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WO pwss44660 rel ates to a microorgani smand to nmeCTEER00613252
culturing and storing the mcroorgani sm The invention
also relates to a novel nitrile 5 hydratase enzyne and
al so to a nethod of converting a nitrile to an am de
enploying the nitrile hydratase enzyne. t is well
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S G SRS s AR R e it copten
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cteriumsp whi ch degr ades acetonltrlleto
anietcarganisras; foe instante mtq@orgeawsms@f the apeusBagilius,

bl R i A, bR b fionas
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to acryl am de, eneratl n | am, de

6 DOCHLED SomdNE i, et b R,
%@%dgﬁééargégﬁ@Rﬁméddcegs Opti mum cul ture conditions

for production by Pseudonmonas chlororaphis B23 of
nitrile hydratase", considered the optimsation of the

T ErSRTREGRAL o8k bR AE Y oL RN e Aeryshasbi
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.
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Met hacryl am de was found to be the best inducer for

this organism 30 Methacryl am de was included in the
weeiososesat the start of grow h. Vari ous strai nBCDEP100€013252

Rhodococcus rhodochrous species have been found to

very effectively produce nitrile hydratase enzyne.

EP- O 307 926 describes the cytturing of Rhodococcus

rhodochrous specifically strain in a culture nmedium

Pug 9{?5@%‘% tﬁ‘é)hﬁbaoédéeﬁs erdUcﬁFcﬁ%Ss;Jeﬁé?ﬁWé (R&sh foand to

ogicall'y producing an amde in which a nitrile is
hgd«ﬁf&aﬁvely m@@mntrmhwra@% @MZyMme. hydr at ase pr oduced
by Rhodococcus rhodochrous J1, which has been cul tured
in the presence of cobalt ion. The use of various

Erdoger 926 d"éﬁcdﬂémﬂ]eccmmgngmf ﬁ&hbdbsocdmscrhbdimﬂlrbm spkeifically
synthesis of nitri
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?Brctﬂ&Bg&@Py E_lb@dbeln\g'ﬁrpﬁnﬁ:le% ReHicbithld &iHy8rdtéd IBS/QIS@ Bttion of

n anot diment a substrate nitrile’is added
amtrmjhydm@modmaddowﬁh@ﬁo@qaus riedochyeiisad hy@lmbas been

I
S BTE W o Ghon L ARRGh, THE BYYREHA [EREkthauging
@Edtbﬁammé) w@@mrbedgortthemynmealssmﬂmtatd deratalseerln ofer
i nst ance by t on, t hen Cont

I
o GRkAN NGRS PHaSReH eyt T o8 fey@sb@igapism i
AL %uBét?ét 'n@cﬁle‘ 1@? ﬁﬁt %%noﬂﬂﬁ énﬁbdlﬁhbh?é"s@bst?é‘t@ nltrlle is

conver si on O - dine to nicotinam de. P-
aaaem@tmee@dtumwdwmm wbwhfamltrda|hydmaa$mga@b@e@ ap@Jraﬂlated

he s i,es r
S SRR LR VR R B0 IRERT B 45 SRR i lating the
ﬁﬂgﬁcﬁalaﬁcelﬁlad@eowﬂng theo trha tsuﬁaﬂsia\cbrrgarnfdrnnsitmce by
ratase actiyvit |f|caII descri

|Irﬁm9é>e|186ﬁora>faf\€ﬁ| et rentRpting e Wiy Feidibe I hitfe hycratase

cgﬁcﬂ)% H}l@l’é’i@ nitfifed o dhigds, d&’(d hadrii@iariedonversion of 3-
| ncreases the nitrile hydratase activity.

Uyaraommdmestodewtmmd@s are added to the culture

mediumin one batch at a tine or sequentially and

cul tivation occurs over 30 hours or |onger, for

BP0 BBRes29ddgeribad amethed fé’rrcmi\leitmge)abteriﬁag‘abawaeﬂes

Féhodoéggclzljs rwogcr)c(:)h%gé cor%lp(rlltsﬁg hart] ?east one o %?ea7a8r§d &%’b %fl r)oh 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
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
nitrile hydratase by Rhodococcus rhodochrous J1”, describes isolating J1 as an

acetonitrile utilising strain which synthesises two different nitrile hydratases and



10

15

20

25

30

entitled "Optinmumculture conditions for the
production of cobalt-containing nitrile hydratase by

w@Rbwdosascus rhodochrous J1", descri bes i sol at POIYERXO&013252

acetonitrile utilising strain which synthesises two
different nitrile hydratases anda nitril ase dependi ng
upon the culture conditions uked. One nitrile
hydratase is induced optimally by urea and urea

@'?ﬁﬂrlpc%\ée&e ﬁ@ igorefdeditate ddiRiitidnaruseal (Dﬂi‘@ni@rlﬂblhlyﬂreﬂﬁse is

process a ms to becone efficient as an ind
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E{ciéé’s”se%ﬁg ORI HTPgo! A AL Y s gpecylivation. The

§ FRMdas'ddcRiskdn Srofdeti tiuftivatigsess has been
desc b%d by Nagasav\g anJﬁYg’rﬁr]gda Pure Appl. Chem 67:

1241- 1256 (1995). Leonova et al. . Bi ochem
I T
&ﬁ%ﬂgﬁmgﬁ?\get thr)]ﬂ:%nc{nM??lfﬁlasathmtsRmmmen described by
hﬂ%‘%‘f"?ﬁﬁ‘i’ Yamasy e B9' gah@é‘ 6% ﬁ%‘ %Eﬁzﬁé@he ur ea

al so acting as a nitrogen source for growth by thls
organism Cobalt is also required for gh nitri .
hpdnavaetkaladinpli Bigcherni Bloteqhélplals@r 83 b—@&é r(ZOQ@k%ﬂt'ﬂ?d Nitrile

SRS S e RRBBRIRNS] WBfEThe driwibndBitnag € BE AR
alaeatadeaineRhddutoceds moalnicht@ussvl&r ®He oédledyminaase abnhtjnesns of
i N Russi a_ usi n% Rhodoc¢ogcus rhodgchrous

gis shainis NG Iced RyWeR e eme by E%é"%%'&Ba?ﬁa%éS a nitrogen
%B[lgfe%wéromﬁh ‘P)@Ctﬁi%‘iﬁ?énlémo CWHHIAY ISt FeaUI?ecWG?r Hléﬁ‘hltnle

produces nitril atase w thout the need
ihydiatase actiityad hig Iéaratlyeda@@@r lagkg at industion QBQ m@gbollc effects
Thi,s strain of mcroorganismis a derivative of
o088 us rhodochrous MB. The production of
acryl am de nmononer in particular is desirable via the

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.

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
biocatalytic route. In the review publication by Yamada and Kobayashi, Biosci.
Biotech. Biochem. 60: (9) 1391-1400 (1996) titled “Nitrile Hydratase and its
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bi ocatal ytic route. In the review publication by
Yanmada and Kobayashi, Biosci. Biotech. Biochem 60:

W@ 200503836 1400 (1996) titled "Nitrile Hydrat aseCHRP2004/013252

itsApplication to Industrial Production of Acrylanm de"
a detailed account of the devel opnent of a

bi ocatal ytic route to acryl am de is descri bed. Three
successively better catalysts and their

ﬁg& c%% . ﬁid#%’c"reL ‘P{ro&fdft%h YTALR) I AN RIEY Gl d gl doint of the

| cu generati on catal yst Rhodococcus
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siskarslio JetiebFagpisty 71 it h AN El eI ar il progucton

HRA /1 harticdiF tHeghié eperatioh roats s RhadoooceusdrhoglechrBuer 1 are
wWth relati velcgst abl e enzynes and bacteria such as

desarioed impamgtdgiait i n Rhodococcal cells, the potenti al
for spoilage before use has |led to acceptance within

the industry for the need to process the biocatal yst

Aehijos dispdvaritage withdbentise@f biocgtalysys tsrtbegengraldack of stability

obsned Petire oAU RoSeBsr hoforathi e ke,
EOQ@WItth@ﬁbél?\éﬁaﬂl@éhﬂMﬁb@éﬁd lb@tteﬂats;achrasmltritehydratases in
bi ocat al yst is inportant that t

Rhedegagcat ¢allsathe mtppthlgorrmpg%gegqqg US§ halsz?ad to acceptance
@tﬁ@%%‘i@%@%r Heo rb ssttﬁe %ﬁﬁ:até’l}/@%ms'u@p@fmon in

nzyme nol o? publi shed
é‘mm‘enn/a;ge;gmy freesingyor lﬁleezs-drypngw Uaaqumugrrewb(rrator on

d
alismgiy Bl RELBr SR I SR PO g th sfer o
Qéﬂné@é hxirdemasrot activity doeh the isueatalybt ieis m’rpdniahbth’.at tme
unber of substances may cause g reduction_.in t

maxanur@rmwaéglya% artivity i Fetained dying dtsegearagan aﬁ‘H Séorage prior
#‘dﬁ@cﬁ%&ﬂéﬂbﬁsac@ "9995 f: ﬁ\&yﬁ@e@d‘hhelogy%@cbl&hed by
ena SucC n

ur ant as U resentation, Protein

Satbridgeynibersity Press, j)H?\/(ﬁmzﬁmewepang mnﬁlg@q;) it was
Uni ver s

iRau 858 e g RSB R, s

BpfhaRSe Soxigaticirdériudine 4l infewersitsis entubitars. dxygeabeoof
oxygen radi cal s and denat urin a%g ts causi nga
sulsipacen @aM@agﬁg,arrgdugt[%lHn Igegra 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
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.

Chaplin and Bucke (1990) In Enzyme Technology, published by Cambridge

University Press, p 73 (Enzyme preparation and use) revealed that the key
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urea. Chaplin and Bucke (1990) n Enzyme Technol ogy,
publ i shed by Canbridge University Press, p 73 (Enzyne

w@e@pasasé on and use) reveal ed that the keyf acPOI/EP2004/013252

regardi ng the preservation of enzyne activity involves
mai ntai ni ng the conformati on of the enzyme structure.
Therefore it was considering§nportant to prevent

unf ol di ng, aggregation and changes in the coval ent
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states in the description that while a solutio
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dition of norganic salts at a
hadwéeﬁ nigrilepaucit ap acianitriten do praduge e ceesnaniding amides
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A R enaPesar
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Vil CHRYG 16 atataraolt 1S HeseirasLl Fiory o7 JeddBR Additien of
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'ase activity. dition of bicarbonate or
can@errtaatlensmtheslnpcgamc aqltﬁetsmw aalenusonedium eqridining-either a

Shsp P BLmleRaar il W i incblizba st Ry cBIL, Drb88ifed the cells
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Sor égeérés:@?gat%eq W%wag\gplgg r? Ifh%;{g lg@tﬂ%@dgét%se %r nqulase

a'&mﬂ/. I FIR2LA Ao EPNiLSBDNYRY o @&FB6hAtE RBRS td 8R abAEolidSolution

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.
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

storage stability and prevents putrefaction.
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enzyme, extraction of the enzyme fromthe whole cell
is an intricate step, which can be tine-consum ng,

wezpensidsse and can lead to | oss of enzyne. AddpeT/BPzIN/§13252

whol e m crobial cells can be i mobili zed.

US- A-5, 567, 608 provides a process of immbilising
whol e cell biocatalyst in a agationic copol ynmer which
has good storage stability and prevents

?éhbasaaéajif,ﬁgo@zgtqﬁe&sogmﬁhibmd@ﬁu S8t métciaoGhahsrabres
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Fvenfors SRitb Yhat il ste dré adrmalty iammalbilizettiios use @h an
scale, to facilitate ease_of seﬁara [

Bichisiiah Syale, BRI e crea! FRATRGLALNS BivealaNE: frR the
E%irohtdrs& trﬁﬂé\léﬁﬁ&bi‘nﬁﬁﬁ‘ﬂi@lﬂﬂn fHebibertalyst Slutikg into the

uct  and to assi I'n continuous procésses and.
peaduct and toBssikEn maﬁmwwmcemﬁ@r@ recyehingef the Kiqcstalyst.

[ n extra processing s . requi . o
e RO BR 400 3§ BaS AR5k HE r8llires an agcitiona
ofarbRarthe ase BRbEIentAI & nambas ofbipienedve materalagachas,
acryl am de and ot her acryl ate rmnomﬁ and vin

. ; rs, | .
algioais carmagesnanhagyianids apgd aiheiaREY B%Be@%ﬁ"ﬁbs,énedmy'
S : i for mnimsin
t\éﬁdghggl E%§%ﬁ?é§?g@%§|§6§$§ﬂg8%@ét ivation in ag
attenpt reduce the negative inpact on a chem cal

act | OE&] rOCyes Svelhees alo i ifsih §6€ dSfelerious effects
24P AR MEYS Y e RGET R ORP LI Qe Ty B SN .

R BB E MhadtioaRaeinQHEAttempt reldaog etk peyative imbati orea chemical
Again this is a potentially expensive processing step

reaetiondraessfal |y carried out with biocatal ysts

prepared on a small scale. Cryopreservation in liquid
nitrogen or in the vapour phase of liquid nitrogen

dl is@lstf krovarstd foerpet dry inicaatalygfs inbrderde preserve Bid actiyily of an

SOy B SPB0 et Bldd it PAGHA9R1s o potentay
XPENEIGe pFodeeBipgsidp thes ihormall§ Carteddbwioviknbionatatysts
g;’ggaerrﬁé%nbé gr%%fl %lcglg %wagpt)rle\éia;\)éﬁgr? rin lqru(?clj (r)lﬂrgoegdenpoerriri\ %jes 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.

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

these process parameters.
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Furthernore, once the cell mass is introduced to the

reactor and the reaction is taking place m nimsation
w@booshsi4boss of efficacy is critical to the opPCHEPNHD13252

ef ficiency and the process econom cs. Once again,

i mmobi lisation of the mcrobial cells into sone

polymer matrix is standard pr7ocedure to optim se these

process paranmeters.t would therefore be desirable to

ddj efeiBFOhRE Eés@é’tﬁe o PIRict @bYsdeswhpte BlBSé@Iyst where
| sadva e

ages can overcone. According to the
meeeeimadwamalgesoan\b@ Qpessand@ a nmicroorganismthat is
Rhodococcus rhodochrous strain NCIMB 41 4 or a mutant
thereof. This new m croorgani smhas been found to

ﬁ@tﬁuimg {BItRE Pesent invehiorhwerpmbvide a icrdmgenisouthat ishat
IS new m croorgani sm, trlleh tas
Bh@@mw RROIIhERYS g@,ﬁ gﬁh@%@ %&éﬁﬁﬁeo

converting nitriles, to the am de. Rhodococcus
rhodochrous NCIMB 4 4 is particularly of use for the

fblsmwsmoorfgamm haabegn éaundrtolreadily priedtieg atvile hydraiase.
B A R0 L O R TR A FarBER e B8 b uced

en | crease in
m‘é?éfrérﬁpaarpbélu@dé irb& pFQMSajﬁdohmmhgmlmtee wethelzenide.

RberosaspuThedog aisNaIB i gP st Pyfishlay LSsRbe v,
gw;%rélbnﬁ?mﬁﬁpaérglohﬁﬂl@tb ehet)aESRNIAE! 198 nflérod dn‘:’shrﬁ land

riod of 'storagé. The details o
eexynsé have beso tﬂmntnic’@usmatrbam end iNSPIB CASes $van éncrease in

Ao Rvdena peotd dling &l S7RfFHig8Rar PR BLATRERRGHT e

Riz€bA Melxturs glitanmdanidished ertiviedafter pﬁ’epaMon lof 26GGanaide at
the National Collection of | ndusérl al

BAGYicIv T(hu@umn SeibiPauTed v as eltBeralrach chelsa fugther
g EF&? 4 4 under the Budapest Treaty.
xonom

I'dentification of the microorganism
The details of the new strain Rhodococcus rhodochrous NCIMB 41164 are

given below:

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
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
was compared with nucleic acid sequence databases. The sequence obtained

was compared to those found in a proprietary database (Microseq™) and the
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Identification of the soil isolate was carried out
usi ng the technique of 16S rDNA anal ysis. The sequence

w@boosh®i436S r DNA gene obtained fromthe soil i|BCI/EPBE04/013252

was conpared with nucleic acid sequence databases. The
sequence obtai ned was conpared to those found in a

proprietary database (Mcroseg(tm) and thetop 20 hits
wer e deterrri ned. Conparison of the sequence with this

@(ﬁ% § wele 'Elteh%hﬁ’r‘i’e& h@or’?l%ﬁﬁséfﬁbﬁh c2RqPBACO GRAEHS database

docrous W t 48% simlarity. This is_a genus
idandifiedrthe hestonatchas Risadocorus l;hosi@clﬂf@ua véty 20R-48f% similarity.

TARSRSHB HBIRGRREHR vk LS OB BBFFESRioonus
mf@c%drl]ﬂmhgcﬂ%sg%@ iflirl”thr?ts;b:ﬂ%éavcﬁbgainstJtGelpénghh E{MBIh database
antied 6% et B OIS SRR ORI I005S RRSEICehiEyS with
'9@‘@8% glpg?r@bn spore former (4) Gam positive (5)

Aer obi'c wth on nutrient agar gives sal non pink
round colonies within 48 hours at 30 C 4. Cultivation

A Bisbbibu Bl BOERE AR  cCon *Fvent 1 on car
be @yPolyneskphitdgrowdtny condi tions suitable for the

pur(pose i n accordance with any of the known nethods,
f or(2) Matlitye &naQti®escri bed in the af orenentioned pri or

art@&ﬁ"ﬁﬁéﬁgk&”ﬁé}e mcroorganismis cultured in a
re

cul um that conprises urea or a derivative of
ur e@d) Gremhpositiveound t hat this microorgani smcan be

n_.a medi um containing acetonitrile or
acrw&?{?tﬁ;l e as an inducer of the nitrile hydratase.
n t{ee Qrowteos autfentibgar givesisalimatesink dundecalsnias within 48
|nducer and cgbalt chloride as a source of cobalt

i ons, houisa QJF'F nitrile hydratase activity is

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
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
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
high enzyme activity, for instance about 250-300,000 pumol min~'/g dry biomass

at 15°C. High nitrile hydratase activity can be achieved if urea or a urea
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achi eved. For exanple urea and cobalt are added to the
medi um descri bed in the experinental exanples.

w®e®sosfase t he Rhodococcus rhodochrous NCI VB 4PABEPIA$013252

be cultured to give high enzyne activity, for instance
about 250-300,000 nmol mn Vg dry biomass at C. High
nitrile hydratase activity cg be achieved if urea or
a ureaderivative is present in the culture nedium t

vééfgegé gﬁe%féht Wthb%ltﬁFé\mbd@fm t henUbd Prededt at ﬂhermarrt of the
e t sonme point during §g{rowth but gener

sulwe@rmawbe@dued@téom&wﬁ ingfgrewth, Hu gﬁwﬂly $hould be
0 ow h. |
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hétlmltytcalﬂfpﬁ‘gwﬂébly Ibeaert;hh isiglddt wetionlthe maanderivativadés not present in

culture nmediumat .the start of, th

ar skhsiakal et b et e 8o 188 emggoanism
Fdwith qut fd¥Rtria e diRdrY BS/ itvis WeSmBQh tlﬁteﬁfé@br tHe Uia derlvatlve
resent 1 n an anount of "l ess %C%gﬂpref er ab

isemt ptrasant@r is presentipran @m@xaretrqms;s thﬁe ulPr@fﬁ?FéEthﬁ"?S

(ﬁg Eféon% QH’( g{b‘ﬁgth@f c(:)dﬁl‘tu{‘;{%E ﬁ]%eas 1 %Jt?srtéﬂtl%ly Cl’lfeebtf Efess

hfaﬂ@ 2@f/l) of arezosrgthsiusea geﬂ)\m‘ti\re for ati |ea$tstpetﬁrsilsli>§/hours of

preferred if th wt h f
guggpwsa{w Oy Wiredt o peERI, PefFeeq dad GG DATRgUT of e

Ho%?g%‘rhé?ﬁ‘l’é §ul§’§?9ntid’l‘lg$r%’é%f‘iﬁé§§r Me lﬁr@@ﬁierlzétl\r@fdri‘at least 12

ore e i ntroducti he urea or he urea
djpuwsxmd nesomse chgesyatdanst dhaurgbetaie the Wr@dugmn ghthpgirea or

h . i, i
iR plfe BSTECGRER s ™ 4% afiP G0l R AL e
abSes GRUToay eufeantoraive it addod bkaro éeghumrs
nitri acti vi 0 occ . s
,gewrama aftthe migreraamivm. HE nave St thabtrds S3tes hisger piyile
Slra*Pé‘s‘é"a&g/ﬁg b 6& 4K aSdrfter BEricdibt fithk A8an Th‘!ﬁ’e urea or the urea

ventlon ore ates to a nitrile hydratase
dbtlmtn@mew heemadded atribersipthpkerltingh i s Rhodococcus
rhodochrous NCIMB 4 164 or a nutant thereof. A further
aspect of the invention concerns a process of

\j\mﬁenmérmgﬂarscamlatesftm amllhmhydnataee pbtainatge fiom al e
erein the nitrjl bj
mgroorganism which ls l%hocfocoléc ST to%gcﬁr%ug r\fk¥|ﬂ)i§‘ 1%]4 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
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
rhodochrous NCIMB 41164 cell and may include the Rhodococcus rhodochrous
NCIMB 41164 cell itself. Thus, the biocatalyst could be used as a whole cell
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in an aqueous nediumin the presence of a biocatal yst
sel ected fromthe group consisting of a m croorgani sm

wWoR00s4054456¢ Rhodococcus rhodochrous NCI MB 4 164, PGI/RP10841013252

thereof and a nitrile hydratase obtainable from
Rhodococcus rhodochrous NCIMB 4 164 or a nutant
thereof. Hereafter the term't)ocatalyst' refers to
the nitrile hydratase that is synthesised within the

SR6itina fé?ﬁl@ﬁ?d?lbﬁuﬁems‘én%e@ah lsugpshdi®y, as a

i ncl ude the Rhodococcus rhodochrous NCIMB 4 164 cell
recmyiered qellgaste ke abi igwaekilizes cellpipparston 9E4s a?é\yéﬁkmofpém of
Gk PR o 1 o 00 B 810 330t st

ltmmrdqdlremweﬂtmspnwa'rcmti on or as any ot her form of
the nitrile hydratase suitable for the conversion of
nitrile to amde that satisfies the requirenments of

tri SproB¥ S| faifticulir s REDRERF réadiparepariipan unkdé frafl Be

for read| l'y prepari'ng an am de fromthe corresponding
eorespending plémlm du partichlpi eausouo MR OfAMISRI GRe keaprepared

EpBERAREE el FRRSECIS sy TURE 555 Sphin
@etyl‘@ﬂrdmlc&nhethacrvmnlkjeocat al yst may be used as a whol e

cell catalyst for the generation of am de from
nitrile. t nmay be imobilised for instance entrapped

Hihe®iS&tal9st rth PBYskE éésé?ﬂ/hﬁreecfeﬂrc%lﬂél}‘st%r el gearera®dr of amide
suspensi on. ernatively the nitrile hydratase enzyne

figyn bigrilexttrraay be immebilisedifasinsianee @@Baplaed Bca ol et m'?él be

@g§§ %?Sfe%fb u\?é‘f Eqrtéen&lltsqfsp?ﬁ% gﬁ Alte @/EI{;/%@ iR %ce

rocess i ocata s intr
Iehlzwnemnaltheeu’saqrted iamoh fewinstenice used diractly inrih e quocedseof
cul turi of .the m croorganism Typically a suspension
6WeRQHQQBH%@§P9?yst for instance whole cells of the
m croorganism may be fornmed. A nitrile, for instance
acrylonitrile or methacrylonitrile is fed into the
djobe peefewad waycdmanyiioneutithe Prcssathe hiocatalyss igiptraduced

e e T S
\nacgiairgarﬁdsmr l'ﬂyplcallycb saispansigh ofitherbibeatalyst, for instance whole
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
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.

This new strain of Rhodococcus rhodochrous (NCIMB 41164) is capable of

producing aqueous acrylamide solutions in high concentration (for instance 50%
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met hacrylonitrile is more preferably fed into the
reacti on nediumand the reaction allowed to conti nue

wWa@paoss4be concentration of am de, for instanckCT/EP2004/013252

acryl am de or nethacryl am de reaches the desired

| evel, in particular between 30 and 55% by wei ght.
Most preferably the concentration is around 50% by
wei ght. This new strain of Rhodococcus rhodochrous

éH&H\ﬁ 66)531 a°b| fRARRHEON nfyasEicaried duL 88 aSree cell process

e so ons in high concentration (for
uamgamf@d b}ﬂ@hatypﬁ!l reatigejo wwguthabnqﬁatahéstr(aa@domcriﬁy be

ar

Ao iR B2 fldeg 1 PR rlAF B BRkFBras
hhpeetdd sibmatel MB 4 164) is added |n t he form of
fernmentation broth or as harvested bi omass. The

acti vi ty of the biocatal yst (Rhodococcus rhodochrous

ﬁ*ﬁb @f"t)ne%atté]gstn {RidddRobuisl MHoasendus NTIRFB 41164) and
er C

mis su It can be recycl ed and reused
the mtrue thiydratasedpraduced terafremiis suehhthat it capriecssyean mpd

B LR kG Rha P Bk e boeraf i 1y

acrylonitrile to (nmeth) acrylam de. Thus in the
manuf acture of acry

FoRye cEOT e PiocAiA v rBARIS AU SHIGH B ddca Sasd flasonvettio
grﬂgfh? %rcb%rgtrﬁé’ W?ﬁétﬁ?hb@fbmlﬁﬂ eTIE ml e im&fadird eMarpdmide

to produce anot her batch of acryl am de
wihendbe reastioni proeess isiconmplete andsacramida hgs bagn produged at
even be achi e
Ao apRat: L EnPalcl (i CadlyBe Bt by Remb0Ry BRAGeSSRH Y
Efdt)cmhcet?dﬂw%l tch (cjﬁ &@Mﬁﬁd@?ﬂ;{bobﬂ les$ in mtré@ayéradasmawtdlty
atch of acryl anm de ven ter furth
ADISoRaN AT BR BRBCHSH R B HRRASAS RaPT ORD HReGfpr
%8{7‘5@%%?50?&0 k{ned trRBRIEYS] Plordohbgsat Riyeter hadsiblé to
or I's obtalnable fromthe m croorgani sm Rhodococcus
phepive lar third betchadfraadaBie; even affer Burther siaragder eof and
wherein the biocatalyst is in the formof a

non-actively growing free cell mcroorganism W also
Wc@wdﬂﬁig & omd hosbatof Heoinivagtidnhee prodde ah wstieotshadmpssition

comprlsmg 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.

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
instance be the Rhodococcus rhodochrous NCIMB 41164 cells that maybe

recovered from the fermentation medium. Or the cells maybe used directly in
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the formof a non-actively grow ng free cell
m croorgani sm The mcrobial cells of the biocatalyst

wais@dosascarry out the conversion of nitrile tRPCHRPZE4/013252

may be regarded as a non-actively growing culture. By
this we nean that the nedium and the storage
conditions in which the mcromganismis held woul d
not be expected to pronote grow h. The storage nmedi um

g?éqfefrr?ibnﬁ? ﬁ‘ﬂ&ﬁiuﬁle ol tHeyRapRCHestnt 49186 agheous si¥geMBion in

164 ce at rraberecoveredfromtheferrrentatlon
Aestitable smspehélngeme@ummfybmstam& watascehysielpgial saline solution;
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LS TB e YeleB) RN g s DB RERE 8P AR ofer Shnilar puffer or

angbaticeiedivih hier Metalmdlisgi indhe stiooegaaidtceds js substantlally

sul tabl e buffer solution such a hoscﬁgﬁtﬁ buffer or trati

aﬁgp@ﬁﬁ@ﬁer@mﬁ by Mgasura0 e oA drane RiAMiRs eoncentration
A é&ﬂéuﬂlﬁti&‘ﬁ dFrfEx"tﬁé?ft @BRsEHPERI, loF otiferToRs bR fidaglifement

zero s determned by neasuring t he growh rate, or
geeeislly maed te oraniar migrobial giowdit pgemetahelisms i on or
nutrient consunption, or other form of measurenent
generally used to nonitor mcrobial growth and
ﬂhb@@ﬂiﬂcﬁiﬂonﬂﬂﬁhégm'@gd} meaiiurm rma)heompmeagﬂy residuah may
conpri se any. residual fe tat n, br ot onents.
W@%tﬁh@%ﬁ eme%wsnige ? %t'%{hE}rO@? Anelide aiy of the
@'Baﬁn@@éédc for cGI%UngbrthBinbﬂfer@rﬁérﬂC&rﬂ%I*sé MaANHclude

I ncl ud roduct s "and by-products produced by
pnmuﬂts:a@@ bgawﬁo@mﬁts pigsiucad bydhe Hrie@oEdaiismhd ypical components

oF bEERhChRRARERE o SFad iR oo ade Rl S Beptides,

laRfihg@avide, sidoysn swuﬁoem msrgeg\icosulhs wﬁ@ulnst gresvtamegulators and
enzyne i nducer coul d include

ROFUBB g e SP8RT b dbe ulciBgl S FeoRRASR e frum

%i?s!atcﬁ é%eéud‘é\rg r&ﬁ%nﬁ@h‘ E&eSor bihef Abigen $aLifdess h‘\@i’ganlc
at es, | phat es, magnesi um cal Ci um sodi um
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m cr obi al grovvth re ui rement spec) e
aIeRIP SoptARCA LAl Ay b Rped braReaiicaticHibA STy

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
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
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
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nitrile hydratase of Rhodococcus rhodochrous NCI MB 4
164); and organic acids such as citrate or pyruvate;

wWa@pesameset her organi c or inorgani c conpounds PCHEP208Y013252

be required to ensure successful growth of the
Rhodococcus rhodochrous NCIMB 4 64. Usually when a
bi ocat al yst, such as one that{3produces nitrile
hydr at ase, is stored wi t hout continued growh for a

Rehb &R nté’élcmebr §|ﬁ§ P@tréi%\ﬁ’u&%ﬁthe‘ BrottSam@ididute
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térbainkylih sessdhpn éwediays iféhlae@ramt raiedfouthe

bi ocat al yst through extraneous biological activity
such as mcrobial contam nation. The biocatal ytic
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ﬂmHeca Hoam@ﬁeéms@arommmm p&i@bsdngsstes@mhah'em teemove the
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SHBRIGINg GEEPQUTELOr BT TP 5 MUFTEP CHbAUTRAIRGLY REfafe t s

Ee@BS%bd[q?&étgxg processing step is required to renove

e sta I ZI conmpound or additive fromthe
mcrobl al cell suspension before it is used as a

| .
1 Bl 86 o6 Qubl BrelBroRES (¥ap TG AR Ratalvstp that
ardkésttat pimentabHpesatufzdehd td lse mmltwiotthetextémehat they are

extent that they are no |ong effectiye or even
SailenasrasiaSiectue ar puphaUtabk1ar sAGIVsing 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

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

a correct temperature and pH for growth and where required supplying oxygen.
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Gowh of a mcroorganismfor use as a biocatal yst may
take place over a period of several days. During this

W@ 2008/054386 mi cr oorgani smis actively grow ng, tPEI/EPR04/013252

say bal anced growt h where the biomass is increasing
together with an increase in and mai ntenance of the
overall chem cal conpositionf the cell. Normally the
growth of mcroorganisns is [imted either by the

T peS o e fiRE 1R PSS T Ale Sl oot Mat the
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t he bi ocat al yst can be readll used w

§ta@ﬂity meaihe dchievaciviautFeg N eI L BRERY PF e fermentation
BF(H oﬂbﬁg%htﬁ%lﬁﬁ%‘?%%é Mer‘Rfath/§§ C&Jénﬁﬁoﬁ@h URaisa

|ns anc I sation, addition of stabilizlng
&oopo pnateincdedatieatoe dryi ng. Storage stability may be
achi eved without resorting to renoval of any of the
fermentation broth conponents such as urea or urea

JaEicopigostN \ed ehliesrihentresadiis tiee Kt @frsibfag@ may contain
deactivator. The composition aor the.envir ge use
oKygereoearherla subsiastiaheongendsa %{?WOGS%@ FrOXYYRN %@e we
fnééﬁbtﬁsﬁmb' éa!nbﬁm% S &r@@n SRYLIHYYTRES thaPy1 B K&sved

ree we nean e concentration of oxygen shoul d
bgygemsrtdeatraﬁ% Ressnial etioxygey drone Hrectenmentation bRetosaal be

BT BY a2 s corker T hefRgnictapFeGoREh: THeSe

MrERpurgieser bpekivdof fidicoivitgah dierbgas remdval oﬂanyehead-
wth an Inert gas, renoval of any headspace in the

spasatpdhe Sraoe @P”t%ﬂ%r $tﬁgna 4Bae® iminish BEpSsHER QLihE
%Hd&lgﬁ .o‘T‘QHbJ\/g %Q}/&% SRR é§§éﬁ%?l§i§ra%|c§é¥cﬁyoﬁ*§2|ne and

ascorbi ¢ acl hydrazi de. t woul d have
bgerazedepect ed that after 2 days and especially after
several days storage there would be sone loss in
nitrile hydratase activity. This would have been

Et’é/gﬁﬂ&e ;1?g\e/§t‘bggn ieRpbtedabsediee 2adayeandesspetialip aiftdr baweral days
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
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.

On the contrary we find that during the storage period the activity of the

biocatalyst comprising nitrile hydratase can in some cases actually increase.
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especially in the presence of residual fernentation
brot h conponents, such as urea, and al so at

wao eospesatur es of above OC. This is because pr oPEHEPR2004/013252
enzymes in the biocatal yst m ght be expected to break
down other proteins in the cell, including the nitrile
hydrat ase. Furthernore, the pgesence of urea or urea
derivative could be expected to be detrinental, since

W‘l};saigi ShafaUL ke mPé if/eptieh Welsidgide\Rinethod BMR¥@asing the
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meyi bedstoRdeff@am dhieg to heestywighfalayst i@@@xannp%/\% tg A4 days.
bi ocatal yst to be stored for at |east two days and
nore preferably one or nore weeks. n particular the
Eh@‘i}ﬁé&f;’én}éétof !’@M;d@ﬁatﬁndﬁrem %dmmmmﬁeeucmasw greenajtessential
ays, for exanple 3 to 14 days. e presence of
fotheaernasHioT s stsA9R Msthad QU-chﬁ atpest ghinypRtion,Where

| { Qo SHERES bitd AgRatraka0f
ﬁ&%ﬂ?g%lgcqr&ohf%vent ?%%Eé ‘&%S?gt’ Fﬂgfrrng]y?%ti on broth
deriyativentTearrea dieg¥ative, carnbe fareyapwleiae alkyt darivativg of urea.
derivative. The urea derivative can be for exanple an
al kyl derivative of urea. Urea or the urea derivative

CPtd Or B e RAtative ¢dutd be predalt yrsthedsiopatalyst composition
through its inclusiagn in the fernen '

th{@l_JgI'@) itsr]irwugg%ini the é@{m%atf%m@gwﬁo&]a%r:\%fbr%n} (ﬁtﬁé?%vgegﬂion the
BEHbYLREA B Sldthd@nidafurhicBR@irhy e BBYatBf/st 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
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
fermentation mixture without any detrimental effects on the activity of the

enzyme. This then allows the fermentation broth to be used immediately to
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deoxygenat ed and contain fernentation broth conponents
such as urea. A particularly advantageous feature of

wa bios/ospect of the invention is that it i s noPCDREE®N4/013252

necessary to separate the biocatal yst fromthe
fermentation mxture in which it was cultured. This is
of significant value since it{i@voi ds the requirenent
for an additional processing step. Therefore the

‘éﬁ[ﬂi’)ﬁe% fne?Balon, 8t ﬁpawdm % B8 storba fomstvatdl Aay8iorve® weeks
which is then stored. n the method of storing the
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detriment whil st the bioconversion step is being

carried out also over a period of several days, thus
dhehiocajalystmay canverianh e storedatienypagtresabeve its freezing

B2 S M DB REE oLt Q0 S e BERSPARs, o
llmslame/ep 0 60 os46%C. waebépct}m adyamtagmbf therpresemimeéthod is
Wb Pidrefatis GTOChS 21767 hapbiot iopuataes iBpuheny specia

t|6h§'f@r5fnoﬁlﬂirlr1‘gnaﬂoa<§tﬁﬂrdﬂm githe38mperd@e. F"T'@’Fé?}i@l&/,the
t he advant age pr esent rret hod I's that the

lascialystys Slorey abe tambriadraibeeRl fanicibar 4G sxore
36%1??%1%( %’XN%%% ?r% oBSECAH {/\/%n %%r{cﬁﬁé"@aﬁ&% particular

enper at ur e rabl
tho@tSﬁCyst is stored at a tenperature bet ween 4 and
30 or 40C, nore preferably between 5 and 25 C, such as
between and 25 C and in particular 15 to 25 C

AeBFdih g t é%rﬂqérl&sbéétr ofa8® pedsehf invBRtiGH W%Qﬂbwd@\éﬁﬂbtr@@l of
we provide a et of produci ng an am de

eoedusing ag antde bm pp@agam ithﬁgcmree&nonélngwfevle]gy ajnitgile

fg%/ &ts in which the biocatalyst is part of a
npoSit'ion or stored in the formof a nonactively

dn wviohgthbrdecatalyst ispart@d agzomErsition ar stoedag ¢herfatimuai a non-
'{.CP] the . : . N :

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.

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. |t 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
the present invention or alternatively provided as a composition in accordance

with the present invention.
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conposition or storage nedi um conprises fernentation
broth, and the biocatalyst is (or is obtainable from

W@ b@snosas©or gani sm Rhodococcus rhodochr ous st reBCHERGHVEB 3252

4 164 or a nmutant thereof. Thus in accordance wth
this aspect of the invention the biocatal yst may have
been held in an environnent ctntaining oxygen or held
in an oxygen-free environnent. t nmay or nmay not

QQYidpFRidudnal idf it HRBESddrp o RirRbIE ﬁ@m@matygt sonithas
urea prl or to commenci ng t he conversion of th

fermentatiormmiddunedn wWidch behiecaialyst iap Reest Prre@af% Thusina
ﬁ&%ﬂ%&'fé{r?ﬁ Hd e RGERLEAR ?r?w chtnd ?ﬁ)c%\ AA98 hléiglpag&s c@rﬁtalns

réesent 1 nvention or erna |ve Yy’ prov
@Onmaehism“f d iermenmtldarbccathw'lﬂ’ierefbea @bwatalyst composmon

cBHEVRIg RampedelEa e Bt R brath el e AU aGRR ity Enitrie
hih |c‘,’l4"'is°cheﬁ ROJRItES & Mle)edhreBpSndIRg ANNAS. Mé&d&vefb@ﬁd uvpaisingly

preferred formthe environment | n which
thatdacantyast to prerdous knaedamiiar instansapd H§1655 9p7.§08 states

t@#p%%c?)tll'is%%on ok blgégt%s/gf)%ﬁ)réfepéﬂg@%ﬁté‘%t elution of impurities

ron containin Ats o erment at
Wiropt theclsincdtal ysoimbd tmjrean’ndm proaiutt, rtfhai thé irchusien thermentatlon

dt h di : d
Slotrn Efentspion aiKirS BB hoieaTec i A BLaT i i qfaduct and
friois dsBééﬁQ@iéisbéﬁn/&lﬁ cobile® O’ éﬁpﬁﬁbéﬁor{ 0327901.5, identified by
i mobi [isation of the biocatalyst is preferable to

seee amber BT/$228#%purities from the biocatal yst
into the reaction product, that the inclusion of
fermentation broth in the reaction m xture does not
Afhlecfetméttatiouaiixtuye ol (tdmprfsieredseptiaiohmmmmmts for @llowing

aspect is de i bed in ed UK lLic
GaBrSsaeriss 36 heicrpeh g SslliodhBaergrd 3he AL GYl at least
Hoftdit bR e sQUrcE] nitrdgén Bblirce GRER/NSEs BEERINS. lThis may
conponents for allow ng m croorgani sns to begﬁgrovvn and

dnelude asaccharigiefer Histanee aninepasacahiaride stich ag dlucasgos other
b B0 SRR Grodly SARRRASISE SR L2 complex mecium

e a sa tance
Formpuneatscduaohi ahayeasd: Iexiaact@ndqmpdaorm, amihe racmlsg wrcaromsa

d Sac@é}a%@gguﬁéta SIU so U%r Imdaegne"élfttlrrrnognélI Isélum 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
broth may be used at different stages of growth and so it is important to be able

to store the biocatalyst 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
replaced less frequently. Preferably the biocatalyst is used for a period of at

least 2 days and loses substantially no activity over that period.
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conmponents such as yeast extract and peptone, am no
acids, vitamns, phosphate salts, potassium sodium

wore@aesideen and cal cium salts, trace el ements SPCTERR04/013252

iron, cobalt, manganese.copper, zinc and the |iKke.

These and ot her ingredients can be included in the
fernmentation m xture at concemgrations suitable for
the particular mcroorganism t is known that

&R ahah b%&%al?s’ﬁlé‘ oPtheSteRLBsH usifg PARARRIratAsE RAables the nitrile

product’i wé% t he bi ocat al yst and tHe fernmentation
kb@ belconugrietbinte the eerrespondingramisiedn asingle gkapat Fhigpgoegss is

o BTGP R & 0h 58 A gl R asiamce.

asties/irafb]e tof carl'yeom thisatanvesstiordstep several timesi uaslmg a smglebatch

fi I h
S8 o s i BS ey end P A Seanoms
'c%% duft §8\9@rﬁt teuctiGhehvhbaDhié Recdtiveraliab vatidé S THESt is
for“a period of at |east 2 days and | oses

Smpsrtamitto el a;blm)o atore e biopaialyst A ineyepNwuelEasaIassibje without
6 SARADYRE Byt WhyLERE ARSI Hebid baiRidt ase

he™ ni convert
Gimukeseaodiyn gScarmi affedt ona bstahxgéfd)lscte&aiystTdarsb@smm geddy for

of particular v V\,h the nitril a | onitrile
31566 i el et o dpdastapio aopfarmien  aeedAl EatonsS could

Qiétfrdrﬁ'fﬁtoCWﬁhéféﬁatéhQQ SRHEIAb A0 hashatsi Ng a

si ngl ebatch of biocatal yst from which portions are

renoved over a period of several days to carry out

:?.ﬁ\ég[lﬂh?lr gsg)%tcjc 8@?\?’?#\?&?10“1%& g%fe fo?mﬁ%[‘\)grsgbf Eneﬁrgvﬁ\@ g

tblmmlcyad:tlvay of aenigeowgabm. éﬁxqamsxodirganm would be cultured

detri Hent t ﬁ@%at al whi | st @gl oc nver sj.on
36 & sulareme gt et Sointps ikt Do agVBi i B euer, rea
Qﬁ‘tﬂ‘fé"dé’rf véiiv@‘%ﬁh?éé’ Blinfedude iftocthe tultgrdyieliiim HSkRabOsix hours
make several batches of for instance acryl am de.

Sftestha startof weawibof|the pucropeganisn.o Neomally s @uliyse Bipsium is
%ﬁsgtﬁbﬂalﬁpfrgéhpnr%% or'th uFéH &Ma,rh@é P&t Ié’éstttﬁlﬁflrst six hours of

foun nprovin
lHulicdt@thet mivrearyeanisty and tmareaftmmme@ anasmea deevative is added to
e. nedi u

croorgani sm wqul.d be cultured in a
Ths eUBisRRe St Rubignied hievip Gy by soptaplily ik sy Bpan that
Yh& Buiretrh&didey doréihVessthaH roezgn Suéd%ﬂly sbsaRan ot g/ khe may
cul ture nedium at |east six hou
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
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.



after the start of growth of the m croorgani sm
Normally the culture nediumis substantially free of
W e@a/0dr5¢ he urea derivative for at | east the PCT/EBP2084/X13252
hours of culturing the m croorgani smand thereafter
urea or a urea derivative is added to the culture
medi um As indicated previousigy by substantially free
we mean that the culture mediumcontain |less than 0.2
| ¥ - 96 of pRSHUBMG & ARfilei Hydgtags.ea
%ﬁé@ﬁ%ﬁﬁlﬁ%éﬁgéﬁ@ﬁl?@&Qgg'aef'(grog'%l y the cult urhgl medi um
Baitship sthiecdtalystycdmpsising sughea NyEroorganise acathe vged e prepare

for, at.| t h ' . 4. L
Blasror T sp B TS Bl PR EREp S i WHcA it
RYdratiselcatdlysss eabactiord The culturingu éhe microorganism biye
urea derivative within 48 Bour s. of cul turi ng. Thet.
deleved itipdustion of wieayor Mipa BEMEAIVERAPYHER MeFFqsad Rl
ﬁ?&rﬁéfﬁ%eaé&i.\/?f ' MﬂiﬁﬁlaﬂZ%ﬁ [thiedonBisSleRciitief ehablocds8es
croorgani smis capable of producing a nitrile
hgdicalady suitshle famthye preparetion af (reethy aafylamidadrosy émetn)

. ‘ : . h
Bl EBn i &Pl s oo Rt 8o pRkCATd f. 6,
aHditibh theyidtatahse may be yseglddhend masedon. The _
culturing of the m croorgani smby del ayed introduction

of urea or urea derivative provides increased nitrile

g @?ﬁi@ﬁ%rlg%@féﬁlé tR&Y tht sibRIokyarfisth i b el Riodddoscus genus,
reaction. The process Is particularly suitable for the
prefembht 4 Rhodbcganes ihodeahyoussrreies, esPeeialhRhodococcus

cryl pnitr, a process may be carried out as
agg%FﬁB%@rwgﬁ@?gﬂﬁﬁ4addition t he bi ocatal yst may be
recycled and reused. t is particularly desirable that
the m croorganismis of the Rhodococcus genus . .
shefeliowing eéarnﬁt?écftfewea@r'ﬁefd@g'ﬁf‘&(‘3@0&'68 A5y dut the invention.
especi al | y Rhodococcus rhodochrous NCIMB 4 164. The
foll owi ng exanples provide an illustration of howto
carry out the invention. Exanple 1 Rhodococcus

rhodochrous NCIMB 4 164 was isolated fromsoil using

an enrichment culture technique and it was grown on a
medi um cont ai ni ng the
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foll ow ng constituents (g/l): KH PO, 7.0; KH PO,
3.0; peptone, 5.0; yeast extract, 3.0; glucose, 5.0;

wWORBO054486 5; trace nmetals solution, 5 nl; acetPCi/EP100€013252

20 M. The pH was adjusted to 7.2. The nitrile

hydrat ase activity was 4,000 nmmol mn Vg dry cells at
C after 3 days growth at 2 CgoExanple 2 (i) Rhodococcus
rhodochrous NCIMB 4 164 was grown in a 2L baffled

érﬂglgeyer flask containing 400 m _ cul ture nmedi um

ng the following constituents (g/L):
Rh@dmmuemhmanho@,mNﬁHmeaﬁé wasyisolair &@mmllngsm%@rén

Entettoeniguuraebhina andl Brn BB a et E3Ranng tog

ﬁall@wug&ﬁs&.twéhlt@gq/@ eKthgv@Wotn a(reamm 0; tp@ptcynfﬁ, 5[0 ‘tyeast

the nmedi um was adj usted to

exiradir & OngleicgsennOMOB0r P Pufracs mejals Pt acetenitrile,
gg}@ lfﬁ%?m% %ﬁjﬁa%‘attb"?' ) yTﬁ@%ltﬁl@ Wafi@@ |acm/|fy WQS ag)é)o

ococcus rhodochraous
grmohmim” ﬁ’gtdwga catslatrhCCesftaridodays growth ate&&"é.‘pt t hat
pept one was onmitted. (b) Rhodococcus rhodochrous NCI MB
4 164 was grown in the nediumdescribed in (2a) except

ER3tpRept one was ommitted as was urea. The orgam sm
Wa‘s_gm't‘ured for 24 hours and then 5 g/L urea

& Rbadocoaos riodachreusiNCHVBES 64rvisamatoyn ig a P bﬁﬁ'ﬁds
GREmeV R o SR RO R R okt fffolowing
wlfsttﬁlﬁvéén(}s ;(l%ﬂi_mggld%ﬂassmhethgmphd"mm Qa?mF%yhalsmgg hé/drogen
cu our

Sheswiae 0r5 ohiosh LG reptne Ay SeSrtpttil off ingdhes

E*Glgl 9 des§h§d’r9té¢t_§hf OHsa 5\@ Mb At dkﬁéﬂd@ﬁemte@ oheap

cribed in (2a) except that urea was

wmaterdddd. i The pid ofréhs mﬁﬂlunh@lagraéjﬂ_iﬁt%dﬁq,@é Tedi| frl]? @Hlttﬁ@rwas
g@j@ ?Eg%d&)t?g ed’g{seﬁftfe?remib@{hgy|ﬁ’|?hyd?5fas‘é%ch%'if§/as 47,900

umol min™/g at 15°C.

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

(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
described in (2a) except that urea was not included in the medium. The

organism was cultured for 6 days.
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and 6 days after growh commenced. The nitrile

hydratase activities were neasured at 15 C, see table
wa2005abd466 1 Urea addition Nitrile Hydratase AcCPCTEP2004/013252

mmol mn /ng dry cells tinme (days) T=1T =2 days T

= 3 days T = 6 days day 0 9.1 24.2 24.8 37.6 1 1.0

21.6 49.3 41.3 2 ND ND 15.1 1% 3 None added 0.94 ND

0.46 0.98 ND not determ ned Exanple 3 (1) Rhodococcus

@éﬁﬂﬁé@%?@t%h%rﬁfﬂ@%u%ﬁlt@é@%stﬁb@ Adle Stamieatier, 3

containing 180 L culture nedium containing the
ot I6odaysaftasgsowthuearamenged.) The nitdledyslrafass patidieswere
ospha o~ P isum hydr ogen phosphate 0. 3;
gF%ﬁ?@Eee& %t gﬁbygggttg@éﬂf act 3.0; magnesi um sul phate
hept ahydrate 0.5; cobalt chloride hexahydrate 0.01 ;.
The p of the nmediumwas adjusted to p 7.2. The culture
Q'eg? own at 30C for 3 days. Urea was added to the
PO A58di80M €T [ Nitdle HYORAt ity IHOIGh RS Ang ey ¥blly Was
Teasureofﬁ?at sy'@ep rf‘ao%%:éidllly.y% h afterg tYwe urea
e days) t he |activity was approximately 176, 000 nmol

N \/~ ot A 1 o £ 4 . £ o0l o—1 ) - L
vy at—ou Gatg—drt _ LUl UTHEL Loy Yy
nad i ncreased tTg 23, SBGWS n 3’855/5& 2) Tg;?‘ déé)/gf
hvat er was char to thhe reactor to which|Rhodococcus
r hodochrous NGLMB 4 164 w

The m Xt ure \wac
He—m- W

d- ture was
hBated to 250(:.9-1\0ryl om4-Zil e 37%4-6 was fedt® the
gactor—at a 1 to yigal g goncent rghipnat 2%
ww. After 175 minutles 'all of| the acrylonitrile had
bgen converted 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

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
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’
'/g at 30°C and after a further 9 h the activity had increased to 323, 000 umol

min™'/g.

(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



10

15

20

25

acrylam de to a final concentration of approxi mately
50% (W w) . (3) The cells from2 were recovered by

weenwsnifegat i on and t hey were suspended in 625PQI/RR1004/013252

Thi s suspension was stored at 40C for 3 days prior to
recharging to the reactor. The procedure described in
5 was followed and again afte2 175 mnutes all of the
acrylonitrile was converted to acrylam de. (4) The

S@%&M@E%ﬁeﬁ“ﬁ@nﬁﬁlﬁ% afl ofthetRFMbNIGEE Hadl bechlsdiwerted to

bh
except were stored for 2 days prior to re-use,
agrylamigede adingl eonctntration of apprexinaataly Stite (wbvlyl i ¢ acid

AR E N 2 B THES r g by BB BRABASRY 186 erP Sl SFondes
Wl%%atfg iatdC :rvdi{s guagér{iiogmvaeEstarecll ab4eC fead daysl piior teaeh

0 e acryl am [ '
Charain P sPia e ociugD dgea g angalionse 4 fgpin
%@%91 ﬁommﬁéé‘gp'o?trszésdg%lBPﬁM@%%bﬁvéH@d%bb@%ﬁniﬂ@! MB 4

was grown in a ermenter containing 180 L
¢4)| iher eelisdirtina @ wenettegatedhgs drscrited B #pveomrsert theytvwere

[L): dj Potassi 0 - A ki
Fifercd et R e AR R g e e REHHER.
fFEl@:acf%i@%ﬁﬁi ctf]nc?mtrahorﬁﬁmbapmmhyfdw thieebaiches ofodmmylamide
chl ori de, hexahydr at .01; urea,, he of the
aeeeaRd iR RIS? 3&& 8—7par?_sg1_owmg5f@8)}q re \R/as grown at
30C for3 days. 25L of the fernmentation broth was
degassed with nitrogen for 20 m nutes prior to storage |
FublenBi edtcrylisnpeidaconeentriatipes rgasuipprioxeach offife acrylamide
ga,e/cg.SThe nitrile hydratase activity was neasured 15 h

P8P har vesting and it was found to be 242,000 U g at

|25 C . EXenid hembkt acti vifty wagcrytie AebCorcerBrafiapgppm)
ater 1t

3-2 5650

3-3 102

3-4 None detected (<10 ppm)
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
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
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 .
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was found to be 293,000 U g . Exanple 5 Rhodococcus
rhodochrous NCIMB 4 164 was grown in a 2 L Erlenneyer

w0 b@sksf466 5 days at 28 C with shaking at 180 PEIEP2904£013252

cul ture medi um containing the follow ng constituents
in g/L: diPotassi um hydrogen phosphate 0.7; Potassium
hydr ogen phosphate 0.3; glucege 10.0; yeast extract
3.0; urea 5.0; magnesi um sul phat e heptahydrate 0. 5;
E%’ EFG £hl ori de hexahydrate 0.01 ;. The pH of the

s adjusted to pH 7.2. The culture_ broth was
Bhodmcuarhpctomrw NCHVB 41364 vas grovn i@ 2k Eitepmeyer flask

f
S AEH PB e Ml heirld G080 B2 P8 metBhih {difiaining the
Edﬂgwblt@t@ﬂws&tuteﬁts ?@L%&Pﬁta‘semnlhymegen Dhesmatel(] & Potassium
ratase acti vi t .
BaTge BRPFY 1At R clissispl i Noret SKTaAT POVAD Y B pegnesium
prgé{%r@é tfg}'(‘)‘?% a.5:; &ﬂﬁlt%r%rudléheeﬂaﬂ§@ﬂat§oar1e ghuqsm oﬂhe

I's Tabl e | ncubation Tine
hedliLgn Vap atjGted X pMOZ 28'5192@2'(112@13“?257”3@ @/lé?q I@94W993

bRRSSnar oRiish s Ay BT eU TARARROGER. For B of both

the deoxygenated and the oxygenated culture broth were incubated at 4, 15 and

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

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
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t can be seen fromthe results in Exanple 5 that the
bi ocatal yst can be stored effectively at anbi ent

wWo egopesatares. Furthernore it can be seen thatPCTIEP2004/013252

nitril ehydratase activity increased on this occasion

on storage in conparison to day zero. Exanple 6
Defrosted cells of Rhodococcus rhodochrous NCIMB 41 4
were resuspended in water. The nitrile hydratase
ﬁzﬁﬁr‘a’t’ésteyaéﬁ@@ ﬂﬁ@réﬁéé‘cﬂoﬁ‘t’tﬁé ogc$én 8 stirade Yeedmpahson to day
rellative nitrile hydratase activities neasured are

gown in Table 4. Table 4 Tinme (days) Relative nitrile
hydr at ase activity (%9 4 C15 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
ERahpld @ 4 show that the activity did not decrease at

any of the tenperatures of stora the 1 and 7

BielropiacLASHE b RNBEGT R ERAURATED (TR S Bkl oS isbended

WQ@?.h "rﬂ%{'tﬁ'@ %rétaé@_‘bc%ﬁ/ WhOWRasred Svevla paridd 6fh week.
rlenneyer ask containing 100 m _ cul ture nedi um

Thatelativengittladytataemaetyiiasrseasuiedase shpwy in Table 4.

di Pot assi um hydr ogen phosphate 0.7; Potassi um hydrogen

phosphate 0.3; glucose 10.0; yeast extract 3.0;

mapresi um sul phat e heptahydrate 0.5; Urea 5.0; cobalt
chloride hexah Fh

_ xahydrate 001 tap-water—to —TFhep—of

L hieneEtyE was ggla@g@@g}nl{e&yﬁir&age Ayt ur e was

rowr at 30C Tppocd days. The fgog e hydrat sms°c
activity was nepasured at 25 G after 2,3 and |4 days
goow h. 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.



(2) (a) Rhodococcus rhodochrous NCIMB 4 164 was grown

in the nmedium described in (1) except that the urea
wor®soepsaced by di net hyl urea. (b) Rhodococcus PCT/EP2004/013252

rhodochrous NCIMB 4 164 was grown in the medi um

described in (1) except that the urea was replaced by

et hylurea. (c) Rhodococcus ridochrous NCI MB 4 164 was

grown in the medi umdescribed in (1) except that 2.5

IRAERR B %o@oeﬁﬂouQiNmehmi@aw»e v dfethet metiinen
diumin place of the 5 g/l urea. Rhodococcus

descrinsorio () exceptthat iByURRRVaS Eﬁl%aqqq %%thw;éw%m
I
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deisdsribeel |h)(di)e»t®$>etrmb1215/gll eesa mobz:ﬁrgihdimathymnﬁaen/@re added to
Tabl e itrile hvdratase activity
EprmnHrhaap%nE&eng}\lgr%ys 3 days 4 days urea 6, 800
gﬁ B obd Bt fhobo B0y INC IR 4416DRagd SN irPthetBedium

hvl urea 14,500 110, 100 not determ ned. Urea + 7,4 dO
desgimdip (Apexagphtah 2 gk raa a 2.5:/heihyiugea wetrpadded in

nms 1. A mcroorgani smwhich is

&?%g%ég@%%glﬂﬂ{%bcm ous strain NCIMB 4 164 or a mnutant
Themiteife hyiratAsewicticiteoarecshawr innBabl&@® m cr oor gani sm
Rhodococcus rhodochrous strain NCIMB 4 164 or nutant

thereof in a culture mediumthat contains urea or a
fapicvsiti ve of urea. 3. A nethod according to claim2

ich urea or urea derjivative is introduced into
tJnga_QQQOd_a_rrej ifritedtydratase agtivity{nmomin/oedry calS)st ar t
R P TP 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
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the mcroorganism 4. A nethod according to claim2 or
claim3 in which the culture nediumcontains |ess than

wW@2®505445area or the urea derivative for at | eBSI/EP1Ne4/013252

first 6 hours of culturing the m croorgani sm and
thereafter urea or the urea derivative is added to the
culture medium 5. A nethod aggording to any of clains
2 to 4 in which the culture nmedium contains |ess than
Gi3igd ! urea or the urea derivative for at least the
f‘l‘r'st—hours of culturing the m croorgani smand

tther ed técroargaaison which is Riewddepiaust thodo¢tyors gtrdint dGIME
cul rret hod according to any of clains
ffllt1bﬂ§r|q1"\%rg]ﬁheﬂ? @4 or the urea derivative is added
to the culture mediumw thin 48 hours of culturing. 7.
A nitrile hydratase obtai nable froma m croorgani sm

whi ch A Betirsbielcadiag i draPEaaiser REpHOsRIVB Thoderreys
%tr‘é}H R VBNST & or rﬁutaﬁt f?fe?&cﬁfskﬁ a\(}{gltefee%HLe nlﬁ? Fleﬂiaﬂfs urea or

fromthe corresponding nitril erein t
suti¢rivatied of orea.hydr ati on reaction in an aqueous nedi um
in the presence of a biocatal yst selected fromthe
group consisting of a mcroorganismvich is a

Rnodogoaritsod Hcstpdin @@lélaﬁﬁ r2eih WHIEH WRadorlifréa d@rmﬁm‘s
thereof and a nitrile hydratase gbtainable

diie thﬁé‘%'é'?‘?r@@@'um atdpasinggs eurs after tréﬁ Sté"’trﬁft%‘hwth of
ttﬁg ggamﬁ‘npr ocess according to claim8 in which
e I's (meth)acrylami de. 10. A process according
to cI a| m9 i n which the biocatal yst is introduced into

n aqueou di um.an acr Ltr fed int
o i BT S iR S D 2 St SO rhicF b gl e hum
(comtan sk g 012 d/Eurea drhige aﬁaae@@m/aﬁed foratilgast the first 6 hours
mai nt ai ned at_up to 6% by weight. A process according

(b cEitging e iTeNORNEM LPERRNies NivhaeheHen Hervaiive Is
%@Bgﬁ% I{ﬁé b&fhr@fmétﬁuw am de is between 30 and 55% by

wei ght A process according to any of clainms 8 to
i n which the bi ocatal yst is

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.

6. A method according to any of claims 2 fo 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.

8. A process of preparing an amide from the corresponding nitrile wherein
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
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recycled and reused. 13. A nethod of inproving the
bi ocatal ytic activity of a mcroorganism in which the

wor@sodugani smis cultured in a cul ture nedi unPCTEP2004/013252

conprises urea or a derivative of urea , wherein urea
or the derivative of urea is introduced into the
culture nediumat |least 6 hog/s after the start of
grovvth of the m croorganism 14. A nethod according to

h'?g]asthfﬁic‘MHcEGs i oeHitdudrsgraife CHaBcONGa] Bsnlieabtthereof

urea or the derivative of urea for at
aaasatn.trilmhwramseeom@uableérore RhodpregrusHBorpears gERNdNrIMB

her or the derivative of urea is added
?E%% %ft%ﬁéth#e‘%ﬂum 15. A nmethod according to claim
13 or claim 14 in which the cul ture nedi um cont ai ns
| ess than 0.2 g/l urea or er,i yative, af ,ur fo .
;| eagoreRs FHOETIRG & SA6T BIaMTTR g qiEiens P6EMaaiamde:
and thereafter urea or the derivative of urea is added
to the culture nedium 16. A nethod accordin

t
60. ol &ooess asardingi ol a ih e bipeatalyat isvelreqiced into
t ;
ol AL 0iEp s hed Al (e aERAb R 184 M BHlSod¥ medium

s6ch manﬁthe:borhdwtmtlon @0(rgeth)anryloaltrdaprameea@ieqmscrdedimgis

antrileh A nmet hod according to any of
aaintaedat %%ya%egwe m croorganismis of the

Rhodococcus genus, preferably Rhodococcus rhodochrous

species. 19. A process of preparing an anm de fromthe
dorr eé\mnqessgamqrdmgéo mfwnépnn whichiherrepetionscantisuss wag! the

sPaderdiofior Bepl SRER.PDelvba At pa BB, AT HCIER: 0, "

consisting of a mecr oor gam sm \Nhl ch is capabl e of
produci n

ter o&@gﬁegs%qtzfggélgg %gggbﬁ l%glaswgsr qhgn &f&fﬂb@e biocatalyst is

éé;aéjjg}gﬂ@,s@ay of claims 13 to 18. 20. A process
rding to claim19 in which the amde is (nmeth)

acryl am de.
13. A method of improving the biocatalytic activity of a microorganism, in

which the microorganism 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

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

added to the culture medium.

15. A method according to claim 13 or claim 14 in which the culture medium

contains less than 0.2 g/l urea or the derivative of urea for at least the first 12
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21. A process according to claim19 in which the
bi ocatal yst is introduced into an agueous nedi um and

w@ pethjass yl onitrile is fed into the agueous nedi/EP2004/013252

such that the concentration of (meth)acrylonitrile in
t he aqueous nmediumis maintained at up to 6% by

wei ght. 22. A process accordiggg to claim21 in which
the reaction continues until the concentration of

AGLM (ﬁ@uﬂﬁnh tHREANTE 8&g§ﬂlsﬁﬂ§'n<§ﬁwoér@éﬁéﬁké’@br tie3derfvative of
process acco I ng r&na/ of clainms to 22 in which the

brezcistasidedito itte cldtw‘el léMd reused. 24. An aqueous
conmposition conprising a biocatalyst that is or is
obt ai nabl e fromthe m croorgani sm Rhodococcus

ﬁbodoAhﬁgms)dsjcbaidhg\Ka MB/ df déirhsot3 @ tuirawhichheea of thenutrea
erei n the biocat al ISI.nth f of .

RBrvalie 5 8Rgeq o e erive meciitn wWiPin 95 Pt & uityeing o

nmet hod of storing the biocatalyst that is or is

obt ai nabl e from the m croor gani sm Rhodococcus _ _

NAodoAhmeihedsccaidingitl amy af 3@%013 tp HRiinawhichRee ayeroprganism

t he f f Il

i Gl e ol R L B o e Mo om 26, A

met hod according to claim25 in which the biocatal yst

B e RampySsRe R oty ABBNEr ot SRR Bpgpamisr
ﬁtﬁg% cfdoﬂ@é(gj%dqé}ﬁﬁo prif&@blyREb R BEds ﬂ’foo@cﬁfdﬂs%eblés

bi ocatal yst Is stored for a period of
| east two days, preferably between 3 and 2 days and

re pref bl.y o :
poB PSR arRRaE S 3 S it 8BregBonding njle wherein
ttie citrile TS s@iedted 20’ a mrauféonn"eacmdremrardamm media'rmialihe
fromthe _c ition acc r.din tocam . .
FRSARASK & BRCARUSRRI ST HOEL e SgUP GOBRISHSF 068 Hyiprgoragnism
Lhicis c3Pabl® dTrbaskifg aﬁftﬂ@ﬁ}d’r‘ﬁta@é am de by
contacting the correspondi ng nitrile )
wherein the microorganism has been cultured by the method according to any

of claims 13 to 18.
20. A process according to claim 19 in which the amide is (meth) acrylamide.

21. A process according to claim 19 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 aqueous medium is

maintained at up to 6% by weight.

22. A process according to claim 21 in which the reaction continues until the

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

23. A process according to any of claims 19 to 22 in which the biocatalyst is

recycled and reused.
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with a nitrile hydratase, wherein the nitrile
hydratase is obtainable froma conposition according
W@ 20080084486 24 or obt ai nabl e by a net hod accor di POI/EP2004/013252
clainms 25 to 27. 3 . A nethod according to claim30 in
which the amde is (neth)acryl am de.
29

24.  An aqueous composition 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.

25. A method of storing the biocatalyst that is or is obtainable from the
microorganism Rhodococcus rhodochrous strain NCIMB 41164 or a mutant
thereof in the form of a non-actively growing free cell microorganism, in an

aqueous storage medium.

26. A method according to claim 25 in which the biocatalyst is stored at a
temperature above its freezing point, preferably above 0°C and more preferably
between 4 and 30°C.

27. A method according to claim 25 or claim 26 in which the biocatalyst is
stored for a period of at least two days, preferably between 3 and 28 days and

more preferably between 5 and 14 days.

28. A composition obtainable by the method according to any of claims 25 to
27.

29. A nitrile hydratase obtainable from the composition according to claim 24

or obtainable by the method according to any of claims 25 to 27.

30. A method of producing an amide by contacting the corresponding nitrile
with a nitrile hydratase,
wherein the nitrile hydratase is obtainable from a composition according to claim

24 or obtainable by a method according to claims 25 to 27.

31. A method according to claim 30 in which the amide is (meth)acrylamide.



