| mobi | i sed Enzynmes Technical Field The present
invention relates to a nethod for immbilizing enzynes
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in solid porous supports. Background of the Invention
Enzyme- cat al yzed asymmetric reacti ons have energed as
one of the nost inportant fields in organic and
pharmaceuti cal synthesis. The kinetic resolution of
racem c mxtures is still thé nost common way to get
enantionerically pure conpounds on industrial scales
and in academ c resepppibhillsed EABykidset i ¢ resol ution,
one enantioner of a racemc n1xture I's selectively
react ed, whereas the other renni ned unreacted due to
di fferences in transfor Hechuoakfelds. | mmobi | i zation of

enzynes on solid, sugports t hem pore nechani ¢ lI
r obus °H’?§8‘f‘ﬁ'ﬁ1¢?‘§?"§@g‘m ‘83@@32%{ ‘ggﬁ%?néi"éﬁs PR§

t perotmpport) Indve ehAmesTinendbilized msbhcamtouv mippo®y al so be
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| i @REmE@BRizA®N of enzymes onto hydrophobic porous silica. Conventionally, the
immobilization involves stirring porous silica support with the enzyme stock. Relatively
low enzyme loading is generally achieved due to the low affinity of aqueous enzyme
stock solution with the hydrophobic silica support. The leaching of enzymes from the
support is another problem associated with the conventional method. Blanco et al
(Blanco, R. M.; Terreros, P.; Fernandez-Perez, M.; Otero, C.; Diaz-Gonzalez, G. J. Mol.
Catal. B: Enzym. 2004, 30, 83) has reported that leaching of lipase from a hydrophobic



active for 15 reaction cycles in acylation of

et hanolam ne with lauric acid. However, the period of
weawmk/ogsist e is only one hour. If stirred for apdDRGENS/000073

time in anhydrous organic solvent, |eaching of enzynes

woul d be likely to occur. There is therefore a need

for a nethod for immobilizing an enzyne on and/or in a

solid support such that |eaching of the enzyme from

t he support is reduced. The method woul d preferably
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an enzynme. The fluid conprising the biological species
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mean pore size of between about 2 and 50 nm. The porous support may be particulate,
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and may have a mean particle size between about 100nm and 200 microns. It may have a
30  narrow particle size distribution. The porous support may be hydrophobic. The process
may comprise the step of chemically modifying the porous support, and may comprise
hydrophobing the porous support (i.e. rendering it hydrophobic) before passing the liquid
comprising the biological species therethrough. The step of chemically modifying (e.g.



(e.g. a hydrophobi ng agent), for exanple an
al kyl si | ane, and may conpri se exposing the porous

WG ppo9di3t o a sol ution, a suspension, an enul SPOTSGZ005000073

20

23

30

di spersion of the chem cal nodifying agent. The porous

support may be dried before passing the liquid

t heret hrough. The process nmay additionally conprise

one or nore of the steps of: - washing the porous

support with an organic mashbng liquid after the step
t he poyous supgort

h nodi fyi .
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t her et rougL O‘Ig)Hhagyln t he porous sug}gort after the

step oVaPnesthegorne sYIpe dvn%lowp%quswqgwets & hiqwid dfet: e step of

Speci eghehi@NF HIbBHER) optlonally after one or both of
t he steps of washi ng er t he st eg of passing. Ln

e
enbaodi e, qu&?@gé E’dhiﬁt%?ef gl TR EE, optionally after
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support, and recyclin an _enzyne
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washi ng t por ous with an organlc washi ng
i qui & one ephedimen, thaRroprss GIPTiESIPS M t h an aqueous
washi Nfydrdghbiflg a ptus support,
drying the porous support, and
- recycling a liquid comprising an enzyme through the porous support under a
pressure of greater than 10 MPa.
The porous support may be a porous silica support.
In another embodiment the process comprises the steps of:
- hydrophobing a porous support,
- washing the porous support with an organic washing liquid,
- washing the porous support with an aqueous washing liquid,
- drying the porous support,
- rtecycling a liquid comprising an enzyme through the porous support under a
pressure of greater than 10 MPa,
- washing the porous support with an organic washing liquid,
- washing the porous support with an aqueous washing liquid, and
- drying the porous support.

The porous support may be a porous silica support.



dryi ng the porous support. The porous support may be a
porous silica support.In a second aspect of the
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bi ol ogi cal species inmobilized therein and/or thereon,
when made by a process conprising i mobilizing the.

bi ol ogi cal species in and/or on the porous support
according to the first aspect -of the invention. The
porous support nmay have greawer than about 50nmg s of
bi ol |cal peci es r. suppori i nmobilized
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about‘ggﬁéﬁg ﬁ%p‘*§§L speci es per gram of support

i mebi ﬂecw_cbnz @mg«mpw hcm# emnmmgetbm enzyme throrgluthesilisp grpport
may h Eﬁng REQ|olog|cal speci es

|nnnb |ze erel ereon than the porous
suppofhe mmtwg elp Hﬁﬁ"@‘l‘eégi‘ CREFOUS pBIEPU Heiap 1t |tigjeecal species
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wagwrebef taesco& mpayfkyr ancsnzyre- The Perous sYPPat may b a0 GROTENC PREOUS
S kiHp6t &fld Hay comprise silica, or may comprise a metal, or a metal oxide or a mixed
metal oxide. The metal may be for example, iron, titanium, zirconium or aluminium. The
porous support may be a foam, for example open celled foam, or may be sintered or
otherwise porous. It may be mesostructured cellular foam (MCF) or FDU-12, The porous
support may be mesoporous. It may have a mean pore size of between about 2 and 50 nm.
The porous support may be particulate, and may have a mean particle size between about
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ot herwi se porous. It may be nesostructured cellular
foam (MCF) or FDU-12. The porous support nay be

It may have a nean pore size of bRCTEREZV05/000073
about 2 and 50 nra The porous support nmay be

particul ate, and may have a nmean particle size between
about| OOran and 200 mcrons. It may have a narrow
particle size distribution. The porous support may be
hydrophobic. In a third aspeét of the invention there
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- drying the porous support, and

- separating the product from the solution.

The steps of washing and drying the porous support may enabje reuse of the porous
support in subsequent reactions. The step of washing may comprise one or more
mdividual washing steps, and each individual washing step may use different washing
liquids. Each washing liquid may, independently, be aqueous or organic, The porous
support may or may not be dried between any two individual washing steps.



The steps of washing and drying the porous support mnay
enabl e reuse of the porous support in subsequent
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nor e individual washing steps, and each i ndivi dual
washi ng step may use different washing |iquids. Each
washing |iquid may, independently, be aqueous or

organi c. The porous support may or nmay not be dried

bet ween any two individual wishing steps.In an
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manu e I'nvention also provides for a reactor
accor Hhenigveantion Rlso froyideh fersp esaetonfecoidingi tavtbt fugth agprehof the
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product. In a fifth aspect of the invention there is

pr ovi lediflh aspestefahe myetipn Bisteris pgvided e proess? for greparing a reactor
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heuppbit avikg dbialogieklaspecies immobilized therein. The biological species may be
capable of converting the starting material to the product. The porous support having the

biological species immobilized therein may be according to the sécond aspect of the
invention, or may be made by immobilizing the biological species in the porous support
according to the process of the first aspect of the invention. The housing may have means
to prevent the porous support from exiting the housing. The means may comprise for

example a filter, a frit or some other porous material. The means may have a pore size
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therein. The biol ogical species nmay be capabl e of
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porous support having the biol ogical species
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aspect of the invention, or nmay be nade by

i mrobi l'i zing the biological species in the porous
support according to the process of the first aspect
of the invention. The housing may have neans to
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%ﬁ he pressure within the housing to
at rrmsphﬁth |aq;earoé&&mmtno1ihbmsie owmiled 2 praceds forprepweing b ecactor for

0 Ml 1 s G g sl e

immambfmnuwhmpwcmmppmmylded a process for preparing a

reactor ,f 0 a

pr oduct® %Etlp exaﬁgﬂﬁlhgghr ea ?"E)tph %Fﬂdf%%‘tt he f ourth
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- imobilizing a |o ogi cal species in and/or on
porous FEWHP6Ert by passing a liquid conprising the

bi 0|’Ilﬁl|s€é§|of31ﬁﬁ)6blﬁﬁng hfagzwgrbohdwte@awn@momerp&owmefnhc first

h pressure.
ceihe BF B8 iR S ep s RL be Gl SF b ne o savine
OfnafeHal tb ke podaat. ThTéhlmuhmg)lrrmglb@ads depaibede for rtiegy fifile aspect of the
ca aq ? of converting the starting nmaterial to the
p oduc The housing nay be as described for the fifth
as pdbe mﬁanttoh exlsp peaviries @ meactPh for icomvening @rstastinganaserisd, tode product

o SR Bhac 0 o QOEY dr o o A0 Ll SRRl Bioh 1t frter rovide
a8 p@&lod & @h@mm\ﬂeﬁwremmatmal fup Predyct gpmaRrisigepassing the starting

material through a reactor according to the fourth aspect of the invention, or a reactor

made by the process of the fifth or sixth aspect of the invention.

Brief Description of the Drawings

A preferred form of the present invention will now be described by way of example
with reference to the accompanying drawings wherein:

Figure 1 is a graph showing catalytic activities of CALB/MCF-C3 (squares)
CALB/MCF-C; (circles), and free CALB (triangles) in the example;
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the invention, or a reactor nade by the process of the
fifth or sixth aspect of the invention. Brief
Description of the Drawings A preferred form of the
present invention will now be described by way of
exanple with reference to the acconpanyi ng dr awi ngs
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conventional nethod, (c) Novozym 435, and (d) free
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temperature such as 0°C may be used during the passing or recycling. This may be useful’

where the biological species is unstable. The low temperature may be between about 0
and 15°C, or between about 0 and 10, 0 and 5, 5 and 10 or 10 and 15°C, and may be about
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5:1, 5:1 and 1.5:1, 3:1 and 1.5:1, 5:1 and 3:1 or 8:1
and 4:1, and nmay be about 10:1, 9:1, 8:1, 7:1, 6:1,
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hydr ophobi ¢ groups per nolecule. It may for exanple
have a formula RnSi X-;.,, or RM"SiC, where Ris the
hydrophobi c group, X is the hydrolysable group and n
is 1, 2 or 3. Aternatively the 25 hydrophobi ng agent
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h h .

(50 RABRE oy bb TR P SrREQIGH 1 SbATRE] B D SRELY BE be
16@@ends Thd o@anid a@vmhmaﬂm)polal:m nermpol@OBuitable solserdnincladesoger,
1@8&:10?%01% SS%B%FQ’OI la%Qonel %%hlo}(ﬁx(?ctha;'xg’ Oeth %Qe at%79>luefxT and

190 or have heat ed t1 ona
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an absolute pressure of less than about 10"2 torr, or
| ess than about 5*103 , 10"3 , 5*| q 10"4, 5* 0 s ,
and may have an absedTiB€2005/000073
pressure of between about 10"2 and 10 6 torr, or

bet ween about 10'3 and 10"6 torr, 10 4 and 10*6 torr,
10 5 and 10"6 torr, 10 3 and 10 5 torr or 10"4 and 10"
s torr, and nay have a pressure of about 5*10" 3, 10
3, 5*10 , 10 4, 5* 10 5, 1035, 5*10 o or 10 torr. After

belng che cal | nDdlfled dro b t he
por oUsHeE (85 8FR © ﬂy% ﬂéawg ﬁaeci%r ﬂilrgvéx '?‘P PEOUS Buppprt, the
V\@&bwm oaanap Hehvaahed loﬁé arrﬁm tias las degeribed MRt AR a:s)oamn of

0 hes Q the.s ne sol vent The s? )
oty W IhE Goret % b i B4R S omined oy epie
rrhgaubg ppssingra oy thnmgh rlnelpaxrous ﬁbsttaab breexpaiingghd porouschbstiete to a
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p@rh@b&‘S "Bid hpfnk iR \be e ainvasinaome it Qas, Imre&amlblﬁﬁﬁrogaﬁor carbon
gscrlbed abg? After any or all of the washes the
Y

joBide L1 BB PP MAKIBE: dr i ed, The drying may comprise
for exaophesippat acvgrdingate shnpregenyimsention, uging tHteolpgicad upecies

o SRR el 4088 1408 1d (/20K i RAlloR P ki materil o

vacuum
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bi ol ogl caI ent | té s?{;égorted é kﬂ%'lén rm,g be thermal |y
sPaH18e%9, PP- S0 e 1% 14¢%athe epantipmens %xg?fﬁé*}aatbw%om
Otheahfelis iIBMO caactivn wie dondited eipahabitlogica kpeaieohidt imifokifized in
show a |l oss in catal ytic

8Q, 90 or 1000C, It, mm
ag’teip\9f°f"§/s“8?°rf’ 8%%"1?’!’1%"23&?58& 10% or |less than about 9,
8, 7,Ths, m&hoddof Gstal@ingr thd ¥saptiorhmay |cmgprtse passing a solution of the

| R i 4 251000 o i iR 0N imet bl chencin,

apnmog oriatheswisediptrienting thagoronnrupportinicsolution. dhesvlusion may also
g%e%%éng gald Pé'agént bsﬁ(x?gycapeﬁ)ld ot réxc Hﬂhe ﬁarﬁ%ﬁh@nm under

sup rt ac I 'ng esent t| on avin
bths| xe@ee%ﬁ of dhrebiplegica! (Fpesiss |t<r z@éuqeﬁ@r erpﬁlct Ry seuent §z@u be gny

c é\hﬁbﬂé $6lvént GARRI 6 Blpable BE bis@NifY the sﬁﬁﬁ%txﬂafhﬁal”ﬁﬁeff'p?éscrk Othe
a prodyct. The chem cal reaction_ nm e one

hEaget- é‘ g}%lae agxyaqpfpé)s R Bqnbgr q%ﬂrgamc solvent, or a mixture compnsg/'xg an

aqueous and an organic solvent. Suitable solvents include water, methanol, ethanol,
isopropanol, acctone, dichloromethane, ethyl acetate, toluene and xyleme, and
combinations of solvents. Thus the reaction maybe conducted continuously, by passing a
stream of starting material in a solvent, optionally together with a reagent, through the

porous support. Alternatively it may be conducted batchwise, wherein, for example, a



species. It may be an asymmetric reaction and may be a
reaction that generates a chiral product. The

wepaahdaseri ¢ excess of the chiral product mayPdESG2005/000073
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greater than about 95% or greater than about 96, 97,

98, 99, 99.5, 99.6, 99.7, 99.8 or 99.9, and nmay be

about 95, 96, 97, 98, 99, 99.5, 99.6, 99,7, 99.8, 99.9

or 100% The enantioneric excess nmay be about the sane

as if the reaction were condméted wi th the biol ogical

species not inmobilized in t por ous support, or it
mesjnglsebatiihf dogmpeisess . coiftaeinget butch @ff startrigaingtenial gn hwelvent, optionally

Sﬁgéegéeﬁglﬂ%(eag% %thﬁtﬁ% 8020 s's{l o?t %%W&sgﬁhc%t {nng for reaction. In

S wgtbmcase ibis 1mpormavh@idhm¢tm mtsrpé helinegntagttwithr thﬂ gorglls support

L cRRt e bl r%uttndrng o{:&? Q8 SieUHRRONA depenti 3G the nature of

ut i on. e sol ution may SO conprise a reagent
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ﬂ(fl&él&g s;%@ite?fd b %Q@ﬁpﬁ?ﬁ T JuBRRGELAE mlaf?8e between about 10

ogi cal species to produce the product.’ The sal vent
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SOk AR howgs, 6 2o P4 by £ O TS g S R SR 1q B or 1 and
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ALLEy mtdr%ghg 1d 6ne@¥m@ HGh LA RNE Bk 38 dedihad ﬁiove) The

f or exanp asi n conprlses contactln
baactml 8ew getgr@ mymimt fof |eawnn1ﬁ wills Gerplorg denspd .%rféf djmensions

O(gs%la@arﬂm BroSs-deBiftaa rea) WF b bohthiBer /ROt urfid) AR amioh the porous
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i tsupgort hagiae theriolomice) entiffeimapobyliz éefﬁ’&t*%!o i fale may be
Cojahael, fof bxaniphe bp atjustihg I pretsirel applicied fthe dodweht tdnipeising the
for reacth?’w to occur. The sufficient time will depend

e of the starting material, of the
react Themathod mby dlkvecopprieeuse stappe of: (for exanpl e the
| oadi ng_of .bi Io [ S ie e porous support).
The su ?par@f"é%'g P%ﬁe&%%%’f&g%"b \gA(/’;hentr?Habout 10 m nutes
and 24Masiun5heﬂdn®ssu!fpbrtci ent time may be between 10

m nut e m nutes and 6 hours, 10

L M%é?" cand . '

m nut es "a hour 1g)agm nutes and 1 hour, 10 and 30

M nut eseparBting dic prodisd framahealition hours, 12 and 24

hour's Thé%tgerzﬁ z,g.rdaﬂg e poro@Néh o ﬂ&z B:Q_J,J rc§m§ﬂsc I51RAkk, Q;enmﬁ;gmg,
e a

hour s out” 10, or 50 mnu
Oru]gwﬁlgmg,p_setﬂg)g, gwnzgxng@r q cmgbm@xon P thegplor 1121ay g(gnpnfgf some
15thek Guitabié meltdd. 1119: stepQf washingZray cdmpHte sdspelidiblf the pSrousEapport

be nore_ fhan 24 hour eactio

oA KBRS g1V SR i EYRTE. SRR B SEP RIS sEie the
soﬁwﬁus mnp;tohr iU wathivgg ovent) passingpo miashivegy sohgnt theough the porous

@P?CI il )’t%gfm’alf’ 10{1 qgg?%% lé.ie: gvta}hp%rsgiv t'ma%"h k%eang sui able solvent,

tcfoocesmple Tates, mh@axfomombwah dsaprdphnoheadeiens dxmiwomﬁhane ethyl
e%@the, temergéedne Qbﬁéﬁ@“ of RARY Be REbmbiRRioN Of fdiveh& MhelstefRof (Ashing

det al | ove
may be conducted several tunes, and may be conducted using different washing solvents.

After each washing step, the porous support may be dried, or it may not be dried. The
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actual flowrate (in mM/mn, for exanple) wll
t heref ore depend on the dinensions (particularly the

whi ch the porous support having the biological entity
i mmobi lized therein is located. The flow rate may be
adj usted, for exanple, by adjusting the pressure
applied to the solvent conprising the starting
material. The nethod may al conprise one or nore of:
- separating the porous supagrt fromthe sol ution,

vchssihg mgy tdmeprize fayesarsple peating, passti:gyal gagthirdugh ﬂﬁrp@tlﬁs substrate, or

TR T A ————
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th Q)°€ es E&E FH%B g i’?g{' P&y&ﬁ%v?m 'm ztﬂer ﬁs@ﬁg ’whére the

SWi I sont cat herw s
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VRAReR ShoP Wi 0, b*&ﬁdwﬂ@ and €0, RPe[n@lSSS &HHORPEG arQ{lsgi‘S’and 20, 20
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00 255280 305V or D and 5 el B asrsbout Bt s, 20 or 25°C. The
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acet at e, uene and xylene, or it may
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t’ﬁ‘é’y%ll‘séﬁ%n 8 cipiafiondr syblimAoNor it mmy not be

dri edhe 'ﬂi@dﬂymﬂgh t]ﬁﬂ)lolﬁgﬁab rdnﬁ'@ idobitizedTetzoh Qﬁﬁyl egreused for
passi.n as_throu DOT OUS.. S

DRRERE SaRhete pon oty e i HPRHma R HhF epfevpart wibe
[iolagical emity therpem mag hevedeerdised imlen earlics caaetiont haemy e sgused for

%H&iaf%r! 1 %ﬁtcﬁl B}%P'e dzﬂén i;?y?é;ﬁ ”Pﬁ%1 sg?ét ?Srzﬁgiéfi{‘ﬁa?ié 19, 18, 19

dxuéle batshesd @he cedadytisy aca'anaomme' nebss Ibn)'oflrgng from| the p@maésatalyhc
Thlisin¥ QJ IleﬁQFﬁeﬁgutoib% ke 1838 1n4h ‘3?1&1‘ 26,n8 P(b 91| o] sﬁﬂlmag drop by

cn[i)}ecl e erature suc

pitRg01 He2: s Qtfty: dr1-3: 263813 fgfs IQ'HF”@T?% be usef ul

\ BmieR€e Dbi ol ogi cal species is unstable. The | ow
tenperature may be between about 0 and 2S0C, or

JdetEal about 0 and 20, 0 and 15, 0 and 10, 0 and S, 5
end e sifpoandatérfals Wercamiesostfhcturdd aﬂdlaﬂfﬁaanﬁ(mcm) ad, FBU-12,

15
esg ot B ep g o BRaPR Yo R ROk Bt eiepcs, 0B s,
SI@huWIeDml hangmipiy, POO0f 1, Bﬁﬂi a.mleag elalyAngewt Glemrbirhitl 2003, 42
I8 i et Hahaif AnfHiBlh Esce HIROL el lihidifrony Roche.
ABvozymeutdd @nrotmeraal rlalgmyxhz epnet wwprovdd@t by Navq diprdisk.
r(ﬁ'ﬁ&r&ﬁﬁm@ﬁx&lb@t?)‘éﬂlﬁ@ a0 NSRS IR s1M8 Qbre purchased from

lhrm I on.
Methods
Chemical Modification of Mesoporous Materials

Two long-chain alkyl groups, octyl and octadecyl, were used to prepare
hydrophobic mesoporous materials. After degassing at 150°C under vacuum ovemight,
MCF (3.0 g) was suspended in toluene (40 ml), Triethylamine (12.0 mmol, 1.67 ml) and
chlorodimethyloctylsilane (6.0 mmol, 1.42 ml) were then added sequentially under
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The support with the biological entity imobilized
thereon nmay be reused for nultiple batches, i.e. in

wa@nyeomasbat ch (except the first batch) the sup@D8G2005/000073

with the biological entity thereon may have been used
in an earlier reaction. It may be reused for nore than
1 batch, or nore than 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19 or 20 batches. The
catalytic activity on any er;se may drop fromthe
original catalytic activity by |ess than about 20% or
bteasg. (The suspdnsion wWaP stiried, at A Cdor BPhr and dilteray. The oglidoyas washed

9, S S g B gt s ot

veswemi Biesmodifiel MEFis termed MGFICE VICEICAB vao prepbdvDiby thnghme

bt o) B R MEDERE ARG ol bt
ofahipsedimethylomysilane FOSHH2LCB mes slemprepared] by i Rgewproghiam using

FBU. 12%5’5tead819101%1: 42, 3146). Free enzyne, Candida
Antarctica LI pase B (CALB), was purchased from

FQB@W??IWW?}‘HE“ 435 (a comercial immobilized enzyne)
m&eﬂmyﬂm&n MeM@XO Nor di sk.

Chl t I
| She AR e o s ef G5 s
M\tdron @bmgM:l?} mizksmm%mﬂﬁn_ sxﬁi()dfis‘ fil€oddi 00 waﬁhteh/b&ﬁ ARtiNddSwater
eria .l ong-chai n roups, O n .
B iy et fine g ey Pl PR RGBS o Cor b e
erayme ilakimg, Bdstdon diggpreportigh 6f nitrbgdi Gn Ut esnzyties TheN result was
?ﬂn}%rxﬂéﬂ%}é?lﬁa% (Lﬁe E)Tg‘:‘rng\ﬁ]%n? ynsglgnded a&aﬂt %]fgelr lijn%%gbil(izd'&gon via
Bhraitordbadsayet hyl octyl silane (6.0 mol, 1.42 m) were
Pié?ﬁr@ﬁﬁ%é%ﬁ&m%%}h l'y understirri n'g. The suspensi on
at 6Q0C

was stirre or 24 hr and filtered. The solid

was Thadunstionglized MGY (he), wasdispersrdlin cyriabexane angifien packed into
th@h—lp%ﬁmidﬂm&%‘((%hy tmm%goﬁﬂﬂ (S0 rsﬁl Wﬁh) YiAder' ¥ High

The nodjfied MCF is terned

PR bstpeny Sty Regkrs Hhcopacert éolé%aequs Sl cried nder vacuum.
E*ﬂy% GRCRTBSIE (S0 T gfil) WBEcycfed Groted the A1QBcBmRS 2 hr

{1RE's MR it P SOUSCET SR GE s ieondey it v en

cafisttein ttowf thdViCHnmEnwysied ithodis lti_llbd! atateorand:dameﬂtandrmxled under

s OB S AT o
mftbqprmowmctmne suspensi on was fil ter ed and

@ﬁﬁi}ﬁgmﬁmﬂdl stilled water and hexane After drying

under,” vacuum, the sanple was subjected to C, H N
an a|1§;gqt1g rgsglution of 1-phenylethanol acylated with isopropenyl acetate was used to

assess the catalyuc activity (Scheme 1).

Ejﬂ/u\m@/\@j‘

Scheme 1: Kinetic resolution of 1-phenylethanol with isopropeny! acetate by CALB

(R)

In a typical procedure, a certain amount of catalyst (containing a fixed total CALB
loading of 10 mg) was dispersed in dry toluene (15 ml). I -phenylethanol (10.8 mmol,
1.34 ml) and isopropenyl acetate (17.4 mmol, 1,58 ml) were then added sequentially at
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enzyme | oadi ng, based on the proportion of nitrogen in
free enzyne. The result was confirmed by neasuring the

w@e@be9a13anount in the supernatant after i mobPdT/2@2M108M00073

via Bradford assay. Pressure-Driven Loadi ng Met hod The
functionalized MCF (0.6 g) was dispersed in

cycl ohexane and then packed into a hi gh-pressure

l'i quid chromatography (HPLC) colum (100 nmmx 4.6 mm
under ft high pressure usi ng, a slurry packer. The
packed col umm was fully dried under vacuum Enzyne

s«um ftempetabiré. OFhe(Saktioh ,wa8 mapitniell withs gasyahremhtodraphy (BO) hatil

' OO
2 i‘gbou"“@ﬁwﬁ% V8. A0S et ot 5 3 r e i i
dyHPEEt ed from the col umm, washed with distilled water

P RTAT nd dried under vacuum The enzyne | oadi ng
% % g{}@!mnggd by C, H. N anal ysis_and Bradford assay
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t.h ro B
t gragunt FPQ‘?“%‘E% ‘P\?FSV ("R RevEredstion g¥lene 1: Kineti c
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chi o 9LD e Pl ER nB MCEEHS B lpreeio SR g Bfing 250

i) x Webameli ERLET coburi. Thel eoturtuovascweshéd é’cvertl)umds with distilled water
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conversi on e enanti oneri c excess 0
SEHVETHRS, thmnd%wewnmwmmw with8@ yst Recycl i ng

Q(eg\g{samg“rcegghl on was finished, the catalyst was
| tered, washed several tines vvlth t ol uene, and dried

lﬁ#ﬂ@F‘e’Uﬁ’G% Fupgtionglized M(Fat al yst was rewei ghed so as
to dedleihdd MCH Res SBAbfimdOndt ul@hlagt Mhésopdr&s with abencuusqﬂre

in the W re tlonccle Pack Bed Re or
idHmSHT (0 F? By PHac p?"@"sgﬁr ﬁA ‘H‘%rfé@h@c{g’
waspergvaly, ZHiE pore >dxa4ne&ermm HieLontealled neasilylbe chalgitightheasnthesis

UBRAGH, RS Dleahi Bt b €4 Bhlbd kel B pHBUEImef Bl 6 B

TFadleuly Y hati maifiddywitheCagmoumsk MEE dhoveslatdoereas® igrdiarheter by 4
tluf‘?ﬁé‘éﬁk@ée@?él% g(gg vaﬁx% Mﬁl@f‘ 0,508 ,gkvefé%?s*o %v?ed?{ln the

uene were the pac react or
demedifiedMCF GEablel gy r at e for achi evi ng fuI | conversion,

t he produbiblefa Thaadidristiit @btk ¢ABBMaledases Yotds §ilfoa.
Pore Size (nm) / Pore Volume | Bnzyme loadin‘g'gmg[gg.

Window Size (nm) (cm’/g) by Stirting | by Pressure
MCF-Cy 2137121 1.60 92 ' 278
MCE-C)s 20.0/10.6 1.27 65 250
FDU-12-Cg 9.1/3.3 0454 30 , 98
Enzyme Loading

Compared to the conventional method, the pressure-driven method gave much
higher enzyme loading (by 3 to 4 times) on MCF-Cy, MCF-Cy3 and FDU-12-Csin a
shorter period of time (Table 1). For example, 24-hour of stirring led to an enzyme
loading of 92 mg/g of MCF-Cg, whereas an enzyme loading of 275 mg/g MCF-C; was
achieved by the pressure-driven method in just 2 hr, FDU-12-Cg, which has smaller pore
size and pore volume than MCF-C;, showed a lower enzyme loading than MCF-Cy. It
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Results and D scussion Characterization
of Functi onal i zed MCF Cal ci ned MCF has wel | -defi ned and

ran, Its pore volune and surface area are 2.2 cnivg and
680 nR/g, respectively, The pore di aneter can be
controll ed easily by changing the synthesis condition.
The nodification of MCF with Og groups decreased the
pore dianmeter by 2 nm(TabIﬁ When nodified with

Ci ggroups, MCF showed a dec gase in pore dianeter by 4
nalso defensiatell aceater eazyaded ogiigebyvihe pressuce driviei- nEthod nithn by the
Nsl%ﬁve% v%rnethgclgsjo | oner than the unnodified MCF (Table

1 B aracteristics of the CALB-I| oaded :
n&em'im nod Seleitivity in Kinetio/ Reolutien phigPlcayietimed t o t he

conv r

mich e eition G106k chilol B BAE W s gkl TELGR erbltce
, VeI, Q&@MCF@&@Q %&B«N@Fé}m preparedhby thecpregsureidrisen method
sﬁ@@é@siga}lar tﬁ%yﬂ@ )&@ﬁméygéeezﬁgxﬂé’ lll\'/{:':lﬁfdersttyin&[l | B tibe EorfdRioRd (see

whereas an enz
|vé»am &a&lwzmawg»a mmle@ EeeTsio (s, e3P eonysesion) o (R)--
pﬁlﬁﬁﬁé&ﬁz@wﬁfo‘ wen MMI laeembls»xas Zcliéved RALE § 3w Gn boiNéasd. In

has smal | Siz ore vol unme th
syoBtRRsh f%e\kgrsfl% “feb 49 T4t SHIe3R: Séﬁwnvmpw 5 hr. Free
d@ﬁﬁﬁ@wﬁnﬁ dorfhed raQ@'E@[es an bymcl DREHRIBY Yoating CALB uniformly

d th
o e Siasepoiss pOVICR 3 pagaelin Graf Peaviaed o hBees gving e
Oti) alerédoe rytyaichanhiic ttvitacAll dirécontalyfsts in Fiparey] éénrmstedtedalyigh

ol AL 5o 832 4 SR, 3 gkt e crven

plpmﬂrece@br dig aot aimﬂmsel@hwm Csﬁlﬂﬁ Kegy rct%ﬁt talthe ¢ngntioselectivity
| G¥bsket8E il St Swdnds, m&a%né YeRicBAl, ma%,, Qbbnds for the

con I'tions %see above: Cat a ytIC reactlon , conple e
c@ﬁW@@%W*X?f‘@PT%%)convery on) of (R)-I phenyl et hanol

&z{; Léacmpgtwaymmpwnea&sm&@ was achieved after 5 hr
cases, I n contrast,, free CALB showed a sl ower

reactwrﬁnm% leaghing Awringsreadion ARl lead io jdgerepsed corprprgions in
Eﬁg%ﬁﬁ”“m'&f{ %&au rif&d tﬂagaeta@ateet Squiaitit}VgBNbE cgoﬂv?mﬁalysxs

ni S ores. ol .
s%»‘ﬂr@@fé%‘g@ sisgsed B Bt onvetond, Behl shpveRoy sustgial op in

gtostvargiornt ((ﬁemtiﬁ)"/atogb‘é@t ever dnaysn@Figeat 2d)y Ini conaadt,i QALB/MCF-Cg

rboeb 156 Btk hedvch Tl Uy, R aREABES kG Bikonversion
i (flomsi0Patoi 46 %D ler & tvas pr Bwursen dharticas (i mael Pig The wendis of C,
dﬁ sﬂ'xﬁd‘r‘éa o My §@r%%¢s"6%¥69}o oﬁakﬁa w(asefeacﬁe@t)ﬁro% ME&F-cy

e en ntIOSG ectivit he substrate, 1 n ot

wisheagmmp eikigad by thy cp@@é@cmak methgddsesFgble fhnds f or t he
enant i qaBle@¢ Ehayink Yoadihg inMCIRCOSEdiffarent reaction cycles,

Enzyme Content (mg/g)
Before the 1" Cycle | After the 3% Cycle [ After the 8 Cycle
Conventional Method 92 30 -
Pressure-Driven Method 275 - - 250

When introduced by the pressure-driven method, CALB mostly remained within the
mesoporous support, with only about 10% leaching detected after 8 runs. We note that the
pressure-driven method not only improved enzyme loading, but also reduced enzyme

leaching.
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Enzynme Leaching over Miultiple Reaction Runs Any enzyne
| eaching during reaction would | ead to decreased

determ ned quantitatively by C, H, N analysis.

CALB/ MCF- Cg prepared by the conventional nethod showed
a substantial drop in conversion ((from50%to 37%

over 5 runs (Figure 2a). In contrast, CALB/ MCF-Cg
prepared by the pressure-dri,yen nmethod only showed a

m nor decrease in conversion (from50%to 46.5% after

8 r uride enzym8 motegules wére 'iibérpﬁmﬂ@n@ Fitdpdrdeerwithin thiaenesopores of

| o
Ry e rbpbis AP ATRLNGY, B Coihet 3 BOR ar b Bl i enzyme
i mplotyildsi wese propatly, elceldmémbcé roa| thereiteroskrigeseef tha (shepoft)in the
Tah\&tidnal ﬁnﬁxyglﬁeth&aa%@ dodd e%ﬁﬁn fre dﬂi%?cﬁc& i 1€ E:Blnt of enzyme

reacti on cles. When intro

plegching fie \W@rﬁmﬁ'@?lﬁé@"nm&LBdsnDst I y remal ned within

the mﬁpmrméwe 'IJadedNb}t the%éshhr@bﬁ’% &b, GRCBIBilized
detected after runs

pFIEXag, Pl ts %ﬁwﬁﬂ‘f’%’b‘hrﬁ‘b‘tlﬂ%?n‘f’%}“ Sﬁﬁfﬂ@%ﬁs g Jieate from these
| patlisid nbbitondli oy @gynes e dayiine &3ahi BEAKIE 287 YIHEs also

o i kel shed and led d
Rt G e g e 66 SRl By Benprotet MIOR R
I,nksézs@rn&rﬂ@sneusaads)ubst antial amount of the enzyne

I | it
23 rfe ge%lfa oP &RE@&{I&F-&E deééggé\get#t)&lf H)g%}m}e? %y%" n%cr:ssure-
néxiviem dmetth& owxph:dd toxth¢ eimmerdiglydivéifsbledNovegymierd3 §. Kismpared to

BT 4N ZYRERARAEEINGnd | CRLBARCED LHIWER! Lipédr! Qlhour

e enzynmes were | oad )
pronkessions- dvaryvenltipst Mg, (Rigvee i mdlbis| stedy idwsrgter that enzymes

Cﬁﬁrﬁdbﬁﬁ oWe?op\‘iﬁﬁP @iq’icey"bﬁp?or@ B {hk | ppdsutREsBen SRS ave more

t1 nmes. filtrate from{hese washes did not contain
aﬂgblwwﬁ/é%an th@e ienehilized dppobymer matrigcammercially oypzyme3s)
arR@nial $edBilifyat ed that the enzynmes were firmy

of R eﬁaremeed He e herToa FRRI (15 64 IEPPRHRFORGS GRS were
Gfdated Mat-862CY fpr B 3, € aindo Yheh hiestiat edtiu the dkihstiznresatitivnd réagton.
CERTAMECH-Erorktes e trssstte oty B Riaed ok ek o tivity
shomettle eyl etréaoment -(Rigune mnﬁe caitiasts CALB/MOHIC; | premaradubyg the
(Ei5naf 08 oy SEd Ms R0 Lo ERGHTPS, sciviy ater

on nNeso ous SI I ca supports Y
pmeslmad mwetn(l-'mtehd@ and e)- rFmeeCAr,&&Masa seyerelydeastivatied ppon:

§§ea‘h%??rx|éd go.gtegﬁx'aﬂ n@P&fé&E{)cnﬁBl (5&#:&%& Etﬁtjhl Mlustrates the

vozyne 0 exam ne

thPé?l rmmmlahﬁel the gnzymeccatalysld to ehigye| aroates thempsd séaétlwwti ghe

V\%&ﬁm‘efdﬁaén%ﬁeﬂ@id iSfdeulally efirtil st t@)d then tested with

the kinetic resolution reaction.
Pack Bed Reactor of CALB/MCF-Cjs

CALB/MCF-Cy3 packed bed reactor was prepared by the pressure-driven method

using a 250 mm x 4.6 mm HPLC column. Full conversion of (R)-1-phenylethanol to (R)-
1-phenylethyl acetate was achieved at a flow rate of 1.5 mVmm with 0.65 M of 1-
phenylethanol and 0.97 M of isopropenyl acetate in toluene. A flow rate below 0.5
ml/min gave white products from the polymerization of isopropenyl acetate by CALB.
This polymer product increased the back pressure. The polymerization did not occur
under the optimized reaction condition (1.5 ml/mm). The activity and enantioselectivity

of the pack bed reactor did not vary during a continuous reaction of 6 hr.



CALB/ MCF- Cg prepared by the pressure-driven nethod did
not show any loss in activity fromthe heat treatnent
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conventional method and Novozyne 435 showed a
substantial reduction in activity after the thermal
treatnment (Figures 4b and 4c). Free CALB was severely
deacti vated upon heat treatnent and |ost a majority of
its activity (Figure 4d). T%&s study illustrates the
need to i mmobilize the enzy catal ysts to achieve
ofemtusions hermal stability, and the pressure-driven

* Reacty "B efl i Mo RE Hlipenn e

wasyme lpding dntoya hidrophobis soesepatous \ailiva ruptiegd Auzéry digh @Bgme

4 | Ja:c0RVv | -
"Bt o 28 ol g S D, RSB lyines showed
dedsilesplinig during multinle rins ham commasciph Nayeryme 43 5 0Tieshepmal stability
P h ' r ; i )
o pE" R0 i Sinihily oiogof 8] e ROV, 185k Redtch pproach
PrOLBRMGF-Ers orepated by dhe presspesdrivanmethod wahFuserstylly epplied as a
qg@&g%@dgyaggLB. Thi s pol ymer product increased the
back pressure. The polynerjzation did not occur under
L. JBismAtas Fan Bty SRELHLP BRI ohereRsRyS ontp gesoporous
aghdaVTHIY stakdychisB TRBratOSMCE @ hovéxicdllef supfst fopdeyheinmobilization.

FEEE A S T R S

edigyrem sizedrobi | i zati on greatly enhanced the enzyne

| oadi ng onto a hydrophobi c nesoporous silica support.
A very high enzynme | oading of up to 280 ng/g of
support was achi eved. The i nmobilized enzynes showed
| ess |l eaching during nmultiple runs than commercia
Novozyne 435. The thermal stability of enzymes was

al so significantly inproved by the novel

i mmobi |'i zati on approach. CALB/ MCF-Ci s prepared by the
pressure-driven nethod was successfully applied as a
packed bed reactor. This nethod can be broadly applied
to i nmobilize other enzynes onto nesoporous silica.
This study also illustrates MCF as an excel | ent
support for. enzyne i nmobilization. The pore size of
MCF can be easily controlled to optim ze the |oading
of enzymes of different sizes.Clains: | . A process
for imuobilizing a biological species in a porous
support conprising passing a fluid conprising the

bi ol ogi cal species through the porous support under
hi gh pressure. 2. The process of claim1l wherein the
pressure is greater than about 10OMPa. 3. The process
of claiml wherein the pressure is between about 25
and 50MPa.




4. The process of claim wherein the biol ogical
species is an enzyne. 5. The process of claiml

wob@ese9a13t he fluid is an aqueous |iquid. 6. TheCPsGZ®S800073
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of claim1l wherein the porous support conprises porous
silica. 7. The process of claim1l wherein the porous
support has a nean pore size of between about 2 and 50
run. 8. The process of claim1l wherein the porous
support conprises nesocel lulgr siliceous foam 9. The

process of claim1l wherein the porous support is

hgtiaphobi c. 10. The process of claim1 conprising the

step ,of hydraophobpi ng the porous,support .before passin
Eher 11 quiiPIRES obhoamsniizRg < HaSaRP ptadile” e gpRR, sikbor
ccomrisiag pepsing @\flnid cognptibiag thebiadogidal epecibs thivmgly trequegous support

S r.t, un hi gh pressure. 12. The process of claim
1%@3?‘?@Fs%§redryi ng the porous support before passing

t he f2 ui @he precess dfichaing b wheRin the presswrais geaep than abray | \Pa

bi ol ogi c ' TRk iy '

por o%g SSL%%?%Q (gélag hi hﬂg%rn%égl n,[g;]%oufa t“,’b‘%%’gf%a#ﬁ%ma’
specifes | wﬁﬂﬁeblmhés@mthmﬂos‘%m?&%lﬁ@mrt

havi ng t@ﬁeé}b&kp@cﬁ%lwe‘gﬂ%ﬂm%m&sﬁ tqbRr €i n by a
process performed at atnospheric pressure. 14. A
porofs s peessfwlang | avherew) thagRosas SEBRT FRIBPTISRERIFIUS Sies

t her ej n, THOERBcIRGECIRN B whEreia A6SpdreidRupokt Hhs Bafckh Poredize of
fluid conprising the biological species through the

pBHtHera 2kenb A 8R4 SUMRer hi gh pressure, 15. The porous
supp®.t The floddséiofl dlainh & rdieltin the pbioes RIpPEre 8emprisBemesocellular
pLessure is greater than about 10OMPa. 16. The porous
sﬂE‘ﬁ’B?st °Y* claim 14 wherein, in the process, the

pr essur e Theprbasswehin b edereidSheporous Sdgpart ishydrophmbiqpor ous
suppat | ' | ' ol i

i ridy pdhe Bsbdfok B bt Bb YR HBUrpRH R rous
i suppértbefore passing the liguid llmeﬂmwggan aqueous |iquid. 19.

The pQr o4fe SBRELE cfafm §! a,gg}s;iﬁ% 2Pl RRY Al tﬁ'}éﬁg}PFhfe porous

conpri sing porous silica. e porous support o
c PuRPPF ynder high R1esS®P-ous support having a nean pore size

of bebweghe poedss ofklamth SfmpAising ddyingthe p@ROEOHUBpITIUERE bassing
et | ceous Toam T
13. A porous support having a biological species immobilized therein, wherein
the porous suppoft has a higher loading of biological species immobilized therein than the
porous support having the biological species immobilized therein by a process performed
at atmospheric pressure. |
14. A porous support having a biological species immobilized therein, when made
by a process comprising passing a fluid comprising the biological species through the
porous support under high pressure,
15. The porous support of claim 14 wherein, in the process, the pressufe is greater
than about 10MPa.
16. The porous support of claim 14 wherein, in the process, the pressure is
between about 25 and 50MPa.
17.  The porous support of claim 14 wherein the biological species is an enzyme.
18. The porous support of claim 14 wherein, in the process, the fluid is an
aqueous liquid.

19. The porous support of claim 14, said porous support comprising porous silica.



5 22, The porous support of claim 14, said porous
support bei ng hydrophobic. 23. The porous support of
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hydr ophobi ng t he porous support before passing the
liquid therethrough. 24. The porous support of claim

14 wherein the process conprises recycling the fluid

t hrough t he porous support under high pressure. o 25.
The porous support of claimif wherein the process
conprises _drying the porous support before passing the.
f1 ui d29-hetherRiontFmporbef claim g FARIEs SUrReR Biinesn @ean pore size
Sidfb&aenbBOAR andS0MHRY an enzyne i mobili zed therein,

when de by a process. conpri sj.ng: hydrophobing a

i |1 caLs PBEPRL HRBR g6 AAT A Sid|Fioys LFRODFemPrisifg mesocelllar
I egliceduk f@man aqueous fluid conprising the enzyne

t hrou

t il t der hi gh 7.. A
ot ot f GHeBRPH] R R aoh L s PPl TR P R
exposkhg Ehegoenus supgonaf elzinall4 wdieminpthe prosess wpppriges the step of
NN biol odi ' ; ; ey in.
SRR RS RopSPEio Rl TRIRILIBISIE T
capab®é cFheqarons suppertjof Haimr dawhereimthe pracers compuises rrgycling the
Mafe] thidheH e r&ﬂﬁﬁﬁgﬁuﬁ%&ﬁ%“ R Wherein the porous

support havihg the o} species immbilized
t her e?h iBherpathes lsyppart (Bf st 4 i S mEPosHsumpgsey drying the
f 1 gdtcls QPP betdrd PaskiBethl nGld@rd@bughpeci es through the
por ous sq&&&rt under hi gh pressure. ES, The net hqd ogu
cl ai mP®7 Awhesrephebicraesgpasensiilice SUBPORhRRYINE 3 BHHRE Immobilized
2 Qherdih,avhieR @b yof prédeti comprisingher ei n the starting
naterkq*ﬂjs.in Sﬁlutiog. 30. The nethod of claim 29
conpr PETRGONRE RIS SPRPE™s o) uti on t hr ough the por ous
Suppontyirigahe siliga supporiyiand ogi cal species i nmmobilized
t her ej . - i i .he.
sol ut 3176 m HE Il B B AGLE e LR cypnopt uncer
cl ai mhigli piebsereei n t he porous support having the
bi ol ogi ' j b bt i1 b :
n_an bort PREd GRLREYThER ol Sbrag conthy  Shitne
t Hreateriabiiacarous etppert bayingabiglggiealsnsgies imailizplersio, whrein the
ONol&ficab SiRbiEBcomprit@ af enzyRié cafdble @R 64talYzidgOthe SARMIGAIJT kHeGtadting
startlng mat eri al %o a Er duct cong;|3|n %}gPrOHSb‘I ical
SUPRDIE hBOAYeg 2aPBitsh Ggff eTe e RIES SHRBER| hebigg the biologica
t hpécRds ﬁkpﬂybia?qeﬁ rtmﬁtliss 1Bada D | ¥ ia Provgss pamprisigg %sﬁ;qg‘ 4 friid comprising
conpr.i.si.ng the biol.ogical species.t ugh .t he porous
sJB%?]PQE!%W'C%M%ﬁgggﬁwﬁ@ﬁd‘nﬂ%:ﬂ{ggg%gﬂ]ﬁ)ort bei ng
di spog&d Thetniithod af ¢aimsi7rwherciritie pradwit Isiaohieg podictspeci es
?ﬁ'e” g rzg.gﬁ'n?em% of ARSIt S sesthily hheBiGhr TR S, £ O

30. The method of claim 29 comprising passing the solution through the porous

support having the biological species immobilized therein.

31. The method of claim 29 wherein the solution also comprises a reagent.

32, The method of claim 27 wherein the porous support having the biological
species immobilized therein has been used in an earlier reaction.

33. A product when produced by the chemical reaction catalysed by the method
of any one of claims 27 to 32.

34. A reactor for converting a starting material to a product comprising & porous
support having a biological species immobilized therein by a process comprising passing

a fluid comprising the biological species through the porous support under high pressure,



35. A process for preparing a reactor for converting a

starting material to a product conprising at |east
w@a0obioad1By filling a housing with a porous suppor/sG2005/000073

having a 5 bi ol ogi cal species imobilized therein by a

process conprising passing a fluid conprising the

bi ol ogi cal species through the porous support under

hi gh pressure, said biological species being capable

of converting the starting ngerial to the product.

36.. A process far preparing a reactor, for converting a
sts%EFltPP\%QS SHPPYE PEINS glépoaedpw%{a @thopsiigy F‘i‘ds?ﬂff{:;bw logical sggcies being

| @@blep@tdnatihythé bthﬂnh%wﬁa@nbagm%?xgldaglt 2a|a |00£3 gjuzs -

suppo and - i i zin
Che” pik-ouh PRGSO Pgle theaes 2, SEEDg ggeral to a
f Iptbddctcm)ﬁ@ﬁmg mgledsh pm’aalm filghe alhosqmcwm atpbfow Gnlippbh ehaving a
] Qus B ort ljé§ gytg Eressure q . fuid
D st geE AP ot ecd' Bl 6 3 PGt CPRPHYPS ising » fuid
s teamnpriisivgg thee bisiogehl dpeci¢shibrough thie oteod support under high pressure, said
biological species being capable of converting the starting material to the product.
36. A process for preparing a reactor for converting a starting material to a
product comprising;
10 -~ at least partially filling & housing with a porous support; and
- immobilizing a biological species in the porous support by a process comprising
passing a fluid comprising the biological species through the porous support
under high pressure;
wherein the biological species is capable of converting the starting material to the

15 product.



