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(57) ABSTRACT 
The present invention relates to improved variants of soluble 
pyrroloquinoline quinone (PQQ)-dependent glucose dehy 
drogenases (s-GDH), to genes encoding mutated s-GDH, to 
mutant proteins of s-GDH With improved substrate speci 
?city for glucose, and to different applications of these 
s-GDH variants, particularly for determining concentrations 
of sugar, especially of glucose in a sample. 
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Figure 1: DNA and protein sequence of A. calcoaceticus s-GDH 
(without signalpeptide) 

5 1 GATGTTCCTCTAACTCCATCTCAATTTGCTAAAGCGAAATCAGAGAACTT 50 

IIIIIIHHIlllllll|||l|HllIIHIIIHHIIIIIIHHII 
1 AspValProLeuThrProSerGlnPheAlaLysAlaLysSerGluAsnPh 17 

51 TGACAAGAAAGTTATTCTATCTAATCTAAATAAGCCGCACGCGTTGTTAT 100 
10 HlllilllHHHIIIIIIIIIHIIIIIIIIHIIIIIIHIIIIII 

l8 eAspLysLysValI1eLeuSerAsnLeuAsnL-ysProHisAlaLeuLeuT 34 

101 GGGGACCAGATAATCAAATTTGGTTAACTGAGCGAGCAACAGGTAAGATT 150 
IlllllllllHlllllIIIIIIIHIIlllllllllllllfllllllll 

15 35 rpGlyProAspAsnGlnIleTrpLeuThrGluArgAlaThrGlyLysI1e 50 

151 CTAAGAGTTAATCCAGAGTCGGGTAGTGTAAAAACAGTTTTTCAGGTACC 200 

lllllllllIHIIIIVIIHIHIllllilllllllIIIIHHHHI 
51 LeuArgValAsnProGluSerGlySerValLysThrValPheGlnValPr 67 

20 
201 AGAGATTGTCAATGATGCTGATGGGCAGAATGGTTTATTAGGTTTTGCCT 250 

llllflllllllliilllll||llIIIIIHHIIHHIIIIHII f 
68 oGluIleValAsnAspAlaAspGlyGlnAsnGlyLeuLeuGlyPheAlaP 84 

25 251 TCCATCCTGATTTTAAAAATAATCCTTATATCTATATTTCAGGTACATTT 300 
IHIIHIIIIIHHIIIIIIHlllllllllHIIHIHIIIHHI 

85 heHisProAspPheLysAsnAsnProTyrIleTyrIleSerGlyThrPhe 100 

301 AAAAATCCGAAATCTACAGATAAAGAATTACCGAACCAAACGATTATTCG 350 
30 HIIHIIIIHIIHIIIIHIlillllllllllllllllllllllili 

101 LysAsnProLysSerThrAspLysGluLeuProAsnGlnThrIleIleAr 117 

351 TCGTTATACCTATAATAAATCAACAGATACGCTCGAGAAGCCAGTCGATT 400 
IIIlllHllllllllIIHIHlllllllllllllllllllllllll|| 

55 118 gArgTyrThrTyrAsnLysSerThrAspThrLeuGluLysProValAspL 134 

401 TATTAGCAGGATTACCTTCA'I‘CAAAAGACCATCAGTCAGGTCGTCTTGTC 450 

IIHIIIHIIIIIHIIHIHIllllilIIHIIIIIHIIIIIIIII 
135 euLeuAlaGlyLeuProSerSerLysAspHisGlnSerGlyArgLeuVal 150 

40 
451 ATTGGGCCAGATCAAAAGATTTATTATACGATTGGTGACCAAGGGCGTAA 500 

lllllllllllllllllllllllllllilllIHIIIIHHIIIIIIII 
151 IleGlyProAspGlnLysIleTyrTyrThrIleGlyAspGlnGlyArgAs 167 

4:5 501 CCAGCTTGCTTATTTGTTCTTGCCAAATCAAGCACAACATACGCCAACTC 550 
lllil\IIIIHIlllllllllllHIlllIHIIIIHIIIIIIIVIII 

168 nGlnLeuAlaTyrLeuPheLeuProAsnGlnAlaGlnI-IisThrProThrG 184 

551 AACAAGAACTGAATGGTAAAGACTATCACACCTATATGGGTAAAGTACTA 600 
50 IIHIIHIHIIVIIIIIHHilllllHIIIHIIllllllllllll 

185 1nGlnGluLeuAsnGlyLysAspTyrHisThrTyrMetGlyLysValLeu 200 

601 CGCTTAAATCTTGATGGAAGTAT'I’CCAAAGGATAATCCAAGTTTTAACGG 650 

IIIHlllllllHIHIIIIIIIIIIIHIIIHIIHHIIIIIIIII 
55 201 ArgLeuAsnLeuAspGlySerIleProLysAspAsnProSerPheAsnGl 217 

GGTTAGCCATATTTATACACTTGGACATCGTAATCCGCAGGGCTTAG 700 
IIIIHHIHHllll[IllIIIIHIIIIIIIHHHH 

1Va1SerHisIleTyrThrLeuGlyHisArgAsnProGlnGlyLeuA 234 

651 GGT 

218 yVa 
6O . . . . . 

701 CATTCACTCCAAATGGTAAATTATTGCAGTCTGAACAAGGCCCAAACTCT 750 

llHlllllllllllllllHHIIIIHIIIIIHIIIIIHIIIIII I 
235 laPheThrProAsnGlyLysLeuLeuGlnSerGluGlnGlyProAsnSer 250 
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Figure 1 : Continued. (second and last page) 

751 GACGATGAAATTAACCTCATTGTCAAAGGTGGCAATTATGGTTGGCCGAA 800 

IIHIIIIIllllllHIIIIIHIIIIIIlilllllllfllllllllll 
5 251 AspAspGluI1eAsnLeuIleValLysGlyGlyAsnTyrGlyTrpProAs 267 

801 'I’GTAGCAGG'I'TATAAAGATGATAGTGGCTATGCTTATGCAAATTATTCAG 850 

llliEllllllllllllllllilillllllllllllllllllllllllll 
268 nValAlaGlyTyrLysAspAspSerGlyTyrAla'I‘yrAlaAsnTyrSerA 284 

10 . . . . . 

851 CAGCAGCCAA’I‘AAGTCAATTAAGGATTTAGCTCAAAATGGAGTAAAAGTA 900 

IlllllllllllllllllllllllllllIIHIIIIHHIHIIIHII 
285 laAlaAlaAsnLysSerI1eLysAspLeuAlaGlnAsnGlyValLysVal 300 

15 901 GCCGCAGGGGTCCCTGTGACGAAAGAATCTGAATGGACTGGTAAAAACTT 950 
llllllIIIIIIIIIIIllllHIIll!IIIIIIIIJIIIIIHHIIII 

301 AlaAlaGlyValProValThrLysG1uSerGluTrpThrGlyLysAsnPh 317 

951 TGTCCCACCATTAAAAACTTTATATACCGTTCAAGATACCTACAACTATA 1000 
20 lllllIIIIIIIIIIIIIIIIHIIII]lllllillllllliillillll 

318 eValProProLeuLysThrLeuTyrThrValGlnAspThrTyrAsnTyrA 334 

1001 ACGATCCAACTTGTGGAGAGATGACCTACATTTGCTGGCCAACAGTTGCA 1050 

JlflIIHIIHIIHHIIIHIII!IIHIIIHIIIIIIHIIHH 
25 335 snAspProThrCysGlyGluMetThrTyrIleCysTrpProThrValAla 350 

1051 CCGTCATCTGCCTATGTCTATAAGGGCGGTAAAAAAGCAATTACTGGTTG 1100 

HIIIHIIIIIEIIIIIIHIIIHIIIEIIIHEIIHHIIIIIIH 
351 ProSerSerAlaTyrValTyrLysGlyGlyLysLysAlaIleThrGlyTr 367 

30 . . . . . 

1101 GGAAAATACATTATTGGTTCCATCTT'I‘AAAACG'I'GGTGTCATTTTCCGTA 1150 
IlllllllllllllllllllllllllllllllHIIIIIIIIIIIIHH 

368 pGluASnThrLeuLeuValProSerLeuLysArgGlyValIlePheArgI 384 

35 1151 TTAAGTTAGATCCAACTTATAGCACTACTTATGATGACGCTGTACCGATG 1200 
lIHllllllllllllllllllillllillllllllllllllllifllll 

385 leLysLeuAspProThrTyrSerThrThrTyrAspAspAlaValProMet 400 

1201 TTTAAGAGCAACAACCG'I'TATCGTGATGTGATTGCAAGTCCAGATGGGAA 1250 
40 IilllllllllilllillllllHlIIIIIIIIIIIIIIHIIIHIIII 

401 PheLysSerAsnAsnArgTyrArgAspValI1eAlaSerProAspGlyAs 417 

1251 TGTCTTATATGTATTAACTGATACTGCCGGAAATGTCCAAAAAGATGATG 1300 
lIIIIIIIHIIIIIIIIIIIHIIIIIIHIIHIHEHHHHIII 

45 418 nValLeuTyrValLeuThrAspThrAlaGlyAsnValGlnLysAspAspG 434 

1301 GCTCAGTAACAAATACATTAGAAAACCCAGGATCTCTCATTAAGTTCACC 1350 
lllllllllilIIHHHiIlIIIIIIHllfllllllllllflllllt 

435 lySerValThrAsnThrLeuGluAsnProGlySerLeuIleLysPheThr 450 
50 

1351 TATAAGGCTAAG 1362 

Hilllllllll 
451 TyrLysAlaLys 454 
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Figure 3: Schematic diagram of the plasmide with gene for s-GDH 
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Nucleotide 

CACTAACTGA 

TCACAGTTTA 

GTAACTAACG 

ATAAAAACCG 

TTGAATAAGA 

TGGGCAGTGC 

CCCGAAGGGC 

CGGTTTTTGC 

TGGGATAGGC 

CTGAACAGCC 

GCTACCATGA 

GTTATTCGGC 

AATTTGCTAA 

AATCTAAATA 

GTTAACTGAG 

GTAGTGTAAA 

GGGCAGAATG 

TCCTTATATC 

AAGAATTACC 

ACAGATACGC 

AAAAGACCAT 

ATTATACGAT 

CCAAATCAAG 

CTATCACACC 

TTCCAAAGGA 

CTTGGACATC 

ATTGCAGTCT 

TCAAAGGTGG 

AGTGGCTATG 

GGATTTAGCT 

AAGAATCTGA 
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(DNA) sequence of 

TTACGCACCG 

TTAACATTGT 

TGTAACAGTT 

TTATCACAAT 

GCTTATCCCA 

TCGCCAAAAC 

GAGCGTAGCG 

GCGCTGTCCG 

TCTAAATACG 

GGGCATTTTT 

ATAAGAAGGT 

GCGCACGCGC 

AGCGAAATCA 

AGCCGCACGC 

CGAGCAACAG 

AACAGTTTTT 

GTTTATTAGG 

TATATTTCAG 

GAACCAAACG 

TCGAGAAGCC 

CAGTCAGGTC 

TGGTGACCAA 

CACAACATAC 

TATATGGG’I'A 

TAATCCAAGT 

GTAATCCGCA 

GAACAAGGCC 

CAATTATGGT 

CTTATGCAAA 

CAAAATGGAG 

ATGGACTGGT 
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the pACSGDH vector 

CATGTAACCG T'I‘TTCAATCT GTGAGTAAAT 

GATAGCTATG 

AGTTGTCAGT 

ATCCCGCGAC 

TTAGGGCTAT 

GCGTTAGCGT 

AGTCAAACCT 

TGTCCAAACT 

CTTCGGCGTT 

TTACGCTATA 

ACTGACCCTT 

ATGCCGCCGA 

GAGAACTTTG 

GTTGTTATGG 

GTAAGATTCT 

CAGGTACCAG 

TTTTGCCTTC 

GTACATTTAA 

ATTATTCGTC 

AGTCGATTTA 

GTCTTGTCAT 

GGGCGTAACC 

GCCAACTCAA 

AAGTACTACG 

TTTAACGGGG 

GGGCTTAGCA 

CAAACTCTGA 

TGGCCGAATG 

TTATTCAGCA 

TAAAAGTAGC 

AAAAACTTTG 

ATGACAACGT 

TTTGCTGGGG 

TACCGGACAA 

TTTACTTGCC 

TTTGAACGCG 

CACGTACTAC 

GCTGCGCCAA 

CAGTAACACG 

CCCTACATAA 

TCTGCCGTGA 

TGTTCCTCTA 

ACAAGAAAGT 

GGACCAGATA 

AAGAGTTAAT 

AGATTGTCAA 

CATCCTGATT 

AAATCCGAAA 

GTTATACCTA 

TTAGCAGGAT 

TGGGCCAGAT 

AGCTTGCTTA 

CAAGAACTGA 

CTTAAATCTT 

TGGTTAGCCA 

TTCACTCCAA 

CGATGAAATT 

TAGCAGGTTA 

GCAGCCAATA 

CGCAGGGGTC 

TCCCACCATT 

TTGTCGCACT 

TATTTCGCTT 

AAATAAAGAG 

ATTTTGGACC 

CTAGCGGCGG 

GTGTACGCTC 

TAACGCCTGG 

CGTTAACGTG 

TAAAACCGGA 

TGGCAAGTCT 

ACTCCATCTC 

TATTCTATCT 

ATCAAATTTG 

CCAGAGTCGG 

TGATGCTGAT 

TTAAAAATAA 

TCTACAGATA 

TAATAAATCA 

TACCTTCATC 

CAAAAGATTT 

TTTGTTCTTG 

ATGGTAAAGA 

GATGC-AAGTA 

TATTTATACA 

ATGGTAAATT 

AACCTCATTG 

TAAAGATGAT 

AGTCAATTAA 

CCTGTGACGA 

AAAAACTTTA 
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Continued (second out 

TA'I'ACCGTTC 

GACCTACATT 

AGGGCGGTAA 

TCTTTAAAAC 

CACTACTTAT 

GTGATGTGAT 

ACTGCCGGAA 

AAACCCAGGA 

GCATTAAAAA 

ATTCACTGGC 

ACCCAACTTA 

TAGCGAAGAG 

ATGGCGAATG 

ATTTCACACC 

ATAGTTAAGC 

GGGCTTGTCT 

GGGAGCTGCA 

ACGAAAGGGC 

TAATGGTTTC 

ACCCCTATTT 

GAGACAATAA 

TGAG'I'ATTCA 

TGCCTTCCTG 

TGAAGATCAG 

GCGGTAAGAT 

AGCACTTTTA 

CGGGCAAGAG 

TTGAGTACTC 

AGAGAATTAT 

CTTACTTCTG 

ACAACATGGG 

AAGATACCTA 

TGCTGGCCAA 

AAAAGCAATT 

GTGGTGTCAT 

GATGACGCTG 

TGCAAGTCCA 

ATGTCCAAAA 

TCTCTCATTA 

ACCGATCTAT 

CGTCGTTTTA 

ATCGCCTTGC 

GCCCGCACCG 

GCGCCTGATG 

GCATATGGTG 

CAGCCCCGAC 

GCTCCCGGCA 

CTCGTGATAC 

TTAGACGTCA 

GTTTATTTTT 

CCCTGATAAA 

TTTTTGCTCA 

TTGGGTGCAC 

CCTTGAGAGT 

CAACTCGGTC 

ACCAGTCACA 

GCAGTGCTGC 

ACAACGATCG 

GGATCATGTA 

of three pages) 

CAACTATAAC 

CAGTTGCACC 

TTTCCGTATT 

TACCGATGTT 

GATGGGAATG 

AGATGATGGC 

AGTTCACCTA 

AAAGATCGGT 

CAACGTCGTG 

AGCACATCCC 

ATCGCCCTTC 

CGGTATTTTC 

CACTCTCAGT 

ACCCGCCAAC 

TCCGCTTACA 

GTTTTCACCG 

GCCTATT'I'TT 

GGTGGCACTT 

CTAAATACAT 

TGCTTCAATA 

GTCGCCCTTA 

CCCAGAAACG 

GAGTGGGTTA 

TTTCGCCCCG 

ATGTGGCGCG 

GCCGCATACA 

GAAAAGCATC 

CATAACCATG 

GAGGACCGAA 

ACTCGCCTTG 

GATCCAACTT 

GTCATCTGCC 

AAAATACATT 

AAGTTAGATC 

TAAGAGCAAC 

TCAGTAACAA 

TAAGGCTAAG 

TTT'I'TTAGTT 

ACTGGGAAAA 

CCTTTCGCCA 

CCAACAGTTG 

TCCTTACGCA 

ACAATCTGCT 

ACCCGCTGAC 

GACAAGCTGT 

TCATCACCGA 

ATAGGTTAAT 

TTCGGGGAAA 

TCAAATATGT 

ATATTGAAAA 

TTCCCTTTTT 

CTGGTGAAAG 

CATCGAACTG 

AAGAACGTTT 

GTATTATCCC 

CTATTCTCAG 

TTACGGATGG 

AGTGATAACA 

GGAGCTAACC 

ATCGTTGGGA 
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GTGGAGAGAT 

TATGTCTATA 

ATTGGTTCCA 

CAACTTATAG 

AACCGTTATC 

ATTAACTGAT 

ATACATTAGA 

'I'AATACAGTC 

TTAGAAAAGA 

CCCTGGCGTT 

GCTGGCGTAA 

CGCAGCCTGA 

TCTGTGCGGT 

CTGATGCCGC 

GCGCCCTGAC 

GACCGTCTCC 

AACGCGCGAG 

G'I'CATGATAA 

TGTGCGCGGA 

ATCCGCTCAT 

AGGAAGAGTA 

TGCGGCATTT 

TAAAAGATGC 

GATCTCAACA 

TCCAATGATG 

GTATTGACGC 

AATGACTTGG 

CATGACAGTA 

CTGCGGCCAA 

ACCGGAGCTG 
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Continued (third and last 

AATGAAGCCA 

GGCAACAACG 

CCCGGCAACA 

CTTCTGCGCT 

AGCCGGTGAG 

GTAAGCCCTC 

ATGGATGAAC 

GCATTGGTAA 

TAAAACTTCA 

.AATCTCATGA 

AGACCCCGTA 

GCGTAATCTG 

TGTTTGCCGG 

CAGCAGAGCG 

GCCACCACTT 

ATCCTGTTAC 

GTTGGACTCA 

CGGGGGGTTC 

CTGAGATACC 

GAGAAAGGCG 

GCACGAGGGA 

GGGTTTCGCC 

GGGGCGGAGC 

TGGCCTTTTG 

GAT'I‘CTGTGG 

CCGCAGCCGA 
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TACCAAACGA 

ATTAATAGAC 

CGGCCCTTCC 

CGTGGGTCTC 

CCGTATCGTA 

GAAATAGACA 

CTGTCAGACC 

TTTTTAATTT 

CCAAAATCCC 

GAAAAGATCA 

CTGCTTGCAA 

ATCAAGAGCT 

CAGATACCAA 

CAAGAACTCT 

CAGTGGCTGC 

AGACGATAGT 

GTGCACACAG 

TACAGCGTGA 

GACAGGTATC 

GCTTCCAGGG 

ACCTCTGACT 

CTATGGAAAA 

CTGGCCTTTT 

ATAACCGTAT 

ACGACGGGGC 

CGAGCGTGAC 

TATTAACTGG 

TGGATGGAGG 

GGCTGGCTGG 

GCGGTATCAT 

GTTATCTACA 

GATCGCTGAG 

AAGTTTACTC 

AAAAGGATCT 

TTAACGTGAG 

AAGGATCTTC 

ACAAAAAAAC 

ACCAACTCTT 

ATACTGTCCT 

G'I'AGCACCGC 

TGCCAGTGGC 

TACCGGATAA 

CCCAGCTTGG 

GCTATGAGAA 

CGGTAAGCGG 

GGAAACGCCT 

TGAGCGTCGA 

ACGCCAGCAA 

GCTCACATGT 

TACCGCCTTT 

CCG 

page) 

ACCACGATGC 

CGAACTACTT 

CGGATAAAGT 

TTTATTGCTG 

TGCAGCACTG 

CGACGGGGAG 

A'I'AGGTGCCT 

ATATATACTT 

AGGTGAAGAT 

TTTTCGTTCC 

TTGAGATCC'I' 

CACCGCTACC 

TTTCCGAAGG 

TCTAGTGTAG 

CTACATACCT 

GATAAGTCGT 

GGCGCAGCGG 

AGCGAACGAC 

AGCGCCACGC 

CAGGGTCGGA 

GGTATCTTTA 

TTTTTGTGAT 

CGCGGCCTTT 

TCTTTCCTGC 

GAGTGAGCTG 
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CTGTAGCAAT 

ACTCTAGCTT 

TGCAGGACCA 

ATAAATCTGG 

GGGCCAGATG 

TCAGGCAACT 

CACTGATTAA 

TAGATTGATT 

CCTTTTTGAT 

ACTGAGCGTC 

TTTTTTCTGC 

AGCGGTGGTT 

TAACTGGCTT 

CCGTAGTTAG 

CGCTCTGCTA 

GTCT'I'ACCGG 

TCGGGCTGAA 

CTACACCGAA 

TTCCCGAAGG 

ACAGGAGAGC 

TAGTCCTGTC 

GCTCGTCAGG 

TTACGGTTCC 

GTTATCCCCT 

ATACCGCTCG 
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FORMS OF SOLUBLE PYRROLOQUINOLINE 
QUINONE-DEPENDENT GLUCOSE 

DEHYDROGENASE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continatuation-in-part of US. application 
Ser. No. 09/710,197 ?led Nov. 9, 2000, the complete dis 
closure of Which is incorporated herein by reference. 

[0002] The present invention relates to improved variants 
of soluble pyrroloquinoline quinone (PQQ)-dependent glu 
cose dehydrogenases (s-GDH), to genes encoding mutated 
s-GDH, to mutant proteins of s-GDH With improved sub 
strate speci?city for glucose, and to different applications of 
these s-GDH variants, particularly for determining concen 
trations of sugar, especially of glucose in a sample. 

[0003] TWo types of PQQ-dependent glucose dehydroge 
nase (EC 1.1.99.17) have been characteriZed: One is mem 
brane-bound (m-GDH), the other is soluble (s-GDH). Both 
types do not share any signi?cant sequence homology 
(Cleton-Jansen et al., (1989); Oubrie, et al. (199%)). They 
are also different regarding both their kinetic as Well as their 
immunological properties (Matsushita et al., 1995). 

[0004] Quinoproteins use quinone as cofactor to oxidiZe 
alcohols, amines and aldoses to their corresponding lac 
tones, aldehydes and aldolic acids (Duine 1991a,b; David 
son 1993; Anthony 1996; Anthony and Ghosh 1997; 
Anthony 1998; GoodWin and Anthony 1998). Among quino 
proteins, those containing the noncovalently bound cofactor 
2,7,9-tricarboxy-1H-pyrrolo [2,3-f]quinoline-4,5-dione 
(PQQ) constitute the largest sub-group (Duine 1991). All 
bacterial glucose dehydrogenases knoWn so far belong to 
this sub-group With PQQ as the prosthetic group (Anthony 
and Ghosh 1997, GoodWin and Anthony 1998). 

[0005] In bacteria, there are tWo completely different types 
of PQQ-dependent glucose dehydrogenases (EC1.1.99.17): 
the soluble type (s-GDH) and the membrane-bound type 
(m-GDH) (Duine et al., 1982; Matsushita et al., 1989a,b). 
The m-GDHs are Widespread in Gram-negative bacteria, 
s-GDHs, hoWever, have been found only in the periplas 
matic space of Acinetobacter strains, like A. calcoaceticus 
(Duine, 1991a; Cleton-Jansen et al., 1988; Matsushita and 
Adachi, 1993). Through searching sequence databases, tWo 
sequences homologous to the full-length A. calcoaceticus 
s-GDH have been identi?ed in E. coli K-12 and Synechocys 
tis sp. Additionally, tWo incomplete sequences homologous 
to A. calcoaceticus s-GDH Were also found in the genome 
of Raeruginosa and Bordetella pertussis (Oubrie et al. 
1999a), respectively. The deduced amino acid sequences of 
these four uncharacteriZed proteins are closely related to A. 
calcoaceticus s-GDH With many residues in the putative 
active site absolutely conserved. These homologous proteins 
are likely to have a similar structure and to catalyZe similar 
PQQ-dependent reactions (Oubrie et al., 1999a). 

[0006] Bacterial s-GDHs and m-GDHs have been found to 
possess quite different sequences and different substrate 
speci?city. For example, A. calcoaceticus contains tWo 
different PQQ-dependent glucose dehydrogenases, one 
m-GDH Which is active in vivo, and the other designated 
s-GDH for Which only in vitro activity can be shoWn. 
Cleton-Jansen et al., (1988;1989a,b) cloned the genes cod 
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ing for the tWo GDH enZymes and determined the DNA 
sequences of both these GDH genes. There is no obvious 
homology betWeen m-GDH and s-GDH corroborating the 
fact that m-GDH and s-GDH represent tWo completely 
different molecules. 

[0007] The gene of s-GDH fromA. calcoaceticus has been 
cloned in E. coli behind a leader sequence and a strong 
promoter. After being synthesiZed in the cell, the s-GDH is 
translocated through the cytoplamic membrane into the 
periplasmic space (Duine 1991a, Matsushita and Adachi 
1993). Like the native s-GDH fromA. calcoaceticus, s-GDH 
expressed in E.coli is also a homodimer, With one PQQ 
molecule and three calcium ions per monomer (Dokter et al., 
1986a,b; 1988; Olsthoorn and Duine, 1996; Oubrie et al., 
1999a,b,c). s-GDH oxidiZes a Wide range of mono- and 
disaccharides to the corresponding ketones Which further 
hydrolyZe to the aldonic acids, and it is also able to donate 
electrons to PMS (PhenaZine metosulfate), DCPIP (2,6 
Dichlorophenolindophenol), WB (Wurster’s blue) and 
short-chain ubiquinones such as ubiquinone Q1 and 
ubiquinone Q2 (Matsushita et al., 1989a,b), several arti?cial 
electron acceptors such as N-methylphenaZonium methyl 
sulfate (Olsthoorn and Duine 1996; 1998) and electrocon 
ducting polymers (Ye et al., 1993). 
[0008] In vieW of s-GDH’s high speci?c activity toWards 
glucose (Olsthoorn and Duine 1996) and its broad arti?cial 
electron acceptor speci?city, the enZyme is Well suited for 
analytical applications, particularly for being used in (bio 
)sensor or test strips for glucose determination in diagnostic 
applications (Kaufmann et al., 1997). Glucose oxidation can 
be catalyZed by at least three quite distinct groups of 
enZymes, i.e., by NAD-dependent, dye-linked glucose dehy 
drogenases, by ?avoprotein glucose oxidase or by quino 
protein GDHs (Duine 1995). A rather sloW autooxidation of 
reduced s-GDH has been observed, demonstrating that oxy 
gen is a very poor electron acceptor for s-GDH (Olsthoorn 
and Duine 1996). s-GDH can ef?ciently donate electrons to 
PMS, DCPIP, WB and short-chain ubiquinones such as Q1 
and Q2, but it can not ef?ciently donate electrons directly to 
oxygen. 

[0009] Traditional test strips and sensors for monitoring 
glucose level in blood, serum and urine. eg from diabetic 
patients use glucose oxidase. HoWever, since glucose oxi 
dase transfers its electrons to oxygen, it is knoWn that 
oxygen may have a negative impact on glucose measure 
ments Which are based on this enZyme. The major advantage 
of PQQ-dependent glucose dehydrogenases is their indepen 
dence from oxygen. This important feature is e.g., discussed 
in US. Pat. No. 6,103,509, in Which some features of 
membrane-bound GDH have been investigated. 

[0010] An important contribution to the ?eld has been the 
use of s-GDH together With appropriate substrates. Assay 
methods and test strip devices based on s-GDH are disclosed 
in detail in US. Pat. No. 5,484,708. This patent also contains 
detailed information on the set-up of assays and the produc 
tion of s-GDH-based test strips for measurement of glucose. 
The methods described there as Well in the cited documents 
is hereWith included by reference. 

[0011] Other patents or applications relating to the ?eld 
and comprising speci?c information on various modes of 
applications for enZymes With glucose dehydrogenase activ 
ity are US. Pat. No. 5,997,817; US. Pat. No. 6,057,120; EP 
620 283; and JP 11-243949-A. 
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[0012] A commercial system Which utilizes s-GDH and an 
indicator that produces a color change When the reaction 
occurs (Kaufmann et al. 1997) is the Glucotrend® system 
distributed by Roche Diagnostics GmbH. 

[0013] Despite the above discussed important advantages 
there also is a major inherent problem of s-GDH. S-GDH 
has rather a broad substrate spectrum as compared to 
m-GDH. That is, s-GDH oxidiZes not only glucose but also 
several other sugars including maltose, galactose, lactose, 
mannose, xylose and ribose (Dokter et al. 1986a). The 
reactivity toWards sugars other than glucose may in certain 
cases impair the accuracy of determining blood glucose 
levels, in some diabetic patients. In particular patients on 
peritoneal dialysis treated With icodextrin (a glucose poly 
mer) may contain in their body ?uids, e.g., in blood, high 
levels of other sugars, specially maltose (M. DratWa, et al., 
Perit. Dial. Int. 1998 Nov-Dec;18(6):603-9). 

[0014] Therefore clinical samples, as eg obtained from 
diabetic patients, especially from patients With renal com 
plications and especially from patients under dialysis may 
contain signi?cant levels of other sugars, especially maltose. 
Glucose determinations in samples obtained from such 
critical patients may be impaired by maltose. 

[0015] There are scarce reports in the literature on 
attempts to produce modi?ed POO-dependent s-GDHs 
Which exhibit altered substrate speci?city. Due to a negative 
outcome most of these efforts have not been published. 
Igarashi et al., (1999) report that introducing a point muta 
tion at position Glu277 leads to mutants With altered sub 
strate speci?city pro?le. HoWever, none of these mutants, 
lead to an at least tWo-fold increased improved speci?city 
for glucose as e.g., compared to xylose, galactose or mal 
tose. 

[0016] It can be summariZed that the attempts knoWn in 
the art aiming at improvements of properties of s-GDH, 
especially its speci?city toWards glucose, have not been 
successful to the extend required for accurate monitoring of 
glucose levels in patients having high levels of sugars other 
than glucose. 

[0017] A great demand and clinical need therefore exists 
for mutant forms of s-GDH Which feature an improved 
speci?city for glucose as substrate. 

[0018] It Was the task of the present invention to provide 
neW mutants or variants of s-GDH With signi?cantly 
improved substrate speci?city for glucose as compared to 
other selected sugar molecules, e.g., like galactose or mal 
tose. 

[0019] Surprisingly it has been found that it is possible to 
signi?cantly improve the substrate speci?city speci?c activ 
ity of s-GDH for glucose, as compared to other sugars, and 
to at least partially overcome the above described problems 
knoWn in the art. 

[0020] The substrate speci?city for glucose as compared 
to other selected sugar molecules has been signi?cantly 
improved by providing mutant s-GHD according to the 
present invention as described herein beloW and in the 
appending claims. Due to the improved substrate speci?city 
of the neW forms of s-GDH signi?cant technical progress for 
glucose determinations in various ?elds of applications is 
possible. 
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SUMMARY OF THE INVENTION 

[0021] It has noW surprisingly been found that it is pos 
sible to provide s-GDH mutants With improved substrate 
speci?city toWards glucose as a substrate as compared to 
other selected sugars. NeW s-GDH variants are disclosed 
Which exhibit a signi?cant higher substrate speci?city for 
glucose, especially as compared to maltose. 

[0022] Also disclosed are mutant s-GDH molecules, 
Which, compared to the Wild-type enZyme, exhibit essen 
tially the same speci?c activity for glucose as substrate but 
markedly reduced activity for other selected sugar mol 
ecules. 

[0023] Such comparison of speci?c activities for various 
substrate molecules is based on and calculated in relation to 
the original enZymatic activities of a Wild-type enZyme, e. g., 
as isolated from Acinetobacter calcoaceticus. 

[0024] Mutated s-GDH proteins as Well as polynucleotide 
sequences coding for such proteins exhibiting improved 
properties, especially increased speci?city for glucose are 
also provided. 

[0025] s-GDH mutants comprising at least one amino acid 
substitutions at a position selected from the group consisting 
of positions 348 and 428 (numbered according to the mature 
s-GDH protein of A. calcoaceticus) have been found to 
provide for s-GDH enZymes With improved properties, 
especially With improved speci?city for glucose. 

[0026] The improved s-GDH mutants can be used With 
great advantage for the speci?c detection or measurement of 
glucose in biological samples, especially in tests strip 
devices or in biosensors. 

[0027] The folloWing examples, references, sequence list 
ing and ?gures 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 modi?cations can be 
made in the procedures set forth Without departing from the 
spirit of the invention. 

DESCRIPTION OF THE FIGURES 

[0028] FIG. 1: Nucleotide (DNA) sequence of the Acine 
tobacter calcoaceticus POO dependent soluble glucose 
dehydrogenase gene and the corresponding amino acid 
sequence. 

[0029] FIG. 2: Protein sequences of A. calcoaceticus 
POO-dependent s-GDH and A. baumanni s-GDH aligned 
according to sequence homology. 

[0030] FIG. 3: Illustration of pACSGDH vector referred 
to in Example 1 containing the Wild-type or mutated DNA 
sequences of soluble POO-dependent glucose dehydroge 
nase. 

[0031] FIG. 4: Nucleotide (DNA) sequence of the pAC 
SGDH vector referred to in Example 1 containing the 
Wild-type DNA sequence of soluble POO-dependent glu 
cose dehydrogenase. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] In a ?rst embodiment a mutant of the soluble form 
of EC1.1.99.17 also knoWn as POO-dependent soluble glu 
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cose dehydrogenase (s-GDH), said mutant characterized in 
that it has an at least tWo-fold improved substrate speci?city 
for glucose as compared to at least one other selected sugar 
substrate is described. 

[0033] As discussed above, tWo completely different 
enzyme families With glucose dehydrogenase activity, 
grouped together under EC1.1.99.17, are characterized to 
date. These tWo enzyme families, hoWever, appear not be 
related to each other. 

[0034] For the purpose of this invention only the soluble 
form of GDH is relevant and discussed herein beloW. 

[0035] It is knoWn in the art that the Wild-type DNA 
sequence of such soluble POO-dependent glucose dehydro 
genase can be isolated from strains of Acinetobacter. Most 
preferred is the isolation from Acinetobacter calcoaceticus 
type strand LMD 79.41. The sequence of this Wild-type 
s-GDH (the mature protein) is given in FIG.: 1. 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 (see FIG.: 2). It also appears feasible 
to screen DNA-libraries of other bacterial strains, as for 
eXample described for E.c0li K-12 (Oubrie et al., 1999a) 
above and to identify sequences related to s-GDH in such 
genomes. Such sequences might also be used to generate 
s-GDH mutants With improved substrate speci?city for 
glucose. 

[0036] The term “mutant” or “variant” in the sense of the 
present invention relates to a s-GDH protein Which com 
pared to a corresponding Wild-type sequence eXhibits at least 
one amino acid substitution. The eXpert in the ?eld Will 
appreciate that there are various possibilities to produce 
polynucleotides encoding for such a polypeptide sequence 
of mutated s-GDH. It is of course also possible to generate 
mutants comprising one or more additions or deletions of 
amino acids. 

[0037] A mutant according to the present invention is 
characterized in that it has at least a tWo-fold improved 
substrate speci?city for glucose as compared to at least one 
other selected sugar substrate. 

[0038] In order to calculate the substrate speci?city or 
cross-reactivity one easy Way is to set the activity measured 
With glucose as substrate to 100% and to compare the 
activity measured With the other selected sugar to the 
glucose value. Sometimes, in order not to be redundant, 
simply the term speci?city is used Without making special 
reference to a selected other sugar substrate. 

[0039] The eXpert in the ?eld Will appreciate that com 
parison of (re-)activities is best made at equimolar concen 
trations of the substrate molecules investigated using Well 
de?ned assay conditions. OtherWise corrections for 
differences in concentrations have to be made. 

[0040] Standardized and Well-de?ned assay conditions 
have to be chosen in order to assess (improvements in) 
speci?city. The enzymatic activity of s-GDH for glucose as 
substrate as Well as for other selected sugar substrates is 
measured as described in Example 6. 

[0041] Based on these measurements cross-reactivity and 
(improvements in) speci?city are assessed. 

Jun. 5, 2003 

[0042] The s-GDH (cross-)reactivity for a selected sugar 
in percent is calculated as Cross-reactivity=(activity selected 
sugar/activity glucose)><100%. (Cross-)reactivity for mal 
tose of Wild-type s-GDH according to the above formula has 
been determined as about 105%. Wild-type s-GDH (cross 
)reactivity for galactose has been measured as about 50% 
(cf. Table 1). 

[0043] (Improved) speci?city is calculated according to 
the folloWing formula: 

specificity (improvement) : 

activity glucose mutant activity selected sugar Wild-type 
X . . 

activity glucose Wi1d_type activity selected sugar mutant 

[0044] As compared to the Wild-type enzyme, a s-GDH 
form With an at least tWo-fold improvement in speci?city for 
glucose versus maltose (maltose/glucose) accordingly With 
maltose as substrate has at most 52,5% of the activity as 
measured With glucose as substrate. Or, if, for eXample a 
mutant s-GDH has a cross-reactivity for maltose of 20% 
(determined and calculated as described above), this mutant 
as compared to the Wild-type s-GDH therefore has a 5.25 
fold improved substrate speci?city (maltose/glucose). 

[0045] The term “speci?c activity” for a substrate is Well 
knoWn in the art, it is preferably used to describe the 
enzymatic activity per amount of protein. Various methods 
are knoWn to the art to determine speci?c activity of GDH 

molecules, using glucose or other sugars as substrates Sode et al., Biochemical and Biophysical Research Com 

munications (1999) 264, 820-824). One of the methods 
available for such measurement is described in detail in the 
eXamples section. 

[0046] Whereas it is possible, to select many different 
sugar molecules and to investigate the speci?city of s-GDH 
in comparison to any such selected sugar molecule, it is 
preferred to select a clinical relevant sugar molecule for such 
a comparison. Preferred selected sugars are selected from 
the group comprising mannose, allose, galactose, Xylose, 
and maltose. Preferably, maltose or galactose are selected 
and mutant s-GDH is tested for improved substrate speci 
?city compared to galactose or maltose. In a further pre 
ferred embodiment the selected sugar is maltose. 

[0047] It has surprisingly been found that the improve 
ments in speci?city of mutated s-GDH, e.g., for maltose vs. 
glucose, are quite considerable. It is therefore preferred that 
said substrate speci?city for glucose as compared to the 
substrate speci?city for at least one of the selected other 
sugar substrates is improved at least three-fold. Other pre 
ferred embodiments comprise s-GDH mutants characterized 
by an improved substrate speci?city for glucose, Which is at 
least 5 times or also preferred at least 10 times higher, as 
compared to the other sugar molecule(s) selected. 

[0048] Mutations in this enzyme lead in many cases to 
mutants With reduced speci?c activity for the substrate 
glucose. Such decrease in (absolute or overall) speci?c 
activity for the substrate glucose, hoWever, may be critical 
for routine applications. Surprisingly it has been found that 
improved speci?city for glucose must not go to the expense 
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of reduced overall speci?c activity. It is therefore preferred 
that the s-GDH With improved speci?city toWards the sub 
strate glucose exhibits at least 10% of the glucose speci?c 
activity as measured for the Wild-type enzyme. It is of course 
more preferred that such mutated enZymes exhibit at least 20 
or more preferred at least 50% of the respective glucose 
activity of Wild-type s-GDH. 

[0049] In a further preferred embodiment, the invention 
relates to a mutant of the soluble form of EC1.1.99.17 also 
knoWn as PQQ-dependent soluble glucose dehydrogenase 
(s-GDH), said mutant characteriZed in that 

[0050] a) the substrate speci?c reactivity toWards glu 
cose is essentially comparable to that of the Wild-type 
enZyme and 

[0051] b) the substrate speci?c reactivity toWards mal 
tose is 30% or less as compared to the Wild-type 
enzyme. 

[0052] The speci?c (re)activity toWards glucose is consid 
ered to be essentially comparable to that of the Wild-type 
enZyme if at least 50% of the original enZymatic activity for 
glucose of the Wild-type enZyme is maintained. Also pre 
ferred are mutants exhibiting at least 80% or more preferred, 
at least 90% of the speci?c activity for glucose as measured 
for the Wild-type enZyme. 

[0053] Quite surprisingly it has been found, that it is 
possible to obtain such s-GDH mutants or variants, Which 
exhibit essentially the same enZymatic activity for glucose 
as the Wild-type s-GDH but, nonetheless, signi?cantly 
reduced substrate speci?c reactivity toWards other selected 
sugars, especially toWards maltose. Mutants characteriZed in 
that the substrate speci?c reactivity toWards glucose is 
essentially comparable to that of the Wild-type enZyme and 
in that the substrate speci?c reactivity toWards maltose is 
20% or less as compared to the Wild-type enZyme are 
preferred. Further preferred are such mutants With Which the 
maltose speci?c activity is 15% or even only 10% or less of 
the maltose speci?c activity as measured for the correspond 
ing Wild-type enZyme. 

[0054] Unexpectedly it has been found that it is possible to 
generate s-GDH mutants With improved substitute speci?c 
ity and even more unexpected it has been found that it is only 
a feW Well-de?ned amino acid positions Which are of major 
relevance in that respect. 

[0055] Mutants comprising only a single substitution of 
amino acid 253 did not lead to an at least tWo-fold improve 
ment of substrate speci?city for glucose, e.g., as compared 
to galactose or maltose. 

[0056] It has noW surprisingly been found, that substitu 
tions at amino acid positions 348 and 428 are important to 
generate s-GDH mutants or variants With signi?cantly 
improved speci?city for glucose. 
[0057] Residues 348 or 428 are not knoWn to contribute to 
the substrate binding of s-GDH as identi?ed and knoWn in 
the art (BW. Dijkstra et al.,EMBO J 1999 Oct 
1;18(19):5187-94; Oubrie, A., Dijkstra, B. W., 2000). No 
chemical or physical explanation is at hand, Why substitu 
tions of these amino acid residues alters the relative speci?c 
activity of s-GDH for glucose as compared to other sugar 
molecules of interest. 

[0058] As demonstrated in table 1, it has been found that 
a variety of s-GDH variants With improved speci?city for 
glucose can be identi?ed and generated, as long as at least 
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one of the amino acids in positions threonine 348 or 
glutamine 428—as corresponding to Wild-type s-GDH 
sequence positions from A. calc0aceticus—is substituted 
With appropriate other amino acids. 

[0059] It has been found in addition that substitution of 
amino acid 76 also has a positive effect on glucose speci 
?city of s-GDH. 

[0060] In a preferred embodiment the mutant protein of a 
PQQ-dependent s-GDH according to the present invention 
comprises at least one amino acid residue substitution at a 
position selected from the group consisting of positions 348, 
and 428 of the corresponding Wild-type sequence of A. 
calcoaceticus. 

[0061] s-GDH variants comprising a substitution of the 
amino acid threonine in position 348 are most preferred. 

[0062] In a further preferred embodiment the mutated 
s-GDH is characteriZed in that the amino acid residue 
threonine at position 348 is substituted With an amino acid 
residue selected from the group consisting of alanine, gly 
cine, and serine. In a most preferred embodiment glycine is 
used to substitute for threonine at position 348. One group 
of preferred s-GDH variants according to this invention 
comprises a substitution of the amino acid residue at posi 
tion 348 and at at least one of the folloWing positions 76, 
143, 168, 169 and 428. In yet a further embodiment a mutant 
protein of PQQ-dependent s-GDH comprising an amino acid 
residue substitution at position 428 of the correspondent 
Wild-type sequence from Acinetobacter calcoaceticus is 
disclosed, in Which the asparagine residue of the Wild-type 
sequence is replaced by other appropriate amino acid resi 
dues. Preferably, such amino acid residue is selected from 
the group consisting of leucine, proline and valine. It is 
preferred to substitute the asparagine at position 428 With 
proline . 

[0063] It further has proved that the amino acid glutamine 
at position 76 can be substituted to improve on the problems 
imposed by s-GDH cross-reactivity With other sugar mol 
ecules. In another preferred embodiment the mutant accord 
ing to the present invention therefore comprises a substitu 
tion of glutamine at position 76 of the corresponding Wild 
type sequence from Acinetobacter calcoaceticus. 

[0064] It is preferred to select the amino acid used in such 
substitution from the group consisting of alanine, aspartic 
acid, glutamic acid, glycine, methionine, proline and serine. 
[0065] As described above, the substitution of at least one 
amino acid in positions 348, and/or 428 of the s-GDH 
sequence corresponding to the Wild-type sequence isolated 
from A. calcoaceticus, can be used to signi?cantly improve 
the glucose speci?city of s-GDH. Further improved mutants 
are obtained by providing a mutant s-GDH protein compris 
ing at least tWo amino acid substitutions, at least one of these 
being corresponding to amino acid position 76, 348, and/or 
428. A further embodiment of the present invention there 
fore is a mutant protein of PQQ-dependent s-GDH With 
improved glucose speci?city, comprising at least tWo amino 
acid residue substitutions, that substituted amino acid posi 
tions being selected from the group consisting of position 
16, 22, 76, 116, 120, 127, 143, 168, 169, 171, 177, 227, 231, 
255, 277, 295, 299, 308, 317, 348, 355, 422,428 and 438. of 
the corresponding mature A. calcoaceticus soluble PQQ 
dependent s-GDH, characteriZed in that at least one of the 
amino acid residues, T348 or N428 is replaced. 

[0066] It is further preferred, that the at least tWo amino 
acid residues comprise a substitution in position 348 and at 



US 2003/0104595 A1 

least one additional substitution selected from the group of 
positions comprising positions 76, 143, 168, 169, and 428. 

[0067] In a further preferred embodiment the at least tWo 
amino acid positions Which are substituted in a mutant 
s-GDH are selected from the group consisting of amino acid 
position 76, 348, and/or 428. 

[0068] Mutants comprising substitutions at amino acid 
residues corresponding to positions 348 and 428 have been 
found as very advantageous for improving the speci?city of 
s-GDH for glucose in comparison to other sugar substrates. 
It is especially preferred to design and select mutants of 
s-GDH, Which comprise a substitution at both the positions 
348 and 428. Most preferred are mutants comprising the 
preferred substitutions at both these positions as described 
above. 

[0069] The variant comprising T348G and N428P is most 
preferred. This terminology T348G and N428P is knoWn to 
the art to indicate that threonine at position 348 is replaced 
by glycine and glutamine and position 428 is replaced by 
proline. 
[0070] Mutant s-GDH proteins comprising in addition to 
substitutions at positions 348 and 428 also substitutions at 
positions 76, 127 and 143, also represent preferred embodi 
ments of the present invention. 

[0071] Further preferred examples of mutated s-GDH pro 
teins according to the present invention comprise amino acid 
substitutions at positions 76 and 348 and also such mutants 
comprising substitutions at positions 76 and 428. In yet 
another preferred embodiment the mutated s-GDH protein 
according to the present invention comprises substitutions of 
the amino acid residues at positions 76, 348 and 428. 

[0072] Amino acid sequence analysis revealed that the 
sequence motives found in Wild-type s-GDH from A. cal 
coaceticus on the one hand and A. baumannii on the other 
hand appear to be very conservative around the positions of 
major relevance to improve the speci?city for glucose as 
identi?ed in the present invention, i.e. positions 76, 348, and 
428, as corresponding to Wild-type s-GDH from A. cal 
coaceticus (c.f., FIG. 2). 

[0073] A preferred embodiment according to the present 
invention therefore is a mutant protein of PQQ-dependent 
s-GDH comprising the amino acid sequence of WPX 
aaVAPS (SEQ ID NO: 1). SEQ ID NO:1 corresponds to 
position 346-352 of A. calcoaceticus Wild-type s-GDH or 
position 347-353 of A. baumannii Wild-type s-GDH, 
Wherein said Xaa residue is an amino acid residue other than 
threonine. 

[0074] It is further preferred that Xaa in SEQ ID NO: 1 
represents glycine. 

[0075] A mutant of PQQ-dependent s-GDH, comprising 
the amino acid sequence of TAGXaaVQK (SEQ ID NO: 2) 
is another preferred embodiment of the invention. SEQ ID 
NO:2 corresponds to position 425-431 of A. calcoaceticus 
Wild-type s-GDH or to position 426-432 of A. baumannii 
Wild-type s-GDH, Wherein said Xaa residue is an amino acid 
residue other than asparagine,. 

[0076] Most preferably the s-GDH mutant comprising 
SEQ ID NO:2 is characteriZed in that said Xaa residue is 
proline residue. 

[0077] Numerous possibilities are knoWn in the art to 
produce mutant proteins. Based on the important ?ndings of 
the present invention disclosing the critical importance of 
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amino acid positions 348 and 428 and also the utility of 
position 76, the skilled artisan noW can easily produce 
further appropriate variants of s-GDH. Such variants for 
example can be obtained by the methods knoWn as random 
mutagenesis (Leung, D.W., et al., 1989) and/or directed 
mutagenesis (Struhl, K., et al. 1987). An alternative method 
to produce a protein With the desired properties is to provide 
chimaeric constructs, Which contain sequence elements from 
at least tWo different sources. Such procedures knoWn in the 
art may be used in combination With the information dis 
closed in the present invention to provide mutants or vari 
ants of s-GDH comprising at least one amino acid at 
sequence positions 348, and/or 428 of s-GDH. 

[0078] According to procedures knoWn in the state of the 
art or according to the procedures given in the examples 
section, it is possible to obtain polynucleotide sequences 
coding for any of the s-GDH mutants as discussed above. 
The invention therefore comprises also isolated polynucle 
otide sequences encoding s-GDH mutant proteins as 
described above. 

[0079] The present invention further includes an expres 
sion vector comprising a nucleic acid sequence according to 
the present invention operably linked a promoter sequence 
capable of directing its expression in a host cell. 

[0080] The present invention further includes an expres 
sion 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 
FIGS. 3 and 4. 

[0081] Expression vectors useful in the present invention 
typically contain an origin of replication, a promoter located 
upstream of the DNA sequence and are folloWed by the 
DNA sequence coding for all or part of s-GDH variants. The 
DNA sequence coding for all or part of the s-GDH variants 
is folloWed by transcription termination sequences and the 
remaining vector. The expression vectors may also include 
other DNA sequences knoWn in the art, for example, sta 
bility leader sequences Which provide for stability of the 
expression product, secretory leader sequences Which pro 
vide for secretion of the expression product, sequences 
Which alloW expression of the structural gene to be modu 
lated (e.g., by the presence or absence of nutrients or other 
inducers in the groWth medium), marking sequences Which 
are capable of providing phenotypic selection in transformed 
host cells, and the sequences Which provide sites for cleav 
age by restriction endonucleases. 

[0082] The characteristics of the actual expression vector 
used must be compatible With 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 in E.coli various hosts 
include, for example, a ColE1 plasmid replication origin. 
Suitable promoters include, for example, lac and trp. It is 
also preferred that the expression vector include a sequence 
coding for a selectable marker. The selectable marker is 
preferably an antibiotic resistance gene. As selectable mark 
ers, ampicillin resistance, or canamycin resistance may be 
conveniently employed. All of these materials are knoWn in 
the art and are commercially available. 

[0083] Suitable expression vectors containing the desired 
coding and control sequences may be constructed using 
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standard recombinant DNA techniques known in the art, 
many of Which are described in Sambrook et al. (1989). 

[0084] The present invention additionally concerns host 
cells containing an expression vector Which comprises a 
DNA sequence coding for all or part of the mutant s-GDH. 
The host cells preferably contain an expression vector that 
comprises all or part of one of the DNA sequences having 
one or more mutations shoWn in Table 1. Further preferred 
are the host cells containing an expression vector comprising 
one or more regulatory DNA sequences capable of directing 
the replication and/or the expression of, and operatively 
linked to a DNA sequence coding for, all or part of mutant 
s-GDH. Suitable host cells include, for example, E.c0li 
HB101 (ATCC 33694) available from Pomega (2800 Woods 
HolloW Road, Madison, Wis., USA), XL1-Blue MRF avail 
able from Stratagene (11011 North Torrey Pine Road, La 
Jolla, Calif., USA) and the like. 

[0085] 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). HoWever, 
other methods for introducing expression vectors into host 
cells, for example, electroporation, biolistic injection, or 
protoplast fusion, can also be employed. 

[0086] Once an expression vector containing s-GDH vari 
ants 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 con 
taining an expression vector Which contains a DNA 
sequence coding for all or part of the mutant s-GDH are, 
e.g., identi?ed by one or more of the folloWing general 
approaches: DNA hybridiZation, the presence or absence of 
marker gene functions, assessment of the level of transcrip 
tion as measured by the production of s-GDH mRNA 
transcripts in the host cell, and detection of the gene product 
immunologically. Preferably transformed host cells are iden 
ti?ed by enZyme assay, e.g., calorimetric detection. 

[0087] The present invention also teaches the generation 
and screening of s-GDH variants. Random mutagenesis and 
saturation mutagenesis is performed as knoWn in the art. 
Variants are analyZed for substrate speci?city for glucose, 
maltose as Well as other sugars. The assay conditions chosen 
are adapted to ensure that the expected small enhancements 
brought about e.g., by a single amino acid substitution, can 
be measured. This has been accomplished by adjusting the 
assay conditions such that the Wild type (or parent) enZyme 
activity is dose to the loWer detection limit. One mode of 
selection or screening of appropriate mutants is given in 
Example 3. Any change or improvement as compared over 
the Wild-type enZyme this Way can be clearly detected. 

[0088] 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 may make a selection among 
expression vectors, DNA regulatory sequences, and host 
cells using the guidance provided herein Without undue 
experimentation and Without departing from the scope of the 
present invention. 

[0089] The invention also relates to a process for produc 
ing s-GDH variants of the current invention comprising 
culturing a host cell of the invention under conditions 
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suitable for production of the mutant s-GDH of the inven 
tion. For bacterial host cells, typical culture conditions are 
liquid medium containing the appropriate antibiotic and 
induction agent. Typical appropriate antibiotics include 
ampicillin, canamycin, chloroamphenicol, tetracyclin and 
the like. Typical induction agents include IPTG, glucose, 
lactose and the like. 

[0090] 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 polypep 
tides 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 and 
inserted into a suitable expression vector, Which in turn may 
be used in an in vitro transcription/translation system. 

[0091] An expression vector comprising an isolated poly 
nucleotide as de?ned and described above operably linked to 
a promoter sequence capable of promoting its expression in 
a cell-free peptide synthesis system represents another pre 
ferred embodiment of the present invention. 

[0092] The polypeptides produced eg by procedures as 
describe above, may then be isolated and puri?ed using 
various routine protein puri?cation techniques. For example, 
chromatographic procedures such as ion exchange chroma 
tography, gel ?ltration chromatography and af?nity chroma 
tography may be employed. 

[0093] One of the major applications of the improved 
s-GDH variants of this invention is for the use in test strips 
to monitor blood-glucose level in diabetic patients. Due to 
the insensitivity of POO-dependent glucose dehydrogenase 
toWards oxygen, a system using the improved s-GDH vari 
ants is less prone to interference by oxygen than systems 
based on glucose oxidase. More important, since the s-GDH 
variants have improved speci?city toWards glucose and 
signi?cantly decreased relative enZymatic activity toWards 
other sugars, the interference due maltose, galactose, and/or 
other related sugars Which may be present in a sample to be 
analyZed is signi?cantly reduced. Of course many kinds of 
samples may be investigated. Bodily ?uids like serum, 
plasma, intestinal ?uid or urine are preferred sources for 
such samples. 

[0094] The invention also comprises a method of detect 
ing, determining or measuring glucose in a sample using a 
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 glucose is performed using 
a sensor or test strip device. 

[0095] 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 mea 
surement. 

[0096] The s-GDH variants With improved substrate 
speci?city of this invention can also be used to great 
advantage in biosensors (D’Costa et al., 1986, Laurinavicius 
et al., 1999a,b) for online monitoring of glucose in a sample 
or a reactor. For this purpose, the s-GDH variants can, for 
example, be used to coat an oxygen-insensitive glassy 
electrode With an osmium complex containing a redox 
conductive epoxy netWork (Ye et al., 1993) for more accu 
rate determination of the glucose concentration. 
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[0097] There are also other possible applications of the 
s-GDH variants With the improved substrate speci?city 
according to this invention. For example, these s-GDH 
variants may be used in an aldonic acid production process. 
Wild-type s-GDH has a high turnover in substrate oxidation 
producing gluconic and other aldonic acids. By using the 
s-GDH variants, Which are more speci?c for glucose, the 
production of gluconic acid Would result in much less 
byproducts. With other s-GDH variants of different substrate 
speci?city, it is possible to produce different aldonic acids as 
required. 
[0098] In the folloWing examples, all reagents, restriction 
enZymes, and other materials Were obtained from Roche 
Diagnostics Germany, unless other commercial sources are 
speci?ed, and used according to the instructions given by the 
suppliers. Operations and methods employed for the puri 
?cation, characteriZation and cloning of DNA are Well 
knoWn in the art (Current Protocols in Molecular Biology 
Volume 1-4, Edited by F. M. Ausubel, R. Brent, R. E. 
Kingston, D. D. Moore, J. G. Seidman, J A. Smith, K.Struhl; 
Massachusetts General Hospital and HarWard Medical 
School by John Wiley & Sons, Inc.) and can be adapted as 
required by the skilled artisan.The folloWing examples fur 
ther illustrate the present invention. These examples are not 
intended to limit the scope of the present invention, but 
provide further understanding of the invention. 

EXAMPLE 1 

[0099] Cloning and Expression of the Wild-type A. cal 
coaceticus Soluble PQQ Dependent Glucose Dehydroge 
nase in E.coli 

[0100] The s-GDH gene Was isolated from Acinetobacter 
calcoaceticus strain LMD 79.41 according to standard pro 
cedures. The Wild-type s-GDH gene Was subdoned into a 
plasmid containing the mgl promoter for adjustabel expres 
sion (cf. Patent application WO88/09373). The neW con 
struct Was called pACSGDH (see FIGS. 3 and 4). The 
recombinant plasmids Was introduced into a host organism 
selected from the E.c0li group. These organisms Were then 
cultivated under appropriate conditions and colonies shoW 
ing s-GDH activity selected. 

[0101] 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 re-suspended in 1 
ml bidest. Water. The concentration of the plasmid Was 
determined using a Beckman DU 7400 Photometer. The 
yield Was 600 pg. Then the quality of the plasmid Was 
determined by agarose gel electrophoresis. 

EXAMPLE 2 

[0102] Mutagenic PCR 

[0103] To generate random mutations in the s-GDH-gene, 
mutagenic PCR (polymerase chain reaction) Was performed. 
The pACSGDH plasmid and the DNA sequence encoding 
the mutated enZymes (PCR product from mutagenic PCR) 
Were digested With the restriction enZymes Sph I and Eco RI. 
The products Were gel puri?ed. The digested DNA 
sequences Were ligated and an aliquot of the ligation reac 
tion mixture Was used to transform competent E. coli cells. 
The transformants Were subsequently selected on LB plates 
containing ampicillin. 

[0104] To assay, individual colonies Were chosen, groWn 
over night in LB medium containing ampicillin and sub 
jected to screening (see Example 3). 
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[0105] Mutagenic PCR reaction mixture: 

[0106] 40 ng pACSGDH 

[0107] 1>< buffer Without MgCl2 (Roche Diagnostics 
GmbH, Cat. 1699 105) 

[0108] dCTP, dTTP 1 mM 

[0109] DATP, dGTP 0.2 mM (Roche Diagnostics 
GmbH, Cat. 1969 064) 

40 pmol GF23-Primer (=SEQ ID NO:4) 
(5 ' —CGC GCA CGC GCA TGC CGC CGA TGT TC) 

40 pmol GR23 (=SEQ ID NO:5) 
(5'—GAC GGC CAG TGA ATT CTT TTC TA) 

[0110] Screening 
[0111] The mutant colonies on agar plates described above 
Where picked in microtiter plates (mtp) containing 200 pl 
LB-Ampicillin-media/Well and incubated over night at 37° 
C. These plates are called master plates. 

[0112] From each master plate, 5 pl sample/Well Was 
transferred to a mtp containing 5 pl B-per/Well (Bacterial 
Protein Extraction Reagent Pierce No.78248) for cell dis 
ruption and 240 pl of 0.0556 mM pyrollo-quinoline quino 
ne(PQQ); 50 mM Hepes; 15 mM CaCl2 pH 7.0/Well for 
activation of s-GDH Were added. To complete the formation 
of the holoenZyme, the mtp Was incubated at 25° C. for 2 
hours and at 10° C. over night. This plate is called Working 
plate. 
[0113] From the Working plate 2x10 pl sample/hole Were 
transferred to tWo empty mtps. After that, one Was tested 
With glucose and the other With maltose or other selected 
sugar molecules as a substrate. All sugar molecules Were 
used in equimolar concentrations. 

[0114] The dE/min Was calculated and the value using 
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 ((dE/min Maltose/dE 
Glucose)*100). This is equivalent to the cross-reactivity of 
the (mutant) enZyme. 

EXAMPLE 4 

[0115] Sequencing of Mutant 
Mutagenic PCR 

s-GDH Gene from 

[0116] The plasmid containing the mutant s-GDH gene 
that leads to 50% maltose/glucose activity Was isolated 
(High Pure Plasmid Isolation Kit, Roche 1754785) and 
sequenced using an ABI Prism Dye Terminator Sequencing 
Kit and ABI 3/73 and 3/77 sequencer (Amersham Pharmacia 
Biotech). 
[0117] FolloWing primers Were used: 

Sense strand: 

5 ' —TTA ACG TGC TGA ACA GCC GG-3 ' (=SEQ ID NO:6) 

GDH F3 : 

5 ' —GAT GCT GAT GGG CAG AAT GG-3' (=SEQ ID NO:7) 
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—oontinued 
GDH F4 : 

5 '—ATA TGG GTA AAG TAC TAC GC-3 ' (=SEQ ID NO:8 ) 

GDH F5 : 

5 '—ACG ATC CAA CTT GTG GAG AG-3 ' (=SEQ ID NO:9 ) 

Antisense stand: 
GDH Rl : 

5 '—CGA TTA AGT TGG GTA ACG CC-3 ' (=SEQ ID NO:lO) 

GDH R2 : 

5 '—ATA CGG AAA ATG ACA CCA CG-3 ' (=SEQ ID NO:ll) 

GDH R3 : 

5 '—GGG CCT TGT TCA GAC TGC AA-3 ' (=SEQ ID NO:l2) 

GDH R4 : 

5 '—CAA GAC GAC CTG ACT GAT GG-3 ' (=SEQ ID NO:l3) 

GDH R5 : 

5 '—CAT AAC AAC GCG TGC GGC TT-3 ' (=SEQ ID NO:l4) 

[0118] 
[0119] 
[0120] 
[0121] 

to G 

[0122] 
T to S 

[0123] at position 369 (mature enzyme) change from 
N to H 

[0124] at position 413 (mature enzyme) change from 
S to N 

Results: 

=>>6 mutations on DNA sequence level 

E>4 mutations on amino acid level: 

at position 340 (mature enZyme) change from E 

at position 348 (mature enZyme) change from 

EXAMPLE 5 

[0125] s-GDH Mutants Obtained by Saturation Mutagen 
esis 

[0126] The QuikChange Site-Directed Mutagenesis Kit 
(Stratagene, Cat. 200518) Was used to substitude succes 
sively Wild type amino acids at de?ned positions of the 
s-GDH-protein or of s-GDH-mutants (plasmide puri?cation 
as discribed above) With other random amino acids. 

[0127] The 5‘- and the 3‘-primer used for mutagenesis 
Were complementary to each other and contained NNN in a 
central position. These nucleotides Were ?anked by 12 to 16 
nucleotides at each end. The sequences of the nucleotides 
Were identical to the cDNA-strand or to the complementary 
cDNA-strand ?anking the codon for the amino acid that had 
to be substituted. Instead of the codon, the primer contained 
NNN therefore the oligonucleotides code for every codon. 

[0128] For every de?ned position, one PCR reaction Was 
performed. 
[0129] The PCR-reactions and the DpnI-restrictionendo 
nuclease digestions Were performed according to the 
manual. 

[0130] After that, 1 pl of each reaction Was used for the 
electroporation of XLlF- cells. Cells Were groWn and the 
s-GDH-activities of the clones Were determined as described 
above. 

[0131] To ensure statistically that all 20 amino acids 
variants Were screened, 200 clones Were tested for each 
position. 
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[0132] The folloWing primers Where used: 

for position 340 Sense stand (=SEQ ID NO:l5) 
EGF 5 ' —TCC AAC TTG TGG ANN N AT GAC CTA 

CAT TT-3 ' 

Antisense strand EGR (=SEQ ID NO:l6) 
5 ' —AAA TGT AGG TCA TNN NTC CAC AAG TTG CA-3 ' 

for position 348 Sense stand (=SEQ ID NO:l7) 
TSF 5 ' —CAT TTG CTG GCC ANN NGT TGC ACC GTC AT-3 ' 

Antisense strand TSR (=SEQ ID NO:l8) 
5 ' —ATG ACG GTG CAA CNN NTG GCC AGC AAA TG-3 ' 

for position 369 Sense stand (=SEQ ID NO:l9) 
NHF 5 ' —TAC TGG TTG GGA ANN NAC ATT ATT GGT TC-3 ' 

Antisense strand NHR (=SEQ ID NO:20) 
5 ' —GAA CCA ATA ATG TNN NTT CCC AAC CAG TA-3 ' 

for position 413 Sense stand SNF (=SEQ ID NO:21) 
5 ' —TGA TGT GAT TGC ANN NCC AGA TGG GAA TG-3 ' 

Antisense strand SNR (=SEQ ID NO:22) 
5 ' —CAT TCC CAT CTG GNN NTG CAA TCA CAT CA-3 ' 

[0133] Results: 

[0134] The amino acid changes at positions 340, 369 and 
413 didn’t change the substrate speci?city. Only the Wobble 
at position 348 did yield clones With a substrate speci?city 
from 25-100% (maltose/glucose). 

[0135] Numerous rounds of mutagenic PCR and satura 
tion mutagenesis Were performed. It Was found and con 
?rmed that positions 348 and 428 are of major importance 
and that exchange of other amino acids may further improve 
the speci?city for glucose of mutated s-GDH. Representa 
tive data and positions are given in table 1. 

TABLE 1 

F amnles for s-GDH-variants With improved speci?city for glucose 

Changed amino acid to Glucose Maltose Galactose 
Wildtype sequence conversion conversion conversion SA 

Wild-type 100% 105% 50% 1000 
340 E to G 100% 50% 25% 700 
348 T to S 
369 N to H 
413 S to N 
22 Ito L 100% 123% 14% 178 

295 Q to L 
422 L to I 
348 T to D 100% 80% n.t. n.t. 
348 T to A 100% 67% n.t. n.t. 
348 T to G 100% 22% 20% 910 
428 N to P 100% 8% 25% n.t. 
348 T to G 
428 N to V 100% 22% 22% n.t. 
348 T to G 
127 T to M 100% 1% 32% n.t. 
143 D to Q 
348 T to G 
428 N to P 
76 Q to A 100% 17% n.t. n.t. 

348 T to G 
76 Q to M 100% 18% n.t. n.t. 

348 T to G 
76 Q to D 100% 17% n.t. n.t. 

348 T to G 
76 Q to P 100% 17% n.t. n.t. 

348 T to G 
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TABLE l-continued 

E amnles for s-GDH-variants With improved speci?city for glucose 

Glucose Maltose Galactose 
conversion conversion conversion SA 

Changed amino acid to 
Wildtype sequence 

76 Q to S 100% 17% n.t. n.t. 
348 T to G 
76 Q to G 100% 20% n.t. n.t. 

348 T to G 
76 Q to E 100% 17% n.t. n.t. 

348 T to G 
143 D to E 100% 17% n.t. n.t. 
348 T to G 
171 Y to H 100% 19% n.t. n.t. 
348 T to G 
308 K to N 
171 Y to D 100% 18% n.t. n.t. 

127 T to S 100% 11% n.t. n.t. 

16 N to D 100% 22% n.t. n.t. 

177 Q to R 
277 Y to H 
348 T to G 
116 I to T 100% 20% n.t. n.t. 
255 N to T 
299 K to R 
348 T to G 
227 H to Y 100% 18% n.t. n.t. 
348 T to G 
438 N to S 

Abbreviations: 
n.t. = not tested 

SA = speci?c activity (U/mg protein) 

EXAMPLE 6 

[0136] 5 Puri?cation of mutant s-GDH T348G 

[0137] The grown cells (LB-Amp. 37° C.) Were harvested 
and resuspended in potassium phosphate buffer pH 7.0. Cell 
disruption Was performed by French Press passage (700-900 
bar). After centrifugation the supernatant Was applied to a 
S-Sepharose (Pharmacia) 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 GDH activity Were pooled, dialysed 
against potassium phosphate buffer pH 7.0 and re-chro 
matographied on re-equilibrated S-sepharose column. The 
active fractions Were pooled and subjected to a gel ?ltration 
using a Superdex® 200 column (Pharmacia). The active 
fractions Were pooled and stored at —20° C. 

[0138] Enzyme Assay and Protein Determination of 
Mutant T348G and Wildtype GDH 

[0139] Protein determination Was performed using the 
Protein Assay Reagent no. 23225 from Pierce (calibration 
curve With BSA, 30 Min. 37° C.). 

[0140] The GDH samples Were diluted at 1 mg protein/ml 
With 0.0556 mM pyrollo-quinoline quinone(PQQ); 50 mM 
Hepes; 15 mM CaCl2 pH 7.0 and incubated at 25° C. for 30 
minutes for reconstitution or activation. 

[0141] After activation 50 pl of sample Were 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-me 
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thyl-pyrazolo-[l.5a]-imidazol-3-yl)-(4-nitrosophenyl) 
amine (see patent US. Pat. No. 5,484,708)/ml and 33 mM 
sugar). 
[0142] Extinction at 620 nm is monitored during the ?rst 
5 minutes at 25° C. 

[0143] One Unit enzyme activity corresponds the conver 
sion of 1 mMol mediator/min under the above assay con 
ditions 

[0144] Calculation: Activity=(total 
[U/ml]): (e*sample volume*1) 

volume* dE/min 

[0145] The assay Was performed With glucose, maltose 
and galactose (Merck, Germany). 

[0146] Results: 

Speci?c % maltose/ % galactose/ 
activity U/mg Protein glucose glucose 

Sample (glucose as substrate) conversion conversion 

Wilde-type 1000 105% 50% 
Mutant T348G 910 22% 20% 

EXAMPLE 7 

Determination of Glucose in the Presence or 
Absence of Maltose 

[0147] The Wild-type and mutant T348G of s-GDH Were 
applied for glucose determination. The reference samples 
contained 65 mg glucose/d1. The “test”-samples contained 
65 mg glucose/d1 and 130 mg/dl maltose. The same amounts 
of GDH activity (U/ml; see enzyme assay) Were used for 
each assay. 

[0148] 
[0149] 1 ml 0.315 mg (4-(dimethylphosphinylmethyl) 

2-methyl-pyrazolo-[1.5a]-imidazol-3-yl)-(4-nitros 
ophenyl)-amine ml/0.2 M citrate pH 5.8 

In a cuvette Was mixed: 

[0150] 0.015 ml sample (glucose or glucose+maltose) 

[0151] 0.045 ml H20 

[0152] The assay Was started adding 0.050 ml 90 U/ml 
s-GDH . The change of absorption at 620 nm Was monitored. 
After 5 minutes constant values Were observed and the dE/5 
min calculated. The value obtained measuring the reference 
sample With Wild-type s-GDH Was set to 100%. The other 
values Were compared to this reference value and calculated 
in %. 

[0153] Results: 

65 mg/dl 65 mg/dl glucose and 130 mg/dl 
glucose maltose 

Wild-type s-GDH 100% 190% 
mutant s-GDH 100% 130% 
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[0154] It can be clearly seen that the ,,g1ucOse-va1ue” 
measured is markedly less impaired When the mutated 
s-GDH is used in this determination. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 26 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 7 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Acinetobacter calcoaceticus 
<220> FEATURE: 

<22l> NAME/KEY: miscifeature 
<222> LOCATION: (3). . (3) 
<223> OTHER INFORMATION: The amino acid at this position can be any 

residue other than threonine 

<400> SEQUENCE: l 

Trp Pro Xaa Val Ala Pro Ser 
1 5 

<2 10> SEQ ID NO 2 
<2ll> LENGTH: 7 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Acinetobacter calcoaceticus 
<220> FEATURE: 

<22l> NAME/KEY: miscifeature 
<222> LOCATION: (4). . (4) 
<223> OTHER INFORMATION: The amino acid in this position can be any 

residue other than asparagine 

<400> SEQUENCE: 2 

Thr Ala Gly Xaa Val Gln Lys 
1 5 

<2 10> SEQ ID NO 3 
<2ll> LENGTH: 7 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Acinetobacter calcoaceticus 
<220> FEATURE: 

<22l> NAME/KEY: miscifeature 
<222> LOCATION: (4). . (4) 
<223> OTHER INFORMATION: The amino acid in this position can be any 

residue other than glutamine 

<400> SEQUENCE: 3 

Ala Asp Gly Xaa Asn Gly Leu 
1 5 

<2 10> SEQ ID NO 4 
<2ll> LENGTH: 26 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: sense 
primer GF23 

<400> SEQUENCE: 4 

cgcgcacgcg catgccgccg atgttc 26 

<2 10> SEQ ID NO 5 
<2ll> LENGTH: 23 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: antisense 
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-continued 
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primer GR23 

<400> SEQUENCE: 5 

gacggccagt gaattctttt cta 23 

<2 10> SEQ ID NO 6 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: sense primer 
GDH F2 

<400> SEQUENCE: 6 

ttaacgtgct gaacagccgg 20 

<2 10> SEQ ID NO 7 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: sense primer 
GDH F3 

<400> SEQUENCE: 7 

gatgctgatg ggcagaatgg 20 

<2 10> SEQ ID NO 8 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: sense primer 
GDH F4 

<400> SEQUENCE: 8 

atatgggtaa agtactacgc 20 

<2 10> SEQ ID NO 9 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: sense primer 
GDH F5 

<400> SEQUENCE: 9 

acgatccaac ttgtggagag 20 

<2 10> SEQ ID NO 10 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: antisense 
primer GDH Rl 

<400> SEQUENCE: l0 

cgattaagtt gggtaacgcc 20 

<2 10> SEQ ID NO 11 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
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-continued 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: antisense 
primer GDH R2 

<400> SEQUENCE: ll 

atacggaaaa tgacaccacg 20 

<2 10> SEQ ID NO 12 
<2ll> LENGTH: 20 

<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: antisense 
primer GDH R3 

<400> SEQUENCE: l2 

gggccttgtt cagactgcaa 20 

<2 10> SEQ ID NO 13 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: antisense 
primer GDH R4 

<400> SEQUENCE: l3 

caagacgacc tgactgatgg 20 

<2 10> SEQ ID NO 14 
<2ll> LENGTH: 20 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: antisense 
primer GDH R5 

<400> SEQUENCE: l4 

cataacaacg cgtgcggctt 20 

<2 10> SEQ ID NO 15 
<2ll> LENGTH: 29 

<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of artificial sequence: sense 
primer EGF 

<220> FEATURE: 

<22l> NAME/KEY: miscifeature 
<222> LOCATION: ( 14 ) . . ( 14 ) 

<223> OTHER INFORMATION: can be any nucleotide 
<220> FEATURE: 

<22l> NAME/KEY: miscifeature 
<222> LOCATION: ( 15 ) . . ( 15 ) 

<223> OTHER INFORMATION: can be any nucleotide 
<220> FEATURE: 

<22l> NAME/KEY: miscifeature 
<222> LOCATION: ( l6 ) . . ( l6 ) 

<223> OTHER INFORMATION: can be any nucleotide 

<400> SEQUENCE: l5 

tccaacttgt ggannnatga cctacattt 29 

<2 10> SEQ ID NO 16 
<2ll> LENGTH: 29 
<2 12> TYPE: DNA 




















