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| mproved nutants of pyrrol oqui noline qui none dependent
sol ubl e gl ucose dehydrogenase The present invention

WOor2e07ti8st7t o a nut ant of PQQ dependent sol ubl e PGITRPA&E/003207

dehydr ogenase (s-GDH;, EC 1.1.5.2) with inproved
specificity for glucose as conpared to maltose, having
a substitution of threonine at position 348 by either
gl yci ne, al anine or serine and wherein said mutant

addi tional Iy conprises, at |east one nmutation for

I mproving the stabil the.mutant and o

et 1 BARes gritints pEbYrrgloahESLRY hfiop? AFpsienFin e
to hexoses, e.g. prefguaddedelydrogamse and/ or one or
nore nutation(s) for further inproving the specificity

he xeesémt Akt r8hidEq5€ %tﬁ%?ﬁ%} tc%g%e}x?%@lubﬁﬁ glucose

hese osi tions correspond am no_aci d
&?@V‘{lﬁoéﬁsaskn(é H; dify t hk5A) \@éh dBweayqde srecificgpfor glucose as

vuohq:atreaoﬁ) SHERYRN ﬁ@vmé\'a%ﬁbﬁitﬁﬁérp%?ﬂlr@érﬁng 609&1@6}9 g.qis Bg either

ant s and .di f.ferent a [
V. RPAES, S<paF APEVEFY STOrUaREP PR opBPrises: 3 leas
cmrec enttﬁtatn dor dfpgbvingsthei nalahszamf)lthe Bacdogr avdhdnef or more

trﬂ&ta 18%4&2%10 ﬂng r%e[h%rfﬂaﬁﬂﬁf o‘?th? Lplu?tog) ﬁlz)&ﬁgs .g. preferably

ncen In C
cﬁllargmsansl/qn@nq or fripse mﬁatgyﬁehforcfﬂrtaﬁrammr@ymg the specificity of

AHPrrﬁﬁiaHPtf&l glu]cé& B4 | cbhiyardde &P |2l MRE,| s QehePdih f tBbsel ?leons
the ch ronlc

I sease dlabetes I'Titus fig
FRYTERANS 0 Hye 2090 3ad pedtings Fgowémm@ #requffwus s-GDH
dvlecbe,tpe&eq@erfceaﬂlsb wlﬁl@gma&eghrﬁmdn&dc&ﬁg eih muearSSGDIH, and

B AR RRASTE M SRR S AP RS i e

concartatianiod gbicofe@adempledent gl ucose dehydr ogenases
(EC 1.1.5.2) catalyze a reaction in which glucose is

B8 P o Act one. Consequently, this type of
g%%v%%‘r§'ﬁg€a—rﬁ'ﬁ§asur|ng bl ood sugar. One of these

tools is a diag c strip based on the soluble
gihse 6%‘@”8%!‘?98? o@fgﬁrk@é glacegeyeqmerntratton is) extremelyzimportant in
Ryihical aﬂfmmd aﬂtslrﬂﬂienamﬁag@ﬁfehabﬂdﬁaeten ZApPRofiaglypabd ¥nillion

OB G TR P0G S LERBE el s ot v
aiwblﬂﬁySZOZérmmdlrgrtd thé¢ WadOs Altboughedinbater is esydldp diiaggosed and
I__Eﬁe%é?f] SSeced] qHXQ Feinf %n@é&%r{t (‘req?\ﬂeqslo{v%lsp ﬁragr}odﬁc 'tools that
rapid y and accurately report blood glucose concentrations. PQQ-dependent
glucose dehydrogenases (EC 1.1.5.2) catalyze 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 1.1.5.2), a pyrroloquinoline quinone-containing

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" New York, Plenum Press (1991), pp. 295-312; Duine, J.A,,

ur. J. Biochem. 200 (1991) 271-284; Davidson, V.L., in "Principles and
applications of quinoproteins”, the whole book, New York, Marcel Dekker (1993);
Anthony, C,, Biochem. J. 320 (1996) 697-711; Anthony, C. and Ghosh, M., Current
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generation and the gl ucose dehydrogenase pathway in
Aci net obacter, in "The Biol ogy o Aci netobacter” New

WOYooK1186d7enum Press (1991), pp. 295-312; Dui n@CTIEPA07/003207

Eur. J. Biochem 200 (1991) 271-284; Davidson, V.L.,
in "Principles and applicati.gns of qui noproteins”, the
whol e book, New York, Marcel Dekker (1993); Anthony, C
, Biochem J. 320 (1996) 697-711; Anthony, C. and

@tceslge 7M(199QU UﬂWQ?CAﬂﬂhﬁﬁ)éj(Z, Bﬂgcgﬁc?ﬂm 346 TE2s, mrollqmwms-cm;
IOC em C. ns. . - , y

i ol Oosh, 5 Prog” Bidehys Nl Blaf 66" (1988) P pmong
Ip@2oprarabmsg  thase o pomthmimgs , theh omacoahdndlly nibognd heofactor  2,7,9-

?ﬂ@%’g}ég% ?(plf #%&8&% ficﬂi g&lgr&rz]l 2, d?or? QEQ) coE[)lstétute the (le t sub-
EHALR Klené 199k sumage%ll ey sumopga uﬁ@serbbx rogermseﬁ)known s0

Aht ba@ﬁg &bl tals Sib- gvam \Githl el eARd 8y RAVOhsh 1997

(e S b difg@ﬂ?grou o TR (1558 180

Axithony, C.(Adv. AdPhoﬂ.\/hlcdespolls(ZBby)SI@I 2240 (1998) 1-80;
Ant hony, C, Adv. in Phot, and Resp. 15 (2004)

P
SO0 TR ARy ) s, v
tyézétaétqnae mwbaqtglaﬂré}ﬂsrlamwam QW@H)GDHeﬂmqtber nS§oluble
S(QJG{bi-ﬁ ﬁ%@'ﬁls dBoidi Mﬁee%yd Hﬁfcaﬁh%ﬁeﬁ&%omoloa (Cleton-

n|f| n uence h ton- Jan
sgp, %\Emet a ol @gﬁe ene2121y7( ]}Qg 4304565 ton Jansen, A.M., et
Gl eAﬁtmﬂavsle Deevivedhoele$s @989YA78-0%i @ubfed) AlL,e€ uwarrboa(atﬁ(i\cad

- 084650 ViseSY 138851 793 5 Fha pis, b e regp i borh heir

diifidter sntellr sgheidimgunol dgidah praopektiasd Matsuabitayed. ] etad., Bioscience

T e —
Bag- pegiye  Irnserin, GRIGDH.e halwgesspriaye b?ﬁlOfamld]egab’l ve the

1 ﬁarshﬁtlc a@HﬁAah%ﬁ‘d@%strﬁ‘iQY%k@@\e@aléd?zU&QuQmMnérIA N®91a;
srmtl CM?D% %f Aci net obacgler strains

G FtoBaRBtae s Falterioh gact Seot bil-Stss fiisushige and

eAdathi, 199B) aBd A Gﬁﬂuﬁhnnzil(ﬂg 1029R88%).2121- 2125; Matsushita
and Adachi, 1993) and A. baumannii (JP 11243949).

E}#{%F%g g%a?@tﬁxﬁ@ Egueﬁn%glq%?a%%fe% k%J (?Bgécse 01%81%%8@5 the full-
Hength e e#lcdagesisns $1QQH|h4VE el udem@ﬁe_ﬂznaﬁl@hSSfﬁé @hdo’ivswecystls
SP.. Adﬁgﬁintall@}@rbllbfcorﬁfi‘l@te' LGERLLA SIS é'l?snt%eﬁ LQQ%Q(Q@QSGDH

to A cI cetlcussGDvaere al so found i{
Jeate Atso dpumsl inyihe genams o 4 denngingser and Borgee mgfgf'éﬂs (Oubrie et

(aDuignb @, le,tc) 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
reactions (Oubrie et al., 1999 a, b, ¢; Oubrie A., Biochim. Biophys. Acta 1647 (2003)
143-151; Reddy, S., and Bruice, T.C., J. 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

two different PQQ-dependent glucose dehydrogenases, one designated m-GDH
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al. 1999 a, b, c) and Enterobacter internmedium (Kim
CH et al., Current Mcrobiol. 47 (2003) 457-461),

WOr20ejp88¢47vel y. The deduced am no aci d sequenc@®€TgiP2007/003207

t hese four uncharacterized proteins are closely

related to A cal coaceticus_g-GDH with nmany residues

in the putative active site absolutely conserved.

These honol ogous proteins are likely to have a sim | ar
sﬁm&cﬁmawaﬁd Vi, and ahab&lesid&lgﬁxte&@@ldapmdﬁnth only in vitro

FBBH g DR Cicken Tinnen 7 42000 19550 pORfipRigencs coding

afmd tigr oic 6DH. e@zymels anretetreimed She DN/ 6eqi@Does) of both of these

| hj '
A 408, AR gl oS B D S v
[seEiObPEtING th@ aﬁb&@égs— ead giGIPHrrepresad dwe seawpleiely different
dhblban&ntLasyRskdiad, & . %ﬁpU;lbl%g?é/(ZOﬁw.’)le nple, A

|

cal coaceticus contains two different PQQ dependent

ucose enases,, one. de at ed
e ot O DR BRRE A Febeions BeSPefncslob SRy faip Alter being
Vmbdlln:ednh yhe crell)/llhte rseGREL is wahylocaed theowthotlva cytoplasmic membrane
L eR 98 n
g’ ng f %Flﬁm% \/\glwé)@ 8%% %s. %ﬁ%ggegae%ﬂﬁgdgp ﬁeg%hlﬁ%cose
wér@e@zaswaﬁmaﬁ lafActmﬁé@@cmHn jdhePiolpgeof Acinetpbacter”, New
?Jﬁ)ék?glg?ﬁ?h@'teﬁ%ﬂwﬁt ng@SmGDHﬁDmrﬁmihﬁa,%ﬁAg%mlrcgt 'glﬁaerlal
AURQRTRLSINS pg&a%gyg TOZER3SH afngiczﬁ«ffglo?\gin Ly pg%ﬂase, in tPr1n>é1ples
RBind ap@llcalo(nzwmulﬁdpraée)ns"mewgmle, Nircet Backefrr(a)m#}\ pp. 47-63).
AEIRRIRFGIA AR LR, TRy L 25 i
thcrottughat}Imn@@amp,l wwsthi onMQIDamlqcnleoandwehmemaﬂxhamm@s per
jﬁﬁﬁﬁnoge R difer, B é%\al lﬁB&Ee@ﬁ/ }9?3@%256)%3 61'89' ﬁ&%eﬂ'PUQPﬁeFEMS

Ccter

t
Ty eioD TR P as-200; 1o tva K spehamnes61988) 131-
(1399®lsthdzﬁn, 295ard Duing s Ak dha Bidthe AN Bidphge.H36 @996) 42-48;

erial quino tei I drogena
B B ELEAT o8 5895, SSPCBRRETEE P10 by .
Qﬁcaﬂ}ﬁd’ldﬂ)sm 26 (1999) Neg7¥arsl; CMEHrG:eJA IBeleEHmt(olBQSXIM) 5187-
native s-CDH | omA cal,c

SeBibr I ok 8l 3 VBt LR RO HRETRARHE o the
mtﬂwsmumtnmsesmm f@tmkuerthylde@ymﬂocuha rldopisaqids; and it is also
906% l@fe%frongto @l(phengjrlﬁ/%qﬁ'\ﬁlbsd%teéf’gﬁp§§)6 -dichloro-
8? ndpgp@.eg@ WI&)I(Y\@J’TSWPS ’b@{e) and, shgrpelpap ubiquipgaes SUCh as
)10148 J{?cﬁubgu%chﬁoQQ Matsushsldk Dk R, Bibchem. 28 (1989)

%”} 8% ©ohiIP) (428;

276-62 atsushlta, nto Leeuwenhoek 56 (1989) 63-72),
several artificial electron acceptors such as N-methylphenazonium methyl sulfate
(Olsthoorn, A.J. and Duine, J.A., Arch. Biochem. Biophys. 336 (1996) 42-48;
Olsthoorn, A.J. and Duine, J.A., Biochem. 37 (1998) 13854-13861) and electro
conducting 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
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 heparinized blood in “Glucotrend” (1997) 1-16, Boehringer
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Qubrie, A, et al., J. M. Biol. 289 (1999) 319-333;
Qubrie, A, et al., Proc. Natl. Acad. Sci. U S A 96

WO(20090$6471787- 11791; CQubrie, A, et al., EnmboPCI/EP007/003207

(1999) 5187- 5194). s-GDH oxidizes a wi de range of

nono- and di saccharides to the correspondi ng ket ones

whi ch further hydrolyze to the aldonic acids, and it

is also able to donate electrons to PM5 (phenazi ne

MV aSshelithaGabH; MBbdck 2S.Get dil.c BboaphehakivactepBerod §2004B395-

&@? ster's blue) and short-chai n ubi qui nones such as
auinone Q@ and ubi quinone @ (Matsushita, K., et

al ., Biochem 28 &@989) 6276-6280; Matsushita, K., et

hlucosanexditionvam Lhsecatdlitedeky 36 leaso gbyeesquinn distinet grasips of

%té%rflésc' ., %geﬂwlﬁp - AP RMINRT @u&%@hd@l%dro enases, by ﬂavop(rjotem

ni um et hyl _sul fate oorn,_.
sligeee 0>sl %es onPE QUINSPENREHDES R%f ] AaPipsegg diodectrppics 10
@1893)0qc7B). Alathen@lofudutBoxidatidn ofBledGHEs-GBH (196&h observed,

13854- 13861 nd electro condugtjn
SR g ot Bluin G54 VP G8RY <Blstd aRSebtdTior s Gl bisthoorn
@ Dulmeghl 99pk cs-GIH acni efficientlpwlimde: gledtrose from the reduced

(C{gll‘?(s Q8" H dlﬁarﬁ s%'aﬁ aPPMSe ’DC‘]PIﬁ wH M&r?&&ﬁr@hbﬁ?ﬂﬂn‘é such

artificia ectron acceptor specificit
e Rnand Q2. kart it cgpinog efficigptl aﬁawt: ﬁlé%rrorérfbweidé)atq QFygen.
particularly for being used in (bio-) sensor or test

Sltrﬁﬂi}@i%nﬁl(l@stgtriﬁ%a sefdors foir &@dﬂlﬁﬁmlgrgl@o@fgl’é@élﬁm 6lood, serum and

TS o PR i B %tie: PRI AOF GietiogBance of the
feneyme rie sdepenghént| afr vheblogymtnacshchepaiomi Gedodsl owdsiraments at

(e e i e
sgsﬂtsmb; maipi edeatags iod AQQriependent ghipse glqlwdrwnaies is their

ligasdentibiRe ROt t Bxfllenl | TGk %96&@&1t0ffea$ﬁ‘1%yq§5e gl - Biscus®d in
NAD/ P- dgﬁ)endent ucose .dehydr ggena

9
P2 folfPotle; in gwkaleﬁs@%(.f% & b mEOETIen laf%%‘t GRHgye been
Gﬁwﬁﬁguaﬂ A., Biosens. Bioelectronics 10 (1995)
17-23). A rather slow autooxidation of reduced s-GDH

hﬁr? ug%? C{bcs'onrtr\fl?lj'{io n[‘:f'%‘es’f'tleléa ﬁmébgf:et(nh g tlﬁsxyog %[bbg &%Xt%%y with

poor ron accept or or s oorn an
1@969pr1a$e GRdiatens. A§shy chathhedsyandotesit strip|desvicesobased oors-GRE are

%‘P&‘é&' il u& ane Gsos IRy aihds ﬂ&)q?d}@amp@ahﬁ)ed I\A%rtmatlon

hort - aln ubl qgui nones s

i thoseknp] o) i a58eYsy 306 e coiorugtaro e %QlDé'hbla‘ith fest strips for

auyEaremehit a8t gluedial Theshethbdd [@AesceiBed IBAROASwElDras in the cited
nitorin | uco i n.bl ood, serum and

dcuments afe ferewith ?ncllt?c\i/e%l by reference.

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

Despite the above discussed advantages for use of a PQQ dependent s-GDH, in the

determination of glucose also a disadvantage has to be considered. The enzyme has
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urine e. g. fromdi abetic patients use gl ucose
oxi dase. The perfornmance of the enzyne is dependent of

WOt2he7/dfk¢4den concentrati on. G ucose neasur enentP€TAP2007/003207

different altitudes with different oxygen

concentrations in the air maydead to false results.

The maj or advant age of PQQ dependent gl ucose
dehydrogenases is their independence from oxygen. This
irather b brdadfsabstiute spestrantas, codipaeddstean-GIDHUBh&, 14, 83GBByxidizes

: 2 \;\ggliy %1 sg%ugre]laé Wive a}l g&t%qu(ﬂ)g{r ?}ECILF‘R’SQQ} ﬁ@%@hgﬁ%{ao? Sflltose,
tragnrysenxyldse an@ernbcbsed@termgét 1986 aniQubrigppr, dhe¢hame Biophys.
Rl 8o ooa‘}sliaylsrr?tﬂ% ﬂﬂﬂ&‘vﬁrdﬂt{%’a{% SR BER §fi’1@§§qnay in

on s- are di scl ose
gﬁtt@mcaaqsgalpetmhaP?fyrwt%uqe@amvmnga Plegd; 82%05%1%'#@» In particular

SRtienfd &f paseoayd @blsit, h@ed@échiﬂl(ht icodlex®fin S(::Il_hgnﬂ'd@élwglmer) may
e

tes str s for surene co

6B e TaBloo bih SeRE ol s Recizly of

haalms/e(Wens;dl petal, Byritr Bfabiend & (1998h603-p@2)ent s or

applications relating to the field and conpri si ng

SﬂFE?éff)fe clirfidaP EﬁﬁfﬂeF Bs @ g M@{akfag%mqgébeaﬁ RPhECA ge&aﬁy from
for enzynmes w t ucose enase a IVIt

paierts 8"1Wh repal eoroshcailz’os app eépeslzgy fom patenty Pnder dialysis may

IbngAB 94 Bmificaf CRREBY (fal othySt Qigamhi @kpeuiau;: | ZR4toSe. GI@lucose

d an indi cator that uces colo
et G amplka i aliod gt Sugh S babestentrnay b G by
Ghalast (Brachpton, J¥y ahé Pladkat GilbuDegs 6y (RO8h207O-2IP5RSt | CS
GmbH. Despite t he above di scussed advant ages for use

hefe areQ e%g%. b e%atdx‘é Jrl“‘&‘rttgﬁéﬁrt%" ﬁx%tdg\%‘ nggdiq,%d PQQ-

g UCOSE a SO 'a vantage has e Co

elepomaent a<¢RHS e/wtlaamrgédu@améq srecidicEpelgerasith s et al., Biochem.
%aﬂwsedzegoc@% That199) $0FH sodi 18R mtodgedng a point

gl ucose but ever aI ot her sugar,

rarteHeR, at&ﬂsglﬁ"o 277 erdsole, THHTIDSEMh ﬁ(}?rsﬁéugﬁaate specificity

rprbfilee (Dokter et al . 1986 a; Qubrie A , Biochim

Bi ophys. Acta 1647 (2003) 143-151) The reactiyity

ts%arﬂﬁ SESR, % orEs hai?ln rgach%go i s&% oﬁk Qvﬁm%’?%—sGDH
g &t i utred

aﬁr t'he "accur ermni ng
Ilaﬁeﬂosmutamt pe(ElDI-Icwithranpamrewdsaf@mt)p@rr@ltm@talln @Pal y€7 819 the

thRRtREh M Itepﬁhg%ﬂ%g{ahp s!@mql WRIPSE RRJebIQF'blh Yurthermore the

contaln In elr
|sag| auther FRPeEts 1§J§’8¥@417é§%§een é}t]gs}r $5DH mutants wﬂh improved

affinity for glucose.

Kratzsch, P. et al., WO 02/34919 report that the specificity of s-GDH for glucose as
compared to other sugar substrates, especially as compared to maltose, can be
improved by amino acid substitutions in certain positions of s-GDH. Central and
crucial is a substitution at amino acid position 348. A mutant s-GDH comprising
for example a glycine in position 348 instead of a threonine as present in the wild-
type s-GDH has a tremendously improved selectivity for the substrate glucose as,
e.g. as compared to the substrate maltose. They also disclose that a double mutant
having substitutions at positions 348 and 428 have an even more improved

specificity for glucose.
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mal tose (Wns, R, et al., Perit. Dal. Int. 18 (1998)
603-609). Therefore clinical sanples as e.g. obtained

WOf20emidé4dbet i c patients, especially from pati @OTEPRIATH03207

renal conplications and especially from patients under
di al ysis may contain signifigant |evels of other
sugars, especially nmaltose. 3 ucose determ nations in
sanpl es obtained fromsuch critical patients nay be

ITAPEO %mslélwgm tto%%(mgr gis«’fpﬁ@_?_mm]o kid a;ﬁvfértﬁirpbéteéen &mlno, acids
S ere are,few reports 1n
R Seco st et St g combipfaf B BlmnrBaHat dino acid

RQbxtapeou en tpositiGbH348nvhah qalte davedlaldel effectatom substrate specificity.

Eﬂgﬁh&Mn&%%{ i%gr o 8356?% Z%Jaméﬂ%ﬁ%ﬁ? E]gécifﬁj RPRYS substrate

ightqoseltrciompagedisi the suhstratd maltese. position G u277 | eads
to mutants with altered substrate specificity profile.

396\@eveE;Pwherkd qaﬁg,sohfép nglﬁ)vhlﬂ@ﬁtsc&{ tgﬂlc@s@@b&‘iﬁ@@' Have been

substifuti ons
JEPoTesh SfARRears ?ﬂ%sy% FBPTOYEmERSS éreqPﬂltEﬁnf yrpforty T@tef Y hand
Sﬁﬂﬁndu\hﬁodlszfch'pﬂfagﬁ lde exytaaretiuced GRHilwy{ hrddupeda@itity and/or a

3‘%@8362 f%g?jg:w t e E)? g‘i%ﬂ%m? ag {ésﬁig\nr <§1 eB&Hrﬁe il has become

&vident thatfthe lrgpwgé spedifictyzefcin sH&Ditmafant Cmpogmszﬁgl:gnmo

R RN ubstitibn b Eosﬁ@@rﬁ: B4g gdek Yo Be exp&tlof QhbilltyL GGy aRd activity
conpgr ed to other sug agﬁwggstrat es, especially as

MRgfaptascepgEed tod YRPRFBVEE by ani no aci d

substltutl ons in certain positions of s-GDH Central
an @r@lt deimahdi shdacliibgd tiekdittherefoas erisisnfor Efa‘lithlerpmsli»rbwm mutant

e AT E BRI B g AR B e ame
tthne wrlemoygide she@did $talslity, as sknd amstqwermptsomes@eaﬁc actwlty or
SEhiR Mccﬁs@r of I? atSRRGHE r&JeHﬁH&emaﬁo he ct1v1ty and

r ocl Pscl

conp the su strate mal't ose. They a ose
066\5‘59*@ mut ant havi ng substitutions at posi tions
348 and 428 have an even nore inproved specificity for

dt weosiee task ‘ADtlZé)pﬁlsé}Qaﬁaéhtioh ﬂosmahlamewh@htaams anvatiants of s-

aélé%mqﬁe” ARG RGPPSR F BRI R AP oA iy for

ghacose asi domptli taitd anutnt peitht inpro3dd spasifigity t@mprising a
sﬁﬁﬁftﬁ%ﬁateécaﬁ?o% 4Qn substrate specificity. Mitants

nsertion are for exanple nore

specific f or the substrate
It has been found that it is possible to significantly improve the thermo stability, the

specific activity and the affinity for glucose of an s-GDH mutant having a
substitution at position 348 by selecting mutations from the positions as given in

the appending claims.

Due to the improved properties of the new forms of s-GDH, significant technical
progress for glucose determinations in various fields of applications is possible. The
improved s-GDH mutants according to this invention can for example be used with
great advantage for the specific detection or measurement of glucose in biological

samples.
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gl ucose as conpared to the substrate maltose. However,
whereas quite sone i nprovenents on glucose specificity

wolav#11B@egn reported, it appears that such i npPETEPRON7E03207

frequently and unfortunately go hand in hand with

di sadvantages |like e.g. a reduced stability, a reduced
activity and/or a reduced affinity for glucose of such
nmut at ed s-GDH. For exanple, it has beconme evident that

t Siemhfapy of4bd Iswetiohi city of an s-GDH nutant conpri sing

an am no acid substitution in position 348 goes to the
rerfui'[)eZpErss%gSfl%vze}l (gr:; lega%s t af fultanrllt% éf a?ﬂ)ﬁg%'z ttaxt %F Pééga-?ependent
chohbhed glalndsecdehyduaenaﬁee(d -GRBs @Corid BXi bt élscﬂmedf\uith Heproved

gg{: ety & ?‘gltu? afs 951‘?%;% t3 nga’?lsé1 %\é{nﬁ a%ugétﬁntion of threonine at

e and tur e at he same
tROsHIOR ﬁé%.slzyhéﬁhér tghisingp adampg |qrt 9erm§s apg| wh %r§m said mutant

laralartmﬁame r&bﬁqtpriaissmerethitl SndeddtMidry far 1rﬂ{§1fo|vﬁig: urr]lef Sbility of the
ucose, or tha at u rove S

JoHROF oy 1ot et o imBRBUSB Hrinibe Ph dn PR Kta fidcose

tamel qqxtxaselm onewenbtemutatiop(s) fordarthemi mprosingthespecificity of the

Srﬁ{l%iﬁptfﬁ % ucgse %)’E'omgé:afkds td %Jlﬂog n44dy \«Jhgperu? \the g#}?ftﬁﬁs given

Speci

FOTHE mthemralwcachpomphs kngyw o \feean éb@eh fcaleqchﬂcus s-GDH
GRATRE eacégﬁﬁjngyqug at position 348. It has been
foun h 'S possible to significantly inprove the

b Aieps ol c ghiabuET spDRCle0 s g AT TG mptant protein,

?mbeiplrésubn@recmt cDﬁ@lrltsin(gn;ai'ﬁl418(_)lb§£td%&il}eﬂtclebgdﬂbpafab_bﬂmked to a
r e | n | Cr

otter sEcineSr'lcé cagaagg:%% rpg})mgpn% S{%BBS %Fg %ﬁ {[gotlde In a

per e newTo
ShO(SDHll a@dgrhOfSt @élmpntpetshm seial eXpre@go@ gectéror gl ucose
determinations in various fields of applications is

AA3icPh prockerol RS A G@Hnm«m@t&ngﬁgﬁg%nguﬁg)tﬂemo%t cell

i nventiQn can | e be used at _advant a
fteAnsieste Wé'am PRIBPHRIE | FRIGSHORPREIGF éwéﬁf copdigppy seitd gb?e for

i probu@lopgifeals-GBMhatanbdesdribedf the Invention The
present |nvention relates to nutants of s-GDH A

rLEUur it d P%%fd%%%h A dis %cf‘ Bl edggerH'{f‘lg%g og%l?é/agla&gf gl%%gse in a
sample usmg an improved s- GDH mutant according to the present invention, said

improvement comprising contacting the sample with said mutant.

Also described is a device for the detection or measurement of glucose in a sample
comprising an improved s-GDH mutant according to the present invention and

other reagents required for said measurement.

Detailed Description of the Invention

In a first embodiment the invention relates to a mutant of PQQ-dependent soluble
glucose dehydrogenase (s-GDH; EC 1.1.5.2) with improved specificity for glucose
as compared to maltose, having a substitution of threonine at position 348 by either
glycine, alanine or serine and wherein said mutant comprises at least one mutation
for improving the stability of the mutant and additionally comprises at least one
mutation for improving the affinity of the mutant to glucose, and optionally one or

more mutation(s) for further improving the specificity of the mutant for glucose as
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specificity for glucose as conpared to maltose, having
a substitution of threonine at position 348 by either

WOgyEile&,’ al ani ne or serine and wherein said POT&PR007/003207

additionally conprises at |east one nutation for

inmproving the stability of the nutant, at |east one

mutation for inproving the affinity of the nutant to

gl ucose, and optionally one or nore nutation(s) for

fdlcbhiphedfd 'tdmfawwgntih/eharaacdhéi pzisitiyongfgwtehecom‘slamd foothe amino
as C mal, t oS a

Fot B S ORR S a0 P GRS G e Sfusmer e 0

KMOwZ) from t he A cal coaceticus s-GDH wi | d- type

sequence (SEQ ID NO 2) Also disclosed are an isol ated

el JRUGhLOh We) 678959 sﬁBstﬁu@HofTH{eaa%mBrancﬁnnposﬁfbn 348 of

expreSS|on vect or conp Ing S ol at ed
p8E YR cenvrace p@r“éﬁél’?/“qs ng ktedareoweﬁwwmeng%qﬁféﬁeé from
Q‘ﬁp@@doﬁceﬁfusp O el B@dt ﬂa)es@mﬁtzﬁﬁliyl ﬁﬂpr@fve Shé Célucose specificity of

GO GRS s ot Bindeimast, dePhbed i PR asavosk afdhg present

fanerpmchre iah glescriBB and ttasddsort ansf G Hgrucanlt tcampniginghe amino
Q%l":‘cf su%§ Ju BB ap EI)%&%I? g48MPtrgfe1%BBﬁBQ F&R{deQB%oﬁmra? %%%ﬂQn 348 is

vector un | ONS Sul ction'o
subytiqutedt 'amh s aguRe racisk fesidngr ielpékeddfrem SRec@rqup gonsisting of

fﬂférhﬂéi ggfcufieaﬁ&&érﬁﬁ, 1 £ e Rer r&grr@a ehBBaimhd M Gyl déCaSerine is
{? l.e u? an | rove mut ant acc $d8§{1%

5eq tr Syliotitien fo positiog "4 F g Esrmrols n}?‘% mown

Ctorthacskilla@ atlﬁ}ansajaipirﬁhdutds hthstathdesnihaat posdisw 3ded¢ répfdadd by

Sfczf‘nedeVi ce for the detection or measurenent of

dlictse in a sanple conprising an inproved s-GDH

nmut ant according to the present invention and ot her
rAsagiseussed bepgin alebvieo twe diothphetels diflerent quibepeiteiadenzyme types

Reisie Ewe&eomer@ardg@eask WA OfehBraelidfl HIORHIIENreldbuped

i nveption relates tqo a mutant of PQQ%e pendent s

P&t %re‘"kﬂjéh§9rlo]g%ﬁa S¢ EYHRLs dRpeqr Rot eZ)" ttf each other.

i nproved specificity for glucose as conpared to

rﬁiirttsheepurbasé lﬁ thais Su@ﬁh ﬂoltlu‘bx@xlprthefsotdbﬂecﬁcmrrn' efatDH (s-G(lj)H) is

PQ i t.her ci ne ne .or _serine an
ARVt ARG et SRS b8 o R ac o

for inproving the stability of the nutant and

dtids tknomal ity the mpt itkassthat wilddgpe A sequencomifasoluble PQQ-

OC{E?IErgd’hég@ ﬁé&@e ﬁglﬁy‘cﬁlbééﬁag A 'Be TOIABRA fhdin FUGRSES ABREobacter.
Most preferred is the isolation of s-GDH from the Acinetobacter calcoaceticus-type

strain LMD 79.41. The polypeptide sequence of this wild-type s-GDH (the mature
protein) is given in SEQ ID NO: 2 and the DNA sequence is given in SEQ ID NO: 1,
respectively. 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 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
homologous sequences may be used to generate s-GDH mutants with improved
thermo stability.



10

15

20

25

30

nore nutation(s) for further inproving the specificity
of the nutant for glucose asconpared to naltose, and

wonher/ei8eu7t he positions given correspond to theCaniRe07/003207

acid positions known fromthe A cal coaceticus s-GDH
w | d-type sequence (SEQ ID N@_2) As described in WO
02/ 34919, a substitution of the amno acid in position
348 of the s-CGDH sequence corresponding to the

?H@a&%@?m%ﬁ@ l&@?@pf@%ﬂt@h%tiﬁ)h Qi t&lt;]scﬁﬁécp RRgRh &SIl bf athking
e.use O siLgnitilcan 0

SEESHEF ot st SCRORPP e GRRL P REY 1Bt Db wild-type
cdequericbed s-@Dtheas isolateiviokn ﬁﬁmtdabaqwreﬁ&ﬁ&cehms&ppe tfiain LMD
af9e41aAm1g8 gldlpbo%glo%ngn Qgé?e%o 1§olz§DH %orresgo?dl ﬁt%Hgsmons

lon a
F!rfeS[Eé} Hpr t2h19e caéé}' cd@etlﬁdrd bmpmeplaate mmllemmnmwps
substi t ut ed with an am no acid residue selected from

}hee ﬂ]pn ! eslttlaﬂa cgfnpahﬁgi &an sgblm BRueAQTWRE the Wild-type
n ur rre | men e or rine is
(EBEETE %Eiq MONE' P aireleribbot rstoatiefguft toPasgp Pregsam of
t@CGi Palkagy VESABG10.2 (Gematicst Gotripetak@idl@d IA¢.). IBlEH’U[ﬁlﬂ:ates a
Irggitlﬁa?et ?eﬁgert&%sal cﬁtl]lrmee r@'u@%gﬁ% sxgn %(\)/ne%fl%e pro&e:r%lswg Fl§nment
d@lﬁtFE@g;l ithdpaed Bloalitlez B, My@lsvaltlﬁ gi98¢)o%d -360, and the
gsr%teiﬁﬁl g&%gﬁ%ffglgfg%hﬁe{&ratl ﬁsrl{(ng?ﬂmf ﬁﬁ%r@ﬁ%ﬁqnéﬁggzg%lg\g&t@re defined
a?ﬁﬁ@%f &fothfBz‘e Pr@fest Beglny Wé@crcheor%msep%}rgm@tmf tbéstyo most
Gimilid SequenvElt produélig v dldﬁlﬁersﬁl ) ﬁlhgfned mf:qaienaaHThss- &¥tr can
ove nts thereof a

PRy T ey e
VWW@ du;paes bNsequenices ae bef algned bybl empQeapesiaenf the pair wise

ﬁﬂ]%ﬁ {Wéjfn Hl?:fl %e%?eﬂcae ghg ﬁkl?l:]aq%n ?1[7} Satci'l?elvgés by by series

net 0 erre
50 FpETern phE Wied ﬁan@nmé& Bt e,ra:lluﬁ@aeélteaw@y tdiggienitar sgquences

La¥id cf&t&a- unTin @11 @éd@éﬁ@d@watﬂ@b&ﬁqyaa&&l iaftht Bhal paanl Wisé YR@ ment.

S'HE?DHW?S; Z’Hg‘%‘gtpg Illgﬂﬂéfﬁ gl me Opbslﬁg)HlmNgches can be
V@SIBeldénN@édyas dokfesporldifiy & whalp@sltlofls gobm &trQrba;ﬁlcﬁdiceﬁalj s-GDH

al s | ourc ty

Aotk d Ak AR, ZorBS i Sihacine o &89, FoSnane BIVER hsgeip, shall be

Aindesdtemh cet dr0in® and pesiierc of cEpdD s 2ber madthe positions
f&-}lﬁﬁ% Q“Q of other

aéé)zlt% 1?1re gﬁ‘%ﬁé{ M(ﬁh oPéIgl&g)gp? escr |Og&:3?esor E. col i

K-

The term ‘mutant” or “variant” in the sense of the present invention relates to an s-

GDH protein which compared to the wild-type amino acid sequence given in SEQ

ID NO: 2 exhibits at least one amino acid substitution, deletion or insertion.

The s-GDH mutant may comprise other substitutions and/or deletions and/or
insertions provided that an s-GDH mutant of the invention does not differ by more
than 45 amino acids from the s-GDH of SEQ ID NO: 2, e.g. that it exhibits at most

45 amino acid substitutions, insertions or deletions in total.

The term “a mutation for improving the stability” refers to any amino substitutions
and/or deletions and/or insertions improving the thermo stability of an s-GDH

mutant in a short term temperature stress model.
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(Qubrie, A, et al, J. M. Biol. 289 (1999) 319-333)
and to identify sequences related to s-GDH in such

WOQeosItest? Such sequences and yet unidentifi ed PCT/EP2007/003207

honol ogous sequences may be used to generate s-CGDH
mutants with inproved thernpygtability. The

achi evenents of the present invention are described in
great detail by naking reference to am no acid

D”Q;&h&ritﬁﬁﬁd lﬁB@Vm ihpRVeslehds |1IDglNQ)se%pediﬁ@tyVMpb€aﬁtmb@ possible only
as. i so| at m_Aci, net,0

ence
350 JGEE o ch exmphee 64 b Si b8 1 e GG GHo elucose or a

pe&ide'dospeclfm ditifigr ent ts-48PH cosbimtioss cafr thespoddadwgntageous
g)qgﬂ?gkgps of SEQID NO 2 are easily identified by

propri ate sequence conparison. The nultiple
aI| gnnment and conpari son of an s-CGDH sequence with the
vﬁtqhahtmséoréer@@n@é R3eseREMVEMSIQDIS a3sesyedfigrsyph  shert term stress
Rﬁéciél’ aﬂ@@he/u GbH babiiky @st&t&hﬁsé@m thfs el E’sa&keaﬂe;a to as thermo

Ver etics Co u, Pile
SFUBECTHTIH TRANE S CBGEU A BRFHRE LT Hghiessed and sressed
SI—@DH émzyatd anivith df esapiper By sdtiing ahd gnstantednaitpde aativity to

1%@'%!7 eéglji:lalé@‘%dacwgy flhct-:r s%‘esﬁreatmenf Canl\fpe ¢a JtzlYa%d 1r121§ercent For

e Scor
|rrmnantsczf Is- -GRHnwitla fmpmmved| mbsenamweqﬁﬂm sfamsmlg rcenditioas of 64°C

%F3Gj§1ﬁﬁﬁl€§jw§z%%96§$hngkﬂﬁ tﬂ_e,@é SoliR6Rhe RAALHBe ¥hA S about

pair w se alignnment of The two nost él m | ar” sequences,
&Oo%fuef A QiR Bt flefh i geigmoat 6F 4 mewantsTwith improved

Gheskidty féalgldcbsmhd&e o’ﬂly g@e@loi Desi bEtheRXhitiAD shzyneltieta@tvity left
cl ust nces. Two clusters

sequence .or q
St Sienos el s forbied Byt o ext onsi on of
the pair wse alignnent of two individual sequences.
Trefefabhyatheaniigioefor impasiigethe dtabjlitp of eniseSDOF variant having a

%8&&8&3& Y)F %thnevﬁt%sﬁ%oh% atﬁé??lyéll&p la}ﬁql?ne or sertne is a

I ncreasin I SSIml'ar sequences an USt ers,
ahbstiution @&r%wéaléééhstltneow%@flqcrﬁdt fiamy th%roblaucmswtmg of

WR; A 129RNTNUK; Jied YAY, Lampermmewsvzmn?alm and L386F.
ot her, honol ogous s- GDH nol ecul es can be eaS|I

515 20 SO ERR T Ok PR P8 S o
tshlectadnfrum ahe grqgs consistinig gHfvie8r Ryex EZZK SIENTE &B%G V298L and

Ltr}agﬁgsltnoﬁlqtl}%§ g?elqu %Hb%dﬁggﬂtg ?ﬂl%maft]oaggf Itx@ {\ﬁgreczop of four

O
ns cor n ano
nbml&ygstustlgnem—lahgllerc&r@d oftedl theserfivergubstitutiqns are used in a

r}{ at @V GDH i rofdte sebilf)6f YR $&lthnd, NVENti on

ates to an s- GDH proteih which conpared to the

Id type am no.aci d sequence given in SE
In a pre}(e?red embodiment the squH mutant according to the present invention

comprises an arginine in position 87 as known from A. calcoaceticus wild-type s-
GDH (SEQ ID NO: 2) or in a position corresponding to said position 87 in a

homologous enzyme.

In a further preferred embodiment the s-GDH mutant according to the present
invention comprises a lysine in position 122 as known from A. calcoaceticus wild-
type s-GDH (SEQ ID NO: 2) or in a position corresponding to said position 122 in

a homologous enzyme.

In a further preferred embodiment the s-GDH mutant according to the present

invention comprises a lysine in position 124 as known from A. calcoaceticus wild-
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ID NO 2 exhibits at | east one am no acid
substitution, deletion or insertion. The s-GH nut ant

WORY7/ti86ddr i se ot her substitutions and/ or del etACIVEP2007/003207

and/or insertions provided that an s-CGDH nutant of the
i nvention does not differ byjpore than 45 am no acids
fromthe s-GDH of SEQID NO 2, e.g. that it exhibits
at nost 45 amino acid substitutions, insertions or
eﬁ iGms (SEQUDINO: 2)beintLpdvitich dOutespording & saidpodiom Y24 in
b|||t refers to any am no substitutions
§%$ ?%8%5 and/or insertions inproving the
thernn stability of an s-GDH nmutant in a short term
tlong éursharr grefer ed ssnbastimieniAthene G0 b meetanbaswerding to the present

1%5&?6%% ided ﬁ%‘dﬁ%cﬁ oiin! f46cést%(ﬁﬂpfr% }\oa}?c%acetzcus wild-

argely at the expense of a, reduced

possi bl e
syRe$-GRE ( S%éﬂ@%@ea) O i) ququrbcogwaemngﬁo Wid peRia@y 146 in

SPlesthblogo@dCdnizyinky or to any conbinations of these
di sadvant ageous properties. St abi | i ty according to the

S e oo AR RRE PR bR 5 el BSBEdink Tadby present

tlhvgltmd@imprsses @‘wmeed pwitas Zﬂﬁeasrﬂmczwraﬁrpm Aycalcbherios wild-
%2@@& ldljléf (Sﬁquankp&dmbay ngr&g?ém gf@{aﬁfﬁgﬁﬁion 298 in

stress enzyne ct|V|ty 0
QTP SPHEMNTET essed sanple activity to 100%the
remaining activity after stress treatnent can be

CI&| @Wtbr@%@%rﬁf&r@ﬂf&ﬁﬁddlmEfﬂf tHeud-amis mitast %r&ilg tho the present
ved substra ecificit S ndr'ti 0
PR e PhindEetins 4 bhdtiaf SOERT kASYRARE A’ Sdbacericus
ceibdttypesn&Dith 6SEQ IIB-NQpé) eniayarposiden abwespoB8dingotofsaidt gosition
058'6%51%'0@0‘%%; %MZC)J"? wher eas nost of the nutants
ici t

rov spe y for glucose have only 10 %
or Iess of their initial enzymatic act|V|ty left after

dty e Sesfpundethat §x thesisionn of 6-GleH MPPeEFTeOsbdAtlgr important for
Pafcﬁfe@g%slghlﬁ&ﬂt ﬁivleﬁién{s% tefHR OWthBend B@bﬁ&?hld |I:Io¥1ti@fns 87,

S]gg bst i.tuti eon
i

ant n
Hag i 8 M B RAnC T rRlhuice e d ot that it
shad Heet fdburah thaPrtkedse rsabdtitusenscha spionothaed éffecs oh @éhé elsbrmo
fram.t h rou nsi i K R N122K: .S124 4
Ty G SRR SRR BELRARE AR 6 MhRaied HhSMAer 16 1BiDrove
rsledose spatificity dbwiashe expenenof oredungt thermg stabdity. In a preferred

st ditnedt @ sa(@Disl' nY ﬁEé.o"il&‘ﬁ'n it§ tl‘?eeﬂz e6hn® shvieh Q0 E@rﬁgrlses aan
R; N12 K, SI124K; S146G. V29

group consi sti fn&%
A GINIITERPOsitien {1y 3 }Yémep@ BpEteR d22b iR dra slysine in position 146, a
Qeddh O pRtfonafostand.a pHehfiglafinedh pb8tbn 386 of SEQ ID NO:2, or in a

position corresponding to said positions if a homologous s-GDH is used.

In a further preferred embodiment the present invention relates to a mutant of
PQQ-dependent soluble glucose dehydrogenase (s-GDH; EC 1.1.5.2) with
improved specificity for glucose as compared to maltose, having a substitution of
threonine at position 348 either by glycine, or by alanine or by serine, wherein said
mutant additionally comprises at least one mutation for improving the stability of
the mutant and at least one mutation for improving the affinity for glucose of the

mutant.

The term “affinity” for a substrate is well known in the art. It is given in mM as the

so-called Km-value. Various methods are known to the art to determine the affinity
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these substitutions or also preferred of all these
five substitutions are used in a nutated s-GDH to

woixoprase7t he stability of such nmutant. In a prefgreexd/ 003207

enbodi nent the s-CGDH nutant according to the present

i nvention conprises an argingye in position 87 as
known from A. cal coaceticus wld-type s- GDH (SEQ ID
NO 2) or in a position corresponding to said position

&f §-GDH,h %ﬂﬁ:@Se QR Z)tH&- sugarsaad WiilishRtespPeLf RiakRHi, S., et al,

di ding to the present
ﬁﬂggﬁTPgﬁ’Bﬁ i <g§mggﬁ§§?kégﬁﬁ9%os|t.on 122 as known
fromA. calcoaceticus wildtype s-GDH (SEQ ID NGO 2) or
iln the poeéntingy nf oew vespundithgcrude Eadolf eptraitta percarR@gei qalcalation

*H’f‘”i‘ﬂle Q%%Hu\%l@en?%%erfb%@d ek m{f‘e? eQrEl%faﬁ‘&E f &M?gfﬂ@med. The

mut ant "accord g present 1nvention
@@mM tomargs glyeqs dor andislafa - GPPizwtarsts Rite spicElptsshaacording to
qht GOIRKAbaMichadBINMBResKHRIM(SEQ ID NO 2) or in a
position corresponding to said p03|t|on 124 in a

I . ,dn furth d enbodi
I OBB P H P niod B b PRt B B GE bR T gy FEinity for
@hwqesé semmyplayed e inmtqmsomlpumngdeuhstltkﬁnmnf threxmire at position
Cﬂh%a&%ér ifd, o Ipee or’s ﬁ abB N %_fﬁé t? foi thePsubstrate

p03|t|on cottesp on to sai p03|t|on
reReP OIS 6l é‘fr@ﬁﬂim@ deacrﬂ gd frudetaibin the examp eﬁseéh%du nent
the s-GDH nutant according to the present invention

@H@fdb@eﬂlt eloRd Gir Thlec()jl‘teﬁnlﬁlQﬁbﬁ f&ﬁn’%ﬂ&nﬂ the TRty fd?r@llﬁose of an s-

oac

SRR RGE: Giadh 5P RG 8 5 Sistitagce 11 Bircosde 7 paftiSh 345 by

feithed glycing, dazipeer derina if an taneino picaf arhrsadltmmbadhcmdnﬁom the
t t Al oAt . .

e t A 168 SN NEhO ol (s ROEREN I G N8R, Gaso

rises
ABER; é/@éeétqréi:@d/%/&iﬁﬂ ype s-GDH (SEQ ID NO. 2) or in
a position corresponding to said position 386 in a

hﬁmk@@w&mmwa cdrﬁesp@mk R pJosisidd h*mabf HeXs-GDH wild-type

posi tio S e rathe ortant, for |
ewens E@O &ﬁﬁ%@fﬁﬁomﬁﬁ%@@ﬁé& 8073) issihetitatedyin apgant of
&habtdsdzrtt)imvdntlen, it pQsreferred shdi the Axddrally Hdeurtih@ amiSBadd teucine
S%&L%bsfl*ﬂu%ed i)y an ammcg Qafdlsecl Aq %r%lmet %ngcr:gupl)q gcgneslstmg olg Elstlglne and

tyrosine. More preferred the substitution in position 110 is by histidine.

In case the amino acid corresponding to position 229 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
asparagine is substituted by an amino acid selected from the group consisting of
alanine, glycine and serine. More preferred the substitution in position 229 is by

alanine.

In case the amino acid corresponding to position 349 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 valine
is substituted by an amino acid selected from the group consisting of alanine and

glycine. More preferred the substitution in position 349 is by glycine.
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has been found that these substitutions have a
pronounced effect on the therno stability of nmutants

wowld s evi ousl y had been generated in order PC3/EP2007/003207

i nprove gl ucose specificity, but at the expense of a
reduced therno stability. Injf_preferred enbodi nent

the s-GDH nutant according to the present invention
conprises a an arginine in position 87, a lysine in

D’Q§d piefitrell? theamdtalidf, foRirgpnovingahé BfipRyifol glacdsdbs sefected from

sheeng sonal o ST RBIS SRR T Lot i vaser.

corresponding to said positions if a honol ogous s-GDH
iAdsauperferrddnsaad fsubstitetiorp fet ienpredingrtbe dffirat for ghuqose ssesrlected
ffmsftg AL’ mmaaﬂaﬂmbc% g&@r{ﬂe@p@@qﬁ@tacé&h% & the
gl uco Wt

e déhydrogenase (s- GDH

IPAPREBY HYERBRR CPMPFISEs gy oy Fluéwé these éBlhsé‘éWé‘H’sth all these four
rsabdtRe€onshavi Nng a substitution of threonine at
position 348 either by glycine or by al anine or by

erl wher ai i tiona

155 o Restated AnthsPimal B AbdvendRerlinl SEDHO Ryl wirh
nmpamtedaslpdaﬁtlt}t fmgluccme asnmrapanadu t6 amalfosprhmvingea substitution of

y .

qg%e}pﬂlnte at E}8§18§1I1 g%s)ﬁ glﬁeé?g@uféuilglpfle o%_ g@v\}?tel%ﬁmtcqupélrsmg at least
|ane; @u@th%!n qrnimppoxingt e gabibify pdditirnallyaremaprisegronsygr more

rm&daﬁaﬁ(swfsr Kﬁ(ggmgomehﬁlb@fratet@e@lﬁhw oF fige tliRant to glucose as
usi ng gl ucose or other sugars as

i Ni
éﬂB&?Fﬁ%@éﬂﬁ | garashi, S., et al., Biochem Biophys
Res Commun 264 (1999) 820, In the screening of new

VFaor | @mtasn vépiphicationdethe. substratee xpacecity aopancefiRifemutant with

SRR Rns8h, RIS Al LS HERARETAAIE ol Bl 1 854 Bfurion of

uat | ener at Init
g 1fe8HE afoposmmﬁé&tl@' sitlemglicingnal snmasorc@ﬁrml mapdwot yet be

%ﬁﬂ{&&ﬂg&ﬁa&h@uﬁﬁ& ppilaMehsM chael i s- Ment en-ki neti cs.
The s- GDH nut ant accordlng to the present invention

an. i ed affinity for ucose as co
I eaRin SReHERRE ik iy e 1Rl PO Bmers ab GOt mutdht That in
rdditionoto t’Bxé&bbye distissed giu)tmd’iEat positiunn®&comprises@ne or more
Prél? Fo:rﬁ%glé'x){ tlo gfs%?rl g&rﬁh Olq'n trh%ng%ggtsi)gélﬁag %§Ql§e mﬂc‘tant for
@tmose)aﬁ.comp@fr@i'@bhythShe one or nore nutation f or
inmproving the affinity for glucose of an s- GDH nutant

A HQRGY “GRIREeSHAGH @ryS PSS }JehlﬁUtPrls QNIRRT e Alled artisan.

p03|t|on 348 by either glycine,” alanine or serine is

an aH1no a %Pstltut|on sglected fromthe
In order to ca cu ate 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
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
made at equimolar concentrations of the substrate molecules investigated using
well-defined assay conditions. Otherwise corrections for differences in concen-

trations have to be made.
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group consisting of LI OH or Y; N229A, G or S; QR46H,
Mor N, Y333A; G339T; M41lV; V349A or G and V436P. In

WOagk1186¥¢ am no aci d correspondi ng to positi o®CIEP2@K7/003207

the s-GDH wi | d-type sequence known from A

cal coaceticus (SEQ ID NO 2)j1is substituted in a

variant of the present invention, it is preferred that
the naturally occurring amno acid leucine is

Bidredak diddPsh DVel R HefAiidBsa¥cot didhe Bivdofbe @RbieRdn Q)‘%@éﬂlo assess
consi sting of  hi t|d| ne and. tyrosine. Nbre refe
PR BE s ) OBt G hep 161 L6 (€8l apavne! SiGDH for
Ghsos¢ hea anbstmataad delt os farspberdielegtetl Gugassubstoate? %&neefsured as

tcﬂe Cr§0e IHM’Q(’@E‘%‘%F% ence known from A

coaceti cus . IS substituted in a
varlant of the present |nvent|on it 1s preferred that
tBrsech @nuthel meagements mef eAYAStia AV far gljicage o5 for maltose,

Sedpettiveld), @ebsfYearttvidiang iRprchehRhe tHeblb S #s Qfbeisb@ 9r oup

conS|st|ng of alanine, glycine and serine. Mre

the .substitutio 03|t|on
PR (o Ay Ko R g et Sesslitaneos s
position 349 of the s-GDH wi | d-type sequence known
fGrom-reactivityd@elcefdctivisy (BR e/ wtiNTy gliroses xd0@%t i t ut ed in
a variant of the present invention, it is preferred

t(@ésst)%a&ﬁrﬁtzrf&l W%@&%frvglcpglp@m(gglt{%k%rdg% ﬂ.toﬁge B?g\l'fpformula

tit n_ am

HE qf ﬂnaﬂedaﬁ%lﬁoﬁél%sr/ﬂ%ifreWSr?@/ 34bPe preferred the
substitution in position 349 is by glycine. Al so
@petificityed calchletedutadridong tb olie folfpwingi faogntlae affinity for
glucose is selected fromthe group consisting of
LIl OH, QR46Gidtivig3gadose Mbdtanmt, V349@ ignthalvdks6ild-dipso
ppedificityee - sat d--subst-t{-uti-on- ko---H¥provi-ng--the-affinity
for gl ucosactisitsmhkedeadutanom Qadbvity 3384 wildB4iAd/ and
V349G A preferred s-GDH according to the present

H—éﬁ{}wtn?{}]tg %T'Q%éc K t gsve;l IO uH}ftua?e recogmlzed as smaller

I ons ‘or hese our su
fvahtehem ther adfore calgulatipmdisreempardsetosdin & Rid suwiabewith-i@pEpved

'Eg@@fﬂ&ty‘"ﬂolf lukgﬁra9¥8§1p§ﬁ%“tbfrﬁ£iogé/ hafin leuﬁﬁﬁﬁtlélﬁof threonine at
ar ed % se, havi ng a substitution of

tHﬂs’é’é’Hl3|4§ é{terrg%@ Y3 313&8136’5? sgifter gl ycine, al anine

or serine and conprising at |east one nutation for

imﬂQVékﬁ\lgedt heissi adill | dppyeciielithé abslhty rﬁﬁﬂ’@d’rk 3@l dupendron the

t). 0 r ro e substra
rbuéla q;rla&%tk)llncg %fs h%xga(%w gﬁrfa%oprg?eﬂggg%nb ant Il“ﬁe number and kind
of mutations already present in a mutant may be termed the mutant back-ground.

Any novel mutation is best compared directly to the mutant back-ground.

Preferably the mutation for further improving the substrate specificity for glucose
as compared to maltose is an amino acid substitution selected from the group
consisting of Q145P; D163G or N; Q164F; L169F; Y171G; 1208L or V; T224l;
E245D; G276S; A294D or E; V300A, S, N, Y or I; T307G; T323V; A354Y, E or L;
R378I, M, A or D; N428P and insertion 429 P. The term “insertion 429” is used to
indicate that between position 428 and position 429 of SEQ ID NO:2 a proline is
inserted.

In case the amino acid corresponding to position 169 of the s-GDH wild-type

sequence known from A. calcoaceticus (SEQ ID NO: 2) is substituted in a variant of
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conpared to nmaltose. For certain applications the
substrate specificity of an s-GDH nutant with i nproved

wospeu1e47ity for glucose as conpared to mal t oPET/RPRNI7N3207

a substitution of threonine at position 348 by either
gl ycine, alanine or serine mpy.not yet be sufficient
for certain routine applications. In certain

enbodi ments it may be required to generate an s- GDH

thé pf&erithﬂienhﬁn,&d i greferretl Ghdthke ﬁhﬁt&l&ly@ic&ﬁuiﬁg @fhino acid leucine
nut a t 348 conn rlse

Tiarbrfid RhehBee sHPREL et BRiHabr NS Lfs preferred the
spbﬁuﬁh@mhypmﬁuthWHUbnphmﬁbﬂmgh@cose as conpared to
mal t ose. The term "substrate specificity" or

"TRP&S HhE hinino 'a&derl"esb&%ﬂ% 49 ﬁo@ﬁoﬁk”ll 8¢ nar §icism- wildltype
order to calculate the substrate s

aF s Bapwn $1om Aorboseb RO D ND: QoS Sohisttatad ipiapgriant of
e et \M\telﬁtlghuﬁoi%epﬁerﬁddbmd’c athe durk) Secarthgt @mino acid

SRR PR AL TR A S RSP b RS Erom
libe rgeclym dansistirgy nplalaniree mﬂhmnsmecgl)fcnrm thMores preferded the sub-
W&ﬁ%ﬁﬁﬁl %h% 1§P?gﬁ@¥% &eference to glucose on the one

ecte sugar substrate on the other
hand. The expert in the f|eId w || appreciate that

dBngsas itk AMBRO @figdyeaTFasPORERg P tRASKIONS 24508t thep &I wild-type
%Gd}khéﬁ@é RhowR HeSh Al @Iléo@ﬂﬁtc@f sEtpemNb}stzo at sebsmeeUuhSvariant of

vestigated using well-d Ss ndi tions.

P asiedt EvPB RoRoPIGTE Ft: G el Cossigie amino acid
tghatairximsacfalawe stitsstibeedretsie aEiiaaﬁd akcidi, zBparagide vl Ighd&hineeMore
(prﬁt%}(rsggﬁ] S gtltu%ls)rq ?ﬁ/ 5 tfr) %r% E4§ 18 %ggnpalrtq é)aéj er to assess

e speci y. The enzymatic
act|V|tééof s- GDH for glucose as a substrate as well
ds ¢ase the hming eridceastespongding Jalpssitione34]j of theasGrlld widd-type

ds@ ncP&AoWR e AEXATRLSRLSGEN I‘?ﬁNd?’Q§ & uB&itul® in a variant of

surenents of enzymatic ach%lte ) ﬂlucose or for
W%FV

IfﬁF tR§§Q§nt AREHEER; Ve sy Preferards that o { &ffgurring amino acid
|rﬁ&hmfﬁﬁ@f3tsub§t&ﬁﬁéﬁf3y vadinasdesiigdeucliCosstloticiae. Msse preferred

activity f.or rcent is calculated as
éﬁ8§§mpgﬁ ’9I¥€E?@§ifuﬂ36ffgfty mal t ose/ activity
gl ucose) x 100% (Cross-) reactivity for maltose of
it hds bsepenls- foDRId dbatdt & prgsible toHartheroweprbwe subistrate specificity of

an s-GDH variant already comprising a substitution at position 348 by insertion of

an amino acid, preferably a proline, between position 428 and 429.

Also preferred, the additional mutation for improving the substrate specificity for
glucose as compared to maltose is selected from the group consisting of L169F;
Y171G; E245D; N428P and insertion 429P.

Preferably, the additional mutation for improving the substrate specificity for
glucose as compared to maltose is selected from the group consisting of L169F;
Y171G; E245D; and N428P. In further preferred embodiments combinations of
two, three or all these four substitutions are used to improve the substrate
specificity for glucose as compared to maltose of such mutant. Also preferred, the
additional mutation for improving the substrate specificity for glucose as compared
to maltose is selected from the group consisting of L169F; Y171G; E245D; and

insertion 429P. In further preferred embodiments combinations of two or of all
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has been determ ned as about 105% (see WO 02/ 34919).
Specificity is calculated according to the foll ow ng

WOR00MUB@7 activity glucose nutant activity nalPCdgP2007/003207

wild-type specificity = x activity mal tose nutant
activity glucose wild-type lLpprovenents in specificity

of a novel s-GDH nutant are recogni zed as snall er

val ues in the above cal cul ation, as conpared to an
shfdeldubatitatidnsvirt hisédfogethedwithabe friseitioys 4201P @ aignsseds-GDH

| tose. havin substltut I on
SR PR e, OB b 800 By BT RE b P reffha o, glpsof such
onu@etl ne. As the skilled artisan wl|l appreC| ate the
absol ute nunbers will depend on the nunber and ki nd of
%t@etsér@&% iAWERshy3 16388 tWOR R 6II0R EY, resEQ&v@W%bs%ﬂﬁnon at

kind of nutations already present ip a nutant my be
tROSYHOR 428 vherrby RsPasagine grrsﬂﬁ%f bxRrohng @ amipsertion of ﬂ%ﬁ amino

herd pﬁ(ﬂ[ﬁéab&dfeéi rpeitoyt 478 tahe 409, aedpebiaaky, qnaueﬂ improve the

Pr ef. bl t at f furth
SRENET B apeCH enygnt gieogy semedting BhgiBfn e Posiion 348
rfal 4 diweehersplaferaadl erobatingns whs iprdsenti mwemtaxirecheeefofer oglates to a

gl R A 5 OBl U 551152

grit mp;:g)@g;lr_\speg iy foy cope awmre togqglgagmg Fsuybstitution
I-of tlﬁ%ggllne a%oyﬁl&f 348 b)J M%ﬁgﬁcm@ Adife 612@ Rrind BEd elther a
i.nsertion. 429" ed to indicate. that bet
E?tttpaﬂn A PAHIPHELS orhsgets > §SR3f 28Iy FES®S by ﬁﬁ\ge €n@r an
|1ﬁse|r1ri|61erof elﬁie allnihd: ade ﬁrhl@neﬁh&ﬂ%emqmdtloﬁrﬂéwﬂnmmgvheﬁem said

pos{an oé]dlgi llo L fbrlses W S RG0S ?Oque t& i S ability of

T oM CHeUs ? I‘:ﬁ IO %’ 53V ecf

athe avitant; atdf:ash enp regaiin fomvmptcp\@mg thetspﬁQBﬁ@ﬁ(éfVEVIOédle mutant,

thato

S R R 1 SR B A oy e
NERGOSH raBHQTT Qitf @ThBNOs BRI be?flertbﬁfs!nPIPf@HmSGbelSEe%@mY of

rhe myiktah @fdr Mucok o€ 8siAipared t@%ilﬁbsé‘cdrﬂ:l wﬁé&ﬁswq%sngmtscgwen

positio [%:%f the s %DH

17 se c
0B ROL 1, e RO A BETHIPES ﬁm@?@%qﬁ%@sﬁlf%@&uf 7 GDH
avilkhtyipaéquehcd (SEQI2BENt2)i nvention, it is preferred
that the naturally occurring amno acid tyrosine is

%Hbgﬁét[ﬁlylrn gglng‘trﬁg}ltamensre@&{t 1n§'§111t%‘}{ q'gla{e'é Qi Shr%u%? Ub¥ PQQ-

consi s
dependent soluble glucose dehydrogenase (s-GDH; EC 1.1.5.2) with improved

specificity for glucose as compared to maltose, having a substitution of threonine at
position 348 by either glycine, alanine or serine, wherein said mutant additionally
comprises at least one mutation for improving the stability of the mutant and at

least one mutation for improving the specific activity of the mutant.

The term “specific activity” is well-known from the art. It is used to describe the
enzymatic activity per amount of protein. Various methods are known to the art to
determine specific activity of an s-GDH, using glucose or other sugars as substrates,
see for example Igarashi, S., et al., Biochem Biophys Res Commun 264 (1999) 820.
The s-GDH mutant according to the present invention has an improved specific
activity for the substrate glucose as compared to a mutant comprising a substitution

of threonine at position 348 by either glycine, alanine or serine.
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the group consisting of al anine, nethionine, glycine.
More preferred the sub stitution in position 171 is by

WOgyKilee@’ | n case the am no acid correspondi n@CIEP2007/003207

position 245 of the s-CGDH wi | d-type sequence known
fromL. calcoaceticus (SEQLIPPNO 2) is substituted in

a variant of the present invention, it is preferred

that the naturally occurring amno acid glutamc acid
iRrefordbbt iHeUhﬁﬁUbijl faswrbizmgahé shecHizpatioig) foe ghicose is an amino
%lﬁglt sl%glstgt%tlgn B%I Qtlgc(i: %ailr{ ee 1|11pe cdc’n%psft : to%'h!?’af} orﬁ %‘361(& 2% and
o"cﬁ%&sp@ndl ng to positi on 341 of the s GDH WI I d-type
sequence known from A cal coaceticus (SEQID NO 2) is

subatd L& a'rtnsaﬁ Wl 'aﬁpﬁecﬁte, 19‘35 YossiBRt td AHa&kdI@Namido acid

is preferred that the nau}B occ rrlnrgjf anm no amog

EbRtGHeTeC BiSabRp IR igedY %égnph@, ugpcsihfBronestifsiohs GDH

Qb a%igrﬁﬁughﬂ%xteﬂﬁr erhpr eirﬁmeﬁc&ﬂalaa§u@&hktp&ksmm infention will,
osition 341 is

|
1B%exer Bati B Rt i dor s e ag ompartd % 1p
sl‘ﬂ)@dl ﬂ’lrcfetatolyoﬁhanam@k‘illvmmﬂe A peddy agonpracki sgpsatutions,

StH tbltefgr Ao gfyypéj%hﬁfu? :acr:llg g.\{l})@t}{tuhﬂﬁg of 1#8PerOfubdfit é éﬁ%g‘%n be

pre era a pro etween position 4
4’2’9sen¥\| so preferred, the additional nutation for

i mproving the substrate specificity for glucose as
comraipedie 6- @R waiantssacserdieg tytherrsaienhinvgpidep are given in the

A RIpHs| RBHEA. ﬂlrJef%?Fed Q(@ﬁ}@vaﬁgﬂéavumg@ l@&ge iARBfeldnP and

429P. Preferably, the additjional nutati on fo
iiPAprNedn gharaeteriiiss t regardingp dagrmoc pability rang) esetéﬁréteagfﬁmty for

Efnp@seTRE HR¥Enth FithRhefBHir g é&B?st‘ithﬁoSsr OU D
consi sting of L169F;, Y171G E245 and N428

further preferred enbodi nents conbi nations of tvvo

22K +EA 0¥+ Y kA E24 2 M3db¥t TP4RGUR¥28Pe used to

'N'P&W%lQh@ﬁl@ﬁwﬁm%@DfMMwJI@&sG#Hﬁm as
ared to naltose of such nutant. g)referred

2§d'c§|1¥416h1a1|69ﬁ1h¥b¥h%i’ﬁ%épﬁl\ﬁ%ﬂrléfm'rr%f‘@hb salanshadhs

31@?&'1@5@24I¥+IfICG'QFQYPﬁﬁ?ﬁEZ@%D@Q}E@@H@%i@V‘WﬂQ@@LB&%F
selected fromthe group consisting of L169F; Y171G

EAns39Pand insertion 429P. In further preferred
WM@S@?fﬁ@—Sﬂ@BGQE%QﬁYW’PG‘PEZﬁD-@d}MdH-ﬁ\eZ98L+

substitutions are used together with the insertion 429

MBhl Vot TA4BAT BIBOE+TMYIS | nprove the substrate
WJN k% s OIK 814605 € 1 5F+5A7P@ L ES ST (YBA RS R +such

+G339T+M341V+T348G+L386F+1ns429P
D87R+N122K+S124K+8146G+L169F+Y171G+E245D+Q246H+V298L+
M341V+T3485+L386F+ins429P+V436P;
D87R+N122K+S5124K+5146G+L169F+Y171G+E245D+Q246H+V298L+
M341V+T3485+V349G+A354T+L386F+ins429P;
D87R+L110H+N122K+58124K+5146G+L169F+Y171G+E245D+Q246H+V298L+
M341V+T348S+1386F+ins429P.

Numerous possibilities are known in the art to produce mutant proteins. Based on
the important findings of the present invention disclosing the critical importance of
certain residues to improve the thermo stability, the affinity for glucose and the

substrate specificity of a mutant s-GDH the skilled artisan now can easily produce
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As described in WO 02/ 34919 and WO 2006/ 008132,
respectively, a substitution at position 428 whereby

WOo8ypridgi’ne i s replaced by proline or an i nsePCTdP2¢x7/003207

the ami no acid proline between position 428 and 429,
respectively, further inprovegthe specificity of an
s-GDH nmut ant al ready conprising a substitution at

position 348. In a further preferred enbodi nent the

Fughentappropeiatd aariimer ef @r@Helhaibeﬁmtgoﬂassmarﬂnbtmfr favorable

ERIORGy SheR TS (HaERR CR G Siarngs BE shEmethidds Kiown
casm:m‘d’o@ni musagenkdiodepngdY.i Wg ehals C[kesl’lmqm i ()198_6} 11-15) and/or site
fe%&ﬁ'rﬂ@ta?%neﬁ?if—lm P E3§?a1b>ﬁ4&hb&eén%}ho‘ﬂ' 1%?:(%?;87&?38-568). An

anine or ne "af a supstitu Caf .
r?é)tﬁmaln@ﬁ m@%pwcagﬂp&gn weéth the depiresdcpiopesfiepiota pewvide

Qhirdferl&Rkirb&s, mlcﬁ Ren@H §Quésdetldh it ﬂen{ome@se Bwo different
position 428 a 429, wherein said nuk%?% add| nal |

éaﬂm 8B SomPIEIElt SRS R APBRORHE B v%eﬂﬁ procedures
Sk‘n@b}lnl intthe orft nﬁd‘}'d)eme&m corﬁbmh&@‘ﬁtwthﬂbe h‘if(t)xaﬁatﬂi’m dlﬂﬂosed in the
Srelolylln% E ?(pecl:'é)\fflldg r%ﬁ{an Vcé')lflélt th 0o om 1s1ing  €.g.
i‘ona She o Fore T S5 Sr i ﬁprow i) Pﬁ%
a!f:iﬁltmntay amlno h@ldfnﬂubmtutlongllu cambmamm omtlo rthe oknqwr eritical
']H@%?ﬂaﬁ&(éf)a sfuB§t1tEHBB NEPoditiod 944 513 q"ﬁ) fRgol ficity of

nmut ant gl ucose as conpare mal t ose, and
wherejn the p05|t| en correspond to the am no
A2 & G35 Yarms am&wgf%%etmsem RUeNHBA<api s DS pegsbiced by
Widrting fipeh SeqGD1E gedeﬂi@dlﬂecﬂ\lﬁonﬂfhahﬁolﬂﬁ&? BflEoaceticus-type strain

iﬁ@%mé’ﬁe%i?ﬁgﬁ@ BPEEs o8MaldRofs St 1 dh&Rpptext of
Etms]apphﬁatiz))m thiet term ihoovdogsie i Mmiegntt o tcunplg!seu:tmsé}lalsl amino
%Er eoﬁ& heb it 1Q5 €90 %gggﬂ}gtﬁs §<§iﬂé&ﬁe& o SEQ 1pf NO; 2. With other

I ne at posi It1on
ororderafiee apmrléterahgamnhwa& theamﬁlm mrqny» @deﬁpt P% 8@ of the

Qltmlhg a8ids 8P Sud R 31850 sALGDIPLRYAREicAING thE &Ridd dddsescribed
g Ehigﬁt and at | east one nutation for |nprOV|ng t he

§B E 5%91V|ty of the nmutant. The term "specific

activity" is well-known fromthe art. It is used to

desult bb elnﬂhﬁtcmdztylaatdrmtmt io? YA pad aatinontidodeqpernee naturally

Vﬁfsk n;{)h ?&%?f’i&nafll§ng%dlﬂ§%ﬁt & néarrntethtoﬁu g(g&)\%l n r}ﬁf art. These

IC acC se or
gflagamnsagajs tasslt imbpgo 18486 afmino exid @enqga ratitioves]], seemence,

Qiue’to Blefeamn Shanrll 5n3‘?§seﬁ‘?{ﬁﬂl‘uﬂwgﬁdon(s 129 AkitRaQ of -Blﬁ@ or more

mut ant accor resent 1 nvention
@m;pg\;l@@i repidugs incsaid sequence as compared to SEQ ID NO: 2. Such ammo

acid substitutions may be made, for example, on the basis of similarity in polarity,
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,
glycine, alanine, asparagine, glutamine, serine, threonine, phenylalanine, and
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 an N-terminal substitution such as methionine,
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activity for the substrate glucose as conpared to a
mut ant conprising a substitution of threonine at

woposl/tiser 348 by either glycine, alanine or PCT/EP2007/003207

serine.Preferably the nutation for inproving the
specific activity for glucosggis an am no acid
substitution selected fromthe group consisting of
H30F or R, A301G or S and A302S or T. As the skilled

aﬂ-tfbﬁﬂ)‘]n'ié’(tjﬂlbmﬂﬁpdiﬁﬁl &t Badért sdqhiep@s.s Shtle vafatisie fifagtklbe made
no  acl S tituti nt t | ONS
oG e iRael e BPaaf s S T el FupgPRsentnEiion.

significant extend. The variant according to the
pressting itnvercedmesikhbwnhiwehe stath @b ehacartroreadchading 50 the

Ao @Ve‘*‘ﬁéﬁ‘&gﬁﬁgﬂ?ﬁs PR, 36 i3 Posstbly L oDYar? polynucleotide
Aequrnsesending for 8nx of tsrseG B%frwwﬁas @mwseﬂ@bamf nidedaygntion
&Ha’ifdré U&drﬁ’ﬁﬁseﬁ”al&ﬁ%&ﬂat@&' bsdlihutldoRids Wqubnke #&HBERBt s-GDH

i ants .accordin resent
TRUBAL POEE GG Panq frePRRe B A0 S GETBH ShVET or r oc
s-CGDH variants with | ow glucose interference and
I Tier presit gineendion duitber insludegam dkprgssidrevevtorstomiyprising/a nucleic

aa@féi §&§éh£@h&oﬁé$¥gﬁ tVne fes&‘lt ﬁ@éﬁl&ogﬁéﬂaﬁﬁz futﬂ?ed a promoter

mut ant g substituti
Nf%ﬁi@bmmreqtmlmwal%mab@r|Cﬁl§429P
N122K+S124K+L169F+Y171G+E245D+MB41V+T348GH ns429P;

E&Zﬂﬁ—é&hz 4ivehn 1169 Fur(Bdrliatladéd bt Mgk Edéioh3 dé torl cop@prisimes 4 2%cleic
NESLICARTAAT T8 L RIS DB WA T3hElq dggpmoter

sequeh2® Rapable of directing its expression in a host cell. Preferred vectors are

A SO PR AR 5Dr os6rh 2osL

DB7R+N122K+S124K+S146G+L169F+Y171G+E245D+QR46H+V298L+
HEpeoTieNBELorsT Bsed N3 Bs FPreseas upention typically contain an origin of

D%El%a?iléﬂ 2kt ThéicErtel69 Eétéél%%%‘ﬁ?cﬂﬁ&é% RibéISH dnd the

V+T348S+ 86F S429P+V4 gg lud
YL, R DO P Ty GO SN VBRSPS S KPR s 5 include
NBHANDN34RGual4 O tASD 4 the386 Hikie nghalfquences (for a better folding,
transportation into the periplasma or secretion), inducers for a better modulation

of the expression, or cleavage sites for cloning.

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
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.

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:
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D87R+L110H+N122K+S124K+S146GHL169F+Y171GHE245D+(QR46 H+V
298L+ M341V+T348S+L386F+i ns429P. Nuner ous

WOpRoeXi1Bé47i ti es are known in the art to produc®CRIPAsN7/003207

proteins. Based on the inportant findings of the

present invention disclosingzghe critical inportance

of certain residues to inprove the therno stability,

the affinity for glucose and the substrate specificity

A Labﬁtﬂt@iyt ManGEIF (1089)sKold Sgriag t Hador,ndW, c2dld esFidgy Harbor
aggra? gyther appropriate variants of s-CGDH harboring
ese a Otner favorable nodifications. Such variants

for exanpl e can be obtai ned by the nethods known as

riEhecresent tinygatiesi additienaty relates W host cells. contaningi apuexpression

(vl:@t%?)wl%éh Jeé)np@i@@s/ QVDﬁAt& ﬂéﬂc%cm%sgmraaﬁag aft 6Hﬂhé mutant

AnGQH Jﬁﬁmt\féﬂﬁgf ablt/GO ﬁgwm@(%esamwéﬁer m ﬁomélses all or
qrast (Bf&dlewaH@DNﬁe&:quSnde@ c@dlﬁg féten @intand @IGDHQﬁﬁﬁ{grdiﬁtc&, more

avRloERTh a2 98¢ Eraas R Liably B solE Fiedeh Tor example,
@W’d}jm@k ABCCRR6YEnaildie fropr Bomdegae 8&h 3VwodsHollev Road,

Bdl W Eﬁﬁﬂ 1, 18100 MRE AVaildbtd flRe Sitma%gﬁ'@ngill gdr“]ltlsNorth

resent |nvent|on to provi
&OrWrﬂlaﬁRQacbiLaéo Ac BI9P0 iaBd Hy likeg. addi ti onal ami no
acid substitutions in conbi natl on with the known

Exipkdssiah vleftbﬁsr&aﬁs@mfod@cédmﬁ@ hbsttcelyby Varf@$ intdtRddsI4fdwn in
i ant ‘8’3 ding to th
u

;}L‘é%tnfof ATl oot D e SO P con be
faamiadanus bEhdlgeinderas glysal mieddtedr protéydag eﬂrmts&nhﬁntlon method

“(?Lr%ﬁ?o%‘f(téft%f'%@éé’, %Smt) rﬁb&e\}ewc)tﬁ?r é’i@xh%fi re 1htr§§u$§é%( expression

tmctgrealpm h@satcelbnfqrmame}emlmmmlraigw bbhstlg injeetian, op protoplast

GRHBA SE aRB bee yfl no acid sequence with at |east 90
%identity as conpared to SEQ ID NO 2. Wth other

words, after appropriate . alignnent usin g; PIIeUcP
rf?%fﬁraé’rﬁxl’é?smpé €105 GOBIABYNG A S Iﬁd’aé‘&P’d]%as eeg jpigoduced into
fh(fnl”@ip@@ﬁufte Rodtietll,ahe hbstenll mlbetcﬁxlmf&l widen @oditidss permlttmg

ISR BrSRT, Anl, Hal RCE T s
expessiomvectay With tret BINA eepiehge coding diorc eld omspamg of the mutant
%b@{jéaﬁ‘?g\éﬁo%ilgridéd?ﬁieﬂ%r i, ITPEEEIOY]@J bldiBRS TH@¥xér%FsFAH of the

m no acl erences in the ove

I n u . . .
sﬁe@@@hwmn&@m ke entifiedhy differensimethedolike miepsysingipsaduction
| STUEGHIFPRIRIOA AL p19NGet&dtioANSF e ¥RE Hroduct immunologically or

detection of the enzymatic activity of the gene product. Preferably an enzymatic

assay is applied.

The present invention also teaches the generation and screening of s-GDH mutants.
Random mutagenesis and saturation mutagenesis is performed as known in the art.
Variants are screened for thermo stability (activity without heat stress treatment
compared to remaining activity after heat stress treatment). 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 preferred mode of
selection or screening of appropriate mutants is given in Example 3. Any change or
improvement as compared to the starting enzyme (mutant or wild-type) can be

clearly detected.
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amno acid residues in said sequence as conpared to
SEQ ID NGO 2. Such amno acid substitutions may be

WOrenei%118640r exanpl e, on the basis of simlaritYCIEP2007/003207

polarity, charge, solubility, hydrophobicity,

hydrophilicity and/or the apppipathic nature of the

resi dues invol ved. For exanple, negatively charged

am no acids include aspartic acid and glutam c aci d;

rrosshbumeloy @haded e @memao@@ltﬂa h@tChlllldﬁ fe‘éﬁbxﬁlazeaﬂibﬁis and DNA
gﬂnrne am no ach A p olar aﬁg rou ¢

Ao s enEn b T inE SO 1k RPN A b apces o
\;thé pesentriovandient Neithal Wlﬁ\mllrl@st ¢edlsl (nrrctapn iegudllyuedlineith the same
Ve§ }elgSOn Xt%H’]eHoa'l %]Ea{ﬁg Q)?cﬁrggrlyn ill ginUttl‘filema?te ’w&l make an

reoni ne, ni ne, yr osi ne.
mr@mtcatsdqctmr araongmhe iexRiessien geqt@rg, &Nﬁ é@gtéfrtgrmequences,

e 1Ll TRAL HRNRAIARE YR{RIdIARSein Qﬁth%{ lin@$e experimentation.
precursors of "the af orenenti oned pol ypepti des, "for

cursors havin rmin ubstitu
M&@tw& Odfy ar"Fé,tRI-achSP?Fg? ﬁ’étpﬁ‘?%ﬁi“rﬁe*'gbégv%&anlt%%{be current
saq&mme SOmﬁtmhg V@ﬂtiu&h'g omshomayelb ®f rtheldnwrdtioautinder conditions

“ l oduc art Qant SEEDIS{COP e n‘gen 8. lggri(f)actterﬁjal host

rese VEn |on ccor Srocedur es
qqlls, ﬂiﬁﬂgﬂ ankursfcondisions areoliquid a:md@hrmgontmmhg cabopedd mégogen

[
SRR e AP LASEE oo YR on e

§xmsr1%tvsﬁ9§> d¥PigrlseRpQRRtE BB RIotiTh B yddgeammpisiin, canamycin,
tdhbsrohdpRerfiesIPletrag&lint s thedikal BpHiRIndudadeaténéeinclude IPTG,
%ﬁqyeni 3 enca@gﬂgfs GDH nmutant ‘proteins according to
B3P ¥ e A n as described above. The present
i nvention further includes an expression vector
donprpreferrgd ahatu thee polypeptities axf utbn geresent ondkintignt aret dhgained by
VENL | y I 3
ggr E{Hon ?1 g&tt s %8%55%9& a DNK Q6 RnPL 95@ thcs WFHF? GDH.

I rectl Its expression in
THhe pelypeptides refethe Bresentr tq’réﬁtwrhcm%rﬁ@b()abﬁ ébbfﬂ“é%‘%lbéinm vitro

Vteg{srarloﬁorfprﬂesrnwra eRksdedi 6 %CDNAS SafiRAGS G rfgf e bfutant

ent inve er ked to a
e BEh o capaiea fu DB CoLa et a eyt ipgd above
Caeﬂdl insdrtedfiata @ cuivabld é)f}ﬁeﬁfoﬁ yekw@s,nvkish st clrnamap BEGEHdHN an in

Vht(;(\JNpransan 1gnftrans]t%t10n S s§em Expression vectors useful in
I'nven yplcally contain an origin of

repllcatlon an antibiotic resistance for selection, a
phioraxpesssibor vessqrr eemipoisingnan tiselatgflopelypuclentide o defised and

: n%ﬁk %%vé’ 65&1@9131 hnTJES tg)ﬁpﬁrgﬁl%'té}rkei@&ltcg rc§ng5?ey O@tl%gnotmg its

e Ot er sequences known 1|
SXgFeaion dgu rfélésfreef RAPtide pypihepis fayptgmn gepresents 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

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 the 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. The interference due to e.g.,
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transportation into the periplasm or secretion),
i nducers for a better nodul ati on of the expression, or

WOoeMaee sites for cloning. The characteri st iP€I/EPR0G7H83207

sel ect ed expression vector nust be conpatible to the
host cell, which is to be enpj oyed. For exanple, when
cloning in an E.coli cell system the expression
vector should contain pronnters i solated fromthe

GRIIE g@facﬂz—;sé; th/o@@itlﬁé‘r rélated. sug draevhichrmhy bg pre&ﬂthﬂbk@mple to

ati.on
Petebiedsinobry i vanosifstedied pring e FPyflor GRH variants
ihlaeﬂngdmthflorprexe;ﬂrrﬁieemol sigbilitydas mwpll astimpgowdds gpecificity towards
g ?J r(%‘icotu@?et mBF}ekﬁ?&gr&%§ [ks\{ﬁ%&{( 1r{\"3Fti%‘<Jge%S B@dily fluids like
equence codi ng for sel ec |on
&PRUNDPAsME, ﬁé@il@@laﬂwé ofjuFiae a_PrefeIred sUHres fﬁmqéénsgmples
anpicillin resistance, or canamycin resistance may be
qm&\ﬁﬂﬂérﬁfﬂd Ys& FBIPYiSes a Ahdthed of f&l@&@tlﬁ@t(&&érﬁhﬁm@& measuring

th t. and
S S ELTPB AN Db, SULTH B RN WREE AESHTH dgvention. It
dodspegialiy prefened ahatsﬁmuemmesedm}etlmi dandetectodre df ghicose in a
%Srﬁggalfsdcmﬁﬁ%%@écpﬁp'ih QJHO un_gte %%ohrq tllﬁgasﬁ;ément of

are descri
'ghsioesis parformneshisieg a\sq_namratﬁsrssnn\@ﬁ’arm (1989) CoI d
Spring Harbor, NY, Cold Spring Harbor Laboratory

R8s Sithid €hdd E&)‘f:@ naf ﬂh@Vpﬁ@k’nQ AInaaebhiioRallwce fblr ahe Sdete@tion or
host cells ?o ainin ression ve

an
dEapmTeast o BNAOCR B ACEP SR S O TR aFccrige to
thiils &mtentio o -well lisothesteagemitd eqpired for adit yneasunieaient.an
expression vector that conprises all or part of one of

t"[*}l% RO CHURC GRhG rBQedf t@leﬁﬁo E%Bﬁ@ oP t%@gﬁbﬁ‘ Q%IF R0 be

more mutations s
h}@gd tgleptsadvaptage g blpmnsels&a(i?p%sta,@( |t aHBBl@sen(sm@dH%) 71-
%%%)ruﬁwdsabl Qt AIf qmai’ﬁfzmme& 9&!@0@@ mt LawiRasgs, v.,
fafon?{\é}!‘ u(gcxu Blug gb ﬁ(g |
f by Mgpehefiernen CRepient 3Pd snd 2R 00{% 2919t 4l> Sensors
Gﬁd Aé%)toarmwmezommas E)qorfexssmlm nesiterisg obgludiBe in a sample
g Lo host ﬁg?% ar i ous thod lknowndt coat
toﬁé rS?‘t o, BF é%(%‘%FBP%e’ rARst o T oR "o ﬁé%‘PP gehg used t0
wintdxygempimsersitore glasst degrasiziwithearc asmived cauplelyontaining a redox
i g
QBh%&cgﬂ% §§§§r g%%%g% (%‘EIE& aT 92993% %9%%%&?&9 Hnﬂ{hnon
i throglacdse eonggptratiersi ng expreSS|on vectors into host
cells, for exanple, electroporation, holistic

1A tﬁ@tfbHHWingrex%@le@,pilﬁﬁagents, restriction enzymes, and other materials

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
cloning of DNA are well known in the art (Ausubel, F,, et al., in "Current protocols
in molecular biology" (1994) Wiley Verlag) and can be adapted as required by the
skilled artisan.

The following examples further illustrate the present invention. These examples are
not intended to limit the scope of the present invention, but provide further

understanding of the invention.
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fusion, can al so be enpl oyed. Once an expression
vector containing an s-GDH vari ant has been introduced

WO 20061180 7appr opri ate host cell, the host cel | PEEYEPRN7/003207

cul tured under conditions permtting expression of the
desired s-CDH variants. Hostagells containing the

desired expression vector with the DNA sequence codi ng
for all or part of the nmutant s-GDH can be easily
ITtenidllowety bXathIES, ﬁqhéxb:ieOhétmg sel e‘tgtli'e@nareT;thded to aid the

e)ﬁglfrs aéwzﬁl?rpgé{ WS aageﬁenklélv%e Osnlj ?ﬂ%tc'ruﬁ Seope C(%# v% Qh 1 §s se??&sﬁ}/m the
reRiendedankons.plts is dederstaadhn thyft tivdifypetieny rced ub¢ made in the
Wﬁl—&%%lﬁ mouQQE;?ﬁ#lh?Hoﬁ-{/thU&ﬁrﬁ REMEBAVRGL T Vi ty

the gene pro duct an enzymatic assay is
appli.ed. The present invention also teaches the
MMem ng of s-GDH nutants. Random
mut agenesi s and saturation nutagenesis is performed as
Krigwwe 1t N t he Fabtein \aqueaoéss ofire Gudonenews PQQ tlb;&rnﬂent s-GDH

stability (aC({A;Pé' I W tbho%}m I}zethI?l[élr(%ﬁ Szﬁligne(ﬁ] according to

conpared to remdi Hing: A&t
treatment). TFheueasshgmologyi ti ons chosen are adapted to

qaUed; that IfiGu ARRCHE b RIBEDHERRARF SRR RS OO tSample 1

about e.g., by a single amno acid substitution, can
be measured. ORIRHPEFEWildttyRses neytated LINA segegpes, respectively,

screeni n% of cﬁ@&h@k@@@&ieﬁk&{i&m glutéssegieu@dro 6haEé<aWp| e
chang nt as

JighePng onsyMerisan AT sean e 5 g ggﬁ&f?ﬁ decdop Yefprred to

detected. It ahc}ilxhﬁh,pleof comtdirseg t}kee/wlld}dﬁfeS[DNACkthle rdtsoluble

al |l expr eSSI n Q{\I% tQry sequences

woul d functi on g??éen\?éﬁ'l 0 ?na he DNA

sequences of the present inventi on Nel ther wll all
s function equally well with the sane

@Bﬁﬁl%%'nal@ 334i6MTbf HRWRMEfype AN Ealachicil MﬁMe?lQQJdeREhdent
e ar ropriate selection anong t

a p
‘tﬁoé%é?}l}'ﬁlr%é‘?ﬁr@‘gnﬁaﬁ regul atory sequences, and host

cell s using the guidance provided herein w thout undue
émﬁesr-GMtgaﬁé ons isbieted fvven tAicinatodhse dabbadeBaustsorain LMD 79.41

c?or%n toos{an@l P&j r%'c&%r? %Hwyl%r E If’ltl gw 3 b%ﬂ)tned into a
i

n-conprising cu turlng
mhsemdu g@ntammg tb@nidglt ipo@IBOLA | fcablaéjuﬁt@blepﬁmg&stqnor(ct)fPatent

ta@?h@-ﬂfoﬂ%@S 7@? THE%M&’(ﬁfgfrh%as':cgﬂeng £EsEDH (s@@ﬁitgures 2

ure conditions are medl um

|
t%@sw%gasmgﬂ NP )niThe egembinant p asmlds were introduced into a

host organism selected from the E.coli group. These organisms were 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 bi-distilled water.
The 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.
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agent (depending on the used expression vector).

WODRpwi/n8é47appr opri ate anti biotics include anpi ®CIIEP2007/003207

cananyci n, chl oroanpheni col, tetracycline and the

l'i ke. Typical induction agenys.include | PTG gl ucose,
| actose and the like. It is preferred that the

pol ypepti des of the present invention are obtained by
gg@gggigon in host cells expressing a DNA sequence

Srneitins ol THlphagT Mt g BbY B hed by i n vitro

| ati f t ded. b . DNA
s P Ries A 45 PO B por R RPN RN ERA mutated o
s@mHe\mﬂe$hermay1tah&>rsWmaésorzmzlwasredmdvélhaehsa’ﬁmwfaanﬁbd These

Lrﬂﬁlﬁ%%&% sb@ﬁs@ gu (gsgﬁ gﬁleuexg {l’\ﬁggll'e no\\/rverlctt a\'e %pr%vec& substrate
tspedificityi fpt glonésreraan@mpﬁnedmo shessubstratdmalts e (SESWON0Y/84319)).
conprising an isolated pol ynucl eoti de as defi ned and

glg'xgg UIC%% grtlJ Oevsé?O %&%{J flyl\/llélta%ﬁedsgi glnt Sgra argélté?e er?ste g&ﬁ%? was
pd |tdesub§mt1taeﬁlestlsgmneenat gositieani4s byat glecinproef @ serétk. The

SULye {rge rlmerswer Ersesegt i nvention. The pol ypeptides
IPBCPLPG % fJ o&dilr es as describe above, may

then be i soI at ed and purified using various routine
prtet€i andpthei X ipraéraned émtmiggessis Fere exaplpimentary to each other

aE; tRALARR ?no%rll? %fegifqo%s FUED %%hz{ f{fz&&%hﬁy&%lrae to glycine

rraogra Ion C ogra

dAlAntd SBGéHr @Tﬁ(bmgﬁha@ﬂwnﬂay Sdnmee(mﬁll’oyceafCAme aocfenlniab posmon
el BRI 1S ol T o R SR A 0 e Qquences

Fhvent
rofrth¢ oncledtedels veod ;dghu@dste thesmllse amd dntarbeused)mmstrantlsﬂankmg
sensi;tivity of, P uc se .
SHE AR CARMS b PSRBT L B B8R A gonige for
bhe satskv amﬁa]j:féT doe theghmm:me cst«ank:hsrespefheely,rthe pEm@mcentained

gal act ose 1or ot her ted .
g%’%(a}r < g&ﬁ]i%(e: ﬁ)mallt’é/ 5eSerl SlEPReC 1vé1)éafn € sgnse. anél é&ba = gpycme or
axGl y:z sdlineC mpmmelb,efos ithe afi-Gemse |syrand dTloe sbnsis amd) thidantisense

SPREf i BN T8 A e A SR AP G B prit o PRectively.

gl ucose. O‘ course nmany ki nds of sanples nmay be
ICWEFT GGAGSHICCRAGIIGYTTGULASCGITKA Ts(erSEQ IDpNas A,

LR MR TR ARCRARI R B LIRS hoa of

detecting, determ ning or measuring
The PCR-reaction and the Dpnl 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
Pulser (BioRad). After growth in 1 ml LB at 37 °C for one hour, bacteria were
plated on “4 x yeast” medium (20 g yeast extract + 5 g NaCl, pH 7.0 to 1 1 Aqua
dest.)-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.
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glucose in a sanple using an s-GDH nmutant according to
the present invention. It is especially preferred that

wotzae7/ilsproved nmet hod for detection of gl ucose PCA/ER2007/003207

sanple is characterized in that said detection,

determ nation or neasurenentof glucose is perforned

using a sensor or test strip device. Also within the

scope of the present invention is a device for the
dagpld Pn or neasurenent of glucose in a sanple

gpq%glslng an s-GDH nutant according to this invention

STHBIME as ot her reagents required for said

neasurenent. The s-CGDH variants with i nproved therno

skhebinuitant eélonies son rtheragavrplatan debaibed cabpyedwheregpighed into

aeastt afeE‘ (Ib[’l"?@fe Qﬁlﬁlr%qog?ﬁt@x Est Am?icﬂm‘l medlugxl per well

Bi osensors (1986 Lauri aV|C|u

Aﬁéuwb@gﬂd <LVét pightat3y °C19bepr Pegien a3q ealled mastes alﬂt%Sr us,

V., et al., Mnatshefte fuer Chem e 130 (1999)

TF268r ch2B iasdé phats; B ,ul Sample/vadll. was Semsferred anan MCTRISSMERIMG 5 pl

100 0 9 t f.al

10 A e, A PR 8 9698

vhsrupnios aod40f jdr ofe® 8998 8yM ue'rqli;upllmcdl.rxgormmalm (PQQ); 50 mM
ér’%?nl 5 AREOREL, F}‘ﬁ IAATYr £ABEESPIE- WO wRRk aQi%l@H ufELcomplete

ex contalning a redox conductive epoxy

(tb% rmagion ofibeglgolggquyg)e, thsy M wasjneyhaigdsat 25°C for 2 hours and

d@ﬂ@Pﬁbﬂéhhgm:TmehﬂeﬁkﬂH&ﬁ@oﬁﬂﬁﬂﬁﬂkratIOn In the
foll owi ng exanples, all reagents, restriction enzynes,

d oth t I bt d
BT o e i x YT oSBbBfRE vl rerred fp o empty
V&Ps pltiefdatelr, &hnd ﬁxsthlmluoorWamgestedtWﬁhl gBtcosec tatommndard
gfoyn? g%l H@e 191'1\}1 t?e se%ﬁ& %%Qﬂar ac?dé.l:zlgaz g&gése conaentratlon

puritication

c(|1<9n ipfteggngf é@ énMéJ thekthissinonenwithemaliese (aa ps guthstratepand the

%Lglﬁh stredsBd 36°wih ‘3954 20) ‘BEQ)‘P@{étlﬁg"tHiptht alikdine! Reval 1quot All

(1 Wley Verla ) and can, be adap required by
t8ﬁ1§6f§ﬁ ofhes qlggrmelagitlesererigrd M%m@i?éﬁfi’l“éér & gncpriration, ie.

idt| 30s hiMd! €ot e ;p;rszgfsegu pl Y nédigtor séhgion Q¥aFRh@pleaBe already
not 1 Nt en ed to f the present

e St s s e Ry SR e tor ot andi ng of ¢ he

i nvention. The foll owi ng exanpl es, sequence |listing and
fThpudE minmas palowlad dnddhaiau¢ heng Ad orldtguatisngs obstrate was set

Rﬁeﬁ)@% a&tﬂX@”tthRral&W?ot%H@ witOffe. &Bef"@"ﬁéﬁp was c% rFared to the

In the appended clains. It i s understood
rﬁl)'éﬁoﬁ? valueorrd calgulgted iy @ercgnt petivity ((e.g. for maltose as: dE/min

maltose/dE glucose)*100). This is equivalent to the cross-reactivity of the (variant)
enzyme. In the following Tables “M/G”, i.e. the cross-reactivity of s-GDH with

maltose (M) as substrate as compared to glucose (G) as substrate is given.

The value obtained with the 1.9 mM glucose was compared to the 30 mM glucose
value and calculated in percent relative activity ((dE/min 1.9 mM glucose/30 mM
glucose)*100). This gives a %-value which is an indirect indicator of the Km-value
for the variant analyzed. According to this calculation a higher %-value indicates a

lower (= better) Km-value.
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procedures set forth wi thout departing fromthe spirit

of the invention.

Description of the Figures Figure 1:

accordi ng to sequence honol ogy. Figure 2:

of pACSGDH vect or

the wild-type or nutated DNA sequences,

woRnotsBeH7sequences of A. cal coaceti cus PQQ dePemden07/003207
s-CGDH (top) and A baumannii s-CGDH (botton) aligned

Illustration

referred to in Exanple 1 contai ning

respectively,

Ofab¥o0l : Bakie cl?ﬁ@a@ﬁaedadﬂ? e ButGOSE3MEh il DHBIaS CompagdIte
) sequence of the pACSGDH vect or

r"&ld\lryrpsz s'ﬁ

c‘r\!\lllr\nr\r\

r\F or\| |||n| e Dm doanondan f

anple 1 containing the wild-type DNA

al hencn

qubll\zb
&éﬁy@ﬁoge
wi | d-type
glucose (

 Mi§oat B4
M Qfjat
iftlpy(plr ogen

AR SASALAS A

A ﬂ@ FedativeGicBHity s y
D a@eﬁlﬂ\@ UB0smiMI &

%ﬁﬁgéw E. coli

LI ZA"A LA Y]

dlitgx pp@

)IrrﬁnR@QCdep
The s- GDH

AmypoopcidhgAA)
axihiahge
gene was

DU VJ

1 I at UU
fadliJ

|| ACT
A éj/‘hn t (

IUQUUdbL c1 bd.i

BB o vab:

stTarm Eivb
b " wil d- f\/nn

Mt 4ei

182 % s sul

%;mdnr d pro

@b &med into a

B0 &% m d co

{3480 ng t he

abitapt AN

D580 f OF

ndf ugt abl e expl

8684 on (cf

TRagent

apptication WO 887 09373). The New construct was calt ed
PACSGDH (see Figures 2 and 3 as well as SEQID NO 3).
The reconbi nant plasm ds were introduced into a host
MQM sel ected fromthe E.coli group. These

YA EPo R GkPe R 5! U vated under appropriate
S an

onies showi ng s-GDH activity
sel ected. The plasm d pACSGDH was isolated froma 200
i hegwpethodiig prenaplified fer érGI?IﬁeT XBondhesenuepeiag dgiadgd below can

Uiote usBe fddsffefehicink a8 Bitiér Mot Hhdtahd) agen) according

to the manuf acturers protocol. The plasnm d was

§ ended in 1 nm istilled ter. e

o S S e 4 LT K
Becknman DU 7400 Photoneter. The yield was 600 ng. Then
tSeesepahilt \p'-GFTA AEGIT GEMGA was AECErGiXiéd SBQ Iaguse

961 ti-SLRE L AR & 951 S TERARASA AG TAC TAC GC -3’ (= SEQ ID NO: 7)

The plasmids containing the gene for mutant s-GDH T348G, which mutant has
about 22 % maltose/glucose cross-reactivity and s-GDH T348S, which mutant has
50 % maltose/glucose cross-reactivity, respectively, were isolated (High Pure
Plasmid Isolation Kit, Roche Diagnosticsc GmbH, No.1754785) and sequenced
using an ABI Prism Dye Terminator Sequencing Kit and ABI 3/73 and 3/77

sequencer (Amersham Pharmacia Biotech).

Sequencing confirmed that the desired mutations on DNA and on amino acid level
have been achieved for both mutants. This did result in an exchange from T to G or
to S, respectively, at position 348. No additional mutation on the two genes has

been found.

Example 5

Further s-GDH mutants obtained by saturation mutagenesis on the basis of
T348G (mutant A) and T348S (mutant A’)

Candidate amino acid positions were known to the inventors from previous studies

conducted by them. These candidate amino acid positions were suspected or
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Generating nutant T348G and mutant T348S As starting
tenpl ates for the generation of further inproved

wWORae1/HBé4S nutated s- GDH with the nutati ons TPLFEPI007/003207

T348S, respectively, was manufactured. These nutants

of s-GDH were chosen becausejjhey are known to have

i nproved substrate specificity for glucose as conpared

to the substrate naltose (seeWD 02/34919). The

(Rﬂ:iowﬁdn@mgﬂu&deerél}waact@drduariag@nasi SGRH &t tiedrageneability,
ét% 28‘% rd &tt Ubg’gwtuetea %th(rheOi@e Al is of

PURTTA 0 AP LAY )/ o p ‘b‘i‘) QAT ! é{bdé‘ra hOMaR%

mtlhaETM&ﬁbamuhdesAgoem ba'\I'SImeof5[’348&hdutaheA3 -prinmer used

for nutagenesis were conplenentary to each other and

qumr%&%‘ %Jt&‘g%n@mwﬁé ﬁgrf&%‘fjéanfo; Qirnitehﬁmﬁﬁcdlaﬁf‘%%ltﬁ&ﬁ% order to

hreonine to yCl ne fromt eonine to
s¥plupie V(hAéAefi‘ecst qttslx)sm %me@rﬂcrda@u péistion opightrays on the mutant

MBABEUri THass, wedpRctivenked by 12 to 16 nucl eoti des at
each end. The sequences of the nucl eotides were

t d
i PR CpaSee SR Ra R R e R Brabern (G 200518) was
lused eashbefituth succendivaly wildatype nmruomldﬁeatfmltphe 88.e9el22, 124,
ang, 14g7 1681174 hes2Ank - @@ny‘ifsy%bbaﬂ‘% 32?%@90539@!&’ 345N878, 428,

priners contaj ned GG Ci ne or TCA = serine,
raéléﬁééto the wild- FY(PF&@’@%%@“&W&P%F gl ycine or AGT =

serine, respectively, for the anti-sense strand. The
SHieSE- amdltHelBe- p'mhéxs@déaeoxsmmwgénéscsrwérbeh@@eﬁharbge:oﬂiqaqaﬁntary

%g\-eﬁt%bl \é%] é‘as SE%l&ele %%%@man %’T%(’ grses Fi‘?%tl Hé%n%’ position. The

Aﬁ@é@@'@ﬁly%@@@@ﬂ'mmmvﬂﬂ%@d@twesﬁeﬁ pbhi¢ion and
acco gt%?tthé)gm?r' a&ﬁﬁa E?% &&?%ﬁ%&ﬁgd@ﬁ%&@ fﬂaﬂf(é‘ﬁepy 12 to 16

vmrf,leegé@ls ?ﬁ@FChchél whick wetspidprtiqabte the sease mtantm@mq 3NA-strand
%fet%trt‘é RYLAL. Bﬂte\ﬁ@BSofam%' wue | thdoh, AhK\b éhﬂﬁg‘gdf‘”ﬁﬂ?id NNN
es usin i Pu i 0 er
éﬁ?ﬁﬁk‘ﬂeﬁﬁ ‘i‘gﬁg“ﬁg’tﬁg egff’b?ve&hlé Sﬁlgfﬁcogiﬁact eria were
plated on "4 x yeast" nedium (20 g yeast extract + 5 ¢
NevCleachodd tHe Poditiords vlndigti mvdaightian,/kmpiPGH tehcticagwas perfatesd.
(100 mg / m Anpicillin) and grown over night at 37C

ﬁqﬁ PERALEiohs Fid 610 ?EI \éﬁ&gctﬁﬁamd%%leég‘s'encﬂgéslﬁgns were per-

oW ng screeni ng ne
formed according to the manual prov1ded with the QuickChange Site-Directed

Mutagenesis Kit (Stratagene, Cat. 200518) .

From each PCR reaction 1 pl was used for the electroporation of XL1F-cells. Cells
were grown and the s-GDH-activities of the clones were determined as described

above.

To increase the statistical likelihood that all 20 possible amino acids substitutions
are covered in this evaluation, 200 clones for each position were screened as
described in Example 3. Interesting clones were sequenced according to the method

given in Example 4.



Screeni ng The nutant col onies on the agar plates
descri bed above where picked into mcrotiter plates
WO(20rPBIB647ont ai ni ng 200 m "4 x yeast"- Anpi ci | IRGT/ER2007(NG3207

per well and incubated over night at 37 0C. These
pl ates are called master plapgs. From each naster
plate, 5 m sanple/well was transferred to an MIP
containing 5 m per well of B (B = Bacterial Protein
BExdblea®: tBffecx dfadditivnal ShRrocrid\mbsiifRid83 of dasic ehdracteristics of
di srug S{?u él(ogﬁe) 240 mM of 0.0556 mM pyrol | oqui nol i ne

C 50 m\/IHepes 15 mM Cad 2 pH70/vveII

‘F or ﬁr\f | \lnj' H CD-\wZwnr .o nnlnlnnl Tao—caornl ot o hao
LI A T UII UI T VWOT O auu 11U CUTT J| (vl S vy l. ||C

tEavaraei on MiChat ﬁ%l denzyneelative bipbilitgs 30 hAmae cacidt (AA)
25C for 2 honvisswgad | attivity 08 mner nmihgdt °C Thiexchahgd e i s

cal | ed worki iR % pl at ¢, 3GLNDAd@ser king plate 4 x 10 ni
peper WET & Ilbl erTed our _efpty MPs:
Wéreafter W‘ﬁ#ﬁe/"fl r<17bf| guot was %{f(gét ed with glucose
&8lugP@Rdar d concentfation (i.e. 80 mM, thé second one
Wit n@ Ar eduoed, gl ucogsogoncent rat yon, (1. 9 mybagst ead

%gtsa%,; , tnE thirag 38%0\A\A tn mal t_cc)ienziska §'Ltb§fd§te
are—t+he oyt r—stressea—30—mnh—at—64-0Ccrpetore Lcolillg

tMHtanélA/%u t alike 1R8%irst aliqgoot. Al sallddPdd
Qbeint sygarn 400b ecul ¢Sower e used i|n equi nol ar GramHAr d

cl\qqpa%?”@tl Q! - €. ah O/EO m\/l Foif _al | assay §_(§Q_45rM of

1 1
Nneur at Ul DLI Ull UlrT { €T E)\d.llpl < 0 darrrTauy Lol Al ”Riqlg

fMHta@ltlé}é# 13238 anal \3;%:/9! was_appliied The N/ S
otk A/ed |and t he VaDU& usi ng 30-mM gl ucose ¥333 A
subsik ale Wasoget to4400% activitfy. The val ye;ehdqi ned
r it e oftjer-sugar S —conpar ef—tothe gl Piete atue

L ) of 4 Rt activily ((e. g { 3 %:Z&E;E
ddutadEAM n | 281% ose/ dBOGbucose) * 160). This| M 341V
evutavelAery (g ophe crogssreactivilygof the (vayzagh)

; fort rabte . 1. el T

MRERE AL 265 by of 1SS wit bl dbe (14 590G
Mbtant AR 3209bnpar ¢d70b glucose |G as suhgtQRdtePis
auveims ATTEe [ualoye obfapned with the 1.9 nM gl+utc0§cBvaas

Cl\%ﬁpa%Eggll_f( Efaﬁ S0 mgbg UCOSG val ue and cal Q-UA%AFE

Bnox .o oo oot

{ A/ 1 _O— A
PET LTITTL I Cl all vYe—acytvt y \\UI_I III A < 1TIVI \JI UL;UDCI OU

NG AAR) 20P00)  TRBH gi ves a %val ue whi dhY 80 An
iMdtaneay16 ndocat or gksthe Km val ile for t he|wav Boms

qqg{%;gglw %%dl ng tzg%hl s calcylation a h'+9\?‘960N

Mutant A/18 | 26% | 28 % - +V 300 Y
Mutant A/19 | 20 % 28 % - +V 3001
Mutant A/20 | 17 % 25 % - +T323V
Mutant A/21 | 18 % 26 % - + R 3781
Mutant A/22 | 19% 26 % - + R378 M
Mutant A/23 | 17 % 26 % - + R378 A
Mutant A/24 | 17 % 28 % - + R 378D
Mutant A/25 | 15% 22 % - +E245D
Mutant A/26 | 18 % 32 % 30 % +L 169 F
Mutant A/27 | 18 % 31 % 28 % +Y171G
Mutant A/28 | 12 % 20 % 20 % + Ins 429 P
Mutant A/29 | - - 50 % + D87R
Mutant A/30 | - - 70 % +S 146 A

Mutant A/31 | - - 75 % +S146 G




| ower

(= better) Kmval ue. Table 1:

Basi c

characteristics of the nutants T348G and T348S as
woodpEBed to wil d-type (W) s-GDH Exanpl e 4 S@GUEPeinT§03207

of a nutant s-GDH The nethod is exenplified for s-CDH

T348G. The sequenci ng detailgg- bel ow can al so be used

for sequencing of other s-GDH nutants.

prim:rg we

e used f

L

The

memnr‘l nn of an s-d

foll ow ng
DH mut ant:

Sevgmest r an
-3

ID NO 6) Al
(‘ SEQ

N/ Goat IO

NAMSERSE
PD?@?

2

hIACG T@EATIGA
ﬁét'i\fi@dl .95mM\

L BERALD

~

D

cont ai ni

h )
aft—hRas—a&

AERIlEECG
I 68 4CEAA

CABiing —aG&EQAA)
AexchAkgde\C GC

ng the gene

hov ot 29 0L
MUUL — YAY

I UI Ilul. ulll.

Mrtaat4/33)

£=J A1 LI

cose Cros

s-reactivity

4h% s- aH

TIAHE F

Wiiht AT83a

ht has 50

% mal t ose/ gl

U 60%E

+ N 122 K

WMaRf APRACT L

LVITy, T

Pspect Ivel y

/\@5\@ I sol a

e Hiahgh

rrurc il asll

WutaptBg7g

I DUI d.l.

\\107{91(’1 seq ﬁ

+
UTI r\| L r‘UbII

X ed usi ng

| d.gIIUDl.

%R pr

LS \JIUI_I

Tt N 428 P

Term nat or Sequenm ng Kit and ABI

3/ 73 and

3/ 77

JFIEEP R AR BT e 4 SRS b oERGIRRGe Bccs of

anutaot Acﬁzd" 3489 k|
This did result

have been achi eved for

both nutants.

in an exchange fromT t_o Gor to S,

'EzpRet | vel ¥/Grhe BO3h4 | On %ﬁtwé\bsaﬁﬁi 31°mHH& aﬁdl&”(AA)
on the two aes hg‘ a%h c'han
s- GDH nuta1?'§ obteai h ‘b§' satura |onrgn)”ut agpfedi $8%n
t he hasis pin 348G HHM glucosgny T348S (it ant A )
®sndi dat e andf % aci 1I7o%3| tions wes@uknown {o the
iMEHORN s {rom previous studies gonducted py them
MEbe I;:UIU g& q) udTﬂ Ig SIEI U pPosit E}:I‘& WrBII :f J‘f,i&)ﬁ,l Si.l
INiRiant A%E mb 55 Pabi | i | ¢¥7 %substrat e| specificitylorlOH
Athiaft AY2t peghbsicose | yweng anal yzed_ i ndi vi du ahlquH
e A O B cemehi e waspol E LA or
fwanbA4fi n608ei d ph85Ph ons in ofder to evhi-&d46 Mhich
eflhrat Agsichsspsgl e apope aci d supstitution| w@hbio have
WutaREATE £85 % 60 % - + V436 P
Mutant A’/7 | 40 % 35 % - +A294D
Mutant A’/8 | 38 % 32% - +A294E
Mutant A’/9 | 41 % 45 % - +T323V
Mutant A’/10 | 43 % 47 % - + R 3781
Mutant A’/11 | 44 % 47 % - +R378 M
Mutant A’/12 | 40 % 50 % - +R378 A
Mutant A’/13 | 40 % 50 % - +R378D
Mutant A’/14 | - - 60 % + D 87 R
Mutant A’/15 | - - 80 % +S146 A
Mutant A’/16 | - - 85 % +S146 G
Mutant A’/17 | - - 65 % +V298L
Mutant A’/18 | - - 60 % +T313D
Mutant A’/19 | - - 75 % +L 386 F

Amino acid exchanges with a positive effect on substrate specificity, affinity for

glucose and/or thermo stability of mutant A or mutant A’, respectively can be
derived from Tables 2 and 3.
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T348G or T348S, respectively. The Qui ckChange
Site-Directed Mutagenesis Kit (Stratagene, Cat.

WO2005(18347was used to substitute successively WCIIEPR§ID03207

am no acids at positions 87, 110, 122, 124, 145, 146,
169, 171, 187, 246, 294, 29833300, 313, 323, 333, 339,
341, 349, 378, 428, and 436 of the wld-type

s-CGDHprotein, respectively. The 5 - and the 3" -primer

lﬁﬂ,@_j@g nmut agenesi s were chosen to be conpl enentary

ot her and cont.ai ned N N=A C Gor T) in
algﬁ’étﬂ%rata‘f’" ﬁgg"l‘?’ﬁﬁ W“?‘HE‘WﬂYeéle"wFrz{é‘bf}ﬁ]PVt’f ncor por at ed
nucl eotides N, which are at the desired position and
dixperigrer hevee baen nexpanda gosinuitans Urdirg rathestgogdt subnstrate

&EE&ﬁ&éﬁt’&i‘g Péé a]s%oﬁ%aile@l %%Ll‘ﬁ% | t?lﬁsat e %%&gﬁ%ﬁg& like

sense_and_anti sense
deo lavetheamp|stebdity pha felg@watfinifefonglugoseype codon, the
primers contained NNN therefore the oligonucl eotides

®odatled ﬁ{utﬁ’l/tg? Hasﬁo@ﬁte?hﬁort@ﬂéw chRk- r%%ﬁhlqofo fnBRose that is only
er t.nvestligatl o one rea

DBRHE |- S%0f 1R Ceastity B Erned For Ease BANAnF Bas Phatsotesived by

e¢hdamind eaidesudbstimsipnony 1 73, cESDf MIEY and dBd8Gqnidoit has an

t. : .QVi % i te- Di ted

iR TRGA pRfRY LHEoth b0 pRHSKSDBALR 4V & B reCt B

PCR reaction 1 nl was used for the el ectroporatl on of
Yiher fellawiag pEmess \ware Bredwito aifdradyee sthepsdgsired,j amisg  acid
Qﬁbgthgugrllsones were determ ned as descri bed above To
increase the statistical |ikelihood that all

SaRSRroR Job Eranb AL IRGeErERE: @%?Q@ﬁ@d&

dentdesersthaed 5 h BEBEGEATCTIGECGTEEITGITATAGES 3 WSEE ID: NO:
guenced according to the nethod given in Exanple

/Table 2: Effect of additional am no acid

substitutions on basic characteristics of mutant A

(287848G) Tabl e 3: Effect of additional amino acid

%éﬁ&ts'trtaHH ISQNSrONAPESTC CAGABATTUTHIA £B-30f SE@tI@rNIOAIO

A RER AT SSpB A L T o ETHAGE RBECa “éﬁgs‘fkaﬁpdi%? 2

therno stability of nutant A or nutant ',
NeRA&cindskyKcan be derived from Tables 2 and

3eRAMRLS 58 CGTTATACCTATAAGAAAAAGACAGATACGCTCG-3" (SEQ ID
NO: 12)

Antisense strand 5'- CGAGCGTATCTGTCTTTTTCTTATAGGTATAACG-3’
(SEQ ID NO: 13 )

S$146G:

Sense strand 5'-AAAAGACCATCAGGGTGGTCTCGAGAAG -3" (SEQ ID NO: 14)
Antisense strand 5-CTTCTCGAGACCACCCTGATGGTCTTTT -3’ (SEQ ID: NO:
15)

V298L:

Sense strand 5'-GCTCAAAATGGATTAAAAGTAGCCGCA -3" ( SEQID NO: 16)
Antisense strand 5'-TGCGGCTACTTTATTTCCATTTTGAGC -3” (SEQ ID: NO:
17)



Identification of nutants with inproved therno
stability Experinments have been expanded to nutants
woravi/nge47at her good substrate specificity for PGITRPO&E/003207

as conpared to naltose,

but at t

he cost of

di sadvantages like too low therno stability or a too

| ow af fini

ty for

gl ucose.

So- cal

| ed nutant 6 has a

quite favorable | ow cross-reactivity to naltose that
iL38@1nIy about 1.5% of the reactivity as neasured for

SoERRE0e Por TS MBS EATEAG AR AT (R gy 1)

mtlsm istramdh 5 0 IGGT AF AAGHE GGABAQ AR THAAREIGH 31 (SEQND:

thé
Sense str and %:{

Sense strand 5' - CCTATAAGAAAAA
|I@_fedb %wam@s with pasitiye ypppcton t

d 429. The following prinmers were used to
uce these desired am no acid substitutions:

CAGATA! E
ermo stability on;GGDH mutagts

TRGIHAT A B imp R d Pucd¥Osp@fida§ 7R

TTCCATCCTCGAGAGATTGICAAT-3' ( SEQ I D

%‘Q- F'(I)%?Ag X %%F@L\E &‘J‘Xpt% Q30359 RGBES 122K

and_S124K:| mMsugacin, 4 qpin, 64

WT- CGTTATAGCT AT AAGAAABRAGACAGATAQECTCG S' (SEQ I D NO

MiétanfAl | sanse,st rand Yo, | T348G o

NageY o T T e vyl

Mgtanf ¥EQ ||35M0._14) A5i%ense st rE3#8G +N267Y

Mutaad § CTCGAGMECACCCTGATEGTCTTTT N[ 22KSEQRIHXY INOG+E245D+M341V+

V298L: Serjse strand §'- CCTCAAAATGGAJEARAAGRAGCOGCA - 3

MUt RO T AT T T COAP T TaAGC | V12281 14K g9 +Y171G+ 245D
M341V+T348G+ins429P

Mutant21 | 2% 15 % N122K+S124K+L169F+Y171G+E245D+
M341V+T348G+L386F+ins429P

Mutant24 | 2% 25 % N122K+S124K+L169F+Y171G+E245D+
M341V+T348G+L386F+ins429P

Mutant22 | 2.5 % 20 % N122K+S124K+L169F+Y171G+E245D+
Q246H+M341V+T348G+L386F +ins429P

Mutant25 | 2.5 % 55 % N122K+S124K+L169F+Y171G+E245D+
Q246H+M341V+T348G+L386F +ins429P

Mutant29 | 2.5 % 75 % D87R+N122K+5124K+S146G+L169F+
Y171G+E245D+Q246H+V298L+
M341V+T3485+L386F+ins429P

Mutant 30 | 2.5 % 60 % D87R+N122K+5124K+S146G+L169F+
Y171G+E245D+Q246H+V298L+
+G339T+M341V+T348G+L386F+ins429P

Mutant31 | 3% 80 % D87R+N122K+5124K+S146G+L169F+
Y171G+E245D+Q246H+V298L+
M341V+T348S+L386F+ins429P+V436P

Mutant32 | 3.3% 67 % D87R-+N122K+5124K+S146G+L169F+

Y171G+E245D+Q246H+V298L+
M341V+T3485+V349G+A354T+L386F+

ins429P
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17) L386F: Sense strand 5'-
CCGTATTAAGTTCGATCCAACTTATAGC-3' ( SEQ I D NO 18)

WORM0T/H86uSe strand 5' - GCTATAAGITGGATCGAACT TAAPATEB2@)7/003207

(SEQ ID: NO 19) Table 4: Mutations with positive
i npact on therno stability o%3s-CGDH nutants al ready

conprising other nutants for e.g. inproving glucose
specificityThe above results show that the amno acid

EBgimanges | P8 MG NBD2 K StailiRyyiK30 S146¥inoracid exphadges abl y

G S146G |lARiTfues¥ inM| hRGEY?CV298L, T313D and L386F

MRBR D bst |1t fon DevReCNtooK: - SAARE el KU NIgEk g+ S146GLis

L386F have quite stragng effects |GFHYAPHovBHOMQI4¢H+V298L+
therno stgbility. Exanple 7 GenerMs4 g TB488-AL386BHi13429P

hi gh substrate specificity for glucose as conpared to
mal t ose and i nprovenent of affinity towards glucose In
VibeGboeei@idtsshowrthat theriamin@adid exchehgas T RalN 132K f 924Kt S146A
R, o BRI G STIFEH, PRYE JARINDEANNOBEITABE AROMASE Improve
enhance the substrate specificity for glucose as

dberierag stapility gf thebasie sydant@nbi nati ons of the amino

aci d exchange T348G with am no acid substitutions at

OtHesubfnatidh DBSR] NI 2 B IR4IE; AU6GOTRIS104 [IIBGF hhvd quite strong
Zﬁf? ¢ 341 and/ or §49t€nhang%d.the substrate specificity
FEUFTREP ABPEOVeRsDER (PN LNY s- GDH mutants with
i nproved specificity for glucose but as conpared to

but with rather a low affinity for the

%@éh&ﬁfg%ﬂggag&ggg; WehSu &kﬁ@%ﬁ%ﬁﬂ? f@#g&mﬁas EGHBarkd to

i nprove “tt Inity for g ose! As'1s known from
taltesg aad impravemenhokatiinigytawardsglpease2 and 3 the anino
acid substitutions LI 10H or Y, N229A, G or S; Q46H,

Yh WONI2/36338 Aévefd 3fiTio ABd ExkhaNgeb AAdiTferait POCitiVASHR-GDH have

' t he affinity.of - GDH
B e iR, Sh8wh Jpr etmes th ruliatd sbdfiing iy gichse as
seeTpanid to ¢ Hemaltogen Conblihaiidns QE4iiH-hmEBAT] eMbdiyt T348G with
BTG U B p 01 RASTERLRe8l 160, 171, 255
24 end/ a4 \enhyrsed che sbstagopeciPeith furthermpreo fevessldifferent s-

IO HORMEREs WithAnffrbeRIpeeMicy ifgIMEds@Mut ab¥oliparedidiemaltose

but with rather a low affinity for the substrate glucose were selected and attempts

made to improve their affinity for glucose.

As is known from the experiments summarized in Tables 2 and 3 the amino acid
substitutions L110H or Y; N229A, G or S; Q246H, M or N; Y333A; G339T; M341V;
V349A or G and V436P appear appropriate to enhance the affinity of an s-GDH
mutant for glucose. Strongest effects on affinity are seen with the mutants L110H,
Q246H; G339T; M341V; V349G and V436P. Further strong improvements of
affinity were found with the amino acid exchanges Q246H, M341V; V349G and
V436P. Point mutations are introduced into already existing mutants by the same
strategy as already exemplified in Example 6, therefore here only the specific

primers for the substitutions Q246H are given.

Sense stand 5- GGTAAATTATTGCAGTCTGATCATGGCCC -3 (SEQ ID NO:
20)
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strategy as already exenplified in Exanple 6,
therefore here only the specific priners for the

wOo0tktiBe4at i ons (R46H are gi ven.

GGTAAATTATTGCAGTCTGATCATGGECCC - 3'
20) Anti sense strand 5' - _33-
GGGCCATGATCAGACTGCAATAATTTACE- 3'
determination of affinity to glucose via the screening

Kiftisahsdestipdssit TERCCATGIERCAGRETGOA AP EABCWaS (SEQ ID:

(SEQ I D NO

Sense stand 5PCT/EP2007/003207

(SEQ ID: NO 21) The

ots of different substrate concentrati on versus

formed. The apparent Kmval ue was cal cul ated from
¥ £

enzyme activity. The specific activity was worked out
ddhedissarmibatbn of Hhiaitp e glcoondtheakcieningd{mevaliramgasirement

id %@ga{fbw% ¥3a

speC| ICclt

Pf%@)%é

I nit

Bhrdo

4. *I*i‘IQf

or st abl

een

érrelg Rup %)l[l@fx«%s calculated

ave

ifFam m@a 9 ﬁtf&rﬁﬂtsa BRI CATOENFA LD \ser%as PG R IEd

specificity for glucose as conpared to naltose.

Tabl e

a‘he@pédaﬁ@aitiivﬁmaé woEled Vs adddsBebarindExampsd 8.t uti ons in
GDH nut ant s vvith i rrproved substrate speci ficity for

ear lrévmg {ibstrate
éRcdnﬁmg'e afﬁ@lt@ langow dmbédy havecrrien nctem;rqed @tﬁtoaﬁﬁnamdt syGDH with

i

spmry%g%\»éaeg&lw

T348G,
&ombipatign

activit

52%’ ti on

ose as C
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on a

it

atngfzs

has™ t

1den%tﬁﬁ

YPES

selt

amno acid

22K, L169F,
%‘rﬂV&FﬁoHé a@ﬂn‘b%%

amprévidisubsirae spRitleity fodigl

can .

d%ﬁ’RmB

exchanges at position T348G Y1716, E245D, MB41V,

élnglhﬁge% Q @d’fﬁﬁ‘&re& BIHElPeNg specific

excnanges at
171G, E245D, M341V and

sybsHtutsans ig SR Hmutegts with
abdse ds bafipdred t@falteseaci d

Byt ama?longf:?gt excr%aqn OldaIJTJ 'pos-i 1 %ﬁ%4 ;@I%%i has%e,a,ﬁc
S124K, L169F, Y1¥Kmy uecpbvalgmd| L386F aphd tvity
i nsertion of prol |mé%>at p@flild;dsen Ad9ltodelil ant 29 hps U/mg

qul the exchanges ofy mut antoaz excenty T348C—110\5/hi ch I S800

MOGR Lo Notant So8and s Psrr bvad Bvoh h bRar T ' 268

MKM&/%FFM@@ntér glfuco¥e by exidhlangi ng268idi { i ondl | y G339%30

+@MEHMA36P. Exanpl e 8 Punificatiofn of wldg-type or

MYB lte;nt S-GDH and apial y$''s (fﬁ en‘ymsﬁ(l)c actiwity gnd 357

Mol eMmanr Gy T YT SPretEry 143 3 489

Q246H)

Mutant 22 18 11 n.d. 2.5 400

Mutant 23 (=mutant 15 13 n.d. 2 350

22, + Q246N)

Mutant 29 ( like mutant 21 11 n.d. 2.5 400

22, but T348S)

Mutant 30 (= mutant 26 9 n.d. 2.5 350

22 + G339T

Mutant 31 ( = mutant 33 6 n.d. 3 380

29 + V436P)

Mutant 32 ( = mutant 32 n.d. n.d. 33 220.

29 + V349G + A354T)

Mutant 33 ( = mutant 28 n.d. n.d. 4.3 350

29 + L110H)
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E. colt cells conprising an appropriate s-GDH
expressi on vector are grown (4 x yeast-Anp. 37 00,

wWOonadvage4dd and resuspended in potassi um phospRar&EP2007/003207

buffer pH 7.0. Cell disruption was perfornmed by French
Press passage (700-900 bar).szfAfter centrifugation the
supernatant was applied to a S-Sepharose (Anmersham
Pharmaci a Biotec) columm equilibrated with 10 niV
potasbé deabhsen hBiteorPalf iftitafiHypesGhe Al di6ibnlashing Gicidt d@hange
??Zggﬁ vvaé eelﬁth ed usi%% iah{ﬂ.&r adiﬁ%nt 0-1 MdNaCI . The ¢
RIS USHH FrfaRs SLefinipyonads syissieand 4 ipRroXgnen
agacarsingppecfis iaanviphddptaat 6 lmsftheranphb Acl ewxvtlanges at position
ey Al g I 1N - S r Qs :
doa NRRRILING Y 1, AT, NI SRy 3n° BRERIGACS proline o
thesisioged29fas) mptanit 3 ansh adfinorsi f&2466k Nlutanp @dhag ghe amino acid
(cREFRINE B2 A ?osTt'ikﬁl geisyeY{7REIEBRD, WEsA VDAMRY ANFudit &S and
a IIIOP a2 (3 nmM end concentration) stored at
Sanesl QgL

n determ nati on was perfornmed using the
Protei n Assay Reagent no. 23225 from Pierce
(Muatanb22hasathe ammive adid ehchBBdes aBPodition T3Z8GAY122K55124K, L169F,

r | V.2
W7 LR, (Plach) S BG Eh @ de ol MEn ST BRI RARBUSSon 426,
pYutast Y hasrdl thaexdhangesrd niax) 22 egepid M8pewhichgs gfghanged to
s D) Mud. B! pfeved
St [ ivati . .
FrEr Ty e picbangigg gealy ST (A36P.
approximately 0,02 Um, and 50 mM of each diluted
Exanipée 8vas added to 1000 m of a 0.2 Mcitrate buffer

FAtisaly RO s BrvsnCrOPRT LR kel vty pnd

speditiaawsivity, seppectivelpi t r osophenyl ) - anmine (see patent
US 5,484,708)/m as a nediator and 30 nM sugar.
I_E.(tcbﬁ'QEllso&)l%ris@ aRMppfoid IO &pkdsfien tveetof lakS krown (4 x

m nut es at . One Unit enzyme activit orr espongs
Y8R HER oy sgawe%ff gn PSRFé‘&EEFbPPWﬁHu r{ﬁwpl%aﬁggu&er pH

Fom Eelladisaption nest pepfosmed | lgUF@htlo PresYphishe (RODHO00tbar). After
i L SO B4 5T HE5EATR P
3 tet) qobwhn Equilibrated yvith SpeuMf patashion phosphéte/baffer pH 7.0. After
YQJSHHE, ffel §-@le-¥ MS rgutgél \ﬁisﬁingda paYt Qfaafeﬁ.{ B- ICR/P%@.F?}%‘ RActions
showing s-GDH activity were pooled, dialyzed against potassium phosphate buffer
pH 7.0 and re-chromatographed on re-equilibrated S-sepharose column. The active
fractions were pooled and subjected to a gel filtration using a Superdex® 200
column (Amersham). The active fractions were pooled and after addition of CaCl,

(3 mM end concentration) stored at —20 °C.

Protein determination was performed using the Protein Assay Reagent no. 23225
from Pierce (calibration curve with BSA, 30 Min. 37 °C).

For measurement of the enzyme activity the s-GDH samples were diluted to 1 mg
protein/ml with 0.0556 mM pyrroloquinoline quinone (PQQ); 50 mM Hepes; 15
mM CaCl,; pH 7.0 and incubated at 25 °C for 30 minutes for reconstitution or

activation.



ng/m results in Ung The assays were perforned with
gl ucose and nmal tose (Merck, Germany), respectively.
WOReeUI1B&I7r el ating to enzyne activity as wel | ®RECTtEP2007/003207
specific activity have been included into the Tabl es
given in the previous Exanples.Patent Clainms 1. A
mut ant of PQQ dependent sol ubl e gl ucose dehydr ogenase
(s-GDH, EC 1.1.5.2) with inproved specificity for
g#&wﬁsevmmmmwde&thmiwa witke 50 @M mg:pea; Euindd Cadl,i phh 7.0 to
of threo SI i y lyecin
FrHTESRY Eof biBE APl o R RAA LR MR P tp 000 u of
coMpY iMesitm)e aliuffeeastlutmre (it &t.8;0nt f2(5r *Chpromdiniggt R815 mg
{ t o
ﬁ%%?gb%t%zlpﬁ{zeﬁh“%f‘ BB ARt lt%?gﬁqd%%é‘eg’“f ff-mitro
dpPhaArping) se@rpéte@ﬁ B4 OBl 3 ¢ ediaser g 30eM sugar.
i mproving the specificity of the nutant for glucose as

Extipafi®itlat 620Hmh isaf6niteved dukiap ehdfiksh®ien resitta>50as
correspond to the am no aci d posi ti ons known fromthe
%) n1 .ﬁr]1 }?I%Ie %ﬁ %uctoarnetsp%{)éig 6{) zél?e cO gr%%@lcoef 1( %’T:i%l rQeci\Qor/mm
Saidgr thﬂabpvmsfrymondnmn@vu ng the st abu lity is an am no
acid substitution selected fromthe group consisting
Falddidfdn: QR46H, G339T; MB41V; V349G and V436P. 3. The

?xﬁé’%#%%%&@%ﬁf%ﬂé&%ﬂ 3 9 %PIP. IW@ 'tge Z%aa'md%%%ol?@e* 1)

qe =akeffitidnt ofrextinetion;®dR ..o anml[ Bt il Of chl 'IHOH or Y

%%%ﬁt A(c;'tlOr ﬁ%{r%sﬁ olli\f/lng %ﬁtl\hté/%’%w&gcﬁ Ey QE;"E\;{E gn Oco‘ncer%tratlon
ahg/mlhriaulmmeUéung said nutation for inproving the
specificity of the nutant for glucose as conpared to

M ol %§s% 4 Swé&b g&‘f&%eﬂdﬂtﬁ §ddst U&chthl%os"én(I@I'é’}diko @&inshny),

substlt tion selected fromThe group consisting of
OESISEEVE 63G or N; QL64F; L169F; Y171G |208L or V;

T2241; E245D, @&X76S; A294D or E;, V300A, S, N, Y or I;
RO reladiag\o enzyme activity as well as to specific activity have been included

into the Tables given in the previous Examples.
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A354Y, E or L; R378l, M A or D, N428P and insertion
429 P. 5. The s-GDH nutant according to claim 2,

wowneraBse7sai d substitution for inproving the SCATPRONTN03207

is selected fromthe group consisting of is selected
fromthe group consisting of387R NI122K; S124K;

S146G V298L and L386F. 6. The s-CGDH nutant according
to claim3, wherein said substitution for inproving
the the affinity to gl ucesent€lasgkected fromthe group
consi sting ofis selected from t he group consisting of

V349G and, V436P. 7.
- cor ARy of EERP tng AT tolaME R GRAel el (FCDH BC
substlit.u2) wrthflmprqwtdrspeqxﬁpgtyt foe ghlpe&ﬂ afs jcomipyredftotrh@tose, having

t ant
ot Ry o O Tt Al R M T 61 i R SFSerine

N4 28 Pherein issid anytppipddstagmally comprisesol at ed
pol ynucl eoti de encodi ng an s-GDH nutant protein
accoragli ngat le@stmg rﬁﬁtaﬁb@fdfﬁm];réxﬁn?the&tabﬂl’ty SR {He@hGtant)

for 1 P PR IR e PR R Ry e Gecabp i gfape mutant o

sequence gbacpaé;laedopthmailrmtl ng the expression of said
pol le)'d %Qlte't(ﬂ mble ﬁmrt]ﬁﬁ}n(?)ekolr furtfler I?’r]}Fl%%ﬁgCtﬁL: fgecﬂ;&city of the

conprising e _expression vector of
process frowtaptoag Cﬂif%ﬁemﬁaf?éttarw tose#pdi si ng

cul t ur| ng the host cell of claim10 under condi ti ons
suitahl e fo producti on of t ne nts

expr gﬂt Etp8flt188§rfﬁrlr%spﬂﬁg éq]el}es%plgf) posmons%cnown from
pol ynheheaildodeetizas sefDH edld-type bajuendel( SBQADANDy 2)i nked

to a pronoter sequence capable of promoting its

expression in a cell-free peptide synthesis system
23. Aherodd38 frortangr echocding & @REmmit arfteseini said tmatation for

CONStphedviRg s@ém%%s hip af"i'] Mld s&lgs%?utﬁﬁﬁogeleg{?ed from the group

synt elssstemu er con tions suitab
pr odfensigingt Ltlll@Hs@?‘éﬁfé’r@ s MxdaNi ¥3499Gand\VARhod of

detecting, determ ning or neasuring glucose in a

SANPIFheUsiIGHA nﬁanacwramtg acehigi ng wierdnysad mbuaitish for
1to 1r7npr§\ghg tlllergﬁ ¥§nnglnto glucose is selected from the group consisting of
L110H or Y; N229A, G or S; Q246H, M or N; Y333A; G339T; M341V; V349A

or G and V436P.

4. The s-GDH mutant according to claim 1, wherein said mutation for
improving the specificity of the mutant for glucose as compared to maltose is
an amino acid substitution is an amino acid substitution selected from the
group consisting of Q145P; D163G or N; Q164F; L169F; Y171G; 1208L or V;
T2241; E245D; G276S; A294D or E; V300A, S, N, Y or I; T307G; T323V;
A354Y, E or L; R3781, M, A or D; N428P and insertion 429 P.

5. .The s-GDH mutant according to claim 2, wherein said substitution for
improving the stability is selected from the group consisting of is selected
from the group consisting of D87R; N122K; S124K; S146G; V298L and
L386F.

6. The s-GDH mutant according to claim 3, wherein said substitution for

improving the the affinity to glucose is selected from the group consisting of
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conprising contacting the sanple with said nutant. 15.

The nethod of claim 14 further characterized in that
WOoa0 i 1deect i on, determ nati on or neasur enent PET/EP2007/003207

gl ucose is performed using a sensor or test strip

device. 16. A device for thesgletection or nmeasurenent

of glucose in a sanple conprising a s-GH nut ant

according to any of clains 1 to 7 and other reagents

r equiis eéledted fiomh dhegasuy edmidting of L110H, Q246H; G339T; M341V;

10.

11.

12.

13.

14.

15.

16.

V349G and V436P.

The s-GDH mutant according to claim 4, wherein said substitution for
improving the specificity of the mutant for glucose as compared to maltose is
selected from the group consisting of L169F; Y171G; E245D; N428P and
insertion 429P.

An isolated polynucleotide encoding an s-GDH mutant protein according to
any of claims 1 to 7.

An expression vector comprising an isolated polynucleotide as defined in
claim 8 operably linked to a promoter sequence capable of promoting the

expression of said polynucleotide in a host cell.
A host cell comprising the expression vector of claim 9.

A process for producing s-GDH mutants comprising culturing the host cell of

claim 10 under conditions suitable for production of the enzyme mutants.

An expression vector comprising an isolated polynucleotide as defined in
claim 11 operably linked to a promoter sequence capable of promoting its

expression in a cell-free peptide synthesis system.

A process for producing s-GDH mutants with the construct of claim 12 in a
cell-free peptide synthesis system under conditions suitable for production of

the said enzyme mutants.

A method of detecting, determining or measuring glucose in a sample using a
s-GDH mutant according to any of claims 1 to 7, said improvement

comprising contacting the sample with said mutant.

The method of claim 14 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 mutant according to any of claims 1 to 7 and other reagents

required for said measurement.



