1 STRAIN OF RHODOCOCCUS RHODOCHROUS NCI ME 41164 AND I TS USE AS
PRODUCER OF NI TRI LE HYDRATASE The present invention relates to a

m croorgani smand to nethods of culturing and storing the

m croorgani sm The invention also relates to a novel nitrile 5
hydr at ase enzyne and also to a nethod of converting a nitrile to an
am de enploying the nitrile hydratase enzyne. It is well known to
enpl oy biocatal ysts, such as m croorgani sns that contain enzynes, for
conducting chenmical reactions. Nitrile hydratase enzynmes are 10 known
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(1977) 20 descrimd;ﬁt he chrgJFact eri sztgli cs of an enzyne they refer to as

sacetonitrilase in Brevibacteriumsp R312 which degrades acetonitrile
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opti ni sati OH“'SPWQ?@'WE%@%%WW%QW‘S he {BP_(SWFHS Beeillusn | ncl udi ng
the inducer gidadidiviidcbbdi, Breliidicfne Ibhiiebhsentfh! pacs n?cmag,e vas
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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 {o 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 cuiture at the start of growth.



5 strain J1 in a culture nediumthat contains cobalt ions. A process
is described for biologically producing an amde in which a nitrile
is hydrated by the action of a nitrile hydratase produced by
Rhodococcus rhodochrous J1, which has been cultured in the presence
of cobalt ion. The use of various inducers (including crotonamde) is
described for the synthesis of nitrile hydratase. In one 10
enbodi nent an amde is produced in a c@ture nmedium of the
m croorgani smin which a substrate nitrile is present. |In another
embodi ment "\‘/ﬁ*ﬂHQfEﬁ'Qﬁ@Oﬂh&'th@oéo%c@@ﬂ%obﬁoh@%pé&éé K4 M'f&l{%df&
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m crobial cells and supporting themin a suitable carrier, for
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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



20 Leonova at al., Appl. Biochem Biotechnol. 88: 231-241 (2000) also
states that acrylam de is produced commercially in Russia using
Rhodococcus rhodochrous MB. Russian patent 1731814 descri bes
Rhodococcus rhodochrous strain M3. 25 Rhodococcus rhodochrous strain
MB3 t hat produces nitrite hydratase w thout the need of an inducer
such as urea is described in US-A-5827699. This strain of

m croorganismis a derivative of Rhodocbccus rhodochrous MB. The
production of acrylam de nononer in particular is desirable via the
30 bi ocat al yitrilaseutepending upen theviulivreptdsiditioas iusad b Pnyanitrigdydredase is
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m crobial material during storage, transportation and use. Even with
relatively stable enzynes and bacteria such as nitrile hydratases in
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of the cells in some polyner matrix. In order to achieve maxi num

productivity fromthe biocatalyst it is inportant that the 15maxi num
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van Berke!, . (S]%enl ngen 25 University, factors that nay cause

deacti vat i onév€ WRi'bl di ng were consi dered and these incl uded
prot eases, oxidation due to the presence of oxygen or oxygen radicals
and denaturing agents causing reversible unfolding such as urea. 30
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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 biocatalytic route. In the review publication by Yamada and Kobayashi, Biosci.
Biotech. Biochem. 80: (9) 1391-1400 (1996) titled “Nitrile Hydratase and its



5 factor regarding the preservation of enzyne activity involves

mai ntai ning the conformation of the enzyne structure. Therefore it
was considering inportant to prevent unfol ding, aggregation and
changes in the coval ent structure. Three approaches for achieving
this were considered: (1) use of additives; (2) the 5 controlled use
of covalent nodification; and (3) enzynme imobilisation. EP-B-0 243
967 describes the preservation of nitrigle hydration activity of
nitrilase by the addition of stabilizing conmpounds sel ected from
nitriles, e ; ion or
uspens: on SPPELELEh PRES g dEn PR MBS R YEBId Boduitirthe T T
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al gi nat e, I ;W‘lﬂ A and

vi nyl al cohg\[' E@#ﬁ%&ﬂﬁfﬁp P?lést@fgnétgl%ﬁgdo eﬁf)nr‘gﬁgé‘ls'lgtﬁg( St Qgg?{@e{}arl ous

ot her we3fs Hmmarh@efaqlm_eMMByfcmuserdaaohvatIQrgortummdmgey&re cpm&:dmfécﬂ ects

gL erioo s hd h ¥t ih QL el EMatb T AHS B HASrOGHRL o SxydtRAF! On 2
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



15reaction process. It is also knowmn to freeze dry biocatalysts in
order to preserve the activity of an enzyne in storage over a

prol onged period of tine. Again this is a potentially expensive
processing step that is nornmally carried out with biocatal ysts
20prepared on a snmall scale. Cryopresentation in liquid nitrogen or

I n the vapour phase of liquid nitrogen also affords |ong-term storage
of mcrobial cells but requires a constbant supply of liquid nitrogen.
Freezing of recovered biomass or sem -pure or pure enzynes at
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desirable to provide a process and a blocata yst where these
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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 agueous solution
of immobilized or unimmobilised microbial cells having nitrilase activity is
described in US-B-6,368,804. Immobilisation has frequently invoived 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 immohilising whole cell biocatalyst in a cationic copolymer which has good

30 storage stability and prevents putrefaction.



2. Taxonom c identification of the m croorganism Identification of
the soil isolate was carried out using the technique of 16S r DNA
anal ysis. The sequence of the 16S r DNA gene obtained fromthe soil

i solate 30 was conpared with nucleic acid sequence dat abases. The
sequence obtai ned was conpared to those found in a proprietary

dat abase (M croseqTnm) and the 8 top 20 hits were determ ned.
Conparison of the sequence with this da& abase identified the best
mat ch as Rhodococcus rhodochrous with a 97.48% simlarity. This is a

genus | evel pfydeBocclythoMdenens U1, wiieh s ds@dfz@mérbuhm{)tm mindfa&decoccus
rhodochrous. A further search search agaj nst lic ENBL dat abase
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a culture nedi umthat conprises urea or a derivative of urea. W have
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In the presente of uré€a or erirvative a ucer’ an

cobal t chl oralctdholsTrass this is @an@xpemdiead processing s;tepy h| gh nitrile
hydratase activity is achieved. For exanple urea and cobalt are added
to the nmedi um described in the experinental exanples. Desi rably
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i f ureaq@r aeHERMA process.

It is also known fo freeze dry biocatalysts in order to preserve the activity of an
enzyme in storage over a prolonged period of time. Again this is a potentialiy
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 infroduced 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.



9 derivative is present in the culture medium It may be present at
the start of the culture or it may be added at some point during
grow h, but generally should be added before the onset of the
stationary phase of growh. High nitrile hydratase activity can
preferably be achieved if urea or the urea derivative is not present
in 5 any substantial anmount in the culture nmediumat the start of the
m croorgani smgrowth but is introducedf ater. By this we nean that
urea or the urea derivative is not present or is present in an anount
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cul turing of ' nj js

i gher ot TS T b GRloHAMAS seen Ry oy DiduckltiietAPaESe,
time than i fwehevefeaddnatitie naweaicerganini {@dihe nide hydehttsd mododed

start of culturin The invention alsag rel at.es a.ni,trile hydratase
bt ai nabl o FPERIETEINPE UM DerPoRet T Y iFBIED B e #TBBochr ous
NCI VB 4164 RiodRcbitugthoddenroeeiNCINE 41 16aas pasiaetetly of uddlTer ihavent i on
concerns a process of aring an}oi@% de fromthe_correspondin

s pre ¢ . | g
nitrile wher@nkersiqa gilnpihjacryionitiipjodeelyacylamids.dhermisreorganism sd 25
in an aqueOL&]zyPn@!Hé%'b@eﬁ RENAS FERSR 2Rlived all HFdrRd ¥adesIRbR HPdadd iAM
the group consisting of a m croorgani smwhich I's Rhodococcus
r hodochr ous aativilys oxarlleag perionstaf imetansfudhersioge aambe recowensy diom e
obt ai nabl e f Ayl inadachy : H% t
t her eof . Herré%ﬂ er %ﬁ@@g@ﬁ%nﬁlﬁﬁ @cat a%/@tt}l’\%ef ééﬂsa]r?fébn?ﬁg% |ltri|%Peat
hydr at as® t 0% wiwyThusdisiandep, ifirequinedt ressath etifvar directly @ Gaftehadiertierous
NCI MB 41164 Ceg”j (Flg%q%gey i ncl ude the Rhodococcus rhodochrous NCl MB
41164 cel | RGP . the biocatal yst could be used as a whole
cell 10 preparation in a fernentati on nmedium as an aqueous

suspensi on, _as recovered cell paste as an | bi || el |
pr eBar ation 'ﬁ}e ‘g‘%ta'gsn?f e AW s&ﬁ‘r“ OF%@“ﬁ?lFt?c,qgg'p%a‘l'cg&%s@ 184iarsp) e
for the convgveiwslonf nitrile to amde that satisfies the

requirenents of this invention. 5 This process is particularly
sui t abl G or readi | y preparing an am de fromthe correspondi ng

nitrite. I'n PasddicHh@bDepaitgays sol utions of amide can be prepared in
hi gh concentration. The process is especially suitable for preparing

acryl ani de ofherBhegracpeusinadochTeusTHeaihiwRsdsQifipd by Mafropeseikia dradford,

‘8’“0! e cell Céﬁog?%%ééné 8§pc¥sﬁ§d 85 3 drti? 0@ afifib tiBﬁélrﬂd’i\laEﬁdg' cﬁ-mé%strr@y
e i nmobilisé or insttance entrapped 1n a gel or It rmay be use

pref erabl y aandMarieeBeetetia NGihB)swoere inWwas assigneddhg actessivintnuinhlzer

hydratasgs  nciMB 41164 under the Budapest Treaty.

2.Taxonomic identification of the microorganism
Identification of the soil isolate was carried out using the technique of 168 rDNA
analysis. The sequence of the 16S rDNA gene obtained from the soil isolate

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

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



enzyne may be extracted and for instance used directly in the process
of 15 preparing the amde. In one preferred way of carrying out the
process the biocatalyst is introduced into an aqueous nedi um suitabl e
for carrying out the culturing of the mcroorganism Typically a
suspensi on of the biocatalyst, for instance whole 20cells of the

m croorganism may be fornmed. A nitrile, for instance acrylonitrile
or nethacrylonitrile is fed into the adueous nedi um conprising the

bi ocatal yst in such a way that the concentration of (neth)
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bi ocat al yst 99R988kosimilenity. r hodochr ous NCI MB 41164) is added in the
formof fernmentation broth or as harvested biomass. 5 The activity of
t he bi ocatal yst (Rhodococcus rhodochrous NCI MB 41164) and the nitrile

hydr at ase pr3othegstblddical ahd omtursi chercdatdristits it can be recycled and
reused for furtrﬁr E_?/dration of nitrile to the correspondi ng am de.
10Recycl i ng of{tl REIYBOBRMG oW i s particularly suitable for any case

of convepting ErRlchltyasinydtieni trile to (meth) acrylamde. Thus in the
manuf acture of acryl am de when the reaction process is conplete and

acryl am de has(3bMen-speiedaeesl at the appropriate concentration, the
catal yst can ahd re-used to produce anot her batch of

acrylamde wt %bﬁﬁqugmﬁ nitrile hydratase activity. 15 This can
even be achi eviéllAaefabér the biocatal yst has been stored in water for

possi bl e 1o preparal it a6 AREnbh BcsuiEtioiss b 48 71
st or age.15Accor di hoursat 80 aspect of the invention we provide an
agueous conposition
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 Rhodococeus rhodochrous NCIMB 41164 can be cultured to give
30 high enzyme activity, for instance about 250-300,000 umol min"*/g dry biomass

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



20 conprising a biocatalyst that is or is obtainable fromthe

m cr oor gani sm Rhodococcus rhodochrous strain NCIMB 41164 or a nutant
t hereof and wherein the biocatalyst is in the formof a non-actively
growing free cell mcroorganism W also provide a nmethod of storing
the biocatalyst, that is in the formof a non-actively growing free
cell mcroorganism 25 The mcrobial cells of the biocatal yst used to
carry out the conversion of nitrile toam de, nmay be regarded as a
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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



Met hods of preserving the activity during the storage of

bi ocat al ysts, even for 10 periods of tinme up to one-week, have

normal |y involved renoval of the biocatalyst fromthe fernentation
broth and/or inmobilisation of the biocatalyst in a suitable matrix
and/or stabilisation using stabilising substances which then either
becone contam nants in the reaction mxture and this may be a problem
further downstream or an additional pr#eessing step is required to
renove the 15 stabilizing conmpound or additive fromthe m crobial
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mai nt enanceThik prdvese isgraatitulartyesuiteble faroepdilyl preparingfart sreidedidm thdor nal |y

the growmt h of mcroor i SnB i I|mt b

nutrient or C?fﬁ%spaegﬂﬂﬁ%@ﬁ é{hp ’0‘6'8&?"&‘ gP%é@Qﬁ ns %#&@?%g Stgﬁfeg%aef
growt h rat ein 19 e&rscentraiion. hrheSpraeesstlaemgdly stieatde fog pagrariagri at e
nutrients and maintainin correct tenperature and pH for growth
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readily used without any significant loss in activity. Storage
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The conposi 2\ ronrren use in the orage may
cont ai N180 ergpgeng te amidebe a substantially oxygen free environnent.
By oxygen free we nean that the concentrati on of oxygen should be

| ess than 1% di ssol ved oxygen concentration Renoval of oxygen from
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urea is knowenjidmide odmethacrylamide 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%



protein deactivator. However, the biocatal yst suffers none of the
expect ed di sadvantages 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 biocatal yst conprising nitrile
hydrat ase can in some cases actually increase. 15 Thus in another
aspect of the invention we provide a nethod of increasing the nitrile
hydr at ase activity of a blocatalyst cadéble of formng nitrile
hydratase by storing the biocatal in a storage nmediumin
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t he st or age rewsdiddr birthehhyiratigped nitole to ﬂ\ﬁ’etmrie@nondiﬁ@amideer ment ati on
broth conponents are present, this nmaybe urea or a urea derivative.
The urea derivative can be for exanple an al kyl derivative of urea.
Urea or fithe Reoyelirdesfi th@bio\t@tamubqiah'eukari?sﬂablé fmrhhecbé@cmwmhg

conposition 20 thro s ,inglusi he f rmentation In
e Tor m of (TR AOLITS Byt SR RHR o ih ST Ay d 2rbts MAciamide
contai ni ng t\mﬂerhhe%é@bu@hdéay|sl1en¢|ﬂété>ega@@hmmaa%a§@@bﬁ?thduced at
fermentation broth conponents such as urea. A particular
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find that tlpreparea third balsh oheatiyleudde,iaven hepiudsemsterage. a 30
fermentation m xture without any detrinental effects on the activity
of the enzyme. This then allows the fernmentation broth to be used

i medi at el y Adrording 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 heid
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 direcily in



16 catal yse the reaction, or to allowit to be stored for several
days or even weeks w thout detrinent whilst the bioconversion step is
being carried out also over a period of several days, thus ensuring a
constant supply of readily avail abl e biocatal yst without need for
addi ti onal processing steps thus sinplifying and 5 reduci ng the cost
of the bioconversion step. The biocatal yst may conveniently be stored
at tenperatures above its freezing poir2. Typically the biocatalyst
may be stored at anbient tenperatures, for instance up to 30 or 40C

However, t heneMashatch flediuht oPiRyeRdybaRtdEMt S ahGiqubals $ilk@ension in
bi ocatal yst may be stored at anbient tenperatures w thout any eci al
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t he environnment in which the biocatalyst is held also contains .
conponent s &fSa5charides 36 SO WFS’PH‘.“"*[%%?@F 8#@"&%@985&?8’70%%'”0"93"‘9

conposi t i on sajte AHPdd P HHEPR A AifiHatesOMmagnéaimEadIalim0 Bodili@tdhacan be
conbined with a nitrile which is then hydrated to the correspondi ng
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of the. bi oo aPolEEToE kIS ERIGRHS pEbBloEs yet bttt bahiEaL ' O
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fermentati Or}equirements; 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



10 broth in the reaction m xture does not affect the quality of the
final product and this aspect is described in our co-filed UK
application 0327901.5, identified by case nunber BT/ 3-22349/P1l. The

fermentation mxture will conprise essential conmponents for allow ng
15 m croorganisns to be grown and sustained. In general the m xture
will at |east contain a carbon source, nitrogen source and vari ous

nutrients. This may include a saccharidé for instance a
monosacchari de such as glucose or other sugar or a disaccharide or
pol ysacchar irdie fenmmoratiom tsatht apsiog ppirefeciiardefihe dmtbendie ediigeh as
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So in ef f ectUSEHESERIAHFEYShi ocat al yst can be stored ready for 10 use
to make several batches of for instance acrylam de. Several batches
could be from5 to 10 or re batches, even 15 to 20 batches. In a
further aspéﬁtth%fbs_tqq@eiom tj?f@?ﬁ%‘%i{ﬁé?msﬁﬁ@"&wa@f 'Pﬁ%ﬁ@f#r‘i@att he
bi ocat al yti carakbpivatlamiiéntieMbearPéDRAE oosE RRVTyGD U8 BRBhSHRIRLY Brde
cultured 15 in a culture mediumthat conprises urea or a derivative
of ur ea.2Howlengerasesifestive preevga stifatie (of cofalypingareastions r oduced into
the culture nmediumat |east six hours after the start of growh of
the mcroorganism Normally the culture mediumis substantially free
of urea or tGrewiheha tieroorganisa fobusess p dipaialyss niayitake Blage RYeNa of
culturing th 1 r i r r - j ive
s added t o B el SE{AANYE, Bllind ARG b mict&Rogliod 1 AORCRERONAL:
subst anti al | haf isée sayebaleaced drawth wWirere the bioenase i inorcasmy dogethersgitht dran
0.2 g/l, usually less than,0.1 g/ n Y. ntain no..ure [ the
urea derfYat NFEISHILA @BF\&B'}E’HEQ8@‘?85’8%8?@‘98%?%3@8@%5% it ?Ic?/!hf ree
of urea or the urea derivative for at |east 12 hours and sonetines at
| east 24 hours. However, .in_order tq nmaxim.se the pigcatal ytjc

nctvi by 1t Normaloias giaivth Bf MR oRssRIBame ek er P e pRRGen Tat i ve
wi thin 48 hokige@fordihe hétunilatioht? tddsratiadty of ﬁae@éﬂdiymtaﬁdqa@ghﬁ% rate

established in terns of enzyne activi tdy as described herein. 19
reduces. Growth is maintained by feeding appropriate nutrients and maintaining

30 acorrect temperature and pH for growth and where required supplying oxygen.



Preferably the m croorganismis capable of producing a nitrile

hydrat ase. Suitably a biocatal yst conprising such a m croorgani sm can
be used to prepare am des fromthe corresponding nitrile by a
hydrati on process in which nitrile hydratase catal yses the reaction.
The culturing of the m croorgani sm by 5del ayed i ntroduction of urea
or urea derivative provides increased nitrile hydratase activity
particularly suitable for this reacti opqs The process is particularly
suitable for the preparation of (meth) acrylam de from (neth)

acrylonitri 'Tﬁ%et%g&iéc oe%éénmm@ fb?rfd’tésegff&gbe @@bﬁ@;acgttﬁ& Hher ei n.

In addition yst may be r cycl ed and reuse
particul arl bloddslysacﬂreb& mr:hly beedwithasbamesigaificant lasis io hetl\msioéﬁdmamus

genus, pref cC r hodo ecj ecially
Ahodocobcus SPRDRYE AFBRLe A AR S5 e BT G gSBRE o e
provi de an imhmusifigatiohoaddmon shwtdiilizirrooynpouhds befréareadryingn Stordfe _
Exanpl e 1 Rhodococcus rhodochrous NCI MB 41164 V\B.gﬁl so| at ed from soi |

usi ng an® enpiebiiERaY bapeiipwed withait serortiigdo remaual ofRBVAT 1B Termestatiom
cont ai ni g b EGhbOMAYs PNt urbh'%FEx%a&&ﬁbéttve@"@%@"thog%gureg@g 4,

3.0; peptone, 5.0; yeast Sextract, 3.0; glucose

trace netal knaws protein deactivetoracetonitrile, 20 ni. The pH was adj ust ed
to 7:2. The nitrile hydratase activity was 4,000 fond mtilig dry
cells at 15C after 3 days growh at 28C. Exanple 2 10 (1)Rhodococcus
r hodochr ous TNEEMBpddiiGdontas egricamment usedip tbahfdtfmﬁ @‘rdtmgeymy dointedik

400 nL | he f i
consti t d0n Sy SHnioBer sBErHARARaL e At o BY Rk s i,

hydrogen phasshalist the Bonc@httﬁﬁtﬁ'eof @en Mld)ﬂil@lesétﬁhn Vﬁ@iﬁsoﬁéﬂr act
3.0; magnesi um suIOFlhat e hept ah dr ate ; cobal t chl or| de

hexahydr at e O%Yd§D:conggntratio vlabofmvg%féom rth%fer&nﬁa afigr Prath GaR be
adj ust ed t 0apibvedy diEofahd Eéﬁ\ﬁénﬂ@ﬁ;al a{e%as%r r%%favfr@rox%g&am@&et er

which the nitrile hydratase activity was , mn-1ig at 15C
(2) (a) RhoHwb¥eRyEding v gataried of mﬁweth@meartaa% rgm@m qf gy fgadredi um

20 deschs begRICI d& i e %%%tcohfﬁﬁerpﬁ?ﬁrﬁq\@u%&rﬂﬁ?sﬁé@ Hresé.!gr)e ﬁrﬂﬁ@oc occus

r hodochr ous MB 41164 "was grown medi um descr i (2a)
except t hat agdifieroaikneas awygen seavengerssychuag ascorbie asidyarriydrazinesand
cul tured foh pgurs and then 5 g/L urea was added to the culture
whi ch was gr%wn or a further 5 days.

it would have been expected that after 2 days and especially after several days
20 storage there would be some loss in nifrile 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 ureais knowntobe 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,



25 (C) Rhodococcus rhodochrous NCIMB 41164 was grown in the nedi um
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 nmedi um 30
described in (2a) except that urea was not included in the nmedium
The organi smwas cultured for 6 days. 181 Sanples were taken fromthe
four cultures described above at time = 1, 2, 3 and 6 days after

growt h commEmeei. anbliter aspedt bétheyinvartias wegrovide biresthue oEincEasng dek at
T LI T A RS IO TN R
days T= 6 dgyan{ir Bioddtalgstat atotdgd mbdium in accordance with the storage

method of the present invention. Therefore, the method can result in a new

5 biocatalyst composition by virtue of its increased activity. Therefore, nitrile

hydratase of the biocatalyst composition, and in particular formed during

storage of the biocatalyst, is new. Also, the biocatalyst does not produce the

mal odours associated with putrefaction during the storage period.

10 Preferably the storage method allows the biocatalyst to be stored for at least
two days and more preferably one or more weeks. In particular the biocatalyst
may be stored from three to twenty eight days, for example 3 to 14 days.

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 inciusion 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 aiso 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



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 determ ned Exanple 3 (1) Rhodococcus rhodochrous NCI MB 41164 was
grown in a 280L fernmenter 10 containing 180 L culture nedi um
containing the follow ng constituents (g/L): diPotassium hydrogen
phosphate 0.7; Potassium hydrogen phosphate 0.3; glucose 2.0; yeast
extract 3.0; magnesi um sul phate heptahydrate 0.5; cobalt chloride
hexahydrate 0.01;. The pH of the nedi usgwas adjusted to pH 7.2. The
culture was grown at 30C for 3 days. Urea was added to the culture

SL ﬁ Ie(r)dllgalﬂ chtalySBhdlidatiide oMeIRIABR R tbret iy RBrdraapdibesienatesk8C)
w;thout detriment whilst the bioconversion step is being ¢arried out aiso over a
period of several days, thus ensuring a constant supply of readily available
biocatalyst without need for additional processing steps thus simplifying and

5 reducing the cost of the bioconversion step.

The biocatalyst may conveniently be stored at temperatures above its freezing
point. Typically the biocatalyst may be stored at ambient temperatures, for
instance up to 30 or 40°C. However, the advantage of the present method is
10  that the biocatalyst may be stored at ambient temperatures without any special
precautions for monitoring and confrolling the temperature. Preferably the
biocatalyst is stored at a temperature between 4 and 30 or 40°C, more
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 inventicn 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

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



22 h after the urea was added the activity was approximtely 176, 000
umol mn 11g at 30C and after a further 9 h the activity had

I ncreased to 323, 000 unol 20 (2) 625 g of water was charged to the
reactor to which Rhodococcus rhodochrous NCI MB 41164 was added. The
m xture was heated to 250C. Acrylonitrile 375 g was fed to the
reactor at a rate to maintain the concentration 22 at 2% (ww).
After 175 minutes all of the acrylonitrii’/l e had been converted to
acrylam de to a final concentration of approximtely 50% (wWw. (3)
The cells fm@gl\ﬂamﬂouﬁgﬁ\mhelmmyssaeyltorrieﬁmeltm@bioaahalyshfwmv&me

ded i 625 t t d at 40C f
days prtor  dermiestationaais RoMiigh vy os bee’ el BULBa | bed
in 5 was fold-oaRed atth RE@nDirérhétt tﬂ%ﬁcﬂﬁéﬁt@éatéﬂybt i8held®so contains

acrylonitril'e was converted to acrylam de. (4) The cells from3 were
treated as desponeeid of A fgmantationdxeBptl h@W@Ve\ﬁé?'@C%@lw@ﬁimnﬂS't@ndays

prior toge c
ei a0 condbn P ENAE S Haat a6 A loAR S Aol BT 62 b fined YindEfikle
gener at ed i nwhdotaispth@Bhrirdied 6 ie aresgdraling amidEalechave foatd surrisingly
Acrylic aci qQncentrati ons. meas h of . t a Ld
bat Shes Exara AR ERyITE ot BdesfuIitndt B ARRpt 500 skies . 5
102 3- 4 Nonehgamptdhedalichlef theBlocatalyst is preferable to prevent efution of impurities
from the biocatalyst into the reaction product, that the inclusion of fermentation
10 broth in the reaction mixture does not affect the quality of the finai product and
this aspect is described in our co-filed UK application 0327901.5, identified by
case number BT/3-22349/P1.

The fermentation mixture will comprise essential components for aliowing

15 microorganisms to be grown and sustained. In general the mixture will af least
contain a carbon source, nitrogen source and various nutrients. This may
include a saccharide for instance a monosaccharide such as giucose or other
sugar or a disaccharide or polysaccharide, ammonium salfs, 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, cobalf, 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 fo be able
to store the biocata!yst 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. Gonsequently 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.



15 Exanmple 4 (1) Rhodococcus rhodochrous NCI MB 41164 was grown in a
280L fernmenter containing 180 L culture medi um containing the
follow ng constituents (g/L): diPotassium hydrogen phosphate 0. 7;
Pot assi um hydrogen phosphate 0.3; glucose 1.0; yeast extract 3.0;
magnesi um sul phat e heptahydrate 0.5; cobalt 20 chl ori de hexahydrate
0.01; urea, 5.0. The pH of the medium was adjusted to pH 7.2. The
culture was grown at 30C for 3 days. 23 of the fernentation broth
was degassed with nitrogen for 20 mnutes prior to 25 storage at

anbi ent t enpeyal a‘ﬂg'&e Wiy Qs‘ﬁ?&gar%g&ﬁfﬁéufsﬁﬁgrﬂiﬁ @éﬁé@é’é engtgé's {Hbtnrthfe

hydrat ase activit asure est1ng an
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3days|ater i t..was und, t o,.be 3..000. UL

Rhodococcus 9 %‘\é@ G ? S Regnie ﬂ%%'S\%Q’I%’ta\ﬁr?qdﬁﬁ%a@'{go'éﬂc@’m'%‘r't
flask for :@I@es&aalta t@ 8&rbththRhakivagiontstdBibvepirtimes asingl 4 singlemeh um
containing the follow ng constituents in g/L:. di Potassium hydrogen

phosphat @ 0.0f biopfalystdrQiRwhigh RATERSATE lﬁ%@fﬂﬂ @ena @erleqj gEgrverdl gays to
yeast extraghmgg ﬁt se%l%@resacﬂonmﬁé}%sdlﬁ@ |§ 'ébm@feﬁ tO BRI YELRL 1L S

cobalt chloride xahydrate O. of the nmedi um was adj ust ed
to pH 7.2. Twporéank tqbeeaipiacb@ htw@meohlwamwhamsW@WWYtasonsslblemethnauf

O i ch_vasio Y SRR AT PRISRCTRL LEgTocaThay e

deoxygenat e e OXxy at are ncu ed at 4, 15
and 10 25C fsunulfhnemdky S'd)lel ezﬁ’etct ohebh&ﬂn&bmsaa@sﬁoaﬂl tie)/storfedtrbadypfort i ons

d | | l, f, the h
hecaye. e LB aRS Savnd belHpesT Rituitakte A Taivkn Seer RS S <
15 Table 3 |Ué6#dﬁﬂ§ l'chﬂO befbre Batoled, @a¥$ )5 td20 batches.

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 ar 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
somefimes 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
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Preferably the microorganism is capable of producing a nitrile hydratase.
Suitably a biocatalyst comprising such a microorganism can be used to prepare
amides from the corresponding nitrile by a hydration process in which nitrile
hydratase catalyses the reaction. The culturing of the microorganism by
delayed introduction of urea or urea derivative provides increased nitrile
hydratase activity particularly suitable for this reaction. The process is
particularly suitable for the preparation of (meth) acrylamide from {meth)
acrylonitrile. Such a process may be carried out as described herein. In
addition the biocatalyst may be recycled and reused.

It is particularly desirable that the microorganism is of the Rhodococcus genus,
preferably a Rhodococcus rhodochrous species, especially Rhodococcus

rhodochrous NCIMB 41164.

The following examples provide an illustration of how to carry out the invention.
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Example 1

Rhodococcus rhodochrous NCIMB 41164 was isolated from soil using an
enrichment culture technique and it was grown on a medium containing the
following constituents (g/1): KHzPOs, 7.0; KHaPOq4, 3.0; peptone, 5.0; yeast
extract, 3.0; glucose, 5.0; MgSO;, 0.5; trace metals solution, 5 ml; acetonitrile,
20 ml. The pH was adjusted fo 7.2. The nitrite hydratase activity was 4,000
umol min'/g dry cells at 15°C aﬁer 3 days growth at 28°C.

Example 2
(1)Rhodococcus rhodochrous NCIMB 41164 was grown in a 2L baffled

Erlenmeyer flask containing 400 mL culture medium containing the foliowing
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
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
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) Rhodococeus rhodochrous NCIMB 41164 was grown in the medium
described in (2a) except that peptone was ommitied 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/t. 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.



154 230 It can be seen fromthe results in Exanple 5 that the
bi ocatal yst can be stored effectively at anbient tenperatures.
Furthernore it can be seen that the nitrile 24 hydratase activity
i ncreased on this occasion on storage in conparison to day zero.
Exanple 6 5 Defrosted cells of Rhodococcus rhodochrous NCI VB 41164
were resuspended in water. The nitrite hydratase activity was
measured over a period of 1 week. The r&#l ative nitrile hydratase
activities measured are shown in Table 4. Table 4 Tinme (days)

Rel ative ni tganileddretarer framtthy fdur clitires 465ctbed 2b6ve at time = 1,2, 3
and 6 days after growth commenced. The nitrile hydratase activities were
measured at 15°C, see table 1.

5 Table 1

Urea addition Nitrile Hydratase Activity umol min™/mg dry cells

time (days)
T=1 T=2days | T=3days |T=6days
day

0 9.1 242 24.8 37.6

1 1.0 21.6 49.3 41.3

2 ND ND 16.1 15.3

None added 0.94 ND 0.46 0.8

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; cobait
chloride hexahydrate 0.01;. The pH of the medium was adjusted to pH 7.2.
The cutture was grown at 30°C for 3 days. Urea was added to the culture after
15 17 h. The nitrite hydratase activity was measured (at 30°C) periodically.
22 h after the urea was added the activity was approximately 176,000 pmol min
'fg 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
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at 2% (w/w). After 175 minutes all of the acrylonitrile had been converted fo
acrylamide to & final concentration of approximately 50% (w/w).

(3) The cells from 2 were recovered by centrifugation and they were suspended
in 625 g water. This suspension was stored at 40C for 3 days prior to re-
charging to the reactor. The procedure described in 5 was followed and again
after 175 minutes all of the acrylonitrile was converted to acrylamide.

(4) The cells from 3 were freated as described in 3 above except they were
stored for 2 days prior to re-use. Again 50% acrylamide was synthesised.

The acrylic acid concentrations measured for the batches of acrylamide
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
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 {o be 293,000 U/g .




10 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 NCI MB 41164 was
grown in a 0.5L baffled Erlenneyer flask containing 100 nL culture
medi um containing the follow ng constituents (g/L): diPotassium

hydr ogen phosphate 0.7; Potassi um hydrogen phosphate 0.3; gl ucose
10.0; yeast extract 3.0; magnesi um sul pRate heptahydrate 0.5; U ea
5.0; cobalt chloride hexahydrate 0.01; tap water to 1L. 20 The pH of

t he medi um Eﬁémﬁigjsted to pH 7.2. The culture was grown at 30C for 4
days. The nitrite hydratase activity was neasured at 25C after 2,3

and 4 days h&h@d@wcc'eszohoeigyhrm%ﬁl&f%cﬂé 64 Waa SEWY b2 Rib termensh flags
Jays . . y !
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2.5 g/l di meuibiteneptangdetadde dobatt dhidride heratiydraterd.pl;ad@eqH dfthe5 o |

urea. (d) Rhodococcus, rhodochrous NCI MB 41164 was grow) in the

medi um descfMasEHN Was @gjustaddaph ?-léat The alltyry br&ﬁb‘ﬁ"“%ﬁg’dﬁ%mﬁﬁwo

et hyl urea wapaicadds Hdlf dtvdfich Whs H8KyGerttéd LSRG nitrB@nPértibhSof both

hydr at ase a tlﬁl\(/)ﬁt'i es are shown isn Tab?% 5 10 l?g;llbl e 5 U ea! cocr)rpound

Nitrile hydthadenxyaenated agd theroxygenated quitivg beodh weye 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
Table3
Incubation Time (days)
femp.
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



2 days 3 days 4 days urea 6,800 34,800 123, 200 D net hyl ur ea
14, 600 73,800 97, 600
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hydratase activity increased on this occasion on storage in comparison to day

ZEero,

Example 6
5 Defrosted cells of Rhodococcus rhodochrous NCIMB 41164 were resuspended

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.

Tabled
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

10
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
15  (1)Rhodococcus rhodochrous NCIMB 41164 was grown in a 0.51. baffled
Erlenmeyer flask containing 100 mL culture medium containing the following
consfituents (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.
20  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.



Et hyl urea 14,500 110, 100 not det erm ned.
19, 400 di net hyl urea
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Uea + 7,400 27,000

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

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

(¢} Rhodococcus rhodochrous NCIMB 41164 was grown in the medium

described in (1) except that 2.5 g/l urea and 2.5 g/l dimethylurea were added to

the medium in place of the 5 g/l urea.

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

described in (1) except that 2.5 g/l urea and 2.5 g/l ethylurea were added in

place of the 5 g/l urea.

The nitrile hydratase activities are shown in Table 5

Table 5

Urea compound

Nitrile hydratase activity {umol/min/g dry celis)

2 days 3 days 4 days
_urea 6,800 34,800 123.200
Dimethylurea 14,600 73,800 97 .600
Ethviurea 14,500 110,100 not determined.
Urea + 7,400 27.000 192,400
dimethylurea
Urea + ethylurea | 6.000 6,900 73,850




Urea + ethylurea 6,000 6,900 73, 850 26 Clains 1. A

m croor gani sm whi ch i s Rhodococcus rhodochrous strain NCI MB 541164.
2. A nethod of culturing the m croorgani sm Rhodococcus rhodochrous
strain NCIMB 41164 in a cul ture nedi upgthat contains urea or a
derivative of urea. 10 3. A nethod according to claim2 in which

urea or

urea derivative is introduced into the culture nedi um at

| east six hours after the start of growmh of the m croorgani sm
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Claims

1. A microorganism which is Rhodococcus rhodochrous strain NCIMB
41164.

2. A method of culturing the microorganism Rhodococcus rhodochrous
strain NCIMB 41164 in a culture medium that contains urea or a derivative of

urea.

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.

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.

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 to § in which urea or the urea

derivative is added to the culture medium before 48 hours of culturing.

7. 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 that is the microorganism Rhodococcus rhodochrous
strain NCIMB 41164.



15 4. A nethod according to claim2 or claim3 in which the culture
medi um contains less than 0.2 g/1 urea or the urea derivative for at

| east the first 6 hours of culturing the m croorgani smand thereafter
urea or the urea derivative is added tog the culture medium 20 5. A
met hod according to any of clains 2 to 4 in which the culture nedi um
contains less than 0.2 g/l urea or the urea derivative for at |east
the first 12 hours of culturing the m croorganismand thereafter urea

or the urea derjvative is added to the culture mediu 6. t hod
Secord mo o o Bareds apsrdpors cne Rrnn theamse el agymde.
derivative is added to the culture nedi um before 48 hours of
culturing. 7.A process of preparing an am de fromthe correspondi ng

nitrile widrei s pregens ae¢ardingdo sisnatinedhiclo the bipaatatyisbis ingadidedrintion
i cr oorgant oin hoasteEUas HBRERRPE ROy s ANEb Tl HhyRdR mshihe

8. A pr ocesghdbkatahdicogcéritratioaiofmeth)aoliositrilelie ttarhgigedus medium is
(meth)acrylamde. 9. A cess according to claim8 in which the

bi ocat al yshaintingd ?b%@é%it?ﬂ‘ﬂe'ghbn aqueous nedi um and
(meth)acrylonitrile is fed into the aqueous nedi um such that the
concentration of (nmeth)acrylonitrile in the aqueous nediumis

mai nt ai nedltt uppPrasesyEbgordisigdatciaim 9 in whioh the sastien sortiisesdintibtheo
claim,$ i ' e j ' idzo oncentration of
acryl :}% dgcozp@bﬁg?t@e%#%gﬁé}r?%@%@&%?%%’Wj ésfiggxﬂegglﬁbess accordi ng
to any of clains 7 to 10 in which the biocatalyst is recycled and

reused. 1512. A pet hod of inpraovin he.bi gcatal.ytic activity of the
o oor ganl b 44 BiRARGOEORIBAPANY Of SRRATGA OHE Wil Girkierataiet s
cul tured icpclédbhyréudidi um that conprises urea or a derivative of

urea, wherein urea or the derivative of urea is introduced into the
culture nediumat |east 6 hours after the start of growth of the

M CrogiEgan $M A method of improving the biocatalytic activity of the microorganism
according to claim 1, 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.

20
13. A method according to claim 12 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.

25
14. A method according to claim 12 or 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 12
hours of culturing the microorganism and thereafter urea or the derivative of
urea is added to the culture medium.

30



20 13. A method according to claim12 in which the culture nedium
contains less than 0.2 g/l urea or the derivative of urea for at

| east the first 6 hours of culturing the m croorgani smand thereafter
urea or the derivative of urea is added to the culture nmedium 25

14. A nmethod according to claim12 or claim13 in which the culture
medi um contains less than 0.2 g/l urea or the derivative of urea for
at | east tike fArskthbd decordingfo sy diuclaing thi ™ orwbichanés or tvedirea

thereafter urea or the  derivatjve of, urea,is ded tp the culture
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whi ch urea or the urea derivative is added to the cul ture nmedi um
before 48 hours of culturing. 16. An aqueous conposition conprising
a bi ocat allfst #meaquesus weBosition sompisingnd Rissasdst 812 is Wsdochr ous

strai ngNCL M 41 a@n‘*sx‘?{%éé&é‘;%ééﬂ% %Beoa%r%@%%?ﬁsﬁldl\ﬁ%?%g@%?ﬁg&gf%b the

non-ac?i vel'y grow ng m Croorgani sm

storing thdodataigsttiainydie folmbf ahonkectivelyrgrowigrresncdthotoomgenism.
rhodochrous strain NCIMB 41164 in the formof a non-actively 10
growing free cell mcroorganism in an aqueous storage nedium 18. A

met hod acogr di ROmethddl &¥ Sbring the PbdEayétRabis A6 hadrvsiganisnst ored at a
tenperature above its freezing point, preferably above 0C and nore

pr ef er abl Riwstogeeeusarhgdaciyoas strain NGIMEA 41a 64 suthedesn &f AgaNcAdivalym 17
Cr oot T, e DO A REGAL Pk b A pgaR 00 of 2L
between 5 and 14 days. 20
18. A method according to claim 17 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.
15
19. A method according to claim 17 or claim 18 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.

20



