PROCESS FOR PRGDUG ON OF AM DE COVPOUNDS AND RtmP cory
M CRGERGANISNB FOR USE THEREI N . FI ELD OF THE | NVENTI ON
The presént. invention relates to a process for production of am de
conpounds and m croorgani Sns for use in this process.

BACKGROUND OF THE | NVENTI'ON - I'n recent years, biological catalysts
such as mcroorgani sns have been largely utilized for chem cal - reactions.
For exanple,. it is well known that nitrile conpounds can be converted into
am de conpounds using a speci-fic mcroorgani sm Exanpl es of the
process for such conversion are those which utilize a m crooragnismof the
genus. such as Bacillus, Bacteridium M crococcus or Brevibacterium (United
States Patent No. 4,001,081); Corynebacteriumor Nocardia (United States
Pat ent No. 4, 248,968); Pseudononas (United States Patent No. 4,555, 487);
Rhodococcus or M crobacterium

PROCESS FOR PRODUCTION OF AMIDE COMPOUNDS AND

MICROORGANISMS FOR USE THEREIN

FIELD OF THE INVENTION

The present invention relates to a process for
production of amide compounds and microorganisms for use in
" this process.

BACKGROUND OF THE INVENTION

In recent years, biological catalysts sﬁch as
microorganisms have been largely utilized for chemical
reactions. For example, it is well known that nitrile
compounds can be converted into amide compouhdé using a
specifib microorganisa.

Examples of the process for such conversion are
those which ' utilize a microoragnism of the genus such as

Bacillus, Bacteridium, Micrococcus or Brevibacterium (United

States Patent No. 4,001,081); Corynebacterium or Nocardia

{United. States Patent WNo. 4,248,968);'Pseudomonas (United

States Patent No. 4,555,487); Rhodococcus or Microbacterium

(European Patent Application No. 188316 (laid open)); and
Pusérium (Japanese Patent Laid-open Publication No.
86889/1989).

. As described above, there are known éome kinds of
microorganisms having activity to convert nitrile.compounds

into amide compounds; it is, however, required to develop an



(Eur opean Patent Application No. 188316 (laid open)); and Fusarium
(Japafiese Patent ‘Laid-open Publication No. 86889/ 1989~ ' AS
descri bed above, there are known sone kinds of nicro.ﬁ IS SHEETHHOP RFEN
activity to convert nitrile eompounds into anide conpoundsPEPEALCED

however, required to devel op an ' ‘

-2- inproved process for production of am de conpounds using a
m croorganismwi th i nproved efficiency. _ '
SUMVARY OF *THE | NVENFH-ON - Under- t hese ci rcunstances, the present

inventors have wi dely searched the nature f'or microorgani sms having hi gher
activity to convert nitrile .conpounds inta-an de conpounds. As-the result,
. they have found that a.-mcroorgani smof theg genus Agrobacterium isol ated
fromthe soil at a certain place of Kyoto prefecture, has higher activity
to hydrate the nitrile groups of nitrile conpounds and can convert the
nitrile conpounds into am de conpounds w th high efficiency, thereby

conpl eting the present invention. That is, the present invention
provi des a procesgmbiveRr Pkl %r0£r@dﬂc@§or§%'§p_£lﬂ%@3cgn§@uﬁﬁ's GRHRE! S €S
converting a nitrile conpound into a correspondi ng am de conpound by
hydrating sai d ni mittecrgamzoundth dmphevedr efdisdenef. a cul tured broth of
bacterial cells, intact bacterial cells, disrupted bacterial cells or
enzynes contained therein, or immobilized preparations obtainable by

i mobi |i zing intact bacterial celdusnamli srupdredatmationi al cells or enzynes
contained therein, said bacterial cells being cells of a biologically pure’
cul ture of Agrobact eri unP?38di BPaRe: 6+ PERKMIIES3SHS PHRETE fNteECoRFtril e
compound is sel ectgde f/;Q01 § RQar HLAURHE MELSE 1439 r@cr@!:hf%ﬁ%ghg Hilbihs ! €
conpounds, nitrile conpounds containing one or nore halogen atonhs,
unsaturated al i phagher artivite tompowerds pitmideoxgupotndd énteaEwidends,

ani noni ty e conpounds, ar ot Lg, MLl e comgunds agd dinityiLe compounds.

* organism of the genus Agrobacteripm, isolated from the soil
at a certain place of Kyoto prefecture, has higher activity
to hydrate the nitrile groups of nitrile compounds and can
convert thé nitrile compounds into amide compounds with high
efficiency, thereby completing the present invention.

That is, the present invention provides a process
for production of an amide compound, c§aracterized in that a
nitrile compound is converted into an amide compound using a

microorganism of the genus Agrobacterium, having activity to

convert nit;ile compounds into amide compounds, in the form
of a cultured broth of its bacterial cells, its bacterial
cells, or materials obtainable by treating its bacterial
cells.

The present invention also provides a microorganism

for use in this process, including any mutant thereof.

\
]

DETAILED DESCRIPTION OF THE INVENTION

According to the process of the present invention,
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON According to the process of the
present Tnvention, - 3-
various nitrile conmpounds can be converted into am de conpounds. Exanpl es
of the nitrile conpound are aliphatic nitriles such as n-butyronitrile,
n-val eronitrile, iso- butyronitrile, acetonitrile and pivalonitrile, etc.;
nitrile conpounds containing one or nore hal ogen atons, such as
2-chl oropropionitrile, etc.; unsaturated aliphatic nitrile conpounds such
as acrylonitrile, crotononitrile_and nethacrylonitrile, etc.;
hydroxynitrile conpounds such as lactonitril'e and nmandelonitrile, etc.;
amnonitrile conpounds-such as 2-phenyl gl-ycinonitrile, etc.; aromatic
nitrile conpounds such as benzonitrile and cyanopyridines, etc.; and
dinitrile compounds such as malononitrile, succinonitrile and
adiponitrile, etc. Preferred are n-butyronitrile, n-valeronitrile,
| sobutyronitrile, acetonitrile, pivalonitrile, 2-chloropropionitrile,
acrylonitrile, crotononitrile, methacrylonitrile,

various nitrile combounds can be converted_into'amide

compounds. Examples of the nitrile compo&nd are aliphatic
nitriles such as n-butyronitrile, E—valerbnitrile, iso-
butyronitrile, acetonitrile and pivalonitrile, etc.; nitrile
compounds containing one.or more halogen atoms, such as
2-chloropropionitrile, etc.; unsaturated aliphatic nitrile
compounés such as acrylonitrile, crotononitrile and

q methacrylonitrile, etc.;:hydroxynitrilé compounds such as
‘lactonitrile and mandelonitrile, etc.; aminonitrile
compounds- such as 2-phenylélycin;nitrile, etc.; aromatic
nitrile compounds such as benzonitrile and cyanopyridines,
etc.; and dinitrile compounds such as malononitrile,
succinonitrile and adiponitrile, etc. Preferred are
n-butyronitrile, n-valeronitrile, isobutyronitrile,
acetonitrile, pivalonitrile, 2-chloropropionitrile,
acrylonitrile, crotononitrile, methacrylonitrile,
benzonitrile, 2~cyanopyridine, 3-cyanopyridine,
4-cyanopyridine, malononitrile, succinonitrile and
adiponitrile.

The conversion of nitrile compounds into amide

compounds is achieved by use of a microorganism of the genus

Agrobacterium, having activity to convert nitrile compounds

into amide compounds. Among the microorganisms of the genus

Agrobacterium, preferred is Agrobacterium radiobacter SC-

C15-1, which has been found by the present inventors to have

higher activity to hydraﬁe the nitrile groups of nitrile



benzonitrile, 2-cyanopyridine, 3-cyanopyridine, 4-cyanopyridine,

mal onohi frite, succinonitrile and adiponitrile. The conversion
of nitrile conpounds into am de conpounds is achieved by use of a

m croorgani sm of the genus Aqrobacterium having activity to convert
nitrile conmpounds into am de conpounds. Anong the m croorgani sns of the
genus- Agrobacterium preferred is Agrobacteriumradi obacter SC Cl15-1,
whi ch has been found by the present inventors to have higher activity to
hydrate the nitrile groups of nitrile

-4- conpounds and deposited with the Fernentati on Research Institute
(renanmed "National Institute of Bioscience and Human Technol ogy") in the
Agency of Industrial Science and Technol®dgy, under the accession nunber of
FERM BP-3843 on April 23, 1992, under thé Budapest Treaty. The
following will describe the bacteriological characteristics of

Agr obact eri um r adi obacter SC- Cl15-1. '

compounds and deposited with the Fermentation Research
Institute {(renamed "National Institute of Bioscience and
Human Technology") in the Agency of Industrial Science and
Technology, under the accession number of FERM BP-3843 on
April 23, 1992,_under the Budapest Treaty.

The following will describe the bacteriological

~characteristics of Agrobacterium radiobacter SC-Cl5-1.

(a) Morphology:
1. Shape and sizé of celis
Shape: rods
Size: 0.5-0.8 x 0.8-2 um
2. Polymorphism: none .
3. Motility: active, peritrichous flagella
4, Sporulation: none ’
5. Gram staining: neéative
6. Acid fastness: none
({b) Growth properties
1. Broth agar plate culture:
round, convex, no glossy, pale brown
2. Broth agar slant culture:
no glossy., pale brown
3. Broth liquid culture: uniform turbid growth
4. Broth gelatin stab culture: not liquefied

5. Litmus milk: slightly coagulated



(a) Morphol ogy: 1. Shape and size of cells

Shape: T ods 7 Size: 0.5-0.8 x 0.8-2 [err] 2.
Pol ynor phi sm  none 3. Motility: active, peritrichous flagella
4. Sporulation: none 5. Gram staining: negative - 6.
Acid fastness: none (b) Gowh properties 1. Broth agar plate
cul ture: round, convex, no glossy, pale brown
2. Broth agar slant culture: no gl ossy, pale brown
3. Broth I1quid culture: uniformturbid growh 4.. Broth gelatin
stab culture: not -liquefied 5. Litirus mlk: slightly coagulated
(c) Physiological properties: 1. Nitrate reduction: +.

_ -5 -

(c) Physiological properties:
1. Nitrate reduction: +
2. Denitrificatién: * -~ +
3. MR test: - ——

4, VP test: +

(8}

Indole formation: -

[+)}

Hydrogen sﬁlfide formation: +
Starch hydrolysis: -
8. Citrate utilization
Koser medium: +
Christensen medium: +
9. Inorganic nitrogen source utilization
NaNO5: +
(NH,),S0,: +
10. Pigment formation
King A medium: -
King B medium: -~
11, Urease: +
12. Oxydase: +
13. Catalase: +
- 14. Growth conditions
pH: 6.2-9.6
Temp.: 4-39°C
15, Attitude to oxygen: &aerobic

16. O-F test: O



2. Denitrification: [err] - + 3. Mtest: - 4. VP test:

+ r ' &. Indole formation: - 6. Hydrogen sulfide formation: +
7. Starch hydrolysis: - 8. Citrate utilization

Koser nedium + Chri stensen nmedi um + 9.

I norgani c nitrogen source utilization NaNO3: +

[err] + . .. 10. Pignent, formation King A nedium -
King B nedium - 11. Urease: + .- 12. Oxydase: +

13. Catal ase: + 14. G owth conditions pH:
6.2-9.6 Tenp.: [err] - 15. Attitude to oxygen:
aerobic 16. OF test: O -6 - '

lj. Acid and gas formation from sugar
Acid Gas

L-Arabinose: + -

D~Xylose: + -
D-Glucose: + -
D-Mannose: + -
D-Fructose: + -

- D-Galactose: + -

Maltose: + -
Sucrose: + -
Lactose: + -
Trehalose: + -

D-Sorbitol: + -

D-Mannitol: + -
Inositol: x -
Glycerol: + -
Starch: - -

(d) Other properties:
1. Poly(s-hydroxybutyric acid) accumulation: -
2. Algininedihydrase: +

3. GC content: 58.7%

These characteristics were compared with the data
disclosed in "Bergey's Manual of Systematic Bacteriology"”
(1984), and the microorganism found by the present inventors

was identified as Agrobacterium radiobacter.




-6- 17. Acid and gas formation from sugar

Acid ¢ Gas = L- Ar abi nose:  + -

D Xyl ose: + - D d ucose: + -

D- Mannose: + - D- Fruct ose: + -

D- Gal actose: + - Mal t ose: + -

Sucr ose: + - Lact ose: + -

Tr ehal ose: + - D Sorbitol: + -

D- Manni t ol : + - I nositol: [err] -
G ycerol : + - St arch: o - .(d)
Ot her properties: 1. Poly([err]-~hydroxybutyric acid).
accurulation: - 2. Algininedihyqrgse: + 3. GC content:
58. 7% These characteristics were conpared with the data

di scl osed in "Bergey's Manual of Systematic Bacteriology" (1984), and the
m cr oorgani sm found by the present inventors :

It should be noted that there have not yet been

known any microorganism of the genus Agrobacterium, having

activity to convert nitrile compounds into amide compounds.
In this.respect, the microorganism-.of the present invention,

Agrobacterium radiobacter SC-C15-1, is considered to be a

novel strain. 1In addition, any variant of this strain,

i.e., any mutant derived from Agrobacterium radiobacter SC-

- Cl15-1, any cell fusion strain.or any recombinant-strain is
also available for the process of the present invention.

A culture of the m%croorganism for use in the
process of the present invention can be prepared on various
kinds of media containing carbon and nitrogen sources,
organic and/or inorganic salts, and the like, all of which
have been widely used for preparing a culture of ordinary
bacteria.

Examples of the carbon sources are glucose,
glycerol, dextrin, sucrose, animal and vegetable oils,
molasses, etc. Examples-of the nitrogen source are organic
and inorganic nitrogen sources such as broth, peptone, yeast
extract, malt extract, soy bean powder, corn steep liguor,
cotton seed powder, dry yeast, casamino acid, ammonium
éhloride, sodium nitrate, ammonium nitrate, ammonium
sulfate,.ammonium acetate and urea, etc.

Examples of the organic and inorganic salts are

mn

chlorides, sulfates, acetates, carbonates and phosphates o

elements such as potassium, sodium, calcium, magnesium,



was |dent|f|ed as Agrobacterium radi obacter.

-7- T It should be noted that there have not yet been known any
m croor gani sm of the genus Agrobacterium having activity to convert
nitrile conmpounds into am de conpounds. In this respect, the m croorgani sm

of the present invention, Agrobacteriumradiobacter SC-Cl15-1, is
considered to be a novel strain. In addition, any variant of this strain,
i.e., any nmutant derived fron1Agrobacter|un1rad|obacter SC- C15-1, any
cell fusioh strain or any reconbinant strain is also available for the
process of the present invention. A culture of the nicroorgani sm
for use in the process of the present invention can be prepared on various
ki nds of nedia containing carbon and nitrogen sources, organic and/or
inorganic salts, and the like, all of whichi ~have been wi dely 'used for
preparing a culture of ordinary bacteria. Exanpl es of the carbon
source are glucose, glycerol, .dextrin, sucrose, aninal and veget abl e 0|Is
nol asses, etc. Exanpl es of t he nitrogen source are organic’

iron, manganese, cobalt, copper and zinc, etc. Specific
examples thereof ‘are potassium chloride, sodium chloride,
mégnesium sulfate, ferrous sulfate, manganese sulfate,
cobalt chloride, zinc sulfate, copper sulfate, sodium
acetate, calcium carbonate, sodium carbonate, potassium
monohydrogenphosphate, potassium dihydrogenphosphate, sodium
monohydrogenphosphate and sodium dihydrogenphosphate.

~In the process of the present invention, it is
prefer;ed that a2 nitrile cgmpounq‘such as isoQaleronitrile
and crofononitrile, or an amide compéund such as croton-
amide, is added to the culture medium for the purpose of
enhancing the activity to hydrate nitrile groups, of the
microorganism used therein. For example, these compounds
may be used at an amount of from about 10 mg to about 1 g
per 100 mL of the culture medium.

A culture of the microorganism for use in the
process of the present invention is prepared according to
conventional procedures employed for ordinary bacteria, in
the form of either a solid culture or 2 liquid culture such
as a shaking culture using test tubes, reciprocating shakers
or rotary shakers, and other cultures using jar fermenters
or fermentation tanks, etc.

A culture of the microorganism is usually incubated
under aerobic conditions. In particular, when a jar
fermenter or a fermentation tank is used, it is necessary to

introduce aseptic air thereinto, usually at a rate of from



and inorganic nitrogen sources such as broth, peptone, yeast extract, nmalt
extract, *say bean powder, corn steep liquor, cotton seed powder, dry

yeast, casam no acid, ammonium chloride, sodiumnitrate, anmonium
amoni um sul fate, anmmoni um acetate and urea, etc. Exanpl
the organic and inorganic salts are chlorides, sulfates, acetates,
carbonat es and phosphates of elenents such as potassium sodium cal cium

magnesi um

- 8- ir

manganese, cobalt, copper and zinc, etc: Specific exanples thereof
pot assi um chl ori de, sodium chloride, nagnesiumsulfate, ferrous sulfate,
manganese sul fate, cobalt chloride, zint sulfate, copper sulfate,
acetate, calcium carbonate, sodium carbengate, potassium

nmonohydr ogenphosphat e, pot assi um di hydr ogénphosphate, sodi um
nonohydr ogenphosphat e and sodi um di hydr ogenphosphat e. In t
process of-the present invention, it is preferred that a nitrile conpound
such as isovaleronitrile and crotononitrile, or an am de conpound
croton- am de, a®uadidadtboatddue Zuites etheedulyareovolume Pan poOSE:0f

The incubation temperature may vary within a range
ip which the micrborganism used is viable in culture. For
example, the cultu;e is incubated .at a temperature of from
about 20° to about 40°C, preferably from aboﬁt 25° to about
35°C. Preferably, the medium pH is controlled at from about
6 to about 8.

The-incubation- period -may vary-depending upon
various conditions, and it_is usually preferred that the
culture is incubated over a period of from about 1 to about
7 days. .

The process of the present invention is conducted,
for example; as follows.

The cultured broth of the bacterial cells, the
bacterial cells, or the materials obtainable by treating the
bacterial cells of the microorganism prepared in the manner
as described above are suspended in water or an agueous
solution such as a phosphate buffer, and this suspension is
rsacted with a nitrile compound.

As used herein, "materials obtainable by treating
bacterial cells" refers to disrupted bacterial cells or
enzymes contaiﬁed therein, obtained by a convantional
technique such as ultrasonic disintegration, homogenization
or disruption with a French press, or referred to
immobilized preparations obtainable by immobilizing

untreated or disrupted bacterial cells, or enzymes contzined

nitrate,
es of

on,
are

sodi um

he

such as .



enhancing the activity to hydrate nitrile groups, of the m croorganism
used /t herei n. For exanple, these conpounds may be used at an anount of
fromabout 10 ng to about 1 g per 100 nL of the culture nmedium

A culture of the mcroorganismfor use in the process of the present
invention is prepared according to conventional procedures enployed for
-ordinary bacteria, in the formof either a solid culture or a liquid
culture such as a shaking culture using test tubes, reciprocating shakers
or rotary shakers, and other cultures using jar fernmenters or fermentation
t anks, etc. A culture of the mcroorganismis usually incubated
under. aerobic condi.tions. In particular, when a jar fernenter or a
fernentation tank is used, it is necessgpy_to introduce aseptic air
thereinto, usual]y.at a rate of from

- 9- about 0.1 to about 2 tinmes the culture volune per mnute.

The i ncubation tenperature may vary within a range in which the

m croorganismused is viable in culture. For exanple, the culture is

i ncubated-at a gﬂnqu%,ati‘rlrg z@iadj.fjpmemovable state after their

insolubilization, according to an immobilization method such
as a carrier—suppo&ting ﬁethod in which these materials are
supported on an appropriate carrier through covalent '
linkage, ionic bonding, adsorption.or the like, or an
inclusion method in which these materials are .included in
the network structure of a éolymer.

The .bacterial cells or.the materials .obtainable by
- treating the bacterial cells are Psually used at a concent-
ration of from about 0.01 to zbout 20 wt%, preferably from.
about 0.01 to ;bouﬁ 10 wt%. In the case of enzymes or
immobilized preparations, the concentration thereof ﬁay vary
depending upon their purity or immobilization method used;
for example, it is preferred that the enzymes and immobil-
ized preparation are prepared so as to have activity to
hydrate nitrile groups similar to that of the bacterial
cells or the materials obtainable by tresating the bacterial
cells. The cultured broth of the bacterial cells may be
used without any further treatment before addition of a
nitrile compound. It is preferred that the cultured broth
of the bacterizl cells is diluted or concentrated so as to
have activity to hydrate nitrile groups similar to that of
the bacterial cells or the material obtainable by treating.
éhe bacterial cells.

The reaction is usually carried out at a tempera-

ture of from about 0° to about 50°C, preferably from about



about [err] to about [err] preferably fromabout [err] to about [err]

Pref erabblFy,= the mediumpH is controlled at fromabout 6 to about 8.

The incubation period may vary dependi ng upon various conditions, and it
is usually preferred that the culture is incubated over a period of from
about 1 to about 7 days. The process of the present invention is
conducted, for exanple, as follows. The cultured broth of the
bacterial cells, the bacterial cells, or the materials obtainable by
treating the bacterial-cells of the m c¢roorgani smprepared in the manner
as descri bed above -are suspended in water or -an aqueous solution such as a
phosphate buffer, and this suspension is reacted wth a nitrile conpound.
As used herein, "materials obtainable by treating bacterial cells" refers
to disrupted bacterial cells or enzynes'b&ﬁtéined therein, obtained by a
convehtional technique such as ultrasonic disintegration, honogenization
or disruption with a French press; or referred to immobilized preparations
obt ai nabl e by imobilizing untreated or disrupted bacterial cells, or

enzynmes contained go v anout 30°C, at a pH of from about 6 to about 10,
preferably from about 7 to about 9, for a period of from
about 10 minutes to about 48 hour's. When the PH is
controlled within the above range,-the bacterial cells can
accumulate the resulting amide compound into the reaction
mixture at high concentrations.-

The resulting amide compound can be recovered from
the reaction mixture-by- any - conventional- method known in the
art. For example, the bac?erial_pells or the materials
obtainable by treating the bacterial cells are separated
.from the reaction mixture by centrifugation, etc., followed
by treatment with activated charcoal or an ion exchange
resin to remove impurities. The purified mixture is
concentrated by distillation or evaporation under reduced
pressure, and the precipitated crystals are recrystallized
from an organic solvent such as methanol, etc., to give the
desired amide compound.

The present invention will be further illustrated
by way of the following examples which are not to be
construed to limit the scope thereof.

Example 1 (Isolation of bacterial cells)

At a certain'place of Kyoto prefecture, soil was
collected, and added to a culture medium (pH;7.0) containing
potassium phosphate (0.3 wt%), dipotassium phosphate (0.7
wt%), glucose (0.2 wt%), sodium citrate (0.05 wtd),

magnesium sulfate (0.01 wt%), ferrous sulfate (0.005 wt%),



- 10 - therein, in areadily renovable state after their
i nsol ubi‘lFi zati on, according to an immbilization nethod such as a
carrier-supporting nethod in which these materials are supported on an

appropriate carrier through coval ent |inkage, ionic bonding, adsorption or
the like, -or an inclusion nmethod in which these materials are included in
the network structure of a pol yner. The. . bacterial cells or.the

materials obtainable by treating the bacterial cells are usually used at a
concent- .ration of fromabout 0.01 to about 20 wt % preferably from about
0.01 to about 10 wt% In the case of enzynes or immobilized preparations,
the concentration thereof nmay vary depending upon their purity or

i mmobi li zati on method used; for exanple, it is preferred that the enzynes
and i mobil- ized preparation are preparé& S0 as to have activity to
hydrate nitrile groups simlar to that of the bacterial cells or the

mat eri al s obtainable by treating the bacterial <cells. The cultured broth
of the bacterial cells may be used without any further treatnment before
addition of a nitrile congound It is preferred that the cultured brot h

of the bacterial T9P8ES SiHiaietl AP35 conPenfrRiiédoRtpraget@ - FRavE*detivity

to hydrate nitrilgfroki¥atsi [6.1005 @)t NaltaBlined NGePAGHEL] aalmoqﬁi;é)s aea the
mat eri al obtainable by treating the bacterial cells.

reaction is usualY3rigne rmigdikritconpoundse eifodbal .S vk doliownd about [er r] to
. about [err] prefeﬁé?%ngfédaghégjgggng a reciprocating shaker at 30°C for

21 days. A part of this cultured broth was spread on an
agar medium containing the same ingredients as described
above. The culture was incubated to form some colonies,
from which. a certain strain.was.screened for the presence o§

activity to hydrate nitrile groups. Thus, Agrobacterium

radiobacter SC-Cl5-1 was obtained as a bacterial strain
-having higher activity to hydrate nitfile groups.
Examnie 2 (Cultured broth of bacterial cells)
In a 500-mL Sakaguchi flask, placed was a
sterilized culture medium (100 mL, pH 7.2) contain;ng
glycerol (1.0 wt%), polypeptone (0.5 wt%), yeast extract
(0.3 wt%), malt extract (0.3 wt%), isovaleronitrile
(0.1 wt%), ferrous shlfate (0.00) wt%), manganese sulfate
(0.001 wt%), cobalt chloride (0.001 wt%) and zinc sulfate
(0.001 wt%). This flask was inoculated with z cultured

broth (1 mL) of Agqrobacterium radiobacter SC-Cl15-1 which had

been incubated on the same culture medium as Gascribed

above. This flask was incubated at 30°C with reciprocal

shaking at a rate of 135 stroke/min. for 2 days, resulting

in a cultured broth of bacterial cells. .
Example 3 (Reaction No. 1)

To the cultured broth of bacterial cells (50 mL)



00 to about [err] at a pH of fromabout 6 to about 10, preferably from

about; 7t q, about 9,
hours. Wien the pHis

cells can accunulate the resulting am de conmpound into the reaction

m xture at high concentrations.

be recovered

treating the

centrifugation, etc.

i on exchange
concentrated

the precipitated crystals are recrystallized

as met hanol ,

for a period of from about 10 m nutes to about 48
controlled within the above range, --the bacteri al

The resulting am de conpound can

from the reaction m xture by any conventional nethod known in
the art. For exanple, the bacterial cells or the materials obtainable by
bacterial cells are separated -fromthe reaction m xture by

resin to renove inpurities.”The purified mxture is

followed by treatnment wth activated charcoal

by distillation or evaporati®h-under reduced pressure,

etc., to give the desired am de conmpound.

The

or an

and

from an organic sol vent such

present invention will be further illustrated by way of the fol |l ow ng
exanpl es which are not to be

obtained in Example 2, acrylonitrile (1.1l g, 21.0 mmol) was

added, and the reaction was allowed to proceed at 20°C while

‘'stirring with a magnetic stirrer. Three hours after the

initiation of the reaction, an aliquot (1.0 mL} of the
reaction mixture was taken, and the reaction was stopped by
addition of 2 N ECl (0.1 mL) to this aligquot. The reaction

mixture was analyzed by gas chromatography under the

.conditions described.below. .Asuxhe.resultuofuthisnanaiysis,

all the portions of acrylonitrile_added were entirely
converted into acrylamide, and there was found no by-product
such as acrylic acid.
Conditions for-gas chromatography
Column: packed column
Carrier: Porapak type Q (mesh 80-100)
Length: 1.1 m
Column temperature: 210°C
Flow rate of carrier gas: 50 mL/min
Injection volume of sample: 2 uL
Example 4 (Reaction No. 2)
From the cultured broth (100 mL) of bacterial cells

of Agrobacterium radiobacter SC-Cl5-1 obtained in Example 2,

bacterial cells were collected by centrifugation (10,000

"x g, 10 min.). The collected bacterial cells were washad

with 0.05 M phosphate buffer (pH 7.7), and suspénded in the
same buffer (50 mL) as that used for washing. To this

suspension, acrylonitrile (6.62 g, 125 mmol) was added in



construed to limt the.scope thereof.

bacterial <ells)

At a certain place of Kyoto prefecture,

Exanple 1 (Isolation of

Soi

was

col |l ected, and added to a culture nedium (pH 7.0) containing potassium
phosphate (0.3 w %, dipotassium phosphate (0.7 wt%, glucose (0.2 m%,
0.05 %, nmagnesiumsulfate (0.01 wt%, ferrous sulfate

sodiumcitrate (
(0.005 w9,
manganese. sul f at
(0.005 wt%, vit
(0.05-0.5 wt%,

i ncubated to for

Agr obacterium r

-12-

e (0.005 wt%, cobalt chloride (0.005 wt%, zinc sulfate
am nes (very small amounts). and various nitrile conpounds
followed by shaking culture using a reciprocating shaker
at [err] for 21 days. A part of this cultured broth was spread on an
medi um cont-ai ni ng the same ingredi ents ag4described above. The culture was
m sone colonies, fromwhich a certain strain was.screened
for the presence of activity to hydrate nitrile groups. Thus,

adi obacter SC-Cl15-1 was obtained as a bacterial str

havi ng hi gher ac%lilgleiet gorttqmgg/d_r ate nitrile gro

in such a manner thégjits concentration did
not exceed 5 wt%. The reaction was allowed to proceed at
20°C while stirring with a magnetic stirrer. Twenty three
hours after the initiation of the reaction, an aliquot
(1.0 mi:) of the reaction mixture was taken, and the reaction
was stopped by addition of 2 N ECl (0.1 mL) to this
aliquot. The reaction mixture was analyzed by gas
chromatography under the..same.conditions-as-described in
Example 3. As the result of the_;nalysis, all the portions
of acrylonitrile added were entirely converted into
acrylamide, and thers was found no by-product such as
acrylic acidg.

Example 5 (Recovery)

From the rszaction mixture obtained in Example "4,
bacterial cells were removed by centrifugation (10,000
% g, 10 min.). The supernatant was éoncentrated by
distillation at a tempzrature below 50°C, and the
precipitated crystals were recrystallized from methanol to
give the desired amide compound (8.2 g, 115 mmol; yield,
92%) as colorless plate crystals. These crystals were
confirmed as acfylamide by measurement of its melting point,
elémental analysis, IR spectroscopy and NMR spectroscopy.

Example 6 (Preparation of crude enzyme solution)

From the cultured broth (8 L) of bacterizl cells of

"Agrobacterium radiobacter SC-C15-1 obtained in Example 2,

bacterial cells wesrzs collected by centrifugation (10,000

ain

agar



Example 2 (Cultured broth of bacterial cells) In a 500-nL
Sakaguchi flask, placed was a sterilized culture medium (100 nL, pH 7.2)
containing glycerol (1.0 %, polypeptone (0.5 w%, yeast extract (0.3
w%, malt extract (0.3 w%, isovaleronitrile (0.1 w%, ferrous sulfate
(0.001 wt%, manganese sulfate (0.001 wt%, cobalt chloride (0.001 w%
and zinc sulfate (0.001 wt% . This flask was inoculated with a cultured
broth (1 nL) of Agrobacterium radi obacter SC- Cl5-1 which had been

i ncubated on the same cul ture nedi um as descri bed above. This flask was
incubated at [err] with reciprocal shaking-at a rate of 135 stroke/mn.
for 2 days, resulting in a cultured broth of bacterial cells.

Exanple 3 (Reaction No. 1) To tgg cultured broth of bacteria
cells (50 m) ' - 13 -

obt ai ned i n Exanpl e 2 acrylonitrile (1.11 g, 21.0 mmol ) was added, and
the reaction was allomed to proceed at [err] while stirring with a
magnetic stirrer. Three hours after the initiation of the reaction, an

aliquot (1.0 ni) xQ]cg.;t b@ min.). After washing, these bacterial cells were
| suspended in 0.05 M HEfES—KOH buffer (306 mL, pH 7.2), and

disrupted two times with a French press (20,000 psi). The
éisrupted cells were centrifuged-(10,000 x g, 30 min.) to
remove the residual bacterial cells. Using a dialysis
tubing (Wako Pure Chemical Industries; Ltd.), the
supernatant was dialyzed against four changes of 10 mM’
HEPES-KOH buffer (pH 7.2) at 4°C for-24 hours. The
dialysate was allowed to pass through a column (50 mmo =x
200 mm) of DEAE-Sepharose FF (Pharmacia) as an anion
exchange resin, previously equilibrated with 0.05 M HEPES-
KOH buffer {pH 7.2),.thereby effebting adsorption of enzymés
thereson.

Then, 0.05 M HEPES-KOH buffer (pH 7.2) was allowed
to pass through the column for washing, and elution was
effected by a gradient of 0.05 M HEPES-KOH buffer (pHE 7.2)
containing 0 M to 1.0 M potassium chloride. The fraction
exhibiting the activity to hydrate nitrile groups was
recovered and dialyzed, using a dialysis tubing (Wako Pure
Chehical Industries, Ltd.), against fouf changes of 10 mM
HEPES-KOH buffer (pH 7.2) at 4°C for 24 hours. The
dialysate was purified by anion excﬁange chromatography
under the same conditions as described above, except that
élutipn was effected by a.gradient of 0.05 mM ﬁEPES-KOH
puffer (pH 7.2) containing 0.2 M to 0.8 M potassium

chloride. The eluent was dialyzed in the same manner as



reaction m xture was taken, and the reaction was stopped by addition of 2
N HCO: (0.1:nlL) to this aliquot. The reaction m xture was anal yzed by gas
chromat ogr aphy under the conditions described below. As the result of this
analysis, all the portions of acrylonitrile added were entirely converted
into acrylam de, and there was found no by-product such as acrylic acid.

Condi tions for gas chromatography Col um: packed col umm
Carrier: Porapak- type Q (nmesh 80-100) Length: 1.1 m

Col um tenperature: [err] Flow rate of carrier gas: 50 nL/mn

I njection volunme of sanple: 2 [err] - Exanpl e 4 (Reaction No. 2)

Fromthe cultured broth (100 nL) of bacterfq% cells of Agrobacterium

radi obact er SC- C15-71 obtained in Exanple 2, ~"bacterial cells were collected

by cenfrifugation (10,000 x g, 10 mn.). The collected bacterial cells
were washed w th 0.05 M phosphate buffer (pH 7.7), and suspended in the
sane buffer (50 nL) as that used for washing. To this suspension,

acrylonitrile (6. 62de%cr1_g§d g‘gQ\LQ, \9@§ulacqqsd1rl 1 crude enzyme solution.

The activity to hydrate nitrile groups was
determined as follows.

A sample of the crude enzyme solution (1 mL) was
added to 100 mM aqueous propionitrile (9 mL, pH 7.7), and
the reaction was allowed to proceed at 10°C.. After ten
minutes, the reaction was stopped by addition of 2 N HCl
(1 mL). .An aliquot..of.the.reaction.mixture.was-analyzed by
gas chromatography'to determine ?he amount of propionamide
produced. -

As used hereinbelow, with respect to the unit of
enzyme activity, the activity to convert 1 pymol of ’
propionitrile into propionamidé per minute was defined
as 1 unit (U).

Example 7 (Reaction No. 3)

In this example, nitrile-hydrating enzymes

contained in ARqgrobacterium radiobacter SC-Cl5-1 were

examined for the ability to éonvert various nitrile
compounds into the corresponding amide compounds. To the
crude enzyme solution (50 U) obtained in Example 6, addad
were 0.05 M phosphate buffer (10 mL, pH 7.7) and each

" (1 mmol) of the tested nitrile compounds shown in Table 1 as
a substrate, and the reaction was allowed to proceed at 30°C
for 1 hour. As the result, it was found that the nitrile-

hydrating enzymes contained in Agrobacterium radiobacter

SC-C15-1 had the ability to convert all the tested nitrile



- 14 - three portions in such a manner that

exceed« 5 Wt %

reaction was stopped by addition of 2 NHC (0.1 nmL). to this
reaction m xture was anal yzed by gas

its concentration did not

\ The reaction was allowed to proceed at [err] while stirring
with a magnetic stirrer. Twenty three hours after the initiation of the
reaction, an aliquot (1.0 nL) of the reaction m xture was taken,

an

d the

al i quot. The
chromat ogr aphy under the sane

conditions as described in Exanple 3. As the result of the analysis, al

t he portions

acrylam de, and there was found no by-product such as
Exanpl e 5 (Recovery)
Exanpl e 4, bacterial cells were renoved hy,gentrifugation (10,000
The supernatant was concentrated by distillation at a

precipitated crystals were recrystallized

[err], 10 min.).
tenperature below [err] and the

f rom net hanol

spectroscopy and NVR spectroscopy.

of acrylonitrile added were entirely converted into

Fromthe reaction m xture obtai ned

acrylic acid.

in

to give the desired am de conmpound (8.2 g, 115. mol;
9299 as colorless plate crystals. These crystals were confirmed as

acryl am de by measus&mRBhadfintd Schgel:éxjr@gpmiﬂgamiﬁlee%ahdsagﬂhyﬁes1 IR
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anple 6 (Preparation of

crude enzyne sol utienpnversion rate wisoMokhén alllt crsed . brotehré&etlipnof bacteri al
cells of . Agrobacterium.radiobac

- 5- 1 obt ai ned | e 2
bacterial cells wer® E6IPeCFESF ?’%%‘??tglyi Py ?%rﬁaatl("%g?ﬁiygc’?&al%lg

chromatography to determine the amount of amide compound

produced or the amount of nitrile compound consumed.

Table 1

Tested nitrile Conversion
compound .. . .. . ... .. Tate-(%)
n-Butyronitrile 100
n-Valeronitrile - 100
Isobutyronitrile . 100
2-Chloropropionitrile 100
Acrylonitrile 100
Crotononitrile 100
3-Cyanonitrile 100
4-Cyanonitrile 100
Malononitrile 100
Succinonitrile 100
Adiponitrile 100

Example 8 (Reaction No. 4)
In this example, nitrile—hydrating snzymes

containad in Agrobacterium radiobacter SC-Cl15-1 were

examinad for the ability to convert the tested nitrile
compounds (shown in Table 2) other than those tested in

Example 7, into the corresponding amide compounds. To

the

crude enzyme solution (60 U) obtained in Example 6, added

were 0.05 M phospnhate buffer (20 mL, pH 7.7) and each
(1 mmol) of the tested nitrile compounds shown in Table

a substrate, and the reaction was allowed to proceed at

2 as

30°C

for 3 hours. As the result, it was found that the nitrile-



X. [err], 10 mn

Xx g, 30 mn.) to

t ubi ng (Wako Pure Chenmical Industries, Ltd.), the supernatant was dial yzed
agai nst four changes of 10 mMM HEPES-KOH buffer (pH 7.2)- at [err] for-24

hours. The dialysate was allowed to pass through a columm (50 [err]
200 nm) of DEAE- Sepharose FF (Pharnmaci a) as.an anion

.). After washing, these bacterial cells were suspended
in 0.05 M HEPES- KOH buffer (300 m., pH 7.2), and disrupted two tinmes with
a French press (20,000 psi). The disrupted cells were centrifuged- (10,000

renove the residual bacterial cells. Using a dialysis

exchange resin,

X

previously equilibrated with 0.05 M HEPES- 'KOH buffer (pH 7.2), thereby

ef fecting adsorption of enzynes thereon.- Then, 0.05 M HEPES- KOH

buffer (pH 7.2) was allowed to pass throwgh- the columm for washi ng,

and

elution was effected by a gradient of 0.05 M HEPES-KOH buffer (pH 7.2)

containing O Mto 1.0 M potassium chl ori de.

The fraction exhibiting the

activity to hydrate nitrile groups was recovered and dialyzed, using a
di al ysis tubing (Wako Pure

hydrating enzymes contained in Agrobacterium radiobacter

SC-C15~1 had the ability to convert all the tested nitrile
compounds into the corresponding amide compounds and the
conversion rate was 100% in all cases. The reaction
solution was analyzed by gas chromatography or liquid
chromatography to determine the amount of amide compound

produced or the amount of nitrile compound consumed.

. -Table 2

Tested nitrile- - Conversion
compound rate (%)
Acetonitrile 100
Pivalonitrile 100
Methacrylonitrile 100
Benzonitrile 100
.2-Cyanonitrile 100

As described above, the present invention makes it
possible to produce amide compounds with high purity by
hydrating the nitrile groups of nitrile compounds at
ordinary temperatures under ndrmal pressureé and then
converting into the corresponding amide compounds, with the

use of a microorganism of the genus Agrobactsrium.




Chem cal Industries, Ltd.), against four chéngés of 10 mM HEPES- KCH buffer
(pH 7.2) at [err] for 24 hours. The dialysate was purified by anion

exchange thr omat ogr aphy under the sanme conditions as i Fibed—above—;
except that. elution was effeeted by a gradient of 0.Cp WiE BEEESHAS BHEN filer

The RERIAQEDAS

di al yzed i n THieShea Has ceds

-16- - des b tesulti ng in a crude enzyne sol ution.

The activity t iiHfile groups was determ ned as foll ows.

A sanple of the crude enzyne solution (1 nL) was added to 100 mM aqueous
propionitrile (9 nL, pH 7.7), and the liga_ction was all owed to proceed at
[err] After ten 'mnutes, the reaction was stopped by addition of 2 N HC
(1 m). An aliquot of the reaction m xture was anal yzed by gas

chromat ography to determ ne the anmount of propionam de produced.

As used hereinbelow, with respect to the unit of enzyme activity, the
activity to convert | [ery]nol,of s is:

(pH 7.2) containing 0.2 Mto 0.8 M potassium chlorid

1. A process for production of amide compounds
which comprises converting a nitrile compound into an amide
compound using a cultured broth of bacterial cells,
bacterial cells or materials obtainable by treating
bacterial cells, gaid bacterial cells being cells of a

microorganism.of. the.genus. Agrobacterium, -having activity to

convert nitrile compounds into amide compounds.
2. A process according to claim 1, wherein the

microorganism of the genus Agrobacterium is Agrobacterium

radiobacter SC-Cl5-1 (FERM BP-3843) or a mutant thereof.

3. A process according to claim 1, wherein the
nitrile compound is selected from the group consisting of
n-butyronitrile, n-valeronitrile, isobutyronitrile, aceto-
nitrile, pyvalonitrile, 2-chloropropionitrile, acrylo-
nitrile, crotononitrile, methacrylénitrile, benzonitrile,
2—cyanopyridine, 3-cyanopyridine, 4-cyanopyridine, malono-
nitrilé, succinonitrile and adiponitrile.

4. A microorganism of the genus RAqgrobacterium,

having activity to convert nitrile compounds into amide
compounds.
5. A microorganism according to claim 4, which is

Agrobacterjium radiobacter SC-Cl5-1 (FERM BP-~-3843) or &

mutant thereof.

Tk c L L} S *



propionistrile into propionam de per mnute was defined as | unit (U
Exanpl*e *7 (~Reaction No. 3) In this exanple, nitlTTe=+ 116
enzymes contained in Agrobacteriumradi obacter SCC 5-1 ;
the ability to convert various nitrile conpounds into t
am de conpounds. To the crude enzynme solution (50 U) obtai ned
6, added were 0.05 M phosphate buffer (10 nL, pH 7.7) and each (1 nnDI)
of the tested hitri'le conpounds shown in Table 1 as a substrate, and the
reaction was ‘all owed to proceed at [err] for 1 hour. As the result, it was
found that the nitrile- hydrating enzynes contained in Agrobacterium
radi obacter SC-Cl15-1 had the ability to converf all the tested nitrile
- 17 conmpounds inteo the correspondi ng am de conpounds and the
conversion rate was 100%in all cases. The reaction solution was anal yzed
by gas chromat ography or liquid chromatography to determ ne the anmount of
am de conpound produced or the anount of nitrile conpound consuned.
Abstract of the disclosure:

There is disclosed a process for production of
amide compounds whiEh includes converting a nitrile compound
into an amiée compound using a cultured broth of bacterial
cells, or bacterial cells or materials obtainable by
treating bacterial cells, the bacterial cells being cells of

a.microorganism of the.genus. Agrobacterium,. having. activity

to convert nitrile compounds into amide compounds. Also

disclosed are microorganisms of the genus Agrobacterium,

having activity to convert nitrile compounds into amide
compounds, which are useful for the process of the present

invention.

Sheet Has Been Re laced

T



Table 1 Tested nitrile Conver si on

conpound rate( % n- But yr oni t - DO
n-Val eronitrile’ 100 | sobutyro @RA@WNT SHEEf 100
2-Chl oropropionitrile 100 Acrylonityile 100
Crotononitrile 100 3-Cyanoni{ril €9 JUL 1996 100
4- Cyanonitrile 1100 Mal ononitgi ke 100
Succinonitrile 100 - 20Adi poni tr il 100
Exanpl e 8 (Reaction No. 4) In this exanple, {nifrile-hydrati

enzynes contained in Agraopacteriumradi obacter SC— C15 1 were exam ned for
the ability to convep 9@}% e 2)
ot her than those tested In Stgékﬁab;{dtlg)ﬁo ghe correspondl ng am@

conpounds. To the crude enzype, sol % ed in Exanple 6,
added were 0.05 M phosphate ﬂ%@&}ﬁ&g &17[? d h (1 mol) of
the tested nitril e conpounds shown in Tabl e 2 as a substrate, and the

reaction waARSTRAET to proceed at [err] for 3 hours. As the result, it
was found that the nitrile- - 18

There is disclosed a process for production of
amide compounds which includes converting a nitrile compound
into an amiée compound using a.cultured broth of bacterial

- - _ﬁnqe}leL_pz bagte;ia;_cells or makerials gbtginablempx__

treating bacterial cells, the bacterial cells being cells of

a fuicroorganism of the.genus. Agrobacterdium,. having.activity

to convert nitrile compounds into amide compounds. Also

disclosed are microorganisms of the genus Agrobacterium,

-

having activity to convert nitrile compounds into amide
compounds, which are useful for the process of the present

invention.



"hydratl ng enzynes contained in Agrobacterium radi obagtet—3o€- = { the
ability to convert all the tested nitrile conpounds RERLAGE r ogndi ng
‘am de conpounds and the conversion rate was 100% i n}afT cases. The

reaction solution was anal yzed by gas chromatography pr J;_r,w 97

chromat ography to determ ne the anount gf am de conppuphd produced of g he
anount of nitrile conmpound consuned. ~“° 2
Tested nitrile Conver si on ~ conpdund

rate (%mnproved process for fﬁ&h{éﬁbﬁ of laéhide compounds using al roorgamsm with improved
Plvalonltrlle Met hacryl onitrile 100
Benzonidfficiency. 100 2-Cyanonitrile 100

As descri bed above, the present invention nmakes it possible to produce

am de conpounds with high purity by hydrating the nitrile groups of
nitrile conmpounds at ordinar tenper at ur es under normal pressures and then
converting into the cor r espHMM e ) MEIONi th the use of a

f_the genus Agrohz act erium 7
[n 1Sr ?Or gamﬁl%e?' these cifcumstances, the present inventors havg widgly searched fheonatyee fosr

c rls s.converting a nitrile
br Odumﬂu%?ooc{'fgaﬁg?ng %a%&gpmuﬂeq'sac\ﬁhv%tyr}o ert ‘nitrile compounds “into am1Ide compounds.

As the result, they have found that a microorganism of the genus Agrobacterium, isolated

from the soil at a certain place of Kyoto prefecture, has higher activity to hydrate the nitrile
groups of nitrile compounds and can convert the nitrile compounds into amide 'compounds
with high efficiency, thereby completing the present invention.

That is, the present invention provides a process for production of amide compounds
which comprises converting a nitrile compound info a corresponding amide compound by
hydrating said nitrile compound in the presence of a cultured broth of bacterial cells, intact
bacterial cells, disrupted bacterial cells or enzymes contained therein, or immobilized
preparations obtainable by immobilizing intact bacterial cells, disrupted bacterial cells or
enzymes contained therein, said bacterial cells being cells of a biologically pure culture of
Agrobacterium radiobacter FERM- BP-3843, wherein the nitrile compound is selected from the
group consisti;lg of aliphatic nitrile compounds, nitrile compounds containing one or more
halogen atoms, unsaturated aliphatic nitfile compounds, hydroxynitrile compounds,

aminonitrile compounds, aromatic nitrile compounds and dinitrile compounds.

DETAILED DESCRIPTION OF THE INVENTION

According to the process of the present invention,



corrpound i nto a correspondi ng am de conpound by hy R@PLW BHEET[‘I e

conpound in the presence of a cultured broth of b nf act

bacterial cells, disrupted bacterial cells or enz n§e¢ Eﬁtaln “the ein,

or immobilized preparations obtainable by inmmobili- acfeqgi a
thereln..sa

cells, disrupted bacterial cells or enz nmes cont ai
bacterial cells being cells of a bloloélcally pur culture of
Agr obact eri um r adi obact er FERM BP- 3843, wherein t hésspid S
sel ected fromthe group consisting ofpalpvatic nltrlle conpounds nitrile
conpounds contai'ning one or nore halogen atons, unsaturated aliphatic
nitrilg.compauostss foh pdoducyion tofl mideofaepoudas veHiidn eBinprisdsecaveniignd snitrile
aromatic nitrile conpounds and dinitrile conmpounds. 2. A process

accor dicompbund liztora &orredgpending anfide wompotml by fydratitg i saids pitdlet emnpoumd inhthe
group consisting of n-butyronitrile, n-valeronitrile, isobutyronitrile,
acet onipresence ofd oulturad brothef bactermlmeblsmta@pbmrtal icEls, dlsxuptyd bacteripl eells. or
crotononitrile, nethacrylon|trlle benzonitrile, . 2- _cyanop r|d|ne

3- cyan EBF¥INeS ﬁ@nfﬂm@dd%ﬁﬂipy@ﬁ dmmwbilized pseRakations | ebtainahie divn gAmO ilizing infect

FERM EpRsTial cel, mwp@edﬁ#%?%@'caﬁ&‘”e e 9 %;’%ﬁaé’i@f?“’ba Bieetil hfupelieng

5.
. pr A 8¢ EBIRERHEY by Ssplbore & RthB L0 Tor?rdier M e 3808 el e, o
accor ol ST ?éﬁé‘?‘zf*ﬁ*“{ﬁl@% %ﬁg?'?ﬁégiﬁeﬁia{‘#‘éﬁ“ﬁsgﬂﬁé%@ﬁﬁﬂfsmF € oH -

of fromgy git@auﬁdsfics Ubnel Br mofe haldin RERAE ShsAaE#é hpngaah @ firfie ot oYi‘fi&‘sr ein

t he hydrating reaction Is carrled olt at a pH of fro bout 7 to bout ’9.
" 8. Thewydiexgafileespelinds, aBindohtil® dompduadsi dtoinhtc Ritflleaédmigbunds ahil Winitrile
carried out for a period fromabout 1 m nutes to about 48 hours.
compounds.

2. A process according to claim 1, wherein the ﬁitrile compound is selected from the group
consisting of'_ n-butyronitrile, n-valeronitrile, isobutyronitrile, acetonitrile, pyvalonitrile, 2-
chloropropionitrile, acrylonitrile, crotononitrile, methacrylonitrile, benzonitrile, 2-
cyanopyridine, 3-cyanopyridine, 4-cyanopyridine, malononitrile, succinonitrile and
adiponitrile.

3. A biologically pure culture of Agrobacterium radiobacter FERM BP-3843.

4. The process according to claim 1, wherein the hydrating reaction is carried out at a
temperature of from 0° to about 50° C.

5. The process according to claim 1, wherein the hydrating reaction is carried out at a
temperature of from 0° to about 30° C.

6. The process accordmg to clalm 1, wherem the hydrating reaction is carried out at a pH
of from about 6 to about 10 " ) __ '

7.  The process accordmg to.claim 1, wherem the hydrating reaction is carried out at a pH
of from about 7 to about 9 S |

8. The process accordmg to claim "1, wheréin the hydrating reaction is carried out for a

period from about 10 minutes to about 48 hours.
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