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GLUCOSE DEHYDROGENASE POLYPEPTIDES AND RELATED
POLYNUCLEOTIDES FIELD OF THE INVENTION [01] The present
mentendsirelated to the field of enzymology, and 5 particukariyukedignze194
field of glucose dehydrogenase enzymology. More specifically, the

present invention is directed to glucog,ia_ dehydrogenase polypepidesnos
having improved enzymatic activity (i.e., high substrate turnover) and
stability, and to polynucleotides sequences encoding for the improved

glucose dehydrogenase g}ol pe tldes The resent |nvent|on |s useful
because ?ﬁ&) ,éé&frp ed to
oxido- or reductase ) tc n|c chemlcals or

precursors in high yields. NRRRTHHR INVENTION [02]

Glucose dehydrogenase [EC1.1.1. 47] or "GDH" catalyzes the conversion
of (3WLcoBeaptwidotimamide adenlreditudheotigéd ((NADRapmeBEy, and
9'U gﬁmﬁmg?etanﬂqéec}}é@@do@wgﬁ@@s@%@9@%@@@%&%&@@&%%

serves as a co-factor in this reaction and may be phosphorylated in
the s ErNADE, @IS BB tdht Ersiife thr%%?é)ﬁer cirfdiestese
and {hg fepeiciBsty ifaRblia alﬁ@ra@mmaﬁya(mtai@t iamhmmﬁabver)
conversions where jt serves ole in the regeneratio d
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adenine dinucleotide (NAD) or 25 nicotinamide adenine dinucleotide
phosphate (NADP) aBA@fHﬁaD(MDI@FﬂEIEahWEmr G., Hoppe
Seylers Z. Physiol. Chem. 1975 35 3- The g e fro
Cryﬂ%oc&@@ﬁ?gu 3%@‘?”5533%%@']}5 %%i)pﬁ’%um 0 %t@myzes the

optirasiinetsirp efa g ebbb Gnandicotaledul asdagightioht Kdtdea{AD) to
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serves as a co-factor in this reaction and may be phosphorylated in the form of

NADP. GDH is an important enzyme for use in clinical tests and the food
industry. GDH is also applied as a catalyst for chemical conversions where it
serves a role in the regeneration of NADH and NADPH in enzymatic carbonyl

20 reductions, such as aldehydes and ketones.

{031  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 optivaurn 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 HLE.
and Pfleiderer G., Hoppe Seylers Z. Physiol. Chem. 1975 356:1613-23). The
enzyme from Cryptococcus unigutiulatus 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



-2- 15076WO003 8.5-9.0, an optimum temperature of 55 C and a molecular
weight of 101 kDa (U.S. Pat. 5,298,411). [04] Commercially applied
GDHs are primarily derived from microorganisms. Initially, GDH was

weaduessgiysdfermentation of the natural 5 host organisms seeh/as:Ri/026194
inegaterium ATCC 39118 (U.S. Pat. 4,542,098), Bacillus cereus DSM

1644 (US4397952), Cryptococcus uniguttulatus Y 0033 (U.S.Rgtewona
4,877,733) and Pseudomonas sp. FHI227 (U.S. Pat. 5,298,411). Since
then, GDH encoding genes have been identified, cloned and expressed in
hetdtSlddbus hpsrsisutsmastEschefishidatid omobrTHe Bashiuy $0btilsa
61287 P4 990g ¥yas expressed in E. coli and exhibited the same
physicochemical properties as the enzyme produced in its native host
(Vasagtha@inhdiatyNatipgiead. , SADHIS Aadd83pBthZ8h). Theigehe from

sequence of the B. subtilis ene was reported b mpel, K. A,
CradT B R R g, B e S ARt e hura
3Charattegzation ofthed Fdevslopmentali-fe b8 dBacilfas ubtrigos),

g|UCBES‘;‘%%‘E’EBB%%&%9&9@'&&3@@%‘3{@@ RRo238-2A3UAABEk ando33

Yamane,K., Kumano,M. and Kurita,K., "The 25 deqrees-36 degrees
regi6H of fie ﬁﬁﬁﬂé%ﬁﬁﬂs@??@ﬁi%’ﬁfﬁépd@gﬁ#nﬂ% Sethe»298.411).
sequeneairhad@b khi-segmeaiandidentiicatiomef, tlshegeneSsXpressed in

Microbiology 142 (Pt 11), 3047-3056 (1996), and is found in Genbank 20
undgFtﬁ@&%%)ﬁglhoéﬁgﬁ\lﬂfﬁ%%}%ﬁ "t956453. [06] Similarly, gene

€q e eera r Sfr [ T .9coi n
e o B TIDR B8P A By R BTG 7 o

megatkititied (BusameBibrHerRbaosg! Praragisyanihe sABYRK Adufed. in its
ééggi%e %_(fqﬁ?é%d;ﬁ%xf@@ﬁﬂ@lré@?@aaogﬁ&gﬁ_?[@%ﬂ@@'@@s%ﬁ}_\.'@he gene
. e enzymes irom b. su tiis . Ine erjum._are .
o SRR S0F: SRR b £ fCRABr LSb P bo. 40 3 157
It haB.bemaudiel,criaRlishaeythRt GDHéRayliles SIffECrontinmtgdn of the
tability.,Ramaley and Vasantha.reported.th in, »
L At RN e IR P A kRIS R R L 1

for 3BEBErdAe B2 EuBHNs(193BIoInE hewmanog3 Fo81epod8. PrYeRyTihE-
ENZyife .i Q§@Qg§%§-@@ ke dargelh:gitrbuteg o BaegissoniationBtdh@some:
tetracrlgteeixllgggt{gsn of the sequence of a 146 kb segment and identification of 113

genes,” Microbiology 142 (Pt 11), 3047-3056 (1996), and is found in Genbank

20  under Accession Nos. M12276 and D30453.

[06] Similarly, gene sequences were determined for GDH from B. cereus
ATCC14579 (Nature 2003 423:87-91; Genbank Acc. No. AE017013) and B.
megaterium (Bur. J. Biochem. 1988 174:485-490, Genbank Acc. No. X12370;
J. Ferment. Bioceng. 1990 70:363-369, Genbank Acc. No. D90044). The GDH

25 enzymes from B. subtilis and B. megaterium are approximately 85%
homologous (J. Theor. Biol, 1986 120:483-497).

[07] Tt 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
30 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



-3- monomers, which is an equilibrium process that is controlled by
environmental factors such as pH and ionic strength (Maurer and
Pfleiderer, Z. Naturforsch. 1987 42: 907-915). This has lead to the
isolation and studies of GDH from other Bacillus sp. such as B.
megateriumn. For instance, U.S. Pats. 5,114,853 and 5,126,256 and Baik
et al. Appl. Microbiol. Biotechnol. 2003 61:329-335 describe GDH
encoding genes from B. megaterium and mutants thereof that exhibit

increased thermostability and that can be produced in recombinant E. coli
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THE IVENTION 976110  ghsenesl e BuRiided anensrawyaly

occuring polypept| e capabl catalyzing conversion of glucose and

nicokserhtd 6RHerrpeditig ma&erm&\me@ﬂrgmew&béwﬁ?@tﬁﬁa%aﬁm
nicQRamifde RAeAIRR ABUGISAH ﬁnﬁ\lﬁ%hnos@gﬁfmweiﬂ +HGOERANE,

nicotine adenine dinucleotide phosphate (NADP) to, gluconglactone a{gat

redéebdPoRiEotR SN MEHTRARS e PRESIHRENRD B! ABGIMTS
|ea$101&Iyﬁlﬁ%th&@h&e@?aﬁerdﬁswﬂﬁﬁgemmd@blhaﬁmﬁymf:éld&zmjdnanc
type GDH of and hein cted from roup,cQpsi
of: (a C)u?;{ B'Olyp etloa(‘eg) ngfneé%eﬁuﬁ%l (?%{Qicﬁ%ggauae%gc QE at% hgal%la%gi zfsg%l%g
91%uhbmmmgm|platm§ sfiirenadi h@equmd@@bsm@mmt@d by rglgremce

84, }(1(?6%919 y@g@ﬂgleeﬁncoded by a nucleic acid sequence which
hybridizes under medium stringency conditions with either (i) the

nucleotide sequen bsequence of (i)
of at least 100 nuclgﬁgg%%ﬁf‘g%%% %g%?hr}&r%%nd of (i) or (||) (©
t of the pol e of SE NO: 54 19 84 com |S|n
kforfgtlgn GF etlg %ger hEe %(c)fcr%o e fr%ﬁ%rg%c?gfgp & a & capable of
fragmé:rm (g)l}\(%gl@;r (e) thledras #éwmmw%m@nn’eﬁné@wﬁem HNAD) to
aCtBﬂ%&i}&Bﬁﬂé’ il tvieg.GP HQhinkild R 25ande(eha polyReptideatdmatively,

(a), fb) or (c) that retains more than 80% of the_initial
ucose and nicotine adenine dinucleotide phosphate (NADP) to gluconolactone and reduced

nicotine adenine dinucleotide phosphate (NADPH), having at least 1.5 times the glucose
dehydrogenase (GDH) activity of the wild- type GDH of SEQ ID NO: 2 and being selected
from the group consisting of:

(a) a polypeptide having an amino acid sequence which has at least 91%
homology with the amino acid sequence of SEQ ID NO: 54, 74, or 84;

(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 (ii) a subsequence of (i) of at least 100 nucleotides, or (iii) a complementary strand of (i) or
(i1}

(¢) a variant of the polypeptide of SEQ ID NO: 54, 74, or 84 comprising a
substitution, deletion, and/or insertion of one to six amino acids;

(d) a fragment of (a), (b) or (c) that has from 1.5 to about 1] times the GDH
activity of the wild-type GDH of SEQ ID NO: 2; and

(e} 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.



GDH activity after 20 minutes of incubation at 50C and pH 7. 3a [07b] In a
second aspect, there is provided an isolated and purified GDH polypeptide
as defined above. [07€] in a third aspect, there is provided a GDH
polypeptide as defined above in Iyofffhilized form. [07d] In a fourth aspect,
there i provideéi a palynucleoti j eyt ide as
‘{%IRJpep ia& 5L aéne tg 8\%}; %%g]g%j%&;jf %?ﬁ?ggs%}ggﬁhere is prg\?ig%iﬁgn
dofprabaiovevector comprising a polynucleotide as defined above .
Ep@]'atiygly inkedésa, premoterioidtdnaGiRth ashypeptidrere idefirsdidea"s
ost cell fransformed to express a polynucleotide as defined above. [07¢]
}ﬁoa@é‘??&réﬁ‘%spect, there is provided a method of making a GDH

poigpeptide, foathprisiag, (ecultivatinygidehost selyvsiapifsingReefigieic guoose
d construct comprising;a-nucleic, acid sequence encoding the

%%%;égﬁ%eggg H%%%é%%%ove qrjgeer' conditions suitable f%_rﬂigodu‘ctiga e%zf:i de as

i88eholype iiftrcasaerd ey EcBOBKFGhBPBITIE ST TOBPTHE &igt

sure

herall isditesiasiaaipalypepiioadiayving at least 1.5 times, typically 1.5 to
about 25 times, more typigally from 1.5.tq ab ' G&&%&@P"b%&%‘m |
dfTRe V\}ﬁd-ﬁtyﬁléﬂgl B S%@%II}SNB%M@%&%Légtd}éctée%ined by the method
qlolfainpided) deithbbibgvselected from the group consisting of: (a) a
ﬂg%?epﬁildg fRYRg ingasidsrauanceahishdiasaringasCIEY polypeptide,
omology, preferably at least 95% h_o_molgﬁy and rEore regacg I s@{é%%ieic
TRPTHE GO NAR S AT RRD SRR SR FINEES 55"?5%1{? B4, 74784,
160 16ha6: 168 dingeinationpamiolay defnpd|ypeystideds); qydgions suitable for
polypeptide.encoded hy.a i i sequeng ieh. hybridizes under
R ﬁcrﬁogt?lfr%ee @Wbﬁg%y ?fif%rl\%scd@i%ﬁ%gﬁer“(i) tf?é nucleotide sequence of
SEQ ID NO: 53, 73, 83, 159, 163 or 167; (ii) a subsequence of (i) of at

leagt 100rpuglestides, e} akemple mentaspsiksns ok @) badii).f imes, typically 1.5 to
Sambrook, E. F. Fritsch, and T. Maniatis, 1989, Molecular Cloning, A

L abenats iianmk=2spiediioo@id SprheyHarsaentie SR IaRaheof
trl%g?% € tied ﬁﬁtﬁsgf% NONS: 7434 A58ebBAiREAEP tl?@ri.iﬁﬂﬁiﬁgaa
supstitution, deletion, andfor insertion of one to s,lxoarg'lno acids;
Example 4) and being selected from the group consisting oI
{a) a polypeptide having an amino acid ssquence which has at least 91%
homology, preferably at least 95% homology, and more 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 2 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; (i) 2 subseguence of () of at least 100
nucleotides, or (iii) a complementary strand Qf (i) or (ii) (J. Sambrook, E. F.
Fritsch, and T. Meniatis, 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;



-4- (d) 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, ; and (e) 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. In one
embodiment, also disclosed is a variant GDH polypeptide as described
herein in isolated and purified form._4n another embodiment, disclosed is
a variant GDH polypeptide as described herein in lyophilized form. In yet
another embodiment, disclosed is a composition comprising a varia

GIOP pérgaptidel 48 0 @KRYRE B %’Hﬂi&éuitatﬂ@eéﬂdeﬁ%%ﬁ@gf*
buffess9lutioR wirrepkooaly sRyffersolutionfaving a pH between 6.0

d 8.0 1091 Th | GDH polypeptid isclosed berein.
o doeL e Il DI eepiicn s g e el eveon

polpepticédran BimsetifimofSiEQ ADSROC 2rsipFlyichllyneapirsimeEQ

ID NO 32 Rk T 3iAG RSTESihs o mRre: trnisalckynlirbi@miaDaagighrified form.
residues, even more typically by 1-5 amino i%éesi ues, engs OSt 1 ed herein in
typreangthe 12mbadReh oS uBs? I'—"(?Paﬁﬁfg POrH8 preden
invessignzéheceegies@hhamotogbietmeetistioedmingonpitisey gempasing a variant
was geterm ;%Q&‘%'d%%“%&&%@éeﬁe%%%ﬂ YWunseh glphal aligamenbufter sotution, more
algori ﬁﬁ/,e., using dynamic programming algorithm for Global Alignment
Sconivg!Matbe sNrticohaingix Rbithegxs e84 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

ge il menBeyalioRERPIE RSP SRR ORSE SRR RS A& A mino acid
sequsace- Al iy PIatelns) rdetveabohMalamdas Bblogol fikddd: 46dn B.
(1970). [10] The various residue positions ftheSeE %bﬁ?gng ino
polHERHRE R HAPEhaenshpL ¥e%%|%% fRaRced CoR actiiy

and/u iesanastabititypicallgbmbiérmdbirc sk dubs reven Tiveedpivelbohy
sequences for a.number of the. invent PIRHI lyRERt ve:

de?hbgn%ﬁgf(é&%%ﬁg%(c%ﬁ’ég ef’é}lv' }&\é?lwd/or thlgéprmostagiclf?t&y}gtél ES%]% al_r:gr
disghrpesth ofcie gs:SRQITNGS 18 66 90 homoleyIgEtyeenhyoAmmpd

28, 2 %u@ﬁce%ﬁvé@de%d% NS RRan HuREOB 064, ignbknt
66, 68, 70, 72, 74, 76, 78, 84, 86, 88, 90, 92, 94, 96, 98, .
algorithm, i.c., 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 amino acid sequence of two proteins,” Joumnal of
Molecular Biology, 48:443-453 (1970}

[10] '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, §, 10,



100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126,
128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154,
156, 158, 160, 162, 164, 166 and 168. The polynucleotide sequences
encoding for the above described inventive GDH polypeptides have SEQ
ID NOS: 5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, %9, 61, 63, 65, 67, 69, 71, 75, 77, 83,
85, 87, 89, 91, 93, 95, 97, 99, 99, 101, 103, 105, 107, 109, 11, 113, 115,

117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139 , 14

149, 1471648, 3033300, 3605, TosVh 00, TherScimnth 1% 3032
rer?_@ﬁggi,vgysé\g@ahﬁ,@f)lﬁgpﬁb{p@pﬁ@e}'@m 30, IS@:S%ZP@JW : Sherdin,
which is, encode the polynucleot; - 51, on
nd Ot 30 L0 et s i Cos 1RO T Bt 10
angsdiffers theretemday sig amindiacid BesiludS2 IIEHNIES, ditd6Rdibie
the novel gluc ehydrogenas ' f NQSiy

84,1 O?éﬁéﬁnéa)rsllce? gl1683{%% %gk‘éﬁeeﬁﬁ%énocge%%%c%s?%eh ro ena‘?sdcfai!'127047’c
actiestyibelioveaniverGoH mémnmt‘gieﬂohwe@ﬁﬂ@éqﬂﬁéi\gn& gpélgl%&ée

dehydrgoenase o SEQID;NG; 35 12bAlse, disciosed are, 50lyiestdes
haviig glucose dehydrogenase enzyme activity an%ge g e tsg f{g@
the3Br&lip&Bo §Sisthg®8t AlGTH PoRebtidd Having’ eg%t 8406 scquénce

idefﬁg}’l\ﬁ’ﬁt,hé@ﬁ@d@ %@1@2&@5@&% mmnemiaeaqa\zﬁ?zaméast 989133,
sequence identity with SEQ | " ypgpti [ t

leastBdd *g‘gauéﬁ%elﬁeﬁﬁ% %’dl\’:%%éﬁg%é‘i%ﬁ%?%@é%%%@é’g%ga ' o
polyntgleotissadencarnikiienDorps foettideqGERSFOMIINGS) difdrsptderein, which is.
GDH polypeptide. Given the d of.th ti RIS acid sean £ GDH
disg%ggﬁ%yg&%g?%%uaggﬁ eogmgagt%%?%ég%%%g%%%gﬁg%erence?iclé_l%lg e

POlYFRPIRNOIH aiothBmsasterier aahiiSemiere IRy SEHEHI G AR fRsidues-
specific polynucleotides of SEQ ID NOS: 53,73 -6- 83, 159, 163, and 167
that encode for the novel glucose dehydrogenase polypeptides of SEQ ID
NORg:154, MdsBdisled hediant B8, respectively. [14] Also disclosed is a

nucleic acig construct, a vector,.qQr a pEisi uelaoti
e

prongstethat have enhanced glucose dehydrogenase activity and/or enhanced
thermostability relative to the wild-type glucose dehydrogenase of SEQ ID NO:

2.

[12]  Also disclosed are polypeptides 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.

[13] Also disclosed is a polynucleotide sequence that encodes for the correspondingly
referenced GDH polypeptide. Given the degeneracy of the genetic code, also disclosed is a
polvnucieotide that encodes for the above referenced GDH polypeptides. In another preferred

embodiment, disclosed are certain specific polynucleotides of SEQ ID NOS: 53,73
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[15] Also disclosed is a method of making a GDH polypeptide comprising
(a) cultivating a host cell comprising a nucleic acid construct comprising a
nucleic acid sequence 10 encoding a GDH polypeptide of the present
invention under conditions suitable for production of the polypeptide; and
(b) recovering the polypeptide. BRIEF DESCRIPTION OF SEVERAL
VIEWS OF THE DRAWINGS [16] BJG. 1 exemplifies an
oxidation-reduction cycle wherein glucose is oxidized by GDH to gluconic
acid in the presence of NAD+ (or NADP) to 15 produce the corresponding
refth CE£okF3 NB H-3r RADIPPde d8p 6y @YY h PR Tu TR RIS

rediclion 8k rietosaseduces sebstrtenthibs, beipg-ewigized back
to NAD (or NADP) by a reductase. The gluconic acid formed in this

re[@g; ion js.petdralized hysaediump hydroxide to sodium-gluconate. [17]
FIGS. 2A-2B in combinatign provide a table co ' 9 '
eI R e e R B L
GBiebdingy pépiidas ppthedneticmted vkt efaienes. In col. 4 of FIG. 2,
the GDH polypeptide of B subtilis (506-3) has the same amino acid
sequence as disclosed in EP 955375 (col. 8). To generate FIGS 2A-2B,
aliggmenigswergidaasusinghdysfamic programming algorithm for Global

Alignment ring Matrix: PAM 25 120 .matrix with gap penalties for
in%%ﬂ%i%g% S‘igi’iﬁt.‘é%%"%lﬂ‘aﬂél%gé‘i%&aga )%: -1.396. The percent
ideBtity=} compoeinefidentitabseciduendctmmsisthe finsclesqeehswemdthe
second.se divide | ILSt: TARE=]
e R o e A ble

C .for, pradgetiaral the tholsnepiiiccnie (t rreseRs RRPEiraraRdes in the WO
2005/045016 PCT/US2004/026194 -7- 15076WO0O03 amino acid
sequepREDf HFES ORIFEMSN IRERN R AVCEEWA BIOIEE, IABAMINAE3
(1970). [18] FIG. 3 is a 4036 bp expressign vector CKJﬁllOQOO of the ,
pré&@nt Fbenticrenridisisg é”?‘i@ﬂ“éﬁ?éﬁ?%ﬁeﬁ ST A 0 a tac
repressed. vy SOBRDindivgisiteiditathprmeetes (N ALT7 (HhasaBRY) to

binding site (T7g10 RBS), and a chlora B"lﬂﬁﬁi gl rﬁ?&i%@ edene. ..
(c&ﬁ?&%ﬁl%éﬁ?%rﬁg‘@%% rseﬁ{?]ﬁ:ren‘%?r?/%? we agt e fo ovi\]/}'ﬁrig tailed _3’
desdiiitiontadn drives the reduction of a substrate to a reduced substrate while
being oxidized back to NAD (or NADP) by a reductase. The gluconic acid
formed in this reaction is neutralized by sodium hydroxide to sodium-gluconate.

[17] FIGS. 2A-2B in combination provide a table comparing the % amino
acid identity of the GDH polypeptides of the present invention versus the GDH
polypeptides of the indicated prior art references. In col. 4 of FIG. 2, the GDH
polypeptide of B subtilis (306-3) has the same amino acid sequence as discjosed
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, SB. &
Wunsch, C.D., “A general method applicable to the search for similarities in the



certain embodiments of the present invention, will be better understood
when read in conjunction with the appended drawings. For the purpose of
illustrating 10 the invention, there is shown in the drawings, certain

embodimenis. It should be understood, however, that the praseatiees/o26194
invention is not limited to the arrangements and instrumentality shown in

the attached drawings. DETAILED DESCRIPTION OF THE IN%%QI&]"}{%I(\}I3
[20] The present invention has multiplé ‘aspects. In one aspect, )

present 15 invention is directed to a polypeptide having at least 1.5 times,
typicaind Fitbsegveute2s! time srorins typicalhl frioMdebuiardbioldgl] 45das-
the @gl-(llgggyity of the wild-type GDH of SEQ ID NO: 2 (such as
determined by the method of Example 4) and being selected from the

groupSnNFlNg 6f: (2@ AYPeRHER; AR ANBEOIN QRIS STUHRNGRsent
which hag at least 91% eéggm.ol_ogy, prefer_abl{?at least 95% homology,
and TGTE PREFEPRBR 4t e ast o895 HETRIE MRt iné Shnb!adirpressor, a

SeqUARODIBEQIID NQc PomdiB4tE0 T4 (Inereinakas (T7:10
“horgalagalts PaRERes . (). polyBepide, epgoded by a nudleic acid
| u

sequence which hybridizes under medium stringéncy conditions with

eithex4j) thenaysieglide seamMenceof SEQ R f%ﬁo%ﬁ?lg%%tah%@éé%éﬁé%ﬁ of

subse%ence of (i) of at least 100 nucleotides, or (iii) a complementary
straf8r i TBPI R E Sh Hio Bresent Fyehtiath, WildDe . befisisfidersiogd when
Moleeadan ElopingioA withohatgryeManuayadkeditianhEpldbSertantiathng
Y.) (¢).a variant of the polypeptide, of SEQ ID NO: 54, 74, 84, 160, 16
10 G A RS e adbint, gt
six amineEEsIWDRe03/0%80 1B-PETHIS 2000026 194ng- HBOEEWO0B

() affaguRnlOLiBk LAk EuNALAS M LA RaRpM AL dimes the
GDH activity of the wild-type GDH of SEQ ID NO: 2; and (e) a

. . 0 I
ety afer 20 WAL HECh Ao G B0 C AR NG, Uniess
othef¥oise MatepheamuaediticaughauttiusspeedicationnthesiRemane peseaint

e e e el UGG Teie 1
identiepuhat times, more typically from 1.5 to about 11 times the GDH activity of

the wild-type GDH of SEQ ID NO: 2 (such as determined by the method of
Example 4) and being selected from the group consisting of:
(a) a polypeptide having an amino acid sequence which has at least 91%

20 homology, preferably at least 95% homology, and more 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 pucleic acid sequence which hybridizes vnder

medium stringency conditions with either (i) the nucleotide sequence of SEQ ID
25 NO: 53, 73 or 83, (ii) a subsequence of (i) of at least 100 nucleotides, or (i) 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.);

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

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



is determined using the Needleman Wunsch global alignment algorithm,
l.e., using dynamic programming algorithm for Global Alignment Scoring
Matrix: 10 PAM 120 matrix with gap penalties for introducing gap =
R8.183:@dckcextending gap = -1.396. The percent identity = pgrmden@fozs194
identical residues between the first sequence and the second sequence
divided by the length of first sequencg in alignment (with gapg¥@ewoo3
indicates partial match. See Needleman, S.B. & Wunsch, C.D., "A

general method applicable to the search 15 for similarities in the amino

acidBexjfregmensofnd pfbtemEs) Jestdris) Bemmbleéuionididdiastim S 153
(é%ﬁ)v{%f%d%ﬁﬂz%ﬁmﬂhﬁl@;}@ﬁj‘gigcgg%a:ﬁehydrogenass" arr:d

" " are used interchangeably herein to refer to a polypeptide t

e B IPERI P Uh LT, ol B A% P B 2 e
dinucleatidetNADhitm 20 of iembolactontdaadandchi€&d nicotinamide

adenine dinucleotide (NADH). Alternatively, the phosphorylated cofactors
NABHand NaB PHesaite astadeaNis e AngupEHINE thReEBeRiOPe QiBHTM

nature, GRELS sRpdegipiofdopr seRenittithatare Jpeselyhakikivosthesdn

a homo-tetramer. Based upon the crystal structure of wild-type B. |
medRERRARZEADI IRHEDIIE: (Sty RSFES: Hy98 (PAARADBES tcaflty, hat
Bioghe@ae200d0 7283 AR 32 kemid Ud pesifignshiBRigdfof therithm, i.c.,
polypeptide define a protein logp region that, is invalved in +a -
i e R
1(preSemviniéhtion:dre witteferabhrudiipletbroiateyintiasicsenctiodasa and

cofagtay ragensrationsystefd $eR A0 g LniaBiVigeR £RAIIAIRAGes

source of reduced cofactor. As used herein, the term "cofactor” refers to a

nonbskes® BEriHs RANTISE GPerite sSrPItGeadeD Abade by the length of
PCTHBE 2004226 104119miER0 76MID QR ommpinaliefewihanlenmche thsde

catalyzes a reaction of interest. Suitable cofactars emplo ith the
SO GBS &1 MO BrBesP e B T R e 1o e Sarh
1{nicétinaimidesce hinendinutieotida! plrasplate)fatvd NA@e(nicotiNamidd of

adewegw%§£g AU ER Ig%m "cofactor regeneration system"

refers herein to a sét of reactants that participate in a reaction that
reggngrates:asliliggedigofacianRackut®se dehydrogenase” and “GDH” are used

interchangeably herein to refer to a polypeptide that has the ability to catalyze
the conversion of glucose and nicotinamide adenine dinucleotide (NAD) to
20  gluconolactone and reduced nicotinamide adenine dinucleotide (NADH).
Alternatively, the phosphorylated cofactors NADP and NADPH can replace
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)
25  (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
30  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



its pre-reaction state. An example is the regeneration of oxidized cofactor
regeneration back to reduced cofactor, e.g., NADP to NADPH. The

reduced (regenerated) cofactor is then capable of participating in a
reactiosmsthea 10 substrate and an enzyme, such as a redugiogesiaynesiod
to produce the reduced substrate and the oxidized (utilized) cofactor,

which can again be regenerated by tlge cofactor regeneration SysteRo03
The above-described operation of the glucose/glucose dehydrogenase
cofactor regeneration system is exemplified in Figure 1. 15 [25] In FIG. 1,
the RS SaANE 8 BYAHBS iicHtt Ry M ERpAh B¥cTseingSedapled
to thergtucesamsRhydrrgena el ipdigepagener aiopaysianchhen tetde

"co "is.used herein to.refer to_the use, of the redu rm. of cofactor
ok R TR e R O R B Pimingie

formdehitiealsmmientdéactor, generated in the aforementioned reaction, in
the oxidation of 20 a component (e.g., glucose) of the cofactor

Yegd#bratibhesyatam CoR GusaramBen Y TeaIcaH s HGtithdsamet of

cofaglRt-fNB R oasibislimiting fastarin: the-pvarall yeasten speest ke to

led system is th d (activity) of the GDH_polypeptide i
oQRHoPRI SR (28 OB Ao SSTHEC TP R SEA RO

have:galrancedtaRHo 2&laciivityfésucheas, M&sBHred K EIIM&hodediiced

Example. 4) that is 1.5 fol b I -than t H_activit

o BRI, Sibet LGS BRI NARoS
1Qypisatistsaserypitban SEQUS Nk 2By 1edrciimiphsvend e sdase iereeduced

typicallyuye 1 ARNQRLE (RIISUSToRNER TAME BiRiGaNY: BY AR2MiRA by
acid residues, and most typically by 1-4 amjno acid 30 residues,

PrefdFataaier GREPBORTE HHET of thB AR IRENGn Wataion of the
enhaneeekGhEisactivihtehisc2:btfoldrte:ghauhtidn foldgrentex¢hatifibeé in
GDH.WO §005/045016 PCT/US2004/026194 -10- 15076WO03 activity of
the bdckbohe GDH polypeptide from B. subtilis of SEQ ID NO: 2. More

1prefesaply itherg DH molyneptides:alibe prasenkinvention havecabanced

thermostability after heat treatment at 50 C for 20 minutes that is 1.5 fold
to absRe 15RM Grdelurnan dRBYEBRALT SRS IS BaCIRe Bism- The
polypeptidedprgnsBisaubiitsnab S 1N QsLofThe istastalilityist cofactor

detei%rqﬁegg)%t?gg %?%risr&gstrate, and the concomitant use of the oxidized form of
the same cofactor, generated in the aforementioned reaction, in the oxidation of

20 a component (e.g., glucose) of the cofactor regeneration system, which
generates the reduced form of the same cofactor. One possible limiting factor in

the overall reaction speed in a coupled system is the speed (activity) of the GDH

polypeptide in regenerating cofactor.

[26] The GDH polypeptides of the present invention have enhanced GDH
25  activity (such as measured by the methed of Example 4) that is 1.5 fold to about
11 fold greater than the GDH activity of the backbone GDH polypeptide from
B. subiilis 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
30  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



the residual GDH activity (such as by the method of Example 4) remaining
after heat treatment of the GDH polypeptide at 50 C for 20 minutes. [27]
The amino acid sequences for a number of the inventive GDH

poly peplidasdhat have demonstrated enhanced GDH activitp@n@idhed$r6194
thermostability at 50 C are disclosed herein as SEQ ID NOS: 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, 32,34, 36, 38, 40, 42, 44, 4 6158‘/@%03
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 84, 86, 8

94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122,
12429paty1908the Spckizme G341 pobpedglel ionn B2 sibmilis A EXAGDINO; 2.

15201634 phE6rab 8 AOODERR Hdhiiks H6rRNACAGR RS RAlYAVE Satise-q

sequences encodlntg for the above de§crlbe inventive GDH poly geptldes '
hav& SEG* NG &1 heay rpampeat 355071 tpr 2 myiguiss thyy ind afpldio
35, 3170139,54?]31(14@:@4ﬁr HanAfe E@I&%{:ﬁﬁtﬁﬁf 812, it kbhe 6B HhobPepide
5,77.83,8 1,103, 105, 107, 109,11,
2l Pr P 5 TE N ) s i iy
141 theqgsidug GIAT amgl,msm,cussbas“@, n8hod 59 Fx6dp6B, r¢68ining 467,

respeciivelymaBLinuet BrolBRLARRS: e errsentinygation is directed to
GDH polypeptides that have énhanced activity in coupled reactions. [29]

In appther Bmbadimeniithedirsent ifentionsdsdirestegddoiavaiatt 29011

polypeptide, encoded anu Ie|c aci nce w ybrldlzes under
0‘9 rips rﬁ‘nasengf/afzon tionS With ?‘I %ﬂ‘ ancﬁuclégci‘:}lﬂe g@dﬁ%c@’@?‘“
I@thﬂﬂnmbﬁﬁy 78783C169 ﬂ&%s@d b6 pa SEQIENNE e o8, (0o 21 14,
asid o, ByciRotdess ofdBhassompipmentan Akl UbXdiBAsy 56,

Sambrook, E. F. Fritsch, and T. Maniatis, 1989, Molécular Cfonln

Labdatey Wraftlidio26830%dRiol: CoId B ingHaHA0. 193y J4736, 98 100
polynuEleotides of @, lersti 100 wqtaptmsmdermh;i@vm vieny, imigh 132,

PR S B B Aol s et

15t 4266 m&XSSPHe @398 DS ROBqmitgimishdane thard dboatutadribed

al e far S n 35%
?orrr;}fa?\rcnkl 8@%@ 12}?%{% med%rsgﬁgﬁﬁ]i@n% %’r?mg;w%) Ergég/?fg?fr?agm

for h?éhQéna'F’v@%/ ﬁlgﬁ%tﬁmééné%éﬂfd%\ﬁﬁagﬂ 49 51,53, 35,57, 59, 61, 63
65, 67, 69, 71, 75,77, 83, 85, 87, 89, 91, 93, 95, 97, 99, 99, 101, 103, 105, 107,

109, 11, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139,
20 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165 and 167,

respectively.

[28] In 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
25  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 compiementary strand of (i) or (if) (J. Sambrook, E. F.
Fritsch, and T. Maniatis, 1989, Molecular Cloning, A Laboratory Manual, 2d
30 edition, Cold Spring Harbor, N.Y.).  For polynucleotides of at least 100

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



5 standard Southern blotting procedures. [30] For polynucleotides of at
least 100 nucleotides in length, the carrier material is finally washed three
times each for 15 minutes using 2x SSC, 0.2% SDS at least at 50 C (low

sifimeaReMIoal least at 55 C (medium stringency), at least atQ fs2004/026194
(medium-high stringency), at least at 65 C (high stringency), 10 and at

least at 70 C. (very high stringency). [ﬂ_] In another embodime é@%ooar
present invention is directed to a variant of the polypeptide of I

NO: 54, 74, 84, 160, 164 or 168 having a substitution, deletion, and/or
inseptiohybfidimetiten sivdrhibodicidortherdfor; amdh&WRE, flopTel T 200

200uhiglinGel0e GRaAtthb:ahine MikYReChid Ohts SEOMMNIE

such as determined by the method of Example 4. Preferably, amino ac

charigéslare ctangshorsnafiv®, thanisednsdpyativediiinertignedium-high
substitttiens dhairdpacsignifiganirifestdhefoiRing andioractiviiRiithe

protein; small deletions, typically of one to six amino acids; small amino-

S
or c& Qﬁ-@@ﬂ%ﬂﬁl@?&g&?&?@d&rgﬁall linker peptide; or a small
extension that 20 faclitaiesPurication Buchanainaqelcharge granother
function, such as poeiy- istidine tract, an antigenic epitopeor’a mcﬁ%
domaiate[BR | Eieaipluasbe ¢ Srce firaeh eaghy barifutionr taevring i Aiee Grouge
of bagigs AMIRQ A%IES CaTGH Eﬁﬁng) 3iNe anddistidipey B&ﬁﬁ%@&%?ﬁ at
(glutamic acid and aspartic acid), polar amino acids (glutamine and
aspalF g oy tr B 24 A ORI flolfite i Eolc e nAa sansa),
laromaticasnneaus. (phenytalsringnktyptophan and tyrosine), and small
amino acids (glycine, alanine, serine, threonine, proline, cysteine and
methidHineln Amiher asitiodulsstittitioprsswhiovad sotsgbrested yoafterihet of

specific eiisHe kKRovEdiNia@t dzaredlestiipes JOLeXaRRIL;RY
H. Neurath and R. L. Hill, 1979, In, The 30 Proteins, Academic Press,

NewSYBHUTAR Afddito AHONI GEITHhETEX R GBYNA RiftdhsEraray Ard
Aspl/liing mbae. Ma/BlyatAlaiThes Serdsn AeMaloiVi 0Q5/AA50HE of

IR AR S, RO AR S AT e s LA
in reverse. {83 thawgether erhbogiment;tive, piegeint ¢ousamtiaives direotedid
toa fsrxﬁﬂmﬁ@agns that do not significantly affect the folding and/or activity of the
protein; small deletions, typically of one to six amino acids; small amino- or
carboxyl-terminal extensions; a small linker peptide; or a small extension that
20 facilitates purification by changing net charge or another function, such as a

poly-histidine tract, an antigenic epitope or a binding domain.

[32] Examples of conservative substitutions are within the group of basic
amino acids (arginine, lysine and histidine), acidic amino acids (glutamic acid
and aspartic acid), polar amino acids (glutamine and asparagine), hydrophobic
25 amino acids (leucine, isoleucine and wvaline), 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
30 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,



of (a), (b) or (c), as described above in the first paragraph of the Detailed
5 Description, that has from 1.5 to about 11 times the GDH activity of the
wild type GDH of SEQ ID NO: 2, such as determined by the method of

xapapieden By the term "fragment” is meant that the polypeptigedigs da6104
deletion of 1 to 10 amino acid residues from the carboxy terminus, the

amino terminus, or both. Preferably, fhe deletion is 1 to 10 resigugs, g
the carboxy terminus, more 10 preferably, the deletion is 1 to 5 residues
from the carboxy terminus. [34] In yet another embodiment, the present

inve¥iélis BirdtieaAbd GO Pelypbpdenof @y ih) en(¥plas dédwrilsed

aboyg sihedirsiparasiaphfdhe Detailed Description, that retains more
than 80% of the initial (pre-incubation) GDH activity after 20 minutes of

incui3ationrataprisraginbpiinte e refe raklyn thevdmipaligpéaiptidas of sfagment
invention retain at least 85%, of the initial residual activit ferahly
s 00 R e Shel S0 i o Lo o P LR
57. TResmitiad'G Diet AesiVivpisl detwlifcdetertmmresdlisy Gpthssayifiopf @B pvild-

aCtiYW& @Hﬁ@ ﬁﬂt?@g:iﬁ, E&@F&Q'&eﬁ&%&_ﬁé&‘ b?@k%ﬁ@ ro%ple 4,
polypeptide (SEQ ID NO: 52) of the present invention is 20 based upon

¥

T e . . P
the 8pnine i§ER SEmmshteib MR AR RIERMIIE 8B5S A5iRion & Fion B
naegaten R dife roharRitamdy shraimiBOReighiRsiduasnid)isr Gt
polypeptide is encoded by the nucleotide of SEQ ID NO: 51. [36] In
ity s e SRR R R et e S R AR
1havingigteidgstadédisiivogehast residyen drantitycahddydmgisekected 25

from the group consisting of a GDH polypeptide having at least 84%
seqlitce Tasstignotier SERYINNG B2 PR EPBIIPR ptidEastadrie aliPakt

280/@3@5}9[&&%%5333% Wit E%h@c_h@a Zﬁgo@@ﬂ:l&l% %ﬁgqg&yra@fqﬂﬂsf the
aving at least 98% segquence identity wit ). ese
peré%ﬂ?’ii‘fg Ef’éE’P/\t/?SPe Bra e W%I@%ﬁf@%ﬁgl & tiak o gubgion)

avai{zible ferinitf-aftep2amiBioin fgrimatics GOatrsift(tenCalihbridyefetdkl);, the
ounting the .nu of IC inthe alignment vid
A LY
PCTIYS20¢8raRg polpast 80% 567w RS efarenel septieniasubipnging”
the foligwingr defaplt GllustetidRaramelss adaghionesin/BeeN aleay for

pairwise optimal ali%nments,- Gap_ Open Penalty:10; Gap
GDH activity, such as described in Example 4 heréin.

[35]  Another GDH polypeptide (SEQ ID NO: 52) of the present invention is
20  based opon the amino acid sequence of the GDH polypeptide (SEQ ID NO: 4)
from B megaterium and differs therefrom by six amino acid residues. This

GDH polypeptide is encoded by the polynucleotide 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
25  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
30  Imstitute, Cambridge, UK), counting the number of identical matches in the

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



Extension Penalty:0.10; Protein weight matrix: Gonnet series; DNA weight
matrix: I[UB; Toggle Slow/Fast pairwise alignments = SLOW or FULL 5
Alignment. Polynucleotides [37] In its second aspect, the present

IRpuE BSR4 irected to a polynucleotide sequence that encogles§95i84/026194
GDH polypeptide of the present invention. Given the degeneracy of the

-genetic code, the present invention is,glso directed to any 10 ;54
polynucleotide that encodes for the ;é)%ve referenced GDII po?‘ypeBWd%%BOf
the present invention. In a preferred embodiment, the present invention is
directfstertee cextainepesificputy Huclobtidawof SEQ [DUNaY: B3 aFRLKE3 1o

159,362 andwaLdhal DEQP&?QQ éﬁﬁm ﬁ%}ﬂ&l&cﬂé%pdébym%%%% Ga

polypeptides of SEQ ID NOS: 54, 74, é , 160, 164 and 168, respectively.
15 [HEterson diceahe O PrRieEit BRPS PHEtdeSomtie prese RNV RtESH,
onensigRs WItTRNeRem B wWildsty papalynutlestides thagienvode #FGOH
fpolgg tide. The term "wild-type" polynucleotide means that the nucleic
aci ﬁ%‘ﬁﬂ?@ht does not comprise any mutations from the form isolated
from nature. The term "wild-type" protein means that the protein will be
activeanyqleoides 20 activity found in nature and typically will comprise
the amino acid sequence as_found in nature. Thus, the term "wild type".or
“pareiial SR A ARSI L B SRS S Fardranis SaduARey I
manipylatientiof thecidve fition GRY] [Sujtaipledsouirtespofswilditypei @D Iiaista
startinamatelialjo fedmaeied @ A Lsadbnidaied b 36 86BN to any

genomic libraries for the GDH activities 25 described herein. See e.g.,

LExansbrauslontiter tledi spRp dthitap DS abrre BfaprdsURE pakiRERlgsS of the
bactetg-AsifRuREbin NAtkReoeaiBxaRRAlsht, Usingdhanuilished s dease

dehydrogenase gene sequences for B, sut#?i ga.g. EP 9%237? anﬁ-d? B.
e eI (S 5 &5 P Bt Ra SRSy Simgtadtonto e
genas7froan dheidd dspdetivevgiegindibratidsdvegenare atelgdnepints of SEQ ID
con o] I_} ccgm [ 8§0 %Qar\é‘? EIESJ& wing sequences: WO
200§§§5§%6 g %]/8%%% 41026184 14~ 15076W003 B. subtilis forward
1f9r'”‘[@:'8iSE'@) IQ&“N@E@%pmvcd GDH polypeptides of the present invention, one
5-GAATTCGCCCATATGTATCCGGATTTAAAAGG-3'
starts with one or more wild-type polynucleotides that encode a GDH
polypeptide. The term “wild-type” polynucleotide means that the nucleic acid
fragment does not comprise any mutations from the form isolated from nature.
The term “wild-type” protein means that the protein will be active at a level of
20 activity found in nature and typically will 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
25  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

30  and have the following sequences:



B. subtilis reverse primer (SEQ ID NO: 81):
5-TGGCCGGATCCTCATTAACCGCGGCCTGCCTGGA-3' 5B.
megaterium forward primer (SEQ ID NO: 82):

W MATEGEE CCCATATGTATAAAGATTTAGAAGG-3' B. megatgidiiore194
reverse primer (SEQ ID NO 83):

5'- GGCCGGATCCTCATTATCCGCG{I&CCTGCTTGGA -3 [40]156'::]1%@
forward and reverse primer pair in a conventional polymerase 10

reaction (PCR) to amplify the appropriate portion of the gene from B.

subfilig“ardsioregd tioes (SEQdRNSCROproducts were obtained. Each

PCR  produet \vasicteneddntoarompressienyveciol and eeesatively linked
behind a lac promoter. Upon screening the clones for GDH activity (e.g.,

by tﬁesﬁ%’éléVS‘feﬁ§<§ﬁfBFé SRR Hes were found to express active
GDH and heesgees A500re AENuan@EaC A fict DN Tamernte (SEQ

S ted as S06- a GDH polypeptide identical
Sio t%gﬂﬁ%?gﬁl% acﬁlruspsll}fatr 18%@%}2'@'5@% NO: 2) was obtained from
Bacillus subfisARAEec6Hd-BRNAT e Jentd (BED TH®OIGY-designated as

MO%%QQ:@%QQ@%&%%%r@Q@@%B%é Rat was 98.5% identical to the
published Bacillus megaterium 20 GDHé&%% ID NO: 4), was obtained

from Ba(:llﬁ.lg’ﬁ;igggfg‘ CHre BT BRC EdShy &ﬁféd as the

If d I h d. d
s o e e RS P B e e petgrse
1Qorinebrsndesciitre PATOVE, otipdif P OR ymprsaef p@rftﬁenenf I@ngmﬁ:cﬂwkd Be
uSe%ﬁmud%%gg&m&ﬂmss%&h peR IE&BtsMé Sayide Jo “ﬁ%&ﬂopéa

and Ap [})i ication, Academic Press, New York. Other conventional nucleic

acid® ﬁf%ﬁ.é@%é@@%@%@ﬁl&g ﬁ'@%t@é erhpPresbrdn ipkeRYegdtad

actiyadoebHarsCrigsianstkeddih 2Rt BRI R TDILAMBNGADASEH the assay of
am |f|cat|lon (NASBA) could also be sed. é4 6On ce %f);% able starting
r

materiarhigs BessaL stmsd Wﬁ’ﬁgﬂuﬁ‘ O SHpTes0 3G A RLETS Jos
1;andfoneveduenteh zyimigsh BNdg sapkmow (B GRS & @tehy desigenads esabbitkity

s readily, ggﬁﬁgzase@ﬁﬁrlb%ﬁg Ane Gle.el RN eI s

PCT/US2004/026194 76WOO3 mutagen SiIs or directe
evofaiBh (et Had\8eg) eve, abiisinedtfapm- Rppibechdelis. A second DNA

sequence (SEQ ID NO: 3), designated as M02-6 and encoding a GDH
polypeptide that was 98.5% identical to the published Bacillus megaterium
20  GDH (SEQ ID NO: 4), was obtained from Bacillus megaterium. These DNA
sequences were utilized as the starting material for developing the improved

polypeptides and polynucleotides of the present invention.

[41]1 In addition to the PCR primers described above, other PCR primers of
different lengths could be used as well. See, e.g., Innis et al., 1990, PCR: A

25 Guide to Methods and Application, Academic Press, New York. Other
conventional nﬁcieic acid amplification procedures such as Hgase 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
30 occurring and mutated and/or evolved enzyme, having unknown glucose

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



to DNA mutagenesis: an overview," Anal. Biochem., 254(2):157-78
(1997); Dale, et al., "Oligonucleotide-directed random mutagenesis using
the phosphorothioate method," Methods Mol. Biol., 57:369-74 (1996);
StheskySnitro mutagenesis,” Ann. Rev. Genet., 19:423-46-4k38804/026194
Berstein, et al., "Strategies and applications of in vitro mutagenesis,”
Science, 229: 1193 1201 (1985); Cartl%r "Site-directed mutag(FaQl 551\,003
Biochem. J., 237:1-7 (1986); Kramer, et al., "Point Mismatch Repalr,

Cell, 38:879-887 (1984); Wells, et al., "Cassette mutagenesis: an efficient
methodafsnegener diiosiot enaltipte mcjiatcﬂ@n§qa) atdéfingdsiles, Agpemshes
34:315R8 (aGpdnddinshll ehaly, Pl 9'”@\69!%?&9”29&@3%‘5%@(1997)
breeding,” Current Opinion in Chemical Biology, 3:284-290 ( 99);
Chribtigns tor &k, - @%@éﬁcm@méﬁes%yfﬁm{ﬁ@ kﬁ%}ge@%?%zwsmg the

pho hm&%mu&a@@&% Ry shuidingiolN atnesBinteehoglogyith, "In

7 259- 264 999 ramerj, et al,, "DN f y of genes
e R PR o o oA TR et 6l

391 23&42@% @rammhmtlahs Kol ecubametaghition, b Bairmrseiztid 193-1201

deto B%‘OB&%}“W%}@&BN%S&‘d@ﬁgégems'“atgfgcﬁéﬁ}e‘ﬁh”%@ﬂi{ 17 (1986);

15:436-438 (1997 Zhang, et al cted evolttion of an effective
fucokiciss, Rbh.a RpinidrEsToRisk RO CelhuARRg AR Sansdteils. ot al.,
PfOOQ;GQ&@%ﬁaﬁﬂﬁﬂg%ﬂ!ﬁﬁOﬂﬁkﬁ%?éi@mé&lﬁfdsf&ieg&ﬁﬁadérﬁeﬁm&ﬁﬁéiﬂuﬁﬁﬁs

20 Crameri, et al., "Improyed green fluor scent protein by molecular
10 oA AR R N BrotAE el Sy 2114 57113 Fgolution

(19969 fitegoumer bfaarapgj"emmn(mﬁlmmoiﬁlmmma by R)DBA, S HAIH0

J

RTINSl SRR A, sz

OI’ mo E‘CU ar

frag tion and réassembly: In- vitro recomblnat
evolatiewharrisienditigs SNRefhraliv AaPS a.Cadetig Bi

9L 1944 (rddbiSd b fdf e WO SBI2RARRAIND P4 ARE; W%%/%%ﬁw\éy@
98/27230; WO 00/42651; WO 01/75767 and U.S, Pat. 6,537,746 which

1R suSBeRF R ARG RS Id5FF Tk i E OB O Rl a9 e L ekBEFfoft 2L
creatingipaliinuelaotice eneh m&m&;ﬂ&immmw[@aﬂ;ﬁbwm sﬂnﬁsmg,

met'N‘%ﬁlg%”olPﬁ "gf' 3AsRaE Nt é_t;ve ‘i'eP“ éreﬁ?% evolution of

'several 0 scrl ibad niques can be
usedsetfaeittallieofidsicalyradligrarjosititssrfan RSl shrfidogdes issmedted

by %%JQEH@%;WP H{ee}(ﬂﬁ%&%aﬁ&é@&ﬁg'(&ﬁe&%&%&? I EXHESSINNs 44509,
products are 0041026
Crameri, et al., "Improved green fluorescent protein by molecular evolution
using DNA shuffling,” Nature Biotechnology< 14:315-319 (1996); Stemmer,
"Rapid evolution of a protein in vitro by DNA shuffling,” Nature, 370:3§89-391

{1994}; Stemmer, "DNA shuffling by random fragmentation and reassembly: In
vitro recombination for molecular evolution,” Proceedines of the National
25  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 Amold, 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.
30 To maximize any diversity, several of the above-described techniques can be
used sequentially. Typically, a library of variant polynucleotides is created by

one mautagenic or evolutionary technique and their expression products are



-16- 15076WO03 screened to find the polypeptides having the highest
GDFI activity. Then, a second mutagenic or evolutionary technique is
applied to polynucleotides encoding the most active polypeptides to

crepdeaosenend library, which in turn is screened for GDH agtiyity i 194
same technique. The process of mutating 5 and screening can be

repeated as many times as needed, i%ludmg the insertion of ng 03
mutations, to arrive at a polynucleotide that encodes a polypeptide wit
the desired activity, thermostability, and cofactor preference. [44]

Altesseapved, [ p8Rfh it et aees dhgtuie drighostofiPid irniisition dzan. be
prepakedoymsiangar dsolicsRtRS @ eLBREG @GSOH g}&&otlsngw DrS¥RIRRLS

10 methaqds. Typically, fragments of up to about 100 hbases are individually

syntEG9eg, BieRORiAC T Y P By e S et AP atitich in turn
' meth@dafﬁfetpﬁiymbmsetmeﬂlai&ﬁerﬁaﬂmésmﬁmtﬁerrﬁmwﬁbaﬂ)bﬁﬁmmtmg

esite: Ccoré‘et%;“ afzﬁe%*%%% a@%%xat”ﬁ{%'s?aPoe‘éc?”&' ofdes Hm ertion
ollgonu clectides of the invention: canbe preparé Hemics I'synthesis

usingf pogt shEatiRRsS PO SH H@@m@i@&é&ﬁ@@t@é@@&@ﬂb@wwﬁe with

Beaycagsighiak 498 W TREaheiionhe s e k8RR, or the method
described by Matthes et al. (1984) EMBO J. 3:801-05, e.g., as it is

typicaky prguﬁﬁaﬁwembgommeﬁcﬁw&mmhmtmesmlmdMn can
phosphoramidijte m d oligonucleotides gre sy nt eS|zed e,

o R BNy A RS, AT i Gd o B het
1epproptiats. vetiprsal R0 fadtrees difiorm, esmmﬁan@amcm acitidaally

be c r 0 f
The WM.dla&n%%?ﬁ%%ea@%i%yegm A H MR U

AmePRIERSEH deAphry(RRaRo R, feTm) cHsaalEBBR HRsiresh RS IAuS

Opetegudieehnalpgiemine; ﬁ&'ﬂmﬁgéh&é\ﬁnaﬂﬂ;gm&é&m@d’%f%@ilﬂré)inon
peptlde%and antipodi s can be custom ordered fr ]Sg] vane%s
5k

sourEEs SRR AP 8“‘(‘55}11“’8‘2 Gt nétto
16httpoisihwidatiribeddr B EMABIeme dI681S Tidrafddto) zamsmhessse@n or,

and {H@%t%&e&ésc[r“@e]d%?)%?% ROUACS My, QISR SYRIREFIEEdIY a it is

well-known techniques as described in the technical literature. Sée, e.g.,

Carrtipitd et Mecssil Sprittome tarboisimprdiimalit. Bidrcarael 1g1 ghe
(198 ostndrAeMSBitRbd Joifgeam%@ms 2L yhaRGekH (1983 Moubigatic

Strar})dﬁg %Dylr\lltﬁe];rig rmpelirg}fs e:rcrl1 ad¥11£2361 ﬁﬂggt(?g}]eddcloned in appropriate vectors.
20  [45] In addition, essentially any nucleic acid can be custom ordered from any
of a variety of commercial sources, such as The Midland Certified Reagent
Company, Midland, TX, The Great American Gene Company (Ramona, CA),
ExpressGen Inc., Chicago, IL, Operon Technologies Inc. (Alameda, CA), and
many others. Similarly, peptides and antibodies can be custom ordered from
25  any of a variety of sources, such as PeptidoGenic (pkim@ccnet.com), HTI Bio-
products, Inc. (http://www.htibio.com), BMA Biomedicals Lid. (UK),

Bio.Synthesis, Inc., and many others.

[46] Polynucleotides may also be synthesized by well-known techniques as
described in the techmical literature. See, e.g., Carruthers et al.,, Cold Spring
30  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



WO 20051045016 PCT/US20041026194 -17- 15076WOO03 either by
synthesizing the complementary strand and annealing the strands

together under appropriate conditions, or by adding the complementary
strandousingODNA polymerase with an appropriate primer segifosawoibilios
General texts which describe molecular biological techniques useful 5
herein, including mutagenesis, mcludeIu}Berger and Kimmel, Guidg; Bvoos
Molecular Cloning Techniques, Methods in Enzymology, volume 152
Academic Press, Inc., San Diego, CA ("Berger"); Sambrook et al.,

Mol ednkar bylomrgesipingab@ra@mlmmw (%@Ed@dv@lm@@gﬂ@ Gotgds
Spri é’t’l@é’pﬁ’ﬁd\s@tﬂ%ﬁiﬁﬁ)&m COli RRNGH3RAk YK ORI OB ary strand

("Sambrook"); and Current Protocols in 10 Molecular Biology, F.M.

Ausxﬁfﬁ’é‘lgt-:‘?%{]A %@%ﬁﬁ?r‘@ﬁ? B GHORI ORI aE; Bf?‘ﬂﬁl%?ﬁ‘ﬂ’r‘é“cﬁetween Greene
PubE ﬁ sso é]c?n n W|I e (éc Ieunélente
thro 20 8516( usu ?al‘ixamp es'o ec nlqdce)g% ?Tlmer%?qo cﬁrec
@erskmsmi zsklﬂtﬂm@t&gnn@m anipdifiCatizn métRodmehn Shuidingpiiolecular
po'y%ﬁﬁﬁé‘ ghalm seactanbisR) e lgrse.chaifl/eacton Abdhic Press,
Q(3-réplicase 15 amplification and other RNA polymerase mediated
tochHIGu e e o TACH A) BSFEfo S e, SRR aind ABiBE ot
as welhas Mg elual. (11986), w&uﬂatem NQU]@ %@HMRLB&E@@&@
o Me s Academic Press
i, S3H DIBHS, R0, APmaIA CARCON (bLIbRe L gt
1Chevicetelad Eolg e &érvgAuevbs!36 @0 %,,Wémﬂ’nabmﬂw—jdﬁéseam
(1990), 581 Kol ABQURI0C. N3 Sel NSRBI i

Guatelli et al. (1990) Proc. Natl. Acad. S"m USA 87:1874; Lovell et al.

(198©y991@nﬁme41mugs 295 *‘aﬁ‘ﬁﬂ’@@]ré}a &%ﬂ!ﬁ}p{&%@%&}m@é sufficient
241: 404408958 R BINtkIAND) BioteshRglasy.8c2Ohutfidis Widiadelg the
Wallace, (1989) Gene 4:560; Barringer et al. (1990) Gene 89:11 and 25

SooR9RETH %ﬁ&%&l@?‘{i@b@ﬁ%bf@%%ﬁ@% @8%“%%@%2} sppplicase
1methadlsiatclaning mndirr™am pbtmdemselmeca@astaﬁendgmr(a%d, MASBA)

Wallace et U_S. Pat N 5 426 39 | roved of am |I’a
Iarge nucqel?:éI é%.ﬁ%r%e‘“ F’g@ are ’sumrr‘?‘aiﬁge% eng et Al %Sﬁo ature
36958&6%6&?\&%4@%&@6@9 b rd R plid R Lpnith

A0kbyg At One,of skl vxuaﬁgapmfe@@ h%??ﬁ@ 'a@aaﬁx;s%),
RNA can e converted into a double stranded
Arnheim & Levinson (October 1, 1990) Chemical and FEngineering News 36-
20 47, The Journal Of NIH Research (1991) 3:81-94; Kwoh et al. (1989) Proc,
Natl. Acad. Sci. USA 86:1173; Guatelli et al. {1990} Proc. Natl. Acad. Sci.
USA 87:1874; Lomell et al. (1989) J. Clin. Chem. 35:1826; Landegren et al.,
(1988} Science 241:1077-1080; Van Brunt (1990) Biotechnology 8:291-294;
Wu and Wallace, (1989) Gene 4:560; Barringer ef al. (1990) Gene 89:117, and
25  Sooknanan and Malek (1995) Biotechnology 13:563-564. Improved methods of

cloning in vifro 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 suminarized in Cheng ef al. (1994) Nature 369:684-685 and the references

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

DNA suitable for restriction digestion, PCR expansion and sequencing using



DNA suitable for restriction digestion, PCR expansion and sequencing
using WO 2005/045016 PCT/US2004/026194 -18- 15076WO03 reverse
transcriptase and a polymerase. See, Ausubel, Sambrook and Berger, all
suBrakARkdigvill be appreciated by those skilled in the art duyg-49dd¥ns/026104
degeneracy of the genetic code, a multitude of nucleotide sequences
encoding GDH 5 polypeptides of the jgvention may be produ f
which bear substantial identity to the_frgl]cleic acid sequencescg??pr{%%@%é)
disclosed herein. [49] In the present case, several round No. | libraries
werectrestddipyriapptying a peibiskrotmitagénisitebhProbesoto ik Boding
regign ijt,tgle B. subtilis gdh gene (SEQ ID NO: 1) or to the coding region

of the B."'megaterium 10 gdh gene (SEQ ID NO: 3), as obtained by PCR.
[50] (igjobminiexy essian.elitbe vasianigene enceding & @l ldsdhevariant
gene was first operatively linked to gne or more heterologous regula

o e i Bl o BN e Sk e KOS e B Bt
Suclpohpepiidxpré skidnveettoronebp resdiondc assettd . Witidr dafier thiential
resuingAHclaic A2 AridSRNsMAL. SUChAR I EARIESigR yector or

expression cassette, was inserted into an appropriate host cell for

ultingate expressioR-efthe.zDEb-pelypeptidensnqogdschiy theghuffied: by
gene. A "nucleic acid c%nstruct",is defined herei%as a..nucleic acigl he B
molSBRIETEitA e LIRY o PRI SIFAHTER St RS B GBSOk e B
natusedlylogelirgag: g8BE 4r Which) hasohke nodiadifigdotoat et ;segmeints
f 20 nucleic agci ingd gggt' 2P %%q{in a manner that would not
1@the \cliI;I}Il en&g%%ﬁ]ﬁr?aﬁﬁuerﬁ %us, %r%%ne%speét, the present invention is
diregigg to-g, Bwfdﬁi%x?& SANstrue camprising shpaivuglegiidesncading
a GDH polypeptide of the present invention. [51] The term "nucleic acid
constiEt M8 s GRTEE Mt BFEefin®™s5 exprEg s ARE Bt T RINEITY
the rugleicacitacenstrolcicpriginsadrtiie centol rselitcadds seguireckioh
exPression of-8.e0ding sequenes of e EseRh INGRYOR. TG I8Muceic
coding sequence” is define herein as a nucleic acid sequence, _hlc(ﬁ
18irectdspmsifiess. thistain focapiessien esioe Of stiseoteit pretiact Fheserted
bgurmnsg_a RHERORYG cofing SeAHRRCE AR Snerally daterpinad e
" (‘)Se?irc%%edlr}l)yl ?l?e shuffled gene. A “nucleic acid construct” is defined herein as a

nucleic acid molecule, either single-or double-stranded, which is isolated from a
naturally occurring gene or which has been modified to contain segments of
20  nucleic acid combined and juxtaposed in a manner that would not otherwise
exist in nature. Thus, in one aspect, the present invention is directed to a
nucleic acid construct comprising a polynucleotide encoding a GDH

polypeptide of the present invention.

[31}] The terrn “nucleic acid construct” is synonymous with the term
25  “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
30  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



30 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 WO 2005/045016 PCT/US2004/026194 -19- 15076WO003

teiRBigseRAUence located just downstream of the open repgings kR s104
at the 3' end of the mRNA. A coding sequence can include, but is not

limited to, DNA, cDNA, and recombingnt nucleic acid sequen

isolated polynucleotde encoding a GDH polypeptide of the present
invention may be manipulated in a variety of ways to provide for
explessioni@fstgecpotyipeptidaisMaripiietiombfthepgolawdthp flymeacldbtide

priogiQ §5 HlBSRRICR. N0 AGCLRN TR RERSIFAD!S QrNGEERRAIN to, DNA,

depending on the expression vector. The techniques for modifying
polyFetiBotRibecpmbimbrickisddd demsasesutilizing recombinant DNA

methods are wel] known in the art, 10 [53] Th m "contro] sequence” is
o o T A e T b e orR et e Brcse
_advam_tagémiumi@ rethsaxpuddsion @fvatiqag)lybapﬁdeoqﬁmm feserpression _of
inveption, F£acGontrk SAGUEASE B Da ARG Qb {RMRIgR:R i dueeis

acid sequence encoding the pol?;geé)éjge. Such control sequences
incluBEeTioR dfiondt Mstel tiva Readesiribtly sacrinatior sdepserte, o5 the

Propgpiisie;se ddenee TREORNAIRHuSIONAl RERIS S@AHANERANE and nucleic
transcription terminator. At a minim the conérol se%ﬁ nces include a

prorASE P AT PR ST M AR AP S GP° SIGHATLO TR (B
eq esymay be provided with linkers for th rpose. of intr ng ,

1§peg§%cre§ﬁ%ti8%m§te§ O%C?(ﬁt\;%t? géﬁgatioir? ofﬁ tlfiéz18 go%%%feq%eﬁ%ggg%ithn
the codingnragionvbictharOdraeiair atiadentienees distodmgiression of a

polypeRiidd54k The semmniapriakly. linkeddsHefiegtherein @Sdnative or
configuration in which a control sequence is appropriately placed at a

posifichi I AAVESPHIE o SSBGlieh EB 61 e ﬁgm@@&aaﬂ%esgﬁ’ehcmgﬁl
the ceqitpkseapitnds dirents tbeliexpressiaraidarppbipeipiick:idb (blchbe

ontrol sequence may be an appropriate pramoter sequence, The . .
I o OtaY L uaie PRl HAL (AHe LB i fhsgriprion
recognizeditry & hastaelinfomexpressitnl ofadiectsnyerdoding regievicthaind

folloys, LREHMOM LN SEHARGE COMaINS ANSEHRLRRRN CRAHQkes may be
seguences,
a provided with linkers for the purpose of introducing specific restriction sites

facilitating ligation of the control sequences with the coding region of the

20 nucleic acid sequence encoding a polypeptide.

[54] The term “operably linked” is defined herein as a configuration in which
a control sequence is appropriately placed at a position relative to the coding
seq{lence of the DNA sequence such that the control sequence directs the

expression of a polypeptide.

25 [55] The conirol 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

30  nucleic acid sequence which shows transcriptional activity in the host cell of

choice including mutant, truncated, and hybrid promoters, and may be obtained



which mediate the expression of the polypeptide. The promoter may be

any 30 nucleic acid sequence which shows transcriptional activity in the

host cell of choice including mutant, truncated, and hybrid promoters, and

RYLHEeRtaed WO 2005/045016 PCT/US2004/026194 -28-1/152004/026194

15076WO03 from genes encoding extracellular or intracellular

Eolype_ptldes either hqmologous or he Mrolo_goug, to the host cei%é,?%%
acterial host cells, suitable promoters'for directing the transcription 0

the nucleic acid constructs of the present invention, include the promoters

5 obfaineddom thacBdiogil kdropdda, Streptongzyitescopdioplgtidgarasber

gens,{giaga BRcHUs SN IsYansyeiase gene (sack), Bacilus

licheniforrrzis alpha- amylase gene (amyL), Bacillus stearotherrnophilus
maltpggnicraapiase gene: (amydvil-Slaghtascanyieliguefasiens transcription

Iphazamylase ( ,.Bacillus lichenifonnis.penieilli

(pen B e TR A RSB G PR  Fromoters
betadbictasdasengehe £/ i_HaM(hmapefﬁet SR8 cRrocekidihgsapiithe gene
Natiqaféﬁchggmys SUBBIENERRR. o3 (SR BhlAS HEl AT S ahe

promotér (DeBoer et al., 1983, Proceédings of the National Academy

ScieAtwt9SIIBoNbE) Breiftne sisrorfistareniié d aaelipreain 2wglang| gene

proteinsyMOMBEREMR DI RAGIRHR: INRHERHf AMericana438, 2ius
74-94; and in 15 Sambrook et al., 1989, supra. [57] For filamentous

fungHF RS EENS PEBITHBRE TS SFREERD TS Bfretlnn b srariécrnsti s Brasnes:

Iibucleicigeiskagnstrbets-btthesjpsesant(ViiarKendndilceal provndidisceedings
Obt,alcg}etqg rﬁ%éﬁ%%’&ﬁ%&% %%%%Iclalsu %gg Zige W’%ﬂ }/lz?ss\%bli as the tac
Rhizonzucor rniehei aspartic proteinase, Aspergillus nigerf neutral

alpharamsiris > Ptoas verallius Wi ePracigEas| bl Sira Matiplerde Academy  of
Aspeygiliusiges @oAsnerillg VARG A GRAMYISSRd HAM)setul proteins

Rhizginucor miehei lipase, Aspergillus oryzae alkaline protease, )
Aspeframﬁmﬁg@rm%%@%gﬁ NéBmeraedoms derihad2nitftfdngnd in
1acetamithassk and Ausarisrzaoxysporum trypsin-like protease (WO
96/00787), as well as the NA2-tpi promoter (a hybrid of the promoters
fromifieé 25 gefisafortmspbreghlsasigalinesnrabidpinareetytade alidcting the

ASpergills R7 ¢ HOSRRBOSRIAIS ISRIRR aeh AR P ERLIHAC L e

and hybrid promoters thereof. [58] In a yeast host, useful promoters are
obtaRTeBsteRh ﬂkf&ﬁ@gﬁe@:@r the genes for Aspergillus oryzae TAKA amylase,

Rhizomucor miehei aspartic proteinase, Aspergillus niger neutral alpha-amylase,
20 Aspergillus niger acid stable alpha-amylase, Aspergillus niger or Aspergillus
awamort glucoamylase (glaA), Rhizomucor miehei lipase, Aspergillus oryzae
alkaline protease, Aspergillus oryzae triose phosphate isomerase, Aspergillus
nidulans acetamidase, and Fusarium oxysporum trypsin-like protease (WO
96/00787), as well as the NA2-tpi promoter (a hybrid of the promoters from the
25  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 (GALL), Saccharomyces cerevisiae alcohol

30  dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADF2/GAP), and



Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae
galactokinase (GAL1), Saccharomyces cerevisiae alcohol 30
dehydrogenaselglyceraldehyde-3-phosphate dehydrogenase

(AP AR)E and WO 2005/045016 PCT/US2004/026194 3r/us2ee4/026194
15076WO0O03 Saccharomyces cerevisiae 3-phosphoglycerate kinase.

Other useful promoters for yeast host ¢ells are described by

al., 1992, Yeast 8:423-488. [59] The control sequence may also be a
suitable transcription terminator sequence, a sequence recognized by a
host Xt/ eetrads ate eramecAmlonpTisty Sedenkinator Sdguarcéiispopestdshy

linkeght9dhendsRUMNYS RhIRBAAULSiEAGIE QA E s eReadina 180 s

polypeptide. Any terminator, which is functional in the host cell of choice,

may fge]usatld ncthergires@rhirtv aniorls 466 Brefartee termiApinns fefininator
filamseentous flén&al rost cells a_g:edotptair}l]edt froH1t tktlsen%len?stfor As ter i”H_?
oryzae{}qe,&ffA am%/lllalsle? eggg?lglﬁus%fbe?s 1%Fglu%oamf/]l%1§ef& %%n I‘él us ¢
Aidu !a_tmimh r@qihat@fswm@h‘\ﬁpb@g ilugheigéteatphias gifi dﬂm’s alades aaodl
Fusatim,exYapoiR SRR ke R CI6RSe B Hibrefaned (aiminatars ke

yeast host cells are obtained from the genes for Saccharomyces
cerebRSHEEAbTASe SRk ke s BeleoBrs i B BiBRhrome C (CYCL),

and charomyces cerevisi yceraldehyde-3-phosphate 15 .
oy R o R o DR S e Ahgeined from
desctibeddmgs Robmariogeetitlls 1982asuflak]82] aindasontrblsegilienceiger
ay uit er, n nQntr d regi ofan.
B A i A SRR (R0 e

seqUEPRESR Gsilas it KedHdH @ S RerrmiEPs X HE hrelers20 acid
sequence encoding the pol tide. Any leader sequence that is

ppa b sy
Pref&radaddeagers terdiaineriolséuigatihosingels ase:abisineddtbrantheC
gen spergillu TAKA amylase and Aspergillus,nidulans
trioseé%pfﬁ%l bha%%isoisn%%{é%sr@ﬁ%bIegngéa%%rag for@é%%ét 83¥%ee”ﬁ" llg?éphate

Igbtaitdydiuientie GihesrsidoSairdiaroiny csastapsvietdie aroflgswibed by

(ENGQdaRcERBIQYCeSRErEViSiae 3- phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae

alcoliat detadroganaseletyentaldelydésd-phosphatsble leader sequence, a
nontransiated region of an mRNA which is important for translation by the host
cell. The leader sequence is operably linked to the 5' terminus of the nucleic

20 acid sequence encoding the polypeptide. Any leader sequence that is functional
in the host cell of choice may be used in the present invention, Preferred
leaders for filamentous fungal host cells are obtained from the genes for
Aspergillus oryzae TAXKA amylase and Aspergillus nidulans triose phosphate
isomerase. Suitable leaders for yeast host celis are obtained from the genes for

25 Saccharomyces cerevisine enolase (ENO-1), Saccharomyces cerevisiae 3-
phosphoglycerate kinase, Saccharomyces cerevisiue alpha-factor, and

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

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

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



dehydrogenase (ADH2/GAP). [63] The control sequence may also be a
polyadenylation sequence, a 30 sequence operably linked to the 3'
terminus of the nucleic acid sequence and WO 2005/045016

RO d$5x084/026194 -22- 15076WO03 which, when transcppegdsises/o26194
recognized by the host cell as a signal to add polyadenosine residues to
transcribed mRNA. Any polyadenylati_%_sequence that is funciign(pfaé%g]je
host cell of choice may be used in the present invention. Preferred
polyadenylation sequences for filamentous fungal host cells are 5

obtaiffeigrorhcth& gerekofbr iangpergiiites! dryze TAK Adhmslaseignal to add
ASP%&%&%@&@@M@W%CW&Figﬂkaﬂélmg{gﬂﬁghese uence

synthase, Fusarium oxysponun trypsin-like protease, and Aspergillus
nige Siph2BileBYidats hortsrl %é?%%ﬁ%ﬁtﬂ?ﬂ%%ﬁéﬁ%é’%ﬁ%&%@%t
cellsrastedesgrithedibyyBimandushesnten, 198k nMalenulas Callylakls are
iology. 15::5983-5990. 10 [64] The control sequence may also be a signal
Eeptfg;e(a%:ng ins%%eggllgrfg ha %:% e‘?%?zgl%saoﬁﬁ’ﬁééﬁ%?@%qu B 1inRBE $5s
the anitio Mﬁﬂé@a%y@@@iﬂmi@ﬁd‘@iremﬁyahéamwmdédqaolybe@ﬁda
into BISFENR SEGRIANNRARORYsT N AGEL 2 H0e ﬁ%wga%%%g”c%%ﬁ e.
the nucleic acid sequence may inherently contain a signal peptide coding

regiorFHALRCIRARAKBHTA tEHETSad FrFsihborspls Witndess hedhy fantest
the coidinguietPop, Maleaiedraine Beetgiertspoipeptide. Alternatively,

the 5' end of the coding sequence may contain a signal peptide coding
Ifegidfdhat T oraigol teetiienceding stqueneesigiht fepeitnsiding| pejoticat
coding££gien may.he ' ' e e does not .
naturally contain a siazfg%é%%dwg %%%%15’ r%%:g%]%. %O%%ﬁ%&ft&%a‘%&&jﬁpfﬁg
foreighf iRt frersaaded dpignetighinafierrplyseeplacertievatifat Signdl
peptisfeieosion g agipeiseostieftaRnbance segretionefy heRelyReridan o
HoweverI ar?/, gigne}lg%ecptide codina}&e i?‘n that directs the expressed
polySEPHcTHES tHe BscHastyy PRy B S HoTEElREPeRtidi miagmpavith
10sedtin thempmasenit inventitng 26¢i66] hifeetivedsigniad peptide] cpdingptide.
regio erjal hast cells are the signal peptide coding regions ..
oot o an ! e B R SR B
Bacifiodikgaegisth Bhsplareigalptibe saditsieoBendtiuBhe foreign signal peptide
coding region may be required where the coding sequence does not naturally

contain a signal peptide coding region.

20 [65] Alternatively, the foreign signal peptide coding region may simply
replace the natural signal peptide coding region in order to enhance secretion of
the polypeptide. However, any signal peptide coding region that directs the
expressed polypeptide into the secretory pathway of a host cell of choice may

be nsed in the present invention.

25 [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

30  prsA. Further signal peptides are described by Simonen and Palva, 1993,
Microbiological Reviews 57: 109-137.



lichenifonmis subtilisin, Bacillus lichenifonnis beta-lactamase, Bacillus
stearothennophilus neutral proteases (nprT, nprS, nprM), and Bacillus
subtilis 30 prsA. Further signal peptides are described by Simonen and
Rty 3a0: 8831 sMicrobiological Reviews 57: 109-137. WO 200p/Q469364 026194
PCT/US2004/026194 -23- 15076WO03 [67] Effective signal peptide
coding regions for filamentous fungal_figist cells are the signal E? '
coding regions obtained from the genes for Aspergillus oryzae
amylase, Aspergillus niger neutral amylase, Aspergillus niger
glucdéfiylaBlcRizoenuicomtileeagpagicnprivieiiasenbuniiogd nsoleiis
> celuiage apbpeo e, Ry alaRsR Bant.d SRl oR/ dalanRknepldcs.

for yeast h s are obtalned rom the genes for Saccharomyces
cereVIEiEE éﬁﬁﬁ%féﬁﬁaﬁm&S&E&H%WW@%@V@Q@S%\MR&%l@twe”
Useflgl&@ﬂxﬂbﬂ@@“@%r@%maﬁeﬁi@mﬁ Al HaSCHRGE MR OMAMNOSIL R olens
pra. 10.[. 59;]’ ntrol sequence may also be a propeptide

codlng SShaﬂq ”58& ?‘5#5 i'3%cid sequence positioned at the
am'”fﬁé‘j’rmtﬁ*ééﬁ]%%rﬁf’ y%%ﬂg For VRS FRM1B0LPRLYRERIS 15 f%ﬁ%"” DA
proenzyme or propo ypeptide (or a” zymogen in some cases
prop&WpftiterEryese caryaaivarhadactn bindcoisveraamacamentrdsiae
actlvw&up@ Wide Byeratabilic pEOsIRl HS A8 ¥ANR RN Romanos
prope é?ﬁ’—m the propolypeptide. The propeptide coding region may be
obtalﬁ Htontti@Fenes for Bacillus subtllls alkaline protease (aprE),

acil g su utral protease Sacchar myc cereV|S| e alpha-
e T T s R R
thenApiillamizetadid FNO9S/88886)c06![P6] Wh@réetsmusughampbme‘de.
and prepeRlidefeRigRsAR RlesElRLINS AR r?fé;ﬁflf’pepﬁde (or a

polypeptide, the propeptide region is positioned next to the amino

termih{Ro8F A Bolypeptiiesint ﬁPfé‘PﬁB’ﬁﬁP’b‘E‘pﬂrH SHEGH B HESRIGREFARPE

to themnedtwmmmfdh&amgﬁﬁmegmm{?ﬂd Hrapaladbe cleavage
sira to add qtr@g Iator nces a vaé}ﬁi 25 regulation of

the expres EioR8 mrqy “éﬁ’f o%orgfa?t\lleeto {ﬁ:epr?g of ﬁﬁi SRoSE 2RI
Exantplediefnesg tieno s yastesn ster eBdmbes m@ﬂzsa@ikémm m@m‘sl@nrﬁb,

Bacillus subtilis neutral protease (nprl), Saccharomyces cerevisiae alpha-

003

factor, Rhizomucor miehei aspartic proteinase, and Myceliophthora thermophila
lactase (WO 95/33836).

20 [70] Where both signal peptide and propeptide regions are present at the
amino terminus of a polypeptide, the propeptide region is positioned next to 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
25  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
30 yeast host cells, suitable regulatory systems include the ADH2 system or GALL

system. In filamentous fungi, suitable regulatory sequences include the TAXA



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 tip
oRBraleyS¥siems. In 30 yeast host cells, suitable regulatory systegoa/e26194
include the ADH2 system or GALL system. In filamentous fungi, suitable
regulatory sequences include the TAKA WO 2005/045016 S076WO03
PCT/US2004/026194 -24- 15076WO % alpha-amylase promoteér,
Aspergillus uiger glucoamylase promoter, and Aspergillus oryzae
glucoahayasdapsomotestdiy 2/ iQterieramizios clregulatesy sequetcesaark
thosg whi llowy for lification. In eukaryotic systems, these
o ({}h%ﬂ ﬁ%ggo%g%ggfﬁenﬁ%% g%ﬁéb%%he’ which is amplified in the
presgnge ahimetbotigiaier ansh s elallothionRitngeNe i WRItEAfEr gene
amplified with heavy metals. In these cases, the nuclejc (c):qf sequence
encaTREHE D P S BERIE S e LraScht Ry A BARBU R et ductase
Bperadoly, linkaechwith theplétpdatory theqpeneacE xpiessitwiéaetorsahd [iB3
In anolletaspect 1he.raaehl Ivention 5 dlsR asisdlina feeambingn:
expression vector Eomprising a polyriucleotide of the present invention
(whibte enelsife 2uGRRIgEE paptdesftiive Gia8entliratidony! dhe GrsG
mor%%@@ﬁ@mdﬁgHﬁmyrﬁgi@ﬂw%%g%@f&rﬁsw&eg a terminator,
a replication origin, etc., depending on the type of hosts into which they
are tg be introdw:etd. 15 The various nucleic acid and control sequences
descried a Oélveer%glilsbe joined together to produce a recombinant
18XPresgionyegiah Which-may. INcWAE PRS IRIn MAC CRRVRRIBN] IestHHiRmMt
sites to allow for insertion or substitution of the nucleic acid sequence

encORIG AR pEBE FHIR SR P SYBLCRIIR L6V BR PN I REIE gy hich
sequakegeef sherpresaenypeyehiian may fesexprassetbhy inserting 20 there

nucleic acid seguc—ince or a nucleic acid cons%ruct &o e[grisin% the . .
eXﬁIESSIO regulatine reg1ons suc as]@ TOMOLET and a INatar, a Iﬁzghcatlon
Sequéence into appropriate vector expression. In creatirig t

expresgioneiectopstiiengootihy spyabhedsisoculed ihahervéetsr iggapeged.
18e cpding SEAURRES IS QPSRRI HBKe Wit he aPRRRIIRIR YT joined

sequences for expression. [74] The recombinant expression vector may
be atREEEIIP @YU BIESHMPBATS ARSIV KEI AR e BB IREER R oF
subjested ¢enreaambiaant RN Airoaedlises for insertion or substitution of the

nucleic acid sequence encoding the polypeptide at such sites. Alternatively, the
nucleic acid sequence of the present invention may be expressed by inserting
20 the nucleic acid sequence or a nucleic acid construct comprising the sequence
into an appropriate vector for expression. In creating the expression vector, the
coding sequence is located in the vector so that the coding sequence is operably

linked with the appropriate control sequences for expression.

[741 The recombinant expression vector may be any vector {e.g., a plasmid or
25  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.



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
Ray:beAingag or closed circular plasmids. WO 2005/045016pc1/us2004/026194
PCT/US2004/026194 -25- 15076WOO03 [75] The expression vector may
be an autonomously replicating vector, j.e., a vector that exists
extrachromosomal entity, the repllcatl éof which is |ndependelrs:oggwo03
chromosomal replication, e.g., a plasmid, an extrachromosomal element,

a mikiéhrortiosorpesseivanattifitiay bhronosomecddie replitatimgay docontain

any geaps{or asshrind.selireplicationAliematively. 1s.y %%Qfogu%m%els

one which, when introduced into the host cell, is integrated into t

gendhereiaepfickimatseatEplAth et i drsoHse ) sRtkEH SO b

beerdriagrateshifithtbRUNGNS, 8iSgIRMRGIT Q- HRaSONL OTHVORLIOkRy
gectors or plasmids V%QICh to%gther contain the total DNA to be mtroduced

thto FRE“1D FerBRE O thE HOSEEH BRA AR psSEHIES Be His sl irapay
The expressiochyedtor mtrﬂthq@rbsemtha\mmloﬂ}pref&r@gnhyeﬁciﬂtalm (15139 04
moreRPisgiAbIR matkaR. Whish BRIt SASKRelRsian Ot astored e,
cells. A selectable marker |sagene e pro duct 8f which provi es or

biocilegiatAfalF PEERTAPe AriBEarEo o alsstset Sy protaasphgors or

auxqirapias ansidhedikandS exampies Ridhasirnal selRciaRleipaikers afe

\E}Ce dal genes from Bacillus subtilis or Bacillus lichenifonnis,-or markers,
hickr RORfe RGBS EH LSS BRI PSR Bpiethtin, kanamycin,

chlorﬁmphelnlcol F)%)églrgl Ie]% # trac %}gte ?r%sﬁl ltf’?ezlﬁf%?sf mb{gng%rskggg

for yeast host celfs are
- URAS. 201§ 7] cSleldetabtsemariéel p@rm@eaﬂyacﬂmmmé aerfsfogathosicell

include, i are Mot kmtg%%éfﬁ%%@%tw&?ﬁ?amﬂ@ @o@B{HU‘dQ%r viral

carbamoyltransferase), bar (phosphinothricin acetyltransferase),

hph
(hygfﬁ?ﬁ%ﬁ‘pﬁé%’&f’réﬁé‘f@?’é(s@fta}ﬁaﬁo(tﬁﬁf%ﬁéyré(d Aetauephpypad the like.
16orotikinapBiy bD&m&&I@aﬁ ae&zbmylaﬁ@)«es@ atsutfateiadepyly ansierBs)ius
and t Ct: Sant aa : %Q;tz S f)j %s wekl as 2 guw ents thereof.
Preférre oII of usé in an ASpErgifus taFare the é?’ncfg r{oan&r’ghéerﬁ%@%ﬁ%
Asperghlus ﬁmigi@lﬂisloﬂiﬁimgmudl@waﬁlamdihéﬁbamgbnb) afr tetracycline
resistance. Suitable markers for yeast host cells are ADE2, 11183, LEU2, LYS2,
MET3, TRPI1, and URA3.

20 [77] Selectable markers for use in a filamentous fungal host cell include, but
are not limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase),
bar (phosphinothricin acetyltransferase), hph (hygromycin phosphotransferase),
niaD (nitrate reductase), pyrG (orotidine-5'-phosphate decarboxylase), sC
(sulfate adenyltransferase), and tpC (anthranilate synthase), as well as
25  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
30  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



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 30 replication of the vector in the

eedl doskependent of the genome. For integration into the hoskeglkaaneagio4
the vector may rely on the nucleic acid sequence WO 2005/045016

PCT/US2004/026194 -26- 15076WO g_encoding the polypepti'gﬁ,]%{?‘;a(g@/3
other element of the vector for integration of the vector into the genome
by homologous or nonhomologous recombination. [79] Alternatively, the
vecteripdipcthstaitadpitisreal aucidieradivrsat e tise sedon direotingyation of

integratie:iy heme!saRk B AmRIRANANIPIRIRE Sa0L5Ne 2L dhe oS!

cell. The additional nucleic acid sequences enable the'vector to be
intedaed inlerthe ot welbgaspme abarpfesirrigsatinR{skiadieecquences

chromosome(s). To increase.the likelihood of jntegration at a precise

AR s S R R R
Aumbvest ofelhudledc alsidionglictucsid GOith $£Q 8000 asmpliripraferably be
400 100,000 hase 4.0 paits. and mostrrefgrably, 800 10 10,000 basg e

pairs, which are highly homologous with the corresponding targe _
seqUEFRBARERIFANLR Wasare bt Hoph dieBako éb PR INCTIR,
integrationahelpme nikmaysbaany %@@f@@h BBe cﬁiﬁﬁ” ji§haom@i999ﬁ%aeﬂ%ﬂ&
target sequence in the ome ost cell. Furthermare, the
g BN M el 68 MO e P EEATHGA 6 ULt
18equensesin®ninthet opheeiablyd Stie wedt@OOfaypie iptégrateidhtauttichighly

genqpa 95 4hes st oel! &%ﬂﬂ&%@?ﬁ&?géﬁ&%%@g%%H%Qcé%?e] gr%g?bﬂity

autonomous repllcatlon, t e‘ vector may fu‘rt er comprise an orig
replieAhiepEnemingiatiedion tdhepiiesit aprbrismots i Heemostqusidn

questanisEranapies el hagteralarigins aieplication als R 1o mthRrigins
of 2 re%hcatlon of plasmids pBR322, pUC19, pACYC177, which has the
P15 A BHGIRBF rd B CRRTIBPA AOPENE AT I pPFOpIRE S reRF eiing
160li; mndbip kRl 40 phd40n TA LR Hond A, betiad wiydke peegiited into the
replicati inf%C'”Lé?. X mglgﬁq f origins, of re Iic%tion for use in a yeast
ot e e 2 Psean D o e aoR, AR ST ARSA, the
com{gpatiopeTARM ARG GEh34aRdigo e £mRiINalRD bARRE ANdrigin
CENB, The origin of replication may be one _
of replication enabling the vector o replicate autonomously in the host cell in
question. Examples of bacterial origins of replication are P15A, the origins of
20 replication of plasmids pBR322, pUC19, pACYCI77, which has the P15A
origin of replication), or pACYC184 which permit replication in E. coli; and
pUB110, pE194, pTA1060, or pAM.beta.l which permit replication in Bacillus,
Examples of origins of replication for use in a yeast host cell are the 2 micron
origin of replication, ARS1, ARS4, the combination of ARS! and CEN3, and
25  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
30 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



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
RuGleiesagidisequence of the present invention 30 may be ingerieshitiBs194
the host cell to increase production of the gene product. An increase in

the copy number of the nucleic acid sig?uence can be obtaine

2005/045016 PCT/US2004/026194 -27- 15076WO03 integratifg at Iea%%

one additional copy of the sequence into the host cell genome or by
includipgfainguiplfrablensefeditibie nvapepdhre soitherive nntcleies dord cell
sequeneedhae selimcantaiRing amRlified conies.Aldhe-selfsiakle Marker
gene, and thereby additignal copies of the nucleic acid sequence, can be
seleBfEbBHETEY oAt (R Ceng APRsfesteYithse dpiir s iapsker
selegtab)ermsigetb8rlkifthe pegedubsdsedde igatedhenelemantsselected

escribed ahove to construct .the recombinant nucleic acid construct and
ek o ks e O D Sl

in theyayt (%@E’;ﬁcﬂedﬁrémr de e BEISGN. QQQJbM%Qm%%%ﬁaruct

Molecular Cloning, A Laboratory Manual, 2d 10 edition, Cold Spring
Hart$8, REYDPISR] Ml ortite SORprass N vaeisraitar (i tetlisrasent
inveptientrieaeonmereaiy@ualabiRe SuitablercERINEECial SXIRSSION. F.

vectqrs includ FLAGTM . expressian vectors fr igma-Aldrich
CebAIE SE Mottt MAHINESCLCIt (y AR et il 24
1Bolyadienyl&tidd Suenfoldb@Expréssion in mammalian host cells and a

pBR322 origin of replication and ampicillin resistance markers for
amplfitatioAdmERicBIE OtPrePsiRRtaIsroEXiSre 8BS0l VBB BES aRE PRRIESEriE|

Ladol A ek plAamIcs that ot derved Tom 352 (Giben BRLL e
aJolla CA, asmids that are derived, from pBF ibc -
PO DRI CERH St IROBAIOP Of SO hue i
198AIGenehich, 183261 n IdSV CelisnfBe] MasthCElsfayudmimaxpressiiicr

e slon v esent . invention.include. re not.limite
AR R R R R e e
typhRfQHiEz celistangsgMakes, Suchmapijieatdpen in E. coli.  Other suitable

expression vectors are  pBluescriptll SK(-) and pBK-CMV, which are

commercially available from Stratagene, LaJolla CA, and plasmids that are

derived from pBR322 (Gibco BRL), pUC (Gibco BRL), pREP4, pCEP4
20 (Invitrogene) or pPoly (Lathe et al., 1987, Gene 57, 193-201).

Host Celis

[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 veast
25  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, asnd Bowes melanoma cells; and plant cells.
Appropriate culture mediums and conditions for the above-described host cells

are well known in the art.



25 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
elapmagells; and plant cells. Appropriate culture mediumgg-apehgps/026194
conditions for the above-described host cells are well known in the art.
WO 2005/045016 PCT/US2004/026194 -28- 15076WO03 [85]éB way of
example, Escherichia coli W3110 wa&ftansformed by an expr g@mp{v%os
vector for expressing the shuffled genes of the present invention. The
exprégSionRectoy whs:crepledibyhepeiatively king avatanirgeneal ofithe
present inventi | romoter r control of tgle lacl repressor
o B I RS oL LS B oo
replidagor ptitHevVEts ranessnldol rpsistiiste ljdies Tivertrahgformoéche

Eschgsichioncrihia 1d thovas sulitied URAet sRRSPRFIRTE pltis,saedivm.

gontaining chioramphenicol such that onIgptransfo.rmed E coli cells that
xpraSS et RS WRhreskio Ve it eitrd e Bk erignestarrpiigation gnd the
PurifitétioanifhdRot ectheatdd Hdpely eptides Nere e XpRrasseriY-snews1 10
variant genes in E. .coli, the polypeptides are purified from the cells and or
the e o B R B et
for protkirihpurkfibatienstirmhddingdisodintbatreapmere] shaoicationsiditreioo,
salti@grﬂj,g&-qsggtgj?g’%ggﬁgblgsi affinity chromatography, and the like.
Suitable solutions for high efficiency extraction of proteins from bacteria,
IEUChE%S‘gE' coli, are commercially available under the trade name CelLytic

from |d:r%t5£ Idrich of St. Louis MO. A suitable process for purifying

GDHapnlypeptides wiffigi ey dramoal sie oL ARPHGAIANS INGres in £

chemicalgocess is discloséd in Example 3 herein. 20 Screening [87]

ScreffiingheIBRbE i &TDRUBEISH &5t deresttgadeshibeBliup raadism
for enfiapead GloKagtivwtyisiypicalimpeiasnetousingthecstangai@ication,

biochemistry technigue of monitoring.the rate of formation of NADH or .
DB A Ee e soRaeoh ! B apms SARGE, WE DR

1is 25fdesrrithechintEtaphpledditbeelike.  Suitable solutions for high efficiency
extraction of proteins 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.

20 Screening

[87]  Screening clones of the GDII 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

25  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 GDI 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).

30 Thereafter, additional rounds of directed evolution were performed and the



[88] After screening the libraries after the first round of mutations, an
improved GDH polypeptide, which had the mutation I1165T relative to the

B. subtilis GDH backbone of SEQ ID NO: 2, provided a 2.6 fold increase
IRvipBiRkfelafd activity relative to the wild-type B. subtilis GDR¢$EQdR 026194
NO: 2). 30 Thereafter, additional rounds of directed evolution were
performed and the WO 2005/045016 PCT/US2004/026194 -29z .- o0
15076WO03 resulting exemplary GDHpolypeptides of the presen¥
invention are listed in Table 1 below along with their mutations and
activitpwihativaaothey Wity pel ypsptidBs slithiisoGRE hackitoneaof BEQ D
NO: 2 5cTriblL GBI BetleMualions acdoldnablasieRser NoGR
Activity Thermostability over w-t GDH @ 50 C, 20 min from B. subtilis
SEQ(YDQ\RDF@AI'&&@?%P@%@%% «bSKg 2N BEQ ID NO: 52 V209A * No
SEQ ID NO: 54 1165M, P194T ** Yes SEQ ID NO: 56 1165T Yes SEQ ID
BIO: $4bld 65M, V209A, Yes 1242V, Q252L SEQ ID NO: 74 1165L Yes
SEQADMO: YeptikikaSMuREodsT, Yes ATOTHK 2040tk (Gieredstd 1D

NO} ¥64 1165 M, E170K, *** Yes P194TGBRID7K AkAodE | KBeGR)stability
E222D,S237C SEQ D NO: 168 A 16T, 4165MyYe$PBIDARE BI'9ZIR0 min
from B. subtilis

SEQID NO: 84 | I165M, V209A, ok No
1242V
SEQ IDNO: 52 | V209A * No
SEQIDNO: 54 | 1165M, P194T Ak Yes
SEQIDNO:56 | I165T ok Yes
SEQID NO: 64 | I165M, V209A, ok Yes
1242V, Q2521
SEQIDNO: 74 | I165L o Yes
SEQ ID NO: 160 | 1165M, P194T, % Yes
A197K, K204E,
K206R
SEQ ID NO: 164 | 1165 M, E170K, ik Yes

P194T, A197K,
K204E, K206R,
E222D, 8237C

SEQID NO: 168 | A16T, 1165M, ok Yes
P194T, A197K,
K204E, K206R

# 1.5-2.4 fold increase
Ak 2.5-3.4 fold increase
k3 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 GDIH
polypeptide, while reducing some initial GDH activity.

[90] The GDH polypeptide of SEQ ID NO: 74, which has the single change
1165L 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).



K204E, K206R * 1.5-2.4 fold increase ** 2.5-3.4 fold increase ** 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 Q252L mutation conferred

Resbsiakilisyson the GDH polypeptide, while reducing somegpifiakaRldas194
activity. [90] The GDII polypeptide of SEQ ID NO: 74, which has the single

change 1165L relative to the B. subtilis, GDH backbone of SE é&){l\élg 2
provides a 5 15 fold increase in initia' GDH activity, and a 13 f ﬁ eX¥e
in activity in a coupled chemistry process relative to the wild-type B.

subtil GDM¢SEQ:Brad QI WRREEO4B006 &@s‘EﬂfJ S2e04/026%%ose

30 A0IENR0RIAM Nors rgleto d RN RNBRPHASS OB SaN. .

invention are those pol Ee tides havin 5A) og , more

7%%%6%&%%50@% Wém%fbr%mﬁmﬁémmbwwmtw@s 160,
polypeptiges MSSE@SIEahN@s ab60, 28hand 68 ApReURARAYEGACH S

om 5-8.5 mutations but has the followin

fthes five
S R B e T oA 65 AU Rotsimnit oo T
stateﬁlhﬁ?ﬁthﬁﬂ@é&rmdoﬁé%mbdﬂimenmﬁ the)ﬁftﬁ'seﬂhm\bﬁéltmﬂ)tﬁiﬁtmﬂ@ﬁ

fo 2 GDHAGARAINE o SEQPNOB UM NOD TSI ing

substitutions wherein five o the resi ue s tlon are

A19FRIK 263 EEsiffit NQWRIHPGS[%}}@W%V%W fw (esBBYs)bStigion are

mutatignsii® thenwild dyreBoaubiis Kby (SEQ ID NO: 2) backbone
were found to be beneficial. Specifically, for every 1000 clones screened,

1therd93dcudmilyanbe3-Sesirgle. pEinbb rdaubleipaini matauartggmt MU
ben fth mutations ound t etrir
For ee(?g%é%%@%g? eredp tive &SEFpo pe{jptL#) e |rf1)ac ive, pf% qé?’egsr
Q25gveslid At ssdatedetiedniticiec@DHemdtivily drifcinge Bigulilis bl Pbint
(SEQURAA @l Atsisibabyine hereliciy) eflgeta ohanm uain11E

not found to be additive with the beneficial effects of another mutation.
ThuSfEMsRh pI BT SRRl cdversd BKeiRe dsniBhHE es] weatienactive,

1futatidreas Q2521 slightly reduced the initial GDH activity wild- -type B. subtilis
GDH (SEQ ID NO: 2). Interestingly, the beneficial effects of one mutation
were not found to be additive with the beneficial effects of another mutation.
Thus, for example, it was discovered that the combination of a first mutation
that increased GDH activity 2 fold compared to the wild-type activity, with a
20 second mutation at a second residue position that increased GDH activity 3 fold
compared to the wild-type activity most often did not result in a GDH

polypeptide that had a 5 or 6 fold increase in GDH activity.

[93] The GDH polypeptides of the present invention have the activities
described herein, as well as other desirable properties, e.g., altered temperature

25 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 NADP™).

30 [94] The polynucleotides encoding the GDH polypeptides of the present

invention may be codon optimized for optimal production from the host



that increased GDH activity 2 fold compared to the wild-type activity, with

a 20 second mutation at a second residue position that increased GDH
activity 3 fold compared to the wild-type activity most often did not result
I8 L34 pglypeptide that had a 5 or 6 fold increase in GDHa¢ VYo 934104
The GDH polypeptides of the present invention have the activities
described herein, as well as other desiyable properties, e.g., alter
temperature 25 and/or pH optimums, l'Jé’?)lvent resistance (e.qg., gﬁﬁ??‘mﬁ?)
acetate), and the like. Moreover, the GDH polynucleotide may be mutated
or evalgrdhto evrdtior | ibnariesothatlltarcimsoreenddaty idéitify ffhsom will
modified GDH malyraptides, haying thaabilinyto Pgﬁfﬁa%ntc%'&z@c Lrence

other compounds as cofactors, such as, for exam ple, NA

referfe@HBEENRDBYid0 Wﬁe%ﬂﬂwaﬁe@ﬁd@ﬁ%cé‘éﬁﬁ@lhe B2
pO'YQﬁlﬁﬁdﬁ&afIﬁDﬁ@cﬁﬁeS%&W@ﬂ&l epImaY BerHedan onisasdifar aptimal

d f h t 200 PCT/USZOO4/026194 -31-
ro %é%rgaﬁ H%%S& C(Ee ?r()éiﬁ%é <foR° Phose having ordlnary
sk'" 14he adtwilleeqqnizehat fakies And.0 gg; & GISEPNCE> Qg wo-

codon preference information for a wide ran organisms are re
availH#BhrsEsse HirstHus iy sipel D sanerites the ciaBriand heplidatsgmines which

Salmenetia adieighar Pt |n BeiredHAPM Y r8sh MRSRINGAN B Cerebhin ng

2047-2066 (1996), [95] Screening for transformed cells that express GD
s, .nlggf%‘f& stfbé E{lébaaﬁo@@?éc%ﬁ%ffaﬁﬁéﬂbh’?s?&aw%ﬁ&? Prsles

1and ﬂmms@ﬁemﬁmeﬁwﬁmhnaﬂd&s adhihdifledint @aﬁﬁﬁﬁﬁlﬂlﬂﬁﬂ'ﬁﬁs, allows

Propeiti SHREIAN B ROl Qe I e O A ).
yS|ca arati are a ved SImU aneous expression o}’a

selecﬁmmmbkécrwhm m@me@énbnbmfmtarmtaﬁdm eellsgreen

eXPregsincL e JRAtkE SeSHRHEWAle: R C8llS dig Q‘B&%ﬁ"}é SIRQ)- gcnes,

Exemplary scréening markers include luciferase, (3-galactosi ase a

greeﬁ’%é?e%"éé?ﬁ%%?of@lﬁh%?@@iiflﬁﬁlﬁ%rlé’é%’lﬁiﬂmd@lérﬁ@ alifep toxdrthough

16ESISIBREEIeNEs 516N @ Y Haacs:tarGhleranphanieolRmPisin@ndy,
the I| e Althou lF%ht15 sL?%ntaneous election can and does occur in the
FROSTah

cours SR SUR T PEEER OB ds selection is performed
by miy 964 They 3P BLRANRGIARHIER I0SBIPH DY IB IHATNoR ALy
’ evolution method are screened in accordance with the protocol described in

Example 4 to identify those having enhanced activity that are suitable for

20 inclusion as an improved GDH polypeptide of the present invention.

[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

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

{98]

MYPDLKGKVVXHITGAX}gSGLGKAMAIRFGKEQAK
VVINYYSNEKQDPX4s Xy VKEEVIXsa AGGEAVV VX GD
VTX@EEDVKNX;::;VQTAIKEFGTLDIMINXQ;AGX95X95
30 NPVPSHEMPLKDWDEKVIX;uTNLTGAFLGSREAIKY
FVENDIKGNVINMSSVHEVIPWPLFVHYAASKGG
stKLMTXWGTLALEYAX”EKGIRVNNIGPGAINTX@;;I
N X197 X198 K Koo Xa01 Xooz Kooz Xane Xaos Xa0s A D Xooo X019 Xony Xos IPM



evolution method are screened in accordance with the protocol described
in Example 4 to identify those having enhanced activity that are suitable
for 20 inclusion as an improved GDH polypeptide of the present
%éem;g s@ ] The following sequence summarizes the dive 1911%@5026194
H polypeptldes of the present invention relative to the WI type
subtilis GDH polypeptide of SEQ ID NO: 2, as also disclosed in EP
955375, wherein one or more of the gr"r)'nno acid residues des@ﬁg?éEV%B
"X" followed by the residue 25 number are replaced to the GDH
polypaptideseh e resesit Inenton 4B L A S X0y EA Xor Y VT G Xon
MY PDIL R GRY/E X M G X1 Btk S KAMAXIREGKEQAK
VVINYYSNKQDPX46X47VKEEVIX54AGGEAVVVX63GD
VT XEBEE DN X7 OQFANK EEGTLERNINXS2NGXRE X@EB0H polypeptides
NPV SHEMELK VIO A LR ECRFLGEREAIKE 5 a5 L KGN
VINMSSVHEVIPWPLFVHYA
X 168K M7 3T esidhaivareanR NP SRR Tk SERNIR 189 $BIK
X2003%203) ¥RQB ¥20B0%2Qd tH2R% 206 Arb\X209 X210 X211 X2121 P
M D&]% /045016 PCT/US2004/026194 -32- 15076WO03
X216y R1TK2 IRZ2OPK222EHAAVAAWEASKXZI4EAX237YVTGX242
TLF guuurxn/\f\)ZX"'_”nor\g RG n.e tversity of changes at various
res GHE. PORItigyS for the-GbH-polypeptides-5-ofthe present invention are
shqwg1 1o uEe__;l@rlwl the-arrow-in-Tabte-2-betow and relative amino acid
resjd es orﬁv (ﬁlype GDFof SEQ1DNG—2+(EP; 055375) which are
sh [0 t _|}e1R0r thearmow Tablte2-Xt1—"A=>"D, X16: A->T X46: N->D
: = —AC-> N,

-
|

Xqs: -,V

ng: N-—»§

X95: L— F

Xos: E— A

Xu@: G §

X155: - M, L, V? T
Xno : E—=K

Xige P—Q

X194! P—T

X;g-,*: A K

X}ggl E— A, D, G, K, L
Xoppgp F— M, Y
sz! A— G, L, S, T
Xzoz: D— N

Xomw P—D,N,R,S
X2041 K—*DELNTQ
Xgosi Q«m& N

ngg;! K R

Xg(}gi V— A

sz: E— A, K
Xgui S— G‘, T

qu: M— K

Xz;&: G-+ L

Xglgl G— A

Xgop: E—Q

Xom: BE—=D

X2342 K— E, S

Xosp: §S—C

Xom: >V




X75:1->,V X92: N->S X95: L->F X96: E--> A X114: G--> S X165: I->
M, L, V, T X170: E>K X178: P--> Q X194: P->T X197 A- K X198: E-+ A,
D, G, K, L X200: F-> M, Y X201: A-G, L, S, T X202: D-> N X203: P--> D,

NydRaogs s K->D,ELN,T,Q X205: Q-> N X206: K-> R X20912084R26194
X210: E--> A, K X211: S-->G, T X212: M--> K X216: G-> L X219: G-> A

X220: E--> Q X222: E->D X234: K->E, S X237: S>C X242:Qll-5_¥7§\€9003

2005/045016 PCT/US2004/026194

15076WO0O03 X252:

Xosz: Q— L
X253I Y—C

Example 1: Construction of Expression Constructs for Expression of
Glucose Dehydrogenase

‘The genes for the glucose dehydrogenase were amplified using the

polymerase chain reaction (PCR) from genomic DNA preparations of Bacillus

5 subilis and Bacillus megaterium. The primers for the amplification reactions
were designed using the published B. subtilis and B. megaterium glucose
dehydrogenase gene sequences, and were as follows:

B. subtilis forward primer (SEQ ID NO: 79):
S-GAATTCGCCCATATGTATCCGGATTTAAAAGG-3'
10 B. subtilis reverse primer (SEQ ID NO: 80):
5TGGCCGGATCCTCATTAACCGCGGCCTGCCTGGA-3!
B. megateriym forward primer (SEQ ID NO: 81):
5-GAATTCGCCCATATGTATAAAGATTTAGAAGG-3'
B. megaterium reverse primer (SEQ ID NO 82):
i5 5-GGCCGGATCCTCATTATCCGCGTCCTGCTTGGA-3'
[991 The PCR products were cloned into an expression vector of FIG. 3
behind a lac promoter under control of the lacl repressor gene, creating
plasmids pGDHS06 or pPGDHMO02. The expression vector contained the P15A
origin of replication (P15A ori) and the chioroamphenicol resistances gene
20 (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 MO02-6)).
Example 2:  Production of GDH
[160] In an aerated agitated fermentor, 10.0L of growth medium containing
25  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/I. of zinc sulfate

septahydrate, 0.5g/L. manganese sulfate monchydrate, 1g/L. cuprous sulfate



X253: Y-* C Example 1: Construction of Expression Constructs for
Expression of Glucose Dehydrogenase The genes for the glucose
dehydrogenase were amplified using the polymerase chain reaction

ReRykemgenornic DNA preparations of Bacillus 5 subtilispgreBagiliss 4
Inegaterium. The primers for the amplification reactions were designed

using the published B. subtilis and B. megaterium glucose
dehydrogenase gene sequences, andg\jv'ere as follows: B. subtiﬁgogoérwg%s
primer (SEQ ID NO: 79):
5'-GARTICGOC CUEAT GTATIC CECA TRRANAAGGr8' (L0gH. SHDS was

reversgdimest N0 %) ol
5-TGGCCGGATCCTCATTAACCGCGGCCTGCCTGGA-3' B.

megatetiunTkensareepimertSEQUIRMAOVER: 2 late exponential culture of
5-GAATTCGCCCATATGTAT TTTAGAAGG-3' B. megaterium
reve?é%%ﬁlr% e @@%ﬁd#ﬁ? or pGDDHMO2) grown ina shake flask
5'-GGOGRBATECTCGATA [SSBCERHEET GE TTAGASIMOL e AGR
produg cloneddnto ap.expression yector of £IG. 3 behind a lac
promotgﬁgéﬁ{fg?%g%tgoll‘b?t %ﬁ%‘ﬁcragp?r&g)és%?f géor%s,’ (%\?Ie%a)tihogaﬁlt&gfﬁﬁjgpmai
pGDFBEY 6 FEDRMMOD ahellPrésgion Vdctderomanedsthgi®&8At 500-

origin orsplication @3%&{&%@%@%&%&{%%&%@'1(%?1%@@@9(1%%9393

20 (camR). Several clones were found to express active GDH and these
gende REraidhg Galiua s confipieduir Sebyiafdisiond 2% @/ YDINTiym
1&3(;;®g&médﬁhydm@ﬁg&s§xﬁ%-3a§g@aﬁ(ﬁ®ploo ]@%ﬂaby%eggﬂﬁéﬁmrg was
-6)). : Production o an aerated agitate
fermléer%tzloC E%%’%%?%%\%%hﬂyﬁgéﬁlsﬁ?ﬁl (‘%%%é?ﬁ ﬁ?gd%é’%%ﬁgﬁﬁ_%?ﬁ FRERGEMPY
sulphiateiddiBoLobfidlippatasilrm hysitagesidehGBpimaeSi ity dnaiei 31 7g:pof
potageIAKAG990 PRGSEORIG 28n OF TaARn O NERL RURSI for

0.05¢/L ferrous sulphate, an trace element soltion

contalsithgr2dA. dPesiciuniiitilotide tifsatiene, RRgrbllsf zine shilfatested by

15eptadveralaufo el Mansanese suifate E@ﬁ})ﬂgﬁ%% Ik SHRIOUSH 7.0,
Sulfaﬁl WQ,2005/045016 PCT/US2004/026194 -34- 1%076WOO(§
e cell paste was used directly in the downstream recovery process or was

stored at —80° C until vse.

Example 3: GDH Enzyme Preparation

[192] The cell paste was washed by suspending 1 volume wet weight of cell
20 paste in 3 volumes of 100mM Tris /sulfate (pH 7.2) followed by centrifugation
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 pressere of 14,000 psig for the first pass and 8,000 psig for
25  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% ghucose and
30 30ug/ml chloramphenicol. This culture was then diluted 20-fold into fresh LB



heptahydrate, O.Ig/L sodium borat.e decahydrate and 0.5g/L EDTA, was
brought to a temperature of 30 C. [101] The fermentor was inoculated with
a late exponential culture of Escherichia coli W3110 (pGDHSO06 or

RE&Y NP, grown in a shake flask 5 containing LB, 1% glucasg(SidMdeio4
Chemical Co., St. Louis, NIO), and 30 4g/ml chloroamphenicol (Sigma

Chemical Co., St. Louis, MO) to a starting optical density at 600 nm
(OD600) of 0.5 to 2.0. The fermentor v 3’5 agitated at 500- 150(}&%6%903
air was supplied to the fermentation vessel at 1.0-15.0 L/min, and the pH
of theauitiniegBas:ghnltobltedsathéticbyad diienofod 0%\ aRMICSTINT M
hydreyide. r.the.culture r n.QD60Q of th erature wa
redu%ﬁo@%%@r%ﬁ %R%gg‘%%e%s éﬂa%? %%%o%g“%%‘ﬁ% reo@égﬁgls'%‘y/va%saﬁowws
induded By thetkaiditidrusigohiépyl-(3-D-thiogalactoside (IPTG) (Sigma
Chemical Corp.,. St. Louis, MO) to a final concentration of 1mM. The

cultur&iastarEIESF anBiRE ! 4% Rl thspaarinm BeidoHielbehsnwart

Harvesms My dmdeniifughtioy anckmashed k) 10MVPRAESSMRY] methyl
phosgﬁ%tg Pﬂggﬁd H 7.0. The cell paste was used directly in the
downstrea%'u recovery process or was stored at -80 C until use. Example

3: G%ﬁnm@%%&t&%@%ﬂﬁ% %&tﬁmmﬁmg% byer b

suspending 1 volume wet weight of cell 20 pasté in 3 volume m
Tris AGHRE FiemS5 RatEwEE 19y béheiigation at 5000g for 40 minutes in
a So 2BP. The washed cell paste was suspended in 2 volumes of
oo R AR5 e o A P T S
e cenlenypassingtigsishendidonbligh HADHogehifenM iapassas
using,a 4 ' st [ ig-for 25
ol SN R R L A R
BeckrAAh PR cerifitules 960 inithgtesay retsupein seamtavarct eeanitsdre.

and dispensediinoskallowxGaatRiNgkay fazanala0rand Nopiized, toq
Exa el%; 4:%}5@ Enzym Acgviéy Assay [101] Cells were grown overnight
at 30C TR 3 (i BB e €& b3t 36 gimPctard def. o
Iéultureasiias thiértulilutéth GefolthintodrashikBAWE 2005/0460k6ited glucose
PCT&%Q%@I%@%QZ%{&%%S13591%91\%89‘.«3(1 solution in 100 mM triethanolamine
butfer (pH 7.0). The course of reaction was followed by measurement of the
increase of absorbance at 340 nm or by the fluorescent emission of light at 440
nm as a function of time. The results were plotted as Absorbance units or
20 relative fluorescent units (RFU) (NADPH or NADH) vs. time, and the slope of

the plot determined (Absorbance units/min or RFU/min).

Example 5 KRED/GDH Coupled Chemistry Assay

[108] To a 100 mL vessel equipped with a pH electrode-controlled automatic
titrator was charged a solution of glucose (7.5 g) in 100 M triethanolamine pH
25 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-chioroacetoacetate (6
30 g} in butyl acetate (10 mL) was charged to the vessel. 4M NaOH is added



containing 30 ug/ml chloramphenieol and after 2 hours of growth at 37C,
1mM IPTG (isopropyl thiogalactoside) was added. The culture (0.3 ml)
was allowed to grow another 4-5 hours at 37C. [102] Lysis buffer contains
108 M drigthanolamine buffer (pH 7.0), 2 mg/ml 5 PMBS ( 194
sulfate), 1 mg/ml lysozyme, 1 mM PMSF (phenyl methyl sulio uor|d26)
[103] Cells were pelleted via centrlfugf ation and lysed in 0.2 ml I sgﬁ er
by shaking at room temperature for % hours. [104] An aquec}glg §
mix was made that was 100 mM triethanolamine 10 buffer (pH 7.0), 0.1 to
0.2 dnddviN DR HeprahtABHhaad dOfiakbgloc gsetPofShREemasmixtuse lower
ORI oAl U0 BIP BRI ARG S AL A 1o RYIRAULY!
acetartltne was aﬁdam o the assay mixture to form a reaction mixture
rationofsoivein wixneesed absaiemiitnfetsrasete Zofpapaethiyyncpentag the

ther, bithatfedndiyted iysatamwas: eatariat I9pARddhencaddashio
the %L}}S%%%ctlfct)nar%x?ure ;Jéhe reactlon Wag?’rﬁtlat gé by addln%the diluted

SyludBEEuEepEtEn Rk SRR B0 SrOHRR SR SOm6 Vi Tob At
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urement of bsorban nm, or b
quorescenf1 erzém?ss%?ﬁ %}?Cﬁf éﬁ))&rﬁ%yag g(%ngfl%ﬁl % he results
Wer wlgtteﬁh@é ARSOERARGEURiLS %@2& ae&aﬂxs@cfl%rfﬁsgaeﬁeue@st&%%n

or NADH) vs. time, and the slope of the plot determined

(Ab@g&faiﬁ@é%huﬁé/mm BF RRGSAHASY BXARSR SHRED EBHE ifbierious

1(ChespisliysAssAbd Laade and L@@lmlerussﬁ@ eﬂmpmdmﬂhvmbht depama
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dropwise on demand by the automatic titrator (a pH of 6.85 was set as a
lower limit) to constantly adjust the pH to 7.0. The reaction was complete
when no more caustic was needed. The reaction rates were determined
by measuring the amount of base added per unit time or by taking
cLAams@mples of the reaction 5 mixture, extracting the sample 3 times with an
equal volume of ethyl acetate, and analyzing the combined organic layers
by gas chromatography to determine the amount of ethyl-S-
i.  4-chloroA3shydroxybytyrateipgaeiiigedtjercupibiinoé cafdRdik WWhibe:tkien of glucose
invention has been described with reference to certain embodiments, it
will be understood by those skilled in the art that various 10 changes may
nicoting@idiadecaria antnietants(hmil bl shearlistositisLit Yupdtineptifemidpadenine
dinucl66QRe (@IAD@lyn\tﬁnﬁm;ﬂﬂ\egqltgmo@aaﬁwmﬁ@t;ﬂﬁatmmaa&mmde }Bﬁosphate
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at eastriv@emmﬁtheglwwﬁﬁledimmespé@ﬁwlaﬁembeﬂtMemca@@I@@é&i bt that

SEQ ihadmvention wilkdis-taeivds all embodiments falling within the scope of the
appended claims. 37. CLAIMS 1. A non- paturally occurring polypeptid

capable '8t %8?%?2}?%8%%%@6&"81“3|%Fd%§%‘%‘ﬁﬂaﬂﬁ‘(éb%‘&ﬁﬁaée%§68hiﬁ&mbgy
with thelinuole atideddiany o6 Fracindlactendiamdtdeduced nicotinamide adenine

dinucle ‘5’@ %@?P ere%E%Q@tb‘(zeB’ &H&QSEG%“%E&Q%B“%vﬁ‘lgf?rﬂ%ndlzes under

dinucleotide phosphate (NAD J o glueonolactone and reduced hicotine

medivg JESEITIRbTe PRoEPRatE (RABPHI st e 685D ftRestng or 83
(ii) a sgheepsacdehymwgenrasa QG&H}:@&WW ofitheceiigretypeairhal SEQoHD),

NO: 2 arqg belgganel tt%d frgn{yz% erhmh%rlw %pigt&gg o%%(a.) A2 Qol}égegtl eﬂsmU a

having an"amino acid seque st 9196 hornol ogy wi
substitpiera it e I Eenuentercl! SRR BMNO B 4CTE: or 84; (b) a polypeptide

e”COdeOtc% &CBioAGH SeaHRYeRMAIaRRYDHdIZasMNAafMSHIUBDH activity
of the %U %&gﬁg)vwé% the (i) the nucleotide sequence of SEQ ID

s&ftience of (i) of at least 100 nucleotides, or
(iii) a comp)temmﬁan}dstcdmd),dfo()l)oo(c()|)hz(t)eaauar|amtedhahé§Q%Iy;ﬁehmd:ettaf GDH
activitp e 9 Mot Al84:COMPHSING, Ay Substitution, deletion, and/or

Insertion of one to six amino acids; (d) a fragment of (a), (b) or (c) that has
from 1.5 to about | 1 times the GDH activity

2. The non-naturally occurring polypeptide of claim 1, having at least 1.5 times the
glucose dehydrogenase (GDH) activity of the wild- type GDH of SEQ ID NO: 2 and an amino acid

sequence which has at least 91% homology with the amino acid sequence of SEQ ID NO: 54, 74, or
84.

and

3. The non-naturally occurring polypeptide of claim 2, having at ieast 1.5 times the
glucose dehydrogenase (GDH) activity of the wild- type GDH of SEQ ID NO: 2 and an amino acid
sequence which has at least 95% homology with the amino acid sequence of SEQ ID NO: 54, 74,

or 84,

4, The non-naturally occurring polypeptide of claim 2, having at least 1.5 times the
glucose dehydrogenase (GDH) activity of the wild- type GDH of SEQ ID NO: 2 and an amino acid

sequence which has at least 98% homology with the amino acid sequence of SEQ ID NO: 54, 74, or
84.



of the wild-type GDH of SEQ ID NO: 2; and (e) a polypeptide of (a), (b) or
(c) that retains more than 80% of the initial GDH activity after 20 minutes
of incubation at 50C and pH 7. 2. The non-naturally occurring polypeptide
of claim 1, having at least 1.5 timesife glucose dehydrogenase (GDH)
activity of the wild- type GDH of SEQ ID NO: 2 and an amino acid
sequence which has at least 91% homology with the amino acid sequence
of SEQ ID NO: 54, 74, or 84. 3. The non-naturally occurring polypeptide

5. ofclaim Ehmin@tmaléam@mmebfm@l@ wEskentanyding emamen(@EdH)equence

selecte@GityRIAapMlsh typeLDH ESERID NO72 gndan @2{"8101@@0'
sequence which has at least 95% homology with the amino acid sequence
of SEQ ID NO: 54, 74, or 84. 4. The non-naturally occurring polypeptide of
claim 2, having at least 1.5 times the glucose dehydrogenase (GDH)
activity of the wild- type GDH of SEQ ID NO: 2 and an amino acid
sequence which has at least 98% homology with the amino acid sequence
of SEQ ID NO: 54, 74, or 84. 37a 5. The non-naturally occurring
polypeptide of claim 2, having an amino acid sequence selected from the
amino acid sequence of SEQ ID NO: 54, 74, 84, 160, 164, or 168. 38 6.
The non-naturally occurring polypeptide of claim 2, being a variant of the
polypeptide of SEQ ID NO: 54, 74, or 84 having a substitution, deletion,
and/or insertion of one to six amino acids. 7. The non-naturally occurring
polypeptide of claim 6, having a mutation 1165L relative to SEQ ID NO:2.
8. The non-naturally occurring polypeptide of claim 1, being a variant of
the polypeptide of SEQ ID NO: 2 having 5-8 residue substitutions. 9. The
non-naturally occurring polypeptide of claim 8 having in common
substitutions of 1165M, P194T, A197K, K204E, and K206R. 10. The
non-naturally occurring 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. 11. The non-naturally occurring polypeptide of
claim 10, 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.



12. The non-naturally occurring polypeptide of claim 10, being a fragment
of (b) that has from 1.5 to about 1 L.fimes the GDH activity of the wild-type
GDH of SEQ ID NO: 2. 13. The non-naturally occurring polypeptide of
claim 10, being a fragment of (c) that has from 1.5 to about 11 times the
6. Gl mﬁ@mﬂﬁmgﬁd;ﬁgp@i@w?ﬁ f&':_c@iiﬁ).iﬂ&ir?g alér?rTﬁﬁehd}QHe%%%Bﬁde of
: rringpo tide of any one of claims 1 to 13 in which the . i
SEQ I e s LA 985 S R B R I b Bsder ik dfine
acids. the GDH activity of SEQ ID NO:2. 15. The non-naturally occurring
polypeptide of claim 1, being a polypeptide of (a), (b) or (c) that retains
maore than 80% of the initial GDH activity after 20 minutes of incubation at
7o 50T "ARAPRIAY SR BRLRSRIARY PR IR G pongreprERsion &l4ith 1gative to
SEQ Ibeirtg 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. 39 17. The
non-naturally occurring polypeptide of claim 16, being a polypeptide of (b)
8. that ReEURBroBsaITISR PP bbRtidniti A BDH dutivigy aftesr2@Tthaptdseptide of
SEQ 1ineubation 508G ANR PR stthodde non-naturally occurring 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 50C and pH 7. 19.
9. Thesmon-natusditiyocoauminpopalypapticecniel3imlingncosiaeh by Qubuiglgisns of

11651\4?9 sedue ich hybridi under medium stringency conditions with
eitk%r%)kt{hg%?d&%% ’e%%qig%r%cié of SEQ ID NO: 53, 73, or 83 (ii) a

subsequence of (i) of at least 100 nucleotides, or (iii) a complementary

10.  straadoidhneaii)o2RmAnyisolatesiand pusified GO RelypsRliderofia
m%I t%019.,n§'% X Gﬁéel—}?tpolypeptide ofgﬁ%/ oneglcil‘gggﬁfn@i@ iné(c)

f clai A
that e OB i SUEPRI S8 {1 LISOUAE GhEs G588 of SEQ 1D NO: 2

dehydrogenase polypeptide of any one of claims | to 19. 23. An

e 190 IS] ide.of claim 22 operativel
L B T 2Rl 21 8 s

from 1310 shers dddinss diyeRElsrtrmal ety B ras. GDHathSadnbKking. a
GDH polypeptide, comprising (a) cultivating a host cell comprising a

nucleic acid construct comprising a nugleic acid sequence encoding the
12. poﬁ?p%o&‘i%ag%fﬂpy occurring lpfﬂlype 188 of Clars {, gemg ar}ragment of (B) that has
from 1.5 to about 11 times the GDH activity of the wild-type GDH of SEQ ID NO: 2.

13. The non-naturally cccurring polypeptide of claim 10, 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.

14. The non-naturally occurring polypeptide of any one of claims 1 to 13 in which the
polypeptide has GDH activity that is 2.5 fold to about 11 fold greater than the GDH activity of
SEQ ID NO:2.

15. The non-naturally occurring 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.

16. The non-naturally occurring 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.



any one of claims | to 19 under conditions suitable for production of the
polypeptide; and (b) recovering the polypeptide.

39

17. The non-naturally occurring polypeptide of claim 16, being a polypeptide of (b) that

retains more than 80% of the inittal GDH activity after 20 minutes of incubation at 50° C and pH 7.

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

19. The non-naturally occurring 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, or 83 (ii) a subsequence of (i} of at least 100 nucieotides, or (iii) a complementary

strand of (i) or (i1).

20, An isolated and purified GDH polypeptide of any one of claims 1 to 19.
21, A GDH polypeptide of any one of claims 1 to 19 in lyophilized form.
22. A polynucieotide encoding a glucose dehydrogenase polypeptide of any one of claims |
to 19.
23. An expression vector comprising a polynucleotide of claim 22 operatively linked to a
promoter.
24, A host cell transformed to express a polynucieotide of anyone of claims 22 to 23,
25. A method of making a GDH polypeptide, comprising {(a) cultivating a host cell

comprising a nucleic acid construct comprising a nucleic acid sequence encoding the polypeptide of
any ope of claims | to 19 under conditions suitable for production of the polypeptide; and (b)

recovering the polypeptide.



