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WO 2005/ 040373 *159159* PCT/ EP2004/ 012065
| mrobi | i zati on of biocatalyst *159159* The present
i nvention refers beads cont ai ni ng

wospgia o0 et <] ||||F HEIIIIJMIIIW\E ::Saf HENLIRSm—

Pol yacryl'am de beads cofntsefi ni ng encapsul ated cells can
be used as a biocatalyst for wvarious  _

bi ot ransf ormati ons dependi ng on the enzynes contai ned

Wi t hi n the cells. For OIegan‘pl e plol yalclryl ﬂ”ﬂ”’ﬂm m’mﬂmmmf
con hﬁ'gogﬁégﬁgigkfgb: coﬁfgleb: ﬁg gem tsrl I e Rydpat ase
can be used for the transformatlon of 10 n|tr|Ies to

am des.  Pol yacryl am d b cgnt ainin enzgl @ ]
Tbemse’égwnme RO LG RIdg peads shdags ﬁtﬁgge Is,toa
piEhS Rl pRER GRS Beir ese%mdcmyaf antoni um

ersu ate in tri-ethanol am n- HCl
buffer (0.0O5 M pH 7.0, O 5 m_) and 15

Palygerylagise GrenEOiARinE pRRapSIEEk Bl 3 beueafra bibestitn
variShs Bidtransfefivativik depenBingDnghe diZmen@inyairted dvithin the cells. For
e:stp AL %%Tg hasblpisictsrig) celly a4 siain of the

4 HRlehydiatasé 6 -GS fof tHaNASSformation of.
%ﬂgﬁg, od?g%@?ng 500- 510, 400 mi) | contaimng onone

nsnlebrtq amdsesqw ol eate (1 mL). The pol yrmeri zation was
carried out at 4 Cfor 20. - 30 mn. Nilsson.et al.
(BI ochi m Bi ophys. Acta 1972, 268, 253- 256) does not
cryldneide bends eontzipigleagymoes Iaive besnl describepby Nalssoylleaai de

TR Y T
(@25 2P5.Y Inath 61 ircgieihansthaireHT! biffai0.08M, @Hl 7 o eo ymwmbl e
NV Y ipRune T Daepetitse S s 8 s SadaoD ery padia o
séﬁ‘ﬁﬁtx‘é{\ (66@% 50 @6 0. )P@rmafw(@ss gelzbﬁhﬁﬂé’l) GRONA hétbiylene-

eas or’“enzynes were prepar di ssol vin

bhspamalt .45 5, %9 gcbi el HC buter (.05 M, pl 1.0). The

0, 400 mL
R T i s
cbhta&uﬁg)kdrbntamrsesqtﬁdieqteélsmL) The polymenzatmn was cartied out at 4 °C for
30 min. Nilsson.ef al. (Biochim. Biophys. Acta 1972, 268, 253-256) does not describe the
encapsulation of cells in polyacrylamide beads.

=

Mosbach et al. (US 4,647,536 A) describes the preparation of various bead polymers
contammg encapsulated cells wherein an animal oil, a vegetable oil, tri-butylphosphate,

| liquid silicone, paraffin oil or phthalic acid d1buty1 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)



cells or enzynmes (e.g. peroxidase, 10 ng/nL, 2 nlL) and
anmoni um persul fate (0.4 g/nL, 30 20 L (8 ng, 0.03
mmlo)tk and di spersing the m xture in soybean oil 840
WO HOSIOATN, N, N - Tet r amet hyl et hyl enedi ami ne (REHER2004/0120§5
nyg, 0.66 mmol) was added when a suitable bead size
had been reached. SUBSTI TUTE SHEET (RULE 26) WO
I A BT (e Bl R0 BRIy i o b Bing oot
and apraviess fogtheir/preparatidna process for their preparation.
This object is achieved by the pol yacryl am de beads of
claim 12 and by the process of 5 claim1l. The process

THH oBjBR idchReEd biéﬂ'ﬂé POlya@labiide Bea8s Bf AR & ﬁﬁ?fbd‘D%lg process of

pol yacryl am de beads ™ contai ni ng encapsul ate
d%'@ﬂ{ari ses the steps of (i) providing an aqueous
solution of a m xture of acrylic nmononmers, 10 (ii)
provi ding a suspension of cells in an aqueous sol ution
Thefpracepeoiibe prasant {niventjondoothe greparation efipdlyacylamidebizads
cofusous solurtti n..of a ter#hiea{?i; amne in a water-
Fasersuated fells comprises the §5PX°5pt i onal |y contains a
@sur fp@@\tidiﬁ% an @duéebudBokitidd of B ehisbreldf RpyIRBMoRgs, | N step
.(1) and_the.suspension _provided in step t(| 1) V)
(it o o PRy IdinG 2 Aspensien ofioells e anveoys splutipy pf'a persuifate.
atir el SLOm: Do) . eten fidi ' .
o f‘ﬁmﬁgﬁééﬂtﬂﬁ%?# ol bohitiohl i bty B0 A Wi
si mimmiscide Bayid evbiclpEqlidoptingpally bentaink b sutfactdonr m

- ROl I e. Q L pin ncapsul.ated cel.l.s. s
G R SR RAAOA 4B 1 Bl B GAR B Bh Bty B ree 60
(v) ns ailding # thixéure ebttinad jn sepi (i) to thedfirel epatijorastorided
the water-imm scible |iquid before the addition of the.
'acrfrﬁ%c(“éﬂﬁ?gr?ers, the cells and the persulfate. The
(vol YapmeriaiigdRe MBaAGS of MriRAintiont 18 akd SinfifanddhuslydRcapsulating

present invention are of spherical or al npost
sphdhe ¢ells tosform polyaeryipmidehsadaconiaining sacapsulatsd celis. have
a size of 0.01 to 5 nmand a nechanical strength of
- at least 10 mN. Preferably, the pol yacryl am de beads
Thegprecess efi theprstend inySntion i§adwantagebua insofar as the 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 mechér_lical strength of
at least 10 mN., Preferably, the polyacrylamide‘beads have a size 0 0.05to 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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mechani cal strength of at |east 200 nN. Mire
preferably the polyacrylam de beads have a size of
0.1 to 1.5 mmand a nechani cal strength of at | east

30 The nechani cal strength is neas P2004/012065
- wodisiin, Fap

pressure to a bead which is place et ween

two plates until the bead kg eaks. WO 2005/ 040373
PCT/ EP2004/ 012065 .The cell can be a bacteri al cell, a

| T}Ie ﬁ%kng #m&ib?’&ﬁ% ﬁﬁgalceuaaﬁh@%n @lant @Ell ar HedEhi R cell.

t he cel i's a bacterial cell nor.e
Prpfembaay il o,en isa hasteaa]cm‘lll mofe meferablwetrxs apslbof @ Racterimg gfthe

ORI BETAAG LRI B 6% ol B¢ ARBRETY ¥ bckfinceae.

Evelhork §re?er§tﬂ$' the@Ell & Dt aibucterivim bfthe genesa Rhadococcus or

odococcus or Escherichia, .and nost H)(fgfera d is
Esgherithia, end mosfpeeferablyiii 168 celh f aRastsaumiod o bcoctis.

Exanpl es of bacteria are gram positive bacteria such
as bacteria of the genera Bacillus, Acetobacterium
E:énﬁplémmbeetena e ghanppesitiverbactexs gmb peleacisrinafithesmgrnBacillus,
odococ di
Acshehee AORoaeb e i B LN BepRRL, GPPna. Nocardi

t e’ genera

RASYocbécas Qb&ﬁ;ﬁcafatop@m Aldagimmiegative Ddtoeexialsgfém esbactena of the genera
" Comanpnas, @ ucono eudonon
Ao APt ABALEEs GRUEPP: Ay g aney Bpronas,

ebsi

Eé@&wneéu%a&ecrs%m%aa%r,tda@heawu Br Kizbsielit.of or m
ti norTycet es are bacteria of the genera GCordona,

Nocar di a, 'Rhodococcus and Arrycol atopS| s. Exanpl es of
b ac 1e3 GR@Baciérf of the genera
{312 Bf’ba%fm% Eﬁhg ?r?gb)ﬁ c’!Oét r obact er,

nt er obact er
Giﬁdd?ﬁ‘t[ Na&ur&aakfubdoédcabsané |Amycolmiapsis Expmpled of bacteria of the family

Bg‘%{)ll@?:/g%tggc%&gﬁe Ec;erna 02“ ﬁ ) oegg 2 lrbilforeP rﬁnter%gagtgﬁ #schenchza and

he" gene ’éncodi ng t

. Ke&veyems. of interest on the chronobsone or can be

transforned with a plasm d containing the gene
encoding the enzyne of interest. If the bacteri al

' R9attd 'y BEMEdSREMINtelate enzyme of i nteret
'nggck se&ggbeﬂr o%ocggyne and-this enzynme is a catabolic
enzynme, the bacterial cell can be cultivated "in the

- 'Igg%%etglg colfl S%rc%ﬂ{amgk Fﬁﬁ%xmé tﬁg &fz?fne of Eﬂ:@reﬁ?@{'lﬂhb e,

e genus  Rhodococcus can be
chittnidsg e ed cinrbetthnesfprmesiewittea plasmidieputainiog g geng %edmg the
i nducer, nduce the expression of a nitrile

HEHRGP resExanples of suitable inducers for a nitrile
hydrat ase of a strain of the genus Rhodococcus are

I??ﬁehb%g{e%gﬁghsd ceonta(i:r{so eo Ee%g]egceo ngqhep ern%%ing Qtamtgr%ét on the
chromosome, and this enzyme is a catabolic enzyme, the bacterial cell can be cultivated
in the presence ofa suitable enzyme mducer TFor exariiple, 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 eneodipg 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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30 If the bacterial cells are transformed with a
pl asm d containing the gene encoding the enzyne of
interest, and this gene is under the control of an
w0 20034@srbl e pronoter, the transcription of PCEEREHA12065
encodi ng the .enzyne of interest can bg)induced at a
sui tabl e WO 2005/ 040373 PCY/ EP2004/ 012065 4 poi nt of
time during the cultivation. Exanples of inducible
poim otime dnEngthe cnltizationo Exarnples ofdnducible progeoters gee the rp; the lac,
rabi nose and the.r | '
tho e Bn A0 BIREY A B BRI PinpE TRE BlauplOHPgopRlired @Ppromoter
enqﬂ&ﬁﬂﬁFﬁﬁ%x&m?npﬁﬁihﬁmnmmhapﬁndmc&mbdimmmmmhwamﬁnypoi
rhammose. After cultivation, the cells containing the
L1hapmo$: of i'nterest can be separated fromthe
-fernmentation broth. Preferably the cells stored in an
appropriate buffer below 5 C. The m.xture of acrylic,_
Aftermitivatien, dhacells nentainingtheanzyme ef intesest fembs spnarajed frgm the
and at .| eas Lo, [ t QN i A
ter R R ooty B CE Hor il RbopRalourter BABR SEC, 2
formula R R2 --ly 0 15 wherein R is H or nethyl,

B  ebr S E ERD) flffses

' ond RAfRktGRE RerPGEbadinge is Cl-4-alkyl, and nis an

“Integer from1l to 4. Exanples of nonofunctional-:
acrylic nononmers are aerylainide (Rl= H R2 = NH2),

i | o ¥k a nitRomeNof ik formula
A X é%@%ﬂﬁ"&@é%%ﬁ"% R 25 R3 =
G .4-alkyl) such as N-ethylacrylannide (R3 = ethyl),

N-i sopropyl acryl am de (R(RS = isopropyl) or
N-tert-butylacryl an de X R3

= tert-butyl),

'N-al kyl net hacryl ami des (R .g* nmethyl, R2 = NHR3, R3 =

d -4-al kyl) such as et met hacy'yl ami de (R3 = ethyl)
0 .

wherein

. R' is H or methyl,

R? is selected from fhe group consisting of NH, NHR3,'NCRB)2, NH-(CHz)n-N(R_3)2 and
O-(CH2)rN®)2
R® at each occurrence is Cy4-alkyl, and

n is an integer from 1 to 4.

.Examples of monofunctional acrylic monomers are acrylaimide ®R!=H, R? = NH,),
‘methacrylamide (R' = methyl, R? = NHy), N-alkylacrylamides (R! = H, R* = NHR®,

R? = C,4-alkyl) such as N-ethylacrylamide (R} = ethyl), N-isopropylacrylamide ®R =
isopropyl) or N-tert-butylacrylamide (R? = tert-butyl), N-alkylmethacrylamides ®R!'= -
methyl, R* = NHR3, R? = Cy4-alkyl) such as N-ethylmethacrylamide (R® = ethyl) or
N-isopropylmethacrylamide (R? =isopropyl), MN-dialkylacr'ylami_des ®R'=H,R’=
N(R?),, R? = Cy.4-alkyl) such as N,N-dimethylacrylamide (R® = methy]) and N,N-diethyl- -

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

NH-(CHz),,;NH(Rs)z, R’ = Cis-alkyl) such as N-[3-(dimethylamino)i)ropyl]acrylgmide
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N-i sopropyl net hacryl am de (R3, = i sopropyl),
NN-di al kyl acrylam des (R 1= H R2 = NR3)2, R3 =
Cl4-al kyl) such as NN-di met hyl acryl am de (R3 = net hyl)
and NN-di ethyl 30 acrylam de (R3 = ethyl),

WO pOB/04987I kyl ami no) al kyl Jacryl ami des (R1= H, PEI/ER2004/012065
- NH- (CH2) n-NH(R3) 2, R3 = Clg4-al kyl) .such as
N- [ 3-(dinet hyI am no) pr opyl facryl ani de WD 2005/ 040373 5

R8T BB F Anra e o BRI (S 3 T et

| ha 3=
R&Hﬁé&r])mun@hiﬁﬁh&h&y 153%1%% dewéthggk Ng(@g?)gizm@&ﬁ
Crwsliof ishing mmmgmylm;q@ammmaﬁaauwa e

N—@%&Qﬁlﬁapﬂﬁ@yf&pﬁ am no ma) y ygpécé1 %‘%?mcpﬁates :

®RR2 PFR6-=(cntﬂ>H a,:R %d-mnzlsuah as;ﬂ Qdunetblylamm)ethyl

i ) e B et 15 s

(@H}{}%Anlln)lé)éthdﬁa ht€§ (h)&@'R3f¥§76tlﬁikl)‘1?ﬁd (dlt@%(ylaﬁinlﬁﬁ)taHWI methachates
= e an m a ne acr e
(Rnémﬁhyy 1, FRr Q- é“@ @ ke 24-3/ ) sckps (et ﬁyla@mcﬂwl

oo 'f‘e%*%iﬂ“@i?‘y%m S‘Séh“fy' pen=smE

-al kyl met hacryam des, NN-di al kyl acryl am des,

e A, AR 6% av-distisepimicien, Y N-dilio

m@h&ﬁl&dﬁ&édﬂ Mﬂ(ddb.myladﬁm)alkﬁ!labkadudes, Nqjdidlkylansno)y| at es

et AT Gl

ca&% Jep¥bd Wﬁ@fﬂoﬂ@m&& AR, for@kathiié By reaBihg asryloyy thloride,
rrde or nmethyl msthacryl ate w fe the respective
methldwxazhtm eleﬂm:ankw rhigrideorgnethyd methagny éﬁkfﬂsa"rﬁ“ﬁ%
g rialesbabey i sy e
wherein |s H or nmethyl -X- -(CH2) n- or

Blﬁ.{n%{;tn?l_?mryhc monomers can be monomers of the formula

R - R
Ny~ @
0 . 0

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

n is an integer from 1 to 4

Examples of bifunctional acrylic monomers are N,N'-methylenebis acrylamide R'=H,
-X; = «(CHy)p-, n=1), NN ’-methylenebisxriéthacrylamide ®R'= methyl, -X- = (CH)p,
n=1), NN '-ethylenebisacryiamide ®'=H, -X-= -(CHz),,-, n=2), N,N -ethylenebis-
methacrylamide (R! = methyl, -X- = «(CH2)p-, n =2), NN '-propylenebisagﬁrylarﬁide
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25 nis an integer from1l to 4 Exanpl es of
bi functional acrylic nononers are

NN- et hyl enebi sacrylam de (Rl1=H, -X- =-(CH2)n-, n

WO 2005/040343N - met hyl enebi snet hacryl am de (Rl1= RETiEP2004/612065
= (CH2),,, n =1), NN -ethyl enebi sacryl am de (Rl= H,
-X- = -(CH)n-, n —2) NN Set hyl enebi s 30

rrethacrylamde (R1= nethyl, -X- = CH2)n-, n =2),
(R RN, pF-apy( CBlab insz3d ayd MAT ﬂhM&yﬁmp E}bmacryla.rmde R!=H,

v P 4/ 012065 6 (Rl1=H, -X- = -(CH2)"-, n =3) and
X C&éﬁf@%% hydr oxyet hyl ene) bi sacryl am de (R = H,
S X = (CH-O-|),,-, n =2) . Bifunctional acrylic

nNONONErs G¢an be re ed b known i.n_ the
Bif R ORI IRGROBIAr AR P SiFRICeh Y I Io0n FOR Lt Al v chample

X blfﬁn%uoﬁ@dgﬁyhc %ﬂoﬁﬁrsﬂﬁlﬁpea-ﬁxe o J@@H?]),e,-a&h'b@:q:ré}ﬁ!iéd Hir)’xjeactmg acryloyl

| oride,” methyl acryl ate, | oyl “chl oriide or

chlmdmmethvétamlﬁtqz meethacrayhchlorédercs 1mpethanryatedth the
P . t he bi functional acrylic nononmer is
respsfuE e

fomthe group consisting of 10
NN - net hyl enebi sacryl am de,

e 5 P TRBR GO Fphamet s Scleril ol s GSHR AeASiRE Of

Nmetﬂ?renetﬁsa%eﬁﬁﬁide de-ﬁfahyréﬁebxﬁh&u&rym&ﬁdesaﬂdwNau 2-di-
acryl ani de,  met hacryl am de, NN:di al kyl acryl| anj des,

hy¢qo¥xegngpq@b1sacmaﬂ]ng§he]mgpﬁg@pgmé fQneger is selected from the

b R AR pRilt i, APt A il

. amin)atkylimetbacplemides, (ﬂlamymmdiglkﬂrwtulgas anyd Glialkgdaminayalkyl

me he ﬁrqgnofuncti onal nononer is selected fromthe group
TE: ng of acrylam de, N, N-dinethylacrylan de,
N- [ 3- (di net hyl ami no) pr opy! ] net hacryl am de and-

di_nmet hy no I thacr , 20_The ers
Mg o b o B eBr A Bb er AN - B4 oans
the%ﬁbﬂ&'ﬁ&ti%ﬁiﬁﬂéﬁoﬁeﬁs sefREt8d ﬁ&mﬁ& P%ﬁé@tfr@b@ a&?ﬁxmde

_aI kal i net al persulfates Exanples of_ al kal i netals

N, Modimethyleprylpwide i:mﬂwlwgbmyﬂmeﬂn@rﬂmaWw t he

2- 1hifo persul fate or potassium
pers%(?% ) tﬁ%re prlg,tm&rabl y, it i S ammni um
persul fate _

-

"The persu]fate can be ‘any water-soluble persulfate Examples of Wwater solible persulfates
are ammonium persulfate and alkali metal persulfates. Examples of alkali metals are
lithium, sodium and potassium, Preferably, the pefsulfate is ammonium persulfate or

potassium pcrsulfaté, more preferably, it is ammonium persulfate.
The tertiary amine can be any wéter’-soluble'teﬂia.ry amine. Prefqraibly, the tertiary amine
is 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, xyleﬁe,

. dearomatized hydrocarbon mixtures such as Exxsol D100 and isoparaffine mixtures such
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The. tertiary am ne can be any water-soluble-tertiary

amne. Preferably, the tertiary amne , 1is

N, N, N , N -tetranet hyl et hyl enedi am ne or

3-(di nethylam no)propionitrile, nore preferably it is
WO NOS4BT3N -t et r anet hyl et hyl enedi ani ne, 30 TRET/EP2004/012065

wat er-inmm scible |iquid cag be any -water-inm scible

material-that is liquid at 'the tenperature of

ol ynmeri zati on. Exanpl €s of ter-i.m sci.ple iqyids -.
as ﬁp@ar&fff@eample@gorf §9getag@g>él§ s °Hn@1v§ﬁ’rﬁ et O lgion
oil e?%ilogogﬁslhaggﬂ%d Bheh BilPAR ok MPHEHE i}yﬁtﬂe@i@ @il is silicone oil.

earomat i ze rocarbon m xtures such as Exxsol D100
and i soparaffine m xtures such WD 2005/ 040373

RPCT{ EP2004/ 012065, 7 ..as. l.sopar . : t
Profrtpaly v apr e sRRie ISR Rt i N Ry, P R B o
hy&bobarb&Rbif 4 EiMire Heteof, MO BRFerablY it dywideaesniativied hydvocarbon

exanmpl e of a synthetic oil is silicone oil. Preferably
mixEe PAdsppifiRiXgie |iquid is a mineral oil. Mre

preferably, it is a saturated -5 hydrocarbon or a

m xture thereof. Mst preferably it is a dearomatized
Thh yoterdmntissible liquid caneoptionally costeinarsaitfastantnThe siréactanhiean be

wat.er = i nmd Sci F QUicd . i
ey BHhIe Sffp el 1 PifiBd s B Ace HoriB Ao ufladtants such s
sotbitah flyanid esterapgiyetisylafeglycoltfabl @idestdrs ethyi¢reghycel fatty acid
noni opi ¢ rfactants such, as 1 orbitan fatt cid .
estggytn alyoersd IR SR gR0 Siont Ry 1ych s ittty hSionium
saled, b@gkﬁi}tﬁ@lwﬁ@ngfoﬂﬂ:{e)émﬁ s atﬁsztsef SarthSn g‘bmﬁemimlﬂea dffatty
acid esters and catjonic surfa nts_suych a ‘
acids re-leik peid gRsteasicgaid. Exgnnles W@wﬁ-e@wﬂ IPE%@? apdh butg}
. | ; | es
Bl MSIs BB i« LBES barh Shs G A, gl ind deeBIT ©°
Exanpl es of al kyl are ethyl, propyl and butyl. ' o

Exanpl e | s j : .
TR S 0 R e B3R e
can-be up to 0.10:1 (ww). Preferably, no surfactant .
i s used. An aqueoys sal utj-on .of a.m xture of L] i
A asReh sty AT B s o Aot o e ied BE i fing the
acFRTAEHosn ekd in WRikeR br Hbuffer DA khspensioh oTeelein shiqueduseetution of a
I'n an aqueous, solutign of .a io persulfate

. . p can be .
pepruliptecren bpprowidad iy mixingp rlitinn of o Parspdste i W&?ﬁ_& of fbyfferayith a
sugéengiog%ﬁh%rceﬁgghtavafbr o ?‘ﬁl%?.sf‘reﬁraﬁfy th&8or§8e hivnbMemi@dissolved
a butter. Preferably the acrylic nononers_are . :
incing st oeHslare iswspemied ithebestar) and frepH ispdiisied o ppFawihingthg range

e

. rafige frendnp|8ds faviued by b hitrilethlydratase from a strain of the genus

. Rhodococcus.

An emulsion of an aqueous solution of a tértiary 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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range from6 to 8 is favored by a nitrile hydratase
froma strain of the genus 25 Rhodococcus. An enul sion
of an aqueous solution of a tertiary anmine in a

WO 208%/@40373nmi sci bl e Iiquid can be provided by’CT/EP2004/012065

emul sifying a solution of- g tertiary amne in water or
a buffer in the water- imm%cible liquid. 30
Preferably, the aqueous solution of a mxture of

tertigry gmine ipdiromatersimnpipeible ligpidnwhish ligwid eptionally jcantgins a

surgagtégg %&E@@% ngtt@(li %f @?, Bﬁ{% &%@Fg%%gt he enul si on of

PCT/ EP2004/ 012065 8 tertiary amne in the

Th%vg%%rgg% onsq% ikt ?fd a’cla':igi ol I%gah {hggttlsipgﬂgiloln%§ cells in an
aquBh&donelion dffa peistilrae ﬁfbmﬁb@m&ﬂﬁi&@édfat@?&%bpmmé the stirred o
m xture of acrylic nmononmers and the suspension. of

emplsionspfian agpoussalufiracis tetirmyanghe Bithewgerigumsable kquid.

‘ Exgﬁnnﬁllggoon o‘;l%ﬁx%r@%ﬁltﬂreg 510f5H§Pﬁich' %ﬁd w&n th‘(rér% ro%eller

an agueous so on _of a ter
stirtdre or/\msm Jet%stmm Bte&rhblyi,w \dsco-JE&’ atipérasusstl. Ermf&ralﬂb',ethe

Pl LS S P B SRR L 151

253C] ﬁd&ﬁsstpfaf&ﬁtﬂyahb yarriéd Mit2€ 08 jod20Cstirrer is used.
Preferably, the polynerization is carried out at 5to
35 C. More preferably it is carried out at 15 to .10

FollGwing ritids afsrbfePibBf SpAbd Yor kile pobytiziidiput at 18-to
22 C. Foll.owng ratios are prefeerably applied for the
pol ymeri zation step: Preferably ratio of the mxture

: . : /
e S AP BATRE U8 B i B it o o nor
prefiereblgricisloyi 1 to 0.3x1 Qw/v)1Most fief2Bibly if ia/0uB) 1 toFBr:zS @rcabvy t he

rati o of "bi functional acrylic nmononers/nonofuncti onal
acrylic nmononmers is 0.001:1 to 0.8:1 (nol/nol). More.

Prﬁéﬁﬁ@ftﬁbi’aﬁo loff biféncfiofll a&ryh@ nﬁn&ﬁerl/rﬂ‘onéﬁlﬁaiohﬂp horylidmshomers

s GPEFLIERSY (motmg ooz otk in QUL © b spimeD. Most

prél&‘&@l‘%fﬁo'(% ptoQ)Odéll% /o).l (Ww . Mre preferably it
.2:1to ven rmre preferably it is 0.4 to

O 8 1 1(vv/W Most preferably it is 0.5:1 to 0.7:1
Préiy %raﬁé of ﬁgnglgrszlplg(ﬁlng ggads@gd rﬁirfbbepsg'é ?lé?f 46 " Z‘&NJ) SMore
preferably 1t is 0.2:1 to 0.9:1. Even more preferably itis 0.4 to0 0.8: 1 (w/w). Most
preferably it is 0.5:1 to 0.7:1 (w/w).

Preferably the ratio of persulfate/mixture of acryhc monomers 1s 0.0001:1 to 0.1:1

" (mol/mol). More preferably it is 0.001:1 to 0.05:1 (mo]/mol) Most preferably itis 0. 002 1

t0 0.03:1 (mol/mol):

Preferably ratio of tertiary amine/persulfate is 0.2:1 to 50:1 (mol/mol). Preferably it is

0.8:1to 10:1 (mol/mol). Most preferably it is 1:1 to 5:1 (mol/mol).
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(mol /nmol). More preferably it is 0.001:1 to
0.05:1(nol /ol ). Most preferably it'is 0.002:1 to
0.03:1 (rmol/nol). Preferably ratio of tertiary
am ne/ persulfate is 0.2:1 to 50:1 (nol/ m)!Z

WO 2005H@¥74bly it is 30 0.8:1 to 10:1 (ol / noPGI/ERMU{012065

preferably it is 1:1 to 5:4 (nol/nol). WD 2005/ 040373
PCT/ . EP2004/ 012065 Preferably rati o of oiI/vvater is

Profigbly rtino b k1 0 s o et proferefe i g
(w/lV? SiveR) Fﬁ&@é@?&@bw Iet 1%?.4 t05:1 (W) Abst fﬂre&‘ew%br% fenef snablin,

eads obtai ned aft

- (w/pl ymsrl_zatl on are separated, for exanple by

~decantation or filtration. The separated beads can be
washed with water or an aqueous solution to renove
Prefd%ﬂﬁﬁ&hé}ﬁol%@eylmidelbcadﬁﬁb&mebhﬁer Ithemul;dneﬂzaﬂlonare deparated, for

et o G, R e S o bl

- aquis BB RMOA kS et hiices QPN W&&Wnﬁmﬁkhb‘lﬂ@qtﬁﬂ O£ifIScan B€ sfoftd in an
present invention. Preferably, the encapsul ated cells

appsepriatedaiffes. of a strain of the genus Rhodococcus

~containing a nitrite hydratase. Another part of the
invention is the use of above pol yacryl am de beads

Alsoqattaif therigventibn ergahacayhmid twedd ontinizg bicapsitlated sellsf or.

h sf f bsit
obtpiaghig s proqei o£ e Bievdl BVREbD BrpelePlol off Hpased cots e
celisof b 3Raifi OF ﬂﬁg@ﬁﬁﬂkﬁlﬂam&onﬁh@ a yittidd Bydiiataye.t he

substrate Is 3-cyanopyridine and the product is
ni coti.nam de. Exanples of. nitriles are cyanam de,

. IAnG&@gﬁ’aﬁFeﬂfiiﬂl@nﬁEﬁtﬂm 1§‘EEMaﬁé\ﬁefpol}@cryfa)ﬁﬁS defisicontatminh

ester; acrylonitrile, butyronitrile,
emaaetéatgchcetusuas e bxo@p@tyetrfgrm trmsﬁarmn%qrh%f@r%ﬂbgmt@ tq 3 Broduct.

Pr%%rﬁ%lg#ﬁ? Eﬁdsﬂhfggs or g grroh tfﬁh e S PBRAMKE RideMore

preferabl ﬂimbfmismwampymhm midrthe prodot it michtinamide.
pyrazi ne-2, 3-dicarbonitrile,.2-furonitrile,
t hi ophene-2-carbonitrile, pi vaI onitrile and

.Exaiples Bf SIRABS 48 chiinide] ¢yanoadEticHei, tualvns imitmild, icpamoasntic eid
carried out as a batch, reaction or s a, antl uou

'mqtlesaéetpr@ﬁcrylop}tgheblmopmw epanifple; grqfongRittifey msthagifonitrile,
e GyaiibtykiailoCs BydroByridihe, A-cyRIBpRidhd ba:zbmmm-cmmwﬁmle,

e 1 shows concentration of ni COtI .
4-¢1ﬁ<uob@acmtrdn mrampmbmméﬁeaﬁm%é dl@é)b%mqﬁg g‘???émle'

rin dine to
R AR AR S Ed ARcpopdn BB 1 o
3-cyanopyridine in the reaction mxture in

The transformation can be carned out as 2 batch reactionor as a contmuous reaction.

Preferably, the reaction is carried out in a suitable buffer at a tempeérature 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 n_icotinamide.

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

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

3-cyanopyridine to nicotinam de. WO 2005/ 040373

PCT/ EP2004/ 012065 10 Fi gure.3 shows the conversion of
wo BHosyABAPYri dine to nicotinam de in dependempey/Eppolross

time during a continuous reaction of 3-cyanopyridine

to nicotinanmide. 5 Exanple 0 Cultivation of a strain

of the genus Rhodococcus 1.1. Preparation of a . -

Flgur@& shaws the éommmqnl of 3myalmoplyrl(lme®o mbohmmdﬁ il Ylependency on the

cowtal ni n 250 yeast e 05% (ww) 10
d W@W% oragens %"m&f‘es%(w/w)
SOdI um ci trate O 75% (W w) et hacryl am de and 0.2%
(ww) KH2PO4 was inoculated with an agar plate culture
of a strain of the genus Rhodococcus. The precul ture

Itivated in anErlenrneyer flask (500 nL) at 28

Exgﬂﬁ)lgflzo rpmfor 48 h. 15 1.2. Preparation of a

Cultination ef Astsdie of the germd iRhoaldcb@cids, pH 7. 0) cont ai ni ng
1. 25%(vv/vv) yeast extract, 0:05"010 (ww) MSOH 7

030/5/ CoCl2. 6 H20 0.5% (ww) sodium:
L f‘?péf on Bf?:}/"%]\'ﬂf?v) met hacryl ani de and 0. 2% (w w)
A K5I dem (2700GH1 el oywdntmﬁndgu 25% Mwa&&%%a&)o .08% (wiw)

the strain of the c);enus Rhodococcus obt ai ned

MegRQet T He@: ¢-0038% W) €012 6 Hifd Qi (W spdiugigifrate, 0.75% (w/w)

AL 0% FATRSH 0, bl 7 o Bl g o

straineof dhsganhy Bhodorgugen Toe preevltura wids cultivatdd iwah Brehmeyer flask
rnmentat jo.gn broth x mn), 28 C) and 3
(5%&Z‘g§9#%{§%dfﬁ2§mﬁf&% cell s were harvested by
centrlfugatl on, washed with phosphate buffer (50 mv

ncentrated to a concentration of dry cells
178? 239%? Wirend stored at -40 C. 25 Exanple 2

A Dlefile thatii (101 L7 GP&ngdlﬂLMg @23%/(“9&:) gea&tdk&hcﬁ 05 S @viw) -

genus Rhodococcus 30 Pol y zd{ am de” beads. contai nin

Mﬁ@ap’é BQ: @80e (viav) SloCh 'sﬁ He0.10- 80 (vivd sgdipmritrate, 0.759 5% (wiw) -

A pRAE A g0 ol KRl oo SRR P00 miyor

thestfdim of he g&fus hﬂho@do&’aa@ obtaihedray desbnlﬂﬁﬁ‘n eSmypbd £5. The Olture

A Fab 1 Ty YA A0 OS5 R o

. >40%4 @ Yespect to the dissolved oxygen concentration at 1 volume ait/(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), concentratec to a

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

Example 2 o
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. Saniples (1000 ul) were taken after 5 and 15
minutes. These samples were immediately mixed with 20 pl of HyS04 (48 Yo (w/w‘)),'
diluted 100 times by volume with a mixture of methanol/water = 40:60 (v/v), filtered
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diluted 100 tines-by volune with a m xture of

nmet hanol /water = 40:60 (v/v), filtered WO 2005/ 040373
PCT/ EP2004/ 012065 11 (0.2 m pore size) and anal yzed by
HPLC (colum: C8 reverse phase, flowrate: 1 nlL/mn,

wo 00s5ed0873phase: met hanol /water = 40: 60 (v/ V) PCT/EP2004/012065

wavel engt h: 210 nm 25 C). __Dry pol yacryl am de beads

wer e obtained after dry| ng 1 he wet biocatal yst at 55 C

and 20 nbar for4h.  Exanpl.-e 3 Encapsul ation of cells
(0 ibﬂmévosq sizd)rand ﬂnalyzed @E HPE Crépelumo et eyense phese, fovy 1ateini de

TR et Pt AR Ry i S0Ra (F8 TRBI 210 5,25 O

Drﬁpdlyladmtaﬁydeadaaw@e biythineafted ryih@the wel bidcagdlyst 8t 55reC hnd
wer e _di ssol ved in phosphate buffer (37.5 g, 50 nM pH
20 mbey fosAd-t he pH of the solution was adjusted to 7. O A
solution-of amoniumpersul fate (0.465 g, 2 mmuol) .
distilled water (5 g) was added to a suspension of
cells of a strain of the genus Rhodococcus (20% (w w)
d:rh¥: cil l's, 165 g) 15 obtained as described in exanple
¥ <ol ution of N, N, N ,-N -tetranet hyl et hyl enedi am ne

: Enédps@ldtordof ctllsoDd étraimofdhesgdnhé Ribdvesdens inpolypcrylamide beads

di spersed in mneral oil (Exxsol D100, 350 g) in a
U T N G L O P
2- Wb QYR inabiys tg 5 & 10%BB WERY dis6lved iihdsph@¥buter

e cell suspension (flow rate:

(355 g/ A mM, wéig 'éob?aqdahwfé pthe sotption was adiusted s0 B0.A splulippgf

: amu#1 %?LE% p {Qﬁlf&t@ gﬂé(ssé; g nmum i distif8d wafe F{S‘;Q' Wis GlideddoQpred

rre VI SCO stirrer) oll at

-suspensfon éf detis of osipHieofthagaing wadobm:us @At (vaw) duymus,elﬁﬁ/@

obfie 26 Aptcahrt e 1o v SRV Y SRRy epoct

‘(o 232 I Pinfnolf intdivgilleweaer 3y das disper sed\mmemmr(axmumoo

s pna L S RS G e S A e

: oﬂ}sjvpz?? S?pa{‘&ﬁel%?ﬁ%@d Wi nfFRE0or BY miR TR ddbindr &ﬂﬁoﬁﬂﬂow rate:

/L sodiumsul fate, 0.25% (w
2, ﬁe’h;ml)r wuldhe call suspersion (hwinates élgtmmwgsmwtﬁy pumped in a

2. §‘ F’i {)&?é;frl 1&'3‘55?11 gslﬁgﬁue s i ﬁmg y‘ﬁ%okrﬁéh Qﬁ?né@tlrl‘ﬁr e

erlca Si ze
@3 Smﬁﬁh mmndet atuma bih ai ZﬂaﬂC Atﬁmewgmpietg additdatheactipremixture was

048 Bl R fhe SASLRTARIER, BOLY STy O°

enWsum'wacueim of Bfrad 6y gefud\RKodaBocdns/wire bstmcated tomfiltaition,
wgsggc(lj a%th distilled water and allowed to swell in water. The polyacrylalmde 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) nicotinaﬁid_e, 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
polyacrylamidé beads was 0.11:1 (w/w). The speciﬁc activity was 9.5 pmol nicotin-
amide/(min x mg dry polyacrylamide beads).'
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WD 2005/ 040373 PCT/ EP20041012065 12 Exanple 4
Conversion of 3-cyanopyridine to nicotinam de, batch
reaction Pol yacryl am de beads cont ai ni ng enc sul at
WO 2050403%% 5 strain of the genus Rhodococcus P EPZO({“P@%?“
g wet weight). obtained as ggscribed in exanple. 3
wer e added to a gently stirred solution of .
E,%Bﬁ%ggopyri dine (40 g, 3.8 nol) in phosphate buffer
: M pH 7.0, 400 nL) at 25C. After 15 min 99% of
ConvernsnaiBrdyanapgridias tcmioatiiainidh, batciieg@ionnam de, - after
30 mn 99% of 3-cyanopyri di ne was converted to .

ni coti nam de. 10 Exanple 5 Conversion
Polyacrylaraids beags Pentelammeemwml celis of @@mm ﬁﬁ@egewd%hadmoccus

SR ATGR R B B e

soluion of afcb'am@yﬁdineédﬁrga B8 rBoljvirr hosyiteltecbuffer (8.05 VI H 670,000 mL)

hosphat.e b ffe
at 25 XIS it B8 o & ovihiop g reb comeBeh o pregmpRide
303nizy 9Pyt 3-dimepridii ww cohyeried tPhieshami®. buf f er (0 05
M pH 7.0) was continuously added.to the gently

stirred reaction mxture, and reaction m xture
(wi thout polyacrylan de' be'ads) was:continuously
i enoved. . The conti nuous conversion .was 20 perforned -
Exgmple§ retention time of 3.1 h for 5 weeks at 25 C. No
S 5 weeks. The.
Co?%%%f:&r?t rat ({ygltrll@np ﬁggémg%%%m?(?ed ?%n\éﬁg%% éa%é Tti nami de’
wer e ‘determ ned (see Figures 1 and 2) and the

Potyxerdarmide lbeazh Iconthmm@ellssﬁ& dtiath of He gedls RRADPIRuK100 g wet

Enc uJa s o strain of the genus
W%ﬁﬁgg‘it ?,’?9’5’51‘?%@"’6’ é'sdtﬂérs?ll“‘a*?ﬁ ffc3-cyppopyridine.
(49g, > Qﬁlmhbsphhéé\%ﬂ&t(b)ob U 3.9C400! n@@)' a't 88 o€ 34 solulion of

240 inrnol) and i met hylani i no et net hacryl ate
3-qyppyriding( I%WW)M ehqspb%gwfé@ (9.85 tveasisontinousty
adldi® tHe gé@ly%e@féa&mg)mﬂ&ge taﬂ regallogfm&&?e @‘mhlcﬂl on Was

adj uste 7.0. A solution anmoni um persul fate

pouzacasa:gl,de b@idﬁ)TUaS)conhmmusly|r¢m@\c¢dm'ﬂtemon1ﬁr%ug¢omm1oadwm '
[l f t f th
pef et wRl 3RRHAARR 3T Pr Ber P 2850 5 obraBpPSF U pencs
Wﬁsm'dmird afber ? weesz X’hﬁpd&meﬂtratﬁgssoﬂ yéyaﬁcbp(ygiﬁ%lg and mzcgthlamlic;e'
. -t et rane i ami ne . A
werh dfjetzpinpd (o6 Hiter ¥(‘9‘5s%ﬂ%\k§ geqnvepion selgnlptrd (b EieaPo |-
(Exxsol D100, '

Example 6

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

- Acrylanude (4225 g, 5940 mmol), N, N’-methylenebxsacrylamde (37.5 g, 240 Inmol) and
-(d1methy1a1‘mno)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)
Jobtained as described in example 1. A solutidn of N,N,N’,N -tetramethylethylennediamine
(2.32 g, 20 mmol) in distilled water (25 g) was dispe;sed in ﬁmeral oil (Exxsol blOO,

3500 g) in a reactor (10 L). The monomer solution, the cell suspénsion and the oil were -
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35 3500 g) in areactor (10 L). The nononer sol ution,
the cell suspension and the oil were WO 2005/ 040373
PCT/ EP2004/ 012065 13 separately purged with nitrogen
for 15 mn. The nonomer solution (flow rat 'E:%lgm
WOZ@?‘VH“P}‘)" and the cell suspension (flow rat el:eC g(?‘tr/rql%]%“
were separately punped in gscomon tubing. The
resulting mxture was punped in the stirred (215 rpm

seﬁé&d%ggpg%%{i («)xth%ﬁ&cfcg{eﬁ or 15 9!!1itn. Pile manfer st Bl (AERTRELTS 5 g/min)

he reaction mxture was stirred for. further
an@1lfe cell atsp2rkiad (floWiretenit glinidvese bapawtely pumpied én peemson

iSO B RERRRL eSaL B 2l bl
2003 A}P&P&%ﬂrl]&e acmlmi tﬁe Seacﬂ'dt_ﬁ?ﬁmﬁb mmstmfad%fgamtscﬁ h a(g) %o °C.
regul ar s erical shape, W, a Sltze O mrlo.
Thnobfrned oGRS SOBIRFIRE oD TRIS Sl TPk 1hg s
R@gh%)%%%ﬁ%%agﬁéﬁgﬁééﬂ@a ?Jﬁpét&%& by 4R in %&%@%ﬁ%}’?%e swollen

€ SpeciTticC act|V|ty Wwas .
. bendsowért pAregaler ¢phbricak shuge,dvith a tize gfPI0) aoy tp|1260 g apdads) .

AR S SRS Al ) e BE L A P SGtamice

bl Wss CHPH RS CHife sPediN@sdivity Was 2,308 ic6RbAddM i x mg dry
- encapsul ated cCells of a strain of the genus -
polraorjdanside beadslobt ai ned -as descri bed in exanple 5 were

stored in an aqueous storage solution . (3.55 g/L

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.
Exampledo| yacryl ani de beads were separated, washed with
Stetagk btabifity dﬁbgfac pREdShiaReamethihf edoagaintedsls afyestrain of the

solution (3.55.g/L sodiumsulfate, 0.25% (w'w)
geauhfiliedoseests ¢ aci d, sodiumsalt, 0.05% (w w)
‘nicotinamde, pH 7.0) at 25 Cfor 1 h. The nitrile

' | oYhhdh . aifl 68 e igBRf Rﬁbdococ;:us |
P({&%@F@&%p@%g}%ﬂ%ﬁfﬁﬁ? g r béggf lglb?grasﬁ am de - gead.s/ wet
oRAingbisydeseribed iri ekamiptesiiwerastoredda an pgieausstorggesolution (3.55 /L

pol yacryl ami ge. heads,. wer. obt ai . fsf 1 a1 B
- st B, B Bt Ay A 1R, Ayl et O B
ni¥EhRRE, PAOGO)It 4 4CREBORRRRL SatipRe 6irchalthevdry fifthorede The
p%&f&lé&éémg@fwe@é’ LpaGtel I8 AR AR NSLRES, Md sfiided 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 .Q) at 25 °C for 1 h. The nitrile hydratase activity was
determined as described in example 2. The ratio of dry polyacrylamide beads/wet

CE

polyacrylamidé beads were determined. Dry polyacrylan}ide-beads were obtained after -
drying the wet polyacrylamide beads at 55 °C and 20 mbar for 4 h.” -
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Rhodococcus dry pol yacryl am de beads/ Specific
activity weekwet pol yacryl am de beads [ nol
nicotinamde/ (mn x ng wwdry pol yacryl am de beads)]
woﬁ@y&%}fﬁ 50.097.3 100.097.0 130.096.5 500. @8@mP2084/012065
. Exanpl e 8 Encapsul ation of cells of a strai.n of the
genus Rhodococcus in pol yacMyI am de beads 10 The
encapsul ation was performed in analogy-to the
encapsul ation described in exanpl e 3, except that a

o1} B, 4R 1 obacrdimits it Poflngg P of o gems
thutg\&ogfmr\r -t et ranet hyl et hyl enedi ami ne (0.928 g, 8 nmol)

in distilled water (5 g) were enployed. The obtained
pol vacryl am de beads contajining encapsulated cells of

| awekr i trygfolydosylgride eddsbdpcoc cuSpeskicactipar at ed] -
‘washefl gneySila55 Qm?&ﬁi@@scr okifl e/(ml&%l fhe.
swol | en S ds regu J“Ecerll mﬁ{& with a
size bf 250 nﬁ 1':rm oo BOLYASEN 'Ndﬁ ? S)]
st9enhth' of >AGPIN The s Dl y-
acsyl pm de beadsionet pol yagryl am de beads was 0.12:1
(Won) | The speqj(jg c activity was . 3 nol

T GOt ||a|||ut:/(| X g~ POl /aLIyITJ[TIIu Sucan) yAv)
%M@MW he

geéus| Rhodococd@ i n_pol vacryl ani de B&ads The
encapsul ati on was perfornmed in analogy to the
encapsul ati on described in exanple 3, 25 except that-
a suspensiaon of cells of a strain of the genus
Eﬁmpj@soccus (16% (ww dry cells) was enpl oyed, and

the i on was perfor at 10 C for h, T
ol SBon1 26 p hafch b e e ?ﬂoaw.lmgolmﬁlggﬂaﬁ%‘eeﬁ
ceI I S of a strain of the genus
The encapsulatlon was performed in analogy to the encapsulatlon described in example 3,

except that a solution of ammonium persulfate (1.86 g, 8 mmol) in distilled water (7.0 g)
and a solution of N,N,N’,N-tetramethylethylenediamine (0.928 g, 8 mmol) in distilled
water (5 g) were employed. The obtained polyactylamide beads containing enca'psulated
cells of a strain of the genus Rhodococcus were separated, washed and stored as described
“in example 3. The swollen beads weére of regular sphencal shape w1th a size of 250 pm to
1300 ym and a mechamcal strength of >400 mN. The swellmg ratlo of dry poly-
acrylamide beads/wet polyacrylamide beads was 0.12:1 (w/w). The specﬂic activity was

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

'Example 9

Encapsulation of cells of a strain of the genus Rhadococcus in polyacrylanude 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/w) 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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Rhodococcus were separated, washed and stored as

described in exanple 3. The swol |l en WO 2005/ 040373
PCT/ EP2004/ 012065 15. beads were of regul ar spheri cal

shape, with a dianeter from250 pmto 1300 1n and a
WO wesfaastical strength of >400-nmN. The rati o RFT/ER2)04/012065
pol yacryl am de beads/ wet p?% - acryl am de beads was
0.09:1.00 (vv/vv) The speci ffc act|V|ty was 7.3 pnol

nicotirn- amde/ (mn x ng dry polyacr am de beads)
beallx swepd drggﬂ&rsphqmsau Sh!peowltbﬁ disanster from 08 4m 4md 2

e B S TR s S W %aﬁébeawwet poly-

: acrglah’hdé‘@éahé’ Wa®09:5.60 (Wﬁvv@ﬂl‘lié&pécﬁﬁc? Botiyity w%§7 anio) nigotdn -
di met hyl am no) et hyl nmethacrylate (1.5 g, 9 nmol)
(mmlrsmdrv@eypﬁym@sbﬁﬂ%%)e buffer (37.5 g; 50 mv| pH

7 0) 'and-the pH of the solution was adjusted to 7.0.
A solution of anmoni um persulfate (1.86 g, 8 mmol) in
distilled water (7 g) was added to a suspension of
cel s of a strain of the genus Rhodococcus (18% (w w)
Exgmpl “c%‘? 165 g) .15 prepared as described in exanple
Enéad)sﬁiaﬁeﬁ ot ¢8e11§1 o sthlioihe P Rhsdverichy inglolypbrghaeidetreavis

g, mmol) in.distilled water (7 g) was
dlspersed in mneral oi’l (Exxsol

WSSt ayite W Ao iToDo R B disag e .75 g
24%@8@ 54 Qr{mﬁd%ﬂlyiahﬁncgethyrl\aﬁé crylfR L. 8ed wrv@@admmed in

en’f noroner sol ution (flow ra

phﬁsxﬁla@/huffw (374rgi 50 MM 7.0%and;sbepH o themsplutipn ‘H%Se’idluﬁted 0 7.0.

A ?qlgéqﬂ O%E?@'&ﬁs lté{%l)%&[g)g%ﬂl&) th d':zlstg.lI d5 ef& ¢ oé)gva%%dded to

duﬁbeglgﬁn%f Z?lls%ﬁ a étﬁefiﬁ)of mﬁgenn(sj Rbodacoeduts ()8% G/ dgrc)eﬁs;m 65 g)
at C t co iti ct | X

- prasecots desaived iy oo sofiah RER A BRFhA B dl ki Rmine
(o@@hg’j@ %&lj‘h‘iﬁé&h@@@&teﬁ@% B u{sge@mamn&ram@molmoo :

train of enus

35014 in ardceiop (bl BaamaRmes OGen, s ool SUTERBBIFY LIRS
eﬁnar?%ikgplﬁ%@ﬂ xbﬁ?m?@?eg‘gf nmoﬁ‘lcl)é RHoMAEr sSRA6H (flod rakh2Peg/min) -

. 0 pmand a nechanical . .
andtthe g} suspdnsion (Rowete: ﬂgénmhwm separetely Dpepehia a2 mbRERINg

ﬂ%sga‘gﬁlqvgg&lﬁ ]iﬂéﬁ% W@M@haaggfop}q@%m%@uﬁe (¥40W%m, Vis8o-jet®

ot I nam e/ (mn x ny
stitfey) ¢104tY30CCY Agsi cdmplmadkl)nonahb readBoamuiktire was stirred for further

Encasla on of .ce strain
R0 S B ohirnedplyapey nife bl husblinh BRaRERNT cols ofa
sd(@x? q Eﬁﬁ%oﬂ&o@c&@%&)ﬁeﬁa&atb@ﬁy ﬁ[tm&pﬁ,umhadcmd stored as
es

crlbed I n exanpl e '
described in example 3. The swollen beads were of regular sphcncal shape with a size of

200 pm to 700 pm 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 polyacrylamlde beads

The encapsulauon was performed in analogy to the encapsulatlon described in example
10, except that acrylamide (42.25 g, 594 mmol) instead of N,N- dlmethylacrylatmde
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10, except that acrylam de (42.25 g, 594-muol) instead
of N, N-di net hyl acryl am de WO 2005/ 040373 16
PCT/ EP2004/ 012065 (42.25 g, 426 mmol ) and

WO %g,&ngﬁu met hyl am no) pr opyl ] met hacryl am de e¢TAEPHO4/B12065

nmol i nstead of 2-(dinethylam no)ethyl methacryl ate
(1. 5 g, 9 mol) were enploytd. The obtained
pol yacryl am de beads contai ni ng encapsul ated cel |l s of

(4225 &/ 426 M1a6]) biEN: gex(dﬁnetmgﬂm@)pmpygmmﬁ@rﬁmm @tsa 8,9 mmol)
washed and stored as described in exa

insgeag|of 2r{dimsthfiamipa)ethyd methagrviay ( 195;318@@@» W§ﬁ>a?;@plmda The

e e A ﬁ“ TR BpIEAIANC 8o yB0A BF dithefts
R@dbgmqwﬂam@ardwamhedﬂad ﬁtoﬂsﬂ ad dastrifed i buaansmie 8 T[‘he: swollen
SR AR e A AR T S P—

stréngth bR-400GANL T'Ee 206 6F 85 JotyabS it tRadPét po ?yl&hm tRads

plasm d havi ng ene “encoding for an am dase under

- wastL i @0, rTIptSiJ@cn ¢ aasiify wsis 5 Sfumdi aicotizanride/ i orepdrer .

aration of a pre-preculture V' A sterile
p°??g‘8%‘r%h?%€£r?§g pH 7.0) containing 1.6% (W w) |
tryptone, 1. 0% (ww) yeast. extract, 0.5% (ww) NaCl
‘and 0.01 % (ww anpicillin was inoculated with a agar
. plate . culture of a strain of the species -Escherichia
Ex@@ple g¢@ntai ning a plasm d having a gene encoding for
an ani i dase under the transcriptional control of the

Cultieationob 2 pirainat G sperirs Exghqpichiasplé eantaining aptasmid having a gene |
en%ﬂlﬁéafcﬁ”aﬁ gmﬁfa;é”&tﬁef' fie l}faﬁs 8@1@ GREKEth ﬂu?tm%l se promoter.

Preparation of a'prec ester|
descri bed in exanple 12.1 (100 nL) was |noculated

. 12vi. Preplaration of a pre-preadipreecul ture of the strain of the

TN G A R A G e AT R
extratDAB By (w/Wy NG 0301% (whk aﬂﬁgfcﬂhmwmbms‘ﬁﬂw@gar plate

usdde to the culture the cells were
c
en

apiny the seeqwsrw&@“éahmﬁvh mm anlpseid haying a gene
Q&lﬁﬁfor(aﬁ amiia8d dndel ﬁiéltﬁﬂﬁ‘iifgﬁ-{iﬂai‘@cfnb% @ﬁ@fhhﬂn%ﬁ ?r gﬁo&&?The

| di sodi um sal t/sodi um acetate

preﬁmgb@ﬁmcmﬁva%atﬁdﬁ@ ferul2fheqn a shekes, dry ceI |
concentration of 15-20% (ww). The ceI I suspenS| on was
stored at -40C

12.2, Preparation of a preculture

The sterile medium described in example 12.1 (100 mL) was inoculated with 5 mL ofa
pre-preculture of the strain of the species E;s'cherichia coli obtained as d‘eécribéd‘in
example 12.1. The preculture was cultivated at 37 °C on a shaker. At ODggo 0.25, .
0.2% (w/w) L-thamnose was added to the culture, At ODy00 5 the cells were harvested by.-

. centrifugation, washed twice with buffer (1.80 g/L ethylenedmmmetetraacetlc 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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30 WD 2005/ 040373 PCT/ EP2004/ 012065 17 Exanple 13
Am dase Assay Pol yacryl am de beads cont ai ni ng
encapsul ated cells of a strain of the genus
Escherichia containing an am dase (0.4 g wet weight)

wo YRkeq3eded to. a stirred solution of 2-hydpox¥r2004/012065

2-net hyl - 3, 3, 3- triquOroprﬁflonanide (1.0 g) in

phosphate puffer (0.1 M p 0, .9 n) at 37C

Sanples (200 1) were taken after 0, 30 and 60 m nutes.
EtgmpledBar anount of forned ammoni a was measured.. The
!noiar ampunt of fornmed ammoni a equal s the nol ar

ésﬁy formed

2- hydroxy-2-nethyl -3, 3, 3-trifl uoropropionic acid. 10

Pcégeg?ﬁﬁhﬂc blads0eRining 3hépulfbd §élfs JF DstPhin 55'Be 2RRE ESCherichia

herichia coli containing a plasm d having a gene

.. coptpidng pyanidased 4 givel avsighthwree added ta ¢ stiveed splpiipopfkd ~hydroxy-

By I
2 RIS LB MRASE COBR: ol RO ACINERT S
atBM’EC ammlqzm ul)me:dea«en iafiexcd, B0 an@d(mmin&tes The&m&patmbin&tof
spensj on of cel I %%r ain fgf the species,_ '

f°E§ APmERA ¥/ag saeﬁsu(efg edsymmapyia pqalfs the molar

arfiRSE bF f28ded ﬂh%@fm-%wh%d 33 ﬁeiﬂabfo%pﬁfmcammm um

persul fate (1. 86 indistilled water (7.0
g) and a solution of N N N N-tetrarrethyl et hyl ene-
diam ne (0.928 g, 8 mol) in distilled water (5 Q)
were enpl oyed, and the polynerization was perforned

-Emmmturpm (visco jet(r) stirrer). The obtained

o i o ASE i U S PSRRIl g

- entodiap fred anidude m&tehthd trafisceiperal &omttol of teoahaphesePraidter in

tored jn _phosphate buffer (0.1 M pH 7.0) at 25 4 C.
P l'%lmdleé’gadéeads were of irregular spherical shape,
with a size of 200 to 2000 m and-a nechani cal.

T e fiskhltioRvas” ﬁrﬁ@& in Haglo gf‘fo' the &fcaﬁﬁbﬁh@@h?ﬁ@ﬁé\%ﬂ' ifl 'Exqﬁrple 3,

beads/ wet pol yacryl am de
exgggdhama(susp@nmn oficellgef astpingfithespecies Escherichia coli (19% (w/w)

o Bt Bl Bt 1 4960 bt o
g IBGEEr‘nEBZﬁ) amﬁmmzm& (7.0 g) and a solution of N,N,N’,N -tetramethylethxylene-
diamine (0.928 g, 8 mmol) in dlstllled water (5 g) were employed, and the p_olymenzatlon
was performed at 400 rpm (viscé-jet® Stilrer). 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) at

4 °C. The swollen beads were of irregular spherical shape, with a size of 200 wm to

2000. pm and a mechanical strength of >200 mN. The ratio 6f dry polyacryla.midé

beads/wet polyacrylamlde beads was 0. 21:1 (wiw). Thc speclﬁc act1v1ty was 0.029 pum
2-hydroxy-2-methyl-3,3 3-tnﬂuoroprop1onam1de/(rmn x-mg dry polyacrylarmde beads).
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18 Exanpl e 15 Conversion of
2- hydroxy-2-nethyl -3, 3, 3-trifl uoropropi onam de to
2- hydroxy-2-nethyl - 3,3, 3-trifluoropropionic acid,

WO 20051040878 eact i on Pol yacryl ani de beads cont ai hCWQPZﬂ@@?lP@S
of a strai n of the species [Escherichia coli
containing 'a plasm d havi r}g a gene encoding for an
am dase obtained as described in exanple 14 (0.4 g

Exympledsi ght) were added to a sol ution of

A o R S A A I Vo

3,33ttyifluanoprapionds dad, batch reaction
2- Hydr oxy-2-met hyl -3,3,3-trifluoropropionic acid (2%

BT o e S A R

corlt@uinp @ plasnBENEViLH S eHet@cddMg @t hn ARIdERSIHAHAGKS deBéhbed in

transcri Etlonal control of the rhammose pronoter

- exampl‘a)b‘i B Wehweight)esariaddag fo,a sahitisa of Zihysl@xg-2-mﬂayl-3 3 3-tri-

Y PRI AR B0 et A

.37 ﬁ@wﬁbr)l nerBydtozy-atmethlyli 333, plrbfhpineirepiotic éie (2% )1 8ag Eorg:,ed50
mM pH 7.0) and the pH of the sol ution was
adjusted to. 7.0. A 20 solution of ammoni um _
persulfate (0.93 g, 4 nmol) ‘in-distilled water (2.5 g)
was added to a suspension of cells of a strain of the
Example 0 Escherichia coli (19"/0 (ww) dry cells; 82.5

Enaapsﬂm@u S¥atktam &ﬁﬁ@gﬁe&%sﬂmaneﬁmzﬁcoﬁém@g égiakﬁwﬁav%g a

N -tetramet hyl - ethyl enedi am ne
germmptydms] fogiah epmidasel uider the tagscaiptionsd cafiteop ef the dxamnose promoter -

. I | sopar M 350 g) in a reactor (1 L) at
mﬁqslgé% L.mﬂ?bec(s

he nononer solution, the cell 25 suspension
and the oi | .phase were separ atel y purged with nitraogen
Acf;damﬂis (2hihg, ZBﬁenmuk),dﬁmeeEIMenbblmr)(lithﬂw(r 88 g,:12mmol) and

G BB oAt 2 8 el e ven e o

buﬂae(mk 75 3950, WIE7 OPdnd tﬁam bfiih@ |sMut16H Q&Oﬁﬁhs'teﬂ tbhﬁo A

stirred (450 rpm-_visco jet( tirrer) ol

2. A .
solpfienspf %ﬁ%‘l‘llé‘?ld’eéﬁ%fﬁtﬁ (@R gx"w@moaa% detliedwRened &)a\gas added to-
a s§§ﬁeﬁ§1€ﬁjoif s BPQ Et?eﬁﬁ 013ch SoliefEsHeribhia I&?(l@% @Wg’g%é’é c?lls '

yacry am de beads cont al ni ng enca at

SZéfg) abtained o d@ﬁmbmn%@npleéﬂ Acsalhiéan of Y, 0 dY ‘fretr@methyl-

| eth?fbﬂ e (p%os% %S%bﬂfi fdﬁﬁﬁ%c{)%%g%S g’f v%é?ﬁﬁ%r?e Z{ﬁ%gtal oill

(Isdprex M\/ﬂSDIg} m bemdier (lel)eat 50 ipot. e hwnompihelutioa) thesbHpe.

suspensti'on anid the 011 pgase 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 -

. ' separately pumped in a 2.5 mL mixing flask. The resulting mixture was 1rnmed1ate1y

drépped 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 cqli 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 sphericalzshape_ with size of 1000 -
pm to 2000 pm and a mechanical strength of >200 mN, The'rati.o of dry polyacrylamide
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pmto 2000 m and a nechani cal strength of >200 nN. The
ratio of dry pol yacryl am de WO 2005/ 040373
PCT/ EP2004/ 012065 19 beads/wet pol yacryl an de beads

was 0.25:1.00 (ww). The specific activity gf’b
WO 269/048378 ot | nani de/ (mn x ng dry pol yacryl arﬁ%@%@ﬁs

Exanpl e 17 Use of -the pol ygeryl am de beads cont ai ni ng

encapsul ated cells of the génus, Rhodococcus -

contai njn nitrile hyd a biocal f
betcia L aRDBTY R Y e RO dBe SpRTGL Bty w0 016
i (A aga;mﬂc A6 Bédds). of the genus
pn&:%ﬁ%&%%?&g«%g?gﬁnge to gg. descrdid%ed in exanmple 7 (25
g wet weight) were added to a gently stirred sol ution
of a nitrile in phosphate buffer (0.05 M pH 7, 100
m.) or in -a mxture of phosphate buffer (0.05 M. pH
Exampt@@7mL) and net hanol at 25 C. Sanples (3 rnL) were

, U;e%ﬁlg:, &%%&15@@%%@%&%%{%5&&&%@@%_ge%seﬂhoqococcus

cohBftfihd PRitrildhydrktase WADIRAMYZRE X otRlTowoS iledtocamides
specitic activity was determ ned. The results. 15 are

given in Table 2. WD 2005/ 040373 20 PCT/ EP2004/ 012065
Polydohydariide Beasts canteiningeacapaifated callaof the genns Rhqdegoqeys pfained

o GGrreibe f creigls s ok Helin yRR SRR K LS oRABdSolution ofa
niftilé id prosphuyctiudienge0sad, pii &, HoanbY axliys mixtuomefahosphatebpffer
(02{%3/13;)}%1] , E(ﬁfﬁﬁﬁﬁd&pgfﬁa‘%ﬁf z;t% ' Qa%p%ss(y ?ﬂ;)r\%rg tMe%er 5,15

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

are given in Table 2.



[v/iv](mn x ng)] cyanam deurea2000: 1857 cyanoacetic
aci dmal onam ¢ aci d1000: 1107

maal onodi n"itril e2-cyanoacet ani de/
ni de cyanoaceti c.
40 met hyl

wo 2BlBi

esterester

. 20

acid mal onic a

acrylonitrileacryl am de200®0176
butyronitril ebutyram de2000: 11025

Table L eBiofhisforitiah 6f Aatiode AAYs & theodRBsponding amides using
crotonopitril ecrotonan de2000: 11585 '

polypramidpigads Gontaining erlls of the
hydatE3ARMYBib16R

3- cyanopyri di

i col i nam de9.
neni coti nam deO:

60:124. 6
12320

4- cyanopyri di nei soni coti nani det 0: 1613-

00: 1. 946

Ci dp@REF3064/012065

s Riodocpsm4s containing a nitrile

berbﬁ'iﬂd&hﬁagi-' ek)eﬂzaf‘f}pﬁ?EQ# 42-7E (:oncent:t_'ation7 3 _rztio 4 ‘| - specific: |
4~ chl or obenzgn 111 ed- ohl or ofenSAEady e | wotvit
pyrazi necarboni tril epyrazi ne-|2- d@Mﬂoxani dedfn1: ﬂ24@m01/
byrazine-2, 3y pyrazine-2 3 7.71:40.53 gy | uinxmg)
2- FYRPERIAY 1 i | of ur an- 2%%ar boxarli de 200’ 1: 42350:1 857
lehdnegeg @i - |t hi pplosige Zid 9- 41: 41§ 01 107
malonodinitrile 2-cyanoacetamide/ . 200 0:1 946
' o " 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 01 246
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- 1.7 1:4 0.53
dicarbonitrile dicarboxamide . _
2-fufonitrile: ‘| 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
, L propionamide .
cyclopropanecarbo- cyclopropane- - 100 1:4 562 -
nitrile carboxamide
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carbonitril ecarboxam de pivalonitrile2, 2-di nethyl -

1001: 4321" propi onam de cycl opr-opanecar bo-

cycl opropane- 1001: 4562 nitril ecarboxanm de 5 WO

2005/ 040373 PCT/ EP2004/ 012065 21 Cainms 1. A process
wo 064040438 preparati on of pol yacryl am de beadBCT/RPR0S4/01206§

encapsul ated cells conprising the steps of 5 (i) -

" -providing an aqueous sol uti%n of a m xture of acrylic
monomers,. (ii) providing a suspension of cells in an
Claigse ous solutlon of a persulfate (iii) ' providing an
emul si on of an aqueous solution of a tertiary amne in -
an water= inmscible liquid, which liquid optionally

1. cdnprataas formes}ue;fam‘tioa of polfactylamide begdd dvaitdinihg ehcupsulated cells

provi ded |n ste and the suspension provided in
SFBBP??the @P%5% adding-the mixture obtained in step

- (l(i\j) bRvidie: StdquéRd s@lHH&x?éfCH‘mB&ﬁ’é'o@ﬁ&Prhé‘nﬁh@lﬁel@' i)

(vi) pol ymsrlzmg the mxture of acrylic nononers and

si(WL| peovisingsd spspeasion o eallain gy aqweua:@llut@nttzf afpgrsifate
U A HCBAR o AL IGABT PR HFLS ey s
beads nhmmbte lijurde whichQigfifsl dpdioRaligncontait asurfactaatyi cal

‘st | t f m2 .
S5 ook Lo SRR P I BRE S U E S 6
t QV) ZQd&némamlﬁme dbtdifdia blep Uv) & the Birdd @hulsion lpedtded in

00 mN. 4. The process of any. of clains 1 to 3,
V\herelswpt(lﬁé ratio of dry cells/mixture of acrylic

(vi) polymerizing the mixture of acrylic monomers and simultaneously

encapsulating the cells to form pquaci'ylamide beads containing encapsulated

cells.

2. The process of claim 1 wheréin the polYacrylairiide beads have a,s,izp 0£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 mechariical sfrength of at least 300 mN.

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

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

monomers 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 2 bacterium of the group |

nocardioform Actinomycetes or of the family Enterobacteriaceae.



nmononmers is 0.001:1 to 1:1 (ww). 25 5. The process of
any of clains 1 to 4, wherein the ratio of dry
cells/mxture of acrylic nononers is 0.2:

~ WO2005/0803931(w w). 6. The process of any of cl BCT/@P@‘W@Z%S
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wherei-n the cell is a bact e?% cell. 30 7. The
process .of cI aime6 wherein e cell is a cell of a
b terlum nocar.di of orm Act ng s or

t
8. O Fabot o oy i Be 7 P F S 6e D S b B s e
P{ﬁ&hﬁl%ag@&{eaﬂaaﬂ@éo& (dﬁﬁ&h@faﬁﬁﬁ@‘ﬁr@ﬁoxﬁﬁ‘ﬂe of claims 1 to

7 wherein the tertiary amne is NNNN,N -tetra-
nmet hyl et hyl enedi am ne or
3 itQRi
9 STREpERLeLtr A SOARRAT OR VRt S wabh S Bl ls%ﬁ*neral
ieila mineral 5 oil. 10. The process of any of clalns
1 to 9 wherein no surfactant is used. 11. The .process
of any of clains 1 to 10 wherein the polyacrylamde
10.b®Belprobeys BEeny 6f cldithsI16P WidrdindHoSusBaaital edd, 12.
Pol yacryl am de beads- contai ning encapsul ated cells
obt ai nabl e by a process of any of «clainms 1 to 11. 15
1
11 The POCrRNATCR e {30 ORfrth o ARt HOF SR trdifan
Rﬁ@ﬂﬁ@b@@@quﬁﬂdalnlng a nltrlle hydr at ase. 15. The
“use of. the polyacryl am de beads of clainms 12 or 13 as
a biocatalyst. for the transformation of a substrate

- 12.t Bolyaqylathidd bead@cdiffainihp encepeulafed Cbid §btdiRabIIBY & bfockf®f any of .
S@?ﬁ!@é wsan|trlle and the product is the .
€ am de. 17. The use of claim 16 wherein -

the nitrile is 3-cyanopyridine and the product is 25
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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 clauns 12o0r13asa blocatalyst for the
transformation of a substrate to a product

16. The use of claim 15 wherein the substr-afe isa nitrilo and the product isthe

corresponding amide,

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



