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W fm&@ qvention This invention relates to a

~occurs onl Yy when 1 he

WO 2005/ 121753 p~Tif $?f34i5/fifl12222 METHOD OF
DETECTI NG AN ANALYTE USI NG A HOLOGRAPHI C SENSCR Fi eld

or the detection of an anal yte using a 5 ho gra

sensor Background to the I nventi on WX9526499 '
di scl oses a hol ographic sensort for the detection of an
anal yte. This sensocho pri ses a holorah| c_ el enent

conpri si ng &slREerPr eyl e ; 4SING Ased

t hr oughout the vol U”P{(S"‘Qb'ﬁ&ﬁ@ leo opti cal

characteristic of th result of a

V&Heidtdf@ﬁbﬁfve@tiﬁﬁySI cal property occurring throughout
t he vol ume of t medi um the variation arising as

resul t This insaotionielaies e erinethedfedinerdaiecianel m@%v@ using a

B change in the optical
ﬁg{%g%é& s%g‘égpt he presence of the analyze can be
dghergedndW8qnd 08£Ha8ndescri bes a process for the

conti nuous sensi ng of an analyte 15 usin

hol ogr ¥pRICE26498 scias%at helopsaphua siepser g@f the detantion of an

SIS TBis SPTRTMBigEE oflordbBi Beirprs pRYREIHE 2 supor
OhidelFR &rRNS chﬁa?raﬂ?héis?%é@%rro@bh@m He JbMERSEf tHe FRium. An
bl ood is typical he order 'of 20 nM whereas in

t ppticg) @hataqt%nﬁmiﬁh@emmmt criasgee eaksuibef @Vamaiw ¢fra physical

b o g SV o Bl saEme i 4he 9 Eion arising as

NBReLAR @A rbAEHde BEMERY HHEERRRIUN Grid®d ¥8l1e. 1BY @Bnitoring any
ocular fluid such as tears. @d ucose (al so known as

Dehngsosdhe cptzm!@hamc:MWtcdtﬁefmaemnce ofthe anlyée tauibe detected.

HROGFRATED discbts 55rogBARLY v B AIMERRYANGR o e aniyte

(g,s‘p?g h@@g#ﬁfﬂﬂ@%nsdioex' st in equi I ibriumwith the
acyc orm D-glucose al dehyde, via a process

cal | edA'reohigsl! é&awy@r@ﬁ!ateraﬁi‘ is giygiseal Theretiha need for minimally
pk%gart ions of th | uco

Nidilee e d oHieed ugc:a%? @s{% %’;{ﬁ?ﬂ%}ggy ophthaimic glucose sensors.

J@;@nghé@ﬁm@ﬁeﬁgmage%%@%@d o el ? @fftﬁeaéﬁﬁl# of 20 mM,
39.4, 60.2 .2 and 0. 0041%respec ively (Shoji

evherieasJin thme)cméms apocit O. nmﬂbg le¥Qis88- @eg:osam e eye are

d
Wi & et 5855 r2the Biohd2" FRus Rutiie Bl tgiypose can be
trHgnibradi lﬁgar@éﬂy%y‘ ﬁfé%%uhﬁg%@@é\ﬁé?é t 88 ictular B Eeh as tears.

seis inthe
a- D glﬁh@baeéaiee&nrfmnmsc&sgtqqose) occurs in five different forms. The four

cyclic forms of glucose, namely a-D-glucopyranose, B-D-glucopyranocse, a-D-
glucofuranose and B-D-glucofuranose, coexist in equilibrium with the acyclic
form, D-glucose aldehyde, via a process called “complex mutarotétiénf’.
Typicai!y, the proportions of the a-D-glucopyranose, B-D-glucopyranose, d»{}—-
giucofuranose, B-D-glucofuranose and D-glucose aidehyde are about 39.4, 60.2, '_

0.2, 0.2 and 0.001% respectively (Shoji ef al, J. Am. Chem. Soc., 124(42), -

12486-93),
- A well-documented reaction is that of glucoese with boronic acid

compounds, it has been suggested that the binding of glucose to a boronic acid,

| RB(OH! occurs only when the glucose is in the a-D-glucofuranose form (Shoji




WO 2005/ 121753 PCT/ 6B2005/ 002222 2 of at). O her
studies (Shiom et al, J. Chem Soc. Perkin Trans. 1,
warMs/21763), however, postul ate that the a- Dmpyrensssesez22?
formthat may al so bind, provided the NWMR coupling
constants are assigned correctdy. Furthernore, it has
been suggested that the boronic acid nust be in a
t h B3 t .
trgfé@'ngﬁhéi%tg%‘jg% Sﬁ on. ﬁa/ @ﬁebee%&g%gggtggﬁs 1y2111-2117),
bhoeever, postidatepnafibe enDr-;a,tréyoé.a ‘imdmttbatdnay a!swfbmﬁ, progided the
In ci onf or t| on (Liu < Ogganomet. .
chefk edising. o S oap a#ﬁ@ﬁ%@éarfeéﬁv. fgemyore, it has been
r t | I
(UGSB Tl Ul o1 Rl BE RO IRl HBISR)), o
5 1 sppmﬁcbmmgm@mydzmmrmm !bhaﬁi@eenauggestéheha’bboror : acids
rally nly a small 10 proportion of the
ot @r%a#m%ﬂ%s@ ﬂiﬁf%w@%r%@em a gRdcaormetion (Liv = &l J
r
ée%&ﬁlet:) ?ﬁ%ﬁf hee ri’q e%)u cose aﬁbei@%@ﬂg{}s?k&%@%@é % Hhe pH at

I Wbrcﬁatsed:chsormmnegcﬁér@eazd@m stobngipmilLexced by the structure of
nmut arotati on. The enzynme mnutarotase cat aléses t he

cBnkkds srefArasly arhenyl %Wr(dﬁryaim@ tharaehr eaerrﬁifyc gnly a small
10 5 BobRi IR KRR B R B YEb o aoYeE g Pheston akes

J t@aﬁéu@@sgt@mwm@se usi ng an enzynme such as gl ucose
i somerase. Fructose and ri bose react with boronic

aci ds The @ﬁ%ﬁaﬂ’fo@%ﬁ%mﬂnﬁﬁﬁ@eﬂtﬁtﬁpa%(ﬁ@ adpprealy asid can be

B Do P RERSL ol AP L B P B8 enme
smnmma@@matw%wmw@ewoﬂ of B BASTRNid MHealrasdrifom) to a-D-
bet ween t he ol ographi ¢ support nedi um and anal yte in

15 tgidcpfueangree !Mferaﬁtm&jﬁnthe aest of peadtipncean Pedncreased by first

Cc%‘gﬁ%?l{%g gmn&t?%f@ogrggﬁggg Jsér @é)?é ‘%ﬂ)’?qcé}" %“Zgg‘,ﬂ% SKeh as glucose

hetersseaciFdugbes PendTRipee Usae: fhih boonidd agriseRt izenadblogous
gl ucose. However, since the levels of the

ANBRRT{ETUeaE®se form are general ly very |ow, the

td sponse of such a sensor may be
s m O]Lﬁ.' eﬁw Lté y be dramatically enhanced by

20 carryiT Sigkefeirmehtion id Basdd@pdr BeRafsAtibreihzy e sesdbnse of
as nmutarotase or glucose isonerase. A first aspect of

taeolparahiG gansos canbeting@ased by Wetemdinganydntesaction between the

- TRlrdERnis Sl gl e RS ST plhedif more
IPBCAcENY QU'oRIYEE PWRRA BARGKERD Yhat! hReMdliie For BRample, 2
hoiographic sensor comprising pendant boronic acid groups may be usedfor the

25 detection of glucose. However, since the levels of the a-D-glucofuranose form
are generally very low, the time and level of response of such a sensor may be
. paor. The response may be dramatically enhanced by carrying out detection in

the presence an enzyme such as mutarotase or giucose isomerase.
A first aspect of the invention is a method far the detection of an analyte
- 30 in a fluid, which comprises coniacting the fluid with a hoiographic element
comprising a medium and a hologram disposed throughout the volume of the

medium, wherein an optical characteristic of the element changes as a result of




medi um wherein an optical characteristic of the
el ement changes as a result of WD 2005/121753

wBCuis/168200 +9902222 3 a variation of a physimgalGe003402222
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property occurring throughout the volunme of the .

medi um and wherein the variatjon arises as a result

of interaction between the nedium and the anal yte;

ang It 3Ry sRBRARGS &2 ST tAHL VLRI of the

of ?ﬁ l{f{ffgenent%??/\gllhere:ﬂri;l B !ﬁ gedlu conpﬁeges a

gmoapumth Bod wrereiagh ivarisfiom eaees ag)a et oftineraotdrybetween the

wherein the anal yte or ,the group i s capaple of . .
e RTHS Sang: Fng 9eisclng dhy Rafl Bhive driical phggacteristi

|%fwg;é%é=rg WRefdpe presence of a first catalyst which

i s capable of cataly3|ng the conversion of a

reI at i \{/e} y Iﬁwmadaantaowrfseem grfouphm|clambapablerofgeaunng with

to arelati nore reactive form
£ Fof ey pireedindie SABBRR AL Nedlrdp s FARAHH G kxsl1ga in a pluralit
Wk fftrlsS and ﬁf@@ét%c{?ﬁ 'ié"&c%{ éc[* ﬂ e B%s‘éﬁ%e@%‘ 8 e st which
t he detécting i s con ucte a
sm:mphmambaﬁﬁys:mm eoméers;@had:ﬂasnemmd!}eiemrrmaai;v@ferm of the
said conponent. In the case of glucose, detection

p?‘@ﬁle(i%ﬁf QFQL&W@SB fﬁ?%‘@h’mqrﬁée@?te@éﬁﬁ& ons5 of a

catal y wh t.al t S

2 By B3RS L TRSNE 008 flan i ancle whic s

akdpdlyldeftintesading mi@m anb@n, bbd ¢he ﬁe@‘cﬁhghb)conducted in the

detection takes place in the presence of ~nmut ar ot as

aﬁEﬁ‘ﬁﬂnC@I %@séemi’%r?@#%ﬁ@ CapRRiA pf ggtgg@gng)ftheh@moval of said

[ B%r‘ﬁﬁbh&% i s an ophthal m c device which conprises 20
ographi c el ement and a catal yst as defi ned above.

The | nirethle gmy digglicbdd) detdotiom mticalsionaked platesnhe presence
rrFI ant abl e device. Description of the Invention The
t€

A g aﬁ:c%s‘efhioas ca?éacs&%m ronvesian o gHe-glserpyranose, B-D-

(o 2

éﬂﬁ%) ﬁ‘g d%@d?, 6%’ used %E&ﬁ rigf grér@g&g%‘?%m%e More
| pM@%bM bjetéttmriéka@ gizpefib the pfa"sleaae o niutisotase and/or glucose
i mpl ant abl e opht hal m ¢ devices and the |ike. The term

" EOAA8¥S | ens” as used herein refers to any hard or

sof t lﬁﬂéth%?%?gae&%f%ﬁ@m%ﬁtﬂ% 1so§r% th¥1| :C'Be{\)(cé @Fucgd:ompr;ses

vi sion correc I agnosi s sarrp

da hologeaphie sjemawind] deatalyygas detined atﬁo\aepm@é azest may be inthe
ot her ophthal m c
form of a contact lens or impiantable device.

Description of the Invention

The term "glucose” as used herein refers to the known cyclic and linear
forms of glucose.

The term “ophthalmic device” as used herein refers to contact ienses
(both hard and soft), corneal oniays, implantabie ophthalmic devices and the |
like.

The term "contact lens” as used herein refers to any hard or soft lens used

on-the eye or ocuiar vicinity for vision correction, diagnosis, sampie coliection,

-drug detivery, wound healing, cosmetic appearance or other ophihalmic

'- appiication. The iens may be a daily-disposable, daily-wear or extended-wear

ens.
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application. The lens nmay be a dail y-di sposabl e,
dai | y-wear or extended-wear |lens. { WD 2005/ 127753

WOENFERDOH5/ 002222 4 The term "inpl ant abl e opltriGEaI02222

devi ce" as used herein refers to an. ophthal m c device
which is used in, on or about 4he eye or ocul ar

Vi ci ni L‘;{W iSuch‘,. devi ces include intraocul ar |enses,
subconj ‘Ulfct8TalMpEmaye goithalode device! enseed hereth refers to an

o Rl RPUENLS whftrds uBedE Db dlfatd IS Rt vicity. Such
i Aeeicastincaddetiaeenidr s HBoALthdt 3

:O%éalég‘ﬁl{"f §4_and/ or cﬁem@j@ Olgl'dﬁﬁé]3 seng)tpglr#gg%%?@\ﬁvé%‘?g& lenses,
t

THIRN8de & e sentolr glaucamakhiuet) tiateannabyinghe cul de
wgacg{eaﬁlg%to exist in a plurality of fornms. In this
case, a f “catal yst may be used that catal yses the

conver $herinefadtite BaEheht maditB Snd rtﬁ%aﬁéﬁﬁ%{rﬁéy”be%rhysica!

exanBIe of such an analyte is glucose,

e UPHCREMiFRl. iTheasensor onexiatiow forf thee chfif@i@Ntictection of an
f4Be Thus, in the case of glucose, the catalyst may

be ah enzyme such as mnutarotase or glucose isonerase,

‘al | owi thalytai | - ur angse

to | nc‘??;\se. yV\henyaﬁngggﬁgn%xiéégﬁi%P%Lga%%pfﬁé%‘bg} gh? gase, a
FElRYer mayike geed thatl cataheds thhcoevbaidn of e aphived to a more

' uGQs and the nediumw ||l be enhanced.
E%%Oﬁna &9} %825@58)0% P ARakyle isgleaass; whinht tia rhdarotation
seablerto ofstgh 6ee inSerk S It qul robl emjn

the eye, \j\%ere I ?g{eng‘fzogrn%r ’e@gﬁ'?ﬁatb gtéea?étof?gg{cysm ﬂiﬁcatafysﬁ

SRS B frizpmme SHed aamealystase uglumselsomet el Bgowing the rate
i dase

te. 20 |l e, |actat
O P T ol rnSem o Fkessa. nibere akmestim obmrising
hetdberdric oy i€ud |
ge?o‘fi oy A o B YR S STl e B pen alucose

RE e ediem wikdesentwmceds si | ver-based, it is
refe "an e me such as catal ase is present
|tO or e%‘gt%t%ﬂg&lﬂﬁ\%ﬁﬁgé% k”ﬂ‘g)’grtegéi{?rfﬁéﬁd*)(iifm&ﬁl)ﬁﬁgﬁir}gd:f #oicose.
. = . : c _
s B eI TOBE AP RO Wt 1R} Braskpy at retatively high

dehydr ogenase, which conv
THICERHEECR t Romitcatalpsiptrasucizyoprondtehydr R9esv D rqxkb@te. For

SO Rl | aFLate be e anelvte of Loterest
@yigctte (K818 SRgfatedMieiaEel YiykirB3en peroxide. Hydrogen
-peroxide may react with silver and thus, if the sensor is silver-based, it is
preferred that an enzyme such as catalase is present to remove any unwanted
hydrogen peroxide praduced. An alternative to lactate oxidase is lactate

- dehydrogenase, which converts lactic acid into pyruvate without the production

of hydrogen peroxide.

Conversely, should lactate be the analyte of interest then it may be

‘desirable to remove giucose from the system. In this case, an enzyme such as
- glucose oxidase may be used,

The interaction between the medium and analyle can be detected

remotely, using non-ionising radiation. The extent of interaction is reflected in

ihe degree of change of the physical property, which is detected as a variation



gl ucose oxi dase may be used. 30 The interaction
bet ween t he nedi um and anal yte can be detected

WIOe$pd/e: 953 usi ng non-ioni sing radi ati on. The extEBaB2UgHe62222
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interaction is reflected in the degree of change of
t he physical property, which i% detected as a
variati on WO 2005/ 121753 PCT/ GB200S/ 002222 5 in an

OF?:H'?WB ﬁ&@féﬁf%téiﬁshé pRitéfdlpll $hift ishiblelbfgth of non-ionising
wavel engt h of non-ionising radiation. The property of

t mediabibogr aphi ¢ el ement which varies may be its charge

ﬂg?ﬁiné v%ﬁ§§§¥ o?qﬁﬁ?ig Eﬁﬁ?ﬁ%éiﬁ S"%ﬁ)\,{éﬁ ¥%Str nggehi‘ts charge
' Qﬁe%%ﬁ%/t%i&hgsssﬂ ,E'ég gsRsHt YviREoSity @tresegmphuéad%bs charge,

property. Vari atio f the or each ‘physical property,
i hydoophobietys waia&}any,am&gﬂ;ty ofroasrliobidenalty or any other physical
character,isti.c, risapilit refl ectance,

- SRR SHH68 ob 37ER ShSRREPHpEYY, ke aBREia variation
T LSRRt S0 Bl Pl e o
rrﬂbgsurt_)anm dflthe molcgrapigcsdement. of non i oni si ng

Cbserva g §éra§§ 19y b diepesed op OB Rataer fupugfiouthe bulk of
Clyas %’i éséf' O Fb?fgﬂ W@ES&Hﬁ hcmghbmi?ﬁb sdit8e of non-ionising

hol ogra |c e e exhibite | um nat 1 on
( eaaj;atmln dier ewhiripte vilswgijémghu\xmay be mﬁsed{c ettsen mnaimh{s} in the,

specifjc tenperature, netic . or essure
C%ﬁg;ap%oggtacn%phﬁéthqer&gq f?ﬁéﬁiqﬂ'ﬁg‘[‘ﬁ%%ﬁ@m caI or

bi ol oghgal f ;
obj ec? or a éé'lgg)lrh Iop f-ad‘;'hdfma |on%mb?§%8?ﬂl yé’e.g.eur?c?]érwhlte
t fighf, divh arf indrapatdt mdaamwnn}c I$p|esﬁmnieynparaiwe emagdetic O pressure
magni fi cati on. The hol o can ener a b;
dCPRAIENs o T dparticyisr . %8 Pigghs gl’?iﬂ@'gﬁ'aﬁ? mull.  The
ﬁ%@&ﬂ%ﬁeﬁ'f‘%%@ﬁ’;%%&b&%‘%‘%ﬂ%%%f%hﬁ% L0 SRR and may
nrbenﬁ t#lcafomooba ipsgerrawhdﬂnslcﬁﬂy gisitge Iw:yler ma*gmfj Eatiban

one hol ogr may be supported on ogr :
ol emeni NE\BRIRTTHE, CBB BF o9ppRAted %ti%%td%@? PIeRte  The
xﬁplﬁémc'é‘eﬁléﬂf ﬁ%g i} h&%ﬂ%r’i%&éﬁﬁdr{b@o@umﬁé%ﬁ interference

am arising a result of a variation in the or
2Bffeat kvhagpt ilkathinetesd adtheldset i light Tred Isablbbgnephd can comprises a
el ement s y be dinmensioned and arranged so as to
sERBRIAFNAIBYRDr e i ndependent event s/ species and to

af f ect | kLt r a i
o o Mr%?e fcf?r‘i@ %ﬁ%r‘rphé}} BE' dptforteddh 2bt ¥ 5Mholographic
~element. Means may be prcwded to detect the or each variation in radiation

emanating from the or each hologram, arising as a result of a variation in the or

each optical characteristic. The holographic elements may be dimensionad and

' arranged s0 as to sense two or more independent events/species and to affect,

30

- simultaneously, or otherwise, radiation in two or more different ways.
Holographic elements may be provided in the form of an array.

_ The holographic support medium may be obtained by the polymerisation

of monomers, such as {meth)acrylamide andfor (meth)acrylate-derived

comonomers. In particular, the %norncm.er HEMA {hydroxyethy! meihacryiate} 1S

readily polymerisable and cross-linkabie. PolyHEMA is a versatile support




Hol ographi c el enents nmay be provided in the formof an
array. The hol ographi c support nedi um may be obtai ned

woypeddner el ymeri sation 30 of nononers, such as /GR2e05/02222
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(et h)acryl am de and/ or (neth)acryl ate-derived
comononers. In particular, theg nononmer HENVA
(hydroxyethyl nethacrylate) is readily polynerisable

00 8EsmsL B AIRR) KTy AhiFlsER biokoRbRRel, "
svel | alfhier bysipRi dfineleidphicdehbyohingsdiamdiich sy 3 hexdified to

exarrpl es of hol ographi c support nedia which may be
niede Bofasic EﬁiélQﬁ@‘ép%@ﬁecﬁﬁi%tlfh&-ﬁaf@g@@'ﬁ@n,aﬁgaarg@@f?ﬁﬁ,, PGW\””Y !

S RRIGEYAL 638 o SRR B 0 e QR cd Y it

bopaddryigtassified), 5 and acryl ates. A paraneter
determ ning the response of a hol ographic elenent is -
the ef patnodtet detaminingithg rewsm{;@ hofgraphic element is the

B T R A —

bef Wﬁ%nmwmhtd aaﬂb@@alg&‘é@réh»aﬂ @bﬁ@:l@{ ﬁ#ﬁ%’nbﬁ between polymer
relatively |l ow, since the polyner may becone 10

t and@ngihde-biding mupsnh rglativeln B)ws,mm:ta thg milymaefilm may become

di f d
ofB Rl T iy R B SHENrGrontas SaPPEd medim one.
The |enps a'ﬁéf&?ed@ﬁ%ﬁ%éﬁteﬁﬁ Li‘ﬁééfg ofifhé ﬁ&éhﬁéﬁ % in tt})';e form of a

material known in the art. The lens material my
f oontegt kepst h‘berbm:ymy ibeananufactured esing amt suitaimoratedal known
and, opt aII or,_nore epal The teri
iy Eih 4ol g ke 4 7R B IRe oGS 4fpe or more
ﬂﬁjiﬁom G$RIPhidrPm
preferred gro p of H?‘gﬁgbﬁaﬁ?gé?geﬁoiyrﬁaﬁ%e ol ymegs ay%ompr;se
age pratteinitiatot, ublisibdite/ tnting| Bgbht. LN hi@ciq@n@f eg&ebl andfor a
t ﬁt t he materl al. conprises one or nore prepolyners
eiPSEPaPRNa substantially pure form (e.g. purified
by 20 wul r n e [ .
vt or - So SET LC ISP, KRR U RePoUTR LTS Mot e viater
pseipbleyart/sr (rastathés cit ssuméferred% mwtm 00363(@683)9 Or more

CBSROMBRE BUnEDa e i BorTauAR: S5ucBo i I8  purified by
pe métﬁf'it?étmpe widi8rran éﬁé;ﬁdzﬁ%&allh&uaeswaeéza&&gb@ﬂdﬁﬁssnnkabie

(primary or secondary or an ethylenically
upslg(\unwtﬁcbmmpptqmﬂmgrsz(ﬁsmﬁpnhw in UBS58RAES mad USB303687);

I h _ )
'I So %r%qt)iﬁg %%@a%%%%ﬁ%fﬁ@?;@%% RipingPig Py FRacting an

g 2 n ' ted am
#s}ssgénat R g;% &&gg%ﬁgomu%@ e%%ﬁén%ahy?u&%hra ine
(pr;mary or secondary amine) or an ethyienicaliy unsaturated monohydroxy
compound, wherein the isocyanate-capped polyurethane can be 2a

copolymerisation product of at least one polyalkylene glycol, a compound

- containing at least 2 hydroxyl groups, and at least one compound with two or

more isocyanate groups; derivatives of a polyvinyl alcohol, polyethyleneimine or

- polyvinylamine (see, for example, US5848841), a water-soluble cross-iinkable

‘polyurea prepolymer as described inUS6479587, cross-linkable polyacrylamide;

- cross-linkable statistical cpo!ymers of vinyl lactam, MMA and a comocnomer, as

discliosed in EP0855470 and USS5712358,; cross-linkable copolymers of vinyl
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nore isocyanate groups; derivatives of a polyvinyl
al cohol, pol yethyl eneimne or polyvinylamne (see,

WHgpinarmsl e, US5849841), a water-sol uble PCT/GB20B5/002232

cross-1linkabl e 30 pol yurea prepol yner as described in
US6479587; cross-Iinkabl e pol yacryl am de;
cross-linkable statistical copolynmers of vinyl [actam

%tgﬁld A O BBEIGIRER 3N Sin |§é}éﬁt§e% IB EP 547
US5712356; ﬂcross l'i nk abi yplcopo ymsrss {os d\%@% ﬁﬂ% 2867 and

2 0B 560847 polye et/ GRZEUS/ D2 D2 RS WIth@m&mhlnkatJh@f lssde chains, as

acet cohol., .as d| Iose EP0712867

aﬁ%?&%ﬁégg’g%%%%%%gfw 3&%}@ ?ﬂ%agf&PCHﬁer bafig prepolymers,
CE§SSdiktipkall gnsi Qf@j X
EP0932E635 égrgﬁchgﬁ(}%%@%/?kiggne glyco -uref&ﬁga[ky ene  glycol

pt@fﬁimﬁﬁ’%}a@wiamr@pwﬂwe das d:sﬁ%@&%ﬁswﬁmgm&h&m&m 303;

pol yal k tetra(neth)acryl ate prepol yners
ks G LR e epolymers, &5 disclosed in
ciaseoldirkabl e pol yal I yl am ne gl uconol act one
prepolyners, as disclosed in WO00/31150. The |ens may
conpri §be$nwapgempnae efiydrogel yiteril Vypibyithr, agdfogel materials
mat er i al PEQ c materjals which are ca

CH SRRy g S h R ghichop Gypa gt eboathies Shlsrel | GHdby weight
f [
aﬁ%@g}tgf%ﬁ%@i&ﬂf hﬂ@&%@%ﬂ%&%&%h?&%zé ;ﬁffiig#%gaoﬂﬂ))@m kol (PVA),
pubdfiegd F’M@yé@lgylnaifﬁthraofn ylmﬂye(hydrmwmw méihacrylate) pely{vinyl

e YA VEni PEHECTBRYR ROk de s cahemalti oty ethylene
#/é’&‘ft Fegfne poﬂfeurea h%ﬁga%rigﬁf%nélﬂggm A6RAG g ﬁydrogeis

maiwmﬁamlmiym’be apdhtheadig.c devi ce may be an

i npl an o%‘ytﬂilmc devi ce. A ucose levels in
tears E:!V g Whams@%k%@agma@ dmplapdaile ophthaimic

\qé%@nGitﬁﬂﬁs@'Wb@IE‘?n )ﬂb& e Rlve % 8@5{%‘@0&5% levels.

ucose levels in agueous nor or |n

f\Nuihdan vilmpiantgblec oplethiabviel servson, bee nesh nivingioe rglutdsd levels in
| ucose |l evels in tear Preferabl , the device is in

SOYPREROROr Eﬁe@dﬁégﬂjiiﬁ’n wheye giwﬁﬂsgdﬁveiﬁrﬁ%e@ fRdeh higher
I I
1REH QIEbOM 1BUold AEER O PrPerablp e Sdlicd i$ATIE Form of 2
tshécohjexnstlwtmp aogrpiraceseal eatastest oofiaubemanstantti on.
In thi . be possible to block the
| nt er R eﬁ@”m@%@m\a@ﬁe %@h@pse RRiRAtatE, Wifpiaferred that the
Y’é}‘:sc&lﬂe%ﬁ fs%s a‘%étgly% ttO%S in %sgﬁwp ?ﬂggy bbWossible

I nventi on be use cat € an

to block the mterference of a component ether than the analyte, which interacts

with the medium.

The method of the invention may be used to authenticate an articié.

Where the holographic element is a sensor, the sensor may be applied to an

.30

article using a transferable holographic film which is, for example, provided on
a hot stamping tape. The article may be a transaction card, banknote, passport,
identification card, smart card, driving licence, share certificate, bond, cheque,

.'cheque card, tax banderole, gift voucher, postage stamp, rail or air ticket,

telephone card, lottery card, event ticket, credit or debit card, business card, or

an item used in consumer, brand and product protection for the purpose of
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Where the hol ographic elenment is a sensor, the sensor
may be applied to an article using a transferable

whabggrzaphic filmwhich is, for exanple, provisedserss/mz2z?

hot stanping tape. The article nay be a transaction
card, banknote, passport, identification card, smart
card, driving licence, share certificate, bond,

c H%ﬂl%@iﬂ%@é@ﬂﬁ@e Fﬁfdﬁrcté%m%ﬂﬁ@r@a@m&xéﬁé a%@li’éél'ﬁffytng stolen

postage stanp, rail or air ticket one card
I QfQCéfqifS cafhk sewenis maydk@wed ﬁ@pmvn@e pﬁ@ﬁlq apdrpck information

o1 BN betiting ABpicatBng e pist iR PoERat b s <483 System
P@&H: %&Qﬁ@e%b%?@& oBafl 'a%tbbﬂﬁ%hﬁgﬂe ROCHRGHER enrrfélbgg%l; enclosure,

fromcounterfeit products an ntifying st
ptmmm:@r MCaen@omt rpgpdbet mé@‘matmnpommudbtypﬂn@mtronmenfai

“BenBREEs R W B ot ciri raherf BES BE ety and typical
i %ﬁl%ﬁt;oﬁ@%u&%@?ﬁﬁé%r@%&vﬁ '-i%l'ﬁp%;aﬁ]@‘tﬁegﬁséﬂnés% midisture,

tai ner, w apper or en s
|ai@Dbat@aﬁrp§umaipiaumgaammtmm.i on or guality or

33;: :r? 3?&{@3}5{@% ndls%ﬁs%ggf:é?w tea\gg%gfﬁci g%du%so szih a decorative

PO Spaicsb 2 o ) YRt RSB o ncting but o

plirpdéed ab dianagﬁ pmé!lene itarke . of Atibtttingt (inchlgingt fuetwear), fabric,
ied to products with a decoratjv

sensor ap
fg’”@ %ﬁe%@y%rg’gﬁpf?’%%r@ﬁ 4o0R GRCIHAVS RERFEEFY é“doﬁ?asswafe)
e

! empge@g% (& 68 g p%mztalaggz ais, dﬂrm é’er%%séé %@&xasncs
f et other ufstemalBmdaaxtémasmsmifatisnsh m@lmt:d:mgt mnmres sculpture,
(i ncl udi rocker and asswar e) architectur

(ﬁ)(}ﬂﬁl}j@f’l gugé :ggga!!a n.%) sl%gpﬁgry {mléqisgg OFpetinNgs cards letterheads

i nternal and
ext e tfﬁ@?’g’w%ﬁ% S%@?H?% udi ng pictures, .
scul ptI!n@;ravéﬁhmtst;EWCtﬂady rélghsint tos cahgmstmvsce such as a test

B, S ShnbE3ga8 iy St S ot
t
TR 0PSO A 4 fgomesis

tthbranostipgtdiagrnosties yr heedicioks| The sereanp maybeused in a contact
testin devi ce,  and products or, processes relating to

Hemgns -cvaﬁyevva{dmpiwogwswa@f lm@mﬁertﬁﬁo%tﬂpeghsp cartridge, -

_?(ﬁgg%bbféﬁgéfh%bggﬁﬁg n?;efb?ﬁ-g 'Eé!o@ HHﬁﬁdcfH Bofly fluid

isEpigaim, ot aisal ysmrdamca:hrﬂhe @éﬁs‘drssd@@,; alseviod uskdhle,a product or
br eat hal i/ser cat heter, y formor blood, urine or

PO R aimgéaﬁﬁtrpergerascaéﬁraqi 9%%%%99@@5*81&5@ tgsling fer example

G4 L B B BTN R SREP B8 A N Ro o o

- éoranpf Bquid sampling or analysis device.

The present invention also extends to a product suitable for use in the
method of the invention comprising a holographic element where the product is
capable of generating data from the holographic element and to a system which
uses the data for data storage, control, transmission, reporting and/or modelling.

The following Examples illustrate -the invention, the exception being

Exampie 1, which illustrates features of the invention.




25 in a testing device such as a test strip, chip,
cartridge, swab, tube, pipette or any formof liquid

WORBYI2hE30or anal ysis device. The present i nverti:omo0sm62222
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al so extends to a product suitable for use in the

met hod of the invention conpri8ing a hol ographic

el ement where the product is capable of generating

\(lj\ﬁ?i, a f ggﬁh@ lfdamﬂl@% r?bﬁic@r@m?eensmmbmpriangt};s;txlgmnerjc support

. or_data storage, control, )

tr a%@”m s%ﬁ%&‘ﬁiﬁ%(@?iﬁf’gg?ﬁ&qéw Pyiaggonic arid (the synthesis of
f evHiemvigndesor Rl i WA A0RYoRieD 44 NG b A 1208 qi L 08

exception bein Exanpl e 1, %{ﬁ)bﬁhhfgﬁ/%@{jlﬁg@gu(ﬁ%ﬁ?%%e forms

gpfs OPAYETPICIRINGOE00SIma i sTRSIPET MAIUR A2 Forchased
. es, .a Nno rapni ¢ sensor co rirsin

pgdo&mgp&ﬁ%gggr?ﬂg’?@t&ﬁfoﬁg@o‘?ﬂfﬁiﬁﬁi Kgnay nﬁTtE%Ose Esgmarase was

3 oAy ANTrEOP NPAY i Ld_(1he . sj s_of

e ie doser beﬁ@{]%%ﬁgﬁ%géézﬁgf&%@ fGmq  Streptomyces

( 3:0i9/gPae p}: aatets oxidasaavaspughue s Eone Seyred BRSIhinated from
Mut ar ot ase was purchased 5

f i in solid. for

fr mogf)%%‘aﬁ& t?ﬁ(}'ic’fj‘i tﬁg% &RGe B Bor el ed et 3043,

GFEug@srR 1 sonerase was obtai ned from Hanpt on Research

and orrginated from Streptonyces rubiginosus. Lactate

oxi daskraghiy-gisschad eatglucpyBirgne aag cﬁtéﬁbﬁa}s?ﬂ? 4 ABlographic
Pedi ococcu% sgi Dtst.ectl on took place in PBS, pH 7.4 atg
SHSCERRTINE TRte BT BiNGENg (Regrded W, & splutiopyf argiseopyranocse
Wags (o GRRGHIT %ggﬁvb%%g’gﬁg‘?@% fal}{ais’ogﬁ:?rgcﬁinga W DS Bd. The

of bi ndi ng recor

- @xpedowny e sepeatad Usid Soulecop@iinobe, em%] gét@ 8f Feaction was

t t f _bi ndi th det d T
BeeloBer GaBrminaa B8 Was ke or teopplograptic Strsor fo reach
j t ). Ni he, . .
g P T RN &, AR MR GHT g i b3Base) using
@ mM ef thersniutéans. | | bri um peak di ffracti on wavel ength

(i.e. ghe half/life) using 2 nmMof the solutions.
Resul RESHE 2R SRRWNHN Fiigree! .11t i3 evidentthatithe freshly-dissoived -

bf&%%b&iﬁﬂs@f@m%@s‘ tcgiﬂécﬁé’ﬁ(éémga%gpfyg{q&nggiipgq%?d tggqlsphgt a faster

pendant phenyl boroni ¢ acid grou
ratathan e sitly-dis sdobd BdiiRayranesd. anABE casdlofthe th8$8itbns eft

C
t olutions left 20 qvernight, the rates were
%P%ﬁ‘é?m’% ﬁé%f qlgg) werp, Rlmqst ddetical ygleese resultst Bleggest that the
SERNSH i reakmuleteloly form.nore readily -
t han {b I%rgdiézq% %{@ﬁé‘g’ﬁt anos eﬁ%gﬁ%e %?g;'lg}bf‘ﬁrf ﬁiealg-&i%@pyranese

tsomer Vbe similat tetes aosenetiidrahe soURIdMsaBl sVeaseht §u§§ests an
6]

'e%yl Lbriumeffect, i.e. the n-formis converting I
FHUBIYTE, pifeglhei-e. 'the P-form is converting into the a-form. The

: intercgnvers%on between the two forms is very slow and is likely to account for

the slow binding kinetics observed.

- Example 2

A 2 mM glucose solution was made up and left overnight to equilibrate,
A holpgraphic sensor was then used to detect glucose inthe presence of varying

amounis of mutarotase. The initial rate of response, i.e. the initial increase in

peak diffraction waveiength upon addition of the glucose solution, -was - :

determined.




i nt erconversion between the two fornms is very slow and
is likely to account for 25 the slow binding kinetics
wobgsreesds Exanple 2 A 2 nM gl ucose sol uti on ViEEHQBIIEs/ (02222

up and left overnight to equilibrate. A hol ographic

sensor was then used to detectiglucose in the presence

of varying anounts of nutarotase. The initial rate of

r espons¥heireSuitd BR: sRbWhah Fidige CaaRd intidReRBaK at relatively lower
di ffraction wavel engt h upon addition of the glucose
sotendadiratinas ofdetrmased thannitmomta of 188ding is faster than when

P TR Q%8328 L Ay B G20 e Floiio b 0.2
C%gﬁﬁﬂ R HerOhsdi R raldsreakbiién 'b{? igeba oty & tdlhe gontrol.
binding is faster than when nutarotase is absent. The

5 opExampisadount of nutarotase was found to be 0.25
mg/ m ich.increased the rate of reaction by 54%
rel ati vtﬁ%og{?‘%‘g ebr@r‘%qs.e SEE AP ebérfcﬁeét ofpglucose to a
9l K8SRBTHIE RIASE VPAs tdé?erﬁiiﬁé’d!.nggl‘?éiaﬁlsUGPE;ﬁJéof%ea'somerase was
. alysi|s o

hol ographi ¢ sensor was determ ne gl ucose
i gmrioras imsempee fibe medfer dhaicitrovas shepdnddcein.t Mate holographic

was suspended, in. The hol ographj.c nsar. .allowed to
eqﬁﬁqsioﬁré[gg"% t eﬁHM%@}éoéﬂ%h %ﬁ;‘ﬂr}*" N@i‘iﬁb, M2 waigac codactor for
1 i r ) [ .
T R A AT ol FoMBEE e bl Al tho sensorin
artbe presercegbiucargmg amoemta of gllteselisemaraseshown in
“Figure 3. 1t can be seen that the addition of gluycose
i somer a%%&@. ﬁc%@“‘i‘ﬁ@iné@ﬁgi%t iMFAPDFCRH agg}%%q.iélttiqaqugiucose
| SsGth8PaRAIRERII NS BahsithRPor (AERRNSL: | RS BMBHdricEaBfe that, the
gl ucose 1 sonerase added, e longer the systemtakes
t @rastee tue hubntity ef glltese Mdmerbse added otherleagdi the sgsiem takes to
al so, c{}pfﬁ]t er than that of the control. Exanﬁ%e 4
15 A%ﬂ*%? hilbedaii@bralgaf sracian are alseuveeh dasief haspihat of the
aRd 4415 units of lactate oxi dase added. Once the
systemhad equilibrated, 2 nM|lactate solution 20 was
- afiaddedt the shift in peak diffraction wavel ength
detected over tine. The results are shown _jn Figu

. . B,$V@ re 4. .
I ni ti al FOOBIRPIEGEATL WASRIGRPSIN 2 Auvella Wi P BReN®tR.5 units of
u J b t :
o B Sas ohes I o/ SR SN ARLER 72 k86 soluion
20 wavas| aidachard éme shift ip peekuiifiedtidbn wawelength detected over time. '
The results are shown in Figure 4. Initially, the support medium of the
~ sensor swelled up as it bound lactate but then contracted as lactate began to be
consumed by lactate oxidase. The peak waveiength eventually returned to its
initial value, indicating that ali the lactate had been converted to pyruvate.
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initial value, indicating that all the |l actate had
been converted to pyruvate. 25 WO 2005/121753

WP ZHEBXT05/ 002222 11 CLAIMS 1. A net hod f orpaheBzan5/002222

detection of an analyte in a fluid, which conprises
contacting the fluid with a holpgraphic el enent

conprising a nediumand a hol ogram di sposed

t iiouptwut the vol une of the medium wherein an

optical 5 characteristic of the el ement changes as a )
rdsul t Afnaethodfpathe detectionpilyan caialyteriapefivid, which comprises

kB QU arr Gy et e dEeEoUHL £iaium ana o
| RoRigat aRpBebIeRBLEASLIBEI VUNIABLIAE edLM Wher@Rtan optical

detecting any change of the optical characteristic of _
t kbamateRsiic oiiner eiement ghanpes medi tanuttorfpr vedstian gff @uphysical

WhERTh REEARY YPRuGR BB b 6 B st i wherein the
exh8 4ot atiBed aBlaedlit by intéraclion Egtvgé’é}gt@%egﬁ.@vgtéh%%% analyte;

is conducted in the presence of Irst cata

i endcigtediing afy chargs of thg epticat oharactdrimticalf thae element; wherein

B R e a oL et 5/ CPRPIY RE ARG Wih the

CORBIS Sohetef PRI BhE %}'c{ﬂ%‘ist &gpa%ﬁ@byéﬁstgr\ég] ﬁ% ity of

capable 15 of interacting the 'nmedi um an
disranst ang tha detmuting isdonductéinpthegrasenceodf afisecatatyst which is

ConBRR i SRR REPR R TeleBral fess redraieifarm of the

t i crding to claim
2’Q§al er e?/%&’éjé’ﬁtﬁ f%ﬁﬁfe%’ ﬁaggé‘lr%{é’ts%?fﬁgﬁf |8¢ st catal yst

i ©)nut thedtuad eomprigesia csmposent ot thamthe dreigeowhichds aapable
| bor oni 0 i.d derivati th f.
O RSRROA 5P areri o 201 ans s eians cANE GraRin e presence
(82 3B8bH P SatahAlt @apﬁ@@&%l%éiﬁgltﬁé tréi‘h%v%ﬂgf édd?s caﬁ@%ﬂ%m.
r ehydr e

catal yst is | actate oxidase actate ogenase.

5. A ndthettiodassodiing t¢ ofathal, whigreinhibeainalytbds geeosd.

catalyst is lactate 25 gxidase and detection takes i

e’ MneHed i ueBe BrORa 3 SEETels. CHrdiaha) apoies, the fist
j o . ey i b ‘

SSARALBinlrsl el e 6o 08 b6 pcPoronc

(asyd gpplp o6 a dexivdtive émgrenbnt is gl ucose and the second

catal yst i ucose, oxi dase, 8 nmet hod according to .
afﬁy préd@ﬁﬁ]ﬁ%’ aCQPFﬁ'“WSréFWt%eW BHRIB Gansfion ?b) gppiaes, said
component is lactate and the second catalyst is lactate oxidase or lactate
dehydrogenase. _
5. A method according to claim 4, wherein the second catalyst is lactate

oxidase and detection takes place in the presence of catalase.

- B, A method according to claim 1, wherein the analyte is lactate.

7. A method according to claim 6, wherein condition {b) applies, said
component is giucose and the second catalyst is giucose oxidase.
8. A method according to any preceding claim, wherein the contacting

comprises passing the fluid continuously over the element.

9, A method according to any preceding claim, wherein the hologram is

generated by the diffraction of light.




30 conprises passing the fluid continuously over the
element. 9. A'nethod according to any preceding claim
wherein the hologramis generated by the diffraction

w 20é5phi1753 WO 2005/ 121753 PCT/ GB2005/ 002222  2@1/6B20081002222
nmet hod according to any preceding claim wherein the

hol ogramis only visible undejz magnification. 11. A

nmet hod according to any preceding claim wherein the

hol qgr a d%&, b is onl
3-di menél,flb g%ftalrl]d e(r:dthﬁg %r@&&%éﬁuﬁa%Fﬂrﬁ%e ﬁo%-ﬁgln y
pr edsidienamder aiagnifigaori n the hol ographic el enent

ef 1Eet . haneinoR e RRL I o ARIHEEE igh g {8 RIGGraphic

TelifRgeds spéﬁi bBjct o islam-or Bdimeneiopianeffdut. means
conprises a depolarising layer. 10 14, A netho

Saccl@ di hy methgdyagseedinglthgny Pessedinghelai, Whﬁ@im@eo@qlaaﬁaphlc
5 B i Sl prdd gl ik e when
t o ifuminatscbwvith tdser lightogr am i s vi ewabl e under specific
ot AR S0 Ui SRR M oot o

pgllé}&, lagBy 15 preceding claim which conpri ses
h ogr api ¢ eI enent and a first or second catalyst

10as def i hednethodraccprding: th agy oregedingiclainn wharetrethe hologram is

Georosntld vbiaf Bl ey UV By of ibar@BaRRORC. ol or

COMy.i se§ rhémodaicatdiag to any of claims 1 to 9, wherein the hologram is
viewable under specific temperature, magnetism or pressure conditions.

16. An ophthalmic device suitable for use in a method according to any
15 preceding claim, which comprises a holographic element and a first or second
catalyst as defined in any preceding claim.

17.  Adevice according to claim 9, which is a contact lens.

18. A device according to claim 10, wherein the lens outer compris’és the

catalyst.




