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Description

Title of Invention: IMPROVEMENT OF REACTIVITY OF NITRILE

HYDRATASE BY ALDEHYDE

Technical Field
[0001]
[Related Application]

The specification incorporates the content of the
specification of Japanese Patent Application No. 2021-
124098 (filed February 10, 2021) based on which the
priority of this application is claimed.

[Technical field]

The present invention relates to a method for
producing an amide compound by nitrile hydratase. More
specifically, the present invention relates to a method
for improving the reaction rate of nitrile hydratase, a
method for suppressing deactivation of nitrile hydratase,
and a method for producing an amide compound in the state
where the reaction rate (of nitrile hydratase) is

improved.

Background Art
[0002]

Amide compounds have been widely used as substances
industrially important. For example, acrylamide is used

in a wide range of products including a coagulant for



wastewater treatment, a paper strength enhancer and a
petroleum recovery agent, whereas methacrylamide is
widely used in products such as a paint and a glue.
[0003]

As a method for producing an amide compound, an
industrial method for producing an amide compound by
hydrating the corresponding nitrile compound in the
presence of conventionally reduced-state copper used as a
catalyst, has been employed.

[0004]

Recently, nitrile hydratase having nitrile hydration
activity, that is, an activity to hydrate a nitrile group
and convert it into an amide group, has been found in
microbial enzymes, and a method for producing an amide
compound from the corresponding nitrile compound using
the enzyme or bacterial cells having the enzyme, has been
used.

[0005]

This production method is deemed to be an
industrially excellent process over the conventional
method using a metal catalyst, for the reasons that the
reaction condition is mild; a nitrile compound is
converted to the corresponding amide compound at a high
conversion rate and with a high selectivity; with the
result that a production process can be more simplified.

[0006]



In producing an amide compound using nitrile
hydratase industrially, it is important that an amide
compound can be efficiently produced from the
corresponding nitrile compound. It has been reported
that the efficiency of producing an amide compound is
enhanced by improving an enzymatic activity of nitrile
hydratase (Patent Literature 1), suppressing a
deactivation with temperature and improving the
resistance of an amide compound (Patent Literature 2).
[0007]

Other methods are reported in Patent Literatures 3
to 5, in which producibility is improved by identifying
organic impurities affecting the activity of nitrile
hydratase and contained in a nitrile compound, thereby
suppressing deactivation of nitrile hydratase. For
example, Patent Literature 3 reports a method of
efficiently producing an amide compound by reducing the
concentration of benzene present in a nitrile compound.
A method of reducing the concentration of hydrocyanic
acid present in a nitrile compound is reported in Patent

Literatures 4 and 5.

Citation List

Patent Literatures

[0008]

Patent Literature 1: Japanese Patent Laid-Open No. 2005-

295815



Patent Literature 2: Japanese Patent Laid-Open No. 2010-
172285

Patent Literature 3: International Publication No.
W02007-043466

Patent Literature 4: Japanese Patent Laid-Open No. H1l1l-
123098

Patent Literature 5: Japanese Patent Laid-Open No. 2001-

288156

Summary of Invention
Technical Problem
[0009]

The method of Patent Literature 4, however, has a
problem. If a metal compound is added, it may affect an
enzymatic reaction and the gquality of the amide compound
to be obtained. In addition, a step of removing the
metal compound and the like is required after completion
of the reaction, with the result that cost increases. In
another case where a nitrile compound is purified with an
ion exchange resin, the number of steps increases, with
the result that cost increases.

[0010]

In the method of Patent Literature 5, an alkali
compound is added to a starting nitrile compound. An
extra step for adjusting pH of a nitrile compound

(solution) is required before an enzymatic reaction and



the alkali compound may affect the quality of the
resultant amide compound.
[0011]

In the circumstances, a primary object of the
present invention is to provide a method for improving
productivity of an amide compound more simply by adding

an aldehyde compound.

Solution to Problem
[0012]

The present inventors conducted intensive studies in
view of problems with the conventional technology. As a
result, they found that addition of an aldehyde compound
in a reaction for producing an amide compound from a
nitrile compound using a bioccatalyst having nitrile
hydratase activity improves the rate of a conversion
reaction from the nitrile compound to the amide compound
and can suppress a deactivation of nitrile hydratase.
Based on the finding, the present invention was
accomplished.

[0013]

More specifically, the present invention provides
the following [1] to [10].

[1] A method for producing an amide compound from a
nitrile compound in the presence of a biocatalyst having

nitrile hydratase activity, wherein



a reaction that produces the amide compound from the
nitrile compound is carried out in the presence of an
aldehyde compound, and the nitrile compound is at least
one selected from the group consisting of acrylonitrile,
acetonitrile, methacrylonitrile, cyanopyridine,
glycolonitrile and alanine nitrile.

[2] A method for improving a rate of a reaction that
converts a nitrile compound to an amide compound in
producing the amide compound from the nitrile compound in
the presence of a biocatalyst having nitrile hydratase
activity, comprising

a step of adding an aldehyde compound in a reaction
solution containing the nitrile compound,

wherein the nitrile compound is at least one
selected from the group consisting of acrylonitrile,
acetonitrile, methacrylonitrile, cyanopyridine,
glycolonitrile and alanine nitrile.

[3] A method for suppressing a deactivation of a
biocatalyst having nitrile hydratase activity, in
producing an amide compound from a nitrile compound in
the presence of the biocatalyst having nitrile hydratase
activity, comprising

a step of adding an aldehyde compound in a reaction
solution containing the nitrile compound,

wherein the nitrile compound is at least one

selected from the group consisting of acrylonitrile,



acetonitrile, methacrylonitrile, cyanopyridine,
glycolonitrile and alanine nitrile.

[4] The method according to any one of [1] to [3],
wherein the ratio of the concentration of the aldehyde
compound to the concentration of a cyan compound in a
nitrile compound is from 0.9 to 15 by a molar ratio.

[5] The method according to any one of [1] to [5],
wherein the biocatalyst having nitrile hydratase activity
is nitrile hydratase derived from the genus Rhodococcus
or Pseudonocardia; or cells, bacterial cells, or a
processed material thereof containing the nitrile
hydratase.

[6] The method according to any one of [1] to [4],
wherein the aldehyde compound is at least one selected
from the group consisting of formaldehyde, acetaldehyde,
propionaldehyde, butyraldehyde, isobutyraldehyde,
dialdehyde oxalate, malondialdehyde, pentanal,
isovaleraldehyde, acrolein, crotonaldehyde, tiglic acid
aldehyde, glyceraldehyde, glycolaldehyde, furfural,
butanedial, trans-2-hexenal, glutaraldehyde, hexanal,
heptanal, octanal, nonanal, decanal, paraldehyde,
benzaldehyde, cinnamaldehyde, perillaldehyde, wvanillin,
l-naphthoaldehyde, phthalaldehyde, methional, (Z)-7-
hexadesenal, glyoxal (dialdehyde oxalate),
paraformaldehyde, acetaldehyde ammonia and

hexamethylenetetramine.



[7] A composition for producing an amide compound,
comprising:

an aldehyde compound; and

at least one nitrile compound selected from the
group consisting of acrylonitrile, acetonitrile,
methacrylonitrile, cyanopyridine, glycolonitrile and
lactonitrile.

[8] A catalyst composition for producing an amide
compound, comprising an aldehyde compound and a
biocatalyst having nitrile hydratase activity.

[9] An amide compound composition comprising an
aldehyde compound and an amide compound containing a cyan
compound, wherein the concentration of the cyan compound
in the amide compound before the aldehyde compound is
added, is 0.2 ppm or more.

[10] An amide compound composition comprising an
amide compound, and a compound having a cyan compound and

an aldehyde compound bound to each other.

Advantageous Effects of Invention
[0014]

According to the present invention, it is possible
to increase a rate of a reaction that converts a nitrile
compound to an amide compound in the presence of a
biocatalyst having nitrile hydratase activity by adding
an aldehyde compound in a reaction solution containing a

nitrile compound. According to the present invention, it



is also possible to suppress deactivation of a
biocatalyst having nitrile hydratase activity. In short,
according to the present invention, an amide compound can

be efficiently produced.

Description of Embodiments
[0015]

Now, embodiments of the invention will be described.
(1) Biocatalyst Having Nitrile Hydratase Activity

In the present invention, nitrile hydratase refers
to an enzyme having an ability to hydrolyze a nitrile
compound to produce the corresponding amide compound.

The biocatalyst having nitrile hydratase activity may be

a protein of nitrile hydratase itself but an animal cell,
a plant cell, an organelle or a bacterial cell containing
nitrile hydratase and a processed material thereof may be
used.

[0016]

Examples of the processed material include a crushed
material of an animal cell, a plant cell, an organelle or
a bacterial cell; an enzyme extracted from a bacterial
cell (crude enzyme or purified enzyme); and an animal
cell, plant cell, organelle, bacterial cell or enzyme
itself immobilized to a carrier.

[0017]
Examples of the processed material also include an

animal cell, a plant cell, an organelle or a bacterial



cell that are chemically treated to lose proliferative
ability.
[0018]

Examples of an immobilization method include an
enveloping method, a cross-linking method and a carrier
binding method. The enveloping method is a coating
method with a polymer membrane. The cross-linking method
is a method of crosslinking enzyme with a reagent having
two or more functional groups (polyfunctional cross-
linking agent). The carrier binding method is a method
of binding an enzyme to a water-insoluble carrier.

[0019]

Examples of the carrier (immobilization carrier) for
immobilization include glass beads, silica gel,
polyurethane, polyacrylamide, polyvinyl alcohol,
carrageenan, alginic acid, agar and gelatin.

[0020]

Representative examples of the bacterial cell
(microorganism) as mentioned above include microorganisms
having nitrile hydratase activity and belonging to the
genus Rhodococcus, Gordona, Pseudomonas, Pseudonocardia,
Geobacillus, Bacillus, Bacteridium, Micrococcus,
Brevibacterium, Corynebacterium, Nocardia,
Microbacterium, Fusarium, Agrobacterium, Acinetobacter,
Xanthobacter, Streptomyces, Rhizobium, Klebsiella,
Enterobacter, Erwinia, Pantoea, Candida, Aeromonas,

Citrobacter and Achromobacter.



[0021]

More specifically, examples of the bacterial cell
include Nocardia sp. N-775 disclosed in Japanese Patent
Publication No. 56-17918; Rhodococcus rhodochrous J-1
disclosed in Japanese Patent Publication No. 06-55148;
Rhodococcus rhodochrous NCIMB41164 strain disclosed in
International Publication No. W02005/054456: Klebsiella
sp. MCI2609 disclosed in Japanese Patent Laid-Open No.
H05-30982; Aeromonas sp. MCI2614 disclosed in Japanese
Patent Laid-Open No. H05-30983; Citrobacter freundii
MCI2615 disclosed in Japanese Patent Laid-Open No. HO5-
30984; Agrobacterium rhizogenes IAM13570 and
Agrobacterium faciens disclosed in Japanese Patent Laid-
Open No. H05-103681; Xanthobacter flavas JCM1204 and
Erwinia nigrifluens MAFF03-01435 disclosed in Japanese
Patent Laid-Open No. H05-161495; Enterobacter sp. MCI2707
disclosed in Japanese Patent Laid-Open No. H05-236975;
Streptomyces sp. MCI2691 disclosed in Japanese Patent
Laid-Open No. H05-236976; Rhizobium sp. MCI2610,
Rhizobium sp. MCI2643, Rhizobium loti IAM13588, Rhizobium
leguminosarum, IAM12609 and Rhizobium merioti IAMI12611
disclosed in Japanese Patent Laid-Open No. H05-236977;
Candida guilliermondii NH-2, Pantocea agglomerans, NH-3
and Klebsiella pneumoniae subsp. pneumoniae NH-26T2,
disclosed in Japanese Patent Laid-Open No. H05-15384;
Agrobacterium radiobacter SC-Cl15-1 disclosed in Japanese

Patent Laid-Open No. H06-14786; Bacillus smithii SC-J05-1



disclosed in Japanese Patent Laid-Open No. H07-25494;
Pseudonocardia thermophila ATCC19285 disclosed in
Japanese Patent Laid-Open No. H08-56684; and
Pseudonocardia thermophila JCM3085 disclosed in Japanese
Patent Laid-Open No. H0S$-275978.

[0022]

Rhodococcus rhodochrous J-1 strain disclosed in
Japanese Patent Publication No. 06-55148 was deposited at
the National Institute of Technology and Evaluation,
Patent Biological Deposit Center (Central 6, 1-1-1
Higashi, Tsukuba, Ibaraki, Japan (hereinafter the same
applies in the specification)) under accession number
"FERM BP-1478", on September 18, 1987.

[0023]

Rhodococcus rhodochrous NCIMB41164 strain disclosed
in International Publication No. W02005/054456 was
deposited at the National Collection of Industrial, Food
and Marine Bacteria, Ltd. (NCIMB) (NCIMB Ltd Ferguson
Building Craibstone Estate Buksburn Aberdeen AB21 9YA)
under accession number NCIMB41164 on March 5, 2003.
[0024]

Pseudonocardia thermophila JCM3085 disclosed in
Japanese Patent Laid-Open No. H09-275978 was deposited at
the national institute of technology and evaluation
patent biological deposit center (Central 6, 1-1-1
Higashi, Tsukuba, Ibaraki, Japan) under accession number

"FERM BP-5785" on February 7, 1996.



[0025]

In the present invention, one or two or more
microorganisms selected from the aforementioned
microorganisms can be used (alone or in combination).
[0026]

A gene encoding nitrile hydratase can be introduced
into a bacterial cell and expressed by a common molecular
biological technigque (as to the molecular technique, see
Sambrook, Fritsch and Maniatis, "Molecular Cloning: A
Laboratory Manual", 2nd Edition (1989), Cold Spring
Harbor Laboratory Press). More specifically, in the
present invention, it is possible to use an enzyme
obtained by expressing a nucleic acid encoding natural
nitrile hydratase (wild type) or a modified nitrile
hydratase (mutant type) in a bacterial cell. 1In the
present invention, one or two or more types of enzymes
selected from the aforementioned enzymes can be used
(alone or in combination).

[0027]

The amino acid sequence of the wild-type nitrile
hydratase is available from public database of NCBI such
as GenBank (http: //www.ncbi.nlm.nih.gov/).

[0028]

For example, the accession number of o subunit
derived from Rhodococcus rhodochrous J1 (FERM BP-1478) is
"P21219" and the accession number of B subunit thereof is

"P21220". The accession number of a subunit derived from



Rhodococcus rhodochrous M8 (SU1731814) is "ATT79340" and
the accession number of B subunit thereof is "AAT79339".
The accession number of a subunit derived from
Pseudomonas thermophila JCM3095 is "1IRE A" and the
accession number of B subunit thereof is "1IREB".

[0029]

Examples of a transformant into which a wild type
nitrile hydratase gene is introduced include, but are not
limited to, Escherichia coli MT10770 (FERM P-14756)
(Japanese Patent Laid-Open No. H8-266277) transformed
with nitrile hydratase (gene) of the genus Achromobacter,
Escherichia coli MT10822 (FERM BP-5785) (Japanese Patent
Laid-Open No. H9-275978) transformed with nitrile
hydratase (gene) of the genus Pseudonocardia, or a
microorganism transformed with nitrile hydratase (gene)
(Japanese Patent Laid-Open No. H4-211379) derived from
Rhodococcus rhodochrous.

[0030]

Modified (mutant) nitrile hydratases obtained
through amino acid substitution of a wild-type nitrile
hydratase are known (e.g., Japanese Patent Laid-Open No.
2010-172295, Japanese Patent Laid-Open No. 2007-143409,
Japanese Patent Laid-Open No. 2007-043910, Japanese
Patent Laid-Open No. 2008-253182, Japanese Patent Laid-
Open No. 2019-088326, Japanese Patent Laid-Open No. 2019-
088327, WO05/116206, WO12/164933, W012/169203,

WO015/186298). In the method of the present invention, a



microorganism having any one of (the genes) of these
modified nitrile hydratases introduced therein can be
used.
[0031]

The microorganisms having nitrile hydratase activity
mentioned above or processed materials thereof each can
be used in a reaction for synthesizing an amide
immediately after preparation of bacterial cells and
stored after preparation of bacterial cells and used in a
reaction for synthesizing an amide, as needed. A method
for culturing a microorganism for preparing bacterial
cells can be appropriately selected depending on the type
of microorganism. In advance of main culture, seed
culture may be carried out.

[0032]

A bacterial cell having nitrile hydratase activity
or a processed material thereof can be used for a batch
reaction and a continuous reaction. As a reaction
system, an appropriate system using, e.g., a fluidized
bed, a fixed bed or a suspended bed may be selected. The
temperature of a catalyst in a reaction solution herein
is not particularly limited as long as it does not
inhibit a mixing operation of an agqueous medium and a
nitrile compound.

[0033]

(2) Nitrile Compound



In the production method of the present invention,
the nitrile compound to be used as a starting material is
not particularly limited as long as it can be converted
into an amide compound by a catalyst having nitrile
hydratase activity. Examples of the nitrile compound
include saturated aliphatic nitriles such as
acetonitrile, propionitrile, succinonitrile,
adiponitrile, glycolonitrile and lactonitrile; aliphatic
unsaturated nitriles such as acrylonitrile and
methacrylonitrile; aromatic nitriles such as benzonitrile
and phthalodinitrile; and heterocyclic nitriles such as
cyanopyridine. The nitrile compound of the present
invention is preferably a nitrile compound such as
acetonitrile, propionitrile, acrylonitrile,
methacrylonitrile, n-butyronitrile, isobutyronitrile,
cyanopyridine, glucolonitrile and lactonitrile; and
particularly more preferably, acrylonitrile,
methacrylonitrile, acetonitrile, cyanopyridine,
glycolonitrile, and lactonitrile.

[0034]

A nitrile compound becomes available as a commercial
product generally through a purification step. For
example, acrylonitrile is industrially produced by
ammoxidation method of propylene; a cyan compound such as
hydrocyanic acid is removed together with other by-
products by distillation operation (purification)

performed after the reaction.



[0035]

However, a cyan compound that cannot be completely
removed by the distillation operation is contained in a
product. A biocatalyst having nitrile hydratase activity
may be damaged with the cyan compound contained in a
nitrile compound, with the result that activity and
reaction rate of the nitrile hydratase may reduce.

[0036]

In the present invention, addition (presence) of an
aldehyde compound in a reaction solution containing a
nitrile compound can reduce the amount of a cyan compound
contained in the nitrile compound and prevent the damage
to a biocatalyst having nitrile hydratase activity by the
cyan compound. In other words, the rate of conversion
reaction from a nitrile compound to an amide compound
carried out in the presence of a biocatalyst having
nitrile hydratase activity is improved. Also, the
deactivation of a biocatalyst having nitrile hydratase
activity exposed to a nitrile compound can be conceivably
suppressed.

[0037]
(3} Production of Amide Compound

In the present invention, an amide compound is
produced from a nitrile compound by using a biocatalyst
having nitrile hydratase activity.

[0038]



The type of amide compound to be produced in the
present invention is not particularly limited and an
amide compound can be produced in accordance with the
use. As a starting material, a nitrile compound
corresponding to a desired amide compound can be used.
[0039]

Examples of the amide compound include acrylamide,
nicotinamide and methacrylamide. Preferably, acrylamide
is used.

[0040]

If acrylonitrile is used as a nitrile compound,
acrylamide is obtained. If methacrylonitrile is used as
a nitrile compound, methacrylamide is obtained. If
cyanopyridine is used as a nitrile compound, nicotinamide
is obtained.

[0041]

The method for producing an amide compound using a
biocatalyst having nitrile hydratase activity is not
particularly limited; for example, a continuous reaction
process for continuously producing an amide compound or a
batch reaction process for discontinuously producing an
amide compound, may be employed.

[0042]

In the case of the continuous reaction process, an
amide compound can be continuously produced without
taking out the whole reaction mixture from the reactor by

continuously or discontinuously introducing a



biocatalyst, water and a reactant containing a nitrile
compound in a reactor, simultaneously with continuously
or discontinuously taking out a reaction mixture
containing a formed amide compound from the reactor.
[0043]

In the case of the batch reaction process, an amide
compound can be produced by supplying all reactants to a
reactor at a time, and thereafter, carrying out a
reaction, or supplying a portion of the reactants in a
reactor, and continuously or intermittently supplying the
remaining portion to the reactor, and then, carrying out
a reaction.

[0044]

Examples of the type of reactor include various
types of reactors such as an agitation tank reactor, a
fixed bed reactor, a fluidized bed reactor, a moving bed
reactor, a tube reactor and a tower reactor. There
reactors may be used singly or in combination. If a
plurality of reactors are used, the more downstream the
reactor is placed, the higher the concentration of an
amide compound in the reaction mixture to be taken out.
Because of this, the concentration of the amide compound
finally obtained can be adjusted by the number of
reactors.

[0045]
When the reaction is continuously carried out by

using a plurality of reactors, the reactor to which a



biocatalyst having nitrile hydratase activity and a
nitrile compound are to be introduced, is not limited
only to the reactor positioned most upstream as long as,
e.g., the reaction efficiency is not significantly
declined; in other words, the biocatalyst and the nitrile
compound can be introduced in the reactors positioned
downstream of the most upstream reactor.

[0046]

Of the reactants, water as a reactant is used for a
hydration reaction of a nitrile compound for producing an
amide compound.

[0047]

Examples of the water as a reactant include water;
or an aqueous solution containing an acid or a salt
dissolved in water. Examples of the acid include
phosphoric acid, acetic acid, citric acid and boric acid.
Examples of the salt include a sodium salt, a potassium
salt, an ammonium salt of any one of the acids mentioned
above. Examples of the water as a reactant include, but
are not limited to, pure water, city water, tris buffer,
phosphate buffer, acetate buffer, citrate buffer and
borate buffer. The pH (25°C) of the reactant water to be
used is not particularly limited as long as a reaction in
the presence of a biocatalyst can efficiently proceeds.
For example, pH can be set at a value in the range of 4
to 10, and preferably 5 to 9. If pH is 4 or more, the

enzymatic activity of a biocatalyst can be sufficiently



enhanced. If pH is 10 or less, inactivation of a
biocatalyst can be suppressed.
[0048]

The amount of the biocatalyst to be used can be
appropriately selected depending on, e.g., the type of
biocatalyst to be used and the reaction condition. For
example, the activity of the biocatalyst to be introduced
in the reactor is preferably controlled so as to fall
within the range of about 50 to 500 U per dry cell (1 mg)
at a reaction temperature of 10°C. The unit "U" refers
to the amount of the enzyme for producing one micromole
of an amide compound from a nitrile compound per minute
and is a value measured by using the nitrile compound to
be used for production.

[0049]

To the reactant for use in a hydration reaction of
acrylonitrile or the reaction mixture during or after the
hydration reaction, at least one type of water-soluble
monocarboxylic acid salt having two or more carbon atoms
may be added as a support measure for stabilization. The
water-soluble monocarboxylic acid salt may be either a
saturated monocarboxylic acid salt or an unsaturated
monocarboxylic acid salt. Examples of the saturated
carboxylic acid include acetic acid, propionic acid and
n-caproic acid. Examples of the unsaturated carboxylic
acid include acrylic acid, methacrylic acid and vinyl

acetate. Representative examples of the salt include a



sodium salt, a potassium salt and an ammonium salt. The
addition amount of a water-soluble monocarboxylic acid
salt is preferably 20 to 5000 mg/kg in terms of an acid
relative to acrylamide in the reaction mixture (agueous
acrylamide solution) to be finally obtained.

[0050]

The amount of the nitrile compound to be used can be
appropriately selected depending on, e.g., the type of
biocatalyst to be used and the reaction condition,
reaction scale and continuous reaction or batch reaction.
[0051]

The reaction temperature is not particularly limited
as long as a biocatalyst can efficiently promote a
reaction. The temperature is, for example, 5 to 50°C,
preferably 10 to 40°C, and more preferably 15 to 35°C. If
the reaction temperature is 10°C or more, the reaction
activity of a biocatalyst can be sufficiently enhanced.
If the reaction temperature is 50°C or less, the
inactivation of a biocatalyst can be suppressed.

[0052]

The reaction time is not particularly limited and
can be appropriately selected depending on, for example,
the reaction process such as batch reaction (batch
reaction) and continuous reaction, and the reaction
scale. The reaction time can be, for example, 0.1 to 60
hours, preferably 1 to 50 hours, and more preferably, 2

to 40 hours.



[0053]

In the case where an amide compound is produced by a
continuous reaction process, the fluid velocity in taking
out a reaction mixture from a reactor may be determined
in accordance with introduction rates of a nitrile
compound and a biocatalyst such that a product can be
continuously produced without taking out the whole amount
of a reaction mixture in the reactor.

[0054]

To stabilize a reaction, additives can be added to a
nitrile compound or in a reaction solution.
[0055]

The concentration of the amide compound in an
agqueous solution of an amide compound obtained in the
present invention, can be appropriately selected
depending on, e.g., the intended use of the amide
compound to be obtained. The concentration of an amide
compound relative to the total mass of an agueous
solution of the amide compound to be obtained can be, for
example, 25 to 65 mass%, preferably 30 to 60 mass%, and
more preferably, 35 to 55 mass%. If the concentration of
an amide compound is 65 mass% or less, it is possible to
prevent precipitation of crystal of the amide compound at
normal temperature. If the concentration of an amide
compound 1s 25 mass% or more, it is possible to reduce
the volume of a tank for storage or preservation and

transportation cost.



[0056]

The amide compound to be obtained by the present
invention can be directly used in a polymerization
reaction or stored until use. An aldehyde compound can
be removed as needed. When an amide compound is stored,
if necessary, the amide compound can be used by adding an
additive including a polymerization inhibitor and a
polymerization initiator.

[0057]
(4) Aldehyde Compound

Herein, in the method for producing an amide
compound from a nitrile compound in the presence of a
biocatalyst having nitrile hydratase activity, a reaction
from the nitrile compound to the amide compound is
carried out in the presence of an aldehyde compound.
[0058]

Herein, the aldehyde compound is not particularly
limited as long as the aforementioned effect can be
obtained. Examples of the aldehyde compound include
formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, iscobutyraldehyde, malondialdehyde,
pentanal, isovaleraldehyde, acrolein, crotonaldehyde,
tiglic acid aldehyde, glyceraldehyde, glycolaldehyde,
furfural, butanedial, trans-2-hexenal, glutaraldehyde,
hexanal, heptanal, octanal, nonanal, decanal,

paraldehyde, benzaldehyde, cinnamaldehyde,
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perillaldehyde, vanillin, l-naphthaldehyde,
phthalaldehyde, methional and (Z)-7-hexadesenal.
[0059]

Examples of aldehyde compounds include not only
compounds having an aldehyde group (-CHO) but also
compounds producing an aldehyde compound in water or in a
solution. Examples of such aldehyde compounds include
glyoxal (dialdehyde oxalate), paraformaldehyde,
acetaldehyde ammonia and hexamethylenetetramine.

[0060]

Of them, an aldehyde compound having a molecular
weight of about 200 or less is preferable and an aldehyde
compound having a molecular weight of about 100 or less
is more preferable.

[0061]

A particularly preferable aldehyde compound is,
e.g., formaldehyde, acetaldehyde, propionaldehyde and
butyraldehyde.

Note that, in the specification, the term "adding"
to a reaction solution includes "allowing to be present”
in a reaction solution.

[0062]

In the present invention, the amount of an aldehyde
compound to be added in a reaction solution containing a
nitrile compound is not particularly limited as long as
the rate of conversion reaction from a nitrile compound

to an amide compound in the presence of a biocatalyst



having nitrile hydratase activity can be increased or a
deactivation of a biocatalyst having nitrile hydratase
activity when the catalyst is exposed to a nitrile
compound can be suppressed.

[0063]

The amount (molar ratio) of an aldehyde compound to
be added in a reaction solution relative to the content
of a cyan compound in the reaction solution is set at 0.9
to 15, preferably 1.5 to 10.0, and more preferably 2.0 to
6.0.

[0064]

The content of a cyan compound in acrylonitrile can
be obtained by extracting it with an alkaline solution
and subjecting the extract to titration with silver
nitrate or can be measured by absorption photometry.
[0065]

If the amount (molar ratio) of aldehyde, which is
allowed to be present in a reaction solution relative to
the content of a cyan compound is set at 0.9 or more, the
rate of conversion reaction from a nitrile compound to an
amide compound in the presence of a biocatalyst having
nitrile hydratase activity can increase or a reduction of
the activity of a biocatalyst having nitrile hydratase
activity when the catalyst is exposed to a nitrile
compound can be suppressed.

[0066]



In contrast, the amount (molar ratio) of aldehyde,
which is allowed to be present in a reaction solution
relative to the content of a cyan compound is set at 15
or less. This is because even if the aldehyde compound
is added in the amount (molar ratio) of more than 15, it
is difficult to improve the (addition) effect.

[0067]

Note that, in the specification, examples of the
cyan compound include compounds containing cyan or
releasing cyan or a cyan ion in a reaction condition,
such as hydrocyanic acid (HCN), cyanide ion (CN-), sodium
cyanide and potassium cyanide.

[0068]

The timing at which an aldehyde compound is added in
a reaction solution containing a nitrile compound is not
particularly limited as long as the above effect can be
produced. The timing may be before, at the time of
(simultaneously with) and after exposure of a biocatalyst
having nitrile hydratase activity to a nitrile compound
(more specifically, after initiation of an enzymatic
reaction of a nitrile compound by a biocatalyst).

[0069]

Preferably, an aldehyde compound is added before a
biocatalyst having nitrile hydratase activity is exposed
to a nitrile compound. When an aldehyde compound is
added after initiation of the enzymatic reaction, it

should be added at a time not too long after initiation



of the reaction (the sooner the aldehyde compound is
added, the better), to obtalin more effective results.
[0070]

A method of adding an aldehyde compound in a
reaction solution is not particularly limited as long as
the aldehyde compound of a desired concentration is
present in the reaction solution. An aldehyde compound
can be added, for example, in a solid state or in a
solution state where an aldehyde compound is dissolved
in, e.g., a solvent or water, to be used for a reaction.
[0071]

(5) Improvement of the Rate of Conversion Reaction from
Nitrile Compound to Amide Compound

The present invention provides a method for
improving a reaction rate of an enzymatic reaction that
converts a nitrile compound to an amide compound (in
producing a nitrile compound to an amide compound) in the
presence of a biocatalyst having nitrile hydratase
activity, characterized by including a step of adding an
aldehyde compound in a reaction solution containing the
nitrile compound. As the nitrile compound, at least one
compound selected from the group consisting of
acrylonitrile, acetonitrile, methacrylonitrile,
cyanopyridine, glycolonitrile and alanine nitrile, can be
used.

[0072]



It has been reported that aldehyde is used for
preventing (stabilizing) polymerization of acrylamide
(WO2011/102510) but it was found for the first time in
the present invention that an aldehyde compound prevents
damage of a biocatalyst having nitrile hydratase activity
and improves a reaction rate.

[0073]

In the present invention, "improve a reaction rate"
means that a reaction rate is high compared to the case
where an aldehyde compound is not present.

[0074]

Examples of a method for measuring a reaction rate
include a method of measuring the amount of a nitrile
compound present in the reaction system and reduced from
the system per time, and a method of measuring the amount
of an amide compound increased per time in a reaction
system. As the measuring method for a nitrile compound
or an amide compound, a method commonly known in the
technical field, such as gas chromatographic analysis,
can be used.

[0075]
(6} Suppression of Deactivation of Biocatalyst Having
Nitrile Hydratase Activity

There is provided a method for suppressing
deactivation of a biocatalyst having nitrile hydratase
activity characterized by including a step of adding an

aldehyde compound in a reaction solution containing a



nitrile compound in producing an amide compound from a
nitrile compound in the presence of a biocatalyst having
nitrile hydratase activity. As the nitrile compound, at
least one compound selected from the group consisting of
acrylonitrile, acetonitrile, methacrylonitrile,
cyanopyridine, glycolonitrile and alanine nitrile, can be
used.

[0076]

As mentioned above, nitrile hydratase activity is
susceptible to the effect of impurities in a reaction
solution and reaction conditions. According to the
method of the present invention, it is possible to easily
suppress deactivation of nitrile hydratase without
requiring an additional step or affecting the quality of
an amide compound.

[0077]
(7) Composition for Producing Amide Compound

The present invention provides a composition for
producing an amide compound, comprising an aldehyde
compound and at least one nitrile compound selected from
the group consisting of acrylonitrile, acetonitrile,
methacrylonitrile, cyanopyridine, glycolonitrile and
lactonitrile.

[0078]

In the composition for producing an amide compound

of the present invention, an aldehyde compound specified

in the section of " (4) Aldehyde Compound" can be used in



accordance with the description in the section. The
composition is used in the method for producing an amide
compound specified in the section (3) and enables
efficient production of an amide compound.

[0079]

(8) Catalyst Composition for Producing Amide Compound

The present invention provides a catalyst
composition for producing an amide compound, comprising
an aldehyde compound and a biocatalyst having nitrile
hydratase activity.

[0080]

In the catalyst composition for producing an amide
compound of the present invention, the aldehyde compound
and the biocatalyst having nitrile hydratase activity are
the same as specified in the section " (4) Aldehyde
Compound" and the section " (1) Biocatalyst Having Nitrile
Hydratase Activity", respectively.

[0081]
(9) Amide Compound Composition

The present invention provides an amide compound
composition containing an aldehyde compound and a cyan
compound.

[0082]

In a first embodiment, the amide compound
composition contains an amide compound and an aldehyde
compound, and is characterized in that the concentration

of a cyan compound contained in the amide compound is 0.2



ppm or more. The cyan compound and amide compound may be
separately present or bound to each other. The
concentration of the cyan compound is defined as that
before an aldehyde compound is added.
[0083]

In a second embodiment, the amide compound
composition contains an amide compound and a compound in

which a cyan compound is bound to an aldehyde compound.

Examples
[0084]

Now, the present invention will be more specifically
described by way of Examples but the present invention is
not limited to these Examples.

Note that, "%" in the specification represents
"masss".

[0085]

[Example 1]

(Preparation of Bacterial Cells) Rhodococcus rhodochrous
J-1 (FERMBP-1478)

Rhodococcus rhodochrous J-1 strain (FERMBP-1478)
having nitrile hydratase activity was aerobically
cultured in a medium (pH7.0) containing glucose (2.0%),
urea (1.0%), peptone (0.5%), yeast extract (0.3%) and
cobalt chloride (0.05%) at 30°C. The medium was washed
with a 50 mM phosphate buffer (pH7.0) to obtain a

bacterial suspension (3% on a dry-cell basis).



[0086]
(Preparation of Acrylonitrile Containing Predetermined
Concentration of Hydrocyanic Acid)

A cyan 1000-ppm standard solution (manufactured by
Hayashi Pure Chemical Ind., Ltd.) was added to
acrylonitrile for industrial use (manufactured by
Mitsubishi Chemical Corporation) such that the
hydrocyanic acid concentration became 2.1 ppm on a weight
basis.

[0087]
(Method for Measuring Hydrocyanic Acid Concentration)

To a test tube, 9.6 g of pure water and 0.4 g of
acrylonitrile (manufactured by Mitsubishi Chemical
Corporation) were added and the mixture was allowed to
stand still at 25°C for 30 minutes. Thereafter,
CyaniVer.3 contained in HACH analysis kit was added. The
mixture was vortexed for 30 seconds and allowed to stand
still for 30 seconds. CyaniVer.4 was added and the
mixture was vortexed for 10 seconds. CyaniVer.5 was
added and the mixture was vortexed for 2 minutes.

[0088]

After the mixture was allowed to stand still at 25°C
for 30 minutes, the absorbance of the mixture was
measured by an absorption photometer (DR500001) (HACH
company). As a result, the concentration of hydrocyanic
acid was 2.1 ppm.

[0089]



(Preparation of Acrylonitrile Containing Acetaldehyde)

To acrylonitrile for industrial use (manufactured by
Mitsubishi Chemical Corporation), an acetaldehyde reagent
(manufactured by FUJIFILM Wako Pure Chemical Corporation)
was added so as to obtain 10 ppm on a weight basis.
[0090]

(Reaction for Amide Formation)

To a glass case (internal volume: 13.5 ml) with a
lid, 3.15 g of a phosphate buffer (pH7.0), and 3.15 g of
a diluted bacterial cell solution, which was prepared by
diluting bacterial cells as mentioned above with the
phosphate buffer (pH7.0) such that initial activity
thereof in a reaction solution became 1460 U, were added.
The mixture was stirred while controlling the temperature
at 20°C. To the mixture, acrylonitrile (4.8 mL)
containing 10 ppm-acetaldehyde prepared in the above was
added to initiate a reaction. Four hours later, the
reaction solution was collected and the concentration of
acrylonitrile was measured by gas chromatography (column:
PoraPack-PS (manufactured by Waters Corporation), 1 m,
210°C, carrier gas: helium, detector: FID).

[0091]
[Example 2]

The same procedure as in Example 1 was repeated
except that the concentration of acetaldehyde in
acrylonitrile was specified as 6.0 ppm.

[0092]



[Example 3]

The same procedure as in Example 1 was repeated
except that the concentration of acetaldehyde in
acrylonitrile was specified as 3.0 ppm.

[0093]
[Example 4]

The same procedure as in Example 1 was repeated
except that the concentration of hydrocyanic acid in
acrylonitrile was specified as 1.1 ppm.

[0094]
[Comparative Example 1]

The same procedure as in Example 1 was repeated
except that acetaldehyde was not added in acrylonitrile.
[0095]

[Comparative Example 2]

The same procedure as in Example 1 was repeated
except that the concentration of hydrocyanic acid in
acrylonitrile was specified as 1.1 ppm and acetaldehyde
was not added in acrylonitrile.

[0096]

Table 1 shows the ratio of acrylonitrile
concentration 4 hours later of initiation of the reaction
relative to that of a case where an aldehyde compound was
not added. The concentration ratio can be obtained in

accordance with the following expression:



Concentration ratio

= (acrylonitrile concentration of

the case where aldehyde was added/the case where aldehyde

was not added)

Note that,

aldehyde compound in water or an agqueous solution,

x 100

with respect to a compound forming an

the

ratio of aldehyde/cyan was calculated based on the molar

number of the aldehyde compound formed in the water or

agqueous solution.

[0097]
[Table 1]
. Concentration of . .
thgier;:*ﬁ:tlzgi;fn acetaldehyde in Acetaldehyde/cyan Concerz‘z*itl;n ratio
Y act’i[/lonitrile aorylonitrile [mol/mol] '
[ppm] [ppm] [-] [%]
Example1 2.1 10 29 38.8
Example2 21 6 1.8 76.1
Example3 2.1 3 0.9 92.5
Example4 1.1 10 56 9.8
[0098]
In Examples where acetaldehyde was added, compared

to Comparative Example where acetaldehyde was not added,

even if the hydrocyanic acid concentration was 2.1 ppm or

1.1 ppm,

this,

the acrylonitrile concentration was low.

From

it was confirmed that the rate of a reaction that

converts acrylonitrile to an amide compound is high.

[0099]

[Test example 1]

The effects of the following compounds on the

reaction for forming an amide compound were evaluated in

accordance with Example 1.




No. 1: formaldehyde (30.03), No. 2: acetaldehyde
(44.05), No. 3: propionaldehyde (58.08), No. 4:
butyraldehyde (72.11), No. 5: hexanal (100.16), No. 6:
heptanal (114.18), No. 7: octanal (128.21), No. 8:
nonanal (142.24), No. 9: decanal (156.27), No. 10: formic
acid (46.03), No. 11: dialdehyde oxalate (58.04), No. 12:
meso-erythritol (122.12), No. 13: paraldehyde (132.16),
No. 14: paraformaldehyde (30.03 x n), No. 15:
benzaldehyde (106.12), No. 16: cinnamaldehyde (132.16),
No. 17: perillaldehyde (150.22), No. 18: vanillin
(152.15), No. 19: acetaldehyde ammonia (183.25), No. 20:
hexamethylenetetramine (140.19).

The value within parentheses represents molecular
weight (g/mol).

Compounds of No. 11, 14, 19, 20: aldehyde compound
is formed in water.

[0100]

Acrylonitrile was prepared so as to have a
hydrocyanic acid concentration of 2.0 ppm.
[0101]

To a glass case (internal volume: 13.5 ml) with a
lid, 1.00 g of a diluted bacterial-cell solution, which
was prepared by diluting bacterial cells as mentioned
above with the phosphate buffer (pH7.0) such that initial
activity thereof in a reaction solution became 1840 U,
was added. A diluted solution containing an aldehyde

compound diluted with a phosphate buffer (pH7.0) so as to



obtain a concentration of 5 ppm or 10 ppm in the reaction
solution, was added, and finally the phosphate buffer
(pH7.0) was added to obtain a total amount of 6.2 g. The
obtained solution was stirred while the temperature
thereof was controlled at 25°C. To this solution,
acrylonitrile (4.8 mL (acrylamide 50% egquivalent, 38
wt%)) was added to initiate a reaction. At the time
points of 3.5, 4.5, 5.0, and 6.0 hours later, the
reaction solution was collected and the concentration of
acrylonitrile was measured by gas chromatography (column:
PoraPack-PS (manufactured by Waters Corporation), 1 m,
210°C, carrier gas: helium, detector: FID).

[0102]

Table 2 shows the ratios of acrylonitrile
concentration 3.5 hours and 6 hours after initiation of
the reaction relative to that of the case where an
aldehyde compound was not added. The concentration ratio
can be obtained in accordance with the following
expression:

Concentration ratio [%] = (acrylonitrile concentration of
the case where aldehyde was added/the case where aldehyde
was not added) x 100

Note that, with respect to a compound forming an
aldehyde compound in water or an agqueous solution, the
ratio of aldehyde/cyan was calculated based on the molar
number of the aldehyde compound formed in the water or

agqueous solution.



[0103]

[Table 2]

_39_
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[0104]

With respect to aldehyde compounds except formic
acid, meso-erythritol and paraldehyde, it was confirmed
that the acrylonitrile concentration was reduced and the
reaction rate of converting a nitrile compound to an
amide compound was improved in the case where an aldehyde
compound was added compared to the case where an aldehyde
compound was not added.

[0105]

[Example 5]

(Preparation of Transformant Having Nitrile Hydratase
derived from Rhodococcus Rhodochrous M8 Strain)

(1) Preparation of Chromosomal DNA From Rhodococcus
Rhodochrous M8 Strain (hereinafter referred to as M8
strain)

M8 strain (SU1731814) is available from the Russian
Strain Center IBFM (VKPM S-926).

[0106]

M8 strain was subjected to shaking culture performed
in a medium (pH7.0) of 100 mL MYK (0.5% polypeptone, 0.3%
Bacto yeast extract, 0.3% Bacto malt extract, 0.2%

KyHPOs4, 0.2% KyHPOs) at 30°C for 72 hours. The culture
solution was centrifuged. The bacterial cells collected
were suspended in 4 mL of a Saline-EDTA solution (0.1 M
EDTA, 0.15 M NaCl (pH8.0)). To the suspension, lysozyme
(8 mg) was added. After shaken at 37°C for one to two

hours, the suspension was frozen at -20°C.



[0107]

Subsequently, to the suspension, 10 mL of Tris-SDS
solution (1% SDS, 0.1 M NaCl, 0.1 M Tris-HCl (pH9.0)) was
gently added while shaking. Further, to the suspension,
proteinase K (manufactured by Merck) (final concentration
0.1 mg) was added and the mixture was shaken at 37°C for
one hour. Subsequently, an equal amount of TE-saturated
phenol was added. After the mixture was stirred (TE: 10
mM Tris-HCl, 1 mM EDTA (pH8.0)), it was centrifuged. The
upper layer was collected and a double volume of ethanol
was added. DNA was rolled up (taken up) by a glass rod.
Thereafter, DNA was centrifuged successively with 90%,
80% and 70% ethanol to remove phenol.

[0108]

Subsequently, DNA was dissolved with 3 mL of a TE
buffer solution and ribonuclease A solution (treated with
heat at 100°C for 15 minutes) was added thereto so as to
obtain a concentration of 10 pg/mL. The mixture was
shaken at 37°C for 30 minutes. Further, proteinase K
(manufactured by Merck) was added and the mixture was
shaken at 37°C for 30 minutes. To this mixture, an equal
volume of TE-saturated phenol was added. After the
mixture was centrifuged, the upper layer and the lower
layer were separated.

[0109]
To the upper layer, further an equal volume of TE-

saturated phenol was added. After the mixture was



centrifuged, the upper layer and the lower layer were
separated. This operation was repeated again.
Thereafter, to the upper layer, the same volume of
chloroform (containing 4% isocamyl alcohol) was added.
After the mixture was centrifuged, the upper layer was
recovered. Then, to the upper layer, a double volume of
ethanol was added and DNA was recovered by taking it up
by a glass rod to obtain chromosomal DNA.
[0110]
(2) Preparation of Plasmid Expressing Nitrile Hydratase
derived from M8 Strain

The nitrile hydratase gene (SEQ ID NO:5) derived
from M8 strain is disclosed in a Non Patent Literature
(Veiko, V.P. et al, Cloning, nucleotide sequence of
nitrile hydratase gene from Rhodococcus rhodochrous M8,
Biotekhnologiia (Mosc.), 5, 3-5 (1995)). The amino acid
sequences of B subunit, a subunit and activator are
represented by SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8,
respectively. Using the following primers (SEQ ID NO:1,
2}, which were synthesized based on these sequence
information, and M8 strain genomic DNA prepared as a
template, PCR was carried out in the following reaction
conditions.
[0111]
Primers:

M8-1: 5'-GGTCTAGAATGGATGGTATCCACGACACAGGC-3"' (SEQ ID

NO:1)



M8-2: 5'-cccctgcaggtcagtcgatgatggccatcgatte-3' (SEQ
ID NO:2)
[0112]

Composition of reaction solution:

Template DNA (M8 strain genome DNA) 1 pl

Primer M8-1 (SEQ ID NO:15) 0.5 ul

Primer M8-2 (SEQ ID NO:16) 0.5 ul

Sterilized Water 8 nl

PrimeSTAR (Takara Bio Inc.) 10 pl

Total Amount 20 pl
[0113]

Temperature cycle:

A cycle consisting of a reaction of 98°C for 10
seconds, a reaction of 55°C for 5 seconds and a reaction
of 72°C for 30 seconds was repeated 30 times.

[0114]

The obtained plasmid DNA was digested with
restriction enzymes Xbal and Sse83871 and subjected to
electrophoresis by 0.7% agarose gel. A nitrile hydratase
gene fragment (SEQ ID NO:5) of 1.6 kb was recovered and
introduced into the Xbal-Sse8387I site of plasmid pSJ042.
The obtained plasmid was designated as pSJ-NO1A. DNote
that, pSJ042 was prepared as a plasmid expressing Jl1
strain-derived nitrile hydratase in Rhodococcus in
accordance with a method disclosed in Japanese Patent
Laid-Open No. 2008-154552. Plasmid pSJ023 used for

preparation of pSJ042 was deposited as a transformant



ATCC12674/pSJ023 (FERM BP-6232) at the National Institute
of Advanced Industrial Science and Technology, Patent
Biological Deposit Center (Central 6, 1-1-1 Higashi,
Tsukuba, Ibaraki, Japan) on March 4, 1997.

[0115]

(3) Preparation of ATCC12674 Transformant

Bacterial cells of Rhodococcus rhodochrous ATCC
12674 strain in the logarithmic growth phase were
centrifugally collected, washed three times with
sterilized water cooled on ice, and suspended with
sterilized water to prepare competent cells.

[0116]

Plasmid DNA (pSJ-NO1A) (1 pl) prepared in the above
and ATCC12674 competent cells (10 pl) were mixed and
cooled on ice for 30 minutes. The suspension of the DNA
and the bacterial cells was put in cuvettes and
irradiated with electric pulse by Gene Pulser (BIO RAD)
at 20 kV/cm, 200 OHMS. The suspension irradiated with
electric pulse was allowed to stand still under ice
cooling for 10 minutes and subjected to heat-shock
performed at 37°C for 10 minutes. To the resultant
suspension, 500 pul of MYK medium (0.5% polypepton, 0.3%
Bacto yeast extract, 0.3% Bacto malt extract, 0.2%
KoHPO4, 0.2% KyHPOs) was added. The mixture was allowed
to stand still at 30°C for 24 hours, smeared on a 10
ng/ml kanamycin-containing MYK agar medium and cultured

at 30°C for three days.



[0117]

The plasmid in colonies was checked to obtain a
transformant (ATCC12674/pSJ-NO1A).
[0118]
(4) Culture of Recombinant Bacterium

The transformant (ATCC12674/pSJ-N01A) obtained in
the above step was inoculated in MYK medium (50 pg/ml
kanamycin) and subjected to shaking culture performed at
30°C for two days. The cultured transformant (1%) was
inoculated in GGPK medium (1.5% glucose, 1% monosodium
glutamate, 0.1% yeast extract, 0.05% KyHPOs, 0.05% KH2PO4,
0.05% Mg2047H20, 1% CoCl,, 0.1% urea, 50 pg/ml kanamycin,
pH7.2). Shaking culture was carried out at 30°C for
three days and bacterial cells were centrifugally
collected. Thereafter, the bacterial cells were washed
with a 100 mM phosphate buffer (pH7.0) and a bacterial
suspension was prepared.
[0119]
(5} Evaluation of Effect on Amide Compound Formation
Reaction

According to Example 1, the effect of
propionaldehyde on amide compound formation reaction by
M8 strain-derived transformant (ATCC12674/pSJ-NO1A) was
evaluated.
[0120]

Acrylonitrile was prepared so as to have a

hydrocyanic acid concentration of 2.0 ppm.



[0121]

To a glass case (internal volume: 13.5 ml) with a
lid, 1.00 g of a diluted bacterial-cell solution, which
was prepared by diluting bacterial cells as mentioned
above with the phosphate buffer (pH7.0) such that the
initial amount of the bacterial cells in a reaction
solution became 5.6 mg; and a diluted solution, which was
prepared by diluting each aldehyde compound with a
phosphate buffer (pH7.0) so as to obtain a concentration
thereof of 10 ppm, 25 ppm or 50 ppm in a reaction
solution, were added; and finally, a phosphate buffer
(pH7.0) was added up to a total amount of 9.0 g. The
solution obtained was stirred while the temperature
thereof was controlled at 25°C. To this solution,
acrylonitrile (1.0 g) was added to initiate a reaction.
Six hours later, the reaction solution was collected and
the concentration of acrylonitrile was measured by gas
chromatography (column: PoraPack-PS (manufactured by
Waters Corporation), 1 m, 210°C, carrier gas: helium,
detector: FID).

[0122]

Table 3 shows the ratio of acrylonitrile
concentration 6 hours after initiation of the reaction
relative to that of a case where an aldehyde compound was
not added. The concentration ratio can be obtained in

accordance with the following expression:



Concentration ratio [%] = (acrylonitrile concentration of
the case where aldehyde was added/the case where aldehyde
was not added) x 100

Note that, with respect to a compound forming an
aldehyde compound in water or an agqueous solution, the
ratio of aldehyde/cyan was calculated based on the molar
number of the aldehyde compound formed in the water or

agqueous solution.

[0123]
[Table 3]
Concentration of propionaldehyde in Propionaldehyde/cyan [mol/mol] Concentration ratio (6 hr)
a reaction solution [ppm] -] (%]
10 229 82.7
25 571 70.4
50 114.3 60.0

[0124]

In M8 strain-derived transformant (ATCC12674/pSJ-
NO1A), the acrylonitrile concentration is low in the case
where an aldehyde compound was added compared to the case
where an aldehyde compound was not added. From this, it
was confirmed that the reaction rate of converting a
nitrile compound to an amide compound is improved by
addition of an aldehyde compound.

[0125]

[Example 6]

(1) Preparation of DN1 Transformant Expressing Nitrile
Hydratase Derived from Pseudonocardia Thermophila JCM3095

Strain



Plasmid pPT-DB1l is a plasmid containing a nitrile
hydratase gene derived from Pseudonocardia thermophila
JCM3095 strain (hereinafter referred to as JCM3085
strain) obtained in Japanese Patent Laid-Open No. H9-
275978 and has been deposited, as a transformant (MT-
10822 strain) introduced in Escherichia coli HB101l at the
National Institute of Advanced Industrial Science and
Technology (Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki,
Japan) .

[0126]

The nitrile hydratase gene (SEQ ID NO:9) derived
from JCM3095 strain is disclosed in Japanese Patent Laid-
Open No. H9-275978. The amino acid sequences of B
subunit, o subunit and activator are represented by SEQ
ID NO:10, SEQ ID NO:11 and SEQ ID NO:12, respectively.
Using the following primers (SEQ ID NO:3, 4) synthesized
based on these sequence information, and pPT-DBl as a
template, PCR was carried out in the following reaction
conditions. pRT-DB1 used as a template was prepared from
MT-10822 strain in accordance with a routine method.
[0127]

Primers:

PSN-1: 5'-GGTCTAGAATGAACGGCGTGTACGACGTCGGC-3"' (SEQ
ID NO:3)

PSN-2: 5'-ccCCTGCAGGTCAGGACCGCACGGCCGGGTGGAC-3" (SEQ
ID NO:4)

[0128]



Composition of reaction solution:

Template DNA (pPT-DBI1) 1 pl

Primer PSN-1 (SEQ ID NO:17) 0.5 ul

Primer PSN-2 (SEQ ID NO:18) 0.5 ul

Sterilized Water 8 nl

PrimeSTAR (Takara Bio Inc.) 10 pl

Total Amount 20 pl
[0129]

Temperature cycle:

A cycle consisting of a reaction at 98°C for 10
seconds, a reaction at 55°C for 5 seconds and a reaction
at 72°C for 30 seconds was repeated 30 times.

[0130]

A plasmid was prepared by using the PCR product (SEQ
ID NO:10) obtained in the same manner as in Example 5 (2)
and designated as pSJ-NO2A. The plasmid obtained was
introduced into ATCC12674 in the same manner as in
Example 5 (3) to obtain a transformant (ATCC12674/pSJ-
NO2A) .

[0131]
(4) Culture of Recombinant Bacterium

The transformant (ATCC12674/pSJ-N02A) obtained in
the above step was inoculated in MYK medium (50 pg/ml
kanamycin) and subjected to shaking culture performed at
30°C for two days. The cultured transformant (1%) was
inoculated in GGPK medium (1.5% glucose, 1% monosodium

glutamate, 0.1% yeast extract, 0.05% KyHPOs, 0.05% KH2PO4,



0.05% Mg»047H,0, 1% CoCl,, 0.1% urea, 50 pg/ml kanamycin,
pH7.2). Shaking culture was carried out at 30°C for
three days and bacterial cells were centrifugally
collected. Thereafter, the bacterial cells were washed
with a 100 mM phosphate buffer (pH7.0) and a bacterial
suspension was prepared.
[0132]
(5) Evaluation of Effect on Amide Compound Formation
Reaction

According to Example 1, the effect of
propionaldehyde on amide compound formation reaction by
transformant (ATCC1l2674/pSJ-N02A) was evaluated.
[0133]

Acrylonitrile was prepared so as to have a
hydrocyanic acid concentration of 2.0 ppm.
[0134]

To a glass case (internal volume: 13.5 ml) with a
lid, 1.00 g of a diluted bacterial-cell solution, which
was prepared by diluting the bacterial cells as mentioned
above with a phosphate buffer (pH7.0) such that the
initial amount of the bacterial cells in a reaction
solution became 4.1 mg, was added; and a diluted
solution, which was prepared by diluting each aldehyde
compound with a phosphate buffer (pH7.0) so as to obtain
a concentration thereof of 7 ppm, in a reaction solution,
was added; and finally, a phosphate buffer (pH7.0) was

added up to a total amount of 8.5 g. The solution



obtained was stirred while the temperature thereof was
controlled at 25°C. To this solution, acrylonitrile (1.5
g) was added to initiate a reaction. Six hours later,
the reaction solution was collected and the concentration
of acrylonitrile was measured by gas chromatography
(column: PoraPack-PS (manufactured by Waters
Corporation), 1 m, 210°C, carrier gas: helium, detector:
FID).

[0135]

Table 4 shows the ratio of acrylonitrile
concentration 6 hours after initiation of the reaction
relative to that of the case where an aldehyde compound
was not added. The concentration ratio can be obtained
in accordance with the following expression:
Concentration ratio [%] = (acrylonitrile concentration of
the case where aldehyde was added/the case where aldehyde
was not added) x 100

Note that, with respect to a compound forming an
aldehyde compound in water or an agqueous solution, the
ratio of aldehyde/cyan was calculated based on the molar
number of the aldehyde compound formed in the water or

agqueous solution.

[0136]
[Table 4]
Concentration of propionaldehyde Propionaldehyde/cyan [mol/mol] Concentration ratio (6 hr)
in a reaction solution [ppm] -] (%]
7 10.7 33. 3

[0137]



The acrylonitrile concentration is low in the case
where an aldehyde compound was added compared to the case
where an aldehyde compound was not added. From this, it
was confirmed that the reaction rate of converting a
nitrile compound to an amide compound is improved by

addition of an aldehyde compound.

Industrial Applicability
[0138]

The present invention is useful in biological
industrial production of an amide compound such as
acrylamide and methacrylamide from a nitrile compound.
[0139]

All publications, patents and patent applications
cited in the specification are incorporated by reference

herein in their entireties.

[Sequence Listing Free Text]
[0140]

SEQ ID NO:1: primer M8-1
SEQ ID NO:2: primer M8-2
SEQ ID NO:3: primer PSN-1

SEQ ID NO:4: primer PSN-2



Claims

[Claim 1]

A method for producing an amide compound from a
nitrile compound in the presence of a biocatalyst having
nitrile hydratase activity, wherein

a reaction that produces the amide compound from the
nitrile compound is carried out in the presence of an
aldehyde compound, and the nitrile compound is at least
one selected from the group consisting of acrylonitrile,
acetonitrile, methacrylonitrile, cyanopyridine,
glycolonitrile and alanine nitrile.

[Claim 2]

A method for improving a rate of a reaction that
converts a nitrile compound to an amide compound in
producing the amide compound from the nitrile compound in
the presence of a biocatalyst having nitrile hydratase
activity, comprising

a step of adding an aldehyde compound in a reaction
solution containing the nitrile compound,

wherein the nitrile compound is at least one
selected from the group consisting of acrylonitrile,
acetonitrile, methacrylonitrile, cyanopyridine,
glycolonitrile and alanine nitrile.

[Claim 3]
A method for suppressing a deactivation of a

biocatalyst having nitrile hydratase activity, in



producing an amide compound from a nitrile compound in
the presence of the biocatalyst having nitrile hydratase
activity, comprising

a step of adding an aldehyde compound in a reaction
solution containing the nitrile compound,

wherein the nitrile compound is at least one
selected from the group consisting of acrylonitrile,
acetonitrile, methacrylonitrile, cyanopyridine,
glycolonitrile and alanine nitrile.

[Claim 4]

The method according to any one of claims 1 to 3,
wherein the ratio of the concentration of the aldehyde
compound to the concentration of a cyan compound in a
nitrile compound is from 0.9 to 15 by a molar ratio.
[Claim 5]

The method according to any one of claims 1 to 4,
wherein the biocatalyst having nitrile hydratase activity
is nitrile hydratase derived from the genus Rhodococcus
or Pseudonocardia; or cells, bacterial cells, or a
processed material thereof containing the nitrile
hydratase.

[Claim 6]

The method according to any one of claims 1 to 4,
wherein the aldehyde compound is at least one selected
from the group consisting of formaldehyde, acetaldehyde,
propionaldehyde, butyraldehyde, isobutyraldehyde,

dialdehyde oxalate, malondialdehyde, pentanal,



isovaleraldehyde, acrolein, crotonaldehyde, tiglic acid
aldehyde, glyceraldehyde, glycolaldehyde, furfural,
butanedial, trans-2-hexenal, glutaraldehyde, hexanal,
heptanal, octanal, nonanal, decanal, paraldehyde,
benzaldehyde, cinnamaldehyde, perillaldehyde, wvanillin,
l-naphthoaldehyde, phthalaldehyde, methional, (Z)-7-
hexadesenal, glyoxal (dialdehyde oxalate),
paraformaldehyde, acetaldehyde ammonia and
hexamethylenetetramine.

[Claim 7]

A composition for producing an amide compound,
comprising:

an aldehyde compound; and

at least one nitrile compound selected from the
group consisting of acrylonitrile, acetonitrile,
methacrylonitrile, cyanopyridine, glycolonitrile and
lactonitrile.

[Claim 8]

A catalyst composition for producing an amide
compound, comprising an aldehyde compound and a
biocatalyst having nitrile hydratase activity.

[Claim 9]

An amide compound composition comprising an aldehyde
compound and an amide compound containing a cyan
compound, wherein the concentration of the cyan compound
in the amide compound before the aldehyde compound is

added, is 0.2 ppm or more.



[Claim 10]
An amide compound composition comprising an amide
compound, and a compound having a cyan compound and an

aldehyde compound bound to each other.
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DNA
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<210> 4

<211> 34
<212> DNA
<213>

<220>

<223> prim

<400> 4

er PSN-2

Artificial Sequence

cccctgcagg tcaggaccgc acggeccgggt ggac

<210> 5

<211> 1626
<212> DNA
<213>

<400> 5
atggatggta

gacgagccct
catctcaagg
gaaaactacg
cgtatcctcg
atcctcgagg
gagaaggcga
agtttctccc
tgcccgaaat
tatcccgaga
ttttccgccc
ctctgggaac
taagtacacg
gctcatcacg
gatgggcggt

cgaagaggac

tccacgacac
tcttccacta
gcatgtcgtg
tcaacgagat
tcgccgacaa
gtcggtacac
tcgaacggct
tcggtgacaa
atgtgcggaa
gcagctccgc
aggaactgtg
cgtacctgat
gagtacgagg
cccgeegegg
gccaaggtcg

gcgacggeceg

Rhodococcus rhodochrous M8

aggcggcatg
cgagtgggag
gtgggacaag
tcgcaactcg
gatcatcacc
ggacaggaac
tcacgagccc
ggtcaaagtg

caagatcggg

cggcctceggc
gggcgacgac
ctctgcgtga
cacgtaccaa
tcgaccgagt
tggcgaagtc

cgatggcgtc

accggatacg
ggtcggaccc
tcgecggttct
tactacaccc
gaagaagagc
ccgtcgegga
cactccctag
aagaatatga
gaaatcgtca
gacgatcccc
ggaaacggga
aaggaatacg
ggcaatcgaa
cgtttcgtac

ctgggtggac

attgggctat

gaccggtccc
tgtcgattct
tccgggagtc
actggctgag
gaaagcaccg
agttcgatcc
cacttccagg
acccgctggg
cctcccacgg
gcccgctcta
aagacgtagt
atagtgagcg
actttgctgt
tacgagaacg
cctgagtacc

gccggtgagc

Page 2

ctatcagaag

gacctggatg

gatggggaac
tgcggcagaa
tgtgcaggag
ggccgagatc
agcggagccg
acacacacgg
ctgccagatc
cacggtcgcg
gtgcgtcgat
agcacgtcaa
acgagcgagg
agatcggccc
gcaagtggct

aggcacacca

34

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



aatttcggcg
gtgctatccg
gtcccgagtg
cgatgaggtg
ggaacggcecg
ggactcgatg
gacacactca
gagcttgtat
gatcagaagt
gccaacggtt

gactcggggc

gactga

<210> 6
<211> 229
<212> PRT
<213>
<400> 6
Met Asp Gly
1

Pro Tyr Gln

Thr Leu Ser
35

Asp Lys Ser
50

Asn Glu Ile

gtcttcaacg
tggeeggtgc
gtagcggacc
gaggtcaggg

gccggcaccg

atcggtgtca
ctgatcggct
tcaccgagcc
cgtacgaatg
gcgaggcata

tgatcagcga

Ile His

Lys Asp

20

Ile Leu

Arg Phe

Arg Asn

Asp

Glu

Thr

Phe

Ser

Thr

Pro

Trp

Arg

55

Tyr

actcccaaac
ttggtctccc
ctcgtggagt
tttgggacag
acggttggtc
gtaatgcgct
cccggcgact
ttgggaagca
ggagttcttc
ctacgagagc

agatgagatc

Gly

Phe

Met

40

Glu

Tyr

gcatcacgtg

gcccgectgg

gctcaagcgc

cagctccgaa

cgaggacgag

cacaccccag

gggaccgecg

acggcattcg

cgacagcgtc

tggacaaagg

cgcgagcgca

Rhodococcus rhodochrous M8

Gly

Phe

25

His

Ser

Thr

Met

10

His

Leu

Met

His

Thr

Tyr

Lys

Gly

Trp

gtggtgtgca

tacaagagca

gatttcggtt

atccgctaca

ctggcgaagc

gaagtgatcg

caccgccccg

gggtcgccat

tcattcactc

cgctcgaggc

tggaatcgat

Gly

Glu

Gly

Asn

60

Leu
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Tyr

Trp

Met

45

Glu

Ser

Gly

Glu

30

Ser

Asn

Ala

ctctgtgttc
tggagtaccg
tcgacatccc
tcgtcatccc
tggtgagtcg
tatgagtgaa
cgacaatggc
cgcgctttceg
catcgctgag
cagcgtggtc

ggccatcatc

Pro Val

15

Gly Arg

Trp Trp

Tyr Val

Ala Glu

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1626



65

Arg

Arg

Arg

Glu

Gly

145

Cys

Gly

Pro

Asp

Tyr
225

Ile

Val

Lys

Pro

130

Asp

Pro

Cys

Arg

Asp

210

Leu

<210>
<211>
<212>
<213>

<400>

Leu

Gln

Phe

115

His

Lys

Lys

Gln

Pro

195

Gly

Ile

7
203
PRT

Val

Glu

100

Asp

Ser

Val

Tyr

Ile

180

Leu

Asn

Ser

Ala

85

Ile

Pro

Leu

Lys

Val

165

Tyr

Tyr

Gly

Ala

70

Asp

Leu

Ala

Ala

Val

150

Arg

Pro

Thr

Lys

Lys

Glu

Glu

Leu

135

Lys

Asn

Glu

Val

Asp
215

Ile

Gly

Ile

120

Pro

Asn

Lys

Ser

Ala

200

Val

Ile

Arg

105

Glu

Gly

Met

Ile

Ser

185

Phe

Val

Rhodococcus rhodochrous M8

7

Thr

90

Tyr

Lys

Ala

Asn

Gly

170

Ser

Ser

Cys

75

Glu

Thr

Ala

Glu

Pro

155

Glu

Ala

Ala

Val

Glu

Asp

Ile

Pro

140

Leu

Ile

Gly

Gln

Asp
220

Page 4

Glu

Arg

Glu

125

Ser

Gly

Val

Leu

Glu

205

Leu

Arg

Asn

110

Arg

Phe

His

Thr

Gly

190

Leu

Trp

Lys

95

Pro

Leu

Ser

Thr

Ser

175

Asp

Trp

Glu

80

His

Ser

His

Leu

Arg

160

His

Asp

Gly

Pro



Met

Ala

Val

Gly

Trp

65

Gly

His

Leu

Val

Ile

145

Arg

Glu

Ser

Ser

Ile

Asp

Ala

50

Leu

Glu

His

Gly

Val

130

Pro

Tyr

Asp

Asn

Glu

Glu

Arg

35

Lys

Glu

Gln

Val

Leu

115

Ala

Asp

Ile

Glu

Ala
195

His

Thr

20

Val

Val

Glu

Ala

Val

100

Pro

Asp

Glu

Val

Leu

180

Leu

Val

Leu

Val

Val

Asp

His

85

Val

Pro

Pro

Val

Ile

165

Ala

Thr

Asn

Leu

Ser

Ala

Ala

70

Gln

Cys

Ala

Arg

Glu

150

Pro

Lys

Pro

Lys

Tyr

Tyr

Lys

55

Thr

Ile

Thr

Trp

Gly

135

Val

Glu

Leu

Gln

Tyr

Glu

Tyr

40

Ser

Ala

Ser

Leu

Tyr

120

Val

Arg

Arg

Val

Glu
200

Thr

Arg

25

Glu

Trp

Ala

Ala

Cys

105

Lys

Leu

Val

Pro

Ser

185

Val

Glu

10

Gly

Asn

Val

Met

Val

90

Ser

Ser

Lys

Trp

Ala

170

Arg

Ile

Tyr

Leu

Glu

Asp

Ala

75

Phe

Cys

Met

Arg

Asp

155

Gly

Asp

Val

Glu

Ile

Ile

Pro

60

Ser

Asn

Tyr

Glu

Asp

140

Ser

Thr

Ser

Page 5

Ala

Thr

Gly

45

Glu

Leu

Asp

Pro

Tyr

125

Phe

Ser

Asp

Met

Arg

Pro

30

Pro

Tyr

Gly

Ser

Trp

110

Arg

Gly

Ser

Gly

Ile
190

Thr

15

Ala

Met

Arg

Tyr

Gln

95

Pro

Ser

Phe

Glu

Trp

175

Gly

Lys

Ala

Gly

Lys

Ala

80

Thr

Val

Arg

Asp

Ile

160

Ser

Val



<210> 8
<211> 104
<212> PRT

<213> Rhodococcus rhodochrous M8

<400> 8

Met Ser Glu Asp Thr Leu
1 5

Ala Pro Pro Arg Asp Asn
20

Ala Thr Ala Phe Gly Val
35

Glu Trp Glu Phe Phe Arg
50

Asn Gly Cys Glu Ala Tyr
65 70

Ser Val Val Asp Ser Gly
85

Met Glu Ser Met Ala Ile
100

<210> 9
<211> 1747
<212> DNA

Thr

Gly

Ala

Gln

55

Tyr

Leu

Ile

Asp Arg

Glu Leu

25

Ile Ala

40

Arg Leu

Glu Ser

Ile Ser

Asp

Leu

10

Val

Leu

Ile

Trp

Glu
99

Pro

Phe

Ser

His

Thr

75

Asp

<213> Pseudonocardia thermophila JCM3095

<400> 9

atgaacggcg tgtacgacgt cggcggcacc gatgggctgg

gacgaaccgg tcttccgecgec cgagtgggag aaggtcgegt

ttccgggeccg gecttcatggg cctggacgag ttccggttceg

gccgagtacc tcgagtcgcc gtactactgg cactggatcc

Ala Thr Gly Thr Ala
15

Thr Glu Pro Trp Glu
30

Asp Gln Lys Ser Tyr
45

Ser Ile Ala Glu Ala
60

Lys Ala Leu Glu Ala
80

Glu Ile Arg Glu Arg
95

gcccgatcaa ccggeeccgeg
tcgcgatgtt cccggecgacg
gcatcgagca gatgaacccg

gcacctacat ccaccacggc

Page 6

60

120

180

240



gtccgcaccg
aaccccgacg
caggccgtct
gagggcgacg
tacgtgcgcg
accgccggcea
caggagctgt
ccctacatcg
agtcggacga
tcatcgaaca
acgaggtcgg
tcaagaagcg
tgcagggcga
gcacgctctg
agccgcagta
gcttcgaggt
tcgtcgtcect
ccctcgtcac
cgaggcgaag
gctgctcgeg
gcagctgegg
gcagctgcag
cgatccgagc
ggaagggatc

gccgaacaag

gcaagatcga
ccccgctgcec
acggegggct
tggtgcggtt
gcaagaccgg
acggcctggg
ggeggccgga
agctcgtcga
ggagatccag
gggcatcctc
cccgcacctc
tctgctcgcec
ggacatgatg
ctcctgctac
ccgctceccgc
cccgecgagc
cccgeagegc
ccgcgagtcg
gtccgecctga
cagctgcccg
gcgttcgcegc
caggcgctga
tggtcctact
gtcgageccegg

gatcaccatg

tctcgaggag
cgagcacgag
gcccgcaagc
ctccaccgcg
gacggtggtc
cgagtgcccc
aggggacccg
cacgaaggcg
aaggagatca
accacgtcga
ggcgegaags
gacggcaccg
tgggtggaga
ccgtggeegg
gtggtgcgtyg
aaggagatca
cccgegggea
atgatcggcg
agcactgccc
geggegaccg
tggcggtcege
tctcctcgat
acgagcactt
aggcgctgga

gaccgcatct

ctggagcgcc
cagaagccgg
cgggaggtcg
agcccgaagg
aagcaccacg
gagcacctct
aactccagcg
gccgecggceat
cggegegggt
tgatcgaccg
tcgtcgtgaa
aggcctgcaa
acaccgacga
tgctggggct
agccccggcea
aggtctggga
ccgacgggtg
tcgaaccggc
cacggccgag
cgcgctcgac
ggcgtgceagg
cggggagtgg
cgtcgccgeg
cgagcgcacc

ggagcccgtc

gcacgcagta
agttgatcga
accgaccgcc
gccacgececg
gcgcgtacat
acaccgtccg
tctactacga
gaccgagaac
caaggccctg
gatggccgag
ggcctggacc
ggagctcggc
ggtccaccac
gccgecgaac
gctgctcaag
ctccagctcc
gagcgaggag
gaaggcggtc
gaccgggees
cgecggcttcg
gcgggeeggt
gagcgcaccc
ctggaatccg
gcggaggtct

gcggtccacc
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ctaccgggag

gttcgtcaac
caagttcaag
gegegegegs
ctacccggac
cttcacggcc
ctgctgggag
atcctgcgca
gagtcgatgc
atctacgaga
gacccggagt
atcggcggcc
gtcgtcgtgt
tggttcaagg
gaggagttcg
gagatgcgct
gagctcgcca
gcgtgagegce
cggccgacgc
acgagccgtg
tcgagtggaa
acgatctcga
tgctcggcga
tggccaaccc

cggeccgtgeg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740



gtcctga 1747

<210> 10
<211> 233
<212> PRT
<213> Pseudonocardia thermophila JCM3095

<400> 10
Met Asn Gly Val Tyr Asp Val Gly Gly Thr Asp Gly Leu Gly Pro Ile
1 5 10 15

Asn Arg Pro Ala Asp Glu Pro Val Phe Arg Ala Glu Trp Glu Lys Val
20 25 30

Ala Phe Ala Met Phe Pro Ala Thr Phe Arg Ala Gly Phe Met Gly Leu
35 40 45

Asp Glu Phe Arg Phe Gly Ile Glu Gln Met Asn Pro Ala Glu Tyr Leu
50 55 60

Glu Ser Pro Tyr Tyr Trp His Trp Ile Arg Thr Tyr Ile His His Gly
65 70 75 80

Val Arg Thr Gly Lys Ile Asp Leu Glu Glu Leu Glu Arg Arg Thr Gln
85 90 95

Tyr Tyr Arg Glu Asn Pro Asp Ala Pro Leu Pro Glu His Glu Gln Lys
100 105 110

Pro Glu Leu Ile Glu Phe Val Asn Gln Ala Val Tyr Gly Gly Leu Pro
115 120 125

Ala Ser Arg Glu Val Asp Arg Pro Pro Lys Phe Lys Glu Gly Asp Val
130 135 140

Val Arg Phe Ser Thr Ala Ser Pro Lys Gly His Ala Arg Arg Ala Arg
145 150 155 160
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Tyr

Ile

Leu

Asp

Leu
225

Val

Tyr

Tyr

Pro

210

Val

<210>
<211>
<212>
<213>

<400>

Arg

Pro

Thr

195

Asn

Asp

11
204
PRT

Gly

Asp

180

Val

Ser

Thr

Lys

165

Thr

Arg

Ser

Lys

Thr

Ala

Phe

Val

Ala
230

Gly

Gly

Thr

Tyr

215

Ala

Thr

Asn

Ala

200

Tyr

Ala

Val

Gly

185

Gln

Asp

Ala

Val

170

Leu

Glu

Cys

Lys

Gly

Leu

Trp

Pseudonocardia thermophila JCM3095

11

Met Thr Glu

1

Ile

Ile

Glu

Asp

65

Lys

Thr

Leu

Val

50

Pro

Glu

Ala

Thr

35

Gly

Glu

Leu

Asn

Arg

20

Thr

Pro

Phe

Gly

Ile

Val

Ser

His

Lys

Ile
85

Leu

Lys

Met

Leu

Lys
70

Arg

Ala

Ile

Gly

55

Arg

Gly

Lys

Leu

Asp

40

Ala

Leu

Leu

Ser

Glu

25

Lys

Leu

Gln

Asp

10

Ser

Met

Val

Ala

Gly
90

Glu

Met

Ala

Val

Asp

75

Glu

His

Glu

Trp

Glu
220

Glu

Leu

Glu

Val

60

Gly

Asp
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His

Cys

Gly

205

Pro

Ile

Ile

Ile

45

Lys

Thr

Met

Gly

Pro

190

Pro

Tyr

Gln

Glu

30

Tyr

Ala

Glu

Met

Ala

175

Glu

Glu

Ile

Lys

15

Gln

Glu

Trp

Ala

Trp
95

Tyr

His

Gly

Glu

Glu

Gly

Asn

Thr

Cys

80

Val



Glu Asn Thr Asp Glu Val His His Val
100 105

Cys Tyr Pro Trp Pro Val Leu Gly Leu
115 120

Pro Gln Tyr Arg Ser Arg Val Val Arg
130 135

Glu Glu Phe Gly Phe Glu Val Pro Pro
145 150

Asp Ser Ser Ser Glu Met Arg Phe Val
165

Gly Thr Asp Gly Trp Ser Glu Glu Glu
180 185

Glu Ser Met Ile Gly Val Glu Pro Ala
195 200

<210> 12
<211> 144
<212> PRT

Val

Pro

Glu

Ser

Val

170

Leu

Lys

Val

Pro

Pro

Lys

155

Leu

Ala

Ala

<213> Pseudonocardia thermophila JCM3095

<400> 12

Met Ser Ala Glu Ala Lys Val Arg Leu
1 5

Asp Arg Ala Ala Ala Asp Ala Leu Leu
20 25

Arg Ala Leu Asp Arg Gly Phe Asp Glu
35 40

Ala Leu Ala Val Ala Ala Cys Arg Ala

Lys

10

Ala

Pro

Gly

His

Gln

Trp

Arg

Cys

Asn

Arg

140

Glu

Pro

Thr

Val

Cys

Leu

Gln

Phe
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Thr

Trp

125

Gln

Ile

Gln

Leu

Pro

Pro

Leu

45

Glu

Leu

110

Phe

Leu

Lys

Arg

Val
190

Thr

Gly

30

Arg

Trp

Cys

Lys

Leu

Val

Pro

175

Thr

Ala

15

Gly

Ala

Lys

Ser

Glu

Lys

Trp

160

Ala

Arg

Glu

Asp

Phe

Gln



Leu

65

Asp

Leu

Asp

His

50

Gln

Leu

Glu

Glu

Gly
130

Gln

Asp

Ser

Arg

115

Pro

Ala

Asp

Val

100

Thr

His

Leu

Pro

85

Leu

Ala

Leu

Ile

70

Ser

Gly

Glu

Glu

55

Ser

Trp

Glu

Val

Pro
135

Ser

Ser

Glu

Leu

120

Val

Ile

Tyr

Gly

105

Ala

Ala

60

Gly Glu Trp
75

Tyr Glu His

90

Ile Val Glu

Asn Pro Pro

Val His Pro
140
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Glu

Phe

Pro

Asn

125

Ala

Arg

Val

Glu

110

Lys

Val

Thr

Ala

95

Ala

Asp

Arg

His

80

Ala

Leu

His

Ser
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