| mobi | i sed Enzynes Technical Field The present
invention relates to a nethod for immobilizing

wos nmes in a solid porous support, and to enzynes
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?12zed in solid porous supports. SBackgPéﬁ’ﬁﬁz%’ﬁ/““m”
the I nvention Enzyne-catal yzed asymretric
reacti ons have energed as one of the nost inportant
fields in organic and pharnmaceutical synthesis. The
ki netic resolution of racem c m xtures is still the
nost comon way to get enantliomerically pure
conpounds on industrial scales and in acadenic
research. Through kimerokilised &inzymes one enanti omer
of aracemc io mxture is selectively reacted,

wher eas t he ot her remlﬁgﬂpgﬂjgg:t ed due to

di fferences in transfor
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10 It is an aimof the present disclosure to
overcone or substantially aneliorate at | east one of

t he above di sadvantages. It is further object to at

| east partially satisfy the above need. Summary In a
first aspect, there is provided a process for

i mobi lizing a biological IS species in a hydrophobic
por ous support conprising passing a fluid conprising

t he bi ol ogi cal species through the porous support

under hi gh pressure, wherein jhe porous support is

sel ected fromthe group consi'sting of hydrophobic .
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Summary
In a first aspect; there is provided a process for immobilizing a biological
15 species in a hydrophobic porous support comprising passing a fluid comprising
| the biological species through the porous support under high pressure, Wher;:in
the porous support is selected from the group consisting of hydrophobic
mesostmctufed siliceous foam (MCEF) and hydrophobic FDU-12 and the
biological. species is selected from the group consisting of a protein, a protein
ﬁaglnent, a sacéha:ridé,I an enzyme, a .DNA fragment, a peptide and a
combination of two or more of these.

| Also disclosed is a proc;ess for immobilizing a biological species ig and/or’
on a porous suppbrt comprising passing 2 fluid comprising biological species

¥ through the the porous support under high pressure. |
‘- 'i'he high prcsaire' may be greater tban about 10MPz, and may be between about 25
ond 50MP2. The process may compriss recycling the liquid through the gorous support
under the high pressure. The biological specics may be a protein, 8 protéin fragment, 2
saccharide, a DNA fragment, a'pcptide or a combination.of two or more of thwc. The
biological species may be an enzyme. The froid oompnsmg the biological. species may be
a liquid, and may be an aqueous hiquid, and may be an aqueous- solution. The pomﬂs
support may be an inorganic porous support, and may comprise silica, or ‘may comprise 2



a liquid, and may be an aqueous |iquid, and nmay be an
aqueous sol ution. The porous support nay be an

i norgani ¢ porous support, and rmay conprise silica, or
may conprise a 2a netal, or a netal oxide or a

m xed nmetal oxide. The netal may be for exanple iron,
titanium zirconiumor alum nium The porous support
may be a foam for exanple Zan open celled foam or
may be sintered or otherw se porous. It may be
mesostructured cellular foam (M3 or FDU-12. The
porous support may be mesoporous. It may have a nean
pOtnetals bZ & n&fal beikdveen mixedime! exide. T6e urehl nikj de forr example iron,
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passi ng g conpr.i si ng the biol ogi cal ec
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- MRYmPrisRIthe biokxizalbipatics therethpoughiSTie fep @f thdnsically modifying (e.g
solution, a suspension, an enulsion or a dispersion
of the chem cal nodifying agent. The por.ous support
may be dried before passing the liquid therethrough.
The process nay additionally Conprise one or nore of
the steps of: washing the porous support with an
organic washing liquid after the step of chemcally
nodi fyi ng, washing the porous support with an aqueous
washing liquid after the step of chemcally
nodi fyi ng, 10- drying the porous support after the
step of chemcally nodifying, optionally after one or
both of the steps of washing, washing the porous
support with an organic washing liquid after the step
of passing the fluid conprising the biologica
speci es therethrougb, washing the porous support wth
an aqueous washing liquid after the step of 13passing
the fluid conprising the biological species
t heret hrough, and drying the porous support after
the step of passing the fluid conprising the
bi ol ogi cal species theretbrough, optionally after one
or both of the steps of washing after the step of
passi ng.
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In one enbodi nent, the process conprises the steps

of : 20hydr ophobi ng a porous support, drying the
por ous support, and recycling a liquid conprising an

WO 20sippEst hr ough t he porous support under a prBSE{E00§00073
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greater than 1. The porous support may be a porous
silica support. zsln another enbodi nent the process
conprises the steps of hydrophobi ng a porous

support, washing the porous support with an organic
washi ng I|qU|d mashlng t he Jorous support with an

IR Y BldrloOlosnb i pBud 3B 3B il tipg g
doe b%m& agenidiefpr acampb@s ul’@lsxiefnegmé Ay reomprise eprsmg the
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qU|d e porous suppor
anpsiing sgwms AhaperPisuprert reayde drigd brdpre passipgibip liguid thefeﬂvough
SUPPehd pm&%n%ﬂ%nﬁ&%%ﬁﬁse%ﬁyoﬁﬁor@oﬂﬁé Q3 o8i i ca
Su ppo\r:vgshmg the porous support with an organic washing liquid after the step of
chemically modifying, ‘
- washing the porous support with an aqueous washing liquid after the step of
chemically modifying,
- drying the porous support after the step of chemically modifying, optionally after
one or both of the steps of washing,
. washing the porous support with an. organic washihp hqmd after the step of
passing the fluid comprising the biological species thercthrough,
- washing the porous support with an aqueous washing liquid after the step of
passing the fluid comprising the biological' species therethrough, and
- drying the porous support after the step of passing the fluid comprising the
biological species therethrough, optionally after one or both of the steps of
washing after the step of passing. .
In one embodiment, the process comprises the steps of:
- hydrophobing a porous support,
- drying the porous support, and
- recycling 2 liquid comprising an enzyme through the porous support under a
pressure of greater than 10 MPa.
The porous sipport 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,
- tecycling 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 agueous washing liquid, and
- drying the porous support.
The porous support may be a porous silica support.
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. porous support having the biolo

 having an enzyme immobilized therein,

In a second aspect, there is provided a hydrophobic
porous support having a biol ogi cal species

i mmobi li zed therein, when nmade by a process
conprising passing a fluid conprising the biologica
speci es through the porous support under high
pressure, wherein the porous support is selected from
the 5 group consisting of hydrophobic.nmesostructured

"siliceous foam (MCF) and hydrophobic FDU-12 and the

bi ol ogi cal species is sel ecfed from the group

consisting of a protein,. a pr | N b A BGEERRL :
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gical species immobilized therein may be recycleble, and
show a loss of activity of less than about 20% after 8 sequential revses.

In one embodiment there is prov:ded a hydrophobic esoporous silica support
when made by & process COMmprsing:

may

- hydrophobing 4 silica support,
- drying the silica support, and
recycling an agueous liguid comprising the enzyme through the silica support

under a pressure of greater-than 10 MPa.
Also disclosed is a porous support having a biological species mamobmzed

or thereon, wherein the porous support has greater than about

and/
therein obilized therein and/or thereon. The

f support imm
50mg of biclogical species pet gram o
a higher loeding of biological species jmmobilized therein

ay have
porous Support TR immobilized therein

and/or thereon than the porous support having the biological species
and/or thereon by a process performed at atmospheric pressure. It may bave a reduced
rate of leaching of the bivlogical specics than it would have if it were loaded with the



Al so disclosed is a porous support having a

bi ol ogi cal species i mobilized therein and/or

t hereon, wherein the porous support has greater than

about 30 50ngy of biol ogical species per gram of

support imobilized therein and/or thereon. The

porous support nmay have a hi gher | oading of

bi ol ogi cal species inmobilizgd therein and/or thereon

than the porous support having the biological species

i mmobi li zed therein and/or thereon by a process

perfornmed at atnospheric pressure. It may have a

reduced rate of |eaching of the blologlcal speci es

t hhnlqgtcﬂlmpmwa uhderitrhespheriopegsare- Jhe biglogica!|specirs may e a protein, 8
g{oogl E’%meﬁ D& Gabchatidid! %fnm TRERBA! { FepBBSES EdtnbiriiBh of two or

ecCl es rmy be a protel n, a protel n
morecofithesg mmmc RS DroFays SEpRprt may he ) iprasic porous
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ot.Qerw se_po S e I

R AR e iy o Al o SR St AR S ok btocn abou
mesoporous. It may have a nean pore size of betmeen
about 2 and 50 nu. The porous support may be

particul ate, and may have a nean particle size

bet ween about 5 100run and 200 microns. It may have
a narrow particle size distribution. The porous -

- support may be hydrophobic. In a third aspect, there
is provided a nethod for catalyzing a chemcal S
reacti on conprising exposing a starting material to a
hydr ophobi ¢ porous support . having a biol ogica

speci es imobilized therein, wherein the biologica
speci es conprises an enzyne capabl e of catal yzing the
reaction of the starting material to produce a
“product, and wherein the porous support having the 10
bi ol ogi cal species inmobilized therein is made by a
process conprising passing a fluid conprising the

bi ol ogi cal species through the porous support under

hi gh pressure, wherein the porous support is selected
fromthe group consisting of hydrophobic ,
mesostructured siliceous foam (MCF) and hydrophoblc
FDU- 12. Al so disclosed is a nethod for

catal yzing a chem cal reaction conprising exposing a
starting material to a porous support having a

bi ol ogi cal species inmobilized therein, wherein the
bi ol ogi cal species conprises an enzyne capabl e of
catalyzing the reaction of the starting material to
produce a product The porous support having a

bi ol ogi cal species inmobilized therein may be nade by
a process conprising imobilizing the biologica
species in and/or on the porous support as discl osed
herein. It may have greater than about 50ng 20 of

bi ol ogi cal species per gram of support i nmobilized
therein and/ or thereon. The porous
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support may have a hi gher | oading of biol ogical
species i mmobilized thereon than the porous support
woul d have if it were | oaded with the biol ogical
speci es under atnospheric pressure. The product may
be a chiral product, and may have an 25 enantioneric
excess (cc) of greater than about 95% The. chem cal
re:action may be an asymretric or enanti oseiective
chenical reaction. The nmethod may be conducted
vvhereby t he startlng materiaf is in solution. The

0 | % it dindistHhRieah THe@orous
QE’P’E!H ‘gg% %??&[sa §ﬂgg}ﬁ%ﬁa§,eﬁggs& ng the sol uti S,n
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starting material has sufficient tine to react to 30
produce the product. The nethod may. conprise
suspentti aghird hsperct,Nhesr 1sq1rh®|d@&i1 sanethedt faringtalyrgng AShemical
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‘the product from_the sol ution,

Also disclosed is a method for cafalyzing a chemical reaction comprising
exposmg a starting material to a porous support having a
biologz'cal species immobilized therein, wherein the biological species comprises an
enzyme capable of catalyzing the reaction of the starting material to produce 2 product.
The porous support having a biological species immobilized therein may be made by 2

' process comprising immobilizing the biological specics in and/or on the porous support

as disclosed herein. It may have greater than about 50mg
of biological species per gram of support immobilized thercin and/or thereon. The porous
support may have & higher loading of blologlcal species immobilized thereon than the
Pporous support would have if it were loaded with the biological species under

| atmospheric pressure. The product may be a chiral product, and may have an

enantiomeric excess (e€) of greater than about 95%. The chernical réaction may be an
asymmetnc or enanuosclective chemical reaction. The method _may be conducted

. whercby the starting material is in solution. The method may comprise passing the

solution through the porous support, and may comprisc passing the solution through the
poraussupportatara:tesuchthatthcstarnngmatena]hasmﬁicxmtumetomctto
produce the product. The method may. comprise suspending, stirring or otherwiss
distributing the porous support in the solution. It may additionally comprise allomng
sufficient time for the starting matesial to react to produce the product, The sufficient time



The steps of washing and drying the porous support

may enabl e reuse of the porous support in subsequent
reactions. The step of washing nay conprise one or

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 supportgmy or may not be dried

bet ween any two indi vidual mashlng steps. 1 6 In an
enbodi nent, there is provided a nethod for rata

lyzing a chenical reacti on conprisinw - exposing a
solution conprising a startin teri,al and a en :
treRYAepRd 0 Sheapoe ﬁ%@@hﬁ@”&ﬂ%ﬁ'&ﬁ%ﬁ%”’%‘ & RetHon. 1
| FRYOR fok 2R6nlId SRt atitul PRVntigt&LEnHi 221 ifs. Thereolitiun may also

reacti on of the startin ri,al and [ eagent
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bi ol %-b"‘&s eci,es co |ses noznzyrre capabl e of
cata?%?? #%H@FP ‘agent and t he
staxtsepg-amttw;xﬂbustsnpmrt(fxbmthetdimop; oduct The porous
suppoy, ,. ﬁéa bi ol ogi.cal species inmobilized
thérel Yy’ a process conprising

|nwobkwmgﬂmgvmhemﬂmumdg cal species in and/or on the
por_ OUS%F h&ﬁ%‘?ﬁet rg&,cgﬁ.&ﬁlﬁgssggn&?r ein. The disclosure

al so pro uct when produced by the chem ca
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thereln by a process conprising passing a fluid
conprising the biological species through the porous
support under high pressure, wherein the porous
"support is selected fromthe group consisting of
hydr ophobi ¢ nmesostructured siliceous foam (MCF) and
hydr ophobi ¢ FDU- 12, said porous support being
di sposed within a housing, and said bi ol ogi ca
speci es bei ng capabl e of converting the starting
material to the product and being selected fromthe
group consisting of a protein, a protein fragnent, a
saccharide, an enzyne, a DNA fragnent, a peptide and
a conbination of two or nore of these. 2% Also
di sclosed is a reactor (for exanple a packed bed
reactor) for converting a starting material to a
product conprising a porous support having a
bi ol ogi cal species inmobilized therein according to
the process as disclosed herein, said porous support
bei ng di sposed within a housing. The biol ogica
speci es may be capable of converting the starting
material to the 6a product. The housing may conprise
for exanple an |1 PLC col um housing, a pressure

r-
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housi ng, a pressure vessel or sone other suitable
type of housing. It nay conprise a 5 restraining
device for preventing the porous support fromexiting
t he housing. The restraining device nmay be porous,

and may be a fit, a filter or sone other porous

device known in the art of HPLC col umm manuf act ure.

Al so disclosed is a reactor as disclosed herein when
used for converting a starting nmaterial into a

product. 10ln a sixth aspect, there is provided a
process for preparing a reactor for converting a

starting material to a prodt conprising at [east
partigl (10&8 Wirethod oh LALETOBRE bickersical otrstion

suppggfh%gélng ?gFggécal speci es i nmobilized

tbnqnmmgby a process conprising passing a fluid

conpr i th | Rahe § Smitéab b a trBgEeOo 0oLl Porous

Fhifla e Syl Gdpadny TRaMH

suppor wherej n t.he porous
Supporsbppoﬂhmmlddglﬁﬁm b‘&ﬁ‘l‘gg"m’conm sting of

ydr gﬁﬂ%ﬁhé’"ﬁ%’wg"a’%“ﬁf TS peci o berng
capablsq:mhngztbnmﬁ ‘g‘i‘ aF@terlal to the

pr odu n&g_g% %ggetssmu&{,omthe group consi sting
e

of a pr

t f t
e“hmﬂe&’wawwm chTprtes ST SR o AREE tpaction of
%ﬂ%m Pn EﬁmﬁB hﬁ&ﬁmtn%ﬂﬂh&ﬂ&ﬁp&&kﬁ§&dpummammpmtEwng
proce S for

prepa ing, a reactor f.or n
stharbiclogicalrapesics ammob'cl] fkffrm%‘;% ﬁ’g ar eaclfngr
Snnibztne 3Rdbibiegiedl @i)ecﬁ?e@mpﬁmﬁdrﬁhg thpcjr(BmstpppEtraB id&tibsed herein.

fill h th hay
_ b"]ll"l& dld,%ﬁl)élgp a]gcgérbyxggsvg W%} \Q 4 3’3‘?“%‘% && e chﬁ.l?a%lcalnrgacaon catalysed

bbpihegicgall a8 pacihdBchmy. be capable of converting the

starting material, to.the duct par 0 .
navilhg EHE BSPogEai® BRYRTEE HOMEor o R PR il
bRaction cAflysdil 5§ thesRehodas Bérsin dﬂdilosﬁf&y be made by
|nnpb|I|2|ng the biolo '

n..the £
supgBrtfiflictssrdi thge 1o %86‘%?’ FRegs Oﬁgon(yfﬂrsng § i dpaterial o a
THEIRO Uhiplisin®Ya @ pREAdN Spokdds pfupp@-nthatving pobiolegical species

support fromexiting the housing..
cramﬂbr e e pItRes CoPPRRRe Piipg § T DBRETRY g, bologica
leEHeQJoroug-B@p&ﬁaﬁiﬂerlm% frassgre awlmaeie tgd pogous Aupport is

snaller t%an the porous nean

RIS GoRp BELHPITITE 1S GPTRLE AT RS S reus i M)
UsRGyiRphdbR FIRRCE Qhid plEHﬁy suppYtt bﬁngldaﬂﬁbddawﬂlﬁn a housing, and said
wi t hStandi ng a pressure, of at |east 1E)m

L besi e e BB BE BisE THERD i groduct and

ahot ORcEP RS itkChrduprtohdigingof a ﬁfﬁt}émbep@teﬁdr@m&gt t eacthuede, an
met hods and paraneters wel, |

R, AT SaTopiste o eyt By Rt Fsee: o

~housigg disdib&dat al r@ﬁﬁ&r (B&T dxadpleya pdckdd bgl tmy.on) dorpednseting a

formng a mxture, for exanple a slurry

sqyg‘glgnga@ﬁal tpfa Rrp@cbpﬂn&igmgﬁpq%?qs SUPROF hgvllnigl lblolaglcal species
| fxfhidindlizAd qlel‘e@rp Adcbiaghgt ﬂBQhénpﬁi)Eéa‘sﬁ Qs idi3cibdee eriis isaid .porbine support

process may al so conpris crea5|n t he

Rt doret TGl HGT oo FIolGei AP St 8 g R g Ea gne the
i 3ERONMekd @ibg through the housing at the filling
pressure; and - optionally, reducing the pressure -
wi thin the housing to atnospheric pressure. The
second liquid may be the same as the filling |iquid,
or it may be different fromthe second I|iquid.

Al so disclosed is a process for preparing a reactor
for converting a starting material 15to a product
(for exanple a reactor as disclosed herein)
conprising: at least partially filling a housing
with a porous support; and
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I mmobi i zing a biological species in and/or on the
porous support by passing a liquid conprising the
bi ol ogi cal species through the porous support under
hi gh pressure. 20The step of immobilizing nmay be
conducted according to a process as disclosed herein.
The bi ol ogi cal species nay be capabl e of converting
the starting material to the groduct. The housing may
be as described for a reactor as disclosed herein.
Al'so disclosed is a reactor for converting a starting
material to.a pro . e 1QEERSsR
PR gt bRl Pk U aF BRI, ROGRERRES 4 prosre
ieonuerd pragua vstsalr ¢ri segie 28R swtabkl typeoofzhopsieg] dcmay comprise a
conpri si.ng passing ih ' | alist NEQUANSRs. T
g e i R T R
pstoidgsicase diag bé psed, hermedyrbe aBril, e fiiltBes sethpetheporshs devéce
Dr awi. ngs . ef.err f of the present invention
kvmnoTNP mnlg’\ffv gf e]g(é(r:?l néla%bglflu%n%'of exanple with )
r ef eralne distlosddhie saceaopanyiselgped rhasgimybenniet dpmnconverting a
OFiqure.1.is a graph showi ng catalytic activities of
%ﬁ{iﬁqﬁfﬁr—la& O?gragué"?es), CALB/ MCF-C8 (circles), and
fr ee IGALBix{lt nipasiglhies) is provided expmpise for Preparing B epaeter for
sho t r aphs .show _ . Si 0 ot o 2 housi
uati T hE RS 47 Ap RSP S ralth TN e o ppusing
ity eylréphobib poromioppdrziatvinga birdediadisped edimispilizerbtherein by a
ressure-driven haod._of .t.h ' ' X
BrEtr e KR ARt R SR ERs & T he porous
aphireveklr bigh gegsent Widrein tins plyyusssupparhsr seleatied from the group

i nunobi |l i ze LB (sl 4 are. .
e mrce S S, T DR, by RRHTLAGH g rvaropnote
KU1 hesajirieclegital specenbéinmcdpeble of emyertmpthCaamhs/Matedalgo the
i ilized t - ari :

PR R RSB BS F L TR IAE sl o,
saedbaridi; aphsyoé, atheA deguernsi patidf anCALBMNERiIoT! fyoe aoegof
tF%S\?( a) the pressure driven nethod of the present

ention, (b) the conventional nethod, (c) o Novozym
435, Alne disdpscliriee [GAleB; foniperpeiing € ataglioy Sir somertangt e stasiehs

L0 T PR P Ty SRR b P
Enbdig ififtmataousing with a porous support having a biological species 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
as disclosed herein, or may be made by immobilizing the biological species in the
porous support according to the process as disclosed herein. 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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The present specification discloses a novel

pressure-driven nethod to entrap or immobilise

enzymes or other biological entities within the pores

of a solid support 15 (matrix), such as a nesoporous

silica support nodified with hydrophobic silanes. The

| eaching and thermal stabil/ity of the i mobilized
ned. The support, ma
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io etc. The pH of the fluid nmay depend on the nature
of the biological species, and should be such that
t he biol ogical species is stable. It may have a
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5,4 and 9,7 and 9 or 4 and 7, and may have a pH of
about 2, 3, 4, 5, 6, 7, 8 or 9. The biol ogi ca
speci es may be passed through, or recycled through,
t he porous support at a tenperature that does not
denature or degrade the biofogical is species and
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temperature such as 0°C may be used during the passing or recycling. This may be useful’

where the biclogical 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



entitled "IVlesocellular Foam Particles". The porous
support may be particulate, for exanple
m croparticul ate or nanoparticul ate, and may have a
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The particle size may be between about 500nm and 200
m crons, or between about 1 and 200, 10 and 200, 50
and 200, 100 and 200, 1 and 100, 1 10 and 50 or 1 and
10 microns or between about 100run and 100 m crons,
100zun and 10 m crons, 100nfh and 1 mcron or 500t un

€081 Yo §9590 T80 UEYu UeaOMy Yk g0y 0y P, o
seccharideg an gnzy@e, ODNAOagz®nt, 3@eptisly of 8 G@migpation®f hapor MEe of
t%%g Thebihlo g]'c%p e&@aoma)l&% a ¥R, axi'cﬁge ﬂ\ﬁg Qray 1801iquid Qor%ample

m Ccrons. BOI‘ ous suppor have a narro

paneoup Haug. zﬂed H’ia}‘, ¢ ﬂmweéﬁ“mn@deemﬁ@ér |d@§%quhlaﬁe Ruid.

ARUShcehRatiel Ur e m&%:w Isﬁemh VihB AuRd AR depentl @n SheZRnk®6Frhe
t han 10A different

rom ter than Jor ss tha
Yiglaeipal specisa e cpurcRiation ﬁ “*b‘eﬂﬁdégglg{‘lﬂa?f%weeﬂ
BORUL ard 25, Péhd D51 aRD35, 2dnd 58010 dfd, 50125 andr5059arif25 or 5 and 10

B R P £ 3o o g 45 o

AUt ThE, ﬂu?ci mﬁ'].r dlso Bompkids ofhly sp2€ies, 2, exﬂﬂplc,&.ﬁl,ts BXfers} hutpients
SO S e 6 S e

sich Gfat !:hh&nqkn:gl@hspestupixcﬁtablmﬁtymﬁ}ohave){laﬁbbéwmmbmlts?eand 9, or
eRhden b2 UEPRRORAS, £ GHER8 o BY 4 W' QUPmAY hive SRl Bhou

I'ze of the nmesopores an

2374 506, % Ber %iThd bintoginal spedesyeayieanssehdinueh, or necylrd through,

7 f% %mjous %p&?%mqanﬁé?ﬁ% thid: cﬂae@ﬁ& c?enﬂturejd_? dhgﬁﬂkgtb% ‘blological

1 an

specics anh ilhdapensio ﬂé%w“&e&the @wlfgical svfwlcs

A porous support having a biological species immobilized thereon according to the
present invention may have preater than 50mg biological species per gram of porous
support, or greater than 75, 100, 125, 150, 175, 200, 225, 250, 275 or 300 mg/g, and may
have between about 50 and 300mg/g, or between about 100 and 300, 150 and 300, 200
and 300, 250 and 300, 50 and 250, 50 and 100, 100 and 250 or 150 and 200mg/g, and
may have about 50, 75, 100, 125, 150, 175, 200, 225, 250, 275 or 300 mg/g. The porous
support may have 3 higher loading of biological species immobilized thereon than. the .
porous support would have if it were loaded with the biological species under
atmospheric pressure. It may be at least about 10% higher, or at least about 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100% higher than the porous support -
would have if it were loaded with the biclogical species under atmosphetic pressure, It
may for example be about 10, 15, 20, 25, 30; 35, 40, 45, 50, 53, 60, 65, 70, 75, 80, 85, 90,
95, 100, 110, 120, 130, 140 or 150% higher than the porous support would have if it were
loaded with the biological species under atmospheric pressure. The biological species
may be physically adsorbed into and/or onto the porous support.

The porous support may be mesoporous. It may have 2 mean pore size of between
about 2 and 50nm or between about 10 and 40, 10 and 30, 10 and 20, 20 and 50, 30 and
50, 40 and 50, 20 and 40 or 20 and 30nm, and may have a mean pore size about 10, 15,
20, 25, 30, 35, 40, 45 or 50nm. The porous support may be an inorganic porous support,
and may comprise silica, or a metal, or a metal oxide or mixed metal oxide. The metal
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8.1, 7:1, 6:1, 5:1, 4.5:1, 4:1, 3.5:1, 3:1, 2.5:1,
2:1 or 1.5:1, or may be sone other ratio. 25 The
particles of the porous support may have some ot her

WO g069e4132 e. 1t shoul d be underst ood that whenPCT/8G2005/660073

reference is nmade to the "pore size" of such
materials, it refers to the effective pore size, i.e.
the size of the narrowest portion of a flow channe
through the material. Thus in a structure conprising
cell-1ike nesopores connected by wi ndows of a smaller
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d| i&%‘é@:‘?guﬁczésé%{g{&%gm}% 14&3/%9%9 45!190 ageny, 25194, 15, 10
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—
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ol kD ;%{;J )ﬁlxp Gﬁ%@ £ es(hxhga aRmpPicotdl- ke MesTpored betiected by
sui tab e

A Sl 15 A B0 P el 250 e i of
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3etl, I'(?}AI 6gt 611p4.5f1pd: 1k anpd é o6:11 2;1 epa. Sal, hryma;obe Birepgesher ratio,
'Itb %?% S’f tﬁél por&fs &Bport may have some other structure. It should be
mderstood that when reference is made to the “pore size” of such materials, it refers to
the effective pore size, i.e. the size of the narrowest portion of a flow channel through the
materin!l. Thus in a structure comprising cell-like mesopores connecied by windows of a
smaller size, the “pore size” refers to the size of the windows, and not to the size of the
mesopores. The particies may have a pore volume between about 0.5 and 5cm’/g, and
may have a pore volume between about 0.5and 2,0.5and 1, 1 and 5,3 and 5 or 1 and 3
cm’/g, and may have a pote volume between about 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,45 or 5
cm’/g. They may have a void volume of between about 50 and 90%, or between about 50
and 70, 60 and 70, 70 and 80, 80 and 90 or 75 and 85%, and may have a void volume of
about 50, 55, 60, 65, 70, 75, 80, 85 or 90%. They may have a bulk density of between
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15 aryl group, for exanple C6 to Cl12 aryl, or sone
ot her suitabl e hydrophobic group. The al kyl group may
be strai ght chain or branched chain, and may have

and 12, 1 and 6,6 and 24, 12 and 24 or 6 and 18
carbon atons, and may have 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 14, 16, 18, 20, 22 or 24 carbon atons. It
may conprise a cycloal kyl group such as cycl opentyl,
cyclohexyl or 20 cycl oheptyh. The aryl group maybe
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15A porous support according to the present
i nvention, having a biological species imobilized
therein, may be used to catal yse a chem cal reaction
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reacti on may be one which may be catal ysed by the

bi ol ogi cal species. It may be an asymmetric reaction

and may be a reaction that generates a chiral
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After being chemically modified (e.g. hydrophobed), the porous support may be
washed one or more times. Each wash may be with 4 different washing solvent, or some
of the washes may be with the same solvent. The solvent may be aqueous or may be
organic. The organic solvent may be polar or non-polar. Suitable solvents include water,
methanol, ethanol, isopropanol, acetone, dichloromethane, ethyl acetate, toluene and
xylene, and may also be any miscible combination of suitable solvents. After any or all of
the washes the porous support may be dried. The drying may comprise for example

~ heating (for example as described above), passing a gas through the porous substrate, or

exposing the porous substrate to a vacuum (for example as described above). The gas may
be air, nitrogen, carbon dioxide or some other gas, and may be heated or may be not
heated.



5 the starting material, of the reaction and of the
porous support (for exarrpl e the | oadi ng of biol ogical
species in the porous support). The sufficient tine

WO 3p/0BE3bet ween about 10 minutes and 24 hours]-’CT/PP@?Z“O:’/000073

15

20

23

3

25

sufficient tinme may be between 10 mi nutes and 12
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drheile a ﬂeragént, sﬁﬂycagﬂ‘l' by chpatdelof rddeting with the starting material under
the influence of the biological species to produce the product. The solvent may be any

suitable solvent which is capable of dissolving the starting material and, if present, the
reagent. It may be an aqueous solvent or an organic sclvent, or a mixture comprising an
aqueous and an organic solvent. Suitable solvents include water, methanol, ethanol,
isopropanol, acetone, 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
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gas through the porous substrate, or exposing the
porous substrate to a vacuum The gas may be air,
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be heated or may be not heated. The heating (and/or
the heated gas) may enploy a tenperature that does
not degrade or denature the biological species. This
wi |l depend on the nature of the biol ogical species.
A low tenperature such as 0Ggmay be used during the
passing or recycling. This may be useful where t
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support or any combination of these. The washing solvent may be any suitable solvent,
for example water, methanol, ethanol, isopropanol, acetone, dichloromethane, ethyl
acetate, toluene and xylene, or it may be a combination of solvents. The step of washing
may be conducted several times, 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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16 stirring. The suspension Was stirred at 60C for 24
hr and filtered. The solid was washed with tol uene,
met hanol , acetone and di chl or onet hane several tithes,

MCF- C8. MCF- Cl18 was prepared by the sanme procedure
except that chlorodinethyl octadecyl silane (6.0 nunol,
2.08 g) was used instead of

chl or odi net hyl oetyl sil ane. FDU- 12-C8 was al so

prepared by the same procedure using FDTJ-12 instead

of, MCF. Enzyne | mmobilization Conventional Loading
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Expeximent (15 nl). | -phenyl et hanol (10.8 mml
Materials

The support materials were mesostructured cellular foam (MCF) and FDU-12,
which were synthesized according to literature (Schmidt-Winkel et g/, Science, 1999, 548,
Lettow er al, Langmuir, 2000, 16, 8291 and Fan et al, Angew. Chem, Int. Ed., 2003, 42,
3146). Free enzyme, Candida Antarctica 2 Lipase B (CALB), was purchased from Roche.
Novozyme 435 (a commercial immobilized enzyme) was provided by Novo Nordisk.
Chlorodimethyloctylsilane and chlorodimethyloctadecylsilane were purchased from -
Aldrich.
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 overnight,
MCF (3.0 g) was suspended in toluene (40 ml), Triethylamine (12.0 mmol, 1.67 ml) and
chlorodimethyloctylsilane (6.0 minol, 1.42 mi) were then added sequentially under



10

20

25

30

WORHSI0%I4Ei | conpl ete conversion was achi eved.

1.34 m) and isopropenyl acetate (17.4 mmol, 1.58 m)

were then added sequentially at 17 roomtenperature.

The reaction was nonitored with gas chromat o%r aJoh)é
EHSG2005/000073

enantioneric excess (% ee) was then determ ned by

i PLC. Catalyst Recycling S5After the reaction was
finished, the catalyst was filtered, washed several
times with toluene, and dried under vacuum The dried

catal yst was rewei ghed so a§ to determ ne the exact
ew reaction
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Cowventiond Los&inRMetfiods and Di scussi on Characterization
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a High-pregsneg) liguid chromatography (HPLC) column (100 mm x 4.6 am) under a high
pressure using 8 sturry packer. The packed column was fully dried under vacuum.
Enzyme siock solution (50 ml, 8 mg/m!) was cycled through the silica column for 2 hr
under a high pressure of 5000 psi (about 35MPa). The enzyme-loaded silica was then
collected from the column, washed with distifled water and hexane, and dried under
vacuum, The enzyme loading was detexmined by C, H, N analysis and Bradford assay as
described in the previous section.

Catalytic Reaction
Kinetic resolution of 1-phenylethanol acylated with isopropenyl acetate was used to
assess the catalytic activity (Scheme 1).

®) ) G) ©)

Scheme 1: Kinetic resolution of 1-phenylethanol with isopropeny! acetate by CALB
In a typical procedure, a certain amount of eatalyst (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 mmo!l, 1,58 ml) were then added sequentially at
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room temperature. The reaction was monitored with gas chromatography (GC) until
complete conversion was achieved. The enantiomeric excess (% e€) was then determined
by HPLC.
Catalyst Recyeling

After the reaction‘ was finished, the catalyst was filtered, washed several times with
toluene, and dried under vacuum. The dried catalyst was reweighed so as to determine the
exact amount of substrates to be used in the new reaction cycle.
Pack Bed Reactor

CALD was immobilized onto MCF-C18 by the pressure-driven method wsing a 250
mim x 4.6 mm HPLC column. The column was washed several times with distilled water
under a high pressure (2000 psi). It was then dried under vacuum, and vsed directly as a
pack bed reactor. 0.65 M of 1-phenylethanol and 0.97 M of isopropenyl acetate in toluene
were flowed through the pack bed reactor. To determine the flow rate for achieving full
conversion, the product was continuously analyzed with GC.
Results snd Discussion
Characterization of Functionalized MCF

Calcined MCF has well-defined and uitralarge mesopores with a mean pore
diameter of 24 nm. Its pore volume and surface area are 2.2 cm’/g and 680 m'/g,
respectively, The pore diameter can be controlled easily by changing the synthesis
condition. The modification of MCF with Cy groups decreased the pore diameter by 2 nm
(Table 1). When modified with Cy3 groups, MCF showed a decrease in pore diatheter by 4
nm. The surface area and pore volume of MCF-Cy and MCF-C,z were also lower than the

unmeodified MCF (Table 1),
Table 1. Characteristics of the CAl B-loaded mesoporons silica.
Pore Size (nm)/ | Pore Volums |__ Bnzymo loading (mg/z)
Window Size (nm) ) _ (em¥g) | by Stiing | by Pressure
MCE-Cy 2137121 1.60 2 | 27
MCF-Cys 20.0710.6 1.27 65 250
¥DU-12-Cy 9.1733 0.454 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-Cys and FDU-12-Cgin a
shorter period of time (Table 1). For example, 24-hour of stirring led to an enzyme
loading of 92 mg/g of MCF-Cy, whereas an enzyme loading of 275 mg/g MCF-Cy was
achieved by the pressure-driven method in just 2 hr. FDU-12-Cg, which has smaeller pore
size and pore volume than MCF-Cs, showed a Jower enzyme loading than MCF-C;, It
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Re s ahe aéydation bf 1-pRinelihasd! b IALB was performed at room tempersture in

5 toluene. CALB/MCF-Cg and CALB/MCF-Cy; prepared by the pressure-driven method
showed similar catalytic activity (see Figure 1). Under typical reaction conditions (see
above: “Catalytic reaction™, complete conversion (i.e. 50% conversion) of ‘ (R)-1-
pheaylethanol to (R)-1-phenylethyl acetate was achieved after $ hr in both cases. In
contrast, free CALB showed a slower reaction rate, giving 45,5% conversion in 5 hr. Free

i  enzyme unsueily formed ageregates in organic solvents. By loading CALB uniformly
within the mesopores of MCF silica, aggregation might be avoided or reduced, giving rise
to a greater enzyme catalytic activity. All three catalysts in Figure 1 demonstrated high
enantioselectivities (es; > 99.7% and ee, > 99.7%), illustrating that the pressure-driven
loading process did not alter the selectivity of CALB. (ee refers to the enantioselectivity

s of the substrate, in other words, remaining reactant, and ee, stands for the
enantioselectivity of the product.)

Enzyme Leaching over Multiple Reaction Runs
Any enzyme leaching during reaction would lead to decreased conversions in
subsequent runs. It could also be determined quantitatively by C, H, N analysis,

20 CALB/MCF-Cy prepared by the conventional method showed a substantial drop in
conversion ((from 50% to 37%) over 5 nuns (Figure 28). In contrast, CALB/MCF-C;
prepared by the pressure-driven method only showed a minor decrease in conversion
(from 50% to 46.5%) after 8 runs or 48 hours of reactions (Figure 2b). The results of C,
H, N analysis indicated that after 5 runs, over 65% of CALB was leached out of MCF-Cy

25 when imunobilized by the conventional method (see Tabie 2).

Table 2, Enzyme loading in MCP-Cy over different 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 - T 250

When introduced by the pressure-driven metliod, CALB mostly remained within the

mesoporous support, with only about 10% leaching detected after 8 runs. We notg that the

pressure-driven method not only improved enzyme loading, but also reduced enzyme
3 leaching
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ltﬁe ee%vt?e%ml'le%? 1gure 4a Ing %m?tpast, CALB/MCF-Cy prepared by the
conventional method and Novozyme 435 showed & substantial reduction in activity after
the thenmal treatment (Figures 4b and 4c). Free CALB was seyercly deactivated upon-
heat treatment and lost a majority of its activity (Figure 4d). This study illustrates the
need to jmmobilize the enzyme catalysts to achieve greater thermal siability, and the
pressure-driven method is particularly effective at this.
Pack Bed Reactor of CALB/MCF-Cjg

CALB/MCF-C); 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 mate of 1.5 mV/mm 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 isopropeny! 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.
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3. The process of claim1 wherein the pressure is
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wherein the product is a chiral product.
24, A process for preparing a reactor for converting a starting material to a product

comprising, at least partially filling a housing with a hydrophobic porous support having a biological
species immobilized therein by a process comprising passing a fluid comprising the biclogical species
through the porous support under high pressure,



18. The nmethod of claim 16 wherein the starting
material is in solution. . 19. The nmethod of
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the group consisting of hydrophobic nesostructured
siliceous foam (MCF) and hydrophobic FDU- 12, said
por ous support being disposed within a housing, and
sai d bi ol ogi cal species being capable of converting
the starting material to the product and bei ng
selected fromthe group consisting of a protein, a
protein fragnment, a saccharide, an enzyne, a DNA
fragment, a peptide and a conbination of two or nore
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