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dlsapazb(aﬁgg gﬁlﬂét agn either of two modified “sugars galactosamine (Gal) or
glucosamine (Glc) and an uronic acid such as glucuronate or iduronate. GAGs are
highly negatively charged molecules, with extended conformation that imparts high
viscosity to a solution containing the GAGs. GAGs are located primarily on the
surface of cells or in the extracellular matrix. The GAGs of physiological significance

are hyaluronan, dermatan sulfate, chondroitin sulfate, heparin, heparan sulphate, and

keratan sulphate.

Heparin, and the structurally related heparan sulfate, is a heterogeneous group of
straight-chain glycosaminoglycans having anticoagulant properties. Although others
may be present, the main sugars occurring in heparin are; (1) o-L-iduronic acid 2-

sulfate, (2) 2-deoxy-2-sulfamino-o-D-glucose 6-sulfate, (3) B-D-glucuronic acid, 4
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consuming and costly. Furthermore the use of harsh reagents, such as high salt

concenirations, acids and solvents, have the potential to damage the structure of the
bound carbohydrate and also have a number of associated safety issues. The number
and types of carbohydrate that can be bound to a surface is limited due to need to

tailor the reagents and conditions used to the type of complex to be formed.

A method of immobilising carbohydrates to a biosensor in order to generate a
detectable signal via the specific binding of a protein, virus or cell is disclosed in
US2001017270. The complete carbohydrate, or fragments thereof, referred to as
oligosaccharides, can be modified at their reducing end with an O-, N-, C- or S-
glycosidically bound aglycon, which can be an aliphatic or an aromatic compound, an

amino-acid, peptide- or protein molecule or derivative thereof. Examples of aglycons
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be nodified, wthout a ti-ng u ertres
treateHe Péashss paiosissd gases are commonly excited by means of an electric field.
They are highly reactive chemical environments comprising ions, electrons, neutrals
(radicals, metastables, ground and excited state species) and electromagnetic
radiation. At reduced pressure, a regime may be achieved where the temperature of
the electrons differs substantially from that of the ions and neutrals. Such plasmas are
referred to as “cold” or “non-equilibrium” plasmas. In such an environment many
volatile organic compounds ( e.g. volatile alcohol containing compounds, volatile acid
confaining compounds, volatile amine containing compounds, or volatile
hydrocarbons , neat or with other gases, e.g. Ar) have been shown to polymerise
(H.K. Yasuda, Plasma Polymerisation, Academic Press, London 1985) coating both

surfaces in contact with the plasma and those downstream of the discharge. The

organic compound is often referred to as the “monomer”. The deposit is often
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polymerisation, it is also possible to deposit ethylene oxide-type molecules (eg.
tetraethyleneglycol monoallyl ether) to form ‘Vnon-fouling’ surfaces (Lopez G.P.,
Ratner B.D., Tidwell C.D., Haycox C.L., Rapoza R.J., Horbett T.A., J. Biomed.
Mater. Res. 1992, 26, 425-439). Addition of a small amount of functionalised
monomer (e.g. acrylic acid) introduces functional groups for subsequent
chemistry/binding etc, in an essentially non-fouling surface. It is also possible to
deposit perfluoro-compounds (i.e. perfluorohexane, hexafluoropropylene oxide) to
form hydrophobic/superhydrophobic surfaces (Haque Y., Ratner B.D., J. Appl.
Polym. Sci., 1986, 32, 4369-4381). This technique is advantageous because the
surfaces have unique chemical and physical characteristics. Moreover, the surface
wettability, adhesion and frictional wear characteristics of the substrate can be

modified in a controlliable and predictable manner.
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treated surface. As such, the carbohydrate is not bound to the surface in its native
form but rather is chemically modified prior to binding possibly altering the structure

or binding specificity or functionality of the carbohydrate molecule.

EP1048304 (Novartis) describes the covalent immobilisation of polysaccharides
coatings to a plasma polymer surface of n-heptyl amine.  This document addresses
the provision of coatings that have a reduced rate of fouling by proteins (for
biomedical devices, particularly contact lenses) and thus reduce rates of adverse
biomedical consequences. Thus the covalent binding of polysaccharides to a surface
appears to be essential for long-term patency in biomedical devices. The covalent

binding of the polysaccharide involves first the covalent binding of a difunctional link
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It is preferred that in its native form, the carbohydrate can passively adsorb to the

plasma polymer treated surface.

Preferably, the carbohydrates are passively adsorbed to the plasma polymer surface.
Passive adsorption is intended to include, for example, non-covalent, electrostatic,
hydrophilic or hydrophobic interactions between the carbohydrate and the plasma

pol};mer surface.

According to a further aspect of the invention there is provided a method to

immobilise a carbohydrate molecule comprising the steps of:
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In a further preferred method of the invention said monomer is a volatile amine.

In a yet further preferred method of the invention said monomer is a volatile

hydrocarbon.

In a yet still further preferred method of the invention said monomer is a volatile acid.

In a preferred method of the invention said surface comprises a polymer comprising a
nitrogen content of at least 2%. Preferably said nitrogen content is 2-20%.
Alternatively said nitrogen content is greater than 20% . The percentages refer to the
percent of nitrogen atoms in the surface. For example 20% nitrogen means that 20 of

every one hundred atoms in the plasma polymer is nitrogen.



i) creating a plasma of said nononer; iii) coating a

surface with said plasma to provide a plasma pol yner
weomted3osur face; and iv) contacting said pol yp&r/GB2003/004653

coated surface with at | east one type of carbohydrate
The BREGREH Entel\GT £LOK 28118 1GBMARGY B) HcbndiR Hef: BiskfBsed and are

passi vel y adsorbed to the pol yner coated sur ace.aq n
knowin pmefher péd st hetngfle,t hercemveitogen mayhd osaboby dyakeay
h tl le%r Vi de[? as_a ution conprising at |east one
PO P TRy S B R Je. In a preferred method, the

carbohydrate is provided in a solution of

physi ol ogi cal pH for exanple, pH 6 to 8. Mre
Polypregizahla plopomeriethpt-mpy bp esedei thep@ctigedof tha invientiempreferably

e [ preferr nethod of the.inventi.on, the
Comgﬁa%%glﬁ%l!}réﬁg o aglg u ?SeimP%un%ﬁ esdlzg{li %Fe|°§/ef@’ﬁ%ra&é18?§’ Thflogenated
olefingyr biffiyitlr atuoRyc beidsegad icdfoyyates) Geshinid detrilé Cdodhpounds,

conditions, for exanple at pH 2.0, 3.0, 4.0, 5.0 or
oxygsnated | glefinsprrd olettc hydinsarbes. ¢ aich alefies swluglgi winylic and
3 rq4 ' r. P L
ol RRER oV, Fio¥Bult o8t ROCRI Sletiold 1BWIES 16 o PE I EEA AR e
Cycheri cvenpolundsa gneh  haur ¢yeioheparef eryokgenthd oghdofeytlogropane are
i nvention said nononmer is_a yolati]le hydrocarbon. In
comiioy PP I B PTSBIR by Gt e etiegs; [RAHER &R of
thes§ %;)/éiidm&ﬁﬁ&{nd‘s,s sithV & 8! bl &i@GhSeycldnBxéhePFot[iREEEE, are also
met hod of the 1 nvention said surface conprises a
compwhlypsiygengablesiniggs plasmag. r ogen content of at |east 2%

Preferably said nitrogen content is 2-20%
Alternatively said nitrogen content is greater than

PartdQfly prbRree #£€ PoBees Bk ahoddindrh %onﬁﬁﬁ% 'E&dl%ﬁyl, amino or
nitrogen atons in the surface. For exanple 20%

carbpxylicogeid Zoups t QAtthew, arrticalaslyy advatdgaeisr sebulis dwse ieen

;S Nk n 2004/ 040308
obtalifl BB Be s 4G e "NRESCo uNPertR MRS ey e
used. SAdéitienatlyn @dlypyerivable aten e e ay desleasdcw Al Gtids §ases not
known in the art. For_ exanple, percent nitrogen naybe

generplhsennsidersy ag nokymeriablede thsaiselyss. syawples demgyargopgjirogen

and hydrogen. The polymerisable monomers are preferably introduced into the

vacuum chamber in the form of a vapour. Polymerisable monomers having vapour
pressures less than 5 x 10 mbar are not generally suitable for use in the practice of
this invention. The vapour pressure of monomers may be elevated by heating of the

monomer.

Polymerisable monomers having vapour pressures of at least 6.6 x10mbar at ambient
room temperature are preferred. Where monomer grafting to plasma polymerisate
deposits is employed, polymerisable monomers having vapour pressures of at least

5x107 mbar at ambient conditions are particularly preferred.

To maintain desired pressure levels, especially since monomer is being consumed in
the plasma polymerisation operation, continuous inflow of monomer vapour to the
plasma zone is normally practised. Continuous removal of excess gases is

accomplished by simultaneously pumping through the vacuum port to a vacuum



Pol ynmeri zabl e nononmers that may be used in the
practice of the invention preferably conprise
war@anwset ed organi ¢ conpounds such as ol ef i ni BCHGBR@®3/004653
hal ogenated ol efins, ol efinic carboxylic acids and
r i Iy I e
oL on BLEMRIELEL W SRPOUIS o aaPaRk Ay
gas plasshascli 13/ad115ahtage(ar$do cahtrall gas pfasmmreswre aprimasinippardhgugh

ot be olefinic, ver |za | e.
sl st B et BB B i o E G PR AR g & Abstfe
mth@lf)i;dc@é)srdmﬁﬁ%\%ﬁﬁoncommm y polynerizable in gas
pfasmas by gl ow di scharge nethods. Derivatives of
t hese cycllc compounds, such as 1, 2-
&@le ine

exane for jnst e,
ExaghfES A7 FTGRP o5 R0y e bR 0B s Ble PR, PP
combihds Olyy H® A0z 3fben MGAEEMore apsisilli nR rauﬂfonxyl Et}@mntvany
or carboxylic acid gr oups. O these, particularly
unsaioted caoo s (Esnacialy HIyBAeRONdIEY ar HEaY HHHEH lﬁ%lédmg
I
oty iy, XA i Bporl e e SRR A A i e
diankihegrdeghew t h ot her gases not gener aI |y considered as
pol ynmeri sable in thensel ves, exanpl es being argon,
nitrogen and hydrogen. The pol yneri sabl e nononers are
In a%ﬁﬁ& g?pf}eﬁe& %é’d?cﬁygpﬁlxe i &tibh @ald‘{d%@y%‘éf'&ﬂﬂﬂﬁ@sr ath Bmid€co-

form a vapour. Polynerisabl e norioners havi ng vapour,
polyprees Sihrcem-pagmet fraprepaned 1F- Beipdasner polpoerispsinerad] anyorgamc

ot seigret (G o e D ng tigle g e B fourvon.

Thet§@idcABoR woultEbe SDRPIEL0 ca?@d)déftsﬁ‘d 1HaRhBuiDNSErS), rfﬁ(‘dtn@@bs
vapour pressures of at |least 6.6 x10"2nbar at anbi ent

of aﬂwns mm@ﬁaac,up@t@meam bﬁ?@ﬂﬁeﬂxam@? of rrdleres rarg batopp rigd

pen 8«.? pl@f?}? ggqql %ﬁé % %%egcqg’dlé c, | $né lenqyn%%er may g]tso be

ners vapour pressures o
arorhﬁﬁ:sctonta'MnéQ.gSwyt@e, at anbi ent cond| tions are
particularly preferred. To nmaintain desired pressure
| evel s, especially since nononer is being consuned in
: u
Co By BRASBBRINTER 5001 GRS BT raSO0E WELSyLRLkH,
but Wil dki t@pldall}&)smg ranoajmneemydajcald»bn axite bstwyas dhe ihm1ts of 100

(am?r%gﬁ i S g%/ch%, %%ng%& d}/ocgr%n% algd Eu%y Pa%%qoetrween these

limits.

——

The glow discharge through the gas or blend of gases in the vacuum chamber may be
initiated by means of an audiofrequency, a microwave frequency or a radiofrequency
field transmitted to or through a zone in the vacuum chamber. Particularly preferred
is the use of a radiofrequency (RF) discharge, transmitted through a spatial zone in the
vacuum chamber by an electrode connected to an RF signal generator. A rather broad
range of RF signal frequencies starting as low as 50 kHz may be used in causing and
maintaining a glow discharge through the monomer vapour. In commercial scale
usage of RF plasma polymerisation, an assigned radiofrequency of 13.56 MHz may
be more preferable to use to avoid potential radio interference problems as with

examples given later.



WO 2004/ 040308 PCT/ GB2003/ 004653 source. Since sone

non- pol ynmeri sabl e gases are often evol ved from gl ow
waele@aeha3ge gas plasmas, it is advantageous to PORGBR003/004653

gas plasma pressure at |east in part through

si mul t aneous vacuum punpi ng during plasma pol yneri sate

deposition on a substrate in the process of this

Thejgtere disclange E@mﬂt s cohtimyqus.cait nmyrisneresmittent udﬂatulfetduh‘lylg

plas AR RoRERE O Ser T SRee GRS o b eiployed.

but Etgophreifeadubtrate BEEdertatipe @soamwﬂﬁ (b@ﬁﬁt%ﬁhﬁieht’durmg the
primary, Secondary or tertl ary am nes i nclu
daﬂd%&ree and a

Overalllpyimﬁrﬁ@te deposiiai B@Cersn &reb@thuam@numomqwl
conf OB AR oIBR8 o SEMIRPERERIE ) F e

ovenahmpoese«m dmeaimiy @ecanplppéw nr&he pTetamacmmhﬁm tha$ deposits
prepared by the pol yneri sati on of an organic

ontelerabyFh aeaLy Wﬁﬁe@t(WR dhepare clpmaenialreomesition as the
1nco§1ﬁ}éé‘e 61 rf@ri@{ﬁﬁeor iﬂ u py%chg e n. ﬁ?@% the _plasma

ocarbon woul arbons
polymmatiq,n, sxfmdfra@)lentaxmmdabss affspedifianlemeatser leldnasngal groups

tane a hex es of alk are butene and
namg@& Sl A ?FB‘F gl e R Tutiag Bisecirpgient
of tﬁ@'ﬂ@sﬁ@i%lﬁ@éﬁsﬂﬂes% icARO M dr CthaR MBIl BSr&plnd to  pure
styrene. "Co-pl asma polynerisation may be carrled out

polyalylagineny Siratlarly, g theipiasma pelpmensativornf adpylic wéitl) ciyboxyl

cont%%tp&fctﬁ%]pt/asmgl ensa{n O35 ﬁg}wag]éﬂy\%%g Jgﬁ ?%0:1‘1?& I{:grr%%g]\c/x\f teo pure

polyaeryiioagid8 Exﬁ)bsmlé aeR1to eiffler df thedd¥nre At PmBREMBR In tt¥eHBence
limts. The gl ow di scharge through the gas or blend of

of aggaselagipp, a5 lneagh UricERiivhe exnasyreble a igivt idischargbyalinvenr
el A B RSN g e

level nf tﬂeefumetmnal"ngfdmpr(laﬂﬂne Eﬁbatrbmtylha rdcid) dnehe Iﬁh&lddepo§1t t Méme

. . us f araiofre ency F) discharge, transmtted
mte*iVﬁlio@f‘gswe%n @ frﬁaa?x aﬁr@ ? EREING, SERRTH S Fat8r VEiedafiom a

ﬁacﬁ&r?&ﬁaré%e@n&%e&é‘r&ﬁﬂlﬁu@esan RF signal generator. A
rather broad range of RF signal frequencies starting

as low as 50 kHz may be used in causing and
In aygeéngla?d Ftﬁg@ 8%3{\%’%{)‘%@& g ]@gsrrtlap Igo%ljlggr 1Is fh%pcgrs?trég lH'soEn a plasma
of W/EM of < 10° J/kg and ideally < 10® J/Kg and more ideally < 10’ J/Kg.

In a preferred method of the invention said carbohydrate is a homopolysaccharide.

In an alternative preferred method of the invention said carbohydrate is a

heteropolysaccharide. Preferably said heteropolysaccharide is a glycosaminoglycan.

In a preferred method of the invention said carbohydrate is a sulphated biomolecule,

preferably highly sulphated.
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usage of RF plasma pol ynerisation, an assigned

radi ofrequency of 13.56 MHz may be nore preferable to
waiz@4ne3es/oi d potential radio interference proPCEGB2@S3/004653

with exanples given later. 9 WO 2004/ 040308

In aPRaftheBaRE3HA0MEM3d o-fhtﬁe qhetigh Ssﬁf@la?? SARAh gLan b selected

conti nuous, but may be intermtten in nature duri ng
frOHp thaes 8@119 cﬂOylﬁﬁé'frll’liS af-ehypdyrosat; i demmatan , sulfatep chomiroitia gilhate;

b f
e

| nterm ttent durl ng the overall polynerisate
dep ngtl on process. O, both a continuous gl ow

Passijjes adsarryionaingolyes disincibeion @&,@o%ﬂaée d@rltfaﬂ%wbelmdeate in
solufith fﬁlﬁﬁ tllglg the? 93(15&‘;}\‘]%&& DhH %%}P hRSIReLOr %%’?dl{l%g%ﬂd be

OV Eer oyed
sufﬁptdnﬂmstromgﬂmt thegiol dhapudmiits is lﬁﬂﬁ@blhfl’ﬁ 16 Lihxsiﬁufrﬁce to the extent
eneral |y t haye the sane el enenta conp05|t| on
that 3% cgrpot b rﬁé%?ﬁk»ﬁ% %b’o‘fvi'ﬁhﬁé% i d HenyRisAkProcetseHsABiod rayy m

bloci?e&hicﬁgoﬁdﬁ@mmaﬁé pﬁ{e)/ﬂﬁﬁélﬁﬁééd?ﬁ eysﬁmnﬁef SR E5400 in

' oss of specitic elements or el enment groups
Suchn atmmaier ythagci¢ uetins Ths gpative) ﬂa&céogbedsatﬁivpy:,l yeeioattianl by
. of allylamn It en nt ent
bmdbr%% Vﬁé ?\’lﬁr’%eg‘lf%o(??céﬁqets)’%%% gta‘V? metRIIY Eﬁil W\}\%d{ ) sg&nlogs pond
to pure polyallylanmne. Simlarly, in the plasna
pol ymerisation of acrylic acid, carboxyl content of
PassiVseadsorption tp@lasmsr palsier urfacppimal beycardodout fram asalugion

L e TR

exarplg 3 Ploaliyd.to 856 tdg evgh interm ttent exposure to a
gl ow di scharge, allows for grafting of the nononer to
t he pI asma pol ynerisate, thereby increasing sonewhat

f
Passg'\glb‘r3 Yllglé tg Il%s?rﬁt %M?%H ?lﬂﬂcleg é&go& oﬁ{ fromt %rs\olglltmn
contbmn@p«siyﬁcalmmle ecopoaiiratioan (ligyaf ti 1 ng}ﬁnﬂo s(um eomm b0 —
var} ed froma, fraction of a second to several

100Gpgigtlesr eysy lau%?%fﬁ@r awtitet Rgdubil rhld pevalhpi ohdsopption is

oSOV ISl RO L0 @Bl M o

375%07 J/Kg. In a preferred method of the invention said
carbohydrate is a honopol ysaccharide. In an
alternative preferred nethod of the invention said

Ads&pEBR S BE €carSec® out from phosphate buffered saline or a solution of

physiological ionic strength.

It is well known to those skilled in the art that the adsorption of specific
polysaccharides, for example polysaccharides carrying a high net negative charge
(e.g. sulphated GAGs e.g. heparin) to plastic surfaces is difficult to achieve.
Plasticware which is available for biochemical and chemical assays (e.g. culture
dishes, 96 well microtitre plates etc.) is typically manufactured from polystyrene
(although it may be surface treated to improve binding properties).  Surface
treatments may include corona, plasma, acid or alkaline rinses, and flame. These
treatments introduce a range of new surface functionalities into the plastic, mainly

oxygen (alcohols, ethers, carbonyls and carboxyls, as well as peroxides). But, alone,
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het er opol ysacchari de. Preferably said
het er opol ysaccharide is a gl ycosam noglycan. 1In a
w@e@iesa3esl net hod of the invention said carbohpdf/aBeoo304653
a sul phated bi onol ecul e, preferably highly sul phated.
thesd OfuMéi o2 334s049 208 pR@dt@Bﬁ@%ﬁs@%@&%rpdoﬁ & hedakively charged
preferred nmet hod of the invention sai
Ino@@ﬁ@%sanrnoglycan is selected fronrthe group
consi sting of: hyaluronan; dermatan sulfate;
chondroi tin sul phate; heparin; heparan sul phate; or

In dseyaf &nis ubfpired ¢hat RAS polRactliadddls yoitdd GhuresMobd@ver it is
bation of a surface with the carbohydrate in

Prefj%r thab ffie RakscatEbe (hieotcantorytied s byidy slbwimim of Fits), or
{ ro
that e FRERLITIROE SA8as 3A0EEL for Ritnbleb i Hudkp it g
bioraoletiie (fox txaniple, tattatmin} thaswilbin the ded the lpelirsbx}chm&@ehl ng,
or by the typical processes carried out in
bi ochem cal or chem cal assays. The immobilised
In aﬁ&kﬂ&@?&&?&d Heths 8L 19\%11%911' Beldls fac%lié: arf‘of@&%@éns&h at
refains its (native) biological ac
dennnstrated by binding with target nDIecuIes that it

uId nor mal nd wvith it ol uti,o Passi ve
s ¥ p RIS %ﬁf)abérﬁﬁ%%f yr?ﬁrbe m&&g ﬁﬁythﬁe PEOYiSiPR f 2
carb@hydrﬁrecvasued $@ifateitoRllowARs aktBitie dTWioEAEaE 1hdaesan‘8)‘1'ee5vhﬁh
or

range o H Preferably the pHis from3 to 11,
bmde)@g%@ {?PEY 8r gliregily, arhohpdrais @olgeulds pRsedéd/a the surface of

e HREHBLL OB AT HLBE SR g AL e

homogacent Bla‘lface nehi¢h prgéotts the IRnfdBilised ERHARANREE Hh its h8ve form
%D’ or.even mcrogramaquantities per mM [1 -
therg] %F@’? g synsitiyecdstsstion At # grolephlarpreseriinyg sapwple- not
exclusively) to be carried out in the tenperature
range of 20 - 37.5C . Adsorption may be carried out
In af fuotirep pie$qrtedt method fof ted isahiiore said sarfsed ist panodh therapeutic
h.p]r??ysi ol ogical ionic strength. It is well known to
Velfifose skilled in the art that the adsor ption of
speci fic polysaccharides, for exanple polysaccharides

carrying a high net negative charge (e.g. sul phated
Theapertice vehicla dpelniles) meansptoadeliver 9gll$ de @swosndliahd iinclhdest by

exargﬁf%. XiFes (e.g. heart valves); prosthesis; implant; matrix; stent; biodegradable

matrix; polymeric film; wound dressings e.g. bandages; gauze; tape; or plaster casts.
Implantable devices show increased integrity and stability when associated with
glycosaminoglycans, see W000/64371. The present invention describes a vehicle
comprising a surface with a plasma polymer coating of glucosaminoglycan which has
improved properties when compared to prior art vehicles. Moreover, wound
dressings coated with glucosaminoglycans show chemotactic properties, see
US4837024, which attract cells involved in tissue repair (e. g fibroblasts, endothelial
cells) which enhance healing. The coating of dressings with glucosaminoglycans, in

particular, heparin, heparan sulphate or alginate.

In a further preferred method of the invention said surface provides a cell culture

surface.
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Pl asticware which is available for biochem cal and
chem cal assays (e.g. culture dishes, 96 well

won@roii3s e plates etc.) is typically nmanuf act B€EGBRI0GOV4653

pol ystyrene (although it may be surface treated to
I nprove binding properties). Surface treatnents may
i ncl ude corona, plasma, acid or alkaline rinses, and
In afyehrforthefhsferred meethorknf the imventihnc said sndmgeis qfarmeﬁ/\a device

surface, functi ona es.into the plastic,
whefSfl S8R GeliASH, AR b ESUeto dr PR R L 2w anjal
y
prefwabyaaﬁlmr oXi des) But, alone, 11 WO 2004/ 040308
&B2003/ 004653 these functionalities do not
pronote the passive adsorption of negatively charged
| i eferred that the
Devith WSHLBF 11 GuRSIR BE b rBmBICOBREE R hpies,  imotude

syrn’(g‘eef Blboé dolldvaibn thags, Rlhstis Asstidar ardethesliNe twheanbandoagddedith
with albumin or salts), or that the

hep%%btfﬁtf%tbm@l copfaingdathpreinygany sletings Atsoaralped arsydevinss
Reli e (for exanple, albumn)
usedtqhat Wl9 IC{IHI?'S?}S Iﬁ%ﬁe%%%lp %Jofﬂ W‘Lélggicyfusgs’acchari de. In a
further preferred nmethod of the invention said surface

In o J L SRS brihe dbiaay G SHRGY €1 G 6 a8 afniy

punﬁ@gtf@,ghﬂgﬁ,@te coated surface to allow the detection of
bi onol ecul es in a sanple which bind, either directly
or |nd|rectly, car bohydrat e nDIecuIes presented at the

e R S BBROR e DR eSS 5 ol

bindwWhinelecRleaREdH & iffteobiliEeB Rinl dnSielkt 6RO NYEY RiBobillsdd Bolecule
native form thereby facilitating sensitive detection

is a protein k9B et ligandpresepn antibaslys aithehas ity for ehiesget molecule
i oHERRCT SRRk kYTl 15 oGRS b B

accordiap uddhke irvanisort wodil haverpattt&)ddl@fl}t Qseﬁulvmupld'uamdl this respect
i ncl udes,

val ves heart val ves
be%ﬁ%éft%egmgblﬁﬁqﬁiptaaﬂ?hy% &5 WQUldsltaé’ﬁta ghoyebs lx.\latab@%retalmng
theifMBafil & stﬁ@tu%"%ﬁér@lr}; ijamlta\t\fﬁg ng,d T)Frﬁlﬁj o Q)? 0961 dpb Wag SRrve
gauze, tape,; aster casts. ta ev
specsfhwty fone patisdar glnccsgnmnqglmad st abl [t y V\,hen assom at ed
with glycosam nogl ycans, see WO0O0/ 64371. The present
i nvention descri bes a vehicle

In a further preferred method of the invention said surface is part of a microarray.

Genomics analysis involves the analysis of sequence information (DNA, RNA or
protein) typically generated from genome sequencing projects. Typically
biomolecules immobilised for this purpose are referred to as arrays or microarrays.
An array is a two-dimensional sheet to which is applied different biomolecules at
different sites on the sheet. This facilitates the screening of the biomolecules in

parallel and on a much smaller scale than conventional solid phase assays.

Typically biomolecules are immobilised by chemical coupling or adsorption.
Currently arrays of biomolecules are made by depositing aliquots of sample under

conditions which allow the molecules to bind or be bound to the array surface.
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conprising a surface with a plasma pol yner coating of
gl ucosam nogl ycan whi ch has inproved properties when
w@ormpassas t o prior art vehicles. Mreover, wouPdI/GB2003/004653

dressi ngs coated with gl ucosam nogl ycans show

Alterﬁ&ﬁm Ak d?ﬁd?Psfo}ﬂo@éculeﬁ &Ry Bé%ﬁﬁﬁ%@lzﬁ at\thY ghwyasiutfaeeind

nvo ved I'n tissue repair él . fibrobl asts,

dlrecem oo irtitebthy 1mmeb1ﬂlse)d withe hnumbhmﬁ Fligeeat pamgplesTihat &6 appligg

of dr eSSI cosam nogl ycans, in particular,
Ry © ﬁ%\‘%ﬂého gﬁ‘%hate or alginate. In a further

preferred method of the invention said surface

provides a cell culture surface. 12 WO 2004/040308
The amrycmooesmle%tp form 2 y@ay et bodcilipled dyrBa use Choffray

f,t nvention_s r a, d c
pnnt&ﬁ’?e’r Efoﬁ' i TH’%es\?? Cgmges%d(rfég&%n 18% A]l—r%rectéoﬁ%{g Tool for

Genchhi@!s oS, B ampFestibhanGannsdss, rmlc hblpar;efsmeabl §oughern EM,
human. Devices used in the col | ecti

DN i el asapiedy, PR Gakon &y PRRGREICoBIBoa o Laree
Scal§ Ok ! 18”GQ1?€?%S Eﬁ a316., hobk). esTl?d"@nﬁl?ﬁs | dtk@icrofaiels is

dre coated arin’to prevent blood contai ned
underfakérebn comamarehliy avankgbleAfaﬂmylrnMemﬁ’ ewhigh eradeseidce gnterppdate

the Galp SorPlec GRTNI HERR O SRATRE FhOWHPGh Lar R sti] ot

fiddiithally #idr sl Gaty SterREdrt beindfdidpobéd/of.
Magga&a&@lalctg{l%%{éflg alvvel yknowns nmet hyod teo |§ol gltng b

Thetlefaxk,0 dfi is hlighty Hesinablego mdﬂqe ageydwhichare sanelagiredrojashigh
ert .matrix. The immobilised
degrﬁgggggﬁrgguq?@ﬁg' aﬂﬁ&l rﬁm(@m& % i gand, receptor,

anti body) which has affinity for a target nolecule in
a conplex, often unfractionated sanple. The surfa

An M}?gmmsengw sufserpbiiend DREeIReod Of e RENHRD SFRIGALLOW
the ﬁog@bl& \f)gotggzélé}ﬁ% %'hjxcy fdgeeF(HllnB%r gﬁgﬁgan%g'l%ahp' SA1|1 darray

ohydrates wou

mayB8Viebracabdddtd wlﬁdiﬂkdhﬂfd:rhlyt ghes of gluaosmpmcbgimans m@tfaqﬂetate the
Sstructure thereby facilit tlnqthe 19,01 . prot el ns

ideniificalforh Sipen C@p@eac mlé‘iufv pBproitpm i Jarigp i sSecififes dnlor

affi ngé: ooy % R:g a¥g osann (?gé{/déhtotﬂ %BmerﬁﬁSﬂ seduttbhabgbican.

|on ce Is part of a mcroarray.

According to an aspect of the invention there is provided a biosensor comprising a

surface obtainable by the method according to the invention.

According to a further aspect of the invention there is provided a therapeutic vehicle

comprising a surface obtainable by the method according to the invention.

According to a further aspect of the invention there is provided a sample collection

device comprising a surface obtainable by the method according to the invention.
According to a yet further aspect of the invention there is provided an affinity

purification matrix comprising a surface obtainable by the method according to the

invention.
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Genom cs anal ysis involves the anal ysis of sequence
information (DNA, RNA or protein) typically generated
w0 e@agBmOnMe sequenci ng projects. Typically  PCT/GB2003/004653
bi onol ecul es i mmbilised for this purpose are referred
Acco{*c\ﬁngg 034" ﬁmofz ;J%‘F] bPahE Eﬁﬁen’uoffnth%,‘fer &Y ptévided a microarray
I mensi e

ona et to ch is applied different
compbisingel sefabesbtainabld bﬁfﬂlmmnt&mé aceosdiog tq the inyealon. This
facilitates the screening of the bionolecules in
parall el and on a nuch smaller scale than conventiona
Acco?%% Prfﬁﬁﬁeraa%ﬁééy 8f thEYiRv&hibh Yhdrt dProeRiel @scellrodlture system
sed by chenical coupling or adsaqrption.
compEisimgemsurfaca pb‘ray@bbfoybh@meth@é @reasding o Fagdavepiion.
depositing aliquots of sanple under conditions which
all ow the nol ecules to bind or be bound to the array
An eiHoliagsnt ofliBe WRRHOH K B368bPaIdcEBADBY/@BMEE3only and with

Alternatively, or in addjtion, éblonolecules may be
refergyastth dad fodawing Tﬂﬁéﬂ@iﬁar@%ﬁh%‘lfrapg BUHRd directly or

indirectly imobilised. The nunber of different
sanples that are applied to a single array can reach
FigufdDissadigigrambhisic dipptratat ofmpledms apyarasss; andform an array
can be facilitated by the use of "array printers”,
(for exanple see Gene Expression Mcro-Arrays, A New
: i LRy BlyhsRcbdtenglhteCenoni cs,
Flgu{ ]?1%gfé1§ro$@£ég§?lng§;al outlﬁg?lﬁagl\/;p Ch%gl Anal ysi ng
Sequence by Hybridisation to A |gonucleot|des on a

Flgu'lfthé g}pa(?l;g :cg" Q}%[f{aend ?ﬁagllrfé{éggra orlsun dall%gx}gm% %&s%%tﬁ%)olymer

coatEPpBRL Ci al 'y available "array readers” which are used
to interpolate the data generated fromthe array, for
exarrpl e as discl osed in US5, 545, 531. Arrays are

ot Pl o EEE Wb 0O oot e

y desirable
to produce arrays which are manufactured to a high

degree of reproducibility and wwth mninmumerror. An

array conprising a surface obtained by the method of
Maée lall IVEN lﬂ?ﬂ% qould allow the binding of proteins

r exanpl e gl ucosam nogl ycans. An array

maybe fabricated to contain different types of

gl ucosam nogl ycans to facilitate the identification,
Bumﬁgﬂb&aﬂlﬁg_&xtures of proteins with particul ar

specificities and/or

Plasma polymerisation was carried out onto 96-well microtiter plates using allylamine
as a monomer. An RF (13.56MHz) power of less than 10W was used with a flow rate
between 1-5 cm’gymin™ and a reactor pressure of around 2x10”mbar. The chemical
nature of the deposited film was analysed by X-Ray Photoelectron Spectroscopy
(XPS). A schematic diagram of the plasma apparatus is shown in Figure 1.
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affinities for a particular glucosam nogl ycan or
conbi nation of glucosam noglycan. According to an
wW@spent030§ the invention there is provided a bPOEEBI®B/004653
conprising a surface obtainable by the nethod
Ads%g@igﬁq,ifmptapint he invention. According to a further

€ invention there is provided a
Heparinew aesigoibed vrtaibotheallydamipe cedted alaf wisepigd EMapiasHERT e

by th t hod : ' t I, ] ' 2 i
propgiaty Frbnen Budieft SR o SRR B PRl Bl

ELISYOARIRAShé 8JuaA heshein was walipd isinge surficef,ané the
obt ai nabl e by the nethod accordi.n

he i ian..

remaiyog bamndgmp@cdewrefdmeméﬂlsiagﬁéaw%a%lgﬁéeeﬁgr\éﬁ?feéﬁg (e,
A . . o G o

e TR 5 K 150 bl B HGPLAEH % eros

ng a sur
22778Q200 0 Farltad & ey HEB&Ehdtt. o410, 413-WT 2007).040308
PCT/ GB2003/ 004653 According to a further aspect of
the invention there is provided a mcroarray
Colou@ R deivBigped antt ierabtdhgabpletehyadendn thet tvdl manner. The
according to_the invention. Accor i(gg E’io a furt Slied and
resulis; 98 @V eTGRINEHOUT ARRSFALF RFASHEMENE LLIHpdsOIRien i gpfreated an
b cBnddihBGEisbRh R blgtreny Fifige
allyl%ﬁ%%&é@%%ﬁ@nogg I?fgetrhn;gei nvce%t_i on. Ahs errboéli megﬁrt of he
3 cotripards nivea tliffarentiprdparatianef kipevini(bedhigl Max@E@R¥ vl mlsp used
. .and with reference to e fol | qw mat eri ak s §
in g0 s r PHUREC R o et 1 e RGN o 10-men)
usin%!thé’%rﬁé“dé@ﬂti&f syRteRl. a8 fre APHRIAL 45 assan it Hdifeeréht detector
i nding of Heparin to allylamne plasm pol ynmer coated
protpinat(e Fioyse eclgmoRinadiitg Bfersi fiediast Whepleiqrppined using a

. t to allylap
i ERGY B 9. bk AT 50 AT, R L 159268 i 500
ng/ved11. Yithe Hirven PAsasREn BighiesRrand Gaverd cphdicesd at bHE @0, velisscanthe

Met hods Pl asma Pol ynerisation Plasma pol ynmerisation
expesensan figed doves R?ﬁ%gn%atvﬁﬁ 72mi crotiter plates using
allylamne as a nononer. An RF (13.56MHz) power of
|l ess than | ONWwas used with a flowrate between 1-5

cnBtpmin 1 and a reactor pressure of around
2x10- 2l nbar. The chem cal
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nature of the deposited fil mwas anal ysed by X-Ray

Phot oel ectron Spectroscopy (XPS). A schematic di agram
wo@booleo3ps asma apparatus is shown in Figure 1.PABEGBEN03/004653

2004/ 040308 PCT/ GB2003/ 004653 Adsorption of Heparin
CLMep& i n was adsorbed onto both allylam ne coated and

uncoated (Manufacturers proprietary treatnent)

over ni ght from PBS at roomtenperature. Follow ng

sachodetiodrt ARAEIRECEL T SRS ol PRPHE R nmotecute

commils'mguhesepmﬁa detected usi ng a biotinylated detector
nol ecule (1.e., the Li nk nmodul e from human TSG 6)
(Mahoney et al. . Biol. Chem 276, 22764- 22771
(2 r EBS Lett. 410, 413-417 (1997).
1 932%?1&1 2 %oﬁéog@%r gnd measured using a plate reader
i) in drdme&mgw;&dtsmamﬂsmdmdlﬂmmar,r esults of averaging four
..., Separ ate nmeasurengnts, of adsorption ontqg untreated and
i) o) [COPURE e SHTRASS WHh spidk @lasmater Prowisler arRjesnes polymer coated
congfRtd:ghgon i s shown in figure 2. Figure 3 conpares
three different preparations of heparin (i.e., high M
iv) ( Hwwrotptingibaid palyeur coated hiefaoe enithoatsess say Jypelocdwatdohydrate

et Wil BEruBORhEE PRI boledbme. an

assay with a different detector protein (the nouse
chenoki ne KC; where binding was determ ned using a
2. pidrimsthad s elamadodny plaimt I awhemige thef carboleysinate aisi passively
/well. The bindi ng assays
adm%b&?kﬁ%@%ﬁ@gﬁ%@%%% %%?ép%%%ﬁ cted at pH 6.0, whereas,
the experlnent in figure 4 was performed at pH 7. 2.
%504/040308 PCT/GBZOOS/OO4653 CLAIMS 1. A
metA‘nH%f  asrimed i sldm | ed tvhetran thearbohydratetis yaidadens

aso[{ﬁ?ﬂoﬁ(éle@ns @Pfehsct' glgcélgghﬁfrgtg‘?nocf%culé ) providing a

nononer sou creat asrma of sai d nononer;
4. A method as claimed in any of claims 1 to 3 wherein the monomer is a volatile
alcohol.
5. A method as claimed in any of claims 1 to 3 wherein the monomer is a volatile
amine.
6. A method as claimed in any of claims 1 to 3 wherein the monomer is a volatile
hydrocarbon.
7. A method as claimed in any of claims 1 to 3 wherein the monomer is a volatile
acid.
8. A method as claimed in any preceding claim wherein the surface comprises a

polymer comprising a nitrogen content of at least 2%.

9. A method as claimed in claim 8 wherein the nitrogen content is 2-20%.
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iii) coating a surface with said plasma to provide a
pl asma pol ynmer coated surface; and iv) contacting

W@ 2a00d/0p3by/ mer coated surface with at | east onePCHE82@B/004653

car bohydrate nol ecul e wherein the carbohydrate
nolecule is inits native form 2. A nethod as clai ned
in claiml1l wherein the car bohfdr ate i s passively

10. adgbrisdndtas cltimepimemnopelpipiet (e bathetris dicfsaeiace Gomprises 2
L e T

car bo a sorution conprising at
| east one carbohydrate nol ecule. 4. A nethod as

clajmed, in any of claims 1 to 3 wherein the nononer is

11 5 vomsthed as glaggebin cBim Al eoRGdwhsrest Henmanemerapaniains a
i . L: nononmer is a volatile

hydgdr)r(?}ﬁé%u%ﬂ)%%ét %S‘%gg% imed in any of clainms 1 to 3

wherein the nonomer is a volatile hydrocarbon. 7. A

met hod .as clai.med.in.any of clajns 1 to 3 erein the
12. 1o RS RBrG n Tt Y herer hamnBemgris Al GraRared | n
any precedi ng claimwherein the surface conprises a
poll%rrer conprising . a nitrogen content of at |east 2%
13. 9. A mpgthoh@s glpimedinnagy ipkeceimgnslsimwdicedsin thhaampmen gen a

[ 9 Y2 : 003/ 004653
w140 740, AN A0 L 00
wherein the surface conprises a polyner conprising a

ni tyogen cont.ent .areater than 20% 11..A.nethod a }
141 o A T B D) e a i e Sohymer s
depSQIREFdIS adhladhydsO >WJEM @mm9qr/1_<g: adhaqaydulyc; a0l WK@féhblﬁnore
12. A.nethod as clainmed in claim 10 wherein the

idealiyrolEr/Ks al |yl amine. 13. A method as clainmed in any
precedi ng cl ai mwherein the nononer has a vapour
pressure of at |east 6.6 x10-2nbar at anbi ent room

15. t enpercdliad & claimed in any of claims 1 to 3 wherein the polymer comprises

an amine co-polymer.

16. A method as claimed in claim 15 wherein the co-polymer is prepared by the
plasma polymerisation of an organic amine with a saturated (alkane) or unsaturated

(alkene, diene or alkyne) hydrocarbon of up to 20 carbons.

17. A method as claimed in any preceding claim wherein the carbohydrate is a

homopolysaccharide.

18. A method as claimed in any of claims 1 to 16 wherein the carbohydrate is a

heteropolysaccharide.

19. A method as claimed in claim 18 wherein the heteropolysaccharide is a

glycosaminoglycan.

20. A method as claimed in claim 19 wherein the glycosaminoglycan is selected
from the group consisting of: hyaluronan; dermatan sulfate; chondroitin sulphate;

heparin; heparan sulphate; or keratan sulphate.
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14. A nethod as clainmed in any precedi ng clai mwherein
the plasma polyner is deposited froma plasma of WFM

w@b00/04388 J/ kg and ideally < 108 J/Kg and nor ePCT/g82008404653

< 107 J/Kg. 15. A nethod as clained in any of clains 1
to 3 wherein the polynmer conprises an am ne
co-polynmer. 16. A nmethod as clained in claim15
21. wharméthod ke cleongsbinyanyrpreesdingegaimewhpipin the suppessiveart of a
ol ynerisation of an organic amne with a saturated
b““%%W{ane) or unsaturated (alkene, diene or alkyne)
hydrocarbon of up to 20 carbons. 17. A nethod as
clainmed in any precedi ng_ clai mwherein .
22. ¢ aAmihti?ldfﬂ at elajaedein o6 GHgs dde R ylggein 1186 susfage iRt k2
thaa %B |n any of clains 1 to 16 wherein the
DS boh ate is a heteropol ysaccharide. 19. A nethod
as claimed in claim218 wherein the

23. ﬂgkﬁ%&p Olg%é%ﬁfrg%{ﬁqdq%y'cqs ﬁ%n%gy@a@%gﬁﬁ & glul}face 18 part of a
devidd YWHOR e¥1%ﬁris hiSedS8l B8t @Mectidnos? 60 TgQ‘!aP Yhnples from an

consi's ng 0 yal uronan; dermatan sul fate;

anincih@iefietibly mahandmphat e; heparln, hepar an sul phate; or
kerat an sul phate. 18 WO 2004/ 040308 PCT/ GB2003/ 004653
21. A nmethod as clained in any precedi ng claimwherein

24. t h% $1effoRGE clafm@PHtangforalaidk 93606 WherddtheAurfatdiopafidf an
claimed in any of clains 1 to 20 wherein the surface
affinity ppaificatdén matrixher apeuti ¢ vehicle. 23. A nethod as
clainmed in any of clains 1 to 20 wherein the surface
is part of a device wherein said device is used in

25. t hey grkldacdsi pimed o) etilsials sanl wherkeinohe anrfacaris pait of a
~preferably a human. 24. A nmethod as clainmed in any of
micilagays 1 to 20 wherein the surface is part of an

affinity purification matri x.

26. A biosensor comprising a surface obtainable by the method as claimed in any

of claims 1 to 20.

27. A therapeutic vehicle comprising a surface obtainable by the method as

claimed in any of claims 1 to 20.

28. A sample collection device comprising a surface obtainable by the method as

claimed in any of claims 1 to 20.

29.  An affinity purification matrix comprising a surface obtainable by the method

as claimed in any of claims 1 to 20.

30. A microarray comprising a surface obtainable by the method as claimed in any

of claims 1 to 20.
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25. A nethod as clainmed in any of clains 1 to 20

wherein the surface is part of a mcroarray. 26. A
whr@semses conprising a surface obtai nabl e by PEEGB2003/004653

method as clainmed in any of clains 1 to 20. 27. A

31. t hey apeidt bbtai@ble byl AeHIolh&igsatios 1 Whiek iLiiraéHRdat by
the nethod as clained in any of clains 1 to 20. 28. A

leaskepigdyee elotarkobydigie melgrde %rpm fhsicaghobydraterraelecule is in its
nabl e by the nethod as clained in any of clains
nah%?{%hzo 29. An affinity purification matrix
conprising a surface obtalnable by the nethod as
claimed in any of clains 1 tq n1croarray

32. compSUrEAcRgs ﬁla%ﬁdflae@na@tlam%néhwrhmdwﬁ welpeuls 1s
Lclaims 1 to 20. 19 WO 2004/ 040308
pamﬁ%gy%gglk Ugg%éggﬁ 31. A surface obtainable by plasm
pol ynmerisation to which is imobilised at | east one
type of carbohydrate nol ecul e wherein the carbohydrate
nolecule is inits native form 32. A surface as

clainmed in claim 31 wherein the carbohydrate nol ecul e
is passively adsorbed to the surface, 20
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