A SUBSTRATE FOR IMMOBILIZING FUNCTIONAL SUBSTANCES AND METHOD FOR
PREPARING THE SAME Technical Field The present invention .generally relates to a substrate for

immobilizatign of f ional substances. The present ihVention also relat IH 9& 9J 10preparing
the substratg}%é%ﬂg%ﬁlr?d Biological and chemical assays and proce?é%ejrs?%% afr?)e L?sed analytically

or preparatively for research, -15clinical, diagnostic and industrial purposes often require fixiaton, or
immobilization, of a functional substance onto a solid support (or substrate). This fixation often
improves the stability and versatility of the substance without compromising its effectiveness and

20activity, and enables (epe et R3a0e PURCININERTEI FRL &XaMRIE fHOsliQpal substances which
include biological %’B %%éﬁ%%@??{lﬂﬁ(ﬁﬁ%@%@%@e ﬁka@AthE polyacrylamide
; .

gel to impgove their stability agains changing pH or temperature conditions when used in
enzyme-catalyzed industrial processes, and to facilitate their subsequent separation from the reaction
products. This enables re-use of the immobiliZBeicddpads Bagsfynificantly facilitates product

purification, which 30lgagls t@)ggygrgpst-gﬁﬁeg}y@iglgce%eﬁa 1mmobilization of afunctignal
substance including a-biological substance may be effected by physjcal immobilization or chemical
mmobilization. GHETSARTH phyScal IR I SOPotoh (SRSSAMmHDN). RSt ETinctional o
biological substdliice is@ttactet to thesobstrate vid encapstiatioreor électrostaticdwydropthobic or Van
der Waajg,forces, \Whilst physigal adseptign provides. a relatively simple immobilization i method with
wide applicability'to a whole ‘range of: functional and/or bioloPeal substances,.it often- nOtH, ,
providea :-sufficiently y stable .. o

= Background

lﬁBiological"andj chemical assays ‘and processes that
_ dre iué@d:‘anaiytica;ly or prepérétively for research,
15 rﬁliﬁiéél?‘ diégndéﬁic  énd in&ﬁsﬁiial pufposes often
- "féqﬁiré.Tfiﬁéﬁién;¥ o£t?immobili2ation, of a functional
substance onto a” solid support E(or substrate). This
fixation oftfen improves the stability and versatility of
the substance without compromising its effectiveness and
20 activity, and'enables‘repeétéd dsagé of the substance.
For ,example; functional  substances which  include
biclogical substances = such as enzymes, are typically
immobilized on _an inert  support like silica or
polyacrylamide gei to improve their stability against
25 | Chanéing PH  or Itémperatur@ conditions when wused in
enzyme~-catalyzed industrial processes, and to facilitate
their subseguent separation from the reaction products.
This enables re-use of +the immobilized enzymes and
significantly faﬁiiitates product purifibation, which

30 leads to. more cost-effective processes. ‘
Immobizizatiéniof a functionél:subétance including a
biclegical sﬁbsténce “may be ~eifected Dby physical
immobilization oﬁlichemicalk,immobiiization. One form of

physical immobilization is ;physical adsérption



immobilization and is susceptible: to leaching of the iMmObilized functaonal and/or biological
substances. :10A more stable method of immobilization of functional and/or biological' substances is

chemical imggghilizafiggy-which covalentlyiginds: the functional and/or biojegigalsuhsianee to the
substrate.as a *result of a chemical reaction , Chemical immobilization typically results in 15 impidve&

actiVit:redtced non-Specific adsorption, and higher stability of the functional and/or biological

substance. How ical immobilization, generally ires chemica ification of the
functional and/o;F %ﬁo%%}g?f? b‘”s‘%?ée?oﬁ%g%u bs%%a%e t(f%glo%r%%f}e%%theﬁgeﬁiéf?r?tgéﬁgi%%?
Modification of tRE*tikieeof st aupiiott materhi, Frpré-aRtvaio GHeCSoIRFSEAPGE, to improve
-its binding to a functQralandier biclggica) substanisectypicallyinvolues the incorpesatien of 25
reactive: ch‘em_i%l1 m%ii%tjes ontoctgie surface bf the gene@iléé goorly g:eéalpéi%/% }pe )g/meric n?te‘rial.,

] nys dsSorptign o) ‘ ‘
Surface Modification can E-e%chleved?bysﬁh sical mngns,-sucﬁ ag nor-covalen at_tgéﬁlﬁ\e%tof an

affinity ‘spacer, crerehitarmebhs Steh Ergliterhldehsde ABivash 30 eyahegenbrbmide activation,
bromoacetylatiopadiggotation dentzing-radiatien dndiiced oxidagion-and shemical gsaffingtt -
non-covatent a‘ttg‘ hmri(;nt of‘ggsaffinig}/é%piacer isd _-\po(y\éeveréass,osciatt%d é/\lit’éhh@?()r'f-repsr gg ié)ilit_y and/or
unstable- binding’fo the UI"_%I_CG‘. 'f;the;s[Ujbstrgtres. éo‘me; -cova{er‘ft at.tLathme'nl%-;‘ most note-Worthyihes,
but to 'a' leseer' ex@wRISO Zter) caibe "hydrolzietrunder the feacticreedadilonsusédifor
‘enzymatic reactiepsyesultiog inpastialdess of itamepilizeshenzyrae andsJeakage of enzyme into the
reaction medium: Such problems may affect, amongst.others, immaohilization methods based 10on
gluta alde yde-activatli}énﬁé%rdebr%t%ﬁgayéeet?%%% ravﬂ%ls%rﬁrlﬂa%o%ait%ozn%%ﬁgt%g%é] k?rlg%cl&el C:ifr(l:%il\ﬁlation,”,
ionizing- ~and/or biological substances is .chemical immobilizaticn,

AWhicﬁ Cdvalenplyjhihdsjthe functi@nal and/oxr biological
Eﬁﬁbéﬁaﬁcéltﬁ)ﬁhh%}%ﬁbstﬁate as- a ﬁ;esult of a cbemical

o  ﬁééc%iéh?i'Chemic%iffiﬁmObilizatién?;typically results in
rﬂfiS‘L :iﬁpr5Véd?éétiﬁitﬁ;fréaﬁCed noﬁ4Spé¢ifid adsorptiﬁn, and
higher Stabilityf of the functional and/br biclogical
substance. However, chemical immobilizatioﬁ Qenerally
reqguires the chémical. meodificaticen - ¢f the functional
and/or biological substance or the subétrate 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/cr biological
substancé, typicélly -involves ﬁhe incorporaﬁion of

25 reactive, chemical ‘moieties bnto “the ‘surfacef cf the
generally poorly 'ﬁeactive 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 cyanocgen. bromide' activation, bromoacetylation,
diazotation, ionizing—radiation_ induced oxidation and

chemicalfgrafting; g



radiation induced H oxidation, and chemical grafting produce covalent bonds which are more stable
than non- covalent' bonds, ;Thheee: methods involve the use of 15 ' hatardous, expensiVe,
complicatedHand/or harsh reaction conditions. Some of these methods also result in a high net
charge on th‘g%()zﬂalg‘ﬁ%gort; which causes undesirable non-specific e|ecﬁ8§{§ﬁ8%m"éfﬂ?§9of the
functional 20and/or biological substance during subsequent procedures in a biological / chemical
process.Another common problem encountered with the use of harsh reaction conditions is the

unfavorable modification’6f sUNRCEPIDOpEItes AWhRAAE) hamiperthe afthéRiert SR 25 functional
and/of biologicalisubstencey particidary: adarge palymeric stibstancedThisedn teadsedgwdoading of

the functional aﬂ%%f@gh@@iﬁ&?ﬁ&ﬁﬁ&g onfQ the, substrate. et other problems encountered with
some-commercially available activated solid supports are low.30stab I|ty,pro_nouncedtoxml?yandalackof
biocompatibility, Aifffct it fandiihg plifgtses: FeslitingiPYSRGREhelfifeend IiFifed Bpplicability for
medical :Some pkthese neetheds relyn tbeermodificationef, preractivated" suppartswiiban
A ﬂﬁéééﬁiénf- cbnditibﬁs  @§ed ‘féi fenzyﬁatic \HréaétioﬁS}‘f
'fééﬁiﬁingj in:'péitial loss  of iﬁhbbilizéd fenzyme and
@éakagé of enzymé?ihto the reaction medium. Such problems
méyréffeﬁt,.amgné#ﬁiétbers, immobiiizationfmethods based
“FIQ ‘ bn'giutafaldehydé;aﬁtivation and bromoacétylation. Whilst
Ediaiététion, cyanogen bromide activation, . ionizing-
;?ﬁdiétioh inducédifoxidation,l and chemical grafting
'”‘ §rodﬁcé bcvéiéntabénds which‘éré‘ﬁore_stable.thén noﬁ—
 -ié§véiéﬁ£§:b©q§$,i;fhése;.methéﬁé %involve the . ﬁse' of
st 'ﬁéﬁéédSué}‘éiﬁénéiﬁéffédmplicéted,land/or harsh:réaction
cenditions. -

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

20 : and/or biological substance duringisubsequent procedures
in a biological / chemical process. Another common
problem encountered with the wuse of harsh reaction.’
conditions is the unfavorable medification of surface
properties, whi¢h may hamper the attachment‘ of a

25 functional and/orﬁlbiological ‘subsﬁanée, pérticularly a
large polymerid éﬁbétance. This can lead ﬁo low loading
of the functional and/or biological substance orite the .
substrate. Yet iofher problems encountered with some
commercially available activated solid supperts are low

30 stability, pronéunced toxicity - and a lack of
biocompatibilify,f :resulting in © short  shelf life,
diffic@lt handling,;and limited applicability for medical

purposes.



epoxYsilane coupling agent for the immobilization f hydrophilic MolecUIles, Other methods rely on
preparatfon _ a aubstrata-:12y/reacting a bisepoxyoxirahe linker to immobilize, -a molecule to the
substrate:The aliphatic _ linkers used in these Methods lead to a decrease in the -; amount of reactive
groups available :for immbbilizetiOna decrease: in bicCompatibility and a decrease in reproducibility.
‘There is -a need to provide Methods of preparing a substrate for immobilization ofifunctional and

biological substances.matéoyerggmetgg% {}Ie%tt%gggoratgegge %Wo'rgt%the gisadyantages

describe* above. _ - S‘Fﬁgr;e ianeed, to prOVide methods that are convenient, inexpensive, robust,:
and reliable for E%ﬁa@ﬁ@@@ﬁbstk@t@fo'ri“lﬁ%ﬁﬁﬁf&ﬁ&?%@fﬁhctiﬁwaﬁﬂ%iold@&g sub®tances.
There is also a Reee:{e pravide stbsiratag Whighrate stable, easy tohasishe Jipexpensivesnon-toxic,
biocompatible and bid-degradable. for immobilization of functionally and biologically active substances,
and which can b%ﬁ%é?& A o‘r‘f‘l“r%n%no%]iﬁzcaﬁ%enséf ;aé\?%glfaﬁs&?%abs%éirlw%egnat%%g“ﬁ %a%iﬁg %Ieinsities with
'improved activityfarrd realtiving Summanshea fifst a8péth IrSreisproviid alsubstraté omprising
compounds dispesgs-thereenceupled:ie:a funetionalamoleguié reach compeungdihaving a-chain
comprising: - _-‘_a_:,imc)iety R tha i'Sifchﬁ'e% ‘ical‘lyl c.o';clplle .to fge gfu?strat'e, dsaidi moiety. R:being selected
from the group coN&iSty ST ethier, €Star, CATDOM, carbonate ester: thiosther, disulfide, sulfinyl,
sulfonyl, carbonettroyliramine; amdidey eadyamide, aveds ahd gubpidineschad L zatdpn, &
epoxide-containiig-moiety'that js coupled-tathe;moiety R by & linker.compgising.atleast gne
nucleophilic group selected from the group consisting of an amine, hydroxyl and thiol;  wherein the
functional moledfﬁ?ﬁaﬂfpfri'ﬁ%%léﬁ%nzyme selected from the group consisting of urease, uricase,
creatininase,. 'losses, @sterasess cellufases, amylases igectinaséscataléses; @pyldsey catalase,

esterase, penicillip.amidase, apd prateinaseK.-na,second,asped, there-js provided aemethod of
immobilizing:a functional molecule ona substrate comprising.the step of exposing the functional
molecule-to the §itbStFaRES d&fiiéd BBGVE T tifd dSpect Mheré TS provided a riéthodof preparing
a substrate comptisingammabilizéd fuetionalanolbesies; thel nsathod .comprising the steps of:
providihg.electrophilici:%@pguhggcogplgqetgdthe@rfazggéqﬁltgg suggtgg@ds fhat are
L ‘convenient, inexpensive, robust, and reliable  for
preparing a substrate for jmmobilization of functional
and biclogical subsfancés. ' |
There is alsoc .z need to provide substrates which ars
stable, éasy to handle, inexpeﬁsive, non-toxic,
biocompatible and bic-degradable for immobilization of
' fﬁnctioﬁally and . biologically' active 'substanégs, and
which can be used;‘ for immobilization of a wide ‘_range of
substances at high loading dénsities with —improved

activity and reactivity.

Summary

in a first aspect, there is provided a substrate comprising compounds disposed

thereoncoupled to a functional molecule, each compound having a chain comprising:

a moiety R that is chemically coupled.te the substrate,
sazid molety R being selected from the group cansisting of an
ether, esater, carbonyl, carbondte ester, thioether, disulfide,

.selfinyi, sulfonyl, carbonothioyl,amine, smide, . carbamide,

ureas and guanidipes; and



allowing the electrophilic compounds to undergo a nucleophilic substitution reaction to provide a
nucleophilic group thereon and thereby increase the nucleophilicity of the substrate surface;
(iiallowing 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; each electrophilic compound from step (iii) being coupled to said
functional molecules, wherein the functional molecules comprise enzymes selected from the group

consisting of urease, urlcggch%re;%tigkql%seﬁo@ ses,tgslcerq._ses, agllyégsegd arg‘ylases, pectinases,

catalases, ac'ylasaél, c%‘fafase, esterase, penquﬁlﬁ’ amidase, and proteinsee--K. In a fourth aspect, there
is provided™8Sheft BErtAdgd TEFUsEIPE G sid eV 5Fth8nsgor8'é?ﬁe€§ﬁ%fdigce comprising a

substrate agreefired eis6FeFetnTAfoBARRGCAREA8E A Lfiffifadfett; tRERE € Provided a dialyzer for
use in a diadysis®enice, the dialyzer comprising a substrate as defined above for immobilizing urease: -
- In a sixth aspect#heea is prswidechacdialysis mpskotecompuising:the sstepsiefnexposing a dialysate
containing yreatq.@ sybsirateras defined abayvesand repovingsthe dialysaigsfrom said substrate;

wherein the substrafe comprses.an immobilized ureasg, in f.geventh.aspect, there is provided the use

of the substrate as defined apove in a }giglsy_és:lsggggiceg In an,eighth agpect, there is provided a method

of modifyin§ & dialysis mermbrane comprising immobilized functional molecules, the method
comprising Tﬂédéf‘épsa&ﬂ ("f'f%ﬁﬁ‘lﬁ?ﬁ”&éctrophil‘ic compounds tothe membrane surface; (ii) allowing the
e'ec”oph"igncé?@&%wa%ﬁ%&ﬂﬁ@@%%%{%%@@%@%%ﬁ%%ﬁq%@a tarRiRvige,Rieigophilic group

thereon an therett)éslncrease the nucleophilicity of the membrane surface; and (iji) allowing the
nucleophili®BréupUesliAte (R de S5hiREERUBSRIRBHTI2 2060 A RAP Ao fRRIPEHZ t1BpHific compound
to provide anelesteophiisigeauypbovethe membrane surface and thereby increase the electrophilicity of

the membrane surface for immobilizing f ignal I X C llig.compound
from step (|TB Seﬁ!gr;gc%{’ﬁﬁg{dn}%}%rﬁe{?u%%)t}’ggr%a %ﬁ?@%&%ﬁ%ﬁ%ﬁ% fgr?g%)r%ﬁlg%l r%%ﬁggll%?g% comprise
enzymes séevedifehithdigrelpdondiatingomnatbasdsompsiniey Bestrinale, lipases, esterases,

cellulases, amylases, pectinases, catalases. agylase, dalglesg.esigrase, penicilin amidase, and
proteinase-K. : oo
surface of the substrate;

{11} allowing the electrophilic compounds to undergo =
nucleophilic substitution reaction to provide &
puclieophnilic group thereon and théreby increase the
nucleophilicity of the substrate surface:

(i1i) allowing the nﬁcleophilic group to “ underge a
nucleophilic. substitution reastion with another
electrophilic compound to provide an electrophilic
group on the substrate surface and thereby increase
the elactrophilicity of the spbstrate; ‘ )

each electrophilic compound from 'step {iii} Dbeing

’ ﬁ:éupled' +p said functiomal molecules, wherein the

" functional molecules comprise enzymes selected from the

group consisting of urease, uricase, creatininase,

iipases, esterases, cellulases, amylases, pectinases,

catalages, - acylase, catalase, esterase, penicillin

amidase, and proteinase-K.

In a fourth aspect, there is provided a sorbent cartridge for use in a dialysis device,
the sorbent cartridge comprising a substrate as defined above for immobilizing
urease. 7

in a fifth aspect, there is provided a dialyzer for use in a dialysis device, the dialyzer

comprising a subsirate as defined above for immobilizing urease.

ba



Accordin.g to a first embodiment of the invention, there is provided a substrate having compounds
'disposed thereon for immObilizing . a funOtional molecule, each compound having: chain cbmbrising:
a moiety R that is chemically coupled to the substrate, said moiety R being selected from the; group
conSisting of an ether, ester, carbonyl, carbonateester;thioether,disulfide,sulfinyl, sulfonyli and
carbonothioyl; and an epoxide- contalnlﬂg mmeﬂg comprising  In additional In another containing

and S thatis @6@%@&6&%@M‘6@@ﬁ®8‘ﬁ REPHIS BRI ERIBPHRRG foRSteps of
oneembodirgeiigding: suﬁmyﬁ&commsagaﬂr@pwwemtammg gEougcshpleddadtiienahnag.
embodimen éﬁheé’ s roignqulg? s X'{feo £y 8'2%5% O%theﬁ‘éjemba%ral 8’ bil
Inoneembodimen Yeln ercomprlses ona eegh ilicg ups OWhI sa 5add|t|0nal
epoxide urease,

in a seventh aspect, there is provided the use of the substrate 2s defined above in a
dialysis- device. _
In an eighth aspect, there is provided a method of modifying a dialysis membrane

comprising immobilized functional molecules, the method comprising the steps of:

(i) coupling electrophzlmc compounds to ‘the
membrane surface; | _

(11} allowing the electrophilic¢ compounds to undergo

' a nucleophilic substitution reaction to provide
a nucleophilic group thereon and thereby
increase the nucleophilicity of the membrane
surface; and .

{iid) allowing the nucleophilic grou? to undergo
é nucleophilic' substitution reaction with
another electrophilic compound to pro#icie ﬁn
electrophilic |
group on the membrane surface and thereby
inérease the electﬁophilicity' of the membrane:
surface for dimmobilizing functional molecules
thereon; 7 ) . |

each electrophilic compound from step {iii) being

coupled to the functional molecules, whersin the

functional molecules comprise enzvmes selected from
the group 'conéisting - of urease, uricase,
creatininase, lipases, esterases, cellulases,
amylases, pectinases, catalases, acylase, catalase,

esterase, penicillin amidase, and proteinase-K.

4



..:containing ;,groupsareeoUpledtosaid -chain. Thisis advantageous,astheoftheepoxide- _ containihg
groupsavailableto .reactwitha.functional Moleculeisincreasedandconsequentlythe anumberof 15
imMadbilizaticin sitethat are available for immobilizing a substance is also increased. Itis an

advantage of the disclosure that the linker increases the length of the tether between the functional
molecule and thesulstsieafistandadimebinbithe By gagon, there 1s

provided a substrate having compounds disposed thereo

]

for immobilizing (& functional molecule, =ach compound
having .a chain comprising: a moiety R that is chemically
coupled to the substrate, said moiety R being selscted

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

4o



20 functional molecule to the Substrate. Inanotherembodiment,thelinkercomprisesadi-
nucleophilicspecies.Inoneembodiment,thedi- nucleophilic linker is selected from at leastone of an

alkyl- dmm'”%ﬁ%ﬁﬂ(ﬁgﬁ?ne -diamine.Advantageously, the 25 diamine ||ri;<&t may |{)65(5g&ce additional
sites for epoxy- activation. Without being bound by theory,it is believed that up to five molecules of

epOX|de contalnlng compound {(such as eC|chIorthdr|n) can react. W|th one molecule of

carbonate ester,ﬁ thioether, dlsulflde, sulfinyl,”
sulfony17 rand oarbonothloyl jand Jan epoxide~containing
molety' that is coupled to the momety R by fejjlinkerl
fcomprlszng at. least ‘one nucleophlllc group. "j -:f
RO ?; 'Injibne‘jembodlmenu, the substxate comprises 755'
| 'add* *onal epox1de contalnlng group coupled -o the chain.
‘In anothex embodlment the number of addxtlonal epoxxde
‘contalnlng group 15 selected from the ﬂumber i, 2, 3, ¢
“and '5;j In ohef embodlment the lwnker comor ses
eglb o edd 1ona1 nucleophlllc groups . to'whzch said additlonal
- fepox1de contalnlng croups are oo;@ied. to sald uﬂhaln
EThlS is: advantageous, as the dens;ty of the . epox1de~
Econtalnlng groups avallable to .react with a functwonal
S imoleoule,_ls 1ncreased. and consequently the 1umber of
AiS iﬁﬁooiliéetlon 31tes that are available for lmmOblllZlng
a substance is also increased.

It is an advantage of the discleosure that the linker
increases the length of the tether between the functional
molecule and the substrate and aids in the binding of the

20 functional mclecule to the substrate. |

in another embodiment, the linker comprises a di-
nucleophilic speoiesi In one  esmbodiment, the di-
'nucleophilic linker is selected from at least'one of an
alkyl- diemine and au alkene-diamine. Advanﬁageouely, the

25 diamine ilnker may -introduce additional sites for epoxy-
activation. Without being bound by theory, it is believed
that up to five molecules of epoxide—oontaiﬁing compound
{such as‘epichlorohyorin} can react:with cne molecule of
diamine linker. This_is advantageous as this permits an

30 increase in the 'density of, . for fexample, an epoxide-
contaiuiﬁg compound ‘and consequently the number of
'_lmmoblllzatlou smtes that are avallable for 1mmob11121ng

a functlonal molecule



diamine linker.This is advantageous as this permits an 30 increaseinthedensity
of,forexample,anepoxide- containing compoUnd and consequently the number of immobilization sites
that are ava{ka(p 1fﬁgijg%t;obilizing a functional molecule. In another gipbReUpERdhs linker |
comprises a polynucleophilic :species. In another embodiment, the polynucleophilie :species may be a
polyamine , such as . pptrescine, sperMidine; sperMine, Cadaverine; diethylene - triam]rne;
.-triethylene tetramine.tetraethylene :pentaminell and tetrahydrofur:fUryl amine. ., The 4ntroductiOn
of the amine groups 'ofthe™ Hiso GBRECERI Serves 28 an%ﬁfé}Fﬁﬁ)ll pkr BUktér for the fmmobilized
substanoe. it is adustheradvahtabicthaspatine grouds: canatst functiemzsdidneexchangess to provide
stabilizing condiggﬂ%]jgrlg@me\gpiIizggegi@an&g@is efurther-advantage that aminegroups - are
strongly. :nucleoPhilic making the.coupling Of the first - and secOnd epoxide-coritaining compound
more effitient th&H bRt TideoMACHIOIRE for &IPS OH FOGHS “The Stnﬁ@?%ﬁ%hilic nature
of the amine grotips=afithe,linket ¢ furthersadvantageous as ¢His perhntb¢he Userofdongdinkers whilst
maintaining rea@é@éf&%’gl{'}_&@@gg%@ﬁﬁ@nﬁ@rggg_lqgr_npouhd.iThis is 20 furtheér advantageous as the

use of longer linkers:permits * advantageously, dJamines such as hexanediemine ' arexrjelatively cheap
as compared to other TiRerS™iPaRE 25 %bnitnercidfly AlaldblEESHRTodty ntdtErials“THié low cost of
hexanediamine ensyresshat the. discjosed-substeate oanibe massiproduced &t relativelyew costs.
o immgbiiiééd. subsfance, It is a f@rther advantége that :
ﬂ:'io : {aﬁiﬁé groups ca#jﬂglso function 'as ion-exchangers to
' igrofidéwﬂst@biliﬁiﬁg_ conditions Efor the - immobilized

igﬁbéﬁaﬁcé; it i§ & further advantage that amine groups

”‘fﬁﬁéTEsﬁ:éﬁgly']ﬁuéiééﬁﬁilic makingr;ﬁhe coupling of the

: ;fiﬁéé . éhd:A éeg§ﬁdl epoxidefééntaining  QOmpéund' more
 ;15 lgffiéienfrthaﬁ other nucleophilic groups, for example OH

groups. The strongly nucleophilic nature of the amine

groups of the linker is further advantageous as this

permits the wuse of long linkers whilst maintaining

reactivity with the epoxide~containing compound. This 1ls

20  further advantageous as the'ﬁse cf longer linkers permits

'a furthér reduction of steric hindrance between the

substrate and  the immobilized substance. ~ More
advantageously, ‘'diamines such as hexanediamiﬁg ’are'

relatively cheap' as compared to other lihkexs énd, are

25 commercially available commodity materials. The low cost

of hexansdiamine ensures that the disclosed substrate can

be mass~produced at‘relatively low costs.

It is a further advantage that the alkyl-amine bond

formed between the epoxide-containing compound and the

30 hexahediémine linker is resistant to hydrolysis under

chysiclogical 'coﬁditions such that it can be téed in

agueous systems, foﬁ example,dialySis devices. It 1s a



It is a furthet advantage that the alkyl-amine bond formed between theHepoxide-cobtaining compound
and the 30 nexanediamine linker is resistant to hydrolysis under physiological conditions such that it
can be used in agueous systems, for example dialysis devices. It is a further advantage that the
substrate in accordance with the disclosureS isHiiiologically.inert. According to a second embodiment,
there is provided a _ imethod :.immobilizing( a functional molecule on a substrate: comprising the step
of eZposing theJIrunc jonal- mcglecule to th Substrate a cordln :to the disclosure. According to a third

embodiment thet8 1S Brévided 8" nfthod ?Bre% Ting & ﬁ}b% fe fot IMATTBITARGH of Hictional
molecules thereohsathﬁmelth@dammmlémglhes@@dslo’f (1)1Iérzmnd|ng electdophilic compounds coupled

to the :surface of the sybsiraigy () AUQMRCHSEIBEIORAUIE 1sGRFRRYNGS to .)undergo a nucleophilic

)substltutlon reaction. to ) prowde .(a nucleopnilici group. thereon and thede %%/ nCrease.the
nncleophlhmty(olf‘f’rfémdiS destfé{f@@ﬁrrﬁt?e“@u) Qloﬁﬁﬁ?ﬁéﬂﬁépeop‘i‘\ﬁrce@r B tohdefgo a
nucleophidgc/ sulaet:tammeaczmnpw,utlaaarg)there ekecﬁpphﬁlcemmp@ﬁmdtomewdea&feimmph|I|c group

on the substratem%thg%qﬁ gng 3he§e§3y54@gge%eg1ea@egg8p %cu ost_ﬂlﬁée substrate. 20It is an advantage

of the méthod that the elongated spacer attached to the ele ctrophilic groups of the substrate provides
increased accessibilitpefartaieachir compaimtoe sleenprdie group and concomitantly permits

an increase in the:dabsityand 2z readtivity of thesiectiaphilie groupdadbefupstianal mefecule to
thereby mmobllge t&e f&ngtloqg,[i%%lgggée oﬁr}rg e % bstr te. It is.a fu Cr{ther advantalge that step (iii) of

the method also prov1d'es increased accessibility of a functlong\ mofecule {othe ele rophi ific group for
30subselient ifERITlizafion ok thesubstat 1 BRECEMBOAMHRISepsdH) awrri)dre repeated

n number. of: times. tocfigem @@eﬂg@@tloeﬁ ofﬁ%trgﬂm&egé@@s OI’(];S@.)d S&J_bﬁ@ﬁai%gThlgdg

advantageousas thlctroohlllc iy compounds to undergo a nucleophle_c

o ﬂsubstltutlon. react*on to provide {a nucleopblllc group
[ehereon and *he*eby ancrease the PuClQOphlllC¢ty of the'

- 15 ‘substraue surface, \111) allow;ng fhe nucleopnlllc group
to underge a nucleophi;icx substitution reaction with
ancther =~ electrophilic compourid to  provide an
electrophilic group on the substrate surface and thereby
increase the electrophilicity of the substrate.

e It is an advantage of the method that the elongated
spacer attached :to the electrophilic groups of the
substrate provides " increased accessibility -of the
functionel compqﬁnd to the electrophilic'_grbup and
concomitantly pexmits an increasei in"the deneity and

25 reacfivity of the electrophilic greup to tﬁe functicnal
molecule to thefeby‘immobilize the functional molecule on
the substrate. It is a further advantage that step (iii)
of the method also provides increased accessibility of a
functional molece;e to  the electrophilic group for

30 subsequeﬁt immobilization on the‘sﬁbstrate.

In'ohe embodiment, etens (¢1) and (1ii) are r'peated
n number of tlmee to AOTm n generaelors of- e‘ectrophllﬁc

groups - on said SUDSLIE;E- This lS advantageous as this



WO 2011/102807PCT/SG2011/000069 permits an elongat on of the spacer and an increase in
the density of the electrophilic groups and consequently the number of immobilization sites that are
available formﬁl}ww a functional molecule to the sUbstrate. is a furtlg,%r,r?%?%wﬂg&%pat step (iii) of
tne pemits aH relatively faster reaction between the and the 'second Electrophilic compound.This
result' in a decreased rate: of hydrolysis of the 'electrophilic cémpounds and a higher intorporation of
non-hydrolysed electrophilic groups: on to the substrate. This:. is .a 'further advantage, as this also
permits an increBS&" tiie AfénSity BEfe-Blecitoplife gritps th the SuBshtdefdie timdBilizing a.
fuhctional molecule: Itisre furthes adviaatagesof-theoheitiad thas thes Elastropbilis-groups aye .

displadedelative.dn e, subsyaie sugh thabhe, abily of the upgtionalmolecyls o be pmobilzed
therepn is.enhanced relative to-having-a substrate with‘only one eTe:qt-roohtllc compoun .%_gaing directly
coupled t6 a subsTrERE it i & ZOfGriher Slvantethabiis Felafivé ARspragement-also permits
increased |ccessibilityof afungtionat-faeleculetathe glecttophilicgreup fot supseguentimmobilization
on the substrate, According to a.fourth-embodiment, there.is provided a 25sorbent cartridge for use in
a dialysis device, tHe s%drﬂqé%\ﬁéﬁﬁidaé :?;Srr#]ap‘f%‘(ﬁg 3 suéé?t‘fé"'tlg a%eélé:gc*rf%%d %‘:‘ét%rgi%”%r ian fhobilizing
urease. Accordidg i afiftir EmbddimerteRiste isproderdrs : Ldialysiomettod compfisiag the steps of
: exposing a.30dialysatescontaining urkaste-asastrate:-as dgscribggshersin:and rgmoving the
dialysate from said sybstrate. According to a $ixth embodiment, there is provided a dialyzer for use: in
a dialys.ils‘devic:'e”,A.J(fjﬁ3 D e %ound %85 hé“r%ﬁ:nofﬁciﬁ?ﬁﬁﬁﬁ}zinﬁgreaSe..

[oknl - COMpO] ) *1%1 a . hilg
the d]fﬁg;zer comprising a su‘bs?ra e a_sdescﬁ
1-inc§,,_u'i¥é)as'e Mgy be yrehiRsed 8AREaY ewaysis. memiranesuth asivellsloser aestate membrane
ifiltegijcomprise‘diwﬁgih me C:ﬂal&ﬁ%thér,;;advantage, Ejas thls also permits an :

| o incréase in’ the depsity of thé. electrophilic groups on

| the substrate forimmobilizing a functionzl molecule.
1.1t is & furthir advantage  of the method that the
‘3 'e:iec'ﬁrophilic"gfbﬁ?'s are dilsplaééd felative to the -
substrate such that the “ability ‘of the functional
molecule to be immcbilized thereon is enhanced relative
to . having & substrate with only one 'el.ectrophilic
compound being directly‘coupled tea substrate. It is a
20 further advantage that this relative displacement "also
permits increazsed accessibility of a functional molecule
to the'e‘lec‘trophilic group for subsequent immopilization
on the substrate. - ' _
According to a fourth embodiment, there is provided a
25 sorbent cartridge for use in a dialysis deviée, the
sorbent cartridge comprising a substrate as. described
‘herein for immobilizing urease.
According to a fifth embodiment, there is provided a
dialysis method f'ﬁchprising the steps of: exposing a
30 dialysate containing urea to 2 substrate as described
helrein.;ﬁ and ::embv‘:?.;:ﬁ:g the dialysate from sald substrate.
According to a sixth embodiment, there is provided a

dialyzer for use in a dialysis -device, the dialyzer



According to a sixth embodiment, there is provided a :method of modifYing. a dialysis membrane for
immobilizing functional molecules thereon, the Method comprising the steps of (i) -coupling
electrophilic compounds to the ,membrane surface; aliowing the electrophilic compounds to Undergo.
a nutleophilic substitution .reaction, to. provide a nucleophilic tgrOup thereon and thereby increase the
'nucleophilicityofthemembrane surface; and (iii)allowing the nucleophilic group to undergo a
nucleophilic subgtoitutirbfs'rlerggtionawith q_@éﬁ%ra%lgctroggilio 20 i cconﬂgouénd i EP’[O\nde ar electrophilic
group on the membrane surface and ?hereby;lnérease. the “e‘?ec%rop%llicity oﬁ?tﬁé MeniBrane sUrface
for immobilizingfuretibhalficRgulés 25tferecien e in Qe @Atbodimentyshel mrepalirahesis a cellulose .
acetate membrage: . Advantagesuslyldthe-method can beused todmedify, ap off:the-Shelf dialysis
_membrane; such. as a cellulose 30 acetate membrane,:.: of a bialyzer.. This modification step
allowis. the surfdte bItRR diARY SIS MEMBRANG T hAvs Al intRSasetPatift/ to immobilize functional
Molecules; such as diallyséiteenzyngs ctherdonewhéreusediovalelalYzar According to a eight
emb?d"mem’ th%{&'ﬁﬂ%@eﬂ&ﬁ%%&%&ﬂéh%.%QP%@f; gr?e%@:ane for immobilizihg Z
L :fﬁnctionél moleq@iéé thereon,fthejmethod ¢ompri$ing the

stepé of: o j |

SR : (i)f z@pupling electrophiiic compounds to the

-membrane surface;-

: f'(iiﬂ ji%iléwinQ‘the:éiecﬁrophilic compoﬁnds to

Eﬁﬁdérgp‘. a “nuclédphilic_jsubstitution

;rééction' to - provide a. n@clebphilic

Qgroup thereon anéftheréby increase the

Cirset T “‘ﬁnﬁéleophilicity S of thé . membrane
sirface; and : | '

(111} éllowing the ﬁucleophilic group to
underge & nucleophilic substitution
reaction  with another electrophilic

20 compound ‘to provide an electrophilic
'gﬁoup on  the ﬁembrane-_suxface and

thereby increase  the electrophilicity

‘of-  the - membrane = surface for
immobilizing functional  molecules

25 ‘ thereon.
' . In one embodiment, the membrane is a cellulose
acetate membrane. . ‘ -
Advantageously;,the method can‘bé used to modify an
off-the-shelf 'dialysis membrane,  such‘ as =z cellulose
30 acetate membranegzof a_dialyzer{'zThis modification step
: allows the surﬁaﬁéiaf'the dialysis membrane to have an

increased ability -to immobilize functional molecules,



as described: herein in a dialysis In one embodiment, there is Provided a method of prepar ng a
substrate for immobilization of functional substances thereon, the method comprising the steps of
chemically conpling:a first electrophilic compound to the 10substrate, and chemically coup"4_ing la
second electrOphilic -,- compound to the 'ifirst electrophilic compound that has been coupled:tothe
substrate, .1wherein sald Tsecond ecttophlllc compound, when ,-coupled: to sald first Electibbhilic
compound, is configured to |mm#)fblllze the 15functional s%bstance thg} eon  Advantageously, the

first and secondségﬁroﬁﬁlllc 6’5&%&5 afd &efetted t& S'tﬁ?ﬁ’[ace Félative t5'eath otfier such that

the ability of the diinétiareal:substance to:be- |mmob|I|zethereon is enhanced relative to having 20a
SUbStf ate W'th only Onﬁc&!ﬁﬁHQ@M‘Elgﬁ{H F&Mﬁ%ﬂﬂ there 1s provided the
o use . of the substra;e as descrlbbd here;n 1n a dlaly315'

:5 “dev;cnl ' o | : o _
: n  iﬁf dné ﬂmboéiﬁént there is proﬁidmd a method of
;Dreparlng a subsbrabe for &mmobllizaulon 0f functional
“sumstances thereon,_bhe meuhod comprlslng “the steps of
‘chemlcalTy couplmna ‘a LlISt electroonlllc compound to the
isubstxauv, and chemlcally coupling a 'second’ mlectrophllﬂc

::ufcompound to thm flrst elechophllac compound. that has

'Iﬁéén”]couplad tor ;bhe- substrate, whe;eln said .second

i@lectrophli*c: comﬁound ' wh@n coqpl@dg to jgaidf‘fizst
electroah%lwc commound is configured to immobilize the
15 functional substance thereon: | o A

Advantageously, the first and second electrophilic

compounds are selected to be displaced relative to each

other such that the ability of the functional substance

to be immobilized therecn 1s enhanced reslative to having

20 - a substrate with only one’ mla”trophlllc comsound being

| coupled to a substrate. More advantageously, the first

and second glectrophilic compounds are selected to be

displaced relative to each other such that steric

hind;aﬁce effects .in the neighborhood of +he second

25 electrophile are reduced or minimized to enhance binding

of the functional sﬁbstance to the second electrophilic
compoundrin use. '

More advantageously, the first and/or second

elﬂctréphilic compound may be ‘a‘ldi ~g&lectrophile that

30 - effecti vmlv ”OPVﬁrtS a Doorly PUC*EODhmllC substrate intc

= a strongly elect:oph;llc substraae This constitutes a

change in polarity and reactivity of the-substrate,

10

&



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 the neighborhood of
the second 25£lertigphie are reduced or minimized to enhance binding gfthe;fdnginRg substance to
the second electrophilic compound in use.  More advantageously, the first and/or second
Electrophilic compound may be ia."di-electrophile that 30 effectively converta a poorly nucleophilic
substrate into a, strong% elect hilio 'substr te 8“(?9 &tuées a chan%r? 'T épolartty an?][reactlwty of
the' substrate WO 201171528 %?%e&bsl 700 WMore advantageou the "hettiod is a simple
and cost” = effidieAtway to‘pﬁ*iﬁdud@a sabstiatestharhassaiedly High ré‘et@;tlmty toafeinctional

substances for. ﬁ@t@@hﬂté@@omtt@se%a%@@mp@teettp substredes prodyged by kagwr Method'sMore
advantageously,. - thebsecond electrorphlllc com ound is ca%agle oft}) ndin stabl to a functional
Substance mclu?:img % biolagical SubSEnce Sich S8 HR enzyme HEVER Fee ad 53%@%%ﬁsly, the
second elgctrephificcdfnpsnnd mﬁél’svdﬂnmdnf@srte fordmefimctionas Substance tnat ésatan:
appropriate distance-+ awgyfram %&&I@Jﬁ&%@ thatssstesicingrange.is r%dé&?ﬂgn :ppe gmbodiment,
1to about 1 Sol/g. 15Thia

the density of electrophilic grou am of the supstrate is from about O

in urn reduceS %ﬁﬁé‘%ﬁ?&#{d Eﬁfg & imobiiZation BF thé fuRciorad ‘Stbstaie® ShaHiows the
functional substamtetto o archeredte thefsstrate easityy @iet theesecong, epuxideseantathing

compound. It ais@i%eta@a@@ﬁtuecacggﬁaed@&an@lﬁ@@urﬁl 2, ;figxibility of the beund syhstance

(enzymie) thereby increasing its activity. The disclosed method.is also capable of producing substrates
that can: moblﬁfélsﬁllrgﬂ?g‘ana%bﬁﬁ ' f'-ﬁl95ﬁ8§ aﬁ&/o?fona&cﬁgﬁﬁé}%ﬁhﬂ& distance

25Inoneembodmeatftheﬁrstands@b@rmate “such that ssteric hmdrance is -
: ".‘reduced In one embodlment the den51ty of- electrophlllc

jgroups per gram of the substrate.ls from aoout O 1 to

-~ about 7 mmol/g | ' ' |

L15 ' Tbls' in  turn  reducéks 'imﬁediment” dﬁring the

immobilization of the functionazl substance and allows the

functicnal substance to be anchored to the substrate

easily, -via the second epoxide containing compound. It

also enhaneces the accessibility and structural

20 flexibility of the bound substance (enzyme), thereby

' inéreasing its activity. The disclosed méthod is also

caﬁab}e of prodﬁcing substrates that. can immobilize

chiral ligands,’ affinity ‘ligands and/cr 'iqn exchange
particles. ‘

25 In one 'embodiment, the first and second

electrophilic cbmpounds are epoxide containing compounds.

In one embodiment, the disclosed method comprises the

step of using ajglinker to couple the second epoxide-

chtéiﬂiﬁg compound to the first epoxide containing

30 -céﬁpdund{ Thisﬁinéiéasesithe lengthﬂof the tether bhetween

the écﬁiﬁe oxiﬁanéiéite and the‘subétrate and aids in the

binding éf the fuﬁctional substancefto the oxirane site.

It also. enhances ‘the accessibility and thereby the

"



electrophilic compounds are epoxide containing compounds. In one embodiment, the disclosed
method comprises the step of using a. linker to couple the second epoxide-containing compound to
the first epowzgﬁrhtﬂgggg 30 compound This inCreases the length of the-tether Aghgsn the active
oxiranel site and the sub$trate and aids in the binding. of the functional substance to the *)xirane site.
It also enhances: the accessibility and thereby the acCtivity, of the bound 'substance such as an
enzyme. Advantageously, the linkey nja%cgggli:n, ag%iticonal guncgg)%\l groups to impart desirous
chemical proper?iesltgjthg aubstra eje. ;;F'QPexamp e, ﬁeﬁi?nﬁerjmay on?aln .- amine g%‘U,bs; that have
buffering propertiég avtiieli peays b berigficial whedtie substrate t9usedTn aFsiitatidAs sch as
dialysis devicescfheinkek may:alsg £oAtAIN mPEuPSAhat ean fundtionias antk-exiskants e metal
sCa(Vengers ,which, supplements ‘the:*]‘ur%“ctions of thelSUbsg'Cr jte iq— ceLtain‘?Eé)lica;tab'r%s.;. More
_ advantageouslythe Sfiftkel 8y a0 providé increaded <ites for binding of the'sefond: eféCtrophilic
‘Compourid andéarisubseguent epoxideiéustainiddaCompopndsanteffect Mhédinkepmadye  increase
15 coupled the yumberof:epoxdegontaiing.gompaunds odhe substrate which in-trndnereases the
probability and strength of immabilization of the functional substance. The linker may also be neutral
bnd inert which GB68 netadVersery aftedtTie Foctiondlor bikEal Bopary of £ eioRal o
biological - ‘g;ouﬁs, that can’ function as anﬁiwoxidants or metal
ST - sCavengers ‘whichfjéupplementsj‘thé functions of the

substrate in certain‘applications{ More advantageously,

“';ﬂﬁéfliékéf:mayfa;éq provide increased sites for . binding .-

Qdfﬁthé?Secdndféiéétrophilicﬁtbmpdpnd and/or subseguent

;EpGXidé~§¢ntéinin§ﬂCDmpounds.:Ih effecté the.linker may
‘ihc:ééée;-the"hgﬁ§ér of §poxide%containing .compounds
 5'f5 'ébﬁpiéd”‘to the “éubétréte which, ih ’tuin *inéreases the
probability and strength of immobilization of the
functional substande. The linker may also be neutral and
inert which does not adversely affect the functional or
biological- property of a functional o¢r kiclogical
20 substance coupled to it. A |

~ In one embodiment, the linker does not contain an
epoxide group. The‘functional linker may also cdmﬁrise a
" nucleophilic group} Advantagecusly, ﬁhe nucieOphilic
group is reactive and capable of Chemically binding to
25 the electrophilié {epoxide-containing) compéunds. In one
embodiment, the functional linker is a di-nucleophilic
linker. Ehe preséﬁée of two nuclecphilic groupé allows
the linker to biﬁd;to poth the first and second epoxidé—
containing compouﬁds, forming a bridge between the two

30 e?oXide—Containing éompounds. In one embodiment, at least
cne of the nucleophiles of the di-nucleophilic linker is

selected frem the group consistingfof NH,ﬁNR,iNHO, NRO,

12



20substance coupled to it. In one embodiment, the linker does not epoxide group. The functional
linker may also nucleophilic group. Advantageously, the nucleophilic group is reactive and capable of

chemically Ringling, in,2athe electrophilic (epoxide-containing) compoundsJpQag gmkagiment, the

functional linker is a di-nucleophilic linker. The presente the linker to bind to containing compounds,
of two nucleophilic groups allows both the first and second epoxide-foixzing a bridge between the two

30epoxide-containing compounds, |n one embodiment, atleast o fWeOp lles:af the
di-nupleophilicl%ker%sr;%éte rgr‘nfﬂ?g)ﬁ'}rq(;up%onsfsting o%'{\lH?ﬁlng, /HO; N'RCE%?%E?'S(&, COoo0, ,
CONH, CONR, SOB8H COSNRISNHENEORRO, BONHRH2EBONRNI-U CONRINR2, CNO, ph and PR,
where R, R1 and Ré-aredndependshtly selected fiomdbegneup consistingoidydregens aptionally
substituted:alkyl;f.‘,:opt—-iOna[—-I,fi. susbs_:tLi%utédé%lrkei l; ggtiogally s.utg[sititlug%alkynyl%og}_ignal%substituted
aryl and optidnafly SUbstifited:heteroary” Thek GERATEOphiTE ThREF May alRe-have the general
formula -5 . . alkyl;  ~optionally substituted ;alkenyl; optionally
‘ Subsﬁitutedr alkyﬁy;, optionally substituted aryl and
-dptiénally Substiiuted.heteroaryl.‘5

| ijhe}di—nuble@ﬁhilic linker may. also have the general

thormata 4T)7 -

formula‘(l)‘2;

’

BRE:

WheL‘ELn :_E K
| X and Y are independently selected from NH, NR, NHC,
- NRO, 0O, &, Se, COO,- COWH, CORR,. CS885, CDS{ CONHO, CONRO
20 CONENH, CONRNH, CONRNR, CNO, PH and PR; |
R is selected from the group consisting of hydrogen,
opticnally substitut@d aikyl, optionélly substituted
alkenyl, optionélly ‘substituted . alkynyl, opticnally
‘ substituted aryl and optionally substituted heteroaryl;
25  and A
| n.is an integer from 0 to 25.. ,
In ancther embodiment, the di-nucleophiiic linker

has the general formula (II):

30

e =k

formula (ITy -

" wherein:

13



HX-Er"Yhi formula ( 15 wherein; X and Y are independently selected from NH, NR, NHO,
-0, S, Se, COO CONH .CONR, CSS, COS, CONHO, CONRO 20CONHNH, CONRNH, CONRNR,

NRO,

aryl and optionally

CNO, PH a selected from the group consisting of hydroge ge yaﬂ,ggtltuted alkyl,
optionally substltutecfI Eiﬁienyl optionally substituted alkynyl, optionally su nggt{ﬁtut 5]891
substituted.heteroaryl; .25and n is an mteger from 0O to 25- <In another embodlment the .

di- nucleophlllc Imker has the general forMula

.- 15

20

25

30

from theﬁ group Consisting of

. re *ndape%gen_ly selected from NH NR NHO

NRO,:o;fs} Se, COO, CONH, CONR, C88, COS, CONHO, CONRO

CONHNH, CONRNH, CONRNR, CNO, PH, PR; -
wh@re R, R}f B, RY, R® are independently selected

=

Shydrogeﬁ,"optionally

-lsubstltutéa alkyl - opticnally ‘substituted alkenyl,
opti onally 'subsbl ut@d alkynyl, éptionally substituted

Taryl and optmonally sunstmtuted het@roaryl and

ﬂm; n, <3 and q 15 an 1nteger 1ndependently selected

_from 0 to 25

In one embodlmeng, +he dT“ﬁUCLSOphlllC llnker is &n

falkyl dlamlne such as hexanediamine or ethylene dlamlne
'Advantageously, 'ﬂthe dlamlne llnker ~ may  '1ntroduce

‘addﬁt;onal 31tes;‘for 'epoxy ‘activation. Without being

bound by theory, it is believed that up to five molecules
of'epoxide—containing compound (such as epichlorohydrin)

can react with oné_molecule of diamine linker. This is

advantageous as this permits an increase in the density

of, <for: example; can epoxXide-containing compound and
consequently the number of immobilization sites that are
available for immdbilizing‘a substance. The introduction
of the amine groﬁps of the linker also: beneficially
serves as an intetnal pH buffer for the immobilized
substance. It is a further advantage that amine groups
can also function = as ion—exchangexs ‘.to provide
stabilizing conditions for the immobilized substance. It
is a further advantage that amine 'groups are strongly
nucleophilic makiﬁg'the‘uoupling of the first and second
epcx1de contalnlng . compound more Jefficient than‘ other
HUCieOphlllC groaps, The strongly nucleophlllc nature of
the aminé grcu?s of-the linker is further advantageous as
this permits the use of'lcnnginkets.whilSt maintaining

reactivity with the_epoxide—containing compound. This is

14



YH formula (II) wherein: X and Y are independently selected from NH,. NR, WHO, NRO, :0,

:S, Se, COO, CONH, CONR, CSS, COS, CONHO, CONRO CONHNH, CONRNH, CONRNR CNO,

PH, PR; where R, RI R2 R3, R4 are independently selected othe groupt %%IS'[IH hydrogen
e

optionally suB Sty dh ijW<yl optionally substituted alkenyl, optionally substitUted 2 13}nyP(optlonaIIy

substituted aryl:and:optionally substituted, heteroaryl; and n, p and :g is an integer independently

selected ozuO,to ZSE#Wgne mbodlment the di- nucleophlh%liqlger is an alkyl-diamine such as

hexanemannneSPé n&av %geous as. the use lin ers permits
a further %educpgop of s*eric hihdrancej between the

substrateu; and f)the ¢mmob¢ilzed substance. . More
a&vanﬁagécuSly,.tbe hexanediamine lS relatively cheap as
5 jcompare"d?to‘other_l_lﬁ_nkers and is a commerCLally availlable
o ‘commodity matérial.fThe.low cost of hexanediamine ensures
;fhat“ thé disdloééd' substrate can. be mass-produced at
-relatlvely 1ow costs It is a further advantage that the

Lalkyl amlne bond foxmed When. us1ng a hexaned;am;ne llnker

-ElS x651stant to hydrolyszs under phy51olog1cal COHdlt’OnS
 such that 1t can. be used in aqueous systems, for example
ldlalYSlS dev1Ces.‘j' It is a further advantagé.:bf the
hexaneciamine lin@er 'that, it ié biocompatible and
biodégradable. ‘ - ‘l" : ’ “ ;

S 15 | In_bne embodimént, at least one of the electrophilic
coempound  and the second electrophilic compound is an
epihalohydrin. Preferably, the epihalohydrin is
epichlorohydrin. Similarly, epichlorohydrin is relatively
cheap as rcompared ~£o  other eﬁihalohydrins  and 1s

20 procurable easily as it is a cémmercially‘ availablé
| commodity materiéi. - Again, Lhe low cest 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 (glycercl and amihOngyCerols)
and thus 1is suitable for use in preparing a substrate

that would eventually be used for medical applications.
Moreover, becquse epzchlorobydrln is partly mlsclble with
water'iahd Lully -miscible with :aiCOhOA, any rexcess
30 epichlorohydrin &ap be relatively easily ‘removed by
washing - the substrate with water and/or -alcohol.

Furthermore, epichlecrohydrins and its hydrelysis products

15



Advantageously,the diamine linker may introduce additional sites: for epoxy-activation. Without being
15 bound by theory, it is believed that up to five molecules of epoxide-containing compound (Such as
zglicﬂ?er(;g%q)ﬁ%claing%egﬁgt V\]flt]t] one moI(IacuIe of d|qr(;1|r_1e Imkq. This is adygf;?@ég%%%ghls permits

y of, for example, an epoxide-containing compound anc consequently the
number of immobilization sites that are; available for immobiIiZing .a substance. The introduction of the
amine groups of the linker-also beneficially serves as an-intern # H.buffer, for the immabilized
substance. It is & farti&r-4dv: a@@%hﬁtéé}r/nﬁéegr‘r%u%gﬁé cE:lane;g s%%ﬁﬁét%ﬁ as ?glr%‘é?(g;%wgers to
provide stabilizirgepaditiohsrfor the immobilized substance. It is a further advantage that amine
groups are strongly nugleaphilicapgkingihe.coupling af the first ang.secoad apoxide-ggntaining
~compound more :efficient than other 30 inucleo§hilicg%rou s. The stronglytnuclgogh'ggc nacsure of the
amine groups ofARTinker 16 flmtiier SPaHtagE6us & h%‘%égrﬁﬁ%tt%eouse Oflong T8RS Whilst
maintainirig reactivityosiithithie epexide-durraining-conpourek dhisds turilver advamagebds as, the
use of :Ipnger linker. permits’ a furtherreguction af steriC hindranee;bgtwsen the,  sdbstate ,) and
theimjmobiIizeds;ubs-‘tanc'e.More advantageously, thethexanediamine is relatively cheap as compared
to other linkers HPREE Corffercially anaRbie Contthodiy Materdli SPRE fov coat 8F heXkARediamine

ensures that_ theidisCteSea' sebstrate ¢an bienmassiproduced duretatively lowgusosta.nitds a further
advantage that tggcq.lmmineab,orw@fgggc\é/fen using ‘a-hexanedjaming linker, _Jgesistant t.(1)
hydrolysis under physiological conditions SUch:thatHit can be used in agueous Sgstems,‘ for example
dialysis: Hevice STOR 5 & qtither Hifvantife 'GiAhE hexanEiafiiiné finkef tat it i bictoiatible and
biodegradable.’ corlpione ambodiment at teasyene«f theselestrophitic compourd. aatiikde second
electrophilic compaync is.an epinalobydiy Preterably. e epihalahydrin isenighloghin. Similarly,
epichlprohydrin is relatively cheap as compared to other epihalohydrins and is 20procurable easily 'as
it is a-commerci@fPavdifiifie cofnmBYRY Hater AR KTaif he 16R cost 'of Bpfchiroh§diin éhsures that
the disclosed supstrateseah beimassspreducertbatedativelyiow qosts Epichlordhisrirealso tends to
react very-rapidly.and-exhausfively, only. 2% giving nendnxic prodycts (olycsral and aming-glycerols)
and thus is suitable for use in préparing a substrate that would eventually be used for medical
applications. MoFESVED beddtisd) ppichRrbRYdriRds Part§Ihistible Fith titer dritffufty Hicible with
alcohol, any :excesse3@ epichlodallydiino€an be relatidely easilyareimoMed:by waslingddire substrate

with water and/or alcohal, Furthermore, epi ydrin; i drolysis.products '
e LAl Ludhetnare SRIPRRIRDYAriANd s BYCTRURISRIRELts MRy,

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

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

25 treafment applications. The substrate may also be
biocompatible such that when the substrate is implanted
into the human bbdy' or in conjunction with the human
body, for example in dialysis, little or no adverse
héalth‘effects aré_elicited. - .i . :

30 The chemical coupling steps of the diséiosed.methods
may be'undertakenfﬁt a temperature.fange‘oflfrdm -30°C to
100°C,lpreferably'ffom 0°cC to 100°C. In one embodiment,

the step of chemically coupling ‘a first -electrephilic

16



are Volatile and bah therefore-be ef evapOration. In One embodiment, the method comprises
selecting a poorly reactive substrate. The:substrate of the disclosed Method tay be
aHbead,:micro-sized particle, nanosized particle; a membrane, a mesh, a Scaffold or any solid thppbrt
that is Hodp%(fez‘gflﬁé)fﬁgprepared using the disclosed method to immob?l)i%/_ %Gﬁ?ﬁyﬂ%%ﬁ substance
ribluding: a biological substance therepnin one , embodiment, the tsubstrate is :selected from the

group consisting of a polyester substrate,a. polyamide substrate, an ePoxy resin substrate, a
polyatrylate subSPARS &1y drOXyRfuittionalizéd substate a6 aPblySaccharfébisdsdd stbstrate.. The
polysaccharide-hiased stbstrateanay be selected ftom thegroup ‘eaasistag bf cetsop linters, cotton
pulp, cOtt,on‘fabrai_csl, Jg:g}(lgl}gsg C;‘ib IS CE%!%'Qﬁe Qfgg%,rcellyﬂse powder, mis lrocrystallini ggllulose,.

) [®) compoun S Carr .
cellulose-membranes, rayon, cellophané€;celluloseaceta e,celfuﬁoseac%?é]te Olmemﬁ‘ranes, chitosan,

chitin, dextran detatesahie¢rrpresaderieavesTresddstrates nidy Glsottve bdegradable and
thus envirgnmentally, friendly, which allaws their applicationdpenvisonmentally.sensitive applications

I\%’?%tlons or waste 25 treatment applications. The substrate may also be

such as agricultural appl ‘
biocompatible s&é‘r?th%t dn thie StBstrate i€ plAhted ihtS e RarmER bodfordR hjurtttion with

the human bodytfor el@tiple inrdialysisslitietormo adversa bratth effectscanep plicited. 30T he

chemical coupling,atape.OL e disciosedmelhads may e, underdakeen, gt a lampeiglue zange of from
-30C'to 100C, preferably from 6C 'Lb 100C. In one embodiment, the step of chemically coupling a first

electrophilic: corpoufitef fo'fife ‘Sistrafe i§ carABA BXR &E &S tefETat@fPiem abdt 56850 .60C; the
step Of cliemicailyeoyplingardnker te ke figsialeetsephilie gompelnd.is eatiad ouhal atemperature
ﬁonﬁabqut20C£%é8§§£g65%¥uﬁﬁﬁlga conditions fdf -eﬁamplé*féfﬁmroom o
5 | témpéﬁature, ;anéiiiﬁ- normal atmbspheref This again
translates to loﬁétfproduction costs and increased ease
~of  handling. .. . More advantaéeously,: the  final
15 immobilization reaction can be carried out under very
mild conditions, such as in aquéous buffer at 2 to &°C
and = ncrmal atmosphere, and does not reguire any
additional reagents. This eliminates the risk of
deactivation or denaturation of the biocactive substancé
20 . by extreme conditions oz strong reagents, such as might
be problematic in other immobilization methods. Even more
advantageously, as the method can be carried out at
ambient temperatureé, the _immobilization of bioactive
substances on the.Substrate might also be, carried out
28 simultaneously _or: subseqguent to thé activation of the

' substrate. _

In one emboﬁiment, the functional substances are
biologiCally acti#e substances such' as enzymes, for
example urease. Advantageouéiy; whenl urease is

30 immobilized on the. substrate, the substrate cdntaining
the immbbilized‘iﬁfease c&n  be - used for dialysis
applications, foﬁiiexample‘ for ‘fhe iegeneration of

peritoneal dialysate or hemodialyséte. The enzvmes may
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20by extreme conditions or strong reagents, such as might be problematic in other immobilization
methods. Even more advantageously as the method can be carried out at ambient temperatures, the
immobilizatl % \ge substances on the substrate might also be carg;geﬁst&% gﬁlﬁlmggtaneously or
subsequent to the activation of the substrate. In one embodiment, the functional substances are
biologically active substances such as-enzymes, for exampleurease. Advantageously when ureaseis
30 immobilized on the bstrate the substrate %ontalnl the immol ilized urease fan be used for
dialysis appllcatﬁ)]r% %%xample forthdh regeneréltlon 0 pérltoneal d‘aﬁysatse or herﬁoglaiysate The
enzymes may aistedszesteraSecatledstene celulabas ofuricases ainase, ne&ﬁ@ﬁé@@dﬁpase

pectlnase Catala§§y@SX@SQ&&%@'ETL@”H%%?&QEOte%@&naSe -K.
- 'In ‘one emnodlment th dlsclosed method. further
(: ,5  compr1ses the - step cf chemically coupllng' one or more
' .subsequent electrophlllc compounds to poth ‘the first and

s second electLophllic_compounds, wherein said subsequent

yelectrophlllc .compound( sy, ‘when coupled to both zaid

_ 'ﬁflrst éndj 'second _ elactrophlllc ,compoupds is/are
“‘in _?conflgured to N ;mmoblllze the functlonal ) suhstanCe
thereon ~For. xamp;e, a -third, fourth :Fl#th | sixth
e?ectvophiﬁlc compound and so con may be coupl@d to both

‘the f*rst and second‘ @lectrophlllc ccmpounus The
‘eleCEIODhll1C groups as disclosed hereln may contain at

- 15 least one epoxide group. '

In another embodlment, there is provided a method of
immebilizing a functional molecule on a substrate, the
method-comprisingithe stéps of pr¢viding the substrate
having compounds thereon prepared by the‘hethod of the

20  disclosure, each of said compounds comprising an ether-

| containing moiety that is chemically 'coupl@d to  the

substrate and aﬂ -epoxide~contaiﬁing moiety that is

coupled to the ether molety; and introducing a solution

containing said fﬁnctional molecule to salid compounds

25 . disposed on said substrate, wherein ﬁhe epoxide-

containing moiety. forms a chemical bond with said
functional molecuiejto immobilize it thereto.

. Advéntageousiy} this chemiba?i bend may be a non-

hydrblyzab&e covéienb bond, such as an amlne ~-bond.

30 Conséqﬁeﬁtly, the functional molecule will be immobilized

on the substrate with suffidient stab;ilty and cannot be

easily removed from the substrate. .
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one embodiment, the disclosed method further tomPriaes the Step Hof chemically -coupling one or
mere subsequent electrophilic compounds to both the first and Se..concLeliectrophilie compounds,
wherein said subsequent elettrephilib _compound(s), when coupled to both said first , ,- and
..secondelectrophilipcompounds :is/are Configured to :immobilize the Hfunctional substance thereon.-
For example, a -third, :fourth, fifth, sixth-electrophilic comPomnd -and so, on may be coupled to both
the .first and SeOond @lectnefhilictdrapetnds:mbodialectiopbilie-Greuprs:as disclosed herein may
contain at 15least one epoxide group.. -- In another embodiment, there is provided a method of
immobilizing a f&fdtiohaEMokdcLi@BhYE 88bstratelIRe FRéthdY CONTHNIAG theSst8i& 6FBroviding the
substrate having,eompeupds therepn prepared-by thesmethod:ekthe 20-disglosure; eaghof said
Compounds comprising gt ether-conaining molety that s chemically.caupled to the, subeirate and an
epoxide-containing moiety that'is cou.pfedl o0 the ether moiety;-an intro ucing-a solution containing
said functional msleedlieitsSaid CoMipoWIERP25 eifspOser arisuid stbstrateiweraimithely
epoxide-containingmeiely: formsa ghemigal hond-with said-fupetional melecule:torimmabilize it
thereto. L Advan?géogsly, this Qhemiial bond may be a Sgn-kg&@qlﬁzagle co\/ra}blent t;rojnd, such as an
amine-bond; 30 Conséquently, the fuctional-moletule Witlte intfobiiizéeon e Subsirite With
suffidient stabilitywasdcarmot Bece adipremoved frafvtiiel subistras. Mthemiethod of thesecond

embadiment mae?ﬁaérthﬂf&;gn pasedhessten of applyingdsubstantially homoggneus mixtyre of

stabi;liz.ijrji- “additives anto-
one em

. ) he surface of the. . Substrate. to ?stabilize said functional” molecule." in
%Iiméhﬁrrgﬂégteﬁcddaﬁbﬁ§%gﬁﬁeeﬁﬁs]t&%?ﬁ@aﬁéﬁ%’g%h%ﬁgcrﬁﬁ&ﬁrea&%ditﬁ}’éa '
.comprises evaporating theisblventof-as: Sustienobsaihddditives oato thet a'substratet The -
stabilizing additigggcgggg@%%Igc%fkgﬁblfs'../sql-cg{ogg'.Iggggig,[glggagf}pﬁﬁgggr such as glucose, an

.--organic and such as ethylenediaminetetraatetic acid, an amino acid such as cysteine and a sugar
acid such as aSé&biE%%%ﬁd:ﬁ?&E%ﬁ%s méftaptoettifanBF i =htthe? enibodintetitcthere is
.,provided a _substraﬁe;ljavh:tgr@wpmhd&cﬁ,speseﬂ thereohdar immobilizingiai 15 funeiioral molecule,
eaCh compound-gomprising an, ether:gontaiping, maishy, that is cheihically coupled 1q fhe substrate.

and an epoxide-containing moiety 'that. .is coupled to. the ether moiety by a- linker comprising at least
one nucleophilicGrotpt ititteby Saidt Bpokithe=  += chemically coupled to  the

substrate and an. epoxide~contalning moiety that 1is

coupled to the ether moiety by a linker comprising at
least one nucleophilic group, wherebyl said epoxide~
20 contaiﬁing,moiety is disposed from said ether-containing
moiety to- immokilize "the functional molecule to said
epoxide~containing moiety without substantial steric
hindrance being caused by sald ether containing moiety or
the _subétrate. Ad%antageously, the substrate has an
25 improvedistabiliﬁy:and can be produced at a relatively
low cost when. compared to krnown substrates that can
éffectivély imm&bilize functional substances.. More
advantégéously, fhe substrate can be- reused repeatedly
without substantially losing its enzymatic properties,
30 due to the 'higb“Stability of .bonding between the
biocmolecule and the epoxidemcoﬁtéining molety. In

addition, as there 1is no leaching of potentially
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20 containing ,moiety is disposed from said ether-containing moiety to immobilize the functional
molecule to said epoxide-containing moiety without substantial steric hindrance being caused by said

ether contaiWBgmiﬁM}g)r the substrate. Advantageously, the substrate Pas,a,¢n isprgved stability
‘and can be produced at a relatively low -cost when compared to known, substrates that can effectively

immobilize functional substances.. More advantageously, the substrate can be reused repeatedly
withoUt.substanéi%?/ lo rgggaits e%?/matici‘ roperties, 30due to the high Stability of bonding between the
biomolecule and't ea5§8 ide-LORTaIAMY hoiety) Tn SHGTIOA4S thefe RYTS Fdaching"5f pbiéntially WO
2011/102807 PCT/SEZ20:2/000069: drazardoue stibstantés rthessulbistrate is duidbleifer use in
medical appliCations such g@sdorpejifonsal dialysiz. 1 riiene embodiment, the linkerisa' .
non-hydrocarbon such as hydrazine hydroxﬁ;gine, ammonia; water, or hydrogen sulfide. . In one

embOdiMent, th&irikerds a é’é&ﬁF&éﬂ?‘@w up AT e -ApHATic-. cRBFPRing fféHhe to 18%carbon
homsS,2:t¢ 16 carbonaiemss 2itdidkcarbon atoms, 2 to 12oarbon atoms, or 2 to 10 carbon atoms, 2 to

8 :carbon atoMS, 2 to6 cashgh algs andh2 o 4 arben atarps. Ju Ope embodiment the linker is a
satutated:aliphatfi-c' chain having 4 to 8;:~carb_on'-atpms, more preferably 6 carbon ‘atoms. The
nucléobhilic grotip &t Safd fiffier sy Ba tiocateiraton@ 3t the tériifial €hds ofthe ZipRafic 15chain or
in between the tetriral ends of the aliphtatic caimsln dhetembadimerithe auﬁ_‘:la@phﬂic#_;g:roup of said
linker may e chemically,gqupledrg the aliphatic chain byay af.a,pranch chain extending therefrom.

In orie embodiment, there are two nucleophilic groups disposed on 20 said linker, preferably at
terminal ¥hds-oPtheliphati¢ ehdin St BReE efritBtimetat eastorfe GABBPNIRE GRéup S disposed on

a terminal end of#tke atipbaticehain andis copled o eithes therethet orlepoxide-cootaining

S héﬁiﬁg14.1x> 8;¢a£§dn'étomé;1mord'§referéblf-6'fﬁrbon

atoms. ?The‘ nucieéphilic‘ gxoup of said linker may be

locaféd at one of the terminal ehds of the aliphatic

15 chain or in betwéen the terminal ends of the aliphatic

chain. In one embodiment the nucleophilic group of said

ilinker may be chemically coupled to the éliphatic chain

by way of a branch chain extendiﬁg therefrom. In one

embodiment, there aﬁe tﬁo 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 epozide-containing

mdiety with a secondary aliphatic linker chain

25 therebetween. Thé:secondary aliphatic linkez chain may

| have from 1 to 3 carbon atoms. . '

' Thel'substréﬁé may fﬁrther:?comprise a coating

disposéd: on said; substrate, the ;coating  compﬁiéing a

substantially hbﬁogenous mixture ofj stabilizing

30 additives. The stabilizing additives may be selected from

the group consisting of a sugar such as glucose, an

crganic acid such as ethylenediaminetetrzacetic acid, an

20



moiety with a secondary aliphatic linker chain 25therebetween. The secondary aliphatic linker chain
may have from 1 to 3 Carbon atoms.  The- substrate may further comprise a coating disposed on

said substr t ing comprising a substantially homogenous mixt ilizing 30 additives.
Ao N, HAAHN U pLER i{b%&%
The stabilizing a dlltlves may be selected from the group consisting of a sugar such as glucose, an

organic acid such as ethylenediaminetetraacetic acid, an WO:2011/102807 PCT/SG2011/000069

amino acid such .as cysteine and a sugar acid such as ascorbic acid.  In another embodiment,
2e el

there'is provide&‘%l%rbeaﬁ}igarﬁ%e f ,rSUS%yiﬁ a éfé?ys%{l ev"i%ce,s *orBén caﬁﬁaae cE?oSmprising a

substrate having:semgoumdsadiéposedHthereon,that comprise an immobilized urease, each

.compound comprisingzan gihsar-eantainigg meisty thatis chemically Goupledta the sulstrate and an
epoxide- containing . moiety that is coupled to the ether moiet % 10 a linker Comprisin% at least one
nucleophilic groGf wh&rétsy sgfﬂrep}iiﬁiej-%ntﬁniﬁjglﬁ%é@&% §Y0SEH front Said 8T tontaining

moiety to immohitize: theigreasemnpletslent saidl substraterwitkout sabsmatial stermhindsance being
caused by said gther containing mojety of 15the substrate.. o, In anqthenembadiment, dbere is -
provided a dialysis method comprising the steps of expgsing a dialysate containing urea.to.a substrate
havirig -compourid&-tisiB8ed théreGR R AL Toifprive ﬁﬁﬁﬁbﬁﬂ&éﬂﬁﬂéﬁgef‘@é&tﬁo tBfipound
comp;ri};i;ng aneﬂmrmanmfglmerpﬂthds @lmen&iballyscm@e@t@thersilbamatemcﬁQW |
epoxide-containing mojety,thatis;caupled; ta the.ether malgty:hy & jjbkercmpHsing:af legstone
nucléophilic group, whereby said epoxide-containing moiety is disposed from 25 said ethér-containing
moiety.td fmoliilize & tfeaSEROIRENRSo 84id' StbSrats Withdtit stbRbAHtiat Stef¢ Rifftrance being
caused by said eﬂﬂ@rmﬁtmmg negietyd dethecsulstratepantbremgvirig theddinlysate fformsaid -
substrate after at laast a poxtion of said yrea has heen 30proken down, , . '“IC%_OWB!@%EQOd'm?”L

there is provided the use of the substrate according to the disclosure in a dialysis device.
Advantageouslyfﬁﬂ%éﬂgﬁl?)%tra‘fé’caﬁaBtQUS%‘éFtBtrate wlthogt substantial steric
o hindrance being caused by said_ether containing melety or
15 the substrate. : -

~ In another embodiment, theré is provided a dialysis
method comprising ith@ steps of exposing a dialysate
containing urea.to .a substrate having Gémpounds‘disposed
thereon that  comprise an immekilized 'urease, each
20 compound comprising an ether-containing moiety that is
chemically coupled to the substrate and an epoxide-
containing moiety that is coupled to the ether moiety by
a linker comprising at least one nucleophilic group,
whereby said epoxide~containing molety is disposed from
25 said éthex—containing mdi@ty to immobilizé the urease
molecule to said} substrate without substantial steric
hindraﬁcé being caused by said éthéf containing moiety or
the ‘sabétrate;‘ and‘ r@movingi the _dialysaie ‘from said
substrate after a£ ileast a p@rtion'of said urea has been

30 broken down. |
In another embodiment, there is provided the use of
the substrate according to the disclosure in a dialysis

device. ?Advantagéously, the substrate can be used tc
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WO 2011/102807PCTSG2011/000069 remove toxinsthe dia_Lysete in the dialysis device .effectively
and" safely. Definitions fli:e:follOWingwords and terMs Used herein shall have the meaning indicated
., The tternW %)??é)‘%" "epoxy group" or "oxirane" _ depicts ;a chemlcallcq,}ggg[ﬂq%&{%up Consisting
of a .10 three-mem ered rng arrangement- of two carbon atoms and one oxygen atorcL, ,The two
carbon .atoms in- the-threemembered:ring may be independently - substltuted The term "epmade"
may alto depict a molecu!:eot}){&com %nd ghat cgmépnses at Ieast one egox;ic?ro%p <}SThe terM
"epexide- contaur]'f"?‘fb1 compound™,'méans any compoﬁnaﬁﬁat IS an epoxﬁile ra compoung which
contains an epoﬁl@émlemmplaaﬁéémde containing compounds are alkylene oxides and in
particular lower Ikylene oxides such as ethylene oxide, propylene oxide-, butylene

20oxide alcoholepOX|des suchasglymdol and epihalohydrins such a8 eplchlorohydnn epibromohydrin,
epiiodohydrin, 1 27epoxy -4-chlorobutane;1,2-epoxy-4- E :

bronmobutane,1 2-epoxy-4 -iodobutane;2; 3- epoxmflnltlons

ChlorObUtane 2 3 epoxyﬁ% bf%@gxy.@{be %&ng%é terms used herein shall have

the meanlng lndlcat@d

_ rphe term ‘“eDOX1de” "epoxy‘ group or ﬁ“okirané"
ﬁdmplcts ;a chemlcal functlonai group c0P51st1ng of ‘a
' i1O o three membered rlng arrangement of two carbon atoms and
: ‘one oxygen atom: f?he two ‘carbon | atoms in-'the’ three— o
memberea rlng may be lndependently substx*utea The term
_"epoxzde“ may alsa ‘depict a nmiecule or compound that
comwrases at least on@ epORY group : |
13 "~ The” term “epoxlae containing . compound” means any
compound.that'ls an epoxide or a’ compound which contains
an epoxide moiety. Exemplary epdxidé containingrcompounds
are alkylene ‘oxidés- and in :partiCulaﬁ lower alkylene
oxides. such aé ethfiene oxide{ propylene oxide, butylene.
20 . oxide, "alcohol epoxidesl such as  glycidol, and

epihalohydrins such. as epichlorohydrin, epibromohydrin,

epiicdchydrin, 1,2-epogy-4-chlorobutane, 1, 2~epoxy—4-
bromobutane, 1,2wepoxy—4—iodobutane, 2,3-epoxy—-4-

_ chlorobutane, Q,Swepoxy—é—bromobutane, 2,3-epoxy-4-
25 io&obutane, 2, 3~époxy—5~chloropentane, .2,3wepoxy—5—
. brbmdpenfané, 1,2- —epoxy™- 5- chloropentane, etc.; . epoxy

cbmpounds such ,;as 2,2-bis(p-1, 2 epoxypropoxyphenyl)
D*opané,'l A—bﬂs\¢,2 epoxymropoxy)benzene, N,Nﬁ~b;s(2,3—‘
epoxyprosyl)ylperaz;ne, etc.

30 The - terms “electrophl?lc group “eleétrophile” and
the like as used here1n refers to an atom or group of
atoms that can accept an electron palr te form a covalent

bond. The “@¢8Ctr0phlllc group” used hereln includes but
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25iodoloutane,2,3-epoxy-5-chloropentane,2,3-epoxy-5-
bromepentane,124epoxy-5-chloropentane,etc.epoxy compounds such ,-es 2,2-bis(*-1,2-epexyp
opoxypi;lenyl proRangy 1.4-bis(1[2-epoxypropoxy)benzene, N,N:-bis(2,3-eReXyRIRBPIPErazine,

etc.; 30The terms "electrophilic group", "electrophile” and the like as used herein refers to' an atom or
group of atoms that can accept an electron pair to form a covalent bond. The "electrophilic group"
used herein includes btutli's nQCt Ii&nited}]oitﬂﬁl(ijde, carb%g%I %nd' e%oxide containing, compounds.
Common eIectr&bS}wi%% Ma?‘ynB"e ﬁali s dhch &8 ’thi%%ﬁosggne,%rllyce?%%}i{clh?gro%% nﬁ?"p%ﬁgloyl

chloride,succinydcatitoride s.- chioraesty kaitotiderehlorssugditly| Ohlofide, et 8 ketoRessichas

ﬁhldrOacEt?ne,: Qf}@g&@&%@iﬁa ,etf— | b @iqgisyld% SUCQﬁ%hlor?ki%%ig;]soeywﬁﬁ gygh as
examethylene dilsboyanate,-.. tplylpnediiSocyanatet-meta--xylylene diisocyanete, |

Cyclonexy et tR Ao A B and YO U Ao ek oY HEEE CoM o 5 e

"nucleaptiilic group sraisteophile’ and tiel like. ds used ¢ietein refers tonams atonsoriyroup:ef atoms. that
have an.electronpais;canahle of forming:a sevalsh bOnd, Groupsiefdhisype raay.be ignizable
groups:that react:as ‘anionic groups. The "nucleophilic group":used herein includes but is not limited to
nydrowy, prma s, aminEs dnd TGRS Vo natss ik a5 biesamstnylens

o -didsocyanate, | tolylene | diisocyanate,  meta-xylylene

: ‘diisdcjaﬁate,‘éyCQOﬁexylmethane—é,é%diisocyénate, étc,aﬁd
10 dériéétiﬁ@s of thésé‘compoungs. o
' ,thhelAterms fﬁ@dleophilic group", “nuéleophile” and -
the‘liké as usedﬁherein xeferS‘tdfan'étGm br_groap of
‘apomg that haveﬁéﬁ'électron pair{capable]of;forming a
covgieﬁt'.bcnd;‘ ét@@ps. of this type may be . ibnizable
L:£15 | ‘gfoﬁﬁsﬁtﬁat react as anionic:QEOUbS. The “nucleophilid
group” wused herein includes but. is not limited to
hydroxyl, primary - amines, secondaxy amiﬁes, tertiary
amines and thiols. |
The term “ethér” or “ether containing” refers to a
20 class of 'organic compounds of general formula R-O-R,
| wherein ‘R 1is carbon;x& _The term “ether” -or “ether
containing” as used:herein is intended to exclude those
compounds where R .. is not carbon, for example sialyl
ethe;s, §1-0-8i. :. '
© 25 . The term “leYamine” refers tb an orgénic compound
having at least-two'positively amino groups selected from
the .grbup compriéihg primary amino grouﬁs,? éegondafy
amino groups.anditertiary amino gfoups; Atcordiﬂgly, a
polyamine covers.diémines,wtﬁiamine$ and higher amines.
30 .~ The term "biodegradable" or “biodegradable polymer”
as used heréin l'refers to environmentally-friendly
materials that are d@gradable and/or compostable. Such

materials may be degradable/compostéble by various living
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The term "ether" or secondary amines, tertiary contain g" refers to a 20class of organic compounds of
general formula R-O-R, Wherein R is carbon: The term "ether" or "ether containing" as used herein is

intended to %lﬂﬂ?&mﬁ? compounds where R..is not carbon, for examplg-5ialyd, St Si-O-Si. ' 25.
oly

The term "polyamine” refers to an organic compound having at least two positively amino groups
selected from the group comprising primary amino groups, secondary amino groups and tertiary amino
groups. Accord_inglg; a,polyamineIcok\)/e'rsf.diaMine% .ttia@ineslangﬂ}gighergmine_s. 30 The term
"biodegradable"oor '%Foldsenésradacﬁe poﬁ/meerx%%suuse% heréin réfers o;eﬁ\?‘lr({r?rﬁent%ﬁy-?r%ﬁdly materials
that are degraddiile shikarecornpestabie. Skdty arasraishrmay becdegragdbletesmpeostabld by various
living organismg,Qr bY,,expesws4e light and/or gxygenr Thegefore.sthederm higdegragable”, as used
herein, will beunderstpodtoincludematerialsthatare oXobiodegradable,: :photobiodegradable and
microbially biodé’dﬁ%}a%\%ije??fﬁgﬁ@ﬁ'{:'I‘bi.b%%tpca?ijo?edo?g'ﬁf‘o%%%%atibl% i P rEfTE 16 poKymers

which, in ;ﬂne_.anmj;mn?@,eme@é@,.are non-toxic, non-migratory, Chemically inert, and substantially
non-immunogenic-whenyuseddin.contactwith, hD:biological fluidstor sxamnle flasma yarbleod: Suitable

'biocompatible pelymers.include, by way of example, polysaccharides such as cellulose or chitin,
The term: blppPﬁﬁwﬁgﬁsref%?s t%oﬁcﬂg?ﬁ@?}sfffﬁ%rodﬁ’ceﬁ{’ﬁyﬁfna&ﬂ%d jﬁ%llﬂﬁﬁ&’orﬁgﬁsms.
Exemplary 15biogelymers mcludenpolypeptides; mucleic atids aragolysacthanides, foraexample.
cellulose and chitin, o - » The.term "functionali-when; useg o descube amelggulear sybstance, refers
to a group of atoms arranged in a way-that determines the_chemical properties 20:-of the substance
and the ﬁ%leoul@-jt{i]m?rﬁéﬁ?tlis%ﬁcﬁ%ﬁ.fE?(ﬁﬂﬁﬁé‘?%f“ﬁjﬁ&i%ﬁ%g%d%]i%%de l6G8R Htoms, amide
groups, hydroxybgrotpse gatloxylicaeidgeoups andcthedkke. by way of example, - -
| ,polysa¢charides sicn as cellulose or chitin. ;
‘The}term “bio?olymer” refers to polymers that are
‘prodﬁééd{by or.dérQVed fromrliving:organisms.‘ Exemplary
: ;15 ‘bﬁopél&mérs‘ inblﬁﬁe- polypeptidesﬁ -nuéleic" acids ~and
| polysaccharides, foi éxample cellulose and chitin;r
The term "functional”, when} used to describe a
molecule or substénce, refers to a group of atoms
arranged in a way that determines the chemical properties
20 of the substance and the molecule to which it 1is
attached. Examples of functional groups include halogen
atoms, amide groups, hydroxyl groups, carboxylic acid
groups and the iike.
‘ ‘The term “taﬁgét molecule” reférs to a molecule that
25 is to be detected;;isolated, or tested for, and that is
. capable of reacting with or binding to a functional
substance such 53  a biologicaljfsubstanée." Exemplary
target melecules  include proteins, polysaccharides,
glycoproteins, ﬁoﬁmoneé, /feceptoré, lipids, - small
30 molecules, drugs,_'metabolites, Cofactors, transition
state énalogueé aﬁd.toxins, or any'nucleic.acid that is
not coﬁplementarygto its cognate nucleic acid. The target

molecule may be in vivo, in vitro, in situ, or ex vivo.
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The term "target molecule" refers to a molecule that 25 is to be detected, isolated, or tested for, and
that is capable of reacting with or binding to a functional substance such as' a biological .substance.

Exemplary t g%ﬁﬁlﬁg&qes include proteins, polysaccharides, gchoprotgjg,?is%%rﬂ%raﬁagreceptors,
lipids, small 30molecules, 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
Vvivo, in vitro, an situ, or ex vivo. W0 2011/102807 PCT/SG2011/000069 The term "functional

substances" and the Ii@%sgaliﬁlérgﬁ%‘f&r]soﬁq‘%]adﬁ}%%@%ﬁ‘?ﬁ(;le%%s%ﬁ-le-llc?t'}rf/%Sub‘&%ﬂces having
Ha site capable tefreacting withrer bdndinglwith.£ or :himdng anaffigint wéth ectargetanotezule. The

term "functional sybstancess andthe ke drbably.encoppasses ) the biolagigal gubstanges and
biomeleculeS. The terms "biological stubstance's" or "biomblecules” and the :like, used herein, refer to
any substances 31 e6mpBiinta stbstdiftiail bf bilogidalorigihy HehitE theteLiMd*&ftompass not
only nativé molectles; sieh asthosesthat, "tambe isolated fidrs rataras Souncas, dhut alsokiorms,

fragments and dgfiyatives de@{@%&gs@f&@m; as,well a5 yecambinant qyms.and adtificiglmolecules, as
15 lohg: as at least one property Of the native molecules is present. Hence, the term covers organic
molecules that @ PrEdEER By~ a living:organism, including, polymeric molecules: such as proteins,
polysaccharides,” . - “The. terms "?iélogical substances" or "biomolecules"
SR -éﬁdlthéEiikeplﬁsédfherein, refer to aﬁy substances and
“fnlb o Ebmpéﬁﬁdé—substaﬁfiélly'of Biélogiéal‘origin{‘ﬁence, the
' térms énbbmpaés db&;only,native'moiecules,Lsuch as . tThose
thatﬁ caﬁ be isdlﬁted from natural lsources, but also
fbrmé,;ﬁragments}étd;derivativeé derived therefrom, as
Well?ééfrecombinant forms and artificial molecules, as
tlS . -1bhg;as,ét least?bﬁé prdp@rty'of tﬁe native molétuleé is
| present. Hence, the term covers organic molecules that
are produced by . a living organism, inéluding: large
polymeric molecules} such as proteins, poiysaccharid@s,

and nucleic acids as well as small molecules such as

20 primary metabolites, secondary metabolites, and natural
products. '
The terms “biologically active substances”,

"bicactive substances" and the like, used herein, refer

broadly to mean biblogicai molecules or physiologically

25 active -substances having a site capable of ieacting with
or bonding with or having an affinity with a  target
molecule. This .iﬁgludes, but . is not -limitéd, Lo
substances having. a catalytically ;agtive site such as
enzymes, substances having a site capable of bonding to

30 specific compounds or specific classes of compounds, such
as nucleic acids oligonuclectides, deoxyribonucleic acid

(DNA), ribonucleic  acid (RNA), or lectins, ‘vitamins,
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and nucleic acids as well as small molecules such as 20primary metabolites, secondary metabolites;
and natural products Theterms."biologicallyactivesubstances”, "bioactive substances" and the like,

used hereln,f‘; %r ly to mean biological molecules or phyS|ologlcall)i,g{;gg%ﬁw&%gances having
a site capable reactmg with Or bonding with or having an affinity with a target molecule. This

includes, but. is not limited;to substances having: a. catalytically,active site such as enzymes,
substances havm%a site capable of bonding to 30specific compounds or spegcific, classes of

compounds, sudt8s hiERic adids SfigatiicleotitEEGEoxy riboieRsiE Hef (Dﬁlﬁtﬁﬁo’ﬁﬁ&elc acid
(RhU» orbcﬂnghﬁmnmnéﬁ, sugars, lipids and the like.

The' term poor?y. reactive ;substxate” means a
;suberate that 1s composed of .z materlai that does not
”_'appreCLaoly reacL- chemlcally jor blologlcally‘ Qith a

'ﬁzuncvlonal or b;ologlcal substance as deflned above - In

}some embodmments, the funcLlonal or b10¢og1 al substance
:may oomprlse a’ blomolecule and the non- reactlve substrate
Cis- composed of a materlal that is blO compatlble in that
10 .“the substrate materlal is not toxic and does not cause
any,jadverse 'health effect. . to the human - ‘body. Non-
reac*ive: subst*aees that are aleo biocompatible are
typioally polymerlc materials L;hat . are. generally
Zlqsoﬁuble, 1clex*bke and wh‘oh oEn conform rﬁo many -
‘1;15 : different shapes, lncludmng curved’ surfaces It‘ie noted g
that the term "polymer" is used to denote a .chemical
compound with hioh. molecular weight consistiﬁg of a
numper of structurai units linked together by covalent
bonds. One exemplary polymeric material that is noo—
20 reactive and bilocompatible with biclogical 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 herein, the term “*lkyl" 1ncluoes w1th1n its
' meaning monovalent  (“alkyl”) and divalent (“alkylene”)
straight' chain or  branched chain or cyclio saturated
aliphatic groups héving from‘l to 25 carbon atoms, eg, 1,
2, 3, 4, 5,6 7,8 9, 10, 11, 12, 13, 14, 15, 16, 17,
30 18, 1¢&, 20, 21 22, 23, 24 or 25 carbon atoms. For
example, the term alkyl includes, but is not iimiﬁed to,
methyl, .ethyl, lfPZO?Yi, isopropyl, 1—bu£yl, Z-butyl,
isobutyl;' tert-butyl, amyl, l,Zéoimethylpropyl[ 1,1-
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WO 2011/102807PCT/S62011/000069 peptides,proteinM,hormones,endocrine disturbing chemicals,
sugars lipids and the like.  The term "poorly reactive substrate" means a Substrate

'that'Hie.Copo aterial that does not appreciably . react -chem}gczl{l)éé){ﬁkf}pd%i&ally with a
functional o%ﬁg@é@sﬁbswnce as defined aboVe. In someeMbodiMent;ythe functional or biological
substance may comprise e:.biotholecule.and the non-reactive-substrate is composed of a material that
is blqj-compatlblg in ti%%t 0 the Sfbs rate materjal is not t(ixw and does not czyse any, 'adverse health

& aldbBidcompanble dre S}E)Jféja]tly polymeric

effect to the human: %od\}. (?)frcl}-p lbéa’cti@e?%%straf’esso%%?té}f
materials thataré ~greteyalieningbluble flexibleyanemihiéh canScorfohy toanany 15 diffekent
shapesi,fricluding;grMegthisur{acess issnatgebthay the term "polymgr s (ﬁgnfotg &chemical
compound with high molecular weight:consisting of a number of structural units linked together by
covalent boh.ds.%%gr%(% ISR polymeric natetial tHat s htH-$6/&¢tive and biocontPAfible with
biological substaices:as defined dbové-is the potysacthafde ceiflioser y1, Thegems "linker” and
"spacer-as usedgreinirefento an 9%@@%@)@5@}?@?@@%@%&%@3&& 1pound. 25As used
herein, the term "alkyl" includes within:its.meaning Monovalent (“alkyl") and divalent ("alkylene")
straight chain or"brAnchEGRHa o cy&i@égﬁ?ﬁfg?i{é%%lgrouﬂ)s Haviy rBmd Sy Larbon atoms,
eg, 1, 2,3, 4,5,5, ;8.8 10y 15e02y13, 14, 15] 18, E7: 304889120121, 22, 23, 2410r25 carbon
atoms. For exampley, the term; alky] i@!%@%ﬁﬁ%ﬂ%@ﬁ%&@é}@gi@ raethyl, ,8thyl. 1{propy}, isopropyl,
1-butyl, 2-butyl, isobutyl, tert-butyl, amyl, 1,27dimethyIpropyl,1,1- dimethylf_ro,pyl, pentyl, isopentyl,
hexyl,.4-hfethyl FEHY W&WlPéjrﬁ%’?ﬂnﬁ]&wpp'enf%g)ﬁ{ethﬂﬁ@ntﬁf2- ‘

ike. Lower

alkyls ‘are alkyl groups as defined -above 1 to 6 carbon

aﬁomé,ﬁpﬁeferably;lhto 4 carbon atoms.

ﬁThefterm'"aikényl " as used'ﬁerein includes within .
_its ; ﬁeaning : m@ndvalent (“élke@ylf) and divalent
.15 - {Yalkenylene”) séraight ‘or branched chain or *cyélid

unsaturated aliphatic hydrocarbon groups having frém 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, Cié or trans stereochemistry where
. applicabl@, anywheré in the alkyl chain. Examples of
alkenyl groups include but are not limited to vinyl,
allyl,'lmmethylvinyl, l-propenyl, Q*methyl—1~propenyl, 2-
methyl—i4propenyl,:$—butenyif 2-putenyl, 3-butentyl, 1,3-

25 butadiehjl, 1l-pentenyl, 2~pentenﬁyl, 3m§entenyl, 4-
pentenyl, 1, 3-pentadienyl, 2, d-pentadienyi, 1,4-
pentadienyl, 3~methyl~2wbutegyl, 1-hexenyl, 2~hexenyl, 3-
hexenyl, 1,3~hekadiényl; ' 144¥hexadienyl, 2-
methylpentenyl, 1l-heptenyl, 2-heptentyl, 3-heptenyl, 1=~

30 octenyl, 1-nonenyl, l-decenyl, and the Llike. Lower
alkenyls are alkenyl. groups as defined above with 2 to 6

carbon atoms, preferably 2 to 4 carbon atoms.
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dimethylbutyl,- 3,3-dimethylbutyl, 1;2-dimethylbutyl, 1,3- dimethylbutyl,' .1,2,2-trimethylpropyl,
tr-Methylpropyl, 27ethylpentyl,I3-ethylpentyl, heptyl, 1- mpthylhekyl,: 22-..dithethylpentyll
3,:3-dimeth - dimethylpentylv 1,2-dimethylpentyl, 1,3-dimethy ~dimethylpentyl,
1,2,3-trimetﬁkﬁfg2¢ﬁ{ﬁf - -hylbutyl, 1;1,1-trimethylbuty1, 5-methylheptyl,W#n%’tﬂ?ﬁﬁggg%yl, octyl,
nonyl, decyl, and the like. Lower alkyls are alkyl groups as defined above 1 to 6 carbon atoms,
preferably 1 to 4 carbon atoms. The, 'term "alkenyl." as used herein jncludes within i{s
Meah_ingmonovgfé?]t('ta?%h;ﬂ?a%ﬂﬁ’d”ﬂaenta§ ("gﬁ%%yléﬁéﬁls?rafgrﬁ%%‘rl%'reasnch%d %ﬁ%in%[rscyclic
unsaturated aliptreaicimairocarbongredgshaving frow Bxtey25 ¢arbon atsins, egfl2yaLlans, 6, 7, 8, 9,
10, 11, 12, 13, 14, 13,16, leh B, 19520 21122, 23, 24, prRErasbonatams and having at least one
double bond, of 20either E,Z, cis or-trans stereochewistry where \%psp‘ligablie, an herg in the alkyl
chain. Example§’df iRERYEGroupsRRahus piN ate Hot iited 3 Winy "8IV  E-maRYIVing® 1-propenyl,
2-methyl-1-propebiyl ;2 imethyd diprepesyld 1-batehyl; 24futehyk Stbuterty|, ir3ple bond
25buiad.ieny"17@%WE@%&W%R@'@ﬁ%}ﬁgnﬂhﬂamnt%xgﬂgﬁ-@@n@@i%rmygﬁﬂzp%@@%wl, 1,4-
pentadienyl, 3-methyl-2-butenyl, “,‘j—h‘.exenyl,‘27he_>$enc%/l,1_3'. hexenyl, 1,3-heXadienyl, i14- exadienyl, 2-
meth“ylpente;nyl,?P%b?@nyﬁ%h@pﬁ@ntﬁ)ﬁ%-hleﬁﬁﬁﬂ 1--30 B @HYS‘/ ’-no]né?@ci’,pfgé% ényl, and the like.
Lower alkenyls ate:ghehyl gratigsaydefined abowe with 2 20Bu¢arbpi atoms; pesfeydbly 2 to 4 carbon
atoms. The ter allywl". asused boteln includes dthin. s divalgatar 10bepd,  1-

10 heptynyl, 2~heptjhyi, l-octynyl, 2-octynyl, i-nonyl, 1-

decynyl,  and the like. Lower alkynylene are alkynylene
_groupsﬁ és definé@;jabove with 2_rtd & carbon_'atomsr :
-pfeférabiy 2 to 4?¢§rbon‘atoms.} o ' N
"i_'ﬁrﬁegtefmrférgiﬁ as used ﬁéfeiﬁ,réfers'td afmonof'of:
? ﬁi5 ! 'ﬁﬁifépieiﬁyéiib' ééﬁb&cyciic ring ?éystém Ha%ihé' Sne or
more aromatic rings incliuding, but ﬁot-»limited te,
phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl
~and . the like. Aryl groups {including bicyclic aryl
groups) caﬁ be unsubstituted or substituted with one to
20 five substituents or mofe (typically one to five
substituent for monocyclic aryil and more than five
substituents . fer biecyeclic/oligocylic aryl)
independently .seieéted. from the group consisting of
| alkyl,.alkenyl, alkynyl, haloalkyl, alkoxy, thicalkoxy,

- 25 hydréxy, mercapté, amino, alkylamino, ‘dialkylamino,
acylaﬁind, amihoécyl, alkoxycarbonyl,  aryloxycarbonyl,
azido, éyano, halc, nitro,, cérboxaldehjde, carboxy,
carboxamide, carbamide, Carbamate,; sulfate, sulfonate,
sulfinate, phoéphate, phosphonate, phosphinate,

30 phosphine, and = protected hydﬁoxy. In addition,
substituted afyl‘jgroups include tetraflucrophenyl and

pentaflubrophenyl;:‘
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decynyl, 2-heptynyl, 1-octynyl, 2-octynyl; 1-nonyl, land. theHlike. Lower alkypylene are ,alkynylene
.groups as defined: above with 2.- to 6 carbon ,atoms, .preferably 2: to 4,darbon atoms. , The term .
‘erYl. as used herginJgiprs to amono7 or ¢ 15multiple-cyclic darbocycllcl;@gsg\éa@,%@@(ymg one Or
More aromatic rings |nclud|ng| but not limited to, phenyl, naphthyl, :tetrahydronaphthyl, indanyl, indenyl
and the like. Aryl groups (including blcycllc aryl groups) can be unsubstituted or substituted with one to
20five substituents Or }Frﬁllore %Qr! ne to fIV . Su Stl%{ ent for m no%cllc aryl and_more than five
substituentsforbicyclic/oligocylicary (?epend\éntly efe e% from the group consnstn?g oFaIkyI
alkenyl, alkynyl,dfaloatkykiRaxy,. ﬂﬁ@éill}kexy, DShyEroxy, ffercapto, amwis aikyieigiho, dedlkylamino,
acylamino, amingagyh alkexycaibonyk anvloxyearbony: azidey Syas, haleinig2,. cathaxaidehyde,
carboxy, .carboxamide, sulénate 3 hosgglne SUR ituted. carbamlde carbam%te sulfiate sulfonate,

phosphate phosb%%ﬂ%fé’ phosphifiate, =& 15 heds eﬁyaro&y \A5ddRgncan have,

example,; fromlﬁabout gﬁ; to | abouL 50 ca*bon atoms.
'ﬂeteroa"yl groaps typlcally 1nc¢ude aromatlc heterocyclic
Ilngs systems hav1ng about 4 to. apout 14 ring atoms and

COWLalnlng carbon atoms and. I, 2,13, or -4 heteroatoms

selecbed from oxygen, nitrogen ér sﬁlfur. Exemplary
10 heteroaryl groups:iﬁclude buf are not limited to furan,
thiophene, . indole, - azaindole, = oxazole, . thiazole,-

isoxazOlé, iSotHiaZole, imidazoié, N-methylimidazole,
'pyridiﬁe; pyﬁimidiné pyrazine, pyﬁtole, N-methylpyrrole,
_pizééoﬁegij —methylpyrazo;e, | -1, 3:4 Qxagia?ole{ £il;2P4%
15 triazole;  l-methyl-1,2,4- -triazéle;  IH-tétrazole,  1-
methyltetrazole, benzoxazole, benzothiazole, benzofuran,
benzisoxazble, benzimidazole, wm@thylbenzimidazole,
azabenzimidazole, indazele, quinazoline, guinoline, and
isoguincline. Bicyclic aromatic hetercaryl groups include
206 phenyl, pyridine, pyrimidine or pvridizine rings that are
{a) .fused to a t=membered aromatic {unsaturated)
heterocyclic ringghaving one nitrogen atom; (b) fused to
a - b- or:6wmemberéd aromatic {unsaturated) heterocyclic
ring having two nitiogen atoms; (c)ifused te & S-membered
25 arométic (unsaturated) heterocyclic ring‘ haﬁing one
nitrogen atom.‘together with either ones oxygen or one
sulfur atom; or | {d) fused ‘to a GS-membered aromatic
(unsaturated} heterocyclic ring having one hetercatom
éelected from O, N or &. The term "heterocaryl" also
30 includes aromatic heterocyclic® rings. that are
substituted, forg example' with 1 to 5 substituents
independently seleéted from the group consisﬁing of

alkyl, alkenyl, alkynyl, haloalkyl alkoxy, thioalkoxy,
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aryl groups include tetrafluorophenyl and pentafiuorophenyl. The term "heteroaryl", whether used
alone or as part of another group,refersto asubstituted or unsubstitutedaromaticheterocyclicringsystem

'(monOcyclicyey NG Glig)- Heterbaryl groups can have, for .- eXample, frapaalaut HaRabout 50
carbon .atoms. Meterearyl groups:tYpically include' aromatic heterocyclic rings systems having about

4 to about 14 ring atoms .and containirig: carbon atoms. and, 1, 2, 3, or .A heteroatoms selected froM

(*ygen, nitrogen or sulfur. Exemplary heteroaryl.groups: inclu ebut are hot limited to furan, thlophene,
indole, azaindol&y(g(raozﬂé,.thig%l%%?s“oomzo?ex,u%ﬁhiaZOIEe%%qi%E%rol%’, N- é?n]vlﬁ ida2818 pyridine,
pyrimidine,.pyragifg. pyirofe, N-avdthghsyrole, pyrézatesaNpomethy IPya@pteycarbonyl,

iazoiei1-methyl-Ja,gﬂdt@i,azoé%};d;tetrggqlg,1- mgmyggtragq%&%@@%,benggggg;@g _
betzofurani benzisoxazole,.benzimidazole, N-methylbenzimidazole, azabenzimidazole, indazole,
quinazoline, quinBiire; SRS quindITEe BiGktlic AroRvateR&eroaR G7otins ifclddE&PhERYI, pyridine,
pyrimidinés or. pysidiiiendngs that arbgaphesee,to a 6-prermbbrtharamatic @insaturated)heterocyclic
ring having one piftagen: alom; (b)) fused (0.a 5 ot Bsmepgbered aromatic: (unsaturated) heterocyclic
ring having two nitrogen atoms; (c) fused to a 5-membered aromatic (unsaturated) heterocyclic ring
having one nitrogen atom‘togethr wifPErE dre’ ox§ &R 'or She8ulfufatomS s (df<fifsetd 'to a-
5-membered aramatic (urdaturated)iheterocyeliciiiriy having onesheteroatben selected friom 0, N or S.

The term "heterqary|alsq ingludes armatic heferocyelic. ringsdhat.are;subsfituted, fgr example with 1

to 5 substituents independéntly selected from the group consisting of alkyl, alkenyl, alkYnyl, haloalkyl,
alkoxy, thibalkoxd* Moy’ HEREHT “Arhiho, ﬁfﬁgl%ﬁiiﬁ%, diak§Tamifio,~YacylarftinbS ainoacyl,
alkoxycarbonyl, atytexycarbonylr azidd, Cyanex dato; Initro, carboxaldehyde, cardoxy] tarbpxamide,:
carbamide, carbarpate, sulfate, sulfongie, snifinate. phasphate, phoSphbnate, phosphipate,

phosptiine, and ptbtected hydroxy. = :The term "optionally substituted” ‘as used-hereirt means the
group to-which' tﬁ?srﬁféﬂ]ﬁ%fé]rs 'mﬁ)ﬂa%&-i}ﬂ%'sﬂt%a%ﬁ%@’% sUbSHfREH wit/? bhe*st-more -
10groups independentlykselgcted fromealkylpatkenyl, alkyriybnatyheteroaryihiosdkyteygloalkyl,
cycloalkenyl, heteracyclqalk '1%@4{3;,0%9@9& cathoxyalkyl, hajoalkylf haloglkynyl, hydroxy, alkoxy,

thioalkoXy,m'ereapto,alkenyloxy,haloalkoxy; -15haloalkenyloxy, titro, amino, nitroalkyl, hitfoalkenyl,
' nitrcalkynyl, - nitroheterocycliyl, alkylamino,

dialkylamino, alkenylamine, alkynylamino, acyl, alkenoyl,

~alkynovi, acylamino} diacylaminoe, aminocacvl, acyloxy,

alkylsulfonyloxy, - heterocycloxy,’ heterocycloamino,

20 haloheterocyclocalkyl, alkoxycarbonyl, aryloxycarbonyl,

azido, carboxaldehyd@, carboxy, carboxamide, carbamide,

carbamate, oxime;- hydroxylamine, sulfate, sulfonate,

suifinaté, alkylsﬁifenyl, alkylcafbonyloxy, alkylthio,

acylthio, phosphorﬂé—containing groups such as phosphate,

25 phosphonate, phosphihate and phesphine, aryl; hetefoaryl,

alkylaryl, alkyiheﬁeroaryi, ¢yano, cyanate, .isocyanate, -

C(O)NH (alkyl), , -C(O}N(alkyl)s and =C(O)NR'R’’, where R’

and R’’’ are independently hydrogen, 'alkyl, aryl or
hetercaryl as defined herein. '

30 " The term “halogen” or variants such as “halide” or

“halo” as used ‘hérein refers ~to- fluorine, chlorine,

bromine and iodine. -
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nitroalkynyl, nitroheterocyclyi, alkylamino, dialkylamino, alkenylamine, alkynylamino, acyl, alkenoyl,
alkynoyl, acylamino, diacylamino, aminoacyl, acyloxy, alkylsulfonyloxy, heterocycloxy,

heterocyclogjng, ; Ahhploheterocycloalkyl, alkoxycarbonyl, aryloxycarbqnyl,«2igq (saglpxaldehyde,
carboxy, carboxamide, carbamide, carbamate, oxime, hydroxylamine, sulfate, sulfonate, sulfinate,

alkylsulfenyl, alkylcarbonyloxy, alkylthio, acylthic, phosphorus-containing groups such as phosphate,

25phosphonate, phosphinate and phgsphine, aryl, heteroaryl, alkylaryl, alkylheteroaryl, gyano,
cyanate, .isocya,rlr%?e, %?55?_\IH(§%/EQ -C(BfN(aIiIg ’rbeanda -S(“:(O‘fﬁlﬁyR?%v%eelrg Rrgr% Rg a}qéé

independently hgdrogen, alk§l, arylcor htaroaryti#s-Befined herein. 36<Theaterim “Ralogen® or variants
such:as f‘halide"igﬁ'i ; Igl{}(ia% We@ﬁg)%@%igg@fef%g;ﬂflu%?egqgggneiMQmQ@@nq}@Qinﬁgf "The te m
"amino or "amine” as used-herein refers to groups, of the form -NRaRb wherein Ra and.Rh are
iiGually SoloSEREN thd o orOHi HE et BHE 40P tikted ARG G en 2 bhtbnally.
substituted alkylppptionallyl substitoted aikeny 12 bpptiowaily sabstittned atkyhsiisidioptically

substituted aryl gwﬂh%g%{g@l@gﬂgg)Iysﬁgyphetdjta&gl:'g&hjqniggﬁ,}ﬁ buple’ and grammatical
variations covalent and noncevalent bonding of thereof refer to the mglgcu es and include

‘The- terms ‘cheldcally coupied d chemically

¢buple” and grammaﬁicai variationS'ther@of'réfé: to the
‘covaieﬁtfand nbncbvalént bondiﬁg of:moleCulés and include

;'10 sbecifically, buﬁ  noﬁ exclusively, covalent bonding,
electrostatic ‘boriding, hydrogen bonding and wvan der
Waals' bonding. ihé terms encompass both indirect and
:diréétEbéndiﬁgjbfgmﬁlecules. Thﬁs? ﬁf_a'firstagom§6Und is

_ .éﬁémiééliyﬁdoﬁ?ié@itola.éecon&iéoméoundﬁ'tﬁatfcbﬁﬂéctiéﬁ'

15 may ”bé‘.ihrough  a direct chemical bond, or through ah
indirect chemical bond wvia other c¢onpounds, linkers or
connections. '

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

20 (urease), which causes the liberation of c¢ne micromele of
ammonia per minute at 23°C and pH 7.5.

The word ‘“substantially” = does not exclude
“completely” e.g.fa composition which is “substantially
free” from Y may be completely Efree from Y. Where

25 necessary, the word “substantielly” may be omitzed from
the definition of the invention.

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

30 that ﬁhey in;lude  recited elemeﬁts but also :permit
inclﬁsioﬁ of addiiibnal, unrecited elements. A 7'
Aé used heréiﬁ; the term "about™, in the context of

concentrations of components of the formulations,
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10specifically, but not exclusively, covalent bonding, electrostatic bending, hydrogen bonding and van
der Waal' bonding. The terms encompass both indirect and dirett:bonding:ofmolecules. Thus, if a
-firs-tHcOmpound is. chemically coupled to a second compound, that con i be through a
direct chemical %(gr%’a{,}%ﬂﬁthrough an indirect chemical bond via other compgﬁ%%g]ﬁﬂr)} Oé%rr)é or
connections. - As used herein, the term "urease unit", or urease "enzymatic unit", [U], refers to that
amount of enzyme 20 (urease), which-ca}lses the liberation of one micromole of ammonia per minute
at 23C and pH 7-8PThéwofd"stibakmtially doesfoteXElude™EompleteR e.d % B6mpodftbfi which is
"substantially free/rfiaral¥ may/be ¢dmpletehefres from Yvilhere 2% mecessdrys e word
"sub‘sr‘t‘%ntially'_' rr@y t@fongmgzd g@g"@.égg.@%fmjggn phihe invention: 1, Unless §|@0e¢g;@dg}%erwise"; the )
terms."comprising” and "comprise’; and grammatical ,\/arlants-;thereof',eare intended to represent "open
or "inclusive’ largudge suth36 thrHRy HtiGde Eeited Hlemants btf alg pehfit fdiision of
additionals unrecitetelements. eveAs nsed hergin,thd gy /aboat sk the contextof coadentrations of
components of the,formulations, - - +/--5% of the stated value, more of the stated value, more
typically +1- typiCaily means typically +/- 4% ; : : - :
S ‘Threughout this disclosure, certain embodiments may

be.disélbsed in a range format. It'should{be‘understood

that thé descri@tibn in range foxmaf- is merely for
jiO éonvénﬁehce'and b?é#ity and should‘hot be construed as an
‘ ‘inflexible limitation "on the. scope of the. disclosed

‘rénéés;.gcédrdihgiyﬁ the'descriptiéh of a rénge éhOuldibe
.¢6n$§déréd.?to ﬁaﬁé‘ specifiééllyildiSCIOSéﬁ :éll__tbe‘
?§$sible;‘subfraﬁ§§s gaéa well" és'findividual: @uﬁericai'

tos valués-WEthin‘thét“fange. For exaﬁple, deécfiptién 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 i:to 5, from 2 to 4, from 2 to &, 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

regardiess of the breadth of the range.

Detailed Disclosure of.Embodiments
Exemplary, non-limiting embodiments of a2 method of
25 preparing a substrate for immobilization of functional
substances therson and a substrate for immobilization of
functional molecules thereon, will now be disclosed.
The substrate has compcunds disposed therecon Ifor
immobilizing a functional moiéculé, each compcund having
30 a chain COmprising:‘a moiety R that is chemically coupled
to the.sﬁbstrate;;ééid,moietyrR'béing selected from the
group consisting Of:an ether,‘esteﬁ, carbonyl, cérbcnate‘

ester,i thioether, disulfide, sulfinyl, SulfthE, and
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3% of the etated:value, more -typically, +/- 2% of the ; stated value, ever more typically*- 1% of the
stated Value, and even more typically +/-H 0.5% of the stated value. .Throughout this disclosure,
certain embodirgoelrlm}]sopgafy be disclosed in a range format. It. should be u%@@ gﬂ}é@t’ﬁt@e description
in range forMat 16 mere?y for Oconvenience and brevity and should hot be construed as an inflexible
limitation on the scope of the disclosed ranges: Accerdingly, the description of a range should be
Considered to have specifically disclosed all the possible? sub-ranges as well as .individual numerical
15values within fﬁgﬁﬁgl}@’éh% ekarmPfe, BBsCHPIONG £ Pl StdtPad fom™¥ td-63hodidl be
considered to haveispedifitallytdisclosed subRaigesssuthrassfromatiter3sfrom Eto 4efsem 1 to 5, from
2 10 4, from 2 to, from 3 ta,6:e1q.; aswell as individual numbers within that 20rarige, for example, 1,
2, 3,4, 5,/and 6. This-applies regardleSs-of the breadth of the range. Detailed Disclosure of
Embodiments Exemplary R6n-fititisy Biibodirhfits st #inéthiod ‘o 259repafing & ibistate for
immobilization ‘of fanctidnel substances: therebn@ndta substratedor immaobjlizatieh af functional
molecules theregp, will now be disclosed.  The substrate has compounds disposed thereon for
immobilizing a functional molecule, each.compound having 30 a chain comprising: a moiety R that is
chemically coupled td the8fo&iFate 118558 moithPRBEMG SBRREIF BRP iR §itlEGTsiding of an
ether, ester, carbeayt; cathenate estery fhieathesndisuifictey sulfinyk sudfenyband eatkmnethioyl; and
an epoxide-cont’gg}@gggirggg%y gfj:[é'stgggpled to the moiety R by a linker comprising at least one,

nuCleophilic greup-:- In one"embodiment, the moiety R is further selected
- 10 In - another embodiment, the substrate comprises an

'“@,addiﬁiQnéi epoxidé,bohtaiﬂing g:oupicoupled-to.tﬁe chain. -
:ih‘ane-;émbbdimééﬁ};:thé numbé;iuéf\.a@ditiogalf:epoXidé
i?éﬁt%iﬁiﬁg-gxbﬁp;iéaéelécted_f?bm?ﬁhe:ﬁﬁmbé£ 1; 2;'3;;§j‘
Vaﬁd jSlS; In ‘aﬁqﬁher' eﬁbodiméht, :ét .léast  oﬁe:§of :the

.15 additional époﬁi&é3¢ontaining groups is‘cdﬁpiéd to said
chain by the nucleophilic group ©f 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 epcoxide-containing groups may'branch from the
chain by coupling with ‘the additional nucleophilic groups
of said linker. -‘

Iin one @mbodimént, the nucleophilic group of said
linkgr is an amine. . The linker maj be selected from the

25 group consisting of saturated and unsaturated aliphétic
and aromatic émines, diamines, and triamines. In one
embodiment, the aliphatic groups of sald amines are alkyl
groups. . ' 4

In another embodiment, the link@r may contain an

30 epoxide group. | | - : ‘

| In another eﬁb@dimént, the lihker‘ comprises a di-
nucleoﬁhilic species. The di—huclébphilicLlinker}may be

selected from at :least one of an )alkyl~diamine and an

33



from .the. group-cdtisisting of an amine, amide, carbamide urea S and guanidineS. In-one
embodiment, the nUeleophilic group excludes at least one of oXygen-con aining moieties and
sulfur-containing moieties, 10In another embodiment, the substrate comprises an additional epoxide
Containing (3%) m&&%’f% to the chain, one -embodiment,: the number: o?‘é"‘é(&. Rl Qgg%xide
containing group is selectee from the number 1, 2; -3, 4 and '5. In another embodiment, at least one of
the 15additional epokide containing groups is coupled to said chain by the nucleophilic group of said
linker. The |inkér%E§9%b%6ﬁ§é1§dditioHA| RS e SPRREYREEPs to WisicH<alidditiéia dloxide
containing groups ake eoupled ¢d saicechaimtmanatheeestbodiment fthe t20adslitidnali ne,
epoxide-containjng, geoups may,oranchy from the, ;chain by gaupling with the gdditipnal,pucleophilic
groups of said lihkef. In-one embodiment, the. nucleophilic group of said linker is an'amine.: The linker
may be selecte i iHe 25 droupeensRRnG oF8aturatetrand it rred slipRatic &k aromatic
amines, diaminess anéktsinminesadmene embodiment, the aliphatic groups of said amines are alkyl
groups. .- Inanother embodiment, the linker. may contain an 30epoxide group. _ . In another
embodiment, the IinI?g?lciorf{%r%gglsga?din%%%eéjo%%ﬁ?c sﬁecigg.lael'he %le%gg e% hﬁ%%g\ éﬁ/la%/ be selected
from at least oné SFRAHIRY | diahiie- ZRd ahY WO UL 10280 APC FISSZ0 06669 Hikehe diamineln
one embodiment tke girsusiesphilicdinkesis selected fram ahleast one of ethane-diamine,
propa‘n'e-diamine,-butfne'a%igmien &&P&%%%‘diaﬁige’sﬁ%é%nfgé%Miﬁg ; Ir%Q'ngﬁéd%@bggithaent, the
di-nucleophilib Iinker.lsnhiexane- lamine,;.. " In another :em ._c')dlmenti,;the epoxide ,
containifdcoMpéuid id BefivedTsy: fsattion ot AR pitelchydrire®fth thé ntrlsbphifie gFeaps of said
linker; . 1n operprabadiment: ig>stbstrate may be inert to-a 10functional 'molecule being. - -

|mmob|I|zedbySa|d %%OX'%%'&%”@@n'?&ggo&'fmem, the E.fisubstrate - may be a .

‘bblyﬁet.IAThefpoiﬁmér‘may be aibiodémpatiblé_leyﬁer.' In |

‘another embodlment, the: bioc:ompat;ible polymér“:?may be
715 selected  from gﬁéprgroup cdnsisfing of a polyestsr
substraté, a polyamide substrate, a polvacrylate
substrate, and a polysaccharide-based substrate. In one
embodiment, the polymer is a ; polysaccharide-based
substrate which may be selected from the group consisting
20 of cotton 1intersg cotton pulp, cotton fabrics, cellulcss
fibers, - celiuibée © beads, cellulose powder,
microcrystalline %:eliulose, cellulpse membranes, ‘r'ayon,
cellophane, celiuiose acetate, cellulose acetate
memb;anes, chitosan, chitin, dexiran derivativés énd
- 25 agarose derivatives. |
“In another‘embddiment, the polymer 1s a biopclymer.
The bilcopclymer may be selected from cellulose, chitosan,
chitin, dextran, agarose and derivatives theéreof.
In another embodiment, the substrate may comprise a
30 coating - disposedf on said  —substrate, the  coating
compriéiﬁg a. éﬁbsﬁantially - homogenous - ﬁixﬁu:e  of
. stabilizing additi#es selected  to iistébili?é, said

functicnal mclecule. In one embodiment; the stabilizing
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In another 'embodiment, the :substrate may be a pblymer. The polymer may be albiocompatible
polymer. In another :embodiment, Y the biocompatible polymer , may be 715selected from the group

consisting o(&q 7substrate, a polyamide substrate, a polyacrylatef%Jp , 5%9‘3
polysaccharide- %a%zﬁda %[Lbstrate. In one embodiment, the polymer is a po ysag(tc{@;%@- ased substrate

which may be selected from the group consisting 200f cotton linters, cotton pulp, cotton fabrics,
cellulose fibers, cellulose beads, cellulose powder, microcrystalline cellulose, cellulose membranes,
rayon, cellophan@3EainiiBee atatate cdifth tﬁ&%tgfeo Fherfibrafe 8 Bhifcdan: Ehitihd d8xt &n derivatives
and .25agarose slegwatives, ordardnother dmbadimehtthe pofymer suabiopotimesrithe biopolymer
may ‘be selecte’%ﬁgg&qellulose, chitosan, chitin, dextran; agarose and derivatives thereof. In another
embodiment, the substrate may comprise a_ 30 coating disposed: on said _substrate, the coating
comprisirig a substantidlly SRGTOGENGHS HikHE of statsifiZing addfitiEsSete beBtb stabilite
saidfunctisnal motecuié Lirzang embodimentthe stabilizing aVOr204 3402807-RET/SA2@11/000069
additives may be selected fram,the groyp, consisting.af=a sligar,an, organic:agid, an.aminp acid, a
sugar acid and a thioi. -.. - another: embodiment, there |'p dvidéd a: method of immobilizing a
functional molectd 8R4 SubStriafes Tﬂé%%ﬁ‘?&?céﬁlp‘?%%%?ﬂ%@&eﬁ%?é%posing the functional
molecule to the substrate asndesdritzed hereim. |f oneeimbediment the fuactionalsaolecttelis selected

from. a group capsistingof an. affinity ligand .a chelatgy, a catalyst; a jon exchapger, a dye, an

indicator and a- biptolecole.:"In another embodiment, the functional molecule is chiral ,I.: In another
embodimént, ,- FRSfuRERSnal Molédtité 178 biomBlecul€ T ThEHiSiRRRElie af be dit enzife. The
enzyme may beiseleciedd5 am thegronp voasisiing of urease; wsicasepereatinifiaser lipases, ‘:

esterasea, cellulgses. afylasen peciinases. cagalases, acylase. catplas: esiarase enicilin

amidase, proteinase-K. In another emboediment, the method further comprises = =
.. - 'the . furttional - moclecule is '~ a. biomolecule. ' .. The -

_bioméiecﬁle‘may.bé an ehzyme. ‘The enzyme may‘bé'Sélected'
S 15 from.  thé - grOdﬁ - consisting of urease; uricase,
creatininase, li§ases,. esterases, :cellulases, anylases,
pecilinases, catalases, acylase, catalase, eéterase,
penicillin amidase, proteinase-K. |
In another embodiment, the method further comprises
20 - the step of a@pljihg & éubstantially homogencus mixture
of stabiiizing additives to the surface of the substrate
to stabilize seiected to stabilize said functional
molecule. The step of applying the 'substaﬁtially
homogenous mixture of additives comprises evaporating the
25 solvent of a séiutiOﬁ ofr'said additivés cnto the
substrate. In one embodiment, the stabilizing additives
are selected from the group consisting of a sugar, an
orgaric acid, an amino acid, a sugar acid and a thiol.
In another embodiment, there is also 'provided a
30 method of preparing a substrate for immobilization of
| ftnctional molécﬁlés thereon. The'method'cdmprises the
- steps of: (i) providing electrophilic dompound§ COupied'

to- the -surface 'bf‘ the substrate; (11i) 'allowiﬁg the
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20 the step of applying a substantially homogenous mixture of stabilizing additives to the surface of the
substrate to stabilize selected to stabilize said functional molecule. The step of applying the
substantiallyhomegenays mixture of additives comprises evaporating thg,2o.selventha solution 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 and a thiol. In another
embodiment, therf is also qul/?_i‘ded a 30 metr%%c:d ofgreparin ‘a substrate for immobilization of
functional molect S therBon: fie methGd eBiMiprises the %{é%%rgfo (i) providing ETe&FopHifc
compounds Coupléth to-thet sgrfacesaf; thersubistrates ¢i)ialfowing thes etegtiophikic compgunds to
.undergo a nucleophilic.substitution.reaction to pravide auicleophilic gropp thereon.ang thereby
increase the nucleophilicity. of the Substrate surfaceiii) allowing the nucleophilie ’group to-undergo a
nucleopni icf,sUEﬁRﬁﬂfdﬁ?FéacT?bﬁ%ﬁﬁléhéme]r ’elé’étﬂéﬁ?ﬁf?&oﬁﬂ?odﬁ‘ﬂ%ﬁ?&ﬂ&é&ﬁ Ffé&trophilic group
on' the substrate-surfacel@angktherebyuncreask the electioRhilicity: vbthe substratenjn enerembodiment,
the steps -"i) and..{j}):ray be ch.0Iepsated n numberpftimes to farm n ' geperatigns of elgctropnil ¢
:groups on said substrate. . In one embodiment, steps and (ill) are repeated 1, 2; 3, A; 7,11, :9,
10, 1112, 13, 145 B TR 1 B5OPROY or Gine E5ihtrie SibbaffieAt$hid 46858 providing
electrophilic comipaureisseoupleddd¢he supfackiof the substrate sompriseshemically coupling a first
electrophilic compound;to the SUDSHAE ment Intq,[g)t@%re%@b%@mekgngeq {i; o%r%i/seéethe step of
20reacting a nucleophile with the first electrophilic compound..In another embodiment, step (iii)
comp'riségchenﬁcféi@%ﬁﬁpliﬁg FEBRGAd Slectrophiit compdutitito hedftitfedhiens of

.- .- electrophilic- -groups on said  substrate. . In one "

'eﬁbodime@t, stEpSEQii) and {iii).aréjrepéatEdjlg{Z;'3@ 4,
5, 6, 7,08 9, 10,711, 12, 13, 14,15, 16, 17, 18, 19 or .
.20‘05 ﬁoieitimes;ilf - 'f - S | |
15 " 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 embcodiment, step (ii} comprises the step of
-',20 - reacting - a nucleophil@ with the first electrophilic
h compound. In another embodiment, step (iii) comprises
chemically_coupliﬁg 2 second electrophilic compound to
the nucleophile. , |
‘The electrophilic = compound may be an . epoxide-
25 containing compouhd. In one embodiment, the
electrophilic Compound may be selected from epoxy
compoundé such as aikylene'oxides, élcohol-epoxides, and
epinhalohydrins, nélides The electrbphilic Scompound may
also includé ketones, aldehydeé, isocyanates and
30 derivatives of‘théée compounds. t | '
In anothe;fijembodiment, thé epoxide—conﬁaining
compound  1s an epiﬁalohydrin. In:one embodimént, the

‘epihalohydrin may beé selected from the group consisting
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The electrophilic compound may be an epoxide- - 25 containing compound. In one embodiment, the
electrophilic compound may be selected from epoxy compounds such as alkylene oxides, alcohol

epoxides, arwdaﬂjpglg%qmns, halides The electrophilic compound may aﬁor;gebgg%iﬁdﬁ%g es,

aldehydes, isocyanates and 30derivatives of these compounds. In another: em ment,the
epoxide-containing compound is an epihalohydrin.In one.embodiment, the epihalohydrin may be
selected from the-grou ,cohisistin% of epiehlorohYdrin,H epibromohydrih, epiiodohydrin-, 1,2-
epoxy-4-Chlorobititan®® 12 60%Y ﬁﬁ%&hoﬁlﬁéﬁéf}f‘?bé{wjf4-i8@6ﬂt?t3ﬂ€}’2:}r in, 1,2-
3Hepoxy-4-chlosploutané; 2;87epoky o Mobltape;-2;3epoxy=biodahitane, 22 3eepoxy-5- 5
chloropentane, 2:3-epaxy:p/ramopentage.112-epgxypr chloropentane. Inéjrnoej_%@%)ggi“rggnt, the
epihalohydrin is epichlordhydrin. - In :one embBodiment, the nucleophile is a dinuclooPhile or a
polynucleophile, ZfPARGHHEF ebodimént EthericiéSpmPeE Gforises ar afii@CTHe amine may be
selected ; from thie roupconsisting of2 saturatedyand unsatyateckaliphaticigroarematic-diamines.,
iaminea and highgr, polyaglinee In onghergpl%di@ﬁgb&gﬁ&ighat@groggiggﬁ%ig amines ilssselected
from an alkyl 15 group, In one embodiment, the aminé may be selected from atleastoné” of
ethane-diamine, ProaheHamife 1Butanediamine, pentane-diamine, hexane-diamine. In one
embodiment, the amingis hexane-diamitiemdhe substhate may teayisesa palymes Theipolymer

rom he rouD GOSN o POSSoy Sak e, & ool SUbMIAS ap G AELCbstrate anda
polysac;(ih%ri;defﬁﬁ‘féd%ﬁﬁﬁﬁﬁfé% f‘?&ﬁﬂi%?&ﬁﬁ’édirﬁéntﬁﬁéﬁ?ostraf@% " amine  may be o
.. [ selected: from the. group consisting  of ~saturated  and
:ﬁﬁSaﬁﬁfaéedirazi§%Q£ic or. a#dmatié aﬁinéék;.diéminés;
%ria@iﬁéé.aﬁd‘ﬁigheﬁ poiyamineéi in one embddiﬁént, thé
'  a1ipﬁafi¢'group‘Qf‘said amines is selected'ffom an alkyl
15 grouﬁ.:.In one émﬁddiment, 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 1s hexane-diamine.
Thelsubstraté may.CCmprise a polymer. The polymer
20 - may be a biocompa£ible polymer. In cne embodiment, the
biocompatible poiymer ‘may be selected from the group
consistiﬁg of a"polyester subétrate, - poiyamide
substrate, a pelyacrylate substrate, and a
polysaccharide-based substrate, '
25 In one embodim@nt, the  substrate is a
polysaccharide—based_substrate. The polysaccharide-based
substraté may‘ selected from the‘?group donsisting of

cotton linters, c¢otton pulp, cotton fabrics, cellulose

fibers, = cellulose . beads,  cellulose ‘powder,
30 microcrystalline cellulosze, celluldse membranes, rayon,
cellophane, cellﬁlose acetate, . cellulose acetate

membranes, chitosan, chitin, dextran derivatives and

agarose derivatives.:
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polysaccharide-based substrate. The pclysaccharide-based substrate may selected from the group
consisting of cotton linters, cotton pulp, -cotten fabrits, cellulose fibers,

ceIIulosebe%gﬁ,%ﬁqu&%powder, 30microcrystalline Cellulose, cellulose RERBLRANESdR¥ON
ulos

cellophane,ce eacetate,celluloseacetate membranes, chitosanchitin, dextran derivatives and
agarose derivatives:- WO 2011/102807PCT/S62011/000069 . In another e bodiment/ the: polymer
may be a biopolymer.The biOpolymier may be selected from .- Chitesan,chitin,dextran,agarose
and derivatives thereof T afdther 8mbodiRaRt e Sunctiohal Mofecllé may e seldEtedFrom the
'group consisting iafrwi affiaity ligandl leeChélatare hysetalystpay iorpexchamtes; & dye, fareindiCator and
a bromolecule. in: one embodiment .. thefunctiQnal molecule;may e chiral.in angther,gmbodiment
10 the functional _Molecule is aH: biomolecule. The biothelecule May be an .enzyme:- selected from
the group consititd Bffurease = UFta8E, creatininese ipases; etterases, cellulates, amylases
pectineses, catalasesnecylese, Satatitel=esteraseepenicillin amidasencdSprefeinasesK. hdn another
embodiment, th%éﬂ%@@@dﬁﬂéﬁ”%&@%&%eéﬁﬁ§£%‘%93?9%'%'%%9??%@?'!!{&9&% enous
mixture of stabilizing-additives to the surface of the substrate wherein: said stabilizing additives are
selected 20 to stabifizé SafPfimction&fndletife. TRE stéf™df AFPNIRGIRE sulfstalitidty Hmogenous
mixture of additives imay eomprise evaparating<¢he selvent afa soletioanifsaichadditiveshento the

substrate. In ong embodiment (s stabilizing adslitivas;may be selected fram 251he grup.consisting of

a sugar, an organic acid, an amino acid, a sugar acid and a thiol. ~ There is also "provided a
sorbent &artridg&16r usei e diiiysts délice tHeSorbeht Cartridge THMBITSIAG a substraté as
described hereip femisiaobilizingurease. 39n There ysaltosprbvidesta dietyzerdoe ute i ardialysis
device; the dialyzer comarising g-substrate.as dgseried hereipdor immobilizing ureasers - -
SR eéﬁefageé}. Cellaiaééé, ‘amylasés; ﬁéctih?sés, Mcaﬁalaéeé, '
abyl%éérfj Caﬁéiégé¥  esterass, -penicillin aﬁidasé,
15 pfcfeiﬁaSéwK!'  o . |
| . In another embodiment, the method may further
comprise the step of applying a substantially homogenous
mixture of stabilizing additives to the surface of the
substrate wherein*said stabilizing additives are selected
20 to stabilize said functional molecule. The step of
applying- the sﬁbstantially homogenous - mixtuie | of
additives may comprise evaporating the solvent of a
solution of said additives onto the substrate. In ohe
embodiment the stébilizihg additives may be selected from
25 the group consisting of a sugar, an orgaﬁic acid, an
aminc acid, a sugar acid and a thiol,
There is also provided a sorbent cartridge for use
in a dialysis defiéé, the sorbent cartridge compiising a
s&bstraté as described herein fof iﬁmobiliz;ng urease.
30 | There is also provided a dialyzer for use in a
dialysis devicé,ithe dialyzer compgisihg a‘subsﬁrate as

described herein for immobilizing urease:
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WO 2011/102807PCT/SG2011/000069 0 There is sIsO the steps of exposing Substrate as described
from said substrate. There is also described herein in In another embodiment the substrate in

|accordance“§ I|§ PP&%S’K material chromatography and embodiment, the quﬁglﬁ)@lﬁ%&%ﬁtrme in

sensors prOV| yS|s a dialySate herein; and provided the use a dialysis device. thereis with for
chromatography affinity chromatogranhy)--provides and biosensors  method containing -

removing:the of rovi h
° gt eo ﬂm[)o Q?gtlgm298§”5}352%”%“dm81alys15 method comprising

.the steps of: exposing & dlalysate contalnlng urea to a
zsubstrate as descrlbed herein; and remOVlng the dlalysate
from sald substrate ' - _
5  j' There is also provxded’the use of the substrate as
descrlbed herein . in a dialysis dev;ce
In another embodlment there 1is providéd the use of
the subst*ate in accordance w1th . the dlsclosure as a
- 1SOlld phase materlal for chromatog aphy (1ncludlng chlxal.f
y‘ilC ; ,Chromatography and afflnlty chvomatograbhy) " In_anothe;
- embodlment, 'th% dlsclosure provzdes the ﬁseitof the -
substrate in sensors and biosensors; | = -
In ano*her embodlment there ts pxov;ded a method of
tpreoarlng a substrate for ;mmoblilzatlon of functional
15 substances thereon,_the n@thod comprising the steps of
chemically coupling a first electrophilic compound to the
substrate; and chemically coupling a second electrophilic
compound to the first electrophilic compound that has
been coupled .to  the -~ substrate, wherein said second
20 _l electrophilic compound, when cogﬁled to said . first
electrophilic compound, is configured to immobilize the
functional substance thereon. In one embodiment, the
‘first electrophilic compound'is a di-electrophile and is
chemically bonded to the substrate due to a nucleophilic
25 substitution reaction between cone electrophilic group of
the di»electrophile and a nucleophilié group on the
substrate. | : ' '
As a result 'of this first reaction, a pocrly
reactive (nucleophlllc) substrate‘f's converted: into &
30 strongly; reactive f(electrophlllc)3 substrate. _The di~
electrophilic reégént may be an epihaiohfdrih. sIt may
also be ocne of the group comprising cyanogen bromide,

bromoacetic acid, glutaric aldehyde, and the like. The
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substrate comprising urea to a dialysate as the use of asa chiral In another useofthe In another
embodiment there is provided s method of preparingasubstrate forimmobilization offunctional ' 15

f(;)i)hséances%%rg&qlm% Ur1;1ethodc:ompr|5|ngthestepsof chemically coupllngp%;ijsc,éz%lﬁ%&%iIic compound

second electrophlllc compound may be chemlcally dlvectly
'bonded to che flrst electropthlc compound such as via a
ohemlcal link: The socond electrophlllc compound may also
be‘7 1nd1rectly chemlcally ) bonded tof the - flrst_
5 ‘electrophlllc compound -for example via a linker. In one
embodlment, the flrst and second electroph;llc,compounds
are monomers. - '
Prlor to the step of chemlcally coupllng' a first
‘ electrophlllc compound to the substrate, the m@thod may
fh;iO;i‘lnclude the step of functlonallzlng the substrate such -
Sy 'that th@ substrato comprises functlonal groups that aré
'capable fof3 belng fchemlcally_ coupled to'Fthe: first
-electrophillc compouud ' f L _
_ j' "'In one embodlment the method comprises thé step of
j'515 ‘using a' linker to couple the ‘second electrophilic
7 compound to the first electrophilic compound. The linker
may also be neutrally charged. In one embodiment, the
linker may also compxise'anraliphatic Ci-ps chain that is
‘ saturated or unsatuiated, straight or branched, which is
20 | opticnally Substitut@d,‘and wherein the carbons of the
chain can be optionslly replaced o§'mC(O}m,ZWC(O)C{O)w, -
C(O)NR'=, —C(O}NR'NR—, —CCp —, —OC(0O)—, ;NR*.COg - -0, -
NR'C(Q)NR"—~, —OC{OJNR'—, =NR'NR'-, —NR'C(0)—, =8§~, —-80—, -
0, —, -NR'—, —30; NR~, -NR'SO; —, -C(O}NRO- or -
25 NRC(NR)NR—,wherein R is selected from hydrogen or Ci-io
aliphatic; wherein Ci_ig aliphatic can be substituted or
" unsubstituted. - : | 7
In‘one‘embodimént, the linkefjdoes not cou*ain an
epoxide groupL The llnker may also comprlse at. least oneE
- 30 nucleophilic group The lxnxer - may‘ be a mult*~
nuclecophilic 11nker, that is, the slnker'may contain more
than one nucleophl,lc group. In -one embodiment, the

linker is a di—nucléophilic linker. When the linker is a
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substrate; and chemically coupling a second electrophilic
compoundtothefirstelectrophiliccompoundthathasbeencoupledtothesubstrate,whereinsaidsecond
’>C)electropg}§ %)P Lin(nghencoupledtosaldflrst electrophlllccompoundﬁgf) a @ 5mmoblllze the
functionalsu ance ereon Inoneembodiment,the first electrophilic compound IS a I-electrophile and
is chemically bonded to the substrate dueto a nucleophi-ic 25substitution reactlon between one
electrophilic grot p of th d| e&gc&rophliear](danucleop ilicgrou onthef S%Rstrat 1e
Asaresultofthisfi rélé“]c(i %Og %)031y rea&uve‘r(hu&eo ﬁ‘?c)’s steratelsconverrfeg i
30strongly- reactive: tb@le@tmmuh?d)sgbbtréteﬂfﬁ@dﬁi@emhh@reagéﬁﬁﬁ@ybeén@whakaﬁhydrln ltmay

also be one of t gu%Upcqg{g@gglgggcy@@og@g bremideybromoggletic acid, giutaric aldeyde, and the
like. The WO 2011/102807PCT/SG2011/000069 s @ond elettroghllie CoMﬁound maé%)e chemically

directly bonded ok flr&%ctrgﬁﬁlrc C?oc?ﬁpou% %h a$ Via & chefinitat link: The second

electrophific conedRIERNayAISe berinditecthRHchemicallyi , bonded, to the first electrephilic

‘compound, for examplg,viaa linkeg:in.one q{mbg@@emd@lgefggg%@q secand-electrophilic compounds
are monomers. #@ r to the step of chemically coupling a first eiectrophilic-compound to the substrate,

the method ma ﬁcl%ﬁﬁutﬂe%?@ﬁﬂﬁ?%?lcﬁ’énéiﬁéﬁfd)ﬁ%sw’s‘fﬁggﬁ%Y substituted

alkyl optlonally ' ubstltuted ~alkenyl, - optlona ly.

ﬁghlles

e substltuted alkynyl optlonaliy %ubstituted aryl ,and;3
3"310'3 ;optlonally substltuted heueroaryl i B R
R :jﬁ When the functlonal ~1nker does not contaln an epox1de '
:gfoup and lS 'a <il nucleophllmc llnker, the linker may
have a general formula (I);

YH
s "Hx/\f’)/

n
o : formula (I)
wherein:
20 ' X and Y are iﬁdependently selected from NH, NR, C,
3, COC, CONH and CONR;

R is selected from the group conclstlnc of hydfogen,

optionally substi tuted alkyl, optionally substituted
alkenyl, optlonally' substltuted.' alkynyl, optionally

25 . substituted aryl and opticnally substituted hetercaryl;
and ' -

n is an inéeger from 0 to 25.

In another embodiment, the di-nucleophilic Ilinker
has the general formula (II): L ' '
30 |

R4
A NAS S ) —\"7,
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that the substrate comprises functional : groups that are - capable of being: chemically coupled to the
first lecttophiiic compound. In One .embodiment, the method comprises the step of 15 using a linker to
couple the sec(g)gd1 elggggcphlllc compound to the first electrophilic compou?gli STr%%Im%er may also be
neutrally char c? i one embodiment, the linker may also Comprise an hct A Chain that is
saturated or unsaturated, straight or- branched; which'is 20 optionally substituted, and wherein the
carbons of the chain can be: optronally replaced by C(O) O(D)O(O) - C(O)NR*-, -C(0)NR*NR*-7, -002
-00(0)-; -NR*002 :0-, - R*C(PI)lNR*- “00(0)NR#E RANR*L, -NR*C(0)-, -S-, -SO, - $02---SO2
NR*-, -NR*S02 O(O)Nlﬁ - or- 25NRC(NR)NR Whereln R* is'selected from hydrogen or co aliphatic;
wherein Ci._10 aliphatic can be substituted or unsubstituted. "~ In one embodiment, he linker: does

not contain an epoxide diédp-Y THElinke thay drsetdomprse at fshst Bé 36TnudiBopHifiie group. The
linker may;be a mrdtjnugjeophiligslinkecthatisithe lirder mayssontaio moredhan pnedmueteophilic

group. In one er(‘;%%%% i nu{é}g&rﬂﬁerd %anU(#ﬁgphlgﬁ lin f%ﬁe When the linkerisa WO 2011/102807

PCT/SG2011/0 I|c er at [east one’o nucleophiles of the di-nucleophilic
linker may be selectedrorh thePgrOLFp coﬁas‘ﬂtm@ GINEP R SHD, IRRG 0SS, $608O0DECONHYy.:

CON, CS-S,I;,CQ2p GONEHRsCONRE); QQNHM&@%RN%MZ@NBJZNRZ s@HQnPdd@é@ PR,
where R, R" and e inde end selected fr m.1 oup ¢ sisting ofh en, ptronally
substituted aIkyI |?Lo% ar%nallyd%ulfl)sﬁu edy alkenyi% %%qélly su gtrtu%/er arky % ]tohally .
substltuﬁéd aryl a"ﬁ}élsl@Wéﬁﬂonéﬂ%%ﬁﬁéﬂtuté&ﬁé@%&ﬂﬂ Substituted ‘,awl‘ Vand j

optlonally substltuted heteroaryl, and

'qmgrn, D and q 15 an 1nteger lndependenfly se1ected

from O to 25
e

.15 " The position of the - groups

oot o= ()

; . and of
formula (II) may:be interchanged and These groups may
also be present in more than one p081thnS as will be
understood by a skilled artisan.

20 In another. emboazment ' the di-nuclecphilic linker

has the general formula {TTa):

X Y
™
formula {(Ila)
25 : wherein: ‘

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

30 substituents which may form cationic adducts;
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When the functional linker does not contain an epoxide group and is a tti nucleophilic linker, the linker
May have "a general formula (1): 15  formula (I) wherein: 20X and Y are independently selected
from NH, NH, 0, S COO CONH and CONR; R is selected from the G ing of hydrogen,
optionally sCf%gthtt}t{'e/1 25W<yl optionally substituted alkenyl, optionally subsgteﬁy%; qun)ﬁ optlonally
255ubst|tuted aryl and optlonally substltuted heteroaryl; and n. is an integer from 0'to 25.

iRﬁ TRI and R2 are 'Lndependently seiected from the
group Con51sL1ng f nydrogen, Optlonally substituted
a;kyi _ :optlonaALy substituted 'alkenyl}  optibnally
Substiﬁuﬁed élkynyl, opticnally éubstituted aryl and
5 optionaliy substituﬁed heteroaryl; énd
‘n is an %ﬁteéef from 0 to 25.
Tn one, @mbodlment “the varlables ¥ and Y may'élso be -
‘any nucleophAllc group that is. capable of reactzng with -
ian epox1de group to form a chemlcal bond : _.
10 o j ‘ The dlnucleophllﬁc llnker may Comprlse an: alky¥
A diamlne group Ir one ﬂmbodlment ‘Vuhe di- nucleophlllcr.
linker; 15 a least one of ethy1ene -diamine .- and
:nexanedlamlne In anoth@r embodlm@nb, tke linker may be a
3charged compound comprislng' nucleophlles such as NR'R?
15 = where, R! and Rzare defined sbove, The linker may a’so be
small compounds selected, from the group consisting of
H0, HS, HiSe, PH'3,3 PH,R, NH;, MNHoR and NHR'R?, where, R,
®r! and Rzare as defined above.
The linker may or may not be an epoxide-containing
20 compound. In one empbodiment, when the linker i1s an
epoxide containing compound, the linker may have a

general formula (Ia}:

. 0

wherelin: : ; o

X is selected from NH, -NR, .0, S, Se, COO, CONR'NR?,

CONRO, - CONH and CONR; R! and R? are independently
30 selecied_ from :ﬁhé group - consisting of ' hydrogen,

optionally substitﬁted alkvl, optionally substituted

aikenyl,‘ optionally substituted i alkynyl, optionally

substituted arjl anﬁ optionally =substituted hetercaryl;

and
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In another embodiment, the di-nucleophilic linker has the general formula Il): 41 WO 2011/102807
PCT/SG2011/000069 X end Y are independenty, selected from NH-, NA, NHO, NRO, o 3, Se,
co:,: CONH, CONR, CSS, COS, CONHO, CONRO CONHNH, CONRNH CONRNR, CRC, PH,,PR;
‘R, RI, R2, I&Oﬁﬂ grlg mJependentIy selected from the group ,consisting oF ié%zc)oglggooé}f’)%lonally
substituted aIkyI optionally: i substituted -T. alkenyl optionally substituted-alkyhyl, optionally Substituted
-aryl and optionally substituted heteroa and an mteger mdependently selected om.0 to
25. 15Theposmon R3R4 BRha§roH r%r %n B %‘L’S . |

In anotner embodiment the epox1de COﬂealnlng ilﬂk@f

has the gene*al formuia (Ib):

;H: ( RN /R3 :Ré\(c

L/
. formula (IB)
SR 'fﬁwﬁeréin}.
.10 L - . : . o , ‘
- x is selected from NH, NR, NHG, NRC, O, S, Se, coo,

FONH CONR 'ch; .£C05, CONHC, CONRO CONHNH, CONRNH,

CONRNR,. CNO, PH, PR} | )

o R RY, R Fﬁg”§4-are independently selected from the
15 group COHSlStlﬂg Of nydrogen, obtionally substituted

alkyl, ~optionally substituted  alkeny, cptionally
substituted alkynyl, optionally substituted aryl and
- optionally substituted heteroaryl; and

m, n, P and'g is an integer independéntly selected

20 ' from 0 to 25.
R’i
C
E RZ;

The position‘ of the groups
RE .R4
(=)  —fo=¢} ]
L, . and of

formula (II) mayibe interchanged:and these groups may
also be present in more than'OHejpositions as will be

25 understoed by a-skilied artisan.
In one embodiment the variabie ¥ may alsoc be any
nucleophilic group thaT is cépable of reacting with an

epoxide group to form a chemical bond
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C R2 (Ar formulamay be interchanged and these groups may also be present in more than one
positions as will be understood by a skilled artisan. 20In another embodiment, the di-nucleophilic linker

has the gen I& ha): XHY. formula (ha) 25'wherein: XandYareI; %%WHX §elected from
the group coar@ls ﬂgﬁoﬁl\]{RlRZl NRO, OR, SR, SeR, COOR, CONR, CSS OSIg CONRO,

CONRNR1R2, CNOR and PR1R2, and any other 30substituents which may form cationic adductS;
WO 2011/102807PCP,I%OZOl14}0}9}90{%%5?&%l fggg&e in %&%%de%g%,seé%%sg rom % droxy-
oxiranes. In one embodlmentﬁ ;he epbxy~conta1nlng linker
is glyc1dol o 7 . | o
The disclosed method may also further compr¢se the
5 steps of chemlcally coupl*ng a subsequent electropblilc
_compound o;"‘amblpnlllc uompound:‘ R :he precedlng
‘electrophllic  9omppund dlrectiy o? ~indirectly via theif
1:ﬁnd£idnél iinkér?diéélbéed abéﬁe These addiﬁional steps
_ of chemlcally coupllng subsequen; electrophlllﬁ commounds
CIO _ ‘may' be carrlmd out repeatedly unt¢l the de51red chaln '
- length lS achleved Advantageously, by repeatlng these*
steps, the number of electrophilic- s1tes such as ‘active
ox1rane sxtes for: blndlng wzhh the . blologlcai substances
may .1ncrease, the:aby increasing  the pxobabillty and
15 .affiﬁity;of'thé bidlogical subétandé to the substirate. In
| one embodiment, :when the linker is an ambiphilic
compound, the linker comprises glycidol.
In - one embbdiment, .the elgctrophilic compounds
disclosed herein comprise.epoxide-containing compounds.
20 ‘For example, the first electrophilié compound and second
| electrophilic compound may be a first epoxide containing
compound and a second epoxide conﬁaining @ompound. in
one embodiment, at least one of the first epoxide
containing-compound and the second epoxide containing-
25 compbund is an epihalohydrin. The epihalohydrin may be
selacted from tne gro&p con51st1na of, epichlorcohydrin
epibr omonydrlﬁ and epzlodohydrln Iﬁ ‘one embodiment, the
method - comprlses‘selectlng a poorly reactive sﬁbéﬁrate;
The substrate maf?%é selected from ‘the gréup consisting
30 of a polyester substrate, a leyamide substrate, an epoxry
resin substraﬁe,' a.ﬁpolyacrylate substrate, a hydroxyl-
functionalized sﬁbstrate and a polysaécharide—based

substrate. In one embodiment, the polysaccharide-basad
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group consistng': of hydrogen, optionallY substituted alkyl,. Toptionally . substituted alkenyli optionally
substituted alkynyl, optionally substituted aryl and optionally substituted heteroaryl; and t is an integer
from O to 25wdnw%§0 éypodlment, the variables X and Y may also be any, ggg@h}#%&{oup that is

capable of reacting with an epoxide group to form a chemicalHdond. The dinu E)hl IC ?nker may

comprise an alkydiamihe group- In one. embodiment; the di-nucleophilic linker is atleast one of
ethylene-diamine and hexanediamine:- In’another embodiment, the linker may be a charged.
compound compeiRg Micfeophies Stichss ﬁ%fﬁ%ﬁ?@,ﬁf%ﬁ%ﬁ%ﬁﬁé@m. The linker
may also be smal zompoundstsetected:from themrotip Lensistisg otEH20y H25: H2See PH3, PH2R,

NH3, NH2R and NHRAR2.Whete. Rs R1.and R2 ateas defingd.above.; The linker.may grmay not be

en epoxide-containing 20 compound. In one embodiment, when the linker is an epoxide containing
compound, the fifkermay frave 5@%@}&1ﬁSrmuTheﬂﬁfan%ereirf%@“selec?é}&%ﬂ%’ﬂﬂ%rNR, 0, S, Se,
COO, CONRINEZ] CONRO 2CoNH and-€ONRpRE anck2aate independently 30 selestad from the

group _cOn;sistin%@{@é@pm&p&@gn@&_ﬁgﬂ%gd &Ugla%%t@@y&@ggqgg@gkenyl, optionally
substituted alkynyl, optionally substituted aryl and optionally Substituted heteroaryl; and WO
2011/102807 PCT/SG201 E00BBOCHARTHEyet o 6Ts 9821y coupling steps are -
»..7 . -undertaken &t-a-temperature range of from about '=30°C to .
SRR ‘§55Q€‘iGé?C,ffiém?aﬁoﬁt}OéC toTéﬁou%‘70°¢, frémzéﬁéut'éﬁé:;
fff“ibrr t&i éboﬁt? 30°C .55: from about 210°Cf tb about 27°é} 'frém‘
S about éO?OC tcuéb§u£E70?C, from about 23 °C to about 35°C
‘ahd frdmﬁaboﬁt 23;P@zto,about BO?C.i | '
 -‘;The?fﬁncfion&lﬂsubstances‘ﬁay be-biologically active
A faﬁd‘ﬁ‘may ‘compﬁﬁse biological = substances and/or
15 biomdlecules. IR one embé&imeht, the biological
| substances are enéymes.rThe method may comprise the step
of. chemically cOQpling an enzyme to said second
electrophilic compound that has been coupled to the first
electrophilic compound. The step of chemidally-coupling
20 an enzyme to said seccnd 'electrophilic 'compound may
| include providingl stabiiizihg and aétivating additives
such as sugars, thiois, antioxidants and.cﬁelators.

The enzyme may be selected from the group consisting

cf oxidoreductases, ransferases, hydrolases, lyases,
C 25 isomerases and ligases. Oxidoreéductases catalyze
oxidation- reduction reactions, and  the substrate

oxidized:  is regardéd Iés’ hydibgeﬂf.or' eléctronﬁ'donor.
Transferases catalyée'txansfer‘of fﬁnctibnal‘groﬁﬁs from
one moieéule to another. Hydrblases catalyvze hydrolytic
30 cleavage of variqus:bonds. Lyaseé'catalyze cleavage of
various bonds by other ﬁeans than by hydrolyvsis or
oxidation, meaningifOr example that they catalyze removal

of a group frem or addition of & grbup to a doubkle bond,
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In another effibediment, the epoxide-containing linker has the general formula (Ib); X is selected from
NH, NR, NHO, NRO, 0, S, Se, COO, CONH, CONR,_ CSS COS, CONHO, CONRO CONHNH,
CONRNH, NBn&HNO, PH, PR;, RI, R2, R3, R4 are indgpendspilysssigcted from the
15group cOnsisting Of hydrogen, optionally substituted alkyl, optionally substituted alkeny, optionally
substituted alkynyl, optlonally substituted aryl and optionally substltuted heteroaryl and n,p
and gis an mteger |nde endentjy selected 20from 0 to 25. formula. (1) may be interchanged and

these groups may 7 als8HE PreSentindRsie thah Snd b%%ltloﬁéea%twﬁ’l%e S8andersiGaE by a-skilled
artisan. .~ In baemembediment; dhe X/arlabkeerné{y@Iﬁé@:b&rwmaolee:pbrbm,grmapmhatgls capable'

ofreacting with & seqadde,grouR-0 J9n A chesnial bonds Q) 201307807 PEISG3 11000060

in which. two moiecules are jOlned _ ,

.5 o : ln one embodiment ~the enzymes are ox1doreductases,
Awhlch may act on- dl*ferent groups of donors, such - -as the

" CH- OH g?oup, the aldehyde or Oxo group, the CH CH -group,,
jtf.r;e CH sz group,ﬁjthe .CH- NHV grqup{ ‘NADH or NADPH;

. ‘nltrogenous compgggds}"é; sulfﬁr group; a hémé.;group,
ilb;f_‘dlphenqls andtreiéﬁéd‘subStancés; hfdrogen,;singie’donois
. Vwithrlinéorporétiéh“of molecular dxygen, paired.:donofs“
w1gh lncorporatlon or reduction of molecular OXygen or
'others Ox;doreductases may also be acting on. CH; groups

‘ Lor X H and -H to form an X-Y bona Typically enzymes
15 'belonglng to the group of oxmdo*eductases may be referred
Lo as ox1dases, oxygenases, hydrogenases, dehyvdrogenases,
reductases or ﬁhe .like. Exemplary  oxidoreductases
includes oxidases such as malate éXidase,; glucose
oxidase, hexose éxidase, aryl-alcohol oxidase,: alcohol

20 . oxidase, long-chain alcohol oxidase,. glycercl-3-phosphate
oxidase,i poly winyl-alecohol oxidase, D-arabinono-1,4-

lactone oxidase, D-mannitol oxidase, =xylitcl oxidase,

oxalate oxidase, carbon-monoxide oxidase, 4—
hydroxyphenylpyruvate oxidase, dihydrouracil oxidase,
25 ethanclamine oxidase, L-aspartate oxidase, sarcosine
oxldase, ' urate oxidase, methanethiol  oxidase, 3{

hydroxyanthranilaté]ﬂoxidase, laccase, catalase,. ‘fatty-
acid p@rcxidase ;  peroxidase,'diarylpropane péréxidase,
ferroxidase, pteridine oxidase, columbamine oxidase and
30 the like} Oxidorédﬁctases may aiso include oxygenases
such as catech01  1,2-dicxygenase, gentisate 1,2~
dioxygenase, homogentisate l,Z2-dicxygenase, lipoxygenase,

ascorbate 2,3fdi63ygenase, 3-carboxyethylcatechol 2,3-
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The epoxy-cettaining linker may comprise hydroxyoxiranes In one 'embodiment, the

~ epoxy-containing-linker is glycidel. The disclosed Method may also further comprise thestep S of
chemically: %Bgﬂglgz%bsequent electrophilic .compound or _ambiphiligspRYRQuNELIA e :preceding
electrophilic compound directly Or indirectly via the functional linker disclosed above. These additional
steps.of chemically coupling subsequent eiectrophilic compounds may be carried out repeatedly until
the desired chain length is achievedAdvantag ly, by repeating these steps, the number of
eIect,r'ophiIicieitecglsC’uX 9&%‘ ﬂaélscﬁ\’/e ox%%%%%tes%’?%iﬁ&%% nﬁfég.’biolofy?e%oesiggtan?;sgfﬁay ihcrease,
thereby increasifgtheqrobability arrich idontfiptty: Srthetsigotfes Stbstaitelteitié stbstrate. In one
embodiment, when,the linkeris anampiphilic compoupngs theslinker comprisesoglygigiohse, In one
embodiment, the elect o%phjlic compounds disclosed herei Qp’ﬂgg[gse Sgoxide containin% compounds.
20 For exampl8“the’ st elettfophiic CompEund and second sfectrophilic compound may be a first
epoxide containigecorhpbentrend arseeony wpoxidee contairing confuidrh 45 onerembbdiment, at
least one of the firstepoxide coptaipingscampaynd and the secend gpoxids,¢entainings23 compound
is an epihalchydrin. The 'epihqlc')%drin‘;ma be selected from 'hégr(éjg cgn}slis#)hg of, .. -
epichlorohydrin,8pfBtorfiShyArifi At -eSROUORYATE AR one Emivodimept the fiethsd 28Riprises
Selecting a pooryrreaativéisubstratepThesubstrate dray becsedected-from the Grolpdorisisting 30 of
a polyester subsiaic a polyamide substraig, anepoxy Fesin substales & polyaghyjatesihstrate, a
hydroxylfunctionalized substrate and & polysaccharide-based substrate. In one embodiment, the
polysaccHhride-BE5EG *SAFtRRE ia sEeB i fronT e Gt Eiiiisifng of88a8f liktsts, cotton pulp,
cotton fabrics; cekulpse dipems,sesllulose bbbyst-eclutdse powdetzmicroegpstaltine celluldse, cellulose
membranes, rampdfsudgea%%a@s"ul.mmt&s%ﬁa%@!uIOS@&%@;@I@ mgmbraneshivsan, chitin,
dextrah derdvat ves and agarose derivatives. In one embodiment, the CheMically coupling steps
are undertaken afdsfperitite %@@é??%%ﬁBom%%%%?éﬁ&ﬂofooﬁﬁWSF’PP&E&WTC to about
70C, from aboutl4E de cirain-30G of fromabolt LOE to aedut@7edremabout 40iGtcabaut: 70C,
from‘abaut 23 C&Qr@%qﬁ% and from:gboyt.23C to aboyt 306~ oA hedunctionglybstances may be
biologically active andmaycomprisebiologicalsubstancesand/or biomolecUles, In one embodiment, the
biological subst&RiSCERIERARRes. The melEH IS Cofiprise the'daf bf cReMIEIRPcdlpling an
enzyme to said sietonritetgetrophijlic compotidathat hasdzderdcouplad e the firstleleatrophilic
compound. The sten af chemically coupling an gnzyme io. said, seeand.electrophific corgpgund may

include providing stabilizing and activating additives such as sugars, thiols, antioxidants and chelators.
The enzyme may¥e/§8RBEHFfidm the’gg“rSEﬁ%%%sistiﬁ&%?’ﬁﬁiﬁ%?@&&&as_es, RAHERATRRBS Shydrolases,
lyases, isameraseshgrid digases=Oxidorechctases catatyzoxidatien-retdustiom geactions,and the

substrate oxidized js reqarded as hydrogen.ar electron dogor. ; Jransfesases,catalyze traasfer, of

functional groUps from one Molecule to another. Hydrolases catalyze hydrolytic cleavage of various
bonds. Lyases c&t&y2d tleatade bFvaricusBoRES by Bitfer me&HY T By hydrbfifis*6rBxidation,
meaning for exapyale dhatsthey catalyxenemdval of dagroup drom et @&ldition ofradroumtea double

bond, WO 2011(41‘&%%9&5)&1&{86?9&&@@9@,9 D-proline. reductase, glycine
25 reductase, Heme-proteins such as._cytochroﬁes and the
like. In one embodiment, the enzymes are lyases, which
may belong to either of the folldwing group55f¢arbdn—
carbon lyases, 'Carbon40xygen  iyéses, carbthnitrogan
lyases, CarbonmsuifUr iyases, Carbon—halide lyases,

.30 phosphoras—oxygen;lyéses and other lyases.
Thejcarboﬁ—carbon lyases may alsc include carboxy-
lyases, éldehyde*lyases, oxo-acid-lyases and others. Some

specific exzamples belonging to these groups are oxalate
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15 or other cleavages involving electron rearrangement. Isomerases catalyze dntramolecular
rearrangement, meaning changes within one molecule. Ligases catalyze reactions in which: _
tV\{0m0|eCU|%§(§15§1f19'@%7 In one embodiment, the enzymes are oxidorgdiictass s uhigh may act .on
clifferent groups of donors, such as the CH-OH group, the ,aldehyde or oxo group, the CH-CH group,
the .CH-NH2 group::the CH-NH .group, ,NADH or NADDHi nitrogenous ‘compounds, a sulfur group, a
heme group, diphenols and related substances, hydragen, sindle donors with incorparaton jof
molecular oxyger, paired donors Wi .lncorpora"illon or reduction’o molecdial 3kyger or others.
OxidoreduCtaseterpayaisy besactingldw.CH2 grupsrdrXyH asrl, Y-H: toferri an Xeytdiond: Typically
enzymes belong&eg&othsﬁgyeﬁmﬁduwl%we@ﬂto 2R0Xidases Qagenases,

hydro:genases,4dehyd,rogenases, reductases or the like. Exemplary oxidoreductases includes oxidases
such as malate G%tfsE Gicose BRI KeR5se oxidads, Atylaicehs Gidase, HIEaN Shoxidase,
long-chaif alcohotuxitiese; glycerdli3phosphite axitase] ok vinylraleckolakidase, D-arabinono-1,4-
lactone oxidase ,RAnangitol oxidase, xylito} oxidase, oxalateoxidase carban-mopoxidequdase,4-
hydrexyphenylpyruvate oxidase, dihydrouracil oxidase, 25ethanolamine oxidase, L-aspartate oxidase,
sarcosine oxidadé Yurate BRitiaRe, methah@tHiorokidase, 3- hydtodrartfifmate Sxriise: faccase,
catalase,, fatty-acid pesexidase? -peroxitases dizyhpyopane perodidase,feeroxidase pterdine oxidase,
columbamine oxidageand 30the Iikg, Oxidaredustases may,alsos include oxygenases such as
catechol. 1,2-dioxygenase, gentisate 1,2- dioxygenase, homogentisate 1,2-dioxygenase, o
lipoxygense, aéﬁ%fegﬁ :3-_dioi@é}%ﬁ?&carﬁ%&fr@ﬁﬁﬁmem&lgﬁgg Hidkfgenase itfrde
2,3-4ioxygenesesgaffeatedaA-givzygenasd, sraghidonate Slipoxygenaserbiphenyls2, t3-taiol
1’2-d!9>.<¥9¢ﬁas?‘a1; lincleate 11-ipoxygenase, é‘&?tyla@@&%@%ﬂﬁ%é‘i‘ﬁ?ﬁ%&%émtﬁ?&o— _
2-mohooxygenase, 'phenyfalanl‘ne_2-mpnopxygenase, inositol oxygénase and the like."
OZidoreductases¥fia§ alssimthife aenydipgenasas sackHaB alcdRot ¥d8hYbrOgenase,.: glycerol
dehydrOgenase; ,- ‘prapenediotipbosphates dehydrogenasey -dlactatele hydre-lyases,
dehydrogenase; D:lactatedehydrogenesa glycerate delydroganase, gludose I-dghydragenase,

galactose.1- dehsyd.rogenase, Idehydrogenase, 4- hydtoxybetyrate dehydrogenase.,-' optanol

dehydrogenase > &fi-alcBRBF déRydrogetiase: fohg-chain-3-Agdrssatyl-C ok Histiehydifdgenase,
R funarate hydratase, aconitate = hydratase,  citrate
- dehydratase, arabinonate dehydratase, galactonate
dehydratase, alfronate . dehydratase, mannonate
20 dehydrata$e, dihydroxy— ":acid | dehydratase, 3=

dehydroguinate  dehydratase, propanediol dehydratase,

glycercl dehydratase, maleate hydratase, oleate

hydratase, pectate lyase, poly{f-D- mannuronate) lyase,

oligqgalacturonidé lyase, poly(a=L-guluronate) lyase,

- 25 zanthan  lyase, :lethanOEamine—phosphate phospho—lyase,
carquyméthylostﬁcéinate lyase and the like. B

The carbon—ﬁitrogén lyases may inciud@_'éﬁmonia--

lyases, lyases acting on amides, amidinesQ etc., amine-

lyases and the like;'Specific examples of these groups of

30 lyases are asparfate ammonia-lyase, rhenylalanine

ammonia—iyase,‘ethénolamine ammonia- lyase, glucosaminate

ammonia-lyase, argininosuccinate lyase, adenylcsuccinate
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dehydrogenase, dehydrogenase,succinatedehydrogenase,glutamate
dehydrogenase,glycinedehydrogenase,hydrogen

dehydroge SE6s ?ehydrogenase,pho_sphonate 20 dehydrogenasg apd ths liksei3eductases
belonging to the group of oxidoreductases may also include enzymes such as diethyl _
2-methyl-3-oxosuccinate reductase, tropinone reductase,long-chain-fatty-acyl-CoAreductase,

carboxylate redyctase,D- rolln reductase, Iy ne 25red ct se Heme-proteins such as cytochromes
o e k. I NG B T RAE T1d Shog e B FyaBbs. AT HER A b By ST e

following groubSIHItEM(:arbon lyases,.carbon-oxygen . |yabes carbon-nitrogen lyases,

carbon-sulfur lyases, tathonzhalide lyases,, 30phesphorysoxygen;lyases and otherlyases.  The

carbon-carbon lyases may also include carboxylyases, al ehyde-lyases, oxo-7acid- I%ases and others.

Some 'specific ex3fP1Es BEOAGITRY {0 HedeS roﬁp%h?é‘ OXAETE WO LI B28675
2011./000069 debmls@(yelasb acetelactateidesarboxylase, aspartate 4- decarboxylase, Iysme

decarboxylase; aromatjg:L- a@é@%qdﬁgp@&lgoxyﬂggge@etmgg}\alaﬁﬂ 1GQ8 - @CEEEQ?%&‘%?-

carmtlnadecarbOXyIase indole-3-glycerol- hesphate -synthese;gallate :
decarboxylase, HARBREE-chain-9 BXOERHT L YecAftiSxylase, &t atedec‘é?ﬁé%@y‘l’&é’é“ethane T
arylthalonatedecmhexw@seaﬂmctose-blsphosphate aideleSe;’

2-:dehydro-L.3- deoxy @g%s gg @49&}13%% trilngg@gal\mg§ 05%%%Iasaed&§9@@gésynthase
lactate - 10aldelasei. vanllllnsynthase isocitrate lyase, hi/droxymethylglutaryl CoAlyase,-- ‘
3- hydro%spart%ft’é: ase, cytldyla e cvclase, :

ycosylphospharlaylmnos*tol

dlacylglycerol lyase - : '
In anotner embodlmenu, the eﬁzymés are hydrolases
 selected from thej group con51st1ng of glycosylases,
o _enzymes actlng on aczd anhydvldes aqd enzymes a”tlng on
35315 “ specxflc bonds such as ester bonds, ‘ether bonds, carbon-
nitrogen bonds, jpeptlde bonds, .carbon-carbon bonds,
halide bonds, phosphorus-nitrogen bonds, sulfur-nitrogen
bonds, carbon—phbsphorus bonds, sulfur-sulfur bonds or

carben sulfur bonds. ‘

20 The glycosylases may be glycosidases, which ars
| capable of hydrolysing O- and S-glycosyl compounds or N-
glyvcosyl compounds. The glycosylases may also include o-
amylase, B-amylase, glucan 1,4~0—glucosidase, cellulase,’
endofl,B(é)-B—glucanase, inulinase, ende-1l,4-B-xylanase,
25 oligeo-1, 6- glucosidase, dextranase,‘bhitinasé, pectinzase,
polygalacturonase, 'lysozyme, levanase, quercitrinase,
galac;u?an 1,4~ gaiacturonldase, iéoamylase, glucan 1,6~

aglucosidase, glucan-endo-¢,2—$—glucosidase, licheninase,

agarase, - exo—poly4d—galacturonosidése, ' K—-Ccarrageenase,
30 st@ryl~§4glucqsidasé, strictosidine _ E‘glucosidase,
mannosylmoligoéacchaxide glucosidaée, lactase, 'oiigo~
xyloglucan 5—glyédsidase, ‘Dolyméhnuronate hydroclase,

" chitosanase, poly(ADP— ibose} glycohydrolase, purine
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aldo2ase; tryptephanase, deoxyribodipyrimidine photolyase, octadecanal decarbonylase and the like.
,The.tarben-oxygen-lyasee may :include hydro-iyases, 5 iyases acting on 4>elysaccharides,

phosphates and others. Some specific examples are :carbonate dehydr ydratase,
aconitate hy‘gr%%gls{e)fﬂgﬁ{r}ie dehydratase,arabinonatedehydrat:;ls_e,gaIac'?(%%?%(&I(Wl%%g651
dehydratase,altronatedehydratase, mannanate 20 dehydratase, dihydroxy- acid dehydratase, 3-
dehydroquinate dehydratase, propanediol dehydratase, glycerol dehydratase, maleate hydratase,
oleate hydratasé{%eﬁﬁgt%lgfﬁgg,’ PO S BenRnUFSTAtET Rase “ohgogaatiifefmRijase
polyatL-guluronaté}iyasie; 2 5xantters iasesthanelamineiphiosphate phospho-lyase,

carboxymethyloxysucejpate lyase.and the ik, The cabon-niregen lyases May include

S
ammonialyases, lyases acting on amides, amidines, etc., aminelyases and ?ﬁe like. Spe?:ﬁic.examples
of these groups Bf 38 yased 8RS Espatfite Bmmoria- RIS BheAyRtanife-amfohiaiyase,
ethanolaniine ameomonianlyage sgltigasaminate Brempia-lyase, argininosyecingteslyaseid. -

adenylosticcinatg, lyas g.'_la@gdoglygpéage-Iyﬁg@%&ke@ g@%]% lamine - N-lyase: _ The
carbon-sulfur lyases may include .dimqthyl_proé?ot etip de%i(_) j_%}%ase, allfin ?yaﬁ%g,tlggt%ylglutathione
_yase and cystefie Ridse® 0 SHhR GiBon-hafGe 5ases aParaase 3 thiorh Datienine -
.dehydrothlorinase-ird dichidetamethigne.debalpgehase.l pnosphia phesphoris-axgerdyases may
include adenylate. 1Qcy %%&cégidylaég%; lase, glycosylphasphatidylinositol diacylglycerel-lyase.

In ‘another emboé{i%)njgr%tqfl) the -enzjmesare%]yoﬁ%%se% SeleCied frgr%o%%iyéjr%ﬁﬁpéogn%?sﬁ%’g of
glycosylaSes, enAméSactify oRsiadrnyaides drléssmes atpig Bpha tE5Specifi®foonds such
aS ester bonds;aetherihangdse cathunpitpgendonds, peptide bends; tarbpncashan bonds; halide
bonds, phoSphogl&- Ntrege SB nds,s "IfurT-nitro_gEn bonds, carbon-phosphorus bonds, sulfur-sulfur
bonds or carbon sulfur %%n(;{(} .%-%]%‘nec‘:}'lé;tf?/_(sé(e)éyIaseé~L Oésyaﬁg %?y%)%?de}l%s%%%%vﬁgﬁ Cg?rglémq' ‘

N “dipnqspha;ase,_;hgtgrot:imeric-.GFprotein GTPase, ' small

© 0 ! monomeric. GTPase,. . dynamin GIPase, tubulin GTPase,

SRS diphdsphéinbsifélﬁpiythSphate . diphosphatase, °  H-
exporting ATPaseé"monosacchafid@—transpcrting ATPase,
maltose-transporting ATPase, glyceroi—B—?hoSphate~
transporting ATPase, oligopeptide-transporting ATPase,
polyamine—transporting ' ATﬁase, peptide-transporting

20 ATPase, fatty-acyl-CoA-transporting ATPase, protein-
secreting ATPase and the like.

The enzymes acting on the ester bonds may include

esterases, lipases, carboxylic - ester hydfdlases,
thiolester hydroiases, ‘phosphoric ester hydrolases,
25 sulfuric ' ester hydrclases and ribonucleases. Exemplary

enzymes ;acting* on. ester bonds 'include acetyl—COA
hydrolase, palﬁitéyl—CoA hydrolase, :suéciﬁyl—CoA
 hydrolase, 3-hydroxyisobutyryl-CoA -hydroiase, hydroxy-
methyiglutaryl—CoA_ hydrolase, hydroxyacylglutathicne

30 hydrolase, glutathione thiolesterase, formyl-CoA
hydrolase} aceﬁoaCetyl—CoA hydrolase, S-formylglutathions
hydrolase, 5"succéhyiglutathione hydrolase, oleoyl-[acyl-

carrier%ptotein}] fhydrdlase, ubiguitin thiolesterase,
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capable of hydrolysing 0- and S-glycosyl compounds or Nglycosyl compounds. The glycosylases may
also include a-amylase, P.-amylase, glucan 1,4-a-glucosidase, cellulase, endo71,3(4)-p-glucanase,
inulinase, end8 2%14; ->§\6Ianase 25 oligo-1,6-glucosidase, dextranase, c}yq?g&%ﬁ%m&se
bolygalecturonase ySozyme, levanase, quercitrinase, galacturan 1,4-a-galacturonidase, isoamylasa,
glucan 1,6- aglucosidase, glucan endo 1,2-P-glucosidase, licheninase, agarase,

exo-polya- galacturon05|dase k- cegrag qenase, 30 ster g g& ucosidasa, strl OSIdIn% P-glucosidase,
mannosyl-oligosacthafite g IREGSidASe eEsk, ohg%%fl flicah - a?y’ce&da 2! pBfmanuronate
hydrolase, chitosahase, boligADR-ibose)HycdtijRiroksen paritie SWO 26ch/d02-0%y 1 -Coh

PCT/SG2011/009069, nucleosigase;ipbsing. pugleesidaserLiiding puclegsidase, adenasine

nucleosidase, and the like.. The enzymes acting on acid anhydride's: my be for example those
4 _

acting on phospﬁﬁ?ﬂs Ctﬂpsulfaﬁ%%f’aﬁﬁmg SHHyaritReY iE)E@‘ﬁﬁﬁﬂslr%]'aéf’l’i%/ s attmofonacid
anhydrldeS are Mpﬁuielmeganlcpdlbﬁnmsmyétasermemhcsﬁhm@aaéfa mehoﬁﬁearcﬁi@mhatase

apyrasei- * nuclegside;diphdaphataseiaclphoSphatase. nucleotide . dipbdephathsee e~
endOponphosphatase exopolyphosphatase, OhUcIeCSIde phosphoHacthydroIase trlphosphatase/

CDP: dlacylglyté‘b]rd;bﬁ%ﬁhatagé’ %ﬁfﬂ%%%%renylcﬁﬁﬁ&&dﬁﬁase H%ﬁ&%ﬁ?p‘?ﬁ%phataé%b
cI|gosaccharldemmmgmmhﬁlpholpdq%@smaset heteretrimerics € -prateins@i PaSes small

mendmeriO. GTp %ﬁﬁgggg@(ngﬁﬁﬁcﬁggggﬁgggas§'—nucleotldase, 32,5 -
5diphCaphoinoSitOl IyphOsphatedlphosphatase exporting ATPase monosaccharide- transportlng

ATPase ! fhaltoss- ﬁ%%?)EBFtﬁﬁTPa%@%‘éF&d? Tb?losphat% Q@ﬁ%ﬁ%ﬁmg ATPHEEOSS -6~
OhgopepUdetﬁﬂ@ﬂﬂﬂﬁhg#ﬁﬁ%ase glycerolw2 phosphatase, phosphoglycerate

';phosphatase, glycerol 1- phosphatase, mannlto?—l phosphat—

‘ase,f sugar*phosphatase, ‘sucrose phosphatase,‘ 1nosztol»

_ 31(0r4}—munophosphatase, d-phyt ase,{ phOSphatldylglycero»
EﬁﬁiS )  phosphatase, LDP phosphoglycerate phosmhabase, M- acyl-
neuraminate-S%-phosphatase, nucleotidase, polynucleotide

3'-phosphatase, glydogenmsynthaseéDiphosphatase,'pyruvate

~ dehydrogenase {;ipoamide) . phosphatase, acetyl=-CoRA
carboxylase phosphatase, 3-deoxy-manno-octulosonate-8-
20 phosphatése, polynucleotide 5'-phosphatase, .sugar-

terminal-phosphatase, 'alky1acetylglycerophésphatase, 2~
déoxyglucose*6—phosphatase, glucosyliglycerol 3- phosphat-
ase, b-phytase, phosphodiesterase I, glycerophospho-
choline phosphodiésterase, phospholipase C, phcsphoiipase
25 D, .phosphoinositid@‘ phospholi@asé C, .éphingomyelin

phosphodiesteraée, 'glyceroghosphochOIine7 cholinephospho-

diestefaSe, alkylglycerophosphoethanolamine phospho—
diesteraée, giycérOphosphoinositol glyce- rophospho-
diesterase, aryisuifatase, steryl-sulfatase, glyco=
30 sulfatase, choline~sulfatase, dellulose—polysulfatase,

monomethylwsulfatése, D-lactate-2-sulfatase, glucuronate-
Z2-gulfatase, prenyl—diphosphatase,' arvidialkylphosphat-

ase, . diisopropyl-flucrophosphatase, oligonucleotidase,
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polyamine-transportingATPaae,peptide-transporting 20ATPase,fatty-acyl-CoA-transporting
ATPase,protein- secreting ATPase and the like. = The enzymes acting on the ester bonds may
include este{gg R@éﬁs carboxylic ester hydrolases, thiolester hydroIaPC@ﬁSegﬁSI%&mg ester
hydrolases, 2 suﬂurlc ester hydrolases and ribonucgleases. Exemplary enzymes acting on ester
bonds include acetyl-CoA hydrolase, palmltoyl -CoA hydrolase, succinyl-CoA hydrolase, '
3-hydroxyisobut Ah drol droxymethylglutar IC A hydrolas drox C Iutathlone 30
hydrolase., glutgﬁ¥L 98’ hlo%s(t:e?gse orl;%yl?{ ok %ggl’ol se, ;%ceﬁ)xagcerﬁc% ilsh)/dro a%é%
S-formylglutathléhémélfa%@QS é@é’e‘iﬁmgﬁﬁém|oﬁéfﬁfi/ﬁ}olaséhﬁmmﬂ[acykhmépbﬂérﬁ] hydrolase,
ubiquitin thi0|eSt§i§§%ucW@a%@l1/m3§97£@§é%@2(5—l]¢Q@Q06%sperg:l,fﬁ.lus nuclease
(citrate-(pro- 35)*@ e]thlolesterase,,(S meth I malo g CloA h%drolase ADP e endent
short-chain- acyl O0A hflarc]ﬂ%se "AD ependen medium- c%alrf-acy??:r ase acinoA-
hydrolasa§ dodembyﬁ.ﬁelc%eartléﬁpmeﬂhg hydrolede, Peirafgyl- @W@HDQWQI%%e A hydrexy7

enzOyl- CoAthleq§%§§%¢ZpQ@ bygmph%fé)@ppégnsr%l%lnatgéyﬁiyeJeﬁg,lqlka&ra%kb@eosphatase
acid phosphatese é)hoserme phoghatase hos hatidate Phos hataSe 51- n[_oleoidase

3 nucleotldase%l'i 2 HidiGsphaté RubIEGTdaSs?, % DhyRSSE iTEeee8 S Bhosphatess,
glYcerol-2- phosphemﬁ@hospﬁ@glyp@mlé@h@spﬁataSémgW@éldtmmmatﬁ@conO*

mannitol-4-phosphatases) sug%@%@@lﬁé@%@s%ucrost%mggehata% inyl-palmitate
|n05|tollorC) mone% osphataSe 45 phosphatl gé’geré)(? hatase A P lihoSphoglycerate

Phosphdtise, N&3 ?ﬁiae?ﬁamﬁ% a Tase, %‘? oti Ratlectie: § phdsSphatase,
glycogen- synthalsqaasphospr%taseapyrgaam dekydrogenasefizmamide} phosphatasesacetyl-CoA

carboxylase phogphatase, 3-deQxy- mann@—wuk%@g@iﬁ& phosehatase, palynugleotiden e
5'- phosphatase sugarterminal-phosphatase, a Iacetyl cero hosphatase 2-
XA 1o

deoxyglucose-6 thse, gluBBSYIGRCE Nﬁhosph (856 8 phytase, Dpﬁ&sap%]ord‘?@s‘ierase ,
gcherophospho&hom@hesph@@me;asegphosph@bp&weﬁphosphoh@w@p@hgsphbmosmde
phospholipase G_sphip Qméawosphgggeéé%%gseglycerf)pbﬁégh_lgmelme - lipase,

cholinephosphodiesteraSe, alkylglycero hosphoethanolemlneg ospho-

diesterase glyceﬁiéﬁlﬁigﬁ?ﬁ&%%ﬁ&lnglyce YopIt0ghHo- diestera’ J&?ylguﬁéf&%elﬁgﬁl? doffatase,glyco-
sulfatase, cholingtsultdtase aceltulase-polysulfatase - monohzathylsudfatase, BslactaieyZ-sulfatase,

glucuronate2-sulfatase, arenyl:diphosphatase 4apddialkyiphosphatase, dilsarronyh Jugraphosphatase,

oligonucleotidase,
deauetylase, chlorecgenate hydrolase, g=~amino-acid

20 esterase, 4d-methyloxaloacetate esterase, carboxy-
methylenebutenclidase, deoxylimonate-A-ring-lactonase, 1-
alkyl-2-acetylglycerophosphocholine esterase, fusarinine-
C—ornithinesterasé,:sinapine esterase, wax-ester hydrel-
ase, phorboi—dieSﬁef hydrolase, phosphatidylinositol

25 deacylase, sialate O*acetylesterase, Aécétoxybﬁtynyi_

bithiophene deacetylase, acetylsalicylate deacetylase,

methylﬁmbelliferyiréCetate deacetylase, 2-pyrone-4, 6~
dicarboxylate lécfonase, N-acetylgalactosaminoglycan
deacetylase, juvenile-hormone  esterase, bis(2-ethyl-
30 hexyl)phthalate {esterase, protein*glutamate methyl-

esterase; 11~ci5mietinyl—palmitate hyvdrolase, all-trans-
fetinylwpalmitate;?ﬁydrolaseL L-rhamnono- 1,4-lactonase,

5-(3, 4-diacetoxybut-1~ynyl)~2,2'-bithiophene deacetylase,
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poly(A)-specific ribonuclease, yeast ribonuclease, deoxyribetueleaee -(pyrimidine dimer), Physarum

polycephalum ribOnutlease, ribbnculease alpha, Aspergillus nuclease Si, "Serratia mareescens

- nuclease, c%oigflﬁﬁﬁ@se aylesterase, tri.acyl4dlycerol lipase, phos[)hoﬂ@?‘%%ﬁ%lmooom
lysophospholipaseacetylesterase, icetylcholinesterase, cholinesterase, t:ropinesterase, pectinesterase,
,sterol esterase, chlorophYllase, L-arabinenoiaCtonase, gluconolactonase, uronolactonase, tannase,

retinyl-palmitate 10esterase, hg/dé@)gybut rate-dimer ?drolase acillglycerol

lipase,3-oxoadi. Eli:e%o&ﬁéfc]io 1%37)&%\&0@% da8tolipaSe Gifisyrioxot&T6REEE Geylcarnitine

hydrolase, amm@mﬁwaﬁmydréiaseﬁamm@m- - Iac@mmkywmcon@atm €

phospholipaSe A &@I@E@wgllgeg%ﬁ@%%‘?{yla%E%%@ée'n“pﬁ@?uloyl esterase;.
dlhydrocoumarln ydrolase limpnin-D-ring-lactonase

steroid-lactonasEiFiaRatite-lacfonast ; M%W&H?é'&sﬁﬁge Slfs%ﬂ;n\ﬁ?@%aeiﬁrde It"ﬁ}iEI?f’o ase,
cephalosporin- Ol@iéaosmymomm@genatdbw}aiawammee@dldﬂjaaes,téraslwdrmeamdoxaloacetate

esterase, carbo '&?ﬁ“teﬂ%%i%éieeoxy%@??ﬁ‘é%ﬁﬁfi%@%%@ﬁ%% esterase -

alky1-2- acetylglycero ho E ochaline esterase, fusarinineC-ornithinesterase, sinapine esterase,
wax-ester hydro %Tf‘o ) KGiester hydrolase phosphatidylinositol 25 deacylase sialate
0- acetylesterase acetwhwbuwmmmpmﬂad@aceiylasepheetylsaimylate degcetylase;de

methylumbe'"fercvgag%@ﬁ%g@@eﬁeyme ZOMANEAEs  anc  erher. hydrolases.

dicarbOxylatelactonase;N-acetylgalactosaminoglycan deacetylase,juvenile-hérmone

esterasé,Bis(2- e@ﬁﬁ%@%@&%ﬂﬂla‘fﬁfe %E{“é%sé’%"rﬁfélﬁ‘@%téﬁﬁteoﬁew]ést%ki‘éé’@ther
11-cis- retlnyl patritate hydrolase, att]transceatyq,é—zpalm@aﬁsrhy@mase dpehamnenosi Asaectonase,

5(3,4- dlacetoxygggﬁiyiyg) -2,2!-pithiop %}ggs deacegglasg Vé/l%ggll/lOZQBQJLEp%T/SG2%%/000069

fatty- acyl ethyl -ester synthase, xylono-1,4-lactonase,
- adenosylhomocystelnase,:- adenosylmethlonlne hydrolase,

lsochorlsmatase, alkenylgiyce ophosphochollne hydrolase,

m:;iSIH 'epc‘.mlcl@:ZV'i hydrolase, ' trarcs- epoxysucc&nate hydrolase,
alkenylglycerophosphoethanolamine hydrolase; leukotriene-
A4 hydrolase, heoox1lln epox1de hyarolase and limonene-~
i,2-epoxide hydeAase '

The enzymes acting on carbon-nitrogen Dbonds 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,
anidase {acylase) , ésoaraginasé, giutamwnase, mmamidase;

C 25 _ B-ureidopropionase, arylformamldase, blotlnldase,f aryl-
acylaﬁidase, éminoacylase, aspartoacylase, acetyl—
crnithine -deacetylase, acyl—lysine' deacylaSe, succinyl-
diaminopimelate dés&ccinylase, pantothenase, ceramidase,
choloylglycine hydgblase, N-acetylgluccsamine-6-phosphate

30 deacetylase, N—acetyimuramoyl—L-éiaﬁine amidase, Z2-
(acetamidomethylenéisuccinate hydrdlase, S5-amincpentan-
amidase, formyiﬁéthionine.  deformylase, hippurate

ﬁydrolaﬁé, Nuaceiylglucosaminelfdeaéeﬁylase,' D-glutamin-
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cetraxate behtylesterase, ,acetylalkylglycerol acetylhydrolase, acetylxylan esterase,feruloyl esterase;
tutinase; poly(3=hydrOxybutyrate) IdepolYmerase,. poly(5- - hYdroxybetanoete) i. tiepoiymeraSe
aeyloxyacyl Mﬂ?}?ﬁ ;;sﬂrlyleXyadyl hydrdlase, polyneuridine-aldehyde esﬁ%ﬁ&zﬁ?ﬂo@ﬁ Uke'. The
enzymes acting on ether bonds may include trialkylaulfonium::-hydrolases and ether ygirolases.
Enzymes acting oh* ether bonds may act on both thioether bbtds and on the oxygen equivalent-
Specific enzyme' examples : belonging to these groups are adendaylnomocY Steinese,:,
adenoSYImethidtifehydrolase: Bﬁr:l)?t"f) HotiStathEs ™ Egnylg%gfé}%’bhoch%ﬁﬁéa‘F‘]%P(ﬂase, _
epoXide H hydrelaSpsrargsreb@syauccinadtehyaroldse calkenyighicamphosghoetiaindtarmine
hydrofase; leuketsienaid hydrolase, hepoxilinepoxide hydrolage;and limongnel 2sepaxide hydrolaae.
The enzymes acting on carbon-nitrogen bonds may 20hydrolyze linear amides, cYclic amides, linear
amidines, cyclic ¥rigfEfear cama%ﬁaa%s(ureaﬁﬁy&ﬁ’é%afu‘aﬁﬁre%’fdréééﬁHﬁmaéwamer
compounds. Spekific gxamplestiglongingste thesegrolipstaredrease, dea amidasedacylase),
25E'U.Te.idoprOPiQBQ%%ﬁEMQQJWéQ'%@%@ﬁ%é’%‘é‘mid@ﬁ%ﬁﬂ)ﬁ'&””ﬁ@ﬁ%ﬁk@,"“”id—ase' aryl-
acylamidase,aminoacylase,aspartoacylase,acetyl- ornithine deacetylase, acyl-lysine deacylase, .
succihyld}aminoﬁﬁﬁ(éﬁﬁf@?éf%ﬁ%éﬁﬁ%‘é &, pafotienide deramitasd: choliidlycine hydrolese,
N-acetylgiucosamine6plsesphatel 3D«ltacetylase, N acetysuiramoyl-Laianine amidase <2-

(acetamidomethylepesyceinate hydrblase, Ssaminapentanamidase., fokmyimeathionine deformylase,
hippurate-hydrolase, N-acenylglucosamine deaeetylase, D-glUtamin- ase; = .,
N4neﬂyﬁ%?Oko&ﬁ%ﬁ%ﬁﬁﬁ%hyddﬂ%%%ﬁﬂﬁ&nnﬁﬁ‘Ormylase'" dihydrepyrimidinase,

dihydroorotase, carboxymethyl-hydantoinase, creatininase, -

L&lyéiﬁefiactamase,fjarginase, guanidincacetase, creati-

‘nase; allantoicase; cytosine deaminase, riboflavinase,
15 ° and the like.

In one embodiment, the enzymes immobilized are

‘thiaminase, - l-aminoccyclopropane~l-carboxylate deaminase

enzymes acting on peptide Dbonds, which group i1is also
referred to as peptidases. Peptidases can be further
divided intd exopeptidases that act only near a terminus
200 of a polypeptide  chairn and endopeptidases that act
internally in polypeptide chains. Enzymes acting on
paptide bonds may,include enzymes éalected from the group
of aminopeptidaseé, dipeptidases, di- or tripeptidyl-
peptidases, pepﬁidyl— dipeptidases, 3 serine-type
25 carboxypeptidases,:ﬁ'metallocarboxypeptidaseé, dyéteine—
type carboxy@eptidases, cmega peptidéses, serine
endopeptidases, cysteine endopéptidases, . aspartic
endopeptidaées, metalloendopeptidases and threonine
endopeptidases. 'Séme specific examples of enzvmes
30 belonging' to these groups are cystinyl amincpeptidase,
tripeptide amiﬁopépfidase, prolyl éminopeptidase, arginyl
aminopeptidase, glﬁtamyl aminopeptidase, cytoscl alanyl

amincpeptidase, lysyl aﬁinopeptidaéé, Met-¥X dipeptidase,
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(asparagin-)ase, alkylamidase, atylagmatine amidase, chitin deacetylaee, peptidylTglutaminase,
N.-carbamoyisarcesine amidese" ..N-(long-thain-acyl)pthenolamine deacylase;, mitOsinase,
acetyIPytreS\ﬁag d ]%g%tylaser 47: aCetamidebutyrate: :deacetylase, theggjp&}gxﬂr}%ﬁ@;, -
(hydroxymethy )”-‘?BIIt’(gcestam‘idomethylen,e)succinate _ ‘ ’
hydrelasef4-Methyleneglutaminase,N-formylglutamate deformylase, glYeosphingolipid deacylase,
aculeacin-A 10 deadylase; peptide deformylase, dihydropyrimidinase, dihydrootptase, _
carbexyMethyl-Ryfantsinase Eieatintiase, HifFéihefiddamaserifgiiase, giatidrdatsidse,
creatinaSei allantoi2ase, ysasine Idaarhinese, riboflandnasejdhdaMinaggeptidase =,
17aminecyciopra@ggg@-ﬁgg@g&lg{q geaminase -%,5 and thedfip_eﬂ’c 0pe f—@@%?%%@a@? enzymes
0

immobilized are-enzymes acting on peptide bonds, which group is alsoreferred to as peptidases.
Peptidases Canﬁéﬁlfﬁﬁﬂéilai\(ﬁd'Wé%ﬁ%eﬁﬂda@%ﬂﬁ%&&y 1§ Peat S@Fmihus 30 BF 2 polypeptide
chain-andsendopEjticaeesthapagtittersally ingotyppicechaind dErzyntes attirg sonpeptide bonds
may include enzymes,selected from the gy minopeptidas ipeptidases, di-or . -~ - '
tripeptidylpeptidggg)s:%(peptidylgéi%%%%%%%%l,i%egr%r?é-type '25%%%32%/8%%%:%%%% o C’ -
metallocarboxypEpficaRes eysteine pecamoxypephiasesmegapeptiaases Serine 5~
endopeptidasesyistaineendepentitases, aSgattit:i tinyl  hydrolase 1, chymo- = |
endopepiidasesypeiallpendopepfidaseaandihreaning andopgptidases, Some spegifig examples of
enzymes. 30belonging’tothese groupsare cystinyl amlnopepti'(:lase,- ‘ ﬁpeptfde amlr]opeptl'dase, prolY1l
aminopeptidasePafgifyammiopepHiaasE GrRiAGmyP aRfifopepttidse’ tFtcsel armyT ‘aifitdpeptidase,
lyayl aminopeptddaegindet-X%dipepticasaa /0O 204442807 PCT/S6akk 00069 rolyl
non-sterebspecifiC, dipeptidase,cytosolugn ific dipeptidase,membranedipeptidaSe,dipeptidaseE,
dipepti-dyl.ep'e'ptijd%%%%?%%gﬁé(%ﬁ%ipe%t?ggs&%g;l&fdyl- egtgl} §sel%?t£r)|£p%ﬁi@ yﬁbep%&assseuﬁ, X-Pro
dipeptidyl-peptidése’ bEpRdyitdipESifasteAL fabSormal PRS-X carBBkysepiitiase éaibaxgpeptidase C,
aCylaminOacyltpeptidaibe; peptidytglyeinaMigiasa-aapartytpeptidase, ubiguiiayldiygselase 1, chymo-

15 -éhddpéptidase'JwBagj' v-renin, venombin ~ AB, = leucyl

endopeptidase, tryptase, scutelarin, kexin} Subtilisin,
Oryzin, endopeptidase - K, ' thermomycolin, thermitase,
endopeptidase So, t-plasminogen activator, protein C
(activated}, pancreatic endopeptidase E, pancreatic
20 elastase I1I, IgA-specific serine endopeptidase, u-
plasminogen activator, venompin 24, furin, myeloblasts,

semenogelase, granzyme A, granzymé B, streptogrisin A,

streptogrisin B, glutamyl ~endopeptidase 11,
oligopeptidase. B; omptin, toéavirin, - Elavivirin,
25 endopeptidase Clp, proprotein convertase i, proprotein
convertase 2, lactocepin, assemblin, hepacivirin,

spermosin, pseuddmohalisin, xanthoﬁonalisin, C-terminal
processing peptidase, physarolisin, cathepsin B, papain,
ficain, chymopapain? asclepain, clostripain, streptopain,
30 actinidain, cathepsin L, cathepsin H, cathepsin T, glycyl
endopeptidase, éancex prococagulant, cathepsin S,
piCornéin'B-CL ﬁiéornain 2..Aﬁ-caﬁicain, ananain, stem

bromelain, fruit - bromelain, legumain, ~ histolysain,
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trypsin, chymotrypain C, metridin trypsin, thrombin, plaemin, enterbpeptidase, acrosin, cx-Lytic
endopeptidase, glutamyl endopeptddase, cathepsin C, cucumisin, prolyl Oldgepeptddase, brachyurin,
plasma kalllkreln tissue kaliikreih, Pancreatic elast.aae, leukocyte. elastz?j %gﬂ'%gcerevj;sift,
nyPodermlnv@ fysyilendopepndase endopeptidase - La,- y-renin, vehombi , leucy
endopeptidase, tryptase, scutelarin, kex n, eubtilisin, oryzin, endopeptidase K, thermomycolin,
thermitase, endopegtldase So, tplasmlnogen actlvahor g[OtEIE C(a é} §tlvated ancreatlc
endopeptidase E2 B &fea |C Zglé}gé“t% }?‘QA %pec?c serine’én ﬁgﬁl&dse 0- ep?&?rﬁfn%gen
activator, venonWH@ﬁﬁ,myeﬁ)’bﬂmslsem%oge@géleg:’amz&ym@A gretZyse Bo stréptogrisin A,

streptogrisin B, glutary2.engoneplidase oligopeptidased omtin,togayiri %ﬂ@t«wﬁ@&%@ﬂgorJeptldase
Clp, proprotein convertase. 1, proprotein, convertase 2, lactocepin, assemblin, hepacivirin, spermosin,

pseudomonal|S|Hr>?5ﬁﬂ1%ﬁﬁﬁ1ahsﬁﬁr?§‘?é%ﬁ% p%bes&inﬁ%@bﬁaﬁgs ph)ﬁsja?glfs?fﬁl&th isin B,
papain;, fi€ain, chyﬁmpamnasclemmacseatnp&tnaﬁ}‘epmpamqaﬂaoﬂﬂ&mm cathepsnil, cathepsin H,

cathepsm T, glyggl ?gmpglptid% €5 proFgggliI@ntAcat in s, rgcorr%egg@rgcgl_ggrnaln 2A,

caricain, ananain; stem bromelain ru:t bromelain Iegumaln istolysain, W 2011/102807
PCTISGZOll/O(?éﬁ%@DSlE‘aspase F2GhRRsam R, caﬁfepsm W?%%I%%élt?athepsﬁ BD¢Bthepsin
nuclear- mclu&oﬁﬂ@pmhmm]eseg)@dﬁtemaseoﬁta@hmam talpimd,,' calpam:=2;3épaasesin

chYmosin ,cathepsinf @&Edgmg r}pogyertlggrﬁrgym%ﬁe%pse{glIIOQ@B% u@shgwillopepsinH/l,

pen|C|IIo epsm rhlzoguspepsm en ethlaPepsm mucorpepsin, candldapepsm eaccharopepsm

‘trhodototBlapeEiii Gk iGEiRdrdbepsin, pdly B8PSt - Bycnoporopeiging ééﬁ%ﬁ@éﬁé’psmA
seytahdepep&ns&c]cl-ﬂaead‘geg&mﬁ baurlmﬁepsmusm@eptldasectlppLa}am@psrpépmasmepsm I,

phytepsin, yapsin. 1. therMoPsin, prepilin peptidase, padavirus endonepfidase, memapsin 1,

memapein 2, atrolysin A, mlcroblafcollagenaae leucolysin, stromelysin 1, meprlnA procollagen
C- endopeptldasécéEPaH@%%%%ﬂHVSﬁ th&?ﬁ&?ﬁﬁlﬁacﬁlolyé?ﬁr&&r%ﬁ%ﬁ ICoccoly<ifrhyco- -

pepnldase II plasmeD31n I, plasmep51n 1T, phytep51n,

:“fi5'“ 'yap51n‘,l} thermep51n, prepliln ,peptldase, 'nodav1rus
| endopeptidase, memapsin 1, memapéin 2, _atroiysin A,
microbial collageﬁase, leucdiysin, stromelysin 1, meprin

A, .procollagen C-endopeptidase, astacin,j pseudolysin,

thermolysin, bacillolysin, aureolysin, coccolysin, nmyco=-

20 lysin, gelatinase B, ieishmanolysin, saccharolysin,
gametclysin, serralysin, horrilysin, ruberlysin,
bothrepasin, oligopeptidase A, :endothelin—convexting

enzyme, ADAM 10 endopeptidase and the like.
‘The enzymes acting on -Carbonwcaern bonds may
C 25 include, - but are not limited Te éxaloaéetase,
fumarylacetoacetaée, kynureninase, phloretin hydrolase,
acylpyruvate hydrolase, acetylpyruvate hydrolase, §#=-
diketone hydrolase, 2, 6~dioxko=6-phenylhexa-3-enoate
hydLolése, 2= hydroxymuconate semlaldehyde hyd?olase and

30 cy0¢ohexane L3 d one hydrolase.

_ The enzymes- act¢ng on hallde bonds may include
alkylhalidase, 2,naloac1d . dehalogenase, haloécetate

dehalogehase, thyﬁbxine deiodinase,shaloalkane dehalogen-
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20lysin,gelatinase B,leishmanolysin,saccharolysin, gametolysin,seralysin,horrilysin,ruberlysin,
bothropasin,oligopeptidase A, :endothelin-converting enzyme, ADAM 10 endopeptidase and the like.

The enzymes actirllsgeon carbon-carbon bonds may 25 include, but are not %gtgd to oxaloacetase,

fumarylacetg/a%é?é Qzﬁ%ureninase, phloretin hydrolase, acylpyruvate h)}J folaszé(},izla/g% %?)yruvate

hydrolase, pdiketone hydrolase, 2,6-dioxo76-phenylhexa-3-enoate hydrolase,
2-hydroxymuconate-semialdehyde hydrolase and 30cyclehexane-1,3-dione hydrolase. The
enzymes: actin@6ﬁ'haﬂd€563agﬁgﬁﬁﬁ?ﬁde%efmhgfgﬁ?es, %Hhélaﬁgiho&&‘?%%gﬁé 5& Haloacetate
dehalogenase, thyratinedeiodinasey haloed kankwdehalogen-4 Y0201 1Y 162804 PCT/SG2011/000069

ase, 4-chlorobenzoatepdehalogenase; 4schlorpbenhoy-Cad-dehalegenase; atrazige chigrohydrolase
and the like. The:immobilized enzymes disclosed ,herein may.also , .-- include enzymes acting on
specific bonds- $0EA ¥PhCSEETRFamitfd-StifogticosaRfitdsutiohydtoldte such . as
cyclamatesulfolyidselsiseaphespbonoacetaldehyde hydralase phosphendateiatehytealase, trithionate
hydroisse, UDP sylioguinvose Syathase.and fhe,like. Preferaply, the, snzymes argdyreases. The
enzyme may 10be chemically coupled to thie second epoxide-containing-cOmpOnnd:-.-that .nlbeen,
couMédtothefﬁﬂﬁﬁﬂ%aaé* _p gsphpnoacetate hydrolase,l tylthlonat@
o hydrolase, UDP sulfoquinovose synthase and the like.
. - '.Preferably, ﬁhe enzymes are ureases. The enzyme may
ﬂi{io'] bé c@eﬁiballyngoﬁplﬁd to the. sec@hd& epoxide-containing
| "jébmpdﬁﬁdffthétf_haéjlbeen= coupléd to. the first epoxide-—
"écbnﬁaini@g-doﬁpbuﬁdg It may also bé q0upled directly to
ftheZfiﬁsﬁfépﬁxyécéﬁﬁaihimg compound..”. o :
“Thegsubstxétéjbbtained f:om;thé‘d@séribed méthod for
15 immobilization of biological substances thereén has a
ether-containing compound having one moiety coupled to a
substrate and another meoiety coupled to .an epoxide-
containing compound; The substrate may be used in a
dialysis device such as a peritoneal dialysis device or a
20 hemcdialysis device. In one embodiment, the substrate is

used in a sorbent of a hemodialysis device.

_ Brief'Description of brawihgs

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

30 of the‘inveﬁtign.'jﬁ . '
Fig. la is aizéchématic of,'oﬁe‘ embodimentifof the

disclosed method éffﬁsing‘diénUCléophilic linkers. |
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containing compound It may also be coupled directly to _ - the ir.st:epoxyh,containing compound _
The substrate obtained from the described method for 15 immobilization of .biological substances
there6n has a ethe%%%r‘l]tamlng compound haying one moiety coupled to gcng)éd%q %‘ﬂﬂganother
moiety coup%% Tkt epOX|de containing compound. The substrate may be used in a |aIyS|s device
such as a peritoneal dialysis device or'a 20hemodialysis device. In one embodiment, the substrate is
used in a sorbent of a hemaodialysis device. Brief Description Of Drawings 25The accompanying
drawings illustrate, AfisclosBd ehfbodimerit AiGdere t6 %?ﬁrbﬂ%theaﬁﬁ%‘raﬁres W%Wf@losed
‘embodiment. It m@l&emdmhmﬁmvevmthahahe d:rawmlgs'are@tés@medl foérkmjrmmes of
illustration only and notas.a dgfinition: Q[{glggétﬁmg}lg%f the |@»\i%ntlorh ‘Fig. Hie is a- schematic of one
embodlment of the disclosed method of using diH-uncleophilic linkers.  Fit. Ib is: a Schematlc showing
another pOSSIbIe m@dl@ed substrate’ tmih@ﬁyﬁecobé&ln%dz&@mehhe sameiembodimnent the
_oflheMethsod shown |ri F|%dla Fﬁm%ds gsslprygn%%t iC %f %n%tgggggnobvgadimg &O:[m%e désclosed method
usmg oX|rane functlon ?lzedn'lL ers. ..

Flg.ﬁi% is a schemaulc of a spe61flc example of the
method shown in Fag la, when hexaned1am;ne is used as a
_llnker ard eplchlcrohydrln is used -as the first and

second epoxwde COntalnlng ﬁompound

:ﬁfgig2;4 JjB a schematlc of za specmflc example of the

lﬂufﬁéﬁﬁCd showﬁ 1n Fig 1b; when leClOOl is used as a
Adnker. T D -— |
- bétéiiéd Description 6f Drawings

?eferring ﬁd fig: la, T'here lS shown a schematic of

15 one embodiment of the dmsclosed method 100 of using di-
nucleophilic linkers. A free (primary) hydroxyl group on

- the surface of an insoluble polvyvmer 110 is first reacted

with an epihalohydrin shown in step A-~l. The reaction
results in  the release of the halogen on the

20 epihalonydrin and-é-profon on the hydrozyl group, forming
an ether bond, 1$uch that the iresulting, modified
substrate 112 is,fﬁna chemically coupled to an epoxide

group at the terminal end. The substrate 112 coniaining

the epoxide group is then, in step A-2Z, reacted.with a

25 di-nucleophilic linker having the general formula {II),

giving the linker médified substrate 114 as a product.

=)

rormula (II}'

B . whe:ein:
30
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a Sthematic of a--,spedific.example of thein Figib, when.. gThycidol is used as a Detailed Description
Of Drawings Referring to Fig. la, there is shown a schematic of 15 one embodiment of the disclosed
method 100.@ cIeophlllc linkers.. A free (primary) hydroxyl gro (1#1 of an
insoluble polyrf(r)ier 1%895 first reacted with an epihalohydrin shown in ste Li%&ﬁ %ﬁg‘ggﬁggn results in
the release of the halogen on the 20epihalohydrin and a proton on the hydroxyl group forming an
ether bond, Such that>t{he rHs t|n modéled substrate 112 is now chemicall upled to an epoxide
group at the terminal efid>The ‘sub Strate THESRERINInG fHe'sstade GF6th in Skep A-2,
reacted with a ZgﬁiﬁmucﬁbopﬁjIlcﬂmkeﬁﬁ@dlnqlﬂ?éigemeormaa(Ilmtg]vlngmhle;dmke:rd‘madlfled

substrate 114 as‘g@mmguctg@g@m ) PERBRA ) ¥kFe Pﬁorr@iﬁa wherein: 30 WO 2011/102807
PCT/SG2011/000069 ~Xand Y are3rndependently selected from NH, .14R, WHO, NRO, .0."S, Se

cpoi, CONH, CONR, ¢&s;:co% CONHG CONRSECORMINAT CONFNRSEEONRRR,'ORO, PH, PR-;
mdependéntly selectad froqﬁm@tgmgp cdnsistintrof bydrogest: dptienaly .skibStituted adiyl,

optionally subsiuted alkenylapinal subsified allogy. oponally subsitieglatl and ofptiohally

substltuted heteroaryl; and. pis an mteger independently selected
. substltuted alkynyl, ~optiondlly substituted aryl and

optlonally substltuted heteroaryl; and
, : jm} n, p and q ls an lntegex 1ndependently selected
}from 0 to 25, '

After the react*on with the llnker group 1n step A~

5

'inucleophlllc gr@up Y. o at ?its ;1terminal end: The

;the Sfmodlfled substrate ‘;kiéﬁ. now contains - the

S inucleophlllc group Y 15 tqep‘:eadfed-iﬁ $tep AQB-with
'JIS ' -another eplhalohydrln Via ngcleéphilic substitutidn, the
halogen present on the'epihalthdrin is substituted by

the nucleophilic group Y, resulting in -the modified

- substrate 116 now héving'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‘réacted with é biological substance

in the form of enzyme 120 that contains alnucledphilic

group Z in step A44. The enzyme becomes immobilized on

- the substrate to‘: give the oﬁerall. product 130,
25 Stabilizers such &s thiols may also be added-in step A-4.
Referring ﬁo Fig. 1b, there is shown a schematic 200

showing another product that may be obtained frbm the

same embodiment of the method shown in Fig. la. The steps
undertaken in Figl 1b are the sam@-as Fig. la. Howe%er,‘

‘30 in® step B3, more . than’ one MOlECU¢e of ep&halohydrln
undergoes ﬂucl@ODPlll” subst;tution at both the
nucl@ophlllc groubs ¥ and Y, r@sultlng in a ‘substrate

having multiple epoxide groups. Accordingly, thegfinal
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to 25. After . the reaction with the linker group in step A- the modified | substrate -.114: now contains
the hUcleophil,it group Y at its H terminal Henth The - is tier reacted in step A-3 with 15 another
epihalohydripn, Via n philio substitUtion, the halogen present on the epi rn i . ubstituted by
the nucleopﬁ%zﬁéﬁﬁ@?resulting it the modified substrate 116 now hav?#%eg%%/r% rﬁl?)(lgety 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 biolggical substance in the form of enzyme
150 hat contanBE eI a2 [Tt e THo sy E5E8mes RmBBL4a Bh the
substrate to givesthesavaradt préduct 180: 258bilizérsssuchiass thintemay Biso. l@@addédsin step A-4.
Referring to Flg-eltadtb@;[%ﬂé§h%%%§3;s¢ﬂs&r@@fe%0%mww another progduct that may-beobtained
from the same-embadiment of the method shown in Fig. la. The steps undertaken in Fig lb are the
samé as Fig. la. #iivever; 30in %?@&E%@,%o:seuﬁ%W&% mofecule SFEpihﬁbedrir‘ﬁﬂder e
undergoes$:nucledphiicsubstitutionatibeththenacledphiliegroups deand-Y4 résulfihg in Zesubstrate
having multiple epoxide graups.Accordipgly, the final,sodiied subsirate ahiained (216) differs from
modified substrate 116: in that the substraté 216 contains additional 'epoxy moieties 242 at
nycleophilic grougs™x gty Mdtified : Sifstrats 218°¢an HiehOfdelyd itimbHiliZatdr isactions
similar to Step Beduire Eightes Bfering 16g.x2 thereTs showir arsehemalic ©f one eaibodiment of :the
disclosed methog 30 SN0 ne funotignalized ligkers, The: sybstzate 310,confaiping; hydrexy
:group is first reacted with an epihalohydrin shown in step 0-1-The reaction results in"the release of
theHhalddenlon SPR¥ePiRadHyarih and Rjidrogenclor e s hydrO%y §vtipt aligRsthet the reSulang
modified su bstrai;e;;é'igés};ng\ﬁMihkgd‘ taian epaxidegredpiat thenterminat egenTHeosubstrate 312
contaiining the epoxide group.js her instep gagted with af least ope {init af.an.gxirane functionalized
linker-having the, general formula (Ib):.. ..~ - X.is selected from NH, NR, NHO, NRO, 0, S, Se
COO; 25CONH, €

SBNRS CBYY cos CONHE, CONRBFESIHNIICEONENHEORRNRIBNO, PH, PR
R, R1, R2, R31 Bﬂ@ré iﬂ*fckngGI_delaﬂyzSeIEGtezi froon tlae gtoup consistingsafdydepgen; optionally
SUbStlztut?g alkyl‘ti%%na:l_lx Sypggtu@%ﬁa¥gg¥kggt|%@y at least one unit of an

oxirane functicnalized linker having the general formula

{(Ib):
| 1 ) 0
VISR W AR U A TN
TR =\
20  - _ ; " formula (Ib)
| wherein:

X is selected from NE, NR, NHO, NRO, O, S, Se, COO,
25 CONH, CONR, Cs8s, COg, CONHO, CONROC CONHNH, CONRNH,
CONRNR, CNO, PH, PR; S
R, él, R*, R®, BY are independeﬁtly selected from the
group cqnsisting_jof hydrogen, optionally substituted
alkyl, ::optionally substituted alkenyl, opticnally
30 substituted alkyh&l, optionally éubstituted aryl and
opticnally substitﬁﬁéd heteroaryl; énd o _ ,
m, ﬁ, r and q:@s an integef,indepéndéntly,sélected
from 0 to 25. | o
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30substituted. alkynyl, Optionally substituted aryl and optionally substituted heteroaryl; and m, ft, p
andis an integer independently selected from O to 25. After the reaction with the linker in step
resulting. m 'f'%ilﬁ&%l}rate 314 now contains the epoxide. groupy, /§P§91%5@m3
‘functionalized linker at its terMinaiHend.yTnel.epoxide; terminal group is then reacted with a,
biological substance 329 that contains a nucleophilic groUId Z in step C-3. Eventually the biological
substance is immobilize g on thefl substrate to glv % equer Il P]'(oduct 330, ite %rrlnggd ‘Fig. 3 there
is 'shown a schematlc]ﬁ 0%t a eeclﬁ%c eiample of the et 08 SHown'| mEﬂ;SEfaco

wil.ell- hexahedlaimmé,usmemca@élmﬂ(eﬂruh%t@@t)e?-l?léndlovem@ml‘emhwmhls ureEikasithe first and

second epoxide gangginingcompaundin staps D-4.and D53 The dgsulting paodified :substrate
.contains-one ethe mm%y ‘440 and at-15least one epeXy moiety 442, as exemplified in substrate 416.

It may also contBﬁFﬁﬁﬁ’t & BPdxy MGiefiBS s shdvirr i iioulifed E%&Faté&%%o%%%gf
Referringdo Flgmmerees srmmiag'smémat@%@@flaespeaﬂ@ exaimpte ofthetraethed shown in Fig.

Ib, 20 when glygidal is. q% a linkerin step E;-2. The resultingsproduct.obtained,is indjcated by

reference numeral 514. amples 5Non-limiting embadiments of the invention and a comparative
example will be Wﬂ%@&nbﬁé@ﬁtﬁﬁéﬁer%tam?&&éﬁ 87 pbtfic Banas Switith should

glve the .overall product 330.
Referrlng to- Flg 3 there.is shown a schematlc 400

ﬁof a speclflc example of the method .shown in ng 1a, but

':ﬁ{when hexanedaamlne 15 used asga llnker in. sbep D=2 aﬂd-
;eplchlorohyd 1n lS used as the. flrSL and second epoxide
]contalnlﬂg compounc .in steps D- 1 aﬁd D-3. The-fééulﬁing
mod fled subs*rate contaﬁns one- ethef m01ety 440 and at

:iS" least one epoXY m01ety 442, 'as exempllfled in substrate

| 416. It may alsc contaln multiple epoxy moieties, as

shown in modified substrates 450 and 452.

Reférring-to‘fig. 4 there is éhown a schematic 500

of a specific exémple of the_methbd shown in Fig. 1b,

20 = when glycidol 1is- ﬁsed as a Jlinker in step E-Z. The
resu&tiné product. obtained is indicated by reference |

numeral 514.

Examples |
7‘.25' Non-limitinhg ~ embodiments of the invention and a
comparative example will be furtherldescribed in greater
detail by 1“eferefl:ce to specific EXamples, which should
not be cons*rued as in any way llmltlng the =scope of the
1nventlon S :
30
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not be construed as invention. 30 in any way limiting the scope of the WO
2011/102807PCT/SG2011/000069 Example 1 PreparationEpoxy-Functi onalized Substrate
Ne.rcerication.and.epoxy-functionalizationof ellulose was conducted by treating a v‘i]%orously stirred
uspension OW%%ISP%S ulose in 100 ml of 2.4M-sodium hydroxide with §S%SI 0 le]p%mH?g?ohydrin at
55C for 4h. The reaction mixture was filtered by suction and the solid residue ,("primary epoxy
cellulese") was washed with Latrapure water. (3X-50-ml). The epoxy group loading of _.. dry primary
epoxy cellulose was 125: umol/g (see-Table 1). The FrERM8pdxy-cellulose (15.3 g of wet material) -
was reacted with 15 ml of/hexenetdiamine (70% aqueous '15solution) in-100 ml of methanol at 23C for
4 h.The reaction mdur wsdlicied by s dlongndupshedonre ull S0P gL pethanol 1o give 9.2
g of wet "amino cellulose e presence of pr ﬁ%iry amino groups on the proguct..was gualitatively
assessed'by its reaction:with 20ninhydtin. - - L ' '

5 ,*¢jﬁ‘Mer¢érizétiopff;_and:_ e?oxy—ﬁunctionaiization of
.céilulésé was‘déﬁﬂﬁétéd by treating a vigoroﬁsly stirred
'susﬁénsidn of'S.Oig;bf cellulosejinﬂloo ml of 2.4M sodium
hydiﬁxide'witHqu'ml of epichlorohydriq at 55°C for 4h.
ﬁTﬁe Hreadﬁion.‘ﬁixiure. was fil#ered{ by suction and the

’riéﬁlid ieéidué‘lfpgiﬁafyﬂépoxy gelluiose“) was washed with

| ultrapure water. [3%50. ml). The epoxy group loading of
Ed?&;ﬁr;méfy épbkgiéellulose waé'i25fumbl/g (see Table 1).
- f:THe'priméry épbgy—ceiluloSe (15.3 g.pf:wet material)
| wés-:éaitéd wiﬁhﬂis ml_of,&mxéne%diamine'(70% agqueous
15 solution) in 100 ml of methanol at 23°C for 4 h. The
reaction mixture was filtered by suction and washed once
with 100 ml of methanel tc give 9.8 g of wet "amino
cellulose”™, The presence of primary amino groups on the
product was qualitatively assessed by its reaction with

20 ninhydrin. :i ' _
The ‘amino cellulose (9.6 g of wet matetial),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 washing with cold water (3x 100 ml). The
epoxy group loédiné of dry secondary epoxy cellulcse

product was 108 umol/g (see Table  1).
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The amino cellulose (9.6 g of wet material) was then reacted with 30 ml of epichlorohydrin in 100 ml of
methanol at 23C for 4 h. The reaction product ("secondary epoxy cellulose") was obtained by suction
25 filtration and washing with cold water (3x 100 m1). The epoxy group IQading of dry secondary
epoxy ceIIuISVS%ZSH)ﬁ?Fé Was 108 pmol/g (see Table 1). ;METHOD:FOR ?%%ﬁ%émmATION OF
THE EPDXY GROUP:LOADING -HA ample of the epoxy group containing material (about 1g of wet
'material) is suspended in 5m1 of water. The suspension i%traged with 0.0%% 1 to neutral pH if

necessary. The .neutral sﬁ%ﬁéﬁ&bﬁ%té&%@e@% ]{P& 3V gqt}ggusla godlﬁljrw ﬁ’%ggulphate solution -

followed by incubation for 15min with occasionall§H#ekifg. The .10 suspension id then titrated with
0.01N Hal against bromophepol bluel The :total amount of epoxy groups present in the
sample’.is,equivalerht to the amount of HC1 consumed.in the titration .: The epoxy loading of the dry
material is calculated Basé@®htfie kifowh\WatEPesriterfts T80 OB 6fthe Wét nTitERAl: Representative
experimental valugs-arte summarizestinbakieik Example2 2etmmobilizasioh afiJreaser. The'
secondary epoxy.cellulose:pri ed.in e 1.(12.5 material) w en in.a-cooled
solution of Jack Bean ure a%%g 851 go)lli%jl ag%%lg?%}[(j)tﬁl* -“2%3 gpi\z/iysis&i}um p c?éghzlt%%%ge_r %%gH 7.5. The
immobilization réacHtiF fasadairied bEit HEAR iidub3HEPSRad? At 4€ foF 93hec with Thlreaction
mixture was thepfiltereg by sustion asddheresidueinynabiized bieaset) was mashedsd times

30with cold ultra, pure water (3x 150 ml)..POST-IMMOBILIZAT: EATME OF IMMOBILIZED
UREASE WO CﬁfS?SS?PC %eroalal% 006‘1}94’\4[%e %gnwé()abél?zgeh(;g Ereagggv%awsJ c')akebfjﬁ% an aqueous
solution &f. cysteispsmgH®L), éthylehetiaMinctétagsetic'add (EBTRNLOMNY @ifgrebse. (0.2
g/rrd) for 10 min feQweeryisugionliratins, andfyaphilizesiendor 24h. Comparagve Example

TABLESTabIF"lpCr:ggne%acnS&D tjh.e'f -sa:z'tzz.;;jjle"' is equivalent to the ‘aml'ount -of HCYL
i Cﬁns&médfin ﬁﬁéjﬁiﬁtatibﬁg The épd%y.léadihg;of the dry

_ ﬁateéiél;is oal¢uﬁéted based on the known water contents
15 {LODf of the wet material. Representative experimental

values are summarized in Table 1.
Example 2
20 Immobilization of Urease

The'secondaxy epory 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
25 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 ("immbbilized ureasé") was washed 3 times

30 with cold'ultra pure water {(3x 150 ml).

POST~IMMOBILIZATION TREATMENT QF IMMOBILIZED UREASE
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activated/modified ,(Sigma-Aldrich) , ofepoxy cellulose. and groupdensityof commercial:EuPergiteC

Epoxy- after step (ptol/g) loading Dul Epoxy loading after stepDi.--3 (pmol/) Eupergit (pmolig) Titration

value 12 i i
5 1%8022%91/%%?@ ercial claimed value N.A. N.A. 200 PCT/SG2011/000069

The'immobilized ureése was socaked in an agqueous solution
~ of dySteih‘ (Smg/ml), . ethylenédiaminétetraacetic acid
(EDTA, 1.0mM} and glucose (0.2 g/ml) for 10 min, followed

by suﬁtidn‘filtraﬁidnﬁ and lyophiligation for 2€h.

. Comparative Examéle
TABLES

Table | 1. Comparison - of epPoxY group density of |

.actifated/modified Ecellulosgu;and-Ecomme;cia;.‘Egperg¢t® C
'(SigmafA@drich} f1:”' ‘ l | | :

— Epoxy%ijj loading EpOXy 1oadiﬁg afte% Eupergit-
after step D-1  |step D=3 . - | (umol/g)
| tamol/g) © (umol/g) | '

Titration | 125 | 108 260
value. _
Commercial | N.A, N.A. 2200

| claimed

o value
100

Table 2. Comparison of ﬁhe activityiof immobilized urease

on activated/modified cellulese with and without amino
linker .

Substrate Activated "celiulose .Acfivated, celiulose

with amino linker without aminc linker

Aorivity of | 1100 100 |
immobilized '

urease

product
(U/g)
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10 Table 2. Comparison of the activity of immobilized urease on activated/modified cellulose with
and Without amino linker Substrate Activatedcellulose with amino linker Activatedcellulose without
amino linker, A{?tivg]y of immobilized urease product (U/g) 1100 <100 WQ 3961,(1;/10 80

PCT/5(3201W 58 @zﬁﬂgbleB:Comparison itmobilized on ' commercial C)Pan Sh activated

| Table 3. Comparison of activities of urease
inmobilized on’a commercial substrate (Eupergit®

1'C) ard on activateéd cellulose

Substrate - Eﬁpergit@I Activated
C : cellulese

Activity T | 689 1850

immobilized ‘
jurease  product

(u/g). -

Applications 5

The disclosed method of‘preparing a substrate is

‘ a cost effective and efficient ;way of  producing a

- 10  substrate that is capakle .of immcbilizing functional

| substances thereon. Advantageously, the method ensures

that the substraﬁe produced by the méthod allows the

functional substandes,‘_such as enzymes, to be stably

immebilized thereon. More advantageously, as the enzymes

15 are stably attachédjto the substrate, the substrate can

be reused repeatedly for long periods of time withoﬁt
subsfantially losing‘ité-enzymétic acﬁi#ity.'

As the disclosed method can also work with low

cost starting materials, the overali production costs can

20 be sﬁbstantially ieduéed if the method is used in large

scalé production  of the ‘substrates. Moreover, the

chemical linker bétween the substrate such as a solid

support and thé functional substancé is ﬁon%hydrolyzable.

More -advantageousiy; the dnertness of the linker also

25 attributes stability to the immobilized functional
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ofactivities .substrate Cellulose of-urease (Eupergit(r) Substrate C
-upergit(r) Activated cellulose Activity Activity immobilized urease product- 689 11850 Applications
The disclos 8 h}qu 7preparlng a substrate is a. cost effective and eff*péqrgtc%q}/m%(p(roducmg a
10substrate |scapaIe(ﬁlnwnobmzmgfuncnona

substance as the p0551b111ty of llnkex breakage due to
‘_uﬂdeSLIable chemlcal reactions 15 reduced

_ The dlsclosed m@thod also ‘enables the -user to

vary the dlstance of the active oxirane groups from the

5 'substrate. When__the active ox*rane groups are: at\_a

su1table_ dlstancéz fron1~the substra;e, their reactiviﬁy

:towafds the immobilization of functional substances may

increase due to iedﬁced steric hindrance. In addition,

the linker may bé;chosen to ensure a‘high loading of

ZO ‘ reactiﬁe;@pox1ae groups, which'in?turn translates to a

- high' . lgadlng of functlonal ,‘substance‘sj 'Moreff'
advagtagéously, the ‘linker may also be chosen such that:
it ‘iﬁhérently _“possesses certain’ des¢red_ .chemlca;‘
propéréiés. Fcrﬂ:éxample, when di-amine = linkers are

15 chosen, the final“éﬁbstrate obtained may have an inherent
pH-~buffering - property. This 'is especially useful in
applications like peritoneal dialysis where the lifespan
and the efiicacy of the sorbent may be adversely affected
_ by a high or low pH

20 . - The method  also"allows the easy post-assembly
- modification of_off—th@—shelf dialysis membraness such as
cellulose-acetate based dialysers with urease. Urease can
be immobilised after assembly, and can also be

immobilised en one face of tHe membrane only.

25 The substrate obtainsd from the disélosed method
also allows immobilizatioﬁ of the bkioclogical substance
thereon to be carried out in a simple, robust and user
friendly way.’ Fdr' example, the ‘immobilization of a
biologicél substance can be :easily carried out at a

30 laboratory mevel ':“hls is so,;because the immobilization
of the blologlcal substance can be carried out at amb;ent
temperatures {(e.g. room temperatures) in water/buffer

solutions without ' reguiring additional chemicals or
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substances thereon. Advantageously, the method ensures that the substrate produced by the method
allows the functional substances,. such as enzymes, to be stably immobilized. thereon. More

advantageous(léy& as the, enzymes 15 are stably attached' to the substrate,, the 'substrate can be

reused repeg/t W]fgﬁgﬁg periods of time without substantially losing its %(r:{%? At Be |(’/?ty. As

the disclosed method can also work with. low cost starting materials, the overall production’ costs can
20be substantially reduced if the method is used in large scgge production of the substrates. Moreover,
the chemical linREFGEWEen hevSIiaPae Stk as §§8Iid' Bpott &nd e fLﬁ‘fg%ﬁéP tance is
non-hydrolyzablex dforezddvantageotrsiy; shesnertrigss] bf twniihker dksoiZ5attibetes stability to the

immobilized fungtignal; substance as.the pagsinlity of linkerb gakage g ta pndssirable chemical
reactionsis reduced. .~ The 'disclosed method also enables the user to vary the distance of the
active Oxirane. §ritifsitimitnd@dtbstrate. W@f-ﬂ?edacﬁ@%xﬁﬁe gotps A& At A&hisle distance
from:the substratentheir seadtivitytowardsi the. imatéilizatipmboffuactional suostances iray increase
due to reduced steric higdrance, I adgifion, the linkerpay be sehgsen {o.ensure a.highleading of
reactive epoxide 4roups, which in ‘turn translates to a high- loading 'Hof H functional substances -More
advantageously"tHé fikerdRay Hisd bethoset Suckithal 15 itiffierénty 10 dialysis
--Hpoasessescegaintlesiredrehenicat propestieefor examplepwhen disamirtesdlinkers aee chosen,
the final substraye ghialed may fiave aiinhergnlpt-nilleng proparty. s bs espeqialy useful in
applications like peritoneal dialysis where the lifespan andthe efficacy of the sorbent may be
adverseflaffectedOBF AHigR or IgwpH 2110w - the prodéct  to  be wsed in
o ‘ -eﬁviﬁonméntal appiications such.aquater treatment, scil
treatment, or waste treatment. ' : . A
. In addition, the discloséd method and substrate
may also be uééful in any one of the following
015 applications: affinity chromategraphy, solid phase
materials for chromatography - {chiralj), molecular
imprinting, immobilizing dyes, Sensors, biosensors,
organic filters for selective toxin absorption,
pharmaceutical ap?lications {coating and binding), solid
20 ~ phase ion exchangeﬁs, solid phase metal scavengers and
anti-cxidants. S
While reasonable efforts have been employed to
describe equivalent embodiments of the present invention,
it. will be apparernt to the 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 Irom the spirit and
scope of the invention‘and it is intended that all such
modifications and adaptations comefwithin the scope of

30 the appended claims;
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20 Themethod alsoallowstheeasypost-assembly modification of off-the-shelf dialysis membranes such
as' cellulose-acetate based dialysers with urease. Urease can |

beimmobilisedafterassembly,andcanalsobe immobilised on one face of the membrane onIy 25 The
substrate obtained from the disclosed method alsoallowsimmobilizationofthgbialeginaleuisiance
thereon to be carried outin asimple, robustand user frlendlyway For examplﬁé&g;garg%wg@tpnofa

10

i5

20

25

30

35

Clajims

1. A substrate comprising compounds -disposed thereoncoupled to
a functional molecule, each compouhd héving a chain
comprisiné:

a meiety R that is chemically coupled. to phe-subsﬁrate,
said moiety R being selected from the group consisting of an
ether, ester, carbonyl, carbonate ester, thioether, disulfide,
sulfinyl, sulfonyl, carbonothioyl,anine, amide, . carbamide,
ureas and guanidines; and o

an epoxide-coptaining moiety that 'is coupled to the
moiety R by -a- linker comprising at least one nucleophilic
group selected from the group consisting of an amine, hydroxyl
and thiol; ' |

wherein the functional molecule comprisés an enzyme
selected from the group consisting of urease, uricase,

creatininase, lipases, esterases, cellulases,  amylases,

pectinases, catalases, acylase, catalase, esterase, peniciilin ‘

amidase, and proteinase-K.

2. The substrate as claimed in claim 1, comprising an
additional epoxide containing group‘couplad to the chain

3. The substrate as claimed in claim 2, wherein the number
of additional epoxide containing groups is selected from the
numper 1, 2, 3, 4 and 5.

4, The substrate ag claimed in claim 2 or 3, wherein at
least one of the additional epoxide containing groups is
coupled té said chain by the nﬁcleaphilic group of said
linker, '

€9
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biologicalsubstance canbeeasilycarriedoutata 30 laboratory level. This is so, because 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 reagents.
Advantageously, the absence of additional chemicals or reagents significantlyfaciaiesdhRes
purification of the immobilized product. The immobilized functional material opiaiped framibe
disclosed method 5. can also be non-toxic,, biodegradable and biocompatible. Advantageously, thiS
allows the substrate to be used for medical applications, such as for example in dialysis applications
as a sorbent to remove unwanted waste products from the human body. Furthermore, these 10
properties also .&llow The :proidurct 4o de asedlinigrviroimentaliapplicationssibch as water treatment,

soil treatment, oLaStS, IreAIMEN, § nker eagdition, thesdisclosed meathad and substrate may also be
useful in any onercguthse Icollowin‘gh 152 pléilg tiig()nggéi g{fir‘lai-t O}C;Qrc%mgt% re k%, soljrdo hgse
materialsforchro%at@grap%ﬂchhlral),mo ecular |mpr|ntin§f immobilizing 3yeg, nsé’rs, biosensors,
organicfiltersfor<Se1B cOeRIRFM AR oI B ncEBhErmaceutical applications (coating and binding), solid

6. The substrate as claimed in claim 5, wherein said
additional epoxide containing groups branch f£from the
chain by coupling with the additional nucleophilic groups
of said linker,

10
7. The substrate as claimed in an§ one of the preceding
claims, wherein the nucleophilic group of said lipker‘is

an amine.

" 1% 8. The substrate as claimed in any one of the preceding
claims, wherein the linker is selected from the group
‘consisting of saturated and unsaturated aliphatiAc and

aromatic amines, diamines, and triamines.

20 &, The subs.trate' as claimed in claim 8, wherein the
aliphatic group of said amines are alkyl groups.

10. The substrate as claimed in any one of the preceding

claims, wherein the linker does contain an' epoxide group.
25 ' : '

11. The substrate as claimed in any one of the preceding

'claims, wherein the linker comprises at least one of a

di-nucleophilic speciles and a poly-nucleophilic species.

i
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20phase 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 the person skilled in the art ' 25 after reading the foregoing disclosure, that various other
modifications and adaptations of the invention may be made therein -withouhdeRaRING Fkshe spirit
and scope of the invention and it is intended that all such modifications and ﬁg&g}gﬂgﬂﬁw within
the scope of 30the appended olaims, claims ‘1. A substrate comprising compounds disposed
thereoncoupled to a functional molecule, each compound having a chain 5 comprising:  a moiety R
that is chemically coupled. to the substrate, said moiety R being selected from the group consisting of
an ether, ester, carbofiyd Garbepaieestay, thieethar, disulfide: sulfinyl, sudfesm, aatbonothioyl,amine,

amide, carbamide, 10, urcas, and QUaNdNGS: And .. ANKRONHECONAININg Mgy that is coupled to
| g |

the moiety R by ‘a linker comprising at least one nucleophilic group seleCted from the group consisting
of an amine, hyBPSxFPaAd AT 458H&Rin the functional molecule comprises an enzyme selected
from the group consisting of urease, =lease, creatininasei lipases, esterases, cellulases, amylases,
pectinases, TatalasesrReylaass alalnses epianed peaicHinamidase, astk-piatetnase-X. 20 2. The

~substrate as clajmggLin Glaing k. £ampgrising.an adgditiqpal gpoxide centaining groyp coupled to the
chain 3. The substrate as claimed.in claim 2, wherein the number 25 of additional epoxide containing
groups is select%ﬂ"ﬁ%ﬁ?fﬁg Ber 12LE1HRT 5 4. RRL O SH AR 22 %alEaNR Claim 2 or 3,
wherein at least®a8¥fhe additional epoxide containing groups is 30 coupled to said chain by the
nucleophilic group of said linker. 35 '

10 - 14. The substrate as claimed in aty one of the preceding
ciaims, wherein the epoxide contaiﬂing—compound is
- derived by reaction of an epihalohydrin with the

" nucleophilic groups of said linker.

15 * 15. The substrate as claimed in any one of the preceding

claims, wherein the substrate comprises a polymer.

i6. Thé gubstrite as claimed in claim 15, whereih‘the
polyner is a‘biocompatible polymer.
20 _ ,
17. The substrate as claimed in claim 16, wherein the
biccompatible polymer is selected from the group
consisting of a polyester substrate, a polyamide
substrate, a polvacrylate substrate, and a
25 polysacchaxidembaséd substrate. '

18, The substrate as claimed in claim 16, wherein the
polysaccharide-based substrate is selected from the group'
consisting of cotton linters, cotten pulp, cotton f£abrics,

30 cellulose  fibers, celluiose kboads, cellulose powder,
nicrocrystalline cellulose, cellulose  membranes, rayon,
cellophane, cellulose
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69 AMENDED SHEET 1PEA/AU PCT/SG20111000069 Received 27/03/2012 5. The substrate as
claimed.in claim 3 or claim 4, wherein'said linker comprises additional nucleophilic groups to which
said additional epoxide containing groups are coupled to said chain. 6. The substrate as claimed
in claim 5, wherein said additional epoxide containing groups branch from thecghaipdy eesdseng with
the additional nucleophilic groups of said linker. 7. The substrate as claimedig.any ong@dhe
preceding claims, wherein the nucleophilic group of said linker is an amine. 15 8. The substrate as
claimed in any one of the preceding claims, wherein the linker is selected from the group consisting of
saturated and unsaturated aliphatic and aromatic amines, diamines, and triamines. 20 9.The substrate
as claimed in clart8tevhereihithesalipheticagroupotsartaminesidgrsatikyl gFotiis: 10. The substrate
as claimed in anjepnemwfdng preoedingdlaimas ppehgeeivthédissker does contain an epoxide group. 11.
The substrate as claimed in any one of the preceding claims, wherein the linker comprises at least one
of a di-nucleoph%.lg: sp%!&es %gt ggéy-ggclggggj‘ligdsg%cie L9 1fe Thsh%{,gggatghgs claimed in claim
14, wherein the Tinker is selected from at least one of an alkyl-diamine and an alkene-diamine. 5 13. |
The substrate a8&MREA R AHPEEPRETein the linker is selected from at least one of | o
ethane-diamine, propane-diamine, butane-diamine, pentane-diamine, hexanediamine. 10 14. The
substrate as clawned immanywra sétbe preceding elaimsnyherrindherepoxitie-eantaining-compound is
~derived by reactjgn of an egipalabydrnwiththe.nuclegphilic, groyps aksaid daker, 4p 15. The substrate
as claimed in any one of the preceding cI%i.ms, wherein the substrate c?}mgrisgs rillpolymer. 16. The
substrate as claifiBahGI&Im 15 WhefSR tHEpolyiAs 18 - BbcompafiblR pon it 20

€ polymer.
.. 10 homogenous mixture of stabilizing additives selected to

stabilize said functional molecule.

2l. The éubstrate as claimed in claim 20, wherein the
stabilizing additives are selected from the group
15 consisting of a sugar, an organic acid , an amino acid, a -

sugar acid and a thiol. -

22. A method of immobilizing a functional molecule on a |

substrate comprising the step of exposing. the‘ functional
20 molecule to the substra.te as claimed in any one of claims

1to 21, '

25

30
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17. The substrate as claimed in claim 16, wherein the biocompatible polymer is selected from the
group consisting of a polyester substrate, a polyamide substrate,apolyacrylatesubstrate,anda 25
polysaccharide-based substrate. 18. The substrate as claimed in claim 16, wherein the
polysaccharide-based substrate is selected from the group consisting of cotpes kiziess: B6stR0 PUlp,
cotton fabrics, 30 cellulosefibers,cellulose beads,cellulose powder, microcrygtalling sedglose, cellulose
membranes,rayon, cellophane, cellulose 71 AMENDED SHEET 1PEA/AU acetate, cellulose acetate |
membranes, chitosan, chitin, dextran derivatives and agarose derivatives.  19. The substrate as
claimed in claim 15, wherein the 5 polymer is a biopolymer. 20 The substrate as claimed in any one,
of the preceding xlaimasfurtiere@mpesing al aeatdg disposetladn sarksubsratehdle coating '

comprising a sybgiaptially 1%0 hamogengys npgurea%fpl I%zmghadqmég%é:ﬂggtpgto stabilize said 1
aim

functional molecule. 21. liJSbstrate asf clalme in.c hgreln the stabgglng additives are !
ure
l
|

selected from tﬁ@@?g'ﬁﬁ"fg cONSISHAG of & sugar 2 brgatic at aC| ."an amino acid, a sugar acid and a
thiol. 22. A methefattmmébilitifg FHacHekal niBleEsle onsaid sﬁ‘%%’a*a?tﬁ%m‘b?%lng the step of
exposing the fusstienaka O aleshia ia¢hessith traiecasrdaimetdnwel@y one of claims 1 to 21. 25

‘24. The method as claimed in claim 23, wherein the step

of api:lying the substantially homogenous mixture of:

additives comprises evaporating a solvent of a soluticm
10 of said additives ontc the substrate. |

25, The methed as claimed in claims‘ 23 or 24, wherein
the stabilizing additives are selected from the group
consisting of a sugar, an organic aclid, an amino agid, a

15 sugar acid and a thiol.

26, A method of prepariﬁg a - substrate complrising.'
immobilized functional molecules, the method' comprising
the steps of: '

20

25

130
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30 72 AMENDED SHEET IPEA/AU 23. The method as claimed in claim 22, further comprising the
step of applying a substantially homogenous mixture of stabilizing additives to the surface of the
substrate wherein said additives are 5 selected to stabilize said functional molecule. 24. The method

as claimed in claim 23, wherein the step of applying the substantially homoggneyssRiXiEe.e additives
comprises evaporating a solvent of a solution 10 of said additives onto the sggcs Iy~ 43 e e method
as claimed in claims 23 or 24, wherein the stabilizing additives are selected from the group consisting
of a sugar, an organic acid, an amino acid, a 15 sugar acid and a thiol. 26. A method of preparing a
substrate comprising immobilized functional molecules, the method comprising the steps of: 20 25 30
73 AMENDED SHEET:WE opvrarddingr«ieassnphilic cempeonnas coupled ta-thewsurface of the
substrate; (ii) allowing the elgetraphilic cQmpaunds dg;undergo a nucleophilic substitution reaction to
provide a Snucleophiliy group (hereon andNEreDINGEASE e umas to undergo a
- o nucleophilic substitution reaction to provide a
5 ' nucleophilic group thereon and théreby increase the
nucleophilicity of the substrate surface:
{(iii) allowing the nuéleophilic group to 'undergo a
nucleophilic substitution reaction with another
electrophilic compound to provide an electrophilic
10 group on the substrate surface and thereby increase
the electrophilicity of the substrate; -
each electrophilic compound from step (iii) being
coupled to said functional molecules, wherein the
functional nwledules comprise enzymes selected from the
15 group consisting of urease, uricase, creatininase,
'lipases. esterases, cellulases, amylases, pectinases,
catalases, - acylase, catalase, ' esterase, penicillin

amidase, and proteinase-K.

20 27. The method as claimed in claim 26, wherein steps (ii) and
{iii) are repeated n number of times to form n generations of
electrophilic groups on said subsirate

26. The method as claimed in claim 26 or claim 27, wherein

25 sald step of providing electrophilic compouﬁds coupled to tﬁe
surface of the subatrate comprises chemically coupling‘a first
electrophilic compound to the substrate.

' 23. The method as claimed in claim 28, wherein said step (iil}
30 comprises the step of reactlng a nucleophile with the Ffirst
electrophzlic compound.

_3s
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nucleophilicity of the substrate surface; (iii) allowing the nucleophilic group to undergo a nucleophilic
substitution reaction with another electrophilic compound to provide an electrophilic 10group on the
substrate surface and thereby increase the electrophilicity of the substrate; each electrophilic
compound from step (iii) being coupled to said functional molecules, whereirptiestunetiomaosdolecules
comprise enzymes selected from the 15 group consisting of urease, uricasegGrgatininaseolipases,
esterases, cellolases, amylases, pectinases, catalases, acylase, catalase, esterase, penicillin
emir:lase, and proteinasa-K. 20 27. The method as claimed in claim 26, wherein stepsand (iii)) are
repeated n number of times to form n generations of electrophilic groups on said substrate  28. The:
method as claindéd imtretaime 26 dr slainl 2Fadhérein 2EmaikPstephefpiovithrg eléétrdphilic compounds:
coupled to the sufaes of he subsirate Gompyigas shemicalleegraling a ftsioplertaphilic compound tj)
the substrate. 29. The method as claimed in claim 28, wherein said step (ii) 30 comprises the step of
reacting a nucle%oﬁﬁﬁeuﬁﬂg&e% |?stngl%qc??§§hiﬁigcbompound. 3574 AMENDED SHEET FPEA/AU 30. 5 ‘
The method as claimed in claim 29, wherein Step (iii) comprises chemically coupling a second |
electrophilicscordpountetorttrebndclep phikeirg:@ 11T hennetited of dambed irfarvy oA of claims 26 to 30,
wherein the elegifapbiic copppourddsaspokidecortabngeompounsh  eadkThe-method as claimed

in claim 31, Wheég;l{lm&% eg%ggardqntaining compound is epihalohydrin. 33.. The method as
claimed in claims 26 to 32,"wherein the nucleophile is a di-nucleophile. '

32. 'The method as claimed in claim 31, wherein the

10 epoxide-containing compound is epihalohydrin.

33. The method as claimed in claims 26 to 32, wherein the

nucleophile is a di-nucleophile.

15 34. The method as claimed in claim 33, wherein the
" nucleophile comprises an amine.

35. The method as claimed in 34, wherein the amine is
selected from the group consisting: of saturated and

20 ' unsaturated aliphatic or aromatic amines and polyamines.

36. The method as claimed in c¢laim 35, wherein  the
aliphatiec group of said amines and polyamines is selected
from an alkyl group. ‘

25 '
37. The method as claimed in 36, wherein the polyamine is
selected from at least one of ethane-diamine, propane~

diamine, butane-diamine, pentane-diamine, hexane-~diamine.

30 38. The method as claimed in any one of cléims 26 to 37,
wherein the substrate comprises a pelymer.

T3
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15 34. The method as claimed in claim 33, wherein the nucleophile comprises an amine. 35. The
method as claimed in 34, wherein the amine is selected from the group consisting of saturated and 20
unsaturated aliphatic or aromatic amines and polyamines. 36. The method as claimed in claim 35,
wherein the aliphatic group of said amines and polyamines is selected from pgadiydnosiodd 37. The
method as claimed in 36, wherein the polyamine is selected from at least ong Qf:ethang-giamine, ;
propanediamine, butane-diamine, pentane-diamine, hexane-diamine. 30 38. The method as claimed In
any one of claims 26 to 37, wherein the substrate comprises a polymer. 75 AMENDED SHEET i
IPEA/AU 39. The method as claimed in claim 38, wherein the polymer is a biocompatible polymer.
polysaccharide-¥faselitsubstesterd 0 44 . Theimedhodnas elaibmed 38 claithe4@iwheredn the E
polysaccharide-hased substeatgisaaigstad feopdthangroup consisting of cotton linters, cotton pulp,
cotton fabrics, cellulose fibers, cellulose beads, cellulose powder, microcrystalline cellulose, cellulose
membranes, 15 rayon, cellophane, cellulose acetate, cellulose acetate membranes, chitosan, chitin, -
dextran derivati$8s af8gA derRAaniEg ™2, he ft&HBd A8 clafetPiPcldiff 41, wherein the 20
polymer is & biopolymara 2838 7608MERDED SHERTected from the group

consisting of &a polyester substrate, a polyamide
substrate, a peclyacrylate substrate,. and a
polysaccharide-based substrate.

10 41. The method as claimed in- claim 40, wherein the

polysaccharide-based substrate is selected from the group
consisting of . cotton linters, «cotton pulp, cotton
_fabrics, cellulose fibers, cellulose beads, cellulose
powdér, microcrystalline cellulose, cellulose membranes,
15 rayon, cellophane, cellulose acetate, cellulose acetate
membranes, chitosan, chitin, dextran derivatives and

agarose derivatives.

42. The method as claimed in claim 41, wherein the
20 polymer is a biopolymer. '

25

30
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IPEA/AU 43. The method as claimed in any one of claims 26 to 42, further comprising the step of

" applying a substantially 5 homogenous mixture of stabilizing-additives to the surface of the substrate
wherein said stabilizing additives are selected to stabilize said functional molecule. 10 44. The method
as claimed in claim 43, wherein the step of applying the substantially. homoggRpus IR XitGses
additives comprises evaporating a solvent of a solution of said additives ont chig,%t?s};@g%]]; 45. The
method as claimed in claims 43 or 44, 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 46. A sorbent
cartridge for use in-a dialysis device, the sorbent cartridge comprising a 25 30 77 AMENDED SHEET
1PEA/AH substrate as claimed in any one of claims 1 to 22 for immobilizing urease. 47. A dialyzer
for use in a dialysis device, the dialyzer 5 comprising a substrate as claimed in any one of claims 1 to
21 for immobilizing urease. = 48, A dialysis method comprising, the, steps Qf: exposing a dialysate
containing urea fl‘oga gﬁﬁst‘?ﬁ%‘ 28 1 cfatfidd ih Jé‘ﬁyagﬁe"%?%la <1 ?8“%1;%%& ?fo‘r?dving the dialysate
from said substraisHivhRréiprPri§ibStrake cSHitises ArRdrbmlizedivesntialdy. Use of the
substrate assclaimeddaray oneicfaladmsdlic 1toapllina dialysigdiedees 50:A ma#od of modifying 'a
dialysis membragg eamprisizg ipmobilizad feactionglyaplacules, 1he methed compgising the steps of:

20() couplingelechrapfiliccompoundsiping ReBaNR SUIFLCS, saia  sunctionsl

molecule.

10  44. The method as claimed in claim 43, wherein the step
- of applying the substantially, homogenous mixture of
additives comprises evaporating a solvent of & solution [

of said additives onto the substrate.

15 45. The method as claimed in claims 43 or 44, wherein the
stabilizing additives are selected from the groupf
consisting of a sugar, an organic acid, an amino acid, a

sugar acid and a thiol.

20 46. B sorbent cartridge for use in a dialysis device, thé_
sorbent cartridge comprising a

25

30
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(i) allowing the electrophilic compounds to undergo a nucleophilic substitution reaction to provide a
nucleophilic group thereon and thereby 25increase the nucleophilicity of the membrane surface; and
(i) allowing the nucleophilic group to undergo a nucleophilic substitution reaction with another
“electrophilic compound to provide an 30electrophilic 78 AMENDED SHEET 3PE4¢A Qigsteen the
membrane surface and thereby increase the electrophilicity of the membrang surface-fgs fmmobilizing
functional molecules thereon; each electrophilic compound from step (iii) being coupled to the
functional molecules, wherein the functional molecules comprise erizymes selected from the group
consisting of urease, uricase, creatininase,lipases,esterases,cellulases, 10amylases, pectinases,
catalases, acylasss: Satatases estarasepenicilinnmnasefand piekeinasesK 251. amethod, as claimed

in claim 50, wheygin said memkrang s a cellulose acetate membrane. 15 79 AMENDED SHEET
IPEAJAU ' .

'41. A dialyzer for use in a dialysis device, the dialyzer
5 comprising a substrate as claimed in anyfone of claims 1

to 21 for immobllizing urease.

489, & dialysis method comprising the steps of:

exposing a dialysate containing urea to & substrate as
10 claimed in any one of claims 1 teo 21y and removing the

dialysate from said substrate; wherein the substrate

comprises an immobilized urease.

45. Use of the substrate as claimed in any one of claims
15 1 to 21 in a dialysis device.

.SD. A method of modifyving é dialysis membrane comprising
immbbilized functional melecules, the method comprising
the steps of: ,
20 (i} coupling eléctrophilic compounds to the
membrane surface; |
(i1} allowing the electrophilic compounds to undergo
a nucleophilic substitution reaction to provide
a nucleophilic group thereon and thereby
25 increase the nucleophiliéity of the membrane
éuxface; and
(iiiy allowing the nucleophilic group to undergo
" a nucleophilic substitution reaction with
another electrophlilic compound to provide én
30 electrophilic '
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group on the membrane surface and thereby
increase the electi:cphilicit‘y of the membrane
surface for immobilizing functional molecules
thereon; ) ' '
5 each electrophilic compound from step (iii) being
coupled to the functional molecules, wherein the

functional molecules comprise enzymes selected from

the group consisting of urease, uricase,
creatininase, lipases, esterases, cellulases,
10 amylases, pectinases, catalases, acylase, catalase,

esterase, penicillin amidase, and proteinase-K.

51. A .method, as claimed in claim 50, wherein said
- membrane is a cellulose acetate'membrane.
15 '
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