WO 2005/ 040373 PCT/ EP2004/ 012065 a I mobilization of biocatal yst The
present invention refers to polyacryl am de beads contai ni ng encapsul at ed
cells, to a process for their preparation and to their use as a

bi ocat al yst woaeh¥Rlss3sr Yl am de beads contai ni ng encapsultagmghigscan be
used as a biocatalyst for various biotransformations depending on the

enzynes contained within the cells. For exanple polyacryl am de beads

cont ai ni ng encapsul ated bacterial cells of a strain of the genus
Rhodococcus containing a nitrile hydratase canbe used for the
transformation of 10 nitriles to am des. Pol yacryl am de beads contai ni ng
enzynes havelpewhildeter ofdddcaalydli | sson et at.” (Biochim Biophys. Acta
1972, 268, 253-256). A solution of amonium persulfate (0.25 g, 1.1 mol)
in triethanolam n-HC buffer (0.05 M pH 7.0, 0.5 nL) and 15

N, N, N, N -t et Therptebynk ia:wbt;tioama“dlisampaﬂeaxﬁarﬁidnmadg c@tﬁﬁrﬁng en@pSilatbicllsmerne added

to a ‘solution (6 . of tr i de (8.55 g, 120 nmol)
and N, N - et H’iﬂcéﬁﬁggrr%%né%rsﬂﬁngjﬁi @to(tgle%g&)gasa trarﬁf)tr) in triethanol ani n- HC1
buffer (605 M pH 7.0). The solution was poured into a stirred organic
phase (toluene chl oro 290: 110, 400 ont |n|n sorbitan

sesqui ol eate Pelyagrypm JF%@H% qgfgg§pgwa§ﬁégelﬁs %‘66‘39)8‘? Cﬂﬁal@tf?fr 20 30
mn. Nil Ssonvﬁ‘loﬁ%lot&ﬂf&%hﬂﬂs Bbafmgson tﬁ@&r&yﬂqgg dntadRd wikh3hd 84)k. Eees not
descri be the encapsul ation of cells in yacryl am de heads. Mosbach et at

(US 4, 647, 53examplejpdgacriunidg H@%P@ﬁ%}i‘%ﬁ%‘fﬂf’ﬁi‘lﬂt bacistial gllsef anspipRitie

contai ni ng e@&ﬁ?%‘ﬁb%c@&u%&ﬂtﬁniﬁ@ﬁhﬁhl& 1R/ BrafiRd E@a'be%éd,foﬂh&?rﬁfsffﬁﬁiaﬁo@bf
tri-butyl phoSphate, l'iquid |iconé, paraffin oil or phthalic acid

di butyl &st emmlastqr@édmas t he vvat er-insol ubl e phase. Pol yacryl am de beads
contai ning yeast cells or enzynes were prepared by di ssol ving acryl am de
(17.6 g, 248 nmol) and NN-nethyl enebi sacrylanmide (1.2 g, 8 mml) in
tris-buffer Pdgecrpamids tesdsivonipiig)enzymss hage @enﬁeaﬁflbﬂﬁ}fsl\l@@%@naén W th yeast

ce L ey U o BATE15 2 A8 T Gl TR T o Tt
soybean oil (045 gil)l mmol) in triethanolamin-HCl buffer (0.05 M, pH 7.0, 0.5 mL) and
{5  N.N.N'N'-tetramethylethylenediamine (0.5 mL, 0.385 mg, 3.3 mmol) were added to a
solution (60 mL) of trypsin (60 mg), acrylamide (8.55 g, 120 mmol) and N,N -methylene-
bisacrylamide (0.45 g, 2.9 mmol) in triethanolamin-HCI buffer {0.05 M, pH 7.0). The
solution was poured into a stirred organic phase (toluene/chloroform 290:110, 400 mL)
containing sorbitan sesquioleate (1 ml.). The polymerization was carried out at 4 °C for
20 30 min. Nilsson ef al. (Biochim. Biophys. Acta 1972, 268, 253-256) does not describe the

encapsulation of cells in polyacrylamide beads.

Mosbach er 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,

25 ligquid éﬂicone, 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 mmot) 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,

30 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)




N, N, N , N -Tetranet hyl et hyl enedi am ne (100 ItL, 77.0 ng, 0.66 mmol) was
added when a suitable bead size had been reached. SUBSTI TUTE SHEET ( RULE
26) WO 2005/ 040373 PCT/ EP2004/ 012065 2 It is an object of the present -

i nvention t i pol yacryl am de beads containing c n <process
for their pgﬁgégﬁ?gﬁﬁ. This object is achieved by the g% &%@@Vﬁ%ﬁ?de beads

of claim 12 and by the process of 5 cldaim1. The process of the present
invention for the preparation of polyacryl am de beads containing

encapsul at edlt zeinl objecionfihe psessnttiivensdngp provide (po)yaprytamide begdaepntaipiepesissol ut i on
of a m xture_af ryld noner.s, 10 (ii) providing a suspension of cells
in an aqueodgﬁfﬁﬁﬁ?%gﬁg%gpgﬁggggﬁlfate (ii1) providing an emnmul sion of an
aqueous solution of a tertiary amne- in a water- immscible |iquid, which
l'iquid optiapally contains.a surfactant [ L XI th ol ution provided
i step (1) DRt tra PR EER D S Ish B0 Blles el ol ahd By B e yhe

m xture abt adlgedl.in step (iv) to the stirred enulsion provided in 15 step.

(tii), and (vi) polynerizing the m xture of acrylic nmononers and
si mul t aneously encapsulating the cells to form pol yacryl am de beads

cont ai ni Ng eTIERRGdthLIf @ prebhiSnverlivh BF B6 pRpaitliod HEpdlyESRMtide Pesaat i on i s
advant ageous insqofar as the tertiary amne is 20 already added to the
wat er - i mmi scioBlRERg Feergulpies eelis comerssy e slerofof the acrylic nonomers, the

cell's and thg pepsdhidial & aqlévas RMMGRGEY hfde R8s nloasmrd, by the process of

the present | nvention are of spherical or alnost spherical shape. 25 The
pol yacr ytani @& beaydingasupreponokielisingp aguegys sguiipnphagsubattechani cal
strength of gt ?&%%hguﬁéﬂﬁﬁ&%ﬁ%ﬁﬁ@ﬁb&mohﬂ%n%@ﬁ%%%ﬁ?EﬁHkQEaQﬁﬁﬂs have a
size of 0.05 to 3 mmand a nechanical strength of at |east 200 nN. Mre
preferably the pénypiseiblaligridgwhigl Hawd pphicaally contains a surfactant,

(iv)  mixing the solution provided in step (i) and the suspension provided in step (ii)
(v)  adding the mixture obtained in step (iv) to the stirred emulsion provided in

15 : step (ii1), and
(vi)  polymerizing the mixture of acrylic monomers and simultaneously encapsulating

the cells to form polyacrylamide beads containing encapsulated cells.

The process of the present invention is advantageous insofar as the tertiary amine is
20  already added to the water-immiscible liquid before the addition of the acrylic monomers,

the cells and the persulfate.

The polyacrylamide beads formed by the process of the present invention are of spherical
or almost spherical shape.

25

The polyacrylamide beads can have a size of 0.01 to S mm and a mechénical strength of
at least 10 mN, Preferably, the polyacrylamide beads have a size of 0.05 to 3 mm and 2
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.

30

The mechanical strength is measured by applying pressure to a bead which is placed
between two plates until the bead breaks.




size of 0.1 to 1.5 mm and a nechani cal strength of at |east 300 mN. 30 The
mechani cal strength is nmeasured by applying pressure to a bead which is

pl aced between two plates until the bead breaks. WO 2005/ 040373

PCT/ EP2004/ Q4236534033; The cell can be a bacterial cell, @ fnpabi68! 1. a
yeast cell, a plant cell or a manmalian cell. Preferably, the cell is a
bacterial cell, nore preferably it is . a3cell of a bacteriumof the group
nocardloforn1Act|nonycetes or of a bacteriumof the famly

Ent er obact er TlaaeHean beéaienteriarcell prfefgal edil yydahieeld,al dlantsel ocemhmefalian &t er i um

of the gener gacc r .5 erlchl n I r abl is a
Oel 1 ot oo e B i R R YA Sstn B S e B, cRA iR et . 5 6

gr ai n- posi t i geuheheidf@nsAditoRgcddaok efa IﬁcﬁﬁuﬂlhethgﬁmﬂﬁEB&ﬁjbhd:tHﬁaceae. .

Acet obacteriym Actin e thr ter, . ebact e Gor dona,

Noear oot O L eBt aE ol g bR i by B e Pl et & | o such as
bacteria of ERRegangial iét HReiMPaAE Isercell AL BastRIOL IHE godus RhéAIeHREs. -
Comanpbnas, d uconobacter, Pseudonpbnas, FRhizobium GCitrobacter,

Enterobacter Escherlchla or KlebS|eIIa Exanpl es of bacteria of t he group

nocar di of or @Mﬂd@@ﬁu&e&rﬁﬁr@g&ﬁng@ﬁﬁ@rﬂa&e@i subh 8 1981884 B tHeef@N Baciiips ar di a,
Rhodococcus and Anycol at opsi's | es of bacteria of the famly 15

Ent er obact er{etoadaecriie Aé&%étﬁé%a%%@@féﬂg@%ﬁ@&a@wﬁ%bﬁeﬂtdéﬁa Nosgrgibact er ,
Escherichia Mocd&ﬁ%ﬁ%@ad ﬂeaﬂ?ﬁ‘éﬂnﬁ-ng AvdBactebth byl clNa gﬁh@g&&d mown

in the art. 20 The bacteri al can contaln t he gene encodi ng the enzyne
of interést 4ngloprder, émémmfiéﬂahg@ﬁn Kempnaness Greand briten Faensoaendsd

contai ni ng tﬂﬁzo@ﬁ%e COPERAERG: {e%aftﬁeﬁé}%‘én%a bEsseat, 1T the bacterial

cells contains t gene encod I ng enzynme of I nterest on the 25
chronosone, and this enzyne is a catabolic enzyne, the bacterial cell can

be cultivat anipibstofﬁafc%h%? groﬁhﬁ&éfdibfof%%‘éu&%%%@sc%%ﬂ&%a df': garrpl €,

cells of a strarn o ocoCcCus can tivate
presence of Gomdpna, Nloearwydeatia@ecusmddldmycoﬁcmopmdBmpﬂdfseof baxqamaes’sth@fandfy a

m trile Wdrﬁl eafgbactenace are%ac?ena o"tl'l teaglgllle?ra t‘%% et E;];tgf[ob%c% tﬁsclgerzcﬂ%z gt ase of
Klebszella '

The cells can be cultivated by methods known in the art.

20  The bacterial cell can contain the gene encoding the enzyme of interest on the
chromosome or can be transformed with a plasmid containing the gene encoding the

enzyme of interest.

If the bactérial cells contains the gene encoding the enzyme of interest on the

25  chromosome, and this enzyme is a catabolic enzyme, the bacterial cell can be cultivated
in the presence ofa suitable enzyme inducer. For exarhpie, cells of a strain of the genus
Rhodococcus can be cultivated in the preseﬁce 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.

30 _
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,rthé

transcription of the gene encoding the enzyme of interest can be induced at a suitable



strain of the genus Rhodococcus are nethacryl am de, crotonam de and
propi onam de. 30 |If the bacterial cells are transforned with a plasmd
cont ai ning the gene encoding the enzyne of interest, and this gene is
under the cQpydiosf;zan induci ble pronoter, the ”a”SCIdeEabe(%E‘mﬂfmst he gene
encodi ng the enzyne of interest can be i nduced at, aysuitabl e WO 2005/ 040373
11 PCT/ EP2004/ 012065 4 point of tinme déring the cultivation. Exanples of

i nduci bl e pronoters are the trp, the lac, the tac, the arabinose and the
rhamose pr qrbitef timglderingthefiation @ganplss @fﬁnctabﬂ)lqapmnmtm are émpirposl'edac, For
exanpl e, the,rhanmnose promt er .can be |n nnmose. 5
ALer cul 11 A FonRe SRaRRR e Bt gf et e e Th U HA-Bydep fRe o i OB

separ at ed freﬁ)d[plcﬁjhﬂ. F{freiaiﬁﬂé,a{elrﬁdfinrb)l&@[ﬁrbmoﬁf ehdedhduced b adiifidnsofst ored in an
appropriate byffer below 5 C. The mi xture of acrylic nobnonmers can consi st
of at | east '#’é‘mﬁﬁsﬁofuncti onal and at |least 10 one bifunctional acrylic
nmononer. sA nonofuncti-onal acrylic nononmer can be a nononer of the fornmula-
R (R2 0 15 vvhelr,ein R i%gH ar, net hyl F% is sele ted fro th group -
consi sting otiRQBLEVRigREhe K¢l 91?311%@1?@1@)111 (Resfiray aseaara(t M(R3)z 20
R3 at each OBGhHnIABR BrottS PleterdiPink ¥élls sR&d in Bn hﬁaraﬁhdt@ﬁﬁ%'beﬁ){v@ncl to 4.
Exanpl es of nonofuncti onal acrylic nononers are acrylamde (R = H R2
NH2), nethacrylamde (R = nmethyl, R2 = NH2), N-allcylacrylam des (R

R2 = NHR3,  The mixture of acrylic monomers can consist of at least one monofunctional and at least

H,

10 one bifunctional acrylic monomer.

A monofunctional acrylic monomer can be a monomer of the formula

RI

)erz )
, 5 7
15
wherein
R' isH or methyl,
R? is selected from fhe group cons1snng of NH,, NHR?, N(R )z, NH-(CHg)n-N(R Yz and
O-(CHp),-N(R’),
20 R*® ateach occurrence is Cig-alkyl, and

r  is an integer from 1 to 4.

Examples of monofunctional acrylic monomers are acrylamide (R' = H, R? = NHy),
methacrylamide (R' = methyl, R2 = NHy), N-alkylacrylamides (R' = H, R* = NHR?,

25 R? = Cp4-alkyl) such as N-ethylacrylamide (R? = ethyl), N—isopropylacrylanude (R? =
isopropyl) or N-tert-butylacrylamide (R® = fert-butyl), N-alkylmethacrylamides (R! =
methyl, R? = NHR®, R? = C,_s-alkyl) such as N-ethylmethacrylamide (R® = ethyl) or
N-isopropylmethacrylamide (R> = isopropyl), N,N-dialkylacrylamides R'=H,R*=

~ N(R’), R* = C14-alkyl) such as N,N-dimethylacrylamide (R® = methy1) and N, N-diethyl-

30  acrylamide (R = ethyl), N-[(dialkylamino)alkyl]acrylamides (R'=H,R*=

NH- (CHz)n-NH(R Y2, R3 Ci.4-alkyl) such as N-{3- (dlmethylammo)propyl]acrylamlde




25 R3 = (& _4-alkyl) such as N-ethylacrylamde (R3 = ethyl),

N-i sopropyl acrylamde (R3 = isopropyl) or N-tert-butylacrylamde (R3 =
tert-butyl), N-allcylnethacrylamdes (R = nethyl, R2 = NHR3, R3 =

C _4-al kyl ) woabs@ags N et hyl net hacryl ami de (R3 = ethyl) wipproeanizess
N-i sopr opy!l met hacryl am de (R3.= isopropyl), NN-diallcylacr yl2 ess (R1L =
H R2 = NR3)2, R3 = C1,4-alkyl) such as N, N-di net hyl acryl amde (R3 =

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

N-[ (di al | cyl @ B alnhethyii)] adr BBI-(dml'dEdeﬁ)ropyl}dpryBﬂude (nNHB (ﬁ*l?c)thylMH( R3)2, R3 =

BELIRY R e e R
3- (di et hy @mﬂq@))spémw Iﬁ(dﬁryétﬁﬂmﬂlﬁoﬁ)fbp?l]ﬁlﬁthﬁﬁylmﬂé P ¥ methyl) or

(di al kyl %’W[%g %50% a&%%g& etﬂylﬁéu?ﬁéylammo)aﬂcyl\i acgy%_t'eg

R 2, R3

[

R

% Egl nﬂ] hﬁyall am, [R?HU Qmif,] W@R% w—dmyl() Rhas tméflﬂﬁ&fﬂﬁylﬁﬁmo)ethyl o
| e am no [ ne acr m = e

o o et L okl S ientn propg ey (SRR Ro =

4

- (

;ja' k:(ﬁ) | St g?ﬁan%n& ey = BleAt?:J’(h ag) RE mé{th(zg agd Qﬁh%&)ﬁan{lﬂofaﬂ&l oRBasryERdshy| ) |
| e am no ro acrl al e = ne
2- (di et hy?/an@gno ¢ % éz)erm Ja= R2 Grg- aﬂxygtspﬁl;qay Zéﬁanethylammo)ethyl

(d| aI | cyl amﬂ&h&h}}ﬁé’ﬁ -”@tlﬁa&ﬁlé{thﬁg es (Rl = methyl, R2 = O (CH2)"-NH(R3)
C14 al | such as 2-(di nmethylam no)etlryl met hacryl ate (n = 2,
) 1010 N-AI kyl acryl am des N-al | cyl net hacryam des,

| kyl ag. N
N [ (di 2| Kl ot Qﬂ%ﬁ%}}kﬁyﬁf Nl\#lgayhﬁéci kyanﬂzfé%’gq %Iﬂf?’aum&gni%“des N.N-dialley)
al I cyl ] net hauvetidcgidnides, N([ﬂildkﬂdmmaﬂw)]mrﬂwmda% Myl(dislsanmap)-
art for exinEifitn B AR LR HEYRES R 3t QR ARSI | Ne
met hacryl oy | cag hé mepaltﬁi h)rmﬁhbdxydnomtma@my Ifat@amplb by retat:teng ecsplegitqhwlde
al kyl'am ar nmetﬁl 124 rgf‘ﬂ] Oﬁnetha%y Y c%[on%go met ﬁ) etﬁa% a@e mnl:ef X reﬁ:)eﬁtwe

(diallcy Fohal nonmers ca honomer s of
t he formul a dRmiht, HialkZBnthdor (d1a1ky131mno)a]ky1auune or (dialkylarmine)alcohol.

1

PNQRFFZET

2,
R3 =

Bifunctional acrylic monomers can be monomers of the formula

R! R
H H ‘
/'W/ Ny /Nw(&
X
o O

wherein
R! isHor methyl-
X~ is (CHp)y- or (CH-OH),-

25 m isanmteger from 1 to 4

Examples of bifunctional acrylic monomers are N, N -methylenebis acrylamide ®R'=H,

-X-=-(CHy)y-, n=1), NN ’-methylenebismeﬂlacrylamide (R1 = methyl, -X- = (CHy)p,

n=1), NN ’—ethylenebisacrylamide (R1 =H, -X- = -(CHp)n-, n=2), Z\T,N’—ethylenebis—
30 methacrylamide (R1 = methyl, -X- = «(CHy),~, n =2), N,N -propyleriebisacrylamide




wherein RLis Hor nmethyl -X- is -(CH2)"- or -(CHOH)"- 25 n is an integer
froml to 4 Exanples of bifunctional acrylic nononmers are

N, N - met hyl enebi sacrylamde (R =H -X = -(CHZ) "-, n =1),

NN - et hyl egepiosddRipacr yl am de (R1= nethyl, -X- (CHZ) tp2aoddi206s

N, N - et hyl enebi sacry?am’ de (RL = H -X =-(CH2), , PC% 20RHN2065

N, N -ethyl enebis 30 nethacryl am de (Rl gethyl, -X- -(CH2),; , n.=2),

N, N - pr opyl enebi sacryl am de WO 2005/ 040373 PCT/ EP2004/012065 6 (R =H,

X = (<:H2>@R‘ H, X3} L), NAF3) bdd EAU(hY dibpdyeydnghianstibiontarivt @i-de, (Rl =
%#O—%Iﬁ —2_% Bi functional acrylic nononmers can be prepared

by met hods kriown q}P ) for exanple 5 bifunctional acrylic nononers

where -X- is -(CH2),,- can be prepared by reacting acryloyl chloride,

met hyl acryl rre hacr | oyl chloride or, meth mathacr late_with
respective dgl off F‘ 1S Gap eBﬁePalﬁ?ijc[TYIBﬂé?dsal@PVInll‘& WHOWEPXWE

sel ect'ed §r0tﬁf|inbﬁbrﬁfa€bb5ﬂxcffﬁﬁih‘ém‘éfslvﬂﬁreok isl }M%,Ncanm%tﬁwmm Radiny hailode,
NN - et hyl enebi spret hacryl am de and, N, N - (1

hydr oxyet hy| @¥&ids; mefyhaeriate éneﬁlaﬁréﬂoyfrréﬂ%ﬁalf prRaYBHarcT BT s sel ect ed
fromthe greyR:&RMInshiNg of acrylam de, nethacryl am de,

N, N-di al kyl acryl am des, N-[(dialkyl- am no)allcyl]nethacrylam des,
(diallcylam no)al kyl acrylates and (dial kyl am no)al kyl nethacrylates, 15

More prefer alﬂ%%rabif]ﬁlel%ﬁﬁlﬁﬁﬁ%ﬁélg&%hc ﬁ‘x@ﬁ&ﬁllelr % s@E&@&@Bn‘{ tﬁem%rn up consjstin

NN - et hyl enebi sacri/ e, he nonof uncti ona onmer 1s ef ected
from t helQr oWy ety @Pl‘i’lﬁﬁgr}tkfmlé@ ﬂwf amptdencbigmthedryrantige &dﬂ\[zNa(ﬁ U4di-

N-[ 3- (di et Srufil yl
met hacryl atrew gggé}ﬂ}l%@ﬁﬂ#@lg@%% gg} ogn V\g?aelrgn‘%% Fe persu %na%l%
Exanpl es of gtaureqonseﬂngmf ecrplargdel maﬂlecgylamlde, N,N- dlalkylacrylanudes N-[(dialkyl-

amino)alkyljmethacrylamides, {dialkylamino)alkyl acrylates and (dialkylamino)alkyl
methacrylates.

13
More preferably, the bifunctional acrylic monomer is N, N'-methylenebisacrylamide, and
the monofunctional monomer is selected from the group comsisting of acrylarnide,
N, N-dimethylacrylamide, N-[3-(dimethylamino)propyljmethacrylamide and
2-(dimethylamino)ethyl methacrylate.

20
‘The pérsulfate can be any Water—solublé persuifate. Examples of water soluble persulfates
are amm'.;.)nium persﬁlfate and alkali metél persulfates. Exammples of alkali metals are
lithium, sodium and potassium. Preferably, the persulfate is ammonium persulfaté or
potassium persulfate, more preferably, it is ammonium persulfate.
25

The tertiary amine can be any water-soluble tertiary amine. Preferably, the tertiary amine
is N,N,N’,N -tetramethylethylenediamine or 3-(dimethylamino)propionitrile, more
preferably it is N NN N -tetramethylethylenediamine. |

30 The water-immiscible liquid can be any water-immiscible material that is liqnid 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




are ammoni um persul fate and al kali netal persulfates. Exanples of alkali
netals are |ithium sodium and potassium Preferably, the persulfate is
anmoni um persul fate or potassium persulfate, nore preferably, it is

anmoni um peqgidsaligss 25 The tertiary amine can be any Wahaps@9bi4hse
tertiary amne. Pre erably, the tertiary amne is

N,N, N, N -tetranet hyl et hyl enedi am ne or73- (di net hyl am no) pr opi onitri | e,

nor e preferabl y it is NN, N ,N -tetranethyl ethyl enedi am ne. 30 The

wat er - i mm scdsﬂkc@aﬂMquajnlﬂamf b%eablﬁ oiladre sunfiodes cill, lliee odtpermalbilf dimbnd s |1 qui d

e mner ol o P S, RSl FEt R GBI E AT PUES neral

oils are tol uene xyl ene, dearomati zed hydrocarbon nm xtures such as Exxsol

D100 and is e _mxtures, such WO 20051040373 P P2004/ 012065 y as
| sopar Eg%ﬁ%¥%g' tﬁ? wolstraistible gpyd isgingiahion- Seue riste rab% Bt é sgifatedyeanut

oil, al rmsnd hydidcarbsa by 4 Gi@ire Bedeof, MRY¥ORBraBlylit @araemhﬂuﬁdlhydpaea@a@rml e of a
synthetl c oil is sili conefﬁ)l |. Preferably the water-inm scible liquidis a
1](

m neral oil m%}r%orp"i"é?(@ﬁ%‘ f%eis a saturated 5 hydrocarbon or a mxture
thereof. Most preferably it is a dearonatized hydrocarbon mxture or an
i soparaffin mxture. The water-imm scible liquid can optionally contain a

surf act ant . Theavaderimarscihle liquithcan eptinally eamtaim s pufasispt Zhe syfactapteandices of

suitable s U%?%ﬁx%ﬁe%u@fa&mﬁ QLR 81e§o§s‘d{t£tﬁ’&§1@ﬁ&t§nt§ b&%%ﬁ%mc%@rf%?ﬁr@é Lan a& atty
acid esters, polyethyleneglyco ty acid esters, ethyleneglycol fatty

acid est¥rs S@?Fblfgll ke eﬁ%iﬂﬂ)ﬁ@w&n@:ﬂ?@l fatty acid esterh it densalyreldetaneaid such as
tetraal kyl cel%l"‘% by ?c@’&@émeéda c@ﬂcgh@&?fac & ab l&graﬁ‘ﬁcblyanﬁngﬁﬁmat | east

8 carbon atorrs npl es of tatty acids areoelc acl teari c acid.
Exanpl es of Sa]tsgwhe@mtéf[aﬁpne ofghogiyls basdt last PlcarboErtams| Bxaneflesadflfetipt s havi ng

at |least 8 T

sur f act ant/%g{dgg{a%ﬁo%‘égcﬁ%%%éas? %8&]% 1@5‘1‘3 %@&é?g%ggf’??oﬂﬁg%urﬁét ant is
used. An adixeowpts obillyls bavingfat Eastﬁicmbwnwobctalcnqﬂyi zudndzogirer s, can be
provi ded, by di ssolving the acrylic nononers in water or a buffer. A

suspensi on of cells in an aqueous solution of a
The ratio of surfactant/oil can-be up to 0.10:1 (w/w). Preferably, no surfactant is used.

An aqueous solution of a mixture of acrylic mo'nomers,.can be provided by dissolving the
acrylic monomers in water or a buffer. A suspension of cells in an aqueous solution of a

20 persulfate can be provided by mixing a solution of a persulfate in water or a buffer with a
suspension of the cells in water or a buffer. Preferably the acrylic monomers are dissolved
in and the cells are suspended in a buffer, and the pH is adjusted to a pH within the range '
from 5 to 10 which is favored by the enzyme 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

25 . Rhodococcus.

An emulsion of an aqueous solution of a fertiary amine in a Water—immiécible liquid can
be provided by emulsifying a solution of a tertiary amine in water or a buffer in the water-
immiscible liquid.
30
- 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 agueous solution of a




20 persul fate can be provided by mxing a solution of a persulfate in water
or a buffer with a suspension of the cells in water or a buffer.

Preferably the acrylic nononers are dissolved in and the cells are
suspended i , and the pHis adjusted to a pH -ange
fromb5 to 1%"\7@?%& s favored by the enzyme of inter es\tﬁg&@cl;ébﬂlgg%?r% le a pH
within the range from6 to 8 is favored by a nitrile hydratase froma
strain of the genus 25 Rhodococcus. An emul sion of an aqueous sol ution of a
tertiary am RgiaharsindRliRS witeiihsdidille lididwitkhaRnid opBofang\dotathshy emul si fyi ng
a solution of tertigﬁ(i amne in water or_a _buffer in the water-

i i sci bl e | THGFERS AR IS BREH O bjfﬂll%g&ﬁﬁ?’é%&‘émgm ution of a mxture of
acrylic nononers, the suspension of cells in an aqueous solution of a
persul fate and the errul si on of an aqueogus sol utlgn of a WO 2? 040373

PCT/ EP2004/ 01B768e0us sqlpiian;od p yrixise,of agrilic menagpsrseand fiesiensicn 0 ?63% Y& whi ch
liquid opiiofmbdug s&lﬁm@dﬂ&%e@u]fa‘iéliréﬁﬁieﬂ%d IR SIASPUNGSTALE the 8tilled DY PUr gi Ng
with nitrogen. The aqueous sol ution of a mxture of acrylic nmononers and

t he suspensi @pulgen el aguqops splption ofy irainns amige it thoveterimaniseiblaliqid e are ni xed
and i medi at Bl afog il 8P AR Bifrd B AU Bohr pRAIR A Rurihe AB-891RGIRESO! UL i on of
atertiary amne int e water-inmm sci ' es "of” suitable
stirrers ar estitigrses visgo- Iebmflﬂpﬁsthhfetﬁlbhfdédmc%ﬁ%bilﬁ@‘ 1%tlaeﬁ rineferably.alrel | er
stirrers or ( r Lgf I; irrer is
used. Prefera dbﬁﬁ ﬁanlgéarﬁédﬁ%lEEZSEPlBgnél@ C%&érf?rglgyﬁlf&%qécgnﬁta) §E0C Mor-e
pref er abllty |25‘I(bambmostertf@@tl}’mscaﬁleﬁoutl@1&5)22,°Cand most preferably it is
carried out at 18 to 22 C. Following ratios are preferably applied for the
pol ymeri zation step: Preferably ratio of the mixture of acrylic

monomer s/ wat BulloivingQaiii afe drefei@bls aﬁpl(edﬂ’fw)the pddyrecrizdttontepf erably it is 0.1:1 to
0.3:1 (WwWw. Mst preferably it is 0.2:1 to 0.28:1 (ww). Preferably the
rati o of bifunctional acrylic nonomers/nonofunctional acrylic nononers is
0.001: 1 to Opr8fefablyatid ¢fahg mixhide ef ek edocabhyrsintatek B 0005011010.50 (GO8Mbre

(ol /10 ) Mot BEEL5 80 Y 2 o) R0 9Bk % 828 PN

Preferably the ratio of bifun_ctidnal acrylic monomers/monofunctional acrylic monomers
is 0.001:1 to 0.8:1 (mol/mol). More preferably it is 0.01:1 to 0.08:1 (mol/mol). Most
preferably it is 0.03:1 to 0.06:1 (mol/mol). ‘

20 , o
Preferably ratio of dry cells/mixture of acrylic monomers is 0.001:1 to 1:1 (w/w). More
preferably it is 0.2:1 to 0.9:1. Even more preferably it is 0..14 to 0.8:1 (wiw). Most
preferably it is 0.5:1 to 0.7:1 (w/w).

25  Preferably the ratio of persulfate/mixture of acrylic monomers is 0.0001:1 10 0.1:1
~ (mol/mol). More preferably it is 0.001:1 to 0.05:1 (moI/moI) Most preferably it is (. 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
30 0.8:1to 10:1 (mol/mol). Most preferably it is 1:1 to 5:1 (mol/mol).




20 Preferably ratio of dry cells/mxture of acrylic nmononers is 0.001:1 to
1:1 (ww). Mre preferably it is 0.2:1 to 0.9:1. Even nore preferably it
is 0.41to00.81 (ww. Mst preferably it is 0.5:1to0 0.7:1 (wWw. 25

Preferably heoisalds9s of persul fate/ m xture of acrylic mBRREEH$0i2550. 0001: 1
to 0.1:1 (rmollnol). More preferably it is 0.001:1 to 0.05:1 (nol/nol).

Most preferably it is 0.002:1 .to 0.03:2 (nol/nol). Preferably ratio of
tertiary amne/persulfate is 0.2:1 to 50:1 (nmollnol). Preferably it is 30
0.8: 1 to 10:Preferably/ratdd ¢f oildossr ipt.2fl es At (w/inl). M&ejareferhbiyﬁﬁ i3 1(3mbtol 77dl ) . WO

2005/ 040373 P2004/ 0120 t 1.2:1°t
10: 1 (vv/vv) (sgrgﬁﬁ?rblfl‘éﬁggﬁ ?/tqiﬁ?'m%ri? ei??‘ng?r t?’??%&)agyé V\ﬁsﬁgfipe&preferab?y
it is 1.4 1 (ww). Mst preferably it is 1.5:1to 4:1 (ww. 5

Preferably, the polyacrylanlde beads obtained after the polynerization are
separated, for ‘exanple by decantation or filtration. The separated beads

can be wagshq&ewabiy mabem@ylm@me béﬂua&uﬁeéﬁldﬂtﬂe@mﬁr&n&@tﬁ’@%@e tdpaees, ©f the
wat er -i mm sci bl e be stored jn an approprijiate buffer. 10

Al so part of@%mmgebﬁa@ﬁPﬁﬂﬁP%ﬁéir Hisny Hhersgramisdheadieqn o oGRS Hihg g dBs ul at ed

celI's obt aidyakue sdhidnli6 rdhe BHses Of tht %tepﬁﬁlﬁﬁameulthﬁcp&ﬂ Rrsek&riakhy, the
encapsul ated cells are cells of a strain of the genus Rhodococcus

cont ai ni ng #PRTPEME BUiRfdr at ase. Another part of the invention is the use of
above pol yacryl am de beads containing 15 encapsulated cells as a

bi ocatal yst for the transformation of a substrate to a product.

Pr ef er abldy, -4¢Rm@iﬂﬁﬁQQW@ﬁm%a@Pﬁb@ﬁﬂﬂ@ﬂhﬁ§M$h@ﬁﬁﬁmﬂﬁeﬁmﬂﬂmﬁﬁéd@orrespondlng

am de. More obPaEﬁf)f%r ?%eyprg&gs fﬁréeﬁﬁnefeﬁu& W@%}aﬂy gl b ided 08 @f goduct i's

ni cot i nam de. es of nitriles are cyanam cyanoa etic acl
mal onodi ni t mellwfaﬁymn@éd@tgemsd&wdocoms pattdigihg esitile hydwetagé.onitril e,
butyronitrile, valeronitrile, crotononitrile, nethacrylonitrile,
2- cyanopyri di ne, 3-cyanopyridi ne, 4-cyanopyridi ne, benzonitrile,
2-chl or obenmmner padreqf thelingérition clsbewzse of ghoivt poiquyylamdnéaeaisbommm e,

pyr azi Nefs gapglﬁatgg cellts ra's cli gmca%alysltl o2 r&natﬂupa!tllsfe tmation of a substrate to a product.
Preferably, the substrate is a nitrile and the product is the corresponding amide. More

preferably the substrate is 3-cyanopyridine and the product is nicotinamide.

-Examples of nitriles are cyanamide, cyanoacetic acid, malonodinitrile, cyanoacstic acid
20 methyl ester, acrylonitrile, butyronitrile, valeronitrile, crotononitrile, methacryloniirile,

2 cyanopyridine, 3 cyandpyridine 4—cyanoﬁyridiné bEnzonitr'iIe 2-chlorobenzonitrile,

4-chlorobenzonitrile, pyrazmecarbomtrﬂe pyrazine-2,3- dmarbommle 2-furonitrile,

thwphene-Z carbomtrlle pivaloniftrile and cyclopropanecarbonitrile.

25  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 teaction mixture in dependency

30  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. -




t hi ophene-2-carbonitrile, pivalonitrile and cycl opropanecarbonitrile. 25
The transformati on can be carried out as a batch reaction or as a
continuous reaction. Preferably, the reaction is carried out in a suitable

buffer at awpnpanasyre from10 to 35 C Figure 1 showsidSepngantration
of nicotinamde in the reaction m xture in dependency 30 on the tine

during a continuous reaction of 3-cyanopfridine to nicotinanide. Figure 2
shows the concentration of 3-cyanopyridine in the reaction mxture in
dependency ohiguted shpyrethd gerivation of 1eyinoppidinerte atbiimmiddS in Seepdmpyyyanithée ne t o

ni coti nam de,; %\Ql%gg ' 4/ 012065 10.Figure.3 shows the
conver si on oPm -Ccy %{%’gﬁ@%ﬁ%@gﬁﬁﬁfig TR é?ﬂlcat écjeténcy on the tine
during a continuous reaction of 3-cyanopyridine to nicotinamde. 5 Exanple
1 Cultivation of a strain of the genus Rhodococcus 1.1. Preparation of a
preculture A sterile nmedium (200 nm, .pH 7.0) containing 1.25% (w w) yeast
extract, 9.0B%apkew) 10 MgSO4.7 H20, 0.003% (w w) CoCl2. 6 H20, 0.5% (w w)

sodiumcit ra&{%ﬁvg}??nggoaggvﬁ%%gg%p?&%; am de and 0.2% (ww) KH2PO4 ‘was

i nocul ated w oW strain of the genus :
Rhodococcus. The preculture was cultivated in an Erl enneyer flask (500 ni)
at 28 C and 120prepmatbanf #frebuitkd 1. 2. Preparation of a culture A sterile
medi um (12 L H 7.0) c aini . 25% (w yeast extract, 0.05 % (w w)
VBSOH 7 o0, AaBIsSIE R 0 eera & chering | S84 Gw ) VBT O BIACEMO. 755
(W w) e hapmgbany Beo,ansh0 @y M@Q-Kgﬁ% IR$wiNeGBbAatNotR9RREgCUl ture
(200 )" of the strain of the qenus odococcus obtai ned as described in

exanpl e 1. 1. MehpEYIRRide apE02% (WaY P Qs ae baculptedwith pmegir plato(cpituigofar 28 C,
PH 7.0, di ss@lyed iR aeRaRGRAL" Bld Pdulnid 0% iy A &SR EE Enlin b adissol ved
oxygen concentration at 1 volune air/(volume fermentation broth x mn), 28
C) and 300- 4660 mhypt S °CaedA20 mreford8 hs were harvested by centrifugation,
washed with phosphate buffer (50 MM pH 7.0), concentrated to a

15 1.2, Preparation of a culture
A sterile medium (12 L, pH 7.0} containing 1.25% (w/w) yeast extract, 0.05 % (wiw)
MgSO4 = 7 Hz0, 0.003% (wiw) CoCly = 6 H,0, 0.5% (w/w) sodium citrate, 0.75% (wiw)
methacrylamide and 0.2% (w/w) K¥PO, was inoculated with a preculture (200 mL) of
the strain of the genus Rhodococcus obtained as described in example 1.1. The culture
20 . was cultivated in a fermenter (12 L) at 28 °C, pH 7.0, dissolved oxygen concentration
>40% (in. respect to the dissolved oxygen concentration at 1 volume air/(volume
fermentation broth x min}, 28 °C) and 300-400 rpm for 48 h. The cells were harvested by
centrifugation, 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.
25

Example 2
Nitrile hydratase activity assay of a strain of the genus Rhodococcus

30  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. Saniples (1000 pl) were taken after 5 and 15
minutes. These samples were immediately mixed with 20 pl of HoSO; (48 % (w/wj),‘
diluted 100 times by volume with a mixture of methanél/water =40:60 (v/v), filtered



concentration of dry cells of 15-20% (ww) and stored at -40 C. 25 Exanple
2 Nitrile hydratase activity assay of a strain of the genus Rhodococcus 30
Pol yacryl am de beads contai ni ng encapsul ated cells of a strain of the genus

Rhodococcusywo fRessbssyet wei ght) were added to a sol uti Qe Gfmeiasisasopyri di ne
(1.59 g) in phosphate puffer (0.05 M pH 7.0, 30 nL) at 25C. Sanples (1000

pl) were taken after 5 and 15 mnutes. 1These sanples were i nmedi ately
m xed with 20 | of H2S04 (48 % (ww))," diluted 100 tinmes by volume with a
m xture of n@t2hanopbrewitpimdand@zedBy @EPL@)(polﬁﬂnhtC&Tﬁ@br&M@hB&Qﬁé\B%XB?B

fg{eiﬁogﬁégémif %@ieéma? Ry Ze)PZHg‘f@g %‘é‘ﬂﬂ%ﬁﬁég{mc@é%gizo 60

(v/v)), wavebgngisacryBhQdd boas w&e a)tmneaﬂer ﬂ@l%&ﬁdﬁlét%ﬁﬂcﬂ@lyﬁ%@(is ogemn@ obt ai ned
after dryi ng%{)t hg gﬁ bi ocatal yst at 55 ' C an 20nmbar for4h. 5 Exanple 3
Encapsul ati ar & of a strain of the genus Rhodococcus in

pol yacryl am de beads 10 Acryl am de (42..25 g, 594 mmol), '

NAP- net hyl enebi sacryl am de (3.75 g, 24 mmol) and 2-(di net hyI am no) et hyl

nmet hacrylate (1.5 g, 9 mol) were dissolved in phosphate buffer (37.5 g,
50 MM pH 7.fRa@nest he pH of the solution was adjusted to 7.0. A solution
of ammoni um persulfatfe@&lo 465-g, 2 mol) in distilled water (5 g) was

added to a HsapekéEprea se%aaﬁglll@rfﬂ&%wsﬁhqd@pcquﬁmm‘m@m@a esScus (20%
(ww) dry cells, 165 g) 15 obtained as described in exanple 1. A solution

vater (5'5) VLA (B aEh s S, MY D el ey (T SRR Y S2 o
(1 1) at 35@ edmthmn@minmmhg@mel(bﬁ 29 enoblabdre diswjsen i rosahate bier o) |
VLS SRR SRR YRR R Tl SOyl Lon (11 0
separ at eI y pmrpunhm pe:aui%e ®@.465 gi2 muiml)rﬁ@dﬂaﬁkﬁlwateﬂ(@g)nmmﬂdadng am xture was
i mediately squ%gﬁgn of c%lié Qiea tafnrorfﬁ% genus Rhodococcus (20% (wiw) dry cells, 165 g)
15  obtained as described in example 1. A solution of N,N,N',N -tetramethylethylenediamine
(0.232 g, 2 mumol) in distilled water (5 g) was dispersed in mineral oil (Exxsol D100,
350 g) in a reactor (1 L) at 350 tpm. The monomer solution, the cell suspension and the
oil were separﬁtely 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
20 2.5 mL mixing flask. The resulting mixture was immediately dropped in the stirred
(350 rpm, visco-jet® stirrer) oil at 20 °C. After complete addition the reaction mixture was
stirred for further 3.5 h at 20 °C. The obtained polyacrylamide beads containing
encapsulated cells of a strain of the genus Rhodococcus were separated by ﬁltrétién,
washed with distilled water and allowed to swell in water. The polyacrylamide beads
25 were stored in twice the amount by \}olume of a storage Buffer (3.55 g/, sbdium sulfate,
0.25% (w/w) dehydroacetic acid, sodium salt, 0.05% (w/w) nicotinainide, PH 7.0)at 4 °C,
The swollen beads were of regular spherical shape with a size of 200 pm to 1200 pm 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 pmol nicotin-

30 amide/(min x mg dry polyacrylamide beads).




(350 rpm visco-jet(r) stirrer) oil at 20 C. After conplete addition the
reaction mxture was stirred for further 3.5 h at 20 C. The obtai ned

pol yacryl am de beads contai ning encapsulated cells of a strain of the
genus RhodoGR kLS e separated by filtration, washedWdebhoshshds! | €d
water and allowed to swell in water. The pol yacryl am de beads 25 were
stored in twice the anount by vol une of 12 storage buffer (3.55 g/L sodium
sul fate, 0.25% (W w) dehydroacetic acid, sodiumsalt, 0.05% (W w)

ni coti nam deExphplé40) at 4 'C. The swoll en beads were of regular spherical
shape with size.of 200 gm t 200 m an mechani cal strength of >300
m\. The rat ?%O%v rs%i?f%ﬂ'@%@%‘ﬁ% O&écog}é%g?’\l}{%‘fhﬁ?ﬁ Scryl ami de beads was
0.11:1 (ww). The specific activity was 9.5 nol nicotin- 30 amde/(mn X ngy
dry pol yacr yPapacegarhidata)s coMidf0&cOA0R#S cRETf ER200 41 04 286b Rrddocckxanpl e 4

Conversion o -cyanopyridine to nicotinamde, batch reaction .

Pol yacrylg;n‘i {]885&%@ % %ﬁ?&?’ﬁ?qﬁi d@?ﬁ‘?gﬁjts]ﬂleé‘l‘r@geé(‘ﬂqesadgefd’taa@f”’i‘t 54 t he genus
Rhodococcus schutioh @03 gyaepyridiieq o ¥, 3binal) REshoama@es e (006 M, pHEXBMPIENS) Wer e
added to a geggié( S irged sol ution of. 3-eyanopyridi ne (4@@9, 3.8 nol) in
phosphat e bufttar™ ¢ ety W%ﬂ*g?.%?yaﬂ%mﬁ@?m%‘fonﬁ@dtﬁmc% naptdeyiaffengo, of

3- cyanopyr i dign@in/ess, f3VRAdISHILE Wil SRabéRAT MestimafiRl 30 mn 99% of
3-cyanopyri di ne was converted to nicotinam de. = 10 Exanple 5 Conversion of
3-cyanopyridine to nicotinam de, continuous reaction Polyacrylam de beads
containifgg cells of a strain of the genus Rhodococcus (100 g wet 15

wei ght) obtai ned as described in exanple 3 were added to a sol ution of
3-cyanopyri dP¥mpledo g 3.8 nol) in phosphate buffer (0.05 M pH 7.0, 400
m.) at 25 C i 9! ' 1ol .00 i n phosphate buffer
(0.05 M pH c%&’é’)&gi\?gté’kggﬁ%&ﬁﬁﬁgﬂﬁg@ﬁé&f&%ﬂ‘e@%é@ﬁ% stirred reaction

m xture, and reaction mxture (w thout polyacrylam de beads) was

cont i nuous| Wolwesiaseide Miads emteining sils ofzosteisrod ihsrzemssRi@oqens (g wat t h a

retentiofp t 'vpgglﬁf obtaithed hs 48criBed & %%a?np% 3 RreSaadiqo ABSHATIOR SQJya&gpeyrﬁien%ds
(40 g, 3.8 mol) in phosphate buffor (0.05 M, pH 7.0, 400 mL) at 25 °C. A solution of
3-cyanpyridine (10% (w/w)) in phosphate buffer (0.05 M, pH 7.0) was continuously

added to the gently stirred reaction mixture, and reaction mixture (without
polyacrylamide'beadé) was continuously removed. The continuous conversion “was

20  performed with a retention time of 3.1 h for 5 weeks at 25 °C. No abrasion of the beads
was observed after 5 weeks. The concentrations of 3-cyanopyridine and nicotinamide

were determined (see -Figures 1 and 2) and the conversion calculated (s'e'e: Fig. 3).

25  Example 6

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

Acrylamide (422.5 g, 5940 mmol), N,N*-methylencbisacrylamide (37.5 g, 240 4nmol) and

2-(di1nethylal}1ino)ethy1 methacrylate (15 g, 90 mmol) were dissolved in phospilate buffer
30 (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 mimol) in distilled water (25 g) was added to a

suspension of cells of a strain of the genus Rhodococcus (16% (wiw) 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 fnjneral oil (Exxsol D 100,

35 3500 g) in areactor (10 L). The monomer solution, the cell suspension and the oil were |




was observed after 5 weeks. The concentrations of 3-cyanopyridi ne and

ni coti nam de were determ ned (see Figures 1 and 2) and the conversion
calcul ated (see Fig. 3). 25 Exanple 6 Encapsul ation of cells of a strain of
the genus RRedesRGEYs | n pol yacryam de beads Acrylaniq%T@%%%M§ugﬁ 5940
mmol ), N, N -nethyl enebi sacrylam de (37.5 g, 240.3arnmol) and .

2- (dhnét hyl am no) et hyl methacrylate (151§, 90 nmol) were dissolved in
phosphate buffer 30 (375 g, 50 M pH 7.0) and the pH of the solution was
adj usted to Feperatsly MEthﬁdnﬁMgenmmimrﬁl‘memminéﬁomuéﬁ(fﬁﬁv @le: 20.5radd)) in
distilled wa ded t pensi of cells of a strain of
t he genus Rh%gocéégﬁ%%fﬁgél?@T“ﬁmdgvgggﬁ eﬁ%%ﬁaéfwﬂgﬁﬂﬂﬁﬁgﬁngy'descrlbed
i n exanpl e 1tublgsTheutsultingafikild Wkis ﬁwnpeemrtmﬂw tﬁshﬁhmdlja@fhﬁﬁezbﬁ aB2 g,

20 mmol) in djs ter s di.spersed. in mnperal oil (Exxsol D

100, 35 35009{};)‘E “#teéc %W&?‘{‘%%’otﬂ%e\sg ﬁ’@%"ﬁ*’éﬁt’%‘ifa’fﬁlﬁhﬂ%éa& e

suspensi on afiitle stisingi folyaefyRriR %@Maﬁé&&%&n@ﬁlﬁ%&@%m%ﬁﬁof thed g&@Rar at el y
noner sol ution (fIOM/rate 13.5

purged with h en for 15 mn.

g/mn) and {‘1 %506%101“ WS FRACE #Fdo%drsiﬁ%i aszi?scamlﬂf:}t%#% -Sdppanllen y
punped in a B@@W&eoﬁ'lﬂb@hl@ﬂsphéﬁh%ld’ﬁ?@kﬂq&'ﬁglz@bf(ﬁ%rﬁqwaﬁﬂ@ﬂﬁpﬁgeﬂ n the stirred
(215 rpm visco jet(r) stirrer . After conplete addition the

reaction mi xPgrhemigalstrengily ofcrd0p 61N fTihe rabie drypcdyagrylamde heads/ st Tl sawplewmidved
ol yacryl arn ai he genus
poly y B&@?@%O?P&/ﬁ?.Wvlﬁg%eggﬁgaggﬂﬁagg@c%&lg1c8t1na§rb§e/(m1%rl< 1% d} g

Rhodococcus were separate escCri

The swol len pdlpmddannide eeadd). r egul ar spherical shape, with a size of 200 mto
1200 mand a nechanical strength of >400 nN. The ratio dry pol yacryl ande
beads/ wet pol yacryl am de beads was 0.09:1 (ww). The specific activity was
7.3 mol nicotinamde/(mn x ng dry to polyacrylam de beads). Exanple 7

St or age stab%litg gf pol yacryl am de beads containi ng encapsul ated cells of
a strain of i genus Rhodococcus Pol yacryl anm de beads cont ai ni ng

encapsul at edStoekt saiifityaf plyatkylabide bitds geRusSinRIQANEGREAWS!s FABILRESt tBS

descrlbeg in exappl e 5 -were stored in an aqueous storage solution (3.55 g/L
genus odococcu.s'

Polyaérylamide beads contaming encapsulated cells of a strain of the genus Rizodococcus
obtained as described in éxample 5 were stored in an aqueous storage solution (3.55 g/L
sodium sulfate, 0.25% (w/w) sodium dehydroacetic acid, sbdium salt, 0.05% (wiw)

20 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 salf,
0.05% (w/w) nicotinamide, pH 7.0) at 25 °C for 1 h. The nitrile hydfatase acti\}ify was
determined as described in example 2. The ratio of dry polyacrylamide beads/wet

25 polyacrylamidé beads were determined. Dry polyacrylamide beads were obtained after

drying the wet polyacrylamide beads at 55 °C and 20 mbar for 4 h.




sodi um sul fate, 0.25% (w w) sodi um dehydroacetic acid, sodiumsalt, 0.05%
(ww) 20 nicotinamde, pH 7.0) at 4 C for 50 weeks. Sanples were taken
every fifth week. The polyacryl am de beads were separated, washed with
distilled wWalehes@af@s suspended in fresh storage sol utigQidpdepedizgdsl Sodi um
sul fate, 0.25% (ww) dehydroacetic acid, sodiumsalt, 0.05% (w w)

ni coti nam de, pH 7.0) at 25 C for 1 h. ‘IiHe nitrile hydratase activity was
determ ned as described in exanple 2. The ratio of dry polyacryl am de
beads/ wet 25 polyacrylanide beads were deternmined. Dry polyacrylanide beads

wer e obtalneq Lter : ‘ Layi de beads at 20
moar for 4 h e SotePElcHRar EBYARINRR deaReset ok, e
stability of Rb@doyacwl am de beads containing cells of the genus
Rhodococcus - week dry poI yacryl am de beads/ SpeC| f| c activity wet

pol yacryl am ts—ot—mi-cottham-de/tmh—x wi-w)—ery—pol yacryl am de
beads)] 0 0. 3EW?5% %ﬁc?yli@ﬂdﬂbeaés 0d 7: 0 Sm@ﬂiﬁ @w 5 500.08 6.0 5
Exanpl e 8 Enclapsul at ivsfhpefacppilebfads st{pmphnioftinamile@ames nRhpdococcus in
pol yacryl am de_beads 10 The(vewgapsul at ijonirwasly@eyibaidenekdsy) apal ogy to the
encapsul ati on degsciibed in @)@@rrpl e 3, except thayt3 a sol utron of ammoni um
persul fate (l.tsg o 8 nnul)O@ drstitigd water L}, armd—g sol ution

of N, N, N , N - tletfarethytethytehediamne{06-928¢ ”“’C' }—A—fistilled
water (5 g) W rL:pme oyed PHE obt ained nﬂlvacrvﬁé)m de beads cont ai ni ng
encapsul ated |_cH | $ " of _a st0dPn of the genus Rhoddcoccus wer ke separ at ed,
washed and stjorsd as described 15 in exanple 3. §he swoll en peads were of
regul ar spherical shape, with a sSize of"250 mto

Example 8

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

10 The encapsulation was performed in analogy to the encapsulation described in example 3,
exéepf that a solution of ammonium persulfate (1.86 g, 87 mmol) in distilled water (7.0 g)

- and a solution of N,N,N’, N -tetramethylethylenedianmne (0.928 g, 8 mmol} in distilled
water (3 g) were employed. The obtained polyacrylamide beads containing encapsulated
cells of a strain of the genus Rhodococcus were separated, washed and stored as described

15 in exampie 3. The swo‘llen“ beads were of regular Spherical shape, with a size of 25 0 pm to
1300 pm and a mechanicﬁl strength of >400 mN. The swelling ratio of dry poly-
acrylamide beads/wet polyacrylamide beads was 0.12:1 (w/w). The spéciﬁc activity was

7.8 pmol nicotinamide/(min x mg polyacrylamide beads).

20
Example 9

Encapsulation of cells of a strain of the genus Rhodococcus in polyacryla‘mfde beads

The encapsulation was performed in analogy to the encapsulation described in example 3,
25 except that a suspension of cells of a strain of the genus Rhodococcus (16% (wiw) dry
- cells) was employed, and the polymerization was performed at 10 °C for 9 h. The
obtained pq_lyaoryla:mide beads containing encapsulated cells of a strain of the genus

- Rhodococcus were separated, washed and stored as described in example 3. The swollen



1300 gm and a nechani cal strength of >400 nN. The swelling ratio of dry
pol y- ‘acryl am de beads/wet polyacrylam de beads was 0.12:1 (ww). The
specific activity was 7.8 nol nicotinamde/(mn x ng pol yacryl am de
beads). 20 {pmpiReds Encapsul ation of cells of a strai pcqipphft@oBsaus
Rhodococcus in polyacrylam de beads The encapsul ati on was perforned in
anal ogy to. the encapsul ati on descri bed ilA exanple 3, 25 except that a
suspension of cells of a strain of the genus Rhodococcus (16%w w) dry
cells) was ebpioyed of amgdlat dpherjpal ghamy, with bidei e Sropersh ered 360 i@ @ «f or 9 h.

The obtained pol yacryl am de be cont ai ni ng. encapsul ated cells of a

strain of th’é‘e‘gﬁﬂ%g S%@H%%&B@B’I\g&é?’&ﬁe@ﬁérwggb!a?rym&aadaw B¥red as

descri bed i NagWanile®esis whb6.08:Wob t@ﬂn)’ﬁ%@%ﬁﬁ%ﬁ%ﬁwﬁqﬁ Eﬁ&%&bﬁﬁlm% 15
a

beads were of reqgular spherical shape, w iameter from250 mto 1300 m
and a nechafrdalmer Bggetpobreyiegudahsadsthe rati o of dry pol yacryl ani de
beads/ wetspol y- acrylam de beads was 0.09:1.00 (wWw). The specific activity
was 7.3 unol nicotir> - amde/(mn x ng dry pol yacryl am de beads). 5

Exanpl e 10 Encapsul ation of cells of a strain of the genus Rhodococcus in
pol yacryl am ﬁfab,p@g% 10 NN-Di net hyl acryl am de (42.25 g, 426 mol ),

N, N - met hyl enebisacrylamde (3.75 g, 24 mmol) and 2-(di nmet hyl am no) et hyl
met hacr yl at eErfctp®lagion of ¢eitpbl)2 seinef thesswhaiddiavccyp ogghyratybaniidd Beexds( 37. 5 g,

50 MM pH 7.0) and the pH of the solution was adjusted to 7.0.° A solution

f i S 1) i stil water .(7 dded
Po "o suiberLReothErfidaily a5k Bitngoh Y Belmylet it RabhudelaHs8os (wi vy
dry cells, m&ngl)al)]aﬁcll Mtﬁm'aﬂllg]dmjm)aﬂﬂ&ﬂretﬂaagﬂater(mgaﬁrﬁin&)ll)lweré«dicsj@ﬂ\t&cf %m of

N,N,N, N -t t i am 0,928.4,..8 in disti ter
e e TP Y S SEE)  FR B BBl w s bufior ™ 5
L). The nonofeslus@l eftamedonivnigeraithle (586 Pl iadistillch evat (7 yyere adsepay at el y

urged with nitrogen for., 15 mn. The nononer solution (flow rate: 2.5
g / m'gn) a suspension o ceEls of5 a strain of the genus hg?lococcuslzm% (w/w(.vg dry ce{ls, 165¢

15  prepared as described in example 1. A solution of N,N,N", N -tetramethylethylenediamine
(0.928 g, 8 mmol) in distilled water (7 g) was dispersed in mineral oil (Exxsol D100,
350 g) in a reactor (1 L). The monomer solution, the cell suspension and the oil 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 22.5mL noixing

20 flask. The resultingl mixture was immediately dropped in the stirred (350 rpm, visco-jet®
stirrer) oil at 20 °C. After complete addition the reaction mixture was stirred for further
3.5 h at 20 °C. The obtained polyacrylamide beads containing encapsulated cells of a
strain of the genus Rhodococcus were separated by ﬁltratio‘n; washed and stored as
described 111 example 3 The swollen beads were of regular sphericdl shapé with a size of

25 200 pm to 700 wm and a mechanical strength of >400 mN. The ratio of di'y 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).

30 Example 11.

Encapsulation of cells of a strain of the genus Rhodococcus in polyacryiamide 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—dimethylacrylamidé




and the cell suspension (flowrate: 5 g/mn) were separately punped in a
2.5 nmL mxing 20 flask. The resulting m xture was i medi ately dropped in
the stirred (350 rpm visco jet(r) stirrer) oil at 20 C. After conplete

addi tion t hgo8aahéen m xture was stirred for further p3rebodbized C The
obt ai ned pol yacryl am de beads contai ning encapsul ated cells of a strain of
t he genus Rhodococcus were separated by I6iltration, washed and stored as
described in exanple 3. The swol| en beads were of regular spheri cal shape

with a size 623, anm)mdwq&(mmmmbmmac@tm@m afo mdo) nN. The
t f d 1:1
(o “The & Ba B e R REST SellEiRe Y B mERD Y& oot

pol yacryl ami dbialbshptﬂ))a.crmm&e(bﬂzﬂé @mﬂaﬂmfg\@ﬁﬂﬁﬁlhﬁﬂ c@R o0f stegh losth@fgeﬁlsst rain of
bortormed 1 ey s AR Benet BT PR R A VRIS et
t hat acrybanbeds @éﬁ o?&gﬁlar ﬁ}%nmrmabewmsa%iomo h!hhelu)zmimalaagmc%mﬂca@ WO -

2005/ 040373 PCT/ 004/012065 16 %42 25 g, 426 mol
N- [ 3- (di met h§TeRE; r‘? yPropY Trreetiet dy aekvass wdsb@ds/yetrmbra}:rylarwép beads of

2- (di met hyl aghs @) Bi t«yﬂw)nﬁ;eqa&ﬁfwahawas%ga &nﬁesmﬁmg@)@s]\ Qyed. The

obt ai ned pol yacryl am dé beads cont ai'ni ng encapsul ate a strain of
the genus RPORsEdEEidebsdr)e separated, washed and stored as descrl bed in
exanple 3. The swollen 5 beads were of regul ar spherical shape with a size
of 150 mto 1200 pm and a nechanical strength of >400 mN. The ratio of dry
pol yacryllﬁm de beads/wet polyacrylanm de beads was 0.13:1 (ww. The

specific ac'g,yd \i\?s 5.9 pnol nicotinamide/(min x nmy dry . pol yacryl ani de
beads). npl?(le 2 Cultivation of a strain of the species Escherichia

col i cont ai nCwigvaiopbfs strm d)fa*he spgcies Beheichiztobdémgnihg b pRBmddhAage: ghader the

transcriptio 0 roI nmose 5.12.1. Preparation of a
pre- precul tuér}l?)d,&ﬁ%{berl ﬁ?ﬁtﬂ?% ar'ﬁs_‘fan%‘ag ?5‘; E%fﬁ%%‘ihf‘ﬁ’ﬁﬁsefr T w)
tryptone, 1.0% (w w) yeast

15 12.1. Preparation of a pre-preculture

A stsﬁla medium (5 mL, pH 7.0) containing 1.6% (w/w) tryptbne, 1.0% (w/w) yeast
extract, 0.5% (w/w) NaCl and 0.01% (w/w) ampicillin was inoculated with a agar plate
culture of a strain of the species Escherichia coli containing a plasmid having 2 gene
encoding for an amidase under the transcriptional control of the rhamnose promoter. The

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

12.2. Preparation of a precultura _
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 describéd n

25 example 12.1. The preculture was cultivated at 37 °C on a shaker. At ODgg00.25, .
0.2% (w/w) L-thamnose was added to the culture. At ODaoo 5, the cells were harvested by

- centrifugation, washed twice with buffer (1.80 g/L ethylenediaminetetraacetic acid,

2.65g/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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extract, 0.5% (ww NaCl and 0.01% (ww) anpicillin was inoculated with a
agar plate culture of a strain of the species Escherichia coli containing
a plasm d having a gene encoding for an am dase under the transcriptional
control of {ehdtae9se pronoter. The 20 pre-precul t ur e MaeGbizho4at ed 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 rrL1)7 was inoculated with 5 nL of a
pre-preculture of the strain of the species Escherichia coli obtained as
descri bed in*23mpleddpl e 12. 1. The preculture was cultivated at 37 Con a
shaker. At ORGH8Qe ARsay0- 2% (W W) L-rhamose was added to the culture. At
OD600 5, the cells vvere harvested by. centrifugation, washed tw ce with
buffer (1.80 g/L ethylenediam netetraacetic acid, 2.65 g/L disodium

sal t / sodi um Belgtaaylamisigfotass consaining @L)ca;aauthterde:sﬂsqfearsdad off thetehes Siakertinid er  to

"4 30 Vo S00e) baBLvERetY EEIE0 TG Bhe 05 S Ebydl SRERRT iEny *

Pol yacr yl am #ensiedds, cuiffuaiopiopignaemnda(isig)at pibsplettd giffef (01 B IR0, fmLhe genus

Escheri chi 0 dded -t
St rred sor utiarars oA R ARE i 030gndEh mumtqﬁo?%eaw@%eaaﬁ%}m? Pe (1.0
g) in phosp hﬁ)hﬁeCDMﬁﬁSma (N@s thed¥liref 8 niblar Am@hat of Blrm3d ann%%&ﬁ% {21l were

taken after 0, 3 hutes. The nolar anmpunt of fornmed ammoni a was
nmeasur ed. Th&" ‘éfo Hb"daqxwzom?%ﬂ “hrrirSHRrpEPiSe 4k nol ar  amount  of
formed 2ihydroxy-2-nethyl-3,3,3-trifluoropropionic acid. 10 Exanple 14
Encapsul ati on of strain of the species Escherichia tali containing a

pl asmi d having a gene encoding for an ami dase under the transcriptional
control of tigmglampose pronoter in 15 pol yacryl am de beads The

encapsul ati on was perforned in anal %gy to the encapsul ation described in
exanpl e 3, Encapsulation of strain of the species Escherichia coli containing a plasmid having a gene

- encoding for an amidase under the transcrzptmnal control of the rhamnose prormoter in

15 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 species Escherichia coli (19%% (wiw)
dry cells) obtained as described in exainple 12, a'solution of ammonium persul fate (1.86
20 g, § mmol) in distilled water (7.0 g) and a solution of N,N,N’,V -tetramethylethylene-
diamine (0.928 g, 8 mmol) in distilled water (5 g) were employed, and the polymerization
was performed at 400 rpm (viscb—j et® stirrer). The obtained polyacrylanﬁde rbeads :
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) at
25 4°C. The swollen beads were of irregular spherical shape, with a size of 200 pam to
| 2000 pm and a mechanical strength of >200 mN. The ratio of dry polyacrylam1de )
beads/wet polyaorylamma beads was 0.21:1 (w/w). The specific activity was 0.029 pm
'2-hydroxy'~2-methyl-3,3,3—triﬂuoropropionan_lide/(min X-mg diy'polyacrylanﬁde beads).
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except that a suspension of cells of a strain of the species Escherichia
coli (19% (ww dry cells) obtained as described in exanple 12, a solution
of ammoni um persul fate (1.86 20 g, 8 mvl) in distilled water (7.0 g) and a

sol ution of w HePsesdhs -t et ranet hyl et hyl ene- di am ne (0. LG B200803HR!I ) I N
distilled water (5 g) were enployed, and the polynerization was perforned

at 400 rpm (vista jet(r) stirrer). The dBtai ned pol yacryl ani de beads
cont ai ni ng encapsul ated cells of a strain of the species Escherichia col
wer e separ at #dampledSwashed as described in exanple 3 and stored in

h h b 0 C. Th | e d
Prfzguﬁgs sgﬁéﬁ%%ﬁq“%aw%ﬁHEQf%%&%ﬁ ighﬁpwgﬁgmﬁp%ﬂl §E%BY %ﬁigwﬁéﬁgchanlca

strengt h of 320eruihbrofiopioniateid, lfchdeaetigol yacryl am de  beads/ wet
polyacrylanide beads was 0.21:1 (ww. The specific activity was 0-029 m

2- hydr oxy 3,.3,3-trifl.uoro |onan1 [(m.n _ar. ol yacryl am de
beads) . §0'§§p?%ﬂ§?@ﬁ8§#§ ?%ﬁ%ﬁ&?ggffﬁffﬁ% 1ﬁﬁ%wmﬁyéﬁggg Tgmganersion of
2- hydr oxy- 2- ﬂ@ﬁiith 3pRsmidthavihg b esrReRAGIGE TN itenilRe Sotive Rksdivamthy | -
3,3,3-trifluoro E (ﬁqlc acid, batch reaction 5 Pol yacryl am de beads

cont ai ni ng C?ﬁ“&’ & VMg WoreaddpLio ase e pid ey -2cmefby -3t B ni ng a

pl asni d havi ﬂgmaplﬂlg&@mﬁm@gd) 16.360 iABhekphfe iR (NERL, ﬁﬁsﬂ@smrﬂlpﬁﬁ in

exanple 14 (0Q.4 wei g were added to a solution o

2- hydr oxy- 2- tqa%r %ngfdJEOPiv- mqtlaﬁér3e3@3rsﬁluemrﬁpwem(a@ddz°@ wss Ss@efnol ) in
- phosphat egbuffer (0. 1 M pH 8.0, 10 nL) at 37 Cfor 1 h.

2- Hydroxy-2-methyl -3, 3,3-trifluoropropionic acid (2% was forned. 10
Exanpl e 16 Encapsul ation of a strain of the species Escherichia coI
contai ning agphasiehéd having a gene encoding for an am dase under the
transcriptional control of the rhamose pronoter 15 in pol yacryl ani de
beads Acryl aErilf‘dES“(amn 03 graipef Thaapediys EskiaPichiotchy tartwing aplaginahhaieng@ . 88 g,

12 mol) andg, eﬁ&ﬁﬂg%&%%&a@é SldVihe ﬁ%@ﬁ,&b\é&%&m%ﬁﬁé ifhms8 pliiRd: Ver e

di ssol ved i n° p 0s
15 -in polyacrylannde beads

Acrylamide (21.13 g, 297 mmol), NN ;methylene;_bilsacrylmnide (1.88 g,r_12'mm61) and
2-(dimethylamino)ethyl methacryla'te'(O.’;"S g, 4.8 mmol) were dissolved in phosphate
buffer (18.75 g, 50 mM, pH 7.0) and the pH of the solution was adjusted to. 7:0. A
20 solution of ammonium persulfate (0.93 g, 4 mmol) in distilled water (2.5 g) was added to
a suspension of cells of a strain of the species Escherichia coli (19% (w/w) dry cells,
82.5 g) obtained as described in example 12. A solution of N;N,N "N -tetramethyl-
| ethylenediamine (0.928 g, 8 mmol) in distilled water (5 g) was dispersed in mineral oﬂ‘
(Isopar M, 350 g) in a reactor (1 L) at 450 rpm. The monomer solution, the cell
25  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 suSpensmn (flow rate: 5 g/mm) were
- separateiy pumped in a 2.5 mL mixing flask. The resulting mixture was 1mmed1ately
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
30  beads containing encapsulated cells of a strain of the speclzies Escherichia coli were |
- separated and washed as described in example 3, and stored in phosphate bﬁffer (0.1 M,
pH 7.0) at4 °C. The swollen beads were of irregular sphericali shape with size of 1000
pm to 2000 pm and a mechanical strength of >200 mN. The-ratio of dry polyacrylamide




buffer (18.75 g, 50 MM pH 7.0) and the pH of the solution was adjusted to
7.0. A 20 solution of ammonium persulfate (0.93 g, 4 mmol) in distilled
water (2.5 g) was added to a suspension of cells of a strain of the

speci es Escigyhsshiug@seol i (196/0 (ww) dry cells, 82.5 ppr@bfodbR6d as
described in exanple 12. A solution of NNN,N ,N -tetranethyl- :

et hyl enedi ami ne (0.928 g, 8 mol) in did®illed water (5 g) was dispersed in
mneral oil (lsopar M 350 g) in a reactor (1 L) at 450 rpm The nononer
sol uti on, t hbeadetet RBymudqeids bads wasd. 2500w/ wp Tas gpasticactejpanat @) pur ged
with nitrogen for. 15 rujn. .The .nononer salution (flowrate: 2.5 g/mn) and
the cell. susH’é"ﬁglimé ! %&Pynﬁ@gd@r Yichjanids addeparatel y punped in a 2.5
mL m xing flask. The resulting m xture was inmediately ‘dropped in the
stirred (450 rpm visco jet(r) stirrer) oil at 20 C. After conplete
addition the reaction mxture was stirred for further 3.75 h at 20 T. The
obt ai ned -pol ypagkyleam de 30 beads contai ning encapsul ated cells of a strain
of the species Escherichia colt were separated and washed as described in
exanpl e 3, akee ithyaivackipnide pisdt conmimngemcgmulaei/pellynf e grpuakhadorocehe

swol | en beadgniife thﬁn@m?waécrasamﬁ%ata%&'foﬁﬁ@&ﬁv&fsfoﬁ.o%hﬁme% 4984 gmto
2000 m and a nechani cal strength of >200 mN. The ratio of dry

pol yacryl am de WO 2005/ 040373 PCTI EP2004/ 012065 19 beads/ wet

pol yacry| ani Bdlyisedesidakeads cogeining encapgtigfed cefreofdlipegsinis Biaxdocpacis gbteiasd 0. 016

nmol ni cotj nasg ! r : ] . Use of
-the pol ytzli?:r y _a%‘lgégggj g%gla%s lgﬁit(g? %gﬁ%ﬁ%é\%@a‘ggﬁ ?g%eggc?% g%l}ﬂfsgﬁé ?H@Lg%r%%fsa. _
Rhodococcus mbdntrgiaesphgieduffet 006 &1, pYidt, 40Gsé) arsn a nhikneatfaihpsphafeduffehe
conversion o TN g =1 1 i P | am ds nt ajni
encapsul at ed(foédegllw&’sé%? ’ ltdﬁg“%g‘r%ggé ot g%:%sgogjgamo@ qu‘%rﬁg@a W?Lrsg%s?n&gesrcgr??%ed in
exanpl e 7 (2&dgOwenuteeagihbikedvemedaattdedith H,30.0688 I/ 8}, 0106 edll)s Gheltch@ionof a

nitrile in phaosphate buff 5 H 7, .100.m) or.in a m xture of
Phosphat e bUf PERe Mpb it by Pre 8s 6. B shesif euntme asBadl theirubes (5
rnL) wer st akepgivail in€fab%2.15 and 60 minutes and m xed i medi ately with
H2SO4 (48% (W w), 0.03 nL). The reaction . m xture was anal yzed by HPLC or
GC. The specific activity was determ ned. The results




15 are given in Table 2. WO 2005/ 040373 PCT/ EP2004/ 012065 20 Tabl e 2:
Bi ot ransformati on of various nitriles to the correspondi ng am des usi ng
pol yacryl am de beads containing cells of the genus Rhodococcus containing a

nitrile
rati o specifi
n) |

hy dic?h@aResas t he biocatal yst.
substrate McOH activity

c

cyanam de urea 200 0:1 857

substrate -

[MM buffer

pro

PSRIEBNs ati on
[mol/ [v/v] (mn x

cyanoa@®etic acid nalonanmic acid 100 0:1

107 malonodinitrile 2-cyanoacetan de/ 200 0:1 946 nml onam de cyanoacetic

acid nalonicT@@bQT%QEM§ﬂmm@ﬁmaﬁtmﬁm©nﬁmmiMyMnmsb@mnaﬁgahﬁaﬁthQnitriIe
%%h?e 200 0:1 1025

S RAFHE 7 ceiBEBR AN ERe 200 o 1

1585 net hacr Yiydatateras the bivetdabst y| ani de 200 0: 1 591 2-cyanopyri di ne

picolinamde 9.6 0:1 24.6 3- cyanopyrldlne ni cotinam de 250 0:1 2320

acryl am de "
val eronitril

R Aol BesaBliot g b

baTg el

4- cyanopyri dj

276 2-chl or
4-chl or obenz

re—i+soneotihani-de—125—0-1-613 henzonitrile henzam de 5
bbenZBIIAT i | e [2- chl GFUB¥nzan Jeongengation 4. 6. Atio - specifie
zonitrile 4-chlforobenzam de 7.2 kutdu#2. 6 pPpuoaZI Necatibgni t

pyr azi ne- 2- car boxam de 100 1:4 246 pyrazinej%mﬁ] p)ra%hgg-Z B-B%mb 1:
[v/v] (min x mg)]
cyanamide urea 200 0:1 857
cyanoacetic acid malonamic acid 100 R 107
malonodiniirile 2-cyanoacetamide/ - 200 0:1_ 946
-  malonamide |
cyanoacetic acid malonic acid methyl 100 0:1 340
methy] 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 0 246
3-cyanopyridine nicotinamide 250 0:1 2320
4-cyanopyridine isonicotinamide 125 0:1 613
benzonitrilte 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 o
2-furonitrile - furan-2-carboxamide 100 1:4 235
thiophene-2- thiophene-2- 92 1:4 73
carbonifrile carboxamide
pivalonitrile 2,2-dimethyl- 100 1:4 321
propionamide .
cyclopropanecarbo- cyclopropane- - 100 1:4 562
nitrile carboxarnide ‘




di carbonitril e dicarboxam de 2-furonitrile furan-2-carboxam de 100 1:4 235
t hi ophene-2- thiophene-2- 9.2 1:4 73 carbonitrile carboxam de
pivalonitrile 2,2-dinethyl- 100 1:4 321 propionam de cycl opropanecar bo-
cycl opropane- 100 1:4 562 nitrite carboxamde 5 21 Cains 1. A process
for the preparation of polyacryl am de beads contai ning encapsul ated cells
conprising the steps of (i) providing an aqueous solution of a m xture of
acrylic nononers, (ii) providing a suspension of cells in an agueous
solution of a persulfate (iii) providiZlg an enul sion of an aqueous sol ution
of a tertiary amne in an water- inmmscible liquid, which liquid optionally
cont ai ns &lstisf actant, (iv) mxing the solution provided in step (i) and

t he suspension provided in step (ii) (v) adding the m xture obtained in
step (iv) to the stirred enulsion provided in step (iii) (vi) polynerizing

the mxture Afpr@Gtyiok %e'ﬁ?éfﬁ%@o%lﬂy@%iﬁ@ﬂ@ﬁk‘%&Mainﬁ@%ﬁ&?bﬂlﬁ%@l agist he cells
to form pol yacryl am de beads containing encapsul ated cells, wherein the

pol yacryl am eenpissgdhhgions o mechani cal strength of at least 200 mN. 2. The
process of ct [ . rel e | .am de _he ve a size of 0.05 to
3 mm 3. Th lflp;Bcr)%ve%@g Sf aég’\eé?srﬁogﬁ\?ﬁ %? élyrlrll’{?t eeO?ﬁgrlygg%P ?}‘I%ggﬁs’de beads have a
size of 0.1 @D IprévidinpaampemioiafiRall Rah aghdoangilttiafofatpetsadfstt 300 MN. 4. The
process of a y of clainms 1 to 3, wherein }he r?tio_of dry .cell s/ m xture of
acrylic {1] 1} providing an emulsion of an aqueous solution of a tertiary amirie in an water-
immiscible liquid, which liquid optionally contains a surfactant,
(iv) mixing the solution provided in step (1) and the suspension provided in step (i1)
(v) adding the mixture obtained in step (iv) to the stirred emulsion provided in step
(iii)
(vi} polymenzing the mixture of acrylic monomers and simultanecusly
encapsulating the cells to form polyacrylamide beads containing encapsulated
cells,

wherein the polyacrylamide beads have a mechanical strength of at least 200 mN.

2. The process of claim 1 wherein the polyacrylamide beads have a size of 0.05 to 3

mimn.

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 : 1to 1: 1 (w/w).

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

monomers is 0.2 : 1 t0 0.9 : 1 (w/w).

6. The process of any of claims 1 to 5 wherein the cell is a bacterial cell.



nmononers is 0.001 : 1 to1: 1 (ww. 5 The process of any of clains 1 to
4, wherein the ratio of dry cells/mxture of acrylic nmononers is 0.2: 1 to
0.9: 1 (Ww. 6. The process of any of clains 1 to 5 wherein the cell is a
bacterial cell. 22 7. The process of claim6 wherein the cell is a cell of
a bacterium of the group nocardi of orm Acti nomycetes or of the famly

Ent erobact eri aceae. 8. The process of any of clains | to 7 wherein the
tertiary amine is N, N, N, N -tetra- nethylethyl enedi am ne or 3-

(di net hyl ami no) propionitrile. 9. The 32 ocess of any of clains 1 to 8
wherein the water-inmscible liquid is a mneral oil. 10. The process of
any of clains 1 to 9 wherein no surfactant is used. 11. The process of any
of clains 71 The gidcosher Giimh 4 Weerpi@dltyaedk astilef Meadsuih@Tmecrbip Sstep (vi) are
separated. 12. Pohyacry[anide beads c ntainingoenqapsulated cells

obt ai nabl e b?locﬁrdﬁﬁ pER SStinmygRigs ool thy Enteropagierifias-ei n t he

pol yacryl am de beads have a nechanical strength of at |east 200 mN. 13.
The pol yacryl am de beads of claim 12 wherein the encapsul ated cells are
cells of # Thembeesodl anol gemrsl Rioda oo dhstediont amine gV, &Y, i tY itetea-hy dr at ase.

15. The use of..th ol yacryl am de ds. | ai 12 or 13 as a biocatal yst
for the traﬁ%@%@ﬁ%eﬁ%nm% XgrghﬁgF?éﬁgﬁ?gjg%g?glu%t. 16. The use of claim

15 wherein the substrate is a nitrile and the product is the corresponding
am de. 17. The use of_ claim 16 wherein the nitrile i anopyri di ne and

-C
the pro du® The prpgeshef X f aléi_mS{I to 8 wherein the water—zmmmcigle?iqu'd 1s a niinera
oil.

10. The process of any of claims 1 to 9 wherein no surfactant is used.

11. The process of any of claims 1 to 10 wherein the polyacrylamide beads formed in

step (vi) are separated.

12. Polyacrylamide beads containing encapsulated cells obtainable by a process of any of
claims 1 to 11 wherein the polyacrylamide beads have a mechanical strength of at

least 200 mN.

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-cyanopyndine and the product is

nicotinamide,



