1 STRAIN OF RHODOCOCCUS RHODOCHROUS NCI MB 41164 AND | TS USE AS PRODUCER OF
NIl TRILE HYDRATASE The present invention relates to a m croorganismand to
nmet hods of culturing and storing the m croorganism The invention also
relates to a novel nitrile 5 hydratase enzynme and also to a nethod of
converting a nitrile to an amde enploying the nitrile hydratase enzyme. It
is well known to enploy biocatal ysts, such as m croorgani sns that contain
enzynes, for conducting chem cal reactiéns. Nitrile hydratase enzynes are 10
known to catal yse the hydration of nitriles directly to the correspondi ng

ani desTRAINYQH EEdHogoCyUsr REGOTHRIUE! ASMBENZIEANIC s R rPAO HioBHeRY o8 NEfarekY Of
m cr oHvgRir2eBE, for instance m croorgani sns of the genus Bacill us,

Bacteridium M crococcus, Brevibacterium Corynebacterium Pseudononas,
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Agric. Biol. Chem 46: (5) 1183-1189 (1982) isolated Pseudononas
chi ororaphi s B23 whi ch produced nitrile hydratase to catalyse the

conver si on lbis well knayn toremaloydbiegatalysis slech amisraergagismdthat coataiy| ani de.
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medi um conponents of the growth nedium includipg the inducer added for
nitrile hydﬂﬁ&'%‘é‘ Wh%@ﬁ%?e SDRYMES C7N A6 Rredyeed ngﬁrY@“?B’ ®e the best

i nducer formjichbstgQRieMd! fFinstance microorganisms of the genus Bacillus,
Bacteridium, Micrococcus, Brevibacterium, Corynebacterium, Pseudomonas,
Acinetobacter, Xanthobacter, Streptomyces, Rhizobium, Kiebsiella,

15 Enterobacter, Erwinia, Aeromonas, Citrobacter, Achromobacter, Agrobacterium,
Pseudonocardia and Rhodococcus.

Many references have described the synthesis of nitrile hydratase within
microorganisms. Arnaud et al., Agric. Biol. Chem. 41: (11) 2183-2191 (1977)

20 describes the characteristics of an enzyme they refer to as ‘acetonitrilase’ in
Brevibacterium sp R312 which degrades acetonitrile to acetate via the amide
intermediate. Asano et al., Agric. Biol. Chem. 46: (5) 1183-1189 (1982) isolated
Pseudomonas chlororaphis B23 which produced nitrile hydratase to catalyse
the conversion of acrylonitrile to acrylamide, generating 400 g/L. acrylamide. The

25 article by Yamada et al., Agric. Biol. Chem. 50: (11) 2859-2865 (1986) entitled,
“Optimum culture conditions for production by Pseudomonas chlororaphis B23
of nitrile hydratase”, considered the optimisation of the medium components of

. the growth medium, including the inducer added for nitrile hydratase synthesis.

Methacrylamide was found to be the best inducer for this organism.

30 Methacrylamide was included in the culture at the start of growth.



30 Methacryl am de was included in the culture at the start of growth. 2
Various strains of the Rhodococcus rhodochrous species have been found to
very effectively produce nitrile hydratase enzyne. EP-0 307 926 descri bes
the culturing of Rhodococcus rhodochrous, specifically 5 strain J1l in a
culture nediumthat contains cobalt ions. A process is described for

bi ol ogi cally producing an amde in which a nitrile is hydrated by the action
of a nitrite hydratase produced by RhoBlococcus rhodochrous J1, which has
been cultured in the presence of cobalt ion. The use of various inducers
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hydratase. In one 10 enbodi nent an am de is produced in a cul ture nedi um of

t he m cr oovganelestively piadese nitride bydradase enz¥me.e is present. I n anot her
enbodi nent a substrate nitrile is added to the culture mediumin which a
nitrile hydratase has been accunulated to conduct the hydration reaction.

There is alEm0307e920 déycribes tHe dulrinyiof RHdUocost R PbHathreas, speelfidafypporti ng
themin_a suitable carrier, for instance by 15 immmobilisation, and then
cont act Png straimd hint a cultusa Radivmdhatgantains cobalt igns: A REasess isndescribedd t o

Cyanopyr i ci BRSPS or Bfids RBED 6o [ AR B Rh S aefitn B
cul tivati ng hierité Aydatade produceisy Rhodocddrudahodssiroudotioghiciohas deenr i si ng at
| east one of urea and cobalt jon for ﬁ_reparl ng the cells of Rhodococcus

r hodochr ou$ulradip the praseac pisehalisien. dbe;use 9f vageus induears Yneedingi bed i s
fodochy ou TS . _ 11 ue
or Cur on e Sgfiamitd)o HEecHsEl BoaRe s RncEROGKIRfe HiurabRBP IRGRED hees M9 U e
activitlg. \éneisodiment an dmideviatprodigcealin sacidtule oeditva ¢fhe miicroomyamestn irm i n one
o ™ ¢ oo AR b e BT E ubiEedf r
M crobi ol . %d%%ﬁm@bulgﬁémeﬁﬁﬁnzﬂﬁlhgc?ﬁ:%?trile H;iﬂ?ét"aééﬂaé%bh BHeeumtldted e

or t u cobalt -

condi ti ons e production o cont ai ni ng
to conduct the hydration reaction. There is also a description of isolating the

microbial cells and supporting them in a suitable carrier, for instance by

15 immobilisation, and then contacting them with a substrate. The nitrile hydratase
can be used to hydrate nitriles into amides, and in particular the conversion of 3-
cyanopyridine to nicotinamide.

EP-0 362 829 describes a method for cultivating bacteria of the species

20 Rhodococcus rhodochrous comprising at least one of urea and cobalt ion for
preparing the cells of Rhodococcus rhodochrous having nitrile hydratase
activity. Specifically described is the induction of nitrile hydratase in
Rhodococcus rhodochrous J1 using urea or urea derivatives which markedly
increases the nitrile hydratase activity. Urea or its derivatives are added to the

25 culture medium in one batch at a time or sequentially and cultivation occurs
over 30 hours or longer, for instance up to 120 hours.

An article by Nagasawa et al., Appl. Microbiol. Biotechnol. 34: 783-788 (1991),
entitled “Optimum culture conditions for the production of cobalt-containing

30 nitrile hydratase by Rhodococcus rhodochrous J1”, describes isolating J1 as an
acetonitrile utilising strain which synthesises two different nitrile hydratases and



30 nitrile hydratase by Rhodococcus rhodochrous J1", describes isolating J1
as an acetonitrile utilising strain which synthesises two different nitrite
hydratases and 3 a nitrilase depending upon the culture conditions used.
One nitrite hydratase is induced optinmally by urea and urea anal ogues. U ea
is added at the start of the culturing process and seens to becone
efficient as an inducer only when the asal nediumis nutrient rich.

| nduction of the enzynme started gradual Py and 5 increased in growth until it
reached a maxinum after 5 days of cultivation. The activity was found to
decrease orP pilidagmdepending Lpan thenculiwie gonditiens upad.d Gerliie gquaIQSGaBso used

commerci al [; i TR id Ll e.and this
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1241- 1256 (cifAfhg pkeseize\urdateetis to tome Eifieisheas aRiintesironly whn tR31- 241
(2000) entitled, "Nitrile dr at ase of Rhodococcus"”, describes the growth

and synt hediasabmedium iig Butrigplaiichy dductian o Hipevene startedoradually am  The
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organi sm CGuitelty wias felisdto dspreaseion prolbhgdd oultivation. hydrat ase activity. This

literature paper | ooks at induction and netabolic effects in the nain. 20
Leonova et al., Appl. Biochem Biotechnol. 88: 231-241 (2000) al so states

that acryl '%5' r%% Oﬁ‘l’f%f kal i i i coccus
rhodochrous%. bgg‘?gn pgﬁfeé)rlljt% 17 1@5@”5%‘%89?@5@@33@?@8@ rhodochr ous
strain MB. @fylRmd®mononter flondactytonitsiessandithis pResh hibs (heed Wessribed by | e
hydr at ase wi t hout the need an i nducer C s urea is described in
US- A- 5887 69920a3gwa %@CfX?WangWg*%r(g‘&‘?msgrﬂ &421-3%56 81a9§5\)-e of Rhodococcus
rhodochrous MB. The production of acrylam de nononer in particular is

desirable via the 30 biocatalytic route. In the review publication by Yamada
and KobayasleqnoBaatal., Appl. Biochem. Biotechnol. 88: 231-241 (2000) entitled, "Nitrile

Hydratase of Rhodococcus", describes the growth and synthesis of nitrile
hydratase in Rhodococcus rhodochrous M8. The nitrile hydratase synthesis of

15  this strain is induced by urea in the medium, the urea also acting as a nitrogen
source for growth by this organism. Cobalt is also required for high nitrile
hydratase activity. This literature paper looks at induction and metabolic effects
in the main.

20 Leonova et al., Appl. Biochem. Biotechnol. 88: 231-241 (2000) also states that
acrylamide is produced commercially in Russia using Rhodococcus
rhodochrous M8. Russian patent 1731814 describes Rhodococcus
rhodochrous strain M8.

25 Rhodococcus rhodochrous strain M33 that produces nitrile hydratase without
the need of an inducer such as urea is described in US-A-5827699. This strain
of microorganism is a derivative of Rhodococcus rhodochrous M8.

The production of acrylamide monomer in particular is desirable via the
30 Dbiocatalytic route. In the review publication by Yamada and Kobayashi, Biosci.
Biotech. Biochem. 60: (9) 1391-1400 (1996) titled “Nitrile Hydratase and its



Bi otech. Biochem 60: (9) 1391-1400 (1996) titled "Nitrile Hydratase and its
4 Application to Industrial Production of Acrylam de" a detail ed account of
the devel opnent of a biocatalytic route to acrylam de is described. Three
successively better catalysts and their characteristics for acryl am de
production and in particular the third generation catal yst Rhodococcus
rhodochrous J1 are 5 described in sone detail. A major disadvantage with
the use of biocatalysts is the general 4ack of stability observed with wet
m crobial material during storage, transportation and use. Even with

rel ativel y@?ﬂ{%tﬁ)netﬁzmaﬁﬁnélﬁﬂr&aéﬂcﬁf 6ﬁl\c°ryl‘éhu@é? A0kt eysimicraes in 10
Rhodococca the potential for spolflage before use has led to
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suspension in ezing or, fr in ueous
mxture orS sugoesShit bellonc et ot BT BienarteriRhcs Brieomicgard |
matrix. ﬁﬂqﬁPﬁHf&ulaﬁ*Qﬁé EHrRY GeheraBan ﬁt%gmnadddbcangméd&hml@ﬂta%eyst it is
mportant t hat nexi num bi ocatal yti'c activity is retained during its
pr epar abi odeaonbext iorsogee gdefalr to use. In Chaplin and Bucke (1990) In:
Enzyme Technol ogy, published by Canbridge University Press, p 47 (Enzyne
preparation and use) it was recognised that enzyne inactivation can be
caused by RembjorRisddvahisdeswittbthe us@mflb'miatéwttswtnéageﬁranaaaéwtamlg and

irreversible inhibitors. A nunber of 20 substances nay cause a reduction in
the rate oPbsarvedwitewehmiarobigl matesiat dung:storages franspertation and ueg.udes

o osent at: Gver Ry BN AR vES e S it WA, (25
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and these included proteases, oxidation due to the gr esence of oxygen or

oxygen rad Vﬂ@l‘%ﬂ@dﬂd'éﬁiﬁbﬁoé fhe\peed onrecess beriocatalyskeell wspaRYPAIhg. such as
urea. some way e.g. by freezing or freeze-drying of the aqueous mixture or

alternatively immobilisation of the cells in some polymer matrix. In order to
achieve maximum productivity from the biocatalyst it is important that the

15  maximum biocatalytic activity is retained during its preparation and storage prior
to use. In Chaplin and Bucke (1990) In: Enzyme Technology, published by
Cambridge University Press, p 47 (Enzyme preparation and use) it was
recognised that enzyme inactivation can be caused by heat, proteolysis, sub
optimal pH, oxidation denaturants and irreversible inhibitors. A number of

20 substances may cause a reduction in the rate of an enzymes ability to catalyse
a reaction. This includes substances that are non-specific protein denaturants,
such as urea.

In the presentation, Protein Stability, by Willem JH van Berkel, Wageningen
25 University, factors that may cause deactivation or unfolding were considered

and these included proteases, oxidation due to the presence of oxygen or

oxygen radicals and denaturing agents causing reversible unfolding, such as

urea.

30 Chaplin and Bucke (1990) In Enzyme Technology, published by Cambridge
University Press, p 73 (Enzyme preparation and use) revealed that the key



30 Chaplin and Bucke (1990) In Enzyne Technol ogy, published by Canbridge
University Press, p 73 (Enzyne preparation and use) reveal ed that the key 5
factor regarding the preservation of enzyne activity involves maintaining
the conformation of the enzynme structure. Therefore it was considering
inportant to prevent unfolding, aggregation and changes in the coval ent
structure. Three approaches for achievbng this were considered: (1) use of
additives; (2) the 5 controlled use of toval ent nodification; and (3) enzyne
i nmobi i sation. EP-B-0 243 967 describes the preservation of nitrite

hydr ati on dactorragarding the prasesatiopyofenaymeddtivibningplves apaintaining tieonmpounds
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whi ch period is short, storage at a low temperature, especially at a temperature in the

15  vicinity of 0°C is preferred. It was described in EP-A-0 707 061 that addition of
inorganic salts at a concentration of between 100 mM to the saturation
concentration of the inorganic salts to an aqueous medium containing either a
suspension of microbial cells or immobilized microbial cells, preserved the cells
and enzyme activity for a prolonged period of time. This technique is described

20 for the preservation of microbial cells that have nitrile hydratase or nitrilase
activity. The addition of bicarbonate or carbonate salts to an aqueous solution
of immobilized or unimmobilised microbial cells having nitrilase activity is
described in US-B-6,368,804. Immobilisation has frequently involved removal of
the enzyme from the whole cell, before immobilising the enzyme in a matrix.

25 However, although such immobilisation provides very good protection for the
enzyme, extraction of the enzyme from the whole cell is an intricate step, which
can be time-consuming, expensive and can lead to loss of enzyme. Additionally
whole microbial cells can be immobilized. US-A-5,567,608 provides a process
of immobilising whole cell biocatalyst in a cationic copolymer which has good

30 storage stability and prevents putrefaction.



can be time-consum ng, expensive and can |lead to | oss of enzyne.
Additionally whole mcrobial cells can be imobilized. US-A-5,567,608
provi des a process of imobilising whole cell biocatalyst in a cationic
copol ymer which has good 30 storage stability and prevents putrefaction. 6
Rhodococcus rhodochrous J1, which is used commercially to manufacture
acryl am de nononer, is imobilised to (a) allow transportation and (b) to
increase the longevity of the biocataly6t in use. In US-A-5,567,608 the
inventors state that biocatalysts are normally i mobilized for use on an 5

industrial RegddRoct®s fielbbhiods 91ewhichds usepaomimergially td hranbfzeaaeal yst from
the reaction product, preventi T)%ﬂl npurities fromthe biocatal yst eluting
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Various other ways have been proposed for minimising the deleterious effects
of enzyme inactivation in an attempt reduce the negative impact on a chemical
15 reaction process.

It is also known to freeze dry biocatalysts in order to preserve the activity of an
enzyme in storage over a prolonged period of time. Again this is a potentially
expensive processing step that is normally carried out with biocatalysts

20 prepared on a small scale. Cryopreservation in liquid nitrogen or in the vapour
phase of liquid nitrogen also affords long-term storage of microbial cells but
requires a constant supply of liquid nitrogen. Freezing of recovered biomass or
semi-pure or pure enzymes at temperatures of <-18°C is also known to
preserve biocatalytic activity for prolonged periods of time.

25
Furthermore, once the cell mass is introduced to the reactor and the reaction is
taking place minimisation of the loss of efficacy is critical to the operational
efficiency and the process economics. Once again, immobilisation of the
microbial cells into some polymer matrix is standard procedure to optimise

30 these process parameters.



Furthernore, once the cell mass is introduced to the reactor and the
reaction is taking place mnimsation of the loss of efficacy is critical
to the operational efficiency and the process econom cs. Once again,

i mmobi lisation of the mcrobial cells into some polynmer matrix i s standard
procedure to optimse 30 these process paraneters. 7 It would therefore be
desirable to provide a process and a bigcatal yst where these di sadvant ages
can be overconme. According to the present invention we provide a

m croorganismthat is 5 Rhodococcus rhodochrous strain NCIMB 41164 or a
nut ant  t herlbwpulditheeefaebadesiEbigyRromideaPIosess pRd adieeatalysidvngrepr oduce

nitrile hygﬁgégégagy%@agg%gaé QH'&%F&& e this new m croorgani sm (and the

nitrite hy erefrom can be used in a process of
converting nitriles, to the am de. 10 Rhodococcus rhodochrous NCI MB 41164 is
particularlé of use for the conversion of (meth)acrylonitrile to

(met h) acryl ngtedherpressdl iguention We grovide reickgyganismthatysnd to remain

active, gangs, J i cli Vi ong periods of
e and T OPIRRSFuS BRERGRES SyRH REMAELA A ol BiRot L Ur e " t 1
undi m ni shed activity after preparation of acrylam de at 15 >50% w w. Thus

it can be, if required, reused either directly or after_a further period of
storage. ThENgiBEW MICTAropMEMIAS Reem, onneite derdily AreduasoRitsie ydratags: VB 41164

atrain vas WEUAYe fGnd S LR SRR o T R e R L o
51 March 2GB8redton hearNae usedhin apidcess oboomierlimginitiles,db theachidéar i ne Bacteri a
(ot M40 18h 4 doctlS RS NERSIITETIOParElTaR) of st s #1104 under the

conversion of (meth)acrylonitrile to (meth)acrylamide. The microorganism and

enzyme have been found to remain active, and in some cases even increase in

activity, over long periods of time and furthermore can be recovered from the

reaction mixture with undiminished activity after preparation of acrylamide at

15 >50% w/w. Thus it can be, if required, reused either directly or after a further
period of storage.

The details of the new strain Rhodococcus rhodochrous NCIMB 41164 are
given below:

20
1. Origin and Deposition
The Rhodococcus rhodochrous strain was isolated by us from soil in Bradford,
England and deposited on 5" March 2003 at the National Collection of Industrial
and Marine Bacteria (NCIMB), where it was assigned the accession number

25 NCIMB 41164 under the Budapest Treaty.

2. Taxonomic identification of the microorganism
Identification of the soil isolate was carried out using the technique of 16S rDNA
analysis. The sequence of the 16S rDNA gene obtained from the soil isolate

30 was compared with nucleic acid sequence databases. The sequence obtained

was compared to those found in a proprietary database (Microseq™) and the



2. Taxonom c identification of the m croorganismldentification of the soil
isolate was carried out using the technique of 16S rDNA analysis. The
sequence of the 16S r DNA gene obtained fromthe soil isolate 30 was conpared
wi th nucleic acid sequence databases. The sequence obtained was conpared to
those found in a proprietary database (M crosegTM and the 8 top 20 hits
were determ ned. Conparison of the sequence with this database identified
the best match as Rhodococcus rhodochrofis with a 97.48% sinil arity. This is
a genus | evel match, but was nost likely to be a strain of Rhodococcus

r hodochr ougop 20 hitstvare detarmineds eGomparige atthetsegupnoe mithiEBldatzhasease 5

dentified tch dat ab t o Rhod dach th
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Pol yror phi crrgg @4 geﬁh% legel MYBich! biithvad moet nk@y td sé aMNefirs BORBoddtorBls (4) Gram
positive (5% Aer o Growth on nutrient agar gives sal non pink round

col oni es wirhodochadus. 1Aflhf(dlﬁf§&atcf'(§ﬁarah against thetpublic &oddBNdatabase Hydr at ase
Synt hesi s The ccus do hr s, NCI 1164 of the esent.. i nvention
can be cu|"!%n1@§83 ?Stam?tc 3 §b§§ﬁ %ﬁ% qqg)rccpﬁéhclﬂg%bgg@ Wi accor dance
w th any ofgg.égg%lgﬁni@}wm met hods, for instance as described in the

r

af orenenti oned prior a Preferably the mcroorganismis cultured in a
culture nediumthat conprises wurea or a derivative of urea. W have found

that this g j medi um contai ni ng acetonitrile or
acryl oni trﬁ‘yoggﬁgﬁa‘cﬁ%@g?ulgﬁalt g?éﬁ%er;lér}}c?e hydratase. In the presence of
urea or urea @d¢Pohghonphicegroath i nducer and

10 (2) Motility: immotile

(3) Non-spore former

(4) Gram positive

(5) Aerobic

(6) Growth on nutrient agar gives salmon pink round colonies within 48
15 hours at 30°C

4. Cultivation and Nitrile Hydratase Synthesis
The Rhodococcus rhodochrous NCIMB 41164 of the present invention can be
cultured under any conditions suitable for the purpose in accordance with any of
20 the known methods, for instance as described in the aforementioned prior art.
Preferably the microorganism is cultured in a culture medium that comprises
urea or a derivative of urea. We have found that this microorganism can be
grown in a medium containing acetonitrile or acrylonitrile as an inducer of the
nitrile hydratase. In the presence of urea or urea derivative as an inducer and
25 cobalt chloride as a source of cobalt ions, very high nitrile hydratase activity is
achieved. For example urea and cobalt are added to the medium described in
the experimental examples.

Desirably the Rhodococcus rhodochrous NCIMB 41164 can be cultured to give
30  high enzyme activity, for instance about 250-300,000 pmol min™/g dry biomass

at 15°C. High nitrile hydratase activity can be achieved if urea or a urea



25 cobalt chloride as a source of cobalt ions, very high nitrite hydratase
activity is achieved. For exanple urea and cobalt are added to the nedium
described in the experinental exanples. Desirably the Rhodococcus
rhodochrous NCI MB 41164 can be cultured to give 30 high enzyne activity,
for instance about 250-300,000 nol mn-'/g dry biomass at 15C. Hi gh nitrile
hydr at ase activity can be achieved if ugea or a urea 9 derivative is
present in the culture medium It may b present at the start of the

culture or it  may be added at sone p0|(§] Li wth but generally shoul d
be added U@TU?BVQ [sePrenaritin de eyRIrgiigy! B’ﬁ‘argl f@ﬁeg#%ivthﬁs ajohthaitrile
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derivative 1's no St antli anount ure medi um

at the starddded ﬁdﬂ@rgmeraneeg@ﬁtherstatwnavy phdmetoﬁ growm rididhciteld [adeatasBy this
we nean that urea or the urea derivative §]not esent or i s present in an

anount of |aciity gam peeferagly be gehieved fjurea gethe yngg fesivativg |s nqipresast ét er abl y
the cul tyr & fiRdindBri) é%ﬁﬁfﬁtthglchﬁ ufel fiBdiuim &t theart bRHY Ricodtohhish] Ur ea or

t he urea deri'vative or at first six hours oorgani sm
growt h. |t grewdspeics attrgdycedfiater. &Y this waenearothtah uneloutheafres lderivative

m cr oor gani, s substantially.free of or, th rlvalvefor at

| east 12 5[5‘ng'§§8an '§cﬂ‘?%se€éé%§n é‘f"qué‘ggf Fegg th@?ﬁ@u QEfRF? r@m% €SSt r oduct i on
of the ureangh 0.1 54, Mbl%,apr‘é%rbh{l?tthé(%uﬁ@retlﬁédli]frpiéﬁéihb%t’érﬁ’laﬁ)fl fre8¢i. @Le%.&oorgan' sm
is higher in the “absence of ufea or the urea derivative, but it is
added bef ortban®.glly of ureaouthmuneagieﬂvatlmfonatieaatymﬂmm\mmm f ound t hat

this engbles. higher. nitrile drata i Vi to oc in a shorter period
o' t1 ot heicroctoghist alowsf. 1Y ShPRAR Apldrnad ¥ e aR il oAl B ' The et ars
of culturi n&ucr&hgah@rfﬁatsu@ata@hm frb of Bfed & the iréd dbAvAHEfBF 851828011 nabl e
froma 20 m croorgani smwhich i s Rhodococcus rhodochrous NCI MB 41164 or a

mut ant  t heh@ss ang in gemneiasas géeash24 haurs brfera therntrededionofdhe ureseers of
preparing at'ﬂemg‘aeﬁ\péﬁ\r)e as the growth rate of the microorganism is higher in the
absence of urea or the urea derivative, but that it is added before 48 hours
15  culturing of the microorganism. We have found that this enables higher nitrile
hydratase activity to occur in a shorter period of time than if the urea or the urea
derivative had been added at the start of culturing.

The invention also relates to a nitrile hydratase obtainable from a
20 microorganism which is Rhodococcus rhodochrous NCIMB 41164 or a mutant
thereof.

A further aspect of the invention concerns a process of preparing an amide from
the corresponding nitrile wherein the nitrile is subjected to a hydration reaction

25 in an aqueous medium in the presence of a biocatalyst selected from the group
consisting of a microorganism which is Rhodococcus rhodochrous NCIMB
41164, a mutant thereof and a nitrile hydratase obtainable from Rhodococcus
rhodochrous NCIMB 41164 or a mutant thereof. Hereafter the term ‘biocatalyst’
refers to the nitrile hydratase that is synthesised within the Rhodococcus

30 rhodochrous NCIMB 41164 cell and may include the Rhodococcus rhodochrous
NCIMB 41164 cell itself. Thus, the biocatalyst could be used as a whole cell



the corresponding nitrile wherein the nitrile is subjected to a hydration
reaction 25 in an aqueous nediumin the presence of a biocatal yst sel ected
fromthe group consisting of a m croorgani smwhich is Rhodococcus
rhodochrous NCIMB 41164, a nutant thereof and a nitrile hydratase

obt ai nabl e from Rhodococcus rhodochrous NCI MB 41164 or a nutant thereof.
Hereafter the term'biocatalyst' refers to the nitrile hydratase that is
synt hesi sed within the Rhodococcus 30 rHbdochrous NCI MB 41164 cell and may
i ncl ude the Rhodococcus rhodochrous NCIMB 41164 cell itself. Thus, the

bi ocat al ystpreparatiorbin aifaroheatationwhedisme 85 [aniayjueeus sHspENsION.ias a f er nent ati on
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requi renents o thls I nventi on. Thi's process is particularly suitable for
readily pr élpmreqmyemenm%ls‘mmmttdme corresponding nitrite. In particular
aqueous_sol utions of am de can be prepared in high concentration. The

pr ocess?i s especially suitable for preparing acrylam de or nethacryl am de.
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of amde fromnitrite. be immobilised for 1nstance entrapped in a
gel or it mgremondmdltrmeeﬂ@pamylaagquew%%olumrls efipidesianrhe preparatht i vel y
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carrying onabrwmld@r@(mgma&ﬂy{arﬁugcat alyst is introduced into an agueous
medi um suitable for carrying out the culturing of the m croorganism

Typi calPy a suspension of the biocatalyst, for instance whole 20 cells of

the m cr ooRgan;StalfE¥mas bk UsBBGs £ Whblk'delitatdIfst et HRrafdbidthie! | & or

from nitrile. It may be immobilised for instance entrapped in a gel or it may be
used preferably as a free cell suspension. Alternatively the nitrile hydratase
enzyme may be extracted and for instance used directly in the process of

15  preparing the amide.

In one preferred way of carrying out the process the biocatalyst is introduced
into an aqueous medium suitable for carrying out the culturing of the
microorganism. Typically a suspension of the biocatalyst, for instance whole

20 cells of the microorganism, may be formed. A nitrile, for instance acrylonitrile or
methacrylonitrile is fed into the aqueous medium comprising the biocatalyst in
such a way that the concentration of (meth) acrylonitrile in the aqueous medium
is maintained at up to 6% by weight. Nitrile such as acrylonitrile or
methacrylonitrile is more preferably fed into the reaction medium and the

25 reaction allowed to continue until the concentration of amide, for instance
acrylamide or methacrylamide reaches the desired level, in particular between
30 and 55% by weight. Most preferably the concentration is around 50% by
weight.

30 This new strain of Rhodococcus rhodochrous (NCIMB 41164) is capable of
producing aqueous acrylamide solutions in high concentration (for instance 50%



met hacrylonitrile is fed into the aqueous nedi um conprising the biocatal yst
in such a way that the concentration of (nmeth) acrylonitrile in the aqueous
medium is nmaintained at up to 6% by weight. Nitrile such as acrylonitrile
or nethacrylonitrile is nore preferably fed into the reaction nmedi umand the
25 reaction allowed to continue until the concentration of amde, for

i nstance acrylam de or nethacryl am de ﬁ$aches the desired level, in
particul ar between 30 and 55% by wei ght. Most preferably the concentration

is around 50% by weight. 30 This new strain of Rhodococcus rhodochrous
(NCI VB 411@4:;vla@lct%)p£ﬁq%raaw thﬁr%%ﬁjm{aasééﬁééugedawtﬁ rge CeBPIRGESAs i n hi gh
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be carried outY as a free ce process using a fed-ba pe reactor to

whi ch t he lrhodedharbys NCGIMBo4ib18) dsiaddedindbe iorou sf fedinkBtatibhtstdthior asdded in the
formof fernmentation broth or as harvested biomass. 5 The activity of the
bi ocat al ysthmﬁ@ EEBES: r hodochr ous NCI MB 41164) and the nitrile hydratase
produced therefromis such that it can be recycled and reused for further
hydration of nitrile to the corresponding am de. 10 Recycling of the

bi ocat al ystThesagtivityiof theabibgatalyist {Rhedbcoccaayhadoobrads NOHIMBr4 1164 ) agdet h)

acrylonitrile taq (,eth) acrylam.de. Thus.in nuf act ure, of aecryl am de
when t he ret_h%tni‘tﬂlﬁ W‘%E@E P@’éd‘{?&ﬁgﬁ%ﬁe Oohi§ %&]Bﬁ%ﬁfﬁ@ EQ@H@@?I%‘? duced at
the appropriea&d fTGRRGT Rdratibn difttrifeicthToredpoifing fmyed and re-used to
produce anot her batch of "acrylam de without loss in"nitrile hydratase

activity. 15 This can even be achi eved after the biocatal yst has been stored
in water, f sever ays Qr. instance th ays rior to reuse. It is
even pdDsi tReosEiNG 5F nsciCatolR is PRI ERR PR APl B e BE FORVGHERS £ e ¢ her
storage. Ac@estH) acrylonitAlReo e iachflaimitis. TRUSM tH maRURICRE@F adfylIafideous
conposi tion ) ) )

when the reaction process is complete and acrylamide has been produced at

the appropriate concentration, the catalyst can be removed and re-used to

produce another batch of acrylamide without loss in nitrile hydratase activity.

15  This can even be achieved after the biocatalyst has been stored in water for
several days (for instance three days) prior to reuse. It is even possible to

prepare a third batch of acrylamide, even after further storage.

According to one aspect of the invention we provide an aqueous composition

20 comprising a biocatalyst that is or is obtainable from the microorganism
Rhodococcus rhodochrous strain NCIMB 41164 or a mutant thereof and
wherein the biocatalyst is in the form of a non-actively growing free cell
microorganism. We also provide a method of storing the biocatalyst, that is in
the form of a non-actively growing free cell microorganism.

25
The microbial cells of the biocatalyst used to carry out the conversion of nitrile to
amide, may be regarded as a non-actively growing culture. By this we mean
that the medium and the storage conditions in which the microorganism is held
would not be expected to promote growth. The storage medium can for

30 instance be the Rhodococcus rhodochrous NCIMB 41164 cells that maybe
recovered from the fermentation medium. Or the cells maybe used directly in



20 conprising a biocatalyst that is or is obtainable fromthe m croorgani sm
Rhodococcus rhodochrous strain NCIMB 41164 or a nmutant thereof and wherein
the biocatalyst is in the formof a non-actively growing free cell

m croorganism W also provide a nethod of storing the biocatalyst, that is
in the formof a non-actively growing free cell mcroorganism 25 The

m crobial cells of the biocatal yst used to carry out the conversion of
nitrile to anide, may be regarded as al%on-actively growi ng culture. By
this we nean that the nmedium and the storage conditions in which the

m cr oor ganitiserfarmenedtibn mediuch, oo thdyemayeptesdnt as pnaguieeug sagpdnsidmia st or age
medi um can for, 30 i nstance be the Rhodococcu rhodochr ou NCI VB 41164 cells
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suspension 1n a sul suspen |ns ance;
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nutrient consuhption, or other formof neasurenent general used to

nmoni t or m Qeobrally uyed\tohlnmnbr micrabial growth @hd metapolismi on or t he storage

medi um may conprise any residual 10 fernmentation broth conponents. The
fermentation broth may include any of the typical ingredients used for

cul turing men%wmm@swﬂ%éh%lmmaw%mﬁﬁseBh?%ﬁ&@aland by- product s
produced by the nicroorgani sm i cal onents the fermentation broth

i ncl udd0s ué@ﬁf@nt@'@ﬂw@@m nampqe@tSprTbeéernsentpw bratk mayiincivde asydd theni t r ogen
sources " ABGeRRpS o BERLAhSIBGRENBIAR B8 nAPGBLET . s
as sugars; prodovts B Sy prodadts piditiced iblythe ericioovgartsm. iTyRigRoobMponents
of the fermentation broth include sugars, polysaccharides, proteins, peptides,
amino acids, nitrogen sources, inorganic salts, vitamins, growth regulators and
15 enzyme inducers. Specifically this could include monosaccharides or
disaccharides as sugars; ammonium salts or other nitrogen sources; inorganic
salts such as phosphates, sulphates, magnesium, calcium, sodium and
potassium salts; metal compounds; vitamins; and complex fermentation medium
components, for example corn steep liquor; peptone; yeast extract; organic or
20 inorganic compounds that may be used for specific microbial growth
requirements; specific enzyme inducers (such as urea that is used to induce the
nitrile hydratase of Rhodococcus rhodochrous NCIMB 41164); and organic
acids such as citrate or pyruvate; and any other organic or inorganic
compounds that may be required to ensure successful growth of the
25 Rhodococcus rhodochrous NCIMB 41164.

Usually when a biocatalyst, such as one that produces nitrile hydratase, is
stored without continued growth for a period of time, even for a few days, it is
normal to remove the microbial cells from the fermentation broth, whether it is
30 the cells that are required as the catalyst, or whether the enzyme is recovered
from the the cells or fermentation medium. This is to prevent microbial growth



salts such as phosphates, sul phates, magnesium cal cium sodi um and
potassium salts; netal conpounds; vitam ns; and conplex fernentati on nmedi um
conponents, for exanple corn steep liquor; peptone; yeast extract; organic
or 20 inorgani c conpounds that may be used for specific mcrobial growth
requi renents; specific enzyne inducers (such as urea that is used to induce
the nitrite hydratase of Rhodococcus rhodochrous NCI MB 41164); and organic
acids such as citrate or pyruvate; and y other organic or inorganic
conpounds that may be required to ensure successful growmh of the 25
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cells to prevent the degradation of the biocatal yst through extraneous

bi ol ogi cal csrtatly i legs thamiwesdaysdt s Werecpke@wieholbn. The biocatal ytic
activity could normally be expected to reduce in a very short period of
time such as within a day and certainly in less than two days if this were
not carri edethbds bEpresasving the activity dadng bre storage ofybidoatahygty, leees far age of
bi ocat al ysts,, even for f'LO erio of tine up\;toiqoﬁge-vmeag, ave nornally
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addi ti onal eproc ssin st%eap is required {.o renpve tg?h
ither becomé contdminants in the reaction mixture and this may be a problem
further downstream or an additional processing step is required to remove the
15 stabilizing compound or additive from the microbial cell suspension before it is

used as a biocatalyst.

In the absence of such preservation treatments and normally biocatalysts that
are kept at ambient temperatures tend to lose activity to the extent that they are
20 no longer as effective or even suitable for catalysing reactions.

Growth of a microorganism for use as a biocatalyst may take place over a
period of several days. During this time the microorganism is actively growing,
that is to say balanced growth where the biomass is increasing together with an

25 increase in and maintenance of the overall chemical composition of the cell.

Normally the growth of microorganisms is limited either by the exhaustion of

nutrient or the accumulation of toxic products of metabolism and the growth rate

reduces. Growth is maintained by feeding appropriate nutrients and maintaining
30 a correct temperature and pH for growth and where required supplying oxygen.



15 stabilizing conmpound or additive fromthe mcrobial cell suspension
before it is wused as a biocatalyst. In the absence of such preservation
treatments and normal ly biocatalysts that are kept at amnbi ent tenperatures
tend to lose activity to the extent that they are 20 no |longer as effective
or even suitable for catalysing reactions. G owh of a mcroorganismfor use
as a biocatal yst nmay take place over a period of several days. During this
time the mcroorganismis actively growidhg, that is to say bal anced growh
where the bionmass is increasing together with an 25 increase in and
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Wi t hout regaowh Pgoteih deattivatorof any of the fermentation broth conponents

such as urea or urea derivatives, even though urea is a known protein
deactivator. The conposition or the environnent used in the nethod of

storage na it : : J ;fa)% e
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achieved by any of the conventional methods for removing oxygen. These

include purging for a period of time with an inert gas, removal of any head-

15 space in the storage container, storing under diminished pressure or the
addition of known oxygen scavengers such as ascorbic acid or hydrazine and

hydrazide.

It would have been expected that after 2 days and especially after several days
20 storage there would be some loss in nitrile hydratase activity. This would have
been expected even in the absence of oxygen. It would have been expected
especially in the presence of residual fermentation broth components, such as
urea, and also at temperatures of above 0°C. This is because protease
enzymes in the biocatalyst might be expected to break down other proteins in
25 the cell, including the nitrile hydratase. Furthermore, the presence of urea or
urea derivative could be expected to be detrimental, since urea is known to be a
protein deactivator. However, the biocatalyst suffers none of the expected

disadvantages and thus suffers no significant loss in nitrile hydratase activity.

30 On the contrary we find that during the storage period the activity of the
biocatalyst comprising nitrile hydratase can in some cases actually increase.



addi ti on of known oxygen scavengers such as ascorbic acid or hydrazine and
hydrazi de. It would have been expected that after 2 days and especially
after several days 20 storage there would be sonme loss in nitrile hydratase
activity. This would have been expected even in the absence of oxygen. It
woul d have been expected especially in the presence of residual
fermentation broth conponents, such as urea, and also at tenperatures of
above OC. This is because protease enzyH%s in the biocatal yst m ght be
expected to break down other proteins in 25 the cell, including the nitrile
hydr at ase. Thus irhenotheeaspédat op thesiomertionf we psevide a methad afincreasing theoul d be
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essential 15 to the conposition or the storage nethod of this aspect of
i nvention. Were

The presence of fermentation broth components such as urea are not essential
15 to the composition or the storage method of this aspect of invention. Where
fermentation broth components are present, this may be urea or a urea

derivative. The urea derivative can be for example an alkyl derivative of urea.

Urea or the urea derivative could be present in the biocatalyst composition

20 through its inclusion in the fermentation mixture. In one form of the invention the
composition or storage medium containing the biocatalyst may be
deoxygenated and contain fermentation broth components such as urea.

A particularly advantageous feature of this aspect of the invention is that it is no

25 longer necessary to separate the biocatalyst from the fermentation mixture in
which it was cultured. This is of significant value since it avoids the requirement
for an additional processing step. Therefore the composition may also comprise
a fermentation mixture, which is then stored. In the method of storing the
biocatalyst, we find that this may also be achieved in the presence of a

30 fermentation mixture without any detrimental effects on the activity of the
enzyme. This then allows the fermentation broth to be used immediately to



fermentation broth conponents are present, this may be urea or a urea
derivative. The urea derivative can be for exanple an al kyl derivative of
urea. Urea or the urea derivative could be present in the biocatalyst
conposition 20 through its inclusion in the fernentation m xture. In one
formof the invention the conposition or storage nedium containing the

bi ocatal yst may be deoxygenated and contain fernentation broth conponents
such as urea. A particularly advantageols feature of this aspect of the
invention is that it is no 25 |longer necessary to separate the biocatal yst
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m xture w thispatal ithRiut need forl adelitfonal srocesdihg stepisitius ginwdliffing angnzyme. This
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wi t hout detrinent whilst the bioconversion step is being carried out also
over a period of several days, thus ensuring a constant supply of readily
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preferably between 5 and 25°C, such as between 10 and 25°C and in particular
15 to 25°C.
15
According to a further aspect of the present invention we provide a method of
producing an amide by contacting the corresponding nitrile by a nitrile
hydratase,
in which the biocatalyst is part of a composition or stored in the form of a non-
20 actively growing free cell microorganism in a storage medium in which the
composition or storage medium comprises fermentation broth, and the
biocatalyst is (or is obtainable from) the microorganism Rhodococcus

rhodochrous strain NCIMB 41164 or a mutant thereof.

25 Thus in accordance with this aspect of the invention the biocatalyst may have
been held in an environment containing oxygen or held in an oxygen-free
environment. It may or may not contain residual fermentation broth components
such as urea prior to commencing the conversion of the nitrile. This may be
resulting from storing the biocatalyst in accordance with the storage aspect of

30 the present invention or alternatively provided as a composition in accordance
with the present invention.



15 According to a further aspect of the present invention we provide a

nmet hod of producing an am de by contacting the corresponding nitrite by a
nitrile hydratase, in which the biocatalyst is part of a conposition or
stored in the formof a non- 20 actively growing free cell mcroorganismin
a storage nediumin which the conposition or storage nedi um conprises
fermentation broth, and the biocatalyst_is (or is obtainable fron) the

m cr oor gani sm Rhodococcus rhodochrous dfrain NCIMB 41164 or a nutant
thereof. 25 Thus in accordance with this aspect of the invention the

bi ocat al ystAsmiyehaveviolsigit ibebtineaesaarydavemowending biosatalystifrogn $ie/gen or hel d

f dual
Fer mentat | GATBFIBHOR HIUFE ehich e BREaEhel s BRen Foed e datsd éhe
conver si on Rbfdritdy fehgrthé %nv.TszrﬁeﬁﬁM witich theibdatay st ifsq{éléfa | dtding

bi ocat al yst' In accordance with the storage aspect of e present
i nvention mormarmmmofa&mqntaimmtyatrasmerefmm@smoq:aialyshcmnpowﬂarmce with the

present dnventi.on. revi ousl i S, not nec enove the
bi ocat al W‘&%ﬂﬂ“ﬂﬁé’mﬁ gﬁ ai'PU thnc%%’%ﬁmﬁén%ﬂsw@%%an%% has been
pr epar ed. Wﬁéh igthdn rwdeéteartefthé %r@épbﬁdm@\/arﬁi@@”m have fiinelsurpasiRgigcat al yst
is held also contains onponents of ‘a fernentation broth. Thereforé a

bi ocat al ystthabimmssitnaisbie wewnsdmawlegigeoﬂ@pmﬁéan@ iofUS-A-8:564808 statesor ot h can

o do e reagbinfpSliednf tof Ridcgte s i SRR Ble ot e i B ERRRRER e
for inst ancﬁomﬂhéJﬁtoﬁaﬁal TnteQRe séattion prodift, thaT bl ihtlBigionUF feiméntation

bi ocat al is preferable to prevent elution of inpurities fromthe
bi ocat al tbrpth B thaseactipn Mbiuredees ot affectthe ﬁéaiﬂ?ﬂ(ﬂf uibedinabpradachend at i on 10

or aduct " and 19 farech SeRetbYA SR8 UR Hfiilcal BF 2R50,5, Blarkheq by

0327901. 5, ¢atenurhberdBDB-22349/P1.

The fermentation mixture will comprise essential components for allowing

15 microorganisms to be grown and sustained. In general the mixture will at least
contain a carbon source, nitrogen source and various nutrients. This may
include a saccharide for instance a monosaccharide such as glucose or other
sugar or a disaccharide or polysaccharide, ammonium salts, complex medium
components such as yeast extract and peptone, amino acids, vitamins,

20 phosphate salts, potassium, sodium, magnesium and calcium salts, trace
elements such as iron, cobalt, manganese,copper, zinc and the like. These and
other ingredients can be included in the fermentation mixture at concentrations
suitable for the particular microorganism. It is known that fermentations can be
subject to changes in the productivity of the biocatalyst and the fermentation

25  broth may be used at different stages of growth and so it is important to be able
to store the biocatafyst after production in such a way.

We find that the activity of the biocatalyst does not diminish significantly during
the reaction for a prolonged period. Consequently the biocatalyst may be

30 replaced less frequently. Preferably the biocatalyst is used for a period of at
least 2 days and loses substantially no activity over that period.



case nunber BT/ 3-22349/P1. The fernentation m xture wll conprise essenti al
conponents for allow ng 15 m croorganisns to be grown and sustained. In
general the mxture will at least contain a carbon source, nitrogen source
and various nutrients. This may include a saccharide for instance a
nonosacchari de such as glucose or other sugar or a disaccharide or

pol ysacchari de, amonium salts, conplex nedium conponents such as yeast
extract and peptone, am no acids, vitami®s, 20 phosphate salts, potassium
sodi um magnesi um and calciumsalts, trace elenents such as iron, cobalt,

nmanganese, QQgHR4lly thbm@tﬁ?ﬂsfdﬂmé idsetion §iRg itk hﬁﬁﬂ%&eléﬂ@b@éltﬁ@hﬂnl@a” be
included in the fermentation m xture at concentrations suitable for the

particul ar terbercooveséed ino the corsespepding amidefie araitdlastemsThiapresessdsibj ect to

may Do used! Rardap By YRR Hle e B PR3 ard e oGor T AR b abre
to store thedbsirbe &) oaty ohit this dorR@rsion stepi sevett ﬂmswmm% H‘%lﬁgléﬁétémat the
activity of the biocatalyst does not dimnish.signifjcan uring

reacti of f &if bipcgtalyss iigauwhiah prrtions Ak@mavedyovena nﬁr@dazféeygnal days tse 30

it Toast o0y sue SRl teackbls BhAR: Mihe T QUREREAY BlUS o RER L By Ba 18
General |y tihgoﬂ&it&bb%'&bl@to stmetmbibc@talyssa@mexpemswayfmcbcm%mwwﬁn@zhﬂ es the
nitrile to be converted into the correspondi ng@am de in single step. This

process i s desimentitoithe catal X?&MU@SWGW'QQQ@VQFSJQH Pl'%c%ﬁﬁl%ﬁl trile and the

amde is a | t step
several ti %ﬁh@ésﬁe%ﬁs S?Onfrlfe@bhg? a?%ht‘gfl oca%tglygls{%a r#l}g'léo%to? dgdc??l ons are
r enovedQovarsedo pwhecsévefalsmnd‘fw ofdalymstance eerylamldet weeail&iatdsmmdmms wher e
nitrile |s£ejnverted to am de ortant to be able to store

t he bi ocat M 20; 10:9rJBALS %fF!)e%@VSBskﬁ tBI?@ %P'Pﬁﬁjt detriment to the

catal yst whilst the bioconversion step is carried out sinultaneously. So in
ef fect one batch of biocatalyst can be stored ready for
In a further aspect of the invention we have found a way of improving the

biocatalytic activity of a microorganism. The microorganism would be cultured

15 in a culture medium that comprises urea or a derivative of urea. However, urea
or the derivative of urea is introduced into the culture medium at least six hours
after the start of growth of the microorganism. Normally the culture medium is
substantially free of urea or the urea derivative for at least the first six hours of
culturing the microorganism and thereafter urea or a urea derivative is added to

20 the culture medium. As indicated previously by substantially free we mean that
the culture medium contain less than 0.2 g/l, usually less than 0.1 g/l and may
contain no urea or the urea derivative. Preferably the culture medium is
substantially free of urea or the urea derivative for at least 12 hours and
sometimes at least 24 hours. However, in order to maximise the biocatalytic

25 activity it is preferred to introduce the urea or the urea derivative within 48 hours
of culturing.

The biocatalytic activity can be established in terms of enzyme activity as
described herein.
30



10 use to make several batches of for instance acrylam de. Several batches
could be from5 to 10 or nore batches, even 15 to 20 batches. In a further
aspect of the invention we have found a way of inproving the biocatalytic
activity of a mcroorganism The mcroorganismwould be cultured 15 in a
culture nmediumthat conprises urea or a derivative of urea. However, urea or
the derivative of urea is introduced into the culture nediumat |east six
hours after the start of growth of thelRicroorganism Normally the culture
mediumis substantially free of urea or the urea derivative for at |east
the first sPrefdrablytheimicoorganismds thpabte of prdyeinigsamitnild Hydeatesét er urea or a
urea derivaéi,v is added to 20 the culture nmedium As indicated previously
by subst antP4iably a biQcalalysteamAnsiig sygiea RlEFeQrIaNiRig; ¢aR kY HEEY o PEaP@re han 0. 2

/1, usuall ; i . ; “urea

Qeri vart ve RIS Tranb i chriodbohafiechifFi by atarabrikobebanncAntics® |
t he urea delfnydv%ta'seeafaiysestthéweuﬂhioﬁﬁ 'Hmmﬂtluaing of wmicroegaaisnh bgst 24]c houra.
However, in. order. to Xximse the biogatalytic 25 activity it.1s preferre
o' nt r SducleRYed iahesUcion ofares O UERA FeRatVe PHRURPRINGISaRtIRT Cul t urf ng.
The D1 ocat dlris iy parfanalty ArARI iR debdidit! e plocBBgygTe activity as

descri bed herel n. erab e mcroorganismils capabl e of
produci ng gpatticulatyesitablafardhe preparatidn ¢f @ndthpacykanyide froomfmethi)ng such a

m croorgani sm.can.be used to prepar am.des fromthe corresponding nitrile
by a hydr at?woﬂ'ﬁ'@@e#cﬁr‘? WB?F atyreqq @ff'ﬁ§8P£?%?ssgﬁt%%ﬁs -tie reaction.
The cul turidHidn %@%i&&é@ﬁmwﬂc@dﬁidﬁﬁéﬁge&mrPd!JCti on of urea or urea
derivative provides increased nitrilé hydratase activity particularly

sui tabl® for this reaction. The process is particularly suitable for the

pr epar ati on, of h r.yl,am.de . from (neth acrylonitrile. Such a process
may be car M gya&ﬁ?&laﬁy aéglétﬁl%h@? e mlﬂgoqq:fx smis ofythe Rhodocoecus genus,
preferably a Rhodococcus rhodochrous species, especially Rhodococcus

rhodochrous NCIMB 41164.

15  The following examples provide an illustration of how to carry out the invention.



addition the biocatal yst may be recycled and reused. 10 It is particularly
desirable that the mcroorganismis of the Rhodococcus genus, preferably a
Rhodococcus rhodochrous species, especially Rhodococcus rhodochrous NC MB
41164. 15 The foll owi ng exanples provide an illustration of how to carry out
the invention. ............. 20 Exanpl e | Rhodococcus rhodochrous NCI MB
41164 was isolated fromsoil using an enrichnment culture technique and it
was grown on a nmediumcontaining the fgilow ng constituents (g/l): KH2PO4,
7.0; KH2PO4, 3.0; peptone, 5.0; yeast 5 extract, 3.0; glucose, 5.0; MgSHA,
0.5; traceggﬁhﬁkiﬂsolution, 5 m; acetonitrile, 20 m. The pH was adj usted
to 7.2. Th e hydratase activity was 4,000 snol mn 1/g dry cells at

15C after Ribeisoetuewhbdedhra@sNORIB 1542vdisoloré frapcssicusing dadochr ous
NCI MB 41164 was grown in a 2L baffled Erlenneyer flask containing 400 nL

cul ture ned@niighment eUlivre tpchpilueANddhwAg grewn onia medius contajningithebt assi um

hydr ogen p £ Sy h . 3l se 10.0;
pept one, 1?@%@@@%&@?@%&&@ %H%n‘géﬁégﬁﬁﬁ?@ﬁ%;@%?%@%%aﬂ%? e 0.5, Uea
5.0; cobal textrattyBi0dglutesealt.0r MgSQl, 0.5; trhee nidtaleabiitioh05 nlk acdtbaitile, of t he
medi um was adj usted to ture was tgr own at 28C for 5 days

HZ7. 2. Th
after whi cR%Rk ThedH wagﬁgihaséﬁda@efagﬁjmrtityi'%@ra??g@@tivitsawas 48900 /g at 15C
2 Rh i h di 20
Gober bea PGSR dIREREHE AT APl GhRB BB L tococcus

rhodochrous NCI MB 41164 was grown in the nedium described in (2a) except

t hat peptone was gmmtted as was urea. The
Example 2

10  (1)Rhodococcus rhodochrous NCIMB 41164 was grown in a 2L baffled
Erlenmeyer flask containing 400 mL culture medium containing the following
constituents (g/L): diPotassium hydrogen phosphate 0.7; Potassium hydrogen
phosphate 0.3; glucose 10.0; peptone, 1.0; yeast extract 3.0; magnesium
sulphate heptahydrate 0.5; Urea 5.0; cobalt chloride hexahydrate 0.01; tap

15 water to 1L. The pH of the medium was adjusted to pH 7.2. The culture was
grown at 28°C for 5 days after which the nitrile hydratase activity was 47,900
pmol min™'/g at 15°C.

(2) (a) Rhodococcus rhodochrous NCIMB 41164 was grown in the medium

20 described in (1) except that peptone was omitted.

(b) Rhodococcus rhodochrous NCIMB 41164 was grown in the medium
described in (2a) except that peptone was ommitted as was urea. The
organism was cultured for 24 hours and then 5 g/L urea was added to the
culture which was grown for a further 5 days.

25 (C) Rhodococcus rhodochrous NCIMB 41164 was grown in the medium
described in (2a) except that urea was not included in the medium. The
organism was cultured for 48 hours and then 5 g/L urea was added to the
culture which was grown for a further 4 days.

(d) Rhodococcus rhodochrous NCIMB 41164 was grown in the medium

30 described in (2a) except that urea was not included in the medium. The
organism was cultured for 6 days.



organismwas cultured for 24 hours and then 5 g/L urea was added to the
culture which was grown for a further 5 days. 25 (C) Rhodococcus rhodochrous
NCI MB 41164 was grown in the nedium described in (2a) except that urea was
not included in the nmedium The organismwas cultured for 48 hours and then
5 ¢g/L urea was added to the culture which was grown for a further 4 days.
(d) Rhodococcus rhodochrous NCI MB 41164 was grown in the nmedium 30
described in (2a) except that urea was Rdt included in the medium The
organismwas cultured for 6 days. 21 Sanples were taken fromthe four

cul tures d&mpﬂesdmabdabemfrotriﬁlefguﬂsulmrestﬂdesmibed atbaye ahtitrey = dr 2v8 h

comrenced. The nitrile h tase activi asured, at 15C, see table
1.5 Tabl ¢ 48 SV aliBE Dt Ricora g EMT VRS SHDAER TR gy

cells JT£3days T=6days day 0 9.1 24.2 24.8 37.6 1
1.0 21.6 Zgnég@fég ag'%’ %%@le{rw None added 0.94 ND 0.46 0.98 ND not

determ ned Exanple 3 (1) Rhodococcus rhodochrous NCI MB 41164 was grown in a
280L fer manta 10 containing 180 L culture nmedi um containing the follow ng
constit e et{l /'1 di Pot assi um hydr ogen phosphate 0.7; Potassi um hydrogen

Do vt g SOGTEREE TR i AGky i nHORRS Bl P
time (days)
T=1 T=2days | T=3days |T=6days
day
0 9.1 24.2 24.8 37.6
1 1.0 21.6 49.3 41.3
2 ND ND 15.1 15.3
None added 0.94 ND 0.46 0.98

ND not determined

Example 3
(1) Rhodococcus rhodochrous NCIMB 41164 was grown in a 280L fermenter
10 containing 180 L culture medium containing the following constituents (g/L):
diPotassium hydrogen phosphate 0.7; Potassium hydrogen phosphate 0.3;
glucose 2.0; yeast extract 3.0; magnesium sulphate heptahydrate 0.5; cobalt
chloride hexahydrate 0.01;. The pH of the medium was adjusted to pH 7.2.
The culture was grown at 30°C for 3 days. Urea was added to the culture after
15 17 h. The nitrile hydratase activity was measured (at 30°C) periodically.
22 h after the urea was added the activity was approximately 176,000 pmol min
1/g at 30°C and after a further 9 h the activity had increased to 323, 000 pmol
min™'/g.

20 (2) 625 g of water was charged to the reactor to which Rhodococcus
rhodochrous NCIMB 41164 was added. The mixture was heated to 250C.
Acrylonitrile 375 g was fed to the reactor at a rate to maintain the concentration



chl ori de hexahydrate 0.01;. The pH of the nmedium was adjusted to pH 7. 2.

The culture was grown at 30C for 3 days. Urea was added to the culture after
15 17 h. The nitrile hydratase activity was neasured (at 30C) periodically.
22 h after the urea was added the activity was approximately 176,000 nol mn
1/g at 30C and after a further 9 h the activity had increased to 323, 000
ismol mn 1/g. 20 (2) 625 g of water was charged to the reactor to which
Rhodococcus rhodochrous NCI MB 41164 w®® added. The m xture was heated to
250C. Acrylonitrile 375 g was fed to the reactor at a rate to maintain the
concentrat i t AR ] I onitrile
had been cgﬁ%bérz(ta,é\gﬁt éﬁeﬁaﬁﬁﬂwtgéehﬁgf @éﬁd@PHﬁﬂﬁggthﬁaﬁh %dr?@gﬁ Eg}gﬁ)r oxi mately
50% (w w) . a¢@lamite to alfinal Eomoeniratien of approxienatelyb0% éwtw). f ugat i on and t hey

25 ter. Thi NSi Q) t d at 40C f 3d
Vet YD i BBk ool SRR R RS B TP O
fol | owed aﬁ%ﬁﬂ?%{éte@ffrﬁé shdSeriiditas seléd af 480 B ) Optisr folie. was converted

to acryl am de. The cells from3 were treated as described in 3 above
except 9 heghanging todhereatténThe ptegedupe describedrin Susas follpaied Aebagainy| ani de

was synt hesjse The ac ,C aci trati nmeasured for the batches
of acryl gamatig %(5—’ @gfi'g?%?(!,\é“r‘r? %@ﬁﬁ?@%@géﬁoﬁ’%&%&}ﬁ acy €in Table 2. Table
2: Acrylic(poiHé ceMRFRIM wer@rtﬁeaf@@éyaégbrlb@dqmrabafvetéa@eg@mg%rée bat ches
Exanpl e nunmber Acrylic Acid Concentration (ppm 3-2 5650 -3 102 3-4 None

detected ( &tDreghion? daysmianto ee-use.1\gRORR0 6604Mideduan sytbesisrdB 41164 was
grown in aTﬁg %Er)ﬁigraw&?{centrations measured for the batches of acrylamide
10 generated in example3 2-4)( 5-7 are shown in Table 2.

Table 2: Acrylic acid concentrations measured in each of the acrylamide

batches
Example number Acrylic Acid Concentration (ppm)
3-2 5650
3-3 102
34 None detected (<10 ppm)
15 Example 4

(1)Rhodococcus rhodochrous NCIMB 41164 was grown in a 280L fermenter
containing 180 L culture medium containing the following constituents (g/L):
diPotassium hydrogen phosphate 0.7; Potassium hydrogen phosphate 0.3;
glucose 1.0; yeast extract 3.0; magnesium sulphate heptahydrate 0.5; cobalt

20 chloride hexahydrate 0.01; urea, 5.0. The pH of the medium was adjusted to
pH 7.2. The culture was grown at 30°C for 3 days.

25L of the fermentation broth was degassed with nitrogen for 20 minutes prior to

25 storage at ambient temperature, which was approx. 5°C for 3% days. The nitrile
hydratase activity was measured 15 h after harvesting and it was found to be
242,000 U/g at 25°C . When the NH activity was re-measured 3 days later it
was found to be 293,000 U/g .



containing 180 L culture nedium containing the follow ng constituents (g/L):
di Pot assi um hydr ogen phosphate 0.7; Potassi um hydrogen phosphate 0. 3;
glucose 1.0; yeast extract 3.0; magnesium sul phate heptahydrate 0.5; cobalt
20 chl ori de hexahydrate 0.01; urea, 5.0. The pH of the nmedi um was adj usted
to pH 7.2. The culture was grown at 30C for 3 days. 25L of the fernmentation
broth was degassed with nitrogen for 20 mnutes prior to 25 storage at

ambi ent tenperature, which was approx. &% for 3'/z days. The nitrile

hydrat ase activity was neasured 15 h after harvesting and it was found to be
242,000 U Exampt®6 . Wen the NH activity was re-neasured 3 days later it

was found to be 293,000 U g . | e 5 Rhodococgus _r hodochrgus NCI MB
41164 was GHORRCPELUS rboéo@rpeﬁ@ﬁ #11adwas grow Hh@?ulaﬁﬂgamewef 8%haking at
180 rpmin goedy, il f WoleT [ in g/L:
di Pot assi ur%&hig%%%éﬁz phosgﬁgﬁgﬂhgﬁhgg{é@?ﬂ Sméagh ydr oélgﬂr&% g%@ﬁgtt@eo. 3;

gl ucose 10 flowiegsonsittentstin §/L0 dikfotassiGmOydnegemnesiiasphase Dph &otadsiyprnahydr at e

0.5; cohalt chloride hexahydrate 0.01:. Th of , t.he i um was. adj ust ed
Lo pH 752 VADCEDIRTGSBNBIOL i: GGOtH J0 Bl E5ees-0n0rad wids MAgHEsHAl | of
whi ch was i e] i i h genat ed
and e oxy a0 T I M s 1
week. The mediumevay ddjastesidoqH iV 4.t Yhefcultlre hyotht Was slividad imtabwo ed

periodically.. The resu|.t f the nitrile ratase assays are sho in Table
B The. T as ertions, phE BAlfh wWhiet g SapivacBelel sng Blres” Focivh St e
(days) tenRe deoxygenated and the oxygenated culture broth were incubated at 4, 15 and
10  25°C for 1 week. The nitrile hydratase activity of the portions was measured
periodically.

The results of the nitrile hydratase assays are shown in Table 3. The results
are given in U/mg dry cells

15
Table 3
Incubation Time (days)
temp.
0 1 2 3 5 7
4°C (02) | 140 286 232 267 257
4°C 274 214 293
(degassed)
15°C (02)
15°C 140 218
(degassed)
25°C (02) | 140 143
25°C 154 230
(degassed)

It can be seen from the results in Example 5 that the biocatalyst can be stored
effectively at ambient temperatures. Furthermore it can be seen that the nitrile



012357 4C(02) 140 286 232 267 257 4C 274 214 293

15C 140 218 (degassed) 25C (02) 140 143 25C 154 230

(degassed)
(degassed) It

15C (02)

can be

seen fromthe results in Exanple 5 that the biocatal yst can be stored
effectively at anbi ent tenperatures.

nitrile 24 hydratase activity increased on this occasion on storage in

conpari son to day
rhodochrous NCI MB 41164 were resuspende
activity was neasured over a period of

hydr at ase
Rel ative n

e

o ST

Example 6
Defrosted cells of Rhodococcus rhodochrous NCIMB 41164 were resuspended

Zer o.

Aipess edbh ti5i8

ase ac Ivity

Furthernore it can be seen that the

1 week.

in water.

Exanple 6 5 Defrosted cells of Rhodococcus

The nitrile hyd

PbFedfe b2 ee vy eqBatindt fEeey

66 2 78 T7Zerth 572 72 714 7 68 74 73 10

in water. The nitrile hydratase activity was measured over a period of 1 week.

The relative nitrile hydratase activities measured are shown in Table 4.

rat ase

The relative nitrile

ays)
1 66 64

10

15

20

Table 4
Time (days) Relative nitrile hydratase activity (%)
4°C 15°C 25°C

0 100 100 100

1 66 64 66

2 78 77 76

5 72 72 74

7 68 74 73

The results in Table 4 show that the activity did not decrease at any of the
temperatures of storage between the 1 and 7 day incubation period.

Example 7
(1)Rhodococcus rhodochrous NCIMB 41164 was grown in a 0.5L baffled

Erlenmeyer flask containing 100 mL culture medium containing the following
constituents (g/L): diPotassium hydrogen phosphate 0.7; Potassium hydrogen
phosphate 0.3; glucose 10.0; yeast extract 3.0; magnesium sulphate
heptahydrate 0.5; Urea 5.0; cobalt chloride hexahydrate 0.01; tap water to 1L.
The pH of the medium was adjusted to pH 7.2. The culture was grown at 30°C
for 4 days. The nitrile hydratase activity was measured at 25°C after 2,3 and 4
days growth.

(2) (a) Rhodococcus rhodochrous NCIMB 41164 was grown in the medium
described in (1) except that the urea was replaced by dimethylurea.



The results in Table 4 show that the activity did not decrease at any of the
tenperatures of storage between the 1 and 7 day incubation period. Exanple
7 15 (1) Rhodococcus rhodochrous NCIMB 41164 was grown in a 0.5L baffled

Erl enmeyer flask containing 100 nL cul ture medi um containing the foll ow ng
constituents (g/L): diPotassium hydrogen phosphate 0.7; Potassi um hydrogen
phosphate 0.3; glucose 10.0; yeast extrgct 3.0; magnesi um sul phate

hept ahydrate 0.5; Urea 5.0; cobalt chloride hexahydrate 0.01; tap water to 1

. h f th di j . 2. Th I
5ot o A edosee i b e Ry N 1101 B TS, S5 i v,
2,3 and 4 ﬂéelﬁﬁggriﬁ\(\q)tbx&ﬁ g(gg)[qér?n%q( 1) Q%Fébgadémpéﬂ%g%a.’\'c' MB 41164 was

grown int medi um' ‘desc except thdt the urea was replaced by
di met hyl ur & RidocétusRihodoctmoos NGCIMIZI4¢ hebwas oW im thecamedisn gr own i n t he

medi um desgcripedq.i 1) exge hat the renl aced b hyl urea. (c
Rholdgcoccu e%#@&ﬂd"i\?&fﬁ@éfﬁ?@%ﬁ@ﬁ“\%a@‘ijém’rﬁﬁﬁﬁﬁm Wﬁ{é/@(gietdyﬁoged in( :
(1) excepty gdﬁpﬁirﬁ_/,|bcélbf3@]eag‘,1§/|%r&_gll di met hyl urea were added to 5 the
mediumin place of the 5 g/l uréa. (d) Rhodococcus rhodochrous NCI MB 41164

was grown (d) RhieelocedcushodeskiousdNCiMB @1)64weasgrownan the megiumur ea and 2.5

/'l ethylurea re ded | e, of the [ rea. The nitrile hydratase
gct i Vi tyesdﬁﬁ%@ﬂdﬁzﬂ ??(G?QBF@??%QI(S Ureg,prd 2%/ LQMX&%%Wﬁ(ﬁe dded iy hzdr at ase
activity (H@%/dpimgggﬂrofeg_el | s) 2 days 3 days 4 days urea 6,800 34,800

123, 200 _
The nitrile hydratase activities are shown in Table 5

10

Table 5
Urea compound Nitrile hydratase activity (nmol/min/g dry cells)

2days 3 days 4 days
_urea 6,800 34,800 123,200
Dimethylurea 14,600 73,800 97.600
Ethylurea 14,500 110,100 not determined.
Urea + 7.400 27,000 19,400
dimethylurea
Urea + ethylurea | 6,000 6.900 73,850




D net hyl urea 14. 600 73,800 97,600 Ethylurea 14,500 110,100 not determ ned.
Uea + 7.400 27,000 19,400 dinmethylurea Uea + ethylurea 6,000 6,900 73, 850
26 Cainms 1. A mcroorgani smwhich is Rhodococcus rhodochrous strain NC MB
5 41164 or a nutant thereof. 2. A nethod of culturing the m croorgani sm
Rhodococcus rhodochrous strain NCIMB 41164 or nutant thereof in a culture
medi um t hat contains urea or a derivative of urea. 10 3. A nethod
ac-cording to claim2 in which urea or upga derivative is introduced into
the culture nmediumat |east six hours after the start of growth of the

m croorganism 15 4. A nethod according to claim2 or claim3 in which the
cul ture nedi Chaimgsontains | ess than 0.2 g/l urea or the urea derivative for
at least the first 6 hours of culturing the m croorgani smand thereafter
urea or the urea derivative is added to the culture nmedium 20 5. A nethod

according toqany afmickabriBnidnt Anith/iORABLGH0INE HisdddhruBHIHN ARt ai ns | ess

than 0.2 g/l urea or the“urea derivative for at |east Irst 12 hours of
cul turi ngdt hd1hB4 poemgutantinesenf. t hereafter urea or the urea derivative is
added to the culture medium 25 6. A nmethod according to any of clains 2 to
5 in which urea or the urea derivative is added to the culture nedium

Wi thin 48 hoprs of rﬁéiﬁoﬁrdff&ltuﬁng ﬁq@midrbérgahbéﬁ{ Rh8&&c el irReichréisLm a
m croorgani smwhich is Rhodococcus rhodochrous strain NCIMB 41164 or a
mut ant t her esfrain NCIMB 41164 or mutant thereof in a culture medium that contains urea or
a derivative of urea.
10
3. A method according to claim 2 in which urea or urea derivative is
introduced into the culture medium at least six hours after the start of growth of

the microorganism.

15 4. A method according to claim 2 or claim 3 in which the culture medium
contains less than 0.2 g/l urea or the urea derivative for at least the first 6 hours
of culturing the microorganism and thereafter urea or the urea derivative is

added to the culture medium.

20 5. A method according to any of claims 2 to 4 in which the culture medium
contains less than 0.2 g/l urea or the urea derivative for at least the first 12
hours of culturing the microorganism and thereafter urea or the urea derivative

is added to the culture medium.

25 6. A method according to any of claims 2 to 5 in which urea or the urea
derivative is added to the culture medium within 48 hours of culturing.

7. A nitrile hydratase obtainable from a microorganism which is
Rhodococcus rhodochrous strain NCIMB 41164 or a mutant thereof.
30



30 27 8. A process of preparing an amde fromthe corresponding nitrile
wherein the nitrile is subjected to a hydration reaction in an agueous
mediumin the presence of a biocatal yst selected fromthe group consisting
of a mcroorganism which is a Rhodococcus rhodochrous strain NCIMB 41164, a
mut ant thereof 5 and a nitrile hydratase obtai nable from Rhodococcus
rhodochrous strain NCIMB 41164 or a nmutant thereof. 9. A process according
to claim8 in which the anide is (meth)&rylam de. 10 10. A process
according to claim9 in which the biocatalyst is introduced into an aqueous
medi um and (neth)acrylonitrile is fed into the aqueous nmedium such that the
concentrati o® of Amsetessxfpreparing arcamide fiemdhesouespantiingmitdle wherainai ned at

up to 6%bDb [ 15 ding to claim10.in ch the
rgacti on0 cgnt\lﬂ?r{ﬂg@e l?nﬁqq}elctt%(@{oo%g’xgﬁlpﬁiégé no'g agcq%egw@%eqlgmﬁm en 30 and
55% by wei ghpreséhce 6f AbisEEslysteemctéd ffointtha oGl cﬁhﬁst@ & 4 midrdoiganidthch the
biocatalyst is recycled and reused. 20 13. A net hod nprovi ng the

bi ocat al yti cWhighi '§|at@hQﬁOO&’CﬁW%WPgBﬁﬁ@rﬁtraimNC\}MBc,‘H 116I4earﬁ“¢tﬁﬁbﬂ'@a¢@ sm
according to, O‘Jf a'rﬁt’rﬂe hfc\iﬂﬁfgs{atgb%nbﬂe%o‘m IRHOGE Ms%ﬂbdé#l’%ﬁ gﬁglrn' Iﬁé grea or

a derivative urea or the derivative of Urea Is oduced
into the cuI41JT@4 UEdlrmutaaittheﬂ%B)fl east 6 hours after the start of growth of
the m croorganism 14. A method according to claim 13 in which the culture
medi um contains |less than 0.2 g/l urea or the derivative of urea for at

I t the f t 6
or “the. deri vati voP groeessaceofdihe 5 LA SR WA B ST ARthhaglamnber ur e

10 10. A process according to claim 9 in which the biocatalyst is introduced into
an aqueous medium and (meth)acrylonitrile is fed into the aqueous medium
such that the concentration of (meth)acrylonitrile in the aqgueous medium is

maintained at up to 6% by weight.

15 11. A process according to claim 10 in which the reaction continues until the

concentration of acrylamide is between 30 and 55% by weight.

12. A process according to any of claims 8 to 11 in which the biocatalyst is
recycled and reused.

20
13. A method of improving the biocatalytic activity of a microorganism, in
which the microorganism according to claim 1 is cultured in a culture medium
that comprises urea or a derivative of urea ,
wherein urea or the derivative of urea is introduced into the culture medium at

25 least 6 hours after the start of growth of the microorganism.

14. A method according to claim 13 in which the culture medium contains
less than 0.2 g/l urea or the derivative of urea for at least the first 6 hours of
culturing the microorganism and thereafter urea or the derivative of urea is

30 added to the culture medium.



15. A nmethod according to claim13 or claim14 in which the culture nmedium
contains less than 0.2 g/l urea or the derivative of urea for at |east the
first 12 hours of culturing the mcroorgani smand thereafter urea or the
derivative of wurea is added to the culture nmedium 5 16. A nethod according
to any of clainms 13 to 15 in which urea or the urea derivative is added to
the culture mediumw thin 48 hours of culturing. 17. A process of preparing
an amide fromthe corresponding nitrile 2gherein 10 the nitrile is subjected
to a hydration reaction in an aqueous nmediumin the presence of a

bi ocat al yst selected fromthe group consisting of a mcroorganism which is
capabl e of praoducin itril h¥dr at ase, wherejn the m croaorgani sm has been
cultured by tlRe n@‘t"%@@wﬁ&%‘rpﬁﬁ% q glaimy} S ogclaimal e which ghe gulture megiumg

process accoeeh%%stuesgwénr@.w /i re ity $e HER/ AL ursa fdyrgg WastHerfidmysle.  19.

A process according to claim™7 in which the biocata I's 1ntroduced into
an aqueous madiusnefandtu(ingthe ederpbrgainisni Bed therteflei urea arliee derieative ofedi um 20

such that the _conceptration o net h)acrylonitrile in the aqueous mediumis
mai nt ai ned ayr%'st#%%qB)}R%P%W%m%LmA process according to claim19 in

whi ch thegreaction continues until the concentration of acrylamde is

bet ween 30 and 55% by weight. 25 21. A process accordi n% to any of clains 17

to 20 in whi dB-t hé metestadopsding fo anyel/elpises aado i i whichazea an thejuesus :
i or oor gani soCAREIBadiet R BBt S el R IR B o0 rmrant
t hereof and wherein the biocatalyst is in the formof a non-actively

17. A process of preparing an amide from the corresponding nitrile wherein

10 the nitrile is subjected to a hydration reaction in an aqueous medium in the

presence of a biocatalyst selected from the group consisting of a microorganism

which is capable of producing a nitrile hydratase,

wherein the microorganism has been cultured by the method according to any

of claims 13 to 16.

15

18. A process according to claim 17 in which the amide is (meth) acrylamide.

19. A process according to claim 17 in which the biocatalyst is introduced

into an aqueous medium and (meth)acrylonitrile is fed into the aqueous medium
20 such that the concentration of (meth)acrylonitrile in the aqueous medium is

maintained at up to 6% by weight. ‘

20. A process according to claim 19 in which the reaction continues until the
concentration of acrylamide is between 30 and 55% by weight.

25
21. A process according to any of claims 17 to 20 in which the biocatalyst is

recycled and reused.

22.  An aqueous composition comprising a biocatalyst that is or is obtainable

30 from the microorganism Rhodococcus rhodochrous strain NCIMB 41164 or a



growing free cell mcroorganism 23. A nethod of storing the biocatalyst
that is or is obtainable fromthe 5 m croorgani sm Rhodococcus rhodochrous
strain NCIMB 41164 or a nmutant thereof in the formof a non-actively
growing free cell mcroorganism in an aqueous storage nedium 24. A nethod
according to claim23 in which the biocatalyst is stored at a 10 tenperature
above its freezing point, preferably above OC and nore preferably between 4
and 30C. 25. A nmethod according to claime@3 or claim24 in which the

bi ocatalyst is stored for a period of at |east tw days, preferably between
3 and 28 days and 15 nore preferably between 5 and 14 days. 26. A

conposi tion obtainable by the nethod according to any of clains 23 to 25.
20 27. A ni t mutentithdrestf and wdistreinrthée béodatalysttihian therfpos iof a oronzativetyi ng t o
claim?22 or obtainable by.the nmethod according to any of clainms 23 to 25.
28. A net hodng'BQEQﬁ?CQ%ldXQHOQJﬂ?Wé%y contacting the corresponding nitrile
with a nitrile hydratase, 25 wherein the nitrile hydratase is obtainable
froma conposition according to claim 22 or obtai nable by a nethod

accordi ng to28l ai ﬁsmgﬂ\ouoofzsgorirmhe/bimtalwt thatisratimgbtainableafromet®ei n whi ch

the am de5i S rrgicr:rl%torr]g?)aanclérw%o%%bcc%orhodochrous strain NCIMB 41164 or a mutant
thereof in the form of a non-actively growing free cell microorganism, in an

aqueous storage medium.

24. A method according to claim 23 in which the biocatalyst is stored at a
10 temperature above its freezing point, preferably above 0°C and more preferably
between 4 and 30°C.

25. A method according to claim 23 or claim 24 in which the biocatalyst is
stored for a period of at least two days, preferably between 3 and 28 days and
15  more preferably between 5 and 14 days.

26. A composition obtainable by the method according to any of claims 23 to
25,

20 27. A nitrile hydratase obtainable from the composition according to claim 22
or obtainable by the method according to any of claims 23 to 25.

28. A method of producing an amide by contacting the corresponding nitrile
with a nitrile hydratase,

25 wherein the nitrile hydratase is obtainable from a composition according to claim
22 or obtainable by a method according to claims 23 to 25.

29. A method according to claim 28 in which the amide is (meth)acrylamide.
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