WD 2006/ 008132 PCT/ EP2005/ 007844 GCenetically engi neered pyrrol oqui noline
qui none dependent gl ucose dehydrogenase conprising an am no acid insertion
The present invention relates to inproved variants of soluble

pyrrol oqui wad 200€00s8tpdi none (PQQ) - dependent gl ucose dehydpOfeprRses7443- COH)
conprising an amno acid insertion between positions 428 and 429 as
corresponding to the amno acid sequence known from Aci net obacter

cal coaceticus, to genes encoding such variant s 5 GDH, to proteins of such
s-CGDH variants with i nproved substrate specificity for glucose, and to

di fferent appli catGeasscally eﬁgﬂ;@&&dspyﬂalzbq‘aa{dlmat;&noﬂadépeﬁadrﬁgluyos‘eor
determ ni ng concentrati 8e_|r:l‘5'd0f sugars e UCOSG in a sanple.

.8S
Field of the invention; RN f%m’f’ﬁlsm ?noanmlonf’%ﬁlﬁé%% ‘Trhcose concentrati on
is extrenely inportant in clinical diagnosis and in the managenent of

di abetes. Appr}‘;éxb@én%hﬂve]aﬁgn Felhiel @8 1mpﬁ%!1 SaMit @M@!ﬁbl%;ﬂ)fr@loc{ uihnt he
chroni c di sease di nel | itus ure t oubl e %2025

S, |
accordi ng to ¥ rdeRERfisAt %JF%?B% RSP LFRIEEE B9 r eat ed,
successful | angt hl@frﬁbﬂbaagaﬁrpmnamcmt& raeé 4D Dws omsetspaﬁchx@mstﬂuieenﬁm@hcsdt hat 15
rapidly and R endent

gl 5cosg dehygsggﬁl{agéagéw E%%fi ci'gb%&?af%ié%? % E%%%{)&Bg%&v%?ﬁesp | ucose
is oxidized €BHyltuperieinaef sick s- @HS‘@E}%ﬁW mwm\@dtsybséra&ﬁ SPéﬁﬁ?ﬁfbeFs used in

neasuring bl & %ﬁf to &mreﬁt afa;hli%&ﬁ‘odsoﬁ thedeSs-BDM AR, I;far@c.tuuarg foased on
t he sol ubl e gl ucose

deh
pyr r ol oqui nol eﬁeémd?}flﬁ&?ﬂéy%%ﬁg’gﬁ HFSHéSIS fﬁpeéﬁmhbﬂoﬁeg‘f‘ﬁaﬂ’w%derl ved from
Aci net obact er cal coaceticus. Quinoproteins use quinone as cofactor to
oxi di ze al cohglyg, . gd al doses to their corresponding | actones,
al dehydes and a S (Duine, J. A Energy generation and the gl ucose
dehydr ogenase pat hway in Aci net obacter in "The Biology of Acinetobacter”

(1991) 1295- 31Phe HetetnYidhton B Sletd BIuess; coAdémitiod . is '%xtrellﬁully ilnpdtaBt @¢hem 200

oan ot ai ﬁ?fhc?@éﬁnqsﬁeaﬂ%(ﬁ%lféw%ﬁﬁé'ep”m”ﬁ%ﬁ Pes Rr R b R oy o

Bi ochem J. 320pleragklvidonifarifiom dretdhoonig digasediebeth oslitus\d ﬁglﬁ)uthaemay Sci ence
72 1997) 7 417,
( ) 1&% é?e oy z‘bES Q&'a)’du&gxo, th@'vmbﬁmstho%%g ldlaEEépﬁ rea%gy %ﬂa@ gg%ed 43

Ant hony, C. -21. Anmong
qui nopr ot ei nstreaimi pwsesiu &fmgam ﬁganegfén% BRI Lor‘rrfgﬁt Bisgnestis é?%fhﬁ
2,7, 9-115 car bayiy En@yic@lagly report blood glucose concentrations. PQQ-dependent

glucose dehydrogenases (EC 1.1.99.17) catalyse a reaction in which glucose is

oxidized to gluconolactone. Consequently, this type of enzyme is used in measuring
blood sugar. One of these tools is a diagnostic strip based on the soluble glucose
dehydrogenase (s-GlucDOR, EC 1.1.99.17), a pyrroloquinoline quinone-containing

20 enzyme originally derived from Acinetobacter calcoaceticus.

Quinoproteins use quinone as cofactor to oxidize alcohols, amines and aldoses to
their corresponding lactones, aldehydes and aldolic acids (Duine, J. A. Energy
generation and the glucose dehydrogenase pathway in Acinetobacter in "The Biology
of Acinetobacter" (1991) 295-312, New York, Plenum Press; Duine, J. A., Bur J
25 Biochem 200 (1991) 271-284; Davidson, V. L., in "Principles and applications of
quinoproteins" (1993) the whole book, New York, Marcel Dekker; Anthony, C.,
Biochem. J. 320 (1996) 697-711; Anthony, C. and Ghosh, M., Current Science 72
(1997) 716-727; Anthony, C,, Biochem. Soc. Trans. 26 (1998) 413-417; Anthony, C.
and Ghosh, M., Prog. Biophys. Mol. Biol. 69 (1998) 1-21. Among quinoproteins,
30 those containing the noncovalently bound cofactor 2,7,9-tricarboxy-1H-pyrrolo
[2,3-f)quinoline-4,5-dione (PQQ) constitute the largest sub-group (Duine 1991,
supra). All bacterial quinone glucose dehydrogenases known so far belong to this



[2,3-f]quinoline-4,5-dione (PQQ constitute the | argest sub-group (Duine
1991, supra). Al bacterial quinone glucose dehydrogenases known so far
bel ong to this WD 2006/ 008132 PCT/ EP2005/ 007844 -2 sub-group with PQQ as

cof actor (Wold@mgs@adnd Ghosh 1997 supra, Goodwin, P.M @hggAaésiere C . Adv.
M crobiol. Physiol. 40 (1998) 1-80; Anthony, C., Adv, in Phot, and Resp. 15

(2004) 203-225). Two types of PQQ dependgent gl ucose dehydrogenase (EC
1.1.99.17) have been 5 characterized in bacteria: One is nmenbrane-bound
(mGDH), the other is soluble (s-GDH). Both types do not share any
signi ficant sedugap WithPQQQy céfattet GurthalgrundGhosh 1947, supta, foodwidbP.M.Gen.

CGenet. 217 (1 046 t oni an
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U.S. A 96 (1998hotza 681211759(2004'?2@%[2%\5@ al so different regarding both thel r 10
kinetic as well as their inmmnol ogical properties (Matsushita, K., et al.
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respectively. The deduced am no acid sequences of the four
unchar act er i z SERPIGERIVAs Dasteia | SO rhqwevey hage Abeeéal ?,‘H’élc@(“iycdg theGDH wi t h
many resi duegperiplasniv€ic gpdcatol ¥&nagdiativestains dikabs ellehediyusqDnger Ned199These
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simlar PQQ depend brie A,
Bi ochi ml5 Bi oplﬁﬂgchl,A@%) angd 4y b%m)l U343%49). Reddy, S., and Bruice, T.C., J.
Am Chem Soc. 126 (2004) 2431-2438; Yamada, M et al., Biochim Bi ophys.

A 1647 (2 192). B I GDHs m(ﬁ)l—lshaebe nd to
pgtsgesg qui( tg % gigﬁggmg sec?u%glger Idaiaatabases, two s?qnu%nces ologo\{ls to t ful?—u

length A. calcoaceticus s-GDH have been identified in E.coli K-12 and Synechocystis
sp. Additionally, two incomplete sequences homologous to A. calcoaceticus s-GDH
were also found in the genome of P.aeruginosa and Bordetella pertussis (Oubrie et al.

20 1999 a, b, ¢) and Enterobacter intermedium (Kim, C.H. et al., Current Microbiol. 47
(2003) 457-461), respectively. The deduced amino acid sequences of these four
uncharacterized proteins are closely related to A. calcoaceticus s-GDH with many
residues in the putative active site absolutely conserved. These homologous proteins
are likely to have a similar structure and to catalyze similar PQQ-dependent

25 reactions (Oubrie et al,, 1999 a, b, ¢; Oubrie A., Biochim. Biophys. Acta 1647 (2003)
143-151; Reddy, S., and Bruice, T.C,, ]. Am. Chem. Soc. 126 (2004) 2431-2438;
Yamada, M. et al., Biochim, Biophys. Acta 1647 (2003) 185-192).

Bacterial s-GDHs and m-GDHs have been found to possess quite different
sequences and different substrate specificity. For example, A. calcoaceticus contains
30 two different PQQ-dependent glucosé dehydrogenases, one m-GDH which is active
in vivo, and the other designated s-GDH for which only in vifro activity can be
shown. Cleton-Jansen et al., 1988; 1989 a, b cloned the genes coding for the two
GDH enzymes and determined the DNA sequences of both of these GDH genes.
There is no obvious homology between m-GDH and s-GDH corroborating the fact



sequences and different substrate specificity. For exanple, A cal coaceticus
contains 30 two different PQQ dependent gl ucose dehydrogenases, one m GDH
which is active in vivo, and the other designated s-GDH for which only in
vitro act iy batef@izoe shown. O eton-Jansen et al., 19881/ERSB20M844b cl oned
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s-GDH corroborating the fact WO 2006/ 008132 PCT/ FP2005/ 007844 -3 that m GDH
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et al, Biol oghjta h2008) 233- 3I43DHTheprgente tob sofdpHtdly odifferent amolrades i cus has
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corresponding ketones which further hydrolyze to the aldonic acids, and it is also
able to donate electrons to PMS (phenazine metosulfate), DCPIP (2,6-dichloro-

20 phenolindophenol), WB (Wurster’s blue) and short-chain ubiquinones such as
ubiquinone Q1 and ubiquinone Q2 (Matsushita, K., et al., Biochem. 28 (1989)
6276-6280; Matsushita, K., et al., Antonie Van Leeuwenhoek 56 (1989) 63-72),
several artificial electron acceptors such as N-methylphenazonium methyl sulfate
(Olsthoorn, A. ]. and Duine, J. A., Arch. Biochem. Biophys. 336 (1996) 42-48;

25 Olsthoorn, A. J. and Duine, -J. A., Biochem. 37 (1998) 13854-13861) and
electroconducting polymers (Ye, L., et al., Anal. Chem. 65 (1993) 238-241). In view
of s-GDH’s high specific activity towards glucose (Olsthoorn, A. J. and Duine, J. A,,
(1996) supra) and its broad artificial electron acceptor specificity, the enzyme is
well suited for analytical applications, particularly for being used in (bio-)sensor or

30 test strips for glucose determination in diagnostic applications (Kaufmann, N. et al.,
Development and evaluation of a new system for determining glucose from fresh
capillary blood and heparinised blood in “Glucotrend” (1997) 1-16, Boehringer
Mannheim GmbH; Malinauskas, A.; et al., Sensors and Actuators, B: Chemical
B100 (2004) 395-402).
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An important contribution to the field has been the use of s-GDH together with
appropriate mediators. Assay methods and test strip devices based on s-GDH are
disclosed in detail in US 5,484,708. This patent also contains detailed information
20 on the set-up of assays and the production of s-GDH-based test strips for
measurement of glucose. The methods described there as well in the cited

documents are herewith included by reference.

Other patents or applications relating to the field and comprising specific
information on yarious modes of applications for enzymes with glucose

25 dehydrogenase activity are US 5,997,817; US 6,057,120; EP 0 620 283; and
JP 11-243949-A.

A commercial system which utilizes s-GDH and an indicator that produces a color
change when the reaction occurs (Kaufmann et al. 1997 supra) is the Glucotrend®
system distributed by Roche Diagnostics GmbH.

30 Despite the above discussed advantages for use of a PQQ dependent s-GDH, in the
determination of glucose also a disadvantage has to be concidered. The enzyme has
rather a broad substrate spectrum as compared to m-GDH. That is, s-GDH oxidizes
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produce nodi fEeld Pgs 63 200P70A%eH5)s- GDHs with altered substrate
specificity. lgarashi, S., et al., Biochem Biophys. Res. Commun. 264

(1999) 820-824 report that introducing a point rmnutation at posjition GlLu277
| eads to nut aﬁlﬁesre\ﬂfetsﬁaréia {fERoEY l%gllfglﬂtf”&?‘ge §Eé’6tF‘F“PF§i tpypro ‘F%f‘?‘?‘ggedsb &Q'
15 dependent s-GDHs with altered substrate specificity. Igarashi, S., et al., Biochem.
Biophys. Res. Commun. 264 (1999) 820-824 report that introducing a point
mutation at position Glu277 leads to mutants with altered substrate specificity

profile.

Sode, EP 1 176 202, reports that certain amino acid substitutions within s-GDH

20 lead to mutant s-GDH with an improved affinity for glucose. In EP 1 167 519 the
same author reports on mutant s-GDH with improved stability. Furthermore the
same author reports in JP2004173538 on other s-GDH mutants with improved
affinty for glucose.

Kratzsch, P. et al., WO 02/34919 report that the specificity of s-GDH for glucose as
25 compared to other sugar substrates, especially as compared to maltose, can be
improved by amino acid substitutions in certain positions of s-GDH.

Takeshima, S, et al. (EP 1 367 120) report on mutated s-GDH comprising certain
amino acid substitutions or an amino acid insertion between position 427 and 428
as corresponding to the amino acid sequence known from Acinetobacter

30 calcoaceticus.
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amno acid insertion between positions 428 and 429 of s-GDH as correspondi ng
to the am no acid sequence known from Aci net obacter cal coaceticus, and thus
to at 15 | edsupnsinaly al hys beesr oore thHeit dbdpesitle de rsigndiraptiobmereye khown in t he

art. The subsibatdge sRESGL 6tGDHIDr HLEUEOSS cafpsedRAGBEr fuadltiahalers ect ed
sugar nol ecul es _.has .geen S %llgl ficant |.%§I g?r o%\le;& l}y @gw di ng th(ﬁ I nsertion
vari ants of <$hEIHR0 30E JPETH0G CERYEER BOSPAS &4t AR S RLSSHDH RS CYLESRRLERS bed
her ei n bel ow tarle aminohaeid sequence known from Acinetobacter calcoaceticus, and thus to at

15 least partially overcome the above described problems known in the art.

The substrate specificity for glucose as compared to other selected sugar molecules
has been significantly improved by providing the insertion variants of s-GHD
according to the present invention and as described herein below and in the
appending claims.

20 Due to the improved substrate specificity of the new forms of s-GDH, significant
technical progress for glucose determinations in various fields of applications is
possible. The improved s-GDH variants can be used with great advantage for the
specific detection or measurement of glucose in biological samples, especially in
tests strip devices or in biosensors.



appending clains. 20 Due to the inproved substrate specificity of the new
forms of s-GDH, significant technical progress for glucose determ nations
in various fields of applications is possible. The inproved s-CGDH variants
can be usedowbdshogseat advantage for the specific det ectivEPmoBnoERaSUr enent
of glucose in biological sanples, especially in tests strip devices or in
bi osensors. WD 2006/ 008132 PCT/ EP2005/ Q7844 -7- Summary of the invention
The present invention relates to a variant of the soluble formof EC
1.1.99.17 also known as PQQ dependent sol ubl e glucose dehydrogenase (s-GDH)

sai d vari ant Swnmaryofitheiinyentionast one anmi no aci d residue insertion between

an amno acid 5 positions corresponding to positions 428 and 429 of t he

s-GDH wi | d-ty»?e sequence kno fromA ¢ I coa é}ﬁﬁ&gs (SEQ and
optional |'y i nlBaeRessnbMERiR Featergo 2B Hh%ﬁ%ﬂédt?étlhalffn ons,
preferably subsdwd b PQ@de;tenﬂaﬁlsblubrc @%Sﬁﬂd‘l}’dﬁ@nasgr(e-f@m)i‘ﬁhldfa’li]llﬁl’tt s of

o< CDH exbi b1 | oY 9V S PEOPSRACTa SEREE! Reb¥ohnckeancsh 0 onee! 1ol ty

for glucose as qi/nuc e-sequences co ' vari ant s,
an expr essi onPQﬁetmD@FO@@ﬂ?ﬁF igg typasitions A& W&@P@f)ﬂied&@ b’@e Sfélﬁ@flcé host

cel | conpri skiys@ée A%Xﬂ&%e&ic&kr(SEQQDQIO ) Qn@b?ﬁbrﬁﬂ?iﬁ sRtionldoghprisiagnt on
further relates to the use a ¥§ %C@(Xlnﬁ? ttoth?%ese% I,nventi on
in a method foF¢ ?HHQWr%ﬂPClgﬁa%ﬁl E’(S’é‘é' preferRly;substitutians at pasitian WP ard Gevi ce

15 or wth a #l8sensor. The foll ow ng exanpl es, references, sequence listing
and figures are provided to aid the under st andi ng of the present invention,
the true scope of which is set forth in the appended clains. It is

under st ood t hBeferrsdi variants jof ﬁsGQIérﬁXB@Ith@Pirweé HEOPgFiese etpasially meteasedr t h

Wi t hout jglepar ipeagat)r @H‘gluh@sesa@ iwell s pﬁlydda&otldw&qhmes codlhgos Guich %heﬁﬂs, of the

Fi Fi t P t GDH
(top) and A BRGREAMIT Coeriorborre pn Pyt dRE Rt e 67 R olate
honol ogy. Fi genmepring saldiespreatiorovecok appABSEDBMidedct or referred to in Exanpl e 1

The inventon further relates to the use of a variant according to the present
invention in a method for measurement of glucose, especially by a tests strip device
15 or with a biosensor.

The following examples, references, sequence listing and figures are provided to aid
the understanding of the present invention, the true scope of which is set forth in
the appended claims. It is understood that modifications can be made in the
procedures set forth without departing from the spirit of the invention.

20 Description of the Figures:

Figure 1: Protein sequences of A. calcoaceticus PQQ-dependent s-GDH
(top) and A. baumannii s-GDH (bottom) aligned according to
sequence homology.
Figure 2: Ilustration of pACSGDH vector referred to in Example 1
25 containing the wild-type or mutated DNA sequences, respectively,

of soluble PQQ-dependent glucose dehydrogenase.

Figure 3: Nucleotide (DNA) sequence of the pACSGDH vector referred to
in Example 1 containing the wild-type DNA sequence of soluble
PQQ-dependent glucose dehydrogenase.



25 containing the wild-type or nutated DNA sequences, respectively, of

sol ubl e PQQ dependent gl ucose dehydrogenase. Figure 3: Nucl eotide (DNA)
sequence of the pACSGDH vector referred to in Exanple | containing the

w | d-type WA osansence of soluble PQQ dependent gl ucosggehusiasenase. WO
2006/ 008132 PCTI EP2005/ 007844 -8- Detailed description of the invention: As
di scussed above, two conpletely differend_ quinoprotein enzyme types with

gl ucose dehydrogenase activity (nenbrane bound and sol ubl e) are grouped

t oget her under EC 1.1 99 17. These tmo types appear not be related to each
ot her. 5 For theailpdid@ons mvemtiognt i on only the sol uble form of GDH
(s-GH) is relevant and |nproved variants thereof are discussed herein
below. In a first enbodi nent the invention relates to a variant of the

sol ubl e form é8 dicussed B, twoagoserleelpwhfersntPOEreRIptsitl REYIRO PP &1l ucose

dehy gr ogenase tglﬁ;%os@gaﬁhydﬁ%hﬁsyaarcha@i (ﬁ]@l@ibfalngl Hgndt axh@asstubmearangraﬁpeam d
residue insertion bet m no_aci osi tjons res ing to
posi ti ons 428 f5the %}}"EEE lhleg9 GB&FW%IWP?WEC%(Q&L%W@@? g

cal coaceticus (SEQ ID NGO 2) and optionally in addition corrprl Si ng one or

nore am Ho ac Yih© i serted in
bet ween ?he a%grn?éggﬁﬂg%%g?p?%rlllg‘re%i{fg}eaﬁgn%kbr?b%n%rﬁ%?ﬁ]%ﬁsggzmé{)‘a%d 429 of

the s-GDH wi ael%vybteanélé@@é%évww fuase élalletfb M+ cus (SEQ ID NO 2).
It is further preferred that the s-GDH variant conprising an amno acid

i nsertion veen th aci d 05|t|on corre di n 0sSictj-ons 428
and 429 of thi ;}lbe”‘g% ate%ﬁ %ar%an§§$ﬁ‘e S8§‘|b§of85et |f§:E s (SEQ I D
NO 2) is chérlé)@tléraﬂspédlown atsrP&IQsiap@dﬁmtmhﬁo@cgl@QWﬂde}aldmgen@e selBdted from

the group C0”§d1§tv'aﬁ&t2&n9§ns £ Rast %@%1% aaGid”f-’ede?Hx@eH[Hn”Set%@Ql Bfeol i ne.
Prefer abI y the | nser acl 8 i ne, ﬁl‘? ﬁ, art that
the wil dltype2BREQ %‘éiqﬂ%%té‘é‘sc?P“éSPé’B ]EPSIt‘é mﬂsd@ﬁéﬁééﬁ? g SogeHy ‘i?ﬂ/drogenase
can be isol at ggpefsequansé kaows fafm Aecwak&aahﬁast €SEQ IMONO: pj ehéropeidnally imhe
isolation fro C train LMD 25 79.41. The

¢ g&lcﬂ: (51’51 ?c%ﬂé)r?&g c;ned%ﬂ%%?%% % s{lysrl)‘l?ut

sequence of tur'e pro er n) is given in SEQ

Preferably only one amino acid is inserted in between the amino acid positions
corresponding to positions 428 and 429 of the s-GDH wild-type sequence known
15 from A. calcoaceticus (SEQ ID NO: 2).

It is further preferred that the s-GDH variant comprising an amino acid insertion
between the amino acid positions corresponding to positions 428 and 429 of the
s-GDH wild-type sequence known from A. calcoaceticus (SEQ ID NO: 2) is
characterized in that said inserted amino acid is selected from the group consisting

20 of leucin, phenylalanine, methionine and proline. Preferably the inserted amino
acid is proline.

It is known in the art that the wild-type DNA-sequence of a soluble PQQ-
dependent glucose dehydrogenase can be isolated from strains of Acinetobacter.
Most preferred is the isolation from Acinetobacter calcoaceticus-type strain LMD
25 79.41. The sequence of this wild-type s-GDH (the mature protein) is given in SEQ
ID NO: 2. Other LMD strains of Acinetobacter may also be used as source of wild-
type s-GDH. Such sequences can be aligned to the sequence obtained from
A. calcoaceticus and sequence comparisons be made. It also appears feasible to
screen DNA-libraries of other bacterial strains, as for example described for E.coli
30 K-12 (Oubrie, A., et al,, J. Mol. Biol. 289 (1999) 319-333) and to identify sequences
related to s-GDH in such genomes. Such sequences and yet unidentified



ID NO 2. Oher LMD strains of Acinetobacter may al so be used as source of
w |l d- type s-GDH Such sequences can be aligned to the sequence obtai ned
from A. cal coaceticus and sequence conpari sons be nmade. It al so appears
feasi bl e ) 206460887 DNA-libraries of other bacterial SPCHEPR(S/H#E4H or exanpl e
described for E.coli 30 K-12 (Qubrie, A, et al., J. MIl. Biol. 289 (1999)
319-333) and to identify sequences related to s-GDH in such genones. Such
sequences and yet unidentified WO 20 0 6100 81 3 2 PCT1EP20051007844 -9
honol ogous sequences may be used to generate s-GDH variants with ipproved
substrate spdemolegopy sequprces @an b'ev‘ésﬁg dpgengrafe sHaDHeyagiantsfwithy @b“r%‘%gﬁ t
invention relsgbsatdsPedfiy:r GOH protein which conpared to a correspondi ng
wi | d-type sequence has an amino acid 5 insertion between the am no acid
positions corresponding to positions 428 and 429 of the s-GDH wi | d-type
sequence knowirhefteom ‘Mariand! drodloesensaiof (IBEQesedt NOentiyn rdlhtes teram s-GDEANt " in

the sense of JfgirAIESPMMbAYERS ] CrsSRlESI R0 SR naRbRbRD Wl Ch -
conpared to a corresponding wl d-type sequenc gas at |l east one. am no acid
substitation %rtwrbﬁg‘r@a theprpig acid @ORItigRy Pricshos g do @ATRORHERANI 48P £ r om A
cal coacet i cusf(fEGDR Wa-typ} seqhbice k@OWE frowad. icaleddceticnd (SEQUDANO! 2)t her ef or e
both mutually apply for an s-GDH protein which conpared to a correspondi ng
w | d-type sequence has an anmino acid _ insertion between the anm no acid

posi ti ons corkhestpondiomyantd imdké sénenof ABpresrnt 4pention relates o @DH-GPED- t ype
sequence KnowWiotinOWhith 6AbeRAGET Cfeshortfde! AINEpe %éc%u%ﬂge hasOati1Ehs@EEd ti 0N
thereto at | east onﬁﬁs[%gl no.acid SUbStilltUthonmlg a further preferred

enbodi nent t FEVBAZE PIPHOT g% COPBHAT 'Brops ISR SEQUERTORE Y ar i ant  of
s- GDH dbe corfpan ddcalcoadetiays (SHQIEDR ¥ 2gnzynme or to nmutants w thout an am no
acid insertion between position 428 and 429, respectively. A preferred
variant according to the present invention is characterized in that 20

rel ative to tie teury egpanidi py WALt thseefera DpHe mutugiiyapaly fos 48t s-§PHwo- f ol d

improved  sulsbted! whislPesthpdred to/a ERFesPdideSERIlBEPE SRR thab @n afnideasd one
rate. I.n aorder to cal.cu

th | t ed t te.th b
opoci 1 ity anseRidcteryeIRe iy a5idboskal ssHondig o ogutioR A2 dnd 458 ¢
measur ed wi t fgharcGBE widd-sipb s¢quate knowh G Arrd]cbaret@mntﬁﬂ@lﬂ N®: 2) and

15 in addition thereto at least one amino acid substitution.

In a further preferred embodiment the enzymatic or functional properties of an
improved variant of s-GDH are compared to the wild-type enzyme or to mutants
without an amino acid insertion between position 428 and 429, respectively.

A preferred variant according to the present invention is characterized in that

20 relative to the corresponding wild-type enzyme it has at least a two-fold improved
substrate specificity for glucose as compared to at least one other selected sugar
substrate.

In order to calculate the substrate specificity or cross-reactivity one easy way is to
set the activity measured with glucose as substrate to 100% and to compare the

25 activity measured with the other selected sugar to the glucose value. Sometimes, in
order not to be redundant, simply the term specificity is used without making
special reference to glucose on the one hand and a selected other sugar substrate on
the other hand.

The expert in the field will appreciate that comparison of enzymatic activities is best
30 made at equimolar concentrations of the substrate molecules investigated using



25 activity nmeasured with the other selected sugar to the gl ucose val ue.
Sonetinmes, in order not to be redundant, sinply the termspecificity is used
wi t hout maeking special reference to glucose on the one hand and a sel ected
ot her sugayoswmbsigist e on the other hand. The expert i mctripe2dosedrdsani | |
appreci ate that conparison of enzymatic activities is best 30 nmade at

equi nol ar concentrations of the substrate nol ecul es investigated using WO
20061008132 PCTI EP2005/ 007844 -10 wel | -defined assay conditions. O herw se
corrections for differences in concentrations have to be nade. Standardized
and wel | - def iwedlddedizsdy assendiconditiensha@shervispe cetrestions i foror dereness adgsess

(1 nprovement S.ohPntRHESIKAL & Rl i city. The enzymatic activity of s-GDH for
5 glucose as substrate as well as for other selected sugar substrates is
nmeasured as described in Exanple 7. Based on these nmeasurenents of

enzymati ¢ actStatidayditedranglwetl afefinal assaysehditdechavelid Beashesthn is wgder to et er abl y
mal t ose, cross- LV t. i ), { 10 The
oG (or oss PRy i) pRal BIOKARER LSHER helidly, B 3RIM Nor 2Ved as
Cr oss-r 8act i \aleapsq a4 subsirafetas wetlyas i aiber srlesipdaustictubstrates igimeaswred ax 100%
(Cross-) reacdesotibled if B¥anipaé £.0se of wild-type s-CGDH according to the above
formula has been determ ned as about 105% WId-type s-GDH (cross-)
reactivity for galactose has been neasured as about 50% (cf. Table 1). 15
(I nproved) spBased iooi these seesradngt of eazyomtidi avtjvito ferhglut gk | @wa regleéted mul a:
?f:r:o\r/:)% ng'nggcﬁﬁéeﬁ%@% pRELhM haIS &), %Es@féa&%?gand"hﬁﬂb%éﬁ?&ts gReshfkci t y20
activity gl ucsEesed | d-type activity selected sugar nutant As conpared to
the wild-type enzyne, a s-GH formwith an at |east 10-fold inprovenent in
specifigity for se versus . mal t os | t ose/ gl ucos 25 accordingly

vmpt h mall%t ose @Ee sgﬁélggf(lg %l(}sse'?ﬁeé‘gtwéﬁ%asste I%Tgffag%a{)lfl he ghltal?:f Eﬁ%/ull%tf/dsaass nmeasured with
gl ucose as substrate. O, if, for exanple a nmutant s-GDH has a

Cross-react i Vi fo¥s-reactivity (%] = (activity selected sugar/activity glucose) x 100%.

(Cross-) reactivity for maltose of wild-type s-GDH according to the above formula
has been determined as about 105%. Wild-type s-GDH (cross-) reactivity for
galactose has been measured as about 50% (cf. Table 1).

15 (Improved) specificity is calculated according to the following formula:
activity glucose mutant activity selected sugar
wild-type
specificity (improvement) = --mwececomcomomii e P L L L LR LT
20 activity glucose wild-type activity selected

sugar mutant

As compared to the wild-type enzyme, a s-GDH form with an at least 10-fold
improvement in specificity for glucose versus maltose (maltose/glucose)

25 accordingly with maltose as substrate has at most 10,5% of the activity as measured
with glucose as substrate. Or, if, for example a mutant s~GDH has a cross-reactivity
for maltose of 20% (determined and calculated as described above), this mutant as
compared to the wild-type s-GDH therefore has a 5.25 fold improved substrate
specificity (maltose/glucose).



for maltose of 20% (determ ned and cal cul ated as descri bed above), this
mutant as conpared to the wild-type s-GDH therefore has a 5.25 fold

i nproved substrate specificity (naltose/glucose). WO 2006/ 008132

PCT/ EP2005400Q0d4ds132L1 The term "specific activity" for pararbesnese i s wel l
known in the art, it is preferably wused to describe the enzymatic activity
per anmount of protein. Various nethods-are known to the art to determ ne
specific activity of GDH nol ecul es, using glucose or other sugars as
substrates (I arashl, S., et al., (1999) supra). One of the nethods 5

avail abl e for fienesific aptivity” fos aos@bafrautqyéaveilrknq@tlam thei ait, ithie PestIaRly es

segt 't on. W?ﬁs@@t& diéscﬂ#]‘tfe taea%ymaﬁe adti9itP ér%%ouﬂaaﬁ/pretem %ﬁaﬁs r%b'ﬁﬂ@ﬂs eff@![ ecul es

an 0 i nves at e 0ose specil ISOI’] 0 any

an ool oot etriiiade thofiedk feetng Heglﬁw%w? SRR ARy

rel evant sugastherodugardlae shistrases (lgamshd p8rpetrdls 61999) Riped e Qredfsbé ertheds sugar s

are sel gcted JJF@ éa?ﬁ%?ﬁ’ %Pﬁ%ﬁé& ?{galb%‘énﬁ‘&&afﬁﬁhe Al 958 sechBn 9l act ose,
ma ose era

xyl ose, "and ose or gal actose are se ected and
nmutant s-GDH is tested for |nproved substrate specificity for glucose as

conpared to wakags i@ssep&elbréa{d QFet mhAly Aifferent h%ﬁr BoRiles ek m«pwugaat t he

sel ected sug t ove

gl ucose spec%f’ & “f‘gﬁe&?ecg‘s%5?«*%9&?@%@131?0&88%?“65 ?H%Ctetdlr'rfeg gecr!ilﬁ i on e.g.,
for maltose \visis geisued &g seace aqhmtczélyadnmn@eugbmlecule fmssuctlheqoefp@neorf urt her
preferred thaj.efakd sé&?e?it du !n‘? a?e%@l‘é&t@d Ebltn%hé cHﬁs@éﬁ SR ANDR! f@sd 0 the

substrate specjficity | east 0 el ecte ot her_  su

subst r atles |sgaiaiCWﬁ‘i"’d§YEHe’a"cn maliosey Pretien b%waa togs & 22l ?té?ee?rFéale‘éﬁ‘géaiinents
conpri se s- Chrutafti§-@IES 1sotbaécafbtrempxzﬁéﬂ Qpstadte spmmemeﬁbrghhsieraawm@ag@l fi fl ty
for gl ucose, V\:hl s at ast me erred at | east
10t Pros i grireaediosd gf il 48, ot ERred b afiionl LB Rl SbE s
Mit ati ons in males Iead in many cases to enzyme variants with dranatlcally
reduced specific activity for the substrate glucose. A nore than 10 fold

o oeona® howch B0 insoust 99! Skathesh ' Gt Fis et e B RER 2
t her ef orse pr efcesrdirg tb et idvinetiar, EpbHfonrniditosd wpglmcoed a&pp.ﬁtlefcbﬁmdeyal:ﬂ@\l\ﬁs ds the
substrate gl ugose, e ﬁm}{%hbfeﬁe%ed tﬁag%%ld %Qoé?rgﬁce sh’é:?ﬁc t?@(?r lucfoge A% %}né'altex 6 O

gl ucose as neasured
the substrate specificity for at least one of the selected other sugar substrates is

improved at least three-fold. Other preferred embodiments comprise s-GDH
mutants characterized by an improved substrate specificity for glucose, which is at

20 least 5 times higher or also preferred at least 10 times higher, as compared to the
other sugar molecule selected.

Mutations in s-GDH lead in many cases to enzyme variants with dramatically
reduced specific activity for the substrate glucose. A more than 10 fold decrease in
(absolute or overall) specific activity for the substrate glucose, however, may be

25 critical for routine applications. It is therefore preferred that the s-GDH with
improved specificity towards the substrate glucose exhibits at least 10% of the
specific activity for glucose as measured with the wild-type enzyme. It is of course
more preferred that such mutated enzymes exhibit at least 20% or more preferred
at least 30% of the respective glucose activity of wild-type s-GDH.

30 Further preferred are such mutants for which the maltose specific activity is 10% or
less or even only 5% or less of the maltose specific activity as measured for the
corresponding wild-type enzyme on test strips or liquid tests, whereas the specific



nore preferred that such nutated enzynmes exhibit at |east 20% or nore
preferred at |east 30% of the respective glucose activity of wld-type
s-CGDH. 30 Further preferred are such mutants for which the maltose specific
activity iwo2¥mewiz2 | ess or even only 5% or |ess of thecrare@mserspeci fic
activity as neasured for the corresponding wld-type enzyne on test strips
or liquid tests, whereas the specific W)2006/ 008132 PCT/ EP2005/ 007844 - 12
activity for glucose is ? 10% as conpared to the specific activity for

gl ucose of the <corresponding wild-type enzyne. It has been found that it is
possible to fwtiwiu)eforigtquom/ie>sl@b’<sasrca>trrq3asqdetoit]ﬁé gpietific aftivaly forsgl@ise vhthe ant

conpri si ng an td‘h%%ﬂf pRsi tion 428 and 429 by further 5 nodifying
such vari ant t| ona Fy;g? r| se one or nore am no acid substitutions

at certain vvel I -defined am no acid positions. The achi evenents of the
present i nventtilanbednefodRs ehidt el possilgé enfurthes Bil}}arobg/su’mkhﬂagpedifﬁ:ﬁt?ro@mﬁe to

am no acid pos F?&P%/arba& g@ﬁ‘qgﬁﬂﬁ’ m r? liz'(gertlonl\l)ce)twe%n 1?ion 459 a;[1 Q§9 bi?@k%'?ce of

s-GDH as isol& bacter Ol coacetrudt ty 10 79. 41.
Ami no adi d posiotifiong suph dvatibel ¢t addit@Delly somaries oper mesp@mdﬁmgwt ecigosi ti ons

of SEQID NOsu%stﬁﬁﬁo&aa%'céryam demibfdeadniyo ARPFARIJngL € sequence conpari son.
The multiple alignment and conpari son of an 's-GDH sequence with the

wild-type sequence of SEQID NO 2 is performed with the PileUp program of
GCG Package 'Vbersdhtwerﬂ;&thffﬁerlﬁésiemnﬁmmputa&rde@frmeﬁ,m great JetaiPby makingr eat es a

I tipl fkeatirPR@f 5t
o o "o R SR AL BB CERGE Al R
(1987) 351- 36@4uense of e R orsi inalatad fiony dgingrefiacter areparesisis-tyRs praim LMy

differerg am m4a@nfns 86d gaﬁﬁo@.;rlﬁ derbdmedae es@raehs REHY¥spoRding to PEsAERSS begi ns

with the pair ngent Qq nost _sim | ar sequences, producing a
cluster of t\/\g%ﬁ@ngg) ge @ééen%ﬁﬁ%{\quﬂpﬁgqrgfe EAPFIEREMBEIAR | gned to the 20
next nost rel ated sequence or cluster of aligned sequences. Two clusters of

sequences Ca”T?@mﬁit{?gezag%n%?ﬁarﬁffmﬁ%n cfﬁt&@ﬁ' ﬁfsei&ﬁcpaltg‘{\%éﬁﬂ@b@g””em of

two individu seq I eve ries of

progressi ve, sedusnchicEBEQ P g¥fpehis perforane M’iﬂq @981 ¢tV pragsdm gf SI}C@ Rackage| ar
sequences andyglsidhtiONY Genétith Idor@ulter :@awe NEES Pna\!@ c&@@@a h{wﬂlp]@l 8Quértet he final

Fr)rg: ;\émufgg)sal | ggg‘glg{egt 1;123% ﬁvlva %]élicag Ie%posgrelssr}veoa 1gnment mg%og aF lyengqu-DH
and Doolittle, R. F,, ]. Mol. Evol. 25 (1987) 351-360, and the scoring matrixes for
identical, similar, or different amino acid residues are defined accordingly. This
process begins with the pairwise alignment of the two most similar sequences,
producing a cluster of two aligned sequences. This cluster can then be aligned to the

20 next most related sequence or cluster of aligned sequences. Two clusters of
sequences can be aligned by a simple extension of the pairwise alignment of two
individual sequences. The final alignment is achieved by a series of progressive,
pairwise alignments that include increasingly dissimilar sequences and clusters,
until all sequences have been included in the final pairwise alignment. This way

25 positions in other, homologous s-GDH molecules be easily identified as
corresponding to the positions given for A. calcoaceticus s-GDH in SEQ ID NO: 1
and 2, respectively. This is why the amino acid positions given herein shall be
understood as amino acid positions of SEQ ID NO: 2 or as the positions
corresponding thereto in another, homologous s-GDH molecule.

30 Mutants of s-GDH comprising an amino acid substitution at the position
corresponding to position 348 in combination with an amino acid insertion
between position 428 and 429 of s-GDH have been found to exhibit a striking
positive effect with respect to specificity for glucose. As demonstrated in table 1, a



corresponding to the positions given for A calcoaceticus s-GDH in SEQ ID
NO 1 and 2, respectively. This is why the am no acid positions given
herein shall be wunderstood as amino acid positions of SEQID NO 2 or as

the positiQpSoshegizespondi ng thereto in another, honol GEqus&isfarldsdol ecul e.
30 Mutants of s-GDH conprising an am no acid substitution at the position

corresponding to position 348 in conbi nz.{t/j on with an amno acid insertion
bet ween position 428 and 429 of s-GDH have been found to exhibit a striking
positive effect with respect to specificity for glucose. As denonstrated in

table 1, a WQ2QR&Q08387% Rt FRROPPLALT §tfificity b3 ghRbdeqlay b&th i8erfdBldd vari ant s
with i nproved specifici for glucose has heen dentl,fledG nd gener at ed.

| npr overrent  otdgFeEELs '@%%‘@T’Tlpgﬂti WspseaP qlt%{rf?r L VEgtiss Qge‘ﬁ S%E 3] ong as
the am no acildng is theamfincatid i @oitionehiddmine 34&is betistituededitivah bppropegpr opri at e
426 5 and 42000 9o WadPT LRI, kY, | e ORERER, BEkibEgpost i on
t her ef or%e el @nded29t & very pyeferrechemprdimentrofdhe Perentisperivarthersfoaprslaeipr i si ng an
sequence knove o e "o

co(r:]nltj)ri si ng ana“éir’i‘Pn%lldgéi“@ PRy i‘lggeofj @’ﬁbss{sﬁﬁ?f’?lgﬁy%et Setql)lféncﬁn*%wlh °F gbsi tion
cor r espondi ngecalcoadpticis ($RM IBA8O: 2Pand irhaklitidrs corlysésing’ ouackind &ad rdsidue her
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advant ageous | n ef{‘orts, of f;th he,r i nproving the specificity for glucose of
an s- GDid var i RiHas GRBTHek:S ifb\ehdd hdt FaRthéd Qbstaetinaed doigoatid én aglifts a4d8 and 429

and an am no acid residue substit.uti posi 1 j,0 48., 1 i t he
t hr eoni ne r esPUHENLOISPORHING °§3§H?1‘E§?1%19 ’?\lgli %@e%li’ g@&f‘d/gﬁig\%ﬁ#@@ d
bet ween posi t NOn2 428 deandagéd®s iofeffortCifHfuthberiispravirgthe speaifidny fretgblbastodr
cal coaceticusziy j &9 AL Biok iAol £ 4 nbei bute to
the substr ataent %??5?&%@3? C@% %éljjgr?s%el,o Zb%%gt a‘{nf‘, n@n%oés\] .2(81&@8( ?899)
5187-5194;  Cukanaming agid gesigup puhskigitiopat pesitiop3dd.ei n Sci. 9 (2000)
1265-1273). No chem cal or 20 physical explanation is at hand, why
especi y these t di ficat.i,ons, of.s- i nprove .t he .substrate
St f 11y 19 e BBt RIR B Sosp, E mos L AU B o PR STIES Sy er est
especi al | y asbatwegarmesitivm #38 tande 429 of s-GDH as isolated from Acinetobacter

calcoaceticus-type strain LMD 79.41 are known from the art to contribute to the

substrate binding of s-GDH (Oubrie, A., et al., Embo J. 18 (1999) 5187-5194;

Qubrie, A. and Dijkstra, B. W,, Protein Sci, 9 (2000) 1265-1273). No chemical or

20 physical explanation is at hand, why especially these two modifications of s-GDH
improve the substrate specificity for glucose as compared to other sugar molecules

of interest, especially as compared to maltose.

In a further preferred embodiment the variant s-GDH is characterized in that the
amino acid residue threonine at position 348 is substituted with an amino acid

25 residue selected from the group consisting of alanine, glycine, and serine. In a more
preferred embodiment glycine is used to substitute for threonine at position 348.
The terminology T348G is known to the skilled artisan and indicates that threonine
at position 348 is replaced by glycine.

An additional preferred embodiment is a variant of the soluble form of EC
30 1.1.99.17 also known as PQQ-dependent soluble glucose dehydrogenase (s-GDH)
said variant comprising at least one amino acid residue insertion between an amino
acid positions corresponding to positions 428 and 429 of the s-GDH wild-type

sequence known from A. calcoaceticus (SEQ ID NO: 2) and at least one amino acid



In a further preferred enbodi nent the variant s-GDH is characterized in that
the amno acid residue threonine at position 348 is substituted with an
am no acid 25 residue selected fromthe group consisting of alanine,

glycine, ap@$&idg8: !N a nore preferred enbodi ment gl ydgbdEolsed to
substitute for threonine at position 348. The term nology T348G is known to

the skilled artisan and indicates that _threonine at position 348 is
repl aced by glycine. An additional preferred enbodinent is a variant of the
soluble formof EC 30 1.1.99.17 al so known as PQQ dependent sol ubl e gl ucose
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PCT/ EP2005/ 007844 -14 residue substitution at an am no acid position
corresponding to position_ 428. Preferably t(ge substitution of the
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preferred s- var.iants according to this.inventi conpri.ses

substituti on%@ﬁi}%ﬁ% %%ﬁle%li%g’ra gia&?gu% aq (?)lsnis?ri%%%gbf" ?gg%sdtfod"r‘}@ﬁngm no acid
substitution 439. fbeietvanmtd 28y cmtidn%lhr_ farthﬂdveambdiﬁiedlgemmmisebm_temenorposi tion
428 and 429. ar;l;fﬁ%sa%id’ﬁfg'stgtggﬁnsrrﬁyanﬂ% 'aaa%Jokiﬁpws&n_@%ongglsg;%%sitms tjgg,conpri se

one or nore am no_aci stitutions at_am no aci i'ons correspondi ng
to positions 189245174l apdfpr Hqof gwd?-gpfgmﬁom H%q‘@U@DLPWIP dlay e sequence
known frmm A. caldb@cetidhcGEQEDI0S2)(SEQ ID NO 2). In case the amno acid
corresponding to position 169 of the s-GDH wild-type sequence known from A
cal coaceticus (SEQID NO 2) is substituted in a variant of the present

i nvention, itln sasprthé aminnacidhxprrespendiag ue glokijiondébrafithe s€aPHowiddtypel euci ne

i s substitutegqhnBRESYH BbaNANGlodASISEE 10 NOF )Pk RRianRed MOrRrihtefer red the
15 substltutl%g in pqsition 169 ISFFgly g)h nyl al ani ne. I n case , tl1e am no acid

cor r espondi ngtEFEERYFHOR 741 Brefer thitabs fapre Y porpEineamine At 9990%n from A
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In case the amino acid corresponding to position 171 of the s-GDH wild-type
sequence known from A. calcoaceticus (SEQ ID NO: 2) is substituted in a variant of
the present invention, it is preferred that the naturally occurring amino acid
tyrosine is substituted by an amino acid selected from the group consisting of from
20 the group consisting of alanine, methionine, glycine, More preferred the

substitution in position 171 is by glycine.

In case the amino acid corresponding to position 245 of the s-GDH wild-type
sequence known from A. calcoaceticus (SEQ ID NO: 2) is substituted in a variant of
the present invention, it is preferred that the naturally occurring amino acid

25 glutamic acid is substituted by aspartic acid, asparagine or glutamine. More
preferred the substitution in position 245 is by aspartic acid.

In case the amino acid corresponding to position 341 of the s-GDH wild-type
sequence known from A. calcoaceticus (SEQ ID NO: 2) is substituted in a variant of
the present invention, it is preferred that the naturally occurring amino acid

30 methionine is substituted by, valine, alanine, leucine or isoleucine. More preferred
the substitution in position 341 is by valine,



20 the group consisting of alanine, nethionine, glycine. Mire preferred the
substitution in position 171 is by glycine. In case the amno acid
corresponding to position 245 of the s-GDH wil d-type sequence known from A,
cal coacet i GSndenagdst D NO 2) is substituted in a vari andictafpzodshersps esent
invention, it is preferred that the naturally occurring amno acid 25
glutam c add is substituted by asparticjacid, asparagine or glutam ne. Mre
preferred the substitution in position 245 is by aspartic acid. In case the
am no acid corresponding to position 341 of the s-GDH wi |l d-type sequence
known from A. IrCadse ahe eininl scid Shépedpondiby t@)posisios LSt oft the 8eGIDH wild-aypeant of
the present i i Lt 1.SAp - e CCUL ] am no
aci d 30 mot hi S ohse owh frop AR RS AP SEAD NOEy [RM ki SECHERMIE

i sol euci ne. Mbe@reserifiayansion, i Feprefaned thetithepaturdllymssparingpmeaa agid vilipey al i ne.
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to posi t%n 349 of. the s-GCDH w1l d-type sequence known from A, cal coaceticus

(SEQ I D By 3laniBghstituted in a variant of the present invention, it is
preferred that the naturally occurring amno acid valine is substituted by

al ani ne, gl yci t I L 1 ! ' 5 by
2 ani ne. Ao s aerPReNG O G oSHbEn “ﬁ‘;ﬁ AR E L EPRE
position 348 Bf s-CRET seqrnce squemeBliag teetisonad-Hipet trauensenisolated yisemsequence
i Isol ated fr 0_rr?._ &_alcoﬁaeltifﬁ@a@ﬁi ib@uﬁ;gl% Q@@ighlﬁicaml%dirﬁpoﬁé el igl}la?etsbgc_iﬁdimv\;)&\ég/ g 2819
gl ucose speci Vg Of 1 5= GDH. ski. t Wi in n.
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t he i nsé&tti onwhish orafibeguivstitutedarpt eoodined withtbainsention pacoadihg ta the presendf er r ed
enbodi nent t hgyssfdad variant according to the present invention in addition
to the insertion between am no acid residues 428 and 429 conprises at | east
two am no acid substitutions selected fromthe group consisting 15 of

posi tions 1f711n %%th&ﬁlﬁrefeﬁ«lég eaibd diddknt alse QGDEB&W?ia@erg&th@pmérd (
positions of .the.s-! Ll d-type sequence known fromA, ¢ oaget,,cus ( SEQ
IDNO 2). | nmy%[feuoél ‘r“uﬁdm"r“ B .%‘Eé?sregtgmeﬁg‘g%ﬁnn@ﬁlflotaﬁg esidegs \%gralngn@baccor di ng
to the presentompnisgesitleashtwmambdiacidgubstisutidne séletet fromrthbgtonpeandstingo aci d
resi duess 428 gnshsftidfls 171, 245, 341, 348 and 349 as corresponding to amino acid positions of

the s-GDH wild-type sequence known from A. calcoaceticus (SEQ ID NO: 2).

In yet a further preferred embodiment the s-GDH variant according to the present
invention in addition to the insertion between amino acid residues 428 and 429
comprises at least three amino acid substitutions selected from the group consisting

20 of positions 171, 245, 341, 348 and 349 as corresponding to amino acid positions of
the s-GDH wild-type sequence known from A. calcoaceticus (SEQ ID NO: 2).

As the skilled artisan will appreciate, it is possible to undertake amino acid
substitutions, e.g. silent mutations, which do not influence the properties of s-GDH
to a significant extend. The variant according to the present invention will,
25 however, have no more than 45 amino acid exchanges as compared to SEQ ID
NO: 2. Preferably the variant will comprise 20 or less amino acid substitutions,
more preferred, only 10 amino acid substitutions or less substitutions will be

present.

s-GDH variants according to the present invention are given in the Examples
30 section. These variants also represent preferred embodiments of the invention. The
variants with least glucose interference found so far comprise the insertion between
amino acids 428 and 429, preferably by proline, and the mutations Y171G, E245D,



conprises at least three am no acid substitutions selected fromthe group
consisting 20 of positions 171, 245, 341, 348 and 349 as corresponding to
am no acid positions of the s-GDH wi | d-type sequence known from A

cal coacet i G beraiashD NO 2). As the skilled artisan wigdmappsaoisate, it is
possi bl e to undertake amino acid substitutions, e.g. silent nutations,

whi ch do not influence the properties ofigs-GDH to a significant extend. The
variant according to the present invention will, 25 however, have no nore
than 45 am no acid exchanges as conpared to SEQID NO 2. Preferably the
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s- GDH vari ant s accof di ng the present invention are given in the Exanples
30 section. TH@Q@tWFP%RRs aI so represent preferred enbodi nents of the
invention. The variants with |east glucose interference found so far

conprise the inserti.on between 428 and 429 efera
oroltne. and CREhavasrore S TS e et e i E00M 0078 44
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around position 428 and 429 as corresponding to wild-type s-GH from A
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inventiogn rel P QalcdaRetRud)S 6l tRBWeed 288khd 430 (A. baumannii), respectively.

In a preferred embodiment the present invention relates to a variant s-GDH

comprising the sequence G-N-Xaa-V-Q-K-D (SEQ ID NO: 11). Preferably the

s-GDH variant comprising SEQ ID NO: 11 is further characterized in that said

inserted amino acid Xaa is selected from the group consisting of leucine, proline
20 phenylalanine and methionine, more preferred Xaa is a proline residue.

As explained further above the amino acid asparagine at position 428 of wild-type
s-GDH may be subject to an amino acid substitution. In thise case SEQ ID NO: 11
will comprise the substituted amino acid instead of P428.

Numerous possibilities are known in the art to produce mutant proteins. Based on
25 the important findings of the present invention disclosing the critical importance
an amino acid insertion between position 428 and 429, the skilled artisan now can
easily produce further appropriate variants of s-GDH. Such variants for example
can be obtained by the methods known as random mutagenesis (Leung, D. W., et
al., Technique 1 (1989) 11-15) and/or directed mutagenesis (Hill, D. E., et al.,
30 Methods Enzymol. 155 (1987) 558-568). An alternative method to produce a
protein with the desired properties is to provide chimaeric constructs, which

contain sequence elements from at least two different sources or to completely



conprising the sequence G N Xaa-V-QK-D (SEQ ID NO 11). Preferably the
s-GDH variant conprising SEQ ID NO 11 is further characterized in that said
inserted amno acid Xaa is selected fromthe group consisting of |eucine,
proline 2Qophgmaydigd ani ne and net hi oni ne, nore preferredTE@ansmoipr ol i ne
resi due. As explained further. above the am no acid asparagi ne at position
428 of wld-type s-GDH may be subject.i{p.an am no acid substitution. In
thise case SEQID NO 11 wll conprise the substituted am no acid instead
of P428. Nunerous possibilities are known in the art to produce nutant
proteins. Basgdthesize &baptphepriapoGdhgerfei huthrpyecedfires kaown éis retart maghti on
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155 (19 ? ernative method to producea protein with the
desired pr opertl es is to provide chinmaeric constructs, which contain
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information diMDl mcﬂdaslwellt dsebymtﬁsﬁglfronna/hmhbkogodsmequnw|Idehaubraéms>for
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conbi nati on osed inserfion b 5 429 of

SEQ | D MO 2.achl ssq@Dice wath|aa}wst§@%odmtmga8t6@nma@dgpéE@nhD N@vénWitb@ﬂt?an e.g.,
be produced byordstafet hﬂﬁolﬁrﬁ&@h?g?rﬁne@hkl%ﬂﬁ P@%Ubwg%a@datflémpd\% sehebact er
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"honol ogous" inSEQEANNOt A conprise an s-GH am no 10 acid sequence with at

l east 90%identity as conpared to SEQ ID NO 2. Wth other words, after
appropriate alignment usi ng the Pil eup 5ogram at least 90 % of the amno
aci ds of suchltiyalbE sgeerstoad dmy varetiqng of DNaANG mineeacithfaqyenses aaued¥cr i bed

in SEQ 1D NO: exst, drthf bé itentionaley mtreaecet NBing \Rdthéds 183 n0ih tRNArtaMHesam no aci d

sequences natura
d var1at101¥s may result in up to 10% amino acid differences in the overall sequence,

due to deletions, substitutions, insertions, inversions or additions of one or more
amino acid residues in said sequence as compared to SEQ ID NO: 2. Such amino
acid substitutions may be made, for example, on the basis of similarity in polarity,
20 charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of
the residues involved. For example, negatively charged amino acids include aspartic
acid and glutamic acid; positively charged amino acids include lysine and arginine;
amino acids with uncharged polar head groups or nonpolar head groups having
similar hydrophilicity values include the following: leucine, isoleucine, valine,
25 glycine, alanine, asparagine, glutamine, serine, threonine, phenylalanine, tyrosine.
Other contemplated variations include salts and esters of the afore mentioned
polypeptides, as well as precursors of the aforementioned polypeptides, for
example, precursors having N-terminal substitution such as methionine,
N-formylmethionine used as leader sequences. Such variations may be made

30 without necessarily departing from the scope and the spirit of the present invention.

According to procedures known in the state of the art or according to the
procedures given in the examples section, it is possible to obtain polynucleotide
sequences coding for any of the s-GDH mutants as discussed above. The invention



15 exist, or may be intentionally introduced using nethods known in the art.
These variations may result in up to 10% amno acid differences in the
overall sequence, due to deletions, substitutions, insertions, inversions
or additi ome 206/008182 Or nore am no acid residues in saipdTEQBNCBIAS
conpared to SEQ ID NO 2. Such amno acid substitutions may be nmade, for
exanple, on the basis of simlarity in_pplarity, 20 charge, solubility,
hydr ophobi city, hydrophilicity and/ or the anphi pathic nature of the

resi dues involved. For exanple, negatively charged am no acids include
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foll owi ng: |eucine, I soI eum ne, valine, 25 glycine, alanine, asparagine,
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t herefore coruiaqnséssuahga)pA@%ﬁ?IAHébo‘p@i%mﬁ%hﬂ sequences encodi ng s- GDH
mut ant proteins as described above. The present invention further includes
an expr Ssion_vect.,or conpri Sj nucleic acid sequence .accordi.ng.to the
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t he present vention t an origin of replication, an

ant i bi ot ca r ]i‘?fa‘ﬂi’éeéaf”glm§@?v€g‘f?“i§ﬁ{, lrg’B}D(Srmt er for expression and t he

The characteristics of the selected expression vector must be compatible to the host
cell, which is to be employed. For example, when cloning in an E.coli cell system,
the expression vector should contain promoters isolated from the genome of E.coli
cells (e.g., lac, or trp). Suitable origins of replication like the ColEl plasmid
20 replication origin can be used. Suitable promoters include, for example, lac and trp.
It is also preferred that the expression vector includes a sequence coding for a
selection marker like an antibiotic resistance gene. As selectable markers, ampicillin
resistance, or canamycin resistance may be conveniently employed. All of these

materials are known in the art and are commercially available.

25 Suitable expression vectors containing the desired coding and control sequences
may be constructed using standard recombinant DNA techniques known in the art,
many of which are described in Sambrook et al, in “Molecular Cloning:
A Laboratory Manual” (1989) Cold Spring Harbor, NY, Cold Spring Harbour
Laboratory Press.

30 The present invention additionally relates to host cells containing an expression
vector which comprises a DNA sequence coding for all or part of the mutant



whol e or part of the s-GDH gene variant. The expression vectors may al so

i ncl ude other DNA sequences known in the art, |ike signal sequences (for a
better folding, transportation into the periplasm or secretion), inducers
for a bettwowmeuodaii on 15 of the expression, or cleavagmriisosrsior
cloning. The characteristics of the selected expression vector mnust be
conpatible to the host cell, which is.ij®. be enpl oyed. For exanple, when
cloning in an E.coli cell system the expression vector should contain
pronoters isolated fromthe genonme of E.coli <cells (e.g., lac, or trp).
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avai |l able. 25 3 vec ors contai ni ng he' Jesiv e i ng and
control sequeandetlstelﬂmay be construct ed using standard reconbi nant DNA
t echni ques known in the art, many of whi ch are described in Sanbrook et

al., in "Ml ecular, Coning A Labora 1989 ri.ng Har bor,
N, Col'd Spr  FpreBeBOgROS tamte TRt Bdhosoctii virasahet PR kRO

addi tional |y thelaat &sr bxarﬂqﬂsttraneﬂokmatmmfdmt odls a\ntheeo@resssm oectorseet b whi ch
conprises a f al | 061008132
PCT/ EP2005/ og“%{ﬁ@e%{a g7 & %ﬁr«lyﬂ‘%ﬁ icol %“e?:lg{eii gﬁg{ogfaetr yaﬁs;%ﬁftagl Ar?Qgﬁﬁ’

expr esston veSembradieat ak dA%H supex. Hpwevsy Ot}}farﬂ’éeﬂéﬁ sdpreingPdudies omresseguences

havi ng one orye®ire it atlblstorésus§ hfeM W exhifl lteh%lec@gﬁﬂ"&‘l&ﬁ Qmﬂstlcsﬂ?écﬁbhe opost cells
i ncl ude, for exgoc?i)s E.coli 101 33694) avail able from Ponega (2800

Woods Hol | ow K8 §P8rHD W’ eEEB\l) Ye L1-Blue 5 MRF' available from
Stratagene (11011 North Torrey Pine Road, La Jolla, CA USA) and the like.

Expression veghor a% esii6n ‘vE&{t&O&‘ﬂ?a%ﬂn Q. dPﬁ%aH t'h%s Péén‘éﬁt{rbcﬂi&@d ﬁﬁb hods

known in the art. r exa rans orma ion 0 S Wth expression
vectors can b@anpawmaéﬁh%ﬁyfelweﬁww RAY &8 suliyrgd ypd ?féepﬁlttléﬁs PRBUIHBE ast

transf orgrat i ogprestibm toflthe( S@Ifbd QOBDH! vaants] 38Rt el @pntaibe iRy desirelier

et hods Tor i oty oduei 0g eYgEe

lﬂ\rJJA sequence coding for all or part of the mutant
s-GDH can be easily identified by i.e. anitbiotica selection. The expression of the
s-GDH variants can be identified by different methods like measuring production
of s-GDH mRNA transcripts, detection of the gene product immunologically or
20 detection of the enzymatic activity of the gene product. Preferably an enyzmatic

assay is applied.

The present invention also teaches the generation and screening of s-GDH variants.
Random mutagenesis and saturation mutagenesis is performed as known in the art.
Variants are screened for substrate specificity (activity with glucose compared to

25 maltose) and the KM value for glucose. The assay conditions chosen are adapted to
ensure that the expected small enhancements brought about e.g., by a single amino
acid substitution, can be measured. One mode of selection or screening of
appropriate mutants is given in Example 3. Any change or improvement as
compared over the wild-type enzyme this way can be clearly detected.

30 It should, of course, be understood that not all expression vectors and DNA
regulatory sequences would function equally well to express the DNA sequences of
the present invention, Neither will all host cells function equally well with the same
expression system. However, one of ordinary skill in the art will make an



vectors into host cells, for exanple, electroporation, biolistic injection,
or protoplast fusion, can also be enployed. Once an expressi on vector
contai ning an s-GDH variant has been introduced into an appropriate host
cell, the wobosmedisz may be cul tured under conditions peonWRrIBY781HD
expression of the desired s-GDH variants. Host cells containing the desired
expression vector with the DNA sequenceygoding for all or part of the nutant
S-GDH can be easily identified by i.e. anitbiotica selection. The expression
of the s-CDH variants can be identified by different nmethods |ike neasuring
producti on ofppsopEdk¢ sdRNfon rRareigrthptespresimneccionn [HFAtregulgfonesegnedest

i munol ogi cal 1 Rkt @fks %nﬁhgﬁﬂame g&&@de@!ﬁ%&%ﬂt&oﬁ(ﬁhhﬂé LpeRinetifoiene

product. Preferably an e tic ssay is applied. The present iInvention
al so teaches the generation and screening of s-GDH variants. Random
mut agenesi s &niek iaadntioatalso nelands woepresdssior pradacihg s1GIdH asridnioufithe curkdne art .

Var bont P 1 prade ar ;
compared +o 28 AR Podatiity PRk s IRt B bk hREdc Lol OhIAEEEE,
chosen dre aduelld feroproduetigneofithamutans séxpiEd of dae Biventione Fhmbastarighhest br ought

about e.g., by)g t#iQILANATOitiGHE e BHRE Hellihhl QhtaifRE BBoNRAS Kitsten One node
of selection or scrﬁenl nl% of a .Bragrlat.e mut ant s i ggl Ven in Exarr&ie 3. Any
change or i mpRUEhE SBETOPERYAIABPO0 7B HIHSIGR 2genty (EPRR A8t Sohay can be
clearly det ecéxpekssi®d vedtors Wbylich] apfropuate setjbibtics indedessropidillit atnamytcingl |
expressi on ve i I : ' quélual ly well
to express thgﬁ%k@]glg%ﬁeﬁce%#g?{ﬁ ttdcem%lrﬂgeéegﬁ&?ﬁdgg?%ggéhgﬁl %?I wil'l all

host cell s fuﬁ%é‘qu?)rli“&iﬁ&‘ll‘ighe\kﬁ-l with the sane expression system However,
one of ordinary skill in the art wll make an WO 2006/ 008132

PCT/ EP2005/ 007844 - 20 ropriate selectjon amgng the expressiop,vectors,
DNA regul at or ¥ lgéj(ﬁffgrﬁ%dezﬂ% tgﬁd) Oﬁ%’ﬁtm@%l sthwf?%g“qt ﬁgerglﬂndﬁlﬁc(gﬁﬂp% Pled herein
wi t hout unduepredpaionniritcat cdls.exprEbseng nANR bagnerae soding| the esutans aGPHocess f or
produci ng s- ' dnvent i 1 Si l.t.uring a
host cel |l of (ﬁéelsﬁlzbgﬁdi%%%ffJﬁgg)rrg%%ﬂgﬁt%?%dr?sK%?s%ﬁqgglo({e@?g%g o%ﬂlgwon of the
nut ant s- CDH @anslatian j ghiBammNA rgpdedabt aPNf ssgugnce cading fox fhy mwfangy) t ur e

condi ti pns areGDIH] Wol eRa@aihlelthe N ARisdyjuBikes afah®8 shitlesiietl 20 destribedsboves, the
appropriate ant Bl otk Sn@N%uiRde Shirediod4eaby, (HERERFLNImIP bt N&a4R ST i

vitro transcription/translation system.

An expression vector comprising an isolated polynucleotide as defined and
described above operably linked to a promoter sequence capable of promoting its

20 expression in a cell-free peptide synthesis system represents another preferred
embodiment of the present invention.

The polypeptides produced e.g. by procedures as describe above, may then be

isolated and purified using various routine protein purification techniques. For

example, chromatographic procedures such as ion exchange chromatography, gel
25 filtration chromatography and affinity chromatography may be employed.

One of the major applications of the improved s-GDH variants of this invention is
for the use in test strips to monitor blood-glucose level in diabetic patients. The
insensitivity of PQQ-dependent glucose dehydrogenase towards oxygen is, as
discussed above, a big advantage over glucose oxidase. More important, since the
30 s-GDH variants have improved specificity towards glucose and significantly
decreased enzymatic activity towards other sugars, the interference due maltose,

galactose, and/or other related sugars which may be present in a sample to be



expression vector). Typical appropriate antibiotics include anpicillin,
cananycin, chl oroanphenicol, tetracyclin and the |ike. Typical induction
agents include IPTG 10 glucose, lactose and the like. It is preferred that
the pol ypeRlbi desofihzt he present invention are obtained fyr/ERiGAUGE on in
host cells expressing a DNA sequence coding the nutant s-GDH.  The

pol ypepti des of the present invention may-al so be obtained by in vitro
transl ati on of the nRNA encoded by a DNA sequence coding for the nutant 15
s-CGDH. For exanple, the DNA sequences nmay be synthesized as descri bed above
and inserted amiped suigrifitastexplussdi O cpurst onanywkinds dfnsamples max/ bse used in

an in Vitro fad &tea g?ddﬂ?‘ﬁ&{d@ﬂﬁé L AISYS! §Rstifd] RXPSCHHOfe YR%:

conprising an |so ucl eoti de ‘as defined and descri béd above
oper abl y |.nk@ﬂwe%<§sb9 - sequence capable of pronmpting its 20
expression in a cell-free peptide synthesis systemrepresents another
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e.g. by procedures as &8 Pified
usi ng vari ousglpense ilrhesqmni@ Biing perf A eralttarts ﬁcwébh&thﬁheereswrmvee%aw
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is for the upefirmetesihg stensgsorttest poipidedce. bl ood- gl ucose | evel in diabetic
patients. The insensitivity of PQQ dependent glucose dehydrogenase towards
oxygen is, as _discussed above, a big advantage over gl ucose oxidase. Mre
i nport ant, si Alse wiHan 3be scopexfirhe PESIER IRKRAEIOR ip Potedise dpke er dRteation tBvar ds

gl ucos e1@nd S if@iutdneain bf gluc&eﬁ{ @aaslqﬂe mymmiglacG @DH IVllutaYlt heordiistoahRer
sugars, the interferenc and/ or other related

sugars whi oh FEHsE pradanttenre SRttt ibraiterdostas
PCT/ EP2005/ 007844 -21 analyzed, is significantly reduced. O course nmany

kinds of sanpirgs @t BEriadtMWRE tih ﬁ)tvg&is é}@@&“&l ecfﬂc 8 tHid lé'ﬁerﬁ%n aﬁ)lc>"’1?]rrr71

intestinal flurd qQr urine are r ferre sou ces or su sanp es
i nvention aIsbeBﬁﬁﬁ?@gégmﬁmﬂﬁﬁhﬁﬁngﬁnﬁéi@%FPﬁ@}3ée?%ﬂnﬁﬁﬁﬁﬁoﬁr H%%@urlng 5
gl ucose in a spBpllRUHEIRGUSA VS R ANalyaied] LagaoBZ (1999t 9ot 316; baeBavitius,nvent i on.

It is 15 V., et al.,, Monatshefte fuer Chemie 130 (1999) 1269-1281; Malinauskas, A. et al.,
Sensors and Actuators, B: Chemical 100 (2004) 395-402) for online monitoring of
glucose in a sample or a reactor. For this purpose, the s-GDH variants can, for
example, be used to coat an oxygen-insensitive glassy electrode with an osmium
complex containing a redox conductive epoxy network (Ye et al., 1993 supra) for

20 more accurate determination of the glucose concentration.

There are also other possible applications of the s-GDH variants with the improved
substrate specificity according to this invention. For example, these s-GDH variants
may be used in an aldonic acid production process. Wild-type s-GDH has a high
turnover in substrate oxidation producing gluconic and other aldonic acids. By

25 using the s-GDH variants, which are more specific for glucose, the production of
gluconic acid would result in much less byproducts. With other s-GDH variants of
different substrate specificity, it is possible to produce different aldonic acids as
required.

In the following examples, all reagents, restriction enzymes, and other materials
30 were obtained from Roche Diagnostics Germany, unless other commercial sources
are specified, and used according to the instructions given by the suppliers.
Operations and methods employed for the purification, characterization and



especially preferred that the inproved nethod for detection of glucose in a
sanple is characterized in that said detection, determ nation or

measur enent of glucose is perforned using a sensor or test strip device.

Al so wi t himotbuwnesagmpe of the present invention is a devcoEpri@msoiiees det ecti on
or 10 measurenent of glucose in a sanple conprising a s-CGDH nut ant
according to this invention as well as2xther reagents required for said
measurenent. The s-CGDH variants with i nproved substrate specificity of this

invention can also be used to great advantage in biosensors (D Costa, E
J., et al., BlodemefdPNA2rqweBgiown7in-tTart (Ausabelalii atialsgn "Qurrenttpragocols

Anal ytical LeftgdisuBe b(el}g@ghﬁgpm VeH lhBRYh 6& Yaptedoas VequiRll b?f'the
Monat shefte fgﬁ%%Chenle 130 (1999) 269 281; Nhllnauskas A et al

Sensors and A f8P82. B: Chenical 100 (2004) 395-402) for online nnnltoring
of glucose in a sanple or a reactor. For this purpose, the s-CGDH variants

can, for al%'f@%ovﬁﬁ%gﬁ l%s?u&E&Hll&{}a%ﬂé}ﬁ%sehpﬁﬁ%}ﬁlo% Yfiesd BN esShECE r OdE

with an osm um nduct1ve_ epoxy work (Ye et
al., 1993 suHK’é)m‘feried 2@ Lt éhea?f@H? &f ahe preseni inyention. Hat ﬂar@ﬂdgq fethse

concentratloqmd&h&hau%keﬁ@hﬁﬁngb@er possi bl e applications of the s-GDH
variants with the inproved substrate specificity according to this

i nvention. For exanple, these s-CGDH variants may be used in an aldonic acid
production pribempie 1l W d- type s-GDH has a high turnover in substrate

oxi dat i on pr adtipdngl g Rt Ale ARSTpEUOMARLASPRYPER dipbfital he - CDH

variants, whic speC| ucose e production®of gluconic
acid woul d r eggope %Wﬁﬁ&ﬁ“ﬁ%gsEB broducts Wth other s-CDH variants of
di fferent substrate specificity, it is possible to produce di fferent aldonic

nzynedd and HeriorDbheaie drsssois e it ARy P e e o 22 s "
Ger many, unl essordinigde stendare pricadurso ihe wid-tyres-CPHgene wels SUéznldneclsmcb accor di ng

to the '”S”Liﬁéshﬁﬁ‘sccgﬁé{ﬁﬂ behetﬁl@ ?ﬂ&ﬂbie?rt%r ad ?a'ia@lt' sf%'ﬁd papds enpl oyed
for the purification rization and 0 /0 132 F /EP20 51007844

-22 cloning &IPPMOQF\’@ \ﬁéq 5 oWirf I}eﬁ’ctoﬁétr%f”a{ § BefSGRH (seq Figyres 2
"Current protedd)sThd recombiant E’tiﬁsnhtls){v@@M tréd&%)ntwal IRt Migahiad)selasted can be

adapt edlSaS r ef(r:]ouI : Ed Eb i tgpoeup SIjﬁese c?rgane}sms Walt then cultivated under appropriate
conditions and colonies showing s-GDH activity selected.

The plasmid pACSGDH was isolated from a 200 ml over-night culture of the clone
mentioned above using the QIAGEN Plasmid Maxi Kit (Qiagen) according to the
manufacturers’ protocol. The plasmid was resuspended in 1 ml bidest water. The

20 concentration of the plasmid was determined using a Beckman DU 7400
Photometer.

The yield was 600 pg. Then the quality of the plasmid was determined by agarose
gel electrophoresis.

Example 2
25 Generating mutant T348G

As an important starting template for the generation of insertion variants a mutant
s-GDH with the mutation T348G was manufactured. This mutant of s-GDH was
chosen because it is known to have reduced activity to maltose compared to glucose
(see WO 02/34919),



The follow ng exanples further illustrate the present invention. These
exanples are 5 not intended to limt the scope of the present invention,
but provide further understanding of the invention. Exanple C oning and
expr essi orwohodshasisd | d-t ype A. cal coaceticus sol ubl e P@Qrdepesdenis gl ucose
dehydrogenase in E. coli 10 The s-GDH gene was isol ated from Aci net obact er
cal coaceticus strain LMD 79.41 accordizsg to standard procedures. The

wi | d-type s-GDH gene was subcloned into a plasmd containing the nyl
pronoter for adjustabel expression (cf. Patent application WO 88/09373).
The new constThécQuigkShangke | Sig-PirccdDMutagenssis gt (Stsatagenandata RO05TRE Wagconbi nant

pl asm ds wer g5k QabsGRMel thE QhRoRAS lat PoaBM SBB $¢|LOVEHe. Tl {pmgdite E. col |
group. These organi sns, were, then cultivated under appropriaté conditions

and col oni es REHBW HEre<etMdact i vity sel ected. The plasnid pACSGDH was
isolated froma 200 m over-night culture of the clone nentioned above

or ot ocol . Tha Er sl naeb e e (o AR CREEI B P DGRt urer e

protocol . The plasm gs i ,
concent Pat i orfngfcontaingd thenmeadified cadane fori the gxdhangryframpthesanine tougly4ne
Phot onet er . TheAyiceGAG)as 26RRArAGosifibRMTHesE naledtidey wede flaReddbpsntdl1g\as

deternmned b . | el.ectroph LS. le 2.25.. ti t ant
T945C A6 an 1HEPIaRa ef R e f ARe inrar &g puittt iR faf R BT MR [on
variants a mmdnanti~sen®3|H>N\A-tshand1éamiﬁu_tlattlileonodb®4€9@ tha saminn ufca exahenge. This
nutant of s- GRS the RGN ARACAURRohihe S thPQWMRe LAJ ARYEfI qAMGR @6t i Vity to

mal t ose conpared,to glucose (see 02/ 34919). WO 2006/ 00813 )

PCT/ EP805] 0GERS the zgmrﬁecoaaal%qécﬂ%é%eéﬁltl%goa%zepéﬁamﬁ%ef%ﬁwesanm t
(Stratagene, seiadestr2QDGIBIEQES NOsseghd4). substitude the threonine at position
348 by a glycine. The appropoiate prinmers were designed. The 5 - and the

3'-prinmer used for nmutagenesis were conplenentary to each ot her
The PCR-reaction and the DpnI digestion were performed according to the manual.

After that, 1 pl of sample was used for the electroporation of XL-MRF- cells.
Electroporation was achieved with 2.5 KV in 0.2 cm cuvettes using a BioRad E. coli

15 Pulser (BioRad). After growth in 1 ml LB at 37 °C for one hour, bacteria were
plated on LB-Ampicillin agar plates (100 pg / ml Ampicillin) and grown over night
at 37 °C. The mutated s-GDH clones were examined using the following screening
method.

Example 3
20 Screening

The mutant colonies on the agar plates described above where picked into
microtiter plates (MTPs) containing 200 ul LB-Ampicillin-media/well and
incubated over night at 37 °C. These plates are called master plates.

From each master plate, 5 pl sample/well was transferred to an MTP containing 5 pl

25 per/well of B (B = Bacterial Protein Extraction Reagent; Pierce No. 78248) for cell
disruption and 240 ul of 0.0556 mM pyrollo-quinoline quinone (PQQ); 50 mM
Hepes; 15 mM CaCl, pH 7.0/well for activation of s-GDH were added. To complete
the formation of the holoenzyme, the MTP was incubated at 25°C for 2 hours and
at 10 °C over night. This plate is called working plate.

30 From the working plate 3 x 10 pl sample/hole were transferred to three empty
MTPs. After that, one was tested with glucose at standard concentration, the second



5 and contai ned the nodified codon for the exchange fromthreonine to
glycine (ACAto G35 in a central position. These nucl eotides were flanked
by 12 to 16 nucleotides at each end. The sequences of the nucl eotides were
i denti cal woida@oaense and anti-sense DNA-strand fl anlpicrgrbdugoesdon for the
am no acid exchange. Instead of the codon ACA = threonine for the sense and
TGT for the anti-sense 10 strand, the pginers contai ned GGG = gl ycine for
the sense and CCC for the anti- sense strand (see SEQ ID NGs: 3 and 4). The
PCR-reaction and the Dpnl digestion were perfornmed according to the nmanual .
After that, lorevith s@ripied ghassarsadentation (i€ mMeimbteapof Hirmbi) aod thelthivdkF' -

| El ect i
col ey o5 Corpargl ser*‘?’@’e‘f‘%‘k & Wf?@le?%l?ﬁ shflyfie ARAUELe U170 @
hour, bact er | BEepeecysaeae s uasqmws oe pipp qard sepgentsatigneise. @1 BomYL. Fory

Anpi cil1in) admchsgpwmpl%\m{edmcghbluuah (s8¢ Efampl1®) ek @yt @utAnicPtheGligires were
exam ned usi e fallow ng screening met hod. Exanple 3 20 Screening The

mut ant col oni esan5 Zetdh"%asﬁggl pl at es descri bed above where picked into
mcrotiter plates (MIPs) containing 200 | LB-Anpicillin-nmedia/well and

LQEEbﬁéE?eE’V&%{%@% b e e BB e B Y i g 5
pl 25 per/ well 108 ECU(VEY alﬁaﬁai%eri)]étﬁmwé‘?%tg ¢ piher SBEAT oA ROFpaTFd; to ﬁ#’%rce .
78248) for cedlhcoselivalinb pindogal @iteded? 40 pprkemtf adbividp § Ce.grMop ythaitdse agjudBialin ne

gui none ( PQQ I of s-GDH
wer e added. oalgogewguﬁgpeﬁﬂgoﬁgﬂrh EQV%%J ?]Pﬁ]&le C4 oé%azcéﬁé' &Cthé tlv%gﬁ

i ncubat¥d at QBYlWor 2 hours and at 10 C over night. This plate is caI | ed
wor ki ng plate. 30 Promthe wor king plate 3 x 10 41 sanpl e/ hole were

transferred t t IvrI'Ps Af er that, one s tested wi.th glucose at
standard conc ﬁan&tdx‘@t gg’ﬁ%/‘@ﬁ@i@?"‘r\lg%f? E?SZ%QG%W@‘?@Af -24 one
with a reduceclwl and)scalcuhmdem rp]:tde(m attiviy ONEimint é8d oVl ZldcoskBOamdit he third
with naltose %qmﬁo@é)" Tl'ﬁse P& efﬁ ~HR8hidDs &Hc&re@ﬁaé‘lc%PﬁF fidk@1 vALL sel ected

ot her sugar ecu used 1 n equl ITD ar stan concentration, i.e
at 30 mM Forfor the varlant analyzed According to this calculation a higher %-value indicates a

15 lower (= better) KM value.

The following mutant has been identified:

Enzyme | M/G (30 mM | Activity 1,9/30 mM glucose in % | Amino acid exchanges

sugar in %)

WT 105 70% -
mutant 25-30% 21% T348G
Example 4

Sequencing of mutant s-GDH gene from site directed mutagenesis

20 The plasmid containing the gene for mutant s-GDH T348G, which mutant has a
25-30 % maltose/glucose cross-reactivity was isolated (High Pure Plasmid Isolation
Kit, Roche Diagnostics GmbH, No. 1754785) and sequenced using an ABI Prism
Dye Terminator Sequencing Kit and ABI 3/73 and 3/77 sequencer (Amersham
Pharmacia Biotech).

25 Following primers were used:
Sense strand: GDH 1: 5"-TTA ACG TGC TGA ACA GCC GG-3’ (= SEQ ID NO.. 5)
GDH 2: 5°-ATA TGG GTA AAG TACTACGC -3’ (= SEQ ID NO: 6)



all assays 90.tl of nediator solution (see Exanple 7) already containing the
sugar to 5 be analyzed was applied. The dEfE m n was cal cul ated and t he val ue
using 30 nmM gl ucose as substrate was set to 100% activity. The val ue

obt ai ned wiwbhodesesiet her sugar was conpared to the gl uoqagepsalswersand
calculated in percent activity ((e.g. for maltose as: dEfEmn naltose/dE

gl ucose)*100). This is equivalent to thgscross-reactivity of the (variant)
10 enzyne. The value obtained with the 1.9 nmM gl ucose was conpared to the 30
mM gl ucose value and calculated in percent activity ((dEZmn 1.9 nM

gl ucose/ 30 mM gl ucose)*100). This gives a %value which is an indirect

i ndi cat or of KM value for the variant anal yzed. According to this
calculation a higher %value indicates a 15 |ower (= better) KM val ue. The
foll ow ng nutant has been identified: Enzyne MG (30 mM Activity 1,9/30 nM
gl ucose in % Desimd naghtibrere RMyesd amigarcidievdd) hasTbeed HicHigvwd; resultmgtin 25- 30%

21% T348G Exé}m%%eﬂb‘rﬁ”ﬁ{d“@ a?goﬁﬁénﬂ,%s Gadele A5 f KM bRalGhiGasSHn ,
nmut agenesi s 20 e containing the gene for nmutant s-CGDH T348G, which

pl asm
nut ant Ras a 8°Ps! %‘Sd’e%ﬁgélingose/ gl ucose cross-reactivity was isolated (H gh
Pure Plasmd Isolation Kit, Roche D agnostics GrbH, No. 1754785) and
sequenced usi@g a'PeSA‘Bl Prism Dye Term nator Sequencing Kit and ABlI 3/ 73 and
3/ 77 sequenc sham Pharnacia Biotech). 25 Following prinmers were
used: Sense sGereratingdimiertion wriamts anhexds dfotrIME& GCC G- 3' (= SEQ ID NO .
5) GDH 2: 5'-ATA TGG GTA AAG TAC TAC &C -3' (= SEQ ID NG 6) WD 2006/008132

PCTI EP2005/ 007844 -25: Result: Desired nutatjon_on and. am.no acid |evel
has been achi E¥&HON YL TS ane%,Iﬁ%n@é ‘Fsr“&ntlrfetgu@kgpﬁ si(gft?' re§%8 (mature
enzyne). No addidgerenial KituSatitageneprCat. 200518). The appropriate primers for the

10 insertion between amino acid positions 428 and 429 (see sequence: ID NO: 2) were
designed and a PCR with a mutant of s-GDH (mutant T348G, see Example 4)
performed according to the manufacturers description.

For the primers the respective codon at the insertion position was synthetisized at
random to get all possible 20 amino acids exchanges. These codon nucleotides were
15 flanked by 11 to 13 nucleotides at each end.

sense strand:
in429X_F: 5 - CTGCCGGAAATNNNGTCCAAAAAGATG -3’
(=SEQID NO: 7)

20 anti-sense strand:
in429X_R 5 - CATCTTTTTGGACNNNATTTCCGGCAG -3’
(= SEQID NO: 8)

The PCR-reaction and the DpnlI digestion were performed according to the manual.
25 After that, 1 pl of each reaction was used for the electroporation of XL1F- cells as
described above. After growth in 1 ml LB at 37 °C for one hour, bacteria were
plated on LB-Ampicillin agar plates (100 pg / ml Ampicillin) and grown over night
at 37 °C. The mutated s-GDH clones were subjected to the described screening
procedure. To ensure statistically that variants with the 20 possible amino acid
30 insertions were screened, 200 clones were tested, Clones with altered substrate
specificity were subjected to plasmid isolation and sequenzed as described above.



5 gene has been found. Exanple 5 Cenerating insertion variants on basis of
mut ant T348G I nsertion variants were created by using the QuickChange

Site-Directed Mitagenesis Kit (Stratagene,

Cat .

200518) .

The appr

opriate

primers foyotdweoosl i nsertion between am no aci d positiporErd@d8omra 429 (see

sequence:

T348G see Exanple 4)

For the priners the respective codon at the insertion position was

synt heti si zed at
codon nucl eotRegdts: wer e
sense strand:
7) 20 anti - S&f)
SEQ I D NGO, 8)

i n429X F: 5'-
i n429X R 5' -
*PCR-reaction and the Dpnl

st

randomto get all

rand:

possi bl e 20 am no aci ds exchanges.
15 flanked by 11 to 13 nucl eotides at each end.
CTGCCGGAAATNNNGT CCAAAAAGATG - 3
CATCTTTTTGGACNNNATTTCCGCCAG - 3
di gestion were perforned

ID NO 2) were designed and a PCR with a nutant of s-GDH (mutant
performed accordiong to the manufacturers description.

These

(= SEQ I D NO

(:

according to the manual. 25 After that, 1 | of each reaction was used for
the el ectronquaihen| B/cXsbimf Shist | A%tivifle397I0bRtl ARMRo Al bRMaggepufth 11 1
nil LB at 37 ¢ oné &gur Mt; %a A v\g'e pl at ed onl 0LI%—Arrpl c% iin agar
pl ates (100 (g / n1 AWp°b|II|n) and | § %ﬁl%%br night at 37 C. The |nut ated
s- GDH cl ones—were—spbj-ected—to—therdescribed—sereeni-ng—procedure: To ensure
statisticallly Mht yariant¥5with the 20 p8%sible amino acid 30 ingertions
wer e screengdyu,R@\ £l ones MEy e test ed. dxpges wit hr[@hg@red substrate
specificity were 5u jeueu o ptrasmaTsorationa % UENZE as gescri bed
above. WD 2006 132 PCTREV2005/ 007844 Reay 1PE8 TR Edzyme M G
(30 nmM sugar A@\t/js vity 1,9/33@% mM Amiino acid%exchangas48Ghifkd29 ucose in % Wr
105 70% - Ald 19% 23% T348G+ insd29F

A/5 26% 24% T348G+ ins429V

A/6 22% 24% T348G+ ins429L

Al7 16% 17% T348G+ ins429M

A/8 18% 31% T348G+ ins429P

Example 6
5 Generating further insertion mutants with high substrate specificity for glucose as

10

15

compared to maltose

In WO 02/34919 several amino acid exchanges at different positions of s-GDH have

been identified to enhance the substrate specificity for glucose as compared to e.g.,

maltose. Combinations of the amino acid exchange T348G with amino acid

substitutions at other positions for example at positions 169, 171, 245,341, and/or

349 enhanced the substrate specificity furthermore. Two of the mutants described

there with substrate specificities for maltose/glucose of 3,5 and 7%, respectively,

were selected to receive the insertion (in this case proline) according to the present

invention between positions 428 and 429. The insertion was accomplished by using
the primers of SEQ ID NOs: 9 and 10.

SEQ ID NO:9

insP429_F:

i

5-GATACTGCCGGAAATCCAGTCCAAAAAG -3’

SEQ ID NO:10

insP429_R;

5-CTTTTTGGACTGGTCCTCCGGCAGTATC -3”



Mut ant A 25% 21% T348G A/ 2 36% 33% T348G+ i ns429G A/ 3 34% 21% T348G+

i Ns429K A/ 4 19% 23% T348G+ i ns429F A/'5 26% 24% T348G+ i ns429V A/ 6 22% 24%
T348G+ ins429L A/ 7 16% 17% T348G+ i ns429M A/ 8 18% 31% T348G+ i ns429P Ex m
e6 5 Generngd badgodsuszt her insertion nutants with high subetmatmesepeai ficity
for glucose as conpared to nmaltose In WD 02/ 34919 several am no acid
exchanges at different positions of s-G have been identified to enhance
the substrate specificity for glucose as conpared to e.g., naltose.

Combi nations of the am no acid exchange T348G with am no acid 10

substi t ut i onsThat plesthidr Ddosiisdlasion 6fotheescambites aitediysited ometagenssis PLR, 245, 341,
and/or 349 %ﬁ\{)&&e @Iqu&hesc%&taﬁigr A S @feh&hglafysefeweahﬁﬁfmewasT \WBn&fast he

mut ant s descr g th ere wWith°substrate spécificities for maltose/glucose of
3,5 and 7% rds&g et y, were selected to receive the insertion (in this
case proline) accordlng to the present invention between positions 428 and
429. The inseftion was acconplished by using 15 the priners of SEQ I D NGs:

9 and 10. SEg B?SNOQ i nsP429_F: 5' - GATACTGCCGGAAATCCAGTCCAAAAAG - 3"  SEQ
ID NO 10 insP429 R, 5' - CTTTTTGGACTGGTCCTCOGGCAGTIATC 3' WO 2006/ 008132

PCT/ EP2005/ 00&% 127/GThe A bdiPNy30sRMAl A Rhookid diendngap! at es, _
site-directed tage=ne5| S rP/CR el ect ropor atji on, screening, DNA sequencing
of sel ected |mut ant s | WRETHE ucﬂ%"s‘ﬂr?bed 4bove Results: Enzyme M G (30
mM Act i vi ty 936 nMAnTno—acgid—excianges—sugar) T % gtucose 71m %
WT 105 70% -
Template 7% 9% Y171G+E245D+M341V+ T348G
C/0
Insertion 4% 14% Y171G+E245D+M341V+
mutant T348G+ ins429P
cn
Template 3,5% 10% L169F+Y171G+E245D+M341V+
D/0 T348G
Insertion 2% 9% L169F+Y171G+E245D4+M341V+
mutant T348G+ ins429P
D1

It can be clearly seen from the above table that the substrate specificity
maltose/glucose has changed dramatically. The maltose conversion has been found
to be diminished from 105 % to 2-4% as compared to the maltose/glucose
conversion of the wild-type s-GDH. Mutants C/1 and D/1 were examined in detail.

10 Example 7
Purification and analysis of enzymatic activity for wild-type or variant s-GDH,

respectively

The grown cells (LB-Amp. 37 °C) were harvested and resuspended in potassium
phosphate buffer pH 7.0. Cell disruption was performed by French Press passage
15 (700-900 bar). After centrifugation the supernatant was applied to a S-Sepharose
(AmershamBiosciences) column equilibrated with 10 mM potassium phosphate
buffer pH 7.0. After washing, the s-GDH was eluted using a salt gradient 0-1 M
NaCl. The fractions showing s-GDH activity were pooled, dialysed against
potassium phosphate buffer pH 7.0 and re-chromatographied on re-equilibrated S-



W 105 70% Tenplate 7% 9% Y171G+tE245D+M341V+ T348G C/ 0 Insertion 4% 14%
Y171G+E245D+MB41V+ rmutant T348G+ i ns429P C/1 Tenplate 3,5% 10%
L169F+Y171G+E245D+MB41V+ D/ 0 T348G Insertion 2% 9% L169F+Y171G+E245D+MB41V+
mut ant T348&wiened2OP D)1 5 It can be clearly seen fr egrigreocahene t abl e
that the substrate specificity maltose/glucose has changed dramatically.
The mal tose conversion has been found _$p_be dimnished from105 %to 2-4%
as conpared to the maltose/ glucose conversion of the wild-type s-GDH.
Mutants C/1 and D)1 were examned in detail. 10 Exanple Purification and
anal ysi s of eseplyaradeicoluaat. Thie taytiedractidrsdveteypmledrandanbjacted so- £F3Hfiltraties pect i vel y

phosphat & buf Vo piaree Ay Pl Gl BRUR G A0 TR R A R BP 23 1

passage 15 (mroledgod steaedat-APP@r centrifugation the supernatant was applied
to a S Sepharose (AnershanBi osci ences) columm equilibrated with 10 nM

pot assi um phosphate buffer pH.,7.0., Al.ter hing, .t he s- GDH | ut ed
using a salt Zmeéwyﬁgélp’fﬂtgﬁgaqm}f’ﬁ ot ?fe{’mé’?ﬁsﬁx’ﬂéﬁmﬁ aﬁé"é‘p&ﬁvﬁgﬁi’vi ty were
pool ed, i al yisgectighi:nst pot assi um phosphate buffer pH 7.0 and

re- chromat ographi ed on re-equilibrated S WO 2006/ 008132 PCT/ EP2005/ 007844
-28- sepharose colym. The active _fractions were pooled and subjected to a
gel filtrati ofroteifs ﬁ@rr&lns%bwa%mfif9fngomleé|thﬁ7%f°6%é\é§amé$?ﬁan6§ei ¢es). The
active fractifons Pigte caljiesticedcuavedvigt BSAd0 din-320CE. Enzyne assay and protein
determ nation of purified wild-type and vari ant s-CGDH,

The GDH samples were diluted to 1 mg protein/ml with 0.0556 mM pyrollo-
quinoline quinone (PQQ); 50 mM Hepes; 15 mM CaCl2 pH 7.0 and incubated at
10 25°C for 30 minutes for reconstitution or activation.

After activation, samples were diluted with 50 mM Hepes; 15 mM CaCl2 pH 7.0 to
approximately 0,02 U/ml, and 50 pl of each diluted sample was added to 1000 pl of
a 02 M citrate buffer solution (pH 5.8; at 25°C) containing 0.315 mg
(4-(dimethylphosphinylmethyl)-2-methyl-pyrazolo-[1.5a]-imidazol-3-yl)-(4-

15 nitrosophenyl)-amine (see patent US 5,484,708)/ml as a mediator and 30 mM
sugar).

Extinction at 620 nm is monitored during the first 5 minutes at 25 °C.

One Unit enzyme activity corresponds the conversion of 1 mMol mediator/min

under the above assay conditions
20 Calculation: Activity = (total volume * dE/min [U/ml]) : (¢ * sample volume * 1)
(e = coefficient of extinction; €620 nm = 30[1* mmol ™ * cm .

The assay was performed with glucose and maltose (Merck, Germany), respectively.



5 respectively: Protein determ nation was perforned using the Protein Assay

Reagent no. 23225 from Pierce (calibration curve with BSA, 30 Mn. 37 O).

The GDH sanples were diluted to 1 ng protein/m wth 0.0556 mM pyroll o-

qui nol i ne woiznenesiPQQ) ; 50 nM Hepes; 15 nM CaCl2 pH 7.#rtadoisneshat ed at

10 25C for 30 mnutes for reconstitution or activation. After activation,

sanples were diluted with 50 nM Hepes; 3. mM CaCl2 pH 7.0 to approxi mately

0,02 UmM, and 50 | of each diluted sanple was added to 1000 | of a 0.2 M

citrate buffer solution (pH 5.8; at 25C) containing 0.315 ny

(4- (di met hyl pRessftii nyl net hyl ) - 2-met hyl - pyrazol o- [ 1.5a] -imdazol-3-yl)-(4

15 nitrosophenyl) - am ne (see patent US 5, 484 708)/n1 as a nediator and 30 mM

sugar). Extipetoeftat—620—+mmisnoni-tored—dpr-mg—the—first——5 |||||utﬁS at 25

C. One Unit eRegyme d‘d/cG \p@ ymMor Ve Bistrint he | ABrinetcd exsherges mvol

medi ator/ m n| under| shpe iayve pssay conditipns 20 Cal culation: Actjvity =

(total volung_ * dE/imin [UmM])|: (e * sanple volune * 1) (e = coefficient

of extinctiop; 20 m —1§§)[ 1* mol "Igoy cm-1]). The assay was performed with

gl ucose and pattosg (Merck, Germany),;, TESPECLTV VWO 2006/ 00
iR

8132
PCT/ EP2005/ 0p784k |- 29- 4#esul tls: Enffe M G tPligMAtbY ki n.  Amino acid
exchanges spugar in % W 105 800 C/1 4% 10%388GAline22R5D+M341V+ T348G+

ins429P D/ 1 [, 5% 109 L1 +YI7IGFEZ MB41IV, $ obvi ous
fromthe abovei@abl e th g/"t he hovel 4132):' ant § @9}§2§§%ﬁ%§§32ﬁ3?h4 g an
insertion befween positions 428 and 429 of >Tw@4fle§)¢2@§ent further 5

i nprovenents with respect to the maltose/glucose cross-reactivity. Despite

of the various am no acid substi tutlﬁ and despite of the insertjon, the
enzymatic act It f)lynous from the above table that the novel variants C/1 and D/1, comprising

1°£]

an insertion between positions 428 and 429 of s-GDH represent further
5 improvements with respect to the maltose/glucose cross-reactivity. Despite of the
various amino acid substitutions and despite of the insertion, the enzymatic activity
for glucose per mg/protein is still more than 10% of the corresponding wild-type

enzymatic activity.

Ex e

10 Determination of glucose in the presence or absence of maltose

The wild-type s-GDH and variants C/land D/1 of s-GDH, respectively, can be

applied for glucose determination in the presence or absence of maltose. The

reference sample contains 50 mg glucose/dl. The "test"-sample containes 50 mg

glucose/dl and 100 or 200 mg/dl maltose, respectively. The same amounts of GDH
15 activity (U/ml; see enzyme assay above) are used for each assay.

In a cuvette are mixed:

1 ml 0.315 mg (4-(dimethylphosphinylmethyl)-2-methyl-pyrazolo-[1.5a]-
imidazol-3-yl)-(4-nitrosophenyl)-amine ml/0.2 M citrate pH 5.8 '

0.033 ml reference or test sample
20 The assay is started by adding of 0.050 ml s-GDH (which is an excess of s-GDH for

conversion of glucose) to the cuevette. The change of absorption at 620 nm is
monitored. After 2-5 minutes constant values are observed and the dE/5 min is



for glucose per ng/protein is still nmore than 10% of the corresponding
wld-type enzymatic activity. Exanple 8 10 Determ nation of glucose in the
presence or absence of maltose The wild-type s-GH and variants Cland D1
of s-CGDH, wesmeobdiyel y, can be applied for glucose detremmra@sioonsdd n t he
presence or absence of maltose. The reference sanple contains 50 ny

gl ucose/dl. The "test"-sanple containes3p0 ng gl ucose/dl and 100 or 200
ng/ dl mal tose, respectively. The sane anounts of GDH 15 activity (U m; see
enzynme assay above) are used for each assay. In a cuvette are mxed: | n
0.315 ng (4- (dicrstddy [Thkaospie obthimed hydayurihgnthe igferquge azmple- fith Seild-type

i m dazol - 3-yldchfr ﬁ'sEtrt%Sl@E%‘?'T# beRFYAGesré Corpdtfid 1l ﬁf&&évﬁue Qn@33 m
reference or test sanple 20 The assay Is star]fed by adding of 0.050 ml s-GDH
(which is an caleplated 1pf6.5- GDH for  conversion of gl ucose) to the cuevette.
The change of absorption at 620 nmis nonitored. After 2-5 m nutes constant
val ues are o g ed and the dE/'5 mn is WO 2006/ 008132 PCTI EP2005/ 007844
-30 cal cul ated. ~The val ue obtained neasuri ng the reference sanple with
wild-type s-GDH is set to 100% The other values are conpared to this

referenge val @leargn@ks b Sih Rt Bdnkdis detedtabinlthStest stmBleERhdryudifSthe ABY 0S€
interference is detect %d in tht;?l t est saman usji ng .t he navel variants.
It is obvi ous’ 'R [t RODYSHL AL haEoRsRn iR i PTET RS STFEFIIPYR 1 i i nat e
gl ucose fromghedosofem mahosanpl engda chebd turthee pptiplidzedi Ted muikhcenayoé enzyne
woul d i ncrea e ers| t i | convert
all 4l ucosquon‘%@'? %%?S%gﬁeeﬂlgggﬁ:én{ﬁgga? %’et%gbﬂst%ér Te{xz?gﬁ:”%ﬁ?ﬁé%g Og‘éegg 1(lad. WO
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| NVENTI ON ARE AS FOLLOAS: 1. An isolated variant of the soluble formof EC
1.1.99.17 al so known as PQQ dependent sol uble glucose dehydrogenase (s-CGDH)
said variant conprising at least 5 one am no acid residue insertion between
the ami no acid positions correspondi ng tg positions 428 and 429 of the s-GDH
wi | d-type sequence known fromA.  cal coa Bticus (SEQ ID NG 2) and
optionally in addition ¢ ri sing one or nore amno acid substitutions,

oher ol sai THACLAMSHTIEF BING T, NUoNT IRNAREAS BOSEOWS Nor 2 and
functions as a PQQ dependent glucose dehydrogenase. 10 2. The vari ant
according to claiml| further characterized in that said inserted amno acid
is selected f.romaAmh&opkedupariaonsf stic suduidé forireof EQl &nivd7 disuknsven asPQQ-oni ne
and proline. 3. The varlant according.,to clajm1 or 2, wherein sald I nserted
amno acid is pr@FP‘?‘l‘éem sluble uc\?é"r?i@bﬁim&%'@&&ﬂrcf%”l i?‘daWaBYC%TFP&iS% af leay 3
further charactery hé %dorhc;dh@;mﬁé,ns&&n%memmno a B@sx@&k@oﬁ&?bﬂﬁ@ tg
substltutl on at the amno acid position corresponding to position 348. 5.
The vari ant accorpdsitigns @281 aidm429 f efr thees-GIMRr wid-typez edueneet kawnt Hrosord.ne at

position 348 is s bstltut i due sel.ected fromthe
group consi st i ng SBFOGEFIGH gQV\B-‘f &Qa ﬁéaé\aﬂﬁboggl,yn‘é‘ %26'08 CORESE PR ?{tmgrlc

PQQ dependent  s- Ghith@s@@Ehistigitibns, aMyref sa@d variaht Has tapledst 90%4 identity ehsE@eber i zed
in that it conprises at |east one amino acid residue substltutl on at the

am no aci d posit iN® 2819 uagioRsas P RR-dspadent ghicasegiechydroggnasey ar j ant  of

PQQ dependent s-CGDH according to claim6 further characterized in that
aspar agi 1 aj, pow&lﬁﬂmﬂ%cmmﬂb%hﬁrﬁutﬁﬂhw&@raaen@aal 1HQha’11%th 1ﬁs%ﬁbcﬂh}ﬁmo
selected 25 fromthe group consisting of |eucine, proline and valine. 8. A
variant accor di ngcidoisalecied feamaithesgroup gonpistiognof phenyiplanings deucine wabicainehot h
the positions 34 gﬂaqmél% -34- 9. Avariant according to any of clains 1

to 8 addltlonally conprising a
3. The variant according to claim ! or 2, wherein said inserted amino acid is proline.
4, The variant according to any of claims 1 to 3 further characterized in that it
15 comprises an amino acid residue substitution at the amino acid position

corresponding to position 348.

5. The variant according to claim 4 further characterized in that threonine at position
348 is substituted with an amino acid residue selected from the group consisting of

alanine, glycine and serine.

20 6. The variant of PQQ-dependent s-GDH according to any of claims 1 to 3 further
characterized in that it comprises at least one amino acid residue substitution at the

amino acid position corresponding to position 428.

7. The variant of PQQ-dependent s-GDH according to claim 6 further characterized in
that asparagine at position 428 is substituted with an amino acid residue selected

25 from the group consisting of leucine, proline and valine,
8. A variant according to any of claims 1 to 7 comprising substitutions at both the

positions 348 and 428.



substitution at position 171. 10. A variant according to any of clains 1 to
8 additionally conprising a substitution at position 245. 5 11. A vari ant
according to any of clainms 1 to 8 additionally conprising a substitution at
position 341. 12. A variant according to any of clains 1 to 8 additionally
conprising a substitution at position 169. 13. A variant according to any
of claine 1 to 8 additionally conprising a 10 substitution at position 349.
14. An isol ated pol ynucl eotide encoding the s-GDH variant protein according
to any of clains 1 to 13. 15. An expres84on vector conprising an isol ated
pol ynucl eotide as defined in claim214 operably linked to a pronoter
sequence capabl egof Aorvem&laa@rdaﬁgeto iy exgdi@sai ©Ng Qlidifetally Rehpigl £0tide in a
host cell. 16. A host ?no onprl si-ng the expression vector of claim15. 17.
A process for pr oduci Ré’ BAEOVERT it s conprising culturing the host cell of
claim 16 under conditions suitable for production of the enzyme variants.

18. An expressi ong, ve&tveﬁanmaaafdusg fgadofl Sahatied Palsnseleetmptaings. defined in
20 cl aim 14 oper abl Yeu gorp£ Qnot er sequence capabl e of pronoting its
expression in a cel | e synt hesis system 19. A process for

pr oduci ng s- GDH varlants W|th the construct of claim18 in a cell-free
peptide synthesi 31.systvanant ndedigondady 6Mdaistlilt abb addiésnay eskbpdsingra of  t he
sai d enzyne variant Ssubsntxﬁgnatgp%mn@hﬁ?t hod of detecting, determ ning or
measuring glucose in a sa using a s- GDH variant according to any of
claims | to 13, said inprovenent conprising contacting the sanple with said
variant. 5 21. The netvasshtotcoedisy m 26 bfudiihers eharaditieflly esmprdinghat said
detection, determn Stuhgfguﬁograt lggrp{@mant of .glucose is performed using a
sensor or test strip device. A device for the detection or neasurenent
of glucose in a sanple conprisi ng a s- 10 GDH variant according to any of
clains 1 to 13 anse. OAhafiant cagedites ta epuofl edmb dr toS8iadditionally comprising a

10 substitution at position 349.
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14. An isolated polynucleotide encoding the s-GDH variant protein according to

any of claims 1 to 13.

15. An expression vector comprising an isolated polynucleotide as defined in
claim 14 operably linked to a promoter sequence capable of promoting the

15 expression of said polynucleotide in a host cell.
16. A host cell comprising the expression vector of claim 15.

17. A process for producing s-GDH variants comprising culturing the host cell of

claim 16 under conditions suitable for production of the enzyme variants.

. 18. An expression vector comprising an isolated polynucleotide as defined in
20 claim 14 operably linked to a promoter sequence capable of promoting its

expression in a cell-free peptide synthesis system.

19. A process for producing s-GDH variants with the construct of claim 18 in a
cell-free peptide synthesis system under conditions suitable for production of

the said enzyme variants.



nmeasur enent .

20.

5
21.
22.

10

235

A method of detecting, determining or measuring glucose in a sample using a s-
GDH variant according to any of claims 1 to 13, said improvement comprising

contacting the sample with said variant.

The method of claim 20 further characterized in that said detection, determination

or measurement of glucose is performed using a sensor or test strip device.

A device for the detection or measurement of glucose in a sample comprising a s-
GDH variant according to any of claims 1 to 13 and other reagents required for said

measurement.





