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for. Bi osensors Having El evated Sensitivity 5 The present invention
relates to the use of a pol ymer-based hydrogel conprising at |east
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with a ligand. The determ nation of the concentration of gl ucose by
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wherein the sensor is a glucose-binding protein and the ligand a
conpetitor for glucose, which is initially present in the sensor
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20 body, and also in sensors that measure the glucose content ex vivo from a test subject’s sample.

For determining the glucose content in a solution, systems made of sensor molecule and ligand
have been described, wherein the sensor is a glucose-binding protein and the ligand a competitor
for glucose, which is initially present in the sensor bound to the glucose sensor molecule. By
25  competition with glucose during the measurement procedure, the competitor is displaced from
the glucose-binding protein. The displacement of the competitor from the glucose-binding
protein by the glucose during this can be detected by means of a change in a physical or
chemical property of the molecules, e.g. by means of fluorescence resonance energy transfer
(FRET). The aforesaid systems must of course be present in a spatially demarcated region of the

30 Sensor.

For enclosure of the system components, i.e. of the glucose-binding molecule and the ligand, in

an aqueous medium, semi-permeable membranes are used. Such membranes can for example



However, the glucose sensors described in the state of the art
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Particularly preferably, the at least one polymer is sclected from the group consisting of:
alginates, sepharose, hyaluronic acid, chitosan, and caragenans. Quite particularly preferably, the

at least one polymer is an alginate.



capable of interacting specifically with glucose. Whether a protein

is capable of interacting specifically with glucose can readily be
deternmined by those skilled in the ar#-by binding tests 20 known in
the state of the art. Preferably, the glucose-binding protein is also
capable of interacting with the polyner of the hydrogel. Preferably,
this interaction is not nediated by the glucose-binding site of the
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The hydrogel used according to the invention can moreover be enclosed by a further, preferably

semipermeable, covering material. By means of this enclosure, “leaching” of the sensor

components from the hydrogel is prevented. Possible covering materials are semipermeable



dye increases, in fact proportionately to the quantity of gl ucose.
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gl uc -bindin roteins l.abeled with dyes, for exanple a .
Qoncngis 4 RewBih Rl S Socelentae WERkb ot B Hoenad dusse hiagine
sti | proteitist ber kifomehl G thes@thteldfl fhbYart (Y AANRDHS 950 FEBON. el 850(11€127-130).
hi gher the degree of |abeling is, the lower is the solubility in
Hyuederdngn glaq aforesaislvaspisins can readgy chel Brepyred by thoes skitlgd ée thé art. Said

| abel i t hat o1 e l,u indi n r ot.ei as sensort
B e A T O .
Furthermore, the proteins can also be chemically synthesized. Moreover, most of the aforesaid

proteins are commercially available. Antibodies or aptamers which specifically recognize



25 interacts with the same binding site as glucose, so that the bound
nmol ecul e can be displaced fromthe binding site on the

gl ucose-bi nding protein by glucose. Mdlecules suitable as the |igand
are therefore structurally related to glucose. The ligand of the

gl ucoggs Rk ndi i.n.J an .ol i gosaccharide,

o1 yoomuTar S bl Mol okl BY BLRE TR0 4P BRI 1 ap hoqrptamer
or a gitgysosknatvadn fersopant ihelaet, The af oresai d nol ecul es whi ch can be
used as E{fj? ands. of the glucose- 30 binding protein are known in the

state sad elucgsesbindihgnEetains gngin pArEEHPnBInay LA carpraferdblyralsoHave
art. didmbidat i f | ¥edigted i s i f_.the .
B N T g o P e e
piot eiersions ofhile gwrooee-binding pbasimb Sycle ewplifedtiong refertlg damiphiee dyiRtionaliz-
Parti_cul ar. refer ATT0590, ATT0610, ROX, TMR, .rhodam ne_ G5,

A ex P I 7 Rt Rl 3 gparmlaihy Praserab o ety cdn be sclected
pr ef efahkne ATTHEMistiaabr: 8@6h, laBetitisr i

| abel i ng (D%_I)Igforlstlh% |?§§jﬁ!d o aBety g‘?‘&’c@%’?‘ﬁ?ﬂﬁ‘?%‘)%?%?S‘?%?@éﬁfg".“-
dextran, is 0.00003 to 0.017 (nol dye)/(mol subunit), particularly

pr ef b ~Q0 .:007 I e)/,(mol. s ni t n uite .
part ?I::hﬁl (l}aérf?cgl Ogrogfs%ﬁrlg S?ylgoa. 6%%9 oﬁd% .a%ﬂ%%s (l?wﬁﬁg‘gﬁ%)“:)‘ (ﬁ%ﬂe@&%aﬁwélﬁgfﬂéhe
T v Ly e S B oo Fhudoss bRk 1 e tiese
" abelPgcd s theos3e (Gprereggen Retopn figand gnd gluaoq@B-égjeicpéhb Beganddrnferebly
o onc s SR AGERH ns AR ANARbI A A IAEPRE BhlRPRpP el
pegy lbatdetsnted dydblydlaigi ddihe higdndoxitlz aldyayk ahdther dbtectdbie natietidodtuld, Mes or
o AR Bt s MR VRO o el 6F e ralcel Barib it hepnsase & change in a
unno ; ¢
gh ucoser bad e i | ' ' ;
' gand of hfﬂﬁife gh i%é?égzﬂ%@éﬁﬁp%ﬂy Iy ORI pBIAN BBl for the
par t detgrtzan 9f prasmacebiont. Sui systeval ineludle dboder mnwhicht £ measurblsie digral 1
t he sgnsor devi ce, wher idnbthe dextran is linked to rHodar;' ne (]:I%ﬂr?orls
dye S HEPESRL O SERdbY pieas ok 557TR% atiEpPEIvegy dhe dve mplecules. Such
pr ef efigrgy teospbasedl éy@teﬁisd@rétﬂ’oﬁré_xﬁﬂl%feeﬂ&scﬁbﬁi GOARPE GRS B W02001/13783.
P £ h TSt D ey (heesysion: iowbishiry (30waettioe altarl is pppte@sabby qubmeh
W : qu mg
e t i tiQ it s, ascer.t ai ned .t.hat ,th
2 PR el oP HERERtn AL AR nehde 821 R8E T Rk Bloutin pl i Teand -
)ttty g gt ek e 415, 08, ol
donof® fhé“é%%ﬂca cg. J&jhis eghsctfié Hetegfrbledyer eluniyin thedhioreseericer Bon the deteetaaty for
be aghj j j . ] ed.in the.-conte
of tRanEHEAubisAae BonRlal kospiifhd HOWRYRDI0S 406 et RO RR bl

coul systomerard eo-paibadiufbedescence resbinameginetgyaranser (FRET P sydrastedtincdystems. In
a 30 higher

le of i i ith the gl - bi ndi in, h
e ot By Har T RSB h oY B ere R4 IR i e caTe daicled
can R{ahdhhravad dyddicnd &ﬁﬁﬁﬁ%ﬁﬁistc%%l%&%ﬁ{ %&@Eﬁepﬁﬁ ELnylg }ﬁar %m\/?lc}ggor

t he nmeasurenent precision of the sensor, In particufdar wth in
appl dxcailhorghithe nteractéon of the semponmts the dydsaome intolpatiall prokineitys aieesbly

of t e i nvention, .it. was advant ageously ascertained that the
use %g %ﬁﬁsf?%ﬁtefs Zgduge t IhdPiSs SEPTAIPR Engrey i S%Efaﬁli%% dgpor to the
al gi aetstondge and @a8NHe Mneigals theldohdr ay %r}néﬁﬁf%lyaﬂed-rgisgﬁ.pﬁé"%df’rg%ﬁ e

network within the first is capable of creating an environnment
the BlsrGED cHnHien epmponentindy yntemmepted,u s Budriesetnh gnensitye ofi thedionbe again

co It d | S N | ucose- hi ndi ng. protein, which all ows

o 11 ariehiet Cln I BREShe de}iF Aol g S et FoioR, PetifpB Byt Bus hedksrcd
via the increase in the intensity of a signal which is generated by a dye or marker molecule after
separation of the complex of glucose-binding protein and ligand by the analyte. The dye or the

marker molecule is coupled either to the glucose-binding protein or the ligand. For example, a



15 Usually, the solubility of the receptor conponent in free solution
is further adversely influenced by the addition of the |ligand, since
t he receptor/conpetitor conplex exhibi’/ts a lower solubility owing to
its size and often al so omnng to multival ences. Wile for exanple a

conc ut i on. at ss r 1:10
alreg%b;}l 8?%@49§§%#%%1p| %9%% néRgﬁﬁ@aﬁésara %dﬁgg tBRIIGRE not
of 0. @uptpﬁ(@ thel detnbodye is ﬁowplsdutd abdu@abiy Hcogebr u\yé "[ntfhﬁnﬁ%ﬁﬁgﬁ%a d%Qqce
ratio ncanavalin A c ncentr ions of over 50 g matri x) can

pr epad< S din gl he et led Tt e ‘Fﬁtraaﬁifﬁhﬂtr(ﬁﬂg‘eb@@lngl@ the)lizenditadthe glucose-

100- fihding Fitginicin B oBRd UL ok HRA,

t he anal E{c;p- concentration is %t%crha% (%Eﬁggéaaghltgé% edpq%jx\@?rleﬁi??%‘ﬁe’

or’ coheghtcpse dlmlace@rﬂeec]l@tlyscsﬂhattthd nfehsurablt uIﬁSn@uylcﬁ"ehd/\ﬂlﬁdieSCan ofQhe donor

appl i ¢at.i ons _suc s_the. deter ation of the glucose |evel in body

flui dg° PTHYHRE P E@Pt}’é’%ﬁ%&t& tdﬁﬂe EHRIERPCEHEISEL i on of the anal yte

gl ucose cannot be 25adjusted to the specific assay conditions, but

nust rather be taken as ven. A further solubility problentarlses in

par t i Bitghaet @l t Bitch 2G0e %@ptmqbamc@necteme Al BGt QaH528Atohave Qiltulgtet othe

t he h |n51 qu escence of the tlssue
%&H&flat l’g&lﬁﬁgﬁ Idﬁ e &l Eal aeﬁg gtﬁ ﬁ? 6 Qpélf:%a]ilp as glucose-

decl i nes, N INRTARYAS

flIOuo rsdiag tpr@:tymsmalr GextisiB ths lt@ﬂﬂvsfmulﬁtﬁtﬁﬁewftﬂl WRFRSE BotlcaliRsin3R Ml Cdextran
olar owing to their nol ecular structure and si ze

pically a
(con 1“85%%“&&{)%‘}55 PR fho"m thaiethg| ratzes(éema@dt(ﬁgn prdextran cemplek)y depdyels echly
Wt h RUedY, &tark Grease 0
degreses of gﬁetal r%gga?rg!ea éstodn%t%)é H{)&t&@t&?lg&n%on aﬁe%tgy“c?e@gﬁqhﬁg? the main
abovéﬁimmﬁmamnmhemdbnnmube necessary to functionalize the
gl ucose-binding protein wwth e.g. polyethylene glycol, in order to
enabl e increased solubility and hi gher degrees of | abeling aSSOC|ated
tiber epiingrip WaVRY tﬁebgtt%tu?@etthée Ok
(pegyl ati on%rpas a ?ru le leads to a &Fa i\ed‘%ﬁﬂetggle@%&\é% g@g}s}g) 4|{<1/C|:°f)rdmg
of fd&® t@(@mt@nrmwmbm@mmaﬁawlajdamm @ncbhmbxmegﬂy&:maﬁamedly\supeyn@fto the

0.4 SUrpri.s n t cont ex present i nvention
"t oS HER YALBHih ot Exarirg den Sabod GRS T &
wor seni ng does not occur. Rather, glucose act|V|t|es for concanavalin

A 5 functjonalized with polyethylene gl ycol can be achi eved which are
conp&rdeieblynthergluensedinsting  protsie whothcsnmed in ﬂmeﬁco(nteat af thtaezsg Iau«rmdmg to the

ti rdAenaDre ) fo a ucose
2,1 i Rl e Prarlili AR S ol B RSPt dgh BaPR o those
| abekkitlgd @n thenert and calbquaadly niee?crili&d dn hitelse@e bf SChvt. aBartiSulide rét&a%ﬁe the
device of the present invention. Thus, surprisingly, in the enric

hydr S0 ¢f 15 ﬁE PEINGIFCEPlEr erdesitedkirom the Bequpregnystingef: éatf@ﬁﬁéyam"@sso

A fupegigwnabl Zegom p n ouylling gl

activity coul d evelk%g g% ?%5%3@ g%npggg%ﬂ¥ﬁOﬁhgawga§ﬁ?éﬂ%ﬂ§y efcrably,

sol uATdWo8P heuggdulond examnd dyes yrd contrherchylgraogiélbleised according to the

% vention in the sensor device is even increased 4.3-fold. The use of
e hydrogel in the device according to the |nvent|on thus makes it

possif ﬁ&&d&r@g?ée%ﬂ%@ﬁgt(f)@@%r flﬁtﬁlﬁ’&isé—%ﬁn%? otet 0 B%ﬁ@ﬁm A, is

protein and its |igand which ent
15al P-dvio ¢ n@&ere&cmblyﬂttpe’sandmmmef prefaratdg ddo 8- mlﬂdcmmamtﬁd A,@ DOL

whi b | ut
v aas Bt et iR Bt Gols of HGEGHE8 Adauamsr QYW o 104000).
| Nvewiihom highdBOIc aitlutd 6N sl MR hongdhg &f&@'(tsaa?catt?rlSﬁ@wa%tteth%{Hﬂé’stcent

be adapted to the assay conditions,” such
| 9xea} ihe whucosmbindinginaoteinis exafereblythactinelizalcwitd PRG. Tbe peserprdadgnde of

LSX?*“’%W‘%?‘Q%S@ Pt B8 et 208 3571 o, B R preferily %0

8000, still more preferably 800 to 5000.




- 12 - The sensor can thus also be used in the context of the use
according to the invention for ex vivo diagnhosis of diseases or

inpai rments of the glucose netabolisAB-In particular, the sensor can
be used for the diagnosis of inpaired glucose netabolism and

conne i i e h as di abetes l1itus or .

ot abg o BRI OB RAINTH Tk B2k TRERES Broased Mo sotbhighog hat
meas ueheniical angeifi¢ations of thi glutosd-biadingl jreRER vﬁfﬁélﬁﬁ@ﬁia%or@%d%ﬁér%%ﬁib‘ﬁity
t herapeutic reasur es go ripse those which are used for the treatnment

of di %b‘éc{né@“ﬁ%? P ¢gEg} EB5 R adyaagsensly Ae wst|inawdermte achieve a better
adm ndcpkdeadf BRI <hil L0, 1 hy | so i.acl udes the. .

i mpl er?e%?]t at i on of glg E&ék?gl;l ﬁ%%abﬁfé(l{}?gg kﬁglgé'nﬁ%sﬁg%%déﬁﬁ(, RUCORe HAdige proteins
deci stceprdigmntoptbe poeseakiamentivn; highbadégeaf oft labellngpwith @ly@! 46 @%R be achieved

T T ol
i npl tably @Rcaddr ).8| mBi(@tSatr |
i npl errefetably qRcatdr §RECH.8!mgie rﬁam-q:%lé% ﬁc{hﬁfg{%@ﬁg&gye GouRlef, p"etgv%gﬁ‘ By 2nd

finther device, e.g. a device whic I"rvery-o
I n t Hilsmeg{sqmetrixg qaRi kehadtvenedoSsrmrismglig| the engasofedi glecdsenactisity of modified

pref g - Lyery of insulin can then be controlled on the _
basi s Og %ﬁﬁg@ge%?%}é%grﬁr%r%év Sbésq ﬁgmgéﬁ@iﬁ withgt Brot%e‘?tl\YF VOnEIBYalfth A in
sénsdrydfagein t he use according to the invention can for exanple be

introduced into mcrotiter plates and anchored there. Sanples for
assay are then applied into the wells of the mcrotiter plates and

can f it : . i ce. Such an approach enagbl es
The o o o AR EE gl bss indiTEPRACiR AL BF or P in BT o Feeshi sl
econghilesat 104fold26pleasti Lifald drrat dedsn20ablddéla@nNes thsccRfr@idd 6&npared with an
Alte%nathgelﬁ. t he sensor for the in vivo use can be introduced into

t he bgﬁv{ ﬂ@ gm?t shoul d be noted that the neasurenent of the glucose
lievel , which is of course also the basis for the diagnosis, requires
that the device cone into contact with a body fluid which contains

gl ucdde, impevigH exobibilityhie rrothadaty ediévant efheglthe @htokabinbdtef proteis Sre to be

repr Lve.of the glucose.level to he determ ned. Suitable body

o el £l sl elosSRR Ao Diptatnd 19bsie e gt 10 exemple & concanavatin

Par t Aculedified withf @feabf Yhe hfdeeshiAdyxdziddl QydsS nhiS §H\;\lﬁ .f[lhﬂérdr]eda-&ﬁ f(ﬁ’ﬁbs]ﬁ{y in
body ich al ptica

is preferably introduced at Elaces in the OW 0
meas ARURBHtolgon. ergdhashigher the dememeBlabdingtifiehelbwier és thPlsalabRityrt fyucous

yth j i ckness. _bet ween vi.ce .and bo urface or
L n et TR I Gk Y RS SO E% By PR O U it B liopye-biveie
genepmiteus i sgnsair camposanits abthedevedks acsotimplty tHrigt &kl v, the device is

posi tioned under the skin (subcutaneously) or in the eye, e.qg.
subconjunctivally. Appropriate nmethods for the inplantation of the

devi 4 i i a. of » - 13 - ter.nativel t he

o el oa Hearof f eoR Bhlind oxbidh Shéans pimotPrle Mol B Banrbl dising

t r anigtee spastficobrrshinge withethb qiiycobybindansprotein cﬁiﬂn%&bhi@h tth@ Bl Qi BAEM Ly

r is, a.signal -caonductin terial can preferably be used as

f Ing ot gnal- sond & oo

3 exdolirdey i ot Sy Dindige s 2y gligase saghi thepawnvanoloewle cai bedisplacat from

t he the Sighad sifdh Be e h el M&te .anJ nfrar.ed
AuRe SRS B b ATRL MinE e 8T are

radio or wireless signal. It goes wt sayl ng

t he BFigHae sevaanalyl relptediie ghiwose dhadipand ofithe glutdbe-Himtiag biddin B!fleferably

firstlw; b det ector whic st |ikew se be installed in the

devisaléleé/11 g%t Cﬁ%g%aé_%é @ Xcogseéfqdaqnagpquﬁl G Cdnd @C%Wrﬂr@wﬂ At pepfidle, or a

el ecdlymspigdtnatopdrgelal The &bre8%a M 6cidesWhigh %%r?bé LSR5 1 mﬂﬁsof.the glucose-
magnet.i c sjgnal can then be received by a receiver 1Vying

el ectro .
3But 1%c§ng RECHB @y ke imathg stasel of the art and can readily be prepared by those skilled in
the art. Particularly preferably, a dextran is used as ligand of the glucose-binding protein.



10 Through the use according to the invention of the hydrogel in the
sensor, efficient ex vivo and in vivo diagnosis of the blood sugar

| evel is enabled, and hence the early9-ecognition of diseases which
are associated with inpaired glucose metabolism and also the

ManageRe Nhaddef @ faluRd bfrx@ﬁlg,ts;ﬁ'u?e?& Ofhe Undop ?J eg'%‘lljcz é:g‘gﬂﬁlll ‘at %dgr?nne

I nvention is |IIustrated omnng pra
Howevéye. Raéculachnpiefeally, natmsm AT 1;0; ®ECH TMR, rmea@mna%ma ESuor

Exa of .sensors fo erm ni ucose Preparation
of ﬂ?‘ﬁl?’%é%}nep@? fa]{’@b( 81 Ay R?gﬁﬁﬁ%fim)? @d%m%@&dp'mhewsgd Hathés. | s
di ssolved in 100 g mater wWith stirring. 66.2 g of Cad 2 x 2H20 are

di ssolved in 4931.3 water in a 5L beaker. The alginate solution is
paisselit ﬁfqieraectjdagremizlabelmga(mbhm that ligdnd sfatte ghunsse- m@dﬁng qsmedl e.g.

21 g o SRR 600050 8B 1T REBL Byl Rt opRBE ST mectebpt @080 0.007
carr i @@l bdyel)/(nﬂohlsﬁbtimlgv\andntlmtéi p@ﬁi&laﬂ?n%@féi‘hﬁl?t@ be1 Ga!l @OM{B gxgbg g%)?(mol

30sol uti o e the and sink to the bottom The ge
are tS]H‘gHm‘go I'Bli’méd{e&?e @%’@g@lﬂf@ pbiheokigandnaer dag an anfloankt rog ﬂnatgiuoose Eonwty

d
concanava 1 AsorERo vy BT el B HEIRRL o o BSse RIS

|ildaded beads are then centrifuged down and the - 14 - supernatant

| ut;i on_decant e ff Th Ioaded beads are_optionally then incubated
oeelrjnl: gahlf fﬁreg 5’&108 eausﬁeat?ﬁ?fémfﬁdp)ﬁh%in"@éh@}l they/glugpseriiBliha pedtyin is

and aephéRny Al i‘ﬂte@xh?éj tRYuER '&Bf]ofcﬂﬂ bolifHat {A&e gpe%lrg\ lyﬁée%gfaglgﬁ,oﬁmg%wn

into an aqueous sol uti on of tOC em ca I 0SS
Thi s Deivexazadinylatioh eor mcgmsrlaftm,edammammhn gmemhibmr Mefeatedd PERYBHMubIlity

f th I t e beads. The
quant e aisd i TR BB R G PHEY Gorle arbe B TBrFatodmentafia Hbcose dinting
meas praeinds tinkdtetod@gseeinefdyt ahe hd Bednd oFEhe %lh@&’seqﬁlﬁcﬁﬂ%hfmelﬁ B b afmne

desired intensity of the fluorescence signa ot ochem ca
cr os SVe-rfRut rartigilgreprefarahly cx eonsheaviin 4/ odran pwstymes psel ipahe sensar device,

al coR@lercin the dextran is linked to a rhodamine donor dye and the concanavalin A to an oxazine
acceptor dye. In the preferred concanavalin A/dextran system, the components are preferably
present in a mass ratio (dextran/Con A) from 1:1 to 1:40, with mass ratios close to 1:10 being

20  particularly preferable.

In the context of the present invention, it was ascertained that the combination of oxazine and
rthodamine dyes causes a heterodimeric interaction between the dye residues, which intensifies
the glucose activity. Thus through the use of oxazine acceptor and thodamine donor dyes, a 2.1-
25  fold glucose activity can preferably already be achieved in aqueous solution. In the hydrogel
used in the context of the present invention, a 2.6-fold increase in the glucose activity could even

be produced.

Through the use of a polymer which is capable of interacting with the glucose-binding protein, a
30 higher concentration of glucose-binding protein and ligand in the hydrogel can be achieved. This
increases the measurement sensitivity but also the measurement precision of the sensor, in

particular with in vivo applications with given glucose concentration.



10 nndified with acryl am de groups, can be used. For the
phot ochem cal crosslinking, 0.1%Ilrgacure 2959 is also added. The
finished solution is dispensed into slitabl e mol ds and cured with W
| ight. Preparation of sensors in non-enriching mat Ir| x: 15Dye- I abel ed
| & [ -l a d n solutian are
A e e A R e S L T

successively fed in a water- ed prepo

for 3hysegd comtistimguai iftrtelsydiagel tivitsx dedend Msinitbeing ANGRBAD iﬁ&ﬁl?@%l%atrix
IS Selecte

d and the . of Tabelin : (
doperirish oMY AL TUEBR R B RN (o doresblerreitigah. cuonhent
phot ofoh e Galsby odifisehisnliahbls (RIHTELe-bih o SHB Ed\Ble! dERR, PO LRI, of
a pol yvinyl al cohol nodified vmtf‘f?'r acryl am groups, “can ‘e }

For t'he ehicasobhdinzauptess, oddth allewysffioiehvetegaicatien 30HS discost s@iagHRehny

MaY |t | | s.di d into.suitable nolds and cured with
O 1R, B AR sl R e B BUofednte Sraucoroi otnen, tu
sensdose @eirDetieitmwiahi the sehsot REONPoHERS BredGhbaddey ih 'Tlartﬁﬁ{%gp hirictR Ssince the

trumof the sensors is determ ned rious glucos
concdRRTLB: Bhahe PHECTITARpEntIt thaetiied dBoerse20iT. chdiluores. af: 573; Us
' ' [ nt. serves as a neasure. o e )
ual 120800 Y &R SR 3Rl BahigBHY S 05 G icbelecoan ebBineh
goucatel. IBircbA6@htloakitonactivityiranassd baneg ﬁoﬂ&fml/dcﬁelnﬂfbl’c% fooaqkaﬁ%us_ solutions

ity i | culated as follows: -
T e A b ST S e o e e Hs o oo
of { eriGiafTen S gl Ao tldihd Broreif Blr BGe AELALMINALEAT, hudlle Fﬁﬁlﬁgi&% goldld
gl ucose activity, the glucose activity o e Sensor Iel )
di vi @#edadbievehe é tleosascact cvidapavatins Al foi eRamplRed ke th@A(ITBfTd Xddr&ed

( . . f the al tivity in solution: Con A
Sol ut PhRRAIE SoMeRR B o vanscrof Faeabieni fp TOISBIUEPDR. bmachieved.

st r UdallQithe oletsifily SIOHE SecePde chhpoh@s GEREE s IRES {Fl{ﬁhﬁ%}dk) rsélg'ih'ﬁ&e%@ed
is determ ned at various gl ucose concentrations. he 10 change™in -
the PV os eddiaon ef fhliarsrl stoes e r@mtqmmpemog hor;}mmmm a%nomﬁsamtnri:ty
cont ept . AS e of. the i of stem Since with,
cont e N631A% IRGPUE ik 16 ARkl Sl B ot
g/ di/dexvren toontplexniasoliutish aft engh Yoas 6f 20001 Midady Ygﬁ@'t&iﬁ- ;ﬁ&t@ﬁeyond a
follows: 15CGA = (intensitysconoL - intensitysomwaYrntensitysonot,
concanavalin A concentration of 0.5 mg/(g solution), in a suitable hydrogel with the same mass
20 ratio, concanavalin A concentrations of over 50 mg/(g matrix) can be prepared. Hence the usable
concentration range can be extended 100-fold. This is of particular importance for applications
wherein the analyte concentration is fixed and cannot be adjusted by dilution or concentration.
Precisely such difficulties arise with in vivo applications such as the determination of the glucose
level in body fluids. In the in vivo situation, the concentration of the analyte glucose cannot be

25 adjusted to the specific assay conditions, but must rather be taken as given.

A further solubility problem arises in particular with in vivo applications of bioclogical sensors.
Owing to the higher wavelength, the intrinsic fluorescence of the tissue declines, so that with in
vivo applications long wavelength fluorescent dyes are used. However, these fluorescent dyes
30  are typically apolar owing to their molecular structure and size (conjugated systems). If the
glucose-binding protein is only labeled with such a dye, the solubility further decreases, so that
high degrees of labeling are also not possible. As already described above, it can therefore be
necessary to functionalize the glucose-binding protein with e.g. polyethylene glycol, in order to

cnable increased solubility and higher degrees of labeling associated therewith. However,



Exanple 3: Determination of the influence of the matrix 20 According
to the invention, the glucose-binding protein and the |ligand are
incorporated into a hydrogel matrix which exhibits a certain
interaction with the glucose-binding protein. For this, the hydrogel

mat ri Xydes .S U t first t he .interactjon of
o uconsiFoRfl/AGbE R ELATons BhERLIoamlBrP) L2 Grledead tormmarkelly reduced
bet weehicgiauatisiy boif foi agnplOheive ARBARIHER ‘Asﬁ-él%{i% %Hfa?%eéﬂti%[ig‘r%gtgﬁf%less).
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30 Provided that the sample is a biological material, e.g. a body fluid, it can preferably be obtained
from a test subject who either actually or presumably has impaired glucose metabolism.

Preferably here, the impaired glucose metabolism is caused by diabetes mellitus or metabolic

syndrome.
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The aforesaid therapeutic measures comprise those which are used for the treatment of diabetes
mellitus or metabolic syndrome. As well as the administration of drugs, e.g. insulin, this also
includes the implementation of other therapeutic measures concerning which a decision can be

10 taken on the basis of the impaired glucose metabolism determined. These include therapeutic
interventions, e.g. gastric bypass operations, or changes in lifestyle, e.g. the implementation of
special diets. The sensor can be coupled with a further device, e.g. a device which controls the
delivery of a drug. In this, a device which controls the delivery of insulin is preferable. The
delivery of insulin can then be controlled on the basis of the need determined by the sensor.

15
For ex vivo use, the sensor from the use according to the invention can for example be
introduced into microtiter plates and anchored there. Samples for assay are then applied into the
wells of the microtiter plates and can then be assayed with a reader device. Such an approach
enables the simultaneous assay of a large number of samples and is thus also economlcal in

20  particular in clinical diagnostic practice.

Alternatively, the sensor for the in vivo use can be introduced into the body. Here it should be
noted that the measurement of the glucose level, which is of course also the basis for the
diagnosis, requires that the device come into contact with a body fluid which contains glucose,
25 wherein the concentration of glucose in the fluid is representative of the glucose level to be
determined. Suitable body fluids are enumerated at another place in the description. Particularly

preferably, the body fluid is tissue fluid.

The sensor is preferably introduced at places in the body which allow optical measurement of the
30 signal generated by the device. Places with either a small tissue thickness between device and
body surface or with transparent tissues which can be effectively penetrated by the generated
signal are suitable. Particularly preferably, the device is positioned under the skin
(subcutaneously) or in the eye, e.g. subconjunctivally. Appropriate methods for the implantation

of the device are known in the state of the art.
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(el GA = 252.2 vs. 2 6) (see table 3). Table 3: Influence of the

degr eﬁ'ﬂ' ugh tl@}le3 %lseI 2? %ord?rgg_zo the invention of the hydrogel in the sensor, efficient ex vivo and in
vivo diagnosis of the blood sugar level is enabled, and hence the early recognition of diseases
which are associated with impaired glucose metabolism, and also the management thereof, and
the selection of therapeutic measures.

15
The invention is illustrated by the following practical examples. However, the examples do not

limit the protection range.

20 EXAMPLES
Example 1: Preparation of sensors for determining glucose

Preparation of hydrogel particles (enriching matrix)

25 1 g of sodium alginate is dissolved in 100 g water with stirring. 66.2 g of CaCl2 x 2H20 are
dissolved in 4931.3 g water in a 5L beaker.
The alginate solution is passed into a dual nozzle via a pump. At the same time, compressed air
is connected to the second inlet of the nozzle, so that the alginate solution is atomized into fine
droplets. The droplets are carried by the air flow into a bath containing the calcium chloride

30  solution, where they gel and sink to the bottom. The gelled beads are then collected.

Preparation of sensors in enriching matrix:
For loading, alginate beads are successively incubated in a dye-labeled concanavalin A solution

and a dye-labeled dextran solution. The loaded beads are then centrifuged down and the
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supernatant solution decanted off. The loaded beads are optionally then incubated overnight in a
solution of a second polymer (e.g. PVA or PEG-based) and optionally isolated by centrifugation.
The beads are then mixed into an aqueous solution of a photochemically crosslinkable polymer.
This mixture is then crosslinked with UV light in order to prevent the sensor components

leaching out of the alginate beads.

The quantities for this depend on the concentration of the analyte to be measured and the degree
of labeling is selected depending on the desired intensity of the fluorescence signal. As the
photochemically crosslinkable polymer, for example Nelfilcon polymer, a polyvinyl alcohol
modified with acrylamide groups, can be used. For the photochemical crosslinking, 0.1%
Irgacure 2959 is also added. The finished solution is dispensed into suitable molds and cured
with UV light,

Preparation of sensors in non-enriching matrix:

Dye-labeled concanavalin A solution and dye-labeled dextran solution are successively fed into a
water-based prepolymer mixture and stirred for 3 hours. The quantities for this depend on the
concentration of the analyte to be measured and the degree of labeling is selected depending on
the desired intensity of the fluorescence signal. As the photochemically crosslinkable polymer,
for example Nelfilcon polymer, a polyvinyl alcohol modified with acrylamide groups, can be
used. For the photochemical crosslinking, 0.1% Irgacure 2959 is also added. The finished

solution is dispensed into suitable molds and cured with UV light.

Example 2: Determination of the glucose activity for the sensors

Determination of the glucose activity in sensors:

The fluorescence spectrum of the sensors is determined at various glucose concentrations. The
change in the fluorescence intensities of the donor with increasing glucose content serves as a
measure of the quality of the glucose sensor. Since with an in vivo glucose sensor glucose
concentrations between 50 and 500 mg/dL have to be measured, the glucose activity is calculated

as follows:

GA = (intensitymgmg/dL - intensity5Omg/dL)/intensitysgmg/dL
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86115 AT%?uetion and dextran solution are diluted in buffer solution and stirred for several hours.
The fluorescence spectrum of the solution is determined at various glucose concentrations. The
change in the fluorescence intensities of the donor with increasing glucose content serves as a
measure of the quality of the system. Since with an in vivo glucose sensor glucose
concentrations between 50 and 500 mg/dL have to be measured, the glucose activity is calculated

as follows;

GA = (intensitysoomg/ar - intensitysgmg/dL)/intensitysomg/dL

Example 3: Determination of the influence of the matrix

According to the invention, the glucose-binding protein and the ligand are incorporated into a
hydrogel matrix which exhibits a certain interaction with the glucose-binding protein. For this,
the hydrogel matrix is selected such that firstly the interaction of glucose-binding protein and
hydrogel matrix is greater than that between glucose-binding protein and aqueous solution
(enrichment of the sensor components). On the other hand, however, the interaction between
glucose-binding protein and the analyte (glucose) must be unaffected or not significantly

affected by the interaction of glucose-binding protein and hydrogel matrix.

With suitable selection of the hydrogel matrix, through the interaction between glucose-binding
protein and hydrogel matrix an enrichment of the glucose-binding proteins in the matrix far
above the solubility limit of the glucose-binding protein in aqueous solution is achieved. In the
case of Con A, for example up to 10 times higher concentrations can be achieved than in free
solution. The solubility problems become still more extreme after addition of the ligand (e.g.
dextran), since the glucose-binding protein-ligand complex exhibits Jower solubility owing to its

size and often also owing to multivalences. While the Con A-dextran complex in solution at a
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A conccntratlons of over 50 mg/g can be prepared in a suitable hydrogel matrix at the same mass
ratio. Through the hydrogel matrix, the usable concentration range of the glucose-binding

protein, e.g. Con A, can be increased 100-fold.

Since with an in vivo application the range of the analyte concentration is fixed and cannot be
adjusted e.g. by dilution or concentration, the concentrations of glucose-binding protein and
ligand must be adapted to the in vivo concentration range of the analyte. However, there is often
the difficulty that glucose-binding protein concentrations and/or ligand concentrations which

exceed the solubility limit would therefore be necessary.

For example, with the Con A-dextran system, in solution a Con A concentration of only 0.5 mg/g
can be established at a mass ratio (dex : Con A) of 1:10, since otherwise the Con A-dextran
complex begins to precipitate. Here, for the determination of the relative glucose activity (rel
GA), the glucose activity (GA) achieved at this concentration is set equal to 1. As expected, in a
non-enriching matrix the glucose activity is decreased to half (rel GA = 0.52) owing to the lower
mobility of the sensor components. In enriching matrix, with the same concentration almost the
same response as in solution is obtained (rel GA = 0.83). However, significantly higher Con A
concentrations can also be prepared in the enriching matrix. At a Con A concentration of 10

mg/g, a 2.6-fold increased glucose activity is obtained in enriching hydrogel matrix (see table 1).

Table 1: Influence of the matrix

in solution | in non-enriching | in enriching | in  enriching
matrix matrix matrix
Con A concentration 0.5 mg/g 0.5 mg/g 0.5 mg/g 10 mg/g
Rel GA 1 0.52 0.83 2.55

Native Con A with DOL = 1, dextran with 0.001 mol dye (D) per mol dex subunit (SU), mass
ratio dex : Con A =1:10

Example 4: Determination of the influence of the concentration of the receptor

In enriching matrix, a dependence of the glucose activity on the starting concentration of the
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10

Example 5: Determination of the influence of the degree of labeling receptor

Owing to the decreasing intrinsic fluorescence of the tissue with higher wavelengths, long
wavelength fluorescent dyes must be used with in vivo applications. These fluorescent dyes are
15 typically quite nonpolar owing to the larger conjugated system. If the glucose-binding protein is
labeled with such dyes, then its solubility decreases, so that high degrees of labeling are often not
possible owing to precipitation. In order to increase the solubility of the glucose-binding protein,
it is advantageous to functionalize this e.g. with polyethylene glycol. Thereby, the solubility of
the glucose-binding protein increases, as a result of which higher degrees of labeling are possible

20 in the synthesis.

However, pegylated Con As in solution lead to only less than half of the glucose activity of

native Con A (rel GA = 0.4). Surprisingly, in the hydrogel matrix this worsening does not arise.

With PEG-Con A, comparable glucose activity to that with native Con A is obtained (rel GA =
25 2.2 vs. 2.6) (see table 3).

Table 3: Influence of the degree of labeling (DOL)

DOL Con A 1 1

Type native pegylated
Solution, rel GA 1 0.43
c=0.5mg Con A/g
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Through the pegylation, it first becomes possible to equip Con A with a high degree of labeling
with a long wavelength fluorescent dye which is in the long-term stable in solution and does not
precipitate. Surprisingly, no worsening of the glucose activity due to the pegylation is observed
in enriching matrix compared to in solution. Hence, only through the positive effect of the matrix

is it possible to use PEG-Con A with a high degree of labeling at high concentrations in an assay.

Astonishingly, the glucose activity can be further increased by increasing the degree of labeling
on the Con A. In the enriching hydrogel matrix, with Con A with DOL = 2.5, almost a doubling
of the glucose activity is achieved (rel GA = 43 vs. 2.6). In direct comparison to the
measurement in solution, the glucose activity in matrix is thus even increased 4.3-fold through

the combined effect of concentration and DOL (see table 4).

Table 4: Influence of the degree of labeling (DOL)

DOL Con A 1 1 2.5% 2.5

Type native pegylated native* pegylated
Solution, rel GA 1 0.43 1.03
¢=0.5mg Con A/g

Matrix, rel GA 2.55 222 4.28
¢=10mg Con A/g

*native ATTO680-Con A with a DOL of >1.5 is not stable in solution and precipitates.

Example 6: Determination of the influence of the fluorescent dyes

The structure of the fluorescent dyes which are bound to glucose-binding protein and ligand
respectively also has an influence on the glucose activity. A combination of a thodamine and an
oxazine dye has proved particularly suitable. For the Con A-dextran system, a rhodamine donor
(e.g. ATTO590- or ATTO610-dextran or ROX-dextran) and an oxazine acceptor (e.g.
ATTO655- or ATTO680-Con A, or Evoblue30-Con A) is particularly preferable. Thereby, in
contrast fo the conventionally used TMR-Con A/FITC-dextran system (xanthene - rhodamine

combination), a 2.1-fold glucose activity in solution and even 2.6-fold in enriching matrix is
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Table 6: Influence of the dyes

ATTOS90/ATTO680 ( ROX/Evoblue30

Matrix, rel GA 255 2.1

¢=10mg Con A/g

10 Native Con A with DOL = 1, dextran with 0.001 mol dye (D) per mol dex subunit (SU), mass
ratio dex : Con A =1:10

Example 7: Determination of the influence of the nature of the hydrogel matrix

15 The glucose activity is also dependent on the nature of the hydrogel matrix. The hydrogel matrix
can consist of one polymer or of a mixture of several polymers. A hydrogel matrix made of
alginate or a mixture of an alginate and a polyvinyl alcohol hydrogel has proved advantageous.

Through its interaction with the Con A and the dextran, the alginate hydrogel enables the
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The prepolymer of the 2° hydrogel (e.g. PVA) can penetrate into the alginate beads and after its
crosslinking form an interpenetrating network with the alginate. The mesh width of the
interpenetrating network influences the mobility of the molecules of the glucose-binding protein
and of the ligand and thus also the glucose activity. The mesh width can be influenced through
the nature, the molecular weight and the solids content of the polymer and the content of

crosslinker groups, which determines the number of Junctions.

A lower content of crosslinker groups leads to a higher glucose activity. Through a halving of the
crosslinker groups, the activity can even be increased 1.5-fold. Hence, compared to the system in
solution, a 4.2-fold improvement in the glucose activity can also be achieved without an Increase

in the degree of labeling on the Con A (see table 7).

Table 7: Tnfluence of the crosslinker content

Crosslinker content | 0.486 0.33 0.26
(mmol/g)
Rel GA 2.76 4.04 424

Native Con A (13 mg/g) with DOL = 1, dextran with 0.001 mol dye (D) per mol dex subunit
(SU), mass ratio dex : Con A = 1:10

The solids content of the network also has an influence on the glucose activity. The higher the

solids content, the lower is the glucose activity (see table 8).

Table 8: Influence of the solids content

SC 25% 30% 35% 40%
Prepolymer
Rel. GA 2.87 2.76 2.48 1.96

Native Con A (13 mg/g) with DOL = 1, dextran with 0.001 mol dye (D) per mol dex subunit
(SU), mass ratio dex : Con A = 1:10
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oligosaccharide, a glycosylated macromolecule or a glycosylated nanoparticle.

3. The use as claimed in one of claims 1 and 2, wherein the dissolved glucose-binding
protein is present at an at least 5-fold, at least 10-fold, at least 15-fold or at least 20-fold

15 elevated concentration compared to an aqueous solution.

4. The use as claimed in one of claims 1 to 3, wherein the at least one polymer is selected

from the group consisting of: alginates, sepharose, hyaluronic acid, chitosan and
caragenans.

20

5. The use as claimed in one of claims 1 to 4, wherein the polymer-based hydrogel
comprises a first hydrogel matrix made of alginate and a second hydrogel matrix which

forms an interpenetrating network within the first hydrogel matrix.

25 6. The use as claimed in one of claims 1 to 5, wherein the glucose-binding protein is
sclected from the group consisting of: lectins, enzymes which bind glucose as substrate,

antibodies which specifically recognize glucose, and aptamers which specifically

recognize glucose.

30 7. The use as claimed in one of claims 1 to 6, wherein the glucose-binding protein is

concanavalin A.
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12. The use as claimed in one of claims 2 to 11, wherein the glucose-binding protein is linked

15 to an oxazine dye and the ligand of the glucose-binding protein is linked to a rhodamine
dye.

13. The use as claimed in one of claims 1 to 12, wherein the sensor is used for determining

the glucose content in a sample.
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14. The use as claimed in one of claims 1 to 12, wherein the sensor is used for the diagnosis

of impaired glucose metabolism.

15.  The use as claimed in one of claims 1 to 12, wherein the sensor is used for determining

25 the need for a therapeutic measure in a patient with impaired glucose metabolism.



