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30sanples. Sunmary of the Invention The present invention relates to
mut ants of s-GDH. A nutant of PQQ dependent sol ubl e gl ucose
dehydrogenase (s-GH, EC 1.1.5.2) is disclosed with inproved
specificity for glucose as conpared to nmaltose, having a substitution
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25 respectively. O her LMD strains of Acinetobacter may al so be used
as source of wld-type s-GDH Such sequences can be aligned to the
sequence obtained from A. cal coaceticus and sequence conpari sons be
made. It al so appears feasible to screen DNA-libraries of other
bacterial strains, as for exanple described for E.coli K-12 (Qubri e,
A, et al., YOG ol . 289 (1999) 319-333) and to PEREFR2§074)03207
sequences 30 related to s-GDH in such genones. Such sequences and
yet unidentified honol ogous sequences mdy be used to generate s- GDH
mutants with inproved therno stability. The achievenents of the
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alignnent 10 nethod of Feng, D. F. and Doolittle, R F., J. Mol.

Evol i 25 (193_7]2&3(5&63@&@1%&6;;1&{@ eS¢ BbthiRg MSh iak@k fabéntd, ePELAIG &om
simlar, i . . : . ' :
T ol AT IR Sl B 0
simlar sequenE®¥an,sigpifiean glexels| ofstather ofugilin SiPseBie dmaliRitieI¥Ese Thi s
cl uster can t hdetetpgnaiongmeamples dbhwénerd & sndstritica patieatd meg ez aedlry
cluster of ali gREse3RAMPIIETT. andlfBosEMIG.Cl DRSS 203) KEHIEIEg.eS can be
aligned by a sinple extension of the pair wse alignnent of two

i ndi vi dual sequgkeese feil}h%pértsnalﬂtl@iiﬂfgﬂy@aﬁ ailténcfﬁ@_m pekeWodieacria@s of
progressiye, pair e n s ,that incl. ncr.easin .

O oot it seqqgdtet S RRNIRRe Wkt B, IRHEES A8 Bioshem

i ncl uded in t h&idgphrfaRep fFammpgns 264 | (1 PThEA-824Trepert ibaF inkedveing @ peint
positions in ofruation o polidgoGE2E~ EBidl trohwand eith altered eubs2e gaesifitiyy
identified as epigiesponding to the positions given for A

cal coaceticus s-GH in SEQ ID NO 2. This is why the amno acid

REe 1 b NG b e Bodie P 11178 B8], ey URS L BLORNNG S8 Meluiii dulBPLbboNS of
ool ogod? 5 clspf T eient SCDH S R b I 9l bk [ L

sense of the prsamethdr acrens pomutat s{GE8T wish improved stabiilipy. Pergieemnere fitei ch
conpared to theanw hudhdrypgoraith MP20OLI78538 @aURRE 8-GIDN afutidts SERihpoNA 2

exhibits at | e%;lﬁgfag aho acid substitution, deletion or insertion.
The s- GDH nut ant y %lorrpri se ot her substitutions and/ or del etions

and/ or inserti V] - d ' ' does
not di 1o by noail Rk Undve M) s BLRRinaR ogstiat BLBIIARA O

2, e.g. tHat i compasidyior Lhefisupgssubstiates; esperially asciompatshLe malipsenrg, be

i nsertions or depretdddiysiminn 4cik smbstitives inerermnid gosiina bf oGDHoCentmpandvi ng
the stability” fuehiek § stiRt@Ad¥n AMniifb SDSIsiibh i ASmaBsl s &b@briRES
f’a‘nd/ or inserti ?orllsexa{m gzg)\'ilcri] iItl h&iﬁoﬁ%ﬁé@ ssgdacglaltﬁrt é(nir?ef s%pes'.esn-t mn the mllé—ant
in a short termtenperatlre stress .m)dleﬁe. -__5 1S PiETt Toned above,
i nprovements i WP§F Basspleepanpeystyyimppspechielestyith for sorssibaivate gepse asnd

| argely &0 t heegxpeonsparaf toahe mbsicednadtossh Theytalsp diaclose that e dowblef mmtatty t o
gl ucose or a ragicedibsietdnsi £ RGtbM 146 Hd 48 BRY 2R0WRI Rakd Aot

t hese di sadvantsaegi 853‘09519: erties. 5Stability according to the present
invention is adsess if1Slch a short termstress nodel and the s- GDH
stability as determned in this nodel is referred to as therno
stability. Therno stability is determ ned by neasuring the unstressed



i nvention conprises a lysine in position 122 as known from A

cal coaceticus wild- 30type s-GDH (SEQ ID NO 2) or in a position
corresponding to said position 122 in a honol ogous enzyne. type
s-CDH (SEQ ID NO 2) or in a position corresponding to said position
124 in a honol ogous enzyme. In a further preferred enbodi nent the

s- GDH nut ant WEEHBHWFHig to the present invention conprPSEEP2YIHBI%e in
position 146 as known from A. cal coaceticus wild- 5type s-GDH (SEQ I D
NO 2) or in a position corresponding t®-said position 146 in a

honol ogous enzyme. In a further preferred enbodi nent the s-GDH nut ant

according to thewrs Rlbs]'?,?}f‘?s”s%\%l?31‘3P£H’Jrﬁlﬁ§§cld ﬁ%dlﬁe%&@#ﬂ% Qe 298

as known from or in
a position cor#é%‘ﬂ%n’ﬁ?ﬁg f%‘b%éﬁpﬁc‘ Wod ¢ a‘Z@‘Bwlt r%ﬁﬁlaﬂb‘ﬁ{fi'dr
enzyme. | n a f selstiwtionppepesitioa P48 Hso diritre favoratie effecEDid svbiteatet spadfatydi ng
to the present MulatRNédniPRisia® BN inseefonie Y ledkrpl M6re ispecifio WrithdbsiHee as
known from A gﬁk&ggscg;n?gt%t Yﬂagsqb&%gqnaﬁo%lg (SEQID NG 2) or in a

posi tion correSponding to said position in a honol ogous enzyne.
15' t has been fI‘POl\JVQ\gEI' wﬁ‘erea?l ]t?osﬂllet En('l)}fnrgvements on %IUCOQJDS%EClﬁn’@ 1'?3?16 ri:)at her
oA

inportant for achie

stability, i. rePOﬁ% ilttapbfftss hﬂrsuctzrzprqqnsntsmgueﬂé@el%{@rmst.elvw.aindu s of
signi ficant r elirehadodthidisadvanages lke d.ge redubedtstabilityha sedbed nctivoyp ardl/drhrat
these substitutdiQng JHaN® fé gmcasmm&ﬂdnﬁ;t&es-bmﬁ Psmaﬁlplermass;ea)bﬁel ity

of nutantg whi %\ﬂ? ?rié& &‘é%%ém@?&jﬁg QEREL muQnPqulg{im{]ﬁ TRiRVE

20 glucose speci pense

stability. In aC“bf‘E?FtéP?‘é’d“B%t?&|3ﬁ%%ﬂes toriiae expeapy t sabi hwtaf%wa?%ﬁcrwwt 0

t he present i ne&aidinortadenpmipsed tethawildtyge enzyree.i n position 87, a

| ysine in position 122 and 124, a glycine in position 146, a | eucine
in position 293 gex dampitemd dinfali meed iherefios etidto for Jthed imnhtad| buhks 2,

or in a positi @ﬁ'm@@f &@ﬁﬁ%ﬂhg‘ﬂh@ﬂ)spﬁéﬁ&b@&%lu%s@gﬁd Wihicee MRl QYR
s-GDH i s gsed

enbodi ne
ivent i oy el af B e ikiio SRR fo SR ABRP LB T éﬁm@g@ or
dehydr ogenase ¢&nigDfer ghycose, or thap feaiyrg nprensmente dn SpBCIPeqitEs aciivifyornd
gl ucose as conpfiniegfot gludeed. t o0se, havi ng a substitution of threonine at
position 348 either by glycine, or by alanine or by serine, wherein
sai d nmutant adgtivwds @etadkyof Gy rEdentEifivertiod RAEbvidNRwih@hts @NvdrRants of s-

i nproving the gl ¥ eki i i for
i mprovin the J'r*ldlﬂ'ltlw? Q&m%lo 06 %% séﬂﬂ]t}a% fER w%dw?%g f%DH
usi ng gl %gose °°c§‘f Wér“’%'l}’@% a8 THALL e‘§‘P’%"F SPF‘g%ﬂtés‘ﬁP‘P“%“g et

al ., Bi ochem BpubpftytiorRé positiom#dh 264 (1999) 820. In the screening of

new variants with crude E. coli extract a percentage cal cul ati on of
t he Km val ue wiasapmef foundthafios posible ¢o signifchntbytimprovethe tleomesabiien dreat ed.

The Saffinity twas Ci@tl\@:g(%gsﬁe aﬁfmt?afefj'gﬂaés@ 0¥ - daDHGIHR @rﬂlttaﬁlt Vlﬁﬁng a
cal cul at ed accg)t{bdtltulgon e pto&F onV\?IJS by saec\{mg mu(f':atlons S 't\fﬁ:npto(sa’lp ions as gmlencl%'

25 the appending claims.

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

30 samples.



The s-GDH nutant according to the present invention has an inproved
affinity for glucose as conpared to a nutant conprising a
substitution of threonine at position 348 by either glycine, alanine
or serine. Preferably the affinity for the substrate 10gl ucose is
determ ned as described in detail in the exanples section. Preferably
t he one or nBPEYHBEXi on for inproving the affinity fEFTERYHEY70f an
SGDH nut ant al ready conprising a substitution of threonine at
position 348 by either glycine, alanine/or serine is an ami no acid
substitution selected fromthe group consisting of L1 10H or Y,

N229A, G or S MMSEJBBBA; G339T; 15MB41V; V349A or G and
V436P. In case € amno acl d corresponding to position 110 of the
S- GDH wi | d- typgys Sl%{%p n@eniﬁlon\f\%fat% 8 IE}u'aﬂnts o@l %%#SH& c(f%éa Jif!’-p?enhg

i's substltutedlna erred
that the natur &lykje 6’&:‘&‘&? rdFl?Y&mé?ﬁaFf‘o(Sé%I?Iéf 1?%&61 e 1 g‘“%‘tiff%t"f”f‘ dT’B@‘“b‘iy
am no aci d sel epriddnffpogludieas goropapeddo meltast, ibagngd subitisutiod iohthreanile at

20t yr osi ng. Nbliaesnwneﬁm b Ckithble gIS RS talah b | @NsekiRe RAST Whetdin 54i@ btakty
hi sti di ne. %ﬁcﬁ&m}aﬂ? o%garﬂ% %CILagt r?r&ﬁépé)n”?!)' Q%BFO%nQ%A t%b?l%éé?%ﬁmc

the s-GDH wi I d A ace

2) is substi tuf*@laﬂw* i3t as\f/a?‘i Bhtetien fof HrprpYiRgba pifinitx efhs Htant to glugose,
preferred that andeptioadlyoat bymore owmtation(g) fanfurtberdmpwviag gerspagifioiey ¢fghe
substituted by nafan@FbmMPuasd 8 sahRedded hileme, R VHeRSIP tHeORSiishd FigenOf

25al ani nelfzgl ?’%&rg&po%:aqo%ﬁ% A 0 ac] ggsm?c[]?fk%&r? H’oghh‘.ﬁe i“Q:?:BAcEr%LJ 9 8DH”
)

position € am no aci d correspondi ng
position 349 ow#ﬁ}@egeqe{ﬂqe Pth% sequence known from A

cal coaceticus (SEQ ID NO 2) is substituted in a variant of the
present i nvent A displpsed aregp dyolatadpglypragotidneacoting anat FYHJeetent ertgjani no
acid valine 30ms e:q:tnd@sabn tadtoe dobyristug ssifhisoted polynsddoddd e@rablydimkddne agr oup

consi sting of @l&ﬁutaeeqamegdpmk rorN@cfr% tmeef,r%;sroe@f;ah.-ﬁpo%taaédnayﬁﬂaon in
p03|t|on1§49| erred, the mutation for

npr ovi ndt he oo ety € el cormBive 8 BQRTLEDT om t e aroan

consi sting of Ll 014 46H; 39T, 41V, V349G and VA36P.

preferred sai d SEIEE PROGES ??ﬁPT" P“P&rsp?ga"Pm‘ﬁa”ct%@%‘t“fl%ﬁ‘?“%?“B?Sﬁffglse is
sel ected from Cpws€tted WBB3BTapph@ialy eApressiVB 4O ynder edrditioag] sutaldpifpr

accordi ng to tbadbfticasedals-CDMeRnitird B deeilpd) ses two or three of these
substitutions or all these four substitutions. In a further preferred

enbodi ment t heFé’JﬂQVleﬂ&S@ IslabiBéh it SEAkEtediing: Adterint o!r FREsAMALgI8REChfl City
for gl ucoge asg %gﬂgfg%g%dts?(ﬁﬁl'{ nn.ﬁanlt anm%mgq :?E-elgént (i)xﬂrerﬂfon, sald nd

t hreoni ne "at posi

conprising at rr@%re‘feme&tfoaﬁeﬂmoataftaw%reo*?mplﬁmtbW%@uiaﬂte st abl | i ty

additionally conprises one or nore nutation(s) for roving the

substrate specilsp deserbedis a paicpfor therdetegioglog weerea@nw@a?sew q gmple

mal t ose. For cesmmlsihgappimpoatd SOGDH hetastudesdrdiag @ gageesbrtdhdeyticnf andn

s- GDH mutant whihBr reagents required for said measurement.

25 Detailed Description of the Invention

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

more mutation(s) for further improving the specificity of the mutant for glucose as



i nproved specificity for glucose as conpared to nmaltose, having a
substitution of 15threonine at position 348 by either glycine,

al anine or serine may not yet be sufficient for certain routine
applications. In certain enbodinments it nmay be required to generate
an s-GDH nmutant that in addition to the above di scussed mnutation at
posi ti on 348WEAMHISEEs one or nore additional nutati oR¢EEP200GP032r t her
i nproving the specificity of the mutant for 20glucose as conpared to
mal t ose. The term "substrate specificity" or "specificity" is
wel | -known to the skilled artisan. In order to calculate the

substrate Spec'cgﬁaﬁdr&y to%alﬁarsco%ﬁd rw‘ﬁé‘élfn' i La/sltfaﬂsegl’é‘é’is%n‘é@)ﬁn& % I o Lhe
activity nmeasure g n@ﬁ‘f ‘%’ gésusrna e(%&ggg % and to gycare
the activity mBd4SBPEPAHIRTIRE BE Heprlcatiass N Wé“’q&’ﬁk@eéﬁ%

val ue. Soneti md®¥: In 25 order not to be redundant, sinply the term
specificity is used w thout maki ng special reference to glucose on

t he one hand and descileed éw WK 02334949, asubptirution bithe amimoaridtilhposioh i hand.
The experts in thes-Goel Geqobdct BRBHELdIRL @ tRakilCoppacduenr Bilaenkymat i c
activities is Qe%ézmgég&s,aéan %Q%EH)} a£1%f1 QE@J‘H 35 RS gfaf s§ Qgecﬁi%%f ate

nol ecul es |nvest| at ssay
Ot herwi se corr &% ‘Sf‘bP’Llﬂg'Ff"EP’@H%’éeé“slqﬁ“EBﬁﬁic‘éﬁhe ffar‘%ﬁ"i"f}h%f theRreserly be
made. - 14 - Stvartgarak stledtscibel] avsl Hased @hian e RIS sraant ordprisingres atminece t o

be chosen in oa@i@gubmu@&ﬁ@@sm(dnrms w&mm,t e teiflustRehihait@oSRBLIBHCI LY.
The enzyngti c é’u?otsidt‘élehym& ar S% & regldHeCQe%e%teé‘ {% %&ébééfé;?tc%eg-é @Q@é | as

for other selecte St rate
Exanpl es sect i 8ANNSEYSRY 2BHsefiAE I’Fré E\?fé%‘tr%‘{ &pbo, Wﬁhﬂt"i‘ft? %é?‘l"\‘?i‘sty

for glucose or vfedrto srbktitols dor thmepacitipeation, 3481 s sermgwdrigy TB48¢ i§ hurnavn

i mprovement t hey eefskillédartss 658 6licaldd €ha$ tHeEIHideCt @5 8tion $48AS bdplatddybyf Or
mal tose in pergﬁaﬁ is calculated as Cross-reactivity [k] r- (activity
mal t ose/ acti vi gﬁ'ucose) x 100% (Cross-) reactivity for

mal t ose f wildg-t ccordin for a 10has been
determ ne as g‘ d}é?ussfgg}? € ns%’e Wﬁfg %ﬂlﬁtf@)deﬁegngémf’o%m{ig TSV ELIRE at ed
according to tM&h EB‘F?SS\QF}WST%WFFL&CH“WM g @‘}flﬁlc"é‘ééo e BOLPSH; t y
mal t ose wi | d- t yggethepederfBCL 1L 3/2. These two types appear not be related to each other.

For the purpose of this invention only the solubile form of GDH (s-GDH) is

relevant and improved mutants thereof are discussed herein below.

20 It is known in the art that the wild-type DNA-sequence of a soluble PQQ-
dependent glucose dehydrogenase can be isolated from strains of Acinetobacter.
Most preferred is the isolation of s-GDH from the Acinetobacter calcoaceticus-type
strain LMD 79.41. The polypeptide sequence of this wild-type s-GDH (the mature
protein) is given in SEQ ID NO: 2 and the DNA sequence is given in SEQ ID NO: 1,

25 respectively. Other LMD strains of Acinetobacter may also be used as source of wild-
type s-GDH. Such sequences can be aligned to the sequence obtained from A.
calcoaceticus and sequence comparisons be made. It also appears feasible to screen
DNA-libraries of other bacterial strains, as for example described for E.coli K-12
(Oubrie, A., et al.,, J. Mol. Biol. 289 (1999} 319-333) and to identify sequences

30 related to s-GDH in such genomes. Such sequences and yet unidentified
homologous sequences may be used to generate s-GDH mutants with improved
thermo stability.



activity maltose mutantactivity glucose wild-type 15 Inprovenents in
specificity of a novel s-GDH mutant are recognized as snaller val ues
in the above cal culation, as conpared to an s-GDH nutant with

i mproved specificity for glucose as conpared to nmaltose, having a
substitution of threonine at position 348 by either glycine, alanine
or serine. 2URMYRE6YKi ||l ed artisan will appreciate tRETVERSGINRY
nunbers w ||l depend on the nunber and kind of nutations already
present in a mutant. The nunber and kind-of nutations already present
in a nutant may be terned the nutant back- ground. Any novel nutation

i s best corrpar @ﬁle M&EA’LMS $6%nd @e&honpﬁ‘é lSesOiRY H&?Fref tldeta ? Ef i{'u ose

mut ation for her | npr.ovin (L;h% rgﬂr ggem

25 as corrpared ’fﬁre’FﬁSI‘P ing §°‘ rPoé‘H?‘?'? (o i BT %%{‘Jiooﬁ &he w488 £ r om
the group consisstueray of fs-GDE 5Pjsolaed ICmoAcingtob@ed 4Hcoadei®S Fpe Witaid GMIL 208L
or V, T2241; EZ43DAcHS &l pdddBAindiffekznt M800Asolatus c&resﬁ(orﬂing'to pdsit{bAss

T323V; A3534Y, b 429 P.
The term 5"|4nse|r‘:jtfi§)]§ 5@32%&5@% é‘t@%%ﬁ%?ﬁﬁe%% E Leljrllggom ti on
428 and positi 42 SE i s _30i nserted -
the present i n\?[glﬁ |"§1r??e al mﬁ%ﬂt gnmmrp ans&ag ﬁa’i ?Hh SEREDEAr t‘Eoc]%:dutr}?l ng
anmino acid | eué?‘h‘é“qeé’f%%épll‘ﬂ t 2arefpbne Ryfoamethrite thec@}}eHﬁll-"ﬁ@r"ﬁ? of
tryptophane. M$iGE PadkigerVeedort hi2 sGistidstCumporer iGroypodnd). Fielbereites by

phenyl al ani ne. n{dnnp;@&quénh@alagmﬂaﬂ @lgth g@ﬁﬁfﬁ&mr&uﬂg toPreRRS laligend 71

?E }\IhOe 33 o SlfI,L 0&:1%??6:1&% %-eqncpﬂgo%tt{%nﬁ)%] Pﬁar%\’pj Zgﬂggﬁ%glegéocusd t";SEQ

preferred that SfoRi88 ﬁ*&ffﬁfﬁ%ﬁo{ Sﬁe’bttcéluf‘ flﬁgorair#%lt arewe apig resiqupsears defin
substit ut ed by aecnerdimglndhagirdceseegint @ithfthomit ae glignent ofigie Stvp mgpsof
fromthe group se0Rsicghdnbg, pod@diii Alster W B a@hemese ﬁh%@'ﬂ@sdm%an
preferred the gubst Iafl%ne!i 2 the %FB%ASE e aped]qu%lﬁJgg oF &Fﬁer of 1%{1%c§s32 g

the amno acid corres
sequence Known TPSHHsErs éF‘l’:‘S%FG%ﬁ“c‘lfsa igred &y |aiRele C’Efnsi% of (thesain tised i n
a variant of t kégnpresdo intividual egyentes. The fipslefigmendistatidtved biea series

nat ur ?I ly oc g Ul prdgredive,1Rir MideChliBh drddthat iAdidd u'léeaf%'élﬁ aﬂsstuunﬁ decmnces
aspartic aci r
p aftd Bl?srce?sg e 2’1@ Eﬂqgcl:n%%%ql'e%ﬁén 1?{8u§ed I Tg Ip:-.ur wme athlﬁlent

substitution in posi € an no
acid corres ponar?’ﬁd"a@’d‘“b%% pqid Bﬂs‘@i‘i ipp hﬁhéo@O’@ﬂs\ﬁI@I&Ht’?‘ﬂ@“@éﬁ%%
known frah A easllcdaoided mn(eﬁé@hhg):om p@itionsgiwn iwtA. teitoedtiduns-§DH
variant of thejpgegantNONY.erdid @nwhy the |a§url27r ﬁ:‘ideisésﬁfén; BRén h&i€n r&ﬁamsal Iy
occurring am n%n&?st(godrr?t hllnglial Q:? I gsnt?ous f §E%§Ig : aclarl ansethealoasﬂj ns_’

| euci ne or isol €ucl ne, - \bre dfg th stl ionin p% RS

341 is by vali ﬁ@reSWIdtngﬁlé‘Fée“b@é‘ﬁm&FrsBO’?@%HS stk “FO(IECF% possi bl e to
further inprove substrate specificity of an s-GDH variant already
conprising a sibstere (mitapt” ar “vadaitt indhe seugofihe pressetrimientiprgtlatgntoanisno
aci d, preber ablGpHproted] whieh cobpaiwd @d the a6l itype AmindGicidieljudn? given in NS0
preferred, thegeg. b LARA oA Wi o%&dkd@t‘ltgéfdd"geléd&ﬁ o?fﬁ?e?ﬂ&nat €

specificity for glucose as conpare tose I's sel ected fromthe
group consi sti Y171 28P an

129P  Prefer ab?g, 9 glaflnt ng iomr%ﬂ% i)% Stltmng ancﬁopdelél { an t rate
specificity fof“sﬂPﬁ‘EcPé‘é“ gt‘@&ﬁb%’@@ﬁ "E‘Ha'ﬁﬁf?‘ég’éeqt@“ Q%‘lsé'e't‘@@erf’i’ Bi9rs he
group consi sti Hgnd$ athih®QFids fydr HE;s-EPH SOFEQIUNGHR 8 B. thatrt dicbibithw most

pref er r edoenbods syBiab sci€ ilktitiddnk QRSrtidhs dr@@etidn @80T al | these four
substitutions are used to inprove the substrate 30 specificity for

g L.Sff’.sﬁan ﬁﬁ {fgtﬁé & t‘ﬁnﬂ@lx&%?mﬂ:&o%ﬁ% gg}tﬁslt r éﬁfeﬁké Qﬁlﬁio;%mssﬁfimowe
oo R i eBiopa e F’F&gﬁr‘["ﬁé’t&b}h&u%‘t FHGPE i ng

gl ucose as conf
of L169F; Y171(3utaE21@5I9h°raﬁdnFmﬁturoﬁresszmﬂel In further preferred
enbodi nents conbi nati ons of two or of all - 16 - three substitutions



15 the nutant, at |east one nutation for inproving the specific
activity of the nmutant, and optionally one or nore mutation(s) for
inproving the affinity of the mutant to glucose, and/or one or nore
nmut ation(s) for further inproving the specificity of the nutant for
gl ucose as conpared to maltose, and wherein the positions given
correspond tWOM@1HM'no acid positions known from t heP@E/EP2007/003207

cal coaceticus s-GDH 20w | d-type sequence (SEQ ID NO 2) In another
enbodi nent the present invention related¥-to a nutant of PQQdependent
sol ubl e gl ucose dehydrogenase (s-GDH, EC 1.1.5.2) with inproved

speci ficity for ol HCOSE iR § wnﬁigqrpgmakés St B B OURE dry 1 ON

of threoni ne at sition 34 y .elther clne, ne aor. serine,
wher ei n sai d nﬂP‘gﬁfseléaaﬁ’ﬁemfaﬁq%f ar Ceéo%?f%ééedafe%a@"a’éw ‘DEBONULR | on
for inproving téfacest sgscifi¢ tagtiify ohdo ramy agsmbinationst of dkest disadvantageats on
for inproving phgpesipeci fic activity of the mutant. The term "specific
activity" is well-known fromthe art. It is used to describe the
enzymat i ¢ sact i ¥iab¥iryRREordAP W the Plesdat QivaHtIdn isVidfelsBdim JTBH N EHISt 1€ sthedOWN

to the art to delgr.my El'n% s-%iﬁfétiﬂiﬁréa&&eke‘r’r'nt ¥d f%fthié‘ﬂmﬁa Gk rréasthﬂﬁhgﬂm%cose
or other sugars as substrates, . 0 See 1'or exanpl e ‘I'garashi, S., et
al ., Bi ochem BaphysTheeso eahilitids debamined §pegonns ﬁ*ﬁéng&ewr&ﬁﬂf&w
accordi ng to tk&DH espmt activitg of & samplaByarettingrie omecesep eonifle actizicy fovi ty
fOL the subst r?@o@% He VGRSAnAE I GONNE RidssltRatthe At @D calkQRRAiSpeAgna For
substi t utj,on o e ITG%I Siti t her. | i ne
or seri ne] .0 - Ea-ngslf’)(r?g' er a‘g#}i/%%ﬁ%\fecrlrg@g?#%ﬁ ?%%C%’is%?%%%g{ntg ﬁseOfg%?gi fic
activity for gfeidPagénutes wars chirpmd/sing thesesopditions dievdld-tera capmeda§ P61 t he
group consi sti A Y%hf H8OFgioxl aRivikIeN.GriwreaSramdofABO2Btants With Asptohel
skilled arti sagewility BPRH@S Bl€enl) 10 4650rNQS 8 ALiLinttRl dRARIHAKS iR N0
acid 5 substitutions. &,4. stlent mutations,, which do not influence
the properties 0 s-J&ﬁtPo a si gnltfl cantextend. The variant
according_to the_.present invention wll, 6 h ver, no re than
28" o no8er o BRI GE muleRE R PR ing el B R 5 T A Br AR e o
variant will céoibstitntien ofthespning gispasition d4% by eithsyguding glaniphar seripg & 2
preferred, onl yubitfueen. Peefeaaabilydsailidnbititiitichiio felecad foevehe gup sbisistihd oS

wi |l be 10presegin, NIOIRE sTRRCILE L oSG BT PRM; RBEA; RERLIEBH Y3861
present invention are given in the Exanples section. Preferred s-

variants with | I 3 Yo ] SticCS
regardi ng t her Agwg%eglﬁﬁ?a%meﬂl’%gﬁéu fgglr tf%%l?ﬁﬁ%%?? %ﬁ%ﬁ%@é@é&nﬂs
conpri se ®he ngffeé??% 3“% the STR PBIHZHO B%"tﬁﬂ?@?ﬁ%?ﬂﬂsﬂ 0G; V298L and
15N122K+L 169 F+¥38pE.GaHRABD phEA ledenB@i@enty sq@BiRations of two, three or of four
N122K+S124K+L 1888 Hvbsfitiabhas 45 bkdVBiieMtd 3 B Sk Ybstitutions are used in a

192k 314K 1EOPI T ES AR D 1o TG T T3AB AL 306F + ns429P,

20087 RHNI22K+ S} 2410 A0 CHL L 09F X 1 G240t CRABHE2 A8 st nvention

MB41V+T348S+L386HRC IS a2gR? o ment te resent

D87 R+N12 2R+ S1 2 200 Bes B ArgiBig - inyRopitian 83 45 knapupia- Yo ggpaceticus wild-type s-
+G339T+M341V+TEHBFSERSBFNON 2N BO R a position corresponding to said position 87 in a
D87R+N122K+512{=}$§.3§|g£g%§§gﬂz OF+Y171G+E245D+QR46H+V298L+
25M341V+T3485+L386F+i ns429P+V436P;

%ZT@% iﬁ;f@é%gﬁké%%%ﬂe%%%%ﬁ%%%*ﬁ%ﬁ?Pﬁ%ﬁtﬁyg&?&ﬁiﬂg to the present
D87R+L110H+N127RenSPD ARMRIABTH R 6 BrPosHion dzess Aspwifong i Bgageticus wild-

MB41V+T348 S+ 3886 GREUEER ID 3iNE herio g popiresiobedppidingsto ssid pésitoni22 in t he
art to produceaRah@bdoupéRjmé.ns. Based on the inportant findings of
the present invention disclosing the critical inportance of certain

residues to i MR QY HiHeNBrefned BRL&LIAR thd Y.oDENGuARS 1d0dkide ftOkheJhrbeAS e

and the substrale SREShbhe! & ¥sifl infpdlbMa 1SR $0% £ Klidoh 888004 53N



- 18 - further appropriate variants of s-GDH harboring these and

ot her favorable nodifications. Such variants for exanple can be

obt ai ned by the nethods known as random nut agenesi s (Leung, D. W, et
al ., Technique 1 (1989) 11-15) and/or site directed nutagenesis
(HIlI, DO E., et al., Methods Enzynol. 155 (1987) 558-568). An 5

al ternative Wo2ABA1%Y produce a protein with the desi PEHERPBEERY es
is to provide chimeric constructs, which contain sequence el enents
fromat least two different sources or-tlo conpletely synthesize an
appropriate s-GDH gene. Such procedures known in the art may be used
in combi nat i on yeb b eEEAEES oPlh HosEbRFHsdolah b BUBEER: 124 in
invention to provide nutants or variants of s-GDH corrpr|5| ng e.qg.
addi tional am i} °5‘8F’§°LEG%7§F’|€T utions in conbination with the known
critical inportance of a _substit t|on in pasition 348 of SEQ I D NO
2. An s-GDH var? arftrthe eaifare g’rftba et 1 F G muARL ATPIHreR RPNt he
produced by st amventmg donmmealglygnﬁbl—poglene l4tsasi lmowaifred A. rcdepaceticus wild-

Aci net obagt er Gale¢ DA {IECUD NG 0B inladokitibMarréShoflding® ¥R Ipbsitsh 13¥ in

starting from equence. In the context of 15 this
application thgh?%%&ﬁgﬁf%gous is neant to conprise an s-GDH am no
21 Spduence bl bEdoly IR Lut SRRSO
program at | ed¥eGw Eprise Ffecra%ﬁwseev d%s effkngwwowmfegeﬂes éVJléDH
are identical typest@EOR(EEQIDNO:IS od@siqiobiliedcorespsnding © sidDposttion208tn Wi | |
be under sfgpood tghoMghisdi@Rs of DNA and amino acid sequences
naturally exist, or may be intentionally introduced using nethods

known in the afhli a fIJ&?e? %re‘fé‘:fe!i %‘b@&lﬁleﬁ‘iﬁ%e E%ﬁjﬁ tutait Hanfdﬁlg]tQ o HiRO
acid differences in the

ence, el
Subst i tut s one. THEREP PRGN PROGABTENG BrUg A SHOVHFO Ao Pt
am no aci d r esmide@eisrCRAEGEYNOnDeordn a positinr werrespondimo|spd Kovition
Such am no 25 38g€ind hembljdis eizdy@mas may be nade, for exanple, on the
basis of simlarity in polarity, charge, solubility, hydrophobicity,
hydr ophi lisci ty ItalihG/b@d’n foled AR fﬂmbhﬁoma@me pithr to@ falsd EHpBRant for

i nvol ved. For gém,ﬁ%{gnﬂﬁ%ﬁdéaé@ Xleﬁu!;'ﬂ{ 26d %ﬁ%o%&gﬂg wgJoHQ& 87,

aspartic acid ap tivel

i ncl ude 1ysine %694&11 ﬁ?arﬁé’g 3§?n ’asc‘? d’§“’\ﬁfaflh i‘fﬁ%lf‘ﬁ"ebf tb%ﬁaﬁrth"rﬁétad
groups or nonpd}hsabeemémdd dfrad tpse dubstitytipns BOe i prodomncedelfeco phithe thimp
val ues i ncl ude stahiBtyf oFl h@e Ghich q#éiridihﬁiy ha8 GtRULh Bted VR bIRL to Ght6idne,

al ani ne, ARspar ?ﬁ LALE Fpeghﬁgaimé QFthe % hs@%’f a EJ&E?eﬁghe%o ftt%}ﬁtgyﬂa% epq%r & Oand

tyrosi ne.” O he tron f
the afore ment 9 %ddms& lvp*e%waegam a%covaagﬂo PHEEE Hiversios cofppHshia an
af or ement i oned aggulingge positba $7, aflpsinedx posjyioe 1 23and d &4, 8 @lysindiia pbsitgprelds, a
N-termnal s Ub&hhhélfhlp@ﬂn&mb aiba PIREJUIGM S posﬁroné@é 6f SEQID NO:2, orina

N1 ornyl met hi og, g, 35t sgé‘lgmﬁ‘%é‘?a‘?c[ n%’o%?g}ilsqpat Sohrolo ?Hﬁs -Gt ﬁ&}se&ms may be

made w t hout necessari e spl rit of
the present inyent.i gn. Accordi topocedu in th e tat

the art B acolf At grefnat spBiutsthab® B HRenten Slusking Bubefet on

it is possibl ePQ& drpensent pdnBle ugticesst iddy r%ﬁ@@qd@ﬁ@@s %dl h§;2)r ch‘lthany
of the s-CGDH rruhpmtree sp&ifidit fodl glaeste ab@vipared N maltoseHaling a bitetiation ef
conprises al so r§c91 d%ta‘? SHBL%&}‘Q&QE cﬁ@%’%{?ﬁ%ﬁ @6}%?9%&8, \ﬁb%?l‘!;am”t ant
pr ot ei ns accor cfii resent I'nventi on’ as desc Ve ¢

The present .nwﬁ%fe) “f"d‘ 8F’Pflﬁ’éPﬂaaé‘s°"§d“‘§§<tﬁ’f‘ef%rs‘f”8f?v{?§éli‘%ﬁta ility o
conpri si i a nthelmeitentand et lesipremewatipodor igipryingdhe Hinipyrfesalurpse aflent i on

operably |inkeeéhutnpronoter 10 sequence capable of directing its
expression in a host cell. The present invention further includes an

expressi on vectpé teﬁ'ﬁmﬁ?ﬁﬁlﬁ"’ i a@ul'fs]ﬁ'ﬁ!e Rivell Redveh if QRUSNR S gﬁ@ﬁﬁ{rqm o the
present invent| WQnePk bﬂug \}anous metho%s are %me%%ﬁe art 19 dettl ine the zﬂﬁm% of



may be constructed using standard reconbi nant DNA t echni ques known in
the art, many of which are described in Sanbrook et al., in

"Mol ecular doning: - 20 - A Laboratory Manual" (1989) Cold Spring
Har bor, NY, Cold Spring Harbor Laboratory Press. The present
invention additionally relates to host cells containing an expression
vect or whi chWeaipii%6ées a DNA sequence coding for all BFT/EFANF/OEI07t he
mutant 5 s-GDH. The host cells preferably contain an expression
vector that conprises all or part of orné-of the DNA sequences coding
for a nutant s-GDH having one or nore mutations shown in the Exanples

53604) avarl :bla%blﬁﬁl g AELU otk rs“g‘*‘@m‘?"s‘éﬁ“s%g‘*ah‘ S
USA), XL1-Blue® BB gg*%“é‘?%ﬁém %&‘gﬁ \

e (11011 North 10Torrey
Pine Road, La Jolla, CA, USA) and the |ike. Ex pressi on vectors may be
i ntroduced int & HESTeRMBI nﬁ‘m?awf WHHE T Fodd RGP Sintpgreralgplations o
exanpl e, transbbthrefmonlueofvahpeformed i faiterrevéngiioe s icmes geotrated. Tleen be
carried oyt by .ffalyeibyk gliesgloy ealdidaR dicbie chulinglvap kaslatddraaasdigd wat i on

met hod ( Sambr ok & kgj)w“&gcﬁgdw_%gtreg)dnemv\ever ot her nethods for

i ntroduci ng expression vectors into host cells, for exanple,

electroporatlo h ti.c ti.0 I st _f.usion a also
be enpl oyed. O%ce gbk@?(ut?m 3: Or on &8¢t T res%'gnr{"g?qﬁ)i"%as A ‘“‘E“’&ﬁq‘fg gI;'I Ant

has been intr oalee%aswﬁwaar%mérswaﬁF?rawrélqsaﬁbswppn °ftthré°'?1i‘f§tt petian may
be cul tured und# bcethdr tlydms alpEnerot taring Byxfprablg Sheoaffinify fohehed@bitaeed

s- GDH varpant s glukiRsts d&eliSed aPMs@ bR MQlelall & HESLMBWs sedRneXPr €sSi 0N
vector with the DNA sequence coding for all or part of the nutant

s- GDH can be e@&k&%wtﬁ@&wo&mﬁe Im(tahonefgr m&bm Légfﬁng%,ig@&ao&%fml he

expressi on of I ants. .can dentl.1.1 ed t
o hode ©ike mORELPFIG: IO EEIGATGH TR kM- PP 748 by
detection of t Réeyelidng rlsnine or perine irotoghioaarig sebsﬂ@@p@e‘tl#ctm fesim thee
enzymati c act i yiohy casistidyeof QEIVEI @G t2edA, GRiresS; ERedH, W anNNEYBBY Bt 330T;

25assay 1§ appMsgfl; viig R'EsaRlsdpavention al so teaches the generation
and screening of s-GDH mut ants. Random mut ageneS| s and saturation

mut agenest s T SEPRLL e Sk D e AL 10:{ VR LR Stie H«t%sctga%“ed

for therno sta ar ed
to remaini ng atearspcs lym&fltf@m /ﬁé%{fwgef%é%ﬁq PP msybstlw ina §%f§?“t
condi tions 30theiposaningentiondeippeiirredthertbanasurtilyatcatrting axipesideucsral |

enhancenment s bsQughiuteddut aBing-acid bﬂec&dsﬂoﬂﬁh@g@m’ Béhsidirigths Ridishd dndt | ON,
can be ng S“re ros%%{fé’regie%%&ﬁm’J%‘gt‘ﬁuﬁ{n3%05% 1 ﬁﬁﬁ‘%%h{%‘&hee”' ng of

appropria t's ven or i npr ovenent

as corrpared to the tart.in mut ant .or

clearly detect Bycese Memind did %%iﬁ?°&91n§ft°@8w%réwb<§f %%a?%f St
not all expr esEREASKRONS o muh dalpRatisue ERIDNG): 2 dssulestitied ipp parignt of

function equal thy paeskdt ineeneixipriess ptefeerediifat ke uaNRBEE cofurdrpeadine seidt

I nvention. Neifj ﬂﬁglm ils|su@{14uteh%§tan%ﬁhﬁéacidlélfé&h@ﬁoﬁ%@FJoM %&Jsisuﬂg' &fh the
sane expr gSSI

o]
Wil makéan 5§fﬂ5€f B BRI, Mot iR B R PR AL Po0 263 B, DA
regul atory seq @H@ﬁes and host cells using the guidance provided
herein wi t hout undue experinentation. The invention also relates to a
process for pribdesd thy asiGDktid aerreaprindingfto tpegtiou B49eoft the sAGEH iwdd-type
conprising cul ;equn&gu@wh%ha A Qhlboa®ficut [B3Q 1DVMED D) QRubshERd lﬁwmaht &ns
sui tabl e for p{h(g%%?etnk %Pen%o? 1p§ grplf'etnad ha?th%u%@Y {)ccurrmmér%pntolagg val dme

bacterial_host

medi um cdft ai nisAepstisted b’ aaﬁa"w FsgestedsER disgrouprransshing a%natEeand
anti bi oti ¢ andglydréuldbieqmefagd mie st peing inpgsidon 149ds ygydnexpr essi on
vector). Typical appropriate antibiotics include anpicillin,
cananyci n, chl oroanphenicol, tetracycline and the |ike. Typical



production in host cells expressing a DNA sequence codi ng the nutant
s-GDH. The pol ypepti des of the present invention may al so be obtained
by in vitro translation of the nRNA encoded by a DNA sequence coding
for the nutant s-GDH. For exanple, the DNA sequences may be

synt hesi zed as descri bed above 20and inserted into a suitable
expressi on VEGZH/II3Ii ch in turn may be used in an i nP&IERT003207
transcription/translati on system An expression vector conprising an
i sol ated pol ynucl eotide as defined and ldescri bed above operably
linked to a pronpter sequence capable of pronnting its expression in

25embodi mont | of ' REEKEAERLBISY B “ﬁ‘?% BoBhaed s IEEEERC.
by procedures g&"g&é@é?‘i'sﬁg“ga‘lﬁ)\lﬂé)?hﬁ ﬁ’ %bglgf‘ ?’3‘%9&&“39(%63’[1“ fied
using various routine protein ﬁl urification techniques. For exanp| e,
chr omat ogr aphi &lspPeatrdrad sebititntigs fqr GRPEY R bR DR fBnaliest MpHgtedgel
filtration chr éomt Qu6HpEYIHNHM3AIY iand V9496 Aoprefeuet &SRy aegrding to the
enpl oyed. 5300N@re@tht tiventioR] BinpARP b &t thetd Bf fesd MABstinkINOYLEI Bredeldbhir

variants of thi sos:tnventlon is for the use in test strips to nonitor

t he bl ood- gl ucose FEV&1 in diabetic patients. The insensitivity of

PQQ dependent dehydr o] sed
above, a big a @éﬁ% %v%rrre&)?rﬂ@) é‘ger{"rﬁgaélgwefﬁ%%?%dt% P gfi gﬁlqaél 21 to
e.g., - 22 - rfawrwféépec %@r glyeose aﬁmpwr%ttm@ﬁltcrselhar@aia§1ngtafr1§0wf ch
may be present thréontmeappition 843 Hyeitlan glysiae alanicedt sexbwabhdcosipgising atdastt | y

reduced ugi ng LALROYEA S %«@g u@%@ui&ammn porhﬂmésot\/rﬁdort B@femo
stability as we

eC| rse
mmny ki nds o " THRPRE FByPHE RIS Hby b B e PR resSBer om
pl asma, i ntest FeeRartemdltese- urine are preferred sources for such
sanpl es. The invention also conprises a nethod of detecting,
det er mi ni ng or Fereegswini prpligitigeodle pubstzats gpgsifieinuof ng wGPH- @EDHnmwitint
accordi ng to t heprpvedsparificipnfee Blut@diias dotnphied @S Meiedsa |Hayingi efbedtiech sthat
the i nprqyed ”ﬁ&&%ﬁxefa‘?r oﬂﬁ&ﬁ‘e‘x&d eftfer @ JHEQS&nH% & SAEPHEy St yet be

characterized | det ecti.on, termnation or asufr enent of
10gl ucose is p@’?‘ii"bet“ Hcelﬁté‘i“ﬁ&“tﬁ’eé‘%mlﬁf’ronﬁr test strip device. Al so

wi thin the SCﬁB_‘a :‘FE‘% g)r esent invention is a device for thﬁl

det ection or <tipig RGP IiEEnty RS TPgyirgd goaa?mréteew&%m&na ainGpH
mut ant accor di edfliticn tb hesabovevdisrisghmatiowe it posigorn B4feqompeisegont sr megui r ed
for said measusemeAEl mifdGors)JoH frdet ?ﬁﬁﬁr%wﬂ%ftﬁb {pABfi@yed thd&fubdt for

tabilit ft I b dt t advant
stability,0 ?Bs&ﬂvgmnéaégﬂo%ﬂ?% so be used to great advantage

i n biosensors , Biosensors 2 (1986) 71- 87;

Lauri navi ci us, £, cal t.ers 1 316;
Laur i navi ci us, T8 témétsulgsfrfiﬁe SWB’%&%'S ﬁéfsPeéLﬁt%{E"et‘S ‘ﬁqgﬁo‘& %3‘82 :(k%lgggr)man
1269-1281; W)osucﬁ . euﬁ al.., Sensors_and Actuators B 100 (2004)
395-402) for oMl PAE AGHFHT PRguRsialg FRIEGER 9 rass-Bamsiteonssay FE& Por |
For this purposehetdaivity-n@g@redavittaglt@scarsubstate texehif ad thegompae theo
coat 20 an Oxyc@el&rméhs&e&w&hmoﬂlea&&yte@l;@@xtmﬂeglmgemm@ seﬁlemym in

COITp| ex ant al mdnlg cﬁ tg% r)a(dugﬁanqu 1InPl\P/(§.heeRE mysP]ecqitcilégls us d %tﬁé 1993

supra) for nore acc urat e ose Concen ion.
In the foll ow f?gc'@i%f?rﬁrceéog‘a@fe dhgesthand yndayssl F%qd.%*rfr Hgn ARt 3teé’|‘1d

ot her mat eri al gienteechapt ai ned from Roche Di agnostics Gernmany, unless
ot her comrercial sources 25 are specified, and used according to the
instructions grhedpdyintihdieRiufphpeecate tmlebmpdrmfamﬂmd‘aﬁdSes&rﬁahoyed
for the purifigakd ﬂflaquﬁlb?ar aGh&ehtrARhd QPthQQGbsﬁLtQ%d?&ulQi m'?é!ﬁga?erdeus‘ﬁ‘%

known in heart u ols in

ol scul P bi of BEYABITER g Sty Hpreretom e dBBRIPLE Suicen
required by th@atlﬂtthﬂVeHﬂ&maﬂSan 30The fol |l owi ng exanpl es further
illustrate the present invention. These exanples are not intended to



- 23 - The follow ng exanpl es, sequence listing and figures are
provided to aid the understanding of the present invention, the true
scope of which is set forth in the appended clains. It is understood
that nodifications can be nmade in the procedures set forth wthout
departing fromthe spirit of the invention. 5Description of the

Fi gures Fi guVe207mBet7ei n sequences of A. cal coaceti cuBCTRRGEEI dent
s-GH (top) and A baumannii s-GDH (bottom aligned according to
sequence honol ogy. Figure 2:1llustratio4-of pACSGH vector referred
to in Exanple 1 10containing the wild-type or nutated DNA sequences,

respectively, ?VA athyéa'aﬁdagpagﬁgﬁﬂ gq;n&koqg%@mdmx 9&6&@&% askdsgur e

3: Nucl eoti de ( sequence vect or err(? |H1
Exanpl e 1 cont l"h"@mF'Hé i) fugsteals, epe %é??éfg’aﬁcf adyity9f " GPH for
PQQ dependent glugesosea gbbiyaty wgeatias éor o8 Eselanofl eugr subbtous ngmeasered as
expression of daerivddliche gRenples seabcoacet i cus sol ubl e PQQ dependent
gl ucose dehydrogenase in E. coli The s-CGDH gene was isolated from
Aci net obaet er Q@Je&%cﬁ'&'rﬁéé&uéﬁén@d bt %%9. Aav@,Cfa@r 84 drfs hanskar d

procedures. The, i Was S int,o a 20 pl asmi d
cont ai ni ng therenﬁﬁc welberQ%s gtac 0 (;9131 "UBYAnT eyg'f(rﬁ? gs‘?fsgsrsled(cf Pat ent

application 7 The ne struct d PACSGDH (see
Fi gures 2 and 8%211( ‘)Oés) rgaéf’j”fygo m?f)m PeFiE ’rséagd‘#% ﬁ‘ént pl asni ds
were introduced. into an selected fromthe E.coli group.
These or gani smg %F%cr{vﬁéﬁftﬂﬁ‘f&%w °s€(ﬁﬁgf"y§b‘i9fe36rlp%(fe condl t| ons and
col oni es show ng s-GDH activity selected. 25The plasm d was

i sol ated from &80 TRctigider rﬁféﬁ of sl types-GHH peserdinedn the ?1‘{‘3|f‘afﬁ’é'8'
above usilfig t hbasBegn@eNririnadariaodvifi% Epe WOQREGHER). according to the
manuf acturers' protocol. The plasm d was resuspended in 1 ml

bi -distilled WapeerﬁcltyThealcorattdeabfdaigitmthetﬁﬂlowhg fpmakm d was det erm ned
using a Beckman DU 7400 Photoneter. 30The yield was 600 pg. Then the

qual ity of the & m d e@iteEcare et by aglgyaly gsBosgtldamect r ophoresi s.
- 24 - Exanpl e® e‘r‘éﬂ“ri """" rant T34 d_nutant 48S As starting
tenpl ategsfor the gener &t I{m?osefmm?rﬁer m%gpa"svgpd[é'ﬁfs nut at ed s-

GDH with the ations T348G_or T348S, ectively, was

manuf act ur od. | FROCEMSAtIA APETg %f3 el e Rt becoRdes el e
known to have Fahs by abeve stleudetionsaseempared toyan fsiDIg Imntans evith dmprovedar ed
to the substr atRecifiBtytf@SRicosaecopPatd 3hAiag, having a substitution of threonine at

position 348 by either glycine, alanine or serine.

20 As the skilled artisan will appreciate the absolute numbers will depend on the
number and kind of mutations already present in a mutant. The number and kind
of mutations already present in a mutant may be termed the mutant back-ground.
Any novel mutation is best compared directly to the mutant back-ground.

Preferably the mutation for further improving the substrate specificity for glucose
25 as compared to maltose is an amino acid substitution selected from the group

consisting of Q145P; D163G or N; QI64F; L169F; Y171G; 1208L or V; T224[;

E245D; G2768; A294D or E; V3004, S, N, Y or [; T307G; T323V; A354Y, Eor L;

R378[, M, A or D; N428P and insertion 429 P. The term “insertion 429” is used to

indicate that between position 428 and position 429 of SEQ ID NO:2 a proline is
30 inserted.

In case the amino acid corresponding to position 169 of the s-GDH wild-type
sequence known from A. calcoaceticus (SEQ ID NO: 2) is substituted in a variant of



The Qui ckChange Site-Directed Miutagenesis Kit (Stratagene, Cat.
200518) was used to substitute the threonine at position 348 by a
glycine or a serine. The appropriate priners were designed. 10The 5"-
and the 3"-prinmer used for nutagenesis were conplenentary to each

ot her and contained the nodified codon for the exchange from

t hreoni ne t oWRIHEIHEY7(ACA to GEG) or fromthreoni ne t ECHERPHERECA to
TCA) in a central position. These nucl eotides were flanked by 12 to
16 nucl eoti des at each end. The sequencés of the nucl eotides were
identical to the sense and anti-sense DNA-strand flanking 15 the
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Table 1: Basic characteristics of the nutants T348G and T348S as
conpared to wild-type (W) s-GDH Enzyne MG at 30 mM sugar in % %
relative activity 1,9 mM/ 30 nM glucose Stability,30 mn, 64C Am no
acid (AA) exchange WI' 105% 70% 80% - Mutant A 22% 25% 40% T348G

Mut ant A" 50% 35% 50% T348S exanple 4 5Sequencing of a nutant s-CGDH
The nmet hod | WOeXB#{SF17f i ed for s-GDH T348G The sequenBfHER2BMEPERY ed
bel ow can al so be used for sequencing of other s-GDH nutants. The
follow ng prinmers were used for sequenclifng of an s-GDH nutant: Sense
strand: 5 -TTA ACG TGC TGA ACA GCC GG 3' (= SEQ I D NG 6)

three substitutions are used together with the insertion 429 P in a mutated s-GDH
to improve the substrate specificity for glucose as compared to maltose of such

mutant.

As described in WO 02/34919 and WO 2006/008132, respectively, a substitution at
5 position 428 whereby asparagine is replaced by proline or an insertion of the amino
acid proline between position 428 and 429, respectively, further improve the
specificity of an s-GDH mutant already comprising a substitution at position 348.
In a further preferred embodiment the present invention therefore relates to a
mutant of PQQ-dependent soluble glucose dehydrogenase (s-GDH; EC 1.1.5.2)
10 with improved specificity for glucose as compared to maltose, having a substitution
of threonine at position 348 by either by glycine, by alanine or by serine and either a
substitution at position 428 whereby asparagine is replaced by proline or an
insertion of the amino acid proline between position 428 and 429, wherein said
mutant additionally comprises at least one mutation for improving the stability of
15 the mutant, at least one mutation for improving the specific activity of the mutant,
and optionally one or more mutation(s) for improving the affinity of the mutant to
glucose, and/or one or more mutation(s) for further improving the specificity of
the mutant for glucose as compared to maltose, and wherein the positions given
correspond to the amino acid positions known from the A. calcoaceticus s-GDH

20 wild-type sequence (SEQ ID NO: 2)

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

25 comprises at least one mutation for improving the stability of the mutant and at
least one mutation for improving the specific activity of the mutant.

The term “specific activity” is well-known from the art. It is used to describe the
enzymatic activity per amount of protein. Various methods are known to the art to
determine specific activity of an s-GDH, using glucose or other sugars as substrates,

30 see for example Igarashi, S., et al., Biochem Biophys Res Commun 264 (1999) 820.
The s-GDH mutant according to the present invention has an improved specific
activity for the substrate glucose as compared to a mutant comprising a substitution
of threonine at position 348 by either glycine, alanine or serine.



10Anti -sense strand: 5'-ATA TGG GTA AAG TAG TAG GC -3' (= SEQ I D NO
7) The plasm ds containing the gene for nutant s-GDH T348G which
mut ant has about 22 % mal t ose/ gl ucose cross-reactivity and s- GDH
T3485, which mutant has 50 % nal t ose/ gl ucose cross-reactivity,
respectively, were isolated (High Pure Plasmd Isolation Kit, Roche
Di agnosti cs WR3M7ING71754785) and sequenced 15usi ng aRCTREROBPE Dye
Ter m nat or Sequencing Kit and ABI 3/73 and 3/77 sequencer (Anmersham
Phar maci a Bi ot ech). Sequencing confirmed-that the desired nutations
on DNA and on am no acid | evel have been achieved for both nutants.

pOS L1 on 343, Turanal e KERRGA for inplRlihg U Laclt afiRicptor gRARER S ¥ o
Pound. Fxanpi e 264 SRSy Stk R St S RED SR OPIL PER e

mut agenesi s on /3PS Bdsi s of T348G (nmutant A) and T348S (mutant A) -
27 - known to influence relevant characteristics of s-GDH |i ke therno
stability, subgisrtht ekilgdeartisancyilyappreciafef itnis tppssibde ¢ uedsestekenamisozatl yzed
i ndi vi dualsl y oullfitutienspd.g. silehfitiitatladd,Bkhidhronanib flidhcehe RBpdvas oss-GDHT348S
(mutant A). o ShH@LOBHY! 3ENEENE UBRIRCLT Ble FithehtOlnviHi3R! M NO
acid positions_in ofder to 5 ﬁval uate whi cIt_effect such si ngLe am no
aci d substit ut PBKEYR JRAYE MPalparednan fro2 e AAE XBA%E By compand to D
respectivel y. N2 @rfeklidhahgrarBnt willDiompoitecd Wulengemmosicd kgbstitutions,
(Stratagene, Cadore pEbrd8)onhas uniad atid sGbibtukibhsUdrefeBdt GOREAIAY Willvbd d
type am ng aci (B&s&tt. positions 87, 110, 122, 124, 145, 146, 169, 171,
187, 246, 294, 298, 300, 313, 323, 333, 339, 341, 349, 378, 428,
10and 436 of tsem¥spetifit y-BOHSvatthits picoridRigo the @BRETE idvettioy. arel§ieen5n theand

the 3'-priner o) t i . ny.1.0 C ntary to
each ot IEler and%%%lgﬁlgasisrﬁggu]\&gféggﬁ g%’gﬁ %ﬁlaégg‘?ﬂlr onvi %pcg’sec%ﬁ}fegﬁg by
position. The tAPEEd, SiIEReIHisHcs megardigr ey salilidordgudstte afinich ffr e at

t he desired pogiutdsetonsyite the thutagtsfwidi thidTallonrgraobsaakiohsposi t i on under
i nvestigation were flanked by 12 to 16 15 nucl eotides at each end

}[Nhi Clh }[Nerlgl i d?Iﬂilhﬂ@iLl&@+?fﬁG$Em§+m@ﬁﬂBiﬁﬁiﬂ§@29w-St ransl of I:IhﬁINN
enpl ate. Ins - i mer.s,containe
therefore the ﬁ%ﬁ&%ﬁ&ﬂ%&%‘g@?ﬂ%343&@??/&5’3&'{2%?@ codon. For
each of the podN1E3oR$zZEAHEIFYIVEStE2GaP M1 VehatsPERs6EantteBh was

per f or med. NP BERKE-€ 80k HOIT$G A5 h-hg24bRRMs L BstBAg L ogsFendonudease
di gesti ons vvereir@&{@. 20 formed according to the manual provided with
i'tTe-

t he Qui ckChangé' Directed Mutagenesis Kit (Stratagene, Cat.
200518) .20Fr omPEARNIRERF F1&Hc!tSl 405 +1169F+ WG HEXHD 1 @246 H 82981+

el ectropor ati onzefv-Xishés+CedsFsins42op;l s were grown and the

s-CGDH-activiti f 1 i.bed above.
25To increase ? §é£2¥12?? E@#@%ﬁ?c}ﬁ}@%@féﬁﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁz@%ﬁ%@%&?ﬁbl e am no
aci ds subst i t utGé+M3a1\ et ed-38eF +ms¢8Peval uati on, 200 cl ones for
each position pere:eRLeesedk1334608$ CoFPery 1 GRERXRARI@8H3 V2980t er est i ng

cl ones weje segﬁgggfgggﬁggg&g%hqﬁzg +\;4ggp,met hod given in Exanple 4. -

28 - Tablé 2: i onal am rno aci d substitutions on basic
characteri sti Cg)sa}l—mg]ﬁjﬁl2%4‘@%@@9F+Y171G+E245D+Q246H+V298L+
M341V+T3485+V349G+A354T+L386F+ins429P;

D87R+L110H+N122K+5124K+5146G+L169F+Y171G+E245D+Q246H+V298L+
M341V+T3485+L386F+ins429P.

30 Numerous possibilities are known in the art to produce mutant proteins. Based on
the important findings of the present invention disclosing the critical importance of
certain residues to improve the thermo stability, the affinity for glucose and the
substrate specificity of a mutant s-GDH the skilled artisan now can easily produce



Enzyme M G at 30 mM sugar in % %elative activity 1.9 mM/ 30 nM
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further appropriate variants of s-GDH harboring these and other favorable

modifications. Such variants for example can be obtained by the methods known

as random mutagenesis (Leung, D. W,, et al., Technique 1 (1989) 11-15) and/or site

directed mutagenesis (Hill, D. E., et al., Methods Enzymol. 155 (1987} 558-568). An

5 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 synthesize an appropriate s-GDH gene. Such procedures

known in the art may be used in combination with the information disclosed in the

present invention to provide mutants or variants of s-GDH comprising e.g.

10 additional amino acid substitutions in combination with the known critical
importance of a substitution in position 348 of SEQ ID NO: 2.

An s-GDH variant according to the present invention can e.g., be produced by
starting from an s-GDH gene as isolated from Acinetobacter calcoaceticus-type strain
LMD 79.41 as well as by starting from a homologous sequence. In the context of

15 this application the term “homologous” is meant to comprise an s-GDH amino
acid seciuence with at least 90 % identity as compared to SEQ ID NO: 2. With other
words, after appropriate alignment using the PileUp program, at least 90 % of the
amino acids of such homologous s-GDH are identical to the amino acids described
in SEQ ID NO: 2.

20 It will be understood that variations of DNA and amino acid sequences naturally
exist, or may be intentionally introduced using methods known in the art. These
variations may result in up to 10 % amino acid differences in the overall sequence,
due to deletions, substitutions, insertions, inversions or additions of one or more
amino acid residues in said sequence as compared to SEQ ID NO: 2. Such amino

25 acid substitutions may be made, for example, on the basis of similarity in polarity,
charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of
the residues involved. For example, negatively charged amino acids include aspartic
acid and glutamic acid; positively charged amino acids include lysine and arginine;
amino acids with uncharged polar head groups or nonpolar head groups having

30 similar hydrophilicity values include the following: leucine, isoleucine, valine,
glycine, alanine, asparagine, glutamine, serine, threonine, phenylalanine, and
tyrosine. Other contemplated variations include salts and esters of the afore
mentioned polypeptides, as well as precursors of the aforementioned polypeptides,
for example, precursors having an N-terminal substitution such as methionine,
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N-formylmethionine used as leader sequences. Such variations may be made

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

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

mutant proteins according to the present invention as described above.

The present invention further includes an expression vector comprising a nucleic
acid sequence according to the present invention operably linked a promoter

10 sequence capable of directing its expression in a host cell.

The present invention further includes an expression vector comprising a nucleic
acid sequence according to the present invention operably linked to a promoter
sequence capable of directing its expression in a host cell. Preferred vectors are
plasmids such as pACSGDH shown in Figures 2 and 3.

15 Expression vectors useful in the present invention typically contain an origin of
replication, an antibiotic resistance for selection, a promoter for expression and the
whole or part of the s-GDH gene variant. The expression vectors may also include
other DNA sequences known in the art, like signal sequences (for a better folding,
transportation into the periplasma or secretion), inducers for a better modulation

20 of the expression, or cleavage sites for cloning.

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

materials are known in the art and are commercially available.

30 Suitable expression vectors containing the desired coding and control sequences
may be constructed using standard recombinant DNA techniques known in the art,

many of which are described in Sambrook et al., in “Molecular Cloning:
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A Laboratory Manual” (1989) Cold Spring Harbor, NY, Cold Spring Harbor
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
5 s-GDH. The host cells preferably contain an expression vector that comprises all or

part of one of the DNA sequences coding for a mutant s-GDH having one or more

mutations shown in the Examples 2-8. Suitable host cells include, for example,

E.coli HB101 {ATCC 33694) available from Promega (2800 Woods Hollow Road,

Madison, W, USA), XL1-Blue MRF available from Stratagene (11011 North
10 Torrey Pine Road, La Jolla, CA, USA) and the like.

Expression vectors may be introduced into host cells by various methods known in
the art. For example, transformation of host cells with expression vectors can be
carried out by polyethylene glycol mediated protoplast transformation method
{Sambrook et al. 1989, supra). However, other methods for introducing expression

15 vectors into host cells, for example, electroporation, bolistic injection, or protoplast
fusion, can also be employed.

Once an expression vector containing an s-GDH variant has been introduced into
an appropriate host cell, the host cell may be cultured under conditions permitting
expression of the desired s-GDH variants. Host cells containing the desired
20 expression vector with the DNA sequence coding for all or part of the mutant
s-GDH can be easily identified by i.e. antibiotica selection. The expression of the
s-GDH variants can be identified by different methods like measuring production
of s-GDH mRNA transcripts, detection of the gene product immunologically or
detection of the enzymatic activity of the gene product. Preferably an enzymatic
25 assay is applied.

The present invention also teaches the generation and screening of s-GDH mutants,
Random mutagenesis and saturation mutagenesis is performed as known in the art.
Variants are screened for thermo stability (activity without heat stress treatment
compared to remaining activity after heat stress treatment). The assay conditions

30 chosen are adapted to ensure that the expected small enhancements brought about
e.g., by a single amino acid substitution, can be measured. One preferred mode of
selection or screening of appropriate mutants is given in Example 3. Any change or
improvement as compared to the starting enzyme (mutant or wild-type) can be
clearly detected.
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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
5 appropriate selection among the expression vectors, DNA regulatory sequences,
and host cells using the guidance provided herein without undue experimentation.

The invention also relates to a process for producing s-GDH variants of the current
invention comprising culturing a host cell of the invention under conditions
suitable for production of the mutant s-GDH of the invention. For bacterial host

i0 cells, typical culture conditions are liquid medium containing carbon and nitrogen
sources, the appropriate antibiotic and induction agent (depending on the used
expression vector). Typical appropriate antibiotics include ampicillin, canamycin,
chloroamphenicol, tetracycline and the like. Typical induction agents include IPTG,
glucose, lactose and the like.

15 It is preferred that the polypeptides of the present invention are obtained by
production in host cells expressing a DNA sequence coding the mutant s-GDH,
The polypeptides of the present invention may also be obtained by in vitro
translation of the mRNA encoded by a DNA sequence coding for the mutant
s-GDH. For example, the DNA sequences may be synthesized as described above
20 and inserted into a suitable expression vector, which in turn may be used in an in

vitro transcription/translation system.

An expression vector comprising an isolated polynucleotide as defined and
described above operably linked to a promoter sequence capable of promoting its
expression in a cell-free peptide synthesis system represents another preferred

25 embodiment of the present invention.

The polypeptides produced e.g. by procedures as describe above, may then be
isolated and purified using various routine protein purification techniques. For
example, chromatographic procedures such as ion exchange chromatography, gel
filtration chromatography and affinity chromatography may be employed.

30 One of the major applications of the improved s-GDH variants of this invention is
for the use in test strips to monitor the blood-glucose level in diabetic patients. The
insensitivity of PQQ-dependent glucose dehydrogenase towards oxygen is, as -
discussed above, a big advantage over glucose oxidase. The interference due to e.g.,
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maltose, galactose, and/or other related sugars which may be present in a sample to
be analyzed, can now be significantly reduced using the novel s-GDH variants
having both improved thermo stability as well as improved specificity towards
glucose. Of course many kinds of samples may be investigated. Bodily fluids like

5 serum, plasma, intestinal fluid or urine are preferred sources for such samples.

The invention also comprises a method of detecting, determining or measuring
glucose in a sample using an s-GDH mutant according to the present invention. It
is especially preferred that the improved method for detection of glucose in a
sample is characterized in that said detection, determination or measurement of

10 glucose is performed using a sensor or test strip device.

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

this invention as well as other reagents required for said measurement.

The s-GDH variants with improved thermo stability of this invention can also be

15 used to great advantage in biosensors (D'Costa, E.J., et al., Biosensors 2 (1986) 71-
87; Laurinavicius, V., et al., Analytical Letters 32 (1999) 299-316; Laurinavicius, V.,
et al., Monatshefte fuer Chemie 130 (1999) 1269-1281; Woosuck, S. et al., Sensors
and Actuators B 100 (2004) 395-402) for online monitering of glucose in a sample
or a reactor. For this purpose, the s-GDH variants can, for example, be used to coat

20 an oxygen-insensitive glassy electrode with an osmium complex containing a redox
conductive epoxy network (Ye et al., 1993 supra) for more accurate determination
of the glucose concentration.

In the following examples, all reagents, restriction enzymes, and other materials
were obtained from Roche Diagnostics Germany, unless other commercial sources

25 are specified, and used according to the instructions given by the suppliers.
Operations and methods employed for the purification, characterization and
cloning of DNA are well known in the art (Ausubel, F., et al,, in "Current protocols
in molecular biology" (1994) Wiley Verlag) and can be adapted as required by the
skilled artisan.

30 The following examples further illustrate the present invention. These examples are
not intended to limit the scope of the present invention, but provide further
understanding of the invention.
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The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the
procedures set forth without departing from the spirit of the invention.

5 Description of the Fi

Figure 1: Protein sequences of A. calcoaceticus PQQ-dependent s-GDH
(top) and A. baumannii s-GDH (bottom) aligned according to
sequence homology.

Figure 2: Mlustration of pACSGDH vector referred to in Example 1

10 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.

15 Example 1
Cloning and expression of the wild-type A. calcoaceticus soluble PQQ-dependent

glucose dehydrogenase in E, coli

The s-GDH gene was isolated from Acinetobacter calcoaceticus strain LMD 79.41
according to standard procedures. The wild-type s-GDH gene was subcloned into a
20 plasmid containing the mgl promoter for adjustable expression (cf. Patent
application WO 88/09373). The new construct was called pACSGDH (see Figures 2
and 3 as well as SEQ ID NO: 3}. The recombinant plasmids were introduced into a
host organism selected from the E.coli group. These organisms were then cultivated

under appropriate conditions and colonies showing s-GDH activity selected.

25 The plasmid pACSGDH was isolated from a 200 ml over-night culture of the clone
mentioned above using the QIAGEN Plasmid Maxi Kit (Qiagen) according to the
manufacturers’ protocol. The plasmid was resuspended in 1 ml bi-distilled water.
The concentration of the plasmid was determined using a Beckman DU 7400
Photometer,

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

gel electrophoresis.
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30 mn, 64C Am no acid (AA) exchange Mutant A/32 - - 45% + L 187 F
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Example 2

Generating mutant T348G and mutant T348S

As starting templates for the generation of further improved variants mutated s-

GDH with the mutations T348G or T348S, respectively, was manufactured. These
5 mutants of s-GDH were chosen because they are known to have improved substrate

specificity for glucose as compared to the substrate maltose (see WO 02/34919).

The QuickChange Site-Directed Mutagenesis Kit (Stratagene, Cat. 200518) was
used to substitute the threonine at position 348 by a giycine or a serine. The

appropriate primers were designed.

10 The 5’- and the 3"-primer used for mutagenesis were complementary to each other
and contained the modified codon for the exchange from threonine to glycine
(ACA to GGG) or from threonine to serine (ACA to TCA) in a central position.
These nucleotides were flanked by 12 to 16 nucleotides at each end. The sequences
of the nucleotides were identical to the sense and anti-sense DNA-strand flanking
15 the codon for the amino acid exchange. Instead of the codons ACA = threonine for
the sense and TGT for the anti-sense strand, respectively, the primers contained
GGG = glycine or TCA = serine, respectively, for the sense and CCC = glycine or
AGT = serine, respectively, for the anti-sense strand. The sense and the antisense

strand for the exchange T348G are given as SEQ ID NOs: 3 and 4, respectively.

20 CATTTGCTGG CCAGGGGTTG CACCGTCAT (=SEQ ID NO: 4)
ATGACGGTGC AACCCCTGGC CAGCAAATG (=SEQ ID NO: 5)

The PCR-reaction and the Dpnl digestion were performed according to the manual.
After that, 1 pl of sample was used for the electroporation of XL-MRF'- cells.
Electroporation was achieved with 2.5 KV in 0.2 cm cuvettes using 2 BioRad E. coli

25 Pulser (BioRad). After growth in 1 ml LB at 37 °C for one hour, bacteria were
plated on “4 x yeast” medium (20 g yeast extract + 5 g NaCl, pH 7.0 to 1 1 Aqua
dest.)-Ampicillin agar plates (100 pg / ml Ampicillin) and grown over night at
37°C. The mutated s-GDH clones were examined using the following screening
method.



Mut ant B 10% 35% 50% T 348 G+N 428 P Table 3: Effect of additional
am no acid substitutions on basic characteristics of nutant A
(-=T348S) Enzynme M G at 30 mMsugar in % %elative activity 1.9 nM/
30 mM glucose Stability, 30 mn, 64C Anino acid (AA) exchange W -

A ucDOR 105% 70% 80% Mutant A 50% 35% 50% T348S Mutant A /1 55% 47%
WO 2007/118647 PCT/EP2007/003207
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Example 3

Screening

The mutant colonies on the agar plates described above where picked into
microtiter plates (MTPs) containing 200 pl “4 x yeast”-Ampicillin-medium per well
5 and incubated over night at 37 °C. These plates are called master plates.

From each master plate, 5 pl sample/well was transferred to an MTP containing 5 pl
per well of B (B = Bacterial Protein Extraction Reagent; Pierce No. 78248) for cell
disruption and 240 pl of 0.0556 mM pyrolloquinoline quinone (PQQ); 50 mM
Hepes; 15 mM CaCl, pH 7.0/well for activation of s-GDH were added. To complete

10 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 4 x 10 pl sample per well were transferred to four empty
MTPs. Thereafter, the first aliquot was tested with glucose at standard
concentration (i.e. 30 mM), the second one with a reduced glucose concentration

15 (1.9 mM instead of 30 mM), the third one with maltose as a substrate and the
fourth stressed 30 min at 64 °C before testing that aliquot alike the first aliquot. All
selected other sugar molecules were used in equimolar standard concentration, i.e.
at 30 mM. For all assays 90 pl of mediator solution (see Example 8) already
containing the sugar to be analyzed was applied.

20 The dE/min was calculated and the value using 30 mM glucose as substrate was set
to 100% activity. The value obtained with the other sugar was compared to the
glucose value and calculated in percent activity ((e.g. for maltose as: dE/min
maltose/dE glucose)*100). This is equivalent to the cross-reactivity of the (variant)
enzyme. In the following Tables “M/G”, i.e. the cross-reactivity of s-GDH with

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

The value obtained with the 1.9 mM glucose was compared to the 30 mM glucose

value and calculated in percent relative activity ((dE/min 1.9 mM glucose/30 mM

glucose)*100). This gives a 9%-value which is an indirect indicator of the Km-value

for the variant analyzed. According to this calculation a higher %-value indicates a
30 lower (= better) Km-value.
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Table 1: Basic characteristics of the mutants T348G and T348S as compared to
wild-type (WT) s-GDH

Enzyme | M/G at 30 | % relative activity | Stability, 30 [ Amino acid (AA)
mM sugar | 1,9 mM / 30 mM | min, 64 °C exchange
in % glucose

WT 105 % 70% 80 % -

Mutant A [22% 25% 40 % T348G

Mutant A’ | 50% 35% 50 % T3485

Exampie 4

5 Sequencing of a mutant s-GDH

The method is exemplified for s-GDH T348G. The sequencing detailed below can
also be used for sequencing of other s-GDH mutants.

The following primers were used for sequencing of an s-GDH mutant:

Sense strand: 5-TTA ACG TGC TGA ACA GCC GG-3 (= SEQ ID NQO:6)}
10 Anti-sense strand: 5°-ATA TGG GTA AAGTACTAC GC -3' (= SEQID NO: 7)

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

sequencer (Amersham Pharmacia Biotech).

Sequencing confirmed that the desired mutations on DNA and on amino acid level

have been achieved for both mutants. This did result in an exchange from T to G or

to S, respectively, at position 348. No additional mutation on the two genes has
20 been found.

Example 5

Further s-GDH mutants obtained by saturation mutagenesis on the basis of
T348G {mutant A) and T3488 (mutant A’)

Candidate amino acid positions were known to the inventors from previous studies
25 conducted by them. These candidate amino acid positions were suspected or



35% - +A 294D Mutant A'/8 38% 32% - +A 294E Mutant A /9 41% 45%
+T323 V Mutant A /10 43% 47% - + R 378 1 Mutant Kill 44% 47% +R378 M
Mutant A'/12 40% 50% - +R378 A

WO 2007/118647 PCT/EP2007/003207
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known to influence relevant characteristics of s-GDH like thermo stability,
substrate specificity or affinity to glucose were analyzed individually on basis of
either T348G {mutant A) or on basis of T3488 (mutant A’}.

Saturation mutagenesis was performed for single amino acid positions in order to
5 evaluate which effect such single amino acid substitution might have on the mutant
T348G or T3488, respectively.

The QuickChange Site-Directed Mutagenesis Kit (Stratagene, Cat. 200518) was

used to substitute successively wild type amino acids at positions 87, 110, 122, 124,

145, 146, 169, 171, 187, 246, 294, 298, 300, 313, 323, 333, 339, 341, 349, 378, 428,
10 and 436 of the wild-type s-GDH-protein, respectively.

The 5°- and the 3"-primer used for mutagenesis were chosen to be complementary
to each other and contained NNN (N = A, C, G or T) in a central position. The
three randomly incorporated nuclectides N, which are at the desired position and
coding for the amino acid position under investigation were flanked by 12 to 16

15 nucleotides at each end which were identical to the sense and antisense DNA-strand
of the template. Instead of the wild-type codon, the primers contained NNN
therefore the oligonucleotides coded for every possible codon.

For each of the positions under investigation, one PCR reaction was performed.

The PCR-reactions and the Dpnl-restriction endonuclease digestions were per-
20 formed according to the manual provided with the QuickChange Site-Directed
Mutagenesis Kit (Stratagene, Cat. 200518) .

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

above.

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

given in Example 4.
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Table 2: Effect of additional amino acid substitutions on basic characteristics of
mutant A (=T348G)

Enzyme M/G at 30 | % relative | Stability, 30 | Amino acid (AA)
mM sugar | activity 1.9 mM | min, 64 °C | exchange
in % { 30 mM glucose

Wt- 105 % 70 % 80 % -

GlucDOR

Mutant A 22 % 25 % 40 % T348G

Mutant A/1 | - 30 % - +L110H

Mutant A/2 | - 28 % - +L110Y

Mutant A/3 | 40% 50 % - + Q246 H

Mutant A/4 |33 % 30 % - + Q246 M

Mutant A/5 | 35% 33% - + Q246 N

Mutant A/6 | - 30 % - +Y333A

Mutant A/7 {55% 40 % - +G339T

Mutant A/8 | 30% 45 % - +V 436 P

Mutant A/9 |28 % 30% - +M341V

Mutant A/10 | 25% 28 % 40 % +V 349 A

Mutant A/11 | 26 % 28 % 40 % + V349G

Mutant A/12 | 20% 27 % - +Q145P

Mutant A/13 | 17 % 30 % - +A204D

Mutant A/14 [ 15% 30 % - +A294E

Mutant A/15 | 20% 28 % - +V300A

Mutant A/16 | 20 % 28 % - +V 30085

Mutant A/17 | 20% 28 % - + V300N

Mutant A/18 | 20 % 28 % - +V300Y

Mutant A/19 | 20 % 28 % - +V 3001

Mutant A/20 | 17 % 25% - +T323V

Mutant A/21 [18% 26 % - + R 3781

Mutant A/22 | 19% 26 % - +R378 M

Mutant A/23 [ 17 % 26 % - +R378A

Mutant A/24 | 17 % 28% - +R378D

Mutant A/25 | 15% 22 % - +E245D

Mutant A/26 | 18 % 32 % 30 % +L 169 F

Mutant A/27 | 18 % 31% 28 % +Y171 G

Mutant A/28 | 12% 20 % 20% +Ins 429 P

Mutant A/29 | - - 50 % +D87R

Mutant A/30 | - - 70 % +3146 A

Mutant A/31 | - - 75% +S5146 G
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used to introgdee desited-ani-no—aci-dSh8stit T BAY:S Sense
strand 5' - CCTAmaatARBAAGACAGATIACGCTOG -3 [ F0%EQ 1 O W9 12RK Ant i sense
strand CGAGCGIAMPGRGAGH=CTTATAGG-3' (SEQ I DI4N®__9) [EDBAK Sense
strand 5"- TTCRARGEECGAGAGATTGIIGAAT- 3' ( SED %D NO | .88 GAnti«8Rse
strand 5' - ATTGACAATCTCTCTGAGGATGGAA- 3" (SEQ ID: NO 11) N122K and

S124K: n r .5 -CGITATA ATAAGAAAAAGACAGATA CcG 3
Cst0 i D 2080 TR b SRl et SR R B g etcs of
11CTTATAGGTATAREEBNEA’ (FE@8S) D NO 13 ) S146G  25Sense strand

5" - AAAAGACCAT CACSGHFEGTFGTICGAGAAG -3 (SEQ-1 D No-——14)

Enzyme M/G at 30 | % relative | Stability, 30 | Amino acid (AA)
mM sugar | activity 1.9 mM | min, 64°C | exchange
in % / 30 mM glucose

Wt- 105 % 70 % 80 % -

GlucDOR

Mutant A’ 50 % 35% 50 % T3485

Mutant A’/1 155% 47 % - +L110H

Mutant A’/2 | 65 % 70 % - + Q246 H

Mutant A’/3 [ 58 % 50 % - + Q246 M

Mutant A'/4 | 60 % 55 % - + Q246 N

Mutant A’/5 | 59 % 50 % - +G339T

Mutant A'/6 | 60 % 60 % - +V436P

Mutant A’/7 [40% 35 % - +A294D

Mutant A’/8 [ 38 % 32% - + A294 E

Mutant A’/9 | 41 % 45 % - +T323V

Mutant A’/10 | 43 % 47 % - +R3781

Mutant A’/11 | 44 % 47 % - + R378M

Mutant A’/12 | 40 % 50 % - +R378 A

Mutant A’/13 | 40 % 50 % - +R378D

Mutant A’/14 | - - 60 % +D87R

Mutant A’/15 | - - 80 % + 8146 A

Mutant A’/16 | - - 85 % +85146 G

Mutant A’/17 | - - 65 % +V298L

Mutant A’/18 | - - 60 % +T 313D

Mutant A’/19 | - - 75 % +L 386 F

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

glucose and/or thermo stability of mutant A or mutant A’, respectively can be
derived from Tables 2 and 3.
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ntification of mutants with improved thermo stability

Experiments have been expanded to mutants having rather good substrate
specificity for glucose as compared to maltose, but at the cost of disadvantages like
too low thermo stability or a too low affinity for glucose.

So-called mutant 6 has a quite favorable low cross-reactivity to maltose that is only
about 1.5% of the reactivity as measured for glucose. Mutant 6 is characterized by
the amino acid substitutions Y171G, E245D, M341V and T348G and it has an
insertion of a proline (ins429P) between positions 428 and 429.

The following primers were used to introduce these desired amino acid

substitutions:

Sense strand 5'- CCTATAAGAAAAAGACAGATACGCTCG -3” ( SEQID NO: 8)
Antisense strand 5- CGAGCGTATCTGTCTTTTTCTITATAGG-3" (SEQ ID: NO:
9

D87R:
Sense strand 5°- TTCCATCCTCGAGAGATTGTCAAT-3’ { SEQ ID NO: 10)
Antisense strand 5"-ATTGACAATCTCTCTGAGGATGGAA-3" (SEQ ID: NO: 11)

N122K and S124K:

Sense strand 5'-CGTTATACCTATAAGAAAAAGACAGATACGCTCG-3” (SEQID
NO: 12)

Antisense strand 5- CGAGCGTATCTGTCTTTTTCTTATAGGTATAACG-3'
(SEQIDNO: 13)

5146G:

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

V298L:

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




T348G +T313D Mut ant VI

L386F:

25 % 45 % T348G +N267Y Miutant 6 1.5% 5%
N122K+L169F+Y171G+E245D+MB41V+ T348GH ns429P Mutant 19 2% 10%
N122K+S124K+L169F+Y171G+E245D+ MB41V+T348GH ns429P Mutant 21 2% 15%
N122K+S124K+L169F+Y171G+E245D+ MB41V+T348G+L386F+i ns429P Mitant 24 2%
25% N122K+S124K+L169F+Y171G+E245D+ MB41V+T348G+L386F+i ns429P Mut ant

22 2.5% 20% NP2IRABIIAK+L169F+Y171G+E245D+ QR46H+MB4A 1REHEFAYHI36 F

+i Ns429P Mutant 25 2.5 % 55%

-31-

Sense strand 5'- CCGTATTAAGTTCGATCCAACTTATAGC -3 { SEQ ID NC: 18)
Antisense strand 5'- GCTATAAGTTGGATCGAACTTAATACGG -3" {SEQ ID:

NO: 19)

5 Table 4: Mutations with positive impact on thermo stability of s~-GDH mutants

already comprising other mutants for e.g. improving glucose specificity

Enzyme % M/G at 30 | Stability, 30 | Amino acid exchanges
mM sugar in | min, 64 °C

WT 105 % 80 % -

Mutant A 25 % 40 % T348G

Mutant V 25 % 50 % T348G +T313D

Mutant VI 25 % 45 % T348G +N267Y

Mutant 6 1.5 % 5% N122K+L169F+Y171G+E245D+M341V+
T348G+ins429P

Mutant 19 2% 10 % N122K+8124K-+-L169F+Y171G+E245D+
M341V+T348G+ins429P

Mutant 21 2% 15 % NI122K+8124K+L169F+Y171G+E245D+
M341V4+T348G+1L386F+insd429P

Mutant 24 2% 25% N122K+5124K+L169F+Y171G+E245D+
M341V+T348G+L386F+insd429P

Mutant 22 2.5% 20 % N122K+8124K+L169F+Y171G+E245D+
Q246H+M341V+T348G+L386F +ins429P

Mutant 25 25% 55 % N122K+8124K+L169F+Y171G+E245D+
Q246H+M341V+T348G+L386F +ins429P

Mutant 29 2.5% 75% D87R+N122K+5124K+8146G+L169F+
Y171G+E245D+Q246H+V298L+
M341V+T3485+L386F+ins425P

Mutant 30 25% 60 % D87R+N122K+5124K+5146G+L169F+
Y171G+E245D+Q246H+V298L+
+G339T+M341V+T348G+L386F+ins429P

Mutant 31 3% 80 % D87R+N122K+5124K+5146G+L169F+
Y171G+E245D+Q246H+V298L+-
M341V+T3485+L386F+ins429P+V436P

Mutant 32 33% 67 % D87R+N122K+5124K+5146G+L169F+
Y171G+E245D+Q246H+V2981L+
M341V+T3485+V349G+A354T+L386F+
ins429P




N122K+S124K+L169F+Y171G+E245D+ QR46H+MB41V+T348G+L386F +i ns429P
Mutant 29 2.5 % 75 % D87R+N122K+S124K+S146G+L169F+
Y171G+E245D+QR46H+V298L+ MB41V+T348S+L386F+i ns429P Mutant 30 2.5 % 60
% DB7R+N122K+S124K+S146G+L169F+ Y171G+E245D+(R46H+V298L+
+G339T+M341V+T348G+L386F+i ns429P Mutant 31 3 % 80%
D87R+N122K+SY24PFEBAEGHL169F+ Y171G+E245D+QR46H+V298LRCT/EP2007/003207
MB41V+T348S+L386F+i ns429P+V436P Mutant 32 3. 3% 67%
087R+N122K+S124K+S146G+L169F+ Y171G+E243D+QR46H+V298L+
MB41V+T348S+V349G+A354T+L386F+ i ns429P WD

2007/ 118647PCQTenERR00 7/ D934T at30 3Pstabiky 26 Me Aailb SeiddxcBdgtM sugar in
Stability, 30 mn, 64C|AKAR.AG' PmfX6reNggs Mitant 33 5.3 9%80%

Mutant 33 4.3 % 80 % D87R+L110H+N122K+5124K+5146G+L16
9F+Y171G+E245D+Q246H+V298L+
M341V+T3485+L386F+ins429P

The above results show that the amino acid exchanges D87R, N122K, S124K, S146A
or G, preferably G, $146@G, L187F or M; N267Y, V298L, T313D and L386F improve
the thermo stability of the basic mutant 6.

5 The substitution D87R; N122K; $124K; $146G; V298L and L386F have quite strong

effects on improvements in thermo stability.

Example 7

Generating mutants with high substrate specificity for glucose as compared to

maltose and improvement of affinity towards glucose

10 In WO 02/34919 several amino acid exchanges at different positions of s-GDH have
been identified and shown 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. Several different s-

15 GDH mutants with improved specificity for glucose but as compared to maltose
but with rather a low affinity for the substrate glucose were selected and attempts
made to improve their affinity for glucose.

As is known from the experiments summarized in Tables 2 and 3 the amino acid
substitutions L110H or Y; N229A, G or §; Q246H, M or N; Y333A; G339T; M341V;

20 V349A or G and V436P appear appropriate to enhance the affinity of an s-GDH
mutant for glucose. Strongest effects on affinity are seen with the mutants L110H,
Q246H; G339T; M341V; V349G and V436P. Further strong improvements of
affinity were found with the amino acid exchanges Q246H, M341V; V349G and
V436P. Point mutations are introduced into already existing mutants by the same

25 strategy as already exemplified in Example 6, therefore here only the specific
primers for the substitutions Q246H are given.

Sense stand 5- GGTAAATTATTGCAGTCTGATCATGGCCC -3” (SEQ ID NO:
20)
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measur ement wtapSer i hed in Exdhml ¢ ’25%9 wr?l&r bd 1Phe pp;?ﬁ&nf
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Mutant 29 { like mutant 21 11 n.d. 2.5 400

22, but T348S)

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

22 + G339T

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

29 + V436P)

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

29 + V349G + A354T)

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

29 + L110H)




in %app. Km value mM d ucose app. Km value mM Maltose MGin %
Specific activity Ung W 70 0,7 1,4 105 800 Mutant 6 8 64,7 714 1.5
268 Mut.13 (=Mutant 6 +Q@46H) 20 17,1 208 3
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It can be clearly seen that on all mutant types the additional amino acid exchange
Q246H produced an enhancement of affinity towards glucose and an improvement
concerning specific activity. Mutant 6 has the amino acid exchanges at position
T348G, N122K, L169F, Y171G, E245D, M341V and an insertion of proline at

5 position 429 as mutant 13 and additional Q246H. Mutant ] has the amino acid
exchanges at position T348G, Y171G, E245D, M341V, N428P as mutant G and
additional Q246H.

Mutant 22 has the amino acid exchanges at position T348G, N122K, §124K, L169F,
Y171G, E245D, Q246H, M341V, L386F and an insertion of proline at position 429.
10 Mutant 29 has all the exchanges of mutant 22 except T348G, which is exchanged to
T348S, and resulted in an improvement of velocity. Mutant 30 and 31 achieved
even higher Km-values for glucose by exchanging additionally G339T and V436P.,

Example §

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

E. coli cells comprising an appropriate s-GDH expression vector are grown (4 x
yeast-Amp. 37 °C), 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 (Amersham Pharmacia

20 Biotec) 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, dialyzed against potassium phosphate buffer
pH 7.0 and re-chromatographed on re-equilibrated S-sepharose column. The active
fractions were pooled and subjected to a gel filtration using a Superdex® 200

25 column (Amersham). The active fractions were pooled and after addition of CaCl,
{3 mM end concentration) stored at 20 °C,

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

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

activation.



430 Mutant G 12 11 110 2 351 Mut.J (=Mutant G + QR46H) 18 8 143 3 489
Mutant 22 18 11 n.d. 2.5 400 Mutant 23 (=nutant 22, + Q46N) 15 13
n.d. 2 350 Mutant 29 ( |like mutant 22, but T348S) 21 11
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After activation, samples were diluted with 50 mM Hepes; 15 mM CaCl; 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-nitro-
5 sophenyl)-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 to the conversion of 1 mMol mediator/min
under the above assay conditions

Calculation:

10 Volume Activity (U/ml) = (total volume * dE/min [U/ml]) : (¢ * sample volume * 1)
(e = coefficient of extinction; €20 ym = 30[1* mmol™ * cm ).
Specific Activity (U/mg) = Volume activity U/ml divided by protein concentration
mg/ml results in U/mg

The assays were performed with glucose and maltose (Merck, Germany),
15 respectively.

Results relating to enzyme activity as well as to specific activity have been included
into the Tables given in the previous Examples.



n.d. 2.5 400 Mutant 30 (= nutant 22 + G339T 26 9 n.d. 2.5 350 Mitant
31 ( = mutant 29 + V436P) 33 6 n.d. 3 380 Mutant 32 ( = nutant 29 +

V349G + A354T) 32 n.d. n.d. 3.3 220. Mutant 33 ( = nmutant 29 + L110H)
28 n.d. n.d. 4.3 16

‘What is claimed is:

L. An isolated mutant of PQQ-dependent soluble glucose dehydrogenase (s-GDH)
that relative to the A. calcoaceticus s-GDH wild-type polypeptide of SEQ 1D NO: 2 has
improved specificity for glucose as compared to maltose, said mutant comprising an s~
GDH polypeptide, said s-GDH polypeptide consisting of an amino acid sequence having
at least 90% sequence identity with the A. calcoaceticus s-GDH wild-type sequence of
SEQ ID NO: 2, wherein said mutant differs from SEQ ID NO: 2 by a substitution at
position 348 of either glycine, alanine or serine; and

a) at least one stabilizing mutation selected from the group consisting of D87R; N122K;
S124K; S146G; V298L and L386F;

b) at least one glucose affinity mutation selected from the group consisting of L110H
L110Y; N229A, N229G, N2298S, Q246H, Q246M, Q246N, Y333A; G339T, M341V,
V349A, V349G and V436P, and optionally;

¢) one or more glucose specificity mutation(s) selected from the group consisting of
Q145P, D163G, D163N, Q164F, L169F, Y171G, 1208L, 1208V, T2241, E245D, G2768S,
A294D, A294E; V3004, V3008, V300N, V300Y, V300I, T307G, T323V, A354Y,
A354E, A354L, R3781, R378M, R378A, R378D, N428P and insertion 429 P; and
wherein the mutant has s-GDH activity and the designated positions correspond to the
amino acid positions known from the A. calcoaceticus s-GDH wild-type sequence of

SEQ ID NO: 2.

2. The s-GDH mutant according to claim 1, wherein said glucose affinity mutation is
selected from the group consisting of L110H, Q246H, G339T, M341V, V349G and
V436P.

3. An isolated mutant of PQQ-dependent soluble glucose dehydrogenase (s-GDH),
said mutant comprising an s-GDH polypeptide, said s-GDH polypeptide consisting of an
amino acid sequence having at least 90% sequence identity with the A. calcoaceticus s-
GDH wild-type sequence of SEQ ID NO: 2, wherein said mutant differs from SEQ ID

NO: 2 by a substitution at position 348 of either glycine, alanine or serine; and a



350 - 34 - It can be clearly seen that on all nmutant types the
addi tional am no aci d exchange QR46H produced an enhancenent of
affinity towards glucose and an inprovement concerning specific
activity. Mutant 6 has the am no acid exchanges at position T348G
N122K, L169F, Y171G E245D, MB41lV and 3n insertion of proline at 5
position 429 as nutant 13 and additional Q246H Mtant J has the

am no aci d.exc S.a ition T348 Y, 4
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L386F and an insertion of proline at_position 429. 10 Mutant 29 has
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resuspended i.n potassi um phosphate buffer pH 7.0. Cell disruption was
perforrrede?}”“FﬂFé?ﬁ:Pn Press passage (700-900 bar). After centrifugation
t he supernatant was applied to a S-Sepharose (Amersham Pharmacia 20
Bi otec) columm equilibrated with 10 nmM pot assi um phosphate buffer pH
7.0. Afteb. washimnghodtdfeiemm-ldmsnieimgtoemeasmmg ghucosd in agramgleansingGrst M
NaCl. Theg I) ChaR RS, Odnyo ‘ih&,‘#%\y 4, 3510 fin Q0L gdy, Ahalvzed

agai nst potassrum p osprﬁa e retchromatog apﬁ%d on
re-equil |&Hnadcﬁdg&e&embnrvﬁﬂﬁsaﬁnhum The acti ve fracti ons were pool ed
and subjected to a gel filtration using a Superdex(r) 200 25col um
(Amersham). The active fractions were pooled and after addition of
CaCl2 (3 gM engheRRARALE alfair? B furdte? ERAadbri 28 ifthaf o &R RIdMALLON
was perfornmed using the Protein Assay Reagent no. 23225 from Pi erce
(cal i br at ¢roneasueweninfighucBSAs pedommed us®z aGpnsoFor teptstripdayiaent of t he
enzyne activity the s-GDH sanples were diluted to 1 ng 30
protein/nil with 0.0556 nmM pyrrol oqui noline quinone (PQQ; 50 nM
Hepes; 157.mM Ce{d 2GPH mui@nicdecordimgud alainl 1 athershn €aid gluc@@ afifinityt iestafiar
reconstitution ar act atlon - After actiyation, sanple re
di | uted WRRSEET AKR W%ﬁ)@ﬁlt@ﬂ?ﬁﬁ r?faathai)% Sopateny S HID
Um, andyply esecﬁueﬁ@eccbfsh nmd) @asﬂ?& ﬁvd/\@:sthﬁé@!(ﬁﬁﬁhci&dlé%@@tltﬂhor%fseﬁct@dz
Mmtrate buffer solution ‘P 8/ at 25 C) containing 0.315 ny

(4- (di met fgm sheoerpei eaasisiey Q246 HE13RYT, M # Y 6nd V349G,
[1.5a)-1mdazol-3-yl)-(4-nitro- 5sophenyl)-am ne (see patent US

5,484,708)/mM as a nediator and 30 mM sugar. Extinction at 620 nmis
nmoni t or ed8.dur iTig: s@BH mutatt dscorilimgtieslamh 2 Zhefein Qi gluoose aflivdtymautation

activit orres st onver si.on medi at.or/ der
The. Bboveldauuss oB i AP Bha SR aerned hov P RECT ey of P <
(total vobsaog: MHAIWi md[Vdaot) ) : (e* sanple volunme * 1) (e= coefficient
of extinction; 6620 nm= 30[1* Mml * cm Specific Activity (Ung) =

Vol unme activity Um divided by protein concentration ng/m results
inUng o The s-GDH mutant according to claim 1 wherein said glucose affinity mutation is

Q246H, and said glucose specificity mutation comprises a mutation selected from the
group consisting of L169F, Y171G, E245D, and insertion 429 P, relative to the A.
calcoaceticus s-GDH wild-type sequence of SEQ ID NO: 2.

10.  Anisolated mutant of PQQ-dependent soluble glucose dehydrogenase (s-GDH)



The assays were performed with glucose and nal tose (Merck, Gernmany),
15respectively. Results relating to enzyne activity as well as to
specific activity have been included into the Tables given in the
previ ous Exanples. 36 Wiat is claimed is: 1.An isolated mutant of
PQQ dependent sol ubl e gl ucose dehydrodénase (s-GDH) that relative to
the A cal coaceticus s-GDH wi | d-type pol ypeptide of SEQ ID NO 2 has

i nproved ecificity for .glucose ared to nal t ant
conpr 1 o1 nBRGRAEEH oy FUFR LS s LT TR piyrEper SEOMBICPSE PRy of
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A. cal coaceticus s- pe sequence of SEQ | 2, wherein
sai d nut a§PHpalyrepyds, N&W@E@@/ DO polypsptige sensits qf@plaanmaacubwmcgn
348 of t

Svabi | i o1 e F1S A0 BhBRRRl SRS, AbecibntobifHe 8
N122K; Slébqtﬁ:ncsmﬂSEQ 1029612, azﬁ‘drduﬁ%d:mutdn) didiferd feas SEQN® JOuz bge

affinity nutation sele te th rou conS|st|ng of L1 10H L1
10Y: N229R" %ﬁ‘ %‘2 gﬁ%ﬂ%ﬂ% @X% ISYHEIA:  0339T, MB41V,
V349A, V34iksarich &ﬂﬁ@l&e a@@ﬂm@cﬁ{ 490ahd the fol@mﬁ@ BmiHo AR AbGIERSe
specificity nutation sel ected fromthe oup_consi sti ng of Q145P
D163G D1E3NG. tylgakK, Lf@ﬁlﬁ%ﬂ@@l@%@? Cglzlé§vM3=ﬂz‘Mnd Légést &76S,
A294D, A294E V300A, V3005, V300N, V300Y, V3001, T307G T323V, A354Y,

A354E, A354L, R378l, R378M R378A, R378D, N428P and insertion 429 P,
and wher ellh t HBhermsGBRE mirtast asced@idgde claim f ywharen sdids-GEH golapepdide

positions corre nd.. t no aC|d i t.i,ons known

Pal concer IATEE TR Rde §pa oRthETEOhir wih S skiyhce oLHR DT,
mut ant acgording to claim1, wherein said gI ucose affinity nutation
is selected fromthe group consisting of L1 10H,  Q246H, G339T, M34lV,
V349G and® wgt@ptwleatmsm%gﬁ elerither glitne rlptodagERdent sol ubl e

gl ucose dghy &u{esa't gm)on 834 thd Mt @aro“ﬁggmfnglaeﬂ sifitudeR]

pol ypepti de, sai d s- GDH eptide consisting of an am no acid
sequence 'F%\Sﬂnb] 133K, ISdaéK, EWFSE@M@%B&:QBM& MMIHJ el 386F.

cal coaceticus sCDH wi | d-type sequence of SEQ ID NO 2, wherein said
mutant differs fromSEQ ID NO 2 by a substitution at position 348 of
ei t her gl yci neTheal@DHNButaMt a860THing to elaih & whireissHxE§-GDH pelpppaidect ed
fromthe group aﬁéssijti g of 7R,. N122K S;II‘i4K S146G, V298L and
L386F, f uiFtH&Fe e rhateapetingss-S DB éXHe\?P‘i‘ﬁfncea?fcﬁEtQ]QD

desi gnat positions correspond to amno acid positions fromthe A
cal coaceti'cus s-GDH wi |l d-type sequence of SEQ ID NO. 2. 4. The s-GDH
mut ant ac&:wb@ntn@ort % pebitipmB 38 ofistitberedlycisaiathnglewe series peci ficity

mut ati on C

2 O S TR A B Sl b e A Orsasc
det er i Ni MP2EE, STB4SUricaE, Yl Uy $245D, szmaﬁmumlwsmgéfaarﬁmm mut ant
according to any of claims 1, 2, 3 or 4, said inprovenent conprising
contacting the sanple with said nutant. 6. The nethod of claim5

farther ciar aCIfHérsLGBFi mﬂaﬁt%&or&ag@o A8t € WheRkin H&d @GﬁﬂH‘?&l' Q&
measur enent of | ucose Iseatger or ned usi ngl a sensor or Sstri

devi ce. spquenpedigtenrpmtheahtcalgoecstensigGPél wildiype bequsaeadiBEQIRYNO: 2
gl ucose yflnlty mut ati on consists of two or three am no acid
substituti‘ons relative to the A cal coaceticus s-GDH w | d-type
sequence aubSEQidnxt Naitidn 3450 fbithevz [ @dind, Ala@eamsdrineaci d substitutions
sel ected fromthe grqup consistj 09 of 6H, G339T, 41V and V349G
8. The s-AaRPeFHANA{Pr ‘ﬁE@&FH‘?SH&’“t o e s Rng 47 Sghstapicas.

af finity magat Nop2kt 03124RPLOWIY 1V 16, @Msmdzxsmwghp@q,%emn&ww ed
fromthe group consisting of (R46H, &339T,” M341V and V349G

14.  The s-GDH mutant according to claim 1 wherein said stabilizing mutation



9. The s-GDH nutant according to claim1 wherein said glucose
affinity mutation is Q246H, and said glucose specificity nutation
conprises a nutation selected fromthe group consisting of L169F,
Y171G E245D, and insertion 429 P, relative to the A cal coaceticus
s-GDH wi | d-type sequence of SEQ ID NO392. 10. An isolated nutant of
PQQ dependent sol ubl e gl ucose dehydrogenase (s-GDH) 38 that relative

to the A cal coaceti.cus s- i Ld-t uence of ID NO 2 has
or oved €BtTRn sty R Sk Sk B0 55 efre SR Bubon an
conpri si NgyndRtsSERIbsAAKVRACQL4E}E andWIBA BV Nund @hid ghrcGhdtpRaikiyipeRlutaden
consists of an am no aci d sequence having at | east 90% sequence

i dentity ¢Husktstof substitugigng »iLd 0%F, L 1@ apd [Ed48)pe sequence of SEQ ID
NO 2, wherein said nutant differs fromSEQ ID NO 2 by a

substitution at position 348 of either glycine, alanine or serine; an
i nsertionl®f piThé s-GORmusms a¢dootingi@Slaimnid wieeeifn o4itl awitang oslyidifbera diooh

e S MR P R kb R d AR R R,

s- GDH pol ypart inde 336HUGIRRI &lidf ¥184 BY,fTasGt hEsoR, Yol GeadBL4sDIS S- GDH

wi | d-type sequence of SEQ ID NO 2 by a substitution at position 348
of either glycine, alanine or serine; an insertion of proline at
position 429; and the follow ng am no acid substitutions, T348S,
N122K, 5124K, L169F, Y171G E245D, Q46H, M41lV and L386F. 12. The
s-GDH nmutant according to claim1 wherein said s-GDH pol ypeptide
sequence differs fromthe A cal coaceticus s-GDH wi |l d-type sequence
of SEQID NO 2 by a substitution at position 348 of either glycine,
al anine or serine; an insertion of proline at position 429 and the
following am no acid substitutions, T348G N122K, S124K, L169F,

Y171G E245D, @46H, M341V, L386F and 0339T. 13. The s- GDH nut ant
according to claiml| wherein said s-GDH pol ypeptide sequence differs
fromthe A cal coaceticus s-GDH wi |l d-type sequence of SEQ ID NO 2 by
a substitution at position 348 of either glycine, alanine or serine;
an insertion of proline at position 429; and the follow ng am no acid
substitutions, T348G N122K, S |24K, L169F, Y171G E245D, Q46H,
MB41V, L386F and V436P. 14. The s-GDH nutant according to claim1l
wherein said stabilizing nutation 39 consists of substitutions
N122K, S124K and L386F, said glucose affinity nmutation consists of
substituti ons QR46H and M341V, and said glucose specificity nutation
consi sts of substitutions T3480, L169F, Y171G and E245D. 15. The s-GDH
mut ant according to claim 14 wherein said nutant only differs from
the am no acid sequence of SEQID NO 2 by the amno acid
substitutions N122K, 5124K and L386F, (QR46H and MB41lV, T348G L169F,
Y171G and E245D.



