Stabilization of dehydrogenases with stable coenzynmes Description
The present invention relates to a nethod for stabilizing an enzyne
by storing the enzyne in the presence of a stable coenzyne. The
present invention further relates to an enzyne stabilized with a
stable coenzyne, and to the use thereof in test elenents for
detecting anal ytes. Biochenical neasurerfent systens are inportant
constituents of clinically relevant nethods of analysis. The
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analysis. The priority here 1is to measure analytes,
e.g. metabolites or substrates, which are determined
directly or indirectly with the aid of an enzyme. The
analytes are in this case converted with the aid of an
enzyme-coenzyme - complex and then quantified. This
entails the analyte to be determined being brought into
contact with a suitable enzyme and a coenzyme, with the
enzyme usually being employed in catalytic amounts. The
coenzyme is changed, e.g. oxidized or reduced, by the
enzymatic reaction. This process can be detected
directly, or electrochemically or photometrically
through a mediator. A calibration provides a direct
relationship between the measurement and the
concentration of the analyte to be determined.

Coenzymes are organic molecules which are bound
covalently or non-covalently to an enzyme and which are
changed by the conversion of the analyte. Prominent
examples of coenzymes are nicotinamide  adenine
dinucleotide {NAD) and nicotinamide adenine
dinucleotide phosphate (NADP), respectively, from which
NADH and  NADPH, respectively, are produced by
reduction.



Measur enent systens known in the prior art are notable for being
stable for a limted period and for the specific requirenents on the
envi ronnment, such as cooling or dry storage, for achieving this
stability. For particular applications, e.g. tests carried out by
the final user hinself, such as, for exanple, in the self-nonitoring
of blood glucose, it is therefore possible for incorrect results to
occur through incorrect unnoticed faulty storage The exhausti on of

desi ccants throu prl ckagi.ng opene for too Iong
in particul ar @' Sfr%fﬁ/st %noﬁﬁ’aslunr @ vﬁrten

syst ens, canf@maKEBMQ b@tabb@nfprram Hyﬁnmeduseerlmmeamnomﬁoneamere
enpl oyed to s;mms;e tr%retr%mewtgy 8h 'ehechémff%n

systems is the Q]i:lse of sta enzynes, €. he use enzynes ffom
t her mophi | i c© i 3 r)g\ ﬁGP{ﬁSPr p5§§| mqm{ewg tfd"lsst abidhiddty.
enzymes by cm@m1paﬂtimumdnc&ﬂpkmcaﬁiqms ceo@slm@&megcaQW1ebyout by

t t
{renal ose, pol L BT by el date ng Wchels, SHEF cRiaplgl ST,

or the enzyn c%ﬁ?qﬁioﬁéﬁélo§§d 8lgodpyopHerspol yher i Fat i ienafore
pol ynmer netmxﬂaleﬁte@r’ptslha@rer@ctso besnlradetbo Idmru@ve tthugh

stability o qu% r Y. st a

medi at or s. f%us e speC| %%% qqﬁnﬁéiﬁﬁxﬁgﬁrncﬂi ha qg&&on of
interfer enced%ﬁﬁrQQ?g‘ttsl’let[’r"e%&h o heés péumaryrape@kaguh@o@@hnghemesnedof
medi ators wifdr a tesloxipagenihal paphiien1ap amal,oW188dPOSS Plwu1t

o | ol s S, S R L e cR e "

potential s, identidded @N Wwhehusae. nedi ators is sl owed down or even

st opped.
One known measure employed to increase the stability of
biochemical measurement systems is the use of stable
enzymes, e.g. the use of enzymes from thermophilic
organisms. A further possibility is to stabilize
enzymes by chemical modification, e.g. crosslinking, or
by mutagenesis. In addition, enzyme stabilizers such
as, for example, trehalose, polyvinylpyrrolidone and
serum albumin can also be added, or the enzymes can be
enclosed e.g. by photopolymerization in  polymer
networks.

Attempts have also been made to improve the stability
of biochemical measurement systems by using stable
mediators. Thus, the specificity of tests is increased,
and interference during the reaction is eliminated,
through the use of mediators with a redox potential
which 1is as low as possible. However, the redox
potentials of the enzyme/coenzyme complexes form a
lower limit for the redox potential of mediators. Below
these potentials, the reaction with the mediators is
slowed down or even stopped.

An alternative possibility is also to use biochemical



An alternative possibility is also to use biochem cal 3 neasurenent
systens wi thout nediators, in which for exanple there is direct
detection of coenzynes, e.g. of the coenzyne NADH one di sadvant age
of such neasurenment systens is, however, that coenzymes such as NAD
and NADP are unstable. NAD and NADP are base-|abil e nol ecul es whose
degr adati on pat hways are described in the literature (N J.
Oppenhei mer in The Pyridi ne Nucl eoti de Coenzynes, Academ c Press New
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the glycosyl linkages between the ribose and the
pyridine unit. The reduced forms NADH and NADPH are on
the other hand acid-labile: e.g. epimerization is one
known degradation pathway. In both cases, the
instability of NAD/NADP and NADH/NADPH derives from the
lability of the glycosyl linkage between the ribose
unit and the pyridine wunit. However, even under
conditions which are not drastic, such as, for example,
in agqueous solution, the coehzymes NAD and NADP,
respectively, are hydrolysed solely through the ambient
moisture. This instability may lead to inaccuracies in
the measurement of analytes.

A number of NAD/NADP derivatives is described for
example in B.M. Anderson in The Pyridine Nucleotide
Coenzymes, Academic Press New York, London 1982,
editors J. Everese, B. Anderson, K. You, Chapter 4.
Most of these derivatives are, however, not well
accepted by enzymes. The only derivative which has fto
date therefore been used for diagnostic tests 1is
3-acetylpyridine adenine dinucleotide (acetyl NAD)
which was described for the first time in 1956
(N.O. Kaplan, J. Biol. Chem. (1956), 221, 823). Also
this coenzyme shows a poor acceptance by enzymes and a



3-acetyl pyri di ne adeni ne di nucl eotide (acetyl NAD) which was
described for the first tinme in 1956 (N O Kaplan, J. Biol, Chem
(1956), 221, 823). Also this coenzyne shows a poor acceptance by
enzynes and a 4 change in the redox potential. WO 01/94370 descri bes
the use of further NAD derivatives with a nodified pyridine group.
Modi fications of the nicotinam de group have, however, in general a
direct influence on the catalytic reaction. In nost cases, this
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the nicotinamide group. However there may be an
indirect influence as soon as the enzyme exhibits a
strong and specific binding to the ribose unit.
Kaufmann et al. disclose in this connection in
WO 98/33936 and US 5,801,008, and in WO 01/49247,
respectively, a number of thioribose-NAD derivatives. A
connection between the modification of the
nicotinamide-ribose unit and the activity of the
derivatives in enzymatic reactions has, however, not
been shown to date.

CarbaNAD, a derivative without a glycosyl linkage, was
described for the first time in 21988 (J.T. Slama,
Biochemistry 1989, 27, 183 and Biochemistry 1889, 28,
7688). The ribose therein is replaced by a carbocyclic
sugar unit. Although carbaNAD was described as a
substrate of dehydrogenases, its activity has not to
date been demonstrated c¢linically in biochemical
detection methods.

A similar approach was described later by
G.M. Blackburn, Chem. Comm., 1996, 2765, in order to
prepare carbaNAD with a methylenebisphosphonate
compound instead of the natural pyrophosphate. The
methylenebisphosphonate shows increased stability



A sim | ar approach was described later by G M Bl ackburn, Chem
Comm, 1996, 2765, in order to prepare carbaNAD with a

nmet hyl enebi sphosphonate conpound i nstead of the natural

pyr ophosphat e. The nethyl enebi sphosphonate shows increased stability
5 towards phosphatases and was used as inhibitor of ADP- ribosyl
cyclase. An increase in hydrolysis stabi%ity was not the aim (J.T.
Slama, G M Bl ackburn). WO 2007/012494 and US 11/ 460, 366 di scl ose
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presence of native coenzyne (Bertoldi et al., Biochem J. 389,
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This object is achieved by a method for stabilizing an
enzyme, where the enzyme 1is stored in the presence of a
stable coenzyme. It has surprisingly been Tfound that
long-term stabilization of several weeks or months at
high relative moisture or even in liquid phase and at
elevated temperatures 1is possible with the aid of a
stable coenzyme. This perception is surprising because
it is known that although enzymes have an increased
short-term stability for some hours in the presence of
native coenzyme (Bertoldi et al., Biochem. J. 389,
(2005), 885-898; van den Heuvel et al., (J. Biol. Chenm.
280 (2005), 32115-32121; and Pan et al., (J. Chin.
Biochem. Soc. Vol. 3 (1974), pp. 1-8), they show a
lower stability over a longer period (Nutrition Reviews
36 (1978), 251-254),

Compared with these perceptions in relation to the
prior art, it was surprising that an enzyme has a
distinctly increased long-term stability in the
presence of a stable coenzyme than does an enzyme in
the presence of a native coenzyme, especially since the
stable coenzymes have a lower binding constant with the
enzyme than does the native coenzyme.



prior art, it was surprising that an enzyne has a distinctly
increased long-termstability in the presence of a stable coenzyne
than does an enzyne in the presence of a native coenzyne, especially
since the stable coenzynmes have a | ower binding constant with the
enzynme than does the native coenzyne. 6 The enzyne stabilized by the
met hod of the invention is a coenzynegdependent enzyne. Exanples of
suitable enzynes are dehydrogenases selected froma gl ucose
dehydrogenase (E.C. 1.1.1.47), |actate dehydrogenase (E. C 1.1.1.27,
1.1.1.28), nalate dehydrogenase (E.C. 1.1.1.37), glycerol
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amino transferases, respectively, such as, for example,
aspartate or alanine amino transferase, 5'-nuclectidase
or creatine kinase. The enzyme is preferably glucose
dehydrogenase.

It has proved to be particularly preferable in the
context of the method of the invention to employ a
mutated glucose dehydrogenase. The term “mutant” as
used in the context of the present application refers
to a genetically modified variant of a native enzyme
which, while the number of amino acids is the same, has
an amino acid sequence which is modified compared with
the wild-type enzyme, i.e. differs in at least one
amino acid from the wild-type enzyme. The introduction
of the mutation(s) can take place site-specifically or
non-site-specifically, preferably site-specifically by
using recombinant methods known in the art, whereas,
appropriate for the particular requirements and
conditions, at least one amino acid exchange within the
amino acid sequence of the native enzyme results. The
mutant particularly preferably has an increased thermal
or hydrolytic stability compared with the wild-type
enzyme.



non-site-specifically, preferably site - specifically by wusing
reconbi nant met hods known in the art, whereas, appropriate for the
particul ar requirenments and conditions, at |east one amno acid
exchange within the amno acid sequence of the native enzyne
results. The nutant particularly preferably has an increased thermnal
or hydrolytic stability conpared with the wild-type enzyne. 7 The
nmut at ed gl ucose dehydrogenase can in principle conprise the am no
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The mutation at positions 96, 170 and 252 can in
principle include any amino acid exchange which leads
to a stabilization, e.g. an increase in the thermal or
hydrolytic stability, of the wild-type enzyme. The
mutation at position 96 preferably includes an amino
acid exchange of glutamic acid for glycine, whereas in
relation to position 170 an amino acid exchange of
glutamic acid for arginine or lysine, din particular an
amino acid exchange of gliutamic acid for 1lysine, is
preferred. In relation to the mutation at position 252,
this preferably includes an amino acid exchange of
lysine for leucine.

The mutated glycose dehydrogenase can be obtained by
mutation of a wild-type glucose dehydrogenase derived
from any bilological source, where the term “bioclogical
source” includes in the context of this invention both
prokaryotes such as, for example, bacteria, and
eukaryotes such as, Tor example, mammals and other
animals. The wild-type glucose dehydrogenase is
preferably derived from a bacterium, with particular
preference for a glucose dehydrogenase from Bacillus
megaterium, Bacillus subtilis or Bacillus



| ysine for |eucine. The nutated gl ycose dehydrogenase can be obtai ned
by mutation of a wild-type glucose dehydrogenase derived from any
bi ol ogi cal source, where the term "biological source" includes in
the context of this invention both prokaryotes such as, for exanple,
bacteria, and eukaryotes such as, for exanple, mammal s and ot her
animals. The w |l d-type glucose dehydr@®enase is preferably derived
froma bacterium wth particul ar preference for a glucose
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deri vat i ves coenzyme a has a hlgh stablllty than the
native coenzyme (e.g. hydrolytic stability)}. The stable
coenzyme 1is preferably stable to hydrolysis under test
conditions. Compared with the native coenzyme, the
stable coenzyme may have a reduced binding constant for
the enzyme, for example a binding constant reduced by a

factor of 2 or more,

Preferred examples of stable coenzymes are stable
derivatives of nicotinamide adenine dinucleotide
(NAD/NADH) or nicotinamide adenine dinucleotide
phosphate (NADP/NADPH), or truncated NAD derivatives,
e.g. without the AMP moiety or with non-nucleoside
residues, e.g. hydrophobic residues. Likewise preferred
as stable coenzyme in the context of the present
invention is the compound of the formula (I)



e.g. wthout the AMP noiety or with non-nucl eoside residues, e.qg.
hydr ophobi ¢ residues. Likew se preferred as stable coenzyne in the
context of the present invention is the conpound of the formula (1)
9 ONHR N O 11 00 SOH HO COH (lI). Preferred stable derivatives
of NAD/ NADH and NADP/ NADPH are described in the aforenenti oned
references, the disclosure of which is %hereby expressly incorporated
by reference. Particularly preferred stabilized coenzynes are
described in WO 2007/ 012494 and US 11/4260366, respectively, the
di scl osure of which is hereby expressfly incorporated by reference.
The stable coenzyne is particu ably selected from
conpounds havi ng the general f (1IY"ARY VZ-~NO W OT V 12
HO z/ X PX P\ UT(IlI) wth deni ne or an anal ogue thereof, T
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Preferred stable derivatives of NAD/NADH and NADP/NADPH
are described in the aforementioned references, the
disclosure of which is hereby expressly incorporated by
reference. Particularly preferred stabilized coenzymes
are described in WO 20067/012494 and US 11/460366,
respectively, the disclosure of which is hereby
expressly incorporated by reference. The stable
coenzyme 1s particularly preferably selected from
compounds having the general formula (II)

A
Y i =
V
NG
AR
HO O\#f q_/XZ
/XN
Xy
- (N
with
A = adenine or an analogue thereof,
T = 1in each case independently 0, S,
U = in each case independently OH, SH, BHsz", BCNH,,
V = 1in each case independently OH or a phosphate

group, or two groups forming a cyclic phosphate



U =in each case independently OH SH, BH3-, BCNH2-, V = in each case
i ndependently OH or a phosphate group, or two groups formng a
cyclic phosphate 10 group; W= COOR, CON(R)2, COR, CSN(R)2 with R =
in each case independently H or Cl-C2-alkyl, X1, X2 = in each case

i ndependently 0, CH2, CHCH3] C(CH3)2, NH, NCH3, Y=NH, S 0, CH, Z
= a linear or cyclic organic radical, whth the proviso that Z and

the pyridine residue are not |inked by a glycosidic |inkage, or a
salt or, where aggbﬁﬁriate, a reduced formthereof. Z in the
conpounds of the fa (1) is preferably a linear radical having

4-6 C atons, Wpref EPER} y CANCR) st GIAR, iCENEH ))chwithr R2 =C i ogaclar ease

optional Iy replacefdep¥n@der By HRyre ietLiqalens selected fromO0, S
and N, or a adhgal Including a c cILcngo g’mhich has 5 or 6 C
h

atoms and whi tiondl" yEa6tpr§ d'AEPerBanbhY <bl eftled GHEMe0, S
and N and opti onaCl(QHone BH, MdCHy, substituents, and a radi cal CR42,
where CR42 i g bonggd §0 gt cyclic group and to X2, with R4 = in
each case independepily H F O, CH3. Z is particularly preferably
a saturated 6r “unat 41RE2U Uar KYEYAFi cOb¥ambt erddlicieile Swishbet el

ring, in particubaovaseonpaund odnd hehgemgirabiher masadlel lard not
C(R4)2--..R5Z ERSliﬁgéd gﬁﬁ( Ilalxsggiaica fiﬁ%ﬂé%fDrogo%?'%aﬁ%”doPPy

be present between 5"
where appropriate, a reduced form thereof.

Z in the compounds of the formula (II) is preferably a
linear radical having 4-6 C atoms, preferably 4 C
atoms, in which 1 or 2 C atoms are optionally replaced
by one or more heteroatoms selected from 0, S and N, or
a radical including a cyclic group which has 5 or 6 C
atoms and which optionally comprises a heteroatom
selected from 0, S and N and optionally one or more
substituents, and a radical CR*Y,, where CR% is bonded to
the cyclic group and to X3, with R* = in each case
independently H, F, Cl, CH,.

Z 1s particularly preferably a saturated or unsaturated
carbocyclic or heterocyclic 5-membered ring, in
particular a compound of the general formula (III)

RS
C(R4hf~NFP// \\\Rw
\ /
R*—R”

(i)

where a single or double bond may be present between RS
and R, with
R* = in each case independently H, F, Cl, CHa,



R4 = in each case independently H F, d, CH3, 11 RS = CR42, where
R5' = 0, S, NH NCl-C2-alkyl, CR42, CHOH, CHOCH3, and R5" = CR42,
CHOH, CHOCH3 if there is a single bond between R and R5"', and
where R5' = R5" = CR4 if there is a double bond between R5' and R5",
and R5, R6' = in each case independently CH or CCH3. In a preferred
enbodi ment, the conpounds of the inventiifon conprise adenine or
adeni ne anal ogues such as, for exanple, C6- and N6-substituted

adeni ne, deazg® waR‘ants such as 7-deaza, aza variants such as 8-aza

or conbinati uch- as 4-deaz r g8xa rbagycl i n S
such as forny@ﬁ%fémﬁgreészkh§g7?N hzgcfégfgéhfg’n&&zbecgﬁﬁgtﬁ#ﬁggg’in
position 7 by2Afl ogen, Cl-C6-al kynyl, -alkenyl or -alkyl. In a
further preferred=entreg MIMoH,t NEHOOAPOWRUSE he&XUPHISS € adEIRSId €bond
anal ogues whigh, in tﬁ@d of Eybose conprise for exanple
2-nethoxydeox§?¥ﬂ%§§, 2'9ngl oroﬁ@@xyribose, hexitol, altritol and
pol ycyclic anBeoguBs, =+ d¥pect CREI YT shete ass bacyiolble bhNAd aedween
tricycl o-sugags. ghl kskpgﬁgible in particular in the conpounds of the
formula (11) sq.for (di)phosphate oxygens to be replaced
isotronically%gs 6h‘a§f‘ﬁ%§*bf%ﬁﬁlépd8¥gB§e@$féHH*Bﬁéfx?bspectively,
0 by NH, NCH3 and CH2, respectively, and =0 by =S. Win the

conpounds of e formul of, : ] nt i i f bl
or "Reers” o EFu ke ETSEoh CRabPSIMENEYL s | Eolbalaray brGRE
It is furthertPY@PetPRd GOBPTREE 134 NG| BEt &deNi/m @pglogues such

as, Tor example, Cs- and Ng-substituted adenine, deaza
variants such as 7-deaza, aza variants such as 8-aza or
combinations such as 7-deaza or 8-aza or carbocyclic
analogues such as formycin, whereas the 7-deaza
variants may be substituted in position 7 by halogen,
C;-Cs-alkynyl, -alkenyl or -alkyl,

In a further preferred embodiment, the compounds
comprise adenosine analogues which, instead of ribose,
comprise for example 2-methoxydeoxyribose, 27 -
fluorodeoxyribose, hexitol, altritol and polycyclic
analogues, respectively, such as bicyclo-, LNA- and
tricyclo-sugars.

It is possible in particular in the compounds of the
formula (II) also for (di)phosphate oxygens to be
replaced isotronically, such as, for example, 0 by §°
and BH;, respectively, 0 by NH, NCH; and CH,,
respectively, and =0 by =S8.

W in the compounds of the formula (II) of the invention
is preferably CONH, aor COCH;.

R® in the groups of the formula (III) is preferably CH,.
It is further preferred for R® to be selected from CH,,
CHOH and NH. In a particularly preferred embodiment, R¥



CHOH and NH. In a particularly preferred enbodiment, R5' 12 and R5"
are each CHOH, In yet a further preferred enbodinent, R5" is NH and
R5" is CH2. Specific exanples of preferred stabilized coenzynes are
depicted in Figure 1A and B. In the nost preferred enbodi ment, the
stabl e coenzyme is carbaNAD, The nmethod of the invention is _
particularly suitable for |long-term stabilization of enzynmes. This
nmeans that the enzyne stabilized with a stable coenzyne shows when

stored, e.g, dpy s t ex | e gver a ri od of at | east
2 weeks, pref@?ab_y o?pgt?ﬁﬁﬁktEﬁb”mB ot p%rtf%ﬁ% Ny PREEREFEBI y
of at |east SMROEEBENta REclisneVl narthzRite isctHyi t gppréfecabkumplekess
than 50% p@rrtiwbaewe@refs@a@piyzécﬁsscéé?fz@m%%% apd maﬁbii;%ﬁ et ably
of | ess thanF%%?$in eIa¢| ntotheinitia enzyme activity. The

met hod of the-i vgn}éoﬂn ther includes a storage of the enzyme
stabilized wth a stable coenzyne at el evated tenEeratures,lfort
exanpl e at arherfr ahode€ Sferdtrd® {merty ef at, lLeas

25C, and parti cul r&X prgf%ragiy g%$%%91ég§; 3@%? %%%QL%Z§Rﬁnzyme
activity in Eﬁigaéﬁé Beclines preferably by less than 50%
particularly preferably I ess than 30% and nost preferably | ess than

% i | at i i i g tiak devels Lt is possibl the.
Ctabi i zat ?Eggﬁct"%ﬁd@"?g'%‘% e ReBiiehn 15 BRI R Yy Shatante

stabilized wPh a08Fabfen Tkt iz tdpan ofi enaymes. dThiagmeaagenbat or
a long ti rrebthasehaylmeaw@biab%mi S»grt(ml/ Qr f%?bP‘ﬁg%EﬁS‘é‘?F?ﬁE%@ia@@%‘e
'S0 10 be Stovniar G4 gy of i wbstande, ' MFor Si&amp e over 2
period of at "least 2 weeks, preferably of at least 4
weeks and particularly preferably of at least 8 weeks,
a decline in enzyme activity preferably of less than
50%, particularly preferably less than 30% and most
preferably of less than 20% in relation to the initial

enzyme activity,

The method of the invention further includes a storage
of the enzyme stabilized with a stable coenzyme at
elevated temperatures, for example at a temperature of
at least 20°C, preferably of at least 25°C, and
particularly preferably of at least 30°C. The enzyme
activity in this case declines preferably by less than
50%, particularly preferably less than 30% and most
preferably less than 20% in relation to its initial
level.

It is possible by the stabilization according to the
invention to store the enzyme stabilized with a stable
coenzyme even without a drying reagent for a long time,
as indicated above, and/or at high temperatures, as
indicated above. It is further possible for the
stabilized enzyme also to be stored at a high relative
humidity, e.g. a relative humidity of at least 58%, in
which case the enzyme activity declines preferably by



hum dity, e.g. arelative humdity of at |least 50% in which case
the enzyne activity declines preferably by 13 Iess than 50%
particularly preferably I ess than 30% and nost preferably |ess than
20% in relation to the initial level. The storage of the enzyne
stabilized wwth a stable coenzyne can take place on the one hand as
dry substance and on the other hand inlBiquid phase. The storage of
the stabilized enzyne preferably takes place on or in a test el enent

sui L?bl e for deter rihainngs@m, @aatyb@%aﬁngl pﬁé’?gﬁabl@blﬂelséed%hﬁri h3@v
st abl e coenzy n ef er tituent. of a

det ection regggn %Slt éﬁbrr;ef%m&re eésp?pr a?% i’ yleglrﬁl}ﬁos]e TG (Fi%er
constituents suéhlak l¢%ﬁlexanple salts buffers, etc. The
detection reagent is in thls case - preferably free of a nediator. The
enzyne stabilized with 3 bl coen enpl oyed for

det ecti ng anajlrégess\,qgofr&'g ﬁ’p I-g"epa%{ 'P%r albrﬁt}c? fW%ﬁas 35 hakke
for instance, Cbtooyne se¢6um tteas . ase annethandona sbange aarrpdress

or food prod§95§taﬁ@§p§ﬁal\b¢ﬂ YtheA‘né‘JciYéresh&\ﬁ'?]CEncelrlcf?ﬁod%r%{s(? efhar e
any bi ol ogi cal or etecte

he tances whic b
Codon CroscsBhoT et SLLERs s fa LiHech earuneypeer arBb Ly Takes place
coenzynme- depeonlemr ehrzyae tHstarelemmnlsebumBabbenzfxome delepenicemly an

enzymes. Pr efgﬁafﬂfxavﬁbe%ngpma %sil%ﬁ »@'tHC%Sesté@ éls 08k oﬂnb

malic acid, glycero es ero cer
acid, cystelné l@lﬁ@%ﬁrﬁ%ﬁ% pEﬁﬂﬁr%ﬂéy auPQQSt&ﬁHSHFqu §aﬂ?E@¢%&Qﬂ
pyruvat e, nuagemnlcwhmchcrmﬁylrwhdﬁenaa@ fOK)yiatbachake comprise

dehydroge“asef&%r cAS R didhdsde kh EQ? 207! YE&ahp1 8T eT €1ARL Y

gl ucose. . . . .
buffers, etc. The detection reagent is in this case
preferably free of a mediator.

The enzyme stabilized with a stable coenzyme can be
employed for detecting analytes, for example parameters
in body fluids such as, for instance, blood, serum,
plasma or urine, and 1in sewage samples or food
products, respectively.

Analytes which can be determined are any biological or
chemical. substances which can be detected by a redox
reaction, e.g. substances which are substrates of a
coenzyme-dependent enzyme or are themselves coenzyme-
dependent enzymes. Preferred examples of analytes are
glucose, lactic acid, malic acid, glycerol, alcohol,
cholesterol, triglycerides, ascorbic acid, cysteine,
glutathione, peptides, urea, ammonium, salicylate,
pyruvate, 5’ -nucleotidase, creatine  kinase @ (CK),
lactate dehydrogenase (LDH), carbon dioxide etc. The
analyte is preferably glucose.

Another embodiment of the present invention relates to
the use of a compound of the invention or of an enzyme
stabilized with a stable coenzyme according to the



Anot her enbodi ment of the present invention relates to the use of a
compound of the invention or of an enzyne stabilized with a stable
coenzyne according to the 14 invention for detecting an analyte in a
sanple by an enzymatic reaction. The detection of glucose with the
ai d of glucose dehydrogenase (A ucDH) is particularly preferred in
this connection. The alteration in thesstable coenzyne by reaction
with the analyte can in principle be detected in any may. It is

possi ble in £ e e_all ds _ known om pri_or
art for det eﬂ{\{%lgjlnzyﬁlg%ée)%tw% af Hg%égg M e 3‘7‘@%1:%?%’8napn
t he coenzyneeN&YMetdiCerzaaatiatet e’HTQadd@)Efe@ptqrtade nmglhodse @pthcahe
detection neifidst ighokude fdehyexafehaséhecBasHyemanty Hf ahaqrati on,

fIuorescenc2¥F%k%9%§pépdkﬁgﬁo%§$hé% {H%optlcal rotatory di spersion

(ORD), refr tection method which is
preferably used in the context of the present application is

photonetry. Tr@fﬁwe{ﬂl%nmﬁﬁbtrrﬁi@ltaﬂﬁe b %reatb'yoqe'a'&tﬁﬁﬂ with

coenzyme as resu reaction.wth the an %gkﬁ requires, however,
e

the addition 5?@9@#@@ S840 A0 PEIREIP LR DGl QMﬁW:@ﬁyn@ﬁﬁasé§ t he
reactivity ofstpessiktecdd qmennwaﬂ&anﬂonmmpioytrun&5|b1£ fmerthods

el ectrons t qndu Hﬁ%ﬂﬁ&ﬁ&b@d3}9 ?o?UHEﬁg&g}ﬁﬁg% wéﬂl 9%&&&1%5§ t he

opti cal |nd| at or system iators suit 0S€es 0
present SVET rard§ nk e%ﬁﬁ%PWu%WOEBﬁnFPPHégmguéﬁ éﬁefﬁéﬁbly

exanpl e, [(@ﬂama@omrqpﬁmdalnm}ethhmlshamitmﬁdr Q%et@@t@.bhd@et%'étigones
such s, Tor: @yl erorPNeDaRt E CIAA RRass roRBEPaT T dhineayngnes

or benzo[h] U|noI|ne ui nones,  phenazi neés~suc
1- ( 3- car box @%&Pﬂsﬂetﬁgrﬁﬁéﬁézdh¢®m@lsm (CD), 0ptlcal rotatory
dispersion (ORD), refractometry etc.

An optical detection method which is preferably used in
the context of the present application is photometry.
Photometric measurement of an alteration in the
coenzyme as a result of reaction with the analyte
requires, however, the additional presence of at least
one mediator which increases the reactivity of the
reduced coenzyme and makes it possible for electrons to
be transferred to a suitable optical indicator or an
optical indicator system.

Mediators suitable for the purposes of the present
invention are inter alia nitrosoanilines such as, for
example, [(4-nitrosophenyl)imino]dimethanol hydro-
chloride, quinones such as, for example,
phenanthrenequinones, phenanthrolinequinones or
benzo[h]quinolinequincnes, phenazines such as, for
example, 1-(8-carboxypropoxy)-5-ethylphenazinium
trifluoromethanesulfonate, or/and diaphorase
(EC 1.6.99.2). Preferred examples of phenanthroline-
quinones include 1,216-phenanthroline-5,6-quinones, 1,7-
phenanthroline-5, 6-quinones, 4,7-phenahthroline-5,6~
guinones, and the N-alkylated and N,N’-dialkylated



trifluoromethanesul fonate, or/and di aphorase (EC 1.6.99.2).
Preferred exanpl es of phenanthroline- quinones include

1, 10- phenant hrol i ne- 5, 6- qui nones, 1,7- phenant hroli ne-5, 6-qui nones,

4, 7- phenant hrol i ne-5, 6- qui nones, and the N-al kyl ated and

N, N -di al kylated 15 salts thereof, with_preference as counter ion in
the case of N-alkylated and N, N - dlalk}ﬁated salts, respectively,
for halides, trifluoronethanesul fonate or other anions which

i ncrease the sellubi ltingreolft, iw tfospréferdrcaises agoaptiecalionndircatbe

or as optical,kpdi caf or Nsxég,kgmeﬁl Z%Lanﬁemmafglma%{e%ducgaﬁsa“d

on reduction experiences ectal ini
properties sufRSBECLi¥EL¥xahPl ehali@ourtr ¥ ﬁﬁﬂﬁ%ﬂ&@esﬂéfpééiénéé

transni ssi on, othelaahzaté ovhixH airt reefseathieveoll ogexityet er m nation of
the presence or/and the amobunt of the analyte in the sanple can take
place with the unaided eye or/and by neans of a detection device

usi ng a phot ofbt ri® rRdFfodPlenhiteh Uppeds vtotheadui irdicatay aoperadn

;kagleﬁ Inhth@Ft%E&l Fﬁm@g@a@bvaCI t@md umyparéuwéﬂéﬁce wh%fh is
, 18- phospho aci d, are p used as optical indi

and are redulg gﬁg%% rggpo %f%%ﬁé?éBSF&eB?E% E#hgeﬁ?Fg?éf#on
in the coenzyﬁbangepaﬂtﬂéal@PﬁycabréfepabtyeﬁesecheﬂSbyanasmamnbexhe

f1uorescence, coEbuprescen%%ragaéne@nentrb$1ab98h&eSensw&bﬁgmégélaﬁkes
it possible to detect ntrations

te
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the alteratibhei prelenceemrymndel det raedemt caf | yhesiamplyte sirn t bl e

test el enent §Hﬁﬁl@50aho%é?§”$d§beaﬂltﬁl?ﬁér%ﬁggﬁbﬁakﬁéﬁﬁrfﬁﬁdFby

The precondition for
means of detectlon device using a photometric method
which appears to be suitable to a person skilled in the

art.

Heteropolyacids and in particular 2,18-phosphomolyhdic
acid are preferably used as optical indicators and are
reduced to the corresponding heteropoly blue.

The alteration in the coenzyme is particularly
preferably detected by measuring the fluorescence,
Fluorescence measurement is highly sensitive and makes
it possible to detect even low concentrations of the
analyte in miniaturized systems.

An alternative possibility is also to detect the
alteration in the coenzyme electrochemically using a.
suitable test element such as, for example, an
electrochemical test strip. The precondition for this
is once again the use of suitable mediators which can
be converted by the reduced coenzyme, by transfer of
electrons, into a reduced form. The analyte 1is
determined by measuring the current which is needed to
reoxidize the reduced mediator and which correlates
with the concentration of the analyte in the sample.



is once again the use of suitable mediators which can be converted
by the reduced coenzyme, by transfer of electrons, into a reduced
form The analyte is determned by neasuring the current which is
needed to reoxidize the reduced nediator and which correlates wth
the concentration of the analyte in the sanple. 16 Exanples of

nmedi ators which can be used for electrngcheni cal nmeasurenents include
in particular the aforenentioned nediators enployed for photonetric

t Stk osst bl et a li,quid test to detect an
mnalyto in aheap1BsbosHt e Fesdanttee ruMangre i oot hasesh m 69T a
sol ution or §&§5§ﬁ@PBﬁmiﬁahnmaqaéeemﬁmﬁs honbigieolls paquidubar ashe
powder or |yefbirkinaateonedlonen@riatitsi S éﬂﬁ%by%%SSLﬂggoﬁ@hBESPQEE{X

test, in whi reagent is applied to a suppc _ _
strip. The s@%%gg?gﬁ%bpghclude for exanple a test strip including an

absorbent or/and swellable material which is wetted by the sanple

liquid to beritnvest irgatae. rtjcul arlys e test format
ihgrhdesothelﬁ $§§of the%lﬁﬁ ﬁg l#ﬁ%oge %%ﬂ%ﬁiogéggséﬁajﬁﬁﬁgggtéﬂ?e
NAD ' der i vat RUBTYBF! adfledt g‘?%%%s%'?ei REMBPBR dasdar eanpa iie of
the reduced ¢bendyire KADH i soXuwtrined. oNARNSpdres idet egt ath byq@esi<adr

t hods, e. meyrELGiQr  fl uQro i etermpatipn.after U/
ggci?afioﬁ.g§OH¥gP??%ﬁlag? Bégefgﬁre %%ggﬁé%@%ten?fs 3898 ?%ﬁﬁaF%' Us
2005/ 0214801 HOVEVGR Ctexbt e84 SPerasaibde stératee feer 8ry Thespr esimt

invention fuwhheh cebateseakeagént anseagyIied st@bal sggsh v t hy ar @bl e

coenzynme, wh £ h i ';qq ; 0 on_storage for ]

preferably a?EF%%éﬁTiéa§€gts, égﬁgﬁ%ﬁﬁgagy$%feﬁé?58ﬁ9 at teghsttiip

weeks and including an absorbent or/and swellable material which
is wetted by the sample liquid to be investigated.

A particularly preferred test format includes the use
of the enzyme glucose dehydrogenase with a stable NAD
derivative for detecting glucose, in which case a
derivative of the reduced coenzyme NADH is formed. NADH
1s detected by optical methods, e.g. by photometric or
fluorometric determination after UV excitation. A
particularly preferred test system is described in
US 2005/0214891, to which express reference is made
here.

The present invention further relates also to an enzyme
stabilized with a stable coenzyme, where the stabilized
enzyme shows on storage for preferably at least 2
weeks, particularly preferably at least 4 weeks and
most preferably at least 8 weeks at a temperature of,
preferably, at least 20°C, particularly preferably at
least 25°C and most preferably at least 30°C, where
appropriate with high humidity and without a drying
reagent, a decline in the enzymatic activity of less
than 50%, preferably less than 30% and most preferably
less than 20% compared with the initial level.



nost preferably at | east 8 weeks at a tenperature of, preferably, at -
| east 20C, particularly preferably at |east 25C and nost preferably
at |l east 30C, where appropriate with high humdity and w thout a
drying reagent, a decline in the enzymatic activity of less than
50% preferably | ess than 30% and nost preferably | ess than 20%
conpared with the initial level. 17 Thé7i nvention further rel ates
also to a detection reagent for determ ning an anal yte which
conprises an Téezydevehaliohi zBgrthdh aedlagklse absozyt® as idutiecatied

above. The inyeninR Illéﬁg?ﬁihl d%ﬁ?saﬁglfﬁgeﬁﬁlcﬁlEgﬁﬂplggécgn

conprises an enzyme sta acco [ nveént i-on"an
det ecti on rea@@ﬁﬂmerégﬁﬁét1@8Fyhﬂiébd%r8Fﬁ@1¢oCPﬁEZVMQeﬁ§|dmleﬁéEd

detection feaggaleandrhd h&nw@atleherm:mtlrmaggtIW@l%emxob&a test
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an anal yte. SGé&hthet dsivestipp aodphi desecthen areagantst asisnesdd vailvh a

stabl e coenzyaec@radlngmﬁ@blﬂnezeﬂn@éh@ibrabsr»ﬁ@eaét@ééwﬁ puehbab! and
material such,as,, for cel |l ul ase, plastlc

invention is Fgebet%§$lggﬁg |h|ﬁﬁ§?qﬁ§93|# by "The %@ol?%&&qéﬁaiSBFes
and exanpl es: cBssyingt oot ofryvt " Fliguwist Fgise The teptcelement fibe

stable coenzygpeearBBiiily cestV Bty il s ordir dRRIG O PndliBfiet) 2] €

coenzyme pyrroli tion l'ts Q he
gl ucose dehy9P5SEHé§B Eﬁﬁyﬂ% aPﬁEYF%s ﬁﬁ hé‘p?%%%néEer RBPT ARES| n
t he presence @hecNaDzymespetabyvtized baeiiorte and stafttler sbenagee and

immobilized on an absorbent or/and swellable material
such as, for instance, cellulose, plastics, etc.

The invention is to be explained in more detail by the
following figures and examples:

Description of the Figures

Figure 1A: depiction of the stable coenzyme carba-NAD
(cNAD).

Figure 1B: depiction of the stable coenzyme
pyrrolidinyl-NAD.

Figure 2: depiction of the results of the glucose
dehydrogenase enzyme kinetics 1in the presence of NAD
and in the presence of cNAD, respectively, before and
after storage.

2A: kinetics of GlucDH in the presence of NAD after 1
day.

2B: kinetics of GlucDH in the presence of cNAD after 1
day.

2C: kinetics of GlucDH in the presence of NAD after
storage at 32°C and 85% relative humidity for 5 weeks.
2D: kinetics of GlucDH in the presence of CcNAD after
storage at 32°C and 85% relative humidity for 5 weeks.



2A. kinetics of QucDH in the presence of NAD after. 1 day. 2B

ki netics of GlucDH in the presence of cNAD after 1 day. 2C kinetics
of QucDH in the presence of NAD after storage at 32C and 85%
relative humdity for 5 weeks. 2D kinetics of @ucDH in the
presence of cNAD after storage at 32C and 85%rel ative humdity for
5 weeks. 18 Figure 3: conparison of the blank val ues for gl ucose
dehydrogenase in the presence of NAD and of G ucDH in the presence
of cNAD, respectively, over a period of up to 5 mest athZCland 85%
hum dity. Figure 4:_ depiction of various function plots o ucose
dehydroéenasglﬁYf%r sto?%@ﬁ@%ﬁs%ﬂLﬁﬁsé ed@ﬂ?ﬂkod@d@@é|ﬁ9ﬂfﬂi@ﬁ@%énce
of NAD at 32Qehydr@FEhadwininli tie Phesshos age NADE avar iogd dgiaRe N nl

day and 5 S ct ious function. plots of
gl ucose deh;\Eﬁg e%%%%ﬂg f@? s{ radgg%?%Eﬁvgggb Oﬁ%ﬁyﬁr%ﬁr‘gi i 'R he
presence of el atanid’ %Wdhﬁﬁ?dhwldﬂ%e storage tine varied
bet ween 1 day and 5 weeks (Figure 5A) and between 1 day and 24 weeks

Fi gure 5B), ciive e 6' depiction of the residua
f:ont ent of gﬁ% A CNA) %Jf&elfb%;t tlage’ %f dp W fetase 9
the pr esenc@l@ﬁOWXD Mymlenﬁégpecafw Y, sa:torage andf85%lmlmed| ty
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Figure 5: depiction of various function plots of
glucose dehydrogenase after storage of glucose
dehydrogenase in the presence of cNAD at 32°C and 85%
humidity. The storage time varied between 1 day and 5
weeks (Figure 5A) and between 1 day and 24 weeks
(Figure 5B), respectively,

Figure 6: depiction of the residual content of NAD and
CNAD after storage of glucose dehydrogenase in the
presence of NAD and cNAD, respectively, at 32°C and 85%
humidity for 24 weeks.

Figure 7: depiction of the GlucDH activity after
storage of glucose dehydrogenase in the presence of NAD
and cNAD, respectively, at 32°C and 85% humidity for 5
weeks (Figure 7A) and 24 weeks (Figure 7B),
respectively.

Figure 8: depiction of the GlucDH activity after
storage of glucose dehydrogenase (GlucDH-wt), the
double mutant GlucDH_E96G_E170K (GlucDH-Mutl) and the
double mutant GlucDH_E170K_K252L. (GlucDH-Mut2) in the
presence of NAD and cNAD, respectively, at 32°C and 83%
relative humidity over a period of 25 weeks.



Figure 8. depiction of the GlucDH activity after storage of glucose
dehydr ogenase (GlucDHwt), the double nmutant G ucDH E96G E170K
(JucDHMitl) and the double nutant GlucDH E170K K252L (G ucDH MUt 2)
in the presence of NAD and CNAD, respectively, at 32C and 83%
relative hum dity over a period of 25 weeks. 19 Figure 9: analysis
of glucose dehydrogenase by gel electréBhoresis after storage in the
presence of NAD and cNAD, respectively. Test conditions: MN 10-220

kDa markers; FlguckusbH NARly5Siseeks afluetse?l: déhydfdydinize Dyweghs
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(Figure 11B), OTr d¥fc@infel GNARest BSHRGCEVERY - %%tDHCP@ AGARTS * NA
and CcNAD, respez20dvieby, markepém 1:beifedd 8.3 MAmls, NAD,Z M hdlats;

pH 8.5, tenpepatgfg.R9C I QURG/h2: anglapsis ods al Gohol deEYdfs?QSﬁ'lff‘se
from yeast 8.5 mg/ml, NAD, 96 hours; 4: GlucDH 8.5 mg/ml, NAD,
118 hours; 5: GlucDH 8.5 md/ml, NAD, 140 hours;
6: GlucDH 8.5 mg/ml, NAD, 188 hours; 7: GlucDH
8.5 mg/ml, NAD, 476 hours; 8: GLucDH 8.5 mg/ml, cNAD,
@ hours; 9: GlucDH 8.5 mg/ml, CNAD, 188 hours;
10: GlucDH 8.5 mg/ml, cNAD, 476 hours.

Figure 1i1l: depiction of the stability of glucose
dehydrogenase in the presence of NAD and <cNAD,
respectively, in liquid phase at 58°C over a period of
4 days (Figure 11A) and 14 days (Figure 11B),
respectively. Test conditions: GlucDH 10 mg/ml; NAD and
CNAD, respectively, 12 mg/ml; buffer: 6.1 M Tris, 1.2 M
NaCl, pH 8.5; temperature 50°C.

Figure 12: analysis of alcohol dehydrogenase from yeast
by gel electrophoresis after storage in the presence of
NAD and CcNAD, respectively. Test conditions: Mw,
10-220 kDa markers; 1: ADH, 65 hours at 6°C;
2: ADH/CNAD, 65 hours at 6°C; 3:; ADH/NAD, 65 hours at
6°C; 4: ADH, 65 hours at 35°C; 5: ADH/CNAD, 65 hours at
35°C; 6: ADH/NAD, 65 hours at 35°C.

Figure 13: analysis of alcohol dehydrogenase from yeast



by gel electrophoresis after storage in the presence of NAD and
CNAD, respectively. Test conditions: MN 10-220 kDa markers; 1: ADH,
65 hours at 6C, 2: ADH cNAD, 65 hours at 6C, 3: ADH NAD, 65 hours at
6C, 4: ADH, 65 hours at 35C, 5: ADH/ cNAD, 65 hours at 35C; 6:

ADH NAD, 65 hours at 35C. Figure 13: analysis of al cohol
dehydrogenase fromyeast 20 by gel elaectrophoresis after storage at
35C in the presence of NAD and cNAD, respectively. Test conditions:

10- 220 Kk y .1 day;
ADH NAD, 2 oty 885 Ul REiohe %‘P AP 559 Bt gapec i th
ADH/ cNAD, owya%/%encw ROH B, 1atihy: CQADADI-VEWCQI‘CE\MS 9Test

ADH cNAD, 3 catabisiich®: AR aBAB2o6ko@Yikar el 1 14pHISRCt IQO@a?/f .the

tability of,al d ge ye n the presence’ of NAD
an ICNA% res;ggpﬂhéﬂngyﬁggfqggdighé@gbat 5@9%@@rﬁa AB@? 8% of 65
hours. Test Qﬁﬁﬁdltléns DIMWADS, ngBnd ;dayad aft ANMONADgspe@t i dalyy,; 50
mg/ m; buffer: m/rsmwazl&zaay, gl y&bAgeNAY 920da§sewrger§\w/%wﬁéc
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Figure 15: depiction of various function plots of
glucose dehydrogenase after storage in the presence of
NAD and various mediators at room temperature for 11
weeks.

Figure 16: depiction of the results of the glucose
dehydrogenase enzyme kinetics in the presence of NAD
and 1-(3-carboxypropoxy)-5-ethylphenazinium trifluoro-
methanesulfonate at various glucose concentrations.

Figure 1i7: diagrammatic depiction of glucose detection
with GlucDH as enzyme and diaphorase as mediator.

Figure 18: depiction of the function plots of glucose -
dye oxidoreductase (GlucDOR) in the presence of
pyrrologquinolinequinone (PQQ) and [(4-nitroso-
phenyl)imino]dimethanol hydrochloride as mediator, and
of glucose dehydrogenase in the presence of NAD and
diaphorase/[{4-nitrosophenyl)imino]dimethanol
hydrochloride as mediator, respectively.

Figure 19: depiction of the results of the glucose



pyr rol oqui nol i nequi none (PQQ and [(4-nitroso-

phenyl )i m no] di met hanol hydrochl oride as nediator, and of glucose
dehydrogenase in the presence of NAD and

di aphorase/ [ (4-nitrosophenyl)i m no] di met hanol hydrochl ori de as

medi ator, respectively. Figure 19: depiction of the results of the

gl ucose 21 dehydrogenase enzyne kineti€s in the presence of NAD and
di aphorase at various glucose concentrations. Figure 20: depiction
of the currentehpdsogedass anzimactkiortdtst hin gkbeoge ecencentafat Nam
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Example 1

Carba-NAD (Fig. 1A} or NAD were added to the glucose-
specific GlucDH. These formulations were in each case
applied to Pokalon film (Lonza) and, after drying,
stored under warm and moist conditions (32°C, 85%
relative humidity). The reaction kinetics and the
function plot were subsequently determined at regular
intervals. In parallel, at each of the times of
measurement a cNAD/NAD analysis and a determination of
the residual activity of the enzyme were carried out.

The kinetics plots for NAD (Figure 2A) and CcNAD
(Figure 2B) determined on the first day are comparable
and also show a similar rise in the glucose dependence.
However, a distinct difference in the kinetics plots is
evident after 5 weeks. Whereas the kinetics for NAD
(Figure 2C) decrease greatly in their dynamics, the
kinetics of the enzyme stabilized with c¢cNAD remain
virtually unchanged (Figure 2D).

There is also a distinct difference in the blank values



evident after 5 weeks. \Wereas the kinetics for NAD (Figure 20
decrease greatly in their dynamcs, the kinetics of the enzyne
stabilized with cNAD remain virtually unchanged (Figure 2D). There
is also a distinct difference in the blank values 22 (dry bl ank

val ue before application of a blood sanple), as is evident from
Figure 3. The rise in the dry blank v&due for NAD is attributable to
the formation of fluorescent particles (Oppenheiner (1982), Supra).
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concentrations, which is a typlcal 51gn that the
amounts of enzyme/coenzyme are too low, Figure 5B shows
various function plots of the glucose dehydrogenase
stabilized with cNAD over a period of 24 weeks. It is
clear in this connection that the function of the
enzyme 1is only slightly changed at high glucose
concentrations throughout the period and approximately
corresponds after 24 weeks to the value obtained after
5 weeks.

The relation between structure of the coenzyme and its
stability over a predetermined period is evident from
Figure 6. According to this, the residual content of
cNAD in a glucose detection reagent after storage (at
32°C and 85% relative humidity) for 24 weeks is still
about 80% of the initial level, whereas the content of
NAD in a glucose detection reagent stabilized with NAD
declines after only 5 weeks to about 35% of the initial
level and, by extrapclation, is reduced to zero after
about 17 weeks.

The result of the determination of residual activity of
the active GlucDH enzyme after 5 weeks at 32°C and 85%
relative humidity (Figure 7A) is completely surprising.



NAD in a glucose detection reagent stabilized with NAD declines
after only 5 weeks to about 35%of the initial |evel and, by
extrapol ation, is reduced to zero after about 17 weeks. The result
of the determination of residual activity of the active G ucDH
enzyne after 5 weeks at 32C and 85% re%gtive hum dity (Figure 7A) is
conpletely surprising. 23 The enzyne stdbilized with NAD now shows
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respectively. pygggﬁée 5 cNAD for 24 weeks, the residual activity of
a GlucDH_E96G_E170K mutant with the amino acid
replacements glutamic acid = glycine at position 96
and glutamic acid < lysine at position 170
(GlucDH-Mut1l) of the wild-type enzyme is about 76%,
whereas the residual activity of a GlucDH_E170K_K252L
mutant with the amino acid replacements glutamic acid
= lysine at position 170 and lysine = leucine at

position 252 (GlucDH-Mut2) is about 50% (Figure 8).

.The analysis of glucose dehydrogenase by gel
electrophoresis in an SDS gel (Figures 9 and 18) also
shows clearly the difference between storage in the
presence of NAD and cNAD, respectively. Whereas the
enzyme 1s still identifiable as a band with the
expected mobility after storage for 5 weeks at 32°C and
85% relative humidity in the presence of cNAD, the
enzyme stored in the presence of NAD has completely
disappeared (Figure 9). It is evident at the same time
from Figure 10 that the band of the enzyme stabilized
by NAD and stored at 50°C becomes weaker as the storage
time increases and has virtually disappeared after 476
hours, whereas the corresponding band of the enzyme
stored 1in the presence of CcNAD shows an only slight



enzyne is still identifiable as a band with the expected nobility
after storage for 5 weeks at 32C and 85% relative humdity in the
presence of cNAD, the enzyne stored in the presence of NAD has
conpletely disappeared (Figure 9). It is evident at the sanme tine
fromFigure 10 that the band of the enzyne stabilized by NAD and
stored at 50C becones weaker as the std¥age tine increases and has
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GlucDH corresponding SDS gels likewise show a change in the
GlucDH band in the presence of the native coenzyme NAD:
new bands appear at higher molecular masses and there
is a shift in the 30 kDa band.

Overall, it is an extremely surprising result that
stabilization of the cofactor simultaneously brings
about a stabilization of the enzyme - and not just
through the cooperative effect of the better cohesion
of the enzyme. Decomposition of the cofactor NAD has a
negative effect on the stability of the enzyme GlucDH
and in fact speeds up inactivation thereof. Replacement
of native NAD by artificial analogues permits GlucDH to
be stored under stress conditions (e.g. elevated
temperature) even in the presence of a cofactor.

It is possible with such a system to produce blood
glucose test strips with considerably improved
stability properties, for which a presentation without
desiccant is possible.

Example 2

cNAD or NAD were added to an alcohol detection



and in fact speeds up inactivation thereof. Replacenent of native
NAD by artificial anal ogues permts QucDH to be stored under stress
conditions (e.g. elevated tenperature) even in the presence ofa
cofactor. It is possible with such a systemto produce bl ood glucose
test strips with considerably inproved stability properties, for

whi ch a presentation wthout desiccant2Ps possible. Exanple 2 cNAD
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of NAD at 35°C has completely disappeared (Figure 12).

It is further clear from Figure 13 that the band of the
enzyme stabilized with NAD and stored at 35°C becomes
weaker as the storage time increases and has almost
completely disappeared after 5 days. A band of the
enzyme stabilized with cNAD detected after storage at
35°C for 6 days shows distinctly less decomposition of
the enzyme and thus an increased stability.

This result can be confirmed also on storage in ligquid
phase (Figure 14). After 65 hours at 35°C, the residual
activity of alcohel dehydrogenase in the presence of
the native coenzyme NAD 1is about 6%, whereas the
residual activity of the enzyme in the presence of the
artificial coenzyme cNAD is still about 60%.,

Example 3

To determine g¢glucose, various test systems which
included in each case glucose dehydrogenase, NAD, a
mediator and, where appropriate, an optical indicator
were measured photometrically and electrochemically.



activity of alcohol dehydrogenase in the presence of the native
coenzynme NAD i s about 6% whereas the residual activity of the
enzyne in the presence of the artificial coenzyme cNAD is stil

about 60% Exanple 3 To determ ne glucose, various test systens which
i ncluded in each case glucose dehydrogenase, NAD, a nediator and,
where appropriate, an optical indicatops were neasured
photonetrically and el ectrochemcally. - ----------- 26 For
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respecti vel ytrisla@ionetfpgiasuidapate (Med B), 7-methyl-5,6-dioxo-
5,6-dihydro-1, 7-phenanthrolinium trifluoromethane-
sulfonate (Med F) and 1-(3-carboxypropoxy)-5-
ethylphenazinium trifluoromethanesulfonate (Med G), and
thus the abovementioned mediators are in principle
suitable for determining glucose by photometry.

At high glucose concentrations in the region of
800 mg/dl, the reflectance of the measured sample on
use of [(4-nitrosophenyl)imino]dimethanol hydrochloride
and 1-(3-carboxypropoxy)-5-ethylphenazinium trifluoro-
methanesulfonate, respectively, is still about 20%,
suggesting that these two mediators are particularly
suitable for photometric measurements using the glucose
dehydrogenase/NAD system, and thus also the glucose
dehydrogenase/cNAD  system. The kinetics of the
conversion of glucose using the glucose dehydrogenase,
NAD, 1-(3-carboxypropoxy)}-5-ethylphenazinium trifluoro-
methanesulfonate and 2,18-phosphomolybdic acid system
at glucose concentrations in the range from 0 to
800 mg/dl are depicted in Figure 16.

As 1is evident from the diagrammatic depiction in
Figure 17, the photometric determination of glucose can
also take place with (additional) use of diaphorase as



suggesting that these two nediators are particularly suitable for
photonetric neasurenents using the glucose dehydrogenase/ NAD system
and thus al so the glucose dehydrogenase/ cNAD system The kinetics of
the conversion of glucose using the glucose dehydrogenase, NAD,

1- (3- car boxypr opoxy) - 5- et hyl phenazi nium trifl uoro- nethanesul fonate
and 2, 18- phosphonol ybdi ¢ aci d system a&7glucose concentrations in
the range fromO to 800 ng/dl are depicted in Figure 16. As is

e\éi flent t fr Omdﬁheed@négi@ﬁyﬁm%@iiﬂ@@# CtEDFure j]g:iﬂ't@inﬁ h7icdri¢<én_ttration-
phot onetri c rm,nati o lucose can., al.so take place w
(addi tional) gégeg?eﬁﬁapﬂ%$5%%5 s 27 5?5%595§ﬂcgry%ﬁgdiiﬁgr.ggFﬁB?%

18 shows a coﬁ@bﬁﬂFQGEbﬁsedependent decrdke in refl ect anidaphoraste
gl ucose dehydyaggnepesoNbhy i BRI RSMethanol  hydrochloride  and
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[ (4-nitrosophenyl)im nol] di net hanol hydrochl ori de and

L 1o phosphond! 1apAb SR SREl gl GoheR iy TPl ah THECAYSESDed
as conpari sonwhashgl usesgedye aexi deoagaciage, was glucose dye
pyr rol oqui nol ,0egyi-89€rasé (4- ni trosopheny! gﬁWMW%%u-none
hydrochl ori de _and . 2, 18- %o%p omo) yhdj.c aci syste , mhic% !

Y et se " cautld Bl EbARePRe LT O AEATEBa r sdbETGRrT Lde | and
refl ectance, Bbuighpisosipisemivihyiidiges aeddaugsyster he) | owhispecilfikewlye of
gl ucose dye OEhQQégdU%Fas@on@%ﬁ%#HHEHH-%%ReHE?E?e GUNRESEON A the
gl ucose using system 1 at glucose concentrations i n the range fromOoO
to 800 ny/dl éﬁgleﬁﬁﬁm%%ed HR BRgurdispglvansagesebssaiuse tof phit oh@dry

it is also ppsgebiritdtyendl olucdsel @ad roclwretal tagasurpBeRinEOics he
purpose of dgketpini.nd apakyfess Lhls, L ngs ey r el pani fed ot 0 oqq
-G HE e’lThearly pg &Rt° on

reoxi di ze the ' reduced m or was“found to
the gl ucose c6PReADEERY NS Filgurtheoyapsehfrom @ to 800 mg/dl are

depicted in Figure 19.

As alternative to photometry it is also possible to
employ an electrochemical measurement for the purpose
of determining analytes. Thus, the current required to
reoxidize the reduced mediator was found to be linearly
dependent on the glucose concentration (Figure 20) both
with a test element which, besides glucose
dehydrogenase, comprised NAD as coenzyme and 1-(3-
carboxypropoxy)-5-ethylphenazinium trifluoromethane-
sulfonate as mediator, and with a corresponding system
which included the stabilized coenzyme cNAD instead of
NAD.

It has thus been shown that determination of analytes
using the dehydrogenase/stable coenzyme system is also
possible by means of electrochemical detection and
evaluation with another wavelength which is independent
of the coenzyme. The overall formulation ought also to
be further stabilized through the use of the stable
enzyme/coenzyme pair.



with a test el enent which, besides glucose dehydrogenase, conprised
NAD as coenzyne and 1-(3- carboxypropoxy)-5-ethyl phenazi ni um
trifluoronethane- sulfonate as nediator, and with a correspondi ng
system which included the stabilized coenzyme cNAD i nstead of NAD.
It has thus been shown that determ nation of analytes wusing the
dehydr ogenase/ st abl e coenzyne systemisgal so possible by neans of

el ectrochem cal detection and evaluation with another wavel ength
which is independent of the coenzyng aﬁﬂ? overall formulation ought
also to be further stabilized throug% the use of the stable

enzyne/ coenzyne pair. 28 Cainms 1. Method for stabilizing an enzyne,

characterized.in Métladd ther ezabiE iAngt @he@nizimehecREREERELI Ald Ain

st abl e coenzyne. d di to Claim1, characterized_in
that the enzyne ?gaggﬁggte %§a%%1£%h§§958§n5§bsth%.pﬂﬁ?ﬂ%ﬁea@éoﬁﬂing
to Caim2, charattdblecaPdEv@at the enzyne is a dehydrogenase
selected froma glucose dehydrogenase (E.C.1.1.1.47), lactate

dehydr ogenasg (E. 1,1, 27 .1.1.28), .mal ate dehydropgenase
(E.C.1.1.1, 3?), gﬁ?%/%%?dolaccodem{}m%é nﬁ@l("E.lc fhﬁ}r%‘?\é?fl §¢ oHp| that
dehydrogenase (Bl 1grizymel)is slepleathydf osny baelyyditeagendeteedr ogenase,
sorbitol dehydrogenase or an am no- acid dehydrogenase such as, for
i nstance, L-am no- acid dehydr.ogenase (E.C.1.4.1.5). 4, Method
accor di ng togany %ﬁ’ﬂtﬁ’cgi allr- ,”% &:ﬁ’arcéétl@r Pze@NARathafized) it dgwt
dehydr ogenase i s thesedknzymenzyse,a dehydrogenase selected from a

glucose dehydrogenase (E.C.1.1.1.47), lactate
dehydrogenase (E.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
(.C.1.1.1.1), alpha-hydroxybutyrate

dehydrogenase, sorbitol dehydrogenase or an amino-
acid dehydrogenase such as, for instance, L-amino-
acid dehydrogenase (E.C.1.4.1.5).

4, Method according to any of Claims 1-3,
characterized in that a glucose dehydrogenase is
used as enzyme,

5. Method according to any of Claims 1-4,
characterized in that the stable coenzyme is
selected from stable nicotinamide adenine
dinucleotide (NAD/NADH} compounds and nicotinamide
adenine dinucleotide phosphate (NADP/NADPH)
compounds and the compound of the formula (I)



5. Method according to any of Clains 1-4, characterized in that the
stabl e coenzyne is selected from stable nicotinam de adeni ne

di nucl eoti de (NAD/ NADH) conpounds and ni coti nam de adenine

di nucl eoti de phosphat e ( NADP/ NADPH) conpounds and t he compound of
the formula (1) 29 ONHR2 N O OOH - ON (I') 6. Method
according to Caim5, characterized in at the stable coenzyne is
sel ected from conpounds having the general formula (I1) AY V M1 W
110 TW X2 HOP\Xip UT (EI) wyth A = adenine or an anal ogue
thereof, T = in each case independenfj]ly 0, S, U= in each case

i ndependently OH, SH, BH3-, i n each case independently
OH or a phosphate group, or NMidgming a cyclic phosphate

gr oup;

0
é’
'

l\'
OHOH

HC - OH

(1}
6. Method according to Claim 5, characterized in that

the stable coenzyme is selected from compounds
having the general formula (II)

A
Y | =
\Y
N&@
AR
HO O J.u\,X?
P\ 1/ \\
/
|
(1)
with
A = adenine or an analogue thereof,
T = in each case independently 0, §,
U = 1in each case 1independently OH, SH, BHs,
BCNH.,
V = 1n each case independently OH or a phosphate

group, or two groups forming a cyclic
phosphate group;
W = COOR, CON(R),, COR, CSN(R), with R = in each



W= COOR, CON(R) 2, COR, CSN(R)2 with R =1in each 30 case

i ndependently H or Cl-C2-al kyl, X1, X2 in each case independently

0, CH2, CHCH3, C(CH3)2, NH, NCH3, Y=NH, S, 0, CH2, Z = a linear or
cyclic organic radical, with the proviso that Z and the pyridine

" residue are not linked by a glycosidic |linkage, or a salt or, where

appropriate, a reduced form thereof. 3@ Method according to C aim6,

in which Zis selected from (i) a linear radical having 4-6 C atons,

preferably 4 C atons, éggg%ﬁﬁgbb%ﬁgggggggﬁrgr gﬁgﬁggiﬁygflly repl aced

by one or nore hgtergatons selecte nd (ii) a

radi cal incl udi nd?a ychF dMyreffdt RGeS gterandent 1yt Grs, CHahi EHCH;,
optionally conprises a(tHat)er ast,omcsg) ected from.0, S and N and
optionally one orynorgusubstigu At s, and a radical CR42, where CR42
is bonded to the _cyclic grioug and to X2, with R = in each case

i ndependently H, £ =C2 &Epean ofeevobiaicebyaniny radTal mwith rthwhi ch
Zis a saturated or unsatid@tegatarbasycline Ayt oClde are

5-nmenbered ring, i ' d_of .the. N
(1) 5 O(re) . e’ Nigi 5L vl B BLGRaPbG " SHHEREE orotichiiatbone

may be present or, where appropriate, a reduced form
thereof.
7. Method according to Claim 6, in which 2z is

selected from

(1) a linear vradical having 4-6 C atoms,
preferably 4 C atoms, in which 1 or 2 atoms
are optionally replaced by one or more
heteroatoms selected from 0, S and N, and

(ii) a radical including a cyclic group having 5
or 6 C atoms, which optionally comprises a
heteroatom selected from O, S and N and
optionally one or more substituents, and a
radical CR%, where CR* 1is bonded to the
cyclic group and to X?, with R* = in each case
independently H, F, Cl, CHs.

8. Method according to Claim 7, in which Z is a
saturated or unsaturated carbocyclic or
heterocyclic 5-membered ring, in particular a
compound of the general formula (III)

RS
CRYs” g
RS‘_-__ RS“

()

where a single or double bond may be present



31 between R5' and R5", with R = in each case independently H, F,
G, CH3, R5 = CR 2, where RS'" =0, S, NH Nd-C2-al kyl, CR42, CHOH,
CHOCH3, and R5" = CR42, CHOH, CHOCH3 if there is a single bond
between R5' and R5"', where R5' = R5" = CR4 if there is a double bond
between R5' and R5", and R6, R6" = in each case independently CH or
CCH3.. 9. Method according to any of Caffs 6-8, in which W= CONH2
or COCH3. 10. Method according to Claim8 or 9, in which RS is CH2.
11. Method accordi hgtweeany®’ odndl R ewBEL0, in which R5" is selected

from CH2, CHOH andpNH ;12. t ag ] ai 8-11, in
which R5' and R5" 9reli’2§c a%. elg.ﬁaﬁg%ﬁ%ejg%@c%d%fﬁgﬂld gﬁ?f’ of
Clains 8-11, in whifci GRS is NH and R5" is CH2. 14. Method according

to any of Cains lwA8re qitaracteyized inp,t hat,-IdheaBbik@b) e cragnzyeni s
car baNAD. 15. thh@g co%ﬂing to any of Clainms 1-14, characterized
in that the enzyne §?aﬁVlizgd wth a stable coenzyne is stored for a
period of at |eastR*2=wdd¥is, @HQferGP§Hoflfattergstiss aeeksglandond
particul arly prefeseblyewfriatadeast, 8 weeks. 16. Method according to
any of Clains 1-15,, characterized i hat the enzyne stabiljzed with
a 32 stable coenz@'ﬁ%r?sksto"re ;at‘agﬁgnﬁtraﬁ & ofS af doupie “bond
between R and R%, and

R®, R®¥ = in each case independently CH or CCHs.

9. Method according to any of Claims 6-8, in which
W = CONH, or COCH;,

10. Method according to Claim 8 or 9, in which R® is
CH,.

11. Method according to any of Claims 8-10, in which
R®" is selected from CH;, CHOH and NH.

12. Method according to any of Claims 8-11, in which
R® and R* are each CHOH,

13. Method according to any of Claims 8-11, in which
R®" is NH and R®" is CH,.

14. Method according to any of Claims 1-13,
characterized in that the stable coenzyme is
carbaNAD.

15. Method according to any of Claims 1-14,
characterized in that the enzyme stabilized with a
stable coenzyme is stored for a period of at least
2 weeks, preferably of at least 4 weeks, and
particularly preferably of at least 8 weeks.

16. Method according to any of Claims 1-15,
characterized in that the enzyme stabilized with a



| east 20C, preferably of at |east 25C, and particularly preferably
of at |east 30C. 17. Method according to any of C ains 1-16,
characterized in that the enzyne stabilized with a ~stable coenzyne
is stored without a drying reagent. 18. Method .according to any of
Clainms 1-17, characterized in that the enzynme stabilized with a
stabl e coenzyne is stored at a relativgshumdity of at |east 50%
19. Method according to any of Clains 1- characterized in t hat

18,
the storage of th st ab e coe kes
place as dry subgggﬁ%%nggsﬁkﬁﬁ% accgka %& q%y 1a58
characterized in tR&Ftt ne@sGor é@’@f@fratbﬂe;! eﬂﬁyn@t sltmtl i 2édev| t and

stabl e coenzyne t phesiplngely mrdficruipd yoBasgr 2dasMeidrqd according to
any of clainms 1-20, characterized in that the storage of the enzyne

stabilized wth a stable coenzyne takes place on a test elenment. 22.
Enzynme whi chl’s stabhedzemagardingt abbe camnzymef clatiast erizeg, i n

that it shows on &héfﬁﬁﬁeﬁiﬁedFHﬁ”ﬁHéﬂﬂﬁ%ea%né§ﬁ§ts%aﬁ@$5§9%|w1th a

t | arl f at | eas
Ponst 8 weeks ot ACRBHer BPRPETEF dber aBrg, ItitHEst BOCHTYing

particul arly prefeeaptytat | east 25C and nost preferably at |east
30C, mhere appropriate with high humdity and without a drying

r eagent, lin he enzymatic 33 activity of |ess than 50%
preferably |z§ ﬁghh é according to any ‘of Claims 1-17,

characterized in that the enzyme stabilized with a
stable coenzyme is stored at a relative humidity
of at least 50%.

19. Method according to any of Claims 1-18,
characterized in that the storage of the enzyme
stabilized with a stable coenzyme takes place as
dry substance.

20. Method according to any of Claims 1-18,
characterized in that the storage of the enzyme
stabilized with a stable coenzyme takes place in
liguid phase.

21. Method according to any of Claims 1-20,
characterized in that the storage of the enzyme
stabilized with a stable coenzyme takes place on a
test element.

22. Enzyme which is stabilized with a stable coenzyme,
characterized in that it shows on storage for
preferably at least 2 weeks, particularly
preferably at least 4 weeks and most preferably at
least 8 weeks at a temperature of, preferably, at
least 20°C, particularly preferably at least 25°C
and most preferably at least 30°C, where
appropriate with high humidity and without a
drying reagent, a decline in the enzymatic



30% and nost preferably |l ess than 20% conpared with the initial

| evel . 23. Detection reagent for determ ning an analyte, which
conprises a stabilized enzyne according to Caim22, 24. Test

el enent, characterized in that it conprises a stabilized enzyne
accordlng to Claim?22 or a detection rgggent according to Cl aim23.
34 SEQUENCE LI STING <110> Hof f mann - Roche <120> Stabilization of
dehydrogenases with stable coenzynes <130> 40444P WD <150> EP 08 003
054.7 <151> 2008- 62tigity160> bess 7obapabéb | Praiegiabd y3. bess2tban
<211> 261 <212> PRY% <cdB>mbEti fy rfe@raﬁzgwleﬁ%hawum ebmpghbe®se
dehydrogenase fron1B§§|LR€§ subtll 0> <221> MJ TAGEN <222>
;96).. (961 <220> ¢ e <é§3& (170;..(170) <400> 1 Met Tyr
Pro Asp Leu Lys Gy Lys Val Vval Ala Ile Thr Cly Ala Ala 1 5 1) 15

Per Ay Let Gy Lygefbardph Afdaddmt Arfbrt heiddeymiviang Uafd Nafkdyte,

which comprises a stabilized enzyme according fto
Claim 22,

24. Test element, characterized in that it comprises a
stabilized enzyme according to Claim 22 or a
detection reagent according to Claim 23.



20 25 30 Lys Vval Vval --le Asn Tyr Tyr Ser Asn Lys G n Asp Pro Asn du Val
35 40 45 Lys GQu Qu Val Ile Lys Ala @y Ay du Ala val val val Plc Ay
50 55 60 Asp Val Thr Lys Qu GQu Asp Val Lys Asn Ile Val Gn Thr Ala lle
65 70 75 80 Lys GQu Phe Ay Tr Leu Asp Ile Met Ile Asn As, Ala Gy Leu Ply
B5 90 95 Aso Pro Val Pro Ser H's Qu38kt Pro Leu Lys Asp Trp Asp Lys Val
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g Ay 260 <151> 2008-02-19

<1l60> 2

<170> PatentIn version 3.3

<210> 1

<«211> 261

<212> PRT

<213> Artificial

<220>

<223> Mutant of glucose dehydrogenase from Bacillus subtilis

<220>
<221> MUTAGEN
<222> {(96)..(96)

<220>

<221> MUTAGEN

<222> (170)..(170)

<400> 1

Met Tyr Pro Asp Leu Lys Gly Lys Val val aAla Ile Thr Gly Ala Ala
1 5 10 15

Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
20 25 30

Lyg Val Val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
35 40 45

Lys Glu Glu val Ile Lys Ala Gly Gly Glu ala Val val val Gln Gly
50 55 60

Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80

Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Gly
85 S0 85

Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
100 105 110

Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ils
115 120 125

Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140

Page 1



<210> 2 <211> 261

(170) .. (170)

<212> PRT

Lau Lys Gy Lys Val

Ass Tyr Tyr

Val

<213>
gl ucose dehydrogenase from Baci |l | us
<220> <221> MJTAGEI)

Ala lle
Lys Ala Met Ala Ile Arg The Gy
Sex Asn Lys A n Asp

Ile Lys Ala Gy Ay Gu Al a Vval
Cu G u An Val
Gu Phe dy Thr

Pro Val Prosdefaihhis &d:WalBtic e rkedrd Y& AspralrfsAsp Ay saVal 100 105
Ile Ay Thri%ssn Leu Thr A¥y¢Ala Phe Leu &5 Ser Arg GuéPAl a Ile 115

125 Lys Tyr

140

Ala

Thr

Val

Gly

Gln

Lys Asn Il e Val

Pro

Glu

210

Ala

Ile

Ala

<210>
<211>
<212>
<213>

<220>

<223>

<220>
<221>
<222>

<220>
<221>
<222>

<400>

Phe Val

Lys
Ile
195
Ser
val

Thr

Gly

2
261
PRT

e

Artificial <220> <223> Mutant of
subtilis <220> <221> MJTAGEN <222>
<222> (252)..(252) <400> 2 Net Tyr Pro
T-r Ay Ala Ala 1 5 10 15 Ser dy Leu
Lys Gu An Ala 20 25 30 Lys Val Val
Pro Ass Qu Val 35 40 45 Lys Qu Qu
Val val An Gy 50 55 60 Asp Val Thr

Gn Tar Ala lle Fang 2 36 65 70 75 80
Leu Asp Ile Met

Ile Asn Asn Ala fly Leu A u 85 90 95

Gu Asn Asp Ile Lys fly Mr Val Ile Asn Met Per 130

Ser Lys Gly Gly Ile Lys Leu Met Thr Lys Thr Leu Ala Leu Glu Tyr

Gly

180

Asn

Met

Ala

Leu

Arg
260

165

Ile

Ala

Ile

Phe
245

Gly

Artificial

MUTAGEN
{170} ..{(170)

MUTAGEN
(252)..(252)

2

Met Tyr Pro Asp Leun

1

5

Ser Gly Leu Gly Lys
20

Lys Val Val Ile Asn

35

Lys Glu Glu Val Ile

50

Asp Val Thr Lys Glu

Arg

Glu

Pro

Trp

230

ARla

val

Lys

Met

215

Leu

Asp

170 175

Asn Asn Ile Gly Pro Gly Ala Ile Asn
185 150

Phe Ala Asp Pro Lys Glan Lys Ala Asp
200 205

Gly Tyr Ile Gly Glu Pro Glu Glu Ile
220

Ala Ser Lys Glu Ser Ser Tyr Val Thr
235 240

Gly Gly Met Thr Lys Tyr Pro Ser Phe
250 255

‘Mutant of glucose dehydrogenase from Bacillus subtilis

Lys Gly Lys Val Val Ala Ile Thr Gly Ala Ala

10 13

2la Met Ala Ile Arg Phe Gly Lys Glu Gln Ala

25 30

Tyr Tyr Ser asn Lys Gln Asp Pro Asn Glu Vval
40

45

Lys Ala Gly Gly Glu Ala val Val Val Gln Gly

55

60

Glu Asp Val Lys Asn Ile Val Gln Thr ala Ile

Page 2



Ser Val Hs Gu Val Ile Pro Trp Pro Lou Phe Val H's Tyr Ala Ala 145 150
155 160 Ser Lys Ay Ay Ile Lys Leu Met Phi Lys Thr Leu Ala Leu G u Tyr
165 170 175 Ala Pro Lys Ay Ile Arg Val Mh v\h Ile Ay Pro Gy Ala Ile M
i 80 185 190 Thr Pro Ile Asn Ala flu Lys Phe Ala Aso Pro Lys G n Lys Ala Asp
195 200 205 Val Gu Ser Met Ile Prc Nt fly Tyr Ile Ay Qu Pro Gl4 du
Ile 210 215 220 Ala Ala Val Ala vVal Tro Leu Ala Ser Lys flu Ear Ser Tyr
Val Thr 225 230 235 240 dy Ile Thr Leu Phe A' _a Asp Ay fly Met Thr Lou
Tyr Pro Ser Phe 245 250 255 dAn A _a @y Arg Ay 260 Page 3

65 70 75 80

Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95

Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 165 110

Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125

Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140

Ser Val His Glu val Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160

Ser Lys Gly Gly Ile Lys Leu Met Thr Lys Thr Leu Ala Leu Glu Tyr
165 170 175

Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly ala Ile Asn
1840 185 190

Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Asp
195 200 205

Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile

Val u
10 215 220

> G
e

Ala Ala Vel Ala val Trp Leu Ala Ser Lys Glu Ser Ser Tyr Val Thr
225 230 235 240

Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Leu Tyr Pro Ser Phe
245 250 255

Gln Ala Gly Arg Gly
260

Page 3





