K7 dﬂ
PRODUCTI ON OF AM DE COMPOUNDS USI'N

PROCESS P&

M CROGRGAN*SM FI ELD OF THE.l NVENTI ON
The present invention relat es to a process for production of ani de
conpounds 5 usi ng a mcroorgani smhaving hydration activity to
convert a nitrile compound into its correspondi ng am de conpound.
BACKGROUND OF THE | NVENTI ON In recent years, biological
catal ysts such as m croorgani sns have been wi dely used for

chemi cal reactions. For exanple, it is welt known that nitrites conpounds
can 10 be converted into aRodESSFGRPROGDUYTIONIORt I ON using a certain
strain of the genus -  AMIDIBUOMPOYNDBaUSINIG MICROORGANISM CUS OF

Brevi bacterium (USP 4, 001, 081); Corynebact e- - riumor Nocardia (USP
4,248,968); Pseudononas (USP 4, 555, 487); Rhodococcus or

M crobacterium (EP-188, 316); or g3 owrdeE INVESNFIGR889/ 1989) .

Al'l of these m croorganisns, however, fall under the category of nesophilic
15 bacteri a whi ch cahewtsenjinyeption rehtes @mmcm twerowctiwf @nide coipgiidy .

| n-addi ti on, 5t he hydrat.ion act IhVIt gpgt CO%VC e|‘%mto onvert a
nitrile “8‘&@6’%&“%‘??5‘ F‘E"é"'yéf‘alu%naﬁ Adi hE A ¢ e conpound "ar e not
stabl e in the ranggsphding amide compb@per at ure of hi gher than room

- tenperature. For thi's reason, ﬁe production of am de conmpounds

- using such mesophilic bacteria is usually conducted at |ower tenperatures.

In 20 this case, cooling ol 55 keepi ng the
reactor at |ower tenperat ure‘é i kb ?’rﬁégﬁf‘*g@%” of energy is
consuned for the cool i Ng, redthtiyedls, bBRGicdl Catdysts@HoA K At RBrohiiéis@@dfedeen widely in

t he production cost.
used for chemical reactions. For example, it is well known that nitriles compounds can

10 be converted into amide compounds by hydration using a certain strain of the genus
Bacillus, Bacteridium, Micrococcus or Brevibacterium (USP 4,001,081); Corynebacte-
rium or Nocardia (USP 4,248,968); Pseudomonas (USP 4,555,487); Rhodococcus ot
Microbacterium (EP-188,316); or Fusarium (JP-A 64-86889/1989).

All of these microorganis-ms, however, fall under the category of mesophilic

15 bacteria which cannot grow at a temperature of 55°C or higher.

In addition, the hydration activity of mesophilic bacteria to convertéi nitrile
compound into its corresponding amide compound are not stable in the range of .
temperature of higher than room temperature. For this reason, the production of amide
compounds using such mesophilic bacteria is usually conducted at lower temperatures. In

20 this case, cooling facilities are required for keeping the reactor at lower temperatures and
high quantity of energy is consumed for the cooling, which lead to a remarkable increase

in the production cost.

UMMARY OF THE INVENTION
Under these circumstances, the present inventors have extensively searched
25 for microorganisms having hydration activity to convert a nitrile compound into its
corresponding amide compound even in the range of temperature'higher than room

temperature. As a result, they have found that a thermophilic microorganism isolated



SUMVARY OF THE | NVENTI ON Under these circunstances, the
present® i nvéntors have extensively searched 25 for mcro S5 AsBEEN.'
havi ng hydration activity to convert a nitrile conpound into ng‘né LA?:ED

correspondi ng am de conmpound even in the range of tenperaturg hi qher than

room temperature. As a result, they have found that a thernophilic
m cr oor gani sm i sol at ed 2
fromsoil of a certain hot spring in Ckayama-ken conplies with such

requi renents, thereby conpleting the present invention. Thus, the

present invention provides a process for production of am de conpounds,
whi ch conprises converting a nitrile conpound into its correspondi ng am de
compound by hydrating said nitrile conmpognd in the presence of a cultured

broth of bacterial cells, intact bact erial cells, di sr upt ed bacteri al
cells or enzymes_cont ed t herein, nnDblllzed arati Qns obt ai nabl e
by i mobi | izing fromp E’? g%l&?r@}‘ﬁ hot sl?f@ﬁl‘% Ok%l"ag‘? Eﬂ@ﬁlplmﬁél"d éP?ha‘Fq'Er&“fnés or

enzymes cont ai negletiie {nﬁélgehng?@ggseﬁgﬁteg&hal cells being cells of a

bi ol ogi cal ly pure cul ermophi lic microorganismBacillus smnithii
SC-J05-1 (FERM BP- 4935jhukiathie pgpsdny thiverttion progicies &/ ployest for ponduaioh ofiamideri | e
compound into its correspondi nge]sam de conpound. The present '

i nvention al so plBPPHES WE‘CBF‘B‘PPB G%VFW“ﬁﬁfFIBJeGﬂFWH‘PdémBFS BIEPRg 2B ¢ hi
SC-J05-1 (FERM @ﬂ%ﬁ%y%ydﬁﬁﬁﬂh@ﬁhlé BipReia ih el fhekedby @f thhlﬂﬁ’edatﬁ-&th gty to

convert a nitrile conpound into its corresponding ani de conpound
DETAI LED DESCRI Fﬁﬁbtéﬁdl@s Titiet HabduEBNEIOBisrupted bactedialeilscir ergyhes cortanegd ﬂmmass of the

present invention, S nitri [ofo) unds an pe conver@hﬁ intp their
cor r espondi ng an‘?’d@m(? %@Bﬁ%ﬂtmﬁéﬁﬁ‘?@ Yoymmohilizipg ’P’ra?tlbé‘“% BUPES e
al i phatic nitrilgsesHel &ennbtbtsina 'tﬂefeinl fRe baderARbeRE Mglchllslofa biologically
| sobutyronitrile, acetonitrile

pure culture of a thermoptuhc microorganism having hydration activity to convert a nitrile

10 compound into its corresponding amide compound.
The present invention also provides a biologically pure culture of a novel
thermophilic microorganism having hydration acﬁﬁty to convert a nitrile compound into

its corresponding amide compound, which is designated Bacillus smithii SC—JOS—I

(FERM BP-4935).

15 DETAILED DESCRIPTION OF THE INVENTION
.According to the process of the present invention, various nitrile compounds
can be converted into their corresponding amide compounds. Examples of the nitrile
compound are aliphatic nitriles such as n-butyronitrile, n-valeronitrile, isobutyronitrile,
acetonitrile and pivalonitrile; halogen-containing nitrile compounds such as 2-chloro-
20 propionitrile; unsaturated aliphatic nitrile compounds such as acrylonitrile, crotononitrile
and methacrylonitrile; hydroxynitrile compounds such as lactonitrile and mandelonitrile;
aminonitrile cbmpounds such as 2-phenylglycinonitrile; aromatic nitrile compounds such
as benzonitrile and cyanopyridines; and dinitrile compounds such as malononitrile,
succinonitrile and adiponitrile. Preferred are n-butyronitrile, n-valeronitrile, isobutyro-
25 nitrile, acetonitrile, pivalonitrile, 2-cﬁloropropionitrile, acrylonitrile, crotononitrile,

methacrylonitrile, benzonitrile, 2-cyanopyridine, 3-cyanopyridine, 4-cyanopyridine,
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and pivalonitrile; hal ogen-containing nitrile conpounds such as

2-chl or o-propionitrile; unsaturated aliphatic nitrile conpounds such as

acrylonitrile, crotononitrile and nethacrylonitrile; hydroxynitrile

~ conpounds such as lactonitrile and mandelonitrile; amnonitrile conpounds
such as 2-phenylglycinonitrile; aromatic nitrile conpounds such as

benzonitrile and cyanopyridines; and dinitrile conpounds such as

mal ononitrile, succinonitrile and adiponitrile. Preferred are

n-butyronitrile, n-valeronitrile, isobutyronitrile, acetronitrile,

pivalonitrile, 2-chloropropionitrile, acrylonitrile, crotononitrile,

met hacrylonitrile, benzonitrile,. 2-cyano%yridine, 3-cyanopyridi ne, 4-

cyanopyri di ne, .

mal ononitrile, succinonitrile and adiponitrile.

- The conversi on QfaloRoditike/suécBofiRiBRAYAEbohiE an am de conpound is achieved by

hydrating the nitrile conpound in the presence of a cultured broth of

bacterial cells, intaciTheconversion of a juiletcompaypd iglolan gmideigompoyrd dcpckiensd &t i al

I'l's - t gi t h s ' W . [
bt ai nabl ¢ by | THGHPE P PRGe RPRED HaCrerI P safhel oo ety BUERRRT, o

cells or  bacteri@INENITBRERM bikdRBICtel G dibyines TbHenilea Ehepdin, ¥k ingiidblliGedar € t hose
of a biologically pure culture of a thernophilic mcroorgani sm
havi ng hydr &t i omrepasatiops abjainable byipveabilizing infaptba¢teriabesHy, dismipted haptgrial cells or its

correspondi ng am de conpound. . . .The m croorganismto be
used in the preS¥HTS cﬂ\‘}‘%%éi%gﬁmi' JThebacterial cqlls arg frase of 2 biglges cally Plfren%ug e?:l‘,was o | ong
as it falls undefemiopRicCaicRQinknlavinf By dMEBNAIIE tOEMVEGOL Gl Bfifovbdiiong
hydration activity to convert a nitrile conpound into its corresponding
am de conpound. its corresponding amide compound.

The microorganism to be used in the present invention is not particularly
10 limited, so long as it falls under thé category of thermophilic microorganisms having
hydration activity to convert a nitrile compound in;o its corresponding amide compound.
As used herein, the term “thermophilic microorganism” refers to a microorgénism having
ability to grow even at an incubation temperature of 55°C or higher.
For example, the desired microorganism can be obtained by the following
15 procedures. First, soil is collected in the nature, and the collected soil or a supernatant
obtained after the soil is thoroughly suspended in water, is added at an appropriate
amount to a well-known culture medium for growth of microorganisms, for example, a
liquid medium or an agar medium containing glycerol, polypeptone, yeast extract and malt
extract as main ingredients, followed by incubation at a temperature of 55°C or higher for
20 a period of from about 24 hours to about 3 months. The cultured broth obtained in this
way or a part of the bacterial cell_s isolated were spread on an agar plate medium
containing the same ingredients as described above, followed by further incubation to
form some colonies, from which a thermophﬂic microorganism can be isolated.
The thermophilic microorganisr;ls thus obtained from the nature or deposited
25 in various microorganism depository organizations are allowed to grow by incubation in a
test tube or a flask, having a liquid medium containing the above medium ingredients and

a nitrile compound or an amide compound, such as isovaleronitrile, crotononitrile or



As used herein, the term"thernophilic mcroorganism refers to a

nlcroofganlsn1haV|ng ability to grow even at an incubation
tenperature of 55 C or higher. ' For exanple, the
desired m croorgani smcan be obtained by the following 15 pr ocedur es.
"First, soil is collected in the nature, and the collected soil or a

~super nat ant obt ai ned after the soil is thoroughly suspended in
water, is added at an appropriate: anount to a well-known cul ture
medi um for growth of m croorganisns, for exanple, a i quid nmedium

. or an agar nedi um contai ni ng glycerol, polypeptone, yeast extract and nalt
‘extract as main ingredients, followed by incubation at a tenperature of 55C
- or higher for 20 .a period of from abdut 24 hours to about 3 nonths.

‘ The cultured broth obtained in this may or a part of the bacteri al
i cells isolated were s read on an a nt ai_ni ng the

o noredt ont s Sn RS B BRe At ¥ € bl RE ! Fareriar et SEROEER 10

form some col oni ggmpft RN abbit q@h@:sttbafommyd e ElItREPBHHE AR Wl Bquebus
~isol at ed. The thernophilic .m croorgani sns thus

obt ai ned from t heolutan of & nitrile evapowid seadt as p@pionitrilenonaerylogjtrile, pidtho agiamiss m

depository organl atiqns are allowed to by Lnc atlon n
Lont tube or o f Peks TR 4 rtaruenb G srieteh s “eHeLop ot edi um
i ngredients ﬁnd minutes. Ther® tHel ddclidremi&QRdR YRehifYd mmamndﬁma@mamwa% uch as
~isovaleronitrile, crotononitrile or

4 cr ot Pdusedier, noatwhah U@h@@&:&ﬁﬁﬁ@towad%@dcﬁthﬂm@mc nfiquporganism
appropriate perl about 12 h%urs to

P e P B e e o pomverym e BB g e LRGP bnanE il 5 1 0

of anitrile COnmwﬂxdsF&hhe@ﬁte&fo@@féﬂ'ﬂdetcbinb&nd%ran%ﬁﬂ%{s%mbﬂ by & chddshed he

reaction is
graphy as described below can be employed, for example.

10 As a typical example, Bacillus smithii SC-JO53-1 can be used in the process of
the present invention. This bacterial strain isa the-rmophilic microorganism of the genus
Bacillus, which was found by the present inventors to have higher activity to hydrate the
nitrile groups of nitrile compounds and deposited with the National Institute of Bioscience
and Human Technology in the Agency of Industﬁal Science and Technology, Japan,
" 15 under the accession number of FERM P-14037 on December 24, 1993, which has been
transferred to the Interﬁational Deposit under the Budapest Treaty under the accession
number of FERM BP-4935 on December 14 1994.

The bacterjological cha.ractenst1cs of Bacillus smithii SC-J03-1 are as follows:

(a) Moxpholovy
1. Shape and size of cells
Shape: rods
Size: 0.5-0.8 pm x 0.8-2 pum
. Polymorphism: none
. Motility: active, peritrichous flagella
Sporulation: found
Gram staining: variable
Acid fastness: none
(b) Growth properties:
1. Nutrient agar plate culture: round, convex, non-glossy, pale brown
2. Nutrient agar slant culture: non-glossy, pale brown
3. Nutrient broth liquid culture: uniformly turbid growth
4. Nutrient broth gelatin stab culture: not liquefied
5. Litmus milk: not changed
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effected, for exanple, at a tenperature of [err] for a period of from about

10 to-about* 60 5 m nutes. Then, the reaction m xture is exam ned

whet her an am de conpound was produced or not, which nakes it
possible to readily find a thernophilic m croorgani sm havi ng
hydration activity to convert a nitrile conpound into its correspondi ng

am de conpound. For the detection of am de conpounds, an anal ysis
nmet hod by gas chromat o- graphy as descri bed bel ow can be enpl oyed,
for exanple. 10 As a typical exanple, Bacillus snithi
SC-J05- | can be used in the process of - t he present invention.

This bacterial strain is a thernophilic m croorgani smof the genus
Baci | | us, which was found by the present ihventors to have higher activity

to hydrate the nitrile groups of nitrile conpounds and deposited

with the National |nsti tehRhyselogh eBing e - and Human Technol ogy in
_ the Agency of Industrial Sci L f%a tlef“echnol ogy, Japan, 15 under the

accessi on nunber of FERM P-3 st 4 December 24, 1993, which has been

transferred to the |Internatq4 onaest:Deposit under the Budapest Treaty under

t he accession nunbes. IndoleHeriddP-4935 on Decenber 14, 1994.

The bact éri oI ogi cal char act@rﬁﬁtog éﬁﬂ%fsamﬂprr us snithii. SC-J05-1 are as
fol | ows: |"ogy 1.
Shape and si ze of ceII 8. g%:rmifgm + Shape: rods

Size: 0.5-0.8 [err] x O.8- 29.[Iﬁﬁrga]ﬁcnitrogensourceutilization 2. Pol ynor phi sm
none 3NaNB4:i4ity: active, peritrichous flagella
Sporul ation: found 0. lezégggt;n 5. Gram staining: variable
Aci df ast ness: none Ring’s ed1um:(—b) Growt h properties:

Nutrient agar plate cul tureg_lf Ly{ﬂed“ﬁpn_vex non- gl ossy, pale brown
Nutri ent agar slant cul tur ereaton- gl ossy, pal e brown

Nutrient broth |iquid cul2t Odaseuni formy turbid growth

Nutrient broth gelatin slt3a§ talaset uf%E not | quefi ed

rowth conditions
Litnus mlk: not changed pH: 4.1-7.5

Temp 30-60°C
15. Attitude to oxygen: slightly aerobic
16. O-Ftest: F
17. Acid and gas formation from sugar
Acid Gas

GRONEOR

L-Arabinose:
D-Xylose:
D-Glucose:
D-Mannose:
D-Fructose:
D-Galactose:
Maltose:
Sucrose:
Lactose:
Trehalose:
.D-Sorbitol:
D-Mannitol:
Inositol:
Glycerol:
Starch:

(d) Other properties:

1. Mol% G + C of DNA: 40.6%

L+ Dbtk + 4+ + o+

An extensive search was made for the literature of a microorganism exhibiting
the above characteristics, and it has been reported by L. K. Nakamura et al., International
Journal of Systematic Bacteriology, 38, 63-73 (1988) that Bacillus smithii exhibits the
same characteristics as described above. From ﬂleée results,' the bacterial strain SC-J03-1

5 found by the present inventors was identified as one strain belonging to Bacillus smithii.



5 _ (c) Physiol ogical properties:

1. Nitfate feduction: - 2. Denitrification: -

3. MRtest: + 4. VP test: -

5. Indole formation: - 6. Hydrogen sul fide
formation: + 7. Starch hydrolysis: -

8. Citrate utilization : _ Koser medi um

9. Inorganic nitrogen source utilization [err]
- [err] + 10. Pi gnent
formation King's A nedium -

King's B nedium - 11. Urease: -

12. Oxidase: + 13.% Ccatal ase: -to+

14. G owth condltlons pH 4.1-7.5

Tenp.: 30-[err] No knowledge has been obfeihed ffaf infckb@@artifnsCof B8 lis Sid@ht |y
aerobic 16. OF test: F 17

Aci d and gas f or rhave bydration aqtixitigter convert a nitrile compound into its corresponding amide

Acid Gas . . L: Ar.abi nose: . .

D- Xyl ose: compounq: In this respect, it is conmdered?hak Bac?l?us smithii SC'JOS_E)-(EWESE

+ - 4935) is a novel bactenal stram Fht R V3@mE8 of the bacterial strain;i.e., mutants,

D- Fruct ose: + D- Gal act ose:

+ - 5 cell fusion strains or recombmant stigint desived from Bacillus smithii SQ;-JOS 1 FERM

Sucr ose: Lact ose:

Tr ehal ose: BP-4935-S, can also be used in the process of the present 1nventuB: Sorbi tol -

D-Manni tol : + A culture of the microorganism for use in the process S¥Q%d gr&ént invention +
G ycerol : + St ar ch: -

(d) Ot her proper tiebe prepared in various kinds of media con_‘Lalmmam}g}@ﬁ nippgERD sAces.)

An extensive search Was he | at m,Cr oofr,
exhi biting °f"H° andéoé\}neor% léirs?;llgzst aenrdlté f’lé"s H%df ﬁzhe beﬁl il Yélf)eg?r d by L.

K. Nakamnuraiet abgeparhh iltddbf @didry bacteda.  Jour nal of Syst errat iC
Bacteriol ogy, 38, 63-73 (1988) that Bacillus smthii exhibits the

Examples of the carbon sources are glucose, glycerol, dextrin, sucrose,
organic acids, animal and vegetable oils, and molasses.

Examplee of the nitrogen source are organic and inorganic nitrogen sources
such as broth, peptone, yeast extract, malt eitracf, soy bean powder, com steep liquor,

15 cotton seed powder, dry yeast, casamino acid, sodium nitrate and urea.

Examples of the organic and inorganic salts are chlorides, sulfates, acetates,
carbonates and phos”phates of elemen{s such as potassium, sodium, magnesium, iron,
manganese, cobalt and zinc. Specific examples thereof are potassium chloride, sodium
chloride, magnesium sulfate, ferrous sulfate, manganese sulfate, cobalt chloride, zinc

20 sulfate, copper sulfate, sodium acetate, calcium carbonate, sodium carbonate, potassium
monohydrogenr;ﬂeephate, potassium dihydrogenphosphate, sodium monohydrogen-
phosphate and sodium diﬁydrogenphosphate.

In the process of the present invention, it is preferred that a nitrile compound
such as isovaleronitrile and crotononitrile or an amide compound such as crotonamide is

25 added to the culture medium for the purpose of enhancing the nitrile-hydration activity of
the microorganism used therein. Fer example, fhese compounds may be used at an

amount of from about 10 mg to about 1 g per 100 mL of the culture medium.



sane characteristics as descri bed above. Fromthese results, the bacteri al

straif SC-J05-1 5 found by the present inventors was identified as one
strain belonging to Bacillus smthii.

6 No know edge has been obtained that m croorgani sns
of Bacillus smthii have hydration activity to convert a nitrile
conpound into its correspondi ng am de conpound. In this respect,
it is considered that Bacillus smthii SC J05-1 ( FERM BP- 4935)
is a novel bacterial strain. Further, variants of the bacterial strain,
i.e., nutants, 5 cell fusion strains or reconbinant strains derived
fromBacillus smthii SC J05-1 (FERM - BP- 4935), can al so be used
in the process of the-present invention. 7 A cul ture of

the m croorganismfor use in the process of the;present i nvention
can be prepared in vari mlnhémﬁerﬂ&o&gﬂﬁsﬁa_lﬁémahpﬂosws&a{e%&&n?@%n@d ti{ ogen
- sources, - organic and/or inorganic salts, and the |1 ke, all of

whi ch have been Wiragetkd acgedig taogonventidhal progedwgsaamipinyedifor oildintity ebactériapindhenar y
t he, carbhon sources are gl ucose,

bacteri a. . . Exanpl.es. o C :
glycerol, dextri i &ithgEapsolid culture °£TELq‘lbdr°Q‘&H? el gy shddneHiuraYsing ittt Yerget abl e
oi |'s, and nol ass@giprocating shakers or rotary shakers, E¥@OBELS1Res Eﬁﬁghﬁg g&@grg%}%&our (?e

are organi ¢ and inorganic nitrogen sources suc
pept one, yea$t exeonentationtasldst extract, soy bean powder, corn steep |iquor,
15 cotton seed powder, dr east, casam ng acid, sodiumnitrate and

ur ea. A Chl-mﬁéé%lng?"(ﬁmt“ﬂés o) Fubated upderderplje FAnditens| t s are

chlorides, sulfatPsuticalewhdSiar fermenter is use& ibﬁH&&_&&?deﬁ’Ja%B%ﬁﬁeer o
el enents such as potassium sodium nagnesium iron, manganese,
cobalt and zi nc. in8peswillyiata mitaffpinezbottiddrtediouttimeptbe adisie vohunhped minde, sodi um
The incubation temperature may vary within a range in which the micro-
10 organism used is viable in culture. For example, the culture is incubated at a temperature
of from about 30°C to about 100°C. The meélium pH is controlled, for example, at from
about 2 to about 11.

In particular, when a microorganism of Bacillus smithii is cultivated, the

incubation temperature is in the range of from about 30°C to about 100°C, preferably

15 from about 40°C to about 55°C, and the medium pH is in the range of from about 5 to
about 7.
The incubation period may vary depending upoﬁ various conditions, and the
culture is usually incubated over a period of from about 1 to about 7 days.
The process of the present invention is conducted, for example, as follows.
20 The cultured broth of bacterial cells, in-tact bacterial cells, or the materials

obtainable by treating the bacterial cells of a microorganism prepared in the manner as
described above are suspended in water or an aqueous solution such as a phosphate

buffer, and this suspension is added to a nitrile compound for reaction.
As used herein, the term “m_aterials obtainable by treating bacterial cells”
25 refers to disrupted bacterial cells or enzymés contained therein, obtained by a conventional
iebhnique such as ultrasonic disintegration, homo;genization or disruption with a French

press, or referred to immobilized preparations obtainable by immobilizing intact or



chloride, magnesium sul fate, ferrous sulfate, manganese sulfate, cobalt
chloride, ztnc 20 sul fate, copper sulfate, sodium acetate, cal cium
carbonat e, sodi um carbonate, potassium nonohydr ogenphosphat e,

pot assi um di hydr ogenphosphat e, sodi um nonohydr ogen- phosphat e and
sodi um di hydr ogenphosphat e. In the process of the
present invention, it is preferred that a nitrile conpound such as
i soval eronitrile and crotononitrile or an -am de conmpound such as
crotonamde is 25 added to the culture nediumfor the purpose of
enhancing the nitrile-hydration activity of t he m croorgani sm used
therein. For exanple, these conpounds maygbe used at an anount of
fromabout 10 ng to about 1 g per 100 nL of the culture medi um

7 A culture of the m croorganismused in the
process of the pdiesget bacteriabeetls, onerizgmes contained thereirp ineqreaddyl reaovble dian gftdro
conventi onal procedures enpl oyed for ordlnar bacteria, in the

form of either atf€pirolpbliationateoylingip anigmphilizatgn methad SiGR# ALAIERSUPRORIE c Ul t ur e
using test tubespemog iy w}ucl} these I idN RE@bdRed ml%%ﬁprﬂﬂé A Mrdugh BRke: s, and

other cultures using jar fernenters or f'ermentation tanks.
A cul ture of t helinkagey mmc@anﬂmgtmdserpummlthqllkenmtl@uhommapd &ewlnlh tese
condi tions. artlcular when ar fermenter is used, it is

. I.n
necessary tosintWHHﬁ@ém£§3§FVEtQP?WWﬁgFﬁmm° a polymer. into, usually at a
rate of from about 0.1 }0,2RENeIR of thiRtedall@bitible Yy Eedfi) m@ﬁac{eﬁacéﬁwfute-

The incubation tenperature may vary within a rangé in which the mcro- 10
organi sm used i susvalighsed at a cowdntration .of Fom abuaPdl a9 abdue2Cwrt%, prederabdy fromsubat ed

at a tenperature . B _
about 0.01 to about 10 wt%. In the case of enzymes or immobilized preparations, the

concentration thereof may vary depending upon their purity or immobilization method
10 used; for example, it is preferred that Fhe enzymes and immobilized preparation are
prepared so as to have Similar activity to hydrate niﬁ-ile groups to that of the bacterial cells
or the material obtainable by treating the bacterial cells. The cultured broth of the bacterial
cells may be used without any further treatment before addition of a nitrile compbund. It
is preferred that the cultured broth of the bacterial cells is diluted or concentrated so as to
15 have similar activity to hydfate nitrile groups to that of the bacterial cells or the material of
obtainable by treating the bacterial cells. '
The reaction is usually effected at a temperature of from about 0° to about
70°C, preferably from about 0° to about 50°C, at a pH of from about 5 to about 10,
preferably from about 6 to about 9, for a period of from about 10 minutes to about
20 72 hours. When the pH is controlled within the above range, the bacterial cells can
* accumulate the produced amide compound into the reaction mixture at high concentra- -
tions.
The amide compound thus produced can be recovered from the reaction
mixture by any conventional method known in the art. For example, the bacterial cells or
25 the materials obtainable by tre.ating' the bacterial cells are separated from the reaction
mixture by centrifugation, followed by treatment with activated charcoal or an ion

exchange resin to remove impurities. The purified mixture is concentrated by distillation



of fromabout [err] to about [err]. The mediumpH is controlled, for
exanpl e, at from about 2 to about 11. I n
particul ar, when a m croorganismof Bacillus smthii is cultivated, the

i ncubation tenperature is in the range of fromabout [err] to about [err]
preferably 15 fromabout [err] to about [err] and the mediumpHis in
the range of fromabout 5 to about - 7. The

i ncubation period nay vary dependi ng upon various conditions, and the
culture is usually incubated over a period of fromabout | to about 7 days.
The process of the present invention is conducted, for exanple, as follows.
20 The cultured broth of %acterial cells, intact bacteri al
cells, or the materials obt ai nabl e by treating the bacterial cells
of a nlcroorganlsn1p gmpbove are

Suspentou s nIamod PBh B Sir cluted oI Sha B opecipiered opyeRE3Rpa

buffer, and thi sroﬁusazeaﬁéganemsncamahm&glmﬁademd ﬁﬂa@&ma@lmﬁor reaction.

As used herein, the term"materials obtainable by treating bacterial cells”
25 refers to d| sr ufe‘itt%ntesbmvemoalwﬂém fugtheg rillustrated by shecfoltavangBxdmpleser ei n,
obt ai ned by a cqpventian qx dto ki Eggmn%%%% uch as ultrasonic

di si ntegration, “honnge 4 (o] Aol dmsrup ‘th a French press,
or referredsto IﬁﬁDbI|Eﬁg$Lng£ﬁ@ﬁbeﬂﬁmgbkmjnab|e by i muobilizing intact
or 8
di srupted bacterial cehfagcertgr h@nz?lﬁélsokﬂdmaakenédﬂ Whﬁefroﬁﬂrcwd angh thy colleied | y
renovabl e state a{te I|z to an

i
i mmobi | i zation AEt RO dgedl a‘”"sﬂmé{e E:ng‘?}‘r“flé?ﬁ 8““ n"hgg glyccm 5§ Aetod i n

whi ch these nat gmyp%bcsn@og WIVBRT dx8stt B8 (N wBPREIOR AR fQlowad by Béubdton 2UIH

coval ent | i nkage, ionic bonding, adsorption or the |ike, or an
i ncl usi on et h0§5 Crvithisciprocating shaking for 21 days. A part of the cultured broth was spread on
10 an agar medium containing the same mgredlems as described above, and the culture was

incubated to form some colonies.

From these colonies, bacterial cells were isolated, and a loopful of the isolated
bacterial cells were inoculated into a liquid medium containing 0.1 wt% isovaleronitrile in
addition to the same ingredients as described above, followed by incubation at 55°C for

15 24 hours, which afforded a cultured broth as a specimen. Then, 1 mL of the cultured
broth was added to 9 mL of 2.78 wt% acrylonitrile solution in 0.05 M ;;hosphatc buffer,
PH 7.7, and the reaction was initiated at 10°C. After 10 minutes, 1 mL of 2N HCl was
added_ for stopping the reaction. An aliquot of the reaction mixture was taken and
analyzed by gas chromatography to examine the presence of acrylamide produced for

20 screening some bacterial strain having activity to hydrate nitrile groups. In this way,
Bacillys smithii SC-JO5-1 was obtained as a thermophilic microorganism having
hydration activity to convert a nitrile compound into its corresponding amide compound.

Conditions for Gas Chromatography
Column: packed c.olumn
25 Carrier: Porapak type Q (mesh 80-100)
Length: 1.1 m

Column Temperature: 210°C



5 materials are included in the network structure of a polyner.
The bacterial cells or the materials obtainable by treating the bacteri al
cells are usual ly used at a concentration of fromabout 0.01 to

about 20 wt% preferably from about 0.01 to about 10 wt% In the
case of enzynes or imobilized preparations, the concentration
t hereof may vary dependi ng upon their purity or imobilization nethod
used; for exanple, it is preferred that the enzynmes and i mmobilized
preparation are prepared so as to have simlar activity to
hydrate nitrile groups to that of the bacterial cells or the
mat eri al. obtainable by treating the bactCerial cells. The cultured broth of
t he bacteri al cells may be used w thout any further treatnent

before addition of a gitrile . . is preferred that the
ok Bt GRREGRT S0 pmip 1 et o

cultured broth of th concentrated so as to

10

15 have sim | ar aqgjuﬁéhwluﬁ@oﬂmi;@t@ml trile groups to that of the
bacterial cells or the material of obt ai nable by treating the
bacterial cells. Example 2: Culture of Bachiel Cedladiri ExamingtionofiZkdrypopbilitect ed at a

from about [err] to about- [err] preferably from

tamaaUHeo%
about [err] to 3B [err] at a pH of from about 5 to about 10,

preferablys from aboutyf picRriakaslor ShcitkOomifii mnoﬂ%bafneé i dth@ mnutes
-to about 20 72 hours. When the pHis controlled within the above
range, the bachaetediatells of Berilbiarsp. bacteria (deposited imihe genetids faborgtonrhaliestionani de
conpound i nt

The ani de coﬁﬂ%ﬂﬁaﬁPﬁﬁg BEH%égu%ﬁﬁH%E‘gﬁ%ﬁ 3%@“#FE§?P%@EF@3§¢?O

m xture by anyag Q@d’&g&ﬁr%ﬁ'memhmm BiddcitM€ ard Humafr QEchioisHyR @ t he
bacterial cells or 5 the materials obtainable by treating the
bacterial cel |&ew@fémridtse&mraomﬁmolpyabamim mnder the accessiqwinxmb.nr ef by

centrifuggtio égll b eatne W t ctivated %ga an ion
exchange Tbo 1RO PG riipter ArTE? tate T8elFd o i cUne TE Grbant r at ed
by distillati QResophilic bacteria as described in JP-B 62-21519/1987 were independently spread on a

nutrient agar plate medium, and incubated at different temperatures to examine the ability

to grow. The results are shown in Table 1.

TABLE 1
Incubation temperature . L < . . Dan
: : Bacillus smithii SC-J05-1 | Bacillus sp. bacteria R332

for each b(g%;nal strain ) (present invention) (control)

20 - ++

30 + ++

40 ++ +

55 ++ -

60 ++ -

70 - -

15°

the

Criteria: (-) not grown; (+) grown; and (++) greatly grown

‘As can be seen from Table 1, Bacillus smithii SC-J05-1 of the present

control.

Example 3: Culture of Bacterial Cells

invention was a different thermophilic microorganism from Bacillus sp. bacteria R332 as

In a 500 ml. Sakaguchi flask was placed 100 mL of a sterilized culture



9 or evaporation under reduced pressure, and the precipitated

crystaks aré recrystallized froman organi c sol vent such as

nmet hanol to give the desired am de conpound. : The
present invention will be further illustrated by the foll ow ng Exanpl es
"which are not to be construed to limt the scope thereof. 5

Exanple 1: Isolation of Bacterial Cells At a certain

hot spring in Okayama-ken, soil was collected, and the collected

soil was added to a culture nmedium (pH 7.2) containing 1.0 wt % gl ycerol,
0.5 Wt % pol ypeptone, 0.3 wt % yeast extract and 0.3 w % nal t
extract’, followed by ihcubation at 11 [err] with reciprocating
shaking for 21 days. ‘A part of the cultured broth was spread on 10 an
agar nmedi um containing the sanme ingredients as descri bed above, and the
cul ture was medium (#Eh2.2h eantsépingd -G wi%rsusense Qo Wishipelypeptone, 0.3 wt% yeast

F h | onij i.al | J i sol , I f f th
coaten o PG o G Fnabp B e 00N Pl Bueleht 40 um

contai ning 0.1 w661 %©yehai @lkilid dnk ©.001 wi% zinc sulfate. RlEIfidsk Yas nBeulfe@ wiBME
ingredients as described above, followed by incubation at [err] for 15
24 hours, which &} fmbrofeenlared biothof Berilfys emithii §6-I5-% prbich badheenThidvptedpa e of t he
cul tured : br.ot h s added, t.0, 9 f 78 W % acr vl opi.t.ril e

sol ut1on i n . 0se SHBCHRERER SRl todtem8 nad 40 RIGNLBETRT, 1 s

initiated at [ ersediproddf shéding¥a e BEILISStrokds/diin. fof 1 dA wilidh a¥f8@ed a cultured broth added
for stopping the reaction. An aliquot of the reaction mxture was taken and

anal yzed by gas ¥hactaraktcolirol Beailur emekii 86iIP%E1-t he presence of acryl am de
produced for 20 screeni ng. sone;. ri.al i.n having activity to
RSO0 R Bt

hydrate nitrile groups. Nlus smthii SCGJO05-1 was

obt ai ned as a ther nophithiaCs5001 6l Saag®hi 843k RAY pla@d 100 mL of a Byslizad buite act i vity
to convert a nitrile conmpound into its correspondi ng am de conpound.
Condi ti ons ¥or aagsivehpHmbsarepng 1.0 wit% glycerol, 0.5 wi% polypegtene, 8 : wiFanessed col um

25 extract, 0.3 wt%%a tregct?arct', 0.001 A }éﬁgl}é rs)lﬁfag, 686315\;}%8 rgin%z(l)ng e sulfate,

0.001 wt% cobalt chloride and 0.001 wt% zinc sulfate. This flask was inoculated with

- 0.1 mL of a cultured broth of Bacillus sp. bacteria R332 which had been cultivated on the
same culture medium as described above. This flask was then incubated at 30°C with
15 reciprocal shaking at a rate of 135 strokes/min. for 2 days, which afforded a cultured
broth of bacterial cells of Bacillus sp. bacteria R332.
Comparative Example 1: Tflgﬁﬁbstability
From 400 mL of the cultured broth of bacterial cells of Bacillus smithii
SC-J0O5-1 obtained in Example 3, the bacterial cells were collected by centrifugation at
20 10,000 x g for 10 minutes. After washing with 0.05 M phosphate buffer, pH 7.7, these
bacterial cells were suspended in 100 mL of the same buffer. -The suspension of bacterial
cells thus prepared was examined for hydration activity to convert a nitrile compound into
its corresponding amide compound. Further, to exarﬁine the thermostability of the
activity, the same suspension of bacterial cells was kept at a constant temperature for a
25 constant period of time.
The hydration activity to convert a nitrile compound into its corresponding

amide compound was measured by the following procedures. To 9 mL of 2.78%



Length: 1.1 m

10 ‘

Col um Tenper at ur e:

Fl ow Rate of Carrier Gas: 50 niL/ m n.
Exanple 2: Culture

I njection Volume of Sanple: 2 [err]
Cells for Exam nation of Thernophilic

of Bacteri al

The bacteri al

t he

cells of Bacillus smthii

SC-JO05-1 obtained in Exanple 1 and

[err]

Properties

bacterial cells of Bacillus sp. bacteria (deposited in the
[err] Nationale [err] des

genetics | aboratory collection,

Agri cul ture,

deposited in the National

t he

accessi on number of - 10
Bacillus sp. bacteria R332) which is a

French, under the storage nunber of R332

and al so

described in JPcBlda#le ddhiidh 1805 Meph6sphai€l ByFfen) GEITL.7, YwaS iAW nofa tested

nutrient agar . ) nc ( [
exani ne the abiojutign, and the reactignyvag inifigted Thi@"G. cAfter 1sminutes, § FGA062 NFHGlatss e 1.

TABLE 1

10

15

20

pl ate medium and incubated at different te

added for stopping the reaction. An aliquot of the reaction mixture was taken and
analyzed by gas chromatography under the same conditions as described in Example 1 to
determine the amount of acrylamide produced. -
With respect to the unit of enzyme activity as used hereinafter, the activity to
convert 1 pmol of acrylonitrile into acrylamide per minute was defined as one unit (U).
Then, from 400 mL of the cultured broth of bacterial cells of Bacillus sp.
bacteria R332 obtained in Reference Example 1, the bacterial cells were collected by
centrifugation at 10,000 x g for 10 minutes. Afier washing with 0.05 M phosphate
buffer, pH 7.7, these bacterial cells were suspended in 10 mL of the same buffer. The
suspension of bacterial cells thus prepared was examined for the hydration activity to
convert a nitrile compound into its cdrresponding amide compound in the same manner as
described above. Further, to determine the thermostability of the activity, the same
suspension of bacterial cells was kept at a constant temperatﬁre fora constaﬁt period of
time, and then exa_mined for the activity. The activity was measured in the same manner
as described a'box.r.e“. Based on the results of the measurement, the activity after the
treatment relative to the activity before the treatment (hereinafier referred to as remaining
activity) was calculated for each bacterial strain, and the remaining activity of Bacillus
smithii SC-JO5-1 was converted on the basis of the remaining activity of Bacillus sp.

bacteria R332 being set.to be 100.

I nstitute of Bi-osci ence and Human- Technol ogy in

Agency of Industrial Scien 8 and Technol ogy, Japan, under the
FERM P-2717; hereinafter referred to as
mesophilic bacteria as

eratures to

TABLE 2
Treatment . . \ oy . .
‘Treatment period Bacillus smithii - | Bacillus sp. bacteria
“’mg%?mfe (ho) SC-105-1 R332
50 0.5 6542 100
40 1.5 . 280 100
30 47 212 100
(present invention)_ (control)

5



[err] As can be seen from Table 1, Bacillus smithii

SC-J05-1 ot the present 15 I nvention was a different thernophilic
m croorgani smfrom Bacillus sp. bacteria R332 as the control.
Exanple 3: Culture of Bacterial Cells : In a 500 nL

Sakaguchi flask was placed 100 nL of a sterilized culture
medi um (pH 7.2) containing 1.0 wt % sucrose, 0.5 wt % pol ypeptone, 0.3 wt%

yeast extract, 0.3 % malt extract, 0.001 wt% ferrous sulfate,
0. 001 wt % nmanganese sul fate, 0.001 wt % cobalt chloride and 0.001
wt% zinc sulfate. This flask was inoculated with 0.1 nL of a
cultured broth of Bacillus smthii SC-J05-14 whi ch had been cultivated on -
t he 5 sane cul ture nedi um as descri bed above. This flask was then

i ncubated at [err] with reci procal shaking at a rate of 135
strokes/mn. for 1 day, SempastiveExampledy ReaciqmStagilid br ot h of

bacterial cells of Bacil
Ref er ence Exanpl e 1: Q“Pltréjn’? tl?e urltgrgc tbgr% ‘(J)P §a&éer1?l cells of Bacillus smithii SC-JOS5-1 In a

500 nL Sakaguchi oblaﬁsd(m\m&ngw ﬁQl%d)aﬂtQﬁliéhsﬂére dolisdtedIbly kdnZiFekatdal at 10,600 xglO
medi um (pH 7.2) contai ni ng wt % gl ycerol , 0.5 wt % pol ypeptone, 0.3 w %
yeast &g Hoqmiputeq) @ftfw%hm“ﬂ é%&%l\éebosp}@tedwﬁew% Teithegnbactasial f at e,

0.001 wt % Ma3ganeat vs?eHal sLs%En%ed in the same buffer to give a 20 U/mL bacterid! cell suspension.

On the other hand, from the cultured broth of bacterial cells of Bacillus sp.
bacteria R332, the bacterial cells were collected by centrifugation at 10,000 x g for 10 '
minutes. After washing with 0.05 M phosphate buffer, pH 7.7, these bacterial cells were
suspended in 100 mL of the same buffer to give 20 U/mL of the bacterial cell suspension.

30 Then, 1 mL of each of the bacterial cell suspension and 9 mL of 2.78 wt%
acrylonitrile solution in 0.05 M phosphate buffer, pH 7.7, were mixed together, and the
reaction was effected at 30°C, 40°C, 50°C or 60°C. After ten minutes, 1 mL of 2 N HCI
was added for stopping the reaction. An .aliquot of the reaction mixture was taken and
analyzed by gas chromatography under the same conditions as described in Example 1 to

35  determine the amount of acrylamide produced. The amounts of acrylamide produced at
the respective temperatures were converted on the basis of the values obtained in the case
of Bacillus sp. bacteria R332 being set to be 100, respectively. The converted values are

shown in Table 3.

TABLE 3
Reaction temperature | Bacillus smithii Bacillus sp. bacteria
(&) SC-J05-1 R332
30 275 100
40 675 100
50 5200 100
60 6200 100
(present invention) {control)




0.001 wt % cobalt chloride and 0.001 wt% zinc sulfate. This flask was
| nocukated«w th 0.1 nmL of a cultured broth of Bacillus sp.

bacteria R332 which had been cultivated on the . same cul ture

medi um as descri bed above. This flask was then incubated at [err] wth 15
reci procal shaking at a rate of 135 strokes/mn. for 2 days, which afforded
a cultured broth of bacterial cells of Bacillus sp. bacteria R332.

‘Conpar ative Exanple |: Thernostability - From 400 nL of
the cultured broth of bacterial cells of Bacillus smthii SC-J05-1
obtained in Exanple 3, the bacterial cells were collected by centrifugation
at 20 10,000 x g for 10 mnutes. After washing with 0.05 M phosphate
buffer, pH 7.7, these bacterialldcell s were suspended in 100 niL of

the sane buffer. The suspension of bacteri al cells thus prepared
was exam ned for hydratio | vty .t nitr compound into

its corresponding ani M‘@% BOH%H"IC&H@W&/@@‘SE%% ﬂaécflﬁe t hermostabi lity
of the acti virbYgo ﬁlbeftﬁea&ﬁuré&&&ﬁeﬁsaaaqap&up&%ams@}mﬁ;ﬁéd fswas kept

at a constant tenperature for a constant period of tine.
The hydration elcslbtammtlyﬁmnp@ohms addad hﬁgr(ﬂbnmdhpﬁ:mmnmhand thesregstionr espondi ng

12 0 COTPO SRR DRt eon R R A e ADeRIO 77,

was added 3 Nl @fho nlifsk s taken, to which GPMIFON HRDGad Red RAGbHHAR HAS
initiated at [err] After 10 mnutes, 1 nL of 2 N HO was added
for stoppl ng tmctmeaihlsdlquotﬁﬁhqbacumvmxfm‘emh@awwbrg@nhrmnaoméymg t aken and

the same conditions as described in Example 1. As a result, all the portions of acryloni-
trile were entirely converted into acrylamide, and there were found no formation of by-
products such as acrylic acid.

10 Example 5: Reaction Using Bacterial Cells

| From 150 mL of the cultured broth of bacterial cells of Bacillus smithii

SC-J05-1 obtained in Example 3, the bacterial cells were collectfad by. centrifugétion at
10,000 x g for 10 minutes. After washing with 0.05 M phosphate buffer, pH 7.7, these
bacterial cells were suspended in 50 mL of the same buffer. To this suspension was

15 added 3.0 g (56.6 mmol) of acrylonitrile in three portions, and the reaction was effected at
20°C while stirring with a magnetic stirrer. After 4 hours, 1.0.-mL of the reaction mixture
was taken, to which 0.1 mL of 2N HCI was added for stopping the reaction. This aliquot
of the reaction mixture was analyzed by gas chromatography under the same conditions as
described in Example 1. As a result, all the portions of acrylonitrile were entirely

20 converted into acrylamide, and there was found no formation of by-products such as
acrylic acid.

On the other hand, the bacterial cells were removed from the remaining
reaction mixture by centrifugation at 10,000 x g for 10 minutes, and the supernatant was
concentrated by distillation below 50°C to cause deposition of crystals, which were then

25 recrystallized from methanol to give 3.7 g (52.1 mmol, 92% yield) of colorless plate-
shaped crystals. Measurement of meltirig point, elementary analysis, IR spectra and

NMR spectra confirmed that these crystals were acrylamide.



anal yzed by gas chromat ography under the sane conditions as described in
Exanpke 1 to 5 determ ne the anount of acryl am de produced.

Wth respect to the unit of enzyne activity as used hereinafter, the
activity to convert 1 [err] of acrylonitrile into acrylam de per
m nute was defined as one unit (U). Then, from 400 nL
of the cultured broth of bacterial cells of Bacillus sp. bacteria
R332 obtained in Reference Exanple 1, the bacterial cells were collected by
10 centrifugation at 10,000 x g for 10 m nutes. After washing with 0.05
M phosphat e buffer, pH 7.7, these bacterial cells were suspended
in 10 nL of the same buffer. The - 1ssuspensi on of bacterial cells

t hus prepared was exam ned for the hydration activity to convert a
nitrile conmpound into its correspondi ng am de conpound in the sane manner
as descri bed dfxemple 6:FRaaction Psing Bnzprae Solutiome t he t hernostability of

constant " tember atur o 1 doRS HEE RERA bR oo oo of acif i SEg0F R

exam ned for theobBiied 1 Bdimpld BQheisatbial Lells Were colRASIyRehtdReatidhCat $GH0D SBNNET
as described above. Based on the results of .the measurement, the activity

after the for 10mpinutesnméier waghing: these bactsrial leells avce |susp¢nyem3®rr@ of @S M eat ment

h ft f C culated for
Sach bact or 1al © SRRSO ilfer P R Biinie s s B s et 20 o g8
sm thii SC JO5- IThe@grupededs #&6ceamifdobttat 006605 Pfor Bd)‘ﬁm[n@%'ré?ﬂoﬂtgm@&&&dél ty of

Baci | | us sp. - “bacteria R332 belng set to be 10
TABLE 2 bacterial cells. [ &lsin} a dialysis tubing (Wako Pure Chemical Industncs Ltd.},pheesent
l.nventi on) (sgl%pnatant v2a3 dialyzed against four changes of 10 mM HEPES-KOH buffer, pH 7.2

at 4°C 24 hours. The dialysate was allowed to pass through a column (50 mmé x 200
10 mm) of DEAE-Sepharose FF (Pharmacia) as an anion exchangé resin, previously
equilibrated with 0.05 M HEPES-KOH buffer, pﬁ 7.2, thereby effecting adsorption of

enzymes thereon. _
Then, 0.05 M HEPES-KOH bilffer, 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
15 buffer, pH 7.2, containing O M to 1.0 M potassium chloride. The fraction exhibiting the
hydration activity to convert a nitrile compound into its corresponding amide compound
was recovered and dialyzed using a dialysis tubing (Wako Pure Chemical Industries,
Ltd.), against four cﬁanges of 10 mM HEPES-KOH buffer, pH 7.2, at 4°C for 24 hours.
The dialysate was purified by anion exchange chromatogréphy under the same conditions
20 as described above, except that elution was effected by a gradient of 0.05 mM HEPES-
KOH buffer, pH 7.2, contaiping 0.2 M to 0.8 M potassium chloride. The eluent was
dialyzed in the same manner as described above, which afforded a crude enzyme solution.
The activity to convert a nitrile compound into its corresponding amide

compound was determined as follows:

25 First, 1 mL of the crude enzyme solution was added to 9 mL of 100 mM
- aqueous propionitrile, pH 7.7, and the reaction was initiated at 10°C. After ten minutes,

1 mL of 2 N HCI was added for stopping the reaction. An aliquot of the reaction mixture



13 Conparative Exanple 2: Reaction Stability
From« he eul tured broth of bacterial cells of Bacillus smthii SC JO05-1
obtained in Exanple 3, the bacterial cells were collected by centrifugation

at 10,000 x g for 10 mnutes. After washing with 0.05 M phosphate
buffer, pH 7.7, these bacterial 25 cells were suspended in the sane
buffer to give a 20 U nlL bacterial cell suspension. . On

the other hand, fromthe cultured broth of bacterial cells of Bacillus sp.
bacteria R332, the bacterial cells were collected by centrifugation at
10,000 x g for 10 m nutes. After washing with 0.05 M phosphate
buffer, pH 7.7, these bacterial cells werg suspended in 100 nlL of
the sane buffer to give 20 U nlL of the bacterial cell suspension. 30

Then, 1 nL of each of the bacterial cell suspension and 9 nL of 2.78 W%
acrylonitrile soVatakehaidgnalyzebynpihes|stearehy i deteapine the-pmount of prapienaridg e d

t oget her, and thﬁ-d reaction was effected at [err] or [err] After ten
m nutes, 1 nlL of %'*T%{] was added for stopping the reaction. An
aliquot of the reacti onwith Xipddt & H@enitoR KzPmeRdvity as used heréifidibry @ ety tgaS
chromat ography under the sanme conditions as described in Exanple 1 to. 35
determi ne the an®yert lgrmelof propippitiile igtoperpioatmiderpre matwA Was slefied at Prplupifi de

- produced at s vy, the respective tenperatures were converted on the basis
of the val ues oét&ined in the case of Bacillus sp. bacteria R332
bei ng set to be 100, r empetde edBimé soldtivn RO obtticd &as ¥ifited @&th @108 M phosphate  Shown
in Table 3.

TABLE 3
[err] buffer, pH 7.7. To 100 mL of this dilution was added 2.5 g (47.2 mmol) of acrylonitsile,

and the reaction was effected at 20°C while stirring with a magnetic stirrer.  After 3 hours,
1.0 mL of the reaction mixture was taken, to which 0.1 mL of 2 N HCl was added for
10 stopping the reaction. This aliquot of the reaction mixture was analyzed by gas chroma-
tography under the same conditioné as described in Example 1. As a result, all the
poﬁions of acrylonitrile added were entirely'conveﬁed into acrylamide, and there was

found no formation of by-products such as acrylic acid.

Example 7: 'Con})ersion of Various Nitrile Compounds

15 In this example, nitrile-hydrating enzymes contained in Bacillus smithii SC-
JO5-1 were examined for the ability to convert various nitrile compounds i,nfo their
corresponding amide compounds. To 60 U--c.).f the crude enzyme solution obtéiﬁed in
Example 5, were added 20 mL of 0.05 M phosphate buffer, pH 7.7, and 1 mmol of each
of the tested nitrile compounds shown in Table 4 as a substrate, and the reaction was
20 effected at 30°C for 3 hours. As a result, it was found that the crude enzymes prepared
from Bacillus smithii SC-J05-1 had hydration activity to convert all the tested nitrile
compounds into their corresponding amide compounds. The reaction mixture was
analyzed by gas chromatography or liquid chromatography to determine the amount of

amide compound produced or the amount of nitrile compound consumed.



14 Exanpl e 4: Reaction Using Cultured Broth of
Bacterial €ells To 100 nL of the cultured broth of
bacterial cells of Bacillus smthii SC JO5- 1 obtained in
Exanple 3, was added 2.5 g (47.2 mmol) of acrylonitrile, and the reaction
was effected at [err] while stirring with a nmagnetic stirrer. After 3
hours, 1.0 nL of the 5 reaction mxture was taken, to which 0.1 nL
of 2 N HO was added for stopping the , reaction. This aliquot of
the reaction mxture was anal yzed by gas chronat ography under t he
sanme conditions as described in Exanple 1, _As a result, all the portions of
acryloni- tri'te were entirely cbhverted into acryl am de, and -
there were found no formati on of by- products such as acrylic

aci d. 10 Exampl e 5: RARLE 81 Usi ng Bacterial Cells

From 150 nL of the cul t ured—broth—of—acter+at—cet+s—ofBagi | us smthii
SC-J05- 1 obtained in Exgnple 3, t Hiesteritilecorapounds| | s were dol | ected by
centrifugation at 16,000 x g fomt0-mmutes. Aftgr washing with
0.05 M phosphate buffer, |pHrBupronitflase Malonoigilet erj al |cel |'s were
suspended in 50 nL of thg sarkelehuitdler. To |t hiSscchuosipnsi on Vjas 15 added
3.0 g (56.6 mml) of acryl ondobitirbBmilen t hr ge ppbAigRs, and tihe reaction was
ef fected at [err}.zm&;me osfoin{u{lé ng vvi&ceon%ﬁfemgneti cistirrer. After 4
hours, 1.0 nL of the readtidn m)?_fﬁre was taken, {to which 0.1 niL
of 2N HCl was added for 4t opsWiREitEhe react|i oRivaepiiie 5 | quot of
the reaction m xture was [an&oanenitritey gas ¢hr dMrthhagordgpley under the sane
conditions as desaldybRgyridhe EXanp! e glazofigiled resul tf, all the
ortions of acrylonitrile re_entirel 20 converted ifnto acryl am de,
gnd there was f)c/)und no f r\Arrlg'tc’S%nr?Pc’)“ - yypr 1, ZiCyope Y

According to the present invention, various nitrile compounds can be stably
converted into their corresponding amide compounds even in the range of temperature
higher than room temperature, which makes it possible to produce high-purity amide
compounds with high efficiency over a wider temperature range as compared with the

5 conventional processes which are usually conducted at low temperatures.



acrylic acid. On the other hand, the bacterjial cells
were kenoved fromthe renmaining reaction m xture s%ﬂ@ﬁﬁj\ygmni DN
at 10,000 x g for 10 m nutes, and the supernatant was REPRACEDT I at ¢d
by distilTation betow ferri—to cause deposition of crystals, which-were

IE}@“ fromnmethanol to give 3.7 g (52.1 nmol, 92%

then 25
yi el d) of H“lmmwmﬁ shaped crystals. Measurenent of nelting
a

poi nt, el enentary.ana , | R spectra and NMR spectra confirned
that these crystals were acryl am.de. -

15 Exanpl e 6: Reaction Using Enzyme Sol ution
. From8 L of the cultured broth of bactert®l cells of Bacillus snithii
'SC-J05-1 obtained in Exanple 3, the bacterial cells were

col lected by centrifuggphpl @iimedi000 X g for 10 mnutes. After

washi ng, these bacterial cells were suspended in 300 nL of 0.05 M 5
HEPES- KOH buffer, pH 7.2, and disrupted two tinmes with a French press at

20, 000 psi. The di sru'p}ed cells re.centri fugel(]i @t 10,000 x g
for 30 minutes to renpke HHECGEESfogpEqduction of amide gampopnds.,Which CPmPLSEsi g g

di al ysis tubing V@{&Q RUAR SRR CHb its BoHSIohdifSmidelc@mpound Behydrating said

super nat ant vvasagli a ﬁzaelﬁaaéal nst fo&r' cgﬂr?gés" of 1c0 %ﬁ\'h"H PES- Kla—Tmbuffer, pH
7.2, fiitrild @mpdund@ih theqasence dflaculthired byothalf bacteaal cellk,limavebhcteral prllss t hr ough
a colum (50 [err] x 200, 1 ' of DEAE- Sephar pose .EF (Pharmacia) as an
ani on exchahge fig&pted basiers; "Bﬁ%P’ye‘nzy es °°“famei§ Teﬁ‘i’ BY m@u%e K38 m

HEPES- KOH buf T efpible by dmmoRiGifMta@tbh&ial &ls, eR{ba@&iaPEells or enzymes €NZYMES
t her eon. Then, 0.05 M HEPES-KOH buffer, pH 7.2, was

al | owed t o passcdntrined thlareinhenid bacterial cells being cells of a biologically pure culture of a

thermophilic microorganism having hydration activity to convert a nitrile compound into
its corresponding amide compound.
10 : 2. The process according to claim 1,-whé:rein the thermophilic microorgan-
ism is a bacterial strain of Bacillus smithii.
3. The process according to claim 1, wherein the'thermoph_ilic nﬁcroorgan-
ism is Bacillus smithii SC-J05-1 (FERM BP-4935).
4. A biologically pure culture of a thermophilic microorganism having
15 hydration activity to convert a nitrile compound into its corresponding amide compound.
5. A biologically pure culture of Bacillus smithii SC-JO5-1 (FERM BP-4935)
or a variant thereof having hydration activity to convert a nitrile compound into its

corresponding amide compound.
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colum for washing, and elution was effected by a gradient_of 0.05 M
HEPES-KOH «“15 buffer, pH 7.2, centdining’0 Mto 1.0 M fiRSSHeRMHAS BEEN
chloride. The fraction exhibiting t he hydr ati on ectivnﬁmeED
convert a nitrile compound into its correspondi ng am de cdopound

was recovered and dial yzed using a dialysis tubing (Wako Pur e Chenical

I ndustri es, Ltd.), against four changes of 10 mM HEPES- KOH buf f er
pH 7.2, at [err] for 24 hours. The di al ysate was purified by anion
exchange chromat ography under the sanme conditions 20 as descri bed '

above, except that elution was effected by a%9gradi ent of 0.05 nM HEPES-
KOH buffer, pH 7.2, containing 0.2 Mto 0.8 M potassiumchloride. The

el uent was di al yzed, i manner as descri bed above, which
afforded a crude enzyme séﬁﬁ??%‘ﬂqﬁe%“ closure: The activity to
convert a nitrile conmpound into its correspondi ng am de conpound
was determined as follows: 25 First, 1 nL of the crude

enzyne sol ution was added The p@sent ingéntibQ @rovides a process fercpaeductipnmf @glidsicemr i | e,
pH 7.7, and the reacti.on tiated at rr] After ten mnutes, .

T of 2N HO wadoie Pl sRVRES hates sbiish it Pt i,
reaction mxture  compound by hydrating the nitrile compound in the presence of a cultured broth of

16.- was taken and analyzed by gas chromat ography to determ ne the

amount of pr opPonarbkatksial cells, intact bactepiplgellscdisgupted bacterial cells or enzymes containey\fherpin,

h f
Convert | ol of  F SERBEAT TSR SoEp R S ATRO AR B i ke SR ae

one unit S (bhdlerial cells or enzymes contained therein, the bacterxal cells being those of a biologi-

cally pure culture of a thermophilic microorganisin having hydration activity to convert a
nitrile compound into its corresponding amide compound, such as Bacillus smithii SC-

10 JO5-1 (FERM BP-4935).
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The' crude enzyme sol ution thus obtained was diluted with 0.05 M phosphate
“buffer, .pH 7.7. To 100 nL of this .dilution was added 2.5 g (47.2 mol) of
acrylonitrile, and the reaction was effected at [err] while
stirring with a nmagnetic stirrer. After 3 hours, 1.0 nL of the
reaction m xture was taken, to which 0.1 nL of 2 N HO was added for 10
st oppi ng the reaction. ThIS aliquot of the reaction mxture was anal yzed by

gas chroma- t ogr aphy under the sal conditions as described in
Exanple 1. As a result, all the portions of acrylonitrile added
were entirely converted into aPROICESSAROR ARODUESTEONAOF - found no
formati on of by-products such as acrylic acid. Exanpl e

7 Conversion of Vari ousAMIIE COMPORNIISIBSING MICROORGANISM | N _thi's
exarrpl e, nitrile-hydrating enzynes contained in Bacillus smthii SC

JO05-1 were exam ned for the ab| lity to convert various nitrile conpounds

i nto thelr caorres i Ng e conpounds. To 60 U of the crude
enzyme sol ution obt aj AR$LY 1 of the ‘SCEB?HHTJI e 5 were added 20 nL of 0.05 M
phosphate buffer, pH 7.7, and 1 mml of each of the tested nitrile

conpounds shown in Tabl e 4 as a substrate, and the reaction was

effected at [err] for ’I%ehpor%e&wé%n?or e%jnhe g%%sﬁgrﬁ? i&gtoﬁté(}e déd&m-

enzynes prepared acl |on

activity to cogyey % v v?}h!:h i egséPﬁgefr?iggrd ﬁlﬁ-ﬂe compoundciﬂﬂpﬂ’s’ 'Egﬁeéﬂ&hﬁl

correspondi ng-am npoun ction m xture was

by gas chro Watcs%a&m' b9 rh}ldratiﬂgdthe i QNB b SRpSRIY in! edStesinel T 4 B@luﬁ@@ llb'i'étthf

am de corrpound produced or the amount of hitrile cormound consuned _

J17 - - bacterial cells, intact bacferial cells, disfupBdBagesial cells or enzymes contained therein, =~ -~
or immobilized preparations obtainable by immobilizing intact bacterial cells, disrupted
bacterial cells or enzymes contained therein, the bacterial cells being those of a biologi-

| cally pure culture of a thermophilic microorganism having hydration activity to convert a

' nitrile compound into its corresponding amide compound, such as Bacillus smithii SC-

JO5-1 (FERM BP-4935).
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[err] According to the present invention, various nitrile
. conpounds can be stably converted into their correspondi ng am de
conpounds even in the range of tenperature hi gher than room
tenperature, which nakes it possible to produce high-purity am de
conpounds with high efficiency over a %i der tenperature range as conpared
wth the 5 conventional processes which are usually conducted at | ow

t enpera : : o B : . 1. A
pr ocese TS S0l of 8 certain ot spring Iy Okayamarkey, complics wieh syeh seabbeta¥y |

ni trileQaRPEsHpleih® thel prescdk iRRGHKI ng am-de conpound by hydrating said
nitrile corfpound in the presence of a cultured broth of bacterial cells,

i ntact bact qhiyg) the Présent infesionprovidess pescesy fof Pfdd%cﬁdin enaniite copsfunts ed
therein, or inmmobilized preparations obtainable by imobilizing intact

bact er i athictetomprisisscompértiig zanitrilei ampoahd $ntoritsesvrsespondig amidenespdugidei n,
said bacterial cells being cells of a biologically pure culture of a

t her nop by hydratingrsaid girilesconBuwuind [in thespriesence oSe-caligred broGRM BietetbSElihavi ng
hydration activity to _convert a nitrile conpound into its correspondi ng

ani de cdapiubacterial cells,hidisrepfed abacjeriadr eelisulor uenzysres Bentained thereimi jor
SC- J0O5- F P4935 '
: }m&ogm prep atigzgs %btainable by immobilizing intact bacterial cells, disrupted

[ —

bacterial cells or enzymes contained therein, said bacterial cells being cells of a
biologically pure culture of a thermophilic microorganism Bacillus smithii SC-JO5-1
(FERM BP-4935) having hydration éctivity to convert a nifrile compound into its
corresponding amide compound.

The present invention also provides a biologically pure culture of Bacillus smithii
SC-J05-1 (FERM BP-4935) or a mutant thereof having hydration activity to convert a
nitrile compound into its corresponding amide compound.

DETAILED DESCRIPTION OF THE INVENTION

According to the process of the present invention, various nitrile compounds can be
converted into their corresponding amide compounds. Examples of the nitrile compound
are aliphatic nitriles such as n-butyronitrile, n-valeronitrile, isobutyronitrile, acetonitrile,
and pivalonitrile; halogen-containing nitrile compounds such as 2-chloro-propionitrile; -
unsaturated aliphatic nitrile compounds .such as acrylonitrile, crotononitrile and
methacrylonitrile; hydroxynitrile compounds such as lactonitrile and mandelonitrile;
aminonitrile compounds such as 2-phenylglycinonitrile; aromatic nitrile cﬁmpounds such
as benzonitrile and cyariopyridines; and dinitrile compounds such as malononitrile,
succinonitrile and adiponitrile. Preferred are n-butyronitrile, n-valeronitrile,
isobutyronitrile, acetronitrile, pivaldnitrile, 2-chloropropionitrile, acrylonitrile,
crotononitrile, methacrylonitrile, benzonitrile, 2-cyanopyridine, 3-cyanopyridine, 4-

cyanopyfidine,
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mut ant thereof having hydration activity to convert a nitrile conpound into
its corresponding anm de conpound... 3. "A process according to claim1
wherein the , said bacterial cells, disrupted bacterial
cells or Eﬁzﬁmmllmlllmjﬁmer einis 0181 to 20% by weight. 4. A process
according to &l afm4 whefei i the tenperature of the hydration reaction is
[err] to [err] 5. A process according to claim1 wherein the pH of the
hydration reaction is 6 to 9. 6. A QLAIMS according to claim1 wherein
said nitrile is selected fromthe grou consi sting of n-butyronitrile,

n- val er onilt r i Ae proassy §es peeductipp cof amide| enepnusds,oWhich pRIPrises r cAnyeIting pe,
crotononitrile, 3-cyanopyridine, 4-cyanqpyridine, ., malononitril.e, . .
succi noni Bitfilee ComaPEAh IRt s, corispending (ATHUE [RolROBRY (§Y fhydrating ' said " nitrile

met hacryl oni tril¢ enzonitrile an -cyanopyridine. . 7. A Drocess

accor di ngc?lBP‘elfnéfm SR %fg‘i‘ &“ﬁ?‘i"’ﬁ.‘?’f@ gpémf%rﬁep?’i ’rnéa%r]ip&c%g?‘ﬁ%’de
Is acryl ag . r ggs i tifedC LA, 1 L4:5,84 [t L S
pr opi oni tmlsﬂ'gjt%dng)agtgl 8P§§1ﬁ§2’§ 'S %egpéll%nam dgﬂ%’. owﬂplrﬁ%@lelg%i %5%3%@4?8 to

claim1l | L Snd i SHiB3ihe Ning Badtskidl delfls | 8 I Nbidi& CénZme’N
enzynme p\r,\,gg%rﬁiaatB }egﬁirf rorr(1SH ég%ll I u%Ets m&% |RP (%Cé’\]glg-u?té(dFll’ERM %%gg%} nc3
contained therein, said bacterial cells being cells of a biologically pure culture of a

thermophilic microorganism Bacillus smithii SC-J05-1 (FERM BP-4935) having

hydrati_on activity to convert a nitrile compound into its corresponding amide compound.
2. A biologically pure culture of Bacillus smithii SC-J05-1 (FERM BP-4935) or a
mutant thereof having hydration activity to convert a nitrile compound into its
corresponding amide compound. |

3. A process according to claim 1 wherein the concentration of said bacterial cells,
disrupted bacterial cells or enzymes contained therein is 0.01 to 20% by weight.

4. A process according to claim 1 wherein the temperature of the hydration reaction is
0° to 70°C. |

5. A process according to claim 1 wherein the pH of the hydration reaction is 6 to 9.
6. A process according to claim 1 wherein said nitrile is selected from the group
consisting of n-butyronitrile, n-valeronitrile, isobutyronitrile, 2-chloropropionitrile,
acrylonitrile, crotononitrile, 3-cyanopyridine, 4-cyanopyridine, malononitrile,
succinonitrile, adiponitrile, acetonitrile, pivalonitrile, methacrylonitrile, benzonitrile and
2—cygnopyridine.

7. | A process according to claim 1 wherein said nitrile is acrylonitrile and said amide
is acrylamide.

8. A process according to claim 1 wherein said nitrile is propionitrile and said amide
is propionamidé.

9. A process according to claim 1 wherein said hydration of said nitrile is in the

presence of an enzyme preparation from Bacillus smithii SC-J05-1 (FERM BP-4935).
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