (my/ M) éhé IS 5!
0 100 1.20 100 1.00 1.5 9 L
1.30 82 1.00 3.5 101 730 | | 16 KPR1997 .
1.00 6.0 107 1.30 10 1.05}{Note *: The. _... -
enzymatic acitivity of the reaction mxture was 1.6 x 104 o
_ 27 -
Table 13
Enzyme C(%) e.e. (%) E-value
Present invention 43.7 73.7 85
Reference 48.7 84.3 155
Consideration

As seen from the above results, the E-value of the
enzyme of the present invention is about one half of that of
the referencg enzyme. That is, stereoselectivity of the
enzyme of the present invention is about twice higher than
that of the reference enzyme. 1In view of this, it is clear
that, when racemic glycidate is subjected to asymmetric
hydrolysis, the desired optically active glycidate having high
optical purity can be obtained by using the esterase of the
'present invention.

Example 16

pH Stability of substrate and enzyme

pH stability of the substrate, the enzyme of the
present invention and the enzyme of the reference were
evaluated.

(1) pH Stability of substrate

Method e

T fiiilfﬂ”m“ﬁ““




**: The enzymatic activity of the reaction mxture was 1.6 x 10 _units/

Consi deration As seen fromthe results of the above Exanpbtg ,bmeniradHdeTt

of t he substrate [ racem c nmet hyl

trans- 3- (4- et hoxyphenyl ) - gl yci date] becones hi ghtest
according to the results of the above Exanple 16,
of the esterase of the present invention is not decreas

nd EARRREL

And,
vity
idl to

heat treatment at 50[err]C for 6 hours mgfre the substrhte is

7.5 ml of a toluene solution containing 0.75 mg of
racemic methyl trans-3-(4-methoxyphenyl)glycidate was added
to 7.5 ml of each of various 0.2 M buffer solutions and the
mixture was stirred at 1400 rpm at 30°C for 6 hours. Then,
the ratio (%) of methyl trans-3-(4-methoxyphenyl)glycidate
remaining in the reaction mixture was determined by HPLC. As
the buffer solutions, Mcllvain buffer solution (pH 4-7), Tris-
HCl buffer solution (pH 8-9) and glycine~-NaOH buffer solution
(pH 10) were used.

Results

The results are shown in Table 14.

Table 14
pH Remaining ratio of substrate(%)
4 18
5 55
6 69
7 87
g . 96
3 87

10 95




stable and it is clear that the esterase of the present
pore stable than the enzynme of the refer- - 31- ence.}R
esterase of the present invention is remarkably superior
t he reference.

- 29 -

(2) pH Stability of enzymes

Method

5 ml of Tris-HC1l buffer solution (pH 8) was added
to 5 ml of each enzyme solution and the mixture was subjected
to heat treatment at 50°C for 0 to 6 hours. The enzyme
solution thus treated was diluted (100 times in the case of
the present invention and 25 times in the case of the
reference). To 50 pl of the diluted solution were added 1 ml
of the color developing agent, 5,5'-dithiobis(2-nitrobenzoic
acid), and 20 pl of phenylmethylsulfonyl fluoride and the
mixture was pre-incubated at 30°C for 5 hours. Then, 100 pl
of a substrate solution (aqueous dimercaprol tributylate
solution: Lipase Kits manufactured by Dainippon Seiyaku K.K.)
was added thereto and the mixture was reacted at 30°C for 10
minutes. |

After texrmination of the reaction, absorbance at 412
nm was measured to determine the amount of the released 5-
_thio-Z-nitrobenzoic acid. The enzyme activity was evaluated
by taking the amount of the enzyme which release 1 uﬁol of 5-
thio-2-nitrobenzoic acid per 1 minute as 1 unit. The residual
activity of the reaction mixture was shown by the relative
activity (%) by taking the enzyme activity of the reaction
mixture without heat treatment as 100 %. The amount of
protein in the reaction mixture (mg/ml) was measured according

to Lowry nethod.
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Results

The results are shown in Table 15

Table 15
Heating Present invention Reference
time
(hrs) Residual Amount of Residual Amount of
activity protein activity protein
(%) (mg/ml) (%) (mg/ml)
0 100 © 1.20 100 1.00
1.5 83 1.30 82 1.00
3.5 101 1.30 31 1.00
6.0 107 1.30 10 1.05

Note *: The enzymatlc acitivity of the reaction mixture was
1.6 x 10" unit/ml.

*%: The enzym§tic activity of the reaction mixture was
1.6 x 107 units/ml.

Consideration

As seen from the results of the above Example 15,
stability of the substrate [racemic methyl
trans-3-(4-methoxyphenyl)-glycidate] becomes hightest at
pE 8-9. And, according to the results of the above
Example 16, the enzyme activity of the esterase of the
present invention is not decreased even subjected to heat
treatment at 50°C for 6 hours where the substrate is
stable and it is clear that the esterase of the present
invention is much more stable than the enzyme of the refer-



esters; (3) OptimumpH: its optimumpHis 7.5 - 9.0 whe
carried out by using olive oil as the * substrate; (4)

stable at pH 5.0 - 9.0 when it is stored at 30[err]C for
Optimum tenperature: its optinmumtenperature is 40 - 50§

hydrolysis is carried out in 100 nM Tris-HCl1 buffer (pH
oil as the substrate;

P%ﬁ*&%ﬁ&a@% |
) by using-ofive

iy

- 31—

ence. Therefore, the esterase of the present invention is

remarkably superior over the enzyme of the reference.
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(6) Heat stability: it is stable at a ten ’
ferr]C when it is stored in Tris{-q‘-l;{@srkﬂigg% H 8.
m nutes; (7) m‘ﬁh l\i\ﬁﬁw D GEFP :

( SDS- pol yacryl am uﬁl resis) +50el ectri c
(9) Effect of netal*idns it is activated in the presence
ion, and inhibited in the presence of 1M cobalt ion, nigkel ion, iron.
or et hyl enedi am netetraacetic acid.

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An esterase derived £from Serratia marcescens Sr4l
(Ferm BP-487) having the following physico-chemical
properties and enzymatic characteristics:

(1) Activity: it (i.e. said esterase) hydrolyzes an
ester bond of organic carboxylates;

(2) Substrate specificity: it acts on alkyl esters
of organic carboxylic acids, triglyceridees or thiol
esters;

(3) Optimum pH: its optimum pH is 7.5 - 9.0 when
the hydrolysis is carried out by using olive oil as the
substrate;

{(4) ©pDH stability: it is stable at pH 5.0 - 5.0 when
it is stored at 30°C for one hour;

(5) Optimum temperature: its optimum temperature is
40 -~ 50 °C when the hydrolysis is carried out in 100 mM
Tris-HCI buffer (pH 8.0) by using olive o0il as the
substrate;

(6) Heat stability: it is stable at a temperature
of not higher than 50 °C when it is stored in 100 mM
Tris-HCI buffer (pH 8.0) for 30 minutes;

{(7) Moleculax weight: 62,000 + 2,000
(SbS-polyacrylamide gel electrophoresis);

{8) 1Isoelectric point: 4.6 + 0.1;

(9) Effect of metal dions: it 1is activated in the
presence ©of 1 mM calcium ion, and inhibited din the

" presence of 1 mM cobalt ion, nickel ion, iron ion or

ethylenediaminetetraacetic acid.

o2, A process for ©preparing novel esterase which
comprises
(a) cultivating serratia marcescens Sr4l (FERM

BP-487); and

" (b) recovering the esterase claimed in claim 1 from
the culture broth.
3. A process for preparing a lower alkyl (2R,
38)-3-(4-lower alkoxyphenyl)glygigqte_whiqﬁ_gg@prises the

steps of:
This Sheet Has Been Reilaced

AR

18EeMERR SR80
NLL \)U .

1i;
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2. A process for preparing novel esterase whi
cultivating serratia narcescens Sr41 ( FERM BP- 487) ;

t he esterase clal nlthe culture broth. 3!
for preparing Qﬂaﬂ g“ l‘ (2R, 3S)-3-(4-1ower
al koxyphenyl ) gl yc mconpri ses the steps of:
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(a) treating a racemic lower alkyl trans-3-(4-lower
alkoxyphenyl)glycidate with the esterase claimed in claim
1 thereby stereoselectively hydrolyzing 2S, 3R-isomer

thereof, and;

(b) recovering unreacted 2R, 3S-isomer from the
reaction mixture.
4, An esterase according to claim 1 substantially as
hereinbefore described with reference to any one of the

examples.
5. A process substantially as hereinbefore described

with reference to any one of examples 1, 2, 5, 11 and 12.

Swa
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al koxyphenyt)glycidate with the esterase clained in clai
stereosel ectively hydrolyzing 2S, 3R-isoner thereof, and;
unreacted 2R, 3S-isonmer from the reaction m xture. 4.
according to claim 1 substantially as
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Table 13
Enzyme C(%) e.e. (%) E-value
Reference 43.7 73.7 85
Present invention 48.7 94.3 155
Consideration

As seen from the above reéults, the E-value of the

enzyme of the present invention is about twice of that of
the reference enzyme. That is, stereoselectivity of the

enzyme of the present invention is about twice higher than
that of the reference enzyme. In view of this, it is clear
that, when racemic glycidate is subjected to asymmetric
hydrolysis, the desired optically active glycidate having high
optical purity can be obtained by using the esterase of the
'present invention.

Example 16

pH Stability of substrate and enzyme

pH stability of the substrate, the enzyme of the
present invention and the enzyme of the reference were
evaluated.

(1) pH Stability of substrate

Method
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An esterase derived from Serratia marcescens Sr41l
( EEEE BP-487) having the following physico-chemical
properties and enzymatic characteristics:

(1) Activity: it (i.e. said esterase) hydrolyzes an
ester bond of organic carboxylates;

(2) Substrate specificity: it acts on alkyl .esters
of organic carboxylic acids, triglyceridees or thiol
esters;

(3) Optimum pH: its optimum pH is 7.5 - 9.0 when
the hydrolysis is carried out by using olive o0il as the

- substrate;

(4) pH stability: it is stable at pH 5.0 - 9.0 when
it is stored at 30°C for one hour;

(5) Optimum temperature: its optimum temperature is
40 - 50 '°C when the hydrolysis is carried out in 100 mM
Tris-HC] buffer (pH 8.0) by using olive o0il as the
substrate;

(6) Heat stability: it is stable at a temperature
of not higher than 50 °C when it is stored in 100 mM
Tris-Hcl buffer (pH 8.0) for 30 minutes;

(7) Molecular weight: 62,000 + 2,000
(SDS-polyacrylamide .gel electrophoresis);

(8) Isoelectric point: 4.6 + 0.1;

(3) TEffect of metal ions: it is activated in the
presence of 1 mM calcium ion, and inhibited in the

" presence of 1 mM cobalt ion, nickel ion, iron ion or
ethylenediaminetetraacetic acig.
2. A process for preparing novel esterase which
comprises

(a) cultivating serratia marcescens Sr41l {FERM
BP-487); and

" (b) recovering the ésterase claimed in claim 1 from
the culture broth.
3. A process for preparing a lower alkyl (2R,
3S8)-3-(4-lower alkoxyphenyl)glycidate which comprises the
steps of:



NOVEL ESTERASE AND PROCESS FOR PREPARING THE SAME

BSTRACT

A novell esterase which is derived from Serratia marcescens is
disclosed. Said esterase has the [ollowing physico-chemical properties
and enzymatic charactaristics:

(1) Activity; it (i.e.. said esterase) hydrolyzes an ester bond of organic
carboxylates, (2) Substrate specificity; it acts on alkyl esters of organic
‘carboxylic acids, triglycerides or thiol esters, (3) Optimum pH: its
optimum pH is 7.5 - 9.0 when Lhe. hydrolysis is carried out by using
olive oil as the substrate, (4) pH stability; it is stable at pH 5.0 - 9.0
when it is stored at 30 °C for one hour, (5) Optimum temperature; its
optimum temperature is 40 - SO0 "C when the hydrolysis is carried out
by using olive oil as the substrate, (6) Heat stability; it is stable at a
temperature of not higher than 50°C when it is stored at pH 8.0 for 30
minutes, (7) Molecular weight; 62,000 + 2,000 (SDS-polyacrylamide gel
elecirophoresis), (8) Isoelectric point; 4.6 + 0.1.'(9) Effect of metal ions;.
it is activated in the presence of 1 mM calcium ion, and inhibited in. the
presence of 1 mM cobalt ion, nickel ién, iron ion or ethylenediamine-
tetraacetic acid. Said esterase can widely be applfed for organic

synthetic reactions.



