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1. Some General Concept of a Process for Biologically Producing an Amide
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containing culture mediumand it is in a cobalt ion containing culture
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effect of the present invention is useful because of the inportance of

ni cot i namadmetail® bf theididratien dactiohy dr at i on product of 3-cyanopyridine, as a raw
material for vitam n synthesis or of pyrazineanm de, that is the hydration
product oft) Migaorgeyemazi ne, useful as a tuberculostat. 1. Sone Ceneral
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causi ng,t he n|tr| ratase to act upon the nltrlle As one of such 10
enbodi ments gadiéiBio§icdl propertdBt hod for collecting an enzyne produced by a

m croorgani sm and using the enzyme as an enzyme preparation. This way of
use of the nitrile hydratase, wherein the enzyne is used as an enzyne
prepar at i ofa) i Morph@togyider st ood as falling within a category of "a process

for bi abogi cghlyy Mﬁdléﬁid%ldé dfhecdumpent ppyeAatiop. plk 2. -Deoajls of the

Hydrati on Reactl on g M cr ﬁ&alnl sm The m croorgani smused in the present

i nvention is (#)mk es Rhodococcus 20 rhodochr ous,
strain J-1. Repr @felﬁeatusﬁe strain of this sPprei eellsexhébitsaanldng.

Det aU,s of the strain J-1is as follows: (1), Eﬂhﬂeaﬁ‘.q dRROShikqa1
stage of culture, grows
with snapping in the
shape of curvature and

® then is divided into
short bacilli.
(3) Motility: None.
%0 (4) Presence of spores: None.
(5) Gram's stainability: Positive.
(6) Acid-fast property: Negative.
55 (7) Heterophile grapulocyte: Detected.

(b) Growing states in various culture media (30°C)



25 The 'strain J-1 was sanpled fromthe soil in Sakyo-ku of Kyoto, Japan

and deposited as an international depasoregeBder the Budapest Treaty on the
I nternational Recognition of the Deposit of M croorganisns for the Purposes
of Patent Procedure) in Fernentation Research Institute, Japan, Agency of

| ndustrial Sciences and Technol W th the cessi-on .nunber,,of FERM
BP-1478. 30 (2) B%?c’teﬁ‘i°&i‘o§?%‘d|?q%¥8p‘é?f'i‘b‘§‘( 1‘ﬁ§Fpr?81t6'gya3§“*me ®¥1) Form
and size of cells: . 0.9 - ) 1p am 3(48 1houfelr]. (2)
Presencesof pol ynmor phi sm of cel | s: irreqular and smootdRg cel |
exhi bits®a long 40 ' . r od
shapevi n the initial stage of culture, groR/l\}se \fﬁufﬁacesnbaeﬁpnlgnéatpﬁr t he
shape of curvature and then is divided int&FYshdlatha@Ppane, (Bple
Motility: None.oradge-pifid)colBresence of

spor es: ) S Jaabi Ll L y:

Posi ti ve.m (6) Aci %2)1‘ aBsrtOtBr %%%?%f:ag@ ol AlPe} Shitddd L’”’Hﬁeggti \s/'é‘?ogg

(7) Heterophile granul ocyte: Det ect ed. (WWFEEF RS L2 FReVari ous
culture nedia (30[err]C) 4 EP 0 307 926 Bldnyl,) Becthoagaslpghtdyculture:
Circle wwth a dianeter of 1 nmm (48 hours)proRruding with rather

or anger pInk 0ol ors 10 | (2) Broth agar oIS cEPIEr e ABBaHL AN [ a
snoot h surface being rather dry, section sligfliog.protruding with rather
15 (3) Broth liquid culture, dry,FleakeshirmggegRiowkerpl or. (3)
Brotb [igyid cul ture. Fl ouri shi ng ngNfJ}ming the bacterial
~ cell membrane, and
moderate turbidity and
sediment are formed
% accompanying the growth.
{(4) Broth gelatin stab
culture: Growing finely on the
surface, in the shape of
w a cone along the stab
part, but not in the
lower layer;
35 liquefaction is not
observed in gelatin.
(5) Litmus milk: No change.
g~; {c) Physiological properties
0 (1) Reduction of nitrates: Positive.
(2) Denitrification: Negative.
(3) MR test: Negative.
5 (4) VP test: Negative.
(5) Generation of indole: Positive.
(6) Generation of hydrogen
sulfide: Positive.
60 (7) Hydrolysis of starch: Negative.
(8) Utilizatiop of citric acid:
65



20 ' ' formng the bacterial cell
menbr ane, and noderate turbidityrgdosesspent are forned 25
acconpanying the gromh. (4) Broth gelatin stab culture:
Gowing finely on the surface, in the shape of 30 a cone along the
stab part, but not i agl @ medium: | RYEL
| i qguefaction is not o servedulrr? atnltn g thsz m | Kk:
No change. (c)  Phyehwissgneer' iy EP’E? es 40 (1) Reduction of
nitrates: Posi thediumz2) Denitrificati ®dasitive. Negative. (3) MR
test: EgR! b¥ e {DgeXPsbesde
9) Utiliz in anic ni ens e:
Negat Ne (5) Cgerzeratjlon 1;of I ndol e &% gsﬁg A= (6) Ceneration of
hydr ogen sul fi de: ni Positi * (7) Hydrolysis of
starch: Negat | ammonig8h €alls zati on of Pepitive.acid: 55 5 EP 0 307
926 Bl Kocur's @uel)iceher&EibnUBE déBAtinge. Christensen's cul ture nmedi um
Positive. (9) Uili {3.0f inorganic nitgagen spurce: nitrate:
Posi ti ve. ammnl um ?EH Posi ti veg (10) Generati on of
col oring mat t erlll)Ureases Negat i v8°st‘H‘5“Ur ease:
Positive. (12)@li2d@sédase: Negatives.
75 (13)Catalase: Positive.
(14)Hydrolysis of celluﬂose: Negative.
{15)Range of growth: pH: 5 - 10, temperature:
, 10 - 41°cC.
2 (16)Attitude to oxygen: Aerobic.
(17)Decomposition of tyrosine: Positive.
(18)Decomposition of adenine: Positive.
25 (19) Phosphatase: Positive.
{20)Hydrolysis of Tween 80: Positive.
{21)0-F test: Negative.
(22)Heat resistance (in 10%
20 skim milk at 72°C for
15 minutes): None.
(23)Generation of an acid
and gas from a sugar: Acid Gas
% L~-Arabinose - -
D-Xylose - -
L D-Glucose + -
~ . D-Mannose - -
D-Fructose + =
Maltose + -
Sugar + =
% Lactose - -
Trehalose - =
D-Sorbitol + -
D-Mannitol + -
50 Glycerol + -
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15 ' (1§)Catalase: Positive. (14)Hydrolysis of cellu
ose: Negati ve. (15)Range of grow BP 0 307 926 B1 pH 5 - 10, tenperature:

10 - 41[err]C 20 (16)Attitude to oxygen: Aer obi c.
(17) Deconposition of tyrosine: Positive. (18)Deconposition of adenine:
Positive. 25 (19) Phosphat ase: Positi ve.
(20) Hydrol ysis of Tween 80: Positive. (21)0-F test:
Negative. (22)Heat resistance (in 10% 30 skimmlk at 72[err]C
for 15_n¥nutes): None. (23)Generation of an acid and gas from
a sugar;: Acipositive; Gas:3Begative L- Ar abi nose D Xyl ose
D- G ucose (24)Growth in a sihg@ew%%%%‘?\ Idridet;0se +
Mal t ose + “Sugar + 45
Lact ose Trehal ose DISosbtobl + D- Mamni t ol
50 g G pseEQhe + 55 & EP 0 307 926 Bl
+. positive; - negative (24)Gowh in a single carbon source: |nositol
10 Val Podannitol + +
D- I\/ann! t ol Rhamnose + Rhamose 15
D-Sorbit f’sl D-Sorbitol ¥
m-Hydroxybenzoic acid +
Sodium adipate +
‘ Sodium benzoate +
N Sodium citrate +
Sodium lactate +
Testotetrone +
26 L-Tyrosine +
Glycerol (1l%) (w/v) (+)
Trehalose _ (+)
30 p-Hydroxybenzoic acid (1%)(w/v) +
+: positive; -: negative (+): slightly positive.
(25)Fatty acid and analysis of
cell wall: Containing wunsaturated
% and saturated straight-
chain fatty acids and
. tuberculo-stearic acid.

40 TLC of mycolic acid
gives single spot.

45 As a result of classification of the above described bacteriological properties in the light of the Bergy's
Manual of Systematic Bacteriology, the strain J-1 is an aerobic, Gram-positive, weak acid-fast, catalase-
positive and non-endospore generating bacillus, which will not insert flagellum. It also exhibits a shape of an
elongated bacillus like a mycelium in the initial stage of growth, grows with branching and then divided into
short bacilli. Therefore, it is recognized to belong to a bacterium of a Nocardia type.

&0 The analysis of faity acid composition exhibits that the bacterium contains unsaturated and saturated
straight-chain fatty acids containing tuberculostearic acid. The TLC analysis of mycolic acid gives a single
spot having the same Rf value as of the standard bacterium Rodococcus rhodochrous (IFO 3338) and thus
distinguished from the genus Mycobacterium. It is also distinguished from the genus Nocardia by the
composition (number of carbon atoms) of mycolic acid. As the results of examination of other biochemical

55 properties, the bacterium is recognized to be a Rhodococcus rhodochrous.

Microorganisms tend to undergo mutation. Accordingly, it is needless to say that the bacterium, even if
it is a mutant of a competent strain such as the strain J-1, can be used in the process according to the
present invention, as far as its culture product produces nitrile hydratase in the presence of a cobalt ion.
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m Hydr 6xybehzoi ¢ aci d + Sodi um adi pat e

+ S_odi umpenzoate EP 0 307 926 B1 + 20.
Sodium citrate + Sodium | actate
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classification of the above descri bed bacteriol ogi cal pr opertl es in the
light qf the Bergy's Manu IN of Systematic Bacteriology, the strain J-1is
an aerobic, Gampositivy wedk aci d-fast, catal ase-[lﬂosi tive and
non-endospore generati ng @ ¢cNwhich will not insert flagellum It also
exhibits a shape of an elgrgatled bacillus Iike a myceliumin the initial
stage of growth, grows wt ranchi ng and then divided into short bacilli.
Therefase, it is recognized to belong to a bacteriumof a Nocardia type. 50
The anal ysi sTypitald thérbof amclh,3- adrggyaiopyridinessxhi bits that the bacterium contai ns
unsaturated and saturated straight-chain fatty acids containi ng

tubercul ostearic acid. The TLC analysis of nycolic acid gives a single spot
having the sane Rf value as @N the standard bacteri um Rodococcus
rhodagiffous (1 FO 3338) and thus distinguished fromthe genus Mycobacterium
It is also distinguished f Re genus Nocardia by t onposi tion (nunber
of carbon atons) of gol i athe results of e nati on of other

bi ochem cal 55 prope , 2 bacteriumis recogni zed to be a Rhodococcus
r hodochrous. M croorgani sme~enl to undergo nutation. Accordingly, it is
needl es? to say that the bacterium even if it is a nutant of a conpetent

strain sugh ré\mﬂh% Re Ly L&ve]y lapreﬁééh’t‘ﬂbf-l 6@%6#“ &Ne cRr eo?ﬁ according to the
present i NVeRbdeQihicaPifien eao%nioh.ﬁue Qb Lokt Saria'&frub.lose fn&t ase
in the prgsgnf (?n-l‘ﬂlfrobanzg al p-hrmnobe,‘(zon.tme, Om Q.?a %&ﬁmﬁ%@ iddhikrfel | €
Nitrileg Bﬁm& ith, | idoplARaloniirld, 118r8shtraRniRleS 2 B-SihIGHbERnAhitrAY, decﬁloBUéﬂnE@ztnﬂ& @nd 26-

pr oduced Jbgnzm,.ﬁreoor gani sm descri bed above are aromatic and ali phat| C
nmononitriles or dinitriles, particularly nononitriles. 5 The nitriles
which will best enjoy the characteristi cs. of the present invention are
aromatic nitriles,

35 CN [III]

40 Those typical thereof are a- and g-naphthonitriles.

4 | é\__ CN (Iv]

wherein X represents S or O.
50 Those typical thereof are 2-thiophene carbonitrile and 2-furonitrile.

55



particularly those having 4 - 10 carbon atons forming the aromatic ring.
Several typical exanples of the aroppiggpzoegBil es are the conpounds
represented by the follow ng general formulae [1] - [VI] as follows: N 10
[err] 15 Typicals thereof are 4-, 3- and 2-cyanopyridines. CN 20 [err] 25
wherein RL and R2, respectively, rqPresent H CH3, OH J[err], d, F O\
NH2 or NCO2. Those typical thereof e benzonitrile, o-, m and

p- chl orobenzonitriles, o-, uorobenzonitriles, o- and

m ni trobenzonitriles, p-a 1 rqjle, o-, m an v -tolunitriles,

4- cyapopfienol , anisonitrilk a2l gnitrile, isophthalonitrile,
terephthalonitrile, 2,6-disQ AZenttrile, 2,4-dichlorobenzonitrile, and
2,6- difluorobenzonitrile. Those typical thereof are a- and
[err]-naphthonitriles. X [err] wh¥®®in X represents S or 0. 50 Those

typi cal thereof are 2-thiophene carbonitrile and 2-furonitrile. 55 8 EP
0 307 926 B1 Iﬂ,e{t%uga]e,ghlplgq,e;ggﬁsgmh&ﬂoleexarrpl e thereof is 5-cyanoindole. N
[err] N 20 The typical exanple thereof iIs cyanopyrazi ne. Another group of
nitriles formng the object of the present invention are preferably
aliphatic nitriles, nore preferably nono- or di-nitriles having 2 - 6
carbon atsons, nost prefer nonitriles. Judging fromthe useful ness of
the ami des to be producedﬁ‘ Ionbﬁrl le is typical &N&lhas a good

produci bility.

" ®

The typical example thereof is cyanopyrazine.

Ancther group of nitriles forming the object of the present invention are preferably aliphatic nitriles,
more preferably mono- or di-nitriles having 2 - 6 carbon atoms, most preferably mononitriles. Judging from
the usefulness of the amides to be produced, acrylonitrile is typical and has a good producibility. -

25 It goes without saying that the amides corresponding to these nitriles are those obtained by converting
the CN group of the latter into a CONHz group. In the case of the dinitriles, it should be considered to be
the corresponding amides obtained by converting at least one of the CN groups into a CONHz group.

3) Culturing/production of nitrile hydratase
30
The culturing of a microorganism in the species Rhodococcus rhodochrous can be conducted under
any appropriate conditions provided that a cobalt ion be present in a culture medium. it may be a common
practice to put an enzyme inducer which will be described in detail hereinbelow in a culture medium so that
the nitrile hydratase is accumulated in the bacterial cells.

85
(1) Basal medium

Examples of appropriate culture media are illustrated as follows. It can be easily performed by a person
v skilled in the art to vary the amount(s) of component(s) shown below, to substitute a component with
40 another, and to eliminate some component(s) or add other component(s).

50



25 [t goes without saying that the anides corresponding to these
nitriles are those obtained by corereg8ozgeetBe CN group of the latter into a
CONH2 group. In the case of the dinitriles, it should be considered to be

t he correspondi ng am des obtai ned by converting at | east one of the CN
groups into a CONH2 group. 3) Culturing/production of nitrile hydratase 30
The culturing pf)acalenaper g@diam An the speci es Rhodococcus rhodochrous can
be conduct ed under any appropriate conditions pravided.that .a.cqobalt ion be
present in a culture nedium It may be a comm%"ﬁ?r“é‘g‘t ﬂd‘é‘ ?‘oldlﬁergn enzyme

i nducer®which will be ¢empompewti n detail hereiofbdhewniedimmiul t ure medi um
so that the nitrile hydratase issaccunmulated in th acterial cells. 36 (1)
Basal medi um Exanmpyi&: gﬁﬁi Fiate culture nedia%ggé%g | ustrated as
follows. It can b&,8®Sjly performed by a person skild<dd9n the art to vary
the amgynt (s) of %%pgpnent(s) shown below, to subs@}gnéea.conponent W th
40 another, and to2el®ninate sone conponent(s) or _add ot her conponent(s).
45 50 55 9 EP ®a®d7 926 Bl (i) Culture nedium Adfbsht (in 1 liter

Conpomment Mgso,7H,0 Of the nedium) Vitanmin g ue*l
0-1ml K2HPO4 Distilled water 13'§a%610 7.0'§H2PO4
6.5 g NaC 1.0 8587 4P8
9igbg 15't' - ?Fsbhbbedtﬁaher galancel(pH 7.0)
pantg?ﬁZha;gn- ' "Biotin 0.4 mg 20 %gg?tg:um
2 ng_Pﬁgotinic acid Calcium pantothenate 0.4 ny Thi anPré4h®Er ochl ori de
O A2 i acia IndLEgRXIne Dydiochloride L 2 mg 04 m
0.2 ng 30 Nieptinieiacid 0.4 mggy 01 ng
Thiamin hydrochloride 0.4 mg:
d Pyridoxine hydrochloride 0.4 mg
p-Aminobenzoic acid 0.2 ng
Riboflavin 0.2 mg
30 Folic acid 0.01 ng
Water to 1 liter
(ii) Culture medium B
Glycerol 10 g
” Peptone 5 g
Malt extract 3 g
o Yeast extract 349 ﬂ
0 Distilled water Balance (pH 7.0)
(iii) Culture medium C _
Yeast extract 3 g
o KH,PO, 0.5 g
K,HPO, 0.5 g
MgSO,7H,0 0.5 g
o0 Distilled water Balance (pH 7.2)
(2) Enzyme inducer
55 Enzyme inducers for inducing and producing nitrile hydratase in a microorganism Rhodococcus

rhodochrous can be any ones appropriate to the object.
Typical inducers suitable for the present invention are nitriles and amides.
The examples of enzyme inducers whose effect has been confirmed for the strain J-1 are as follows:

10



Water ° ‘ to 1 liter (ii) Qulture mediumB

d ycer ol EP b(30g 936 BIPept one

5 g Malt extract 3 g Yeast extract

3 g 40 Distilled water Bal ance (pH7.0? (iii)
Cul ture medi ufkotonamides t acaionitrilg tpropionitrile, benzamide, propionamide, 3acgtamge, isovaleronitrile, n-
KH2 PO4 butyronitrile, isobutyronitrile, n-capronitrile, 3-pgntenenityilo, piyajenitrile, n-butyramide, isobutyramide, n-

0.5 g My SOyvRlapamide, n-capronamide, methacrylamide and phenylace ggmgle.Dl stilled water

Bal ance 50 (2) Enzyne inducer 55 Enzyrre i nducers for inducing
and pgod c:_Iﬂ)gc"ﬁ%'f'?'?f%'%ydrat ase in a nicroorgani sm Rhodococcus rhodochrous

can S any. O RN ORE LA bl SRR heymbIRAER ok BB Lefsérmnea £
th t
duber s whmedli g{%ﬁt ﬁagseﬁﬁein COI’ﬂaI rrreﬂrﬂg;? the srt't'r&a(lﬁ]n allfe;re as %ﬁﬂ' o

i nducers

10 EP,4 30Ks 913 Ruitdie RédivE 8qle6lR; thé EsbhiPidh fsTukdafly gdAbrail BP&denb laSvateP S AR TobkiR:
propi onam d@mpamg! 8 thél QuitureS MéailiR PR Whtbd Solubld- cctb'dg \ebrRptuhds! &6 dlsclosed in chemical

i sobut yroni a.ét.b.haaes, AndCBY R Wolid bé Basy JorRENHESR skillrlirih k8 arttb ¥&1bcP Bid dise! 2 appropriate
n- but yr am d@mpbume i lshihé Bsek by BondicBheE aimbvdq:renmmsrapa*st)n@ﬁbﬂ@obamammﬁdélmske
and pheny| aadhowit gie atCo’( 3y a@abidll, iparticlari Giose @hibl will ighve ahgal!’ adnd Srartitudar eRdmples
obt ai ned 1se vibdredf freacabattichligiioe, cobalishitate, delmit biakats] cabalbbremids, cpisatt bevate of the dikeC Vitaminee
medi um so Bi2and metallis cabslt enatothed examplescaf dredavhaiccomipéunds $ies tirees praduce iivsiin tai cobalt
that a cobabninithereulbee pediueihtoughioriationer bxidative attasl{iby the mi@oorganismduring &ecultwing: e
medi umis aqueous, the cobalt ion is usually generated by adding a water
sol ubl e co l@"“ﬁ’@ﬁpound to the culture nmedium The water soluble cobalt
conpound® are di scl osed in chenical dictionaries, and thus it woul d be easy

for the per so fru ?R’I‘q for prpducing aphacgyrpulating gg'feelﬁ’f’ra??ﬂj'" g’srﬁg_g ofagied out by
conpound (i " Qﬁ“'ﬁ? ugsn U@‘F’l’"ﬂ%"‘& SEFhi & ap?”lé‘l’? WF‘H 'P?d ab?Vp‘i"ﬂ%[l

CObal t Corrp al 2yme ln S. er re me h.ll ar
Hose wi cggfg g% ity tﬁ e A el
7

I5s nth
the |ike. Vtamne AN rretacfslc coet?'| are ot rexarrp eso the cobal t

conpounds since these produce f-hR—stt—a—cobalt—onr—nthe culture nedi um

t hr ough ioni zation or oxi dativiefat|t Gekremediumd vict Befr dani sm during t he
culturing, (4) Culturing Acstonitrile (inducer) | 29
CoClz 10 mg
(i) | Culture medium B 1 liter
Isovaleronitrile 2g
CoClz 10 mg
% (i) | Culture medium C | 1 liter
Crotonamide 2g
CoCl; 10 mg
40 The nitrile hydratase can be advantageously produced by the shake-culturing of the strain J-1 at a

temperature from 15 to 50° C, preferably from 20 to 45° C, most preferably around 30°C at pH 7 - 9 for ca.
30 hours or more, preferably 40 hours or more (within the upper limit of e.g. 120 hours). The enzyme
inducer is preferably to be present from the initial stage of the culturing, and it is desirable for preparing
bacterial cells having a high activity to supplement an inducer. For example, when shake culture is to be

45 conducted at 28°C for 76 hours, further amount of crotonamide is added 26 hours and 56 hours after the
start of the reaction so that the concentration is 0.2% (w/v) at each time.

4) Hydration of nitrile

50 The premise of the present invention "process for biological production of an amide wherein a nitrile is
hydrated into a corresponding amide by the action of a nitrile hydratase originated in a microorganism™
includes, as described above, various reasonable embodiments or variations for the way for causing the
nitrile hydratase to act on the nitrile.

One of such embodiments is to produce an amide in a culture medium while a substrate nitrile is

55 present in a culture medium of a microorganism.

Another embodiment for causing the nitrile hydratase to act upon its substrate is to add a substrate
nitrile o a culture medium in which a nitrile hydratase has been accumulated to conduct hydration reaction.
The variation of the embodiment is to use a culture medium in which the cells of the microorganism have

-1



20 20 ° ‘Culturing for producing and accunulating nitrile hydratase in
t he bacterial cell may be carri ed ERIO30%926Bt uri ng t he m croorgani sm used,
for exanple the strain J-1in a culture nmediumas described above under an
appropriate condition. The amount of the enzyne inducer used is in the
order of 299""83‘ yoskas the ‘lcylfupsy megumy ip, whigh g 'E'i'fﬂeé'y oiAg.besp accymulgted. anpunt  of

t he cobalt jit °§°‘i“ dE“?P@t f8"r ?f@?'"go‘f’e pjtrile hl’%’a'ﬁy st ugon ifssulstrele is;tp, jsolatg the pplls in
medi um bad@gh ) turp fiedipg P'?'Y E?rP”b'f‘e fﬂ'é on an

ksl @’*3

cul t ure m'gi %P 87 i ”ﬁ? tﬁ con them ethod

liter: 3% |cul 33 re erred o iment w erem |mmo lllzgf (R s r8r1.|se Is jconsi Frﬁ L? wted

Ci) Ce 2" industrial use as as or mo pref rﬁ' than se n emb lmeiﬁs escri e is g
| tachm in whlc)g IIs ar qé %el “35 md of the carner. the

| soval er Om of immob c orgamsm |n a carrler and {iBatior of the mmo%oz&? ?lcroorgamsm

(rii) ml,gygoecarga ter Crotonam e

10 ng 49 Anbii&r &hﬁoﬂnhu’eﬁ ftwﬁks aﬁm GydratiseDs ﬁﬂ“ﬁbﬂtnﬁ%ﬁéﬁism mreomaﬁ@dﬂwﬁbveﬂ be
shake- cul tohtyind Préphrafion ot St fitfile ydratdsedib prophrBdBRY Akdrdia fnltidNsiydfald DY (1R Erdzyrhe
pr ef er abl yrepératish dDrather & AbrEtididgical wayD & igoddy vaitheut 3BYing A&t ane Bl ddtbrelodtiotCinathis ey 7 -
9 for ca. shflidielbondudted Didee such pHfafd Gipyratifd danditions thit theDeryrhe\kdtititywill h bl pRET
limt of @ueh ccbdifonlaaian p.saifine benthy rseme p&Wias in the (ebevecdaadribyd rdolipicap W&S NS
from t hre idesctibed|abeyb chypeenaiodiient ircwhichumicrogyganiamel are thoti presele giring kHeactfoo of the epgme ng
bact eri al iscaisoltreatérhasi aniolagital gledustian pracess” indhesprgsehtdnvention.an | nducer. For
exanpl e, wheAscerdingte theunresgntdnvention, dheinitrils Hydrajasa des ancapprapriafegpHTangsfor Aof firom 17 49
further afohthesgetimaldtbiaitpti@.ikthe maetion 3elutien ghows arpt gfdessdhany, tbtagtivity picthe
start of PRRYMP I foodpctoase abiuptly. ecardinglye Hiis dasirable to pdd azufier\ip Yip reactionasofytion. e
4) Higdr?at a9 IbAYhenerqf the byffers suchasca potassiyng @hosphafenlutfey, @ Jas(HCI; n# HERES/KOH
'process PBT‘" fﬂd ﬁ;’%g%g Ib l§t“F?5'n pnzyme actiyipyof Wﬂé il ’Wd"éta?ﬂ ¥ill pqt be yagied.

hydrat ed int¥ s’P'f‘ o8 isRrdinadly i
O%/I grg?n:t eléan?% %‘tl'%;mag uﬂ‘élyc'? é%' d & 0\/ sP‘?ous

reasong) varlatlons for the way for causing the nitrile
hydr at ase to ag'ilhgﬁ&%rﬁ Qs;“t“ | e. One of such enbodiments is to produce an
amde in a Gltﬁlet:ﬁ\l%dnﬁdhg@u%' e a@t.v&waﬁfarm.fs Hyiaizkd nd o e Rk SR Bty i e
culture o3mPlo& bW A Adrindh as AN enbodi ment for causi ng the
nitrile hy ratase to act upon its substrate is to add a substrate nitrile
to a cubht v MeiBdlokMbdsiiing/eGbtivily 6talnitiib Rydids at ase has been accunulated to
conduct hydration reaction. The variation of the enbodinent is to use a
cul t ure nmediTaenactvityVbi £ RitildBydestdsé & Mbasirbe® byticarfying raytithe SeaclivaWwath 121ml of &féadlio307
926 Bl be@nixtuke whitto yanthina SI0triid of berzbnitrile, 30etiMLohal potassiint bhaaphatet buffére(pith Y @) adas e
has been sethramowitetithe cols bla inlsmprganidoofiolated frorh @ culygeLrsadivg) bt 1i® * O ifdr Sinimites and
hydr at as e addingonl of| pré-HCI to stog thb setartiahe is to isolate the cells in which the
nitrile hydratase has been accunmul ated froma culture nedium preferably to
put the cdé3) PDefinitign efrynit

, One unit (U) of the nitrile hydratase activity is defined as the amount of an enzyme required for
40 producing benzamide from benzonitrile under the above described condition at a rate of 1 umole/min.

Referential Example 1

The J-1 sirain was cultured using a culture medium of which composition is specified below under the
45 culturing conditions which are also specified below, and the expression of the nitrile hydratase activity is
examined by adding CoClz and/or FeSO; to the culture medium during culture.
(i) Composition of culture medium

50

66
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appropriate carrier or "inmobilize" them and then to contact themwth a
substrate. This nmethod, 5 particul gprloysozisaepief erred enbodi ment wherein

i mmobi lized cells are used is considered to be suited for industrial use as
well as or nore preferentially than the second enbodi nents descri bed above.

This technique in which i moblfgrédiddt CEf TamnottGn Vi6ihs megih | known in the art

as to the kind of the carrijer—the t he
m croorganismin a carrier éWHmWW@“H?iIizatioﬁQﬂ“the i bilized
10 %5 %nother e

m croorganismin a so- cal | 4d@ eact odi nent for the
nitrile Rydratase to act ugof?2 EPbS rate |§’ $e net hod| wherein an enzyme
preparation of a nitrile hy |%u%J¥ I'S |prepare d wherein a nitrile is _
hydrated by the enzyne prepq&é& N rathe§m§m£@97Q.°|°9 cal way. It goes
wi t hout saying that the hydraiionreadiion | uld be conducted
under sugh pH and tenperature conditions that the enzynme activity will not
be Il ost. Such conditions can be said to be the sanme as those in the above
descri bed "® @y rendiion gy €70 A8 hgrsgescri bed above, the embodi ment in which
nlcroorganls are not rese t durlng the action of the enzyne is also

;\ngﬁ S?ngist a 8 tas S\?lijl pi ¢ r Sem‘ ; Q is adgera to the
appr opri at e:)oas er:edl n| rlle Iﬁy zs qe e@ﬁ;m ] ?’ :F ﬁ'gﬁ" §|3 6}:0n-c1f F%§O4
I

=

8.0. If the'rea on so ut| oms a 0 "the activity of .
the enzymne ﬁﬁggﬁm@QNQﬁpéease abruptly Accordlngly, |t |s desirable to add
a buffer tothereactton solution. 20 Even if any one of the buffers such

as a\pot #ssi Uihd eGP ivhifoudhifrile8 br anfided lad & dieymdikdubsiion 1 st IFPAiE QB tbrafih @b tiad

a SOdIUﬁ]bQﬁﬁMe buffer is used, the enzynme activity of the nitrile

hydr at ase w | Irhgveéulthdsot Yorth incthb tabld BelG@ &6 Hdsd dbtdined by preliminerily hilfuRkdCthé Biral JoLih kel €
medi um or i dlorémemliched tulinmd mMediamite A 128 ST addigQiittils oCdnthimitiaas by induterdin arahgsantak 0.4%t O
7 noles/llt@mxmand the reaction tenperature is usually in the range of 10
to 30[erf] C. 25 3. Experinental Exanples The method for measuring the
activity of a nitrile hydratase and the unit of the activity in the

experi nental exanples below are defined as follows: 30 (1) Method for
measuring the activity of a nitrile hydratase The activity of a nitrile
hydratasg i s neasured by carrying out the reaction with 2 ml of a reaction
m xture which contains 10 nmM of benzonitrile, 30 nMof a potassium
phosphate buffer (pH 7.0) and a certain anmount of the cells of a

m croorgani sm (isolated froma culture mediun) at 10 [err] C for 5 m nutes
and 35 adding 2 M of 1 NNHCl to stop the reaction. (2) Definition of unit
One unitss(U) of the nitrile hydratase activity is defined as the amobunt of
an enzyne required for 4o produci ng benzam de from benzonitrile under the
above described condition at a rate of 1 [err]nole/mn. Referential Exanple
1 The J-1 strain was cultured using a culture nedium of which conposition

i s skecified bel ow under the 45 cul turing conditions which are also
specifi e bel ow, and the expression of the nitrile hydratase activity is
exam ned by adding COCl2 and/or FeSO4 to the culture medi umduring culture.
(i) Conposition of culture nmedium?50 55 12

45

50
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EP 0 307 926 B1 I ngredient

Amount (in 1 liter of nmedium) Vitamn m xture

3.0 mM K2HPO4 CGepbo goF<bigHBP4 0.5¢g
MySO47H20 0.5 g Propionitrile 2 mM Distilled
wat er Bal ance (pH 7.2) 10 (ii) Culture condition 28 C/ 70 - 80 hours
The results obtai ned are shown bel ow. 15 It can be seen that the nitrile
hydr at ase @CTTVITYy Wt T—Tor—edeveropedt—evermr ——FeSof—T—s—dded—to—the
basi c nedixnnetbé hohr alddellydr at ase activity is devel oped when CoClefr] is
added, and|the addition of FeSO4 to the systemto which Co(Jerr] has| been
added; %l | §dvirsely affect the results. [Reterential Exanple 2720 The
ef fects of nlérlles or am des as fn enzyne inducer on the stfain
J-1 are sel fiaghh ijn the Fabl & bel%w. The|rd8ult #9set Wort % n the tpble
bel ow are t{hqose obtlained by prelinmnarilyjculturing the strain J-1 ip the
af oremgpti pned cul tjure medium B at 28 C, fdding a nitrile or an am de as an
i nducer i n| &esopurft of 0.1%25 (v/v) or}30 35 40 45 50 55 13 EF 0 307
926 Bl Met Al ‘Q“BT addel co®i23Png)20 4o @ 50 106 020 (J0 10
10 10 0 10 (rmg) 10 FeSO4 5 I 20 40
0 5 TO 20 20 (1Mg)— IS ATOUTTC Oof I 1706 I AR5 1. 24
1.34 152.D4AmduRO | 2.16 2.16 2. 07
cegfs*l 1.06 1.14 1,25 1.24 1.34 2.04 1.90 2.16 2.16 2.07
(mg/ml)
. 20
A Enzyme activity
U/mg of
2 célgs ¢ o 0 0 0 }og,59 0.26 0.34 0.32 0.16
géﬂugf ¢ o ©© o0 o |1.20 0.49 0.73 0.63 0.33
30
*1 Amount of cells: based on the dry weight.
*2 U: Unit of activity according to the definition
35 above, and the amount of cells are based on the
dry weight.
\_J 0.2% (wh), respectively, when the strain has proliferated sufficiently, and further inoculating the strain into

for 36 to 48 hours.

50
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the aforementioned culture medium C to which 0.001% (w/v) of CoCl: has been added to perform culture



(rrg/rﬂ) Enzyme activity U ng of 25

0.59 0.26 0.34
O 1.20 0.49 0.73
dry weight.

.32

0. 69

cel |

sS*2 0
OER @ 307 926 B
0.33 30 *1 Amount of cells:

0 0 0
0 0 0
based on the

*2 U Unit of activity according to the definition 35

?\?fv )e andthe amu ”}tspeaiic achAt) [Uimg)J" Fotal BANRAUMAT AmElt Tclis (R] &ifaky: colbiml]
V 3 reSFeCt; \AAY2 ’, ‘\ln en tlle Stra: n I MJ prCl |Cr3u \..u Jul I I \.rl LaIILI _y, MIIU
further i nccqi?t%’lal““i’é the strai??i nto 4do t he*# oremdnti oned c®%®ure nedi un
to which 50 ORatdniKile/ V) ¢f CoC@sthas bedn addear t o pgrform cul tawse for 36 t
48 hoyrs.” 4 EP_O_?‘*GGT_QZ‘B“Bi_Sp FrcgetTvity (4 pg)—Total
acti V|U"t/y (W n?p{om i rmunt of (‘91' s (mg gf dry Cells/) Crot nn:ad'éédp
2.22 Benzamide 4. 48 0.84 279 . 02 Acetonitri 326
1.41 . Y ¥ .46 Hropronitri
1 36 . Propionamide °* 1 0.79 2.29’-'3. 26—g-en-g-am-d-e 298
0. 84 Acotamide 5 75 0.7 158,26 Hr opi onani &8
0.79 n-Butyronitrite 2. 29 1.40 032. 90 10 Acet amnle
. 71 a - I f\. 1.0 -
Vio  [wrowey £ ow 12 50 conat veon VBT e
0.41 15 | Isovaleronitrile 1 . %;1 0.34 1.08.06 15 Isovale@@nitrile
0.34 N e 1. - 07 T1]- Caprom (3¢
0. 28 n-Capronitrile 104 028 1'042 Z1 4-Pentene nlff rile
0.32 3-Pentene nitrilp 42 0.32 142, 49 Rival onitri448
0.35 Pivalonitile 0. 14 0.35 0.24)- 69 1]- But yr oam g
0.43\ % ——%5 62—Hsebtiyrar—de
0. 09 n-Butyroamide) 33 043 155 43 ||soval er anif
0.44 Isobutyramide 1. ()8 0.09 033 1. 81 |25 n- Cap4snam de
0. 30 . 06 352 (VettacT y g, de
0. 20 N Isovaleramide 0 0.44 1082 19 thnyl Ar ot 2"'8‘1{‘]9
0.29 n-Capronamide). 28 0.30 1.08). 95 30 . 352
Methacrylamide 0.20 0.62 ' 3.12
Phenylacetamide 0.29 0.28 0.95
80
Example 1
The cells of the strain J-1 obtained by culturing the strain in a culture medium comprising the
35 aforementioned culture medium C containing CoClz and crotonamide added thereto, in respective propor-
tions of 0.01 g and 2 g per liter of the medium was reacted with a variety of nitriles used as the substrate.
The reaction was conducted using 2 ml of a reaction solution comprising the cells obtained from 2 ml of the
. culture, 10 mM of a potassium phosphate buffer (pH 8.0) and 200 mM of the substrate at 25°C for 76
v hours. The reaction was stopped by adding thereto 0.2 ml of 1N-HCI. The nitrile hydratase activities to the
i 40 respective substrates are set forth as the ratios of the reaction product or the spent amount of the substrate
measured by HPLC to the nitrile hydratase activity measured with 3-cyanopyridine as the substrate, that is
the specific activity (%).
The results are shown below.
45
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Exanpl € 1 The cells of the strain J-1 obtained by culturing the strainin a
cul ture nmedium conprising the 35 EFogens2eBbned cul ture nmediumC

cont ai ning CoCl 2 and crotonam de added thereto, in respective propor- tions
of 0.01 g and 2 g per liter of the nmediumwas reacted with a variety of

nitriles used as the subst]rate. sm‘;eact ogbemacgm@qc,ed using 2 m of a
reaction sol ution conpri simg—th ' et Het—2 of the culture,

LA~ \JCI I O UIJ

10 mM of a potassi um phosrl"fg Pyenopyidine: (pHls. 0) A% 200 M of the substrate
at 25[err]C for 76 hours. |Theylanivdet i on wap stoppeml by afding thereto 0.2

of INHOI. The nitrile hydr Vit s 1o 20— espective
substrates are set forth e.s%egply T%s of [the reSction broduct or the spent
anount of the substrate ngastyapepytidineHPLC {o the ®itril e| hydratase activity

measured wi th 3-cyanopyri ugngyaﬁangoge subsjrate, fhat 1s|the specific
activity (9. The results fare—shewr—belowi—45—50-55 P 0 307 926 Bl

LA " A = aaage — o~ pay= = g

\

Substrat e Specific ack Thirhponitgle 3"} anopy 118 ne 100 5
Acrylonitrile 2-Fu1&\ﬁnl4 Ojanop ridi nez 129

2- Cyanopyri di ne Cyamorjrdote 9 10

2- Thi ophenoni trile Be"ﬁ%\i."'e) Furonifrile & 71
Benzoni®ril e 4-CyafiGphdrio! 24 4- Cyanophenol
24 p- Am nobenzonitrile Aminoberzonitler [ | ODENZOJg TTT 1€ 7

o-Ni trobenzonitrile pAmIS '}me openzoni "g“ le 29
p-Tolunitrile m-Nitrobpngenipdle uni {rile 7 46 25

m Tolunitrile o-Nutr@n%nzﬁﬂtn&Oﬂl tyile 16 20

o- Chi\gr®Bbenzonitril e T '

p- Chl orobenzonitrile m-Chiorobengonirley 11 or obeonitr| | e 2

2,6-Di chl orobenzonitril e | p-Tolunitile 5
o-Tolunifrile 46

2 m-Tolunitrile 32
Anisonitrile 20

o-Chiorobenzonitrile M

30 p-Chlorobenzonitrile 7
2,4-Dichlorobenzonitrile 2
2,6-Dichlorobenzonitrile 1.

Cyanopyrazine 80

35

Example 2

In a 1-liter Sakaguchi flask was placed 400 ml of a culture medium comprising the aforementioned
culture medium C containing CoCt2 and crotonamide added thereto, respectively, in a proportion of 0.01 g
and 2 g per liter of the medium, and the mixture was cultured on a shaking apparatus at 28° C. Culture was
continued with further addition to the culture medium of 0.2% (w/) of crotonamide (800 mg/400 ml) at 30
hours and 60 hours after the initiation of culture, and was stopped at 80 hours after the initiation of culture.

The bacterial cells were collected by centrifuging the culture medium under 12,000 g for 15 minutes
with a centrifugal separator (Hitachi model SCR 20 B), washed with 0.85% NaCl, centrifuged again, and
suspended into 40 mi of the above described solution. A small portion of the suspension was sampled and
used for measuring the dry weight of the bacterial cells in the suspension.

The suspension containing cells {corresponding to 2.33 mg of the dry cells) was added to 4 ml of a
reaction solution which contained 10 mM of potassium phosphate buffer (pH 8.0) and 4.57 M of 3-
cyanopyridine, and the reaction was conducted at 25° C overnight with adding to the reaction solution 0.55
M and 0.49 M of 3-cyanopiridine, after 3 and 6 hours from the initiation of the reaction, respectively. The
yield of the nicotinamide produced was 5.58 M after 18 hours from initiation of reaction. Accordingly, the
conversion reached 99.5%, which corresponds to the accumulation of nicotinamide in an amount of 681 g.
At this concentration, the reaction product solidified as the result of the deposition of the nicotinamide.

The nicotinamide thus produced was identified by isolating the product as crystals and analyzing it by
slementary analysis, IR, NMR and mass spectromeiry. Nicotinic acid was not detected.
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35 ' Cyanopyr azi ne 80 Exanple 2 40
In a 1-liter Sakaguchi flask was pl EP@B0z®26B1 of a cul ture nmedi um
conprising the aforenentioned culture nmedium C containing Co(Jerr]2 and
crotonam de_added thereto, respectively, in a proportion of 0.01 g and 2 g
per liter oEl‘?_i“_‘ElEErredi um and the mixture was cultured on a shaking
appar at us at 84 C Cutur s cotlnued with further addltlontothe
culture rredl %

alaluds ol
60 hour s_saf 4 e aé’fiyo?? ncg i |on "ed ?%g ﬁgfsﬁ %2‘% 05?3
the "-_' y at f éoﬁverte into p (f Q%ﬁl% f%a‘lﬂ e‘? our r |on, ax six

centrifugi n,dolg ins the
centrifugal ba'esmears% lahmptu L%\@ o dry
centri f ugedweightbdicrivdd @ b&U%@Q té %%mmgr mcn&fsoi éh @ )V? astﬁéb yrazme was
sol uti onsp AcohviRbd infdQytakiRdinid withREcoRePA 08 1609 RS a BAGR IraBicR Nha 8% 6 dyBlopyrazine
nMeasuring t#uer £19-yourRadion. PRdudtibifor pvediicarBdxylie@kib Svad Aot tB&ynEets PENS| on. The
Suspensi on CoMheapyidzingmiae Whs criySaNiz6E B i sOWtidnas 3t wias prddiucell. THaEcn@talling @dpbsit) wasa s
added to 4 difectlyf cotlectd andaetrystatiized lirorh | osthandli The cgstila iwe@diddibifigaMVasopyritiamias i dym
phosphat e banglizing tiqni-byBel@entarychndlysis7 IRMNMR afid masg apeopometrgli ne, and t he reaction
was condesct edAealysia Bf ¢yaonpgiazineg bitrazinamide anftipyreginecarbokylic acisbwesiconiucied oyt means 6F.High M
and 0. 49 M refforganop diguihehramptogeaphyaft er 3 and 6 hours fromthe initiation of
the reacti on, Thesgpe @rdlysieag in thinexample was algo comructed ip dheifellawingieappletiuced was 5. 58
Mafter 18 hours frominitiation of reaction. Accordi ngly, the conversion
reached 99. Ml ch corresponds to the accumul ation of nicotinamde in an
anount of? 681 65 At t conce atlon the reac ion roduct so idifie
as the result "f‘?? S \?%F i F{’ @fp "‘P'ﬁ
|

Is
roiices ik S R = fz.s::t"%;gﬁ
it by el e i% e%tmrﬁ Sﬂ; i ctidh, res e%Rg tloqrs
was not get@nt edmt nofth 0g;'on al ni-ng
cells (corr esﬂq b rbdtich nrgg a |t|otlt? drn%t du& ﬁg)iluﬁatlgn geas

added to 4 1 redtiof 10 Wweﬂﬁcrﬁ%lw W& brotiéealin 5%@@&1&\%1 BdMhodis aﬁ&ttﬁbsiﬁihdﬁm of
phosphat e bnd teétion. e Boddbntdtith ot 10 &Y SnBRNBRdRZS Rt 857 gaofV&EHa@QIXmle was produced and
concentrat|4aaﬁnu|aﬁh¢,e{emtofmareaaﬁnmd.uct ed at 25[err]C. Four nol es of
cyanopyr &zi NeTHEfe@ction Bbiatioh Gds idNited P @@tbrand the babtbihl dells GAWE Fefrio®dl B cohbifliffal
after a 6- hmawnento@elet (2,000 @rfck 15i inutes). The 0éll-foy 3oIGHDY Wa tonCenditédEon & rotanh@idporator
reacti on. @nd iciystalidet.cThem thia cdrystals emarealissaiegd dnaidoecrystallizdd iomater lsobtancthdergstaly ofall
cells in armetmowlamideor responding to 4.66 ng of the dry weight in place of
2.33 ng of the dry weight described above, was added to the simlar
reacti onsssgb@mP®h (4 m), 7 Mof the cyanopyrazi ne was i o converted into
pyrazinam de with a conversion of 100% after a 6-hour reaction, and 8 M of
cyanopyr a2| neT'?;?f “%°"9’fﬂ‘8 Fc“?’@%f@{'ﬁ @ﬂ’esWQSQﬂ}EﬁaBﬁ‘g(?F the, We?fﬁ'sh@@%ﬁeﬂdkﬁﬂ fnple 2
s'|u Ahosphate, byffer @ 8°) and

ac: d \t’l/;/as nof f lﬁlth %uorb %F” addjition. o | Pt q
ety %%;@w% e e R g

pyr azi nan vbro 3010 é 1S roaltin
Spect r oMet I'df hodre from th tan?bethéD adtigil dd é@in?é?y‘ P a ﬁgﬁ
pyrazi necar3vekion of Aot andf$o ﬁ'ogfé ﬁ’ﬁ%u YredPeétaly. Ghe SinEdhtriAiBh
chr omat ogyr 36%5% -of J&&aﬁ%@a@%&%& sndSculmiiated per 1%%&9&@&1 s%|u§d?| CondUCt ed ' n
the fol | ow ngTIRXAERIISSEon of crotonamdie was conducted in the same manner as in Example 4.

i 6 H&ﬁéana
oW prmiuced in

ﬁ’

Example 6

50 The suspension of the bacterial cells (corresponding to 4.66 mg of the dry cells) obtained in Example 2

was added to 4 mi of the reaction solution containing 10 mM of a potassium phosphate buffer (pH 8.0) and

3 M of acetonitrile, and the reaction was conducted at 25° C with the addition of 3 M portions of acetonitrile

to the reaction solution 1 hour and 3 hours after the initiation of the reaction and § M of acetonitrile 6 hours

after the initiation of the reaction. After 12 hours from the initiation of the reaction, 14 M of acetamide was

s§6 produced in a conversion of 100%. In other words, 827 g of acetamide was produced and accumulated per
1 liter of the reaction solution.

The reaction solution was diluted with water and subjected to centrifugal treatment to remove the

bacterial cells. The supernatant was concentrated to dryness on a rotary evaporator, dissolved in methanol
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Exanpl € 4 20 The suspension of the bacteri al cells (corresponding to 4. 66
mg of the dry cells) obtained in ErRoBbees BAS added to 4 nl of the
reaction solution containing 10 mM of a potassi um phosphate buffer (pH 8.0)
and 3 Mof nethacrylonitrile, and the reaction was conducted at 25 * Cwth
adding 3 m%mem#ﬁﬁ'é?d}roawqﬂrw'@Qb@wrtth@crv%fua@ﬂ@w ution after 1 hour and 3
hours fromthe initiation of the reaction, respectively. After 12 hours 25
fromthe S84 ion of the reaction, 9 M of nmet hacryl am de was produced
with a 100% onversmn itbo 1 of

obfainiad in Exarprie,q,

ot oY Sk sl 4 o "f?“’ﬁgﬁéﬁﬁ‘?' oo W?Efﬁ%fl

er actlon on o alnm otassi
10 M of ,é) p°° 5 e
the ini “ Alply 5&3 .8 ﬁneﬁoetﬂ& allidn s H%ﬂ;‘a@? | 1%‘3& J‘. iBatib
that 851 g g}ﬁci\ﬁyr I frx\ﬁQheOfnﬂgH ) 3t 8 yrf&ir propid n vﬁf
the reagt ipRBucd® itk dofNbrsion Of 100%. Wi ddBifiial A portl ddtof Qﬂ/dmr fohitt er ,
and the bagabdhisaltior &l this sﬂgb' 8 MORBYRFoxodichBrhitd WasdRddutdddh H&%rsu&rﬂﬁdﬁ% Af%r
g for 15 A mdtreSom theanigalor of he Gedefdnl tThie IndaRks O 600 1Y bRE-AlirdXorépidnahiaé Was
evapor at Ofprodidd aridystuulateaqer. 1 iitdt@Nthé Feaction yaidtied.s wer e di ssol ved in and
recrystal |l i Zend réactiom svhti@r wasodilbiatl avith viatee and yubjedled to tentriighlaesaiyreatrioti@movdSthe
Exanpl es5 bddialsaetisp EmscelHreed$upbrivatanb aast then adhceotedtddson(aorotany @gaporatdt @ng ctystakized @t 41y
of the_ dr yempeiatums)of 0BA° i Ml crysialsweragiiseoh@d \ivasoaeheent] ancbredrystillized frorh eher soiverititon
sol uti on obisin Hierervagls oUS-hridroxyprapiopamides si um phosphate buffer (pH 8.0) and 1 M
of crotonltrlle and the reaction was conducted at 25[err]C with the

addi ti on &ramplag portlons of 40 rrethacrylonltrlle to the reaction solution
flve\uzﬁes'ntot th an|nterva of 1hour after the initiation of the
reaction. Aff& '69' figdiy rgggrpqrelﬁg t rmentloned
crot onani § ‘élt" ‘gtg w %‘g
portions (ﬁntnﬁ §?~ r a%‘ %\{5: mrrﬁgf wlv) crgt mg @% %

and 10 oy ur d&a% g 22

of CrOtO”am ? ébﬁ&b’rﬁ% lethd u re .ﬂw
hours, r emegteemﬁ ugfal tdr QHitalchi rﬁd%l' Qéh B) waéh&d Wity B.841 CI Qe rﬁ@kd
of cr ot ongigheiied\ R 40K GHME Bocdd desdfitiell ¥bilitidh &dsrmrpor%od dfftrﬁfsu&tansﬁ onGvab ?as?«ﬁ:‘ida%ﬁd
sol uti on. ForPhedsiking the a9 Welght oPthe B4cRHARBIRTHM siskengicanduct ed in the sane
manner sgs l NrhE>$adPphsiON 4ontdvimy VIS (COrréBPonding 1ol 198 MY DP BB ThyOsbils) fwab B&icB aC @&l bR
cel I s ( corgatiion @6latioR hick chtained MY mM of ipbiassilif)phbsphats bufDipRisDE ehd 3cymopifding ika Was
added t o 4arisly &ifcohdeatratiGrdC TheO Foadioh Was @ondo@¢d ati 26° 0] Eight MbdlbsObf HcyandpRuidiieLNdre
phosphat e cowbried rinté pidotBraiide anithl a3colvbetdionaaf c1D0RA | dfteri 4 ©, hoamneadtibre ane: ainb inoies vah $-
conduct ed cyenopyfidineCaftar @ B2 hduwereaclidn. tGndie aiiter Baril| ywhen aisospensivh whick tontins thel kacterial t he
reacti on seélsun apamdunh cerrespending3 tonmer g of the rdryt Weighit fin placet of &P6ahg phibe deyaweighbn
and 5 M oflesgdted cabpyey iwae adleddeirthe gimilas reactins solytion @t mibrP B oft e Srcyznepyridine wag t er
12 hours Fenyeredinto pientingmide; with apnveisien plcl9P%jafier a Stheunyeastionsendi13 M of 3-cygnerysidine
produced fier & Sthevnseactiongprodyption ghnigotinie, acid was not fegogaizedg > 7 % of acet ani de was
pr oduced and“&&@ﬁﬂﬂ@%"é’&‘ﬁ)ﬁr“'iesP‘?"F%P toat 14630 ?fé‘é’B‘f“P’Bﬁe ¥ER Ripquesd andAecumpiated § on

luti o RE t |t
orove e cE giggm'd,;e § 7ot o b ek PR T 4B 1 Bt O,
a rotary &7 ora 1950l ved in methanol 17 EP 0 307 926 B1

Example 9
45
The suspension of the bacterial cells (corresponding to 5.92 mg of the dry cells) obtained in Example 8
was added to 4 ml of the reaction solution containing 10 mM of a potassium phosphate buffer (pH 8.0) and
1 M of benzonitrile, and the reaction was conducted at 25° C with adding 1 M of benzoniirile to the reaction
solution after 1,2,3,4,5 and 7 hours from the initiation of the reaction, respectively. After 24 hours from the
s0 initiation of the reaction, 7 M (848g/lit.) of benzamide was produced with a 100% conversion.

Example 10

The suspension of the bacterial cells (corresponding to 5.92 mg of the dry cells) obtained in Example 8

s5 was added to 4 ml of the reaction solution containing 10 mM of a potassium phosphate buffer (pH 8.0) and
0.5 M of 26-difluorobenzonitrile, and the reaction was conducted at 25°C with adding 0.5 M of 2,6-
difluorobenzonitrile to the reaction solution after 2,4,6 and 8 hours from the initiation of the reaction,
respectively. After 22 hours from the initiation of the reaction, 2.5 M (393 g/it.) of 2,6-difluorobenzamide was
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and then crystallized fromnethanol to obtain the crystals of acetanide.
Exanple 7 5 The suspension of tEPolsgzieeéBal cells (corresponding to
4.66 ng of the dry cells) obtained in Exanple 2 was added to 4 ml of the
reaction solution containing 10 mM of a potassi um phosphate buffer (pH 8.0)
and 3 M of REedycadiwith @PEHPAMIEPN | e, and the reaction was conducted at
25[err] C vuth the addition of 3 Mportions of 3-hydroxypropionitrile to
the reacti oB®@Bdtion four times |n total vvlth an |nterval of 1 hour after
t he |n|t|at|o f the

S| nﬂ

e! r hqur s 5 e | n| 0

&Sg‘oc/t VG, 9} rS{ {ﬁi@ﬂ?ﬁ utlgl '%n ﬁlgof ssuu pho phﬁ ?@q@é?“pﬁ BOf
0 en &Jﬂene

the reacti OJ;rb% ‘tl’i?g'to%e Xf %@fgfrom
produced i ﬁh@nrﬁﬂfh\ée&ﬁhé)%aa |9|5H6§9 .Ebewwwob&&d Qﬁh q 1o Jﬂe

reaction,, Thhwardgaans that 16'00 of 3 hy roxyprop| onam de was produced and
accunul ated per 1 liter of the reactl on solution. The reaction solution was
diluted w tdxavpbes and subjected to centrifugal treatnment to renove the 15
bacterial certs. The cell-free supernatant was then concentrated on a
rotary evapor Fkeosusgbngionodt yio ibadtérialzaells @drreSpohdingDie 1532 tigadf thé dryABiis) Gbtainddén Exapple 8| S
wer e di ssol wasckdded to 4 o piothareadtiomsoihtioreconiabing | miMad a potassiutnpbospbdte Butfer (B 80pandi N
t he cryst al EMo¥ 2-8udnitiie. @rd/ the cgaction wvas ehaductes angsi® € with 2dlingr1 M ofl2-fuiohitsile t&iheagpgtivini
Fl ask was pioltienceftes002,4,6.8,61f and 23 hpurg) frem thediitiationcad therreastiongrespectively.gftenddnhoirs ren
cul t ur e medhifitidtiop gfirexeantion 8 #HEF 0N hef 2dvrenecarhipiatisle yavirreducesbwitbtad 00% conversion.
respectlvel |n a proportion of 0.01 g and 2 g per liter of the nmedi um
and toe s cultured on a shaking apparat us at 28[err]C Cul ture
\(,:V??)t g(r)]gﬁnl gged vvlth furthr adolr!a n toséq; cu t gE'PS qe? bt uél\é\)'{am}ﬂe%
o e gl pm%* Jutin o LT
culture. Thrgactﬁ Q 3 gﬁ] egjy‘m P'ﬁ

medi um under qn 3 m nu{aes W a cen r| uga separat or (Hitachi
nmodel washed with 0.85 NaCl, centrifuged again, and suspended
into 40 n1 o the above described sol ut| on. A snall porti on of the

suspensi on yag p?&giél 16 BioRgidal %ﬁ)@ﬁhﬂgﬂf 2N BAide Whehdn 4 hifiledd Md%lj Hid a &*re&pbﬂjmg amide
bacteri aby cel by theddién &US AR hyiatass Qdriginated & MidfBIQETIND ItharEDiriaddNin Bkt AR hitile
(correspondi NGydralass ofidinaled 1o Rhbddcsteys micdothigus WA SFERNIBRI1478, cditufdd iDthe Presenoaedfiaon
sol uti on whi chomamhai ned 10 MV of potassi um phosphate buffer (pH 8.0) and
3-cyanopyridine in a variety of concentrations. The reaction was:conducted
at 25[err] Z. The ghtesstidrcsiolagical3pradpstivo f an @mide apeordingctorplaim t1ewherein gaid nitrile is an
ni coti nas de womhaticaitdle having 4i- 30 cabone@UBinifstasamatic Wickurar r eacti on, and ni ne
nol es of 3- cyanopyridine after a 22 hour reaction. On the other hand, when
a suspensi ch e BrRCeswfor biplpaical pradustiontobpn amidesgscerding 1 claim Avharelp saie aromatic nitrile is
cor r espondi ng selected 9 thegreye PRRSIRGSf wei ght in place of 2.96 ng of the dry
wei gkt descri bed above, was added to the simlar reaction solution (4 nm),

9 Mof tffe 3-cyanopyridine was cgpverted into nicotinamde with a
conversion of 100% after a 5-h action, and 12 M of 3-cyanopyri di ne
after a 9-hour reaction. Produ of nicotinic acid was [Adt recogni zed.
The concentration of 12 Mcorr t6Nt hat 1,465 g of nicotinam de was
producedand accunul ated 40 per ter of th reacti on solution. The

ni coti nam de was crystallized fromthe solution as it was produced. The
crystals were collected and recrystallized from nethanol. Exanple 9 45

50 CN

o o2 (11},
55

wherein R! and R?, respectively, represent H, CHs, OH, OCHs, C|, F, CN, NHz or NOz;
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The suspension of the bacterial cells (corresponding to 5.92 ng of the dry

cell s) obt ai ned i n Exanpl e 8 was addep ¢ spro2@ig1of the . reaction solution
containing 10 nM of a potassi um phosphate buffer (pH 8.0)

benzonitrile, and the reaction was conducted at 25 [err] Cﬂ"ﬂlﬁumnlmmwlm
of benzoni t r Prpducecwithiaciop% genversian.sol ut i on af t er 1,2,3,4,5 antl 7 hdur¥ fsonr

the initiation of the reaction, respectively. After 24 hours fromthe 50
initiation OEEBEﬂeaction 7 M (848g/lit.) of benzam de was produced with

a 100% conver si_on. e 0 The suspensr on of the bacterial cells,

(cor r esporidi na%TPﬁs (° rERspanding, i 5-82,Tagyofthe dry spllp) Qbtaimed;in Exaraple 8
added to 4 f2 h e arb i || 'E)ﬁ°" ath'\ﬁ 2Rt %Ph?qdﬁ&fag%n(gj_ffmhggg
ngif Ih g‘f_]ewgg arb% Q l}gltf:ll TO e |on ﬁ%sn gf;agf "f (%)?Ié eéeactlon After hou!?s8 from
di f | uor obr;*,,nzth to {he reactr on Lol ST aef'? ?‘aﬁ-"dg 2R PR ¢ 8%

the initiation of| the reacti on, respectlvely. After 22 hours fromthe

initiation oéxa;,,glg1§eact| on, 2.5 M (393 g/lit.) of 2,6-difluorobenzam de was
18 EP O Bl pr oduced with a 100% conver si on. Exanple 11 5 The
suspensi on of trhesusgnsion dfae Habtbhab cdlS RbIFRBINEIAG o b2t ﬂ%&irﬁﬂaﬂé}fobfahsd AlB%ample &
cell's) obisi waachdded tE4aTof the Eoatiioh selchid Contathing 10mM6f ol faRissiRm pridsghatealidl {(pHPE0) and
cont ai ni ng 10Mdt/2adronétrils,Gind the iresttion (was pdndiictedizti 25 ‘@ withpbitifg DM o adurdnithib @ the reaction
2-t hi ophene sohtidnoafiet 1.2.4.6,8,1 badl 23euns dranm ttheOinitiations of the@antibre dospdctivihy]. After [30 Govts trém
addi ng 1 M cthe bitigtioh of theereectiorn BIM (88G/lit pft 2-fudase dacbokdmddervesa ptodumed with a1t 0051 cantdraon.
1 hour-{romthe initiation of the reaction. After 5 hours fromthe

initi at off oxemple1Beaction, 2 M (254 g/It ) of 2-thiophene carboxan de was
produced with a 100% 10 conver sr on. anpl e 12 The suspensi on of the
bacterial celld %’bﬁﬁm orja},caljs @Z’W"é’ﬂg E°r§e92d"r‘%/°fé'l9l qrg seligpbirinadip Expmple 8
Exanpl e 8 15¥ é | ofthg regptiop, solytign, cqniainjng 10 & fofasiiim: BfioeRitele ytier {ri & apd
a potassi um ‘gﬂ% g@qtl@raﬁfy@% 8°"f“‘ffﬁdéﬂ ng‘%ﬁf oy from the, pitigfiop of the
reacti on fas™¢ © Y43t PTREPCed Wi 100%(G9RSHIM i 1 e to t he
reaction solgtion after 1,2,4,6,8,11 and 23 hours fromthe initiation of
the reaction, respectively. After 30 hours fromthe initiation of the

reaction, 8 M ridiotohic8 foredudibl G1AR afib RAsréETh f 1618 Ry G & dortd Shafd 0
conver si o, zob)%%;gmi d[? h%ﬂﬁ%@rbﬁgrﬂiﬂedog aﬁécﬁle y ra&sfz b msfhatdth:‘jgﬁg

(correspondi nghﬁd?atée%ﬁguﬁ%s% tAMBdddbcbus Rbdohroud D12 FEHIA BP—H‘4 befintheVl5ies
to 4 mM of thecsRReh) ON sol uti"om contarmi ng 10 mM of a pot assi um phosphat e

buffer (pH 8.0) and 4 Mof 3-indoleacetonitrile, and the reaction was
conduct ed at2. 25he protest.forAfidlapicalgroduction Sof fah @itide eacdrdihg toadiaing Ni, Gherbi esaldtnitrile is an
reaction, ss4d M @b8dtcgittile having@f- 18 carbehcltcpradreiscaronttic mupr oduced with a 100%
conversion. Clains 1. A process for biological production of an am de

wher ei n a ni& r iTheeproesshipr biglogical pradustion of ey areideangoriding) tocaleird @, B®rein saidiapontdtie nitrile is
act i O;DOf a ni seledted flepdhegreppecorsistieg ofat ed i n a m croorgani sm characteri zed
in that/ the nitrile hydratase originates from Rhodococcus rhodochrous J-1,
FERM BP-1#78, cultured in the preggnce of a cobalt ion. 2. The process for

bi ol ogi cal production of an am asgording to claiml1, wherein said
nitrile is an {1l;
CN .
45
50

CN
O =
N2l

wherein R! and R?, respectively, represent H, CHs, OH, OCHs, Cl, F, CN, NHz or NO2;
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3. The process for biol ogical prodgprgasnggBgn am de acc?ﬂlﬂ“ﬂ“ﬂ“‘ﬂ“ﬂ!tﬂ‘
wherein said aromatic nitrile is selected fromthe group i | %
45 50 CN [err] wherein Rl and°R2,
respectively, represent H CH3, O4_ OCH3, d, F, CN, NH2 or NO2; 19 EP O
307 926 Bl produced with g g sion. Exanple 11 5 The suspensi on
of the bacterial cells (cd & 92 ny of tREIdFy cells) obtained
in Exanple 8 was added to reaction solution containing 10 mM of
a pot@assi um phosphate buffé and 1 M of 2-thiophene carbonitrile,
and the reaction was conducted at 25[err]C with adding 1 M of 2-thiophene
car bobenzonitrile to the reaction solution after 1 hour fromthe initiation
of the reaction. After 5 hours fromthe initiation of the reaction, 2 M
(254 gApt.) of 2-thiophene carboxam de was produced with a 100%io
conversion. Exanple 12 The suspension of the bacterial cells (corresponding
to 5.92 ng of the dry cells) abtained in Exanple 8 15 was added to 4 m of
the reaction sol ution contapfiwg~\0 nM of a potassi um phosphate buffer (pH
8.0) and 1 Mof 2-furonitri ﬁ |t hegreaction was EBWllucted at 25 * C
with adding 1 M of 2-furoni g tlo the reaction solution after
1.2,4,6,8,11 and 23 hours fromthe initiation of the reaction,
respectively. After 30 hours fromthe initiation of the reaction, 8 M (888
g/lit.) of 2whewinghwepresonts®ai de was produced with a 100% conversion. ) 20
Exanpl e 13 The suspension of the bacterial cells (corresponding to 5.92 ng
of tRe”8ry cells) obtained in Exanple 8 was added to 4 ml of the reaction
solution containing 10 nM of a pot#8ssi um phosphate buffer (pH 8.0) and 4 M
of 3-indol eacetonitrile, and.the r®action was conducted at 25 *C. After 24
hours fromthe initiationd -( eaction, 4 M (697 gAit.) of
3-i ndolzeacet am de was proq @ @ 100% conver si d¥.J;Caadns 1. A process
for bioFogicaI producti on|[ofk_an]| 2xide wherein a nitrile is hydrated into a
e action of a nitrile hydratase originated
jgn that the nitrite hydratase originates

correspondi ng am de 30 S
in a mcroorganism characteri zey

from Rhodococcus rhodochrous J-1, FERM BP-1478, cultured in the presence of
a cobalg, ion. 2. The process for biological production of an am de
according to claim1l, wherein said nitrile is an 35 aromatic nitrile
having 4 - 10 carbon atons in its aromatic nucleus. 3. The process for

bi ol ogi cal production of an am de according to.claim2, wherein said
aromatic nitrile is selected fromthe group consisting of:

35 “aromatic nitrile having 4 - 10 carbon atons in its aromatic nucleﬁzQ

/]

35 N
O}
N\ N
40

4, The process for biological production of an amide according to claim 3, wherein said aromatic nitrile is
2-cyanopyridine, 3-cyanopyridine or 4-cyanopyridine.

6. The process for biological production of an amide according to claim 4, wherein said aromatic nitrile is
3-cyanopyridine.

6. The process for biological production of an amide according to claim 3, wherein said aromatic nitrile is
50 cyanopyrazine.

7. The process for biological production of an amide according to claim 1, wherein said nitrile is an
aliphatic nitrile having 2 - 6 carbon atoms.

55 8. The process for biological production of an amide according to claim 7, wherein said aliphatic nitrile
having 2 - 6 carbon atoms is acrylonitrile.

Patentanspriiche
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40 N [érr] 45 50 CN wher ei n :
respectively, represent H CH3, OH Epoisd7 o8 B1F. CN, NH2 °r|wﬁl¥m“ﬁﬁm‘
307 926 Bl [err] 10 x. [IV] wherein X represents S or 0; 20 - *
CN 30 35 N 40 L

[err] 4. The process for biological production of an am de according to

clai m 3, wiier ¥prighien izt biglegisehen dHerstetiynp Iebeﬁ_ém@s,éyiadm_?m Nitril me dors erisnsechenden fnide

or 4-cyanopyr MRierraer Eipwirlgng gings Nifrilsydeatase s dig vap; einemgikragragniemus, stammt hysratisiert ¥im. de
accordi ng to Efdichofkennzrlchapt, daf die) Nilrjiydratase vop iRhodopaccysshogiochyous, gl FERY Br1478 .
The pwcgss f SPMBE g dhitearenhait yar, Kebatienep pezdehtel wprden istc cor ding to clai m 3,

wher el n sai r ticnitrile s 50 .cyanopyrazi ne. . 7. The prqce r
011 o cal or AR o el A s o R vt g ol &
nitrile is an a |phap1|c nitrile having g oTar bon At ons. é%l he

process. {01, Diveafidh i o BloRElhb bi8teflhg Bes s/t addirof ilofhobichHESdsS | 1

sai d al i phat i gagdUrdrhatiscRe N hiRGlerGrupp® austonshit with, AiFbekteht afd: Y1 Oni :
Pat ent anspr Uche 20 1. Verfahren zur biol ogischen Herstellung ei nes

Am ds, be! demein Nitril zu demNentspr echenden Am d

15 -
@_CN (11;

'\_/ 20

25

CN
Rl @ Rz [II]l

80
worin R! und R2 H, CHs, OH, OCHs, Cl, F, CN, NH> oder NO2 bedeuten;

40
X
45 N
Of= =
50 worin X S oder O bedeutet;
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unter der E nwirkung einer Nitrilhydratase, die von einem | '
stammt, hydratisiert wrd, dadurclepesensgssrhnet, daB di e’\“mﬂmmm'mml,
von Rhodococcus rhodochrous J-1, FERM BP-1478 6 stanm #®ndein w s .
Anwesenheit von Kobal ti onen gezachtet worden ist. N 2. Verfahren zur

bi ol ogi schen Bil dung ei nes Am ds,nach Anspruch 1, dadurch gekennzel chnet,
daB das Nitril ein aromatisches Rlitri | mt 4 bis 10 Kohl enstof fatonen in
sei nem aronmati schen Ri ng Verfahren fair die biologische

Herstel | ung ei nes Am ds h 2, dadurch Q%ﬁe_nnzel chnet, daB das
aromagische Nitril aus ( aysgew hit wird," "'die bestmrfit aus: N WC~-N
[I] 200 CN 25 25R1 $ (1]t 30 worin

R und R2 H CHs, OH OCHs \.,~ F, CN, NH2 oder NO2 bedeuten; 35X

C t IMN40 46 E>3= CN

tiv], 59 worin X S oder O bedeutet; 55 21 qQ c E

[ VJ; und CN 10 NVI}§ 15 N 4. Verfahren fO
di e bi ol ogi sche Herst el i nes Am ds nach Anspruch 3, dadurch
gekennzel ohnet, daB K> das_aromatische N tr{VI?.Cyanopyridin,

3- Cyanopyri din oder 4- rTdth ist. 5. Verfahren fOr die biol ogische
Her st eld6ung ei nes Am ds Anspruch 4, dadurch gekennzel chnet, dal 3 das

aromati sche Nitril 3-CyanOpyridinist. 26 6. Verfahren fOr die biologische
Herstel l ung el nes Am ds nach Anspruch 3, dadurch gekennzel chnet, dal das
aromatische Nitril Cyanopyrazin ist. 7. Verfahren fO die biol ogi sche

Her st el | udg Veriphwen flindieibjolegigshe Hersielimggines Amidla eph Ansriush 8dadwschcgpkennzeighret, dlad

Ni t r RL_28i n adas glemedsgherligl Npyapepyrigii, 8-Cyangpysidip odgs Qyprepsdnistonen ist. 30 8.
Verfahren fQr die biol oqi sche Herst.el | ung, ei nes Am ds nach AnsIPr uch 7

dadur ch gék e\tﬁﬁfglgyrbfﬁhcgq bio egxﬁghe Herstellung eines Amids nach Anspruch 4, dadurch gekennzeichnet, da8
das aromatische Nitril 3-Cyanopyridin ist.

25 6. Verfahren flr die biologische Herstellung eines Amids nach Anspruch 3, dadurch gekennzeichnet, da8
das aromatische Nitril Cyanopyrazin ist.

7. Verfahren flir die biologische Herstellung eines Amids nach Anspruch 1, dadurch gekennzelchnet, daB
das Nitril ein aliphatisches Nitril mit 2 bis 6 Kohlenstoffatomen ist.
30 .
8. Verfahren flir die biologische Herstellung sines Amids nach Anspruch 7, dadurch gekennzelchnet, daj
das aliphatische Nitril mit 2 bis 6 Kohlenstoffatomen Acryinitril ist.

Revendicatlons
35
1. Procédé pour la production biologique d'un amide, dans lequel un nitrile est hydraté en un amide
correspondant par I'action d'une nitrile-hydratase provenant d'un microorganisme, caractérisé en ce
que la nitrile-hydratase provient de Rhodococcus rhodochrous J-1, FERM BP-1478, cultivé en
U présence d'ion cobalt.
40
2. Procédé pour la production biologique d'un amide selon la revendication 1, dans lequel ledit nitrile est
un nitrile aromatique dont le noyau aromatique contient 4 4 10 atomes de carbone.

8. Procédé pour la production biologique d'un amide selon la revendication 2, dans lequel ledit nitrile
45 aromatique est choisi dans le groupe formé par :

50

)



das aliphatische Nitril mit 2 bis 6 Kohl enstoffatonen Acry

Revendl catl ons 35 1. Procede pour | EPpr3o@d¥ee Ban bi ol ogi quej nm"w EHMHH!“ i
loquel un nitrile est hydratd en un anm de correspondant par*l"ac u
nitrile-hydratase provenant d un m croorgani snp, caracterise en ce quo |la
nitrile-hydratase' provient de RQodococcus rhodochrous J-1, FERM BP-1478,
cultive en presence d'ion cobg X0 2. Procddd pour la pi&chtion

bi ol ogi que d' un am de sel on Ir‘l;b- dication 1, dans |loquel‘Fedit nitrile
est un nltrlle aromat i que donf romati que contiont 4 a 10 atones
de caLpo e. 3. Procede pour |a~preduction biol ogique d un am de selon |a

revendi cation 2, dans lequel ledit nitrile 48 aromati que est choi si
dans | e groupe fornd par: 60 85 83 EP 0 307 926 B1

N c *N>5 OCN 1. CN RIQ R2

til], 16,,0b R et R2 representen espectivenment H CH9, OH OCH3, d, F
CN, NH2 ou NC2; O 0 2@ i{myl. 25 V], 30

N-RS N (V]
KO-CN N 50 4. Proced6 pour etion biologique d un am de selon |a
revendi cati on 3, dans |equel dit nitrile aromatique est |a
2-cyanopwridine, |la 3-cyanopyridine ou |la 4-cyanopyridine. 55

ol R' et R? représentent respectivement H, CHs, OH, OCHjs, Cl, F, CN, NHz ou NO: ;

ob X represente S ou 0; 3%

~ - [III);

N
Oy ™

25

30

ol X représente Sou O ;

&
Zm

: [v] ; et
'\//

40
CN
5 N
fvi].
CN
N
50
4. Procédé pour la production biologique d'un amide selon la revendication 3, dans lequel ledit nitrile
aromatique est la 2-cyanopyridine, la 3-cyanopyridine ou la 4-cyanopyridine.
656

5. Procédé pour la production biologique d'un amide selon la revendication 4, dans lequel ledit nitrile
aromatique est la 3-cyanopyridine.

23



5. Proc~d6 ‘pour |a production biologique d' un anide sel i Lon
4, dans lequel ledit nitrile arontp gBe7 e26B1 a 3- cyanop%?l"@ﬂrﬂﬂﬂl@ﬂ!ljﬁ’!!ﬁ
L M S * 6. Proced4 pour |a production biologique d' i
revendi cation 3, dans lequel ledit nitrile aromati que est une

cyanopyr afi nfrocégé peyr da; grgeuction piologigup divl amidecaelon il tevapidigation &: dans daqisel dedit et | a

revendi cat i offomatiqys-astunp sypneRyrazieelit nitrile est 5 un ni t r| | e
al i phati que a % 2 ab atones de carbone. 8. Proc~d4 pour producti on
bi ol ogi qué @ Reduggign '86 gianpHHg; anide; sglan I ’9"65‘?'@'9%1@1 gans "?qé‘ﬁ ilqdit itrie ¢t o

al i phatf que 'ﬁVHH'?a aa"q't')eﬁ?'&ﬁ?s HaE P 5URWeest | acrylonitrile. 10 15 25 30

35 40 45 %O I5r§eégé1 pour la production biologique d'un amide selon la revendication 7, dans lequel ledit nitrile
aliphatique ayant 2 & 6 atomes de carbone est I'acrylonitrile.
70
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