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Genetical ly engi neered pyrrol oqui noline quinone
dependent gl ucose dehydrogenase conprising an am no

w@eood/oog13erti on The present invention rel ates POI/EP2005/007844

i mproved variants of sol uble pyrrol oqui noline qui none
(PQQ -dependent glucose dehydrogenases (s-CGDH)
conprising an amno acid insertion between positions
428 and 429 as corresponding to the am no acid

sequengendtitgiyerigiiRredyyrailoqdnsiie qaihanatptidaus glicose

genes encodi uch varian & s of
such s- GDH ¢§$l nﬁffﬂn$éw&%agi*“n% 185%%ﬁhﬂ1
specificity for glucose, and to different applications

Ofpd 23“?? Cnt iFehtiy rrélgﬂgg Yo 1H§J§5\l'éau4/ﬁ'fa|n¥s bo%oldsk eﬁy'i‘idl‘d)c[iﬁnohne

conc I ons O ars ecially lucose,in

savigoae (M@D -(glegepnd[eﬂ P?ﬂﬁé ﬁFhY(S]lﬁogePH§S &%ﬁ Hrbsngﬁn amino

bhoadn@liGrsawean m6@t4z@mﬂds4p>qsr@mhpbndmgord ﬁl@tamlﬁo acid
clinical, di agnosi ment o

AWPS%‘M%’(O@T 93 G F‘gff %@8%@5%959@8%5&862%?5 é‘r‘chr Vignt o
t B hooprioceink sfesmsk sabRHetamntsevith traprovad filbptrage $pesificity for

gﬂ%ﬁgsgeubl § BYaifid gp%?t gﬁﬁlgaﬂbﬂsg 8¥ Q% dHE AR 3&2 :«lxrly for

I's rea reated, suc
| defgrrniying magteqtms of @gm‘Sr @@€¢1@WQ§@1}1¢0& i greamplee
tools that rapidly and accurately report blood gl ucose
concentrations. PQQ dependent glucose dehydrogenases
( Exldofithggnventionata| yse a reaction in which glucose is
oxidized to gluconolactone Consequently, this type of

ST S L TP T DGR Sl W i
g khhﬁ@ﬂ&il@iﬂ)ylﬁ rnadeéndse n(asa@mmlb@ﬁ didberes.. Apoxinmely 450 million
ﬁFOR/ g%#}ld@?ci ﬂﬁerofttl&g ?c}ﬁgﬁﬁﬁlﬁhﬁ%cﬂﬂgﬂ MR, 9HPetNat may

rom CI ne cal coac

Qdonbpibyt262haccastingts erWHAS Addosek dabetss intraflilyeliagnosed and
al.cohq! &cc&%nﬁﬁl fhn ah03EMehOrdgifby 1ow£dseawgﬂsstﬁgtools that

| act ones, al d es and Id li,c acids ine,

Ereidly o CHATTRIAY 2RRPTE o off Lbase éﬂtbaé’é’ﬂ%s b dependent
p%hﬁ\ﬁ@é/ dElydnedcnede® HACT 8Y.9017) Ebal ¢ @l egyti@f in which glucose is
ACI bac 991). 295-3

e jog concéé O€. OBEW@W%% 6h1 §%;fle(1§zy%eglgﬁ §i! h $¥edsuring
D&wcaﬂsmgar \Ond.of these ’delm 151 ai chiag@sm stripgpiséd e ithn solalfle glucose
{
gg‘l‘gg o&%g%%{s{g Gl(lg’ligi) EI OC )Ja Bgrggl'o %ggg@g@ %’%%&ﬁ%mmg
Amnnonglpriginallamg‘:r@@ﬁrhm Mlnetwlfﬁeéww@@ﬁ@ﬁce 72 (1997)
716-727; Anthony, C, Biochem Soc. Trans 26 (1998)

413-417; Anthony, C and _Ghosh, | Bi Qphys.
MSRuingproteinguse QiuBIe 28-cPfactok B RFIH Auis o e adgldoses to

C QH&?'cﬁh@ﬂnothﬁignﬁ%ﬁ&‘ﬁ' a@dHh'y&estfW dldotit aetde f(Dulne, J. A. Energy

o S RO AL L2 an L RO, S 9%y
S WIr A netdaktet AADEN)I 265-312, Nove Yoly Remird eéhydy Dyéraded., Eur |
W%%%Zé@(lggigg?p ?§¥ )&?]%VﬁésongRﬁg‘ ﬁn\%ggn@r ?gﬁ)catlons of
GamdivéproteRisivi( 12034 thmwhohybocﬂs, NeadVorlyiMgredi la¢kker, Anthony, C.,
PRys iy, ]4gld (11%8@ 6920 A’%@ﬁ&ﬁi‘?h afd GHOSY,- M, Current Science 72
(1997) 716-727; Anthony, C., Biochem. Soc. Trans. 26 (1998) 413-417; Anthony, C.
and Ghosh, M., Prog. Biophys. Mol. Biol. 69 (1998) 1-21. Among quinoproteins,
those containing the noncovalently bound cofactor 2,7,9-tricarboxy-1H-pyrrolo
[2,3-f]quinoline-4,5-dione (PQQ) constitute the largest sub-group (Duine 1991,
supra). All bacterial quinone glucose dehydrogenases known so far belong to this
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Phot and Resp. 15 (2004) 203-225). Two types of
PQQ dependent gl ucose dehydrogenase (EC 1.1.99.17)

whasoe/ohsden characterized in bacteria: One is PCTI/EP2005/007844

menbr ane- bound (m GDH), the other is soluble (s-CDH).

Both types do not share any sipgnificant sequence

honol ogy (O eton- Jansen, A. M, et al., MIl. Gen.

Genet. 217 (1989) 430-436; Ceton-Jansen, A M, et

al sub-ghntpmiith RQQ dseefautenlisrthob afd GBOph T9977@prOWknadeyin, P.M.
r c C 6 )

1 1%&%5{ & AGiy. Nﬂhlobfd‘f‘ Pfgys%o? 0 ]?‘9 'f‘ 89 Aglh?(%lg[ C., Adv. in

The% are a ere regardlng
t H&iat. adiespcl @ Q@IQIO3“¢¥§5 hei r i munol ogi cal
pr operties (Matsushi ta K., et al., Bioscience

technol (19 548- 15 .. The
f\/\f@& %q.p qtrg é}@%gg%seog@ ér]i'%g,'”) have been
S- @fa&terh@&\&v Biicterivda \Omelie ﬁfénfhihtﬁﬁib@[ﬂd/(mmﬁ)ﬁe, the other is soluble

f bac. | A
DSEIEHBITBE o3RRS . AL SHORIEN o SR b5 cn
et] angen, AJM Bael.vbbGen1Genet.1X18 8)9821 230 2365 letomt Jsnsshi AaM., et
ana‘i Aﬂﬁﬁm! Valjr%ggb)weﬁﬁgeka% @@QWW Aul? 1€1A2%§%4%}0C Natl Acad.

hrou sear ddt ab as? t Wo Se(q uenc

eco oo, RS P IGAL Mook oté it diferant Jegasdiapyboth their
h a&iﬁetl&{%rwélﬁﬁrthéﬁ |uﬁﬁ'1dn610§1cﬁp*)1*op5rtﬂea (RRtushine&hae gstmlasaence

¢ pinle R 8ot X8 (4T IeH € B0 HE RO B, ARSBread i

g eGane negafiva e bageniy s & Gidids, Bhvdeter] |Imvpebiens found Quily i &1 the

t eﬁi}piaé&r%?lg tsl?zc'e lE’)f A%ﬁet@pﬂfeﬁk%%ﬁg E}ig ]Ae Eai&yg%g;ggsg?um J.A., 1991a;
A etomnsane bt . Bavtericledat davsi 20102k Matsushita and

Se&&h%ﬁ?@%ﬁfanﬁb@%ﬁu%%{u qﬂaﬁ‘ﬁﬁ@@)e“ zed proteins are
cl osely rel"lated to A cal coaceticus s-GDH wi th many

residues in the putative active site absolutely
cort&@ﬁgledearalﬁﬁg Befigiiob Qﬁﬁé‘b&se@,r mcelsapeﬁ&e@ Hdrk&ibyodsOto the full-

P OETei 45 et O by St enitied i FegB a1 4 ¢ Symechocystis

Oupr AdditionalBi, owb iimontileip byprendss thoniddgbus 20 A3 yaldohdetithls-GDH

Resg%gl ls§ £<§Ejad;1%§§ é“ % e -I%Fp cﬁruéf%oséﬁ%d 9%’ hds ﬁ,e]rtuészs &ubrle et al.
Ad9<99 mah,?c) (azd@zayeral&&ea@rzerme@am &imaIC.H- @Dl—lsCanan@Hsol 47

2339%?]??5% _AQYNdes chre ‘Pﬁé dqag,&ea ﬂhlfnfoedfc?cwsecgﬁﬁf@%ese four

ent su stra I Cit For ex

c charasterigeds P?S&?iflfaia#sdt) Eﬁla\WCEF(éﬁt ‘P‘%"d’é%ﬁ@@ﬁ with many

gl sia6& i Qlﬁ’é’ﬁﬁt@ﬁ%%ﬁ@@sﬂe‘hﬂ&ﬂﬁ%e%n%b@ %@se%ﬁ&@fu@ proteins
Vi vo,

e ot her .desj gnat ed GDH f.or whi.ch
VI GIER 4, ey conler SHORATS €nd nEoseites FoUT a0 dependent
1%&:t10h98<9uhr1e bt all, 099, bhcf; ngblmesA Bidehig. Barphiyhié ctans47 (2003)
eszly ﬁ%ﬁg}‘?"}dﬁ gLILNed-t he \DNASeq SRCe e 2500515’%431 2438;

hesé ere’ |é no obvi Ols
beYam:aia M.@DH, @mhgn@bphwmcibdﬁfbi 12003 X 186-192¢t t hat
m GDH and s-CGDH represent two conpletely different
nmol ecul es. (Laurinavicius, V., et al, Biologija (2003)
3 1Bz hgrial ﬁh@gébnén@)fms(}@jsl havgnbeen, foud da deaspest SUitg s different

bes%ﬂuéﬁc@d"ﬁﬂ:l fffeFent §@strate%¥:&ﬁc1§ﬁ‘ IFBH en@SIbl 8 dalcbhckit®s contains
ceI gh is transl oca throu h the

&pql +psngpdent glucose drogenas one m-GDH which is active
in vivo, and the other designated s-GDH for which only in vitro activity can be
shown. Cleton-Jansen et al., 1988; 1989 a, b cloned the genes coding for the two
GDH enzymes and determined the DNA sequences of both of these GDH genes.

There is no obvious homology between m-GDH and s-GDH corroborating the fact
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into the periplasmc space (Duine, J. A, Energy
generation and the glucose dehydrogenase pathway in

wa\eioneosibact er in "The Bi ol ogy of Aci net obact ePpCT/ERD9I)07844

295- 312, New York, Plenum Press; Matsushita, K and
Adachi, O, Bacterial quinoprgteins glucose

dehydr ogenase and al cohol dehydrogenase in "Principles

and applications of Quinoproteins” (1993) 47-63, New

Yabkt MbGDE DekkeGDH Llré{ﬁesteﬁte toat | soenpsletedpH diff@entA molecules.

AR I BT REAEL e and three

caIC|un1|ons per nonomer (Dokter, P. et al., Biochem

J.THe3 n@]o%%Ga}Di-ﬁ%’o;@A c%%e?zrcus Ras @éenadlonedpﬁl\@ colz Arter being

Mcr l.. Let P.
BiRSE g%???i in th h t(hf§§ 113 ansigcgted@hgqqggdhﬁ Cﬁsapla%tm membrane
Dunf@e the) pefiplasrtcc blpacBl (@utigd) J. BA.O i Say ?éiﬁrz(tib%g @hd the glucose

ﬁ%%tggjraj%ﬁathwax in Aec%neiéqbacterF;flot[h %{))]'ogy Rg éd&ez‘ggql)ter" (1991)

U 557&196 I‘{GMQ %))k 1?128'711311 Pr8¢;, Motdoshien, . anétAddchi, GnbBacterial
qu]-xﬁ)rﬁrg 1.§£B§e7 de}ﬁar ) )énasé ar@ﬂ o1 (a'eﬁfcﬁogengheq% "I’ﬁﬂgsles and

I sacc e co

k@wheélom pé @wmﬁrﬁ@rmh&k?ﬁé) §r7zé3>t18ew ﬁf@rlml\d@mslolgddqeu)s Like the
ariﬁtlivé siGDH! £6mak) &llJoﬁce@t@BaIfe%Bﬁl'b%M QMSDHOexPMRsed in E.coli is a

hen i ne osul f
S oWHE h&Ho |P?$1(§ o‘BH@ﬁ\b‘F yandyghregyfalsip: ionp) peg) monomer
ar@oktm; - ehadl.n Bibitgri. noress (51@861) a63-ub7;0Diokesne PQet ailg FEMS

(MBIRDT et HOSTL L ey g™ i pRARGR T s g 131

L d38uhstnskn 5. (1d8Bins 3. A2)Arcs cRieckem.abibphyscB36 (1996) 42-48;
elc%rreo& a&%@gy NS, SBf&lh 3% g@g@&i&k@ﬁ%&ﬁ?@ U] r%t@&‘t BYde. Natl.

t
i Asaresii. G5 ot 90 7 1A @pbrie At nBioba T 1§ (1999) 5157-
arsdopui QG,DH' oyﬁdlzeﬁlao‘i/ffl&én raﬁ% (&9%013%% éig“a%gﬂa)rlc@@dto the

B ETgB a3y B Btier hy ol bp Sae dtpic scprond it i also

spbkei foi dormaté ielectryns WBMSS( Mn(eﬁsﬁlfit@p FDEPI/R (2J6-dichloro-

o HieRllphdholf wal 3‘3’??%%?3‘?1‘1% aRE Phit iy Aiainsps such as
i sibigtiporsu(l exndf blqamhthZ:éMaapﬁhltacﬁ; eind,, Biochem. 28 (1989)
PRRYé %yé(ﬁfrlﬂtsﬁﬂﬁta?iﬁ ng 4Sedtbile (VB L%el?l%ﬁ%?ko% Y ®8do) 63-72),

strip ucose determi nation in

aﬁﬁ‘ferajaﬁr % lechionnacaeptony sugh agN- meﬂedlémpmwmamdthyl sulfate

£ \OlsRdre EA?] B DM T A ARD g?cgﬁ‘f‘“n PR SHOR06) 42-45;
" ibtrens 17 podsPhine, of “hodfiprier HuiTgE) datrbipss)) and

Nhletﬂﬁcc&idastlngﬁp%yglzrsé(ye, L.Senkoksal 8@1%119\(35%&99)3 )&38&41) In view

e oxi [ can

5 F D Righ o aiiov s sogtie SRR G s L apd e . A.

of( 15462 )snpta) andets, bivad MAtifidRl dbqoerod etepgb smesificity, the enzyme is

d%ﬂ@ﬁﬂ&?fb@%ﬁ%&_@ﬂ &Jl?c\éﬁgﬂsob%‘n@u]%hg ?orsbemg?( us%g 35 %b18 r)sen)éor or

qui noprotein
Biteseptaips qurﬂlt@@sq@rt(rngge)ommdmostm apzpzhtvéxonsl (Bsufmann, N. et al,,

al}Ue%RS%)ﬁll@ﬁﬂ Y BfaldRRUCTD 1§e 5 eﬁ??orb@e?&nﬁgﬁlg cgt\fl?c%se from fresh

de at oxyge a ver
afgé Tréfr agd&ggalg@%/%} E](g@aﬁn Glucotrend’ (1997) 1-16, Boehringer

Mannheim GmbH; Malinauskas, A.; et al., Sensors and Actuators, B: Chemical
B100 (2004) 395-402).
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and Duine, 1996). s-GDH can efficiently donate
el ectrons fromthe reduced qui none to nedi ators such

wW@200eNR13DCPI P, WB and short-chai n ubi qui nonesPGIYEP2085007844

Q and @, but it can not efficiently donate el ectrons
directly to oxygen. Traditional test strips and
sensors for rmnltorl ng gl ucose level in blood, serum
and urine e. g. fromdi abetl c patients use glucose

oﬁlmsﬁe omﬁh%orpéaa Renarfalyzask by 1 lesss \heeei quitre gistiagngragps of
beyaey,0e8, QQ“MDﬁPa&épéﬁderfa G6Se HERASRARRE,S bt flavoprotein

d f I, alft d { ) .
SR OREests s by ARt P i D gﬁ@%ﬁ 5 A7 diasens. Rioglgcgronics 10
Th@%r)alDQ3)aGLVﬁtﬁagbmﬁutB@@datﬁpeaﬂ1&duce@J LGDEE has been ob_served,
NI SRERGIER ohlechl® veh VIERENIE0 G L AR BEY IS (HeRoorn
| and/\mtuhe,stﬂ%) f eﬁQHeganofefﬁwnﬂV adomatso glestr@DH fleay dhp geduced
g‘oﬁﬁéﬁé %@@km%psdcm@ @q\@sﬂtncqqpt WA émntshahh biquflofhes such

been use of = g et her with ropriate

h
n@o@hw}@ ‘?%té%\‘iﬁnﬁ’é’lt ﬁ%i%nﬁﬁ 0?9é§tfle‘§f?1?3rﬁil% Y KeVBES ed
on s-GDH are disclosed in detail in US 5, 484, 708. This

3L LA LRLA P Eth b prm

' tmsne st gi fronf drabmmcaparlrl@mamse g]‘ucgsleuwoé@e The pedfohoaxce of the

&%ehg@&grﬁ%rp OGHIIBRL fhe@ddEements at

L A

e er patents or

re@aﬂ ftisdes W‘éﬂ’a@%f%’éfni 6XYIRB cPREmEFratipes BdRp Rirappylead to false
Sfé@@lksf 'T‘he'rfﬂ ef aa&dn@argeoc;f E&%@fde@bﬁdéﬁ@ dRiogf d@@aidgéaislep RStheir

51(1)1@953 grce Lfg)rg &Vg%ggfhlg p%rg g%a%u%ﬁgé v t cusy% in -

1US 24 3@ SB9A. in Awhizhnsomge eféatsxyestafmmhibc&neultodndz @H &Pkl been
and an |Hd| cator that produces a col or change when the

r BR8N “occur s (Kauf mann et al. 1997 supra) is the

G ucotrend (r) systemdistributed by Roche Di agnostics

b HongBEARE Lo HBEGERY Ry a5 BeaPANANL RSB (dfother with

epen termnation o
gRRRYOBGEAtE mesligtor éawamtbg@s Huktesiostiip devises brspd @n sTHRH are

eﬂl%MUFedgiﬁtQiefaﬂt naws 8, 4911 oesl 'ﬁﬂsbﬁétélﬁt zﬁ?soscﬂﬁﬁ&ﬁ&i Hét@ﬁed information
conpared to

|
gPucHE esehuP g} §69a¥%\?83aTheoP‘f?§1“dé%éﬁ p@? E’a?eﬁg fest strips for
Wﬁieﬁ@ﬁ&ne@abﬁ%ﬂm Th@tmaﬁods"mlﬁmed thyleose vadlld in the cited

ri,bose tjil ! %‘E Qubrie A, Biochim
Bflgﬁw?sas grep} 7‘“‘(56 oeRsentT) | CThe' roactivi ty
tovvards sugars other than glucose nmay in certain cases

p!it?ﬁtsa&c Lgp?ﬁ atfns dfeia%*h B e Ph P4 %Bglﬁb‘f‘ smgI S‘pec1ﬁc

Ieve S art ar patient's on perl t oneal
{ infatrestion |¥@a§95<tmpdeS( #fgrpidisgdonsolforermeymey with glucose

Ceéﬁy@kégehéket h&ivitybady Ukl 5!99*75817@ IQS 6057 Plooaeh ohisah 283; and

evel s of ot her sugars especial ly tose (Wns, R,
eIP B1-243%&t . Dial. Int. 18 (1998). 603 609) .
Ther efore clinical sanples as e.g. obtained from

di,abetic t| ent s dients

OB FONS A iS00 e TP B Badl Lee hpeioduch color

dicldngs inhenalye 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 concidered. The enzyme has
rather a broad substrate spectrum as compared to m-GDH. That is, s-GDH oxidizes
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contain significant |evels of other sugars, especially
mal t ose. G ucose determ nations in sanples obtained

wo e@aiossieh critical patients may be inpaired bRCTEP1005607844

(Davies, D., Perit. Dial. Int. 14 (1994) 45-50;

Franmpton, J. E.; and Plosker,-5G L , Drugs 63 (2003)
2079-2105). There are scarce reports in the literature

on attenpts to produce nodified PQQdependent s-GDHs

wi 24t qaily glueekedubslse atverad pduir fsiigars includipag msliose, Silactes, lactose,
al manRhs@ Cfﬁ&‘e ﬁdo s% D%‘T(?er e@%ﬂ%@ﬁ %b@égggbl&%gnsg&)phys

pol nt nuta Ion at position

re
&%??64%%93% 3ril b react Nita e dePugatsthexithan glucose may in
SpRetaln €dsésyinipaiifthe Bccubgedf da@rrﬁmll?@bl%ga ,glL’(cﬁ&Ol%{re‘is TR ?ﬁrtlcular

certal am no. aci.d,.subst.t
o e SR e LRV MR R 37 SRt Belyig may
ERohtdif in 3hidr bhéy daivs, agt o blaodp bighslevats ofibdhet ssga@DHspecially

renas AR RS o A selpiah it TE B PRTT

i nproved affinty for glucose. Kratzsch, P. et al., WO

0211488 Elﬁﬁ&'l karhpiRd af B8, &ﬁ@i@ﬂe& ikoh ikt pSRdtd, Qe'épeaally from
glucosgﬂﬁih are to Other su ubstrates

iafions and papssially Bam Banenfipwess dialysis may
amomalamstgnsﬁaaﬁt i IeMélB ors |dnhei~erstu§an§ pa@hmlgnsmttose Glucose

cfy%’_r'mdnﬁlow gaélﬁ%l?s %bt%me@ grlp{rgf,uhch Crtrll% 6%7} péglF%t ef)’f%e 1mpa1red by
S ubsltése (Diavins Doy Peait. Rl dot déi(#994)36+30; BranipgomeleB.; and Plosker,
tlgﬂlggg ﬁ@g)ﬂ%§:ﬂ% orresponding to the am no
aC| seq&%nce nown “fr'om Aci net obact er
cal coaceti cus. However, whereas quite sone inprovenents

haM%r@@ﬂz”scﬁ@@Qéﬁ&@ ﬁlqgle Qh@é}@tﬁl@% bR Qltt@hh&)?sn’@ospt‘éﬂ}ut\!eaﬁ'foagﬂea PQQ-
r.ove erties r a ern Lye
arﬂfpsggaal(@ﬁaﬂa gﬁth ﬂ{ﬁrﬁf@ é‘ﬂgﬁi“? Red glfv Esarﬁséqbﬁ r gl Blochem.

grRiaphyde RendCangnod. I164061999)3@10I82Qr1%i96ftet}ﬁ1(Ilﬁtrsdtﬁdi)ﬂig a point
addi ti.onal. nut ant t

2B e PRRRE SRR R Bl et pecificey
brprafleabout an i nproved specificity for gl ucose as
substrate. It was the task of the present invention to

provi de new nutants or variants of s-GDH which either
al&ﬂdé BP ] W%%ﬂ%birmtSdhawetrwraamwymd robstitwienst Wishio s-GDH

Iqam foomﬁta%'t Qi HGAM Luy it PR v@&%ﬁirfn'z gﬁ&@sesmﬁp fi @719 the
for ucose as conpared to_Qqther selec

ar
mﬁ@@m%%or TEPEFLS OR inpFagfat- Q&%%thovnmmcﬁgtébf% Furthermore the
Suafrel &ithell yepotts BIPRERN7IZB8NGh bltak siGDHS n@sss Mith tfiproved

significantly inprove the substrate specificity of
%%ﬁw# q (%%ose as conpared to other sugars, by

naklng an an1no acid insertion between positions 428

ar}%’ %81 %f etsa'l % %%/3%9{ ?B%r{ﬂ%ﬁge zsrgéicc ngg%?:s I&%ﬁ%or %}UCOSG as

sequencé known cus,
t empasedato lodzes tsugarr subalrhtys, caspectadlireast ¢renpdyed ¢o maltose, can be

des{prbRAGyRIARS 88 sKEWGMd i B&tAf bositions of s-GDH.

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

calcoaceticus.
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The substrate specificity for glucose as conpared to
ot her sel ected sugar nol ecul es has been significantly

WO pgesoesas2 by provi ding the insertion variants PET/EPISBEN07844

according to the present invention and as descri bed

herein bel ow and in the appenrdi-ng clains. Due to the

i nproved substrate specificity of the new forns of

s-CDH, significant technical progress for glucose
deteVHehavheares Qwite same impravemgstsdiava ekn cepdrtadsior generating

pQﬁﬁﬂah{sQ)r vhfiends BPE- s varhGRGr¥add &'&P@rti@?ﬂuﬁﬁr,%@ﬂm%& Bnd/or
ggt advanta?e for the specific detection or

fiionakmprgeryiic g sl FfIBitsfogi cal sanpl es,

especially in tests strlp devi ces or in

bi 05& ent | ent

> BSR Bl B IR S 0PSO ol B R g o varan
Edorms) 05 9-GIyHawkich lelrmarorain @Opidelien detht alsaty ihewn mutations
Ol 380 LA RORIADEif Sy oY t conprising

at ?gas? oné m no qgé esl Séi%%gég%ﬁg% bet ween an

am no acid positions correspondlng to positions 428

amdwaggh@_fcaskhff the eM\t! irﬁ&eﬁu@ﬁ t& %@l@k@&'& ﬁedmﬁmnfsr SMddiants of
etigu Q and 0 onal in
FiORRich s e oo pmbibefa i alsoat iown mutations lead to

s@,bsgmﬁQﬁnﬂ(}mm;prpm&ic eutabrbte suebiditicy for ghgodt aPeshpared to other

348.a88s %%ﬁmo@c?lf rge%kggglﬁgp%e Or. malfc' GDH exhi biting

|nprove pr oper % incregsed specificity
for glucose as well as polynucleotlde sequences codi ng

f@ﬁrp&iéﬁ{gl)*/@tr h#b8en ?Jhn%xﬂfa?§§ '1§) oé’sﬂﬂ Wb & ‘Ei){ainﬁjy Nehprove the

$ %pugleop%& ost tTe

‘ﬁ%ﬁt 2L pgeagigo §P@g : Gipcpis, %forap@eércq, othsr sngatrelly making

Tbﬂ aiive a¢id inseitionftetwéeal Risdnt 228 Hed m&fGBWé;cb%@ondmg
i.nvention.in a

a r n

S e U G S B0 vm SRR e Pl bper B s pdghus to a
deastqaridallywivetromelthodene describéepfobl dnpvlinogmex ahddres

ref erences, sequence listing and figures are prOV|ded

to aid the understandi ng of the present invention, the

t K suhshipte specifipiticfor igkicaes asfeomparddntot dtberzpslveted @ugar molecules
Chad BBen kl?nifﬁaﬁtﬁﬁﬁﬁ BioRed b }lh]?go mg%mftﬁé ﬂ{skﬁ Qﬁﬁnpseof s-GHD

made pr ocedur.es se hout epar

f PO ‘ilH% tQp‘ihﬁ Rreggnt tlﬁ\émtlﬁv ah degsaibed hsrgin rbe%ﬁw tané in the
Fappeneaig dHigyr e 1: Protein sequences of A

cal coaceti cus PQQ dependent s-GDH (top) and A

baumannii s-CGDH (botton) aligned according to sequence
hbweltodhe irpipued sehstrhtel pstifieity ofithefnepALHEI! ¥&EDHY significant

r ?&fcﬁﬁlrc%d%hgre'sp f(ﬁ'xeﬂ'@}egsg dr%téeglgrehf: Iopléelrl] vgrggus\l\%(flg% Pg gpphcatlons is
PPY3Si Q}méﬁtprgﬂed@o@@}ﬁmltbg@nb@esedﬁvm geeaBadvantage for the

Nl R def& oY) mEREHENNE oPTgldddge BAGRENL.Y §thBles, especially in

referred to
tests strip devices or in biosensors.




10

15

20

25

in Exanple 1 containing the wld-type DNA sequence of
sol ubl e PQQ dependent gl ucose dehydr ogenase. Det ai | ed

waelewenogasi on of the invention: As di scussed abPUEEP100£007844

conpletely different quinoprotein enzyne types with
gl ucose dehydrogenase activity -(nmenbrane bound and
sol ubl e) are grouped together under EC 1.1.99.17.
These two types appear not be related to each other.
Funerynfithemenfion:hi s i nvention only the sol uble
formof GDH (s-GDH) is relevant and |n'proved varlants
thereof are discussed herein below In a

enblscpiesant inveatipnveates ha vetiant of thq)scaublarfmampf BE 1 h9.17 also
S%&)Wneasf PQ0- @Epe%@sﬂ{ Qoh%ie ]gYuc@LeS Qel§/dP¥¥EnaR (s-GDH) said variant

endent sol ubl e .gl uco hy
S a‘iOBan gfr}ga At ‘@hpRs Mgo éiClqs é?é‘fueoﬁ’ée g’ﬁ\"a@et‘é(é?rﬂ an dmino acid
r gsdsttioss Icﬂﬁ&dpbhdfmgheipmﬁﬁﬁndm andi420 oﬁdieds GDH Wild%ﬁtﬁpe sequence

ndi 0S| fd n
TSRO R e BetR T T 8 7 i F Bl W U B G pyiing
NQ@ne2)r ot a@pltnp@nmll suivstutntlam ptqf@nblwn’pmtsﬂmgs apipesition 348 and
»§. am no acid substitutions. Preferably only one
amno acid is inserted in between the am no acid
positions corresponding to positions 428 and 429 of

t IEreferie@Hayihh@-SPEDSE aEbiCAg Kin@Yévet rrBpéties, espec1ally 1ncreased

SR b e e A St BT B S

i neeetpressioneteave@ncdrhprisimg sachapolgnpdsitideoseguence, and a host cell
corr ggpp ' 29 of the s-GDH
V\/i‘{O(IlIﬁffSE;S seqlfggeggelgﬁk%évt\ﬁp ?glrgn(? Ia(mid ﬁcoacetl cus (SEQID

NO 2) is characterized in that sald inserted am no
aoﬂ% irﬁeﬁﬁlneﬁfrﬁfér f&BstttBethQr@slépoiCQr\%kﬁﬁﬂ Q&O%m%echﬂh@ epresent

y aanlne hi oni ne and PI‘O i ne. Prefera
i ri§‘é“rntt’@& 189 rﬁ@fhaé 'f%r peaspregient et slpgosesesReraliy by t@ﬂ@staptdewce

t hatwitthebiwkédot.ype DNA- sequence of a sol uble

PQQdependent gl ucose dehydrogenase can be isol ated
fromstrains of Acinetobacter. Mdst preferred is the

i Sﬁieatbllmvmfgreammﬁkeh nefecdnacst sxqueddedvtnghnd ﬁgufes/me pedvidédnto aid

ma u7§dér%t§{l 1nig)dcﬁg g:ge\%egnr‘]colgvetn%é% ‘&%l thBt Qlc ‘Sgw 1c (WF‘E‘ forth in
s_tthal arpgelmdedAdanm dbag usedenstmpdathsb nhmilﬁ@@_dnasals dlq:r gedofin the
W rgEééﬁ‘Fesss éﬁﬂﬁﬁt ﬁ@ﬁh‘ﬂﬁﬁgﬁémctﬁg s;?ﬁt 8f thd Ek%fénﬁ&’n the

sequence o0 Bt ai n coaceti cus and sequence
conpari sons be made. It al so appears feasible to
sqbggﬂpﬁﬁﬁ&ﬁjﬁgggﬁh@§ of other bacterial strains, as
for exanple described for E.coli K-12 (Qubrie, A, et
al., J. M. Biol. 289 (1999) 319-333) and to identify

. SEFigenaes el aretkid Geguretltdd bh As uhogriaRERBQQSIlRndent s-GDH

e used o ger L RB P REDT AR R AGREE TeclRing 1o

substrat e specefuanice omdlogyterm "variant” in the sense
of the present invention relates to an s-GDH protein

whi ch conpared to a corresponding w | d-type sequence
haiigwie 2am no d8psration of pACSGDH' vector referred to in Example 1

containing the wild-type or mutated DNA sequences, respectively,

of soluble PQQ-dependent glucose dehydrogenase.

Figure 3: Nucleotide (DNA) sequence of the pACSGDH vector referred to
in Example 1 containing the wild-type DNA sequence of soluble
PQQ-dependent glucose dehydrogenase.
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i nsertion between the am no acid positions
corresponding to positions 428 and 429 of the s-CGDH

wowiodosipe sequence known from A cal coacet kusP¢BER200E007844

NO 2). The term"nutant” in the sense of the present
invention relates to an s- GDHgprotein which conpared
to a corresponding wl d-type sequence has at | east one
am no acid substltutlon as conpared to the s-GDH
schdessiptimmaot entibmom A . cal coacetkus (SEQ ID
NO 2) The terns varlant or "mutant" therefore
both mutual |y apply for an s GDH protein which
o disedrsed ém@e@ rtesenrieisly diffesrnt yqgeneprqteith cazmag tapes with
a lﬁ&)s@Cde@l diﬂ?)%@x'iatsk OfttiRRY VeRMBge BYuRE Atd GoRMBH)! hl‘én§rouped

corre ond 0 ons 428 and 429
w B Bt B %fikﬁsertwsmss SRRt Jaten et osEd pber
NO 2) and in addition thereto at | east one am no acid
Sl'llpo%t i!h{e U}%ﬂrEQSe !)P t]?s 6%5%81[1 CB{lf ftﬁt! rsglﬂlpfénﬁ)%% aF @Dlgh(% GDH) is
v ale egant apfl IISIP@_\JIéﬂ am@arﬁ@&pmé e{retcbscumd Weteth be}w enzyme
or to mutants without an am no acid insertion between

osi tion 8. and 4 respectivel A preferre
Vel it a@geﬁim% tﬁeolqu%%tlcg} eeiaé?ﬂtolyan%ﬁpr ght es*oﬂlble form of EC
chlaI ag.1 P alsd &goivit atslTaQQr@Ipaﬁdeme sélable fg(hlcsa)@df ﬂ&gﬂ%géhﬁlﬁ (s-GDH)

t |
ouBEL P PR R oy Rhoyrbng G5t 2ot Boge el hfveen the
! emmO@nEi pisiiams setresgicadirg iggrosisions t2&and 429 o6 thtes-GDF wild-

| Cratkg %n%ehﬁn DAt ?a@c%%eizh&' ({SEQE l? Nﬂe Z)a tnd optlonally in

I VI y one easy way
r@opomnrmr@ QLESE SNOES AFURS afrld\ﬁlévstl@ltm@% and to

conpare the activity measured with the other selected

suga t he gl ucose val ye, s, in order naot to

b rﬁéaefﬁoa R, o MNP A it g%s?ﬁtg beinicer th amipggad positions

W dolesidoriditdd tiOp Sefixssad28raatiene nfehd g—C{DHGﬁ&Bty@B I:Ecil%nﬁé’lk’nown

ugar substrate on the other
hgﬂanaﬁﬂg“@%%%V{&ﬁgzﬁ%gﬁ*led w || appreciate that

compari son of enzynatlc actlvities i s best made at

eqy iR Ry e {h@{ | L e%?an%‘ ldgl%bflgﬁlg aHDaln%ﬁH 1,88 insertion

i nvesti gat usli n assa con
Ooheswegnsthe @orine @tk ltfcms carrespon mget@ Pcnltlons 428 ‘and 429 of the

CoDGHM rvatd-gﬁs@ Ragu&ct qqhﬁvm% At @Jz&afe@%e@lsmqn NO: 2) is
wel | -defin ssay.condifionps hﬁye t.o $ chosen in

ordaraciesized Wpthat s@gcﬁmsgv 19 3ok is s¢lpded fpm the group consisting

spededdig; phenylhb@igd) Zyéthiontheaditd pidlivie OPrefer B th€@linserted amino

glugfseaﬁs substrate as well as for other selected
Yrates is neasured as described in Exanple

7. Based on these neasurenents of enzymatic activity

o QIR I SEURS B PRSP RLELANY roo
| gde@gscteglg etiicoTh ée]sydmen@m agisbg i 1so froint ytrmms of Acinetobacter.
selB&! SidfePidEas the iREHOR FrohSASH R} SHcRReticus-type strain LMD
79.41. The sequence of this wild-type s-GDH (the mature protein) is given in SEQ
ID NO: 2. Other LMD strains of Acinetobacter may also be used as source of wild-
type s-GDH. Such sequences can be aligned to the sequence obtained from
A. calcoaceticus and sequence comparisons be made. It also appears feasible to
screen DNA-libraries of other bacterial strains, as for example described for E.coli
K-12 (Oubrie, A, et al., ]. Mol. Biol. 289 (1999) 319-333) and to identify sequences

related to s-GDH in such genomes. Such sequences and yet unidentified
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Cross-reactivity [9%49 = (activity selected
sugar/activity glucose) x 100% (Cross-) reactivity

wo enosnedisnse of wil d-type s-CGDH accordi ng to tPET/ERIOE007844

formul a has been determ ned as about 105% W/ d-type
s-CGDH (cross-) reactivity for9al actose has been

nmeasured as about 50% (cf. Table 1). (I nproved)
sg$cificity is calculated according to the follow ng

f TFPIQE0OusCIeAYsRcEs FrayissBsetogenerate -GN vehetstith improved
s igibstratk bkt speci ficity (inprovenent) = x activity

gl ucose wld-type activity selected sugar nmutant As
conpared to the wild-type enzyne, a s-GH formwi th an
atTheetesn it dini ther ememefithe prapecinfbeidny rdlfes to an s-GDH

ald46 t.ose ose/ glycose) accordingly, i
it R e P HERS UG B e B RRE HI ISR bt Rarhino acid
adPiejiion befweensths wmino wiit pogitiouoemraposdibs ta phsition®428 and 429
i foftmeog-G@mWﬂh&g% &k ko (R s NS

for maltose of 20% detern?nedoang'%%?%%ﬁ%?é%ﬁggb%ﬁé'zl
descri bed above), this nutant as conpared to the

Wi Thet- teyrpe“rsutahil inhéieedeate oh alse ?reﬁerﬁan@éﬂtﬂ)ni POV & an s-GDH

S ate. speci ficj nmal t osel gl ucose) . The term

ERSKE b BARBEL 1Yy LR ALVTTE veicadin o o one
t [BERY tacid subsktupipafasr aishpared ¢ol tho sdd3Hr widé-typgresequence known
AR LllcoBéelibbl(SYQRBIN@MUNt of protein. Various

nmet hods are known to the art to determ ne specific
activity of GDH nol ecul es, using glucose or other

s Utarterms “Fa gt ak esndth@@r@store $oih ?ﬁutﬁéllgfu %#?? %r an s-GDH

supr.a).. of the nethods avail able for

ORGP oER Toptied &f FisBT A B Ia-Pine Shasegseisismino acid

3 eoeitom. bethenahs alinlind &licbpsﬁﬁi%lis&,orﬂe@&ﬂﬁ@ctb pHR#dns 428 and 429

€ 1 cules and_to i nvesti gat

o DL AR R R E R oL risio et (P A NG and

s edditien thetpie atleast on¢ apinatacidsubsafieoned to sel ect a

clinically relevant sugar nol ecule for such a

conparison. Preferred selected sugars are sel ected ,

f ?Ib ﬁﬂa{{‘l eiyPisiRsredormbadimegt Hie enaimetie or fhaimmal properties of an

githpeived eariaty o SEGDENGe BBMbRRE to FhE tvﬁﬂ-ac%%ey enzgmet og-st§ litants
s tested tTor

g%litﬁcttose are sel.ected and nutant s-GDH .

i nproved RS AF SRS CENIEPEVEFR Bositin 498 988 489-a8snestishir ed

to galactose or maltose. In a further preferred

e ' t ted sygar is. nmaltase., It has been

FAPEIRA vardfe AREhE Moo 8 Weleh IRMSREOR o cheeierigecotn that

ﬁ;{etfqe \ygtheacrqusﬁsmmﬁmgﬁvﬂg—typg ey meiinkent iléglﬁt a a/:r(?--fqldfi@;ﬁ)roved
Q5R : si.der e. i.S

RrRrS SERnbhER WicofL B Binbiicl 03 JRERAT btk sbfeted sugar

sﬂgﬁV?¢city for glucose as conpared to the substrate

specificity for at | east one of the sel ected other

sugar, substrates, is.inproved_at |east three-fold.

(#ﬁ%’ide’b F?ef%‘i‘ﬁ"éﬁl W_aﬁrﬁt@ PR GessyemMitonarsesy way is to
clettiac bativity atleaoyred nwithngliRyedassedsirdtatis 190RChld & L¥mbRe the
%dﬁ@ﬁ? ﬁ‘leaMxltl-:cF ulithschéa E)ther 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
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| east 5 tinmes higher or also preferred at |east 10
ti mes higher, as conpared to the other sugar nol ecul e

w@edoeoosas2 Mutations in s-GDH | ead i n many casBGI/EP2005/007844

enzyme variants with dramatically reduced specific
activity for the substrate gl1icose. A nore than 10

fold decrease in (absolute or overall) specific

actlv@%¥ for the substrate glucose, however, may be

c el definefl orassayut jonditmppl | O8tdrwise. cbtregtionsheoef differences in
PrBhesHifdiohiRivelthBe fia@H Wi th i nproved specificity
towards the substrate glucose exhibits at | east 10% of

the specific activity for glucose as neasured with the

V\IigtﬂwdaydlEecEi}MI-déﬂneH%séa c6RUtiSRs HEvE €0 BE EEAEA BfloddRAto assess
t. at. | east 281% or.

nut at ed enz s .exhi
S EPRERE APt Brotiin” T Bl Gttt s-GDH for
acgluowsd ys eibswiatedast welk as fagDtherFsaldchedr sygne fidistretds a9 eneasured as
S whi ch the nmal tose specific activity
Q&H:g# Fé@éﬁ%z even only 5% or |ess of the maltose
speC|f|c activity as neasured for the correspondi ng

WlHagecI YREtHREL Yﬁ@stﬁ‘@m%ﬁ@t ofS Ex'iiyﬁ%ﬂ@r acltﬂv Hdr LhRD §e o a selected
eas the sp t|V|t uco is > 1

it it e At SRS MR A @q? iREBE e pereof) i
casgesseppondi ng wi | d-type enzyne. |t has been found that

it is possible to further inprove substrate
specificity of an s-GDH variant conprising an

i AderstGH (seasw eeachvisy for aneld28l sugdr ABrdent fsualchleted as

nodi fyi ng such variant to additionally conprise one or
nmore amno acid substitutions at certain well-defined
aTAS-HastHiyd %] 5 Gadvitypelectad sugaviasivitysledose)rel 9Pes ent

i nvention are described in great detail by nmaking

reference to, anm no .acid i tions_kno rom
N%Er%s (CREIIY @rtwﬂ@sg et hifee St COHEHOslng Lo hectbave formuls
f hasmblen riztephigddens abdoaEss.i Wik f)?b@% -SDHRI(&obVP reactivity for

! i Sos MR it ss b aP (T PTSed TB Nor 2

are easily identified by appropriate sequence

C ' : risen of
o PP ped BV ks o RTE N 02 PSRRI 2.
IDNO 2 is perforned with the PileUp program of GCG
Package Version 10.2 (Genetics Conputer G oup, Inc.).
PileUp creates a rrultlplvlt uence allgnnqu %5|q
sinplification of the progressi ve ali gnnedf™ Wet Kod°6f *v9=~
Feng, D. F. and Doolittle, R F., J. ML BE#6ttyr5
(k&ﬁ%ﬁm&ﬁlﬂﬁﬁﬁamand=the-sco¥+ng—nat%+xe&-ﬁ -------------------
i denti Cal sim | ar, oa[ctn.ditf fﬁ[lcggg wzﬁﬁntpp% aCIag:ll;l%?Isgllégt%d

are deflned accordlngly %hIS process begins wth

pai rwi se alignnment of the two nost S|n1IaF“§é&H@Htes
produci ng a cluster of two aligned sequences. This

clAgséRipazad té B wild-1@pé gﬁ@@net Q $-ODHFRSEm RSk aheatqtea%d 10-fold
se uence or cluster gﬁ g&ed sequences

Two cl us
of MEERYSBYEEs ML HECRY | Bed P W SR IgsE nd ot Ehacose)
t laecqi)dllngbyl weieh ﬁialtgsrerﬁ@ Bitbsofate b at ﬁdistll(l;l;'o%lof $l&lw:ﬁﬂtt¢56 measured

Tgxgtgl{ Sé;})ss g e Or 3t ?Cr I%%ﬁgz %‘H%‘tn%f; ﬁj&:ﬁﬁ (5188 a cross-reactivity
i rﬁ@rmakmegnlf)w% (slstemnirad andgalkenlosl andsaibed ko), this mutant as

compared to the wild-type s-GDH therefore has a 5.25 fold improved substrate
specificity (maltose/glucose).
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until all sequences have been included in the fina
pai rwi se alignnment. This way positions in other,

whoowolesysrs s- GDH nol ecul es be easily identifiBCI/EB2005/007844

corresponding to the positions given for A
cal coaceticus s-GH in SEQ I.LDDINO 1 and 2
respectively. This is why the amno acid positions

gi ven herein shall be understood as am no acid
podiet tein s sprcifGRtivity’Nor a 3ulstragesistvell kyowintinghe art, it is preferably

C Qfsé& ﬁp@&glllwthte Qﬁiﬁﬁ:&c‘ a‘&tlﬁ%é}%’nodﬁ@ BPPRAQHSV Sidddthethods are
| ecul e. . Mut ant.s ‘of GDH ¢ rlsgggﬁan am no acid

nttQrtheArtAp dﬂ?émﬁ’@ssptf“tl%%afélé’ft}’é? miecuissgising glagpse or
34ﬁh¢rrbu(g@ﬂ3‘bis f’sameesV\dIgJiale Stha., 40999) istis@l.t R of the methods

bet 428 of, . s- . h b f d
¢ B R R Sk RPask e R bR Pl P BBt
specificity for glucose As dermonstrated in table 1,

av\ﬁﬁél%&sy 1t9£ gﬁ%ltg §5IE ent A gigreh{TPJg% lec'c%?eﬁ afndctbtﬁfvestlgate

or %VUCOSE een | and genera
rpe é@ﬁ@ﬁpe%ﬁam ofi esgdeHdp eempprasomyto paY suchysglertad sugsr gplecule,

I St HGRBfeAtd tORMe@S dMEaB S aaE s&gak Ehcﬂ&%let fo®Buch a C?mparlson
r.op ri e ot her

t nine 348 is substitute h

Rt S%}e%?fh%rsgﬁw%ﬁqda‘?@néﬁ? A5 UR PRI Gloarangge, allose,
behlsetse, pq@sb,l amd 428080 Pré2Eblyi\ mialtoge m%‘a?\l’cfoed areI selected and
e e ti.o ef.ore relate
¢ aBbER R R R e R iy R fippored
arfoigabetos¢ on rmaltqaeeln ¢ e themipreferred @mbﬂbﬂanartdhdzée@éd sugar is
t BRI EOH Wi | d-type sequence known from A .
cal coaceticus (SEQ ID NO 2) and in addi ti on
conprising an amno acid residue substitution at the

aITt Ags BéehtfoAG itlidt ARe GRProVEROME ik gldc@sep@%tlﬁuqnoﬁﬁ@DH Wariants
has al,so b?gﬁ f ou fu t her %ubstltutlons at

AT ) T TR O o BelbTeg: BURPbLEE R gerable. s
pabeéertfooe furfied prefarted thdbsaiBdibstra# Speddfidly for gld@Be af cdhgared to

I %é\lglbs%ra{?‘er ﬁ:e%gf‘égfgtf%g &0 #ﬁstl(ﬂlee&.{ flt s%legﬂ‘efl ol{flérh%_lsubstrates is

|nprOV|ng t e sp ucose
v ampaeitedc afimirasts ithrgeé(ﬂm ﬁ)g,bm P erb@i wewedithentarromprise s-GDH

a%&tﬁnﬁ@aﬁ@f&ré&?b?ﬁ‘ﬁj 11ﬁgr0%@31 @&bsﬁ%’c g@&ﬁh@;“ﬁ)r lucose, which is at
bstltutl itio r the threonine

n
%ﬁsaaémaftﬁb&‘sqrtqr oprg eﬁféé af if’ésn %@W? Bighes as gompRge to the
a(ﬁtﬁerhﬁggWQﬁdﬂeM§gdldcﬁkﬂ, 428 and 429 of s-GDH as isol ated
from Aci net obacter cal coaceticus-type strain LMD 79. 41
are known fromthe art to contribute to the substrate
biMudiatignofn s-@H [eadlini many\caseetto &hlzyrﬁﬂb@rla]nts ]vﬁt}( #80889tically

5]r§gucg& gé‘ffb%géj’[]%%g f@ﬁg?ﬁﬁ)sﬁo{e Ec:ﬁas% /F 'n‘borre E;)]ha o;lcp decrease in
eXpbsehue icorovesllatsperificactivity fes Fi‘eﬂcsldistrytetg’hme,thmvever, may be
rn%glltlfC%lC fr'l%ﬂflngf &3 d. TR0 {Rerkfite ﬁ)lfgﬁltr&ﬁttﬁat the s -GDH with

speci icit ucose as conpared uga
nﬁm@éQNeésSP@Fl Fiftit &ovearels taes pelsirate glugesecariised lewst 10% of the

Mabs@fEactivity %lﬁ&ﬁ@ras BIeBSREd REtheRB kil éeﬁ%evﬁrlk @FEourse
S- is ch racterized | that t acid residu

t AR ATRlsTse thal speh awt«'@ 9% eRZymes 5‘2@%@@ SW% oaﬁﬂ%ﬁiprféerred

acit thasteodslofahs edspedtied gluces@at tidtygsfadil-§pasiGDinNg of

al anine, glycine, and serine. In a nore preferred

enbodi nent glycine is used to substitute for threonine
atFupthsi prefarrédéBe such mutants for which the maltose specific activity is 10% or

less or even only 5% or less of the maltose specific activity as measured for the

corresponding wild-type enzyme on test strips or liquid tests, whereas the specific
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The term nol ogy T348G is known to the skilled artisan
and indicates that threonine at position 348 is

w0 epbamesas2 by gl yci ne. An additional preferred PCTI/EP2005/007844

enbodi ment is a variant of the soluble formof EC
1.1.99.17 al so known as PQQ dependent sol ubl e gl ucose
dehydrogenase (s-GDH) said variant conprising at | east
one ami no acid residue insertion between an am no acid
postivitpfrs ghotose spdhtforsg comppedi tbitbaspedidi® aativitd2® gbfcose of the

h L@Q}d | ence known from A

é%’s et |1%%¢§ﬂ%gé%eeln%ﬁﬂl% 2) and at | east one am no

aci dresi due substitution at an am no acid position
C Ot 118§ BeRidadttRatPie sd pbsamé%furﬁefehﬁp@% Yubdifite specificity of an

sub ution of the aspara ositjon 428 |
UGG VA PR TS YRR s peBrerionati o el 429 By further

suheﬂllf)tmg i spichi varfpmsi toi @dduidBallys cbmppn‘selome or er@ramifo acid
of _pr (%)Id a n cCco this

i ns\lllgﬁt?[ {lgéﬁsc% CgrrmseseYla({sﬁg 3? m?j aCI f)&% lcfrﬁe am no acid

resi due at position 348, and/or an am no acid

supst Adﬁetvéﬁen@tof RRShilcb lﬁ%ﬁuoﬁlg& @e@c@;@dng eg@éat Qetail b  making

|ns rtion between EOSItlon nd Se varla
e IESFRCF JRAITPIROE 461 HRASTEIES ey &amt é @oﬂ% Qe 2orthe cwﬂd type
Megueidt O saGDEl 841 B8Iatddutrb®NAciRérolritich @alasuc&zcnﬂsyﬁel @& LMD

spondi n .0Si T 45, 341
2851 Rengo o tiRRyin OB b nT Folt g riBtindRTE o Bositons
c adfSEECIEY NQu g a¢SBQlY idehiifiedy. appropriasesetthencarbmpagistind
corresponding to position 169 of the s-CGDH wi |l d-type
se uence known from A. cal coaceti cus %&EQ IDNO. 2) is
inplipégaligameny and semparisontd apsesiehl seiqnensa tiidnthe wild-type
' Sse&tﬁ&lfcg bf SEQUbAatOt hes dﬁ@?di‘fr@li Wth%@ PHETP %rghfﬁ%fm@ Package

| eucine is substitute osi ne or

hen I ne,
t r Yei8pHARd Genplics %}DélP‘étF’f @50% iﬂ& E’Q@W G¥setss ajrpultiple sequence
Cbﬁ(ﬂéhm@ﬁt Uy 4 snhpfifiphenydfah@piogtessiveulipasfent ARtlH dT®eng, D. F.

] e ogRATh L T, Pl 18 s ragesrs o

N@delﬂ)cal simildys b tdifferent ammovanid assiduet ard defiiedsambdrdingly. This
r%@és§ %ngk tWl{hS tlper g&?&'{ & ghéﬁlﬁgntt 8 h@%r ?103%’ sg;mlar sequences,

IS S U
rprndu%mg d clsleﬂeeef l@@ a‘hngoed sequenyes Jblsocbméarwn thendfe afigned to the

t Nexar Ao &Pa@éd %& e foraaamm%f aﬁgﬁ%{s ?ﬁlﬂ:ﬁcesglw Wfirsters o

More preferred substitution in on 171 ¥
gl Sparenses §an %glgnteﬁ OV PP G ET ey %ﬁﬁqu%e glignment of two

pasdividial ddfuchles! MRe FmED i Gt iy PEIGRAUSNE QeriddOMprogressive,
I s, substituted, |

f A I E

RSP G U G TP CA R SIS SEPER g clusters,

t hattﬂtalleseqaﬂmeahhxge leeea lincludgl amha:oﬁmdipdlrghsetanghmeacimis way
Hl%%ts gxelb yhgxf-ng]or Ué§ aeh 1%?5%5{11? 'ne. e%& (Entlﬁed as

amne the-sub lon in
24@rrespm3dlm$t§aﬁnelposm®n@l givem farak ecalcharetians neGRAL] la.i SEQ ID NO: 1

C e
CSRLESPRRLIN TRESL Y EuSh A1oSAEIH] P s e
suBstersterde @s j Amigoy agif apasitigmst ple SERe &l nNQ n% e9ft Porihe mosmons

| ScopfegfHdiBLtheRad irf HRtHA! MirAblbYoRGCEDH MBlcadeno aci d

Mutants of s-GDH comprising an amino acid substitution at the position
corresponding to position 348 in combination with an amino acid insertion
between position 428 and 429 of s-GDH have been found to exhibit a striking

positive effect with respect to specificity for glucose. As demonstrated in table 1, a
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nmet hi onine i s substituted by, valine, alanine, |eucine
or isoleucine. Mire preferred the substitution in

w@o®snisas2 341 is by valine.ln case the am no aPCTHEP2005/007844

corresponding to position 349 of the s-GDH wil d-type
sequence known from A . cal copceticus (SEQ I D NGO 2)
IS substituted in a variant of the present invention,
it is preferred that the naturally occurring am no

an'aﬁeW&Jf sFEDHSvasiuhs twithingstobed gleaifitinefor glqcasmleas blebrti &lentified
referred the substit ut

DieiiesbSes Bt Pign’ b 8o 0 P a1y 105 Saat ¥UpRp  scen as
oﬂomgm theamina@adid in pospidei thiremise $4&is stlieitgedpith an approprlate

| S A ggl ? de%gomglﬁg‘ogﬂa&q%l% Leaty eﬁ@cﬂH@cWégn position 428

ceticus, can be used

s.a@duweﬁﬁﬁwrﬁfﬁw@@@ pRENGt 9 Qﬁﬂéﬂéﬁﬁéﬂnﬁfﬁwquth@fefom relates to
taﬁﬁﬂanfr R)téhldeP@}b-Qfef)érﬁﬁﬂt WGDchbHﬂ)risglg\éﬂ i%&{rﬁtéﬂ })Qtaﬁeen the
0 er a 0 | a SI111.0NS e substLtute
e oAt oot R OH HafidYer shiecs oW fom 4
preekentetidun (EEQ iTONNO: 12) anfluntddditionr efnepristck emaadnorenil residue
t t
R T T s

resi dues 428 and 429 conprises at |least two amno acid
Supshi L IRBS fSEAE Cth@td ﬁfrﬂﬁﬁn shbﬁltgﬁ&ﬁpatcﬁﬁﬁﬂosid@ Qnoefmmo acid

positions 171, 245, 3 348 and 349 as

P oHORGOEIRPGE o ios 1% 0. Uk PASAAPRLST 428 oF SEQ ID

S Qﬂwell &R aklﬁzmltﬁhgef)ﬁﬁﬁi ef‘ffortscbg |ﬁ¢1®}weﬁ1pfdi'$ng @E@Jécﬂid}@ fo2glucose of
urther preferred e

AP, S S B S Ere BEDan CP TR R SR otdu?d gad 429
t antlhe amisentid oesidetsubgituton aigpoaitiod 3¢8si dues 428 and

429 conprises at |east three am no acid substitutions

sel ected fromthe group consisting of positions 171,

2 A%eithgn the duenarriresislie #5 positipd P8 MOF e inserdionref acamino acid

PN HoGitioh h@z@ peny 4&9' ¢rt yl@@@equ&q@tehn% f A@Mrobacter
A. cal coaceti cus MS? i( As. the skill ed
art C%W’WWPea%‘B‘FIéE o fleare nawgsfr%v dhe grt fRaeaniiige to the
afﬁhﬁﬁiaﬂ@ |b?1|.c5hl§)$)flst@ﬂDI-D(’©ubﬁe ,0A., 8t IalenEmnutJat1|80(r1999)A16187h5194
ot i,n
% WHISIRS Y . BELLLES. QouSHA 827, No chemicl o
prigyeiod] eixplsatidrois anibahd, Woyespeciallihdese two noddicatiams ¢fs-GDH
t
P:Th@ Cl{hg @ﬁgﬁ\;&nasgﬁgiﬁg%ﬁ?%@b&darsl c&gﬁ%& (%\'39 &rgar molecules

amfdntsmbtsﬁ&pteqahlmgomp@r@ tprnefﬂ@fsﬁf ed, only 10 ami no aci d

substitutions or |ess substitutions will be present.
s-CGDH_ variants according tq the present venti on _ar
gilpenfurthes ﬁ@f%@né%dlg@ef thenvarippes & RFA S g}%“%ﬂ?@é in that the

r ephigsesnlid RisRiue thRAneEdANhARYNS34Y ist fuBstitdwdnwvithin adifiBo acid
vari.ants st Iucose Jntgrfere e.found so f

I
cdff ?%%ﬁleﬂ?érﬁ%ﬂg B4 5P SRRSRUDR oL APRIBCET e 458 Siftg. 1 a more
4 2% efepreé featbaldiyerdyplyaimd isnsed ensulistivritenfdrathremineYat pokEHon 348.

Ezﬂgge%éwgﬁégé ig‘e%nr {ec{}g% K veqt argsthanngfli’cat\ég' fibPrhreonine

vaatlpamlsnéﬂ&mrqueceﬂ@rylghﬂmepr eferred enbodi nents of the
present invention.

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

sequence known from A. calcoaceticus (SEQ ID NO: 2) and at least one amino acid
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Am no acid sequence analysis revealed that the
sequence notives found in wldtype s-GDH from A

w@ 2006088181 i cus on the one hand and A. baumanni PCDREP200&007844

ot her hand appear to be very conservative around the
positions of major relevance 140 i nprove the

specificity for glucose as identified in the present
invention, i.e., the insertion site around position

4 28sidund slBBitwonc atr nesypaindi avyl positibh ceotegroraligDkd fposinion 428.

A. t
LSRR, Ut E OO0 Oty
| Bnplmhlzé) qre praferaest the aulfzﬁtlélﬂtmm@d?@m@cdﬂ&mhy mwblinde

pr esent |nvent| on SEQ ID NO 2 corresponds to

position 426 f A calcoacetlcsvvll - GDH or
@rbeo%‘ioﬂllp EFQ rr& 3-GPHAVarBRl2aFATHNGQ 6hlf %VQHEO’GBPWP“S@S a
btstlbsmn@dsm i fe talﬁﬁnd) nERT tdstdueodt ;‘m&m{mm& &ed/6k aXadino acid

os it d 429 etlcus
ool iEERIGSY Bk B s Butiblbafcd FOPBEREEMGHpYsiofh 429 anc
pﬂéﬁe’fh@d Veriposl mwmpttohell}pﬁsdenfoelmwdaﬁtd tmccvrapaseesnet or more
e
Ga\lél-ﬂl):l(g g@v gﬁgt %§§E dlﬁfn%gacgchgi[ &P{réec]{bglee a%?ndln%to gosgﬁ?s 169,
vari ﬂaﬁ‘@5>c?§pra|n§(%g3 of Ithe e Dl wild-typge ﬁ?ﬂﬂence known from A.

C halasdeBELsZGHQIID Dat). sai d i nserted anmino acid Xaa is

sel ected fromthe group consisting of |eucine, proline
phenyl al ani ne and nethionine, nore preferred Xaa is a

priol dasee theesmdweaad\s:omemmidmgjtd potitied 18D wfeht BeGBH wild-type

%Ecﬁw@%@ﬁféﬁ?ﬁ ﬂgmazg ncf&%g&gg%&g (é’l&g ?fN&M i)qs g%ﬁtﬁﬁ% {R¥ant of

c éb@plsstgt iyenon, it iswir¢ferred ot ﬂyelatureﬂssQﬁ@grmngaremoamdrioucme
aqg dubdigheadnpry h@éﬁﬁamhlla‘ B84 Se pﬁstfxpaobhéﬂeemafee Pgéef&m the

the art to produce nutant prote Based on
i %WF%W“WR%FW&SM&S l?‘/HéheBV]égéH’ce i nventi on discl osi ng

the critical inportance an am no acid insertion
bet t 28 and t he il.lLed tis
o3h " GEe Y St ed Petiniig i Bpvice d70d hecChH We-ope
S s&ipdncSkniedwiv foiraAt @lcbaretiex A9FD) EDAGD: Dds eddisadtutedlinby/ variant of

t I%ﬁe rf%slgg ‘J%Hﬁx\ﬁ] ]?Slf 2@5@?&?%&@%@ %g u%alf Syc!?lglimg anttho acid

or ‘d
nﬁyr@g@n e‘s&ubst(mqtqdl by 4, arginp agid salected Gtomi ebsgrowp yorpisting ©6 from

(108 7$ro§én8 c@&@cm ABf alitghdatlgofRlh oy die. PRLRAHY Cgre?erred the

pr ot e desi red propertles is"to provid
cﬁPhﬁ’éF‘il%nE’d?%ttW@clt@ is Rirgledine ont ai n sequence el ement s
fromat |least two different sources or to

| et synt hesi,ze an a ri ate s
e e SRt Fopme iR pRtter adb 14 YBe e Hr Mid-trpe
Wistquenbeknov o frivat A.anlcoiceidud $8EQ [D NOe2)is aﬂﬁfituted in a variant of
Congnlﬁrlessl(e)eﬁt Er?veg{lgr\él(jge]ts n}%rte%frea t%ﬁto \ﬂgeg :na{ﬁr%grs f)f(‘turlil{l% ﬁ!lél’llfl?] acid
c ghbamat iaod isi subStlﬂmeedd ibycdspeuid acid.enspavagirize bneghtamine. More

pg:zéffef eq th%%ﬁb&ﬁﬁitléli? ﬂs%@ 248 14\{9 asgart{% aeid CPH \é:r i ant

|ng to the prese I nventi‘on can e.(g.
produced by starting froma s-CGDH gene as i sol at ed

f TANGACKNChARRL hEA BRlGRAERId fPodiBoPB48tdfahl 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
methionine is substituted by, valine, alanine, leucine or isoleucine. More preferred

the substitution in position 341 is by valine.
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LMD 79.41 as well as by starting froma honol ogous
sequence. In the context of this application the term

w0 b@andsigous” is meant to conprise an s- GDH anmP@DEP0007844

sequence with at |east 90% i dentity as conpared to SEQ
IDNO 2. Wth other words, affer appropriate

al i gnment using the PileUp program at |east 90 % of

the am no acids of such honol ogous s-GDH are identica

t dntdaee dnd mmirac add desspordigy tan p&EGoh D4RQS the skGDH Mild-type

eeRAEE RAGRY bt MRkl RTSEQIDNG: A8 SARIRAFH fvactant of

i rihe pepserdnyesitiog m«st prsfesred foatrthe namlhélymurrrngea@eno acid valine
Vag LA PRYahige Lgl}‘cnien MH?e bRefdPoh @RIsBOstRGHSh in position 349 is
dlff rences in the overal sequence, due to deletions,

R i ons, |nsert|ons i nversions or additions of
one or nore amino acid residues in said sequence as

S
%pcfeserq}efi dlﬁ?ﬁ%&?%@?ﬁhad éub F {:u%ogx%ﬂgf ammo aelﬂ in ng‘flgn 348 of
ofthgisrDa&F isegquenne p:@haqunyhngc barthe, wi l:){m bequemce isolated from
hydr ORbS, h&ls,t ¥an *Bxddsembl lﬁas apqﬁg;ro@eeagnms@%@aﬁqw of

nature o he resi dues |n

nédfabHy diby ‘il gléféﬁaarWIHéinécmd‘é’q AP %t%lﬁramrepraetﬁ gositions

aRrghied hhta Bt SutR€itieled RRBEShDiAEY with AhdRerfith AEcoding $o the present
inclu yS|ne and arginine; amno acids with

urfeYFaH Bd pol ar head groups or nonpol ar head groups

havi ng S|n1lar hydrophilicity val ues include the

fql ! O, ARy Sﬂrgféﬁ &‘%mﬂoﬁﬁ%&t‘%@% .GYH bﬁ?a’nt %ﬁé’o%fﬁg to the present
al‘arii ne, asparagi serine, t

p hevepkigh dni adélthrytoo@eneser@m betwsen taetpd atcleldremdncsaﬂ%mgl 429
' QB ﬁessﬁlle%t Warﬁﬁkeic% Qlbstifiionl %&té@ﬂ&ﬂn‘:’cﬁg droup consisting

recursors of

af0<§ P@ﬂgﬂlﬂﬁ Hﬁea‘l% érlyp"éﬁepe 5@9 ¥ R TCSRQIIAM eto Hpige geiddragitions of
haké fGDH keldriypabeqs i@ kinbirhifdin AU coasHBBI(BEQIDNCO: 2).
N-f or nyl met hi oni ne used as | eader sequences. Such
vari ations nay be nmade w thout necessarily departing
f Moryet héurteo peefamet érhbodapient thecsf-GDhEvamaﬁS estbrding to the present
nv\e LR aﬁ%ﬁ?o d{on e 1886?{1 rf %QH\;e 1% (WCfdnreglaSes %nd 429
dUart oraccor he proce ur es t
exampirises as deast three alnulno ec1p@slytlbmt@rtseele¢itcéfrnm the group consisting
pQ)If éﬂﬂghﬁsoﬁéld 845844 §%ﬁd @@@élsn&)r{egéo g ahntn%g avid Pdsitions of

SCUSSG above enti erefor
c éhw@i wildsiype segnencedknpynfiame Aeethoa@t@édéﬁﬁélé)sl\l 0:2).

encodi ng s-GH nutant proteins as descri bed above. The

res nt ntion f ther . ncludes an,expres
U B ol Pl Wi ecitds it B B Suibak: agipe acid
t Isebmteﬁmt e. gmvlemtmotatlope W\&bdhydd natkefluencp tiermbpérties of s-GDH
uence.can fT%]r %ﬁh S XRY €8s sion |p a hpo ill,
? lcaresen i nvent’i on g ﬁn’ (oncrUdes “an vetton wi
emmesers (havevectmorect(hm r415$an’mgoaacrdJ etabaugeacis dcosmguesntoeSEQ ID
25501l archayf B PR3N BHARKL OO APRLARLH ARk Sbdifurions

a pronoter sequence capa direc
exprgskictrredn oa mé@,tam}ep | aadvls@?rsemtms \ﬁerclee% substigtions will be
&heds such as pACSGDH shown in Figures 2 and 3.
Expressi on vectors useful in the present invention
typically contain an origin of
s-GDH variants according to the present invention are given in the Examples

section. These variants also represent preferred embodiments of the invention. The
variants with least glucose interference found so far comprise the insertion between
amino acids 428 and 429, preferably by proline, and the mutations Y171G, E245D,
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replication, an antibiotica resitance for selection, a
pronoter for expression and the whole or part of the

w@2@@Bbbgiane vari ant. The expressi on vectors naERCHEB®O05/007844

i ncl ude ot her DNA sequences known in the art, I|ike

signal sequences (for a bettersfolding, transportation
into the periplasma or secretion), inducers for a

better nodul ati on of the expression, or cleavage sites

f Ai3¢iVornd d' 348G er chamadatérissitlictE, BI71G 248D ebi3dtlV and T348G,

CHBPRBSIPNTHEE! Bo mntpglssom%ftﬁ{e@ Ié&i{}&fe%%am?&}d of the
ch is to, be enployed. For exanple en c

arPrﬁeEUIm’erttéW system the expression vector shoul d

contain pronoters isol ated fronlthe genome o E col i

cells (e.qg., lac, or tr | e ori |ns .

- e idieqeRe eitbysisgriled afe e fhorte dRoies dovng ip wite-

c dypdoe GIE fronB4i todctolczeetzpmso:rmt}mrcmelhan& adé A. fbanmenmeiirph ehe other

| 3G, %Furpto b Vér§ BnSRvREELES n(?ldtl}eg[%;su Ol?lg o%xrﬁerggrc’ %elgvance to

vect or ncl udes sequence CO {%ﬂ
narREqVe] thy éP%mﬁcaWt fopighicpee erelémstt de the rmesews invention, i.e., the

sehRedADiR BUKE HDsitiBATI2E ahli429 ra@%b?r%%%@mg% wild- type s -GDH
%:anycgﬂ resi stance nmay be conveniently efployed
0]

WA *al s are known in the art and are
comercially avail able. Suitable expression vectors

can n ir and .contyol sequengces

ey Bttt POBAGRROER o R iBE sheiomRiY idascaence of
t eAL(I}NX@ﬁ}@%K KBBIDI NO: B rapiesentsean preffrrashérobodiment of the present
d r I
LS%%?%?SE%??@ 20geoisy ﬁggfﬁ?n%% Bios 7t gl pia-
Sp¥Ren § GaFb BT rto Besiion dry-48? eefs A Theamenei ewildityReemtGIOH but
a@atriph@ﬂﬂg'thé/ 1r[s€ftﬁﬁne§f d® HRBb &Rl (&af BE‘M@%I@ ipBEitigfs 428 and 429
e sion v ri se sequenc
c O ARGt or B A2 FiD b @Tia e PG st
cells preferably contain an expression vector that
C I part f one of. the. DNA, sequences.

(i’ﬁrpar 8§ gﬁrégci em% em}t i %rﬁ%eng HBW%IOH {eil]azeseﬁ)aram}raégnt s-GDH
zcempswmgatble 9e@umce @N-Xaa-NeQuIﬁdQ (FBR Bxawp! é]). Prefetdbly the

HEI (ﬁgl\;Iv( ﬁoﬁgt %§§1§f’i}mgvﬁ$ i) ng; he ;ﬁ_ Eﬂﬁeg ach%égpe%zw ?19 Yhat said

%ﬁeyt% peRQ agif Stasds aglested fromnthe sUoRP Isomdstingyofifewine, proline
ROA6hyldlgnid @ hh dmefoniHSAho@efbied KhkRa Iﬁ&lﬁ’ﬁeeﬁﬁliﬁé‘

vectors may be i ntroduced into host cells by vari ous
met hods known in the art. For exanple, transformation

ofAs hﬂplhnﬁélfhﬁthw dbbvex}mzﬁﬁﬁb(ﬁﬂld\/ﬁp&@glﬁe et:| poﬁﬁoﬁ; aps ofwild-type

¢ Pt SRR seE R p i iR ah o 885 Sinieg 1o no: 1
I—lw&vcﬁnpnmthe subsdtthedismiraracidinstedlici BFY@8expr essi on
vectors into host cells, for exanple, electroporation,

biolistic injection, or protoplast fusion, can also be
e APIBRF s P@kll?élt@ﬁ awlpmxsnsmcthe exdo produsaaitanigroteins. Based on

S ik (ﬁ{dn@ 'ﬁtndh'%g JPERA Ffe@énrt Qﬁi%ﬁgn ' cpgcfbs tﬁ@ REGPAiffpBrtance

host Qel st ce t ur ed “under

c 3R AMIPGALd dRtertiqn bmye@mm ‘b?ﬁi @d 429 theeskilled gridsagmqw can
v 2idilfpr6dudedaitheedgpropioqit dhrdoigof H&THESISLER variants for example

can be obtained by the methods known as random mutagenesis (Leung, D. W., et
al., Technique 1 (1989) 11-15) and/or directed mutagenesis (Hill, D. E., et al.,
Methods Enzymol. 155 (1987) 558-568). An alternative method to produce a

protein with the desired properties is to provide chimaeric constructs, which

contain sequence elements from at least two different sources or to completely
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expression vector with the DNA sequence coding for all
or part of the nutant s-CGDH can be easily identified

wh006/0e813mni t bi oti ca sel ecti on. The expressi onPCI/EP1965/007844

s-CGDH variants can be identified by different nethods

| i ke measuring production of-g~.GDH nRNA transcripts,
detection of the gene product inmmunol ogically or

detection of the enzymatic activity of the gene

prspuithesize Br gfpeopbidty sBDEngenratich mesdyréssknappl ingte aftheay be

PrEse M cbﬂl\ﬁﬁﬂhb%&q 1% Irﬁ@ﬁltﬂzﬁ%at %@d&%&%%& es%ﬂfjm ention to

screening o varil ant om nut agen SI S
s droyide imwtanist el speaits of - spmpeisiag «g}ovddltwml haémno acid

arshbst¥afidrAnh %oﬂib%&%h%ﬂ?ﬂlefd%ho%ét@ﬁ%érﬁ%ﬁ b§1§3\?‘e@h loéihbr){ 4%/|8 and
ucose conpared to maltose

v%%éé?}%%é Ig%og The assay conditions chosen ar e

adapted to ensure that t he expect ed smal | enhancenents

brou out e. y I no. aci d

S SEHE P Sl AU ABARE cgp becprgduced by

orstasirg&nimy SQDIaImgn@)pﬂr18913@drfmrapﬁtcwewéacgqrr\pehoamticus type strain

E>L<’MB'7® Aﬁ. asAvOéﬂ &@rtﬁf f'rémraoﬂ(?rﬁgl% o&ssegﬁmrﬁfjﬂlgvc% text of
the wld-type enz can detect e

| tthis rppligntios the 6€Frl%e Oﬁefqgﬁaérgtra%?@t ttﬁépmmse ap|s-GDH amino
expidasghdite W@tﬁta@ lasteo09o [NAtiTyEGUbATpared t5 SEILITE BH): \aowlt:h other

f t t

S BB b o R ALV HERES of e
f wnoho ecidegiisich howalldgons stGDHearsalptiak pr ¢esintino ayids described
F@H@EQW Qpe,of ordinary skill in the art will make

anapproprlate sel ection anmong the expression vectors,
DNA regul atory sequences, and host cells using the

gyt danee uHH&Wo@&C{hi‘te\Fa@iaﬂoﬂ\é ShONA MRPMSino acid sequences naturally
experi ment elnvenlo al so relc?testoa

preas%ég PEF aﬁ%rr&au&% gy én PHIRAaetheds iovay, jry thstart. These
i W‘dﬁﬁlﬁidrﬁﬁn@pg@ﬁlt i ﬁ% t? l;ﬂbq/ottsfmlli’a@ta&dhﬁﬁbreﬁ@éshn glﬁe f)ﬂeall sequence,
|nv under ndi tions suit.ab uc

it RfroRS aipr o, SRR DR ety on B ETsp! FsSer more
celrrhao atidpiesidiiesdulstidrseqeomneiat camparad ¢o ISEQUIRI NG . $och amino
C %@fdasjugktﬂgtlgﬁsr ?19% b@?rgad@' 1‘0? Q)gaqg%h% O&H ﬁl%sbamts Ig? f1gl1lar1rt{)a in n%olarlty,

orf @ﬁg@ &Qb@@llt@,xlp{dé@}}ﬂ‘l@ﬂﬁlvebxdi @phlllqiy}p&miéq)r t@ppmp‘bmpaé]mg nature of

a |
2 Eﬁ% ?gﬂhkﬁ%ﬁ?l@%& %t? git'i‘dg%lg ‘S' | éntﬂﬂae XC@B Ce&rrino ac1ds 1In§lau|de aspartic

i Radan utag%%e%&al R?é}tlYS]é! prpesl a@mm;%@,@ mﬂ&é@ M@eamé arginine;
t hgnihé keids Mith ﬁncﬂfa@geﬁrlﬁ(g% héaat rbﬁ‘[ﬁs &Og&ﬂ?ﬂiﬂ Bed %f)u%shﬁavmg
pres obt,a r.oducti.on in
PSR e tlig, 42 lg%llﬁ{lﬁe:ﬁ]& NIRiRG EhER R iietiane, valine,
S gGiohte, dlaginpphsppeginedglataine heripe,ethesvhirien ‘phéﬂylaimlﬁaytyrosme
al \ n t th
o r@tglglb g %kg}ng a%@vg%at l?glrsl Cllélaglg% Is%l?s ?111(? %%1!1 c())ff he efore &Slr_]'tloned
FWIMBWSE as t ell EaNApmeupmersc eb tgayaf@@nwhoh@bl ppétpepsdes, for
d%§%gfged pﬁl’é@rsa V\iqngsqlftt&ﬂ‘llhﬁt Quﬁstﬁvﬁl’l&rﬁbg h. as methionine,
expre SIO vect or, turn may be used in an in
iN-fernplmadieenipe iused tas dlgadest seavensess t Bieh yatiakiops eBay be made

\éezgiﬂﬁfué ﬁ@dsgsrahgﬂ d¥Paitihg fisth doROInante biat beie PSesent invention.
eri ne an

According to procedures known in the state of the art or according to the
procedures given in the examples section, it is possible to obtain polynucleotide

sequences coding for any of the s-GDH mutants as discussed above. The invention
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descri bed above operably |inked to a pronoter sequence
capabl e of pronoting its expression in a cell-free

w@ewbioeka3synt hesi s system represents anot her pPErf/EP2005007844

enbodi nent of the present invention. The pol ypepti des
produced e.g. by procedures ag descri be above, my

then be isolated and purified using various routine
protein purification techniques. For exanple,

c hherfotro groapfrises pilsoc édlutes lichickstidoneguanbangacoding s-GDH
chr h fi .ation chromatography and
aﬁ?ggﬁ{éﬁm%?% Squgbedﬁt&%ny be enpl oyed. One of the

maj or applications of the inproved s-GDH variants of

t R ﬁr@%ﬁmﬁ\féﬂubﬁ' filBer liQuS &p&@s&%n%&op%oﬁl r1sm%_ a nucleic
nonj tor bl ood- Fﬂcose evel in.diabetic

i ﬁg@néquet gecgrdipgyip Jop Hawht I@anl&sgeonféﬂxﬁvaﬁ @%ésaromoter

t Ququeaise bR DS U ecting iliespressi@inalimsecella bi g advant age

over glucose oxidase. Mre inportant, since the s-CDH

variants have inproved specificity towards gl ucose and

S ﬂijm ;immnumendem :ﬁazb]seednéndgsrm ¢xpressivhwiettpr comarisisg a nucleic
0D scRHBRSaccditgl B fle" SERAE hlﬁox‘if%kﬁ @gn QLA LB fomoter

or ‘ot her rela resent in

saﬁw@ce capsblmeal lzecdmg.l @ipgwmppclan% ?(19str uBesderret Vectors are

C Y sHRdSIRIEU aKpR@SGDfH SRR I8 Fidiys Dand vesti gat ed.

Bodily fluids Iike serum plasm, intestinal fluid or

urine are preferred sources for such sanples. The

| rBxprdséion vatiees aefqirihshs presert mventidn dpi@ly icngtain an origin of

det ni. n i,.n I |
Eﬁﬁmuo? a%[anglgggtﬁ% %snal?c %ﬁ&?e%ragf% 2& rﬁr ?ﬁ)\?&e}nfﬁ 8&3 Qs?l[oﬁ and the

esnzi&d¢ af part of tfeer-GBH gmvatlh@t | hplemr@@lqmvdqtms fraiy also 1nc1ude
d%ttﬁ‘&rtlblqg sgéuéﬂcysclgﬁﬁvd i e SATRLE ﬁal% eﬁgése(%rze?get’[e? folding,
t hat sai tection, determ natio asurenent of
gltrresRRrtytionpiate herpeaiplpsmapr deaetiens lr&u%réé@r & Peifqy modulation
de)fitliexphdssiOn VridbatadeRResEPEBN@E. t he present invention
is a device for the detection or neasurenent of
gl ucose in a sanple conprising a s-GDH nut ant
acierdibngterotidshifshd sreleeteﬂieﬁpreaﬁomaéctoraﬁunﬂah ebmpea‘glemds ﬁle host
re Xo| fo ai.d enent

b G0 B ORRE £ FR by e, PR O R ap Pl ot
altho emessmdvettmr ghadd cadtatmprageoten 1stmlajsiafrsm Iéle genome of E.coli
( t o 9
Lgﬁlﬁféﬁﬁ gl CZEC oF ¢ {/p)e Sﬂab @h%ﬁﬁr}ff fe 11%&631 ﬁgé)r él?el'C%YEl plasmid
( Tepliption gngmecand)&mda §Vlté1? aﬁronwoterSétldade’ fonvramplen lacaad trp.
f LI@ s §I36 Prefed3d tﬁ&%@)exﬁ%ﬁoﬂ-%&or Whhc[k@tbsk‘e@%ene‘é cfling for a

Sensors B: Chemi cal . 10
39516%2) adier B prniorig & GPistAgCcgeng] §sleetibls'8 gﬁ%ﬁ%@cﬂhn
Olreélsthids 0O rcand?ﬁ}’aﬁ heststdrite pASE be tcbRveiddilyl anaplogedt. All of these

C et AR IRy SRR o RGP et o um

conpl ex containing a redox conductive epoxy network

( \é‘?ut%f)leael Presglgr? Je ﬁﬁr &fﬂt%{lgf gnﬁﬁé %eﬁ?éﬁ%&ﬁlg% andr control seguences

det'er m na ucos concentrati
almay bxt ¢amstrpeisd uping stap@ardcrmqndngartthNh dechinigep k@nwram ide art,

W'thn;I he wmoxfed d%ééPi%Ed %e S%Bsfd&' ¢f tay, 3aCOR@ideglat OCloning:
this invention. Fo qg S hese s- variant s
A Laboratory Manual 1989?l ol Sprlng Harbor, NY, Cold Spring Harbour

Laboratory Press.

The present invention additionally relates to host cells containing an expression

vector which comprises a DNA sequence coding for all or part of the mutant
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may be used in an al donic acid production process.
Wl d-type s-GDH has a high turnover in substrate

w@xiodaesien produci ng gl uconi c and ot her al doni BCHEPZ85/007844

By using the s-GDH variants, which are nore specific

for glucose, the production ofg.gluconic acid woul d

result in nmuch | ess byproducts. Wth other s-GDH

variants of different substrate specificity, it is

pesSDHI. &ht bopr elupefedililf esreain aal ctprésgomgedsr tst comprises all or

r Za‘ﬂt{'rllﬁ (é’? bptﬁehﬁNonLéqgtmcf@Q thﬁ%ﬁé’%‘n@%r Iﬁ})l'e &%?a‘%%ﬁ%%hown in the

on enz materials were

f esampise A. wg@igbmt@sllmﬁlﬁdmfor eamde Eophid¥B101 (ATCC 33694)
f%@gbw ﬁJ)m%h:l S(zwoew%e&mt)u@ed R d1|waaf§sln age oy SA NSL1-Blue
MRS K Speetpo FLIO NG TRR Road b5 Fo‘i‘fa, R usa)

chadabkd kltd. zat i on andcl oni ng of DNA are well known in

the art (Ausubel, F., et al, in "Current protocols in

nol ecul ar bi ol ogy" (1994) W | ey Verlag) and can be
adaptesdonyestorunayelk inyrotdhesdghid hasd cdls tiysariousTimethods known in

fohl ow pgr @%@@E et?e)l(I{sFHr Bbn IofHdst £t %f}p&aﬂés%ﬁlr\;ectors can be

i nventi on. es_are_not | ntende
t Ivartisdopit by R%@ﬂm@@eﬁwq Avehited rhrotaplasp tgppfgemation method

f ysdhiBFooltndar. Ibedelipig). efovicher, bﬂiéf3 Eﬁdtl%ﬂs fgi(ﬁimidﬁcﬂag expression

gé’ggtbg?g é‘?ﬁ%g &12)5( 6{3@92' : P%trha@eg e%gﬁ? toé?tﬂ]% ghiolistic injection, or

dghyapbgefusion, can alss.beealployEle s- GDH gene was i sol at ed
from Aci net obacter cal coaceticus strain LMD 79.41
according to standard procedures. The wld-type s-GDH
gdMeceiasexpIdseibpeeiof prmsaiaing asyiGIPIE rratit diap §eqrhiatioghced into

PrAMBbespriaes hé‘sct”céﬂ5 4 RORst @éﬁp{nﬁyg Bt efltdrell unBat @dUitions permitting
appl i atl on V\D 8373 The' new_constfyuct was ca I e
P ARERXSEHPY s, Chity vayiantendos G HbicAARING the “Kesired

Ple’presdisn W@dﬁt@r I\Afifhr 2RUDNA idqtienca &M&ig rgANbs @hﬁedfetfhé &futant

h
car@%ﬂfaéﬁb%ﬁ%f&}f WsSiths P e co BUARRE SheiSharisofrssen of the
s heWDRDvaiaGBHanchd idettyfieidyediffetnt Fitethqalsdikminteapt@ECPidduction

0 I .
1 A PR PRS0 SISl B iy o
Ki ctete(Ctymagné rihe gotyonadicragtivisy pﬁ thenganafraeduste Preferphlptapcastyzmatic
Thesapliesimlidgwas resuspended in 1 m bidest water. The

conc nt tion of the plasm d was determ ned using a
Beckman DU 7400 Photoneter. The yield was 600 ng. Then

t MgheGpradent Mw@xfltl&hﬁsd)ﬂea&fék dieVg@ﬁeldﬁb@ hifdl Bv@ekniyg ﬁ@aGDﬁpvarlants
Ag I ectro horeS| %Fx Cener at | ﬁ)g na a?‘é %
S GP dE PHG PGP ETEF 6y P REPGRACPATb e art.

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

It should, of course, be understood that not all expression vectors and DNA
regulatory sequences would function equally well to express the DNA sequences of
the present invention. Neither will all host cells function equally well with the same

expression system. However, one of ordinary skill in the art will make an
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s-GDH with the nutati on T348G was nmanufactured. This
mut ant of s-GDH was chosen because it is known to have

w0 egoesi3activity to nmaltose conmpared to gl ucoRET/EBMeMDT7844

02/ 34919) . The Qui ckChange Site-Di rected Mitagenesis
Kit (Stratagene, Cat. 200518)ppnvas used to substitude
the threonine at position 348 by a glycine. The
appropoi ate primers were designed. The 5 - and the

3'apprapriate srﬂmﬂloﬁoammg dgeempséssionevrectors MPNAnegtlatory tsequences,

R e R

central position. These nucl eoti des were flanked by 12

t Ofﬁ%@n%t'l@lbﬁ%sbqglﬁte@fto Eﬁﬁh:e@rfgr r&ﬁcﬁlg qUEDESArhtslof he current

nycl eoti des were i nt.i cal se and anti-sens
DNAYEHIP B P RPTATRG ﬁafr%g ZobeR Creﬁ of Fie_ J¥eRtomder conditions

exahablgor prodtiedah of tHehauratdGDICAS thd htventiom eFol dactelid host

S enﬁgt}ﬁ)gcgd égélrfe %(r)PamSn?Qr]Ee'hqﬁ 4}121%%12&1{ 9§nqa18§rgcﬁpéonn§r%cﬁnltrogen
arsoumgbe appmmla(esmtﬂ@m aml Naictign agent4(depading on the used
n d
regléﬁﬁ 'vQ&m?hgyI%TE ?{B%prﬁk@ﬁﬁﬁﬁ&tﬁks\’iﬁﬂﬁd@g{rfp%lﬁ% %anamycm,
et RATRL R SN PR 8rea1t eoRIgFal jadugpien ageidt pglude PTG
Elg@%g@mf@tgb@@tmaﬂ(eachl eved with 2.5 KVin 0.2 cm
cuvettes using a BioRad E. coli Pulser (BioRad). After
gromh in1 m LB at 37 OC for one hour, bacteria were
pllatie preferredBthatpibei polypeptides opltia @seséﬂIOﬁlVﬁgtMn ke obtained by
é%ﬁlhétiohrﬂl R QIO ré&{lﬁ HRAL se%&er?c% ﬁ%ﬁlrﬁ-r{h% LAt §6DH.

ones were ex nrne u3|ng
s crhee ppliipentisieh o . thexpiepang @V@&m@emaﬁgalsm@engbtamed by in vitro

C QL ORlaGSn VF hECmASAN eRldieED §§§NAbs% @}Q@V&‘)d‘i’ﬁ'gef(ﬁ the mutant
cked into mcrotiter plat P;Fécont ai 20

pi ¢
L 8-SR dior xRl WA seawalcr%ms o Deered rs ed above

37an@@nseﬂé§$ﬁtopi aligblead: :r(?rééﬂbﬂl gebtomsihedh Pl @ik snayfeased in an in
each nmmster le/well was transferred to

ar?’”i(/fl’ga’&s&ﬂf’ﬂg‘?'ﬁﬁaﬂgu?ﬁ Syﬁ@?’/ wel | of B (B = Bacteri al
Protein Extraction Reagent; Pierce No. 78248) for cell

SR S8 ool SSRGS Y U 1 e

actesaribted ahowt opera lwkre teal geainoten smnmeecta@ablh @f promoting its

| HIRL00 i IS0, A8 e IR e gt

i senehgdiment itk Pigsepit Aventigi.om t he working plate 3 x 10
m sanpl e/ hol e were transferred to three enpty MIPs.
r that,.one est wi t h. gl ucose a andard
o= REVBLSR: PrArced chdUnBflenss SetEba Xyl Jee then be
C absigvad raati px.mf(eli Ssindivirisiseraitinf p'}Gterﬂ\/lpuaﬁchtidmetet]i]mmdes For
Qf 5,8 ot her %el ectq{j sygar | ec

SUeB(angef 88 0&18[ O%I'SP 18 tpéace P €5 such as I e)ﬁC ange C roma Ogl%.ph}’, gEI

usfdttation dwm@grap}&@ddéﬁmwggﬁnégagiggwhw maylbe empényeéo

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

galactose, and/or other related sugars which may be present in a sample to be
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all assays 90 nml of nediator solution (see Exanple 7)
al ready containing the sugar to be anal yzed was

wa@ppbiesi32 The dE/ m n was cal cul ated and t he vaPCUEEP®OFHET7844

30 mM glucose as substrate was set to 100% activity.
The val ue obtained with the 02lher sugar was conpared
to the glucose value and cal cul ated in percent
activity ((e.g. for naltose as: dE/m n naltose/ dE
g|a@g](yg *ig Gignificpnils qedu@éui%p@me tneantyhkinds of samples may be
CliRvatifRaL _tHO\ﬂﬂ{f Yufls 1B Ser(iMAH1a3E) inBRENATFuid BEuMAE ME preferred
obtalneg with the 1.9 nM gl ucose was conpared to thg
3GOHFFEYICLEYSS2PRIe and cal cul ated in percent activity
((dEf min 1.9 nmM gl ucose/ 30 nM gl ucose)*100). This

iMes. a 9% val.ue which is an indirect.indicator. of the .
o Gabrih 8 0pfies, . nid O H8%ineb s Hing o geasuring
¢ glupgbein panplhiighes s%BNH| metahhaticontizgs tosthe pwesent(invention. It is
b | .

e il B R oy R PR AT D XD pomple
f ibpRaEIqteizg i thas gaithdettg o <letermirationormepsursment of gycose is
t herfonfied fighg M orSeédelfipl@4fie  whi ch nutant has a
25-30 % mal t ose/ gl ucose cross-reactivity was isol ated

(H gh Pure Plasm d Isolation Kit, Roche Di agnostics
Gléd, wikhin 1540698 )of ahel presguienoedtioising denicABbr Bid degection or

j encj Kj nd ABI 73. and 3/ 77 .
Al SR SRR EL e ColoBfle 38 6B BpR o fding to this
priyeation pewell aseiticr iSegents requizgdifor @bHneasuBemMA ACG TGC
TGA ACA GCC GG 3' (= SEQID NO. 5) GDH 2: 5 -ATATGG
i[RAAAG TACTAC GC -3' (= SEQ D NO 6)Result: Desired
hetsrGR oreraris Wit imkyqvsd subsratespsrifigis ohBdninvention can also
adRiByEEh gre@Sddvhntage inbiotabae (DICu¥tal Bt P, & &l BRR&sbEON(1986)

i _
A4 BRCRABR B b B eTs e Bpone? Eainavicus

vaft.j endls Momabshsfts fiedr Chendatl 3T 34BQ) 1269128 10 Malmaiigkas,sA. et al.,
[ I, R i \te-Directed. .
5085168 A0 229091 B0 EAIPSEST: BEE S o

aspreopy inae sapplenerr & réastort Ker this entpcoe thetsiBhl wariants can, for
acksnpRSbE LISt AeSt aﬁ%ﬁé&-iﬁ&%mg@s@f g'ecﬂr&i th%h osmium
were designed and a PCR'W th a nmutant of s-GDH (nutant

TSP/ XOBANIRE 1899 CORANCHYGERPXH AEBY K eteb aknk993 supra) for

- mangtk aedusite dstelERFbLAF e glikc@ke édiReEdHFRI S t he

respective codon at the insertion position was
synthetisized at randomto get all possible 20 am no
adibdse &k ehanges poskiids eppdaivonsiuf theo GDIE sariwitewith the improved

substrate specificity according to this invention. For example, these s-GDH variants
may be used in an aldonic acid production process. Wild-type s-GDH has a high
turnover in substrate oxidation producing gluconic and other aldonic acids. By
using the s-GDH variants, which are more specific for glucose, the production of
gluconic acid would result in much less byproducts. With other s-GDH variants of
different substrate specificity, it is possible to produce different aldonic acids as

required.

In the following examples, all reagents, restriction enzymes, and other materials
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
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flanked by 11to 13 nucl eoti des at each end. sense
strand: in429X_F: 5'- CTGCCGGAAATNNNGTCCAAAAAGATG 3'

W@ 20068631BD NO 7) anti-sense strand: in429X R BCFEP2005/007844

CATCTTTTTGGACNNNATTTCCGGCAG -3' (= SEQ I D NO 8) The
PCR-reaction and the Dpnl digestion were perforned
according to the manual. After that, 1 m of each

reacti on was used for the electroporation of XLIF-
celdningef ONAcare el kabeu én thafaretAgpubelt R, etral. 1im{CurBnéprotocols

Sé i}é)lggulsﬁ‘rbqol%g#r ’19@ ) es}; ?iﬂ%r) %nﬁlc% ¢d 0 ngﬁ’ted A5 rel%ulred by the

illgd axtispn.ni ght at 37 0C. The nut at ed s- GDH cl ones
mere subj ected to the described screeni ng procedure.
t hat VA riants . with t

DOl e rmaler Gt illarn S4B sty [hsgpeamples ar
clmondatended tb dizhiedhe Ghopesf whd prabiteirvantia)shutapevide further

SRe e. suhjected to plasm d isolation and
secﬁ’(églﬁlﬁaeglré&gﬁemye@% above. Resul ts: Table 1: Exanple

6 CGenerating further insertion nutants with high
sqgg @4 specificity for glucose as conpared to

n WO 02/ 34919 several am no acid exchanges at
on(% P’é‘PSr?P FBression of ghe wﬂéﬂ%fév@l@ééﬁﬁwvwi ble PQN dgpendent

enhasedétyarspehadeimiEecosipeci ficity for glucose as
compared to e.g., maltose. Conbinations of the am no

aci d exchange T348G with am no acid substitutions at
otThers-GOE tgewnwad solacedafipineAdtetplosiet icalbsicdiEfs sttaih, LMD 79.41

2%%%(%&1"1’1%8 e rd%‘%?cet%ﬁpe%n'fﬁ W{IH %géegsgré ge%te%)ﬁ %ﬁlgélé:njh Pinto a
s pestidt eondpiatrigf it tgls prasnoten| foo sedj @ﬁlt%hﬁb seEpesssign 5(can fatent
| r@gﬁ@ﬁﬁﬁ%b\’@/ Y3788 The SEWREhGFd %aﬁ @élféﬂxﬁdS@H see Figures 2

rtion in this case r0|ne€ g to the
pra@dent hW"éﬁfﬂ W%@{wﬁs Yersiniradece 2@t0aqq80542)9gam% selected
I [FEckh tthe E. 08 Scra 6. OTlst DREGhidys Wetentheh N@iltphtddehsd@fappEsPriate

5' CO%&&M&A@@QMI nV?"E%e%E% ID NO 10

InSP429 R 5" - CTTTTTGGACTGGICCTCCGGCAGTATC - S' The

las&%@ﬁ% L2 s% atédj 1% ea%O%FéVer -h n%h? %1%00%%& clone

n el"ett ropora on,
s eqcmnmed gbove senetedAGRN rli’dagrmést ﬁfet @agb@é @cidydigrg to the

ahRY fufadRERIY tp?otocol. The plasmid was resuspended in 1 ml bidest 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.

Example 2
Generating mutant T348G

As an important starting template for the generation of insertion variants a mutant
s-GDH with the mutation T348G was manufactured. This mutant of s-GDH was
chosen because it is known to have reduced activity to maltose compared to glucose
(see WO 02/34919).
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It can be clearly seen fromthe above table that the
substrate specificity maltose/glucose has changed

waele@rnesisal | y. The mal t ose conversi on has beenP¢DEPZHO$/@07844

be di m nished from 105 %to 2-4% as conpared to the

mal t ose/ gl ucose conversi on ofz3t-he w I d-type s- GDH.

Mutants C/I and D/l were examned in detail. Exanple 7
Purification and anal ysis of enzymatic activity for

Wi'[lhd QuiskChangealitaDirege G tagaspie Iil (Strytagdve, laowi0518) was

elsecb td ls@od%i@@d Zep%g%oen\{\%et ?tf E@srlt ﬁ?%@g b?fnéjslg %ﬂés'@ﬁéﬂ qﬁgrr?poiate

potassium p I srupt
\A@Slnpfeiif\’@#eﬁ’ééllgb%d-ﬁ ench Press passage (700-900 bar).
After centrifugation the supernatant was applied to a

epha Amer shanBj psci ences). col um uilibrate
TR SO G O RS EHE S nE Vel CGRERIDen i gyeech other
Waﬁﬂl da)gtam(hb tlse @Hlﬁ/ﬁSccellout fodl this ienchaages &lotn gh@dhi@ntto glycine

I\Ia§1G The f = r

péo : Gl) lgeadCerl sst]l po?lgl\ggjiqglrlnae ospha%é H%rh%fl \%S' lezl—fo 16
7 n@daﬂtidqrseu‘ eanhmét Blgemgmreds iihe eudqmdes peeetidentical to the sense
S%ﬁﬂhﬁ{tp%sg %Nmraﬁa eﬂﬁw eV fhel ESHdH @&stwéeaﬁuﬂpghadexchange

and su bj tra usi ng er
U EAC R NI ERIE L Ge
f caahd, Qﬁé pYieieds poethindd GBG st @ydfe fir th@erdse alkl Y@ for the anti-

assa er,n lon of purified wld-type
aﬁﬁ‘l%éﬁﬁ%‘?w E%I—P(kj@ Béga%el y: Protein deternination
was perfornmed using the Protein Assay Reagent no.

2%%@{{ %?cl? Je%a‘fc?th(e%?ﬂnq Q gt o%%ﬁ‘g?glgof%é&cg%mg@ M franual.

prz&fteéu thatl W ph s:gnnls Wsmme viPpIthe q@rﬁﬁ@mrﬁeowf REMMRF - cells.
( mm sfhtiol W ReRievelowitiVh §al) 21 O cfn BnRites ﬁﬁ?g»@ BldPdd E. coli

SCfor nut es _f or rec stit
tuf a@wﬁagmfg%r gevih, 4 1 gpl @ uid $8: @neshoy, dacteria were
Wl pldtedOn B Mepesllind arrﬁ%t@a@OQ p@Hnﬂ &npilﬂhﬂpz[r@(grﬁwh&ivyr night

each Ilute
t &936%% Betaeds PR RS Pettsrprire LR o G Sgecning
atmé&h&]. cont ai ni ng O 315 ny
(4- (di met hyl phosphi nyl net hyl) - 2- met hyl - pyr azol o-
[1.5a] -imdazol-3-yl)-(4- nitrosophenyl) -am ne (see
pdixampld 85 5 484,708)/m as a nediator and 30 M
SUQAdehineEXtinction at 620 nmis nonitored during the
first 5 m nutes at 25 0C. One Unit enzyne activity
corresponds the conversion of 1 mvbl nediator/mn

U”Idﬁr n{d%ﬁltab&‘éﬁleélscﬁﬁ)th@ Qpgh bladrs déé@hbéﬂ abbe whaed Ip‘lldkte& into

total v | e.vol
Ty er gart cOUREEIoFoRetng 10501 BB G aedigpl and
1 ificubatetllgver dight #S58¢. Thse phte‘s:arermﬁe&wrtahtegplum&se and
mal t ose (Merck, Germany), respectively. Results:

From each master plate, 5 pl sample/well was transferred to an MTP containing 5 pl
per/well of B (B = Bacterial Protein Extraction Reagent; Pierce No. 78248) for cell
disruption and 240 pl of 0.0556 mM pyrollo-quinoline quinone (PQQ); 50 mM
Hepes; 15 mM CaCl, pH 7.0/well for activation of s-GDH were added. To complete
the formation of the holoenzyme, the MTP was incubated at 25°C for 2 hours and
at 10 °C over night. This plate is called working plate.

From the working plate 3 x 10 pl sample/hole were transferred to three empty

MTPs. After that, one was tested with glucose at standard concentration, the second
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It is obvious fromthe above table that the novel
variants C | and DI, conprising an insertion between

wW@o®cnisass 428 and 429 of s-CDH represent f urtPEFI/EP2005/007844

i nprovenents with respect to the naltose/ glucose

cross-reactivity. Despite of-4he various am no acid

substitutions and despite of the insertion, the

enzymatic activity for glucose per ng/protein is stil

nmome wWittenred@eedoflucdse cmmen’ea;qmn(dlmmﬂstéadpﬁeo eiMyarat the third

aGhity tarosd SR Atﬁer segf%{e%rslq? ulgfas %ldsldl?&?&e g\ cted other

presence or a senc ose nd

v atgarnelecylesaiere Ds¢d ivfequinmpipy stﬁl@%@ éplilq;eetrytm@aw #e0 "mM. For

apil ds@ds é(Pﬁl (ﬁ'ldi'&ﬁa?t@r Qﬂﬁt% isBAka@plé 1) ilﬁ%d? E& ity t‘HE E sugar to

ahsencé of malt reference sanp e contains
e@Pé&ﬁ?@Wﬁ@PP test -sanpl e contai nes 50 ngy

gl ucose/dl and 100 or 200 ng/dl naltose, respectively.

2o TR0 R e GG o A g RS Y v s s

mtr eld0%1 adtivity3The wglue obtained with the other sugar was compared to the

(4%1&&%*% ! afosa rrffatg % y('@@Vf&Z&hROJel S &E/min
m dazol - 3-y 4-ni trosophe

C|rf1?1‘éﬁ5%/dﬁfg E50Re)61 093 3L i ik 8) %%tre%qﬁwﬁy@f theevariant)
asedymeé.s started by adding of 0.050 ml s-GDH (which is

an excess of s-CGDH for conversion of glucose) to the
cuevette. The change of absorption at 620 nmis
noltietvatiecthbt#ihed with-the Aionmdeglucase starbmpatade® the 80 mM glucose

O%ﬁ{evg a&f‘cu‘iﬂ@d qEJ Eelj&lﬁ aécfé/?t% H(Iél% rriﬁa ITJ]‘:GIHK/P l%ﬂ%otse/.%O mM

al ned neasurl ng e refer

s 8131131613¢)§1()§)é1 Thip give09/So-Tilae vihivdris gm mphsecam@h@mmértb@lmvalue

t rfblstHeexfaﬁﬁﬁtnﬁﬁb&@d Y& AR LR i Alcahtibh ao’ﬁl% 1Re Sl vhRre 1nd1cates a
Clearly | ?se interference is detected in th

tégwﬂgﬁﬂﬁﬁ KMeil4$si ng the novel variants. It is
obvi ous that the concentration of s-GH in order to

pa e PlREPe SRR SRR cnzyne woul d | norease

the mal tose conversion, too little enzyne woul d not

OB 3 BT APt Lo P e T ab g gonees

, Bloch9ﬂﬂiﬂ9®32) (1996) 697-711 Anthony, C. and

hogfs M, Qysrent | Sci ence 7%@@g997) 716- 727 Ant hony
8

A M [ AA 0o fal
Al OTouSTT, Vi, I Uy. DI UlJI S IVUI . DI UI . I  1IJJ

-iputanht| ho@9-308% . Bi ochem Sod% Trans. 26 |(T388)

413-417 Anthony, C, Adv. in Phot, and Resp. 15 (2004)
203- 225 Ausubel F., et al, in "Current protocols in
blology (1994), Wley Verlag C eton-Jansen,

A.Selfiencitg Gfimutafdd-OIDIE gMA TrdiR SHYBREREKMDageAORO) 73- 79

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

Pharmacia Biotech).

Following primers were used:
Sense strand: GDH 1: 5-TTA ACG TGC TGA ACA GCC GG-3’ (= SEQID NO.. 5)
GDH 2: 5'-ATA TGG GTA AAGTACTAC GC -3’ (=SEQ ID NO: 6)
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Cl eton-Jansen, A. M, et al., J. Bacteriol. 170 (1988)
2121-2125 C eton-Jansen, A M, et al., MIl. Gen

w@2een0a17 (1989) 430-436 Davidson, V. L. in PCTI/EP2005/007844

"Principles and applications of quinoproteins” (1993)

t he whol e book, New York, Muxsel Dekker Davies, D.

Perit. Dial. Int. 14 (1994) 45-50 D Costa, E. J., et

al ., Biosensors 2 (1986) 71-87 Dokter, P., et al.

FEMS M crobiol ogy Letters 43 (1987) 195-200 Dokter,
PRres@t: al ., BiochemJ. 239 (1986) 163-167 Dokter, P.,

et al., BiochemJ. 254 (1988) 131-138 Duine, J. A

Ener gy generation and the gl ucose dehydrogenase

pﬂd@iwd/ nittathe BetIDNACAE!r amino' ddié ldaiebha:sgb’eeﬁfachieved, resulting in

RTINS T L
Dgﬁn@ha8$eemfounéur J. Biochem 200 (1991) 271- 284 EP O

620 283 EP 1167 519 EP 1176 202 EP 1367 120 Feng, D.
F. and Doolittle, R F., J. Ml. Evol. 25 (1987)

3§¥i®855¥ranpton, J. E.. and Plosker, G L., Drugs 63
( D3)atidg Teidibvichatidibask. dftim@ask ¥8uglzony, C , Adv.
M crobiol. Physiol. 40 (1998) 1-80 Hill, D. E., et

al ., Methods Enzynol. 155 (1987) 558-568 |garashi, S.,
etlngdrtion Brayzihem wak optepted Re's. usiﬁgrrrt‘hﬂ Qe84 Chagg9)Site-Directed

8%quﬁge41e‘glg I%l:lfzé‘,é %er]‘? 2004 1(_)0?%?’2% q@}%}% rllf}{e' pﬁﬁne% for the

pment an ["'uat 1 on new s
denssriinmbeiyed yoacid paitians A8 eap it éﬁ@seapem HAO: 2) were

heRs hJH mavmm%ﬂphqadtaha of dawat (eidnt T3883) sed-E@mple 4)
Mann Hgg eim HKI.m C H et al.
CUeF HPe <U§§H&¢ﬂ%§66§¥ &%74@8& Lauri navi ci us,
V., et al ., Analytlcal Letters 32 (1999) 299- 316
avi.ci us te fuer Che

§)§ e R%%)ﬁrsltﬁg {esggﬁeﬂve ﬁg&}?l& NBQIG 1@serté?n ?smg} was &In%he]tlslzed at
( 200&)m 3d g84ll lpessilgle 20amiio adds echangte alhnseqm)don ngitlegddes were

1 S d A
o e LB 0505 4 6859 "Wt sushi 12, K and

Adachi, O Bacterial quinoproteins glucose
d%QMg saggnase and al cohol dehydrogenase in "Principles

an i catjons of
9@('0 l CTGCCGGAAATNNNGTCCAAAAAGATG -3

(= SEQ ID NO: 7)

anti-sense strand:
in429X_R 5- CATCTTTTTGGACNNNATTTCCGGCAG -3’

(= SEQID NO: 8)

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

specificity were subjected to plasmid isolation and sequenzed as described above.
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Qui noproteins" (1993) 47-63, New York, Marcel Dekker
Mat sushita, K, et al., Antonie Van Leeuwenhoek 56

W@ 1®80)8188- 72 Mat sushita, K., et al., Bi ochen BCT/EPRB5/007844

(1989) 6276-6280 Matsushita, K., et al., Bioscience
Bi ot echnol ogy & Bi ochem stryZ8- (1995) 1548- 1555

A sthoorn, A J. and Duine, J. A, Arch. Biochem

Bi ophys. 336 (1996) 42-48 d sthoorn, A J. and Duine,
J Repults: Bj ochemi stry 37 (1998) 13854-13861 Qubrie A.,
Bi ochi m Biophys. Acta 1647 (2003) 143-151 Qubrie, A
aﬂg E:lkstra B. W, Protein Sci. 9 (2000) 1265-1273

: A, et al., Enbo J. 18 (1999) 5187-5194

Qubrie, A, et al., J. MoL Biol. 289 (1999) 319-333

rpe A e [ ..., Proc t.] . . Cll U S, 96

b T T gt | SR R T oS Fepanges
chem So¢in %26 (2004) 24Bglupds88n Zanbrook, J., et al.,

iln “Mplecular Cloning: Allaboratory Mandgal™ (1989) -

(
(
[
Col v Bpr | ng Har bgaur, NY, | Cold Spré ng Har|lbour
I
G
I
\

al o Pres S 5, 484 708 997/,
?\g%ta?ﬁ% wyl S 6433 500\ lﬁo%f al . @E Dial.
nt A/18 (1998) fﬁf@@ 609 V\ID 02/ 3%9(9 WO 88/'&3@3— iMsazada,

A ERE VI U IR TR (i I 0

. - ATEeTIT U\J \J.\J\J\Jl \>J LT LT 0 oTIC

O aidid 1 A varl%t of the sol W!3Pe for m|of348G+ ins429F

(
g‘ &A% 'H,fi‘lﬁfo i%agwn as PQQ depﬁ%jegtﬂ solrﬁglg@_l_q e
Q

GUJIIGDC \D \ & | I) oa u Val T"ATTC L;UIIPI I DI II TTCAST
in

b aci d 3286i due i pserti d4%et ween & (%armﬁ!d%
| gl/pos tions fﬁ%responji ng tol7@@si ti 0“1‘3%&#}?1942@@9

oML

tIIC ST OUIM V\II r'u=1Type SEyutTiitT KIIUV\III IIUIIII—\ .

al &dBiceticus (B0 1D NG 2) ard%pt i ondl T3#8(r ins429P
addi tion conprising one or nore am no acid

St‘gSt [ i uil ons. 2. The variant according to claim1

f haracterized in that said inserted am no acid
| Gepetaivigddrtherdmertion grovants edthdiigh subgtrate specificity for glucose as
phemi’laaédacralnqﬁt SI euci ne, nethionine and proline. 3. The
variraatcae st I'hg to claiml1l or 2, wherein said

inserted amno acid is proline.

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

been identified to enhance the substrate specificity for glucose as compared to e.g.,
maltose. Combinations of the amino acid exchange T348G with amino acid
substitutions at other positions for example at positions 169, 171, 245,341, and/or
349 enhanced the substrate specificity furthermore. Two of the mutants described
there with substrate specificities for maltose/glucose of 3,5 and 7%, respectively,
were selected to receive the insertion (in this case proline) according to the present
invention between positions 428 and 429. The insertion was accomplished by using
the primers of SEQ ID NOs: 9 and 10.

SEQ ID NO:9 insP429_F:
5-GATACTGCCGGAAATCCAGTCCAAAAAG -3’

SEQ ID NO:10 insP429 R:
5-CTTTTTGGACTGGTCCTCCGGCAGTATC -3>
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4. The variant according to any of clains 1 to 3
further characterized in that it conprises an am no

W@e00d/008332 due substitution at the ami no acid pPGI/EPINS/007844

corresponding to position 348. 5. The vari ant
according to claim4 further-gharacterized in that
threonine at position 348 is substituted with an am no
acid residue selected fromthe group consisting of
al'Bri plsmil ydNAeisaktos erfi the. tefnpldthe sigrdirmtedofnutagenesis PCR,
P t a r
S%Cﬁ%PS%%Eﬁas?fs R0 Sl a0 ol & ] b done o
orfes@iicA@baxe.- d r esi due substitution at the am no acid
position corresponding to position 428. 7. The vari ant
of . PQO- dependent s-GDH according to claim6 further
cHB&8¥eri zed in that asparagi ne at position 428 is
substituted with an amno acid residue selected from

g T e R
donpri si ngugarbt %t ut glonesean %ot h the positions 348 and

28. 9. Alvariant actording to any pof clains 1 to 8

m'-'-

ddiwiTonal | y tasnpri $i ng a7eubstitution at position

TSNSl 1y Chinpr i bi g a Dbst i ¢ uf ¥ o CGBERr LY F 348G

45.C/@1. |A variant according to any of clains 1 to 8

iﬂ%etrﬁggdl Y E(anrl 51 Ng aﬁ«bet L tuty PR Al e%gg)rr§+¥3tagv§

A variant according to any of <l
iddiatignal |y conpri sing a substit umTwCaLtlnp‘b?@Pti on
69.c/13. |A variant accordi ng to any of clains 1 to 8

dditTomatty comprisinga substit ron—at ostt+on
Agmplate | An” P3P at e pol yAYel eot i del WAEDYL A HERE5 D+ H41V+
arippot protein accprding to any o Tﬁg@; nm 1 to 13.

< WA D WO N O

3 A eXPress] on VECTOr COMTpri Si gIi rsotate

PSEREeR eot | dePas defined Ah cl ai 98b‘é?@kﬁ*§ﬁ214?9%@4w+
onautpitonot er sequence capabl e of |pTrv0L ingaoRe

Xplf/iSI on of said polynucleotide n a host cell. 16.

ell comprisling-the expression vector of claim
i 9 o

~t >

D

15 17. A process for producing s GDH var| ant s

CQPEJ bs 'ngclgeHi); %«% ng~¥ tntpeth%o B 0yee kdb1d gh g%ar%e spec1ﬁcity

i ons sui uctlon of
vandlinse/gluces: haAmheng@d eisgnaimaﬂse &lwrmdm}g wmrenn@orahas been found

i g9l %ﬂnﬂl@éh)éa UebR010H9 a8 8964 NEddnfb Lt ti]-é m]glltose/ glucose

operably Iinked to a pronoter se uen e capab
peBRTRT§iAg of the valdstrpe éin?iHi Muganset(Landde/ L yesse pxpanined in detail.
synt hesis system 19. A process for producing s-GDH

|anis with the construct of claim18 in a
xample 7

Purification and analysis of enzymatic activity for wild-type or variant s-GDH,
respectively

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

wQ 2006408132 20. A net hod of detecting, detern niPQI/BP2005/007844

measuri ng glucose in a sanple using a s-GDH vari ant
according to any of clainms 1. 49.13, said inprovenent
conprising contacting the sanple with said variant.

21. The nethod of claim 20 further characterized in

t haphﬁas'ectoﬁﬁhﬁ CTheodttivel fhatoms Ratd pmnleﬂ anmwc&daah goff filtration

gl \l}'s?ose serd&l c@b cgiju :(th%ﬁrash A5 OLciAces e1?'he ac ng Eractlc{ns were

etection
ofpogﬂadcamsl@torndats?@rf‘@ e conprising a s- GDH varl ant
according to any of claims 1 to 13 and ot her reagents
required for said sur ement . SEQUE | STI NG, <110>
RIEHEIDIasEH 9Bt pé%te@%tfrmmatm? ehputiied aiidoyRe apdvariangs-GDH,
Galglecely:y engi neered pyrrol oqui nol i ne qui none
dependent gl ucose dehydrogenase conprising an am no
acid insertion <130> 22669 WD <150> EP 04017069 <151>
2006ty dét@rnq'ﬁﬁﬁon s pe7ormebueng Ithe Pm‘csi'nohss& ReagpdOno0.123225

b7 e A G S S S ety

eta act cca tct caa ttt get aaa gcg aaa tea gag aac 48

AStheVaDHPs8m 1%@ Wk dﬁﬁl@edsaf 1GhE Jibeifhd kv o‘lsis@a LﬁAM yrollo-

Ser .4d u Asn 1 ac a

adiUiRg ’a{leéﬁ’t‘n%%?g( bc%) 38 eE?g?%@%%@%iéBﬁL %a‘& é“ pted at
| 125°C éor Daninfses fbetecsanithiys deraotivdtonAl a Leu 20 25 30

tta tgg gga cca gat aat caa att tgg tta act gag cga

gca aca ggt 144 Leu Trp Gy Pro Asp Asn G n lie Trp
Le‘LftéfrapU@ItlgmAyagnpiesawafh rd11@teyl with 50 mM Hepes; 15 mM CaCl2 pH 7.0 to

approximately 0,02 U/ml, and 50 pl of each diluted sample was added to 1000 pl of
a 0.2 M citrate buffer solution (pH 5.8; at 25°C) containing 0.315 mg
(4-(dimethylphosphinylmethyl)-2-methyl-pyrazolo-[1.5a]-imidazol-3-yl)-(4-

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

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

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

under the above assay conditions
Calculation: Activity = (total volume * dE/min [U/ml]) : (¢ * sample volume * 1)
(e = coefficient of extinction; €60 nm = 30[1* mmol™ * cm ).

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



35 40 45 aag att eta aga gtt aat cca gag teg ggt agt
gta aaa aca gtt ttt 192 Lys |lie Leu Arg Val Asn Pro
w@bweBes1313d y Ser Val Lys Thr Val Phe 50 55 60 PEDEB1085/007844
cca gag att gtc aat gat get gat ggg cag aat ggt tta
tta 240 Gn Val Pro Gu lie Ma. Asn Asp Ala Asp Gy
Adn Asn Gy Leu Leu 65 70 75 80 ggt ttt gcc ttc cat
cct gat ttt aaa aat aat cct tat ate tat att 288 Ay
Pleesélit@ Phe His Pro Asp Phe Lys Asn Asn Pro Tyr lie
Tyr lie 85 90 95 tea ggt aca ttt aaa aat ccg aaa tct

ca aoat aaa—caa 1+ ~on~ an 2900 CAy fﬂ\: Thyr -Dhao I\:o
co—gat goao— Tttt ™ \J\Ju (J.(J.\J TIU T IIII LILILA 2 =

\Finzpme | IMAS $é® Nt | Hépg Pysteid. u Le@mﬁhmaoh@nxch@@ge:tos
10caa agg,Qattoatt £gt cgt tat ace tat aat aaa tea aca
at acg g %%A{@Gn Thr lie He Arg Arg Tyr Thr Tyr
SN s |Ser I Asp| Thr Lgéb 115

j'_[‘ nf ffn‘_ 2—oea aoa—t

[a}

O = I

20 125 gag aag cca

1+ An A NAr~ ~At
a—tea—aada gac—Ct

W1 G F245D PMBATE -
9?3@% pghoopt t gtc

400U O Tl OUI

cet
CTCTtT

guu 3301 C

BZCGI u|Lys Pf@© Val | Asp L& Leu
ber Lys [Asp His 130|135 140 cag

w .B(
p=

anao  ~ant

t OgCCagat Caaaag—att tdat
Gl yDArg|Leu M H e| Ay PE® Asp :hlé@wm&ﬁwswmw
Thr 145150 155 160|att ggt gac clag3gen sgiropac cag
Ctt—get—tat ttg ttT ttg cCta aat 528 H e Gy ASp G n
Gy Arg Asn G n Leu Ala Tyr Leu Phe Leu Pro Asn 165
170 islobvicir drdie theave adbladat dean@el vaeaatsa@a agdd At gomprising

o BB RGeS Rl DA S e ure
5 aam;traxten&mgs wih raspactgtoathetraaloge/ ghucaseaabssetetctiyity. Dgmite of the

aq;an?{l& rgﬁ'l% gdssuggﬁtu ibhs %%%de%% éfyré }{ﬁlerti'o%uthae‘reglz}rﬁﬁhc activity

cca aag
cdar algncoqetner @egz’pgggngﬁ gtﬂbmoraé@ncb&% &f the @ﬁrroapan@m wild-type
Pré&zyigidsspviygn Pro Ser Phe Asn Gy Val Val Ser H's H
e Tyr Thr 210 215 220 ctt gga cat cgt aat ccg cag ggc
tta gca ttc act cca aat ggt aaa 720 Leu Ay H's Arg
Asixatiple §3 n Gy Leu Ala Phe Thr Pro Asn Gy Lys

10 Determination of glucose in the presence or absence of maltose

Omr—rv—k)r-‘-H

The wild-type s-GDH and variants C/land D/1 of s-GDH, respectively, can be
applied for glucose determination in the presence or absence of maltose. The
reference sample contains 50 mg glucose/dl. The "test"-sample containes 50 mg
glucose/dl and 100 or 200 mg/dl maltose, respectively. The same amounts of GDH

15 activity (U/ml; see enzyme assay above) are used for each assay.
In a cuvette are mixed:

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

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

conversion of glucose) to the cuevette. The change of absorption at 620 nm is

monitored. After 2-5 minutes constant values are observed and the dE/5 min is



225 230 235 240 tta ttg cag tct gaa caa ggc cca aac

tct gac gat gaa att aac etc 768 Leu Leu G n Ser Gu
W@2006/813Pr 0 Asn Ser Asp Asp Qu H e Asn Leu ZBEGI/EBI05/007844

255 att gtc aaa ggt ggc aat tat ggt tgg ccg aat gta

gca ggt tat aaa 816 He Val 135s Ay Ay Asn Tyr Ay

Trp Pro Asn Val Ala Gy Tyr Lys 260 265 270 gat gat

agt ggc tat get tat gca aat tat tea gca gca gee aat

aaglcB8btedAstheAsqluSebtaiied Mensubing ther refdrencAssample widr wild-type

Al 8Bk Ak oAfdb%Tyﬁlezc;cﬁexz?aQu% e E&ﬁpﬁ%& t&88s g%eg&avaﬁle and

get caa aat gga (ta aaa gta gee gca ggg gtc er

e celgslapeddni%y Ala G n Asn Gy Val Lys Val Ala Ala Gy

Val 290 295 300 cct gtg acg aaa gaa tct gaa tgg act

ggie %?a aac ttt gtc cca cca 960 Pro Val Thr Lys Gu

Sy Trp Thr Gy Lys Asn Phe Val Pro Pro 305 310

315 320tta aaa act tta tat ace gtt caa gat ace tac aac

B d SR Ebt at he pEo ove
ggarigatg. latspbamars that thet tconceuratipy of s4:1Adan gtder e hest digcriminate
t =0 p.
e
adfPug dnggise dha realipsy canwriiondoodtle ey maaorh nosgenvert all
Algh cbye andedhud %6 eﬁdégﬁ)ilg OF th3 dbsbdftioaeoud Be kdacheltinr Gy

Trp Gu 355 360 365 aat aca tta ttg gtt cca tct tta

aaa cgt ggt gtc att ttc cgt att 1152 Asn Thr Leu Leu

Val Pro Ser Leu Lys Arg Gy Val He Phe Arg He 370

375 380 aag tta gat cca act tat age act act tat gat

gac get gta ccg atg 1200 Lys Leu Asp Pro.Thr Tyr Ser

Thr Thr Tyr Asp Asp Ala Val Pro Met 385 390 395 400

ttt aag age aac aac cgt tat cgt gat gtg att gca agt

cca gat ggg 1248 Phe Lys Ser Asn Asn Arg Tyr Arg Asp

Val He Ala Ser Pro Asp Gy 405 410 415 aat gtc tta

tat gta tta act gat act gcc gga aat gtc caa aaa gat

1296 Asn Val Leu Tyr Val Leu Thr Asp Thr Ala Gy Asn

Val G n Lys Asp
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450 <210> 2 <211> 454 <212> PRT. <213> Aci net obact er
cal coaceticus <400> 2 Asp Val Pro Leu Thr Pro Ser Gn
Phe Ala Lys Ala Lys Ser Gu Asn 1 5 10 15 Phe Asp Lys
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<212> DNA <213> Artificial <220> <223> Prinmer sequence

for T348G sense strand <400> 3 catttgctgg ccaggggttg
WE@aweQos1ar 29 <210> 4<211> 29 <212> DNA <213> PCT/EP2005/007844

Artificial <220> <223> Priner sequence for T348G

anti sense strand <400> 4 atgagggtgc aacccctggc

cagcaaatg 29 <210> 5 <211> 20 <212> DNA <213>

Artificial <220> <223> Sequencing prinmer GDH 1 <400> 5

ttaacgt gct gaacagccgg 20 R2kAtChim11> 20 <212> DNA

<213> Artificial <220> <223> Sequencing primer GDH 2

oo BRiELIIhaRR R6k7 B0 1 Forde s PG dpsndent
9X F Smhﬂ:ée g]lucesecdehydrogenase (s-GDH) said variant comprising at least one
amino acid residue insertion between the amino acid positions corresponding
to positions 428 and 429 of the s-GDH wild-type sequence known from A.
calcoaceticus (SEQ ID NO: 2) and optionally in addition comprising one or

more amino acid substitutions.

2. The variant according to claim 1 further characterized in that said inserted
amino acid is selected from the group consisting of phenylalanine, leucine,

methionine and proline.

3. The variant according to claim 1 or 2, wherein said inserted amino acid is

proline.

4.  The variant according to any of claims 1 to 3 further characterized in that it
comprises an amino acid residue substitution at the amino acid position

corresponding to position 348.

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

group consisting of alanine, glycine and serine.

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

substitution at the amino acid position corresponding to position 428.

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

acid residue selected from the group consisting of leucine, proline and valine.

8. A variant according to any of claims 1 to 7 comprising substitutions at both
the positions 348 and 428.
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<220>
a, c

<221> m sc_feature <222> (12).. (14) <223> n is
, g, or t <400> 7 ctgccggaaa tnnngtccaa aaagat g

\Nﬁimmmmnsz8 <211> 27 <212> DNA <213> Artifici aPRREP2605/007844

<223>

Wbbl ed insertion primer in429X R anti sense

strand <220> <221> m sc_featupgg.<222> (14) ..(16)

<223>

gacnnnattt, K ccggcaq. 27 <210> 9 <211> 28 <212> <213>.
Arti figi ariagb pgeordingato pRK wf 2daizoh 098 ¥ Fomprising

nisa, c, g, ort <400> 8 catctttttg

IS

gaaat cadgfitugieAatpaaiodt1731210> 10 <211> 28 <212> DNA

<213>

Artificial <220> <223> i nsP429 R <400> 10

ctttttggac tggtcctccg gcagtatc 28 <210> 11 <211> 7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A variant according to any of claims 1 to 8 additionally comprising a

substitution at position 245.

A variant according to any of claims 1 to 8 additionally comprising a

substitution at position 341.

A variant according to any of claims 1 to 8 additionally comprising a

substitution at position 169.

A variant according to any of claims 1 to 8 additionally comprising a

substitution at position 349.

An isolated polynucleotide encoding the s-GDH variant protein according to

any of claims 1 to 13.

An expression vector comprising an isolated polynucleotide as defined in
claim 14 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 15.

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

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

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

expression in a cell-free peptide synthesis system.

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

the said enzyme variants.



<212> PRT <213> Artificial <220> <223> synthetic

peptide <220> <221> mi sc_feature <222> (3) ..(3) <223>
wXamemes13be any naturally occurring am no aci dP&BEOP2003/107844

Gy Asn Xaa Val G n Lys Asp 1 5

20.

21.

22.

-35-

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

comprising contacting the sample with said variant.

The method of claim 20 further characterized in that said detection,
determination or measurement of glucose is performed using a sensor or test

strip device.

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

required for said measurement.



