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W th non-regenerabl e enzyne- coenzynme conpl ex Description I 1.on
relates to a nethod and a reagent system for detecting an t:’fr@g@wfﬁ?é\é%

sanpl e t hrough an nzymati c reaction, conprising the use of an enz -
coenzyne conmpiV&k oa‘i./eorﬁ)%rge-ff%gener able, in particular 10 s@&’ﬁ{ﬁfﬁﬂ%&ﬁ /8
reactant for the analyte present in the sanple. The detection of anal ytes,
for exanple glucose in blood, by enzymatic nethods is known. These ent ai

the 15 anal yhatdHddeaslet ecRLBAE RIS QLUENt nbAt gegeRbaab1W tdhAmedH t abl e
enzynme and a coenzyne, the enzynme being enployed in catalytic amounts. The
r edox equival&ﬂﬁPQ#W% €h reduction or oxidation of the coenzyne are
transferred to nediators which are then detected 20 el ectrochem cally or
photometrically in a further step. Q call b{:ati on provides a direct
connection between the measurenent and-the-tORcentration of the analyte to
be deternbned. 25 Sierra et al. (Anal. Chem 69 (1997), 1471-1476)

descri be a detgrm nati.on, | ucose ed, o h i_ntrins
fl uorescence tg?legllurg%ésne{llo% dgéggg?% t%%l :a n%e Ogjd o%, gt ﬁéerglg%znyr%rres%fssteglrrpl oyed
toget her with fictrs dedertyimeg FADi nacat atgt i tnansunsgmpdiet h thedmgB0 an

equi val ents bej I f : o] crediat.or a t al
(Xnalytical L§¥?§?%n§%§(g%5§g§ggf,Xy1f6§&%fg§)kg%sc??%2q§a¥$ﬂoresgeﬁ%é
measur enent  wadenZgimgc oseorteksir og@nasenandINABré#blegl uddse rbatterdH kfat i on.

35 The enzyne d$idhitdhek Casereapt oyedrbp ¢alAlMAdCred - Sresent in the
non-stoi chionetric, amounts. The fl uorescence neasure- nment detects the free
NADH i n t he s&aEien.

The detection of analytes, for example glucose in
blood, by enzymatic methods 1s known. These entail the
15 analyte to be determined being brought into contact
with a suitable enzyme and a coenzyme, the enzyme being
employed in catalytic amounts. The redox equivalents
produced on reduction or oxidation of the coenzyme are
transferred to mediators which are then detected
20 electrochemically or photometrically in a further step.
A calibration provides a direct connection between the
measurement and the concentration of the analyte to be

determined.

25 Sierra et al. (Anal. Chem. 69 (1997), 1471-1476)
describe a determination of blood glucose based on the
intrinsic fluorescence of glucose oxidase. In this
method too, the enzyme 1s employed tcogether with its
COoenzyme FAD in catalytic amounts, with redox

30 equivalents being transferred to oxygen as mediator.

Narayanaswamy et al. {Analytical Letters 21 (7) (1988},
1165~1175} describe a fluorescence measurement with
glucose dehydrogenase and NAD for glucose determination.

35 The enzyme is in this case employed in catalytic, i.e.
non-stoichiometric, amounts. The fluorescence measure-
ment detects the free NADH in the sclution.



16 NOVEMBER 2006 2 It is possible through the electrochemcally active

subst ances (nediators) required for the prior art detectiagn t
detect the analytes to be determned only indirectly, i.e}BJﬁiégﬁgﬁ%}gwpty

of 5 chem cal reactions. For this purpose, a conplicated adjustnment of the
concentrations of the substances invoIVe% To optimze the reaction rate is
often necessary. . There is ggreover the risk that the required

el ect rocheni calfl y1act POESSHHEL aMRERUE e WSt &N THPC ot 'oh g &F St 6t age.
The medi at or s sefiserarales0 hameligx bes enployeitréd | Abge tBxcepsial atame to

t he enzyne-coen .system The cqenzy has a _high reactivity, so,that the
enzym c 15 acf%%%%&l‘ cIi%%%t%%?kegpy 6%95%%0np8 ?ticﬁ?%%ygﬁﬁa ﬁgdi§¥%r,
even in snal |l dareuninede. gnly 1dhdirentlexpasw.e tvoaf oaeighuisubst ances, e.g.

volatilizatio . e s f p gi rials. i .| ead
to fal se 3%gngpgk%ﬁ%?he§§§?g?%§%étigﬁnggﬁﬁg_énaﬂgﬁé.’2 Yét #%uifﬁ§
di sadvant age isijtisamertie @dt etthienacicogentirgds oigr e dhd ytsed sdr@aassy mal |y

in the region;glated €as8d a‘heynsecondse f e £xaM e £ofe 9l UGOoSg dif he
region of >4 s, and the required sanple volunes are large, e.g. > 0.5 1.
25 The obj ect NEFSRTEEH -t H& it et FEHRT oh fas i phséfafs thgt nesasrSshrt |y

to avoid the desghirRetetiizadvant ages wf st tRHs atdre | und@say tigul arly
i ntended to provide % non-sensitive and rapid nethod for the enzymatic 30
det ecti ontof ERELPIEES WhiCdf9%ads to reliable neasurenent results even in

the absence of nediators or/and indicators. This object is achieved by
using an enzye. CORNEIE, » 5% FIR! 91:2° iRl CPLOTR TG [ SAst 2L Hilgead of

excess relative to the enzyme-coenzyme system. The
coenzyme has a high reactivity, so that the enzymic

15 activity declines markedly on decomposition of the
mediator, even 1in small amounts, e.g. < 1% or on
exposure to foreign substances, e.g. volatilization of
the substances from packaging materials. This may lead
to false signals in the determination of the analyte.

20 Yet a further disadvantage is that the determination
times for the analytes are normally in the region of at
least a few seconds, for example for glucose in the
region of > 4 s,'and the reqguired sample volumes are
large, e.g. > 0.5 pl.

25
The object on which the present invention was based is
at least partly to avoid the described disadvantages of
the pricr art. It was particularly intended to preovide
a non-sensitive and rapid method for the enzymatic

30 detection of analytes, which leads to reliable
measurement results even 1in the absence of mediators

or/and indicators.

This object 1is achieved by using an enzyme-coenzyme
35 complex as stoichiometric reactant instead of, as
usual, as catalyst. Detection of the analyte requires
only a single reaction step and is therefore extremely
fast. The use of mediators and indicators, associated

with the employment of complex reaction mixtures, with



usual , as catalyst. Detection of the analyte requires only a single
reaction step and is therefore extrenely fast. The use of i

indi cators, associated wth the enploynent of conplex reaé??ﬁ%éﬁﬁﬁﬁ%ag@?
with 16 NOVEMBER 2006 3 low stability and high susceptibility to
interference, is no longer necessary. ©né aspect of the invention is thus a
method for 5 detecting an analyte in a sanple by an enzymatic reaction,
conpri si ng théQﬁeﬁEﬁb{é}tEoﬁﬂdcﬂhﬁ?t$M5%%mﬁLb1 FER &Codetlded § oer e R2gent
conprising anign where no regeneration of the

coenzyne takes place, and 10 (b) de)tg'ecti ng a reaction of the analyte through
a change in the enzyne-coenzyne conplex. A further aspect of the invention

I(S)a rgagent syt emsdet detfecktinag anvanakyhe kB atgaspl &, Ilﬁ@ﬂﬂ%azlf@r 15
a) a detection r ent conpr|S|n an enzyne-coe ex ere no
regeneratlg ﬁﬁ} AEREE plidte,® ﬁﬁmﬁg§¥gq§ﬁ 6%?t TF YRkt Ge the
det ection reag@nstctﬁ:fh Th;ﬁanmjesse:hﬁg irivenst@ns makes a sinple qualitative or
guantitative d ternln n. nal yt SS b t hi very

i i er gzojt 3’% %‘%Ba% !'J IE V\g éi%?%?%%‘?’g} <I$£|%ésnt nost

reactlontlrre pre rti Cu arly pr 8
preferably < 0 1 s:ompTﬂ'nesJrreactamnﬁnsymaﬂcpedzemte undepleandi vhens wi¢h

which 25 no egeneratian. of, N SoaRYNE.LAKGR: PLaFes AUILRG theq

det erm nation reover possi ecu enzyfre-coenzyne
conpl ex td0reddt) odatagting i ngleactisinecalfe dhet h@nahat?t ethTpegheatti on

is therefore expeq?kpﬁmdey ﬁgrgﬂgdemmé_rbg%@p ep&hp PExmedi ators or 30

ot her substances able t©0 bring about” regeneration of  the coenzyne. The
detection reagent conprises the enzyne-coenzyne

A further aspect of the invention is a reagent system
for detecting an analyte in a sample, comprising:

15 {a) a detection reagent comprising an enzyme-coenzyme
complex, where no regeneration of the coenzyme
takes place, and

{b} & support to receive the detection reagent.

20 The present invention makes a simple gqualitative or
quantitative determination of analytes possible within
a very short reaction time of, preferably, <€ 5 s,
particularly preferably < 1 s, most preferably < 0.1 s.
The reaction is carried out under conditions with which

25 no regeneration of the coenzyme takes place during the
determination. It 1is moreover possible for a molecule
enzyme-coenzyme complex to react only with a single
molecule of the analyte. The reaction 1s therefore
expediently carried out in the absence of mediators or

30 other substances able to bring about regeneration of
the coenzyme.

The detection reagent comprises the enzyme-coenzyme
complex in an amount sufficient to make gqualitative
35 or/and gquantitative determination of the analyte
possible according to the desired test format. In
particular, for guantitative determination of the
analyte, the enzyme-coenzyme complex 1is employed in an

amount such that the number of reacting molecules of



conplex in an amount sufficient to nmake qualitative 35 or/and quantitative

determ nation of the anal yte possible according to the desi,ﬁg) t.
In particular, for quantitative determ nation of the anaﬂé ;6$ﬁ®Ek%h&E

enzyne-coenzyne conplex is enployed in an anount such that the nunber of
reacting nol ecul es of 16 NOVEMBER 2006 —-44- the enzyme-coenzyne conpl ex
correlates with the analyte concentration present in the sanple. The
enzynme- coenzyme CEOBYESC GOLTFEMS ciftap ) §% pFef b &bl §S epLby &8s mnagdivtdt | east

stoi chi onet ri oAy d18lAt | erdfedhe Snanalnd e pigsent | ankhe Sanple,
preferably in a stoichionetric excess relative to_the eimal te. In this
connecti on, tRECSZABTERIPYGE ot S | RAEEIGU LR b ¥ hPBREEFRE Yaﬁ%@ﬁPYeﬁbdﬁé t hat
the size of the sampl edastadjsystiet ioneltatiive s urhie nelkeriwf rdd eadHes of
the enzyne. 10 co n%yrre con%)l ex in suctg_éa way tﬂat, vvitq_:theb anal yte
concent rat? on€PFG YHE exipret®dti niPhe Yhnpl &2TPhE’ nutB&t S S ol eclll e of the
enzyne- coenzynmeodaiplemetwhicchex@axd redthitvbe tanalhd eacolyedat €s wilils t he
anal yte concentra- ti.on pr.esent. i.n the sample, & [ chi t.ri.c amunt” 15
preferably means t fat ¢ He tﬁ’uenbsetra% mér}jn eclrtﬁl)e%t o%g%%é Qe(r%%)r%é:-h&@é“%yrr%ec

conpl ex corr esponds “t ongdres makahumhenunber of anhel ydanpiot etal esljno Headl

expect ed i”.t*}%lait'l‘é%St%Qat{P{g %@Jﬁﬁeer 23 THSl?EE'i‘SQ agfl e, deetnezl(i}rrieo—n
system permt 'the Use o very small "anounts of sanple, for exanple sanple
vol unes oi0 <cpenzyimg peered kel atnss@ch (2 Tag Sawplhe wicdh wher @rggpitepri at e

al so be dil ut ed kel ene (GUMActd NG Mid-tde detegli eBnpeageRrhe 4rilg met hod
and detection systemof the invention is suitable for  determ ning any

anal ytes, for SéxFPIEEUISE fet 81 $92 PHRIYCPEUTHRE sGERPASE MBI Cox&RACE,

bl ood, with the analyte correlates with the analyte concentra-
tion present in the sample. “Stoichiometric amount”

15 preferably means that the number of molecules of the
enzyme-coenzyme complex corresponds to the maximum

number of analyte molecules to be expected 1in the

investigative sample.

20 The method and the detection system permit the use of
very small amcunts of sample, for example sample
volumes of £ 1 pl, in particular £ 0.1 pul. The sample
can where appropriate alsc be diluted before contacting
with the detection reagent.

25
The method and detection system of the invention is
suitable for determining any analytes, for example
parameters in body fluids such as, for example, blood,
serum, plasma or urine, but also in effluent samples or

30 foodstuffs. The method can also be carried out as wet
test, e.g. 1in a cuvette, or as dry test on an

appropriate reagent support.

The analytes which can be determined are any biological
35 or chemical substances which are able to undergo a
reaction, i1n particular a redox reaction, with an
enzyme-coenzyme complex, such as, for example, glucose,

lactic acid, malic acid, glycerocl, alcohol,



serum plasma or urine, but also in effluent sanples or 30 foodstuffs. The

nmet hod can al so be carried out as wet test, e.g. in a cuv
test on an appropriate reagent support. The anal ytes whi cﬁgbg?y@ceﬂﬁiﬁw

determ ned are any biol ogical 35 or chem cal substances which are able to
undergo a reaction, in particular a redoX reaction, with an

enzyne- coenzyne conplex such as, for exanple, glucose |l actic acid, malic
aci d, gl ycer olchodiasstediol 16 INOVENBER 2006 55 GHO &St érBid, t rayft §Rers des,

ascorblc aci d,g16ysdt8iitthe, PadtdidHnesc peptides etc. The enzymatic reaction
is preferably a redox reaction 5 in which the coenzynme in the

enzyne- coenzyne conplex is reduced or oxidized. The enzyne preferably used
for a reacti anheofethimatype demacan coxi dor edeceasdlyThe enzdpxe r¢&¢ﬁi@mlarly
preferably.used is .a,d drogenase, for | e selected from ucose
dehydr ogenase 10 % %E' %ﬂ{ % ?ZYT%c%%tEhﬁeﬁg§¥8§eﬁg§8 gE?cﬁfWﬁy_
1.1.1.28), nah&mﬁmﬁﬁhydrogandsee@E CHe ledz8mg, pgb¢@eﬁdﬂ4fdeaydrdggn&5e

al cohol dehydr%gﬁﬂ%§?l oE Qh%urt%g%)SUItﬁ%}ggiggkngSQXQEOQ%ﬁﬁ§ as%% such

L-am no- acid rogenase enzynes are OXI
as, for exarrpl[:artglmd@sdy opirg¢dse apEyC. Usdd3.14 er @%Y@S@@EOBS@XI dese

(EC1.1.3.6)caenayes.dntcthe purpgges of thearesent déh%ﬁ‘d?d&éha%f@ 20

preferably organl nol ec ch are coval ent | noncova ently
to an enzybre alfd Grle 1 -chahbed, i@@t@&%npﬁ@hﬁﬁréggéésér r@diced., 1 by

conversion of it he janal)yt ea 1R&f eid fg ¢ coenzynes ar@}&@%p
ni coti ne and qui none derlvatlves for exanpl e fIaV|n nucl‘eosi de

derivatives sHHYEEOFLB2Sexant-& #Hk)lﬁﬁDHZ P PVNHE TR CIGRER i ne

(E.C.1.1.1.1) or aminc-acid dehydrogenase, e.g. L-amino-
acid dehydrogenase (E.C.1.4.1.5). Further suitable

15 enzymes are oxidases such as, for example, glucose
oxidase (E.C.1.1.3.4) or cholesterol oxidase
(E.C.1.1.3.6).

Coenzymes for the purposes of the present invention are
20 preferably organic molecules which are linked
covalently or noncovalently to an enzyme and are
changed, for example oxidized or reduced, by the
conversion of the analyte. Preferred examples of
coenzymes are flavin, nicotine and quinone derivatives,
25 for example flavin nucleoside derivatives such as, for
example, FAD, FADH,, FMN, FMNH,, etc., nicotine
nucleoside derivatives such as, for example, NAD",
NADH/H", NADP', NADPH/H* etc. or ubiquinones such as,
for example, coenzyme Q, PQQ etc.
30
The change 1in the coenzyme through reaction with the
analyte can in principle be detected in any manner. It
is possible in principle to employ for this all methods
known in the art for detecting enzymatic reactions.
35 However, the <change 1in the coenzyme 1is preferably
detected by optical methods. Optical detection methods
include for example measuring absorption, fluorescence,
circular dichroism (CD), optical rotary dispersion

{ORD), refractometry etc., The change in the coenzyme is



nucl eosi de derivatives such as, for exanple, NAD~, NADH H4, NADP*, NADPH H
etc. or ubiquinones such as, for exanple, coenzyne Q PCﬁ)@ﬁ& E
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change in the coenzynme through reaction with the analyte c

be detected in any manner. It is possible in principle to enploy for this
all nmethods known in the art for detecti ﬁg“enzymati c reactions. 35 However,
the change in the coenzyne is preferably . detected by optical nethods.

Opti cal deteCQQﬁ$%ﬁH%ﬂﬁ%¥ iHEEEﬂEaL6V eXEhE Steasty i n§eaFSEIsS onthe

fl ]thor escence, flddlfﬂﬁhcaé’niﬁ chrmiesmf%GB)resQIéhicéa' meabarymehspei si ani gk ORD) ,
refractonetry etc.. . The change in_the, coenzyne s 116 EVMBER 2006 . 6
particul arly ﬁreé‘fselrtalb\fei/ &&dgcrtnggeﬁy m aspuor%g%]t%e%ofl dorescen “é?gTh‘%ow

fl uorescence neasiardmEitianss whilye sembyte vin antdnhakesizedpegsibhe.to
detect evep low concentrations of the analyte in mniaturized systens. 5
The nethod or detection systemof the invention may conprise a liquid test,
i n which case THfe me&bent ¢3 detesdritorf opyskanplef i fhehelnventebna ®ay ution

or  suspensi on. 0@ A04equs, 84 NPRAFUEQYS | ALl d Qs .a REWRR +Or ;
| yophi li zate. r?:I—Clion\%ta-vgsr, t he ?euﬁhod and detection sc,:ysstee;t 0 t%e i rIllven]f?on
preferably comfidss 4y ®adPle niphi ERccaderbheCfeagento{dtippl @8 to a

support. The supRQNs{BY ¢aMPih S&duoXaRp! exdnd@sdoust NiRNEAPEYSI g an
absorbent _or/and swell able material 15 which is wetted by the sanple |iquid
to be inVBstRPHIRE |A%a plé’rqlziibldilazrar%ﬁ pr ef8FFE8FenbddifrenfetiRE det’it i on

reagent used iget@@elormatyikemi b aiheenZy¥En €06MZ pire f 2@ 09t o endeslded
therein. The gel ;matrix prefergbly has a layer thickness of <, 50 prn, in
particul ar <_%5 %¥yaﬁast, in éhlgh case t%g reagent 1s applted ﬂ% a
support. The support may comprise for example a test
strip comprising an absorbent or/and swellable material
15 which is wetted by the sample ligquid to be

investigated.

In a particularly preferred embodiment, the detection
reagent used is a gel matrix with an enzyme~coenzyme
20 complex embedded therein. The gel matrix preferably has
a layer thickness of < 50 um, in particular £ 5 um, and
is applied to a support, for example an at least partly
optically transparent support. The gel matrix may be a
matrix comprising one or more socluble polymers, as in
25 known dry test systems (e.g. AccuChek Active), and can
be produced by knife application and drying. The matrix
is preferably a polymer with a structure based on
photopolymerizable substances such as, for example,
acrylic monomers, e.g. acrylamide or/and acrylic esters
30 such as polyethylene glycol diacrylate, or vinylaromatic
monomers, e.g. d-vinylbenzenesulfonic acid, or
combinations therecf. A g¢gel matrix of this type can be
produced by applying a ligquid which contains the
reagent, comprising enzyme, photopolymerizable monomer
35 and, where appropriate, coenzyme, photeocinitiator or/and
unreactive constituents, te an at least partly
optically transparent support, for example to a
plastics sheet, and irradiating, for example with UV

light from the reverse side, so that polymerization of



is applied to a support, for exanple an at |east partly optically

transparent support. The gel matrix may be a matrix conprigsi on r re
sol ubl e polyners, as in 25 known dry test systens (e.g. Acéﬁ@ﬂ@¥E¥§¥§9@£g

and can be produced by knife application and drying. The matrix 1is
preferably a polymer with a structure baséd-on photopol yneri zabl e

subst ances such as, for exanple, acrylic nononers, e.g. acrylamde or/and
acrylic esterdB0 §9a™es pbryebhyltdife §cEIed ashyest ePlafeyi Ayl aflepmti c

nononers, e. g.sufpdyl bgnzenesubtonkeiaehd,l Bler COMDERRESONS ThRErBOfer A gel
matrix of this type can be prgguced ﬁg aEilﬁin a Iiggld mhiﬁ? cqontains the
reagent , conpﬁuﬁékf%ﬁ&ynﬁ?“ph “pof§hefrrzable Mbhondf“389nd 9
applropri ate, lcmﬂjmserm:esrlplh@boitmetifé@cge@t/amdanwn][ﬁarc&mgte f:mstd&mmfcsn to an
at | east part optica t ransparent .support or.examle to a, plastics
sheet , andeirféﬂi%§%?ﬁﬁl?%rogx& I%§iﬁHH?QI;E*¢%ﬁﬁ Hr O Ehd SPar8s e % de, so
t hat pol yneri zat i oamofed6 NAV/ENMBERe2006Lter 7 thichepabpoaet zet iof t fwearpnoner s

t akes pl ace ont por t predefined | ayer thickness. The | ayer
t hi ckness canqﬁghggﬁ} o?%xftgb%%&%ng absorbi ng substances to the reagent

or/and through the duration 5 or intensity of irradiation. Excess liquid

reagent can bg r vséhﬁpdhéﬁe§ecéh%ftgeerl the: Pok YOBRT 286000 d $86&qud i
example, figure 2). On the other hand,” the gel matrix can al so be produced
10 by con¥ent ithaforbaRf hgnpt ocedirids PROGRIERCEasdnt HEN 1L ¢h qGRGer ddifent i s

applied to a suppard ,ré’é@é&%tigoab?ﬁie@es:ideéj shbskpesspyslpatsuid ale

met hods, e.g. using a knife, and then conpletely polynerized. 15 After

i ncl usi on by PGS Z&t 1 ORNOFS eHBAEI FY LR IFe DY etodt r BxT -t WS &z yhe i s
in a protectekyifd,0-arRIHaNBipldfeiPpPDiNeRItEdgel matrix is

15 After inclusion by polymerization or embedding in the
gel matrix, the enzyme 1s in a protected micro-
environment. If the polymeric gel matrix is
sufficiently crosslinked, the enzyme molecules are
present in an immobilized form. Low molecular weight

20 substances or glucose or other analytes or else
coenzymes can, however, diffuse freely through the

polymer network.

The enzyme can either be included together with its
25 coenzyme by polymerization in the matrix or, after the
polymerization, the matrix can be brought into contact
with a solution of the coenzyme, so that the
appropriate enzyme-coenzyme complex 1is formed. The
concentration of the enzyme 1in the gel matrix is
30 preferably chosen to be high enough for a stoichiometric
reaction with the analyte to be determined, and a
direct determination of the coenzyme which is changed
by the reaction, to be possible. The reaction consists
only of a single catalytic reaction, for example, a
35 redox reaction, which can take place in the region of
milliseconds or microseconds. The coenzyme which 1is
changed by the reaction 1s optimally protected from

interfering influences through binding to the active



sufficiently crosslinked, the enzyne nol ecules are present in an

i mobi lized form Low nol ecul ar wei ght 20 substances or gl ucqse or other
anal ytes or else coenzynmes can, however, diffuse freely tHF&U%HE?“ﬁﬂlzmm
pol yner network. The enzyne can either be included together with its 25
coenzyme by polynerization in the matrix r; after the polynerization, the
matri x can be brought into contact wth a solution of the coenzyne, so that
the appropri &&8téfzyneicoedArne COFHIEX | Nfor nedheTRe EHRdERi@tion of

the enzyme in e tqelhamaty iy iSaAdnef eraline crosemtoibe high enough for a
stoichionetric reactionwith the analyte to be determ ned, and a direct

determ nation of the coenzyne which is changed by the reaction, to be

possi bl e. TheTheacihedn€omsi SisS addl yiohadl gi ’Y ebeatedipitdihiddapt/i ahe f or
exanpl e, 35 riﬂsx.rea i on mhi%ﬁ can take place in the region of

m | 1iseconds 0P CErEFeddifrs S STHE T FettoAie Swhi ch is changed by the reaction
is optimally protected from interfering influences through binding to the
active 16 h[NENEE@e%OOG - 8 center of the enzyne and, where appropriate,
additional ly by~enmbedding in the gel matrix. The invention is additionally
to be explained by the 5 following figures and exanples. Figures Figure 1

shows a first E‘(igia%i entngf st hg defecti Pé}%bé'@iﬁé/ﬁ% emof (e IMentdin, A
reagent | ayer ), e.g. a gel matrix with an enzyme-coenzynme conplex, is
applied 1% amvepercatiytheansperentosupporiedq@Bnt Tagesnz EoEnzye

conpl ex is ingaif oM ,SUCh,{ PRt 43R0 HEBYRREIAOYmT 4161 £0ENZYMR AN dake
pl ace during the analyte 15 determ nation. A Sanple (3 e. bl"ood, is put

: ) g.
on the reageif |¥yeFPtBEterlti nhf RBAPST S Rhe BRRAMEL i d 1P eacti®n enzyme-

coenzyme complex is in a form such that no regeneration
of the coenzyme can take place during the analyte
15 determination. A sample (3}, e.g. blood, is put on the
reagent layer. Determination of the enzymatic reaction
between the analyte contained in the sample (3), and
the enzyme~coenzyme complex contained in the reagent
layer (2) takes place by optical methods. Light from a
20 light source (4), e.g. a laser or an LED, is beamed
from behind (through the support] onto the reagent
layer (2). Absorption light or fluorescent light beamed
back from the sample is detected in a detector (5).
Where appropriate - in particular for detecting
25 fluorescent light - an optical filter element (6} 1is
put in front of the detector in order to block leakage

of the fluorescence-exciting light.

Figure 2 shows the production of a detection system of
30 the invention. A liquid reagent (12} 1is applied, for
example 1in a first position (13}, to an optically
transparent support (11), e.g. a plastics sheet. The
liquid reagent (12) is irradiated at a second position
from below through the support {11} with light from a
35 light scurce (14). At the same time, the support is
moved in the direction (15} identified by the arrow. A
polymerized reagent layer (16) 1s formed directly on
the support (11). Excess liguid reagent 1s present
above the polymer layer (16). The thickness of the



bet ween the anal yte contained in the sanple (3), and the enzyne-coenzyne
conplex contained in the reagent |[|ayer (2) takes place by i S.
Light ‘ froma 20 light source (4), e.g. a laser or an LED, HE%@@W%@&
behi nd (through the support) onto the reagent |ayer (2). Absorption |ight
or fluorescent |ight beanmed back fromtheé sanple is detected in a detector

(5). \Where appropriate - in particular for detecting 25 fluorescent |ight -
an optical fiPodymsitemasdt (552980t puttay®rf r ohit®lof Ede defect@MiFPbrefer to

bl ock | eakage tafoddte fHRwreseensst exebhppgitight . Eh@ur %luz.ca'ﬂﬂ% tdhey
production of a det ecti on S)égt(aem of . 30 the uid reat%ent (12)

i_n
is applied, fomt f RS IIWET 11 oRE( \ﬁé')g tt’o %Iﬁdoﬁﬂlr(?éﬂlg

t ransparent Slpﬂﬁ@:fetrt(ﬂe’lé ,ofe.tthe asyphast i csls)heet The liquid reagent (12) is
irradi ated.at a second position from below through the support (11) with

| i ght from5a 35 light source (14). At the same tine, the support is noved
in the direct iFhuguxkd) 3i ddmvd i ed bymhhddimenrowoiA a pdllyrerd xethaedyemd | ayer
(16) is forne ct n suppo e id ent. |

pr esent abov% ?hgo‘?: ¥r?g‘ %ﬂg‘l}’ %) %to‘}&ge“ tﬁlzgﬁlegéaé%ﬂghelﬁggﬁmé\%%? 2006
9 polyneri ze@mﬁ@@d@t dl@yelpr(oml)cecﬁhn e ddwt r gldndd nuduughr adrs s eazlg‘ent
conposition, iQ n itensiyy 1t bg hearg ng,,i I|2 tp

t hrough t he qu 6%%’[?;3 %?ﬁ ﬁe s&ﬁ{)tp(r)hrsf% a%J IL5§F| S’u?ge % %ﬁg% anqznb di rrent

of a fl uol‘éscélﬁ@e @afsedmog@hséreth@rﬁ% -owALAegol R iRk Iamgent IdRer, for
exanpl e one preiiaed hy the gggékm&% Pragessid 1 H4eere23y  cangpe gut and

applied to a support (21 ra/ use of known techni ues After %Ppl ication
of the sanpléidthd %‘?djen E&@Ft?nblgpéhﬁo(“?§? tgog B¢
fluorescence (24) e.g. blue light, generated through
the reaction of the analyte with the enzyme-ccenzyme
15 complex in the reagent layer (22) 1is detected with a

detector.

It is also possible for a plurality of (identical or
different) reagents to be applied to a support. One
20 example of such an embodiment in the form of a disk is
shown in figure 4. A plurality of reagent spots (32) is
disposed on the optically transparent support (31).

Figures 5A and 5B show the fluorescence of a detection
25 system of the invention (glucose dehydrogenase and
NAD") with increasing glucose concentration under a CCD

camera.

Examples
30
Example 1: Stoichiometric detection of glucose in the
glucose dehydrogenase (GlucDH)/NAD' system

in a cuvette

35 100 mg/ml GlucDH are dissolved in buffer of pH 7 and
mixed with the appropriate amount of NAD'. On addition
of increasing amounts of glucose, an increase 1in the
fluorescence can be detected visually under a UV lamp

(excitation wavelength 366 nm) (figures 5A and 5B).



light, is beamed in froma |light source frombelow The fluorescence (24),
e.g. blue light, generated through the reaction of the angl 1

.enzyme- coenzynme 15 conplex in the reagent layer (22) is deﬁ’e%{)gg\%éélﬁaﬂﬁ
detector. It is also possible for a plurality of (identical or different)
reagents to be applied to a support. onell 20 exanpl e of such an enbodi nent
in the formof a disk is shown in figure 4. A Elur lity of reagent spots
(32) is di spd¥edSonithetoptittalt t‘%éﬁé%%r%ﬂ? Ei&pgaﬁ‘rsy (5 . TlEPHEFES SA and
5B show t he fdiugiestcentacokea defrecid ol RSosyskem oat hedsamentim®nafgl ucose
dehydr ogenase_ and NADH% wi th increasing glucose concentrati on under a CCD
canera. Exa T (R = %ble 1. Stoichionetric detection of glucose in the

gl ucose dehydrogenase (d ucDH)/ NAD system in a cuvette 35 100 ng/m d ucDH
are di ssokveds, fer .apd _pi X ' the appLopk mt of
NAD . On gdd%f'%%n offi ngé%gé%%ﬁégmﬂﬂ SE%&%%ﬁcogg, ggéi n%‘%@%@g?ﬁﬁbt he

fl uorescence can be det ecsegtemnsim| pypohvwerafilm| anp (excitation

wavel ength 366 nm (figures 5A and SB). 16 NOVEMBER 2006 10 The sol ution
with the enzyne system does not fluoresce wthout glucose. Nor do glucose
and NAD4 resu} tsSPaPGR§IOR| @dr ddenicel 1 Manphies banpet #@si o 76 glucdse in
the GluclH NADt ssystemxt ngppol yner film A suspension of the follow ng
substanc%omas mxed in a plastic test tube 10 Formula 1

Formula 1

Substance Amount (Weight
(gl [%1]

Acrylamide 2.5 22.02
Methylenebisacrylamide 0.7 6.17
2,2-Dimethoxy-2~phenylacetophenone 0.05 0.44
Glycerol 5 44,05
Hydroxyethyl methacrylate 1.4 12.33
Methyl methacrylate 0.4 3.52
Crodasinic O solution, pH 8, 0.3 g/1000 ml |1 8.81
N,N’-{1,2-Dihydroxyethylene)bisacrylamide |0.3 2.64
TOTAL 11.35 (100

0.5 ml of this suspension were mixed with 0.5 ml of a
15  selution of GlucDH {100 mg/ml), and the mixture was

homogenized free of air bubbles in an ultrasonic bath.

The c¢lear solution was poured onto a corona-treated
polycarbonate sheet 125 mm thick and illuminated with a
20 conventional illumination apparatus {Isel uv
illumination device 2) for 20 min. The sheet was
briefly washed with water and then dried in the air.



Subst ance Anmount Weight [g] [A4 Acrylamde 2.5 22.02

Met hyl enebi sacrylam de 0.7 6.17 2, 2-Di net hoxy- 2-phenyl acet gp 0. 05
0.44 dycerol 5 44.05 Hydroxyethyl nethacrylate 1.4 12. 3312' \{'ﬁ?ﬁ@ﬁiER 90“6
nmet hacrylate 0.4 3.52 Crodasinic O solution, pH 8, 0.3 g/1000 mM 1 8.81

N, N -(1,2-Di hydroxyethylene)bisacrylanrﬁéfbf3 2.64 TOTAL 11.35 100 0,5 n
of this suspension were mxed wth 0.5 n of a 15 soluytion of ﬁ%ucDH (100
mg/ m), and t &S fE6Me A9 hBHBGentREARFRR off%i F BubB-es?i ntERShly

ul trasoni ¢ batgrepahhel cl eaiusokay NAD" wasspdut dnont qGXIE® onasd Ieal ed,

pol ycar bonat e et thick and,ild uym nate L th a convent i ona
illum nation égggﬁg%ﬁﬁé(ggé Qa%’ ﬁl%ﬁ%ﬁkgtﬁgh(ﬁgvﬁ%é b)w%gr%ﬁfﬁﬁﬁé e
sheet was britgfd yfilashedl sitbngaféroandcthern drisedrimediaaly . vISiINGVEMBER
2006 - 11- T tr er thickness was < 2 pm A freshly prepared
qucose/NAB* so(%%?g%{?gﬂf¥§yéolution, 300 ng/dl glucose, 1 m /6.4 ng of
NAD+) was spotted on the film A strong fluorescence was i medi ately

visible 5 ungg Méamﬁm&péeuﬁ:aﬂgekaaratW?Lmuwcé%ﬂ@fiéf@fe the

| ayer thickness 10 A polyner layer conprising a blue dye (absorption
maxi mum ~ 650 nn) for bett@HFERSEFficati on was produced (formula 2). In a
further experinent, a yellow dye was adm xed as UV absorber to the initial

formul a ggornula 3), 15 Fornula 2 . ,
A polymer layer comprising a blue dye (absorption

maximum = 650 nm) for  better identification was
produced (formula 2). In a further experiment, a yellow
dye was admixed as UV absorber to the initial formula
(formula 3).

15

Formula 2

Substance Amount Weight
[%]
Acrylamide 37.5 g (0.53 [25.78
mol)
Polyethylene glycol diacrylate, 52.5 g 36.10
Mw = 575 g/mol (ca. 0.96 mol)
Solution of Crodasinic O (0.3 g/1 1} |50 g 34.38
4-Vinylbenzenesulfonic acid 549 3.44
2, 2-Dimethoxy-2-phenylacetophenone 350 mg 0.24
photoinitiator
New methylene blue N 100 mg 0.06
TOTAL 145.45 g 100

The mixture was Thomogenized by stirring and by
20 ultrasonic bath treatment, distributed with a pipette
on a 140 pm Pokalon sheet {corona-treated, stage 4) and
1lluminated in a UV illumination device {Actina U4,

W. Lemmen GmbH) for 1 min.



Subst ance Anopunt Wei ght

Pol yet hyl ene gl ycol diacryl ate,

honogeni zed b%
with a pipett

Ry e

m n.

C4 Acrylamde 37.5 g
52.5 g 36.10 Mwv 575 g/ nol
Sol ution of Crodasinic 0 (0.3 g/1 1) 50 g 34.38 4-Vinylbe
5 g 3.44 2,2-D net hoxy-2-phenyl acet cphengne 350 ng 0.24 photoinitiator
met hyl ene blue N 100 ng 0.06 TOTAL 145. 45

(0.53 25.78 nol)

g 100 The m xture was
trasoni c bath treatnent
LHE%] 67 oret PEAE B kPage S S
illum nated | gageUdnd mams 1248t0.6n devi ce (Actina W4, W Lemren GrbH) for
UP NOVEMBER 2006 12 The resulting |layer thickness was neasured with a
screw gage and was 240.5 pm Forrmula 3 5 Substance Anobunt Wi ght C$1

distri but

Hé@ﬁ@@%ﬂggﬁﬁﬁb%cid

New
ed

1

Formula 2 1 nForaul@9399 Mrdant Yellow 7 (No. 686) 0.0001 g 0.001 (UWV
absorber) g OTAL ca. 100 1. 0001 g The nlxture was dlstrlbuted on a sheet and

t hen pOI yrrer 7et—as—deserbetatove—Fire—r-esti-t llgrl ayer— t+hickiress
measur ed mﬁtﬂSabstaawegage and was 10 79.3 Un Thmeuakper iiWedtththqwg |t
it is possiblle—te—inHuenrce—thetayer—thickhressi—Wthreagti-on—condit
whi ch Formula 2 1 ml ca. 99.99
Mordant Yellow 7 (No. 686) 0.0001 g |0.001
(UV absorber)
TOTAL ca, 100
1.0001 g
The mixture was distributed on a sheet and then
polymerized as described above. The resulting layer
thickness was measured with a screw gage and was
10 79.3 jm.
This experiment shows that it is possible to influence
the layer thickness. With reaction conditions which
were otherwise the same, the layer thickness without UV
15 absorber is 240.5 upm (see above); only 79.3 pm with UV

absorber

{(Mordant Yellow 7}.

S
t hat
i ons



were otherw se the sanme, the layer thickness without UV 15 absorber is 240.5
pm (see above); only 79.3 }gymw th UV absorber (Mordant

NOVEMBER 2006 13 Clains 1. A nmethod for detecting an anﬁb‘b%b@glég%l e
by an enzymatic reaction, conprising the steps: 5 (a) contacting the sanple
with a detection reagent conprising an éAzyne-coenzyne conpl ex, under
conditions with which no regeneration of the coenzyne takes place, where a
dehydrogenase is used as enzyne, and 10 (b) detecting a reaction of the
anal yte through a change in the enzyggsgaenzynme conplex. 2. The nethod as
claimed in claim1, characterized in that the dehydrogenase is sel ected
froma glucose 15 dehydrogenase (E.C 1.1.1.47), |actate dehydrogenase
(E.C.1.1.1.273 1. 11 @8)hod et &t eqedebydrngoenasendfG 1ih. & 3dampobyeer ol
dehydr ogenase (E. C 1.1.1.6),  al cohol dehydrogenase or am no-acid

dehydr ogenase, e.gan 20ZﬁméﬁﬂﬁoIQéFBl&éhy&P&@%ﬁ§§@g(EhG BYEPS5) . 3. The

net hod as =<l ai med iip)anycptathenpr eaediagplel @ifs, achata@n;@bhza@ag@ntthat a
coenzynme selected fromflavin, nicotine and quinone derivatives

e 8. The method o EPEPEEALTA Giai A3 MERAPROCREy G S hat PERE
coenzyne is selected fraanEAB;oEADHﬁxhF%micENNHZragynunaﬁid@ GfﬁthAD:

NADH H , NADP® 30 and QADPEV takTy athod Ialneg % m e 4,
charac- terized in that “thé gﬁange ' tﬁb ébénzyn% de e Fea y optlcal
net hods. 35 is used as enzyme, and

10 (b} detecting a reaction of the analyte through a

change in the enzyme-coenzyme complex.

Z. The method as claimed in claim 1, characterized in

that the dehydrogenase is selected from a glucose

15 dehydrogenase (E.C.1.1.1.47), lactate
dehydrogenase (£.C.1.1.1.27, 1.1.1.28), malate
dehydrogenase (E.C.1.1.1.37), glycerol

dehydrogenase (E.C.1.1.1.6}, alcohol dehydrogenase
(E.C.1.1.1.1) or amino-aclid dehydrogenase, e.g.
20 L-amino~-acid dehydrogenase {(E.C.1.4.1.5}.

3. The method as claimed in any of the preceding
claims, characterized in that a coenzyme selected
from flavin, nicotine and guinone derivatives 1is

25 used.

4. The method as claimed in claim 2, characterized in
that the coenzyme 1s selected from FAD, FADH,,
FMN, FMNH;, coenzyme @, PQQ, NAD', NADH/H*, NADP'

30 and NADPH/H".

5. The method as claimed in c¢laim 1 to 4, charac-
terized in that the change in the coenzyme 1is
detected by optical methods.

35
6. The method as claimed in claim 5, characterized in

that the change 1in the coenzyme 1s detected by



6. The nmethod as clainmed in claim5, characterized in that the change in
the coenzyne is detected by 16 NOVEMBER 2006 - 14 rreasurl (?&b%ﬁh?k'
fluorescence, CD, ORD or refractonetry. 7. The nethod as c I e a| m
6, characterized in 5 that the change i 34t he coenzynme is detected by
measuring the fluorescence. 8. The met hod "as clained in any of the preceding
clainms, characterized in.that matri x th an__10 en

conpl ex enbedded t F&EFSHT S u?gjﬁ ré’écl(?@t ectfw reéq'é:f;eélncte’ Q%yd;ﬁe%%g{]hg& as
clainmed in clai m8redhardacietizaed in that the gel matrix has a | ayer

t hi ckness of 15 <- 50 pm in particular of 55 pm 10. The nethod as
clainmed in claim8 or 9, charac- terized in that a gel matrix based on

phot 0- pol yneri.zablTéeswissthartess i slaiwer] 20 aiaimhe, nebhsdcasrékadned in any

of the pregeding %lh%'tmthgh%%d%' zed metfa%tenaznn@ﬂahxt ed @ body,, fluid
is determned. 25 12. The net hod as clalrre in cl almll characterlzed in
that a deterninati &FasMrgNgcdde T ESEa$Ccarried out. 13. The nethod as

claimed in any of the preceding 30 clains, characterized in that the
duration of the reaction of the analyze js.< 5 s. 14, The nethod as cl ai ned
in any of the®precd 'engmeEBSFirrsas ﬁ;r%ﬂﬂeé!rl F8d FRYt Hat tﬂé@ r B4ECEEH9s 35
carried out in thecabsence farmdicatiores] all eciat 4eael methikheicherzyne. 16
NOVEMBER 12[906 -15 . .
enzyme~coenzyme complex embedded therein 1s used

as detection reagent.

g. The methed as claimed in claim 8, characterized in
that the gel matrix has a layer thickness of
15 < 50 um, in particular of £ 5 pm.

10. The methed as claimed in claim 8 or 9, charac-
terized in that a gel matrix based on photo-
polymerizable substances is used.

20

11. The method as claimed in any of the preceding

claims, characterized in that an analyte in a body

fluid is determined.

25 12. The method as claimed in claim 11, characterized
in that a determination of glucose in blood is

carried out.

13. The method as claimed in any of the preceding
30 claims, characterized in that the duration of the
reaction of the analyte is £ 5 s.

14. The method as claimed in any o¢f the preceding
claims, characterized in that the reaction 1is
35 carried out in the absence of mediators able to

react with the coenzyme.



15. The method as clained in any of the preceding clains, characterized in
that the enzynme-coenzyne conplex is enployed as stoichiongtric reactant in
relation to the analyte. 16. A reagent systemfor detecti rﬂé%ﬁvgm%ﬁ@qﬁn a
sanple, conprising: (a) a detection reagent conprising an enzyne coenzyne
conplex in a formsuch that no regeneration of the coenzyne takes place

during the reaction of the enzyne-coenzyne conplex with the analyte, where

a dehydrogengge i JISRAIRY RNEIAEmeaNdh (By S SUPROTrL Lol Ve the
detection reagent.. 17. The reagent gy e&gs tclllal nmed in claim 16, charac-
ompl ex“rs

. st
terized in that t%é‘lﬁz r?él-aES’gié) e hg enbedded THEHGE matri x.
18. The reagent q ,%slscleg'ip efnag| AFM BT PreRHIC ERArER eri%ed in t hat
the support is atr9iédston f& tihe GPEly&Pry transparent. 19. The reagent
system as Cl?i med i n any of clairr% 16, to 18, characterized in that the
support conprPsed TEFEILeYPAFTy IBFafGFe St Rt AR e2138Y CFhE rRagent system
as clainmed in anyadpled,aidtmptd sihg:18, characterized in that the support
conprises a plur@) tay Rfteditfifgr edlgdat eebhphi § eagesnt Sen2dmdhe use of a
reagent system as cl aiggRe dyheaB¥mplexCiai #5rdéntHuP) tia@ A@t hod as clai ned
inany of claim 1 t@eh@neration of the coenzyme takes place during

the reaction ¢f the enzyme-coenzyme complex with

the analyte, where a dehydrogenase is used as

enzyme, and

(b} a support to receive the detection reagent.

17. The reagent system as claimed in claim 16, charac-
terized in that the enzyme-coenzyme complex is

embedded in a gel matrix.

18. The reagent system as claimed in claim 16 or 17,
characterized in that the support is at least
partly optically transparent.

19. The reagent system as claimed in any of claims 16

to 18, characterized in that the support comprises
an essentially planar structure.

20. The reagent system as claimed in any of claims 16

to 18, characterized in that the support comprises
a plurality of different detection reagents.

51 The use of a reagent system as claimed in any of

claims 16 to 20 in a method as claimed in any of
claims 1 to 15.



