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much more readily than the trigonal form, is present at very low concentrations at
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WO04/081624 is based on the discovery of a class of phenylboronic acid
35  derivatives which allow for the detection of glucose and other vicina! diol-containing
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of phenyl boronic acid 35 derivatives which allow for
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each X (if present} is independently an atom or group which, via an
electronic effect, promotes formation of a fetrahedral geometry about the boron
atom; and
Y is a spacer which, when n is 0 or otherwise optionally, is an atom or group
25  which, via an electronic effect, promotes formation of a fetrahedral geometry about
the boron atom.
Such a sensor can be used in a method for the detection of an analyte
comprising a vicinal diol moiety in a fiuid, which comprises contacting the fluid with
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Fig. 5 shows two of the possible ways glucose may bind and cross-ink two
'phenylboronic acid receptors, (a) through the 1,2 and 4,6 positions of the pyranose
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There are vanous embodiments of the invention. One is a contact lens (see
WO2005/031442). Others are in detection systems using fluorescence/FRET, with
a donor/acceptor pair or a quencher.
_ The fringe structure of the hologram may be made from a liquid crystal or
30  the resulting diffraction pattern or image may be due to fringes produced by a liquid
crystal. I will be understood that muliiple liquid crystal types and multiple liquid
crystal layers may be used.
Where a quaternary amine is used in a hologram, the hologram in the
sensor can be generated by the diffraction of light. The hologram may only be
35 | visible under magnification, or may be viewable under white light, UV light or infra-
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crystal layers may be used. \Where a quaternary am ne

is used in a hologram the hologramin the sensor can

be generated by the diffraction of Iight. The hol ogram
woy2oomisyesbe 35 visible under magnification, BCT/GBY0BR4172
vi ewabl e under white light, U/ light or infra- 6 WD

2007/ 054689 PCT/ GB2006/ 004172 red radiation or under
specific tenperature, magneti sm or pressure
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30  frequency of the light that reaches the sensor. The hologram in the sensor acts like

a bandpass reflector so the reflection wavelength of the hologram must be in the

region of the filtered light to be transmitted back from the sensor to the observer or
detector.

Filters are selected to provide a cut-off point for light of a high or low

35 wavelength or both so can ensure that any response Is in a particular range, for
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30 frequency of the Iight that reaches the sensor. The

hol ogramin the sensor acts |ike a bandpass reflector
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light of a high or low 35 wavelength or both so can
ensure that any response is in a particular range, for
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35 methanol and then distilled water. |



into the hol ogram exposure bath containing PBS, pH

7.4, for 10 mn. The whole area of the slide was then
exposed to three pulses froma frequency-doubl ed (532

W) 2008kisYAe@ | aser. The slide was renoved from pEERGB2006/004172
exposure bath and agitated for -10 s in freshly nade
nodi fi ed Saxby devel oper solution (40 nmL of 20 g/L
ascorbic 30 acid, 3 g/L 4-nmethyl am nophenol sulfate,

50 g/L sodi um carbonate, 15 g/L sodium hydroxide)

(Samg?{ ,ﬁ%b%;gpﬁ,cgg Yifdnged hol ogram was rinsed under

di st r and rmrersed in stop solution (5%
(vlv) aciiedie stripe et hdlogiamd)g mar wide, wernsquhgomlmshele and inserted

di Sihio 4 £¢h \(I}%S%E culdte u\)E th k4D MRS ﬁ\garfdo > t@rﬁ%'vfés added

agitat ed 2 gqueous sodi umt nhi osul

LS APt (e FREERS I B ehismpprebis cppirollgbcuvetts hoder
thm&mandvshmodmtreﬂdcm ymb@dpho&n}é@r%qgﬁbéﬁﬂmﬂvasm 5

S P aRSnF sORkb s 1R ohedie e SRAENGIE pL D bRt ram -
sI |\@j§tea{ugat $auseer byeiite hologmmaastdeternpiegistyi spacing ef tiee Hihdds within
t thé bbipmér. d&ef@&iorr‘uge bi'} Egnsof @Qh% gl%cg@n éﬁﬁqtﬂ)gsd&% 1 ﬁ'lnsq.lgar

vette eft to S]] w
t ed‘b%ﬁ&‘fﬁse’e@?fﬁ?ﬁ’ aﬂ%reqsw@'eraﬁqrt e the Begar Solsfms QxpeNghbte ensure

IOAV?hMERé)EHihﬁBe beipbRiBh loﬂl%o:‘ﬁ@:%q;frésféﬁm&ﬂd' ﬁﬁrﬁf& tﬁélé’dtf?ll%ﬁgm mixture
W \VA I 0C Sl n t war e
e AR it 0 iR st Gt R peitfog Hersghgos wes alowed
white equiliorhte tocusteblehifiradtien hmvelgn%m 13 2deb"afmm rﬁ@giwebc)’ follower
the
rei’a’%% St e e8RS b S0 R B BB aoele s o
alyr 'QQF@&WOfQ'WOPBﬂ;emswemmvnafter equi | i bration
SOf the SUBR hiiPbddl 'ﬁﬁ’i%s OY§ #@r s mree%%HEa??J‘ghcﬁﬁélyr{w%nesing

relatijve proportion O 1 SO esen
eq@FViaptde piihe RF Bimol% Mri‘ﬂethﬁeﬂﬂl?@ﬁqviémldﬁl apssdintser| (MBA), 4 or

f | UQ%!% Ratmegy ﬁaﬁﬂ%@ﬂPB' Pﬁ@toééﬁgﬁlﬁ.ﬂﬂﬁg Qve)’%nﬁéd W ing
rate . to a fractjon wavel e

|
%ﬁ: fnf'ﬂ e and e 903%'#“1 ‘irﬁm%é‘Pﬁ“a%ﬁ & eye o generte a
ar palu@enaatnx vergainisg difradine peainse < 20 st diathetany of A§BrOSubsequent
20f Fa Pfgﬁ%flbi‘?\ﬂlﬂﬁgs«% gRG3Fas BaRg ?!‘ NS (EH 7412180 g@ﬂ)ﬁg}%weg by a

cop@!ejnm‘ms slep genenatedaam itterfatenbe Paitarn of mMéKJfrlnges spaced /2

1 A P ek GO, PO e L BN frflgor e

wePiang grimgrarepyitedi i ftoes phayrvatrnn of laveharasteristic epentral pdadrwith a
POkaveidndth Rseibed®y G BrabdbLatien.dye, BS, to generate a
25 poéﬁ%m%r matrlﬁ containing ultra-fine grains (< 20 nm
Fof pagMang®, . subsequent 20 illumination with
| aser ITI‘@h'Espdnsé’Bﬁadwlélﬁidé hekRbrairisQitekapdd Witf3 hol%&@m%d 12
fo t_ste
PO AL B SRR BBE iy BRSO, Bl e
ap’&ﬁtﬂﬂs\/\mrerﬁh@wvhe Ridhi 3k e sadl-giift irhtheppdsitioproff thé miiffrddiien peak
MOgRRRMGIFBHLE to tﬂBQSluﬁ‘tfetrfb RS parfloR 118 Ay Cger %\F\Qlo'iﬁ%vécp n the
t he obser]ya}tlon a characteristic spe '
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formation of charged boronate groups, which generates a Donnan potential and
- causes the osmotic flow of water into the polymer. The mechanism for the
response, according to the scheme shown in Fig. 1, is proposed to be the reduction
of the boronic acid pK, caused by binding of vicinal diols, which then results in the
35 formation of more charged boronate groups. The magnitude of the peak shift is
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part to cross-linking. However, for saccharides other than glucose, cross-linking is
reported to be much less favourable {(Alexeev et al., 2003). The lack of noticeable
swelling is most likely due to a reduction in charge repuision between positively
charged ATMA groups upon receptorligand binding and the formation of the
35 boronate diester. For fructose, a small red-shift is observed; this is most likely due
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an acconpanyi ng increase in the hydrogel elastic
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15 Response of glucose-sensitive holograms to lactate and fructose

20

The response of the sensor hologram to lactate, an a-hydroxy acid, was
investigated, as lactate is a potential interferent for blood glucose measurements,
being present in blood at concentrations of approximately 0.36-0.75 mM.

Holograms composed of 12 mol% 3-APB and 4 or 12 mol% ATMA were
tested in glucose or lactate solutions of 0 to 6 mM. The results are shown in (Fig. 6.
It was found that the lactate response was completely attenuated using 3 and 5
mol% MBA and 12 mol% ATMA. Both films responded to glucose, with a negative
peak shift of approximately 10 nm mM™ or 5 nm mM™? for 3 and 5 mol% MBA,
respectively. The greater response of the hologram containing 3 mol% MBA may
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| actate, an a-hydroxy acid, was investigated, as

|actate is a potential interferent for blood glucose

measurenents, being present in blood at
concentrations of approxinmately 0.36-0.75 nmM
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car FORISAEE helleon 8 18 gl QUtel ot M2 o o) comparea
to control tesis performed in the absence of fructose. The error in the measurement
from repeated readings (N = 3) was calculated to be approximately 5%, thus
demonstrating the potential for these holographic sensors fo selectively detect
30  glucose concentration in compiex biological media.
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conplicate the sensor's use in real applications

(Al exeev et al., 2003). 20 The fructose concentration

in blood is typically found at <0.1 mM conpared to
gouvooms4@ad 4-8 nM and it is therefore unli kePgr/GB006/004172
interfere with glucose neasurenents in physiol ogica
fluids. To confirmthis, the 3 nol % MBA, 12 nol %

3-APB, 12 nol % ATMA sensor hol ogram was tested in the
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1. A sensor conprising respective acceptor and donor
conpounds immbilised in or on a matrix including a
gl ucose- bi ndi ng boronate and a quaternary anmoni um
compound, whereby the spaci ng between the acceptor and
donor conpounds is 5 reduced in the presence of

gl ucose. 2. A sensor according to claim1, wherein the
acceptor and donor conpounds are a FRET pair.
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3. A sensor according to claim1, which conprises a
fluor and a quencher pair. 4. A sensor according to
any preceding claim which is a hol ographic sensor.

10 5. A hol ographi c sensor coqgrl sing a

gl ucose-bi ndi ng boronate and a™ quaternary anmmoni um
conpriy held within the sensor. 6 A sensor accordl ng
I ai %4 or claimb5, further co neans
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car busi ness card or an item used in consuner,
br dhd o 5%90@?095@69 de tangrofFGAme He to Fumbissehast an optical fiter
di sthéragnli shi ng genui ne products from counterfeit
pr oduct i denti f

.30 stolen products, 13. An
Dr T e Amercharng 'S dniacs. wheit e Rotkeb iishjs dbngpans e
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20, 3350, R W TSAED ot 2 S ecDilion B, a0l %, e e, and
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hoI gr agh I I Si a4 s§e : or, a
A5 e, BARIRY 43| mT1BURP TR |52 Bemica,
sechmhwylc@foréwloami gpegieswhi ch conprises transferring
Ont9. t NAnGkidebeingrig SP8Ebr 3doBrg b shoRERAHH 0o, uhich is a

25C| 6%}:-srr?salc:tion 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 or product protection for the
purpose of distinguishing genuine products from counterfeit products or identifying
30  stolen products.
13, An article comprising a sensor according to any of claims 1 to 9, which is a
- test strip, chip, cariridge, swab, tube, pipette, contact lens, sub-conjuctival implant,
sub-dermal implant, breathalyser, catheter or a fluid sampling or analysis device.
14. A transferable holographic film comprising a sensor according to any of
35  claims 1to 9.
15. A method of enhancing the security of an article, which comprises

transferring onto the article the sensor from a film according to claim 14.



