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25  ester of (R)-4-cyano-3-hydroxybutyric acid is a key intermediate for the production of the
cholesterol lowering agent atorvastatin. Methods have been described for producing certain
4-substituted 3-hydroxybutyric acid esters. Isbell, et al., Carbohydrate Res., 72:301 (1979),
report a method for synthesizing an (R)-4-cyano-3-hydroxybutyric acid ester by reacting the
monohydrate calcium salt of threonine with hydrogen bromide to produce a dibromo

30 derivative of threonine, which is then converted to a vicinal bromohydrin. The hydroxyl

group of the bromohydrin is protected prior to reaction with sodium cyanide. Id.
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30 4-cyano-3-hydroxybutyric acid that involves removal of the dehydrated by-products, such as
4-hydroxycrotonic acid esters, by chemical reaction, which renders these components water

soluble and extractable. Thus, although these methods utilize a readily available starting



3- hydroxybutyronitrile. In Tetrahedron vol. 50 (1994) pp 11821-11826,
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Lutje-Spelberg et al., Org. Lett., vol. 2 (2001) pp 41-43, discloses activity of a
halohydrin dehalogenase to catalyze the reaction of certain styrene oxides with azide to form
the corresponding 1-phenyl-2-azido-ethanol.

25
SUMMARY OF THE INVENTION

In one aspect, the present invention is directed to a method for producing a 4-cyano-3-
hydroxybutyric acid ester or amide from a 4-halo-3-hydroxybutyric acid ester or amide, the
method comprising:

30 (a) providing a 4-halo-3-hydroxybutyric acid ester or amide,
wherein the halo substituent is selected from the group consisting of chlorine,

bromine, and iodine; and



hydr oxybutyric acid ester or am de, the nethod conprising: (a) providing a
4- hal o- 3- hydroxybutyric acid ester or am de, wherein the halo substituent is
selected fromthe group consisting of chlorine, bromne, and i odi ne and 30
(b) cont agybhRahafolgs#A- hal o- 3- hydroxybutyric acid ester %Tﬁfﬁ&ﬁ/ﬂ%%

hal ohydri n dehal ogenase and a nucl eophil e under conditions suitable to form
a reaction mxture for 4 WD 2004/015132 PCT/ US2003/ 025263 converting the
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ester or am de. BRI EF DESCRI PTI ON OF THE DRAW N Igure 1 depicts the
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oxybutyrate ani de I n aqueous sol utions at various
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(pou 10708 e dpede o BrEpiR it ol i PO GE O

repl i cahydwoxybptybic @tid)esteorl antlde. epressor a T5 prom)ter a T7 ribosonal
resi sta ene. (camR). 25 Figure

bi nding site (T7 , a chl oranpheni col

3 depicts a met%srpzsa%r SRTEAAL {VERtion iy dieseied fp 8 msiho for adygingdit i nvent i on
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binding site, "a lac “pronoter (lac), a T7 ribosonal bi nding site (T7g10 RBS),

and a cefmeprisingheni col resistance gene (canR). 5 WO 2004/ 015132

PCTI USngﬁS %,% gglga[ﬁﬂ'ﬂ B'iQto@@ﬁE{'aﬂ' OF THE | NVENTI ON The present
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20 (b) contacting the 4-halo-3-ketobutyric acid ester with a ketoreductase, a cofactor, a
cofactor regeneration system, cyanide, and a halohydrin dehalogenase to form a reaction
mixture for converting the 4-halo-3-ketobutyric acid ester to a 4-cyano-3-hydroxybutyric acid
ester.

In another embodiment, the present invention is directed to a method for producing a

25  4-nucleophile substituted-3-hydroxybutyric acid ester or amide from a 4-halo-3-
hydroxybutyric acid ester or amide, the method comprising:

(a)  providing a 4-halo-3-hydroxybutyric acid ester or amide,
wherein the halo substituent is selected from the group consisting of chlorine,
bromine, and iodine; and

30 (b) contacting the 4-halo-3-hydroxybutyric acid ester or amide with a halohydrin

dehalogenase and a nucleophile under conditions suitable to form a reaction mixture for
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speci fi Mg a&% 38850 t produci ng 20
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convertl(ap Tahﬁloﬁ @aﬁ}ogm(pxybutyrl c acid ester or amide to a
4 cyano- 3 hydrox E‘; %I‘IC acid ester or amde. As used herein, the term

" cyani de(b)refaé&% eRhikeyadi de ani on (CNF), hydrocyanic acid 30 (HON), and

M Xt4r ey hery IFFH{ £ |ntheformof a cyanide salt,
t ypi gall an aI a?%gofti?? or %)%la%p o KCN, and the like), in the form

of hydrocyanic acid (gaseous or in solutlon), or mxtures thereof. 7 WO
2004/ 015132 PCTIUSZOOS@&%%%&é%éﬁEEiggS 'r%§ﬁ¥§ﬁ5§§§c acid esters and am des
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20 -hydroxybutyrate with cyamde in aqueous solutions at various pHs in the presence or

absence of a halohydrin dehalogenase (HHDH), as described in Example 21.
Figure 2 depicts a 3944 bp expression vector (pCK110700) of the present invention

comprising a p15A origin of replication (p15 ori), a lacI repressor, a TS promoter, a T7
ribosomal binding site (T7g10), and a chloramphenicol resistance gene (camR).

25 Figure 3 depicts a 4036 bp expression vector (pCK 110900) of the present invention
comprising a pl15A origin of replication (p15 ori), a lacl repressor, a CAP binding site, a lac
promoter (lac), a T7 ribosomal binding site (T7g10 RBS), and a chloramphenicol resistance
gene (camR).



5 Biocatalysis and Biotransformation. 12:179-191 (1995); Russ. Chem Rev..

41: 740 (1972); Kataoka, et al., Anvl. Mcrobiol. Biotechnol., 48:699-703
(1997); and U. S. Patent No. 5,430,171. Suitable 4-hal o-3-hydroxybutyric acid
ester and strates enployed in the practice o t invention
i ncl ude tﬁ@g% hav#ﬁg the structure | A and 1B, respectlggﬁ%gﬂﬁ%géﬁg OHR3 0 R2
OHR3 0 XX OR NRFTRe R Re RLRA R R4 1A IB wherein: X is a hal ogen
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cycloaIkykaqmnqmcamda$branhwmgeammsnmiuted | ower al koxy, an optionally
subséltuted 20 cycl oal koxy, an optionally substituted aryl oxy, and an
optionally substituted arylal koxy; and R5 is selected fromthe group
consisting of an optionally substituted |lower alkyl, an optionally
substituted cycloal kyl, an optionally substituted aryl, and an optionally
substituted arylalkyl; and R7 and R8 are each independently selected from
the group consisting of hydrogen, an 25 optionally substituted |ower alkyl,
an optionally substituted cycloal kyl, an optionally substituted aryl, and an
optionally substituted arylalkyl. "Optionally substituted” refers herein to
the repl acenent of hydrogen with a nonoval ent radical. Suitable substitution
groups include, for exanple, hydroxyl, alkyl, a 8 WD 2004/015132

PCTI US20031025263 | ower al kyl, an al koxy, a | ower al koxy, an al kenyl, a

| ower al kenyl, nitro, am no, cyano, halogen (i.e., halo), thio, and the

-1

like. The term"lower alkyl" is used herein to refer to branched or straight
chain al kyl groups having fromone to about six carbon atons that are
unsubstituted or substituted, e.g., 5 with one or nore hal o, hydroxyl or

ot her groups, including, e.g., nmethyl, ethyl, propyl, isopropyl, n-butyl,
i-butyl, t-butyl, trifluoronmethyl, and the like. The term"cycloal kyl" refers
to carbocylic alkyl noieties having fromthree to about 6 carbon atons, as
well as heterocyclic alkyl noieties having fromthree to about 6 atons,
where at |east one ring atom is a heteroatom and the other atons are carbon
atons. "Heteroatoni refers herein to oxygen, 10 nitrogen, or sulfur. The
term "l ower alkenyl" is used herein to refer to a branched or straight chain

group



havi ng one or nore double bonds and from2 to about 6 carbon atons. Lower

al kenyl groups enployed in the practice of the present invention may be
optionally substituted with the groups described herein, including, for
exanpl e, Rad Sooa/Pisi20xyl, lower alkyl, and the |ike. 15pApudsiBshigsein, the
term "l ower al koxy" refers to -OR where Ris a lower alkyl or a |ower

al kenyl . Suitable | ower al koxy groups enployed in the practice of the present
i nvention include nmet hoxy, ethoxy, t-butoxy, trifluoromethoxy, and the |iKke.
The term aumgmmmmmgoemwm ROTALYZFIECENVERSIONOF 4-Warosed herein,
the term"aryl " 1ef mpnocyclic anﬁ ' ycyclic aromatic groups having
from3 to ab:Jll? e YHDDE eroatons, and includes both

car bocycl i ¢ gy br@éxf?ﬂ%nhﬁh@éﬁé’tﬁ%ﬁ for Biohci QURRcieoffRBARNELLR 2Ty

groups are aryl groups in atons Tn the aromatic ring are

car bon. Hedzoxybytatic acid ester ‘glﬂau%fr‘ane%hﬂgi-}gy@'%@mmmﬁaﬁmr orammidg, theo about 4
hetersoatxgémodac% E'sﬁ atons in an aromatic ring with the remai nder of the ring
at ons bel ng carbon t ons. Exenpl ary aryl groups enployed as substituents in
t he present (a)venpmrdmgmhmdle 3- nmox&ﬁutgmamq)dlesterpdmmyde, pyridyl, pyrimdinyl,
napht hyl , and the Ilke al k fers_herein to an al kyl group
substituted with an ary ﬁm%&’éﬁ%?’ﬁl‘ eéﬁ”{?ﬁi{%ﬁ“&%’ﬂﬁg“ﬁ‘%ﬁﬁge benzyl ,

pi col'yl, and the thikEne, Sﬂbﬁhé tabd RAdind!l aidal kyl  groups may be substituted in
either or both aryl and al kyl portlons of ,the aryl al kyl group. As.  used

herein, the {®rm teptscting thsdshale éflwﬂ@witma%@feé opamige githahajokydsin - 30 The
ter nﬂd'cy&rﬁ@%eﬁg%m a%ﬁawpm@mﬁwc&mlﬁﬂswm 6 foimi &ﬁ&@%&&@@f y substituted

C3-Cs cycloalkyl. The term™amno” 1s used herein to refer tot group - NH2.
The t er reonvertingsthe AfhRlpIrhydroxybutyirieasidiesteroramide toraed- guqlmphﬂmbswm@dé Ris

hydr oge dR is a
ver - RGPl el or ey Syl iyt WA BoveeERBrocS” T 07
R is arfoﬂhe mamefhdtyreof dssubdtitated! 3-diydrak ghutyrielacidreaterscand adhideg lin whichibg- f rom 3 t o

about 8 ca bo atons, .so.that N and Rforma cyclic structure, for exanple,
pyrol | i d&" ngB@‘r"Pd? miumized.  he |jke. Specific 4-hal o-3-hydroxybutyric acid

est efss of Comelwﬂuleé\sﬁlﬁme foPYdeen B Eﬁl-déﬁ&ﬁof the présentRvErtida afetRosefthdt bR present
i nvention include ethy -chl oro-3 ydroaa/ﬂt;utyrlc acid ester (i.e., where

Xi s chl ¢apable ofF%wplaR@g thshalwbsawwtﬂéﬂﬁﬂeh hdrnybubytie avil ester af uyide | net hyl
4-chl Or ﬁhh@%dﬁﬁéféQerbgm%Q Eghf‘eaﬁﬁ[q %)i'esgntm\)@ﬂgtgrgr ¢ ﬁdg%%ﬁ *ﬁh@é%dﬁﬁgum R2, R3.

R4 and are rogen tyric acid
ester (|Emmplwmcl§omnées lmlmdnqyemdﬂCN'm,ZIdRBN{Rmd mmteIRGNQF)a hydrogen and R5

ethyl), neth 4brrr0310 roxybutyvri.c acid,ester e., where X i
or o he, e . e Speig apBationt s B bR Y lnod efpronttif © 1S
t- buztoyl -Mcy@ﬁd emdﬁxwmadwesym 6r mﬂ& ﬂiﬁﬁe-rha(olé BydroWb&fythaH%stﬁi‘sloﬁri ne, R,

R2, R3, R4, an ist
- butyI aﬂu@ﬁs d@ﬁvﬂwaﬂ%sﬁw& -3 ya evéwn@eg'eﬁwdm@%sws bronmine, R .

R2, RS, '?ro@fd@n whﬂg%yd?d}%ﬁﬁné ﬁcuﬂ eé%éﬂo\f'a}mdeand t-butyl-4-
|odo3hydroxy butyric acid esterq&. , Where is iodine, R, R2, R3, R4,

and R6 are hydrogen, 1%hersin thehales SWH@Wllsselﬁlcwdcf@m@Fﬁ%‘ﬂﬁ@%ﬁlmﬁpﬁ at | east

one of R, R2, R3,;,B4.. ltquﬁiﬁ lL.oyar al kyl, such as, for exanple
1 ah y ) . np! e,
met hyl , et hyl , orc}for opy ul ta‘gfoamﬁ al o- 3- hydr oxybutyric acid am des of

com@dund | B (H)at mmmng tlpl‘bb@d-S-hydroKmmimd ester of arhide withedalnhydmvent i on
i ncl ude d%ﬁﬁcbgleg Qand c%%‘&%x%ge ! liffio BullShil o Bimn 2 WEGiSn mixture for converting

the 4-halo-3-hydroxybutyric acid ester or amide to a 4-cyano-3-hydroxybutyric acid ester or

amide.
As used herein, the term "cyanide" refers to cyanide anion (CN"), hydrocyanic acid
30 (HCN), and mixtures thereof. Cyanide may be provided in the form of a cyanide salt,
typically an alkali salt (for example, NaCN, KCN, and the like), in the form of hydrocyanic

acid (gaseous or in solution), or mixtures thereof.



Xis chlorine, R, R2, R3, R4, R6, R7, and R8 are hydrogen),

4- br onp- 3- hydr oxybutyric amde 20 (i.e., where Xis bromne, and R, R2, RS,
R4, R6, R7, and RBare hydrogen), and 4-iodo-3- hydroxybutyric amde (i.e.,
where Xisy@%odssi3» R2, R3, R4, R6, R7, and R8 are h certain
enbodi nents, at least one of Rl, R2, R3, R4, and R6 is¥g*@g§'@?mé’+§yl, such
as, for exanple, nethyl, ethyl, or propyl. The 4-hal o substituent of the
4-hal o- 3- hydroxybutyric acid ester and am de substrates 25 is preferably

sel ected fronpigd 9hyd@x iRy £ &fors £alablidedleiploye® iEthe pfaefcerenet- chl or o-
3-hydroxybutyric acid ester and am de substrates. )

4- subst i Rrepealdn@Entgn max Pp grepated agpordingtottke methods desgrihed hereimdated by t he net hods

Cespoct 1 ST ey AR IR YA ot SR BRE s Rt My RSB URR e o G O

Nu ORS Sueb niethod§dredesciibed, Ifér ekhfbpleyindf.B. Pant NB23, 8368 R allinGn, ek, R7, and Rs

are fined.for, structures | 1B: an 5.Nu is sel romthe

gr ou?c%ﬁ%&@m'@z&% &R%ﬂ*&‘ﬁaﬁ&‘%i%%&%@ﬁ&ihm aci d
ester Slm&dkﬁ,td?&l.,f%ﬂlﬂﬂidr&‘tﬂolslsfd&hwl.%&699-‘2@3(]1QDTDQaddAU.GE Pategd ed with
cyani de and hal ohydri n dehal ogenase, 4-cyano- 3-hydroxybutyric acid ester

pr oduct ss"iﬂoe”éenerat ed that have the structure of conpound Il1l: R2 OHR3 O
NC ORS  Rs 1@ujtatfé4-hhiol3-hydesxybutflic abtd estbind BthiddubdtiiesRipyed amgef i ned for
structure | A Hal ohydrin dehdl ogenases are enployed in the "practice of the
present Hraptiepef thepresent iryentiondnglude thpse hoving dhestroetursfLAzand - 1Ba respedtivglsir oxybut yri c
aci ster or amde to the corresponding 4-nucl eophile

substi t ut ed- 3- hydroxybutyric acid ester or amde in the presence of a

nucl eophi | e. The tegnsdHhal dhydrin dehal oggnale” ard "HHDH' are used

i nt erchangeabl y heregi er to an enzy n the process of the
present inventi ok t he conveklsj ~Qal o- 3- hydr oxybutyric
acid ester and/or X a 28R nucl eophfTe| suPsti t NR& 3- hydr oxybut yri c
acid ester and/or ahj d®, Fkespectively, in theR plesence of a nucleophile such
as cyani de. Sui t abl® hal dhydrin dehal ogenages i "Bl ude naturally occurring
(wld type) hal ohydrin dahal ogenases, as well aggnon-naturally occurring

hal ohydri n dehal ogenases generated by human mani pul ati on. Exenplary naturally
occurri herdld non-natural |y occurring hal ohydrin dehal ogenases and

hal ohydrin dehgl,qdR3as&lected from the group consisting of chlorine, bromine, and iodine;
15 R', R R? R%, and R® are each independently selected from the group consisting of

hydrogen, fluorine, an optionally substituted lower alkyl, an optionally substituted cycloalkyl,
an optionally substituted lower alkenyl, an optionally substituted aryl, an optionally
substituted arylalkyl, amino, an optionally substituted lower alkylamino, an optionally
substituted cycloalkylamino, an optionally substituted lower alkoxy, an optionally substituted
20 cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted arylalkoxy; and
R’ is selected from the group consisting of an optionally substituted lower alkyl, an
optionally substituted cycloalkyl, an optionally substituted aryl, and an optionally substituted
arylalkyl; and
R’ and R® are each independently selected from the group consisting of hydrogen, an
25  optionally substituted lower alkyl, an optionally substituted cycloalkyl, an optionally
substituted aryl, and an optionally substituted arylalkyl.
"Optionally substituted" refers herein to the replacement of hydrogen with a

monovalent radical. Suitable substitution groups include, for example, hydroxyl, alkyl, a



25 encodi ng pol ynucl eoti des include those described herein. 11 WO

2004/ 015132 PCT/ US20031025263 Naturally occurring hal ohydrin dehal ogenase
encodi ng genes have been identified in Agrobacteriumradiobacter AD1 (hheC),
Agr obact erygmydspsaci ens (halB), Corynebacterium sp. Erhaf&RGR9i09 1a and
hhB encoding I b), Arthrobacter sp. (hheAAp2), and Mycobacteriumsp. GPl
(hheBcvi) See van Hylckama Mlieg, J.E.T., L. Tang, J.H Lutje 5 Spelberg, T.
Smlda, GJ. Poelarends, T. Bosma, A . E.J. van Merode, MW Fraaije & D ck B.
Janssen, JoweRAIRNY. mdm,@ebweﬁﬁﬁnm@nﬁtm%mnwnﬁfuiam%ﬁeﬂ.stI cal l'y
related to short- chain deh drogenases/reduct ases (2001) Journal’ of

Bact er i oh%wﬂ(ll%?ﬂmab%%ﬁﬁﬁ ikovi des the amino acid sequences for these
hal ohydrin d I E%IEE ring

hal ohydri n de |‘§8’§2§‘2§?"ﬁn LRt eeﬂn C ap?g{teoﬁ}%gc e(p&t a?é& X}fg'lcﬁg?ent

f r om Agr groepsthaving fiomesticab abQuee sixABibon stomshhaumeems@s'etutadfor B%Shﬁ)te:lubgm t s

Cor yngbact rlums es _two .HHDH enz ichis
conpgésaed gho n&c% E%f}wdf‘?‘%{ ?r‘iﬁermulpf—! ipgluding, ﬁéY W@%D@S@ﬂp f related
subuni t slsqiro@ﬁ Bty F-biRFl, kau(yKluiﬂuordrhlEﬂxyu‘zﬁﬂrmasm TheWérGe' Ty¢l6aliedlS teffets

i nacti vat ed under OXI dizin @llngr.:géml ons in a pr cess that leads to

di ssoci atoigropylicaliey! messtiss éprfﬁ'Bé‘B° P AR AOWELHH 8 to 9 and an
opti nal ﬂé@gﬁg@ﬂﬁﬁ%&eﬁﬁs haliag ErbalEiree E@@bouM; %mal Where 466440 Bhe ri )
30: 251- 258; nson Opi ni on Bi ot echnol . (1999) 10: 365 69). The

opt i mal isi hetsroatqmpand the ather e@n@mad@n atomsreHetsroatom'Srefers kergin (o okygen, he

opti p& {. grt ﬁﬁL ranges from45 to 55C (Van Hylckama VMieg, et al., J.
Bacterl 0 %20 1§>d 83: 5058-5066; Nakanura, et al., Aunl. Environ. M cr obi ol .

(1994) 60: 12917hc1&ﬁ11"10MagﬁsaysH,ls usbdhéreiptd\pqﬁrto Wboanclisidadr stréiglttchainigadup (1992)
36: 478-482 20 The o L eve cti ri peni ng by

chl ori de %885%’5%%’?’%% ? ab&ﬁ'd;féaﬁe% Z?qli]ﬁpds%?r a@’iﬁﬁ?“@ﬁzyms and
}s 7. i (érgbloﬁfd 15&&|pbacchgﬁtMﬂp&bﬁlg§_ﬂvéﬂian_ L?pgoxhﬂb%pbwhﬁéwdrgb mlegeplglsogigase
rom Agrobact eri um radj opact er ar rovi ded herein_ a

15, and & up*ﬁ?écﬂg bereiny 'é‘&ll“p'd'ésf°éﬁff’|"§§‘pgﬂﬂi}ﬁ@rqxé' dwesrafkylyapd thedikei 5 ang 17
are yaqriants AJ\%Ed RAERIGe I Waﬁd& Oreﬁi?étg m&aealéah@w&mﬁ&a‘t ed
sequences are I‘OVI ded as 6, and 18). Non-naturally

occurri nlgwnaalbwur auleﬂqvqrg&vaswupaﬁnmgy@en&mmcggf thg presein  net hods,

| udi li k
several  igh i AE o SRAGLER Gy, MRS e S E L C% L e
readi | y aeyleofedes hereiratotRQH, twheresR isgantamel. mmbﬁthedﬂﬁahebad"myl"@mme 4. Such

screeni ng met al.so be 30 rea ied to. lde if i ot her

mat ur al | BN Fola U gentr e urhas B E88 2 b b BSKhand caltsi |y

OCCUzg i NEktdigdtOmy, dhd ﬁwﬂﬁ@ﬂb&ﬁle lid l stah@aaefbeyaﬁ&pﬂrg% g to SEQID

NOS: 24 (HHDH B-03), 26 (HHDH C 04), HDH E-0l ), 30 (HHDH G- 08) 32 ( HHDH

12 2GB), ghoqyﬂw Ups/5g arywovwh&wlnm)ﬂor@an@mme lznsm 74 (fil-1DH

B- 12 HHDH iR 09), 84

(HHD?—| Fo H%ﬂ“ﬁ ?g' °‘g‘§ 4 W&Q@mégg‘{émm A“-%p‘%)‘ 4and 42 (HHDH) E- 03).

Exenpl arl}ng qmrhymmlm mquﬁnﬂ)emdmer efthedeg athms deinglcarypmiatoms.dehal ogenases

'7 gc' gge %?e%?p%? a@ﬁé{oﬁgs"é}@go?%fs‘Butﬁﬁgeﬁpm'\@pregéﬂ ifvantién/inctfide, fov-: 33 35 37,
, 25 , exar,nple, ;,)henyl pyridyl, py,rimidiilyl, naphthyl, and the like.

The term "arylalkyl” refers herein to an alkyl group substituted with an aryl group.
Exemplary arylalkyl groups include benzyl, picolyl, and the like. Substituted arylalkyl
groups may be substituted in either or both aryl and alkyl portions of the arylalkyl group. As
used herein, the term "arylalkoxy" refers to RO- where R is an arylalkyl.
30 The term "cycloalkoxy" refers herein to RO-, where R is an optionally substituted
C;-Cs cycloalkyl. The term "amino" is used herein to refer to the group -NH;. The term
"lower alkylamino" refers herein to the group ~NRR' where R is hydrogen or a lower alkyl,



89, and 91, respectively. Additional non-naturally occurring hal ohydrin
dehal ogenases that are suitable for use in the practice of the pr esent
invention are provided in the patent application entitled, "Inproved

Hal ohydri nygehrlpgsnases and Rel at ed Pol ynucl eoti des ing to
Attorney Docket No. 0353.110US, filed on August 11, 205?%85@§/g%2%gned 10

U S. application serial nunber 60/494, 382, which is incorporated herein by
reference inits entirety. Halohydrin dehal ogenases that are suitable for

use in g rPLAL oWeralRl. ke té}gxe%fcggauq{lﬂkfﬁﬂ* tefits héi‘@iﬁttthﬁfe r wergﬁcur ring or

non-naturally occurring can rdentified avi ng ordinary
skill ins m@t@nallmbﬂgutpﬁéwnrbnmmhai@gedmadédvmmfrméripIabom 8 qa!d:lomagmtm n 15

dehal |
exch by ¢ TR TR BHET M el K ckimle, e BBkl SR € Beclr i Ded
in Exanpl e 4,Spet3ﬁcng-halbé ltﬂydf@lybu@ﬂc bgadmwybﬂdfqmpomndim thaeﬁiaylbe emplopedie

e

Mot /' mi n/(1@), wiéél XSO BRbHRE R 32, Réaﬁtmﬂhﬁ%eﬂyﬁﬂngaﬁ%ﬂmsﬂiémyI?m Wp to about 103
her, in the assay described_in Hal ohydrin

20 gnol / m n/ or_ hi Ex
dehal ogérﬁ%@%dﬁé‘ RUyRE aridester (1.eewhae Xiis eomie RyrRS, R rﬂawedﬁoﬁum of “purified
enzyne, Fﬂscnt, g dr%:ﬂ:’ S W th gene(s)
encodi ng%{?gfr?ﬁh rin emfﬁle*hglgﬁﬁéggo 35}“’ gmggkhisﬁ %s;“g{e{r?e% wi t h hal ohydrin
dehal ogdnamige, RnBS dlr@ gth arahddmgmaidReethyl}ameﬂldeﬁmméel | |ysates thereof
Q f. differen solid (e.g.
Iyopﬁl i ngybl%nc A% Oh%?%ﬂlﬁrgmjnebﬁ ?e’mﬁ ;E(';'Iaflglke(“eq‘d’ﬂ% lg)crgde paste)
The cel IR audthiyi); t-Butyl- 4-©Eloi'o Bmgmggbmmlmret i2l, Iwmemx iif hbatinoyR', B, &] pi t ati on

te t t t.h f ol | owed
SR G G R R T o T (R
dl al ySI Swherd ™) @tk}smhdekﬁb RZAR"S( R* Qind R GreQfitdtogh, @ﬂdikaid tmlmd beutgitabi | i zed by

crosslinking usin knovvn crosslinki n§(a gents or exanpl e,
gl ut ar allﬁ’@l-ng Hﬁ'ﬁ@Fldleifﬁt {ign where §d1>¢lalﬂ,|8hdéeR?»é‘g uasehydrege, and the

|1 kq). %ﬁdﬁﬂ&%%?%ﬁ%%ﬁg%&%‘éﬁif Pread Onie of'rﬁ'ggz;% R raﬁ?‘k“?ﬁl% te- 9.

enzyne, r oVl |n a vari of different orm;,
i ncl udi. ntkyhcuheas, (oee:gamplé ynqﬂlryuetlz}d,chrpsqpyhy dried, and the like), soI ution,

| li.k Th t ant hi | d
T oy o B B 2 aecrBucyric i A, 6P Sl buuig B8 el Bectmaues POt 1
0{ di ggg ¥n ﬂiélpHcltlfébiftH@pﬁfdnt uﬁeﬁnoﬁxmeett-crﬁormehﬁmh |y|6"ﬂ§n69h1me'h(pf] wmtae be frozen
at - N S uQt.s 0O a recni e 1.1 zall on
chanber Xﬁ&hg&mﬁ‘&gﬁﬁe‘*ﬁpReaqq%eﬁrbhydaoaﬁgb&thwmm@fdrw& WHGBE of wat er

{ 0! NGy SAMRE is blofil ERERAUII R, RS RYVR!, 58l Riard Rt And Gidiiat w0 hour s

before release of the vacuum and retrlev I Iy lized sanples. In
carryi n@ymxthwqmnd%@&,mhctﬁxmlh@nelﬁ RlyBr,c& But%/ranﬁ &oﬁrdhl&wm, or ami de 10

SUbStra&Egénﬁ&d{QRbo%één?fgp{é I 0 fﬁ'”ﬁ" §OPR:,| plliﬁcﬂitlb&éil 130 QY gagybutyric

ester or e gubstrare 15 al'l acted W th the
hal ohydrexnnpie,km;btbﬂeﬂhﬂeorepmbylnucl eophile in a solvent. Suitable solvents for

carrying out i 0 - dr ax tyric Qaci. ter or am de
to 4-nucl eopf#‘?g hgf‘)? ?ﬁt'?'fﬁ'gﬁp% ﬁ}’&ﬁoﬁ%?’?%??"ﬁ%?’g eég'i ihide Sibédhes
25  is preferably selected from chlorine and bromine. Particularly preferred are 4-chloro-
3-hydroxybutyric acid ester and amide substrates.
4-substituted-3-hydroxybutyric acid esters and amides produced by the methods of the

present invention include those having the structure IIA and IIB, respectively:

10



or am de include water, organic solvents (e.g. ethyl acetate, butyl acetate,

| -octanol, heptane, 15 octane, nethyl t-butyl ether (MIBE), toluene, and the
like), ionic liquids (e.g., 1l-ethyl 4- nmethylim dazoliumtetrafluoroborate,

1- but yl - 3-wBbhmlidTsFazol i um tetrafl uoroborate, 1- butylpﬁhg%ﬂgl}ﬁs%gg dazol i um
hexaf | uor ophosphate, and the |like), and co-solvent systens, I ncluding
aqueous co-solvent systens, and the like. Preferred solvents are agueous
solvents, including water and aqueous co-solvent systens. 20 Exenpl ary
aqueous co-sol vent Eysoﬂns3have wat er and opeopfr _frope organic solvent. In
general , an organic
sel ected such Nhat li
enpl oyed in the invent i onyfret hto@R®  Appr oprivat MR1R®syst ens can be
readily identified y Rba yring enzyne actilvi Ry ;th t he substrate of
interest in the canBi dateRsol vent system ﬁfiliang the enzyne assay
described 25 in Exanpl ga4. The organic sol vent pygonponent of an aqueous
co-sol vent systemmay be nmiscible wth the aqueous conponent, providing a
singl e Iwhgre:d phase, or may be partly nmiscible or inmiscible with the

agqueous conpgmest 3 HaoNs dis d 1. gui hases. i gall yo.When an aqueous
co-sol vent s s’flgh&’gi ggfp%o&gd&’% ﬁ%@ﬁﬁ§§§55%°%s§ﬁ%- 8‘“‘va th water

di spérsed i N'Nads selectsdgfeom the pedupdhsisting of -CH; VN4, aad -ONOer al | y, when an aqueous
co-sol vent system.i ilized, .it js desirable to select an organic sol vent
that can be @%?F@%S%&?‘BF&TWM*%@‘& eshav éé"e?@??“fﬁe?fer al, the ratio
of wat ercoﬁagouﬁqu;\rurgreaahd/aﬂh cydhide¥d heoARINICIthal s yehh R c§adoy Pi cal Iy in 14 WO
2004/ 015132 PCT/ 052003/ 025263 the range of from about 90: 10 to about 10: 90
(v/v) oldwdraxybgyriesnid eserpsadaets agggeneratedthal havgghe strugiere o6 cgopqupd W: or gani ¢
solvent to water. The co-solvent system maybe pre-formed prior to addition
to the reaction mxture, or it may be forned in situ in the reaction vessel.
The aqueous solvent (water or agae€ Ustcd)soI vent systenm) may be pH buffered
or 5 unbuffered. The conversiop ol the W-hal o-3- hydroxybutyric acid ester or
anide to the 4-nucl eophil eNS } gﬁ%roxybutyric acid ester or am de
may be carried out at a pH of ve. Cenerally, the conversion is
carried out at a pH of about 10!prRbelpow, usually in the range of from about
5 td%about 10.. Typically, the Bonver®ion is carried out at a pH of about 9
or below, usually in the range of fmqmm about 5 to about 9. Preferably, the 10
conversion is carried out at a pH of about 8 or below, usually in the range
of fromabout 5 to about 8, and nore preferably in the range of from about 6
t o aboutyydre RNRE ROORY R Sind RS MRYas dRERd fBfsthRfkd . out at a pH of about 7.8 or
below, or 7.5 or below. Alternatively, the conversion nmay be carried out a
neutral pH, Halehydridehelogenagysararmplpyeddn thepaactite ofthe presind mventiaa tpH of t he

reagti on . [ - . The . i i xture may be
mai ﬁ?ai %% a% ng%%ﬁe%lysrl eﬁgﬂﬁg?lxvlae ‘%’E‘F‘h"";’ﬁ‘aﬁé fiérlggs%f—?q%%{rlfgée]tob%g( the addition of
an aci d comresporntisgd-ducleaphilée hubsttntedSSehyalroxybutyric sdid psterAir iaeridesin ithecprgseneehe pH

change be contrqal |l ed hy usi aqueoys , that ,conprises a buffer.
Sui t abl g?x%cﬁ?(’é’gge'tﬁmrm ﬁ?lﬂﬁ%(ﬁgﬂ‘)gﬁweaﬁﬁ‘i@ﬂéﬁg PFoRidin the art and
i ncl ude jntérahan@¥adPhdein tPRET 6 a4 enziphne et in tHel peddeay Tt prasenbinkétion, and t he

| i ke. Combj natjons of buffering and acid or 20 basa? addi ti on may al so be
used. catalyzes the conversion of a 4-halo-3-hydroxybutyric acid ester and/or amide to a

the enzyne catal ysts

20  4-nucleophile substituted-3-hydroxybutyric acid ester and/or amide, respectively, in the
presence of a nucleophile such as cyanide. Suitable halohydrin dehalogenases include
naturally occurring (wild type) halohydrin dehalogenases, as well as non-naturally occurring
halohydrin dehalogenases generated by human manipulation. Exemplary naturally occurring
and non-naturally occurring halohydrin dehalogenases and halohydrin dehalogenase-

25  encoding polynucleotides include those described herein.
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As descri bed above, when conversion to 4-cyano- 3-hydroxybutyric acid
derivative is desired, the cyanide may be provided in the formof a cyanide
salt, typically an alkali salt (for exanple, NaCN, KCN, and the like), in

t he form No L6 dﬂfﬁa”' c acid (gaseous or in solution), 9F’H§205}/‘§§ﬁ§ t her eof .

Hydrocyanic acid is a weak acid. In aqueous solutions W Several pH
units of its pKa (pKa = 9.1 in water) cyanide is present as both CN and HCN
in equilibriumconcentrations. At pH val ues bel ow about 9, cyanide is

pr edoni nant | Matpfaf§ 9B8durdse hadEhdriv\Gaa1 g?ﬁas@lﬁ?d%ﬁﬁ@ gefesay bR il myani de
salt, the reaction mxture i§ tqgg))l cal fered or acidified or both to

provi dedgnedadieriym sadighactesAD1 bk a&raéaﬁqruna@mfame&aﬂﬁalﬁ) of 30 basic cyanide
salts s sul fonic
el do, - SpERisRriAp e ARG 125l s rRBORIRL BRI hediEn™h. (POLolT G
aci ds (sndcMyabacteryuin quGRir(hheMj)cBe,e van Hiylckama .Yd:egt]ﬁmokpﬁmgl, I:Habmtyl; and the
i ke lot S 2 410 200
di hysdrog%ﬂ?)%ﬁgﬁ%lga’sq fg’e&r@l K#ﬁ?’@ﬁ ]98 i Eﬁ é%aélegﬁfﬁg%sM) and
the |i kiansses, "Mldhydas Delsgeayses e sﬁrﬁdtﬁi'all ﬁkﬂﬂ&hdﬁstﬂfall?@élﬁte&tb' shértused to
acidify the %\E/ ni deqségé may be §el ecte to al so row de a buffer in the
resul ti fH§ Qﬁ ogsnasqsgpduciases (P01 i@l@lﬁggé‘i—m-w 08(prevides:i d or a
di hydrome%ﬁm&aaa&@qua%e&fmeée%awﬁ%ﬁ&h% agl@l@a:pm er buffered sol ution
of 5 HCN in_the phosphate buffer raglgmb ut pH 6- en the cyanide is
h gend

provi ded by Fiese satyrally eccaming halehydri sesthiaumbeen gharaeferized dosame i s

desjq4 ed HiEH$ n 8@“5 % cidic by
addidng g{t&ﬁase to%‘%&#”dgg %I%Hd%glforx‘g% Ygg'ﬂ{ fnﬁ{t g:ggs IS‘?"Z‘E?’{ éraal i zation
of hydr GaryaehactetiaindpaNe 07opyduies t\braHéB)H éxmymes;@npbéwhnh mmpabddmflzdes and t he
i ke, I.nor c.ha for exa

car bongﬂg ‘g&?)e 89‘3 ﬁﬁﬁ% s °°B1?8%6’§h%l%‘ fggdn‘?)@%ﬁ (ﬂb)oam c

phos phaHHDERfrbs sofe @ourlfe%hméuy M&R@&h,undétd)xichﬂné édfitiods ineproceasthay ani de

salts. For pH, val ues hel ow about 9, at which cyanide is g redom nantly present

as HCN, ea%scfaétSFwtwf the spbuniis.chas p brogd pHiapHRR R aHA e ap QpimY7 ed

t buf f d
quibusrerafr SR, (Hing Hal MU TR BO0% gt 1 SV 3 AR
(H+X) (Qiglmo’ﬁ}mote rﬁﬁg%)m B65-360). ﬂyeioplnyailp}k:foaﬁ}m),H catalgzdd epoxide (pKa -9) and

I f th h al d t Ki the pH of th
Feact  ofsmmmiants 84535 erobim ioanes BosmyrbRR £ G Fatekansc) T s not
ot her wi Vﬁeé"%ﬁélr & Bagfslol. Tivmpttaoﬁosfals%se m&fnﬁﬁ m&stuﬁga ERVironDRri¢rBbibL al ned at
the desired | evel by standard buffering techni ques, erern
neutral6128@6L0Hé9ﬁ31a\9(bﬁ%ﬂgmwac¢t@1L@RLMM@ME@(&Q%B@W%%M ded or by
thezcﬁdd’rﬂé r@;mg}épg fo RS ?ev&g?fe%t{o%h?%/bﬁéﬁmtgtmg} chfdiiag asoﬁeeh ?ﬁ:oﬁ%%?'i on. Such

additio one nanua |ng e reaction mxture pH or,
nor e cotme@bmeﬁdc;enumpumm@ enEyRIES amdis 7¢ (B ot 5 (bt Polyms:lantigés encadting A

e e 8RRl R R FERRG Hah AR AT B BB 200, onss
a base SEQIDWINGS:A3UISand®{7. The polynucleotides corresponding to SEQ ID NOS: 13, 15,
and 17 are variants that encode the same amino acid sequence (the translated sequences are
25 provided as SEQ ID NOS: 14, 16, and 18).
Non-naturally occurring halohydrin dehalogenases can be generated using known
methods, including, for example, mutagenesis, directed evolution, and the like. Several
illustrative methods are described hereinbelow. The enzymes can be readily screened for
activity using the method described in Example 4. Such screening methods may also be
30 readily applied to identifying other naturally occurring halohydrin dehalogenases. Suitable
non-naturally occurring halohydrin dehalogenases include those corresponding to SEQ ID

NOS: 24 (HHDH B-03), 26 (HHDH C-04), 28 (HHDH E-01), 30 (HHDH G-08) 32 (HHDH
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t he conversion, an aqueous halide salt rather than aqueous hydrohalic acid is
the product of the overall process. For exanple, equation (2) represents the
overal | process when agueous 30 sodi um hydroxi de (Na++ OH) is added over the
course of the reaction to maintain an initial pH below about 9. 16 WO

2004/ 015132 PCT/ US2003/ 025263 OHO HHDH OH O X---~OR + HCN + (Na+ + OH) b-
NC--'"-JLOR + (Na+ + )O + H20 (2) In the enbodi nent wherein a cyani de salt

i s added as the base to neutralize the hydrohalic 5 acid as it is produced,
the neutralization regenerates HCN and nai ntains the total cyanide
concentration (HCN + CN7 as well as the pHin the reaction m xture. This can

be adVQ@s}}@EGmDHfMiﬂl@;ﬂ)%?}mb}FcQﬂvﬂﬁ%'BQHHEHQ%M E44ARDEAS§S), aS cyani de
concentration decreases For exa equat I on repr esent s t he overal l
process EEHPHMRAHS) TS ’c’:%)n$ ﬂﬂg@ S HHEOHFNe course of

the reacksig@ADHMI rmﬁlsnkmmrm), (mﬁiumda)Mdzmﬂ&ﬁm > YEBhPieryl S Present

pr edom nant e reaction mxture, concenfration is

|
mai nt ai Pelm %I#OP‘E‘*ﬂ'@"ﬁ%ﬁhﬁé?‘&cp@ﬁfh?sﬁhﬂ%‘t)’d@b%&lmﬂ{‘h@cb'dﬁ@@%as| c cyanide salt.
OH O HHbr&pbriding Xo SB: mﬁd@ia‘%*h,is 5@%'&@%7”6%3% 79,9R 43GN, §3) 15 Wen

base addition isS enp to neutralize the hydrohalic acid rel’eased during
the hal%mpdPh ﬁ"%@f‘i‘ﬁ?‘hﬁgéﬁﬁ§@m&%ﬁ“aﬂ“9’2@d W%‘E&lglhe\?hiﬁ““alehﬂwﬂ%‘cgh%ydr oxybut yrat e

ester Ofudiidife fofust in dhe saaet&enﬁmbxféseqmwlwarep‘%wdéd f3kEgarept am de, the
progress of the conversion may be nonitored H%Bt e anount of base added to

mai nt ai [FPRlifatqpqnatiegyiimaroved Ié%lg'yémaeet@lpsﬂ@sese elpted Bolymyclepligesi al | y buf f er ed

reacti Oﬂzoﬁ%sg\h rn%so mt&*he,t b&:k@% 885301009 W& ohl APl §, 20051 @A AsGigned0 aqueous
sol utions en_the nucl eophile is the conjugate anion of a stronger aci d,

havi tfy dJ-preaplication szl aumbar$OBet. i whih is mcpwawateslherﬁm byefereasedn iton sol uti on,
the nucleggpfyi | e is present predomnantly in its anionic formso that, unI I ke
with HCN, a ﬁeoton I.s not released on its reactiaon. Accordingly, the

reaction m xEuPkydpmdehelasgnasesithab are syitablg £or usn ip thedisanticeef BaRFeRENt25 ai nt ai ned

W t hout imeRidaivRuiRE: hatGralty bdcBirin gn%-nlaamyaemmdg% bﬁ@idll?mmi’ﬁﬁbyt he conj ugate
acid of a2|de hydrazoi c. acid has a pKa of 4.7 and the con]; ate acid of

nitrit e, o havigordivaryskill idhe apt ysing ﬂi'ﬁm%h@ deserbestiniEngPBle 4aHalRBIRal pH, these

nucl epphiehdisyemis eRpfoyedin th BakEE HrARK frisehtinveh bl ypicilly exHiGit {0iciiN3 and ONO-,
respectl\(/aesz;/cgc That plﬁ’? t he neutral rﬂerasgtlovr? m X ‘{'pdr ey171V\D 28043 015132

PCT/ uszoxﬁslll@zetive@ 1 mﬂ’wwesn the e desaaibpdiia Expapla o ysingdhesthalo-3y espect i vel y.
Thei r %@%Jg%ngh@n 4 ?%hidé GbsrREraaest, BAbhIRn aainmgeﬁagesf %F:‘Pyaﬂueous hal i de
no us oha Ki

sal t, Ic acid. Those having ordinary In the art can
readi | y l@ié@@ﬁﬁﬁ%@fthhémﬁmvmtmé@ﬂmﬂmqﬂctl"ﬂl@ Nd@stﬂby'éfrlgxybut yric acid ester

act vi ¢Sy AR < RffedicLaRNELR IFd T eI o B 10 PRETE i Y of
20  pmol/min/mg or higher, in the assay described in Exampie 4.

Halohydrin dehalogenase may be provided to the reaction mixture in the form of
purified enzyme, cell extract, cell lysate, or whole cells transformed with gene(s) enceding
halohydrin dehalogenase(s). Whole cells transformed with halohydrin dehalogenase
encoding genes and/or cell extracts and/or cell lysates thereof may be employed in a variety

25  of different forms, including solid (e.g., lyophilized, spray dried, and the like) or semi-solid
{e.g., acrude paste). The cell extracts or cell lysates may be partially purified by
precipitation (ammonium sulfate, polyethyleneimine, heat treatment or the like), followed by
a desalting procedure prior to lyophilization (e.g., ultrafiltration, dialysis, and the like). Any
of the cell preparations may be stabilized by crosslinking using known crosslinking agents,

30  such as, for example, glutaraldehyde or immobilization to a solid phase (e.g., Eupergit C, and
the like).
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product desired, and the like. To illustrate, the anount of

4- hal o- 3- hydroxybutyric acid ester or amde can be in the range of from
about 10 to about 500 g/L using about 10 ng to about 30 g of hal ohydrin
dehal ogengggaeod @133t 0i chiometric anount of nucl eophi | ePﬁﬁﬂSﬁ@Mf 2§y

determ ned. Further illustrative exanples are provided herein. 10 SUI tabl e
conditions for carrying out the HHDH catal yzed conversi on of the present
invention include a wide variety of conditions which can be readily optim zed
by routi ne Tk eolidresdtaits @Ip.,icheyme, Salispelemapbé Pedvide ih Aeattidolf different

4- hal o- 3: dro butyr| C ester or st and nucl eophile at an
exper i méf me) c?°f"8ﬁ‘pérgat pphilized, ﬁ?&y@&ﬁ&a%ﬁ H@Séﬁ’l‘“ F“E‘i‘&?f‘p usi ng
the et hgghend@s ahd MRJikE NThdRGERIRINDR rEHdﬂy IypHilBed & éﬁray-q}ﬁd dsingHDH catal yzed

conversion of 4-hal o-3-hydroxybutyric acid eSter or am de to 4-nucl eophile
substlt@WS%M@%@WPI@@@Wt@bﬂﬁmaﬂﬂgaﬁlwﬂgutﬂywﬂwl For exampleed out at

a tenpe é?et éalun{oﬁ%aﬁ’ @Qﬁ?zeg fé'ost?]na&%ﬁ'ltathﬁ%% tf?entaa%g% t07agpe9 a“(Pefje typically,

the Feactilon s carri od re’in rom about 20C

t o aboutlydphilizatisirthiaybers fdlloywed b9meaubp1wan&06rat wacu@h O Wited the renldral 6Baér on may
al so be carried out under anbient condl tions, 20 The HHDH catal yzed

conver siEm B samples. thedemperatyse,ip tipisally raised do 4°G for twe honrs beforegeleaseafic) eophi | e
substi tqﬁ@&cﬁuﬂwm ‘yﬁd“’clﬁ%ﬁﬂ‘%ﬁgm 1e9r amde is generally allowed to

proceed until essentially co ete or hear conplete conversion of substrate.
Conver si on ofn castying qui the conversioniefcd-halend- liyérqubutmanldmrmgammm met hods by

chr it GaPRARS UfsBeeiinghe 4RhpRMiaIe oPh RS EnfiRbXB S Tt HEHER

subst i t preiet3thesabstratelisitypidally aaritsttedsitieh the halaliyddin dghileg@hﬁchnd n the reaction

m Xture ar.e neral | r an out 50% al sQ ater than about
B0 e PG FosgiIe s saitent o Sottihls Sl oG R T6 LN IO 2 ¢ i apout
80% andiydb &ftﬁwhcﬂf@ﬁsraf arhide fo 4abawphﬁ£>8@bsﬂ’th@d% E68BRMYHE 8eid ester

substltuted 3 hydr oxybutyric acid ester or am de nmay be collected 30 from

t he readf mBidein !@r"éﬂtgnell’gwﬁ FeMents (g- gpﬁ!hﬂf%ﬂ‘%%‘ﬁﬂg“ﬁ‘é@hbﬂ%@%dt@&ﬂ@ known to
th bed th
o) o e LR BE AITHE, blES b 4R T loniRuddide e, 9RapA kbed 10 the

4- hal o- @ﬁwﬂn&aﬁbumymtmﬂamotiomw bbutofl-3-mmtltiémudﬁ;9hurattwﬂa0robmt§pl-esegt
or " non- PyERTE gt i SRR, ikl BAZh 0 SS s e or ocess.

of the micmﬁigt aquBMBIToisOlventsyEteiat, tand R likb) PRiferfod36Ivesmts Gretaquédie solvents,
4- cyano droxybutyric acid ester or amde with 5 retention of the absolute

ster eocH%ﬁlﬁdg’tgr‘yat&‘ia"ﬂﬁ@“%quéﬂéﬂtgﬁltéy%5| tion. Non-racenic chiral

4- halyo- 3- hydEQéMBWdthouﬁ%Qoﬁéﬁt%&st&ﬁslﬁr%%te? WP éieAdr BfordBEatie ss19ener ted to
substantially equally non-racem ¢ 4-cyano-3-hydroxybutyric acid ester or

ani de prlogenstal, apjorganid solveat enmpegent Dﬁgtsaqunmgtc@rs@b;igmrqyﬁym i pele S ehon
mbodi cRdph o
embodi I nh}ﬁ dBks @gr%o.ggl\éﬁegf]fg?&lvg{e | énz il Qﬁtﬂgs{ts Exﬁ{,@ﬂéed %r){h@lﬁw&%mﬁ Writy. (Due

to conv I ons enant 1 oner of et hyl
4-chl or o&p@rdpyldlecmssblybmrsylstemslem leprreddaly 1daz1tlﬁa) b)amdazmﬁag emzyntei aotraty veithhy |

4- d d R) h he id ' .
st g)rlgggél?ﬁsi E%‘geﬁltgﬁte 4 "easﬂh'ggtglts?ql"ﬂﬁ.%sgqr% "8?‘?1\/%5 E@eﬂ%ﬁ%g’g‘&%fﬂfcﬂe present
i nvest i gnEx4ameyléa n hal ohydri n dehal ogenase

The organic solvent component of an aqueous co-solvent system may be miscible
with the aqueous component, providing a single liquid phase, or may be partly miscible or
immiscible with the aqueous component, providing two liquid phases. Typically, when an
aqueous co-solvent system is employed, it is selected to be biphasic, with water dispersed in

30 anorganic solvent, or vice-versa. Generally, when an aqueous co-solvent system is utilized,
it is desirable to select an organic solvent that can be readily separated from the aqueous

phase. In general, the ratio of water to organic solvent in the co-solvent system is typically in
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enzynmes may be stereospecific for one stereoi soner of the chiral

4- hal 0- 3- hydroxybutyric 15 acid ester or am de substrate. The process of the
present invention using such stereospecific enzynmes may be used to react one

st er eoi SORRH 2@kt €r €oi soneric mxture of a 4-ha|0-3PCTR%gﬁ9ﬁ%Qgtyric aci d

ester or amde, for exanple a racemc mxture, while |eaving the other

stereoi soner substantially unreacted, thereby providing a kinetic resolution

of the m xture. A further significant characteristic of the present invention

is that {HaQarpebol FmUbohtR):1048 afiouti6io0 Rt drarieivent ¥ WalerS aktysliwegabut yri c aci d

ester or _am de products generated is ver hi gh wi thout the need for
ext ensi vE0:30 and 20:3Q (vHn) opganicessglmenksto syatan TRe spa%alNeRt sifstem mpybe pre-formpdpi cal |y,

the purifyoqb a&iﬁcﬁr?ﬂoﬁﬂé’ﬁhétﬁ; SHRRE ?ofﬁ?xg‘%%é %&ﬂ{}e@@s’mg i)ﬁ{tfi’;]ecregﬁog ygglier or am de

products generated in accordance W e metho e present invention
are at |east HienqueouBélvent{waler gr aguedus ag-solutrd syst@oPmapnbeiplppfferad by at | east

about . 95%. Px odu urit b 5.det.erm ned by, conventional, methods such
as HPL.C Hbuééf%eg'c ﬁ‘%g%’l"S’&%é‘pﬁé'?e £ 18 3SR el STt o7 e | ON OF
HAL OHYDR4NGcIEdphilp Fmammi-mﬁﬁgbimgﬁu h&iﬂ%ﬁteﬁrgnﬁd@ﬁaﬁbe mﬂydmttd 'lle)xt:a pn(eb?od for
generat i a_4-hal o- 30 3- roxybuytyric acid ester or am de hy: (a

provi di n%ﬂt 290 °59-3Gﬁlé°€%}lyuﬁwpe xR sapie ogfrat 3 pHpf aboutd Ovappelpa/ 015132

PCT/ US2 Oﬁfdaﬁf ﬁgﬁfmgbef £ abb\ft 5~ ksbus RS triyhilARL tHeToReireieh Rlaide@Bhidia Oroup

consistin orine, bromne, and iodine; "and (b) contacting the

4-hal o- 3pHef syt 9ot below usualy iathenanganidwmahont Staahost & dtrefebly, 8  cof act or |
n 9or bela 3¢ k
and 50 COLGGkIon CATAE Ak sOTRYPHER BRIS0 £ R RES. AMd GG il P 2

reaction m xture for conver yric acid ester or
am de t oatioue8 Aanthaiope préfenabdy oxthbrange offranr altbué 6 teeabout 8.aFhid eonvErsontmayns

"ket oreduct ase" .and " ‘.are ed. i,nter ngeably,.herein to refer to an
enzyne tﬁg? ﬁefaﬁnfdﬂo&t ﬁgaoR%ﬁggggb&m ?'.Eé)rB@g\g,eq{ﬁt??{s:gﬂcw.O%Eexgéfvg}yy%gs t he reduction
of a 4- hedmversidn kelydewhitied @utLheht@bpIEn.eQabaut7de to the correspondi ng

4- hal o- 3- hydrﬁx bgggri c acjd ester Orni'é‘gféﬁm de, Such cat al I‘Yti c activity may

be detected i satysesAfennygssien dhe ¢ Ao eRERpRY changehBicdthpel ow. ~ As
used)fier gf te rdafoniriRxlire £12Y BE hAintainl # 5 dedifRd PHR NvifinPh Blsired pHRAILB By hat
operates in conmbination Wth an enzyme whi ch catal yzes the reaction of

i nt er est thegdditierveianmasidartadase dusingthscoyrse of eanversione AltemagivelyHbe pi esent
. Chon SN A . : gy hat &)
AP (1 ChanBé g e Slatotied 6 b SAOMOGS 3000H: e SolnflidRUEEAL: S SnNa" ©

phosphat BfferNaaiftainalesirad pibtanpesaralncnaban ithecarkind indhads, fatexampleed NADH (i . e. ,

t he reduced formof and, the like...The, reduced fogrmaf the cofactor is
regener aﬁ@dp b@&%%ﬁ#@%“%k%z@&@ﬂ@c&?ﬁw ﬁn%"@’d‘?}ﬁ&?%?"%ragﬁleﬂer ation
syst 2 baze hiditigh BsEilko bé @e@ss, the ketoreductase catal yzes the reduction of

the 4-halo 20 3-ketohutyric acid ester or am de by the reduced form of the
cof act or. EquAs eserited)aberyes whep genversion tg deyanogibydioxybubrg agiddenyaliyeds i on of a

4- hal 0- 33dRES i hhile iy Be BRvided B bk &¥a c&mﬁﬁpﬂﬂt, Wpically ah SIkaIERQERNt ed as
alternatives by the designation NAD(P)H O O OCH O
example, NaCN, KCN, and the like), in the form of hydrocyanic acid (gaseous or in

solution), or mixtures thereof. Hydrocyanic acid is a weak acid. In aqueous solutions within
25  several pH units of its pKa (pKa = 9.1 in water) cyanide is present as both CN™ and HCN in
equilibrium concentrations. At pH values below about 9, cyanide is predominantly present as
HCN.
When the cyanide is provided by a cyanide salt, the reaction mixture is typically
buffered or acidified or both to provide the desired pH. Suitable acids for acidification of
30 Dbasic cyanide salts solutions include organic acids, for example carboxylic acids, sulfonic
acids, phosphonic acids, and the like, mineral acids, for example hydrohalic acids (such as

hydrochloric acid), sulfuric acid, phosphoric acid, and the like, acidic salts, for example
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Xv v 'OR+ NAD(P)H + H+ KRED "~OR + NAD(P)+ (4) 25 Ketoreductases that are
suitable for carrying out the reduction of 4-halo-3-ketobutyric acid ester
or am de to 4-hal o-3-hydroxybutyric acid ester or am de include both

nat ur al | y wesuwbisi2g ket oreductases, as well as non- napgtkiof@ssd’ ri ng

ket or educt ases generated by human mani pul ati on Exenplary naturally occurring
and non-naturally occurring 30 ketoreductases and ket oreduct ase-encodi ng
pol ynucl eoti des i nclude those described herein. 20 WO 2004/ 015132

PCT/ USZ?&B&&BMROSpN&é seil(L.g. 10253045 ibfbglf!&REithagyIﬁﬁismamn@meﬁmH,rhd well a \é\n de
range o acteria an easts. Severa tur ccurring KRED gene an
enzyme s aa%‘g ‘gé’ﬁ(ﬁ?‘fléﬂts “isﬁia %&%’?‘Hﬁ%sa %’HW%%"'ﬁgndi da
magnol i ag aﬁsfa%&@m HiTRer i\ Bie rebet B Bolufdn, m%ﬁﬁé ,acxdﬁ?dadbxdamaﬁﬁsﬁddc%' s
(Genbank Ac. No. BAA24528.1; G :2815409), Sporobol onyces sal m col or

( Genban kaciger a diaydrogenphpspiate wlt mEgEEBed to nv@\rl%meh@mt@lbufﬁmﬂﬁ@mg ofncodi ng

(o) HENG oyl ol RS TR ER.00 P20 1D s 1(CR2-5), 5

(CR1-3), and Whemecmmdﬂleprwmamhsmmcmxdouié athighefpH theag it s@e pr ot ei n

SEQ I D 1 2,..6 d_8 2 des t that
it rer s PR Bissied M pRbhonaimairpisivhically Wyfts of et b tacife MBI 1 s 1 0 o
4) . Enzywbast icproeidel theidesiredpHR- $utfable ®ades foi nbatfali gt dfexp&btﬁﬁxd‘aard d@e carbonyl

reduct ase fr.om Rhagdococcus erythropolis, (Peters M crgbi ol . Bi ot echnol .
(1992) 33@3'3;&1’@&%3?&2&%@@1@» alﬁ%@eeﬁ%ﬁlﬁ? @99&!)°f%°3“°z‘8‘3352§’2)‘="%°’al dehyde

d I hnol .
Lt o OB e Soh SO Gk 200 5577

Enzyrres b@mha@hatn@sl&s @&k £, NI %), aasﬂ@éﬂcemssf/eéle%(cxam@@lts Chem (1991)
56:4778; Bio es

sal noni col or Io{cl? ﬁ%ﬁﬁa Ol?h%@%c‘?%é?%@g? %@%3‘“@@8%5?@%%%%5 sp.

(Bi osci . eclaam:e(dhdesarlhnshhﬁhalmﬁ)ielﬁmgamc calaipmdesa;hpmbém# hplobl i cation
3P256696 i da Ib| cans ch. Bioc e 93) 57:303),

Candl da. TIGETNERE e et R tig HEN G pmtiBic icops 53050 Geot 1 chi um
candiglum (Enzyne M crobiol. Technol. 20 (1992) 14:731) have been used for the
reducti on of ethyl 4-chloro-3-ac etate (E .~ US Pat. No. 6,168,935
descri bes the gl ycerol de genase (T edrop (he; (1988)

29: 2453), a dirod¥rthse TADA) TroMGr obi i Brbcki QQJ(ACS

(1985) 107:4028), or Sul fol obus sol fataricus (Biotechnol. Lett 1) 13: 31)
or Pseudononas sp. (U.S. Pat. No. 5,385,833; J. Og. Chem (1992) 57:1526).
25 Sui tabl e non- nat ur.al occurring ketoreductases can be readily identified

|y
by appl y RFOPRIBRAS nﬁﬁﬂwdwocaf%f »Agvesk ecid AT and release etthe byirdhalisn,  and
the Ii keacui Qlskroyes Aﬂqf,xasso%ec%aseeawfm ofthid feddtioh nﬁiwatotda@p m&gdeﬁ@scr i bed in

ese nmethods can be readil to naturally

. For exa
occﬂf Qi n@/dmam aqid, arlsé(') isinpatothenwing nevfealigere SThepdbof tbecpacmr@mre mRenpl ary

70" (ke et W b RO RO Gl ince e BE G Bemel | 250 o5
( KRED kr hetipalizes 8@ hydiehalikaciBa5io, th&BuffedRE Capacitylfidyided; or biRiERdHitlod 873, 56 ( KRED

base concurrent with the course of the conversion. Such addition may be done manually

while monitoring the reaction mixture pH or, more conveniently, by using an automatic
25  titrator as a pH stat. A combination of partial buffering capacity and base addition can also
be used for process control.

When the pH is maintained by buffering or by addition of a base over the course of
the conversion, an aqueous halide salt rather than aqueous hydrohalic acid is the product of
the overall process. For example, equation (2) represents the overall process when aqueous

30 sodium hydroxide (Na* + OH") is added over the course of the reaction to maintain an initial

pH below about 9.
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krh483), 58 (KRED krh476), and 60 (KRED krh495). The pol ynucl eoti de sequences
that 21 encode them are provided herein as SEQ I D NOS: 39, 41, 43, 45, 47,
49, 51, 53, 55, 57, and 59, respectively. Additional non-naturally occurring
ket or educw@mubfgajz are suitable for use in the pract pgfyueddsRe" esent
invention are provided in the patent application entitled, "Inproved
Ket or educt ase Pol ypepti des and Rel at ed Pol ynuct eoti des, " correspondi ng to 5
Attorney Docket No. 0190.1 |1QUS/ 15077UsS01, filed on August 11, 2003, and
assigned U.S. application serial nunber 60/494,195, which is Incorporated
herein by re ﬁr nce inits ent|reté“;mlf_ﬁtoredg)?_ti es enployed in the practice
of the pres nvent i on typicall it an ivity of at Ieast about |
mal | mi nl g assayNde |'b@ eﬂ&\ﬁyﬁg *(Na" 1<) + HO .
4- hal o- 3-ketobutyric acid ester or am de substrate of interest. &)
Ket or educt ases enployed in the practice of the present invention may exhibit
an actlvhh% of a | east |, pnol /mn/ g to about 10 rml/mn/xr;'rg and soneti nes
& 6 )

at | east enfpierein ﬁﬁwldﬁﬁltiwg%ﬂtthﬁ%e toRsutralzs thyhysrohsligher |

4- hal 9- Ba&@mb;srp\fsduee@meqleeﬁmaraﬁo@ﬂgem&qmﬁm RMfehinsthé bRal RYARdel c€ of the
present 15 invention can be readil Eurchased or synt hesi zed” usi ng known
1

met hods. caneentpstion (HENHA0N) 83“4@3@8)&19 ip ¢hezreqation mixtpres (hig qaatbes i ncl ude t hose

N1 NG L BaFhEMEL el o Bofer i et Mlched o fon OB Eam ol | 2 Pl ogen

sel ected the group consis orine rom ne Iodine; and Rr
., R2, R3decr¥asesaifdr mxrmteeeq;mhem(iie)demsenieﬁrerqvbmﬂ pfonbsssﬂhemcaquwws kodliunspeci fi c

o o SRR PRt MR D R A B, 11

wher g0 X ihs cpéai;dtrm pfesent a&damnaﬁ@y amCNalﬁldlt:R%a%flﬁl aﬁaﬁrermd Hmemncmmdnas is

et hyl), nethyl or o- 3-ketobutyric acid este re X is chlorine,
R, Rz, Wma ﬁ'ae plé?@e saaﬁrwupagmnsm ﬂr%adfigt{ ‘PPétCWF‘}lde éaff
4- br omo- 3- ket obutyric acid ester (i.e., where X is bronine, Rr R2, R3, and

R are each hydrogen and R3 et hy:i&-l et hyl 4-iodo- 3- ket obutyri c acid ester
(i.e., where XisOtb R, R2, Dkind mch hydrogen, and R5 is
ethyl), methyX r RO +klsaobm/)u—ramuc of: + (N 4%0)2004/ 015132
PCTI US2003/ 025263 wh X is bromi HEN R1, R2, R3,7and R4 are each(sl)ydrogen

and R5 is nethyl), nethyl 4-iodo- 3- ketobutyrlc acid ester (i.e., where Xis
iodine, Rl, F?, R3, and R4 are each hydrogen, and R5 is nethyl),

t - butyl - 4- chl when Bask 8dHaeH ¥ lemploied t Refrflze the Ky drohdh€h@d eldaSeddiriap e, R, R2,
R3, and R4 are each hydrogen, and R5 t-butyl), t-butyl-4-brono- 3-ket obut yric
aci d est @qlol’(yidng dehalogenase—catalyzed reaction of a 4-halo-3-hydroxybutyrate ester or amide to
4-cyano-3-hydroxybutyric acid ester or amide, the progress of the conversion may be
moﬁtomd by the amount of base added to maintain the pH. Typically bases added to
unbuffered or partially buffered reaction mixtures over the course of conversion are added in
20  aqueous solutions.
When the nucleophile is the conjugate anion of a stronger acid, having a pKa
significantly below the initial pH of the reaction solution, the nucleophile is present
predominantly in its anionic form so that, unlike with HCN, a proton is not released on its
reaction. Accordingly, the reaction mixture pH in reactions of such nucleophiles may be
25 maintained without stoichiometric buffering or base addition. For example, the conjugate
acid of azide, hydrazoic acid has a pKa of 4.7 and the conjugate acid of nitrite, nitrous acid,
has a pKa of 3.3. Accordingly, at neutral pH, these nucleophiles are present predominantly in

their anionic form, N;~ and ONO7, respectively. That is, the neutral reaction mixture
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5 where Xis bromne, R?, R2, R3, and R4 are each hydrogen, and RS is
t-butyl), and t-butyl-4- iodo-3-ketobutyric acid ester (i.e., where X is
iodine, R, R2, R3, and R4 are each hydrogen, and R5 is t-butyl). In certain
enbodi mentyeg 2@loisesst one of R, R2, R3, and R4 is a | engrusddoliydszes Such as,
for exanple, nethyl, ethyl, or propyl. \Wen 4-hal o-3-ketobutyric acid ester
substrates having the structure of conpound IV 10 are reduced during the
KRED- cat al yzed conversion of the present invention, 4-halo- 3-hydroxybutyric
aci d est essprisesaquenssrazide dndaivite galt, Reapedtivelg! Their Mactish ishdREnRt@ES R 4 V
where X, R? RZ..R3 5 .and R5 are .as described for structure V. 15

4- hal o- 3wi%ﬁﬁs&?9% I%8 formy ?ﬂ“&g‘fsé‘ragg%ﬂa‘}ﬂ%&@é”ﬁm °A%dt he ket or educt ase-
cat al yzed r edmidse avirigéraR@rydkill AGhP4rCeMFadily deRinhias tikajatitRs oPEHOSAMI | y used
in the R%I ohydri n dehal ogenase-catal yzed conversi gns of the present

i nvent i ofrhaleot-hydrexybpiyric aCid getpioor amidesubsttats andmuglegpliilg t@ usechased sy foEspondi ng to
strucg ur ; : ISt I—{Hpm,' presence
of cysani gxea}ﬁpgégheﬁtrlgt&g& Eﬁggh%%g&ﬁgﬁ?%%%aﬁ& ?‘:‘% ugg?%mhgg’ est edrngl t)Ih%i ng the

st r uct ur proguct degiredi-ang tite likgC ToRBustiRte, the avbunt\glf dthalord-hydraxytmgyricRdid ested R5 ar e

as descr| f.or._compoungd .V. rm’ or.re r-at i on st ent
refers héétfagngﬂggag bzf %g}qu?gerogggﬁ%tugt {(ﬁgta o@&&@?}tl}s&q a? @eﬁoﬁm%%ragg%t Il on that
reduces Bgobhileliyded délmalopendsel Mhe stoichiometric(atogynt, of MAEPophile chfbFIhdilyCof act or s

oxi di zed by the %@tﬁgre uct ase-cat al yzed r. ction of the 4-halo-3- 23 WO
2004/ 01599 ! A ERBYeXamples BIRRIOY! YPester or anide are

regeng@r at ed i SuifaBRUERSLERTHR drylpue B BHIPN-cHABRAEERVESDn of thsipRiknt Cof act or
regener a:[ I on S}{St ens conprise a stoi chionetric reductant that is a source of

r educi ngitNsiosdesiudeavida v ety ofgepditignswhighran herregdily optimized by reptingli zed f or m of
t he cofag,{p%- 2 f: a4 S$hfoB Ao [ iSe a
cat al yst, folrne‘é%g@r?ptﬁgt gﬁﬁﬁgéﬁeﬁgﬁﬁ%ﬁ?%ﬁg cat)g#y);/l{z}gr:c a%lﬁgg?{aé uction of
t he oxi damidd sihstratedndircleopliila @t oy expyrimemsal pitiand: temperatu@unddetortingegener at i ons
systens [ I at I H fr.om.NAD of . ectiyely, are
known i nlsrtaﬁlé&’gfrg{]&gﬁlﬁenﬁh@%gtﬂe f"rdlestcﬁgedp)’rhl@%ee )fmql})lﬁé\gp ﬁ?‘?%eﬁ.ﬁpe@ﬁ't ant e cof act or
r egen®r aHHDH-sstalysodrcofvapsiony 604 -halo3Hsdfixgimitideacid estdr@r pmiteas 4-nutlssphilei on
i ncl ude gl ucos n | ucose dehydr.ogepase, formate and fornmate dehydrogenase,
10 g1 oo S PRI teS E S SToR RiSEL HE W abnlsmper Rl opy
al cohol @ReBEPREABoR! 15N R JHIGMYPEOWERE BRicalif dhd fEctlonkEcarfifoutBYa DE Used in
conbi nat i on th erther NADP/ NADPH or NAD/NADH as the cofactor.

temperature in the range of from about 20°C to about 55°C, and typically from about 20°C to

about 45°C. The reaction may also be carried out under ambient conditions,

20 The HHDH-catalyzed conversion of 4-halo-3-hydroxybutyric acid ester or amide to
4-nucleophile substituted—S-hydmxybutyric acid ester or ﬁnide is generally allowed to
proceed until essentially complete or near complete conversion of substrate. Conversion of
substrate to product can be monitored using known methods by detecting substrate and/or
product. Suitable methods include gas chromatography, HPLC, and the like. Yields of the

25  4-nucleophile substituted-3-hydroxybutyric acid ester or amide generated in the reaction
mixture are generally greater than about 50%, may also be greater than about 60%, may also
be greater than about 70%, may be also be greater than about 80%, and are often greater than
about 90%.

The 4-nucleophile substituted-3-hydroxybutyric acid ester or amide may be collected

30 from the reaction mixture and optionally purified using methods that are known to those
having ordinary skill in the art, as well as those described in the Examples.
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The terns "glucose dehydrogenase"” and "GDH' are used interchangeably herein
to refer to an NAD or NADP-dependent enzyne that catal yzes the conversion of
D-glucose and 15 NAD or NADP to gl uconic acid and NADH or NADPH,

respecti vely 2006015257 on (5) describes the glucose dehygepgeimsessat al yzed
reduction of NAD or NADP by gl ucose. glucose + NAD(P)+ + H20 GDH gl uconi c
acid + NAD(P)H + H+ (5) 20 d ucose dehydrogenases that are suitable for use
in the practice of the present invention include both naturally occurring

gl ucose dehy d’tefgeeiia%mo 3asjdm|ybut9ﬁc i ester lon mlde)subm&m of the@regériscose

dehydro ena ral. occurrin | ucose d dro enase encodi ng genes
have be H"ﬁn ﬁ‘b?’?gﬁt@ b 'F%St?rF‘EE?P‘&l"’ﬁg'Q% “ReSition,anfiay beTIRemic,on NONTFaceslity i | j s

61297 ClghértaBiHagoh g&sneetﬁro%&%@dm&nﬁsu&almﬂ%fbcm%f édefCinbéhtigx hi bit the sane
physi cochem cal roperties asS the enzyme produced in its native host

( Vasant tegnveg; thgchiral F‘i‘hﬁ ate fgythe 4-cxanpi3-hplpxybutysisacestenor angids witthe gene

sequenc i n k Acc.
ML2276, %V\t/gén&rnrebgg%aeg&gk éré’c ‘Qfmr %&&ﬁﬁ poshib %59'863”%@?"238 243)
and in dehal@&{lwdwkwmfwac\daemﬂ argide atbstrates mapbe odrwgt;tec(twgﬁ)mmﬁM? 3056) as
Genbank Ac D50453. rall currl ene | ude those
that enc8 aglyg'(?ntrﬁ%e CV?%?N%'EY&B’@%E 1€ Agides %4‘3' 1? glfc g‘bhg]}% %45%: 87-91;
Genbanl tiégdn st%opuﬂﬁﬂﬂ@&&:ﬁplﬁ%ﬁo@emﬁﬁ&ﬁe% oBthe (ivehtion) providisglEgh ( 1988)

174: 485- 490, qu}girnbank Acc .24 X12370; . 1. Ferment Bioent. (1990)

70- 363 F6EMBAT GEANLOPEEY. &aue tem‘tszms fordealge%f@g seeeRsbeBighd%s from Baci | | us

SP. 19" € eRAOhiE O IRY1AEhIGS-3 dxgoﬂ%tedjegl it 11 354 SY Brhe eghntibme@hpinucl eot i de
an

sequences corresponding to S respectively). n-naturally
occurri ﬂgcxen%édwéroawbrgrm@gi@ﬁw@ asd}) have geaidenticaksteregoanfigusefion atheet hods, such
as, for :ﬁ@ﬂ%bg nmut agenesi s, directed evolution, and the |like. GDH enzynes
havi ng s activity, V\/net her naturally occurri ng or non-naturally
occurring, mhyother emteliinéngs ofdbepredentinivensionretthia halbbydrirodebelogtiase i n Exanpl e 4.

Exenpl ar non natur | | rrin haI oh d ogenases rovi ded

her ei n blﬁ(%re‘%ﬁ c{%ﬁ' (’H‘Hﬁ ggg%ha? S%FW’TB") and 68

( GDH523769in mt}‘h& ety substratot mkaprseaayemepmhdmainvmxcm@ﬁ@eumm@pemﬂds ovi ded
herein as SEQ I D NCS; 61, 63, 65, and 67, respectively. Addit|onal

non- nat FRAMSS RAYREUsPhIS TEach ek wereRifRrRsT 95 8 Aszeaisomers migteresfia fAdlosdt or use in
the  PT a5kick ubfrid R Bk 3P Bhide P Slariil aEert gtk AIRE while 1d30inB Heher APPI T CaL i ON
entitled, "Inproved @ ucose Dehydrogenase Pol ypept| des and Rel at ed

Pol ynuc stesoisgmsr substantiallypmreac @ebymmudmy kirgtik egsolytion oBthe mixture.

bsoreied
Serial nunver: BERISENEn Ytk or st ARRRANGR o s gt 880 71 D0

ent i20et w-nmmpmmuuamwegmmtmowmf lonamide ppodacts lgerméd isiverypr esent

i nventi i an acti vi t f at S out 10 n/ and
somet s midepiouE T ndec o Sx @iV istieaion Prare et B s ast S R e up ¢ 0
about 10rypivaily, the Yuily 6f 4-hhdévphilé @b&thateas%x%utsiﬂsﬁdﬁa Bqét dramideanpl e 4. \Wen

gl ucose and gl ucose_dehydr ogenase are_enp é%/ed as the cofactor regeneration
syst em Preductigenerpied sxasfcwéwsmﬂyt%ma@%ﬁ of dhepresspt igngrdion jake at £3st@Bautpy t he

ket or edyh 2561209 1B SoRRRHypiLAR of Rabtlabbit 95 H- Bréduct PRy hiay b duced by the

coupl ed oxl’dation o
25  determined by conventlonal methods such as HPLC or gas chromatography.

II. KETOREDUCTASE-CATALYZED PRODUCTION OF HALOHYDRINS
The present invention further provides an enzymatic method for generating a 4-halo-
30  3-hydroxybutyric acid ester or amide by:
(@) providing a 4-halo-3-ketobutyric acid ester or amide,
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gl ucose to gluconic acid by the glucose dehydrogenase. The net reaction is
descri bed by 25 equation (6), which is the summati on of equations (4) and
(5): OOKRED SOH Ox_ X "OR + glucose GDH X. UR + gluconlc acid NAD(P)H (6)

The ket or ggyshodntnsat al yzed reduction of 4-hal o- 3- ket OPE’rNJ’ék(ﬁs/@z% d ester or
amde is 30 generally carried out in a solvent The solvent nay e a

co-sol vent system such as, for 25 WD 2004/015132 PCT/ US2003/ 025263 exanpl e,
an aqueous co-solvent system Suitable solvents (including co-solvent

systems) for car ijieftéh BidhalolRuBstifRAVIS QLA RéR u&éﬁo@?@s@mtmﬁﬁnﬁescr i bed
above for the HHDH.catal yzed conversion of 4-halo-3-hydroxybutyric acid

esters oMy @Wdodige;andy ano- 3- hydr oxybutyric acid esters and anides. 5 The

aqueols Gl VeBhtattiRIRE 4 Ml AIARNDrf R UsE B artitp Wi IdRYediaRl s DUl T er ed. or

unbuf fered. The conversion o eto utyric acl esfer or anmide to
the 4- hadofactos,—mnﬁdroofaptwtggenaam syisterntupderaonditionbesuitsbld® foam rareattiont at a pH of

about 5 or ab ner al | conversion is carried, qut at a pH of about
10 or bépg‘\t/vure ﬁgﬂe%qgﬁ.ﬁ? th{o-a?%gegob YHeEe s%ﬁ% eiootg%ﬁ'g’ﬁ{o' 10. Typically,

t he con\fﬁhﬁrmbu@neaelﬂieaérwma& a pH of about 9 or 10 below, usually in the
range of from about to abou; 9., Breferabl the conversion is carried out

at a pH of atfdgdemsc Fet‘b'@fl e &g KREL" qre ?ﬁ?‘ylﬂrﬁﬁﬁ@"&ab”’éﬁﬁ‘aﬁb{?fe'@% about 8,
and nor enzph&haf, aPihy pw&eisfwmeaﬂa&emflﬁ%amwmﬁeé@e AlRadtion®f aAlafg.nat i vel y, the

conversi on nmay be carried out a neutral pH, e., about 7. When the

gl ucose/kaesbwicrsid estes geamide tohe a@rtrfesponde@eﬁbala&lwdr@cybwm poid esiglosyed, 15
h
the gp- %ﬁﬂycédcﬂﬁatgié?lgthﬁw'rﬁa | fleel U u?ne fag)sgcl?:?s &%Q{eﬁ&ﬁr eSSlH ahpffuat i on

(6) causes the eaction mx g agueous
gl uconi c4, henedlbclswnot otherwi se neutralized. The pH of the reaction m xture

may be mai nt ned th " | ev standard bu Lin chni ques,

Wher o n the. el Birgl e Sk Bt iFtsn i p oSLRRIE ombepf el o g

capaci t ycopibinatie with @h elyymicehictelelitdli2s tiefreattibRS Lintepddt USuirbke cifablorst he course of
the 20 conversion. Suitable buffers and procedure§ for, buffering and suitable

bases arfiPRRYse dnjthe practiceof thepresentiinyension daclyde NARF | (nigotiparideadenine of ¢ he
CONVEY Si difuchioBdd alsg@aa AP(I;)E('H%@ Rk EERrm 3P RN BLidATiad SRnidEDH cat al yzed

conversion of 4- ufyrate esters and am des to

4- cyano- @Wﬁéﬁ(ﬁmyhaéﬁ) ADY élr% nigetinanidd edeninerdinyricokidelordMabHbe.cat al yzed
duct
o1 uoose/ i hduted Tyt BENRDYY, S8 BP UK e BFlcHa Rthir ¥ cortor Whelbnetiied Wy,

mai nt ai rredilchggtlmcb)ﬁé:lzemgafmto:byltlmjchfaatmregﬁwmtlhaqstewer t he course of the
conversion, an ueous | t er th conic acid is

t he product g‘?ﬂieﬁ’ CSEU A ﬁ]‘g‘f{% “gta‘f—e gd?’&ﬁ‘ﬂ’a‘fefcig‘hﬁ‘# represents the
overa | ?kmﬁxcvﬂaﬁrbs&ﬂbl?ﬁﬂﬂeSQQ&QJ&Wf@ﬁﬁldiﬁe doldRtor.* g dRekidds over the
course of the reaction to maintain the pH 30 26 WD 2004

PCT/ US2dhaketorsdustase-catalyzed reduction of a 4-halo-3-ketobutyric acid ester by NADH or

NADPH, which are represented as alternatives by the designation NAD(P)H.

. KRED R
XMOR +NAD(P)H + H¥ —— XMOR + NAD(P)

4
25
Ketoreductases that are suitable for carrying out the reduction of 4-halo-3-ketobutyric
acid ester or amide to 4-halo-3-hydroxybutyric acid ester or amide include both naturally
occurring ketoreductases, as well as non-naturally occurring ketoreductases generated by
human manipulation Exemplary naturally occurring and non-naturally occurring

30  ketoreductases and ketoreductase-encoding polynucleotides include those described herein.
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O O OHO KRED X ¢cxOR + glucose + (Na + O+) GDH X,,,-,UOR + (Na + gluconate )
NAD(P)H (7) Wen base addition is enployed to neutralize the gluconic acid
rel eased during the ketoreductase-catalyzed reduction of a

4- hal o- 3- ked apllbsni,c acid ester or amide using the 5 ghpggs §%ﬂbﬂ;@se
dehydrogenase cofactor regeneration system the progress o e conversion

maybe nonitored by the anount of base added to nmaintain the pH Typically
bases added to unbuffered or partially buffered reaction m xtures over the

course of COMNagirallydteairing ¥IUED endymed iR furtlh uivwidd fangd bEbdcRfilEnd f Or nat e
dehydro%ﬁnase and "FDH' are used_interchangeably herein to 10 refer to an

NAD or NEBRE: d8sVeral apfirally peuering, KRED gene YIRE SCHYFRFEF Bavsibeest reperiedat e and
NAD or NAWR th&atr, ARR af] Ol AioNRideRbankiNE o TETRES (d1Mebe0s 80T Mt e

dehydrogenases that are suitabl € for use in the 5 ractice of the present

i nvent i drandida\patrpsitesis{ GenbankrAg. Ne. BAAZ#128Ag G138 ). dpbrplolompeeases, as wel |

el dne Phuadbr GeRSE Ao RERR: IR PR ool A A AR T 00°

( Candi dahékatatediciase froini (ddnd&faemgnoﬁoxbenle prpvided ywSEQENOR: 1 (OB B es

el oy baCR B GRTED, ! B b LT oS! FERES) ok D Erarlie, 0"

OCCuUr I'i Ngrigits thafencodid thé & }nvgm:@upfdtM(swmm Rj 4, aﬁdIS)’:\(SE(;’Iﬂ Noefi at | east
about 1 %m)llmn/rrg, sonetines at | east about 10 pnol/mn , .or at | east

about 1d T%Fm%ﬂﬁﬁWmabﬂwhﬁffé@pmltbeczmaa?wlﬂﬁmﬁ%bwnmn%w and can bed
4, As

nor o0 BELETSEQIONOA, Bl ReciSorf RNl BRES hiAHbch fepolld 7, 0 5 15°

(H002H|) lcaﬂmdylnedmmeafromtﬁwdmdoccﬁcegmlhbpome@etbrs Appjl em_d_bmh Bidm:hfxgir m H?LT gnz aIt th 3

Rey ™ iloBhasdut tids 2ol T iotechadt (1004) 35 28X 208, B iy e or

M xt ur esSpoRdbRMycests@INBriicodér AKUSI429 (St Biotéthhsl. Ldth) (ES(N)?DZJS%SSQGJ'E i ons
wi thin several  pH unlts pKa in water) formate is present

as bot h 4R g 11@93&??12?54‘&57@CEW&PFF%]H%@“%“‘]E&‘WWH} Ses above
abouts Acereﬁ:ﬂfa@% @rg SCt{éEr?‘éPﬁ'lP%‘H‘bB Blo3&EBiotedR. BicEkem. (Wﬁj‘sé o¥ygRte i s provided

as formc acid reaction mxture 1s typrcally buffered or made | ess

aci di ¢ iSporeddiomyces sm:qo@r@mmggmmmmummapmlms/ 025263

desi 1 ed B dXPhEaLYBLyaRI S0 sPh0R g Gese lchARIR AR IBIEROGGIEUL @l | zat i on

II'zat¥ on o Aydrocydhi ¢ aci d,
above Imrndﬂhl Mm@mhnv&o&bmmno@,@a(DM) i?bBGBQerHHamm&damd@m narchl y present

?Zdﬁgtolzﬁ !egugtlg %Jg@ﬁx@?ﬁ@ tf(é‘?‘é‘}c OF@QF Egédr ng é%e! ;i.at!al y-zreﬂlADP(H)

(8) hen1ém) m&m)éuade ﬁ&hrﬁaé@foelﬂiaydruewkﬁ%yu&hmb%&da&ﬁtet(nemf actor
regeneration - hal o- 3- ket obut&rl c acid ester or amde is

reduced By- R%ﬁ%ét@?@é@ét’s&%eséhﬁusefﬁgm dshy se (leahedronlieftng NAD or NADP
i's 1 eduqeekshyo:0he3) CRLHRLEaeHYHoB s OATSH) from Thermoanaerobium brockii (JACS

(1985) 107:4028), or Sulfolobus solfataricus (Biotechnol. Lett. (1991) 13:31) or
Pseudomonas sp. (U.S. Pat. No. 5,385,833; J. Org. Chem. (1992) 57:1526).
25 Suitable non-naturally occurring ketoreductases can be readily identified by applying

known methods, including mutagenesis, directed evolution, and the like, followed by
screening for activity using the method described in Example 4. For example, these methods
can be readily applied to naturally occurring ketoreductases, including the ones described
herein. Exemplary non-naturally occurring ketoreductases are provided herein as SEQ ID
30 NOS: 40 (KRED krh133c), 42 (KRED krh215), 44 (KRED krh267), 46 (KRED krh287), 48
(KRED krh320), 50 (KRED krh326), 52 (KRED krh408), 54 (KRED krh417), 56 (KRED
krh483), 58 (KRED krh476), and 60 (KRED krh495). The polynucleotide sequences that
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formate to carbon dioxide by the formate dehydrogenase. The net reaction is
descri bed by equation (9), which is the summation of equations (4) and (8):
0O OOHO KRED X IWKOR + HC02 + H FDH X ,' ~OR+CO2 NAD(P)H (9) 15 Equation
(9) shows that when the formate/formate dehydrogenase cofactor regeneration
systemis enployed for the reduction of the 4-hal o-3-ketobutyric acid ester
or amde in aqueous solution with pH above about 5, protons in solution are
consuned and the reaction causes the pH of the reaction mxture to rise if
it is not otherwi se buffered or re- acidified. The pH of the reaction m xture
may be maintained at the desired | evel by standard 20 buffering techniques,
wher ei n teheaddttiéh are prevfided hierdinas SEQIED NOS: 5N 41,143, 48)87,a) 5195%,3939]dn  Provi ded,
or by th%gaddl t.i qn gf .an acid cl%glcurrent with the Eourse, %&the conver si on.
Sui t abl e > dEPEEVEY AdHEN PPafyRly epTIrIng kefpredyriase it AfoHINRY fREYSAt ai n t he pH
i Rcl uﬂe ﬁxrlgaﬁhaicaﬁitﬁﬁpref]dnf ilnyfmam#pmeialéd)iﬁm;el ' ﬁn?@bﬁtﬁuorséﬂnlﬁemihcdacih dls_, .
phosphoni,c aci and t i ke, m pera ids, for, exanple hydrohalic acids
(such as ]WﬁngﬁFtBFH%""‘HE ?ﬂlﬁcpgﬁﬁsﬁﬁélﬁﬂat%?@““ﬂﬁggﬁ%0?9“85%71'83, and the 25 Iike,
ac: di a( S&hlttbﬁﬁ)lf\gﬂHdSkgﬁ“X@UD%(El mUB?mﬁmlsgn Iﬁtharahiaxmguss m,tze(f):(. encgagsigﬁwa&m) , Di suljf ate
salts (e.qg.,. ( n i,ke.. Particul a preferred, I s nni ¢ acid,
wher eby B@%"ﬁ@ﬁ&fﬁbﬁ)‘%ﬂréﬁﬁ’%ﬂn@?ﬂw 35‘ﬁ°r591'6‘e‘{ %STELV SENeBINGB| ution are

mai nt ai nestireti:or exanpl e, equation (10) represents the overall process when
formc acid ( CO%(E% i s adFIed over thecP?ﬁ}u&rse of the reaﬁtio_ to maintain an
initial pH abbNacdsEses ceplaygd ip themetice sl thepresent inyeniion oypicalluendifitsang | y 28 WO
2004/ 015 ietiditf 6T 145 @6t @ 2800 in/ag infhedbsaly QedehBed'i R BRAhII4, ThixE e, the HCOZ
concentration is maintained while the conversion in net consunes the added
forml@ aéthglo-dckegybpippienqg esger or arpidgsubsyatof fpterest. \KatpreguctasesiamployediaAD P) H - HCD2
(10) 5 WepmcaAtk! of 1 Pestde Hvehtion iHR e MiBifantaLiviB of hdkddt { PRoRhingtgthNg the

ket oreduct ase- catalyzed reduction of a 4-hal o-3-ketobutyric acid ester or
am de us byt Hrmalmininaand sematimes atdeash shpu 40 AV miwgcpoe abagHier at i on syst em
t he progr . version may be nonitored by the anount of acid added
to maint g’lﬁ‘g’ﬁ?"‘r%;em%%%'gcp%i cally acids added to 10 unbuffered or partially
buf f ered r eact-balor3-kewburyresacshesterstahdamidesremployéd in oevpracsicoof they wesatded i n
aqueous | yt i ans,. acarryving ou net hods of ., t he.present ,i,nventi on,
oi'tne” 1 Retioh Afe a3 PGHRefb SBT3 Bro” BREREY 578 Gec

i nitiall y-ketdbutghrscidi estersubiimates include thoaftadinpthe stnegeaBi:at i on syst em converts

oxi di zed cofactor to its reduced fgrm which is then utilized in 15 the
reduction of the ketoreductase sabftrgt gl (i.e., 4-hal o-3-ketobutyric acid
ester or amde) to X

OR®
1 4
v
where:
20 X is a halogen selected from the group consisting of chlorine, bromine, and iodine;
and
R', R% R%, R*, and R® are selected as described for structure 1A.
Specific 4-halo-3-ketobutyric acid esters that may be employed in the practice of the
present invention include ethyl 4-chloro-3-ketobutyric acid ester (i.e., where X is chlorine,
25 R',R% R? and R* are each hydrogen, and R’ is ethyl), methyl 4-chloro-3-ketobutyric acid
ester (i.e., where X is chlorine, R!, R%, R®, and R* are each hydrogen, and R¥ is methyl), ethyl
4-bromo-3-ketobutyric acid ester (i.e., where X is bromine, R R?, R’, and R* are each
hydrogen, and R} ethyl), ethyl 4-iodo-3-ketobutyric acid ester (i.c., where X is iodine, R, R?,
R?, and R* are each hydrogen, and R? is ethyl), methyl 4-bromo-3-ketobutyric acid ester (i.e.,
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t he correspondi ng hal ohydrin. As with the hal ohydrin dehal ogenases, the

ket oreduct ase and enzynes of the cofactor regeneration system nay be
provided to the reaction m xture for converting 4-hal o-3- ketobutyric acid
ester or apphemsbiziizne formof purified enzynme, cell expepgkroos6istesl ysate, or
20 whole cells transforned with gene(s) encodi ng the ketoreductase and
enzynes of the cofactor regeneration system The genes encodi ng the enzynes
can be transformed into host cells either separately, or together into the
same hoswheelXis bioating RARA, R, dnd RIRR: cacbRydrdgenf andRE is fthyd memst 4- ibﬁbJ s can be

transforped with keforeductase encodin ,gegl W ano Sler set cC be

t r ansf or i 6‘°W¥‘PF‘&9 estar &b BYER S B1orEs; g&r ke pashfiydrogenjanddyy  and t he
like) 25jsehded), ﬂ%t?ﬁﬂ'-@f:l%)o—ﬂﬁ@%hut%ﬁ& &n@Estérr@esmwlsccﬁldﬁe qenrbgluti i zed

t oget her |nthe reaction %UI‘EII’I the form of whole cells’or cell |ysates

or cel | @¥R A caghhydregen; m& D), thutybAbsamerdtkptobutyris geideatet (l.ean be
1 al
e anS§ oy IE Br&ﬁﬁ@% ﬁ 'ﬂﬂ?ﬁg&ﬁﬁﬁ@%&i ;{,nﬁqg 1§pgutglg aglgit %ﬁgyet or educt ase

regeneratl on system enzymé, express

and t heiodoBdetobutyrie gaid estert (i.0.n whers Deiniainey RS .RY R, and B/ m@aclehﬁdaibement t he

host cel | 20041 132 P 200 3 th genes

encods o F ds EEED UiRerdin spbdins, JeboRal By R &y I HEEEA &

hal ohydrgmhdglf@rleagﬁﬂa,&ﬁeﬂlﬁhaﬁel slelj;rbﬁylcan be utili zed in the met hods of the
ion to_provid enzynes in the form of whole ceIIs cel |

present i nve\Vf1
| ysate, or ce e%ﬁ(??laétket%'tm&@rqs%@bﬁ%test"f‘l‘émﬂéléfc%t’fuﬁwr?ﬁ compaunskIV; he

HHDHy ¢ at 2t Yeafekd BRERE the KﬁED%Qialﬂed é‘(ﬁa%ﬁﬁh %f {hle pResent InRBAYAEEhals 2l TS, cof act or
regenerati on system cofactor, ke) nmay be provided in a variety of

differ en@-hfdj’p’m@utwn@wd&m@am)ﬂﬁ!lél’atf(délagmgthegﬁb’pmﬂéed spray dried, and the
like), solution, emulsion, suspegsb@,n agd the |ike. The quanti ti es of
reactants used in the reductl on WR? general |y vary depending on the
guantities of 4-hal o-3- hydroxy@utyr' ester or am de desired, and
concomtantly the 10 anount of ct asersubstrate enpl oyed. The

foll owi ng guidelines can be used |to defferm ne the anmounts of ketoreductase,
cof actor, and cofactor regeneratirin syatemto use. GCenerally,

4- hal o- 3-ketobutyric acid esters and Q}’n des are enpl oyed at a concentration
of about 10 to 500 grans/liter using fromabout 10 ng to about 5 g of

ket or edugheds X, RNRZARYRE an®R’ &8 b Beseidd! foPstiicite BOf act or. Those havi ng
ordinary skill in the art will readily understand 15 how to vary t hese

quant ti es t d-hale-Pdwdiogubutyne acitestraspr-amidesepyeduced by thedgtorqdyetase- and scal e of
product i yst em maybe
Pead |y SRR ANGH A b Befitn I Ben bERRRRY Bty ™ O O

cof act orhadnidﬁm déhalogeradercatalyeed aonvérsionsiof thaprgentinyéntionheForsgawplent- (e. g.

gl ucose, ti l of
ketored %%4? cacf geg%&gépgsséﬁ?qg‘\ﬁé mﬁgp oafgubséf%?%npl ete 20
conver si MVa'ﬁloh be}mmmiretﬁupteaa&esﬂb;&hrdat@genim 4}&;@5 Jhydaskdbutyticacd react ant s
isn critical. The reactants may be added together at the sane tine to a
sol t gsterghavingshe sipctur E{’gol vent, biphasic aqueous co-solvent system and
the like), or alternatively, sone_pfoHhg reactants nay be added separately,
and sonme together at different t¥re pdf ntjs. For exanpl e, the cofactor
regenerati on system cofactorNC25]|k r tase and ket oreductase substrate
may be added first to the sol vent OR®

R R
VI
where R', R, R®, R®, and R® are as described as for compound V.
The term "cofactor regeneration system" refers herein to a set of reactants that
25  participate in a reaction that reduces the oxidized form of the cofactor (e.g., NADP to
NADPH). Cofactors oxidized by the ketoreductase-catalyzed reduction of the 4-halo-3-
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For inproved m xing efficiency when an aqueous co-solvent systemis used, the
cof actor regeneration system ketoreductase, and cofactor are usually added
and m xed into the aqueous phase first. The organic phase may then be added
and m xed wd@aooh@isired by addition of the ketoreduct agerrdkiesbRid-
Alternatively, the ketoreductase substrate may be 30 prenlxed In the organic
phase, prior to addition to the aqueous phase. As for the hal ohydrin

dehal ogenase-cat al yzed conversi on of 4-hal o-3-hydroxybutyric acid esters and
am des, Retobubticaciioasttr bi ahide bt refenbraled i redudedifbitn Kgthecotioet Aendaionl yzed 30
VD 2004/ 015132 _PCT/ US2003/.025263 redyction of 4-hal p- 3-ketobutyric acids
esters afdteRhi CRIEIOTeReREratipR SiSiASCATERES HYoIFHeMEWS Teductintitbatia p seirse off

condi ti Ofeauélﬁﬁaﬁ deSgen RGuil Sehts hiid §RhR5TE JFeEiubibg HRAAGINRALRE oPfhe L@Er, SKi | | i n
the art % l e tenmperatures for carrying out the ketoreductase-catalyzed
r educt i ofheeafgsterregenergiiorcsyistern may furthercompaised catalysh fabewmple® engymeout 75C.

Usual { vy, range of

fr om b oS ERERaS A fedhidn st piilleatbnfof BEBSRANM Sibediine B0 e
reacti onCaﬁytoaiegmehﬁionmysieﬂﬂ tmﬁgemdeNM)ﬁbeNAmmm orNADH, n t he

hal ohydr| n deh | ogenase-.cat al acti t he ket oreduct ase-cat al yzed
reaction °F%°°3Y o'} Pgl‘eaé%‘mﬁrﬂﬁy °é’§§jg'ﬁtq’%ﬁrf’§7n518 %QPe or near conplete
conversion OfSulﬁbllE%bfa@foﬁrdgﬁne@hﬁﬁrsy.ﬂ&nyé‘mlﬂﬂyd@lﬁh heqﬁadnbabfme réééi@Wn i n the an.
As in the hal ohydrin 10 dehalogenase catal yzed reaction, e progression of

the ket oln¥enitopiaciudeglueoseand glucqss debyds ﬁ&@%%@%ﬁ.%f@ﬂlaﬁ;ﬂmwﬁ%g t he
amoujy o ﬁ&ﬁé% ﬂbsﬂﬁie%agﬁﬁgset@{)ﬁ&ﬂmt@&eﬁ Fmﬂs&r%ﬁﬂﬁy&t&ho] af@y otherw se

occur W articular cofac regenerati on stemmthat is used as
descri be@cmxmealcdhhbddhadmgm tand ﬂledléw,ealnslm be injcombinptierhwith either

4- hal o- SNMH@;HO@E@@%&@& .of’a@?o 15 substrate generates a new

st ereogeni ¢ carbon a |on of' the 4-hal o- 3- hydroxybutyric acid
ester or am dExepemttU‘ghcosEﬁahyxhbgepaset' YGDHE! are:&séﬂyldtemhmaabrlylhereacmd ester or

am de n rel,ativel o el ect t he
3- posi It?’f?ﬁeg? "l'hﬁéﬁ ALP P‘?S'dergl web&?%ﬂ@’? 8??%35‘&4“; ﬁﬁ&"sﬁﬂ%les
generat eNARYortNIEDK @) Sla&shikC4oikb &rd A BHYoF A DEH Ue 3e@ti‘ve1)0qu4raﬁéﬂ (s)raeskﬂmbut yric

acid esters_and am des are typical| y Chl r al non-racem c
ket or eduthe gleosecish xdreswasfsfé@ .NN%R{N&PHW B@ISe-y generat e

preferred nonracemc, chiral 4 haI 0- 3- hydr oxybutyric acid esters having an
e.e. of at |east about 90% e.e., usually at |east about 95%e.e., and

typically at 9% GRH Ex odi ment s
provi di ng etqlu'éfg)%és'f%{?)o "glcﬁydr oxybu&gp‘g‘ﬁéa#\ndtﬁs@&@;ﬁ)&?ﬁan ohe.e. As
used herein, the term"enantioneric excess" or " refers to the absol ute

25 difference bet ween the nole or weight fractlons of maj or (F{+)) and m nor
(F(-39 enant i@]mcEss delfydragenases Elat-lrdresmﬁble)foﬂ usg jin thheprmn&(d{)mdrpﬂéd;ent = 1. Percent

e.e. is :LOOXI nti one 05|t n _can be eadily
char act e ‘BnERF tbﬂﬁ”lagggl&'a%cc #Ll%ﬁrf{;bw AEERGEARY Exanpl e 6,
her ei nbedRutringpthicbse d%ﬁydfagéiﬁﬁlﬁ N&ﬁ&al@f@c&ﬁﬁg\@lub&etdhﬁyc&égenas‘é?endﬁﬁfg’l bed above,

when these nonracem c chiral 4-hal o-3-hydroxybutyric ters or am des

are used8mes kays besnreparted in fl‘r?éltﬁ&‘l“!?mfd’F FxRmpde, heoci{hs é“’&’d’e’eﬁ@%e@DHeact i ons of
the presgit wab¥entdsedin £ 1367 bPwhd depshed 18 Hﬂﬁfnl ihdls&dle grRideRnieat yric acid

esters of amdes are substantially equally nonracem™c, with little or no
| 05525 n EBropertiesns the gnzyrme progdyuendiin s hefivedpst (Vasantha, et al., Proc. Natl. Acad. Sci.

USA (1983) 80:785). The gene sequence of the B. subtilis GDH gene, which corresponds to
Genbank Acc. No. M12276, was reported by Lampel, et al. (J. Bacteriol. (1986) 166:238-
243) and in corrected form by Yamane, et al. (Microbiology (1996) 142:3047-3056) as
Genbank Acc. No. D50453. Naturally occurring GDH genes also include those that encode
30 the GDH from B. cereus ATCC 14579 (Nature (2003) 423:87-91; Genbank® Acc. No.
AFE017013 ) and B, megaterium (Eur. J. Biochem. (1988) 174:485-490, Genbank Acc. No.
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31 WD 2004/ 015132 PCTI US2003/ 025263 the high stereoselectivity of the
ket or educt ase-cat al yzed production of the nonracem c 4-hal o- 3-hydroxybutyric
acid esters or am des and the high stereofidelity of the hal ohydrin '
dehal ogenase- cat al yzed conversion of themto the correspondi ng nonracemnic

4- cyano- 3-hydroxybutyric acid esters or am des provides a particularly
attractive inventive process for 5 the overall production of nonracemc

4- cyano- 3- hydroxybutyric acid esters or anmi des of high e.e. from

4- hal o- 3-ketobutyric acid esters or amdes. A further significant
characteristic of the present invention is that the yield of chiral products
gener at exli237o; gm%g%m_ﬁlwmwz?d%}ﬁbm%bﬁk%cmo.@m&m).?’(}még{eoxybUt yric acid
ester or, amde an -nucl eophil e s gst_ltut ed-SN%droxybut ric acid ester or
am de prashysEassnases ferm, 8 %ﬁ@&-i“ﬁ%‘&‘ﬂ‘?ﬁﬂ ertods RERAD NRS: nfi0wRd 4& (epgodedie present

i nvent i gy RlyRuciotii€RGhenadd@ufresp@iding tb'SEQ kT OSB! 9 b L resiReiNely30% typically at

| east about 90% and nay be at |east about 95% The conputation of product
yield i s basban-gsusafly peehiring glycese dehydmgenates mpy Be grpemied USIREKAME amount  of

produst haRdHe Qudh'hs! fBfexaRple] hetigeRtsis, difedted BVoRAids land tHadike.- SDRedEyReY bUt yric acid
ester or, am de . may. be optiona purified prior to contacting with the

i de y. |k l

hal ohydr‘l“?ﬁ‘“ﬁl@’h‘&‘l"&@ﬂ’f&&é‘!he@&'Mﬂ§ﬁ°w3é¥ﬂ?“'?°ﬁ‘§aqye9°ﬁ\'mﬂ€tﬁ“ﬂ’ibéd" refers to a
process reddilyitefitticd uSifP tle alse P destitRs fiExanple AP Bkérfglary Aon-Riwkhiy €, resulting in an
I NCrease |n,concent[a ion of one CO| oner,lt relative to %’[ her conponents I n
the m xtQFATMEIHOREIAeBIP B PR T BRVERReE s SEH NOS SA @R IH St i ce of the
pr fsenz ,('G!mmbi)?aal 1‘01?@11@,). ah@68 @mmt | 479). Trie I&?Icﬁ&ﬁdeﬂfs%ﬂle}n&sgﬁh ! idqui dbp{]ase
extractl on, I STI atl.on, _an c. e 4-Nnal 0- o- Nydr oxXxyputyri c
acid steé’F°d6ﬂ‘°5‘rﬁ"ol%‘°Y‘§°‘Qlﬁ°|"? ?sg%z‘qh&’%éﬁﬁé' ée?%?'&ii%cf"é%‘é“vﬁ%acti on mxture, it
is subseqmm\ﬂlumﬁtflﬂeﬁujt; eccanﬁ.gtlgﬁeﬁ dﬂﬁdli@geﬁags _Elﬁfug@ﬂ.ﬁt'ﬁﬁlsf&(ﬂke\/iﬁmea a b: phars]!f
aqueous CoO-sol ven syste W ne | 0 rin denal Q se an nucl eopni | e.
M ENZYNPerfiee %&m&s%mcgﬁwmwgﬂk%wérmq@tmm 'E‘@WEFS"AM DE TO
AT O TP Byl ng ot ¢ h

e p ovj des a od for carrying ou e
conver si P IE&’-C‘FFéNB'- 63S§E &%@?ﬁ@?&e}%%‘@f@ laﬁggéﬂg ﬂ%f'?“?‘l)‘?'ﬁ he
COr I €5 PQipglicagortsesidl G 6RIB0I494,5000 which istimdrporicd WerkvtybefbindeGn a€i d esters and
am des in _a single reaction vessel, the nmethod conprising 30 contacting the

4- hal o- 3R€Wobutyric acid ester or anmide with a ketoreductase, a cofactor, a

cof act or r egenRbRdeRydrdpridsaBmploybdialtRqRdttiteof R iesantiemionthidyn dehal ogenase to
forma 32 WO 2004/ 015132 PCT/ US2003/.025263 reaction m xturge for converting

the 4- hefBibiBanastivibuely least gbouy IQupRlmigimend smctipegat leastpgetdBphi e
substi t %ﬁdirnﬁvﬁnét@f]%}ipﬁ YikrlofmBhg! uE&:tn‘%thb‘ ARG RGP Ai3h&lih GBhdsyy this

si ngl e-vessel od proceeds via ketoreductase-catal yzed conversion of the
4- hakb- JFepcsibedinBrample 4ci d ester or amide to provide the 4-halo-3 5

hydr OXYDUL YT e GhalosE 3hcluddbe Gty dGpchile He biplofliths SRBEAMPRE-dRALANY AT | N

dehal ogenase- ca ﬁi— conversion of the - 3- éﬁlr oxybutyric acid ester
or anodesysemitin the ddwlced-fseiphaitiig acid eieror amign s redugedduithe keteserdugtaspaad oxybut yri ¢
aci d estigipfAlor RADBA, thotddtihg RABIIr NADPSreflidd@ bP the coupled oxidation of

glucose to gluconic acid by the glucose dehydrogenase. The net reaction is described by
25  equation (6), which is the summation of equations (4) and (5):

O O KRED OH O
x\)k)LOR + glucose <bH~ x\/!\)\OFI + gluconic acid
NAD{P)H (6

The ketoreductase-catalyzed reduction of 4-halo-3-ketobutyric acid ester or amide is

30  generlly carried out in a solvent. The solvent may be a co-solvent system, such as, for
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3- hydroxybutyric acid ester or am de produced by the ketoreductase-catal yzed
reaction is not separated or recovered prior to its contact with hal ohydrin
dehal ogenase and nucl eophile 10 (e.g., cyanide and the like) for its

conver si ORyd Shoflofsz! eophi |l e substi t ut ed- 3- hydr oxybut yr peruasebo8iber or
am de. Suitable reactants (substrates, enzynes, cofactors), solvents, pH,

tenperature, and other reaction conditions and procedures for the

si ngl e-vessel conversion of 4-halo-3- ketobutyric acid ester or amde to

4- nuc| eexdmple; an utpsdons cd-sulvent HBEHDQUEbIY solecmE(inthadiiigto-smlvehbsyaten@dpfoar € t he
same as those described, above for the carryjing.out _the drin

dehal og&HRSEE %‘ﬁﬁ%{? FLESOB RS FSRP ﬁtﬁ%9ﬁ8$§b§9mﬂ? MW@%@ esters and
am des  téhvieRfon oFAHaES PADEoRGufi}E1RRRR Ind amitRs td 4-8yd-33hyireiyButyREt yric acid

esters and am des. Wien gl ucose and gl ucose dehydrogenase are uSed as the
cof act opcid eyern apdamigss. system and two equival ents of base are added during

t he i i | id d
nydronal o anreeBaehbaTube: Sbids S Sovall Sk MFREPHRIRLEBE; { P e
(f or i nhnobudfergdHI hie wonviessionanfdlee 4halad3cketobbtyrio acid ester @)amiddte the/drhalot process in
a sin -\Ve I i i ik bed b t] 10), ichis th

Cumat S0P Bl RSP ot Ry pe S o SRSk o B Ry o o 1 <
N e O O b e PR e ol conat o e o 10y
Ot her s %‘-{j‘l a§9‘6tesst§$°‘5\}§r gwlcﬂ}yoﬁ\ﬁﬁé\?ﬁﬁ%‘{ g&ﬂ?e‘é apt at aghy "?aa]r"?‘ﬁ M unmi ng

equay i OBslow ARl i thdraRkd SYfrdAPAHoRNS td sHout NeHeferdb\g tHeBn Ve Ehiridd

dehal ogenase-catal yzed reaction_(e.g.. using a cyanide salt as the base)
and/ or Pwat RéM@Mﬁ&séelpwawwhhm(tg@ pnge ef fran akaubd teabentl,28d MOr004/ 015132
PCTI US20Q84 I a 116 r Lhon
systerr),g as eé‘t?trﬁ'i"g%gégg%\%gﬁygtaﬁgﬁ@ézgtgﬁg?e?g’ c%ﬁggr?igg%rﬁgg’g??%% It will
al so beoutradentaledl i.ehalout he sane singl e-vessel result may be obtai ned by

first condughing the ketoreductase reactd gn separ ly. as. described above,
then subsequBneR eeabite tahaRErShe Sy RaRRbR D TR EPo  ne
ket o5 edthetcagpeoduetiar dfudthictasidgpEn e 3.6)oRdestdengd ihequatdm(sy tauses thepid| ogenase
reaction_in the presence, of the ketoreductase reaction conponents. An
enbodi nhite gRaclionymixgire t,AreR i|theyesiingsaquedus ehicoric 2pi ds npt Aheryise 3. ket obut yri ¢

aci d  eghffalitdd. AThHd pEYGTUR readib XMRUL Y bemaAGiathe® 5 BE déshred vty at ed in
Exanple 24. 10 I'V. COVWPCSI TI ONS The priesent invention further “provides

conposi stardasd buffering teshniquds,wherein thenuflen neutmalizes theglusaaiosacihupgp the

4- hal o- @xgr i Cl ier. > ] ' tituted-3-
hydr oxygltlj yr %)%%ﬁg}%’svfd 5’?’ dcg(r%yg}?ﬁ %&tﬁ%g@%%g%%ugﬁeﬁ\gﬁﬁgg%ﬁﬁ ‘?&H@t hal ohydri n
15 2@hatenyersiome Suitable naffers hdiprobredurgd foir pnfferinpaind saitdbter bases adipcheeduesd a -

nucl ophl i adhliof of Bist uRhnS e SNBSS the Shversids a1t SRS osk JeiiBl d¢-
above for the HHDH—catalyzed conversion of 4-halo-3-hydroxybutyrate esters and amides to
4-cyano-3-hydroxybuyrate esters and amides.
In the ketoreductase-catalyzed reduction of the 4-halo-3-ketobutyric acid ester or
25  amide using glucose/glucose dehydrogenase for cofactor regeneration, when the pH is
maintained by buffering or by addition of a base over the course of the conversion, an
aqueous gluconate salt rather than aqueous gluconic acid is the product of the overall process.
For example, equation (7) represents the overall process when aqueous sodium hydroxide
(Na* + OH") is added over the course of the reaction to maintain the pH: .
30
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In a further enbodi nent, the present invention provides conpositions useful
for preparing 4-nucl eophil e substituted-3-hydroxybutyric acid esters and
am des that have a ketoreductase, a cofactor regeneration system a

cof act or, w8d@npabpPhydrin dehal ogenase. 20 These conpggid Hﬁmﬂﬁ% further
i nclude a 4-hal o-3-ketobutyric acid ester or am de. Any of the previously
descri bed ket oreduct ases, conponents of a cofactor regeneration system
cof act ors, hal ohydrin dehal ogenases, 4-hal o-3-ketobutyric acid esters or

am des, 4-h@l 093-hydroxybutyric aci Q f)t ers @A @m des, and nucl eophil es may
be enpl oyw(?ﬁasgumgpqﬂau gnq.w%r& +qRatihgudhaeent invention
may be in solid (€e.g., a powder) orNQD:gEI%d (e.g.,” solution, enulsion,

| e,

suspension, and the like) form For the conposition nmay bg)in the
formof a |yophilized or spray dried powler. Alternatively, the conposition
may further conprise a solvent. The conpositions may further include

conponent s f oWhédbas@Bddifin i9emploY&PD TRMrdlizE Yhe glitBnicReiduelesdd dindig Bxanmpl e, a
salt, an acid, a base, a buff a solubilizing agent, etc. 34% 2004/ 015132

uf fer

PCT/ US20krtgrenstasscatatyzed spdyqtioReie behalar Hoptalngtyrs; a PDRJEIHe SEisE theND COFACTOR
REGE g%&@éﬁ% I Wgﬂgsqal . addition to
t he gﬁ?@éﬁ%ﬁ& an poeeﬁf}gﬁ%@ gg;(%rﬁ'bqé%( her el nfl, t (;lgiérglgﬂhavi ng

or di nar ymaxbd thonitoré¢diey the amweinitiof base addridde maimddin kheplh Typidally heres addzd tde readi | y
applied in -the dis [V Of. bot.n naturally . occurri and. non-natyral |y
OCCUrTi nugnbﬁg'ry g@g@@?@ﬁ’gﬁfﬂfeg,{gﬁh%l&mgﬁrﬂ%% %&ogggpg%ngmeggq a@ﬁf‘ﬁ'@ practice
of the paqaemitsoiutimenti on. See, e.g., Ling, et at, "Approaches to DNA

mut agenesi s: _gn overyiew " Anal . Bipchem .  254(2):157-78 (1997); Dale, et
YO gonu BTG aPie R denths vami LRI A0e P P pngrabs eren to

phosmhor efep el RADRI MLHB-d B&ﬁ%n%‘le-thﬁicﬁﬂa}gzesiﬁé S¥erbtbn ok fkic ami th, "IN
vitro mutagenesis," Ann. Rev. Cenet.. 19:423-462 (1985); Botstein, et al.,

" St r at egNAD o AADR fsarhontdiexide and NADH or NADRH. seferetively. ‘Fompatence,

229: 119 ; "G e nesis . Bi J.,
237: 1- 73‘{%‘%%54;"%3 Zﬁr% ?‘%asge‘%‘?‘gT for %“’tﬂg i“%‘;'fﬁ%s?grrgf t(}:lEB*-%eaépHa? F@’?”é‘&‘f’ﬁf’&c@@g?g- 887
(1984) ; nabirally ocetrring formaGadebypdripgenases sayovedisis mon-aatuslyioccuering foembated f or

ti f 15 tipl t | . ined sites," : -323
O 0as;.  divGhedtisel, Foufac siiRinnns iiudihod sonphhifite nE B BOF 18 7 aur ¢ ent
Opi NiDN (PeedbmBidsap.) Bh® 7D WYandidaddiin HOwKidD e )encodell by polymideotidé al ., "Directed

evol ution of thym di ne kinase for AZT phgsphory| atiqn usi n% DNA fam |y
shuf f | i §AuenREscQresPaneing thwlkR dgyNOSt #9284 7 haespedtysly) Foppalpdeydragenages pna

shuf fl i r@nﬂéyeﬁhﬁﬁa@p'r&tieé oﬂﬁé‘@ésénﬁ ﬁ%nﬁio\i,eﬁrﬁ&h&%ﬁxhﬂ@ &E&ﬁhg&ﬁ{ﬁs dir ect ed
evol ution,” Nature, 20 391:288-291; Craneri, et at, "Ml ecul ar evol uti on of

an ar sermshwaltjeacowiringcmay exhitpbaractiyityoof at [ohst aboutflfimelfnin/ngs sometirBis@t echnol ogy,

15: 436-438 (.19 X t , "D d vol uti f ffecti
1t coo dmatandfd umgliiting<irablsas gL Ehelming wainesi BB ng o C
Procgedi ﬁlﬁél/rﬁ’iﬁhﬁé"@q'ﬂ}@ejr,%ﬁ lcarf 6RREANY Rfeem& B £@Nity I the Assay criBeddn 4509;

Crameri, et al., | rproved green fluorescent protein by nolecular evol ution
usi ng DNPxamplef4.1 i ng, " Nature 25 Bi ot echnol ogy, 14:315-319 (1996); Stenmer,

"Rapid evol ut{qn.o ﬂcr@inpﬁ'ngkc?&n'f&ﬂxaféi' tdtEks BV folf¥te anion (HCOy"), formic acid

(HCO;H), and mixtures thereof. Formate may be provided in the form of a salt, typically an
alkali or ammonium salt (for example, HCO,Na, KHCQO,;NH,, and the like), in the form of

25 formic acid, typically aqueous formic acid, or mixtures thereof. Formic acid is a moderate

acid. In aqueous solutions within several pH units of its pKa (pKa = 3.7 in water) formate is
present as both HCO,™ and HCO,H in equilibrium concentrations. At pH values above about
4, formate is predominantly present as HCO,~. When formate is provided as formic acid, the

reaction mixture is typically buffered or made less acidic by adding a base to provide the
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shuffling," Nature, 370:389-391 (1994); Stemrer, "DNA shuffling by random
fragnmentation and reassenbly: In vitro reconbination for nolecul ar
evolution,” Proceedings of th e National Acadeny of Sciences. U S A,
91:10747- 4); WO 95/22625; WD 97/0078; WO 97 ' 8/ 27230; WO
00/ 42651; %gﬂ)‘{ll\%%g% 75767. These and ot her 30 known rre%ﬁﬁggﬁocsén Gg readily
applied, for exanple, together with the assays described herein, to identify
ot her ketoreductases, hal ohydri n dehal ogenases, and cofactor regeneration
syst em desiiedpH, typicatlyof dtwubs bi above. E3uitdbis Gadeb st nbetralizatioross fovdlit adds aset her

desi rabl e, pr rties, .35 WD.2004101513 CT/ US2003/ 025263 e.g., altered

t enper a?ﬁf‘%"%ﬁ’gﬂé neﬂ)‘ﬁ”b’ﬁflmwdf%%‘émlgﬁgﬁ%t ance, and the |ike. For

exanpl e, dpn Ralust DS e ARUDS afWwhidh Efimite nem@harﬁﬁaﬁtw peqar atcdybrari es that
can be scr eene identify a ketoreductase having a pr ef er ence for one

cof act oqyajipa @@éﬁ“ﬁ%@lﬁ@mafwhﬂkmﬂ-@'cmmgl {edpetipn dy-versa. 5

Pol yguclggi oi.aci d sequences encoding the enzynes enpl oyed |n the pr esent

i nvention nmay be codon optim zed for optimal production fromthe host

or gani sm sel ejgp eSS| HTho ha'_w l_ﬁl nary skill in the art

wi |l recognize 2hat taé and ot her. reéf&rences ‘;) ovi dil¥)y codon preference
information for a w de range of organlsms are readily available. See e.g.
Henaut and Danchin, "Escherichia coli and Sal nonella,” Neidhardt, et 10 al |
eds., ASM Pr¥3en fakisitv andtfomatleBydrog &) arppmplePetirasiitéofadioraggeneratopl oyed in

D o Sk o b b e DB P iR ™

ket QOedmmskeerm{ ftlm‘xalaﬂﬁngmawl NADP iﬁﬁe(ﬁlyfédﬁynhelaém ¢Mmoﬁohost gell |
usi ng nown ecu ar ol og ni que See, e.qg., Berger and Ki mel,
" Qui de t%&%FP %‘ﬁ’ﬂ’&?&?‘“e °HEHE€3FQP“EFIQ‘§FH%‘!€3 , Vol une
152, Acgiﬁﬁbﬁ:(ﬁr\eﬁlghlsltﬁ@s : nlgf@%gmmgs4 anﬁa(gprook et al., "Ml ecular

Cl oni ng- Labor at ory Manual 1-3, Cold Spri ng Har bor
Laboratory, Cold Spr| ng Har bor New Yor kK, 1989 and "Current Protocols in
Mol ecul ar Bi ol og .M Ausubel et al., eds. Q% ent Protocol s, a joint
venture betweg ne Pu%a 8_ s KRER es and, J(%ﬁm Wl ey & Sons,
I nc. (suppl ene thD(RJgh 954 ods € enzynes are

illustrated in Exarrpl es 1 and 2. The f ﬂﬂ HY and ot her aspects of the
i nventi on may be better understood in co ection with the foll ovm(??g

ng Ex?relsrs]?oﬁaﬁgﬁlk-@ vdrln fo genase, %ehg %Lctasea% ahgnGC(Jngreucts

Dehvdr owmon(sﬁtemla* ahpldwdwfomh awuqmlazfehe(%alﬁ)ﬂ}keﬁbetygemeidfesner ohe
g K M N T
30 sp. _Téhemgﬁmeseual& 1Y of the sdactish m_ﬁdnmgto&ﬁkem_t isalot ghsiwvise buifeetdlr esved i nt o
o o L TR RS S0 e S A 5 4B B sonlbg oL @ T
Car hgba@ufféeiNg tédhaifued) whereitl e Blflerriasé@srotoBSup to the buffering capacity

provided, or by the addition of an acid concurrent with the course of the conversion. Suitable

acids to add during the course of the reaction to maintain the pH include organic acids, for

example carboxylic acids, sulfonic acids, phosphonic acids, and the like, mineral acids, for

example hydrohalic acids (such as hydrochloric acid), sulfuric acid, phosphoric acid, and the

25  like, acidic salts, for example dihydrogenphosphate salts (e.g. KH,POy), bisulfate salts (e.g.

NaHSO;) and the like. Particularly preferred is formic acid, whereby both the formate

concentration and the pH of the solution are maintained. For example, equation (10)

represents the overall process when formic acid (HCO,H) is added over the course of the

reaction to maintain an initial pH above about 5. While the formate is present predominantly
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WO 2004/ 015132 PCTI US2003/ 025263 prepared using standard nmet hods. The
pl asmid DNA was then transfornmed into E. coli BL21 (Stratagene, La Jolla,
CA), the expression host, using standard nethods. Several clones were found

in the expyebisdisss brary that expressed active HHDH. Fl?‘ﬁ%%h@% $Epm these
clones were sequenced (see SEQ ID Nos: 13 (HHDH. 1), 15 DH. 3 and 17

(HHDH. 16) which 5 encode pol ypepti de sequences SEQ I D-Nos. 14, 16, and 18,
respectively). (2) Ketoreductase (KRED) The gene for the ketoreductase was

codon opis MCA£An tRirefXiph afiftufd) the HED, Gehdenf@iofds maimtdi N viilleiRe aci d sequence
of the ketoreductase from Candi da magnql i ae. The gene was 10 synthesi zed

usi ng 60SAREFISIGR iRt Epnsumss the addeddarmig aeidt he S 41 cloning sites of expression
vector, pCK110900 (depicted in Figure 3), under the control of a |ac pronoter
and lacl repressor_gene. The expression vector contains the pl5A origin of

replication and th cHl or oanpheni Co_lé,ﬁ{ﬁi st anpH ne. The plasm ds were
transformed int& h +eKEGbbi stngﬁt and@Qg net hods. Sever al

cl ones were found that eXpressed act iRRH 15 k&t oredu@Rase and their genes were
sequenced to confirmthe DNA sequencBAD(B¥® SEQ ID Nos: 1 (Ketoreductase 1),
3 (Ketoreductase 2), 5 (Ketoreductas¢iG),” and 7 (Ketoreductase 4) ?V\:hi ch

encode for pol ypeptide sequences SEQ ID Nos. 2, 4, 6, and 8, resp lc ively).
(3) @& ucose Dehydrogenase (GDH) 20 The genes for the glucose dehydrogenase

were anplifi usi n e _pol rase chai.n.r tio from genom ¢ DNA
prepar at i ons e"B‘éng #dﬂ?néﬁﬁwg@s%ﬁ&*’gﬂ%ﬁ%ﬁ&waﬂé E&&%?H"tafﬁ'e priners for
the anpl éatdlpR reddctichasft 4 LRSloVIKeoblByTic Gt EstdB onEnitl & Gsiig ik ifstiRck/ folaate Ubt i | i s

and B. negaterium gl ucose dehydrogenase gene set%uences,, and were as foll ows:
B. subt i feh¥drpgnaze (9fastqr segenrafien sysjerycrhe pgress ofthe conversion may be

S' - @ATTW&T%E@MWJJ SO mAintaiFthe ?Hbt’liygicﬁll% & #Medlol Mer (SEQ ID
NO 20): 5 -T TCCTCATTAACCGCGECCT GGA-'3' . nmegaterium forward
pri nk} (gbaffered ppartially: buffsred ErsMOBOOTATIVEGTHE FOMREAfionxasiaare3iddghing,

5 aoo I oo acT T, 5
5'- CCGCGTCCTGCTTGGA- 3" 37 WD 2004/ 015132 PCT/ US2003/ 025263
The PCR pr odUstaryirg eutthexnetodsifthd presefif invendbmyreither the dxdized oraeguced si on

vector, pCK110900,. (depicted in Fi.gure 3),.under, the contfrol of a |ac pronoter
and | aa PERPEeSPratGERaY bS e i A4 Anspie abeiea HREoBRr p15A or gl of
repl i cat jegéhestifign §y3fem EdhivertPMBBaIdoRtor tETd relladed Foref Mhich i heR LWARAEIGE Wer e
transforned into an E. coli expression 5 host_ using standard nethods. Several

cl onks Wbt ednglign@f the ketogedustasesubstiate (Gopt-hale-3-ketob id\estes oz aideheed t o
confi rm&‘%o'g&ﬁbhgﬂ%qﬁkﬁ‘g&%'SEQ I D Nos: 9 (d ucose dehydrogenase- S06-3) and
e dehydr ogena

11 (d ucos e M)2-6), which encode for polypeptide sequences SEQ
ID Nos. 10 arks With the balpbysdrindshgipgenass,thy ketoreduetase Bechentymesofthe cqfiiby)
regeneration system may be provided to the reaction mixture for converting 4-halo-3-
ketobutyric acid ester or amide in the form of purified enzyme, cell extract, cell lysate, or
20  whole cells transformed with gene(s) encoding the ketoreductase and enzymes of the cofactor
regeneration system. The genes encoding the enzymes can be transformed into host cells
either separately, or together into the same host cell. For example, in one embodiment one
set of host cells can be transformed with ketoreductase encoding gene(s) and another set can
be transformed with cofactor regeneration system enzyme (e.g., GDH, FDH, and the like)
25 encoding gene(s). Both sets of transformed cells can be utilized together in the reaction
mixture in the form of whole cells or cell lysates or cell extract derived therefrom.
Altemnatively, a host cell can be transformed with genes encoding both ketoreductase and a

cofactor regeneration systern enzyme, such that each cell expresses both ketoreductase and

the cofactor regeneration system enzyme, In a further embodiment, the host cell can be

29



The genes for the formate dehydrogenase were codon optim zed for expression
in EE coli based on the am no acid sequences of the formate dehydrogenase
from Pseudononas species strain 101 (Protein Database Accession | D 2NAD A)

and Candi §gp Bpislispd (CGenbank Accession No. CAA09466) pc .'ﬁ%g 0?9?‘53 $p3Ver e
synt hesi zed using 60-nmer oligonmers, and 15 cloned into t 2S cloning sites

of expression vector, pCK110900 (depicted in Figure 3), wunder the control of
a lac pronoter and | ad repressor gene. The expression vector contains the

pl5Aori gt.lrzmsfbhnécewim gétle eficoding Kelbpedublag @ osradi6 egeleratiof sstevh ezyfR/dd The
pl asm ds g r nsforned_into ?n E. CQ|I expressi on host using standard
met hods. 2 BEpATRd Thesg cel séiﬂpé%lé?&défb £ methods phthe PERERIAr ogenase and

the genegyvukics toSﬁ'GH@QﬁﬁQnEﬁn&QHh{eer?rﬂ bk, &9 fESﬁceﬁl%’iﬁac?EQN D NOs: 69
and 71, which encode for pol ypg&ll de sequences SE 70 and 72,

res pect i deseribeyl forthemepetion. miptuseioithe BHIDG]-catlyzedunetl ﬂﬁH@\*ﬂ eqaztm(l e25 I n an

aer atged fg;[@ﬂ gﬁﬂ # n| 28g/ L
ammnfum&%%g%a'ﬁtgt : g}'ﬁéegfrll&%b%nsgétgén%mhy rogg%g)gﬁ%ysp a‘selg?rl ydr at e;
3.7¢9/L oﬁmepmfdﬂ‘ﬁdmnﬁafhisynicmgmgpphdermhgt byopliitizdd, sprayl drsédo med thélike)east extract;
0. 05¢g/L firrous sul phat e:. and S‘&tl L of a trace elenent sol ution containing

2g/ L of ?W“@Pu?ﬁ“ﬁﬂ?’brs}"ﬂ’gng'ﬂ}m - 2.2g/L of zinc sulfate septahydrate,

0.5¢g/L nangarm&elu&uitﬂ‘eﬁbﬁreammhmﬂﬁme réduaidn stdp willpleRerailyp vach dégendiapbahydr at e:
0. 1g/1 sodi um borate decahéqorate and 0.5g/L EDTA, .was brought to_ a

t enper at e guantitisgpid-haierd-hydroxpbityic %&’sesmebwaﬁ éEFl‘iﬁﬁi:t%d&"P‘é’PBtaé%@ﬁent i al

cul tiy e BhoabSIRIE uRta8OdubstBlte é% &P UHE Fol fowi 8liin@s cdrDe vseioPPed Wi th
pl asm d contai ning 38 WO 2004/ 01 2 PCT/ US20 025263 HHDH pol ynucl eot i des

as descrdmmeﬁhmrmseoficetormntam onfpcton,and eoffackas regencratioosysigmipnse: LB, 1%

| ucose Q/a eni coI

?Si gma e T%mﬁ%lt()bgﬁm ﬁfd%%%o ar%%pt%a@%gwpat 600 nm
(OD60) odboﬁtE)tdeO graﬁxs/lifd:relsingrﬁ'mnahent Magagahoatﬁgoﬁketmﬂuﬁﬂeﬁndmuand air was
supplie o the fermeptation sse 11mnto ain a

i 2ol vet Be et SEaT Sieido Aot eoatingy ki et i BIN Lt ¢ ur o
was pontiew io@dgahesz (%6 ief ekailorRerf to ﬁ@&eswéaleasnmammw@r@mse@e of After the

culture reach 00 of 40, the tenperature was reduced to 25C and the

expr essi MR ‘l?fm%aﬁﬂﬁyﬁmt%m&éﬁﬂ?ﬁﬁéﬁ@é‘@f 1Rgeneration sxvlem ynayhs regddy t i on of
| SOpr opYjetdrrired b ?&Rﬂ@ gﬁgﬁ bizd&bn (hs'aﬂﬁﬁnm%g?a&%k a.t@&ﬁcetore%actaéeou' s, MO

to a final concef(;tratlon o The culture was grown for another 15
hours. ttlepd t Ingenerdluthe iredhictante. g glutase fermeate) inmtilized atleisis ahowe thef ugat i on and

washed. Wb 15 BRLASSAUTALUASPHRLC L loendlly LoRpice ek ShlpfRR®L © 108

used di r°«§c ownstreamTecovery process- or R&s ST ed 80C until
use.205 n(oﬂ)rerﬁehofﬁduab&ﬂactmzsym'.atel n an aerated ag| tated fernmentor, 10.CL of

growt h medi um, cont ai pi pg. 0. 528g/ L. .anmonj.u ate, /ﬁ‘l@@f di otassium
hydr ogeri pho?&‘?é‘f‘{?' E‘?‘R@Eﬂ“é’? éea%?é‘“'?gﬁ jot 8?‘““?0?%%@?‘(‘%%% gg ﬁt‘tﬂ%@ hat e,
29/ L of Jtasedsametimed a¥61R&it (€5 idfdphalle S510dnk, uﬁ;ﬂfagleu@eo&ybdl&tﬂwu syateeh, 3m /L of a
trace el enent solution contalning 2g/L of cal ci um chlorid
and the like), or alternatively, some of the reactants may be added separately, and some
together at different time points. For example, the cofactor regeneration system, cofactor,
25  ketoreductase, and ketoreductase substrate may be added first to the solvent
For improved mixing efficiency when an aqueous co-solvent system is used, the
cofactor regeneration system, ketoreductase, and cofactor are usually added and mixed into
the aqueous phase first. The organic phase may then be added and mixed in, followed by
addition of the ketoreductase substrate. Alternatively, the ketoreductase substrate may be
30 premixed in the organic phase, prior to addition to the aqueous phase.

As for the halohydrin dehalogenase-catalyzed conversion of 4-halo-3-hydroxybutyric

acid esters and amides, suitable conditions for carrying out the ketoreductase-catalyzed
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20 di hydrate, 2.2g/L of zinc sulfate septahydrate, 0.5glL manganese sulfate
nonohydrate, | g/L cuprous sulfate heptahydrate, 0.1g/L sodium borate
decahydrate and 0.5g/L EDTA, was brought to a tenperature of 30 C. The

f erment or w@sookoesd ated with a late exponential cul t upgerRkdes6RE;! chia coli
WB1 10 (pCR2-5) grown in a shake flask containing LB, 1% glucose €Si gma

Chem cal Co., 25 St. Louis, M), and 30 jig/m chloroanphenicol (Sigma

Chem cal Co., St. Louis, M) to a starting optical density at 600 nm (CD 600)
of 0.5 treduttiOn off4+kaldb-Sriatobubyiic\uaids agiérs aficcainidés ¢fAke prisefiDinpentiva dnchide anas

supplied to the fernmentatjon vessel.at 1.0-15.0 L/min, and the pH of the

cul ture g8 V%‘% ?€q°g§'6'°ﬁstth‘7t.cﬁn 6 readily %ﬁtﬂﬂ"#%@}ﬁsﬁpévﬂﬁﬂ&‘ﬂ%wmtg% de.

After thet @uithble EmpeRAGBERr adiryity AR theleto?@iuciakiecat APRearédudtién Mesark educed to 25
C and the exPr ession of glucose 30 dehydr o% nase was i nduced by the addition

of i sopripigally(isilp rargesd flonraboyt HHEC(te gy 75°C: Jimmallyothereadtiontye garriedst . Loui s,

MO) t.0 LN concentration 1 cul t S.qr for 39 WO
2004701313 PePORSAD Biraih ot ok e 206 bt S5 Al ey By o, ¢ ne

cel I's wabeutdarg esitRat £3PCC Ghe kdabtidtihp Asebekanmine undir bkt doNHRIBASSST UM
phosphate buffer, pH 7.0. The cell paste was used directly in the downstream

recovery prodsds therhalghydrin dehalegenase-gatalyzed sedction, dhe ketpredyctasp-gatalyeed
dehvd : : ' f wt h
ehvdr ogenfss hsﬁiggwggfgozdég?eg@mreegeﬁﬁalﬁﬂaome@&nﬁ Biie edf{efdond 07O

medi um cont anmoni um’su ate; - potassi um

hydr oge rsubstratsyib abserved iubipg metheds tat7ayé kneyin inghx art sAsiim thé halolnelgen phosphat e;

29/ L sof Tastone-154 yeast extract: 0.05q/ erraus sulphate: and 3m /L of a
7 adl’ e EREREPETHAERE Banton FE o trion gy e kelriReseiid vt Socfiipal ot o,

2. 29/ L dde nonitored blynidnitofiagtha Ayndnmtiof badd.ob géil added gaoameershd piatleng®thahydr at e,
1g/L cuprous sulfate heptahydrate; O 1g/l sodiumborate decahydrate and

0 5g/ L ERRRIRGRISe ofsuE NTHIIS RATCHE shFlar (FRENSERPORYSIom HHAL SRt or  was

i nocul atqeskrived Bbovel at € exponential culture of (pCGDHS06 or pCGDHWD2) grown in

a shake flask containing LB 1%m%l ucose (Sigma_Chemcal Co., St. 15 Louis,
MO, and 30 gheketeredustassrogtalsmpd ruetion@hthedhaale-g-ketobatyric apid estepramidg) to a

st arytsi n | ' . 0. . ter was
agi tltast e ug%tagﬂpo%h er%ggg%%s%#ggé}% @a?ivé‘(s"qs?ﬁ'%\g'?ée%g‘@ (??t eceh_%elgﬁéh tat ;@n vessel at
1. 0- 15. Gcidrdster ocangide prodpdtl Ffpiclly, theu-halo-2-hydrox vomyricaicidatteabr amide sy addi ti on
of 20% v/v a nium hydroxi de. After. the culture rgached an. OD 600 of 40,
Che t emFShermaR S e IAL e ah fisreosel kst S poifon TR BF Fibose. 20

dehydr ogeysexybatsrit Beld eqels biyd itiideagidietatedibyalie keterpduepisk-chtdtybd reiegian act osi de
(PTG (Sigma _Chemical Corp., St. Louis !\/E@ntq a final concentration of
i Theot Aielog?-Eeighuyes #ihestesy andspiderctre picadypural sgd Ran-mpRuiendBkt i on, the
cel I Weﬁ;ré?ﬁ&%&%’e&ﬂio?é’%&&%ﬁﬂeéddgﬁbhﬂﬁnQﬂﬂkd@%@ﬁe’i‘am Wetféi-relk%oﬂ%&ﬁihfiss' um

phosphat e buffer, ste was used directly in the downstream

p . 0. e cell pa
r ecover \ehisaloehale-3 dyyduxsbulyris asid esters &ymg agrere. pf atdeast abouy 9% Egy, enally at

med um B out S8 0" BFOAE AT BATE B e BiaitrefinBHIET %350 "ana
3. 79/ L einbisHididtts prowding ethyl (S)-4-chloro-3-hydroxybutyrate with greater than 99% e.e.

As used herein, the term "enantiomeric excess” or " e.e.” refers to the absolute

25  difference between the mole or weight fractions of major (F+)) and minor (F(,) enantiomers
(ie., | Foy—Fy|), where Fuy+ Fy=1. Percente.e.is 100 X | Fuy—F(y | . Enantiomeric
composition can be readily characterized by using the gas chromatography method described
in Example 6, hereinbelow, and using methods that are known in the art.

As described above, when these nonracemic chiral 4-halo-3-hydroxybutyric acid

30 esters or amides are used as substrates in the halohydrin dehalogenase-catalyzed reactions of

the present invention, the resulting 4-substituted-4-hydroxybutyric acid esters or amides are

substantially equally nonracemic, with little or no loss in stereopurity. The combination of
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Lageveen, et al., 1988, Appl. Environ. Mcrobiol. 54:2924. (1988)), 2g/L
NH4Cl, 0.528g/L 30 (NH4)2SO4, pH 7.0, 5 mM/L of R2 trace elenents (see

Rei senberg, et al. ADDL. Mcrobiol. Biotechnol 1990 34:77), 20ml/L of 10%
yeast extngghocildigi on in water, 5 n/L I MMSH, 40 132

PCT/ US2003/ 025263 40 ml /L of 50% gl ucose solution in Vl\)la.%?fe[%%%é%}%dded. The
tenperature of the nmediumwas brought to 30 C. Chl or oanpheni col was added
froma concentrated stock solution, to a final concentration of 30 pg/m.

The fer ngiitgh siétCoselROSwyaIf ¢k n&dréuuaﬁs@mﬂﬂieaI@todwlidnumh@ﬁoxﬁa&mcammushi a coli
WB110 (p Ps3 or PFDHCbl 3) gr.own in a shake f] ask COF%Ti ning the above

mi ni mal  ARYAGHYRUtYTI 4t qsterter amidesand w&ltﬁtgmﬁqﬁll”ﬂf&e ‘ﬂ%’?’éast extract, 1
% gl UCO&&alo%@ﬁ’as@-@atB%ééﬂ conerSibR 8rhBRAMS ﬁﬁlcoﬁ&pan(ﬁﬁ@ﬁéﬂrﬁlﬁnﬁ@ak?ﬁ}o- density at
600 run 8036 0) of 0.04 - 0.1. The air was_supplied to the fernentation
vessel aB-hydoxyputyric acibesiers erramides providesapartigukrlyattisctivejaventive progess §irng a

conceptr | Lta Qi 0O 1l ' ' r Are was

ar Oan]t oa}g%q%%ﬂ 8#3&%12&@%‘2%%\%\%{%? 0'??"%&?1&&3&5}@ %ﬁu%ﬂleg;r}&(?# qusgh%k gjié‘lajcose, 6%
ammoni une.ehfram demlcadriietobili9nianihestersion swnilésat e was initiated at a rate that
resulted in a,fjnal . dissqlyved oxygen.concentratjon. of 30-4Q% pf .ajr

saturati on. Tﬁ%@&%ﬁﬁ&%‘i’é‘%&%ﬂ °£Hﬁtpf‘i§f’rf é?f’cgh 15?‘??&?‘“%%‘(8&@34 ved oxygen
in the fgiodadé eneviited iERery hidhD GYpRANY sk 136186 Git4-had-BHyarsxiBitgriOicidéstdgm n and
agitation rate of 60Q rpm After the culture reached an, OD600 of 15 15 and
had beenowmlsseeﬂ1-auq1ﬂ§’%#%wwyfeﬁebhmybwnamléﬁftﬁasragl,ldqmdqsse;pr essi on of
the 1Hor pilepitdEiNECRERBAF RN %ﬁnétﬂ&ﬁé%?%e%\‘es&:ﬂ%@ﬂﬁbﬂ 489t RRhst 260M: 9H90] PTG The

culture was grown for another 8-18 hours before it was harvested by

cent ri f ugakallpat legsiahayt 80%, typinaliyat leastaabantf00e and may ba pt lpast shoutiPde.atke The cel |

Vor umes SPHBH SRR Wl FOLAF bRt Gl RS dnd MR 0 1 o1
40 ni nut pedict formeBan thelreab@BPmixFive. Recalhetd-ledd-B-hydrokgbutpric mitbesendeaida 2

vol unes of 100nM Tri s/ sul.fate 7.2).. The jnptracellul ar KRED s rel eased
{ Dot nee P Spaspally Burtied v oo Blsetie it e Rl P e e st s ' e
passes URérbig, the Rr@S'piiriRedd refdrd 168 ProdedsGn which b Repakdtiontprvssss applied & 000 psig for

t he second pass. The |ysate was warnmed to roomtenperature, then a 10% w v
sol ut i onMfUslesdting InaRdRcRease in qopeentrabion of one componsAEtivetrqtler| ysate to a
final P s Of Y @dﬁo Ll : MalY The treated
homgeng%%médwglsgﬁg (E:}%aﬂri]l'? %{ilggrgeég ug%ﬁgg‘,}%%c\énrp ?érﬁéeg e%%(l:({g@n%rl{?@ g a(e:%{%fo? iﬂ%euge for 60
m nut es. prEsent nypationdnclude, fon sxBipleldutrationdsodid @ Hgwd phase¢xiractiohadistiblatianont ai ner s,
frozen a]L:S‘e_t%Q igc and | yophilized. 41 WO 2004/015132 PCTI US2003/ 025263 (2)

G ucose dn % genase The cell paste was washed by suspending | vol unme wet

wei g0 of cel If tigabhato-3rhydroxviltyieacidéster @0 atvide s mirified fihethe kkforedidgtaseol | owed by

centrifugation at 5000qg .for 4 jnytes .in Sorval 12BP. .The hed cel |
Coet o watatee Taitinge, s SubscIETL EIABH tor e i, AR B e ol A, 4 DaFpaE ¢
i ntracel fgileais dotdotventsystehl) Rah ek KalaHtin 8elaRghfas® ind ik fopRild. he suspensi on

M. ENZYMATIC CONVERSION OF 4-HALQ-3-KETOBUTYRIC ACID
25 ESTER/AMIDE TO 4-NUCLEOPHILE SUBSTITUTED-3-HYDROXYBUTYRIC
ACID ESTER/AMIDE IN A SINGLE REACTION VESSEL
The present invention provides a method for carrying out the conversion of 4-halo-
3-ketobutyric acid esters and amides to the corresponding 4-nucleophile substituted-
3-hydroxybutyric acid esters and amides in a single reaction vessel, the method comprising
30  contacting the 4-halo-3-ketobutyric acid ester or amide with a ketoreductase, a cofactor, a

cofactor regeneration system, a nucleophile, and a halohydrin dehalogenase to form a
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t hrough a honogeni zer in two passes using a pressure of 14,000 psig for the
first pass and 8,000 psig for the second pass. The honbgenate was
centrifuged at 10,000 rpmin a Becknman |ab centrifuge for 60 m nutes. The
super nat arfo YRsoBdeant ed and di spensed in shal |l ow conggy zen at -20
C and | yophilized. 10 (3) Hal ohydrin Dehal ogenase The %ﬂﬁ%@g?zgiﬁlas washed
by suspending 1 volune wet weight of cell paste in 3 volunes of 100nmM
Tris/sulfate (pH 7.2) followed by centrifugation at 5000g for 40 mnutes in
a Sor vakeadtidiinixiuie forasmeaingatht 4 hakt EkaleutyriesaerRIWRe of 4inide w04 unes of |1 00nMM

Tri s/ sul fatewél? g H.7. 2%. The intrace] lular HHDH was rel eased fromthe cells
by pass/fiycleprhile ‘gtﬁé‘ﬁ'é‘? srhydmryhybricacsseb@A¥Es i n two passes using a
pressure of JRcHRRHPAIyItHiNind1dlGestdl nidthddFSeeBdihia RetbldRudiib SathRed Ne SecoNd

pass. The cell lysate ™was alTowed to cool to 4 C between passes through the
honogenrotwersiontns theghbaje-dketobnbzic aeid ester ergaddento prayvideothe fhalorhr a Beckman | ab

centgif 2 e he . supernat a t i spensed in
shal OWH%O%(%P'?? 3 gard sr}' ,Htte'f ?%?%;ﬁggtswﬁ%ﬂéoﬁ%u \p{;ﬁ/g% "1z éi gﬁﬁl@}gangV\Uer t hat was
st ored edtaly3d cGnvetsiomefthe 4-halve3-hydrbxybutyeit atid estpr erpatidd foahe afrtegponflimgment at i on,

cell lysgate containi. expr essed, hal ohydr.in gdehal ogenase enzynme was
assayedi'zi‘(':‘g%‘f"gﬁ1 ﬁéulfsbR‘??é?'gﬁ‘ir%%“ﬁﬁ‘cﬂp&eét&b?lym’%pgg'?(‘s &t @e g‘é‘a “of clarified
cel | | ysaly@rokbut{ydvidiéster obiMide i;%%éd'%@hb kdibteductas¥@stalyBed@attioh ishdt Oni | VI

et hyl - (S)-4-chl or o- 3- hydr oxybut yrat e galle ma, Al drich, St. Louis, MO or 25

pr epar e&FPRTHeAE Breaumed PRIprtA 1ts Frlact wih g!%’@@d@&?@#e@dﬁﬁlﬁwgedescr i bed

her gpn) (e.E{tgrtanPg thE GRO LS Al an%}lt?opHIIe su-Bgﬁ’cufeﬁ-@QﬁydEHllyg@?ﬁé ncubated at

room t enpe for 30" mn to 1 hour. e reacti on was ‘ext ed with 7
vol unes aud esterioylamideet at e and the organic |ayer renoved to a 1.8 ml GC vial.

The organic f S (o] e

et hyl - (R) - 4- %@éﬁ%%ﬂﬁayg@%ﬁﬁ&% %ﬁ%ﬁ’r%&a e tr.s’ %}ﬁ%ggh%%ht%‘ng?m%feo%dct pr oduced
was 30 déhereemtion dodiitiosripd prosedurésdorthe sinpldaesbeLeonversipn epdvheld-3and anal yzed
under t sane conditions, .4 2004/ Q151 CT) US2003/ 025263 (4) Formate
ey dr BRRREE %l Fier ot Site 4 Al TromAle R BLOH YR HEN O G aH) S Enase. was
pr epsr egmide ard MEBHRdsARése ABscPibed olve Rt Hetatriink outhe BloAin™™ t ri et hanol am ne
(pH 7.0) at 4C. The cell lysate was allowed tqo cool to 4C between passes

t hr oughdehalogarasergtplyzes converbipn p{4-hela-3rhydroxybutyric agid gstery apdamidestadha i on at 4C.
The cl agif] % : ﬂﬁ? Ji 44, Exanpl e 4:

Char act éérrfézsgﬁdg 0 &Er@@rlrﬁg%ﬁ%?%?‘ E%@?%#é%ﬁ%%?ed %ﬁﬁ%b 10 [I_TE a solution
of ethyl 4-cWhen gligeseand glucgseidehydrogtnasstacaused s thdvpofactor@enetdtiopot assi um
phosphat e, buf fer H 7 0 s_add e. ket oreductase enz S pr edi

ssol ved &8l ﬂdﬁgﬂgﬁwv’flﬁ%& ggﬁ?ée B{Wﬁg?d.t&?ﬁgﬁ}ee%{sf 8&%%”?%4/{5%5{%%%& addi ti on
of DADPBbth thegVhdohitaic)d andhgdiohslicceid freduetd ainbintain theinidad pHofese by measur enent

of the decrease of absor ce at 340 _.nm_ _This ahsoybance, corresponds to the
NADPH c AEIRIRR G Hfor Fte) PG B P e of B3Pk 8300k 5, the overal process 11

single-vessel reaction is described by equation (10), which is the summation of equations (2)

and (7), wherein aqueous sodium hydroxide is illustrated as the base.

KRED, GDH, NAD(P)H
HHDH

o o
X AL GR *+ glucose + HON +2(Na*+ OH))

OH O
NC\)\)\OR + (Na*+ gluconate™) + (Na*+ X) + H,0

25 (10)

Other single-vessel overall process equations can result from summing equations

describing other options for conducting the halohydrin dehalogenase-catalyzed reaction (e.g..

using a cyanide salt as the base) and/or the ketoreductase reaction (e.g. using formate and
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15 Absorbance units (NADPH) vs. tinme, and the slope of the plot determ ned
(Absorbance units/mn). The sl ope of the Absorbance vs. tinme plot was
converted to concentration units using the extinction coefficient of NADPH,
and the agfd Yolwyised2 t he ketoreductase was determ ned pprA8iochsioRiszm! ( NADPH
consuned)/ mn/ng (total ketoreductase catalyst). The neasurenent can al so be
performed using fluorescent detection utilizing an excitation of 340 20 nm
for NADPH with em ssion neasured at 455 nm Qher substrates of interest may
be subsforhate dehydosgenise b thie-cofucRE fegendtgtion-spstént), s dactibkdabbes fof theeval uat e

ket or educt ase, acti,vity with respect to other substrates. (2) d ucose
Dehydrog?ﬁﬁré@)(‘@ﬂfib‘ct%r%m&&sol uti on of 50 nM gl ucose in 100 mM pot assi um
phosphat e buff @il 4186 be uttlerstdd tha Atadmb IR gL vesRERsEIEMYY bOSRAASELEREY TE as a
predi ssol ved solution in the sane buffer. The reaction was initiated by

addi t i oncenduetinpithg ketoprauctase repctignseparately @s dessribgd sbeue thepsubigguently| | oned by
nmeasug e ; . r . . uor escence
(exci % a%&n@%&hﬂﬁlﬂﬁ gﬁl{agog?%ﬁg n d.pﬁ%g]e%étgu%tq gt&v{c/relzrb %‘E‘Bﬁg‘l‘%@% a&s Absor bance
uni ts 30canipding)the/lsmlotydrie detmhagendse reabtignein dlie privengd afttheletareductasel ( Absor bance
uni ts/m%%?t. The sl op of the Absorbance vs. tinme plot was converted to
concentr o8 CQmPPLEnts ng the extinction coefficient of NADPH (see (1)

atgv e)S,Zogg dot2 m%xgbéddimbﬁtwf@fshiglbevegéwﬁme&s &&hyﬁm@m( aluaske&ga)u)@ac%/siam (()15 13|2

PCTI U 1025 etermned jn units, of no DPH create mn/ng (tota
gl ucose TP 'g?@ﬂ&’é%‘i’y‘i@fﬁﬁ“%lcﬂlg(@frﬂéﬁ‘ﬁﬁ?ﬂﬁ’f YROHPIS Jéf’genase (HHDH) 5 To a
sol uggon of ethyl (S)-4-chloro-3-hydroxybutyrate (10 mM in 300 mM pot assi um
phosphat e, 300 mM NaCN buffer (pH 8.0) was added the hal ohydri n dehal ogenase
enzyme BS a QOMPOSIBIONS| solution in the same buffer. Over tine, aliquots of
the m xture - { b r RS, I

acet ate. Thevﬁcg)zi?ﬁé%tt g{?g\rgﬂvﬁ\g{sh glf ﬁgﬁh&;ﬁg@%@%@ﬁgﬁm&ﬁé onat oﬁ%&ﬁ%@( &), as
descr i becbnvension ol éthale-3-hydrseybptyeic Geid Sstapdramiddtoemeldophitersubstituted-Bous ti ne

ints, t K f .th duct . hydr i t hyl
R0 S o ARy B BB S RS SR e, The pea
ar eass Weddhalo@eraye, latdckhld-8-hytivk ghityrid dciestel bf &mide, and adqwbledpliier th£ur ve that was

pr epar ed fPr the ethyl (R)-4- cyano-3-hydroxybutyrate. Activity of the
hal ohydr PricHEs SPBpRsHiDethg Aucl FHHSY8Hd¢n units “of nol (cyanohydrin

produced) / ni %%&ﬁ&feﬁiboﬁiﬂ{eﬂﬂYﬂirﬂr&p&%&hﬂ&?ﬂ%me&@&gﬂloﬁibﬁs usehilfr 15

nucl eophi | es and/ or substrates of interest my be bstituted for cyanide to

eval uat epreprzingdyniicleapkilersubgijetadd diydrox iyt yric agid estersandamidesshashaeera nucl eophi | es
and/or s y Eor 2 (o] | mM f or mat e
100, nRRFPARHRS 2 cofablor blcHR o g PEHIARS, 20 Prdftip lhflaeris?,

dehy2i¢ ogElnas eompsitions amy furfheethchide b vdalos3rketdbutyrid avid ésteronamideuf f er. The
reaction was |nitjated by additjo f D (2 mMfinal) and, the course of
reaction was yo‘?flltg?/\gr&v'ﬂ sl %ﬂ#@%ﬁ?{e‘gﬁaf%ecquﬁ‘ﬂwgﬁg}%‘%r bance at 340
run or ofegédetatioh ept@s,.coRR fors, helshydrintdeRdlogehtses, M-hA68 Setabityfic acid @dters bhe resul ts
were plotted as sorbance units (NADH) .vs. tine, and the sl ope of the plot

det er mi nRidesaddBlanichydroxyhupaic eid)estens s amidgsandmucleophiles may be employed in

these compositions.

v

25 Compositions of the present invention may be in solid (e.g., a powder) or liquid (¢.g.,
solution, emulsion, suspension, and the like) form. For example, the composition may be in
the form of a lyophilized or spray dried powder. Alternatively, the composition may further
comprise a solvent.

The compositions may further include components for pH control or processability,

30 including, for example, a salt, an acid, a base, a buffer, a solubilizing agent, etc.
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25 the Absorbance vs. tinme plot was converted to concentration units using
the extinction coefficient of NADH and the activity of the formate

dehydr ogenase was determined in units of pnol (NADH created)/ mn/ng (total
format e depyshagsiase catal yst). Exanpl e 5: Preparati opcplysfibdids2es

(R) - 4-cyano- 3- hydroxybutyrate fromethyl 30 4-chl oroacetoacetate (via ethyl
(S)-4-chl oro-3-hydroxybutyrate). To a well-stirred solution of 100 niM

pot assi um phosphate buffer, 500 MM NaCl, pH 7 (1 L) at roomtenperature was
added gMicos RINSDEIM NASES ® DIII TrAtSB AND QOFAQTORD15132
PCT1052003102 NQ 0.99), glucose
dehydr ogenas&=st HAND LORSESHONDING o5 | yophi |l i zed
powders Olcpoﬂmmmm yl acet ate (500 m.) was added to form an

enmul sion. To_this enul sion was added a sol ution t hyl 4 chI or oacet oacet ate
(100g, 608 nﬁ’cﬁdéE‘Pn|t%“BﬁP§ﬂ'ﬁ°a%’\§MF%aD@%b’ﬂH‘f!7°“d&$gﬁm“ tpseours. 5 The

pH was rl‘iﬁ-h'\)%éﬂdﬂﬁﬁy&ﬁl Mﬁﬁ@m@wﬁl&@%i eq%(%ggiow&emaﬁeec Bé&%ﬁed’pgﬁéd ifll spensed

Na2CO3 In water, about 160 to . After 40 hours t ut onat ed
addi ti orthecﬁlscpmy bfibash naturally oeeyeingand noneawrallyoceting polursleotidesr ¢ i ng material

b as nd t ueous phase was
Wgsged \%An {q%”%eﬁ%?et%kﬁ( ggeé%rtrlfs_e)p%cFﬁ%Oﬁtgggf negﬂi 1%ﬂi‘m Ic%'ge\/\greeaﬁ gd over
anhydr ousﬂsoﬁppm@lnclhed thaINA xﬁutégeﬁesﬁd;xamtmmpmthl enbahgmﬁ 2541((2}1[%’7 -1® evaporator,
to give entia t chl orq roxybutyrate. To a
wet P st KR gt st o O orailepiibe &yt tndbrm aing e JUod Pac o (8 2 o 50
molies) phwish&eﬁhdit\éxﬁahacs'smmoa&]mmme 517’{3695%19%9 SEMH,\IHQWHH 8.0 (1L) at 30
C was added hal ohydrin dehal ogenase SE as a |lyophilized

powder . TR¥aggpesis;"AlR. Rev, Genel,d 74231462 (1A8) Bobstappst Nas ﬁEéFeﬂFftiH‘ ethyl acetate (2
tines 23 PQI_MOrQB?Imt\hﬁo ﬁﬂfgf%bﬁk‘?»ﬂ wIRieRbd) 279 fﬁ93df20‘?g1§8\5?’rCa?ﬁpY‘§irt985§cc§e‘ad' um

sul fate. he m xture was 'tered and evaporated on'a rot ary evaporat or to

gi ve essawagengsisy B,jm&g'” (-R)(lﬁ!ﬁﬁh)lqmmetlayd?mamswahélepfas" Celbt er m ned
using {Bg9a%s FSRIRATE R RS G B EagREs |

I ow I’s “exanp nventi on
Wnerlel nnmlti-blcmamﬁer% dn;ieﬁm)sheﬂ;'w.nm 3423]53823c(1m1);etm:(shmmet al., "Protein

R i PO S RS AT 1,

hal ohydUhﬂsu&l@feamogpnac&Ed Svlutfon dF tyhidiRe Kvhsdask hzm*ghss}?ﬁwyﬁﬁoﬁadlﬁg NaCN) . It

further shows the rocess of the invention wherein

4- hal o- DNy tamilyyshuifing, cNatureBiptechnolagy, rWr%fédI%%?)&mmewtﬁb PNA

4- hal o e " a
ket oredgl(i:dt?gsgla%aya?:ﬁé ct or sgg ERK% plreséw gl %E&%%N‘}OE ?‘%tl&b? Mtﬁr ‘act or
reg@fer 391:288- 2%1$Cme(rg budoébiohnulagévahm“of mmmgistmﬁ;)mon patliwaytbyer shows

cyano: sTRyhPREG B Nalis Bl “**&“eﬁéﬁ%?%%ﬁbaﬁiﬁ?‘%s AL RS i high e e

and in biglttonwfah tffective fisakidesetfivnsa yatadpsidabe b)anmmfmﬁgdwse&enﬁ@ "Exanpl e 6:

Characteri za |on of ) dr ox gt%‘{ﬁée The eth
4- cyano = HACCTLY SerASs S H ﬂ%l“ sCrameriyg ’u5| ng gas
chr omat egy Opwm gweh musieaééﬁt pxefeinz@,t ﬂn@l@aﬁaﬁle%lud&i fdihg DNAJs‘hhffﬁngmNéﬂH ent HP-5

colum, 3
25 Biotechnology, 14:315-319 (1996); Stemmer, "Rapid evolution of a protein in vitro by DNA

shuffling," Nature, 370:389-391 (1994); Stemmer, "DNA shuffling by random fragmentation

and reassembly: In vitro recombination for molecular evolution," Proceedings of the

National 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; and WO 01/75767 . These and other
30 known methods can be readily applied, for example, together with the assays described

herein, to identify other ketoreductases, halohydrin dehalogenases, and cofactor regeneration

system enzymes having the activities described herein, as well as other desirable properties,
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WO 20041015132 PCTI US20031025263 mlong, 0.25 pminner dianeter, using the
followng program 1 mnute at 100C, 5C/ mnute for 10 m nutes; 25C/ m nute
for 2 mnutes; then 2 mnutes at 200C. Inlet and outlet tenperatures were

bot h 300C wanghsfoqsf | ow rate was 2 m/mnute. Under thegqusspamishions, ethyl
(R) - 4-cyano- 3- hydroxybutyrate elutes at 6.25 mnutes, ethyl (S)-4-chloro-3 5
hydr oxybutyrate elutes at 4.5 m nutes, and ethyl 4-chl oroacet oacetate el utes
at 4.1 mnutes. Chemcal purity of the species was neasured using the

i nt egr atecyl, aterel teampessure aadiot pi€ optir@sms, Boloen resiptanpbyyand dselikes For example,

Enantiosel ectjvity of. t he hal ohydrin dehal ogenase, ((HH W th respect to

et hyl (%°?°£?‘Jé\9‘&f%!‘9§‘?+’y‘m’ §6E &@é%&?’%g‘é‘ﬂ?%so‘h aﬁDE%s‘if?ﬁ"qu’Qt ogr aphy and
FI'D det q&dnti®a kelStedifckdd@ havilme s bR FeréRB o BRX cobet6rQlypdidver fbther] P &kaniple32 PmM i nner
di anet erh)I using the follow ng program 25 mnutes at 165C and flow rate at 2

m / mi n. NAP¥ersgsNABEs pratice-vessmoer at ures were both at 230C. Under these
condisti ons e P eh : r :nut es and
5 E’Béﬁuc{lé’% ﬁ«ég ?%Qﬁle es en&ﬁ%%@&!ﬂé@én?p{%é&ﬁ ﬁleﬂ){rxg‘%x% 1@/

ethyl (S)-4-cyano-3-h utyrate-elutes at 2 mn anple 7:
Pr epar atmayrbecbdd dpfimized)forioptimhal prod8etiopdrooxthb hostarganismoseldetetl yfér 4- chl or o-

t < T - | t. 3L f. i i hani cal
tirror B FE R S i et PE0eT AL BRI BBy Se and o
f eedi ng refsteacds providing tddon podferemednfonaation faragwide ratige bf oghhismohranadidy (6. 6 nl)

and H20 (4 to make 10 t.rief hanol .am ne solution. The pH was adj usted
007 i vkelepla e & Srifimauainun “Eiclengye ukdShutionet NehaRh oL col att ng
to tige fal.agk, Astakieéss\wWastisitor, D.80(186)pp1 24720661 nut es, ket oreductase SEQ I D

NO 2 (5.7g) and gl ucose dehydrogenase S06 SEQ ID NO, 10 (3.1 g) powder were

added. Af t er Enpanenicmplaysd inthrinractiaend thepresgpidnyention mayde PrREueedd| ti ng ni xture
was al | %ﬁ&oﬁﬁlngs béct&&%n@ﬁ%}ﬂ%ﬂ#tﬁﬁoﬁd@ﬁ%di@%’ﬁM{)ﬂ)@ﬁﬁh@ﬁﬁoéegég, n) was

charged. Using an addition 2.4 M et hy oroacet oacetate (250 mi,
100 gi n ke®Feduttassf ofarofictergegeacmiiomsystesl engyrpe miatiost velt using welkknowne pH was

i nt ai . h i ty t { it f M Na2CO3 (152
1) "overtidledtin Giotey s aRnBlEe i) Co ik ol kil GRS MBbeltlr MR CE 000
conpiset é[‘eclﬁ:ﬂquele'r, M@_ﬂmﬁ%%g Vellixinbe _52,1&a@émb@3esaﬁlideg_8aﬂdieg6) Q}A_r; F ?ct i 3 n
m xture was allo stir or m nuj es. i iltere
t hr ough Sé‘"i’@"i‘t%\gﬁg?&é?f'dﬁaﬁ (dorng an Ir,a%P‘%Pé}’ M%agalj' ggdpg‘ga\t}%‘d?'g?rﬁ@aaqueous | ayer
was ext iSheihe Haiif Datondiily, @101 5ptiflg HéiboR Wawdrk, T539; HA0Whknent PHSlolfR 2004/ 015132

PCT/ US20 25263 |ayefs were combi ned and t he sol vent renoved under vacuum

by r ot aljolespigsdiieleght' M Ansubsliet ab7dy, Gurrent Bratogels, a jojt venture between

4-chl or B ﬂﬁ% e EFW@@ det er mi ned
after i;t'}srg%n%)rt\@{éfr?m nA%%aét?%ﬂ&?ﬁf@Etgg}a 0- §8?15§§{réo§s§ ut y?a%gﬂ{?orlll anple 8. 5
Exafl e 1999)PrMpthods foomakihg Hicrepkyridl)arelillosteated-i8 Engmiplex Y lood 2 at e from Et hyl
(S)-4-chloro-3- hydroxybutyrate To a 3-necked jacketed 3L flask equi pped with
a nmechanical stirrer and connected to an automatic titrater by a pH

el ectrode an@hefdre@ilighmdotee adpacts afitie invertionmiyetschettedmmdedsiiod @i

connection with the following non-limiting examples.

25 Example 1: Construction of Expression Constructs for Expression of Halohydrin
Dehalogenase, Ketoreductase, and Glucose Dehydrogenase,
(1)  Halohydrin Dehalogenase (HHDH)

The gene for the halohydrin dehalogenase was codon optimized for expression in E.
coli based on the amino acid sequence of the halohydrin dehalogenase from Agrobacterium
30  sp. The gene was synthesized using 60-mer oligomers, and cloned into expression vector
pCK110700 (depicted in Figure 2) under the control of a TS5 promoter. The vectors were
transformed into E. coli TOP10 (Invitrogene, Carlsbad, CA) from which plasmid DNA was
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H20O (1200 mL), NaCN (37.25 g) and NaH2PO4 (125 g) to bring the solution to pH
7. The 10 water circulator was set to 40 T. After 10 m nutes, hal ohydrin
dehal ogenase SEQ ID NO 32 as cell lysate (250 nL) was added. The reaction

m xture Weso Abd@ed to stir for 5 mnutes. Using an agétpiamdsnpel . et hyl
(S)-4-chloro-3-hydroxybutyrate (45 g of the material from Exanple 7) was

slowy added over 1 hour. The pH was naintained at 7 by the autonmatic
titrater by the addition of 10 M NaOH (27 nL) over 17 hrs. Subsequently, gas
15 chr ormemgdaising stahdard meettwids.oTheplagmid DiNYowesithen trphsédrmed amto € ealidBL21o pr oduct .

Celit the £l ask, —which t d t

a aphr aghreakpsd e e, he afifamafion, whk SudEEnt AR, SR8 birle o
Thg m xtfgmmm%dgpfekﬁch ﬁl&a@&dhdﬁdemt&d%% wﬁzammmgl 4. mtaegam &ogﬁhéseli:lohed”lf)urfat ]
subnerged air bubbl er s added to the solution_to ai e I val o e
N A e Seagtied (oes SRR e 42 0aDPTR; ot 2b nd hE B i BBH: 1t ne 20
of f - gas. endife pAlYPEPHAR sUfRns! N8s. §2016, e fSQEHQbécﬁ,UHg)'. ature, then filtered

through a cel'it'e pad. The filtrate was extracted with butyl acetate (3x 800
m.) and the conbined organic layers filtered through a pad of activated

char coal oy Thg- S9Lyent. Has noved under vacuum by rotary evaporation to
provi de (% 5 - 4-cyano- 3- hydroxybutyrate. The purity was 98%
(W w) by HPLChagenet foethe ketotedoctasei wasendmsaptinazed FOOXp(dssio in £.abli Bisedt he S 25
enanti oner,, was. undet ect abl e).. Exanple 9. Pr ration of hyl

() - cHPdPb S G SR DR 1ok S RS P LGB PieEnalias, JREEFRY To a 100 i
vessi@l Gonthesiieddising 668er BligoRdrs,Gndl iclohéd @to thy SAI Qbhifg siess bPepréssidna feeding 30
tube for additjon of base was_charged a solution of glucose (7.5 g) in 100 mM
tri et hanGFefPLE1LRP0P (demgted m(fzsurﬁég undgeg the foatral ot g dacgomgter andlag]e d

ket or edyglraser S?*rﬁéexli@ssié@vécl&%ﬁwn'sa’é%lm otzbplichtioNind@fe and NADP (6. 25
ng). But acetate (10 m) 47 WD 2004/ 015132 PCT/ US2003/ 025263 was then

char ged.chipseamphenipgl|resistagiet gensac dhe alaemids weregragsfommedigtoan Beeliate (10 nl) was
char ged. . . TRl i i i y..the addition
of it PSSO Bl s, Selital eItk k8ol a1

ext ridct dattontdubtaseranddhedd gened were sequiendzd ty Cordicmattit BNANdqudneesqsg8BQ D ayer was
anal yzed . b .. _The an si,s, sh d 999 conver sion e

oy 4. it ShseptinBr 11,4 Uuinhtise ) i bl he h duf b G diegname ) exampi o
10: Pr epsiigh érebdefor FélipdptidSieqfierchd SEQ 18- Nvs! ,qxa,lwaxmﬁg;fecﬁmyﬁ Et hyl 4-chl oro-
acet oacetate. The procegure was identical to Exanple with the exceptions
that 400 ng of the 10 ketoreductase SEQ ID NO 42 was used and NAD+ (12.5
ng) was (§Fde‘é}lﬁd&s@b endsB9GDMRDPP- The addition of the NaOH solution by the

automatic ti 'n 11 hours and the GC anal ysis showed 99%
conZdr si on ofThe geneefanthe gluedst dehydmpenase weretamplifieé usipg the polymerase chain

()" 4 s PR R 1 bbueaRB By BABNE B 5L, o0
vessel omdgaseumd The pimessiforte iinplification teactidng wargddsighetnsingihe putished eedi ng
b O a0 b e R g SRl A 0S8 o o) 11 VLT
B. subtilis forward primer (SEQ ID NO: 19) :
25  S5-GAATTCGCCCATATGTATCCGGATTTAAAAGG-3'
B. subtilis reverse primer (SEQ ID NO: 20):
5'"TGGCCGGATCCTCATTAACCGCGGCCTGCCTGGA-3'
B. megaterium forward primer (SEQ ID NO: 21):
5'GAATTCGCCCATATGTATAAAGATTTAGAAGG-3'
30  B. megaterium reverse primer (SEQ ID NO 22):
5'-GGCCGGATCCTCATTATCCGCGTCCTGCTTGGA-3'
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sol ution was charged ketoreductase SEQ ID NO 42 (100 ng); 50 nmg GDH SEQ I D
NGO 66 20 and NADP (6.25 ng). Butyl acetate (10 ml) was then charged. Ethyl
4-chl oroacetoacetate (10 g) was then charged via syringe punp as follows: 1
nmL was chaygeebsfodsixll y and the remainder was then chapgegfissfosmsiate of 1
mL/hr). The pH was maintained at 7 by the automatic titrater by the addition
of 4M NaOH over 18 hours hrs. The stirring was stopped and the phases
al l owed to separate. The organic |ayer included sonme enul sion. The organic 25
| ayer, i ncl udir@PCRopedestvere @lbned\ito the SAT lbsiflg sind ofegdiedioniviettor O L of wat er .

acet at o, PR CIUSPY iepieia s Vi A e e bion et i promverapd bebrasced Under

vacuum t gene R exprékigh vectsidohiafi dle p1BAtoHgiPSrbpicatikPmdarsled during the
evaporation to help renove the water. \When the water was renoved the butyl

acet at e ehlorgemphienisplresigtannsteene. f /e piasmidsavereransEormed into arel sploexnressionof 30 t he

(o7, a0 SCripe B tihel Sl clheu s e ittt B DB B 1 00565 ** °

Exanpl e gedes memmedmo cdnfitttiyé se@ﬁt)ncds(scesSEQ ID Npstr%(ﬁlmnsv deltydrogermse Et hy |

(S)-4-c [0) ate T 7 nected to an automatic

117 ot or S0 and 1 GRER Aehod Secast Radlpy 3 hien 45308 fo IRGR S50R R ase v

char ged $IQ@D Nbs5100nd32, espettivedy)d water (50 nl). The vessel was seal ed and

t he headspace was deaerated with nitrogen. The pH was adjusted to 7 by the

addition of cone. H2SO™ (0.9 nL). The reaction m xture was heated to 40 C and

treajged gpth F&nagbéhj'!&g%@,gsi@@}ydri n dehal ogenase SEQ ID NO 32 (1.2 g in

10 nL water containin 4M 3- mer capt oet hanol) Then, et hyl

(S)-4-chl oro- mwdaytbafo;mate@ebndrggegasemr@wﬁonm)z eXpIEESIPNIN &. syr i nge.

The aut ogpt t it &Q% i 2M NaCOH.
5&% Hag dn [B@L.l‘lﬂﬁlo g@ih@&?&eﬂ@eg o&'ﬁx@ £5h f’etdeﬁ% F g&gﬁn{ﬂgw%

After e reactl was” conpl ete an OH had been
added. Apsanﬂmromlt(ﬂmtmmaatabm mmmnéDMﬁ)raadﬂaddMnbhzdam (Ggntmnk vol une of

but yl etate t he organi c. extrac sho d the conversion of
the. et R iNg i AR, TR asheres FAP S Ry go-POPotdmen
(R -¥ Cyaﬂmd3ntb¥lwsfﬂ)¢mmgrsﬁ&£om&e§ﬁ&%ec&ﬁ pPERAMOHE) (uaplcteﬂ ﬁpﬁg&’eimn of Et hyl

(R) - 4- cvano- 3- hydr oxybutyrate from Et hyl (S)-4-chl oro- droxybutyrate The
pr ocedur¥dgkige pepipl ptajac PES’“BE%@B& Lack teDiFsToR 8E0¢e 1% EXRFETSIAN ‘t‘%taf AR was

used as hBp1 NGl HEEARG: Hb'ﬁﬁﬂ: REistanddl gene. | Nehe RAREsQFEr¥@S
conpl et eﬁland a tol% al gcgl%&]{m{gftgea% caftol a&sbeeng%g?jdedep%? GC% anal ysi s,

t he convieansfoomedinta dnck. @phy@res)onmosmimsm@rﬁmmy bGlopesawere foundthay |

(R) -4-cy, ess of the
et | SaBrsred Y} HirQlibalABe 2ibihh odlly RN AMECBRRTH R BPE D0 )
cyante seqm:eeu(satsmm)NOSﬂ €69rmddtu \mlmc}m:m:'odletr for polypepide seqhibndex SBQIIB 14.
Preparatl on 4- cvano- 3- hydroxybutyrate from Et hyl (S)-4-chl oro- 3-
hydr oxy B PQP@E%FQ¥§P%§% e¥) vessel connected to an automatic titrater by a pH
el ectrode and a feeding tube for addition of base (7.5 M NaOH) was charged

water (83.5 nL) and 0.7 of haI ohydrin
Example 2: Production of Enz

)] HHDH enzyme:
25 In an aerated agitated fermentor, 10.0L of growth medium containing 0.528g/L.

ammonium sulphate; 7.5g/L of di-potassium hydrogen phosphate trihydrate; 3.7g/L of
potassium dihydrogen phosphate; 2g/L. of Tastone-154 yeast extract; 0.05g/L ferrous
sulphate; and 3mV/L of a trace element solution containing 2g/L of calcium chloride
dihydrate, 2.2g/L of zinc sulfate septahydrate, 0.5g/L. manganese sulfate monohydrate, 1g/L
30 cuprous sulfate heptahydrate: 0.1g/1 sodium borate decahydrate and 0.5g/L EDTA, was
brought to a temperature of 30 °C. The fermentor was inoculated with a late exponential

culture of Escherchia coli BL21 (Stratagene, La Jolla, CA) equipped with plasmid containing
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dehal ogenase SEQ ID NO 24. The m xture was stirred for 30 m nutes. The
titrater was 30 activated and set to maintain pH 7. Then, 25% aqueous HCN
(9.26 mM, 8.6 g was charged over 20 mnute to make a 2.3% HCN sol ution. The
m xture Wago bRabaghat 40 C for 10 mnutes, then ethyl petus2003/025263

(S)-4-chl oro-3-hydroxybutyrate (5 g) was charged over 1 hour. The 49 WD
2004/ 015132 PCT/ U520031025263 automatic titrater maintained the pH at 7 by
the addition of 2M NaOH. After 20 hrs, GC analysis of a butyl acetate
extract HHDH pobmatieotides asifidseritsedanEgarhple 1 cihay groemdma stiakt fleskedohisining

Sovs T oY% e ciiete Chkaioat ot oss Lot MO o HaPHmhrb s ¢

hydr 0cy aRjghnaAHethiést Co k. 1480] b 5ion of
(R oIS RN R iR iR Dagperto
hydr oxy #:@.vThe fermantes w2 agitatedoat §00-4 309 pimadndwirovasguppdiefitaOke fsentation and NaH2PO4

(830 ) A . fql | I I ogenase SEQ
NG st ELER Liohth f i3 BRGTed GhyeeHiEde) B 7 sletoh Br 168

(S) - 4- clTherpdt &-thy ciiitmxebak contbdléed(aB 0.0 bygiditves of 208d e amheniwmalydroridecapped and
heated ip.an oil bath at 40 C. ter 4 hours, GC ana I.s~0f ., ~a butyl acetate
extract °rgh°r qrﬁqfhgél?ﬂ)ggﬁ"éﬁﬁoa&“?ﬂB Coyasd! C‘L%\?jérgﬁ%me t he et hyl
(S)-4- cmngeesi& Mﬂya&v&eﬁaﬁﬁaﬁwg idddcel By ﬂfk‘a@ﬂﬁi&ﬂb?fsb%rgf)ﬁlﬁlbu'f yrate. After
72 his, the 15 GC anal ysis showed conpl ete” conversion. anpl e 16:

Pr epar atthiegalastosiie({ Y &) (Sigraa/Glremnical Ko o5tvlbanisy MP)tofarfinal ompgntratiey of4- chl or o- 3-
hydr gxy r | I | fanfuica I 5wth the
exce@'?t(i ?E%Mt ﬁ?;?c%iﬁe ?Eé?&%% f‘S\e‘rnan Flt)mar oﬁe {Aﬁgﬂg{a E@Pm%’ S 2 e

4- chl or chaSveltgd by reritnifig aticnemndaashed adtheld misotassiumf phivsphate Buffer pHt0.o0ner and t he
quantitigs of all reaction conponents were halved. After 1 hour _reaction
Uime, |t HEeGell gy ey &ed ey B S0 BRTHEAS: B5Vap ApRestorpyas stored at —80°C"

(R) - 4- chin@l @se3- hydr oxybutyrate to ethyl (S)-4-cyano-3-hydroxybutyrate. This
exanple in conbination with precedi ng exanpl es shows that the process of the
25 invention may be used to convert either enantioner of the

4- hajs0- :@pydr b kd kd ester to the corresponding enantioner of the

4- cyano- -hy(%y%‘%éy‘r‘él%ﬁgci d ester. Exanple 17: Preparation of Methyl

0- 4- chl or o- 3Inemlasyatyd agitatesdt fernfentom 10 ofl grewth mhedlivon cotaning O528¢® 30 The
procedure was identic at , of. ample 9 wi,th t.he, exceptions that an

B ol BTG SR SR ot kS en L auphoPeiah R S R cad of "t he

et hyl  Jotdéimh @ataidpes phespRaté2g/1! SRTaE0AN-TBS yeassk iraet] RO¥L &erpilict ase SEQ I D
NO 50 and, gl ucqgse 50 WO 2004/ 015132 PCT/ USZOO%OZSZGB dehydr ogenase SEQ I D
NO 62. StipBatecmd Smil ofadrace plsmentsqlution qantaipise 84 oficalcwm eendfsi s showed >99%
met g (diiydfné hl%aﬁiﬁwﬁﬂm&xw dRdtE 0.ShNSmah REEE suMaS monshyAd 131,

extraction into yl acetate and solvent evaporation and its identity
conf i r netiptoys sulfaterheptrirateg\Rl g/L sodium borate decahydrate and 0.5g/L EDTA, was

brought to a temperature of 30 °C.

The fermentor was inoculated with a late exponential culture of Escherichia coli
W3110 (pCR2-5) grown in a shake flask containing LB, 1% glucose (Sigma Chemical Co.,
25 St Louis, MO), and 30 pg/ml chloroamphenicol (Sigma Chemical Co., St. Louis, MO) to a
starting optical density at 600 nm (OD o) of 0.5 to 2.0. The fermentor was agitated at 500-
1500rpm and air was supplied to the fermentation vessel at 1.0-15.0 L/min, and the pH of the
culture was controlled at 7.0 by addition of 20% v/v ammonium hydroxide. After the culture
reached an OD gq of 40, the temperature was reduced to 25 °C and the expression of glucose
30 dehydrogenase was induced by the addition of isopropyl-p-D-thiogalactoside (IPTG) (Sigma
Chemical Corp., St. Louis, MO) to a final concentration of 1 mM. The culture was grown for
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5 Exanpl e 18: Preparation of Methyl (R)-4-cyano-3-hydroxybutyrate from Met hyl
(S)-4- chloro-3-hydroxvbutyrate The procedure was identical to that of
Exanple 16 with the exception that an equi nolar anmount of et hyl

(S) - 4- chl a¥@208a/bisas20xybut yrate (prepared by Exanpl e 17pc@S2003bhsisdact ed

i nstead of ethyl (R)-4-chloro-3-hydroxybutyrate. After | hour reaction tine,
the GC anal ysis showed 38% conversi on of the nethyl

(R) - 4-chl oro- 3- hydroxybutyrate to nethyl (S)-4-cyano-3-hydroxybutyrate. The
product anatherHehucs. ekfterdlik inguctibh,aheicells @ehd\arvested hypemrifi@atidr and avashédon of

Et hyl (R)...4:-cvano-3- hydroxvbutyr.ate t hyl  (.S) - 4- br.ogo- . 15

3- hydr ox‘%/ghlwgquwé‘ %*PSB‘EEQ}?@M&{ f@% %%llpa%% gfedgfreﬁgydﬂﬁee 16 with the

except i dwnbirdanPiRcoveetprobesabr wagdtbd &f-80OYnti(wRk- 4- br onp- 3- hydr oxybut yrat e

was reacted instead of ethyl (R)- 4-chloro-3-hydroxybutyrate. After 1 hour

reaction tinme, the GC anal ysis showed 90% conversion of the ethyl

(S)-4 br -3l ethyl (S)-4-cyano-3 20 hydroxybutyrate. The

prodf};t : S %ﬁ%ﬁ%&#&hd 13C NVR. Thi s exanpl e shows that the

process of t iwan asrated agitatedrfementort Wedlhafl growthis¢diurm eortaining Ot328g/L

4- hal o- 3- hydr.oxyhut yr.i id.ester. | rom ne. Exanpl 0; ,Preparation of

eyl 2 AR BAPE E T b iunubloRt Moeu i R 3 2B e

i ]gent Lc?iotdsﬁumhmydﬂfgeEpmmhae;Jzyw\od'tt'rastoheés«?&pthém&; O.D.lﬁig/L&'él'rouleqUi mol ar anount

of ethy et oacet at e was reacted |nstead of t t - ¢chl oroacet oacet at e

and” 200 WPV ROl Gk cpensaier capaing 28heTraeum dildise

dehy@y ogfmasde, S22/ Y ke sulbfdte¥Bptehydssél O.SH!?n{aE%ﬁtEéel%ﬁl%ﬁm%ﬁ%ﬁé,Q‘é/ﬂ n 6 hrs.
uty

The product was 1 sol ated b&/ilextracti on’into acet at e and sol vent

evapor atcupipugsifatcheptahydratecf.i #/bepdiyn bosatgdgcahydratqand 0)58/Ic EREANWES on with

pr ecedi l.e L appl e denonstrates that ketoreductase enzynes

t hat ha\rygo% |V|t@p?%l?}f%§6r?éucti on of ethyl acetoacetate to ethyl 51 WO
2004/ 015132 HGE fédnzNdswaLindbidateBwitly d lax sxpohstitial enlaresofU@ESDHSU6@r t he reducti on

4- hal o- 3- tyric.acid t to.4-halqQ;3- h [ tyri Ld t [
erboct rRSTDA| PR iRt uinks Bk enbamirel D% g PR LRl SOt Cana
NoNeyszZy MafulsC MSind RALY in P ordhmpHedicol (Zh /@ﬁnéﬁnicﬁ G, B droute/ RIGMb @t & Wi th

cyani de Agueous sol utions contal ni ng ny sodi um cyani de ‘'were prepared at
pH 5. 0, stagtigg optic@l demsity at §0QnmEOD, sod 0.9 t2.0y Thé Eermenten wasragiisted®%0Phosphori ¢
acid whii | LQEI N Wi e Hal j : e  DNO 38
o v B8 g e B VAN | ) SOMRGOAETER

(S) - 4- ctuivare-wais oymtradbeyt buT.¢ by addiG@DoiNg% ©'v Athnmomine BydroXide. Afierahezguitaid ¢ 10
reactions %x erinments, the procedure \F/%s identical with the exciepti on t hat
the enzyfehtgan OBmoaf4Q. thefranpgranire wagredugedipé “aAtd e sxRIgssian cdgluspse pat h at

55 Gof Ofdeﬁyﬁgegaée*m- cﬁiEQd’thhe%&ﬂti&%‘ﬂ(j%ﬁ@%—ﬁ?—%&%ﬂ%ﬁsﬂe‘(hﬂ‘(p@%ﬁ nL sanpl e

of each rea n mxture was extracte aceta t he
ext r act Chesial Engpl.,\5t cbuisy M)to alfinelhmhomptratidn/of 1hiMd. The bylheewasgrowh Sorof

substr atagotigrdl SFHOCL)l(rjsl.J Cx&ﬁer itl'i}s: i%élt?c%og,i Lﬁlel, cells (\aveg:i ﬁ/a?yesgeg b}-%glltgmlghtio%na%d washed

with 10 mM potassium phosphate buffer, pH 7.0. The cell paste was used directly in the

downstream recovery process or was stored at —80 °C until use.
25
(4) Formate Dehydrogenase
In an aerated agitated fermenter, 10.0L of autoclaved minimal medium containing
3.5g/L of NaNH4HPOQ4* 4H,0, 7.5g/L of K;HPQ, - 3 H,0, and 3.7g/L of KH,PO4 (see
Lageveen, et al., 1988, Appl. Environ. Microbiol. 54:2924. (1988)), 2g/L. NH,CI, 0.528g/L
30 (NH4)2S04, pH 7.0, 5 ml/L of R2 trace elements (see Reisenberg, et al. Appl. Microbiol.
Biotechnol 1990 34:77), 20mV/L of 10% yeast extract solution in water, 5 mI/L 1 M MgSO,,
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15 graphed vs. pHin Figure 1. In both, chlorohydrin neans ethyl
(S)-4-chloro-3- hydroxybutyrate, cyanohydrin neans et hyl

(R) - 4-cyano- 3- hydroxybutyrate, and crotonate neans ethyl 4-hydroxycrotonate.
I'n the Taby@aodprsi®ans not detected. Table I: MIIinol ¢arfri3bqasaydrin,
cyanohydrin and crotonate by-product analyzed in test reactions with and

wi t hout hal ohydri n dehal ogenase. See Exanple 21 w thout hal ohydrin

dehal ogenase wi th hal ohydrin dehal ogenase nmmol mmol mol nmmol nmmol mol PH
chl or ohydml/L ef\s@ogluctise Bolatiod imrvedte wad sidedyThid tampgratnediyfthe meditmtwazate 5.0
0.33 ND Nli‘)lgg. 2%0% ND 6.0 0.29 ND ND 0.07 0.20 ND 7.0 0.30 ND ND 0.01 0. 28
ND 7.5 DEPushtiR 0.004 0.30 ND 8.0 0.30 0.01 ND 0.002 0.29 ND 8.5 0.21
0.05 0. 001 OCHRosiphn N0 wad ol lokn fcdibeftrdiPse i QBheibn 33 o My 52 VIO

2004/ 015132 PCT/ US2003/ 025263 The pHs of the final test reaction m xtures
wer e r eseresoiration oF3¢ ppimd. The farmester was! inetiulatednwitioaryaiemightebltirogbnase with

I nitial of. 7 1,N¢ Lxtures.in LCh near .coppl ete
convar siEgg'Segf"L? ﬁ%ﬁ@fﬁqgﬁWﬁ? @8%@@%%&?#%@@%@8% i nal
m Xt ur e apdire niitineal thediuidwith R21Hcelélethent Beluton, pHE?.0,10,.2% gbaspélaract] 1% ot her
m xtures showed nmuch 5 |esser changes in pHfromtheir initial values. These

data sh@Wcpitetnd Aoie/m} eleroamplesicoble astwing sRYkal depsittat AEO nmdORskefr abl e
nonenzy ka0, {. o7 di*ladupb i 1§ b iemibnGbR Y Asel ol BTORKP MR A ity aNi de
an 8. At p and above,

occurred at any teste ess t b I nCr easi ng
nonenzy e impintaeet at 319 usingta wpeentrdted sautidnoofipotassiyt hydroyisla dn Batey dPhexybut yr at e

th . . . . g, f : ¢
ot mylD" Sl Had BOLRIE 10 B FDZASCH AR MR e s icher R AIRRRE 9 et on
W t h  halamimotiunichiadde abd Q5346 thaghesinm sulfaretwaslinitiitbé att axateahat péduBediin@dingy t han 5

and with, no detectable fqrmjjo f_ethyl 4-hydr crotonate at any tested
pH. Addirat#@ﬁ%ﬁw,seﬂf%?mﬂ’&aﬂm%#%MPE% Aiame iPUMPJEIE WAs 0t j ons at  pH

great er chitrlle@such iat MR dssbRedbxfen idtfe RememBAh¥ZAsinRARd Yfdufid 9@gheased from

the initial 0.30 nmoles provided (as _ethyl 4-chloro-3 15 hydroxybutyrate
r eact an@iflpwimteaf | hlymimand sgitetieniatapi600 mm.i ARerthe gyrereached ap OPeswypf pr oduct s

W thein ' I gfﬂl%g SR, sqm ' d that the
esttelrS g?gg‘g&%@q’teﬁﬁe_{e%ogﬁt?%%ﬁan gggﬁcﬁ?\(lz@?%%e Hﬁglae)sérﬁ%%y é/ rolyzed to
car boxy lformatecichlydyogenpse wis ipdised) by the additiothafil iBMafdPTGaThe tdtureesad t i ng

actted Ln t he ts of reaction mxture

carboxylic | ds.ar t ext ext.ra
sanpl es IR °&?"é’“§ﬁ§11§§88“ E°€f:' W8 QAUFR, yeceﬁé%fu “Bxanpl e 22: Nonenzymatic
hydrol ysi s of ethyl 4-cyano-3-hydroxybutvrate. Aqueous phosphate sol utions
were prepared_at pH 7.Q, 7.5 8.0, 8.5, and 9.0 by dissolving 0.48 g
of MHZPM@XM@—% djusting the pH by addition of 2M NaCOH

20 (1) Ketoreductase

The cell paste was washed by suspending 1 volume wet weight of cell paste in 3

volumes of 100mM Tris/sulfate (pH 7.2) follwed 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 KRED was released from the cells by passing the suspension

25  through 2 homogenizer in two passes using a pressure of 14,000 psig for the first pass and
8,000 psig for the second pass. The lysate was warmed to room temperature, then a 10% w/v
solution of polyethyleneimine (PEI), pH 7.2, was added to the lysate to a final PEI
concentration of 0.75% w/v and stirred for 30 minutes. The treated homogenate was
centrifuged at 10,000 rpm in a Beckman lab centrifuge for 60 minutes. The supernatant was

30  decanted and dispensed in shallow containers, frozen at —20 °C and lyophilized.
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while nmonitoring with pH neter. 5 nL of each solution was charged to a
separate 20 nL 25 screw cap vial. Then, ethyl (R)-4-cyano-3-hydroxybutyrate
(46 nmg, 0.29 mol) was added. The vials were capped and heated in an oil
bath at 58y&2§e@015332rS. then cooled to room tenper at%@'f{gﬁ‘m@ #hshdls of each
reaction mxture was extracted with 1 nL butyl acetate an t%e extracts were
anal yzed by GC. For an external standard a duplicate of the pH 7.0 m xture
was freshly prepared and i nmedi ately extracted. The anal yzed anounts of ethyl

4- cyano- 8)30 GudoseXydhytiropanage i N each vial are given in Table U No product of
Its hydrolysi slaq\gq{aefl detected  in the reaction sanple extracts. |t was

separately esl m%ta“taﬁa‘iaslmg?yeaﬁpseﬂigawol&@w Y"S’&BE?“C]E!B%“’E’QOM 015132
PCTI US20Q8ih289 8615 0mMk Th!/gﬁl?ité’ﬁﬂ-ﬂ.@i follbWédl t35deRifrifhSatiBR bt megg 8 4Bchihitko the
extracts of the reaction sanples that are” anal yzed by . Table I1:

M | 1i ol &2 EevarldBPddhe washed cel) paststwasrsuspendes in 2@ lumestoé $00mMyLrisinlfale s
t ' . 8.0 0.27
575 05 26 i TS T ARsdEr RHTT B, SNARTRNH] D celfsof ot il mivehslh & 0 T

m xt ur es thapigh a hontogenizeylits tvod pasBes@sing a pressuneloO1 0000gs1g fonthe dirdt pasalangH of 7. 4.
The m xt yre.W.t I ni tjal f 7.5 had a final 7.3, and the m xture
e an $1000 Pk forife geBond ghes nhombsnatontnsbentifihen sb Lo Mosbindh aduct  on o

car boxy! Beckatdndab éentrifégdfod 66 inifitess AL k@ferrabint Wagdéranted add disfehed i®f t he
solutions into the phosphate buffering range. to This exanple in conbination
wi t h Exafifllewzentsinemsirezeatat <2 mﬁ—lmal#@v- hydroxy- butyrate is increasingly
hydr @hyzed with increasing pH at the pHs greater than 8 where it can be

produced by nonenzymatic reaction of ethyl 4-chloro-3-hydroxybutyrate with
cyani de. (3)ExaHglbk : ganaze i on of ethyl (R)-4-cyano-3-hydro xybutyrate

f thyl 15 4- chi oroacet te (via ethyl . .

(rs?fn4?c hl>/or o-ﬁ%%ﬂr‘%@%’%feyg%%g) ?S'?S(?%“%)Ev%é"seggflgeto?fﬁgléf’%%e 't“c? an autonmatic
titra}1 ervbl)admas @ﬂ-lloehmt_ U"ﬁ@/gﬂfaamgja}ﬁ?i)eﬁbmm bﬁd;b’giﬁﬁgmtipﬁd&ﬁmbgmao niim tﬁ (4:\/| NaOH)
was charged_ a sol uti 0 ucose (7.. in ri et hanol am ne
buf fer, 814‘%9”%&25#1 iﬂggﬁ%ﬁ" Rﬁ?g%%éPaﬁeé%éPég)ehmaggg@%ﬁrﬁS“% 50 (50

ny), 19! u?ﬁl;gﬂ%gefne%@&%nﬁaﬂniﬁﬁwa refehse@ frofPfle BElls b3 Mdssti e Subpensiol) - Butyl 20

acetate ) and ethyl 4-chloroacetoacetate (6°g) in additional butyl
acet at e fhrenghia)hopegenizer e e prssegaising Theessire ofakd, 00Qinsigcforibg fisst passieyd t he

aut omat i htrater, by the addj.ti f. 4M e, Shhyrin I xture over
13 hrs. %@Bﬂ% °é?%%?%“%t3%%q§1°l°§ma%“§%@%&Q{%%@&§obb§§1‘e€%’§6 4/ 015132
PCTI US20 ¢hssipR B mogeiiidére SThe Mombpehavgis Rémtrifugyd bt (02H01ph.in & Be¢kaanilaty t he

et hyl (S)-4-c¢hl gra-3-hydroxybutyrate
yh o Z:entrifuge or 60 mim}/tes. Th¥= sup%natant was decanted and dispensed in shallow

20  containers, frozen at —20 °C and lyophilized to a powder that was stored at —80 °C.

To assess the quality of the preparation after fermentation, cell lysate containing the
expressed halohydrin dehalogenase enzyme was assayed according to the following protocol.
Approximately 50 pl of clarified cell lysate in 100mM Tris-SO4, 100mM NaCN, pH 8.0 was
mixed with 10mM ethyl-(S)-4-chloro-3-hydroxybutyrate (Sigma Aldrich, St. Louis, MO or

25 prepared in accordance with the ketoreductase-catalyzed methods described herein). The
total reaction volume was 0.2 ml. The reaction was incubated at room temperature for 30
min to 1 hour. The reaction was extracted with 7 volumes of ethyl acetate and the organic
layer removed to a 1.8 ml GC vial. The organic layer was analyzed by GC for presence of
the ethyl-(R)-4-cyano-3-hydroxybutyrate product. The amount of product produced was

30 determined by comparison to a standard curve prepared and analyzed under the same

conditions.

42



intermedi ate, was renoved. To a 170 nL vessel connected to an autonatic
titrater by a pH electrode and a feeding tube for addition of base (2M NaOH)
was charged sodi um cyanide (1.5 g) followed by water 5 (50 mL.). The vessel

was seal edwgngusoiqsheadspace was deaerated with nitrogggrytisRidhyes adj usted
to 7 using concentrated sulfuric acid (0.9 nL). The m xture was ﬁeated to 40

Cand treated with a solution of hal ohydrin dehal ogenase SEQ ID NO 32 (1.2
g) in 10 nL water containing 42 uL of 14M p-nercapt oet hanol). Then, the

or gani ¢ {4y erFdrdaterDehydopémiali ng et hyl (S)-4-chl oro-3-hydroxybutyrate from
the first ste s added .via syripge. was 10 maintajned at 7 by the
automatic ti t&%‘f@?a ?J?P"?W“%B’Eﬂ "F?fﬂi%ﬂf‘atﬁ e}f@@q’”f”ﬁe P’ﬁ%p?P?IF‘ﬂ’%g mxture. After
15 hr, thenGRAMSEGH dTRelPpast N volumie Pooqmgm&cfimhe@rwb 5tae, *rpe &dhy !

(R) -4-cyano-- 3-hydroxybutyrate was 33% as | ndi cat ed by t e cumnul ative
addi t i onlysdte @wﬂlwfedthmdb&s@(lﬂﬁwewlpmpémdugﬂ tlfedronmmphqrt €etlldysaevason) . 15

Pr.e i on of ano 3- hydr,oxybut, ra,t from et hyl
o o br oSSR B phahy fThe priied GHGT B S BRI R EFmRE o 5D
screw cap vial was added NaCN (125 ng, 2.55 mmol), NaH2PO4 (415 ng, 3.46

mol ) and gl ucose (750 ng, 3.8 mol ). Water (5 nL) was added foll owed by
NADP (2 ng), ketoreductase SEQ ID NO 56 (50 ng), glucose dehydrogenase SEQ

| D NO 2§ 0 I j a3l ogenase SEQ ID NO 32 (100 ng).
Then et h1 1t 2 @Qa:act%&gatfbﬂo‘? é]A, ~15 mmol) in 0.5 nL butyl acetate was
added. Tﬁ(} v i B¢tonsdy -‘n:- iDand heated in an oil bath at 30 C. After | hr, GC
anal ysi s of but f a.reactio S | h d 100%
convi¥si on O?T%% el Enfibn Skafoutid S sy AP0 T Bl or o

?- ?ydr OXydlhb‘swxﬁlbhgsplﬁte Habhe @&l 2.0f was ddded the :Fletﬁichydtase enzyﬁnc asa pﬁedlssolved I

R) - 4-cy Ir ox rate at 4% 25 se tiyLty. t he reaction via
was heat ﬁ“@& m %B t&% ﬁ.ﬁ‘greaw“a‘(%%%?‘gggf' %%&V&@B&(ng&ﬂﬁ act then
showed 234dahe &&iese%tfmﬁtu&rﬁ»aﬂbnmar ﬁei&%‘iﬁﬁﬁt\’dﬂﬂl\% decAhS fABBIrhint&at 340t h

overall 98% vyield of eth an - hydr oxybut yrat e based on the
starti ngn@t sabspﬂaanpwqmém@wﬂw Pékennsmagﬁwﬁ W@llﬁr"mgtt@fast he

e B 8 DI ORI BRSSO

hydr oxy butitsimin). athelslepst afithg Abdoybande wshiime plod waShorivgredoto\conteptration)unitHy
contactin al o- 3- t obutyri cid ester or gacet oacet at e)
with a k‘é %88@%“82%“”&@6?“38 Igf‘b%r‘(ﬁb?ﬁf" ‘\)\géﬁé‘ﬂ%ﬁg‘i@ YT 0520031 025263
provi deddagmiuddih ufitsoTdfol QA DPHERAS M P his g ((RFa] ketokatsSsed]lysh) UTRS €
dehydr ogenase), a hal ohydrr n dehal ogenase, and cyani de (provi deﬁ%&/

n the

cyani de E@asuremeaiadn alsp bR peaformeraising Snerespenkdetsction utilizing an ‘37“’1@)4"@9@
reacsq O”mﬂ‘f&&trh‘éﬂpﬁ%ﬁf er? 85%5 eﬁ'&ﬂsﬂﬂﬁ €BliRr subSrAHEY ofHELek and ot her

docunents cite |ca I on are héereby incorporated By reference in
t hei r ensubstithted fayretiyl #—cblorqaa}d(eb -tutyricrasidsatreto evrinetetketoseduttasesaetiviynwlitvi dual

publ i cat} on ngah} qt ent application, or other docunment were individually
i ndi cat e(fslfd(g %&‘S’P%%Fat ed by reference for all purposes. 10 Wile
preferred enbodi ments of the invention have been illustrated and descri bed,

wil | 9 a E)lr eciated that v%r i.ous changes can be nade therein w thout
departr n(j" fr enase
25 To a solution of 50 mM glucose in 100 mM potassium phosphate buffer (pH 7.0) was
added the glucose dehydrogenase enzyme as a predissolved solution in the same buffer. The
reaction was initiated by addition of NADP (1 mM final) and the course of reaction was

followed by measurement of the increase of absorbance at 340 n’m or of the fluorescence
(excitation 340 nm, emission 455 nm). The results were plotted as Absorbance units
30 (NADPH) vs. time, and the slope of the plot determined (Absorbance units/min). The slope
of the Absorbance vs. time plot was converted to concentration units using the extinction
coefficient of NADPH (see (1) above), and the activity of the glucose dehydrogenase was
¢
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and scope of the invention. 56 W claim 1. A nethod for producing a

4- eyano- 3- hydroxybutyric acid ester froma 4-hal o-3- hydroxybutyric acid
ester, the method conprising: contacting a 4-hal o-3-hydroxybutyric acid
ester, Whe§@hddsbizgsnal o substituent is selected from pEpyusHuRiiRssignsi sting of
chlorlne brom ne and iodine, with a hal ohydri n dehal ogenase and cyani de
under conditions sufficient to forma reaction mxture for converting the

4- hal o- 3-hydroxybutyric acid ester to a 4-eyano-3-hydroxybutyric acid ester.
2. The @efefinitledin wditabMurhol WAEYEH Erehtb®/Minf@(6taliliyosé dehiyltdeidse aci d ester is
a non- racemc chiral 4-cyano-3-hydroxybutyric acid ester. 3. The method of
cl ai m 1°at@lyghei n t he cyani de is provided by hydrocyanic acid. 4. The nethod
of claiml, wherein the cyanide is provided by a cyanide salt. 5. The nethod
of claim]l, mhereln the hal o substituent of the 4-hal o- 3-hydroxybutyric acid
ester i s(33el Halo phalo penasg GTHDHbNsi sti ng of chlorine and brontne 6 The

met hed of ol g &

4- chl or o- 3- h?é?éé%%@‘f"?‘w ééc)lﬁc@gggiey@mt%%%n%@ (t%‘{‘?)f" ﬁﬁe{]lq“r/r‘tep%}ﬁg ere| n the
4- hal o- PhispHate)300 umiM NaCNabufter ¢sH 810) was aided thednlobiydein dehalogenasdenzyhe net hod of
claiml, wherei he, 4- hal o- 3-hydro but ric, acid ester has t he

struct uP®ap reﬁ?s‘gﬁ%ﬁ’z’b}n Bfe sgnghu f%¥ é‘?e XI( tst“ﬁéh%“ AYEE. hydr oxybut yri c
aci d estwathdfdsm ahl extfdctedGhitt BreeRSlublds BBetRyl abktateRPhe Higaric wer whapei n: Xis a

hal ogen sel ected fromthe grou COI’ISI st| ng of chlorine, bronm ne, and iodine;
R , Rzangygedhy gaschsomeiogra Flpbelg‘éluegt‘@EPFﬁoﬁﬁ‘hlés gr oup

congpst L f(m?l} ower al kyl, an
opt ﬁgna%% s#%tﬂfﬁaggﬂwf f_d&;ahél gﬁczﬂgﬁ%c? ona +§uc§ﬁ%§l #ut egh*lower al kenyl ,
an opti m)aﬂcyarmaobxdmxybemmwas pmedeqmﬁloctmnqu tmbgﬂlﬁpmke@eaampml kyl , am no,

o0 P e SO 18k AT o e MO e SR

cyano-3-hydroxybutyrate Act1v1ty of the halohydrin dehalogcnase was determined in units

of umol (cyanohydrin produced)/min/mg (total halohydrin dehalogenase catalyst). Other
15 nucleophiles and/or substrates of interest may be substituted for cyanide to evaluate

halohydrin dehalogenase activity with respect to other nucleophiles and/or substrates.

(4)  Formate Dchydrogenase
To a solution of 150 mM formate in 100 mM triethanolamine buffer (pH 7.0) was

20  added the formate dehydrogenase enzyme as a predissolved solution in the same buffer. The
reaction was initiated by addition of NAD (2 mM final) and the course of reaction was
followed by measurement of the increase of absorbance at 340 nm or of the fluorescence
(excitation 340 nm, emission 455 nm). The results were plotted as Absorbance units
(NADH) vs. time, and the slope of the plot determined (Absorbance units/min). The slope of

25  the Absorbance vs. time plot was converted to concentration units using the extinction
coefficient of NADH, and the activity of the formate dehydrogenase was determined in units
of pmol (NADH created)/min/mg (total formate dehydrogenase catalyst).

Example 5: _ Preparation of ethyl (R)-4-cyano-3-hydroxybutyrate from ethyl

30  4-chloroacetoacetate (via ethyl (S)-4-chloro-3-hydroxybutyrate).
To a well-stirred solution of 100 mM potassium phosphate buffer, 500 mM NaCl,

pH 7 (1 L) at room temperature was added glucose (160g, 830 mmoles, 1.1 equiv). To this
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substituted cycl oal koxy, an optionally substituted aryloxy, and an optionally
substituted arylalkoxy; and R5 is selected fromthe group consisting of an
optionally substituted | ower alkyl, an optionally substituted cycloal kyl, an
optional | | ed aryl, and an optionally substit kyl. 9. The
met hod ofxg gﬁﬁb%ﬁﬂaherein t he hal ohydrin dehalogenase¥%gﬂgﬂﬁé¥§?glIy
occurring hal ohydrin dehal ogenase. 10. The nethod of claim 1, wherein the

hal ohydri n dehal ogenase is a non- naturally occurring hal ohydrin

dehal ogeas added kitoreluctasEESHEPIb NO: 2l(abg), flucy¥aAeRdrodehifseS08 SEQID ROXIgir € for
convertin

the 4-hal o- 3-hydroxybutyric acid ester to a
4- cyan- @-ﬁﬁhm P58 asdyaphilized povdersyPnee disseived butyl spgtate(SPR@Ll) r ange of
from abquk adiel %o fRALNL e%}[ug]sz&aﬁyﬂuy}ﬁmﬁﬁfrhpg a8fiedd @lfiohbf eyer €i n the reaction

m xture for convertin al o- 3-hydroxybutyric acid éster to a

4- cyano-‘*SﬁththetnM%/glioﬁgé@B ehrealesd in butylragétate £500odL)a drapwise aver 3 hars.r ange  of

fromeab T, hod | ' eaction

it O o PR b oS berden ¢ nd Ty opilmic et mab B850t R 7

4- cyano{2Mliy datex\aboity 60 enlatotal). edteed0 hoursthentidimaed additian pfthebasedladut 8 or

bel ow. 14. The pethod of claim1, wherein the reaction mxture for converting

Uhe. 4 nSFised i here 3035 B Fopel siasing maaleal by geshiomgigraPey: nRHIBIENGS: ¢ aci d

ester f ¢egahifdd, SRIMRE agRBuSpHAkE wiAbdsBEd wikh ethfhReaRI(BOTIMRY. Thedomblined Ur t her

conprising:, adding a base sufficient to maintain the reaction m xture for

conver t PrE@nichwere deigd gverznhydsous,sodiym sulfate ofeltegedcand sy apogated on a rotary

4- CYANO = 0 | | k al bove. 16. The
18 e?ap??‘agclsrh] th ééﬁénﬁalﬁlﬁe 659‘7%2 elﬁfsyl @Q“éhﬁfro %tl%}ox%g%me@

met hod o wher el e bas | ected from hydfoxi de salts,
car bonat e sallo @ wellrstirred scdutionrod ethyk (@)@ schlorg3-hyrirex ybutyratel (525 &158immadlgs)wher ei n

t he base i f | 0, im1, further
conpri s:ﬁln%go':()r%@ c'giirsl lng ﬂt’hﬁg hgt-egé%%-%%?ﬂ?y{/@? gy u§§?ﬁ“3q§§§dé§sg% gde?r omt he

r eact i ohabohydrinrdehdlogenaseSE€) I N@: 14 ¢9 d) dsallyephiizey poederb Atfyer fifty sevienl ester to a
4- cyanos 3- hydroxybutyric.acid ester. 19, The t hod clajm 16, further
Conr 1 < B BT i et i RN asemlp sy 250 ity safiba SoBbiERd 50, A’ et hod
f or 1pr odHahiag died'ovey ahgdrud yodins Xl fite/ 'THe nfikiute Wad MiferedmABvapordléd o #€ St eps

of : contacting a 4-hal o-3-ketobutyric acid ester, wherein the halo

subst i t CRIARY evaposatordte Rie esssotigllygrurg syl dR b yaontkhydroxbubrate®Sor i ne, br oni ne,
and i odi thm L4 b c‘ﬁﬂ?@t . Sapner at I on
system Sn ermﬁ%ﬁr}gl?gttlhg %rsu I@?@Jﬁ;ﬁ%ﬂdﬁ@%@&hﬁgﬁ@?ﬂ%ﬁ%ﬁ%@&?@]?Or converting
t he 4- h&l kergnbedevobut yric acid ester to a 4-hal o-3- hydroxybutyric acid ester;
and

This example shows the process of the invention wherein a 4-cyano-3-hydroxybutyric
20  acid ester (ethyl (R)-4-cyano-3-hydroxybutyrate) is produced by contacting a 4-halo-
3-hydroxybutyric acid ester (ethyl (S)-4-chloro-3-hydroxybutyrate) with a halohydrin
dehalogenase and cyanide (provided by a cyanide salt, NaCN). It further shows the process
of the invention wherein the 4-halo-3-hydroxybutyric acid ester is provided by contacting a
4-halo-3-ketobutyric acid ester (ethyl 4-chloroacetoacetate) with a ketoreductase, a cofactor
25 (NADPH, provided as NADP), and a cofactor regeneration system (glucose and glucose
dehydrogenase). It further shows the overall production of nonracemic chiral ethyl (R)-4-
cyano-3-hydroxybutyrate from achiral ethyl 4-chloroacetoacetate in high e.e. and in high

purity without extensive purification procedures.

30 Example 6: Characterization of Ethyl (R)-4-cyano-3-hydroxybutyrate
The ethyl 4-cyano-3-(R)-hydroxybutyrate produced in Example 5 was analyzed using

gas chromatography with flame ionization (FID) detection using an Agilent HP-5 column, 30
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contacting the 4-hal o-3-hydroxybutyric acid ester with a hal ohydrin
cyani de under conditions sufficient to forma reaction
m xture for converting the 4-hal o-3- hydroxybutyric acid ester to a

4- cyano- 3~y dsoesysast yric acid ester. 21. The nethod of |
cofactor is NAD/NADH  22. The nethod of claim 20, V\herpg%rﬁjsgqqg’&&%‘yn

dehal ogenase and

e Co

erein the

actor is

NADP/ NADPH. 23. The nethod of claim 20, wherein the ketoreductase is a

naturally occurring ketoreductase.

24. The net hod of claim 20, wherein the

ket or edueloag,e0.25umM inteR diaetér, aking theXoNoWink PEbgk@h O Ainiré 4SKW0°C5. The nethod of
cl aim 20, wherein the cofactor regeneration system conprises glucose and a

gl ucose Saeimimte fu 4 sminutes 25°(Hminuie food minutes;

dehyd

ro ' hald Yane@CCULL i Ll uco ehydr ase, 27.
of o1 ai B8 iypcterob AR, $0:Co ks it s RS pRINAL ORAT s 1y
gl ucose candityshs kYl TR p4-cPdho- T hydroBbintatoEluteh al 612 2Rinuvds ateyliS)-aehieRiRct or
regeneration s sten]conrrises formate and a fornmate dehydrogenase.
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The net hod
occurring

29. The
y

occurring f OCHBHRAIRIRKIGQAEHRRRs whPmdRurcdiSinE Rl Aderafed bl dbAGronyiher € n the

format e dehydrogenase is a

non-naturally occurring formte dehydrogenase.

31. The sapehneaategraphyesultso, wherein (1) the 4-hal o-3-ketobutyric acid ester

he str uﬁﬁﬂft@sclec@v@ gﬁhgﬁalo%ﬂﬁggﬂﬁga%mwm%c& eyl « s R

has t
4- hal
and

0 NSIO OR5

15

20

25

30

0- 3- hydroxybutyric” acli d est'er
( 3YR)}-eyahoe3shydvex3bhtychtowgmeasnied by gasiclesmatograplyy and FIBtdetection e:

usinéL a %éstek gammaDex SA column (30 m long, 0.32 um inner diameter) using the
following program: 25 minutes at 165°C and flow rate at 2 mI/min. Inlet and outlet
temperatures were both at 230°C. Under these conditions ethyl (R)-4-cyano-3-
hydroxybutyrate elutes at 19.6 minutes and ethyl (S)-4-cyano-3-hydroxybutyrate elutes at

19.2 minutes.

Example 7:_ Preparation of Ethyl (S)-4-chloro-3-hydroxybutyrate from Ethyl 4-chloro-
acetoacetate.

To a 3-necked jacketed 3L flask equipped with a mechanical stirrer and connected to
an automatic titrater by a pH electrode and a feeding tube for addition of base, was charged
triethanolamine (6.6 mL) and H,O (492 mL) to make 100 mM triethanolamine solution. The
pH was adjusted to 7 with 37% HCI. Then, D-Glucose (125 g) was added. The water

circulating to the flask jacket was set to 30 °C. After 10 minutes, ketoreductase SEQ ID NO:

2 (5.7g) and glucose dehydrogenase S06 SEQ ID NO: 10 (3.1 g) powder were added. After
10 minutes, B-NAD (125 mg) was added and the resulting mixture was allowed to stir for 5
minutes. Then, butyl acetate (250 mL) was charged. Using an addition funnel, 2.4 M ethyl
4-chloroacetoacetate (250 mL, 100 g in 167 mL of butyl acetate) was slowly added over 3

R2 OH R3

tirs. The pH was maintained at 7 by the automatic titrater by the addition of 2 M Na,COj3 (152

mL) over 15 hrs, Subsequently, gas chromatography of a reaction sample showed complete
conversion to product. Celite (16 g) was added and the reaction mixture was allowed to stir
for 10 minutes. The solution was filtered through a celite pad and the organic layer was

separated. The agueous layer was extracted with butyl acetate (2x 200 mL). The organic
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wherein: X is a halogen selected fromthe group consisting of chlorine,

brom ne, and iodine; R , R2, R3, and R4 are each independently selected from
the group consisting of hydrogen, fluorine, an optionally substituted |ower
al kyl', an vp@hdo@@phsy substituted cycloal kyl, an optiongihs:ybsidst ut ed | ower
al kenyI an optionally substituted aryl, an optionally substitut eé aryl al kyl ,
am no, an optionally substituted | ower al kyl am no, an optionally substituted
cycl oal kl yam no, an optionally substituted | ower al koxy, an optionally

substi t ldyed weyedonitikeidand tisobyeht wmolddundeastur by estagreyhdeationad obtain

opti onal bs 0X and R5 is selected fr t he grou
oot Bk ob etk 1 el R g \ﬂétnnamw EXaess WRTOOUA | v
substlta&e%tlﬁe@dﬂeatwdnveefbnqstthgﬂa? a&th ek pshtyratélin ERdAp1@8. optional Iy

substituted arylalkyl. 32. The ne a|m20 wherein the reaction
m xture for converting the 4-halo-3- ketobutyrlc acid ester to the

mxturewtlng the 4- haI 0- 3 ketobutyrlc aC|d ester to the

method of o If W”%‘aﬁ%ﬁ%ﬁ%ﬁ%ﬁeﬁé’p& (R ariea S0 309 FEPERET O mai nt ai n
PR R et A
met hod %68 HOBy h%e Z§§ d’oN‘ﬁf?h Q‘?ﬂ@gﬁpﬁ?@'ﬁé@?ﬂ”&?ﬂ‘éﬂ’t{ro cf"ﬁ 4- hal o-

2 Engb%ﬁglﬁﬁgﬁ%%gﬁgogg?eA@;V\We yﬁgl oé}gln}{)ggﬁstbggnt i's seI ected

from t AdaggedlpsatedR80 5l wgs added hThsirpardion prixtuicras allpwed @dtin ©r Supingies

ket or ed 0, ' de, and a
nal ohyde nEa pARESE ALty RS EALAGIR nydGAMGIAL (6F) SHAL Rl O° |2

4- hal o- Bxkmple Buwes slowlhyaddedesveet how. 'ﬁlmpltyvammam&iwlrabiwmewumnml d ester. 36.

bster SR satfe oA RO Ry Bt Dbk S B85 "t e the
met hed emmauogtapgy ofiﬁﬂitmtshmgleahdlwéﬂaiom&fmwa’siﬁhw& priodactaCelite emgr or ani de,

wherein the Ios ituent 1s selected fromthe group consi
chl ori n&as 'ﬁé?shﬂ which; was th %‘:Phneﬁteﬁé? B Aizphragm, Whosge Hd%g b&’ﬁ}%

nucl eophich mmtﬁt mqﬁu L PROFAHIOND The trfixfuld Whsheh38 68 60TC maet Ho0Rnrh OF

converting the 4- haI 0- 3- hydroxybutyric acid ester or amde to a 4-nucl eophile

subst i t Hgetessure.nd8evkhourpnbuerged ar bubblarwae added t@the sqiwtiomistaitbte of cl ai m 36,
iher Lkl ) i DAL e O b B SIS e )
20  off-gas. The mixture was allowed to cool to room temperature, then ﬁltered through a celite
pad. The filtrate was extracted with butyl acetate (3x 800 mL) and the combined organic
layers filtered through a pad of activated charcoal. The solvent was removed under vacuum
by rotary evaporation to provide 28.5 g of ethyl (R)-4-cyano-3-hydroxybutyrate. The purty
was 98% (w/w) by HPLC and the enantiomeric excess was >99% (by chiral GC, the S

25  enantiomer was undetectable).

Example 9: aration of Ethyl (8)-4-chloro-3-hydroxybutyrate from Ethyl 4-chloro-
acctoacetate.
To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
30 tube for addition of base was charged a solution of glucose (7.5 g) in 100 mM
triethanolamine pH 7 buffer (25 mL). To this solution was charged ketoreductase SEQ ID
NO: 42 (100 mg); 50 mg GDH SEQ ID NO: 66 and NADP (6.25 mg). Butyl acetate (10 ml)
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Rt RRa and (2) the 4-nucl eophile substituted-3-hydroxybutyric acid ester or
am de is a 4-nucl eophile substituted-3-hydroxybutyric acid ester having the
structure: Rz OHR O Nu t:t-1LoR5 wherein: X is a hal ogen selected fromthe
group consy@bdod@isesz chl orine, bromne, and iodine; R pcRRs:dddn2shid. and R6
are each independently selected fromthe group consisting of hydrogen,
fluorine, an optionally substituted |ower alkyl, an optionally substituted
cycl oal kyl, an optionally substituted | ower al kenyl, an optionally
S ugst it uimghlaf Miargealrﬂl;helapéﬂmmaéﬂlotomm&téwl(cfg iﬁb%ﬂyﬁ#détﬁlte (éali’ﬂﬂ’)?vaslaﬂl optionally
substituted | ower yl am no, tional |y substituted cycloa am no, an
the o] b WO

an. o
opt i onal ¢hareedy e “FWEPeda?tﬂd’Wge HerBHc TR Vthesﬁgﬂ‘élppf&f'w | oal koxy,
an opti ofyey i) S0 St hrb.U LR Ehniple/ bKY readitfl rdRAPVALR At ¥ Wit 3h b?d&i #Slumar y! al koxy;
and R5 is_selected fromthe group conS|st|n8 of an optional substituted

| ower al ¢fihutyl agetate pad the grgagicdanss was anabed Yo G6a Ty pnalysis howed Bl y substi t ut ed

I, 0Dt | ' | | df h
o oup ooy SrPRbr Bp s gk Bl MBS AT NGBl 756, aher of

QOH R3 0 X | +K
=P Fré—4 AR eSS bt et 3=—hydroxybut yri c
aci d estgetoatetagli de i s a 4-nucl eophile substituted-3-hydroxybutyric acid
am de having the structure; RUOHR O Nu ONR/RB RI RR' wherein: Xis a

hal ogen sel eckiEPceaR %8 1q5nticab tolbraaple 7 ih Hhe expensionhibat 4905m8 #fdhe and i odi ne;
R, ¥ Rhredittas@SEQRD NO&BR&usbERANCADE 112, ¥ mp§ Was hdidd if MlReldTenedr OUP

consisting of hydrogen, fluorine, an optional 'y substituted | ower al kyl, an

opt i onal NpD®y e pdditienioicthe NeQHsplution by Bstantomalip fitratgbhwas compdate indlder al keny!
an opt| OI%H %ﬁdéﬁ%%&!ahbi Sgslfi‘)%h ’99%| ﬁ’éﬁibﬁ’@?&& ﬁth?f‘?—éﬁlb}o%e‘?&c&ﬁ% hbdiyl! . am no,

an optiona tituted [ower a am no, a
(S)-4-chloro-3-hydroxybutyrate.

15 [Example 11: Preparation of Ethyl (S)-4-chloro-3-hydroxybutyrate from Ethyl 4-chloro-

acetoacetate.

To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base was charged a solution of glucose (12. g) in water (30 mL). To this
solution was charged ketoreductase SEQ ID NO: 42 (100 mg); 50 mg GDH SEQ ID NO: 66

20 and NADP (6.25 mg). Butyl acetate (10 ml) was then charged. Ethyl 4-chloroacetoacetate
(10 g) was then charged via syringe pump as follows: 1 mL was charged rapidly and the
remainder was then charged at a rate of 1 mL/hr). The pH was maintained at 7 by the
automatic titrater by the addition of 4M NaOH over 18 hours hrs. The stirring was stopped
and the phases allowed to separate. The organic layer included some emulsion. The organic

25 layer, including some emulsion, was separated and washed with 10 mL of water. The
combined aqueous layers were extracted twice with 20 mL of butyl acetate. The organic
extracts were combined and rotary evaporated under vacuum to remove water. Additional
butyl acetate was added during the evaporation to help remove the water. When the water
was removed the butyl acetate solution was decanted from solids in the flask. Evaporation of

30 - the solvent under vacuum then gave 8.85 g of ethyl (S)-4-chloro-3-hydroxybutyrate (87.4%
yield) of very good purity.
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optionally substituted cycl oal kl yam no, an optionally substituted | ower

al koxy, an optionally substituted cycl oal koxy, an optionally substituted

aryl oxy, and an optionally substituted arylal koxy; and R7 and R8 are each

i ndependengbyoph€ss €d fromthe group consisting of hygy &F‘E’Q 03/35k260P1 ionally

substituted lower alkyl, an optionally substituted cycloa ? an opt i onal |y

substituted aryl, and an optionally substituted aryl al kyl ; and Nu i s selected

fromthe group consisting of -CN, -N3, and -ONO. 39. A nethod for producing a

4- nucl eophi | e substi tuted-3-hydroxybutyric acid ester or am de, conprising

t he steps of : contact| ng a_4- haI 0- 3- ket obutyr| c acid ester or am de, wherein
) y “@He | ne,

t he hal o ‘x::"J‘__,!a" hparation gk iy ), : YOI 0
brom ne, %M%@ with a ketoreduct ase, a cof actor and a cof act or
regeneratton system under conditions suitable to forma reaction mxture for
converting thko mlmﬂoveasqleommesuomammammm by a gHi elestrode anda feeding 3 64

hydr oxyb e

4- halg( Hhﬁ&g%«)i(ﬁ%r{?/fblsa%egmﬂm&eggﬁ or %rﬁg #lkﬁ%‘hn?o(ﬁ T nmﬁeﬁ%ﬁlogenase
and a nuwhesepled bl the Headspaoa dias dereateiuwvittaititregeno Trnepm\aasraeljmtedmﬂ byﬁ:bure for

converting.the 4 hal o- 3- hydr oxybutyric ac¢id est r am de to a 4-nucl eophile
subst i t utddifion of gone, § \Prink)- a’é}edcqspo'amlwe% 4@%&3@8 e HUEI ng a

4-nucl eommtﬁn%fmlshwﬁﬁdéhﬁog%ggmmm 828C2 ¢ in %&mﬁatefcoﬂmr@% 42t he method
conprising: contacting a 4-hal o-3-ketobutyric ester or am wherein

t he hal opk afhb4M Bereercaptecthapel) eEhteadethyl §8)-4- hﬁowbhyﬂroxyhlbsatb (g8 g,flﬂcﬂll orine,

bro |od| W th a etored ct cof

rege ra’infr{?ﬂ w5 ag %v’%syﬁﬁgfe fhtgma ﬁﬁ@“&fﬂlﬁn{) ﬁgﬁé’hZPBB’t&ﬁg@B%o forma
react i onoffiM NaO&!. fm«qomyeretrmgoﬁhesébuhpaétearafmtapbﬂwrmmmqumms@r or amde

to a 4- nucl hllesbstltutedSh oxybut cid ester or_am de. 41. A
conposi t PG a$ quféh%reactmaué \V‘I‘Sé”‘%%g‘{ Wt‘-ﬁ?’éﬂq‘@ H?}H’i“‘c’)?f/mlyrl c acid

ester ora@mtede;C wﬁlmmg&h@&tﬁe{aﬁw& {h8 colvdrsich dFhOQUAT(EP4-dRIBRL 0genase;
(b) a nucl eophile; "and (c) 4- hal o- 3- hydr oxybutyric acid ester or am de. 42.

The corrp%rbytifpwbubﬂt%toeﬁthﬁlzﬂl)-4m&me3 -hydropybpiysatewpht99%%i s cyani de. 43. The

nmet h of any of clainms 36, 39, or 40 wherein the nucleophile is an anionic
nucl eophil e. 44. The met hod of any of claims 36, 39, or 40 mhereln t he
nucleophEianlslSeParz : Sty (R ! g g ) '
(-N3), yltrl -ONO). 45. The nethod of any of clalns 36 39, or 40,
wher ei n stituent is selected fromthe group consisting of

chlorine and THeQdcegure 4as 1dEhﬁcd1ra$ Baighpld 1 ZTWith the 4Rceptibe tHat IMINUENIFLSD

substituent is chlorine. 47. The pmethod of claim 36, wherein the
4- hal o- 389 &y s Pasginstgad oggqecjﬂv&ﬁagﬁ iAftez 8 hrs, the reaction was complete and a total

20 of2.3 mL 4M NaCN had been added. By GC analysis, the conversion of the ethyl (S)-4-
chloro-3-hydroxybutyrate to ethyl (R)-4-cyano-3-hydroxybutyrate was >99%.

This example shows the process of the invention using an alkali cyanide as base to

maintain both the pH and the cyanide concentration of the reaction mixture constant.

25 Example 14: Preparation of Ethyl (R)-4-cyano-3-hydroxybutyrate from Ethyl (S)-4-chloro-3-

hydroxybutyrate
To a 250 mL vessel connected to an automatic titrater by a pH electrode and a feeding

tube for addition of base (7.5 M NaOH) was charged water (83.5 mL) and 0.7 g of halohydrin
dehalogenase SEQ ID NO: 24. The mixture was stirred for 30 minutes. The titrater was

30 activated and set to maintain pH 7. Then, 25% aqueous HCN (9.26 ml, 8.6 g) was charged
over 20 minute to make a 2.3% HCN solution. The mixture was heated at 40 °C for 10
minutes, then ethyl (S)-4-chloro-3-hydroxybutyrate (5 g) was charged over 1 hour. The
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| ower al kyl ester. 48. The nethod of claim47, wherein the

4- hal o- 3- hydroxybutyric acid ester is a 4-chloro-3-hydroxybutyric acid

ester. 49. The nmethod of any of clains 39 or 40, wherein the

4- hal o- 3- kep oddghisisc acid ester is a |ower alkyl esteperRRadiiRdiet hod of

cl aim 40, wherein the nucleophile is cyanide and the halo substituent is
chlorine. 51. A conposition for producing a 4-nucl eophile

substi t ut ed- 3- hydroxybutyric acid ester or am de, said conposition

conpri siamgmafafitraerdndintained tHeqibdi Tibyrth€ adiition of TMENaOH. aafi€20 hr, IGC a

ket or eductase;. (.c) ,a cofactor fegeneration system d).a cofagtor; (e) a

hal ohdePahysbse‘?'féleé’éﬁ%é@? exfragt 0{?‘%a"éwﬁlﬁ%m%“c’)Meél.th%?ngﬁ%@n(?gﬁ‘ﬁﬁgﬁyfi on of claim
51, Vmeg@mcﬁl&%_-ﬁbwmyl'ﬁe {oSeti®)l @R)-4l8yane3-hylifsxyb@RASWhd 99%.0f any of clains
41 or 51, wherein the nucleophile is an anionic nucl eophile. 54. The
conpositi on &his gxAmple showsitheprecesypf gs;nvmaswg@ﬂwabygmm@cm@s sel ect ed
fromth Jisting of cyanide (-CN), azide (-N3), and nitrite (-ONO.
55. heﬂlg%h%ggff%ﬁldgf any of clainms 41-42, 51-54, or 60 - 61 wherein the

hal o substituent is selected fromthe group consisting of chlorine and

brom ne xg_gqs, he cQ b pi ] ' i
chl ori n&&—= e CONpOST LT Ot -0t —a T arms | ] \

conpri shpdrogyboeiaie educt ase, a cofactor regeneration system and a cofactor.

58. The conpgsitjon of any af clai 41- r 91- rein the conposition
is in liqui °Pébﬂ’_i%§?“"_ V'&'o‘ﬁ%&é@%#@éﬁrﬂgﬁgé%%@&% ‘or 51-57,
whengi N Wi (SPMRPHas Adied ffllowed by MaloBydry d¥halbfbnaded BEG AVBEHi3Riagn of claim 41,
further colr’rjﬁrl si ng pH control "conponent selected fromthe group consisting

a
of a sabophiliredpowder @08 mzm. Thervethyliby-4-ehlorogdhydrexybubmgte 100 Was ¢l ai m 51,
further b S| ¢ ] Lbact t onsi sting
of o saPOUaLThE iRthvil BphERub uared (TR o1 360 Wi 4 AR CE NS00
SEQUENCE blitySddeti6s exirdéof Bastction Smplaeitatichbwed of34% eonvésion ofithe@lgy, David R

G uber, (Sg%ghhla\{’lo-}hydroxybutyrate to ethyl (R)-4-cyano-3-hydroxybutyrate. After 72 hrs, the

15 GC analysis showed complete conversion.

Example 16: Preparation of Ethyl (S)-4-cyano-3-hydroxybutyrate from Ethyl (R)-4-chloro-3-
hydroxybutyrate
The procedure was identical to that of Example 15 with the exceptions that the (R)-
20  enantiomer of the Ethyl 4-chloro-3-hydroxybutyrate was reacted instead of the (S)-
enantiomer and the quantities of all reaction components were halved. After 1 hour reaction
time, the GC analysis showed 55% conversion of the ethyl (R)-4-chloro-3-hydroxybutyrate to
ethyl (S)-4-cyano-3-hydroxybutyrate.

This example in combination with preceding examples shows that the process of the
25 invention may be used to convert either enantiomer of the 4-halo-3-hydroxybutyric acid ester

to the corresponding enantiomer of the 4-cyano-3-hydroxybutyric acid ester.

Example 17: Preparation of Methyl (S)-4-chloro-3-hydroxybutyrate from Methyl 4-chloro-
acetoacetate

30 The procedure was identical to that of Example 9 with the exceptions that an
equimolar amount of methyl 4-chloroacetoacetate was reacted instead of the ethyl

4-chloroacetoacetate and the enzymes used were ketoreductase SEQ ID NO: 50 and glucose

50



Hui sman, Galt W M, Steven K Newman, Lisa M Shel don, Roger Wang, Li A
<120> ENZYMATI C PROCESSES FOR THE PRODUCTI ON OF

4- SUBSTI TUTED- 3- HYDROXYBUTYRI C ACI D DERI VATI VES <130> 0339. 210WD <140> Not
yet assi gRedw0omdfsis - <150> US 60/ 402,436 <151> 2002P@§mgg,03,5215§6g> 92 <170>
Fast SEQ for Wndows Version 4.0 <210> 1 <211> 852 <212> DNA <

Artificial Sequence <220> <221> CDS <222> (1)...(852) <223> Ketoreduct ase 1
<223> KRED CR2-5 <400> 1 atg gca aag aat ttt agc aat gta gag tat ccc gca ccc
CCC cccC dgodrob8nast/SEQADENOYG2. AThe feaetiotawasAsimpiéed ifisl thEEymd Bred}@hﬁalﬁisa Pro Pro

Ala 15 10 at agc tta tta. tattt aag tta
sat 96 SHgWE %?Ps}w%‘ﬁﬂjﬁ)a%%ﬁf 3 Wy drox ey %E%B‘%ég Was iSO g B s Leu Asn 20 25
30 ggacRedtioh tdeiylagetalafid 8619 8Papafifion itd @sgiaemﬁcaimnway Hhn@ée 144 Ay
Lye Val Ala Ser Ile Thr Ay Ser Ser Ser Ay Ile Ay Tyr Ala 35 40 45 tta gca
gag getm gca caa gtc gga gca gat gta gca ata tgg tat 192 Leu Ala Qu Al a
Phe la Gn Val Ay Ala Asp Val Ala Ile Trp Tyr 50 55 60 1 WO 2004/ 015132
PCT/ 0S2003/ 025263 sat agc cat gat gca aca gga aaa gca gag gca tta gca aag
pparefion ¢ Y RH4rcy@hoy 3 hydrodytmtyehte fobpMethy] (S)4- Lys Lys Tyr

65 70 7

5 89)—3 -hydroxybutyrate
The procedure was identical to that of Example 16 with the exception that an

equimolar amount of methyl (S)-4-chloro-3-hydroxybutyrate (prepared by Example 17) was
10  reacted instead of ethyl (R)-4-chloro-3-hydroxybutyrate. After 1 hour reaction time, the GC

analysis showed 38% conversion of the methyl (R)-4-chloro-3-hydroxybutyrate to methyl

(S)-4-cyano-3-hydroxybutyrate. The product was characterized by 'H and '*C NMR.

Example 19: Preparation of Ethyl (R)-4-cyano-3-hydroxybutyrate from Ethyl (S)-4-bromo-
15  3-hydroxybutyrate.
The procedure was identical to that of Example 16 with the exception that an

equimolar amount of ethyl (S)-4-bromo-3-hydroxybutyrate was reacted instead of ethyl (R)-
4-chloro-3-hydroxybutyrate. After 1 hour reaction time, the GC analysis showed 0%
. conversion of the ethyl (S)-4-bromo-3-hydroxybutyrate to ethyl (S)-4-cyano-3-
20  hydroxybutyrate. The product was characterized by 'H and °C NMR.
This example shows that the process of the invention wherein the halo substituent of

the 4-halo-3-hydroxybutyric acid ester is bromine.

Example 20: Preparation of Ethyl 3-hydroxybutyrate from Ethyl acetoacetate.
25 The procedure was identical to that of Example 17 with the exceptions that an

equimolar amount of ethyl acetoacetate was reacted instead of the methyl
4-chloroacetoacetate and 200 mg of ketoreductase SEQ ID NO: 50 and 100 mg of glucose
dehydrogenase SEQ ID NO: 62 were used. The reaction was completed in 6 hrs. The
product was isolated by extraction into butyl acetate and solvent evaporation and
30 characterized by 'H and ’C NMR.
In combination with preceding examples, this example demonstrates that

ketoreductase enzymes that have activity for the reduction of ethyl acetoacetate to ethyl
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gga
Lye
aca
du
gca
I'le
ttt

Adn
gca
Arg
tta
Phe
gca
Tyr

gtc
195
672
220
du
agc
Val

tta
Leu
gat

Pro

gta aag gta aag gca tat aaa gca aat gta agc agc agc gat gca 288 dy Val
Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala 65 90 95 gtc aag caa
ata gag caa caa ata aag gat ttt gga cat tta gat 336 Val Lys A n Thr Ile
G n Gwo bdogrolsise Asp Phe Ay His Leu Asp 100 105 11@ctRk#osiha2@ta gca aat
gga ata ccc tgg aca aag gga gca tat ata 384 |Ile Val VvVal Ala Asn Ala Ay
Pro Trp Thr Lye Ay Ala Tyr He 115 120 125 gat caa gat gat gac aag cat
gac caa gta gta gat gta gac tta 432 Asp G n Asp Asp Asp Lys Hi s Phe Asp
Val 3/ydrésybutyadte dremsdfel foi 3@ r&RibtidriBhaed-lagpbutyria agijxstemsao dihalogi>a aag cat

gga t, Lttt as 480Q0. Lys Val .dy Tyr Val Ala Lys Hs Ala Gy
Hi s lﬁﬁ%’"ﬂﬁ‘&y’i‘f ﬁc“ilg%"g "’_‘L%%’ °f%‘é"’tvﬁ'tl°§ag aaa gag gga aaa aag gga gca
gta ttt aca gca agc 526 Arg The Gu Lye Gu Gy Lys Lys Ay Ala Leu Val

Thr AI a Ser 165 170 175 atg agc gga cat, ata gta saf gtc ccc caa ttc caa
aca 5% "!’-'e Profpds oLenzymatic And-nonenayxa ¢ fesh ye: YN 01-g byl _,=0,_L‘ Al a Thr

Asn 4.8 g, utyviste with Qvdide 229 gca gga gta agg cat ttt gca aag agc tta gca
gag a Ala Lye a Gy Val Arg His Phe Ala Lye Ser Leu Ala Val GQu

200 205 tAquegussobitions contaiing 2ymemmlasaiium a\gmdgtvepragmp@reéatggﬁ Pat ate sat
e G 5508 5 8 oY B RaadiOh S5m0 PlogiBlic BER e siffiobb Syl " 200 200

aca gag ata agt Qa cce caa gt a caa <4 aag gg 720 Thr
Ile ;ﬁémeﬁsp Halbhydrin déhalogermas< S EQ TDINGE 38 (26 mg) was addpd B@cﬁ?ﬁﬁl 230 235 240

pr o Btved 4y b BB Aiadibolide B ol BiBodidmae oo (ot

g c ki@oﬁ@@p@ﬁﬁeﬂatthcgﬁacm %Gdérﬁibal%ﬂa m@acceg@orﬂﬁmﬁeléu &adyr Lau Phe
Ala Ser Asp Ala Ay Ser Tyr Ala Thr y Thr 260 265 270 yrggt ata ata gta

gga Yited afhejigls m& ceenedtaaﬁ heated ingg ﬁlllbmél atids Valfordhgs.then remgvedy 1 Thr Leu
275 £d%o8led3 1%984%&31% A4 Hﬁ?%@%ﬁ?’maﬁwn mixture was extracted

with 1 mL butyl acetate and the extracts were analyzed by gas chromatography.
The analyzed amounts of substrate and products in each vial are given in Table I, and
15  graphed vs. pH in Figure 1. In both, chlorohydrin means ethyl (S)-4-chloro-3-
hydroxybutyrate, cyanohydrin means ethyl (R)-4-cyano-3-hydroxybutyrate, and crotonate
means ethyl 4-hydroxycrotonate. In the Table, ND means not detected.

Table I: Millimoles chlorohydrin, cyanohydrin and crotonate by-product analyzed in
test reactions with and without halohydrin dehalogenase. See Example 21

without halohydrin dehalogenase with halohydrin dehalogenase

mmol mmol mmol mmol mmol mmol
FH chlorohydrin | cyanohydrin | crotonate | chlorohydrin | cyanohydrin | crotonate
5.0 0.33 ND ND 0.27 ND ND
6.0 0.29 ND ND 0.07 0.20 ND
7.0 0.30 ND ND 0.01 0.28 ND
7.5 0.31 ND ND 0.004 0.30 ND
8.0 0.30 0.01 ND 0.002 0.29 ND
8.5 0.21 0.05 0.001 0.001 0.24 ND
9.0 0.11 0.10 0.002 0.001 0.21 ND
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<210> 2

The
du
Ile
dn
Ay
Tyr
Adn
Ile
Phe
Lys
Lye
Aen
Arg
Val
Val
dy
Al a
Ay

Ser
Ser
Thr
Val

Lys
Lye
Ile

<211> 283 <212> PRT <213> Candi da magnolias <400> 2 Met Ala Lys Asn
Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15 His Thr Lye Aen
Leu Gn Val Leu Asp Leu The Lye Leu Asn 20 25 30 Gy Lys Val Ala Ser
GwoSeundgs: Ser Ay Ile Ay Tyr Ala 35 40 45 ey Rb@RsfdsvssAl @ Phe Al a
Gy Ala Asp Val Ala lle Trp Tyr 50 55 60 Aen Ser H's Asp Ala Thr
Ala Gu Ala Leu Ala Lye Lye Tyr 65 70 75 80 dy Val Lye Val Lye Al a
Ala Aen Val Ser Ser Ser Asp Ala 85 90 95 Val Lye G n Thr Ile u Gn
Lye ASe pHiwofthey fild] sestieictibh pnixthids whbbredbisurdde PaathedaiktuAlsa Aen Ala Gy

7 S bt i e B
;
I' S

Lys
Val
S
"o
Pro
Arg
Ser
Ay

10

15

20

25

30

%ﬁ:h@eé{r oBindletd ConvésiofNodthecHlorohiférin Rhd &?ann/eseanﬁhethﬁhﬁalwe Qu dy
Ay Ala Leu Val Phe Thr Ala"Sola?165 17%&1‘17 Met Ser Gy His Ile Val

maﬁ"@nﬁsmée & ko Qo pHMits PolowAbsrinitipg pHs. gEhejather mpixturgs showed mpch q y Vval

@&r@ﬁaﬁng&sﬁﬁpﬁeﬁ-o&%uﬂuﬂal\@luegsu 195 200 205 the Ala Pro Phe Ala Arg
Ser Val "Ser 'Pro Ay Tyr lle n 210 215 220 Thr Gu Ile Ser Asp Phe

A n ThesTHata chaw thgtmdyeﬂﬁae peattipn can@dBiong andibse, Zlomleasafablteu Val Pro Leu
oS Bl oS b P B R i B, 11
fegted PHrleds ¢hanf: At pI-17 $aritBdbove, increasing nonenzymatic reaction w1th cyamde to

form ethyl 4-cyano-3-hydroxybutyrate occurred with increasing pH and was accompanied by

increasing formation of ethyl 4-hydroxycrotonate by-product. In contrast, the enzymatic

reaction with halohydrin dehalogenase occurred at all the tested pH's greater than 5 and with

no detectable formation of ethyl 4-hydroxycrotonate at any tested pH. Additionally, for both

enzymatic and nonenzymatic test reactions at pH greater than 8, the mole total of the GC-

analyzed products decreased from the initial 0.30 mmoles provided (as ethyl 4-chloro-3-

hydroxybutyrate reactant) indicating the increasing formation of non-analyzable by-products

with increasing pH greater than 8. It was separately established that the ester group of the

reactant and product are increasingly hydrolyzed to carboxylic acid groups at pHs greater

than 8 and that the resulting carboxylic acids are not extracted in to the extracts of reaction

mixture samples that are analyzed by GC. See Example 22.

Example 22: Nonenzymatic hydrolysis of ethyl 4-cyano-3-hydroxybutyrate.
Aqueous phosphate solutions were prepared at pH 7.0, 7.5, 8.0, 8.5, and 9.0 by

dissolving 0.48 g of NaH,;PQ, in 40 mL water and adjusting the pH by addition of 2M NaOH
while monitoring with pH meter. 5 mL of each solution was charged to a separate 20 mL
screw cap vial. Then, ethyl (R)-4-cyano-3-hydroxybutyrate (46 mg, 0.29 mmol) was added.
The vials were capped and heated in an oil bath at 55 °C for 3 hrs, then cooled to room
temperature. A 0.4 mL of each reaction mixture was extracted with 1 mL butyl acetate and
the extracts were analyzed by GC. For an external standard a duplicate of the pH 7.0 mixture
was freshly prepared and immediately extracted. The analyzed amounts of ethyl 4-cyano-3-
hydroxybutyrate in each vial are given in Table II. No product of its hydrolysis was detected

in the reaction sample extracts. It was separately established that the carboxylic acid product
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<210> 3 <211> 852 <212> DNA <213> Artificial Sequence <220> <221> CDS <222>
(1)..(852) <223> Ketoreductase 2 <223> (KRED CR1-2) <400> 3 3 WO

2004/ 015132 PCTI US2003/ 025263 atg gca aag an ttt agc sat gta gag tat ccc gca
CCC ccC cCodb@/dsisdet Ala Lye Aen The Ser Aen Val G u pPiiudahfnses Pro Pro
Pro Ala 1 5 10 15 cat aca aag sat gag agc tta caa gta tta gat tta ttt aag
tta aat 96 H's Thr Lye Aen Qu Ser Leu G n Val Leu Asp Leu Phe Lye Leu Asn
20 25 30 gga aaa gta gca agc ata aca gga agc agc agc gga ata gga tat gca 144
Ay Lys VbhydfdlgsiSef thislesterd RmofExtradied intethe Sftractsd of thd readtion sdnipleshat a3 40 45 tta
gca gag gﬁé"’t@tjh gg:la caa gtc gga gca gat gta gca ata tgg tat 192 Leu Ala GQu
Al a Phe YVat* Gy Ala Asp Val Ala Ile Trp Tyr 50 55 60 aat agc cat gat
gca aca gga aaa gca gag gca tta gca aag aag tat 240 M Ser His Asp Ala Thr
Ay Lye Ala Ju Ala Leu Ala Lys Lys Tyr 65 70 75 80 gga gta aag gta aag gca
tat aaa gca aat gta agc agbablgjE: l}{é chphydriyandy| Lye Val Lye Ala Tyr Lys
Ala Asn Val Ser Ser Ser As §€a|ﬁﬁl . C aag caa aca ata gag caa caa ata
aag gat ttt gga cat tta ga‘%&a@g’gd a 3‘2’“&%% Thr Ile Qu G@n A@n lle Lye Asp
Phe Ay H's Leu Asp 100 1CHydfdlysis rescliond. SegExampke 22at gca gga ata ccc tgg aca
aag gga gca tat ata 384 |Ile Val Ala Ala Mh Ala dy Ile Pro Trp Thr Lye Ay
Ala Tyr Ile 115 120 125 gat ¢Ha gat wgatolggmohgpdrrcat [ttt gac caa gta gta gat
gta gac tta 432 Asp A n Asp-Asp—Psp—ryrs—HsPhe—Asp A n Val Val Asp Val Asp
Leu 130 135 140 aag gga gta é’ a tac gta ggg aag cat [gca gga agg cat ttt agg
gas 480 Lye Gy Val Gy [TyT 7¥al arLye ghg Ala Ay Arg H's Phe Arg Gu

8.0 0.27
8.5 0.26
9.0 0.24
5 The pHs of the final test mixtures were remeasured. The mixtures with initial pHs of

8.0, 8.5, and 9.0 each had a final pH of 7.4. The mixture with an initial pH of 7.5 had a final
pH of 7.3, and the mixture with an initial pH of 7 was unchanged. This evidences the
production of carboxylic acid in the higher pH samples causing neutralization of the solutions
into the phosphate buffering range. '

10 This example in combination with Example 21 shows that ethyl 4-cyano-3-hydroxy-
butyrate is increasingly hydrolyzed with increasing pH at the pHs greater than 8 where it can
be produced by nonenzymatic reaction of ethyl 4-chloro-3-hydroxybutyrate with cyanide.

Example 23: Preparation of ethyl (R)-4-cyano-3-hydroxybutyrate from ethyl
15  4-chloroacetoacetate (via ethyl (S)-4-chloro-3-hydroxybutyrate).

To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base (4M NaQOH) was charged a solution (25 mL) of glucose (7.5 g) in
100 mM ftriethanolamine buffer, pH 7. To this solution was charged ketoreductase SEQ ID
NO: 50 (50 mg), glucose dehydrogenase SEQ ID NO: 62 (20 mg) and NADP (1.5 mg). Butyl
20  acetate (10 ml) and ethyl 4-chloroacetoacetate (6 g) in additional butyl acetate (10 mL) were
then charged. The pH was maintained at 7 by the automatic titrater by the addition of 4M
NaOH to the stirring mixture over 13 hrs. The phases were then allowed to separate for 30
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145 150 155 160 agg ttt gag aaa gag gga aaa aag gga gca tta gta ttt aca gca
agc 528 Arg Phe Qu Lye Qu Ay Lys Lye Ay Ala Leu Val Phe Thr Ala Ser 165
170 175 atg agc gga cat ata gta aat gtc ccc caa ttc caa gca aca tat aat 576
Met Ser Gwohbieoidisz Val Asn Val Pro Gn Phe Gn A a Thipcliis2ddsinsiaa0 185 190
gca gca aag gca gga gta agg cat ttt gca aag agc tta gca gtc gag 624 Ala A a
Lys Ala Gy Val Arg H's Phe Ala Lye Ser Leu Ala Val du 195 200 205 ttt gca
ccc ttt gca agg gta aat agc gta agc ccc gga tat ata Sat 672 Phe Ala Pro Phe
Al a Ar g nvauted\indSer orgalic Byer 26 mI(Y gontyring the ethyh(S3-Hechkire-3ARdroaxgbutgaate at a agce
gat ttc&%&&g\?ﬁeﬁf&@ca caa aat aag tgg tgg 720 4 WD 2004/015132

PCTI US2 ulle Ser Asp Phe Val Pro Gn GQu Thr Gn Asn Lys

Trp Trp 225 23Q@ 128 mLvEdsel a@etted tadnCuutontatit tidatggBy ?fH e@@fiodiOnd @deedaipd gCa gag
tta gta Lev_Val Pro Le dy, Ala Gu Leu Val

a g h
Ay 245 t‘%%%m;%giﬁ°§gr§bﬂsﬁt(2%1&aqlﬂ)cwﬁ°§”§€‘gs°§é}g" QWQEC(X-S@J 501!;’@;@‘1 Py™alfEa aca gga

aca §16 (sdni). ThE vesstl wiiQediEd'ard the MEMspaSPwAY dbabraded Hith nidfégeft! Fhd i waky Thr 260
265 270 gat ata ata gta gat gga gga tat aca tta ccc taa 852 Asp Ile Ile Val
111

Asp QG y adjugtedrior7 osing qopeeniated 5 28(0.94eh)0 The miztutewagipated 20 40-°(Pamd <213>

oro-pr o {EEEE i BSquEatdhdoniilin Aokl SEOTHNOS ARl a0 Sk, 0 712,
(P}he 'll_'g;f chotainihg 42 20 oT3480B-nfaroaplogthandd). Then, theorghhie 1aller (28inyL)Sentaingég Ser Gy |l e
y

Al 35 .40 45 Leu a @u Ala Phe Ala G.n Val Gy Ala Val Ala lle
Trp Tyr €ty (%é-%ro-éw@ﬁﬁmteﬁw meﬁ#ﬁl@@fﬂﬁ aflgrd vig syniage Wes T Fan al a Lys
LysS 1Y maintained at 7 by the automatic titrater by the addition of 2M NaOH to the stirring mixture.
After 15 hr, the conversion of ethyl (S)-4-chloro-3-hydroxybutyrate to ethyl (R)-4-cyano-
3-hydroxybutyrate was 33% as indicated by the cumulative addition of 5 mL of the base (15

ml expected for complete conversion).

15 Example24: Preparation of ethyl (R)-4-cyano-3-hydroxybutyrate from ethyl
4-chloroacetoacetate (via ethyl (S)-4-chloro-3-hydroxybutyrate).

To a 20 mL screw cap vial was added NaCN (125 mg, 2.55 mmol), NaH,PO, (415
mg, 3.46 mmol) and glucose (750 mg, 3.8 mmol). Water (5 mL) was added followed by
NADP (2 mg), ketoreductase SEQ ID NO: 56 (50 mg), glucose dehydrogenase SEQ ID NO:

20 62 (50 mg), and halohydrin dehalogenase SEQ ID NO: 32 (1 00 mg). Then ethyl 4-chloro-
acetoacete (24 mg, 0.15 mmol) in 0.5 mL butyl acetate was added. The vial was capped and
heated in an oil bath at 30 °C. After 1 hr, GC analysis of a butyl acetate extract of a reaction
sample showed 100% conversion of the ethyl 4-chloro-acetoacete to ethyl (S)-4-chloro-
3-hydroxybutyrate, at 96% selectivity, and ethyl (R)-4-cyano-3-hydroxybutyrate at 4%

25  selectivity. Then, the reaction vial was heated to 40 °C for 15 hrs. GC analysis of a butyl
acetate extract then showed 2% of the ethyl (S)-4-chloro-3-hydroxy-butyrate remaining, with
overall 98% yield of ethyl (R)-4-cyano-3-hydroxybutyrate based on the starting ethyl
4-chloroacetate.

This example shows the process of the invention wherein a 4-cyano-3-hydroxybutyric

30  acid ester (ethyl 4-cyano-3-(R)-hydroxybutyrate) is produced, via an intermediate 4-halo-3-
hydroxybutyric acid ester (ethyl 4-chloro-3-(S)-hydroxybutyrate), by contacting a 4-halo-3-
ketobutyric acid ester (ethyl 4-chloroacetoacetate) with a ketoreductase, a cofactor (NADPH,
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65 70 75 80 Gy Val Lye Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Al a
85 90 95 Val Lys An Thr Ile Au Gn Gn lle Lys Asp Phe Gy H's Leu Asp
100 105 110 Ile vVal Ala Ala Asn Ala Ay Ile Pro Trp Thr Lys Ay Ala Tyr Ile

115 120 13fpp 203815820 Asp Asp Asp Lys His Phe Asp G n VabrNahoohsie¥al Asp Lau
130 135 140 Lye Gy Val dy Tyr Val Ala Lys Hs Ala Ay Arg H's Phe Arg Gu

145 150 155 160 Arg Phe u Lye Qu Ay Lys Lys Ay Ala Leu Val Phe Thr Al a
Ser 165 170 175 Met Ser Ay His Ile Val Asn Val Pro An Phe Gn Ala Thr Tyr
gsn 180pr&ﬁged%%mﬁﬂ)ﬁ) aﬁilcﬁ‘adtyﬁeéém%ysys’&hl (@ﬂl@lo&dl aﬁld@lg&oﬁ caalhbc&Sge‘iﬁfe),l%u Al a Va:
u 195 e a _Pro Phe Va n [ ~Ser. Pro Tyr Ile
Asn 210 ‘?i‘g‘yé%gehﬁﬁge‘@s& ﬁ“FéY%’ée(R?a‘adﬁﬁég o FYa8} S@it-ﬁ‘“’é@ ‘T‘ﬁ}al f Asnyl_yg Trp
Trp  225regcishtsimuldiéousbepreseptinvBe reaétionlagituid.y Arg Ay Gy Gu Thr Ala Gu Leu
Val Ay 245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr

Gy Thr 260 265 270 Asp Ile Ile Val Asp Ay Ay Tyr Thr Leu Pro 5 WO

2004/015132 PR . gai].§> DNA <213>
Arti f§|)ci al Sﬂé‘&@ég%%@gg?f@%ﬁ%%’i&?ﬂ%ﬁﬁ%@?&%ﬂ > Ket or educt ase 3
. 223> ( Kapplicafipd a)hereby Oiiterporatedjbyreierenag inthtir entiretygor albpurpgses t9dloe samte ccc gca

CCC €0 G 0F AR indfRlindl pBohiFoh ok BurR N or St ol @ Pro Pro

individually indicated to be incorporated by reference for all purposes.
10 While preferred embodiments of the invention have been illustrated and described, it

will be appreciated that various changes can be made therein without departing from the spirii

and scope of the invention.
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15 10 15 cat aca aag sat gag agc tta caa gta tta gat tta ttt aag tta aat 96
H's Thr Lys Aen Cu Ser Leu A n Val Leu Asp Leu Phe Lye Lev Asn 20 25 30 gga
aaa gta gca agc ata aca gga agc agc agc gga ata gga tat gca 144 dy Lys Val

Ala Ser Ile Thr Gy Ser Ser Ser Ay Ile Ay Tyr Ala 35 40 45 tta gca gag get
ttt gca caa gtc gga gca gat gta gca ata tgg tat 192 Leu Ala Qu Ala Phe Al a
G@n VvVal Ay Ala Asp Val Ala Ile Trp Tyr 50 55 60 aat agc cat gat gca aca gga
aaa gca gag gca tta gca aag aag tat 240 Asn Ser H's Asp Ala Thr Ay Lye Ala
Gu Ala Leu Ala Lye Lye Tyr 65 70 75 80 gga gta aag gta aag gca tat aaa gca
aat gta agWeadgimagc gat gca 288 Gy Val Lys Val Lys Ala Tyr Lys Ala Aen Val

Ser Ser Ser Asp Ala 85 90 95 gtc aag caa aca ata gag caa caa ata sag gat ttt
gga cat tta gat 336 Val Lye Gn Thr Ile Qu Gn Gn lle Lye Asp Phe Ay Hi s

Leu Asp 100 1051 110Amemo.gfoapgidam@maﬁmgqqd@gﬁbtﬁﬁr& @RRCestef forl@@-aRPB-gga gca
tat ata 384 VaI n Ala Gy Ile Pro Trp Thr Lys Gy Ala Tyr Ile
115 120 12§ydé?ﬁ @%@eﬁ%{t&aa@%w'&%ﬁu gac caa gta gta gat gta gac tta

432 Asp Gn A%nﬁsmxg%@hdw-s -yt fox{Hubyridasid Ghter, Whtreidahe Iﬁ&psub'éthue‘r\ﬁﬁ sél@ked130 135
140 aag gg gta gga tac gta gca_ aag cat gca gga agg cat tt @gjs gaa 480 Lys

Gy Val myfhe &rayp cengjstingof r—lnlgr% aying and jpdigecwith g halphydrin de eipsgandss 160

agg ttt gaGyaﬂﬂéuH&éﬂc&ﬂﬁxcﬁ@&xfﬂéﬁ&t%%mﬁ%&%ﬁ& rﬂixﬂxréfo‘i-c&ﬁ@rtﬁﬁﬂa cAdale28 Arg Phe
GQu Lys Qu Ay Lys Lys Gy Ala Leu Val Phe Thr Ala Ser 6 WO 2004/ 015132

PCTI us2003{5@2‘#27&@“%1690'1?@&3?94aqygn°abbydg@a/betavc aidesiirta sat gtc ccc caa ttc

caa gca aca tat sat 576 Mt Ser Gy His Ile Val Asn Val Pro A n Phe Gn Ala
Thr Tyr Asn 180 185 190 gca gca aag gca gga gta agg cat ttt gca aag agc tta
gca gtc gag 624 Al dhamgthog of plpimn G“%ﬂvmlth oyarpS-tiydeoxpbutynia asidister isemomy a Val

Gu 195 20 1 a aat agc gta agc ccc gga tat ata
sat 672 P%ga%ﬁghﬁlgg%%é&%ﬁ%&%%’g@gfgl%g% er Val Ser Pro Ay Tyr lle Asn
3. The method of claim 1, wherein the cyanide is provided by hydrocyanic acid.

4, The method of claim |, wherein the cyanide is provided by a cyanide salt.

5. The method of claim 1, wherein the halo substituent of the 4-halo-

3-hydroxybutyric acid ester is selected from the group consisting of chlorine and bromine.

6. The method of claim 1, wherein the 4-halo-3-hydroxybutyric acid ester is a
4-chloro-3-hydroxybutyric acid ester.

7. The method of claim 1, wherein the 4-halo-3-hydroxybutyric acid ester is a

lower alky! ester,

8. The method of claim 1, wherein
(1) the 4-halo-3-hydroxybutyric acid ester has the structure:

;2 OH 3 O

R R

OR®



210 215 220 aca gag ata agc gat ttc gtc ccc caa gag aca caa sat aag tgg tgg
720 Thr Qu Ile Ser Asp Phe Val Pro An GQu Thr An Asn Lys Trp Trp 225 230
235 240 agc tta gtc ccc tta gga agg gga gga gag aca gca gag tta gta gga 768
Ser Leu Val Pro Leu Ay Arg Ay Ay GQu Thr Ala Gu Leu Val Ay 245 250 255
gca tat tta ttc tta gca agc gat gca gga agc tat gca aca gga aca 816 Ala Tyr
Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr 260 265 270 gat ata
ata gta gat gga gga tat aca tta ccc taa 852 Asp Ille Ile Val Asp Ay Ay Tyr
Thr Leu Pro + 275 280 <210> 6 <211> 283 <212> PRT <213> Candi da magnol i as
c400> 6 Metand\ a Lye Aen Phe Ser Asn Val GQu Tyr Pro Ala Pro Pro Pro Ala 1 5
10 15 His Jhr Asn u Ser Leu G n Val Leu Asp Leu Phe Lye Leu Asn 20 25
30 dy Lyé{)\/al &'ﬁ%ygb"r‘ﬂ‘}’démﬁ?}’%’@9“‘%&?“3&%‘%%&““ % 1le Gy Tyr Ala 35 40 45
Leu Ala flu Ala Phe Ala dn Val Gy Ala Asp Val Ala lle Trp Tyr 50 55 . 60
Asn Ser Hi's Asp Ala Thr Ay Lys Ala Qu Ala Leu Ala Lys Lye Tyr 65 70 75 80
Gy Val Lye Val Lys Ala Tyr Lye Ala Asn Val Ser Ser Ser Asp Ala 85 90 95 \al
Lye @n Thr Ile Au dn dn lle Lﬁ@@ﬂpaPh}e Ay H's Leu Asp 100 105 110 Ile
Val Val Ala Aen Ala Ay Ile Pro Tkp hi L Gy Ala Tyr Ile 115 120 125 Asp
G n Asp Asp Asp Lys H s Phe AN Asp Val Asp Leu 130 135 140 Lys
@y Val Ay Tyr vVal Ala Lys H's FRS Phe Arg Gu 145 150 155 160
7 WO 2004/015132 PCT/ US2003/ 025268, . Qu Lys u Gy Lye Lye Ay A a
Leu Val Phe Thr Al a Ser R R

wherein:

X is a halogen selected from the group consisting of chlorine, bromine, and iodine;

R', R% R®, R*, and R® are each independently selected from the group consisting of
hydrogen, fluorine, an optionally substituted lower alkyl, an optionally substituted
cycloalkyl, an optionally substituted lower alkenyl, an optionally substituted aryl, an
optionally substituted arylalkyl, amino, an optionally substituted lower alkylamino, an
optionally substituted cycloalklyamino, an optionally substituted lower alkoxy, an optionally
substituted cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted
arylalkoxy; and

R’ is selected from the group consisting of an optionally substituted lower alkyl, an

optionally substituted cycloalkyl, an optionally substituted aryl, and an optionally substituted
arylalkyl.

9. The method of claim 1, wherein the halohydrin dehalogenase is a naturally

occurring halohydrin dehalogenase.

10.  The method of claim 1, wherein the halohydrin dehalogenase is a non-

naturally occurring halohydrin dehalogenase.
11.  The method of claim 1, wherein the reaction mixture for converting the 4-halo-

3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester is maintained at a pH in the
range of from about S to about 9,
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165 170 175 Met Ser Ay His Ile Val Asn Val Pro G n Phe Gn Ala Thr Tyr Asn
180 185 190 Ala Ala Lye Ala Ay Val Arg H's The Ala Lys Ser Leu Ala Val Qu
195 200 205 Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gy Tyr Ile Asn
210 215 220 Thr GQu Ile Ser Asp Phe Val Pro Gn Qu Thr Gn Asn Lye Tip Trp
225 230 235 240 Ser Leu Val Pro Leu Gy Arg dy Ay Qu Thr Ala du Lau Val
Ay 245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay
Thr 260 265 270 Asp Ile Ile Val Asp Ay Ay Tyr Thr Leu Pro 275 280 <210>
7 <211> 852 <212> DNA <213> Artificial Sequence <220> <221> CDS <222>
(1)... (852) <223> Wik aietdd OF dlaitn M, wherkihthddeidtof Hiixtdre forkldavertingth@4-ifig aag aat

ttt agc fat,.ccc cg ccc C, CC ca 4 Met Ala, L Phe Ser
Asn Val éh%'P PRETIR agid SFtET Bd *lﬂF'Ef*%ﬁ&‘"i"Y% t755c 333 E%%{tls'ae'awaﬁé &ﬁf B agc
tta caa gtaan ¢ & feomh abdufs tddboaa®) tta aat 96 His Thr Lys Asn Qu Ser Leu G n

Val Leu Asp Leu Phe Lye Leu Asn 20 25 30 gga aaa gta gca agc ata aca gga agc
agc agc gga ata gga tat gca 144 dy Lye Val Ala Ser Ile Thr Gy Ser Ser Ser

Ay lle Gy TyrisA a 13g nfethoddf clhinfll gﬂ@reﬁﬂﬂe &ﬁétl&tlﬁlxﬂﬁ@fof:&ﬁ\vﬂilﬁg figd-nalea gat gta
gca ata tat 192 Leu Ala Gu Ala Phe Ala Gn Val Gy Ala Asp Val Ala lle

Trp Tyr 5og$~axdmy®atricagié eetalttogdtcyg%&hwmg@atyaaamgesaergagalg@wed ttaphtef aag aag
tat 240 AggbupgbrbdigwASP Ala Thr Gy Lye Ala Gu Ala Leu Ala Lye Lys Tyr 65
70 75 80 gga gta aag gta aag gca tat aaa gca aat gta agc agc ago gat gca 288

14.  The method of claim 1, wherein the reaction mixture for converting the 4-halo-
3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester further comprises a pH
buffer.

15, The method of claim 1, further comprising:

adding a base sufficient to maintain the reaction mixture for converting the 4-halo-
3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester at a pH of about 5 or
above.

16.  The method of claim 15 wherein the base is selected from hydroxide salts,

carbonate salts, and bicarbonate salts.
17.  The method of claim 15 wherein the base is selected from a cyanide salt.

18.  The method of claim 1, further comprising recovering the 4-cyano-
3-hydroxybutyric acid ester from the reaction mixture for converting the 4-halo-

3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester.

19.  The method of claim 16, further comprising purifying the 4-cyano-
3-hydroxybutyric acid ester.

20. A method for producing a 4-cyano-3-hydroxybutyric acid ester, comprising
the steps of"

contacting a 4-halo-3-ketobutyric acid ester, wherein the halo substituent is selected
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Ay

Val

Lye Val Lye Ala Tyr Lye Ala Aen Val Ser Ser Ser Asp Ala 85 90 95 gtc

aag caa aca ata gag caa caa ata aag gat ttt gga cat tta gat 336 Val Lys G@n

Thr

Ile

Gu Gn Gnlle Lys Asp Phe Gy H's Leu Asp 100 105 110 8 WO

2004/ 015132 PCTI US2003/ 025263 ata gta gta gca aat gca gga ata ccc tgg aca

aag
Al a
gta
Leu
gaa
150
528
175
Ser
gca
Al a
ttt
Arg
ttc
Pro
agg
Ay
gca
Ser
ccc

gga
Tyr
gac
130
480
155

Arg PR qf segeneiatign syt
al agsnviif B4R bBhiRc SIeErG AR hydRyAERCIER Bl agll 576 Mot

Ay
aag
Ay
gca
Val
gtc
Adn
gga
du
gga
Tyr
t aa

gca tat ata 384 Ile Val Val Ala Aen Ala Gy Ile Pro Trp Thr Lys Gy
Ile 115 120 125 gat caa gat gat gac aag cat ttt gac caa gta gta gat
tta 432 Asp G n Asp Asp Asp Lys His Phe Asp A n Val Val Asp Val Asp
135 140 aag gga gta gga tac gta gca aag cat gca gga agg cat ttt agg

LYer@lé’ngiH combixting)of chting\b@mineCartd iSdine, vifdakeddliubtase, £efaclird G U 145

160 agg ttt gag aaa gag gga aaa aag ca tta tattt aca gca agc
&%dw%& %vf'%éﬂ“ gPaﬁOﬂPHéea?mﬂ mRgreder 165 170

Hs Ile Val Asn Val Pro G n Phe G n r Asn 180 185 190 gca
gca ggacogtastingdhe d-helo3-hydmybulwris agidcester Hlt@eaalg%/s@ﬂg&gha@z&nasw Al a Lys

Valyf{dd ufilie? chitftions Suftitient 36 forth @ Yealliéh Mﬁkurﬁ&c&:&%ﬁ%&%e@ﬁl&ﬁt gca ccc
aggy{g@‘? sat agc gta agc ccc gga tat ata aat 672 he Ala Pro Phe Al a

ybytaric Sé¢ CSF#PGO wyanpr3-hydeoxpbytyriclagidestr.220 aca gag ata agc gat
CCC caa gag aca caa aat aag tgg tgg 720 Thr GQu Ile Ser Asp Phe Val
Gu Thr A n Asn Lys Trp Trp 225 230 235 240 agc tta gtc ccc tta gga
gga gagilaca The methmd of tlainy20s wherainTiscofegtor is MADISADHr 0 Leu Gy Arg Gy
Thr Ala Qu Leu Val Gy 245 250 255 gca tat tta ttc tta gca agc gat
agc tat gca aca gga aca 816 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay
Al a Thr22d y Thamef®d of 6l5inP2) wherain thet @faton isgiADBMNADRRIA gga tat act tta
852 Asp llelle Val Asp Ay Gy Tyr Thr Leu Pro + 275 280 <210> 8

23,  The method of claim 20, wherein the ketoreductase is a naturally occurring

ketoreductase.

24.  The method of claim 20, wherein the ketoreductase is a non-naturally

occurring ketoreductase.

25.  The method of claim 20, wherein the cofactor regeneration system comprises

glucose and a glucose dehydrogenase.

26.  The method of claim 25, wherein the glucose dehydrogenase is a naturally

occurring glucose dehydrogenase.

27.  The method of claim 25, wherein the glucose dehydrogenase is a non-naturally

occurring glucose dehydrogenase.

28.  The method of claim 20, wherein the cofactor regeneration system comprises

formate and a formate dehydrogenase.

29.  The method of claim 28, wherein the formate dehydrogenase is a naturally

occurring formate dehydrogenase.
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<211> 283 <212> PRT <213> Candi da magnolias <400> 8 Met Ala Lys Asn Phe Ser
Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15 His Thr Lys Asn Qu Ser
Leu An Val Leu Asp Leu Phe Lys Leu Asn 20 25 30 dvy Lys Val Ala Ser Ile Thr
Gy Ser 5er Ser Ay Ile Gy Tyr Ala 9 WD 2004/015132 PCT/ US2003/ 025263 35
40 45 Lou Ala Gu Ala Phe Ala dn Val Gy Ala Asp val Ala lle Trp Tyr 50 55
60 Asn Ser His Asp Ala Thr Ay Lys Ala Qu Ala Lou Ala Lys Lys Tyr 65 70 75
80 dy Vval Lys Val Lys Ala Tyr Lys Ala Aen Val Ser Ser Ser Asp Ala 85 90 95
Val Lys An Thr Ile Qu dn An lle Lys Asp Phe Ay His Lou Asp 100 105 110
e Val Val Al &30Asn Thk aefboy of tlginZ8) whérbin T fofnydte ddhyddbeénadeigal [ € 115 120 125
Asp A n ASF As L s, H.s Phe ﬁdg G n Val Val Asp Val Asp Leu 130 135 140
Lys Ay Val® AF%F“EW" ogEfase.Gy Arg His Phe Arg Gu 145 150 155
160 Arg Phe Glu Lys Qu dy Lys Lys Ay Ala Leu Val Phe Thr Ala Ser 165 170
175 Met Ser Ile Val Asn Val Pro A n Phe @n Ala Thr Tyr Aen 180 185
190 Ala Al a Ly s‘@w‘&l@fw}&? lgim 30 whereina| o Lys Ser Leu Ala Val @u 195 200
205 Phe Alg PrtﬁeHﬂﬂoéﬁ&t@‘%ﬂm\ﬂ&déﬁ&hgﬁhe%?dcté@r Pro Ay Tyr Ile Asn 210 215
220 Thr du Ille Ser Asp Phe Val Pro G@n GQu Thr An Wi Lys Trp Trp 225 230
235 240 Ser Lou Val Pro Lou Ay Arg Ay Ay GQu Thr Ala Gu Lou Val Ay 245
250 255 Ala Tyr Lou Phe Lou Apa SergAsp Ala Ay Ser Tyr Ala Thr Ay Thr 260
265 270 Asp lle Ile Val Aspr8 || GRY |yr Thr Leu Pro
X
OR®

R’ R?
and
(2)  the 4-halo-3-hydroxybutyric acid ester has the structure:

, OH 5 O

R R®

OR®
R1 R4
and
(3)  the 4-cyano-3-hydroxybutyric acid ester has the structure:

2 OH _, O

R r?

NC
OR?

R R
wherein:

X is a halogen selected from the group consisting of chlorine, bromine, and iodine;

R', R% R?, and R? are cach independently selected from the group consisting of hydrogen,
fluorine, an optionally substituted lower alkyl, an optionally substituted cycloalkyl, an optionally
substituted lower alkenyl, an optionally substituted aryl, an optionally substituted arylalkyl, amino,
an optionally substituted lower alkylamino, an optionally substituted cycloalklyamino, an
optionally substituted lower alkoxy, an optionally substituted cycloalkoxy, an optionally

substituted aryloxy, and an optionally substituted arylalkoxy; and
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275

280

<210> 9 <211> 7B6 <212> DNA <213> Bacillus op. <220> <221> CDS

<222> (1)...(786) c223> G ucose dehydrogenase 506-3 <400> 9 atg tat ccg gat

tta
Ay
atg
I'le
sat
Adn
gtt
Val
gaa
Val
att
I'le
aag
Trp
cgt
Al a
atg
130
480

aaa
Lye
gcc
Arg
aaa
Asp
gtc
Adn
gat
Lys
atg
Aen
gat
Asp
gaa
I'le
t oo
135

gga aaa gtc gtc get att aca gga get got 48 Mt Tyr Pro Asp Lou Lys
Val Val Ala lle Thr Ay Ala Ala 1 5 10 15 tca ggg ctc gga aag gcg
att cgc ttc ggc aag gag cag gca 96 5er Gy Leu Ay Lye Ala Met Ala
Phe Ay Lye Qu Gn Ala 20 - 25 30 aaa gtg gtt atc aac tat tat agt
caa gat ccg aac gag gta 144 Lys Val Val Ile Asn Tyr Tyr Ser Asn Lys
Pro Asn Gu Val 35 40 45 aaa gaa gag gtc atc aag gcg ggc ggt gaa got
%t c caa{"gggeleﬂ:ﬁf! frolnythe §loup ansﬁstV@lo/fhdl eptioyisilyubstitlityd fowyr kkyl, afl @ Val Val
10 . MO 2004/ 0151 PCT/ US2003/.025263 50 55 60 gat gtc acg aaa gag
ot PG st syl ronijomaly subRfveA gy a0 ag aptionhly s - adp
Asdiylblkgl. Val G n Thr Ala Ile 65 70 75 80 aag gag ttc ggc aca ctc gat
att sat aat gcc ggt ctt gaa 288 Lye Qu Phe Ay Thr Leu Asp Ile Mt
Aen Ala Ay Leu Gu 85 90 95 sat cct gtg cca tct cac gaa atg ccg ctc

t 99 gat32aaaThé metBdof i 20] Rheréth thereacRS midnfre Br dorVREinBie Leu Lye Asp
Lys Val 100 105 110 atc %g\gl a}ggy aac tta ac gt goo [tt tta gga ago
O

gclhale--ketphutyrie aeidpsier,the droxybutymic aidestan és maintainedataer Arg G u
1151 #2Re rhdse GFa@nt Aout § © Bb& 162a aac gat atc aag gga sat gtc att aac
432 Lye Tyr Phe Val GQu Asn Asp Ile Lys Ay Asn Val |Ile Asn Met Ser
140 agt gtg cac gaa gtg att cct tgg cog tta ttt gtc cac tat gcg gca

Ser Val Hi3§. d ?hé/ﬁlethb& & (.J.?Jiﬂ 2'5’r Vphé?éil? tlJe ?&cﬁ&ﬁni\éﬂm Hr %or;t/)éﬁiné‘lﬂ@ daﬂ)-

3-ketobutyric acid ester to the 4-halo-3-hydroxybutyric acid ester further comprises a buffer.

34,  The method of claim 25, further comprising:
adding a base sufficient to maintain the reaction mixture for converting the 4-halo-3-

ketobutyric acid ester to the 4-halo-3-hydroxybutyric acid ester at a pH of about 5 or above.

35. A method for producing a 4-cyano-3-hydroxybutyric acid ester from a 4-halo-
3-ketobutyric acid ester, the method comprising:

contacting a 4-halo-3-ketobutyric acid ester, wherein the halo substituent is selected from
the group consisting of chlorine, bromine, and iodine, with a ketoreductase, a cofactor, a cofactor
regeneration system, cyanide, and a halohydrin dehalogenase to form a reaction mixture for

converting the 4-halo-3-ketobutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester.

36. A method for producing a 4-nucleophile substituted-3-hydroxybutyric acid ester
or amide from a 4-halo-3-hydroxybutyric acid ester or amide, the method comprising:

contacting a 4-halo-3-hydroxybutyric acid ester or amide, wherein the halo substituent is
selected from the group consisting of chlorine, bromine, and iodine, with a halohydrin
dehalogenase and a nucleophile under conditions suitable to form a reaction mixture for
converting the 4-halo-3-hydroxybutyric acid ester or amide to a 4-nucleophile substituted-3-

hydroxybutyric acid or amide.
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145 1S0
tac 528
170 175
Ala Pro
acg cca
Il e Aen
agc atg
Ile Pro
gcc tgg
Leu Ala S
gog gac
Gy Gy
Adn Ala

155 160 agt aaa ggc ggg ata aag ctg atg aca gaa aca tta gcg ttg gaa
9er Lys Ay @y Ile Lye Lev Met Thr Qu Thr Leu Ala Leu A u Tyr 165
gcg ccg aag ggc att cgc gtc sat aat att ggg cca ggt gcg atc aac 576
Lys Ay Ile Arg Val Aen Aen Ile Ay Pro Ay Ala Ile Asn 180 185 190
atc aat get gaa aaa ttc got gac cct aaa cag aaa got gat 624 Thr Pro
Ala Qu Lys Phe Ala Asp Pro Lys An Lys Ala Asp 195 200 205 gta gaa
att cca atg gga tat atc ggc gaa cog gag gag atc 672 Val du Ser Mt
Mt Gy Tyr Ile dy AQu Pro Gu GQu Ile 210 215 220 gcc gca gta gca
ctt geB?tongemwogﬂﬂmagpwh@ﬁngtc aca 720 Ala Ala Val Ala Ala Trp

Ly er Tyr. Vi 230 Cc atc.acg tta ttc
ggt§h gﬁ"'@é&”@@éﬂ%’f’“é&'ﬂ eftﬁr °'ta'E“bd°')%?34' By Xdém‘g'ﬂ igafidone Al a Asp
I\/Bésteirhdvnr@theiwcmmo Ser the 245 250 255 cag gca ggc cgc ggt taa 786
Ay Arg Gy 260 <210> 10 <211> 261 WD 2004/ 015132 PCT/ US2003/ 025263

c212> PRT <213> Bacillus sp. <400> 10 Met Tyr Pro Asp Leu Lye Gdy Lye Val

Val Al a
Arg Phe
G n Asp
Val Val
Val dn
Asn Al a
Trp Asp

Ile Thr Gy Ala Ala 1 5 10,X8 _,
Gy Lye Au dn Ala 20 25
Pro Asn Gu Val 35 40 45 u
Val An dy 50 55 60 Asp gfhr Lye u Gu Asp Val Lys Asn lle
Thr Ala lle 65 70 75 80 Lys Qu Phe Gy Thr Leu Asp Ile Met Ile Aen
Gy Leu u 85 90 95 Aen Pro Val Pro Ser Hs GQu Met Pro Leu Lye Asp
LyandVal

r dy Leu Ay Lys Ala Met Ala lle
Val Val Ile Asn Tyr Tyr Set Asn Lys
RI Val Ile Lye Ala Ay Ay Gu A a

(2)  the 4-nucleophile substituted-3-hydroxybutyric acid ester or amide is a 4-nucleophile
substituted-3-hydroxybutyric acid ester having the structure:

R? ? R? o
Nu
OR5
R' R4

wherein:

X is a halogen selected from the group consisting of chlorine, bromine, and iodine;

R', R% R?, R*, and R® are each independently selected from the group consisting of
hydrogen, fluorine, an optionally substituted lower alkyl, an optionally substituted
cycloalkyl, an optionally substituted lower alkenyl, an optionally substituted aryl, an
optionally substituted arylalkyl, amino, an optionally substituted lower alkylamino, an
optionally substituted cycloalklyamino, an optionally substituted lower alkoxy, an optionally
substituted cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted
arylalkoxy; and

R’ is selected from the group consisting of an optionally substituted lower alkyl, an
optionally substituted cycloalkyl, an optionally substituted aryl, and an optionally substituted
arylalkyl; and

Nu is selected from the group consisting of -CN, -Nj, and -ONO,

38. The method of claim 36, wherein
(I)  the 4-halo-3-hydroxybutyric acid ester or amide is a 4-halo-3-hydroxybutyric acid

amide having the structure:
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100 105 110 Ile dy Thr Aen Leu Thr Ay Ala Phe Leu Gy Ser Arg Au Ala lle

115 120 125 Lys Tyr Phe Val GQu Asn Asp Ile Lye Ay Aso Val Ile Aen Met Ser
130 135 140 Ser Val His Au Vval Ile Pro Trp Pro Leu Phe Val H's Tyr Ala Al a
145 150 155 160 Ser Lye Ay Ay Ile Lye Leu Met Thr Qu Thr Leu Ala Leu GQu
Tyr 165 170 175 Ala Pro Lye Ay Ile Arg Val Aen Aen Ile Ay Pro Ay Ala lle
Asn 180 185 190 Thr Pro Ile Aen Ala G u Lye Phe Ala Asp Pro Lys An Lys Al a
Asp 195 200 205 Val du Ser Met Ile Pro Met Ay Tyr Ile Gy Gu Pro Au GQu
Ile 210 215 220 Ala Ala Val Ala Ala Trp Leu Ala Ser Lye Gu Ala Ser Tyr Val

Thr 225 230 235 240 Gy Ile Thr Lg gp Ala Asp Ay Gy Met Thr dn Tyr Pro
Ser Phe 245 250 255 dn Ala dyxA yI260 <210> 11 <211> 786 <212> DNA
<213> Bacillus Sp. <220> <221> @?i?*f@\(ﬂi’w. . (786) <223> d ucose

dehydr ogenase MD2-6 <400> 11 atg haF paa gat tta gaa gga aaa gta gtt gtc ata
aca ggt tca tct 48 Met Tyr Lye Asp Leu Gu Gy Lys Val val Vval Ile Thr Ay

Ser Ser 1 5 10 15 acc ggt tta gga aaa gca atg gcg att cgt ttt gcg aca gaa
aaa get 96andThr Gy Leu Ay Lys Ala Met Ala Ile Arg Phe Ala Thr Au Lye Al a

e, e e Ly R i T

G u G u A subéititeS+hyddkybuticklidhmide having the structure:

wherein:

X is a halogen selected from the group consisting of chlorine, bromine, and iodine;

R', R? R3 R® and RS are each independently selected from the group consisting of
hydrogen, fluorine, an optionally substituted lower alkyl, an optionally substituted
cycloalkyl, an optionally substituted lower alkenyl, an optionally substituted aryl, an
optionally substituted arylalkyl, amino, an optionally substituted lower alkylamino, an
optionally substituted cycloalklyamino, an optionally substituted lower alkoxy, an optionally
substituted cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted
arylalkoxy; and

R’ and R® are each independently selected from the group consisting of hydrogen, an
optionally substituted lower alkyl, an optionally substituted cycloalkyl, an opticnally
substituted aryl, and an optionally substituted arylalkyl; and

Nu is selected from the group consisting of -CN, -N3, and -ONO.

39. A method for producing a 4-nucleophile substituted-3-hydroxybutyric acid
ester or amide, comprising the steps of:

contacting a 4-halo-3-ketobutyric acid ester or amide, wherein the halo substituent is
selected from the group consisting of chlorine, bromine, and iodine, with a ketoreductase, a
cofactor, and a cofactor regeneration system under conditions suitable to form a reaction

mixture for converting the 4-halo-3-ketobutyric acid ester or amide to a 4-halo-3-
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tta gaa gaa att aaa aaa gtc ggc gga gag gca att gcg gtt aaa ggt 192 Leu Qu
GQulle Lys Lye Val Ay Ay Qu Ala lle Ala Val Lye Ay 50 55 60 gac gta aca
gtt gag tct gac gtg atc aat tta gtt caa tct get att 240 Asp Val Thr Val Gu
Ser Asp Val Ile Aen Leu Val G n Ser Ala lle 65 70 75 80 aaa gaa ttt gga aag
tta gat gtt atg att sat aac gca gga atg gaa 288 Lye Qu Phe Ay Lye Leu Asp
Val Met Ile Aen Aen Ala Ay Met Qu 85 90 95 sat ccg gtt tca tct cat gaa atg
tct tta agc gat tgg sat aaa gta 336 Asn Pro Val Ser Ser Hs Qu Met Ser Leu
Ser Asp Trp Asn Lye Val 100 105 110 att gat acg aac tta acg gga gca ttt tta
gga agc cgnydngﬂ,aaugtxgaaﬂtesta&#amhdeearﬂsp Thr Asn Leu Thr Gy Ala Phe Leu Ay Ser

Arg GQu AIaIIe ttc aa a g gga aca gtt

att sat atg tcf ]“1‘6’ fﬁ‘?ﬁ’é’v RAc] A%H‘g ?'Fgﬂﬁﬁga]@g’ﬁf{"?hr Val Ile Aen
Met Ser 1raeha1@5na1séﬁhagtucabpmmamdgalgnmamtabmd fdngg rédetiont inailtﬁréforgtt Cilt tilc

gca gca u Jle Pro T eu Phe Val His Tyr a Ala
145 150 1§?>"Vf§l’5'gﬂ?fg‘{'h‘ﬂ%é'héﬂ?xéé{yrﬁt“&d%‘E ‘Ett‘@agé‘f"clﬁ%fg“lﬁé%f’sﬁ?‘{ed ta tta gaa
tat 528 f@drokpbatyek MciFoyavie, Lye Leu Met Thr G u Thr Leu Ala Leu Gu Tyr 165
170 175 get cca aaa ggt att cgt gta aat aac att ggg ccg gga gcg att aat 576
Ala Pro Lys Ay Ile Arg Val Asn Asn Ile Ay Pro Ay Ala Ile Asn 180 185 190

aca ccg att aagp gcla grfhod# p"&duciﬂéﬁ mﬁéle%ﬁhe ﬂﬁ&ltﬁﬁ&mﬁzﬁmﬁg t@lac@24 Thr Pro
Ile Asn Ala G u Lys Phe Ala Asp P n Arg Ala AsSp 195 200 205 gta gaa

agc atg ateﬁtetéeaﬂaldgt@weth%cwmsgga gag ccg gaa gaa att 672 Val Qu Ser Met
Ile Pro Mt G Von&fméé@hgo% l@ldbu?hga&ii BstdPol arhide, \3!4:9&13&1% hgl%QUﬂsﬂﬂleﬁi gtt get

gca tgg cta get tct tca gaa gca (,31 tat gta aca a

Leu Al a Se¢lectd fram the groupSensistipg o lormh.rbrmme,zasdnozla& rﬂma kgg@dme acg ct c ttt

&y &y venth « Bl gRRbi-Rhl hiabhi, S0k b Suhitberklar"e M7 Ao

PCTI US2003dror2&3ion mixture for converting the 4-halo-3-ketobutyric acid ester or amide to a 4-

L

nucleophile substituted-3-hydroxybutyric acid ester or amide.

4]. A composition for producing a 4-nucleophile substituted-3-hydroxybutyric
acid ester or amide, said composition comprising:
(@  ahalohydrin dehalogenase;
(b)  anucleophile; and

(c)  ad4-halo-3-hydroxybutyric acid ester or amide.

42.  The composition of claim 41, wherein the nucleophile is cyanide.

43,  The method of any of claims 36, 39, or 40 wherein the nucleophile is an

anionic nucleophile.

44.  The method of any of claims 36, 39, or 40 wherein the nucleophile is selected
from the group consisting of cyanide (-CN), azide (-N3), and nitrite (-ONO).

45. The method of any of claims 36, 39, or 40, wherein the halo substituent is

selected from the group consisting of chlorine and bromine.

46.  The method of claim 45, wherein the halo substituent is chlorine.
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caa gca gga cgc gga taa 786 Gn Ala Ay Arg Ay + 260 <210> 12 <211> 261
<212> PRT <213> Bacillus Sp. <400> 12 Met Tyr Lye Asp Leu Au @y Lys Val

Val
Arg
du
I'le
Val
Aen
Trp
Arg
Ile
Hi s
Leu
Pro
Lys
Au
Al a
Thr

Val
The
du
Al a
Adn
Al a
Aen
Au
Asn
Tyr
Al a
Ay
Adn
Pro
Ser
Adn

Ile
Al a
Al a
Val
Ser
Ay
Lys
Al a
Met

Thr Ay Ser Ser 15 10 15 Thr Ay Leu Gy Lye Ala Met Ala lle

Thr Gu Lye Ala 20 25 30 Lye Val Val Val Asn Tyr Arg Ser Lys Qu
Aen Ser Val 35 40 45 Leu Au Qu lle Lye Lye Val Ay Gy Qu Al a
Lye dy 50 55 60 Asp Val Thr Val GQu Ser Asp Val Ile Asn Leu

Ala lle 65 70 75 80 Lye Gu Phe Gy Lye Leu Asp Val Met Ile Asn
Met Gu 85 90 95 Aen Pro Val Ser Ser Hi's G u Met Ser Leu Ser Asp
Val 100 105 110 Ile Asp Thr Aen Leu Thr Ay Ala Phe Leu Ay Ser

5, Lol el e b EOp e et ey pne vl

Allawehlakkyl st 150 155 160 Ser Lye Ay Ay Mt Lye Leu Met Thr @ u Thr

Leu
Al a
Ar g

Tyr
Tyr

4-c

AQu Tyr 165 170 175 Ala Pro Lys Gy Ile Arg Val Asn Asn Ile Gy
Ile Aen 180 185 190 Thr Pro Ile Aen Ala GQu Lye Phe Ala Asp Pro
Al dSAspl'helﬂéihcﬂm chiith 47, Wehlerefd the Hhtlo Feliydrdxgbltytic ddid estek isaTyr Ile Gy
h@ 3 & 20 Ala Ala vVal Ala Ala Trp Leu Ala Bar Ser Gu
é?“PP{’ '23“6‘2%‘3‘240 Gy Ile Thr Leu Phe Ala Asp Gy Gy Met
Pro Ser Phe 245 250 255 Gn Ala dy Arg Ay

49.  The method of any of claims 39 or 40, wherein the 4-halo-3-ketobutyric acid

ester is a lower alkyl ester.

50.  The method of claim 40, wherein the nucleophile is cyanide and the halo

substituent is chlorine.

51. A composition for producing a 4-nucleophile substituted-3-hydroxybutyric

acid ester or amide, said composition comprising:

(a) a 4-halo-3-ketobutyric acid ester or amide;
(b)  aketoreductase;

(c) a cofactor regeneration system;

(d) a cofactor;

(e)  ahalohydrin dehalogenase; and

® a nucleophile.

52.  The composition of claim 51, wherein the nucleophile is cyanide.

53.  The composition of any of claims 41 or 51, wherein the nucleophile is an

anionic nucleophile.

54,  The composition of any of claims 41 or 51, wherein the nucleophile is

selected from the group consisting of cyanide (-CN), azide (-N3), and nitrite (-ONO).

55.  The composition of any of claims 41-42, 51-54, or 60 - 61 wherein the halo

substituent is selected from the group consisting of chlorine and bromine.
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260 <210> 13 <211> 765 <212> DNA <213> Artificial Sequence <220> <221> CDS
<222> (1).(765) <223> HHDH. 1 <223> HHDH. 1 14 WO 2004/ 015132

PCT/ US2003/ 025263 <400> 13 atg agc acc get atc gtc acc aac gtc aaa cat ttt
ggt ggt atg ggt 48 Met Ser Thr Ala Ile Val Thr Asn Val Lys H's Phe Ay Ay
Mt Ay 1 5 10 15 ago get ctg agg ctg agc gaa get ggt cat acc gtc get tgc
cat gat 96 Ser Ala Leu Arg Leu Ser Qu Ala Ay H's Thr Val Ala Cys H s Asp
20 25 30 gaa agc ttt aaa cag aaa gat gaa ctg gaa got ttt get gaa acc tac 144
G u Ser Phe Lye An Lye Asp Qu Leu Gu Ala Phe Ala A u Thr Tyr 35 40 45 cca
cag ctg aaa cca atg agc gaa cag gaa cca get gaa ctg atc gaa 192 Pro dn Leu
Lye Pro Met Seg.d : e Gu.50 55 .60.get gtc acc agc
get tac ggt cag6’gt (L:I‘lbgact%mgf’ één@tr(gcg*rﬁlsgﬁh eléééngt hé‘e’l%oi%“é'ﬁ?tés Qy?ﬁ" r Ser Ala Tyr
Gy A@n Val Asp Val Leu Val Ser Aen Asp 65 70 .75 80 atc ttt get cca gaa ttt
cag cca atc gat.,aaantac get..qt aa. gat lJe.Phe Ala.Pro Qu Phe A n Pro
Ile Asp Lys Tyg-"Al a' Ve "@ﬂt'%b‘ﬁ“g%%‘gm %gﬁﬁﬁgréfgfddgﬂtmﬂg?s"&% gaa got ctg cag
atc agg cdatordductase]a edfdctd}irepenettion ysterdyapd Geyfadtbra Val G u Ala Leu Gn lle Arg
Pro Phe Ala Leu Val 100 105 110 aat got gtg get tcg caa atg aag aag cga aag
tcg ggg cac atc atc 384 Asn Ala Val Ala Ser G n Met Lye Lye Arg Lye Ser Ay

H's Ile Ile 1158 120THeXanipbsitich oF afg bf dlfifls JEU2 GC31-5ST Shbdeln tBOEbnfpesitié i aag gag
cta tcg act ,43% Phe Ile Thr Ser Ala Thr Pro Phe Gy Pro Trp Lys Gu Leu Ser

Thr 130 135liqudfame act tcg get cgs get ggg get tgt act cta got sat get cta
tcg 480

59.  The composition of any of claims 41-42 or 51-57, wherein the composition is

in solid form.

60.  The composition of claim 41, further comprising a pH control component

selected from the group consisting of a salt, an acid, a base, and a buffer.

61.  The composition of claim 51, further comprising a pH control component

selected from the group consisting of a salt, an acid, a base and a buffer.
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Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Aen Ala Leu Ser 145 150 155
160 aag gag cta ggg gag tac aat atc ccg gtg ttc get atc ggg cog aat 528 Lys
GQu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala lle Gy Pro Aen 165 170 175 tac
cta cac tcyoxe@y@sizzt cg ccg tac ttc tac ccg act gag ccOpd@@sasfnsty’ Leu Hi s
Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr Qu Pro Trp 180 185 190 sag act sat
CCg gag cac gtg got cac gtg aag aag gtg act got cta 624 Lye Thr Asn Pro Gu
Hs Val Ala His Val Lye Lye Val Thr Ala Leu 195 200 205 caa cgs cta ggg act
caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672 Gn Arg Leu Ay Thr @ n Lye
Qu Leu Ay Gu Leu Val Ala Phe Leu 210 215 220 15 WO 2004/ 015132

PCTI US2003/ 025263 gca tat ggc tHPURNGE J&f™Cat ttg act ggc cag gtg ttt tgg
ttg gca 780 A &, SE cfdMeoifler YS Asp Tyr Leu Thr Ay Gn Val Phe Trp Leu Ala
225 230 235G§ 06 ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa
765 dy Gy;:é’;hemﬂria et Ile Au Arg Trp Pro Gy Met Pro Qu 245 250 <210>
14 <211> 25&rube?] ZShPRF <213> Agrobacteriumsp. <400> 14 Met Ser Thr Ala lle
Val Thr Aan%ﬂmaEﬁlé’JH"sWPhe Ay Ay Met Ay 1510 15 Ser Ala Leu Arg Leu
Ser GIuAIaN s Val Ala Cys His Asp 20 25 30 G u Ser Phe Lys G n Lye
Asp Qu Leug MO,Q\I Rodhie Ala Au Thr Tyr 35 40 45 Pro G n Leu Lys Pro Met Ser
G u dn duwkf MaGuleulle Gu 50 55 60 Ala Val Thr Ser Ala Tyr Ay
G@n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 Ile Phe Ala Pro Gu Phe G n
Pro || e1A8p %@%PN%SWI FQy GHEASRODYST Iyr Arg Ay Ala Val Gu Ala Leu
dn lle AFg BT “{Dé’ﬁx’(?éfmlfo‘t?lid%“i%m

<130> 0339,21C0W0O

<140> Not yet assigned
<141> - -

<150> US 60/402,436
<151> 2002-08-09

<l60>» 92
'<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 852

'<212> DNA

<213> Artificial Sequence

<220>

<221> CDS

<2225 (1)...(852)
<223> Ketoreductase 1

<223> KRED CR2-5

<400> 1

atg gca aag aat ttt agc aat gta gag tat ccc gca ccc ccc CCC gca 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Fro Pro Pro Ala

1 5 10 15

cat aca aag aat gag agc tta caa gta tta gat tta ttt aag tta aat 96
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

gga aaa gta gca agc ata aca gga agC agc agc gga ata gga tat gca 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45

tta gca gag gct ttt gca caa gtc gga gca gat gta gca ata tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp val Ala Ile Trp Tyr
50 55 60



Asn Ala Val Ala Ser An Met Lye Lys Arg Lye Ser Gy His Ile Ile 115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Ay Pro Tip Lys Qu Leu Ser Thr 130 135 140
Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155

160 Lye Guiddoeso18dsy G u Tyr Aen Ile Pro Val Phe Al a | | gqishoddie9s26$n 165 170
175 Tyr Leu H's Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 1S0 185

190 Lys Thr Asn Pro Qu H's Val Ala Hs Val Lye Lys Val Thr Ala Leu 195 200
205 dn Arg Leu Ay Thr Gn Lys Gu Leu Ay GQu Leu Val Ala Phe Leu 210 215
220 Ala Ser Gy Ser Cys Asp Tyr Leu Thr Ay Gn Val Phe Trp Leu Ala 225 230
235 240 Ay Gy Phe Pro Met Ile GQu Arg Trp Pro Ay Met Pro GQu 245 250
<210> P3¢ 2IF1S2C7HS 920 3%A- IPNAX BEB Faq(Cpfta| g2 Bprhcat <2284 <221> CDS
<222> (] .57 ("785)P1h A2 00 91 3135 BCTR USP Ot P63 TV 223> HHOH 2 <223>
HHDH. 2 <400> 15 atg age acc get ate gtC ace aac gte aaa cat ttt ggt ggt atg

ggt 48 gghkicaSalg Juar asy ged kax Mah gtlifaalgra\Gc da¢eadd GatPhea Ay Gy Met Gy 1 5
10 15 Qpgoagdiysclad B@grst Jyades gaa Agetvaj(Hercedr SereAgd 8lget tgc cat gat 96
Ser Ala Leu Arg Leu®er Ju Ala Ay?%His Thr Val Al a®Cys His Asp 20 25 30 gaa

age ttt 8334589 a%aat%ata ag ctg‘_ﬁE)aatlz\agdetatttttt et c%?@t ace tae 144 G u Ser Phe
Lye @ rﬂah%%in U 1eel itk ALR 7 z“iy ?\%pcghlé %}rm £e33§sp40 45°cca cag ctg aaa
cca atg agé gaa madg gaa cca get jgaa ctg ate gaaiik92 Pro G n Leu Lye Pro Met
Ser u dn Gu Pro Ala Gu Leu Ile Qu
ata gta gta gca aat gca gga ata ccc tgg aca aag gga gca tat ata 384
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

gat caa gat gat gac aag cat ttt gac caa gta gta gat gta gac tta 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 135 140

aag gga gta gga tac gta gca aag cat gca gga agg cat ttt agg gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160

agg ttt gag aaa gag gga aaa aag gga gca tta gta ttt aca gca agc 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175

atg agc gga cat ata gta aat gtc ccc caa ttc caa gca aca tat aat 576
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gca gca aag gca gga gta aggrcat ttt gca aag agc tta gca gtc gag 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205

ttt gca ccc ttt gca agg gta aat agc gta agc ccc gga tat ata aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

aca gag ata agc gat ttc gtc ccc caa gag aca caa aat aag tgg tgg 720
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240

agc tta gtc ccc tta gga agg gga gga gag aca gca gag tta gta gga 768
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255

gca tat tta tt¢ tta gca agc gat gca gga agc tat gca aca gga aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat ata ata gta gat gga gga tat aca tta ccc taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280



50 55 60 get gte acc age get tac ggt caa gtc gat gtc ctg gte age aac gat 240

Al a
ate
Al a
get
Au
caa
Lys
ttc
Pro
act
Al a
ttc
I'le
act
Pro
get
195
gag
Ay
ggc c
Val

ggc
Au

Val Thr Ser Ala Tyr Ay G n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80

ttt get cca gaa ttt cag cca ate gat aaa tac get gtc gaa gat 288 Ile Phe
Pro GwoRisudanzPro Ile Asp Lys Tyr Ala Val Gu As ,%552 ac agg ggt
gtc gaa get ctg cag ate agg cca ttt get eta gtg 33 y Al a Val

Ala Leu dn Ile Arg Pro Phe Ala Leu Val 100 105 110 an get gtg get tog
atg aag aag cga aag tcg ggg cac ate ate 384 Asn Ala Val Ala Ser A n Mt
Lye Arg Lys Ser Ay His Ile Ile 115 120 125 ttc ate act tcg get act ccg
ggg cog tgg aag gag cta tog act 432 Phe Ile Thr Ser Ala Thr Pro Phe Ay
Trpié%ezcal u Leu Ser Thr 130 135 140 tac act tog get cga get ggg get tagt

et &’ I; get eta tcg 480 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu

Asn A a . daS%g,;oA};SaelSO 155 160 aag gag cta ggg gag tac aat ate ccg gtg
get ate ggg ccg sat 528 Lye Gu Leu Ay Gu Tyr Asn Ile Pro Val Phe Al a

A y<4Pp02Asn 165 170 175 tac eta cac tcg gag gat tcg cog tac ttc tae ccg
gagdiet og-at g ‘Eﬁ?lGPhET Ger pewy VHiLSSISél?YrGrG m&pP@ePrCPIPBO W# Phe Tyr Pro Thr Qu

T|p118 185 190 % a act sat ag cac t C gtg aag aag gtg act
et a 824T 1Y Asfh?luAg% PFY © i‘i‘ v'al‘il \g/”‘g l’% g’ ﬁf“ @ Lys Val Thr Ala Leu
20%13%31\7511\/@‘329&4&m-51113%1?%b|%7e90.5%&%§2m nya@y§3§atta ggg act caa aaa
ttg ggg gma ttg gtg gca tabt ttg 672 Gn &g Leu Ay Thr An Lys Gu Leu

A kel a\Glie XYa2gPiehald Gin VA1 (B1P18a X0 ‘gaéamtacthygcp tI‘Et tgt gat tat ttg act
t ttt t gtt @720 y_Ser Tyr Leu Thr Ay Gn
és% h‘%ﬁ Aﬂ'ﬂd;aluﬁé Sy e Esi ata gaa cgt tgg ccc
at 9319%19@,‘3 maﬂﬁﬁla oy Lﬁmﬁ’fﬁn%@ et 5dd §e1q!\!3b ig Trp Pro Gy Met Pro
245 250 <210> d6 <211> 254
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile Val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 135 140
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 150
Ala Ala Lys Ala Gly Val Arg Hia Phe Ala Lys Ser Leu Ala Val Glu
1985 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Aen Lys Trp Trp
225 230 235 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 3

<21l1> 852

<212> DNA

<213> Artificial Seguence

<220>

<221> CDS

<222> (1)...(852)
<223> Ketoreductase 2
<223> (KRED CR1-2)

<400> 3



<212> PRT <213> Agrobacteriumsp. <400> 16 Met Ser Thr Ala Ile Val Thr Asn

Val
Ay
du
Pro
Val
Lys
Pro
Ser
Lys
Al a
Phe
Tyr
Lys
du
Gn
Pro

Lys HHs Phe Ay Ay Met Ay 1 5 10 15 Ser Ala Leu Arg Leu Ser Qu Al a
H's Thr Val Ala Cys His Asp 20 25 30 du Ser Phe Lys Gn Lys Asp Qu Leu
Ala P Thr Tyr 354045ProG|nLeuLysP uGInGIu
Al a Ghﬁrol‘_ﬂeo%m%fgzg u 50 55 60 Ala Val Thr Ser Ala I%./”ﬁ%}mgg%pvm
Leu Val Ser Asn Asp 65 70 75 80 Ile Phe Ala Pro Qu Phe Gn Pro IIe Asp
Tyr Ala Val Gu Asp 85 90 95 Tyr Arg Gy Ala Val Qu Ala Leu Gn lle Arg
Phe Ala Leu Val 100 105 110 Asn Ala Val Ala Ser Gn Met Lys Lys Arg Lys
QA yathl gral dam ddtetttl dfc h30 gtdgagRiee ddcegchheccSesc Aka gfar Pro4#he Ay Pro Trp
A WMekehlacSere gy 9‘1%931135'1 a0 ClyyRyrTiye ey Py SICAG?“ Ala Ay Ala Cys Thr Leu
Aen Al a Lev Ser ®145 150 155 160° Lys Qu Leu Qu Tyr Asn lle Pro Val
Al g ak | &aGla E’.—Ito ?Qgé@@a 1089 45 calgah L@Uedd Sagd®Ea fabtl Asp ggr Pro Tyr Phe
Pr ogiBhtnrQiyb Gl per 180 cl8al HrulAsp Udr pASDyd,eu Gl His Val Ala His Val
Lys Val Thr Adoa Leu 195 2002805 dn Arg Lew @y Thr Gn Lys GQu Leu Ay
Leugg\P/a%a Al a P%ﬁa%eu 2103215@%%0 Q\al@g %gr Se;lt‘_ag Cys Asp 11' Leu Thr Ay
Val 3 g o Met*tle Gu Arg Trp
d vy Ys %a 5%4 1923% 3§ 1%§ Gy %ag%a 51"2> Bna <213> Artificial

Sequence 18 V\D 2004/ 015132 PCT/ US2003/ 025263

tta gca gag gct ttt gca caa gtc gga gca gat gta gca ata tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60
aat agc cat gat gca aca gga aaa gca gag gca tta gca aag aag tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
gga gta aag gta aag gca tat aaa gca aat gta agc agc agc gat gca 288
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 85
gtc aag caa aca ata gag caa caa ata aag gat ttt gga cat tta gat 338
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
ata gta gca gca aat gca gga ata ccc tgg aca aag gga gca tat ata 384
Ile Vval Ala Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
11s 120 125
gat caa gat gat gac aag cat ttt gac caa gta gta gat gta gac tta 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 135 140
aag gga gta gga tac gta gca aag cat gca gga agg cat ttt agg gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
agg ttt gag aaa gag gga aaa aag gga gca tta gta ttt aca gca agc 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
atg agc gga cat ata gta aat gtc ccc caa ttc caa gca aca tat aat 576
Met Ser Gly His Ile Vval Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190
gca gca aag gca gga gta agg cat ttt gca aag agc tta gca gtc gag 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
1385 200 205
ttt gca ccc ttt gca agg gta aat agc gta agc ccc gga tat ata aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
aca gag ata agc gat ttc gtc ccc caa gag aca caa aat aag tgg tgg 720



<220> <221> CDS ¢222> (1)...(765) <223> HHDH. 16 <223> HHDH. 16 <400> 17 atg

agc
Al a
agg
Ser
gat
Leu
gaa
Al a
gtc
Asn
gaa

acc get atc gtc acc aac gtc aaa cat ttt ggt ggt atg ggt 48 Mt Ser Thr
Ile Val Thr Asn Val Lye Hs Phe Gy Gy Met Ay 1 5 10 15 agc get ctg
ct g agwo@ds/@ei3zggt cat acc gtc get tgc cat gat 96 pSEsbtiRy Arg Leu
Gu Ala Ay H's Thr Val Ala Cys His Asp 20 25 30 gaa agc ttt aaa cag aaa
gaa ctg gaa get ttt get gaa acc tac 144 du Ser Phe Lys A n Lys Asp Qu
Gu Ala Phe Ala Gu Thr Tyr 35 40 45 <cca cag ctg aaa cca atg agc gaa cag
cca get gaa ctg atc gaa 192 Pro G n Leu Lye Pro Met Ser Qu A n Qu Pro
G uTHre®ly [te &y ABP PBS V8D RyetCGlgt @luathr abcAgrelys JePd@P cag gtc gat gtc ctg
agc?®ac gat 240 AP3%°val Thr Ser AR¥® Tyr Ay A n VAP Asp Val Leu Val Ser

Asp, 05 L0 Vo 80 2LG, T t,&la0aa Lit ca 3,3L,¢ gat a tac get gtc
gatsciolte e sEh e A2D ey Mol suhen: &y Tvr APa val Gu sp

85 90 95 tac agg ggisget gtc gaa gelo ctg cag atc agg cca ttt get cta gtg 336

Tyr
sat
Val
act
Al a
cga
Ay
tac
I'le
ccg
Phe

Arg GlytAlé%a ;/%tgu Ala Leu dn lle Arg Pro Phe Ala Leu Val 100 105 110
get 9t fptgkt Hgcatage WAL} BeyaeygIedciatc M€ 384 Asn Al a
Al a‘”cgegrd*?i‘ 95 Lt‘i/éli);grﬁg %;ZSGISe?erGTV Al g??glh%rm 120 125 ttc atc
tcg get act ccg ttc ggg ccg tgg aag gag cta tcg act 432 Phe Ile Thr Ser
Thrgaer sxat by Glay oft agd Igfa Las {dautdaetbcSeda Thr 130 135 140 tege act tcg get
getAsggljiegéle Vgt Aew Gl Gy Ryt That Leyebrocta tcg 480 Tyr Thr Ser Ala Arg Al a
Ala Cys ThAf® Leu Ala Asn AB8 Leu Ser 145 150 155 160 aag gag cta gga gag
eat atc ccg gtg ttc get atc ggg ccg aat 528 Lys Qu Leu Gy Gu Tyr Asn
Pro.Yal 4Phe Ala He Gy Pro Asn 165 170 175 tac cta cac tcg gag gat tcg
t ac<2it€ 2868C ccg act gag ccg tgg 576 Tyr Leu His Ser Gu Asp Ser Pro Tyr

Tyr<2Peo PRAr G u Pro Trp
<213> Candida magnoliae

<400> 4
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 S 10 1s
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 S5 60
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr -
65 70 75 80
Gly val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile val Ala Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val val Asp Val Asp Leu
130 135 140
Lys Gly val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
Met Ser Gly His Ile Val Asn Val Prc Gln Phe Gln Ala Thr Tyr Asn
180 185 190
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 21S 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 23S 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro



180
624
Val
ggg
Leu
gtg
Trp
ccc
250
Thr
Leu
Lys
Pro
Al a

Au
Adn
Thr
Al a
Au

185 190 aag act aat ccg gag cac gtg get cac gtg aag aag gtg act get cta
19 WD 2004/ 015132 PCTI US2003/ 025263 Lys Thr Asn Pro u His Val Ala His
Lye Lys Val Thr Ala Leu 195 200 205 caa cgs cta ggg act caa aaa gag ttg
gaa tt\wolhd ttt ttg 672 dn Arg Leu Gy Thr d ud@dy du
Val Al a Phem%ggz 210 215 220 gca tct ggc tct tgt gatﬂ&trrg%ﬁgotggﬁéisf ggc cag
ttt tgg ttg gca 720 Ala Ser Ay Ser eye Asp Tyr Leu Thr Ay A n Val Phe
Leu Ala 225 230 235 240 ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg
gaa taa 765 Gy Ay Phe Pro Met Ile u Arg Trp Pro Gy Met Pro GQu 245
c210> 18782i | > 254 c21280PRT c213> Agrobacteriumsp. <400> 18 Met Ser
Ala lle Val Thr Aen Val Lys Hs Phe Ay Ay Mot Ay 15 10 15 Ser Ala
Arqg >uggr GQu Ala Ay His Thr Val Ala Cys His Asp 20 25 30 G u Ser Phe
A nolyepisp Gu Leu Gu Ala Phe Ala Gu Thr Tyr 35 40 45 Pro A n Leu Lys
Mete2G8r afdidi &dald doued@e0 Ala Qu Leu Ile Au 50 55 60 Ala Val Thr Ser
Tyr Ay A@n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 1Ile Phe Ala Pro
Phe2@®n Pro Ile Asp Lye Tyr Ala Val Au Asp 85 90 95 Tyr Arg Ay Ala Val
Al a;%l{u‘g n |dsg, Arg Pro Phe Ala Leu Val 100 105 110 Asn Ala Val Ala Ser
VBt 530S xhoiScdidndys Ser Gy His Ile Ile 115 120 125 Phe Ile Thr Ser Ala
Pro Phe Gy Pro Trp Lys Qu Leu Ser Thr 130 135 140 Tyr Thr Ser Ala Arg
G y224-a (KEp Rr3lleu Ala Asn Ala Leu Ser 145 150 155 160 Lys GQu Leu Gy

Tyr 0Aésnslle Pro Val Phe Ala Ile @y Pro Asn
<400>
atg gca aag aat ttt agc aat gtg gag tat ccc gca ccc ccc ccc gca 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15

cat aca aag aat gag agc tta caa gta tta gat tta ttt aag tta aat 96
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

gga aaa gta gca agc ata aca gga agc agc agc gga ata gga tat gca 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45

tta gca gag gct ttt gca caa gtc gga gca gat gta gca ata tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aat agc cat gat gca aca gga aaa gca gag gca tta gca aag aag tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

gga gta aag gta aag gca tat aaa gca aat gta agc agc agc gat gca 288
Gly val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
B85 90 95

gtc aag caa aca ata gag caa caa ata aag gat ttt gga cat tta gat 336
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110

ata gta gta gca aat gca gga ata ccc tgg aca aag gga gca tat ata 384
Ile Val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

gat caa gat gat gac aag cat ttt gac caa gta gta gat gta gac tta 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 - 135 140

aag gga gta gga tac gta gca aag cat gca gga agg cat ttt agg gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160

agg ttt gag aaa gag gga aaa aag gga gca tta gta ttt aca gca agc 528
Arg Phe Glu Lys Glu Gly lLys Lys Gly Ala Leu Val Phe Thr Ala Ser



165 170 175 Tyr Leu H's Ser Au Asp Ser Pro Tyr Phe Tyr Pro Thr GQu Pro Trp
180 185 190 Lye Thr Asn Pro Qu H's Val Ala H's Val Lys Lys Val Thr Ala Leu
195 200 205 dn Arg Leu Ay Thr An Lye Qu Leu Ay GQu Leu Val Ala Phe Leu
210 215 22Go bS8 Gy Ser Cys Asp Tyr Leu Thr Ay Grdzof3hes2ds P Leu Al a
225 230 235 240 Gy Ay Phe Pro Met Ile u Arg Trp Pro Gy Met Pro G u 245
250 <210> 19 <211> 32 20 WO 2004/ 015132 PCTI US20031025263 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic primer <400> 19 gaattcgccc
atatgtatcc ggatttaaaa gg 32 <210> 20 <211> 34 <212> DNA <213> Artificial
Sequence <220> <22{3¥":5 Synt hetic prilier <400> 20 tYYccggatc ctcattaacc

gcggcect gcc t% s ta>a§tlgt<211> 32 <2 aca<21 > Art|f|C| al Sequence
<220> i%r ptfn%tife Jﬂﬂs{mfiﬁb ?«'ﬁit chi; #}2R0 at aa”agat ttagaa gg 32
<210> 22 11>" 33 < iss Art| I clal Seguence

gca gca aag gca gga gta agg cat ttt gca aag agc tta gca gtc gag 624

Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu

195 200 205
ttt gca ccc ttt gca agg gta aat agc gta agc ccc gga tat ata aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

aca gag ata agc gat ttc gtc ccc caa gag aca caa aat aag tgg tgg 720

Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp

225 230 235 240

age tta gtc ccc tta gga agg gga gga gag aca gca gag tta gta gga 768

Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly

245 250 255
gca tat tta ttc tta gca agc gat gca gga agc tat gca aca gga aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
gat ata ata gta gat gga gga tat aca tta ccc taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280

<210> 6

<211> 283

<212> PRT

<213> Candida magncliae

<400> € .
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45
Leu Ala Glu Ala Phe Ala Gln val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 . 60
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp val Asp Leu
130 135 140

Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160



<220> <223> Synthetic priner <400> 22 ggccggatcc tcattatccg cgtcctgctt gga
33 <210> 23 <211> 765 <212> DNA <213> Artificial Sequence <220> <223> HHDH
P016013-B-03 <221> CDS <222> (1)...(765) <400> 23 atg agc acc get atc gtc
acc aac gt woamew@siszttt gga ggt atg ggt 48 Met Ser Thrpdgsibdsiedées Thr Aan
Val Lys Hs Phe Ay Ay Met Gy 1 5 10 15 21 WD 2004/ 015132 PCTI US2003/ 025263
age get ctg agg ctg agc gaa get ggt cat ace gtc get tgc cat gat 96 Ser Al a
Leu Arg Leu Ser Au Ala dy H's Thr Val Ala Cys H's Asp 20 25 30 gaa age
ttt aaa cag aaa gat gaa ctg gaa get ttt get gaa acc tac 144 du Ser Phe Lye
A n Lystrasihe@iy EE?UGG GlAliygs Piye GAYplE LeuTVal 1?1}9('1‘13151\21@ 545 cca cag ctg aaa cca

atg ag c % et _gaa ct qtc gaa 192 P E’)SGI n Leu Lye Pro Met Ser
Gu en%ag F&% %ag Fg gélgock‘? a](§’Omga‘e1'h t'¢" 28% age get tac ggt cag
gtc gatmgt;clacm giacGe,geaﬁa&gqag 1%40A1a'°¢y% yad L;Ehmas%l #ha Tyr Gy dn Val Asp

Val Lev Val Sexrs Asn Asp 65 7God5 80 ate tttzget cca gaa ttt cag cca atc gat
aaa t acthgetlaghne BlaAtpBrd8l AshdePhial e RrooGl @yPHReée @m Pro Il e Asp Lye Tyr

Ala val_d °Asp 85 90 t gaa et ctg cag ate agg cca ttt
get ct azhg U35 SWPS"AB C—ﬁa? Pﬁ?%‘qi‘/g(!q qq\g %Q;Ai’bﬁy PR Arg Pro Phe Ala Leu
Val 100sei0RuIddl pAteBiy GLY (%Ft(ﬂk/ex uCHR M0cAAde98d1 G¥¢ aag tog ggg cac ate

ate 384 Asn Al a VakssAl a Ser soLys Lys Arg LyesSer Ay Hs Ile He 115
120 12Rlatyratey Biet Léwdlyser gep AdeBlvt rghy 8maThg@Gludhrgag cta tog act 432
Phe Ile Thr. Ser #% Al a Pro Phe 2%y Pro Trp Lys?@u Leu Ser Thr
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 7

<211> 852

<212> DNA

<213> Artificial Sequence

<220>

<221> CDS

<222> {1)...(B52)
<223> Ketoreductase 4

<223> KRED CR2-4

<400> 7
atg gca aag aat ttt agc aat gta gag tat ccc gca ccc ¢cCcc €CCC gca 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat aca aag aat gag agc tta caa gta tta gat tta ttt aag tta aat 96
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn

gga aaa gta gca agc ata aca gga agCc agc agc gga ata gga tat gca 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45

tta gca gag gct ttt gca caa gtc gga gca gat gta gca ata tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aat agc cat gat gca aca gga aaa gca gag gca tta gca aag aag tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

gga gta aag gta aag gca tat aaa gca aat gta agc agc agc gat gca 288
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 S0 95

gtc aag caa aca ata gag caa caa ata aag gat ttt gga cat tta gat 336
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110



130 135 140 tat act tcg get cga get ggg get tgt act cta get sat get cta tcg
480 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Lev Ala Aen Ala Leu Ser 145 150
155 160 aag gag eta gga gag tac aat ate cog gtg ttc get ate ggg cog aat 528

Lye G u Lemo@bodofdise Tyr Aen Ile Pro Val Phe Ala Ile G ycliug:ddsmsid> 170 175
tac cta cac tcg gag gat tcg ccg tac ttc tac cog act gag ccg tgg 576 Tyr Leu
Hs Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 180 185 190 aag act
aat ccg gag cac gtg get cac gtg aag aag gtg act get cta 624 Lye Thr Asn Pro
GQu Hs Val Ala H's Val Lye Lye Val Thr Ala Leu 195 200 205 caa cga cta ggg
iCt aa%tggza%%g Q%Qaj%g%aglgaa ;Egc%%ggcaatté }gtiggcngft Gn Ar ga!&eu Gy Thr dn
ye e t ot c tot tgt gat
t at ttglactlg§§ Aca;A gtgattiy tig(gpf gr%car%f) 1 IpélaSe)Fgg%:y Ser Cys Asp Tyr Leu
Thr Gy A@n Val Phe Trp Leu Ala 225 230 235 240 22 WD 2004/015132

PCTI US280328 282 Gdt gpgcaggycatt ttt gec cas gratgragma It gdcggtacCcC g@gx2 atg ccc gaa

t aa 76HsEHG @sy ABRAIPr bys\VEis Fhe Ak GlmVgl Tiep Bpovad AspVEtu Pro A u 245 250
c210> 24 211> 254 <212>PRT <213> Arti fi*8ial Sequence <220> <223> HHDH

P016013; 'ggg’ gt§ >ta%4gt!\ébgcasg£g -EQ{ géL% éla%gvélt JJEI‘ Q%S avaI L¥§0 H's Phe Ay
ay NEtLy%ny vh1 T140ryE5va1ShTa Aba she W1 Ay el ferpie Abgbts Gy HS Thr Val Ala
Cys Hisatsp 20 25 30 @w Ser Phe Lysi1&n Lys Asp G uideeu Qu Ala Phe Ala Qu
Thr Tyr 35 40 45 Pro G n Leu Lys Pro Met Ser Qu A@n Qu Pro Ala Qu Leu lle

y
g t ag ma g a g g t agt g g
SSU ggrg hg lggyé §ﬁ| G?;Iirhzyzsgis gg?‘Aﬁriepﬂl (%hﬂ ;ﬁl Ala @eg\/al Lé{P Val Ser Asn
p 165 170 175
atg agc gga cat ata gta aat gtc ccc caa ttc caa gca aca tat aat 576
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gca gca aag gca gga gta agg cat ttt gca aag agc tta gca gtc gag 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205

ttt gca c¢cc ttt gca agg gta aat agc gta agc ccc gga tat ata aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

aca gag ata agc gat ttc gtc ccc caa gag aca caa aat aag tgg tgg 720
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240

agc tta gtc ccc tta gga agg gga gga gag aca gca gag tta gta gga 768
Ser Leu Val Prc Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255

gca tat tta ttc tta gca agc gat gca gga agc tat gca aca gga aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat ata ata gta gat gga gga tat act tta ccc taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280

<210> 8

<211> 283

<2125 PRT

<213> Candida magnoliae

<400> 8
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala



Ile Phe Ala Pro A u Phe @n
Arg Ay Al a Vval
Ala Val Ala Ser
Il e Thr SegwgNoss/dsiszPro Phe
Thr Ser Ala Arg Ala Ay Al a
Lys Qu Leu Ay du Tyr Asn
Tyr Leu H's Ser Qu Asp Ser
Lys Thr Aen Pro Qu Hi s Val
G n_Lye

An Arg Leu
Al a Serl®y

240 Gy,

25 <211 765
P016015615 @ Lye2 241> Lgmlgzrzjzmy(sma. 2adn76h) s23 siDs2H04A Q15132 PCT/ US2003/ 025263

a?é?

du Ala Leu
G n Met Lys

Thr

&lAs Elag ﬁlT yilnLed S M
EﬂeAgJ QlM%r léfg Lg'&rmé‘r

<400> 25 atg age acé&5get atc
Met SerVathbyspPa e TR Clfiln

agc get t
O Fofihc o

Leu Arg

Fadih it

Pro Ile Asp Lys
G@nille Arg Pro
Lye Arg Lys Ser
Gy Pro Trp Lye
Leu Al a
Ile Pro Val Phe
Phe Tyr
Val Lys
du Leu 4

Cys Thr

Pro Tyr
Ala H s

t1f

STk

| CI

Tyr
Phe
Ay
du
Asn
Al a
Pro
Lys
keu

Ala Val Gu Asp 85 90 95 Tyr
Al a Leu Val 100 105 110 Asn
Hs Ilelle 115 120 125 Phe
Leu Serpdfissb@foodsap 140  Tyr
Ala Leu Ser 145 150 155 160
Ile Ay Pro Asn 165 170 175
Thr Gu Pro Trp 180 185 190
Val Thr Ala Leu 195 200 205
Val Al a Phe Leu 210 215 220

Pd’ﬁl ¥ PRSI Leu Ala 225 230 235

Clu 245 250 <210>
E?u Af%.légﬂi<§:§39 u

equenc

> <223> HHDH

tc ac® aac gtc aaa ca&b ttt gga ggt atg ggt 48
L&l LyjsyRespPle PHEHG yﬂeGA)?PI\/Et dy 15 10 15

LS. cat gat 96 Ser Al a
%(‘iir ’%Z’%hrAF’és%)( gi's g‘% 20 25 30 gaa agc ttt

aaa cagaspacinJAdp A& ASH QygaAsgmie Adpt cigetalgoa asc vbihGsd44u G u Ser Phe Lye G n
Lys Asp Cutdceu Gu Ala Phassla Gu

Lys
145
Arg
Met
Ala
Phe
Thr
225
Ser

Ala

Asp

Gly
Phe
Ser
Ala
Ala
210
Glu
Leu
Tyr

Ile

<210> 9

<211>
<212>
<213>

<220>

<221>
<222>
<223>

<400> 9

atg
Met
1

tca
Ser

aaa
Lys

aaa
Lys

tat
TYyr

999
Gly

gtg
val

gaa
Glu

Val
Glu
Gly
Lys
195
Pro
Ile
val

Leu

Ile
275

786
DNA
Bacillus sp.

CDs
(1y...
Glucose dehydrogenase

ccyg
Pro

ctc
Leu

gtt
Val
35

gag
Glu

Gly
Lys
His
180
Ala
Phe
Ser
Pro
Phe

260
val

Tyr
Glu
165
Ile
Gly
Ala
ABD
Leu
245

Leu

Asp

(786)

gat
Asp

gga
Gly
20

atc

Ile

gtc
val

tta
Leu
L]

aag

Lys

aac
Asn

atc
Ile

val Ala
150
Gly Lys

val Aan
Val Arg
Arg val
215
Phe Vval
230
Gly Axg
Ala Ser

Gly Gly

aaa gga
Lys Gly

gcg atg
Ala Met

tat tat
Tyr Tyr

aag gcg
Lys Ala

Lys His
Lys Gly

val Pro
185

His Phe

200

Asn Ser

Pro Gln
Gly Gly

Asp Ala

265
Tyr Thr
280

506-3

aaa gtc
Lys Vval

gcc att
Ala Ile
25

agt aat
Ser Asn
40

ggc ggt
Gly Gly

Thr Tyrso

Ala Gly
155

Ala Leu

170

Gln Phe

Ala Lys

Val Ser

Glu Thr
235

Glu Thr

250

Gly Ser

Leu Pro

gtc gct
val ala
10

cge ttce
Arg Phe

aaa caa
Lys Gln

gaa gct
Glu Ala

10

Arg
val
Gln
Ser
Pro
220
Gln

Ala

Tyr

att
Ile

ggc
Gly

gat
Asp

gtt
val

His
Phe
Ala
Leu
205
Gly
Asn

Glu

Ala

aca
Thr

aag
Lys

ccg
Pro
45

gtc
vVal

Phe Arg Glu
160
Thr Ala Ser
175
Thr Tyr Asn
190
Ala Vval Glu

Tyr Ile Asn

Lys Trp Trp
240
Leu Val Gly
255
Thr Gly Thr
270

gga gct gct 48
Gly Ala Ala
15

gag cag gca 96
Glu Gln Ala
30

aac gag gta 144
Asn Glu Val

gtc caa gga 192
Val Gln Gly



35 40 45 <cca cag ctg aaa cca atg agc gaa cag gaa cca get gaa ctg atc gaa 192
Pro Gn Leu Lys Pro Met Ser Qu G@n QQu Pro Ala Qu Lau Ile Qu 50 55 60 get
gtc acc agc get tac ggt cag gtc gat gtc ctg gtc agc aac gat 240 Al a Val Thr
Ser Al a TywoGbhososisz Val Asp Val Leu Val Ser Asn Asp 65 pcdn@oRfdzs2gd C ttt get
cca gaa ttt cag cca atc gat aaa tac get gtc cag gat 288 1Ile The Ala Pro Gu
Phe A n Pro Ile Asp Lye Tyr Ala Val An Asp 85 90 95 tac agg ggt get gtc gaa
get ctg cag atc agg cca ttt get ctg geg 336 Tyr Arg Gy Ala Val Gu Ala Lau
Gnlle Arg Pro Phe Ala Leu Ala 100 105 110 eat get gtg get tcg caa atg aag
aag cga aagcg ggg cac atBSatc 384 Asn APa Val Ala Ser G n Mt Lys Lye Arg
Lys Ser ag%cHics Ialaegalleaa115t %20 a%25aaEthatC %ctaggcgcaqettget Ggg ttc ggg cca

t gg aaisg 1Chd LiRdedc 11143%, e L IE THE S ol AARE BLO Phe*dy Pro Trp Lye
G u Leugper Thr 130 135;0l40 tac act tcgsget cga get gggoget tgt act cta get
aat get cta tcg 480 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Lau Ala Aen Al a
Leu 9eraagfRgl1BG 955ach60tc galy aghgrtetagt Phgddcagatsatt aax ccg2WBt g ttc get atc
ggg ccdvaditusds SyShraher te ! 336%3%? R8Pl @ YPRYE Gt Phe Ala Ile Gy Pro
Mh 165 170 175 tac Cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg

t 99 576Gat Task de@Ucddll SctSBEc Ghd! 26§ Rottc a8 ghY M cdgn§atT¥ia BE® Thr 363 u Pro Trp 180
185 19(nsnaag @it Pr@aterCELp ghgMea®rgliiguges m:pcCTgt Ssrangs &ay gt g act get cta 624
Lys Thr Asn Pro Wou His Val Ala1s Val Lye LysiMal Thr Ala Leu 195 200 205
Cou lushitedtd R RTE B0 H EIRGE delh d0d o1 348 220 o v °
eu S 1 4
2004/01%%3?@&%2’0%3%2%36320gpca tct 6gc tpgtga?ldlt bat T at ttg act ggc cog
gtg ttt tgg ttg gca 720 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay A n Val Phe
Trp LolpaAltat 22050tA3¢RaD34 a4t0 atggegga?e Aattgtecartaday atmtgaa cg#3z gg ccc ggc acg
cce gaa“yf‘afiéafg%% Vag §luahsp I‘i“g;klb? YRERLY | A58 ;’%unﬁrﬁs“w?fv B*o Gy Met Pro Gu

agt gtg cac gaa gtg att cct tgg ccg tta ttt gtc cac tat gcg gea 480
Ser Val His Glu Val Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160

agt aaa ggc ggg ata aag ctg atg aca gaa aca tta gcg ttg gaa tac 528
Ser Lys Gly Gly Ile Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175

gcg ccg aag ggc att cgc gtc aat aat att ggg cca ggt gcg atc aac 576
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190

acg cca atc aat gct gaa aaa ttc gect gac cct aaa cag aaa gct gat 624
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Asp
195 200 205

gta gaa agc atg att cca atg gga tat atc ggc gaa ccg gag gag atc €72
Val Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220

gcc gca gta gca goc tgg ctt goct tcg aag gaa gcc agce tac gtc aca 720
Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr
225 230 235 240

ggc atc acg tta ttc gcg gac ggc ggt atg aca caa tat cct tca ttc 768
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Fhe
245 250 255

cag gca ggc cge ggt taa 786

Gln Ala Gly Arg Gly *
260

<210> 10
<211i> 261

11



245

250 <210> 26 <211> 254 <212> PRT <213> Artificial Sequence <220> <223>

HHDH P016015-C-04 <400> 26 Met Ser Thr Ala Ile Val Thr Asn Val Lys H's Phe

Ay
Al a
du
I'le
Asn
Adn
Al a
I'le
Thr
5er
Pro
Pro
Al a
Al a
Trp
Pro

Gy Mt Ay 15 10 15 Ser Ala Lou Arg Lou Ser Qu Ala Ay H's Thr Val

Cys HiwoAdR/028325 30 G u Ser Phe Lye A n Lys Asp @EcqnlsoshsfdddsN a Phe Al a
Thr Tyr 35 40 45 Pro A n Lou Lye Pro Met Ser Gu A n du Pro Ala Qu Lou

GQu 50 55 60 Ala val Thr Ser Ala Tyr Ay dn Val Asp Val Leu Val Ser

Asp 65 70 75 80 Ile Phe Ala Pro Gu Phe A n Pro Ile Asp Lys Tyr Al a Val
Asp 85 90 95 Tyr Arg Ay Ala Val Gu Ala Leu An lle Arg Pro Phe Ala Lou
16@1208RT. 10 Asn Ala Val Ala Ser A n Met Lye Lye Arg Lye Ser Ay Hs lle
11813282135 Bhe |1e Thr Ser Ala Ala Pro Phe Gy Pro Trp Lys Gu Lou Ser
13Q4d35:440 Tyr Thr Ser Ala Arg Ala Gy Ala Cys Thr Lou Ala Asn Ala Lou

14de 159 pka5nsh6Qu Lkecld byd @d1 Ghy aGhUnidyinrASIY ki RIo Val Phe Ala He Gy
Asn1165 170 1755 Tyr Lou H's Sep Qu Asp Ser Pr» Tyr Phe Tyr Pro Thr Gu

Tr (Fer 180 LE856lYJysL ¥l Nl AP Alergs Ghg Hy sLyvaflusFlr Mas Val Lye Lye Val Thr
Legﬂ 195 v28020205 Gn Arg Lda <hY lhr dn Ly%n_rg u,Llou. Gy Gu Leu Val
Phé?Eod 200 D250 NasSef*ty SeP AY<TRSE™MY L¥u Thr @y @ n val Phe
Louyfdu cddvad30 28 RADc1plaYy Giy afhealPriMah dieefd U Arg Trp Pro Gy Met
A u 246 250 <210> 27ss 60
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95
Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140
Ser Val His Glu Val Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160
Ser Lys Gly Gly Ile Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 150
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Asp
185 200 205
Val Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala Ala Vval Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr
225 230 235 240
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Fhe
245 250 255
Gln Ala Gly Arg Gly
260

<210> 11

<211> 786

<212> DNA

<213> Bacillus Sp.

<220>

<221> DS

<222> (1)...(786)

<223> Glucose dehydrogenase M02-6

<400> 11
atg tat aaa gat tta gaa gga aaa gta gtt gtc ata aca ggt tca tct 48
Met Tyr Lys Asp Leu Glu Gly Lys Val Val Val Ile Thr Gly Ser Ser

1 5 10 15

acc ggt tta gga aaa gca atg gcg att cgt ttt gcg aca gaa aaa get 96

Thr Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Ala Thr Glu Lys Ala
20 25 30

12



<211> 765

<212> DNA <213> Artificial
<220> <223> HHDH P016014- E-01

PCTI US2003/ 025263

Sequence 25 WO 2004/015132

<221> CDS <222> (1)...

(765)

<400> 27 atg agc acc get atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48

Lys H's Phe Ay G pcaisabdadasisd 10 15
cat acc gtc get tgc cat gat 96 Ser Al a

Met
agc
Leu
aaa
Lys
agc g
Gn
gat
Leu
tac
Val
cta
100
384
125
Ile
act
Al a
cta

Ser ThwoAb@yohsi82 Val
get ctg agg ctg agc gaa get ggt

Arg Leu Ser

G b

gtc

10,4

Thr Ser Al a Thr

GQu Ala Ay His Thr
cag aaa gat gaa ctg gaa get ttt
Asp Gu Leu Qu AIa Phe Ala Gu

gaa CcCa

4 ?ﬁ-’ipZZLn

t3g agc

@

aac

a 42598k Ot&
ASlap Alad ! A7 gl;’%@ér

Pr o Phe d

ac ctg

gfé
ttceate act tcg getvmct ccg ttc gggscca tgg aaa gage cta
Lys Gu Leu Ser Thr

N PRy S e b8

aat ate ccg gtg ttc get atc

gga gag tac

aat
Asn

att
Ile

aaa
Lys

agt
Ser
145

agt
Ser

gct
Ala

aca
Thr

gta
val

gca
Ala
225

ggg
Gly

ccg
Pro

gat
Asp

tat

Tyr
130

gtt
Val

aaa
Lys

cca
Pro

ccyg
Pro

gaa
Glu
210

gcg
Ala

att
Ile

gtt
Val

acg
Thr
115

tte
Phe

cat
His

ggt
Gly

aaa
Lys

att
Ile
195

agc

Ser

gtt
val

acg
Thr

tca
Ser
100

aac
Asn

gtg
val

gag
Glu

ggc
Gly

ggt
Gly
180

aac

Asn

atg
Met

gct
Ala

ctce
Leu

tct
Ser

tta
Leu

gaa
Glu

aaa
Lys

atg
Met
165

att
Ile

gct
Ala

att
Ile

gca
Ala

o ot
Phe
245

gf%

cat gaa atg
His Glu Met

acqg
Thr

aat
Asn

att
Ile
150

aag

Lys

cgt
Arg

gag
Glu

cca
Pro

tgg

230

gct
Ala

gga
Gly

gat
Asp
135

cct
Pro

ctc
Leu

gta
val

aaa
Lys

atg
Met
215

cta
Leu

gac
Asp

gca
Ala
120

atec
Ile

tgg
Trp

atg
Met

aat
Asn

o 8
Phe
200

gga
Gly

gct
Ala

ggc
Gly

T

Thr Asn Val

Val

Ala Cys H's Asp 20 25 30 gaa agc ttt

get gaa acc tac 144 du Ser Phe Lye Gn

at t

i ol

Thr Tyr 35 40 45 cca cag ctg aaa cca atg

aa 192 Pro G n Leu Lys Pro Met Ser GQu

LY G u\F’a
Val Ser Asn Asp 65 70 75 80 ate ttt get cca gaa ttt cag cca ate gat aaa
getttgtgpagma fYAcCaad88aa bte ghhegllgagRyca {drugddhettCham B || e1dsp Lys Tyr Al a
A denddugduopegbys pyrcV
gtg 336° Tyr Arg Ay A

ar TRk

GlyGly gdv Agact
VaI

el

%er y

AS%A

ie get #%4c ggt cag gtc
r dy d@dn Val

Asp Val

aklag¥tl BYqyGéwg ate agg cca ttt get

GQu Ala 1%%u Anlle Arg Pro Phe Ala Leu Val

9e£a3: Ald A% CHA

tr14 Yaan LDes V%ﬁgsﬂnY§%rSETa

Pro Trp
argatet a&t

Mﬁﬁgfléﬁﬁfn

tct
Ser
105

ttt
Phe

aag
Lys

cca
Pro

act
Thr

aac
Asn
185

gct
Ala

tac
Tyr

tct
Ser

ggt
Gly

tta
Leu

tta
Leu

gga
Gly

tta
Leu

gaa
Glu
170

act
Ile

gat
Asp

atc
Ile

tca
Ser

atg
Met
250

agc
Ser

gga
Gly

aca
Thr

ttt
Phe
155

aca

Thr

gg99
Gly

cct
Pro

gga
Gly

gaa
Glu
235

aca
Thr

13

i

WA

gat
Asp

agc
Ser

gtt
val
140

gtt
Val

ctt
Leu

ccg
Pro

aag
Lys

gag
Glu
220

gca

Ala

cag
Gln

ggg ccg Sat 528

tgg aat
Trp Asn
110

cgt gaa
Arg Glu
125

att aat
Ile Asn

cat tac
His Tyr

gca tta
Ala Leu

gga gcg
Gly Ala
1%0

cag cgc
Gln Arg
205

ccg gaa
Pro Glu

agt tat
Ser Tyr

tac cca
Tyr Pro

aaa
Lys

gcg
Ala

atg
Met

gca
Ala

gaa
Glu
175

att
Ile

gca
Ala

gaa
Glu

gta
val

tca
Ser
255

gta
val

att
Ile

tcg
Ser

gca
Ala
160

tat
Tyr

aat
Asn

gat
Asp

att
Ile

aca
Thr
240

ttc
Phe

tcg,ggg cac ate atc
g Hs Ilelle 115 120

tcg act 432 Phe
130 135 140 tac

48D Tyr Thr Ser
155 160 aag gag

336

384

432

480

528

576

624

672

720

768



Lye Au Leu Ay Qu Tyr Asn Ile Pro Val Phe Ala Ile Ay Pro Asn 165 170 175
tac cta cac tog gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576 Tyr Leu
H's Ser u Asp 5er Pro Tyr Phe Tyr Pro Thr Qu Pro Trp 180 185 190 aag act

at ccg gaoweass@ifsPet cac gtg aag aag gtg act get cta goddys Asn Pro
GQu Hs Val Ala Hs Val Lys Lys Val Thr Ala Leu 26 WO 2004/ 6%’?%%5

PCTI US20031025263 195 200 205 caa cgs cta 999 act caa aaa gag ttg ggg gaa
ttg gtg gca ttc ctg 672 An Arg Leu Ay Thr Gn Lys Qu Leu Ay Gu Leu Val
Al a Phe Leu 210 215 220 gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt
tgg tt gagoaa 4B@ cadlgwaSera Gy Ser Cys Asp Tyr Leu Thr Ay A n7s&al Phe Trp Leu
Al a 2251m3da F3y aelyggt ggc ttt ccc att ata gaa cgt tgg ccc ggc atg ccc gaa
taa 765 Ay A y%he Pro lle lle Qu Arg Trp Pro Ay Mt Pro Qu + 245 250
<210> 28 <211> 254 <212> PRT <213> Artificial Sequence <220> <223> HHDH
P0160142f>012 <400> 28 Met Ser Thr Ala Ile Val Thr Asn Val Lye His Phe Gy
Ay Metk2@@>y2611 5 10 15 Ser Ala Leu Arg Leu Ser Qu Ala Ay His Thr Val Al a
Cys Hi s2¥spPRI) 25 30 G u Ser Phe Lye G n Lye Asp Qu Leu Gu Ala Phe Ala G u
Thr Tyr2*353%31 W5 880 G n Leu Lye Pro Met Ser Qu Gn Qu Pro Ala Asp Leu Ile
Gu 5Qan 60 Ala Val Thr Ser Ala Tyr Gy A n Val Asp Val Leu Val Ser Aen

Asp 6Bet Qy¥2y8Chspl 1t Ehech ayPwer Ghu vehend thePE19 ddresdsp Lye Tyr Ala Val Qu
Asp 85 90 95 Tyr Arg Ay Ala Val @Gu Ala Leu A n ide Arg Pro Phe Ala Leu Val

100 108™1F0v Aen Ayalwablantier Ser IQ Araishe s ToyeSlripa gt Ser Ay His Ile Ile

Lys Val val Val Asn Tyr Arg Ser Lys Glu Glu Glu Ala Asn Ser Val
35 40 45
Leu Glu Glu Ile Lys Lys Val Gly Gly Glu Ala Ile Ala Val Lys Gly
50 55 60
Asp Val Thr Val Glu Ser Asp Val Ile Asn Leu Val Gln Ser Ala Ile
65 70 75 80
Lys Glu Phe Gly Lys Leu Asp Val Met Ile Asn Asn Ala Gly Met Glu
85 . 90 95
Asn Pro Val Ser Ser His Glu Met Ser Leu Ser Asp Trp Asn Lys Val
100 105 110
Ile Asp Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Thr Val Ile Asn Met Ser
130 ) 135 140
Ser Val His Glu Lys Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 150
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Arg Ala Asp
195 200 205
Val Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala Ala Val Ala Ala Txp Leu Ala Ser Ser Glu Ala Ser Tyr Val Thr
225 230 235 240
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Glm Tyr Pro Ser Phe
245 250 255
Gln Ala Gly Arg Gly
260

<210> 13

<211> 765

<212> DNA

<213> Artificial Sequence

<220>

<221> CDS

<222> (1)...(765)
<223> HHDH.1

<223> HHDH.1
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115 120 125 Phe Ile Thr Ser Ala Thr Pro Phe Ay Pro Trp Lye Gu Leu Ser Thr
130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Aen Ala Leu Ser
145 150 155 160 Lye Gu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala lle Ay Pro
Asn 165 1AQ0%d03ishys Leu His Ser Gu Asp Ser Pro Tyr Phen, 5005/5%2 hr Au Pro
Trp 180 185 190 Lye Thr Asn Pro u H's Val Ala H's Val Lye Lye Val Thr Al a
Leu 195 200 205 dn Arg Leu Ay Thr Gn Lys Qu Leu Ay Gu Leu Val Al a Phe
Leu 210 215 220 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay @n Val Phe Trp Leu
Ala 225 230 235 240 dy Ay the Prolle lle Au Arg Trp Pro Ay Met Pro Qu
245 250 27 WD 2004/ 015132 PCT/ US2003/ 025263 <210> 29 <211> 765 <212> DNA
<213> A@%Pfygggl Ee gencea <g£g>(52é$iaFH?H P916014-G;q$ <2%%> CDS <222>
(1)...F g (22 g F %}g t c4t ¢ aad*®cat ttt gga ggt
atg gg ?':4 Zr I\%f er th%rquTrgg Tneg a ’{El'ﬁl?s 3% %ﬁﬁy@%—f@ Phe Ay Gy Mt dy 1
5 10 15 agc get ctg agg ctg agc gaa get ggt cat acc gtc get tgc cat gat 96
Ser Al agd gtt Arg abertSeagcGian #dtagdl yatHiasc Bae géaltghl eatGys His Asp 20 25 30 gaa
agc tt fenada éay Aaadegaiergda é-‘t@G%aigé‘br Vel AdetCygoiéisaker tac 144 G u Ser The
Lys G n Lys Asp & u Leu Gu Ala e Ala Gu Thr *fyr 35 40 45 cca cag ctg aaa

cca atg,296. 982 G20 93RCeR 98 PGS Akt RAL%:c BI0 G nyfeu Lys Pro Met
Ser @ glﬁsgr Ghe! LiP5 &1 @:Aggg, gﬁu:ﬁa élﬁ%ug %be%a%iugﬂ{r fC acc agc get tac ggt
cag gtc gat gte ctg gtc agc amc gat 240 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc goct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 + 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aagqg tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act teg gct act ccg ttc ggg ccg tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gect cga goct ggg gct tgt act cta gct aat gct cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160

aag gag cta ggg gag tac aat atc ccg gtg ttc get atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 178

tac cta cac tcg gag gat tcg ccg tac ttec tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672

Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220 .
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Al a
atc
Al a
get
du
caa
Lye
ttc
Pro
act
Al a
ttc
Ile
act
Asp
cac
Al a

gag

ggc
Val

ggc
Au

Val Thr Ser Ala Tyr Ay dn Val Asp Val Leu Val Ser Aen Asp 65 70 75 80
ttt get cca gaa ttt cag cca atc gat aaa tac gct'gtc gaa aac 288 |Ile The
Pro GQu Phe A n Pro Ile Asp Lys Tyr Ala Val Au Asn 85 90 95 tac agg ggt

gtc gawoQeds/0déi32 Cag atc agg cca ttt get cta gtg 33Gerhwhordosséd Y Al a Val
Ala Leu dn Ile Arg Pro Phe Ala Leu Val 100 105 110 aat get gtg get tcg

atg aag aaa cga aag tcg ggg cac atc atc 384 Asn Ala Val Ala Ser G n Mt
Lys Arg Lys Ser Ay His Ile Ile 115 120 125 ttc atc act tcg tct act ccg
ggg cca tgg aaa gag cta tcg act 432 Phe Ile Thr Ser Ser Thr Pro Phe Ay
Trp Lye Qu Leu Ser Thr 130 135 140 tac act tcg get cga get ggg get tgt
ct g é"t“§§ gé % 9 ACT\3ac TH38 I5@r LEA| BIIAF 2 dy’™Ma Cys Thr Leu
%sﬁr d §rcyf4 8% T%(S;lyagig ‘&égprt?tﬁrpgb g;@ tac at atc ccg gtg
get atc ggg ccg at 528 Lys Gu Leu dy Gu Tyr Asn Ile Pro Val Phe Al a
G ygPrgac AdR daSath/Btal ¢ha chfik g tcac Gae dtg0cdqaghalBda t 0 ccgréac ttc tac ccg
gaglr GdytRpg B5pcMet281a/\GL Y B6d /104 T8 BLPMEE USR0OBY 025263 Tyr Leu His Ser Qu
Ser Pro Tyr Phe?*fyr Pro Thr A #5fPro Trp 180 185 190 aag act sat ccg gag
gtg get cac gtg aag aag gtg act get cta 624 Lys Thr Asn Pro Qu Hi s Val
H s2Mal 14ys Lye Val Thr Ala Leu 195 200 205 caa cga cta ggg act caa aaa
ttg2ggg2g@a ttg gtg gca ttc ctg 672 Gn Arg Leu Gy Thr A n Lys Qu Leu
G w2luPhal Al a The Leu 210 215 220 gca tct ggc tct tgt gat tat ttg act
caggreopagtggivt Pgca 720 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay Gn
Phe 2dd P, Leu Ala 225 230 235 240 ggc ggc ttt ccc ata ata gaa cgt tgg ccc

at &e@%r%@ A13811659a1 Gy afd WaPh$s B0 dh'aeclly|é*1 & ALY Trp Pro Gy Met Pro
" 245 250 <2103 30 <211> 254 1§212> PRT <213>1#rti f| ci al Sequence
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
1a80 1as 150
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 15

<211l> 765

<212> DNA

<213> Artificial Sequence

<220>

<221> CDS
<222> (1)...{765)
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<220> <223> HHDH P016014-G 08 <400> 30 Met Ser Thr Ala Ile Val Thr Asn Phe

Lye
H s
Al a
Al a
Leu
Tyr
Phe
Ay
Au
Asn
Al a
Pro
Lys
Leu
Ay
Ay
765

Hs Phe Ay Ay Met Ay 1 5 10 15 Ser Ala Leu Arg Leu Ser Qu Ala Ay
Thr vVal Ala Cys His Asp 20 25 30 G u Ser Phe Lye An Lys Asp Qu Leu GQu
Phe AlwoGhddolfisz Tyr 35 40 45 Pro G n Leu Lys Pro Nedr/da8kosfmdse:G N G u Pro
Asp Leu Ile u 50 55 60 Ala Val Thr Ser Ala Tyr Gy dn Val Asp Val

Val Ser Asn Asp 65 70 75 80 Ile Phe Ala Pro Gu Phe A n Pro Ile Asp Lys
Ala Val Qu Asn 85 90 95 Tyr Arg Ay Ala Val Qu Ala Leu Gn Ile Arg Pro
Ala Leu Val 100 105 110 Asn Ala Val Ala Ser Gn Met Lys Lye Arg Lys Ser
Hi s23eBfle2 115 120 125 Phe Ile Thr Ser Ser Thr Pro Phe Ay Pro Trp Lys

Leu283§a>rH 130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Al a
Al & er® 145 150 155 160 Lye Qu Leu Ay GQu Tyr Asn Ile Pro Val Phe

Ile4a,y1?ro Asn 165 170 175 Tyr Leu His Ser Au Asp Ser Pro Tyr Phe Tyr
Thrat§lage Rico gbtpatclffr 185 adOQ@te \uaa e tASygbraucChiy bis Val & a Hi s Val Lye
ValMeffer Atby AleyTlelVd 200 ADYal Cym Hap Phecfly@Fy Métr GG n Lye Qu Leu Ay Qu
Val *Al a Phe Leu 210 215 220 29 WO 2004/015132 PETf US2003/ 025263 Al a Ser

Ser, 0L, n._val € JiPedefls 225 2 235 240 dy
e Aﬁf‘g Ar§ R mlb%“ ﬂ?raoé szii?; 250 %105 31 <2115
<212> DNA <233> Art | f | ci al 2equence

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt caa gtc gat gtc ctg gtc agc aac gat 240
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pre Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 85

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gcet gtg gect teg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act teg gct act ceg ttec ggg ccg tgg aag gag cta teg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gct cga gct ggg get tgt act cta get aat gect cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160

aag gag cta ggg gag tac aat atc ccg gtg ttc get atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 130

aag act aat c¢cg gag cac gtg gct cac gtg aag aag gtg act g¢t cta 624

Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

17



<220> <223> HHDH Mz1l/ 2G5 <221> CDS <222> (1)...(765) <400> 31 atg agc acc
get atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 40 Mt Ser Thr Ala lle
Val Thr Asn Val Lye His Phe Ay Ay Met Gy 1 5 10 15 agc get ctg agg ctg

agc gaa gelyod@badigfszacc gtc get tgc cat gat 96 Ser Al gpds@gkafisiadagy Ser G u
Ala Ay His Thr Val Ala Cys H's Asp 20 25 30 gaa agc ttt aaa cag aaa gat gaa

ctg gaa get ttt get gaa acc tac 144 G u Ser Phe Lye G n Lys Asp Qu Leu Gu
Ala Phe Ala Gu Thr Tyr 35 40 45 <cca cag ctg aaa cca atg agc gaa cag gaa cca
get gaa ctg atc gaa 192 Pro Gn Lau Lys Pro Met Ser Gu Gn Qu Pro Ala Gu
Leu || ecadl egaberabgaghectyeta gae sag-ta(Eyge ttgcagybcTagt gtg gat 692 c ctg gtc age
aac gatG124’G-’9 IquaClyaThrT{in Qup GApderyGlyFlyp I@unvalaplandpe 88 Lau Val Ser Asn Asp
65 70 75 80° atc ttt get for:] gas ttt cag %¥la atc gat aaa tac get gtc gaa gat

288 | lgaPhe Nacdkr 09Chk BRE (GhMcbrRc! dofg ASPedey 8ggl¥Eg AR Val ;8 u Asp 85 90 95
tac agoriggdergelly gHrCcgnasg@ir Qed Madslgi@nad] pxeAaTid Le@&uacta gtg 336 Tyr Arg
Ay Alae2¥al Qu Ala Le@3@Gn Ile Arg PrppsPhe Ala Leu Vako100 105 110 aat get

gtg get tag caa atg aa ga aag tcg gg:g cac atc atc 384 Asn Ala Val A a
Ser ﬁ/éfg gt'l g von SOF YR E ;ég E9°e9§ﬁ53i20 125 t'fT atc act tag

Fenld
get 1chg Lg?: ggg?f:;ca ag aaa 55 5g a tcg act 432 Phe Ile Thr Ser Ala Thr
Pro Phe @y Pro Trp Lys Qu Leu Ser Thr 130 135 140 tac act tcg get cga get
ggg get tgt act cta get aat get cta tcg 480 Tyr Thr Ser Ala Arg Ala Ay Ala
Cys Thr<2E%=u1N a Asn Ala Leu Ser 145 150 155 160 30 WO 2004/ 015132

PCT/ US 263 aag gag cta gga gag tac aat atc ccg gtg ttc get atc ggg
ccg aat<2 chalde¥idnfBp Yy Gu Tyr Asn Ile Pro Val Phe Ala Ile Ay Pro Asn
165 170 175 tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg
576 <400> 16
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
a5 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Vval Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Vval Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Aap Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 17

<211> 765

<212> DNA

<213> Artificial Sequence
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Tyr
aag
Aen
cta
Thr
t gt
Tyr
at a
Trp
Arti
Val
Ser
Asp
Au

Pro
Adn
Lys

Cys

Leu Hs Ser u Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 180 185 190
act sat ccg gag cac gtg get cac gtg aag aag gtg act get cta 624 Lys Thr
Pro Qu Hs Val Ala H's Val Lys Lye Val Thr Ala Leu 195 200 205 caa cgs
ggg acwoeem/efdz gag ttg ggg gaa ttg gtg gca ttt ttocGARze0adots2édy 9 Leu Ay
Gn Lys Qu Leu Ay GQu Leu Val Ala Phe Leu 210 215 220 gca tct ggc tct
gat tat ttg act ggc cag gtg ttt tgg ttg gca 720 Ala Ser Ay Ser Lys Asp
Leu Thr Ay G n Val Phe Trp Leu Ala 225 230 235 240 ggc ggc ttt ccc atg
gaa cgt tgg ccc ggc atg ccc gaa taa 765 Ay Ay Phe Pro Met Ile Qu Arg
Pr o=2G’>y Met Pro Gu 245 250 <210> 32 <211> 254 <212> PRT <213>

fi cﬁz l jue <220> <223> HHDH Mz1l/ 2G5 <400> 32 Met Ser Thr Ala lle
Thrt ll}fg’Hls Phe Gy Ay Met Ay 1 5 10 15 Ser Ala Leu Arg Leu
Adu Ala Qy His Thr Val Ala Cys His Asp 20 25 30 G n 5er Phe Lye G n Lye
G n2keur@iidl a Phe Ala Gu Thr Tyr 35 40 45 Pro G n Leu Lye Pro Met Ser
Gn du Pro Ala Glu Leu IIe Glu 50 55 60 Ala VvVal Thr Ser Ala Tyr Ay
Val<? 70 75 80 IIePheAIaProGuPheGn
Ilqdeésstchsfg t Fack ic'v@fl §§ 3&%9‘1‘&3% t%S?fl’t AFg gy A a*val Gu Ala Leu
IleiArg Pro Plh Al a Leu Val Ken Ala Ser A n Mt Lye
Arg Lye Ser Ay Hs Ile Ile 115 120 125 Phe IIe Thr Ser Ala Thr Pro Phe
Pr ®g¥rgstlste @EouciseascSgra Bhy saBCat 3scIgkl gcFyracThat Ser Ala Mg Ala Ay A a
ThreeE dthaAey %nbﬁﬁﬂ ge1 6t 8k GlMBSPPS‘G ‘TQSMJ?G@’“ His Asp

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144

Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192

Prc Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Vval Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp

65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp

85 S0 95

tac agg ggt gct gtc gaa gct ctg cag atec agg cca ttt gect cta gtg 336

Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tcg get act ccg ttc ggg ccg tgg aag gag cta tecg act 432

Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gct cga gct ggg gect tgt act cta gct aat gct cta tecg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser

145 150 155 160
aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn

165 170 175
tac cta cac tcg gag gat tcg ccg tac ttc tac cecg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Prc Trp
180 185 180

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
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Lys Gu Leu Ay GQu Tyr Asn Ile Pro Val
A u Asp Ser
2004/ 015132 PCT1US2003/ 025263 180 185 190 Lys Thr Asn Pro Gu His Val A a

195 200 205 G n Arg Lgyrédayoshidsid N Lys Gu
Al a Phe Leu 210 215 220 Ala Ser dy 5er Cys Asp Tyr Leu

Tyr
Hi s

Thr

Artificial
<400> 33sthy

Met

acc
Leu
aaa
Lys
agc
dn
gat

Leu
tac
Val

Leu H s Ser

Val Lywolxeoyedsz Thr Al a Leu
Leu Ay GQu Leu Val

Gy dn Vval
Arg Trp Pro Gy Met Pro A u 245 250

Sequence

A

Ser Pro

gOt
Afghl

O b ay Hmoiete

Valgg&ejgcAat Aspatap atd) gdd <8O tgdtdectdgt 43at cdeCqaadlsma ttt cagresa

a
g

a&%
St

Phe Trp Leu Ala 225 230 235 240 dy Gy Phe Pro Met
<210> 33 <211> 765
<220> <223> HHDH Mzi .
PrecElyEts Hek
Ile VaI

Ly

Thr

Pro Tyr

h val

J: & s Al

gatghat ét:
F}érée 85 G%
gtc ctg gtc agc aac gat 240 Al a \fa

Phe Ala Ile Ay Pro Aen 165 170 175
Phe Tyr

Thr

Pro Thr

1AS

<221> CDS <222> (1).
¢ dligcialdaw lgscvaladhaia et ggt ggt atg ggt 48
Lye Hs e Ay Ay Met Ay 1 5 10 15

cat
%ﬁig;gﬁ 20 23%0
cag aaaogat gaa ctg gaas get ttt get gaa acc tac 144 du Ser the
Asp Gu Leu Au Ala Phe Ala G u Thr Tyr 35 40 45 cca cag ctg
agt (99 eﬂi’glﬂg Loy ggaGHEE B8 Lys 7PR o
Y5t Phgt Toatee

Ser Al a

?bg: got tac
yr Ay Gn

getclgt@ygeia Pt Mid88le Gl ARG Fxo By MetuPtohelud n Pro |l e Asp
A u Asp 85 90 9%s

<210> 18

<211> 254
<212> PRT
<213> Agrobacterium

<400> 18
Met Ser Thr Ala

1

Ser Ala Leu

Glu
Pro
Ala

65
Ile

Tyr
Asn

Phe

Tyr
145
Lys
TYyr
Lys
Gln

Ala
225
Gly

Ser
Gln
50

vVal
Phe
Arg
Ala
Ile
130
Thr
Glu
Leu
Thr
Arg
210

Ser

Gly

Phe
35

Leu
Thr
Ala
Gly
Val
115
Thr
Ser
Leu
His
Asn
195
Leu

Gly

Phe

<210> 19
<21l1> 32

Arg
20

Lys
Lys
Ser
Pro
Ala
100
Ala
Ser
Ala
Gly
Ser
180
Pro
Gly

Ser

Pro

Ile
5
Leu
Gln
Pro
Ala
Glu

85

Val
Ser
Ala
Arg
Glu
165
Glu
Glu
Thr
Cys

Met
245

val
Ser
Lys
Met

Tyxr
70

Phe
Glu
Gln
Thr
Ala
150
Tyr
Asp
His
Gln
Asp

230
Ile

Thr
Glu
Asp
Ser
55

Gly
Gln
Ala
Met
Pro
135
Gly
Asn
Ser
vVal
Lys
215
Tyr

Glu

Asn
Ala
Glu
40

Glu
Gln
Pro
Leu
Lys
120
Phe
Ala
Ile
Pro
Ala
200
Glu

Leu

Arg

val
Gly
25

Leu
Gln
val
Ile
Gln
105
Lys
Gly
Cys
Pro
Tyr
185
His
Leu

Thr

Trp

250

Lys
10

His
Glu
Glu
Asp
Asp
90

Ile
Arg
Pro
Thr
val
170
Phe
Val
Gly
Gly

Pro
250

His
Thr
Ala
Pro
Val
75

Lys
Arg
Lys
Trp
Leu

155
Phe

Tyr
Lys
Glu
Gln

235
Gly

20

Phe
Val
Phe
Ala

60
Leu

Tyr
Pro
Ser
Lys
140
Ala
Ala
Pro
Lys
Leu
220

Val

Met

Gly
Ala
Ala
45

Glu
val
Ala
Phe
Gly
125
Glu
Asn
Ile
Thr
val
205
Val
Phe

Pro

Gly
Cys
30

Glu
Leu
Ser
val
Ala
110
His
Leu
Ala
Gly
Glu
150
Thr
Ala
Trp

Glu

Met
15

His
Thr
Ile
Asn
Glu
95

Leu
Ile
Ser
Leu
Pro
175
Pro
Ala
Phe

Leu

Gly
Asp
Tyr
Glu
Asp
Asp
val
Ile
Thr
Ser

160
Asn

Trp
Leu
Leu

Ala
240

GQu Pro Trp 31 WO

Ile Qu

<212> DNA <213>

. (765)

96 Thr Al a
gaa agc ttt

aaa
Met
got
Val
atc
Lys

Lys A n
cca atg
Ser Gu
cag gtc
Asp Val
gat aaa
Tyr Al a



tac agg ggt get gtc gaa get ctg cag atc agg cca ttt get cta gtg 336 Tyr Arg
Gy Ala Val Qu Ala Leu @n lle Arg Pro Phe Ala Leu Val 100 105 110 sat got
gtg get tcg caa atg aag aag cgs aag tcg ggg cac atc atc 384 Aen Ala Val A a
Ser G n Meiwo6udi¥32Arg Lys Ser Ay His Ile Ile 115 120pdefshbfoziss act tcg
get act cog ttc ggg ccg tgg aag gag cta tog act 432 Phe Ile Thr Ser Ala Thr
Pro Phe Gy Pro Trp Lye Qu Leu Ser Thr 130 135 140 32 WO 2004/ 015132

PCTI US2003/ 025263 tac act tcg got cga get ggg got tgt act cta got aat got
cta tcg 480 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Aen Ala Lau Ser
145 15021550860 aag gag cta gga gag tac aat atc cog gtg ttc got atc ggg ccg
aat 52821p3 dredficiad Saq @ u Tyr Asn Ile Pro Val Phe Ala Ile Ay Pro Asn 165
170 175,,5ac cta cac tcg gag gat tog ccg tac ttc tac ccg act gag ccg tgg 576
Tyr LeLLzél_t,,s spftheldlpAsR-Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 180 185 190
aag act sat ccg gag cac gtg get cac gtg aag aag gtg act got cta 624 Lys Thr
Asn Pro4®ulPis Val Ala Hs Val Lys Lys Val Thr Ala Leu 195 200 205 caa cga
cta ggPPaEtCoee a2 Rtdt Y4 9925 998" §da ttg gtg gca ttt ttg 672 GHh Arg Leu Ay
Thr G ”a&é{?z? ulLeu Ay GQu Leu Val Ala Phe Leu 210 215 220 gca tct ggc tct
tgt gat.h@f 3ktg act ggc cag gtg ttt tgg ttg gca 720 Ala Ser Ay Ser Cys Asp
Tyr Lew2Ils oy G n Val Phe Trp Leu Ala 225 230 235 240 ggc ggc ttt ccc atg
at a gaa<2e¥t Arggicizd grgoemteg ccCc gaa taa 765 Ay Ay Phe Pro Met Ile Qu Arg
Trp Pro Ay Met Pro Qu 245 250 <210> 34 <211> 254 <212> PRT - <213>
ArtificiZ8l” Sequepge <220> <223> HHDH M2i.| A5 <400> 34 Met Ser Pro Ala Ile

<2 ?] %éh eE [+]

i me
val Thr ys*H'S Phe Ay Gy Mt Ay 1 5 10 15
<400> 20
tggccggatc ctcattaacc gcggectgcecc tgga 34
<210> 21
<211> 32
<212> DNA

<213> Artificial Segquence

<220>
<223> Synthetic primer

<400> 21
gaattcgcce atatgtataa agatttagaa gg 32

<210> 22

<211l> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer

<400> 22
ggccggatcc tcattatccg cgtcctgett gga 33

<210> 23

<21l1l> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> HHDH P016013-B-03

<221> CDS
<222> (1)...1{765)
<400> 23
atg agc acc get ate gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15

21



Thr
Ser
Leu
Thr
Al a

Al a
Leu
du
Asp
Asp
Arg

Ala Leu Arg Leu Ser Gu
Phe Lys G n Lye Asp G u
Lys Pro Met Ser Au Gn
Ser Al wohyé4/0ckd2d n Val
Pro Gu Phe Gn Pro lle
Ala Val Qu Ala Leu dn lle
Ala Ser An Met Lys Lye Arg Lye
Ser Ala Thr Pro Phe Ay Pro Trp

2004/ 015132 PCT1US20031025263 T
Al a Asif9Al § (Lgé‘ﬁ sy
the A & 1"&*&%Y Bio"
Tyr
Lye LyeadalcTde

Val

Ay
du
Pro

Lys
Pro
Ser
Lye

dn
Al a
Al a

Leu

Tyr
Phe
Ay
Au
Thr

c g

?4?“15@5 g?‘a‘:; 6}%%
Pro Thr Glu Pro Trp 180 185 190 Lye Thr Asn Pro Gu H s Val
ddaacdgesnal 95 304 c29)paa Geb tAk ggdreghaChae tr G nikyye Qu Leu Ay

Ser Al a Ar

F

Thr Val Ala Cys His Asp 20 25 30 Qu
Phe Ala G u Thr Tyr 35 40 45 Pro G n
Qu Leulle Gu 50 55 60 Ala Val
Val Ser Asn Asppc19®s268052680 |1 e Phe
Ala Val Qu Asp 85 90 95 Tyr Arg Ay
Ala Leu Val 100 105 110 Asn Al a Val
Hs Ilelle 115 120 125 Phe Ile Thr
Leu Ser Thr 130 135 140 33 WO
AI a y Ala Cys Thr Leu
'iJ Tyr #en Ile Pro Val
Ser u Asp Ser Pro Tyr the
Ala H s Val

Bk
o 1|§|I

d u LeflyFer Abg LyviseClnelys R4r) G4 Bep Z0u Mla PBerAl@ §luSeyr @y Asp Tyr Leu Thr Ay
An Val the TPp Leu Ala 225 230 235 240 Gy‘-”Gy the Pro Met Ile Qu Arg Trp

Pro G P
sreguenééf%izf@%

50

8e, aca i@ﬁ& g é%gi)

tac
Tyr
70

acc
Thr

gct
Ala
€5

gtc
val

agc
Ser

gct
Ala

gtc
val

ggt
Gly

cag
Gln

ttt
Phe

ttt
Phe

atc
Ile

atc
Ile

gct
Ala

cca
Pro

gaa
Glu
85

cag
Gln

cca
Pro

tac

Tyr

ggt
Gly

gct
Ala
100

gct
Ala

agg
Arg

gaa
Glu

cag
Gln
105

gtc
vVal

ctg
Leu

caa
Gln

aat
Asn

gct
Ala

gct
Ala

tcg
Ser

atg
Met

gtg
val
115

aag
Lys
120

aag
Lys

tte
Phe

act
Thr

tte
Phe

atc
Ile
130

tcg
Ser

gct
Ala

gct
Ala

ccg
Pro
135

ggg
Gly

act
Thr

tac

Tyr
145

tcg
Ser

gct
Ala

cga
Arg

gct
Ala
150

gct
Ala

g99
Gly

tgt
Cys

cta
Leu

aat
Asn

atc
Ile

tac
TYY

aag
Lys

gga
Gly

gag
Glu

gag
Glu
165

ccg
Pro

tac
Tyr
185

cta
Leu

tac

Tyr

cac
His

tcg
Ser
180

gat
Asp

tcg
Ser

gag
Glu

ccg
Pro

aat
Asn
195

act
Thr

aag
Lys

cac
His

ccg
Pro

cac
His

gct
Ala
200

gtg
Val

gag
Glu

act
Thr

cta
Leu

aaa
Lys
215

caa
Gln

cga
Arg
210

caa
Gln

ttg
Leu

gg99
Gly

gag
Glu

tct
Ser

tct
Ser

tat
TYr

act
Thr

gca
Ala
225

tgt
Cys

gat
Asp
230

ttg
Leu

ggc
Gly

g§§ <211 7§ i; %%_g> Artificial
G1§ he( a-- ( <400> 35
gat gtc ctg gtc agc aac gat 240
Agp Val Leu Val Ser Asn Asp

75 80
gat aaa tac gct gtc gaa gat 288
Asp Lys Tyr Ala Val Glu Asp

90 95
atc agg cca ttt gct cta gtg 336
Ile Arg Pro Phe Ala Leu Val
110
cga aag tcg ggg cac atc atc 384
Arg Lys Ser Gly His Ile Ile
125
cca tgg aaa gag cta teg act 432
Pro Trp Lys Glu Leu Ser Thr
140

act cta gct aat gct cta tcg 480
Thr Leu Ala Asn Ala Leu Ser

155 160
gtg ttc gct atc ggg ccg aat 528
val Phe Ala Ile Gly Pro Asn
170 175
ttc tac ccg act gag ccg tgg 576
Phe Tyr Pro Thr Glu Pro Trp

190
gtg aag aag gtg act gct cta 624
Val Lys Lys Val Thr Ala Leu
205
ggg gaa ttg gtg gca ttc ttg 672
Gly Glu Leu Val Ala Phe Leu
220

ggc cag gtg ttt tgg ttg gca 720
Gly Gln Val Phe Trp Leu Ala

235 240

22



atg
Thr
ctg
Leu
aaa
Au
cag
Pro
ctg
Ser
gtc
Asp
336
110
Al a

aag
Leu
get
Ser
ccg
165
576
190
Thr

agc acc get atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48 Met Ser
Ala Ile Val Thr Asn Val Lye Hs the Ay Ay Mt Ay 1 5 10 15 ago got
agg ctg ago gaa get ggt cat acc gtc get tgc cat gat 96 Ser Ala Leu Arg
Ser G woMoswdskszH s Thr Val Ala Cys H's Asp 20 25 3frr1/Gdd03a96si It aaa cag
gat gaa ctg gaa get ttt got gaa acc tac 144 du Ser the Lye A n Lye Asp
Leu Qu Ala the Ala Qu Thr Tyr 35 40 45 <cca cag ctg aaa cca atg ago gaa
gaa cca get gaa ctg atc gaa 192 Pro G n Leu Lys Pro Met Ser Au A n Qu
Ala Gu Leu Ile Gu 50 55 60 got gtc acc ago got tac ggt cag gtc gat gtc
gt casagagcat g&t ath/@ta gy cgbltaThacc e P;gaccFygarga G n Val 7Asp Val Leu Val
Aerlﬁs‘BYG%‘W o7¥etgfle Gy AF?tTrertm&:lé{ ¥pxaPit Bltad cca atc gat aaa tac get
gaa gat 288 118%Phe Ala Pro G4°Phe G n Pro Ile Asp Lye Tyr Ala Val du
85 90 95 tac agg ggt got gtc gaa got ctg cag atc agg cca ttt get cta gtg
Tya18gady Ala Val Qu Ala Leu An Ile Arg Pro the Ala Leu Val 100 105
sazlyosyt g get tcg caa atg aag aag cgs aag tcg ggg cac atc atc 384 Asn
Val <2APn Fip e Lys Arg Lye Ser Ay His Ile Ile 34 WD 20041015132

PCT/ USZ36%7 Oﬁfﬁ?allﬁui’?é 125 ttc atc act tcg get act ccg ttc ggg cca tgg

gag.,64a tcg act 432 Phe Ile Thr Ser Ala Thr Pro Phe Ay Pro Trp Lye GQu
Ser<23ty uili30pch3b13L4004 ac act tcg get cga get ggg get agt act cta get aat
cta tog 480 Tyr Thr Ser Ala Arg Ala Ay Ala Ser Thr Leu Ala Asn Ala Leu

14543%02455 160 aa ag cta tac _eat_atc ccg gtg ttc get atc ggg
aat"$5287 Ty i el_}é E/AE;‘I‘I}"’%&P’B%{B% heeS i BVHE" EHZ Ala lle Ay Pro Aen

17Qsed 7 a edCa tﬁeucg& 480 298G aks 169 RATAL:26yd E{Qs h@¢ ccg act gag ccg tgg
Tyr Leu His20Ser G u Asp SerzsPro Tyr Phe TysoPro Thr G u Pro Trp 180 185
agfuassr rhatLysCElgbyp é8g Gt Jegeiludae Rjtegma:agltaagr gkg act get cta 624 Lys
Asn Prog G5 His Val Ala HPs Val Lys Lye 4l Thr Ala Leu 195 200 205
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro 1a Glu Leu Ile Glu
50 55
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 : 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 130
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
185 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 2315 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 25
<211> 765
<212> DNA
<213> Artificial Sequence

«220>
<223> HHDH P016015-C-04

<221> (DS
<222> (1)...(765)

23



caa
Leu

ggc
Cys
ccc
Au
Arti
Val
Ser
Asp
du
Adn
Pro
Adn
110
125
140
155
170

cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672 dn Arg
Ay Thr An Lys Qu Leu Ay Qu Leu Val Ala Phe Leu 210 215 220 gca tct
tot tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720 Ala 5er Ay Ser
Asp Twyohkeudnidisz2 Ay G n Val Phe Trp Leu Ala 225 23Qc4AR2603/025260C 9gc ttt
atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765 Gy Gy Phe Pro Met Ile
Arg Trp Pro Ay Met Pro Qu 245 250 <210> 36 <211> 254 <212> PRT <213>
ficial Sequence ¢220> <223> HHDH cysl.10 <400> 36 Met Ser Thr Ala lle
Thr Aen Val Lye Hs Phe Ay Ay Met Gy 1 5 10 15 Ser Ala Leu Arg Leu
Gu Ala Ay H's Thr Val Ala Cys His Asp 20 25 30 G u Ser Phe Lys Gn Lye

a G:E‘é;uzﬁclé Ala Phe Ala G ugThr JIyr, 35 40 45 Pro g; n Leu,Lye Pro Met Ser
< {ieﬁﬁﬁm FiiCHE la%éﬁ'r a6 W Fye 300 53 6Ty ?ﬁ?m%@%hr sef® Ala Tyr Gy

Val ;Asp Val Leu &/al Ser Asn Aspigb5 70 75780 ° | e Ala Pro Au Phe Gn
Ile Asp Lye Tyr Ala Val Cu Asp 85 90 95 Tyr Arg Ay Ala Val Qu Ala Leu
| | @gAragt Ritg dkecthl agd ger Wat 986 WP REBHE0IB 18k PETAYS2003/ 825263 100 105
AsFeA|Aa\ken AP legefercih Rt %g@ief@rAWa@ MpeCySePigpgP His Ile Ile 115 120
Phe Ile Thr %8er Ala Thr Pro*Phe Gy Pro Tr p3°|_ye G u Leu Ser Thr 130 135

Taa HRE 2€7azAl GagPbsh Gh ofd Yer N Ra SRE chRMgdeCla,hde £30 Al aheu Ser 145 150
16@1ulgge fHeluysesinlye Ebpl cly Ledeuldle fBeoalMat1Phe- A Ile Ay Pro Asn 165

175 Tyr 138u Hs Ser Au Asp Ser Pro Tyr 4he Tyr Pro Thr Gu Pro Trp

cca cag ctg aaa cca atg agc gaa cag gaa c¢ca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Vval Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc cag gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp lys Tyr Ala Val Gln Asp
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct ctg gcg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Ala
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tcg gct gct ccg ttc ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gct cga gct ggg gct tgt act cta gct aat gct cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160

aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Prc Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac dtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672

Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

24



180 185 190 Lye Thr Asn Pro Gu H's Val Ala H's Val Lys Lye Val Thr Ala Leu
195 200 205 dn Arg Leu dy Thr An Lye Qu Leu Ay Gu Leu Val Al a Phe Leu
210 215 220 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay A@n Val Phe Trp Leu Al a

225 230 2350268016y Gy Phe Pro Met Ile Gu Arg Trp PrggridssodyRis:iy 0 G u 245
250 <210> 37 <211> 765 <212> DNA <213> Artificial Sequence <220> <223>

HHDH cys2.12 <221> CDS <222> (1)... (765) <400> 37 atg agc acc get atc gtc
ace aac gtc aaa cat ttt gga ggt atg ggt 48 Mt Ser Thr Ala Ile Val Thr Asn
Val Lye Hs Phe Gy Ay Met Ay 1 5 10 15 agc get ctg agg ctg agc gaa get
ggt cat acc gtc get cg cat gat 96 Ser Ala Leu Arg Leu Ser Au Ala Gy H's
Thr Val9AI%%t A% Hts a‘tZL'Gt-CBG‘Ct ﬁa Attt tatly EHy9%ha gaf’?Qaa ctg gaa get
ttt gethgdaace sEeéccyj'lgap TR Y= g G Py EPARY B Leu Gu Ala Phe Ala
Gu Thr Tyr 35 40 45 cca cag ctg aaa cca atg age gaa cag gaa cca get gaa ctg
at e gaaygdPac detoccd axgleth by cbt @gdbicc Sk Ldglcdd ghaCkab Pro Ala7sé68 u Leu Ile Gu
50 55 &0y ¥v RiecPracdetaliee gbt Atadrpdrocdy MptcPmaglugtt ctg gtc agc aac gat 240
Ala Val Thr Ser Al a?*fyr Ay dn Val?*Asp Val Leu Val Ser Aen Asp 65 70 75 80
atc ttt get cca gaa ttt cag cca atc gat aaa tac get gtc gaa gat 288 1le Phe
Ala Pro,@u,Phe Gn Pro Ile Asp Lys Tyr Ala Val GQu Asp 85 90 95 tac agg ggt
get 0Ot x2gpazget ctg cag atc agg cca ttt get cta gtg 336 36 WO 2004/ 015132
PCT/ USZ2R08/ e&5263 Tyr Arg Ay Ala Val Gu Ala Leu An lle Arg Pro Phe Al a
Leu Val<?1poAg@siciad Sequence

<220>
<223> HHDH P016015-C-04

<400> 26
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 . 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
3s 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
S0 S8 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Prc Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Ala
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Prc Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 150
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 208
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 2158 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 27

<211> 765

<212> DNA

<«213> Artificial Sequence
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sat get gtg get tcg caa atg aag aag cga aag tcg ggg cac atc atc 384 Aen A a
Val Ala Ser G n Met Lye Lys Arg Lys Ser Ay Hs Ile Ile 115 120 125 ttc atc
act tcg get act ccg ttc ggg cca tgg aag gag cta tcg act 432 Phe Ile Thr Ser
Al a Thr ProBbggiz Pro Trp Lye GQu Leu Ser Thr 130 135 2WRf28ef tcg get
cga get ggg get tgt act cta get sat get cta tcg 480 Tyr Thr Ser Ala Arg Ala
Gy Ala Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155 160 aag gag cta gga gag
tac aat atc ccg gtg ttc get atc ggg ccg aat 528 Lye Qu Leu Ay Gu Tyr Aen
Ile Pro Val the Ala lle Ay Pro Asn 165 170 175 tac cta cac tcg gag gat tcg
ccg tac<i2ce tac ccg act gag ccg tgg 576 Tyr Leu H's Ser Qu Asp Ser Pro Tyr
t he Tyr<32d HRY BQL¢PPriyO¥rp 180 185 190 aag act aat ccg gag cac gtg get cac
gtg aag_p3g g act get cta 624 Lys Thr Asn Pro u Hs Val Ala Hs Val Lye
Lye Val ;6B Aha, Les,195 200 205 caa cga cta ggg act caa aaa gag ttg ggg gaa
ttg gtg gca ttt ttg 672 GAn Arg Leu Ay Thr Gn Lye Au Leu Ay Gu Leu Val
Al a The<4o@w 2210 215 220 gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt
t gg ttga%cas72eF SRt RLSHLC FOP IqSr IRy 323A8 ’Fgfr JgePITHAI@IY A n V8l Phe Trp Leu
Ala 225”%6‘“’2%1' 240 119de g ‘l“t"tvi}cﬁ’l’gaf‘g Bbaogad edtitYg ccc gge atg cecc gaa
taa 765 "y Ay Phe ™ Pro Met Ile Au Arg Trp Pro Ay Met Pro Qu 245 250
<210> 38§c<gddilecP2dg ctdbde RRIgct2dgt>c héd bed abe TggURBCRL: <220%6<223> HHDH
cys2. 12ser<dAl)beB8rd/bu Ser GLhralAl Glyl ks Wiat vdhrlAses Vab Aspe His Phe Gy Ay Met
Ay 1510 15 S@¥ Ala Leu Arg LBu Ser Qu Ala &y Hs Thr Val Ala Ala H s
Asp 20 25 30 PheL)és e As u leu Qu Ala Phe Ala Gu Thr Tyr

p agc G lél. asecr aaa ga g Q L a Ctp q aga acc tac
35 40 4B PES DR ETET D B SRR, Ho s BPECAS G u iy He G
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gac ctg att gaa 192

Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Asp Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp

65 70 75 80
atc ttt gect cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gac 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp

85 90 95
tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
aat gct gtg gct tcg caa atg aag aaa cga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tcg gct act ccg ttc ggg cca tgg aaa gag cta tcg act 432

Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gct cga gct ggg get tgt act cta gct aat gect cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser

145 150 155 160
aag gag cta gga gag tac aat atc c¢cg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn

165 170 175
tac cta cac tcg gag gat tcg ¢cg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 ‘ 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624

Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
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50 55 60 37 WD 2004/015132 PCT/ US2003/ 025263 Ala Val Thr Ser Ala Tyr Ay d@n
Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 1Ile Phe Ala Pro Gu Phe G n Pro
Ile Asp Lys Tyr Ala Val Gu Asp 85 90 95 Tyr Arg Ay Ala Val Au Ala Leu Gn
Il e Arg PreoRb&odsidz Leu Val 100 105 110 Asn Ala Val A@Endbosighsdsdet Lys Lys
Arg Lys Ser Ay His Ile Ile 115 120 125 Phe Ile Thr Ser Ala Thr Pro Phe Ay
Pro Trp Lys Qu Leu Ser Thr 130 135 140 Tyr Thr Ser Ala Arg Ala Gy Ala Cys
Thr Leu Ala Aen Ala Leu Ser 145 150 155 160 Lye Qu Leu Gy Gu Tyr Asn lle
Pro Val Phe Ala Ile Ay Pro Asn 165 170 175 Tyr Leu His Ser Gu Asp Ser Pro
Tyr Phe Tyr F% Thr GQu Pro PP 180 185 1902%%ye Thr Asn Pro Au His Val A a

H s Valcalﬁ_iyfffal_yt% Val a%’jhrca?@aa %gﬁ tZi?g% %gzé%%g@a&sgécqgteu d %&éll'hr G@n Lye Qu
Leu QY L. | (§/ Ser s Asp Tyr Leu
Thr @GRS BT & Lag_: S 8 22512236’ 235 240 - Gy &y Phe Pro Met lle Qu

Arg Trp Pro Ay Met Pro Qu 245 250 <210> 39 <211> 852 <212> DNA <213>
Artifi cdcal tcSeapferrtetg @) sax 2@ acKRED daghdty3ect &@P ity @66 <22220 (1) ... (852)
<400> Y215 Yot SeFalyadeP TvY Laydhadllyfile Yrdafhealrmeéet §t& ccg ccg cca get 48
Met Alazzﬁye Asn Phe Sef*%en val G@u Ty¥°Pro Ala Pro PP Pro Ala 1 5 10 15
cat acGgaagcade &raatiCarLlgla ¢80 tgh dcetdhciitly &ddqdd cafaa Ctg 3gg 96 His Thr

Lys AsrelidalySee beurld med/ahu key TAs prrhatiyRe bveclieu* Aen
245 250

<210> 28

<211l> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH P016014-E-01

<400> 28
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Asp Leu Ile Glu
50 55 60
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr ARla Val Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Ile Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250
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20 25 30 ggc aaa gtc gcg tct atc acc ggt agc agc tca ggc att ggt tac gcg 144
Gy Lye Val Ala Ser Ile Thr Ay Ser Ser Ser Ay Ile Ay Tyr Ala 35 40 45 ctg
gcc gaa get ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 192 Leu Ala Gu
Al a Phe Al woGosxovels2 Gy Ala Asp Val Ala Ile Trp Tyr 50 Ra/&30@3ass80C cag gat
gcc acc ggt aaa gca gag gcc ctg get aaa aaa tat 240 Asn Ser A n Asp Ala Thr
Gy Lye Ala Qu Ala Leu Ala Lys Lye Tyr 65 70 75 80 38 WD 2004/ 015132

PCT/ US2003/ 025263 ggc gta aaa gtc aag get tat aaa get aat gtc agc tcg agt
gat gcg 288 Ay Val Lys Val Lys Ala Tyr Lys Ala Asn Val Set Ser Ser Asp Al a
85 90 931°>gt2 aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
Val Ly 2 7 hr Ile Qu dn dn lle Lys Asp Phe Ay H's Leu Asp 100 105 110
att gtt, gAg;qglagg gﬁ@erggc atc cca tgg act aag ggt gca tac atc 384 |le Val
Val Ala Asn Ala Ay Ile Pro Trp Thr Lys Ay Ala Tyr Ile 115 120 125 gat cag
gat gac2pat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432 Asp G n Asp Asp
Asp Lye2H>sHOHePOREPLEEN08/al Val Asp Val Asp Leu 130 135 140 aaa ggc gta ggc

t at gta a cat gcg ggt cgc cat tat cgt gaa 480 Lys Ay Val Ay Tyr Val
Al a % ¥yArg Hs Tyr Arg Qu 145 150 155 160 cgt ttc gaa aaa gaa
ggc aaa aag ggc gcc ttg gtt ttt acg get tcc 528 Arg Phe Qu Lys Gu Gy Lys
Lys Gye4d>d>a29_eu Val Phe Thr Ala Ser 165 170 175 atg tcg ggt cac atc gtt aac
gt g ccg@teagctace asagatgc gtcae@:c e3¢ thataad @t Yyt gaBesatChsg bBiits |l e Ml Asn Val Pro
dn Ph eﬁsﬁrﬂlhé “‘FﬁrI}Fy alpdhr dep PhBEYy 4ids e gyt valy 84 ggc gtg cgt cat ttc
gca aag tce ctg gcc gtg gaa 624 A& Al a Lye Ala QY Val Arg H's Phe Ala Lys
Ser Leugdg@e @l ddgUcth98gc285h 400 ght teaBtlec Gk ddiCediCaatCgir Ott age tct gta tct
CCt gQGet allaateh gt Lm/Rer Bhe Ad @1PmHas Bhe vAhanlAroysVals Agn Ser Val Ser Pro Gy
Tyr Ile Asn 210 285 220 acc gag a%c tct gat ttc Ptc ccg caa gaa aca caa aat
aaa tg%aitlgdgclzt(g Thr Glu IIe Ser As Phe VaI Pro dn GQu Thr Gln Asn Lye Trp

Tr aaa cag aaa gat gaa c a gct £t gct gaa acc tac
p Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gac ctg att gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Asp Leu Ile Glu
50 55 60

get gtec acc agce gect tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gect cca gaa ttt cag cca atc gat aaa tac gct gtc gaa aac 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asn
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct teg caa atg aag aaa cga aag tcg ggg cac atc atce 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tecg tet act c¢cg ttc ggg cca tgg aaa gag cta teg act 432
Phe Ile Thr Ser Ser Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg get cga get ggg get tgt act cta get aat get cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 le60
aag gag cta gga gag tac aat atc ccg gtg ttc get ate ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn

165 170 175

tac cta cac tcg gag gat tcg ¢cg tac tte tac ccg act gag ccg tgg 576
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225
ggt
250
Al a
gat
Ay

230 235 240 agc tta gtt cca ttg ggt age ggt ggg gaa act gcg gaa tta gtt
768 Ser Leu Val Pro Leu Ay Arg Ay Ay Qu Thr Ala Qu Leu Val dy 245
255 gcc tac ctg ttc ctg gca agt gat gcg ggc tcc tac gcc acg ggc aca 816
Tyr LewoRb@oh@u2 Ala Ser Asp Ala Gy Ser Tyr Al a Thrpcdo2dBfnesgbd 265 270
atc att gtg gat ggc ggc tac acg ctg ccg taa 852 Asp Ile lle Val Asp Ay
Tyr Thr Leu Pro 275 280 <210> 40 <211> 283 <212> PRT <213> Artificial

Sequence 39 WD 20041015132 PCT/ US20031025263 <220> <223> KRED krhl 33c <400>
40 Met Ala Lye Asn Phe Ser Asn Val GQu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15

H s
Lys
du
Gn
Lye
Thr
Al a
Asp As
Ay
Au

ThiITYEieu A5 A BruCiSeped £¢F EF R TvaIPhEéfDrrA@p T_IE’UGJMBICL%P Leu Aen 20 25 30 dy
Val Al a Ser ¥¥% Thr Gly Ser 1&r Ser Ay 11e™y Tyr Ala 35 40 45 Leu Al a
Al aaa ha%t'ga@ c@g ga\éaL:a éll:@ céé%t ag'ﬂa@ éaﬁ acI:r BctT}éEa 50 §§ 60 Asn Ser
hr Wik £doyciluy §i erdya1al¥eu 65 70 75 80 Gy Val
VaI Lye Alsa Tyr Lye A a Ash VaI Ser Ser Bsr Asp Ala 85 90 95 Val Lys Gn
lle u Gn Gn lle Lys As Phe Gly H s Leu ASE: 100 105 110 Ile Vval Val
[

Aerf3@| g2 999e2P5r GRaT r99a 9% 1208125 Asp G n Asp
rg A"gg %! ‘?—J’P{eThAsga'tAa?E @gl“ ;g PMleli™138 135 140 Lys Ay Val
Tyr VaI AI a Lye Hs a Gly Arg H| s Tyr Arg Gu 145 150 155 160 Arg Phe

Ly eychd tet oy toyetdry@atGeyr AL@ akelyg¥alagRitg thiar egd atdSgea 165 370 175
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala

225 230 235 240
ggc ggc ttt ccc ata ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Ile Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250
<210> 30
<211> 254
<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH P016014-G-08

<400> 30
Met Ser Thr Ala Ile Val Thr Asn Phe Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Vval Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
- 35 40 45
Pro Gln Leu Lys Prc Met Ser Glu Gln Glu Pro Ala Asp Leu Ile Glu
50 55 60
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
€5 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asn
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pr¢o Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ser Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
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Met Ser Gy His Ile Val Asn Val Pro A n Phe Gn Ala Thr Tyr Asn 180 185 190
Ala Ala Lys Ala Gy Val Arg H's Phe Ala Lye Ser Leu Ala Val du 195 200 205
Phe Ala Pro Phe Ala Arg Val Aen Ser Val Ser Pro Gy Tyr Ile Asn 210 215 220
Thr G u | lwoS6usofam Phe Val Pro Gn GQu Thr G n Asn LyScu2dsis2e® 230 235
240 Ser Leu Val Pro Leu Ay Arg Gy Gy GQu Thr Ala GQu Leu Val dy 245 250
255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr 260 265
270 Asp Ile Ile Val Asp Gy Gy Tyr Thr Leu Pro 275 280 <210> 41 <211> 855
<212> DNA <213> Artificial Sequence <220> <223> KRED krh215 <221> CDS <222>
(1). 55)‘-‘1‘ Glm:'@:s % astpngefuelaéfar@émGﬁntVaAQ@eamp ptwcAlppa tat cct gcc cog ccg
cca ge 1 1yl Vet S er Aéd>val G u Tyr PP Ala Pro Pro Pro Ala 1
5 10 15 ’t'l(? 50962/ 51 gb““f%gf'bp ° 51 ™5 563 cat acc aaa aac gaa tca ctg
cag gta ctg gat ctg ttc aaa ctg aac %6 H's Thr Lys Asn A u Ser Leu Gn Va

Leu Aspz2ieusPhe Lys Leu Asn 20 25 30 ggc aaa gtc gcg tot atc acc ggt agc
agc tca2glgcl7)¢;5tt ggt tac gcg 144 dy Lys Val Ala Ser Ile Thr Ay Ser Ser Ser
Ay lle r Ala 35 40 45 ctg gcc gaa get ttt gcg cag gtt ggc gca gac gtt
gcg atcng‘g:@f efgh SeMiFAla G u Ala Phe Ala Gn Val Gy Ala Asp Val Ala lle
Trp Tyr.5) 55 60 aac agc cag gat gcc acc ggt aaa gca gag gcc ctg get aaa aaa
tat 24Q22AsmupBerz1Ees Asp Ala Thr Ay Lys Ala Gu Ala Leu Ala Lys Lys Tyr 65

70 75 80 ggc gta aaa gtc aag get tat aaa get aat gtc agc tcg agt gat gcg 288
<221> CDS

<222> (1)...(765)

<400> 31
atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tgc cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 | 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 9s

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg a3s
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag t¢g ggg cac atc atce 34
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc at¢ act tcg gct act ccg ttc ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr :
130 135 140

tac act tcg gct cga get ggg got tgt act cta got aat goct cta teg 480

Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
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Gy Val Lys Val Lye Ala Tyr Lys Ala Mh Val Ser Ser Ser Asp Ala 85 90 95 gtg
aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336 Val Lys G@n
Thr Ile Qu @n A@n lle Lys Asp Phe Gy His Leu Asp 100 105 110 att gtt gtg

gcg aac gcwoQges0asi32cca tgg act aag ggt gca tac atc 384cddRoodabsaal Al a Aen
Ala Ay Ile Pro Trp Thr Lys Ay Ala Tyr Ile 115 120 125 gat cag gat gac gat

aaa cat ttt gac cag gtg att gac gtc gac ctg 432 Asp G n Asp Asp Asp Lye H s
Phe Asp G n Val Ile Asp Val Asp Leu 130 135 140 aaa ggc gta ggc tat gta gca

aaa cat gcg ggt cgc cat tat cgt gaa 480 Lys Ay Val Gdy Tyr vVal Ala Lys H's
Al a d \PaAragg9Hite IBpr 99% ERIGEREE BES CES(ELYSB IR ategyaq £e9 gglfa aaa"gha ggc ata aag
ggc gcdYBtGudtt “I’lt"t‘i%c g8 et PE2dal Ag PReIE TLIE & dy Ile Lys Ay Ala
Leu Ile Phe Thr Ala Ser 165 170 17 gtg tcg ggt cac atc gtt aac att ccg caa

ttt cagagCiadise {@dCgdzdbatd €y c¥alcablalic @ay ddgSadil §agVatg As |1 esPko G n Phe G n
Al a ThrryFyireuAss S8061L85spl 9€r Pge Fygbe dag moarkygelwbtp Cgh cat ttc gca aag tcc
ctg gcc gtg gaa B¥24 Ala Ala Lys8Ala Ay Val Ar¥PHi s Phe Ala Lys Ser Leu Al a

Val du_195 200 205 ttt Jet cot ttc gca cat gtt aac tof gta t cct ggc tat
aa t cc ag-ca ca t a ac t a 6
att aaef 72" PR SPRIE Br oA 41 D RSl VATL S8 Prody Tyr e Asn
210 2157220 aze gag atc tct gas ttc gtC cog fma gaa ace caa sat aaa tgg tgg
720 Thr GQu Ile Ser Asp Phe Val Pro An GQu Thr An Asn Lys Trp Trp 225 230
235 24(Fa4 lcgn\dt205d/ &ES9B0 aRCTASRORY GRB 263 gtggeca te gtd ccadéfz g ggt cgt ggt
999 gaa?léc’z’tigg‘tf’g HAa™Mt ‘él”gg%&b‘f PRSI B Ly Yal My e dtrdy Arg dy Ay Qu
Thr Ala AU Leu Val dy 250 255 gcc #Fac ctg ttc ctg gca agt gat gcg ggc

tcc t aGegGet g8 GYCtACGatBLe Y Acd Woc Lty JherckethMN @y g6 Asp-fda Ay Ser Tyr
Al a Thral&dsgrTdiy 0cy26bs? THx LgatThAlaly afih il gPHgatrpggen @£ tac acg ctg ccg taa
tga 85225Asp Ile Ile V&a10o Asp Gy Gy TBF Thr Leu Pro #46 275 280 <210> 42

ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggec atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> 32

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH Mz1/2G5

<400> 32
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
a5 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Aan Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
a5 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Fhe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
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<211> 283 <212> PRT <213> Artificial Sequence <220> <223, KRED krh215
<400> 42 Met Ala Lys Asn Phe Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5
10 15 His Thr Lye Asn Qu Ser Leu An Val Leu Asp Leu Phe Lys Leu Aen 20 25

30

Leu
Asn
Ay
Lys
Val
Adn
Ay
Arg
Val
Al a
Phe
Thr
240
255
270

Ay Lywoadsni1d2Ser Ile Thr Ay Ser Ser Ser Ay || e@cgdisdogfoasdka 35 40 45
Ala Gu Ala Phe Ala Gdn Val Ay Ala Asp Val Ala lle Trp Tyr 50 55 60

Ser An Asp Ala Thr Ay Lys Ala Qu Ala Leu Ala Lys Lys Tyr 65 70 75 80
Val Lys Val Lye Ala Tyr Lye Ala Asn Val Ser Ser Ser Asp Ala 85 90 95 \Val
G@n Thr Ile Au dn dn lle Lye Asp Phe Ay H's Leu Asp 100 105 110 Ile
Val Al a Asn #oa GI lle Prol¥Fp Thr Lys Gyl a Tyr Ile 115 120 125 Asp
As&Y?xsTﬁr§§g ‘T_r;?sGlﬁn ﬂbﬁﬁlé\é e ﬁ’a%HYBI Y& ﬁé T‘\Yaﬁl%if)“ Leu 130 135 140 Lys
Val | Al r | AJu 145 150 155 160
Phglgﬁgﬁ% %@uﬂ% ‘3“%% y'gL %1%&1&& 1eA1%ghé$%?uAl a Ser 165 170 175

Seral&dssrHly ddrecydahspAsyr Lée TE’fCGlGG]nRhﬂ fHenTA BeulRIa Tyr Asn 180 185 190
Al @26ye Ala Ay Vak3tArg Hi s Phe Al235Lye Ser Leu AR&% Val Qu 195 200 205
Al EPr@YPie 9!E|°aM%&r ble\/a? Ash ToRrProflydiet PeoSid y Tyr Ile Aen 210 215 220

Gu lle Ser Asp*®nhe val Pro d & u Thr GLn Asn Lye Trp Trp 225 230 235
Seh,deuwzVal Pro Leu Gy Arg Ay Ay GQu Thr Ala Qu Leu Val Ay 245 250
Alaiibyrsd eu Phe Leu Ala Ser Asp Ala Gy Ser Tyr Ala Thr Gy Thr 260 265

Asp213cDfd e Val Asp Ay Ay Tyr Thr Leu Pro
<213> Artificial Sequence

<220>
<223> HHDH Mzl.1A5

<221> CDS
«222> (1)...{765)

<400> 33
atg agc ccc gct atc gtec act aac gtc aaa cat ttt ggt ggt atg ggt 48
Met Ser Pro Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

acc gct ctg agg ctg agc gaa gct ggt caa acc gtc gct tgc cat gat 96
Thr Ala Leu Arg Leu Ser Glu Ala Gly Gln Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 58 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala val Thr Ser Ala Tyr Gly Gln Vval Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt get cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tcg gect act ccg ttc ggg ccg tgg aag gag cta teg act 432

Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
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42 WD 2004/ 015132 PCT/ US2003/ 025263 275 280 <210> 43 <211, 855 <212, DNA
<213> Artificial Sequence <220> <223> BRED krh267 <221> CDS <222>

(1)...

cca

(855) <400, 43 atg get aaa aac ttt ago sat gtc gaa tat cot gcc ccg ccg
got 48yobhisofize Lys ken Phe Ser Asn Val G u Tyr PrecihR:f@seski0 Pro Ala 1

5 10 15 cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96

Hi s
aaa
Al a
ttt
Adn
aaa
Al a
get
Val
[
Hi s
gca t
I'le
ctg
135
Lys

Thr Lys Asn Qu Ser Leu A n Val Lau Asp Leu Phe Lys Leu Asn 20 25 30 ggc
gtc gcg tot atc acc ggt agc ago tca ggc att ggt tac gcg 144 dy Lye Val
Ser Ile Thr Ay Ser Ser Ser Ay Ile Ay Tyr Ala 35 40 45 ctg gcc gaa got
gcg cag gtt ggc gca gac gtt gcg atc tgg tat 192 Leu Ala Qu Ala Phe Al a
Valt2e 55 Aﬁ@ peTyata 5Ft SR 6gr tagled ? cag4®¥at gcc acc ggt
gc%yb g'%?E ’Bf“g“rﬁc? 28 ma%gys Tﬁf 2 AR Bt W fispsp Ala Thr Ay Lys
Gu Ala Leu Ala Lye Lye Tyr 65 70 80 ggc gta aaa gtc aag got tat aaa

aahadglgig aG6 dol Ugaaliacgadt GEQ c2BGtg Gey gdal ackysggVadg byts Al asdgyr Lye Al a Aen
SeySeiu Sep AgPGlAl Tyr8asn00l€0Bro (yhy Phaadlealjeally Btct Aag cag cag atc aag gat

ggc cac ctg gaclé336 Val Lys Q9Thr Ile G u G dn lle Lys Asp Phe Ay

0 105 110 tt aac efely Cc cca.tgg act aag ggt
vadacite 288 sy 0 o bdal BEd R B Tele &) A T
115 120 125 ]gat cag gat gacigat aag cat tttlggac cag gtg att gac gtc gac
432 Asp Gn Asp Asp Asp Lys Hs Phe Asp A n Val Ile Asp Val Asp Leu 130
14@aaaat%g tacec ata®ad ar Yogpggictcger cat €34 cgt gaa 480

d yYvapr 9rG1\‘7a’I’19AYa& Vet SN &Y Reg™H B AR Arg G u

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ¢cc gaa taa 765
Gly Gly Phe Proc Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> 34

<211l> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH Mzl.1AS

<400> 34
Met Ser Pro Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Thr Ala Leu Arg Leu Ser Glu Ala Gly Gln Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 3 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Vval
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
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145 150 155 160 cgt ttc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg got
tcc 528 Arg Phe Qu Lys Qu Ay Lys Lys Ay Ala Leu Val Phe Thr Ala Ser 165
170 175 43 WD 2004/ 015132 PCTI US2003/ 025263 acg tog ggt cac atc gtt aac att
ccg caa ttywoQaddsidz acc tac aat 576 Thr Ser Gy H s || eqas2sR2dk£ Pro Gn
the An Ala Thr Tyr Asn 180 185 190 gcg gcc aag gca ggc gtg cgt cat ttc gca
aag tcc ctg gcc gtg gaa 624 Ala Ala Lys Ala dy Val Arg H's the Ala Lys Ser
Leu Ala Val du 195 200 205 ttt get cot ttc gca cgt gtt aac tct gta tct cot
ggc tat at sat 672 Phe Ala Pro the Ala Arg Val Asn Ser Val Ser Pro Ay Tyr
Il e Asrfy2Thr28p3 Bl20Agcily gty Ale CyetThgdieuthle RncAlcfewcder gaa aca caa aat aaa
tgg tg ‘“7%;@ Thr 1GH1|E§°S€I’ Asp_Phe \)gg Pro Gn Gu T dn Asn Lys Trp Tip
225 230Y235 G gt 4 4Pt cra Tty o ¥t T§ot o 8E0 §%h act gcg gaa tta gtt
ggt 76&yr SRG I-I—i%USe\{afluPﬁEb bed pld Yy Aile Gy oy Tr e;uuTgfo A Gu Leu Val Ay 245
250 255 gcc tacismtg ttc ctg gcasagt gat gcg ggesdcc tac gcc acg ggc aca' Bl6
Al a Tyhyt dbhrse RroyclM Hist¥al Adp HAp yalULlysSers Walr THA alaTheu Gy Thr 260 265 270
gat atg_att %;g at }ggclrg%c 122 ac Cté% ccq 1%a tga BSS Asp lle lle Val Asp
Gy Gy e &u™Pr 81 %2 3 % L3R gL PO 4RI BPIEP98% <212> PRT <213>
Artifi c«haISeéagyeﬂﬁem<22;OMz&3%hK diﬁh?:§7phe<ﬁqpfetf1ﬂ14vbt Al a Lys Asn the
Ser Asnz2¥al A u Tyr PrescAla Pro Pro PrmsAla 1 5 10 1%0H s Thr Lye Asn Qu
Ser Le@leiQiy\Rike RrmouMeAspld ein Phe Thy PrbelyMet2B0r026130 Ay Lye Val Ala Ser lle
Thr Ay Ser Ser Ser?@y Ille Ay Tyr*5Ala 35 40 45 Leu Ala Gu Ala the Ala Gn
Val dy,fla,Asp Val Ala Ile Trp Tyr

<211> 765
<212> DNA
<213> Artificial Sequence

<220>
<223> HHDH cysl.10

<221> CDS
<222> (1)...(765)

<400> 35 )

atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tge cat gat 96
. Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Vval Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Glm Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95

tac agg ggt gct gtc gaa get ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atce 34
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
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50 55 60 Aen Ser Gn Asp Ala Thr Ay Lye Ala Qu Ala Leu Ala Lye Lye Tyr 65
70 75 80 dy Val Lye Val Lys Ala Tyr Lye Ala Aen Val Ser Ser Ser Asp Ala 85
90 95 Val Lys @n Thr Ile Qu Gn Gn Ile Lye Asp Phe Ay H s Lev Asp 100

105 110 |lwoYadso¥ab2z Ala Asn Ala Ay Ile Pro Trp Thr Lyecdusdbsestyy 11e 115
120 125 Asp G n Asp Asp Asp Lye His the Asp Gn Val Ile Asp Val Asp Leu 130
135 140 44 WO 2004/ 015132 PCTI US2003/ 825263 Lys Gy Val Ay Tyr Val Al a Lye
Hs Ala Gy Arg H's Leu Arg Gu 145 150 155 160 Arg Phe Au Lye Gu Ay Lys
Lye Ay Ala Leu Val The Thr Ala Ser 165 170 175 Thr Ser Gy His Ile Val Asn
Ile Pro @n & dn Ala Thr Tg? Asn 180 18512690 Ala Ala Lye Ala Gy Val Arg
H s PheEtAI z%ch§ Ser Legc Alcg \t/al d uc;95 200 205 The Alta Prhohe Ala Arg Val
Asn Serp Yo Sl SR03 HraTlo bhe SV 1Eo2{ §§52§§2§23Tb%3 Ga 11eSer Asp Phe val
Pro G n GgThr n Asn Lyss Trp Trp 2 0 235 24 Ser Leu Val Pro Leu Gy
Arg Gy Ay Qu Thr Ala Qu Leu Val Ay 245 250 255 Ala Tyr Leu Phe Leu Al a
Ser Aspadlagt Gog SarcdpyactAbgg Bhy ag) yacTinta 2E0aa26act2d¢r Asp ||l e4dd e Val Asp Ay
Ay TyrmYTrer|1Seg Beorrin §BoAlaSepIhyJeuPe-Asggohla ey Ser DNA <213> Artifici al
Sequencdd® <220> <223> KRED krh287 <2262 CDS <222> (1}%°.(855) <400> 45 atg

get aaga.@aagtidih FACqRAtadbsr APQ cb@Grs YUt £C0sfCoh L ek 961 45
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> 36

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH cysl.10

<400> 36

Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15

Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Vval Ala Cys His Asp

20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp

85 90 35
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
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Met
cat
Lye
gcg
Ile
cag
Ay
gag
Leu
agc
Ser
ctg

Ala Lye Asn Phe Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15

acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96 Hi s Thr
Asn G u Ser'Leu @n Val Leu Asp Leu Phe Lys Leu Asn 20 25 30 ggc aaa gtc

tct atwoasog€bz agc aac tca ggc att ggt tac gcg lddcridsodsesypl Al a
Thr Ay 5er Asn Ser Ay Ile Ay Tyr Ala 35 40 45 <ctg gcc gaa got ttt

gtt ggc gca gac gtt gcg atc tgg tat 192 Leu Ala Gu Ala Phe Ala dn
Ala Asp Val Ala Ile Trp Tyr 50 55 60 aac agc cat gat gcc acc ggt aaa
goo ctg got aaa aaa tat 240 Asn Ser His Asp Ala Thr Gy Lys Ala Qu
Ala Lye Lys Ir 65 70 75 8010ggc gta aaa gtEl%ag get tat aaa get sat
t c=agtta NegSreiln ¥ey E‘y’?ll‘yﬂa“ég P 5§eSiX &t ﬁge g}& Al a Aen Val Ser

As | 889609 t C c aag gat ttt ggc
poedlg ol SR phOssedilonons o oo a0yl nao gt 1 90

Ser

gcg
Val
gca
Al a
gtc
Ser

cac
Asp

45 WO 29040 1d=1 3 aPGH MG2 603 /A02 526 3hr B0 Ah@5ashlfaatéu géf gt g gcg aac gca ggc

atc
Trp
cag
Val
cgc
Phe
ttt
Al a
tac
180
624
205

cca4bgg act aag ggisQyca tac atc 3845 Ile Val Val A& Asn Ala Ay lle
Thrivgyudey AyaCrpyFyq pen 1 Pro(Yal Bheqdp H&gGJg’aP?éE“ gat aaa cat ttt g
(=]

16 0 .
gt t C~dag. C H s Phe Asp An
Asg“’%a‘?“%sﬁ% ﬁéum% spl%% ﬁ% I%g?éaggggﬁ%hgiﬂﬁt% g{rgpsgca aaa cat gcg ¢
Catuyb tthr ogh @oaack8Bis kys aGh WiVadal @yy LhrvalathrAhba bys His Ala Gy Arg

Arg Gu 145 150 155 160 289t ttc gaa aaa20§aa ggc aaa aag ggc gcc ttg
acFlydratley GygThrpGl Pre GEF rep Y @iy IguyValyAly Phe &Y Ala Leu Val Phe

Ser %0 5. .a a& fgqt caa ttt cag gcg
Soed T Mol D Bk BB R 7 L 500 90
1811 Ay mpegrr@Cretadle Qv AgH @ rgirgo QY Me8trdot €1uygca aag tcc ctg gcc gtg
Ala Ala Lye Al##5@y Val Arg Hi2soPhe Ala Lye Ser Leu Ala Val Gu 195

ttt_get cct ttc gca cgt gtt aac tct gta tct cct ggc tat att eat 672
<2I0> 37

<211> 765
<212> DNA
<213> Artificial Sequence

<220>
<223> HHDH cys2.12

<221> CDS
<222> (1)...(765)

<400> 37
atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agc gct ¢tg agg ctg agc gaa get ggt cat acc gtc get gcg cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Ala His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa c¢ca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95

tac agg ggt gct gtc gaa gect ctg cag atc agg cca ttt gct cta gtg 336
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Pro
ac
Val
gt
Hi s
gtt
Thr
acc
Asn
gaa
200



t he
acc
Ile
tta
Pro
ttc
Al a

ggc
Pro

Ala Pro Phe Ala Arg Val Aen Ser Val Ser Pro Gy Tyr Ile Asn 210 215 220

gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720 Thr Qu
Ser Asp Phe Val Pro An Gu Thr A n Asn Lys Trp Trp 225 230 235 240 agc
gtt ccwoltzb@odsi82 CYt ggt ggg gaa act gcg gaa tta gt tpcadiszdf3fszeer Leu Val

Leu dy Arg Ay Ay GQu Thr Ala Qu Leu Val Ay 245 250 255 gcc tac ctg
ctg gca agt gat gcg ggc tcc tac gcc acg ggc aca 816 Ala Tyr Leu the Leu
Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr 260 265 270 gat atc att gtg gac
ggc tac acg ctg ccg tea tga 855 Asp Ile Ile Val Asp Ay Ay Tyr Thr Leu
*  Xp5 rg(Plydagvaliglucdla lep@in g 1ixs FPR‘I‘PhGZ&%Lﬁr tp¥icial Sequence <220>

<223> KRED krh28%° <400> 46 Met 8fa Lye Aen Phe!er Asn Val Qu Tyr Pro Al a

Pro
Asn
Al a
Phe
Thr
Al a
Adn
Ay
H s

Pr Y 46 W 2004{01ad 324 RGT! H520034f120063ec hee 10 Ap, His Thr Lys
A e eér%;ﬁééu% ngﬁabld_sﬁ/ﬁ&% 1&3&%1 5 gilgguHAsm;e Zée 25 30 d y Lye Val
Ser Ile Tmus Ay Ser Asn Sere Ay lle Gly ipr Ala 35 40 45 Leu Ala Ju Ala

AIaGInVaI Ay Ala Asp VaI AIaIIeTr Tyr 50 55 60 Asn Ser His Asp Al a

K ’Ggug | &°Y &P ga€5°t7”0t995 D dy3*%Fal Lys Vval Lye
Tyrphlfye3 ﬁhé RE A% %1 gm o &&¢ gizsg Y3 B9 8% WAl Lys @n Thr Ile Qu
GInIIeLysAspPheGIyHls LeuAsp 10105110IIeVaI Val Ala Aen Al a

| | ecaPraztTige gdar cdaygetGoyg Aka toyrack |@a gbtSaat2§ctl26a tASp G R8ASpP Asp Asp Lys

PhefyAsps=Glar Nlal AaploASTy Wak CAS[FRERu /B0 AEBSALRDeu Ser

aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gea 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt ccc atg ata gaa cgt tgg cc¢ gge atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250 .

<210> 3B

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH cys2.12

<400> 38
Met Ser Thr Ala Ile val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Ala His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
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Lys Ay vVal Ay Tyr Val Ala Lys Hs Ala Ay Arg H's Phe Arg u 145 150 155
160 Arg Phe Au Lye Qu Ay Lys Lys Ay Ala Leu Val Phe Thr Ala Ser 165 170
175 Met Ser Ay Hs Ile Val Aen Val Pro G n Phe A n Ala Thr Tyr Aen 180 185

190 Al a AlwmobManfdiss Gy Val Arg H's Phe Ala Lye Ser LepchAh@zoddbhassdsy 195 200
205 Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gy Tyr Ile Aen 210 215

220 Thr Qu Ile Ser Asp Phe Val Pro An AQu Thr An Asn Lys Trp Trp 225 230
235 240 Ser Leu Val Pro Leu Ay Arg Ay Ay GQu Thr Ala Gu Leu Val Ay 245
250 255 Ala Tyr Lea Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr 260
265 2701ASplIThe SereAMarfysASly Gly vaymsﬁwalwep VaduSePr Bsn BF5 280 <210> 47 <211>
855 <2®$2> DNA <213> Af%ifjcial e <220> <223>8KRED krh320 <221> CDS
<222> (5. Phe(’éSS ro %4’05}5‘3 7 3y Ié‘ég*sﬁdﬁsérdf At VadgPlaAafP gt ¢ gaa tac cct gee

cCy CC&yPQ@'ggﬁS{ A5 viYes1 i LU ASRIPNEsS85 sMaaleGm Tyr Pro Ala Pro Pro
Pro Ala 1 10 1fHyo cat acc aaa aa¢ gas ?ca ctg mg gta ctg gat ctg ttc aaa

ctg aa@s@@xlaHle@ Hllar sdryelnAuer Gral L&mrheurs@iem oIzl HilseTleAshe Lea Phe Lye Leu Asn

20 25 30 ctlaaa gtc %%g t c2t c accég g€5%aac tca ggc att ggt tac gcg 144
47 V\D 7604 81%‘13‘?1'%?/ 2?;3/95‘?&?%3*”” y Y Y GlVa’I‘e“AF%F Ile Thr Ay Ser Asn

Ser )&yUﬁ’.xqe)é pIE)Arm%' R a3e1,4 Q1 %ygtqﬂr%ﬁ zﬁ@aasﬁeﬁl Léu g@gg cag gtt ggc gca gac
gtt gcgastc tgg tat Leu G u Asa Phe Al a nYad Ay Ala Asp Val Al a
[l e Trpydyalu3eusBy6@u Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
1385 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 239

<211> 852

<212> DNA

<213> Artificial Segquence

<220>
<223> KRED krhliic

<221> CDS
<222> (1)...(852)

<400> 39

atg gct aaa aac ttt agc aat gtc gaa tat cct gcc ¢€cg ©Ccg cca gct 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

ggc aaa gtc geg tct atc acc ggt agce agc tca ggc att ggt tac gcg 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45

ctg gcc gaa gct ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 152
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aac agc cag gat gcc acc ggt aaa gca gag gcoc ctg gect aaa aaa tat 240

Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

38



aac
Hi s
aaa
Lye
gag
Adn
atc
Trp
cag
Val
cgc
Phe A
ttt
Al a
tac
180
624
205
Al a
gag
Ser
gtt
Leu
ctg g
Ser
260

agc cat gat gcc acc ggt aaa gca gag gcc ctg get aaa aaa tat 240 Aen Ser
Asp Ala Thr Ay Lye Ala Qu Ala Leu Ala Lys Lys Tyr 65 70 75 80 ggc gta
gtc aag get tat aaa get eat gtc agc tcg agt tat gcg 288 Gy Val Lys Val
Ala T Asn Val Ser Ser Ser Tyr Ala 85 90 ?@f’s& ag act att
cag cg\gog{l@oggalgz gat ttt ggc cac ctg gac 336 Val L%T@%& hr Gu @n

Ile Lye Asp Phe Ay H's Leu Asp 100 105 110 att gtt gtg gcg aac gca ggc
cca tgg act aag ggt gca tac atc 384 1Ile val Val Ala Asn Ala Ay Ile Pro
Thr Lye Ay Ala Tyr Ile 115 120 125 gat cag gat gac gat aaa cat ttt gac

Ot gg@lolia GAE it CaagagerCtal 4’ gcAmpr Gk B ah6 [xcASqytAsdt oo Hi sz2dthe Asp A n Val
Asplwdkl Agp VadUlys38lalB5 Lk Abmasydel gen SggcSerakspghlr gca aaa cat gcg ggt

cat ttt Cgt gaa®80 Lye Ay VaPOGy Tyr Val A% Lye Hs Ala Ay Arg Hi s

u 145 1 155 160 a ag gg¢ aaa aag,ggc gcc ttg gtt
o o8 Eherstay ptectd by i 880 FERRIE B TRERL VT bne T
er 170 1 35 atg tcg gghospac atc gtt aaﬂogtg ccg caa ttt cag gcg acc
aat 576 Met Ser Gy His Ile Val Asn Val Pro A n Phe Gn Ala Thr Tyr Asn

183tH 90t 9§e (PegcIrcagng gAY EcYttga Gyt aeatgsttIcage® akly tcc3®t g gecc gtg gaa
AtZe Xpd "E??W‘é“d];? % %&HTEP @gE WP £ RSB E¥U Ala Val Gu 195 200
ttt get ccCt ttc gca Cgt g aac tct gta 3t cct ggc tat att aat 672 Phe

Pr @aPQﬁg '@Ia@- gQEggaVaéaaA@ﬁ Saf gé@lcagc—'egf:g Bt QQCYQt-EY§ac|'@tg°\en 244» 215 220 acc
at asf Glln @b Hsb (As@t LysCEIG RO AgASLAVAL Vah Matvaaamspt g tgg 720 Thr AQu lle
Asp PhéOVaI Pro An @3 Thr G n Aen l¢48 Trp Trp 225 230 235 240 agc tta

cca tt C 9 ‘1% aa act aa tta tt 9 t 768 Ser Leu Val Pro
a )z ?\r 3‘%@ ta% Tﬁl %}\Hq lilié % 4%;%}: 255 *Yec tac ctg ttc
C§4§.gt gat gcg ggfso CcCc tac gee aqgs gg aca Tyr Leu Phe Leu Al a
Asp Ala Ay Ser Tyr Ala Thr Ay Thr 48 WD 2004/015132 PCT/ US2003/ 025263
265g? EOc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg gct tec 528

Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175

atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag geg acc tac aat 576
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gcg gcc aag gca ggc gtg cgt cat ttc gca aag tce ctg gecc gtg gaa 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205

ttt gct cct ttc gca cgt gtt aac tct gta tect cct ggc tat att aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240

agc tta gtt cca ttg ggt cgt ggt ggg gaa act gcg gaa tta gtt ggt 768
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255

gcc tac ctg ttc ctg gca agt gat gcg ggc tec tac gocc acg ggc aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat atc att gtg gat ggc ggc tac acg ctg ccg taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280

<210> 40
<211> 283
<212> PRT
<213> Artificial Sequence
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gat
ady

atc att gtg gac ggc ggc tac acg ctg ccg taa tga 855 Asp Ile Ile Val Asp
Ay Tyr Thr Leu Pro 275 280 <210> 48 <211> 283 <212> PRT <213>

Artificial Sequence <220> <223> KRED krh320 <400> 48 Met Al a Lye Asn Phe

Ser
Ser
Thr
Val
Lye
Lye
I'le
Pro
Asp
H s
Lys
Val
Hi s
Asn
Pro
Arg

Asn VayoGhedolssz Pro Ala Pro Pro Pro Ala 1 5 10 15 pchiiadififozdel€ Asn G u
Leu Gn Val Leu Asp Leu Phe Lye Leu Asn 20 25 30 Gy Lye Val Ala Ser Ile

Gy Ser Aen Ser Ay Ile Ay Tyr Ala 35 40 45 Leu Ala Gu Ala Phe Ala dn
Gy Ala Asp vVal Ala lle Trp Tyr 50 55 60 Asn Ser H's Asp Ala Thr Ay

Ala Gu Ala Leu Ala Lys Lys Tyr 65 70 75 80 dvy Val Lye Val Lys Ala Tyr
Ala Asn Val Ser Ser Ser Tyr Ala 85 90 95 Val Lye An Thr Ile Qu dn dn
Lye?2¥p Phe Gy His Lev Asp 100 105 110 Ile Val Val Ala Asn Ala Ay lle
Tr 24y KE5Pe* A Al a Tyr 1l1e 115 120 125 Asp G n Asp Asp Asp Lye Hi s Phe
A n.yal 4¥al Asp Val Asp Leu 130 135 140 Lye Ay Val Ay Tyr Val Ala Lys

Al MedMaAlyg AdnSeiRNSeARSh Ghll c1149r 160 aha5prb6fre A¥galhe Gu Lys Gu Gy Lys
G yiAla Leu Val £he Thr Al a Seri0l65 170 175 Meda Ser Ay His Ile Val Asn
Pr dlicdThr Brye AnnGIAl BerTheu Fyr VAL heu P80 Le@5PheolysAler APm Lys Ala Ay Val Arg

Phe Al a L ger Leu. Al ?élzé 15%5 00..20 Pheé@da Pro Phe Ala Arg Val
serH4pe a(rf Po° 51"—&*?’ j’é sﬂ’é;\éeﬁl oy Ogyﬂrﬁr U Ile Ser Asp Phe Val
A neldidaTdll LdanprReMmd ¥sn VAP cly Pila 2ép W30n12301e24 Twer Leu Val Pro Leu Gy
Gy Gsp u Thr Ala Gssi Leu Val Ay so
Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 85
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val val Asp Val Asp Leu
130 135 140
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Tyr Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 130
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 41

<211> 855

<212> DNA

<213> Artificial Sequence

<220>
<223> KRED krh215

<221> CDS
<222> (1)...(855)
<400> 41
atg gct aaa aac ttt agc aat gtc gaa tat cct gec ccg ccg cca get 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
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245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr
260 265 270 Asp Ile lle Val Asp Ay @y Tyr Thr Leu Pro 275 280 <210> 49
<211> 852 <212> DNA <213> Artificial Sequence 49 WO 2004/015132

PCTI US2003yy82064®%s135220> <223> KRED krh326 <221> CDS §z3Zmbashaszes 852)
<400> 49 atg got aaa aac ttt agc aat gec gaa tac cct gcc ccg cog cca got 48

Met Ala Lye Aen Phe Ser Asn Val GQu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15

cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96 Hi s Thr
Lye Asn Qu Ser Leu A n Val Lau Asp Leu Phe Lye Leu Asn 20 25 30 ggc aaa gtc
gcg tot atc acc ggt agc aac tca ggc att ggt tac gcg 144 dy Lye Val Al a Ser
Il e ThrraQa CS@P« sagngaBercaCFyg khe 9Cd yrg\gat Altg 135 a3 4%y ast g gccsgaa got ttt gcg
cag gt tﬂlgd'g ’ggc‘?lg‘t gerglbep Siv Vahder 46r 192 Pheghysaler &y Ala Phe Ala G n Val
Gy Ala Asp Val alle Trp Tyr %D 55 60 aac ago3 cat gat goo acc ggt aaa yea

gag gogggta a QRL RaRagd alc % 0 agd@fe QL ddbSacbSpycALa by Ay kye Ala Qu Ala
Leu Al &1y )49s ipe al¥rseabrie0THibcBP sef@6r Gea daarigidlyang gef tat an get aat gtc

ago tog agt gat gcg 288 dy Mal Lye Val Lye 4AI a Tyr Lye Ala Aen Val Ser Ser
Ser Asp Ala 85 90 95 gtg aaa cag act att atc aag gat ttt ggc cac

ag
700 1 105 Sa g?élg‘;g%%“%w A8 ggggg ?a . 44 ECLSI%’ Ag? Phel@'y H's Leu Asp

100 aac ca gg c Ccda tg aag ggt gca tac atc
384 lle Va? Val Al a Aen Aa Gy lle Pro Trp Thr Lye Ay Ala Tyr Ile 115 120
125 gataa€agc gay qgacgogaiccagst aad gtd igagaec crg @rgapt gpagas: gt c gac ctg 432

Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65 70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat gcg 288
Gly val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95

gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110

att gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atc 384
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

gat cag gat gac gat aaa cat ttt gac cag gtg att gac gtc gac ctg 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Ile Asp Val Asp Leu
130 135 140

,aaa ggc gta ggc tat gta gca aaa cat gcg ggt cgc cat tat cgt gaa 480
Lys Gly val Gly Tyr Val Ala Lys His Ala Gly Arg His Tyr Arg Glu
145 150 155 160

cgt ttc gaa aaa gaa ggc ata aag ggc gcc ttg att ttt acg gect tcc 528
Arg Phe Glu Lys Glu Gly Ile Lys Gly Ala Leu Ile Phe Thr Ala Ser
165 170 175

gtg tcg ggt cac atc gtt aac att ccg caa ttt cag gcg acc tac aat 57¢
Val Ser Gly His Ile Val Asn Ile Pro Gln Phe Gln Ala Thr Tyr Asn
i80 185 190

gcg gec aag gca gge gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205

ttt gect cct tte gea cgt gtt aac tct gta tct cct ggc tat att aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720

Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240

41



Asp G n Asp Asp Asp Lye His Phe Asp @ n Val Val Asp Val Asp Leu 130 135 140
aaa ggc gta ggc tat gta yea aaa cat gcg ggt cgc cat ttt cgt gaa 480 Lye Ay
Val Ay Tyr Val Ala Lye Hs Ala Ay Arg H's Phe Arg G u 145 150 155 160 cqgt

ttc gaa aagol9d 09682 aaa aag ggc gee ttg gtt ttt acg gotpcdAR263M2528y 9 Phe G u
Lye du Gy Lye Lys Gy Ala Leu Val Phe Thr Ala Ser 165 170 175 atg tog ggt

cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576 Met Ser Ay Hs Ile
Val Aen Val Pro Gdn Phe Gn Ala Thr Tyr Asn 180 185 190 gcg gtc aag gca ggc
gtg cgt cac ttc gca aag tcc ctg gcc gtg gaa 624 50 WO 2004/015132

PCT/ US2@03/t8 282682 WMaagdtalcat et Algg 98k yacVadegApap Hias 9Phagl a Lyss Ser Leu Al a
Val G (fe1d5uX3d Egsley Elydrg GeY qlt’c?lgc'fzi‘rcﬁ{a Bt Lemd¥at Sy gta tct cct gge tat
att aat 672 Phe Al&%Pro Phe Al a Arzé Val Asn Ser VAP° Ser Pro Gy Tyr Ile Asn

210 21%,22Q.3%6 9R%c@ Gcd @bt YA deb GoBltcCGR 8PggfGda Caa 3¢ aaa tgg tgg
720 Tmffaeyﬁ ﬂeEeprﬁeLeL:As?:h Bgﬁ%gﬁh&lé’r(}gyGel; Qrufﬁha;m@%%y Aus;l Lye Trp Trp 225 230
235 240 agc tta2egtt cca ttg ggtzéegt ggt ggg gaa’act gcg gaa tta gtt ggt 768
Ser Leu Val Pro Leu G Gy GQu Thr Ala Qu Leu Val Ay 245 250 255

y Arg Ay
gce t ad@2EtAyetatE gggg% 99g8c Jat age tg 9t'@@ 9 gcc acg ggc 48 816 Ala Tyr
Leu Phcegsﬁeigeg.l,é er® %%ggy Y ege ?/;goAla Thr Gy Thr 260 265 270 gat atc
att gtg gac ggc ggc tac acg ctg cog taa 852 Asp Ile Ile Val Asp Ay Ay Tyr
Thr Leu Pro 275 280 <210> 50 <211> 283 <212> PRT <213> Artificial Sequence
<220> <22®>4KRED kr h326 <400> 50 Met Al a Lye Asn Phe Ser Asn Val Qu Tyr Pro

Al a Prﬁgg:oz oAa 151015 Hs Thr Lys Aen Au Ser Leu G n Val Leu Asp
>SA lf'lé%ﬁ] Sequence

<
Leu Phe,

<220>

<223> KRED krh215

<400> 42
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60
Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly Vval Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 85
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Ile Asp Val Asp Leu
130 135 140
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Tyr Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Ile Lys Gly Ala Leu Ile Phe Thr Ala Ser
165 170 175
val Ser Gly Hies Ile Val Asn Ile Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 150
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Agp Phe val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 2130 235 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
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20 25 30 dy Lys Val Ala Ser Ile Thr Ay Ser Asn Ser Ay Ile Ay Tyr Ala 35
40 45 Leu Ala Qu Ala Phe Ala A n Val Ay Ala Asp Val Ala lle Trp Tyr 50 55

60 Asn Ser His Asp Ala Thr Ay Lys Ala Qu Ala Leu Ala Lys Lye Tyr 65 70 75
80 Ay Vaobymnyahz LYys Ala Tyr Lys Ala Asn Val Ser Serpcq@fsafsiaft2 85 90 95
Val Lys Gn Thr Ile Qu dn Gnlle Lys Asp Phe Ay H's Leu Asp 100 105 110
Ile Val Val Ala Asn Ala Ay Ile Pro Trp Thr Lys Ay Ala Tyr Ile 115 120 125
Asp G n Asp Asp Asp Lys His Phe Asp @ n Val Val Asp Val Asp Leu 130 135 140
Lye dy Val Ay Tyr Val Ala Lys His Ala Ay Arg H's Phe Arg u 145 150 155
160 Arg Phe @u Lye Qu Gy2Bys Lye Ay Ala Leu Val Phe Thr Ala Ser 165 170
17S Met Ser Ay Hs Ile vVal Asn Val Pro G n Phe An Ala Thr Tyr Asn 180 185
190 51 ) :29 54/015132 PCTI US2003/ 025263 Ala Val Lye Ala Ay Val Arg Hi s Phe
Al a Lye,per feu Ala Val Gu 195 200 205 Phe Ala Pro Phe Ala Arg Val Aen Ser
Val SerooP¥-0nfdi¥ich¥i deb@erden 210 215 220 Thr G u lle Ser Asp Phe Val Pro Gn
GQu Thr A n Asn Lys Trp Trp 225 230 235 240 Ser Leu Val Pro Leu Gy Arg Ay
Gy Au2q%r Ala Au Leu Val Gy 245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp
Al a G y2&by KREP kTie87 Thy @y Thr 260 265 270 Asp lle Ile Val Asp Ay Ay Tyr
Thr Leu(zg Ol 75 280 <210> 51 <211> 852 <212> DNA <213> Artificial Sequence
<2205 HBE XEDakEN40B

<400> 43

atg gct aaa aac ttt agc aat gtc gaa tat cct gcc ccg ccg cca gct 48

Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96

His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn

20 25 30
ggc aaa gtc gcg tct atc acc ggt age agc tca gge att ggt tac gcg 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45
ctg gcc gaa gct ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aac agc cag gat gcc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240

Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65 70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat gcg 288

Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala

a5 20 85
gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
Val Lys Gln Thr Ile Glu Gln Gln Ile Lya Asp Phe Gly His Leu Asp
100 105 110
att gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atc 384
Ile val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
gat cag gat gac gat aag cat ttt gac cag gtg att gac gtc gac ctg 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Ile Asp Val Asp Leu
130 135 140

aaa ggc gta ggc tat gta gca aaa cat gcg ggt cgc cat ctt cgt gaa 480

Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Leu Arg Glu

145 150 155 160

cgt ttc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg gct tcc 528

Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser

165 170 175
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<221> CDS <222> (1)...(852) «c400> 51 atg get aaa aac ttt agc aat gtc gaa tac
cct gcc ccg ccg cca get 48 Met Ala Lye Asn Phe Ser Asn Val Qu Tyr Pro Ala
Pro Pro Pro Ala 1 5 10 15 cat acc aaa aac gaa tca ctg cag gta ctg gat ctg
ttc aaa ctyoagsydfazH s Thr Lye Asn G u Ser Leu A n ValpdGihafinRadgd Phe Lye
Leu Aen 20 25 30 ggc aaa gtc gcg tct atc acc ggt agc aac tca ggc att ggt tac
gcg 144 dy Lye vVal Ala Ser Ile Thr Gy Ser Aen Ser Ay Ile Ay Tyr Ala 35
40 45 ctg gcc gaa get ttt gcg cag get ggc gca gac gtt gcg atc tgg tat 192

Leu Ala Gu Ala Phe Ala dn Ala Gy Ala Asp Val Ala lle Trp Tyr 50 55 60 aac
agc cat gat gcc acc ggt aaa gca gag gcc ctg get aaa aaa tat 240 Aen Ser Hi s
Asp Al &cTlca@gyp tageath] artGher Akt ccaraf gt lapg dopeacPyrac8aty) 75580 (ggc gta aaa
gtc aadryeert@HY ‘%éa”@ei’a]aéf“ gie figcf‘lf‘c"é‘ea{?df‘ ‘ﬁét'g%cﬁy?ég‘ dy Val Lye Val Lys
Ala Tyr Lys Ala n Val Ser Ser "Ser Asp Ala 85 95 gtg aaa cag act att gag
cag Cagcdlfecang Gatgdct §rHO6 CRE tot GchHagII ct¥adecly®y G Thregidde Gu A n An
Il e LyaldAspaRlye Gaycly gall 8ty Asp phOR14 Qys Isk® Leat Alag¥dl gly gcg aac gca ggc atc
cca tgg act a&§ ggt gca tac @€ 384 |Ile Val20dal Ala Aen Ala Ay Ile Pro Trp

Thr LysttGI tAIE T rgcl Iieg 1%;5t 120 téZ%t52;§¥Dc2004/91513:2§F;:CT/ US%%gBlOZSZGB gat
cag gat %% ? %é Ez gg% \;1 gts %E %c t %_bctg Asp @ n Asp
Asp Asﬁ’h yﬁg S ZM pr;tGZ{é al Val pr pT;geulegl 135 140 an ggc gta

ggc tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480 Lys Ay Val Ay Tyr
Val Al actymgHits vakagaBl yrcABtr lEFs cPh@af\raga Gag db45aab50091 6&g 160 72yt tcc gaa aaa
gaa ggchafAvdag Hycragckbe VL gre i tGla§r§éﬂ Rs@CLYSBrP Ser uLys Gu Gy
Lys Lyé’zay Ala Leu Vaf*%Phe Thr Ala Sér5165 170 175 A&t tcg ggt cac atc gtt

aac gt GgfGHaCGRR dchlcdg@Podest 366 fate Y8 galBleaSele Gy HiSq4d € Val Asn Val
Pro G rsgPhaz ald D&bar..e h&1yT¥%fg flg g%;l&ﬁréﬁg giu Lei Val Gly
245 250 2SS

gcec tac ctg ttc ctg gca agt gat gcg ggc tcc tac gec acg ggc aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat atc att gtg gat ggc ggc tac acg ctg ccg taa tga 855
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro * *
275 280

<210> 44
<211> 283
<212> PRT
<213> Artificial Segquence

<220>
<223> KRED krh267

<400> 44
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
s 40 45
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60
Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly Vval Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 20 95
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Ile Asp Val Asp Leu
130 135 140
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gcg gtc aag gca ggc gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624 Al a Val
Lye Ala Gy Val Arg H's Phe Ala Lys Ser Leu Ala Val du 195 200 205 ttt get
cct ttc gca cgt gtt aac tct gta tct cct ggc tat att aat 672 Phe Ala Pro Phe
Al a Arg Valyohsdyopsisz Val Ser Pro Ay Tyr Ile Asn 210 21@&@ ég atc tct
gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720 Th IIe er Asp Phe
Val Pro An AQu Thr An Asn Lys Trp Trp 225 230 235 240 agc tta gtt cca ttg
ggt cgt ggt ggg gaa act gcg gaa tta gtt ggt 768 Sex Leu Val Pro Leu Ay Arg
Gy Ay Au Thr Ala Qu Leu Val dy 245 250 255 gcc tac ctg ttc ctg gca agt
gat gcgygguytwe c&lacngcv:alaaga Ogc Hae a18 1y mMbaHibyreullty Phe Leu Ala Ser Asp Al a
Ay Sert4yr Al a Thr 0Thr 260 265 2765 gat atc att &% gac ggc ggc tac acg
ctg ccd e FReghy LYAS?JISSI ¥ Frelygfl ey ‘et yerryth ®u Pro * 275 280 <210>
52 <21 > < I <223> KRED kr h408
<400> jSTErQI\;%? M%ﬁy?ﬂaﬁ I% 1 é:\ri%gsdrl\g\;ala %ﬁmgﬁ%ﬁo A%a Pro Pro Pro Ala 1 5
10 15 abks1dtuyslara disnvdll prdSais peel AGh nuyYader Lt ﬂ&deJEGhPhe Lys Leu Asn 20 25
30 Ay Lys V@b Ala Ser Ile Th¢ Ay Ser Asn Bér lle Ay Tyr Ala 35 40 45
Leu Al a?ha'\}wra g cPlAy %rgd’ﬁl AF%SETW‘NS&I S:G‘éfl YR glq P Trp Tyr 53 WO

2004/ 0 1 4JS2003 2 Ala Thr Ay Lye Al a
Gu A ggeu Aflqg 2 p%yégl%Tyr gg%é%%?%ngé jé?‘1\)’3):3‘ fyez Lys Ala Tyr Lye Ala
Asn ValseSaku San ﬁerLeAsmyAhfg 8by @y &au Nﬁ|Alh}@.uG.dﬁ Vaw ciy e Au d@dn dn lle Lys

Asp Phe Ay Hs Lew#ssp 100 105 120 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro
275 280
<210> 45
<211> 855
<212> DNA

<213> Artificial Sequence

<220>
<223> KRED krh287

<221> CDS
«222> (1)...{855)

<400> 45
atg gct aaa aac ttt agc aat gtc gaa tac cct gcc ccg ccg cca gct 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Prc Pro Ala

1 5 10 15

cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

ggc aaa gtc gcg tct atc acc ggt agc aac tca ggc att ggt tac gcg 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
3s 40 45

ctg gcc gaa gct ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aac agc cat gat gcc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat geg 288
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95

gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 338
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
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Ile Val Val Ala Aen Ala Ay Ile Pro Trp Thr Lys Ay Ala Tyr Ile 115 120 125
Asp A n Asp Asp Asp Lys His Phe Asp A n Val Val Asp Val Asp Leu 130 135 140
Lys Ay Val Ay Tyr Val Ala Lys Hs Ala Ay Arg Hs Phe Arg Au 145 150 155
160 Arg Sgio2ebaibs Gu Ay Lye Lys Gy Ala Leu Val P%Tﬁﬁgzoﬂ@ﬁsz r 165 170
175 Met Ser Gy His Ile Val Asn Val Pro Gn Phe An A a en 180 185
190 Ala Val Lys Ala Gy Val Arg H's Phe Ala Lys Ser Leu Al a VaI Gu 195 200
205 the Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Ay Tyr Ile Asn 210 215
220 Thr GQu Ile Ser Asp the Val Pro G n GQu Thr An Asn Lys Trp Trp 225 230
235 240 Ser Leuiddal Pro Leu Ayosrg Ay Ay duweThr Ala Gu Leu Val Ay 245
250 255t Al a Tyr Iégg Phe Lecu Al a S;aFrg?As Ala Ay SeerlcT Alaa;I'Er @y Thr 260
265 270a 280 210> 53 <211>
852 As%s“bn\%?éfz““ %?ﬁ?? i19§‘° & ?&T@?z%g “?rg 1 ED krh417 <221> CDS
<222> (1),,,(852) <400> 53 atg get aaa aac ttt agc sat gtc gaa tat cct gcc
CCQg CCQatCGag(pit 43 gdvbhadkar kye ghsrraPhegSflg fengdéabadactio Tyr B Ala Pro Pro
Pro Al &sp @GnlABsplhsp dart Lec Himdbe dge Qadvalcrlchap ¥HgAg et g gat ctg ttc aaa
ctg aac 963°H s Thr Lys A$#® A u Ser Leu @ Val Leu Asp Leu Phe Lye Leu Asn
O W e e Lacg-:@tcgt cR0G:8G LGALB0C allhogol tar gcg 144

y Lydyiat A e,r Y & y@aﬁ%g o et Tyr A5 as 40 45 crg
gcc gaaaget ttt gcg cagsgtt ggc gca gaxssgtt gcg atc tggotat 192

cgt ttc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg gct tcc 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175

atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gecg gec aag gca ggc gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205

ttt gct cct ttc geca cgt gtt aac tct gta tct cct gge tat att aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240

agc tta gtt cca ttg ggc cgt ggt ggg gaa act gcg gaa tta gtt ggt 768
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255

gcc tac ctg ttc ctg gea agt gat gcg ggc tcc tac gcc acg ggc aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat atc att gtg gac ggc ggc tac acg ctg ccg taa tga 855
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro « +
275 280

<210> 46

<211> 283

<212> PRT

<213> Artificial Sequence

<220>
<223> KRED krh287

<400> 46
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
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Leu

Ala Gu Ala The Ala A n Val Ay Ala Asp Val Ala lle Trp Tyr 50 55 60 54

WO 2004/ 015132 PCTI US2003/ 025263 aac agc cat gat gcc acc ggt aaa gca gag gcc

ctg
Lye
agt
Al a
336
110
Val
cag
Asp
ggc
Val
gaa
Lys
aac
Pro
ttc
Lys
tct
Ay T
sat
Trp
tta
Ay
aca

get aaa aaa tat 240 Asn Ser His Asp Ala Thr Ay Lys Ala Qu Ala Leu Al a

Lye Tywo 26030161375 80 ggc gta aaa gtc aag get tat axan@RbozssdzsOtC agc tcg
gat gcg 288 dy Val Lye Val Lye Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp
85 90 95 gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac
Val Lye An Thr Ile Qu A@n An lle Lys Asp Phe Ay His Leu Asp 100 105
att gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atc 384 Ile
Val 1Al a Asn AIaFGI Ile Pro TrpgOThr & Tyr Ile 115 120 125 gat
gatiigder gae abet teu Gt Y hdegt'*gpg‘{eg e %Ee‘bgﬁn ctg 432 Asp G n Asp
As%l}r“..%sh"a§ eséAfSE’leGrﬁ'r ?% P‘lAsMr\éﬁkI ﬁ%pG Jf'yrl§pa 135 140 aaa ggc gta
tat gta gga aaa cat gcg ggt cgc cat ttf ggt gaa 480 Lys Ay Val Ay Tyr
Al aetysakils MlaarHe y1AGIH Maks cEh@lAragp Glal AMASIESDrpl 5r 160 cgt ttc gaa aaa
ggc a&®8 aag ggc gcc t6y gtt ttt acg oMt tcc 528 Arg Phe Au Lye Gu Gy
Lyé“s’Gs;?rAPa ’T_Sé’u”‘]\%?hrl'ﬁ “Fh? App Fladvlafleg AlpoLye7hys 3y teg ggt cac atc gtt

A g9 53 ThlLARMLOR0. 260 a1 R%aAT 8 sdlEberSEL Hy H s e Val on e

gcaabagstasa n{rgng;ccngt;gx g 1624.ys Alsg ENeGGllyyﬁlsALal by Val Arg His Phe Al a
Ser Leu Ala Mal G u 195 2001895 ttt get cctiitc gca cgt gtt aac tct gta
cct:[lgd’é,‘lt"&l1 Mat Asgigplag By IPh &re\TaP Py [pReSly| hlaAFXjE W Aen Ser Val Ser Pro

oy 0,215 220 g F t gg ccg caa gaa aca caa
aaa &ggtgs %% ASFTE’F% Teg‘g%rlgAvgapl) ‘fﬁla n G u Thr A n Asn Lye
Tr py22hy 2230 A95Tw40a1 agc 1id aigiata GO ptrt_;gnlggbhecgfg gof ggg gaa act gcg gaa

gt t14ggt 768 Ser L& Val Pro Leu Gsy Arg Ay Ay &u Thr Ala Qu Leu Val
2439 3he g Lygc‘élut@d/ &Yy Lyg @%t’% desn ‘fi@t”&ja’fhrgb §tc tcc tac gcc acg ggc

Sji;et Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240
Ser Leu Vval Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro
275 280

«210> 47

<211> 855

<212> DNA

<213> Artificial Sequence

<220>
<223> KRED krh320

<221> CDS
<222> (1)...(855)

<400> 47

atg gct aaa aac ttt agc aat gtc gaa tac cct gcc ccg ccg cca gct 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 26
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

gge aaa gtc geg tct atc acc ggt age aac tca gge att ggt tac geg 144

47



Al a
Ay

<211> 283 wolddnifid <213> Artificial

Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr 260 265 270
gat atc att gtg gat ggc ggc tac acg ctg ccg taa 852 Asp lle Ile Val Asp Ay

Tyr Thr

Leu Pro 275 280 55 WD 2004/ 015132 PCTI US2003/ 025263
Sequence

<400> 54 Met Al a Lye Asa Phe Ser Aen Val

10 15 His Thr
30 dy Lys Vval
Ala Gu Ala Phe Ala G n Val
Serclyiinys As Mlagsephaledryr loyy SAl s Ser Ally 1leuGIAM 3yd higm Lye
Val Lye Va?l-" Lye Al a Tyr Ly% Al a Asn Val

Heoed Er e g

Leu
Asn
Ay
Lye
Val

Adn As

Ay
Arg
Met
Al a
Phe

d r2:(: gcc
Val 2uﬂ§a
p AspoAs

t he@agjagce
SerPety 57T H

Gly val

gtg aaa
val Lys

att gtt
Ile val

gat cag
Asp Gln
130

aaa ggc
Lys Gly
145

cgt ttc
Arg Phe

atg tcg
Met Ser

gcg gcce
Ala Ala

ttt gct
Phe Ala
210

acc gag
Thr Glu
225

agc tta

Ser Leu

gcc tac
Ala Tyr

Loy

Lys

cag
Gln

gtg
val
115

gat
Asp

gta
Val

gaa
Glu

ggt
Gly

aag
Lys
195

cct
Pro

atc
Ile

gtt
Vval

ctg
Leu

Lye Asa G u Ser

Al a Ser

; 8 AqeeAidy
Al a iye Ala dy Vval

act
Thx
100

gcg
Ala

gac
Asp

ggc
Gly

aaa
Lys

cac
His
180

gca
Ala

tte
Phe

tct
Ser

cca
Pro

ttc
Phe

85

att
Ile

aac
Agn

gat
Asp

tat
Tyr

gaa
Glu
165

atc
Ile

ggce
Gly

gca
Ala

gat
Asp

ttg
Leu
245

ctg
Leu

2

gag
Glu

gca
Ala

aaa
Lys

gta
val
150

ggc
Gly

gtt
Val

gtg
val

cgt
Arg

ttc
Phe
230

ggc
Gly

gca
Ala

cag
Gln

ggc
Gly

cat
His
135

gca
Ala

aaa
Lys

aac
Asn

cgt
Arg

gtt
Val
215

gtc
val

cgt
Arg

agt
Ser

L€ ob

cag
Gln

atc
Ile
120

ttt
phe

aaa
Lys

aag
Lys

gtg
Val

cat
His
200
aac

Asn

ccg
Pro

ggt
Gly

gat
Asp

Gu Tyr

Leu G n Val

<210> 54

<220> RAFHRFRbS h417

Pro Ala Pro Pro Pro Ala 1 5

Leu Asp Leu Phe Lys Leu Aen 20 25

dy Ala Asp Val

atc
Ile
105

cca
Pro

gac
Asp

cat
His

ggc
Gly

cecg
Pro
185

ttc
Phe

tct
Ser

caa
Gln

999
Gly

gcg
Ala

n Val

90

aag gat
Lys Asp

tgg act
Trp Thr

cag gtg
Gln Val

gcg ggt
Ala Gly
155

gcc ttg
Ala Leu
170

caa ttt
Gln Phe

gca aag
Ala Lys

gta tct
Val Ser

gaa aca
Glu Thr
235

gaa act
Glu Thr
250

ggc tce
Gly Ser

48

Iér

Ile Thr Ay Ser Asn Ser Ay Ile Gy

Ala lle Trp

Ser

ago Asp Va
Ala Lye Hs Ala Gy Arg H's Phe Arg Qu
Qtygd

o444
Phe

aag
Lys

gtg
Val
140

cge
Arg

gtt
Val

cag
Gln

tee
Ser

cect
Pro
220

caa

Gln

gcg
Ala

tac

Tyr

Arg H s Phe Al aSLys Ser

ggc
Gly

ggt
Gly
125

gac
Asp

cat
His

ttt
Phe

gcg
Ala

ctg
Leu
205

ggc
Gly

aat
Asn

gaa
Glu

gce
Ala

Ser Asp

G As
RED G%é( ijfé) Q% ai@ ?ggr%'k\; p
p Lye Hi s Phes Asp

Val Ay Tyr Val

p Leu

q g8t l29x 9ck \wag gzcletd AgAl aPhaadThet Al a
B EFe ABR S1E2 PR entve oY Ty

Leu Al a Val
Al 3gPrRa P8 Acdady getVahe ABH gS€laaVajtc SRE $¥g0add Yatrlyég | | €

Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Tyr Ala

cac
His
110

gca
Ala

gtc
val

ol ol of
Phe

acg
Thr

acc
Thx
150

gcc

Ala

tat
TYr

aaa
Lys

tta
Leu

acg
Thr

85

ctg
Leu

tac
Tyr

gac
Asp

cgt
Arg

gct
Ala
175

tac
Tyr

gtg
val

att
Ile

tgg
Trp

gtt
val
255

ggc
Gly

gac
Asp

atc
Ile

ctg
Leu

gaa
Glu
160

tce
Ser

aat
Asn

gaa
Glu

aat
Asn

tgg

240

ggt
Gly

aca
Thr

Tyr Ala 35 40 45
Tyr 50 55 60
Tyr 65 70 75 80
Ala 85 90 95 Val
0 105 110 Ile
5 120 125 Asp
130 135 140 Lys
145 150 155 160
8% 165 170 175
Asn 190 185 190
Gu 195 200 205
As@

1

336

384

432

480

528

576

624

672

720

768

816



210 215 220 Thr GQu Ile Ser Asp Phe Val Pro A n GQu Thr Gn Asn Lys Trp Trp
225 230 235 240 Ser Leu Val Pro Leu Ay Arg Ay Ay Qu Thr Ala Qu Leu Val
Gy 245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gy Ser Tyr AIa Thr Ay

Thr 260 289 240iésp |le Ile Val Asp Ay Ay Tyr Thr ?b.lPﬂgsg 0370 <210>
55 <211> 852 <212> DNA <213> Artificial Sequence <220> < % kr h483

<221> CDS <222> (1)...(852) 56 WD 2004/015132 PCTI US2003/ 025263 <400> 55 atg
get aaa aac ttt tcc eat gtc gaa tat cct gcc ccg ccg cca get 48 Mt Ala Lys
Asn Phe Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15 cat acc aaa
aac gaa tca ctg xsag gta ctg gat 266g ttc aaa ctgz=mac 96 H e Thr Lye Asn Gu
Ser Leu gn Valé Leu Asp Leu Phe Ly stLeu At;n t:20 25 30 ggc anag%c gcg tct atc
acc ggt9d qﬁc %g 9%1 Ac 9142 "9y Lye Val Ala®3®er Ile Thr Gy
Ser Aed®Be eaﬁ :?? gl*ng/ fgagﬁ L&%% ctg gcc gaa get ttt gcg cag gtt ggc
gca gac gtt gcg atc tgg tat Leu Ala Gu Ala Phe Ala dn Val Gy Ala Asp
Val Ala lle Trp Tyr 50 55 60 aac agc cat gat gcc acc ggt aaa gca gag gcc ctg
get aax2ama4tat 240 Asn Ser H's Asp Ala Thr Ay Lys Ala Qu Ala Leu Ala Lys
Lys Tyr<2615? ?@ 75 80 ggc gta aaa gtc sag get tat aaa get aat gtc agc tcg agt
gat gcg‘%??;B GLy f"ch—;XS Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 9 P aa cag act - att gag cag cag atc aag gat ttt ggc cac ctg gac 336
Val Ly&zﬂ,n Thr Ile u dn dn lle Lye Asp Phe Gy His Leu Asp 100 105 110
<223> KRED krh320

<400> 48
Met Ala Lye Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
35 40 45
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
€5 70 75 8o
Gly Vval Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Tyr Ala
85 90 95
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 135 140
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
) 195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn lys Trp Trp
225 230 235 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 49

<211> 852

<212> DNA

<213> Artificial Sequence
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ata gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atc 384 |Ile Val
Val Ala Aen Ala Ay Ile Pro Trp Thr Lys Gy Ala Tyr Ile 115 120 125 gat cag
gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432 Asp A n Asp Asp
Asp Lys HiwoBbR/ie¢p2 G n Val Val Asp Val Asp Leu 130 1351,(:%2@,%2@@0 gta ggc
tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480 Lys dvy Val Tyr Val
Ala Lys Hs Ala Gy Arg Hs Phe Arg Gu 145 150 155 160 cgt ttc gaa aaa gaa
ggc aaa aag ggc gcc ttg gtt ttt acg get tcc 528 Arg Phe u Lys Qu Ay Lye
Lye Gy Ala Leu Val the Thr Ala Ser 165 170 175 atg tcg ggt cac atc gtt aac
gtg ccg caa ttt cag gcg acc tac aat 576 Met Ser Ay His Ile Val Asn Val Pro
A n Phe<edn Ala Thr Tyr Asn 1BO 1B5 190 gcg gtc aag gca ggc gtg cgt cat ttc
gca aag‘zf%’c’c%Ethk’ﬁ’eﬁs gtg gaa 624 Ala Val Lys Ala Gy Val Arg H's Phe Ala Lys
Ser Ley,fN.acpal Gu 195 200 205 ttt get cct ttc gca cgt gtt aac tct gta tct
cct ggcabat (at.t.@ab) 672 Phe Ala Pro Phe Ala Arg Val Aen Ser Val Ser Pro Gy
Tyr Ile Asn 210 215 220 57 WD 2004/ 015132 PCT/ U82003/ 025263 acc gag atc tct
gat ttct%‘!m:%gﬁ a(?%at aa ac%t caa sat gaatt tgg 720 Th;ftoG u Ilece Ser Asp Phe
Val Pr agc*tta gtt cca ttg
ggc cg?lggﬂg " P{fﬁaphe ?Agﬁn ggg rp;y £° AF ?@gp;"sgg Eeu Val Pro Leu Ay Arg
Gy Ay du Thr Ala Qu Leu Val Gy 245 250 255 gcc tac ctg ttc ctg gca agt
gat gcgaggectaae daacgaycreaaety gog gheaxtat Abacttysaal ety Phre Leu A a Ser Asp Al a
GI y Sedigyibr Alya ApRrcl@ §erTheu 250 Vab3.278p Lgat Phat kysaleu ey gac ggc ggc tac acg
ctg ccg taa 852 2Bsp Ile lle VaI 2Asp Ay Ay Tyr*°Thr Leu Pro ; 275 280 <210>
56 <2113 283 grs kg tdeil<2d33aAabl fabical SRAHENGR c52307 <223 KRED krh4s3

Gly Lys Vval Ala Ser lle Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala

35 40 45

ctg gcc gaa gect ttt geg cag gtt ggc gca gac gtt gecg atc tgg tat 192

Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aac agc cat gat gcc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65 70 75 80
ggc gta aaa gtc aag gct tat aaa gct aat gtc agec tcg agt gat geg 288
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala

8% S0 95
gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 136
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
att gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atce 384
Ile Vval Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
gat cag gat gac gat aaa c¢at ttt gac cag gtg gtg gac gtc gac ctg 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val val Asp Val Asp Leu
130 135 140
aaa ggc gta ggc tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
cgt ttc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg get tce 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gcg gtc aag gca ggc gtg cgt cac ttc geca aag tcce ctg gee gtg gaa 624
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<400> 56 Met Ala Lys Asn Phe Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5
10is H's Thr Lye Asn Qu Ser Leu G n Val Leu Asp Leu Phe Lys Leu Asn 20 25
30 dy Lye Val Ala Ser Ile Thr Ay Ser Aen Ser Ay Ile Ay Tyr Ala 35 40 45
Leu Ala GwoAbaothiezAla G n Val Ay Ala Asp Val A a || echiadisfozs2ef 55 60

Asn Ser H's Asp Ala Thr Ay Lys Ala Qu Ala Leu Ala Lys Lye Tyr 65 70 75 80
Gy Val Lye Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala 85 90 95 \al
Lye An Thr Ile Au Gn dn Ile Lye Asp Phe Ay His Leu Asp 100 105 110 Ile
Val Val Ala Asn Ala Ay Ile Pro Trp Thr Lys Gy Ala Tyr Ile 115 120 125 Asp
G n AsplisplAgp AlpsCGlyi ¥alPhes AL P Rl¥dlys\fxr LagpAMalalA§ps Leu 130 135 140 Lys
Ay val Ay TP VaI Al a Lys Fﬁ’@ Al a Gly Arg 4°s Phe Arg Gu 145 150 155 160

Arg Ph Ph Al a 165 170 175
Met Seéggiigﬁ%% R g/é& oy %o‘? Rl & rﬁ?@gt TR Tyr Ah 180 185 190
Al a Val LyaoAl y Val Asg H's Phe Al a Lye Ser Leu Ala Val du 195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Ay Tyr Ile Asn 210 215 220
Thr Q @°F 1989 3EF AEpIaPhEEcValc Prd °@ 19a8jaga e BEn3dAasked yee Trp T#p 225 230 235
240 5§h§£‘612d62/5(?f5‘19§2"‘;5c:’1‘7b§2‘66é‘}@ésggg Gladsn B¢ U go Leu Gy Arg Ay Gy
GQu T a Gu Leu vaf’® Gy 245 250 2 Ala Tyr Leu Phe Leu Ala Ser Asp Al a
Ay SelagditaAla cHarced yoeThie 926QoPRa 280 A5Muahl @al ke ¥ad Asp-&@y Qy Tyr Thr
Leu Pr er 2#56 VA30Pro<@b0cly5Xrg<@lyl 518%2u Thr Ala Glu Leu Val Gly

245 250 255
dgce tac ctg tte ctg geca agt gat geg ggc tecc tac gocc acg ggc aca 8le
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
gat atc att gtg gac ggc ggc tac acg ctg ccg taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280

<210> 50
<211l> 283
<212> PRT
<213> Artificial Sequence

<220>
<223> KRED krh3i2é

<400> 50 .
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
35 40 45
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly Vval Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 S0 95
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 135 140
Lys Gly val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val pPhe Thr Ala Ser
165 170 175
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

51



<212> DNA <213> Artificial Sequence <220> <223> KRED krh476 <221> CDS <222>
(1)...(852) <400> 57 atg get aaa aac ttt tcc sat gtc gaa tat cot goo cog ccg
cca get 48 Mt Ala Lys Asn Phe Ser Aen Val GQu Tyr Pro Ala Pro Pro Pro Ala 1
5 10 15 cwbBe&%1938 dJac gaa tca ctg cag gta ctg gat ct&ﬂéﬁoﬁﬁ%g}g aac 96
H's Thr Lys Asp A u Ser Leu A n Val Leu Asp Leu Phe Lye Leu Asn f 25 30 ggc
aaa gtc gcg tct atc acc ggt ago aac tca ggc att ggt tac gcg 144 dy Lys Val
Ala Ser Ile Thr Ay Ser Asn Ser Ay Ile Ay Tyr Ala 35 40 45 ctg gcc gaa get
ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 192 Leu Ala Qu Ala Phe Al a
A n Valale yalAlys AbpGlalvallazg IHie Phepalhyrysbfer5be6@ladel @0 cat gat goo acc ggt
aaa gca gag gt ctg got aaa 288 tat 240 Asn2®er His Asp Ala Thr Ay Lys Ala
Gu Al & EfraAr® EV"e 8%/91"—’1' @1 oAb alra: i)y i g;gcc'b‘t yadae d‘FE aag got tat aaa got
aat gt CyagH ! £ @&ta%atphawl%% a1 VAl Eeadpl d s Ag Tyr Lys Ala Asn Val
Ser Serazfer Asp Al gtg aaa g&g act at¥ gag 2399 cag atc aag gat ttt
ggc cacseetGpugedl 836 LeWaly layg Gﬂymﬂ?mlul ter Aaucld nexdvalldlg Lye Asp Phe Gy Hi's
Leu Asp 100 105 f 128 att gl 0§ aac gca ggc &BE cca tgg act aag ggt gca
tac at AlBgWT 1que PRz, few/dla ﬁF‘é ‘“ﬂgn“ Al GLYGFSF TYehly Bfigr%Y'Fl'?F Lys Ay Ala Tyr lle
115 12 g %s ffé aj_ttt gac g gtg gtg gac gtc gac ctg
432 AgAﬁljdrﬁr? gép ngigb’g%;%%?;%s ﬂléeQ‘Agrﬁ A n Val Val Asp Val Asp Leu 130 135
140 aaa ggc gta ggc tat gta gcg aaa cat gcg ggt cgc cat ttt cgt gaa 480 Lye
Gy Val<2@y s5Tyr Val Ala Lys Hs Ala Ay Arg Hs Phe Arg Au 59 WO 2004/ 015132
PCT/ USZ‘G@B?‘ 325263 145 150 155 160 cgt ttc gaa aaa gaa ggc aaa aag ggc gcc
t';]g g';]t gg@lgflgmtl g%genc%S Arg Phe Qu Lye Qu Ay Lye Lys Ay Ala Leu Val
Phe Thr

<220>
<223> KRED krh408

<221> CDS
<222> (1)...(852)

<400> 51
atg gct aaa aac ttt agc aat gtc gaa tac cct gcc ccg ccg cca gct 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat acc aaa aac gaa tca ctg cag gta ctg gat ctg ttc aaa c¢tg aac 96
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

ggc aaa gtc gcg tct atc acc ggt age aac tca ggc att ggt tac gcg 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
35 40 45

ctg gcc gaa gct ttt gcg cag gct ggc gca gac gtt gcg atc tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Ala Gly Ala Asp Val Ala Ile Trp Tyr
50 5% 60

aac agc cat gat gecc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat gcg 288
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 S0 95

gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Cly His Leu Asp
100 10s 110

att gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atc 384

Ile Val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

52



165 170 175 atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag gcg acc tac sat

576 Met Ser Gy Hs Ile Val Asn Val Pro G n Phe @n Ala Thr Tyr Asn 180 185
190 gcg gtc aag gca ggc gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624 Al a
Val Lye AlwoGhopnoyaib2 Arg His Phe Ala Lys Ser Leu Al a Valpc@us2dd3fps26 205 ttt

get cct ttc gca cgt gtt aac tct gta tct cct ggc tat att sat 672 Phe Ala Pro
Phe Ala Arg Val Aen Ser Val Ser Pro Gy Tyr Ile Asn 210 215 220 acc gag atc

tct gat ttc gtc ccg caa gaa aca cag aat aaa tgg tgg 720 Thr GQu Ile Ser Asp
Phe Val Pro A n GQu Thr An Asn Lye Trp Trp 225 230 235 240 agc tta gtt cca
tt g gg@akagIgt gagaaaaa@@t eg ggacragte oIty 9Rgt 9t68ac Se¥ Leud¥al Pro Leu Gy
Arg G Y& "3 %?ﬂ'g“% & Ge E‘El“’%lclt‘i‘fflz‘iﬁ} BapoValsase {8t tac ctg ttc ctg gca
agt gat gc ggc tcc tac gcc acg ggc aca 818 Ala Tyr Leu Phe Leu Ala Ser Asp

Al a G Yaadfge Tyta Ncatathbeddg¥a ThE 36Qcdbt 22 fQatedtbg dhd Jt gsgRC ggc ggc tac
acg ctgyscytaa Sy2TyrASgl hle yb eriVallaAnp Kdgyui@l ynelyrg 6w Leu Pro 275 280
<210> 585<211> 283 <21 PRT <213> Ari5sfici al Sequenéné0 <220> <223> KRED
krh476 <400> 58 I\/Et A a Léj Aen Phe Ser Aen Val a Pro Pro Pro

ﬁlsﬁ 2% ?31%6 Lygaj E n T§2a§1:Lé Asp E%u Phe Lys Leu

173 y Ser pA=n Ser Gy lle Ay Tyr Ala
35 40 45 Leu Ala Au Ala Phe Ala An VaI Gy Ala Asp Val Ala lle Trp Tyr 50
55 60 aberrcSegatHras aﬂts:pgN aacllgtg Gey dayscthl cag@ag Mcatacegadl a Lyze Lye Tyr 65 70
75 80 *’GySEVaﬁley@ Valy dsm|val ?g? qly Pha| Eophy %ﬂ TGePsSer Ser Asp Ala 85 90
95

gcg gtc aag gca ggc gtg cgt cat ttc gca aag tcec ctg gce gtg gaa 624
Ala Vval Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205

Lttt gect cct ttc geca cgt gtt aac tct gta tet cct gge tat att aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240

agc tta gtt cca ttg ggt cgt gyt ggg gaa act geg gaa tta gtt ggt 768
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255

gcc tac ctg ttc ¢tg geca agt gat geg ggc tec tac gec acg gge aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat atc att gtg gac ggc ggc tac acg ctg ccg taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280

«210> 52

<211> 283

<«212> PRT

<213> Artificial Sequence

<220>
<223> KRED krh408

<400> 52
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
35 40 45

Leu Ala Glu Ala Phe Ala Gln Ala Gly Ala Asp Val Ala Ile Trp Tyr

53



Val Lys d@n Thr
2004/ 015132 PCTI US2003/ 025263 100 105 110 Il e Val
115 120 125 Asp G n Asp Asp Asp Lys H s Phe

Pro Trp Thr

Asp A n VayoYalyofsis: Val

Ile Qu @n A@n lle Lye Asp Phe Gy H's Leu Asp 60 WO

Lys Ay Ala Tyr

Ile

Hs Ala Gy Arg H's Phe Arg G u
Lye Ay Ala Leu Val
Val Pro A n Phe @ n Ala Thr Tyr Aen
H s Phe Ala Lys Ser
Asn Ser V&éHo Set Pro G

Pro d ﬁsﬁstﬁr‘lfﬁls Agpnhlae

Arg G)g

Ser Asp W'a
Gy TyWaﬂ-hJSlsLCﬁH Trorle2dtu 2&0@1521@@5&5529%%1&5&5 il 2sp DNA <213> Artifici al
<220> ¥0223> KRED kr h4385 <221> CDS <222> (1).
get aadlada@ltved ‘tl@chsa‘a{\lagﬁb’ h%lPF‘atTrEc"thrg}d’G ‘%:Wgﬁléo"gyrcé%ﬁ got 48 Met Ala Lys

a@lh\gﬁ:rae P{; vl
Ser Leuy&ldlyah digurASpall etk Bhe aLymLe;:yA&a @ ﬂﬁ B@

Sequence

Asn Phq\ S%r
gac gaa Ifcl

145
Arg

Met
Ala
Phe
Thr
225
Ser

Ala

Asp

<210>
<211>»
<212>
<213>

Ser
Ser
Val
Ala
210
Glu
Leu
Tyr

Ile

<220>

<223>

<221>
<2225

&

Glu
Gly
Lys
195
Pro
Ile
val

Leu

Ile
275

53

852
DNA
Artificial Sequence

cDs
(1) ...

<400> 53

atg
Met
1

cat

His

ggc
Gly

ctg
Leu

gct
Ala

acc
Thr

aaa
Lys

gcc
Ala
50

aaa
Lys

aaa
Lys

gtc
Val
35

gaa
Glu

&

r

eres

Phe Thr Al a Ser

Leu Al a Val

WA g

Lys Glu

His
180
Ala
Phe
Ser
Pro
Phe

260
Val

1€5
Ile

Gly
Ala
Asp
Leu
245

Leu

Asp

KRED krh417

(852)

aac ttt

Asn

aac
Asn
20

gcg
Ala

gct
Ala

Phe

gaa
Glu

tct
Ser

Lttt
Phe

=|_9év Frp e p?luz“és LegPla3byspl® TGer Leu Val
Leu Phe Leu Al a
p The He Val Asp vy

Hys f{s

150

ga?

Val

Ala Aen Ala Ay lle

Asp Leu 130 135 140 Lys Gy Valcrids¥eodiiszosr! Al a Lys

145 150 155 160 Arg Phe Ju Lys Qu Gy Lye

d

Gly Lys Lys Gly

val
Val
Arg
Phe
230
Gly
Ala

Gly

agc
Ser

teca
Ser

atc
Ile

gcg
Ala

Asn
Arg
val
215
Val
Arg

Ser

Gly

aat
Asn

ctg
Leu

acc
Thr

cag
Gln
55

Val
His
200
Asn
Pro
Gly
Asp

Tyr
280

gtc
Val

cag
Gln

ggt
Gly
40

gtt
Val

Pro
185
Phe

Ser
Gln
Gly
Ala

265
Thr

gaa
Glu

gta
val
25

agc

Ser

ggc
Gly

u

Ala
170
Gln
Ala
val
Glu
Glu
250
Gly

Leu

tat

Tyr
10

ctg
Leu

aac
Asn

gca
Ala

165 170 175 Net Ser

180 185 190 Al a Val
195 200 205 Phe Ala Pro Phe Ala Arg Val
ﬁhTﬁlleAanIOZ@SZZO Thr Au Ile Ser Asp Phe Val

155
Leu Vval

Phe Gln
Lys Ser
Ser Pro
220
Thr Gln
235
Thr Ala
Ser Tyr

Pro

cct gcc
Pro Ala

gat ctg
Asp Leu

tca ggc
Ser Gly

gac gtt
Asp Val
60

54

yrlaglgt %‘ﬁyh IAEui'hr 252%0 g%ezggﬁjgs

a Tyr

Ay Hi
Lys A

. (852)

2l;,5, 10 15
CPE™  His Thr Lye Asp G u

Phe Thr Ala

Ala
Leu
205
Gly
Asn

Glu

Ala

ceg
Pro

tte
Phe

att
Ile
45

gcg
Ala

Thr
190
Ala
Tyr
Lys

Leu

Thr
270

ccg
Pro

aaa
Lys
30

ggt
Gly

atc
Ile

175
Tyr

Val
Ile
Trp

val
255
Gly

cca
Pro
15

ctg

Leu

tac
Tyr

tgg
Trp

Glu
160
Ser
Asn

Glu

Asn

Trp
240
Gly

Thr

gct
Ala

aac
Asn

gcg
Ala

tat
Tyr

48

96

l44

192

s Ile Val Asn
a dy Vval Arg

Pro Leu Ay

<400> 59 atg

cat acc aaa



aaa gtc gcg tct atc acc ggt ago agc tca ggc att ggt tac gcg 144 Gy Lys
Ala Ser Ile Thr Ay Ser Ser Ser Ay Ile Ay Tyr Ala 35 40 45 <ctg gcc gaa
ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 192 Leu Ala Au Al a Phe
An V Asp Val Ala Ile Trp Tyr 50 55. 60 gat gcc acc
aaa g?”é"%"é’"gé? ctg get aaa aaa tat 240 Asn Ser G%%%[,&s%g&idﬁ%gﬁehr Gy Lye
GQu Ala Leu Ala Lys Lys Tyr 65 70 75 80 ggc gta aaa gtc aag got tat aaa
aat gtc age tcg agt gat gcg 288 61 WD 2004/015132 PCTI US2003/ 025263 dvy
Lye Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala 85 90 95 gtg aaa
act att gag cag cag atc aag gat ttt ggc cac ctg gac 336 Val Lye @ n Thr
A 3agage @ah QaFGBCEy%CCAS? Pire 963 PagHigsc [cba RS praRO@Raley 110 244t gtt gtg gcg
gc&i%&&r dite ’E‘Ea“ltagﬁ;ga‘é Y Ly Aty Clydaa (Lee MeclyssWwe TY% val Val Ala Asn Ala
[le"Pro Trp Thr Lye Ay Ala Tyr I1é°115 120 125 ga?0 cag gat gac gat aaa
tt lgg@Yea GRS Mt hadtdctdts GhL g0@Gaf cﬁz tc@SfytQFdt §gP Aspafdsp Lys Hi s Phe
A glyahl luye vAS LyYadlaAsyr Lpdl Al3@sd 321 k40 seaased0fspdhta ggC tat gta gca aaa
gcg ggt cgc cat ssat cgt gaa 480% Lye Ay Val A9s Tyr Val Ala Lye His Ala
Ar %tHi sa'l%% Agg tGI uagt145 1505“}%2 1|69g'é t(égt gtEtccga% aaa g?a3%c (éte zlag ggc
tt I1e e y a Leu
Phe‘?ﬁ?sﬁ‘é?éé??l?e ulgg %%Ll,fgtl' stp‘(%% Pga§15§§§e€ g%;t/ aac att ccg caa ttt
gcg acc tac aat 576 Val Ser Gy Hs Ile Val Asn Ile Pro G n Phe An Ala
TyrtAgat 580 gt8>ratofra gwyagreccaags geca agg@aygtqracgic gat ttc3gca aag tcc ctg
gt glgdal a2y Ala nppla Eelly RrqgTyp VAt LAP BlHiAlaPfwr Mea Lys Ser Leu Al a Val
195 200 28% ttt get cct tft gca cgt gtt Hac tct gta tct cct ggc tat att

67éat Rhg At BT PIE Aledc A Gad/lg 488 go§Tgalaec e EIPL G yqabyr Ile Aen 210
22@s@ @8n B3 AdhCashbClysOBds bl AGH @1 GF1 AR APpavaACRECHBeL aat aaa tgg tgg 720

G u | heoSer Asp Phe Vais Pro G n GQu Thr A n Aen Lye Trp Trp 225 230 235

aaa ggc gta ggc tat gta gca aaa cat geg ggt cge cat ttt cgt gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu

145 150 155 160

cgt ttc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg get tec 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser

165 170 175
atg tcg ggt cac atc gtt aac att ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Ile Val Asn Ile Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 1%0
gcg gcc aag gca ggc gtg cgt cat ttc gca aag tce ctg gec gtg gaa 624
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205
ttt gct cot ttc geca cgt gtt aac tct gta tct cct ggc tat att aat 672
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220

acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp

225 230 235 240

agc tta gtc cca ttg ggt cgt ggt ggg gaa act gcg gaa tta gtt ggt 768
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly

245 250 255
gcc tac ctg ttc ctg gca agt gat gog gge tec tac gocc acg ggc aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
gat atc att gtg gat ggc ggc tac acg ctg ccg taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro *
275 280

35



agc
Val

ctg
Leu
gat
Pro

tta
Pro
ttc
Al a

ggc
275

ctg gca agt gat gcg
SakoAem/ i3 Gy Ser
ggc Lac acg ctg ccg
280 <210> 60 <211>

u
ggc
Tyr
t ea
283

20041015132 PCT/ 11S2003/ 025263

Asn
Asp
Ser
Al a
Thr
Al a
Gn
Ay
Hi s
Al a
Ay
Val

Phe Ser Asn Val du Tyr
AQu Ser Leu G n Val Leu
Il e24hrs4dy Ser Ser Ser
G 9] y Ala Asp Val

2

J%ejlam%y selrdenkEU
Tyr Lys Ala Aen Val Ser
G r21d>e Lys Asp Phe Ay
| | €2P>oKREPpRTTAY? Lys Gy
Phe pGnVaI Ile Asp

s

| e1Lye AlasLeu I

20

Gly Lys Val Ala Ser Ile Thr

35

Leu Glu Ala Phe Ala Gln

55
Gly

Ala
50
Ser Ala Thr
70

Ala

Asn His
65

Gly

Asp

Val Lys Val Lys

a5
Ile

Tyr

Val Gln Thr
100

Ala

Lys Glu Gln

Ile Val val
115

Asp

Asn Ala Gly
His
135
Ala

Gln
130
Gly

Asp Asp Asp Lys
val
150

Gly

Lys val
145

Arg

Gly Tyr
Glu
165
Ile

Phe Glu Lys Lys

Met His val Asn

180
Ala

Ser Gly

Ala Ala Lys val

195
Pro

Gly Arg
Val
215
Val

Ala Phe
210

Glu

Phe Ala Arg
Thr
225

Ser

Ile Phe
230

Gly

Ser Asp

Val Leu
245
Leu

Leu Pro Arg
Phe
260

Val

Ala Tyr Leu Ala Ser

Ile Ile

275

Asp Asp Gly Gly

<210>
<211>
<212>
<213>

55

852

DNA

Artificial Sequence

<220>
<223> KRED krh483
<221>
<222>

CDS

(1) ...(852})

Pro
Asp
Ay
Al a
Al a
Ser
Hi s
Al a
Val

Gly Ser Asn Ser Gly

40
Val

Lys
Lys
Gln
Ile
120
Phe
Lys
Lys
Ile
His
200
Asn
Pro
Gly
Asp

Tyr
280

gtt cca ttg ggt cgt ggt ggg gaa act gcg gaa tta gtt ggt 768
Leu dy Arg dy dy d

Ser Leu
Thr Ala Qu Leu Val @y 245 250 255 gcc Lac
tcc Lac gcc acg ggc aca 816 Ala Tyr Leu Phe
Ala Thr @y Thr 260 26% C% 20 2 att gtg
852 Asp lle Ile Val é% ogﬁaﬁs Thr Leu
<212> PRT <213> Arti f| CI al Sequence 62 WO

<220> <223> KRED kr h495
Al a
Leu
Ile
Ile
Lye
Ser
Leu
Tyr
Asp
g&,@ AglyphAr&er W1 off §yFrlo a143 4301 A0 Arg Phe Gu Lye GQu
e Phe ThrgAl a Ser

Asmé ITBr msze Agh clRheerGueu Al vdhiLed Wep Asfl

25

Gly
Ala
Ala
Ile
105
Pro
Asp
His
Gly
Pro
185
Phe
Ser
Gln
Gly
Ala

265
Thr

Ala
Glu
Asn
90

Lys
Trp
Gln
Ala
Ala
170
Gln
Ala
Val
Glu
Glu
250
Gly

Leu

Pro
Phe
Ay
Trp
Lye
Asp
Asp
Ile
Leu

Asp
Ala
75

val
Asp
Thr
Val
Gly
155
Leu
Phe
Lys
Ser
Thr
235
Thr

Ser

Pro

56

<400> 60 Met Ala Lye
Pro Pro Ala 1 5 10 15 His Thr Lye

Lye Leu Aen 20 25 30 dy Lye Val Al a
Tyr Ala 35 40 45 Leu Ala G u Al a Phe

Tyr 50 55 60 Asn Ser Gn Asp Al a

Tyr 65 70 75 80 dy Val Lys Val Lye
Ala 85 90 95 Val Lys Gn Thr Ile GQu
100 105 110 Ile val Vval Ala Asa Al a

115 120 125 Asp G n Asp Asp Asp Lye
130 135 140 Lys Gy Val dy Tyr Vval

165 1795 175 Val
Phe

Ser Ay Hs lle

Lys Leu Asn

30

Ile Gly Tyr Ala
45

Val Ala Ile

60

Leu

Trp Tyr

Ala Lys Lys Tyr

80

Ser Ser Ser Asp Ala
95

His Leu

110

Ala

Phe Gly Asp

Gly Ile
125
Asp

Lys Tyr
Val
140
Arg

Val Asp Leu

Phe Glu
160
Ser

His Arg

val Phe Thr Ala

175
Ala Thr Tyr
190

Ala

Gln Asn

Leu Val Glu
205

Gly

Ser

Pro Ile Asn
220

Gln

TYyr
Asn Trp
240
Gly

Lys Trp

Ala Glu Val
255

Gly

Leu

Ala Thr Thr

270

Tyr



180 185 190 Ala Ala Lye Ala Ay Val Arg H's Phe Ala Lys Ser Leu Ala Val Qu
195 200 205 Phe Ala Pro Phe Ala Arg Val Aen Ser Val Ser Pro Ay Tyr Ile Asn
210 215 220 Thr GQu Ile Ser Asp Phe Val Pro Gn GQu Thr Gn Asn Lye Trp Trp

225 230 23po3étdo1sper Leu Val Pro Leu Ay Arg Ay Gy GpdrARboothi2dd U Leu Val
Gy 245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay

Thr 260 265 270 Asp Ile Ile Val Asp Ay Gy Tyr Thr Leu Pro 275 280 <210>
61 <211> 789 <212> DNA <213> Artificial Sequence <220> <223> GDH 2313
<221> CDS <222> (1)...(789) <400> 61 atg tat ccg gat tta aaa gga aaa gtc gtc
get att aca gga get get 48 Met Tyr Pro Asp Leu Lye Ay Lye Val Val Ala lle
t Al a " 63 WO 2004/01?132 PCT(I:CU82003/ 025263 tca ggg ctc

gga aad% 4}3@ gﬁ%éti G§ k. 6t 2 g@%gaié il §§§9p1@0§ra9§1§er Leu Ay Lys

Al a Met I'Te rg5Phe Lye uj aaa gtg gtt atc aac
tat tat agt aat aaa caa gat ccg aac gag gta 144 Lye Val Val Ile Aen Tyr Tyr
Ser Asrat \sgc @an 3aspgaRr trafery Ghal gvalct@Fad(td3-tecazra gamagag gt c9@tc aag gcg ggc
ggt gadigdhrdire AFpClyt Terche 6151%1"192'8“ |Aje Let(Phe kys\vesy e Lye Ala Gy Ay Qu
Ala Val Val Val &n Gy 50 55 60%Jat gtc acg aad'gag gaa gat gta aaa sat atc

gtg ca@gac‘aqaga 7&5ttc249cc AP g¥@lagd Nbc g dak el dhePeR Y& Lyeifisn Ile Val Gn
Thr Al &1} l19s Aa7der8fle ﬂ&gcg}a@eihﬁn%E A¢aet@ygagr atd atg att aat aat gcc
ggt ctt gaa 288 Lye GQu the @y Thr Leu Asp4ble Met Ile Aen Asn Ala Ay Leu
Gu ctg gcc gaa gct ttt gcg cag gtt ggc gca gac gtt gcg atc tgg tat 132
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aac agc cat gat gcc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 a0

ggc gta aaa gtc aag gct tat aaa gect aat gtec age teg agt gat geg 288
Gly Vval Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95

gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110

ata gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atce 384
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

gat cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val val Asp Val Asp Leu
130 135 140

aaa ggc gta ggc tat gta gca aaa cat geg ggt cgc cat ttt cgt gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160

cgt ttc gaa aaa gaa ggc aaa aag ggc gcc ttg gtt ttt acg gct tec 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175

atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gcg gtc aag gca ggc gtg cgt cat ttc geca aag tcc ctg gcc gtg gaa 624
Ala val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala Val Glu
185 200 205

Lttt gct cct ttc gca cgt gtt aac tet gta tet cet gge tat att aat 672

Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
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85 90 95 sat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Asn Pro Val Pro Ser Hs Gu Met Pro Leu Lye Asp Trp Asp Lys Vval 100 105 110
atc ggc acg aac tta acg ggt gcc ttt tta gga agc cgt gaa gcg att 384 Ile Gy
Thr Asn Leyobtvsntdiy2 Ala the Leu Gy Ser Arg Gu Ala Ilg é%zd’og@zs} 5 aaa tat
ttc gta gaa aac gat atc aag gga aat gtc att aac atg tcc 4 yr the Val
GQu Asn Asp Ile Lys Ay M1 Val Ile Asn Met Ser 130 135 140 agt gtg cac gaa
gtg att cct tgg ccg tta ttt gtc cac tat gcg gca 480 Ser Val Hs Qu Vval Ile
Pro Trp Pro Leu Phe Val H's Tyr Ala Ala 145 150 155 160 agt aaa ggc ggg atg
aag ctg atg aca gaa aca tta gcg ttg gaa tac 528 Ser Lye Ay Ay Mt Lye Leu
Met Thracd9ag Rtr 1cs83h| BEd 8tF CFQ c3§ 1923 6%a 1cpg apFSaaageqy €8y aag?®yc att cgc gtc
sat aafoat¥Udd§ WELF I otY B Gé&§15?'§r GAp Pepr oy oL@ Ile Arg Val M An
Ile Gly ro dy Ala 11e%n 180 185 190 acg acg atc sal get gag aaa ttt get
gac CClagdaRaCRY RAdctgeigdast @gél god ha BRE dobgalherAl geeGudt Lye ke Ala Asp Pro
Lye G mebkyeuAlad #ispehO& 20ty 200 cof Z1gaar age @Augreait valcGry at g gga tat atc ggc
gaa ccg gag gag atc24672 Val Gu Sé!ﬁOIVEt lle Pro M35 Ay Tyr Ile Ay Gu Pro

Gu GI ulle 210 215 220 gcc ca ca gec tgg ctt Cget tcg aﬁg gaa gcc agc
tac g%ﬁg % :{gﬁi H%l?"e%y-@c CEPTA %}195%% a Ser Tyr Val
Thr gc atc acggita cg ga§70ggc ggt atg aca caa tat cct

tca ttc 768 64 V\D 2004/015132 PCT/ U82003/ 025263 dy Ile Thr Leu Phe Ala Asp
Gy d wahetcHir dBorgafygacPeer Ses aRhet2459288 255 cag gca ggessyc ggt taa tga
789  GARP Ale 1apyVeArRgrRly ﬁlvzmr Tep g P52 2211> 261 <212> PRT <213>
Artificial Sedaence <220>

<210> 56

<211> 283

<212> PRT

<213> Artificial Sequence

<220>
<223> KRED krh483

<400> 56
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15
His Thr Lys Asn Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Aen Ser Gly Ile Gly Tyr Ala
as 40 45
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 5SS 60
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
€5 70 75 80
Gly Val Lys Vval Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95
val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile Val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
ABp Gln Asp Asp Asp Lys His Phe Asp Gln Val Vval Asp Val Asp Leu
130 135 140
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
165 170 175
Met Ser Gly His Ile Val Asn Val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190
Ala Vval Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240
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<223> CGDH 2313 <400> 62 Met Tyr Pro Asp Leu Lys Ay Lye Val Val Ala Ile Thr
Gy Ala Ala 1 5 10 15 Ser Ay Leu Gy Lye Ala Met Ala Ile Arg Phe Ay Lye
Gu dn Ala 20 25 30 Lye Val Val Ile Asn Tyr Tyr Ser Aen Lys A n Asp Pro Asn
A u Val 3904004hesitbye Gu Gu Val Ile Lye Ala Ay Gy @ddnihiydseval Val G n
Gy 50 55 60 Asp Val Thr Lye Qu Gu Asp Val Lye Asn Ile Val dn Thr Al a
Ile 65 70 75 80 Lye Qu Phe Ay Thr Leu Asp Ile Met Ile Asn Asn Ala Ay Leu
Gu 85 90 95 Asn Pro Val Pro Ser HHs GQu Met Pro Leu Lye Asp Trp Asp Lye Val
100 105 110 Ile dy Thr Asn Leu Thr Ay Ala Phe Leu Gy Ser Arg Au Ala lle
115 12@ed 28u VayePrfylreuPhly Ma GIF GlASHu Abp Alpesluyleu@al Abn Val |1e Aen Met Ser
130 135.140 Ser Vad*5His Gu_Val |I28°Pro Trp Pro L# Phe Val His Tyr Ala Al a
145 1531587 180 Ti8er LY B Y g%\/&” 578 EMRESITHY 88U Thr Leu Ala Leu Gu
Tyr 163sd 49 ki vall ApPEQ &ier{d ¥nr hEuALg Val Aen Aen Ile Gy Pro Ay Ala lle
Aen 1BO 1852%90 Thr Thr Il ezéssn Ala A u Lye Phe Ala Asp Pro Lye G n Lye Al a
Asp 195 200 205 Val GQu Ser Met Ile Pro Met Ay Tyr Ile Ay Qu Pro Gu Qu
Il e 21620p55220 Ala Ala Val Ala Ala Trp Leu Ala Ser Lye Gu Ala Ser Tyr Val
Thr  2289738P2235 240 Gy Ile Thr Leu Phe Ala Asp Gy Gy Met Thr G n Tyr Pro
Ser Phé2 51,2591355 se@AcfNa Gy Arg Ay 260 <210, 63 <211> 789 <212, DNA
<213> Artificial Sequénce 65

<220>
<223> KRED krh476

<221> CDS
<222> (1)...(B52)

<400> 57
atg gct aaa aac ttt tcc aat gtc gaa tat cct gcc ccg ccg cca gct 418
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat acc aaa gac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96
Hie Thr Lys Asp Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

ggc aaa gtc gcg tcet atc acc ggt agc aac tca ggc att ggt tac gcg 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
35 40 45

ctg gcc gaa gct ttt gecg cag gtt ggc gca gac gtt gcg atc tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

aac agc cat gat gcc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat gcg - 288
Gly val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
85 90 95

gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110

att gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac atc 384
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

gat cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val val Asp Val Asp Leu
130 135 140

aaa ggc gta ggc tat gta gcg aaa cat gecg ggt cgc cat ttt cgt gaa 480
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu

39



WO 2004/ 015132 PCT1US20031025263 <220> <223> GDH 2331 <221> CDS <222>

(1)...

get

(789) <400> 63 atg tat ccg gat tta aaa gga aaa gtc gtc get att aca gga
get 48 Met Tyr Pro Asp Leu Lys Ay Lye Val Val Ala lle Thr Gy Ala Ala 1

5 10 15 twe:20@@155C gga aag gcg atg gcc att cgc ttc g@erARShosAS243a9 gca 96

Ser
gtg
Ile
atc
Al a
gta
Aen
att
Aen
tgg
Lys
gcg
115
432
140
Val
agt
Ay
aag
Ile

Ay Leu Ay Lys Ala Met Ala Ile Arg the Gy Lys Au @n Ala 20 25 30 aaa
gtt atc aac tat tat agt sat aaa caa gat ccg aac gag gta 144 Lys Vval Val
Asn Tyr Tyr Ser Asn Lye G n Asp Pro Asn Qu Val 35 40 45 aaa gaa gag gtc
aag gcg ggc ggt gaa get gtt gtc gtc caa gga 192 Lys Gu Gu Val Ile Lys
Gyssdy Qu Ala Valsoval Val @ n Gws50 55 60 gat gttoc acg aaa gag gaa gat
aaa sat at%arﬁ gag\fiacacaé % att 24%9 AsgtP Val gThc:E ge a usgtu Asp Val Lye
r I t C aca c gat att atg
sa g‘aaF ?gc é’étmu I Zgj;LEggge }%1‘ hgla:ﬁ 5 eu Asp Ile Met Ile Aen
Ala dy Leu Qu 85 90 95 sat cct gtg cca tct cac gaa atg ccg ctc aag gat
gaktqaeg gt c83GtcAmn dcogddabedcga Set chlg el accMaic &to Leustsys Asp Trp Asp
VaMetl ger €O% Hig (Flegfad RpgcValc §raden Pha Gé{!g‘lgg'fthrgw Rat tta gga agc cgt gaa
att 384 |18y Thr Aen Let®Thr Gy Ala Ph¥°Leu Gy Ser Arg Gu Ala lle

128915% JedlaghblfroUA 882G Hah %Sc@ gtc gft aac atg tcc
o e e T e e e Bl U R e e B ho bt “Seor 130 135
agt gtg aqag gaa gtg att eet tgg ccg ttazost gtc cac tat gcg gca 480 Ser

Hs Gu Val Ile Pro Trp Pro Leu Phe Val H's Tyr Ala Ala 145 150 155 160

SRR O BT MR RDE I R o T 5 e

ggc att cgc gtc sat sat att ggg cca ggt gcg atc aac 576 Ala Pro Lye Ay
Ar ged/ghg Aet tAsgak | ecFeye E¥Dcdd gadlada Ichg aBSraa tgg tgg 720

Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp

225 230 _ 235 240

agc tta gtt cca ttg ggc cgt ggt ggg gaa act gcg gaa tta gtt ggt 768
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255

gee tac ctg tte ¢ctg gea agt gat geg gge tee tac gee acg gge aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

gat atc att gtg gac ggc gge tac acg ctg ccg taa 852
Asp Ile Ile Val Asp Gly Gly Tyr Thr lLeu Pro +
275 280

<210> 58

<211> 283

<212> PRT

<213> Artificial Sequence

<220>
<223> KRED krh476

«<400> 58

Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala
1 5 10 15

His Thr Lys Asp Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn

20 25 30
Gly Lys Val Ala Ser Ile Thr Gly Ser Asn Ser Gly Ile Gly Tyr Ala
35 40 45
lLeu Ala Glu Ala Phe Ala Gln Val Gly Ala Asp Val Ala Ile Trp Tyr
50 55 60

Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys lys Tyr
65 70 75 80

Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala

85 g0 85
Val Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp

60



180 185 190 acg cca atc sat get gaa aaa ttc get gac cct aaa cag aaa get gat
624 Thr Pro Ile Asn Ala Qu Lys Phe Ala Asp Pro Lys A n Lys Ala Asp 66 WO
2004/ 015132 PCTI US2003/ 025263 195 200 205 gcc gaa agc atg att cca atg gga

tat atc gogo49aRne6s: 9ag gag atc 672 Ala Gu Ser Met |1 rRsQoo %ﬁszgy Tyr Ile
Gy Gu Pro du Qu Ile 210 215 220 gcc gca gta gca gcc tgg ctt get tcg aag

gaa goo agc tac gtc aca 720 Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Qu Al a
Ser Tyr Val Thr 225 230 235 240 ggc gtc acg tta ttc gcg gac ggc ggt atg aca
cta tat cot tcattc 768 dy Val Thr Leu Phe Ala Asp Gy Gy Met Thr Leu Tyr
Pro Ser Phe 245 @60 255 cag gcaocggc cgc ggt tamotga 789 Gn Ala Ay Arg Gy
260 <21®5’a54ak2@1>1\8216&16 Qm21>e PRI TP T3 lAﬁtqlﬁnIthaaTyrSétmence <220> <223> GDH
2331 <400> @4°MNet Tyr. Pro. Leu E‘%\I Val Ala lle Thr Ay Ala
Aa 175 £ 18P Aeg” yYSL 5 “E%/S "51 |%BPA%EQ‘ Phe Ay Lys Au d@n
Al a 2025 3 vab¥ey Ve Yl ald eyt By o eum/m A¥Scd n Asp Pro Asn Gu Val
3540455LysGIuGIuVedoIIe ysAIa Gu Ala Y Val val Adn Gy 50
55 60 Aﬁesr?hvaslluw:'s GpsCGI@ UysGLys As)p AVaILety\@lm THreAMaberd n Thr Ala Ile 65 70
75 80 Lys Qu J(95yTh Leu 1p el\/thIeAsnl?lﬁsnAlaGyLeuGu8590
95 Asfe FBI\%Y *Bg %eYalHP? &?h E1Pr° 1980 As] Eésﬁyrﬁ‘?i‘ Asp Lys Val 100 105

110 11 g0 £ Ty AercibevhiThig @y oAl 21Thes ey Gyargeiarde AU Ala e 115 120

195 200 205

Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270

Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro

275 280

<210> 59

<211> 852

<212> DNA

<213> Artificial Sequence

<220>
<223> KRED krh495

<221> CDS
<222> (1)...(852)

<400> 59
atg gct aaa aac ttt tcc aat gtc gaa tat cct gee ceg ccg cca got 48
Met Ala Lys Asn Phe Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15

cat acc aaa gac gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96
His Thr Lys Asp Glu Ser Leu Gln Val Leu Asp Leu Phe Lys Leu Asn
20 25 30

ggc aaa gtc geg tet atc ace ggt age age tca ggc att ggt tac geg 144
Gly Lys Val Ala Ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45

ctg gcc gaa goc ttt gecg cag gtt ggc gca gac gtt geg atc tgg tat 192
Leu Ala Glu Ala Phe Ala Gln Vval Gly Ala Asp Vval Ala Ile Txp Tyr
S0 55. 60
aac agc cag gat gcc acc ggt aaa geca gag gcc ctg gct aaa aaa tat 240
Asn Ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc age teg agt gat gcg 288

61



Lys Tyr Phe Val

Ser Val

A u Asn Asp Ile Lys Ay Asn Val
Ile Pro Trp Pro Leu The Val
160 Ser Lys Ay Gy Met Lys Leu Met Thr @ u Thr

175 Al a Rygbupiéshy |1l e Arg Val

Hs du Val

Ile Asn Met Ser
Hs Tyr Ala Ala 145 150 155

130

Leu Ala Leu G u Tyr
Aen Asn |lle Gy Pro Gptrhlsodshossfen

135 140

165 170
180 185

190 Thr Pro Ile Asn Ala Qu Lye The Ala Asp Pro Lys G n Lys Ala Asp 195 200
lle Ay GQu Pro u GQu Ile 210 215
Lys Gu Ala Ser Tyr Val

205 Ala du Ser
220 Al a Al a Val

Gy d

Met

Ile Pro Met Ay Tyr

Ala Ala Trp Leu Ala Ser
2004/ 015132 PCT/ US2003/ 025263 225 230 235 240 dy Val

<210> 65 <211> 789

<221>
get att\,ﬂl
Thr Gy AI a

aag gag cag gca 96 Ser

\Blivttal Thye Yadul

G n Al RtpEFLR3LISC9a2RF
gta 144+°1s ¥

130

aaa ggc
Lys Gly
145

cgt tte
Arg Phe

gtg tcg
Val Ser

gcg gec
Ala Ala

ttt get
Phe Ala
210

acc gag
Thr Glu
225

age tta
Ser Leu

gce tac
Ala Tyr

gat atc
Asp Ile

<210> 60
<211> 28

gta
val

gaa
Glu

ggt
Gly

aag
Lys
195

cct

Pro

atc
Ile

gtt
val

ctg
Leu

att
Ile
275

3

«212> PRT
<213> Artificial Sequence

| Algafeny

ggc
Gly

aaa
Lys

cac
His
180

gca
Ala

ttc
Phe

tet
Ser

cca
Pro

tte
Phe
260

gtg
val

tat
Tyr

gaa
Glu
165

atc
Ile

ggc
Gly

gca
Ala

gat
Asp

ttg
Leu
245

ctg

Leu

gat
Asp

PlPTpr Sgs APhsRAR125F 2F5SexChsp Al Gy Arg Ay

12> DNA <213>9Art i ficial

Ee 6.-53
or Ly

A gl

gta
Val
150

ggc
Gly

gtt
Val

gtg
val

cgt
Arg

tte
Phe
230

ggt
Gly

gca
Ala

ggce
Gly

135

gca
Ala

ata
Ile

aac
Asn

cgt
Arg

gtt
Vval
215

gtc
val

cgt
Arg

agt
Ser

ggc
Gly

§ <§2¢?a 4&) att( é§g9§ag S g

ailooS 10 15
Gy Leu Ay Lys Ala Met Ala lle Arg Phe Ay Lye G u

Q el o ggc ﬁ

atatcea £88 achtaagagata

aaa
Lys

aag
Lys

att
Ile

cat
His
200

aac
Asn

ccg
Pro

ggt
Gly

gat
Asp

tac

Tyxr
280

3§ °RyER GO AEnShYy

cat
His

ggc
Gly

ccyg
Pro
185

tte
Phe

tct
Ser

caa
Gln

999
Gly

gcg
Ala
265

acg
Thr

gcg
Ala

gec
Ala
170

caa
Gln

gca
Ala

gta
val

gaa
Glu

gaa
Glu
250

ggc
Gly

ctg
Leu

ggt
Gly
155

ttg

Leu

tet
Fhe

aag
Lys

tct
Ser

aca
Thr
235

act
Thr

tcec
Ser

ccg
Pro

62

Sequ?—)%ce

i, Lia aaa gga
et Lve v
tca ggg ctc gga aag gng atg gcc att cgc ttc ggce

Thr

67 WO

Thr Leu Phe Ala Asp

260

<220> <223> GDH 2279
aaa gtc gtc

Val

Ala lle

g%a 82t 2b@a caddyat ccg aac gag
lagrr A% Pro Asn Qu Val 35
40 45 aaa gaa gag gtc atc aag gcg ggc ggt gaa get gtt gtc gtc caa gga 192
Lye G Wabddg\@k ddcgdeysadflear Gy ot Yead digAltr Rl gidbadatg G n @y 50 55 60

Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val

Ile Asp Val Asp Leu

l40

cge
Arg

att
Ile

cag
Gln

tcc
Ser

cct
Pro
220

caa

Gln

geg
Ala

tac
Tyxr

taa
*

cat
His

tct
Phe

gcg
Ala

ctg
Leu
205

ggc
Gly

aat
Asn

gaa
Glu

gcc
Ala

tat
Tyr

acg
Thr

acc
Thr
190

gee
Ala

tat
Tyr

aaa
Lys

tta
Leu

acg
Thr
270

cgt
Arg

gct
Ala
175

tac
Tyx

gtg
Vval

att
Ile

tgg
Txp

gtc
Val
255

ggc
Gly

gaa
Glu
160

tce
Ser

aat
Asn

gaa
Glu

aat
Asn

tgg
Trp
240

ggt
Gly

aca
Thx

480

528

576

624

672

720

768

glée

852



gat gtc acg aaa gag gaa gat gta aaa sat atc gtg caa acg gca att 240 Asp Val
Thr Lye Qu GQu Asp Val Lys Asn Ile Val @n Thr Ala lle 65 70 ' 75 80 aag gag
ttc ggc aca ctc gat att atg att sat sat gcc ggt ctt gaa 288 Lys Gu Phe Ay

Thr Leu AspohdRolgsz |1 e Asn Aen Ala Gy Leu Gu 85 90 Pp besdt g cca tct
cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336 Asn ProT@%?‘fogﬁﬁg Hs Gu

Met Pro Leu Lys Asp Trp Asp Lys Val 100 105 110 atc ggc acg aac tta acg ggt
gcc ttt tta gga agc cgt gaa gcg att 384 Ile Ay Thr Asn Leu Thr Ay Al a Phe
Leu Gy Ser Arg u Ala Ile 115 120 125 aaa tat ttc gta gaa aac gat atc aag
gga aate2gd.c att aac atg tcc 432 Lye Tyr Phe Val Gu Asn Asp Ile Lye Ay Aen
Val || e2z2snkidptkeBe9s 130 135 140 agt gtg cac gaa gtg att cot tgg ccg tta ttt
gtc cac t at iyg gca 480 Ser Val Hs Qu Val Ile Pro Trp Pro Leu Phe Val His

Tyr Al %>a%9% 45 150 155 160 004/ 015132 PCT/ S20031025263 agt aaa ggc
ggg at glaa}t‘gac g At gphﬁc%rgg%? gglawgfg g%g tjl\?g%gaa a éJ %83 Ser Lye Ay Ay Met

Lys Leuidah, Tk AG!meIhserLeéa AirﬁVLﬁlEeLGAHp-EMﬁ ph&%slﬂ& Asf® 0JCg ccg aag ggc att
cgc gtc aat aat aatt ggg cca ggt 2gcg atc aac 5760 Ala Pro Lye Ay Ile Arg Val

Asn AsIfly |Lgs Ga!y pcsed JleAlr £l Sheifed §8r B85 I19(Blyaty &a atc aat get gaa aaa

ttc get ga § gaa, cag aaa ? t1624 Th45Prq lle Aen Ala Qu Lys the Ala
Asp Prd® 3@% G ALY SR 6 268° ¢ a'8gbFalf att cca atg gga tat

at ¢ g9GeHaadr €98 A4 gugaﬁra&% B2 a1dlcdu @A germmysliﬁ B0 Mt Gy Tyr Ile Gy
Qu Pregs@u Gu Ile 21 215 220 gcc gwa gta gca gcc tgg ctt get tcg aag gaa

gcc age6ly del gyve Vatays2lla Aralyd alwabn Abh SAtaseTrqrer Maa Ser Lye Qu Ala Ser
Tyr Val Thr 225 23055235 240 %h L ac tta tte %%‘ ac ggc ggt atg aca caa
tat cot*t C¥*¥e T E C fé‘ﬁs ﬁﬁ AP & ARG Met Thr @n Tyr Pro

Ser Phe;24a; 329 ancm gﬁaxgeg@r&gpp agt Lyaaals,qaa@& 11(3 n Ala Gy Arg Ay *
260 115 120 125
Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Ile Asp Val Asp Leu
130 135 140
Lys Gly Val Gly Tyr Val Ala Lys His Ala Gly Arg His Tyr Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Ile Lys Gly Ala Leu Ile Phe Thr Ala Ser
. 165 17¢ 175
val Ser Gly His Ile Val Asn Ile Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190
Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu
195 200 205
Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile Ser Asp Phe Val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240
Ser Leu Val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile Val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 61
<211> 789
<212> DNA
<213> Artificial Sequence

<220>
<223> GDH 2313

<221> CDS
«222> {(1})...(789)
<400> 61
atg tat ccg gat tta aaa gga aaa gtc gtc gct att aca gga gct gct 48
Met Tyr Pro Asp Leu Lys Gly Lys Vval val Ala Ile Thr Gly Ala Ala
1 S 10 15

63



<210> 66 <211> 261 <212> PRT <213> Artificial Sequence <220> <223> GDH 2279
<400> 66 Met Tyr Pro Asp Leu Lys Gy Lye Val VvVal Ala lle Thr Ay Ala Ala 1 5
10 15 Ser Ay Leu Gy Lys Ala Met Ala lle Arg Phe Ay Lye Au G@n Ala 20 25
30 Lys Vi Aen Tyr Tyr Ser Asn Lys G n Asp Pr 35 40 45
Lye du & o Rl Lye Aady Gy Au Ala val Val ?Cgﬁgz‘@”ﬂ”@o 55 60
Asp Val Thr Lye u Qu Asp Val Lye Asn Ile Val dn Thr Al a IIe 65 70 75 80
Lye Gu Phe Gy Thr Leu Asp Ile Met Ile Aen Aen Ala Gy Leu Qu 85 90 95 Aen
Pro Val Pro Ser HHs Gu Met Pro Leu Lye Asp Trp Asp Lys Val 100 105 110 Ile
Ay Thref\ghg lctt ghhraagl gcghhiy Bae atedgédtyc D6t AAsGhagl ¢haPhéa |1l e 4615 120 125 Lys
Tyr Phéed/#ly Gew AgriyAsilal et Rias I wrAPhe FaY LybeSlAsGinMeta Ser 130 135 140 69 WO
2004/ 015132 PCTI 8820031025263 Sét val Hs u V8 Ile Pro Trp Pro Leu Phe

Val Hi g Tyi Al Al 45,1 i%é%; ;ﬁ %E See %c% Met Lye,Leu Met Thr Qu
Thr Leliyz\l)%a?ﬁgy it Vhyr B 5da? B % yq:r Reed T Arg‘bal Asn Aen |le
Ay Pro Ay Aza Ile Asn 180 485 19 Thr r@slle Asn Ala A u Lye Phe Al a Asp
Pro Lye G n Lye Ala Asp 195 200 205 Ala Gu Ser Met Ile Pro Met Ay Tyr Ile
Ay G @2Pgpa @ag IBF rtc| &9 29099¢1 590 388 AFfa 9AF FrVHtcAFar #aa TrpliZets Ala Ser Lye
Gu A &YSé"g TP Wl Heniys D5 OGS 249 Valg iV S SWeu Phe Ala Asp Gy dy
Met Thr n Tyr Pro Ser Pheé 245 250 255

gat gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80

aag gag ttc ggc aca ctc gat att atg att aat aat gcc ggt ctt gaa 288
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 20 95

aat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110

atc ggc acg aac tta acg ggt gec ttt tta gga age cgt gaa gcg att 384
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125

aaa tat ttc gta gaa aac¢ gat atc aag gga aat gtc att aac atg tcc 432
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140

agt gtg cac gaa gtg att cct tgg ¢cg tta ttt gtc cac tat gecg gca 480
Ser Val His Glu Val Ile Pr¢o Trp Pro Leu Phe vVal His Tyr Ala Ala
145 150 155 160

agt aaa ggc ggg atg aag ¢tg atg aca gaa aca tta gcg ttg gaa tac 528
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175

gcg ccg aag ggc att cge gtc aat aat att ggg cca ggt gcg atc aac 576
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190

acg acg atc aat gct gag aaa ttt gct gac cct aaa cag aaa gct gat 624
Thr Thr Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Asp
195 200 205

gta gaa agc atg att cca atg gga tat atc ggc gaa ccg gag gag atc 672
Vval Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile

210 215 220
gec gca gta gca goc tgg ctt get tcg aag gaa gecc age tac gtc aca 720
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr
225 230 235 240

ggc atc acg tta ttc gcg gac ggc ggt atg aca caa tat cct teca tte 768
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Gn Ala Ay Arg Ay 260 <210> 67 <211> 789 <212> DNA <213> Artificial
Sequence <220> <223> GDH 2379 <221> CDS <222> (1)...(769) <400> 67 atg tat
CCg gat tta aaa gga aaa gtc gtc get att aca gga get get 48 Mt Tyr Pro Asp

Leu Lye Gwobdno¥ah: Val Ala Ile Thr Gy Ala Ala 1 5 10@55@% ctc gga
aag gcg atg gcc att cgc ttc ggc aag gag cag gca 96 Ser y Leu y Lye Ala

Met Ala Ile Arg Phe Ay Lye AQu G n Ala 20 25 30 aaa gtg gtt atc aac tat tat
agt aat aaa caa gat ccg aac gag gta 144 Lye Val Val Ile Asn Tyr Tyr Ser Aen

Lye Gn Asp Pro Asn Gu Val 35 40 45 aaa gaa gag gtc atc aag gcg ggc ggt gaa
get (gt vlgtite ghe 1@acehggelaldid GlyelyaMet Ghy dvalTyklmolye Mled Ay Ay A u Al a Val

Val Val An dy 50 85 60 gat gtc ac@fgctaaa gag gaa Qg#8> gta aaa aat atc gtg caa
acg gca_ att 240 chs tVaaI Tk;r Lye Gu Gu Asp Val Lys Aen IIeTVaI G@n Thr Al a
Ile 65 g‘zg%ﬁkéaﬁyg%@ '9% ggc aca ctc gat att atg att aat '¥at gcc ggt ctt

gaa 265 Lye bephe " @y Thr Lets Asp Ile Met Ile Asn Asn Ala Ay Leu GQu 85

90 95 sat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336

WMh Pro Val Pro Ser His Gu Met Pro Leu Lys Asp Trp Asp Lys Val 100 105 110 70
WO 2004F¥PP5432 PCT/ US2003/ 025263 atc ggc acg aac tta acg ggt gcc ttt tta gga

agc cgt‘g )a';’, cg att 384 Ile Ay Thr Asn Leu Thr Gy .Ala Phe Leu Gy Ser Arg

Gu A 52 ,eArtlggiggge%!?,icgaa tat ttc gta gaa aac gat atc aag gga sat gtc att
aac atg tcc 432 Lys Tyr Phe Val Qu Asn Asp Ile Lye Ay Asn Val Ile Aen Met

Ser 1302485 140 agt gtg cac gaa gtg att cot tgg cog tta ttt gtc cac tat gcg
gca 48@223> GDH 2313

<400> 62
Met Tyr Pro Asp Leu Lys Gly Lys Val val Ala Ile Thr Gly Ala Ala
1 5 1o 15
Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
20 25 30
Lys Val val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
as 40 45
Lys Glu Glu Val Ile Lys Ala Gly Gly Glu Ala Vval Val Val Gln Gly
50 55 60
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95
Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Lys Tyr Phe val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140
Ser val His Glu Val Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
Thr Thr Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Asp
195 200 205
Val Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Vval Thr
225 230 235 240
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe
245 250 255
Gln Ala Gly Arg Gly
260

<210> 63

<211> 789

<212> DNA

<213> Artificial Sequence
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Ser Val H's Gu Vval Ile Pro Trp Pro Leu Phe Val H's Tyr Ala Ala 145 150 155
160 agt aaa ggc ggg ctt aag ctg atg aca gaa aca tta gcg ttg gaa tac 528 Ser
Lye Ay Gy Leu Lys Leu Met Thr Qu Thr Leu Ala Leu Gu Tyr 165 170 175 gcg
CCg aag gowoabdsne€isy gt c aat sat att ggg cca ggt gcg at %ﬁﬁ%z&g@zszﬁ a Pro Lye
Ay Ile Arg Val Asn Asn Ile Ay Pro Ay Ala Ile Aen 180 185 1 acg cca atc
aat get gas aaa ttc get gac cot aaa cag aaa get gat 624 Thr Pro Ile Aen Al a
G u Lys Phe Ala Asp Pro Lys G n Lys Ala Asp 195 200 205 gta gaa agc atg att
cca atg gga tat atc ggc gaa ccg gag gag atc 672 Val GQu Ser Met Ile Pro Met
Gy Tyk23id>e Ay Qu Pro Gu GQu Ile 210 215 220 gcc gca gta gca gcc tgg ctt
get tcg2¥agtasdPcc agec tac gtc aca 720 Ala Ala Val Ala Ala Trp Leu Ala Ser
Lys 4 gzﬁAiLaCD%er Tyr Val Thr 225 230 235 240 ggc atc acg tta ttc gcg. gac ggc
ggt atg,gca Gaa t,gs) cot tca ttc 768 Gy Ile Thr Leu Phe Ala Asp Gy Ay Mt
Thr A n Tyr Pro Ser Phe 245 250 255 <cag gca ggc cgc ggt taa tga 789 dn Ala
Gy Argad@syss +' 260 <210> 68 <211> 261 <212> PRT <213> Artificial Sequence
<220> apP3at GO RB G2 ac4(hr &3 Wbt gfgigcPradt Asp dgewsdtysctG y Lye® Val Val Al a

|| e ThMeQTyr Arq 2ap Jeuilvs qly [xs Vﬁew%ﬂya T8¢ ToF \Slyyashke et Ala Ile Arg Phe
Gy LyslGIu Gn Ala®20 25 30 Lys val Val Ile Asn 'IVr Tyr Ser Asn Lys A n Asp
Pro AsRc{dglg Vb gad2aadQychPatey §cChth Ghdl tValgal |42g L4s Agagcg y Aysdu Ala Val Val
Val Qd Befdeyy Ldu \WDy 2030 4ah@ 150k 3 21 PCTd w&@%/ﬁ@ﬂ&&%&lu&ﬂﬁ 1860 Asp Val Thr Lys Qu
AQu Asp Val Lys A8n Ile Val Gn Thr Ala lle 30

aaa gtg gtt atc aac tat tat agt aat aaa caa gat ccg aac gag gta 144

Lys Val Val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
35 40 45
aaa gaa gag gtc atc aag gcg ggc ggt gaa gct gtt gtc gtc caa gga 192
Lys Glu Glu val Ile Lys Ala Gly Gly Glu Ala Val val Val Gln Gly
50 55 60

gat gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile

65 70 75 80
aag gag ttc ggc aca ctc gat att atg att aat aat gcc ggt ctt gaa 288
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile ARsn Asn Ala Gly Leu Glu

a5 S0 95
aat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Asn Pro Vval Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
ate ggc acg aac tta acg ggt gcc ttt tta gga agc cgt gaa gcg att 384
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
aaa tat ttc gta gaa aac gat atc aag gga aat gtc att aac atg tcc 432
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140

agt gtg cac gaa gtg att cct tgg ccg tta ttt gtc cac tat gcg gea 480
Ser Val His Glu Val Ile Pro Trp Proc Leu Phe Val His Tyr Ala Ala

145 150 155 160
agt aaa ggc ggg atg aag ctg atg aca gaa aca tta gcg ttg gaa tac 528
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr

165 170 175
gcg ccg aag gge att cgec gtc aat aat att ggg cca ggt gcg atc aac 576
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190

acg cca atc aat gct gaa aaa ttc gect gac cct aaa cag aaa gct gat 624

Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Rla Asp



65 70 75 80 Lys GQu Phe Ay Thr Leu Asp Ile Met Ile Asn Asn Ala Ay Leu Qu
85 90 95 Aen Pro Val Pro Ser Hs Gu Met Pro Leu Lys Asp Tip Asp Lye Va

100 105 110 Ile dy Thr Asn Leu Thr Ay Ala Phe Leu Gy Ser Arg Au Ala lle
115 120 12{¢bdsf1d1¥8 Phe Val G u Asn Asp Ile Lye Gy n Met Ser
130 135 14§ SesrmVa}T‘ Hs Gu Val Ile Pro Trp Pro Lau %T@ZOMO?Z%r Ala Al a
145 150 155 160 Ser Lys Ay Gy Leu Lys Leu Met Thr Gu Thr Leu Ala Leu Qu
Tyr 165 170 175 Ala Pro Lye Gy Ile Arg Val Asn Asn Ile Ay Pro Ay Ala lle
Asn 180 1B5 190 Thr Pro Ile Aen Ala G u Lye Phe Ala Asp Pro Lye Gn Lys Al a
Asp 195 200 85 Val G u Serodkt Ile Pro Metosdy Tyr lle Ay Qu Pro u Qu
Ile 210 215 220 Ala Ala Val Ala Ala Trp Leu Ala Ser e Au Ala Ser Tyr Va
Thr 2§§° %5“234% Ggfyaﬁg THES 13 ﬁi'rgﬁegaﬂ A% g% y Metf’Fhr dn Tyr Pro
Ser Phé"3 § yYArgEEY oS 1bs 69 23115 1206 <2125 DNA
<213> Artifticial Sequence <220> <223> F FDHPsS <221> CDS <222>

(1)... (gt20&h gtedgdd>gaOcqd gryy@ae ara [hligaat gect gdc gdd ged acd at gabogat ccg gtt

gat ggtAlaailafgl Mat Al ard yeu Wha Seely€y@u\la $guTyiryValAShr Asp Pro Val Asp Ay
Tyr 1 %230 is ccg aaazabc tat gca cgt23§at gat cta cc§4%aa att gat cat tat

ccg 96 g’r L;/ Thr Tcy A@p a1:) &u Lty Asp H Tyr Pro 20 25
gg tta tt cqg at c
30 ggtargdla 055 sC m&;.tilacﬁ é&,c 46 GreBamh O rtp“'ﬂa E ace &5 gyt 144
245 250 255
cag gca ggc cgc ggt taa tga 789
Gln Ala Gly Arg Gly * *
260

<210> 64
<211> 261
<212> PRT
<213> Artificial Secquence

<220>
<223> GDH 2331

<400> 64
Met Tyr Pro Asp Leu Lys Gly Lys Val Val Ala Ile Thr Gly Ala Ala
1 5 10 15
Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
20 25 30
Lys Val Val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
35 40 45
Lys Glu Glu Val Ile Lys Ala Gly Gly Glu Ala Val Val val Gln Gly
50 55 60
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95
Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140
Ser Val His Glu Val Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Rsp
195 200 205
Ala Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr
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Gy Ay Gn Thr

Gy Ser Val
cat acc ctg,
PCTI US2003/ 025263
Gy Pro 65 70 75 80 gac agc gtg ttc gag cgc gag cta gtg gac gcc gac gtg gtg

att agc 2B8 Asp Ser Val

85 90 95
A n Pr@zPhe Trp Pro Al asdyr Leu Thr PrmsG u
aag aatGlb:tVala%lg Eftuap élttAaP &t Gr M g@rat-etu Beyc Pry €e
I(;gu SGlr'Ielci Aélﬁy L_euGle Ala dy |Ies Ser
g agc gcC c aat gtg acc gtg gcc
Ala Ile Asp Arg Asn VaI Thr Val Ala du Val
att agc2gt-gsgcc gag cat gtg gtg atg atg att
Val Al a2du7¢¢ s Val Val Met Ile Leu 145
tat ctea2¢tt D¥ec cat gaa g gcg cgt aaa ggc
Pro Ser<ti’s AEEihp ’E% Lye Ay 165 170
gtc tcgaesf gcg tat gat ctg gaa gcg
H s Al &2y chspzteu G u Ala 180 185
cgt atc gcc ctg gcg gtc ctg 624 Mt Hi s Val
Al a LeLf2A’r>aC%1I Leu 195 200 -
t at
Asp Ar Q4bbS 6210
t gg catatga@t 72g
Al a 22%eR3Qr235
aac tgt 1768
tca ggg ctc gga aag gcg atg gcc att cgc ttc ggc
Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly
20 25
aaa gtg gtt atc aac tat tat agt aat aaa caa gat
Lys Val val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp
35 40
aaa gaa gag gtc atc aag gcg ggc ggt gaa get gtt
Lys Glu Glu Val Ile Lys Ala Gly Gly Glu Ala Val
50 55 60
gat gtc acg aaa gag gaa gat gta aaa aat atc gtg
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile val
65 70 75
aag gag ttc ggc aca ctc gat att atg att aat aat
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn
85 g0
aat cct gtg cca tct cac gaa atg ccg ctc aag gat
Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp
100 105
atc ggc acg aac tta acg ggt gcc ttt tta gga agc
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser
115 120
aaa tat ttc gta gaa aac gat atc aag gga aat gtc
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val
130 135 140
agt gtg cac gaa gtg att cct tgg ccg tta ttt gtc
Ser Val His Glu Val Ile Pro Trp Pro Leu Phe Val
145 150 155

Ser Ay Gu Leu Gy Leu Arg Lye Tyr
d4/08532 2CC ago gat aag gac ggc cct 240 73,
Gu Ser Asn Gy H's Thr

Leu Pro Thr

Pro Lys Ala Ile Asp Phe Thr

cta cta ggt ago gtt ago ggt gaa cta ggt cta cgt aaa tat cta 192 dn Leu Leu

Leu 50 55 60 gaa ago aac ggt
4p132

p Lys Asp

Phe Gu Arg flu Leu Val

Leu Val

Val

Pro Gy 35 40 45

R

Asp Ala Asp Val

Val

cag

Il e Ser

cag cct ttc tgg cct gcc tat cta acc cct gag cgc att gcc aag gcc 336
Arg Ile A2aolLys Ala 100 105 110
cat gtg 384 Lye Asn
115 120 125 gac cta
gag gtg acc 432 Asp Leu G n Ser
130 135 140 tat tgt aat agc

Asp Hi 3

S%al

Thr

cta 480 Tyr Cys
150 155 160 agc
528 Ser Leu Val

175 ggc tgg aac

Gy Thr Val

576 Ay Trp Aen Ile Ala
190 atg cat gtc ggc acg

Al a

Asn
cta
Arg
atc
Asp
gtc
Al a

Ser
agtg
Aen
gcg
Cys
gcg
Ay

Il e Ser
cgc aat
Tyr Leu
gat tgc
Val Ser
gcg ggc
Arg lle

205 cgt cgt ctg gcg cog ttt gat gtc cat ctg cat
acgig% Wyt - E¥P’ 672 Arg Arg Leu Ala Pro Phe Asp Val Hi s Leu H's Tyr Thr

215 220 cgt ctg ccg gaa tog gta gaa an gaa tta aac tta acg
gddl grd @bl BED abh WrSYtc\Ge £dtUaday§gdhee ket Aen keu Thr Trp Hi s

Est0Lewabpp Sl LyayayaMal ailg tlacThrcalyghba A4 gat gta gta acg tta
5 10 15
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aag gag cag

Lys

ccg
Pro
45

gtc
Val

caa
Gln

gcc
Ala

tgg
Trp

cgt
Arg
125

att
Ile

cac
His

Glu
30

aac
Asn

gtc
Val

acg
Thr

ggt
Gly

gat
Asp
110

gaa

Glu

aac
Asn

tat
Tyr

Gln

gag
Glu

caa
Gln

gca
Ala

ctt
Leu
95

aaa

Lys

gcg
Ala

atg
Met

gcg
Ala

gca
Ala

gta
Val

gga
Gly

att
Ile
80

gaa
Glu

gtc
Val

att
Ile

tce
Ser

gca
Ala
160

926

144

192

240

288

336

k}:1

432

480



Thr
cca
H s
aaa
Ay
gcg
Al a
290
960
315
Pro
acg
Leu
tgc
Phe
gcc
Al a
tct
du

Arg Gu Asp Met Tyr Pro Val Cys Asp Val Val Thr Leu Asn Cys 245 250 255
tta cat cca gaa acg gaa cat atg att aac gat gaa acg tta aaa 816 Pro Leu
Pro Qu Thr Qu H's Met Ile Asn Asp Qu Thr Leu Lys 260 265 270 tta ttc
agg gowodeek/disxG att gtc aac acg gcg aga ggc aaa ttg,&%mdamgzg’ﬁe Lys Arg
Ala Tyr Ile Val Asn Thr Ala Arg Ay Lys Leu 275 280 285 tgc gat aga gat
gtc gcg aga gcg ttg gaa tca ggc aga ttg gca 912 Cys Asp Arg Asp Al a Val
Arg Ala Leu Gu Ser Ay Arg Leu Ala 73 WD 2004/ 015132 PCT/ US2003/ 025263
295 300 ggc tat gcg ggc gat gtc tgg ttt ccg caa ccg gcg ccg aaa gat cat
Ay Tyr Ala Gy Asp Val Trp Phe Pro G n Pro Ala Pro Lye Asp H s 305 310
32(?9"-@(99 %g%Fgaby! &Eg; AEg GCr J2 AFB FGcIWt ?‘h&? 29 cat *att tca ggc 1008
Tr PR Y STYP KEh TR IR THE Bro™ §7) M¥ ser Ay 325 330 335
acg ttg acg gqg caa gcg aga tat get gcg ggc acg aga gaa att 1056 Thr Thr
Thrgeflirg @ad dNcAatAd ggclgtc Ahd abt actd ghg Tdta Nt0gdd bed bec 340 346 350 ttg gaa
tt talatErogaa glgcllagarcial abe regirlgalygma ¢lat At gleaten 1104 Leu A u Cys Phe
Gu dy Arg PO Ile Arg Aspl&u Tyr Leu Il elB55 360 365 gtc cag ggt ggt

ctg cca%qt acc %gt e, ca(t: gt ct tat tct aaa 115::2c V I y Ay Ala Leu
G Vond o Q1Y Boatd 8108)s KL acea Eyﬁoigg 3ﬁ5L3§8§1£§E at gl ate ot g0
gaa gaa gGg aaa ttc aaa aa® gcc Aen Ala Thr @ y Ay Ser GQu

Al a Lys Phe Lye Lys Ala Vval 385 390 395 400 taa tga 1206 a r <210> 70

<211> 430 gaaXpp>atBRAtt<@da3 atdPgor e iaggs (maastqgaday 4@ atx400>670D Met Al a Lys

Val
Tyr

Ledleyen \Rer hLeéuHFyIPrOA%gt BLp TPF diealy Ay RgoyGpyElu 16 10 15 Pro Lys Thr
Al a Ard Asp Asp Leu P Lye Ile Asp 42 Tyr Pro

gcc gca gta gca gcc tgg ctt gect tcg aag gaa gcc agc tac gtc aca 720
Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr
225 230 235 240
ggc gtc acg tta ttc gcg gac ggc ggt atg aca caa tat cct tca ttc 768
Gly val Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser FPhe
245 250 255

cag gca ggc cgc ggt taa tga 789
Gln Ala Gly Arg Gly =+ *

260
<210> 66
<211> 261
<212> PRT

<213> Artificial Sequence

<220>
<223> GDH 2278

<400> 66
Met Tyr Pro Asp Leu Lys Gly Lys Val val Ala Ile Thr Gly Ala Ala
1 . 5 10 15
Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
20 25 30
Lys Val Val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
35 40 45
Lys Glu Glu Vval Ile Lys Ala Gly Gly Glu Ala Val Val Vval Gln Gly
50 55 60
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95
Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Lys Tyr Phe Val Glu Asn Asp Ile Lys Gly Asn Val Ile Asn Met Ser
130 135 140
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20 25 30 dy Ay dn Thr Leu Pro Thr Pro Lys Ala Ile Asp Phe Thr Pro Ay 35
40 45 A n Leu Leu Ay Ser Val Ser Ay Qu Leu Gy Leu Arg Lys Tyr Leu 50 55

60

80

An
Lye
Asp
Tyr
160
Hi s
H s
Arg
Leu
Leu

Cys
Met
Val
Al a

Pro
Aen

GQu Ser Asn Ay His Thr Leu Val Val Thr Ser Asp Lye Asp Ay Pro 65 70 75
Asp S Gu Arg Qu Leu Val Asp Ala Asp Val 85 90 95
Pro Pﬁgoﬁé’@gm a Tyr Leu Thr Pro Qu Arg Ile A apc\Lf?(Hsz 3}225%{)0 105 110
Asn Leu Lys Leu Ala Leu Thr Ala Ay Ile Ay Ser Asp HIS Val 115 120 125
Leu G@n Ser Ala lle Asp Arg Aen Val Thr val Ala Gu Val Thr 130 135 140
Asn Ser Ile Ser Val Ala Qu H's Val val Met Met Ile Leu 145 150 155
7@e¥®a2@ﬁ4/&L5dﬁ21£&Ff&J52@®3&Q252ﬁ3 vadeHisLBy Ned afy g Asn Tyr Leu Pro Ser
G us4drp Ala Arg Lyesddy 165 170 175s Ay Trp Asn hbe Ala Asp Cys Val Ser
Al éeIFWBA‘slM ‘F_le'um(!] tysalep MegThy $3u 1YY Lgt Al be“\/‘é}u G”y Thr val Ala Ala Ay

I eu ati7a 95 2 5 aPro Phe Asp Val His
Hi 21 Pmlﬁ’{ %{ UK Lrgl—l ‘b§‘ gqii‘%y &P g&fpg‘%Pro &% ser val Gu Lys Qu
AsrTnLe:uoTﬁie AgnPald GlLAlL?e 9325123Qp 236 1240c1nThys At Pakp u Asp Met Tyr Pro Val

Asp Val Mab Thr Leu Asn @ys 245 250 255 2Bro Leu His Pro Qu Thr GQu H's
I élﬁ\?;g/%p TGtuIIFhPrGLéEF Bye TypG0e 288 GLR(PiceflvPR By Arg Ay Ala Tyr lle
As L 275 g p.Arg Asp Ala Val Ala Arg
Le&l_@lnaé‘ Aél ieu ﬁ%sﬁﬁd‘yig 8 Se@%y @Sl .§f Ay Asp Val Trp Phe
G r1pPral Alnd LFémOquvma’%wp B 61 dm{ét 3:1.9 Ah5ry326ro E’&O pHd P Arg Thr Met Pro Tyr
Gy Met Thr Prozddis Ile Ser ws825 330 335 255

Gln Ala Gly Arg Gly
260

<210> 67

<211l> 789

<212> DNA

<213> Artificial Sequence

<220>
<223> GDH 2379

<221> CDS
<222> {1}...(789)

<400> 67
atg tat ccg gat tta aaa gga aaa gtc gtc gct att aca gga gct gct 48
Met Tyr Pro Asp Leu Lys Gly Lys Val Val Ala Ile Thr Gly Ala Ala

1 5 10 15

tca ggg ctc gga aag gcg atg gecc att cge ttec ggc aag gag cag gca 96
Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
20 25 30

aaa gtg gtt atc aac tat tat agt aat aaa caa gat ccg aac gag dta 144
Lys Val Val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
35 40 45

aaa gaa gag gtc atc aag gcg ggc ggt gaa gct gtt gtc gtc caa gga 192
Lys Glu Glu Val Ile Lys Ala Gly Gly Glu Ala Val Val Val Gln Gly
50 55 60

gat gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
Asp Val Thr Lys Glu Glu Asp Val Lys Asn Ile Val Gln Thr Ala Ile
65 70 75 80

aag gag ttc ggc aca ctc gat att atg att aat aat gcc ggt ctt gaa 288
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
B85 90 95

aat cct gtg cca tct cac gaa atg ¢¢cg ctc aag gat tgg gat aaa gtc 336

Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
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Thr Thr Lets Thr Ala Gn Ala Arg Tyr Ala Ala Ay Thr Arg Au Ile 340 345 350
Leu Qu Cys Phe Phe Qu Ay Arg Pro Ile Arg Asp Qu Tyr Leu Ile 355 360 365
Val Gn Ay Gy Ala Leu Ala Ay Thr Gy Ala His Ser Tyr Ser Lys 370 375 380
Gy Asn A Ay Ser Adu GQu Ala Lys Phe Lys Ly 5 390 395
q00 (oD o e B B S T DA <bias Artifi ol el S?qcﬁjél?\sébe@msfgﬁ <223>
FDH FDHCb13 <221> CDS <222> (1)...(1098) <400> 71 atg aaa atc gta ctc gta
ctc tac gat gca ggc aaa cac gca gca gat 48 Met Lys Ile Vval Leu Val Leu Tyr
Asp Ala Ay Lye H's Ala Ala Asp 1 5 10 15 gaa gaa aaa ctc tac ggc tgc acg
gaa aatataagycCicg @cttat dcggear gat t86 trbddga@gd dgySgdacycgltt Ay ®s Thr G u Asn
Lye LeUl€Gly|Ths AngLeABRhr) Gl 313 (Phe tlgy GGy (FealahyIg@iv &by Id®c cac gaa ctg att acg
acg tca gat &d§ gaa 144 TrplERu Lye Asp Aty Hs Au Leu Ile Thr Thr Ser

Asp Ly 40 4 Crbt g O c atg cc gat get gat
vt ot o e o 20 Ree o A S By HOP RS A e adp i Te e
75 V\D 200 1015132 PCTI U826)§)53/ 025 63 50 53060 atc aca aca ccc ttc cac ccc get
tac atc aca aaa gaa aga atc gat 240 |Ile Thr Thr Pro Phe His Pro Ala Tyr lIle
Thr Lysagelﬂig 933 e9As SCWGQQECSG“‘&%&? gt Ca%akPtadss BFY aaa?td g gtc gtc gtc
got ggtss tvc‘?l it ¥c'Ya g@@" TEE/S”%I%“LE’)Z? fystiety LYt BEh Val Val Val Ala Gy
Val Gly er Asp 85 90 cac atc gat ttg gat tac atc sat caa aca ggt aaa aaa

atc t CagfldaadBe gddl &tl by A6P ak@acfHaa Tirh dehegostrdhan The d ysige Lye Ile Ser
Val 10Get(lys1dl® clyt gpugbye Jew MacThggiluiThe IeatAlgt beugbu ee gt c get gaa cac gtc
gtc 384 165 170 175

gcg ccg aag ggc att cgc gtc aat aat att ggg cca ggt gcg atc aac 576
Ala Pro Lys Gly Ile Arg Val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 180

acg cca atc aat gct gaa aaa ttc gct gac cct aaa cag aaa gct gat 624
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Lys Ala Asp
135 200 205

gta gaa agc atg att cca atg gga tat atc ggc gaa ccg gag gag atc 672
Val Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 21S 220

gcc gca gta gca gcc tgg ctt gct teg aag gaa gcc agc tac gtc aca 720
Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr
225 230 235 240

ggc atc acg tta ttc gcg gac ggc ggt atg aca caa tat cct tca ttc 768
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe
245 250 255

cag gca ggc cgc ggt taa tga 789
Gln Ala Gly Arg Gly ~* *
260

<210> 68

<211> 261

<212> PRT

<213> Artificial Sequence

<220>
<223> GDH 2379

<400> 68
Met Tyr Pro Asp Leu Lys Gly Lys Val Val Ala Ile Thr Gly Ala Ala
1 5 10 15
Ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
20 25 30
Lys Val vVal Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu Val
35 40 45

Lys Glu Glu Val Ile Lys Ala Gly Gly Glu Ala Val val val Gln Gly
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Len
atg
Met
sat

ggt
Thr
aga
Val
ccc
Asp
ttg
Al a
aaa
Leu
ttg
Asn
ttg
260
864
285
atg
Ann
acc
Asp
tcg

Gu Val Thr dy Ser Asn Val Val Ser Val Ala Gu H's Val Vval 115 120 125
aca atg ttg gtc ttg gtc aga sat ttc gtc ccc get cac gaa caa 432 WMt Thr
Len Val Len Val Arg Asn Phe Val Pro Ala Hs Gu Gn 130 135 140 atc atc
cac ¢ gtc get get atc got aaa gat got ta LA,?,% e Asn His
Trp Gaﬁvd\/zg?/(%lﬁngl alle Ala Lys Asp Ala Tyr 145 158P 1 23"8%5’%215%t atc gaa
aaa aca atc got aca atc ggt get ggt aga atc ggt 528 Asp Ile Qu Ay Lys
Ile Ala Thr Ile Ay Ala Ay Arg Ile @y 165 170 175 tac aga gtc ttg gaa
ttg gtc ccc ttc sat ccc aaa gaa ttg ttg 576 Tyr Arg Val Leu Gu Arg Len
Pro Pre® Asn Pro Lys Gsa Leu Len 180 185 190 tac tac gat tac caa got ttg
aaaﬁ:ga%algﬁ'{r ’gmamg’aﬁl‘a&ap det lggtABBZIéle VP}rGIPthrAQba ¢ Adn Ala Leu Pro Lys
Al G S Va 5 200 205 t gaa aac ata gaa gaa
gtt Y§e u(S%ahg 451 Thr thgp (15‘35 MO e,&fﬂgg'}flng ?10)9 75 Y 1le Au Au Len Val
G el BcARR ﬂ’xloesgrlﬁlszl';@ 40 Pg‘BtLeaclﬁ'sgltstp ﬁ%chﬁﬁhyé:(@lglttg cac get ggt ace
ggt ttg ata smc 720 Val Thnoval Asn Ala Proaden Hs Ala Gy Thr Lye Ay
| | EIASHY2RE BROLLGEhD 40y AdaPhgdautqly Serghrgc@lundde tIi¢ aaa aaa ggt get tgg
ctt. aac ab€ 768 Lys G ulken Ley Ser Lysi$he L y Ala Trp Len Len
Thri¥2457 256 ‘2"‘3‘5G1“g§?n TYgtYg STy ] aé”ﬁtf’"gé?t ﬁé’é\ gat gtt get get got
023811 Y G1ChVe ALR k) S-S, Rk Allam@ wA50 Yal Ala Ala Ala Len Gu
2694870 tca ggt cagpttg cgt ggt tide ggt ggt gat gké tgg ttt ccg cag ccg
Sefer Gyy @ynGlyelevArygs Gy Méy Th€lGlu Ghy LAgpANaleulta Phe Pro G n Pro 275 280
76 \WD 2004/ 015138% PCT/ US2003/ 023263 get ccy ad® gat cac ccg tgg cgt gat
cotMadEedys Fac byt 412 PAL By ISRe Rpth §IGP%5" Trp Arg Asp Met Arg
LY SrudYero Q1Y aA1a289.1 épﬁleQQ\QpaﬁG %@tGl"i’it staﬁfa @& cac tac tca ggt acc
ttg gat gk cag 960 Aan Ala Met Thradsro His Tyr Ser Ay Thr Thr Leu
Al &aG q1u3id r&J:OIJ&lEchEé)t Gazorycgruetcae cgetpnbaghgglu dte aaa aac atc ctc gaa

ttt ttd%acc 1008 215
Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr

225 230 235 240
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe
245 250 255
Gln Ala Gly Arg Gly
260

<210> 69

<211> 1206

<212> DNA

<213> Artificial Sequence

<220>
<223> FDH FDHPs3

<221> CDS
<222> (1)...(1206)

<400> 69
atg gca aaa gtt cta tgt gtt cta tat gat gat ccg gtt gat ggt tat 48
Met Ala Lys Val Leu Cys Val Leu Tyr Asp Asp Pro Val Asp Gly Tyr

1 5 10 15

ccg aaa acc tat gca c¢gt gat gat cta ccg aaa att gat cat tat ccg 96
Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys Ile Asp His Tyr Pro
20 25 30

ggt ggt cag acc cta ccg acc ccg aaa gca att gat ttt acec ccg ggt 144
Gly Gly Gln Thr Leu Pro Thr Pro Lye Ala Ile Asp Phe Thr Pro Gly
35 40 45
cag cta cta ggt agc gtt agc ggt gaa cta ggt cta cgt aaa tat cta 192
Gln Leu Leu Gly Ser Val Ser Gly Glu Leu Gly Leu Arg Lys Tyr Leu
50 55 60

gaa agc aac ggt cat acc cta gtt gtt acc agc gat aag gac ggc cct 240
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Thr Arg Tyr Ala Gn Ay Thr Lye Ann Ile Leu Gu Ser Phe Phe Thr 325 330 335
ggt aaa ttt gat tat cgt cca cag gat atc atc ctc ctc aac ggt gaa 1056 Ay Lys
Phe Asp Tyr Arg Pro A n Asp Ile Ile Leu Leu Ann Gy G u 340 345 350 tat gtt
acc aaa gc Lk, aaa cac gat aaa aaa tea tga 1098 T ys Ala Tyr
dy Lye HigotAzg%mE%sn Lys 355 360 <210> 72 <211> 364 FgGbigesys 28 1
boidinii <400> 72 Met Lys Ile Val Leu Val Leu Tyr Asp Ala Ay Lye Hs Ala
Ala Asp 1510 15 du Qu Lys Leu Tyr Ay Cs Thr Au Ann Lye Leu Ay Ille
Ala Ann 20 25 30 Trp Leu Lye Asp An Gy His Gu Leu Ile Thr Thr Ser Asp Lys
A u 3%140se45Adnl glyGids Amn L&eval/alal lidd sdsmasa tysHhep GlyepPso Asp Ala Asp Ile lle
50 55 665 Ile Thr Thr Pt% Phe His Pro APa Tyr Ile Thr B§s Qu Arg Ile Asp 65
58 55 80C al?_;)éls télAgﬁLias IE sa[a_gerléﬁ[a_ya%%Lgeu \é(é:gﬁ\c/alt Vgail%léigllggiy Va:2593y SerI AspOgS
5 S I i ys | er Va 1
105 11 estjelr l} Val é%'n'? %/u éelr1 &nrf‘é%l Valpﬂsggr \}afgsb\l & Gu Hs Val Val 115
120 125 Met Thr Met Leu Val Leu Val Arg Ann Phe Val Pro Ala Hs Gu Gn 130
135 14(0agldes YticetddnectHps: Astp cfa peclagt \dab AlkaatAl ecd heg Aba Lys3#esp Ala Tyr 145
150 1551paiye BRepTtp| Brochip &y LeyShrHire |qle mpallehdly Lys &l Ala Gy Arg Ile Ay
165 170 175 Tyr*®%rg val Leu A 4%Arg Leu Val Prd*%he Ann Pro Lys G u Leu Leu
180 185aa%94;tTaera d24' ctASPecl ¥Ea G g%L@gLeaetPﬁ Ag\esga%seaﬁ\tglg?G u Gy Lye val dy

195 20Qydfen Wuarydr GevARTh Yal T W14A\wly I11e diyUsed Asp 21k Ala Gn Ala Asp Ile
210 215 220 115 120 125
gac cta cag agc gcc att gac cgc aat gtg acc gtg gcc gag gtg acc 432
Asp Leu Gln Ser Ala Ile Asgp Arg Asn Val Thr Val Ala Glu Val Thr
130 135 140
tat tgt aat agc att agc gtg gcc gag cat gtg gtg atg atg att cta 480
Tyr Cys Asn Ser Ile Ser Val Ala Glu His Val Val Met Met Ile Leu
145 150 155 160
agc cta gtg cgc aat tat cta cct tcc cat gaa tgg gcg ¢gt aaa ggc 528
Ser Leu Val Arg Asn Tyr Leu Pro Ser His Glu Trp Ala Arg Lys Gly
165 170 175
ggc tgg aac atc gcg gat tge gtc teec cat geg tat gat ctg gaa geg 576
Gly Trp Asn Ile Ala Asp Cys Val Ser His Ala Tyr Asp Leu Glu Ala
180 185 190
atg cat gtc ggc acg gtc gcg geg ggec cgt atc gecc ctg gcg gtc ctg 624
~ Met His Val Gly Thr Val Ala Ala Gly Arg Ile Ala Leu Ala Val Leu
195 200 . 205
cgt cgt ctg gcg ccg ttt gat gtc cat ctg cat tat acg gat cgt cat 672
Arg Arg Leu Ala Pro Phe Asp Val His Leu His Tyr Thr Asp Arg His
210 215 220
cgt ctg ccg gaa tcg gta gaa aaa gaa tta aac tta acg tgg cat gcg 720
Arg Leu Pro Glu Ser Val Glu Lys Glu Leu Asn Leu Thr Trp His Ala
225 230 235 240
acg agg gaa gat atg tac cca gta tgt gat gta gta acg tta aac tgt 768
Thr Arg Glu Asp Met Tyr Pro Val Cys Asp Val Val Thr Leu Asn Cys
245 250 255
cca tta cat cca gaa acg gaa cat atg att aac gat gaa acg tta aaa 816
Pro Leu His Pro Glu Thr Glu His Met Ile Asn Asp Glu Thr Leu Lys
260 265 270
tta ttc aaa agg gga gcg tac att gtc aac acg gcg aga ggc aaa ttg 864
Leu Phe Lys Arg Gly Ala Tyr Ile Val Asn Thr Ala Arg Gly Lys Leu
275 280 285
tgc gat aga gat gcg gtc gcg aga gcg ttg gaa tca ggc aga ttg gca 912

Cys Asp Arg Asp Ala Val Ala Arg Ala Leu Glu Ser Gly Arg Leu Ala
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Val Thr Val Ann Ala Pro Leu Hs Ala Gy Thr Lye Ay Leu Ile Ann 77 WO
20041015132 PCT/ US20031025263 225 230 235 240 Lys GQu Leu Leu Ser Lys Phe
Lye Lys Gy Ala Trp Lev Leu Aen Thr 245 250 255 Ala Arg Gy Ala Ile Cys Val

Ala G u AspoVYalsothida Ala Ala Leu Gu 260 265 270 Ser o1 g Ay Tyr
Gy Gy Asp Val Trp Phe Pro A n Pro 275 280 285 Ala Igrg I_Sg%ogﬁ#sgpz)érHls Pro Trp

Arg Asp Met Arg Aen Lye Tyr Ay Ala 290 295 300 Ay Asn Ala Met Thr Pro H's

Tyr Ser Ay Thr Thr Leu Asp Ala A n 305 310 315 320 Thr Arg Tyr Ala A n Qy
Thr Lys Asn Ile Leu Qu Ser Phe Phe Thr 325 330 335 dy Lys Phe Asp Tyr Arg

Pro Gn Azgpolle Ile Leu Leas Asn Ay G u 3340 345 350 Tyr Val Thr Lys Ala Tyr

Gy Lye H's Asp Lys Lye 355 360 <210> 73 <211> 765 <212> DNA <213>

Artifi atas§qaegfeeg\at<ggos%ggfsgcw _gqs Qajgzgak F1> CD&F¥%222> (1) (765)

<400> g "agc 4dtPget, A cr%lcc P Eﬁ gga ggt atg ggt 48
Met Ser Thr Ala Ile Vval Thr Aen Val Lye HIS Phe Gly Gy Mt dy 1 5 10 15

agc getccgttgg agy wyatagecgyba gat ggglatgakg aee dtcCatgetcat ggo cat 1ged 96 Ser Al a
Let s ArPgo [Tep A8arThg Net AP Tty Apd S1iivet \Tht PAp dii€yHeHpey Ay 20 25 30 gaa agc
ttt aaa cag aaa gat326aa ctg gaa get®3ftt get gaa act3%t ac 144 du Ser Phe Lye

A n Lys Asp qt 4_ ggat S 'é%‘r: 5 40 £Lag ctg aaa cca
atg agechagl il S am ad ‘f@ti@? 2ArgF%aﬂ1a éﬂ Leu@iys Pro Met Ser
GanGuProﬁbaCluLeul u50 350

ttg gaa tgc ttt ttt gaa ggc aga cca atc cgt gac gaa tat ctg atc 1104
Leu Glu Cys Phe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile
355 360 365

gtc cag ggt ggt gcc ctg goc ggt acc ggt gcc cat tct tat tct aaa 1152
Val Gln Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys
370 375 . 380

ggt aat gcc acc ggt ggt tct gaa gaa gcc aaa ttc aaa aaa gcc gtc 1200
Gly Asn Ala Thr Gly Gly Ser Glu Glu Ala Lys Phe Lys Lys Ala Val
385 390 395 400

taa tga 1206

* *

<210> 70
<211> 400
<212> PRT
<213> Pseudomonas sp. strain 101

<400> 70
Met Ala Lys Val Leu Cys Val Leu Tyr Asp Asp Pro Val Rsp Gly Tyr
1 5 10 15
Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys Ile Asp His Tyr Pro
20 25 30
Gly Gly Gln Thr Leu Pro Thr Pro Lys Ala Ile Asp Phe Thr Pro Gly
35 40 45
Gln Leu Leu Gly Ser Val Ser Gly Glu Leu Gly Leu Arg Lys Tyr Leu
50 55 60
Glu Ser Asn Gly His Thr Leu Val Val Thr Ser Asp Lys Asp Gly Pro
65 70 75 80
Asp Ser Val Phe Glu Arg Glu Leu Val Asp Ala Asp Val Val Ile Ser
85 20 95
Gln Pro Phe Trp Pro Ala Tyr Leu Thr Pro Glu Arg Ile Ala Lys Ala
100 108 110
Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly Ile Gly Sexr Asp His Val
115 120 125
Asp Leu Gln Ser Ala Ile Asp Arg Asn Val Thr Val Ala Glu Val Thr
130 135 140

Tyr Cys Aen Ser Ile Ser Val Ala Glu His Val Val Met Met Ile Leu
145 150 155 160
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get gtc acc agc get tac ggt cag gtc gat gtc ctg gtc agc aac gat 240 Al a Val
Thr Ser Ala Tyr Ay d@n Val Asp Val Leu Val 5er Asn Asp 65 70 75 80 atc ttt
get cca gaa ttt cag cca atc gat aaa tac get gtc cag gat 288 |Ile Phe Ala Pro

A u Phe G woRBoeydikB82z Asp Lye Tyr Ala Val dn Asp 85 90 gt get gtc
gaa get ctg cag atc agg cca ttt get cta gtg 336 Tyr A?%Téﬁﬂo&@gﬁ\g Gu Aa

Leu Anlle Arg Pro Phe Ala Leu Val 100 105 110 78 WD 2004/ 015132

PCT/ US2003/ 025263 aat got gtg get tog caa atg aag aag cga aag tcg 999 cac
atc atc 384 Asn Ala Val Ala Ser An Met Lye Lye Arg Lys Ser Ay His Ile lle
115 12Get2%Buttag migcAaaCTyr Teu Got SgetHisaPuitrp HiggAaChyd gliy aag gag cta tog act
432 The lle Thr_ Se¥é3Ala Ala Pro PHE°Ay Pro TrE LY® du Leu Ser Thr 130 135
140 t aCl8cPtaag HGt AagienEye dab ggtﬂlfg'tlat’&% APa’ lhmataget cta tcg 480 Tyr
Thr SerMe@"l-ﬁsA;ag aThg yalAkf‘a Ql’§ rAr]gell’.l.eAhQ Lbé%n @alL%Qu Ser 145 150 155 160
aag gag cta gga gag tac eat abe cog gtg ttc gpt etc ggg ccg aat 528 Lye GQu
Leu GI ymranrgmem #Aanpdd ehePRep Val HPhaeAlras|hye fHryady Brdf\gis 165 170 175 tac cta
cac gaddlgat tog ccg tassttc tac ccg ao ag ccg tgg 576 Tyr Leu His Ser
du As rSe‘F“FPrr@ qiyrSthgaleﬂu PY?)GTHrLeGI”G“ T‘I’861518 190 aag act aat ccg

B0 Sl Fa HEe $R0 A GeBch 38 BhSRL P O An P SV S

aaa gagarbugugagg goaciiu thrgbth §Ca Mei tn&tpgnfﬂsz Gl 'rthLg; kgt Gy Thr A n Lye Qu
Leu Gy Gu Lev.26val Al a The Lewa?é6210 215 220 gc@oct ggc tct tgt gat tat ttg
act ggéeEaP@e lg‘trﬂtmtl’g@lat (303 E%V?QG‘“AW& MKarArg §lyseys &% Asp Tyr Leu Thr Gy
GIn‘VaI e & A]:ﬂ Cl%e t Cc atg ata gaa cgt tgg
ccc ggc at;goc hgamta “7%% A%a v %9 Erglf‘ U Arg Trp Pro Ay Met
Pro A w1y '12145\125@.]( splOn Th ‘Fﬂé.fb?o 2514 rr& 212, priBRlys asp His

305 310 315 320

Pro Trp Arg Thr Met Pro Tyr Asn Gly Met Thr Pro His Ile Ser Gly

325 330 335
Thr Thr Leu Thr Ala Gln Ala Arg Tyr Ala Ala Gly Thr Arg Glu Ile
340 345 350
Leu Glu Cys Phe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile
355 ° 360 365
Val Gln Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys
370 375 380
Gly Asn Ala Thr Gly Gly Ser Glu Glu Ala Lys Phe Lys Lys Ala Val
385 390 395 400

<210> 71

<211> 1058

<212> DNA

<213> Artificial Sequence

<220>
<223> FDH FDHCb13

<221> CDS
<222> (1)...(1098)

<400> 71
atg aaa atc gta ctc gta ctc tac gat gca ggc aaa cac gca gca gat 48
Met Lys Ile val Leu Val Leu Tyr Asp Ala Gly Lys His Ala Ala Asp

1 5 10 15

gaa gaa aaa ctc tac ggc tgc acg gaa aat aag ctg ggc att gca aat 96
Glu Glu Lys Leu Tyr Gly Cys Thr Glu Asn Lys Leu Gly Ile Ala Asn
20 25 30

tgg ctg aag gat cag ggc cac gaa ctg att acg acg tca gat aag gaa 144
Trp Leu Lys Asp Gln Gly His Glu Leu Ile Thr Thr Ser Asp Lys Glu
35 40 45

ggc ggt aat tcc gtc ttg gat caa cac atc ccc gat gct gat atc atc 192
Gly Gly Asn Ser Val Leu Asp Gln His Ile Pro Asp Ala Asp Ile Ile
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<213> Artificial Sequence ¢220> <223> HHDH P016514-B-12 <400> 74 Met Ser
Thr Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Met Ay 1 5 10 15 Ser Al a
Leu Arg Leu Ser Au Ala Ay H's Thr Val Ala Cys H's Asp 20 25 30 du Ser the
Lys A n Ly®oAssuosdzLeu Au Ala Phe Ala Gu Thr Tyr 3 n Leu Lys
Pro Met Ser GQu Glllr'?GIu Pro Ala Gu Leu Ile u 50 SS%Q%%F% %FﬁThr Ser
Ala Tyr Ay A n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 79 WD

2004/ 015132 PCT/ US2003/ 025263 1le the Ala Pro GQu Phe Gn Pro Ile Asp Lys
Tyr Ala Val Gn Asp 85 90 95 Tyr Arg Gy Ala Val Qu Ala Leu An lle Arg Pro
Phe Ala LewsoVal 100 105 190 Asn Ala Val Aoca Ser A n Met Lye Lys Arg Lys Ser
Ay Hlst[sle I1e élgtfézocil% Prr;_e IIS Thr SesrI Ala Ala Pro Ph%tgclaly Pro Trp Lye
Qu L 0 a Al a“Cys Ser Leu Al a
Asn Al g E?E’r rf4§1e g;f? I%g @ie% Ifecﬂ?& gj g‘g%r Asn Ile Pro Val Phe
Ala lle Ay Pro Aen 165 170 175 Tyr Leu H's Ser Glu Asp Ser Pro Tyr the Tyr
Pro Thraa&dget Ria@ ddaprtglédh 18D glO@tbyyrcTder Asngter ¢gtGeer bBhts Val 284 a Hi s Val Lys
Lys Vally§hyla/Alya Lysuleu]l D% B€O VRDYal (Hah Mpgﬂlxevﬂlelﬂﬁ Fer A& n Lye u Leu Ay Qu

Leu Val Ala Phe Leu #10 215 220 Al &°Ser Ser Cy¥ Asp Tyr Leu Thr Ay dn
Val Phe, Tr ga % s% g%(ﬁgg%ggé% ]%%y yaaPli\g E’iﬁc\)lgg@t I1g;, 8 u Arg Trp Pro
a y thﬂl Qe éﬂ gn ; £€>S
100 105 110
ttg gaa gtc aca ggt tcc aat gtc gtc tce gtc get gaa cac gtc gte g4
Leu Glu Val Thr Gly Ser Asn Val Val Ser Val Ala Glu His Val Vval
115 120 125
atg aca atg ttg gtc ttg gtc aga aat ttc gtc ccc gct cac gaa caa 432
Met Thr Met Leu Val Leu Val Arg Asn Phe Val Pro Ala His Glu Gln
130 135 140
atc atc aat cac gat tgg gaa gt¢ got goct atc get aaa gat get tac 480
Ile Ile Asn His Asp Trp Glu Val Ala Ala Ile Ala Lys Asp Ala Tyr
145 150 155 160
gat atc gaa ggt aaa aca atc gct aca atc ggt gct ggt aga atc ggt 528
Asp Ile Glu Gly Lys Thr Ile Ala Thr Ile Gly Ala Gly Arg Ile Gly
165 170 175
tac aga gtc ttg gaa aga ttg gtc ccc ttc aat ccc aaa gaa ttg ttg 576
Tyr Arg Val Leu Glu Arg Leu Val Pro Phe Asn Pro Lys Glu Leu Leu
180 185 190
tac tac gat tac caa gct ttg cecc aaa gat gct gaa gaa aaa gtt ggt 624
Tyr Tyr Asp Tyr Gln Ala Leu Pro Lys Asp Ala Glu Glu Lys Val Gly
195 200 205
gct cgt cgt gtt gaa aac ata gaa gaa ttg gtt gct cag gct gat ata 672
Ala Arg Arg Val Glu Asn Ile Glu Glu Leu Val Ala Gln Ala Asp Ile
210 215 220
gtt acc gtt aac gct ceg ttg cac gect ggt acc aaa ggt ttg ata aac 720
val Thr val Asn Ala Pro Leu His Ala Gly Thr Lys Gly Leu Ile Asn
225 230 23S 240
aaa gaa ttg ttg tca aaa ttt aaa aaa ggt gct tgg ttg ctt aac acc 768
Lys Glu Leu Leu Ser Lys Phe Lys Lys Gly Ala Trp Leu Leu Asn Thr
245 250 255
gct cgt ggt gct ata tgc gtt gct gaa gat gttt gct gect gect ttg gaa 816
Ala Arg Gly Ala Ile Cys Val Ala Glu Asp Val Ala Ala Ala Leu Glu
260 265 270
tca ggt cag ttg cgt ggt tac ggt ggt gat gtt tgg ttt ccg cag ccg 864
Ser Gly Gln Leu Arg Gly Tyr Gly Gly Asp Val Trp Phe Pro Gln Pro
275 280 285
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<213> Artificial Sequence <220> <223> HHDH Mal/4H6 <221> CDS <222>
(1)...(765) <400> 75 atg agc acc get atcgtc acc aac gtc aaa cat ttt ggt ggt
atg ggt 48 Met Ser Thr Ala Ile VvVal Thr Asn Val Lye His Phe Ay Gy Mt Ay 1
5 10 15 age Medo1Siz9 agg ctg agc gaa get ggt cat acc gtfcﬂ@gm‘mﬁsﬁgt gat 96
Ser Ala Leu Arg Leu Ser GGu Ala Ay H's Thr Val Ala Cys Hs Asp 20 25 30 gaa
agc ttt aaa cag aaa gat gaa ctg gaa get ttt get gaa acc tac 144 du Ser Phe
Lys Gn Lys Asp Qu Leu Qu Ala Phe Ala A u Thr Tyr 35 40 45 cca cag ctg aaa
cca atg agc gaa cag gaa cca get gaa ctg atc gaa 192 Pro Gn Leu Lye Pro Met
Ser u dn du Pro Ala Gu Lea lle Au 50 55 60 get gtc acc agc get tac ggt
cag gt cg‘tZaFCE’gt‘i‘:’ gty °8F €°q af@é t 2B 8t ARG ARB|L2TIPEESEE Al a dfyr Gy A n Val
Asp Val MCeffVET® 88 "AR T P7Hetgfrs %F‘;;LYT &Y 8 gaa tit cag cca atc
gat aaa tac get gt c gaa gat 288 Il e Phe a Pro Au Phe dn Pro Ile Asp Lys
Tyr Al aggéahadGher AsP a8O MY 20040daladt RET1865200360232063g 85 Ho95 tac agg ggt
get gt cGlyabsrgdla ®ég ThaPratiis ayy $caclyt fhxgobr cta Agh @18338Bn Tyr Arg Ay Al a Val
Au Ala*?%eu An lle ArgilP’ro Phe Al a Led&l5al 100 105 113(30 eat got gtg got tcg
caa atg 229 aag ¢ acaa cac at ct at c 84 Ast a Val dAI a Ser Gn Mt
Lys Lysqdl Gl ¥& Jﬁﬂ% 1. %35 ELEE Pﬁﬁ act 1@§ get act ccg
ttc ggg cog tgg aagig&ag cta tgg act3 e Thr;.,_r,Ser Ala Thr Pro Phe Gy
Pro Trp Lys Qu Leu Ser Thr 130 135 140 tac act tog get cga get ggg get tgt
act ctagdfesaaghttt gelt tat &9t (ya4BG 9aFyrtcThyC Seg ciy aa¢\ tAaa d ytoaka Cys Thr Leu
Al a AsnCA| Lya Bre Tyndrq 550 145 Pf@oneaéjgf by Let ésg Yg"’&l;) tac sat atc ccg gtg
ttc get atc ggg %g sat 528 Lyel@u Leu Ay a d° yr Asn Ile Pro Val Phe Ala

e d Yeder §:tASEt 38D gdd Rad 43t aaa cac gat aaa aaa taa tga 1098
Tyr Val Thr Lys Ala Tyr Gly Lys His Asp Lys Lys ¥ *
355 360
<210> 72
<211> 364
<212> PRT

«213»> Candida boidinii

<400> 72
Met Lys Ile Val Leu Val Leu Tyr Asp Ala Gly Lys His Ala Ala Asp
1 5 10 15
Glu Glu Lys Leu Tyr Gly Cys Thr Glu Asn Lys Leu Gly Ile Ala Asn
20 25 30
Trp Leu Lys Asp Gln Gly His Glu Leu Ile Thr Thr Ser Asp Lys Glu
35 40 45
Gly Gly Asn Ser Val Leu Asp Gln His Ile Pro Asp Ala Asp Ile Ile
50 55 60
Ile Thr Thr Pro Phe His Pro Ala Tyr Ile Thr Lys Glu Arg Ile Asp
65 70 75 80
Lys Ala Lys Lys Leu Lys Leu Val Val Val Ala Gly Val Gly Ser Asp
85 90 95
His Ile Asp Leu Asp Tyr Ile Asn Gln Thr Gly Lys Lys Ile Ser Val
100 105 110
Leu Glu Val Thr Gly Ser Asn Val Val Ser Val Ala Glu His val Val
115 120 125
Met Thr Met Leu Val Leu Val Arg Asn Phe Val Pro Ala His Glu Gln
130 135 140
Ile Ile Asn His Asp Trp Glu Val Ala Ala Ile Ala Lys Asp Ala Tyr
145 150 155 160
Asp Ile Glu Gly Lys Thr Ile Ala Thr Ile Gly Ala Gly Arg Ile Gly
165 170 175
Tyr Arg Val Leu Glu Arg Leu Val Pro Phe Asn Pro Lys Glu Leu Leu
180 185 150
Tyr Tyr Asp Tyr Gln Ala Leu Pro Lys Asp Ala Glu Glu Lys Val Gly
195 200 205
Ala Arg Arg Val Glu Asn Ile Glu Glu Leu Val Ala Gln Ala Asp Ile
210 215 220
val Thr val Asn Ala Pro Leu His Ala Gly Thr Lys Gly Leu Ile Asn

77



tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag cog tgg 576 Tyr Leu
Hs Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 180 185 190 aag act
aat ccg gag cac gtg get cac gtg aag aag gtg act got cta 624 Lys Thr Asn Pro
GQu Hs V k5, Val Lye Lys Val Thr Ala Leu 195 200G,40% cta ggg

act caa aggogggmiti%lazggg gaa ttg gtg gca ttt ttg 672 GIOPn Ar 28(E‘ﬁnﬁgﬂy Thr A n
Lys Qu Leu Ay GQu Leu Val Ala Phe Leu 210 215 220 gca tct ggc tct tgt gat

tat ttg act ggc cag gtg ttt tgg ttg gca 720 Ala Ser Ay Ser Cys Asp Tyr Leu
Thr Ay An Val Phe Trp Leu Ala 225 230 235 240 ggc ggc ttt ccc atg ata gaa
cgt tgg2ecc ggc atg cceigaa taa 765 G3p Ay Phe Pro et Ile Gu Arg Trp Pro
Ay I\/EtLYPI’Qi“G-'QH‘ Few 6r DPHY Phac 2y LYF Gy 2MLR>STIPSYeu & Asn PRY <213> Artifi ci al

Sequencg <220 2 55 ./ 4H6 25240 76_Met. SéP>Thr Ala Ile Val Thr Asn
Val Lyeelﬁl &9 g ? ud?{vél? 6l ‘?fpl‘ff ge\érb éfe‘l'_é;ﬂluArg Leu Ser Au Al a

Ay Hi ssefhd1yV@in %81}""1‘?:'%&? ,2% x? b'hesﬁi:o Bie pbys G n Lys Asp Gu Leu
GQu Ala Phe A¢Aw Qu Thr Tyr 284 WO 2004/ 01513 PCT1US20 0 310 25 2 6 3 35 40
45 Pr o MarPrcelysl ¥sp PiPieTriSerg Gsp M&tnAr@ apnPLyr Y6l wldeu Ile u 50 55 60
Al a Val Th%9°Ser Al a ;Ir'% G2 5G n Val V0 Leu Val Ser Asn Asp 65 70 75 80
Ile Phél P8 WUTBhEITLH® PYD SF ¢ 1Asﬁ‘rL‘§i§ AR &'VES A u Asp 85 90 95 Tyr
Arg G ymbl ggVa), Haich a1}k @b AcherArdoPsQ Bheptl anlady Val 100 105 110 Asn
Ala Val Ala Ser G n3Met Lys Lys Argeabys Ser Gy Hisadle Ile 115 120 125 Phe
| | e ThrelgelysAbte Adyr THr ardltec Gly ABpaIlérPellysm WwhAdreGlS@du Thr

340 345 350
Tyr Val Thr Lys Ala Tyr Gly Lys His Asp Lys Lys
355 360
<210> 73
<211> 765
<212> DNA

<213> Artificial Sequence

<220>
<223> HHDH P016514-B-12

<221> CDS
<222> (1)...(765)

<400> 73
atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tgc cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gect gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg age gaa cag gaa cca gct gaa ctg atc gaa 152
Pro Gln Leu Lys Prc Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc cag gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336

Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
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130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160 Lys Qu Leu Ay QQu Tyr Asn Ile Pro Val Phe Ala lle Ay Pro
An 165 170 175 Tyr Leu His Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr Qu Pro

Trp 180 %Pf2d3fd1d1ye Thr Asn Pro Gu H's Val Ala H s Valcthiéswobymsadal Thr Al a
Leu 195 200 205 dn Arg Leu Gy Thr Gn Lye Qu Leu Gy du Leu Val Al a Phe

Leu 210 215 220 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay Gn Val Phe Trp Leu
Ala 225 230 235 240 dy Ay Phe Pro Met Ile Au Arg Trp Pro Ay Met Pro Qu
245 250 <210> 77 <211> 765 <212> DNA <213> Artificial Sequence <220> <223>
HHDH P016229- F-04 <221> CDS <222> (1)...(765) <400> 77 atg agc acc get atc
gt c ac@ahget gﬁ‘& Sféat"@a?aat g 9339 §e 8 caIVbTWSé‘ifc Thr 2% 1le Vval Thr

An Val Pyl pha ¥yeE ﬁ\/g?a A9 83T YAl bt Tt g agg ctg tcg gag get
ggt cac acc ]tc get tgc cat gat 96 Ser Al a eu Arg Leu Ser Gu Ala Ay His

Thr ValctAIaacQﬁs tdgSgASHct20c? Bt 3Qgg @3a tag Gabldagada €aPadaa gakixgaa ctg gag get
ttt getphgdde ate feacrlhbddlla SralPiBecliPireo lTys ¥ GluyseuAsgy Gu Leu G u Ala Phe Al a
A u Thr Tye°35 40 45 ccal”\*ﬁag ctg aaa cceil4atg agc gaa cag gaa cca get gga ctg
att gaa192 P y Leulle Gu

o0 o8 Rt d Shoiclelt o el b sl 6 ool s gar 200

82 V\DZQ%?OlS 32 PCT. / 1520 31025263 Aka V hr Ser @a Tyr dy @n Val Asp

Val Leu Val Ser Asn Asp 65 70 75 80
aag gag cta gga gag tac aat atc ccg gtg ttc gect atec ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ceg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 150

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tet tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> 74

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH P016514-B-12

<400> 74
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

Ala Vval Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
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atc
Al a
get
du
caa
Lys
ttc
Pro
act
Al a
ttc
Ile
act
Pro
get
195
672
220
Ser

ggc
Pro

83

ttt get cca gaa ttt cag cca atc gat aaa tac get gtc gaa gat 288 1le Phe
Pro Qu Phe An Pro Ile Asp Lys Tyr Ala Val GQu Asp 85 90 95 tac agg ggt
gtc gaa get ctg cag atc agg cca ttt get cta gtg 336 Tyr Arg Ay Al a Val
Al a Leywd3osdispsArg Pro Phe Ala Leu Val 100 105 110},(:%%20%%15 tg get tcg
atg aag aag cga aag tcg ggg cac atc atc 384 Asn Ala Va a Ser An Mt
Lys Arg Lye Ser Ay Hs Ile Ile 115 120 125 ttc atc act tcg get act ccg
ggg cca tgg aag gag cta tcg act 432 Phe Ile Thr Ser Ala Thr Pro Phe Ay
Trp Lys Qu Leu Ser Thr 130 135 140 tac act tcg get cga get ggg get tgt
Ct atlgethenala ged GUE @hé cIn480 11EyAsplhys Ser Al &alsgnAsg Gy Ala Cys Thr Leu
Asn Al a Leu Ser 8345 150 155 16099 aag gag cta gda gag tac aat atc ccg gtg
get Tt Rr Bl G% VahGly pda H_e}‘eGIG tle &%9 EFY Pl &179‘@%@ Ile Pro Val Phe Al a
G y,Pr % 7 t3g ccg tac ttc tac ccg
gag‘“’c?cj(é;laf@ipl SQFQH&I_M‘E& ty%gL gGaﬁ %\és; Ggr raitéeTI?/rg Phe Tyr Pro Thr du
Tr perk801 el Bix &%Alaagaa:eb r&atm@cgrog&g; c;&cegﬁ gegekrcme gt g aag aag gtg act
cta 6210 Lys Thr Asn P8® Qu H s Val M@ H s Val Lys Lys Val Thr Ala Leu
200T3af015mfc§%1r e{:mAéQ d‘*l @Yaﬁéﬁ %aS%rah;?w N@A@g@vew&;ttg gtg gca ttt ttg

s..3 Al a Phe Leu 210 215
gca tﬁ% ggc Fg ¥"§ cjiltantf-l¥ tha falc%‘h %yégelgl% g@% tgg ttg gca 720 Ala
A yryeeteOiss é@:pGTtylhsb@der’i‘b fcyetd fyrVato Phe cTd préewpAl a 225 230 235 240
ggc ttt ccc aeqg ata gaa cgt 18gg ccc ggc atgileec gaa taa 765 Ay Ay Phe
Met Lys| BhrGhap Ry GT¢ ﬁ)‘lPrVelel Hitst Vadr sy Ydb TRS5@Bla 4290> 78 <211> 254

<212> PRT <2158 A1 1) 6, SHEGCn, BR07. 0577, LR £Q16229-F- 04 <400> 78

210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu

245 250

<210> 75
<211> 765
<212> DNA

<213> Artificial Sequence

<220>
<223> HHDH Mzl/4H6

<221> CDS
<222> (1)...(765)

<400> 75
atg agc acc gct atc-gtc acc aac gtc aaa cat ttt ggt ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gect tge cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc age aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gect cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
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WO 2004/ 015132 PCTI US2003/ 025263 Met Ser Thr Ala Ile Val Thr Aen Val Lye H's
Phe Ay Ay Met Ay 1 5 10 15 Ser Ala Leu Arg Leu Ser Au Ala Ay H's Thr

Val Ala Cys His Asp 20 25 30 Qu Ser Phe Lye G n Lye Asp Gu Leu Au Al a Phe
Ala G u Thigoh 40 45 Pro Gn Leu Lys Pro Met Ser Pro Al a

Gy Leu ”hgyoc?ﬁu(}égéz% 60 Ala Val Thr Ser Ala Tyr dy elgr?%\gf’&ﬁ’gﬁk"vm Leu Val
Ser Asn Asp 65 70 75 80 Ile Phe Ala Pro Gu Phe An Pro Ile Asp Lys Tyr Al a
Val Qu Asp 85 90 95 Tyr Arg Ay Ala Val Qu Ala Leu dn Ile Arg Pro Phe Ala
Leu Val 100 105 110 Aen Ala Val Ala Ser Gn Mt Lys Lye Arg Lye Ser Ay His
Ile Ile 115 120 125s Phe Ile Thr Ser Al a Thr Pro Phee Gy Pro Trp Lys Qu Leu

Ser Thrta:é30 135 140 toI yr Thr Ser gAI aﬁAaregycAl a dy C}/s Thraliqe/u Ala Asn Al a
Leu Ser °t5 e Pr al Phe Ala lle
Ay Pro’Ad 1% g?a ‘f@{ ng_'%esnég E;{;-I-gii”.ségéhll-“ro Tyr Phe Tyr Pro Thr

Gu Pro Trp 180 185 190 Lys Thr Asn Pro Gu H's Val Ala H's Val Lye Lye Val

Thr Al aaakejtt dk95gc2060c?208n atd Rad\agg loghl dalgyt chhdaggCrar hys att u Lessddy G u Leu Val
Al a PhershgdabB) BLBLS2@1n Mpy LEerlydArg Sor ByeSlAshisTyte e Thr Ay G n Val Phe
Trp Leu Ala 25 230 235 2401293 Ay Phe Pr¥¥5vet Ile Gu Arg Trp Pro Ay Met

08 SRR AR bl i Sl T ) o e

130 135 140

tac act tcg get cga gct ggg gcect tgt act cta get aat get cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160

aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcqg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Prc Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt cec atg ata gaa cgt tgg ccc gge atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> 76

<211> 254

<212> PRT

<213»> Artificial Sequence

<220>
<223> HHDH Mzl1l/4H6

<400> 76
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 S 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
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<400> 79 atg agc acc get atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48

Met

agc
Leu
aaa
Lye

Ser Thr Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Met Ay 1 5 10 15
get ctg agg ctg agc gaa get ggt cat acc gtc get tgc cat gat 96 Ser Al a

Arg LeyoRbadisiazAla Ay His Thr Val Ala Cys Hi's Aspp @,25@2503;},9526 aa agc ttt
cag aaa gat gaa ctg gaa get ttt get gaa acc tac 144 u Ser Phe Lys @n

Asp Gu Leu Au Ala Phe Ala Gu Thr Tyr 35 40 45 84 WD 2004/ 015132

PCT/ US2003/ 025263 cca cag ctg aaa cca atg agc gaa cag gaa cca gat gaa ctg

atc

gaa 192 Pro A n Leu Lye Pro Met Ser Qu Gn GQu Pro Ala Qu Leu Ile Qu

50 55 60 got ®tc acc agc get 4vac ggt cag gtcagat gtc ctg gtc ago aac gat 240

Al a
atc
Al a
get
Au
caa
Lys
ttc.
Pro
act
Al a
ttc
I'le
act
Pro
get

Val P"Ph‘iﬂ“Sb?“ N’EaPWIMeGI r @l Sl GlAspro\/a1a Bhy LyalllseiuAen Asp 65 70 75 sO

ttt a c get, gt,c gaa gat 288 Ile Phe
5% Pﬁhr r Eﬁ%yfley,&(sin‘% A? R\? % &§g 85 90 95 tat cgt ggt
gt CIJQaﬁhéJﬁia @Ircgc;@@g»hate@naegia ﬁ@aﬂatpt Lysg r Gl vel ¢183@p Tyr Arg Gy Ala Val
Ala Leu An Ilesdrg Pro Phe Al asdeu Val 100 1055110 sat get gtg get tog
at gl‘}aagrgaa-‘g! eyavahg;lt dga ggg ®acllat sraoPr BB AlAIRu Alal Val Ala Ser A n Mt

Lys. Ar Hi s Ile 3%e 115 120 1251t%¢ atc act tcg get act ccg
Gor R in B seh gt et 4 2 YoM H30® Bl EL TR QIR Ala Thr Pro Phe Gy

Tr PerleY £1¢ M‘ b&U AL rhd o ?51:&4-9:&%@91 Lk&GeP8HCOa get ggg got tgt
cta getscaat gat cta tags480 yr Th Ala Arg Ala Ay Ala Cys Thr Leu

AsIrykl Thrl ger Sy Atdl314 50y 188 Q&Gorhra!asgl glaagAm Alggeudgeg tac sat atc cog gtg
gotl4at ¢ %g% c%g atls%28 Lye A u L Au Tyr AA Ile Pro Val Phe Al a
a yer gy ¢ %6"’17‘3“ TECLE cHE f‘]&’% ELRY é °t"¢8 ccg tac ttc tac cog
ga0ryeClkut B §Jxﬁclu ¥bp I8l Srbl Sr @zupﬁﬁlhﬁ%iu pEQ ciyr Phe Tyr Pro Thr Qu
Trp 180 185 1§40 aag act satisecg gaa cac gtgsgat cac gtg aag aag gtg act

Ct aly@2Thr AsrePichGlsihis Mab AGh LHibli @1Viats KY=avél shvallalipe Lys Val Thr Ala Leu

195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 77

<211> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> HHDH P016229-F-04

<221> CDS
<222> (1) ...(765)

<400> 77
atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agt gct ctg agy ctg tcg gag gct ggt cac acc gtc get tge cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gag gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
as 40 45
cca cag ctg aaa cca atg agc gaa cag gaa cca gect gga ctg att gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Gly Leu Ile Glu
50 55 60

gct gtc acc age get tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
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195
672
220
Ser

ggc
Pro

200 205 caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg

Gn Arg Leu @y Thr A n Lye Qu Leu Ay Qu Leu Val Ala Phe Leu 210 215
gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720 Ala
Ay SewoendAsR2 TYr Leu Thr Gy G n Val Phe Trp Le%cﬁ‘r@sz@@@zéﬁ? 235 240
ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa / y Gy Phe
Met Ile Qu Arg Trp Pro Gy Met Pro GQu 245 250 <210> 80 <211> 254

<212> PRT <213> Artificial Sequence 85 WO 2004/015132 PCT/ US2003/ 025263
<220> <223> HHDH P016230- A-08 <400> 80 Met Ser Thr Ala Ile Val Thr Aen Val

Lys
Hi s
Al a
Al a
Leu
Tyr
Phe
Ay
du
Aen
Al a

H saiRhe1Gne Sy aMetryfoyy dinSvalOaspSvaiSedu Miaséeurshiiagpleu Ser Au Ala Gy
Thr eédal Ala Cys Hi s?7®8sp 20 25 30 @su Ser Phe Lye @&n Lye Asp Qu Leu Gu
ghﬁatél ite‘% Thalrjg;l'%rt SEaa 4(2a4§:§P£{7g| Safﬂ al?:eu tLéfe I;ro gl;/tét S(e}rzﬁgsl uI dn d uI Pro
el -l S r y Val Asp Va
val 8¢t "’Agélr"il %°pcé$ghe/§lggr8 lelngé Ilgﬁegy ET r%%l&g MRe Gn Pro Ile Asp Lye
Ala Val Qu Asp 85 90 95 Tyr Arg Gy Ala Val GQu Ala Leu Gn lle Arg Pro
Al atakceagg\adt gdt00td @ba bt cAerradl axcVadg #daatSepgetCona ey Lys 3B§s Arg Lys Ser
Hi sTYF| Arg| ¢ly Alp¥al] Su B2& Lepdn|]le Augr PxSePheARH2 TRy YPEo Phe Ay Pro Trp Lye
Leu Ser Thr 1%0 135 140 Tyr'%hr Ser Ala Ard'Nla Ay Ala Cys Thr Leu Al a

Al 8.l € A48cd 20s 12§ s16Ga gy Yo @4 al¥r Asngile Pro Val Phe
I q@%ﬁ% A&nsd; 51,12@?51@5 LYE%E Tre S“lgegi’;’qﬁ Tle 1le °
115 120 125

ttc atc act tcg gct act ccg ttc ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tecg gct cga gct ggg gct tgt act cta gcot aat gct cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Agn Ala Leu Ser
145 150 155 160

aag gag cta gga gag tac aat atc ccg gtg ttc get atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala Hie Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg geca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggec tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> 78

<211> 254

<212> PRT

«<213> Artificial Seguence

<220>
<223> HHDH P016229-F-04

<400> 78
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Tyr Leu H's Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr GQu Pro Trp 180 1B5 190
Lye Thr Aen Pro Qu H's Val Ala H's Val Lye Lys Val Thr Ala Leu 195 200 205
G@n Arg Leu Ay Thr Gn Lys Qu Leu Ay GQu Leu Val Ala Phe Leu 210 215 220

Ala Ser G woRbef¥B2Asp Tyr Leu Thr Ay G n Val Phe Trpp é@s%sé 5 230 235
240 dy Gy Phe Pro Met I1le Gu Arg Trp Pro Ay Met Pro <210>

81l <211> 765 <212> DNA <213> Artificial Sequence <220> <223> HHDH
P016096- ® <221> CDS <222> (1)...(765) <400> 81 atg agc acc get ate gtc acc
aac gtc aaa cat ttt gga ggt atg ggt 48 Mt Ser Thr Ala Ile Val Thr Aen Val
Lye Hi MePherGny AHayiMetvaGryr hsh vhD tIs niagsneg€ly 6lygmMaggi£t g agc gaa get ggt
cat accigtc get tgc Tat gat 96 SericAla Leu Arg LeusSer Qu Ala Gy His Thr
Val Al #eeydatiey Xegplew)Sen G AZE OND BigORhr(Ma3 182 PETHLSABM3/ 025263 gaa age ttt

aaa ca t t t 2tt et g a ag, 144 G u Ser Phe Lye Gn
Lye As %1&%%1-95}1 gas G]icﬂ gy%%ep %Eu L@“UG e %5(3% % Y€ca cag ctg aaa cca

atg agcprlaﬁncm OAdpEL RetJBEr GBR diﬁgnatﬁogm é1%2LeP&pe Ghiy Leu Lye Pro Met Ser
Gu dn da Pro Ala Qu Les Ile A u 50 55®0 got gtc acc ago got tac ggt cag
gtc gatAlgt‘@lcThg @ﬁrcﬁb?gﬁyaﬁby @évtl Vall(hspAYad Neal ValhgerSasn A Tyr Gy G n Val Asp
Val LeLi5 VaI Ser ? 75.BO at% ttt t cg gga ttt cag cca atc gat
aaa tac §etegt@ Efa?a Q‘; hezggl Pf?é”?’tﬁpﬁffyﬁ ’I‘:Vr’o valP g P Pro Ile Asp Lye Tyr

Al a Valg gﬁH‘g 85 O 9B, AlAGeaUdn b £t p. At PreJRP g@& vel g cag atc agg cca ttt
got cta gtg 33 1o'Byr Arg Gy AlacvYal GQu Ala Lemmecd n Ile Arg Pro Phe Ala Leu
Val Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
118 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser

145 150 1SS 160

Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn

les 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val phe Trp Leu Ala

225 230 235 240

Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu

245 250

<210> 79

<211> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> HHDH P016230-A-08

<221> CDS
<222> (1)...{765)

<400> 79

atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly

1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tge cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144

Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
3s 40 45
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100
384
125
Ile
act
Al a
cta
Au
gag
Ser
gtg
H s
ttg
Au
cag
Phe
atg
245

105 110 aat got gtg got tog caa atg aag aag cga aag tcg ggg cac atc atc
Aen Ala Val Ala Ser An Mt Lye Lye Axg Lye Ser Ay Hs Ile Ile 115 120
ttc atc act tog get act cog ttc ggg Cos tgg aaa gag cta tcg act 432 Phe
Thr  SeywoPodyoibfsz Pro Phe Gy Pro Trp Lye Gu Leu Serpc%sz&é@zé@ss 140 tac
tcg get cgs got ggg got tgt act cta got aat get cta tcg 48 Tyr Thr Ser
Arg Ala Ay Ala Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155 160 aag gag
gga gag tac aat atc ccg gtg ttc got atc ggg cog sat 52B Lye Qu Leu Gy
Tyr Asn Ile Pro Val Phe Ala lle Gy Pro Asn 165 170 175 tac cta cac tcg
gatcdaogpagCay barC ctd ety age Gag @otgagadraCcoy dggcbyGee Bpa Leuibks Ser G u Asp
Pr oPrPy¢lnFbgy Fxer PPy Ye15er Qly PRp LYy FrolB@ §b5L9001le #Ay act sat ccg gag cac
got cacd®gtg aag aag gt§°act get cta 622 Lys Thr Aen Pro Gu His Val A a
Val g V& LYS. Y oditadVoge LG %8 X208 608 603,014 090 agh caa ana 0ag
M IR o OAGE ayi tggycalg Zaep uggf;2H§IGA¥nﬂ%ﬁ Gn'lye Gu Leu Gy
Leusval Al a Phe Leu7210 215 220 gcarstct ggc tot tgsogat tat ttg act ggc

gtg ttt tgg ttg gca 720 Ala Ser Gy Ser eye Asp Tyr Leu Thr Ay dn Val
Tr pPtEetit % 22592802 T59 X460 a"—g t tact Igcetuopr gRE gaa 28ft tgg ccc ggc
cootl§aetAg ‘7’6"5‘31%1’95 Gy BRSPrage e TiTe?d l‘ja]AIGgu 7B Pro Ay Met Pro Gu
250 87 WD 2004/ 015132 PCT/ US2003/025263 <210> 82 <211> 254 <212> PRT

<213> A dgrCoqtl gRegteBeL goK 220 ag 223 aggHEdd BE1609Ge {3 Yhtg<4003382 Met Ser Thr

Al a
Arg

| | eryvarrg Ty AonvaalGliyda lHes dRhell€l ArgGrnp Mgt AG yeu ¥ab 10 15 Ser Ala Leu
Leu Ser Clu M% dy His Thr al Ala Cys Hi siMsp 20 25 30

aat gct gtg gct tcg caa atg aag aag ¢ga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tcg gct act ccg ttc.ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tecg gect cga gect ggg gct tgt act cta gct aat gect cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160

aag gag cta gga gag tac aat atc ccg gtg ttc get atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gaa cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct gge tect tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc gge ttt cce atg ata gaa cgt tgg cec gge atg ¢cc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210> B0

<211> 254

<212> PRT

<213> Artificial Sequence
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du
Adn
Val

Phe
Ay
Val

Thr
Ser
du
Leu
Thr
Arg
Ser
Ay

Ser
Leu
Thr
Al a
Al a
Al a
Ser
Al a
Leu

H s:2887 G u As
Asr?Bio HEL PRY

Phe Lys G n Lys
Lys Pro Met Ser
Ser Ala Tyr Gy
Pr @ oGosk/droRz G n
Val Gu Ala Leu
Ser An Met Lys
Ala Thr Pro Phe

Asp
Au
Adn
Pro
dn
Lys
Ay

Arg Ala Ay Ala Cys

Gy GQu Tyr Asn
Ser

Il e
Pro

AN a

Leu &Yy gdhr Gn Lys GQu
A WebederOns ASPITY Wal @b BBA vEh Viy& misVitle Bheclly Red-@y Al @ 225 230 235 240
GyiPhe Pro lle dsle Au Arg TrpmoPro Gy
<211> 783 Alaia>Afg\PewxB4BS1N\ALa fGlgikik Bagirndle Cx RO Aep23> HHDH P016097- F9

du
Adn
Val
Ile
Ile
Arg
Pro
Thr
Pro
Tyr
H s
Leu

Leu
Au
Asp
Asp
Arg
Lys
Trp
Leu
Val

Phe
Val

Ay

L

L

L

Au
Pro
Val

Al a
Phe
Tyr

yS

Pro
Ser

yS

yS

Al a
Al a

Leu

Tyr

Phe
Ay
Au

Asn
Al a

Pro
Lys

A u Leu

Phe
Au
Val
Al a
Al a
Hi s
Leu
Al a
I'le
Thr
Val
Val

Met Pros@ u 245 250

Ala Cu Thr Tyr

Leu
Ser
Val

Leu
I'le
Ser
Leu
Ay
Au
Thr

Al a

35 40 45 Pro
Ile u 50 55 60 Ala
Asn Asp 65 70 75 80 Ile

A UpA5Es283098695 Tyr Arg

Val 100 105 110 Asn Al a
Ile 115 120 125 the lle
Thr 130 135 140 Tyr Thr
Ser 145 150 155 160 Lys
Pro Asn 165 170 175 Tyr
Pro Trp 180 185 190 Lys
Ala Leu 195 200 205 Gn

Phe Leu 210 215 220 Al a

<210> 83

<221> CDS <222> B9) . .i765 <4F3> 83 atg_acc, aé® get atc gtc acc aac gtc aaa
cat ttg;qﬁgsa?rg e ’fE)gGBb Y'ﬂéz’p s LerG%ﬂﬁquFE EéaeG%ﬁh%WrAsn val Lys Hi s Phe
Ay G yeMeiinGah 83 ¥ 40046051 3 n RGT/ £2520Q360282631e G1u
50 55 60
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Vval Ala His Vval Lys Lys val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250
«<210> 81
<211> 765
<212> DNA
<213> Artificial Sequence
<220>
<223> HHDH P016096-G9
<221> CDS
<222> (1) ...(765}
<400> B1
atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg qgt 48
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 S 10 15
agc gct ctg agg ctg age gaa gct ggt cat acc gtc goct tge cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

86



1 5 10 15 agc get ctg agg ctg agc gaa get ggt cat acc gtc get tgc cat gat 96
Ser Ala Lau Arg Leu Ser Qu Ala Ay H's Thr Val Ala Cys H's Asp 20 25 30
gaa agc ttt aaa cag aaa gat gaa ctg gaa get ttt get gaa acc tac 144 du Ser
Phe Lys G qd54Asp2G U Leu Gu Ala Phe Ala Gu Thr Tyrp3puédflofinsiksa cag ctg
aaa cca atg agc gaa cag gaa cca get gaa ctg atc gaa 192 Pro G n Leu Lys Pro
Met Ser Qu @n Gu Pro Ala Qu Leu Ile Au 50 55 60 get gtc acc agc get tac
ggt cag gtc gat atc ctg gtc agc aac gat 240 Ala Val Thr Ser Ala Tyr Ay Gn
Val Asp Ile Lau Val Ser Asn Asp 65 70 75 80 atc ttt get cca gaa ttt cag cca
atc gat aaa tac get gtc cag gat 288 Ile Phe Ala Pro Gu Phe A n Pro Ile Asp
Lys Tyr 99 28<Vatt @ CAg pag3gag(gagoetat gaa aggt*gtgsc'geﬁaqr:e a getl4¢tg cag atc agg
cca tttCheferchle gy CizdYe AP Biaghey Gluaber Ve Ae3 GIWTETL®E G n 1le Arg Pro Phe
Ala Leu Val 10U 105 110 aat get gtg get tcg Caa atg aag aag cga aag tcg ggg
cac at Ccadl 6ag38dy abeRchlaRg\Rk ladcaghaalhéh MY chysch)@cAE Lye sser Gy His lle
|1 e 115pAR61nl 2éu Ly« P MelClert@y Glat cebroL B8R BLE LggFlecAut gg aag gag cta tcg
act 432 Ph®w |le Thr Set A4 Ala Pro Phe &% Pro Trp Lys Qu Leu Ser Thr 130

135 140 tac act tc et cga get g get tgt act cta get aat get cta tcg 480
Ty Thr SSCRCAlE 267 S 4 ARY S I A SN T Leu S 145 150 155
160 aaggsgag cta gga ga otag aat atc ccg gtg ttc get atag ggg ccg sat 528 Lys
GQu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala lle Gy Pro Asn 165 170 175 tac
cta cacatcctrtgagr ged ghegttoygat@e dtccgdtagasctyr gct ggagaecpytt gg A6 Tyr Leu Hi s
Ser d ullgsprespla Pro rPhF’%“T%FP PreoAsphkysGryr P V9 (F129®P185 190 aag act aat
ccg gag cac gtg get &3c gtg aag aag Ytg act get cta®824 Lys Thr Asn Pro Qu
H's Val  fl b5 Yal gbY Qak Ve VARG Mol 8gd B4k 185 5e0Qc2Qr Caa cGg cta ggg act
caa aaar}gaﬁgtl_%% g/gaggga%mtﬁagleg @.Jgallle'[fgé_bﬂa 617£219U§u%&\8 Leu dy Thr dn Lye
Gu Leu Ay Gu bheu Val Al a Phe issu 210 215 2201gea tct ggc tct tgt gat tat

ttg actaa%ggctcggg gtg ttt tg t;agg gca 720

gct” tcg caa atg dag cga aag tcg ggg cac atc atc 384

Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
ttc atc act teg gect act ccg ttec ggg cca tgg aaa gag cta tecg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
tac act tcg get cga gect ggg get tgt act cta get aat get cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
aag gag cta gga gag tac aat atc ccg gtg ttec get atec ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tecg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp

180 185 190
aag act aat ccg gag cac gtg gect cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu

195 200 205
caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttc ctg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
gca tct gge tet tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
225 230 235 240
ggc ggc ttt ccc att atc gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Ile Ile Glu Arg Trp Pro Gly Met Pro Glu +
245 250

87



Ala Ser Ay Ser Cys Asp Tyr Leu Thr Gy G n Val Phe Trp Lau Al a 225 230 235
240 89 WD 2004/ 015132 PCT/ US2003/ 025263 ggc ggc ttt ccc atg ata gaa cgt tgg
ccc ggc atg ccc gaa taa 765 Ay Gy Phe Pro Met Ile Au Arg Trp Pro Ay Met
Pro Gu 24 2hPo151310> 84 <211> 254 <212> PRT <213> Apgtiikfobadassegauence
<220> <223> HHDH P016097-F9 <400> 84 Met Thr Thr Ala Ile Val Thr Aen Val Lye
Hs Phe Ay Ay Met Ay 15 10 15 Ser Ala Leu Arg Leu Ser Qu Ala Gy H's
Thr Val Ala Cys His Asp 20 25 30 G u Ser Phe Lye G n Lye Asp Qu Leu Au Ala
Phe Ala Gu Thr Tyr 35 40 45 Pro G n Leu Lye Pro Met Ser Au Adn Qu Pro Ala
Qu Lev Ile Gu 50 55 60 Ala Val Thr Ser Ala Tyr Ay Gn Val Asp Ile Leu
Val Ser<%8h 8SP 65 70 75 80 Ile Phe Ala Pro Qu Phe Gn Pro Ile Asp Lys Tyr
Al a Val: h 2 p 85 90 95 Tyr Arg Ay Ala Val Gu Ala Leu An Ile Arg Pro Phe
Al a Leu,, ai artOQ c105sd4Qnhen Ala Val Ala Ser Gn Met Lye Lye Arg Lye Ser Gy
Hs Ilelle 115 120 125 Phe Ile Thr Ser Ala Ala Pro Phe Ay Pro Trp Lys GQu
Leu Ser<2Bhs 130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Aen
Al a Leu<X3@r HH)AB0169964395 160 Lys Qu Leu Ay GQu Tyr Aen Ile Pro Val Phe Al a
lle Ay Pro@en 165 170 175 Tyr Leu His Ser Au Asp Ser Pro Tyr Phe Tyr Pro

Thr @& I Qor 1h i | Ala H's Val Lye Lys
Val Thlrngglg Lgbgr A%agg;%%l %g ABXSV-[ £YEA§{L E)lgeoGgl"élﬁMii"ﬁ\éiiye GQu Leu dy Gu Leu

Val Al as€?hmlal Béh Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 138 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 218 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Ile Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 83

<21l> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> HHDH P0l16057-F9

<221> CDS

<222> (1)...(765)

<400> 83

atg acc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48

Met Thr Thr Ala Ile val Thr Asn Val Lys His Phe Gly Gly Met Gly
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210
225
250

215 220 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay A@n Val Phe Trp Leu Al a
230 235 240 dy Ay Phe Pro Met Ile Qu Arg Trp Pro Ay Met Pro Qu 245
<210, 85 <211> 765 <212> DNA <213> Artificial Sequence <220> <223>

HHDH PO160Qg fidddo1s3321> CDS 90 WO 2004/ 015132 PCTI US2008- 89065025554 22>

(1).
atg

.(765) <400> 85 atg acc acc get atc gtc acc aac gtc aaa cat ttt gga ggt
ggt 48 Met Thr Thr Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Mt Gy 1

5 10 15 agc gat ctg agg ctg agc gaa get ggt cat acc gtc get tgc cat gat 96

Ser
agc
Lys
cca
Ser
cag
Asp
gat
Tyr
ttt
Leu
atc
115
432

Ala Leu Arg Leu Ser Glu Ala Ay His Thr Val Ala Cys His Asp 20 25 30 gaa
ttt 1aaa cag aaa gat gaa ctg gaaiget ttt get gaalmcc tac 144 du Ser Phe
A@n Lys Asp Gu Leu Qu Ala Phe Ala Gu Thr Tyr 35 40 45 cca cag ctg aaa

at g:gﬁg%i g(;?:% E% %g g@aﬁf 5%{%%3%5 g%%gg?%“ b A n PBu Lys Pro Met

u” Led tdPR acc agc get tac ggt
gtc gat gtc ctg gtc agc aac gat 240 Al a Val Thr Ser Ala Tyr Ay dn Val
Val gaheagc\Vedt S cfifRad\gpt Gaa idig /dma8fr edtCgdtt bag@abc @@a gaa 1kt cag cca atc
aasSluagergdite grscCbmgyyaep 288 Leh| GuPkiea RleaARy 61 \GThorPye G n Pro |l e Asp Lye
Ala Val A3 Asp B5 90 95 4Pac agg ggt gat“-’gtc gaa get ctg cag atc agg cca

get e 6 Alg. Val, Gu Ala ley d.nlle Atg Pro Phe Ala
Var oot fopeen e gh e oo e BBl B0 oo 25 (e oug cac
atc 3840 Asn Ala Val Aka Ser @ n Met LgosLys Arg Lys Ser Ay Hs llelle

120 125 ttc atc act tcg get get ccg ttc ggg cca tgg aag gag cta tcg act
gct gtc acc agc gct tac ggt cag gtc gat atc ctg gtc agc aac gat
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Ile Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc cag gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tecg gct gct ccg ttec ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gct cga gct ggg gct tgt act cta gct aat gct cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 ' 150 155 160

aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttec tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
is0 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
1585 200 20S

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720

BAla Ser Gly Ser Cys Asp Tyr Leu Thrx Gly Gln Val Phe Trp Leu Ala
225 230 235 240
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Il e Thr

Ser Ala Ala Pro Phe Gy Pro Trp Lys G u Leu Ser Thr 130 135 140

act tcg get cga gat ggg get tgt tcc cta get aat get cta tcg 480 Tyr Thr
Ala Arg Ala Gy Ala Cys Ser Leu Ala Asn Ala Leu Ser 145 150 155 160 aag
cta ggsy@a@ebRes2sat atc ccg gtg ttc get atc ggg ccypgpishdihzsieye G u Leu
Gu Tyr Asn Ile Pro Val Phe Ala Ile Ay Pro Aen 165 170 175 tac cta cac
gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576 Tyr Leu His Ser Qu
Ser Pro Tyr
gtg get cac gtg aag aag gtg act get cta 624 Lye Thr Asn Pro Qu Hi s Val

H s Val

tt gggggg

5.'8.': 3
X/2he RFQ M

Phe Tyr Pro Thr Au Pro Trp 180 185 190 aag act sat ccg gag

Lye Lys Val Thr Ala Leu 195 200 205 caa cga cta ggg act caa aaa
% gﬂ lgcﬂatcﬂt $¥29gcB729¢ &N CAF FR&@2Ey Thr ®Sn Lys A u Leu

e‘i}“Qng%T’zQ;@gﬁbigi%é’r?) ?uézoosl 025263 210 215 220

tct ggc tct tgt gat tat ttg act " ggc cag gtg ttt tgg ttg gca 720 Ala Ser
Ser Cys Asp Tyr
ttt<xoe st g ata gaa cgt tgg ccc ggc atg ccc gaa taa 765 Ay Ay the Pro
|| e<qly 2’Mg Trp Pro Gy Met Pro Gu 245 250 <210> 86 <211> 254 <212>

<21 2ARRI
A aSPe Asht

Ar g.dogu Ser
G n<d2ps shep rGhapskers G u Ala Phe Ala G u Thr Tyr 35 40 45 Pro A n Leu Lys

Met Ser

Leu Thr Gy G n Val Phe Trp Leu Ala 225 230 235 240 ggc

uence <220> <223> HHDH P016097- H10 <400> 86 Met Thr

I
‘!"Fh"“alis"ﬁgﬂ‘faﬁ Lys His the Gy Gy Met Gy 15 10 15 Ser A a
GQu Ala Ay H's Thr Val Ala Cys His Asp 20 25 30 d u Ser Phe

AQu dn du Pro Ala Qu Leu Ile Qu 50 55 60 Ala Val Thr Ser

<460
Tyrrdqe(g ¥hr T}r;'r A?a If\s Rlay ThrLAeslil'x %l Lys H:Ls gpe é'fyp'Gly Met Gly
10

Ser Ala Leu Arg

Glu
Pro
Ala

€5
Ile

Tyr
Asn

Phe

Tyr
145
Lys

Lys
Gln
Ala

225
Gly

Ser Phe
35

Gln Leu

50

val Thr

Phe Ala
Arg Gly

Ala val
115

Ile Thr

130

Thr Ser

Glu Leu

Leu His

Thr Asn
195

Arg Leu

210

Ser Gly

Gly Phe

<210> 85
<211> 765
<212> DNA

<213>

<220>

<223>

<221> CDS

20
Lys

Lys
Ser
Pro
Ala
100
Ala
Ser
Ala
Gly
Ser
180
Pro
Gly

Ser

Pro

15
Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
25 30
Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
40 45
Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
55 60
Ala Tyr Gly Gln Val Asp Ile Leu Val Ser Asn Asp
70 75 80
Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 90 95
val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
105 110
Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
120 125
Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
135 140
Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
150 155 160
Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
185 190
Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
200 205
Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
215 220
Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
230 235 240
Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

Artificial Seguence

HHDH P016057-H10
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65 70 75 80 Ile the Ala Pro Qu the An Pro Ile Asp Lye Tyr Ala Val dn Asp
85 90 95 Tyr Arg Ay Ala Val Gu Ala Leu An lle Arg Pro the Ala Lev Val

100 105 110 Asn Ala Val Ala Ser G n Met Lye Lye Arg Lye Ser Ay His Ile lle
115 120 12%o0 bdosodshez Thr Ser Ala Ala Pro the Gy Pro Tr pckxSofdkhsisau Ser Thr
130 135 140 Tyr Thr Ser Ala Arg Ala Gy Ala Cys Ser Leu Ala Asn Ala Leu Ser
145 150 155 160 Lye Qu Leu Ay QQu Tyr Asn Ile Pro Val Phe Ala lle Ay Pro
Asn 165 170 175 Tyr Leu H's Ser Au Asp Ser Pro Tyr the Tyr Pro Thr Gu Pro
Trp 180 185 190 Lys Thr Asn Pro Qu H's Val Ala H's Val Lys Lys Val Thr Al a
Leu 19822291205 (7€8)n Arg Leu Gy Thr A n Lys Qu Leu Gy Gu Leu Val Ala the
Leu 210 215 220 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay dn Val Phe Trp Leu
Al a 22;:323@5g§5 240, Gy Gy, Phe Pro Mt Ile du Arg Trp Prody Mt Pro Gu
245 SULSHDEBEAITE A Sl Mintob 3 i Seaueite 52 vo

2004/ 015132 PCT/ US2093/ 025263 <220>%¢<223> HHDH P01@@99- Al <221> CDS <222>
(1)...(765) <400> 87 atg acc acc get atc gtc acc aac gtc aaa cat ttt gga ggt
at g ggt agk8gctierg 8 cThragh| ®al g 4% cathpcogre vat thysakigatPhe A% Gy Met Gy 1
5 10 155eTaff® §#t AEg Fead§r iy %c‘éﬁa%“g@?r Yot Atacyadisgie® get tgc cat gat 96
Ser Ala Leu Arg L&Y Ser Gu Ala y H's Thr Val a Cys His Asp 20 25 30 gaa
agc tttg aag Lot 3R cddtaalafcCd S3aghehed tic g8l gdAacRCGt ac 1hd

Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr

35 40 45
cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu

S0 55 60
gct gtc acc agc gct tac ggt cag gtc gat gte ctg gtc age aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
atc ttt gect cca gaa ttt cag cca atc gat aaa tac gct gtc cag gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 90 95
tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt get cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val .
100 105 110

aat gct gtg get tcg caa atg aag aag cga aag teg ggg cac atc ate 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile

115 120 125
ttc atc act teg get get ccg ttec ggg cca tgg aag gag cta teg act 432
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr

130 135 140
tac act tcg gect cga get ggg get tgt tec cta get aat get cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Ser Leu Ala Asn Ala Leu Ser
145 150 1SS 160
aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
tac cta cac teg gag gat tcg ccg tac tte tac ¢cg act gag ccg tgg S76
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu

195 200 205
caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672

Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
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du
cag
Lye
get
Ay
cag
Ile
atc
Pro
tcg
H s
cta
Thr
tcg
150
528
175
Leu
act

Ser Phe Lye G n Lye Asp Qu Lev Gu Ala Phe Ala Au Thr Tyr 35 40 45 cca
ctg aaa cca atg agc gaa cag.gaa cca get gaa ctg atc gaa 192 Pro dn Leu
Pro Met Ser Qu Gn QQu Pro Ala Qu Leu Ile Au 50 55 60 get gtc acc agc
tac gotweameMises2gat atc ctg gtc agc aac gat 240 Al ac¥kaodfiasigr Ala Tyr
Gn Val Asp Ile Leu Val Ser Aen Asp 65 70 75 80 atc ttt get cca gaa ttt
cca atc gat aaa tac get gtc cag gat 288 Ile Phe Ala Pro Gu Phe @ n Pro
Asp Lye Tyr Ala Val G n Asp 85 90 95 tac agg ggt get gtc gaa get ctg cag
agg cca ttt get cta gtg 336 Tyr Arg Ay Ala Val Qu Ala Leu Gn lle Arg
Phe Al &¢teu Val 100 10%5110 sat get @e® get tcg caa atg aag aag cga aag
glgggfzaécit c.atc ;%Sgg Asn A‘\:Iéga Valgiﬁl@%%gg G n;q’,l\/e'}tﬁ:}.f% Lye 7A2299 Lye Ser Ay
I'le t t£,.0g9g cca tgg aag gag
tcg?gte4§gyj%2e IIgETﬁrra%er%%g ),&Izés Pr%)igEe ggLS/e 543 Trp Lye Qu Leu Ser
130 135 140 tac act tcg get cga get ggg get tgt act cta get aat get cta
480gg9cTgge Fht cSerathl sta/yayg Adtatdd ycAlbac @ys cFhrgabennaAl a Asn Asa Leu Ser 145
15561661y Fhey Fgadieét Hegeja BugTrmersfly et Fseflyt d ttc get atc ggg ccg aat
Lye Gu Leu Ay*& u Tyr Aen 11&%Pro val Phe Ala Ile Gy Pro Asn 165 170
tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576 Tyr
H s<fa- 4d u Asp Ser Pro Tyr Phe Tyr Pro Thr Qu Pro Trp 180 185 190 aag
aat <zi0g zZFAQg cac gtg get cac gtg aag aag gtg act get cta 624 93 WO

2004/ 0152132 ¥CT| US2003/ 025263 Lye Thr Asn Pro Qu His Val Ala H's Val Lys

Lys
ttg
Al a
tgg
Al a
t aa

Val <¥Hpr Hraficed F6%°®980 205 caa cga cta ggg act caa aaa gag ttg ggg gaa
otg.gma ttt ttg 672 An Arg Leu Gy Thr An Lye Gu Leu Ay Gu Leu Val

Phe ey @b pdlbosd2iogca tct ggec tct tgt gat tat ttg act ggc cag gtg ttt
ttg gca 720 Ala Ser Ay Ser eye Asp Tyr Leu Thr Gy G n Val The Trp Leu
225+« 24
225:6%9 W35 240 | 995, 99C 111,506 Atg ala gaa cqt tgg coc gge atg cec gaa
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 S0 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Ser Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 150
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 . 250

<210> 87

<211> 765

<212> DNA

<213> Artificial Sequence
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Gy Gy Phe Pro Met Ile Gu Arg Trp Pro Ay Met Pro Qu 245 250 <210> 88
<211> 254 <212> PRT <213> Artificial Sequence <220> <223> HHDH P016099- Al

<400> 88 Met Thr Thr Ala Ile Val Thr Asn Val Lye Hs Phe Ay Ay Met Ay 15
10 15 Ser whaook@is1fy 9 Leu Ser Gu Ala Gy H's Thr Val pegueyisbissssAsp 20 25

30 du Ser Phe Lys G@n Lys Asp Gu Leu Gu Ala Phe Ala G u Thr Tyr 35 40 45
Pro Gn Leu Lys Pro Met Ser Qu G@n QQu Pro Ala Qu Leu Ile u 50 55 60
Ala Val Thr Ser Ala Tyr Ay G n Val Asp Ile Leu Val Ser Asn Asp 65 70 75 80
Ile Phe Ala Pro Qu Phe Gn Pro Ile Asp Lys Tyr Ala Val @n Asp 85 90 95 Tyr
Arg Gy Ala Val Qu Ala Leu An Ile Arg Pro The Ala Leu Val 100 105 110 Asn
Al a Val <A% Ser A n Met Lye Lye Arg Lys Ser Ay His Ile Ile 115 120 125 Phe
Il e Thr <82 BPH A8°Br® Phe Gy Pro Trp Lye G u Leu Ser Thr 130 135 140 Tyr
Thr Ser M.,a Mg Ala Ay Ala Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155 160
Lye Au<ey Q)yy. GesyTyr Asn Ile Pro Val Phe Ala Ile Ay Pro Asn 165 170 175
Tyr Leu H's Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 1SO 185 190
Lye Thr <M ro Ju H s Val Ala H s Val Lye Val Thr Ala Leu 195 200 205
dn Argai%qhﬁagCﬁqF rg;}y%‘iq %"ipata )Za'aggt gqa 5138 g8%Phe Lel? 210 215 220
Al a Ser "B y¥SErT Re"StrP¥leu Ala 225 230 235
240 Gly Gly Phe Pro I\/bt IIe Gu Arg Trp Pro Ay Mt Pro Gu 245 250
agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tgc cat gat 98
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30 .
gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
as 40 45
cca cag ctg aaa ¢ca atg agc gaa cag.gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
gct gtc acc agc gct tac ggt cag gtc gat atc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Ile Leu Val Ser Asn Asp
65 70 75 80
atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc cag gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 90 95
tac agg ggt gct gtc gaa gct c¢tg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile lle
115 120 125
ttc atc act tcg gct gct ccg ttc ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
tac act tcg gct cga gct ggg gct tgt act cta gct aat gct cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Prc Val Phe Ala Ile Gly Pro Asn
165 170 175
tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
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94 WD 2004/ 015132 PCT/ US2003/ 025263 <210> 89 <211> 765 <212> DNA <213>
Artificial Sequence <220> <223> HHDH P016231- A-03 <221> CDS <222>

(1).

at g

..(765) <400> 89 atg agc acc get atc gtc acc aac gtc aaa cat ttt gga ggt
ggt 48 whkjosesizzThr Ala Ile Val Thr Asn Val Lye H s RhgisSdoyofshes Mt Gy 1

5 10 15 agc get ctg agg ctg agc gaa get ggt cat acc gtc get tgc cat gat 96

Ser
agc
Lye
cca
Ser
cag
Asp
gat
Tyr
ttt
Leu
atc
115
432
140
Thr

Ala Leu Arg Leu Ser Qu Ala Gy His Thr Val Ala Cys H's Asp 20 25 30 gaa
ttt aaa cag aaa gat gaa ctg gaa get ttt get gaa acc tac 144 du Ser Phe
Gn Lye Asp Qu Leu Qu Ala Phe Ala A u Thr Tyr 35 40 45 cca cag ctg aaa
at glyggChiyaan Fag GjadieCalorlia Baaval gyalgs yad ThoAlaFvew G n Leu Lye Pro Met
AQu dn G@Pro Ala Au L&? Ile Au 50 53980 get gtc acc agc get tac ggt
gt c_gat %tc cti%;%%c 2296, ,aac Btat 240 Ala Vval T I Ser Al a YT Gy dn Vval

Val oleged/5t2 N aaa6§g7 3783 aaAE 938 en ot ed gaa 1%t cag cca atc
aaaGtagi%%Eug%fgc ga;blgag1:2 g T gl?;EIeU% %%ferm%l SEP e @n Prolle Asp Lye
Ala Val Qu Asp 85 90 95 tac agg ggt get gtc gaa get ctg cag atc agg cca
get 9ot actgige 386 tgfygat Aray (Hoyadk] agdV/akg Gkal tAt 298 evg@m |l e Rog Pro Phe Al a
Val Alp@en by £¢D CYafFPGRT FRugTRyefly EEp ¢ah Fhe Jradgy cga aag tcg ggg cac
atc?¥84 Aen Ala val*®Ala Ser G n Lye Lys Arg LV Ser Ay Hs llelle

120 d k€ JEE aaGlach t d bEg 08 fac&ah00 aag ga@ Ccta tcg act
Phgijz %y“ﬁh; PSE Me |?&e%ﬁg§goT e cig?/y Ré% pTdsrgiaLy; G u Leu Ser Thr 130 135

tac act tcg get 265a get ggg get28gt act cta get sat get cta tcg 400 Tyr
Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Aen Ala Leu Ser 145 150 155 160

<210> 88

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH P016099-Al

<400> 88
Met Thr Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 S 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Ile Leu Val Ser Asn Asp
65 70 75 8¢
Ile Fhe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Gln Asp
85 : 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250
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aag
Leu

gag cta gga gag tac sat atc ccg gtg ttc get atc ggg ccg sat 528 Lys Qu
Gy QQu Tyr Asn Ile Pro Val Phe Ala lle Ay Pro Asn 165 170 175 95 WO

2004/ 015132 PCT/ US2003/ 025263 tat cta cac tcg gag gat tcg ccg.tac ttc tac

ccg
du
act
Leu
ttg
215
Al a
240
Phe

act gagyrRees952576 Tyr Leu His Ser A u Asp Ser Propdwisfbozdxs Pro Thr
Pro Trp 180 185 190 aag act sat ccg gag cac gtg get cac gtg aag aag gtg

get cta 624 Lys Thr Asn Pro Qu His Val Ala H's Val Lys Lys Val Thr Al a
195 200 205 caa cgs cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt
672 Gn Arg Lev Gy Thr Adn Lys Gu Leu Ay GQu Leu Val Al a Phe Leu 210
220 gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ser < &r Cys Asp Tyr Leu Thr Gy G n Val Phe Trp Leu Ala 225 230 235
ggc:é/g c7§:tt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765 Ay dy
Pro Mei, ﬁ Seid1 Auddr Pro Gy Met Pro Qu 245 250 <210> 90 <211> 254

<212> PRT <213> Artificial Sequence <220> <223> HHDH P016231-A-03 <400> 90

Met
Ser
Ser
Leu
Thr
Al a
Al a

Ser <2ho> Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Mt dy 1 5 10 15

Al a <Retr AR PEG28er-Q u Ala Ay His Thr Val Ala Cys His Asp 20 25 30 Qu
Phe<¥§> 5{1 Lys Asp Gu Leu u Ala Phe Ala Gu Thr Tyr 35 40 45 Pro G n
Lységg .Spfesdu G@n Qu Pro Ala Qu Leu Ile Qu 50 55 60 Ala Val
Ser Ala Tyr y @n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 1Ile Phe
Ser <@er Phe A n Pro Ile Asp Lys Tyr Ala Val Gu Asp 85 90 95 Tyr Arg Gy
Val 2@ pgAl el et @Ngtd ecAryc BEo aPhecanl el gar §aH atglg?t 105 119

Y

Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met G
1 S 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc get tge cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtec ace age gct tac ggt cag gtc gat gtc ctg gtc agc aac gat 240
Ala Vval Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct tca gaa ttt cag cca atc gat aaa tac gecc gtc gaa gat 288
Ile Phe Ala Ser Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 30 35

tac agg ggt gct gtc gaa gct c¢ctg cag atc agg cca ttt gct cta gtg 338
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala Vval Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tcg gct act cecg ttc ggg cca tgg aag gag cta teg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg get cga gct ggg get tgt act cta gect aat gct cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 1S5 160

aag gag cta gga gag tac aat atc ccg gtg tte get atc ggg ccg aat 528

Llys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
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Asn Ala Val Ala Ser An Met Lys Lys Arg Lys Ser Gy Hs Ile Ile 115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Ay Pro Trp Lys Qu Leu Ser Thr 130 135 140
Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155
160 Lys Gwob@dodiy: Gu Tyr Asn Ile Pro Val Phe Ala |l ecgpsd@smsasn 165 170
175 Tyr Leu H's Ser Qu Asp Ser Pro Tyr Phe Tyr Pro Thr u Pro Irp 180 185
190 Lys Thr Asn Pro Qu H's Val Ala Hs Val Lys Lye Val Thr Ala Leu 195 200
205 dn Arg Leu Ay Thr An Lye Gu Leu Ay Gu Leu Val Ala Phe Leu 96 WO
2004/ 015132 PCT/ US2003/ 025263 210 215 220 Ala Ser Ay Ser Cys Asp Tyr Leu
Thr d ytd8 nta/ahc Rhe g8p maketrgAtg t22b5c288c 285 a2 Pag@cp fdgy Phes®Bro Met Ile Qu
Arg TrpTPr tewcHys BBY P sg 3p720K5 DE0 Phec 790 P The BlePre6hp <212> DNA <213>
Artificial Sequedf® <220> <223>'$HDH P016231-6-18 <221> CDS <222>

(1). .. (8pker 540Q2q YhgHad ACLO9tq gl GCraRe GLC aagghat ttt gga ggt
atg ggtL MRbn &5%3%& %% ia hff&g Lyiggé %a? ﬂ&ﬁbﬂ SeuPhe G?y Ay Mt dy 1
5 10 15 agc get¢ ctg agg ctg agc gaa get ggt 20at acc gtc get tgc cat gat 96

Ser Ala Leu Arg Leu Ser Gu AIa Gy Hs Thr val Ala Cys H's 7p 20 25 30 gaa
agc tttcafaég%ﬁ g% % ey g %ﬁg %E;ﬁ ttfgg $ g d’-téc"cht ac 192 du Ser Phe
Lys @ n Y TP P sA? UGG TRr *F9r"85%0 45 cca cag Qg aaa
cca atg ago gaa cag gaa cca get gaa ctg atc gaa 192, Pro A n Leu Lys Pro Met

Ser A ugéd BetGhye RPeO bt agak | tht ey ddtegdd Had@rdreH6Ggg ttg gea 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc gge ttt cec atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

<210 90

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> HHDH P016231-A-03

<400> 90
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Ser Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Prc Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His Val Ala His Val Lys Lys Val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
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get gtc acc agc get tac ggt cag gtc gat gtc ctg gtc agc aac gat 240 Al a Val
Thr Ser Ala Tyr Ay dAn Val Asp Val Leu Val Ser Aen Asp 65 70 75 80 atc ttt
get cca gaa ttt cag cca atc gat aaa tac get gtc gaa gat 288 |Ile Phe Ala Pro
G u Phe G yd¥dabises2Asp Lye Tyr Ala Val Gu Asp 85 90 95CTﬁ1§ﬁ)gf}@z92699t got gtc
gaa got ctg cag atc agg cca ttt get cta gtg 336 Tyr Arg Ay Val du Ala
Leu Anlle Arg Pro Phe Ala Leu Val 100 105 110 aat got gtg get tcg caa atg
aag aag cga aag tcg ggg cac atc atc 384 Asn Ala Val Ala Ser A n Mt Lys Lye
Arg Lye Ser Gy His Ile Ile 115 120 125 ttc atc act tcg get act cog ttc ggg
cca tgg aagigag cta tcg act15432 Phe Ile Bhe Ser Ala Thr Pro Phe Ay Pro Trp
Lys GI uALaeaelséinnr Cys(rep3hyr] Uy %R:Gb)cﬁht dgl gae Tt?gal-eg‘e’blaggg get tgt act cta

30
%\Ie; Leu g’é%l’iﬁi’g E%E r9’;ir‘r‘1{/\"61’25 %ﬁ@f%z‘ﬁ E%H‘uszoow oqlzgzggr ;2; QLS étsg

gga gag tac at atc ccg gtg ttc get atc ggg ccg aat 528 Lys Gu Leu Ay GQu
Tyr Asn<tloe 8r0 Val the Ala lle Ay Pro Asn 165 170 175 tac cta cac tog gag
gat tcg<%1c,1g t6dc tat tat ccg act gag ccg tgg 576 Tyr Leu His Ser Gu Asp Ser
Pro T r Pro Thr u Pro Trp 180 185 190 aag act aatccg gag cac gtg
get cac %yﬁ OESAY JEPBEY get cta 624 Lys Thr Asn Pro Gu His Val Ala Hi s
Val Lye.ipe Val Thr Ala Leu 195 200 205 caa cgs cta ggg act caa aaa gag ttg
009 gaa<iisg bg @ceesitt-ostg 672 GAn Arg Leu Ay Thr An Lye Gu Leu Ay Qu
Leu Val Ala Phe Leu 210 215 220 gca tct ggc tct tgt gat tat ttg act ggc cag
gtg ttt<¥dg P6g gca 720 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay A n Val Phe
Trp Leu“#“a 935 g%ﬁs 1235 240 ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg
CCC gaa .ffd 465 Gy Gy Phe Pro Met Ile GQu Arg Trp Pro Ay Met Pro Gu 245
250 <238y ad?2 acl e a#bhtc<ak2aacPRE aag cat ttt gga ggr atg ggt 48

Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tgce cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac la4
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agc gect tac ggt cag gte gat gtc ctg gtc agc aac gat 240
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80

atc ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 90 95

tac agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gtg 336
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Asn Ala val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

ttc atc act tecg gct act ccg ttc ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

tac act tcg gect cga gct ggg gect tgt act cta gct aat get cta teg 480

Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
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<213> Artificial Sequence <220> <223> HHDH P016231-E-03 <400> 92 Met Ser
Thr Ala Ile Val Thr Asn Val Lye Hs Phe Ay Ay Met Ay 1 5 10 15 Ser A a
Leu Arg Leu Ser Au Ala Ay H's Thr Val Ala Cys H's Asp 20 25 30 du Ser Phe

Lys @n Lqu&g®4ﬁ§i3ﬂ_eu Gu Ala Phe Ala Gu Thr Tyr 200263 N Leu Lys
Pro Met Ser Au Gn Gu Pro Ala Gu Leu Ile Gu 50 55§§QA?aVa Thr Ser

Ala Tyr Ay A n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 1Ile Phe Ala Pro
GQu Phe An Pro Ile Asp Lye Tyr Ala Val Qu ASP 85 90 95 Tyr Arg Gy Al a Val
Qu Ala Leu Gn lle Arg Pro Phe Ala Leu Val 100 105 110 Aen Ala Val Al a Ser

An Met Lys Lye Arg Lys Ser Ay His Ile Ile 115 120 125 Phe Ile Thr Ser Al a
Thr Pro3PhgagiopaPygs Frdptacy aatCREF Ceq gSerctTHact 183G 9B6heaHeat Tyr ¢ Ser Ala Arg

Ala dyUrf §1W§“T€HW T BeTAdte RFa VebPredia TA5CSHo18% 160 Lys Gu Leu Ay
Gu Tyr Asn Ile Pro Val Phe Ala Ile éoy Pro Asn 165 170 175 98 WD 2004/ 015132

PCT/ US2QQ3/:023463 cq Tady 4fUedd ScdRhc Ght! A8 RecgldctPody do cdyr Tyksero Thr Gu
Pro TrpT§BRel8hs 180 cluymsplber Ash T aydmyrHirs Mal cIA eedHirsp Val Lys Lye Val Thr

Ala Leu 195 200 05 A n Arg LeUIGy Thr G n Lysis@u Leu Ay GQu Leu Val A a
Phe Leu_ 210 215 220 Ala Ser Ser %g p Tyr Leu Thr d n Val Phe Trp

e Aaaos 0 Saets W 0 rvn ol e bt b TeR oy el oo

G u 245 200 205

caa cga cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln Val Phe Trp Leu Ala
225 230 235 240

ggc ggc ttt ccc atg ata gaa cgt tgg ccc ggce atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250

«<210> 92
<211> 254
<212> PRT
«213> Artificial Sequence

<220>
<223> HHDH P016231-E-03

, <400> 92
Met Ser Thr Ala Ile Val Thr Asn Val Lys His Phe Gly Gly Met Gly
1l 5 10 15
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr Vval Ala Cys His Asp
20 25 30
Glu Ser Phe Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
as 40 45
Pro Gln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60
Ala Val Thr Ser Ala Tyr Gly Gln Val Asp Val Leu Val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro Glu Phe Gln Pro Ile Asp Lys Tyr Ala Val Glu Asp
85 20 95
Tyr Arg Gly Ala Val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Val
100 105 110
Asn Ala Val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Ile Thr Ser Ala Thr Pro Phe Gly Pro Trp lLys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro Val Phe Ala Ile Gly Pro Asn
165 1790 175
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Tyr Leu
Lys Thr

Gln Arg
210

Ala Ser

225

Gly Gly

His
Asn
195
Leu

Gly

Phe

Ser Glu Asp
180
Pro Glu His

Gly Thr Gln

Ser Cys Asp

230

Pro Met Ile
245

Ser
val
Lys
215
Tyr

Glu

Pro
Ala
200
Glu

Leu

Arg

Tyr Tyr Tyr Pro

185
His

Leu Gly Glu Leu

val

Lys Lys

220

Thr Gly Gln Vval

Trp

Pro
250

235
Gly Met

99

Thr
Val
205
val
Phe

Pro
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Glu Pro Trp
130
Thr Ala Leu

Ala Phe Leu
Trp Leu Ala

240
Glu





