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characterised in that the coating has a thickness of from 30 to 400 microns and the
ratio of the size of the core to the thickness of the coating is from 2 to 20.

The enzymatic catalyst of the present invention provides the advantage
over the prior art in that where the thickness of the coating is controlled, the
resulting granular catalyst shows greater catalytic activity.

The present invention is directed to an enzymatic catalyst in the granular
form, hereinafter referred to as the granular enzymatic catalyst. The catalyst must
be non-dispersible in water, preferably insoluble in water. This property is
provided by the inner core, which is non dispersible in water and preferably
insoluble in water. Suitable materials for use as the inner core include of alumina,
silica, zeolites, resins, fatty substances such as stearic acid, glass beads and plastic
beads. Preferably, the core is alumina.

The core may have any suitable shape for example regular or irregular
spheres, oval and the like, although the preferred shape is a regular sphere with an
average diameter of from 0.1 to 5 millimetres, preferably from 0.4 to 2.5
milimetres. The core may be either macroporous, mesoporous or microporous.
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WO U2/ 00819 PCT/ EPO1/09875 7 Preferably, the core is not macroporous so as
to avoid entry of the enzymatic nmaterial into the pores. The coating of the
core has y@ghhigness of from30 to 400 microns, preferabl yciwemd8s to 250
mcrons. The ratio of the size of the,core to the 5 thickness of the
coating is from2 to 20, preferably ffom3 to 15. For the purposes of the
present invention, the size of the core is defined as the naxi mum i nternal
di aneter, nanely the greatest distance between two outer points on the

peri pheral wall of the core. The coating of the granular catal yst conprises
an enzymat i cppdr@8ly athe cbe TNBoOMEWBPbIoGs RBLAT lbavoBY¥nRE oEMRY BRS nSRicubl e or
cell bound alike,, mcroorgani sns (intact or disrupted cells viable or
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addi tPon to h.hhémmzqfﬁbﬂ ¢qat1nm5efmra2 1020, prefepatdy omedita Hat Farithe pw@psqsg

L hese  compou P R e e TR
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pol ymer s suc brand nanes
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of Hercul es l[Bfges p et |ets'§fﬁséglc l&ge}epﬁgpﬂgég@mgergagéq Iﬂl‘&fé[a% nes such
as he¢xanet hyl enedlmnadw;onatcdahydﬁgnwe hmasrigl, ut & pﬂeﬁ@ﬁyldmaotheaedsamhgl n,
aci ds such ats dipic acid, 1socly ciit es s_ﬁﬂ(.as 30 hexanget h% ? e
di | socyanat ST PR CUPRFES AoRPRE 80 p Gipivel kil pEins. TG DresknGE T dhese
parti cul ar | ycoqmeueds permitsathe regzyroatia hatepiat pode enfbetldel mé&earbssrlmledtl on is

a mixture Ofné?evafk'éﬁﬁgéolﬁepofmgﬁwo‘?k Bgerp‘% Leile Qﬁe Q‘E@F?F@[{I?ﬁgl ng agent

regards the anmount terial ymer
in the coat |1ﬁgnqh111¥4%@nca@a¢lytth% lopkags Példesweﬁeer&wemrom theaispmeilipegent in

the 38 dry ceaferiflg JtSs, hiréfoRd, Yisdfulom kd heGOnfmerié® bafrab impéim@abrQot 0 60%
of enzymati PCT/ EPI 11 ter| al .. .sul tabl from5 to

10819
20 % pref eﬁagﬁlymf’?%ﬁllaiow?'éh&@ﬁ%?s poljsfz‘ﬁé?lerrﬁ e Qﬁwd%ui’?léfﬁ%}d'ﬁ?oml to
5% pr ef er abpolyhemsnp@lyaminddpabymens cush las r]iolyegqyagmnmneﬁplﬁyamminatolymenponent S
Suor ose, 11 chal Beprowll, HOPy AR ne S OF R nE PO AR Br 2R
exanpl e phoslptaawéyamh@%pelamebes Hradfuds goad @ﬁc@i’mhﬁtf@gthf foeﬁh@cwng S% The
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m xture contglutarai@hyﬂe @nagmkm,camés éruclala& gdighp @siidt e@bcbfynaitﬂsawph iasn on to
the gganul e. I n t he
depos?tl on o}}&gﬁe&kgégg |d§Sd gﬁdgg _Tgé gf‘eql% ee(?rhraé“ %%%ﬁt E@f&}f&% 3ées

‘forming a padtrardgpay me%@‘r qdneoating for the purpose of the present 1nventxon is a

mixture of nitrilases, a polyazetidine polymer and glutaraldehyde.
As regards the amount of enzymatic material, polymer and cross-linking
agent in the coating of the catalytic material, the amount of each component in the
35 dry coating is suitably from 50 to 80 %, preferably from 40 to 60% of enzymatic
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15 enzymatic material, applying the paste to the granule and then drying
the resulting granule. W have found that coated granul ar enzymatic

cat al yst sy@bsesgan be prepared by spraying the core w th pCEReaMe750f the
coating material and thus according t9 another aspect of the present
invention there is provided a process for 20 the preparation of an
enzymatic catal yst as herein before described which process conprises
form ng an aqueous suspension of an enzymatic material, a polymer and a
cross-1linking agent and spraying said suspension on to the core, thereby
Cﬁati ng sai dnatefigl; SLEi’aBlypﬁ’reméﬁrtat?iOd’T&i prefdriitﬂy doat €0l ey lihbs ndhahesd] usi ng
the sprayin 5 technique engral Ly re 0.8s ‘spray. coating’,

provi des thganéd%}létﬁﬁlggggrgvlerg%{gk{‘l’érplﬁ%ba ?’rﬁ%bi fol §2‘t °h Or‘cf'ﬁ'ﬁg‘&‘s Zigﬁﬂ% hat the
t hi ckness ofAddigomdapmpgnaanmiag atonbe piesad it ahcoatinge sudheasdigs y vledfor

thi ckness, thbmpRehiltosNsddRer biiodCalHIiSl, brofiBPafNZWLRLL GndAt st of the
present invention. To prepare the coate ranul ar en ¥mat| c catalyst using
the spray cdar pranmephaesphiie.qlibese gan by 1% B pEALRIOh Tiem @ S Bhzyhatic .
material, theafey WaARalsdt@niphice & FRRS ahoki HOwWRAGE NSuitabiyU S@kbr iJ PRs@fZN Mt i ¢
material may used I{]f?Ctk%tg%"/nﬁyhbg urified prior to its use in the
process of tHETHUELEHOM YOPL E £O4R8- he recovered by centifugation,
filtration, precipiteanzpmatiocatdlyaadltad peaent Tineenéinz ywaytbecprapdred balanyay be
washed with [ At [ ont aj.ni L .su 3f . .sodi um
chi or i do. procpng: S ilfhEh Aahid AR ST AL BEE 48 SR P T o
112/ U819 PERamplk(dyige eaigasnent psadshptionz Faeapeam Pagniadnnligatigns| 2989 Ldge

recovered fr(f?.@hé‘%fj enA® 0562035 NHRUBEe teyrbédduly IvakrOh &f Mduebidimgnlbe
culture broth. The cell sludge may he used i’ﬂsalj%gh or it may b shed
I

] a e
prior to useontayung g enzyaiptip anaipiid) dy deRosied APHEH OBriogie s pensi on
and centri f ugtdramule ¥ thenl theeds UsP aNEh A eMYthed TG thé Befositiod Df theedvayingt i C

material, 1-12 polyner, an - 4 9% cross-linking agent, these unts

bei ng based Dt ﬁ‘ééi?*ﬁ’fla}n %ggﬁﬁt“owh{‘%emé’ﬁﬁ'gﬁJgngﬁgpaeg’&a nOAENE i EEint  of
wat et5 i n t hengyspidnmaterial, applping ahecpdstd toahe famotlerand ticknryingeheatatieg by t he
person skill (b the art to the material used for spraying it. A solid
content in tthe suspension of from10 to 30%on a 10 wei ght to vol unme basis
i s preferably usedVe e sfoupk tat geatedyeranslar eanprdtisecaidlivs alsepeat e of
material s sygbhaAsd BP syRlymg’ Bk XA TRhCs WiNERS OF (5 66AMB) mAteRNAARISthus

mal titol, sorbitol and gl ycerol ;. and salts for exanple sodiumchloride. It
is pref erred‘,cc%fﬂtr}gdﬁﬁﬂ‘)‘ﬂ aSE%“éBmlﬁeélr?sef‘b‘né'%‘i“ot“ﬁgerﬁr‘rl—fPBPV‘tdﬁ AP E Y on at a
val ugo of betthe prepprdtiGh afidn 8nZymanio shtapiseheheabinybelfiat Wesnibpdiwhich @ocks8. 5. To
do 15 so, a fer .be i . - h hat e,
such as m)nocl%(i)‘fr P rlgf’s- g’g%ﬁé'? ﬁ%@iﬁ’b‘%hﬁ?@%‘%? ‘ﬁ%ﬁ‘o@‘%{ﬁ@‘f %eéﬁﬁn%a Bﬁlgg&gat e; or
a car bonat e.anttre crselinking digenif 4ndr spraying gt sqyhpansiopudrt ter thevinsey thelgffer i s
present in the: on, between 15 and 50% by wei ght of buffer is added
relative tociaﬁté%%bbf the dry enzynatic material. 20 The suspensi on may
be prepared by anylbSupteaprton®f 189 copleds IBRYC qafpayss 1sEen§1ofPTREPEr epar ed
by ip§tiall yted@iqie] @erRralisResitddad Bf"sbhe @adyFQiprevidat e iadbantapeedddier wat er

or buffer. T r oss-.l i nki.ng .agent y. then, be .added t he..s ensi on of

t he enzymat iogl? Wlnaffr?m%E&@Pgﬁqﬂl"%lﬁ%gatat&%ﬁ?w S Béﬁ]ee‘?otauilé:%%bﬁ? act with

t he enzymat icontrallat fogirovide tle gesired thioknest this beinggfancimportantofeatteoad the t o 25

react with t i | functions of the enzymatic
éaﬁyﬁm]dgﬁallg%f%g@%ees@%t POLRAY

material before a ol ymer. Before performng the spraying
step, optional agekfRrepae theaisdgpaiudar epramyin qataly s ysing & TEDCHNEREde may

be aggled t o thdimiguiss AEBGURNs sukPensToiSORME ey rthaticShieribl, theRiotpaeeshdathe a

temperature of Betteen O A e S PhEhS A Ry Bed YEelly G AR b25C

purified prior to its use in the process of the present invention. It may be
recovered by centifugation, filtration, precipitation, or floculation. The enzymatic
material may be washed with water or a water solution containing a salt such as
35 sodium chloride, phosphate, EDTA or magnesium. A preferred starting material



The suspensi on obtained then can be stored wi thout any specific precaution
for several days before being sprayed. The storage tenperature wll

advant agew@alzpo$® bet ween O0C and anbi ent tenperature. The pgusEreNngIsOn nay be
deposited on the core using any spray;coating 35 device, preferably a bed
of fluidized air. The air flowrate is suitably adjusted to WO (12/0(1 R
5 PCT/ EP01/0987a obtain good fluidization of the solid support. The air
inlet tenperature is suitably adjusted to between 30 and 90C and the rate
of spraying of the agueous suspension is adjusted so as to keep the

t enper at ur e iefthé bezypediciist wapr cJetDl ﬁn@LeﬁQGdeDécEﬁGﬁﬁ@HM nhatavasugd end 40C

t hr oughout t eratiop. . Th r, of coating on the core has
-a thi ckness @F Wgt%%rﬁ” i ti‘ €58 urﬁl ‘?tgnil‘efﬁgs’lf@% MY Ry USHAPREER €7 cat al yst
pr epar ed accibndiyrbg v{zashddhmcaftmmeﬂre'ﬁlne athis onayetbechwabhed &n dedilsdtamead Hvae- sever al

mont hs in wag, en?xon%n@!:'efnftr‘?f d| umor in the dry formprior to use. The
*granul ar enzymatic cata yst the present i nvention may be used in 10 any

sui tabl e enzymat i clhsraeransion| Wabéﬁoﬁl%’@? ar ;- 26hé erryete ireatentlallylst Yof the
present i nvqmyrﬁa AW 23e4 %e@sg nnktihg ag@mvcﬁésela%umfs bR AL &RY érerl&tahyl thio

butyronitri o the corres niumsalt, na anmpni um
2- hydr oxy- 4- wé@% %ﬁ YIRS HIHE O H %é?‘ogﬁ*hgm ‘frdf’)}}éetsuﬁﬁ?}wéﬁ“s‘f)}/‘ﬁtea used in
t he hydr ol ysir8icolf fabfyt tid i@y bkiagapred by the pasdn sdillal inatly anttaghe oiateriak

catalyst of usRd tf&‘e g?&é’?x? eﬁ't A Qifl’iecr H) ?ent 1? r%ltlg] QESPHSI X(f)}l R‘t)lf]sl(p{oe?d@e onhaa It life

t han ot her known ranul’ar coat ed
enzyh@ti c caveighisto \smns basmaﬂ pretfaralelyafsecbt ﬂheasgspeaslohomﬁysalswcemensml y at

lleast 70 houpfor Tamouafseaﬁ%atemergtuwnas%bﬂyorgomrb&amglélsgﬁuc%fs@dswraéa
reference to the tollow ng_ exanples rrpl es, the

fol | owi ng adFhalpsammabiel spibitgkagt elygarednpnd @tﬁ%ﬁéa@p LRy
but yr onitrile HMrBﬁs-prﬁBﬂiwllauﬁblfglmlé@éﬁhél mes‘ehmbtpm @ftbeleaspeﬁm@q EXzarml el

col i 81 coar i ShePech 5 MY e TP, e o St GO the |
ri bosdne bi regi mbuffértmeayotie wied. Shaghdy cthe byfferem@RBSe phdsphatd, sugh asintonbl ase gene
R e e e S
enzynes preferred bu er isa phosp ate buffer. When a buffer is present in the suspension,
between 15 and 50% by weight of buffer is added relative to the weight of the dry
enzymatic material.
20 The suspension may be prepared by any suitable method. Preferably, the
suspension is prepared by initially forming a suspension of the enzymatic material
in either water or buffer. The cross-linking agent may then be added to the
suspension of the enzymatic material. The cross-linking agent may be left in
contact with the enzymatic material for a period which is sufficient to allow it to
25 react with the amine, hydroxyl or carboxyl functions of the enzymatic material
before addition of the polymer. Before performing the spraying step, optional
agents such as polyols, the buffer and sodium chloride may be added to the
suspension.
The suspension is suitably prepared at a temperature of between 0 and
30 50°C and preferably between 10 and 35°C.
The suspension obtained then can be stored without any specific
precaution for several days before being sprayed. The storage temperature will
' advantageously be between 0°C and ambient temperature. )
The suspension may be deposited on the core using any spray-coating
35 device, preferably a bed of fluidized air. The air flow rate is suitably adjusted to



EcoRl and Xbal, then cloned in the vector pXL642 (described in US patent
5,629, 190) opened with the sane restriction enzynes. The resulting plasmd,
pRPA- BCARZIG ox@seepened with the enzynmes Stul and Bsml andp¢trepéi/i®sisb 35
fragment was ligated with the purifiegd 136 bp STul-Bsm fragment from pRPA
WO 02/ 0081 9 PCT/ EPOL/ 09875 6 BCAT4 (patent application WO 98/18941 ) to
give the plasm d pRPA-BCAT 19. Partial sequencing of pRPA-BCAT19 confirned
t he repl acement of the codon for the Asp279 residue of nitrolase with the
codon for an Asn279 residue. The 1.2 kb EcoRI -Xbal fragnent from

PRPA- BCAT19 ¢hedih gbsd Agididasioltof phe RBIGUPporni THS dr fnualt@ﬂpae@caxetlh%nllmoned in

th t A T t h t 2 kb
pl'asr d pRPASEERIZS, CHBRDon G phik BN FD5 et bBP4Y HBd by PSERAG ¢ he
3.9 kb Sspl -sSegensibn agaéjrusteﬂ rsoraspé(lkﬁé;?t}(e@bﬁpaqapjré odtheobed\betwo&i 1@4;1&588) W th
the 2.1 kb %@g H 1ot r be fam W@ﬂra—% Fl'F&#h?ﬁt e (?ple at10%9817he %@Lﬂﬁn

«147-154) in or pl'ace the anp resi'stance mark th t he
tetragycli nelaYeé;@f@Q?éﬁéé’nﬁm RAE hag@t%gﬁsdgﬂhqquen@OméHOQmt@roms ose to the

replication origi rTh@f ltegﬁngéasgﬂzsimQRPA-cﬁ%I@Q apgart h@éord)ﬁ%l el gg@tl on and

the action of the ol i rase (KI"eno ment asm d

pRPA- BCAT41 %ﬁ%r&%‘%fé%ea hg‘ﬂé}‘i‘a ei mﬁxere&m%%dw 9(&*0@33“ $&dy- Schi |l |
et al., 1995necﬁﬁnGelileth&Giy to‘rﬁr}ﬁﬁ)rw\ﬂsfee i ntroduced into the E coli strain W
(ATCC9637?) by standard_celect [ a T, one referred to
as Bl OCAT 714. erﬂﬁr%g “l%fe“%}?‘g%é‘i %aéﬁ%m %ﬂﬁ’ﬁ Preesi ‘"\V/é“%t"#’ BeEd ng the
nitri®ase f ranpn w;ltalblaeemb'mt@mrﬂm71'50pz(rBCl(lE)A1Th€1et1)zymgt1¢:whtalyrse®f|thea 100

liter f

i ven i n Tagrecyt MV M becheli®, B FRELHT4PIEFAmRRIbLAS ac
ConpoundCondwirpsitrile fHVATB N toribg icarrespgnding apmepgynsall, mngh ammonium
75MyS04~7H~02hvairk 4%&%;@1&@%@%@&& CHRHAND) Om&éaam?gsxﬁawls&adea&e@%@balt
o O o b oL LS AR s o
nonohydr at eZhe preygit dpfeation isYidatsit eﬂxbnmgz‘eﬁfbbhﬁlf héeptham ethed keovatcatalgtic

mai nt ai ned %ta%,g} Gy p?ﬂﬂ:'u a’ﬁ?gon oy éé‘ai'é)d‘é m%é’%ﬁl t%%mra%ﬁﬂﬁe\é@s

mai nt ai ned at vol unme/ vol ume of
medi un m nutaélﬁﬁcﬁ()\/hqurﬁ,mﬂf@ﬁblrygﬁ leasie70d1qmose was | nitially . introduced at

a concentration 0fTh%Qf)r%seﬂe‘ngédtﬁﬂa{vdg|n'd€v°%@ mﬁrz{t&? thH“iéf@QHQ@QO the
contlnuously using a stock solution of 700g/1 glucose and 19.6qg/1

MyS04~7H20. Tellewingexamplesqdi ti on was 2. 2g of glucose/h.| of medium After
ferngmting for 24 In thaGolawiHpEaamples/ thPElloN By Bbliteviations are used:

HMTBN - 2-hydroxy-4-methylthio butyronitrile
HMTBS - ammonium 2-hydroxy-4-methylthio butanoate

Example 1
25 1.1 Preparation of the Enzymatic Catalyst:

Construction of the strain £. coli BIOCAT 714
The 1.27kb fragment containing the Py promotor, the ribosome
binding site of the phage cll gene (RBScIl) and the nitrilase gene from
30 Alcaligenes faecalis ATCC8750 (nitB) was extracted from the plasmid
pRPAG6BCATS (patent application WO 98/18941) using the restriction enzymes
EcoRI and Xbal, then cloned in the vector pXL642 (described in US patent
. 5,629,190) opened with the same restriction enzymes. The resulting plasmid,
pRPA-BCAT15 was opened with the enzymes Stul and Bsml and the 4.3 kb
35 fragment was ligated with the purified 136 bp STul-Bsm! fragment from pRPA-



hours, the cells were recovered by centrifugation. The paste, with a solids
content of 26% was used directly for the immobilization. 9509 of cell

pel | et canpabmegay 26. 0% by wei ght of dry cells were dil ut edrieroBidd76g of a
1 nol/liter phosphate buffer solutiong The dilution was 5 performed at

anbi ent tenperature in a reactor fitted wth a three-paddl e helical

stirrer. After dilution, the pHwas 8.0. The Inol/liter phosphate buffer

sol uti on was obtained by dissolving 165.5g of K2HP0O4 and 6.8g of KH2PO4 in
one liter of deionized water. The initial pH of this solution was 9.0. 10
164. 6g of aBGéli¢dpaienfl apphicatiateW88/4894l)i torgiee heoplbymidet Rfhk-BiatsT ddded

slowy to th%rﬁ%ﬁ'séqu%ﬂénﬂ%%'pRPA gb@\mébh'ﬁﬁn&lbﬂh@'ré}ﬁé’ce%ﬁt deht c§<§dnrf"o'r ng For a
.mnimum of 1 hour__at anbi ent, tenperature, before the additiaon of 2g of

an aqueous pBf H8REITEPAR Qi@lﬁeﬁée B’ltbfh%%dﬁplf@rp%s@igg%lw vﬂéxedh% A cel |
suspenSI on VRS RIINbaI dhigaidhe dront RFAOBOST 19 mntaxfmn@wlt}ﬁehﬂ,@ RBSYMS:hzRd i n

-(;-?S} if 9) WEI %I&r{'\f e%%a B eﬁﬁ?las%) 'Trg nent Ol I g?&?%&%yopeneg with the same

pel | et 26. 09%0zpAT 10give Uredo. Zﬂlhqéashad pRBAZBGM 298 ke %ct@prPArBCATZS

32 Ssob ut 1 o bor T ERN Y, dEatyE oY Pk, SB1-SLd PRaghURE b bREAE s, 249- 42
sprayed ont @PBEGEoBfNal G8{194,588hadt e lfbn Smaén@@meﬂtmﬁﬁ‘i)@hplvl)é‘i-‘eﬂ?l ui di zed

in a stream(példyot: @vr 10187] €lent esErALEA in me@Z{oOM%la%eP@U Efﬁ’ 10987s 9 of
530) Thesraln so as to kee hete

e adj uste t of the
beadd? at 35(‘i€Sl e ,m%r Fla ftgnéhf? %Fa%‘?gﬂ?ﬁ%{ﬁaélge ”@ﬁli% é?f’ dﬁ§t éﬂgatl Lsf{de
obt ai ned, caitt aloseé rgthkTepRoakipn weigphdf thé plisyid pRPA- B@ATI@ b@%aﬁfal Nefel dual
e e SRE SR She P IR0 5, B o PR AR e L
t hi ckness ofplashad pBHArB@A\Mé was obtainedat al yti ¢ Conver si on of HMIBN t o HMIBS.

Th tivit ft t f
0. T/ 1 of TEN T Sk RRFATBERE el RPN (B B WS ggesence ©

met h¥? t hi o ﬁiﬁnanlﬂtéS&O)aanHﬁmMB@) thsef: ﬁ@larstram%éAT 63)chY al yst. A

thernostat gehdsMa eldctidperatibnt EhddbndbRAmES (s referrdd 1 aBIAGATMIAN | ength was
filled with 100g of catalyst The columm was fitted with a punp via a

recirculation |oop. The total volunme of the reactor was 430 ml. The | oop
was fill ed @ultariag 8btestdaitt:i on of the ammoni um salt HMIBN. The sol uti on was

feed into 15t he col Uy, o L LOR.ARG RASSEALLE 16 Houtamat a rate of

201litres per hour. was clrcu ope around the

col uPh to mATEGEH0BIOCAIHEHisieultuzed mwowt%&memwtmsgl ntroduced in
the | oop at gnaf&sef nfelivid 3MBsdd@mpsiion islaepiva MnEabef 1.t he reactor was

mai ntai ned at a constant |evel by rempving excess liquid fromthe base of
t he colum. A continuous flow was 20 obtained with a conversion of 95%
nitrile. The concentration of HMIBS | eaving the reactor was 25% The half
life at 35C in the presence of 0.2 nolest HMIBN was 30 hours. Exanple 2 25
2.1 Preparation of the Enzymatic Catal yst:




1100g of a cell pellet containing 26% by weight of dry cells and prepared
as described in Exanple 1 were diluted in 13.2kg of a water sol ution

cont ai ni Rgo §96okewf sodium chloride. The suspension was stPCT/ERH1AMSTSOOM
tenperature for 30 30 mnutes in a well stirred tank reactor. The cells
were recovered by centrifugation. 9509 of the washed cell pellet containing
26% by weight of dry cells were treated as described in Exanple 1 above
resulting in 1800 g of a treated suspension. After spraying for 170

m nut es, 850g of catal yst was obtai ned, WO 112/ 00869 PCT/EPO 1 /0987S 10
contai ning 25.5% by wei ght of dry deablesl and 17% of residual water. The

t hi ckness of the coating was 190 m crons. The di aneter of the core was 2.2
nm The r at i-e—ef—the—stze—ef—the—core—to—the—threkness—of—the—cpating was 1

| .6. 5 2.2  @hglouhiic Conversion of Hw&béxﬁ@nbiMFﬁﬁemEhmna@mvntv and the
hal f 1ife of—the-—catal yct was-easued—as—deseri-bed—n CAallpl € at 35C at
pH 6.6 in the ppesence of 0.1 noll of HMIBN. The activity was 0}5 kg of
HMTBN conveltédt4 2 hydr oy --3mt-hy-t-hi-o—but-aneat-e—ef—armenri-um-HMIBS) per

hour and pel @ﬂ E)éocat al yst. The hal[ d.bke was 70 hours. 10 Exapple 3 3.1
Pr epar ati on| i j_\]LQ — The nr_nr-nrlur_n of l:v:arrp! el |l was

r epeat ed excep ﬂéSéhﬂII pol ymer matri Kk 355 corrposed of 23% of
p0| yet hy| ene ne' and. 77% of nDJAI,’-\7F\ Lne was-used. The final :onposi tion

O he cell \RRRREOn |0 suar) zed) oy e tavle bel ow. Componpnt Sol 1 s
I L s (P EA
S0l Ut ona. obaRTERBSH Y ﬁBSglo?/%tethlvldlmzl%(sne sol uti ong. 039. 03. 10| 20. 3TOTAL13
al umi na beagCobAGHISHEr 1 he same opbRALNG cond: L ohs as. i n Exhnpl e 2.
After sprayi &%!for 13 0 m nutes, 553¢g of, .catalyst was obtai ned gontaining

17.6% by wei c%%‘lfaEFry cell's and 7. 50°%4!3 esi dual _water. The thi{ckness of
the coating|was 210 m crons. The

Sodium molybdate 0.001
Copper chloride 0.001
Boric acid 0.00025
AlCl, 0.00125
Citric-H,0O 1.7
Glucose monohydrate 2
L-tryptophan 0.1
Yeast extract 3
Meat peptone 5

The pH was maintained at 7.0 by adding aqueous ammonia. Oxygen

5 saturation was maintained at 20% by the addition of air at a rate of 1
volume/volume of medium/minute and with stirring. The glucose was initially
introduced at a concentration of 2g/l. Additional glucose was then introduced
continuously using a stock solution of 700g/l glucose and 19.6g/l MgSO, 7H,0.

The rate of addition was 2.2g of glucose/h.l of medium. After fermenting for 24



WO 02/ 0081>9 PCT/ EPOL/ 0987~ 11 di aneter of the core was 2.2 mm The ratio
of the size of the core to the thickness of the coating was 10. The

resul ti ngypabasgest was used in the conversion of HMIBN t opiyfigpbi/eses gave
simlar results to the other catalystg described above. 5 Exanple 4 4.1
Preparation of the Enzymatic Catal yst with polyam dase activity_ 134g of
cell paste of reconbi nant Escherichia coli containing 10 pol yam dease
activity, prepared as detailed in French Patent Application No. 9508916,
herein incorporated by reference, was diluted in 230g of phosphate buffer
(0.2M pH8. Qours] ne: wllﬁw&fe@o%?ecﬂ? ednlti@fl g tio EXBREDpLre3wiAS shBPEain@giand 5409
of the cell §Qensi on (%/\@s agraég . ont 2 400g of al um na beads under the
same conditi QAP FERFUY dOTERG HTRPHIZaYGh. 4 > Catal ytic Hydrol ysis of
NYLON 66 The enzyne %Ogi of toll peliet mpaminiegl 2600°6rtgi ngigho df ey preticediree on FR

95098016. T tal ysi V4 g r . at b resence
of 5g/l of Rﬂ@ gl %ﬂdfgg)gr?eir yo&{gg&%g&g?é ngﬁ%\%%"%m ?g%rcrlg{r?tsl&ggﬁ\g/erted to
20 ad?pi c adiedfopred pbambient tapmeratireria aofeagtar Aitipd twithrh dhreerppddle helieakceeded

790 hours. GpmRAr AfbVEANROAMIE WA 8 . Preparation of the Enzymatic
Cat al yst: i in Exanple 1 was

25 100 g ce|]l suspension prepared as describ |
sprayed on to 3509 (a)'ghea{rﬂ?ﬁlﬁér B@&H]%at?%éﬁfﬁgﬁ PHUE, 8t ngt,a“ i AR g | i di zed
in a streamlsb.spaif KAWHPJ,iant 618gtofKIEPAL, i en®fiteb 3ieionibal waeayTHhginital € was

adj usted so . keen. the t erature of the beads at 35C. After spraying
for 170 m ntﬁﬁg%t%%?‘glo&w%saﬁg})yst was obt ai ned containing 3% by wei ght of

dry d@lls. The thicKitdsg of aiB8quehes gbhwaraldghydrssod@ian ardasdy Whightiwvaset er of
the core wa t - T8 s core t ae 1 hi,ckness of
the coati ngsa\ﬁge_:s 1 BJ}hg? gl%gg? gﬁ%epggg%or@%?@f(gﬁeg ﬂgl\/ﬁ'g_\Nastl%t EHJﬁN%g%thrﬁe
activity andWHBURAL] hppreatgmbient dempeyaire bpdare ubes agditienpled®nde s5aRescr i bed

in Exanpl e hqaoRSkolghzaitish. (Kyrerch1 DN &56HGE 011205% wPhclgief A VN 02/ 00869

suspensjon was thus obtained, the composition of which is summarized in Table 2

15 below:
Table 2
Component Solids Amount | Dry % of g dry/l
Content (g) weight | the of
) (g) total water
(%)
Cell pellet 26.0 950.0 247.0 11.9 14.7
Phosphate 15.23 571.5 87 4.2 5.9
buffer solution
Glutaraldehyde | 6.0 164.6 9.9 0.5 0.6
solution
Polyazetidine 12.5 395.2 49.4 24 2.9
solution
TOTAL 20813 | 404.6 194

20

1800g of this cell suspension was sprayed onto 350g of alumina beads
2.0 mm in diameter, which were fluidized in a stream of hot air (inlet temperature




PCT/ EPOL/ 09875 12 HMIBN, The activity was 0.06kg of HMIBN converted to

2- hydroxy-4- nethylthio butanoate of amoni um {HMIBS) per hour and per kg
of cat al wgse200B® hal f life was 11 hours. WO 02! O0R69 RCT/ERWDIEIOR7S 13
CLAIM5 1 An enzynatic catalyst in theg granular formwhich is

non-di spersible inwater, said catalyst conprising an inner core provided
with a coating mhlchScoatlng conprises an enzymatic material characterised
in that the coating has athickness of from30 to 400 mcrons and the ratio
of the size of the core to thethickness of the coating is from2 to 20.2.

An enzymati &f 63t@). yShe aﬁraﬁhglrﬂtedwasnadghmdm& ayviid &Bep thel tBﬁ]@&:ﬂdbﬂl@ off iwat er . 103.

A t t d 2

het hi oknes S8R HA CoRth ATt [k D00 280 ! I BHEAS HA BRI | o

cat al yst as cohtainined 25.6%aby weightodf tihe cpiieaadli g% | di msidhalcvatche Tt i o of
the thi Ck“eﬁﬁa@es{ 9ﬁh99 inggvéatsgab%cr%'nge’m% d%aﬁu%té}%ﬁ fhe d;%atfeﬁ g[]an%ré Qdp- 155 An

_enzynmatic cat one ai nmsi_n which
t he dore hag- %mnavﬁwag%o ef hesize of e granm ®.the ilel@ei*ﬁ qflth@@qeégg evas An
enzymati c catal yst as claimed in any one of the preceding clainsin which
the core is neso or g‘atlc catal yst as clained
in any one of th S GRS AHE 22core is selected from
alumna, silica, a zeolite, a resin, a fattysubstance, a gl ass bead and a
pl asti c bead. 8. A]heac’tzmyadfiﬂmscahlgzhyateaased:hiaiﬁﬁ’ébhtlph{ &b an thegnyseapeoDf t he

Precedt ngol g iRl o GTEN*w B0 SRS GrTRBERR! obi B oF! Sy [gary gl ucose

i soner ases, peni Ci | Pintaceyl aded at ases, ses,” anm deases,
|i paldes, pr otedizddio bm@tmtesqf@m@suxg (NMEBSW?E&IDUY @bitp&r iﬁgpf%al(zﬁtm med in
claim8 in which the enzyne is anitrilases. 10. An enzymatic catal yst as

claimed in anyI ometh@xfmasthec&hﬁﬁ%tmx ﬁit&hﬂ[&hérﬂetmmn{m&@@ﬁhﬂginf g t hterI :
conprises a po enzymatic catalys
as clai ned W‘E‘ ﬁ@rﬂ"@b?p(ﬁg 9&?51 ?thre%ﬁfog‘g/l V& gg?‘é&’ftgcf‘ P?‘B%Vb%ﬁfazetl di ne
poljy tnrrrs]r S, poiry\flamaeloppl Yhetosal vphin)ea@ﬁl ttie rgpotoy v g3and. Thedygnatefibal y ger S .
an e Cross S, se cids an
Socyanat es Mt 42 3P IR BT BpEy) R PP R Bh SRR BE L T s
clai¥ed in #mwycdnmnoft thhéopart paised telthé bettom aitd it Dﬁéobtﬁeﬁt perghewnpri ses a
nitrilases, tQP{v)S@%ﬁEﬁlgﬂeﬁ‘% I%Oéléﬂﬁ?é eﬁv@o&' éei‘gﬁﬁcﬁltﬁiﬁwgﬁn t$3malﬁfhu'~?@ﬁé’”at' c

catal yst as clained 1n_any one prec | al nB gl’ elrn

coating conffmresatuyerasdp - tle?@%%?re‘f’as IEHOd‘)&ﬁd éfh%?ﬁ%ﬂﬂ 1RGO f‘9§ta“é% cl ai med
in any one @tr hber. PThe obliife Of ahéfedbtot Wes andidtainel idi & 0bnstdnt [leagtby30 hours,

f bl t | t 70 h f th t f
Gr anul ar enJYRBNNE CRralti Gamch bl oF ey UoHe Gr STRGURECDRH: FE® ol ai ms
whi 20 conpr obtametlovith a1 gorvessinspai Y% mitdile. cThearoneerryatian o€ HMTBEiledvings pol ymer
and a crossyld ﬂé&ét&gw&%’%. PRIV RGE M fhe presence of 0.2 moles/l HMTBN

was 30 hours.

Example 2
25

2.1 Preparation of the Enzymatic Catalyst:
1100g of a cell pellet containing 26% by weight of dry cells and prepared
as described in Example 1 were diluted in 13.2kg of a water solution containing
9¢/1 of sodium chloride. The suspension was stirred at room temperature for 30
30 minutes in a well stirred tank reactor. The cells were recovered by centrifugation.
N 950g of the washed cell pellet containing 26% by weight of dry cells were
treated as described in Example 1 above resulting in 1800 g of a treated
suspension. After spraying for 170 minutes, 850g of catalyst was obtained,



suspension onto a core, thereby coating said core. 16. A process as cl ai ned
in claim15 wherein the enzymatic material is an enzymatically active cel

sl udge WRygl2/b@se been washed prior to formation of the suppemphivs7sld 17.
Use of an enzymatic catalyst as clalgﬁd in any one of clains | to 14 in
enzymati c conversi on processes. e as clainmed in claim117 in the
conversion of 2-hydroxy-4nethylthio butyronitrile to ammoni um

2- hydr oxy-4-net hylt hi o butanoate. 19. Use as clained in claim1l7 in the
hydrol ysis of Nylon 66. 20

. ARl AF9. AY&oﬁﬁhﬁ;i’l’&S% By #8; hNﬁdl@\&ellﬂrﬂd W%Bf A@ﬂuﬁ\&ateﬂ PR rR@ss (

' toj e cal.cal ca ca ca ca cal.ca]jc:a]cL
al bl cal ca] (B T Eae PR 47 G ha U GG o TGt o 2o by e atio 1 ©
+=+L+, ] - 040>«£f/t1169§|15e1@ﬂﬁié.ddr3:20 the thickness of the coatmg was 11.6.
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62?2F23335) 5Q6 Y6\2/Aatahtigd amgensononidiMes MTBS.
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Component Solids Amount | Dry % of | gdry/l
Content @ weight | the of water
(%) total | (%)
Cell pellet 26.0 400.0 1040 |75 8.5
Phosphate buffer solution | 6.9 600.0 414 3.0 3.4
Glutaraldehyde solution | 3.0 139.0 4.2 0.3 0.3
Polyazetidine solution 5.0 208.0 10.4 0.8 0.9
Polyethyleneimine 8.0 39.0 3.1 0.2 0.3
solution
TOTAL 1386.0 | 163.1 11.8

1300g of this cell suspension was sprayed onto 400g of alumina beads

20 under the same operating conditions as in Example 2. After spraying for 130
minutes, 553g of catalyst was obtained containing 17.6% by weight of dry cells

and 7.5% of residual water. The thickness of the coating was 210 microns. The
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C9999~_@ V!'i 99089 116) Ueréih- H8BYEited) by FrRUEL, Swh9 diluted in 230g of phosphate

buffer (0.2M, pH8.0). The procedure as detailed in Example 3 was repeated and

540g of the cell suspension was sprayed onto 400g of alumina beads under the
same conditions as detailed in Example 1.
15
4.2 Catalytic Hydrolysis of NYLON 66
The enzyme activity was measured according to the procedure on FR
95098016. The catalyst activity measured at 30°C and at pH7 in the presence of
Sgfl of NYLON 6,6 oligomers was 140g of NYLON 6,6 oligomers converted to
20 adipic acid per hour and per litre of catalyst. The half life exceeded 790 hours.

Comparative Example A

A.1 Preparation of the Enzymatic Catalyst:

25 100 g a cell suspension prepared as described in Example 1 was sprayed
on to 350g of alumina beads 2.0mm in diameter, which were fluidized in a stream
of hot air (inlet temperature of 53°C). The spraying rate was adjusted so as to
keep the temperature of the beads at 35°C. After spraying for 170 minutes, 385 g
of catalyst was obtained containing 3% by weight of dry cells. The thickness of

30 the coating was 20 microns. The diameter of the core was 2 mm. The ratio of the
size of the core to the thickness of the coating was 100.

A.2 Catalytic Conversion of HMTBN to HMTBS.

The activity and the half life of this biocatalyst was measured as
35 described in Example 1 at 25°C at pH 6.6 in the presence of 0.1mol/l of
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2. An enzymatic catalyst as claimed in claim 1 which is insoluble in

water.

10 3. An enzymatic catalyst as claimed in claim 1 or claim 2 in which the
thickness of the coating is from 100 to 250 microns

4. An enzymatic catalyst as claimed in any one of the preceding claims
which the ratio of the thickness of the coating to the size of the core is from 3 to
15.

15 5. An enzymatic catalyst as claimed in any one of the preceding claims
in which the core has an average diameter of from 0.1 to 5 milimetres.

6. An enzymatic catalyst as claimed in any one of the preceding claims
in which the core is mesoporous or microporous.

7. An enzymatic catalyst as claimed in any one of the preceding claims

20 in which the core is selected from alumina, silica, a zeolite, a resin, a fatty
substance, a glass bead and a plastic bead.

8. An enzymatic catalyst as claimed in claim any one of the preceding
claims in which the enzymatic material is selected from glucose isomerases,
penicillin aceylases, nitrile hydratases, nitrilases, amideases, lipases, proteases and

25 esterases.

9 An enzymatic catalyst as claimed in claim 8 in which the enzyme is a
nitrilases.

10. An enzymatic catalyst as claimed in any one of the preceding claims
in which the coating further comprises a polymer and a cross-linking agent.

30 11. An enzymatic catalyst as claimed in claim 10 in which the polymer
is selected from polyazetidine polymers, polyamine polymers, polyamide
polymers and isocyanate polymers and the cross-linking agent is selected from

. amines, aldehydes, acids and isocyanates.
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Par agr aph 16. A'process as claimed in claim 15 wherein the enzymatic material is
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18. Use as claimed in claim 17 in the conversion of 2-hydroxy-4-
methylthio butyronitrile to ammonium 2-hydroxy-4-methylthio butanoate.
19. Use as claimed in claim 17 in the hydrolysis of Nylon 66.
20



