-1- 15076W003 | MPROVED GLUCOSE DEHYDROGENASE
POLYPEPTI DES AND RELATED POLYNUCLEOTI DES FI ELD OF THE

wO DWEBHIOBN [ 01] The present invention is rel at Bdr/us20041€26194
f: eld ofdeﬂzymal ogy, and particularly to the field of
gl ucose dehydrogenase enzynol o More specific
the present invention is élTleC?gd to gl ugose %76%\!003
dehydr ogenase pol ypepti des having i nproved enzymatic
activity (i.e., high substrate turnover) and
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10 ' Q'Je 1hddst RERY (:EQ%%%@%&I?&&HG%@%W%)hHO— or reductase

tic car dictions, such as al dehydes and
kemynes to pﬁ@]xcesamthdtm Qrgpamt@sn@éﬁv@ eanscap ireligh [yicdas:
source of GDH. The enzyne from B. negaterium ML286 was

purified to hom§§w%ﬁ Hﬁdﬂ\f\%ﬁﬁ honot et r aner

gf SOdOOO DA s pH opti num o .0-9.0
n § es he
n% GTLQ;O glfé cﬁB%éhgl nu[(;l%@ﬁ?lamj b nglfl Catalyzes the

_ tlnam nin eot i de” ( NAD)
nteD/etsh@imiod eB@dimosen endi moctireetided edphios pdlﬂtcdec(tMéDH)TAEQ to

15 Solupmelicne Ciamiced s cysemics denay dnpiieoais PNATEPomAD
gg%%fO%oac &t ?acy&' g 44 Y RLYS add %§?berfﬁx%s%xogglg%gt1h 'Th@rfdi’fn of

an optimum tenperature-of 55
nmdiAdoRil aEDHeis gt 1mporﬂa310 ekz@anE( forQiseBat chrﬂq@'ﬁés,tS? 384 theTfapd

enzynme fr Pse dorm 227
BT GHIRED 3158 2B BELDaS BBt Tt A Bing P AL isge i
Csa9&s AdPheaHl @éeﬂ%?dtﬂ)lﬂtof NA@ﬁlaﬁﬁQ@ADPH in enzymatlc carbonyl

20  reductions, such as aldehydes and ketones.

[03] Bacillus species have been an excellent source of GDH. The enzyme
from B. megaterium M1286 was purified to homogeneity and found to be a
homotetramer of 30,000 DA subunits with pH optimum of 8.0-9.0 depending on
buffer conditions and uses either nicotinamide adenine dinucleotide (NAD) or
25  nicotinamide adenine dinucleotide phosphate (NADP) as cofactor (Pauly H.E.
and Pfleiderer G., Hoppe Seylers Z. Physiol. Chem. 1975 356:1613-23). The
enzyme from Cryptococcus uniguttulatus Y 0033 has a pH optimum of 6.0-8.0,
an optimum temperature of 55° C and a molecular weight of 110 kDa (U.S. Pat.
4,877,733). The enzyme from Pseudomonas sp. FH1227 has a pH optimum of
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(U.S. Pat. 5,298,411). [04] Commercially applied GDHs
are primarily derived frommcroorganisns. Initially,

organi sns such as B. negaterium ATCC 39118 (U.S. Pat.
4,542,098), Bacillus cereus DSM 1644 (US439795

Crypt ococcus uni guttul atus ¥"0033 (U.S. Pat. %)5076W003
4,877,733) and Pseudom)nas sp. FH1227 (U.S. Pat.
5&59930,421%13 tm%]\ re %‘E@%gﬁhar}g 1%8&1%%@ ?op GPkDa
identifre C an expresse h&ter ol ogous sts
S{gl. Pst. Es@&en)chl a coli. [05] The Bacillus subti I | S
61297 GDH gene was expressed in E. coli and exhibited

t [ samempieyGhiepChpplieal OIDIREr tdr€S mSmbhly enieyived from
produced in its native host (Vasantha et al. Proc.

Next¢rooraemigms. sdnitiallsAGDEB wag prorgsgd by Aermesaintionerf ibp gatural

h
Shod it Sl g EHL IR HICEPRUE Y, baTIRen 5o,
RBeEiKAs terous DSMNA64S (EBHZSNI5L)) @nypﬁoh@ccﬁemigmpumm.sam §033
rélgul ated Bacillus subtilis glucose ggjg %ﬁgg
8 Pay 4.BA6TEDi Hid Pi%lonwge& spaltHy at. 5,298 411)
Ygﬂﬁg‘?nelﬁ Qﬁ&?m%‘%&% %ﬁ{‘élr Beteﬁ’léﬁ'btmea_ r@o@e’ﬁ AR )ﬁge%sé%ﬁn

degrees feglo us s I11's chronpso
daéteroiogoat havts afchtah Esslegicsiwcaliof a 146 kb segment and
identification of 113 genes,"” M crobiology 142 (Pt

1105]) 30Ad -BaRbhs (sLORKY 6129 GIH feetie dvasnexpessbad kn Wndeli and
AcceSS| on Nos. ML2276 andD50453. [06] Simlarly ggne _
exhibiirdedicviame RwsepPrhonugaliIPPains ot arypgrgduced In its

%ﬁﬁ%ﬁ(\ﬁd\%{@g & AMWDc N, gﬁlsa G‘eg@a@g %@WSSnghe gene

nmegat eri um Bi oc
1kjuétice- fAfe BCemiainlGDEEgenblovas XaRa#d; bydLampels Ket,. Uratani,

B oengwﬁévi%f Z%ﬁﬁ% eysg?bt E., ?%‘P gﬁéxkg?f %N&é@g%%gg @ gp%e
agg‘;ez@él%gﬁgyyre%g %tézpmkz%?%ﬁbﬁlﬂs gfﬁ@@s‘éf de}@ld&l%?ngs%s ne.”

It has been well established t
GlBkdcnenzyrﬂré@ 208248 F1OBM bmdanamansﬂébKlumaylo MRaand eISuramK

nt ha orted, th t

RO SrEBR b RErEs PREn Burpe RS RE gprpmosome:
n@&t%ﬁﬁl%ﬁdoﬂ Bf fR! @gﬁerﬁ%t ofvd 1¥6 fkBrsefdabhil sriMdBntiSetdionl dfs113
(J. Biol. Chem 83 258: 12558-12565). The enzyne

| gencaBi Micrpbivdegyold2l @ Qé) )306?‘59563&%’6) ta@dtlﬁw@und in Genbank

di ssocj ati on .Qf t to its-3- 15076W003
miAdRdicgess m@%s Ig‘i‘%% ?’um process that is

C%]é]r ol eqar%y g%ﬁ‘e”s%&&‘e%gst %vlere determined for GDH from B. cereus
ATCC14579 (Nature 2003 423:87-91; Genbank Acc. No. AE017013) and B.
megaterium (Eur. J. Biochem. 1988 174:485-490, Genbank Acc. No. X12370;
J. Ferment. Bioeng. 1990 70:363-369, Genbank Acc. No. D90044). The GDH
enzymes from B. subtilis and B. megaterium are approximately 85%

homologous (J. Theor. Biol. 1986 120:489-497).

[07] It has been well established that GDH enzymes suffer from limited
stability. Ramaley and Vasantha reported that presence of glycerol in
extraction and purification buffers is absolutely necessary to retain activity for
GDH from B. subtilis (J. Biol. Chem. 1983 258:12558-12565). The enzyme

instability can be largely attributed to the dissociation of the tetramer into its
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factors such as pH and ionic strength (Maurer and
Pfleiderer, Z Naturforsch. 1987 42: 907-915). This

ot her Bacillus sp. such as B. negaterium For

instance, U S. Pats. 5,114,853 and 5, 126, 256 a 75?',

et al. Appl. Mcrobiol. Biotéechnol. 2003 61: 32351% 603
descri be GDH encodi ng genes from B. negaterium and

 he ' nes 1l ad-
A BT P e i
Hav@yesucht d3epte ahé idniio Stramgth [(Masteriaakl Rftetdbréo Z. Gbrforsch.
TR AL T it b SSb e AT bt
g?%ef?u{) S{Ejesrugﬁl GEbB. %Pgldr&%h.o NoraldaRat @n§Spadnd 184 853 and

I'1Tcations and patents referenced herein, are
h&i26:956 naod @aiktedalbAppef MiewbmlhBigeshnoh 2008 61:329-335

entiret Rl EF,. SUMVARY, OF THE | NVENTI 08]. T
pﬁleé'glé‘?ﬁ W@Hf‘?dm BERCS LT Jo1 ’é‘e%%tﬁ@'é’ftsaggl ‘Eﬁ‘“ﬁ*ﬁ&? @%&8&@
t B&iRE GReed MeeRbdtlitySait fRE R bk Grédueed Y efiontiinant E.

having at least 1.5 tires, typically 1.5 to about 25
t ¢atebostsroHoweygri dwird yemaingran islusaiahberst fari GREL enzymegthat

tivit f.the wild-t . . 2 .
el Ve el bl TR P IR R BBl S ntte
sgdipfyed THOMbONE refetdbed ONMIlishidig afid faBntg and all other
pol ypepti de having an am no acid seguence whi ch has at

| petdtcatians, and polepiyyelepmeed hemsiny agptherebydncaporisd iy wgpyence

and _no : bly at | east 98% honol ogy with the
af%qﬁlﬁlgl{églﬁ%‘reg’fé‘ggﬁgnce of SEQ ID NO 54, 74, 84, 160, 164

or 168 (hereinafter "honol ogous pol ypeptides”); (b) a
pol ypepti de eBRIEESUMMARY OETHEANVENEGENnce which
hybri di zes under medi um stringency conditions wth
el08her The presens inventionthiad enyiplgeaspectnf Iispuy psperfothe gresent

73 83 159 1 7 (i) (i) of
aveltin 828l ds Bpehibentd bk BIRARIAIRE, Tipkhly 25 0
'SI' hlicil/ig a5 Qi;mdsl bn](?girs tgbickt/])é}ll frﬂ)n|1 S.art‘%rabol!ﬁ, llEtiri‘l‘EsL, tlger Gl?{ hotivatycbf

. niatl s ecul ar oni ng, . or or
Mbeueild-tyne @B POREQCE NQpg i(ﬂﬁhkﬁr‘%&f{m?@%\ﬁ??j jﬁ]e( P}%thé)d of
Y BkhARE f‘?%rrl& ?@gﬁ’%w&&f’hbﬁﬁh@&r Qo ofd4, 74, 84,

conprising a“substituti-on, deletion,
a()/ ®mpolypeptidd aving aanemio s¢id squemseaehidh; hag- at least 91%

F PPIOES, mbichbGLE RS Mok 4By e i 1650 981%
WhbSlofoth SvifiRhe AfnindFieid R¥ehcetor SEQNY NO: 54, 74, 84, 160, 164 or
168 (hereinafter “homologous polypeptides™);
(b) a polypeptide encoded by a nucleic acid sequence which hybridizes under
medium stringency conditions with either (i) the nucleotide sequence of SEQ ID
NO: 53, 73, 83, 159, 163 or 167; (ii) a subsequence of (i) of at least 100
nucleotides, or (iii) a complementary strand of (i) or (ii) (J. Sambrook, E. F.
Fritsch, and T. Maniatis, 1989, Molecular Cloning, A Laboratory Manual, 2d
edition, Cold Spring Harbor, N.Y.);
(c) a variant of the polypeptide of SEQ ID NO: 54, 74, 84, 160, 164 or 168

comprising a substitution, deletion, and/or insertion of one to six amino acids;
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(e) a polypeptide of (a), (b) or (c) that retains nore
than 80% of the initial GDH activity after 20 m nutes

present invention is also directed to a variant CGDH
pol ypepti de as described herein in isolated an

purified form In another eﬁbodlnent t he presiﬁgKWVOOS
invention is directed to a variant GDH pol ypepti de as

G IE n*E% 4 {HA{ hﬁsz gmf Pg nlo £%u¥ § i@ﬁ@ttﬁg 'GDH
ﬁ@ Ji % {Eg ﬁresenf ? ? é to a

I nventi on Irec

gmﬁylgtfglm;]wﬂ@ﬁﬁfel@%ﬁg)fsm B ZGDhnhcpoI ypepti de as
escri be erein an itable carrijer icall
b& £PPLPEPILS &ra); ﬁb)r@at‘el/%%r&rw lﬁow%lﬁreﬁo%a'% al GDH

p%c]\ff)ygg g?ﬁeg gg ol%lwt@f&" BelbafiBel 285 c AP h}ﬁ{h € HONE !E:m%ment

e present Inventioh have enhanced
GBIcI pmhmht/gnt(onhs BlsH direited &l avanemt GDH pelypeptideosalegidiped

R —

rﬁﬁ/bﬁﬁtﬁﬁ is ARE&ed X@'ac%tlléht QXDi-I’ BoBPEARIcAsd dedcBibbdURBoin in
even nore typically b -5 am no acid residues, and

iysphiliged . yInbyet anat crrémis i, fegireieabinveRion 1 directed

ﬁ%)r oy Of L e r T en\}m%gtv §§%pogg%ea)2§8 gg gﬁ\gﬁb&{ herein and

dsts@ﬁzmw @Qrdéﬁl ﬂyglcmmye aeeRt esmAoNinsfhtyglcalinla wlffegnoRion
algorithm i.e., usi ng\)@dynam ¢ programn ng al gorithm

f baving & pHl berwegprin@ard SBoring Matrix: PAM 120 matri x
with gap penalties for introducing gap = - 22.183 and
el9ndiThg ngagl SDHLpalgpeptithe of éhe presertdameritiop hﬂvnmhemced

C FEIL BEGHE S EED R GRE por e R SN B om 5
SSRR R S Eb NG DB tgwcmlny g%)sﬁcﬁﬁ)swm D ESbP AT drdiino

mat ch. See edl eman, nsch, CD., "A general
megifh Mlchpp),l m@@ﬁymcalb/ yhk6 gEine Aciel sesidsicR aVaR Mare &ypiGally by

am no (o f f
Ve RiraracBf s o8 bR BY 554 Yhing AQHIEG For
E@ﬂpdslﬁ d¥aBé btd@élﬁ ifventibe, tBe degiet iof IhSnﬁE'gypﬁkwmpﬁwﬂﬁmno
f have been substituted tol%el el d enhanced

a@@d\wqgﬁnw& deterarinasisesing the eél@@@u%ﬁsqhzgéabal lignment

T

PR, 5P O S G S e
dBomirst Maext mmmmama@mam gap pgnaltied/for introducing gap =

BEATESL 0 30,308, 02 oSS 9,5 B

desm%g b%&veeﬁqm :%H'st éguerfé@ an%sthedsgcorﬂizsquléncedf@imd@ﬁ by the

7tengihSof f&ét‘, seﬁﬁencﬁ&n alHhmedP (w@ldl gamsa(,p) Q&hcates part1a1 match. See
Needleman, S.B. & Wunsch, C.D., “A general method applicable to the search

for similarities in the amino acid sequence of two proteins,” Journal of

Molecular Biology, 48:443-453 (1970).

[10]1 The various residue positions of the B. subtilis GDH polypeptide that
have been substituted to yield enhanced GDH activity and/or thermostability are
summarized in Table 1 herein. The amino acid sequences for a number of the
inventive GDH polypeptides that have demonstrated enhanced GDH activity
and/or thermostability at 50° C are disclosed herein as SEQ ID NOS: 6, 8, 10,

I n one enbodi NEPET/US1904/026194
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100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120,
122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142,

166 and 168. The pol ynucl eoti de sequences encodi ng for

t he above descri bed inventive GDH pol ypepti des
SEQID NOS: 5, 7, 9, 11, 13: 5e15 17, 19, 21, 231%@"’003

27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,

od2 Bo 105, 37 02k, 25:08.09: 38 o 3 i, 4339 g ¥ 50, 52
167, 56,08, 60,162, 5366, 58570, 72/ 74,110 78184, 86188, 90} 28, 9455, 05,

1440, 1085104 386, 1057 11212 164 1146515, 188, 133 L4426, 135, 120,

g$§@er%*4' Y84 3sATWY, R8s, @le%:lgﬁeﬁd ‘192(1§§Q1§7(P 1'5'% 162062,

resent’ 1 nvention 'S enco
pab4;n M@G ot . ofI‘lﬁEp@lMEth@Iidé ]s,eqluemcbﬁssﬁcbdmg) ot llee above

GRFERS HeRRtE GLN aPePeRaPb o) 1 NOSrhd: Both 13, 15

rgs) Fbjgﬁ 24,15 2hma 3ﬁr§§ eys! 87l ﬁ]‘a@ddrmt 4714 50T 85893t 57,
invention i's directed to the novel gl'ucose

défyalt, e Has 67,08, yidepl.i e $3085,SHQSPDINCE), 95497799, 994 101,

IRk R BE e b Ly o kit wa A I IR 3

reBstizre 189 mnelam’ l1d5t yaoe 149,ucs es3largdi Py aneses 10 68E@5
ID NO 2. [1 2] In 'yet anot her embodi nent the(gresent
i and 67 orespestivelye c Paathen GRITypebyReptde KSERNE gWic82eof the

d ﬁpe\égl{t%?erﬁﬁ?sﬁ i @en%?&édvﬂéﬁﬁle g@ﬂnﬁé’l% X %'%\;c? fi9 1\fc§ Y, is

roup consi
I takd G¥dn seuenas acﬁméqdeyce/\nof rG]SHQ($EQI\m 1S0; 4@) =i B
pol ypepti de havrn at Ieast 98% sequence identity with
sty i angglitfers dhegefegy by sixpine pgid rHdHstg at | east
98% sequence identity with SEQID NO 58. [13] In its
sétdndIms ;peqf@rreci prabptimenin thei pressat ingpntian igidireeted & the ngvel

DB U BEOHEDERARBERRERTSRA 4 A% 16, 1 nd

deg® nmatamwfelﬂlh@ce@e gRﬂ:bSé detgdelrodenesepresdnt dntiognérhanced
is also directed to an ?olynucleotlde t hat encodes

f Srermpgabibbielative éo éh‘?c ydiegenase af wEQ ID NO:

present invention. |In another preferred enbodi nent,
t he present invention is directed to certain specific

p nu eotlde S 0;
p6L20155 Tt subovimtebctie, Peed ipftaand B tiked 10
o 1déa{hyzﬁrgograa@ae1eﬁ9d1rb@eﬁb¢ eyt actividy |dRd Welig Sefected
E Hg%ﬁ 160, 164 and 168, respectively.
from the group consisting of a GDH polypeptide having at least 84% sequence
identity with SEQ ID NO: 52, a GDH polypeptide having at least 98% sequence
identity with SEQ ID NO: 72, and a GDH polypeptide having at least 98%

sequence identity with SEQ ID NO: 58.

[13] Inits second aspect, the present invention is directed to a polynucleotide
sequence that encodes for the correspondingly referenced GDH polypeptide.
Given the degeneracy of the genetic code, the present invention is also directed
to any polynucleotide that encodes for the above referenced GDH polypeptides
of the present invention. In another preferred embodiment, the present

invention is directed to certain specific polynucleotides of SEQ ID NOS: 53, 73,
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[14] In a third aspect, the present invention is
directed to a nucleic acid construct, a vector, or a

encodi ng a GDH pol ypepti de of the present invention

operatively linked to a pronoter. [15] In a fo
aspect, the present invention is directed to aliﬁéfén\’ggm

of making a GDH pol ypeptide of the present invention

COIDY 451 {ih dﬁ% onsjgtﬂh}:{ teh&%eafol?oﬁfe G& C@QEB%E' &éh&gro%enase

nucl ei'¢ acr ruc npr1sing a nu

SgélyiesptideLHCSED MO I@OSHH p@J $pepo, |1cdse anfl 16Berepreedesly.
i nvention under conditions suitable for producti on of

t Bqu Ofry Rkl de@&\l@n the( Besdne GRYEbATS tdiRced! toPERiucR& acid
| EF DESCRI PTI OF SEVERAL VI EW6 OF THE DRAW NGS

[ a@bumtGa veeRendl iaf hey egll sRm@Esingna rm&mﬂmd@y@%@noe

wh

EERPRELI7 R 1 R TS Qoo Bhkdh 10
Cpfontg@ondi ng reduced form NADH (or NADPH),
respectively which in turn drives the reduction of a

trat g folrth JSRIQA&C% rebsit: it antion i edikRidagto0yi etked of

bac to NAD (or a reductase. The gluconic
amalsimg arGiRH pql:ynemnde @feﬂa@mmﬁﬁntu iBveREiQn CAMPHRIAZ Y ediiNating a

droxide to.sodi u l_.u
i Pl e Faniies pided LR it sapbrighe Rauieiaid Rauenpe
| gfotlinieya GDH pslyfEPde &f Wsdﬁeﬁw@ﬁu@h&ndb‘f eseditions sultable
i nvention versus the GDH p pepti des _of the i.ndi cat ed
pfargrodyetion af e Pabweptida; a@«b{b recoy¢ring e polypepiddespH
pol ypepti de of B subtilis (S06-3) has the sane am no

aci dpRrefH Emg:lgﬁg@ §E‘3’E'R'ALE9WI5 TERODR VINGS

generate I gnnments were done usi ng

dyram BIGr 0os@pplifies adng exidhtn-fednctidnobadle Aifh@‘émeglﬁlcose is
Scor i ng Matri x: PAM 120 matrix with gap penglt es

. axidizad biyngDFh o glucppic1®yl ihéheeRicesgr iy I&AP or i\TPeJ@B H to
I[e dege n&oﬂ{e%ﬁglﬁ&lhé &a%d%ggqgﬁ% %AD@PE&J ﬁ%Dlilg)a el%éc’p%étlvely,

the second se
d bv‘hidﬁel@l tbm tilieesl ®B gtdudibn fof rasiubsmqel a0 aeretincedl susimEatwhile

LN T R N
ﬂﬁ‘aﬁﬁ?ﬁ fills £eQL+i ﬂlnb?t?élfz'e@ﬁ b&hﬁllﬂ%yaro f @\9@&%‘1 Eﬁb@@ate

sequence of two protel Jour na Mol ectl ar
Bi ), 09 8 3
PR kRl B b 58 B
| poie Addneity 601N TGBHrlﬁ)lﬁ)eBﬁ&‘é dirthgplsaf ineptios atisonthe RFDH
5A on), a lad repressor,
polypept1des of the indicated prior art references. In col. 4 of FIG. 2, the GDH
polypeptide of B subtilis (S06-3) has the same amino acid sequence as disclosed
in EP 955375 (col. 8). To generate FIGS 2A-2B, alignments were done using
dynamic programming algorithm for Global Alignment Scoring Matrix: PAM
120 matrix with gap penalties for introducing gap = -22.183 and extending gap
= -1.396. The percent identity = number of identical residues between the first
sequence and the second sequence divided by the length of first sequence in

alignment (with gaps)(p) indicates partial match. See Needleman, S.B. &

Wunsch, C.D., “A general method applicable to the search for similarities in the
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CAP binding site, a lac pronoter (lac), a T7 ribosonal
bi nding site (T7gl O RBS), and a chl or anpheni col

well as the follow ng detailed description of certain
enbodi nents of the present invention, wll be bhetter
under st ood when read in conﬂjncti on with the apl grew@o3
drawi ngs. For the purpose of illustrating the

i nventi @ there ds shown i,n.the draw ngs rtain,,.
PR 4 e bt B St dap b Mg huay dfbfoRirgs:a43-
t b3 pogegent invention is not limted to the
arrangenents and instrunentality shown in the attached

drespi ngsG. DEJA Lbdy B gé-gfog\lyégt:or-r KRIV500) OGN the? Blesent

The present invention has nultiple aspects. ‘In one
abyertion ¢dmeprisingsaRiSA puigimt ofoeplicgtion (RIGtAeeti) o lzcl repressor, a

I t,j de . ' t | .5, LI typically. 1.
P B trsCs 09 RomaSE Thek iy st Biniie, s 710
t RBBY, dnbi@ CHdrthdphdnidd] YestftarlcB @eid (c8mRype GDH of SEQ ID
NO. 2 (such as determ ned by the nethod of Exanple 4)

ap@]beirpy f&@%&ﬁg SenhbAMat BR11% Wo?l%%ﬁ%ét%dgﬁés%@?ogfof

pol ypept i de havi ng an”"am no aci d seque
| eaaxtin embediorenisoefythe prefeet aveyptican, Wil dwt bedspouhdersioodywhen

TP EG B B b BB e B Yol b
Othe ifiGerliid Bleftafkts@bwn NANRE B8QMSesD 0brvaRe Ridhd8Smants. _ftt%mad

pol ypepti de encoded by a nucleic acid sequence whic
hh® rundpistoedy dewievere dhaimther prasgringyesidendiis i tobslimited to the

SplReghht sh U RRLL R WP Rl itesct 100

nucl eotides, or (iii) a conplenentary strand of (i) or
(i) (J. SaHTAGED BESERIFTION OF THEANVENEIONt | S,

1989, Mol ecular doning, A Laboratory Manual, 2d

et?0l i olbhe preisent $pyentign Hiss bowliiple, 2gpgcis. ( &) one aspectrihe pfesent

15 RER B GT 8a ppebtod Bhvirian 66 drs iy o Cothy 5 o

| ftscit D5 Ainedf moRetypRaBl ¥roaiil F0roabods]  Smed HE/GHED dct{vally of
a fragment of (a b) or (c) that has from1l.5 to

atbG T4t ¥PEOPHeo K5 lorh s edovarmnedt s ieometiod of

. i de . (b
Fihfle en bl tleciad Rofohd DR L8RIMel® ol bt vi 1
afa) ex palpeptitst kaving annambmt bad Rtudde ankichthag. at Ridt 91%

Unl ess otherwi se noted, as used throughout this
Slﬂ,(g@plpgbaqrf:f@fﬁblx #deqst 9§% homology, and mogre preferably at least 98%

homology with the amino acid sequence of SEQ ID NO: 54, 74, 84, 160, 164 or
168 (hereinafter “homologous polypeptides™);

(b) a polypeptide encoded by a nucleic acid sequence which hybridizes under
medium stringency conditions with either (i) the nucleotide sequence of SEQ ID
NO: 53, 73 or 83, (i) a subsequence of (i) of at least 100 nucleotides, or (iii) a
complementary strand of (i) or (ii) (J. Sambrook, E. F. Fritsch, and T. Maniatis,
1989, Molecular Cloning, A Laboratory Manual, 2d edition, Cold Spring
Harbor, N.Y.);

(c) a variant of the polypeptide of SEQ ID NO: 54, 74, 84, 160, 164 or 168

comprising a substitution, deletion, and/or insertion of one to six amino acids;

[19] The foregoi ng SUPCEDY2004626194
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"percent identity," "%identity," "percent identical,"
and " identical" are used interchangeably herein to

is determ ned using the Needl eman Winsch gl obal
alignment algorithm i.e., ysing dynam c progr ]
algorithmfor dobal Ali gnrﬁght Scoring Matri x: @Eﬁ%@
matrix with gap penalties for introducing gap =

I@iﬁt]i?z%/n?egg r?ﬁ E@:ﬂggﬁq‘cgﬁﬂ Ras ?rm%gﬁs C}Itﬁ%ogtgffﬁﬂfes the GDH

enti cal residues tween the
Fkﬁ&ﬁﬁsﬁ?ﬁ?ﬂﬁBQ@adﬂmﬂefSEQGE&F@@Quﬁnbe di vi ded by the
ength of first sequence in alignnent i th )
 (§Hi7 ©RDPSDsis (8 (P an th@éétaﬂi@ga?fé M(g@ 8f %%pl%‘f?@a?ﬂ
%tiy}t%@ft@?ﬂ?ﬁmﬁluté!%‘f RspaRi dt _%gb teanhébﬁ he search for
simlaritfies Inthe amno acid sequence of two
eins, " Jou | \ i : .
81 OB g WARE B A Bt s
deRKGhORRARSE " %8 identiFDH peddett itpaticdl/itaad CHaiigeabily are used

herein to refer to a pol ypeptide that has the ahiljt
tiptesehangeably heraindgieglsr & é’ﬁ nsicegt YRBOACkhiF PRSI FEIY ﬁ@t

adeni . diNuc i l . .
rlgddl}tlt:%gn%dc%g?]]ilggg{rﬁ ggedg\gem nwé&élgllﬁ%ci egtaﬁglgﬁ%}ﬁl\m%?thm’ v
ﬁhlvA%gHﬂmdﬂﬁe I gtcl;) grhﬂmen%agogdn& [fout thbab nggmﬁst S gaMidtrix:

can repl ac, an t . i oN.
 PANh e maty i EaRebTe KL UDURRG L 20 Fartaf e and
| ﬁ&éﬁiﬁ{ ?ﬁ% d tongt hele p&cénthasMity & hakBér ofBRIsAcal R&Idues
the cr ygs a | d

structure of wld-type B. negate u

podtypepthiedrst SEQend® NG the)secorahsanuenceedivigied by thiedemgihof

2001 129: 303: 31 el it 88- 217 of
ooy R Wl g PO FOF bl TRAgE, riky hel® see
| RYadi¥Gsh,| SIBNADVRASEhY CUS OSA QnBfll Rbthdd2Fplibablel $& thet segrch

enhanced GDH pol ypeptides of the present inveption are
pfoef emalbtities dughe dntine Rcil sednenee of 3t Peticias” a Jowrnal of

t . ' S Fi 1 id
ol P B 2B Yt Cot actor . A% used

herein, the term'cofactor"” t non; . i
R ouna vt tpea el Alotelashydnedle ol RaPHE 4l used
"S‘in_tté}cl"i‘a[ﬁ g@zg%%’ MBret @) re?fﬁft@'ayl?cﬁ?pe?tiﬂ@ @tk had t1ef abilidyab @atalyze

ui t abl actors enployed with the GDH pol ypepti des
ofhet tmnvprsamenf glurosnendmidotiohwifls adepime dinucleotide (NAD) to

(nj cotinam de-adenj ne, di.nucl eot i de _phgos .
(ﬁ“&%‘?l%%?ﬁed &g Eiuhe cf}l%‘iﬁgﬂag’giﬁ? aaidf?ﬂ?ﬁ?ﬂﬁlﬁéﬂ@%?ﬁwl
" ?\%ﬁfa{i%ly,f aRepRssphdrontcaly séfestbrs’ KM@ ahé NeADPHOcan sgflace
0

NAD and NADH in the above reaction. In nature, GDH is made up of four

subunits that are loosely held together in a homo-tetramer. Based upon the
crystal structure of wild-type B. megaterium GDH polypeptide (SEQ ID NO: 4)
(Yamamoto et al. J. Biochem. 2001 129:303-312), residue positions 188-217 of
the polypeptide define a protein loop region that is involved in NAD* and

glucose binding.

[23] In use, the enhanced GDH polypeptides of the present invention are
preferably coupled to a synthetic reaction as a cofactor regeneration system (See
Figure 1) to provide a continuing source of reduced cofactor. As used herein,

the term “cofactor” refers to a non-protein compound that operates in
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reactants that participate in a reaction that
regenerates a utilized cofactor back to its

oxi di zed cofactor regeneration back to reduced
cofactor, e.g., NADP to NADPH The reduced
(regenerated) cofactor is t en capabl e of 15076W003
participating in a reaction mﬁth a substrate and an

he o..:
regz é%déloéﬂﬁﬁ??%‘[ gnzélﬁ%u Qg%tx es 4 dre%cq% Irl Z%?egt. € Suitable
Cc@:fa’ﬁ(zr@ emp¥dvied |W1thtahe L polypeptgli_i@e oé E)l*&tlﬁebehyinwbmgioal include
cof actor regeneration - [

GRaPE: (oot midacsriae oL PAORBHF A S dmootinamide
i i . Lified i .

R R RE 1 ' DY eacti on catalyzed by the

g[?gtos dg‘%iz% n%o%l tof r}g%ﬁfeﬁﬁloﬁeéﬁ%n?ogge A ht R Qg & set of

nase actor ‘regeneration syst

Tegctis fat pm&pipaté in lageacsien thuereenerutes nefitived mfmher sk to
of the reduced formof cofactor in the re uct on, of . a
sltﬁoﬁterréﬁ%ﬂonaﬁatet hénceFERe th e Efégén%ffa“% %‘F%&Ofacwf

éHe?aftl %hl%cﬁ H%e&ﬁ%&%%@arctorgggermﬁﬁ tbrNM#PH The reduced
rerren |one reaction, In @ oxi dation of a

c(@esgma@tetd) (c@rf]zg:mr gl theosepatdé of hEargcpatotgin rae@eﬂtmwthna

system iC enerates the reduced f

CUPHERD An TIEEe! BB B meerE FRLrBe OrPtoRiee e daFced

r Aub A 628068 LRIt h Sarl ARirS db
(%@%é}??n?%%%d&b Hpopspggtldvgﬁlbnée;e%gne‘?@z;??%erate ¢

cthe acxif_axrtor E&gﬁneﬂ'mn&)l‘ﬂgml y i @t&h@@?d@& d meé@tm of the
i nventj on hav
s e e S e R

foilsfreor eater than the GDH activity of the backbone GDH
fgypepti de fromB. subtilis of SEQID NO 2, and

%z’én cafy ¥y Vinf rr&{&ﬁggatla@z&pbg ZhdYedioihg2&iziMedis isHown as

dues, nore typically am no acid fesidues,
ebaimg rmr;ﬂed toptihe gﬂucpsd)tﬂehydti)gamﬁsn cotaeiod r¢&®§¢@ﬂ@@ Symm The

e e s et e of Fao b i e e e aBtabuor

ephan ?&ﬁlc@'f'oﬁﬁtsh%‘tﬂabé hitBthel dneorRitd@ude bpthabidizedlform of
fold greater than the GDH 10- 15076W003 activity of

t the shme kcbfactorQBiepatddyinahe higeemnensiones reagtien. |in ghegPxidition of

f bly
T D g AP S5, b
hegerdiécit fRtce@forbbiftied sadid dofavusre OneatssibE liming cﬁhaﬂor in

to about 15 fold greater than the GDH activity Q}eD
btheloyerdl remitiop sPsaskip @icqupled éYﬁteen l%@sﬁpqqu(awﬂstef fhgy GDH

I\If))olypeptldeefﬁ p&%ﬁé}gﬁﬁé ééfadtc?r determ ned by measuring

[26] The GDH polypeptides of the present invention have enhanced GDH

activity (such as measured by the method of Example 4) that is 1.5 fold to about
11 fold greater than the GDH activity of the backbone GDH polypeptide from
B. subtilis of SEQ ID NO: 2, and typically vary from SEQ ID NO: 2 by 1-7
amino acid residues, more typically by 1-6 amino acid residues, even more
typically by 1-5 amino acid residues, and most typically by 1-4 amino acid
residues. Preferably, the GDH polypeptides of the present invention have
enhanced GDH activity that is 2.5 fold to about 11 fold greater than the GDH

An exanpl e i s the regenerptT/U82004/026194
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the residual GDH activity (such as by the nmethod of
Exanple 4) remaining after heat treatnent of the GDH

sequences for a nunber of the inventive GDH

pol ypepti des that have denopstrated enhanced
activity and/or thernostabi r(?ty at 50 are di s?i)géwow

herein as SEQ ID NOS: 6 8, 10, 12, 14, 16, 18, 20, 22,

5%)‘(1V§g of éﬁe bgrgcbogﬁ GDé—g po@rgeptgé frcé'g B. gbtz% of ng ﬁf‘rNO: 2.
T8lorel Prefddbly She GASH p3QpePties %the%ﬁesaﬂ&nv&ﬂtiibn Hzii% enih&fhed

106, 108, 110, 112, 114, 1160118 120, 122, 124, 126
1thgimostability pfter heat treptyaent py30° Catpr 2 minutes thatyisel.5 foid to

T &7 Skt o e i (R B e R R Obprice
dffemrB krebltzlizmM‘e‘iEQ\IB NEDRR. p'Bharpeptabidity ishdev@nthidgd byDmbiISring
3t§e reassc?uaé %}b}é gctwAtf (sqéx as @é%hﬁ%éﬁh@é%’f és’ ?4)5[%1%%@%% after

519@at Bdatni3As oﬁﬁeoﬁﬁwlp@g/peﬂﬂde af 50° € for HPmirfies. 87, 89,
1, 93, 95, 97, 99, 99, 101, 103, 105, 107, 109, 11,

1%21 5% abo i scfepoetflr {migof B injehive, bR

115a1ype;pﬁa¢s 16k 168 dGRomnedted6 EnhaesdedEDYel yetivitg8]ankdfor

ey oab! e RSOGO R o dDaRPSTfey (RIS 14,

CP@ﬁ'seéo reaolhi 9nSs Bég%z ba fakhes, @nn@%mrst 5ot.ﬁes4 56,

préseht invention is difected to & GDH pol'ypeptid
efl; difle 62h§4,560 08| 80.c72a01d76 et SAc 86,88, cﬂ(i) E@b% 6z §§ 100,

0 dof e o e EFE At cR) e d20s 18 2 1 iag ooy £
01341636 (138) 130,52 e4uianee143f 150,)150f 154, 1562838, 180), 162, 164,
nucl eoti des, or (| [ |) a corrpl ement ary strand of (|) or

(169 ard) 16%akhe pelynuetcotiderenuasicps craodie, fonsl shave described

e@???tbvw%@gu%oq%egtl n| Y bbgﬁld‘ ﬁ?ﬁk{ﬁ% ogéoyapyal% 1§d17 19, 21,

|012>3 mugvezﬁ |3de§3 (BCS 317 3%a$t43l0f@ W@%GEJ 5B§$SL ﬂ7|391§'1h63
|l ow to very h strin ency conditions are
o 6764 s B 85%;8%&%.92&% B, aRcbonDbe s 108 08, 07,

4 [ $3P ,
R e e S T At R
f D41, 1 108, SUB) ngnMQeSLSIBEB%fb_’fira]rﬁ7d6159,oﬂ6hebﬁ3um65nahd 167,
medi um hi gh stringencies, or 50% formam de for high
aie8PSFEVSIYhi gh stringencies, fol |l owing standard

Sout hern bl otti ng procedures.
[28] 1In yet another aspect, the present invention is directed to GDH

polypeptides that have enhanced activity in coupled reactions.

[29] In another embodiment, the present invention is directed to a GDH
polypeptide encoded by a nucleic acid sequence which hybridizes under
medium stringency conditions with either (i) the nucleotide sequence of SEQ ID
NO: 53, 73, 83, 159, 163 or 167 (ii) a subsequence of (i) of at least 100
nucleotides, or (iii) a complementary strand of (i) or (i) (J. Sambrook, E. F.
Fritsch, and T. Maniatis, 1989, Molecular Cloning, A Laboratory Manual, 2d
edition, Cold Spring Harbor, N.Y.).  For polynucleotides of at least 100

nucleotides in length, low to very high stringency conditions are defined as

[27] The amP@DUsNH026194
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[ 30] For polynucl eotides of at |east 100 nucl eoti des
in length, the carrier material is finally washed

at least at 50 C (low stringency), at least at 55 C
(medi um stringency), at least at 60 C. (nmedi umhj
stringency), at |east at 65?21 (high stri ngency)lr%bg%é(o03
at least at 70 C. (very high stringency). [31] In

a - dj Jhe. or bt Anvegnsi ] byl e

C BRL T PR W MO AL B P, G B TBe 3, 88575 200

8thughilshed@d 208 déRfuied\sagbnasptih IINA Viridosithed @5 ¢t fodiamide

and/or insertion of one to six am no acids therefronh .
-618

afe Hewi nijingeasies. 5500 fsoamide fes medivapHaadt perdivp
the -t Y . 1 .
D%l 10 STORRlmF oL PebP esb iR Sl e Mpstins

c andies Santbemfblatting pedced@esir e, that is conservative
amino acid substitutions that do not significantly
afdmct Fohpolyahdleangicand/ arieaktioo hucl@tideden REQIE the carrier
smal | deletions, typically of one to six am no acids;

s ratariahisi finpllyorasbed Bugs timee eadbniar 18 misniss spiag 2x B¥al(-2%
| ihker pept.ide:; | | yextensi.aixo .aci L

P G8PL 05 BRI e bdBh,
f wast 4t60° G.UGhedasm i@ btyinBeérkly), dit Neast aa 65 Cathign kirgeamay),
epi tope or a binding donmain. [32] Exanples of

c enbatrlgast il Lo h¥ery figh SHRZCHEY- wi thin the group of

basi ¢ am no acids (arginine, |ysine and histidine),
at3di c Impiaiberambpslipentythgraresealcingenting iashiygetef do aciagpnt of

| ) | i d i .
Rt BpRBuReast ettt 3 PAC % a8ty 4gg taving

V @liisA tion 2d)esn, an@ot iRedioh @8 of® kesiy laaliam iacids therefrom, and
tryptophan and tyrosine), and small am no acjds
( §RYies Hom A>ai aheut $biinics the HIEbACHELY ¢ Bieived-type GDH of
c ) i
WHECHRGIGE <54 3Pibhed B7AP oRER CHRRbL, DSty
kaowo heidtdbangest aenof arminde satid)etlat fsocomraaple antiyo Hcid
Neurath and R.. Hill, 1979, |In, The Proteins, . .
ASuRsERtionphas do PSRN ALt D O ATS/OB 2E iRy Rfythe
e g r - acidar aMmino-
AP SRa efiom, gl Gieia, AR R0 gl g gmino- or
SearbGkyl;terhyinAlRixéensiding/ Psmall lipkerpeptidas pr Asmalllexgension that
Leu/Val, Al.a/du,, and Asp/ Ay ,as wel | these in
r BraHaes sppeian b SEHE AT PR Bca Buch as o
| BYBOisiRfnd fadi £LGHBENit @pRopel RABRMin®Hotah. (b) or
(&), as described above in the first paragraph of the
il r 4¢Pt a : b td :

?ﬁéﬁ @ﬁq%@?%\%i‘%fyédél?&?%%% V\%L}Hgtt'i‘?géﬁso Bel wihir® tRPQhp Lt MBRic

amino acids (arginine, lysine and histidine), acidic amino acids (glutamic acid

and aspartic acid), polar amino acids (glutamine and asparagine), hydrophobic
amino acids (leucine, isoleucine and valine), aromatic amino acids
(phenylalanine, tryptophan and tyrosine), and small amino acids (glycine,
alanine, serine, threonine, proline, cysteine and methionine). Amino acid
substitutions, which do not generally alter the specific activity are known in the
art and are described, for example, by H. Neurath and R. L. Hill, 1979, In, The
Proteins, Academic Press, New York. The most commonly occurring exchanges

are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val,
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GDH of SEQ ID NO 2, such as determ ned by the nethod
of Exanple 4. By the term"fragnent" is neant that the

residues fromthe carboxy term nus, the am no

term nus, or both. Preferably, the deletionis
resi dues fromthe carboxy t'be%('m nus, nore pr efelrlg%’f@)v8783

the deletion is 1 to 5 residues fromthe car boxy

u 4] h t
S PR L PPy SUDOGIER . RGO
OAslﬁ/Glyamelﬁasmeéehede\&bm/e in the first paragraph of
the Detail ed Description, that retains nore than 80%

of334 herd sidtherlen{tdEEndnCihe gixés@ﬁl) il acisi difectedabtaefragient
m nutes of incubation at 50 and pH 7. Preferably, the

p@ﬁ e )i de&)ops drwribpad aheyoin tha Syt raragraris of dBosfailed
Bgsétr{ﬂbéﬁ/ath g ffjcfﬁ?ll P ébolu[ X tﬂ%rs gla@ €ia)3 5@1%1%/ 8t the wild-

| eas b I esi activity m nut es
| 1yH _hEaDHQiﬁ S&EQ HY N2, phtly as a'dst&mmd:d by theGikthad bof Extmpplesst.

;g";‘gy'@!% egéégﬁg%géE%/ﬂagpwgﬁﬁgéWpep%%%bﬁéﬁg@ﬁ%Q 10
aggebga ?&A@E&M&Ma@&) Rfmids, %easﬁ% teﬁr\aﬁag | RMboth.

upon t am no acrd sequence of
pEfe;qurehsiyj the dﬁ&@nl D N@ 18)redidoms ﬁamagatcerhoumtemdnus more

di ffer id . This GDH
oBIe{RSE % % B Gsaded %%ﬁﬁ?&f@% ?ﬁ@nsﬁ SEQ 1 D
NOQ 51. In yet anot her enbodi nent, ent
Id Rddnt Ilbﬁetl @O@PF é@p@@me@t ﬁb‘l’ PErEpti 1H‘éen|t|‘89|11°'1 3“8‘? fya GbH

£ POV ALENATE, ROPUET A Hoklibe b RS e 324 k] B the
I Ba&ﬁleﬁmﬁs&qqmndmt red@ng itoye vhan rSO%(ﬁ the ihiCial Goe- 1ml@&bn)

SEP By ars JA indence DB AL T A PHy  arariaty: e
9@0@/2{}?%@ 62 tHedRWrtoY r¥fafrarIELk '85%'\@ th® $nitidlN@SiBual activity,

Identities were obtained by O ustal Wanal ysi s
( m&pmﬁerwu agleast &0 atskiduloactvity aligraXmButisinatbation a50°

it 817 B P e by PR et RE BN By for
n@m%tﬁfit | SRAtak G8dcribBd GhEgarkyle Uherdigngt h of the-13-

15076W003 refer ence sequence, and using the follow ng

dng?ul tnGlnds b@%sﬁ?gﬁﬁfﬁs&d 15 N@Nﬁy of Bleopbane H{\@BﬁG%npls

W se optinma Opén Penalty: 1
Ebasedsupom tmearajnby?ccm ﬂdquerRIeolfethmGMﬁ gblypﬁmdel REQHAND: 4)

oo ne ot o) BB AR aD, oidues.  Thi

GDH polypeptide is encoded by the polynucleotlde of SEQ ID NO: 51.

[36] In yet another embodiment, the present invention is directed to
polypeptide having glucose dehydrogenase enzyme activity and being selected
from the group consisting of a GDH polypeptide having at least 84% sequence
identity with SEQ ID NO: 52, a GDH polypeptide having at least 98% sequence
identity with SEQ ID NO: 72, and a GDH polypeptide having at least 98%
sequence identity with SEQ ID NO: 58. These percent identities were obtained
by ClustalW analysis (version W 1.8 available form European Bioinformatics
Institute, Cambridge, UK), counting the number of identical matches in the

alignment and dividing such number of identical matches by the length of the

1 to 10 anmi no arC™US2004/026194
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Pol ynucl eotides [37] In its second aspect, the present
invention is directed to a pol ynucl eoti de sequence

invention. Gven the degeneracy of the genetic code,
the present invention is al directed to any

pol ynucl eoti de t hat encodesIs For the above refe}gﬁ%%%003
GDH polypeptldes of the present invention. In a

enbodi t
et FeafOes, vl Roiopulf APICTBR ESHEIY Broetsts o
NGRieve Slow/&cuf paibfse dfigndlntigd®énts habappOparieerdatty: 10hGap
novel gl ucose dehydrogenase pol ypeptides of SEQ ID

N&xtension Pemaltygh 10;18gtein gveighi gnasy: G@wéc&enw NA gjeht
TRadBke (18 oo Aty /L PRIKRRP g dWe%PrlfULL

|nvent|on ‘one”starts Mﬁt one or type
pA)hgrﬁn@dteotl des that encode a GDH pol ypepti de. The
term"w | d-type" pol ynucl eotide nmeans that the nucleic
a@éd fra nt does not conprise any nutations fromthe
foelndettidesq from nature. The term "wil d- type"

pr.ot ei n mean hat the protein will he acfive at a., .
52y Iélfltsa%?ﬁ‘i’lﬂt spegt ‘?}ﬁ AISSARtBY THHeN A Hreiest ©A ?ijwaqou‘ie

ﬁ%ggéﬂo%qhﬁtré%cédgs 8 §@]ﬁ-1 z)%ﬁg)%ﬁt‘?@e 85tht PY&¥nt AvERI EGiven

the term™"wld typ parental sequence"
i thelidegdnesacy of tiizer ganatic ocbder, tfecpresent inveyliemiselser ditactadgo any

CrolpeutigRheent s KR b rekdlee A DR SRS e

aﬁ@sén@ aflichilod. dBN pck@ebdmissdinen e ;ﬁ@saﬁmnaeﬁticbmrdl&&ed
for the GH activities descri bed herein.
(jj%, i1§3 and

Bwatepiain l%ﬁecx@cmﬂﬁg@lﬂoadwofsﬁEQaEr Qe d 3083
t
L BB DRSLET BRsh Pl BS99 s

gR0S: SEqUEREER0f 064 &hd msbtdsbmvé@ g., EP 955375) and
B. negaterlun1(e g., US Pat. 5,114,853), priners for

apsgl | f 6 A dkeMhOfmpbfeIenIs pbiypeptidesior tHeeﬁﬁ'E%t iM@nE6) One
l'1Tbraries were created using conventional techniques

asterthawieh téne fool nove ngldsgeepelysuclaatides Shats\wioglega GDH

S B, AR SRR A0 g, e s

rﬁ%@fl&ﬁ d%é chﬁgi@e laky I¥aitatfos: frdda tﬁ@ﬂﬁﬁﬁs@lﬁﬁeﬁﬁdﬁﬂm@ture
primer 82

5Thman1‘ @’AH’IQTWTW@\WTM@TSWHBW Al ard Igs! of
\fﬁlgt%efoﬁ)ﬂd Fer{atlgr§§81 }%u]:!(ﬁysv%)ﬂ comprise the amino acid sequence as

found in nature. Thus, the term “wild type” or “parental sequence” indicates a

starting or reference sequence prior to a manipulation of the invention.

[39] Suitable sources of wild-type GDH as a starting material to be improved
are readily identified by screening genomic libraries for the GDH activities
described herein. See e.g., Example 4. A particularly suitable source of GDH is
the Bacillus sp. bacteria as found in nature. See Example 1. Using the published
glucose dehydrogenase gene sequences for B. subtilis (e.g., EP 955375) and B.
megaterium (e.g., U.S. Pat. 5,114,853), primers for amplification of the genes
from their respective gene libraries were created using conventional techniques

and have the following sequences:
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5' - GGCCEGATCCTCATTATCCGCGTCCTCCTTGGA-S' [40] Using a
forward and reverse priner pair in a conventional

appropriate portion of the gene fromB. subtilis and
JB. negaterium several PCR roducts were obtai

Each PCR product was cl oned |Rnto an expression 13@2?%’003
and oper ativeI y linked behind a |lac pronoter. Upon

S@ S8R g Ph&g;e@sﬁ(g S&g?ﬂ@?:tivity (e.g., by the

assay o cfones were found to
express§'’- GMEE%T@FA@C@E}@ATW@MMG@NC ed. A

fi .. 1) desi d S06- 3
RSO DT ER SO P Y tent  cal ¢ o ¢ he
pUDI | SHeROBRT:UTCRAA TR ARG GERCTR OB ABS

obtai ned fromBacillus subtilis. A second DNA sequence
( BEQek@eni@n feyward pgingn (REQI IANMB2)6 and encodi ng a GDH

Bact |1 BsChREGo Pl ¢ B Rt Ty S AR B i nea
f BomeBaehilimusveregmiiéd (BEQ IDWegINA sequences were

utilized as the starting material for devel oping the
b ov SHBSIPe AT APBA B 6 e TCOT B Ao

present invention. [41] In addition to the PCR priners
deddr i lbbmgaa) borsard ak revma mrrmamasr iof a dorfvieatiemd] polymerase

l e ouI used . Se e. d. nis et

LFhth FasGon KBERS 4R el heinnBe akrtiup gt feadorsfrom .
A@ﬂﬂﬁm z&‘ldPB SRSgardIeh, YRikal PEREpro8RIY QRtd 8haineAUCERILPCR
acid amplification procedures such as ligase chain

r pepslurlowag clorpd intp gataxgression waeter ang aperen vy ilimkeqd balind a

o Bl 5p Ry B SuRERER RE T GER A EP e &y MRy of

mEkemipR! 4)nasele onesieRtd fousd to axpied- falelGIH Yind these genes
occurring and nut ated and/ or evoI ved_enzyne [

. h
uMeFOSIUEREE o we@lﬂAosgewa@e BRI B deéaaﬁgélgg S06-3

EE RS OBELRNyRRGR abhE) IR macitus it
Se&DH €SBQ, I NG, 2)eWasabbcameApfmmaRmamstmbm A second DNA
nut agenesn

BepUSHCe] éSﬁQgﬁglgT\é%r ’}>/)I %sgnatga %q 82 2 and ‘encoding a GDH
i [ Ci e
S0 4 A e B R gy
( MXSEQrﬂD NO 4|)an8 Dbtalnﬁdltfla;gle Basillys 'mefnteriuRevThese DNA
Genet . Bot st e

ey R R8T Shisine trplenal bart vy Eloiing by dapeoved
Sﬁb@ﬁ@ﬁhdegg@d ﬂél?ﬁucl&@@ei &9&5 res@ﬂrlﬁ%ntlon Site-directed

nmut agenesi s, " Bi ochem J. -7 (1986);
[41] In addition to the PCR primers descrlbed above, other PCR primers of

different lengths could be used as well. See, e.g., Innis et al., 1990, PCR: A
Guide to Methods and Application, Academic Press, New York. Other
conventional nucleic acid amplification procedures such as ligase chain reaction
(LCR), ligated activated transcription (LAT) and nucleic acid sequence-based
amplification (NASBA) could also be used.

[42] Once a suitable starting material has been identified, a non-naturally
occurring and mutated and/or evolved enzyme, having unknown glucose

dehydrogenase activity is readily generated using any one of the well-known



WORH0a/Qe0esi s:

10

15

20

25

30

Kramer, et al., "Point Msmatch Repair," Cell,
38:879-887 (1984); Wells, et al., "Cassette

multiple nutations at defined sites,” Gene, 34:315-323
(1985); Mnshull, et al otein evoI ution b

nol ecul ar breedi ng, " Currenfgqgl nion in Chem C§§O76WOO3
Bi ol ogy , 3:284-290 (1999); Christians, et al .

@ufa% llie%% O%V(ﬂ}egfed%@’oﬂlfngkﬁy ?ﬂoqls n%eg ' éJ??ﬁ OEt,ﬁ@{XBP%)aches

oryl ation usi
BtoODNm mmite)mesm 1dn %Bfwe&ﬁ'ﬂf A(n]aQQBl)ophéﬁlamSﬂ(Z) 187-4 (1,997);
DNAshuffllng of afam@%/ genes from di verse .,
sPaki e&t atleel Pligomeclentidg réﬁe%vmlp% nutagERGsise using  the

gﬁﬂo ?ﬁ@roal%ate Q{eff‘t{ﬂ?f ! Me%l{odé'Mol Bl eﬁ%@‘ 7413\(@96?' S’ﬁhtﬁf "In

senat e detoxif pat hway DNA shuf
Neitt tor mu&genesmhoﬁmﬁgv 1(5@11@ 6-1&53183{4599(71)9’852th@telretet al.,

ed.evol ution of an effective.fucosjd
F Statetyn s o AG oMo SuRenES SiebE Hleh R 1001
Ptmsﬁdcaﬂ@r Ofsufettﬁremw aivelgeAGRde BiotlenDC 1 ENEFBI-7 (1986);
, 94: 45- 4- 4509; Crarrerl et al., "Inproved

gKe@nerf ¢ued; SRoishMigmatle Rapsiy" Goll A8 H-8&% 6119t§f‘r) oMells iehgy.»

%@é&%&g Ig?télﬁ%garsls N%ti__ag %5:% %%ﬂr}gﬁ]g&%ratmn og tnélflta pl% mutations

Vit deFinbdl siRYY sbnd,f34:315,323Nab8s)e MinshiflL, 3891 3@1otéﬂ19é%)uuon
St enmer, "DNA sﬁuffl i ng by random f ragmsnt at| on and

r b}as@@lﬁ@ll?r braedifig'r £urepbi g 3:284-290

S8 Citstjabl 26°8G, TRl %%QA%( 4 3@{“6\@%0'1?@}‘52@2%5 SAZT
V@l&ﬁh&@l@&pn\tﬁ@mmfﬁmlWﬂlﬁﬂmgTZSﬂu{quEdﬁ@mg%ﬁi” 13E59-
i ch._issue

01/ 75767 and U. S. Pat 7, 146
ARG (1995 Crameriopf %r‘@ﬁé§ﬁU%@%0§h Gy h vty dipm diverse

ol RO, e
RIS S00 SN ORISR .
t tMgkoelaatel @D pbdnyasalaeoddtaetcatibo pathwayi lz}eDNpWshufﬂmg,

O\ier i Soperal s e e Ao descl borb SETLaNE o

Vah bABLivRGLYSMHESE Blonfl8 $alaStoSiHARIRODRA SReErHat AU eni,"
evolutyonary technlque and thelr expreSS|on product s

= h A MAe &K y be (i 4fed-4509;
n@f/ I n%h ‘ge I §fsfgylﬁ%ﬁg%h}l%rgﬁ ng ?151 %%ﬁloﬁgcgl?%r evolution

pa&mg ysy R odhiueis g & mmtwgl&é&nms&k aAat3 153 190{ 1W96Rt St sner,
to create a second library, which i-n turn is screened

f oRamlem@tlgw of g pm/temhe Vistiney BT shefflens, ‘Thatuse, @59335890}91
A R PRGF R B BRekpinaftn FRILLER: 1

t Qitay Eéc‘vbﬁlb@iau@npﬂirymuwc@l@t iegtelutibat’ B’@Cmﬂﬁazsaof the National
pol ygeptl de with
Academy of Sciences, U.S.A., 91:10747-10751 (1994); WO 95/22625; WO
97/0078; WO 97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S.

Pat. 6,537,746 which issued to Arnold, et al. on March 25, 2003 and is entitled

“Method for creating polynucleotide and polypeptide sequences.”

[43] Any of these methods can be applied to generate GDH polynucleotides.
To maximize any diversity, several of the above-described techniques can be
used sequentially. Typically, a library of variant polynucleotides is created by

one mutagenic or evolutionary technique and their expression products are

an efficient nethod for generatiPCIT/U$2004/026194
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the desired activity, thernostability, and cofactor
preference. [44] Alternatively, polynucleotides and

standard sol i d-phase net hods, according to known

synt heti c nethods. Typicall fragnents of up t
100 bases are individually "i?“nt hesi zed, then j &%RZM%

(e.g., by enzymatic or chemical litigation nethods, or
POLAAFRLAS Siltthe %ﬁg%egﬁhgboﬂﬁ)m el R IO htviey. Pfifen, 2
desrred conti nu uence exanpl e,

psdcynd ahe@génie S)ramzblmﬂlmg@y] uedhaajdedss apfliedheo ipolyantieotides
can he p epared b em cal synthesis using, e.g., .the
Phesdinggihe E%B%éeﬂ?? PR B Seoohe) Jrsy. bishdnden
e 1

l sy 8 0pTELSONTS e bt S L998 Feay tns

3aﬂ0§pr%un&cay he rapedted asmayypiioes hy ngadadt mcladmgrthe insertion

o B SURL PR, 5 st dhn BEPRygRAERubtatde Alolypeptide with

Sﬂfétd@:ﬁ%dzzﬁ:ﬂmt? tHermdsfhbﬁﬁ amdQeBictdr pki¥érefddNt hesi zer,
purlfled anneal ed, |ga¥ed and cl oned in approprlate

or %ltelg\eéﬁei}g n?rglcgéo%'aes &fgdnﬁézlla%lcﬁ@%f MR bftion can

aC| can ered om-any of a variety o
cbenpeepaieal by standas], sadidephaas anulmdvl d¢c@nd:ingtetotk1foiv\ed synthetic

Reagent any, and, .TX Th Aneri can

ORI (R, Coamet o Sa e Aplc 100 EAFEapE Mepidually
tHthES Cﬂﬁ@l@h(ﬁﬁé@& $ NGy eh A ARG, ch@ﬂeal #RGatiGhethods, or

others. Simlarly, peptides and anti bodi es can be

c pelymerase demi;altedrmmhads/) tsf ferny gsseatigllipfany odastred , contihous

e T T T D

( bhribe preﬁ!r@d by Bhélﬁﬁzhﬁsyntm:@m usidBde. BRHE &isbi%ﬁlsphc{sﬂﬁaranudlte
Pol ynucl eoti des may al so be synt hesi zed wel | - known

t eeHodgigecibgd bé!é#@ﬂ%ﬁé’c?’ rh (19%d) deiewvadeen L¢tret'éﬂat1§5%69 or
S [
Al s SRR B el 1) PR AT Ui

Ampld'a‘,h? MmpraBiced EfS ait6inatelio 8Pnthetioo uhéthodst r amﬂ:e@kdﬁl‘gﬁx to the
fragments may then be obtained-17- 15076W003 either b
spmsa?b%qaﬂ%e MAGOL AHRCBREFRIIY 28t AIMGSIARY Cafrmi8 R dpipmatic

t PR LR ot ‘iﬁﬁh@? anBAEd, li%BféH%H tRhEd W%&ﬂr%@veo%rs

by ad |ng t he “conpl’enent ar’y stran usi ng

o R R T R R
t of Anvagides ofi semitlerdigl fiuces] Bwhus Mhe MHdk@EnEeitiied Reagent
i ncl ude Berger and Ki mel, Quide to Mol ecul ar _Cl oni ngA)

TR e Midigad.nbds The Geert HBetig) Qe framnany Ramesa
PE?ﬁI%ssGen Inc., Chicago, IL, Operon Technologies Inc. (Alameda, CA), and

many others. Similarly, peptides and antibodies can be custom ordered from
any of a variety of sources, such as PeptidoGenic (pkim@ccnet.com), HTT Bio-
products, Inc. (http://www.htibio.com), BMA Biomedicals Ltd. (U.K.),

Bio.Synthesis, Inc., and many others.

[46] Polynucleotides may also be synthesized by well-known techniques as
described in the technical literature. See, e.g., Carruthers et al., Cold Spring
Harbor Symp. Quant. Biol. 47:411-418 (1982), and Adams et al., J. Am. Chem.
Soc. 105:661 (1983). Double stranded DNA fragments may then be obtained
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Inc., San Diego, CA ("Berger"); Sanbrook et al,
Mol ecul ar d oning - A Laboratory Manual (2nd Ed.),

Spring Harbor, New York, 1989 ("Sanbrook"); and

Current Protocols in Ml ecui r Biology, F.M t"nﬁ*’
et al, eds., Current ProtocC ?‘s a joint venturLeig 003

bet ween Greene Publishing Associates, Inc. and John

W.l.e NS..: ) ( h
VB 5. PN A4E ! SUPBSTBILE 05 AU snc
dtorgembr pedes Qppropﬁatﬁl@ohﬂltﬁ)hg ity adiding theccoamémeéntant steund
nmet hods, i ncI udi ng.the pol ynerase chain reaction (PCR)
t Heng P@Ta% Bolypsrase Wé@@[‘llaﬁﬁm@ﬂéﬁ)m%ﬁ?@kﬂw% ase
%I i fication and other RNA pol ynerase nedi at ed
thni Gereral texgs. whighsezsrrihe GH@IQQIH%F pbiplagreal dechniques useful

E e e e e i

Metldn@dts Tastthighep| Mediode ﬁﬁ Kdzyhictogst valumeedS2 )AchdadenPress,
Press Inc. San_Di e%ﬁ y I% 990) ; Arnhel m & Levinson
8T da

(et obasy Diego 9o ( asRpokngi Albe Moleculgiaglonse - A
el gabﬁ-wt?%)é g@nﬂgl %Zéﬁi %ﬂ \%@%ﬁ@g (f@ (éoc*f@ @gﬁ?‘lg g—l‘argér LMQtory,

ad. “&ci . 1173;
QQalde$ pringeHabbr, Ne:b@%):k Prase. ("lebroolébaahd SurrentLBAtocols in

87:1874; Lonell 198 35: 18
Vel TR ¥ G 62 brech SRR 003 il cure

Brhdteert X928 Fhﬂﬁsﬁﬁ?%s@&ﬂa@s 294- 319& Jo}‘ﬁ“ W‘ﬂ@ Vil §@z€ Inc.
(1989? Cene 4. arringer et al. (1 G}é

894uﬂ2ﬂ1?meaﬂ@d tlsoogln aoe(h (éAdsuVal"é]( lﬁm_@@ﬂys @‘i @@l@uﬁmﬂsl suffjcient

63 564. hod f cl.oni. ' ' .
e S0 AL PEHG SooBEh A Srscnd BROT e iugine the
ah_plpfiﬁelsc;se BRdin fDRtiom (FER) 9%%1gab§&(a@1¥ RAcHB! TTR), QjB-rephcase

Ifying large nucleic acids are sumari zed
i amptifcagioatand othe(r]mgA) pdlipnerase Sﬁﬂlaﬁﬁmeﬁlﬁﬁqmsd(etg‘seNASBA)
ref erences_t herej L.con

e O T, B ek wbrpfl Ry, G LA P, et 1087

epSeNPhht INANY, d@NéogarPd:Ie PRAYIS ed Giided atcﬁcw_{bdhads and
stranded DNA suitable for restriction di gestion,

e&pah@m ddissetole rﬂﬂﬁ{) Aardemip Pesss il@@ﬂ%@@gpe@é‘f Qé’90)

a rl‘gcr | e%ﬁ}sgrrl] 2861"9 ?,2%9%? Se ea’l and % rle’en§? rKP’qrgg 015‘6-

t hpSens Kd)lirhﬁdOf IN[HNRe@hichdUe91 03 8he4d e@@ﬂﬁéza@zy (0989 Rrac.
genetlc code, a multitude of nucleotide sequences

ﬁ@éﬂ?-ﬁe@u@?llk Hoah kL2 iBspC gt pdcad. Sci.
pg‘g& 6odgs Winef o1 ez"m' | (BsOPF A %ﬁg@!tjsa1826d 2ohlidobert O al.

uclei ¢ aci
herosi8n Science 241: 1077 1080 Van Brunt (1990) Biotechnology 8:291-294;

Wu and Wallace, (1989) Gene 4:560; Barringer et al. (1990) Gene 89:117, and

Sooknanan and Malek (1995) Biotechnology 13:563-564. Improved methods of
cloning in vitro amplified nucleic acids are described in Wallace et al., U.S. Pat.
No. 5,426,039. Improved methods of amplifying large nucleic acids by PCR
are summarized in Cheng et al. (1994) Nature 369:684-685 and the references

therein, in which PCR amplicons of up to 40kb are generated. One of skill will
appreciate that essentially any RNA can be converted into a double stranded

DNA suitable for restriction digestion, PCR expansion and sequencing using
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[49] In the present case, several round No. 1
libraries were created by applying a variety of

subtilis gdh gene (SEQID NO 1) or to the coding
region of the B. nmegateriu dh gene (SEQ I D

as obtai ned by PCR [50] Tglgbtain expressionhﬁ$0%ﬁ¥003
variant gene encoding a GDH, the variant gene was
ffe'iza{se ORGERE! Yg'd En%iﬁﬂfxtage.ogge 0L udWBEE SRS ARCHE ger,
regul atory sequences at contrdl gene’expression to
calésipeaa nucl eic acid construct, such as an expression
vector or expression cassette. Thereafter, the

r Sy t It ReilbecdpBiceiab iy hossdkillelin the!&h das tthe degeneracy of
expressi on vector or expression cassette, was inserted
i heo genetigpsPopr rarmulifyde efe|muclestide)| sennences estseddgi §HPH
0 . I J Q £
PR oP BB B TG R AR ik Byt ani
nidehigdyGo @ hichaid aid beuerdet Beplicilyn diselosyd herein.

doubl e-stranded, which is isolated froma naturally

ORI®YT I INSh PRAR cB] 6éveRaSroase NoDd fibrated ve® ket by
segnents of nucleic acid conbi ned and juxtaposed in a

nenPhEng t & yarigiy udfd mytrgewic Heelwigues i e ¢adlingategien of Hhe B.

i n,one ct sant. .l nventi [ Ll e

PR PR S B BN s MR ko gk ftefun
ep@ipeineSEQADHNPOBY, pepbiathed ok POR present invention.
[51] The term "nucleic acid construct"” is synonynous
W0 tie dolliMexPreldiSis of BR GaRACEAR entbaingtNEDHIGhe ivariant
acid construct contains all the control sequences

r genei wesl fust opristielyi birkedf toa 0OBO dIrtnEOse digtendiegdis agalatory
present invention. Th .m & codi o

e o PR een el R 1Pk G 26 lfruct, sueh
dag grédptessiRcictiog or Ek%e@tﬁnr@smd Thefpd freg eheodesultifg nucleic
protein product. The boundaries of a genom c codi ng

s e EPRSETUSH SUGEHHIANPCSHER YEHPHRIHCHPYCSEIOR| cBEssBpreas 1nserted

bj_ndi i1e - t -
(o hoplsFiaf SRt BEN RO kinle Bprbfl Y ' GO pOfRhiae
f ervvediby theeshufflengtnof A frercteRNAcidnonsaruct” is defined herein as a
transcription-19- 15076\W003 t er,m nat or, sequence

| Bicdsie &Cljd%?leﬂé%fétﬂl‘\ere%?ﬁlﬁﬁr fif 16-5%4%@&11%35 1§ isglgged fom a
t ' : ' - | 36 :
oLy S, Dol 5P YRR AR o
nowdlet acat combiagd end gextapded i ingwieattbat would not otherwise
pol.ynucl eot i de..encodi hg a ol ypepti de.of .the
CPHLo DFiRRent O 1 PhodShReh] BRI AVREL FTHERigh i Bseies to o
VWRY ek O aBldoWotdirdc@r compligasi 8N pefyntiflgotRRl YResdindea GDH
Mani pul ati on of the isolated pol ynucl eotide prior to

i palypeptide of the present invention.

[51] The term “nucleic acid construct” is synonymous with the term
“expression cassette” when the nucleic acid construct contains all the control
sequences required for expression of a coding sequence of the present invention.
The term “coding sequence” is defined herein as a nucleic acid sequence, which
directly specifies the amino acid sequence of its protein product. The boundaries
of a genomic coding sequence are generally determined by a ribosome binding
site (prokaryotes) or by the ATG start codon (eukaryotes) located just upstream
of the open reading frame at the 5' end of the mRNA and a transcription
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insertion into a vector may be desirable or necessary
dependi ng on the expression vector. The techni ques for

utilizing reconbi nant DNA nethods are well known in

the art. [53] The term "con sequence" is def]
herein to include all corrpoﬁ’néhts whi ch are ne?gngg\%)m
or advant ageous for the expression of a polypeptide of

lafor &8 uen@é’ FOQ:B e8 tﬁg&ﬁst pntcgfothe ﬁ&ur%g&% 'fpa}{nebaq the 3'
ve or nee

e nuctarc acs sequen
eémbdﬂ the nﬁRlNAp oA wpelmglsd@en&mdm iaelte, Mut meﬁm&si to, DNA,
i nclude, but are not limted to, a Ieader
pePYAd ahd resembinasbpirdeie acid seasaemsi de sequence,
pronoter, signal peptide sequence, and transcription
t E24i nAndsolatagl pelynualeniidy encedingsnED3T pelypertificef the present
include a Qnot er n tiona
| P oRP TP d SRSt Rih Ebro208, forpmmresigy of

beheppOypeiRiiew tMadipiilk@sis of Ohe tislarUr peigRuddotide prior to its
i ntroduci ng specific restrl ction sites facilitating

| msetioBnIng? & frectonrinp| bes defiahice T ierrssee deRrdig on the

f .
DSRS0 E) SRR MITRIAAGE, i i
dedid s lﬁ;ileheersejtmzﬁg racambifiang IDNA intethads avdhwel kaowniirt thelart.
sequence is appropriately placed at a position

r 339t i TBe t @rihe‘cof@binGegeMbENce abfitidie HAAnSeguaRORle all
such that the control sequence directs the expression
OFOTEPSN{Ep SPIFlY are [155gssaNDi 0T BRtaNEASC Ry fRinEe ﬁ?ave%@naﬁf a
a t n

OB B PR o BRUAT o, Sl REQTALE IR FARR or
r ésteighi toeitle muckidasitt seqlidncé @hcading ¢iss polypeftideh Sutlorgetrol

codi ng region that follows. The not er q ence
cEHISRGSS TRTLHMS Ut 35 BRITEEI%: & leadt Brladenyigiog rrequence,

g?%yﬁg]%tgc}et Irgrg E’é eE erOfsidaf Gp%gﬁ&epese hediBe, Iﬁ'@ transcription

y nucfelc a sequénce whi ch shows
t teammtato’rptAtonahlmmmrmthg/ contrelhsequerstes cietludefa @tmnwier, and

includin run at ed, bri d om)t ers,

S pRgal o B Ty G R o hhE ctrDurBL Bl ) be
extdvieal with ankefs fo@ttﬁagﬁﬂpbsé of iMRJMBR ?t spé@mc%gtﬁ@ﬁon sites
honol ogous or heterol ogous to the host cell. [56] For

bémléam@ ligaion of|the corwolt seghenass ovith éhe cpdmgdﬁegl@@t ¢inthe
he tranéprl tion c acid constructs of

ucl
t H'édf)lfélg Sﬁ{l?ogﬁng?%gme&gld?he promot ers obt ai ned
ol i I l.
ol BB i Capa iz 1 Omed BOE B3 Gy SRGTIPE 4B which
98 NBnk&12&Bhenddas | dpbtbprinleGhEREIPET Podtibh aMHVARLthe coding
seqﬁence of the DNA sequence such that the control sequence directs the

expression of a polypeptide.

[55] The control sequence may be an appropriate promoter sequence. The
“promoter sequence” is a relatively short nucleic acid sequence that is
recognized by a host cell for expression of the longer coding region that
follows. The promoter sequence contains transcriptional control sequences,
which mediate the expression of the polypeptide. The promoter may be any
nucleic acid sequence which shows transcriptional activity in the host cell of

choice including mutant, truncated, and hybrid promoters, and may be obtained
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gene (anyL), Bacillus stearothernoph |us maltogenic
anyl ase gene (anyM, Bacillus anyl oli quefaci ens

peni cillinase gene (penP), Bacillus subtilis xyl A and
xyl B genes, and prokaryotic Jheta-|actanmase gene
(Villa-Kamaroff et al., 1978, Proceedi ngs of thleﬂ)%woo3
Nat i onal Acadeny of Sciences USA 75: 3727-3731), as

a e PL o B
ol 2504 S ORRHESNGIE 202 e e e it
8([homZ>]og255$ or fatervhpuptohohedtseldr e descrl bed in "Useful
proteins fromreconbi nant bacteria” in Scientific

ATB6]i C30r bAA&HAI hddiZiclld Audble prsindtBrs Farbik @Bing @he Bhnscription
1989, supra [57] For il anent ous fungal host cells,

s f B e PiE cieist epnstmels ofi the praseif infientiona irsdydepthie arompters
LR8LE! £h6 B! £ EORIA WAL Szrég}ginygegsc%hf&zgy SR80 gene

|nc € pro ers tain enes

A0l BadiBusosupritie lehbtidhceasy bare(sad®)i B@d‘l’ﬂﬁ.ﬂhclmﬁbﬂms alpha-
aspartic protel nase, Aspergillus niger neutral

a|aﬁwéﬁsarg?rl%. amyhy, pléfffgéllm @fgarﬁﬂ@ém%{e waliggegic amylase gene
aI Bﬂ ”ﬁa@ﬁﬁs A%ft%fzgiz + nh%ﬁl Zo d%épgéng' h )I, pg%ceillus

gl ucoanylase cor'me
Asmbmg)folnbzuspemcy]imeseagdml (pen?) pBatiB@ss o4btilis petAy |ahdi uylB genes,

e Patat e el R BB SE LU R0 €paul 7S, Procecdings
t oY B Rafidde® A&%@érﬁ?%? S@é@ce%%@@7ﬁ7)372@37?‘@) las Qg1 ﬂethe tac

NA2-tpi pronoter (a hybrid of the pronoters fromt
g@rasottor(DABper g al.usl988.gErocaedingsalof ahp hlé{atmrml a%@damd of

per gi | g t£i gse hat e |so (=
P RERs UYS R RS s B AL ETER 3F Elerd] Bippeins
| rom Y@REINAS bactssel 1 SEERTRL Bhferiefe mnaam@dﬂ DAMind in
thgm%enes for Saccharomyces cerevisiae enol ase

9ok esabct¥BPottpees cerevi si ae gal act oki nase
(GALI ), Saccharomyces cerevisiae al cohol
désiidr Ege idara¢rgdysc Bmghldedsy del3 -Spi’mhslp Mmo@mwﬁmi rdigpeting ¢he
(ADH2/ .GAP) ,” .and- 21- .150.76W003 r oy c cerevi sSi
AR opfh ior P At ol ARECER YT SEdBF ARG IERRE fhtiae
Y @asihotBRSbtigiakd Fréth eheeseasd BIANE Bﬂ%‘%f’za@t TAKA amylase,
1992, Yeast 8:423-488. [59] The control sequence may

alRéltiob’l@C@’ 1gigheiaspartic rpawgl@asepﬂxmgdlw rigaanetrad elphersow]ase,

;ﬁg‘grﬁﬁtg tm%e‘%*cgﬂtﬂ s%at%ije %ﬁhgf‘%&f éé)ﬁ c%;ﬂu} %(rj%]é rogt{?sfergzllus

I BBt guthen@aset QIAAY) uauz@fnuw;emmk eipBsed U sPeelIIes ae
encodi ng the pol ypeptide. Any termnator, which is

f af@ling pEatease, Areradias armae Hpse BpspBate HEGBIESY shpergillus
ttﬂz?du@cfrﬁsgc%{aﬂuﬁ%%f]tdnﬁnFusarzum oxysporum trypsin-like protease (WO

96/00787), as well as the NA2-tpi promoter (a hybrid of the promoters from the
genes for Aspergillus niger neutral alpha-amylase and Aspergillus oryzae triose

phosphate isomerase), and mutant, truncated, and hybrid promoters thereof.

[58] In a yeast host, useful promoters are obtained from the genes for
Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae
galactokinase (GAL1), Saccharomyces cerevisiae alcohol

dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP), and

Baci |l us |icheni f oP@i/552004/026194
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[60] Preferred termnators for filamentous fungal host
cells are obtained fromthe genes for Aspergillus

Aspergil lus nidulans anthranil ate synt hase,

Aspergil lus niger al pha-gluggsi dase, and Fusa

oxysporumtrypsin-1like protég [ 61] Preferre(LJJI]'rEO%WOO3

term nators for yeast host ceIIs are obtained fromthe

L - I

L0k PR SRR S BROSELRYL GBTRRE, ftr usotyl promoters

Séccjrasthioyioels aerdeyeribeddyRomaiod kg 862 3¥ oS 4DAUESs.

dehydr ogenase. Ot her useful termnators for yeast host

C@9]s dhe Bager kdRenddy niZ9 @& be & sudlable &R ripSP kd@minator

[62] The control sequence may al so be a suitable

| SRNEPCSs BRGAVRISE TecagBiTed i1 Bast gell &gy fcsminste HansprRgon. The

t t

\_Ilfﬁéé'frli‘ne{t eéfelagée)l{ct&ggc 1%3131 Ilﬂl{rh%la ﬁ) {h]gl nkergﬁﬁ&s Pﬁﬁ{e ﬁl?(hélc acid

t eeqnenmaerm:bdmgethm poly@epncm mhys:emmaatoe velriclodd fugictibigal in the
% ypeptide. Any | eader sequence that is functional in

t hesticsd of chaige, 6‘?33’81‘?61‘58%“}1@9 PESCRIdBYEILIANG he present

invention. Preferred | eaders for filamentous fungal

hdel] cEraferred srmimatarn i frlar@mtwsefuggai dostegils A@@t@ncd frem

0 a a d us an

o b for P B AG  DIRE MV B HBEE, iger

c gldcsarayleseo bA shengtiud madnlthe agﬁft@ﬂatﬁeoa:ynﬁmse hArsﬁurgﬂﬁs niger

cer evi si ae _enol ase (ENO- 1), Saccharomyces cerevisiae
32lnbA 8igRspe ARl AU BL RSP SHRIRRS Bkca¥oteas%ey i si ae
égﬁa factor, and Saccharomyces cerevisi ae al cohol

dr Berereskiegniemrafatarys hog-cghosisiahiainesbhignirthe genss dor
%gx%A y\?ce [cgf"ﬂwsgéee&ﬁgste @acai%go RS ] %S% %%1}1% e C
yadenylat i on sequénce,’ a sequente opera 4 q

t@CYE&) 3' ahér mSﬁ&tSlaﬁfm}tde@ nUﬁhﬁBl@e ac g@oSﬁCﬂéﬁﬂ@@}phosphate

and- 22- 15076W003 whi ch, when transcribed, is

r é@@gﬁﬁ?&eeasebpthﬁeu%&ttelé@mt%ssfoa yeagrhest eellsaarg described by
n es to transcribed MRNA. Any

gyad éf ?%gnzegeﬁgence that is functl onal in the

-hﬁvém ﬁ%ﬁ Slops) el P! e 4136 e o ROER SRERE segpence

f inbaw@Rladsre fion @ lan OB ACChich isiltpopihtefion eendlattdA bjthe host
genes for Aspergillus oryzae TAKA anyl ase, Aspenlgl Il us
mcglé Thyt leedrarspruanee inoperbiy lnru@drtpdm anterminusrafring apeleic

§h§§@j%mé: Fx?c%ﬁh#ﬁ%@ :&g}bgﬁ&’d@ Faﬁﬁcégéa: ecfﬁ%&ére @Efi%sfﬁnctlonal
p(ixi yieed bogt| clli @mclscaqsu efuyebe egd jredwt pﬂ&@aﬁ iaeddtionar Breferred

d b Guo and
?eaders t%r filamentous fungal host cells are obtained from the genes for

Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose phosphate
isomerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae 3-
phosphoglycerate kinase, Saccharomyces cerevisiae alpha-factor, and

Saccharomyces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate
dehydrogenase (ADH2/GAP).

[63] The control sequence may also be a polyadenylation sequence, a

sequence operably linked to the 3' terminus of the nucleic acid sequence and

Aspergil l us ni ger gl ucoamgi/aSm®p4/026194
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5983-5990. [64] The control sequence nmay al so be a
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acid sequence linked to the amno term nus of a
polypeptide and directs the gncoded pol ypepti de_ ] nt

the cell's secretory pat hvva;ﬁa2 The 5 end of theliogéigvfa%
sequence of the nucleic acid sequence may inherently

c pi.i n [

e e MEATHLREK REGRAHy TREER, P S o o

ofpol}lmdemdlengsmeg;l mntrztdsalﬁbeelrmmaﬁs tPh@ pseigdd@h@ltion sequence
rn the 5 end_of the coding

d t
gﬁﬁyj ICWS&? &b éﬁogt I quf Ghaice guytbedised Buihe greseni igkention.
t f n
e R MRS S SRR T T 90 o
c ediamgdsomethe @eaioeiomﬂtpangﬁlm alryzpe CORKAI amalasé, gA‘@iergzllus

DB SR, SRRk et B bl TR
N3E4iipBhurk | @itin- H%)tl%lg%a@délﬁg AsBEigs! Riddh-d ?hﬁ glucomdase

enhance secretion t he pol ypeptide. Howeve
silpgal Ppb’pdﬁkm’éat@@cﬁm@enp oo iycash host ¢eHeareslesdribed by Guo and

expres 0 pat hway of a
hoLF ?9@%’5@@8&&@("%&»%23 a@aﬁ? RN eent
nt| 66 Effective nal tide codi.ng
- AFond R ek s e oL lods & SRR pRicE gHE rogion tha
p%BHés%r &P%ﬁ@ dcf‘cgééélﬁe?ndéhfnﬁé&‘ &FthE 8IS {é%nﬂﬁ‘u@%? a?%[ypeptlde
Baci | lus NC B 11837 nal t ogeni ¢ anyl ase, Baci |
staeé d@@qi@mmwdedspo@rmpad@mm ﬁase;ll erettbuspathway The 5' end
ni.ferm s subti é sin,. Baci.llus |icheni.f g

ot 359 Sl o8 1 leielE g B RRSE A JLRSrERy gpntain &
prsigfnal id€ RPdihg rBEbS nafiRdllY linkRAdn Bagklatibs réia.'dmg frhfie with
prsA. Further signal peptides are described by Si nobnen
arﬁléﬁ Pegpent abdlm cmimgorﬁgmrb@ha& a¢nCcRdes dws secteted polypeptide.

coeRBOaS hec #hR e cBlbg secRhke, M oo o R Pprice

t loediag gepdn fraptsi fdeei@o thy codig) eegueady. athe gerel Froditid) Heptide
s for. Aspergillus oryzae TAKA anyl ase, Aspergillus
n .cailpg AesioR aqlaYalPﬁ/ Feqyied Adses Hiel qqslglgn$ege¢ncg| dnes ai0) maweally

,Rlabﬁt eaFfPﬁ’{ﬁje C@aﬁgég%u nproteinase, Hunicola

i Nnso ens ase m col a | anugl nosa | i pase.

of s naefliegfurahe BERLA §hnl bedkERC IR e @Ph Pef smoty

alr@mftla@ﬁﬂﬁraaﬁl@nﬁq%@ﬁaé eoisLre Fcﬁlflﬁ\dréérQQ ehRMRE k&fF8tion of
G her useful signal peptide coding regions are
déecpel M%)t]@? Heisners any signal peptide coding region that directs the

expressed polypeptide into the secretory pathway of a host cell of choice may

be used in the present invention.

[66] Effective signal peptide coding regions for bacterial host cells are the
signal peptide coding regions obtained from the genes for Bacillus NCIB 11837
maltogenic amylase, Bacillus stearothermophilus alpha-amylase, Bacillus
licheniformis subtilisin, Bacillus licheniformis beta-lactamase, Bacillus
stearothermophilus neutral proteases (npr'T, nprS, nprM), and Bacillus subtilis
prsA. Further signal peptides are described by Simonen and Palva, 1993,
Microbiological Reviews 57: 109-137.
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et al, 1992, supra. [69] The control sequence may al so
be a propeptide coding region that codes for an am no

pol ypeptide. The resultant pol ypeptide is known as a
proenzynme or propol ypeptide éor a zynogen in so

cases). A propol ypeptide i 574 enerally inactive]r:(}ﬁa@%a@]o3
be converted to a nature active polypeptide by

| .
T Y Rl QMRS EhEBIRAS, Alnbi P AIREERL e,
maye the sbgitahpalﬁdiefddnlmg Tegi @ rubsaificl frBﬂﬁhblgd:ﬁeSfd@tAdpieBgillus
alkalinel%rote (aprE), Bacillus subtilis neutral

pPBIEE AR A ARy aSESa%veﬁrgf sy wiger et %M%Sgaﬁﬁh%afewiger
i N ol L S R e R LT

VWeelhdadeobrdd Bingivala lpengznalsez lgpage.pr opept i de regions are
present at the amno term nus of a pol ypeptide, the
pi68ieptUsetnl spghlopeptigdled CFi fdadiadt Belkt ark @btdigedaffomothe genes
term nus of a pol ypeptide and the signal peptide

r &fi ofcehgrerBGes | eiedSiae xtlrhytacky and nerockirermyaes geravisine

oo er i P S Eh el et RS SBRAR RIS AR & Rianos
okt 4lhd 98X mopmsi on of the pol ypeptide relative to the
growt h of the host cell. Exanples of regulatory
sye9lengharkentidlGeguanbe alaycddisi 4 pepeptiteasdingregionttha codes
gene to be turned on or_off in response to a chem cal

o forpHy gning| ackd seqlienss, PositiOPed phdetapang faBiseof ¥ pelypeptide.

r I I 0 Vi has

L9V SERR0, COSREMD s B ARbl NS B0l S or o
apgmbgen apesmé @ases)lSAqupolypoyldaSS ghoshlly éhdcsive and can be
sui t abl gttr equl at or ude the ADH2 g]ést em or

GAPVEEIGE L@ mMmYtRrey 3rcl¥13?ré’ﬁ y@agtlc},eunlwgpatalgg? frBytecsRlytr slegvgee
S By ﬁeﬁtfﬂ%lf%@ﬁ‘ tﬁeb gro;ﬁé@egt‘ﬂde %Q@N@ﬁd@lc%lﬂ ¢ 1Bﬁ‘§§ay

pronot Asper gi | [ ucoa rorm

Abp emtgiuhecu dramm ythe @egbsu cfoa rﬁdcdéua pboiet ékahnp?ﬁl]ote@eh e(aprE)

e es ar t hose which. all
s St SRRl P TGRS P By ee e e iy Alpha-

' @ﬁtéfdﬁhizbﬂuébrbﬂzgﬁé?fa@ﬂ)ﬁﬁ@ fcﬁ’éiﬁﬁ%tea&ﬂ M@E@wpﬁth’oﬁlﬂtﬁe%nophzla

ified in the presence of net hot rexat e, and
rréétcaﬂsbéwm %@3886Qenes whi ch are amplified wit h heavy
nmetals. In these cases, the nucleic acid sequence
effdddi VMgharedboGDsigpall pﬂ&i&ﬂbi ahel pfopeptalepregmntare rpreseni an the

\Agrlirllllr(ljo t%?mlo% fa atl) | lelplelg]tg(de dthvf\:/I ptrcr)]petplglge g%lrl 1astp%r51¥1one ngncch the

amino terminus of a polypeptide and the signal peptide region is positioned next

to the amino terminus of the propeptide region.

[71] It may also be desirable to add regulatory sequences, which allow the
regulation of the expression of the polypeptide relative to the growth of the host
cell. Examples of regulatory systems are those which cause the expression of
the gene to be turned on or off in response to a chemical or physical stimulus,
including the presence of a regulatory compound. In prokaryotic host cells,
suitable regulatory sequences include the lac, tac, and trp operator systems. In
yeast host cells, suitable regulatory systems include the ADH2 system or GAL1

system. In filamentous fungi, suitable regulatory sequences include the TAKA
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Expression Vectors [73] In another aspect, the present
invention is also directed to a reconbi nant expression

i nvention (which encodes a GDH pol ypepti de of the
present invention), and one,pr nore expression

regul ati ng regi ons such as X ‘pronoter and a 15076W0O03
termnator, a replication origin, etc., depending on

tﬂ{%} %‘gglé‘gﬂf A Oi;eglr P%S yg)l $;51g51y c@ggoa&rgd%gn ro! oter, and

S&gﬁ@ﬁaeﬁoﬁeﬁﬁgu@ﬁﬁn&ﬁepﬁnﬁ@yrbe joined together to
produce a reconbi nant expression vector which nay

ITIQj Ude 1P 8x RfiplBPHLreEPRUR P sEfilentQSHré kitdst WhigH A1RSw €& gene
al l ow for |nsert|on or substitution of the nucleic

aamphfsc@t;g@n&@e@lmwmcmgsuem heseyinslude dee dihydigEqlatgirp@ugtase
Al ter na cl ei guen

ST phRRhe s SPSRAS U RBE, e e
nﬁh@ﬂaﬁbﬁncﬁfﬁzhﬂ ﬁ@t@ﬂ,uﬁﬂf@ﬁ‘ a@df aﬁhpliﬁéd &iith l&ﬁilvyl neR4lst uihkse cases,

corrprl Si ng the sequence into an ﬁgr@i{;l ate vector for
ethpr vacdeionacid pegieage | goding bgpk Reatdo ol thyepresent

hat the

CBRRBAGIHERE SodrFor JEREE ihTnd PRMER) Rlquifod

appropriate control sequences for expression. [74] The

r EgprdssioaMectorpr essi on vector may be any vector (e.g.,

a plasmd or virus), which can be conveniently

SIM3j| ecIreshotieer me;neon‘mhmmsenbmﬁ\zepﬁmﬁsch]ﬂoaﬁreawd to amedmmbigant

about the expressi.on of H ynu | eoti de se ugnci h

THPTESHIMCEESISE CORBTISRE RO IR 0L 41 recsalh RN L bic

V\ﬁ{&ﬁeé b GoR ﬁlyﬂe?ﬁdé’ a4t B eEe'htt HSemsth, @Rl |odeNbP more
t he vect'or be i n roduced The vectors may

bexpressmarregulatidgiegibns suchudsas piolmderiadd a-128ainao0 z6MpGtion

¥ nceles ApepaEGR It Gpe ot k0TS e P Ee LRI B lrogced

e¥hé LG RTRRRIBAC @ 'ﬁﬁd EdntrdlRBqucRBds Cbiiiyd éﬁove\ﬂle@rbd P®ined
i ndependent of chronosomal replication, e.g.

ptogetﬂnedto pmdeset 7 reehmbingBeT@Iressioa ieator “éllCh may IHCIUdC one or
\r:]glglfec ?cr)r?(:s%glseglge esgacrg gnsu%g tte fa‘llS?va%or 1H£e91n&rc' 81m§ubspﬂﬁlon of the

nMeans tor assuri
sbdleit @Bidi seglidnes encﬂddlr%f tRatpbM@kptidet 41 euc&ﬁﬁteer Aleyndieclynthe
whi ch, when i ntroduc into the host cell is

i muégﬁ acilisqanenser Hethe PSR ANENtBOMAYL R SAPTeSHE: P fnserting
tehnutcgé:?c g&ﬁ%ﬁ&f@ﬁ@ gﬂi ﬂu@fe?c X@H %Bnétfucp @&nﬁﬁﬁﬂ% the se uence

egr er nore, gl'e vector asm
t iMBo @i apEroprime stadsion rexpxleeﬁm dﬁl avhatidy the gmpmﬂnomxmtcm the
the total DNA to be |ntroduced t éﬁﬁ enone af the

heRding sgquencgyis éoqa];eélﬁg ng sequence 18 operably
linked with the appropriate control sequences for expression.

[74] The recombinant expression vector may be any vector (e.g., a plasmid or
virus), which can be conveniently subjected to recombinant DNA procedures
and can bring about the expression of the polynucleotide sequence. The choice
of the vector will typically depend on the compatibility of the vector with the
host cell into which the vector is to be introduced. The vectors may be linear or

closed circular plasmids.



[ 76] The expression vector of the present invention
preferably contains one or nore sel ectabl e markers,
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sel ectabl e marker is a gene the product of which

provi des for biocide or viral resistance, resis

to heavy netals, prototr oph%sfo auxot r ophs, dfsiﬁé&lom

I i ke. Exanples of bacterial selectable mar kers are the
emﬁ?@ 6%1%@1&?%&!)@?}5%3 é\%gﬁtﬁnoqnox% g?regn?aﬁgl Vector ie,a

r %a:tst dnt exsuc s as eatfm}ﬁbﬂnbs;dmal kedkigyTh¢ Meplication of wh1ch is

chl oranphenj col (Exanp 1). or tetracycline

é%‘f ﬂgﬁe%o% éup%r@s@réalrrﬁla 190, G- wéassm#om extErhpmpsamal
AlELhenH , T
Sel ecetng'b?e mar ker s ?%2 olf s'\%l i%ﬁlffa hégnlglﬂ% ousgpllf[n élé%tor may
hosmtameziriy meaisufibe asduing aelé—rqdicaﬁ@rm Mﬂérrtaﬁvel&nﬂls vector may

G EENE e e
('ﬁM& r RPNEAtEH RBg&Hé}O%@ng{ee %ﬁﬁﬁaosoﬂl'eé?? o WWRER it has been

reductase), pyrG (orotidine-5"-phosphate
d eldeglbt@ﬂy Fastesrmose A ugle aeetonde plasmidins heo a5 el)qre andtors or

Eqsgﬁé "ol 2{“ | a@ﬁe S%’P hazﬁ‘% ﬁOtgﬁDﬁ‘éeﬁDgﬁ? jfzod 13?06 the

tlgsncﬂﬂa&me%oﬁweﬁ: SeemspdsoAIRSHH dskds ni dul ans or
Aspergillus oryzae and the bar gene of Streptonyces

hf{’%]os%g'e%?%ssﬂaﬂ &kctbi 8f ‘th%‘:[%@&%t Hvehtisn ?fe@éﬁﬂg contains one
invention preferably contain an el enent(s) that
per mores sdlentahje atarlars, cwhldhpemleua@y s¢la¢tont dfgransformed téllss A

no or_aut onono at i t he ve r. i.n the,
PP RG ep bR Bite, he Dl et Wb drividsy T incilpp Viral
t Ii’é%mfﬂﬁféb feSistane® Wﬁ&vytrﬁ&al\é thr Y t6 @h¥otRSphb,Nhd the like.
nucl ei ¢ acid sequence- 26- 3" encodi ng t he

p@xwebm efe bmtelaalysqhqtﬁéqle élll?éh@ﬁt arpfthe hdal vegases rirgrar Bacillus
Etﬁtﬁls% Il?aczl?us { cl%%gﬁ)g ci:ztzso roa gn%l%rg r}}’@] &‘? D ng%r ar%ﬁ}ogitm resistance

ogous or 'eco |na

Alsﬁ(fhr ﬁlsahm‘pﬁhﬂm U{hﬁarﬂﬁﬁﬁ %hléfﬁﬂlpﬁéiﬁ&cﬂl (Exadild 1P l@iﬂtetracychne
nucl ei ¢ aci d sequences for directing |nte31at|

Wt@ﬁéu%u %@oﬁbﬁkﬁ@tfpbﬁeasm%t £olls aye AdE2, 8118 hIeEﬂasLYSZ

T3 | nucleic acid sequences enable the
to 1be Integrated into the host cell genone at a

n_the chronpnso S Ticrae
pﬁ’”"ﬁ S lePRBlo e (pEptR S ERRE Flsih ay sRB AR but
t Be hditipgited to) aaldSelaed@fidasey hadBd opligfies @@bé&n@ﬂﬁb@fm@)
sufficient nunber of nucleic aci ds, such as 100 to

1balo@bomi%@tbmm@cetpsk@ﬂﬁplam)yhnlodﬂylgwmmm@bomgéansferase)
wﬁlﬁ (gﬁ&q% %ﬁﬁsctﬁge?f 5/1%?' (%rc?tpd?net 5. p]h%s&l%ge b@e%&rb&%la?e),

(sulfate adenyltransferase), and trpC (anthranilate synthase), as well as
equivalents thereof. Preferred for use in an Aspergillus cell are the amdS and
pyrG genes of Aspergillus nidulans or Aspergillus oryzae and the bar gene of

Streptomyces hygroscopicus.

[78] The vectors of the present invention preferably contain an element(s)
that permits integration of the vector into the host cell's genome or autonomous
replication of the vector in the cell independent of the genome. For integration

into the host cell genome, the vector may rely on the nucleic acid sequence
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honol ogous with the correspondi ng target sequence to
enhance the probability of honol ogous reconbi nati on.

honol ogous with the target sequence in the genone of
the host cell. Furthernore, the integrational e

may be non-encodi ng or enco@png nucl eic acid 15%%2&;603
sequences. On the other hand t he vector rray be

[ hest

SRR L ATAREE sB5R0Thepichly D25l 5L B psemion o
r elpd vecairiimd thd g@om;omomygdm ok heﬁhmgm&emmﬁﬁmgﬂnn
of replication enabling the vector to replicate

agyenontshatively, &ﬁkevéwﬁtmg}%dmmﬁ aﬁﬂﬁl%hhloﬂhcléféﬁ ashl Lgudkes
bacterial origins of replication are , the origins

oiforr dipicting integragpn ;bwdmcd%qusmmblmgnmm@mme of the

cghaSTB{] addilt?d%ap rnlugfeﬁ %1Er ?egg{ence cﬂl%?)le %ﬁovegéﬁ:éiélbe

Sth
whi ch cation in

prﬁaglﬁ&d @mmp/ﬂ&é bieds. tellvhdepbmpenam 4 Fl%pisb Cidchfdn(kN in the
Baci | | us. anples of orjigins of replication for use
i § @ny@a@f:(%@@ iRcaggse heolikekibood pf integialien gl # percise location,

t
oERG b @bhal ‘ethendd Ridld ereG IR CBRGI0H BInARR niifler of
ofauclejol aoaxh;t swrh a0 001e0thbase pgirs prefesdhilp A0 ¢0,000 base
makes it's functi ontl)n

s, card patopregctapy b T OO S Poutsectibinh g highly
t Iﬂ%nﬁﬁiﬁgbﬁﬁ dithARaderrys fﬁ%ﬁdl%ﬁ 'tﬁ‘@&es% 30 {9 enﬂ%ﬁr%é)the {al%ulbﬂlty

More than one copy of a ntclé€ic aci d sequence of
p 10 hemt)lqgnusarmbmhimayn BEheiintegratienhl ictangenthmak bs tang ed:quence
|on of the gene product

d |
| Sk LSBT B B YR st ot Biscpifoticsof dhe host el

S GRHRBEAROIE; afhebﬁlt@%%ht%ﬂ'&? 1dRients’ mal> Bd R0 cbaing géla%h&ﬁhng
at | east one additional copy of the sequence Into the

h@gcle@dc‘zld fg:gn@ms 490 Hhe dtleas haad, rﬁ@e wetemphy be itiegsated into the
ctab Wi t nucl aci d sequence
RETEES: B TRE R G- hg%%la% 08 ROERLToRT e
tional .copies,

S I8qiF e Hh Grdnerags BrieyiEn %Vee?ﬁb%%y B8tk CBRprSS B prigin

clk tréﬁl@ﬁﬂl&geﬁd‘bﬁng ehd Sediby %%plﬁa%sﬁﬁG&rﬁéus‘wﬁl the host cell in
appropriate sel ectable agent. [82] The procedures used

t questigat Bxarhples o€ hecterial duiginsi ¢fedplidssive ar@ PddAs theuwrigins of
t he .recombi.n ucI onst es

SR RET B AR i SER 2on LA PO AT LE T iR S B s
Sletikinel toplibfifond! br HAEYC184 vhick! 'Bgrrﬁ@ﬁ@ﬂfé@ﬁon bn E. coli; and
Fritsch, and T. Maniatis, 1989, | ecul ar C oning, A

L abB140 Pk NanG AL 006G ot diM.bein, | duFl pephit rpliFetiqson Bacillus.

N‘EXar)nples of origins of replication for use in a yeast host cell are the 2 micron
origin of replication, ARS1, ARS4, the combination of ARS1 and CEN3, and
the combination of ARS4 and CEN6. The origin of replication may be one
having a mutation which makes it’s functioning temperature-sensitive in the
host cell (see, e.g., Ehrlich, 1978, Proceedings of the National Academy of
Sciences USA 75: 1433).

[81] More than one copy of a nucleic acid sequence of the present invention
may be inserted into the host cell to increase production of the gene product. An

increase in the copy number of the nucleic acid sequence can be obtained by

el enents may be any sequencBCT/H81004/626194
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[83] Many of the expression vectors for use in the
present invention are commercially available. Suitable

p3XFLAGTM t m) expressi on vectors from Si gma- Al drich
Chemcals, St. Louis MO, ch includes a CW

pronoter and hCGH pol yadenyl&tion site for expr 619976“7003
in manmal i an host cells and a pBR322 origin of

r [ cat t r r
a%‘p&{%r?@gatgp é%.'g? oﬂgpc{d‘ait}clnap éﬁé 0? tﬁg %8 @céggt?)egl% gost cell
v geicpnes oy einoBldirgsar amplifie kelemabl@ B‘tﬁfﬁ%gen&t\ﬁwmﬁha n@cleic
comercially avallablefromStrata ene, ﬁJoIIaCA
aReldpPASAr g Wherge lércenfam&/@aplﬂﬁlm 2he eslpetablpmpgrker

p 0

Ve D8RPl At (R Y, SRRl s
Héstbyaaltiatifig theusts imthe pprsescsi af ghd dppreprmtesdeavable agent.
vectors of the present invention include but are not

| [80]t eTht procbawte usedl todRatesthe slegdenassdeberitgd dbove to construct
St rept onyces and Sal npnel |l a typhinmuriumcells; fungal

c 89 eombimpntaaugleig seide eqmsgrufteauj CXPS%SéWaYQS’FR}éég the present

2 LEH0) 88 AL R SR B (TP L Salrook B F

Sﬁnwoh)tmdaTSIvEmmﬁlsJ S989aMmia¢ulmeClom1rgu®hlaborﬁld@ ME®al, 2d
: ((Fi Eg ceI I's; and plant cells.

Aﬁ 18{5* A SPERS bms and conditions for the
above-descri bed host cells are well known in the

af$3]- 2dlanysef7 ACoPTeEIN ERFIRHRVOH IS ik ARG SreseRic HYEntéen are
c nst OV BB EXP r
cupnfly WEIERD SALRE indR-ITEGRARR, VEELR uldfide
i pYEFILAGTM " Thexpeossioassictns oot SrgnmaAldIrcha(’Clmimbyls St. Louis

" Rienuvieh oelbdts REORY cirbReler JdchHo Rp palergia PResifa o

r eREESRAY ildRRRmANS 1?8&9'&@1%9 b a\a‘;ﬁﬂiﬁz s GORPAEARR and
the P15A origin of replication and the

chirmrodhnpteeustauod makmstbmcm@efmtioﬂ He Er aoBf oOtkat suitable

Esch hi i WB1
CEREEIS TP A%t aPRINHER o Rlrgnet] GOy SORN®  HfEh® are
0RbMniefAIBf avARelEreR] Strﬁ@gén% m@énaemr ea‘iﬁleﬁlah'ﬂﬁis that are
expressi on vector survive

Pdﬁqudc éngnomli[@@]Z @@@otngmopﬂgo@w@ptsm BRER4, pCEP4

h
IR RRERBL RS LI, BT TARGT SRS, (e
cuI ture medi um

Host Cells

[84] Host cells for use in expressing the expression vectors of the present
invention include but are not limited to, bacterial cells, such as E. coli,
Streptomyces and Salmonella typhimurium cells; fungal cells, such as yeast
cells (e.g., Saccharomyces cerevisiae or Pichia pastoris (ATCC Accession No.
201178)); insect cells such as Drosophila S2 and Spodoptera Sf9 cells; animal
cells such as CHO, COS, 293, and Bowes melanoma cells; and plant cells.
Appropriate culture mediums and conditions for the above-described host cells

are well known in the art.
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affinity chromatography, and the like. Suitable
solutions for high efficiency extraction of proteins
from bacteria, such as E @%r are comrer ci al I]55076W003
avai |l abl e under the trade name Cel Lytic B(tmfrom

AP et e i R i P ALY e PR Red By an

| )éipfe@mifnﬁ) We(&bﬁfdrcﬁipk@@ﬁlgltﬁe aheife geaks Bf @liéegfesélﬁ invention.
di scl osed in Exanple 3 herein. Screening

SAmeEHPgSen SRUer Wes ereatediy qusrafyei linking ﬁrV@rtﬂmttﬁene of the
;JP@(S@ ln%ht 1onbahe & é&&o?&%ﬁ&@&n@gﬁ%é Vit ¥epr Ssgr gene.

pl ca y performe the Stan bi ochembs

t Atk nixpuessiof weotor tatsoi aftglt:hh@i thet B13A ofigtnref mmc@tﬁoﬂ\léﬁlﬂ-l the
an.i ncrease i.n absorbance o

DPH, VJ or

F ClbrevaEied] Sisnge 0o due dmSasd fskarialin ERABPLLO
4 r I
e R A A S AL S
wisiidh tha dntsh sransfioraneddoh doli6&cllsr thhiatxpressed thédrexpession vector
subtilis GDH b kbo of SEQ ID NO 2, provided a 2.6
f SHYYH e SER&& | P GDH activity relative to the
wild-type B. subtilis GDH (SEQ ID NO 2). Thereafter,
adairificatish rounds of directed evolution were perforned
and the-29- 15076W003 resulting exenplary GDH

p%mpemﬂcs e ODH BSly@EI?iSdéBt werd ¥eMbésed b3l te Wadhfthehls in E.
Tabl e 1 bel ow al ong "W heir nutations and activity

r épla,t th@epqupepﬁéeweopttrgfmé fromtthe Bells @hd jorithe @DHure medium

b EQ | D Table. 1

VAURE RSt Farere i e afet RRPE bRl BB i pgoation
Thyeluwdisg B@biynﬁa/uéﬁlﬂént\]\/sdm@ﬁﬂn @1o@tion, 2Q1tiAE Nultrk @BhBfugation,
subtilis SEQ ID NO 84 1165M V209A, No 242V SEQ %D

Neifinity ghronalogephiEndthedikes 4 Sgale polpspnsyéar lsghg qulency
NGk trafioh b? %}—Otg fiS from bacteria, such as E. coli, are commercially available

under the trade name CelLytic B™ from Sigma-Aldrich of St. Louis MO. A
suitable process for purifying GDH polypeptides sufficiently from cell lysate for

applications in a chemical process is disclosed in Example 3 herein.

Screening

[87]  Screening clones of the GDH polypeptides from the expression libraries
for enhanced GDH activity is typically performed using the standard
biochemistry technique of monitoring the rate of formation of NADH or
NADPH, via an increase in absorbance or fluorescence. Such a procedure is

described in Example 4 herein.

[88] After screening the libraries after the first round of mutations, an
improved GDH polypeptide, which had the mutation 1165T relative to the B.
subtilis GDH backbone of SEQ ID NO: 2, provided a 2.6 fold increase in initial
GDH activity relative to the wild-type B. subtilis GDH (SEQ ID NO: 2).

Thereafter, additional rounds of directed evolution were performed and the



SEQ ID NO 64 |1165M V209A, * Yes 1242V, Q52L SEQ ID
NO 74 1165L * Yes SEQ ID NO 160 |165M P194T, Yes
WALDFM4S0KkR04E, K206R SEQ I D NO 164 1165M E178K[/US2004/026194

Yes P194T, Al97K, K204E, K206R, E222D, S237C SEQ ID
NO 168 A16T, |165M Yes P1 T, A197K, K204E, *
1.5-2.4 fold increase * 2.5¢374 fold increase 5’?589&003
3555fo|d|ncrease[89] CorrparingtheGDH

r{t Qn\-}-&k&o a?re héted in

OVE, I'on conferre

cls}ﬁﬂ%%t x%%iﬂa?& égﬁhé‘c?yé\%ﬁd&égﬁl
hE‘ableSﬂ aﬂbw allcyngomth Iﬁmmhltapohs/ Bﬁﬂ)h(ttd&t.y fehtive to egueildgype
some_initial activit Eﬁ[glgo The GDH pol ypepti de of

sEntl B N@zlw@D%ﬁlqkhomf‘a YR IRiNMdi1 % change 1165L
relative to the B. subtilis GDH backbone of SEQ I D NO

5 2T Bio]}.”od;ef. zj 5 foLgolcn.C.r.eifre in | n| E.I al GD,':I. activity,
G ¢ - Pepidi Mitgtong | ve C;S)D mgg fiieased
*BgltllisGDH(SEQIDNQ 2). fability
pr ef erred GDH pol ypepti des of| aVeE ESQPHl r@ { CoR0 min
are those pol ypeptides havingf onblilesyy,| nor e
h SELEANIOy 887 % HOM, MPPoAand |eFén nore prefléfoed 100%
nonol ogy with fIsd2pol ypeptidgs of SEQ ID Ns: 160, 164
ASEQLEPNOAS2Shpymogibove, each «of these pol ypepti des

SEQ PN 58 NHIB5AVOBIoPPT NgSt he ol Tow NGy dive
IS p 58 COTRT- i J.O:)lvl, ri*QAT, ATS7K \ZY‘%E dllu
PAY cb At Aad $ Aoy o Aane—andh o Af
1\ﬁ eanZM i NVE ﬁWoFY%Og irgcted to a GDH ypeptl de
0t SEQ LD NO_PIRARYS @g-2L
SEQIDNO:74 [I165L " ok Yes
SEQ ID NO: 160 | I165M, P194T, Hokk Yes
A197K, K204E,
K206R
SEQ ID NO: 164 | 1165 M, E170K, Hokk Yes
P194T, A197K,
K204E, K206R,
E222D, S237C
SEQ ID NO: 168 | A16T, I165M, otk Yes
P194T, A197K,
K204E, K206R
* 1.5-2.4 fold increase
ok 2.5-3.4 fold increase
#*k%k  3.5-5.5 fold increase
10 [89] Comparing the GDH polypeptides of SEQ ID NOS: 64 and 84 in Table
1 above, it is seen that the Q2521 mutation conferred heat stability on the GDH
polypeptide, while reducing some initial GDH activity.
[90] The GDH polypeptide of SEQ ID NO: 74, which has the single change
I165L relative to the B. subtilis GDH backbone of SEQ ID NO: 2, provides a 5
15 fold increase in initial GDH activity, and a 13 fold increase in activity in a

coupled chemistry process relative to the wild-type B. subtilis GDH (SEQ ID
NO: 2).
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from5-8 residue substitutions wherein five of the
resi due substitution are |165M P194T, Al197K, K204E,
[92] Only a very few (< 0.5% of tPET/US2004/026194
nmutations to the wild-type B. subtilisl(SDH(SE?IDll\IQ
2) backbone were found to b eneficial. Specifica

fZ)r every 1000 cl ones screeied, there occurred bfﬁ%ﬁ\&y(’)%
3-5 single point or double point nmutations that were

e . ti . f
CaOBL! quBte plfl PoGpEBplndel ST B Bt R o 8Chhose
he T tLal LRt Lty H o Chpe B canymaogad even
W - e . Su
( Shese s taekd APO% Forgplog i e RlEpapider pE SEI B R 5160,
0f16ﬁn§rldn-1|5§.t | R0 WBHA 4Mbvef Q4RToE PlE (}ﬁﬁiﬂiﬁh{déﬁ% %S: Brob'%-g

beneficial effects of another nutati

exauipliens but hwashelifslboviag divet iatatibhe irc ootiroat | HIGSM, R194T,

R R R2haLy TBE AT phesiatimsyone eghadiment of
MibSbleSoht HvedtiSER UM T § GO %%it)ﬁgﬁt’ivl\}elt a%Ey% 05 NRGSEfhving

GDH activity 3 fold conpared t e activity
migm of-B engsidiel spbdtituteng| whémina fi@Hfpthieymeide dmbstitation are

A B PR e
POl . ! |

QI LIS g G e & O-Ehof thefputiens &%E?vgl‘fcim@emﬂem
pERIEEYE hﬁﬁZ\}%ﬁ&kHo%{v%%@f%ﬁd{tS bd -ben{ﬁetg%’li d%%ﬁigisﬁlg)é 'for

and the |ike. Moreover, pol ynuc
mevery @00 clames bareshed dheremecatasl dnilp B siegle phiat ordoubiepoint

d i dentify.th difi GDH pol ypept i de
RS b Pl e By s b B BEh BT o e
CdsRmkitd. aFof ekafplel Y2530CRnddred RS CIXBNRIGpeptiBPRnactive,
(also referred to as NADP ). [ag?&]ilp-rhe pol ynucl eot i des

eNdSEIaR 4378 dihilp sednsed thedimiti | Heaqtizﬁx e‘f‘itd—iy%m @nts‘tubniulis
{1 i . tron.from e
RHYSHRA 001 BT A58l 00 TR R ROHRL O Lh R e

Thvese nbiaftungd torbai additive Skith khel Berefi€iabeffeitd bF ah@BEOIRILES on.

that tables and other references providing codon _
pfrgfl%rf@ﬁ gsampleoit s groveiedghel the combipation ofragirst smation

a 4 ' [ / . nchin, .
ik e s S
Esescond ASNatRireat s, sebdislhiesidtoposRica t‘.hﬁ)i.nc&ﬁ&ﬂ-@DEﬁacﬁizﬁﬁ 8)fold
95] Screening for transformed cells that express GDH
gg?ll‘P?{e@eWeF}éﬂg ,"Vﬂgl'tﬁ’%s"tcgiﬁl%r%%%s%f.tenl:idﬂ%tnpt ofeult in a GDH

%?%E@ﬁide%hﬁ%@%@t(ﬁ% folfintRhiSindIrtRaHFet er m nes
[93] The GDH polypeptides of the present invention have the activities
described herein, as well as other desirable properties, e.g., altered temperature
and/or pH optimums, solvent resistance (e.g., butyl acetate), and the like.
Moreover, the GDH polynucleotide may be mutated or evolved to generate
libraries that can be screened to identify those modified GDH polypeptides
having the ability to preferentially accept other compounds as cofactors, such

as, for example, NADP (also referred to as NADPY).

[94] The polynucleotides encoding the GDH polypeptides of the present

invention may be codon optimized for optimal production from the host
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cells do and do not possess a desired property.
Selection is a formof screening in which

simul t aneously by expression of a selection marker,

whi ch, in sone genetic circ tances, allows cei%
expressing the marker to survive while other (@68%%03
(or vice versa). Exenplary screening markers include

! %%Jn?gn@%ggf@a g1 %%%Lefz?hllos@%alﬂ{ggc‘?ﬂau{ag}p glaﬁslﬁetﬂé art will

protern ect1on ‘mar ncl u

reeocghmac ehagelmﬁes snd hothsr rleﬁar&tcﬂmcprldviklhng clzodr?n pﬁeference

chl heni col icillin and the |like. Althou
%ﬁ%ﬁﬁ%h %I"é‘é? %ﬁ%&%&lsaﬁe%reor@e@}y Akailakle. C§G¢s€eg

OfHéﬁQﬁt%fﬂ' Dﬁié‘ﬁiﬂ“‘EQJherzkﬁlatcBﬁ el %%%&1 'z‘fat”fr@éiaha} gf?ﬁl'. £8s.,

is performed by man. [96] The GDH polynucl eot
gexidvidired, Washingtomid. @g@n%@47320ﬁ6 @P9@ct ed evol ution

met hod are screened in accordance with the protoco
d¢8s]r i l&etbehmgﬁioatrph&foﬁnddmdldelmtie&yre‘sdﬁfjm{ v Peneral, a two-

AP STRE P BEBT SEgies acey GBS e derEmimea N hich
[ %lels ddgnd 86 h dikess %ﬁf(ydegrﬁgéfgﬁ@é@&lo}lq@a%ﬂr?&f’éctré(emng

he GDH pol ypept | esent invention
r gt aﬂmqlmdemuﬁlcmaowahd phyyienl Bepasathin dre acl@@kbcbmhmﬂxenndudl@/ by
of SE .ID€|Q 12 . as %b(so gll closed in EP 955375
BP0 Rl SFCHOP M, MidhnihEoTae Ben i Sigimgtances, allows

desildBRreskidS theXmafl@l kOWBH/IRY while JiRS! (8 QL TBLNIRN fersa).
replaced to the GDH pol ypeptides of the present

i ixemplaon: SC{G@&]ngManPISDnbludeGu&fMaM 18- gala:tmwrass @ndl gieen
KAMAIL RF GK E. KVVI NYY DP X X
vIREEESKPf Pf@tﬂnesée%m manfery igelpds,dip f% fexw SIREaEeEspes,

QsdcrAaé KsikraficeCtd chlo@arhpﬂ\élnlcol\l ﬁﬂnf)\cﬁ;hﬁ( E?ﬁdNtH:é MkE SAi't'hglr_gh
MPLKDWDKVI X114 T GEAI

Vspontprpols pelestign\can and Mo ®0Vr Hl Ele\ﬁollrs@ dﬂ/nl@turalFev‘dluﬁoﬁ in

AA S K G G.X LALEYAXI78KGI RVNP G
|F\}i‘FB£eﬁenﬁfn§ kﬁ%‘%‘)‘&dﬁ%@ﬁ%’e Ya03- %210 2 X212- 32-
6WD3 OP X222El AAV AAWL A S
XD} ETRO GBI polyripclegtisa zoveinica by GIAEROES RoGgected
SetolRidh @dthdd ThResdicned $h ta\fc&ﬁarﬁ:@%ﬂﬁSlh@i)t&%%dl?(ﬁ?écribed in

resi due positions for the GDH pol ypeptid
pEasmple #nipeidenialy those dhving dnbanded adtiyfity hht atree satabtenfor

el i D o SR R i RGNS
[97] The following sequence summarizes the diversity of the GDH
polypeptides of the present invention relative to the wild type B. subtilis GDH
polypeptide of SEQ ID NO: 2, as also disclosed in EP 955375, wherein one or
more of the amino acid residues designated as “X” followed by the residue

number are replaced to the GDH polypeptides of the present invention:

[98]

MYPDLKGKVVX;ITGAX;sSGLGKAMAIRFGKEQAK
VVINYYSNKQDPX4s Xy VKEEVIXss AGGEAVVVXe GD
VTXgEEDVKNX;s VQTAIKEFGTLDIMIN Xoy A G Xos Xog
NPVPSHEMPLKDWDKVIX;sTNLTGAFLGSREAIKY
FVENDIKGNVINMSSVHEVIPWPLFVHYAASKGG
Xis KLMTX;120TLALEYAX;7;3s KGIRVNNIGPGAINT X 041
N Xi97 X108 K X200 X201 X202 X203 X204 X205 X206 A D X209 X210 X211 Xo12 IPM

separati on are acPCBUSI04/026194



055375) which are shown to the left of the arrow

Table 2 Xn: AX A T NE- D, K, KO R K- N, X75: ,v X92:
WOR@504301F E- A X 114: G S X 65: M L, V, T XPCEUR004/026194

X194: P- t X197: AKE- A D, G K L X200: F- >M Y

X201: A- L, S, T X202: DX203;. P- D, N, S X204:_ K-

F, , NT, QX205 QO N K R>09: V- A X210: Elgf)ﬁ(@%%

X211: S- G T X212: MG

Xa16 Y I X210 X220 PXon ETIAAVAAWLA S X3 BEA X037 Y VT G Xoi

TLFADGGMTX25, X2ssPSFQAGRG

The diversity of changes at various residue positions for the GDH polypeptides
5  of the present invention are shown to the right of the arrow in Table 2 below

and relative amino acid residues of wild-type GDH of SEQ ID NO: 2 (EP
055375) which are shown to the left of the arrow:

Table 2

Xu: A— D,
X152 A—> T
X45:.  N—>D
X472 E— D, K,
Xss:  K—R
X63Z Q—> R
X68: K-—> N ,
Xys: 1>,V
X92: N—S
X952 L— F
Xos: E— A
X114Z G— S
X1651 I— M, L, V? T
X1m0: E—K
Xis: P—Q
X1942 P—T
X1972 A—K

X082 E—=A,D,G,K,L
Xzool F— M, Y
Xon: A—G,L,S, T
Xgozt D— N
X203I P— D, N, R, S
Xos: K= D,E LN T,Q
Xops: Q—N
X206: K—R
Xgog: V— A
leoi E— A, K
X2112 S— G, T
X2122 M—K
X2162 G—L
X2192 G— A
Xa20: E—Q
Xzzz : E—=D
X2342 K— E, S
Xoz: S—C
X242: -V




L X219: G A X220: EX222 : E D X234: K- E, Ssc
V-33- 15076W003 252 Y-C Exanple 1: Construction of

wEses®ion Constructs for Expression of G ucoBEI/US2004/026194
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Dehydr ogenase The genes for the gl ucoae dehydr?genase
were anplified using the polynmerase chain reactj
(PCR) ?Pom genom ¢ %NA prepa%%atl ons of Bacill u515%76W003
subtilis and Bacillus megaterium The priners for the
4 DIITI arjon reactions were designed using the
ot 57 T bugd—]é—tnbt—H—iT—a-ﬁﬂ—B——ffega(—emtl um gl ucose
d urog"“.usg Ae cquences Mnd were as foI | ows: B.
I sf DNQ, 79): B. subtilis
%@ “#@E@ PDO P ?ﬁS‘OHBC%@HF@erInEKBFWG of
Hﬁqse FeseRese g1) : . |
CGCCCA ATAAAGATTTAGAAGG S B. negaterium
revgﬁ?grﬁrgqyﬁ -Ié@g% EICRRY gohyydrogenase were amplified using the

PO e L T OB o i EEDRVE N R PRt ofts

3szkie‘ﬂ1smhda8ctcal@smzegmdrm;n u e rprizasit fod thefanig)Bich@6h reactions

GDHS06 GDHMD2.
TRBRE Ban £udf Biing ChE bl P ubui am . geaaibriam slucose

" @8HdFGch L debt 5 a{ug%c%%dtme ahtglpRuphent col

resi'stances gene Several clones were found to
eRprubsidis fomiapkpiBDe! (SED IhdEe 7§enes wer e sequenced to

donyr Scenau SRENA B e etA T RS A Gbichase
glgfg?é%w zfl&l)ét at ed efze(FgeQr??bcjﬁb (188):8fL ?HgE g\c/)vtO]h Imre]diazm
cont ai Ar GCCGGATCCTCATTAACCGCGGCCTGCCTGGA- 3
B. megaterium forward primer (SEQ ID NO: 81):
5-GAATTCGCCCATATGTATAAAGATTTAGAAGG-3'
B. megaterium reverse primer (SEQ ID NO 82):

5-GGCCGGATCCTCATTATCCGCGTCCTGCTTGGA-3'

[99] The PCR products were cloned into an expression vector of FIG. 3
behind a lac promoter under control of the lacI repressor gene, creating
plasmids pGDHS06 or pGDHMO02. The expression vector contained the P15A
origin of replication (P15A ori) and the chloroamphenicol resistances gene
(camR). Several clones were found to express active GDH and these genes
were sequenced to confirm their sequences (see SEQ ID NOS: 1 (Glucose

dehydrogenase S06-3) and 3 (Glucose dehydrogenase M02-6)).

Example 2: Production of GDH

[100] In an aerated agitated fermentor, 10.0L of growth medium containing
0.528g/L. ammonium sulphate, 7.5g/L. of di-potassium hydrogen phosphate
trihydrate, 3.7g/L. of potassium dihydrogen phosphate, 2g/L of Tastone-154
yeast extract, 0.05g/L ferrous sulphate, and 3ml/L of a trace element solution
containing 2g/L. of calcium chloride dihydrate, 2.2g/l. of zinc sulfate
septahydrate, 0.5g/L. manganese sulfate monohydrate, 1g/L cuprous sulfate
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of 14,000 psig for the first pass and 8,000 psig for

t H923 eTbedelp psse Whk evashatblye nadpendiag 1centtunt fweg eekight of cell

L 5P L5 ST RS 42BN S B9 S
at 5000g for 40 minutes in a Sorval 12BP. The washed cell paste was
suspended in 2 volumes of 100mM Tris/sulfate (pH 7.2). The intracellular GDH
was released from the cells by passing the suspension through a homogenizer in
two passes using a pressure of 14,000 psig for the first pass and 8,000 psig for
the second pass. The homogenate was centrifuged at 10,000 rpm in a Beckman
lab centrifuge for 60 minutes. The supernatant was decanted and dispensed in

shallow containers, frozen at —20° C and lyophilized.

Example 4: GDH Enzyme Activity Assay

[101] Cells were grown overnight at 30C in 2xYT with 0.5% glucose and
30ug/ml chloramphenicol. This culture was then diluted 20-fold into fresh LB

2g/ L of Tastone- 154 yeaRCT/US2004/026194
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Example 5 KRED/GDH Coupled Chemistry Assay

[103] To a 100 mL vessel equipped with a pH electrode-controlled automatic
titrator was charged a solution of glucose (7.5 g) in 100 mM triethanolamine pH
7 buffer (25 mL). To this solution were charged the two enzymes (100 mg
KRED; 50 mg GDH) and NADP (6.25 mg). (“KRED” is ketoreductase or
carbonyl reductase class (EC1.1.1.184) and is useful for the synthesis of
optically active alcohols from the corresponding prochiral ketone substrate.
Butyl acetate (10 ml) was then charged. Finally, ethyl 4-chloroacetoacetate (6
g) in butyl acetate (10 mL) was charged to the vessel. 4M NaOH is added
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that retains nore than 80% of the initial GDH activity

after 20 mnutes of - incubatjon at 50 C and pH 7?6W
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2, A polynucleotide encoding a glucose dehydrogenase polypeptide of
claim 1.
3. An isolated nucleic acid sequence comprising a nucleic acid sequence

which encodes a polypeptide of claim 1.

4. An expression vector comprising a polynucleotide of claim 2 operatively

linked to a promoter.

5. A host cell transformed to express a polynucleotide of claim 2.
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claim 16, being a poI ypeptide of (c) that retains nore
than 80% of the initial GDH activity after 20 m nutes
08. i ncAADHgwlygtepsde ahdaip 1 ilyoplligeshi®ssi t i on
conprising a polypeptide of claiml in a buffered

medi um 21. A pol ypeptide havi ng gl ucose dehydrogenase
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10.  The polypeptide of claim 1, encoded by a nucleic acid sequence which
hybridizes under medium stringency conditions with either (i) the nucleotide
sequence of SEQ ID NO: 53, 73, 83, 159, 163 or 167 (ii) a subsequence of (i) of

at least 100 nucleotides, or (iii) a complementary strand of (i) or (ii).

11.  The polypeptide of claim 1, being a variant of the polypeptide of SEQ
ID NO: 54, 74, 84, 160, 164 or 168 comprising a substitution, deletion, and/or

insertion of one to six amino acids.

12.  The polypeptide of claim 1, being a fragment of (a), (b) or (c) that has
from 1.5 to about 11 times the GDH activity of the wild-type GDH of SEQ ID
NO: 2.

13.  The polypeptide of claim 12, being a fragment of (a) that has from 1.5
to about 11 times the GDH activity of the wild-type GDH of SEQ ID NO: 2.

14.  The polypeptide of claim 12, being a fragment of (b) that has from 1.5
to about 11 times the GDH activity of the wild-type GDH of SEQ ID NO: 2.
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15.  The polypeptide of claim 1, being a fragment of (c) that has from 1.5 to
about 11 times the GDH activity of the wild-type GDH of SEQ ID NO: 2.

16.  The polypeptide of claim 1, being a polypeptide of (a), (b) or (c) that
retains more than 80% of the initial GDH activity after 20 minutes of incubation
at 50° C and pH 7.

17.  The polypeptide of claim 16, being a polypeptide of (a) that retains more
than 80% of the initial GDH activity after 20 minutes of incubation at 50° C and
pH 7.

18.  The polypeptide of claim 16, being a polypeptide of (b) that retains more
than 80% of the initial GDH activity after 20 minutes of incubation at 50° C and
pH7.

19.  The polypeptide of claim 16, being a polypeptide of (c) that retains more
than 80% of the initial GDH activity after 20 minutes of incubation at 50° C and
pH7.

20. A composition comprising a polypeptide of claim 1 in a buffered

medium.

21. A polypeptide having glucose dehydrogenase enzyme activity and being
selected from the group consisting of a GDH polypeptide having at least 84%
sequence identity with SEQ ID NO: 52, a GDH polypeptide having at least 98%
sequence identity with SEQ ID NO: 72, and a GDH polypeptide having at least
98% sequence identity with SEQ ID NO: 58.
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