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(57) Abstract: A substrate having compounds disposed thereon for immobilizing a functional molecule, each compound having a
chain comprising: a moiety R that is chemically coupled to the substrate, said moiety R being selected from the group consisting
of an ether, ester, carbonyl, carbonate ester, thioether, disulfide, sulfinyl, sulfonyl, and carbonothioyl; and an epoxide-containing
moiety that is coupled to the moiety R by a linker comprising at least one nucleophilic group. Methods of preparing the substrate
and use of the substrate are also disclosed.
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A SUBSTRATE FOR IMMOBILIZING FUNCTIONAL
SUBSTANCES AND METHOD FOR PREPARING THE SAME

Technlcal Field

The present invention generally relateSj to - a

jsubstrate for immobilization of functional substances

The present invention also- relates‘ to methods of

preparing the substrate

Background
“Biological"and; chemical assays and processes that

are‘ used analytically or preparatively for research,

_Clinical ‘ diagnostic " and industrial purposes. often

require fixation,-“or"immobilization, of a functional

substance onto a -solid support E(or substrate)} This
fixation often improves the stability and versatility of
the substance Without compromiSing its effectiveness and
activity, and enables repeated usage of the substance.
For example, functional substances which  include
biological substances such as enzymes, are typically
immobilized on  an inert support like silica or
polyacrylamide gel, to improve their stability against
changing pH or Ttemperature conditions when wused in
enzyme-catalyzed industrial processes, and to facilitate
their subsequent separation from tbe reaction products.
This enables re-use of the immobilized enzymes and
significantly facilitates product purification, which
leads to more cost —effective processes

Immobilization of a functional substance including a
biological substance "may be effected by physical
immobiliZation orﬁ'chemical immobilization. One form of

physicalg immobilization is ;physical adsorption
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(phys1sorptlon) where the functional or biological
substance is attached to the substrate via encapsulatlon

or electrostatlcp hydrophoblc or Van der Waals forces.

‘Whllst phys1cal adsorptlon prov1des a relatlvely Smelej
'.ilmmoblllzatlon method w1th w1de appllcablllty to a whole .
lrange' of functlonal and/or blologlcal substances, :it

:Qﬁten . does ndt prov1de jva_ suff1c1ently fstable'

immObiilzatlon and': susceptible to leachlng of the
1mmoblllzed functlonal and/or blologlcal substances.

A more stable method of 1mmoblllzatlon of functional

‘and/or blologlcal substances is. chemlcal immobilization,
'whlch covalently blnds the functlonal and/or biological
;substance to . the substrate asb a ;result of a chemlcal
hreactlon Chemlcal immobilization‘;typically results in

1mproved act1v1ty,ﬁredUCed noh¥speCific adsorption, and

hlgher stability - of the functional and/cr ‘biological
substance. However, chemical immobilization generally
requires the chemical. modification - of the functional
and/or biological substance or the substrate to promote
their efficient binding.

Modification of the surface of a solid support
material, or “pre-activation” of 'a solid support, to
improve its binding ‘to a functional and/or biological
substance, typically -involves the incorporation of
reactive chemical ‘moieties onto -the _surfacev of the
generally poorly 'teactive 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,
cyanogen. bromidev activation,’ bromocacetylation,
diazotation, 1onlzlng radiation induced oxidation and

chemlcal graftlng
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The non—covalent attachment of an affinity. spacer
is 'however, associated with'poor”reproducibility and/or

unstable binding . to the surface of the substrates SOme_

;covalent attachments, most noteworthy imines, but to a .
:lesser extent also esters, can.’ be hydrolyzed under the:
freaction_ conditions_ used for enzymatic ' reactions,
'iésﬁiting in 'partial loss of immobilized ;enzyme and

leakage of enzyme into the reaction’ medium Such problems

may affect amongst others, immobilization methods based

on glutaraldehyde activation and bromoacetylation Whilst

adiazotation, cyanogen. bromide activation, . lonizing-
'radiation induced - oxidation, . and chemical grafting
"_produce covalent bonds which are more stable than non-
}»lcovalent bonds,L these vmethods involve the . use of

tlS 5 'hazardous, expensive, complicated ﬁand/or harsh‘reaction

conditions. :

Some of these methods also result in a high net
charge on the solid support} which causes undesirable
non-specific electrostatic binding of the functional
and/or biological substance during:subsequent procedures
in a biological / chemical process. Another common
problem encountered with the wuse of harsh reaction.’
conditions is the unfavorable modification of surface
properties, which' may hamper the attachment of a
functional and/orzﬂbiological substance, particularly a
large polymeric substance. This can lead to low loading
of the functional and/or biological substance onto the
substrate. Yet :other problems encountered with some
commercially available activated so6lid supports are low
stability, pronounced toxicity * and a lack of
biocompatibility,f resulting in - short shelf life,
difficult handling,;and limited applicability for medical

purposes.
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SOme of these methods  rely. on the . further
modification 'of{igfpre—activated”; supports With an
epoxySilane coupling agent for the immobilization of
vhydrophilic molecules . Other methods rely on preparation
'of a substrate by reacting a. bisepoxyOXirane linker to
immobilize a Hmlecule to the substrate The allphath:
flinkers used in these methods lead to a decrease in the
amount of reactive groups available for immobilization,_a
'decrease in biocompatibility and a decrease in
reproduCibility p .

There is-a need to prOVide methods of preparing a-
'substrate for immobilization of. functional and biological

1substances that overcome, or at least ameliorate, ‘one or
lmore of the disadvantages described above. _\

There 'is' af need ' to prOVide methods that are
convenient, inexpensive, robust,  and reliable for
preparing a substrate for immobilization of functional
and biological substances.

There is also a need to provide substrates which are
stable, easy to handle, inexpensive, non-toxic,
biocompatible and bio-degradable for immobilization of
functionally and biologically active substances, and
which can be used*for immobilization of a wide.range of
substances at high loading densities with improved

activity and reactivity.

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

from'the‘group consisting of an ether,»ester, carbonyl,
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carbonate ester,f thiocether, disulfide, sulfinyl,”

sulfonyli and carbonothioyl “and an epoxide- containing

mOiety that is coupled to the mOiety R by a linker

'compriSing at. least ‘one’ nucleophilic group.

'ln;fone"embodiment the substrate comprises fan

'additional epOXide containing group’ coupled to the chain

In another embodiment the number of additional epoxide

containing group lS selected from the number 1, 2, 3, 4

"and_'5.j In oheT embodiment the linker comprises

additional nucleophilic groups to which salid additional

ﬁepOXide, containing :groups - are coupled to said . chain.
;This fi advantageous, as thei'density of the epoxide-
Econtaining groups available to ‘react with a . functional

imolecule ' increased and consequently the number of

immobilization Sites that are available for immobiliZing
a substance is also increased.

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

ln another embodiment, the linker comprises a di-
nucleophilic speCies In one  embodiment, the di-
nucleophilic linker is selectéed from at least one of an
alkyl-diamine and an alkene-diamine. Advantageously, the
diamine linker may -introduce additional sites 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 one molecule of
diamine 1linker. This is advantageous as this permits an
increase. in the hdensity of, for iexample, an epoxide-
containing compound ‘and consequently the number of
immobiliiation'sites that are available for immobilizing

a:functiOnal molecule.
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In. ‘another ‘embodiment, the ;linker. comprises a
polynucleophilic especies In another embodiment, the
polynucleophlllc spec1es may be fav polyamlneifsuch as -
;putresc1ne, spermldlne, spermlne, oadaverlne, dlethylene>

ff:bb: vtrlamrne, trlethylene tetramlne,.tetraethylene pentamlne,
and tetrahydrofurfuryl amine. h '_ '

- :The 1ntroductlon of the amine groups of the linker

' also benef1c1allyvserves as an 1nternal.pH buffer for the

1mmoblllzed substance It is a further advantage that

.ﬂiQ famlne groups cahz also function "as ion-exchangers to

iprovrde‘jstabillzlng_ conditionS'vfor the - immobilized

[substance It 1s ‘g further advantage that amine groups

Ear strongly nucleophlllc maklng the couplrng of the
Iflrst f and : second epoxide- contalnlng oompound‘ more
15 ieff1c1ent than other nucleophlllc groups, for example OH
groups. The strongly nucleophlllc nature of the amine
groups of the linker is further advantageous as this
permits the wuse of long linkers whilst maintaining
reactivity with the epoxide-containing compound. This 1is
20  further advantageous as the'use of longer linkers permits
a further reduction of steric hindrance between the
substrate and  the immobilized substance. More
advantageously, diamines such as hexanediamine are
relatively cheap‘ as compared to other linkers and are
25 commercially available commodity materials. The low cost
of hexanediamine ensures that the disclosed substrate can
be mass-produced at relatively low costs.
It is a further advantage that the alkyl-amine bond
formed between ‘the" epoxide- contalnlng compound and the
30 hexanedlamlne ‘llnker is resistant to hydroly51s under
physiological fconditions such that it can be used in

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



10

15

20

25

30

WO 2011/102807 PCT/SG2011/000069

further advantage that the substrate in accordance With
the disclosure lS biologically inert

According to ‘a . second aspect,. f there is providedj a:

Emethod of immobiliZing a functional molecule 'on; af

substrate compriSing the step .of expOSing the functional‘
molecule to the substrate according: to the disclosure

According to a; third aspect there is provided a

vmethod, of preparing a substrate for immobilization of

functiOnal molecules thereon, the method comprising the

Esteps of (i)jproviding electrophilic compounds coupled
to the surface of the substrate, »(ii) allowing the
ielectrophilic - compounds tov undergo a nucleophilic
i'substitution reaction to prOVide .a nucleophillc group

hthereon and thereby increase the nucleophiliCity of the

substrate surface,'(iii) allOWing the nucleophilic group
to undergo a nucleophiiic/ substitution reaction with
another electrophilic compound to  provide an
electrophilic group on the substrate surface and thereby
increase the electrophilicity of the substrate.

It is an advantage of the method that the elongated
spacer attached to the electrophilic groups of the
substrate provides increased accessibility - of the
functional compound to the electrophilic group and
concomitantly permits an increase in 'the.vdensity and
reactivity of the electrophilic group to the functional
molecule to therebyvimmobilize the functional molecule on
the substrate. It is a further advantage that step (iii)
0f the method also provides increased accessibility of a
functional molecule to the electrophilic group for
subsequent immobilization on the substrate

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

groups -on said substrate This is advantageous as this



WO 2011/102807 PCT/SG2011/000069

permits an elongation of the spacer and an 1increase in

the denSity of the electrophilic groups and consequently E

the number of immobilization sites that are. available forvf

S 'immobiliZing a functional molecule to the substrate
g NSS p ' It is’ a further advantagé that step (lll) ‘of " the i
= method permits a’ relatively faster reaction ‘between the
linker_ and the fsecond electrophilic compound. This
'results ;in' a déecreased rate of hydrolysis of the
,electrOphilic compounds and a. higher ‘inCOrporation of

::iO . non- hydrolysed electrophilic groups on to the substrate
' »;This lS: a further advantage, as this also- permits an

: fincrease in’ the denSity of the electrophilic groups on

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

dialyzer for wuse’ in a dialysis :device,» the 'dialyzer
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comprlslng a substrate as described = herein for
1mmoblllzlng urease Hence, urease may be immobilised

onto a dlalys1s membrane such as: .a cellulose acetate

:membrane fllter comprlsed w1th1n the dlalyser

Accordlng to. a sixth aspect, ' there is’ prov1ded a

method of modlfylng a dialysis membrane for 1mmoblllzlng

functlonal molecules thereon, . thevmethod comprising the

,eteps Qf._ _ _

B Eeeﬁpling electrophilic'compounds to the
_ ;membrane surface,; ‘
.‘(iixv‘iallow1ng the electrophlllc cqmpoﬁnds to

o ;undergo a 'nucleophlllcv'substitution
?reactlon to 'prov1dev a: npcleephilic
fgroup thereon and thereby increase the
jnucleoph111c1ty " of the membrane

surface; and A |

(1iid) allowing the hucleophilic group to

undergo a nucleophilic substitution
reaction with another electrophilic
compound to provide an electrophilic
'group on the membrane  surface and
fhereby increase ;the Eelectrophilicity
‘oft the membrane surface for
immobilizing functional molecules'
thereon. | |

In one embodiment,- the membrane _rs a cellulose

acetate membrane.

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

increased ability to immobilize ffunctioﬂal molecules,
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such asf dialysatel enzymes, . thereon_ when ‘used in a
dlalyzer | .t : . : ‘ "‘ » d
d_ Accordlng to a elghth aspect there is prov1ded the
yse . of the substrate as descrlbed hereln 1n a dlaly51s'
5 xdev1ce _ b v »: ) |
: : In - one embodlment there 1is prouided a method of
-preparlng a substrate for 1mmoblllzatlon. of functional
'substances thereon,ﬁthe method comprlslng "the steps of
chemlcally coupllng a first electrophilic compound to the
Eﬁ?iO‘-, substrate,_and chemlcally coupling a ‘second electrophlllc

»Ecompound. to’ the flrst electrophlllcﬁ compound. that has

'fbeen coupled to thevisubstrate,;ﬂwhereln' sald Asecond
:electrophlllc‘ compound whens coupledr to said“ first

electrophlllc compound is conflgured to 1mmoblllze the
15 functlonal substance thereon;,

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;thereon is enhanced relative to having

20 a substrate with -only one'eiectrophilic compound being

| coupled to a substrate. More advantageously, the first

and second electrophilic compounds are selected to be

displaced relative to each other such that  steric

hindrance effects in the neighborhood of the second

25 electrophile are reduced or minimized to enhance binding

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

More advantageously, the first and/or second

electrophilic compound may be a ‘di-electrophile that

30 effeCtively converts a poorly_nucleophilic substrate into

| a strongly electrophilic substrate[ This constitutes a

change in polarity and reactivity of the'substrate,

10
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More advantageously, the method is a simple and cost
effiCient way t produce ,azysubstrate; that. ;hasr az
'relatively high reactiVity to- functional substances forg
,immobilization thereon as compared to substrates produced'

fS-_ .b known methods More advantageously, ‘the second
o 'electrophilic compound is capable of binding stably to a
'functlonal substance ‘including a biological substance
such as an enzymé. Even more advantageously, the second
'electrophillc compound ~offers a binding site for the
ﬁfunctional substance that is at an .appropriate distance

5-'away from substrate such that steric hindrance is

'reduced .In: one embodiment the dens1ty of electrophilic
igroups per gram of the substratevis from about 0.1 to
about 1 mmol/g _ | : |
15 ' This  in turn reducés impediment' during the
immobilization of the functional substance and allows the
functional substance to be anchored to the substrate
easily, -via the second epoxide containing compound. It
also enhances the accessibility and structural
20 flexibility of the bound substance (enzyme), thereby
' increasing its activity. The disclosed method is also
capable of producing substrates ‘that can ‘immobilize
chiral ligands, affinity ‘ligands and/or ion exchange
particles; |
25 In one embodiment, the first and second
electrophilic compounds are epoxide containing compounds.
In one embodimenty the disclosed method comprises the
step of using alalinker to couple the second epoxide-
cOntaining compound to the first epoxide containing
30 -compound This. increases the length of the tether between
- the active oxirane Site and the- substrate and aids in the
binding of the functional substance to the oxirane site.

It also. enhances"the acceSSibility and  thereby the

11
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aCtiVityi.of the;hbound,'substancef'such as an enzyme.
Advantageously} ?ﬁhev linker ffmay;ﬁ contaln _ additional'}
vfunctlonal groups to impart de51rous chemlcal propertles
to'the substrate For example, the llnker may contaln
.5 | bamlne groups that have buffering propertles Wthh may be
| 'benef1c1al when 5the substrate is used in applications
fsUchf'as jdialysislidevices. ‘The llnker‘ may also contain
;groups. that canf function as ant1—ox1dants or metal
ZSCavengers which":supplements:'the functions of the
substrate 1n certaln appllcatlons More advantageously,

*'Ethe llnker may also prov1de 1ncreased 51tes for. blndlng,

Of the second electrophlllc compound and/or subseguent
:epox1de contalnlng compounds In effect the llnker may
1ncrease‘-the number of epox1de contalnlng compounds
15 coupled to the substrate which in turn increases the
probability and strength of " immobilization of the
functional substance. The linker may alsc be neutral and
inert which does not adversely affect the functional or
biological property of a functional or biological

20 substance coupled to it.
~ In one embodiment, the linker does not contain an
epoxide group. The‘functional linker may also comprise a
" nucleophilic group} Advantageously, the nucleOphilic
group is_reactive and capable of chemically binding to
25 the electrophilic (epoxide-containing) compounds. In one
embodiment, the functional linker is a di-nucleophilic
linker. The presence of two nucleophilic groups allows
the linker to bindsto both the first and second epoxide-
containing compounds, forming a bridge between the two
30 epox1de contalnlng compounds. In one embodiment, at least
one of the nucleophlles of the di- nucleophlllc linker is

selected from the.group consisting- of NH, NR, NHO NRO,

12
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o, S, Se, COO, - CONH, CONR, cSs,  Cos, CONHO,_‘ CONRO,

YCONHNH CONRNH CONR.NRZV CNO, Ph and PR

'where R RY and R? are 1ndependently selected from the g

group con51st1ng of hydrogen, optlonally _substltuted

‘élle ?optlonally substituted ~alkenyl, v.optionally
substltuted alkynyl optionally substituted varyl and
optlonally substituted. heteroaryl ‘

‘The -di- nucleophlllc llnker may also have the general

e _YH
R S

n .

formula-(l)i:

’
/

wherein:

X and Y are independently selected from NH, NR, NHO,

NRO, O, S, Se, COO,- CONH, CONR,. CSS, COS, CONHO, CONRO

CONHNH, CONRNH, CONRNR, CNO,I PH and PR;

R is selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionelly substituted . alkynyl, optionally
substituted aryl and optionally substituted heterocaryl;
and |

n.is an integer from 0 to 25..

In another embodiment, the di?nucleophilic linker

has the general formula (II):

HX%G%—éC;—C C : c }p (Ar) YH

q

. formula (II) -
wherein: , s L

13
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‘ X and Y are 1ndependently selected from NH NR NHO
NRO,IO}:S} Se, COQ; CONH, CONR, CSS, COS/ CONHO‘>CONRO
CONHNH CONRNH CONRNR CNO, PH, PR} |
‘where R, RI; R, R’ R' are 1ndependently selected
'5 'fron‘ the group%éConslsting of _hydrogen,'voptlonally
v-sUbStituted alkyl;j_ optionally substituted alkenyl,
EObtiOnally 'substituted alkynyl, optionally substituted
iaryl and optlonally substltuted heteroaryl and
' *mg n, p and q lS -an 1nteger 1ndependently selected

:from 0 - to 25

, In, one embodlment the dl nucleophlllc llnker is an
ﬁalkyl dlamlne such as hexanedlamlne or ethylene- dlamlne

'Advantageously, fthe ‘diamine llnker - may | 1ntroduce

_addltlonal s1tes%vfor 'epox§4activation. Without being

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

can react with one molecule of diamine linker. This is

advantageous as this permits an increase in the density

of, for example, an epoxide-containing compound and

20 consequently the nnmber of immobilization sites that are

available for immobilizing a substance. The introduction

of the amine gronps of the linker also beneficially

serves as an internal pH buffer for the immobilized

substance. It is a further advantage that amine groups

25 can also function  as ion—exchangers "to provide
stabilizing conditions for the immobilized substance. It

is a further advantage that amine groups are strongly

nucleophlllc maklng the coupling of the first and second

epoxide- contalnlng .compound more eff1c1ent than other

30 nucleophilic groups. The strongly nucleophlllc nature of

the amine groups offthe ‘linker is further advantageous as

this permits the use of'long;linkersvwhilSt maintaining

reactivity with thevepoxide—containing compound. This is

14
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further advantageous as. the use- of longer linkers permits
a further reduction of steric hindrance between the |
substrate and f]the immobilized substance -~ More

advantageouSly, the hexanediamine is relatively cheap as

compared. to otherylinkers and is a commerCially available
commodity material. The low cost of hexanediamine ensures
;thatv the disClosed‘ substrate can. be mass-produced at
-relatively low costs It is a further advantage that the
ISR ﬂalkyl amine bond formed ‘when. uSing a hexanediamine linker
ifElOf;'zis reSistant to hydrolySis under phySiological conditions

fsuch that lt can - be used in aqueous systems, for example

dialySis deVices.iff It is a further advantage of the

hexanediamine linker that it is Dbiocompatible and

biodegradable.

In_one embodiment, at least one of the electrophilic
compound and the second electrophilic compound 1is an
epihalohydrin. Preferably, the epihalohydrin is
epichlorohydrin. Similarly, epichlorohydrin is relatively
cheap as compared -to  other epihalohydrins land is -
procurable easily as it is a commercially available
commodity material. - Again, the low cost of
epichlorohydrin ensures that the disclosed substrate can
be mass-produced at relatively low costs. Epichlorohydrin
also tends to react very rapidly and exhaustively, only
giving non-toxic products (glycerol and amino—glycerols)
and thus 1is suitable for use in preparing a substrate
that would eventually be used for medical applications.
Moreover} becausefepichlorohydrin is partly miscible with
water 'ahd fullyffmiscible with ~alcohol, any.fexcess
epichlorchydrin can be relatively easily remOVed by
washing = the substrate with water and/or alcohol.

Furthermore, epichlorohydrins and its hydrolysis products
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areIVOiaﬁile and ‘can therefore be éfficiently removed by
evaporation. 3 ' |
'~ “In one embodiment, the method comprises selecting a

boorly;réactiVe'sdbétrate. The_substrate of the disclosed

 method..méy be aj:bead,; micro-sized particle, nanosized
'particle} a Hembfaﬁe, a mesh, a Scaffold or any solid
;éﬁppért ‘that is ' capable of 'being prepared using the
Edis¢ioéed“ ﬁethodzfﬁé vimmobilizéﬁ,a  functional éubstan¢e
Iihcl@dihg_'a fbiéldgical substance thereon.. In one
Eéﬁbbdiﬁéht;-'the %éﬁbsfrate isfiéelécted from »the; groﬁp
EﬁbﬁSiSﬁiﬁg iij_%fgzpolyester' substrate, ; a', poiyamide

'substréte; an epoxXy resin substtate, a polyacrylate

sﬁbstraté, a hydroxylefunctionaliZed 'substraté. and a

_polysaccharide—baéed substrate. The polysa¢charide-based

substrate may be. selected from the group'consisting of
cotton linters, cotton pulp, cotton fabrics, cellulose
fibers, cellulose beads, cellulose powder,
microcrystalline Cellulose, cellulose membranes, rayon,
cellophane, cellulose acetate, . celluiose acetate
membranes, chitosan, <chitin, dextran . derivatives and
agarose - derivatives. The substrates may also be
biodegradable - and thus environmentally friendly, which
allows their application in environmentally sensitive
applications such as agricultural applications or waste
treatment applications. The substrate may also Dbe
biocompatible“éuch_that when the substrate is implanted
iﬁto the human bbdy or in conjunction with the human
body, for example in dialysis, 1little or no adverse
héalth'effects aré_élicited. - ) :

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

the step of chemically coupling a first electrophilic
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compound to the substrate is carrled out at a temperature

'from about 50° C to 60°C; the step of chemlcally coupling

a llnker to the flrst electrophlllc compound is carried
out at a.temperature from about 20°C to 40°C; the step of
chemicaliy coupling'a second electrophilic compound to
the llnker is carrled out at a temperature from about 20

40 C,. and the: Step of chemlcally coupllng the»

ﬁfunctlonal substance to the second electrophlllc compound
"1s carrled out at a temperature fron1 about 2 to 6°C.
'Advantageously,ﬂ thef substrate canﬂ be produced and/or

'preparedi at mlld conditions  for example at'droom

temperature, ‘and;pin normal atmosphere, This again
trans;ates to lomer:production costs and increased ease
of handling. ﬁi -More advantageously,: the final
immobilization reactlon can be carried out under very
mild conditions, such as in aqueous buffer at 2 to 6°C
and normal atmosphere, and does not require any
additional reagents. 'This eliminates the risk of
deactivation or denaturation of the bioactive substance
by 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 immobilization of biocactive
substances on the psubstrate might also be carried out
simultaneously or. subsequent to the activation of the
substrate. :’

In one embodiment, the functional substances are
biologically active substances such as enzymes, for
example urease. . Advantageously, wheng urease is
immobilized on the substrate, the substrate containing
the immobilized "urease can be ~used for dialysis
applications, forf-example' for = the regeneration of

peritoneal dialysate or hemodialysate.' The enzymes may
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also be at least one of uricase, ‘creatininase, lipase,
esteraSe, cellulase, amylase, pectinase,' catalase,
acylase,ﬁpenicillin~amidase, proteinase—K. '

In ‘one embodiment th disclosed method. further

'comprlses the - step of chemically coupling' one or more
-subseguent electrophilic compounds ‘to both - the first and
}second electrophillc compounds, wherein said subsequent
Eelectrophilic compound( s), when coupled to botn said
'ffirst'f andf ’second v electrophilic . compounds ‘is/are

pconfigured to immobillze the ;functional . substance

thereon . ~For exemple, a -third, ~fourth, ' fifth, sixth
electrophilic compound and s$o, on may,be coupled to both

the first and seCOnd electrophilic compounds The

_electrophilic groups as disclosed herein may contain at

least one epoxide’ group

In another embodiment, there is provided a method of
immobilizing a functional molecule on a substrate, the
method-comprisingfthe steps of providing the substrate
having compounds thereon prepared by the'method,of the
disclosure, each of said compounds comprising an ether-
containing moiety that is chemically ‘coupled to the
substrate and an - epoxide-containing moiety that 1is
coupled to the ether moiety; and introducing a solution
containing said functional molecule to said compounds
disposed on said substrate, wherein the epoxide-
containing moiety, forms a chemical bond with said
functional moleculejto immobilize it thereto.

Advéntageously, this chemicalf bond may be a non-
hydrolyzable covalent bond, sucn as an amine—bond.
Consequently, thelfunctional molecule will be immobilized
on the substrste‘With suffidient stability'and cannot be

easily removed from the substrate.

18



WO 2011/102807 PCT/SG2011/000069

_ The method- of the second aspect may further comprlse
the step of applylng a substantlally homogenous mixture
of stablllzlng addltlves onto’ the 'surface of the

‘substrate to stablllze said’ functlonal molecule ‘In one’
‘:f 5‘ 'embodlment 'the step of applylng the substantially
S 'homogenous mlxture of additives comprlses evaporating the

psolvent gofﬁ a”_solutlon of .sald additives onto the

}substrate The. stablllzlng addltlves may be selected from

jthei group con31st1ng of a sugar “such as glucose, an

“?10 ' gorganlc ac1d such as ethylenedlamlnetetraacet1c acid, an

amlno ac1d such - as cystelne and a sugar acld such as
ascorbic® acid and ‘thiols such ‘as mercaptoethanol

In another embodlment, there 1is provided a substrate

having‘ compoundsp disposed thereon for immobilizing a

15 functional molecuie, each compound:comprising an ether-

containing moiety ‘that is chemically coupled to the

substrate and an. epoxide—containing moiety that 1i1s

coupled to the ether moiety by a:linker comprising at

least one nucleophilic group, wherebyl said epoxide-

20  containing moiety is disposed from said ether-containing

moiety tTo immobilize “the functional molecule to said

epoxide-containing moiety without substantial steric

hindrance being caused by said ether containing moiety or

the substrate. AdVantageously, the substrate has an

25 improved:stability:and can be produced at a relatively

low " cost whenb compared to known substrates that <can

effectively immobilize functional substances.. More

advantageously, the substrate can be reused repeatedly

without substantially losing its enzymatic properties,

30 due to the .highb_stablllty of bonding between the

bicmolecule andb’ the epoxide- contalnlng moiety. In

addition, as there 1is no leaching of potentially
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hazardous substances, the substrate is. suitable for use
in medical applications such as for. peritoneal dialysis.

_In one embodiment, the linker 1is a non-hydrocarbon

vsuch"‘s; hydraZine,, hydroxylamine, -ammonia, water, or

hydrogen sulfide

In ‘one embodiment the iinker is a saturated or

;unsaturated aliphaticvchain haVing:from 2 to 18 carbon
i'atoms, 2. to 16 carbon atoms, 2jtofl€ carbon atoms, 2 to

L12 carbon atoms, or. 2 to 10 carbonjatoms,:2'toi8fcarbon

atoms, 2 to © carbon atoms, and 2 to 4 carbon atOms In
one embodiment the linker is a saturated aliphatic chain
haVing 4 to 8 carbon atoms/'more preferably 6 carbon
atoms. - The nucleophilic group of said linker may be
located..at one of ‘the terminal ends of the aliphatic
chain or in between the terminal ends of the aliphatic
chain. In one embodiment the nucleophilic group of said
linker may be chemically coupled to the aliphatic chain
by way of a branch chain extending therefrom.. In one
embodiment, there‘are two nucleophilic groups disposed on
said linker, preferably at terminal ends of the aliphatic
chain. In one embodiment at least one nucleophilic group
is disposed on a terminal end of the aliphatic chain and
is coupled to either the ether or epoxide-containing
moiety with a secondary aliphatic linker chain
therebetween. The ~secondary aliphatic linker chain may
have from 1 to 3 carbon atoms.

Theﬁ'substrate may furtherj*comprise a ooating
disposed on said substrate, the fcoating 'comprising a
substantially homogenous mixture of: stabilizing
additives. The stabilizing additiVes may be selected from
the group consisting of a sugar such as glucose, an

organic acid such as ethylenediaminetetraacetic acid, an
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amino acid such .as cysteine and a sugar acid such as

‘ascorblc ac1d

-Ih another embodiment, there is providedla sorbent

',cartridge .for use . in a',dialysisf device, the sorbent
jcartridge comprisihg a substrate having - compounds
'disposed'>thereonz'that comprise -an immobilized urease,
teach compound comprlslng an ether contalnlng m01ety that

:lS chemlcally coupled to the substrate and an epoxrde—

contalnlng m01ety that is coupled to the ether m01ety by
a: linker compr151ng at least one' nucleophlllc ~group,
whereby said epox1de containing m01ety is. dlsposed from
said ether containing moiety to immobilize the urease

molecule‘ to said: substrate without substantial steric

_hlndrance being caused by said. ether contalnlng m01ety or

the substrate. ‘

In another embodiment, there is provided a dialysis
method comprising ‘the steps of exposing a dialysate
containing urea.to a substrate having compounds disposed
thereon that comprise an immobilized .urease( each
compound comprising an ether-containing moiety that is
chemically coupled to the substrate and an epoxide-
containing moiety that 1is coupled to the ether moiety by
a linker comprising at least one nucleophilic group,
whereby said epoxide-containing moiety is disposed from
said ether—contaihing moiety to immobilize the urease
molecule to saidf substrate without substantial steric
hindrahce being caused by said ether contaihing moiety or
the 'subStrate;‘ ahdv removing the 'dialysate from said
substrate after at least a portlon of said’ urea has been
broken down. _ o

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

device. Advantageously, the substrate can be used to
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remove tox1ns from the dlalysate 1n the dlalys1s dev1cer

effectlvely and safely

Deflnltlons

The follow1ng words and terms used herein shall have

}the meanlng lndlcated

:jTheﬁ term : epoxrde "epoxy group ‘or . "oxirane"

:depicts ‘a chemlcal functlonal group consiSting of a

three membered rlng arrangement of -two carbon atoms and

-one oxygen atom The two carbon .atoms in- the three— .

membered,rlng may_be 1ndependentlyHsubstltuted. The term
"epoXide" may aiso :depict a Inolecule or .compound that
comprlses at least one epoxy group. .: _
The " term epox1de contalnlng compound" means any
compound that is an epoxide or a compound which contains
an epoxide moiety. Exemplary epoxide containing compounds
are alkylene oxides and in Zparticular lower vaikylene_
oxides. such as ethyiene oxide, propylene oxide, butylene
oxide, "alcohol epoxides . such as glycidol, and
epihalohydrins such:as epichlorohydrin, epibromohydrin,

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

bromobutane, 1, 2-epoxy-4-iodobutane, 2,3-epoxy-4-
chlorobutane, 2,3—epoxy—4—bromobutane, 2,3-epoxy—4-
iodobutane, 2 3—epoxy—5—chloropentane, A2,3—epoxy—5—
bromopentane, 1 2= ~epoxy- 5- chloropentane, etc.; epoxy

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

The  terms "electrophlllc group" “electrophile” and
the 1like 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 but
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is not limited to halide, carbonyl and epoxide containing

compounds. Commonjelectrophiles may be halides such as

thiOphosgene, ' glycerin dichlorohydrin, phthaloyl
‘chloride, succ1nyl chloride, chloroacetyl chloride,
'fS . ;chlorosuCCinyl chloride, ’etc.;f ketones such as

ichloroacetone,' bromoacetone, etc{} aldehydes such as

jglyoxal E etc. 5jisocyanates.: such,_ as hexamethylene

"diisocyanate,;f tolylene, diiSOcyanate, meta Xylylene
diisocyanate, cyclohexylmethane 4,4~ diisocyanate, etc,and
10 derivatives of these compounds S

-The .terms "nucleophilic group"' “nucleophile” and:
the like as used herein refers to an atom or group of
.atoms that have an’ electron pair capable of forming a
covalent bond. . Groups_ of this type may  be  ionizable .

'flS | 'groups that react as anionic groups The nucleophilic'

group” used herein includes but. is not limited to
hydroxyl, primary - amines, secondary amines, tertiary
amines and thiols.

The term “ether” or “ether containing” refers to a

20 class of 'organic compounds of general formula R-0O-R,
wherein ‘R 1is carbon. The term “ether” or “ether
containing” as used herein is intended to exclude those
compounds where R . is not <carbon, for example sialyl
ethers, S5i-0-81i. :v
25 : The term “polyamine” refers to an organic compound
having at least two pOSitively amino groups selected from
the group comprising primary amino groups,’ secondary
amino groups'and:tertiary amino groups; Accordingly, a
polyamine covers diamines, triamines and higher amines.
30 ' The term "biodegradable" or “biodegradable polymer”
as used herein ‘refers to environmentally-friendly
materials that are degradable and/or compostable. Such

materials may be degradable/compostable by various living
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organisms- or byjﬁexposure to light and/or oxygen.

Therefore, the term "biodegradable", as used herein, will

be' ~understood vto include materials that are
ﬁoxobiodegradable,L_7photobiodegradahle and microbially
ibiodegradable L ‘ ‘ )

The term "biocompatible" or “biocompatible pOlymer”

jrefers to polymers which in the amounts employed are

non tox1c, "~ ‘non- migratory, ' chemically ; inert and

substantially non immunogenic when “used in contact with

biological fluids, for example plasma or blood Suitable

”biocompatible polymers include, by- way of example,

,polysaccharides such as cellulose or chitin.

The term “biopolymer refers . to polymers that are

produced by or derived from liVing organisms ' Exemplary

'biopolymers' include' polypeptides, nucleic' acids and -

polysaccharides, for example cellulose and chitin.

The term "functional", when * used to describe a
molecule or substance, refers to a group of atoms
arranged in a way that determines the chemical properties
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 like;

" The term “target molecule” refers to a molecule that
is to be detected,gisolated, or tested for, and that is
capable of reacting With or binding to a functional
substance such ash a biologicali;substance.' Exemplary
target molecules include ©proteins, polysaccharides,
glycoproteins, hormones, /receptOrs, lipids,  small
molecules, drugs,: metabolites, COfactors, transition
state analogues and.toxins, or any'nucleic acid that is
not complementary to its cognate nucleic acid. The target

molecule may be in vivo, in vitro, in situ, or ex vivo.
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'Thefterm "functional substances" and the like, used

herein refers broadly to mean 'molecules' or .active

.substances haVing a site capable of reacting with or
Ebonding Wlthg-“ﬁ: haVing an affinity with a target
Emolecule 'The term:"functionalzsuhstances" and the_like
Ibroadly : encompassesff‘the biologiCal substances and

;biomolecules

The terms "biological substances" or YbiomOlecules"

and the like, used”herein, refer to any substances and

compounds substantially of biological origin. Hence, the
terms encompass not only native molecules, such as those
that can be isolated from natural sources, but also

forms, fragments 3and' derivatives derived therefrom, as

well as recombinant forms and artifiCial molecules, as

long as at least ‘one property of the native molecules is
present. Hence, the term covers organic molecules that
are produced Dby . a 1living organism, inCluding: large
polymeric molecules: such as proteins, polysaccharides,
and nucleic acids as well as small molecules such as
primary metabolites, -secondary metabolites, and natural
products. | |

The terms “biologically active substances”,
"biocactive substances” and the like, used herein, refer
broadly to mean biological molecules or physiologically
active_substances{having-a site capable of reacting with
or bonding with or having an affinity with a target
molecule. This includes, but . is not 'limited, to
substances having a catalytically ZactiVe ‘site such as
enzymes, substances having a site capable of bonding to
specific compounds or specific classes of compounds, such
as nucleic acids oligonucleotides, deoxyribonucleic acid

(DNA) , ribonucléic; acid (RNA), .or 1lectins, vitamins,
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Lpeptides} proteins, hormones, endocrine disturbing

chemicals,:sugarsy iipids and the like.

fThe' term poorly reactive - substrate” means a

isubstrate that lS composed of .a material that does not
'appreCiably react chemically jo -biologically With a p
Efunctional or biological substance as defined above In
}some embodiments, ‘the functional or biological substance

'may comprise a’ biomolecule and the non- reactive substrate

is composed of a material that is bio compatible in that
the substrate material is not tox1c and does .not cause
any_fadverse_ahealth- effect . to the human body. Non-

reactiVe‘ substrates that are also biocompatible are

typically polymeric materials ;that are  generally
Iinsoluble, fleXible ~and which can conform -to many -

‘different shapes, including curved surfaces. ‘It is noted :

that the term "polymer" is used to denote a chemical
compound with high. molecular weight consisting of a
number of structurai units linked together by covalent
bonds. One exemplary polymeric material that is non—
reactive and biocompatible with biological substances as
defined above is the polysaccharide cellulose.

The terms “linker” and “spacer” as used herein refer
to an organic moiety that connects two parts of a
compound. o | o

As used herein, the term "alkyl” includes within its
meaning monovalent " (M“alkyl”) and divalenti (“alkylene”)
straight' chain or branched chain or cyciic saturated
aliphatic groups having from’l' to 25 carbon atoms, eg, 1,
2, 3, 4, 5, 6, 7,.8} 9, 10, 11, 12, 13, 14, 15, 1le, 17,
18, 19, ‘20, 21, 22, 23, 24 or 25 carbon atoms. For
example, the term_alkyl‘includes, but is not limited to,
methyl, .ethyl, prropyl, isopropyl 1—butyl 2-butyl,
isobutyl; tert-butyl, amyl, 1,2- dimethylpropyl 1,1-
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vdimethylpropyl pentyl isopentyl, hexyl}_4—methylpentyl,

1- methylpentyl 2~methylpentyl 3-methylpentyl, 2,2-
dlmethylbutyl - 3,3-dimethylbutyl, 1:2¥dimethylbutyl, 1,3-
:dlmethylbutyl ‘ %;pj 1,2,2- trlmethylpropyl 51,1,2—
,trlmethylpropyl 2 ethylpentyl 3 ethylpentyl hepﬁyl, 1-
,methylhexyl 2 2= dlmethylpentyl 3, 3 dlmethylpentyl 4,4-
1d1methylpentyl 1 2 dlmethylpentyl, 1,3- dlmethylpentyl,
1,4~ dlmethylpentyl 2 1,2,3—trime}thylbutyl, -1,1,2-
trlmethylbutyl l,l,3—trimethylbutyi,‘5;methylheptyl, 1-
methylheptyl ocﬁyli'nonyl décyl' and thé like. Lower
alkyls are alkyl groups as defined above 1 to 6 carbon
atoms, preferablypl_to 4 carbon atoms.

The?term "aikényl " as used'herein iﬁcludes within
_ipsv? meaning monovalent (“alkepyl”) and  divalent
'k“alkeﬁylené”) stralght ‘or brancﬁed ohain;vorIAcyoiio
uhSaturated aliphatlc hydrocarbon groups haVing from 2 to
25 carbon atoms, ég, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21) 22, 23, 24 or 25
carbon atoms and having at least one double bond, of
either E, Z, cia or trans stereochemistry where
applicable, anywhere 1in the alkyl chain. Examples of
alkenyl groups include but are not limited to vinyl,
allyl, 1—methylvinyl, l-propenyl, 2-methyl-l-propenyl, 2-

k methyl—14propenyl,:i—butenyl, 2-butenyl, 3-butentyl, 1,3~
butadienYl, 1—peﬁtenyl, 2—pententyl, 3—pentenyl, 4~
pentenyl, 1, 3—pentadienyl 2,4-pentadienyl, 1,4-
pentadienyl, 3- methyl 2= butenyl 1—hexenyl, 2-hexenyl, 3-
hexenyl, 1,3- hexadlenyl 1,4¥hexadienyl, 2-
methylpentenyl, 1-heptenyl, 2-heptentyl, 3-heptenyl, 1-
octenyl, 1l-nonenyl, 1l-decenyl, and the 1like. Lower
alkenyls are aikenyl.groups as defihed above with 2 to 6

carbon atoms, prefeﬁably'Z to 4 carbon atoms.
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The term "alkynyl"jas used herein includes within its
meaning , monovalent (“alkynyl”) and divalent
e alkynylene ); stralght or branched chain or cyclic
'Eunsaturated allphatlc hydrocarbon groups ‘having from 2 to
”‘310 carbon _atoms and hav1ng at’” least one trlple bond
Eanywhere in the carbon chain. Examples of alkynyl ‘groups
llnclude but are not limited to ethynyl 1—propynyl, 1-
butynyl,‘ 2- butynyl 1- methyl 2-putynyl, 3-methyl-1-
bntynyl,z 1- pentynyl 11— hexynyl Z methylpentynyl; 1-
heptynyl; 2= heptynyl l-octynyl, 2-octynyl, 1l-nonyl, 1-
decynyl,iand-the.llke. Lower alkynylene are .alkynylene
groups . as defined'jabove with 2,ito 6 carbon ‘atoms,.
Apreferably 2 to 4 carbon atoms " | __b »
| | The termv“aryl” as: used hereln refers to a: mono— or
’multlple CyClle Carbocycllc rlng system hav1ng one or'l
more aromatic rings including, but not  limited to,
phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl
and the .llke. Aryl groups (including bicyclic aryl
groups) can be unsubstituted or substituted with one to
five substituents or mofe (typically one to five
substituent for monocyclic aryl and more than five
substituents .for bicyclic/oligocylic aryl)
independently -seleCted from the group consisting of
alkyl,'alkenyl, alkynyl, haloalkyl, alkoxy, thioalkoxy,
hydroxy, mercapto, amino, alkylamino, 'dialkylamino,
acylamino, aminoacyl, alkoxycarbonyl, .aryloxycarbonyl,
azido, cyano, halo, nitro,. carhoxaldehyde, carboxy,
carboxamide, carbamide, Carbamate,: sulfate, sulfonate,
sulfinate, phosphate, phosphonate, phosphinate,
phosphine, and  protected hydtoxy. In addition,
substituted atylv.groups include tetrafluorophenyl and

pentafluOrophenyl}:j
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The term "heteroaryl"™, whether used alone or as part

of vanother group, refers to a substituted or

'unsubstltuted : aromatlc heterocyclic' ring ‘system
j(monocycllc or. blcycllc)_ Heteroaryl'groups can haVe, for
rexample,; fromﬁ about }3; to about 50 carbon .atoms.

:Heteroaryl groups typlcally 1nclude aromatlc heterocycllc

~r1ngs systems hav1ng about 4 to. about 14 ring atoms and

contalnlng carbon atoms and, 1, 2, 3, or 4 heterocatoms
selected from oxygen, nitrogen or sulfur. Exemplary
heteroaryl groupsiinclude but are not limited to furan,
thiophene, : indole,~ azaindole, : oxazole, - thiazole;--
iSovaOle, isbtniaéole, imidazole,. N-methylimidazole,

pyridine; pyrimidine, pyrazine, pyrrole, N- methylpyrrole,

vpyrazole;_‘ N methylpyrazole, -1, 3, 4 oxadlazole,: 1,2, 45
‘triaZole;" 1- methyl 1, 2 4- trlazole, 1H tetrazole,': 1

methyltetrazole, benzoxazole, benzothiazole, benzofuran,”
benzisoxazole, benzimidazole, N—methylbenzimidaiole,
azabenzimidazole, indazole, quinazoline, gquinoline, and
isoquinoline. Bicyclic aromatic heteroaryl groups include
phenyl, pyridine, pyrimidine or pyridizine rings that are
(a) .fused to a ©6-membered aromatic (unsaturated)
heterocyclic ring having one nitrogen atom; (b) fused to
a b- or 6—memberedf aromatic (unsaturated) heterocyclic
ring_having two nitrogen atoms; (c):fused to a b-membered
aromatic (unsaturated) heterocyclic ring' having -one
nitrogen atom together with either one oxygen or one
sulfur atom; or"(d) fused 'to a 5-membered aromatic
(unsaturated) heterocyclic ring having one hetercatom
selected from O, N or S. The term "heteroaryl" also
includes aromatic heterocyclic rings: that are
substituted, forj example. with 1 to 5 substituents
independently seleoted from the igroup con51st1ng of

alkyl, alkenyl,'alkynyl, haloalkyig alkoxy, thloalkoxy,
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hydroxy, mercapto,: amino, alkylemino, 'dialkyramino,
aoylamino, .aminoécyl alkoxycarbonyl, aryloxycarbonyl,
aZido,f Cyaho, halo, nitro, _cerboxaldehyde, carboxy,
Zoerboxamide,i carbamlde,j carbamate,insulfate, sulfonate,
1eulfinéte, j phosphate, phosphonate, _ phOsphinate,
Vphosphlne, and protected hydroxy. L | '

v The term optlonally substltuted"' as used .herein
means _the group to which” this term refers may be
unsubstituted, or may be substituted with one or more
groups: independently selected from alkyl, alkenyl,
alkynyl, = aryl- heteroaryl v thloalkyl cycloalkyl,
cycloalkenyl ‘: heterocycloalkyl ;; halo, - carboxyl,-
rcarboxyalkyl haloalkyl- .haloalkyhyl,' hydroxy,izalkoxy,
vthloalkoxy, ; mercapto,i eikeniloxy,, - 'haloalkoxy,':
haloalkenyloXy, rnitro, amino,_nitroalkyl,'nitroalkenYl,
nitroalkynyl, " : nitroheterocYclyl, alkylamino,
dialkylamino, alkenylamine, alkynylamino, acyl, alkenoyl,
alkynoyl, acylamino, diacylamino, aminoacyl, acyloxy,
alkylsulfonyloxy, . heterocycloxy, heterocycloamino,
haloheterocycloalkyl, alkoxycarbonyl, aryloxycarbonyl,
azido, carboxaldehyde, carboxy, carboxamide, carbamide,
carbamate, oxime, . hydroxylamine, sulfate, sulfonate,
sulfinate, alkylsuifenyl, alkylcarbonyloxy, alkylthio,
acylthio, phosphorue—containing groups suchpes phosphate,
phospheonate, phosphinate and phosphine, aryl, heteroaryl,
alkylaryl, alkyiheteroaryl, cyano, cyahate,_isocyanate,
C(O)NH(alkyl), ’ 4C( O)N (alkyi)g and:—C( )NR;R’/, where R/
and R’’ are 1ndependently hydrogen, alkyl, aryl or
heteroaryl as deflned herein. '

The term fhalogen” or variahts such as “halide” or
“halo” as wused 'herein refers to fluorine, chlorine,

bromine and iodine.
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The term “amino” :or “amine” as used herein refers to

groupS' of the :form ~NRaRp 'wherein Ra and Ry, are

jindiVidually selected from the group including. but not
v'Elimited ;toﬁ hydrogen,j optionally " substituted alkyl
,optionally substituted alkenyl, optionally substituted

alkynyl “and optionally substituted- aryl groups

fThel-terms "chemically coupled" .and chemlcally

couple" and grammatical variations thereof refer to the

covalent’and noncovalent bonding of - molecules and include
speCifically, but not excluSively, covalent bonding,

electrostatic ‘bonding, hydrogen bonding ‘and van der

,WaalS' 'bonding The terms encompass both indirect and
idirect bonding of molecules Thus, lf a first. compound is

_chemically coupled to a second - compound that connection

may be through a direct chemical bond or through an
indirect chemical bond via other compounds, linkers or
connections. '

As used herein, the term "urease unit", or urease
"enzymatic unit", [U], refers to that amount of enzyme
(urease), which causes the liberation of one micromole of
ammonia per minute at 23°C and pH 7.5.

The  word  “substantially”  does not exclude
“completely” e.g.;a composition which is “substantially
free” from Y may be completely :free from Y. Where
necessary, the word “substantially” may be.omitted from
the definition of the invention.

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereof, are
intended. to represent "open" or "inclusive" language such
that they includeh recited elements but also‘:permit
inclusion of additional, unrecited elements |

As used herein, the term "about" in the context of

concentrations of components of' the formulations,
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typically meansjf+/— 5% of..the: stated value, more

typioally +/- 49?of'the stated:value, more typically +/-

'35 of the stated value, more typlcally, +/= 2%‘of the
fStated value, even more typlcally +/— 1% of the;stated

1value, and even more typlcally +/—-O.5% of'the:stated

value _ _ ‘

Throughout thls disclosure, certain embodiments may
be dlsolosed in a range format. It:Should:be.understood
that the descriptiOn in range format is merely for
conveniencevand brevity and should not be construed as an

inflexible: limitation “én  the scope of ‘the. disclosed

'ranges Accordlngly, the descrlptlon of a range should be

con51dered ;to’ have spec1f1cally dlsclosed all the
possrble sub ranges ~as -well as ;1nd1v1dual nuﬁeriCal;
values within that range. For‘exaﬁple, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of a method of
preparing a substrate for 1mmoblllzatlon. of functional
substances thereon and a substrate for immobilization of
functional molecules thereon, will now be disclosed.

The substrate has compounds disposed thereon for
immobilizing a functional molecule, each compound having
a chain comprlslng ~a moiety R that 'is chemically coupled
to the substrate,:saidbmoiety_Rvbeing selected from the
group consisting of an ether,iester, carbonyl, carbonate

ester,: thioether, disulfide, sulfinyl, sulfonyl, and
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carbonothioyl' and ~an epoxide- containing moiety that is

coupled to the moiety R by a linker compriSing at least

jone nucleophilic group

o In one embodiment the mOiety R is further selected

'from the group conSisting of an amine, amide, carbamide,

vureas and guanidines

In ‘one embodiment the-nucleophilic group excludes at
least ‘one of oxygen—-containing moieties and sulfur-
containing moieties.

In another embodiment the substrate comprises an

“*,additional epox1de containing group: coupled to the chain.
:In_'onj~ embodiment ]the number of additional epox1de
icontaining group lS selected from the number 1 2 3/'4 .

_and 5 j In another embodiment at least 'one of the

additional epOXide containing groups is coupled to said
chain by the nucleophilic group of said linker.

The linker may comprise additional nucleophilic
groups to which said additional epoxide containing groups
are coupled to said chain. In another embodiment, the
additional epoxide-containing groups may branch from the
chain by coupling With ‘the additional nucleophilic groups
of said linker. .

In one embodiment, the nucleophilic group of said
linker is an amine. . The linker may be selected from the
group consisting of saturated and unsaturated aliphatic
and aromatic amines, diamines, and triamines. In .-one
embodiment, the aliphatic groups of said amines are alkyl
groups. . |

In another embodiment, the linker may contain an
epoxide group. h

In another embodiment the linker comprises a di-
nucleophllic species. The di—nucleophilicElinker;may be

selected from at:least one of anfalkyl—diamine and an
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alkene%diamine, ;ln'one embodiment, the di—nucleophilic

,linker-is selected-from at least one of ethane-diamine,
:_;propane dlamlne, butaneediamine} pentane-diamine, hexane-

5d1am1ne ' In one embodlment - the ai—nucleophilic:linker

1s hexane dlamlne

In' another embodlment l'the :epOXide containing-

-compound is derlved by~reactlon of .an epihalohydrin with

the nucleophlllc groups of said linker.

In one embodlment the substrate may be inert to a

functlonal Hmlecule belng 1mmoblllzed by sald epox1de—

jcontalnlng group..

Inf another embodlment the substrate’ may be a

ipolymer - .The polymer may be a. bloc0mpat1ble polymer ln'

banother embodlment the blocompat;ble polymer- may be

selected from thé' group consisting of a polyester

substrate, a polyamide substrate, a polyacrylate
substrate, and a polysaccharide-based substrate. In one
embodiment, the polymer is a polysaccharide-based

substrate which may be selected from the group consisting
of cotton linters/ cotton pulp, cotton fabrics, cellulose
fibers, - celluloSe ‘ beads, ~cellulose ' powder,
microcrystalline cellulose, cellulose membranes, rayon,
cellophane, cellulose acetate,  cellulose acetate
membranes, chitosan, chitin, dextran ‘derivatives and
agarose derivatives. '

“In another‘embodiment, the polymer is a biopolymer.
The biopolymer may be selected from cellulose, chitosan,
chitin, dextran, agarose and derivatives thereof.

In another embodiment, the substrate may comprise a
coating - disposed} on said _-substrate, the ' coating

comprising a substantially .. homogenous = mixture of

- stabilizing additiVes ‘selected to ;stablllze‘ said

functional molecule. In one embodiment[ the stabilizing

34



10

- 15

20

25

30

WO 2011/102807 PCT/SG2011/000069

additives may be:eelected from the group consisting of a

sUgar, an organlc ac1d an amino acid, a sugar acid and a

‘thlol

In another embodlment there 1s prov1ded a method of
1mmob11121ng a functlonal molecule on a substrate. The
method oomprlses,_the step ‘of exposing the . functional
moleculeﬁto the snbetrate as described herein.

In one embodiment ‘the functional molecule is selected

from.va ;group oonsisting of an . affinity 1ligand, a

oheletor; a catelyst, an ion eXchanger} a dye, an
:indiéator:andga oiomolecule.' In another embodlment the
:fnnotional molecnle;isiohiral‘, In another - embodlment

'the : fnnctionei: molecule is"va:j blomolecule :'{ The

_blomolecule may be an enzyme. The enzyme may be selected.

from 'the group . consisting of urease, uricase,
creatininase, lipases, esterases, cellulases, amylases,
pectinases, catalaees, acylase, catalase, esterase,
penicillin amidase, proteinase-K. |

In another embodiment, the method further comprises
the step of applYing a eubstantially homogenous mixture
of stabilizing additives to the surface of the substrate
to stabilize seiected to stabilize said functional
molecule. The Step of applying the substantially
homogenous mixture of additives comprises evaporatlng the
solvent of a solutlon of 'said additives onto the
substrate. In one embodiment, the stabilizing additives
are selected from the group consisting of a sugar, an
organic acid, an amino acid, a sugar acid and a thiol.

In .another embodiment, there 1is also Iprovided a

method of preparing a substratev for immobilization of

functional molecules thereon. The method comprises the
steps of: (i) providing electrophilic compounds coupled
to. the -surface of the substrate} (ii) 'allowing the
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_eleotrOphilic compounds to undergo a nucleophilic

i'vsubstitution reaction to prov1de a nucleophilic group

thereon and thereby increase the nucleophiliCity of the

-Substrate surface,:(iii) allowing the nucleophilic group

to_ undergo a nucleophilic substitution reaction with

another {_ electrophilic compound to provide an
electrophilic group on the substrate surface and thereby
increase the electrophiliCity of the substrate

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

,repeated n number fof times to form n generations of

electrophilic ‘groups on: said substrate-v - +-In one "

‘embodiment, steps: (ii) and (iii) are repeated 1, 2, 3, 4,

5;’6;'7,]8,;9,‘10 11, 12, 13, 14, 15 16, 17L_18; 19 or

20 or more times.

In."one embodiment, said step of providing

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

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

In another;:_embodiment, the epOXide containing

compound 1is an epihalohydrin. In one embodiment the

‘epihalohydrin may be selected fromvthe group consisting
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of epichlorohydrih;g eplbromohydrln,b epiiodohydrihy 1,2-

.,epoxy 4 chlorobutane, 1 2- epoxy 4- bromobutane, 1,2-epoxy-

4 1odobutane, : 2 3 epoxy 4- chlorobutane, ﬁ 2,3fepoxy—4—

'bromobutane, ',i 2 3 -epoxy-4- 1odobutane, ~ 2,3-epoxy-5-
.chloropehtane,_- 2,3 EPOXy- 57bromopentane,,: 1,2—epoxy—5—
chloropeutane ' iujohe embodiment, - the epihalohydrin is

,eplchlorohydrln . |
In @ one embodlment the nucleophile is a di-

nucleophlle or. a polynucleophlle In another embodiment,

the nucleophlle comprlses an amlne The amlne may be .
;selected from the group consrstlng of - saturated ,ahd

;unsaturated allphatlc j-o'r aromatlc amlnes,; dlamlnes,
'trlamlnes and hlgher polyamines. In one embodlment the

hallphatlc group of said amines is selected from an alkyl

group. .In one embodlment the amine may be selected from
at least one of ethane-diamine, proane-diamine, butane-
diamine, pentane-diamine, hexane-diamine. In one
embodiment, the amine is hexane-diamine.

The'substrate may comprise a polymer. The polymer
may be ahbiocompatible polymer. In one embodiment, the
biocompatible polymer ‘may be selected from the group
consistiug of a" polyester substrate, ~a polyamide
substrate, a polyacrylate substrate, and a
polysaccharide-based substrate. .

In one embodiment, the  substrate is a
polysaccharide—based substrate. The polysaccharide-based
substrate mayv selected from the' “group consrstlng of
cotton linters, ootton pulp, -cotton fabrics, cellulose
fibers, celluLose beads, cellulose "powder,
microcrystallihe oellulose, cellulose membranes, rayon,
cellophane, celiuiose acetate, - cellulose acetate
membranes, chitosan} chitin, dextran derivatiyes and

agarose derivatives.
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In ianother%:embodiment _the -polymer may - be a
jbiopolymer : § h biopolymer may be selected from
vcellulose, chitosan, chitin, dextran, I,agarose and

derivatives thereof _ _ , _
In another embodiment the/ functional molecule may  be
selected from the group conSisting of an affinity ligand

a chelator, a catalyst, an ion exchanger, a dye, an

indicator and a “biOmolecule : Inf one embodiment, the
functional molecule may be chiral. In another embodiment
the functional molecule 'is_ a:; biomolecule - .The |

:biomolecule may be an enzyme selected from. the groupé}
conSisting of urease,‘ uricase, creatininase, lipases,
esterases, cellulases, amylases, oectinases, ,catalaSes,
acylase,;_ catalase,’ esterase, ipenicillin amidase,
proteinase-K. '

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
to stabilize said functional molecule. The step of
applying - the substahtially homogenous - mixture | of
additives may comprise evaporating the &solvent of a
solution of said additives onto the substrate. In one
embodiment the stabilizing additives may be selected from
the group consisting of a sugar, an organic acid, an
amino acid, a sugar acid and a thiol.

There is also provided a sorbent cartridge for use
in a dialysis demice} the sorbent cartridge comprising a
substrate as described herein for immobilizing urease.

. There 1is also provided a dialyzer for use 1in a
dialysis device, the dialyzer compriSing a substrate as

described herein for immobilizing urease.
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: There is also prov1ded a dlaly51s method compr151ng

_the steps of: expOS1ng a dlalysate contalnlng urea to a

substrate as descrlbed herein; and remov1ng the dialysate

’
14

There is also prov1ded the use of the substrate as
descrlbed herein in a dialysis dev1ce
In another embodlment there is provided the use of

the Substrate in' accordance w1th the dlsclosure as a

:SOlld phase materlal for chromatography (1nclud1ng chlral

ichromatography and afflnlty chromatography) f Insanother

embodlment the dlsclosure prov1des the’ use. of “the
substrate in sensors and blosensors -

In another embodlment there 1s prov1ded a method of

vpreparlng' a substrate for lmmoblllzatlon. of functional

substances thereon,'the method 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 tod the = substrate, wherein said second
electrophilic compound, when coupled to said . first
electrophilic compound, is configured to immobilize the

functional substance thereon. In one embodiment, the

first electrophilic compounds is a di-electrophile and is

chemically bonded to the substrate due to a nucleophilic
substitution reaction between one electrophilic group of
the di—electrophile and a nucleophilic group on the
substrate. ' ‘

As a result of this firstd reaction, a"poorly
reactive (nucleophilic) substrate "is converted: into a
strongly: reactive'f(electrophilic); substrate. The di-
electrophilic reagent may be an epihalohydrin..ilt may
also be one of the group comprising cyanogen bromide,

bromoacetic acid, glutaric aldehyde, and the like. The
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second electrophilic compound may be chemically directly

'bonded to the. first electrophilic compound such as via a

chemical link: The second electrophilic compound may also
be_‘”indirectly chemically , bonded to  the - first
electrophilic compound for example via a linker. In one

embodiment the first and second electrophilic compounds

-are monomers

Prior to the step of chemically coupling' a first
electrophilic compound to the substrate, the method may

include the step of functionaliZing the substrate suchv

'that the substrate comprises functional groups that are -
'capable ]of- being fchemically _coupled to }the; first

-electrophilic compound

_ 'In one embodiment the method comprises the step of
using a' linker"to couple the ‘second ‘electrophilic
compound to the first electrophilic compound. The linker
may also be neutrally charged. In one embodiment, the
linker may also comprise an aliphatic Cygschain that is
saturated or unsaturated, straight or branched, which is

optionally substituted, and wherein the carbons of the

chain can be optionally replaced by —C(0)—, —C(0O)C(0O)—, —
C(O)NR'—, —C(O)NR'NR'—, —CO, —, —OC(0)—, —NR'CO, —, —O—, —
NR'C(O)NR'—, —OC(OJNR'—, =NR'NR"—, —-NR'C(0)—, —S—, —SO—, —
so, -, -NR-, -80, NR'-, -NR'SO, -, -C(O)NRO- or -

NRC (NR)NR-,wherein R" is selected from hydrogen or Ci-10
aliphatic; wherein Ci-10 aliphatic can be substituted or
unsubstituted. o ' N
In one.embodiment _the linker:does not . contain an
epoxide group} The Tinker may also comprise at. least onev
nucleophilic group' The linker j may' be a multi-
nucleophilic linker;'that is, the linker may contain more
than one nucleophiiic group. In one embodiment, the

linker is a di—nucleophilic linker. When the linker is a
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di- nucleophlllc llnker,‘at.least.one of"the nucleophiles

of the di- nucleophlllc linker may be selected from the
group consisting eof NH, NR, NHO, jNRO,' o, S, Se, COO,
CONH[.:CONR, CSS,” 'COS, - CONHO, CONRO, CONHNH, CONRNH,
CONR'NR?,” CNO, PH and PR, - |

where R, 1‘ahd R? are independently selected from

‘the group con31st1ng of hydrogen, eptionally sUbstituted::
:alkyl ; optlonally ﬁsubstltuted ~.alkenyl, optlonally ﬁ

substltuted alkynyl eptionaliy eubstituted aryl ,ahd_;

joptlonally substltuted heteroaryl
':: When the functlonal linker does not contaln an’ epox1de

'group and. is a ,dl.nucleophlllc llhker, the l;nker‘ may

have”atgeheral'fo?mula (I):

B YH
HX///A\\fvﬁzz

n

- formula (I)
wherein:

X and Y are ihdependently selected from NH, NR, O,
s, COO, CONH and CONR; _

R is selected from the group consisting of hydrogen,
optionally substitﬁted alkyl optionally substituted
alkenyL,‘ optionaiiy substltuted alkynyl, optionally
substituted aryl and optionally substituted heteroaryl;
and ' } | :

n is an integer from 0 to 25.

In another jembodiment,. the di-nucleophilic linker

has the general formula (II):
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e o s :formula.kil)ﬁq
wherein: o .
3Xiand Yrare independently seleeted from NH; NR, NHO,
5 NRO, O, S, Se, COO, CONH, CONR, CSS, COS, CONHO, CONRO
CONHNH, CONRNH, CONRNR, CNO, PH, PR; | |
R R!, R?, R3} R? are independently selected from the
‘group con81st1ng of hydrogen, optionally substituted
o ’ alkY£ ﬁ optlonally -'subStituted yﬁalkenyll optlonally ﬁ
&n;iO : 4subst1tuted alkynyl optlonally éubstituted ‘aryl and'}
e 'optlonally substltuted heteroaryl and o o

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

from O to 25
RY
o , . -—{—0—9——
15 " The position of the - .groups R?
RS R4
C=—=¢C - /C_C\ /Ar\
E } A\ / \

;oo and of

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

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

has the general formula (IIa):

X Y
™
formula (IIa) .

25 ‘wherein:

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

30 substituents which may form cationic adducts;
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‘R, R! and. R? Lare independentiy selected from the
group consistingﬁ of hydrogen, optionally substituted
alkyl,: :optionaliyg substituted falkenyl} poptionally
Substituted alkynyl, optionally substituted aryl and
optionally substituted heteroaryl; and

*nris an integer from 0 to 25.

In one embodlment ‘the varlables X and Y may also be

'any nucleophlllc group that 1s capable of reactlng with -

van epox1de group to form a chemlcal bond

]Th dlnucleophlllc llnker may comprise_ an alkyév

dlamlne group , In ‘one embodlment : the di—nucleophilic

linker E,lS : at; least one of ethylene dlamlne»- and

hexanediamine; In another embodlment the llnker may be a

_oharged ?compoundh-oomprlslng nucleophlles such as NR'R?

where,vR1 and R® are defined above. The linker may also be
small compounds seiected, from the group consisting of
H,O, H,S, HpSe, PH;, PH;R, NH3, NH,R and NHR'R?, where, R,
R! and Rzare as defined above.

The Ilinker may or may not be .an epoxide-containing
compound. In one embodiment, when the linker 1is an

epoxide -containing compound, the linker may have a

HX/HH\<'

O

general formula (Ia):

wherein: . s :
X 1is selected from NH, -NR, O, S, Se, COO, ‘CONRlNRZ,

CONRO, - CONH and CONR; R! and RZ are - independently
selectedi from :ﬁhé group consisting of hydrogen,
optionally substituted alkyl, optionally substituted
aikenyl,v optionally substituted jalkynyl, optionally
substituted aryl and optionally substituted heterocaryl;

and
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n 1s an 1nteger from 0 to 25 ‘ _
In another embodlment the epox1de contalnlng llnker

has the general formula (Ib):

., R | R;?>;R4 | é | |
. ) E NN . i
| H%—é—RZ m Cf:ifC /n\C | C) i (A ) /N

'formula (Ib)

10

':Qwheréin}.
X is selected from NH, NR, NHO, NRO, O, S, Se, COO,
CONH CONR CSS} - COS, CONHO, CONRO CONHNH, CONRNH,
CONRNR, CNO, PH, PR | ‘
o R R R2, R#;.R4 are independently selected from the
.15 group con51st1ng “of  hydrogen, optionally subsrituted

alkyl, optionally substituted = alkeny, optionally
substituted alkynyl, optionally substituted aryl and
optionally substituted hetercaryl; and

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

20 _ from 0 to 25.
R1
C
, ( RZ)

The position of the groups
R3 .R4
{ ) \ / \

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

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

epoxide group to form a chemical bond.
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ﬁThe:vepoxy—containing linker may comprise ‘hydroxy-
oxiranes;'In one:embodimentv the epoxy—containing‘linker
is glyc1dol L | ' | -

The disclosed method may also further comprise the

steps of chemically coupling a subsequent electrophilic

,compound or ;ambiphilic compound to the preceding

electrophilic compound directly or indirectly via the_:
functional linker disclosed above These additional steps
of chemically coupling subsequent electrophilic compounds
may ' be. carried out repeatedly until the de31red chain
length 1s achieved Advantageously, by repeating these -
steps, the number:’ of electrophilic- Sites such as active
OXirane Sites for binding with the. biological substances
may increase,v thereby increasing vthe probability and
affinity'of the biological substance to the substrate. In
one embodiment, EWhen the linker_ is an ambiphilic
compound, the linker comprises glycidol.

In - one embodiment, .the electrophilic compounds
disclosed herein chprise epoxide - containing compounds.
For example, the first electrophilic compound and second
electrophilic compound may be a first epoxide containing
compound and a second epoxide containing compound. In
one embodiment, at least one _of the first epoxide
containing-compound and the second epoxide containing-
compound is an epihalohydrin. The epihalohydrin may be
selected_fromvthe'group consisting of, epichlorohydrin,
epibromohydrintand:epiiodohydrin. in one embodiment, the
method cbmprisesfselecting a poOrly reactive substrate;
The substrate maj;be selected from -the group consisting
of a polyester substrate, a polyamide substrate, an epoxy
resin substrate, ‘a. polyacrylate substrate, a hydroxyl-
functionalized substrate and a polysaccharide -based

substrate. In one embodiment, thef polysaccharide-based
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substrate is selected from the group conSisting of cotton
,linters,zcotton pulp, cotton - fabrics, cellulose fibers,
cellulose beads[_kcellulose powder, microcrystalline
cellulose, cellulose membranes,vf rayon,' cellophane,
CellulOSe acetate} cellulose acetate membranes, chitosan,
vchitin; dextran derivatives and agarose derivatives ‘

In one embodiment the chemically coupling steps are_f
Eundertaken at a- temperature range of from about:—30 C toii
'about lOO C, from about O C to about 70° C from about 4° Cp;
to about 30°C or from about lO C to about 27°C, from
about 40 °C to about 70°C, from-about 23 °C to about 35°C
‘and from about 23 °C to about 30 C. | o

The functional substances may be biologically active
iand"'imay ‘comprise biological = substances and/or
‘biomolecules. In  one embodiment, the  biological
substances are enZymes. The method may comprise the step
of chemically coupling an enzyme to said second
electrophilic compound that has been coupled to the first
electrophilic compound. The step of chemically coupling
an enzyme to said second lelectrophilic 'compound may
include providing' stabilizing and activating additives
such as sugars, thiols, antioxidants and chelators.

The enzyme may be selected from the group consisting
of oxidoreductases, transferases, = hydrolases,  lyases,
isomerases and ligases. Oxidoreductases catalyze
oxidation- reduction reactions, and the substrate
oxidized  is regarded ‘as hydrOgen: orlvelectron,'donor;
Transferases catalyZe transfer of functional groups from
one molecule to another. Hydrolases catalyze hydrolytic
cleavage of various bonds. Lyases catalyze cleavage of
various bonds. by other .means than by hydrolysis or
oxidation, meaningifOr example that they catalyze removal

of a group from or addition of a group to a double bond,
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.or" other’ cleavages involVing electron rearrangement

Isomerases catalyze intramolecular rearrangement meaning

changes within one- molecule Ligases catalyze reactions

in which two molecules are jOined

In one embodiment ~ the enzymes are ox1doreductases,

vwhich may act on. different groups of donors, such as the
‘CH- OH group, the aldehyde Or 0XO0 group, the CH—CH,group,
‘the 'CH-NH, .group, the CH-NH. group,  NADH' or.fNADPH,:'

'nitrogenous compounds, a sulfur group, a heme ‘group,

diphenols andlrelated'subStances, hydrogen,vSingle‘donors
with incorpOration”of molecular oxygen, paired donors-

With incorporation or reduction of molecular oxygen or

'others OXidoreductases may also be acting on.CH, groups
:or X H and Y H to form an X-Y bond Typically enzymes

'belonging to the group of ox1doreductases may be referred

to as oxidases, oxygenases, hydrogenases, dehydrogenases,
reductases or the like. Exemplary oxidoreductases
includes oxidases such as malate oxidase,_ glucose
oxidase, hexose oxidase, aryl-alcohol oxidase, alcohol
oxidase, long-chain alcohol oxidase, glycerol-3-phosphate
oxidase,: poly vinyl-alcohol oxidase, D-arabinono-1,4-

lactone oxidase, D-mannitol oxidase, xylitol oxidase,

oxalate oxidase, carbon-monoxide oxidase, 4-
hydroxyphenylpyruvate oxidase, dihydrouracil oxidase,
ethanolamine oxidase, L-aspartate oxidase, sarcosine
oxidase, = urate oxidase, methanethiol  oxidase, 3-

hydroxyanthranilatéZﬁoxidase, laccase, catalase,.lfatty—
acid peroxidase ,y peroxidase, diarylpropane peroxidase,
ferroxidase, pteridine oxidase, columbamine oxidaSe and
the likel Oxidoreductases may also include oxygenases
such as. catecholh 1l,2-dioxygenase, gentisate 1,2-
dioxygenase, homogentisate 1,2-dioxygenase, lipoxygenase,

ascorbate 2,3fdioxygenase, 3-carboxyethylcatechol 2, 3-
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dioxygenaSe, indole ;2,34dioxygenase,'i caffeate 3,4-
dioxygenase,' arachidonate 54lipoXygenase, biphenyl-2, 3-
diol l,2—dioxygenase, - linoleate ll1-lipoxygenase,

acetylacetone- cleaVing enzyme, lactatev2—monooxygenase,

'phenylalanlne 2-monooxygenase, - 1n051tol oxygenase. and the

'llke Ox1doreductases may also 1nclude dehydrogenases

such as alcohol dehydrogenase,g glycerol dehydrogenase,‘f

{propanedlol phosphate _ dehydrogenase, - L- lactate"
‘dehydrogenase,v' D lactate dehydrogenase, o glycerate"
dehydtogenase; glucose l—dehydrogenase, galactose 1-
dehydrogenase, allyl alcohol fdehydrogenase, 4-

hydroxybutyrate dehydrogenase,- octanol dehydrogenase,

_aryl —alcohol dehydrogenase, cyclopentanol dehydrogenase,

long chaln 3- hydroxyacyl CoA 'dehYdrogenase, L-lactate
dehydrogenase, © 'D-lactate -dehydrogenase, hutanal
dehydrogenase, E.terephthalate’ 1,2-cis-dihydrodiol
dehydrogenase, succinate dehydrogenase, glutamate
dehydrogenase, glycine dehydrogenase, hydrogen
dehydrogenase, 4-cresol dehydrogenase, phosphonate

dehydrogenase and the like. "Reductases belonging to the

group of oxidoreductases may also include enzymes such as

diethyl 2—methyl—3—0xosuccinate reductase, tropinone
reductase, long-chain-fatty-acyl-CoA reductase,
carboxylate reductase, D-proline  reductase, glycine

reductase, Heme-proteins such as cytochromes and the
like. In one embodiment the enzymes are lyases, which
may belong to elther of the follow1ng groups _~Carbon-
carbon lyases, carbon oxygen  lyases, carbon- nitrogen
lyases, carbon-sulfur lyases, Carbon—halide lyases,
phosphorus—oxygenjlyases and other lyases.
The'carbon—carbon lyases may also include carboxy-
lyases, aldehyde-lyases, oxo-acid-lyases and others. Some

specific examplesibelonging to these groups are oxalate
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decarboxylase, acetolactate /decarboxylase,f aspartate 4~

vdecarboxylase,f lysine “decarboxylase, aromatic~-L-amino-

acid - decarboxylase; methylmalonyl-CoA --decarboXylase,

jcarnltlne decafboXYlase, indole—3—glycerol—phosphate
:synthase, gallaée' decarboXylase; braﬁched—chainaZ—_
ﬁoxoa01d decarboxylase, » tartrate decarboxylaSe,
Earylmalonate r;. decarboxylase,ip fructose blsphosphate_z

valdolase, ; 2 dehydro 3-deoxy- phosphogluconate . aldolase,

trlmethylamlne ox1de aldolase, ‘propioin synthase,‘laotate'

,_aldolase, : vanlllln synthase, _ isocitrate ':lyase,
hydroxymethylglutaryl CoA lyase, - - 3-hydroxyaspartate
'aldolase, tryptophanase, deoxyribodipyrimidine photo-

lyase, octadecanal decarbonylase and the like.

The carbon oxygen lyases may 1nclude hydro lyases,

'lyases actlng on polysaccharldes, phosphates and others.

Some specific examples are . carbonate dehydratase,

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

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

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

ammonia-lyase, argininosuccinate lyase, adenylosuccinate
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lyase, ureidoglyooiate‘iyase and 3%ketovalidoxylamine C-
N-lyase. | .: | ' : v

'The carbon- sulfur lyases may include dlmethylproplo—
thetln dethlomethylase,valllln lyase, lactoylglutathlone
‘lyase and cystelne lyase - o . :
.'VliThel carbon- hallde lyases::may;éinclude v34ohioro—bs
T'a":l:anj_'ne ;; dehydrochlorlnase jzf and o dichloromethane :
Idehalogenase S ' ' S

The: phosphorus -oxXygen lyases may 1nclude adenylate
vcyclase, cytldylate cyclase, glycosylphosphatidylinositol
'dlacylglycerol lyase ' ' 7

© - 'In another embodlment the enzymes are hydrolases
;Selected from thej group consisting of glycosylases,
enzymes acting on ac1d anhydrldes and enzymes actlng on
‘spec1f1c bonds such as ester bonds, ‘ether bonds, carbon-
nitrogen bonds, :peptlde bonds, carbon-carbon bonds,
halide bonds, phosphorus-nitrogen bonds, sulfur-nitrogen
bonds, carbon—phosphorus bonds, sulfur-sulfur bonds or
carbon sulfur bonds.

The glycosylases may be glycosidases, which are
capable of hydrolysing O- and S-glycosyl compounds or N-
glycosyl compounds. The glycosylases may also include o-
amylase, p-amylase, glucan 1,4-o-glucosidase, cellulase,
endo-1, 3(4)-B-glucanase, inulinase, endo-1,4-B-xylanase,
oligo-1, 6-glucosidase, dextranase,'ohitinase, pectinase,
polygalacturonase, 'lysozyme, levanase, quercitrinase,
galacturan 1,4-o- galacturonldase, isoamylase, glucan 1, 6-
aglucosidase, glucan endo-l,Z—B—gluoosidase( licheninase,
agarase, - exo—polyed—galacturonosidase, K—-carrageenase,
steryl—B—glucosidasey strictosidine , B—glucosidase,
mannosyl—oligosaccharide glucosidaSe, lactase, 'oligo—
xyloglucan B—glyoosidase, .polymannuronate hydrolase,

chitosanase, poly(ADP—ribose) glycohydrolase, purine
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nucleoSidase,.inoéine'nucleosidase,Euridine nucleosidase,
adenosiné nucleosidése,’and the like.

Theleﬁzymesfa@ting on acid'ahhydrideé may be for
-example fthosé ébtihg on . ph@spﬁorus— or- sulfonyl-
contalnlng anhydrldes Exemplary eﬁzymes acting on acid::
anhydrldes z,areif 1nclude ‘ 1norgan1c dlphosphatase,,j
Ttrlmetaphosphatase,:, aden051ne trlphosphatase,-;;apyrase,*:
nucle051de dlphosphatase, acylphosphatase, : nﬁCieotide
dlphosphatase, endopolyphosphatase, exopolyphoépﬁatasé,
nucle051de phospﬁb?écylhydrolase, ;triphosphatase; CDP-
dlacylglyceroldlphosphatase,‘ undeCaprenyldiphosphatase,
vdollchyldlphosphatase, ol1goséCChaﬁideQdiphosphodolichol
:dlphosphatase,” heterotrlmerlc G- pfotein GTPase, - small

vmonomerlc GTPase,ﬁi dynamln GTPase, tubulin GTPase,

»dlphOSphOanSltOlpOlyphOSphate o dlphosphatase,-{ H'-
exporting ATPase,3 monosaccharide- transportlng ATPase,
maltose-transporting ATPase, glycerol 3-phosphate-

transporting ATPase, oligopeptide-transporting ATPase,
polyamine—transporting ' ATﬁaSe, peptide-transporting
ATPase, fatty—acylfCoA—transporting ATPase, protein-
secreting ATPase and the like.

The enzymes acting on the ester bonds may include
esterases, lipases, carboxylic ester hydrolases,
thiolester hydro?aées, 'phosphorié ester »hydrolases,b
sulfuric ester hydrolases and ribénucleases. Exemplary

enzymes ;acting' on ester bonds include acetyl—CoA

hydrolase, palmitéyl—CoA hydrolase, - succinyl-CoA
hydrolase, 3-hydroxyisobutyryl-CoA 'hydroiase, hydroxy-
methylglutaryl-CoA hydrolase, hydroxyacylglutathione
hydrolase, glutathione thiolesterase, | formyl-CoA

hydrolase, acetoaCétyl—CoA hydrolase, S-formylglutathione
hydrolase, 5- succ1nylglutathlone hydrolase, oleoyl-[acyl-

carrier¥prote1n] “hydrolase, ublqultln thiolesterase,
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)
/

[citrate—(pro—35)%lYase] thiolesterase, (S)—methYl—
_malbnyl—CéA hydrolase,-ADPfdependent short-chain-acyl-CoA
'1hydrqlaSé, ADP—deﬁendent medium+chéin—acyl—CoA hydrolaSe,'
»agyl%CoAf'hydr01%$é; deecanle4[§cyl—carfier protein]
'hydrélasé; 'pélmitéyl—(pfoteinfi. ﬁydrolase} 4;hydroxyf

,bénzdyl—CoA .'thiéeStérase, 24(Z—hydroxypheﬁyl)bénzene}
:éplfinété :hydréiaée,, ralkaline iv phosphatase,  acid
pﬁosphatése, :phdsphoserine bhosphatase, 'phdsphatidaté
pﬁésphatése,,S’fﬁﬁcieotidase, 3'—nu¢leotidase; 3'(2'),5'-
bisphoéphate:‘ :nﬁdieotidase, i 3—phytaée,‘ glucose-6-
phoéphatése,v glycerol—2-phosphatase, phosphoglycerate
’_thSphatase,jglyC§r§l—1—phosphatase; mannitél4l—phosphat—
'aée,f éugar—phOSpﬁaﬁaseﬁvbsucroée—phosphatase,' inositol-

ﬁlﬁor@)

%mgnbphoﬁphatasé,f‘4—phytase,f phosphatidylgiycero—
i:phosp"ha:t_és\é,:bADP?’jp'hbs?phoglycevr'a‘te phosphatase, N- acyl-
neuraminate-9-phosphatase, nucleotidase, polynucleotide
3'-phosphatase, glycogen—synthase¥D-phosphatase,‘pyruvate
dehydrogenase (lipoamide) ., phosphatase, acetyl-CoA
carboxylase phosphatase, 3Qdeoxyfmanno—octulosonate—8—
phosphatase, polynucleotide 5'-phosphatase, .sugar-
terminal-phosphatase, 'alkylacetylglycerophésphatase, 2=
deoxyglucose-6-phosphatase, glucosylglycerol 3- phosphat-
ase, S5-phytase, phosphodiesterase 1, glycerophospho-
choline phosphodiésterase, phospholipase C, phospholipase
D, .phosphoinositide phospholipasé C, éphingOmyeiin
phosphodiesteraée, :glycerophosphochOline' cholinephospho-

diestefase, alkylglycerophosphoethanolamine phospho—
diesteraée, glycerophosphoinositol glyce-  rophospho-
diesterase, arylsulfatase, steryl-sulfatase, glyco-

sulfatase, choline-sulfatase, Cellulose—polysulfatase,
monomethyl—sulfataSe, D-lactate-2-sulfatase, glucuronate-
2-sulfatase, prenyl—diphosphatase,' aryldialkylphosphat-

ase, . diisopropyl%fluorophosphatase} oligonucleotidase,
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poly(A)—Specific ribonUclease, yeast ribonuclease, deoxy-
ribonuclease (py#imidine dimer), Physarum polycephalum
riboﬁuClease, :ribOnculease alpha,-gAspergillus nuclease

S1, [ Serratia - marcescens nuclease, carboxylesterase,

»érylésﬁerasép,frﬁééylglycerolﬁlipaée, phospholipase A2,

lysophéspholipése;ﬁjacetylesterase,Iiacetylcholinesterase;‘

‘cholinesterase, = tropinesterase, peéctinesterase,  sterol

eéterase; chloroﬁhYllase, L—arabindnolactohaSe, glucono-
lactonase, - uronolactonase, tannaéé, retinyl-palmitate

estéraSe} hydroxqutyrate—dimer hydrolase, acylglycerol

lipaSeg j'3—¢xoadipate ~enol-lactonase, 1,4-lactonase, -
galadtOlipase,? ﬁj4—pyridoxolactonase, acylcarnitine
hydrélasé, ; amiﬁbé¢yl4tRNA , hydfolase, Dfarabinono—

léttén&se;; 6—pho§ph0gluconolacﬁonaée, phospholipase Al,

6-acetylglucose f‘deacetylase;"' lipoprotein - lipase,
dihydrocoumarin .hydrolase, limonin-D-ring-lactonase,
steroid-lactonase, . triacetate-lactonase, ‘ actinomycin

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

retinyl—palmitate;?hydrolaseL L-rhamnono- 1,4-lactonase,

'5;(3,4—diacetoxybut+l—ynyl)—2,2!¥bithiophene deacetylase,
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fatty—acyl—ethyl—éster synthase, :xylono—l,4—lactonase,
cetraxate benZylésterase, »acetylalkylglyéerol . acetyl- -

hydrdlésé; acetylxylan esterase,‘ feruloyl eSterase;_j

icﬁtiﬂaée; poly(3 hydroxybutyrate) tdepolymeraSe,ffpolY(34 .
'hydroxyoctanoate)' depolymerase aﬁyloxYacyl' hydrolaSe;.f

acyloxyacyl ‘hydrolase, polyneuridine—aldehyde esterase
and the llke ' ‘ ﬁ

'~Thef'enzymes acting on ether bonds may include

'trlalkylsulfonlum hydrolaseS".and; ether hydrolases.

_Enzymes actlng on  ether bonds may act on both thioether
.bonds _and on the‘roxygen equlvalent, Specific enzyme'
;éﬁéamplesj : belonglng , to _f--thésé groups are
:adenosylhomocystelnase,u3 adenoéylméthionine hydrolase,
Elsochorlsmatase, alkenylglycerophosphochol1ne hydrolase,

:epo><1dei>j hydrolase, trarcs- epoxysucc1nate hydrolase,

alkenylglycerophosphoethanolamine hydrolase; leukotriene-
A4 hydrolase, hepox1lln epox1de hydrolase and limonene-
1,2-epoxide hydrolase ' '

The enzymes acting on carbon-nitrogen bonds may
hydrolyze linear amides, cyclic amides, linear amidines,
cyclic amidines, linear carbamides (ureas), cyclic
carbamides (ureaS) nitriles and other compounds .
Specific examples belonglng to these groups are urease,

amidase (acylase), asparaglnase, glutamlnase, w—amidase,

. P-ureidopropionase, . arylformamldase, blotlnldase,. aryl-

acylamidase, éminoacylase, aspartoacylase, écetyl—
ornithine deacetylaée, acyl—lysine  deacylase, succinyl-
diaminopimelate désUccinylase, pantothenase, ceramidase,
choloylglycine hydrblase, N-acetylglucosamine-6-phosphate
deacetylase, N—acetylmuramoyl—L?alanine amidase, 2=
(acetamidomethylené)succinate hydrélase, S-aminopentan-
amidase, . formyiméthionine. ' deformylase, hippurate

hydrolase, N—aceﬂylglucosamine fdeaéetylase, D-glutamin-
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ase, Nemethyl—Z?oXoglutaramate hydrolase,v glutamin-
(asparagin—)ase, Lgaikylamidase, aCylagmatine amidase,

chitin: deacetylaée} peptidyl glutaminase, N- carbamoyl—

,sarCOSine ; L amidase, e (long chain acyl)ethanolamine i
:deacylase,- mimOSinase, acetylputreSCine deacetylase, 4=

'acetamidobutyrate deacetylase,» theanine hydrolase,' 2—

(hydroxymethyl) 3 (acetamidomethylene)suCCinate
hydrolase, : 4—methyleneglutaminase, N formylglutamate

deformylase/' glycosphingolipid deacylase, aculeacin-A

'deaCylase, peptide; deformylase, = dihydropyrimidinase,
dihydreorotase, cerboxymethyl—hydanfoinase, creatininase,
:L—lyéihe-laCtamase/ﬁzarginase, guanidinoacetase, creati-
-nase, allantOicase, :cyfesine deaminase, riboflaVinase,

ithiaminase, 1 aminocyclopropane 1 carboxylate deaminase

and the 1ike _

In one embodiment, the enzymes immobilized are
enzymes acting on peptide bonds, bwhich group 1s also
referred to as peptidases. Peptidases can be further
divided inte exopeptidases that act only near a terminus
of a polypeptide . chain and endopeptidases that act
internally in polypeptide chains. Enzymes acting on
peptide bonds may .include enzymes eelected from the group

of aminopeptidasee, dipeptidases, di- or tripeptidyl-

peptidases, peptidyl— dipeptidases, : serine-type
carboxypeptidases, . metallocarboxypeptidases, cysteine-
type carboxypeptidases, omega peptidases, serine
endopeptidases, ' Cysteine endopeptidases, . aspartic
endopeptidases, metalloendopeptidases and threonine
endopeptidases. 'Seme specific examples of enzymes

belonging to these groups are chtinyl aminopeptidase,
tripeptide aminopeptidase, prolyl aminopeptidase, arginyl
aminopeptidase, glﬁtamyl aminopeptidase, cytosol alanyl

aminopeptidase, lysyl aminopeptidase, Met-X dipeptidase,
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non—sterébspecifié;j dipeptidase;r :cytosol nonspecific
dipeptidase, 'membrane' dlpeptldase, dipeptidase E,
dlpeptldyl peptldase v I, ' dlpeptldyl dlpeptldase,

.trlpeptldyl peptldase I trlpeptldyl peptldase I, X-Pro
'dlpeptldyl peptldase,_ peptldyl dlpeptldase A lysosomal"

Pro X ?; carboxypeptldase, o carboxypeptldase j ‘C,

.acylamlnoacyl peptldase, ' peptidyl-glycinamidase, B-

aspartyl‘peptldase,-- ublquitinyl hydrolase 1; chymo-
trypsin,? chymotrypsin C, metridin} trypsin, thrombin,

plaSmin,'enterOpeﬁtidase, acrosin, o-Lytic endopeptidase,

.glutamyl endopeptldase, cathepsin.fG; cucumisin, prolyl
_ollgopeptldase, brachyurln, plasma -kallikrein, ftissﬁe
?‘5kalllkre1n, pancreatlc elastéée,f leukocyte elastase,
 chymase,i cerev181n,f hypodermin kL¥;lysyl endeepfidase,

'endopeptldase'””La;" y—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
elastase 1II, IgA-specific serine endopeptidase, u-
plasminogen activator, venombin A, furin, myeloblasts,
éemenogelase, granzyme A, granzyme' B, streptogrisin A,
streptogrisin .B; | glutamYl H endopeptidase 171,
oligopeptidase. B[ omptin, togavirin, - - flavivirin,
endopeptidase Clp, proprotein convertase i, proprotein
convertase 2, lactocepin, assemblin, hepacivirin,
spermosin, pseudémohalisin, xanthomonalisin, C-terminal
processing peptidase, physarolisin, cathepsin B, papain,
ficain, chymopapainj asclepain, clostripain, streptopain,
actinidain, cathepsin L, cathepsin H, cathepsin T, glycyl
endopeptidase, éahcer procoagulant, cathepsin S,
piCornain 3 ¢, picornain 2.1, caficain, ananain, stem

bromelain, fruit - bromelain, legumain, ~ histolysain,
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. caspase-1, gingipﬁiﬁ R, cathepsin K, adenain, bleomycin

hydrdlase, cathépsin F, cathepsin O, cathepsin WV,

'nuclear 1nclu31on e endopeptldase, helper- component"
:protelnase,j protelnase - K, L peptldase, glnglpaln: K;,ﬁ

.staphopaln, :separase, V cath endopeptldase, cru21pa1n,.5

calpaln 1 calpaln 2, pepsin A, pep51n B, gastricsin,
chym031n,-- 4 cathep51n D, nepenthesin}' renin,
Prooplomelanocortln ﬁconvertlng enzyme, 'aspergillopepsin

I;»asperglllopep31n 17, penlc1llopep31n, rhizopuspepsin,

endothlapep51n, y.w mucorpep31n,, candidapepsin,
'saccharopep51n, rhodotorulapep51n, xacrocylindropepsin,
:polyporopep81n,. pycnoporopep51n,'ﬁ scytalidopepsin A,

’scytalldopep31n B - cathepsin - E barrierpepsin, ‘signal

'peptldase II plasmep51n I, plasmepsin 171, phyfepsin,

yap51n‘A1, thermop51n, prepilin fpeptidaée, nodavirus
endopeptidase, memapsin 1, memapsin 2, -atrolysin A,
microbial collagehase, leucdiysin, stromelYSin 1, meprin
A, .procollagen C-endopeptidase, astacin,' pseudolysin,
thermolysin, bacillolysin, auredlysin, coccolysin, myco-
lysin, gelatinase B, leishmanolysin, saccharolysin,
gametolysin, serralysin, horrilysin, ruberlysin,
bothropasin, oligopeptidase A, 'endothelin—converting
enzyme, ADAM 10 endopeptidase and the like.

.The enzymes acting on .carbon—carbon bonds may
include, but are not limited to 6xaloa¢etase,
fumarylacetoacetaée, kynureninase, phloretin hydrolase,

acylpyruvate hydrolase, acetylpyruvate hydrolase, B-

~diketone hydrolase, 2,6-dioxo-6-phenylhexa-3-enoate

hydrolase, 2 hydroxymuconate semlaldehyde hydrolase and

cyclohexane 1, 3 dlone hydrolase. |
'The’ enzymes - actlng on hallde bonds may include

alkylhalidase, thaloac1d . dehalogenase, haloécetate

dehalogehase, thyrbxine deiodinase,fhaloalkane dehalogen-
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ase,"4 chlorobenioate dehalogenase; 4—cthroben20yl—CoA

dehalogenase, atra21ne chlorohydrolase and the llke

The 1mmoblllzed enzymes dlsclosed ‘herein .may also

1nclude -enzymes,jactlng on spec1f1c bonds 'such as

thosphoamldase,v_ N sulfoglucosamlne , sulfohydrolase;
,cyclamate o sulfohydrolase, : Aphosphonoacetaldehyde
hydrolase, ' phosphonoacetate hydrolase,  trithionate

hydrolase, UDP- sulfoqulnovose synthase and the like.

Preferably, the enzymes are ureases. The enzyme may

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

fthe flrst epoxy contalnlng compound

The substrate obtained from the descrlbed method for

lmmoblllzatlon of blologlcal _substances thereon' has a

ether-containing compound having one moiety coupled to a
substrate and another moiety coupled to -an epoxide-
containing compound; The substrate may be used 1in a
dialysis device such as a peritoneal dialysis device or a
hemodialysis device. In one embodiment, the substrate is

used in a sorbent of a hemodialysis device.

Brief Description Of Drawings

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

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

disclosed method of u51ng di- nucleophlllc llnkers
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Fig{ ‘1b is a"SChematic showing another possible
modlfled substrate that. may be obtalned fronl the same.ﬁ

,embodlment of the method shown in Flg la.

a‘Fig 2 isa- schematlc of another embodlment of the

't5>, dlsclosed method u31ng oxirane- functlonallzed linkers.

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

second epox1de contalnlng compound

“:Eigg 4 1s a schematlc of a- spec1f1c example of the

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

ﬁllnker;iﬂf”
Detalled Descrlptlon Of Drawings

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

giving the linker modified substrate 114 as a product.

/ \/W AW ' r
==,

formula (II)

: wherein:,v
30
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X and Y are 1ndependently selected from NH, NR, NHO,
NRO, ,o,- is, Se, c;_oo;,; CONH, CONR, CSS, COS, CONHO CONRO
-V'CONHNH CONRNH; CONRNR, - CNO, PH, PR: |

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

substituted alkynyl optionally substituted aryl and
uoptlonally substltuted heteroaryl; and

: L am, n, p and q is an 1nteger 1ndependently selected
::flb 3 Efrom 0 'to 25. e | ' '

Tl After the reactlon with the llnker group in step A—

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

the nucleophilic group Y, resulting in -the modified

. substrate 116 now having-an ether moiety 140, a terminal

epoxy moiety 142, that are respectively coupled by the

20 linker 144. The epoxide terminal group of the modified

' substrate 116 is then‘reacted with a biological substance

in the form of enzyme 120 that contains a:nucleophilic

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

the substrate to : give the overall product 130.

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

showing another product that may be obtained from the

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

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

having multiple epoxide groups. Accordingly, the:final
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modlfled substrate obtalned (216)jdiffers from modified -
substrate 116-'1 that the;;SubStrate 216 contalns

addltlonal epoxy m01et1es 242 at nucleophlllc groups X_‘

vand 7ft Modlfled substrate 216 can then'.undergo

1mmoblllzatlon reactlons similar to’ Step B-4 in Fig. 1la.
Referrlng to Flg 2, there is- shown a schematlc of
orie embodlment of the disclosed method 300 using oxirane

functlonallzed llnkers The substrate 310 containing a

“hydroxy group ,isi first reacted With an epihalohydrin

shown in. step C 1w The reactlon results in the release of

ithe halogen on’ the eplhalohydrln and hydrogen form the
Ehydroxy group such that the resultlng modlfled substrate

'312 1s now llnked to an epoxide group at: the termlnal

end The substrate 312 containing the epox1de group 1is
then in. step C 2, reacted with at least one unit of an
oxirane functlonallzed linker having the general formula
(Ib) : |

" formula (Ib)

wherein:

X is selected from NH, NR, NHO, NRO, O, S, Se, COO,
CONH, CONR, CSsS, bOS, CONHO, CONRO CONHNH, CONRNH,
CONRNR, CNO, PH, PR; |

R, Rl, R?, R®, R? are independently selected from the
group consistingA;of hydrogen, optionally substituted
alkyl, - ‘optionally: substituted alkenvyl, optionally
substituted alkynyl Optionally substituted aryl and
optlonally substltuted heteroaryl; and

m, n, p and g 1s an integer 1ndependently selected

from 0 to 25.
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'After the'reaction with the linker in step C-2, - the

resultlng modlfled substrate 314 now ‘contains the epox1de

‘group’ fof; the: oxrrane functlonallzed »llnkerf'at its

'termlnal end The epox1de termlnal group is then reacted

w1th fa; blologlcal substance = 320 - that_ contains a
nucleophlllc group Z in step C 3. Eventually the
blologlcal substance is 1mmoblllzed on the substrate to
glve the overall product 330. '

Referrlng to- Flg 3 there is shown a schematlc 400

:of a specrflc example of the method ‘shown in Flg 1a, but

Eeplchlorohydrln 1s used as the flrst and second epox1de

icontalnlng compound in steps D 1 and D-3. The resultlng

modlfled substrate contalns one ether m01ety 440 ‘and at
least one epoxy m01ety 442, as exempllfled in substrate
416. It may also contain multiple epoxy moieties, as

shown in modified substrates 450 and 452.

Referring‘to'Eig. 4 there 1is shown a-schematic 500
of a specific example of the method shown in Fig. 1b,
when glycidol 1is- used as a linker in step E-2. The
resulting product. obtained is indicated by reference

numeral 514.

Examples
Non-limiting embodiments of the invention and a
comparative examp;elwill be further,described in greater
detail by reference to specific Examples, which should
not be .construed as}in any wayjlimiting the scope of the

invention.
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Exampleﬁl
l.Preparationfof Epoxy—Functionalized Substrate
Mercerlzatlon ' and . epoxy functlonallzatlon of
cellulose was conducted by treatlng a v1gorously stirred

suspen31on of 5 0: g of cellulose in 100 ml of 2.4M sodium

hydrox1de with 30 ml of eplchlorohydrln at 55°C for 4h.

_The' reactlon mlxture was flltered. by suction and the
ESOlld re51due ( prlmary epoxy cellulose") was washed with
:ultrapure water (3x 50 ml). The epoxy group loadlng of
1dry prlmary epoxy cellulose was 125" umol/g (see Table 1).

: The prlmary epoxy cellulose (15 3 g.of ‘wet materlal)
was reacted w1th 15 ml of ;hexane~diamine (70% aqueous
solutlon) 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 methanol to give 9.8 g of wet "amino
cellulose". The presence of primary amino groups on the
product was gqualitatively assessed by its reaction with
ninhydrin. 3

The amino cellulose (9.6 g of wet matefial)_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
filtration and washlng with cold water (3x 100 ml). The
epoxy group loading of dry secondary epoxy cellulose

product was 108 pmol/g (see Table 1).
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_METHOD FOR THE DETERMINATION OF THE EPOXY GROUP
. : . LOADING -

. :fA Esampiéi Of;fﬁhe - epoxy “groupﬁ containing material
(about 1;g of Wetfmatérial) is suspénded in 5ml of water.
The éuspenéioﬁ is:titrated wiﬁh 0.0lN HC1 to neutral pH
if necessary. Theineutfal suspensioh}is treated with 5ml
of 1.3M aqueous sédium thiosulphaté solution followed by
incubation for 15min with occaSionél shaking.' The
suspension isi then titrated with' 0.01N  HC1l against

bromophenol blue. . The :total amoﬁnt of epoxy groups

‘present in theﬁsaﬁple[is,equivalentito the amOunt-of‘HCl

consumed ~in the,ﬁitfatibﬁg The edey ldadihg of the dry
materiélzis cal¢u1ated based on the known Water'contents
(LOD)'of the wet material. Representative experimental

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

The>secondary epoxy cellulose prepared in Example 1
(12.5 g of wet material) was suspended" in. a cooled
solution of Jack Bean urease (4.2 g) in 150 ml of 1.0M
potassium phosphate buffer at -pH 7.5. The immobilization
reaction was carried out in an incubator shaker at 4°C
for 24h. '

The reaction mixture was then filtered by suction
and the residue ("immbbilized ureasé") Was washed 3 times

with cold'ultra puré water (3x 150 ml).

POST-IMMOBILIZATION TREATMENT OF IMMOBILIZED UREASE
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The'immobilized u:ease was soaked in an aqueous solution
~of. cyStéih (Smg/ml),v ethylenediaminetetiaacetic abid
(EDTA, 1.0mM) and‘glucose (0.2 g/ml) for 10 min, followed
iby suCtién‘filtra#ibn, and lyophili?atioﬁ f@r 24h.-

»Cbmparative Example

TABLES
Table . 1. Comparison of epoxy group density
acti?ated/modifiedﬁfcellulosgx.and-jcommercial._Egpergit® C
,(Sigma—Aldrich}_ - ‘ : | o
— Epoxyégj‘ loading EpoXy loadiﬁg”afté; Eﬁperéit'
aftef}Step D-1 step D-3 | (pmol/q)
| (pmol/g) © (umol/q) |

Titration | 125 | 108 260
value
Commercial |N.A. N.A. 2200
claimed
value

Table 2. Comparison of the activity of immobilized urease
on activated/modified cellulose with and without amino

linker

Substrate Activated “cellulose | Activated cellulose

with amino linker without amino linker

Activity of | 1100 ' -] <100
immobilized
urease
product
(U/9g)
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vTable  3= _COmparisdn of activitiés of. urease
| immobilized on a_ﬁommercial‘substrate (Eupergit®
¢) and on activated . cellulose :; ‘
Substrate - Eﬁpergit®! Activated
C celluiose

Activity; of | 689 1850

immobiliéed _ | |
| urease producf

(v/g)

Applications }'

The disclosed method of‘preparing a substrate is
a ~cost effective and ' efficient ;way of  producing a
substfate that 1is capable of 1immobilizing functional
substances 'thereon.. Advantageously, the method ensures
that the substraﬁe produced by the method allows the
functional substandes,v-such as enzymes, to be stably
immobilized thereon. More advantageously, as the enzymes
are stably attached to the substrate, the substrate can
be reused repeatedly for long periods of time without
subsﬁantially losing.its'enzymétic activity.'

As the disclosed method can also work with low
cost starting materials, the overall production costs can
be substantially ﬁeduCed if the method is used in large
scalé production - of the substrates. Moreover, the
chemical linker between the substrate such as a solid
support and the futhional substance is hon4hydrolYZable.
More advantageously; the inertness of the linker also

attributes stability to the immobilized functional
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substance as the pOSSibility of linker breakage ‘due to
undeSirable chemical reactions lS reduced

The disclosed_ method also enables the - user to
vary the distance of the active oxirane groups from the

substrate When the active OXirane groups are_ at -a

suitable‘distance from.the substrate, their reactivity .

‘towards the immobilization of functional substances may

increase  due to reduced steric hindrance. In addition,
the linker may be “chosen to ensure a high loading of

reactive epoxideﬁgroups, which - 'in. turn translates to a

- high . loading f}of o functional _'substances' 'More:.

advantageously; the “linker may also be chosen such that

it inherently - possesses certain deSired_ ‘chemical_

properties. For example, when di-amine linkers are

chosen,_the final 'substrate obtained may have an inherent
pH-buffering property. This 1is especially wuseful in
applications like peritoneal dialysis where the lifespan
and the efficacy of the sorbent may be adversely affected
by a high or low pH

The method -also allows the easy post-assembly
modification of off—the—shelf dialysis membranes such as
cellulose-acetate based dialysers with urease. Urease can
be immobilised after assembly, and can also Dbe
immobilised on one face of tHe membrane only.

The substrate obtained from the disclosed method
also- allows immobilization of the‘biological substance
thereon to be carried out in a simple, robust and user
friendly way.’ For example, the ;immobilization of a
biological substanCei can be ’easily carried out at a
laboratory level.rzThis is so,fbecause the immobilization
of the biological Substance can be carried out at ambient
temperatures (e.g. . room temperatures) in water/buffer

solutions without ' requiring additional <chemicals or
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,reagents; Advantageously, the -absence of additional

chemicals or vreagents significantly facilitates the
pnrification of'thetimmobilized product. The immobilized
fUnctional. material obtained from the disclosed method
can'also;be non—toéic,3biodegradab1eoand biocompatible.

Advantageously, this allows the substrate to be used for

'medicalvjapplications, -such as forz example 1n dialysis

appllcatlons as ‘a sorbent to remove unwanted waste

products . from the human body.  Furthermore, these

'properties alsoiﬁallow the 'product to be used in

'env1ronmental appllcatlons such as- water treatment soil

treatment or waste treatment. ) ‘
. In addltlon, the dlsclosed method and substrate

may also be useful in any one of the follow1ng

applications: affinity chromatography, solid phase
materials for chromatography - (chiral), molecular
imprinting, immobilizing dyes, sensors, biosensors,
organic filters for selective toxin absorption,

pharmaceutical applications (coating and binding), solid
phase ion exchangers, solid phase metal scavengers and
anti-oxidants. ‘

While reasonable efforts have been employed to
describe equivalent embodiments of the present invention,
it will be apparent to thelrperson skilled in the art
after reading the foregoing disclosure, that various
other modifications and adaptations of the invention may
be made -therein ‘without departing. from the spirit and
scope of the invention'and it is intended that all such
modlflcatlons and adaptatlons come- within the scope of

the appended clalms
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Claims

- A SUbstrate'héving compounds disposed thereon for

1mmoblllzlng za functlonal nwlecule, each compound
hav1ng a chaln compr181ng
a moiety R that is° chemically coupled to the

substrate, said moiety R being selected from the

gro@p consisting of an ether, ester, carbonyl,

carbonate eétér, thioether, :disuifide, sulfinyl,

1sulfonyl,_and1éarbonothioYl; aﬁd

'an epoxideFCOhtaining moiety that'is Coupled'to’”

the m01ety R by a linker comprlslng at least one

'nucleophlllc group

The substrate as claimed in claim 1, wherein said
moiety R is further selected from the group
consisting of an amine, amide, carbamide, ureas and

guanidines.

The substrate as claimed in claim 1 or claim 2,
comprising an additional epoxide containing group

coupled to the chain

. The substrate as claimed in claim 3, wherein the

number of additional epoxide containing groups is

selected from the number 1, 2, 3, 4 and 5.

The'substrate as claimed in élaim 3 or 4, wherein
at least one of the additional epoxide containing
groups 1is coupled to said chain by the nucleophilic

group of said linker.
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6.

Thé substraﬁe;as claimed'infclahn 4 or claim 5,

‘wherein - said linker comprises. additional

;nucleophiliq::groups to. which said additional

epoxide coﬁtaining groups are coupled to said

‘chain.

. The substrate as claimed in claim 6, wherein said
'additional epoxide containing groups branch from
ithe? chain ;-by coupling with the additional

'nQCleophilidfgrOUps of said lihker.

The substrétéi as. claimed in ény one of the

‘ prebeding claims, wherein the nucleophilic group of

10

11.

12.

‘said linker is an amine.

The substrate as claimed in any one of the
preceding claims, wherein the linker is selected
from the group <consisting of saturated and
unsaturated E_aliphatic - and aromatic amines,

diamines, and triamines.

.The substrate as claimed in claim 9, wherein the

aliphatic group of 'said amines are alkyl groups.

The substrate as c¢laimed in any one of the
preceding claims, wherein the linker does contain

an epoxide gfoup.

The substrate as claimed in any - one of the
preceding claims, wherein the linker comprises at
least one of a di-nucleophilic species and a poly-

nucleophilié'species.
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13.

14.

.15,

The substraté as claimed 'in blaim 12, wherein the

linker is selected from at léast one of-an:alkyl—

diamine and an-alkene-diamine.

’

The substrate as claimed in cléim 13, wherein the

‘linker is selected from at 1least one of ethane-
~diamine, propane-diamine, butane-diamine, pentane-

‘diamine, hexane-diamine.

The substrate as claimed in ‘any one -of the -

preceding cLaims; wherein the epoxide jcontaining—-

jcompound'is_'-}de:rived by reaction of an epihalohydrin

with the nucleophilic groups of said linker.

16.

17.

18

19.

The substrate as claimed in any one of the
preceding claims, wherein the substrate comprises a

polymer.

The substrate as claimed in claim 16, wherein the

polymer is a biocompatible polymer. .

.The substrate as claimed in claim 17, wherein the

biocompatible ‘polYmer is selected from the group

~consisting of a polyester substrate, a polyamide

substrate, a polyacrylate substrate, and a

polysaccharide~based substrate.

The substrate as claimed in claim 17, wherein the
polysaccharide~based substrate is selected from the
group consiéting of ‘cotton blinters, cotton pulp,
cotton fabrics, cellulose fibers, cellulose beads,
cellulose powder, microcrystalline cellulose,

cellulose membranes, rayon, cellophane, cellulose
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20.

21

- 22.

23.

24.

25.

acetate, ~cellulose acetate membranes, chitosan,

chitin, dextran derivatives - and - agarose

derivatives. - -

The substratejas claimed in claim 16, wherein the

polymer is a biopolymer.

Thé substﬁéte as claimed in any one .0of the

‘preceding éléims, further comprising a - coating
;disposed on.said substrate, the coating chprising"
a Substanti?lly homogenous mixture <Jf stabilizing

‘additives selected to stabilize ‘said functional

molecule.

The substrate as claimed in élaim 21, wherein the

stabilizing additives are selected from the group

‘consisting of a sugar, an organic acid , an amino

acid, a sugar acid and a thiol.

A method of immobilizing a functional molecule on
a substrate comprising the step of exposing the
functional molecule to - the substrate as claimed in

any one of claims 1 to 22.

The method as claimed in claim 23,- wherein the
functional molecule 1s selected from a group
conSisting dfj an affinity ligand, a chelator, a

catalyst, an.ion exchanger, a dye, 'an indicator.

The method as claimed in claim 23 or claim 24,

wherein the functional molecule is chiral.
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26.
27.

28.

29.

30.

31

The method ' as claimed.'in claim 24, wherein the

functional molecule is a biomolecule.

The method. as claimed in claim 26, wherein the

biomolecule is an enzyme.

The methodT_és claimed in ciainl 27, wherein the

"enzyme is selected from .the  group consisting of -
s urease, Uricase, creatininase, lipases, esterases, .

- cellulases, ' ~amylases, = pectinases, catalases,

acylase, catalase, .esterase, penicillin amidase,

proteinase-K. -

‘The method aS claimed in any one of claims 23 to
28,‘ furthérﬁIComprising the ;step of applying a
substantially. homogenous mixture of stabilizing
additives to the surface of the substrate wherein
said _additiﬁes are selected to stabilize said

functional molecule.

The method as claimed in claim 29, wherein‘the step
of applying theasubstahtially homogenous mixture of

additives comprises evaporating a solvent of a

solution of said additives onto the substrate.

.The method as claimed in claims 29 or 30, wherein

the Stabiliéing additives are selected from the
group consisting of a sugar, an organic acid, an

amino acid, a sugar acid and afthiol.
32. A method = of preparing a substrate for
immobilization of functional molecules thereon,

the method'domprising the Steps of:
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(1) providing 'electrophilic '~ compounds

| ’¢dﬁpled to thé surface of the
$dbstrate;'! ‘_

(ii) allowing the electrophilic compounds to

- undergo a nucleophilic substitution
.reaction to provide a nucleophilic

group thereon andfthereby increase the

fﬁucleophiiicity -~ of the sUbsttatev 
}Sdrface; : ' '
© (iii) allowing the nucleophilic group to

jundergo' a nuclebphilic subStitution;
 réaction with dnothér electrophilic
“compound to prdvide an . electrophilic
ig:bup on the substrate surface and
thereby increase ’the electrophilicity

of the substrate.

33. Thé methodﬂas claimed in claim .32, wherein steps

34.

35

(ii) and (iii) are repeated n number of times to
form n generations of electrophilic groups on said

substrate

The method as claimed in claim 32 or claim 33,

~wherein said step of providing electrophilic

compounds coupled to the surface of the substrate

- comprises chémically coupling a first electrophilic

compound tojﬁhe substrate.

.The method as claimed in claim 34, wherein said

step (ii) comprises the step of —reacting a

nucleophile with the first electrophilic compound.
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36.

- 37.

f36,v whereingjthe electrophilic compound is an

39.

The method as claimed in claim 35, wherein step

(iii) comprises chemically Qoupling a -second

electrophilic'éompound to. the nucleophile.

Thé method . as claimed in any one of claims 32 to

-epoxide-containing compound.

. The methddf:é$ claimed in claim .37, wherein .the

lepoXide—conﬁaining compound is;epihalohydrinf

The method;asjclaimed in claims 32 to 38, wherein

_Athe nucleophile is a di-nucleophile.

40.

41.

42,

43.

44.

The method . as claimed in ciainl 39, wherein the

nucleophile comprises an amine.

The method as claimed in 40, wherein the amine 1is
selected from the group consisting of saturated and
unsaturated aliphatic or aromatic amines and

polyaminés.

The method as claimed in claim 41, wherein the

~aliphatic group of said amines and polyamines is

selected from an alkyl group.

Thé method as claimed in 42, -wherein the polyamine

is 'selected from at least one of ethane-diamine,

‘propane-diamine, butane-diamine, pentane-diamine,

hexane-diamine.

Thé method as claimed in any one of claims 32 to

43, wherein the substrate comprises a polymer.
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45.

46.

fblocompatlble polymer is selected from the group

a7l

48

49.

50.

The. method - ds claimed -in claim 44, wherein the

polymer is a biocompatible polymer.

The: method ,es: claimed 1in claim 45, wherein the

. consisting of a polyester sﬁbstrate, a polyamide‘:

“substrate, ;;a; polyacrylate;ﬁ substrate, ~~and- a -

polysaccharide—based substratej

The method as claimed in clalm 46 wherein the
polysaccharlde ~based substrate is selected from the
group con51stlng of cotton llnters,_ cotton pulp,
cotton fabrics} cellulose fibers, cellulose beads,
cellulose "poWder,_ microcrYStalline cellulose,

cellulose membranes, rayon; ‘cellophane, cellulose

acetate, cellulose acetate membranes, chitosan,
chitin, dextran derivatives and agarose
derivatives.

.The method es claimed in claim 47, wherein the

polymer is a biopolymer.

A method as claimed in any one of clalms 33 to 49,
wherein the functional molecule is selected from a

group con51st1ng,of an affinity ligand, a chelator,

a catalyst;:jan ion exchanger, a ‘dYe and an.
indicator. ' ‘
The method as claimed claim 49, wherein the

functional molecule is chiral.
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51.

52.

"biomolecule ;sfan enzyme.

53"

. 54

55.

56.

57.

The method as claimed in claim 49, wherein the

functional molecule is a biomolecule.

The method .asvbclaimed in claim 51,' wherein the

Thé' method;gas ~claimed in Ciainx 52, wherein the
enzyme 1is . ééiedted from the group Consiéting of.
Uﬁease,‘uriéaSe, creatininase, lipases,‘eSterases[
Cellulases} f "amylases, pectinases, , catalaseé,
acylase, caﬁalase, esterase, .. penicillin amidase,

proteinase-K.

The method és claimed in any one of claims 32 to

53, further comprising the fstep of applying a

substantially_ homogenous mixture of stabilizing

‘additives to.- the surface of the substrate wherein

said stabilizing additives- are selected to

stabilize said functional molecule.

The method as Claimed in claim 54, Wherein the step
of applying the substantially homogenous mixture of

additives comprises evaporating a solvent of a

~solution of said additives onto the substrate.

The method as claimed in claims 54 or 55, wherein
theg stabilizing additives are selected from the
group consiSting‘of a sugar, ~ an organic acid, an

amino acid, a sugar acid and a thiol.

A sorbent cartridge for wuse in a dialysis

device, the sorbent cartridge comprising a
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substrate as. claimed in_ény ohe,of claims 1 to 23

for immobilizirig urease.

58. A dialyzer for use in a dialysis device, the
diaiyzer comprising a substrate as claimed in any.

;oﬁelof claim$ 1 to 22 for immobilizing urease.

:v59;_'f A dialyéiéimethod comprising the stéps”of:

exposing a dialysate COntainiﬁg' urea to a
‘substrate ‘as. claimed in any one of claims 1 to
22; and .

removing the dialysate from said substrate.

;:'60,lUse of .théf'substrate as claimed in any one of

‘claims 1 to 22 in a dialysis device.

61. A method of modifying a dialysis membrane for
immobilizing functional molecules thereon, the
method comprising the steps of:

(iv) coupling eléctrophilic compounds to the
membrane surface;

(v) allowing the electrophilic compounds to
undergo a nucleophilic substitution
reaction to provide a _nucleophilic
grbup thereon and  thereby increase the
nucleophilicity ;of the membrane
surface; and .

(vi) allowing the nucleophilic group to
undergo a nuclebphilic substitution
reaction with .another .electrophilic
compound to provide an electrophilic
group on the‘ membrane surface and

thereby increase :the electrophilicity
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of . the "=membrane surface for
immobilizing functional “molecules

thereon.

‘62;lA method? és_claimed'in claim 61,;wherein said ﬂ

‘membrane 1s a cellulose acetate membrane.
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