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WD 20081004988PCT/ S&2007/ 000199 Thernal |y responsive

m cell es Technical Field The present invention

relates to thermally responsive mcelles and to '

: s for maki ng them 5Background of t

W(F%D\%’n-?%n ' Enzymes have a variety of PEuscasn

bi ol ogi cal , bionmedi cal and pharmaceuti cal

applications. In particular, they are being

increasingly exploited as biocatalysts for the

synthesis of pharmaceuticals and fine chem cals

because they pr Thetmallygresponsive micelies

regi o-selectivity, and are nore environmental |y

friendly. However, the uskeicFiglds is to linited

duerdp bl invéidhdblafes 18 tHERaIR RspASive ifibdIRE Bhd fo58i88sses for

enents for their surroundi ng e€nvironnent Extrenely
miabipg 8renhi gh pH, hi gh tenperature and the presence of

organi c sol vents M)Bgc@?podﬁa ShghemRahtisqt | on of

enzynes. Therefofe, many approaches have been

pr opBeathes ohavepraovearishy yoke Welasicel, t hromedicply gindg pharmaceutical

| a 2 -
R e A 8@ B g payts for the
syagissio af nbamacsutigaie apdrfmb ich¢migals bacagse apwidcainlo mango- and
e . I . i .

repRSselRiting SRS o @ RLER0 ol f 1Moy BRI of enzymes s
Imied dwuoubeio pastatilé opturand thh stringsw teqnirsmedigdor their surrounding
e&#r%h&%a&%?lfﬁﬁg?}ﬁglggﬂ?ﬁ ﬁ?%gg}%%lgl én%letﬂe b}gsgnw of organic

nmesopor ous na

' sqhedngssagydhat tiodis; deatuaativec{enzymesopar ti cl es and pol yner

nanof bers. 20Rever icell hav s n widely . ..
CE uareRhg; naRTBIAGRs BaE o} PRI Seato o gt e dabitty,
inehidingednizgme daoobiizstiom oo egapidaten, eening, mathifichtionsand medium

i mpor.tant _in Lhe synthesis. of man hi r.al L
iR dtpo [rdSe BRI, “splieaf MbtnoBlizitn, o pncspsutation is the
mastcomaonlyedxplostd anglt afficientThathdérlokcaysia iof the ppesikilitysofusgaiing and

faor the inmobilizat,i on/encaps i on..of ..enz
copP e e P S atlce AL ab ROy PR T EiBes have been
inanéhikxead ngtoningsoperas meataices michyas. siha inddpolpeothagid@ Sattached to
na%I'gel .clgsaag S }heerr&go Ie%s sol ubl e or dispersible in

organi ¢ solp\‘/)é’ﬁlfs, 'ané’ prevents direct contact of the

encl boeded miyeties have lalsorbean ovidelly| studiedg foni enzpot wecdpsulation as

Thi s

her ef Qre enhances the stability.of the .. .
_ ﬂlg%%rglsgeu c éreacn%ss 1h qrﬁané%%ﬁsl ei‘ngsh’ lh{cé 1S ymportant in thefsynthems of

nzy e nmcelfles 0
maniyochich! phacmaceuticale Ruversedimideliegm gentrel paasdsabk careeshell structure.

TR B ARy el roving
a Bibebkr Rpeouti eneirbmpentepo athéeving) high enkyre nativitye Thaligdrophobic
RS TR S SR SE B Y B ol S By 10 P8k s
camticf of usC ieadsed (ad¥hes Gethy bhfavomerhbly loagumio solveds. OThis éherefore

OB HORY S S0 L Aol HEDr o

middresiZeprooids 1digt tatacial area, reducing or eliminating mass-transfer barriers

of substrates and thus enhancing the enzyme activity. _

Reversed micelles reported in the literature have been fabricated from
conventional ionic and nonionic surfactants including sodium bis(2-ethylhexyl)
sulfosuccinate {AOT), cetyltrimethylammoniumbromide (CTAB) and polyoxyethylene
sorbitan trioleate (Tween 85). Strong electrostatic and hydrophobic interactions between



2 the ionic reversed mcelles and the enzynmes reduced
the activity and stability of the enzynes. Therefore,
noni oni ¢ surfactants such as Tween 85 have been added
as a co-surfactant to decrease@ the interface charge

density and the hydrophobicity of the ionic reversed

m cell es. Al though mcelles fornmed from noni oni
teripaistgnesedvarietiss gad o sepsinrs préised dhe ﬁetnﬁWgwd stability of the

ek YRS BRIohld $uBkeafRZAER 5 TGRS A0 BBLP agded as a co-

wer'e necessar ormati on of the mcelles.

fiafachat ﬂﬁﬁld:efsb &lek ﬂly{erfa’n‘,ﬁ Q:Ihhﬂgﬁgieﬁsﬂj/yﬂfdolﬂlhlﬂydmphoblclty of the ionic

%lﬁq}gg{gﬁéﬁfl}%é teﬁglﬁ}o%rgﬁ lrjlg‘@pifesgﬁ dnge Ezl%ggmgr OF actgrrl]tg v&tfe?g also found

ﬁ)h]%a fdb RO gﬁ acﬁﬁrtfgﬁfgtaﬁlﬁ]i%/ BEL ey, &ME@:@SWJ&( n8fessary for
enzyne hough”reversed m cel

meoﬁomieuamm]‘ th@l\mnneltﬂgesA@T ehas obdﬂ:armedlﬁydrd)y 1nsert1ng a hydrophilic

bilization of enca | ati on t ent i.onal .
PO o e Ret R Pt T b g i Gy aPAEC WP OFAOT. This
ﬁ%ﬁ%ﬂ @I@ﬁ 51\g1utﬁaaﬁtnem9fee§eenﬁe a@fvitiagh sﬁ@ﬂ‘i@ﬁ@ﬂtﬁé‘%ﬁ%ﬁa lipase.

| ow nol ecul ar nass surfactants, which causes

d| f fAltholigh e@vcmetbrmmsrlit:s slepmdat mnyaﬁdlvaetﬂgyﬁeover other enzyme
BEpaEEbion R en el Prdi rat R inelarand PigelE present a major
&lﬁﬁfv@;@tﬁﬁe sodhtell SA tha @Eésbﬁlfe&if&n@ﬂ@m@éntfﬁibﬁs of 1oiwhﬁolecula:r mass
above di sadvantages. Sunmary of the | nvention In
srficoay, Whichcayses tipylienini spduchagparatign prb iz raepvery.

anphi philic copol yner CeﬁP&x%kﬂﬁlnvgﬂﬂﬂFEf units-

derived froma first morioner;  nonomer units derived

from & SRCOtje:NSNEE pressidt vegtant suemeEsllpevagome or at least
ionic or ionisable; and at |east one hydr ophobi c
enelyryane aneeE of thaebaieddpdiivgier i s such that the

copol yrmer is capable o in a

hydr ophobi ¢ |i qui d. Th%u%#% Eggmﬁgﬁkﬁgé%apable of
encapaubmbd ngrma &fi tleogiveations thesd anpmvided an Rhphiphilst copolymer
monoper may be such that the copolynmer is thermally
YEEIHHE ve. The second nonomer may be ani onic or may

be achghémer units dgﬂﬁedpﬁ'&ﬁ%rﬁrs%%n%‘rur e al so provides
processes for making the copol yner by endcappi n

pree umsmmcromutsycrlmwed dnpnias pesgnd meonpinest sagth @Ieoeeg orehomer being
nononer unlts %& n endcappi ng reagent conpri sing

t he roup. It also provides mcellar
soluﬁﬂ@ﬂﬁog@H@ﬁbﬁmﬁﬁbéﬁégﬁd s of the anphiphilic

copol yne and processes for maki ng t hem by
wherein the ﬁrat orpnomer kesughsht st ¢anelyeess ot mblemﬁ ferrning micetles in a
or Th
I d () ?10‘861& 1%1 %gc% gihg rrlng%llp] g an?glhg?or eg)(m gasb(?ological substance.
enzsme ﬁritQﬁaﬂi(ﬁﬂerl Mai e sﬁibE ehdteBe ca'lbrﬂyiﬁéleaeﬂhbrmaﬂy responsive. The
di scl osure al so provides a nethod for conducting a
ﬁee%imeﬁpree@wh@ #yonig Oéﬁﬁb’ﬁeﬁ@l F"eagent s to the

mc I '

ThoThe FRescl IR Ml AR ERBEKF ot ARl 2y TbpBymer by
@ﬂb@ﬁm@mbm&ﬁmhﬁmmﬂm&rﬁombmuigﬁ& st anec@nidgnonomer units with

a%r gnv Icgp%%ig ?eage t co ]_:Hshlcg &O% h}/onﬁgblg %ﬁ@érhﬁ’fo P atso provides micellar
solutions comprising micelles of the amphiphilic copolymer, and processes for making
them by micellisation of the amphiphilic copolymer in an organic liquid. The micellar
solutions may also comprise a biological substance, for example an enzyme, located in
the micelles. The present disclosure also provides a method for conducting a reaction

comprising



nmononer units derived froma first nonomer; nononer

units derived froma second nononer, said second

nononer conprising a carboxylic acid or carboxylate

group; and at |east one hydrophobic endgroup;

wherein the first nmononer is such that the copol yner

is thermally responsive. In a first aspect of the

present invention, there js pravided an anphiphi]ic .
CHREFpEETIZER NSy the mHgeles ghRE 2 mﬂP@galoFéWl?ﬁe%r fc?faiwlgg the reaction
fishSdat JA0R _Jaﬂkgpnoner units derived froma second

nmononer, sai d second nononer conprising a carboxylic

aci dioone andbodiyicat efgthe ypescandisclasurb,etiste Gnprovided an amphiphilic
hydr ophobi ¢ endgroup; wherein the first nononer is
§%@HWFK§PW¥WEW&6ponner is thermally responsive and

the h ' ' .to either a
HHBERRPYE SoA3EoNR | Aefaurbd

nmonomner the firsf nononer or a
nmonomemongmiet deits \dedvéd offvmhe sewohdmeneoaer sdy sgeond monomer

et her and/.or a thioether. |linkage, and wherein the
copolfﬁ@@nﬁggéﬁﬁ%ﬂf'l%ﬁQQBﬁﬁﬁﬁ)YP%VQPg%aﬁgcelles. The

f ol | 0wk REstARE heMSpHSHIc bRl d with the first aspect,
or with the broad form of the invention stated above,

eiltenen therfitstyeheandrys suchithat ghecopolymebisdheroBy nesppasive.
The first . _be.an N al.kyl Larni de. It ..
my Be Rt SBRROpr R L o e R i uinagye copotymer

kempakiagt ed from the group consisting of acrylic
acid,  methacrylic acid, acrylate and nethacryl ate.
The *hyameposiedevatidnp SREPOHES O to C24 strai ght
chaisn @ldslr gfigURerREd drof3 atsecodd dnduome raid ebmidnmendket

group.. It .pay be an. oc . The
hydroéﬂﬁ%?%m%ﬁﬁg?ﬁﬂﬁa%g?gﬁgx%%%%%ggkﬁgione of the
nnnonﬁtkwmhmduﬂwﬂkﬂﬁcQﬁ&@ﬂvQ- group, n may be between
2wﬁé}£§nh_ : ﬁi&fﬂf&x&ﬁomll?ﬂis §i2h @EDGE bePelYinet i Giefndlly rpaittvdeqt b
anphi phi.l'i ¢, copql ynmer .conpyiSing; nonpners i LSy &
ARt RN 15 PRIy P A0 eiiget DAl atved Roh St fist

monomer or a monomer unit dexived from the second monomer by an ether and/ora
thioether linkage and wherein the copolymeris capable of forming reverse micelles.
The following options may be used with the first aspect, or with the broad form of
the invention stated above, either individually or in any suitable combination.
The first monomer may be an N-alkylacrylamide. It may be N-isopropylacrylamide.
The second monomer may be selected from the group consisting of acrylic acid,
methacrylic acid, acrylate and methacrylate. -
~ The hydrophobic endgroup may be a Clr to C24 straight chain alkyl group or a C3 to
C24 branched chain alkyl group. It may be an octadecyl group.
The hydrophobic endgroup may be coupled to one of the monomer units by a -
S(CH3),O- group, n may be between 2 and about 24.
In an embodiment there is provided an amphiphilic copolymer ooiiiprising:
- monomer units derived from N-isopropylacrylamide; -
« monomer units derived from a second monorﬁer, saj& second monomer comprising
a carboxylic acid or carboxylate group; and
» at least one hydrophobic endgroup.

In another embodiment there is provided an amphiphilic copolymer comprising:



nmononer units derived froma second nononer, said
second nononer conprising a carboxylic acid or
carboxyl ate group; and at |east one hydrophobic
endgroup. In another enbodi nent there is provided an
anphi phi lic copol ynmer conpriskgpg: 3a nononer units
derived from N-i sopropyl acryl am de; nononmer units
derived fromacrylic acid or acrylate; and at |east

one fidicpdraiite denddriamp N-lsoprapgbdetangddodi ment there
I's provided an anp hlg_l|lC copo| ymer conpr|3|ng
8

nnnOﬁ%FmHﬁTﬂ%ﬂ%ﬁﬁﬁﬁé F%%ﬁﬂ%i%%%%ﬁﬁﬁ@?&éﬁﬂlanlde
nnnogp& y%§éwﬁﬁ€1#@ﬁgﬁacryllc acid or acryl ate;

and a group. In another

enb Gxdamhﬁr eta:l’medﬁnens timrcms iptkedd @hancamuhipghli¢ ccmod:mmzrlcymnsmg:
conpri si ng: uni S deri ed fro
N—|SHBP85V¥E@F Qﬁn} ?ﬂﬂﬁﬁyTﬁW?@I erived from

acr ydnofiel fhiff defGEy h@ﬁleicrylﬁtnééld 6 acrylate; and
» a C12 to C18 alkyl endgroup.
In another embodiment there is provided an amphiphilic copolymer comprising:
» monomer units derived from N-isopropylacrylamide;

+ monomer units derived froin acrylic acid or acrylate; and



a Cl2 to C18 al kyl endgroup, said endgroup coupled to

one of the nononmer units by a -S(C112)n0- group.

I'n anot her enbodi ment, discloged is a mcellar

solution conprising micelles of a copolynmer according

to the previous enbodinents in a |iquid. The

f ol Irowig ol B alky! oralprdip, seédndgroup ¢dupledibovee of the monomer units
enbod] rren%ﬁﬁ_i%ng) individually or in any suitable

conbi e &fi®el | es may be reverse nicelles.

The 1 lLgsther SRYodiSeAN IRCBAEH & 4 bfstlEr solution b&nﬁnﬁﬁ’% aiklles of a
aspect of the invenfion, there is provided a m cellar

sylolpn erccwdipgits th@garwmesr@@quﬂnem uka guidin

ST SRR oo LATI S Bl ity
Whih Gy @uimbqié@ﬁﬁulha@ncore i's surrounded by a

hydrophoblc shell. The hydrophoblc endgroups (or at
|ea§be§uﬂ‘élesﬁ@wé>@fr§=vqﬁwnwél $Socated in the shell and

the%ﬂggg B tﬁlégamgh l;qast sone thereof) derived

fro be | ocated in the core.

Theila s&ont @sp&cbd)idhé) gmmlmrs tixs¢ Brrevilatatméetllbnsdhitéon comprising
core of the mcelles._ The (gl ol ogi cglﬁg bst ancF y be
EHeERmjeRles rhe BniBklie spplyBst Bitelnshipoyg n a iquid:

cat ghy i LakdsYm tcbﬁ’lﬁ a_cord-ThefisuRrRAd iﬂTWMChtJ‘ﬁ&(ﬁ'o?ﬁxhc core is

provi de amc Sol ution conprising mcelles o
aopahgete by ac dmlmphgblbosht:he Tharhydesphehisochdgenips (on aneast some

@@%EBI ca :bqg gly\m@ ﬁl%‘::(e Hggﬁ?w%?%ﬁo@: 89 least some thereof)
GRALA RSt SEcon 9@611%%& thalybe 18dedd in fie nononer

units derived fromthe second nononer are located in
t heThcneemay be alholapgiothewbstanbo ddeatast int H@r@orpsof the micelles. The

L R e S T e ST
wpeseby the nmicelles conprise a core-shell structure

in which the hydrophobic endgroups are | ocated in the

sheln amwenberisnand esre fis mw@do?eml%eélar selatien FemBEtias ficelles of a

SRS PSSR0 S SRR S o AP iy e

akpRed comiprisba dory st soctnfeinewhish }Eiiedwddqﬂioblcmndgeﬁps are located

b T, a0 B PR VB R AT it SFBR DgP R ar located in the

&hdcappi ng reagent so as to attach a hydrophobic
endgroup to the precursor polyner to formthe
anphi phuthedr @mboﬁmhgmrﬁre;re is4eovitied einmcdlhe sqlutefﬂucrcmqmsing micelles of

DO e SR L vt BB sl i core-
shb® SBYenAPRORIEH E}f&flﬁﬁl@ph@o@é dnddrbels ARNOEREd mﬁw shell and the

such that the anphiphilic copolyner is thermally
MeEPOI SN @ndeci; diiogh ﬁ?@c@n@ldrmmn@lﬁr exsnipeated iythe core, wherein an
car box I|c ?Ilor C rbox ﬁte group. 5
enzymel ocat i1: the core 0 them celles.

In a third aspect of the invention there is provided a process for making an
amphiphilic copolymer comprising the step of:

 coupling a precursor copolymer to an endcapping reagent so as to attach a

hydrophobic endgroup to the precursor polymer to form the amphiphilic

copolymer,



The follow ng options may be used with the third
aspect either individually or in any suitable

combi nat i on. The process nay additionally
conprise the step of copolyn§r|5|ng the first nononer
and the second nononer by a ffee radica

pol ynerisation to formthe precursor copolyner. The
step of copolynerising may be conducted in the

: ?ﬂ&% NS }gxfe tg&h‘%)}% jﬂﬁ&nl%fﬁ? Er opﬁe’]ﬁf‘sltj%(ghomer and a second

rans rirse ctlona group

man@héream]f tlﬁoamﬁbapmgt fbagém oenquaqespﬂmglydﬁqgehﬁc endgroup, said first
The precursor copol ymer have  a h endgrouﬁ. .
TPREOTBFTCRAPDFHY ﬁhéba)érﬁm ﬂé‘bﬁibﬁ’q geeny Hﬁ?%t&élﬁ responsiyg and said
KoTRBHS rga% [ d SrRAQNE 498 oPcREOLRSE ol MK N
an anp I'l1c copolymer conprising the steps of:
copolyner|3|ng a first nmonomer and a second nononer
by a free radical polynerisation to forma precursor
copol ymeér; coupling the precursor copolyner to an
endcappi ng reagent so as to attach a hydrophobic
endgroup to the precursor copolyner to formthe
anphi phi l'ic copol yner, wherein the endcappi ng reagent
conpri ses the hydrophobi c endgroup, said first
mononer being such that the anphiphilic copolynmer is
thermal |y responsive and sai d second nononer
‘conprising a carboxylic acid or carboxylate group.

I n anot her embodi ment there is provided a process for
maki ng an anphi philic copol ymer conprising the steps
of:  copolynerising a first nonomer and a second
nononer by a free radical polynerisation in the
presence of a chain transfer agent, said chain
‘transfer agent conprising a hydroxyl group, to forma
precursor copolyner; coupling the precursor

copol yner to an endcappi ng reagent conprising a

hal ogen so as to attach a hydrophobi c endgroup to the
precursor copolyner to formthe anphiphilic

copol yrmer,  wherein the endcappi ng reagent conpri ses

t he hydrophobi c endgroup, said first nononer being
such that the anphiphilic copolyner is thermally
responsi ve and said second nononer conprising a
carboxylic acid or carboxylate group. The
present disclosure also provides an anphiphilic

copol ynmer when made by the process of the third
aspect. I n anot her enbodi nent, there is provided
a process for making a mcellar solution conprising
the step of conbi ni ng an anphi philic copol yner
according to the first aspect and a liquid so as to
formmcelles-of the anphiphilic copolyner in the
l'iquid. In a fourth aspect of the invention,

there is provided a process for naking a nlcellar
solution conprising the step of conbining an

anphi philic copol yner as defined above and a |liquid
so as to formreverse mcelles of the copolyner in
the |iquid. The liquid may be an organic |iquid,
whereby the mcelles adopt a core-shell structure in
whi ch a hydrophilic core is surrounded by a

hydr ophobi ¢ shell. The hydrophobi c endgroups (or at

| east sonme thereof) nmay be located in the shell and .
t he nmononer units (or at |east sone thereof) derived
fromthe second nononer may be | ocated in the core.
The nethod may conprise allowi ng the anphiphilic
copolynmer to self-assenble to formthe mcelles.

In a fifth aspect of the invention there is provided
a process for -making a mcellar solution conprising

t he steps of: o



conmbi ni ng an anphi philic copol ynmer as defined above

and an organic liquid so as to formmcelles of the
copolymer in the liquid, whereby the mcelles adopt a
core-shell structure in which a hydrophilic core is
surrounded by a hydrophobic §%e||; and adding a

bi ol ogi cal substance to the organic liquid so as to
formthe mcellar solution wherein the biologica
subdharfeléowisg loptianethay hetused swthethe thitdhespericaiher sndividually or in
The bL&Ig&%gal.substance may be added in a second

Pgitaee B8Phgi cal substance may be dissol ved in

the TheCHOeksk | ﬁﬂ% daddittondBY Rnprds PRBARED 0T tdiR1ER&RNE the first
liquid.” It may be enulsitied in the second liquid. It
magothe mid rthe rodaesidf meaomear tyea slieeeo rdlical qrellymenisatipgyto form the
be dispersed in.the second |iguid. -T I.Qui

R MER SRS kol Wb A A PO iR mal 15 RE0EAG I Bl pfesence of o
{Rin ebnsfeagtnts PRE chiiereaiftr sgyt bay lcoedtiesaifindibgal group capable
shel | _and the nononmer units (or at |east sone

efronpling todbe prdsarying Fiageid- second nmononer may be

| oo . . o
pr oo G elbl ork Rl may byt AUrERH B THELRICkfping reagent.
aypshptiset Haepegt eps of : . conbi ni ng an anphiphilic.

copol yner, as defi ned above and an organic liquid . s

2. 13 GPHRHER! tHER 1o ProvKied AgERASGK Haking i qHFRpliLic copolymer
%&?ﬁ i cel |l es adopt a core-shell structure in

\ |gﬁ9§ih€§F%%ﬂ?Iic core is surrounded by a )
- hydr opipohierising| b ; fimhdnommddr rapdan snendragonopter drialal free radical
a.soluti.on of an enzyne, iq an _aqueous liquid to the
YA RPR OanfﬂﬂggxﬁEC?BRHWFhe m cel | ar sol ution

whet elgiphifle 1RNEMIBrsbS chRAAh&td fh Eh&apping ehgenhQo as to attach a
mcelles. 77 The invention also provides a o
m cellyalrophobigt prderoure o rthel @réspron ecopﬁgm stoaforege fhen agpphiphilic
above, In a sixth aspect of the invention there

is proVPB¥ta method for separating a biol ogi ca
whdisiha e ehd @fpimgnrégbhtatoRptittsi iR, hyeprobic t didgroup, said first
m cellar solution conprises mcelles of an

mepsmghhding suh by theranphipfakiy ferelapeis thermallydegpenpize and said

L P . ! Les e '

‘opit ot Lol Fbine % BATRIL RiBGr SubBLBERRD. e

by & hydhaphabodimehe therand ptdvidddi olpogiessa fors mlaking nae amphiphilic

is J]ocated in the core of the mcelles, said nethod

©BRkyRICE cogrEHRe esiesotheat i ng the micel lar sol ution

to a éogmeﬁgf#%e ARV Gndridehek OWRM 2 debdd L %On%ﬁ{ei"tli)p'ﬂ free radical

tenperature of "t he copol ymner. In a seventh

aspeqtolwherishgon invéwetpresandeheaechiai fpmefer dgeht asaib¢hapdtransfer agent

for conductigaﬂgkreiction of at | east one rea ent to

pr od fEEPRSTHE 0xX 34 SFWPHiO AN 2 PEHHFCE PR YRS st ep of

condi RiuPthSBRE Brétlurdof 8SHol ARG tb 9B GBMapWink ReAeli GRldrRing a halogen

solution, said mcellar solution conmprising mcelles

of arsozsphiaghét adydupbpyigendgroupéd theepreaisenrecopalyarer to form the

organi c.li.quid ereby the mcelles conprise a

core- &Wﬁ@&?ﬂ%¥ﬁF%3in whi ch a hydrophilic core is

WA Uhde ndippingy edagpito bbipaste| theaRgldapldtat ogidgmdup, said first

substance is Focated in the core of the mcelles, . )

meflomnasi bsinggiueh| thatuherambdrinlic gegpdupernis dheymallyirasnpgping and said
r ' o 104 - ' ki ng the

S Rompriing MR B o GOMRILE iR, 10

aboVigs present disoRsbicodlegpoaldes ah strphiphilivegopobmadr when made by the

enzyne, whereby the nethod is a nethod for conducting

pEpeeEholthe i 4588t i on. The nmet hod of the seventh

aspect nmay additionally conprise the step of

separating the biological substance fromthe mcellar

sol ution by heating the mcellar solution to a

tenperature above the lower critical solution

tenperature of the copolyner, said step being

conducted after at |east sone of the at |east one



In an eighth aspect of the invention there is

provi ded a product when produced by the nethod of the
seventh aspect. The product rpy be an ester. It may

be a netabolite. Detailed Description of the

I nventi on The invention provides thermally

r es wasithe arehodivsand, thizeek lpes/idalra process for making a micellar solution

i mobi, | i zation/encapsul ati on .af...enz s. The mcelle

ERERRSsAC RGP &f ﬁéra?ﬁwgoeél ErﬂﬂﬁPﬁvléa ?@%5%?% AEgOTdIa st aspect
Ly acr?(;h\{@% b 0Ramh RAL8BHHE %B@ﬂfe c%%él}rﬁﬁ% #the liquid.

m celles. The WD 2008/004988 / S&0077000199 8 )

i mmboa fowrthdkpent afithelimtatiorrthgrmisprrayede prasessvior sdking a micellar

A s b L S SRARE IR Wb TPET B E 2s WiRed above

A PRddid 2 06 TBGRRVEs811iBE1cS BEMIRSpIOM et Rehs WitiBesi s

of chiral pharmaceuticals. The present invention

pr oThe disrugh neiypbs phi drigenie distid, rgheretoiBiel Biigelchideptes core-shell
upits derived.froma. first. n if

Sufigbdn FhEE Sbibficofofe, MaRa e PRagiDRRUTbR shell. The

s HRBROEMARNEY (@R least somEhBereoP @haymed ldcsted in the shell and the
anphiphilic, i.e. it contains at |east one

m?@\‘?lbﬁh‘ﬂllitsc('of.é.@ilf@ﬁt sovae shereqth derigdetodhe ﬁﬁgmdcmonomgr may be
' t I ' .
DS bR AU UG St

jelf-axeamiiie taforalthembadleng copol ynmer. It may ro be a

conbi nati on of these, for exanple |t .may have one or )

mor & # SWHFsPSef t‘?}tﬂ Buog e chfferae%fam% SWFH@g a micellar
&@Rﬁkxgﬁ{r@hggﬁ§ﬁqﬁnggcopo!yner nmay have both types

of mononer ufits I'n the main chain of the polyner. ,
The* capdiiying an renphiyghilic topadanst asrde§ogb tlanveiaalliap organic liquid so
i near, copol r. e coppl yner .di,strj buytion .

deporttt BoThEt L P UG SPREmTD Rbfer uid: STetatp <E jeqtls adopt a
nade. cobd-g1Siodthdeo® ik WEahSE RREBIRE cBe8 st @®Ed 69 al 1ydrophobic
made is herein to a nononmer unit "derived front a

part ishallaandnmononer, this does not necessarily nean

that the particul ar none S > dir.gc C 0 -

of i haélgfﬁﬁ% ??éorm%ﬁzfeitﬁ“g?%?(f?e{o %aotré%ﬁ%ﬂﬂ%lﬁogﬁe% ﬁonl ritfhe micellar

coul soaiva WiRedn MadsolopRa) dubstandeis tyteled inilie.cofdwithE ricelles.
exanpl e a nononer unit -CH2-CH(CO2H)-.  may_be said

Do dibs DIPREY BvtePg Tiny bscHded EpeHE I herglgaeRsubstance
Y0} G RIPEF e 3o AR DY RSP B Hifcond Tiquid. Tt may

Heyahakified Sn dlie sdvesé lignid. It maly beayioodenodsifis® in the second liquid. It -
alternatively be made fromacrylic acid b .

B8 Yriispesnd ig ihe HSPRS HaTE, e BT Jigyid St hseamaquepypliguid. The
, RYSORRBLIS £N¥hd ABARNheret) dnBNEERTM At ARe shell and th
Hﬁ%@%’?ﬂ YAIGRIBP G &b A0 peredl) o Rt ih e shell and the
hédminogi wals (oo be baabtesomayhatede ddrivad from the Becond monomer may be

hydr ophi lic-11ipophilic balance) of the anphiphilic
léﬁ%%{vﬁg?qﬁ?h!s_nay be controlled by 25 controlling
thehygdrophahh&itt thelf ist PR vinedr # PReRES FRNAIAKRALE H . mitBRir solution
hydr ophobi city may be adjusted by adjusting the
cemtpuisegahe sthps adhdgr oup and/ or its chain
| engtclggb%{ilrlrg lalel1 anv%lhﬂ)%lic copolymer as defined above and an organic liquid so
as to form micelles of the copolymer in the liquid, whereby the micelles adopt a
core-shell structure in which a hydrophilic core is surrounded by a hydrophobic

shell; and



Thus for exanple a fluorinated endgroup may be nore
hydr ophobi ¢ than the correspondi ng non-fl uori nat ed
endgroup. Al so, for exanple, a l'inear alkyl group.
will in general increase in hydrophobicity with

i ncreasing chain length. The giB may al so be 30
controlled by controlling the hydrophilicity of the

gg?gf%ddg&nﬁ&zx%@ %dgﬁéﬁrl?b? s&?%&f&g%aé%n%@g HSh, n@@eo‘u? fiquid to the

uni t sorgedic g didf gooam tadoynh itlee mmeﬁamdhltldnewhmele the enzyme is located
hydrophjlic than those derived froman co-al kenoic

~aci d)in tpeore of the 1icellst f er ent nonomer units may al so
have an influence on the HLB value. Further, the

nol ecul ar wei ght of the copolynmer will affect the HLB
val ue, by affecting the nunber WO

2008/ 004988PCT/ S&007/ 000199 9 of hydrophilic
nonomer units relative to the nunber of hydrophobic
endgroups per nol ecul e (since the nunber of endgroups
per nolecule is limted). In the case where the

hydr ophobi ¢ endgroup conprises an al kyl group, the
rati o of hydrophilic nononmer units to carbon atons in
the al ky group may be between about 2: 1 and about
20:1, or about. 2:1 5 and 10:1, 2:1 and 5:1, 5:1 and
20:1, 10:1 and 20:1, 5:1 and 10:1 or 3:1 and 8:1,
e.g. about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1,
10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, 18:1,
19:1 or 20:1 on a nole basis_ The HLB, or one or nore
factors affecting it, may affect the |ower critical '
solution tenperature of the polyner. It (they) nay
affect the tenperature at which the mcelles |ose
stability. ioThe first nononer is such that the
copolymer is thermally responsive. tt nmay be an
anphi phi | i ¢ nmonomer, havi ng hydrophilic and

~hydr ophobic regions. It may be a nononmer which nay
exist in a hydrated state below a transition
tenperature and in a |l ess hydrated state, or
unhydrated state, above the transition tenperature.

I't may be such that nononer units derived therefrom
in a polyner or copolyner may exist in a hydrated
state 15 below a transition tenperature and in a |ess
hydrated state, or unhydrated state, above the
transition tenperature. The conversion from hydrated
to |l ess hydrated state or unhydrated stage may alter
the hydrophilicity of the copolynmer. It may alter the
conformation of the copolyner. It nay alter the

sel f-assenbly properties of the copolyner. The
conversion fromhydrated to | ess hydrated state or
unhydrated state may convert the copolynmer from20 a
condition in which it can formreverse nmicelles to a
state in which it is incapable, or |ess capable, of
formng reversed mcelles. The first nononer may be
an acrylam de or a nethacryl am de (optionally
substituted on the nmethyl group). It may be an
N-substituted acrylam de. The N-substitution may be
an al kyl group or an aryl group, each being
optionally substituted. The first nononer nay be an
N-al kyl acryl am de. The al kyl group



25 may be a d to C O straight chain al kyl group (or

Cl to C6, C2to C10, C6 to CIOor C2to C6, e.g. A,

c, C3, ¢4, G, C6, C7, CB, C or Cl10) or a C3to O

branched chain or cyclic al ky? group (or C3 to C38, C3

to C6, C6 to ClOor C4to C8, e.g. C3, ¢4, C5, Cs,

C7 T8, inGhtion 4Bk0providee d erigillar sohdioohwingp etade Inf thehprocess as
5 Eltuent may affect the transition tenperature

@-@ﬁ:above The first nonomer may be N- 30

| sopf QPYkACkyeaNblthe nbelRY Merdidhrtbiied PinclBA tMseparating a

or nore of the aforesaid options for first nononer.

Eﬁhh)gmb sulgtamon tiver a cnunqzl}arr §el@t1an,c‘ah¢rgmyﬂh¢ enigdiag selution comprises

1%?(‘% £ lf %tg?aéngéhqglﬁ iJic 95‘1&%16126 a? é:{TEB%O;:( f)(i) éll L oggéngc ?{quld said
SalclleOfondiisthoSAbdre ShAT fAkurSHI Whkhe Wﬂfcﬁﬁi@islsﬁlmunded bya

aci ds include acrylic acid nethacryllc aci d,

ooaiobiodeibar Seligrrigacrbgans is lasyiad @xmrﬁa@;frtw macelles, said

lgut?]pggpgl%go g{ﬂt%egé(w ?g h(g&éllllg Sﬂ?ﬁ! ﬁ@?‘%‘g}e g(%lﬁﬁn%n?tosﬁ gempgrature above the

BleEbi6ticat b(ﬂutlcﬁﬁtﬁﬁlparaﬁﬁeoﬂthﬁcdj)@'yﬁleﬁm d et C. The
second nononer a mxture of any no

t heThBE¢ecnbl aﬁfecbﬁmxe igyntign | there dp @quca sihady or c0 Shducting

I
SRR RS, RO AL ORBA KRR o e o
@apohiygeszidray ldaatvendoeéagemnwahommnaelhn dohdbiont s@d micellar solution
hydr ophobi c._endgr oup cul e r.ec I si.ng t hat
B & 1 Ipiggllesy Wé@&ﬂfl?/ﬁ‘i’ 'Efeast‘%ﬁ&f"fglé‘}"é’rﬂ‘ Iﬁ’égaﬁuc liquid,
%ﬁ&%%ﬁé@ﬁl@@l@?lcﬁﬂ%ﬁge aléorérﬁi/eélh @ﬁ‘tﬁ:ﬁ%@QHtwﬂicﬁ% ﬁycﬁoghlllc core is

.5to 1.8 or
Quroyokdaiplno bihy deptigrio shell pat aﬂtmleg;lgal@ubga@ce iateeatedlin the core of

* miiieEy et o Rte HE S P o s ilpd fog Peaction

subsghamdidd ﬁﬁaﬁ [BRGRES makiher e M¥cIRE SOREBS aefordizab the process
the copol ynmer has nore than 2 hydrophobi c endgroups.

dI‘E‘ﬁ‘ﬁle“h?‘@f"@lohobl c endgroup may be sufficiently Iong
and[fl;ﬁr Rv r%c"‘ﬁ %Oé)slet?%}ctef}gt "pgl @Wéo I%HG«JEG%P’ ?le}(ﬂg%rls @Aethod for

for aving a-core-s uct

AvRen@ing dnhe@z it ioRBaIine endgroup forms, or is |ocated
in, the shell, The hydrophobic roup may be ag@ar
gr otiBe metmd; qf %ﬁe‘@e aswty%w Sy spmpripe, theftep §ff separating

R 1’1‘%%9%? B b icsly luton o =
teinperayurd ebave ﬂ:iekly)lweg rcﬂtlpa.l sblutlmytetn@elahfﬁb af ah€24polymer, said step
strai ght chajn al kyl be a strai ght
gt b7 b b Gheyss leat e a8end b geaelsd to produce
8o Rt O 24 18 to 24,12 to 18, 14 to 200r 16 to 20
%on atons, e.qg. 1, 2, 3, 4, 5 6, 7, 8, 9, 10, 11,
12 THS, présknt :kﬁsoi@ﬁye 111%;0 jbﬁmdbg azm;ceﬂar sQ}mloms oD ran24mpmpnmc

carbon 20 ato C24, branched chain

Gpe 5 Whely usg Hbt:h&‘j‘gc%q oefﬁg'ilseggmgl F%hched chain or

CYCln &n lghkhl asPEQ U thd Inheﬂ’udnothél% i3 EE&nééﬂ Bpoduét WhdnOproduced by
24, 12to 24, 18 to 24,6 to 12, 12 to 18 or 12 to 20 _
tbgm&tpda:tf d;hrmsev@ntg asggct. Zf he 5»rod(§wt pay 8¢ agestqp It may bejpmetabolite.

13, 14, 15, 16, 17 E‘a@gd}ﬁa‘sc& fé%]s%“h[%é%‘ 3]09{ 24

carbon-atons. It WQ§ an u ecyl or

oct agke C Yinvettup - ptdwaay gmpeily e &slﬁﬁll@hrlenatev@fsedf mielles  for
two or nore of ar pol yaryl, |inear alkyl

ipmavelivad opfersapsEa Iby‘bﬁ (98153@‘1’5 gT%‘B p@iceF?S \/QGP‘FﬂbSé herein provide

1&?%}% sga%ﬁltg %?xhg&r%m&ﬂ(/eﬁt%ﬁ%ﬂon‘fm 310?1' Lilsyile Qﬁ?&fﬁﬁ mlcelles The
talne FBMm hat ural sour ces and are of ten

pure. Thus when reference is nmade to a partlcular

chain |l ength of (or nunber of carbon atons in) an

al kyl group, only that chain length (or nunber) may

be present, or alternatively a distribution of chain

| engt hs (or nunbers) may be present centred around

that particular value. Thus for 30 exanple reference
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WO 20081004988PCT/ S&007/ 000199 11 endgroup may be
coupled via a -S(C112)"0- group. In this case n may
be between 2 and about 24, or about 2 to 18,2 to 12,2
. to 24, 12 to 24,6 to 12 or 4 to 8,

W‘&?""@‘,’““ 87,8, 9, 10, 11, 12, 13, 14, 15, 1@?9’59,%’“?{@’,‘”99
19, 20, 21, 22, 23 or 24. Th& anphiphilic copol yner
may have a nol ecul ar wei ght between about 5 and 5
about 20kDa, or about 5 to 10, 10 to 20 or 10 to
iobizeda-aplaed dnzyes 7mayB, bed rddbvertd, b 2simipBy ibdreasing the
15, 16, 17, 18, 19 or 10a. |t na have a NALTOW.. ot
W@E‘Pﬁ‘%ﬁ] wWeSTRRFEAt e ¢ ¢ B | SR | %y ThafEh pPEEHRl m
lm&ﬂiﬁ@?enﬁ@isﬂbﬁngj&&%bbﬂirIthlikynh&s:d@bhh@@&taﬁnaceuﬁca]s

oI spersit ht. avera ecul
Dol Y GV o B vida Sk APET TR PP VEYer SepREiRg monomer
1@1’&9 Bérivkd %Bﬂl AftinodénerOmondifettunits 8@ived fibmt #sedond hénomer, and
Ito 1.2, 15t0102t0103t0105t010 to
aiIESStt"SeBYd@P@bfco‘mﬂgmﬂp'to 5or 2to 3, e.g. about 1,
1. 1%‘}13: ogpolﬂme?r is Qemﬂhxgﬁﬂr@; i.el itGonthiné at ﬂea.ﬁ on& h%oﬁhiliar@ion and at

y ave
qusr Pne hydrmﬂmq E28n éfeﬁiame. fbﬁO{m‘m tmay be a random

do?&gﬁha@?ft %ea/ﬂlom&gam{er B £ oY beln mansmgv&bm%r It may

t ween out 10 and about 200 n1cronDI/L q
b&mmbzr@h%ofitb@e 1?99 exasnpip it may haye orp oranqrg hoggpolgperplocks and

o%@%r &19& ilfen?a@iﬁ %ﬁxe}%@o&& Phe bhok: ?Qﬁ)erninﬁ ¥ Q0¢ bbth types of
e.g. about_10, 40, 50, 06, 7 90, 100,

moKgmes YD thszseam ripem qfstl}e polymer. Ty copglymer gpayobe 2 dipear, or

smaﬁdiﬁi fibear, dop diStibiti siAhay @pshil OR the nature of

tenp ure in t e above so vent m xture ‘of _between

gnonms fram viduit igoale. §ished he vlsrstepd bt adep gefegnepgs made
He%#%é%g?&n%r%m‘%ﬁm%%oﬁb?ghugﬁm I?iénon;)eg tln%%oeégﬂot necessarily
regn thy the pEOGIarTREnmEVEHibE |d€e‘éd1§%ﬁ“§ﬁﬁé of fig lew Lp—
B ﬂt&ﬂ&cﬁﬁr ﬁm%&ﬁh hiVe 52eh HallORom thE rldhbethit. TheSlol 8fample a !

solutiton” 1n th Fresent speC|f|cat|on refers to a

magpomem Wnit BTN S H)e smay ebed.saléet{séwe Herived| frgey gorylic acid
?ﬁ%‘c e5lt), SRncHch P9y g}&&w&e Badd ﬁ%@&%ﬁ%@ﬂm to

I'n the present case t hili ¢ copol yner) and
fommy 63 Zivie)oniss ottige rhyd@!msu af shess, ynitsyaltemay of course

k@m\@l fi‘émédébé&ﬂ%?hc LQE By $oyhRAERbLR thefdog M cel | ar

uti on I der ed ?o contain two phases - a

di s Gerpetbittcefahe srieclies it & ydraphabis wirermERS M prgapsltion
cblbitlcb Bt hmicd W Fo 2y dedihitll iBlokRit clbdihds ity RUBRA] SPthe HIB

e anphi'philic copdlyner in a I'iq

(hyrsophiloplipaphidis bafaneejeof dhgyonghiphilic popplymer vy nnay be controlled by

S TUHRIAON, 2P0 BRI bbby my e

. adjuged &y aﬂms@ngmhlelnam of thesodgrong) arshor iffechaian lgngth/dgrnpupeweight.
f h

BRECKN B 't bd ol 5, ROy tn e

mbmn@@@gmﬂuwnm swslgroupb Also, for gnample, 2 linean dlkyb growp will in

=5y 1 B0pRoaR i ey B Bl AR gy alo ve

centgolledﬁxymonixolhag tig: hytirofhilicity of ﬂl%mogomqomlta Sﬁmmay b adjusted

bgoadj_l_l%gng% ﬁ]g naéée éﬁ)g r§<?nz ér@e? 'lmﬁsls(fgx7 Tgl(x)(%méﬁml@ Qertved from

amiybie akidswiliehe wevdndrephilitthan ghage éelawd fmﬂz @n gl-alkenoic acid). The
i)J.C e

rzﬁo | o lge.fm ag%o@&g%g kel e%l&?iga%m%eh& o'k Wi 3e. Further,

mammamsmmmm@t thiedT1d3) vaiue, by affecting the number

substances, liquids etc.) encapsulated in the

mcelles etc. The dianeter may be between about 100

and 1500nm or about 100 to 1000, 100 to 800, 100 to

500, 100 to 200, 200 to 1500, 500 to 1500, 1000 to

1500, 200 to 1000, 200 to 500 or 500 to 1000nm e.g.

about 100, 150, 200, 250, 300, 350, 400, 450, 500,
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to honogeneously or heterogeneously through the core

of the mcelles. It may exist in one or nore discrete

regions within the mcelles or nay not exist in

deﬁo%g/@ﬁ%s% regions within the mcelles. ﬁcﬁ&;zoomoulw

I'sed in the mcelles, in the sense t

i ncapabl e of m grating out oﬁ the mcelles (unless

the mcelles are disrupted, as described herein). The

nol ecul es of the anphiphilic copolyner may

. of BOdropHIEe UBdnonfe nitd SE86w) & et ﬁmﬁﬁe:Mfciq}dr@momemgmups per

e e o s Bl By P e
-hﬂ&pﬂ%ﬁﬁaﬁgﬁﬁf) Qoﬁbﬁéels afi tallyL ktiug, the RetioCeNdfdpRilic monomer units

structure ve a hydro hobi ¢ shel | _suyrou
mm@%%@gy%mwé& s4Faep 8 Out?hémﬂl?}ﬁrl [{ bout 2:1
Mi%ﬁn@pmtﬁmmmllﬁﬁﬁﬁnmx hey O iR b3 neﬁdsn e.g. about
| east one hydrophil.ic re22? the _mc

28 nE 1 San6as 1 B 8 AP i R ol ot Prts T dfus 134, 182,

19:92 686N BnHNBIE badid) T8 HIE; bk Bhe bltBofk ke E&Bdtﬁg it, may affect the
endgrg&gs may be Iocated in the shell. The

poletqueigmperaturegt e priyest-dh(they) may ‘gt dhe tepperature at

wiTeR P ckikdstiSsedebintgd from the second nonomer nay be
located in the core. These may be _polar _due to_the

car Besxipst wopeme id puchdhas dhepope suibermaly resgpnsive, & may be an
}ﬂﬂﬂuﬂc %xnd}ﬁera h%%g CRfdrdhilie ¥nk eh}%bﬁ%ﬁ% ni‘e%lolnh a8 hay be a

be 'a non-pol ar 25 organic

memnpi:r ‘sh}clamw %l@tl@ adfydrajpst sipte helpw as*%ﬂﬂ&l@ﬁl@ Semnefaﬁﬁaynd ina less
t
hfccﬂg%ga; IE%% QPF&M@%&@ dabawﬁm{aagmbﬁ fiipdeurt. Ut HRY be such that

non-pol ar liquids 1n proportions
meneThertunis dmreedlthmﬂr@n isa n@ﬁmmraﬁopolwmewnpy ey in a hydrated state
béf&\g &l tnSi8n & [eﬁagl.ter: e&&% m%ﬁ'a@g stahe above the

ari ty, an er ence to non- p0| ar
mmﬂndempemtw@e #he gonvelrsmn fram ayqlrmsfd iteiless hydsted ¥ata of ughydrated

| st%/!:' d&‘oc af !)ﬁ'ﬁh fyq}f'tﬁ’ec‘ &ﬁg}?‘é@eﬁ G RERHHE QBFfoRhation of the

al

tures bons“such as hexane,
capepmaatelt majt altes they @iﬁaﬁeemblermm@mfébg gepolyiaefe d Ap onversion

ﬁ%l?ﬁ)é’ﬁ% I qu [ %SS %%gllao car O n S &J%&E?E{t es ﬁé)erﬁgg]?ﬁéﬁtg?og&nﬂ from
a gangéfionTinavhighyt crodformsyerss mpp‘rl% i stale i Which dds sgapable; or less

RN RormENRL Srood REQRES TIRSHRE PioRBilehnk} 648 acrylaumide or a

are n1SC|b e with the non-pol ar

myBe@oReYid@wpierdly/sectitgl oodrgethy group). It may be an N-substituted
acrylamide. The N-substitution may be an alkyl group or an aryl group, each being
optionally substituted. The first monomer may be an N-alkylacrylamide. The alkyl group
may be a C1 to C10 straight chain alky! group {(or CI to €6, C2 to C10, C6 to C10 or C2
to C6, e.g. Cl, C2, C3, C4, C5, C6, C7, C8, C9 or C10) or a C3 to C10 branched chain or
cyclic alkyl group (or C3 to C8, C3 to C6, C6é to C10 or C4 to C8, e.g. C3, C4, C5, C6,
C7, C8, C9 or C10). The length, branching etc. of the N-substitvent may afiect the
transition temperature described. above. The first monomer may be N-
isopropylacrylamide. It may be a mixiure of any two or more of the aforesaid options for
first monomer.

The second monemer comprises a carboxylic acid or carboxylate group. It may be a
monocarboxylic acid or a salt thereof. It may be a dicarboxylic acid or a salt or acid salt

thereof. Suitable monocarboxylic acids include acrylic acid, methacrylic acd,



10

.15

20

30

to the extent that they are used in the mxture. A
suitable liquid includes isooctane/ hexane/ 1 -propano
(1:0.111:0.123 by vol une) m xture. As not ed
he mcelles may conprise a core-sh

?’ﬂ%%ﬂ% There may be a bi ol ogi cal Subst:%%nscﬂmwmmnw
| ocated in t.he core of the riocel |l es. The bi ol ogi ca
substance may be 5°an enzynme, a protein, a peptide
(e g. an oligopeptide, a synthetic or natura

gﬁgﬁm&lﬁm add aﬂ})fd@eﬁﬁ(t déld, apﬁ@aiditahdnﬂie:tc &@mitable dicarboxylic
ant| 0

S0 R SR A S e e 3 80 S, o e

bR inGed bes ubfﬁt:&&ea)ﬂmy {% 6ty bF G hiov@Chi YE other suitable
Encapsul ation within the core of the mcelles may

carhexdicacidi s carberdale MOnoBElst ance from degradati on,

denghy habhi 1(: bé}ﬁﬁ}lh&%éﬂfé bstaitiaBE kindheGn tigs ¢ke the amphiphilic

envi ronnen nponents whjich are |ncagab

CSE?l@PPfa‘flﬂhha"Fd’efo’&n@BP‘ét Jotnd; gogutng pydrppho !ﬁﬁégrpaps per molecule
i (20 §ha ClvilY 'bEYano bvédieBNeARS Hha it Q'hﬂé:l@hto Glheﬂlﬁ'lengths of

(
substance (e.g decrease over

ooprirmiy dbmer bive FoBY K F%bS)o‘? 5% hildel 2al Z%ﬁée iléﬁo 1Ror 18102
hg%gﬁ&ﬁ@&]d?& gbﬁeﬂrﬂmaﬂﬁé 1y Bout £5IS1, AN 3abaul 550801.7, 1.8, 1.9
r abou 40, 30, 20,

ours i"ess t han about

o1 @, Ingthe gvegt thatghejamphipkilireropelxmer 15pubsiantially, Brnglisdy there may be
cg.g‘;s/ Gpdehich eRQpb1 ‘Fﬁ]e h%ﬁre tRzEn ) ﬁﬁﬁoﬁﬂ%ﬁﬁ tﬁ:ﬂgﬂéﬁpsl EI‘hé Bydrophobic

20 or 10% core of m cel

eodgrp my@ﬂmfﬁwﬁbadmm@/ow mfdr@knamthatahe a@g@@h@c copolymer
Subs%ng VG iRk ChavimA lal §or@-tsﬁe11 IREcoe ObAGiefrA khe hydmphoblc

nce may be prese %h m cel [ ar sol ution at

eadgrovic forms, ax iolecaiéd ive thesbell. aﬂae@vd@ﬁi@rrdgraubmay beyen aryl group,

TR 1, PR ol 00 G 0 Mk 0Bl g, or

mapiithyl, thyacyhipheranttoy! @@thesaryt goup.gomagbe alygkylggoup i may be a

0550 SHpl Rain 3 gl i oy bp sl Ot chf iyl g Bt 1 0 15,1
(B If, bR 2hoRyBA, Hotp HMe | Bt 1o h ibiown 1600 LOcortenatams, ez,

11?2/0% W gihh Qqé) ?poigt ég 1:]4 89 1% 57 1@ i9t2@ Ql 20 QSgrﬁtpcaxbon
td1,°0 0.7% “elg. about

agnts, It@naar ben @3 tC24 b@nﬁwd@h@n 0p cy/chc elkgl gr@ug Iy may dsp tgybranched

oAb %Etcycrlﬁt B gé,%g%rm{ N6, PE480YS, 3 koqéléimray ;@i‘o 1 q%qetm 6 to

In the ution at about O. 0.5
I\Zd 12 tor1 8wt W2 o0 ervbon atOmy, ¢t 304, 3, ,07; 8, Q,dool 15 i@ﬂ%ﬂ% 1t5915 17,

00 i e oy Bl o o

. gmlanltewapmpmdz edoinhimatioredf w tb of merapbirvh pelvaryl, linear ﬂlkyl

SRR 5 OB 1 B S ST CERAMI o

.aUGflécgrcmpatam sbagydefenyvmmturelveresstdnd ok oMftsgi vad| pure. Thus when

SRR Y g B o R Gl
goup] mgy twt csirblehgth der tumbetjanay beginisent, eroiligmiatively a distrébution of

san;sVIg[h\éLgl % I%)%l%e{}%{/@uﬁ%ﬁgncap% 12‘%’“%’éstance'rhusfor

eganple eefeibglceaotanmtasiem gonp ney peaidgtagtistobutivalad €16 to C20 chains

ce he t 2 and about 100, or
agou%‘%f g’s"%?i'x’i“’f‘ °B3{%Y\§‘%P’6§%§5 to 100, 10 to 100, 20
to Tbe h5@ropleobl® @nderoup By et coupled to\WDe of the monomer units by a
312119&% 819(‘}:19 %ﬁp@ﬁgngagr?‘éeop ]é}%agmp}é an alkyl group, a hydroxyalkyl group, a

cycloalkyl group, a triazine ring or other suitable linker group. In one example the
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10 to 50 or 20 to 50, e.g. about 2, 3, 4, 5, 6, 7, 8,

9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90

or 100. The anphi philic copol ymer of the present
n may be nade by coupling a precursor

or 100.
Wc%g%%ﬁgf to an endcapping reagent so as to attach &

hydr ophobi ¢ endgroup to the precursor polynmer to form
t he anmphi philic copolynmer. The precursor copolyner is
a copolyner of the first nononmer and the second

fna%teﬁaa é% biﬁdlh-SEQHﬁn@nﬁoﬁﬂﬂGn Qlﬁﬁie@feml gy bERGRBEN 2 and
co 'l Ses e ro | C e | n
@@%dwmros oo B2 b1 § b Pan t 1y 6 19 0%, e 2,3,4

5897, ®2b, W 9£a3513, Tmens !Y@MTbES abetd, m czz(;emzz;acrw ic,

styrenlc V|ny1 et her etc nono I oThe precur
copdhg rewhpilice pﬁafa&repayczaw sealen greight betweey 2 about 5 and

aﬂ&ﬁ@@ﬁbaﬁﬁ%ﬁ% taqeomtormrtﬂrmrto 15115, %%D&Ho}iﬂff@ $28,i000), 11, 12,
a free radical polymerisation. may

13n Xtt,. 13 éé Wy 18,04 cm%ﬂzsﬂa(% may hgye 2 gamey nrf&tzﬁulaé Wé@lﬂ dtstribution
P GAMAY hfeNE brdad AhdkirAR) weight AREIBRkIbY,: It Gha ebg poiydlspermty

spont aneously initiated. The proportion o e second

(weigbhasteraga m @u%aémghﬁawah%rage!@amowgrem 1 plbeteen about 1 -
ai';é a%ﬂﬁ@r&g%tqfto@@mrl oyl 531 iy é he @fiﬁ,ﬁzlfosw 310 10, 5 to 10,

mer and 1n th |pa|

ar e
1isckotd SerfoRde SNPLS P, frEyeimet LD o S RS 18, 19,2

Za.‘p(?ju% 51Qf/o4c§’1 Sg 6\{@'% gh§ o?r](}mi’ﬂ ﬁla %{resa cﬁﬁczﬂ‘%@élieooo;acédﬁ‘auon in

lspoctanqlbexmels-pmpan@ (l @ 151 0d2§ byovcémn@ 0,_f bety@n taboqzﬁ 18y angd about
288 gﬁc;ogx gL W%IQ) %'mg ® to%03 S8 & fo 26 19520005&0 éboﬁoe to 200,

28 to 90Ger XD, 108misesnolfE, mwéwtlhwﬂm 4@@;@ 70, 80 90 100, 110,
186) PRIoY 186, 158! {6 lfrtgq%b' b Moo%cm%smamﬂamme% critical

anlntla’tor e|n|t|ator g nitiator o
solution tempetature inpthe plgrelselvantirhiature pf hatwednabeot 30 jand eynat 50°C, or

aﬁ&ﬁ%o% 48 Jd‘t%@'(‘iaés {dud 6:%5% 40’2’:'3% £ DRk OB §@?3§E§§?§’3G, 37,

npri se heating a mxture of the nononmers’an
3B,n39(.|4§,t431542cﬂ@t%ﬁéJ‘}@4?,rﬂ3a4391§(bﬁt to a tenperature

at 0 ' t
for e bl NbBERE i SHARROSERrfing?s SCHR e hulchl T tem
“migellay sohatpE rinl thenpresent specification refire W pisysiem o1 Whighduicelles are

N I

cesggheratophiphilic abpelymen ehd deryhaye ione o poor ghgranajerials (e g water,

bﬁh{%ﬂal é@qg%lédetbgfemp %é el(ljlapﬁﬁlmf)'n be considered to contain
oper oxI’ . cuhmene roper oxi
phasesj i-ciodibrenet gbaset(the @mﬁ@b land Uvomhnubusanm (the hquld) Thus
e S in b S
OB AR o ) S RIRAR s i e
rtB@ dfcthg s:enolmeranrﬁuslmlctﬂﬁrtsat\abn megyodependoin pret we@hfs CMC

(&ﬁ% m?ceﬂé cgﬁc%n@ﬁ%ﬁf oﬂtﬁ’eoc%p&y%% %e ‘?qmd This will vary depending
on the nature of the copolymer and of the liquid. The proportion, or concentration, may
for example be between about 1 and about 100g/L, or between about 1 and 50, 1 and 20, 1
and 10, 1 and 5, 5 and 100, 10 and 100, 20 and 100, 50 and 100, 10 and 80, 10 and 50 or
50 and 80g/L, c.g. about 1,2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95 or 100g/L. _

The size (i.e. diameter) of the micelles may depend on the nature and molecular
weight of the amphiphilic copolymer, the nature and guantity of any substances (e.g.
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nol e basis, or about 0.1 tol , 0.5to 1, 0.05to
0.5, 0.05to0 0.02, 0.05to0 0.1, 0.1to 0.5 0.1to
0.3 or 0.2to 0.5% e.g. about 0.05, 0.1, 0.15, 0.2,
<3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6,
ng?“%i?’“"d. 5, 0.8, 0.85 0.9, 0.95 or 1% or mﬁ’/g%gézr?%wé’“m
than 1% |In sone cases, thelnitiator may conprise a
functional group which is capable of reacting with
the WD 2008/ 004988PCT/ SG2007/ 000199 15 endcappi ng

biokagRN kubstaficdsiguidaae) eidapsulatid inabemigiede SFhe diameter may be

initiator a whi ¢ re. in orated. in th
b, st 100 364 oty e g 0 SRR TR Sl kb b0, 100 10
2?@; 200 it® nsolo,Tbe@ﬁ; 1300t 160006 tl)i(mgmgr& BO0DOPACRIoB0DRE 500 to 1000nm, -
.functi ona r p..an can u 0 carp a e
gL L. 1 50200 st 350, Abo R Bose shE OBk, T 800, 850, - -
mﬁtédsot, heg@,nﬂnmpnizoa,_ l:ﬂ%lgﬂﬂﬂ(} omsoﬁn':hea%téwamgw dfethe present
conduct e at any Sulta et erature ependl ng .as
SRESHICRIQNe FElfBRnra” tin 2¢ FStARGE, {g’? o?w{qw!- WP&% hg'ﬂgv/ galt etc.)
“dpidhpsuRtddn Gn TRMinddell&Ndoes Qobnecafatily idfichie A sibtldfice exists in
or about 20 to 80,20 _to 60,20 to 40,40 to_100, 60 to
thegmicgfes in pre 9p anorg discres) segtonspandsmay Ay taken i dpdicaly that the

siteandD isOYocAfed GnOfhe "RiteldS. MY Bndapifatdd QubstantB@nay be distributed
reaction tine will depend on the teg&grature, th

e -
heraegeneousty emheteraganpersyotirengh th carp af Hsrisicelles, ltapay s¥is) in one
of Abreld®s dhis RethRehYEER1aPR Hhaytho? eRBCin LHe rfions within the

hours, or apout 1 to 24, 6 to 24, 12 to 24, 0.57to
miczlleq It may be immgbiligedin theyrgicelies, 1n the gense thay 1B ipncgpable of
i b il R o gl b ity lighin.
16, Thepmolpenles) of the gmphiphilip gopopgnerrmayspegtangousiy sehugsegble into
iRl GhEe cb&ﬁﬁlgh Ubiki o laflp Yighi. trhetmibslies IRRPbE rédbrse (or
I ssolving the nononers ‘and ot her reagents. Sui'table
reyeedior Suvans) pbiselles Jane mayHRveae copnEell ngtrutpre. i Bre core-shell
st%fcmfé 5§ H30REa ﬂk&gpﬂdbl@ﬁﬁﬁ surrn@ B LRRISINEObore. As noted eardier,
enzene, tetrahydropyran etc. As 1s conmmonly the case
the ampthiphalic gepadahepennjains atslgest ome rydropbebis regipe and at least one
o y nder l:
EEHACRGIRY 1D ARSI UE RS U LS s
formithe phelly Inopartiewlar the dydraphobicaendgmases mpdderlacpéadi i the shell. The
bl i trn?g,g tsé Bt Gin URIBSRE FhP hdHondeP uGRTBERNCH Hbm the

copolymer | Ion reaction. This may be achi eved

sdggnchmiobdrhergman b Aegated A9 thyaeprd Rhepgymal by polar dug yothe carboxylic
a&@g@&ﬁﬂ&%ﬁﬁ%&#ﬁ#g&&gghihe reaction mxture. Suitable
u

gases in rogen, helium neon and argon
Al tBrenbguiid etay fsr a golrenti Breay §e am ergapiecliquidy Ihimety heea non-polar
e ' Q0R: re Iy

m%?¥%$ﬁ??ég?§§§% -fEEM/cyéﬁggngﬁg&g%gg§o 'Iym%yuﬁmmﬂeth
Pdzpoidymmsrriodirritudsy tyeay ermgprise @glar and nen-prlas Bavids f praportions
su%ﬂ Hal ﬂ{erlﬁ]]ﬂft{ i5'h h—%oﬂ:g.qp&ziﬂ peliohigRleBa ?}.’Pai‘ hﬁ Ilihgfag il some degree of

reagents el dge nmercaptans, certain halides etc.
polrgs.canddhat eeferznte o a nopHpelandieid should e takioe tafefer ea Iiquid of low

[ . . i .
g‘iﬁ@*ﬁ-ﬁ?ﬁ?&lﬁf@%— X y%ﬁ%a‘ﬂn hirocabors 6 %‘fﬁ%ﬂm s
Vidn o c oltxan e, afanac n ehdeaant, e@ihe.t gnalecane,
BRI ot R B O ROk B0 118 SPRulioms o
F?an%?éry At uSikg ’

age
mixtures thereof may be used. The mixtures may comprise polar liquids such as alcohols,

ethers, ketones, esters and mixtures thereof which are miscible with the non-polar liquid
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known net hods. I n sonme enbodi nents, the chain
transfer agent conprises a functional 30 group
capabl e of coupling to the endcapping reagent. It may

far npl e conprise a hydroxyl group. It
M9 be a bifunctional chain transferng%gﬁﬁgm”mmn99

havi ng a chain transfer funch3i onal group and a
coupling functional group. The coupling functional
group may then serve as an endgroup for the precursor
t€ ool preit. thati theb| arechdéd) ibr dwres fmsixtuag e At ssuitakde ullguid  includes

.rnercagpt oI aI cohol ncI de .caonpounds - of
isop li}_? b{‘loigﬁ Lf mmanre
20084 Qo0 &Wﬂﬁ@ﬁ@ﬂés&ﬁ&l&ﬁnﬁﬁe uhereeshell nryctoee. There may be a

biboigaéffﬂggqbétﬂg% o9 p s ey Tmspley L Golagicgl subtaice may be

geptﬁﬁ J(elgl-anl dligobeptideda sﬂ:ﬁheﬁbﬁjr nhityral PBlypeptide,

aff enBm
RN L R LA I

o QCRIGN. of \thebd. t RDInRY CRRBERE raanmgn Taé hidilagil&alt gub3they may be

agent relative to nononer, . i s for ef)(ﬂ_1 et ween
0]

jeally actiye o Eagpspiatoyvgihin ﬂiﬁec@tﬁt 8%&“9’ profect the
Quuibstirie 5&0& Eeﬁr@dz@mn,o déndtration, Qnﬂctiv@tl@l r Gtk due to

'tolO 1 to 10, tolO 310 0.5.t0. 5, 0.5t

envionmgnipl gymppnerys which 7 ¢ of pEnetEia to the Coge i he micelle
’lﬁussfor Qxﬁnpi@ tHe ac%/ﬁg of m9 ench sulatéi bidlo E@al@ubs’lano% (Bg. dhzyme) may

5, or 100 or nore than 10%
decrease over 24 hours when located in mme}les of a Imcellar solution aocordmg to the

invention by less than about 50% after about 12 hours, or less than about 40, 30, 20, 10, 5,
2 or 1%. It may decrease by less than about 50% after about 24 hours, or less than about
40, 30, 20 or 10%. The core of the micelles may also comprise other components, fm"
example an aqueous liquid such as water, salts etc. The biological substance may be
present in the micellar solution at a concentration of between about 10 and about 200
mg/L, or about 10 to 100, 10 to 50, 10 10 20, 20 to 200, 50 to 200, 100 to 20{)? 20 to 100
or 50 to 100 mg/L, e.g. about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140,
150, 160, 170, 180, 190 of 200 mg/L. The ratio of biological substance to amphiphilic

. polymer may be between about 0.1 to about 1% by weight, or about 0.1 to 6.5, 0.1 t0 0.2, -

02101, ‘0.5 to 1, 0.2 to 0.8 or.0.3 to 0.7%, e.g. about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,

" 0.9 or 1% by weight. If present, the aqueous liquid may be present in the micellar solution |

at about 0.1 to about 0.5% w/v or w/w, or about 0.1 to 0.3, 0.2 to 0.5 or 0.2 10 0.4%, e.g.
about 0.1, 0.2, 0.3, 0.4 or 0.5%.

The activity of the biological substance may be enhanced when encapsulated in
micelles of the amphiphilic copolymer relative to when they are not encapsulated. This
may be particularly pronounced when a liquid is used that is aggressive towards the
biological substance. The activity (e.g. biological activity, catalytic activity, enzymatic
activity) of the biological substance in the micelles relative to the activity when not in the
micelies, both being in the same liquid (i.¢. activity of encapsulated substance divided by
activity of unencapsulated or naked substance) may be between about 2 and about 100, or
about 2 to 50, 2 to 20, 2 to 10, 5 to 100, 10 to 100, 20 to 100, 50 to 100, 5 to 50, 5 10 20,
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The step of coupling the precursor copolyner to the
endcappi ng reagent conprises to reacting the

precursor copolyner with the endcappi ng reagent Thus

a functional group on the precursor copoly

H%WE%‘ functional group descri bed above)nﬁgg&%gﬁmmmy9

reacted wth a ftnctional gridup on the endcappi ng
reagent. Nunerous suitable chem stries for such
coupling are known. One suitable chem stry is the

10 €950 bOT0 L5028 gadboatm|3, W 5,16, &, fid, 10lel5, T02S, 36) 3GH40, 45, 50, 60,
ar 5 on the precursor copolyner may be reacted with
7 98%“5ﬁoup is on the encapping reagent to attach

t heTRO d@pRIpRiLiL &oﬁ&ﬁn&nﬁﬁmlpﬁ@eﬁmgﬂiﬁm tofayt Bremade by coupling a

precur sor copolyner Sui t abl e endgro
PEFERiEPs (opelyBIF [ ¥y codgappmegivareat ¥ty alghh %@Y‘ﬁ"l’q“’&c endgroup to
gefth® the ﬁﬂnﬁl‘ﬁﬁhﬂlb %op‘dlﬁhﬁ'smﬁn‘e&@s&&lopd@ﬁier isa

 B6 R
(for exa Ie chl ori des om des or iodides

copoRymeT i e s TpHOBTe: i (b PO ARIBPE SR hove and the
ehdiahifiE rﬁ Ot EBthpriéh MYW 15t eRigPSupD RS fifst &1l Edndanonomers

_ benzyl bron1de napht hyl met hyl bron1de etg. ngﬁiﬁﬁhfwﬁmc

yoeawble bhe Feearadigal pigeess- Thevimanbe g

m?hﬁﬂ; H&&Qe&? Sy conprise any of the well
nown nethods of i ntroduci ng. chem cal grougéalnto a

ol Ekeprecursoreeppolymer ey becippdady eqpolmsrisipg gragomer and
1) deCdndSREHBnS:! Yhd Bopol yiidridifor Shy 8% amal @eecmaicgapmjahmhon It

reactions, such as the Hui sgen 1,

mey dednitiated ityrradialiqn (c-% Vo BYREG 8% | eéF@tra% éﬁzg,qx &R @ther radiation) or
hﬁﬁgﬁﬁéy quﬁhﬁ&%ﬂ§§5mm£eactlon nucleophlllc

strtution to small is strained rings (e. epoxy

an dThqpnopmlneof fha g@caond menpmes @ﬁh%ﬂotahn@agmﬁﬁ a%eguenﬂy the
p‘ﬁ)% gqiftrh&ﬂ)n{(f? %ﬁé 31131 tﬁ}ecg:&éél? IB1yaRAdRd 1 tHe- amphlplnhc polymer
oxl dati on roxyl ati on. A nai cel

thao hrgtseemd gonomer awwh m.ﬁeum@bvﬁ@rl ad "tbﬁ‘é 10% on a weight or
ol Gils! FWHSRY0.P % SEHP LY, 039{831 R.1Q 649, %ﬁ*@ﬁ P% 16,2 t0 10,5 to

copoly her and ‘an organi € liquid so as to

f or
18i G2 9.0 2,06 Qripti lplmz,ue(g e@mﬁwn&ﬁ 03 ¢-hed- iu%ﬁd’ 08,09,
118, 295y 5oL s, BY sbg eagdae@ &110%, bk PbOmoRAhMP AR, SO
out’ and ouf I'C of I'qui d, as descri bed
aboVhe ctméyrnmaah@n mcﬂm may b dnifatsd dys grepsepfl an initiator. The
uﬁﬁfﬁ&r ﬂn%?ge SV | ator-m%ct?&a% & maPvdi RieR8al TRiYiaoR TR kheS@se of a

stirri SW T ng, shak |ng, mXIﬂg‘g sonlcatlng or

ﬂwndrlmt!s@r,dg$ tepolyARETISHIEOTCH AT FOTRRKISE @mmmvawa of ithe epomers

o355 e UL . 10 o oo, o ey o e

dedmmseaeit heuitsbly ratcofor aplymerisation sy itacmonqresss. Jhistempergture will
é ﬁ{lre%? e Dk, Ttu?’ e‘ﬁtspéﬁ'dgﬂcg%%f It k&ﬁtt ture for

O pro uce m cée yner
dxffum mmﬁeniumrscyg malkﬂgwbs$laﬁbl§ thqmel »arﬁgmrmch#ie azo initiators

RO NP, PS8, JEEE bl i, RURPRUAES (L1 cumene

hydrapérdxidé), ﬁwxsb@mmates R dSw@lqoéJ\é inigptowner Sepsitisprs inciude

|0 I ;Hﬁﬁ e
bg%%edggééa SO utlon |n ?§P seco §§$ og%igﬂﬁﬁgﬁﬁornmy _
bbesaiddedratis tatotal spmoegiconf bmﬁea@é@ 6 aml godnd 184 omg weight or

m%'i‘eﬁﬁ}é 84 &%uw:w;e, é?&ogg'ndéﬁg‘ﬁﬁogfs 89,02, 0.05100.1. 0.1 10 0.5, 0.1

roemu or as di sper si on

tad ﬁ,Stdné) Swchiith, t.goatiodt 0.0h0. is,e&b’hdl 3,105 8. 3nﬁy35b%4,a%45 6.5, 0.55,
' Y

OFHB e 7 o s RO I P b nore b B, In some cases, e
irditiaton Ineays abmprisebaf fugetionel @rovph evigdc onaapablu |Oﬂ mng ewith the
at a suitable pH for the biological substance, for
exanple at a suitable pH for optinmal, or at |east
acceptable, activity of the biological substance. It
may be buffered to the suitable pH The suitable pH
wi || depend on the nature of the biol ogical
substance. It may be between about 6 and about 8, or
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30 conprise stirring, swirling, shaking, mxing,
soni cating or otherwise agitating said m xture. The
second liquid may al so enter the mcelles and be

w#?ﬁﬁ%ﬁﬁ% therein. The second liquid in the n%ﬁlgééz%ﬁmouwsv

res nt may at |east partially solvate

bi ol ogi cal substance. This nHy inprove the stability
of the biological substance. It may al so provide
suitable conditions, e.g. of pH inside the mcelles
dndcappitigl tehgent. Gh thisecadst, othe ghitiaor poiticsningiator\fgments which are
2008/ O 988PCT1SG20071000199 .18

8 155 BERESr SRRV s fie soplBitpiation reaction. These
ﬁmatvr PRdghriefits O@pmuy tibeer ﬁmﬂoﬂah @rdmpohmb caa be S1sbs tta nn@yporate the

onpti onal | int econ i ned n
“i"ﬁ%‘?ﬁ’“ﬁg‘?‘f’ﬁ Wﬁgﬁ yergac(gxpnyvy}gl ”}? ng Ir%aggnt The
reit@ion ﬁx@@ﬂie(‘cohdlﬂtﬂddt ﬁuﬁbf ﬁhﬁlﬂé ternperatioe (ﬂé}&nﬂlﬁg Iamgm“bed above on

tgg%%gené: and tg b Qfajgl% aI SO,. conggégrea f’%t %?a} ﬁbou{"i‘ooc or

4boRCHPRHED, ﬁ@fo GURR0 BY40, 140 1ol oe,l 805,100 e 48 ac8, leigqubait 20, 30,

may be apsent Thu

%080 5 S0 s oo I PR TR AT 1 pation e wi
EPERTGh tht iahpdratdid] the ARire A Tihd ﬁlﬁaﬁbﬁ yndoff thehlogomnars, and may for

amplsbethetiien ARH B S A CRPRCk by 664 T 1540 24,05
6anned 1o bto Wit iz b& 1eadbley1 wgaﬁm@qd HobiR] e pheboabmsgl, 1.5, 2,

BhRr R dasce bt e teden i B sba b B2 5o

2 | thr§ al map bﬂ%ﬂ%cie&'"ﬁi’%lﬁhéﬁ ﬁl 4 bm tﬁkft i§ Bapable of dissolving the
anphi philic_copoly a. bjialo |cal bst ance -

TRQNQRASEY @%Otbﬁo@ﬂ&qnﬁ’g Stqﬁ@lwgﬁqt%\fm%@m » ASfE9ng> methyl
éﬂflyl bl Qb0 afedly: zséd%t JRpH1ne %ml BBhdchE, sb&huf@dspyﬁﬁy eRe As is

bet ween about to about 5% as descrl ed earlier

cagpanly: ghe gage f%;ﬁ@séa‘él%é& YRTiFatQNCIACHOR-JAF geaplionymay e done
Bk tddaRedt B8/eth Nprefelably! e K BERALT Bf bRYLeAf at f&ﬁ en is a known

bi ol ogi cal substance in the second Ilqu

feasoadical geagHemsa B foasBeRy MRTtre gpayy o ggassed prior
téQonﬂQ:n&ﬁg #2. coﬂtﬁyﬁ:&xs%@on rctich. This o2y Hc%cﬁ@vé&rbyaﬁbbﬂ:g an inert
e.g. about 10, 16, 20, 25 30, 35 40 45 qr |

@9 ha‘Fﬁé Vet IoY e emsERTPn Jigess fedeqetion sugtp. Suitable gases

1hé19&et ngto%meqheﬁﬁﬁ{ rlebn Qb8 aRidh. | ARthaivaRY o ﬁdcﬁﬁéﬂ&ﬁ? Nthe reaction
abou

and about 0.5% by vol ume or b

misgae Ty berdsgasal uspgoneprgnere dpreferably g, gbéfgﬂze*lmp-thaw

t 0.1, 0.2, 20 0.3, 0.4 or 0.5% The ratlo of t he
second liquid to the anphiphilic copolymer may
bet WherstepRfiroralymensinhaay brondirted wohe prggce of &rcham transfer
RLRAUSRbIL Qhatl) QrandiEr }&ggigs 2R BBRaptaty, tc@rtﬁ@@mha&oetc These
to 100,20 to 150, 30 to 150, 100 to 150 or 30 to
servg to abwbe mglecylar wgght of the precursg cown@danfb@ﬂ“mﬁhe resulting
a]z#ﬁn g&lgr&er Vet thel @&ired ﬁgﬂecﬁlzpw Qmaﬂl 8e oﬁfam%@ @y balancing
T e:%lolo

subst ance may be rea separ at ed
the pfues oftheanongmess fhetmabime %e@mtlwgo the F‘F?én transfer agent using
}%rf&Wﬁ% St h M&Qnﬁchﬁn@dt@ltﬁg [ 1N nﬁm%@&ecd ises a functional
cated within the mcelles of the mcellar sol ution.
grmlrs cmyleb:é cpupling, odthenfeappinggrepgrat. nif swy| i9F cxamRle jcomprise a
i
il FRPLA AR A St e o
functienal ooy afd ¢ Keuptiop Senstien mlpbféh%t‘wb@&ﬁ%@mﬂ group
@1‘? sDOM! %95‘%1 |¥){\h§)§] el lfednt=a? chppln& CSHGadie chléﬁ transfer agents

es at leas artially dISSOCIate thereb
mdnéemmpiphéc@a!ﬂ dhessanchyde sempriads pf stapjure WE%CH&OH group,
i sol ated using well known separation techniques. The
bi ol ogi cal substance may be precipitated fromthe
liquid follow ng heating to a tenperature above the
LCST. In many instances it may be preferable that the
heating be to a tenperature bel ow the denaturation
tenperature, or deconposition tenperature or
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damage to the biol ogical substance in the process.
Thus the maxi num tenperature to which the mcellar
sol ution should be heated will vary with the nature,

r arly the stability, of the biologic
W(ﬁ%ﬁ% 0 %g ﬁéywzoomomw

e. Such tenperatures are generally we
docunented. A mcellar sol utlibon according to the
present invention in which a biological 5 substance
is located in the mcelles of the mcellar solution
wheit may de befween aind abdnit 12, or abeac? tool8, Afto A2, 2 &u6t6 i, 12 to

reagent to prod [0, h
A hSad e d S B B Lo RN R TR or 18,10,20,21,
2018 &t 24. €abdr sﬁﬂﬁalé emgpm:hds mchﬂman@@tophmlfi shneh as meta- or para-
}ﬁ@%},({)ﬁr sol.u o tﬂh%%_} Ee? SC)Itu ito mongmer is for
r A3 eo‘h’ﬂ R ¢ a‘ir%lS PR LT 0 SR

ﬁb@[fwetaﬁlﬁbd”ﬁt olexl dnﬁrabfiﬂi 04 mg a vbeaghmnmoéerﬂmm mestiost 0.1 to 5,
of this ogi.cal to ta nzy,
e T e T T

Ry 2, bbb 1007)

0esterls‘?%catlon reacf?on €%§U|table reaction is the

d and 1-propanol to

|Olr OGHS Step oD EGUPYihg iRWréduesor eapoRimiaad ﬂha/exﬁmamgego&anpmes
ase. In this case e lipase.is the E%olo ca
@6@%& th Precuizp; opolyme FRRPHIS TFASSRY ghiopplgeroup on

HEREGMR cBpdlynher (iR Hl %ﬂﬂcﬁcﬂiﬁr froup Bésdrivdd z(bbv@ftﬁay be reacted
SUItab| l'ocated 15 in_ t cont i nuoys or gani.c

o el cPofbe PR PDIRE Saecile NSBHo Rl bemisties for

ﬁﬁ? aft] Iofoviie TRR! Ath18 chahRiy tid ehelfeittionfoft dilealcohol with a
%:E

ic copolyner, so as tq retain the
o cep Oh o6 PTG EPYIBTHE 489 Boter PO a bafide group

Rabdn wodtach ﬁﬁtenaﬁﬁu 06 Bhdappingl irdabtt €0 the premn‘sor

through the s%ell of the mcelles to the core. In th
cppatymer; Sutebie pndgreupsthave beg Aesorbed eatlien, and) GeRsetRrnty Suitable

hie FedoBAS tchilie it Sindshthdfr g hakBEY (FSras@mpRAhidriass bromides
by) he bIO|O?I0a| subst ance,. The product then

Odﬂ@ﬁ%%@sg Ay draliiese Qfhereruitalie  emdeapgne; fragdffe pclugp qryimethyl
hhfdel 2§ Hhiy1 UPibtide ) B&RyP brdniBe r‘hﬁ%ﬁﬂag etisyd | BrbinfR. etc. Other

The addltlonal step of separatlng t |oIo |ca
couhing aprctions tah arp elhkaawp &p theArtMapAlSR These may comprise

aﬁﬁgﬁ el Bl bt alnbad B st hEdkng BienSiOb @@ ditealt inbcule. These

e nlcellar solution to a 25 nper ature abov&gthe

inchydsr “elhek’i chemisy.utSuiable o fhdk a‘EhS’FDéS“é(f e 1BEIPeT yioE example
c;abasidg:foﬁprehéﬁoﬂ efubls ablkne ﬁﬁi@&!ﬁci th;ﬁflierycBﬁde@ﬁﬁ Cufly Rtalyzed

| east’ one reagent been reacted

apidegcgdent eyqeasdivon. Dislerdldes| fP%ﬁHOHgméﬁleqPB%t mb%‘?@% to small
gﬁﬁés’cﬁglnﬁgggﬁh %€ 3R Hihidihe fifesh 1Bk on of iRaPkfdl HEHSGHNG addition

) be released frgmthe mcelles into the
reastiensrio dowble » ©F- eppraddatiopedibygroxyistion on. As not ed

e ar Lﬂx %Iogllleg‘r}»ggllugg Fﬁ' {HeURibRipRIRS@pBBMPES M8 tlﬂ\‘eﬁﬁ‘&i @by b®made by

subst'arice. For "exanple, th
cbmbmmg the\rmphiphilig sepolyragr 498 agorEmIs MG FRI2 tﬁefom micelies of the

aﬁlﬁﬁfpﬁﬂ%ﬁ&?@ n BV “WW&%&W@X&H@% Qbﬂaﬁo of between

exposure to the ‘continuous phase

ab@uéemdexba'@tdrﬂ@gﬁlo?f ligvid; pe desgaladeabore Hhingturpphbe llﬂwé has also
be&PG sk BNlier. The step of combining may comprise stirring, swirling, shaking,

mixing, sonicating or otherwise agitating the combined copolymer and liquid so as to

form the miceiles.
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be stopped at any desirable tine sinply by raising
the tenperature of the mcellar solution WD
2008/ 004988PCT/ SG2007/ 000199 20 to a tenperature

W@%g%'ﬁ%e | ower critical solution tenperat uﬁ(?’ggct.zowtﬁmwsv

as this | eads as descri bed above

denaturation of the enzynme. Brief Description of the
Dr awi ngs A preferred enbodi rent of the
present invention will now be described, by way of 5
‘an éxaoed ebove, the miceltes mefyegoptaea biologlval abﬁmqsaﬁgi aRgEnzyme or
dravvl wh |

BAUSERPART S Gpod BBl AU @ it BILIEL P e copolymer
ancgwmtai‘n the bivlogidiVRubstanck,che amplgplstic GOpCémemd @h organic liqumd

e roibpR prining paRefal (nde ISk in  scopllp >

( PB$he pétord Lignid Mmayterd jolesit T6r the fhinlegicad rsubdtance. The biological

eraturea 00 n =l gure 4 sh pl o f pe
i e e bR forch ey B lled o0 o
sﬁﬁieum ni Ithe isBedrde ligiid ek amlaneﬁhulsmnomcﬂmnsdchmaiqeiﬁlor as a

0:0:111: . Fi 5 sh
BB oY it rounad BB ok e rsrsin o8 o PARMETR: scoond
1RadysEy beoaslagudoey ¢igarid Iiphy eenprtidel wateic @ ineg addifonally comprise

ot Sy e Pr RGPl S P £ 0t FpARE il e at a suitable

pED RS Qhé bﬁid@&% Sdbstace L for eﬁﬁyﬁe at Qnevirable g forophimal/orlat least

PBS,  \W=83, 3) ; _Fi £

aeﬂfepbakywm F i iologip #‘%W%E%{[E‘BW 5%'9‘%%\/{ hﬂeeﬁ S4taliE bH. The

sgiéﬁsﬂ%ﬁ vgiﬂddelpbﬂﬁ%ﬁ the ﬁithaniCmB ma@amuﬁmaﬁenn/m be between
P ; .an

F
a1 49 PP oY ekqut 3o 7 ik EHHE LA 217 3 f bout 6.6, 65,7
TRbAR YT heCseREdd i /y 9 ek Blﬂelmi(ﬂhbﬂﬂﬁ& Hupetednsaline). The

concentration=1 rng

sesond o e che pemERIbl “FPBﬁSlpr e @at\:{tﬁnitg &éﬂtsgme cases be

miscible or partially miscible therewith. In some embodiments, the second liquid is

" aqueous and the organic liguid is substantially non-polar, whereby the two liquids have .

low miscibility with each other.

The micellar solution may be made by combining (optionally agitating) the
amphiphilic copolymer and the organic liquid so as to form micelles of the copolymer in
thie liquid, whereby the micelles adopt a core-shell siructure in which the hydrophobic
endgroups are located in the shell and the monomer umits derived from the second
monomer are located in the core. The alhphiphilic may spontaneously self-assemble to
form the micelles. A solution of a biological substance in the second liquid may then be
added to the organic liguid (i.e. to the resulting micellar solution of the copolymer in the
organic liquid) so as to form the micellar solution wherein the biological substance is
located in the core of the micelles. It may be desirable or necessary to agitate the mixture
in order to facilitate entry of the biological substance into the micelles. This may
comprise stirring, swirling, shaking, mixing, sonicating or otherwise agitating said
mixture. The second liquid may also enter the micelles and be located therein. The second
liquid in the micelles, if present, may at least partially solvate the biological substance.
This may improve the stability of the biological substance. It may also provide suitable

conditions, e.g. of pH, inside the micelles for activity of the biological substance.
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The inventors have used thermally responsive reversed
polynmer mcelles to i mmobilize enzynmes in order to
overcome the problens associated with the presence of

W‘gl"gh concentrations of |ow nol ecul ar nass ﬁﬁ&’gl&"g%"%l”

E%*EPed with conventional nicelle syste
Pol y(N-i sopropyl acryl am de) k8N PAAM or its
copolymers are of particular interest due to their
t hermal responsiveness. PN PAAm exhi bits a | ower

cr i Iﬂ @ laliGahtive grocdssnhe reaganice ighi€She afphifhilid c@@ynian and the

s .sol uti ons, ..bel ow whi the .
oY St AU L ot -0 CoMSeHEpE oSl A Ben aptated
wh&ew ehicelleh ef mecbebdﬁgmesm the oa@msmpﬁbfm dnd @omtain the biological

hydroph [ ca dl fied PNI PAAM copo
“B‘g Aty G leﬁ%is%‘f‘ﬁf’gﬁet%’ﬂ‘ﬂ%ﬁ%ﬁr es
hl ghﬁgoxﬁmﬂbddaﬂeﬂtm tHeemacssesdbr irakink abs midelled) ¢he second liquid

hydr ophob t/h hi | ty b f . . :
ool e b3 5, SHoe B SHE EBY U dFERO, Redssriedoiy i the

. aBSRAROUNdBe sSR! HgRT. | Tt iredy hitioular yasiiatiky di et Mthlch the

or hydroghob| C rmﬂm;}g Sn |ncrease to{:vhx%ﬁc ease arsolutlon is

&Q‘Q:ﬁ/ ROAR8S %&Iﬁﬁ@&@:ﬁé&m@nﬁ%e dBoa fRbdeplts fdrdformation of a micellar

copol ymers have been w del y [ nvest% at e%‘e ?Oform

S?@l“@‘é‘! | shauid nbe; soedngieds gt (& it wer critical solution
t%ﬁ%@e%&%ﬂ%ﬂﬁﬁﬁ@%@opr opyl acryl ani de- co-

d| néﬁ h%‘&‘éﬁ%l SAPSRDCE ds ree% HerdReing 4as myedian sRivqns s ratio of

b, sHipHitic polymer may be between aboutOlto about 0.5% as
gﬁn%th I acr Iarﬁﬁg)e) b- poI y(I actlyde co-gl ¥100|I ’

descoibeds wh«;rt As metedqib gray soidgedyn 2 second lig

The concentration of the biological substance in the second liquid may be between about
10 and about SOmg/ml? or about 10 to 40, 10 to 30, 10 to 20, 20 to 50, 30 to 50 or 20 to
40mg/ml, .g. about 10, 15, 20, 25, 30, 35, 40, 45 or 50. The ratio of biological substance
in second liquid to polymer in organic liquid may be between about 0.1 and about 0.5%
by volume or by weight, or about 0.1 to 0.3, 0.2 10.0.5 or 0.2 to 0.4%, e.g. about 0.1, 0.2,
0.3, 0.4 or 0.5%. The ratio of the second liquid to the amphiphilic copolymer may be
between about 10 to about 200 on a mole basis, or about 10 to 100, 10 to 50, 20 to 200, 50
to 200, 100 to 100, 20 to 150, 30 to 150, 100 to 150 or 30 to 100, e.g. about 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 or 200.

The biological substance may be readily separated from a micellar solution

(e.g. in s)o]utlon therein).

according to the invention in which the biological substance is located within the micelles
of the micellar solution. This may be achieved by heating the micellar solution to a
temperature above the lower critical solution temperature (LCST) of the amphiphilic
copolymer. As noted, the LCST of the copolymer may be between about 30 and about
50°C. When the LCST is exceeded, the micelles at least partially dissociate, thereby
releasing the biological substance. It may then be isolated using well known separation
techniques. The biological substance may be precipitated from the liquid following
heating to a temperature above the LCST. In many instances it may be preferabie that the
heating be to a temperature below the denaturation temperature, or decomposition
temperature or degradation temperature, of the biological substance in order to prevent
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s i sopropyl acryl am de-co- N, N-di rnet hyl acryl am de) and

chol esteryl grafted

pol y[ Ni sopropyl acryl am de-co- N- (hydr oxymet hyDacryl arn

i | ymers have been synt hesized and uti]|
“K}%ﬁﬁmﬁﬁ%elles for incorporation of antlcancé¢6§¥ﬁg@@&mg

The controll ed rel ease of the& encl osed drugs at

target tissues can be achieved by | ocal heating. In

one enbodi nent the present invention relates to
dawdpe e 3hs bilogitdl whbsaide dmmgeprotess. Thus the maximum temperature to

wgi;)g% yﬁl%;ﬂl\l- ia'q?eﬁ_[a)rrc %ﬁ% sr}%)h@rgetdlgéa?egbﬁ(hg‘z{{r* %ﬂt%%bg Lature, particularly the
staxdlify; a5me Bi@)'iqglda[l tubstahied. fadh tympaamesR are/generll¢ wel documented.
n1ce||es se rever ed mcell es have been

e‘§§'f3{5‘1"'l RRHIRG, 10 1the TTFEH IVERHAD gh Wifch a biological

s&ﬁt&iﬁ%ﬁ? iocéieli)ﬁli t]ﬁfr@idﬂfm\wﬂﬁ rﬁihﬂ&& Rol@fiod @y be used for conducting a
snel | - Orn]n

nment of the po ner _bec e, suc

(o 381 1GRSE e AP o T odte gf RRAEFT (e 1B BielAiFe] substance is

cz?ﬂﬂ& dmaﬁgisa{g tﬁ@lru@;&bﬁ 'Hiiﬁhh@&t tb@étaﬁﬁ raigént BORaibaE, with the
which are offen e é lﬁfor the t eS|s of

micellarsolutien: Froe dhey way ip the;icgllir gRiptignein particular in the
conBihiE YWhask bMhe rhidslle QbR1i6D rimdm]ybénmzﬁén@ HEhRY e Biblogical

as it can increase the LCST (lower critical solution
subgARsEr i5 (A0 @PYRF. TiethsdFarien it an suamyr edalyged rRagtion. Many such

refATnE B Eﬁkﬁﬁg%f 3hBApl1E AntBRIFE/IN! lediofl]l AekditaBle reacnon is the
possess hla‘ act|V|t‘$/‘J Additjonally acrylic acid
vE

& acidyand Jorensaelytos Prodies bRFpyl durqtpecatalysed by
c&%&ﬂwg% mfasé Qﬁ(ﬁfé@@e %&%g&@ﬁ the?egolo@cm suﬂ,stmevwmah is located

di agram of m cell e as described above. Thus m cel
inthe micetles M@W@@ jafe. lypropaasl pudtaurieracid prgh; are smtabiy located

C&fé%&mﬁﬁm@ BFgQHiceﬁha%Q of ihdg- miceﬁ!;}omuﬁsﬁ YTHb PRLEGH sBSuld be

0, however in rea more than this would be |1 ke
cqnéu%@i Prademperatugg bdow éheﬂeﬁ%gf the apybiphilis | copalymers s¢ pelo retain

ﬂlhfhtggﬂtfgfﬁehgcéiﬂsl s surrounded by shell 40. Each
nol ecul e 20 has a hydrophilic region 50, [

pr irapactigny ssjeseripef bevee itds toughi thnt éhwmglr%@ffese through the
sh%ﬁ%‘f% %ﬁ:eﬁ& W"t!h@ RofeC i AR 0B, iiRkdy) YedeR thRn&he the Fx%ﬁuct by

shown, drophilic region 50 cohplises nononer un

wp0okiR rqw fvelving (is spany spses catahand B8, thihidpgical gplsgance. The
prbdifet bfer Gitthdel o{?@ofmﬂg hAtehds thlrlgﬁélsthg Chef! #d 3ht6 Ihd Bikinuons phase

copol ymer nol ecules 20 are thermal Iy responsive.
ofifyemmisshan selutieegi on 50 al so conprises mononer units 80

(i iR aﬁ&{tlbﬂa]ts%pq{?'s&ﬁngx e ﬁ@ﬁgfcaljsggstgncu %h?thz Chicellar solution

units 80; a: b s about : Units are
mgie be @e@ﬂmteérrSa'éah}y itlds a@pdnaw,mmsedleehngames@weﬂaﬁ solution to a

te}ﬂ aélaﬁrepmg\fhé m%ﬁcﬁ%lﬁﬁ% Wiok b Biis step is

ropriately acidic pH drophilic regi 50 Ts

‘ P
DrH TGl B St Sela o (R e PRACERSSN Db, eaciad f

prYlRE B Jot}sctsﬂl Ufolt dt %&ﬁ%ﬁ%ﬁ&;ﬁw bPRALLHE) to product,

region O and e oxygen at

th, qumb B\?hstqne«gm bgaelegmed from thel raicelias gntg Ghg pentinuous phase of
thk ﬁﬁ@lﬁfj sélﬁtl&'pr}ﬁ nifled St Bs BSRinbNY ﬂ'ﬁ%@ Ha§ be @Hgﬁ?&k:ﬂ to the
not hown

core al so contains other materials

blwngreﬂ @hﬁm@e Fomm@@/tb@h@mn@wmgwmwmgg enzympand the

coE%ﬁcel Fe‘méi a&;%g:‘%pge{f%tﬁg mﬁ yd%%%ﬁ% IQngf I%%]Etllsare to the

cotiguougphask neavadainhg desstupdtion of & cn@yrbsc Ip iy indhmey tae reaction may

oK RO R BB BRI O L BRI 8P “?Qe“af solution

hydr ophobi c |iquid 100. As noted earlier,

m cellar solution containing mcelles such as that
descri bed above, may be used to convert one or nore
starting materials to a product when the mcelles
contai n enzynes capabl e of catal ysing that
conversion_ Thus in use, one or nore reagents are
added to hydrophobic liquid 100, which contains
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The effects of pH water content, polyner and enzyne
concentration on the catalytic activity of the
i mmobi | i sed enzynes were investigated. The optim zed
' ion conditions of |ipase-|oaded rev
W(;nfb?gé’{)q%gs%, under which |ipase gave the 30 hig*?fe’g‘?”“”"’“m”
activity, were as follows: pMl yner concentration, 12
ng/ m.; enzyne concentration, 25 ng/inL phosphate
buffered saline (PBS); pH 7A W, 83.3. Lipase
th ﬁlf&hb%rhtﬁﬁdabb‘ ove tiitdewentiidal ecluti@stemperaturmofothe cagilymer, as this
t han at. i.n_ conventional sodi um bis(2-ethyl hexyl)
IQQI;}FF% ﬁgﬁh@ﬁ_g{@veﬁpg‘gﬁﬂgg&%fbf?@e e8Pt ant 1y, "the size
of i pasel- i mobi | BAefiDesaiptdsotither Basddgs and t he
enzyme solution precipjtated tromthe reaction .
200 LI PR RS D D55 P T o LD by way of
. ahRARAHIB by ewith ff@as@do t: Rcotdpaning dighigsywitkgier t han
the LCST of _ the polynmer. This indi.cates thail the .
Fagnrg frshovi dierrm B e FEFSORURRPT & THERER B AT Htions
Higirt D Nah ¢0 NOVMR (niiflbat ridbReed Rforahes) @pactridns RN AAm-co-AA)-b-
tenperature. These thermally responsive mnicelles '
Gisidyref ore make a pronising systemfor enzyne
FifdH0 B ishd vl 160 bf tRns@EideasT pifE bothifon (PBS, pH 7.4 and 5 mg/mL) as
I{gﬂ soprao yllfacryl anm de (NI PKAm Si gnma- driI::h) was )
afyngtiop ofteperagre VX005 zati on from n-hexane. Acrylic
4 RN BI0 SlpeRbint @ity RUI36TinEs 0indtidE 8819g C for Palymer Il in
Tstillation. Tetrahydrofuran l(THF Mer ck) \%/as dri éytljn
themixed selventa sosctangfberane/d Huppangl €01 41:0d 2 itpyolume);
ﬁgﬁé ¥lsh&wd TEM frahSfidn 2fectrSif Riidf6opePhfest éazphe-loaded
“al kyl end-%a ped P( NI PAAmgo-AA) P e
. reversed Polymer IH micelles;

“Figure 6 is a graph showing the effect of pH on catalytic activity of immobilized hpase
(polymer concentration=24 mg/mL, enzyme concentration=25 mg/mL PBS, W=83.3);
Figure 7 is a graph showing the effect of polymer concentration on catalytic activity of
immobilized lipase (enzyme concentration=25 mg/mL PBS, pH 7.4, Wy=83.3); and
Figure 8 is a graph showing the effect of lipase concentration on catalytic activity of
immobilized lipase (polymer concentration=12 mg/mL, PBS, pH 7.4, W;=83.3).

| Detailed Description of the Preferred Embodiments

The inventors have used thermally responsive reversed polymer micelles to
immobilize enzymes in order to overcome thé problems associated with the presence of

- high concentrations of low molecular mass surfactants associated with conventional
micelle systems.

Poly(N-isopropylacrylamide) (PNIPAAm) or its copolymers are of particular
interest due to their thermal responsiveness. PNIPAAm exhibits a lower critical solation
temperature (LCST) of about 32°C in aqueous solutions, below which the polymer is
water soluble and above which it becomes water insoluble. As such, the micelles self-
assembled from hydrophobically modified PNIPAAm copolymers are stable below the
LCST, but deform at temperatures higher than the LCST because of the loss of the

‘hydrophobicity/hydmphilicity balance of the core-shell structure and thereby release the
enclosed compounds. Copolymerization with a more hydrophilic or hydrophobic
monomer can increase or decrease the LCST of PNIPAAm. PNIPAAm-based
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The copol yner P(N PAAm co- AA) was synt hesi zed by
radi cal pol ynerization of NTAAm and AA usi ng benzoyl
peroxi de (BP0O) as an initiator and
= yet hanethiol as a chain transfer a
W(fz\ﬁulgas/f@%%pyl acxyl am de (1120 g), acrylic acigxgg':“f(s?%z.o%oouwsv
nmg), 2- |s hydroxyethanethi®?l (78.13 ng), and BPO
(40.37 ng) were dissolved in 100 nL of TI-IF. The
sol ution was degassed by bubbling nitrogen for 20
aniphipHiles copiinére datd GBerTwidely envastigdtétb o fefl miedles o dgueous

ours under nitr n. Th roduct t hen .
SoBGRT i 198 e PBReSHH 1 | BRUGHIR ot hLTD By A oPyiagpylamide-co-N N-
diRkthiyfabSthntl | &e—&cf“—po-@_ﬁ%da&fo_&ti 0 dmciélyyi gepcﬁly@dﬁisdﬁrrgpj;gdrylﬁmhkFco-MN-
.using a slow liquld-.l1qu usj an t had, The :
e R S N S D T e
isz tc@ﬂhﬁd@%g%NQlﬂ&&ﬁﬂh&@Mﬁﬁ?ndM]ﬁtmé _ lgraﬂeg poly[NV-
_ polystyrene standards), usj.n = as e il.e pha .
isqrapachriaPe g0 MRV iRpSDeg paide] olyny Fkitert Siifesized
an@ YRGB TSt dellel fof RicBiporation of ahtiagieh dnips. dthisybntrolled release

roup, including Polymer | (@11%3}, ol ymer H
0‘%"@1‘5@%%&?‘3%@@?’@? Fa0 e gsiieypdby fo r epar ed

2 e e O 100 o 16 B 1. cud-capped
poby(drisepaprydarrlpiirsorsiviic a61d) BQIPAAR e AN) a0 it ipprgtion by
sciﬂ’bs&x%b‘f)ghﬁ@’thefrﬁﬁﬁ't TeSdnsiPO ke Biol HiBIRE. ORictereySrsdiimidsties have

ground to a fine powder and dissolved in 100 nt of
been [gpceesyiin emplgyet foy fheppampbilizatiop. o ﬁézyg’ﬁf-uf\hﬂ gRps were

: cl%%éu%gﬁé%ﬁwfgﬁﬁaﬁg Biniedd o it PR GMer HREaug suth RELBS are compatible

1-Bronotetradecane (1.25g) was then dissolved in 20
with, astmaybe divselvediteduany Rewols plyERts SYRpat REK@pe gpd iscoctane,
wihi bt SRehRnpidIRA £t thé Sfthdsf of ChHAY, ticAls! AGYEO acid (AA)

e product "'was di al yZed agai nst THF using a dialysjis

- wipaintsedused dite theacongrfasingablogle ph the Roljrogap iofan pgepse the LCST

ad efrftfcjaf Qbthitich tERMPALRYPST fleUbBivhiRF td #@égree THGthat enzymes

f1nal product was col lected after. evaporatjon oI}1 THE.
engapguiatedeig the resuliineumieeliess Bossessdygh AP idditondly egylic acd
s ey et
spdig-rlothewp p. diapran phasricelle; asidesmbed phaviegHis ampdledQ js formed

i |a6?81y§1 ' F4) Wehdws only 4
ﬁégg%@nﬁs %%gﬂfgfb f?%néﬂ?gmnggra ure.s?k ;}ﬁ@jﬁl‘éspg?] g%% ilcal S.O 7 ‘
moleaniexAC, bawess if regliysmorh ghag this svquid beslikel toesEseR)s Micelle 10

habs I?teco%géﬁéﬁ%ﬁ'ﬁct?ﬁsin%ﬁﬁ' 6 7 is 20Q0Hdedbl Bhelt 46V EMESmolecule 20
spectroneter (Shimadzu, WV-2501PC, - . .
has a hydrophilic region 50, which primarily resides in the core, and a hydrophobic region

60 which resides pn'maﬁly in the shell. As shown, hydrophilic region 50 comprises
monomer units 70 derived from N—isopropylacrylami&e, which, below the LCST will be
hydrated. Units 70 are such that copolymer molecules 20 are thermally responsive.
Hydrophilic region 50 also comprises monomer units 80 (in a ratio to units 70 of about
100:1 umits 70: units 80, i.c. a:b is about 100:1). Units 80 are derived from acrylic acid,
and are jonised in basic pH environments as shown, and will protonate at an appropriately
acidic pH. Hydrophilic region 50 is linked to hydrophobic region 60 by linker group 85,
wherein the sulfur atom is coupled to hydrophilic region 50 and the oxygen atom 1s linked

to hydrophobic region 60. Enzyme molecules 90 are located in core 30, as they are

hydrophilic. Commonly core 30 also contains other materials (not shown) which enhance
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30 Japan). Sanple cells were thernostated with a
tenperature-controll er (Shimdzu, TCC240A, Japan).
The heating rate was 10C/ min. Critical Mcellar

W(f?):agfgdl%gsatl on( CNC) The CMC val ues Of F@fiyé%57/000199

AOT in the m xture sol vent,
i sooct ane/ hexane/ 1 - pr opanol220: (L111 0.123 in vol une)
were determ ned according to a WO
2008/ 004988PCT/ SG2007/ 000199 25 net hod descri bed by
tﬁuﬁﬁlﬂﬁﬁrﬂf%ﬁzﬁnélhmldcﬁlw S0psuahian baffers. SMideﬂsti Khave d.lﬂ}ﬂﬁrsed within

A i, Y B E i, 2 by 3 hsoponi

cBGikopRRt l'ﬂl%pmc e |50 e€ich hdt RRels 20 whinlkds hydnophilio gore 30
over nj ght . , 8- Tetracyanqu|nod|nEthane was
Qﬂﬂkﬁkﬂ$mpﬁ@%ﬂﬂ ions at a concentration of 1

Y/ Rs! notel@arferMaXhiteBE RN Sddalaing fiicdlied @uthasathat described
room tenperature, and then centrifuged %h rpm

abee, ZEsY e bied S0 Y BhH0% O RO Siasing Fnatgrials 1'% pro®ilt when the

SRk RE CARYARREMIAAHpINNES  RAG B R B&Wef‘s:&ﬁ Thiis ifnlige one or more
5417R, Ger many) sor bance o? t he sol utjons,

reaggwlt (Rl added ofo rdgprhobis aquid, 1R whigh Epnipips Jpise UKot will be

WAR&0dd 2P Me2RBcllar &Q&hdnuamt@&dxafgaazmefsesﬂamllag only one of

sol vent was used as reference._ The inte
0B g1 e whe i BAEBH G TR % rough Shell 40 of

E’%l%rl'ottg Boff 3(P Bh ¥R 30CARGRE b ﬂ.bf&eageﬁﬁ%n%tet %hﬂ&hd’\%ﬁiecules
ta

fromt elntersectlono thetan ent to {he

fl
99 wiieh ate canebils pf satelysaeastion of fis TRASERUS) o He B ffie ensuing
eIy gghel':ﬁéas tﬂmgﬁ;tﬁctaﬁy WOP QRERRST &chipRa. byTéiﬁyme molecules 90.

neasurenents were repeated in triplicate, ~and

The eraiyet then diffusesoutigiomicelies 10, thpopetbshel 494 {de bydigpphis liquid
198 4. %g tEé é%ﬂﬂlfnoﬁé' Hioi s BeCRRERE Olutith! B ?\%ﬁucts may then be

neasur e t asi zer 3000 HAS (Mal vern | nstrunent
reqoglered mny@tmdaukgepwaprpw‘ww a He-Ne | aser beam at
658 ;g %Qzﬂﬁél@ r 'd’lﬁdz@ﬁ 9}ufpos® Alpasdaf MmERR S 9B nﬁa%ﬁwessﬁﬂly

repeated 10 aver agé val ue was obt ai ned
imimebitised inse dher @Wm%mwsﬂwﬁéh? ieeBane hexanelbutanol (1 0.011:0.123

"v??e%% LS Bk C%L gl;iijr:%gﬁfz@d ERBdjig aéti%’k?%d' HRABS for the

re prepare In ectlon of ~an ueous
esigtification 06iaucaﬁéido@dr1u@t§w |1t shosied iighsr gatglytic activity than naked

%g%ﬁﬁg%ﬁ{s%l iSthe. 38brdbeR i ﬁay‘iﬁm!ldbﬁ%@ ni’\ﬁéscmafés 2§ rriuBh more

at varying pH and concentration, and t

s@é}q ﬂlailu gp@e akocqtad)og ponYFRtismals spdiwm é%‘(zl'%fh)"éﬁﬂ’@e sulfosuccinate
ealdﬁjgé 23! HOR' th\é’aﬁaaéﬁoirs %ﬂﬁﬁe 'aﬂer heating,
| SOOCt ane/ hexane @;(E ’

ropane! m xture 0.111:
indicaip} Wat then trmgipliti

& Eom be Hecouer #9111 the reactloq-gnxtm'e by
sggélg Thii Qﬁﬁ%&%ﬁiap&ufp%ﬂiré i) alud BEHAT hHESHAS the LCST

mer “concentration, water content
of ti@-rfolwmesr y[ surfactant]), and I|pase concentration on

theq Y. [ i e
Sldptt&Yo bl IWRAS g&ﬁﬁ%lgr E?(l%ﬂbrno L sk é“:éfmcenh'atmn on the

concentratlon § vari hai L at
cofaly88. activity bf phe eimpnelilisedr endymes owerz51qvmjmq1_edp§§6( gplimized

fzm%)aﬂo&/\goﬁ’(‘ﬁt?ong Wgﬁge {0088 Riersed anlﬁgs, Qnder which lipase gave the.
highest activity, were as follows: polymer concentration, 12 mg/ml; enzyme
concentration, 25 mg/mL phosphate buffered saline (PBS); pH, 7.4; Wy, 83.3. Lipase
immobilized in these micelles was much more stable than that in conventional sodium
bis(2-ethylthexyl) sulfosuccinate micelles. More importantly, the size of lipase-
immobilized micelles decreased, and the enzyme solution precipitated from the reaction



1§

15

30 at polyner concentration of 24 ng/nL. The
concentration of lipase in PBS buffer (pH 7.4) was
varied from25 to 300 ng/nL at pol yner concentration
mML. Pol ynmer concentration was cal cu

W(b?a?gsé@“%?ﬁ the total volunme of the reversed ny@)&?(?zg?mom%
solution. Assay of |ipase a@3ivity and stability The
reaction mxture (10 nmL) consisted of lauric acid
(0.1, and naked or WD 2008/ 004988PCT/ SG2007/ 000199

Qe PRI the ZRtherdnie SRoreabBE toTh ¥hIuE Slighly Highet! Bﬂh&ﬁb BCST of the
30C for 3. hours Mﬁt conti nuous stlrrlggwpﬁe cti be
paixmeT- g in e (W s SR 1 the resftion rcan

. teiihﬁlaiwxs? §ﬁ:l errkthaﬁ ki@t RN @hviiheAGP! Ofertthicl hese thermally

vol une) . The unreacted laurjc acid was determ ned by
respansive FEpeligs thsreforganalie RACPRISIESY SR @V?FE“%EW?Q?
spozynme was defined as the 5 anount of acid

consuned di vi ded by the anount of |ipase used per

i nieterialyh e stablllty of |ipase was eval uat ed by

anal Rk t k- rQat tHufBed by re-

|nté¥9als at OC TE %ﬂe nnré%%?ogmhg%yllpase Ioadedy
| em-h@smﬁ/aé\cafb@eﬁ\%&s geprydeich) gvas purified by vacuum

- G FA0a8 RRES Vas GREPbvE!bBEREAIL Snér chemicals

en1ss on sca ni ng electron m cr oscope ( PESEM

wmmwcahmdwedmoﬂsa@ceBMk eV. Adrop of the

;ﬁ}llmﬁyqyermtion of

%oa@ga ?ﬁ&%ﬂ?%%%ﬂ?%ﬁﬁ’@% fo@mﬁeﬂ ot
ast ahuchmn drabsfer agenf. |N-mopmﬁfaméenad¢ (308D, aeryhoaed (72. 06 mg), 2-
h%ﬁ&g%ﬁ@%%&?g ponS| éagﬁp #?gh ggg?yﬁgggﬁ IG?HﬂAfTBm
Tenwlwupped dﬁéﬂmlmbblmmagmop RO mumt@o“ﬁhﬂ lyn@\og mixture was

t
R
diptblylether anak puotied by W@@ﬁmmmmmhwl et vging oy liquid-

]1(51{1@ monaﬁgﬂbd:r’?ﬁe bt&cERr “@cigﬂt R% the polymer was determined by gel
permeation chromatography (GPC, Waters, polystyréne standards), using THF as the
mobile phase (elution rate: 1 mL/rmn) at 25°C.

Amphiphilic copolymers with different chain length of alkyl group, including
_Polymar I (-Ci;Has), Polymer I (-Ciatao) and Polymer I {-C)sH;7), were prepared by
‘SN2 substitution reaction (Scheme 1).
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copol yneri zati on of Nl PAAm and AA in the presence of

the chain transfer agent was evidenced by the absence
of vinylic proton signals at 55.4-6.6 in the 111 NWR
spectrum of the polynmer (see Figure 2). The

road .
WORIHWIE 5 1.2-1.6 (Signal a + a') and at 8f T’g‘?’é'!”i""“‘”

(Signal b + b'") were attribuded to the protons of
-CH2- and -CH groups respectively, in the N PAAm and
AA noieties. O her proton signals fromi so-propyl
groups (-CHwe2 at 8 3.84 and -CH Vico at 5 1.0,
‘Sighals ¢ and d, respectively) were al so observed,
and their chemical shifts were sinmilar to those of
th DA D,

Scheme 1 Chemical synthesis route of P(NIPAAm—co-AA)-b—C;ﬁzg.

In a typical reaction, potassium hydroxide (3.4g) was ground to a fine powder and
dissoived in 100 mL of THF together with P(NIPAAm-co-AA). The solution was
degassed by bubbling nitrogen for 20 minutes. 1--Bromotetradecanc; (1.25g) was then
dissolved in 20 mL of THF, and added to the mixtare. The reaction mixture was then
stirred for 2 days under nitrogen. The product was dialyzed against THF using a dialysis
membrane with a molecular weight cut-off of 2000 (Spectr/Por) at room temperature for 4
days. The final product was collected after evaporatioﬂ of THF, and dried in 2 vacuum
oven overnight. The chemical structure of the resulting block polymers was confirmed by
'H. NMR (Bruker Avance 400, 400MHz) spectroscopy. The lower critical solution

‘temperature (LCST) values of the polymers in PBS (pH 7.4) were determined at the

temperatares showing an optical fransmittance of 50%. The optical transmittance of the
polymers was measured at 500 nmm with a UV-Vis spectrometer (Shimadzu, UV-2501PC,
Japan). Sample cells were thermostated with a temperature-controller (Shimadzu, TCC-
240A, Japan). The heating rate was 10°C/min.
_ Critical Micellar Concentration(CMC)
The CMC values of Polymer I and AOT in the mixture solvent,

isooctane/hexane/l-propano! {1:0.111:0.123 in volume) were determined according to a



10

15

20

25

30

PNTAAmM due to the presence of AA nol ecules. Since the

pol yners fornmed core-shell structured mcelles in the

buffer their LCST was independent of the core forned
com t he hydr ophobi ¢ bl ock but determ ned b

h
W%ﬁ“é’?’fmﬁ%de fromthe hydrophilic block. All i‘ﬂ]té/s&wpggomw

copol yners were synt hesi zed fmsed on P(N PAAM co- AA)
of the sanme length, 5 resulting in simlar LCST
val ues. These pol yners were readily soluble in

Rahéd dSEHkANyKubakin®s &4 IROSubrRhARd) 8l zomawa, M 'Nakajima, T.
chloroformbut had limted solubility in.n
Kigpoga e Maekavrn, £ar. WelinpdS fanEHCf? n’@ %vé%gf’d cgrcgntration of

ﬁﬁe%n&e ADT Sy MBstoAaP W tthfsoReNtaby SRik@Nbvernight. 7, 7, 8, 8-
significantly increased their solubility in nonpol ar

Etagunearingdispetbangisadded oy iboralutiong s sopeantmtion af | pe/ml. The
&u%r&%&k MR W2 Rurd Qﬂ'ro&'hq rur@! arfellth@f Sh@ifkedid 000 pm

hexane/ pr opanol m xt ures, ormsd reversed
fot B8] mimCSTH0 TEMOYG €84S Te ol %r Stdmemequpgdimetianc(Eppendorf

Endiife BPI R Rierhninh) AbESite 0TS ﬁﬂﬁfn@%'}%&ded on a UV-Vis
- propanol” sél ven 810 111:0.123 é:volune was

sperdiopheldmitar (tapgeaVrEon Japanh Smer 250¢ie) 3P@ nm, jand e catresponding
sbivent e ﬁgedngl MefBdnck! The GRLSHF of lild éaﬁrdf‘:—fﬁﬁrﬂxﬁ%ﬂs otted as a

at .a muc | ower concentrati on when CO ared to
fomaion g lmmtaquemlmeﬂ@mm ”Fhle @ mweqsetaken from the

'Ifﬁé.é%"g’_ gs %]‘fm‘;‘%ﬂe aQn%%gm%l 17 ¢ copo yrre?’lltgg%%ehé’?ga’ al tangent

tlgpaat the mivits att lpwt contentrations, dihe aapasrirgudntcweneirapeatddan mphcate
é&% q* %pht surfactant. Moreover, the

revers mcelles tormed fromthe pol ymers cont ai ned
Padicltesizzimngysisount of enzyne and the catal ytic

actr t §¥§ﬁ t |

the ac aﬁ{l Q fpaseyﬁ%ﬁgggfﬁggggin ?ﬂéﬁ?%egﬁigﬁmgﬁmSOOG

m&mmmmmmnmmum ﬁqﬁppqdrmiﬂlaﬂeém@laser beam at 658
s¥:a| @ennl Iaimglr ?C}Eacx \é@ Slb%ﬂné‘sn %iravmge value

on . en |sooctan

con hexane/
qurobptawdlfmmthtmnepeaxnﬁmbmm 0. 123 by vol une; pol yner

con a9 /ariL solvent; enzyne
con%?r‘?mg J{;I"“S%i’ﬁg/m PBS buffer (pH 7.4) and W

( moReversak rmcediﬁes wettiaiming q&mldnﬂnerru);omhnasﬂ Swergbprepared by direct

BB b4 S 350 B! SPRSSAI IR TSR (o 16 B0 isoivnt

salukiph. Thxolipaye rwas ahme}vted at iRBE=a4vanyjhgripH mﬂzgqmemratwn and then
Sngr T
q:rl‘i;urge%d @é{ﬂ%ﬁ i C ] lnuuf':»?b(renz € ohwe %ﬂ@]fﬁs ThF: polymer was

did@qllvyd'rm isbédRieshwraneti-prbpauit hﬁixﬁﬂa Qﬂ)& 1 E) 0233 MWQ}DIHE) at different
c[ngclétraﬁons.

To opiimize the preparation conditions, the effects of polymer concentration,

water content (Wo=[water])/[surfactant]), and lipase concentration on the activity of lipase
were examined. Polymer concentration was varied form 12 to 72 mg/mL at Wy of 83.3
and lipase concentration of 25 mg/mL PBS (pH 7.4). W, was changed from 33.3 to 150.0
at polymer concentration of 24 mg/mL. The concentration of lipase in PBS buffer (pH
7.4) was varied from 25 to 300 mg/mL at polymer concentration of 12 mg/mL. Polymer
concentration was calculated based on the total volume of the reversed micellar solution.

Assay of lipase activity and stability
The reaction mixture (10 mL) consisted of lauric acid (0.1M), and naked or
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WO 2008/ 004988PCT/ SG2007/ 000199 28 An i ncreased

al kyl chain provided greater catalytic activity of

| i pase. Polymer H mcelles yielded the highest

act | Vi The inventors hypothesise that thj
“Kb%%gﬂgéxPolyner 1l with the | ongest hydropt§g$§?m%mm“99

chai n produced the nnst stalBbe mcelles in the m xed

sol vent. Consequently, in the foll ow ng work, Polymer

1l was enployed. The 5 catalytic activity of |ipase
inihiobibrddi Hee. ThePaliytarer whs incobated kie30°@Wafor Cohpas edthibtritimous

iy B SB35 SO R A Bt e st

sdlﬁ.'ﬁli yfl&ﬁanoﬁhlm Ateosel§l : Vinvbhihe). Fhe ufrendydigyric agidivasiddtamined

b S 1050 TR gAY ACUEI G peGRE HAL D oo e

amfounic ¥ péia thﬁsan@ﬁ deidASS- the a&ednﬂm@mﬁe@phmmel Tlle stability

m.cel l es, indi t|n that. the mcelles
of gt ovas Al B he rovilat gty ﬁ%‘?‘f i ptervals at
3@QZYy e |nn0b|I|zed in reversed mcelles Effect of pH

on catalytic activity One of the Most inportant
f ackEMs affecting the catalytic activity of |ipase is

t herH n‘iﬁrgﬁ&]@g)b \Jtf BpassMadbd ORvESER Ubielidd ewahlaftg@ved using a

density of enzyne surface chan es as function 15 of
trqmsrmsa@nsﬁs%fm etpstor, (EELR) attarh CTYEIOn, Sapning electron

(IFE@@M, 'JE@i%O@%ndl%d‘atb&&Y 3iik é\o\o& aﬂﬁpwaﬁ fashRprepared

4 0 and_ 5. I ncreasin | ed to an inproved
lipage-lgaged d‘ewqdecy‘lle csaition elpelymgr ygongeniiationyjlgymg/ml, enzyme

c&@&mﬁgniﬁ%pﬂn&as B8, .3 PEABInE 0.0 - (%/v) Bk PEEsphOhERic acid

pl val ue of However, further _increasing

i plpesd i cepppe SRl AUOTR R dpPRA i S g parbon
sl afidl was ailidrifa & 8O tGnfYandche net charge of the

enzyme_surface was positive. This led 20 to strong
ign i nt er acti ons between the enzyne

@&qyb@ﬁmgké_@ SN QR ACpdlyieaPS, especi al |y
€ protonated carboxylrc .acid groups (pKa of acrylic
aci dAlkyl gndspapped) POWIES Arero-e)ampptiphilic gapglymers were synthesized

| in MBS, THRRILnERALIPORE AUES. BN Ras s HROUARA by radical

m ni mzed "around the , and the el'ectrostatic

palypenzation spise \%éwémbr arteﬁgo visakehein transten pgetgThesucerss of the
ibatfRl &8 Mid AARCKlVAA ¥n tROFFb&Et 0P the\@af traRRk 93knt was

W is another inportant factor influencing

evidergercby Bedbsrgcs eﬁ@mywmmﬁs g Sa4-pfiip yhe H NMR spectrum

t Sil K
ol R pALS: COTFRCT, IRt CiRe A0 ﬁfj;%?ﬁy‘ﬁ‘%{‘ﬁé‘ ETaf e L1
f—

(Sigral bi*tly) aterd atgibatedze the pratans of apd -CHr groups respectively, in
thgqifl\.ﬂ%g . dﬂ%&eﬁ&sc BkHlef Protéd sibSalSREMAC)-HbpAGHDE (@ HMe; at

curve

" & 3.84 and -CHMe; at § 1.0, Signals ¢ and d, respectively) were also observed, and their

chemical shifts were similar to those of the monomers. The average weight molecular
weight of this polymer was about 12 kDa. The content of carboxylic acid groups was
determined to be 42.7 mg per gram of polymer by titration with 0.01N NaOH using
phenolphthalein as an indicator. The hydrogen in the hydroxy! group of P(INIPA Am-co-
AA) was then substituted by bromide of 1-bromotetradecane, 1-bromooctadecane or 1-
bromoundecance to form alkyl end-capped P(NIPAAm-co-AA)-amphiphilic copolymers.
As shown in Figure 3, the LCST values of Polymer I, Polymer II and Polymer II were
similar, being 37.4, 38.2 and 37.7°C respectively, which were higher than that of
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30 Table 2 Effect of W on catalytic activity and
particle size of |ipase-|loaded mcelles (polyner
c,oncentration=12 ng/nL, enzyne concentration=25

W(g%’é@%% S, pH 7.4). W33. 366. 683. 3116. 6150. IQCT/¥£007/000199

988PCT/ SG20071000199 29 Catal ytic
activity2.81x10-22.81x10-2 2760x10-23.89x10131.00x | e
[gig (enzyme) nmin Diameter (nm 2295327211933
The optinum value for W was 83.3, nuch hi gher than
NP 404 dAb e GhrAcidensdi £A esbletulzel $inee m\mm;)&m@s formed core-shelt

g i cales HoeBpfite et EOSTres HRltaBlctipt s X formed from the

}Eﬁm%ﬁ&ﬁc blodk bl @et@idimatiyuhe siclnpiderfronf telteydfophilicélidoks All the

e GppRE VB ReDaRd s op PHTAMEE- 4] of R Same 1engtn

&&.ﬂldi}igqnsi&ﬁ,}ahgssm@uggest ed t hat the core si ze of

the reversed mcelles is rabletot |ze

of (HESGhETT PredeEiysabEm P‘ﬁ%fr%gﬁ'ﬁﬁ}ﬁwb i, pfopanol and
MR¥horth Bat KAaQirhit iR aibile &y Ahpaluk kolvénts such fag bikxant and isooctane.
Ié)ol ynmer concentr atl on_ toThe

ffect of
entthapicsmes ff prgnallAmaupt pEpolat falyeey Q@PECTFIBHS’@WEM their

ShBMly | B FhipbRr 7 soll &td. €¥8t Nekaafple/ MlieyC GIRGE N kdadily Oboluble in
techiced the activity. It was observed that the size

xmoctapgfhgtenql §ercreapanpLRn ghlnsofopp) and anqlmpfrgss g formed
leQ O BficRQheailk CatldeMbation Qcmeﬁtmd Polyia& in the mixed

erefore {pot hesi sed that increased partlélfe Si ze

lmqgmxe/hmcf wronagol elvents £1:9-h O E23 a5  YotyRe)r gyas analyzed in
&ﬂ{ Sma; ABHOSduRd £ FusHRES BRTMO Jf'PBlyasR QHYP¢I§m&r5III formed

pase. Anot her possible reéason |s

mwplgeérat rimseh Il@gerrﬁaywn‘é’#ﬁ%awi@ﬂtfegwa@fié‘blﬁ@%ﬁﬁ &}? ‘EMC values of
gf.@rqh ol Q\@F w@?] ﬁfﬂm&m A UK 0 RBI/PRbpedtitdly [T indicates

er nal gani ¢ phase duri ng t he enzyrratl Cc reaction

e wgphusnhm eonabmRE POESSLH 2 EFrates ability/toi ferm eqverppd fpicelles than
the small molecular weight surfactant. Moreover, the reversed micelles formed from the

polymers contained a considerable amount of enzyme and the catalytic activity of the
enzyme was retained. Table 1 lists the activity of lipase immobilized in the reversed
micelles formed from Polymer I, Polymer II and Polymer III respectively, which were
tested under the same c,;onditions i.e. solvent isooctane/hexane/l-propanol mixtmre,
1:0.111:0.123 by volume; polymer concentration 25 mg/mL solvent; enzyme
concentration 25 mg/mL PBS buffer (pH 7.4) and Wy (molar ratio of water to polymer)
83.3.

Table 1 Catalytic activity of lipase immobilized m reversed micelles made from polymers
with varons lengths of alkyl (polymer conceniration=24 mg/mL, enzyme
concentration=25 mg/mL PBS, pH 7.4, Wo=83.3).

Polymer Polymer 1 Polymer 11 Polymer Il

Catalytic activity [g/g 1.34x107 2.24x102 3.44x107

(enzyme)  min]
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Ef fect of enzyne concentration in reversed mcelles

20Fi gure 8 shows the effect of |ipase concentration

on the catalytic activity of |ipase. An increased
oncentration yielded | ower catal yti

W%%oto%m%q% This may be because |ipase nol ecuf(égsezuomoowsv

ent angl-ed together at high @8ncentrations, |limting
the lipase nobility and its access to the reaction
substrates. On the other hand, an increased enzyne

congg nhdrédsed Akyl Haiepeovided igraates a:amlyitm actireityvo Simse. tRolymer 11

eSS AT SO b L a5 RREL g i o
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ofthe bulfersolusiamberausaihe ehargndensitnphmzymg sirgsee changes as a function
- of pH. As shown in Figure 6, the catalytic act_ivity of immmobilized lipase was very low at

low pH such as pH 4.0 and 5.0. Increasing pH led to an improved catalytic activity, and
the catalytic activity reached the highest level around pH 7.4, close to the pl value of
lipase (7.0). However, further increasing pH resulted in a decreased catalytic activity. At
low pH (i.e. pH 4.0 and 5.0), the net charge of the enzyme surface was positive. This led
to strong electrostatic interactions between the enzyme molecules and the carboxylic acid

groups, especially the protonated carboxylic acid groups (pKa of acrylic acid: 4-4.5) and
thus low catalytic activity. However, the net charge of the enzyme surface was minimized
around the pl, and the electrostatic interaciions were thus the weakest, resulting in the
highest catalytic activity. |

Effect of water content (Wp)

W,y is another important factor influencing enzyme loading level and catalytic

activity. It reflects the hydration degree and the core size of the reversed micelles. Table 2
displays the catalytic activity of lipase as a function of Wy. Similar to other surfactant
micelles, it is characterized by a bell-shaped curve. '

Table 2 Effect of Wy on catalytic activity and particle size of lipase-loaded micelles
(polymer concentration=12 mg/mL, enzyme concentration=25 mg/mL PBS, pH 7.4).

Wy 33.3 66.6 833 116.6 150.0
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crvethtioR il R M FAL BRrefore hypothesised that increased particle size might
lead to the increase in the mass-transfer barriers of substrates, decreasing the catalytic
activity of lipase. Another possible reason is that larger micelles may not have been stable
enongh fo protect the enzyme from the direct contact with the external orgamc phase
during the enzymatic reachon Ieadmg to the reduction 1n the catalytic activity.

Effect of enzyme concentration in reversed micelles
Figure 8 shows the effect of lipase concentration on the catalytic activity of lipase.

An increased enzyme concentration yielded lower catalytic activity. This may be because '
lipase molecules entangled togethef at high concéntrations, limiting the lipase mobility
and its access to the reaction substrates. On the other hand, an increased enzyme
‘concentration yielded the increase in the viscosity of the enzyme solution, which might
lead to unstable reversed micelles.-
Lipase stability and separation

The stability of an enzyme is important to its practical applications. Table 3 shows
the stability of lipase immobilized in Polymer III reversed micelles over 24 hours of
testing.
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The copolyner of any one of clains 1 to 3 wherein the
nonmer, is selected fromthe group
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nmet hacryl ate. 5. The3Qoponner of any one of
‘clainms 1 to 4 wherein the hydrophobic endgioup is a
C to C24 straight chain alkyl group or a C3 to C24
Tabdn d3 e Stabiifty nofSi Iipaseu ;immobilized 6 Hélpmenpll ymirelled (polymer
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copol ner of N isopropylacrylaraide with acrylic

(g £Xd *copol ymer having a C12 to C18 al kyi .
nﬁﬂpgrouP 9. A mcellar solution conprising
reverse mcelres of an anphi philic copol ymer

according to any one of clainms 1 to 8 in a liquiclL
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ophilic core IS surrounded by a Hydrophobic
developed in the present invention formed stable reversed micelles in mixed

solvent, which provided a stable microenvironment for enzyme immobilization,
10 protecting the enzyme from degradation against organic solvents.
The possibility of separating the enzyme from the thermally responsive reversed micelles
was examined by changing the environmental temperature. The effective diameter of
micelles décreased as increasing the temperature to a value higher than the LCST of the
polymer. For example, the diameter reduced to 432 nm from 788 nm when the
15 temperafure increased from 30 to 40°C. This is considered to be because the hydrophilic
 block of the polymer became hydrophobic when the temperature increased above the
LCST, releasing the lipase-containing buffer solution. Buffer droplets, precipitated from
the reaction mixture, were observed on the wall of the beaker, This indicates that the
thermosensitivity of the polymer may be exploited to recover the enzyme after the
20  completion of reaction, or io terminate the reaction by simply increasing the temperature
~ slightly higher than the reaction temperature.



Amended Sheet EPEA/ AU 32 12. The mcell ar
solution of claim11l wherein a biol ogical substance

is located in the core of the mcell es. , 13.
The roicellar solution of claim 12 wherein the
bi ol ogi cal substance is aj enzyne. ' 14. The

mcellar solution of claim12 or claim 13 wherein the
bi ol ogi cal substance is catalytically active. .
MaimsA process for maki ng an anphi philic copol yner -
conpyi si &Eﬁh go(ﬁﬁygghﬁgﬂg;precursor copol yner
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‘6. The copolymsr of clann 5 WhEI'BIIl the hydrophoblc endgrotp is an

)r_

octadecyl group.
7. The copolymer of any one of claims 1 to 6 wherein the hydrophohc

endgronp is coupled fo one of the moqo_mer mnits by a ~S(CHz),O- group, where 1Lis
between 2 and about 24, - :

8. The copolymer of any one of claims 1 to 7 which is a copolymer of N~
isopropylacrylamide with acrylic acid, said copolymer having a C12 to C18 alkyl
endgroup. _ : - -
b A micellar solntion comprising reverse micelles of an apaphiphilic
copolymer according to any one of cleims 1 to 8 in aliguid.

10.  The micellar solution of claim 9 wherein the lquid is an organic liguid.

11. The micellar solution of claim 9 or claim 10 wherein the mlcc]les
comprise a core-shell structure in ‘which a hydrophilic core is surrounded by a -

hydmphoblc shell.
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20. The .process of claim 19 wherein the liquid is an
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-28. A product when produced by the method of any one
of claims 25 to 27. Amended Sheet |PEA/ AlJ

33

22 The process of claim 21 wherein the biological substance is added as a
solution, suspension, emulsion or microemulsion in a second Houid.

23. - The prﬁcess of claim 22 wherein the second lquid-is an aqueous
Hauid. '

24. A method for separating a_ biological substance ﬁom a micellar
solution, wherein the micellar solution comprises micélles of an amp}nplfnllc
: copolymer according to any one of claiins 1 to 8 in an organic Hquid, said micelles
comprising a core-shell structure in which a hydrophilic core is surrounded by a
hydrophobic shell and the biological substance is located in the core of the micelles,
said method comprising the step of heating the micellar solution to a temperature
above the lower eritical solution temperatore of the copolymer.

25. A method for coﬁducting a eaction of at least one reagent to produce &
product, said method comprising the step of combining said at least one reagent with -
a poicellar solution, said micellar solufion comprising micelles of an amphlphjhc .
copolymer according to any one of c:ianns I to 8 in an organic liquid, whereby the
micelles comprise a core-shell structure in which a hydrophilic core is surrounded by
a hydrophobic shell and a biological substance is located in the core of the micelles,
said biological substance being capable of catalysing the geaction.

26. The method of claim 25 wherein the biological substance is an
enzyme, whereby the method is a method for conducting an enzymatic reaction.

27.  The method of claim 25 or claim 26 additionally comprising the step of
separating the biological substance from the micellar solution by heating the micellar
solution to a tcmperature above the lower critical solufion temperature of the
copolymer, said step being conducted after at least some of the at least one reagent
has been reacted to produce the product.

28. - A product v&rﬁsnproduced by the method of any one of claims 25w 27.
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