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WO 2005/ 040373 PCT/ EP2004/ 012065 1) | nmobilization of
bi ocat al yst The present invention refers to
w@odopaen3yd am de beads contai ni ng encapsul at ed PEI/EB2004/012065
a process for their preparation and to their use as a
bi ocatal yst. 5 Pol yacryl am de beads contai ni ng
encapsul ated cells can be used as a biocatal yst for
vari ous biotransfornmati ons depending on the enzynes
contained wthin the cells. For exanple
Inohyhilizgtiemofibidsatadisst cont ai ni ng encapsul at ed bacteri al
cells of a strain of the genus Rhodococcus contai ni ng
a nitrile hydratase can be used for the transfornation
rdQnPidvehti &Sret@s %(ﬂ?&r RBaliyasdaib asntghainpeadspsulated cells, toa
rﬁal ning enzymes have- been described by Nilsson et
pibcess (@i theihprepaiiiophyé to theiraisq ay2biopdslys253- 256) . A
sol ution of amonium persulfate (0.25 g, 1.1 mmol) in
tri et hanol am n-HCL buffer (0.05 M pH 7.0, 0.5 nL) and
ﬁoﬁyé\ér%aﬁﬁdd\f)eaﬂﬁt:cﬁrﬁﬂiﬁi drebblfsteebl 8 Ehm Be (§&d%sAlbioddta3Bdh for
3.3 mol) were added to a solution (60 nL). of

\Iam;pps bwtl(aaeformatlor@@@wr&%@n thg egEyrges cml@ﬁlm%w indle cells. For

etxlaméf) %gcglg¥ %ﬂﬁllji_%i&g F%flllﬁﬁzxgge%ggﬁu?atﬁl ’tﬁﬁ%&f?laﬂgﬁ oflabirain of the

gelubl Riz0H0 dpasu s tadting Atnitride Bydraﬂambanrhgamed:fqn hlasteansformation of
(tol uene/ chl or of orm 290: 110, 400 nL) containing

njBilps toAMides qui ol eate (1 nl). The pol ynerization was
carried out at 4 Cfor 20 30 mn. Nilsson et al.

(Bi ochim Biophys. Acta 1972, 268, 253-256) does not
Etﬂymr'ylamiﬂehbeade ncﬁp@dﬁg@ﬂzorme@ha@ebdes descripod yaéﬁkssmtdzé

b.
et briciut T2 bard Bal yhen SEHERRATE Persulfate
@NeAPSIU| atrkdl) GelretanbRESh M EIHuaRE ((BOS B, pH ROMEY &
oi |, tri-butyl phosphate, 25 liquid silicone, para f| n
Wi, NS getravadthyleti e@uaﬁumey@ %@Le? 3§881848 Sdnae Dy wiere added to a

\Nit )&%‘%} 6‘63181[4%1; t§¥ps§£ﬁ%qn%)r QLY RGN E’g%fjg 1%%013 ém% N,N’-methylene-

I'ng z nMes" were prepar
el S Qlawtideg (043 y) wrndﬁom Wtrﬁt@nom R buffan@.05 M, pH 7.0). The

SR OIET BYUTES 6180 FETIERS DESRIC R AR OB T 299110, 400 mL)
&;Htém bR s\é@r%uﬁbl&?c@gi ngegﬂrl]eZpdlffm@ﬁdeﬁﬁ%va@ ®alied out at 4 °C for

per oxi ase amoni um persul fate

3@mdngN ﬂispn eB@Z Riothi(8 Bmgahy@ Av3 B3 98,8434 Zdﬁgfi@qsgnohgescrlbe the
t he mxture| soybean_ oi |. 0.n).

RERPRALatpn St H%WW%Y lgééﬁd%m ne (100 L, 77.0 ny,

0. 66 nmol) was added when a

Mosbach et al. (US 4,647,536 A) describes the preparation of various bead polymers
containing encapsulated cells wherein an animal oil, a vegetable oil, tri-butylphosphate,
liquid silicone, paraffin oil or phthalic acid dibutyi ester was used as the water-insoluble
phase. Polyacrylamide beads containing yeast cells or enzymes were prepared by
dissolving acrylamide (17.6 g, 248 mmol) and N, N -methylenebisacrylamide (1.2 g,

8 mmol) in tris-buffer (100 mL, 0.05 M, pH 7), mixing 8 mL of this solution with yeast
cells or enzymes (e.g. peroxidase, 10 mg/mL, 2 mL) and ammonium persulfate (0.4 g/mL,
20 pL (8 mg, 0.03 mmol)) and dispersing the mixture in soybean oil (40 mL).
N,N,N’,N’-Tetramethylethylenediamine (100 pL, 77.0 mg, 0.66 mmol) was added when a

suitable bead size had been reached.

SUBSTITUTE SHEET (RULE 26)



sui tabl e bead size had been reached. SUBSTI TUTE SHEET
(RULE 26) WD 2005/ 040373 PCT/ EP2004/ 012065 It is an
wo@bjosns03ef t he present invention to provide  PCTI/EP2004/012065
pol yacryl-am de beads containi,ng cells and a process
for their preparation. This gbjECt I's achieved by the
pol yacryl ami de beads of claim 12 and by the process_ of
| Itas an abiert of theep1gsat Bysniymn torpeoiderelyeciyiaide beadsicgntainiag cells

agaggﬁﬁg%ygpggﬁ ﬁh%@gﬁylanlde beads cont ai ni ng

encapsul ate S conprises the steps of (i)
provi di ng an aqueous solution of a m xture of acrylic

noners, 10 (}i |d| si an of C

T og)q%féa?gﬁ%é%}@ﬁpa yaaryﬁégl? 3%??%@@% @4t 19 yd ﬁ@r%ﬁss of
cBiylisi on of -an aqueous solution-of a tertiary amne in
a water- immscible liquid, which liquid optionally
contains a surfactant (iv) mxing the solution

i ded and t he suspensio r ovi.ded
TBE BB o e G vk et T PR Sl facs
célht‘&(])mﬁgbﬂc u&‘tédrdeﬁgc@ﬁphhééls@[b feR\fded in 15 step

énll) (vi) polynerizing the mxture of acrylic
nontcrvsdlamn aqueqns sohenaip TexiEp of peyilis gronoRers el | s

G, | B AP Rl aEs, SRR B PORARTUIALE

(idglv aptagiing sn emsbioarofas atii@ut ssltitian wf andrtigryiasid@in a water-
e R Gt

(e RELRY |tﬁ@stoﬁ1tlo£gﬁoﬂ9éd’1ﬂ% BHnd&nd rslsg e?il%ga(%ﬁ 1% Irgﬁp (ii)

process of the préesent inventi'on are

(9l nosddispthemigaire shiajped i128efT i) tochy at:rrydl amibenqeavised in
can h vEmgfshze of 0.01 to 5 mm and a nmechani ca
streﬁg? M3t | east 10 nN. Preferably, the

(! y@@fyydeamngeh@ﬁ@dﬁrefwﬁayﬁc SloaBmeks ShddmuRafeolBlydRdagulating

mechani cal strength of at |east 200 mN. More

pr ef diesilyta f@gnm@bgaawﬂa,mldﬁb@?éls lseni@sning gacagsulated seldy.

0.1 to 1.5 mmand a nechanical strength of at | east

300 nN. 30 The nechani cal strength is measured by

Tap protiesgohiepiessnt irtventiorbie advatttdgebus msplaaaethe tertiary amine is

already added to the water-immiscible liquid before the addition of the acrylic monomers,

the cells and the peréulfate.

The polyacrylamide beads formed by the process of the present invention are of spherical

or almost spherical shape.

The polyacrylamide beads can have a size of 0.01 to 5 mm and a mechanical strength of
at least 10 mN. Preferably, the polyacrylamide beads have a size of 0.05 to 3 mm and a
mechanical strength of at least 200 mN. More preferably the polyacrylamide beads have a

size of 0.1 to 1.5 mm and a mechanical strength of at least 300 mN.

The mechanical strength is measured by applying pressure to a bead which is placed

between two plates until the bead breaks.
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between two plates until the bead breaks. WO
2005/ 040373 PCT/ EP2004/ 012065 The cell can be a

whawseeidai cell, a fungal cell, a yeast cell, BCPEPR2904/012065
cell or a mmmalian cell. Preferably, the cell is a
bacterial cell, nmore preferably it is a cell of a

bacterium of the group nocardiof orm Actinonycetes or
Toe cell parcheer baqszrai c¢lhe ffuagal ksll, Bryeast otibcatréa:ﬂfa@@zm a m@wgralian cell.

e, pr fer t he. cteri
PRy B e S Rrotistaialéelh mote By Ria? Al R Bt or e
ghpieallafornt A'cﬁncﬁny‘c%'tds 0@ bf 8 bRAGHRA bERe Bimli REEIedYacteriaceae.
Rhodococcus. Exanpl es of bacteria are grampositive

Enee more profuetly the astds @ eslhold backaivgeofdhagBipihgdococcus or
£
AR B L IPRN R, B ORRRL e s Rigdococcus
Amycol atopsi s, and gram negative bacteria such as

bacteria of the genera 10 Acetobacter, Agrobacteriu
Exprples g6 hedoracBrafronaesiieg brobmaisuch aybacies ﬁﬁﬁ%&er%acﬂlus
t h
A%‘z‘ E%it?%e}}ﬁl% R&g%ﬁgﬁg‘?m@gg@é Qr WI 7 oe?[wtﬁz%% @OVQJHCPA@Eardza
Rhodarodistardmykelaiapoiry met grsmaregatbasdiaeteiia smfh am‘eacg@wewfethe genera

Ag%ﬁ%qQ%’sAg?ocb%g%%%% gylc% g%%g,c %m%‘@%% ugonaégc%§eir§Pseudomonas,
REYoBLAN Tr 854 RS EBRteAIVR cRA T BRI hRf ortRIBhBERET A

Cltrobacter Enterobacter Escheri chia and
Kl ebsiella. The cells can be cultivated by nethods

E%EI?IWHES o?bﬁcﬁ& ggftthe gi%ug %80&981%&"0 '&J:t n%%g)c?tg@%rfﬁ&tt%fof the genera

e - gene enco e enzyne o

Gt onm) dloewrded, R@aﬂbdaecasraﬁﬂssfn@rcahtbpwst]Bxaanméasﬁ‘b@btena of the family
cont ai ni hg the gene encodi ng the ynme of interest.

Epferebastopiagsas arelpacteaia)od t%%ﬁnaxar@frph@ctgeﬁéteéﬁé%% Gsehggichia and

ehZ4yse of interest on the 25 chronosone, and this
enzynme is a catabolic enzyne, the bacterial cell can
be cultivated in the presence of a suitable enzyne

F f t f th
TH Gtse b LA atr EF el OB ot cgence of &

nitrile hydratase inducer to induce the expression of
a nitrile hydratase. Exanples of suitable inducers for
Thebeeterialech pear eqragin thyf gane eeqdingthe enzyiee qfdmierest on the

PIREREY SR IBREN AT B SAAPAL T A9 cocoin e

ehfyansboinreeektw th a plasm d containing the gene
encoding the enzyne of interest, and this gene is
under the control of an inducible pronoter, the

if ﬂh@‘%ﬁ@t&ﬁﬁ@eﬁ@ alhi‘ﬁe NE ertcBA !t%#gﬁe 6P EYiTFesPhn the

I nterest can eln uc at a sti
chromosome, and this enzyme is a catabolic enzyme, the bacterial cell can be cultivated

in the presence of a suitable enzyme inducer. For example, cells of a strain of the genus
Rhodococcus can be cultivated in the presence of a nitrile hydratase inducer to induce the
expression of a nitrile hydratase. Examples of suitable inducers for a nitrile hydratase of a

strain of the genus Rhodococcus are methacrylamide, crotonamide and propionamide.

If the bacterial cells are transformed with a plasmid containing the gene encoding the
enzyme of interest, and this gene is under the control of an inducible promoter, the

transcription of the gene encoding the enzyme of interest can be induced at a suitable
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WD 2005/ 040373 PCT/ EP2004/ 012065 4 point of tine
during the cultivation. Exanples of inducible

wEe@soisrs are the trp, the lac, the tac, thePCI/EP2004/012065
ar abi nose and the rhammose pronoter. The jnduction

~ depends on the pronoter enpl40yed. For exanpl e, the
rhammose pronoter can be induced by addition of

peint dftime deringthafcukivatien. Exemplies nf inflheibtsepriomotern e the frg, the lac,

the enz of interest can be separated fromth
e, T 2B le A b & hro R PR led ddRobRE on the promoter
eidPRyERHorlegaripitf 186 rikeliowe frofotekiten B Xddiced 8Y adaitivhiof
nmononers can consi st of at | east one nonofuncti onal

Lahynegse] east 10 one bifunctional acrylic nonomer. A
nmonof uncti onal acrylic nononer can be a nononer of the
formula 15 wherein Rl is Hor nethyl, R2 is selected

Afftep onltibagtions thepeloamitahing theodnzi2 of MtEigst ddpRE)sBparated from the

NH (CH2),,-N(R3) 2 an CH2),,-N(R3) 2,20 t .ea
f@@@éﬁﬁ?@%b@%&r@)ﬂahfya%gm%s(%aa At BpPLAPTia{e EE&PT%‘?I%%%%C-
to 4. Exanples of nonofunctional acrylic nononers are

acrylamde (RL = H R2 = NH2), nethacrylamde (R =
The thiyture ¢€aceyligR)noniratdnmphsistroflablepsieane(rRoncfupftioRal and at least

N 5 = Cl 4-al kyl) such as N-ethylacryl am de
O?%%@Cﬁf’ﬂgfaffyhﬁ-mﬁ}e&pyl acryl ani de (R3 = isopropyl)

or Ntert-butylacrylamde (R3 = tert-butyl),

N-al kyl net hacrylamdes (Rl = nethyl, R2 = NHR3, R3 =
Agpomofgngtiopp) acsylirmeromer samhe AErmawey phHedermpma =

ethyl) or N-isopropyl nethacrylam de (R3, = isopropyl),

N, N-di al kyl acrylam des (RL = H R2 = NR3)2, R3 =

Cl. 4-al kyl) such as N, N-ginethylacrylamde (R3 =

met hyl ) and N, N-diethyl 30 acrylam de (R3 = ethyl),

N-[(diallcylam no)allc cr Ram’deﬁ(Rle, R2 =

NH (CH2),-NH(R3) 2, R3 -al kyl) guch as

N-[ 3- (di rnet hyl am no) propyld acryl am de WO 2005/ 040373

PCT/ EP2004/ 012065 (n = 3, R3 = nethyl) or

N-[ 3- (di et hyl am no) propyl Jacrylam de (n = 3, R3 =

thyl), .
whereim

R' is H or methyl, 7

R? is selected from the group consisting of NH,, NHR?, NR?),, NH-(CH,),-N(R?), and
O-(CH2),-NR )2 |

R® at each occurrence is Ci4-alkyl, and

n 1s an integer from 1 to 4.

Examples of monofunctional acrylic monomers are acrylamide (R' =H, R* =NH,),
methacrylamide (R' = methyl, R? = NH,), N-alkylacrylamides (R' = H, R* = NHR?,

R® = Cy4-alkyl) such as N-ethylacrylamide (R® = ethyl), N-isopropylacrylamide R>=
isopropyl) or N-tert-butylacrylamide (R® = tert-butyl), N-alkylmethacrylamides R!'=
methyl, R* = NHR?, R? = Cy4-alkyl) such as N-ethylmethacrylamide (R? = ethyl) or
N-isopropylmethacrylamide (R® = isopropyl), N, N-dialkylacrylamides R'=H,R*=
N(R?),, R? = Cy4-alkyl) such as N,N-dimethylacrylamide (R? = methyl) and N, N-diethyl-
acrylamide (R’ = ethyl), N-[(dialkylamino)alkylJacrylamides (R' = H, R* =
NH-(CH,),-NH(R?),, R* = Ci.s-alkyl) such as N-[3-(dimethylamino)propyl]acrylamide
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N-[ (di al I cyl am no) al kyl ] net hacryl am des (R = nethyl,
R2 = NH(CH2)"-NH(R3)2, R3 = Cl1 _4-alkyl) such as
wOoRG3/04raret hyl ami no) pr opyl ] met hacryl anmi de ( R3PGI/EP2004/012065
methyl) or N-[3-(diethylam no)propyl]nethacryl am de
(R3 = et hyl ), (dial kyl anai noPal kyl acrylates (R = H,
R2 = O(CH2)"-NH(R3) 2, R3 = Cl1-4-al kyl) such as
(2= @dRhre tadromi| 34 digthyleatng)bepeleeryiamide ®3- 3, R3ttrfhyl),

N TR R DRGSR REL T Sl B SN GRTENH R, =
Ejaﬂdy)) s@&daiﬁ%@(&ﬂﬁeﬂ@é{i\ﬁﬂb@rkﬁl ﬂi@hi@ﬁﬁml@t(ﬁs fRthy®) or

C??é = Cl _4-al kyl) _ such
Nab- @l%wlmmﬁinrgpﬁlhwbmylaml Pﬂacqﬂwl)a(@alé<ﬁlam1210)aﬂsvl~acrylates
1 RYL : ,
R B b IR KGRt e S imetagtamimoretyd
abtyMteinat RyR*= netihyd Q-)(ﬂﬂmﬂdﬁ&mno)propyl acrylate (n =3, R’ = methyl) or
I kyl | Kyl
N it LR YL LBE 0 o M SR Byt

(RN plcfi R, 1O ey ?{;ﬁh‘fw)z,@%% §l§yl) Galh RO-RIBRABSNG )ethyl

e art’, for exanple by reacting
nwd:ha;ctykyb (n:=|==l|20RJ3 &enetllﬁ) met hyl acryl ate, nethacryl oyl
chloride or nethyl nethacrylate with the respective
al kyl am ne, di al kyl am ne or (dial kyl am no) al kyl am ne

NOATKySHca1 vt da8 aV-andyBh&RRSY amiBkd, WWIthEﬁhcrngdii:@ N, N-dialkyl-
nmononers can be nononers of the formul a HRL %

H
rmqthaqv).sslarmdmﬁ,26[(mﬁélfmmmomkylbfmﬂl@mdﬁ%ﬁ\h&(ﬁlaﬂqlamm)-
a{!__&&r i hggryg%nig%%ic loa;]ngﬁg)g I P’%/%rglg es %ﬁgﬁﬁki\lﬁ%ﬁh&)ﬂl&l écrylates
cﬁh N: pﬂ&pﬁrh& be nedtheB &hywain the attRfor exdinple bg(-reaetﬂfg@dx?ﬂp)?l chloride,
mej@yl acro/@r.@ }ﬁeqﬁgc?%loglr&%rs g%tr IPI%E(: :n%mﬁggfyéadte Wt,haﬁ%%dgglp@pglve
a ngﬁﬁmgg%( ;hagl rglé&h@(ﬂ' (dia n'érl’a%;mo)%ﬁé%h{mlﬁ& Bﬁ/él'_l%‘l’%?!—u’%nlﬁ(gggﬂml.

N, N - pr opyl eneb| sacryl ani de WD 2005/ 040373

Bpi%-lrlét%r)l% er{, cll%%ggmers can be monomers of the formula

R1 Rl
~ X e (II)
0 O

wherein
R' isH or methyl-
-X- is (CHy),- or -(CH-OH),,-

n  is aninteger from 1 to 4

Examples of bifunctional acrylic monomers are N, N -methylenebis acrylamide R!'=H,
-X- = -(CHy),~, n =1), N,N -methylenebismethacrylamide (R1 =methyl, -X- = (CHy)n,
n =1), N,N -ethylenebisacrylamide (R' = H, -X- = -(CHy),-, n =2), Z\f,N’-ethylenebis-
methacrylamide (R' = methyl, -X- = -(CHz)y-, n =2), NN -propyleniebisacrylamide
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6 (RL=H -X =-(CH),1-, n =3) and
N, N - (1, 2-di hydr oxyet hyl ene) bi sacryl am de (Rl = H,
WO 20056403(CH OH) , , -, n =2) Bifunctional acryli CPCTRPI0RL/612065
can be prepared by nethods known in the art, for
exanple 5 . bifunctional acylic nonomers where - X-
is -(CH2)"- can be prepared by reacting acryl oyl
R 8, - ¥e= -(@H Dy » &8) aridal &) -(h2tdilgciryt yethlyl eid)bisacidamide (R' = H,
ge;h@_g hacr%l)ate with the respective diam ne.
“Pref "> {'he&’bi f unctional acrylic nonomer is
sel ected fromthe group consisting of 10
N, N - met hyl enebi sacryl am de, )
Bifupctional agrybnewonemersivas by piepiige bamethods knowmindie art, for example

B O T

p con
chiloriyé,angttlel, achghtb anethbagiosiechldyids-cdinadthyl lraethybgibtelesth the
N-[ (di al kyl - ami no)allcyl]nethacryl am des,
respedivVepiaRiRo) al kyl acryl ates and (di al kyl ani no) al ky!
nmet hacryl ates. 15 More preferably, the bifunctional
acrylic nmononer is N, N -nethyl enebi sacryl am de, and
Ptdferahiyntifelmtmctoorsl acrghomenomer is edledtediohr tungrdip gmesispng of

NS PR Ryr it B ape st Ry i b M -(1.2-ai
hgdrofBY18YS)BIRhAPL MY land Bk hasoflRtiBnal A0oridiEerR S S etEAEBm the

can be any water-sol uble persul fate. Exanples of water

gewip fone sty ef Acrdaaile, mebacieondau M Felidkylagrydaraidgs, N-[(dialkyl-
l. i | : [
o8 TR B P ER AR Plp 2 4 L Bt

npgigtflitag.e i s ammoni um persul fate or potassium
persul fate, nore preferably, it is ammonium
persul fate. 25 The tertiary am ne can be any

- . i ' f. J ' .
NI SRR RS R e e, and
g rhdiofendtidnal monahgrie plendd frorh éhe grone commigtirer aficyylarnide,

N -tet t hyl et hyl.enedi ami 30, Th

N Fnstnilor S P et B0 Ry e Ehas ey Bic
2nEhRsthAbmikgéthi SmbthAdydteat the tenperature of
pol ynmeri zation. Exanples of water-inmm scible |iquids

are mneral oils, vegetable oils and synthetic oils.

T'E)e( %gi%{lﬁgte %gn {;% Qr%; \%Lttegiséahslblg%grsﬁl%tg.eé]x%mp)igg §F\Fater soluble persulfates

are ammonium persulfate and alkali metal persulfates. Examples of alkali metals are
lithium, sodium and potassium. Preferably, the persulfate is ammonium persulfate or

potassium persulfate, more preferably, it is ammonium persulfate.

The tertiary amine can be any water-soluble tertiary amine. Preferably, the tertiary amine
1s N,N,N’,N -tetramethylethylenediamine or 3-(dimethylamino)propionitrile, more

preferably it is N,N,N’,N -tetramethylethylenediamine.

The water-immiscible liquid can be any water-immiscible material that is liquid at the
temperature of polymerization. Examples of water-immiscible liquids are mineral oils,
vegetable oils and synthetic oils. Examples of mineral oils are toluene, xylene,

dearomatized hydrocarbon mixtures such as Exxsol D100 and isoparaffine mixtures such
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dearomati zed hydrocarbon m xtures such as Exxsol D 100
and i soparaffine m xtures such WO 2005/ 040373
weRaDsBRBAD4/ 012065 7 as | sopar M Exanpl es of REDEPHDI/€12065

oils are sunflower oil, olive oil, peanut oil, alnond
oil, safflower oil, soybean di | and corn oil. An
exanple of a synthetlc oil is silicone oil. Preferably

ag Isepwd‘ﬂeEmeﬂﬁscﬁ wsizetabliegils dre ssinflowemet, alive bil, paamuoil, almond
f bI t t.e hydr.aoc
off SR ot pbivele kPRl Rpef e CRT A Mn8le s gligore ot

hydr ocarbon m xture or an i sopar affl n m xture. The

wat er-i mm scible |i (%w d can optionally contain
Prefpmblytthavaterhamiseitie bgudds emingd oﬂah/i/org metfe@bb/ it is a saturated
3ok BEL 8L s pENAT B M LE MU B b REBRL B Bydcgoarbon
nastes o anpedpaedffiy nexeed. ycol fatty acid esters,

et hyl enegl ycol fatty acid esters or glycerol fatty

acid esters and cationic surfactants such as
The Wa@éllhﬂﬁlsé}mg@lﬂhfdman %?ﬁ&&lly%ﬁ(aﬁf J‘sﬁfac{aﬁﬁsﬁhe%?faetfant can be

the al kyl's has at |eas carbon atons. Exanpl es of
amasm;ablmurfastaatr Exahples obwiitdblosudtatants ereanhniExentguitags such as

srigh BBl st brivalh MR GD S enrn, AT IeBRg eal oty acid

eSle&\or gl}ib'éro_fﬁﬂtyr atd @tedd arkldatissilcabifi@hdts @A Raetthik@ ammonium
0.10:1 (ww). Preferably, no surfactant is used.

An

saltpy wigEsi e least ope Withaalkylzhay @ legst & eRpPR stomsh Sxemplesa fatty
[
o0 B0 g B pbno R, S o R 1OR Pl byl
Exahpieds off alikfylsdhaRing peleast|8f aittens are dveylprawi aetldeyylm xi ng
a solution of a persulfate in water or a buffer with a
suspension of the cells in water or a buffer.
T‘BE iRy @{tgui/fa&tgﬁ/cﬁpd'a}i e G 'TQ@Q@EF G/ 1 EfeP N, \fﬁ)dsurfa@taﬁf‘g used.
the cells are suspend eg a buffer, andt
adjusted to a pHw thin the range from5 to 10 vvh| ch
interest. For exa

AR 1R S0k g Erif R eac Yo BB nr S, hae i ni o piVine the

abyUE Al @Seheld 1N Aer®l b duffeL A $RBBRIMNLT cdfis MNLRIKAREEHSolution of a
An emnul sion of an aqueous solution of a tertiary am ne

prisubatagee e pipvidsd by naxingquiolitionet 2 perspefe iy septesior a buffer with a
sgsrﬁ%h?l#nté ¥f ?19 c?]%sslgl\%{tér%? aﬁ)ﬁrl%%rs bf f%llag }ythg %ﬁﬁ% 8111011%{6% ar¥'dissolved

iPaef teabllyare kipendpdenddusiol, ahd o pof 1satd_msteﬁl1be1 sH within the range

acrylic nonmers, the suspension of cells
g to 10 n%lchqg favored by the er?zyme of interest. For example a pH within the

range from 6 to 8 is favored by a nitrile hydratase from a strain of the genus

Rhodococcus.

An emulsion of an aqueous solution of a tertiary amine in a water-immiscible liquid can
be provided by emulsifying a solution of a tertiary amine in water or a buffer in the water-

immiscible liquid.

Preferably, the aqueous solution of a mixture of acrylic monomers, the suspension of cells

in an aqueous solution of a persulfate and the emulsion of an aqueous solution of a
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in an aqueous solution of a persulfate and the
emul sion of an aqueous solution of a WO 2005/ 040373

wEONsBRBAD4/ 012065 tertiary amine in the PCT/EP2004/012065

wat er-inmm scible liquid, which liquid optionally
contains a surfactant, are deoxygenated, e.g. by
purging with nitrogen. The aqueous solution of a
tariiary anenoi the wyter-tmmisvihte tiguid nethich @qsid 9peosliyncaftains a
IIS|n ueous solution of a persulfate are
SURACLA I PRYET Lo P §- OF BBEE VI BTORE st i rr e
emJI sion of an aqueous solution of a tertiary amne in

t he vvater-ir_n’riscibl_ellmgwd Exanpl es of suitable
The pqueaons selpidon tfrasmixgurefod aerype nmomleradi@di thegupiperesion of cells in an

aﬁg%eé)fr,lé ?cgslpgfp P Q/er%ug%it Sz}érlf: E‘l{lgerd: ?q%rgnér}e%? gelirJ 8}0&})2%1 i ortfxg StPrred
eﬁhﬁﬁcﬁfﬁ%wquédi@ samluyﬁef b ZetiAr9 Andite B AR Weer-thihi §d1b15 liqmd
35 C. Myre preferably it is carried out at 15 t 10
Ezgmales ghepi LetStlﬁle@faé‘? Hes/on fous pitchladed gubive SH’ETSI% prepeller
t a
Bt e L DSOSl ARl SLaR AP e Lt
poryrramzymorms ramedensdt\iabes Cs Mhr preferatdy &.iScdrried/an) at 15 to

256 ey sretorEGl s ) ¥t 56TE b3y | bred er ably

the ratio of bifunctional acrylic
nonomer s/ nonof uncti onal acrylic nmononers is 0.001:1
FoBowing:ratigsayé prefirybly kpplicdpfor fhemabinyerizetidnsstep: 01: 1 t o
0.08:1 (nol/nol). Most preferably it is 0.03:1 to
0.06:1 (rmol/nol). 20 Preferably ratio of dry

PectblaBlyfatié UF e @{1?@@ %f ao@yIM@lﬁﬁﬁ&s/b@te@mQQQS 11 td ca) 51,1 Iw/w) More
rerera

Pﬁ‘if?r\g?’lmlb\‘sé)r 1abrfcy0 ptl MW% Moqt@rqfelably IW\Q/% o %%fl (w/W)
preferably it is 0.5:1to 0.7:1 (ww). 25 Preferably

the ratio of persulfate/m xture of acrylic nononmers is
P@ef@t&ﬁly the tadioGf biftinct{omal danylic) momnﬁs/moabﬁmaﬁ)ir;al i abryl'& monomers

D3R8 o b TR S QS AL okt v

E&‘éﬂab@zﬁvmmﬁﬁ&%@w'(fn%i/ﬁlon)s 0.2:1 to 50:1 (nol/nol).
Preerabyltls 30 0.8 to 10:1 (nol/nol). Most

preferably it is l1l:1to 5 1 (rmol/nol). WO 2005/040373

eRSTEEASR PR G AP b oA £, o
p¥efarab1(ywt w)o 2:Eve0.9m E@el@ﬁ@f@p@f&ré’oly tt id 8.4 10 6811 W/B). Most

V\?) Most preferably it is 1.5:1 to 4:1
prefer ly itis 0.5:1 to 0.7:1 (w/w).

Preferably the ratio of persulfate/mixture of acrylic monomers is 0.0001:1 to 0.1:1
(mol/mol). More preferably it is 0.001:1 to 0.05:1 (mol/mol). Most preferably it is 0.002:1
to 0.03:1 (mol/mol).

Preferably ratio of tertiary amine/persulfate is 0.2:1 to 50:1 (mol/mol). Preferably it is
0.8:1 to 10:1 (mol/mol). Most preferably it is 1:1 to 5:1 (mol/mol).
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(Ww). Preferably, the polyacryl anm de beads obt ai ned

after the polynerization are separated, for exanple
whgoodeesns ati on or filtration. The separated bPEUEPMA012065

be washed with water or an aqueous solution to renove

traces of the water-inmmsciblPe Iiquid, and can be

stored in an appropriate buffer. 10 Also part of the
Piefereblyireiio af @l/petey acl. 2/|1 aoildté (éur Mareprederabhyit is 1.3:1 to 7:1

CFPRSER Phameremly el BaRey v MR BrdE e i Lot 41

(Wwh9. cells of a strain of the genus Rhodococcus

containing a nitrile hydratase. Another part of the

invention is the use of above polyacrylanide beads

t . tf ;

PERgn B Pt PR BB AR R 1S 5 o GEALBL AR cblated, for
eRumefle baldeyantdtion of lﬂbts:ttroat 'Ehd ﬁp@ratddt‘tfehdls&:aﬁﬂﬁ: winhef mathuehiter or an
~is the corresponding More preferably t

agiRous poliidon © rsmey%\%w Pt g\eﬁéat%fﬁamﬁ@blﬁﬁmtanﬁscan be stored in an
apprbpliAtBBfele. Exanples of nitriles are cyanam de,

cyahoacetic acid, nmalonodinitrile, cyanoacetic acid

20 nethyl ester, acrylonltrlle butyronitrile,

alero rile,.croton n|t thacr.yl oni tri
b iy EnsisH S ROty {pbif BeFSS ST ngpyichi:Fsed colls
ob@ﬁﬁ@fél Hyr thJ: ﬁrocgssfd"f'ﬂ@é RERAZRREAONl Breferably, the encapsulated cells are
4-ch] orobenzonitrile, pyrazinecarbonitri

C?iisrcsfzaa staipoi3hel peraws Rbaredorsus, coptafningm nﬁmlelléfdratase

t hi ophene-2-carbonitrile, pivalonitrile and

cycl opropanecarbonitrile. 25 The transformation can be
Avatlter patt ofithedsveatibaicthe teasftabove ulyasylamidyibdads ooistaining
reactlon Preferably, the reaction is carried out in

encapilatgs cellyasra kipcatalysy f?réhﬁgalas@wﬂpv 87 sBbgtERte tpep product.
PFéfa% . theSOOUBd 28 £RAE tﬁé‘ fa)‘aﬁctqg {Hal c%ﬁiegfgtﬁ{m%eaﬂqfae More

the reaction n1xture I'n epe ency 30 on

priderably the adatrate uodsymwagtidioe awt thd poydanopyricalimmido

ni coti nam de. Figure 2 shows the concentration of
3-cyanopyridine in the reaction mxture in dependency

EQmefé@ of hiilel bfel dYEnAnid6 HyhiisRstEc dcRBGhdl6HbdRhitrile, cyanoacetic acid
3-cyanopyridine to ni cot | nam de. WO 2005/ 040373

nﬁ@wl Eston eaytpr2nés bubraEigile, ¢ aRramisles crotencaviilemetbacrglonitrile,
R e S

urirng-a-co nUGUS

4tdhlmomizbm&ﬂbp@zraﬁmﬁﬂiomtﬂle,(Mraiinalzj3octica3f>oﬁitﬁle[ iforopitrile,

t.he genus Rhodococcus . . o
thiophene-2-carbonitrile, pivalonitrile and cyclopropanecarbonitrile.

The transformation can be carried out as a batch reaction or as a continuous reaction.
Preferably, the reaction is carried out in a suitable buffer at a temperature from 10 to
35°C.

Figure 1 shows the concentration of nicotinamide in the reaction mixture in dependency

on the time during a continuous reaction of 3-cyanopyridine to nicotinamide.

Figure 2 shows the concentration of 3-cyanopyridine in the reaction mixture in

dependency on the time during a continuous reaction of 3-cyanopyridine to nicotinamide.
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1.1. Preparation of a preculture A sterile medium (200

m., pH 7.0) containing 1.25% (W w) yeast extract,
W@2@5%403 W) 10 MgSO4. 7 H2O, 0. 003% (wW w) CoiQI/EB2004/012065

H20, 0.5% (ww) sodiumcitrate, 0.75% (W w)

met hacryl am de and 0. 2% (vv/w)lOKH2P04 was i nocul at ed

w th an agar plate culture of strain of the genus

Freise d sbews e coneerppe @t]Bthm@pwa@mc i nicotimamide m dependency on the

ye at 28 C m for 48
(e GRS onkp B e deP 3R o o lop e e AP e B e i
(12 L, pH 7.0) containing 1.25% (w w) yeast extract,
0.05% (Ww) MSH.7 HO 0.003% (ww CoCl2.6 H20
0.5% (Ww sodiumcitrate, 0.75% (ww nethacryl am de
Slaﬁnﬁ%(w/vv) KHPO4 ‘was i nocul-ated with a preculture
%' the strain of the genus Rhodococcus
(bﬂmmmaabfastrdasxfthek@duiRh@ioam:due 1.1. The culture 20
vvas cultivated in a fernmenter (12 L) at 28 C, pH 7.0,

ij sol ved oxygen concentration >40% (in respect to
h&TrenEdionvéd PEEPWIF concentration at 1 vol ume

A@h@ﬁ@&ﬁé&iﬁ?ﬁ (26%@5%%@%@1@{&1%@1 éscﬁ“((l)/w gésgxéa 0.05% (Wiw)

00-400 rpmfor 4 wer e
.M@ﬁ@ﬂ T tigQt 0.603 % Wesiedol, t 16 }bzhbé);ﬂ%(\e/vb)wbﬂmm <(1ﬁrﬁle,mvl75% (wiw)

7. .con o) at concen of dry cel
b biide A O e et S R el ettt Cultire of a
stéhinrdflies funds AhagRoash| Tid Me@ﬁﬁz@é’w@i cﬁtl%té@inrhanfﬂehﬂ%yer flask
enus Rhodococcus 30 Pol gacryl am de beads contai ni ng

(eMrmpha at 28 Kearnd]0pot foa 48ty ai n of the genus

- Rhodococcus (0.2 g wet weight) were added to a

sol ution of 3-cyanopyridine (1.59 g) in phosphate

lmeP&cqmre(tibn%aMﬂth 7. O 30 m_) at 25C. Sanpl es (1000
were taken after m nut es. These sa

%P%lelwéwé%?ewp%wé &OWmﬁlgzlo% Yok v w0t syl "85 % (W/W)
I )
ML OLAUA (0. CARS Ry TR Rl 6 5 o
nmac@mm@/amdm (Wi )(HROg maptmoeulated eyittanpreariiry €200 mL) of
B S STy B LSS IR, 9% LS bt e
\ W&@‘éﬁitﬁ/ﬁ&ﬂhn a #theH® (1251)Ck 28 B ¥HPA, Hﬁ%éwkéﬂiﬁt%n Q&?@éltration

were obtai ned after drying the wet biocatalys
>4Aa% (i aspent tothg ldissolved oxygen concentration at 1 volume alr/(volume

fermentation broth x min), 28 °C) and 300-400 rpm for 48 h. The cells were harvested by
cenfrifugation, washed with phosphate buffer (50 mM, pH 7.0), concentrated to a

concentration of dry cells of 15-20% (w/w) and stored at —40 °C.

Example 2

Nitrile hydratase activity assay of a strain of the genus Rhodococcus

Polyacrylamide beads containing encapsulated cells of a strain of the genus Rhodococcus
(0.2 g wet weight) were added to a solution of 3-cyanopyridine (1.59 g) in phosphate
puffer (0.05 M, pH 7.0, 30 mL) at 25°C. Samples (1000 pl) were taken after 5 and 15
minutes. These samples were immediately mixed with 20 pl of H,SO4 (48 Yo (w/w)),
diluted 100 times by volume with a mixture of methanol/water = 40:60 (v/v), filtered
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Exanpl e 3 Encapsul ation of cells of a strain of the
genus Rhodococcus in polyacrylam de beads 10

wao\etoghansrdle (42.25 g, 594 mmol), PCT/EP2004/012065

N, N - met hyl enebi sacryl am de (3 75 g, 24 nmmol) and

2- (di net hyl ami no) et hyl rrethaclryl ate' (1.5 g, 9 nmol)
wer e di ssolved in phosphate buffer (37.5 g, 50 nM pH
(072 @n pord Sim)sarm—amfyztecth by $IpILGt Qc:o}mmeSadiranm s, dlow, tate:A

t.ion anmoni er sul 465 2 1) ip_,

1 Grleiny B et Ere (e tolate Dt ) e Sadiul B . 25 0.

Iﬁ?bb@aé}f}rlaﬁuﬁé B@dda vike SRBNSE NS dRL BEAFE BRodatiPi ht's :W)>c and
15 obt ai ned as” descri bed in ‘exanpl e

ZQHﬂﬁwﬁuwdnlon of N, N, N , N -tetranet hyl et hyl enedi am ne

(0.232 g, 2 mol) in dlstllled water (5 g) was :

di spersed in mneral oil (Exxsol D100, 350 g) in a

reactor (1 L) at 350 rpm The nonomer solution, the

cell suspension and the oil were separately purged

Expmpled t r ogen for 15 min. The nonomer sol ution (flow

E&@%p/e;ulah \%g?ééﬁ‘sog% as?a? qtf %hé #bﬁd%gﬂ%ﬁgp@%cg%ﬁﬁ&@ beads

flask. The resulting n1xture mas i mredi at el'y dropped

Alcflylhl’ﬁﬁies(mz QS gdSQZB&&dlp g N\insthgleh efigderylahider(8175 gQM rﬁ‘thol) and

onplete addition the reaction m xtur
Zs(flwqﬂéﬂama%o)?tl}yltlﬁ%thacgylater{ 1 5t Somimol) e @BselT G4l Phosphate buffer

(3;705 #r bt o;ﬂl—fjﬁ 09%6%%613h@§&&10ne\9m|té@t8@ EA %@uﬁfm of

€ genus OCOoCCUs were separate
afnindnive ipersplfated@ A6Tgy@ mimod) istdidtilled water €5 gawes aldedwad

st ot itTa Staia L RslirIoisr s GRS el 165 9
obtldﬁiceé fas 8scPibed il exBHIM A 8o1h@86:Lof NR 2 5]9/ 0-eri‘édﬂﬁﬁ:thylethyl enediamine

droacetic acid, sodiumsalt, 0. 05%

(7 8bei Toamicdiin e eialc ) s disprasado b osrabaib isosel B100,
3%; gg%gaulle%t ahf)r dt %ﬁb rl;[? oﬁome% s% 181;,%%6 céﬁrﬁflg%ﬁsmn and the

Wlan a nec ren

ollater® s@:faraﬂély pﬁf@e&l aﬁﬂyﬂlﬁﬂg@ﬁob @ﬁﬂﬁpi VSBI(—: nidHoytae kyluasih ¢fow rate:
beads was 0. w w). The specific act|V|ty was 9.5,

2 g aélétthencells%lsafmsw/(ﬂﬁwatﬁ %ﬂr@flllws@sy%aty Yargeed in a
béﬁ;ﬁﬂ?ﬂlxmg%%g Oglleol%glﬁﬁé %%‘/ﬁ%ﬁ?a@éﬁ @ﬁbatﬁgl shirfed

nver s cyanopyridine to nicotl
(30arpti, oisc&gét]) atime) arhaﬂ:l 20 P@aAlfercontpdite add;tlmnﬂ]a psaatmhemxture was

cel trai enus odoco 100
S%?Jgﬁ’f?“@w§ S22 e PR Sexaiprde Beadh Femafhibs
eﬁ&p@ul%ﬂ cblYs $ttd difafiflof 8O LS 9@7109&03@%)’\%}9 léﬂaﬁ-ﬁéd‘@y &'ﬂ@atlon

g, 3.8 nol) in phosphate buffer .
mﬁl)ed with distilled water and allowed to swell i 1n water The polyacrylamlde beads
were stored in twice the amount by volume of a storage buffer (3.55 g/L. sodium sulfate,
0.25% (w/w) dehydroacetic acid, sodium salt, 0.05% (w/w) nicotinamide, pH 7.0) at 4 °C.
The swollen beads were of regular spherical shape with a size of 200 pm to 1200 um and
a mechanical strength of >300 mN. The ratio of dry polyacrylamide beads/wet
polyacrylamide beads was 0.11:1 (w/w). The specific activity was 9.5 umol nicotin-

amide/(min X mg dry polyacrylamide beads).
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35

at 25C. After 15 min 99% of 3-cyanopyri di ne was
converted to nicotinamde, - after 30 mn 99% of

W@2@yancpyri di ne was converted to nicoti nam dePC/BP2004/012065

Exanpl e 5 Conversion of 3-cyanopyridine to
ni coti nani de, continuous read® on Pol yacryl am de beads
containing cells of a strain of the genus Rhodococcus
Exaoplg4wet 15 wei ght) obtai ned as described in

ed .to.a._.solution,of cyanopyr| di ne
EhETR Rt g o b SiRab e Pl a8 P 70,
400 nL) at 25 C A solution of 3-cyanpyridine (10%
PoWaldylarhide %Q%%ﬁfaﬁm%‘érfc%su(a@e@&ll%f REtrdin @kt nus Rhodococcus

continuously gently stirred reaction

(Hike wiebweight) qb@amd 2§ demmiot:dj reexamplendwere 3deq teca gendyisigred

SRR SR RNSEL PP oS8R BAR s 7. 400

a0d5%€. W fter flomih 9@%3&‘&‘5 &fandpyridind\Rasdvnasitaito dficotinembhRadsier
was observed after 5 weeks. The concentrati ons of

34 T’é’?a%?o/b%$‘GY¥@PMH‘?1W6MQIW§W?‘H@ niGEPamIs: er ni ned (see
Figures 1 and 2) and the conversion cal cul ated (see
Fig. 3). 25 Exanpl e 6 - Encapsul ation of cells of a
strain of the genus Rhodococcus in polyacryani de beads
E%cwlla de (422.5 g, 5940 mmol ),

t hyl enebi sacryl am de (37.5 g, 240 mmol ) and
Bl &isTHRITBL AEh S RdMb nfBBtiRARTIE @nfntdi rEacti8f Mol )
were di ssolved i'n phosphate buffer 30 (375 g, 50 mV
pH 7.0) and the pH of the solution was adjusted to
Palyacrylarside btadsreopfainizgenbls iofi msipain o Hfeageaus B2 @k cgeceu? 0100 g wet

Upeturiafd Bt desetieg TG SamUE gl BTt gelutign B¢ 3-oyanopyridine
(ARG aftis ﬁ@%{ewu\ﬂ)er .05 KELHS?.0 ]4@)5911]9)) at 2500t Al BRAion of

as_described in exanmpl e 1. A’sol ut’i on of

3ngyRppyridipe (160 éw’@ﬂhlplpélpma@ﬁtedfeafﬁ oeM, R B0) \gas a@tinuously
oI O oS e Bt B 58 SgtRI N RRE S Bl (10

pb)yacrifunide beai) waobditingsuslyt feenoved. ITIfélb‘éﬁt@xﬂﬁ)lu@ BorResidevas
oi ] were, WO 2005/ 040373 PCT/ EP2004/ 012065 13

peidpanest with a peterfion ting of hi bogeiesksiat 25 “&i No alpyagion of the beads
Wi %Bgﬁ'(ledsé)ﬂtéz‘? WELKS, f’[*h%Wog@etnﬁ‘?tl&‘é)o% 3%#%%9?&?%% r}ﬁco‘ﬁﬂa!lmde

suspension | ow rate:
vweunpedrnined(seo Figures ltanki2hgnd Heeonessibh cadgulaﬂedt(we@igx&).
punped in the stirred (215 rpm visco jet(r) stirrer)
oil at 20 C. After conplete addition the reaction

m xture was stirred for further 3.5 h at 20 C.
Example 6

Encapsulation of cells of a strain of the genus Rhodococcus in polyacryamide beads

Acrylamide (422.5 g, 5940 mmol), N, N’-methylenebisacrylamide (37.5 g, 240 ammol) and
2-(dimethylamino)ethyl methacrylate (15 g, 90 mmol) were dissolved in phosphate buffer
(375 g, 50 mM, pH 7.0) and the pH of the solution was adjusted to 7.0. A solution of
ammonium persulfate (4.65 g, 20 mmol) in distilled water (25 g) was added to a

suspension of cells of a strain of the genus Rhodococcus (16% (w/w) dry cells, 1650 g)

~obtained as described in example 1. A solution of N,N,N’,N -tetramethylethylernediamine

(2.32 g, 20 mmol) in distilled water (25 g) was dispersed in mineral oil (Exxsol D100,

3500 g) in a reactor (10 L). The monomer solution, the cell suspension and the oil were
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5 The obtai ned pol yacryl am de beads contai ni ng
encapsul ated cells of a strain of the genus

wob@doescus were separated, washed and st or edPE@FEP2004/012065
descri bed in exanple 3. The swollen beads were of
regul ar spherical shape, with!3 size of 200 mto 1200
m and a nechanical strength of >400 nN. The ratio dry
yebirptebt puraetiwith @m‘!&bn\/&r Isahipathy rembuer solhmmis{ﬂmsrate 13.5 g/min)

t | t
i derllsllbioh Bo G 47 mREhviitiat o SivtaBl Beagrumon
tebiagpTiee résubting @@ﬁuﬁtvﬁ’e@ éiuln{p)éd@ﬁ tHRGivag (Mls Qﬁndﬁls&ﬁfé@% stlrrer) oil at
cont ai ni ng encapsul ated cells of a strain of t

Bertudr it sa@e@eecaﬁgltm %maymwaéun@e’em§tlmhfoalﬁmmg3 5 h at 20 °C.
"ﬁ%‘:cﬁ)‘?ﬁﬂécf;ﬁoqgabt i ne Oofea@s tn{a"i‘ﬁlgé gﬁﬁahgg%gﬁﬁ#r;é 0?31 V?él‘ralél of the genus

ococcu scr
Rhadpestcunweare sapwelradl,swm% agesteet ut deverib&@l dex@inble 3. The swollen
sodi um sul fat1 0. 25% (w w), sodi um dehydr oaceti c acid,

begds WrReh resulas splsgicelghape. 3Gt gt phildi e fo [907upynda 4

rﬁ%éh%ﬁlcé%t/fgﬁggtg%f >§g(gﬂlg? S %@)r %&?%&g?éf?z{nﬁefﬂefaa%xlgfepolf%f%crylamlde

totadd whd @09 Wetvew). Tha dpifipanigitd wias 7f3 @86l niGtiaf@dR/(min x mg dry
ution (g 55 g/L sodiumsulfate, 0.25% (W w)
i‘fﬂ?@fl%@é Pdsyci d, sodiumsalt, 0.05% (w w)
ni coti namde, pH 7.0) at 25 C for 1 h. The nitrile
hydrat ase activity was determ ned as described in
exanple 2. The ratio of dry polyacryl am de beads/ wet

5 I%acryl am de beads were determned. Dry
’@lgl yl am de beads were obt ai ned after drying the

6ita @@t’al’ﬁﬁf{;f o }ﬁﬂ@a@%lﬁﬁﬂ@%e@&s c%ﬁta?ﬁl %su@@cf cdiRf4 sfrain of the
5005/0 03 14 PCT/EP2004/0120 st or age

@ﬂlaibRMdOyOQWS pol yacryl am de beads cont aining cells of
t he genus Rhodococcus dry pol yacryl ani de beads/

T IO NI TN -
Bk asAescribed in example 5 were stored in an aqueous storage solution (3.55 g/L
sodium sulfate, 0.25% (w/w) sodium dehydroacetic acid, sodium salt, 0.05% (wiw)
nicotinamide, pH 7.0) at 4 °C for 50 weeks. Samples were taken every fifth week. The
polyacrylamide beads were separated, washed with distilled water, and suspended in fresh
storage solution (3.55 g/L sodium sulfate, 0.25% (w/w) dehydroacetic acid, sodium salt,
0.05% (w/w) nicotinamide, pH 7.0) at 25 °C for 1 h. The nitrile hydfatase acti\}ity was
determined as described in example 2. The ratio of dry polyacrylamide beads/wet
polyacrylamide beads were determined. Dry polyacrylamidebeads were obtained after

drying the wet polyacrylamide beads at 55 °C and 20 mbar for 4 h.
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50.097.3 100.097.0 130.096.5 500.086.0 5 Exanple 8

Encapsul ation of cells of a strain of the genus
wob@doescEus i n pol yacryl am de beads 10 The  PCT/EP2004/012065

encapsul ati on was perfornmed in analogy to the

encapsul ati on described in ex%hple 3, except that a

sol ution of ammoni um persulfate (1.86 g, 8 mmol) in

distilled water (7.0 g) and a solution of

Al AR SIS i B e o

Riolyaeeyd am de beads contai ni ng encapsul ated cells of
a strain of the genus Rhodococcus were separated,
ashed and stored as described 15 in exanple 3. The

swotdken deapslymeyanode beadsl ar sphe$pecHic stiape, with a

$i ze of 2RQ pBlyabrylah3A0LEARNT Rt GG A deREHERGLD [of
»400 n\N. Th(le3 syta Iy ing ratio o& dr ol y- eRr IF ge
reads/et—pelyractyYllani-de—be Iypcrylan S) The
spe@ific activitY0%as 7.8 pnol ny

pol yacfyl am de bgeds). 20 Exanpl e 9 Engapsul ati on o
celdgs pf a .SE,raLG!OQT E_he genus thoEJocog_Q)us N
potyactytan-de—beads—TFhe—encapsttat+on— d
ngnalogy to th@ognrapqul atli on descriBed in exanplle
B, 5025| except thab8a suspensfi on of cel b® of a straijn
of the genus Rhodococcus (16% (W w) dry cells) was
enpl oyed, and the pol ynerization was perforned at 10 C
for 9 h. The obtained polyacrylam de beads contai ni ng
E% syl ated cells of a strain of the genus

odococcus were separated, washed and stored as
HEaegrsnlabienl of celbxdmpitraindof tHhgenawRhbdorodis 20 PSly AOBIABide beads
PCT/ EP2004/ 012065 15 beads were of regul ar spherica

hape, wth a dianeter from250 mto 1300 mand_a .
The cheins fon pagRefermse B arriogie thercrpiuiasiopfiegrriped in example 3,
oBEgy R st PERRBRIEL p@ R BHR BIMGEY AL M Svater (7.0 9
and e eolution o AN AT Miitetramatiylethylepalianaiae y0.928 ges inaasi¥jn distilled

water (5 g) were employed. The obtained polyacrylamide beads containing encapsulated

cells of a strain of the genus Rhodococcus were separated, washed and stored as described
in example 3. The swoﬂen beads were of regular spherical shape, with a size of 250 um to
1300 pm and a mechanical strength of >400 mN. The swelling ratio of dry poly-
acrylamide beads/wet polyacrylamide beads was 0.12:1 (w/w). The spéciﬂc activity was

7.8 umol nicotinamide/(min X mg polyacrylamide beads).

'Example 9

Encapsulation of cells of a strain of the genus Rhodococcus in polyacrylamide beads

The encapsulation was performed in analogy to the encapsulation described in example 3,

except that a suspension of cells of a strain of the genus Rhodococcus (16% (w/iw) dry

- cells) was employed, and the polymerization was performed at 10 °C for 9 h. The

obtained polyacrylamide beads containing encapsulated cells of a strain of the genus

Rhodococcus were separated, washed and stored as described in example 3. The swollen
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Exanpl e 10 Encapsul ation of cells of a strain of the
genus Rhodococcus in polyacrylam de beads 10

wORMsDkases hyl acryl am de (42.25 g, 426 mmol ), PCT/EP2004/012065

N, N - met hyl enebi sacryl am de (3.75 g, 24 mmol) and

2- (di met hyl ami no) et hyl methaddyl ate (1.5 g, 9 mmol)
were di ssolved in phosphate buffer (37.5 g, 50 nM pH
bZads)wern df tdgelap kplefictllshars ivithiaatiametsr ﬁdljnlﬁt)emin tool 3'OOQIm and a
A sol.ution o um persul fate (1. 86 in
H&ﬁcﬁi‘W*}IéHel@r&’é @? % I/E%ra&e&é&rx BOIYW%]@%’W%W%PMY—
Gap b TN, fl’-@% AP bR RORARE S + i Moo
amldeﬂmnlmmgdnypcﬁlymwamdd\lbeaﬁsat ramet hyl et hyl enedi am ne
(0.928 g, 8 mol) in distilled water (7 g) was

di spersed in mneral oil (Exxsol D100, 350 g) in a
reactor (1 L). The nononer sol ution, the cell

suspension and the oil were separately purged wth
Exampded® for 15 nin. The nononer solution (flow rate

e SR PR b BB R i gy v

flask. The resultl ng m xture was i mredi ately dropped

N.N- Elﬁ%t@lédrﬂﬁﬁlc(e?@@ 25 %WZG/ﬂnﬁfb‘P) Nk thy b bisRENakide (@55 g,

50 C. After conpl ete addition the reacfion mxture was
24 wimpel and 8r(dfmathyieninop:tisyl meshacgOate (1. Ftge 9 ovhel) wetk dissolved in

DRSNS CBERPY LSyl o 7o

A dltitidt 6 Reatmovdisngdrsalfadtest 86 ?ds &&nolgi ﬁﬁ@lgﬂﬂhbﬁdma © @W@b @dded to
3. The swal I en beads were of regul ar spheri cal

sha
A\ ReTsio8 0F eelbrof gt e gnvofheesacra (6T colls, 165 g)

XN .
(62X gf § mnad} invdigtifledasmter §7 4) wad dmpersﬁdl inamineral ¢in{Hxxxolmyl OO0,
ET R e
s MBS POk wheh REBES) R s8R, aﬂﬁ%@ﬁdlﬁ’& SWRSioR BfidvP f;ﬂ?@ 5 g/min)

i'n analo to the encapsul ation described 1 n exa
ancd)theewﬂe'pspenﬁan (f2oy yateirh glmin)agere Sepgrat&l9 pumped jn 4 21§ tdadnixing

ﬂ%%'fr @i%}%g@gé’%ﬁa@%@eéﬁ ﬁ)@ 5/ 0t 1?17‘[13%éhrred (350 rpm, visco-jet®

siitrérd o{ldk pePOyAaed ddenkte pydificrethiaedcyiba migRrd wadstiised $or farther
Instead of 2- sdl met hyl am no) et hyl nethacryl ate

3(51h gt) 2 °Q ’J}h@tﬂb aingd e }@ﬁ@laégaég beapssontgisang ensapsulated cells of a
s@ﬁh%é?gll{eyn é z g& gﬁocﬂ)%ggﬁts GRM éaebgtjaﬂ:% b%?rgﬁéﬂ %\}agﬁied %d s?oré%f as

a s
described in example 3. The swollen beads were of regular spherical shape with a size of

200 pm to 700 um and a mechanical strength of >400 mN. The ratio of dry polyacryl-
amide beads/wet polyacrylamide beads was 0.21:1 (w/w). The specific activity was

5.4 pmol nicotinamide/(min x mg dry polyacrylamide beads).

Example 11

Encapsulation of cells of a strain of the genus Rhodococcus in polyacrylamide beads

The encapsulation was performed in analogy to the encapsulation described in example

10, except that acrylamide (42.25 g, 594 mmol) instead of N,N-dimethylacrylamid e



10

15

20

25

30

Rhodococcus were separated, washed and stored as
described in exanple 3. The swoll en beads were of

wo egal#37spheri cal shape with a size of 150 m PCI/ERD04/0m2065
and a nmechanical strength of >400 mN. The ratio of
dry pol yacryl am de beads/wet Pdlyacryl ani de beads was

0.13:1 (ww. The specific activity was 5.9 nol
(A2-2o1i ﬁéﬁmmlx mdrNﬂB-ﬁ@mﬂhylarmob)pmpyj/]hmﬁlad@lMﬂ 5 8.® mmol)

E"ési%?erl cilwd% gfa’lm\{at ﬁ‘g WICWQCIX %ﬁagﬁﬁ 89 Ig}g\%})ﬁ"gggegl@%yed The

ot eet dydcpyladidcFhdiacontdiee endaBfulitb@ B&Esrdf Risti@RAS the genus
control of the rhammose gr onoter. 15 12.1. Preparati on

Mrodgeqsers Weesaparated, waskedpnd gored @S dﬁrﬁC(lbedﬂm, expipte B)The swollen

L T o J T

strasgth RECYOAIRT TWe triticPofAE @o@'aél{yfﬁml@élﬂ)éaﬁﬁ/%zepﬁo@a&ty[ﬁﬁlﬁe beads
of the species Escherichia coli containing a plasmd

g Hyl &vgonéhe greedivi ashvitpwaah.Oamiad aswetinad s/ (this x mﬁ dry
trol of the rhamose pronoter. The
AERIELRERONR) Cor .

precu re was cultivated at 37C for 12 h on a
shaker 12.2. Preparation of a preculture The sterile
medi um descri bed in exanple 12.1 (100 nlL) was
i noculated with 5 nL of a pre-precu:turg of tgeA
' f the species Escherichia coli obtained as
Egzeag@rl?%gd in 25 exanple 12.1. The precul ture was
utivativatodd Sa'ainiiif tie spacias Blkathio Aol CEXNAING. adHasBidWaving a gene

r hamm dded to.the culture. At OD600 5,
chithe i on R B ORS SR 55D GG STk e H aaesR @gpmoter
twice with buffer (1.80 g/L ethyl enedi am netetraacetic

1gq| @rep%ra@i%n%& ?é@[‘égﬁlHﬁ%sal t/sodium acetate buffer, pH
- 0)

resus en din the sane buffer to a dry ceII
Pcsinrclerm:rchumcﬁﬁ ndf, pI57.2D8bntaining 1.6Vh éwmelttypsoans pR0%) O/ wiyagast

ore 05/ 040373. 17 Exanple 13
i aaﬁa%wi}ﬁ.ae%@ﬁgeﬁ /B bBBP By et (roaHriad idaagear plate
c%@ﬁﬁ@f ﬁlsﬁgln%@l?@s‘iié&@ﬁ eskrerlbh® Bl cBntdinid dp1XmiHNEVEE W Sene
a
engo%u?gr Ifo(1i ail amidase under the transcriptional control of the rhamnose promoter. The

pre-preculture was cultivated at 37°C for 12 h on a shaker.

12.2. Preparation of a preculture

The sterile medium described in example 12.1 (100 mL) was inoculated with 5 mL of a
pre-preculture of the strain of the species Escherichia coli obtained as described in
example 12.1. The preculture was cultivated at 37 °C on a shaker. At ODggo 0.25,

0.2% (w/w) L-rhamnose was added to the culture. At ODgq 5, the cells were harvested by
centrifugation, washed twice with buffer (1.80 g/L ethylenediaminetetraacetic acid,

2.65 g/L disodium salt/sodium acetate buffer, pH 7.0) and resuspended in the same buffer

to a dry cell concentration of 15-20% (w/w). The cell suspension was stored at —40°C.
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contai ning an am dase (0.4 g wet weight) were added to
a stirred solution of 2-hydroxy-
WQ@20080k083 3, 3, 3-trifl uoropropi onanm de (1.0 g) PEI/EP2004/012065

phosphate puffer (0.1 M pH 8,9 9 m) at 37C

Sanples (200 1) were taken af er 0, 30 and 60 m nutes.

The nol ar anount of fornmed ammoni a was neasured. The
mpleddount of forned amonia equal s the nol ar

AR forned

2- hy%%ofi 2-methyl -3,3,3-trifluoropropionic acid. 10

Exanpl e 14 Encapsul ation of strain of the species

Hedydoeyl inatdedeady dontpiit @bdvapgil@ePEARH E sBaMioT @h@géﬁﬁ@@schemchza

encodln%bfor an am dase under the transcrzgtlona

ceBiRg appmidase Orhgvstweighy e rdded ta 8 sisedsadujananfiZebydroxy-
PRLARLIR SRR A ML REELALITAL DAV AL dif g o m

2 33Us Senplar200 pb) elekstabén At 0f 30 And60 MRItEPTRE BDlar arnount of
Escherichia coli (19% m/mb dry ceIIs) obt ai ned as
foraLed- 3npaania yvas magapired. fohe meolaianqung af frmedrasmonta equals the molar

) ter (7.0
kAL BBl B oA S o
diamne (0.928 g, 8 mol) in distilled mater (5 Q)
were enpl oyed, and the pol ynerization was perforned
at 400 rpm (visco jet(r) stirrer). The obtained
Hmahaeny! am de beads containing encapsul ated cells of
a strain of the species Escherichia coli were
Egesnsplatien of grmin abdn species Fvekeridhivechli qontaiang la@laamuaving a gene

ffer .1 7 at 25
<R A AR BREA o Y Bsorabionen Sop Pl (TR efbmibRatioter n
polybtrytansidz beads 200 .mto 2000 m and a mechani ca
strength of >200 nN. The ratio of dry pol yacryl am de
beads/met polyacr¥lan1de beads was 0.21:1 (ww). The
Tép epsappelaien vos pplanaed o gmbpgyto the encapsulat10n described in example 3,

i Ehyero am.de/ o

egceBY?{??%gl[li)glggﬁé 311 ceg g%z;’ st Oas]} o % %g célzn(]lgA (w/w)
dBCHE/HEPﬂﬁMéd) 1&?%51‘1133‘31 ifeaample 125a SR Sf diin&iium persul fate (1.86

rlg %l llﬁﬂ%}/@ (§ 193@ %Bt irallsgllfuﬁg’g ggﬁ J\gfl}{ ?gf?n?@gaimgﬂgf,lethylene-

a straln of e speC|es ra‘c
W@@ pcﬁmmdgat 40 ha‘s (istokjatf smgrea) @haﬂ ebteined gdolygcerfyiniddbe ads

an dase obta ned as describ
conmalnlng encapsu Lol dd ceﬂs OP a strain of &xe species Escherichia coli were separated

and washed as described in example 3 and stored in phosphate buffer (0.1 M, pH 7.0) at
4 °C. The swollen beads were of irregular spherical shape, with a size of 200 puim to
2000 pm and a mechanical strength of >200 mN. The ratio of dry polyacrylamide
beads/wet polyacrylamide beads was 0.21:1 (w/w). The specific activity was 0.029 um
2-hydroxy-2-methyl-3,3,3-trifluoropropionamide/(min x mg dry.polyacrylamide beads).
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exanple 14 (0.4 g wet weight) were added to a solution
of 2-hydroxy-2-nethyl-3,3,3-tri- fluoropropionam de

W@ 2008/0¢3765. 366 mmol ) in phosphate buffer (0.1 RCT/PPL004/012065
8.0, 10 nL) at 37 Cfor 1 h.
2- Hydr oxy- 2- net hyl - 3, 3, 3- trlfl%oroproplonlc acid (2%
was fornmed. 10 Exanple 16 Encapsul ation of a strain of
Exanplpd8i es Escheri chi a coli containing a plasmd

v n am dase under .th
P R SRS TR R G Bt B royg 2 methy-
msmﬂu@ﬁpmbmﬁm@%a@ﬁréwmham de (21.13 g, 297

) N, N - et hyl enebi sacryl am de (1.88 g, 12 mmol)

and 2-(di nethyl am no)et hyl nethacrylate (0.75 g, 4.8
Redysicyylgypide bgpdssontaseing nelbmf@;ﬁtrameof t gies E&c&emshigz cdB

%ﬂﬁ% %Bﬂ%mﬁ[ﬁa\%ﬁ# ogé_rle GHC%(P 13%]'?06 é’lp 3811&5%6&@61% gS 8680 }bed mn

dmmbl)e lian(0dii gtviet Weidhtyatets added %o lbol‘d@@n @miﬁ?drb@y 2anethyl-3,3,3-tri-
spension of cells of a strain of the speci

éqpé?l?lewde 610 5 2998 zw%) monfvsnl@m @ffers@l M gaH 8.0, 10 mL) at
Wo??% ?t%{e}??a %ﬁi’l}ﬁ yI enedi éﬁplr?@lc( %@88 QNE&TBfOHned

mmol ) in disti IIed water (5 g) was dispersed in

mneral oil (lsopar M 350 g) in a reactor (1 L) at

450 rpm The nononer solution, the cell 25 suspension
Enpl¢60i | phase were separately purged with nitrogen
for 15 mn. The nononer solution (flow rate: 2.5
Fgwmslﬂ)atlan @f e lssaipaif thespspienBiabari¢/ib owli cattaning aglaimjd having a

G SR AUIRR  afey P e BB promorer
1ﬁbb]}/ﬁ@§ﬂaﬁﬁ5@béaﬂm visco jet(r) stirrer) oil at 20 C
After conplete addition the reaction m xture was
stirred for further 3.75 h at 20 C. The obt ai ned
Assypmedo A de 230 mzeait &V, N’omeﬂly&ﬂnnglsmrl@miﬂ @188, d& hmol) and

?anﬁetﬁ% %lﬁoﬁg&%ﬁgthgggﬁke X Sﬁg I Ch a %ﬁ:& sgc\)lYegec? ghahosphate

ara

I:mﬁef @8 5ng, shesyh pHer. uht el £19 oittholuﬁbh af hdjakted t&7.0. A
s&'ﬁ Il en beads were of i1rregular spherical shape

1An of sEmopiupnpersulfate (- Soad oA distied ater €ab 2) was added to
aShiRRGHA 0PEe1RaHA C'IQ‘EEE Zg%ﬁf/egfg%zbegzcﬂza% ?@/@@V% GFy cells,

VO 002! 046355 19 1P batts
8801 abtajphaiisdiestrdndsn wesntle 25 Asaamgmswzvsz _tepechdthyl-

ggtl v %1%&@@8 gdgljlo ) 1rr1] Idf:s‘gflec{1 v%g?ep 8] é) was (f( spn;gse&i 11¥ mineral 011
(Isopar M, 350 g) in a reactor (1 L) at 450 rpm. The monomer solution, the cell
suspension and the oil phase were separately purged with nitrogen for 15 min. The
monomer solution (flow rate: 2.5 g/min) and the cell suspension (flow rate: 5 g/min) were
separately pumped in a 2.5 mL mixing flask. The resuiting mixture was immediately
dropped in the stirred (450 rpm, visco-jet® stirrer) oil at 20 °C. After complete addition
the reaction mixture was stirred for further 3.75 h at 20 °C. The obtained polyacrylamide
beads containing encapsulated cells of a strain of the species Escherichia coli were
separated and washed as described in example 3, and stored in phosphate buffer (0.1 M,
pH 7.0) at4 °C. The swollen beads were of irregular spherical shape with size of 1000
pm to 2000 um and a mechanical strength of >200 mN. The ratio of dry polyacrylamide



Exanpl e 17 Use of the pol yacryl am de beads contai ni ng
encapsul ated cells of the genus Rhodococcus
w@omsakisrng a nitrile hydratase as a bi ocat al yBCT/EP2004/012065

the conversion of nitriles to am des Pol yacrylam de
beads contai ni ng encapsul atedl®ells of the genus
Rhodococcus obtained 10 as described in exanple 7 (25
hpadewetdlytorylamédecbeadiceas Q.25:4.09¢wtw)y The speoa:ﬂc sativityi was 0.016
of a.nitril. n phos hate buffer (0. pH 7, 100

Hes! hjgotgmideming BEGRY s@édfmﬁﬁgg (0.05 M pH
7, 100 nmL) and net hanol at 25 C. Sanples (3 nL) were
taken after 5, 15 and 60 m nutes and ni xed
i mediately with H2SO4 (48% (ww), 0.03 nmL). The

eact, m xture was analyzed by HPLC or GC. The
K aégcé]f"q? activity was determ ned. The results 15 are

Gdewsmhd poljaddlRmdde %@i%ﬁaﬁﬁﬂg 31?@@319211@@(&1@3@@1@/ggﬂlgsoﬁﬁodococcus

Table 2: Biotransformati on of various nitriles to the
OBaERD 8 AFFiFER aRsSS B diasgtalysbioy Sy spnzstie dferdtes to amides

containing cells of the genus Rhodococcus cont aining a

i i . the b 5 t Tl
PR 058 5e Sy BUBSTLT g R PAL A Obtaned
10  a3ckboribeyt if bAdnilé 77€25 § it weilghtt) W &hdied t68)gently stirred solution of a
nélI(yganam deur ea2000: 1857 ¢ anoacet i ¢ aci dnal onani ¢

Hernorhesnhade bkier SR QaMhinE 74 199181 horon @@xixirg@f phosphate buffer
(8@)@@\{[,1[9[-‘4[ @', 100 mL) and methanol at 25 °C. Samples (3 mL) were taken after 5, 15

and 60 minutes and mixed immediately with H,SO4 (48% (w/w), 0.03 mL). The reaction
mixture was analyzed by HPLC or GC. The specific activity was determined. The results

15  are given in Table 2.



mal onam de cyanoacetic acid mal onic acid nethyl

1000: 1340 net hyl

esterester

wWa@ergloasriri | eacryl am de2000: 176
butyronitril ebutyram de2000: 11025
val eroni tril eval erani de2001: 94%08
crotononitril ecrotonani de2000: 11585
Trblndidtigrasfarmatienef vartauy Initriled ¢@ 0@ 0ot EPand ing amides using

@13%@;8% 'bg

Opyri

QRhGRl;

I neni co

] na

Igdnyan@pﬂkﬂﬂbmmmﬁﬂnlcotlnan1de1250.1613
benzonitril ebenzam de501: 4276

PCT/EP2004/012065

ng %e ] d)gghfo%fngﬁé%lacoccus containing a nitrile

. 2-chlorohenzonjtril e?-chl orqobenzani de7.31:46.4
4- chkawseienzon| tri | egrabétor obenganiededionl: 4426 specific
pyrazi necarbon{ tril epyrazi ne- 2-cafh celgg%)4246 activity
pyrazi ne-2, 3- pyrazine-2,3- 7.71:40.
di carboni tril efi car boxani de [mM] buffer [pmol/
2-furonitrilefpran-2-carboxam del001: 423f EQQhene(%m1XHgﬂ
thirophene=—2—921+473—<carbontt+rit-ecarboxam-de
pi vaVERIEdE | e2| 2- di netgl - 1001 43200pr opi ondi de 857
Cyghefat@iaciacal bo-malonamic acid 100 0:1 107
malonodinitrile 2-cyanoacetamide/ 200 0:1 946
malonamide
cyanoacetic acid malonic acid methyl 100 0:1 340
methyl ester ester
acrylonitrile acrylamide - 200 0:1 76
butyronitrile butyramide 200 0:1 1025
valeronitrile " valeramide 200 1:9 1708
crotononitrile crotonamide 200 0:1 1585
methacrylonitrile methacrylamide 200 0:1 591
2-cyanopyridine picolinamide 9.6 0:1 246
3-cyanopyridine nicotinamide 250 0:1 2320
4-cyanopyridine isonicotinamide 125 0:1 613
benzonitrile benzamide 50 1:4 276
2-chlorobenzonitrile 2-chlorobenzamide 7.3 1:4 6.4
4-chlorobenzonitrile 4-chlorobenzamide 7.2 1:4 42.6
pyrazinecarbonitrile | pyrazine-2-carboxamide 100 1:4 246
pyrazine-2,3- pyrazine-2,3- 7.7 1:4 0.53
dicarbonitrile dicarboxamide
2-furonitrile furan-2-carboxamide 100 1:4 235
thiophene-2- thiophene-2- 9.2 1:4 73
carbonitrile carboxamide
pivalonitrile 2,2-dimethyl- 100 1:4 321
propionamide
cyclopropanecarbo- cyclopropane- 100 1:4 562
nitrile carboxamide
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cycl opropane- 1001: 4562 nitril ecarboxam de
PCT/ EP2004/ 012065 21 1. A process for the preparation
wotoosokparryl ani de beads containi ng encapsul at BCI/ERI006012065

conprising the steps of 5 (i) froviding an- aqueous

solution of a m xture of acry? c nononers, (ii)

(glrﬁovi di ng a suspension of cells in an aqueous sol ution
BS persul fate (iii) providing an enul sion of an

aqueous solution of a tertiary amne in an water-

imm scible liquid, which [iquid optionally contains a

IsurA aoicasst for theypyepatation 9f poigacglanide beptsw@ohtiing Bn&beated cells

(1) and. the,[ gl%eog& on provided in step (ii) 10 (V)

add’oﬁ'é’“lsﬂltghff £ obtained in step (iv) to the

sti(regr&MbinglaR AgRicaY b(ﬁﬁﬁioﬂ& aﬁh rd bt dc}%évllnbno ers,

polymerlzmgthe m xt ure of acry I C nNoNno %

si i) t aneddisky susneosips of edlis iy ab ligueetsisslution o6 r persulfate

I
20 3 A 50 DR LSRRI ARE L S5 am e
pol yacrnynésdisle ligeiagdwhiza vigur oiit?cﬁiaﬂff c@nt%s ta%u%aéfﬂﬂt and
a nechanical strength of at [east

pr 88as dnigimngthasehongayidedhingstep () a%&xewnsmﬁd@n tpwdéed in step (ii)
h
s ? :r(e ngt ghﬁg @ B(t%rse IDB%B% d rr# tgH mPh e ﬁb r 1Erg§ fgjglilsgglﬁi}mé’fded m

cI ai s sﬂept(m)s wherein the ratio of dry cells/mxture
mano rs is 0.001:1 to 1:1 ( vv/vv). 25 5.
Th é“é %819@%6 Hem&?ftmé?l oA iopylie menomergard simlianeousht i o
of dr y eﬁ@iﬂsﬁﬁfﬂg(ﬂk' CEIOD BGH ﬁ(l)lfy‘éa R@Q@@%Eéds’ c%n% lﬁgg' gﬁ&psulated

0.9: The process o cla
wherelﬁeﬂme ceII is a bacterial cell. 30 7. The
process of claim6 wherein the cell is a cell of a
bacterium of the group nocardi of orm Acti nonycetes or

20f Theerdcess dicldmt ewhEeRmltBE hAGaaS1an i BORR/HIHO3 (Be of 0.05 to 3 mm

and a mechanical strength of at least 200 mN.

3. The process of claim 2 wherein the polyacrylamide beads have a size of 0.1 to

1.5 mm and a mechanical strength of at least 300 mN.

4. The process of any of claims 1 to 3, wherein the ratio of dry cells/mixture of acrylic

monomers is 0.001:1 to 1:1 (w/w).

5. The process of any of claims 1 to 4, wherein the ratio of dry cells/mixture of acrylic

monomets is 0.2:1 to 0.9:1 (w/w).
6. The process of any of claims 1 to 5 wherein the cell is a bacterial cell.

7. The process of claim 6 wherein the cell is a cell of a bacterium of the group

nocardioform Actinomycetes or of the family Enterobacteriaceae.
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22 PCT/ EP2004/ 012065 8. The process of any of clains 1

to 7 wherein the tertiary amine is NNNN ,N-tetra-
woretolpisrhyl enedi am ne or PCT/EP2004/012065

3-(dinethylamno)propionitriI%g 9. The process of any
of claims 1 to 8 wherein the water-imm scible liquid
is a mneral 5 oil. 10. The process of any of clains

& tlohegrogees ef Fys claims dde ZnWh¢r§inth@ tbrtianz anltheispV,06¥ sk -tetra-

o Sk S DB 12

Pol yacryl am de beads contai ni ng encapsul ated cells

bt.ai nabl e by a cess of any of «clains 1 to 11. 15
973 Theiocsst gbaniilsraiers 158 3auhGindha Mafersmpiaiale ditigkis 2 mineral

enggpsul-ated cells are cells of a strain of the genus:
Rhodococcus containing a nitrile hydratase. 15. The
use of the pol yacryl am de beads of clains 12 or 13 as

B, ARPAA B ary et 10 SR G R danCiiapein (o

substrate is a nltrlle and the product is the
correspondi ng am de. 17. The use of claim 16 wherein

Ilh el hgipregeseof Ayt eladma pye 1 Bivieerein dhe pelyprpldmide bends fmed in

NI Rl 08T R parated.

12. Polyacrylamide beads containing enicapsulated cells obtainable by a process of any of

claims 1 to 11.

13. The polyacrylamide beads of claim 12 wherein the encapsulated cells are cells of a

strain of the genus Rhodococcus containing a nitrile hydratase.

15. The use of the polyacrylamide beads of claims 12 or 13 as a biocatalyst for the

transformation of a substrate to a product.

16. The use of claim 15 wherein the substrate is a nitrile and the product is the

corresponding amide.

17. The use of claim 16 wherein the nitrile is 3-cyanopyridine and the product is

nicotinamide.



