A SUBSTRATE FOR | MMOBI LI ZI NG FUNCTI ONAL SUBSTANCES AND METHOD FOR PREPARI NG
THE SAME Technical Field The present invention generally, relates ( to
subst r at ewbaoii/mepsabi | i zati on of functional substances TheTpcesamvodsnvention
also relates to nethods of 10preparing the substrate. Background

Bi ol ogi cal and chem cal assays and processes that are used analytically or
preparatively for research, 15 clinical, diagnostic and industrial purposes
often require -fixation, or Imobilization, of a functional substance onto
a solid support ( r gg:mg?i?r SH‘HQ( the stability
and versatilit §ﬁ ]Cr‘(jg;[ B] %;g N%ﬂ ectiveness and
20activity, a BSMM@E&@@H} MEUIGD BOR FRERARI el'HEoBAMEnpl e,
functi-omal substances which' include biological substances such as enzynes,
are typically immobilized on an ingrt support like silica or polyacrylam de
gel to inprove their stability agai: pH or tenperature

condi ti ons when used- b@e@@ﬁi”ﬁ ﬁﬁﬁ&it\@&@ l@@Hé*ré'l@?y precesses, apd to
facilitate their- subse(%uent separation fromithe reaction products. This
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| obi | i zation of a functional substance including a bi ol ogi cal substance
may bel(effecﬁwwrtﬂtw%aﬂubfrﬁﬁﬁdﬁt zation or chenical immobilization. One
form of physical immobilization is :physical adsorption
(physi sorption), :where the functi onal or bi ol ogi cal substance is attached
to the substrate Vi a encapsul ati on or Bakkgrpustdatic hydrophobi c or Van der
Waal s forces, Et hyS| ca dsq{eotl oanprow des a el ati veI

a
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fixation often improves the stability and versatility of

the substance Without compromiSing its effectiveness and
20 activity, and enables repeated usage of the substance.
For example, functional substances which  include
biological substances such as enzymes, are typically
immobilized on  an inert support like silica or
polyacrylamide gei, to improve their stability against
25 changing pH or Ttemperature conditions when wused in
enzyme-catalyzed industrial processes, and to facilitate
their subsequeht eeparation from the reaction products.
This enables re-use of the immebilized enzymes and
significantly facilitates product purification, which
30 leads to more cost-effective processes.
Immobilizatien.of a functional:subStance including a
biological sﬁbstance may be effected by physical
immobiliZation oﬁﬁ'chemical immobilization. One form of

physicalg immobilization is ;physical adserption



10 reaction Chem cal immobilization typically results in 15

i npr Oved-actiVityY;--.redU ed non-specific adsorption, and higher stability-
of the fuWOtL200AR80ANd/ or : bi ol ogi cal substance. However PCEB62910&P0069

i obi | i zation generally requires the chem cal. nodification of the
functional and/or biological substance or the substrate to pr onote 20their

efficient bi n dlflcatlon rfac of a su

mat eri al , orppq]ﬁ?%sa% B :\fgn"’w?er% 55 ?ﬁlﬁlﬁ 0 |Orﬁ)rtsjt3/3e f?%l%)ﬁm ng
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general ly poorl§: ?SEEPﬁgélchYyE@'rarcowbelﬁ aPT S'f ader n@d‘@fi ?oreean be
achi eved by iiylsdcabhyeassl suehras inen-coval @l at traohimnie19f amsddinity
spacer,_or chenical .nmeans such as gl ut ar al dehyde activation, 30 cyanogen.
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Sone -of these. nmethods also result in a high nef charge on the solid .
Support, V\hlcbﬁrFedhuse%o%%desPPébl ePAeHigFeci B ¢ Wt DQthE  bi HRMEE of t he

functi-onal 20 ors 7 Hi Qogisal §Hb5s@§‘§§1§i@ﬂ>w Sﬁtbsgglé%ﬁtln%“’@?duﬁ?é in a
bi ol ogical / chenical £rocess Anot her commpn probl em encountered wth the
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and/or' biological substance, particularly a |arge polyneric st ance.
This can | ea@nd/®1 d%#@b@%@@l ofubREahanst iienalhaandiadr b)?glhmtmrb,st ance

onto the substrate  yet. rbrzrn%' SlTe CRGAUDEBREY W) o30TE: SASEIRLL @l 1Y

wi
aval I abI e activated solﬁ‘ 8 pports are | ow:
I ~substance to . the substrate as-. a result of a chemlcal

N treactlon Chemlcal 1mmoblllzatlon “typically results in
:"fiszh llmproved actrvrty,ﬁreduced non- specrflc adsorptlon, and
hlgher stability - of the functional and/or vblologlcal
substance. However, chemical immobilization generally
requires the chemical. modification - of the functional
and/or biological substance or the substrate to promote

20 their efficient binding.

Modification of the surface of a solid support
material, or “pre-activation” of 'a solid support, to
improve its binding ‘to a functional and/or biological
substance, typicelly -involves the incorporation of

25 reactive chemical ‘moieties onto -the _surfacev of the
generally poorly 'reactive polymeric material. Surface
modification can:be achieved by physical means, such as
non-covalent attachment of an affinity spacer, or
chemical means | such as glutaraldehyde activation,

30 cyanogen. bromidev activation,’ bromocacetylation,
diazotation, 1onlzlng radiation induced oxidation and

chemlcal graftlng



30stability, pronouncedt oxi ci t yandal ackof bi oconpatibil ity, resulting in

short shelf life, difficult han dling, and limted applicability for

medi cal pwoposie®2807Sone of these nethods rely on the furPCESG2011/000069

nodi fication of "pre-activated" supports with an epoxysilane coupling agent

for the imobilizatiion OF hydrophilic :nolecU es, Other nethods rely on
reparation of a substrate by reactin . bi sepaoxyoxirane linker to

angbi lize a ' nol €¢ul EOPGCPF{élg%starta%ec%rﬁ%t aPic%pI"FHi‘i ELETAREYs TRAPLT n
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for immbilization, Ha, decreasei n _bi de?,r;%géi bi Li té and a :decreasein
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a substrate d&faldmmbhtizahihentsl gt i phabwapehbi ahagical Sybstance's
t hat overcone, or at | eastaneliorate, one or nore of the -di:sadvantages
deschfﬁéd.abb%%ﬁ?QS?¥ﬁ@F§7@ﬂ§ﬁaj€$P%%%d,Cﬁﬁfﬁﬁévhﬂérﬁ%Yh%@sUpﬁﬁﬁ*aEQ? -
conveni ent, JAeXPENS| Veonkehyshs andssgl i able fop phepaki Ng-& subsigate for
i mobi |i zati-on of functional -and biol ogi cal substances. . ; ~ There
is also a nee’PYb-rovilde Pepdtiedt edoni chfargmmobilized - enzyme and
bi odegr adabl & Fory remb 11 oot | ae o Fanct Gt y bl o o aaf 1558 1 ve
subst ances, Tid ahfeht caamprgasedthersi mivbiokiiZzdtziadd cof metwiadss reaged of
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L »diazotation, cyahogen . bromide activation, . ionizing-
'ﬁédiétioh inducédzgoxidation,ﬁ and chemical grafting
"_prod@céﬁcOvaiéntabénds which érevﬁore stable than noh—
 » ¢§véiéﬁti‘béﬁ§§,iifhése;vmethédé EinvolVe the . ﬁse of
" ii5 : 'ﬁazéfdéuéf'éxpénéiﬁéf“édmplicéfed,iand/or harsh:réaction
conditions. - ‘

Some of these methods also result in a high net
charge on the solid supporf} which causes undesirable
non-specific electrostatic binding of the funcﬁional

20 : and/or biological substance during:subsequent procedures
in a biological / chemical process. Another common
problem encountered with the wuse of harsh reaction.’
conditions is the unfavorable modification of surface
properties, which' may hamper the attachment_ of a

25 functional and/orzﬂbiological Asubstanée, pérticularly a
large polymerid éﬁbstance. This can lead to low loading
of the functional and/or biological substance onto the
substrate. Yet :other problems encountered with some
commercially available activated so6lid supports are low

30 stability, pronéunced toxicity * and a lack of
biocompatibilify,f ~resulting . in - short shelf life,
difficult handling,;and limited applicability for medical

purposes.



According to a firSt aspect of the invention, there is provided a substrate
havi ng conpounds di sposed thereon 30 for immobilizing a functional

nol ecul e,Weaeh/was9pound having .a chain conprising: a mBCESEGE2RI0PNY | S
chemi cally coupled to the substrate said noiety R being selected fromthe
group consisting of an ether, ester, carbonyl,

2011/ 102807PCT/ SC%Oll/ 0%(%069 cadebon%te%%%yd r, tpéfgt h%r di §Héfl d@nﬁ#{eff nyl ,
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sul fonyl, and ca onothloyl an epoxi de- contai ning noil ety
coupl ed, t o niduel findeet orR by>fa | "pkeraconpeisdig atupports  with  an

| eCt f - oheHnucl eophi | i C: b 0
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enbodi ment t}mﬁ:mpmlrl@fmcamalmal cmmxn dﬁetﬂﬁmsalmm @f@ﬂbpaﬁraﬁtﬁ}&ct ed
fromth nurrr%g one__ enbodi ne X i.nker conprises

addi tional I @oﬁﬁﬁ%sitéaﬁreoﬂb% FSaWﬂlEﬂ Shi }al%‘?ﬂ?}ffi’%lata%%o #4&SCCdrit ai ni ng

, groups are gowed 10 saindlehaien. tdhisel %Mt&rategeoushea%h&ﬂlﬁrw ty of
the epoxi-de-_-cont-ai ni ng.groups-availabl e to react with a.functional:

nol ecule i s #H?:'?ee‘a%e\éls%ﬁdlEof‘i@@ﬁGeﬁﬁtﬁlotdﬁe leafhbe? Bf CECERAREbINT ZdtS on

site that argiawa I@eiolleeaf@dmén%dpgl%ﬂ@a@twem@p&aﬂ%@a&ed
It i's an advantage of - the disclosure that the |linker increases the |ength

of the tethetePetawen tie f@ﬁ@ﬁoé‘tﬁ’éftlﬁélléém e éﬁd t hd smfﬂ)%‘t’—‘?%ﬁ%e and-Thi ds in
the. b'ﬂ@'ng fgpfddhc1blllty '

There is-a need to provide methods of preparing a-
'substrate for 1mmoblllzatlon of. functlonal and biological
1substances that overcome, or at least amellorate, ‘one or

B hmore of the dlsadvantages descrlbed above. _\

15 ' There 'is' af need ' to prov1de methods = that are
convenient, inexpensive, robust,  and reliable for
preparing a substrate for ;mmobilization of functional
and biological substances.

There is also a need to provide substrates which are

20 stable, easy to handle, inexpensive, non-toxic,
biocompatible and bio-degradable for immobilization of
fﬁnctiohally and biologically active substances, and

which can be used*for immobilization of a wide.range of
substances at high loading densities with improved

25 activity‘and reactivity.

Summary
According to a first aspect of the invention, there is
provided  a substrate having compounds disposed thereon
30 for immobilizing 'a functional molecule, each compound
having a chain comprising: a moiety R that is chemically
coupled to the sﬁbstrate, said moiety R being selected

from'the‘group consisting of an ether,»ester, carbonyl,



20f unctional nolecule to the substrate. I n anot her enbodi nent, the

| i nker conprises a dinucleophilic species. In one enbodi nent, the

di - nucl edpRI2D11¢10P80AAker ' is sel ected from at | east one ofPCAMBGAVKPDONE? am ne
and an al kene-di am ne. Advantageously, the 25 diam ne |inker may introduce
addirtional sites for epoxy- activation Wt hout being bound by theory, it is

bel i eved t hat to five Iecule oxi de-can g conpou such as
epi chl orohya‘f‘?%%)orbaa%e r eatt Wt h. O?‘IB %Béare ofjlc?”irﬁ]lﬁ%'l i n% Plﬂ’é Yis
advant ageousswalst drty s, p%mmtéaﬁkﬁbn@ﬁhﬂWEﬁS%,nd nahhee;d@méyc&oﬁﬁhm g
conpound and i pmobi | | zation sites that al functional nol ecule. or

exanpl e, an BpoXiHe--"@dnséfueritiBl the HrunbBF JRORFEY ahi Pibl @ fjfﬂfnkef

'n“Dbl||Z|n9xmprlslﬂq1aiﬂmgigﬂ dﬂgﬂﬁﬂdﬂﬁﬁphﬂﬂﬁ%|dﬂﬁﬁﬁ conprlses a .
pol ynut| eophi-l'i c: -speC| es. 1 n anot her enbodi'nment,” the pol.ynucleophilit

speci es® may -be alPol Y&Si nERRRHATEN fput rigaki nBUPEpERERdI KETOSHSEM nean
tadaverite, gietdwdene %ﬂdﬁ@@%dﬂ@éﬂﬁrﬁj‘%ﬂcﬁ}ﬂ %Bd}ﬁeci eld agidyd e

i pent-am ne,: and t et rahydrof urf Uryl amne. ~ ntroducti On of the
am ne groupstof SPRENCK| FREICHINSE ekt i oabRy s@fvéﬁdafrléﬁallntfa@@?ald?m

buf fer for the,dmmhid i zed,subst dasecebh 'fsfoéh fyfd hetadyvant age that, 10

ami ne groups can al so function as ion-exchangers to-provide’ stabl M ZI ng
condi ti ons fardthe- i nmobin i 28 : @W@@Hﬁ%@t, | | thes flimtkdeer attvmvtmﬁs t hat

am ne oup ng | t uplLi:ng rst and
eond oo L SN DUELAORIL! LEoTBEL Y HDLC0 R0 Pl

nucl eophi | i ce@’@ui% ~cogit agxamgl egCngsouEplse Teaipdtecongby slalcdieoq:fhainc
nat ure of- thleniasm gggyg %é obhe Ilarékerchés Jeq{élg};r%(}vagltlggeous J%?e[thl S

permts the ‘use o -l-ong rs. whil'st marntaifin eactrvity Kt
epoxi-de- contcmrma'ngﬁncgrpgundpsmeulsabZ@ furt her cadvwaintlageouSurast tdrealuse of

| onger -link t rther reduction _ of steri.c hindrance between the
substrate aﬁﬁdosjlgﬁcghirgm%bsll z%ﬁe%lsj stancée S°e WV atnlt Egﬁsﬂ} }a?lémcﬁgs such
as hexdnedi a;rmmméojalrzezarteﬂcatlsmtteys ctieap asecalﬁrpaﬂadlbo f@irh@l‘nuﬂdbﬂlk]&l’ﬁlrﬁg’ld are
25 commerci al 'Q’u aval I abI e c mmdl mat g{l als. The | ow cost of

hexanedi ani ne enssutT e T nat the d1n ¢16¥Ed 'subst rat e can be mass- produced at

rel atively | ow cDst$s an advantaga btﬂr ther cadvanisage tdmat: the alddean ne

bond f or ned bet vveen t OXI -cont.ai ni n und and the 30 hexanedi am ne
linker is resi Eihey fn %&fgﬁp i Endition™&ich t hat

it can be usmﬂedumm&rﬂa/sdw&rafw a@%ﬁrﬁﬂcﬁ diral o DidRVIGESE Ithd S A

20 functional molecule to the substrate.

in another embodiment, the linker comprises a di-

nucleophilic speCiés In one  embodiment, the di-

nucleophlllc llnker is selectéed from at least one of an

alkyl-diamine and an alkene-diamine. Advantageously, the

.25 diamine llnker may -introduce addltlonal sites for epoxy-

activation. Without being bound by theory, it is believed

that up to five molécules of epoxide—containing compound

(such as,epichlorohydrin) can react:with one molecule of

diamine 1linker. This is advantageous as this permits an

30 increase. in the  density of, for  example, an epoxide-

cbntaihing compoﬁnd ‘and conséquently the number of

immobiiiiation'siﬁes that are available for immobiliziﬁg

a:functiOnal molecule.



WO 2011/ 102807PCT/ SG2011/ 000069 further advantage that the substrate in
accordance with the disclosure is- bi ol ogi cal | yi hert. According to ,. a-
second asWecP1l/1kR7e is provided: ' MethOCH O , i mobi | i PCHGG201/0peneet i onal
mol ecul e on Substrate conprising the step of exp05| ng the functional

nmol ecul e to the substrate according to the di Scl osure. According to
third aspect . ere IS gr ovi de a met od- @J‘b priﬁaLl ng a substrate for
i mobi | zati on o Dt uRGOILORAl 'her'&dn,  thE“FEt hE" &P si iy t he

10Hst eps O pdl}}dlﬂi’l@@pﬂlﬂglcﬂ @ﬁd@r&u | i cIrconroitdsr casd@dliient he tsfwface
-of. the substrate; ]{}[aHOWI ng the .electrophillc -cOmpoUnds to undergo

a nucl eophi IH’Q:lYTS{PHse(C?H $i6h sesHi%h 'E“é‘ypr 8¢: i BeaP RLEFBOPRI | FACYr D -
t hereon and ﬁd\%@stwméﬂcr ﬁnmﬁn@ucgﬁe@mhbclda\aaezfeﬂlbe 1541 Substdrt €

surface; (iii) allowng the nucleophilic gr oup to undergo a -nucl eophilic/
substi. tfll’,ltl ort FHedkitlion Wltq{ikb}fﬂcﬁ%rt%q%‘%lr%hl ‘bf%%ﬁtb‘btﬁ’fbe tlbeﬁb PW Ry an

el ectrophil |&1Cgr1§g&pr£{ygm®m};lataem%face and t hereby increase the
el ectrophilicity of the substrate. 20t is an advantage of the nethod t hat

the el ongat ed spaker iatradhedics the EhecErepls |9 OUPS dhe heimkastrat e
provides incieased aceessipi) 'steyrxﬁgs the Jyncli onal omouaes £ osd e e

el ectrophilic group and concomtantly pernmts an increase in the density
and 25 . reacltliﬂwltlyllo?q‘ect héuélséétlp@phl 1 ¢ igr oap furtthex f advensaae ndiakul e to

t here , i mmbi i unctio n e S [ :
furt hte)it/ advant arlge &a‘:ﬁs{ e%% T IB of kﬁ%lﬁoﬁodégl sg&pp%%@itl%é%é%ncf%ﬁsed
accessi-bi*l i typrofide f. uacaboihaklrrgl e(nsvlneilttaqrh?e efettr oplki | i ongploipl £ et

SOSubsequent %ﬂg@ﬁéé zat?gn %nnLh er O%rg&ea{lgage LR @ne em%o f@a‘g steps

(ii) and (iid7) are tepeate i Mes orm n. generat 0
el ect rophl | izrer wg@n@ﬂysandcéabphmue Iﬂ'éhksngs Eovacpagédny asft hise ,
pernits an e%o ngatiqn of the -spacer and eargloln carl%aLse in_the density of the
el ectrophili groupg and o%sequenetq y J’tche nu of i mvobr Pzt i onC st tes
that are avaeﬁﬁubimrftortlﬂmnmbhérznuglaophmﬁtcogalouml eddre dxamniglee OH
sUbstrate. groups. The strongly nucleophlllc nature of the amine
groups of the linker is further advantageous as this
permits the wuse of long linkers whilst maintaining
reactivity with the epox1de contalnlng compound. This is
20  further advantageous as the use of longer linkers permits
a further reduct;on of steric hindrance between the
substrate and  the immobilized substance. More
advantageously, diamines such as hexanediamine are
relatively cheap‘ as compared to other lihkers and are
25 commercially available commodity materials. The low cost
of hexanediamine ensures that the disclosed substrate can
be mass-produced at relatively low costs.
It is a further advantage that the alkyl-amine bond
formed betweenvthe:epoxide—containing compound and the
30 hexauediamine ‘lihker is resistaut. to hydrolysis: under
physiological fcoﬁditions such that it cau. be ueed in

agueous systems, fof example.dialySis devices. It is a



It is a further advantage that Step (iii) of the Method permts a
relatively faster reaction between the |inker H And the second

el ect r ophwPI2011¢192896und U This results in a decreased raP€TEG2WMOPB6YSsi s of
t he Hel ectrophilic conpounds and a higher incorporation of 10

- non- hydr ol ysed electrophlllc groups on to the substrate. FWhIS i-s-a

further adv as . this_als increase in the 'density ' of
Lhe o ecr ottt 220k Pa8e P2nBE B Yool P E03E, biiatBarg e ovith
further advankagﬂSHidﬁuﬁHrrgﬂhldrbgﬂdammyEMﬁgﬁhsplaced relative to the
substrate such that the /ability of the functional nolecule to be

i mobi Ii zed t her’édiP4 IEhhaﬁcéH PEFRP VP IR Favi eaesubstpanlﬂFFhébnly

one el ectroplitidd = of . ikesPoUDdiRgi ng difteethvnaoupked d@ia substrate. |t
is a . 20further advantage that. this rel ative di splacenent also pernits-

i ncr eased aéﬁ&ﬁﬁqﬁqqt%pTﬁr%F%%%c?h%néFeHDP§0ﬁ¥§oﬁk9%rﬁ?%HQQRQQKQRQiC

group for supsequent @ dihe sﬁ}kkéstifa?ii@ aREAHPL S o fousd b aspect, there
|nnDb|I|zat|on is provided a-:. 25sorbent cartridge for use in a dialysis

devi ce, the sorBEHtOREMT | &@e gonphiBF n@ W etbstHEE asSdeBEPYbeEhet ein

for 'nnDb'“m@ﬂKbdeéﬁe preparfﬁ O%ﬂ'§9b59r§te'H&Q:a§ﬁﬁ6biliagt§ohs<9f0v'ded
a diral ysis nethod 'conprising the steps of: exposing ,a 30dialysate

contalnlnglﬁQﬁ?ﬁkﬁQﬁEM@@i?@@eeast@@§@pmbedhe method comprising the
- 10 :steps of (1) prOViding electrophilic compounds coupled

to the surface of the substrate, (ii) allowing the
ielectrophilic - compounds toi undergo a nuclecphilic
i'substitution reaction to prOVide .a nucleophillc group
bthereon and thereby increase the nucleophiliCity of the
- 15 substrate surface,'(iii) allowing £he nucleophilic group
to undergo a nucleophiiic/ substitution reaction with
another electrophilic compound to  provide an
electrophilic group on the substrate surface and thereby
. 1ncrease the electrophilicity of the substrate.

20 It is an advantage of the method that the elongated
spacer attached to the electrophilic groups of the
substrate provides increased accessibility - of the
functional compound to the electrophilic group and
concomitantly permits an increase in 'the.vdensity and

25 reactivity of the electrophilic group to the functional
molecule to therebyvimmobilize the functional molecule on
the substrate. It is a further advantage that step (iii)
0f the method also provides increased accessibility of a
functional molecule to the electrophilic group for

30 subsequent immobilization on the substrate

In one embodiment steps (ii) and (1iii) are repeated
n number of - times to form n. generations of- electrophilic

groups -on said substrate This is advantageous as this



herein; and renoving the dialysate from said substrate. According to a
sixth aspect, '"there is provided a dialyzer for use in a dialysis 'device,

t he di al YWrer2011/Mg302011/ 102807PCT/ S&011/ 000069 conpri si RETHGCLUBHDI0E? e
asdescri bed herein for imobili zi ng urease.. Hence, Urease may be

i mobi lised - onto a dialysis .menbrane such as a cellul ose acetate
menbrane filter torrprlseg){ n hefdgg yser . Accor di, ngto a, sixth
aspect, t hF T Srovi § (?ngaﬁ%fjﬁodj ® MSRPATIN g i APy SPSTREFST are f or

i mmbi i zi ng;}fem@ém@ﬂ@y ool easl %&e’dﬂebpﬁml1bh@rﬂﬁfpfs0(iar@mn§eqlgeﬁm steps

of (i)'coupling electr |I|c corrpounds to the :10nmenbrane surface;_ allow ng
the. ‘el.ectt opti ?lrbur@?ﬁw‘pocg‘ﬂ Ui g™ HitRdpift i S bt acﬁjreorﬁor j

reactl on tﬁnmokpirpi\/iﬂﬂg & nm{ce@mﬂali Gnd IR ttherepn amkthareby increase
the 15 nucl-eéophili¢ity of the menbrane surface;. and ii |(2? al | owi ng the -

nucl eophi'l i ¢ grokp &6 Lﬁ’ldéPﬁéhérnu%qi%%er‘F‘?c thatst PEEPI ofiiridacPfort M t h

anot her - el egidopii | pérﬁ9t§0'§pfilél%ﬂqueqr3DVféj§t@P %get&@ﬁhudelt%@rm%@n the
menbrane surface and thereby .increase the el ectrophilicity of the nmenbrane

surface for ]rlrﬁﬂ’fﬁﬁllaﬂqqgft@ﬁct P6R&PAD| BEAFEEOPhilic  compound. This

‘results in a- decreased rate of hydrolySis of the
,electrophilic compounds and a. higher ‘incorporation of
::iO vnon hydrolysed electrophilic groups on to the substrate
' »jThis lS: a further advantage, as this also- permits an
- fincrease in’ the denSity of the electrophilic groups on
ﬁthe substrate for immobiliZing a functional molecule
_ ‘: e It is' a further advantage of the method that the
h”iS : electrophilic' groups are displaced relative' to the
substrate such that the 'ability ‘of the functional
molecule to be immobilized thereon is enhanced relative
to -having a substrate with only one electrophilic
compound being directly coupled to a substrate. It is a
20  further advantage that this relative displacement also
permits increased accessibility of a functional molecule
to the electrophiiic group for subsequent immobilization
on the substrate.
According to. a fourth aspect, there 1is provided a
25 sorbent cartridge for use in a dialysis‘ device, the
sorbent cartridge comprising a substrate as. described
herein for immobilizing urease.
: According to,‘a: fifth aspect, there is provided a
dialysis method pcomprising the stepS‘ of: exposing a
30 diaiysate containing urea tov'a ‘substrate as described
herein; and removing the dialysatelfrom said substrate.
According to“av sixth aspect, Ethere is provided a

dialyzer for wuse’ in a dialysis :device,» the 'dialyzer



25t her eon. I n one enbodi ment, the nmenbrane is a cellul ose acetate
menbr ane. Advant ageously, the nethod can be used to nodify an

of f -t he- SWOI2P114i02807si s nenbrane, such as a cel | ul ose 30PCASERMID0¢PeNDr ane,
of a dialyzer. This nodification step allows the surface of the dialysis.
menbrane to have an increased ability to immobilize functional nolecules,
WO 2011/ 102807 / 11/.000Q69 as dialysa e [ €0 en
used in a di%ﬁ@gggé(%g) ?Acc%ggﬁﬁgggg a.g%_eigﬁ%ﬁrggéﬁct?h? %ﬁ% igk%$ovided

the . use ofinnmepilf ¥ atecasedesienbed heresise | may dbal yisimeokdeMises] | n
oneﬁenbodinentE therﬁ.i? %rovide a‘netgodvof %r%paré?g a substrég for
innDbiIizatﬁ%h(ﬁféfu ttrd éfg It Iﬁﬁﬁ%s Pﬁgre h, 2L S thd ﬂ%?h&ﬁzcéﬁﬁ?ising

the steps ofmembrane.ctieln«aldommeissd ngithaiof igtss: dleotaeaphi |ic conpound to
t he-10 5substirate,*a‘in . chenically co Iing a_secand electrc?hiléc conpound
to the ®:;fixs$t ettt dphi ¢ ¢o 2SPR&E " has' ST Todpl eBf Y b9 wifer ei n
sai d . secondtnediasd t @phinbi et ¢ORPOLNd,i aWhen sCaiele@nie0 5 dirndlsitlizing '
el ecti bphili-c conpound, -is configured to imobilize the 15 functional
substance t Wetonional mohgGahesgddGdePn t 'S i PFStNAAd SBESHT *@Fecttophi | i ¢
conpounds arg-58d ested to be displaced relative to each other such that the
abil'ity of the functional substance to be inmobilized thereon is enhanced
rel ative to having 20 (& subsfPEP&1RPt R1EAILY OBRE léFe SOFBININCSC tCongtund
being t@upled to a substrate. Mresadvantageausly, the first and second -
el ectrophi l'ic compounds are selected to be displaced relative to each other
such that steéric hindréhde ef PéPYing the wdicghiroriddd CofcaMROWetoritP 25

el ectrophile are reduced or nijpymized t0 ephianegyhinding Qfpdie fungt i onal

subst.ance to-the second el ectrophific conpound in use. Mre =~

advantageously, the first and/oeaseéond électPdbphifi¢c eonpoimieamybic a

di-erectrophile that 30 ef TeehLugl %O Lok acROPELY NucheoRl 1
substrate into a strongly electrophilic substrate. This constitutes a

changel¥n polarity and reactiviryeophtihgcstibst rapé. the membrane

' surface; and A

(1iid) allowing the hucleophilic group to

undergo a nucleophilic substitution

reaction with another electrophilic

20 compound to provide an electrophilic
'group on the membrane  surface and

thereby increase - the Eelectrophilicity

of the membrane surface for
immobilizing functional molecules
25 thereon. |

In one embodiment,- the membrane _is a cellulosé

acetate membrane. , |
Advantageously, the method can be used to modify an
off-the-shelf dialysis -membrane, isuch as a cellulose
30 ©  acetate membraneggof a dialyzer.' This modification step
' allows:the suffaéé}of the diaiysis membrane to ‘have an

increased ability to immobilize ffunctioﬂal molecules,



AMor e advant ageously, the nethod is a sinple and cost efficient. way to
produce a substrate . that has .relatively high reactivity to functiona
subst ancewof20r1/topsumobi | i zati on t hereon as conpared to sebstscabeso@swduced
by , known netho, ds-", Mre advantageoual ythe second pl ectrOphilic Conpound
is capable of binding stably to a 'functional substance including a

bi ol ogi'‘cal substance spch as:an enzyne. Even nore adyant ageously, the
second S,ucsn eﬂsectctjjoag‘r_}fﬁaitc‘e. : ce(ﬂ“%gr@nsd . %J_'Teerreson, a eﬁﬂig‘bsescft &% or® the

1: 0-- functidnalysdtbstance that is at an appropriate distance Haway.:, from
substrate such that steric hi'ndrance is reducedl none enbodi nent, the.
density of electtdpHitite groupspé G é}ﬁ&?%the;%%%%?r atePireY %&ﬁ% atglﬁjt' 0.1
to about | Mud/gs EREhismiddrddtd educaSsicrpedamemdrdy i g thelialysis -

i obi i zati'on of the functional 'substance and allows the functional
substante t F%e Hhchored to the substrate easily, via the second epoxide
cont-ai ni ng compoyndonkt a&hseqenb@ncesHAe agsessidilddy andnsthygt wal 20
flexibillity of the bound" substance (enzyne), thereby increasing its
activity. THERICIRBed rAtTdas® afss caputiie o1 prdduet nd Wilstites that
can i mobi | ige, chifals | tgapdsy , afdidi hyrhbgandspand/iQy 191 exeBaRge;
particles_ 25lnoneenbod|nent,theflrstandsecond;eLeqtrophlllc conpounds are
epoxi'de cont@ieiirp Compoidsind  ohie SNt HEMBN e diFs el et
CO”PFB?@S-tr5h6§é¥£é§;¢5Hd1 ﬁkﬁﬂ%ﬁﬂiy 5dhﬁilﬂﬁ‘%tggééﬁﬁxgﬁgctrbphilic '
epoxi de- contal ni ng-conpound to. the first "epoxide containing 30" conpound,
This i nCreasesnpdind engt htlof e stet dibecbeemerhl ¢ heoamawel akhatndiaite and

the-subSt rate and aids dp the hindi e, fungtdqn st a 0, the
.oxiﬁahéfsiiéﬁg”t“éﬁég?fgghéggég&#% Qgg%%%%%ﬁ%ﬂi{%ﬁ%ﬁ%%gihgggﬁi {%é?ééﬁD :

2011/102807 RO SEOHI 000068 mpaatd vi t yheof thepbednd tosulsstiahcef trstuch as

an enzyme. Advant ageously. . the |jnker _contal di.t i opal, ;. f i ona
roups to | Rpt Reer ra SRRRT RN prspart S hE0 pbbPhig Lo ' 01
exanpl 85 theflnakiesnamysdostiaide afiqregroups t hat have buffering properties
whi ch may be beneficial when the substrate is used in applicatians Hs"liCh
as dialysis i d Yﬁﬂﬁagﬁﬂy%EXWeF%ﬁay%bﬁi% GOt aPRcGPBu ??ﬁﬁoéhﬂ%%%nction
as anti - oxi dadtisoiddeiaé seavengar s oMb<hd sspphesgntsiatheef wrctdadts of
the sUbstrate in certain applications.: Mre advantageously, thej iker My
provide iri QeedSirtespor Hiendiig Y t Rk Fg@c NE%%%QQ%ﬁr§ﬂﬁﬁ4?QFe
Conpound andf®rpé suRESHUEN:@POXEHEoEONLakRhAn-CaMeuRds vel nefieeing t he

| i nker may increase - the nunber_of epoxide-contajning conpounds 15coupl ed
'to theY subst r BHESHARER i'H Hur AN HcP@&s el ¢hlerophilic " compound  being

coupled to a substrate. More advantageously, the first

and second electrophilic compounds are selected to be

displaced relative to each other such that  steric

hindrance effects in the neighborhood of the second

25 electrophile are reduced or minimized to enhance binding

of the functional spbstance to the second electrophilic
compound in use. '

More advantageously, the first and/or second

electrophilic compound may be a ‘di-electrophile that

v3O : efféCtivély convefts a poorly_nucleophilic substrate into

| a strongly eléctfophilic substrate[ This constitutes a

change in polarity and reactivity of thé'substréte,
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probability and strength of inmmobilization of the functional substance. The
| i nker may al so be neutral and inert which does not adversely affect the
functi onaWo@p11piog80dgi cal property of a functional O bi @CéHGeel1/02@sbst ance
coupled to it. I n one enbodi nent, the |linker does not contain an
epoxi de group. The functional linker may al so conprise a nucleophilic

group. Advant agequsly,_the nucl eophili r-o is reactive and capabl e of
chemi cal | y bi ndi ﬂ%@f% vazcgv%rhtea%e’?oeuc ydphﬁ%?q@%@b%ii]d%-%oﬁ%ﬁ? n@r}gc%%%unds.

I n one enbodéfientienthe fapct konalpddduker is asdbsbueteophinkitc IHakers The
presence of two nucl-eophilic groups . allows the linker to bind to both the
first and s'el&%ﬁ - epod dgl%%ntr i?ﬁi%r]réflég Jdun E??Fb?ﬁ?ig S¥SGARGE et Ween t he
t wo - 30 - epoxi Hen@oil &t 44 igh cg@bidsas | dongsier &bosli sEmd s rat e d 6886 @Re of the
nucl eophi | es of the di-nucleophilic |linker is selected fromthe group :
consi st?ng fﬁy NHORI NMOTPRRS:  More gadeantegepuebiH, GONR - SESEM, COs,
CONHO, . CONRQ o tGRWINH, 1 O un CONRLNRRab ENO, £p iy 1ad rBR s tehiere R apd R2
are i ndependently sel ected fromthe group consisting of "hydrogen,
optional |y .T¥iHstitak edURSEARCEENGREFLRI sabs?%@g@@ﬁcﬁi’k stapt¢ onal |y
substituted @alkynyt, aapidroRAld. Y SIS thbpE edabyk 2888 uisapt | @Al | ye Sybsti uted

heteroaryl . - > TheHdi - ndcl-eophil'ic |linker may al so have the general
fOomila YH$BMIPigheospgund  offers & FHdiding e siitgepéndentihs

o\ B8 LA NIRGAR D0, S5 £90p0, SISO, S 000
HO, - CO 201 NRNH, - CO! s ) ~and PR; is selected
from.t he groifReonst &t i ngues Lhyde ogenchopthenal Isyesulsst ittindsthradeky | §s ‘
O ey 5 SO oA SRR g ALY S St grel
i nteger fromPumrs 268 gram ¢h. &het erbsmrddi néat ,fridre abeuuclOedphidic
| n;ker ‘has tﬁsaoggrherﬁ%of;g.nul?a'g(l ) : . '
15 © This in turn reducks imbedimeht' during the
immobilization of the functional substance and allows the
functional substance to be anchored to the substrate
easily, -via the second epoxide containing compound. It
also enhances the accessibility and structural
20 flexibility of the bound substance (enzyme), thereby
' inéreasing its activity. The disclosed method is also
ca?able of producing substrates ‘that can ‘immobilize
chiral ligands, affinity ‘ligands and/or ion exchange
particles; B |
25 In one embodiment, the first }and second
electrophilic cdmpounds are epoxide containing compounds.
In one embodiment? the disclosed method comprises the
step of using alalinker to couple the second epoxide-
contaiﬁiﬁg compound to the first epoxide containing
30 -cémpound{ Thisﬁinéiéases the lengthiof the tether between
| the active oxifanéﬁéite and the‘subétrate and aids -in the
binding éf the fuﬁctional substancefto the oxirane site.

It also- enhances;'the accessibility and  thereby the

11



30 wher ei n: X and Y are independently selected fromNH NR NHQ
NRO, 0, :S, Se! COO CONH, CONR, CSS, COS, CONHO, CONRO CONHNH, : CONRNH
CONRNR, ONQ20RH,0288[R; whete. R Rl, R2, R3, R4 ar &CirisGapidridend? | y
selected from the group' Consisting of hydrogen, optionally substituted
al kyl, optionally Substituted al kenyl, :optionally substituted al kynyl,
optional l'y suhsti.tuted  aryl andoptional ] y: substituted.’ heteroaryl;  and
o e Y e 1Y it nedsar oadpeasat i el el a 28T 1y A One
enbodi nent , Adwerdiaguthisdophi llkbel i nkiatkés -amayal kybntaaM neadslichi asal -
hexanedi am ne. or. .et hyl ene.di anmi ne, Advantadeously, .the di.am ne |inker nay .
nt roduce addid orI= s Feior tRpaRG oLt CERLPORS \WEHGT B TRy 45 Bound by

theory, it iitsj;'be'hia'evéﬁmstthﬁtdipi'Fo]:fie/seanm)llee,cukﬁé af i repaxi fleyc adraiimg.
conpound (such as epi chl orohydrin) can_react with one nol ecul e of diam ne
ke 5 Thi ST SR ot abeThi SCPEFRITY BROPReTegse TH tha e 1y of
for -exanpl e perdd¥ iRpoxi daheant@idi Bapeerpeendi andis2Q conseqiantdak 1dies nunber
of irmobilization sites that ‘are available for i mobilizing a substance.
The i ritr oductiSh 8F thetarfiife §PBURSSof Tife HIRKEF d1%6 BeRef iTIHAY: serves
as an i nter nploud buffAar fain t hewidimpi | ized substancendd (s a ddudher
advantage that am ne groups 25.can al so function as-ion-exchangers to
provide stabi_qq\ﬁﬂft?%’c’%ndwﬂ%%s i\Sﬁpptlﬁéleinﬁﬁ’obiqh%edfgﬁ%%@_ﬁ%_e. Ot i@l% .
furt herp advaniiags-4dat ; AMRS 1GHRUPS, AT £cstLoNY! Yy vauel eQphidi Ldmking the
coupling of the first and second epoxide-contai:ning Conpound nmore efficient
t han ot her 3giukieephi PRE Gle@pPIIHELdR r bRgr §2ped| 86pRFI ifemaANE T -t he
am ne ‘groups;£X chhe ddnker Lsek 3 Vi ﬂ?&ﬁ JSITES t/hi-Ss perdm e 06
of long "I i-ﬁ)k]g" EB\?\hlélést ' m.%?%it“ﬁ?%gﬁ?éggt iaé\}{ljtygvm t hg‘?ﬁéggpo%%déeg-%%enr%gi ni ng
conmpound. THiEP¥igiefaarntierm iady apengedyss as Inheeifsectof  Thager nkienk eray .
permts. a f; 1er. I ec ion.of ste hi e e %f.% and
_the i mmobi |‘l|L_Hz-ée %Su stanéce_. Hﬁ}gﬁﬁ%‘gdvg(gt ag?g)gj%%%,fﬁltet%&%gﬁgdi LGS

rel atidMely chiegp eas tonpared sutstatdier Whakbr simndurs: aiConaesedaltihe

avai l able c odjt.y, smaterial - The | ost_.of - | i am ensy e at the
di scl 0Sed s sﬁatrjéaki%llg] b%aggrjmslsg(-%ﬁ):reggﬁged Oaif ?ﬁﬁgﬁ?g%%’t%{}v c?sftsstlkig]i S a
further advantrageidrwt ddiestance. The linker may also be neutral and

inert which does not adversely afféct the functional or

biological propefty of a functional or biological

20 substance coupled to it.
~ In one embodiment, the linker does not contain an
epoxide group. The‘functional linker may also cOmprise a
" nucleophilic group} Advantageously, the nuciebphilic
group is_reactive and capable of chemically binding to
25 the electrophilic (epoxide-containing) compéunds. In one
embodiment, the functional linker is a di-nucleophilic
linker. The presénée of two nucleophilic groups allows
the linker to biﬁd to both the first and second epoxide-
containing compouhds, forming a bridge between the two

3 30 epoxide—Containing Compounds._ln one embodiment, at least

one of the nuéleqphiles of the di—hucleophiliC'linker is

selected from the;grdup consisting:of NH, NR,- NHO, NRO,
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al kyl am ne bond fotned when.using' :a hexanedi am nejinker 1-0 is -resistant
to hydrol ysis under physiol ogical conditions such that it gaft-, be;used in
aqueous sWyor2engl02§06r exanpl e dialysis devices It is a fBCTIHGR0IA®VG? age of
t he .hexanedi am ne-linker that it is bioconpatible and _ bi odegradable. 15In
one enbodi nent,  at |east one of the electrophilic conpound and the second

el ectrophi | i(ﬁ c%rrpog%d i?o@” fét%ﬁ?l otB/CﬁL{F{{n. CFS>rS<~:’-jf eE@Q' y,c&g Oepié‘&\l]ﬁyydri n
i s epi-chloroffydri'n. “Si'm I'arl y, “epi'‘chloroHydrin’i s refatively" cheap ds -
conpar ed to CINHNH epidNRNhy dION N&Ad C8020phosndabRe easily as it is a

comerci al l'y avail ablLe gonmodity materjal. Again,, the low cost. of .

epi chl or ohydr.i Hggﬁgu’_%{ésﬁt h%rf‘gt e oq%%ljdéée?esrg%sqr]dr]éf e,s%]a%gsébeegrfé%%r@_ pi}kbeduced
at d'_r. el at i:velgirﬁqujcalsfﬁ.sgﬁm ¢hldf oyt dyead S0 c&;etmi&uazblly eia@i]?sfﬁ%uﬂe?cpi-dl' y
and exhaustivel.y, only 25 givjng non-toxic oduct s ycerol and o
am n’o-'g?rayt‘er%]te]@g/l‘ rand ‘%/thiﬂs@r?%l;- i t gt 1'fjofru‘ié‘i i P f ing PSR e that
woul-d event uald st xentsed {0eydEd calpaiid Xiaf | agos M @OMEr ,aryl  and
because. - epichlorohydrin.is partly mscible with water and fully Hm scible
with-al C-Oh&?tjé?ﬁﬁ%lx%e%‘éb%blj%bﬁ%%mﬁqﬂﬁﬂﬁliﬂran be relatively easily
removed by washi nghd hei substasdie wid h water ngd/ ors@l gohol ehdFwdherqmre,
epi chl-orohydri nand:- i'ts . hydrolysis products are vol atile and roan '
t herefore befMykd ent)y renoved by evaporation. I n One ‘enbodi nent ,
t henetdiod "conprises selecticng-a poorly reactive sUbstrate.  The substrate

of the di'scl-osed- nanosized par-ti}lWan;e, a nmesh, a .scaffold or any

sol i.d-:support -tfh'a‘t ‘i's capabl e’ bein rnepar ed-using the. = - -

formula-(I);:
15
: wherein: o
, X and Y are independently sélected from NH, NR, NHO,
o NRO, O, S, Se, COO, CONH, CONR, CSS, COS, CONHO, CONRO
- 20 CONHNH, CONRNH, CONRNR, CNO; PH and PR;

R is selected from the group consisting of hydrbgén,
optionally substituted alkyl, optionally substituted
alkenyl, optionélly substituted . alkynyl, optionally
substituted aryl and optionally substituted heterocaryl;

_25 ~and |

n.is an integer from 0 to 25..

In another embodiment, the di?nucleophilic linker

has the general formula (II):

30

| R R R SR ‘
- HX%%C—C ) (C = c} (Ar) YH
. ' R? my /n p q :

_ | formula (II) - :
wherein: - ’ o
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, di scl osed nmethod to imobilize a functional substance -bi GdQgi cal

substance thereon. |In one . enbodinent., the substrate is selected from
t he groupvoansliwesoig of a- pol yester substrate, a Pol yanmP@#/SGugnetas e, an
epoxy resin substrate, a polyacrylate substrate, a hydrOxyl functionalized
substrate and a pol ysacchari de-based substrate'. The pol ysacchari de-based

15 ‘sUbstrate. may, be selected fromthe group consistin ‘cqitfon_ linters,
cotton pul p, ‘cot t%naf%‘%ﬁ% iTs, CETTHITS %nﬁ%'e$%%e%%?ﬁ?tﬁ%%%%ag\i%' M(}(ul-ose
powder, m crNROysoOallsines«el todpsepneel ladNrse osmpr aoes, coayen, amif®phane,
cell'ul ose acetate, ¢ ISE, at e 20nenbranes, chitosan, chitin, dextran
deri-vatives _@@%ar@@@er?@ﬁﬁ%es@ O'Tl‘Fggubps%fr ates may also be ‘

bi odegradabl e andvidwes rpviR'onmEnt @y #1iendl ¥ndehicelicakhgwssdhaited

appli ca%i on in-environnental I'y sensjtive applications such as agricul tural
appli cati ons' O™ wakt® 25% MPeat TSN L Hpptd caPt on$Y HFRESubstIRI Y %l so be
bi oconpat i bl euisarchrdted whantihe substbakelys | spbapiegdeéat o dhehumman body
or tn.conjunction with the humanh b exanple in dialysis, little or

od for
no adverse HEItIEFFecsnbatd tarted téél.kyg(ﬁhe ehehreal L ¢ ouptesig Sttt of

the -di-scl osed-pethodsommyohe updamakenic &t HAEMERAL TS d ange of from
-30C.to 100C; preferably fromOC-to 100C. In one enbodi nent, :

S U S.oofm, n, p andgq:is-an integer independently selected
010 fromi0 to 25. »

sl fi;fInfrénéﬁ‘embédiﬁéht,' the difﬁucléQphilic ﬁlinkér: is an

ﬁéile—diamiﬂe'SuthQS»hexanediaminé or éthylene{diamine.

'Advantagébusly, %the ‘diamine lihker'_ may inﬁroduce

_addi%ionél sites%vfor 'épox&Jactivation. Without being

15 bound by:theory, it is believed that up to five moiecules

of'epoxide~containing compound (such as epichlorohydrin)

can react with one molecule of diamine lihker. This is

advantageous as this permits an increase in the density

of, for example, an epoxide-containing compound and

20 consequently the n@mber of immobilization sites that are

available for immdbilizing a substance. The introduction

of the amine groﬁps of the linker also beneficially

serves as an internal pH buffer for the immobilized

substance. It is a further advantage that amine groups

25 can also function  as ion—exchangers "to provide

stabilizing conditions for the immobilized substance. It

is a further advantage that aminé groups are strongly

nucleophilic makihgzthe_coupling of the first and second

epoxidé—éontaining ‘compound more fefficient than: other

30 nucleophilic grou?s: The strongly hucleophilic nature of

the amine groups of the linker is fﬁrther advantagéoué as

this permits the.use of'long;linkersvwhilSt maintaining

reactivity with thevépoxide—containing compound. This is

14



the step of chemcally coupling a first electrophilic conpound to the
substrate is carried out ata,teMoerature fromabout 50C to 60C, the step of
chem cal lwocouplopseg a | inker to the first el ectrophilicpcosgaengdosse carried
out at a tenperature from about 20C to 40C, the step of chemcally coupl i ng
a second el ectrophl lic corrpound to-the |inker |s carrl edout at a

terrperature abo 20 10 .40C, _a t he ste ally cou ng the
; functi onal a%caé adﬁ%‘%eos%scoaf‘lsdr% eclfsr orl(%:orrpo C]Ee % cealfrﬁte% out
at a terrperaiurﬁm‘trm ahmﬂudlotno o€. Adeamtag]ebmstamcéheb@ub@émattﬂae can be
produced and/, repared i .at- mitr- con pns for e

P enpor ot ur 6 SRR T 4 Sror naPat midisher eyl CES n t FARSTERES {0 IS
producti on castsn ik NErLasetk easganofihandhé ngsMeiceadvartiggeousdy, ddef i nal

15 immbbili zation reaction can be carried out under very mld conditions,
such as’in ’a%fﬁ}%}‘&ﬁﬁ’se%u 3 SERRT 2L IS @R not rPaIC%[F?‘ﬁJ%ﬁﬂ%]r]eY SR GRS not

require any @&ﬂhédﬁ%ma{“@@ﬂﬁtﬂ s.THAI Sowl dddhad esndhendd sdnnie dapctivation
or denaturation of e bioactive substance 20 by extreme conditions or

strong reagertat - $liéh 44 SRiLGAEIbeS P ObY 2Rt iT2T NP6t BR S P nRBBIRFSdt | Dh
met hods. Evefbi@gﬁvéﬂyaigv@my Bs 1de, r@ﬁf&%ﬁ%xb@n diethoutnhat

anbi ent tenperatures;” the . inmobilization of bioactive substances on the

substrate m«ingyJal@blrb% wc?ﬂé@rr@ﬁﬁ B i Enth e st XA TR d istiblserubit ke t he
activatgon ofg the substs 6&? hydrolydds aeg&mhadi dEnt o he fé&?&i@i@r{ '

substiances are biologically actrve subst ances such as enzynes, - for exarrpl e
urease. Advasreyeoust yitwhen ‘breased $M3@JuneHIs |SyAsesh. e swRrat e,

t he subst ratg %%{rgfé nld%g, tcté% i rmopﬂ li;zed, ur gase, ale@alrll%% fogfdl,@tllé(m S

appl.ications; exanpl & for the regeneration of peritoneal dralysate or
henodi.al ysatlreeXSFm%dmms ﬂmykeal s¢hieg atit eads, oriecompatiibdse, and

icreatini nase, %&a{ﬁ %sterase cel'l ul aSe, anyl ase, pecti'nase, catal ase,
acyl-ase, peni cT m das prot ei nase-K. In one enbodi nent, the disclosed

net hodl3 urt her cohprésesentibed stape ,ofatchbafascalcbrye cm@pihmgelmetmpmbljec
Subsequent el ectr il Gy C ound th.the f.ir.st .
seconcUel ect TOp o|LI”I?% corrpogn er(gl eCELseacit ospukblslelqcuent %gloélgfjr o%ﬂs’ui 13
col\/pound(s) emtien] coppt Bd. t o b’m’elﬁesabdiy, firgie andesehaﬂldh@bleahrophiéi C

conpounds :is/ar Hc ed to e the functio t ance
Chereon. - Fort S S aE L oy L A O o e SR E b 19
conpound andciseyp onamay cb&p@@leﬂl ectdo cb)t)}hé]rt hepﬁ_hESbhgddlﬁeConﬂzd is -

el ect rophi i, conpaunds.  The el ectrophi Lc groups, as ol pp) osed hereln my

commodity materlal. - Again, the low cost of
epichlorohydrin ensures that the disclosed substrate can
be mass-produced at relatively low costs. Epichlorohydrin
also tends to react very rapidly and exhaustively, only
25 giviﬁg non-toxic products (glycerol and amiho—glycerols)
and thus 1is suitable for use in preparing a substrate
that would eventually be used for medical applications.
Moreéver} becausefepichlorohydriﬁ is partiy miscible with
water 'ahd fulljf{miscible with ~alcohol, any.fexcess
30 epichlorohydrin <can be relatively easily remOVed by
washing = the -substrate with water and/or - alcohol.

Furthermore, epichlorohydrins and its hydrolysis products

15



15| east one epoxi de group. I n anot her enbodi nent, there is
provided a nethod of inmmobilizing a functional nolecule on a substrate, the
nmet hod cowprbsi/ngso7t he steps of providing the substrat eprbasicagii@osgeounds
t hereon prepared. by the nmethod of the 20 disclosure, each of said -
Conmpounds conprising an ether-contai-ning noiety that is chenmically coupled

to the substrate 2 epoxi-de- cont ai ni ng noi ety .t hat .i.s coupl ed, t.o the
boher i ot A Lt T TR RGeS O EE P ORE BoNEa s eRtd S etk vl Sy |
mol ecul e t o sadigheapoaunds - 25 di sposed on said substrate, wherein the
epoxi de- cont ai ni ng noi etg forps-a che}r;n' cal gogdj wi th said functi.onal

nol ecul e i to i mobi?1Ze TROo¢ HagRt p, the metig afCHgEdTs Sy ST Eiferfi cal
bond nmay be @odrony, hyehal wzahd g soval entrhondib Sueh @so Aan i diesdidgkd 30
Consequently, the functional npolecule will be immobilized on the substrate
Wth suffi GeHtned aBPpi (8 afd Raffot THEas13PS eRBVedf PomtHE S rat e.
WO 2011/ 102804RGI# 13204 1/1Q0006% e, a mbe,meihedagfrchibe secang aspecd may
further comprise the step of applying a substantially honbgenous mnixture of
st abili zi ng_ SERRILY védiaént &St heaBuptace of AHEY SHBESPRAFE tBS1BFabile ze

sai d functiofal:mlegcubgerba ops enbedinent. thershepighalapplydnghide
substantiall'y honogenous m xture of ‘additives conpri-ses evaporating the

sol vent. of : ®iudih of S&iPLoddwil i vesPEeRRBCPhe thekRfiTho adind sith . : as
cysteifie andihsetaadhelfesuchoas ascorpl c Anldband: thial s auckas,

mer capt oet hanol . [ n :anot her eénbodi nent, there I's provided a substrate.

havi ng - conpotenist stirsposed t her epalivestemoBubsiratas f ancteeohgnigt ecul e,

each conpound i sing.an et - aj ni t hat i Q@lr@( y
coupled to t-%“ek%s?gtgés ?’at gargn ,aJr}g;epoxélEdlgr! cogr}f%a&r’l%aﬁ%é_l'rmrégt ﬁﬂgt. J?ﬁécéoupl ed
to the etherswwitetatdy & |hyrkeyxsconpraimnaltidehstswret it eophd | iz '
group, whereby, sai d .epoxide-_:20: cont al ping hety 1s. di d.fr id

et her - cont ai-%llrpés;_an%clheatorglcéeo%anstz’r% i P%%JC?%ggf Hﬁ‘gz% &%ﬁy%bc?%g%ﬁeled% ok%égaié(g

epoxi de5 cont sils tiga i by Wiet hoeltesbst dnbmaltist egioupi mdnancs ivgi nof caused
gﬁbgf"r gt ot E:éogﬁo”é ai9ind oI €Ly, 0f, tAg13UPSIAl & 2duantageoust ¥y  dhe

fibers, cellulose beads, cellulose powder,

microcrystalline cellulose, cellulose membranes, rayon,

cellophane, cellulose acetate, . celluiose acetate
20 membranes, chitosan, chitin, dextran . derivatives and
agarose - derivatives. The substrates may also be

biodegradable - and thus environmentally friendly, which
allows their application in environmentally sensitive
applications such as agricultural applications or waste

25 treafment applications. The substrate may also Dbe
biocompatible“éuch_that when the substrate is implanted
iﬁto the human bbdy or in conjunction with the human
body, for example in dialysis, 1little or no adverse
héalth'effects aré_élicited. - ) _ :

30 The chemical coupling steps of fhe disélosed_methods
may bevundertakenfét a temperature range of from -30°C to
100°c¢C, preferablyifrom'0°c to 100°C. In one embodiment,

the step of chemically coupling a first electrophilic
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25 inproved stability and can be produced at a relatively low cost when
conpared to known substrates that can effectively imovbilize functional
subst ancewo-20Mpresoadvant ageousl y, the substrate can be reusedonepaat edl y
wi t hout substantially losing . its _enzymatic properties, 30due to the high
stablllty of bondlng betmeen the bi-onol ecul'e and the epOX|de cont ai ni ng
noi ety.ln addltl tglre i§.no | eaching of potentially hazardous
substances, S ss%kiﬁii%?oqee ¥orc Cﬁ e Eal @ FPIRTATHHR such

as for perltwﬁlam@ YySOSC to 60° tn ene emkedidreninerte 11 nkesup Bidy
non-hydrocarbon such as hydrazi-ne, hydroxyl anmi ne ammonia; water, or

hydrogen sul&i#ghker to | eon%”é?ﬁao@l @f‘é‘mopbhélﬁ ﬁ@@POil@dalsSatQﬁlaltJeﬁtﬁ or
unsaturated gl pi@ta Cter%f?xl /i 0] T 2 td8 &@rzg@abat% .50 1
carbo on 0

carbon i atons, to i n at ons- to 12 car ‘at ons
car bon Gt om;:hemzlqaollacapbopliﬁgataarrsgcoﬁd t&)lEﬁCtCIamd’Dﬂlm on:empanddz t® 4

carbon ato d thellnker IS @ S turated ali ti chaln
, having 4 t048 aq]lgon a o%sgerﬁ%?eoﬁtr:efaerablty SCarHon fe A%hat 20

nucl-eophi I i thgr oup)°©;f sand | thker smap befl omieadcaulqne dﬁupilh_&ld ergrdal
'c.. 15 chai.h or in _between the term nal. ends of the

ends ‘of the hat i
al i phati.c ch‘iﬁfp a&nesmqﬁa MtC tHE MRIVYPHiHFCIRIUp oF LERP R hker

may.‘be chemiical byreoupl eshit osthe; akbppatheuehai nrdy wayuef 2 bpangdt chain
extending therefrom In one enbodi nent, there are two nucl eophilic gr oups

di sposed ‘on W%@qu@rr - pier esablisEratet eﬁﬁﬁnabeenléléO@lﬁC@%e andfati c
chai n.. In ons guhodi megt anlieastcong: PugheoPhidi © Gaup s dispasedhon a

t er m nal aliphatic.chain and Is coupled to er the et or-
epoxi de- conttmmaRp it y i€h ansedondsrly aﬁtlphaph@rﬁnké‘hl@halérgaln

25therEbetWQ%%nst%%fcegdﬁg%eglF&@%ﬁéﬁ%ﬁﬁm@gs§ga5HdHQ%. %%e&%%g to 3

Car bon atons substrate ma her” conprise a coating di sposed
on sai d substf at ehantheirpat i ng cHapei si agvansalgsastlival | y thenogemiousl

”‘XtUFESOf Sﬁﬁﬁgﬂlfgig%lon reaction can be carried out under very

. mild conditions, such as in aqueous buffer at 2 to 6°C

and normal atmosphere, and does not require any

additional reagehts. 'This eliminates the risk of

deactivation or denaturation of the biocactive substancé

20 . by extreme conditions or strong reagents, such as might

be problematic in other immobilization methods. Even moré

advantageously, as the method can be carried out at

ambient temperaturéé, the immobilization of biocactive

substances on the  substrate might also be carried out

- 25 simultaneously or. subsequent to thé activation of the
‘ substrate. -

In one embodiment, the functional substances are

biologically active substances such as enzymes, for
example  urease. Advantageously; when = urease is
30 immobilized on the substrate, the substrate containing

the immobilized "urease can be ~used for dialysis
applications, forf-example' for the regeneration of

peritoneal dialysate or hemodialysate.' The enzymes may

17



30 additives. The stabilizing additives may be selected fromthe group
consi sting of a sugar such as glucose, an organic acid such as

et hyl enedwardneétosofaaceti ¢ acid, an am no aci d such asPEFSGRINBHONE a
sugar acid such as ascorbi-c acid. In another enmbodinent, there is provided
a sorbent .cartridge for use:in-a dialysis device, the sorbent cartridge
comprising a substrate having ceopounds, disposedithereqn. Lhat compri se an

i rmobi | i zed Ur'ease; each conpoun8 conprTsing an ether- ntalnlné)nolety
that is chemsadtasecoupleediimitade, subahyateeand pacepoxsde- contalasag

noi ety that 'is coupled to the ether noiety hy 10 a |inker conprising at
| east . one ruﬁﬁ%ﬁﬁﬁé%]Q?Qﬁ%ﬁi;;%Mﬁﬂ%ﬁﬁfﬁﬁMQ%%£%%8?ﬁ§_-‘ntaining noi ety- is
di sposed from saith etdigy - eabloaiihichg ,noicaty H0sthopbdl imethbe ufeasSter :
nnlecuLi toisaid;substrﬁte.mtthout sybstantjal steri ¢ hindrance bein

caused by sHFTRAIREGS cOoRfai HiFhy RBi t3FTBICA5he COUBSEPEt €7 T T @not her
enbodi-ment , 4@ nisnProvédetoph i ¢ ysbipsRhAOALE0RPInSithG thier &t efpgd of |
exposi.ng a dial ysate_containiing:urea to a substrate having conpounds

di sposed 't het¥dthd hﬁﬂ‘.ef&éﬁﬁp?ﬁ%é?aﬁqmﬂ%qq(ze‘tﬂh%lﬁ?%h%e‘,saé&lchs_l?@s%%hﬁfb%nd
conpri-si-ng ady ithespreontal HdxbRELY t hathens ebepieal | Yocoypted $pigthe
substrate and an. epoxi de-cont.ai ni ng noi ety that is coupled to the ether

moi ety by a §iFKer  cobri sTTRPE | castCoMP et @opHIPTROGISUp,  Whetedy sai d
epoxi deg contal i Ny, Ak et ¥ oi s ghaposed £ romigd saiidcethahicond @i ig-4i ety
to inmobilize the urease nolecule to said substrate w thout substantial
steric hi ndraeedei nd Caused®isai @ ethérdeonfanhthg nbi &ty orsimegr
substrat e; DV ng; L h i S foro Lo substrate af t east’ a
portion of said urea ngggbggﬁﬁgg ?o%gg 38&?6%%5§’F§_gﬁ%%%&?,é%%é%?ﬁgnt,'
there is proigledfitgt usendf serordibst ket ter aeitol ot ngcermreuedsli scl dBlige in a

di a':ySi S devéfeectﬁ%‘}?ﬁ'ffcgegyéh%s rage Suhstyale gap.be Hﬁ?d dfhtain at

- 15 least one epoxide group.

In another embodiment, there is provided a method of
immobilizing a functional molecule on a substrate, the
method-comprisingfthe steps of prbviding the substrate
having compounds thereon prepared by the'method,of the

20 disclosure, each of said compounds comprising an ether-
containing moiety that is chemically ‘coupled to the
substrate and an - epoxide-containing moiety that 1is
coupled to the ether moiety; and introducing a solution
containing said fﬁnctional molecule to said compounds

25 . disposed on said substrate, wherein ﬁhe epoxide-
containing moiety, forms a chemical bond with said
functional molecuiejto immobilize it thereto.

Adventageously} this chemiealf bond may be a non-
hydrolyzable covalent bond, such as an amine—bond.

30 Consequehtly, the functional moleeule will be immobilized
on the substrete‘With suffidient stability'and cannot be

easily removed from the substrate.
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WO 2011/ 102807PCT/ SG2011/ 000069 renpve :toxins froth the dialysate in the
di al ysis device effectively and' safe;y. Definitions The foll ow ng words and
terns - . ¥eaoheresoi shall have the meani ng indicated: - Pﬁ@KKEOMﬂM@p®X|de"

"epoxy .group” or "dxirane" depicts a chethical, :functional group
con5|st|ng of a three nenbered Ting arrangenent of carbon . atoms and one
oxygen atOrti r OIS, | e e r may. be

i ndependent |y sub | tu tchg) hef '?CehremS‘”eeégooxcli.| E;ér:c%’aty%%gf?; glg?r g%% %ecul e or

conpoundiﬂh& snaprb§e$pﬁlyxmmtaosebepenylg&myphﬂﬁ&mxmtmrmuxture
"epr|de co i ni ound™ any c ound t hat an ep
a' conmpound Wﬁ? Q%ngggﬁn%n & geﬁ0|éF§P Ex IaFVr po%i d€ %ioqﬁg?nlng
conpounds arguwﬁﬂndmgmt@xsdeﬁlamda|$axﬁtfmm&%&om@MemoabkyneneInoxhdes such
as et hylene opyl:ene -oxj de- ut yl ene ,200xi ohol epoxi des.
suchas yC|d%ﬁb%§%P%§3'hal%%?drﬁﬁgpsuea a§F@’W&Wﬁor6ﬁVHrl§ﬁ% t? drin,
ep"OdOhydr|Hbﬁoéﬁﬁ5ﬁ@“ﬁ&iﬂﬂﬁﬁ(Bﬁﬂéﬂ&hﬂiéééﬂﬁbmpf&ses evaporating the
br onobut ane, |, 2- epoxy- 4-i odobhut ane, 2, 3-ep

CthfObutamf%#%?%%o%? 4 %roﬁBBHFéHE 2o§ eﬁ&%? 4add1t1ves onto the
25i odohut anes 2, - LPAxY - @T&N@@Hﬁﬁ@ 2 BrepRy Bay Bommpestane, s om

2- 7epoxy ‘5-'chl-or opent ane, et ¢..; epoxy conpounds such ‘as
2, 2-bi.s(p-1, Qﬁ%pﬁ&Vﬁ%bp@??ﬁhéﬁ?@? Pf oFangugar - such as glucose, an

1, 4- bi 8§ 12- epOXWPI OPXY) b8NZENEs Ny 1:hicsli 2md i@ ROXLRIRARY D Ridlel,azine,
etc /- 30The terms "el ectrophi.lic.group”, "electrophile" and the I'i ke as

used herei n 3&i%? sacédarsudlonrer givupls and a -sugar "acid such as
ascorbic’acid and ‘thiols such ‘as mercaptoethanol

In another embodlment, there 1is provided a substrate
havind‘ Compoundsn disposed thereon for immobilizing a

15 functidnél molecﬁie, each compound:comprising an ether-
containing moiety ‘that is chemically coupled to the
substraté and an. epoxide—cdntaining moiety that 1i1s
coupled to the ether moiety by a:linkgr comprising at

least one nucleophilic group, wherebyl said epoxide-

20  containing moiety is disposed from said ether-containing
moiety tTo immbbilize “the functional molecule to said
epoxide-containing moiety without substantial steric
hindrance being caused by said ether containing moiety or

the substrate. AdVantageously, the substrate has an

25 improved:stability:and can be produced at a relatively
low " cost whenb cémpared to known substrates that <can
éffectivély immébilize functional substances.. More
advantagéously, the substrate can be reused repeatedly
without substantially losing its enzymatic properties,

30 due to the .hignb_stablllty of bonding between the
bicmolecule andb’ the epoxide- contalnlng moiety. In

addition, as there 1is no leaching of potentially

19 -



atons that can accept an electron pair to forma coval ent bond. The
"elettrophilic group” used herein includes but is not limted to halide,
car bonyl WAQIHPOE0@e cont ai ni ng conpounds. Conmon | el e®CTEGRI11H800AY be
hal i des such as thi ophosgene, gl yceri ndi chl ot ohydri n, pht hal oyl :
chl ori de, succi hyl . chl ori de, chl oroacetyl chloride, chloroSuccinyl.

‘chl-oride, etc,:_ ketones such.as .chlbroactohe, bronpacetone, etc;

al dehydes s&ﬁ*%ﬁé%ﬁ%o&%??gg?ﬁ?SIigggyf S %ﬂﬂﬁr?uégaﬁgﬁaﬁQFhQFﬁﬁe

di I sCcyanat ein nidd ydeneapsli i Gocyanathich et & oo iefmedll Socyanatse,
cyci-bhexyl net hane- 4, 4tdi i sopcyanate, etc d .L.Oderivatives of these,
conpounds, . TOrh@RStE diWﬁBFeoﬁmq;ﬁ;Eﬁ%&pif ﬁmﬂﬂﬁﬁﬂMﬁQQQaﬁﬁﬂFthe»
li ke as usedsex eids T efy@IrSitiGedn aLarLay18nOHR, Of a@hORBa | hatahawe afy

el ectron pair capable of, formng a covalent bond.. Goups of this type may
be iQni%abléhydﬁgg?%ﬁ§ﬁﬁﬁQQQnﬂ react: as anionic groups. The "nucleophiiic
group” used hereifh i BelUdesbdYind st NOteHd Mt 8dt-0 1y doxyhe y PEL BB Yor
am nes, .secondary amnes, tertiary am nes and thiols. The term"ether" or
"ether .cont dHiHG*r #'e¥%r 31LBhAL 2OCICASS Nofh & i EreBnpour@s 18f Grarearal
formul-a R- Ojé_%orh@“,el_rﬁlﬁﬂolj Rel $a68Po+He termsethers ghy" gkhgk contigl ning
as used herern-is intended to exclude those conpounds where R ~is not :
carbon, for ka@preosi argrsetRér g, i -18 SraraThetens m 2psby dnigrrbaref er s
Lo an 0f gani £ GAIMONGoNGVicAG A 185 [ HPOST ELVE! X 38LRO Glaups fel ect ed
fromthe group conprising pri.mary am no groups, secondary am no groups and
tertiary amane @reupslnaAtcordingl ynker pal yamatelwoest s ldipdMries, chte2ln ami nes
and . hi gher g igs. 4300 The Leripy bi-adedradable " (e clodgor gdabl,g, pol yrer
as used hereinrefers to environnental y-fr[endl§)nater|a s that are »
degradabl e aftim. conpost ablcé coShdh imat @rdwb s ofaysded degmadeabl eAgoripost abl e
by Yarlous li&@i%%d..at one Qf"the terminal ends of the aliphatic
15 chain or in between the terminal ends of the aliphatic
chain. In one embodiment the nucleophilic group of said
linker may be chemically coupled to the aliphatic chain
by way of a branch chain extendihg therefrom.. In one
embodiment, there‘afe two nucleophilic groups disposed on
20  said linker, preferably at terminal ends of the aliphatic
chain. In one embodiment at least one nucleophilic group
is disposed on a terminal end of the aliphatic chain and
is coupled to either the ether or epoxide-containing
moiety with a secondary aliphatic linker chain
25 therebetween. Thé‘secondary aliphatic linker chain may
have from 1 to 3 carbon atoms.
Theﬁ'substrdﬁé may fﬁrtherj*comprise a coating
disposéd on said substrate, the fcoating comprising a
substantially hémogenous mixture of stabilizing
30 additives. The stabilizing additives may be selected from
the group consisting of a sugar such as glucose, an

organic acid such as ethylenediaminetetraacetic acid, an

20



organi sms or by. .exposure to |light and/or oxygen. Therefore, the term

"bi odegr adabl e", as used herein, wll be ,understood to include naterials

t hat ar e woXohiwesegr adabl e, , HPhot obi odegr adabl e and m ecmksicabﬂlmooow

bi odegr adabl e The term "bi bConpati bl e or "bioconpati bI e pol yrrer Hrefers to
pol ymers which, in the anmounts..enployed, are - o

,hon-mgtato a(':{BC/J[Chem o ley |nert and substant.i al I¥ non- |m"ruagog i ¢ when
used in cont N £f*Bi STHgt caP 97 F&i1S of "ExatpPE 9B astia Br “HFGodtS

Sui tabl e ' bifsesmsid hlei pol ymers incl ude, by way of exanpl e,

, pol ysacchari des such as: cel | %ose or chi The term "bi ng%fh mer"

refers to pol ymers?t ARPTRrE FRBAGLBE by e&&|%dPFP8ﬁPF vieng® Of

Exenpl ary 1%:hiopodgdrersd ngkbidei polypeptildes.s aeehees aghds sdbent
pol ysacchari. des, - for. exanpl e ‘cel l ul ose and chitin. The term

"functional "Calf/ﬂffé]rfj% sedOMPEiddsgri bk a SHSEEAE or NalihBEaNCEMRIHIS to a

group of at Qﬂ@sﬁééé’@g%@le'r@o% V\@Ma{:hdion%%féé“ @1@15 theoshentegl propesties 20
of the-substance and the nolecule to which it i's attached: Exanples of

functi-onal F¥UPsCORRPYHE REFBHEAIRE OAS, eé%%é%@ﬁ@lnﬁymy gt ips,
car boxylic ag§ dcﬂéﬁweﬁl@gd doe1The ter 'ETh tasrxﬂ?sttﬂH%éacé'ﬁg" aref &Sk i 2

nol ecule that-25 1s to be detected, isolated, -or tested for, 'and that is
capable of reertd iy v tmob?tﬁblh@@hglﬁocaupéﬁdt tonahes gidtendee istich 28 a

bi ol ogjgal substiance. EXRRPatyq! argel Jml ol esnh@%%HgﬁéMQtﬁ%{tﬁa%o

pol ysaccharides, gl ycoproteins hornDnes receptors
mol ecul es dmr@sebsmasabdl |epe>s<ld@ofc@@tt@|1@1ngr ansietonist ajtl@pmadogﬁe@n and

. toxins, d?ﬁ%mé%l b C Al 5t *1?% Iﬁofgfcyco{@' GURIANY AO LhS ‘%9
nuclelc aci e target nol ecu einvivo, tnvitro, In situ, or ex
Vi vo. moldheld ertm " fandt |31rtai‘.tlsajhst ancésutandubheaht kel usedrherein L

oo o AT A I S HE AR I R
targetl5s the substrate.

In another embodiment, there is provided a dialysis
method comprising ‘the steps of exposing a dialysate
containing urea.to a substrate having cdmpounds disposed
thereon that comprise an immobilized .urease( each

20  compound comprising an ether-containing moiety that is
chemically coupled to the substrate and an epoxide-
containing moiety that 1is coupled to the ether moiety by
a linker comprising at least one nucleophilic group,
whereby said epoxide-containing moiety is disposed from

25 said éther—containing moiety to immobilizé the urease
molecule to saidf substrate without substantial steric
hindraﬁcé being c?ﬁsed by said éthér contaihing moiety or
the 'subStrate;‘ ahdv removing the 'dialysate from said
substrate after at least a portlon of said’ urea has been

30 broken down. _ o

In another embodiment, there ié provided the use of
the substrate according to the disclosure in a dialysis

device. Advantageously, the substrate can be used to
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nol ecul e. The term "functional substances"” and the |ike broadly
encorrpaSSes. .. the biol ogi caI subst ances and bionbl ecul eS. The terns
' bi ol ogi cwb 28ubmtsnces” O "bi onbl ecul es” and the |ike, passd2tiaroeisy ref er
to any substances and 10 conpounds substantially of biological origin. -
Hence, the terns enconpass not-only native rml ecul es, such as those that_
can be isol ated from naturf sogilces qﬁ' so fo%g\s zraL m?Lnts and
derivati ves '@ ed Phetef FOAT &8 Sweti® 2 d Scotbi ndfit F End'SHG% i ci al
nmol ecul es, @ffb&:tllv@lg/ ahdatsdfdst. cp.n.e property of the native nol ecul es
is present. Hence, the term covers organic nol ecul es that are produced by a
living organism i ncl udi ng. l'arge pol yrmeric nol ecul es such as proteins,
pol ysacchari des, and nucleic acids as well as small mol ecul es such as
20pri-mary. met abol'i t es; secondary met abol i tes, and natural products.
Thet erms"bi ol ogi cal |'y. act i vesubst anc®eLindhions i ve substances” and the
i ke, used herei myJ efer dry Q?givyor_td)s A 0ol ogi g Ml eyl 88, 0 have
phyS|olog|caIIy 25 .active .substances having a site capable of-reacting
with or bondihmnwatmlf@r mm% affinity with a target nolecule. This
i ncludes,” but Qt n{ ed,,, st ances. V';ﬂ&: ' C lal y't ally.active
site. such as - enzyigles st an aV| 'ng a sf{% capabl e o ing to 30
specific corqmurujs or sp@@nﬁlcctlcl éQSGSlohaéonpognEIs Csuchsasn@uwél ¢ aci ds
ol i gOhﬂFl eOttlhdreeSé me?r?g(ey JJOnJL_IE% {3 rgéggmgw)df “& dgnggkgbg %%'n’% (M) or
| ectins, vitanins, | des otein ornones, endocrine di stur
chem caI S, smgar sxbngpndsaami thﬁld i keio carboffheattcemsn ““moothg' ridameﬁle :
substrate” ‘'substrate: hat .S 9 erj al..t hat es not
aPpr.eci abl y H}e ¢ reccherrﬁrcgal 1Y 0P BPSEBY ggfl ut?S%fltlzéﬁlctteldonah ?t )%)
bi ol'ogi cal :"esphstidgicenas da&]fsmedeah)c‘tz’e al mosenfallelvbmldl b’bmpsuhel ftllmrttl onal
or bi ol ogl caI subst ancet
prlses least one epOxy group. _ _
'715 ' The " term “epoxide- contalnlng.vcompound" means any
compound that is én epoxide or a compound which contains
an epoxide moiety. Exemplary epoxideé containing compounds
are alkylene oxidés and in particular lower alkylene.
oxides such as ethylene oxide, propylene oxide, butylene
20 . oxide, "alcohol epoxides’. such as glycidol, and
epihalohydrins such as epichlorohydrin, epibromohydrin,

epiiodohydrin, 1,2-epoxy-4-chlorobutane, 1,2-epoxy—-4-

bromobutane, 1, 2-epoxy-4-iodobutane, 2,3-epoxy-4-

v chlorobutane, 2,3—epoxy—4—bromobutane, 2,3-epoxy—4-
25 iodobutane, 2 3—époxy—5—chloropentane, A2,3—epoxy—5—
brbmdpentane, 1 2= ~epoxy- 5- chloropentane, etc.; epoxy

cbmpounds such ;;as 2,2-bis(p-1, 2 epoxypropoxyphenyl)
propané, 1 4- bls(l 2 epoxypropoxy)benzene, N, N blS(2 3-
epoxypropyl)plpera21ne, etc. v ' '

30 The  terms "electrophlllc group" “electrophile” and
the 1like as used herein refers to an atom or group of
atoms that can accebt an electron pair to fcrm a covalent

bond. The “elethophilic group” used hereih includes but
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may conprise a:.biotholecule and the non-reactive substrate IS
conposed of amaterial that is big-conpatible in that 10t he Substrate

mat eri al WO 2A0y10289%i ¢ and does not cause any 'adverse HREASGAIGIPEGY - t O

t he human body Non- - reactive substrates typically polyneric insoluble,
flexible :15 "different shapes,  that the term"polymer"” is used to denote

a chem cal COIMOL n W Lt h h ul ar i ght copsistin nunber
structural unit& i nlkmlot% gtq? Hist lbcg;e V]\Ogo rhbo ARSI erﬁ)(?rgtrilub]d}%/nerl c
mat eri al thatonpourais. 200eact i \e&ea:itd:dpjhid_@‘spathajbl ®ew lidl hiled ogueal as

substances deflned above i's the polysagccharid | | ul ose.
terms "linke é%SlXEseerdLrherel erfy %ﬂr{l'orgarﬁkb hrﬁjlr%\f]y t hat

connect's twn:rplaﬂtls:lsaf asoofmﬁymd AbAs-ussd henebRoatheyter mradkyds,
i ncl ude wi-thin its neaning nonoval ent (" al kyl ") and dival ent %al kyI ene")

strai ght chdi'h GroBrEnched chaitPordeycl i 8ESat ur af€4°RFFphatiielgr oubs

havi ng f r onldh1 d@ 25 teadon BB cbnel, 2t3,; 4alietfidds &udh Wy 11,
12,.°13, 14, 15,16, -17, 30 - 18, 19, 20, 21, 22, 23, 24 or 25 carbon atons.

For exarrpl e, glt}f%xatler m §Itl€ylr i-néFGG¥SnabeE | SSHER | @ﬁtedl%amsfsénhgﬁne
ethyl prdmyslocyaseqréapyl cdrbubyk . 2dlitifs>6lcyahs%ut yl- ,méteerixﬁtyjyéne anyl ,

1 2+ d| met hyIOPropyI 1,1
: 11socyanate, cyclohexylmethane 4,4~ dllsocyanate, etc,and
10 derlvatlves of these compounds V S
-The .terms "nucleophlllc group"; ‘nuCleophile" and
the llke as used hereln refers to an atom or group of
.atoms that have an’ electron pair capable of formlng a
covalent bond. . Groups_ of thlS type may  be  ionizable .
'=15 | 'groups that react as anionic groups The nucleophilic'
group” used hereln includes but. is not limited to
hydroxyl, primary - amines, secondary amines, tertiary
amines and thiols. '
The term “ether” or “ether containing” refers to a
20 class of 'organic compounds of general formula R-0O-R,
wherein ‘R 1is carbon. The term “ether” or “ether
containing” as used herein is intended to exclude those
compounds where R . is not <carbon, for example sialyl
ethers, S5i-0-81i. :v
" 25 : The term “polyamine” refers to an organic compound
having at least two p081t1vely amino groups selected from
the group comprrslng primary amino groups,’ secondary
amino groups'and:tertiary amino groups; Accordlngly, a
polyamine covers diamines, triamines and higher amines.
30 ' The term "biodegradable" or “biodegradable polymer”
as used herein ‘refers to environmentally-friendly
materials that are degradable and/or compostable. Such

materials may be degradable/compostable by various living

23



di met hyl propyl, pentyl, isopentyl, hexyl; 4-nmethylpentyl, 1-nethylpentyl,
2- 7met hyl pentyl, i3-nethyl pentyl, 2,2- dinethylbutyl, 3,3-dinethylbutyl, 1;
2- di met hyWoaoi1028073- di et hyl butyl, 1, 2"2-tri met hyl pr opg¢r/SGRA11D0G69

tri MethyMpropyl,. 2-Tethylpentyl, 3-ethyl pentyl,- heptyl,

2, 27di Met hyl pentyl -3, 3- di net hyl pentyl 4, 4- d| met hyl pentyI

12d|rrethyl ent y. ‘1, 3-di thy ent 147drre ylp

1,2,3-tri netcﬁyq%ujtilnlls' 191, 2° tr| ﬁ% h‘igég tri rre hfl bucf>§>fgen
5- met hyl heptBiegredfordd, rtH’[ehytlé‘tﬁtpt Sbj,odngyddabfmy,l asdan}yéd reck trhe Wi Ke.

Lower al k I are al ro s defin bove 1 to carb tom

i pref erabl>/y %o 4u85¥55ﬁ03$ % “ﬁelfcfeer mmaFﬁJéhﬁILs g?ﬁ‘ ed Her%ein

i ncl.udes wi tdﬂdbidcﬁegmum rmn@%@Itmtlbd@bk%@mbl)aanddhaal eitcddpially
("al kenyl ene traight or branched chain or cyclic unsaturated aliphatic
hydroc bon%z%fﬁ%‘%gﬂf? from2to 25 carbon atons, eg, 2, 3,.4, 5 6, 7,

8, 9, 10, 11, 12,7HB, tdfm 5icdbupd?ibl8y 19, “%Qdoc%?mpaa:%bl@ po’é‘.ﬂyrﬁgr'%

car bon -at-oms -and’ havi ng at | east one doubl e bond, of 20 either- Z, cis or
trans stereothedistFy Wedn@edspl fiekbie, 15n3}%ﬁ‘?er%mi>hn¥heeglﬂl3?lyeéihaﬁ1re |
Exanpl es of r%rkﬂil%hcgr OUpﬁohﬂﬁhl;IQ@tB&}B/ are é}%miéaﬂlltﬁd ton¥icayl , aldyl,

1- met'hyl vi nyl-, 1-propenyl , 2-nmefhyl -1- propenyl 2- nethyl-llpropenyl

1- but enyl , :pqﬁﬁ%%ﬂﬂla mup@ﬁrymmugogenlc when used in” contact with

25but ag enylbﬂoﬂ%ﬁ‘%'ﬁﬁj Pent ety o 3send %Wésrﬁa PV LN,  suitable

1, 3= pentadlenyl 4 pentadlenyl, 1, 4- 'pentadi enyl, 3-nethyl-2-butenyl,

1- hexenyl , th@.e heR@lmerq 3ipekadeenyby 1Wevhe i egwAmPLe, -
met hyl pente gTﬁrpg et vuss Q;Ier% .+ ik, 30 octenyl,

1- nonenyl , rky%lece nyl, the ({}? rEoweur Ekﬁfeny l's larle al kenyl groups as
defined above w tthe t:@rﬁ c:“émbmvlaa:mm# peéeesabloy poiymdrgarhen aatmns _
The term' aI S i d : %ﬁp!
m)noval ent ( a 1%/Chey yaﬁg 5?\%2}%%{ %?le %?}r%%n ned%datn?tsﬁneﬁ ght or ranched
chai-n by cykcicvrmounm:'ur ailedlladiee phabﬂgpepyddesar bomcgeagps ahaxdmg gradm 2 to

A 0. arbdr| n{gt%( aéacf arl 1ng @OII leonéael OA ebuaghcg Anywher e in the

carbon Chai es o a’Ian ups |nc arenot limted to
et hynyl , I - pr bpyI‘[@ll'Ie ]teﬁmut Y'InyIrIC,tSOZ}aﬂU't ynyrlhenl meehyl te2- di)emsqnybe a

3- et hyl - - ent nYI 1- hexy n'eth Ipent I 1- 1 nyl ,
2- heptynyl UJIO %/li | TOREYHAICe - no C(’Jlecynyglij Band’ he IT\Q
Lower al kynyim‘m@éde ﬁI kamyé;en@@tr CIIlIEBtSeIaS:LM |trie@ catmwml Ipr?ops@rtﬁlemr bon
at ons - car bon as used

prefe abI 4 to term'"a

ner o 128 o1 or Sk £ o MRS AT T o chl 1S HEEyHY o 7 Sy5t eM havi ng
One or nore Atoa@ied. I‘EﬁgﬁplLé§| wdi FIJQJnci)tLtIorIMDI gkbﬂpbeclntcﬂ,ud@h&ﬂﬂogen
napht hyl, tetrah dronapht h i nda enyl and the I Aryl

(i ncl udi ng Bt ¢ 3rte g%ﬁﬁbgf' c%%o’fﬁg]suﬁﬁoutp&t'edcﬁff gf%%ff:t Lﬁ%ﬂ‘?w th
one to 20 fiyeosssdnd uetd siiofe nore (typically one to five substituent for
nmonocyclic aryl and npre than-five substituents for bicyclic/oli goc%I

aryl) i ndependent15f st @bt eP FFOMANE GHotip TOMRIStFNG FFOHFRYHe enyl |

al kynyts hal pal kyl pealdk@¥yiedt, hiigalemas, 25r hydsoxy, £BRY Caplio,tHyH Nos
al kyl am no, di al k | ami no, acyl am no, am noacyl - al koxycar bonyl

aryl oxycar boigRaP ki &, £§aR6iHal BRI 1979, bld]éjrlﬁ&(altéfeh?defu%q'%@l

car boxani de, s g4 bandde, i@ bammt & syl et @icsul fonensdl fimalgpiary
phosphat e, phosphonat e, phosphi nate,

target molecules include proteins, polysaccharides,

glycoproteins, hormones, feceptOré, lipids,  small

30 molecules, drugs,: metabolites, COfactors, transition

state analogues and .toxins, or any'nucleic acid that is

not complementary to its cognate nucleic acid. The target

molecule may be in vivo, in vitro, in situ, or ex vivo.
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30 phosphi ne, and protected hydroxy. In addition, substituted aryl groups

i nclude tetrafl uOrophenyl and pentafi uorophenyl WO

2011/ 102880RCI/183011/ 000069 The: t er m " het er bar yPCT/S6hetilvesocused

al one or as part of anothergroup, referstoasubstituted or :

unsubsti t ut edar omat i chet erocyclicringsystem (nonCcYclic or Heteroaryl

groups can have, for exanp|, 3 .tp abagut 50 .c bon .a ons.
Ai et er baryl groupih? YY)?]EI&I I guiﬁﬁEIﬂHgi a?BﬁﬁfgfiBCﬁgt el‘aB@y(?Ihle lr]1 ens
havi ng abouthdlrdin abpsiftedd rbpgaal pnstandmeant aml@@uqarsbomr atamtslxaand/ 1,
2, 3, or :4 heteroatons selected from oxyge nit en or, sul fur Exerrpl ary
10 heter oar YURFRES  MRdiade ButSde ﬁ%g Ellﬁn% &SR, YhEBpHn

i ndol e, azai r@&I@l@aZ@I@ht hb 8z 0hgli nSoxazoke s insethi aﬁ&lhe d mr.daazzglé@,
N- net-hyli mi dazol e, pyri di ne pyr"| m di ne, pyrazine, pyrr

N net. hyI'>pyr rTEPESC Waz@h% et G €S uﬁS%aIAC%%adﬁaﬁlmtéle Ligke
triazoie,: 15‘?&5’6[1 1, %n%oﬁn@a%%@se ‘é—l‘l‘btetﬁl%a%]g%ca]l nMBLP¥LEREEZZOl £hg

benzoxazol e, -benzot hiat.ol e, benzofuran, - benzi'soxazol e, benzi m dazol e,
N- et hyl benzb#ﬁ%]z%‘élesazabenm m dazol e, indazol e, quinazoline, quinoline,

and i soqui noli ne.T8i cyglig %%%lg&cﬁﬂ QTLRR U QEOURS: "%&%@&M@VI
pyridine, pyrimdine or pyridizine rings that are (a) :fused to a .

6- menber ed ardathe (ifksat ursr@dpeneter odpdisc ¥9 ngnha\ﬁu@@t@@@eﬁl taegen -
atom {b) fussdd@@ 55u9tt frlE £’%f§ ?fa‘b @t@%'g%cg‘ip%nbg{%t ed)e et ergeyclic

ring having two nitrogen atons; use 5 ed 25 aromatic
(unsat ur at edje s eencyBpaes rnﬂg haana@n@enml@@elde@t,om@g@tﬂweﬁrhwet h

ei ther one O%(p{%ﬁrac%redo%% SHEEHEt%‘&O%r&E () Jused's o k0.3 5-g8 e‘I{ect ed

aronmati c (unsa ) heteracyclic ring having one het eréatoms
from 0, N orf&mnghe firegmehhist exmodr yllerla’lamvae et e ahemefirom, as

heterocyclic, yjngs that are %bsk ge%ntc{]%r‘?fﬁfmgl%ﬁe%ul%sf, Skl |

substituents |ndependren(fcfy Set'ect ed group consisting o
al kenyl5 al kioryd admaIat)a[LbyIst ahleopyropbmtgraldfome r’rwtdnm(yuolecules is

mer capt o, am no aI K I ky am no I am no
al koxycar bongf/lfé ey Io gngon\sI %%FI&O oﬁ%‘?‘mcnl oaecu%:igrsbo%(h? dehyde,

car boxy, Cardoﬁkanpﬂ@du@@di badd dea lcvarrb@nadsﬁgamsm,l faire:lxsd:lriganal&rge
SUl . finate, ph hat e, QOS Cnat e, phosphi na% i pnosphi ne-,. and. protected
hydroxy. Thebt BYIT - bipt SRAFY Sibst IE0t 6F  BEOGELHSherd? Y TEHE T 11 oup to
whi ch' this atér mucekears anayd@e au;nsubmu ta edmadl I\mylebmmﬁostsut:ut ek vm th
one .or r rou i ndependently selected from aljfl JF al ke al k
aryl, et er dRF§T2EY hfﬂ&gﬁﬁyﬁlt@ﬁm Brar: BLI SN AT AT R E S
hal o, . ' Car b@gwdiuct:gr bOxyal kyl ,  hal oal kyl, hal oal kynyl , hydr oXy, aI koxy, :
t hi oaf koXy, mer Cagt o, al kenyl oxy, . hal oal koxy ,
terms ‘biologically’ active substances”,
"bioactive substances” and the like, used herein, refer
broadly to mean biological molecules or physiologically
25 active_substances{having-a site capable of reacting with
or bonding with or having an affinity with a target
molecule. This ihcludes, but . is not 'limited, to
substances having a catalytically ZagtiVe ‘site such as
enzymes, substances having a site capable of bonding to
30 specific compounds or specific classes of compounds, such
as nucleic acids oligonucleotides, deoxyribonucleic acid

(DNA) , ribonucléic; acid (RNA), .or 1lectins, vitamins,
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15hal oal kenyl oXy, nitro, am no, nittoal kyl, nitroal kenyl, nitroal kynyl,

ni troheterocyclyl, al kylam no, dialkylam no, alkenylam ne, alkynyl am no,
acyl, al REA@911/10280kynoyl , acyl am no, di acyl am no, am noREFISG2e1aPhe%Y

al kyl sul fonyl oxy, heterocycl oxy, heterocycl oam no, 20 hal ohet erocycl oal kyl,
alkoxycarbonyl aryToxycarbOnyI azi do, carboxaldehyde car boxy, ’
car boxam de, m de, car bamat e, hydr o am ne, fate, .

sul fonat e, S%?E? Jrfg ¥ aFyISiliteny | | Oﬁf“@?éar b0%§?8§§ln§| kﬁl*ﬁ%rb%% thio,
phosphor us- cm\émimm, gsrmmsS,sump]asS psh@pha; e,1i125. phosphonat e,

phosphi nat e and phosphi ne, ar, Hlet eroar al kyl ar al kyl het eroaryl ,
cyan, cyanate, isptyaniBem - ‘é@@)r M a|li&ﬁ<7yt'lvet:(o¥ ¥E9F?2 afEang 0)AR R',
where R ancbﬁas@f@té ndependentdomdysl0gen, aaldder iyl tRhthelriOaiy as.
defi: ned herei.n. -30The term " hal ogen" or_ variants such as "halide" or "hal o"

as used her e?FPPIF%‘fje‘?‘kélifo ¥4t i e he, Obr GA N B odi fetth  a The

term "am no"fghct Ssndme’ oﬁsbi@@ng@éE' Bub8f 8hSet AsOHRYAS %fbévlee fofm
-NRaRb ‘wherei-n Ra and Rb are :individually selected fromthe group -

i ncl'uding butoTht STPPHIFRCS 0 Rydr 6§BALIOBRLI eallip amistdl 3 ees mdonal | y
substi tuted Iﬁé;k%pr% '@r@idﬂolsé{'p.?lté téﬂcf"q:l'?é I?deiremwt m}éfte

substl tuted.-aryl.groups. "The terns "chem cal l-y, coupl ed
'chemical ly bﬂu‘f«)@épo%lﬁh@ @fam’rﬁﬁii@élla\llaﬁbéfil a8s blecssioatdfdre tim t‘flffeat

coval eng an%wme%e&eaEebd@@'qua f 1@'9819' €3xand imel %%%ﬁ. #%%pﬁc;%ﬁé&a' Ly,

but not exclusively, coval ent bon ectrostatic rogen
bondi ng .and amn ePeiVaNﬁ@l Shepdhdi ngffeq’he ter mhenbomaassbbdyh i ndioreect and

,direct bOn egm S a st conp cal
coupl edsecog%l corrpoun %&t . conneﬂcartl onaffl al% %oﬂéﬁﬂﬁ ectgl)c/%em cal
bond, O thrbmgipc’a]nly ndlgqéd/trneafhem cabtbondlei a bhaer C@n@ourgb;eﬁalrﬂ@rs or

ConneCtlonS 1nsoluble, flex1ble ~and Wthh ean conform -to many .-

?‘;15 : ‘dlfferent shapes, 1nclud1ng curved surfaces. It-ie noted :
that the term "polymer" is used to denote a chemical
compound with high. molecular weight consistihg of a

- number of structurai units linked together by covalent

bonds. One exemplary polymeric material that is noh—

20 reactive and biocompatible with biological substances as
defined above is the polysaccharide cellulose.

The terms “linker” and “spacer” as used herein refer

to an orgahic moiety that connects two parts of a

compound
25 As used hereln, the term "alkyl” includes within its
| meaning monovalent " (“alkyl”) and divalent (“alkylene”)

straight' chain or branched chain or cyclic saturated
aliphatic groups having from’l' to 25 carbon atoms, eg, 1,
2, 3, 4, 5, 6, 7,.8} 9, 10, 11, 12, 13, 14, 15, 1le, 17,
30 18, 19, 20, 21, 22, 23, 24 or 25 carbon atoms. For
example, the term_alkyl‘includes, but is not limiﬁed to,
methyl, .ethyl, prropyl, 1sopropyl 1- butyl 2-butyl,
isobutyl; tert-butyl, amyl, 1,2- dlmethylpropyl 1,1-
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As used herein, the term"urease unit", or urease "enzymatic unit", [U],
refers to that anmount of enzynme 20(urease), which causes the |iberation of
one ni cr onol2e1ofozs@wrmoni a per mnute at 23C and pH 7.5. PCT/SG2011/000069

Thewor d" subst anti al | y" doesnot excl ude "conpl etely" e.g.ia conposition which
is "substantially free" fromY may be corrpl etely free fromY. Were
25necessary, .t he wo stanti be omtted fromthe definition of

the i nventi on* methy{p{?ﬁ’ 5 %%rétcai'l eJdS%EP W selC¥ b t TRt EbRPRT ¥ ng” and

"conprise" ,_B—Hﬁb‘gﬁﬁI@S@ﬁt;ﬁﬁJ varinhs, hereaf,, ansemkRhendedti,Q,repsesent
"open" or |nclu5|v " _|anguage such 30that they include recited elenents

but al so perPECTHEIRIST Bl of /A 1S Uhal Putint ecl t #odErerRntRutYL, 1, As used

herein, the cﬂﬁﬁéﬂh;am in-the gont Qx'ttr(ﬁne%@@'(?_%&roﬁ)%tl' ons of cpnmpopents of
t he: forrrulatlons i/pl caIIy eans -F. /- 5% of .t Stated val ue,’ nbre

typi: cal Py + r“ﬂ%%‘f RFRPEL at e VartRENHvt € 3Ypteal P§nty B, kEDENR, stat ed.
val ue, -nore mémgm@éiyl 4 z%ﬁétﬁﬁﬁpeﬂﬁ ed; Vﬁl&'ﬁngﬁ/ﬁ%l}g%r?@}/%ypﬁ cally +/-

1%of the stat val ue even m)retylcaly14 0 e stated
val ue. : Thr o@:@?@mymﬁ%tﬁdismbu%n@m%@y w@ywboduheht@lm@yhjobp@m*smbsed in

a range fornpty- Cﬁfmmgerp@yynder st 90g t3harrl;nlg(§h§ Elftg&t' on in 1 Fange

forMat is merel y- for. convenience and Brévit Hot be cons rued as
an inflexibleringmyuan onlt he3s‘é©p@et€hy{ihetdﬂscImmmn@@tyl 1-

Accor di gg| Y:me 1P HESEH Pt beegf ge abayhd he.popsLdaned o have

speC| f| cally di ( al | 055| '€ su ah4és.” as weltT"
s i-ndi vi duad 1 idker zal al&*iy&algmm thsndekffa,tneldartgmvd:ol ,emarﬁnl ®rbon

descrlptlon fro t st oul d be considered to havé
ok sclgsegéﬂiﬁ- rB;jIsl Lk aﬁ) rﬁni to 3,

speC|f|caIIy anges suc fromlto 4, froml
to 5, from?2 to Ahd roer? t'el@enfiorh aa$ Ouﬁeét tereds vieldlwaked neli i thual

nunbers VMttH{Ett“%eanlng monovalent " alkenyl”) and divalent
15 (“alkenylene”) stralght ‘or brancﬁed chain ' oi'Acyéiid
unsaturated aliphatlc hydrocarbon groups haVing from 2 to
25 carbon atoms, ég, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21) 22, 23, 24 or 25
carbon atoms and having at least one double bond, of
20 ' either E, Z, cis or trans stereochemistry where
| applicable, anywhere 1in the alkyl chain. Examples of
alkenyl groups include but are not limited to vinyl,
allyl, 1—methylvinyl, l-propenyl, 2-methyl-l-propenyl, 2-
k methyl—14propenyl,:i—butenyl, 2-butenyl, 3-butentyl, 1,3~
25 butadienYl, 1—peﬁtenyl, 2—pententyl, B—pentenyl, 4~
pentenyl, 1, 3—pentadienyl 2,4-pentadienyl, 1,4-
pentadienyl, 3- methyl 2= butenyl 1—hexenyl, 2-hexenyl, 3-
hexenyl, 1,3- hexadlenyl 1,4¥hexadienyl, 2-
methylpentenyl, 1-heptenyl, 2-heptentyl, 3-heptenyl, 1-
30 octenyl, 1l-nonenyl, 1l-decenyl, and the 1like. Lower
alkenyls are aikenyl.groups as defihed above with 2 to 6

carbon atoms, prefeﬁably'Z to 4 carbon atoms.
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20range, for exanple, 1, 2, 3, 4, 5 and 6. This applies regardl ess of the
breadth of the range. Detailed Disclosure of Enbodi nents Exenpl ary,

non- | i m twogoemesbrnment s of a nmet hod of 25 preparing a subscrati®odoas

i mmobi |i zati on of functional substances thereon and a substrate for

i mobi lization of functional nolecules thereon, will now be disclosed.

The substrate has conpounds di,sposed thereon for | bilizing a fu cti onal
nol ecul e, a@?’? g?rﬁ%unda ﬁg 36°%a chr?aff g%ﬁf}?i sﬁ@ esm)i”étg?
chemical ly emusied;to thensubsenat e S@Iajlmﬁt'w R bekng sel eﬁ[@dlérrtom t he

group consi sting of an et her ,. est car b?ﬁi%/ car bonate ester, thioether,
di sul fide, sulFis¥pyl e’srlﬂfonysl € cdtbo arﬂ gipidh or ‘cyclic
epoxi de- contlﬁismtngcar@oetamtmﬁtllcs Ul edrdan t%}Q)lfﬂ)J etk IR Pye ork | nkes
corrprl si-ng at | east ' Onel nucl.eophi.lic groupTaqg enbodi nent, the nmoiety : R

is further sl e€e&qory oﬁ’f%sgr%tfbc’@ﬁl‘@ﬂgngat)f kgpsini A8 aht Helec A bihi de
Ur eaS and glg%{yvﬂ{éleé in the |du a5 erodi ”Erﬁxénk&@éﬂ@@rﬁlﬁy&ﬁgfm

' excl udes at .I'east ‘one of ‘oxygen-containing noieties and sulfui- cont a| ni ng
moi et i es 101iM@isichebUbnisae it , Lime tehsta atehovpr i de®raryNyddi tional

epoxide Contkﬁl group yroupled to fhe ghaim i pang embodigentyr_{he
nunber : |rit1’|glonal epoxi de ‘cont.ai ni ng."gr oup. dsel’eeted from t}f'ue nunber
1, 2, 3, 4 etmtijln arobisert venBadi ménhexanyleastmeney bperhentbadditt onal

e COnL AR oReb e, BOUP) dd said cholac bk he uBbeaaniLe ||
groups to wdstyrsal.d addi mfmallb@oxﬂdmecfomhkmﬁbelw oaps axlekyuupdret to
Sald Chaln éfb&ﬂgn'yﬁ' %@Qﬁ%k@?“%bo%%e with 2. 6 carbon ‘atoms,. '
: preferably 2 to 4 carbon atoms ‘ | __b .‘
\ | The termv“aryl” as: used hereln refers to a: mono— or
xe;15 : ’multlple CyClle Carbocycllc rlng system hav1ng one or't
more aromatic rings including, but not  limited to,
phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl
and the .like. Aryl groups (including bicyclic aryl
groups) can be unsubstituted or substituted with one to
20 five substituents or mofe (typically one to five
substituent for monocyclic aryl and more than five
substituents .for bicyclic/oligocylic aryl)
independently -seieCted from the group consisting of
alkyl,'alkenyl, alkynyl, haloalkyl, alkoxy, thioalkoxy,

- 25 hydrexy, mercapte, amino, alkylamino, 'dialkylamino,
acylaﬁino, amihoecyl, alkoxycarbonyl, .aryloxycarbonyl,
azido, cyano, halo, nitro,. cerboxaldehYde, carboxy,
carboxamide, carbamide, Carbamate,; sulfate, sulfonate,
sulfinate, phesphate, phosphonate, phosphinate,

30 phosphine, and  protected hydtoxy. In addition,
substituted atylv.groups include tetrafluorophenyl and

pentafluOrophenyl}:j
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20 additional epoxide-containing groups may branch fromthe chain by
coupling with the additional nucleophilic groups of said |inker. I n
one enbodwent1/10e89& nucl eophilic group of said |inker i £CASGANE1H80069 The
l'inker nmay be selected fromthe 25 group consisting of saturated and
unsaturated aliphatic and ar OITB.tI c ami nes, diamnes, and triam nes I n one

enbodi nent, the at | rat S of .sai d.am.nes are al k rou
| n anot her errbod?frrlr%eeﬁ'?C q? NKetr™ T ly e OHt% ghn ‘an S\B%depox(%/cFe grousp part g

anot-her enbos neretnottﬂm i rgk@ancorrplrefeSSa dite. nacl eppbéticuspeci esc The
di - nucleophlllc I|n er n% be_ sel gcted fromat 'l east one of an
011

al kyl - di ani t&"3HP £162867BCT/ m&q%‘(ﬁ)}d@ afFkBfedi aii Hei™ one

enmbodi ment , (uﬂrtﬁqcchycnmi eophiddec1id nke{eﬂér@aeﬁﬁrtcﬁjdadpssnreat Heast one of
et hane iam-ne, i pr opane di am nepent.ane- di ani ne;

| LTLOneenbodi RIS 1 het BPT nuePeBphi 15 ¢ 19 nk&PorE thanéifﬁré’rﬂnne §%Phot her
enbodi nent, ,Hetéﬂ%ﬁm ﬂﬁl;@rﬁﬁbﬂizﬂgly GO # SmAter & ek o & pact & on Of

an epihal ohydrin-with the nucleophilic groups of said |inker.
one. enbodi meM19IE haY SLeRE r AEE1hdy 2Bbevitndr tte oa%O%)f 4AcLOASE B An® bel ng

i mobi I'i zed é&ht%rdl&?%b%bnc%cﬁ\dsm BE34Qnoup;, -3, P anaid&droatoms
', enbodi nent, the ..:substrate nmay be polyner . fhe pol ymer may be

al bi ocowpatﬁ:ﬂleeCp‘fﬁ%/rreﬁr% - Bh6IHer enbothFRht ,© th%lllbﬁ%owp“ezﬁrmlearpxo| ymer

may - bq@SseI@g@poglrﬂm &P@uﬁé%ﬁc%ﬁé' $hitn Gy 1f @o@oh}{ﬁl%éﬁ subsgrate, a
pol yam de substrate,” a pol yacrylate substrate, and a pol ysaccharl de- based

substrate. |FhirhasHbodi neneole he pélzylaréfdoﬂ@a popsadchar i de e
SUbSt rat e W‘E&B{i@l@e S?ESEB?QZI}EQ”‘ t qﬁllgi EPACRS Ons[\'l Srﬁé{!%/llmldazole,

pyrldlne, pyrlmldlne, pyraZlne, pyrrole, N—methylpyrrole, _
vpyrazole(_‘ N methylpyrazole, -1, 3€4 oxadiaZole,: 1,2, 45
.: 15 ' ‘ffiaiole;" 1- methyl 1, 2 4- trlazole, 1H tetrazole,':'lﬁ
methyltetrazole, benzoxazole, benzothiazole, benzofuran,”
benzisoxazole, benzimidazole, N—methylbenzimidaiole,
azabenzimidazole, indazole, quinazoline, gquinoline, and
isoquinoline. Bicyclic aromatic heteroaryl groups include
20 phenyl, pyridine, pyrimidine or pyridizine rings that are
(a) .fused to a ©6-membered aromatic (unsaturated)
heterocyclic ring having one nitrogen atom; (b) fused to
a 5- or 6—memberédf aromatic (unsaturated) heterocyclic
ring_having two nitiogen atoms; (c):fused to a b-membered
25 aromatic (unsaturated) heterocyclic ring' having -one
nitrogen atom together with either one oxygen or one
sulfur atom; or ‘(d) fused 'to a 5-membered aromatic
(unsaturated) heterocyclic ring having one hetercatom
selected from O, N or S. The term "heteroaryl" also
30 includes aromatic heterocyclic rings. that are
substituted, forj example. with 1 to 5 substituents
independently selééted from the igroup con51st1ng of

alkyl, alkenyl,'alkyhyl, haloalkyig alkoxy, thloalkoxy,
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200f cotton linters, cotton pulp, cotton fabrics, cellul ose fibers,

cel l ul ose beads, cellul ose powder, mcrocrystalline cellul ose, cellulose
menbr aneswor2ayion280¢el | ophane, cel l ul ose acetate, cell ul 8S&/S&2et1APW69

menbr anes, chitosan, chitin, dextran derivatives and 25agarose derivati ves.
I n anot her enbodi nent, the polyner is a biopolyner. The biopolynmer may be
selected fram cellulose, chitosan,_chitin, xtran, agaropse and derivatives
thereof. In aﬁﬁ%]f%e}f’ 'erTBlSalcﬁB%f),’j t HE S trst rﬁrdtgyﬁrﬁ?lé&’mr icgjea%a{(goa%?'i ng

di sposed’ omesplahsubst ratmoddiel coadl g woagisdrsyNg aasphst e isdAyl ,
honmpbgenous m xture of stabilj.zing additives selected to stabilize said

f uncti onal ,n%?fle%fn e; SYA'Bne b_ﬁh}Bdi Mt he %%%%%ﬂ%deaddiqqmmy be
sel ected framathexgiolp, ColRsitsiiitg,of carbugate, aNsQI gankc, ACH hnAk ani no
aci d, a_sugar. acid and a thjbl. .-.I.n another enbodi ment, there |S prOvideda
met Hod of iﬁfblaé_ i19%t%vg a fOREEPBARE’ ol eBBICEPHRTE tSubst r RCSPITHE Yt hod L
conprises thensd@piddl LxPASHNEIe Hyedsipnal - mol ecule to the substrate
as described herein. |n one enbodi nent the functional nolecule is selected
froma group consi®tiA§ 8 afiPaiPRAity |FeRifd turadel asorusadcdiaisist, an

i on- exchangefeards dynhe anyid\dh cagor and@ Qi At olecyl e..cddranqther e

enbodi ment, the functional nolecule is .chiral | In-anotherHenbodi nment, .:
the functi on#lSul®leeited i sora A wmbPecites t et 45 ondlEcUine May beoren
enzyme; g The enzyme mayqBe-fgLaect ¢d 13 fdqmd hefﬂ&{?UpaH(g?r,‘s' g of,
urease, uricase, creatininase, |fpases, esterases, cellulases, anylases,
pectinases, Tdf¥hases, amydase hetarutamel, estEriaselkpeni cidvdivanidase,
prot-einase- K., 1y anot her enbofL : et hod fu r conmprj.se d;o the -
st ep ‘of apply% ng- a%@?ﬂanti aﬂ%%ﬁé%ggﬁ%gggﬁ Xt uréﬁgﬁ’st abiﬁ%oﬁx o :
additives tocateosallace ohallpeldytst r apéordkshabi | i zedsetect ed kaxy,. -
stabilize saiyd fungctional The step of: | ying the substantially
honpbgenous ?nd%%alrﬁgg% f’addi P?{l/?g%&gtpgcn%ri ses a:l\r}(aeg} _rlgqo}%)yrfg the 25 Oséo%oexrﬁf of a
sol utibn of Ismickddditices ontorbhe subsir ahétrbaléneé, erbodiawitenstlhe
stabilizing di tiwv re selected. fr t he group consi sti f_a sugar, an
organi ¢ aci d?&afnoaaln]‘?f]n dcid, a Saéggoag}:argﬁgcgy hiol. In aﬁgﬂfgﬁﬂ‘&m'

enbodi ment, diwerleylisnialso grloviydethian30 amsihod «ofi rpr,epatyiing & kdthstr,ate for
i rmobi | i zat i of functional nolecules thereon. The net had conprises the
steps of : (i%)ﬂ(p\frb%]di ng nJ«E\a'cfrﬁlrrbo|o(hi I(:}Jcaccy&%‘bld}?ds @5%056:3{% t REEFFace of

the SubStreﬂ&ikjﬂd@lfdﬂjkﬂﬁyw)theheterocycloxy,j heterocycloamino,

20 haloheterocycloalkyl, alkoxycarbonyl, aryloxycarbonyl,
azido, carboxaldehyde, carboxy, carboxamide, carbamide,
carbamate, oxime, . hydroxylamine, sulfate, sulfonate,
sulfinate, alkylsﬁifenyl, alkylcaﬁbonyloxy, alkylthio,
acylthio, phosphoruS—containing groups such as phosphate,

25 phosphonate, phosphinate and phosphine, aryl; hetefoaryl,
alkylaryl, alkyiheteroaryl, cyano, cyanate,_isocyanate, -
C(O)NH(alkyl)[ ’ 4C(O)N(alkyi)? and:—C(O)NR;R’/, where R/
and R’’ are independently hydrogen, alkyl, aryl or
heteroaryl as defined herein. ' '

30 The term fhalqgen” or variaﬁts such as “halide” or
“halo” as wused 'herein refers to fluorine, chlorine,

bromine and iodine.
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el ettrOphilic conmpounds to ,undergo a nucl eophilic substitution reaction to
provi de a nucl eophilic group thereon and thereby increase the

nucl eophiWpePty102907t he - Substrate surfaceiii) allow ng PRESGaelI®oEa6?| i C
group to undetgo a nucleophilic-substitution reaction with , another

el ectr Qphi |l i cconmpound toprovi-dean el ectrophilic group on the substrate
surf.ace and 'her$g¥'increase;the el ectrophilicity.of the subs%rate.

I n one enbo iHen Wheég?gﬁb,{Ffi) %W&P?iiff n%@g%ekfﬁ¥ﬁﬁbafg TR nifhber

oftines to fofdups gener athens fofrmel eatRBphi WhergtaupR,on asai d uUbstreaate I n
one: enbodi nent,. steps (11) and. (iii) are repeated 1,2i. 3,. 4 6, 10, 11,
120 13, 1o phs ey T hefogety, Yol CrAGDBE TP c udry Busnok

oneenbodi nentisaidist epef prayirdiqeg: el estrDpilie ceupeundsteauplkin, t he
surface of the substrate conprises chemcally coupling a first", T

el ectrophi | i CHHrouN e TS5st r areenyLl, " optionahhn: it Entotistent,
step (i) compryses, tdhes e @fal1 2easting & rucheoplidgs Wi th the first
el ectrophilic conpound; |In anQt-her enbodiment, step (1ij). caonprises

cheni cal I'y coupl mfa SeEBN .eFBETE6phiYi cCRBRpEENd BEY he HtREMegphiYe. The
el ectrophi I'i & GOrPoundy MY aREa8A cBROXxd8 2 t 149 <COfi & &b NJreeB8pOYRd. t i one
enbodi ment, 'the el ectrophilic conpound nay be sel ected from epoxy conpounds
such as al kyd@akenxi NPl T BATHES Y i Tepi 1ty A hsinhidld®les The
el ect rophi i g, compound yay also Adcl ude kefonpes, aldshydss, isacyanates and
30derivativé§)of theseﬁggnpounds. I n anot her e%ﬁodinent,the ' '
epoxjde-Contgﬁeﬁﬁgpstatic “bonding, hydrogen bonding and van der

SRS ‘Waals' 'bondingi The terms enébmpaSs both indirect and

:direétjbbnding'bfgmélecules. Thus, if a-first&QOmpound is
_chemiéélly.doﬁplédito a,Second:éoméound,'that c¢hnéction-

- 15 méy be fhrough  a direct chemical bond, or thrdugh an
indirect chemical bond via other compounds, linkers or
connections. '

As used herein, the term "urease unit", or urease
"enzymatic unit", [U], refers to that amount of enzyme

20 (urease), which causes the liberation of one micromole of
ammonia per minute at 23°C and pH 7.5.

The  word  “substantially”  does not exclude
“completely” e.g.;a composition which is “substantially
free” from Y may be completely  free from Y. Where

25 necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereof, are
intended. to represeht "open" or "inclusive" language such

30 that they include . recited elemehts but also‘:permit
inclusioh of addiﬁional, unrecited elements. _ ,.

As used hereiﬁ; the term Mabout", in the context of

concentrations of components of the formulations,

31



conpound is an ePi hal ohydrin.In one enbodi nent, the -epihal ohydrin nmay be
sel ected fromthe group consisting of epichlorGChydrini epibronohydrin,
epi i odohywoi2011/1b2807 epoXy- 4- Chl or obut ane, 1" 2- epoxy- 4- bromslcadarne)os9

1, 2-. epoxy- 4'-Ti odobut ane, 2; 3epoxy-4-chl or obut ane, 2, 3- epoxy- 4-

br omobut ane, 2f 3- epoxy- 4- i odobut ane, 2, 37ePoxy- 5--

chl oropent ane, 2, S37.epoxy- 5v-ronppent ane, poxy-5- chl oraopentane. |l n one
enbodi nent , rlct Ce%]ﬁgl ST n T eP&ChI B%C}&g‘rel nstated ¥z erboet ment ,

t he -nucl eopmy@msu@ di puch eobhi Lreoktatpal YRUGGOR dee vy inaitey +/-
enbodi rTent 10 the-ihucl eoph| l e conprises an -aM ne. The -ani ne may be
sel ected :- 1t offt F&Srotp-edndrstieng HIre s’éb’BFé?é%lyand/uns%? uPat e‘%ﬁ@

al i phat.i c Hcstaﬂecar@gauéc 2RneSno aeyﬁsg:alw anineS apd highestateq
pol yami: nesS. -I'n one enbodi ment.; .t he aliphatic group & Said amnes is

sel ect ed fr oA g al RPF By Gy o@%fel ﬁytﬂi@aéﬁb’od‘rﬁ'ento Shecfnithe 2 tbed

sel ected frq;glat;e | east oneof:- et hane- di am ne, proane di am ne,

but anedi anmi ne, pent ane-di an ne, hexane-di ami ne." I n one enmbodinent, the
am ne i s hexane- dlf@rﬁ%éﬁouﬂqetfs%sﬂié?éoﬁ’ayecoﬁﬁﬁf@éna %&Wrentmemobl ymer

20 may be a&O&Q@@%é@éelﬂolayr%ggé Ne ORgs eMbedi aent.) 4t fig bi,0¢ompat i bl e

pol ymer may be selected fromth roup consisting of a polyester substrate,
a pol yani de thabstuat e dgpoinjadriynat dsubsergee, dndaapol ysacehael de-based

SUbSt rfée %A&%}ﬁ%m@'mtbﬁé\%%ﬂp%ﬁ@t&{&ﬁd not be construed as an

1nflex1ble llmltatlon 6n  the scope of the dlSClOSGd
'ranges Accordlngly, the descrlptlon of a range should be
con51dered ;to’ have spec1f1cally dlsclosed :all the
pOSSlble sub ranges ~as -well as ;1nd1v1dual uuﬁeriCaiz
':»15 . values within that range. For‘exaﬁple, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that
20  range, for example, 1, 2, 3, 4, 5, and 6. This applies
| | regardless of the breadth of the range.

Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of a method of
25 preparing a substrate for 1mmoblllzatlon. of functional
substances thereon and a substrate for immobilization of
functional molecules thereon, will now be disclosed.
The substrate has compounds disposed thereon for
immobilizing a functional molecule, each compound having
30 a chain compr1s1ng ~a moiety R that 'is chemically coupled
to the substrate,:saidbmoiety_Rvbeing selected from the
group consisting of an ether,iester, carbonyl, oarbonatej

ester,: thioether, disulfide, sulfinyl, sulfouyl, and
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pol ysacchari de- based substrate. The pol ysacchari de-based substrate may
selected fromthe .group consisting of cotton linters, cotton pulp, cotton
fabrics, wel2buwessw7fi bers, cellul ose beads, cellul ose peeEsG2011/000069
30m.crocrystalline cellul ose, cellul ose nenbranes, rayon, cellophane,

cel l'ul ose acetate, cellul Cse acetate nenbr anes chitosan, chitin, dextran

derivatives and agar.ose derivati ves. anot her enbodi rrent , the
pol ymer may B& d% Ig%r}b]p%YJyne?’?’ e i P % - C%E/abrél%‘él BEL&aYf ridrdtcet § ul ose,

. chitdsan, chidugl stext s aBhagaicase yard wier hvatinkes td&ﬁféﬁqfshﬁ}l Anat hegast
enbodl ment, .the/ functional ‘Mol ecule may be selected fromthe group

consi sti-ng cﬂn%rfl%ﬁ]fé??ﬁkpyht? gHiPPa dhel ator, a catalyst, an ion exchanger,

a dye, an indi cator ca8dcanbiibrRhecul@ e |1ﬁb9@1§ epboedi meMopdhesd uactdonal
nmol ecul e may be chiral. In. anot her enbodlnent 10 the functi.onal -Mlecule

i's a bidnol €A LReIF BRBNBPEE UFE LRey OBe 3dn BHZ\Te Eg@l%t eeh Flrami dde

group.: con3|§géa@ £la - Jusaseindili case, dreatininase,: etterasesS,
cel f.ul aSes, anyl ases.,” pedti nases, catalases

acyl ase, cat al aseIrésCtIéQ a@@bo%@m%ﬁ Iﬁh\%rﬁ@%]s%ophih—%r@lf@mma@ecwdes at In
anot her enbodinent ,,the %t% —éé‘rﬁﬁ%ﬁ? ”Hﬁéf@tfé@ SL &R %}f‘f’ﬂy' ng a

substantial Iy honobgenous m e of addi-tives to the surface of
t he subst r at@niRerEi o JedikEtsiembi | i zi ng addi t| ves are sel ected 20 to

stabiljge said fyncy bRl OLEGULER TN SLED ol Anply g.ﬁgr%g stagtially

hormgenous m xture St tives nay cohprisé evapora vent of a
sol ut.i-on of aadid setti} | apesx o ocdries Sulosd reteup. Immbecénﬂ:mdtmnthahe

stab|I|2|ng ditjve el e d fr 25t h e cons sting o -
AUl eopiRp bR el eted LIRILES 02 OLoup. £gRS] o1i0d. £l @

sugar,. an organic aci Ho ;acid, g sugar'a0|d
Thet e i s al soorpraivi ideg Qregp béat sealetcrcledgefﬁcmr u$@ nnmlaedl al, y§| s 3iev4 ce,

b1 o n T eabat® G0 PR e S o r Bl
dialysis dewidst tdrea di abyzede capptbsnigoa Gidsiy ate asugeser ideedsdied ei n
forilnnDblllgﬂg¥klg§%¥%é nucleophilic group of said linker.

The linker may comprise additional nucleophilic
groups to which said additional epoxide containing groups
are coupled to said chain. In another embodiment, the

20 additional epoxide-containing groups may branch from the
chain by coupling w1th ‘the additional nucleophilic groups
of said linker. .
In one embodiment, the nucleophilic group of said
linker is an amine. . The linker may be selected from the
25 group consisting Qf saturated and unsaturaﬁed aliphetic
and aromatic amines, diamines, and triamines. In .-one
embodiment, the aliphatic groups of said amines are alkyl
groups.. . |
In another embodiment, the linker may contain an
30 epoxide group. e
| In another embodlment the linker comprises a di-
nucleophlllc spec;ee. The di—huclebphilicElinker;may be

selected from at:least one of anfalkyl—diamine and an
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There is also provided a dialysis nethod conprising the steps of: exposing
a dialysate containing urea to a substrate as descri bed herein; and

renovi ng wbeotimbgesate from said substrate. 7, There isparS8c26nmvicded t he
use of the substrate as described herein in a dialysis device. In.
anot’her enbodi ment ‘there is provided the use of the Substrate in accordance

with the disclosure as a solid phase terial for romat ogr (4 ncl udi ng
chiral 110 :TrfIHRRVFUR- andPaftisi P24 % Bhat 5&1‘3 pCﬂ\? A ]r?poa%b]t
enbodi nent / tihech sckosdnecpeavirdem the usgsef ohbe inbe-S&Haa{@—dlrhrﬁﬁ{@OfS and

bi osensors. . In.anot her :embodi nent there is provided a nethod of
preparing a %Eﬂﬁ%r‘rea't%lﬁ%]rnﬁ MR RI TR RETELF W L S N Rt s
thereon, theyymthad comprisiddediedsteps, ofnehemi-¢ald1e$RURlidNG B fd # St
el ectrophilic compound to the substrate; and chem cally coupling a second
el ectrophil i¥s dunpoisni @it first el ectrophilic conpound that has been
coupled to the S]PrpStéﬁ%he\é‘here‘%d%ﬁ%le%tseco&%20ep%&%@erOQ{Br{ﬂ&lrﬁ:ﬂ{@DU”d
When- coupled to said first eIectrophlllc conpound; is configured
i nobi 1 ze tmpqmtlen@lers%cétevicéeeﬁeﬁean of| mrorRpidredi yasHm WJH@,hfu r st
el ectrophilig £ BI %1 ‘f\dsecgf ognéhldb g and.s chenmically bonded to
the substrate due to nucl eo I C sti tutl ‘on reaction between one
el ect rophl | i c grhupooé e odiinelnget rid'phl Eebahdaéenﬂ@IYeM| Lhergr awp ®n the
subst rgs I t n, Ly ctive
(nucl: eoph| K c rlcstu araiat gl%:istcgg%ve 1%05 OE?@EE gt r%ﬁg?ggd %Egcfﬁéé '
(el ectrophi Icm:rLta:srwbs;t ret@ip The di el ect rophl lic reagent may be an o
eplhalohydrln ma: obe e g p: rising oenbomde
dfn aiY u% %%lxeth q %ﬁ% %%%t.]:%t% WK O

br onpacet:i c ‘aci aric a

second, el ectpfcm]mmérc cmHunmblymmry rﬁmydm@na daidq/cdnpatcﬂblye l:;mmmle:to the f| rst

el ectrophilic ound . Sug. % em cal grljn eco b
el ectrophil i@ %ur?d“% H}ﬁ%d b hlend rl&?f)fn?act,ﬁ caPPi?Y bolﬂ%%d ?o t he
first ®ect rsm]mctue:d cofperindhéor gexappl eOV1|sasalh|gnkerf | ra or;eolemmtchn‘rent

the fist and econd el ectrQphi Li ¢ _conpoun re anorre or to
t he s!tep of ALY ccﬁlaolplr‘?dlyémfldggt UEPEE?FSEWI ic corfb%][%ﬁ]cl%fl

substrate, tshﬁamatw n&ydi AcbudesthenhatepeCbasetiuntbiseraltiez| nqm hene
substrate such that the substrate COTT?I‘I ses functi onal ou at are
capabl e Of BERPCHEN cal MPScoupPed™eto the fPRrstP "d?:ﬁ‘r’? Y und.

I n one enboddumstratdevietnath Caprispscidte stap ﬂ'ﬁe group consisting
20 of cotton linters/ cotton pulp, cotton fabrics, cellulose
fibers, - celluloSe ‘ beads, ~cellulose powder,

microcrystalline cellulose, cellulose membranes, rayon,

cellophane, cellulose acetate,  cellulose acetate
membranes, chitosan, chitin, dextran ‘derivatives and
© 25 agarose derivatives. '

“In another‘embddiment, the polymer is a biopolymer.

The biopolymer may be selected from cellulose, chitosan,
chitin, dextran, agérose and derivatives thereof.

In another embodiment, the substrate may comprise a

30 coating - disstedE on said _-subStrate, the coating

comprieihg aA edbsfantially - homogenous - mlxﬁure of

- stabilizing addithes ' selected ‘1to .Establllze‘ said

functionel molecule. In one embodiﬁent[ the stabilizing
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15 using a linker to couple the second el ectrophilic conpound to the first
el ectrophilic conpound. The |inker may al so be neutrally charged. In one
enbodi merWO 20Hél0p80fiker nmay al so Conprise an al i phatic OPCEZBGeHAINI6Hhat | S
saturated or unsaturated, straight or branched, which is 20optionally
substituted, and mherein the'carbons of the chain can be optionally

repl aced by ),0(0 0)LNR* Q)

0n 0 0y idtites ONH e e S5 Okkbn, e sRb Y\ Mens L timey ofipa |
-NR*C( 0) - -sSrgar S@l’) c&%m,e (P NR*an arﬂl\iRlcS%J(d,((b) NRGr ;rcizb and a
NRC(NR)NR— Wﬂ} in R is. selected fromhydrogen or G -lo aliphatic; wherein
Cl_10 alipha an be substituted or unsubstituted. -In one

enmbodi nent, -the Ilrﬂkeﬁfoﬂiﬁﬁs o Ciamdrad N Ble epoxd dergriali aTh@ﬂhdlkeff may

al so conprise at_ |east one 30nuc|eo hi'li p: The linpker may be a nulti-
: nuclébpml%WQQW%ﬁ&ﬁlmih%t P§Ct%H§ i e %Hgf Bhtai AURBFEatRan oMe
nucl-eophi | i Gaatirstp. clompan@egmbedenestep ther | b&F@@m@, ac Hlé - gl @opdrdil ©

li nker. When the linker is a: d|7hucleoph|I|c i nker, at |east one of the
nucl eophi | etVfeFHeRli TIPS At i Hf asbIhstsdd £ rom the group
consi sting ofy NgneNRemdHA me NROLHQ, | f@dc@?ongmmcﬁcg\chlecq}lg: £S5% 1 &H,
CONHO, CONRO,  CONHNH, CONRNH,, 5CONRLINR2, CNO, PH and PR* where R, R

and ‘R2 are |%m%%en@eng¥9ugelﬁ@FéHSFF6ﬁ1tﬁ§ gPBup 2SS nd isrmedr cgen,

Opticongh 'y S&telta&% ed al kylyzopdd onald y lscsfbstéﬁéﬁa%éial kepyldyoptignally
sUbst it uted, -aj kynY.1* opti onalkly 'substituted aryl A OH: optlonally
substltutedlﬁﬁkﬂﬁﬁﬂWIand avhéﬂm@hécﬂhﬁetl6ﬁa@WQHﬂ@ﬁ'Qﬂh&ﬂkﬂﬁnﬁxnﬁhﬁn an

epoxi de gr oup, rgé%cgﬁap mgneewg' ahihifalinkets Lhechipkesmusmy haye a

general formu _ o
- the functlonal molecule is - a-j blomolecule :’: The '

_blomolecule may be an enzyme. The enzyme may be selected.
- 15 from 'the group . consisting of urease, uricase,
creatininase, lipases, esterases, cellulases, amylases,
pectinases, catalaees, acylase, catalase, esterase,
penicillin amidase, proteinase-K. |
In another embodiment, the method further comprises
20 - the step of applYihg a eubstantially homogenous mixture
of stabilizing additives to the surface of the substrate
to stabilize seiected to stabilize said functional
molecule. The Step of applying the substantially
homogenous mixture of additives comprises evaporatlng the
25 solvent of a solutlon of 'said additives onto the
substrate. In one embodiment, the stabilizing additives
are selected from the group consisting of a sugar, an
organic acid, an amino acid, a sugar acid aﬁd a thiol.
In .another embodiment, there 1is also Iprovided a
30 method of preparing a substratev for immobilization of
functional molecules thereon. The method comprises the
steps of: (i) providing electrophilic eompounde coupled

to. the -surface of the substrate} (ii) 'allowihg the
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formula (1) wherein:
S, COO CONH and CONR
hydr ogen,Wopp11ow2807y substituted al kyl, optionally subsPCTSG201400eNY] |

Ris selected fromthe group consisting

optionally substituted al kynyl, optionally 25substituted aryl and
optionally substituted heteroaryl; and n is an integer fromO to 25.

In another

(1r):

odi t he di | eaphi ] i c |jnker has_th eral for
B s e T R A el

sel ect ed 7 osni 1 tNR 1 NHOrebB@iof, So $2no0aM ;. aCQN!rtl%lRilEES g K &Ly

CNO, PH, PR R R2, R3" R4 are

|ndependen?%f%ﬁﬁ%ﬁﬂ%égNRgﬁFﬁﬁg %g%rease the nucleophiliCity of the

.15

20

25

30

substrate surface,-(iii) allowing the nucleophilic group
to_ undergo a nucleophilic substitution reaction with
another {_ electrophilic compound to provide an
electrophilic group on the substrate surface and thereby
increase the electrophiliCity of the substrate

In one embodiment the steps (ii) and. (iii) may be

20X and Y are independently selected fromNH, NR O,

of
I

nmul a
enty,

,repeated n number fof times to form n generations of

electrophilic ‘groups on: said substrate : ..:In one

5, 6, 7,8 9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19 or

20 or more times.

In."one embodiment, said step of providing

electrophilic' compounds coupled to the surface of the
substrate comprises chemically coupling a first
electrophilic compound to the substrate.
In another embodiment, step (ii) comprises the step of
reacting - a nucleophile with the first electrophilic
compound. In anOther'embodiment, step (iii) comprises
chemically coupling a second electrophilic compound to
the nucleophile. v |

‘The electrophilic . compound may be an epoxide-
containing compound. In one embodiment, the
electrophilic compound may be selected from epoxy
compounds such as alkylene'oxides, alcoholrepoxides, and
epihalohydrins, halides The electrophilic compound may
also include ketones, aldehydes, isocyanates and
derivatives of these compounds . v '

' In ‘ another' embodiment the epOXide containing

compound 1is an epihalohydrin. In one embodiment the

‘epihalohydrin may be selected fromvthe group consisting
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group consi sting of hydrogen, optionally substituted al kyl, optionally
substituted -:alkenyli optionally substituted al kynyl, Optionally o
Substi t ute 2ary10289id - optional ly substituted heteroaryPCT&GAVKI/080042 HCi 1S
an i-nteger independentl|yseletted fromO to 25. = fornula (I1) my be

i nt erchanged and these groups: nay also be present in nore than one
positions as und@gﬁtood Skl| artisan., 20l n anot her

enbodi nent , ?ﬁne eé’l ﬁ“&&ré’ FEe - | O’E%%%Y T ge RELACICHYRFLE  ( hi) 2~

formul a (TIaepdﬁyhe¥éhlbrobutané§EﬂVtAQ@wiy 4*&&5&6&&%&&& S§|2ﬂ%§g§?10”1the
onsi stin NR1R2 NRO, OR, COOR,
gLKE&REFQ IC%K*@%. aﬁd aﬁ9o§¥ﬁérc§é§68?PFPH@mts vihi STEPRYY T T m

Cat i-oni c addblﬁélﬁobutane, 2, 3%@Q¢~B£Od@é@ta£@epende®tizyeg@;l(fcged from
the_grogp consjsting': O hydro en, optionally substituted al Kyl ,

optional |y SUHRtPRTRERNE al ketwd SOVRET oTRI IORHS1E ut edl af k§PgEY-5-
opti-onal |y selsdidptechrasyl and &@'&%&Mméﬁ@swhét %%ﬁ%ﬁ%gﬁ% esf«%‘(dan Ly

is an integer fromO to 25. . .. 1n One enbodinienti the va
may al so be AT G ¢ group that isl capable of reacting with an

epOXIde grOUp to f@rnbﬁeCh%ﬁb%@HmQﬁ@d the nucleophile is a di-
nucleophlle or. a polynucleophlle In another embodiment,
ifriO 3 the nucleophlle comprlses an amlne The amlne may be .
R ;selected from the group consrstrng_ of - saturated ,ahd
;unsaturated allphatlc or aromatie amlnes,; dlamlnes,
'trlamlnes and hlgher polyamines. In one embodlment the
.allphatlc group of said amines is selected from an alkyl
15 group. .In one embodlment the amine may be selected from
at least one of ethane-diamine, proane-diamine, butane-
diamine, pentane-diamine, hexane-diamine. In one
embodiment, the amine is hexane-diamine.
The'substrate may cbmprise a polymer. The polymer
20 . may be aebiocompatible polymer. In one embodiment, the
| biocompatible polymer ‘may be selected from the group
consistihg of a" polyester substrate, ~a polyamide
substrate, a polyacrylate substrate, and a
polysaccharide-based substrate. .
25 In one embodiment, the  substrate is a
polysaccharide—based substrate. The polysaccharide-based
substrate mayv selected from the' “group con51st1ng of

cotton linters, eotton pulp, -cotton fabrics, cellulose

fibers, celluLOse beads, cellulose "powder,
30 microcrystallihe Eellulose, cellulese membranes, rayon,
cellophane, celiuibse acetate, - cellulose acetate
membranes, chitesan} chitin, dextran derivatiVes and

agarose derivatives.
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10The di nucl eophilic |inker
enbodi nent the di

The |i nker
H20,

defined above.
gr oup .consi sti ng .of
R, Rl and R2 are

epoxi de- COMthdeykaconpO@hé

-nucl eaphilic |inker
and hexar¥0i2anty192807| n anot her
conpound conpri sing nucl eophiles such as NRIR2 15 where,
‘may - al so be snal

HS
3PP HRGT abSTROHAE i nkér ey Bt YRRy nBEYbe 25

may conprise an al ky diam ne group In one
lis at
the |inker mapChsGaodnaciged
R and R2 are
conpounds sel ected fromthe

H2R and NHR1R2, mhere

enbodi nent ,

‘H2Se, PH3 PHZR NH3

Ibidpm;erélodlmyt beherdike ddankefrds an

the l'inker, may have a formula (la):

, 1 east one O ethyl ene-di am ne

epoxi-de contaljg;n](H

g..compou
wherein: X i gﬁF

®d f FOMNEATNR,

iggnSe

ener al
%@mm&aﬁosemae d CONH

and CONR; Rbéﬁﬂbé%ﬁﬁé@1ﬂﬂgﬁgﬂﬂdent|y 30 selected fromthe group con3|st|ng

O hydrogen,_optionally substituted alky)

optionally substituted al kenyl,

optional |y stUbsBPPGPEd aFReeRime btl&ﬁ&ll uBGhEPNE bt PG AnBEptiDNal | y
substi tut ed hetarad Y rodnthe rbf&igﬁrbdr[‘éﬁé)@iraAg;dSPrﬁrQ 402Dty m%@er |

enbodlnent t he epOX|de containing |inker

a chelator, a catalyst an

indicator and a biomolecule

functional molecule may be chiral.

-~ 10 the ~ furictional molecule

:biomolecule may be an enzyme
COHSlStlng of urease,
esterases, cellulases,
U aeylase,;_ catalase,
15 proteinase-K. '

In another embodiment,

ion “exchanger,

is

uricase,
amylases,

esterase,

an

the

a dye,
vInf one embodiment,

.In another embodiment
a:f biomolecule - . The j
selected from. the group}}

creatininase, lipases,
bectiﬁases, ,catalaSes,
ipenicillim amidase,

the method may further

20

25

30

comprise the step of applying a substantially homogenous
mixture of stabilizing additives to the surface of the
sﬁbstrate whereinbsaid stabilizing additives are selected
The of
of

stabilize

the

to said functional molecule. step

substahtially homogenous - mixture

applying -

additives may comprise evaporating the &solvent of a

solution of said additives onto the substrate. In one
embodiment the stabilizing additives may be selected from
an organic acid, an

the group consisting of a sugar,

amino acid, a sugar acid and a thiol.

There is also provided a sorbent cartridge for use
in a dialysis deiiéé; the sorbent cartridge comptising a
substrate as described herein for immobilizing urease.
. also provided a dialyzer for use 1in a

There 1is

dialysis device, the dialyzer compriSing a substrate as

described herein for immobilizing urease.
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Xis selected fromNH, NR, NHO NRO C, S, Se, COO CONH, CONR, CSS, COCs,
CONHO, CONRO CONHNH, CONRNH, CONRNR, CNO, PH, RR;; P.'", RI,
R2, R3, Rvenreiimdmpendently selected fromthe 15group ceusissRingodoed

hydr ogen, optionally substituted alkyl, optionally substituted al keny,
optional l'y substituted al kynyl optr onal I y ‘s’ubs'ti tuted aryl and opti onal l'y
substituted - heterTg,t%/ q d lfyp .and |s an i nt er

i ndependent |y sel’ett'sd Jzi)f?%)ﬁ?op{f@fﬁ%e a dialysds, e

i nter changed:raandstéfreeeogfoe&@o@aylgalasijﬁyaereetsentonﬂammgt haeaorteb a
positions as -will be 25understqod hy a skilled artisan. In one

enbodi ment, TS VRTARS eI 0SS DS Hhy %ﬂﬂ:lré’d%‘fllfi% Jrouprahatats

capabl e of rgagtidg MdthangRoxide group to forma chemcal bond.

The: epoxy-cont ai ni ng |inker may conprise ,hydroxyoxiranes.. In one

HenmbodiTent , ,. th@@d’cﬁ(yl%oﬁﬁ-épnpﬁ@‘fllﬁﬁl@lerthes s cpalhe subs tTed o &% | osed

met hod may ri t m cal ly: coupli ng a

subsequent Zc%ezse%tlf‘l(%%&q?ec%o@nploﬁﬁad ct(}(radl?rrsgi Phcﬁ{\ilcq%onpound to the :preceding

el ectrophilic corﬁgouw@lOﬁWECEm?OdﬂmEﬁ@r rté@triey 34 apréeifedcthenalsd i amker

di scl osed ahg\e. T gegaa&%dr Ek/aqﬁjb w%ggm{:@él H %li@éu sg%seguent
S e carri %d

el ectrophilic compoun repeate Iy unti e desired
chai'n 1 engt rsqlsuhqihmdnate&ch@lntﬁgremm%atbwrmat iJrrg:JtLhe:sreg sctrenpsal the

nurrber f. elcei}clgcgng%%éaﬂ?@tggdsggglg&?c%h\égm gn h teslt d| ng with

t he" bro ogi c i-ACrease ere °Phc |ng The pro é%rlrty
and- 15 affi mmhpdmfmetr’rte, bltdie)glotnadclsamgman@e:ctxmdére stubst rage. dh ortee
errbodr ment, ahce I |nnkser i 'S, an rla pohS Ir{ C corrpound the linker conprises
gl yci dol - one’ enbodi nent’, scth rophr lic corrpounds di scl osed

her ei n corrprr se e;rpoxaxd@tmrltemm@gmemtrpehede 120 pkorv iexanpl egettrhe:l fof st
eIectrophrIrc C ound_and secor d el.ectro I.c. conmpound g e afi r
epoxi de contpaﬁﬁ%rb%nﬁoﬁra@% 5585nd”§?5%k3<]r]d]ezactolncfrhl ﬁlfngly USHpoUif

one emxdi mﬁbs*@dnd@stheﬁeoﬁt tth% fMéSho@p@@mﬂﬁl%letgal m@gseem@owﬂ and

t he 'second epoxi de cont ai ni ng- an epi haI ohydr i
b1 hal ohydr 1S STYF el e GELBRY rorf T oF it KT T rgPBound c0 the

epi chl OrOhyCHukf‘Etﬁlﬂ_éH i yeh dnii @ v c&mﬂpﬁ@yairséboddl @r@:ﬁmﬂdﬂmt t he
met hod Conprises :selecting a pobrly reactive substrate. The substkrate may

be sel ect ed FFBIREHe §Poup Eortsicst hgLectroprilic  compound  that. has

been coupled to  the substrate, wherein said second

20 - electrophilic compound, when coupled to said . first

electrophilic compound, is configured to immobilize the

functional substance thereon. In one embediment, the

first electrophilic compounds is a di-electrophile and is

chemically bonded to the substrate due to a nucleophilic

- 25 substitution reaction between one electrophilic group of

the di—electrophile and a nucleophilie group on the
substrate. ' ‘

As a result of this firste reaction, a"poorly

reactive (nucleophilic) substrate "is converted: into a

30 strongly: reactive'f(electrophilie); substrate. The di-

electrophilic reegent may be an epihalohydrin;.ilt may

also be one of the group comprising cyanogen bromide,

bromoacetic acid, glutaric aldehyde, and the like. The
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30 of a polyester substrate, a polyam de substrate, an epoxy resin
substrate, a polyacrylate substrate, a hydroxylfunctionalized substrate and
a pol ysacwbanidez2sased substrate. In one enbodi nent, thecT/sG2011/000069

pol ysacchari de-based substrate is selected fronlthe group cOnsi Sting of
cotton linters, cotton pulp, cotton fabrics; cellul ose f|bers cellulose
beads, . “|cellulos rocrystal line ce | ul llul nbr anes,
rayan, cell&ﬁﬁﬁﬁgf %g??ﬁl%%%l %t8¥%POE£F|HF8s éh rni

chi tosan, chidnded dexttad ders\zabwesmpdlagar os»elpdemvatulc%e%s via aln one

enbodlnent t he ch nlcally pl i teps are ndertaken at a tenperature
range of fro‘?‘l?eé‘b]o ﬁ“edb%?ﬁcgrl%@gec?rr?ﬁﬂ {CERPARE R from

.810Pi It 4CHe O th@b@él&tB@C OEhEROBRBDOUL BBEdkA abewt 2%Ge fromabout
4 0-00 to about 7OC fromabout23 Cto about 35C and from'about 23 00 to

about 30C ©LleCtmaRn¥kifct FORRPURGbsEGRcRERAYChE Bi 6l ddirdan -y Hetonee

andmay conpr i sk pieaical spbstapsesand/ e cbhdbiomiacddigs i d e@founds
enmbodi nent, the biological substances are enzynmes. The method may conpri se

t he step of THeMTHNS~A Toupl i ng -an enzyne to said second el ectrophilic

conpound that haspbeen eguplid tecphesfi rcﬁtemel:eqtlg,op& O;slcl LpMRound. The
step of chemically coupling 20 an enzynme to said Second el ectrophilic

conpound rmaye}ertiRRN Prigvi dPRBOSRADILL] ZitRg. %llhléls@éﬂ@/at the a@d:lhtqd/eeaxsuch as
sugars;o thi ol g1 il | OXLdanls, ape ChElALOI® 12 1ng ThE SNRKIRARY Deon -

sel ected fromthe group % sting of. OXI ore tases transferases, - -
hydrol ases, tlf}aatsethe25ill§>(§|’¢éﬂa§§emﬁlgmﬁesf@(@dmre@hcgaseseattéllayczeare :

oxi dati-on- @%y&; jon peact, 99% I 4ihe 1 sl%pstéf]gyélé)%l dized.is regarded ae_

hydrogen or el‘ectron. .donor erases “cat ransfer of f'uncti onal
groups from@k@ctrmm'@ulle:t@mmlrhex Hydr ol ases- catal yze hydr olytic 30

cl eavage of vari ca y I a of . _variqus bonds by |
ot her neans - thano%fl (ﬁ ?lgg%{%ﬁ%?tox%ggt ?{%ﬁ% ﬁean rlsFor telfarfc’ﬁleég tchat t hey
cat al yk®= r emvialg ofaa ?gmklprf r om orcoagdiet i dmeof sascgjmijp ¢ e @& gpthbl lei dond,

or other d eavages nvol ving el ectron rear ement .. | some catal yze

i ntramol ecul ar earcll angerr%nt £ nie(rigcocﬁé)ﬁééggﬁn tcl?rrlﬁjoolﬁléi mrfrf}ll EJ@%TT gases
catal yze reanzty ondsbn i o.leultwalmyl echd esedr eIpomsrmi embodlmehlﬂ Oonghe
enbodi nent Snzynes_are oxi dor.edutta di fferent

t
groups of do]njol T SIRh &5°Ph&°TBEER ﬁflofl%lgkl?e%]aq d%lhflfde %rmonch% group,
t he: CH-OHgysnunraﬁﬁd(%fhhﬁsagﬁﬁuoehe €dr Aldgpe oup, brMABHedoerwHHWis

initro nous i cO nds , henol S_and rel at ed
subst dites: e spRs Rt hbrar s W P eor ORME G DRl BEa

Oxygen, pai rcﬁdaﬁortcarrs W tdp i NI OF atd e d neduat jon- of—m@lmw)&r, oxygen
or others. i doreduCt ases ﬁ al so be actin (g%on OH2 oups Hor Xl-1 and
Y-H to f or m@fP R bond. OTW& EIT'y eﬁ:@?yme's 1 eq))ongl n‘g %t he g‘roo_up “of

oxi dor educt ag€'s (payrbe, r ebenpedrt-o, aszgm;daeestRonggenaseg,_ hydyegenases,
dehydr ogenases,
s6, -, -NR-, —-S0, NR'-, -NR'SO, —, -C(O)NRO- or -
25 NRC(NR)NR-,wherein R" is selected from hydfogen or Ci-10
aliphatic; wherein Ci-10 aliphatic can be substituted or
unsubstituted. - ' N
In one.embodiment _the linkef:does not . cohtain an
epoxide group} The Tinker may also comprlse at. least onev
30 nucleophilic group' The llnker j may' be a multi-
nucleophilic linker;'that is, the linker may contain more
than one nucleophiiic group. In one embodiment, the

linker is a di—nucleophilic linker. When the linker is a
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reduct ases includes oxi dase, 20 oxi dase, oxidase, |actone oxal ate

hydr oxyphenyl pyruvat e oxi dase, di hydrouracil oxidase, 25 ethanol am ne

oxi dase, woaspantste oxi dase, sarcosine oxi dase, urate 'POXISGaca/000069

met hanet hi ol oxi dase, 3-.hydroxyant hranil ate oxi dase, |accase, catal ase,
fatty acid peerldase . perox1dase di aryl propane perOX|dase f erroxi dase,

t di d I d Ot he | k i d ct.a
Bl S0 i nol ude oy )Gk aaus Suon T ciho c455- Al exShentte, GoMiare s 2

dIOxygenase<ImOﬂEgeﬁhk&@kﬂebpalduQXygﬁﬂ&&E mhypmxyg@@w§@te@scabbau&m
2, 3-di oxygenase, - 3- carboxgethéﬁgatecho

d|Ckygenasegﬁﬁﬁﬁ?eﬁon§laF XJg s@,ca@ﬂ%at§§o4 M BxyGenave, S&r attiUonat e

5-1i poxygenassyy bi gemyl - 2ss3< cos, - combio] lc@nmb pxygmnase, - dinmieat e
11- Ilpoxygenase1 aget | acet one cleaV|ng enzyne, | actate 2- nobnooxygenase,

i phenylal ani TN Ny geRdsandj Rdsit ol oxygenase and the Iike

OXi dor educt ases rmyelaé SR, | REl uele @hYQ@QEH@éﬁ&éént ?I %@n@bted from
: YdehYdr bgenase. ; glycerol dehydr ogenase, j propanedi ol - phosphat e

dehydr ogenasié:® Lgnalﬂ@at:@naéﬁw%g@ as¥drpPeacet &8 1gsldroFerusel t %er ate

dehydr Ogenasalqgl u: Ci ﬂor%eﬂ}gﬂr oganase; r galdct osecly 1dehYQ{;Pc9fd}@aslel
.al l.yl -al cohol dehy rogenase;  4- hydroxybUtyrate dehydro enase, octanol

dehydr ogenas%‘lbstl‘tuted alkyny]dehyfm cﬁ}tﬂs('}’ﬂetmteﬁ?bl %}@hkldr@gbnase

| ongt.chgi n- 35 chrPa?( yg b(;otﬁldtﬁpc Qﬂaed@fo%l -I actate
15dehydrogen§ﬂy ?ﬁ%té%e- ég%genase utanal : , : o
dehydr ogenase, Wésephhﬁaﬁam@tlozaé|d&@kﬁydm@mannot contain an epOdee
dehydrogena c t hydr t t

S%O%#i bﬁé d.se ¥ &gggélﬁ C%Jrﬁgl:ln@ ﬁ;pker, thev l;nker may

dehydrogena C|nede ydrogen
have a general formula (I)

n

- formula (I)

wherein:
20 ' ‘ X and Y are ihdependently selected from NH, NR, O,
' S, COO, CONH and CONR; _

R is selected from the group consisting of hydrogen,
optionally substitﬁted alkyl optionally substituted
alkenyL,‘ optionaiiy substltuted alkynyl, optionally

25 | substituted aryl and optionally substituted hetercaryl;
and ' } | :
n is an integer from 0 to 25.
In another jembodiment,. the di-nucleophilic linker
» has the general fdrmula (II): o ‘ ‘
30

'H/ \/53 cHo
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dehydr ogenase, 4- cr esol dehydr ogenase, phosphonat e 20 dehydr ogenase and t he
| i ke." Reductases belonging to the group of oxidoreductases nay al so
i ncl ude ewoynasi0zsech as di et hyl 2-nmet hyl - 3- oxosucci nat e pcederia®e9069
tropi none reductase, | ong-chai n-fatty-acyl - 00Ar educt ase, carboxyl ate
reduct ase, D-proline reductase gl ycine 25reductase Henme- prot ei ns such as
cyt ochromes .and the ||ke ‘I'n one 3Eb EE he enzynes are |yases, which
may ‘bel ong to-eit of the fol | owAg™Y 8u6§1 Car bon- car bon 1yases,
car bon- oxygen | yd %Paﬁhrbon nitrogen |yases, carbon-sulfur |yases,
car bon- hal i'de '| yases;, 30phosphor us-oxygen |yases and ot her "| yases.

The .car bon- car bor larases dmy il E&pdritdrids, @éltwwéd/a;sm m&demdemhcyases
oxo7aci d-|yases and ot hers. Sorre sgem fic exa% es belonging to these

groups are d&iat® WO XFr1/992607PEH SEWERY/ 69CCdec | IR0

acet-ol aCt at exsleaar be@oNmse, @Esa ateyct- mecardoxyl ase, - I'ysine
decar boxyl ase, arotatlc-g-angnoqpld decarboxylase nethylnalbnyl?CDA

decar boxyl ase, i dr i ti RedeRar bdx ALEs e IARRATEEI Gl cta st S isDshiem ethe

synt-hase; galéﬁ;@p d&g@gb@g}ﬂg@\s% "brmrpha'cgbtzlonally substltu‘%
oxoaci-d, . - decar boxyl ase, tartr.at.edecar boxyl ase, jaryltalonate dedar %xyl ase;

- fruct ose ﬁlsﬁp]h@prf&t@@f&ﬂdbi aSauzHdeiiyidrd- . eyt phosphibigbircbhiat e
al dol ape, trit #9@&€é§eg¥' g%!d°| ’oﬁgfﬂ§t“§hﬁﬁﬁﬁﬁﬁﬁ%ﬁ |§¥§f“6%nd'

10a| do ase, vani nsynt hase,".s6ci t ratel yase
optlonally substltuted heteroaryl and

"gmg'n, p and q 1s an 1nteger 1ndependently selected

from O to 25
RY
o , . -—{—C—%——
15 " The position of the - .groups R?
RS R4
c=——=C - /C ————‘C\ /Ar\
E } A\ / \

;oo and of

formula (II) may:be interchanged and these groups may
also be present in more than one positiohs as will be
understood by a skilled artisan.

20 In another.,embodiment,/ the di—hucleophilic linker

has the general formula (IIa):

X Y
™
formula (IIa) .

25 ‘wherein:

X and Y arefihdependently selected from the group
consisting of NR'R?, NRO, OR, SR, SeR, COOR, CONR, CSSR,
COSR, CONRO, CONRNR'R?, CNOR and PR'R?, and any other

30 substituents which may form cationic adducts;
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hydr oxynmet hyl gi ut aryl - CoAl yase, 3- hydr oxyaspartate- 'al dol ase,

trypt ophanase, deoxyri bodi pyri m di ne phot ol yase, bctadecanal decarbonyl ase
and the |Iwbeo1/ibkmrcar bOn- oxygen: | yases may i ncl ude hydroTlsgasamnoosd i yases
acti. ng on . pol ysacchari des, phosphates and ot hers Some specific exanples
are ' car bonate dehydrat ase, fumarate hydratase, aconitate hydratase,
citrate dehydrat rabi nonaj édehydr at ase, ggllltaftonate :

dehydr at ase, al tr¢ at leAy'dr af as & franh® Sl selected from the

ZOﬂegydr at am&imyd\g@xsllrﬁ&ihrd%em&r aiyr’@}ieoc}en dle hP%’tUé{‘E}TI e subsltltfuted
dehydr at ase anedi ol de ratase gl ycero ratase, nmaleate
hydrat ase, d%e}%f hyo?%fila%rég/ Pect at P TiyaE ePhol ] @Y%nmﬁ@i‘ﬂa‘?@u}{/ase

ol i gogal act usamwe: hyase, a PRI - B R R) | ¥ase: i 25xat hady1  ang
| yase, et hanol am ne- phosphate pho CE)ho Iyase car boxynet hyl oxysucci nat e | yase

and the° | i kePPtionallipeSulg o's aR i ncl ude at noni al yases,

| yases acting on anigdes, ﬂméj%&esfr&ﬁc@ t(angg]el yases and the like. Specific
exanpl es of these groups of | yases are aspartate amoni a- | yase,

phenyl al ani ne. anhi @4 dﬁelﬁfﬁafno[fd‘rﬁ n‘ealalfﬁi@lfﬁ%l X| gy ey Ig@ﬂc@b%@nb@t e
I n t
ammoni a- | yasg,, aﬁ&&ﬂé&ﬁﬁ&'?f& t_»eug xégégggyae efe]a'hcﬁ% BEHER Gt ur

ur ei-dogl ycbl at e l'yase ‘and 3- k tov oxyI am n
| yases may |mlwﬂdimmﬁ)r@p|@rm tmeCthenmdeilhlbmedhyl ase, alliin | ya8 0

and Cyfée'ne [ya%ﬁma dlnucleophlllc linker may comprlse_ anf alky—v

dlamlne group , In ‘one embodimenttv the di—nucleophlllc
_llnker E,lS : at; least one of ethylene dlamlne»- and
hexanediamine; In another embodlment the llnker may be a
_eharéed ?compoundhzeomprlslng nucleophlles such as NR'R?
15 whe‘re,vRi and Rzafefdefined above. The linker may also be
small compounds eeiected, from the group consisting of
H,O, H,S, HpSe, PH;, PH;R, NH3, NH,R and NHR'R?, where, R,

R! and Rzare ae defined above.
The Ilinker may or may not be .an epoxide-containing
20 compound. In one embodiment, when the linker 1is an
epoxide -containing compound, the linker may have a

general formula (Ia):

. HXN
25

O
wherein: . : - ,
X 1is selected from NH, NR, O, S, Se, COO, CONR'NR?,
CONRO, CONH and’ CONR; R' and RZ are - independently
30 selectedi from :ﬁhé group consisting of hydrogen,
optionally substitated alkyl, optionally substituted
aikenyl,v optionally substituted jalkynyl, optionally
substituted aryl and optionally substituted heterocaryl;

and

43



The carbon-halide Jyases 'al ani nedehydrochi ori nase , dehal ogenase. . Thei
Phosphor us- oxygen | yases 10.cycl ase, cytidyl ate-.cycl ase,

gl ycosyl phogphatopghy! i nosi t ol di acyl gl ycerol -1yase. PCiIs Gaoatobeco

enbadi ment, the enzynes are hydrol ases Seletted fromthe' group, consisting
of glycosyl ases, enzynes. .acting. on acid .anhydrides and enzynmes acting on
-15 speC|f|C-bonds suCh est.er. bon gﬂ§ -bonds, carbon-nitrogen
bonds, ' pepti de Bonds;* ALl %ﬁzeﬁxﬁﬁ%ﬁ Jrfi< > hal i de bonds, -

phosphorus n|trog&ndnﬁuherSﬂﬂﬁaﬁrmuﬁﬂogﬁﬂahqmmﬂdéﬁﬂdnﬂaiﬂmnqﬂmmnkebonds
sulfur-sulfg{ boq%i or carbgg? sul f ur. onds 20The. gl ycosyl ases may be

gl ycosi dase i kA onS|ng 0- and S gl ycosyl conpounds
or Nglycosyl conpounds The gl ycosyl ases may al so include a-amnyl ase,

13- anyl ase, glucan 1, 4- -gluc05|dase cel l ul ase, endo-1, 3(d) - p-gl ucanase,

i nuli nase, endo-1, y ap@se, ifgo- 1, 6- g\ uco |d se, Mdextranase,
chi tinase, pectlﬂdé etacto §e;=::Hy o
querC|tg|nase gal act uRanNmy, 4- a- gal act ur oni da iso qyl ase, glucan 1, 6-

agluc05|dase gl ucan endo- 1 2- (3 gl ucosi dase, I|chen|nase agar ase, ,
exo:-pol y-a- galacturon05|dase k- car r agggnase, ;Ugo steryl -p- glucosidase;
stri.ct-osi di ne p- gl ucosi dase, nmannosyl - ollgosaccharlde gl ucosi dase, | act ase,
ollgoxyloglucan|%ﬁg MEQgsi dase, . polynannuronate hydr ol ase,’ chltosahaSe
pon(:HﬁDP-rlbose) g1ycohydrolase purine . WO 2011/102807PCT/SG2011/000069
nucl eosi dase, i nbSi ne nucl eosi dase, uri di ne nucl eosi dase, adenosi ne

nucl eosi dase, and t¥e $¢k%ctq%efIQMZyﬁnsNRacNﬁ@g diROacicy ahhyRiri deg0may be

Lo i des. (CRATPIGfiose g0t 1 ngpon phagphor usonas WAy cotiakai ng

anhydri des. enpl ary €nzynes . acting on aC|d an es are inc
i nor.gani c dNﬁHﬁ@ﬁhaK&Ké PHJlR&ﬂaphosphataSeH aden05|netr|phCSphatase

apyrasO R, R R2, R#; R are independently selected from the

.15 gioup con51st1ng of hydrogen, optionally substituted

| alkyl, optionally substituted = alkeny, optionally

substituted alkynyl, optionally substituted aryl and
optionally substiﬁuted heteroaryl; and

m, n, p and g is an integer independéntly selected

20 from 0 to 25.
. N
5}~
The position of the groups | R?

C\ : (Ar}

S, ~ and of

formula (II) mayfbe interchahged'and these groups may
also be present in more than one:positions as will be

25 understood by a skilled artisan. |
In one embodiment, the variable X may also be any
nucleophilic group that 1is capable of reacting with an

epoxide group to form a chemical bond.
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nUcl eosi de7di phoSphat ase, acyl phoSphat ase .; nucl eoti de di phoSphat asei
endoPoIyphosphataseexopolyphosphatase, 10 nucl eosi de phosphoacyl hydr ol ase,
: tri phospwetasiel02€0DPdi acyl gl t er ol di phosphat ase, - undet apcesghdiiph@sphat ase,
dolldhyldlphosphataSe oligosacchari de-di phosphodol i chol -di phGsphat asef
heterotrineric-.G -protein GIPase, small nononeric GI. pase,.- dynam n
GTPaSe, tubulin a 5 i NPs P ate'di-h sphat ase,
Ht - exporting ATPE%KE %ﬁgx cgéﬁggﬁgg%trghé%%#tﬁ%él 1P<§ &

mal t ose- transxmmaneﬁg AmPasae gmyodnmbnﬁ,phm&phaa&xyiuunnnﬂnuny AT Raser

ol i gopeptide-tr ting ATPase, pol yam ne-transporting ATPaSe,

pept.i de- trah%%d% ¥ <DZIOATPase fatty-acyl 7CoA-transporting ATPase, protei n-

secreting ATPase. tramﬂ thecloked methodTh[ea}enzyﬂ@Sf&chBg Qoridid sestgfe bonds

may |ng%ude esterasgs Ilpas ﬁy carbo i C.est h drol ases, thiolester
hyd?

hydrol aSes, pHoZphGFi CPESHER , 828 Nt St R ot HSses and

rlbonucleasa&xqﬁmﬁﬁplaby enﬁmﬁggq pﬁilngoﬁpoasaer-@Qndghbnclpggtéugﬁgl-
hydr ol ase, d%ﬁ?lt | - CoA hydrolase su00|ni¥-COA hydr ol ase,
3- hydr oxyi s ?% Reo hy FOBPREET hGHFBXY Bt A gicdrActéoA Ryar othie,

hydroxyacy! gtuted fbrane Bthkeerdl asessah Ui onend i ol @sterase, gyl - CoA
hydr.ol ase., acet oaaetyl - CoA hydrol ase! S-forny d%glutathlone hydr ol ase,

5- su00|nyIgIQﬁeﬁhﬁ%ﬂﬁ?#ﬂ&ﬂ%ﬂ%ﬁﬁ%nQﬂ%Rﬁﬁe%QﬁRﬂ ??#QRﬁ%ﬁtﬁrﬁomp%W@ﬁ%tase

ubi quitén thmg}ebberégﬁtled dut’ repeatedly until the desired chain
[citrate7(pra-35)t-Iyase]thiolesterase,.(S)-nmethyl- .mionyl-

hydrol ase, _, O Hepénderthsed~ cAEVANAaPEOBSAYhY dr ol é§@eaADPgdefm,fFﬁ%nt

medi-um chai ns@gyd - CpﬁehMQEBbés%f‘%ﬁ@é%¥bpﬁ5@g@|§1§§s such as active
dodecanoyl- [acyl-cartler protein] hydrolase, paimtoyl,-cprotein

hydr.ol ase, 4$ﬁyﬁﬁ@yy$1t@@n§@y|b@@ﬂlng with the . biological substances

.thies. tera%ggl ﬁ%&;ﬁ{g?@%@%ﬁpgﬁ@%ﬁ% 'n@flgahy%@é@ﬁflt 'kaarl ne

phosphataSe oseri ne phosphatase, phosphati date
Phosphkt aSe,a & inifuct eothelasio I @yicnkc| gt tasee to the substrate. In

10bi sphosph Iﬁgucéﬁﬁéagﬁé t3 pu%%ﬂset. SICos n@eﬁphggph%ﬁﬁs ambiphilic

gl ycerol 72- phosphat ase, phoSphoglycerate i phosphat ase, |
gl ycer01-1- ngmﬁwﬂ@seﬂmnmmnk&ﬁ domﬂnmﬁﬂﬁugﬁiﬂrdobugar-phsphatase

sucr.ose- phosphat e, I hosi r4) nCp Q8 hat 4- tase
phosphatldylglycgfo ﬁT%pho kﬁ %ase phosp é@rajé:pﬁ%§X %%%% N-

acyl - neurarﬂm@&«phbsphahasmmprmcsleeoepdaseeoIcpnmalmahlgde:ompounds
20 For example, the first electrophilic compound and second
electrophilic compound may be a first epoxide containing
compound and a second epoxide containing eompound. In

one embodiment, at least one _of the first epoxide
containing-compound and the second epoxide containing-

- 25 compeund is an eprhalohydrin. The epihalohydrin may be
selected_fromvthe'group consisting of, epichlorohydrin,
epibromohydrinbanﬁ:epiiOdohydrrn. in one embodiment, the

method cbmprisesfselecting a poOrly reactive substrate;

The substrate maj;be selected from -the greup consisting

30 of a polyester substrate, a polyamide substrate, an epoxy
resin substrate, ‘a. polyacrylate substrate, a hydroxyl-
functionalized substrate and a polysaccharlde -based

substrate. In one embodiment, the_ polysaccharide-based
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3' - phosphat ase, gl ycogen-synt hase- Dphosphat ase, pyruvate

dehydr ogenase( | i poam de) phosphat ase, acet yl - CoA car boxyl ase

phosphatasean@mamy?nanno oct ul osonat e- 8- 20 phosphat asecTpchynmwossst i de
- phosphat ase, . sugarterni nal - phosphatase, al kyl acetyl gl ycerophosphat ase,

2 deoxygl ucose- 6 phosphatase glucosylglycerol 3- -phosphat ase, - 5- phyt ase,

phosphodlesterase cer.ophos chol i.ne phos hodlesterase Qs hollpase
C, phosphol i FHEE 75 gl%hcbeslpeﬁb erfgsﬁolfqrtﬂe (éﬁﬂﬂ?? gﬁﬂﬁf'g?

plh(lzslphlodi es,tle{]mhs J gtycedls@p@@mbﬁ@wﬁhﬂdaedﬁélpﬂagph@%}qhqdbg%th eﬂlaaieah s, |
al kyl gl ycer ophosphoet hanol am-ne phospho- di est erase, gl ycer osphoi nosito
gl yce.‘rophos‘fﬂﬂohp RSt ePS8ESar yI S FHERS, sP@Y’QFrsuI Rt RS G oL 38

sul fatase, choline sl f atase aeldul ogempekbysyl f at asgen MONEt Ml f at ase,
D- | actat e- 2-sul fat ase, gl ucuronate2-sul fatase, prenyl - di phosphat ase,

aryl di at ky| pHosHR 38 & Cet afi tis SR oI A58 ROrHcS pritadesol igoririabt i dase,

pol y(A) - speciificif | hanucl aase rkeastydd bonie£asse draxwddhouuel ease
- (pyrim dine di mer) Physar um--pol ycephal um ri bOhuCl ease,  ribbncul ease

al pha,” Aspergi | I us! g eggeodGinen Serthg i e ce o URidiap s eps are
car boxyl est %rﬁ?@ntﬂér@sé€r§5€eméék§‘éé{£8| ¥§ﬁge' oki pase, a@)%%%ph%ldorta 5 A2,

Iysophosphollpase|= acetyl est er ase, 4cet ol i'nest er ase, chollnesterase
- t.ropi nestaruse, 1%‘1qlnefsltc@l‘r Fmut sQeGotIO estartask)® Cohlﬁj?@pfﬁﬁdld’se‘l o
Lara onol.act onal a r ttan ase,:
L i e el il e =l
acyl gl ycer olalgwx otli atte> Eétmjlt IHbth}naﬁm;n Bttact brids e,0 about 35°C

gal attol i pas dn ‘

hydr.ol ase, Amenn%ac t tha?r%Inﬁgc %%gﬁtlrn@o&no- ‘‘actonase, -

6- phophogl uconol aﬁte)n@.ﬁe:tzpmfslprmibme@ mahS&eathatqH@M@tﬂs]@ active
-.-deacetyl ase i popr ot ei nl | jase, :
di hydrocoumarl nhydroVaseq RO - p- r| ng ?%c(fonase
st er.oi b | actminase, dailacet at el act@mmase, aatiddiomiai n | adteonase,ological

Orselllnate d%%%ék%r@“gﬁgasgiyﬁggha%ogpgékﬂog may comprise the step

substances and/or

of chemically coupllng an enzyme to said second
~electrophilic comﬁound that has been coupled to the first
electrophilic compound. The step of chemiéally coupling
20 an enzyme to said second lelectrophilic 'compound may
include providing' stabiiizihg and aétivating additives

such as sugars, thiols, antioxidants and chelators.
The enzyme may be selected from the group consisting
of Qxidoreductases, transferases, = hydrolases,  lyases,
- 25 isomerases and ligases. Oxidoreductasés catalyze
oxidation- reduction reactions, and the substrate
oxidized  is regardéd ‘as hydngeﬁ: orlveléctron,'donor;
Transferases catalyie transfer of fﬁnctibnal groﬁps from
one moleéule to another. Hydrblases catalyze hydrolytic
30 cleavage of various bonds. Lyases catalyze cleavage of
various bonds. by other .means than by hydrolysis or
oxidation, meaningifOr example that they catalyze removal

of a group from or addition of a grbup to a double bond,
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deacet yl ase, chl or ogenat ehydr ol ase, a- am no-acid 20 esterase,

4- met hyl oxal oacet at e esterase, carboxynet hyl enebut enol i dase,

deoxyl i nOWOt281140280/ig- | act onase, 1- al kyl-2-acetyl gl ycer 86HESRMAONSI ne
esterase, fusarinineC ornithinesterase., sinapine esterase, wax-ester
hydrol ase, phorbol‘diester hydrol ase, phosphati-dylinositol 25 deacyl ase,
sial-ate 0-acetyl & t erase, acet oxybUthf%l bithio hene deacet yl ase,

acetyl sal i cy?at e® St YT 2REIFRt M TMDEHH] f 7 JACtHiet 2 22 Tt i s e,

2- pyr one- 4, 6Iscthendboxydat £ pod. mm@n%mwﬂ%@&ﬁ@a%@m GRdbning
deacet yl ase uveni | e- hor none ‘ester ase bi s(2-ethyl - ) pht hal ate

est er ase, FIEY! UEamaPe et P Let s as%lgﬁieél §art@tl1yr¥3ﬂ RAtiate
hydr.ol ase, airh -wH Basr©fd myd Tal e 4 atel hydnplgase, 1, -. rhamono-:

1, 4-1 act onase, 5(3,4-diacet oxybUt.71- gn y1)-2,2!-bithi ophene deacet yl ase,
2011/ 10%807PCT/ SE01970000894 1 Fakty - 5B SBEhYESedil oxidoreductases,

synt hase, Xylﬁwmbﬂ-ﬂa&agéﬁnéﬁedlﬁﬁékéﬁetereﬁpéyb%skﬁﬁﬁ&% such a% e
-acetyl al kyILfg}incerol acet drol ase acetyl xyl an: est’erase, eru o_yI

est er ase; r@%e‘?r‘ﬂéﬂ’y(éﬁl@r @3(9%@1/9? ape) oxel @QQWnrerté@e CHL-qdeg/l(@&p,

)

| | | |
h' Ydrioxbot angat ) G- fepo @i%rpaset@@l el ,?faﬂ% H a%lg OW%nzynes

hydr.d ase, pol yneuridi ne-al delyde esterase a

acting on etfhjet?rctﬂﬁmufrm@oﬁ“@@luﬁdé triialf*r(lylfslUtf(gnqm Iaydhemasmn:b,et her

hydrol ases. I?Qgﬁ‘ﬁs?
(acet a?n@dorre(%lhyl ene)sucm nat %%%%ai%@m%ope an’am dﬁlz ‘donors

f or nyl et hi oniHe  delcormppirase onhi ppumatle dnidiol asggeN, aces yrglluchsanine

’deacetyl as%i%gi}'ﬂco?&Pation or reduction of molecular oxXygen or
' ' 'others’ OXidoreductases may also be acting on.CH, groups
Eor X H and Y-H to form an X-Y bond Typically enzymes

15 'belonging to the group of ox1doreductases may be‘referred
to as oxidases, oxygenases, hydrogenases, dehydrogenases,
reductases or ﬁhe like. Exemplary oxidoreductases
includes oxidases such as malate oxidase,_ glucose
oxidase, hexose oxidase, aryl-alcohol oxidase, alcohol

20 oxidase, long-chain alcohol oxidase, glycerol-3-phosphate
oxidase,: poly vinyl-alcohol oxidase, D-arabinono-1,4-

lactone oxidase, D-mannitol oxidase, xylitol oxidase,

oxalate oxidase, carbon-monoxide oxidase, 4-
hydroxyphenylpyruvate oxidase, dihydrouracil oxidase,

25 ethanolamine oxidase, L-aspartate oxidase, sarcosine
oxidase, = urate v'oxidase, methanethiol  oxidase, 3-
hydroxyanthranilateZﬁoxidase, iaccase, oatalase}.lfatty—

acid peroxidase }p peroxidase, diarylpropane peroxidase,
ferroxidase, pteridine oxidase, columbamine oxidaSe and

30 the like} Oxidoredﬁctases may aiso include oxygenases
such as. catechole 1l,2-dioxygenase, gentisate 1,2-
dioxygenase, homogentisate 1,2-dioxygenase, lipoxygenase,

ascorbate 2,3fdiongenase, 3-carboxyethylcatechol 2, 3-
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ase; N- net hyl - 27cXogl ut ar amat ehydr ol ase, gl ut am n-

(asparagi n-) ase, al kyl am dase, aCyl agmati ne am dase, chitin deacetyl as. e,
pepti dy 1 AyORoHMORSe, N-car banoyl?7 Sar cGsi ne; PCT/SG2011/000069
am daSe,,.A\l-(long-Cl:I|ain- acyl ) et hat ol am ne deacyl ase, m Msi -nase
acetyl put re$C| ne deacetyl ase, ' aCetami dobUt yrate deacetyl ase; theanine

hydrol aSe, dr oXymet hyl ), (aget,a dorreth Iene)suc nate . ,_
hydr.d ase47l\9é]t% ﬁ'}e/gﬁelﬂ amlr?éjéjgel\l-f%f%’ry{ygf)uyg %{e defor as{_é _3’4 '

gl YcoSphi ngaizlqm}cba)‘esaxe/l aseacaddbeatien- A—ﬂelaoyy@eeapept |hdnephenyl—2 3-
def or nyl ase, ydr opyr di nase, di hydr oQr t ase

car boxy Met hﬁj Cil:;'ydanﬁd jn;gs]e XYGHA551 nase: og]regai‘tnéase HuamRRheRi se,
creati - acet Y.kt Gasel €y¢ DsG nendgﬁm na_Sa%,tanebOZ-hﬁ)&tdSt@S}ﬁgenase,

t hi ati naSe', .1- a n“tar{éd q)rog ne- 1- 7t ar boxy| at e; deam nase and the ii ke.

In one mbodi L2 G Sed 1S iy mesy Sy D pelft i de

bonds,  whi CmJQ{@UpOx&dQJr%@udt%fs%rsr efhat/0 a§s@epim@§§@é Repidtasas san be
further di vi ded i nto exopeptidases that act--only near a termnus 20 of a

pol ypepti de %%Feﬁ aénda%%%%ptqe@é’éjé?gteﬁ]étseact gﬂMFeFﬁél I%WWWW'] de

chains. Enzyuwes, aﬁf@dﬂﬂ—gih dgdde bondegaydka@leHQeeenzyrres sel goteds from
t he .group of am nopepti dases,. di.pepti dases,. di- or ‘tri pept| df/l pepti dases

pepti dyl - m%@tdn%eésaseaerm@ tlﬁ‘ﬁéaﬁﬁcarb@??b@ﬁ?%aéé@r _ ycerate
net al | pear boyypeptdflasas cysieifbse 1- dehydrogenase, galactose 1-

typecar boxypept’ dases, orregapeptl dases, seri ne

dehydrogenase, allyl alcohol - dehydrogenase, 4-
hydroxybutyrate dehydrogenase,- ootanol dehydrogenase,
_aryl —alcohol dehydrogenase, cyclopentanol dehydrogenase,
‘ long chaln 3- hydroxyacyl CoA 'dehYdrogenase, L-lactate
i 15 dehydrogenase,~' " 'D-lactate -dehydrogenase, butanal
dehydrogenase, E.terephthalate’ 1,2-cis-dihydrodiol
dehydrogenase, succinate dehydrogenase, glutamate
dehydrogenase, glycine dehydrogenase, hydrogen
dehydrogenase, 4-cresol dehydrogenase, phosphonate
20  dehydrogenase and the like. "Reductases belonging to the
group of‘oxidoreducteses may also include enzymes such as
diethyl 2—methyl—3—0xosuccinate reductase, tropinone
reductaSe, long-chain-fatty-acyl-CoA reductase,
carboxylate reductase, D-proline  reductase, glycine
25 reductase, Heme-proteins such as cytochromes and the
like. In one embodiment the enzymes are lyases, which
may belong to elther of the follow1ng groups _~Carbon-
carbon lyases, carbon oxygen  lyases, carbon- nitrogen
lyases, carbon-sulfur lyases, Carbon—halide lyasee,

30 phosphorus—oxygenjlyeses and other lyases.
The'carbon—carbon lyases may also include carboxy-
lyases, aldehyde-lyases, oxo-acid-lyases and others. Some

specific exampleeibelonging to theee groups are oxalate
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endopept i dases, cyst ei neendopepti dases, aspartic

endopept i dases, net al | oendopept i dasesandt hr eoni ne endopepti dases. Sone

speci fi c ®R201/1928086f enzynes 30 bel onging to these grouB€TRGEANEe6NY |

anm nopeptidase, tripeptide am nopeptidase, prolyl ani nopeptidase, arginyl

am nopept i dase, gl ut arryl am nopepti dase, cytosol al anyl aminopeptidase,

| ysyl ami nopept.i dase. e 011/102807PCT/. S 11/ 000069
non-.st erebspcgegl q? pepste’daacegylt? gﬁﬁgns%eecca}ﬁzoox d]l peep(tl g358; %529 P
nenbranedlmmnambﬁxykh$£ptEQ&SHmaEdecarboxylase, aromatic~L-amino-

d| pepti dyl - pe dasgel pepti-dyl - tid S. e |
tripeptidyl” Cgle ti 81§§§r:bloxy Bro dl'gggh’g gbrﬁ@%t Eég a/ecgﬁg) ;lase'

pePti dyI t di mrlldﬁﬁfé A dﬁyésbsbﬂi&[ylﬁé@ XI calrrhmwepomd ggacs@nopagskbmmﬁl dase
C, acyl am nQac ept i epti yC| nam-dase, 13-

aSparty’ tpepﬂ%ﬂ?%ﬂ ub?ﬁﬁ???ﬁyl ﬁi//e PREY LS hy mot ¥ A5 SE - LHRBTZ Y pS in
C, metridin d;fd/a(tsld\,,. thr@@@aﬁboxyiQs@l am ntzentrerlpept lc@@éaeﬁb@gypa%él ‘
endopeptl dase; :glutanyl'l -.endopeptidase, cat hep3| nG cucum si.n, prolyl.

. bl i-gOpept i B ORANRIr i N, %ﬁ%lﬂ%\o}k}é]ﬁsr% ei n, §jusRse-bisphosphate -

kal | i krein, | Paneread | C QLééh§§%o bea%@szyt hosbﬁsbaﬁeonafﬁayméf&@raeéfé sin,
hypodermn C, | ysyl endopeptl ‘dase, 15endOPept | dasela, y-renin, vetonbin

AB, I 'eucyl emp@ﬁh%@nsww%@l%m@,arnwpw EYRUmRSe i stastate

oryzi mendopepid dase- K, vatnflqur{%WCO'swthQ%m tasgg endppept i dage, S0,
t - pl.asm nogen act | vat or, -protein C (activated), pancreati c endopept | d'ase

E, pancreati &Y@@@%&f&é@hth}dﬁr%m fikvassine ehrdopdpetyRaeartate
u-plasm nogeapl@&ltaé/@tortr POFRER b, fUHe%xM%'o%Q'p@;%ﬁ%udi%%eno&%@ée

granzyrre A, granzyne B, eptogrisin A
- lyase, octadecanal decarbonylase and the like.

S The carbon oxygen lyases may 1nclude hydro lyases,
3'f15 ' ‘lyases actlng on polysaccharldes, phosphates and others.

Some specific examples are . carbonate dehydratase,

fumarate hydratase, aconitate B hydratase, citrate
dehydratase, arabinonate dehydratase, @ galactonate
dehydratase, altronate ~ dehydratase, mannonate
20  dehydratase, dihydroxy— | .acid ‘dehydratase, 3-

dehydroquinate dehydratase, propanediol dehydratase,
glycerol dehydratase, maleate hydratase, oleate
hydratase, pectate lyase, poly(R-D- mannuronate) lyase,
oligegalacturonide lyase, poly(a+L—guluronate) lyase,
- 25 xanthan lyase, 'ethanOlamine -phosphate phospho lyase/
carboxymethyloxysucc1nate lyase and ‘the like.

The carbon- n;trogen lyases may lnclude 'ammonia-
lyases, iyases acting on amides, amidlnes,'etc., amine-
lyases and the like; Specific examples of these groups of

30 lyases are aspartate ammonia-lyase, phenylalanine
ammonia—lyase,.ethanolamine ammonia- lyase, glucosaminate

ammonia-lyase, argininosuccinate lyase, adenylosuccinate
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streptogrisin oligopepti dase 25endopepti dase C p, convertase2, | actocepin,
sper nosi n, pseudononal i sin, endopepti dase tbhgavirin,flavivirin,
convert as®OR011H102897 ot ei N assenbl i n, hepaci vi ri n, xant honBEAISGHN/00@6P er mi nal
processi ng peptidase, physarolisin, cathepsin B, papain, ficain, _
chyrmopapai ni ascl epain, clostripain, streptopain, 30actinidain, cathepsin

o hopar it ks €2t DEREUR.T, DL YEX.  engeReRl) dae Sarcer Rrocoagy At
bromel ai n, fNtiyadsonel ain, |egumain, histolysain, caspase-1, gingipain R
cat hepsin K, adenai n, bleonycin_h ol ase, cathepsdn. F, cathepsin O,

cat hepsin V, .nuclnlg%?-?i?ﬁkf T%Lh];f.,u% %?ilﬁaa%el,n‘ﬁjelll%%rd% opio-

proteinase, ot eh nasehibmethipeptédase, ikigi ngifdai N Kact Sy1dAphopai die
-sep)ai ' aSe, Vtcath endopepti-dase, cruzipain, - . Cal pai n2,
pepsin A, pep& e B?nfga@f $St%, L X¥4yosi n, cathepsin D, nepenthesin, renin,
Pr ooPi-onel anocor the” cRIH- @RZY TRa sasPerdid | 0REPSES 3-chloro-D- -
aSpergi | | Opepsdn; |1, penicill-opepsin, rhizopuspepsin, endQ hi aPepsdn, .
mucor pepsdn, 313EHYi dapepRI AL RS dPRpsdn, akfibdot o iFaprpnethane -
acrocyl.i ndr opepsi dyeddyporopepsdn: ; - Apycnopor opepsin, scytalidopepsdn A,
scyt al i dopepsi n B, cat hepsinF, barrierpepsin, signal peptidase II,

pl aSmepsin |, pl asMepBPASPROTBRYPERHSFER, Wy@Fsish Mar Nowsivale prepiyiate

pept e SMLELS oURPERLL 5o ERpEL Sy TRGRLEL B BgOlystn A
C- endopept i ddAGY Bt ¥es Rl paeasfol ysin, thernol ysin, bacill ol ysin, :
aur§0Iy5inyxQQCCthsgﬂotﬁggo_émbodiment, the enzymes are hydrolases
= ;sQléétédz from ther group consisting of glycosylases,
- éthééS_acting oﬂﬁécid.anhydrides‘énd enzymes acting on
“‘:15 ‘_‘S§é¢ificfbondévSdéﬁ”aS‘éster bdhds}'ether bonds, éarbon—
nitrogen bonds, Speptide bonds, carbon-carbon bonds,
halide bonds, phosphorus-nitrogen bonds, sulfur-nitrogen
bonds, carbon—phbsphorus bonds, sulfur-sulfur bonds or

carbon sulfur bonds.

20 The glycosylases may be glycosidases, which are
| capable of hydrolysing O- and S-glycosyl compounds or N-
glycosyl compounds. The glycosylases may also include o-
amylase, p-amylase, glucan 1,4-o-glucosidase, cellulase,
endofl,3(4)—6—glucanase, inulinase, endo-1,4-B-xylanase,
25 oligo-1, 6-glucosidase, dextranase,'bhitinasé, pectinase,
polygalacturonaée, . lysozyme, levanase, quercitrinase,
galacturan 1,4—a—§éiécturonidase, iéoamylase, glucan 1, 6-
aglucosidase, glucan endo-l,Z—B—glucosidase( licheninase,
agarase, - exo—poly4d—galacturonosidase, K—-carrageenase,
30 steryl—B—glucosidaséy strictosidine , B—glucosidase,
mannosyl—oligoéaccharide glucosidaée, lactase, 'oligo—
xyloglucan B—glyédsidase, .polyméhnuronate hydrolase,

chitosanase, poly(ADP—ribose) glycohydrolase, purine

50



20l ysi n, gel ati nase B, | ei shmanol ysi n, sacchar ol ysin, _ _ _

gamet ol ysi n, serral ysin, horrilysin, ruberlysin, bothropasin,oligopeptidase
A, endot helonooionysert i ng enzyme, ADAM 10 endopepti dase amdrisieeoiiiok@ss The
enzynmes acting on carbon-carbon bonds may 25 include, but are not limted
to oxal oacetase, funmaryl acet oacet ase, kynur elni naseé phl oretin hydrol ase,
acyl pyruvat e hydrol ase, acetyl pyruvate hydrol ase, 3-. : -

di iefgnehydr%ﬁlgﬁ%‘?s& -%?OXbQ%§Hh%n%/W%Je%S%d%$1%atlér%@HP%lrHé%l,eOS_ldaser

2- hydr oxynucaget &s sedn @b eedyseidyar ol s eciand) 30cycl ohexane- 1, 3-di ot e
hydrol ase. The enzymes acting on halide bonds may include _
al kyl hal i dase, 2HNA} 0&8Zd™M§ehaA DlyEiasen hfbdcanhverddesl cyenabe, fdwr oxi ne

dei odi nase, - Ag_@@@igah%hgggal o{g@&h%mo@llég@%%pgﬁg_/ SG%?ll/%ppp y-l_as'e, _
i I chl or obenzoat e dehal ogenasey 4-chl O oben’ zoyl-- CoA dehal ogehase, " atrazi ne
chl or ohydr ol @t &R rheannkerides. Expe limyobiniyees engyies dinsdaskd
cherein My alisgyridd! Ud%r‘eénz.fyméj,u@é?“ ”.Qﬁoggaﬁ%c'_ f '&i;?r?é‘s‘]'psr;ast“é:shé as
. pbbsphoaM dase: : : 1\ I.-.sul f ogl ucbhSam nesul f ohydrol'ase; =~ o o
cych.anat efsu‘lHj@ﬁw&@%@h%fpiﬂiﬁphoﬁda@@tsahd’e-_h-ydgbosphatase,, - apyrase;
hydrol ase, | phoaphohoal &f atehydral ase, trilly gnatg,vdrol ase., JOR . ; g
sul fbqui novose-synt hase and. tthe ‘T1ke. T _ Lo T v
S diphosphatase, endopolyphosphatase, exopolyphosphatase,
liO _ ﬁﬁclééSidév phospﬁb%hcylhydrolase, ;triphosphatase; CDP-
o diaéylglyceroldiphoéphatase,‘ undeCaprenyldiphosphatase,
vdblithldiphosphaﬁééeﬁ 'oligoséCChaﬁideQdiphosphodolichol
ﬁdiph&sphataSQ;ﬂ1hétéiotrimeric-‘G—pfotein GTPase, - small
L » ,mdndﬁériég GTE&Sé}Z; dyﬁamin GTPaéé, tubulin GTPasé,
“:;15 i »aiphééphéinbsitOlﬁbiyphgéphate o aiphosphatase,-f H'-
exporting ATPaseAi monosaccharide—transporting ~ ATPase,
maltose-transporting ATPase, xglycerol—B—phosphate—
transporting ATPase, oligopeptide-transporting ATPase,
polyamine—transporting ' ATﬁaSe, peptide-transporting
20 ATPase, fatty—acylfCoA—transporting ATPase, protein-
secreting ATPase and the like.

The enzymes acting on the ester bondé may include
esterases, lipases, carboxylic ester hydrolases,
thiolester hydro?aées, 'phosphorié ester »hydrolases,b

25 sulfuric ester hydrolases and ribénucleases. Exemplary
enzymes ;acting' bnﬁ ester bonds .include acetyl—CoA
hydrolase, palmitéyl—CoA hydrolase, :succinyl—CoA
hydrolase, 3-hydroxyisobutyryl-CoA 'hydroiase, hydroxy-
methylglutaryl-CoA hydrolase, hydroxyacylglutathione

30 hydrolase, glutathione thiolesterase, | formyl-CoA
hydrolase, acefoaéétyl—CoA hydrolase, S-formylglutathione
hydrolase, 5—succ£hylglutathione hydrolase, oleoyl-[acyl-

carrier¥protein] . hHydrolase, ubiquitin thiolesterase,
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Preferably, the enzynes are ureases. The enzynme may be chem cally :coupled
to the second epoxi de-containi ng conpound that has been coupled to the
first epowddeticegoai ni ng CohMpound It may al so be coupl egcdiscectilogots® t he
first epoxy-containing conpound Thefrom the described nethod for

15i mmobi | i zation of . bi ol ogi cal - subst'ances thereon has a ether- cont ai ni ng
conpound havj |ety pled to a substrate and anot nnle

coupl ed to ahjgﬁﬁﬁi e Rights LLY G <Sonpourtd** é%ﬁ§aﬁﬁﬁﬁ§ete n§§ ina
di al ysis de\:ma:BorS}km-lf’CcHS @wldmeawmoaép@icserdﬁwmwcwaﬁowm@yy S
devi.ce. gpe enbodi ment %he substrate is used in a sorbent of a

YRR @SS prA N~

henndlaly3|

qtt GBI YL DETHE adbisal R g

drawi ngs illdsfraten a diygebosed, en‘a@@le@a&byan%&@rwea&ele&pl abFoddren ]

principles of the disclosed enbodlnent i1's to be_ unders

t ood,

homever

that the drdwWHgRlase de®iPdfed opdr Eﬁr%@%é‘s oth‘liF%%‘?ﬁtl orft BHYEO%AY not
as a definitianof1ihe | i misa0a e 'n\Qen((Z—Q{%led@ﬁdéh@'}%@éﬂépf one

enbodlnent of."the discl osed met-hod of using di

| eophilic linkers

Fig: 1bis aSchemits c shodiragaanet herageslsing e nBEPPPBAtEEBst r atac1d t hat

may - be obtaug%%ggégggge SAHEs

2 is a-Schematic of anot her n%odlnent of “the di SC osed nmet hod

Oxi rane- funcﬁh@ﬁi&&?@%ﬁrl i nkatliscleotidhge, 3 i-ucketemaiec of' &2 Spetific

exarrpliaoof tihes &ch 2 Shown i Fig dldalsae whens W am n

| i nker and ‘epi’c ydrin'i's used as the fir secon

ggep

£gbed! fent p@ifosbﬂ%"{%fs'éOdS Méﬁﬁhﬂéaﬂ@ Fig

usi ng

(gigqsas a .

oxid

contalnlng GWanhﬁtasaﬂFlgﬂd¢ﬂ¥pkr2iﬁhnﬁnh&i&ﬁea.sﬁ@mﬁphpQ$&ﬂﬁﬁ&i©f t he
_phosphatase,'glycerol 1- phosphatase, mannitol-1-phosphat-

'ase,; sugar phosphatase,vbsucrose phosphatase,'

1n051tol—

ﬁl(or4) monophosphatase, 4~ phytase,f phosphatldylglycero—

";15 iphosphatase, ADP - phosphoglycerate phosphatase,

N_f

acyl-

neuraminate-9-phosphatase, nucleotidase, polynucleotide

3'-phosphatase, glycogen—synthase¥D-phosphatase,

dehydrogenase (lipoamide) | phosphatase,

‘pyruvate

acetyl-CoA

carboxylase phosphatase, 3- deoxy manno-octulosonate-8-

20 phosphatase, polynucleotlde 5'-phosphatase,

.sugar-

terminal-phosphatase, 'alkylacetylglycerophosphatase, 2=

deoxyglucose-6-phosphatase, glucosylglycerol 3- phosphat-

ase, S5-phytase, phosphodiesterase 1, glycerophospho-

choline phosphodiesterase, phospholipase C, phospholipase

25 D, phosph01n051t1de phospholipase C, sphingomyelin
phosphodlesterase, glycerophosphochollne cholinephospho-
diestefase, alknglycerophosphoethanolamlne phospho—
diesterase, glycerophosphoinositol glyce-  rophospho-
diesterase, arylsulfatase, steryl-sulfatase, glyco-

30 sulfatase, choline-sulfatase, oellulose—polysulfatase,

monomethyl—sulfatase, D-lactate-2-sulfatase, glucuronate-

2-sulfatase, prehyl—diphosphatase,' aryldialkylphosphat-

ase, . diisopropyl%fluorophosphatase, oligonucleotidase,
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met hod | i nker Shown in Fig when glycidol is used as la Detailed
Description O Drawings Referring to Fig. la, there is shown a schematic of
15 one eryOHEN2806f t he di scl osed net hod 100 of using @CRSE2EAHPI06Y C

i nkers. A free (primary) hydroxyl group on .the surface of an insoluble

pol ymer 110 is first. reacted with an epi hal ohydrin shown in step A-1. The

reactionreL{% dgtrp rieile e hal qgen .on. d‘? aI{1dr|n and
'a proton O?P ]I"}g ppy oxy grg[ls,llg) q‘fuoclt’l% I’]Jé ﬁ%eﬁter ¢ SUC g.l'[ héa; é/

resul ting, rmdmdmmﬂaaﬂmt r@wimalm ndmmelaém c%yyanmuplp&dlycceﬁmhpmm de
group at the term r}f e %?’ﬁsét rate _conjf ai ni ng he erp va roup
is then, in th actréL Wi §555df- R gr eo “?ﬁ)ﬂ% 1rJ'lﬁer Ya e?7’1sgeqt he
gener al fornswl,a (Bé)cragwl ngnatﬂ’t%slderﬂ@er m)dn_éaed SUEISatﬂ‘Iﬁ:t@]Jéeﬂt@Sa@

r Rl R4.

P OdUCtS ( Qy gg%ergggxltrrac§lggyceroT llpase, phospholipase A2,

' ' lysophosphollpase,' acetylesterase,.lacetylchol;nesteraseh
»chollnesterase,i troplnesterase, péctinéstérase}'ﬁsterol
esterase, chlorophyllase, IL- arabindholactohaSe, glucono—
lactonase, - uronolactonase, tannaéé, retinyl-palmitate

10 estéraSe} hydrobeutyrate—dimer hydrolase, acylglycerol
" lipaSe[ 3= oxoadlpate enol—lactonase, 1,4~lactonase, -
galactollpase,r 4- pyrldoxolactonase, acylcarnitine
hydrolase, ; amlnoacyl tRNA : hydrolase, Dfarabinono—
lactonase,i 6 phosphogluconolactonase, phospholipase Al,

715‘. 6- acetylglucose deacetylase, ~ lipoprotein lipase,

dihydrocoumarin .hydrolase, limonin-D-ring-lactonase,
steroid-lactonase, . triacetate-lactonase, ‘ actinomycin

lactonase, orsellinate-depside hydrolase, cephalosporin-C
deacetylase, chlorogenate hydrolase, o-amino-acid
20 esterase, 4-methyloxaloacetate esterase, carboxy-
methylenebutenolidase, deoxylimonate-A-ring-lactonase, 1-
alkyl-2-acetylglycerophosphocholine esterase, fusarinine-
C-ornithinesterase, sinapine esterase, wax-ester hydrol-
ase, phorbol—dieSterr hydrolase, = phosphatidylinositol
25 deacylase, sialate O-acetylesterase, acétoxybﬁtynyl-
bithiophene deacetylase, acetylsaiicylate ‘deacetylase,
methylumbelliferyleacetate deacetylase, 2-pyrone-4, 6-
dicarboxylate léctonase, N-acetylgalactosaminoglycan
deacetylase, juveﬁile—hormone esterase, bis(2-ethyl-
30 hexyl)phthalate _esterase, protein—glutamate methyl-
esterase; 11—cis—ﬁetinyl—palmitate hydrolase, all-trans-
retinyl—palmitate;fhyerlaseL L-rhamnono- 1,4-lactonase,

'5;(3,4—diacetoxybut+l—ynyl)—2,2!¥bithiophene deacetylase,
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formula (11) wherein:. 30 X and Y are independently selected from
NH, NR, NHO, NRO, .0; S, Se, cpcy., CONH, CONR, CBS, COS,. CONHO, CONRO
CONHNH, . , WGNRNERSOCONRNR, HCNO, PHi . : PR; 1RCTSG2011000062r

i ndependently sel ected fromthe .group consisting of hydrogen, optionally
substituted al kyl, optionally substituted :al kenyli optionally substituted

al kynyl, optianall. ubstituted. aryl and optionally substjtuted heteroaryl,
and fé%ky Qéi?fﬁﬁEX%(ﬁf.ﬁfﬁ n?gagpagﬁdepéﬂﬁgﬁy?, S T%ﬁﬁ?ﬁpﬁiﬁ70n10
to 25-. 'Aftesttdhet@aabennyl¥btbrabe, | i rket ygeQy ligl yelep 1A- the-tipdi f i ed
substrate 1 4?fo contains. tge\ﬂUcLegggiliC .:groug { a&ﬁlts termnal ,end
The nUcl eopHY Tt Tras5- SC9VS¥haR . TR T, st EFTALSYN t PSS it her .
epi hal ohydTidut Miasd10c beaphizkhg dsulsihityiriaer,) thepbalrgenseresaity o5t he
epi hal o ydrink#s;subStitutedwby=the,nucleophlluc group Y, resulting it.the
modi-f i et subBIFE e TG A Tavi iR BT froi ¥y PO AL t riRTRbase,
epoxy noi et Yadtiox fa@tl arng, d:asResd | Vebyn woup 86 y- 4 Neerdfild nkedt dAds e The
epoxide term-nal group of the nodified substrate. 116 is then reacted wth
a bi ol ogi cal®Xupstancd§n the formof enzyme 120 that contains a
nucl eophilic groume idhSfehs AdbeThe ezy B ReconEs, dmghi | i Zﬁﬂ%ﬂme _
the substrate to give the overall product 130. 25Stabilizers such as thiols
may. al so be ddeld P Biqniamy. < Reeodiafgst o ARG, | dtheher ydr shaes a
schemafd ¢ 2Q6 Show ng-anod her REAdUCl Al fBY De:oBhaingd, fromd it
R ,bOnds Eand on tﬁé‘goxygen equivalent, Specific ‘enzyme'
jégamplesgn - belonging to _ --thése groups - are
5é@éﬁdsylhbmocYSte%@ésé, 3 adenosylmethionine ‘hydrolase,
, ﬁiéocﬁoﬁiématéséi ;élkehylglycerdphosphocholine hydrolase,
15  -epoxide = hydrolase, trarcs-epoxysuccinate  hydrolase,
alkenylglycerophosphoethanolamine hydrolase, leukodtriene-
A4 hydrolase, hepoxilin-epoxide hydrolase and limonene-
l,Z—epoxide_hydrolése. ' o ‘

The enzymes acting on carbon-nitrogen bonds may

20 hydrolyze linear amides, cyclic amides, linear amidines,
cyclic amidines, linear carbamides (ureas), cyclic
carbamides (ureas), nitriles and other compounds.

Specific examples‘belonging to these groups are urease,
amidase (acylase) , ésparaginasé, glutaminaée, w-amidase,

- 25 . P-ureidopropionase, . arylformamidase; biétinidase,. aryl-
acylamidase, éminoacylase, aspartoacylase, écetyl—
ornithine deacetylaée, acyl—lysine  deacylase, succinyl-
diaminopimelate désUccinylase, pantothenase, ceramidase,
choloylglycine hydrblase, N-acetylglucosamine-6-phosphate

30 deacetylase, N—acetylmuramoyl—L?alanine amidase, 2=
(acetamidomethylené)succinate hydrélase, S-aminopentan-
amidase, . formyiméthionine. ' deformylase, hippurate

hydrolase, N—aceﬂylglucosamine fdeaéetylase, D-glutamin-
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same enbodi nent of the method shown in Fig. la. The steps undert aken
in Fig.... Ib are the sane as Fig. |la. However, 30in step .B-3, nore than
one nol ecubeonfioegerhal ohydrin under goesnucl eOphi | i csubsPrrisGeenavwee h. t he
nucl eophilic groups X and Y, resulting in a substrate having nultiple

epoxi de groups. Accordingly, the final nodified substrate obtained (216)

":differs fromnodified s in that the. supstrate 6_cont ai ns
addi ti onal €Poxy é??%}éu:gléz_oﬁcfg%lflfﬁ]e% 50 c YU uﬁ 35€and % Woditied-
substrate 21Eamat<_hem— )um@,r go allkybkidiidaats, on segathyRAasigaeM |afidosSt ep

'B-4 in Fi rlngto Fi g t here, is shown a schematic of
one enbodi o "fﬁlto]fnt h%e?ﬁ%tcy ne?%ﬁl%f) UG Fane Y URERIMAY +zed

linkers. Thessmbsd1ad e 31@meaakai,ni ng M- (Long—chWer gyl ) G 1ao1 Smfhs st
reacted W|th an }h&hal ohydrin 10 shown in step G 1 The reacti-on results in

the rel®ase & Had 0gefOSANERE" . e%ﬁ%yw*a?%@afh%l ﬁ’?élcﬁééﬁlrafsﬁnm‘iﬁe .
"hydr Oxy: grﬁé@amﬂ%kﬁhﬁyf@@etr@ez{@é&gﬁéé@ mogh &4 eth SUDSI I AL E2 822 1'5- now |

| i nked to an epoxide group at: the -term nal end The substrate . 312

cont-ai ni ng tﬁw%m&metfgy >up3'r FaSt AP Rt kg uccinalRted with at

| east one Ur}ﬁ&df’c@l@sﬂe oxi.r Qﬂ%eft%@%h%@@hlté%Qna's%ker Wfé‘ﬂnﬂl‘}l@@é}ﬁé@é
forrrula (I'b):” HX-ER1) (RS === (CE EC)
deformylase, glycosphingolipid deacylase, aculeacin-A

Eilb 'deacylase, peptide deformylase,.i dihydropyrimidinase,
. dihydrdofotase, carboxymethyl—hydanﬁoinase, creatininase, -

:L lySine lactamase,_farginase, guaﬁidinoacetase, creati-

-nase, allantOicase, :cyfbsine deaminase, riboflaVinase,

L ithiaminase, 1 aminocyclopropane 1 carboxylate deeminase

Ciqs and the like. : o ' S

In one embodiment, the enzymes immobilized are

enzymes acting on peptide bonds, bwhich group 1s also

referred to as peptidases. Peptidases can be further

divided inte exopeptidases that act only near a terminus

20 of a polypeptide chain and endopeptidases that act

internally in polypeptide chains. Enzymes acting on

peptide bonds may .include enzymes eelected from the group

of aminopeptidasee, dipeptidases, di- or tripeptidyl-

peptidases, peptidyl— dipeptidases, : serine-type
25 carboxypeptidases, . metallocarboxypeptidases, cysteine-
type carboxypeptidases, omega peptidases, serine
endopeptidases, ' Cysteine endopeptidases, . aspartic
endopeptidases, metalloendopeptidases and threonine
endopeptidases. 'Seme specific examples of enzymes
30 belonging to these groups are chtinyl aminopeptidase,

tripeptide aminopeptidase, prolyl aminopeptidase, arginyl
aminopeptidase, glﬁtamyl aminopeptidase, cytosol alanyl

aminopeptidase, lysyl aminopeptidase, Met-X dipeptidase,
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20formul a (I b) wherein:
S, Se,

.Xis selected fromNH NR NHO NRO O,

COO, 25CONH, CONR, CSS, COS, CONHO CONRO CONHNH, CONRNH, CONRNR
CNO, PH, wW&;2011/102807

t he group consi sti ng,
substituted aIkenyI

R, Rl, R2, R3, R4 are independemrCinpGaeiimotsel from
of hydrogen, optionally substituted al kyl, optionally
joptionally 30substituted al kynyl, optionally

substituted ar

and o |on
and g is an't 9n|

éﬁ%? ?

substituted heteroar

YRS S r om Ot

&%g nonspec{%&qer

the.  reacti cxmm;tﬂfmér@e,l [ nhﬁémbfarsé ep dreptheagesul tcﬂf;gepﬁmihéé ed g,
.substrate 314 thalns éhe epoxi de group of the dX|rane‘
functional i %&é& RER1I4%% (i nal . bnt h: The %Rﬁﬁﬁ%ﬂﬁ TERAREERFDUp i s

then react edtmﬂép@l@plm@fdawbsta@@@pagt@dg/nabe eAtiakas @ nucleaphilic

:groUpH Z in step 0-3. Eventually the biol ogjcal
on the %ubstQ%R%PE%QXﬁ\Eﬁ@@&ﬁ%ﬁ@weﬂﬂeﬁﬁiﬂﬁ%

there is ':shawya schemtddsx

Fig la, but wheTi . hexanedi aM-n0 Used as a

subst ance is inmobilized

Gggprtidase RBf er}YIRPI®RFi g 3

yﬁ@@tqha%%petlflccg%gggbgggtgagsgethod @hown in
i nker :

In step D -2 and

_Pi d- adr ohyo%‘%ﬁi’]nafi”sn%%@dl'é%eﬁwafﬁst arkPRekdnE- eposd rridasmt ai ni g

conpound i n §ie&

et her noi ety 440 &and at

tryp31n,; chymotryp51n c,

10 plasmln, enteropeptldase, acrosin,

.glutamyl endopeptldase,

_ollgopeptldase,' brachyurln,

?‘ikalllkreln, pancreatlc elastaée,?

jchymase,i cerev181n,f hypodermin- C,

‘ :15 | 'endopeptldase"vhap" y-renin,

endopeptidase, tryptase,

oryzin, endopeptidase - - K,

endopeptidase So, ‘t-plasminogen
(activated),

11,

pancreatic

20 elastase IgA-specific

plasminogen activator, venombin A,

semenogelase, granzyme A,
'B, ,

B,

granzyme
streptogrisin glutamYl |
oligopeptidase. omptin,
25 endopeptidase Clp,
2,

pseudomonalisin,

convertase lactocepin,

spermosin,

processing peptidase, physarolisin,.

ficain, chymopapain, asclepain,

30 actinidain, cathepsin L,

endopeptidase, cancer
picornain 3 C, picornain 2 A,

bromelain, fruit . bromelain,
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metrldln,

cathepsin fG;

plasma

" venombin
scutelarin,
’ thermomycolin,

activator,
endopeptidase

serine

togavirin,
proprotein convertase 1,
assemblin,

xanthomonalisin,

clostripain,

cathepsin H,
procoagulant,

caficain,

legumain,

PrIo 4 sk, Thephgsyktingg Midjdieplsubsyrat optainls one

trypsin, thrombin,

a-Lytic endopeptidase,

cucumisin, prolyl

kallikrein, ftissue

leukocyte elastase,

E lysyl endopeptidase,

- AB, ‘leucyl

kexin, subtilisin,
thermitase,
protein C
E, pancreatic
endopeptidase, u-
furin, myeloblasts,
B, streptogrisin A,
endopeptidase 17,
| - flavivirin,

proprotein
hepacivirin,

C-terminal
cathepsin B, papain,
streptopain,
cathepsin T, glycyl
cathepsin S,
ananain, stem

histolysain,



15| east one epoxy noiety 442, as exenplified in substrate 416. It may al so
contain nultiple epoxy noieties, as shown in nodified substrates 450 and
452. woRefiemesong to Fig. 4 there is shown a schenmat ipcTBGA0foo@especi fic
exanpl e of the nmethod shown in Fig. |b, 20 when glycidol is used as a
linker in step E-2. The resulting product obtained is indicated by

ref erence nuneral 514.

] Exaaﬁles'2§$bn-lin1t%§g Ehbod'nents 3% the invention
and a conpar @t %> ExampP&" i PFBe urSHerSP cft bEFI i gre %$°T¥E%HI by
reference t mppecidse, Exagphepsinhi ¢h) sheuditepwin beogonslatirebsas i nvany way
-limting the scope of the invention. 30 Exanple 1 Preparatioon O
Epoxy- Funct i %lﬁ%}?‘g%ﬂl%%ﬁ%%?éa%r c%‘?ﬁi‘}%il?tdrﬁan%}'depoﬁﬁ R$VCT T IMRP T 94k i onof
cellulosO wasreosindks ed Pyotéeatsag &, Vi gopepshinasti rr %‘1%&%%05' og, of 5.0
g: of. .cel lul ose -in-100 m O 2.4M sodi um hydroxide with 30 nml-of - - o
epi chl ot ohydFF3PREPTHL f GERAT2SFhe 'e&efPoncRiRPERPEINBSS | |T R BPBYRsUCt i on
and 't he sol i@bvw@ir@up,,('a@rllpmwzep0%s¥p§§h| %,osgﬁ' swas washedswibs Ul trappre
water. (3X-50 nml). The epoxy .group loading of dry prinmary epoxy cellul ose
was '125*: pnotFgieSER Tabl €30hepsin  Th, pri mak§Pepbikys &Rl | ul oseeq s, 3 g of
wet nateri a'I?rd%iéxﬁ@férﬁﬂcd!ﬁmil%o’f'ﬂv’er‘%fi/n@exéﬂggfném naes;(JP%"/fPP%E in
15sol ution) in 100 m of methanol at 23C for 4 h.The reaction Xture was
filtered by bucéFBArahdlaaSheEnoAde WS CIGE opepsti met Haptpuspeghevin 9. 8 g
of wetydam no,&ebl l986s:n,The presees Qle Ui By am no. g oups, gos 1he

B 'chéharopepsinj: JrhOthQrulapebSin;f .acrocylindropepsin,
:pélyéorppepsin;. ;pYCnopQropepsin,'ﬁ scytalidopepsin A,
'sdytélidépepSinﬁ B;ﬂicathepsin 'E} fbarrierpepsin; ~signal
péptidéséf'li;f pLaémepsih I, 'plasmepsin 171, phyfepsin,
.15 yapsin 1, 'therﬁépsin, prepilin ‘peptidase, nodavirus

endopeptidase, memapsin 1, memapsin 2, -atrolysin A,
microbial collagehase, leucdlysin, stromelysin 1, meprin
A, .procollagen C-endopeptidase, astacin,' pseudolysin,
thermolysin, bacillolysin, auredlysin, coccolysin, myco-
20 lysin, gelatinase B, leishmanolysin, saccharolysin,
gametolysin, serralysin, horrilysin, ruberlysin,
bothropasin, oligopeptidase A, 'endothelin—converting
enzyme, ADAM 10 endopeptidase and the like.

.The enzymes acting on carbon-carbon bonds may
- 25 include, but are not limited to oxaloacetase,
fumarylacetoacetaée, kynureninase, phloretin hydrolase,
acylpyruvate hydrolase, acetylpyruvate: hydrolase, B-
~diketone hydrolase, 2,6-dioxo-6-phenylhexa-3-enoate
hydrolase, 2—hydroxymuconate—semialdehyde hydrolase and

30 cycthexéne—l,3—dione hydrolase. o |
‘The enzymes;;écting on halide bonds may 1include
alkylhalidase, 2-haloacid = dehalogenase, haloacetate

dehalogehase, thyrbxine deiodinase,fhaloalkane dehalogen-

57 .



product was qualitatively assessed by its reaction with 20ni nhydrin.

The am no cellulose (9.6 g of wet material) was then reacted with 30 m of
epi chl or ohpdoimmopse7100 m of nethanol at 23C for 4 h. TireTrS€actijoosepr oduct
("secondary .epoxy cellul ose") was obtained by suction 25 filtration and
washing with cold wat er (3x 100 nl). The epoxy group |oading of dry

secondary epoxy cell ose r oduct s, 108 pnol /g (see Tabl e THOD
R THE DR NATFONC GRS RPEO BB St P FRREF R SaHl & 1 AN S By
g]roup‘( cont ﬁieﬁamgagmiasrer alad@tmuie |cé"gcﬁffoﬁil}ﬁirdlﬁa£iaaid) e srusTmnded in 5ml
of water. The suspension j-s titrated wt 01N HC1 to neutral pHf
necessary. The né'ﬂler aFm@BEbeﬁs?gn S YAt gdsﬁﬁ.?ﬁeémﬂ“edﬁ‘elf‘ 3Wé{qrﬁelolfs

sodi-um t hi osiphate sohzihon faktowsd by i nesbhation feEndbni Rudrt h as
occasi onal shaking. The 10 suspensr onis_then titrated with 0.01N HCL

agai'nst® br orﬁﬁﬂ?éﬂlﬂankﬂ% The : Nopal fafblRPSBNLBROXy GHOURN IR n t he
saMpl e’ i sequiyal gnitd 0 t he AWty @fo HGlk consungthd dpidiesdddratddhy,adhe

epoxy |oading of - the dry materi aI i s cal cul ated based on the knowi Water
contents 15(LB)CIGISAhe welkorpierParetRepr es@ﬁfjétorl\ﬁéeexperﬁl’rﬁérhwn@fa@ ues

are sumar i 2gdyidy Jkabl &b s BT 18 AU IRRidd Zatden @fe Urgas The

secondary epoxy. cel | ul ose prepared in Exanple 1 (12.5 g of V\ét materr al)
was -suspended in Rrafouiad wol the oWloif’mgacRrBedﬁe@rséése The, Zrpynien M&D nl of

1. OM 10 - -be chemlcally coupled to the second epoxide- contalnlng
"jcompound that has ‘been coupled to. the first —epoxide--
g lcontalnlng compound It may also be coupled dlrectly to

fthe flrst epoxy contalnlng compound _
, The substrate obtained from the descrlbed method for
:l'15 ‘ 1mmoblllzatlon of blologlcal _substances thereon' has a
ether-containing compound having one moiety coupled to a
substrate and another moiety coupled to -an epoxide-
containing compound; The substrate may be used 1in a
dialysis device such as a peritoneal dialysis device or a
20 hemodialysis device. In one embodiment, the substrate 1is

used in a sorbent of a hemodialysis device.

_ Brief Description Of Drawings

25 The accompanying drawings illustrate 'a disclosed
embodiment and vserve to explain the principles of the
disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes of
illustration only[ and not as a definition of the limits

30 of the»invention.' ' |
Fig.:fla is ?ﬁ schematlc of oneb embodiment of the

disclosed method of usrng di- nucleophlllc llnkers
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25 pot assi um phosphate buffer at pH 7.5. The i mmobilization reaction was
carried out in an incubator shaker at 4C for 24h. The reaction

m xt ure wae 2bhem2dorl t ered by suction and the residue ("ipouBiG2oiimneaeur ease")
was washed 3 tines 30with cold ultra pure water (3x 150 m). ,
POST- | MVOBI LI ZATI ON TREATMENT . OF | MMOBI LI ZED UREASE WD

2011/ 102807PCT/ SG2011/.000069 .  The i nmobjlized urease was soaked in

aqueous sol uti o Df . st¥ei n a(Sniﬂ BROATIS hyt %%Mm@er%ac%‘?sf%ﬂé]ﬁd

(EDTA, 1, OmMocaint ¢H - U@QE@(:QaZeg/‘dﬂa)tfﬁéquoéﬂ Bbrhehkaves: dy %H@tls&ﬂne
filtration, and lyophilizati on “for 24h. Conparative. Exanple TABLES - -
Tabl el. Corrpfrmeéﬁb@fgﬁdl?p Cici/cﬂ‘ho"ﬁbtllr%/a@éﬂ/ ot f i edcel | ul ose, and
Hcomer ci al . Elpergit{r)C . (S grra Al dri ch Epoxyl oading:after step D-1
(1MO1/ g) Epoxy T'¢hdi Ag ‘af ter P (9 lepgfther embodiment  of ‘the

5 dlsclosed method u31ng oxirane- functlonallzed linkers.

. hFig; 3 15 a schematlc of a spec1f1c example of the
method shown in Flg la, when hexanedlamlne is used as a
llnker -and eplchlorohydrln is -used as the first and
second epox1de contalnlng compound

*ﬁ;lO;f jftEig& 4 1s a schematlc of a’ spec1f1c example of the

7.Emethod. shown 1n Flg lb; when glyc1dol is used as ‘a

ﬁllnker;iﬂf”
Detalled Descrlptlon Of Drawings

Referrlng to Flg la, there 1s shown a schematic of
15 one embodiment of the dlsclosed method 100 of using di-
nucleophilic linkers. A free (primary) hydroxyl group on
- the surface of an insoluble polymer 110 is first reacted
with an epihalohydrin shown in step A-1. The reaction
results in the release. of the halogen on the
20 epihalthdrin and'a-profon on the hydroxyl group, forming
an ether Dbond, ZSuch that .the Eresulting, modified
substrate 112 1is Vnow chemically coupled to an epoxide
group at the terminal end. The substrate 112 containing
the epoxide group is then, in step A-2, reacted with a
25 di-nucleophilic linker having the general formula (I1I),

giving the linker modified substrate 114 as a product.

==

formula (II)

: wherein:,v
30
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Eupergit (pnol/g) Titration value 125 108 260 Commerci al clainmed value N A
N. A 200 Table 2. Conparison of the activity of imvobilized urease on
acti vat edwendifioesd7cel | ul ose with and wi thout ani no |i nPET/SSABLIPEIGL -
Activatedcel lul ose with am no |inker Activatedcellul ose without am no

i nker Activity of i nmmobili zed urease pr oduct

X and Y are 1ndependently selected from NH, NR, NHO,
NRO, ,o,- is, Se, c;_oo;,; CONH, CONR, CSS, COS, CONHO CONRO
-V'CONHNH CONRNH; CONRNR, - CNO, PH, PR: |

| e R, R1 :R;;: e R4 are 1ndependently selected from the
.ﬁ.S, ?group con51st1ng of hydrogen, optlonally ,substltuted
'alkyl,: optlonally substituted ;alkenyl) ~ optionally

substituted alkynyl optionally substituted aryl and
uoptlonally substltuted heteroaryl; and
: L am, n, p and q is an 1nteger 1ndependently selected
::flb 2 Efrom 0 to 25. - '
Tl After the reactlon with the llnker group in step A—

Eé;: fthe modlfled jsubstrate » ll4 now contalns - the
.':nucleophlllc group Y at :its terminal ;thd; The
R 'nucleophlllc group Y is ‘then reacted in step A~ 3 with
'?tlS v vanother eplhalohydrln Via nucleophllrc substltutlon, the
halogen present on thevepihalohydrin is substituted by

the nucleophilic group Y, resulting in -the modified

. substrate 116 now having-an ether moiety 140, a terminal
epoxy moiety 142, that are respectively coupled by the

20 linker 144. The epoxide terminal group of the modified
' substrate 116 is then‘reacted with a biological substance
in the form of enzyme 120 that contains a:nucleophilic

group Z in step A¥4. The enzyme becomes immobilized on

the substrate to : give the overall product 130.

25 Stabilizers such as thiols may also be added in step A-4.
Referring to Fig. 1lb, there is shown a schematic 200

showing another product that may be obtained from the

same embodiment of the method shown in Fig. la. The steps
undertaken in Fig;_lb are the samehas Fig. la. However,

.30 in step :B—3, more  than one ]molecule of epihalohydrin
undergoes nucleophilic substitution at both: the
nucleophilic groupsr>< and Y, resulting.jji a substrate

having multiple epoxide groups. Accordingly, the:final
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(UWg) 1100 <100 WO 2011/102807PCT/ S&2011/ 000069 Tabl e.

.. 3Conpari sonof, activitiesofurease i mobilized on a comrerci al

, Subst r atwOBoperegor(r) C)and on activated cell ul ose SubgrCrsGeoEwp@eyit(r) C
Acti vat ed cellulose Activityof | mobi | i zed. ur easeproduct (tYg) 689 1850

modlfled substrate obtalned (216)ﬁdiffers from modified -
substrate 116-'£ that the;;SubStrate 216 contalns
addltlonal epoxy m01et1es 242 at nucleophlllc groups X_‘
vand ,;f Modlfled substrate 216 can then'.undergo
e}S : 1mmoblllzatlon reactlons similar to: Step B-4 in Fig. 1la.
Referrlng to Flg 2, there is- shown a schematlc of
orie embodlment of the disclosed method 300 using oxirane
functlonallzed llnkers The substrate 310 containing a
“hydroxy group ,isi first reacted With .an epihalohydrin
Lt;iO tv shown in. step C 1w The reactlon results in the release of
ithe halogen on’ the eplhalohydrln and hydrogen form the
Ehydroxy group such that the resultlng modlfled substrate
'312 1s now llnked to an epoxide group at: the termlnal
end The substrate 312 containing the epox1de group 1is
.-15 then in. step C 2, reacted with at least one unit of an
oxirane functlonallzed linker having the general formula

(Ib):

20 ' o " formula (Ib)

wherein:

X is selected from NH, NR, NHO, NRO, O, S, Se, COO,
| 25 CONH, CONR, CSsS, bOS, CONHO, CONRO CONHNH, CONRNH,
CONRNR, CNO, PH, PR; |

R, Rl, R?, R®, R? are independently selected from the

group consistingA;of hydrogen, optionally substituted

alkyl, - ‘optionally: substituted alkenvyl, optionally

30 substituted alkynyl Optionally substituted aryl and
optlonally substltuted heteroaryl; and

m, n, p and g 1s an integer 1ndependently selected

from 0 to 25.
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Applications The di scl osed nmethod of preparing a substrate is a

cost effective and efficient way of producing a 10 substrate that is

capabl e oVOI201iHl92807zi ng functi onal substances thereon. RETRGREJHOUSYYy, t he

met hod ensures that the substrate produced by the nmethod allows the

functional substances,, such .as enzynes, to be stably i mmobi |i zed t hereon.

Mor e advantageouggy _as_t he enzgnes 15t§r%h attach d. t %%%he
u

substrate, the s rat%h%ahj'e %%%sgﬁ repeateapy *for" i0dst Y ti e

wi t hout subsmegultﬂdg/MQﬁmﬁmpdtsubHﬁganﬁ|314unowndqntalns the dsote
di scl osed nethod: can_al sp work :with st starting altk]erlals t he

overal | prodlfcti®n: ¢hst h%anoﬁérﬁgesuggFg £PBPy ZPEduded er {18 metthod i s

used in | arge=meai£l pémlucrhenepbxthe sebm&nategrot@r a@vaiert he £herd cal
| i nker %etmeen the- su%}trate S a solid gggport and t he functiona

subst ante i $"Hdh- hidr S&%ﬂﬂ%?a r%uBﬁE%h?%ge |y, th¥e | REPEREES of2 t he

linker also Rbatdsprbuties sgabibity tarf hesisgobilized shunetianal MR
2011/-102807PCT/ S&2011/ 000069 -subst ance as the possibility of I|inker

br eakage dudtVt st r apPEteReRi cal WERRildirEd On efiligegubstrate tahe

-di scl osed r@elt\k@ol;}eé sy &nabl gsrdadde 3er to vary the distance'. of the
active- oxirane. groups from the.substrate.. WWen the active . OX|rane roups

are-at ‘a suitabl eﬁﬁ%ﬁ%ﬁ&etofFéﬁrtﬁe@ﬁﬂﬁﬁr%ﬁeSh@helﬁ reherakiy 4Whar ds

the i mpbi | igatd opof; funcdigngle SUbSLANGERS B digrease sue t re@lyied
steric: hlndranceqﬂin:Eddltlon the linker may be chosen toqgnegie i gh

| oadi ng of”" 1vm€e“actlevene§ée§maeegﬁ@uwe%aeha, At i apskRt @52t rnd -
hi gh-1 oadi nggf htmmqt sy]g%@eae%swt?e advant ageousl g Eg}?o% iqiker may

al so be chosen su t 1tinherently possessescertain desire em cal
properties. Fortakanp ecombenndi -1amsrtepIS| kel saladeD-35 GheseresuMeiid nal

ebectal 1y LS I ARYBRVE. PO LORELENL DHDU LRI HRpLEPCiLY AT B °

especial ly I noappli e perit
| i f espn andledmt ephi¢ cappxyf mdietsordbbht aayebemadvéneelymﬁéuhﬂmmbtw a

high or lcwvi&%. It may also contain multiple epoxy moieties, as

shown in modified substrates 450 and 452.

Referring‘to'Eig. 4 there 1is éhown a-schematic 500

of a specific exemple of the method shown in Fig. 1b,

20 - when glycidol 1is- osed as a linker in step E-2. The
resulting product. obtained is indicated by reference

numeral 514.

Examples
25 Non-limiting embodiments of the invention and a
comparative examp;elwill be further,described in greater
detail by referehCe to specific Examples, which should
not be . construed as in any way llmltlng the scope of the
1nventlon o

30
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20The nethod al so all ows the easy post-assenbly nodification of

of f-the-shel f dialysis nenbranes such as cell ul ose-acetate based dial ysers
Wi th urease.2olrwasme can be inmobilised after assenbly, aod/scaniabe@es be

i mmobi | i sed on one face of the. nmenbrane only. . 25The substrate obtai ned
from the disclosed nethod al so-allows i mobili zat| on of the biol ogical
subst.ance thereon to be carri: ed out in a_si :l robust and user friendly
way. For exanrpl e, ‘the i nmobi l'i zati on of Ex rrg Sgﬁ'cal subst ance: can be
eaS|Iy carried out at a 30 laboratory | evel . This is so, because the -

i mmobi | i zation of the biological substance can be carried out at anbient
tenperatures (e. gP#%Rﬁﬁéf@rﬁRer%i JrRoyy iFungtionaiized Shshrafe wit hout
requiring additional. chemnicals. or - .reagents; Advantageously, the absence
of additional chem cal's or reagents significant ly facilitates the
purification -of tMerdemoiticed product . eFbeytimobtiouetiftanhitnonalof

mat eri al obt 0 e can _al sa be Jnon: tOXIC
bi odegradablc’zlé q%({)él’eocrp(’)gn%a (?%ﬁﬁé@%%vageggggﬁg %t Ri oﬁqusvvé/ t%tlrrebst rate
to be used fsuspwdiical @pd |Q:a;|qﬁ13:elsluﬂt>$s merlmamﬂplcef i 4N ad oy

application a.s m t he human
body ‘Furt h(s-:‘nryﬁ%r ech%he‘%Jeul Brg1 erot spjeﬁq% O%ﬁ) g %éugt 5 be used in
envi. ronmant eﬂthapmlelacatlbﬁnansmdnr@s wat efﬁneaﬁ:mﬂntby S@dcttlroelat grat .t wast e
treat. et Addition, -the di. 515 t hod an ﬁ#bst rate nmay
al so’ b sefiﬁ chh %‘?ﬁ/ldd‘f?e %fpﬁlﬁféa]ﬁ‘yolqpo%yngcel tivEHS T

chr onat ogr apmm&qduﬂa p\h@.ﬁ@r meBer sl shoy ChfI'@léHtélzgj@Dhg‘ro(lphllb@b)ln@m@EU| ar-

|npr|nt|ng i bilizin es,'sensor.s, bi osensars,

or gani cf i | t €tsf dr's8tet i Wl‘?ﬁlﬁﬁj&r‘jﬁq RS pifar ﬁﬁ‘%f&/tq c(a‘-leeaﬁki]ceat]l ons
(coating and- bi ndlrmg)prls@ﬂﬁ e%Q:piga&%nmc@@h@rmerg solidt phaser ret al
scavengers and anti-oxi dants. ' Wi | e reasonabl e eff orts have been

enployed to "tPe%cF?Bétéaw"(ﬂd‘i}bn%5erﬁ§odPﬁeﬁ’tesxad”fe‘tqfea%1r%%erﬁt PVATHEOR it

Wi |1 -bes appagenit fsnt hen pevsoniskbFl edthanbhe arto25cafder 4 epdi ngride
foregoi ng disclosure, that various other nodifications and adaptations of

the inventi difafdyl Pe e therat niil tABEE BEpaPCTAGDT POM tRShAS r9Rcand
scope of theidyenpponand«i tmétshamﬁn%d §hat 3 lg sych,soditi oalhons and
adaptations cone within the scope of
cellulose". The presence of primary amino groups on the
product was gqualitatively assessed by its reaction with
20 ninhydrin.

The amino cellulose (9.6 g of wet material)_was then
reacted with 30 ml of epichlorohydrin in 100 ‘ml of
methanol at 23°C  for 4 h. The reaction product
("secondary epoxy cellulose") was obtained by suction

25 filtration and washlng with cold water (3x 100 ml). The

epoxy group loading of dry secondary epoxy cellulose

product was 108 pmol/g (see Table 1).
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30t he appended clains. WD 2011/102807PCT/ SG2011/000069 5 Cains A,
subst r at ehavi ngconpounds : di sposedt her eonf or

i nobi | i 2awogafwumedoronal nol ecul e, eachconpound havi ng a clrairsGeenoes Ng:

moi ety R thatischem cally coupled tothe
substr at e, sai dnoi et yRbei ngsel . ect edf r ont he

gro”pconS'St'ngOfanﬁk@ﬁboeﬁbﬁrTﬁErBE?%EMINATION OF THE EPOXY GROUP

5

v'10

.15

20

25

30

- LOADING

, :ﬂA Esample of the ‘epoxy group containing- material
(about 1 g of wet’ material) is suspended in 5ml of water.
The suspenSion isptitrated with 0.0lN HC1 to neutral pH
if necessary. The'neutfal suspensioh}is treated with 5ml
of 1.3M aqueous sodium thiosulphate solution followed by
incubation for 15min with occas1onal shaking. The
suspension isi then titrated with O0.01N- HCl1l against

bromophenol blue{_uThe ‘total amoﬁnt of epoxy groups

»present in the sample is equivalent to the amount of . HC1

consumed in the titration The epoxy loading of the dry

material_is calouiated based on the known water -contents
(LOD)'of the'wet'ﬁmterial. Representative experimental

values are summarized in Table 1.
Example 2
Immobilization of Urease

Theisecondary epoxy cellulose prepared in Example 1
(12.5 g of wet material) was suspended" in. a cooled
solution of Jack Bean urease (4.2 g) in 150 ml of 1.0M
potassium phosphate buffer at -pH 7.5. The immobilization
reaction was carried out in an incubator shaker at 4°C
for 24h. '

The reaction mixture was then filtered by suction
and the residue ("immobilized urease") Was washed 3 times

with cold'ultra puré water (3x 150 ml).

POST-IMMOBILIZATION TREATMENT QF IMMOBILIZED UREASE
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car bonat eester, t hi oet her, di sul fide,sulfinyl, 10 the sulfonyl, and

Car bonot hi oyl ; and an epoxi de-containing noiety that is .coupled to noiety
Rby al i nkwoconpre®irngat | east one nucl eophi lit. group. PBETRG2011/v80069

substr at eascl ai nedi ncl ai i, wher ei nsai d

moi et yRi sf urther sel ect edf r ont hegr oup

The immobilized u:ease was soaked in an aqueous solution
~of. cyStéih (Smg/ml),v ethylenediaminetetiaacetic abid
(EDTA, 1.0mM) and‘glucose (0.2 g/ml) for 10 min, followed
iby suCtién‘filtra#ibn, and lyophili?atioﬁ f@r 24h.-

»Cbmparative Example
TABLES
Table . 1. Comparison of epoxy group density of |
acti?ated/modifiedﬁfcellulosgx.and-jcommercial._Egpergit® C
,(Sigma—Aldrich}_ - ‘ : | o
— Epoxyégj‘ loading EpoXy loadiﬁg”afté; Eﬁperéit'
aftef}Step D-1 step D-3 | (amol/g)
| (pmol/g) © (umol/q) |

Titration | 125 | 108 260
value
Commercial |N.A. N.A. 2200
claimed

} value

10
Table 2. Comparison of the activity.of immobilized urease
on activated/modified cellulose with and without amino
linker , | , :
Substrate Activated v'celiulose Activated cellulose

with amino linker without amino linker

Activity of | 1100 T [<100 '
immobilized
urease
product
(U/9g)
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consi sting of an am ne, am de, car bam de, ureas and guani di nes. 20 3.
Thesubst rat easC ai nedi ncl ai nmLor cl ai n2,

conpri si ngeraddiotsoonal epoxi decont ai ni nggroup  coupl ed tPoTiScRoANANNGY 4.
Thesubst r at eascl ai nedi ncl ai n8, wher ei nt he

vTable_ 3= _COmparison of activitiés of. urease
immobiliZed bn a Commercial‘substrate (Eupefgit@

C) and on activated.cellulose

Substrate . Eupergit®' Activated
C cellulose

Activity; of | 689 1850

immobilized _
| urease producf

(U/g)

Applications }'

The disclosed method of‘preparing a substrate is

v a ~cost effective and ' efficient ;way of  producing a

10 substfate that 1is capable of 1immobilizing functional

substances 'thereon.. Advantageously, the method ensures

that the substraﬁe produced by the method allows the

functional substandes,v-such as enzymes, to be stably

immobilized thereon. More advantageously, as the enzymes

15 are stably attached to the substrate, the substrate can

be reused repeatedly for long periods of time without
subsﬁantially losing.its'enzymétic activity.'

As the disclosed method can also work with low

cost starting materials, the overall production costs can

20 be substantially ﬁeduCed if the method is used in large

scalé production - of the substrates. Moreover, the

chemical linker between the substrate such as a solid

support and the futhional substance is hon4hydrolYZable.

More advantageously; the inertness of the linker also

25 attributes stability to the immobilized functional
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25 nunber of addi ti onal epoxi decont ai ni nggr oupsi s sel ected fromthe nunber
1,2,3,4 and 5. 5. Thesubstrate asclained inclaim3 or4,wherein

at | east orwof20higimekdi7t i onal epoxi decontai ning 30 groups i PCESGRHABHDOGOY sai d
chai.n by the nucleophilic gr oup of said linker. WO

2011/ 102807PCT/ SG2011/ 000069 6.  The substrate as clained in claim4 or

Claln]5 V%ergﬁgég'gé'%%eQSP”p£5§§§8d91£'°”¥ linker breakage ‘due to

' . undeSirable chemical reactions lS reduced '

: The disclosed_ method also enables the - user to

vary the distance of the active oxirane groups from the

'5” substrate When the active ox1rane groups are_ at -a
suitable‘distance_from.the substrate, their reactivity .

:tOWards the immobilization of functional substances may

increase  due to reduced steric hindrance. In addition,

the linker may be -chosen to ensure a. high loading of

10 - reacti?e‘epoxideﬁgroups, which - 'in. turn translates to a

| = high . loading ;}of o functional _'substances: - More -
advantageously, the “linker may also be chosen such that
it inherently .possesses certain deSired_ ‘chemical_
properties. For&;example, when di-amine linkers are

'rl5 chosen,_the final substrate obtained may have an inherent
pH-buffering property. This 1is especially wuseful in
applications like peritoneal dialysis where the lifespan
and the efficacy of the sorbent may be adversely affected

_ by a high or low pH
20 B - The method -also allows the easy post-assembly
N modification of off—the—shelf dialysis membranes such as
cellulose-acetate based dialysers with urease. Urease can
be immobilised after assembly, and can also Dbe
, immobilised on one face of tHe membrane only.

- 25 The substrate obtained from the disclosed method
also- allows immobilization of the‘biological substance
thereon to be carried out in a simple, robust and user
friendly way.’ For example, the ;immobilization of a
biological substanCei can be ’easily carried out at a

30 laboratory level.rzThis is so,fbecause the immobilization
of the biological Substance can be carried out at ambient
temperatures (e.g. . room temperatures) in water/buffer

solutions without ' requiring additional <chemicals or

67



nUcl eophilig igroup s to which said additional epoxide containing groups
are, coupled to said 5-chain. 7. The substrate as clainmed in claim®6,
wher ei n swDGoad@pdoronal epoxi de contai ni ng groups branckcisemtihecshai n by
coupling with the additional .nucleophilic:groups of said |inker. 8 The.
substrate as. cIained in any one of the preceding cIainE mherein t he

nUcl eophilic_ grou i nker is an_anine The strate as
clainmed in dﬁ%i ' of #%Z?ﬂ?ﬁﬁﬁﬁ?ﬁ}%qalh%e mﬁgngﬁethQQ| %Iggiected
fromthe gr QﬂfanLQfESlSStlcﬁhg ofesgtnt at edigndfunsatuyat edcalliiphatdsc afde
aromatic am nes,_20di am nes, and. triam nes. 10.The: su rate as. claipmed in
claim9, whétdhifidrdian t?%egrﬁmﬁpgleeganOQHFﬁes%iﬁ %ﬂ@éﬁ iﬁﬁge
2511. The subsid@atieras chatgedain camélm@ of rbhe fHecadsByoskai Mstidter ein
t he .Ii nker does contain an epoxide gﬂh R: 12. The substrate as clained in
RFey

any’ one> of 4R 301 HP eI Ui tD, ha@h%l?lﬁhérh&ﬂﬁﬂmgﬁﬁﬁéﬁe1east

one .of a di A’!‘N‘elr@c%edd C\ﬁspeauess anth s PehyNYGheephtEl €oSPRCIRS:d #As3 The
substrate as cl ai ned aim 12, wherein the .linker |s selected from at

Ieast one offM&hca} k?pallaﬁﬁﬁéoaﬁd atittkens- df @fi fegample in dialysis

appllcatlons as ‘a sorbent to remove unwanted waste
products . from the human body._ Furthermore, these

ﬂ:10 'properties alsoﬁhallow the product to be wused in
'env1ronmental appllcatlons such as- water treatment soil
treatment or waste treatment. ) ‘ :

| o In addltlon, the dlsclosed method and substrate

may also be useful in any one of the follow1ng

h-‘iS applications: affinity chromatography, solid phase
materials for chromatography - (chiral), molecular
imprinting, immobilizing dyes, sensors, biosensors,
organic filters for selective toxin absorption,

pharmaceutical applications (coating and binding), solid
20 ~ phase ion exchangers, solid phase metal scavengers and
anti-oxidants. ‘

While reasonable efforts have been employed to
describe equivalent embodiments of the present invention,
it will be apparent to thel:person skilled in the art

25 after reading the foregoing disclosure, that various
other modifications and adaptations of the invention may
be made -therein ‘without departing. from the spirit and
scope of the invention'and it is intended that all such
modlflcatlons and adaptatlons come- within the scope of

30 the appended clalms

68



514. The substrate as clainmed in claim13, wherein the '"linker is selected
fromat | east one of ethanedi aM ne, propane-di am ne, butane-di am ne,
pentanedhaohnanohmxane-dianine. 1015" The substrate as eCaiswediionow@ny one
of the preceding clains,: wherein the epoxi de containing-conpound is
derived by reaction of an epi‘hal Chydrin with the nutleophilic groups of
said linker. .1516. The substrate as ckﬁ_ned I n-any one of the preceding
cl ains," mhereln the substrate conprises ymer . 17. The
substrate as -clained in claimi16, mhereln the 20pol yner is a-bioconpatible

pol yner. 18.The substrate ‘as claipmed in claim17, wherein the bioco atlble
pol ymer is sel éct@d FHGhHAE JrRUH2 0 FSFECIRG S0 fdjasfb?ﬁ’%sFé?r?GBst@%P

pol yani de 25subst rahepapekyagr W atgaubsbhat e raiidapd ysagehard shgshased
substrate. 19. The substrate as clained in claim1l7, wherein the

pol ysacthari de- baB@¥lB@bat FREAEN| SOBRFé8LBE from the 30 group consisting of

cotton linters, cotton pybpetGORt L @bEECHhBldligsecbihbess. teeldnd ose -
beads, cel |l ul ose powder, mcrocrystalline cellul ose, cellulose nenbranes,

rayon, cell ophanesuhﬁémam%sesa%l\é) U119 10 2 80 7PET SCEFLETEOD 66T aBet Hte,
cel l.ul'ose acet at g RIPr angs, scglr;gosaﬂ; chit 'erbhéi?kt réasncgprl valdygs, and

agarose derivatives.- 20. The substrate, as clained.in claim16, wherein
t he ‘pol yner is' a damysolaifer .esterThe ulpsttae asticalfedein S35141}yf30“|f1>él:of t he

precedid‘g clai ”Bisulfantﬂer Wéx%d}%tﬁhﬁﬂﬁi“ ha

3'an epox1de contalnlng m01ety that 1s coupled to
the m01ety R by a linker comprlslng at least one

'nucleophlllc group

- 15 2. The substrate as claimed in claim 1, wherein said
moiety R is further selected from the group
consisting of an amine, amide, carbamide, ureas and

guanidines.

20 3. The substrate as claimed in 'claim 1 or claim 2,
comprising an additional epoxide containing group

coupled to the chain

4. The substrate as claimed in claim 3, wherein the
- 25 number of additional epoxide containing groups is

selected from the number 1, 2, 3, 4 and 5.

5. The'substrateaas claimed in élaim 3 or 4, wherein
at least one of the additional epoxide containing
30 groups 1is coupled to said chain by the nucleophilic

group of said linker.
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10 di sposed on said substrate, the coating conprising: a substantially
honmogenous m xture of stabilizing additives selected to Stabilize said
functi onavolgbiiewedoe. 1522. The substrate as clai med in ecaisezejoonser ei n
the stabilizing additives are Selected fromthe group consisting of a
sugar, an organic acid , an amno acid, a sugar acid and a thiol. 2023. A
met hod of “i mo ilkﬁin functional molecule.on a substrate cgngris'ng t he
step of exposifg tHE FUMIGHE Bl ecut B°tD! the r 4t s ePalfed in any
one of clains 1 tehd2ein524.sqhe net hodkas cl acdmshrises! ai mEIBitvhesein the
functional nolecule s selected froma group consisting of an affinity
ligand, a chelatopycgeeapé yS§t, HPYRH exChatyerCh a 8929 arf Fheh Dt
3025. The net hod agoghakmedohlaghain® 23fpel didhe24,cMrei n the dangtiona
mol ecul e is chiral, - 26. The nethod, as clained in claim 24, wherein the
functiohal nol ecuFBai8-a bi onol ecul e. '27. The nethod as cl ai ned
in claim26, wherein the 5bionolecule is an enzyne. 28. The nethod, as
clained in claim:227, wherein the enzyne is Selected fromthe group

consi sting of 7ut&hSe Sunghiredse, avr éi?ﬂﬁ?ﬁa%: ,Clapasés, vasrenasesaid 10

cel lul ases; anyl aggs; tREALLNASSSxigat AlANES Y| 338uped- pLanege. £ A5t er ase,
penicillin am dase, proteinase-K 29. The nethod as clfainmed in any one of
clains 23 to -, 15hg8, ¢haimer onprdditdgnche siép of thppl ydwitional
substartial |y ho U, st.abiLi zi Ry, itives to the surface of
theﬁsﬁgitrate“mhg?gggggnghggd§?P§ S g?e%é%ﬁeggggggé stabilize said =~ -
functional nolecule. 20 S ' N L '

. 8. The substrétéi as. claimed in ény one of the 
L prebeding cléims, wherein the nucleophilic group of

: ' éaid linkerfislan amine. |

<:15 :

9. The substrate as claimed in any one of the
preceding claims, wherein the linker is selected
from the group <consisting of saturated and
unsaturated E_aliphatic - and aromatic amines,

20 diamines, aﬁd‘triamines.

10.The substrate as claimed in claim 9, wherein the

aliphatic group of 'said amines are alkyl groups.

© 25 11.The substrate as claimed in any one of the
preceding claims, wherein the linker does contain
an epoxide group.

12.The substrate as claimed in any - one of the

30 - preceding claims, wherein the linker comprises at

least one of"a‘di—nucleophilic species and a poly-

nucleophilié'species.

70



30. The method as clainmed in claim?29, wherein the step of applying the
substanti ally honbgenous m xture of additives conprises evaporating a

sol vent dvoaosplogdl7on of said additives onto the substr & C&SG261180006he
method as claimed in clainms 29 or 30, wherein the stabilizing additives are
sel ected fromthe group consisting of a sugar, an organic acid, an am no

aci d, a sugar acid,and a thiql. 30 32. .A method of. preparing asubstratefor
i mrobi | i zat | o‘n%§ffc}fh§ncstuﬁ)osnt£aqﬁo Beuf §lf“ﬁgféﬁh,\¢f?ferﬁng?hoa’ Sipr iy t he
steps of: 5 (i) lipkevi disngsd bedtephikbrCarpausds: conpl edt eirhesurfnceof t he
substrate; (ii) al I.ovvi.n% thg el ;e_chli(oghi |.i.c_conmpounds to undergo a

nucl eophi | i ¢ subsfiedtin2PEact 8h eﬁfjﬁjé‘fnﬁi@ea, nucl eophi lic group thereon
and thereby increase the nucleophilicityofthesubstrate surface;. :allow ng
t he nuc| eophilic group to "undergo- a nucleophiljic substitution reaction
With an%t her ellélc&fnﬁprﬁﬂk?st,tr@&?po%%q-ctlélﬁ‘?évildb &P el ecfr optiicmied "gridtd on
the substrate surflaggeand;  heahyticacr eask tde ebastroph | bei taripfndhe
SUbsirate' ‘ ~diamine, propane-diamine, butane-diamine, pentane-

‘diamine, hexane-diamine.

10 15, Thé_ substrate as cléimed} in ‘any oné:-of the -
preceding cLaims; wherein the epoxide containing--
jcompound'is_'-}de:rived by reaction of an epihalohydrin

with the nucleophilic groups of said linker.

015 16. The substrate as claimed 4in any one of the
' preceding claims, wherein the substrate comprises a

polymer.

17. The substrate as claimed in claim 16, wherein the

20 _ polymer is a biocompatible polymer. .

18.The substrate as claimgd in claim 17, wherein the
biocompatible ‘polYmer ié selected from the group
~consisting of a polyester substrate,‘_a polyamide

25 substrate, a polyacrylate substrate, and a

polysaccharide~based substrate.

19. The substrate as claimed in claim 17, wherein the
polysaccharide~based substrate is selected from the

. 30 group consiéting of ‘cotton blinters, cotton pulp,
cotton fabrics, cellulose fibers, cellulose beads,

cellulose powder, microcrystalline cellulose,

cellulose membranes, rayon, cellophane, cellulose
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15 33. The nethod as clainmed in claim, 32, wherein steps

(i) and (iii) are repeated n nunber of times to 20form n generations of
el ect r ophWwPDI2011¢H0289ps on sai d substrate 34. The net hod a®CEIS&2oED0§049 cl ai m
32 or. claim 33, wherein said step of providing electrophilic 25 conpounds
coupled to the surface of the substrate conprises chemcally coupling a

et roPnl | LEaEQUROUNA 0 I8 SUOSLRALE  momn¥anlie, MRbiOh A%, ol al med
in claim34, wherern sard 30step (il)conprises Ehe Step of reacting ‘a

nuct eophil e with thetfinyst ebegtrephili cdecavpsings 36 afte netdurd e
clainmed in claim35, .wherein step (iii) conprises chenmically coupling a
-seCond.electrophlFF&VégﬁﬁSEhd.to t he nucl.eoPhile. 537. The nethod as
clainmed in any one of clains: 32 to 36, wherein the el ectrophilic conpound

i s an epoxi de-¢cqnt gi ni ng. conpound. . 38.3ghe ' %hod- as .claimed in
claim 3y whor&Pn THE COPEpORCRe ASorika My HonFbanl Le’ efidratydrih. 39,
The met hod as cl apgegmer €kabnBidgolomdB, wherein the nucleophile is a
di - nucl eophile. 1540. The nmethod as clainmed in claim39, werein the
- 21. Thé substﬁéte as claimed in any one .of the
‘preceding éléims, further comprising a:lcoatihg
100 ;disposed on  said substrate, the coating chprising"
a substantially homogenous mixture <Jf stabilizing
additives selected to stabilize ‘said functional

~ . molecule.

.15 " 22. The substrate as claimed in élaim 21, wherein the
stabilizing additives are selected from the group
~consisting of a sugar, an organic acid , an amino

acid, a sugar acid and a thiol.

20'_ 23. A method of immobilizing a functional molecule on
a substrate comprising the step of exposing the
functional molecule to - the substrate as claimed in

any one of claims 1 to 22.

25 24. The method as claimed in claim 23,- wherein the
functional molecule 1s selected from a group
conSisting dfj an affinity ligand, a chelator, a

catalyst, an.ion exchanger, a dye, 'an indicator.

30 25. The method as claimed in claim 23 ‘or claim 24,

wherein the functional molecule is chiral.
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nucl ebphil e conprises an amne. 41. The nethod as clainmed in 40, wherein
the amne is selected fromthe group consisting of saturated and

20unsat ureapediialopphat i c or aromatic am nes and pol yam n@€T/SG201142006The
method as claimed in claim4l, wherein the-aliphatic group of said am nes
and pol yanines is 25sel ect ed" from an al kyl .group. 43. The nethod as cl ai ned

in 42, wherein %heTRoI yae ne, |s seI cl e ed fron&fg Iezéslt onleerEln the
et hane di am ne; “pr opane- a né® butHne- d| am ne, pent arie- di am ne,

30hexane- di ani ne. fddctTheairenbbdcase ci ai avdibdmohayubae of cI al ms 32 to 43,
wherein the substrate conprises a polyner. 45. The nmethod as clainmed in
cl aim 44, wherein the polyner i-s a bioconpatible polyner. 46. The net hod as
claimed in clapm 43hewhesigidd t Be hiXecimgpait ibl ecpolymers,i swsekechedfa om t he
group consi sting,of oi ester substrate, a pol yam de

substraﬁie apol yacgﬁPQnggﬁ ré?eaﬁnanﬁ@“%accharl de- based substrate-,

47.The method as clained in claim46, wherein the polysacchari debased
substrate is selected fromthe .gr U”ﬂﬁ?conm sting of caotton linters, cotton

pul p, cotton f&Bri c8 CetiADsastibersetelPul o5l hedds, WASTEED| ANfse

powder, micr ocr ySteﬁEB/’m@e cel |slé|l‘é%%elaien?£@zﬁesohé a)éQBupceJ:leQﬁb@ﬂEmgC%ﬂ ul ose
acetate, cellul ose acetate rrenbranes chitosan, chitin, dextran derivatives

and ‘agar ose der i vVEEP38§, 2 48 SFhe %%%%%H“a%a%?ral %Haﬁﬁscl eﬁ%%‘ﬁs%erel n
t he inUner i's a Eb@@ahxgeé s amylases, j pectlnases, catalases,

acylase,' catalase, ~esterase, . pen1c1llln amldase,

prOteinase—K.'

‘ ) ‘ 2§.lThe method as claimed in any one of claims 23 to
.15 - .28,‘ furtherZIComprising the jstep of applying a
’ substantially. homogenous mlxture of stabilizing
additives to the surface of the substrate wherein
said _addltlves are selected to stabilize said
functional molecule. '
20
30.The-method as claimed in claim 29, wherein‘the step
of applying theasubstaﬁtially homogenous mixture of
additives comprises evaporating a solvent of a
~solution of said additives onto the substrate.
25 | |
31.The method as claimed in claims 29 or 30, wherein
the StabiliZihg additives afe selected from the
group consisting of a sugar,:an organic acid, an
amino acid, a sugar acid and a thiol.
30 '
32. A method' of preparing‘ a substrate for
immobilization of functional molecules thereon,

the method comprlslng the steps of:
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49. A nethod as clainmed in any one of clainms 33 to 49, 25 wherein the
functional nolecule is selected froma group consisting. of an affinity

| i gand, aWORel1ae807 a catal yst, . an ion exchanger, a ®&@¢&/S&A¢iL1400069

i ndi.cator. 3050. The nethod as clai med claima49, wherein the functional

nmol ecule is chiral. 51.The nethod as clained in claim49, wherein the
functional nolecule is, .z bionbrecuhe. 52. Th thod .as clained in claimb51,
wherein the Jpionol ecul™d is ah 8nsyiBI 53. e eEdd '8s ol A MERP T ai m
52, wherein the enzyne is selectiplefir ombhe gheup Gensiasid ng of urgase,
uricase, creatininase; Iipase--gsger?sesc.lo Cel | ul ases, 'anyl ases,
pectinases, catal ases, acyl as8iogafaf&ée, esterase, -penicillin am dase,
protei nase- K. 54. The ngtihod asitbaimgdthe anyccerepefilclaidinpdidds B 53,
further_conprising the step of'g | ying a substantially honogenous M xture
of stabilizing additives to tH8 ggg?acéiofnPﬁéegﬁﬁéﬂﬁéte T et i ey
stabilizing additives are seleghediba stapilhzevsadd %unqhhgm%pﬂgﬂﬁgule;
20 55.The nethod as clained in claimb54, wherein the step of applying the
substantial | y honpgenous ni xt 8F8UBf TAGHIOTV e CoRPRISRYE EVAF6RSt ng @

sol vent of a solution of-Saidh@gggng§§igmg9 t he,substpat e. H56.5dhe set hod
as claimed in claims 54 or 55, ‘wherein the Stabilizi-ng additives are -
sel ected fromthe group consi'82FAgc6f a sugar, an organic acid, an amno "

acid, gsugar acid and i hi ok1184ind SURENt ncRILLLLGR fOr HSRi N @,
di alysi s  device, thesorbentcartridgeconprisinga = substrate g%.'glayned in
any one of clainms 1 to 23 forunffbbPli A ngnuFégsehilic = substitution.
SRR o  réaction with another electrophilic
“compound to provide an . electrophilic
ig:bup on the substrate surface and
.15 v . : thereby increase the electrophilicity
of the substrate.

33. Thé methodﬂas claimed in claim .32, wherein steps
(ii) and (iii) are repeated n number of times to
20 form n generations of electrophilic groups on said

substrate

34. The method as claimed in claim 32 or claim 33,
~wherein said step of providing electrophilic

25 compounds coupled to the surface of fhe substrate
- comprises chémically coupling a first electrophilic

compound tojﬁhe substrate.

35.The method és claimed in claim 34, whereih said
30 step (ii) comprises the step of —reacting a

nucleophile with the first electrophilic compound.
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58. A dialyzer for use in a dialysis device, the dialyzer conprising a
substrate as clained in any oneof clains 1 to 22 for imrobilizing urease.
59. - A diwby®isio2svet hod conprising the steps 'of: exposipog/sg2dilabysat e
containing urea to a 10substrate as clainmed in any one of clains 1 to 22;
and renoving thé dialysate fromsaid substrate. 60. Use of the

substrate as clai in any one.of _15clainms_1 to.22 in a dialysis device.
S5 A method of Criogy MRt Ro SF o 516 TiSRbr Bhe S8R mhbb; PREERYS (HEH ona
mol ecul es thereonithe meidwd-icangpri shagithelst epsow@IimP(i ¥) cagddmy

ef ectrophilic conmpounds to, the menbrane ‘surface; gv) all owi ng the

el ectrophilic conpsBRBECPBLILABeF§BEPR RECFRopAFI PECSEBRELEEti on reaction to
provi de a nucl eophilic 25group thereon and thereby increase the
nucl-eophi li ci tyofthenenbrane surface; and (vi) allow ng the nucl eophilic
group to under gé- aThacedplod ias sobsimnedt ionany one of claims 32 to

- 36, whereingjthe electrophilic compound is an

-epoxide-containing compound.

38. The method: as claimed in claim 37, wherein the

.10 lepoXide—conﬁaining compound is;epihalohydrinf

39. The method;asjclaimed in claims 32 to 38, wherein

_Athe nucleophile is a di-nucleophile.

18 40. The method as claimed in ciainl 39, wherein the

nucleophile comprises an amine.

41. The method as claimed in 40, wherein the amine 1is
selected from the group consisting of saturated and
20 unsaturated aliphatic or aromatic  amines and

polyaminés.

42. The method as claimed in claim 41, wherein the
~aliphatic group of said amines and polyamines is

25 selected from an alkyl group.

43. Thé method as claimed in 42, -wherein the polyamine
is 'selected from at least one of ethane-diamine,
‘propane-diamine, butane-diamine, pentane-diamine,

30 hexane—diamine.

44, Thé method as claimed in any one of claims 32 to

43, wherein the substrate comprises a polymer.
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30 reaction wth another el ectrophilic conpound to provide an electrophilic
group on the nenbrane surface and thereby increase the electrophilicity

Of _t he' mewbnranesesofacef or i mobi | i zi ngf uncti onal nol ecul egTiSGeERENN06H2. A
met hod, as _clained in cIa|n161 wherei n said. Nenbrane is. a cellulose |
acetate nenbrane o

45..The. method - ds claimed -in claim 44, wherein the

polymer is a biocompatible polymer.

5 | 46;The: method as3 claimed 1in claim 45, wherein the
fblocompatlble polymer is selected from the group
;con51st1ng of a polyester sﬁbstrate, a polyamide‘:
fsubetrate,_;;ag polyacrylate;ﬁ substrate, :'and- a -
- polysaccharldefbased substrate;. - . . :
i:th S : : :
- :i 47;-.» The method as claimed in clalm 46 wherein the
polysaccharlde ~based substrate is selected from the
group oon51stlng of cotton llnters,_ cotton pulp,
cotton fabrice} cellulose fibers, cellulose beads,
15 N cellulose "poWder,_ miorocrYStalline cellulose,
| cellulose membranes, rayon; ‘cellophane, cellulose
acetate, cellulose acetate membranes, chitosan,
chitin, dextran derivatives  and agarose
derivatives. | ‘
20
48.The method es claimed; in claim 47, wherein the

polymer is a biopolymer.

49f A method as claimed in any one of clalms 33 to 49,

;; 25 wherein the functional molecule is selected from a
group con51st1ng,of an affinity ligand, a chelator,
a catalystfzjan ion exchanger, a :dYe :and an.

indicator.

30 50.The method as claimed claim 49, wherein the

functional molecule is chiral.
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51.

52.

"biomolecule ;sfan enzyme.

53"

. 54

55.

56.

57.

The method as claimed in claim 49, wherein the

functional molecule is a biomolecule.

The method .asvbclaimed in claim 51,' wherein the

Thé' method;gas ~claimed in Ciainx 52, wherein the
enzyme 1is . ééiedted from the group Consiéting of.
Uﬁease,‘uriéaSe, creatininase, lipases,‘eSterases[
Cellulases} f "amylases, pectinases, , catalaseé,
acylase, caﬁalase, esterase, .. penicillin amidase,

proteinase-K.

The method és claimed in any one of claims 32 to

53, further comprising the fstep of applying a

substantially_ homogenous mixture of stabilizing

‘additives to.- the surface of the substrate wherein

said stabilizing additives- are selected to

stabilize said functional molecule.

The method as Claimed in claim 54, Wherein the step
of applying the substantially homogenous mixture of

additives comprises evaporating a solvent of a

~solution of said additives onto the substrate.

The method as claimed in claims 54 or 55, wherein
theg stabilizing additives are selected from the
group consiSting‘of a sugar, ~ an organic acid, an

amino acid, a sugar acid and a thiol.

A sorbent cartridge for wuse in a dialysis

device, the sorbent cartridge comprising a
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substrate as. claimed in_ény ohe,of claims 1 to 23

for immobilizirig urease.

58. A dialyzer for use in a dialysis device, the
diaiyzer comprising a substrate as claimed in any.

;oﬁelof claim$ 1 to 22 for immobilizing urease.

:v59;_'f A dialyéiéimethod comprising the stéps”of:

exposing a dialysate COntainiﬁg' urea to a
‘substrate ‘as. claimed in any one of claims 1 to
22; and .

removing the dialysate from said substrate.

;:'60,lUse of .théf'substrate as claimed in any one of

‘claims 1 to 22 in a dialysis device.

61. A method of modifying a dialysis membrane for
immobilizing functional molecules thereon, the
method comprising the steps of:

(iv) coupling eléctrophilic compounds to the
membrane surface;

(v) allowing the electrophilic compounds to
undergo a nucleophilic substitution
reaction to provide a _nucleophilic
grbup thereon and  thereby increase the
nucleophilicity ;of the membrane
surface; and .

(vi) allowing the nucleophilic group to
undergo a nuclebphilic substitution
reaction with .another .electrophilic
compound to provide an electrophilic
group on the‘ membrane surface and

thereby increase :the electrophilicity
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of . the "=membrane surface for
immobilizing functional “molecules

thereon.

‘62;lA method? és_claimed'in claim 61,;wherein said ﬂ

‘membrane 1s a cellulose acetate membrane.
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