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ENZYMATI C PROCESSES FOR THE PRODUCTI ON OF

4- SUBSTI TUTED - YDROXYBUT YRI C ACI D DERI VATI VES AND
WO/R@EMRAES7CYANO, HYDROXY SUBSTI TUTED CARBOXYLI CP@ZUE2004/004819

ESTERS CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s

application is a continuation in part of U S S N

10/ 639, 159, filed August 11, 2003, which clains the

benefit under 35 U.S.C. 119(e) of U S. S N

60/ 402, 436, filed August 9, 2002, both of which are

COPVR GHENOAA Rt B R AR LCIPSLGF o o
thi s pR$EBSTEPGYERLHYDRGKYBURERIC gbtmﬁﬁﬂmmzs

subj ect to copyright protection, The copyright owner
ANIayKGB\TAbJ (EEANOR HYDREXY ¢ B SHITY TH) CARROKFRLIGWCID ESTERS
anyone of the patent docunent or patent disclosure, as
it appears in the Patent and Trademark O fice patent
fl l'e or recROMS.RIBEARIDNOE P RET AEFED WaPTab TEORY T | ght
%hts what soever. FITELD OF THE TNVENTTON The present
hisapplicatieh at @eontipustinngh pertzgfiaSi S Nne®//dAd 5B fded August 1 1,

O T Y I -

Augly 9{ 2002, solttasiflvtm&te dreGacdpaited herGh By BsTERNS inBACKGRGIMNEY.
4-substituted 3- hydr oxybutyric acid derivatives and

vicinal cyano, hydroxy substituted carboxylic acid

esters are comrer gl @%*gnigﬁq@giE$CAﬂﬁ8&pedlates in the

synt hesi s of phar chiral

4- Alﬂmsticbtt offt thel ddeloywte oR hinipatérit doaghehteshals ni@yrid)&vhich is subject
ti.lized in the synthesis of HVG CoA reduct ase

to Copmgfﬂlpt%tﬁgﬂons il cggmfts PVt basine, obygctipn e theifacsimile leproductlon

by arg?)ﬁl(:’ b AfeHatdht d y nt & o@a?%ﬁ‘ﬁis@losﬁ%r asgﬂ( g_fﬁ%ales in®k BRALE an

R) - 4-cyano- 3 utyric ati an ester o
Trad@ﬁﬂ,kﬂyijﬁoﬁpatyeahﬁle&;rMrdsyun@xbﬁnmnenecveaelloﬁopy@gtk@ghts
htinternediates for the production of the cholestero
WhalbWEr i ng agent atorvastatin. Methods have been
descri bed for producing certain 4-substituted
3- hydroxybutyric acid esters. Isbell, et al.
Carbohydrate RejL,Eﬁﬂizﬁilﬂiﬁiﬁliﬂiﬁﬁnit a nethod for

AU o Bk A LR o il
prepémiﬂgm subdtingR1s-h mzl g ﬁfhtj’rrib OB ReHilIaEBaldS Y, aﬁyd‘f&(y

of threonine, h is then converted to a vicinal
SUb“HP@ﬁGH§E%WkPaQﬁémﬁﬁdroxyl group of the bromphydrin is

protected prior.to reaction with sodi um cyani de. 4

Acta Cheni. Scand. B37, 341 (1983) reports a nethod

for producing a 4-cyanBACGKGROWOXPbuUtyrate from a

4- br Qno- S(Q xybutyrate that requires protectin the

hytEe3siitwe éSl Otitﬁblﬁwar %ﬁl@étrt‘ftgvat éﬁ%vwmaé eyang, hydrox

substftﬁt%ﬁtcb%x 15 Rig Qgéﬂ&g} rﬂh&@%ll?%?tg aﬂt Eﬁr?edﬁa(tes in the synthesis

synt hesi ze 4-cyano- ydroxy ers I 'NVO
of phahmaaﬂnmaﬂsal Nawdcerhie ohic |4-substittitedr3 hvjfdraxybutyrmrmtd &lers may be

utthzs(fl 11} 1=]itgrso ges&&éﬁj{[]&ﬁ% EJUt Vi tq%psg?télgélﬁqr\é\festuglg g:% atg;V%tstggrtl If?url/astattn
rosuva¥tahh %*M%a%astitﬁi"@’cﬁ rex ﬁ%l@ dridsPE dr HRds! ggﬁrﬂ)% -%2&1‘0\%}#11&(¥nc acid

conditions created basi ¢ cyani ani o
and aareetep af t&PcﬁiR)iﬂcyatmchHddtmmwhexammmxealérm inteemediates for the

prod S50 EF ghe FRT¥EOLR it SR HiottBna Mo Hepe bodepegived for

ducRtpidi@th 4 QuisBRASES-By Ryt Y@’&ﬁ’dé tétﬁdts%tt r
pro ester fromthese by- %r od}lIJct§sr:r The %I stil atb%{% M

Res.,daridil (1 91, wpert pmesntieod: for gymtieasivineg i@ )e4- @mlo -3-hydroxybutyric acid
by-.products and the distillation is troublesone to
operate successfully. The use of a
4- chl oro- 3- hydroxybutyric acid ester as a starting
material in the synthesis of a
4- cyano- 3- hydroxybutyric acid ester is nore
econontcally attractlve than the use of a

S ~ ey e o
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ester.In another enbodi nent, the present invention is
directed to a nethod for producing a 4-nucl eophile
W@ alsigsae ed- 3- hydr oxybutyric acid ester or anmPdEUR200#1004819
a 4-hal o-3- hydroxybutyric acid ester or am de, the
met hod conprising: (a) providing a
4- hal o- 3- hydroxybutyric acid ester or am de, wherein
hal o,subst i &Fnt S selecﬁ d fromthe roup

estr by o Gt 5 FEobHTGIR B st Hreomns Wi HUocaropie to
produé®! Bﬂﬂﬁbﬂnﬁ Qetibsive dFahRomnd Wk oK }éQHéry Edn‘?ifexg&i & £5 %1%51 lﬁropohydnn.

am de with a hal ohydrin dehal ogenase an
The hyfwpay! gronplof therrsomalydainl ie pratedtat prica to eamtlblomtmsk(@lbiﬂﬁcyamde
Id for converting the 4-hal o-3-hydroxybutyric acid ester
— or amde to a 4-nucleophile substituted-3-

-hydeoRydit Sdahg., 837 BAr (1949 quor{srh Rethbl ?@rﬁcﬁgﬂﬁgé Er%%n&

t he pr esent |nvent|on is directed to a

3-hydgyxyauiorate franya ﬁM@@QHI}IdEOPS/be dte tae ubqairbg/plnowcmbgl merhyaroxy

d
s R T O S L e A I

synthelsiﬁer4e¢yanbf36hﬁﬁb>@ylﬁ1tbb§t‘é|e§ﬁé%rlhvd»l$e arleehed-Ed o Jﬁlt‘eﬂ reaction of a
roup, consi sting of chlorine, bromne, and i o 8

4- bmr{lﬁ) Orc‘bﬁ'%la‘@r |3ﬁ§>'dmf@/bntym@rp ester, kdthobiprptecGormof the hscﬂnexylcgroup,

C of ct
it A0SR . e By L BB B) Bsrer
the baslle ha:hmg@mase, Wlﬁcﬁ arerPadtidubABL problefakt t RnioRE HEAMHE Htdde:.
4- hal 3 ket obutyrjc acid ester or amde to a

4-Cyayo, ﬁdbxdé% niSaate geieisiafbieh bailingdiguids tmdwwnmaﬁ acticmst distillation
is reqtﬁfed@@’sélt%rat«lz the?1 9%?1%% Sf}gb n)£tht% eBlef ﬁ‘glin t}les \ﬁ%fgérég 3 aslr IS'FIhe

rected to a conp05| on conprirsin
dlstlllamajoo@@nasa'e ptde ta ganarbeagtitional }:@qﬂoﬂ@@ts énd the distillation is
h .

tloubl Iarisadro %ﬁ&%rl c acid ester or amde. The
fﬁg&eetﬂt()pp irt her provi des conpositions that
aTRe wafrul4- &mofohﬁhpdh%s!y&hyﬁ@a&é eéféﬁis%aétarﬁxg‘ﬁ%gesrﬂ}’%ft%y

substituted carboxylic acid esters |,
synthegig if 8 idotanoBehyredbatstricads! dstar icmnnearconmgicuilg hmattive than the

I sttu rboxylic acid esters, to
use of g B Tl%%& 8%%%??&1‘69 BeFs e Gigimecogins in it
reactioBSiviglf SyanRRI afts mPUV@“rQEtlJlﬂEo%%Wsﬁsgfﬁéﬁt chmpared to

depi cts the ampunts of eth
the br%nfe; FHbstEent h%lfl@)WW@WW@fG&hﬂ@bdhlyxﬂmxb)bumate estasslproceeds

v S BERIRA RV OBLY L S 3t -
produat Y@mniatien, mqaeiug @m&nﬁ@é 14bla€i6s asd pWafida@ibR pRIFSdirBs thRfresult in

ad esence or bsence of a hal ohydrl n dehal ogenase
a “m?*ﬁlﬂef‘«brf\ s%%ﬂﬂeoﬁ PO Bgiprleses that fegidepurmeattqs starsing

matenéﬁgé‘lﬂdpﬁb\@e’f Eflﬁfggét&@ of B} Qr &&Qﬂhg %181? dtyr éf fl(%l@ g}ag(rgﬁfc{‘%&

i nvention conprising a ori
hydroxyagnylale, caaﬂoadryﬁa&@r3es>&nbbutgroTzﬁtcpfepFﬂhy@nbxy@ti%ldctcbﬁ%ﬂm|
and_ a chl oranpheni col resistance

T7
* crotonglalong - ap S glpabinGGIG1S UTh6S6 By-GameBsyone lower

alkyl e!;’t@ﬁ&rfélrhlélﬂl%l1n§%%9@ra&émﬁeﬁ%o 3 iy (.88, tN8 ? 908, %53 farther

conprising a p 5A originof r |cat|on
descritiegd pueﬁc@mcm‘;thed mmmmﬂm gstsrstoef (R}Mle@zenqmmyafcﬁ@butync acid
hatm\( X T7 r ma bi ndi % site (T7gl O RBS), and

CHY &%@ﬁ&ﬂ? RhT SPgE MU tB H“&S?“&éﬁf& solpzfsrgaheé 'gs a boiling

pomt ofl804(CioS1 dORE P €D %ﬁl Ifs‘ﬂ{@’s%'&ﬁ 'd%ﬁll%(tg rh&é{ﬁ%d{i %“‘t §?lgowl?l?10f

reacti ons of ethyl (S)-4-chloro-
unreacigd gtanting lhytdn@lcly aand cto be iminihfizddh e hjphesiese e @hn Yc’%ﬁlt @S dramatic

rin deh e enzynes that are described in
overall g R oty Ay K5 BRSERH FrTORNonT HES. Pat. No.

INVENTION The present i nvention provides enzymatic

nmet hods and conpositions for producing various
4-substituted 3-hydroxybutyric acid esters and am des
from correspondi ng 4-hal o-3- hydroxybutyric acid ester
and ami de substrates. The present invention al so
prOV|des nethods and conp03|t|ons for produ0|ng

L T Y 1 - o
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The term "l ower alkyl" is used herein to refer to
branched or strai ght chain al kyl groups having from
wor@shmsabout six carbon atons that are unsubspCT/USEA4/004819
or substituted, e.g., with one or nore hal o, hydroxyl
or other groups, including, e.g., nethyl, ethyl,
propyl, isopropyl, 72-butyl, /-butyl, f-butyl,
trif]luoronmethyl, and the Jike. The term "cycl oal kyl"
6,140,/ sescribgs e plgnsireararaagh fordreatingerualawey aflsyd astersof (R)-
4-cyaRB3Ytydfor5Bl g S v ¥ ofs Re:
BRI SAIRRL SRR g e 8 ARG AL, s
4-hydregstotome acifl retemst bychanisallreseionavbich andietshtlesatdoaiponents water
to are carhon atons, "Heteroatoni refers herein to
Solub%a}lgéﬁtra%?bﬁ?pgﬁvﬁ Ao theoe mofitals e & regdy axpilebltarting
material, $SRGREYRIdobQard BB hudt %uﬁﬁ@d’t%ﬁ%‘(ﬁgreg{&r]i tlﬁﬁ&%ﬁém

chain group having one or nore doub s an rom 2
comntegcighowtdesirabde. bArcaatdingly, moomefificEhkanthody fo ppsdueimglmoyedemic

i P SRS bSO O b ity

desirdp®y ei-n, including, for exanple, halo, hydroxyl, |ower
al kyl, and the like. As used herein, the term"|ower
al rin dekaleganases, AR wifred tRak balaalcoliwd debdlagdnagas oa

i s L U R A o s
halide®h s vihdl @%dohydrilib Pryduck Hief don@Esmaindepyxidan d’h&'sté%n?ﬁymes

l'ike.  The term"aryl oxy" refers herein to RO, where
also cptglyzp therrgyersousaciiar Negesiwa etraheAppl Mictobigl Biptethnal. Yad. 36

(1992 RNG DRINRY S b Codli Tk Gt RSN A8 1/ 0B

about ba ar bon “or I 0a
4-chlarocHudiesxshatyhodailbagypag btheari¢inabhaolpairasd NaRire i@y 6. i Biochem.

. .aryl groups. Carbocyclic aryl groups are aryl groups
mema@shﬁﬁm-iw 13%%3(;,1,%9 1) @py h’%‘gh}%@eﬂtm}mﬁ@ 3Pk 50 (1994)
11881-PPD6, HRLIBELLN G, ©F §hy1 G-Ik 19 !
D L ek P T op AL RS GE A RANL LALO N G D
reactiam ofertiam eponglesitith dytneide enformdbe cafespheding bga-alydiwsynitriles. In

bei ng car . l.ary aryl groups enpl oyed as
these ZTEH4eF 4B Lo AEh S 23D Do e A 1 rf R e e g of
epiha KR Rith BRGAYYani8Y [ @Y bresB¥eioFadbAYih halbARMEN droghalide
the like. The term"arylalkyl" refers herein to an
lyase tl epilucgribrigorsspending) ¢-ddlon-hixdrany-autyrongrde pln ESe Rpentryo.
: rylal,kvl groups_incl ude benzyl. . picolyl, and the . .
s 16635t S P AR B o A e PR G s By plorBtt st alalevanide
in theipfesendeltEce@din ldehdlo @nyitin@ehyalek Yo ploaidd 8 So@éspbiiding 4-halo-
aryl al kyl group. As used herein, the term"ar Ialﬁoxy"
C

3-hydpexiybptyrangriio-Inylesiabedron yola A0 QPPAPRY 1 $2 IThiS26eNpkamura et al.
. "cwcloal. " in it : R j :
sislogt SO LU0 B8 S PRen IRTG Lobiongen

hydrog&ethliden gisa té prodeées-chiord-BeydroxyputThmitties, m " | ower
al kyl am no" refers herein to the group -NRR where R
i SUHSaPelges cbpl Lugohett-. ¥olky (2004 pap &l -ﬁsd@clpmpuwwﬁ a
" " i "o, e i .
haloh At AR | A B b LBt oo bt iRt o form
the coalesindingd -pleediyt 2laztlavdtingof.r om 3 t o about 8 carbon
atons, so that N and R forma cyclic structure, for
exanpl e, pyrollidino, piperidino, and the I|iKke.
Speci fic 4-hal o- 3- hydroxybutyric acid esters of
compound I A that may be enployed in the practice of
t he present invention include ethyl
4-chl oro- 3- hydroxybutyric acid ester (i.e., where X is
chlorine, RlL, R2, R3, R4, andR6 are hydrogen, and R5
is ethyl), nethyl 4-chloro-3-hydroxybutyric acid ester
(i.e., where Xis chlorine, Rl, R2, R3. R4 and R are
hydrogen and R5 is nethyl), ,ethyl
4- br ono- 3- hydr oxybut yri c ac?d ester (i.e., where X
isbromne, R, R2, R3, R4, and R6 are hydrogen, and R5
is ethyl), nethyl 4-brono-3- hydroxybutyric acid ester

[ o
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activity using the nethod described in Exanple 4. Such
screeni ng nethods may al so be readily applied to
WO deswigsy? ng ot her naturally occurring hal ohydPCTUS2004/004819
dehal ogenases. Suitable non-naturally occurring
hal ohydri n dehal ogenases i nclude those correspondi ng
to SEQ I D NOS: 24 (HHDH B-03), 26 (HHDH C—O4), 28
(HHDH E-A), 30 §§ h, ), 34 (HHDH
Mzl . 1A5), 36 (H 2.12), 74
( Hile Bspbab theg;ﬁes(ehﬂﬂv'eﬁ&drl i4 Hﬁ):ete(y & 4 HelBidd foOskbduddfs a 4-cyano-3-
(HHDH A-OS), 82 (HHDH ®), 84 (HHDH F9), 86 (HHDH
hydrasybyptyge @‘HQDS{CAPI) amigle (f;qqpﬂzlqc{lad;g -hyglpxympqmc Emgg);tegqr amide, the
27801), 96 (HHDH S00890554), 98 (HHDH
metnée KRG . 100 (HHDH SO O 8044), 102 (HHDH
(a) SPE3ERG)4- hﬂ%-l@tﬁ@dbﬁ@i&&ﬁﬁé«s}et ot @mideHHDH
SOO817219) HHDH S00708827), .0 (HHDH S00772501) ,
2 ( HHDHY 5@1‘031 substtpent is Qelpﬂgm 13@1@gmm)consmtmg of chlorine,
MeP nucl eoti de sequences that encode these
bnnnﬁgf%ﬁggrln’ﬁk%alogenases i ncl ude those correspondi ng
(b) t cobQihdxhN@al@3;hydboxyPutyrid AcidIkter 88amile, willva haldhydém,
77, 79, 81, 83, , 87,.89, 91, 93, 95, 97, 99, 101
dehalpgenasq prsl cyppide uzeg@‘ condifiogs itsf%cwggtﬁéem § &Far oMK iRk
t I
com e I SR G L B S S MR SR RO e Hbutyrc
acmhm&w@nhnmﬂe are provided in the patent appllcatlon

i 2 GPRALCT D Pre Yion o DE Orthg o Broky P Hegeid ester or

d@ﬁﬁi% @aéé’»d@ QOWRthdd dpshrRthgAugust , 2003, and
am aSSIﬁigﬁﬁﬁFr %lcatloncﬁgilaﬁAnunber 60/494 382,

nuovldmgnel bdoénltettdppwlccmld efierzontantifad, "I nproved

A PR BB A1 B BRI onne.

orbrb@ieUatdiodie; #4304, and aSS|gned U. S. application
serial nunber , both of which are incorporated herein

bycon@rdngthe &-hako-Brketqbugiic aced eséer or pEnidshyyh p fretoreductase, a
h t

uofacgtﬁ“ Q‘ldoagqu'f%?&sreg&%%aetg)éﬁs sc‘t?fﬁlv@ﬁkf%(%{aﬁm§ ?%Fgl?lehg‘t% fOI‘l‘fl a reaction
m1xtuie Catrcohngting thecihalatuitcadbuyricaid estergyr agade foahe ¢addid- 3/-

|dent|f|eﬂ b% those having ordinary skill in the art
hydrqygbpgric Reid feCh8@88cri bed in Exanple 4 and the

V'Iﬁ'aﬂ@tjhﬁlh?%g Oct, tRY gfe%éycl invehpish '1st %dStH g%ﬁét Ffdt ijoducmg a 4-

nucl eophi terest.. Fblo r|n ogen ses
cyanceﬁﬁiydmdbmtmw hed pstac frome @ﬂlabh?&kq:tokmimd: atidestat, ilenmethod
|caIIy exhibit an activity of at |east about 1

/n1n/ng in the assay described in Exanpl e 4. ,

(a) Haareﬂuﬂhr iany-Hgbaliegsnapesagipdgyed in the practice of

t he present i nvention may exhibit an activity of at

| east ablwutin treohalorsulsstifpentin deledne fiometse groupeassistitmeftchlorine,
and up to about 3 nnol/n1n/ng or

com

D )
| b“mqﬂe?FiK’VW He assay described in Exanple 4

(b) Woﬁfé&ﬁlﬁg fhe dethidd -9 GREAE TR DES LR A zﬂﬁé’{oﬁe@uétﬁ@ a cofactor, a

reaction mxture in the formof purified enzyne cel
cofacgortregeneratie pysteny, sca/ﬁ@deomldmw@wé@n \dshalpganesediorferm aireastion
deh e
e SRR B0 S S L SRS o s i
ester.encodi ng genes and/or cell extracts and/or cel
| ysates thereof may be enployed in a variety of

different fornms, including solid (e.g., |yophilized,
spray dried, and the like) or sem-solid (e.g., a
crude paste). The cell extracts or cell |ysates may be

partially purified by precipitation (amonium sul fate,
pol yet hyl enei m ne, heat treatnent or the like),

foll owed by a desalting procgdure prior to

| yophilization (e.g., ultrafiltration, dialysis, and
the like). Any of the cell preparations may be
stablllzed by crossllnklng u5|ng knomn crossllnklng

e o o .
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For pH val ues bel ow about 9, at which cyanide is
predom nantly present as HCN, equation (1) describes

wo b@sladsehydri n dehal ogenase catal yzed reacti oPCDUSZ04/004819
4- hal o- 3-hydroxybutyric acid ester with the HCN in
unbuf f ered aqueous reaction m xtures. OH HHDH OH The
consunption of t he hydrocyanic acid, a weak acid (pKa

Tk SRt TP SR 8 B S eine o

4- nucl%gh'f@s@@ﬂﬂt@%% H}?ﬁdib@ﬂ%ﬂtir& 2A5d Estértdrimidd fr8mnt-halo-3-

erwi se neutralized. The pH of the reaction mxture
hydroppljutivec aad aster iaehide, tehmethedicomprisiegel by st andard

. b buf f I
o PRI A DG oo o =
provi deghered thethaldwibagtdbdtiiOfel&te BfrbAIRe %{@ﬁﬁ Uéﬂs@sﬂfng\@f thlorine,

the course of the conversion. Such addition may be
d BrEniRgARdIiodingiang e nDnltorlng the reaction nmixture pH

) SlogB B SO D08 A0 BELROLE | hEASBh

dehal@nma dnyl aanmdlebplsies \adidi tdreitiGR @ui@élﬂ@tﬂ@rﬂi%&é‘aofh@ﬁ mixture for
Ss c?ntrol When the pH is maintained
COnveBu?gf ? gl -hbingOéM‘aitW%ﬁCléﬁstar proapaide yap 4tnﬁéle@1@lum@b@tftuted 3-
hydrok Mt GRYEd §i QideaN aqueous halide salt rather than
Y ma%ﬁle%gd; CE dl:ré}ﬂ FI c acid is the product of the overall

piog Esther Embochmmp ke, pregpuainveimidnly direge@eenisthb€or producing a
en_ agueous. sodi um hydroxi de (Na + OH

C
4- nucl)e%%g?ea%l&gt&“ts@ hﬁw@a CACKH esighg OF @nide; B meghadesompaisine:
J 5 OH + HCN + (Na +
(a) (£|r )vﬂ‘hﬁ%]ﬁh - ?%E@%%@%ﬁgeseg#go Mde -0 i &
cyani dwhegzit the balacmbmta@nt iheeldeteslelram theegrbumtomsesting ef chlorine,
hal.ic acid as it is produced, the neutralization

hydr
broml?%ﬁ&ﬁé? P and maintains the total cyanide

(b) Cestadtingahd PRaloHREBLURNIQ adl8 eVt br ASidL Qﬁth&"két@xetdh@hse,
reaction mxture. This can be advantageous if the rate

cofactey, acefpgtar spgsAcIBtipRBxAae onistaopbids and adylahydien dehalogenaqe to

t ' uat i on
rorm SRAGERARA PR S5 B 00 S OB T e o
4- nuclemﬂﬁledsabiti‘sﬁe& 3Gy droxybuBdidedidoser of ARideour se of the
reaction to maintain an initial pH Wile the cyanide

i I giothes Aspeph Bggnpssahivgntien ipdneted torecanenpsitiopisomprising:
(a) ”&ﬁélHﬁfdm &ﬁa@g&aggncent ration is maintai ned while the
t

conversion in consunes the added basic cyanide

® sahucledﬂﬁﬂbﬂ-md oH (Na+CN- ) . (Na+tX ) Wen base

it 0 neutrallze t he hydrohalic acid
) gé@k@%“&%@ﬁﬁg %a% PO M dgehal ogenase- cat al yzed
r?gg )\ { i
e Rip e PRl e R Re fn B8 Afipeton
of v1c:1palc;gfmcsshmroxmmstamwdrcsrt@mymaycﬂb eqtmsr; s weﬁ ds b(j/dltlcbl&l related
to, mai ntajn the

d
methof B Fony Rt Vi RS bRH S kit Ko egfers o vicinal

cyano,f ﬁ?d‘rbk@élﬂﬁx?ﬁéd&%ﬁo rV/ﬁé atiB@steRuUr se of conversion are
added 1 n aqueous solutions. Wien the nucleophile is

the conj ugate anion of a stronger acid, having a pKa
significantl f eaction
solution, t inantly in

| Figuni @upidts fh@ ramoaﬁtstohr@tnyl Hlfélﬂdfé‘%\lﬂ}fd%}dsl%yré%e @h%r@ﬁ‘ydrﬁl) and
not released on its reaction. Accordingly,

ethyl 4-@aeei3otydiesobuiyaatp keyanokyshind parEzedfin mmactm@cﬁpmyl éshloro-
may be mai ntai ned without stoichionetric buffering or
base addition. For exanple, the conjugate acid of
azi de, hydrazoic acid has a pKa of 4.7 and the
conjugate acid of nitrite, nitrous acid, has a pKa of
3.3. Accordingly, at neutra pH, these nucl eophiles
are present predomnantly i'nh their anionic form and
ONO respectively. That is, the neutral reaction
n1xture conprlses aqueous aZ|de and n|tr|te salt

. .
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conbi nation wth an enzyne which catal yzes the
reaction of interest. Suitable cofactors enployed in

wWo b@spissce i ce of the present invention includeP®¥EDR2004/004819
(ni coti nam de- adeni ne di nucl eoti de phosphate), NADPH
(i.e., the reduced form of ni coti nam de adeni ne
di nucl eoti de phosphate), NAD (i.e., nicotinam de

adepi ne di nucl eoti de), and l\IADH e., the. reduced
-hyd%foaefﬂvf@xmw Cyaee rgupeUsSolupions Altsious pHs ithihg Prespeee or

absenGd taacﬁa‘?éh}}dinﬁﬁﬁﬁﬂ B ALY SAURLI e QX 20

actor ‘Wwth act eneration system 1In the
pFemen? dppiols e§@44 bpyememredQMra(pékd 407200y € thetpnesent invention

compSiRGE Py A REi QIR L PR RASdI T B BPEeEg & TEgtmon a T7
nbosohfla)l bR 4iRYT7ENS, Asetaocrxe@laﬁﬁ;ﬁaﬁce%ﬁétm&[)%eh@(ﬂc%m on of

4-hal 0- 3-Ket8butyric acid ester
V\ﬁlgmlhe Adepirtepridde hp exprassiail V@ltmapCKéiOQﬁﬂ) phithe present invention

compi5 757 LA SEER LB B K BB Gy Ty Bl FPHSTeBbAt BROBE site  lac

promcﬁeﬂ'(ﬂic@ -3F KAb&SRwaY bindindGiitd (B ngQTRBS) @H&Q%hfo@amphemcol resistance
hal 0- 3- hydr oxybutyric acid ester or am de include

gene(b@mR) natural ly occurring ketoreduct ases as well as

e b o B RS T VR 7 5 rBRR GO

(S)-4- Elﬂﬁrdﬂ?-ihyﬂ@k!ybfut%ﬁd'kﬂﬁh Behdsat RY@denasasd ANfe presence of various
ket or educt ase- encodi ng pol ynucl eoti des incl ude those :

halohyfisincdeiplogennse ensymeRalal ped dopeieasupiampheRiED tbwzgh\%% can

be found in a wide range of bacteria and yeasts.

Several naturally occurring KRED gene and enzyne

sequences DBEVAIDERDESCRIPTEON OFIIIHE INVENGIONe, such

as, Candi da magnoHae ( Genbank Ace. No. JC7338; d:

13BoBEsynt lwaPear%kﬂeasyw%scgnzt@%wﬁwom@wmm for producing

: ) ;

variou a%%lgigtﬁtﬁteg ge@dﬁbg)%}bg\é@% 61;19(13&@&9 g??ﬁﬁ%ﬁ%%&ﬁmg 4-halo-3
hydr oﬂhuyyrwcdcefbestdemd equéNbstranc o’Ehqu eseneinkettoomedsicprasidles methods

from Candi da nolla are vi ded. as S D NOS: |
and ¢ 1t50)ns %rp(reﬁi _gz‘vjlcma;}> erp, by §5oxygﬂast1fut(ag%%g§yhc§§§1 §sgrs
from V¥&7Ral hhid, Gdror ,su&uﬁ%él car@&x ylRN@idé. (CR2-4) are variants
that encode t C. magnol |ae protein (SEQ | D NCS: 2,
6, and 8). SEQ I D NO 3 (CRI - 2) encodes a variant

IQ HALO-

o8- rbfbam‘psvemlna@cmbﬂmmweg for a carbonyl
reduct ase from Rhodococcus ellyt hropolis (Peters,

Appl
MBe Bispilt invepBeRRleisies 2 (cdlysh fog grogigaing 404- Illz@QPhékSubSDfutEd-
, 984 3 g
s-yaB O RENO0L P31 23 A SNAE G EBHEL A5, e
methoBicoingeibingl . Lett. (1990) 12:593-596; Appl. Environ.
M crobiol, (1990Q) 56;2374-2377). Enzynes such as those
e i veBroviding sd-Haler by dioxbytgriepeid egiaieer anpidse: 4778:
Biosci. Bio
Spor obol orryg]ggllglsn lﬁgglllago §t&§%1glzsos%ﬁec?t%%@m t}he group c%n51st1ng of
(1992) chlddize, brominSpmdabdihgrapdes sp. ( Bi osci . Bi ot ech

| ggg%ééc%%%éﬁﬁﬁ g%llsosbyd(]{g rl‘l(%%?cogcé gsrt]}gl q@t%glgql]ecvav}t a halohydrm
dehalo%’eﬁ’é‘s'@ QY a &%&%éghlﬁim%@md%ﬂg Lelg P aden L e hén iR Yor

i ochem Bi ophvs. 992) 294-469), Ceotric
convedmgdheldimalo- Ehx@m&ybwtma)é:md) bsterT@cahndé to g 4—99&):oﬂtﬁle‘53119tituted-3-

hydrow%gﬁpfcfag?%gs eg‘q&rfalglidé %@m? E%B%‘X) %Lﬁ‘gen%pg%etw provides a process
6, 168, 935 descri bes the use of glycerol dehydrogenase
(Tetrahedron Lett. (1988) 29:2453), al coho
dehydr ogenase (ADH) from ngr noanaer obi um brockii (
JACS (1985) 107:4028), | f ol obus sol fataricus
(Bi ot echnol . Lett. (1991) 13: 31) or Pseudonobnas sp.
(U.S. Pat. No. 5, 385,833; J. Ore Chem (1992)

oA NS\ ~ " i 11 o T Y o
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catal yst, that catal yzes the reduction of the oxidized
formof the cofactor by the reductant. Cofactor
WO e@snessas i on systens to regenerate NADH or NABPHUBZ00#1004819
NAD or NADP, respectively, are known in the art and
may be used in the present invention. Suitable
cof actor regeneration systens enployed in the practice
of the present invention include glucose and gl ucose
for thkeinyokrfogfereasfet-sibotitusddes - bytbtof yhursatceacitbéryets ageaaiies in which by-
gl ucose: 6-.phgsphat e and gl ucose- 6- phosphat e :
prm&@ﬁ%’?‘?ﬂf@ﬂ guninyiggdhr opyl al cohol and secondary al cohol
de ; ' i Ceant] .
e B Bt bfRsent invontion ae thoge that ae
capabkeofldispéaciregitic ivalp sblestingamti of the delrbo-Adtyidoox ybirtyhic atidlester or amide

DP/NADPH o s the cofactor. oo )
subsRalge 0 BRI LP TS SIHEF AT Bh DT S TAPPB gt iy ayeleophiles.
Exerplafy HR1d6pBAesAfclAdE OfAcde IR e,

O A AN S (L) RN,
of Invhipshifmrembadéroendo thet peseneingentidmyproeiles @ method for producing

oy RSBl EPE6E Bia SRR R S R B R O Rl i esters or
amid¥® kRGN a86hyAYid R BADgHasd- 4IRS QD) reddtRnhS kb d dhSisinge e,

e.ga, PCT publ i cation W 2000053731, which is
i n@or popElinhe fdialp-biiydiokehundeacidlastet @ramside:gl ucose

dehydr ogenaseg} d," ‘are used i nterchangeabl - :

herein to re g ?I%ih othgmﬁg%ﬁuﬁﬂiﬂi%%&gﬁgﬂéﬂ%ﬁ? onsisting of

t hat catlabyide dréhide Caavediat;amdof D- gl ucose and NAD or

NADP to gl uconic acid and NADH or NADPH, respectively.

Eqﬂ)ét i oq;pn(tg)tmgélgq:ﬁhg]@SB-hyfgowhy@@yeamd ester or amide with a halohydrin

( : 1§ .
deha&%ﬁ%’%&: gg@ gﬁﬁ%é;@{c%} Kéytﬁgng %Hlﬁéﬂé@ 9[21 %%8 r'él{ol‘gacglgln glﬁ‘gﬁlr@ Yor converting
the 4NAY-B)Hstdroxib()ic Gtideste orlahidd o gdnaans-3tihdioxdbetyric acid ester or
.Suitable for use in the practice of the present

amidenyent i on incl ude both naturally occurring gl ucose

dely dEQARRER SBe S "WhdiddSRAVONFhMGALAYN PER b dicyanic acid

gl ucose dehydrogenasés. Naturally occurring glucos@
(HCN i lapd nogfaressheresic déiangle geayds ravided eethe fapoof 2cyanidetshie,

.ljterature. r _exanple, e Baci]lus subtilis 61297 N
opicglty i e Salg 85 PR St BEfod i R e St e bydgocyanic
acid E268édus for i@ &8, dfvisheecheebeal properties as the

eqéég% roduced in its native host (Vasantha, et al.
Pr od

hydroxyghadyricsedid esygaaid a88les gmpkssy in thegragtineof the

e BEPENES, b DByt 5, 05050 L8t oy

alterh:aivpB| usigf methodd tlﬁ&@k&ﬁélﬂhmw(rﬂl@&ﬁéselﬁ@ii\l}%%@dinéﬁ%killaiﬂdhe art.
in corrected formby Yamane, et al. ( crobi ol ogy

Suchmesbes are desstibed, SosBrmale, axHishRrteaeNo. N8O1,680 Apdlinan, et al.,

i poletol i XM  RNG/ those  that .
Bioel¥h hl i ARG AL 1961183 (ARG, A gf@. RAZE IR (1972);
Katadi200691., 42p1. Mic8dhiolCBidierhkolAcKS: 69896703AED 7); antiUR. Patent No.

aterium ( Eur.J Biochem (1988) 74:485-490, Genbank
5s43GL8 o, X12370: J Fernent. Bioeng. (1990) 70:363- 3609,
' LQ). | :
o e B e R R By in he
practaedf 12 fresenditerdntion ipolugathobebdviinethsaqueneds\ and 1B, respectively:
corresponding to SEQ ID NOS: 9 and , respectively).
Non-naturally occurring glucose dehydrogenases may be
gener ated usi ng known net hods, such as, for exanple,
nmut agenesi s, directed evolution, and the |ike. GDH
enzymes having suitable activity, whether naturally
occurring or non-naturally occurring, may be readily
identified using the assay described in Exanple 4.
Exenpl ary non-naturally occurring hal ohydrin
dehal ogenases are provided herein as SEQ | D NOS: 62
(GDH 2313), 64 (GDbH 2331), 66 (GDH 2279), 68 (CGDH
2379), 122 (GDH S01024744), 124 (GDH S01052992), and

A NS I N\ A NI NN A A " - o o o o e e
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Exanpl e 4. As used herein, the term"formate" refers
to formate anion (HC 2 ), formc acid (HCO2H), and

WO 018539 t her eof . Formate may be provi ded i n POEUSZINND04819
of a salt, typically anal kali or amoniumsalt (for
exanpl e, HCO Na, KHCO NH , and the like), in the form
of formc acid, typically aqueous formc acid, or
m xtures thereof. Formic acid is a noderate acid. In

aqueous sgtu thin several its pKa
(pKa = 3.7 i tef]) formate is prlesgnt s [poth and

HCO H f Qs concentra S | ues ‘
above abofit or mat @R’s pr edomi nant|l ypr esemMR’& HCO

: paBe ls provided as for 'cF§0|q t he
reaction M xtur®is typically buf féred o¥ rmade | ess
aci di c by addi a base to provide the d‘g& red pH,
typically of about 5 or above. Suitable bases for
“Meﬁmmtralization of formc acid are as described for

vaI‘ H alhéé:@gé %gls cil % écyanl gqqggét‘n}gad&%mgme bromF;rll_cle and iodine;
pr gdopd RANRY ¥ndRE %%@acﬁ%d@'ﬁgden@ﬁ baLdeoDbR)thd Er%%f; Ngl%ﬁstmg of

the fornate "dehydr ogenase- cat al yzed reducti on®o
hydiggemfDPrihg, ah@ptianaly @bﬁlth@@lewm a4 4) eptionally subisdiDR(dHycloalkyl,

an om%na(]:lgfsg@%ﬁec? Eggefﬁ% n?ityle ﬁﬁjg dn@ S‘E\@i%{%ﬁ J ary?ngl 31%11";3
subsfitied &yRike! by (S‘pti%ﬁbl ﬁﬁ)tsﬁ*tﬁlte‘arloﬁgﬂ Qfe‘ylhﬁ'm{oe gy Bﬁﬁjolﬁny
t he keforeductase and DPH, the resulting NA

subsafutmplqaﬁcyﬂeﬂm@e@ @ylomnléy em;pmedi lowedalkpon aofopﬁmaiﬂmsebsmuted
uycl&ﬁt\&aré t%%n%ﬁ&%ﬁ%%%l}t}é@graﬁ X rmr&ﬁ gﬁ)negf su%}‘u&efd a[rglalkoxy, and |

t hRS mtddcffbr@fch@g‘dﬂib tORstiag bf Q;ﬂﬁpt‘i&hlly@u&ﬂ%@loﬁvm alkyl, an
OK NAD( P)H Eguati on shows that when the

Optl?re.llwleﬁlflaﬁwcéoaéleﬂym @ﬁé]éﬁés%fl vl apbaieppitangy substituted
1Syt g i s enpl oyed for the reduction of the

ay ﬂ %o 3 ket obutyric acid ester or amde in aqueous
s oR(andR® mictehclpiddefadentibslicted, frqn alicondsup B lm&@itllrig lo® Hydrogen an

ns, and reactl n causes the pH o
optiqHafle SRR rionies bt e Sapaalisupeies cuiaikve s optionally
subsEHftécﬁJr?ldaﬁH aff @&?drlqn?%@&tltuu@a 19{5 the reaction
m xture may be nmai ntal ned esired | evel by
st doplaomdllp ghbhsitited)' refechindreinas 1hevmpl|aeémertt o€ hipdibgar with a

he buff
o3RRS ML RS S BRI s .

loweMallty]. A QUGRYI SRWRE allkdRy, ANV, ANowSHIk&BA, %@&'aﬂﬁn& Q ano,
add durlng the course of the feaction to naintain

haloggn (i.ac helab thipgand the Hke.dOther switablcavbbtitution bowups mclude carboxy (i.e.

o a0 oF LBV, 5L B0y ORRIRON ASh B P e G can
almd'e)gqugmlﬁracgl @el ymirg Katsriey, aci d, phosphor ic acid,
and the like, acidic salts, for exanple
Ryeiteane i ehwal s used haseindo gefeMHiwam:)wed bit sirpiglv chain alkyl
grou?@flév?%é frofd: C?n@ v\g dlg sfxbdﬁ?cho a?c;ntlé ﬁlld Qtr ltﬁllsnﬁv i Iu? [ ogtsu%sﬁltuted e.g.,

acl OFITH € concen

withamne of imerqaﬂrdlmfhytil‘tetySOﬂ (bthetcgioWselrﬁhidmgl e1RE dnetrd! ethyl, p1 opyl
represents the overall proces

t
isopA b I 8%@&@15%9@1115%5 ané s lilen d hegemmbisygloalkyl” refers

to ca%bi%yfé@?ﬁ%l' ?816{198 ﬁ%rggt oM 2 dddiut BQLrbB}T'a%Y gss \?7?12 Q{ lﬁegerocychc

ormate | present predon nan

alkyrmaictiesdmvingdirame3 td dbeuHO@hscwheernt featt ome ring atom is a heteroatom,

mai nt ai ned while the conversion in net consunes the
added form c acid. KRED HCO H OR NAD( P) H HCO When
acid addition is enployed to maintain the pH during

t he ketoreductasecatal yzed reduction of a

4- hal o- 3- ket obutyric acid eséer or am de using the
format e/ f ormat e dehydr ogenas® cof actor regeneration
system the progress of the conversion may be
nDnltored by the anDunt of aC|d added to nalntaln the

N g,
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substrate generates a new stereogenic carbon at the
3-rosition of the 4-hal o-3-hydroxybutyric acid ester
w@eooanisse product. Typically, the PCT/US2004/004819
4- hal o- 3- hydroxybutyric acid ester or amde is
generated with a relatively high stereoselectivity at
the 3-position. Thus, the 4-hal o- 3-hydroxybutyric
acid esters and ani des generated by the
and theattlrathnes ars eaban alonzse d'Hetatoatemo seferfs herein to oxygen, nitrogen, or
4- hal o- 3-ketobutyric acid esters and am des are
sulfuy i cal I'y chiral and non-racemic. The ketoreduct ase
r g@eidriNYoweeslkédyl't RS BgEiRto ketweBtal RAndh¥@bE @ldiyht chain group
generate preferred nonracem c, chiral
hawngonapbm@wr@cmb&@@qmiﬁ ¢hrd &oacd @ 6@@%‘? sarhewy plemnsah-oscealkepyl groups

empl%yeg in ﬁnaﬁ)aact vs Pgﬁo%l eesaeflt 1|‘néf% #)% %ﬁéful?et cgtg ncsiltbé gﬁ)‘%ﬁ&te%%(fth the

group@ﬂ@é’@l'b@@ hérelny ﬁiclllﬁilﬁg,Q@ﬂ&dhifﬁlﬁﬂllslephﬁitbdylnlgv&t Bixl1, and the like.
(S)-4-chl oro- 3- hydroxybutyrate with greater_than 99%

eﬁesuspéh@rgmtlw#ml nlovieh alkpey refeshom PR mbereR e logier alkyl or a

o5, G- OB Ul e o
mventl)n) nenantman@m élho&y,, t-butgxy, mﬁhrcﬁmﬁéthbndy, Rfd )heilhkePéThe @drin

Enantioneri c composition,
"ar qu;sé/" p%fgléﬂ]eysu@; FPd]?\QOt ‘é’h?rf&l“kﬁ‘? g iy Ysp ﬁaggn, the term ar?ln refers to

monck JIRTRKBRL,ADAMC ABAAC HRBERARE hfh FEATRLE! Phackbon carbon or
heter@atdms, Asd uieﬂ;mes beﬂh caﬁmwgchwm?hgmhmddmtﬁraqehc aryt lgiqugk.

4- hal o- dr oxy rlc acid. e ters or a es are used
Carbagyols 3l FabiBs e A IR D RSN sPas L aovui i et
carbohe@féEélé?@%hQEEﬁl %FouBE el 1 H\YI?srlhht%we Hom 1 esatlout mﬁeteloatoms as

4-substitute hydr oxybu yr| c acid esters or am des
ring ahomes mammcahng/ wetty il teynanmr aténiring aimhbeing edrborpatoms.

t Ll
g L e e S
examETeoﬁlkh@lSrl PRrigdl, hﬂaﬂﬂ?ﬁbﬂ&@a@m}@d 4nB@Medike3- hydr oxybutyric
estefs or am des and the hi gh stereofidelity of

t @e hemoteydellal defeas byjeinds an abkuhBippe quisbiniet gitangryl group.
Exemé)tfah at ry?a)}%@ lﬁr&?ﬂs 155188@6%11991 pp‘%mca%@tg elgkec y%%%tuted arylalkyl

yric acrd rovi
groupRahidyl Welubstititedtit eidledrioy Bothrvdnind wtkyb potieas of e athakyl group. As
overal | productjon of nonracenic

used heléljﬂaﬂi’é s} yYIBUpBY 17re todd Do Waskedt & arardatkgbs of high
18z IEn.aG

I S R L

C5-Ci mcmalk}mnThs tmma'anmmé' iy isldcheodin ohiefalto fhrequtongt SNH,. The term

om0 OB SR 2 S e o

and B8 H%\%}Qllﬂxyll eTﬁé‘ Eé?ﬁl' Y188k Pyl QU BRU Y Eih Go BRI g‘ilo@;ﬁlI@R where R

or am de products generated i n accordance wth
is an optidnely sdistituted divelsataliphatieraticohhayitg ﬁvlnlkagbodtﬁowbon atoms,

SO th%{g\gmcfgg@/rm %ﬁ%ctlwﬁgttélreg (%‘;Jéégglg B%‘ly?ﬁ dg]gql%py mloegn(} the like. .

C OSREHR UL IR0 Bt hyREQIM Gyt iabldtsieBs SRathoRAd LA kHd #lay be employed
substrate quantity provided and the anmount of product

in thef praetisd off thetfhesentimyentém intlrdeiethyl Pehlarne3-hydroxybutyric acid ester

d
O D T e b R L ]
4-chlBRY- Slh%'&i{)kymdﬁh‘@é@& @ﬂéls((i‘e AdcteSe ik d‘l@élﬁienR' tHreRE exand R° are

puri refers to a process in which a separati-on
hydrcrgeo @@ég isgmethdi eé@vlﬁobrarrm&bmrexylx*wm acichgpteri.gnwhere X is

i ncrease in concentration of one conponent relative to
ot her conponents in the mxture. Suitable purification
processes enployed in the practice of the present
i nvention include, for exanﬁ1e, filtration, solid or
liquid phase extraction, distillation, and the |iKke.
| f the halo 3 hydroxybutyrlc aC|d ester or an1de |s
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substituted carboxylic acid ester with retention of
the absolute stereochem stry at the stereogenic
whyasoxss7subst i t ut ed carbon. Non-racem ¢ chi r aPCTUS2008004819

hal o, hydroxy substituted carboxylic acid ester

substrates may be converted to substantially equally

nonracem c vici nal cyano, hydroxy substituted

carboxyllc acid ester products vyth little or no | oss
bromime, BY,6% eBﬁ;LR i, aryd R Seriethaidtagen; andriilis btayD, mhghdrt G)-)byomo -3-

Li.tut. boxyl d t
hydi SRETiE A BresEh L Sor KSR HATE o Prokader (LA ARgen. snd
lstrﬁb@hﬁ)t E-BEEULENYArb.3 M\;ulsbyu%ﬁw A8 3hFi(D&! wh¥RNPis chlorine, R', R?,
ydroxy substituted carboxylic acid ester having the

R, Reand s w@mhlydrggm amt&%mt ttyl), t-bokyl @-proimo- My drowpiertgrickacid ester
G Shirent isomiB B 7 B et §, eribelieneindlf o i buyt

4 1odbmﬁ’3ﬂﬂ@€5®ﬂt}}r& el @edrqfle f AR 300 8¥ine, (R, &7, RG R DA Jare

wherein R"' and R" are each . 5.
hydr@ﬁ@de%’éﬁ%féﬁf byWé)eIIé@@@%}nﬁH@ﬁﬂmW@tsgﬁUG@ﬁt@@ﬁ@f B{,iRigROR", and R’ is

a oGy B P80 o5 0 Sk oSl eBRP b oat kol - an
oBuiabiel4- b/alwtl’fydmxxﬂaa@/ric@dﬁfarmﬁkﬁcﬁﬁldomp@ﬂn@m ikl edaly e employed

substituted aryl, an optionally substituted aryl al k
in thepragtise Oéﬁl%ﬁﬁseahwm%gw@ Gtci\@TP@vh%Idr%M@IY&%aﬁBde ér‘f» where
ngh | Bl b Wb 2 g : :
X i G R e R drer kg AR BB Mo B8 SR B o amide
(.e., wjneﬂedaislimxmmeamndahf iRonA I/u:y B uvin; arthR%cﬂe hy@tbgeﬁy,, andri-iodo-3-

ional |l y substituted ar y.ohr yI, itro,
hydr@ggwam e dsc X§> (Pihege - Ko @ﬁ*&oﬁ&?m B BJ;%IA Rcals%iyerogen
In ceﬁélﬁléﬁl)oodﬁx?ern@’@ & KXYk bf R [@nReSﬁ"eEmQR@ié%)low@Pélpﬁnb@ﬁ as, for
(1.e.an am dé group), and acyl’ (i.e. formng a
examlpa m@éjyl e&m,tcatpr@y(h ci nal - haI o hydr oxy substituted

c oxylic .a r ructure VI1 wth
ot o FuBPhiraloh B G S IR Sb UG atig etter 4t aide substrats
is pre@&rhBlf SelBEteN rOHSEMoMeSAid thefline AR cusiyi Rblefcd hfd Nahloro-
hal o, hydroxy substituted carboxylic acid esters have
3- hydrhéytsltmmcm estoyland winide sybeiratesher eby having structure
v ub ute
| c)a&r @yﬁ%ped% 8 (%fccj)g% ﬂ%{}d %%’t%? %gd 8%1?4% g}é Odﬁilaecf]gy he'n ec{hods of the
prese@t muitiohGnotuddItose lﬁduRRhe eihetttl IORand ¥BXrespedivvelyX, R1,
R2, R5, andR0O are as defined for structure VII.
Sui tabl e vicinal halo, hydroxy substituted carboxylic
aci d esters davingothe structure IX bgclud@
4- hal o- 2- yd oxXyprippi onic acid es
strugyyre ndll X, Xis tMQIC||

respect to
C Io i ne or

pr ef er abl eachgindependently ei t Rer hy fogen or a
| ower al kyl. OQther suitable vicinal hal o, hydroxy
substituted cHAboxylic acid esters havBBthe structure
VIl with n from2 to 9, inclusive. Typically, nis
?ron12 to 8, inclusive, and nore typically, from2 to
7,RY REIRFSRV,ER’, RAR Y subRP yre af Kdofimadl fop stBuctiBe [AIShY EB; and
Sui tabl e vi ci nal halo hydr oxy substltuted carboxyllc
adNwisestested Troay thsgrompcqngistipgef ~CN, N, and ~ONO.
5- I I
el Bofh f%%%é@iﬁ?‘ﬂ‘?é%@%%%bﬁﬁ‘y PSSP QRGN o8
comph)amﬂ g am:r3adtaftbwm‘.i ey admat e shydria xiyhed agamia o 4euyado-

3 hyc}e{ )@)&W}q gs1 %?elg%év ugi:sng%qlﬁ g@r}}ae:t-pge%&%’g 1%%%@% gg'act:t{lrteuotf c((j)mpound HI:
7- hal o- 6- hydr oxyhept anoi c acid esters. Suitable
vicinal halo, hydroxy substituted carboxylic acid
esters having n=5 include 8-hal o-7- hydroxyoctanoic
acid esters. Suitable vicind? halo, hydroxy
substituted carboxylic acid esters having n=6 include
9 halo 8 hydroxynonan0|c aC|d esters SU|tabIe Vi Cci ha

L T Y 1 oy
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hydroxy substituted carboxylic acid ester or am de.
These conpositions conprise a hal ohydri n dehal ogenase,
wa2@gamsde, and a vicinal hal o, hydroxyl substPCTUSZNN4/004819
carboxylic acid ester. Conpositions of the present
invention may be in solid (e.g., a powder) or liquid
(e.g., solution, enmulsion, suspension, and the like)
form For exanple, the conposition may be in the form
of a |yophilized or spray dried powder. Alternatively,
the conposition may further conprise a solvent. The
conposi tions may furthgt conponents for pH
control or processabil di ng, for exanple, a
salt, an acid, a ol ubi i zi ng agent,
etc. VI. HALOHYDRI N DEHAL SES. “RETOREDUCTASES, AND
COFACTOR' REGENERATI ON YS? ENZYMES AND CORRESPONDI NG
POLYNUCLEOTI DES I n add®tion ®o the speci fic enzynes
and pol ynucl eoti des descrilgd herein, those having
ordinary skill in the art wll recognize t hat known
techniques can be readily applied i nt he di scovery of

3u Brrin on- nat ur 1y occurring
“m5§§$ ﬁu@% ]%egn c@ﬁﬁﬁg @W?V@%gﬁ%uWFagle for use in
t NEaRhaatin Qﬁlaﬂfgehms Bfeei@ibydd v €Iy prattice I ehe lﬁeﬁbnt invention to
Lln&v et al. Ag£oaches to DNA nut agenesi s:
iC

catalygethgicenyersipmaf a @@ﬁelmdroxmmrrz)acmter Qr emmy the -
corre%plgddn elé?iﬂglep}%hlg gu %%&H %Oltgh C}%lu[}g‘lg:agﬂl rr%e ?é%%? Bhide in the presence
of a edlbspisie MDhe teBlIn@ |"hﬁ$h}3ﬁﬁh dBRaloEAREY", andMHHDH" hie used r 0

nmut agenesi s," Ann. Rev. Genet., 19:423-462 (1985);
inter B@qlig@@]l}ﬁllclétll tg|refel toggy e&'{Z@l@l{S é'%at’alﬁdheaﬂﬁp?sé of thspressht ynﬁentlon

catal&ésrtﬁe 931{\/% oI Iarsvelgltne a%‘(ﬁ rdl(&é?}l@&ﬁ@cgl g%%gﬁﬂﬁgeg?ﬁ i{ aimlde toa

Vlcn(al@%b hyireee substituted carbG)Bcbucrcistci\/bism'tdelsuRe paifor ¢xa@glld, 4-halo-

: 879-887 . 1984 Ils, et al. 6 "Cassette .
3-hy, Xé{BiétPi’é% ?%l eslgr %rfdf/?raleﬁ? %f‘waalemfﬁ%gseﬁeifaieﬁz}ﬁhwoxybuwnC
acid '(Eytlat ésrgéi/@r aﬂHH@%s‘fJ@étn%tly, qﬁ?fﬂe‘]ﬁé’seﬁ&é &S nucﬁ%?ﬁﬂe?’ dicB b3 cPAdde.

;M nshul ., "Protein evolution
Suitaidé h:dglh)ainniﬂebelogmgl,ses 1@ciliud@mtu@iiymc@nnng (eheé mpcg halohydrin

deha?cr\_gep%sg%{ eaa A 26@13153}0{213}%“&%1? Ch ' I %yﬁgg éleﬁ%pgc&zsles generated by
humBh 8SBpAlaYibat Eﬁéhlgﬁt}nﬂatﬁi%ﬁ f)&f{hﬁﬁ skt dr-hAGrally N@édiﬁﬁg halohydrin
Biotechnoloq 7:259-264 (1999); Craneri, et al
dehalqyqpassh ad halplydsm dghplegenage-gpcagatensl Fruskodifigainglade those
desc B es accelerates di rected evolution " Nature ,
359 : Craneri, et al. Nblecular evol uti on of
an I\Eﬁ&ﬁ[}%@uﬂiﬁg@aﬂcﬁﬁy@ﬁh id@l@l@@ﬁlb%&}heb&m@@&l@hﬁzé béd’hgdentiﬁed in
Nat ur e Biotechnoloq 15: 436- 438 199;} Zhan
Agrofjacteringy radiopaeteiad D (e, derokacierinwdimgiacient 6 a

e e

and My&Wucter 191412 S%JSG@IZ(BMGPQI Aerevan, Hﬂtkeaha Vllég,n‘;ﬂ‘ ﬁ\{édTgm@ éi. Lutje

Spelbizt 11 ST CRb ok B B HBROBE . “on Sissyde. & rfapaie & Dick B.
J ansseﬁa plltiﬁoﬁyd%lnulﬁé}%%g%flas%s Qfe%ttr%bﬁ'u dll}l aYl'dtrﬁé?:hQﬁﬁs%y related to short-

ng," Nature . 9- 39 St emer ,

chais detfidro gegadey/rechmthoen (QBMMMMM%‘}» 860 %*SOGQ(PTOVIdeS
vitro reconbi naLi r l.ecyl ar evol ution
the Bpboastl TP R e TN AGS P hgres 4 R et
U $hc98e naﬁ&ali‘sﬂgﬁzﬁrﬂr%ﬁﬁlo Hy48 8 A halYRndRs 240 Bsen\Maracterized to some
0078; WD 97/ 35 mﬁ 98/ 27230; WD 00/42651; and WO
exte@ﬂ/HHDBWfrom Hgeelmceantimotadérbakieo Wb Inseiodmteamdsef 28 kD subunits,
readily applied, for exanple, together with the assays
descri bed herein, to identify other ketoreductases,
hal ohydri n dehal ogenases, and cofactor regeneration
system enzymes having the acklivities described herein,
as well as other desirabl e properties, e.g., altered
tenperature and/or pH optinuns soIvent reS|stance

o o o, o oy
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transfornmed into an E. coli expression host using

standard net hods. C ones were found that expressed
wa@easwessfor mat e dehydr ogenase and the genes WePET/US2004/004819

sequenced to confirmthe DNA sequences (see SEQ ID

NCS: 69 and 71, which encode for pol ypeptide seqguences

SEQ ID Nos. 70 and 72, respectively. ) Exanple 2:°

Production of Enzynme (1) HHDH enzyne: In an aerated

Co;ﬁ@bh@bieﬁn kErNEOY9hrodhbes o IHHDM dhzyREL, Whe ©P Kbk B8mposed of 28
528g/ L ammoni um sul phate; 7. %%/L of . di - pot assi um :

kD 4 Waméfg(éq% whlé%ﬁﬁatﬂ@rtn‘r «pqmnsafﬂ efr tezbsuLbunfts pfﬁiamﬂmﬁ” kD (Kb).
-.154
HHIgi)—(I{ﬁloglg ?(g‘lq% cg,{t:@el%qp 615&%41&%? H;L?e? I;]ﬂn% ﬁ?l%f 1%rfs né a process that

leads$ tcadissoeiatio® bf the @hwm@nhacscarttraacnpm oplevubn REmGH §itd!nd an optimal
chloride di hydrate, 2.2g/L of zinc sulfate
tempeagivisiof APSE o Tang, Sz Mieiahiohdieshrall 2802) 3suhgf; Stwenson, Curr.

ool b GUREELT 41§08, 9881 2R, ARt g

fornfaGER &Y 96 W 90%01 AR optihi SRt Qhn PBFrdn 85 W 950@(1\mnt11i‘y1ckama
a |l ate exponential culture of Escherchia coll

Vlieg,3tt eht Ja Beteriol. £209d) [ 83:5¢¥-5huNapadumsj ¢tral pAaghifaiviron. Microbiol.

o0 My R LIS 1 46588 SSRELLBSLDS s

The &ﬁﬁlﬁhll{ﬁ{)ﬁﬁ‘ thedle@b@e (da6HHIE }in Qibenm@'b ck%'d@ hai\@en r@ﬁ%ed for the
30mg/ M clilor oag]%hem col (Si gha em cal

two Cettiedactgniym p N1 émm@eswd iical (e as b (3p). aPoléaalmt(d@Del1comng
the 8%8’5@88%39%%3% Loty Jsbasczﬂel ian 7 gs Cibglg(l[eh ngel are p10v1ded herein as
SEQfIEr Nest &3 |1csnmssbl Tled pdlyxﬁmleﬁ)tlaeudﬂe@pdr@ll@lorgm MAOS: 13,15
di ssol ved oxggen | evel of 30% saturation or greater.
and irhare yarigts thabencgre thessamgsminm agid Seqignes (the ansiated sequences are
arddi oo ¥/ ?ﬁrarg | um hydroxi de. After the
pmvcu tag?gmrlg%@gdqgn%é 4 @) the tenperature was reduced
t oN2b-n@uaalty ddeerrargdrabstyidon delialbgenadey dan he detvadtod esiagBnown

| s .induced, by the addition of isqpr
et TO AP ot DR CHPHESHoY B i e, 208 e likes;Several
1llu<llfz§ti=UeSmetﬁ@s atr@d@scf‘lbé'lﬂhel&ﬁﬂélgﬂt raeieRPy LS Jaﬂ%\éllﬁad]-llgl%creened for

culture was grown for another hours. Afte
activityi gsivgitiamethhé des»;ll‘llbsd webxanpe desSuedl soneeniep mtatlfiadg am:a;mtso be

renaf RS ot PR R Y R 1 ndta it Blnare” Suttable

non-h@GANUS LY cRFfiAE B@l&hﬁfnﬂ/‘@&laﬁ)fg@lﬁa%gs Atlude a%s§c&@é§tpbn&iﬁ§ to SEQ ID
(2) Ketoreductase enz In an aerated agitated

NOS;. & (dHDSF B-080,, 29 (81D %\Qﬂh 28 it @o@ﬂt}a%.(@@l@fi@@%/sg (HHDH

2G5BT RISy Bttt 1) SEOLAIS) LR A 5.1,

76 (}mmnmb[at/eﬂw,gﬂsufn{]aﬁasmpse USHUDYEASIS) e3¢t qH:mDH ©9Y0B4(HHDH F9),
L of a trace

36 (SSPECH I SO IEADH AL 20X HetstH Aup D, (Hor BIBH FA63). 94 (HHDH

oot gt I SRR P o

102 (GEHDHISHd033989),0.02 gHHTHA S0 LO0IS64 Y 66 d{e}HﬂﬁzS@@&le? wgdlos (HHDH
erat ur

S00708Fhrt 15?1(%@%8?%&2% et Inr Rt BT8R aaha [ (HHDH
8010‘21911303r EX%EE mlé'btﬁlg |séqu%éesQlﬁt%§B%{e§?l%s%gﬁ@¥?nﬁ% ZI

shakeé fl |ng LB, " 1% gl uco
dehabgenaséitmclmdemm,se h@}respamrﬂngaa SO D N(DSDIbaﬁprlQ GtDJ 33, 35, 37,

7o, S ST 2L it €0l 0 ML U8 R D111 ana 1

respefcﬁ{/a? NQARitAS RELlakEEy 8¢cundfls halél@%h%{ﬁeﬁggﬁﬁi ges\ﬁlﬁ%aﬁc? suitable

supplied to the fernentation vess

and the pH of the culture was controlled at 7.0 by
addi tion of 20% v/v ammoni um hydroxi de. After the
culture reached an OD 000 ofl240, the tenperature was
reduced to 25 C and the expression of glucose

dehydr ogenase was |nduced by the addi ti on of

1 N N\ Va o o~
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8,000 psig for the second pass. The cell |ysate was
allowed to cool to 4 C between passes through the
wheomwgessrzer . The honbgenate was centrifuged aPC/OSDOO004819
rpmin a Beckman | ab centrifuge for 60 m nutes. The
supernat ant was decanted and di spensed in shall ow
containers, frozen at - 20 C and | yophilized to a

owgder_ t hat s stored at. - .assess
for s AR mpAolEe PR sEespar o 4r BV KR HE R g fesh aprUigption entiled,
"Impro¥&BHE o MHADBhA8gdnAss A% R%md]%&m(ﬂﬂw" correspondmg to
dehal ogenase enzyne was assayed according to the

Attoriey] H)Qﬁlﬁehﬁofﬁ?@ﬁdd@l}& Apsdrama waise] I 2603, mndfamglmdl ¥ Seapplication

sral gt APPSR AIEIT LA bR S Ry bty

DehaloBé:8®s aiddtdiabd PSlynudledtides," MreipoRdiaR & ReotiRy Docket No.
accordance with the ket oreduct ase-catal yzed net hods

0353.g 6449, |ﬂ3@i:|01h5¢1§umv 18TR@04, endhpssignad U %rapv tagion seral nongber

m . The reacti cuba ratur.e ,

0 RIS e OB RSB

entireW ey, urres of et hyI acetate and the organic |ayer renoved

to a_. ial. The organic |ayer was anal )t{zed by

Gé;la]kg)ryd)@p ég@@gngqaesttm are suitable for use in the practice of the present
1nven§{>£¥vhe }5% néltupazfjlgfrb%cﬁnﬂg S»E“: ggﬁ( B%Y%%to%cﬁﬁﬁgd&%l be-qge?dxly identified
by thaze hpang sahnetrp skillsit alm:lat dsing theangh@pdgsedbanid %ﬁip&@ﬁﬁind the

. er. the same con |t|ons ) For nmat e Dehydr ogenase
, "‘Cm’%gglP X@%Yz Sﬁ%ﬁ‘f ?‘H’étfétf6Pé§§@801%hélier?§ﬂf§ef6§thy§? gelise

dehalé!‘@:%a&% eRRIRAd mytlﬁwﬁe b?ﬁl%'p?&e?tfm(;&lt b ﬁgg«&@ly Camflbhte an activity

ume 100 "ni M triet hanol am ne
of at leat hbduy ¢ atneoliais/ag iothe dsdag desoibed E&rb),ﬂb veédfnlgigasas
t hr ough geni zer ysate wasclarified by

e ho
dehalogenases FW@E&YF m@twerﬁ‘éﬂoweépaefsm IBYeNtipa ey %zsbltaeglsaéy@ay of at

least a%?ugﬁ)s@ﬁlbp an@i %?% %ééts gﬁégﬁgtbggtgl OC&B%@%K%%% {119 th about |

10° wsel/min/eg oohigdeh)h tii-asflyaleocrielieh By« acid ester
in 100 nmM pot assi um phosphate buffer (pH 7.

&é@l%@@ delpdogenssraaives prosidsd 33 e reastign mlé@resmdh@ém)n of

pu@EL LS, SO BULE Ly N ERERER) VR gy ccocin

halohgdritt dehaloeniaa@).i Wholesllk &’ahsim%dbyltMBﬂShlycﬁ‘ﬁ‘ﬁmhamﬁgeﬁdﬁ@
decrease of absorbance at 340 nm This absor bance

 encodgng gepspi cel exfactrapsiber cellewisitherpofimayrheemploled i a variety

of d1f n?f Qt ﬁﬁlgdﬁ% ﬁgé Q hf‘l‘l% égp%%?gg%%qﬁgge Ef(% s@Rfsolid

ope 0 r mn
(e.g., mnnudspmt@) Tﬂ'dmellsé)m;aets@i célhk_ysd&bsmapha pertiaHy ptiified py ot
. \was nvert.ed to. con rati.on units using the..
precipdipT OB EG e, BT olby NGB, he! ot Rengex fho ike), Gllowed by
a desal L QRRANEIAS %/dﬁﬁﬁlzgﬁ(gr?(erﬁ r\ﬁﬁ‘aﬁl@rai&f@ﬂ [ Ba1dis, TH®Yhe like). Any
( H consuned) /'mi'n/ mg (tot al ket or educt ase
of thecall atepatajionsTinay heatsbﬂleacéhy crosslinkingoshe lpwmfrmrmsﬁnknaa agents,

orescent .det n utilizing. excCj. i on of _340
such g5, {5 GROTROLBE Ao ety SLPBRO AT o da & 36T BkssR e S Pt C, and
the likgyibstrates of interest may be substituted for ethyl
4-chl oro-3-keto-butyric acid ester to evaluate
kdhopalfliceciants fxg.i eizymensalty, gtes p@&tbetmomdhé in a variety of different

formssllé? u'f:lrn%t %/fdelgé) %Ts}ygqpﬁﬁ(lggcgespﬁ SdﬁB% EE{)') Ecﬁxrltlon emulsion,

suspeli6rs Rh@ite 1ikef fTae réaetin®s Oh beasadagdRpiIRRAGk YSas Bried using

dehydr ogenase enzyne as a predi ssolved solution in_ the
methosiaﬁ@d evipraent thed arg lenpvn torbasedavingordinay kil iadhe art.oForgxample,

NADP (1mM final) and the course of reaction was

fol |l owed by neasurenent of the increase of absorbance

at 340 nmor of the fluoresgence (excitation 340 nm

em ssion 455 nn). The results were plotted as

Absor bance units (NADPH) vs. tinme, and the slope of

t he plot detern1ned (Absorbance unlts/n1n) The sl ope

o " o Y o - o o oy
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hydr oxybutyrate elutes at 19.6 m nutes and et hyl
(S)-4-cyano- 3- hydroxybutyrate elutes at 19.2 m nutes.
wE2@spiss7y: Preparation of Ethyl PCT/US2004/004819
(S)-4-chloi O 3-hydroxybutyrate from Et hyl
4-chl oroacetoacetate. To a -necked jacketed 3 fl ask
equi pped with a nechanical stirrer and connected to an
automatic titrater by a pH el ectrode and a feeding
the grofet dobutioadeh be dvzed ath86%; inasalCdlapugesdthen iagddibi @l paedhilted
g6:6.nL) and (492 nL) to nake 100 M tri et hanol am ne
Iyopgiizatiqrovhampbre fRlleWietsDiatie ap aation 0Fa WpeWnB 744texthe reppesigl of water

ron R ELHAREE LB RulE T BFHEy 5TR ST T B s o

jac was -'s
the Jaei@h el etasrl SEQe 1dpNDized shiap 1%9) and gl ucose
dehydr ogenase S06 SE I D NO 10 1 g) powder were
addeepTyatg et the ennversionnijdamlp @zwdﬁ@sy ba*ddie@teaﬁdamt@

subsfﬂﬁt%% {HD nﬁ%n%ﬁg%lg %Mﬁ?ﬂ%ﬁhﬂ%&%ﬁlt@iﬁh&éﬁ)&y 1t,IyHQ %gtre_ll or amide
prodactd tlielsﬁblstfatb”hl eypicallykoltaeteldylitidthe hblohodde Hm&ﬁeaﬁs% a6d50

00 in 167nmL of but I acetate) was slowy added
nuclgql:@legp ? pcplgent-rr%n?gﬁe\ﬁggve iRt eATFYARE Qit the ggpversion of 4-halo-3-

| hydlﬁnﬁlﬂl?@{ & éstteﬁ Snily tot$ﬁ§/@&g%§slk Sﬂ:}sﬁt‘utgd thﬁhog%ét%g acid ester

ubsequen omat ogr
or am&lactmalmha \8a|31p begashmobentsqegl ethgl et baiyd acdtae,pi-oduiad], heptane,

octagg, s baERHPT RO fofEce. TR ehedihtpBR RS (5 61 et 4

metty RSB AmGSkd thRrdfa B Ndo it e3 %ﬁéﬂﬁﬁhﬁldh?&(ﬁ\gx %ﬁﬂu%mborlate 1-

separated. The aqueous | ayér was extracte
butyhd-enail @ingidrzatot xpfludilophosphaiai and thy hks), md @-suvdyit nmﬂems
nd the sol ve ved

inclydi S ARIERUS £SO \ge&ﬁg emsg §11€91§;111<\éﬁg‘u%m Iﬁgﬁ/ s0(1\§5nts 3/16 aqueous solvents, |

- inclftiif R Cardt dyesiosel venatRtend€ enanti onmeric excess

was >99% as determined after its conversion to ethyl
( Rﬁxmmwsowwmxﬁ@uswm%havn vExarmpi eng oEmenpdrgaic solvent.

N L L CT A S

that jt @@Kﬁi& dombletdlpftace it pieagzynt batalysi %H@l[byéa'm ﬁiellﬁ%@lhon method.
and connected to an automatic titrater by a pH

ApppgaiccodelVaRYatemsean kg readdy 19eatifigd gy mesprate epavme agigty with
e .

the ARG sheflet feD et Eodm AR PBL R fsdfeserbed

in Exmﬁplset t o 40 . After m nut es, hal ohydri n dehal ogenase

g as cell lysate (250 m.). was added. The
Bt P"(gﬁmﬁlSR Va?té%namq b &qve&% £P rsolfvsm Systamyeeke miscible

_\Vltlllfﬁé) I or o'hérﬂcy%lfo't}m?é a Slﬁ%t e id phaseo ot may be mEPartly mfsmble or

roxybut yr ter
1mmfspdnﬂn ‘Ebthﬂp?l auFyuswasipehav) yroaxdid@d\maqmdplhumsr Tﬁhml]pl—lwhen an

was maintained at 7 b he tlctltraterb )
aque R ST F ARG Y itis SHRACT olse tiphasth fin ¥agér spersed in
an 0fzRAi0 W ORK &pﬂ?ie-%lsél G@ﬁ&mw QVlﬁﬁ'XH'aﬁu@d“u‘é’\ﬁ’@@oﬁ@préy@tteﬁl is utilized,

conver si on to product . (1 was added t
it is dgsiraldle tanpalesh an\/a@anh;esnl\@ohﬁhemaadnetroa lycﬁe]azphiied@mn t.hh@geeous

phasf i et s Tt ST 0 8 A By 1 opically i

the rﬁl{C%%SoT Wiogh atifut 90:10 tH Bbtut 2090 S\WQ?] G@dn@'sblv@ﬁ@t@'v@z&eﬂ"@rﬁi between
ded to the solution to ai e renoval of the HCN

a
80:20\ppd20:80 Ky &rganip splerntde vagaro T he esekyeridybtemsmaybyps-formed

priorgtg g}iﬂﬁg‘h kog%liéli] aecﬁ%% n%?tﬁ;eé Epﬁﬁﬂﬁeufﬁﬁg L S{IIH rna}’}%ﬁre C(t)lOll vessel.

celite pad. The filtrate was extracted with butyl
acetate (3x SOO nL) and the conbined organic |ayers
filtered through a pad of activated charcoal. The

sol vent was renoved under vacuum by rotary evaporation
to provide 2S.5 g of ethyl 14

(R) - 4- cyano- 3- hydr oxybutyrate. The purity was 98%
(vv/vv) by HPLC and the enant| orrerl C excess was >99%(by

' ~ 4 = I T —
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hydr oxybutyrate The procedure was identical to that of
Exanple with the exceptions that the (R)-enantioner of

WO b@s@eigsy9 4- chl or o- 3- hydr oxybut yrat e was r eacP@miuS2004/004819
instead of the (S)-enantioner and the quantities of
all reaction conponents were halved. After 1 hour
reaction tinme, the GC anal ysi's showed 55% conver si on
of the ethyl (R)-4-chloro- 3-hydroxybutyrate to ethyl
( Sjtha agycate s@vint dvetey buagueatsco-FTH et exsem) may be pH buffered or

t h h t hat
PR R s R B Y GRS R R B S e e
4- n@fb@ﬁhﬂ%ﬁtltﬁfedm?&ohﬁd@yr% J&Y@és@éﬁﬂ ‘dfrﬂ&é $afbL darBiel 80t at a pH of

to the corresponai ng enanti oner of
aboud Sy #heues -Grngradlyy theiconyerpien as:«radn@tcpu;rat a eutlm or below,

on I i O d rate
usuel RS ok A BB Beo O P aiafid outata
pH dfdbaiiti Carlbel v, dad]lyoih tlRXARPE 8 Bo a‘bbutt R a%ﬁfé‘@t P&T&ably, the

that an equi mol ar _amount of met hy ,
conVEIsiQy} igcamicd ogheter pi f ooyt ﬁ@abﬁl@w, umadlaam th.\?frangﬁeofdtdm pbout 5 to

o se DL BRSALRRE! 6 R LR IER B g

also BE@m@d D@ atGDH Jhuboneastdr bBlowasr T erm leto®d ARerhitsvedghe
t he Bal ysis showed >99% net hy
ConV(3§j°n4m€¥1 oFBTISd AY RERIBLP N 1 1t ’e‘?‘bOTFhE product was ‘
is J ent
evg:ggﬂrl atﬁ}eg‘)rél)ugsﬁ ?(?rg\ e?@cg%?lltleto@ﬁ Wf?ﬂ‘el r?&rgg %ﬂtn%xﬁ]ngmég &Hange The pH
of thmmcmtmxmrel Iﬁay 23 m,amtamedm aafesiviat iy lor w1thm a desned pH range by
th %I?t vana- ratefroml\/bth I SS
< oG 3T 5 A b A B VR PR OB EOi IRl lethe pH
chang® nia?%te cBhtréReANR! ﬂ%lﬁ’g Jnrhqﬁlgﬁls%ﬁ%ﬁg ﬂhQ@co&m}seQQ buffer. Suitable
equi mol ar anmpunt of
buffersjo maigkiniesigd nﬁdmg@sbam knucameln(tbc epaneé thchydeFfoarphmaple,

gagted i nst
p hos% %te ﬁﬁlﬁ?%r or 1a§o]ﬁ91&1? @{jﬁ%t Wa'#%yll(%‘ Cembipagiepsofibufferingand acid or
base hildiEon bfag a(do RNAEYSI S showed 38% conversion of the

met hyl ([R)-4-chloro-3 -hydroxybutyrate to nethyl
(Sps 4e$95%3®VﬁWhWPlymtte 4- CWH@O“@ rhydurstybwiysic acid derivative is

des1r&$‘ Q@%aﬁ{d(eéﬁ% lpélclg}'c_)lvﬁg nﬁha I@.ﬁl él{dglsgl,t,o o egﬁ\& i alﬁnll salt (fm

exanfpﬁ NN, I, a’irdhhcdhk)ewmuhy faheof Tﬂt&oWaﬂﬁGﬂ:iH @a¥é&duss or in
§nt|cal toth of Exanple wth the exception that
solut] é}{“gllnm%ﬁt & ,{-{ycgpcwﬂmd is a weak acid. Inaqueous solutions within

seve1(a§%1H4mH ﬁéﬂ?ﬂi Ox%q a%lgg%@ﬁ%e al? gPets%ﬁ as qu% and HCN in

equ11r1namt cmnemtram;ls t AEpEGzalma bylsivsabehiodvedaid0dbsqrakaniah@ly present as
HCNOf the ethyl (S)-4-brono-3-hydroxybutyrate to ethyl
(S) -4-cyano-3- hydroxybutyrate. The product was
C hW'h@ﬁ HRIdyZ@ide BprbliatdvEa Whid V%gh'ltsth%)$ b E n?iﬁ&‘?@istt{)ﬂEally

the process of t'he invention ereint
buffesfmo@tacrdmﬁt ordfoth Wandwkialtlte-(k-shyﬂpﬁx;%buaue hadafirdci#fication of
20: Pre on of Ethy
basic S ROAF SY T BORTP Be R piseity o dsc bt G3uBplacRDoTHiS acids, sulfonc

acidsPpIBehHi €acias ah@%tlikﬁa&lﬁe@altahﬂts ®f e )@hﬁ{mhﬁdr\%&m 4 (such as

exceptions that an equi nol ar anmount
hydroghlars£eish) tudfugia scid ephosplbrioasick and dfe ltkheaqmt: lsglts, for example

o g SRS P 0B GO B v

as hyﬁ*&cy\ﬁﬁ@adi& eThe ddis srerRed ta08 ud@BtoGRIMfyah&eyanHeSaltnsay B Rlected
uct was isolated by extraction into butyl acetate

to alsarpam@%fr ¢ byferdy sgesitliingsawipne Hior ssasplie zasddifigatianamith ghosphoric
NMR. I n conmbination with precedi ng exanples, this’
exanpl e denonstrates that ketoreductase enzynes that
have activity for the reduction of ethyl acetoacetate
to ethyl 3-hydroxybutyrate & e useful for the
reducti on 4-hal o-3-ketobutyric acid esters to
4 halo 3 hydroxybutyrlc aC|d esters in enbodlnents of

o o o, .
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into the phosphate buffering range. This exanple in

conbi nation wth Exanple shows that ethyl
wd2@gams78- hydr oxybutyrate i s increasingly hydrol/ygmd4/004819

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. Exanple 23:

acid ‘Et yﬁgé%gg%ggég@g%@i%’@ Po;rg%'\g%d ph )égpkl)]g%emllaatfﬂ%rgdrs%mtion of
HCNQI-?'}{féquj'aéﬁ{a% ﬁlfﬁy?&[n%g)rgm | Cbﬁt@g) To a 100 L vessel

conn to an auto titrater by a pH el ectrode
arWhal the eglamdp Isqvb@ldmb)alﬂyaﬁrbd:\@mocﬁmdmﬁea lﬁl@Mrl}Hﬂ-ﬂ)an\ﬂm S0

e BRSNS P S BT i B e
base @Wﬁ@@ﬁ@%@f@m ea@a%slepfd}lqeué 12@15911 %g&ﬁ@f&%@ d are

dehydr ogenase
organBubages, émeqxamele(almnm )alk@ﬁdieenmilthe4}kcl*n¢1mlrloangemodnamsafoe example,

vkt 0B PRRko e S RUBCHD TS RO o)

basic phédpRhi@ rsaﬁ’é/(et%I K2HP®|4 tN&'F’OQ,f afthANa i Ilsowélh §s @}a'n[(fe' sl

m xture over p ases were ﬁen al
sdppapHrvalies belewmmut %sat sildch ¢yenige gsapnedomayeﬂy p@semm HCN,

equatlo%rttl fbe@ Lgis the %ﬁél?}%’dé1§gd\?e}egaég%ggs§5% @Ehcgrggcg Lcﬁ?n%@%‘?ed

3 hydmy@mﬁmtaemaetstee whthtth@ HEN Byuribultickeall agﬁédu@ deacﬁeﬂ nﬁmres
feeding tube for addition of base (
charged sodi um cyanide (1.5 g) foll owed by vvater (50
, g vessel vvas sqglipg; and the hepglsgace was
>gea rat dvvlth raogen. The, pH uted 140 (H*+ X7)

Rntrate sulfuric amc!\w ORhe mxture (1)

was heated to 40 C and treated with a sol utlon of
hal ohydri n dehal ogenase SEQ ID NO 32 (1.2 g) in 10 nL

The c%ﬁ{pt@ﬁg g}eggﬁ ?/%139 é},l (égeaﬂlﬁmmg? oa[eﬁ]t&f}a]le%ﬂ) of the hydrohalic
acid, 4 § st}olg'aﬁzm @RR-<?)) rBé%éi)tM@ﬂH)Uf MerehstRM Iﬁﬁﬁlrf: kd §Itop3n; t‘ﬁtQ a¥fdus

via syringe. The was mai ntai ned at 7
hydrohglicoreid (B t X} istet otbyrvflsfen%\xﬁs@hwda nl'tefpER b e @edction nhzeture may

i, Xt er si on, of
be il A BRI ATyl Shndys bk BRIGRS LR G iPhn e
neutradizby the Gy iiplblyg zﬁﬁd?up\/&ﬁtha fB)‘%(ffaﬁn% o&PacRy ﬁﬂ)vhiédt JSIEby the addition of a
cumul ative addition of 5 nL t he base (15

base coppurEané withdhe e afithe enveeian. ovich agdisiep mayiw done manually
while ﬁ(ﬁﬁ)@ﬁﬁ% 't}f%rli lﬁﬁtnlﬁﬂuré Fﬂiaceiﬁxgk%(l erﬁé/rg{)pé% Béﬁhg bR bftomatic

Fom et oroace

titratof 8 a thsltElto r o eGmbindii éx ypirtialdtuering oapaci)d alﬁﬂ—b@@ ra@Witi6A Pan also

Vv was addedl NaCN (125 ng, 2.55 nirnol), NaH PO (415
beuseﬁfgt%rgro&@ssr?ﬁﬁqrg and gI ucose (750 nmg, 3.8 nmol). Water

( thﬂ\’gﬁ i8AAeAAQ ﬁfﬁ\?@erg‘b@ (dg”éb'?P d)gi?cloﬂg))fa base over the course of

ket oreductase SEQ ID'NO 5 gl uco

~ the codetryidnogeavmsensSaide EalNGthes hahs0uemis, hyelmihahcah@hysjmb product of

dehal ogenase SE D NO,, 32 (100 . Then_ et hy
the oVl Bk B eRRl ewﬂﬁa%@dea@i*%ﬁ%ihf Ch 5750 Peocpes whewqueous
odiuRdSHAixEde a
SO At 30 0 aea o e P EEOR R ERAGAE PR &R op niil
pH belpyenkaus Sext ract of a reaction sanple showed 00%
conversion of the ethyl 4-chloro-acetoacete to ethyl
(S)-4-chloro- 3-hydroxybutyrate, at 96% sel ectivity,
and et hyl (R)-4-cyano-3-hydroxybutyrate at 4%
selectivity. Then, the reaction vial was heated to 40
C for 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- hydroxybutyra]t6e based on the starting
et hyl 4-chl oroacetate. This ‘exanpl e shows the process
of the invention wherein a 4-cyano-3-hydroxybutyric
acid ester (et hyI 4 cyano- 3- (R) hydroxybutyrat e) |s

- e
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32-36, 1nlL of the solution was charged to a 5 nL screw
cap vial. Hal ohydrin dehal ogenase powder (20 ng) was
wadwsdi1g5m t he vial, followed by g PCT/US2004/004819
terf-butyl-(5)-6-chloro-5-hydroxy- 3-o0xo-hexanoate
(Julich Fine Chem cals). The vial was capped and the
reaction was stirred at roomtenperature for hours.
The reaction m xture was then‘extracted with 1nmL MIBE
he organi c Ia%er wasTid Elyzed LC. In each
@Q + HEN: er(NabutGH ) (R=8=dWCqr +(Na" + X7) + H,0
5- hvdi‘®Ry- 3- oxohexanoat e was conpl etely rRBcted. The (2)
pol ypepti de sequence of the hal ohydrin dehal ogenase
used for each Exanples and the anal yzed reaction yield
In thefrhyditheuihdrein Rcybmidy saois adadlasaky baseax abigraize ﬂteehydl ohalic
were as follows: Exanple 32 SEQ.ID No. 6 25%
acid 233t ispryduoegidhe nogralizgioRagRIF Rt 4 S @nd npintains t@%l cyanide
conceﬁﬁgﬂ&k gﬁ .’;?g%m ril:aps;tga ﬁgﬁg@o a&ﬁ)g%%tdr@ Mis can be
advar(té’g%BuQ )-the eweofcoBy&sioh ot wisy ldewamaasecjanmm «.oncentratlon ;
t - ButvU3#. 5. SV6- chl or0- 3, 5-di vdrox 3- hexanoat e.
demeéﬁfaegars%aamh».eavﬁt@ar@alieﬁrqa@nt% SRyeH Igam%ﬁﬁﬂeef Aipiequs sqdium
/. I [
°yamR|§Q@ap + W % aﬁ@%ﬁf &}\%,5 tﬁ{eerck%ﬁ%sg ro? zlggcl’ﬁhégﬂ)n t4 g%ﬁlh%gﬂnelf_ﬂﬁaﬁpﬂ While
the cyahidefis phaeerﬁ eradoimimnilysis EHAY gethetreactiob niktuss tienHChjpconcentration

s malti b IS POTrBRR B oo di st o Hanlall o0

(3i?,55)-6-chloro- 3.5-di hvdroxyhexanoate (Chem stry-
Eur opean Journal (2001), &)21) 4562- 4571) The vi al

was c and the r eact HEPFwas sti t room
\?@’% ar(NaOurGN ") The—PeabiCio Hgf Hidle tHhen
extract ed h 1nL et hyl HCBtate and the gani c | ayer €)

was anal yzed by HPLC. In each Exanple, only t-butyl
(3i ?,51?)-6-cyano- 3, 5-di hydr oxyhexanoat e- and unr eact ed
t [ :
vve-\}regé%i) s@ %%131 C}gn %en?plgfgdocg gt'elg’ta%lzg etg% ﬁ%&?éﬂa‘l a?ﬁlé‘@ﬁgéeh%umng the
halohkdli® Hylwlmgmnd&kmk@gﬁﬂamtmﬁ efla fldraleeadlydioxabiytlyese esng or hmide to a
reactlon ¥Beld of butg
4-cyapasisohysiroyyogiigis gt @gtes OF PG Wﬁﬁ%&sg&iﬁ%e SRepersipn may be
100,83 EXATPLRSRISER
moni{of 4 8 s gL e e Bt e A b e ke
unbuﬂf&edilé@érﬁa]ﬂgobuffa e@&%@mmpltm c4 OVSHELR ool chgergiddmiaradded in
Ebrol reaction, omtting hal ohydrin dehal ogenase,
aq“e(i“ﬁéo AY%rsion was 4% Al publications, patents,
pai/ﬁa{ th@ﬁﬁtﬂe@@meqyaw c@ﬁﬁg%@ﬁronctqratsm%ﬁgé a@ld ﬁ@lvm@abmas
application are hereby incorporated by reference in
signifidastly belety themytlalmﬂ of the pragBeecluibon, (e mwhopbile ispresgnt

p1edogBB:ilrﬁfé al{llﬁg r?mog}c %PH 39 lg%glal%e Wl(l\gf’i‘éﬁr nar Qa%lleﬁg‘llo 1)'/eleased on its
reactibfdi [Q@Ioﬁﬁn%\g the rda0een PRtiatead byrea@icdk ensehimitleaphiles may be

pur poses ile preferred enbodi nents of the inventiagn
mamﬂqmd Vet $tpll0h@meavewf&mg@e§@$q geldfion; tFoppxample, the conjugate
i RRIAC B PTG 7200 SAHE S 0 s i
has aipRM&T3I 0 m&%r@hgymt neutfal 1, hiede hocle iy aiege@nipredsrainantly in

cyano, hydroxy substituted car oxylic acid ester from
their %Plvliné iforat Mrapierd Oy EoRpeckglyt (That léothe BFPER yeacEoRBIEure
compﬁ§ see[q’uﬁg)l%%zm%taaa%tﬁmft % t1vé12) TﬂEfPYéaq {iBQirfsukh iR@les

al o, roxy substituted carb 'ic acid ester, f
releasal haledlemmdsretoffahn agudoss halidershlt sot sqimms hgdn‘ohaiin dchd

group consisting of chlorine, brom ne, and iodine, and

wherein the vicinal halo, hydroxy substituted

carboxylic acid ester is not a 4-hal o-3-hydroxybutyric

acid ester; and (b) contacting the vicinal halo,

hydr oxy substi t ut ed carboxyﬂ?c acid ester with a

hal ohydri n dehal ogenase and cyani de under conditions

SU|tabIe to forn1a reactlon n1xture for convertlng t he

L T Y 1
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(2) the vicinal cyano, hydroxy substituted carboxylic

acid ester has the structure: OHR RL R wherein: X is
wa@2dvaloesgen sel ected fromthe group consi sting BET/US2004/004819

chlorine, bromne, and iodine; RlL, R2, R3, R4, RG,

R1', R1", R2", R3 , andR3" are each independently

sel ected fromthe group consisting of hydrogen,

fluorine, an optional I%esubst i tut.ed | ower al kyl,

optPesThAving dpen kil euihe peicanFeagily déwﬂameutbqunytles of HHDH,
I
4-halosy.hl§fh+o&g5&gpk qUles IgI I@ﬁ@g lde ts@{gugfétana'}@ Laspﬁ#ebt%usé BIS%II on, for

exampip,t thoaahity GfHISDH dstdetbrindned Ibyahé(yieﬁlmdﬁﬁ ExamplRpt It}fel’q’tﬂahtx’ty of
d cycloalklyanIno an opt.i onallﬁbfubstltuted

I
produfiitak e R ilgﬁ g wmgm 16 T IOF dliadp-8e R Reaye acid ester
or amf#e CQHBE ‘ﬁ{] % dnli 4 o 19&%@% ’50("51 !?5”1 Ogogolup T(?h‘lgyto about

su stltute oxy; and I'S se rom
30gof h@llohydmnde}miog&gasef Tha stopthienettit ynmub&tf tudteephil s ibe readily

| tiopal |y sybstitut | oal Kyl
ceterrpey. oF iy LSRN TV eh 7 PSSt i onal 15

S E!Qﬁélilé %rﬁﬁltl(ﬁ{s%laéaﬂ&ll Apkte HlmH- U@ttaﬁfig%eén\@ s?dlmf]the present

wherein U) the vici naI hal o, hydroxy “substit
invenigey inobugde aovide vatiaty pEeondimons Ichigit ¢a11d:teueahly(dpt1anziedli}) routine

cper 5l R 2R, Lo 8 Lo

amideSebafk€ dnd hoMesiElcaf Ay &péﬁﬂ%‘nﬁil bﬂgarﬂftelﬁp&‘éﬁﬁ &8nd detecting
bronIne and iodine; R are each

produgtn s gewaBket us;ngwp@mtwsﬂemﬁb@ﬂ@a gwe@mmaqrgwdmghmm The
HHD}tI%gtr ﬁ%@ﬁ‘ t:mwe slcfélt;] gﬁq} h§1§- —H)(dr %@%c}s,%cl? %ﬁl %{Sﬁr%glé%e oA nucleophlle

substlﬁllmd—}}hgdiﬂo)(y&uibﬁé hdid EﬁéIr draindde &l theiayily ca?ﬁe@@&t'a@ﬁ@érhp’erature in
substi tut ed ary an OE:'bI onal |y substituted aryl al kyl,
the rangej f dromy byl dﬁéﬂ pus (H$t i Maresgpicathis thatergticmis naried Qut at a

b d I I
emocRfige S0t g BERPh AR S ELR bR o sSR! oot 20ec o
about §¥, Oﬂhé‘%b’tlonatﬁa@ﬁ% Bé‘@alrh¥d SR f Mhﬁ%n%g&ﬁhﬂf&{s and an

optionally substituted arylal koxy; an I's sel ected
f ThaHiH graiyzed oqsmwﬁlcbm@f dfhabn3-biytiroougutlysic seib sttelt mﬁ@dde to

e S o B R A L,
prowe%lblﬁﬁﬂ bdseh@dlyadom Ak ¥l near cdiBleiBEdIE:sRin &lsﬁbgﬂate Véfvetsibn of

t he hal ohydri n dehal ogenase is a naturally occurring
substrattaitconlgodmtrcad &h arwgferrdgsinglaowihnethedstinddaséctiog aibstrate and/or

proand 55 A A PR SREIR T R AR Bl or

4-nuclebgtil subé/tll”tﬁﬂé@l?)%)fdﬁ?&\y'b@%k'a@ﬂ d¥teX bHERideUen&@baeh HieNBaction
the vicinal halo, hy droxg substituted carboxylic acid

mixtuigregenelly grﬁﬁf:rnthan ah 80%ohiay eley bsesentértthanegbout 60%, may also
be gregtgflil ﬁ’lgﬁ( 36{#)61?[ r@%’ glb ea%so be '[QII tﬂgr[] Sﬁ%@%qﬁ egrh’_ée%rﬁ ggtela]greater than

~ about 9®%| m7, vvher e| n the reactl on m xture for converti ng

t he vi ci nal substituted carboxylic acid

et ntl%Ie%pvaecwh%ntutegIéda'drwa%s@y asidkpsier pppiifie may be collected

. [
from t?ﬂﬁg&{%ﬂe e lala 85h&Hank puflRESLALL Gk efas kb iholiGo those
havingcéreinary; skilhér thierartt ew el acthosendastritiadria thioExamplverti ng
the_vi ¢i nal droxy substituted carboxylic acid
eﬁfﬁéﬁﬂ@é‘nwv@mw%wﬁa aciyfaieh Ry s supsitatespf the present
I .
mventﬁﬁ a?égél%i{/él ooe%.?g Qex%é%czﬁc %‘.Zheg?bﬂ%lﬁbl? %ﬁd% gf?oeeﬁﬁte?%lg AP OM-rRemic.
Certann bdohydrm dabrtogewast enzynmsweed inrthje proeessi afitiapresemt mvention
hydr oxy substituted carboxylic acid ester to a vicina
cyano, hydroxy substituted carboxylic acid ester
further conprises a pH buff The nmethod of claim,
further conprising: (c) addsng a base sufficient to
mai ntain the reaction m xture for converting the
vi ci nal halo hydroxy substltuted carboxyllc aCId

1 . " g

ey a o o o o
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<220> <223> Ketoreductase 1 KRED CR2-5 <221> CDS <222>
(1)...(852) <400> 1 atg gca aag aat ttt age aat gta
W@agsha537CCcC gca ccc ccc ccc gca 48 Met Al a LyBCHEER20PHN@4819

Ser Asn Val Gu Tyr Pro Ala Pro Pro Pro Ala 10 15 cat

aca aag aat gag age tta caa gta tta gat tta ttt aag

tta aat 96 H's Thr Lys Asn Gu Ser Leu G n Val Leu Asp

Leu Phe Lys Leu Asn 20 25 ' 30 gga aaa gta gca age ata
conveatt:téne gglaalasgbsteag@toetge 4ggan<aﬁdnygl@ayblavng ecid batér @ ymidy svith

S .
reenti) o hG APl A RRFEEY e GERORE qrRohign de gghi cnia
4- hal&-@ﬂl}ﬂ%y@ﬁ@nt:%%dt@ier %93mkl@léul9§tﬁté§hﬂa}%@cﬁh6rtéﬁ @ stbdtantially

Gy Ala Asp Val Ala e Trp Tyr 50 5 aat a?
equaltyatonglat:elgl@eﬂ eaogyhy dexybytaicosty! gt or ﬁ@l@ecIaOéwgs wih little or no

loss i i étﬁreﬂplérlfs ?l]f?%cawiesAﬁgwfn% gmg)eng %f té glvg?famh gbovgélgg high

retent@Oo @@anticpurié@ a([8&ao dahvegtianAPe dedgh0ge S&%ocﬂé‘lﬁlsﬁ'ﬁ 8he
Gy Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser

enaniigsher a4 ptha 1chipres gt uiase desgensied ads) anchihe sgensiamer ethyl

4-cya1ﬁ;|§- %cﬁo@%@g dg %n C(Sgg hgseathg%enﬁg @ c'o}{ﬁg%tnon at the

3-positifh }105 110 ata gta gta gca aat gca gga ata ccc tgg
aca aag gg gca tat ata 384 e Val Val

H Ia offiepem Bdlwtsaféhwrysw Hveytion, cqrajn M@h@@ @eélalocgs%ase
enzy:??s[amggée %591%0 n1f%83%r iséps't%%sﬁ@gl ﬁttge g&gal%g%al%g %y%glfliybutync
acid &deek oAsidéaibdAeyte. LEhe [Ar86esi 35tht4Pesaniginggaioptminggact stereospecific

e RS Re 83 S35 S BT S o058 50 B bt

160 1€ bhaAflc ARAULAGNHNIRa3RR the oth
hydrdgﬂggut glgaéégs%tﬁgl %?getigt e)gag% g%aa ageC 528uAr g Phe a ﬁ%t © omer

ste1edi§(3n@submry1allysm1_6ﬁgte® therabyptoridivgs kiPleic Tasplutpn ofthe mixture.

170 175 at ata gta aa
e it ganined aRofRicSunipfsufrE ot i Ge iy or e
4~ nud?&ﬂhﬂ'@ ku‘t@hﬁlt&i B hba®x Aty A acid Béterlot anfia pAsdctd @enck@ed is very
aag gca Qgga gta agg cat ttt gca aag age tta
high gdhogtthe g@g fenaxtagsiyealvusi ficgtsonypraceguies\gash A ypcpp digidlation.
Typl(f‘i]%/ bg guf‘?@g flélte%hc’gga }a%éubﬂlfﬁte]dgg’ hggr%xg&ﬁyl{é 018 %&elccﬁcamlde
prodt@?ﬁge‘ﬁb@te@ﬂ ia abfovddiee wilhah&ngthddl oAdR pS@J‘ent\:{aizel%h aﬂlr at least about

yr He Asn 210 215 220 aca gag ata a
30%,Qal Bt 1At O G cerdkiaD ey St G594 5y Fuochvt pesiy eay be

rp Trp
ceter By RIS, S LT e IS B B
gag aca-gca gag tta gta gga 768 Ser Leu Val Pro Leu
Gy Arg Gy Gy Gu Thr Ala Gu Leu Val Gy 245 250
255 gca tat tta ttc tta gca age gat gca gga age tat
1L QCIQE@RE@G&?&%?@;@TAL?ZMP@B@ﬁdﬁ@ﬂiﬂéﬂwﬁﬁﬂm
er 1yr Ala Ihr Gy Ihr 260 265 2/0gat ata ata
gtEhegatseggiavgy@nt fattheiqaotites ancmzymati@sthad forgdHertivg k 4-halo-
T Thr Pro * 275 280 <210> 2 <211> 283
’hy‘ﬁsg@@%ﬁﬁfywﬁﬁ’réﬁwgq@'a magnol iae <400> 2 Met Al a
(a) L%ﬁoﬁﬁﬁ‘l% RBhehste!3-afoifddic FidestiorRBifidé) @ Pro Pro Pro
5 His Thr Lys" Asn Gu Ser Leu G n Val Leu As ‘
Leu Phevheyein|thahale sutmttuest ig@eleptod frpm thg lsroMiparogeipting afiphlorine,

Ser r Ay He Gy Tyr Ala 35 40 45 Leu Al a
bmm@eya‘%e’gd'ﬁﬁe %Iea Gn Val Gy Ala Asp Val Ala e Trp Tyr

(b) SQéﬁc%ﬁm -1886-3tketotASRicAlcRl it oehmldtwltﬁ\baceﬁeﬂuedaee a
Leu Al a s Lys Tyr 65 70 75 80 Val s Val Lys
cofacmraamycrc g@owegelmgﬁlogéystg@rung@rrcogértlop@ pm}zq wfony aggactlon
Val Lys Gn Thr He Qu Gn Gn He Lys Asp Phe Gy
His Leu Asp 100 105 HO H e Val Val Ala Asn Ala Gy H
e Pro Trp Thr Lys Ay Al a T){r He 115 120 125 Asp G n
Asp Asp Asp Lys Hi s Phe Asp Bn val val Asp Val Asp
Leu 130 135 140 Lys Ay Val Gy Tyr Val Ala Lys Hi s
Ala Gly Arg HIS Phe Arg Glu 145 150 155 160 Arg Phe

~l ——




(9]
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20 25 30 gga aaa gta gca age ata aca gga age age age
gga ata gga tat gca 144 Gy Lys Val Ala Ser e Thr Ay
wEssess7ser Gy He Ay Tyr Ala 35 40 45 tta BCHUSHE4/004819
get ttt gca caa gtc gga gca gat gta gca ata tgg tat
192 Leu Ala Qu Ala Phe Ala G n Val Ay Ala Asp Val
Ala He Trp Tyr 50 55 60 aat age_ cat gat gca aca gga
aaa gca gag gca tta gca aag tat 240 Asn Ser His
mixturpyy cARgering the4shalgS -hgteputyrie fml eqig Pr AN de {psthe ¢halyyr 65
L5 gta aag gca tat aaa gca aat gta
3hyd138ybl1§zr§ nggséegt ?8@2&288 Ay Val Lys Val Lys Ala Tyr
LBt téiings 'AstordfuktaSer anSe' K REID" #8 msAl inteBthaf@e by héreinaagefer to an
caa aca ata gag_caa caa ata aaga??aft ttt g a cat tta
enzymg ifiat, 3B ghevprpeasy §f e presant iavagtioncyaralyges the & Esﬁsonﬁcsfa “Phado-
t .
3- ketoﬁtgnglﬁcgd %%%‘r 6?%%99 %%E) éggo}é‘% og(‘ci:lgx ?al?alcg?}@[g%yﬁﬁtgrlgqu ester ot
amide. ASmlWaailﬁﬁracANay Glay bl detelted i ap aSay stighsasGhyt débaibeyin Eixample
115 120 125 gat caa gat gat gac aag cat ttt gac caa
4,here 5%Yta gat gta gac tta 432 Asp G n Asp Asp Asp Lys
"Asgus%)a BeRP tid RmYalot¥@br AR MBla d¥2PrbRh dotfpotda tHt Qperates in
aag gga gta gga tac gta gca aag cat gca gga agg cat
combination agth apaazhse whych @italyAdatheGleyctivprof\atereal. aSuitablerdogactors

emplogélgn E%)réégegaiéileiggseﬁggwglggméggl\%? glﬁé?l? (‘}11?(;(%t13%ﬂidt§£a§enine

- ‘dmucle’l‘ﬁﬁe Ehe pﬁﬁtﬁ ), RIeDEHYi. é%ﬁle%&hc@ YorkV&f di¥&idaidPdnlsRU

hr”Al a Ser 165 170 175 atg age gga cat ata
dmuclegmde ahesphete), é%Dc e tmicotivamideralening dinvcleqtide)sasl NADH (ie.,
Ser E V; Pr o n P
e vt oY Solhe 08 VAL dlgh Gt S Gtls Hlfnerca by
Iedumﬁg fhe ORRIAAGoRGRT ilith eFa@bCregagrdidh shi@mAl a Lys Al a
Gy Val Arg H's Phe Ala Lys Ser Leu Ala Val Gu 195
dohomssant progess. e ketoredugiase eajglvatsdhatadugiien eftthe dglealo-

3-keto@§§‘ﬁ%§cﬁd %g{:r traﬂngff)y ﬁ e%'g{ﬂfceél@n? élotgg g?@%g Oégc gMﬁL@ﬁ?&cnbes

the ketateduatgse- cgzﬁilyzteﬂ&e@lcﬁon oﬁa ddnlgadgetbatytiaacaidstcaby NfglgH or

- Naprb ket eresepetrpalssnasbby i S SRGH coc

~tta gga agg gga gga gag aca gca gag tta gta gga 768
Ser Leu Val Pro Leu Ay Arg Ay Gy Gu Thr Ala Qu
Leu yal gdy 245 250 255 gca tat tta Hc ta gca age

Bre Lo Aok SPOBH AR Oy 2 Tor Aw TeRG R

260 265 270 -gat ata ata gta gat gga gga tat aca tta
ccc taa 852 Asp lie lie Val Asp Gy Gy Tyr Thr Leu

&8‘*68‘51“%5% 1 %]t Ia%és%gatég fgr}%wﬁ‘g%ut @rﬂe% d\%sﬁ-gn Ig% thhglo 3- thobutync

acid es¥élor Gnide r4-Hﬁ1@ 3A/hpdrBx youbyrie aElid)es‘ééraJr hbhidéintiude Bbih nayigally
Asn Gu Ser Leu Gn Val Leu Asp Leu Phe Lys Leu Asn 20
occurripg kgpredugtapsss as el ay ponspptugllypecytyipe Sghor Ptag*érge@rf)teg by

o il . SR BB 3 el 2 G

ketmed\&pas@d aald'ﬂhtor&uctdsy-ienéktchn@mlymkﬂiedtﬂas MCmdbylsoshydsscﬁioed Bé&rein.
70 75 80 Ay Vi s Val Al a Val
Sty oegiiing § R SapiTiss b tiundyR o i e of Baciing and
G

yeasts.e S%g?a%a?)r%l%}ficsuﬁ%% RR&TFheldnd elct)f)br’l e“?e{%ué&@s 1= l;elaQ 1é§orted

a Gy He Pr
in the Migratuse esudii 8s, T2@d W25 dep!/i@ (Gonbpnlpdpc. Aiqa JOy33 8—||C$I 19560538),

ot Sl o B A

A u 145 150 155 160 Arg Phe du Lys G y Lys Lys
Gy Ala Leu Val Phe Thr Ala Ser 165 170 175 Met Ser
Gy Hs He Val Asn Val Pro Gln Phe G n Ala Thr Tyr
Asn 180 185 190 Ala Ala Lyzo a Ay Val Arg H s Phe
Ala Lys Ser Leu Al a Val 195 200 205 Phe Ala Pro
Phe Ala Arg Val Asn Ser Val Ser Pro Gy Tyr H e Asn
210 215 220 Thr Au He Ser Asp Phe vVal Pro G n GQu

o PNPANE™ NSNS NS N AN
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gga gta aag gta aag gca tat aaa gca aat gta age age
age gat gca 288 Gy Val Lys Val Lys Ala Tyr Lys Al a
WAWsNs75er Ser Ser Asp Ala 85 90 95 gtc aag PEHUSZNA4/004819
ata gag caa caa ata aag gat ttt gga cat tta gat 336
Val Lys Gn Thr e Gu An Gn He Lys Asp Phe Ay Hi s
Leu Asp 100 105 H O ata gta gta gca aat gca gga ata
ccc tgg aca aag gga gca tat ata 384 He Val Val Al a
salmbdlorAiGenkdnk AtceNBr AFT6Q7IPhGII6§397CHY. Polsmuici¢otide 8edubbees encoding

the ]@fzoge(éégls%?rtamgégz(g;%m zol%?%l%%%V&gé %EQ%?);N Caal E{:gz 5),3
(CRgfg sg‘gjgutqa?gan (P (MRD-4NSBEMAD KER: g éRégg, slgé'kﬂf’f? aH@@ (CR2-4) are

gta gca aag cat gca
variagssathdi3Mcbdesth&SICy nMghol@eypl@em $&Q B ANA 2, b mdAl)a SBQ/ID NO: 3

R e e i 120 98 0
chan}%@ SS% lfD%(g 41%7 d"“in%%at'ré’ fedhé’t?on;% ﬂt@ ebtBld h\égbeéarﬂ%p&lﬂé'd for a

atg age cat ata gta aat
carb@(.}d réhRtaké fromarkiagoevcasetydiropats (BEﬁrsl,\/AanMmﬁbmll—Bmteclmol

(1992}3%8 }%3@@2{%@*6{&&_@%&@4@ 339.33 cg@) ta%@ltgggdealg uctase from

L \
Spmﬂgg oéé@esgs%gn&{?gol&:‘;g%ﬁﬂ”@ ?Slﬁ}‘}n"i"zu3 Yot o3 ¥tt. gb%’f 2:593-596;

Applg cEavrrcm: Mictobyada(1889) Ht: %37&&137§geEgz3m1@g;gch:@&:thgg=addmrbd from S.

el R b U T B B, e oo

Spo:g%loé;@esg‘hﬁn&z%‘ol&a@1&@1%3B§)pﬁ% paad : 1@9%) 1129: 5t7§1 gS’pE%boiomyces
ro
sp. (mgs_tﬁm_@s_m_rzs@ 995 A YE; tJmngsecpa&xt publwagglaJ 6960)

, Cam%?% ﬁ’gﬁ”%% 2GR AERY ta @%?3)%?3(@%8C%1e dcl(/zz?zc g}zenszs (Arch.

B1ocﬁé1§ Bﬁﬁh%@l@@?wéﬂﬁ@)ﬁ &eblr %lytzbﬁu@{éﬁa’zﬂigﬁi ﬁrcﬂﬂ@l Technol.
gca aca %%a aca 816 Ala Tyr Leu Phe

(199%)3}4 2&1@ havg begmyus forrl}q regpefiopef 6@39 41qh}orgé@aczg@cgm (ECAA).
U.S. %E N, 1%%%3?%%5&1%%5 91%%59 8%1&@%?&@%/8}0 el on Lett,

( 1988219154%)@&&%1 a&&d@bﬂmeRﬂDI{)Z&&h I(Ziamﬂmdzaemgmob%c@éii (JACS
n Phe Ser As Val

00> 6 Al
(195%) L0 @ Shrcs Sp@fé‘lofﬁ%siso’f/%swwi fotachnol o (03ka 13 ta1] oer

PSS A Y. b dth 00250 1030

Ty Buitdtde Bdn-dQuklly Ioecwmhg l\@bwdAbtasd@I@en bt sca@ily idéatifi@l by applying

Al a As VaIAIaHeTr 50 5 0 Asn _.Ser. H.s, As
knovap e i udipg meszens s AftieBdgvolnton, 938 idli boTgaB gy
smeezf’;’nggﬂn g:tYVlWSlﬂg}’tﬁe M’élh&dﬁ%s&i@d-[ﬂ Exhﬁﬂﬁle”ﬂl arésdkaple ﬁférse methods
Ser™ Ser Ala 85 90 95 Vval Lys Thr He Gu
can 1@ waﬁlseanp}asd Asmtmhléy CLeurtng k@ewdn@tpsem@clmdﬁtgﬁh@ms élescrlbed

neref” o= Xap et onn H Al aelite i ey Rspo 10
NoS»’ab (KR!ED%IHMV%) FBECRED k#30 5;3151 KEED k26T Y 4E/QLR@karh287), 48

Val Al a Hs Ala G H s Phe Ar
(KREDGrh £9) LU SAEP BHE 26, SR (D). 69 CK RYD Ighg1 74 36 (KRED
ehaf S sYSkREERFRi6 68 (RRECHBAE R 1 K b SHIbaat). g (crED

S010886 1901 IR PDSB0LYS1 6353, a6t 7®'QKRBDQSO'1I0946%83 mha pbbyﬁucleotlde
Ser Leu Ala Val G u 195 200 205 Phe Al
sequaRggs Yaat epeade igm vglpr@séﬁe@%e@ay SER I NQSAéﬁ &116}32”155 47,49, 51,

2Q~,T u o
53, 53130 301 5,2 4000 T Bl s DA boleufl S¥ining
ketodgctedey tigdt wreGuitadlb forAlsa i3the praaticY/af th@lpyesﬂﬂﬁnﬁe&ﬁoﬁ&ﬁe provided in

Ala Tyr Leu Phe Leu Ala Ser Asp Gy Ser Tyr Ala Thr

Gy Thr 260 265 270 Asp He e Val Asp Gy Gy Tyr Thr

Leu Pro 275 280 <210> 7 <211> 852 <212> DNA <213>

Artificial Sequence <220> <223> Ket oreductase 4 KRED

CR2-4 <221> CDS <222> (1)...(852) <400> 7 atg gca aag

aat ttt age aat gta gag tat ccc gca ccc ccc ccc gea 48

" . ~ ~ Al
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‘ Rllgg hr @y Thr 260 265

130 135 140 aag gga gta gga tac gta gca aag cat gca
gga agg cat ttt agg gaa 480 Lys Gy Val Ay Tyr Val

web@shys7Hi s Ala Gy Arg His Phe Arg G u 145 1BOT/LISH04/004819
160 agg ttt gag aaa gag gga aaa aag gga gca tta gta
ttt aca gca age 528 Arg Phe Gu Lys Gu Gy Lys Lys
Gly Ala Leu VaI Phe Thr AI a Ser 165 170 175 atg age
a cat_ata a ttc caa gca aca tat

the pAaent 9pliqekion g@t#tleér §/Imﬂr@veé1 Ketpre eAgﬁaWaHolme@n@manpﬂtelmm

Polﬁh@legﬂgeﬁt tc{om‘%ﬁﬂm&ﬁ% té ;’&Ztog‘x? 31 Jgécg\eg - Q158 1%@%8%%?7%@01 filed on

AughytSI 1AR@0Ghayd YWalgndd . $i sppRbgiofl sanb,Mﬁm&%r 60894 AD8, Malin the patent
Gy 195 200 205 ttt egca ccc ttt gca agg %‘a aat age
applifiation gatitleds "o vesdiK hprgdugipsedolymeptidey and eéatnheommcleoudes "

corr Qnér{ﬁg t&%ﬂoﬁ%g D\é%i(et%% Oﬁ’?@ "%MSEM()T?UM bothQ f%aiﬁclz 2

a gag ata ag cccc ACa caa ad

: 1ncoqagatb@1geﬂeggay7ﬂﬂaré|ﬂm 11Gth|e1i~le1ﬁ1r8edss Asp Phe Val Pro Gn

a G n Asn s, Ir 225 230 235,240 age tta
gt e&%redwaéeiﬁaplaéai I@gﬁ algaau@f‘a the Breged iggsytion avpgqaay exhibit an

PR RSB A AR e

4-hatre a-ketbutaic agitices@gar agrletsabstgtaoBideer walxa@)@ecﬁ&ﬁsél enployed in
Tyr Leu Phe Leu Ala Ser Asp Ala Gy Ser ér Al a Thr

the ;@gpcq:mf t}g:a@esgegmqugloggpa}a@ﬁu@t an gqtgfltg@ff aplgastdgemel4nin/mg to
852 Tyr Th
oo 1555 51 E5R5%0 e Rl 0 S d B 10

umomnwoﬂﬁg‘%pj I ae <400> 8 Met Ala Lys Asn Phe Ser Asn
Val Gu Tyr Pro Ala Pro Pro Pro AlaHi s Thr Lys Asn Qu
Sed-Habni3-GetobWyticlaeid cdeps drelanbdes dzmployﬁhln/thmpl%etl&ﬁoﬁﬁe present

1nve§u§§1 cla;/prsbe AF%dl@IQD% 1a§ré (?_rzsgnﬁaegz H]SIIM ]énqej{{br%g{hggg ﬁxwlary 4-halo-
3- keﬁab)dtyﬁc%cﬁﬁé&te\/@ﬁbsﬁla@s hﬂc@ud-ErtHos-EM{avﬁfé thosPkeferySer Hi s

Asp Ala Thr Ay Lys Ala Gu Al a Leu Ala Lys Lys Tyr 65
70 75 80 dy Val Lys Val aQTyr Lys Ala Asn Val
Ser Ser Ser Asp Ala 85 M0 5 Wal Lys An Thr lie GQu
Gn Anlie Lys Asp e uAJsplOOlOSllOe

Val Val Ala Asn Ala Ay[e Pro[Trp TBR Lys Ay Ala Tyr
He 115 120 125 Asp A nl,Asp Asp Asp Lys His Phe Asp
G n Val Val Asp Val AspR Leu 1%0 135 140 Lys @y Val
Ay Tyr Val Ala Lys Hs Alajfy Arg Hs Phe Arg Gu
145 150 155 160 Arg Phe Gu Lys Qu Ay Lys Lys Ay
WhefAFa Leu Val Phe Thr Ala Ser 165 170 175 Met Ser Qvy

o 14208 Rtfo e ol PGt Aol ting Hnd iodine
and Lys Ser Leu AI a Val GI u 195 200 205 Phe Ala Pro Phe

Arg Mal , Ser Val Ser Pro @y Tyr e Asn 210 215
228 TR By B ﬂné RSare selgstertne degaribed dorgime@ral Xhr G n

ésgpég%c %ﬁlglog-get%yﬁgc1%%2@%49&%? 1y ‘%?e%’ﬁn]%gycgﬂghezgr@cuce of the

presédib Shv,éhaoﬁl' nclude Btlﬁh&chbm-mlatcﬁﬁtyrmld%s&r@ y, @Bére 'N/fs chlorine,
e Val
f Rrrire pach Wk?gzwnééb 1%2%9 gleﬁm i$1%6-3<1@1®}1t}’110 acid

'esterl@N;A \%ﬁé?a?x %%ldrln@s ER? EQ%ga‘ ﬁy%?e]%cﬁ:@gdrog%% agd R’ isgaetyyD), ethyl

(786) 223> "Ucosé rogena

4- brmhcg%@tobmt;mmtd dstea (Baawhga XaadrghmegRE RfeR® ahtl Ré(a&: each

el LTR, e e R, e g e,

R?, Rg %@%Ear@'ééclﬂ%r%eﬁ Qﬂ%ﬁ@%ﬂ%@g I%ﬁo%g-%toﬁﬁné'%gd ester

(i.e., 38ieg0X ambrogtige, ¢k t RaRE, m&%gm eadxhwigmgeaaanmalsmahmtmethyl
ccg aac gag gta 144 Lys Val Val He Asn Tyr Tyr Ser
Asn Lys G n Asp Pro Asn Qu Val 103 5 4 0 4 5 aaa gaa
gag gtc ate aag gcg ggc ggt gaa get gtt gtc gtc caa
gga 192 Lys Qu Gu Val lie“tys Ala Ay Gy Gu A a
Val Val vVal Gn Jdy 5055 6 0 gat gtc acg aaa gag
gaa gat gta aaa aat ate gtg caa acg gca att 240 Asp
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Thr Pro He Asn Ala GQu Lys Phe Ala Asp Pro Lys Gn

Lyyss Allaa Asspp 195 200 205 gta gaa age atg att cca
war@soua7e at ate ggc gaa ccg gag gag ate 672 VedT/Gb2004/004819

Ser et He Pro Met Ay Tyr He Ay Gu Pro Qu Gu H

e 210 215 220 gee gca gta gca gec tgg ctt get teg aag

gaa gec age tac gtc aca 720 Ala Ala Val Ala Ala Trp

Leu Ala Ser Lys Qu Ala Ser Tyr Val Thr 225 230 235
4-i0@et0-lgtrbusire aaugestetr &l.¢.t ehge X gacdlggd( g@f Rit gnméamaach hydrogen,

and S5 Rt hEoRg a-FiPrn el omiachigiG g ndeteny igttforine, R', R,
R?, QIR CHE &%th eﬁ ShdR s Abatyd Yb@ﬂ'y94-@ré(mo 321@%5@&% ¢ ddid ester
<211> 261 < E)Rs @213> aC| lus s . <4

(ie. TyherPRois hg(pnme,uR wnd s akgogaclvhydiagen, |an¢é RT g t- -igyityl), and t-

butsfFody JHEPERrE i 1S 0 hke SERPURGT B PR each

hydrEgén EM& RSe¢ t-&a?l) L¥i$ cértain AnBodhRnRSH I&stod@bt 18‘5 R40R34 ndR%isa
Gu du Vval lie Lys Ala Ay Gly Gu Ala val Val

10wevatik>d;| syclorss forexempso medpy LvahylTerpogd. G u G u Asp Val

(L;ym p4 |3$18 3V]§etolf(at§ cr\%r d Agt%ss%b%gatgs%a@?né%ge Eg chﬂe Lf ggr%aound v

are 195u0‘éﬁlﬁluﬁﬁgi tﬁé&(RED%a&?zeﬂlcﬁnﬁrﬂoNBf t}Erl:ﬁJedeﬁMnkMﬁmﬁS» @-Hal
p Lys Val 100 105 110 e Gy Thr Asn Leu Thr Ay Al a

3- hYFIFféiYPE'in igagidssterspg gepcatad having thestrugtaee Yos Lys Tyr
Phe Val Gu Asn Asp H e Ly@HGI%/ Asn Val e Asn Met Ser
130 135 140 Ser Val Hi sRG e Pro Trp Pro Leu
Phe Val His Tyr Al a A al 145 150 155 160 Ser Lys Gy
Gy e Lys Leu Met Thr asLeu G u Tyr 165
170 175 Ala Pro Lys Gy|H e Asn Asn He Qy
Pro Ay Ala He Asn 180r185 1 Prolie Asn Ala
A u Lys Phe Ala Asp Pro Lys G n Lys Ala Asp 195 200
205 Val GIuSer Met He Pro Met Ay Tyr e Ay GQu Pro

3 220AI Ala Trp Leu

whefg X, €01k ys Aok g S B FREnBL R 050 258 540

G y-Hle3 hbrdkgbuthhe aaﬁ\ﬂ astésbr Ghiddsl prodvked B theGatorddictase-

Pro Ser Phe 245 250 255 Gn Ala Ay Arg Gy 260 <210>
catalygotapsystiongpetiod b pRISIIBN SR CF Hien $e readiiyoiseckinihs

a

halo%%&:&%@&é&&fi cat(a?%t@aa tcoﬁﬁxé?cangdﬁﬁe;}?régeg@ég%&ggg $or ex%r{lple 4-
halogi-bydibaytatwioggid ¢stas tatesp8ndikg toTstruchiys VAsia bleeisled?inmﬁktyate for

Lys Val _Val Val e Thr Ay Ser Ser 10 l15ace
convgé%orb %Flgﬁé}l étbalegqseléc&toftctygmsg & %Eéagraéeag C&%{J-g—gy&%yﬁmc acid

'estelghlévﬁiglﬂmc'\étbﬁc{-v)f@\ﬂﬂ a Met Ala e Arg Phe Ala Thr Gu Lys

5 3 0 aaa gta gtt gtg aat tat cgt teg aaa
gaa gaa gaa get aac ageggt Q44 &s Val Val Val Asn
Tyr Arg Ser Lys Gu Gujdy Alja Asn Ser Val 3 540 4
5 tta gaa gaa att ab& ga.gag gca att gcg
gtt aaa ggt 192 Leu G uYGu HYe LysARjs Val Gy Gy
Gu Ala He Ala Val Lys|dy 5 55 6 0 gac gta aca
gtt gag tct gac gtg ateRaat tfa gtt caa tct get att
240 Asp Val Thr Val Gu Ser yp Val e Asn Leu Val Gn
Ser AIaHe65707580aaagaattt gga aag tta
whegaR ', @rmhmé AllR ané asa@a&c@l@aii aggar m@@aa \288 Lys GI u

Phe 4 Leu Asp Val

a dhg 56@ oo 5%&%@&@%%&8% arefeéi P%ralel g aéefaque%%%nﬁ that
partleﬂa%tegiﬁta rEQ:?loﬁgltat f’ée?ir@lc&l the §§@12%§ 201151;1/ gf t\‘l% Icoi? for %?%, i}"f%DP to
NADPIH) g@d)faeto@ c&adlzctd lay the ge@gaiugtaae-bettalymchreggmoagﬁ tlm&g4 -halo-3-

aa .gcg .att 3 Thr . Asn Le Thr. G
ketof g Sater o e aTCAPREaT e o4 108 B Cafitiq deeeneration

gtg gaa aat gat att aag gga aca gtt att aat atg teg

432 Lys Tyr Phe Val G u Asn Asp He Lys Ay Thr Vval e

Asn Met Ser 130 135 140 agt gtt cat gag aaa att cct

tgg cca tta ttt gtt cat tac'%ca gca 480 Ser Val His

Gu Lys He Pro Trp Pro Leu Phe Val H's Tyr Ala Al a

145 150 155 160 agt aaa ggt ggc atg aag etc atg act

o . g a2 . NS
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<213> Bacillus s . <400> 12 Met Tyr Lys Asp Leu Gu
Gy Lys val Vval Vval lie Thr Gy Ser Ser 10 15 Thr Qy
whewsaiss7eys Ala Met Ala lie Arg Phe Ala Thr Qar/Lgm04/004819
Ala 20 25 30 Lys Val Val Val Asn Tyr Arg Ser Lys du
Gu Gu Ala Asn Ser Val 35 40 45 Leu Gu Qu lie Lys
Lys Val Ay Gy Qu Alalie Ala Val Lys Ay 50 55 60
Asp Val Thr Val Gu Ser Asp Val lie Asn Leu Val Gn
systerge [Cofc4o1] TE gENGRUiPD SYSteIgDCanRrisy 4 steigbiogyeiriq xpdugtent thg ps a source of

reducw% h}ﬁégeg eﬁuﬁglgnfo‘%ﬁd @efép el¥ o?’?édugn# tiﬁes%yg%zgg’ K‘gﬁl cf_f)F; é@ cofactor.
The cyﬁktol@égeh%u&ﬂ OystanemAs Furligr cAsiprikesl catalystror eﬁhl&pﬁfwﬁ enzyme

Ser Arg Gu Al I|e115120125L Phe ‘
catalwbltha@cetah@% t)&ﬁﬁequptéorw thespiridiged forp of the c Afaﬁ y thgafeductant,

Cofacihtegirat( iema el AYE Gaf N RANG DS

respedtblels, yige lhﬁmvri\ihttheTetrt aIG maiy be uk@iﬂn/%lmpﬂeesmt Gi\tentTw 165
170175AIaProL HeArI% nAsneg‘l
Goyitablg calagion rogg 6rgen %@t?llﬂﬁm PYRHRNART i1 WEW

inven%glg itlglét;ﬂie’%zﬁ&ogé %d?ﬂﬁuoge ﬁe@cﬁoérﬁsﬁ&nﬂa@éa&pﬁn%% dyﬁ}hdrogenase

e dy du
glucofd-6- pﬂioqalﬁﬂe(hﬂ]gﬂiu@i@&@haspﬂdate d@llydmlgana&b,asdin prileilcoAbland

T TR TR Ty
hydlop Be a&ffﬁ’%d?t Q%VA afd theANka, £AdVméY Be Red iR €OmbAbhASH Witherhdr
<213> Artificial Sequence <220> <223>

NADPIHD?:DREI@IN@@JA@M tiie gofactoy. 7By trechomical B ganeyatigyeusies
e e R R R
5,538\Gat7 At 6,403,003, iR 0B @hichlae BQOrPOEde @GR @R er@9! Charical
ace gtc get t gc cat gat 96 Ser Ala Leu Ar(g Leu Ser Gu
cofacyr gegengrappy sytams eompjsgnecygetql gatalyps apd ags tgmggﬁnh@@r example

a It
ot 067 AR08 EEIAL s LTI A0
200003363 Al @hich is ihbdrpdi yifediiﬁrefhﬁ)bﬁBefeKeaw: ag ctg aaa cca at g
ﬁgl%e L;gns%'a u%&adegggl o%@?%asgaa & C%Dﬁ aleAtasgd %g%%c zg\ge%lg herein to
I
refer g 4h %Rﬁc&tﬁggg’:&egg%&aggﬁéﬁ%q A?gcta{a}glﬁ@sr E% csog?& 5i9h ©f Qﬁélucose and
NAD('élr WAG)H tovalucdsp adid nd DA TME lor SEADRPH nrefsstigsly 7 (Eqﬁ:ﬁuﬁﬂS) describes

e tt et cca ttt cag c ac get

the el Beersbe diiGomhoa ol 6D i BRI ebPisdy
Asp Lys Tyr Ala Val Gu Asp 85 90 95 tac agg ggt get
gtc gaa get ctg cag ate cca ttt get eta gtg 336

ﬂ%&ogé S%‘D@bg ¥a§2 O aat ge@ g?gcg%gfd ?‘;g‘@% atg (%)

aag aag cga aag teg ggg cac ate ate 384 Asn Al a Val

Ala Ser G n Met Lys Lys Arg Lys Ser Gy Hs He He

1131IudAR dbRRIrbfdhadds@hAGte SuR@bgabr @elin €prhétive @F theqesent

t gg aag eta teg act 432 Phe He Thr Ser Ala Thr :
invenpipp lmﬂwie?le%l mturalty pequynglycese deBrdrogprasqa @s Wk ag nop-naturally

occu 1 efied 80 381oRR 951888 Sl P e BGREnBQncoding
genesllitfve beeh Abartébin thd Htekature SEOr dxHmple,ahd Bacilibdsdbailys §82p7 GDH

eta ggg gag tac aat ate cc g ttc get ate ggg.ccg
gene Was expessey & by qoliand V@usyengrtgﬁd%v EXIBS the sops phpicethenigah

7 t g t

prope‘laneg% thd %z@ﬁf@ a{%‘@(ﬁtc&g glclt%s %élg@glgﬁ (?’agﬁwgl%t €l 13 @g%cg @_faﬁltlsﬁgad Sci.
USA 6@83()380 7&5}) Bhe g@re@ecﬁ}enc@hﬁth'éﬁ sHvtdstGDH;‘ga:nePwhlc]ircprresponds to

180 185 190 aag act aat ccg gag cac gtg get cac gtg

aag aag gtg act get eta 624 Lys Thr Asn Pro GQu His

Val Ala H's Val Lys Lys Val Thr Ala Leu 195 200 205caa

cga eta ggg act caa aaa gag tg ggg gaa ttg gtg gca

ttt ttg 672 A n Arg Leu y hr An Lys Gu Leu Ay

G u 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
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130 135 140 Tyr Thr Ser Ala Arg Ala Gy Ala Cys Thr

Leu Ala Asn Ala Leu Ser 145 150 155 160 Lys G u Leu
W@Raosas37Myr Asn H e Pro Val Phe Ala He Gy PrPOI/BSI004/004819

165 170 175 Tyr Leu Hi's Ser Gu Asp Ser Pro Tyr Phe

Tyr Pro Thr Gu Pro Trp 180 185 190 Lys Thr Asn Pro

Gu Hs Val Ala Hi s VaI Lys Lys VaI Thr Ala Leu 195

200 205 dn Ar y Thr Gn Leu Ay Gu
Genbank o0, Nl A 6,064 onQrtcaity Tamapei] ot 2bi. Herioh (19548 166:235-

24305 'ﬁgrrgﬁé‘d é'ﬂ{n@ arfhdl, 0 (RAR cHidlo gfglﬁ@g?o@ 56) as

Genblatk Re6 NG, DSB4’53 288ural Qe dibing GNR géhds dsblideiuNhose®dPencode
Artificial Sequence<220> <223> HHDH. <221> CDS <222>

the G fromZE gyreun 30 AP gNatme (003 13 81-81 geenbagle AgacNo.

AERYE1 RAERnddcbor B (L. BhGrdlH. @s% 5@& 4580 9@5&%%& No.

Mza@@ JoBerneing Biggngc {199ape0: gamg@,tG@@tachbc a%e cgum:gz@t) Glucose
c cat gat 96 Ser Ala Leu Arg Ser -
dehy peepaies Ao Byl @ AsProvided, @emgaéa’SE@HDNQS aanaItdab~ (éncoded

by pglgy‘ﬂu&%&etu%asgq%&%e% e%&ndﬁﬂgﬁto%Q ?"N% B %ﬁlcl 1 A?e%p%tﬂlely)
ThiN 0ﬁy11at13511§46c0¢ﬁ11tg:gumg debylragmasssanat o @eramlalsmnown

a t ate 192 Pro G.n Lys Pro
mettip. SEf oty o i déeﬁfeﬂs&olw%m &g sl GRRMH enzymes
havif€buithbfe @&ﬁngg@h&ﬁ‘é nh@fal ccﬁﬁfﬁ'nggér‘hoﬂq{attgﬁlgfy &chrrg{gfr: may be

age aac E Val Thr Ser "Ala Tyr
readilg pdevitified asing/tle aSwy daswribad pn §3ample?s BGmaieynbh-ngetally

occi§5 i SRR BED e SR B S oS3 Se8flon 2312, o
(GDHI 283Vl 66@aDHSR7B 630GHR L30) a0 (@EDH G0l 0Bf734932496DH

cag ate a cca ttt get eta 336 Tyr Arg Gy
501052 9%pn@w§ HISA0G 147 Bhonpefyiechide seduentesghasshcode them

v AR RS0 7R 1981, 0rEP 5 AL ST o

Addihaliys-hareraly geduyisnSglicdsk ehvdiobdrRsdsi thathidsuldBle¥dPuse in the

ttc ate act teg get act G¢Gg ttc ggg ccg.tgg aa g
praciife0 kb PERstnt 4 AR AIRECVTHiFd dhe A tEntPRpliEignPRBU, Jimproved
Gluc%%@DEﬁy%rB%&ag P'ol t1§§sr anfiKe1d38 P%géuc’!'légtlde@c”\' c@fr% ptoﬁgmo to

get cga get gt  act eta

Attos8§ DyokefTNo. (Béa 1A0qug7axumlamedo¢mmt Th,r”()loemn@ll a51gned U.S.

appliciRon AL By SJER 400 0 B s 0as et <SaRdL ) proved
Gluc@EéJDE %%a@ P’ol?%/1 dntifSdarkl fél&ey@blylﬁﬁﬂe@cll&s c%n*@ﬂéng ng to

Asn 16 C eta cac teg gag gat teg ccgt
Attotrtey Darkeiclig (BER.2¢01gSA607Gge0% TidedTyr Fdbauariil 8, 20, ﬁdﬁSSlgned U.S.

applf%gﬁmggeréiagr l'al'%/{r Phe Tyr Pro Thr Gu Pro tBPSWﬁ?PS‘ érggncmporate J

here@ity RErei@tin @hdr Sdftetisés Thr Asn Pro GI u Hs VvVal Al a
His Val Lys Lys Val Thr Al a Leul95 200 205 caa cga tta

gg§lecese delwdeneanpagemplgyedip thaaractiee of e graenttinventign may

o o 1 o St G bRt A1

t g
mnot/ﬁﬁn/Hggola&?Butgﬂp uﬁ;ﬁ/?/n%fg/%m%h? t("&;| ngfct; lg @1/ nélrcg er in the assay

descAbcaiﬁZScaﬁﬁﬂ)eQBS 240 ggc ggc ttt ccc atg ata gaa cgt

M&l%ae &) lggc‘,:cgse %&?yd&p?%néﬁqiarg eégg}%@ehﬁyg &c@g regeneration

& r
systeﬁ? bt ﬁé@fcﬁ #_ﬁl?%il@ego eLﬁ%‘l chr(ﬁ ?st%sgtg]rcél\ﬂ/gl% f‘syﬂse&'ﬁeg @g r’ﬁ}ze‘ll%é?ireaéﬁc;ase and

NAD&ﬁtor NADRH, ths reSektinaNA D en NATRP LssedBed b@the dduple@ oxiddtion of
Thr Val Ala Cys His Asp 20 25 30 Qu Ser Phe Lys @n’
Lys Asp Gu Leu u Ala Phe Ala GQu Thr Tyr 35 40 45
Pro An Leu Lys Pro Met Ser udnd@uPro Aadu
Leu He @u 50 55 60 Ala Val®>Thr Ser Al a Tyr Ay Gn
Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 H e Phe
Ala Pro Qu Phe Gn Pro e Asp Lys Tyr Ala Val A u Asp

ANP™ NN N — =
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<222> (1) . . . (765) <400> 17 atg age ace get ate gtc
ace aac gtc aaa cat ttt ggt ggt atg ggt 48 Met Ser Thr
wae\b@sloiss7d/al Thr Asn Val Lys H's Phe Gy Ay MCT/Gh3004/004819
15 age get ctg agg ctg age gaa get ggt cat ace gtc get
tgc cat gat 6 Ser Ala Leu Arg Leu Ser Gu Ala Ay His
Thr Val Ala Cys His Asp 20 25 30 gaa age ttt aaa cag
aaa gat gaa ct aa get ttt get gaa ace tac 144 Gu
glucgsg toFg{@,an}csac@ gv 83¢§lur@,§e @hydr_@@n@eu ThReaePleactiinas Gesgribed by
4 .0 age gaa cag
equéﬂbﬁl (Eyg’“}g‘g’ 1%Q%Ieaghc gﬁéot%z& gﬁ% r ég Leu Lys Pro
I\/Et Ser Gu Gln Gu Pro Ala Gu Leu lie Au 50 55 60

get gt age get tac ggt cag gtc gat gtc ctg gtc
agexﬁgﬁ 240 Al a Val KﬂEDSﬂMr Gy Gn Val
Asp Oralt SBicoasn 5X §rat-egititdnigedid
cca gaa ttt cag cca at eN%!EﬁEFP) a tac get gtc gaa gat .
288 lie Phe Ala Pro Gu n Pro e Asp Lys Tyr Ala (6)
Val G u Asp 85 90 95 tac agg ggt get gtc gaa get ctg
cag ate agg cca ttt get eta gtg 336 Tyr Arg Ay Al a
Va [FhGl\eltoNdactla@aJceﬁlpzdd redwition BT a-He 3 AetbbuBiicVRld &89 or amide is
% at get gtg et teg caa atg aag aag cga aag
geneg; g’ ‘Euéf‘éo e g splyRntAnay Reap covselverirsystem, dush as, for
exanln%ﬁé ajnyeﬁlu&& cloys%l\gﬁf S}ge}‘n 1ﬁtal5|1e soll_!/e%ts](éi?ch}cg (g)géozgolté%rﬁ systems) for

€ act' teg get act
canylagolddhlslb@ﬁveﬁ’hen Iakeethél' kmnéiﬁthéd;eede'ﬁbnﬁbdaraboﬁ’@ €r Ghe/HAIDH- catalyzed

Ser Thr 130 135 140 tac act teg
convg mb%ff‘* 5%1@ 3L1éxdr?@fbu%1c agidesirat anghmigles toe‘l"ay‘"ﬂ?@g3 Hptroxybutyri
acid T¥ters BAA apfdesAl @ Arg Ala Gy Ala Cys Thr Leu Ala Asn
Ala Leu Ser 145 150 155 160 aag gag eta gga gag tac

aa?h%@@le@GgchVglt (W@telg@t aqat@isggesobent mtenh.))dﬁa}(])etlpﬂlﬁiuffered or
Pr.o

Ala He Gy
unbl%éedlg 7131 e gv?l 518n é)lf ﬁl al? égkeéga.\t&(t ao(ué astglc(gr amjde {ottge 4-halo-
3-hyt@&yb@griesdid @ser &Qﬂnlﬂgﬁl %@ CIl)f’fedl'fﬁl'fl atd ﬁH%?'ébcg cﬁé ove.
Ser Pro Tyr Phe Tyr Pro Gu Pro Trp 5 aag

- Genegally. ghe copygIstpags éwe@pgt eg@tpfbaﬁatgmgl@algbda\g, 1gslugll§amtthe range of

ron {85, AR B el o

belowal&ualdlﬁngtag 1atrig§ of ﬁ@nﬁa&;@ut@f & ?Sc@lt QC@rdféltabet ﬂle@ggvé%lﬂn is carried
S u eu

hr
~outapf gHLQéc@bQTCﬁ ?1@1%’290153%15’ indhe ygee ?E%{lomgﬂbogtai tot aé;tout g, gmd more

prefe@&%y %Sglgle_cf‘_y eg)ggro#tgrboﬁfg t&étg)uva] Aéﬁpnaﬁlvglylﬁe cganyerﬁ%may be
carri@B@ltaBﬁelﬂzhﬂ)pﬂgte ggout 7t ccc atg ata gaa cgt tgg ccc

/a taac;?lS Gy Ay Phe Pro Met lie Gu
| g@h g%ﬁ‘é"%? pluete bﬁd‘@gﬁpm sefgcton tegeparation systep i smployed,
the c& f’odﬁ%ﬁ&?of’ ccﬁgél-gt? d epba%t) ee[s:_ﬁ’é]é? E@tedéﬁ%g@t;o%wgféa&? 5 the pH

Thr Asn Val
of thq@ag_tgsrsgrxtmeao ey iAthg Itmun@ea'qu&us ieonfd amdl-lisSmeﬂleMallse

20.25 30 G Phe Ly
neutrélztfdl_welﬁ} @:H'Z Qﬁgre@ﬁ’réowng(t@edrli‘aﬁh e m%n?eglgedm tl;p5dq31,1§d @Vﬁl by

 standb@LbUERSInRR&: es>Whefdin! tHe B £k HeLEfa(Plzﬂ Re %é {r\/léfid A@ to the

G u 50 55 60 a Val Thr Ser Ala Tyr
buffeymg cmglty@rovgéqd pesby the pdéisorof 7 Bawoﬂcm’rd?h evithl the Ehiuitse of the
e i S R Ty U S S
for thAlaadlh@ﬁ o‘ffaiiselﬂl@in%@& cbhfse AT ﬂqeaéo@ivé{@lon@r@tlé%ﬁm@ag tl'MEé described
Lys Lys Lys Ser Gy Hs He He 115 125 Phe H
sbovegtor e RHDHraTRed Fanoeios Qitdin-3- lmdpowsty@w cttens aiamides to

oyl 1%3%@ ninvtestotling®l 148 150 155 160 Lys Gu

Leu y GQu Tyr Asn He Pro Val Phe Ala e Gy Pro Asn
165 170 175 Tyr Leu His Ser Gu Asp Ser Pro Tyr Phe
Tyr Pro Thr Qu Pro Trp 1807185 190 Lys Thr Asn Pro
GQu Hs Val Ala H s Val Lys~¢_ys Val Thr Ala Leu 195
200 205 G n Arg Leu Gy Thr G n Lys Gu Leu Ay GQu
Leu Val Al a Phe Leu 210 215 220 AI a Ser Ay Ser Cys

T — 'Y - PNANE™ NN PN
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<220> <223> Synthetic prinmer <400> 22 ggccggatcc

tcattatccg cgtcctgctt gga 33 <210> 23 <211> 765 <212>
wObbAsoE2> Artificial Sequence <220> <223> HHDPCT/US2004/004819

P016013- B- 03 <221> CDS <222> (1)...(765) <400> 23 atg

age ace get ate gtc ace aac gtc aaa cat ttt gga ggt

atg ggt 48 Met Ser Thr Ala e Val Thr A n Val Lys H's

Phe Gy Gy Met Ayl0 15 age get ctg agg ctg age gaa

gein ggtketmatduatse-gitalyget retigetionaif tynd-h9B- BretoBh @it 88id AEer or

J? SerlGluf\I Hs Thr Val Al a Cy sHlsAslp2025
amidgisigslucnselghycosedehydrogenase ofcofaeipraegsngriiopavhan the ghtis
o YRR o ot E R Ryl an
aqueguniglacepatgwligather thign gaueons glugeﬂuc gaid it prbducyapthd QZerall process.
F_F{roEnL%ug%)s.Prol\/bélFS uGInGIuProAIaGIu
OF TREHPrS &AegHPnS () BBISERNIY B oyp@ é’é%ceéigéfhe%@qlteaes Fgiure Aydroxide
('I\Iaf@t OHIPk a0H&d S¥ed i GuAd ST ﬁ?ecregﬁfon%é ChefieBin VAL pROT  Ser '

Ala Tyr Gy G@n Val Asp Val Leu Val SerAsn p 65 70
75 80 ate ttt get cca gaa ttt cag cca ate gat aaa tac

gtc gaa gat 288 lie Phe Ala PrQB%I Phe Gn Pro ,
I|e p Ly a.Val GHRHEBSP MS tac
M &i”cé’é? %ﬁ §§* ér@—g—g‘g et é’@a* gi%gonate
336 Tyr Arg Ay Ala Val )queu Gn e Arg Pro Phe
Ala Leu Val 100 105 110 aathFbt gtg get teg caa atg (D
aag aag cga aag teg ggg cac ate ate 384 Asn Ala Val
Ala Ser G n Met Lys Lys Arg Lys Ser Ay H's He e 115
12When bager aglditiom lacmptoefgd glemeugahzeckhg giucongglglchehaﬁe@giunng the

keto@?&t%%g:aﬁatl%zetﬂi éa 4§@$ fﬁ.het ST cﬁ Alr?)égmé(éq using the

glucdseghgete @cﬂ@dﬂ:%%n% @oﬂteiol iéﬁen@ﬁho@ﬁﬁteﬁh@tﬂl@ gEa%& of"tth@ conversion
teg 480 Tyr Thr Ser 8 s Thr

may b goptprediby thegmeent O:f h%seﬁg e@@anal@@naﬁrg péhngl@Hgg:ases added to

unbugi@lg:d ?E) ﬁﬁilygﬁlgeléﬁge#bgn hé%tu%%tov%tr tg] %g?ls%ﬂgc%vgrswneare added in

aque@sysoRttmnAsn 165 170 175 tac eta cac teg gag gat teg

tac tfc tac ccg act gag cc 576 Tyr Leu H's
S eée‘an%sfﬁnéﬁi? dehsiragepason @nd: lgDHr areTysed aiterchgngeatlp herein to

refer 1% L&D gpﬁAﬁgdﬁﬁhd%En@% t%ggua%ﬁ? e%sl%e %%gergbgl cg"tf%mate and

aag aag gtg act det eta
NAD@INADE télcarbyiadioxyds dnd NABH oTINA]APH tﬁeplecli95ly2 QOrdfke

dehyﬂélgger{ag%s t?liltgal'% g\%t %fo%ﬁge 1%2]‘5}: %agn ]%regfgg 1rgegt1qgéuclude both

naturfly o Gubtidebriak d@h?dlgﬁb%aée%uaszxg*gl gﬁ%llzgﬁuﬂﬁg otgflféng%gormate

tct tgt gat tat ttg act ggc cag gtg t
dehydrpgenases. SwrmajeydeBrdrogynesesspclige thoeticotresp@dinglorS B ID NOS: 70

TR S R ER 0, RN S5, L
sequent€s ddetesgoridink WSEQ D NS 6Oavid MBI rebpeRtiiR1Y. Forflate aé‘gfdro enases

<210> 24 <211> 254 <212> PRT <213> Artifici al Sequ
empleypsigs thexn: eaqumﬁhemm@qutw, whober 2unelly oSantifipor nmna

w5l 5] i K es

2P €]
least @éﬁlt ) E‘nﬁ/gn%/n% %ﬁaﬁ@asﬁalﬁrbhu?q DI' y%ltﬁgléﬁﬁrﬁw Ep ty acbogs lr)103L eﬂ

molmymhﬁg or MegherSend @intbeGtatlilglsurePhed B actity ihehe dds@y @sbried in
EGOAIaVaI Thr Ser Ala Tyr Gy G n Val Asp Val :
ExamlElé% ‘Val Ser Asn Asp 65 70 75 80 H e Phe Ala Pro G u

Pb@s L@eﬁ‘ hglreﬂl gfreQe@? Pfo §te A%’erlAk@t é%ate nﬁ‘m@fb@? ) %g;ﬁrﬁc acid

(HCO%H&, dndunﬁ(mres].tﬂi&edzﬂﬂ*“ olﬂn@teAﬁany ¥ proVidled A the$6fm of & sa[‘YE'typlcally an
Lys Lys Arg Lys Ser Gy Hs He e 115 120 1 5 Phe-
Thr Ser Ala Ala Pro Phe Ay Pro Trp Lys G u Leu Ser
Thr 130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys
Thr Leu Ala Asn Ala Leu Ser2745 150 155 160 Lys GQu
Leu Gy Gu Tyr Asn He Pro Val Phe Ala He Gy Pro
Asn 165 170 175 Tyr Leu Hs Ser Gu Asp Ser Pro Tyr

T — ~ —— g — A NN AN A NN s —— run
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Gu Ser Phe Lys G n Lys Asp Gu Leu Gu Ala Phe Al a
G u Thr Tyr 35 40 45 cca cag ctg aaa cca atg age gaa
w@eagspea7eca get gaa ctg ate gaa 192 Pro G n LeCT/Uym04/004819

Pro Mt Ser Gu An GQu Pro Ala Qu Leu lie Qu 50 55

60 get gtc ace age get tac ggt cag gtc gat gtc ctg gtc

age aac gat 240 Ala Val Thr Ser Ala Tyr Ay G n Val

Asp Val Leu Val Ser Asn Asp 65 70 75 80 ate ttt get
alkalicrangaenitmtsalt &pr example G NadaHC o Nl angtthe tikg), gethe form of

S N TN NN NN W R A L -

£3 i
acid. Clﬂgqé'éc%s @81%181?@\&%5151 sgﬁéralﬁﬂ-g uﬂ@sgo &%I\ay(%g;é! =,§’}-\I 3 ?m{ gél:efil) ormate is

preseht &@ k@&h Hgéh™ dgH@&thm gthbnmpgog@@tra‘a@sc et pgkégalt@gabove about

4, forffee PG Ry e POHEDE . Fherplmge philidfles ic acic. te

: react@ﬁtmﬁi%@e geipiefly G@réd & 984G 16Gacid@bragdigag batetotpedvide the

2 Phe He Thr Ser Ala Ala Pro Phe G Pro Trp
desir¢dsH Gy picalduoGdourhor aigrye1 $8itatie basge f%rdte.utr@lézag@tl of &amlc acid are

e e tgt. act., e , eta teg 480 Tyr

as de%lﬂfb ‘%g‘% %gal@éowo&hér@c&ﬁ}g %\Tjgé a%.ﬁ\?e. Leu Ala Asn Al a

L efthr $ET valdds abole dtfvmt 64 vaach g@gatetlap@gamgamtly @Cesatatas HCO,,

ate Ccg gtg ttc get ate ggg ccg aat sGIu
equat@n/(SEHescTipes ths forppate MydwpnqSﬁ@awsaemr%i THA,E&,W NADP by
95 170 175 tac eta cac teg gag gat teg ccg tac ttc
ac. ccg act gag ccg tg%D%EG Tyr Leu H's Ser Gu Asp
Ser o Tyr, P r Pr r d Pro 185 190
aa'dCQ[?t a‘éa/\t N@P&gmg zac '\b&lg éﬁ aag(&gt g
act get eta 624 Lys Thr Asn Pro Qu His Val Ala His
Val Lys Lys Val Thr Ala Leu 195 200 205 caa cga eta
9 9@’11@19 Yorﬁﬁ% ﬁﬂ%ﬁﬁ&te Hélgj(ﬂ@ngﬁaalé E@pived ﬁ§ﬂ1etcbfac£dr Sﬂe generation

Arg Leu Gy Thr Gn Lys Gu Leu Gy
systema a< medf Rie-3tetchutyr® id epter op amideris rediced QE tlt@dtetmgtiuctase and

Narkghe LSS ABE P PARTH b okl GEERD oo

formhiB Yo OdrBor dfoxZBBbyARS f&ﬂa@te@ﬁhy@@@eﬁa@é ThEn&treactibA igdacribed by
cgt tgg ccc ggc atg ccc gaa . taa 765 Gy Gy Phe Pro
equatin (ﬂ)ﬂ‘éhl@llﬁtg? gummgtien of qquatinst (4pard @y * 245 250
<210> 26 <211> 254 <212> PRT <213> Artificial Sequence
<220> <223> HHDH P016015- C- 04 <400> 26 Met Ser Thr Al a

e Val Thr Qdsn Val Lys Hi's Ph Gy Moy 8y 10 15
Serxw o LAecser + yyHi s Thil Val+ A
oys 25 30 ‘G u Ser D LyéMC&p gzu

Leu Gu Ala Phe Ala Gu Thr yAD@HHO 45 Pro G n Leu )
Lys Pro Met Ser Gu An Gu Pro Ala Gu Leu He Gu 50 :
SSESafibA (Masho ks Ell@%eﬁ\lt}fb fodthateHfyrmiatddrs drdi@as¥abdceu
VaI&)uSerLs Asp 65 O7580HePheAIaPO:g§GuPhe
reger@atioRrsysteings Agplaygd fomthe mdgetiagy of@&h%&g@(kp Shetpuiyric -pyqd ester or

amu@r élg a%eguigguti%}swﬁm %H%s‘b%vé?n u\%‘ 1 pri'fo%s @{e @81 {;E%méluﬂied and the

reactionScaiécd the/SH O theGedctidnSnikkuee td Bselifh 13112(61 ol]?éini&@uHe&d or re-
hr Ser Ala Ala Pro Phe Gy Pro Trp Lys Qu Leu

=
. a01d1ﬁpql ThopH 35 theggactipn migfureaiay ke anaptgingf gt e eweél 1@9@ by standard

buff{;lrt]llr% tﬁ?\éx c@e@ \@‘Fegexﬂk?e l{glﬁi’ér ﬁéasgﬁ {)’k éﬁ)@ kﬁé tth%f@ﬂﬁggaﬂacity ‘
proviRd, ckhy thd @ddiﬂ&l dan dc&UcdﬂcBrréiﬁr\wa the AsprsSef thl@rcon\?l'qmon Suitable
Phe Tyr Prq Thr GQu Pro Trp 180 185 190 . L Asn
acidgipgdeidyripg the\ggprsgof the rga%p t yreintin theypH ﬁ%‘iu% g S¢tag acids, for
e
exan@éc% )@Qécﬂsr‘sug?glctagtﬂsg %Mlll%dadé&xgd ﬁsiglrhlda 1)‘1/511%&%1 acids, for
Cys Asp Tyr Leu Thr Ay Gn Val Phe Trp Leu Ala 225
230 235 240 Gy Gy Phe Pro Mt He Gu Arg Trp Pro
Ay Met Pro Gu 245 250 <210> 27 <211> 765 <212> DNA
<213> Artificial Sequence<2Z28> <223> HHDH P016014- E- 01
<221> CDS <222> (1)...(765) <400> 27 atg age ace get
ate gtc ace aac gtc aaa cat ttt gga ggt atg ggt 4 8

Al R
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130 135 140 tac act teg get cga get ggg get tgt act

eta get aat get eta teg 480 Tyr Thr Ser Ala Arg Al a
w@RasAisE7TLys Thr Leu Ala Asn Ala Leu Ser 145 1BOT/LISH04/004819

160 aag gag eta gga gag tac aat ate ccg gtg ttc get

ate ggg ccg aat 528 Lys Gu Leu Gy Gu Tyr Asn H e

Pro Val Phe Ala He @y Pro Asn 165 170 175 tac eta

t ct
exargi At a4 S Brochlpriagpidba] T2 gs lmphorysacid, and the

like, 82%1 gﬁgs ggi"e\aﬁ ‘éblér Hﬁ’ly g, %gﬁm%s%i%@e %?tg (gg 1 e?%o%;l%ﬂggager%lts (e.g.

NaHA6&n) #rdchdike. I—Peﬁ*thdhﬂ)Abfbféﬂrai iVédrnliy scilly\shevaby Jdth tl)@ i@mlate
Leu 195 0 5.caa cga eta ggg.act caa aaa gag
con"aﬁf&tb’aé‘néglﬁ Iégﬁf g’é’éoﬁi(‘}l@n@tegmw%"@dn FR¥ @ki@memcyam (10)

1epre%lgcs g%?vﬁ:atl‘l %rg%s%e%%lggycﬁl gII{CH B Is g Elt%d%tg gv%%ﬁ)e g(%ése of the

reactgqrtton%nlamgmgomaVQH abbee Senut & Wﬁkrthé)ﬁcﬁmé&pls 'ﬁyd’celhi@#edommantly
G n..Val .Phe u Ala 225 230 235 240
as HGH™ i the Fuo iy, B eygeitio gomaipisecow Bithe

“convb@fonif Re@dhsithys RBRABLrofinid £id@ U Arg Trp Pro Gy Met

Pro G u * 245 250 <210> 2 8 <2il1> 254 <212> PRT <213>
Artificial Sequence <220> <223> HHDH P016014- E- 01

<400> 2 Ser Thr Ala e Val Thr Asn Val Lys His
Phe yﬁ% Gly 10 15 &RE@ a LelDIAI’ ‘Leu Ser Gu

R Val H @I S ﬁ(()}"@Qz Ser
Phe Lys G n Lys Asp GIuL Ala Phe AQ u Thr

Tyr 354045ProG|nLeuL Het Ser Gu Gn Gu
Pro Ala Asp Leu e Gu 50 SEHG(DQAI a Val Thr Ser Ala Tyr (10)
Gy G@n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 H '
e Phe Ala Pro Gu Phe Gn Pro He Asp Lys Tyr Al a Val

95 T Ar Va L €]
G TP A e B A
catalyRl rédudtid bf layShdlyS-1REhukptic 2281 eddidor 'élhﬁdé'hs‘?né'lh@ t&%ﬁate/fonnate

120 125 Phe e Thr Ser Ala Thr Pro Phe Gy Pro
dehydgogenase cafaptomrpgenesaticrasysteny thpyproginss Sehe dreversian mtmbe

mom?é%d @/ﬁle%ﬁou p&f aé?cya(@ea t%ﬁmﬁéﬁ tl}L_e'e]g—I P{f' %:'éfy, ﬁ%gs A&%déo

unbufBeied lOe parfiaiy E:ﬁﬁeléa Geaibﬁ&l miktute® Svl the S8Ursdd oS BrsoBlare added in
Pro gé,r Phe Tyr Pro Thr Qu Pro Trp 180 185 190 Lys

aquUeOHySOAEANr o Gu His Val Ala His Vval Lys Lys Val Thr

’ll:\lelg cé‘:r‘giné%ﬁt t%g Sne%ﬁ(?i gf'fhegﬁgseh?ﬁ’lv%ém; %E;)he? él% ck%’ ilzgegr réduced
form 6f theSefacy snaddpe pryvided unifilly. Ghy d€dcribdBabdBethd tpfab@H

Al a 225 230 235 240 . Ay Phe Pro He e Gu Ar
rogerB Ry B OBIES GO RSIREA 5 recetbbrm, Wb bes dilized in
c
the re@ﬁﬁloﬁﬁfgﬁé lgééérgﬂﬁdtgée%ké%s?%gé‘z RCY. I}%Q?‘?Eé)%‘?yngﬁ%&r S8 amide) to
the carpspasiingylertlolstdringt ¢ ace aac gtc aaa cat ttt gga ggt

P Bt R iRl oherl ghe Buprichgote and g gmoighacofucor

L
regentﬁhoﬁ! g%mééﬁ? zlcb% [ﬁ&\gdﬁefg t%ﬁi;‘ea\@/tgt}n 1%??1%%13% %glﬁelgalér_és

ketobgyriggeidagier ot amigigdn et form af gamﬁgh@lzymg, cdleexgratt, telt lygat, or

whol%‘e"i‘ls%l%gsft&%ﬁedkvﬁh %(%e&cq&i}pg éﬁ(&gl)r%gm&%é@g@%g}jggggw cofactor

regenG@A0R bR e THA fered 8n @AM L8 cABinGan BF & ﬁéﬁnﬂ&ﬁ %t
Pro G'n Leu Lys Pro Met gger %ﬁﬁne & G STty Host cells

either|sgpprately, or mgeler gD Gesame bosisell. aE@r tg\etnpdet in gyt embudugbm one

t t 24 Thr
setof ke 5o 2 WhroREa Y RBiredifescsfootEte sed38ha e set can
80 ate ttt get eta gaa ttt egg cca ate gat aaa tac get
gtc gag gat lie Phe Ala Leu Gu Phe Arg Pro H e Asp
Lys Tyr Ala Val GQu Asp 85 90 95 tac agg ggt get gtc
gaa get ctg cag ate agg cc gitt get eta gtg 336 Tyr
Arg Gy Ala Val Gu Ala Leu An He Arg Pro Phe Ala
Leu Val 100 105 110 aat get gtg get cca caa atg aag

o o, I
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Gy Gy Phe Pro Alalie Ju Arg Trp Pro Gy Met Pro

Gu * 245 250 tga 768 <210> 30 <211> 254 <212> PRT
we2d3m185r4 i fi ci al Sequence <220> <223> HHDH  PCT/US2004/004819

P016014- G 08 <400> 30 Met Ser Thr Ala e Val Thr Asn

Val Lys Hs Phe Ay Ay Met Gy 10 15 Ser Ala Leu Lys

Leu Ser u Ala Ay H's Thr Val Al a C,ys H s Asp 20 25

be &g Sl Ty COEotRbeathetud e S Ty S er s Fll Suf 1 o
enccﬂu{g £nd(sr Both Rts@f trahSfdrt®cdBséapBe BHIIRA ths@ndah tﬁ'én’eactlon

Ser Ala Phe Gy H's Val Asp Val Leu Val Sef Asn Asp
mixtpge p5hgfors of vAtde alls oreell Gtsatephecei}r treidarived mefnqm

Alteﬁatlvﬁlgu é?sjt ca galﬁréegtl %rssgo%%ﬁg %VAF g\ygﬁ@é@?bllééo%?@l{ase and a

cofaboi rdleer¥idn ﬁls&npér&yﬁensd\éﬂtthét)é&cﬂ—é@l ApBeskdsDbodeketbFeructase and
Hs He He 115 120 125 Phe He Thr Ser Ala Ala

Pro
the qo ety igEMERRPR SYSIS capyme. el as@rthwmh@bmm%ﬂmmwwl can be

e 2B Gl Ao LRSS D e,

a halhkdin ¥ellaldgerasdl hese@eils E’airobeﬁﬁﬂihzkﬁ% #hénéth&dsTofthd-prdsent
Hi.s Ser Qu Asp Ser Pro Phe Tyr. Tyr Pro Thr Qu Pro
inveripn tfsaowésﬂmzn & 1 the oy qiehadt eells elarata of opll sxiract. As

desc}’f@!zd ﬁ%ﬁhﬁépt@hm%gge é‘ ﬂleéﬁHD%lz(gat@g?edirﬁé%ﬂ eﬂ%{ }'dgr%%c%r}{s (i.e.,

enzyiﬂds %ﬂ@ o@lfaa:tcﬁeegeﬁ%gatlﬁﬂ Isys@m dfgetdiy and the ikl m@y Ve ﬁ (Wlded ina

BT A GRS

solut%n %%ﬁlﬁot?@@sp%gs]i&? abfheiAd3> Artificial Sequence <220>
3> HHDH MEI/ 2G5 <221> CDS <222> (1)...(765) <400>

3 1 Tat: guagléleaoéreg@antaveedgndheaméuam SgttpCWdh@ncaiﬂlytvtaty @pahdmg on
the (ﬂ% tlt}%i%S%f %%Elﬁ'jjy%e%}yﬁ}éwlbgéd?ét%hgr 'caaléie g‘lg%ip e:‘;:'l,(2 gnsgaﬂmepétantly the
amoB@ TR raRittaddiubs@ite @ﬁfpl%@ gat f&l%l{iﬁgulﬁéﬁne%Qa§% ufld@o

Leu Arg Leu Ser Ju Al a H's Thr s His

" detemgipe sy mouBts ofkgtosedictase, ca%t@a@%@éacg@tlemwdmg sgetem to use.

t t Phe .Lys
Gen%gﬁy, é ltlalg‘% kegb%tﬁfc ac&gﬂgst%? Lalnc%ﬁ’inﬁg are.le%plgged a ngn%eélg ation of
about 40 t€ 5Q0 gamsditd WRing fage agad 10agg §adbott & g%‘ke@@ﬂiu@iags and about
ate g‘ga 192 Pro A n_Leu Lys Pro Met Ser Gu

25 g Pl S oF CQLHFI9T CTTERRhEINEOBATE el gr e llagib understand

o e B B LR oG o

prodAstpnt ApiRontiat8Quanticed of cofettoraegergamioh tsysteran o Cloe I&txcﬁly
a tac get gtc gaa,gat,K 288 lie Phe Ala Pro
detepaefhraufige &5 wgwi Sca an t\%‘aﬁm@l{a mf@@r%d@sk@ta@ductase

utilizd9 mg&&@t thg‘ié?dugﬁﬁt %eg gﬁkgsec ?&m@a&ee) 1%99112%91% ICSIVEIS 9Bbve the |

eta g
equimotur Rl*vel i l@td_reducmb sabmamoa ameva@ssergmlly gbophped ort I&@l complete

oGP ARG RRRLCY 000 GAC 2t ot v

e theofdibPofl@NitloAd irédetantLis a6t critR@l. OFke 1%8&?119& QlaS/tHE: aﬂg&i together

' cca tgg aag gag eta teg act 432 Phe e
at thq’pﬁmqahme tthe satysnt fe.g., Topophasicaolvent lhn}g@slc'aqueolls @0 BGE!ent system,

40.ta et cg t ct_eta
and B REEPr B G035 PPod el AL oo lohi sl some
toget@ﬁat'ﬂﬁﬂ’fer&@tulrﬁé PoiASN FAl axdnfile, I8¢ &df‘éct&ﬁ&gél%’?atﬂ&psy@@& g&@ctor,
gag tac aat ate ccg gtg ttcfget ate ggg ccg

ketor&éﬂct@zsam%/lset@@qt_@e s@psjraty ruayrw adiied firstgo P:heoso tPhe
Ala lie Ay Pro Asn 165 170 175 tac eta cac teg gag
gat teg ccg tac ttc tac ccg act gag ccg tgg 576 Tyr
Leu Hs Ser u 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 jgta 624 Lys Thr Asn Pro
Gu Hs Val Ala H's Val Lys Lys Val Thr Ala Leu 195
200 205 caa cga eta ggg act caa aaa gag ttg ggg gaa
ttg gtg gca ttt ttg 672 G n Arg Leu Ay Thr A n Lys

Al . T PN A PLN O NA T NSNS o
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65 70 75 80 lie Phe Ala Pro Qu Phe Gn Pro e Asp Lys
Tyr Ala Val Qu Asp 85 90 95 Tyr Arg Gy Ala Val Gu
web@shess7a n |ie Arg Pro Phe Ala Leu Val 100 1PSI/HSI004/004819

Asn Ala Val Ala Ser Gn Met Lys Lys Arg Lys Ser Gy

Hs e He 115 120 125 Phe e Thr Ser Ala Thr Pro Phe

Gy Pro Trp Lys Gu Leu Ser Thr 130 135 140 Tyr Thr

Ser Ala Arg Ala Gy Ala Cys Thr Leu Ala Asn Ala Leu

Seffor 1#prokBO nfiGisg eEGidngy wWhien ah@guaGuy c@lsglwytr syssm isjuged, the

cofacg)régegg%laraggg syss&m,g} gn%%ctagﬁ %%%E}g} Ks%éﬁ% E;?‘% H'rf?lxed into

Lfie dibanidphald Baftiien e ad¥ed andl mixel $ \falllowedb
the a‘%‘%gusl ga S%/gQStTTreAI@g Leua195a§§)0n205 Gn Arg Leu G Y

add1tf5hrof ﬁerﬂ\dlgmsd@tue |§@1@§t1@tey Adtamatisiglyyahie Iteredhyrdase spbsprp %& may be |

0 Ala. S Ay dn
Pl'em\?‘ﬁg ibfli§ OFpaRig. Sf&lpgloég% %%O@S?gh%%@uegﬁ éjplgly Phe Pro
NEAS Fdr @ndRdiorydein BeRal BEchabd-YatMpte Rfony Ebion 245 - 1256 3 3 dfx ybutyric

33 <211> 765 '<212> DNA <213> Artificial Sequence <220>
acid eshk23 }}nd—mmdemmtaliggomiztm fmm@ut(t e)ketmedy(tc;tw)cata yzed

1eductflfc5?1003 44 og%g(gfcguaﬁgcaﬁglgte@ eaggtr 19%?# m(f@l{ 1nclude a

wide VaHeth¥oF cbhditibiah&d cin G yealitll daeymitﬁd by t]mse hgeﬂng cotcgnarggkﬂl in the
ctg age gaa get ggt caa ace gtc get tgc Thr

art. SkllﬁlbLeet@mA?r@t‘L%ﬁJfOS@ﬁfm@&ow the % e%pﬁaslen(".at ?ﬁe uC@yg Sicp are

typlcaé\émégg re}zriogfezg a1 $¢otd % y2ARce tﬁ@{ea&%s%}@camed

gaa hee 1 ac 144 "G U Ser he Lys d

out ab¥ FerfpiRatideUn HRUrakddlofirdin BBSuANEC @ bbokid 5590, land preferally from
cca cag ctg aaa cca atg age gaa cag gaa cca get gaa ‘
abouCR(g’Caltoeibgata%fQ?Z The geaGiinn ey alsyosbemamedequt Sader@mpiggt gonditions,

50. 55 60
t a/és g‘g&l @g)@héjt{h&n écglalo&p&asgtc@a&fzgd 5ega§ éﬂegg?t gbﬁ%e -é%l?alyzed
1eact\6%| is @5\&/@3{0 ﬁb@ee&ﬁﬁﬁﬁs&’el@aﬂy VYahpRedorMhr EdtipldiRIcom@dtsion of

80 ate ttt get cca gaa ttt cag cca

subsiaztte lsgtaitselafaé usiag nepghodg tleat geed\z@a\tn inglge Mt. eAPHethmhaIOﬂ%nn

deha cggnajﬁ g:a%fzea éqacg?rﬁ%lgeag%élgg 181% Al %e%%{o%gugtgagég%c?@??«fwgéion may

be mgﬁftm%ﬂ Py HchitdAag Merantyuat & b’asébﬁad{a hd@3duo Abantkethe GHchiange that
Pfo Phe A%a Leu Val 100 105 H O aat get gtg get
may pé@n&aa opevy vwitithe agrtieyar erfactPeigeeRfgrtiosysied thatds E%ezgti as
d ﬁ?ndAla Val Ala Ser Gn Met Lys Lys Arg Lys Ser Ay
esciiped §90Xe e 115 120 125 ttc ate act teg get act ccg
t t TheREofActhGocatdgzedagdirtian bémealchald%ﬂt%lncd)ulty'r'e: akid esBaror amide

‘ Ala Thr Pro Phe Gy Pro Trp Lys Gu.leu h 0 .
substras gengrates e ngmstqlwe@]@tca@@g a@é 395%51% Ofttg? 4;6 -%—?xﬁdroxybutynu

acid %?t%l @a&n@ﬁ?r@h@t Aﬁ%wﬁgg tﬁ%ﬂl -haY-3 3§ Hrof Qut i a&kl@st@ (‘:lr amide is

a Leu Sér 1 50 155 16
gencd@@l 9@l aathtiggdyn h@lgstm ansckativisy & the g-pgslgont Ehg@lthqﬁ balo-

S b YPHOT AR Eriay aprdeseferti o B FYBreftess Gudla reduction

Saee@rsl-aq ahli& ta@&t &@l18¢hirfla@d ©ed-rh@enic. The
Of4gl$% %ﬁ&oﬁﬁ‘t&mhﬁs SgtrgrSGI u? 1 es @ éy rPhe Tyr Pro ,
ketoiﬁdﬁctﬁaneﬁ’mtmn@'mpﬁdhﬁmhﬂla‘ésengm\’aatgorafc’plca gensgetg Arp fersgd nonracemic,

chlraigtgl q%? g-@%{p)&%gt %m agte%t %V@]% ?’ta?le%éféblq%t%o%g e., usually at
leastu 924 2Q0 20y fieAyGd ﬁaa@tta%ogg@%@te AR aampgagum@te

ggg gaa ttg gtg cattt ttg 672 G n Arg Leu Gy Thr o
emb@ﬂmndn$$prafldlﬂg@ﬂh)8§(§') Heblores -lwérowwmﬁ%wuwr@m thapsd9% e.e.

Ct ggc .tct,t hg. a "
tt g bergingds S5 a fric el Br B Ao Pliotute
d1ffeTéHce(gve@nﬁhé/ﬁ\lblé%}GveTgm fa@tion¥ cif mA6r @39 a&&Emﬁéﬂ(ngcenantlomers
ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa
taa 765 Gy Gy Phe Pro Met lie Gu Arg Trp Pro Gy
Met Pro Gu * 245 250 <210> 34 <211> 254 <212> PRT
<213> Artificial Sequence <22b> <223> HHDH Msl. 1A5
<400> 34 Met Ser Pro Ala lie Val Thr Asn Val Lys His
Phe Gy Gly l\/bt Gly 10 15 Thr Ala Leu Arg Leu Ser Glu

Al ~n 'Y e ~ o PN N N NN o~
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225 230 235 240 Gy Gy Phe Pro Met lie Gu Arg Trp

Pro Ay Met Pro Qu 245 250 <210> 35 <211> 765 <212>
wOboAsHE2> Artificial Sequence <220> <223> HHDPCT/YS1004/004819

0 <221> CDS <222> (1)...(765) <400> 35 atg age ace get

ate gtc ace aac gtc aaa cat ttt gga ggt atg ggt 48 Met

Ser Thr Ala e Val Thr Asn Val Lys His Phe Gy Gy Mt

Gy 10 15 age get ctg agg ctg age gaa get ggt cat ace
(i.e.9 E(+)98F( )qu,QVlﬁ?eQéF gpt FI6=PePef¥eat ¢.6Us "PO@\’LFP(+)SBF()13' EndhPomeric

hr Vval Ala s H's Asp 20 25 30 gaa ttt

Comaa%ﬂ%fa@ana'%?d eadity garrctariged iy ugag the gas gbtor@eé@graldef metbod described

Ph
i B b ply ambdat iy et AL g
gaasciscriled abc‘ée gétn g&ae ﬁ(blga@dnﬂc @Bﬂalwﬁalﬁ’nohy@r&)lb@tync acid
Lys Pr, Vet Ser Glu Ala Qu Leu He
estersar g frgpgedae éubégéte@gtth@ éelogmlm@,a@haéquen@e@t»agwlw:zedmactlons of
the &E&n@ﬂl‘gm@g{h E%Lre% géie bngut%{g%-hggfa}cgtggﬁﬁ acﬁleéteg §f amides are

subsgatialty equpdiy nbhtacemig, with listleoat logsim strcorgeity. gl‘h‘e @ﬂﬂamanon of
Pro. Qu Phe Gn Pro He As

the h?-@% st%aaegse\l_]}%cl%vgg Ef %gxegge%taggcgtéyzgﬁ gragystiggeqt tb@ gorg%@mlc 4-halo-
3- hygle(;xyﬁﬁ@’rl@ %&d%%@l?&%ﬂﬁ&% atllHtth@ﬁgh fefe dghéﬁ:g tlﬁ/ﬁal@{eﬂlnn

Au Ala Leu
dehawena@@alﬂﬁleﬂmaml sigre bf they tgehe tc&@spataimg gorﬂag:rraag ogzglao-

cac ate ate 384
>-hyfipvb R S SR S G T vty 4G pentive process for

 the ALRII3EbITEGN %@hoﬁﬁéenﬁ@@ ggﬁo 90 dEEAbhERic 2R egt%gs &Ia«’f‘mdes of high

teg act 432 Phe lie r Ala Thr Pro Phe Qd
e.e. ﬂ@rp%Iy@O@rkﬁtcu@wrseamWeragoarm@Es 140 tac act teg get

584 S B8 R0 8 B 8ot
prodAtta gbestatSe is \ﬂeﬂﬁhigﬁo T¥pRallH Qhéiﬂglc@@@ 46ado- gggdﬂﬁgbu%?ﬁc acid ester
aat ate CC%O ? ttc get ate ggg ccg aat 52

or aidg agyl ¢-nye e subpfitpied-3phyirazaybuppie wchestw@r@wdquroducts

| geneﬁ?&i ﬂ'@éC&EQllé'Jéltﬁ ﬁln% n?ettl‘?c)c%%‘i" ﬂ{ffg %%91 @ﬁu eaq‘e GF lga ﬁout 70%,

tac ccg
usualékg pt ISest aE’mat S'D% tﬁh«mll’i])at ldastcab'ﬁht 9((%;Jadaf rﬁail' bepat]l&ﬁt d&ut 95%. The
190. aa aaf €c g cac et cac.gtg aag aa
compigfiopeqT Ry Getuct eI G5 bagkdninriaRsibsiris GUREH PP Wi safahe amount of
p1odb'!§t5foMQéd ihYBe be¥Stiofathixfie. ﬁ‘o@lulﬂeﬁy thd%EB oéfv%tﬁ'ﬁaa#c??ster or amide
a ggg act caa aaa gag ttg ggg gaa t
may bf: gpm@ﬂ@lmmﬁp@ ptieitoGbytadting E@th thqlml@ydnheiehﬂ)gerﬁw As used
herei ELt;l}/ f. éeu 210 215. 22?cha tct gc tct tgt
er b\a e feIm tp(uél g tre qﬁt %@rogfsg 1R 3 s%fuatlg Rrogess mpgphed toa
mixt&el 1'eﬁ111’1n§‘ﬁ{ arfereASin B¥hcdafitidi b SAeYcoRgon¥@ relaife d%hel
Leu Ala 225 230 235 240 9 9 ttt ccc atg ata gaa cgt
compaygnts die thyguixhurg Switablgapurificatige progesseGiypplPled Rrtbe Mattice of the
presén&ﬁlif nt;cgiafng121§5,>ogé%nl é{!t?g_t\}(ﬁr %) %ﬁh%ﬁg@%g gxéa%:%'lgg, d?fgtillation,
and i@ BB HHDH cysl . 0 <400> 36 Met Ser Thr Ala lie Val
Thr. Asn Val Lys Hs Phe Gy Gy Met Gy 10 15 Ser A a
L el theg @chg]@cﬁ bigdrogyhytymicacd §ptaH03 amge lv@nm,ﬁp@ﬁ@ysthe{kgtoreductase

react%ﬂqn%.ﬁ.lrgif i‘)éos&ﬁeldlfﬁﬁlryﬂ(/i?g%ty Lﬁ?%ﬁ&lt L‘g% arﬁ)lleyélafsEysglv§Pg a biphasic

aqueMstcoS&ilvdﬁt sysanm) wWatluthermaloflyariftiehdletengse@nd nvllegFhiR0 Al a
Val Thr Ser Ala Tyr Ay G n Val Asp Val Leu Val Ser
Asn Asp 65 70 75 80 H e Phe Ala Pro Gu Phe Gn Pro H
e Asp Lys Tyr Ala Val Gu Asp85 0 95 Tyr Arg Gy Ala
Val GQu Ala-Leu Gdn e Arg Pro Phe Ala Leu Val 100 105
110 Asn Ala Val Ala Ser G n Mt Lys Lys Arg Lys Ser
Gy Hs He He 115 120 125 Phe e Thr Ser Ala Thr Pro
Phe Gy Pro Trp Lys GQu Leu Ser Thr 130 135 140 Tyr
Thr Ser Ala Arg Ala Gy Ala Ser Thr Leu Ala Asn Al a
Leu Ser 145 150 155 160 Lys3@ u Leu Gy GQu Tyr Asn H
e Pro Val Phe Ala He Gy Pro Asn 165 170 175 Tyr Leu
HIS Ser Gu Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro

o A NN AN A NN 1 ——p e ~ ~ o r



10

15

[
h

30

- conveguen pF e‘ﬁylpalcpﬁ

Gu Ser Phe Lys G n Lys Asp Gu Leu Gu Ala Phe Al a

G u Thr Tyr 35 40 45 cca cag ctg aaa cca atg age gaa
w@eagspea7eca get gaa ctg ate gaa 192 Pro G n LeCT/Uym04/004819

Pro Mt Ser Gu An GQu Pro Ala Gu Leu He Qu 50 55

60 get gtc ace age get tac ggt cag gtc gat gtc ctg gtc

age aac gat 240 Ala Val Thr Ser Ala Tyr Ay dn Vval .

Asp VaI Leu VaI Ser Asn Asp 65 70 75 80 ate ttt get
III. C 2 _j‘ I e I _: H ~. , L I !!-

Mlﬁ}ﬁ 3 45’5 gﬁgg%%@ﬁ%t%% aFIWFED'-ASS—HX*D'[@O{WBUTYRIC
[ get gtc gaa get

CtACIDERSBER/AGEDE G A SINGEE REACHIONIZSSELr Arg Ay

Ala Val Gu Ala Leu Pro Phe AlgLeu Val 92

10%e PIRyeRiARvEen @f@@é@ m@ﬁr%% CAFYIEAY HRGORYESIgAgY 4-halo-
3-ketcf_b$1grr&9/%1£r@§ée@taﬁd %ﬁie@ﬁh@?@n @p@n&l ﬂg 4%@%6?%%%%@5%@1%&
3-hydaixybattictaenl ayetrs ank armdgs nntacsh@g raacaon geg;sda@xe gxmghcﬁt @mpnsino

ct 4 H Thr, S Al
contacti (55 4T ety oeiatic i cF3boR yBidEA b elgiuciat, g practor

cofacfoBfe @ﬁéraﬁ&g S}Q;?etm tag{ucﬁ%hlfet Qn«gﬁ hal@ﬁ?drﬂ?&elﬁk%eﬁé’sg t&&gm a
Tyr “Thr Ser a Cys Thr Leu

reactigh mixmne fee pomzestmgsrhe 155101Met@hgtyglagcelteateg Qaalgsﬂy to aC

nucfBnll Gob il iR YRR, 25 B

1@'@ecllz&stlc7a$1vt fhis Shde-Sadkel rﬁ@mg@grc@aédst@egk&aﬂ:dh@ssetcta@alyzed
tac ccg act g(ccg tgg 576 Tyr Leu His Ser Gu As

enqhutW@crnﬁsteeou amids tqfrpmoué@thrslshai@é

hydroggﬁ.ltgéé auatest%)ggr %ai%e sc Illggl% ) oe@%ﬁlt %}tlghf‘;%?l c%ﬁ%log]%ngse- ’
cataly¥ed cdi@rdigiboiMat 4Tiaro Z\Jh@dﬂoﬂylblftﬁ% 280 e26bocaside gﬁthefcarrespondmg
act caa aaa gag ttg ggg.gaa ttg gtg gca ttt tt
4-nucg,’pgh1@ Fbafiytaderhigliox R YTEy qpuﬁ%er(gl @ide, 1ﬁ@a1yl}Lélﬁ: 4-halo-
I f
3- hyd%cﬁlybﬁy?lc PR e!gsgeé' ogé%d%gp‘f’oc%%t%tgd? he I&Rorg@\fctéfg-ézak?}éze%gérautmn is not
separdtby oﬁ@bo@tﬁd Jasling tafytls cblﬁalctT)hth lﬁltyh}@lnm déhhloghmsér arpl tueleophile

Al a 225 230 235 240 ggc ggc ttt c tg ata cot :
T L TR R TR TR,
acid Stefbla@. Trp Pro Ay Met Pro Gu * 245 250 <210> 38

<211> 254 <212> PRT <213> Artificial Sequence <220>
' <SaﬁaablHHEaleltaugss(gubsnztea;zb@@ym% civactosay sovantsAbH, tangexsure, and

other JRg QR EPrAG e Bie it e et esselfortahioh of o>

ketoblﬂ!yﬁc'ﬁéiﬁ dteP 012a151d% t0 4@u@1€§ﬁlﬁ11@°§h@stw&d@ -Ryds¥ Syt Acil ester or
G u Al a Phe € Tyr 354045ProGInLeuL

amldeFare thﬁeﬁtalT@e&S tigpag d@somlb@ﬂ abpiedonihg carpingeyt thedalghydsp 55

‘dehalggepél%%a %%mf% 9@" 361%3[0- = dl%kpbl}.{g}lc % eyt%x:]s alng%m\{@és to the

cone%bﬁdﬂxAF@ -ileoblifie Substidited- Maydrek ybubsic £5d 88er® and Yihidd6J
a Val Qu Ala Leu @dn lie Arg Pro Phe Ala Leu

erogiuaes and glussse Jehydroaenas aregised ey the pafactoy gegeperation

Vi
systexﬁlragd %%? egsgal%té OEiD%e 1eead?f1%§ dﬁngg é%%ofgg o'gtlﬁ tloﬁ%neutralize

both thaglutéhic hyid ahldrhySeihakd @:M\pg)dﬂbai dddymAhaiyhs idikial gieof the

Al a Asn Ala Leu Ser 145 150 155 160 @Sﬁtﬁ Leuialy )
reactipp gane (fetringiab pBs i \hg rangg of Abopt |y tga g; e gueralf pEpcess in a

5t 2

s1nglelge%se’=ﬂ§ac Hh 145(?% 1?!56% b?@@ugﬂs%l (’1%8 Wﬁ’géh flj ﬁf;?e gﬁ»fﬁmg)tli‘&x nyé'&uatlons( )
and (Hi shifeln #juaotd s)dhfmh hidrexidly & iNastrafdr asﬂthaba.seu 195 200

205 G n Arg Leu Gy Thr G n Lys Qu Leu Gy Qu Leu

Val Ala Phe Leu 210 215 220 Ala Ser Gy Ser Cys Asp

Tyr Leu Thr Gy Gn Val Phe Trp Leu Ala 225 230 235

240 Gy Qy Phe Pro Met He Gu Arg Trp Pro Ay Mt

Pro Qu 245 250 <210> 39 <2]1> 855 <212> DNA <213>

Artificial Sequence <220> <223> KRED krhl 33c <221> CDS

<222> (1)...(852) <400> 39 atg get aaa aac ttt age aat

gtc gaa tat cct gec ccg ccg cca get 48 Met Al a Lys Asn

. ~ o ~ ~ Al A PN oA -
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130 135 140 aaa ggc gta ggc tat gta gca aaa cat gcg

ggt cgc cat tat cgt gaa 480 Lys Gy Val Ay Tyr Val
web@shys7Hi s Ala Gy Arg His Tyr Arg G u 145 1BOT/LISH04/004819

160 cgt ttc gaa aaa gaa ggc aaa aag ggc gee ttg gtt

ttt acg get tec 528 Arg Phe Gu Lys Gu Gy Lys Lys

Gy Ala Leu Val Phe Thr Ala Ser 165 170 175 atg teg

t cac ate gtt aac gtg ccg caa ttt cag gcg ace tac
t 76 Met Ser Gy Hs e Val AgpeNagpRr R he G n
X% Tyglucase +180N RpBeE

1*8&%@6%‘5@-9%—3@%&%9@6 gt g
cgt cat ttc gca aag tec ctg gec gtg 24 Ala Al a
Lys Ala Gy Val Arg HispBhg Ala Lys Ser Leu Al a Val
G u 195 200 205 tttyget |ecl ttc a cogt gtt_aac tLct._
gta tct cct ggc tatN%M@Rf @%e+ﬂ&8°'%t8)ﬂ@aﬂg )+ H0 1y
Arg Val Asn Ser Val Ser Pro Gy Tyr He Asn 210 215
220 acc gag ate tct gat ttc gtc ccg caa gaa aca caa

aa : : |.P .

a E})tl%?%l#ge‘r]v%?% oﬁ%ll@éce% é&ﬂ?}lgn%%é rgilgt %}%ﬁ sgliﬁanréégquatlons
deschbmgglthergpgomsst for E@tdu\c/glllig g@maleggd%ade}%rm ge%ﬁ@-cgém‘lyiéﬁaeaction (e.g..

. gtt er Leu ro Leu Gy .Gy dy Qu

usingf -y Ade B psbbws ang g the Ketotguciats igugiond chgng fremate and
oS3l SRR L5 R BB or
sepaftely Ghbyduifhad 1280i0865 270 gat ate att gtg gat ggc ggc

tac acg,ctg ccg ta 855 Asp H e e Val p Gy

G § FIRSRR elsP ATy Sssabosulima’ 38 sbispied by i
condiBIngBd Xtof¥dulciake fabtiPRPEACRy FPRLTi Betabdv KR éﬂﬂ)@éq@gﬁtly

<400> 40 Met Al a Lys Asn Phe Ser Asn Val Gu Tyr Pr
addipg halphysiripr dehBogemisa andcyepideigtoThe ketgredpstaseGieactBarmikaue and

condii s A R 8, 0, e

‘reactdéh dmpoment®l @ Gu Ala Phe Ala Gn Val Gy Ala Asp Val

Ala He Trp Tyr. 50 55 60 Asn Ser G n Asp Ala Thr GI%/ o
Ly 4ngmbodjmentjof a piagleayegsal procegsstorgenvegingrr 4halRe3-etpbutyric acid

enolls AR T AU

Lys Asp Phe Gy His Leu Asp 100 105 H O H e Val Val
Al a As G T

IV, 118 bt AR AL "';é Yoy SNEAalD .‘\' A '. 'v.
VahAYe. AYDROXYASPBEEIUEMD LRI NE b ES'TEE%I 0
TyT Va a Lys H'S a y g H'S Ty
5¥IQ 06 ANG. PhEDRIOXY &/ BSTUTGINIED ¢4 RBGXW YC AIGID ESTERS
Ley Val..Phe Thr Ala Ser. 165 17Q 175 t Ser, Ay H s H
o eatiiay o4 - BRUS Be AOAISS oA OSgies s Fsheen Sigsovered
that B36hykia Bhao %&x&s&' @n Bk Yisdo oA¥alyAliRe Ecﬁﬁfer%lﬁqd% éAf?bzhezr%gcinal halo,

Leu "Al a Val 195 200 205 Phe Al a Pro Phe
hydrygy sybsittudrcaxmixylde aciPesteGiupstmates t theinc@t@paiding 2intheyano,

Qu He r A he .Val, Pro.An GQu Thr,. G n Asn Lys..
nycgppouf o g B id Fers, it fhe vt ATt 4scgd n part 1.
ThusAhe ftsénGnventivh alodpreided-ethelfidll 163 proddding & QicaRd cﬁin@, hydroxy

Tyr Leu Phe Leu Ala Ser Asp Ala Gy Ser Tyr Ala Thr
subs@g@pd‘mfbog@bc 2@4 estynitam s irigalthalo, sifroas sulgstijuted gartrgyylic acid

T 5 280 <210> 41 <211> 855 <212> DNA <213>
eSterAﬁﬁ%in#eﬁlg?d;{"i@e;qiS U8hce <220> <223> KRED krh215 <221> CDS

<2@2> (BoovidifBobiriraiidle, HlratyGusitu@adaddgylid dcideferaat
gtc gaa tat cct gec ccg ccg cca get 48Met Ala Lys Asn
Phe Ser Asn Vagrem the irglo sphsiitygna ispelecisd drapp ghegraiip camsipting of
5 cat ag : . tgscag gta ctg gat ctg ttc
aaa ct g&g%@?egbg&ﬂpg’a@ﬁﬁg@ﬁéa dn Gu Ser Leu G n Val
Leu Asp Leu Phe Lys Leu Asn 2 0 2 5 3 0 ggc aaa gtc
gcg tct ate ace ggt age age tea ggc att ggt tac gcg
144 Jy Lys Val Ala Ser lie Thr Ay Ser Ser Ser Gy
lie Tyr Ala3540452tggecgaaget ttt gcg
cag ggc gca gac gtt gcg-dte tgg tat 192 Leu Ala
Gu Phe Ala Gn Val Ay Ala Asp Val Ala lie Trp
Tyr 5 5 6 0 aac age cag gat gee ace ggt aaa gca

o o o, AN N ~

urxQQ

O T
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180 185 190 gcg gee aag gca ggc gtg cgt cat ttc gca
aag tec ctg gec gtg gaa 624 Ala Ala Lys Ala Gy Val
wae@swiigs7Phe Ala Lys Ser Leu Ala Val G u 195 2PO1/B8H04/004819
ttt get cct ttc gca cgt gtt aac tct gta tct cct ggc
tat att aat 672 Phe Ala Pro Phe Ala Arg Val Asn Ser
VaI Ser Pro Gly Tyr He Asn 210 215 220 ace gag ate
gat . ttc gtc ccg caa caa aat aaa tgg tgg
(b) 7z@omn<r*tlrta the Mcenai:,éa ophxﬁrmesubamwwﬂﬁatboay@ geidigsteavith a
haloﬁzgi&gélaFJ gn%;g%ﬁg% ggeggl?’d%r g{?h%lt?&t% shftfblg%@%gz‘arrte%cgwg%mture for
con\Xéaﬂlllﬁhe vicenal Ghly, Bydroky yubtitdd dzlrb'ﬂ‘tlyhé\b(ad Ghidr tetdlvi¥inhl cyano,
245 250 255 gec tac ctg ttc ctg gca agt gat gcg

hydr@gbf splstitetcasbe e delifstcaca 816 Ala Tyr Leu Phe Leu
" T r
27%s§§%d Q?lgm'gtht% tgtr% \ggl alg%éio : &o}g gula%(t:%utg%" gregegg totzhgagogen and

hydioggl $6&p Astifuiiend oreadjadenfsqrbéalsy ’I(Eleyefﬁy'l’waihﬁl d;yahlo Rryardky
280 <210Q0> 42 <211> 283 <212> PRT <21

subsip e i P hegp éntederdo spanodb 530 REEIRKHAE TR stitions on
adJaM?ntt cﬂb@lﬁ-y@fﬁ[‘heﬁa _I_Wﬁbs}{ﬁftecga%) K&% REQ & e,A{e% tﬁﬁ{’fgf suitable

Pro Al a Lys Asn
for useun the priogige Qﬁéle Ipy@ema'uvdmimﬁlﬁ):lﬁfe tBOseGhyt dry aotVrhalddda

et oSBT St Lot
estel A]B@dﬂ_ dt @eﬂéfﬁte@ By 515:5@ thefifidls fRMude tRoRSRatAk@n i c ahy-3LY s
Leu Ala Lys Lys Tyr 65 70 75 80 y Val

hydl‘QySmeC &Wéeﬁﬁla Tyr Lys Ala Asn Val Ser Ser Ser Asp

9 GI n_.rhr lLie
pndrery e rEme Lo Bics Myt fo et ditcauptys i e
presétanteniioh hee dRiral, 'Eéiﬂg'EfHTed-g\éﬁlch Mmeﬁiy@ro&)ﬁ%ubétﬁutla@%aﬂe%@ and may be
125 Asp G n Asp EO ys H's Phe Asp G n Val lie

raceimiGONAPN-TAgHNICe &n @@@e 918 cmm@nmy@rt@uwamyd@;ﬂerrwgemse enzymes

usedAEShéAé( %cégh%t@ j) %e}{t N&lt@nsbo-w&t @r %hgll‘{/léﬁg l}_ o h oxyl

subsﬁh&edr dfhlrboédyac Seid elﬁﬁ sﬂb%ﬁat]ﬂ& t}MaiorISﬁJonGHng \lrll:lﬁalQ:y‘&/ﬁﬂ h@ﬁfbxy
(fro Gn Phe Gn Ala Thr Tyr Asn 180 185 190 Al a
Subsmllée bajyle @319 o5&l “thetﬁmfsormféhw%m% stegepchespistny af the

ste1~e\84§flrsn1\iﬂla%‘d Se? s%%@tté@%c#ﬂ& @n a{cgm?;%u%gl %gh%:fg? h}@%\yH

substituat caflsgx yRb ecidaktePsubs@htas ﬁay b¥ kon@irted As substaatidllpedquafly non-

225 230 2 Val Ar
ace ey Bt G A b S e A it o o
1OSSE{1§eﬂe§%ﬁrﬂya Ser Asp Ala Ay Ser Tyr Ala Thr dy Thr260
Asp lie lie Val Asp Gy Gy Tyr Thr Leu Pro

278uipdte vrmebhalg, kyZtaxy ®bGitued 2arbpijdic®iBestds lemfplayledhn the

pr achle)qoufetﬂf( g@%in% O>6§E°‘h ng%E%oéf: tﬂg\égg é\lbec %EuﬁuCDgéI g chgql gvide vicinal

cyan@@Rydréty abkti@eed daﬂﬁ)x §adig 8steiavihgBhdBbrré¥pandiv st?@crﬂu VIIL
Y EH} SeryAsn Val SI,' Pro Al a Prggt Pro ég’})o AI% re

cat atea ctg cagpgt tg ga ctgttc
aaa : Thr Lys Asn LeullG n Val Leu
Asyp u Asn 20 . aaa C gcg tct

ate got age~gpea ggc at M HERY
Lys I Ak@ Ser'lie Thr Ay Ser|Ser eSer y e y Tyr
Ala 35,4045 ctg gee gaa get tt gcRg' cag gtt ggc gca

gac gtpt gcg ate tgg tat 192 LeulRAN a G u Ala Phe Al a
Gn Val Ayyff a Asp Val Ala He Trp ypf 50 55 60 aac
age cag gat gee ace ggt aaa. gca gag gee ctg get aaa
whergaa tat 240 Asn Ser G n 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 age teg agt gat gcg 288
Gy Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser
Ser Asp Ala 85 90 95 gtg aag cag act att gag cag cag
ate aag gat ttt ggc cac ctg-gac 336 Val Lys Gn Thr e
Gu d@n Gn He Lys Asp Phe Ay H's Leu Asp 100 105 H
O att gtt gtg ~gcg aac gca ggc ate cca tgg act aag ggt

e I
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25

it nely o scte t halo-

age tta gtt cca ttg ggt cgt ggt ggg gaa act gcg gaa
tta gtt ggt 768 Ser Leu Val Pro Leu Ay Arg Gy Gy
WwW@RwsOms7Al a G u Leu Val Ay 245 250 255 gec tBCT/TRZP04/004819
ttc ctg gca agt gat gcg ggc tec tac gee acg ggc aca
816 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gy Ser Tyr
Ala Thr Ay Thr 260 265 270 gat ate att gtg gat ggc
ggc tac acg ctg ccg taa tga 855 Asp He He Val Asp
Gy RY B2, RYf anliR® dres Refinetl fr 2ABH280A,<@H0> 44 <211> 283
<212> PRT <213> tificial Sequence <220> <223> KRED
kiHioeero enfos Lip Jkclngive.pPpd Asn Phe Ser Asn Val Gu
T . e TonbtyHr AR, wh
et s erGhferfy e RhR i S, U1 SR 5 5 5 wherein
R™ an@ R/ hieszavia independSetly Nle:té!’dwﬁm@lthe Seup SensiSarg dﬂhydtdgen‘ fluorine,
Ay Tyr. Ala 40 45 Leu Al a Ala Phe Ala (G n Val
an op@l}ﬂllmsabssglae%“’ewﬁ(yta ag O?Flﬁn#vrS%l%@dééfclﬂélﬁygé'ﬂ opyigpally
i ;?'v& St Qi (BsHtutd Parke tn Bpforlall sLtHs&‘mJtE(ﬂa Ikyl,
substxﬁg 6-&%@11 i Ly g st I_Sys r_ly‘ Tyr% 8halkyl,
ammcSan opgonalgrsubsituted boves agwlemwaan Qgt@n@lmsubhntuwdecyaoalkylamlno
an opgmvélp' s%tht‘ﬂp@/o&ea a%ogyényo 10}5?13 ﬁ;}%un@‘ﬁé?i %fgl(sz)aé%%y %%Oop'_lonally
substlTMEd Hyﬁ)\%’lﬁl %Qn&ﬂﬁ&ﬁﬁuﬁtéﬁ Ph xﬁs Mitko, |’d!nﬁn(5’h@aﬁ’@ Rarboxy
Val ‘Asp Leu 130 1 140 Lys Ay Val Gy
(ie. awrbovallatwaca@gyw @;cldxg@u@b,yamoglqu\x (itecan After Epup) g@bamide

oot PATRBEDRE SIRaEHTL BT U 8) 47,

i E)Sgﬂhbléf%lﬂ'dl 8alBr @ycﬂ»ay m\@/miaegr oam:')xyhaé ﬁéﬁa Zsrémthaﬂza ﬂsiekﬁﬁctule VII
a I e a S er )
lznéomltww gsterp erewmélsm desilpd.

}r/ﬁirth sﬂuaﬁé é‘mal i@%, @L@Q)ga%{lbgr ! cﬁrﬁ?ﬁh%&@d égtgrsﬁge the -

structlpesV T thi=0, 2RGetRIAVRRT RSN, widch Malvidervicihdwy@ig hydroxy

Arg Ay Gy Gu Thr Ala Gu Leu Val Gly 24% 250 255
substiaptEd PO aBHkesisa e DE SHOTASPIAE SENUELR. Tyr Al a
Thr Gy Throd60 265 270 Asp e He Val Aspdgay Gy Tyr
Thr LeuRPro]275 280 <210> 45 <211> 855R<21P> DNA <213>
5 <220> <223> KRED kfh28]7 <221>_ CDS
400> 45 atg ge % aat
gtc ac cctt’gec ccg ccg cca get 48 Met| Al & Lys Asn
Phe Ser {Asnr%al| Gu Tyr Pro Ala Pro Pr¢ PrR§ Alja 10 15
cat acegpaa aammaa tea ctg cag gta ctg'gat cogdttc
aaa ctg aac_96 His Thr Lys Asn Gu Ser Ley G n Val Leu
Asp Leu PheD\Lys Leu Asn 20 25 30 ggc aaa Stc gcg tct
Whel{;te ace ggt age aac tea ggc att ggt tac gcg 144 Gy
Val Ala Ser He Thr Ay Ser Asn Ser Ay He Ay
Tyx,l#l %30, éaﬁliRSamtagdgﬁwﬂaasvgeitumt\ﬂIgcg cag gtt ggc

ca.gac _gtt gcg at tat, 19 Ala Gu .
Suitabje yiqpad hgigp h r9an§~ g&ged\fzﬂb%y pf:l 5l hﬁy}ngége gﬁs'ucg\ge IX
1nulu@é"‘$ haR- ﬁ%rogﬁﬁoﬁ@ﬁic‘%ﬁ Qs a@’%h@i@s"ﬁegﬁg sﬁﬁ&ufe"s g/'Ig Eﬁd IX, X is

aaa aaa tat Asn Ser H's Asp

Artificijal Pequenc
<22

* typicdHyuchMrind @bréthine arsl pry&rerbyy clﬁanﬁ!e@ W5th8@Spggtd0 gtractaa’«a VII through

X, nggg @ag c%ﬁg arteaatge 9% h g{?cgp%nﬁg gnl‘ﬁ gly%g)ﬁe%gt a %vger alkyl.

SehthaeduithsIe vi¥ifal %5109%&59& SLRARGBArEYyliahtid@aerdage the
cag ate aag gat ttt ggc cac cta gac 336 Val Lys Gn

structing VI witlGh dro@ A tad,nndligve.yE lyPhds Bpm 2Hoed, inslpsiggpand more

b 8052 A2 s S 05 58 568 v
hydrcﬁ'yysugstﬁﬁt@d IﬁﬂBoﬂ‘lfc de¥Bestdry hiViAg Ay iddlele ﬂl@léﬂQlyHZ&y@aﬁtanow
ag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc

gac ctg 432 Asp G n Asp Asp Asp Lys His Phe Asp G n
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 Ay Val Gy Tyr Val Al a3fys Hs Ala Gy Arg H s
Phe Arg Gu 145 150 155 160 cgt ttc gaa aaa gaa ggc
aaa aag ggc gec ttg gtt ttt acg get tec 528 Arg Phe

~l ——



<210> 46 <211> 283 <212> PRT <213> Artificial Sequence
<220> <223> KRED krh287<400> 46 Met Al a Lys Asn Phe
wW®Ee005hs837%al G u Tyr Pro Ala Pro Pro Pro Al a 1BCT/5S140£004819
Thr Lys Asn Gu Ser Leu G n Val Leu Asp Leu Phe Lys
Leu Asn 20 25 30 Gy Lys Val Ala Ser e Thr Gy Ser Asn
Ser Gy He Ay Tyr Ala 35 40 45 Leu Ala G u Al a Phe
Ala Gn Val Gy Ala Asp Val Ala He Trp Tyr 50 55 60
acid stersSeiuiteble vigal Ak, Mroﬁx yuﬂsuﬁltd& @rlaxyliflagidledtérdMating n=3
%Tr65707580 Val ¥VaILsAIaTr
mC“L%y?é e g oged %%?ISA%I% avigmabhaloghydaexsl sbstituted
ca Tz 8 B-
et S et RGP S RRG e il ol suiable
vicinpt Balqsh]nyd_y}sy @bytitdied c'ﬁghoxylleacld Bstéﬁ(haiiﬁg n%ﬂnéﬂuﬁb Ahflo-7-
.Lys, H s Phe Asp Val Asp Leu
5 yarSBdERictii e P BITviE i, atom GbrytercbrbaRsic acid ester
havnﬁ%ﬁ G\l’r@ldﬂe@ Eﬂ&Sﬂ{y@r@yﬁoﬂeﬂﬁcléQd dds 1 gQIt#LQVI Gl @lg hydroxy
Al'a Leu Val
subsgégedlcp@bmgc neid eS@rs l@vylgl-ﬂl=s’7 ihtledd/a0-halerD- Hﬁiroﬂd@:c@dﬂu acid esters.

Su1t%le V@nﬁl Q'.Ilrla lwlaéoxgy%bifﬁéteﬁggrbé@z 1{32@8@ éalt%{s {yé‘fm@ué% yygude 11-halo-
10-1 &Q DRlebhRiMad Biters PRgitA
1? X?l ay eTyr lH A Astn5210t2]1_@51V1§[2r%1 T’_{%!r) Ig%ﬁ))@eéhbgéﬂhteigﬁrbmyhu acid
10 ester F’ﬁé"l%rl—?’iﬂbl‘derﬂ 2ehalo-Thhydioxydedectapsichcidl cEteps. 225 230

23 |
%r%%e Wylr{:}?ﬁ&léal )}/ 4@/ Sﬁg%lt%é C%bg %g aqi%st@ﬁ @rq_& halo-S-
, hydre%k}a3 Sabhe@&noﬁlaaldGsbel ﬁﬁfwﬂ@/ﬂhe é&rac@éh(ﬁﬁ)d 6Em10%6ﬂd1%?§roxy-
r r Leu Pro
hexa@g@ aglﬂﬁfgl s@avggltilg stglggur@ jgl%b whagh pségx_uge, meal f:yanoahydl oXy
substﬁ%’@é‘dec@i?cg%c ?@ chg gs?tgl};avﬁ@-:tge bt{ntﬂ algl%s g&ilgél 8sp§8tllveé)( c
T S ! cg cca get §§ NG ARIAla bys AsgnoPhe

ea ggc att ggt tac Cg 144 Ayl Lys
Rhr Gy Ser Asn Ber GyRé Ay RAa 3

Sér lie
? gec gaa get ttt gcg cag gtt.,ggc gca gac
ate gg tat 192 Leu Ala Gu Ala PhE Ala G n

acde
15 VAR

ee ctg get aaa

a
4
g .

Val Gy Ala Asp Val Ala He Trp Tyr 50 5 5 6 0 aac
u

100 105 H QIEtt gtt gtg gcg aac gca ggc ae cca tgg
act ga%]g?% gca tac ate 384 H e Val Val Ala Asn Al a
20 whersfoy X, XIp3ILmns R Lys Gy Ala Tyr He 115 120 125

g ag? ttt ga Iy 5, 3, "
gre ek o 908" 4 %eﬁne%l?al YR R BRAR ana e
are as@etfiny@ For\rel! ad&SR!""Vﬂlstrm&ehﬂW BPRPerd @9, RH@C&R@}QQR Qtl@' R*, and
By gct at gta gca aaa cat gcg ggt cgc cat ttt cgt gaa
R™" aigegch {ndepyndenidy eithey hydiogsrmer sloaver gl yhi X isdyaically ciflogine or
Hes Phe Arg Gu 145 150 155 160 cgt ttc gaa aaa gaa
bromire:
' ggc aaa aag ggc gee ttg gtt ttt acg get tec 528 Arg
25 PiPecfaired B3halo-hy@oyy-hyanojsactd ¥stéb af st XIRRK THave X=C1.
Ala Ser 165 170 175 atg teg ggt cac ate gtt aac gtg
ccg caa ttt cag gcg ace tac aat 576 Met Ser Gy Hs H
e Val Asn Val Pro G n Phe Gn Ala Thr Tyr Asn 180 185
190 gcg gec aag gca ggc gtgdtgt cat ttc gca aag tec
ctg gee gtg gaa 624 Ala Ala Lys Ala Gy Val Arg His
Phe Al a Lys Ser Leu Al a Val GI u 195 200 205 ttt get

g, X a2 S 4 a
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20

o
o

30

“hydragep, ged Raasat butyl) end t- b@tel @@tong«v@ ‘g

2 02530 dy Lys vVal Ala Ser lie Thr Ay Ser Asn Ser
Ay lie Ay Tyr Ala 35 40 45 Leu Ala Gu Ala Phe Al a
w@kowsNes7d y Ala Asp Val Ala lie Trp Tyr 50 55P@0DUS2008004819
Ser His Asp Ala Thr Gy Lys Ala Qu Ala Leu Ala Lys
Lys Tyr 65 70 75 80 dy Val Lys Val Lys Ala Tyr Lys
Ala Asn Val Ser Ser Ser Tyr Ala 85 90 95 Vval Lys G n
Thr lie Gu An Gn lie Lys Asp Phe Ay H s Leu Asp
106P4@i8c f1wle- ﬁélwy%@xweaama%d ast@s;pf Bﬂ'@ctmﬁéﬂ'ﬂhﬁ may be

emp}éfed Ei’ﬁqe& Xctig‘% ar @é r?rééeﬁt g}&cﬁn@é%%ge ®§1]Rylc% EmArsoqﬁﬁgroxyd_

0x0He&5ndlé@cM}b£teG(1)e VeHerdKyis Tylorivg IR 'ARG RYR'HRY, RFQ R ynd R are
33 Gu 145 150 155 160 Arg Phe G u Lys
hydreg'an @CljR LVé"l“}Ir ) agd-tyted %@n\sbaﬁ T oxqhsxamsic apbester (ic.

wheé?% is;klglgn ér’ léeiriz gyRHSIg J %B' 90 r%slgf’%?é 11fc[r8ge ngﬁ is t-butyl).

Whevamplo yedHinshdnethat af thepr&ent 1heent{édnath‘d9d sdBlstmat&jSelZlQBe
205 ($he Ala Pr o Pge _Alg A%g Asn Ser Val Ser Pro |
Corr@pgan D8 vicial granos hyfiroxy sy lfﬂl"ﬁﬁi prgdycichaging s,é@ﬁu%élwlhere R,

R?, KT R "GRiv @24 RPAG, R S Ryl mﬁfﬁt%ﬁy 1230 235 240
*'Sér Leu’Val’ Pro Leu Gy’ ge%{n Gy Gu ' Thr Ala Gu -

LeSp¥tafic Gthal®23,5- Cﬁﬁfﬂr@‘fﬁlemrm)lél' yaid egersheingehe phetuBe K11 that may

be of5BvEd Gufe ey 5 e prgnt mygmtib s Bniy oS Bhydroxy-

hexafofcdtiPestR41E 1R scRb3me AR L IR BF, Eﬁl' gequenges 333@3” are
<223> KRBD krh326 <221> CDS <222 >@ai1 S . (852) 2400> 4
yduasy

liexengje acidegter (1 e.,
2 nS »
Whe"Fyr %‘ I{:"‘rﬁ E"@’o Pr ﬁ’ afél erl@é%sr%%eél 5’5& ig4-butyD.

Wheéh@tnplé@ddaghdhathed gf Qlatpré‘steﬂt 1h{'é‘ntﬁlﬁath@§eg6-ﬁ@16 Ve dttiyer oﬂ%exanolc
Lys Asn Qu Ser Leu G n Val Leu Asp Leu Phe Lys Leu

acid gsfgr suhpsrafegpickiguciaaleygre hydipxptsubstiatesdquodust hayjag stecture X1V,
gCpatll got pbas 44 . e Thr
Whe[t&q@ gerRAg{ n’ gf RGI R gg&% yar%lydl gﬁl’gghﬁ‘ 1%5&@& 1g gee

gaSug&kﬂe halbhgtrm dbaglogértasm‘br garal ygamg thk tongedioml & vigaal halo,

tat 192 Le a du Ala Phe Ala G.n Val Al a As
hydrgy SURSRRDe a?"?cadwpld@@tes s%@afga@ \agl@alaa@n@ﬁydr@éﬂ sbgituted
ca1b8}%11103a%ﬁi &%guc%i_ ﬁi%l%&%oﬁl&/gat%%nv%@@ulﬁﬁg E@ho;ﬁfiguffﬁl@ on;'gﬁmng
halOH')ydmﬁEhﬁImgWasam aggevipuslyalascriped iapgyt @eztpmaﬂabﬁadgetiehalogenases

may R ety 18 SR e, Aertiet EkaGly HirrdZ) ot psticuing

for et cER8-80y R b ¢ RO vERGh1 ALR, B tsubdtitutd Car '
or ecayg(??‘gbgac 33 },L?/lgl GnVThr He Cfd}%su tutg a1boxy11c

acid pybstiagspofphigres). yCmdstICLn@ thadsys slmeblm% faHmG wactia mugvurg for

AT T 1 N T AT R -

hydr&ky sullsaituldd carbdxylid Beid 6ked 48 tigdante?d d@adritedFoidtnva@dg 4-halo-3-
cat ttt gac cag gtg gtg gac gtc gac ctg 432 Asp G n

hydrpgybupgis Mbes_«;@ ta-fhgir ppwesrepdiog 4- Wanovﬂydp@wb\mﬂcmﬁ esters (see

a_cat

part ggzé) é)é £84 a%lé? @??esg%%thgg%foggg ti(?ﬂm%:ﬁ %éﬁ)e { eﬁ, ysplvents and
co- sdlad:ntébﬁelhy,&mﬂiitlse Wea Feyhphirg nhlltlSOdef@l éérgfeﬁutg @ﬁ@lolﬁﬂydroxy-}

155 160 cqgt gaa aaa gaa ggc aaa aag ggc gec
oxohgkanoig @%@@te@éﬁtﬂtc@&e é@halﬂr@haﬁé Tdihydyexy xﬁnec;ﬁcw@ters
(stru!:ﬁége 59&91? tﬁ‘lgl?eltt@deﬁegﬁdnd?%vlggﬁl dyaﬂo ﬁgfdrcg*sﬁst u%%tgutéé %m%%gyhc acid
esters fice. asttuchirs NH an®XTV Qeypddiisell) ﬁe‘iéacbvm&lhn\ﬁdan@ﬂ@ 3GL411

.Be Gn Ala Thr Tyr Asn 180 185 190gcg gtc aag gca ggc
hereigpglo¥gt cac ttc gca aag tec ctg gec gtg gaa 624 Ala

Val Lys Ala Qy Val Arg Hs Phe Ala Lys Ser Leu Al a

Val G u 195 200 205 ttt get cct ttc gca cgt gtt aac

tct gta tct cct ggc tat att gat 672 Phe Ala Pro Phe

Ala Arg Val Asn Ser Val Ser "Pro Gy Tyr lie Asn 210

215 220 acc gag ate tct gat ttc gtc ccg caa gaa aca

caa aat aaa tgg tgg 720 Thr Qu lie Ser Asp Phe Val

~ o~ o PNPANE™ NSNS NS N AN
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Val Lys G n
Leu Asp 100
WEe@501§379 hr
Asp Asp Asp
Leu 130 135
Ala Ay Arg
GQu Lys Qu
Ser 165 170

Thr
105
Lys
Lys
140
H s
Gy

175Met Ser Gy Hi s e Val
Tyr Asn 180 185 190 Al a Val

20(Th8 Q&S%Qn%ﬁtﬁoﬁmﬂ%ﬁ* roflides Ab@pYeatioASthatSRE udhl f88the enzymatic
215 220 Thr Gu H e Ser Asp

Pro d yr
COnVpEEo!

e
H
€

>TC

G
e
a

<0Q

H s Phe As
Lys Ay
Phe Arg
Lys Lys

Phe Al a

He Asn 21

—|<:

GnH
al v a
yr He
Asp G n
val Gy
Gu 145

Gy Aa

Lys Ser

e Lys Asp Phe Gy H's

1 Ala Asn Ala dy He

115 120 125 AB@T/GB1004/004819
Val Val Asp Val Asp

Tyr Val Ala Lys Hi s

150 155 160 Arg Phe

Leu Val Phe Thr Al a

Asn Val Pro Gn

Lys Al a

Leu Ala Val Gu 195

4- h&lé -Ihydrexyputyite agidhestesr @msdertio;ﬂ m.tqéeo,nge s@tituted-3-

nyarGES e 00 e ordhabl ErsE oS cRporiSe et il

deha@d)@ni?[ a ﬁ&ﬁlcﬁB &y??kyﬁﬁm id yeid Abtar di Mnn&yanﬁfhrnu%f&pﬂl@é Ina
e He Va
prefiérpag copmsition, b pysleppipledsa BBt w213 Artifi ci al

Rt AL B T T

Gy Gy Tyr Thr

8

aaa

Leu Pro 275

<1%31%1{e§ %osgtgct%s u éllel for

pr epglalag 4-a0cleolbh1@€smbs:tﬁgteddgh\aiﬁ:@{}@etvné&ci\zbéste% md.atﬁ1dé§maﬂlibﬁ/e a

r Asn Va

G u

Tyr

Pro Ala Pro Pro Pro Ala 10 1

Ketojalctastn SQRciph Aeabara P S QR Gka Balghdrin dzhgiogenase.

he Lys

Al a Ser

rege%gathorbsy&g:nbtc
annc&%t4 H£16-hRIrb S

Leu

Ala Gy Ala Asp
thesgeamppsttiqgee ace ggt aaa gca gag gee ctg get aaa aaa

t at., 240
|_etEh

%PI‘CS%IS‘ZEH\LCH 101:1,?/

425

Asn

AT

c abRPesked¥ oABidS, YndndclE:

Thes%teo% %@&tlgﬁs fida$ Alfler Béﬁld%sﬂl ﬁlH 3%\%’[061&%(%(?(1 ¥§ér AT%lIahléé P

0 ggc aaa gtc gcg
ac édlgg)tf thegmedausly dasoglgcd hd:tbreg}gcttaiea,ocogqgm&vﬂté oGh yoﬂaytm

Ser Gy

FepEag

]éaé? 339% k@li}achaggi esters or

Shi Rl $haPbR employed in

Ala He Trp Tyr 50 55 60 aac age

I?so 8]'500 ‘ygs J;gmgamé;a%s tb%(t ar%g%{efglgltflér aapa/mg out the

conv@gior @ta ﬁaﬁhaglﬁilo a8 @l GubdRutt € BarBak ylbadci Désger 48 8 vidinal cyano,

Val Lys Val

Lys

‘A'a T

Lys Al a

Asn Val Ser Ser Ser

Tyr
hydrAéqbswsaﬂw @@bcg@hgﬁ@ld&atal %fafgméét These cgapositignteajnprise 2

halo

Pl 05 06 OB b sl aoosticacid

este1110 att gtt gtg gcg aac gca ggc ate cca- tgg act aag ;

B Gomppsitin

g

384 H.e

Val Val

° BieyeniinycRijen mag

pe5r s0iDl (625 st deepriaid e.2.

solut%}{: e%‘sﬂ?@u%ﬁsﬁﬁ tang‘fl‘fe lﬁég fcl%?ng %ﬁe %Sﬁgleg 1% c\@% %g?n may be in

the ﬁémp oﬂalyo;ph;hzbé ar s;B@y chfﬁﬁi ;ﬂo&@ieaaAltggmtigeﬂg, thg compdsitigramay further
gcg ggt cgc cat ttt cgt gaa 480 Lys Ay
Ala Lys Hs Ala Gy Arg H's Phe Arg

comRise %%@ e;,af,‘r
€ ‘Fhéléoﬁn

ggc
1nclu@?ng,

Val

iR kO rthlind186e &ﬁﬁpcﬁﬂﬁtsgﬁﬁpl@ QSnt?tﬁ%r ?ﬂﬁessablhty
tg gtt ttt acg get tec 528 Ar

wexmylslew salGay agidaa basg, abufiehe scﬁﬂhbllming agent 6165

170 175 atg teg ggt cac ate gtt aac gtg ccg caa ttt

cag gcg ace tac aac 576 Met Ser Ay Hs lie Val

Asn

V1. VaHARIGH CDRIRBESALOSENABES TRETOREMSOTASES IANTHCOFACTOR

vz

Ly?oﬁ%xﬁﬁwﬁaﬁ

0 Ct cat ttC aC%ﬁ%BQPQI\E[B]gJ&ee

I Glu 195 200 205 ttt get cct ttc
t gta tct cct ggc tat att aat 672

F’hEl dldatidire thheebifia oAz Emdédndpsyndeleolidds (ﬁ@éﬂﬁ%ﬂ‘heféﬁﬁ/ those

yr lie Asn 210 215 220 ace
haV%g:@ dgany gl imihe astillrgeogaizg t
Pro Gn @u Thr @n

Ser
225
gaa
Ay

Phe
235
gcg
Ay
tac
ggc a

Asp
230
act
Arg
255 gee
gee acg

o ~n

Val

240 age tta gtt cca
gaa tta gtt ggt 768

Gy Gu Thr Ala

ctg ttc ctg gca agt

aca 816 AI a Tyr

Al ——

Leu

—— NS N

u Leu

g ate tct gat ttc gt
'ﬂg‘“ 13243} techniqpes cam be I]eﬂd:,lly applied in

Asn
ggt
Leu
Val
gcg
Leu

P —

Lys Trp
cgt ggt
Val Pro
Ay 245
ggc tec
Al a Ser

NN TR

Trp
gag
Leu
250
tac
Asp

o,

ttg
Ser

gat
Phe
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180 185 190 Ala Val Lys Ala Gy Val Arg H's Phe Al a
Lys Ser Leu Ala Val du 195 200 205 Phe Ala Pro Phe
web@shigg7d/al Asn Ser Val Ser Pro Gy Tyr H e ABCT/R31H04/004819
215 220 Thr Gu He Ser Asp Phe Val Pro Gn Gu Thr
G n Asn Lys Trp Trp 225 230 235 240 Ser Leu Val Pro
Leu Ay Arg Gly Gly Gu Thr Ala Gu Leu Val Ay 245
250 255 Ala T Phe Leu Ala Ser Asp Ala Gy Ser
the diggpyery| of by n@r911Wﬁ¢C%ng aEbnartnely ectirsnyablyAsgeddidgs

et N 18 0 85 05 Al T Lo
et al., ¢RProadids t&DZ\?% n(ule)ge{lest(iss 53%)V&4’Q’Q&>" AdaldBioiein. ,@?ﬂ( 6197 78
ge aa C gaa tat ccC ec CCg ccg cca ge

(19973 Bo ) et RerndEriad irgaad @niorryhuFeaess asivE G1Pr o

1 t
phospggl‘éth?{)%e b, CI@IEth%ﬁ?NR@;;@& ICSS ﬂ?@rjﬁf %\g Scn&gb gge\élg‘ g
muta@lﬁls\laﬁmh,diev@ndﬁe U9PRAa-460K1985); BSﬂQtei?rQ e?8l.,30t:r8@gicaa
applicg{'{(éls%jgn @%{p rﬁi}@gc%%glsg Liade Qi%lgg 1%%-3 ”%g 91 ) (?@%@r E§grte directed
mutagGhasist Biokhem T 234 27 3P0sb§ anfel &t Qleo'Pgﬁﬁ‘ @S&g{ EtRe%%? " Cell,

cag gtt ggc gca gac gtt gcg at€ tgd fat
38:87GBH7 MOZ4RHEelN, at 4, HCWakitCmytalbaesiss pn Weficiedt tetholirfor datleration of

i o2 BT B B SRR SRR, BTy 55

evolutidﬁgoy%l@leallm Weadihe¥ ArRntSsintofSin Denfica? B?olggs? 357@ 990 (1999);

ta aaa gtc aag gef tat aaa get aat gic d
Chrmt@g@, ega]t "@gsc@ggavguyowgf thy;mnga Llﬂayesfoi\lPeZTl'phospy&’yl%ltmn using

DNA éﬁ{]ly\/@hffﬁﬁg“ atur 10tASl olo g 5?—@84 31539%2{331%%3 6‘33 "DNA
shufﬂﬁﬁ@ﬁf Vadnlﬂy 8f &mks fibi diversélpecies Acdldtat®s X Sct@B & Iiitfon® Mature,
Leu Asp 100 105 110 att gtt gtg gcg aac gca ggc

391: ’%&%9 I E&am@@ hal, "Nefeerjer qyehitioaef ar ersgnaa dﬂoelﬁa’aﬂlor}v{aﬂlthway by

DNA fﬂu?ﬂl I‘ﬁi@e%l&ekﬁn%lc%# 9. 496 Ig (fé@a@z) %%éng,tc% a CDlEegged

evolutgmg)f gh gffgatveducosiige fom eé‘ré’éﬁao%@da@b By APA ABBF aﬂelys%reenmg,
n Val Val Asp Val Asp Leu 130 135 140

——Q%&gm—@élpmcee s o dho eAgademyof Scicncesy .3 At Yedp -Grgt 02 feramar, et al.,

"Impr(NeH g?él?} f%rl%geséﬁg plﬁ%ﬁénﬁﬂn%@ém% 4%/0-{%1 n@)&gﬁ%ﬁA ﬁffﬂt\ > Nature
1otec d4gda-Jgd12%m; &tagmgig,c’ Rgpal dﬁ\togl}ltgi\qtoftat}:trotaﬁglngz@tio by DNA

R CRTETE R T OR AR B

d @bé Bl§C IabitroGeoriBigatidd fof P1da
o reSerm y Hs H e VaIaAsnOeﬁg)}o &r@@&u&@% B eéj

o BER Q3o 48 0 Ay BRGNP BT S o

known&ﬁ&h(bdstcaﬁ% rédilyta j; 1iGL fﬂorf‘eﬁbm c%@ﬁle}' ﬁf?th%éﬂask&}s o%gctnbed
gc tat att aat 6 Phe Al

| hérein,%@ ddeptify egher lpe,t@e@cyasqry ﬁnal,ql@dmg ﬁel@ic{gegg@s 2@@ cafa@tcg a@eneratmn

aa_aca aa
systemupEhitie &b fof oo fER G G5 NG 5 R fokitopertics,
e.g. al@kcﬂi bémpeﬂayuie Imc?oﬂlﬂﬂ) o@ﬁﬁuﬁ@?so?—\?e'it %Qta??@ a‘h%i ?hegltilfe gg)g example,
aa ac c atta
o ketore i@ maydie RNl an Sy ooy CHyantas hafionn R¥ screined to
agt

dentith SeifRlaChle oA 2o T BT Hr S Ref Bl cxampte,
NAD vierses NADB| cx v@ervepsmap Ala Gy Ser Tyr Ala Thr Gy Thr

260 265 270 gat ate att gtg gat ggc ggc tac acg .ctg

ccg taa 852 Asp He He Val Asp Ay Gy Tyr Thr Leu

Pro *2 7 5 2 8 0 <210> 54 <211> 283 <212> PRT <213>

Artificial Sequence <220> <223> KRED krh417 <400> 54

Met Ala Lys Asn Phe Ser Asn Val Gu Tyr Pro Ala Pro

Pro Pro Ala 10 15 His Thr ﬁ@/s Asn GQu Ser Leu G n Val

Leu Asp Leu Phe Lys Leu Asn 20 25 30 Ay Lys Val Ala

Ser I|e Thr Gly Ser Asn Ser Gly I|e Gly Tyr Ala 35 40

Al ~1 Al T Al ~1
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245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay
Ser Tyr Ala Thr Gy Thr 260 265 270 Asp lie lie Val
was@s@asp7E y Tyr Thr Leu Pro 275 280 <210> 55 rRLLUS2085®4819

<212> DNA <213> Artificial Sequence <220> <223> KRED
krh483<221> CDS <222> (1) ...(852) <400> 55 atg get

aaa aac ttt tec aat gtc gaa tat cct gec ccg ccg cca

ge%jD 48 I\%t Ala Lys Asn Phe Ser Asn Val Gu Tyr Pro Ala

obycisicRcy] spaupnces cpendingr@e apgymes cnpleyedda thet pyessatinvention

me Rt P oy iR

expigsriomabhagt hagiag otdihargtskillaia ehggt wiecagtzd 8@t @Bks ahd other
t tac gqcg 144 Gy Lys _Vfal Ala Ser lie Thr Gy Ser
refe%gﬁesé?éf’“gan% ceaeR 9”%‘37 picg infosmation for a syide pwge gharggaismstare readily

'avai%B%; &@:8 e%.,;ﬂgﬁéeilt%lﬁg %ﬁgm@gﬁs%egic agcozisg%ld{gz?m%?ezlah cidhardt, et
al. eTs. pA Sy Pi5gs, 3Basbihgtag Dage(1696) rpak04je20@ce ggt aaa gca
ga ee ct et.a aaa .tat 240 Asn Ser H's Asp Al a '
TRETET iy itic ARSHgRf thy Brepgd inspation magde pepdnged by
tran$tOrrBielg a%&oﬁ@&mt&hﬁ]g%@%l Bfle1dofbe é?c%dﬂ%haﬁﬂﬁ)%lﬂ&?gﬁ%?%etng&,

|
agt gat gcg 288 Gy Vval® Lys Val Lys a I
ketopsiyctysg, oSe rofBetor Senagion$yatedber@gn@angtahaacel Cagngwtll known

mol%tg’ar&%go%a%ch%%&ue%t ge%aegg. %’ggaaldggj%yﬁg%gg&i%%)a%(@e%%agcmning

Techifiquedts MREUsLA EnbdyRoRIed, Ublun@l1G2086.Rffc 9FAs,3HE, &iEDiego, CA:
cca_tgg. act aagl ggt gca tac ate 384 H e Val Val a

Sampegekagial. G/ Nolacelapk tpmingy—AHrabpyasorgiManiah” T Ed ol115, Cold

: . c gat a C t ac .Gag gtg .
Sprlnér,%galéoég Lgl?(%:l atg’)g}g (g)tql% Sﬁ@)ﬁg %glé)otgﬁe\y_@fgrl%éES%S@dL%ngptgPlotocols in
Mol&iméar%@lo@,n F?M{ A\(iﬁlbeP,GsDal\{@lﬂs.ﬁ@?né;ﬁ@rét%t@oli%oﬂrﬁ?elﬁt?t?e between

a.ggc tat gta gca aaa_cat gcg g cgc ca ,
Greeggﬁl ug]éséllll%ési%@te(ﬁ Ipcyand Jehy Wijey t%'aﬂ%nmglaal{wpwmemwhthrough
' : - tc, gaa
1o MG iR b e M in ey L P
528 Arg Phe Ju Lys Qu Gy Lys Lys Gy Ala Leu Val
Phti.hT r Ala Sgg 365 170 1 atg teg ggt cac ate gtt
aac "YHGCELRP UL PP AR @%Se HuEnioemay pe Betger yadersiopd in
conntion W i¥h theGFolfhinSdnNfhitBE AxdhplefNe G n Ala Thr Tyr
Asn 180 185 190 gcg gtc aag gca ggc gtg cgt cat ttc

'gca aag tec ctg gec gtg gaa 624 Ala Val Lys Ala Ay
Val Arg H's Phe Ala Lys Ma Val Gu 195 200
205 ttt get cct ttc gca ac tct gta tct cct
ggc tat att aat 672Phe Ala Pro Phe Ala Arg Val Asn Ser
Val 1Ser Prot.GI yfT r lie Asn 210 f215 220 ag ate
e 1 g AONFYRC 'es3ian §an B 16 petssian af tigbphtydig

S
=35

Ay | V ) D & § e
(1) ggHalehydrinDelndpenac GHDEYY gaa tta gtt ggt 768 Ser

Leuy Val Pro Lgu G%’iAr@% Ay Gy Gu Thr Ala Qu Leu
Vaf hecgape Jautho bplobyarindehalogenase ias cedan gptieiaedifjr egpression in £.

. > . 16 Tyr Leu Phe .
o 8 55 BRSPSt b o
sp. TBEeBT Fag syntlatsized ikingt69-rga®ligotedy and @l_@l_lﬁétpiﬁl_itcﬁé)%r@§ﬂn vector

r r Leu Pro *

PCK%%’OQ%PQQ%Q Sevesy Eaﬁg@géilgﬁﬁ;% REopasteny Thef Yogfoas were
consRERUEIES EEITORA MR 85 A0 B T o

preparéd wisg Sthndard mefisds.Glhe HasmiddDNG was\taén ieansfAsrdliste ke BIL.21

Lys Leu n 5 30 G, s Val Ala Ser He Thr Gy
(StraighfneaBi 1l Cé%yéﬁ eép@i}gﬂriﬁswSalgs%ﬁn@erdzrseﬂze@ﬁ Ayl glones were

Ala Phe Ala G n Val Ay Ala Asp Val Ala e Trp Tyr 50

55 60 Asn Ser His Asp Ala Thr Gy Lys Ala Gu Al a Leu

Ala Lys Lys Tyr 65 70 75 80 y Val Lys Val Lys Al a

Tyr Lys Ala Asn Val Ser Ser 4Ser Asp Ala 85 90 95 Val

Lys Gn Thr He Gu An Gn e Lys Asp Phe Ay H's Leu

Asp 100 105 HOH e Val vVal Ala Asn Ala Gy He Pro

B e o — o A A - A PPN AN s
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g syntlgglzgi wsing f0-sey olisemegst al’@a‘éo@égm@é@e

<223> KRED krh476 <221> CDS <222> (1) ... (852) <400>
57 atg get aaa aac ttt tec aat gtc gaa tat cct gec ccg
wee@soca7get 4 8 Met Ala Lys Asn Phe Ser Asn VeAET/GE2004/004819
Tyr Pro Ala Pro Pro Pro Ala 10 15 cat ace aaa gac gaa
tea ctg cag gta ctg gat ctg ttc aaa ctg aac 96 Hi s Thr
Lys Asp G u Ser Leu G n Val Leu Asp Leu Phe Lys Leu
Asn 20 25 30 ggc aaa gtc gcg tct ate ace ggt age aac
found mathg geprassionglghratytbatpagressrd actiye BYAED N Thagenegdron fhese clones

were ég%leag%i (3 Sﬁ@qugcés %XHW gng %I;‘Hgg?) a?flzllg éﬁ%[?ﬁ 96) which

4GOI RdptidQ deduicedl SECEIDI Nk a1 406, ailda SEHaRpddiveldly Al a
ehico QI%%}%IPI Ciﬂ@ec TrpQ?r 50 55 60 aac aglé cat@éat gec

(2) a g gec ctg get aaa aaa tat 240 Asn

Ly he%e%e?ép ﬂ?f) %Tegact%eyw d’%%p%nﬁeﬁlfgl &f ?es’tﬂg? ulr)ésco]z based

guc gt a aaargtc aag g

o the @hnidPdci@isquage dfele E@bre@ﬁ’dta@d‘garﬂ Sﬁnéﬂdy méadnoliy & TII&I gene was

Lys Ala Tyr Lys Ala Asn Val Ser Ser Asp Ala8590
Iecla ggafs fiexprggtion

v G ARG rA DTN L BB e

repre8sie geial 'gg-;Ce)@t@smﬁaze&tggccﬁmtmamg pd oA oye@n bﬁl&phd:aemﬂand Hhe
e Val Val Ala Asn y He Pro Tr ¥

chlorpgmphengco] 1esistange EQ’Se gé‘i e Frydt Wﬁ‘&cmg“é{ gf&%ﬁn f%t foh

o808 B AR B85 RS2 SO cive

ketort@Ectdsd Gad sthejiggengt weggeqtaiced toacogfigndlaaDeet sagognaggtsee §EQ ID

oo Sk e 115 G Bh ) S Bk St

'hi F d99&quRA& OYNOFCE; 4t bardly, rdshbctie
Whlcgtgtﬁccggco%%ﬁym Phé;eq € US%%D Gu 0GI y Ly’gh LyslGIij ; @)

Leu Val Phe Thr Ala Ser 165 170 175 atg teg ggt cac
> A ttt cag gcg ace tac aat 576
ndSESGD 1 val Pro Gin Phe Gn Ala Thr

TyTheA&H]ea-&Q tﬁ@ Blud& c@ﬁﬂhﬁgﬁlaéﬁ@eﬁc‘a&l}gﬁ&dgﬁs@gﬁm pélginerase chain
ttcp%ca aag tec C}E}g\l&p g gaa_ 624 Ala Val Lys A a

reactigny(PUR) fmnggwogmp eepRipéiomeef Baqlym subyas ang froilhs

meaiudnt blinds fof e bSirTbARhofnl iR adfineliirhe published

B. subglis &8I BMégdetuPenceeydehydrogerse g@ibGedddncd? @ndioergadoliows:
ate tct gat ttc %tc ccg?S %gaa aca cag aat aaa tgg

B. subgjfs forparpprinegr (SEQIR NRs ¥ bhe Val Pro Gn Gu Thr Gn

5 G&%ﬁ'@@CE&RTﬂi@?@?G%&@?ﬁT&M@@ fta gtt cca ttg

ggc cgt ggt ggg gaa act gcg gaa tta gtt ggt 768 Ser
B. sulbglis MakrsPpaniee (SEQYIDANG: @y Ay Gu Thr Ala Qu Leu

srb S PO ERRC AR iR diioRd o7 18, i
B. m%HeiAzlnﬁfo?War(ﬁ?lgnat?: b Rey: oTyr Ala Thr Gy Thr 260

270 gat g gac gc ggc tac acg ctg ccg
5‘-GAA§TK5}_C@§]6THH3"5AVAAA@©TH3~ ®y? Thr Leu Pro *

275 280 <210> 58 zééé>8é§é 312> PRT <213> Artificial
B. megaleide seVEsS pEmes ASEQAPARA el ha76 <4 0 0 > 5 8 Met Ala
5'- GG@G@&TEU@@@TT&@@C@@G?@@T@ETT?MAN a Pro Pro Pro

Ala 10 15 H s Thr ¥ Gu Ser Leu G n Val Leu Asp
LeWh®RERIyreducswasrelagd 215031@ f&ﬁl;plfurysg yitgs ofjeypreasionyestor,

pCKlF(?POg (ﬁeli?trgd firs EI gffer 3)gn¥de{/g]% g‘&/rolA(?tr a fge g @?qté%nﬁﬁﬁl'l%’pressor
genel e B pre8fio Deiét ddamidahe pi A Aﬁ@ln/klf aeplivatiéh ynd ths Al a
Gu Ala Leu Ala Lys Lys Tyr 65.70 75 8Q Gy  Val

chlonmmphyrycm rgsistgnee gpge.A| Bh%@ﬁsnvéﬁ WEEY tr@éfor@éfi inNg @nﬁ %?éfsexpressmn
90 95 vVal Lys Gn Thr e Gu Gn Gn He Lys Asp Phe
Gy H's Leu Asp 100 105 110 H e Val Val Ala Asn Al a
Gy He Pro Trp Thr Lys Ay Ala Tyr He 115 120 125
Asp G n Asp Asp Asp Lys Hi s $he Asp G n Val Val Asp
Val Asp Leu 130 135 140 Lys Ay Val Gy Tyr Val A a
Lys Hs Ala Gy Arg H's Phe Arg Gu 145 150 155 160
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15

20 25 30 ggc aaa gtc gcg tct ate ace ggt age age tea
ggc att ggt tac gcg 144 Ay Lys Val Ala Ser He Thr
wakysBess7ser Ser Gy He Ay Tyr Ala 35 40 45 PCTUSE04/004819
gaa gee ttt gcg cag gtt ggc gca gac gtt gcg ate tgg
tat 192 Leu Ala Gu Ala Phe Ala G n Val Gy Ala Asp
Val Ala He Trp Tyr 50 55 60 aac age cag gat gec ace
ggt aaa gca gag gee ctg get aaa aaa tat 240 Asn Ser
host ugng siaggardnzet @eyemy@onﬁsm@ founddo expresN aativy ST snd the

genes V\yele g%ggl%ceg ?oaa(grgg'g} t%ta g%q%gg % ﬁﬁ&qsot %(8&9%5%4er rogenase
S06- 3T¥rid Ly Gl dde SRy déagenats MBRL6); S@ﬁlcﬁéﬁcoﬁle% 1%% gigg g%cﬂlences
) _

act att gag cag cag ate aag gat t
SEQI&Iﬁogda apddraspectieel@.n Thr lie Gu Gn G n lie Lys
Asp Phe Gy H's Leu Asp 100 105 110 att gtt gtg gcg
aac gca ggc ate cca tgg act aag ggt gca tac ate 384
(4) |'Feméad DV¥eydré¢cnadsFDAR Gy lie Pro Trp Thr Lys Gy
Ala Tyr lie 115 120 125 gat cag gat gac gat aaa cat

t the g%i?@s &y gheytagmate de@aérogeltasg av@re&oglon optimizgd dpmevmsgssion in E.

coli ba%%g @E aﬁffg gllgg sg K g gof;aéegfok@ teg egytg’é en;égéa fr' ngsggéomonas

specieggtraindol clabteﬁmDamghse'gArQ@e;Iﬁ@l 1y SN@D/ A\éathd gagzd'f%ngoﬁlégiézz (Genbank
y i S r u

ACCGS&IB}@"@ ?A?@"fe@a ﬁs&et}asawaﬁéva SSIWSW%@@ pkigpmagrs, and

cloned ﬁﬁo tﬂggf EI@ltgl P %u@%@‘f e}lfpgesg %gr ?% @g()ﬁdéplﬁggxg 5 e 3),

under dac;oatlel gtatlagponati¢r anddacd agpressor gang. Jhg eapnessﬁ@cv@adl uontalns
6.Val .Ser. G H ro G n Phe
the p1 34 Grigh ot ol 4G BBonameligg o glassiayegenc gy bhplgsmids were
transfckBied Gt ah G cOIF 8xR8GidnlifosEiIn Qe Bt Im@aR d§ 261
Lys Al aaél y Val A gllill sSP he @ Al a LysmSer %eﬁ cﬁlgg“deafound that
expresggd Actigg fcgg@teg@yﬂxqge@@:: apé thetgenegeere sguegted maxonﬁrm the DNA

sequel%rﬁ:s‘r’l(s\/gl $E§§I§) ]%@% @tangzl gﬁ%h%{léo#ge ﬁl?lgpe;rg eéﬁ@eﬁﬁ@ SEQ ID
Nos. 7B%ﬁdagefemnaé1g)tct gat ttc gtc ccg caa gaa aca caa

aat aaa tgg tgg 720 Thr GQu H e Ser Asp Phe Val Pro
G@n Au Thr Gn Asn Lys Trp Trp 225 230 235 240 age

a. ot ; t. cgt .ggt ggg gaa act gcg gaa tta
Bxamdi¢ 3 9hdan fn F Val Pro Leu Gdy Arg Gy Ay Gu
(1) THHDA enzfne: Leu VaI Gy 245 250 255 gee tac ctg ttc

C gt gc tec tac gee aca 816
/%&“% %fﬁat{aeﬂ%“g%f TEFnRT g1 5Rk ofagiew 813@15711 Q@ﬁamwg Oab28e/L

ooy Gt 20028540080k 18-S ALORRE 00 o

potassifigy dﬂﬁmrogwlﬂsphate ZgﬁL 2BVast@LOr546@ast 2 fkact28.85 R If2Erous
RT<213 Art|f| cial nce <220> <223> KRED kr h495

Smphagﬁfﬁ‘&g}r@@‘ (o r'gf%elggpgnt #tmgog@}m%%g/ %’aﬂ f cajeiprghlope,

hyd I
dihy reﬁl’-: %/Q of zﬁlcﬁggatélesgp%ﬁ%dlﬁe/;@ f%g%aﬂﬁ¥§e$§§lf% H@%ﬁ{&ﬁfé 1g/L
cuprouvgulfacw ge;g@lrydlratg Orhe/l @djursbpraBedec8aydr@t ynd D& gl ED’IIW was
broughAgopa %g}pemtuérelolngTél -h? rfg@glng)g F\’%g lﬁlﬁcﬁ]agxépwk\é? Iﬁ latg Shmngntlal

1 e
cu tureWEé%é/ clg?l %ﬁl)&/\'gl\%g Stréé@e&ieaﬂar ﬁﬂrlpatg‘%g Ah%i%%&/ \R/{/ﬁ ?laégug gontammg
HHDHgeymisieotifles 851ea0ites iivEkaryls 1Gten Bowi inea Hakte Bask Gitaining

b, 1k e SHER R H! S Bob P 108 405 i
1
(i i OULEIS0R s SSRish At Lepp IR 503

2.0. TheyferiweriterAvas dgytatetias S00-A5@ pmiargl 4 waTupphed taGhe féhﬂﬁntatlon
150 155 160 Arg Phe Gu Lys Gu Ay He Lys Gy Al a
Leu e Phe Thr Ala Ser 165 170 175 Val Ser Ay Hs He
Val Asn He Pro A n Phe Gn Ala Thr Tyr Asn 180 185
190 Ala Ala Lys Ala Gy Va1‘3Arg H s Phe Ala Lys Ser
Leu Ala Val Gu 195 200 205 Phe Ala Pro Phe Ala Arg
Val Asn Ser Val Ser Pro Gy Tyr e Asn 210 215 220 Thr

o — ~ o~
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aag gag ttc ggc aca etc gat att atg att aat aat gec

ggt ctt gaa 288 Lys Qu Phe Gy Thr Leu Asp He Met H
wWe@2088/01853Nn Ala Gy Leu Gu 85 90 95 aat cct gtPCT/US20040004819

cac gaa atg ccg etc aag gat tgg gat aaa gtc 336 Asn

Pro Val Pro Ser HHs GQu Met Pro Leu Lys Asp Trp Asp

Lys Val 100 105 110 ate ggc acg aac tta acg ggt gee

ttt tt t tt 384 He Ay Thr As
vessglaf; 1 .-phffi.%%;n%gtg 1 v a%gﬁdigggc ve%é}xyg@rgle@fpf Apyo @u;@@ml_r[]g@'eater.
The %@?fggfmg@ge %%%gn%ggt ?}gpy gﬁ%iti%l%f X4 \%\gﬁm@%lugﬁ E%roxide.

AftexGhyg chBwreVedchet! en BnoMEH0,She teh}ibrdifte Wl eagiedgd 95%amd the
g ccg tta tttd%tc cac tat tgcg gca

aa gt t.cct t ) !
expr%é@ﬂ%é‘?la@ ydnip dehefQienast wasdnibice ¥ pherpaditicay ofppapragyl-B-D-
ki . 4 1 . t .
tio il 25 Enda 50358 g 390 PR Eihviono

ImM.yEheGuttufd wadvirowhyfer imithdvldt hblirs. GhRerTihe iddRidtibh, ahd €l were
' Gu Tyr 165 170 175 gcg, ccg aag ggc att cgc gtc aat
harvesigd by genfjization g ivaghdt %i 18&%\453;0@%1131 irasphase bgtsy, pH 7.0.
Th Asn 180 185. .,
o Sy P PR A Th AR o rte e o B de i sorc

untilmeg) aaa get gat 624 Thr Thr e Asn Ala Gu Lys Phe Al a

Asp Pro Lys G n Lys Ala Asp 195 200 205 gta gaa age

atg att cca atg gga tat ate ggc gaa ccg gag gag ate

(2) 6 7R ¥ qudatl %ggmgét He Pro Mt Gy Tyr He Gy Qu
Pro udu 10 215 220 gee gca gta gca gee tgg
ctn yeteratebagiagddamaes, 4Q6L bdgratth makun 20nAintng.828g/L

~Val Ala Ala_Trp Leu Ala Ser Lys Gy Ala Ser Tyr Val
ammgpn 3ol T sldgtpisiien BEOsPhosRa Byt do elge!

tas3iuth &hgd 3 | & Phe.
potasSiuh GHGafeReh pReVRRL. 24F oLy Sl 8 Yoo Rulh, SR Bfous
sulppgs and gmljEaf ggrace glemgyt soleteont apataii8g G ol caloing chiogide

. * 260 <210> <211> 261 <212> PRT <213>

aitydfpt 32800 AR 0I5 9 38 pppBee's s mepshipge, 16

cuprobifsulfit® heplh@ste LY 5/ BsidiarSbMate dadhydhde End 05 o/B YDA AW as
Ala 10 15 Ser Gy Leu Ay Lys Ala Mt Ala H e Arg Phe

broughtyo g yem@raiu@iaf 381°6. 20 25 30 Lys Val Val H e Asn Tyr

N A Nl KO R
W31 g 5 9 , ink A ' h¥ i
ALSERRR 00t sk R 1t B chitc o

St. Layig, Mfy, and30AspmH-dotvempherscold fighsnCitdnaicdl Go. L SuLGhis, M) to a
.90 95 n Pro Prao_Ser. H's Gu t Pro Leu Lys Asp
sart g e kol G Reasty (@B £6 03 6 24y LifeiRRoL s seifaed at 500-

15006 aif &r R SI?llieﬁd’th@%méh&ti% WedePat8 .0-15 0 12Rhirl 2Rd WESHH of the
yr Phe Val u Asn Asp He Lys Gy Asn Val H e Asn

culturgsyasgontroBed at3s0 h}_ll@d@é(iﬂl VE0%ivEr @nmoniim kydzoide Kftpr the culture
reachgé gn éﬁjaoepaggélmllee @@e{a f e AM%?? relAe‘Lﬁ%e Aﬁ’ii}%{?mﬁi&eéﬁ&eg@{p of glucose
o e AR B G B QG P soma

ChergcaA<Tor, at. GouisL ykO)Rhe fikbbcoasptPitionlofd nin Thescuhli® Wezrown for
19 00 2 Val . S Met H P Mt Ay T H
anothy 5 BPYTs PG TGt IpT AhosRllspie bagesiphb R tnEepppand washed

with %glhgggtagﬁﬁ&nghsspﬁﬁfe Huffer, Gri7.0! aneekbn %%e g@% usga;diéé?y in the

5 240 H e Thr 'Leu Phe Al a

downgineantavoTary pRycessSerwRseorad bt -ZHCChfilGker Ala Ay Arg

Ay 260 <210> 63 <211> 789 <212> DNA<213> Artifici al
Sequence <220> <223> GDH 2331 <221> CDS <222> (1)
...(789) <400> 63 atg tat ccg gat tta aaa gga aaa gtc
gtc get att aca gga get get 48 Met Tyr Pro Asp Leu Lys
Gy L Val val Ala e Thr Gy Ala Ala 10 15 tea ggg etc
gga aag gcg atg gee att cgc44¥tc ggc aag gag cag gca 96
Ser Ay Leu Gy Lys Ala Mt a He Arg Phe Gy Lys
Gu Gn Ala 20 25 30 aaa gtg gtt ate aac tat tat agt
aat aaa caa gat ccg aac gag gta 144 Lys Val Val H e

N o R ~
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145 150 155 160 agt aaa ggc ggg atg aag ctg atg aca
gaa aca tta gcg ttg gaa tac 528 Ser Lys Ay Gy Mt
wahywshess7vet Thr G u Thr Leu Ala Leu G u Tyr 1BGI/LFH04/004819

175 gcg ccg aag ggc att cgc gtc aat aat att ggg cca

ggt gcg ate aac 576 Ala Pro Lys Ay He Arg Val Asn

Asn He Gy Pro Ay Ala He Asn 180 185 190acg cca ate

aat get gaa aaa ttc get gac cct aaa cag aaa get gat

(3) 6%luchse deliirbgemasksanzihe: G u Lys Phe Ala Asp Pro Lys

IS RetsE fpegian 1040 S0 BgnatBorA s s L
ammoRRim Ehﬁtep!’ Qo MBSt dFp¥tadsftim HyBrdgky Bg%s?thgﬂé%ﬁldfatg 3J7€}Leof

210 215 22D ‘gée gca gta gca’ge t get
potassjara difeeroges lftl)as;p}@tec 2gd sof M20toAL-d SAIyaas’t/aXtrfAit ;0. 08 gl 'fm“mus

Al a Ser Tyr Val 2 230
sulphgfichr izl bF &Feaqtemo Sobhfn gifiaiifie Jeh ofedcmetdori
15 o
dlhydiea@é 2<TCgVL begntﬁt;ﬁlf%%epg}t%ydg% 0 F;ira]géL lérgagggr%ge é%ggatcagnﬁgwrate 1g/L

Cuprog@wlfagech@gqhyﬂ@ae 10gieg/ 7@ diua oratcaleGihydratga@ §.55/*EQEA, was
10> 64 1 1.<212> PRT <213> Artificial Sequence

brougfB5 3 e BRIt e 055 <400% 64 Nbt Tyr Pro Asp Leu Lys
Grye kfmeNak \M@Hnd%hﬁitéd \%tﬁr h [atg%oﬁbﬂld?‘lcéltlgrg 0%213@@58@63’01

Leu Gy Lys Ay Lys
pGDHAVEZ pgows iB0 Shgl@ ﬂﬁak cwammgeLlAslr?/ BlucoFy(Sigea CAsmidal€o., St.

B

startné%ﬁ?}tlyﬁ[adeﬁlmey %@9%%@ gooféﬁb Y ?d 2. b% 21“ h%%él‘lﬁ?ﬁ?&l %&Re(ﬁat 500-

1500rpml\ami al \EaSMppMoA]leafe@wtajmn ‘(assel 861.90 55111/140311:1 aHd (the\{ﬁl[ of the

ot S o AR SO TRl BB ARl e ot

reachdd 2h @B oﬁffgquHé tﬁhﬁelﬁuffe \%Qﬁ@eég&djtg% Lﬁsanaﬂ'ie %E»?es}/%g of glucose

Gu e Lys Gy Asn Val r :
dehydilc%nés@@w@endul&ﬂ bllitise €@ditioviadf 1skbpeop3ﬂ¢3 IBFtbw@ﬁl@cﬂoade EIFFQ“G) (Sigma

{ Tyr Al a Aka 145 150 155 160 Ser é;(
Chemiga Cws SteheUib MPho Tikrlapceation of el e crb;trn exes grown for
anothelﬁ@ h%&% %ﬁer'zt)ﬁgmlgisiﬁno?ggqe? %ﬂa }%éﬂxlfes%ﬁrb}ﬁ%ﬂtlﬁ%tl %nd washed
with IGImMLI.yI;as@hm Pharphatp btfer, b Y.03 Tihd gedl pasta \Mmswﬁuaﬁl@ in the
Ala Gu Ser Met He Pro Tyr He Gy Gu

down%gieﬁm@‘t?v@mpllqc%sﬁfé“?igto?ﬂ(?tA%jlgg\lu& ilge Ala Ala Trp Leu

Ala Ser Lys Qu Ala Ser Tyr Val Thr 225 230 235 240.

Gy Val Thr Leu Phe Ala Asp Gy Gy Met Thr Leu Tyr

(4) PFan$es DPhedraddna®s0 255 G n Ala Gy Arg Gly 260 <210>
1> > DNA > tifi c uence <220>
SBeged S5 metents 0b 35 8oyl v ag ey ining

3.5 g/LaéigﬂégTZI?d@F@A, g, 0ot Vg%ﬁl Pﬁl‘%ﬁ’(ﬁga} qiE Lagl'isi%é%?ﬁ osf;fsx’ﬁ-lo?@)?{;ef

Lagevegra cf 4le 1988, @Mm_qamm 46024 ] 088X, Tl NERGLATESE/L

t c aa 9
oG B & Ao Erie g Pt Eeti &y Gpal oSl
BiotecBRoI3®983a. T R @HIL 8f F)°836ast BktrdcBlolaién RAlataaa n?@@l 32MeSO,,

aac gag gta 144 Lys Val Val lie Asn Tyr Tyr Ser
40 ml/)ss% SWGgl@%eA@bltlpn@n Weter @ete addpd.3The @nyBragers of flee medjum was
t.e aag gcg ggc ggt gaa get gtt gtc gtc caa gga
brougl%§%3§ § Gu Gu Vval lie Lys Ala dy Ay GQu Ala Val
V@hlo}@bﬁﬂeﬂlc@ WaeRided fidth H&inceiifat&f eoddsblGitsh, &ﬁ@ﬁﬂé}t
gta aaa aat ate gtg caa acg gca att 240 Asp Val Thr
concertyegiotof 3Giug/mk prhéabrmgnser Agas ihdcalavted with an Shernihace s of
70 75 80 aag gag ttc ggc aca etc gat att atg att aat
aat gee ggt ctt gaa 288 Lys Gu Phe Gy Thr Leu Asp e
Met He Asn Asn Ala Gy Leu Gu 85 90 95 aat cct gtg
cca tct cac gaa atg ccg etc aag gat tgg gat aaa gtc
336 Asn Pro Val Pro Ser H$5G u Met Pro Leu Lys Asp
Trp Asp Lys Val 100 105 110 ate ggc acg aac tta acg
ggt gec ttt tta gga age cgt gaa gcg att 384 He Gy
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Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Qu Ala Ser

Tyr Val Thr 225 230 235 240 ggc gtc acg tta ttc gcg
wWQ@amsQIEs7gygt atg aca caa tat cct tea ttc 768 PET/US1004/004819

Thr Leu Phe Ala Asp Gy Ay Met Thr G n Tyr Pro Ser

Phe 245 250 255 cag gca ggc cgc ggt taa tga 789 G n

Al a Gly Arg Ay * 260 <210> 66 <211> 261 <212> PRT
<21 > <223>, 9 <400> |
Bscisgepicoy S h R P D SR i el ad g o the

abm@I ﬁim‘ﬁln@l rﬁé(ﬁuﬂﬂ%&ﬁR§Qfac%l¥m€§tusoﬁtb6ng%ﬁl_yS o Mate \ﬁdlt @x}_‘ﬂc? 1%

Gy Lys Qu @n Ala
glucéw aﬂ'(j/ BO ﬂlghnl&éﬂoré&np}hﬂjmoﬁda ﬁsmwmgloptl@ai raieﬁwy M@DO 3.51 (4)])600) of
Gu Gu Val e Lys
0. 04\73@ lgThe &yt yvaggug]gmgldo ,ﬂgep%%qnta]tmn \f_eys:,el @ Q,O é/@l%}pe p@pf the culture
was bﬁa?nt@iﬁ@d ba"h’?EO Ve 1ggs“'3n{€?ﬁl afeh %oﬁugn ggﬁgtgsszliq&l%gd@ﬁe% Water. The

cultuse uvaS@l(Qﬁh %arﬁ@@bdﬁ’loﬁ 1246, #rvhiGetimeiadedd s:DhMRtn chrJ@%_glucose 6%

annrtcéépﬁrﬁﬁlogig @ﬂ? ﬁ S%Ela%wg §Jl OSW% gltgt«ai ) aara@ t&citg respdtgd in a final

dlssélgéd-bb?'ygaég?ﬁ)@léﬁgy%%ls @1340043%2 rof‘\ﬁ/g Islit'u}ea;llengme RS ﬁYﬁﬂp Swas

contﬂ'crlbd Bnch theuthPhigssblakd bk ygelym thal farmdnder s mﬁﬂtaihﬁvﬁ aitcﬁlild 30% at

S S s B Bl oo

15 ah® Haﬁ&n’éx@os@dﬁo ki eOre&didg Hgﬁnﬁl R)ré%‘wll%grqlﬁé ek Q:sémﬁ of the
Pro H e Ash aGu;gsPeAla p Pro Lys

Lys
forlwc‘ade;hsféroggﬁasz 0Gs 208iced by Bewdgigion Nétl iVl leb%’/MI Toe yultyre was

' grovm 1€or%1(¥theirr§J lgéoulgbgfogae VY_aS %alé]égteif) %Pﬁl]%;l 10&1’6‘/I a? }I'/ﬁlr

225 230 235 240 dy Val Thr Leu Phe Ala Asp Ay Qy

Met Thr G n Tyr Pro Ser Phe 245 250 255 Gin Ala Ay
Example 33 ¢ E zsmm_kzlb 789 <212> DNA <213>
(1) A defdi G lsSequence <220> <223> GDH 2379 <221> CDS

-(789) <400> 67 atg tat ccg gat tta aaa gga -
aad@hgtell gzme geat watleddyauggadinetl \gndaimé&etvbv‘mgﬁybf detlgpadtsfin 3

VOlUle’gg og @Ora/ﬁﬂgééllggelg(pﬁé”ﬁogwgggygggt ] t@lpgt glg(z?)c;fgbﬂ)s minutes in
a 809\%9 1§1§E @‘ﬁé‘ \&%@heﬁecrellgaé’te ey s nde¥iSin Al o1dvets & 1@)0&11\“[915/ sulfate
Lys Ju Ala 20 30 aaa gtg gtt ate aac

(pH f7 @D (i hc ingigcelhdar IéB,EDoaass 1glaased(fg)na&m iy by passingdht ysspension

throgvﬂq{la l\\gpog‘gﬁﬁglsrﬂgv-g ) J%&g%%%&%sﬁggrLﬁégﬁg péﬁggtp oF &g@é@t{pass and
8,000 %§1gQS1t thgtséccﬁhtd%aﬁ CTHeA @sa@Oasl FarmbdiSto Géin BiHp é(@t'uré"t}%n a 10% w/v
Ala Ay Al'a Val Val VaIGInGIy 55 6

solug@n O@t@Yﬁh@eméll@d@E@aaHda% vgqsaidé%chtod‘a@ Iysaie tgta@nela%EI
Val
conc qgat&»n of®ta’{ /2 (n) ﬂ){? stg?ed flc_)ll I%I}E)S glgleébeaéeégmé%oggep%/tg was

centgfige@anl BOO) Sl indd Beckinthnddl cavdlifug@ford®CmB@itesC The @@rnatant was
288 Lys Gu Phe Gy Thr Leu Asp He Met H e Asn Asn
decanfed agl glispensedin sl&él%wownms, fiogen gt - Oc€aandclyophibizagaa
atg ccg etc aag gat tgg gat aaa gtc 336 Asn Pro Val
Pro Ser Hs Gu Met Pro Leu Lys Asp Trp Asp Lys Val 100
(2) 10G1dcHee BeBydiBserdsd aac tta acg ggt gec ttt tta gga
age cgt gaa gcg att 384 lie Gy Thr Asn Leu Thr Gy
Al 3hphell paste waywadhed Ry guspending 4 volwna wst weight of-ellpaste in 3

c t gtc a
ol e B0 A0SR B B LSt i
ina S’@ﬂval'l BMdehshS& cell phktelwhs dPerRigl iR Fohates @RA0QGIBI Tris/sulfate
ct tgg ccg tta ttt gtc cac tat gcg gca 480 Ser

at t
(PH V&) ﬁh@lr@aee Rydar HHPHowas refegsqd fsom dhe qahls by prssipgthyguspension

Ala Ala 145 150 155 160 agt aaa ggc ggg ctt aag ctg
atg aca gaa aca tta gcg ttg gaa tac 528 Ser Lys Ay
Gy Leu Lys Leu Met Thr Gu Jhr Leu Ala Leu Gu Tyr
165 170 175 gcg ccg aag ggc att cgc gtc aat aat att
ggg cca ggt gcg ate aac 576 Ala Pro Lys Gy He Arg
Val Asn Asn He Gy Pro Gy Al a He Asn 180 185 190

. o

o o, g,
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8,000,354 RE fherseponappst.y The Apmagsnate Ges £ooTiED

<400> 68 Met Tyr Pro Asp Leu Lys Gy Lys Val Val Ala e
Thr Gy Ala Ala 10 15 Ser Gy Leu Ay Lys Ala Met Ala
wolz@shigg7Phe Gy Lys Gu An Ala 20 25 30 Lys Red/uVnD4/@04819
Asn Tyr Tyr Ser Asn Lys G n Asp Pro Asn Qu Val 35 40
45 Lys Gu Gu Val e Lys Ala @y Gy GQu Ala Val Val
Val Adn @y 50 55 60 Asp Val Thr Lys Gu Gu Asp Val
Lys Asn lie Val Gn Thr Ala lie 65 70 75 80 Lys Gu
througihe hGhypgditizer lie twApgsstt singed pricksaredsinl 40300 phiiafdsithe fiwtipass and
Gu 85 90 95 AsnPOVaI Pro Ser H s .G ro Leu
et FOOAGHT
eclafff I n B cOtintlel T Rkttt BBarhd dfgphag i
shallew é@ﬂalhla*s, ﬁezrenihiﬁg’l(l% adQophkilizdal His Gu Val He Pro
Trp Pro Leu Phe Val H's Tyr Ala Ala 145 150 155 160
Ser Lys Ay Gy Leu Lys Leu Met Thr GQu Thr Leu Al a
L : 175 Ala Pro Lys Ay e Arg Val Asn
) pduchnftieniinedd 21> 8 fon 180 185 100 Thr Pro m |
e TAsrechlpastéimas nashddiey stispendae Praduby sveGiwrighy of édlbpadgpin 3

voluggpt bl Jrigbit e (P ) Byt sstimienciap e Ylf0giog 0 minuts

L r; I T
ina S?%\gal %_%%P 5 ge %Ia%eﬁecrell%g\é?te E%’eaﬁ srég gn(%% am:g)S’\ng)ll}éﬁ{:/s @‘l )QO%N%? Tris/sulfate

(pH 72y TBerintfacellHaoHEENH Rhe rddBe@ 50m2E6 cdlsbyApaasiGl yheugpension
TR T e TR T A R

8 ooo(;;'slg for {He2RBandBHRO>TRI Al §sdIE @aéa%veé& to%al ttogt °(95$tw%€1§passes

gat gat ccg gtt gat ggt tat Ala Lys Vi
through ‘tl‘&lhohmgefﬁyer Al MampgPnae Vab cﬁﬁpﬁ@g{ atTW 0(]£Drp1151rx:a:@eckman lab

centrfige BERD SRS, T upRmei v deonret AGT ARt oy

contaHe‘?s ASPerd heS 20T Ry il@éd%@a%@&d&qﬁaﬁ@& 9684 &l }rY
e CCg aaa gca att "gat ttt ace ccg ggt 144 Gy Qy

GITD aBbess teuquatioy dithe Prepatayien After fbmeenwmehfﬂl Iykate Porgaining the

A CE R T T
Apprc%‘afnagl}y S%Pomgnﬁ%d/ céﬂelgse/t\g & 100fMYTisLsRy,, $00mR1 RAGRApH 8.0 was

cat ace eta gitt gtt ace age gat aag gac
mlxe@ gathd@tnmmyuﬂ) SehlofsA-HGyoxkbstyiEe (Signa Yadrioka Bt. Tiouis, MO or

prepags'eigingsﬁgoré > egrfsig gpéegg%uggéezgaéggﬁgdgngr? Cd%?etescglté%l lt%%%n). The
total t%%@tlo%e\folﬂfﬁé wab®./GhY THTreSFtidnlveid iabada Rt Al AfipeMilre for 30

[1e Ser 85 90 95 cag cct ttc tgg cct gec tat eta _
min tadehouct Thragactiyn wies exg@cteéagthdetolmas d ethPragetPleganditlye organic

. Pro Ala Tyr, Leu Thr o Gu
layer o8040 AP SRPGrA oy Sedbpledony QelglBy Qi ripesence of
the etigL e-XB{drek AtelpY Sduds NTheeam ot of prbditFprb@ited was
T%r(lglgﬁcgi‘ly e §(,3Iy %ﬁAslbpyHl s Val 115 1209125 t;cypac eta
determénpddxyeogwerisan togastansige! evave preperad andyinplyyed vgder the spme
1268 432 Asp Leu G n Ser Ala He Asp Arg Asn Val Thr
CondiBPS-Ala Gu Val Thr 130 135 140 tat tgt aat age att
age gtg gee gag cat gtg gtg atg atg att eta 480 Tyr
Cys Asn Ser He Ser Val Ala GQu H's VvVal Vval Met Met H
(4 e HasmatedBehydrogenase160 age eta gtg cgc aat tat eta cct

t
e@elﬁ.@gatg"é‘&t gﬁlg%%gre‘%[%d f@?ﬁatgggh)%?% gsré: \lﬁfgs @w%
homokéRizatidn eaellipgde aa¢ valugnegidd 1gRt triethan@bmiica®HCAD) HAJC. The cell -
tat gat ctg gaa gc% 576 Ay Trp Asn He Ala Asp %
lysata/erhs Sbywadite cAPleo Ty b«wﬁen@ass@p threugh tln@bomegemm U lysate was
cat gtc ggc acg gtc gcg gcg ggc cgt ate gec ctg gcg
gtc ctg 624 Met H's Val Ay Thr val Ala Ala Gy Arg H
e 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 4lis Leu His Tyr Thr Asp
Arg H's 210 215 220 cgt ctg ccg gaa teg gta gaa aaa
gaa tta aac tta acg tgg cat gcg 720 Arg Leu Pro G u

e o -
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ggt aat gee ace ggt ggt tct gaa gaa gec aaa ttc aaa
aaa gec gtc 1200 Ay Asn Ala Thr Ay Gy Ser u Gu
web@shyss7Phe Lys Lys Ala Val 385 390 395 400 tBeT/U§H04/004819
1206 <210> 70 <211> 400 <212> PRT <213> Pseudonobnas
sp. strain 101 <400> 70 Met Ala Lys Val Leu Cys Val
Leu Tyr Asp Asp Pro Val Asp Ay Tyr 1 5 10 15 Pro Lys
Tyr Ala Arg Asp Asp Leu Pro Lys e Asp His Tyr Pro
clanﬁg@bg 5311901&"-@3901@5/1 @ nl. hﬁwamf@d Ipsate Wh asPayedlag slesdribed! ireExample
Asp Phe Thr Pro Gy 35 40 4 5 Gn Leu Leu Ay Ser Val
Ser Ay Gu Leu Ay Leu Arg Lys Tyr Leu 50 55 60 G u
Ser Asn Ay H's Thr Leu Val Val Thr Ser Asp Lys Asp
Gly Pro 65 70 75 80 Asp Ser Val Phe Gu Arg Gu Leu
Examplgi4: as Ehayagtepzaiiopof Buz) QEFit5 90 95 G n Pro Phe Trp
. P - hr Pro Gu Arg He Ala Lys Ala 100
(1)'1 t cf¥e Deu Lys Leu Ala Leu Thr Ala Gy e Ay

SEo aAsutibh o1 Makl 4:3:510110?-@-1{%&&5\125& abRiles{ar 01 658 3ha 0b gV
Val  Thr Val u Val Thr 130 135 140Tyr

- potassg eﬁ@#%é%tﬁ buffer (@8 7. Ohwappddedithe Iqteredugtasygnzvee astepredissolved

solutlc!glg]?l tl&f‘%mﬁtf ?.ST%%a %n géém te%g @ OIE%NéﬁyPﬂlpmM final)

and thﬁswﬂsd: ef réhatioAspas@yBowed b)Sﬁreaidréméﬁt@f e debedasd-Sftabishibance at 340
g185190 y Thr Val Ala Ala 4

H s_Val
nm. ngabls‘?r almeacoggwog/ﬁ%to\;!gg I‘Lf‘glal’ Hegneentrates Fhareapls ‘M@é plotted as
Absor@dn@e Pﬁﬁs @%D@g v%/gfdn aﬁd gﬁz"&l@e‘cbf-[ e]r plgjcﬁetéﬂﬂ g %Xt]_s ﬁoanoe

- units/ mmh IIél@ siipe of the Abwlb@hae 29 HinR3No284s cﬂ)ﬁ@eﬁc’m to/kbﬁceﬁtﬂdtlon units
: Vi \Val L Asn
ouns BB DIE B NINGER AR o, T Lo 2 O

detemﬁﬁé}}l iDMitEHE ﬂBf (N@BPHVC%nTﬁQ dilﬁi% ﬁg(tﬁpk{&%dky’tgse%gﬂyst) The

Al a Tyr l1e Val Asn
measupR@enp 881 Alysbysqrfotmgd Asipg Auvarevednt Abtactiimgutizéngd BiexCltikion of 340

- nm forﬁ}&Dﬁ%\V% gmLﬁ%g)n%ll%sé‘r%g Ioﬁ 308 q(i}%r Ag%laﬁlsg)fgl]@jsregtlrgay be

bstitatk8 fSZhyT40chlb1e- '
substi a4 324 }lFTI ehléik %kgo% 3301(§ %sge@ Evz@ﬁﬁe t&%{ﬁ&ta%ﬁctwuy with

respectdppthyr submtigtesyr Ala Ala Gy Thr Arg Gu lie 340 345
350 Leu Qu Cys Phe Phe u Gy Arg Pro lie Arg Asp
- Gu Tyr Leu lie 355 360 365 Val GAn Jy Gy Ala Leu
(2) Kl}lagﬁgpe]ilvﬂm&lxas_é\l(@)ﬁ)s Ser Tyr Ser Lys 370 375 380
Gy Asn Ala Thr Gy Jy Ser Gu Gu Ala Lys Phe Lys
Si%a sQlytiapef HgnMaglgcapgin 10Qmas pgwsm@mmamfegws 0) was

added Q@?&ﬁ%&el@%&&ﬁ%&%kzﬁ?@%ee?ﬁg@g%o 3> F FDH%F@r The

reactiog twas étitatgd by etiditib@aof HatDIgQangfgﬂnﬁ)i@nthﬂé cQ@n@e BERabRIn Wk
LyseValguVal Leu Tyr Asp Ala Gy gSHISAla

follow«;'\g?9 by IREFSuQEIep Of His incieass R4 a@ogbatng@ a‘g}ﬁg) i) @r a @e éhlal @aetnce
(excnaﬁé&g?@d &ng&ﬁlsﬁgé 495 A %at]“hgﬁs%ngg} @ a% SAL%B a&ge

; (NADPC{é)gvsgamepmgl tbg slopcacf @a@lcﬂﬁgteﬁhine&@@bﬁﬁbhﬂce @nﬁs”lhm?agl“he slope

aa 144 Tr Hs Gu Leu He
of the AfiPregare 3§ ot B@tﬁeﬁfeg@eoe@g@uwmqw@t@e exlinction
coefﬁcﬂaﬁfo DPRLC

o iqgf? ) (Sﬁéeﬁ)%gg\’%aiﬁldg R}ity ?h lﬁcc%? %elﬂ@foéén)c{se was
determmeé irbuts58 vend) (DRI areated)/manﬂnigt(mtﬁéglucb@éi d@%‘drdg’%ﬁaé&t e

tal tg::a aaa gaa aga ate gat 240 lie Thr Thr Pro H s

calalySdr o Ala Tyr lie Thr Lys Gu Arg e Asp 6 57 07 580
aaa get aaa aaa ttg aaa ttg gtc gtc gtc get ggt gtc
ggt tec gat 288 Lys Ala Lys Lys Leu Lys Leu Val Val

in Geljalogenagel (FIEBRH) Asp 8 5 9 0 9 5 cac ate gat
ttg gat tac ate aat caa aca ggt aaa aaa ate tec gtc
336 Hs He Asp Leu Asp Tyr e Asn G n Thr Gy Lys Lys
He Ser val 100 105 HOttg gaa gtc aca ggt tec aat
gtc gtc tec gtc get gaa cat’ gtc gtc 384 Leu G u Val
Thr Gy Ser Asn Val Val Ser Val Ala Gu His Val Val
115 120 125 atg aca atg ttg gtc ttg gtc aga aat ttc

@)



10

15

20

30

- dehalpgenagsgstiMity \ap{heresmctgg ofier queleqpiy

245 250 255 get cgt ggt get ata tgc gtt get gaa gat

gtt get get get ttg gaa 816 Ala Arg Gy Ala H e Cys
wva03hi8m7959 u Asp Val Ala Ala Ala Leu G u 260 2BST/RFH04/004819

tea ggt cag ttg cgt ggt tac ggt ggt gat gtt tgg ttt

ccg cag ccg 864Ser Gy Gn Leu Arg Gy Tyr Ay Gy Asp

Val Trp Phe Pro G n Pro 275 280 285 get ccg aaa gat

C o809, CAL, BOL, AL COL a2t 831 Sy 9912 s
phospgat)é R PMRPN LR 3RP (HYB. 09 as 48l Bthe hé‘l@ﬁy&ﬁgdélﬁtbgéﬁé‘se enzyme

tea ggt ace ace ttg gat get cag 960 Gy Asn Al a
asa pﬂékﬂussﬁ‘lwed lestldfym tBe san@ Yuffirr Ovier tlu@ualxwptsmfah@mt@@mere

wﬂhdgqv%n ?jﬁg @1@@&? t“tlthtt ee ézgfe:un%ddg %% g%ﬁgc?hea géa‘mf_:I %%%;%as then
analyZddibylahs cAfdRogdi8hyFCC)S8Y ddsbebddnerdifibel S n BREMBRS. Kiimples

aaa tit gat tat cgt cca cag gat ate ate etc etc aac

were igljen gla@rioossmepgintsy gndHe pesk arpy of fiegpregiust eyanohydring eyl

R)-4 RS ieS Buhale, M gtRa 193 pimhoh ¥l T oA ere
converdtd thbéhcEitratGn\unlity $151h|g3 stafaldysirtethatwds pp&iarabidr dildbyl (R)-4-
72 <211> 364 <212> PRI <213> Candj da boidinii <400>

72
cyanong-hydips yhptaratea | A¢iity\p4 the halohpgyin ghalpgenasgy \yaq_%eqqued in units .

o AR ol R b BN O

nuclefSieSand/6F bkl &eﬁﬁnt@%&t Ma& bERGbsHMite SRY e%ﬁmtd_lyeﬁolﬁdml?ﬁ
40 45 Gy Gy Asn Ser Val Leu AS{:) Gn Hs He Pro Asp
ey

BRd/py Bibsfidei s Pro
Ala Tyr He Thr Lys Qu Arg He Asp 65 70 75 80 Lys
Ala Lys Lys Leu Lys Leu Val Val Val Ala Ay Val Gy

(4) S@orfste BhyfdeOfasti s e Asp Leu Asp Tyr He Asn G n Thr

Lys Lys H e Ser_ Val

G SRS m)aﬁ Forsaite y] OO Eeghago iy by (FH.0) was

&
i SR e AT . T

reactidh vaShinitivMad bpkaddifba ofN& DN 2amMy §in#lg pndiha cFynse mﬂ&ammn was

155 160 As e u Gy Lys, Thr H e a Thr e
follovig S xCry i 8 e oY gbspresmes it JiEpmyf of 4§ blpscence
(exanﬁSn I.’r%‘m\{aémﬁ&‘én BB@ nfAS N TRE Geshidts widelpl biedd ds%bsbﬁ@né@ﬁmts

Tyr Tyr Asp Tyr Gn Ala Leu Pro Lys Asp Ala G
(NAuH)wwmevmd tdzeylopg 5f Q@@kz@BtemnaleAr(ébml@alva |un@/m1m)s ﬁ”@ slope of

the A%qlb%cﬁ VA tgngp%»t as, c%vgrt%l g an%enltha%oi Qmi%%ﬁsﬁ%g]e\é? 111&%11

coeffdfht SERATRD addThe?divity of ﬁielfohﬁate tieltydﬁ%’enb.seszld%ftﬁtémﬁned in units
Lys Gy Ala Trp Leu Leu Asn Thr 245 250 255 Ala Arg

of un@lYNAIRH cicatedy/min/aig (Kital famatadphydargenpss catadystt a Leu
G u 260 265 270 Ser Ay Gn Leu Arg Ay Tyr Ay Ay
Asp Val Trp Phe Pro G n Pro 275 280 285 Ala Pro Lys
Exanfdi®s H SPrEbRatidnlofAiie] AR P4MRANAS Gyl ybtsraly/ frodeyh v a
290 295 300 Gy Asn ATa Met Thr Pro His Tyr Ser Gy
4-chiTlopcerpacetata (vissgihw (8)-dohl o3 -lwpdnoxabetviate). Thr Arg Tyr

32120 %%ll%é gs‘élu{zéfﬁ o@ﬁfb %\/Fpp#?ééluﬂ gh(g?rlatg%ﬁffglg Qo{f H{M NaCl,

pH 7 '&} €) hﬁéokﬁ@n@éﬂaﬂﬁ Wabhdded4ucddd (1309, NormidlesThil elyis). To this
yr Gy Lys H s Asp éI_qys Lys 355 360 <210> 73 2%}%
was a’ﬂdgd kmr;eﬂu@m SEQ 3B NP3 (0.0 afluensg dehcdosenpgssS NO: 10
2
o A B g o B
was @@Ed ﬁi @)l‘lgglil eﬁﬁlld\y&ﬂi Be thisTéhuldioa Waseld&/ai a Jdinticksorf iyl LyS

10 .15 a c a C
-chiggmaceioicetin (08 ABengeles jeo Ry acat Guimgs i g g hours.

Arg Leu Ser Qu Ala Gy 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 ace tac 144 Qu Ser yjphe Lys G n Lys Asp GQu

Leu Gu Ala Phe Ala Qu Thr Tyr 35 40 45 cca cag ctg

aaa cca atg age gaa cag gaa cca get gaa ctg ate gaa

192 Pro G n Leu Lys Pro l\/bt Ser Gu Gln Gu Pro Ala

e . o . o o o . .
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 Examgles6:c€haraetarizaiion pd Btimi (R

Tyr Leu H's Ser Gu Asp Ser Pro Tyr Phe Tyr Pro Thr
GQu Pro Trp 180 185 190 aag act aat ccg gag cac gtg
W@ewsoss7gyt g aag aag gtg act get eta 624 Lys TPCT/BSI004/004819
Pro Qu Hs Val Ala Hs Val Lys Lys Val Thr Ala Leu
195 200 205 caa cga eta ggg act caa aaa gag ttg ggg
gaa ttg gtg gca ttt ttg 672 GAn Arg Leu Gy Thr Gn
s Gu Leu Val Al a Phe Leu 210 215 220
The p@%\aaq mamg@@ect hthg@t 6 éand ¥ &t aptagtomeaticgijeater dbpt gisyensed NaxCOs

M %ggat%& %bc%lgi%éﬁlg L’ibn‘l} p ‘Eigtttjer%(%ho?%th%ﬁtoﬁ%@edzayilgltlb%%f-[he base had

ceasell ahd Gkge dagndtaRiddalestarghg h@&rﬁﬂ: By g@ﬁctﬂb@am@@pﬂﬂam@mwrs were
: 765 Gy Ay Phe Pro Met e Ju g Pro Pro
separgtpds wdzla%aczvseu&@@@wmwa@fwlﬁra@t w@fztitqiﬁtﬂ 2@1)3 >T he combined

organffgisne 120 o RSPy Sz, A G R bR g gy

eVapo?zliter G]) gtvaeysehdhhllﬁme 1O 75) &ryl (8)-d-dhbatoArigydreuybieratel u
PR Ay e ST (e Bron B bR R 8 2y S0 mmoles)
in 30(1%%\4 glgtag’mgmdph% Jﬁ?{ LR B Lﬁ)g rlgﬁéls%lgAﬁQ JM{E/ 8. %?% ) §834 ‘@N%sciﬂed

, a Ju He Qu'b Ser
haloh¥ghin ﬂlyalc@enaééaﬂEQxﬁb N@(I 141(8\g) ¥a h I\Bphilksd pAwdeit A fld fifty seven

hours%gq, n@tﬁre)&g%s \ggslitgd gfsthl y? Aﬁ:eée?t P% 8me58§/fpﬂéa§§ ﬂ?% rog@:hr?ed

organﬁbr&irﬂé'd%vér zHR)uE §k§‘d1tﬁh%uif?cb‘ Yab ni'lQQuel@st Al Qedand é\l'agm ated on a
Al a Ser n Met Lys Lys Arg Lys Ser Ay Hi's H

lotar}ee@maramoo t% eRtentidilepure cthge(R)Ad-ayaloal-RydroRiteutGhle, By o

‘ detenm,r%d ﬁgg%%gzkle Qsﬁéoég#hyﬁlglgthéﬁ gnigﬁltlﬂf( im{ ht{ittastgerscétlz@ in Example

6, heré@Belb®d 160 Lys G u Leu Gy Gu Tyr Asn He Pro Val
Phe Ala He Gy Pro Asn 165 170 175 Tyr Leu H's Ser
G lhispessngde smw@ trgypropefe of {he ipyentipRrwhergin ravﬁocwnpﬁils»@iroxybutmc

acid HR B RSB0 AR G EE oW Rcl ) Ffackl ot

-hydﬁsnrybhmcecw dsEi (@hyl (S)-4- dhlnto \Zalhyd%@fblatyeatb)ewltﬁ mlaaah,tpdnn
220 Ala Ser Gy % Leu Thr Ay
dehal%f‘élasrer Prd ignide 591221516@ t)a.@z@néwl@tﬁcét)y Iﬁ\*éthﬁrr%lowethwocess

T e e

4-hale<22&@tothitipid ddird ésﬂdﬂ&ethﬁl%ehlﬁﬁﬁe&ﬁ@tat@]&ytth a ketoredd@idje, a cofactor

v e AR 265 1% e S8 AR 2 B Blucose

dehydSgen¥&d). Hy@irtibSshBRE tHd el VpriBlctishot %lelcénﬁgzﬁugleéth}qgﬂ)A—
agg ctg age gaa get ggt cat ace gtc get tgc cat gat” 96
cyancSihydiox ybesyraty fiomeghisd eth@l d-chlaogaetoapktgte Th highied.e. Ahdiin high
. Hi.s_ 2 0. 30 gaa age ttt aaa cag aaa gat gaa
P“““’cct@h‘aﬁa?*@i?“’? Wmé@?oagg%g@tge ‘ac 144 G u Ser Phe Lys
G@n Lys Asp GQu Leu Gu Ala Phe Ala Gu Thr Tyr 35 40
4 5 cca cag ctg aaa cca atg age3aa cag tgaa cca get
Q) A%, 2

e S PGl 3. R 8 o3, BRafie 246 Amed using

gas c}ﬁéﬂlat@g@ap‘b@wﬁhﬂalﬁefonﬁaﬁoﬂ' D@dyteatdh ﬁ@xﬁg ASAgt\l/@it HIP-SI column, 30
Val Ser Asn Asp 65 70 75 80ate ttt get cca gaa ttt cag
m longc@2atan aer dametenasigathgfotloyang pragrapgsl mn@utwnel e

Q Pr - . . Va‘

s°Clrgisdor L Muenae Qe gt (ief 2diguizs &t A3Ecc et and
{ f

outlet tEﬁqp%%feur%Ir getgrbgtlﬁﬁp ﬁ)e anndﬁ[é% ﬂ%ﬁatﬁe"ggasz%él/%i tg‘la@'n&é?rlthese

. gtg get teg caa atg aag aag cga aag teg ggg cac ate
ate 3 84 Asn Ala Val Ala Ser G n Met Lys Lys Arg Lys
Ser Gy Hs He He 115 120 125 ttc ate act teg get
act ccg ttc ggg ccg tgg aag_gag eta teg act 432 Phe H
e Thr Ser Ala Thr Pro Phe é@ Pro Trp Lys Gu Leu Ser
Thr 130 135 140 tac act teg get cga get ggg get tgt
act eta get aat get eta teg 480 Tyr Thr Ser Ala Arg

Al ~n o ~ N A A - A ™~



10

15

20

3]
N

30

<223> HHDH Mzl /4H6 <400> 76 Met Ser Thr Ala H e Val

Thr Asn Val Lys H's Phe Ay Ay Mt Ay 10 15 Ser Al a
whewshigg7ieu Ser Gu Ala Ay H's Thr Val A a (BCT/HER04/004819

Asp20 25 30 Gu Ser Phe Lys G n Lys Asp Qu Leu Gu

Ala Phe Ala Qu Thr Tyr 35 40 4 5 Pro G n Leu Lys Pro

Met Ser Gu Gn GQu Pro Ala Gu Leu lie Qu 50 55 60

concior?, B (RT-5ns - Bughtyinberplbuoky o el -chloro-3-

hydro t}lfrh@ e'f@t@s &64455 Thutéd, and/ é‘thqu thﬁﬁﬁc@téac%@at@ élui'é)é rat 4“1 Uninutes.
Ala Val Gu Ala Léu Gn'lie Arg

Vehengel no8y pf therwpacia ‘aza&/mleasur@ﬂ Sarg t@e mtmtedwsaltmas from the
Hs lielie 115 120 125 Phe lie Thr
gas C@@atﬂgfgpﬁmesa’% Phe Ay Pro Trp Lys Gu Leu Ser Thr
1Eﬂatﬁﬁ>5eléé1t9v1t ot tHdhal S@fdri &hﬁbgerﬁ%@(}ﬁim}ﬁ'vﬂtk@é%e-gh{o ethyl
Al a Asn a Leu Ser 145 150 155 160 Lys

(R) 4'9’3}1063 bydrpKybufprats \éasm@aswﬂ byrass Ahr@malmr@lw dd Ilasd«ttectxon

g FE5] SRR At 35501050 5ok Rl IS e

fouo“féi&pbgﬁan}/at 5 ﬁugutfﬁe% 1¥8¢c %@ﬂ&)ﬁaty%{ 2 H]{ﬁm‘ﬁ‘l @nlé%dé%ﬁet

tempei.e&mreé/wlele%cah Bh2z3°eu tﬂitl@r hese &&Gltﬂ]&l ether (Kﬂ-zycﬁ&fo Lys
Leu Thr. Ay Gn Val Phe Trp Leu Ala 225 230

 hydrogByiie oliigs 4 19 GarsGusging (S-Gr A Ghpx g TR lutes a

197n%§£te$ro G u 245 250 <210> 77 <211> 765 <212> DNA <213>
- i cial Sequence <220> <223> HHDH P016229- F- 04
<221> CDS <222> (1)...(765) <400> 77 atg age ace get
. acetaafc/1 a4_c ] L 8 7
acetoakfasteGy 10 15 agt get ctg agg ctg teg gag get ggt cac
ace gtc get tgc cat gat 96 Ser Ala Leu Arg Leu Ser Gu
Al'a aGrneckipdjaTheted/al flablaeqOyppetivathie mediinRal 0rgaad aganected to

an autg%rtgtetic? taatgaalgy aa?[ %%irogg gnc%a ge &p% et t L %]d ﬁgla o@%eg\?f% charged

tnethaﬂbl@nﬁh@&@ tIThnd BYO (392 40) ‘9(5111612@1@[&1911\@ riktRd]antiAe MlGtion. The
a cca get gga ctg att gaa 192 Pro Gn

aa ca
DH wag ddiuEipd LT oVilled 161G b GlucasFiL8s & #anddede Theiveater

c11cula§{ng t(g’ 919&?&*5%9%3\? \gg%se:??oeﬁg‘% %ﬁgar {@% r%%et , %eggr %\chta %{EQ ID NO: |
2(5.780 ayld@h[bok(aﬂelﬁﬂﬁ)g‘éﬁdtsel%ﬂ SEQ) B0 A3 ASY) P déPwéle Bled. After

ate et cca gaa ttt cag cca ate gat aaa tac get
10 miytes, 5&%&&12@ g@) Wag afiesl amdaheresuliing npr@raavas Alaveadte stir for 5

mmutégs ﬁlhé‘ly %ut y Fcﬁ%t"él (yﬁ)l mE} yvaé%l?arg ., U {ntgg%ateat%&é]togq:&%%ﬁ, 79%1\/1 ethyl

4- c}ﬂoﬂ'c)aibetéa@ta(& A rﬁLVBOO gslnulééd AL I@ebu@l fcekdt®) vMsE1RN19 aldbed over 3
Al a Leu Val 100 105 110 aat gq% get teg caa_ at
hrs. ThepH 348 megtangd 2t €BY g5 gaua%atléttéra N e N VAN (152
y |
mL) o%@ 5%%55 ﬂl%egﬁ?ééltlg,c ?ast%%oné%?grg%lﬁ/ c?% re%t}é)ng'jaiélp!:écszxot%gé %gmplete
convedagy tgpepdera Cdge ad g4 a‘ahed fhdthd eachen miktareigs fodved to stir

. Phe Ay Pro Trp Lys. A u Ser Thr 130 135 140 tac
for 10 ggputp%é‘h@éph@@g V@étﬁltﬁﬂe& t 1gl@ @tcelétg Padand @@tor&aéltlc ]@@@r was

separaEetgﬂTfﬁgqu%gﬁs %‘r%r Y ex%%Eteé\l\x@tth \gyl/ﬁ'c@tatg aag g:gs'l‘ﬂ_éq(grgamc

Leu Ser 145 150 155 1
layers ggee gragbihed arahihe adleemtagmgtagl urtder gretumttey 1@y ecaposaion to obtain

8 eu Gu Tyr He Pro Val Phe Al
87 ¢ OB RBAS) SEHORE 9 it e preuiombeny eyse Squs i as
t 4 tR L hleE'x

de errrfsilge?i zIGfT&E 1‘%&3:%&%?01%%&@( %@g:yﬁﬁ(g?) Fl)%gro@(glgut dte Pk a'_lf_l'rlpge 8.
180 185 190 aag act aat ccg gag cac gtg get cac gtg
aag aag gtg act get eta 624 Lys Thr Asn Pro GQu His
Val Ala H's Val Lys Lys Val Thr Ala Leu 195 200 205
caa cga eta ggg act caa aaaj;gag ttg ggg gaa ttg gtg
gca ttt ttg 672 G n Arg Leu’ @y Thr Gn Lys Gu Leu
Gy Gu Leu Val Ala Phe Leu 210 215 220 gca tct ggc
tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca

-~ N n
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;1em0‘{;§ jof (‘_I;leuH a Af& 3diavrs: e HATY

Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn
Ala Leu Ser 145 150 155 160 Lys Gu Leu Ay G u Tyr
WA 01857Pr 0 Val Phe Ala lie Ay Pro Asn 165 1FOT/LF504/004819
Tyr Leu H's Ser Gu Asp Ser Pro Tyr Phe Tyr Pro Thr
Gu Pro Trp 180 185 190 Lys Thr Asn Pro Gu H s Val
Ala His Val Lys Lys Val Thr Ala Leu 195 200 205 GI n

-4 chloro-3-

hxdmé P,gutgaye Gn Val Phe Trp Leu Ala 225 230 235 240 Gy
Pro Met lie Gu Arg Trp Pro Gy Met Pro Gu
24[5 %ﬁed@ﬁ@mk@&d@lﬂﬂ%k BGGipp@ll @ith Bicch21igal stirrer ﬁri(bctoanhected to

anau Cyfllg ?1%1%6% 57% (igta&dggfgel ﬁ%gf&% %té)%’tzofgage was ch cl>arged
) b S
H,0 @ﬂ@o ﬁfF]L? ﬁséénN b4 .2 2993 a%?gaﬁ%ml%g b5 gtd\@ingﬁﬁé ya—l?gmft@plli 7€ The

watergm‘cu]@tog vy getctbgwagie A lgemngtgs, lmh:thyéne dghajogpmmse $fgQ ID NO:

32 as 1\%@5 (?&Eﬂ’) ya&gﬂ&%]@ége@ﬁt?%hgﬁgﬁrg W35 al%ggdg%gu afg;é? minutes.

4t dhi st &6 (454 oBtHe nr@erial fir
Usm%ﬁ{ acﬁiﬂﬁ)rféﬁ@n&la&hﬁle@) hidts 3- l%aﬂo}%bgt%he(Al gog i @ rna om

Lys
Exanipjer B %aszslcuwléz asd@d: avarédw@r gT headl weamaindpingbatgaay ﬁla@tl@a'@tw

Y N L D Ol RN MY

chror8dt6gragtey @0Lred&iont Ampiothotad c@fﬂﬁle@@ém@éﬁuﬁﬁ te pgctdncag@ehte (16 g)
aac gat 240 Ala Val Thr Ser Ala Tyr A n Val

was agged qgethe ffask, sdiichagas t}\grpc@gleqtgd o5 g@plaqagmt, Wo&@xh@gsé is bubbled

o SR APEED B RO TR B BB Gl o0

Hg piéadurdd Aft&sph@fr aHbRGrded airdgbblggtvag eddedito tlpasmlgain totgl the

ate a cca ttt get et ad%tpgog}%glcgreg 1@%3113‘%{19@'@31@\1 in the
0 .
off—g:gs o h%]an\@g{:: wgtggllg&/éeﬁ %)gctoof 9. o%@er@/ﬁ%a&?&% tl%égﬁ?ﬁl%gﬁi ﬁwlg(?lgh a c?ehte
pad. [Dhs ﬁluyase Alag etiysteSewitiChytyHigtate (xe80018L 1A the Sombinedprganic

| laye1%§{terg§g1rg€é1 etéi c%ﬁa% 1t : Cd %?ag olaﬁaTé;Fqg)l%%g \%%3 rgttp\%dt-ltﬁ)ger vacuum

by rota¥Peddpbraid t§'§fovﬂbr 28153Q ot Shyll#9- i@s’fan@%thﬂ?(ﬁgxﬂﬁkyl §t@a The purity
get ggg get tgt act eta get aaf get eta teg

was 98% (wsfe»r) bAI BPIAE gnd\the eGhytiohhexic@Feesphyas E&Q%A{ta’ Chsrﬁl ﬁﬁathe S

Leu 55 160 aag gag eta gga gag tac aat
enantécfnéeré%aﬁ ‘H}]fiate%t?@ éet ate ggg ccg aat 528 Lys G u Leu

Gy Gu Tyr Asn e Pro Val Phe Ala He Gy Pro Asn 165

170 175 tac eta cacte gat teg cctacttctac
Exanmiiey9:actPrapaationgof 15 drax vy on Ethegl-chloro-

Tyr Phe Tyr Pro Thr Gu Pro Trp 180 185 190 aag
a-cgt—o%{':@c?ﬂ%at ccg gaa cac gtg get cac gtg aag aag gtg act

g€Io £160 B2 Avdsyd cdiriecRdno E’ﬂi @ut@nutnt—ltls'at‘daby Alp#l dtetrodaknd a feeding
% Val Thr Ala Leu 205 023 g?a &ia
tube t}%@d@ an ghbesgatpstharegda 5@13801% 9 glyeeseda @ 1e¢ g
tneth%nga ng p%gu gltf% (2.? gnléqz Ardhfs SutiohSthsGhirglh ﬂeﬂo?é&ué@&e SEQ ID

O gca tct ggc tct tgt gat
NO: 42 ¢l 0aehg)g e meaGDit SEQTD NQuod argl NARPAZ(R SAhg). Sﬁrtyl@tcytate (10 ml)

er Cys Tyr Thr G n Ph Tr
was tg%c@wdﬁge%@ygg iqppacg @Cg%ta (G gl Ftaf 9@0&@ was
C
charg@g T@E gHC\%‘s rﬁé‘lﬁtatn?é@l a??gbygl% at*gn.‘ﬁatg J‘gté%félgb OE até%i%g@o‘ﬂ 4M NaOH
(7.5 rﬁﬁ)ﬂfe@l%hﬁRTAsmbe ofithe feacticnl miSae eas extaRgbwith ag squal volume
HHDH P016230- A- 08 <400> 80 Met Ser Thr Ala lie Val Thr
Asn Val Lys H's Phe Ay Gy Met Ay 1 5 10 15 Ser A a
Leu Arg Leu Ser Qu Ala Gy His Thr Val Ala Cys Hi s
Asp 20 25 30 Qu Ser Phe Lys G n Lys Asp Gu Leu Gu
Ala Phe Ala Gu Thr Tyr 35 40 45 Pro G n Leu Lys Pro
Met Ser Gu Gn Qu Pro Ala @ u Leu lie Gu 50 55 60
Ala Val Thr Ser Ala Tyr Gy Gn Val Asp Val Leu Val
Ser Asn Asp 65 70 75 80 I|e Phe Ala Pro G u Phe Gln

o ANP™ NN N =
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l~a11d th@tp@aqqstall@\g@d ta grgete. 7 onganiGByerdngluded sogyese
layer, g'rgcgludgg% s‘%q%x%/ effifliofhwds r%@ akitd E’S(%J w‘tﬂh%d%\%él l%ﬁlglecﬁﬁva%é‘oThe

<223> HHDH P016096- ® <221> CDS <222> (1)...(765)
<400> 81 atg age ace get ate gtc ace aac gtc aaa cat
WO 2a0sQuE7gygt atg ggt 48 Met Ser Thr Ala H e VaPCTOg2008004819
Val Lys Hs Phe Ay Ay Met Gy 10 15 age get ctg agg
ctg age gaa get ggt cat ace gtc get tgc cat gat 96
S6Ser Ala Leu Arg Leu Ser Qu Ala Gy H's Thr Val Al a
Cys H's Asp 20 25 30 gaa age ttt aaa cag aaa gat gaa
of butnyt gcemtaalgbtlhe t)tgang)ehayg‘aaasaanelyzatbﬂ@fﬂ Qhe a8elysRishowyd 99%
u Al a Phe r 35 40
convexgon, gl 5L FtlniiteRatuurls TS et b g giea
ctg ate gaa 192 Pro G n Leu Lys Pro Met Ser Gu dn
Glu Pro Ala GquLeu lie Glu 50 55 60 get gtc ace age

ac tOAI EtVal Thr Ser Ala Tyr Gly Gln VaI Asp VaI Leu VaI
= 5 n Asp 65 '70 75 80 ate ttt get cca gaa ttt cag

Cq?he% ‘Red@b \@@Qdétﬁ@al&@tEngn‘fale%@ltﬁ e A88ptRorKigatADG nk @fthe

he An Pro lie Asp r Ala Val' Gu Asp 85
ketorggigctageSBQdDYP: @%Wagtl@edgeaé I\@%%M:t?g* [58:%) \A@s@dd\g@naﬂ@petqftthe

NADﬁeilrlg £®1§$1g%§tﬁgg\£q g}aﬁ% %O@‘}‘e fBéé%]!ﬂ‘gtg fe“r % L%é{né) enee{f'l 11
hoursfaﬁ@ t}fe&aC ah@ysiagh@ad 903 caadrdiegonys eﬁ@llél@hli‘n@dc%toﬁgé’tate to ethyl -
Val Ala Ser G n Met Lys Lys Arg Lys Ser Ay :

‘(S)4pi11§rq=|3é1ym0éy1111t5ra190 125 ttc ate act teg get act ccg

ttc ggg cca tgg aaa gag eta teg act 432 Phe H e Thr

Ser Ala Thr Pro Phe Gy Pro Trp Lys Gu Leu Ser Thr _
Exampi0l 11 3 Prehdthtivaof Ediyl { £94-ghlors ddyaeix voagragefroindith@lcs-chloro-

eta get aat get eta teg 480 Tyr Thr Ser Ala Arg Al a
acetoggelalenl 3 Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155 '

1 -~ G ;

atqg agg% rg%gegg?cc%%gctﬁgga %ﬁé&u@lﬁﬁn%ﬁtsat%ﬁ %I? eketgﬁo%eéend a feeding
tube 1Br alditadn desAivas thaegdd a/sdhntonAsighic®se (I20gNin5v4tac(36tmal). To this

solurigiy s Gier ke e qiite Si 17 iy (ABFmaio%e i sEPp o 66

and NRTSP Z@WIS iV Bi91 ddepatd 8O 1§1§5va35996r?éﬁrg%8t Eaaf 40&1%1‘5%toacetate
cac gtg get cac gtg aag aag &w act get eta 624 Lys
ws:

(10 g)THas themclrrgedaiy smlgge\palmpﬁasd‘o gnLNgag chg&ged/gapldm and the

9 0 a act ca
remalf‘{le% \Aéagéh glacgla{g(eg agfl gat% (Qg 1 rﬁda}hr& Shgg% V&S aip n}fgljit %%37 the
autom‘ﬁhé titchidr by ﬂle@ddlticﬁtbf@\)ﬁ\ﬁ)ﬂ &l 1 ¥abulhss. Pirae b@tting ks stopped

215 220 gca_tct ggc tct tgt gat tat ttg act rgglc cagF
piomy rThe organic

cecatt are gaa ¢ cCC ggc a
combigad af@ud ByelSwerEhytrdinel i dvltle”@-llrﬂ_, &4 hutﬁra@et'ﬁfep TRE Organic
4 ;l/ Met Pro A g *245 250 <é10> 82 <211> 254 <212> PRT
extraciyVers CApPITeHan FotRycfyeRiated 3DaSr Vaoy tqfpie VR0 E0 6h ddtional
s
butyl %&?ﬁ% wggﬁ/%é;eﬁ &%ﬁﬁ%gﬁye\/&g&aﬁ /—\]?/ & he eﬂ‘feArn‘f&/@g Elé/@a\k ﬂg){ gﬂgﬁ Alfi‘@ater
was re@hgyeHiitise Gyl Malateﬂdoalt@lsvx 44 decAspd RO0mMA61i80inGhe figer. Baporation of
s, G u Thr
the sof§ygidBr AT Bed ettt £okedn B Ao e i e 87 40

y1e1d)@fl¢elly&%boﬁ|pgn@ u 50 55 60 Ala Val Thr Ser Ala Tyr Gy
Asp VaIfLeu Val Ser Asn Asp 65 70 75 80 H e

Exampled 2Al Rropars /3 A|Esh W4$)-4-chloro-
3-h Glu 85 90 95 Tyr ArgGIyAIaVaIGIuAIaLeuGInH
Phe Ala Leu Val 100 105 H O Asn Ala Val Ala

Sgb aQ70mlYRteste] Sohnkeste0td ah MotomRfic fﬂr%teﬂa? a gl—leelé’&tﬁdé had a feeding
120 125 Phe He Thr Ser Ala Thr

tube foxaddition afdgseseps diargetiddadis 51 1403 mndihamdswem@ mL)g The vessel
Ala Gy Ala Cys Thr Leu Ala Asn Ala Leu Ser 145 150
155 160 Lys Qu Leu Gy Gu Tyr Asn He Pro Val Phe
Ala He Gy Pro Asn 165 170 175 Tyr Leu His Ser GQu
Asp Ser Pro Tyr Phe Tyr Pro3Thr Gu Pro Trp 180 185
190 Lys Thr Asn Pro Gu H's Val Ala Hs Val Lys Lys
Val Thr Ala Leu 195 200 205 G n Arg Leu Ay Thr Gn

Y AN O NA T NN
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ate ttt get cca gaa ttt cag cca ate gat aaa tac get
gtc cag gat 288 lie Phe Ala Pro GQu Phe Gn Pro lie
WAPsys7ayr Ala Val G n Asp 85 90 95 tac agg BOL/USED4/004819
gtc gaa get ctg cag ate agg cca ttt get eta gtg 336
Tyr Arg Gy Ala Val Gu Ala Leu Gn |lie Arg Pro Phe
AI a Leu VaI 100 105 110 aat get gtg get teg caa atg
aaﬁ% ag t ate ate 384 Asn Al a Vi
was seem: a edapafdsm-,fte W%ﬁéieag@te;irvgthv@%} @eypfﬁws wdjelsqedéo 7 by the

addltIO{l ggc%rgcol-lég(é é &an}iéengt{eaﬁg% %ﬁ)‘étu%e\kas%lﬁegte o 4%g§ Rﬁ%reated with

a solutidh @1 RAeh{=rih EMIOEE@QE!SE@DJN@ B23en ghfr 031139 whaddr cbifdining 42

tac act teg get cga get get tgt act eta get aat
uL of Iglé«ﬂ Benarcawgethmlﬁif hert, Mhﬁé@ %Chlom-é hadepxgbytyrita(1c§ g, 10.8
r. 145 1

mmol) 3¢5 g8 GaSe. JUF IPBEG g L GET i Gope LR addion

of 2M ﬁﬁb}ﬁ 2BfrdY1S otk deBetide WasRokhpl¥tE af B idthiCofOmYAIMMEOH had
lie Ay Pro Asn 165 170 175 tac eta cac teg gag

been a@bﬂ tAe@mlﬂgof the reaction anxt@t,egwmxt@a@d le]e étnggslusmlqm of butyl

scctatep i Hvies b 8reiBB e vt IoecRf galniel ey Gk 4-chioro-

-hvdr6 utl&te 33 6th Yot §/aa6i3-BRiroSibatead wags-o9%y. Asn Pro
% @frs Val ’%Ip(gz ngyVal Lys Lys Val Thr Ala Leu 195
200 205 caa cga eta ggg act caa aaa gag ttg ggg gaa

. d

@Mm%tﬂv% 4-chloro-

hydrdsg,gguggg tct tgt gat tat ttg act ggc cag gtg ttt tgg

ca 720Al a Ser GI As Leu Thr d n
ahe P%Pfédqﬂfeﬁvaééée%°él to Qé%wbglef %}@Ept&ﬁ’cth?tt‘{M&y?@N was
{
used asé}‘lg bg%gn%r 2 cﬁg%e % %3 @% %?Eer% s (ﬂ;}egregg&soﬁ N\gés c%%g)lgeﬁnd a total

of 2.3 AA 5N BRCAPIAPbdsA ad&k‘lﬂ Bl amﬁ]];@m ‘GBR'EOH@:IﬁDn Af thefethgil £%)-4-

etoro S BE G SR R oom L0 pB PR O et

Qhys é@mﬂp’i’ shAhé@p ﬂe@é‘ss%ﬁc ¢heliRventRh uSing aflafkald yahlids ag—Bﬁse to
Val Al a Cys HlsAspZO 25 30 Gu Ser Phe Lys G n Lys

maintaisshticthe Hieend3he cppmdPrmmctationet ey reagiion3gixnge 4enskng.

Adn Leu Lys Pro Met Ser Qu G n Gu Pro Ala Qu Leu

lie Qu 50 55 60 Ala Val Thr Ser Ala Tyr Ay Gn Val
Exampfs ;| PepdigtionVaf Ether (RASICARP- 0By dfx ybatydhke lfioen BhE1 M8)a4-chloro-3-

Pro Qu Phe Gn Pro e Asp Lys Tyr Ala Val dn Asp 85
hydroxgbutymteryr Arg Gy Ala Val Gu Ala Leu Gn He Arg Pro

0 AR50t 80 BBl o
tube foPhédigiorT bf base (7.AN NAD& ) Ryaz R Gwatd?i(83. FImL)Lzmﬁ OGI g oﬁhalohydrin

Ser Thr 130 135 140 Tyr Thr Ser Ala Arg
dehaloggpaserhEQIEANGS &+ ALl e aTPsSEFred 55 395@@535 I@e tltrg’;\fsel was

actlvat%%hdi%gto%%m%gpgyf ’[ﬁ%g, ﬁ"/@ a@ﬁébuﬁicrﬁ% ME Be.? ? %(_f)e}é: Eifhrged

over 2(Phénufy to Malee A8 % GHENRobutibmp Th80nik8&e ﬂs@@hd:ey@i a0 °/XS]T0>1‘ 10

iR s B ot St AL Y e

aultorna(ﬁcLhtn"a?éil rﬂ/é?ﬁtaff\le@ th e:;tﬁ{ Lerh 2 4 AdRioR27 2N RaOFT Qﬂﬁér ﬁ?ﬁrs GC
Tyr Gy Gn Val Phe Trg Leu
e

analysi 3®a286/1 zahtbat@bytrz@t f @tﬁacmmsamle shoavedit mlg/eﬂanqm <§frtbe ethyl

(s4+-<Hofa T pighid Syiaial 25aps B iR e 9sn
1608 it Srodvdkte E@@esﬁ%@ﬂ% ibtantionWéRR)aqrdRR Dy8Rcdlc acid as

acc ace get ate g ace aac gtc aaa cat ttt gga ggt

the sovatepfopypnidg@ Met Thr Thr Ala lie Val Thr Asn Val Lys His
Phe Gy Gy Met Ay 10 15 age get ctg agg ctg age gaa
get ggt cat acc gtc get tgc cat gat 96 Ser Ala Leu Arg
Leu Ser u Ala Ay Hi s Thr Val Ala Cys H's Asp 20 25
30 gaa age ttt aaa cag aaa ‘éat gaa ctg gaa get ttt get
gaa acc tac 144 Gu Ser Phe Lys A n Lys Asp Gu Leu
Gu Ala Phe Ala Glu Thr Tyr 35 40 45 cca cag ctg aaa
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Tyr Leu H's Ser Gu Asp Ser Pro Tyr Phe Tyr Pro Thr
GQu Pro Trp 180 185 190 aag act aat ccg gag cac gtg
W@ewsoss7gyt g aag aag gtg act get eta 624 Lys TPCT/BSI004/004819
Pro Qu Hs Val Ala Hs Val Lys Lys Val Thr Ala Leu
195 200 205caa cga eta ggg act caa aaa gag ttg ggg gaa
ttg gtg gca ttt ttg 672 Gn Arg Leu Gy Thr @ n Lys
Gu Leu Ay Qu Leu Val Al a Phe Leu 210 215 220 gca
tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg
720 AI a T

ldrgg@ou@{,rgteata gaa‘cgt tgg ccc ggc atg ccc gaa taa 765

y Gy Phe Pro Met lie GQu Arg Trp Pro iIMEt Pro
’urows) REGCcreYiCRp %al&@EEﬂdQCBNaQNJ(ZSO PR ardNaH,PO, (830 mg).

1 20> POl OO>

Wategé‘lm s R AR BRI R B N S
lyo ﬁl&e dwdr ZG@m Bedn Ahe (B Hcﬂ!cﬁ‘ois des¥ybldyat A F00GhY) was
yp &/Er Va?(Ala%&Is HIS%\S(?.Z q%,GuySg‘rﬂéﬁeLg)
adde@l ff hl@ymlmsap cappedland hatgd il an @hbatmaa4(l‘;f® Afiter 7 jmuKBSGﬂI apalysis of
b Grabt B i raat etk L4 I Aok o abad o N the ethyl
a “'éi EceLaéﬁ CXiract & § 1 BEUYES B Af tr%?éfmﬁﬁd"é{ A?Oéw?"ﬂon(ﬁﬁ e ethy
S -ﬁlﬂof‘@i’»-h xYButyla@ik o\éﬁil -4 RSN AS Mhy8Rx But teSOAftél 2
®) 2&1@ }/S?lyl y gﬁj A?e AspyLys;TyriéAl a e7 b, the
GC malysxssqbowsdgolnpetémwm@na Ala Val Gu Ala Leu GI ne

Arg Pro Phe Ala Leu Val 100 105 110 Asn Ala Val Al a

Ser Gn Met Lys Lys Arg Lys Ser Ay Hs He He 115
Exardgle 152 Préfeatidnerf Biliyl $8)-4-8k #1028 -dyfiof vy erafd frotMEhyIr(R)-4-chloro-3-

Lys Gu Leu Ser Thr 130 135 140 Tyr Thr Ser Ala Arg
hydrax ybutyrgtepl a Cys Ser Leu Ala Asn Ala Leu Ser 145 150

15 Q. val:
A Tt Bibogfe el idgiedfhel i B (¥ImAlE s i f Bxclliof e he

(R)- e‘i@ﬁtlﬁﬁm &Trthe Extyl BhohloFy-3-1Bdeoxkbityite vilds &:aﬂ’eﬂ idéhdldFshe

190 Lys Thr. Asn Pro Gu Hi s Val Ala H s Lys
(S)- waaltwm?r anddhg gupntibes oial rzeféwe%*lwgel}fwee &ﬁ/qs 1 hour

|

reacftigE D lalysl HoRgd ‘¥%CC@2§S¥E%%%§E@SR%%%§-
3-hyafrqubmyra/éé‘a> a8 (884}0285) -2-hQdGkybu@satePhe Pro Met H e

Ay, Ar Tr .Pro ro Q,u 245 250 <210> <211>
o buS bR e SpEiipt 1 e ear o BeaaanaE: Sopthebthapiocess of the

1nveliﬂli'(m—inﬁ>§) g@ 082 16 borredlenthRhanfidder éfhe 4‘1{a17c5§-)1y&14)Q9|3ut§ﬁc acid ester |

atg ace ace get ate C ace aac gtc aaa cat "ttt
to thggerrespgndjgg erargiontsr Ogﬁnp 4an¢d3ahyd|r@<ybalyrwmdm§t¢r VaI
Lys Hs Phe Gy Ay Met Gy 10 15 age get ctg agg ctg
age gaa get ggt cat ace gtc get tgc cat gat 96 Ser Al a
Exathfld 14 Préfiationlof ®ath @l (8)-Hc¥ldrb-S -Hiliovdlit vt S Mats/1 4-chloro-
Asp 20 25 30 gaa age ttt aaa cag aaa gat gaa ctg gaa
accteosetatet t get gaa ace tac 144 Gu Ser Phe Lys A n Lys
AS ?hgpl%c%&hle gag d%ltnﬁczf Ii]§ tHA‘l[ 8f ﬁéﬁlﬁ@@ VJ- il th§ %{(éegméés tt%gfaan
Ctg aaa ccCa atg age daa Cag ‘gaa cca ge aa ctg
equn&hbl%lr gmaudiBf nithyl@-chib@ucdiy® efdtcowMateadied indledd o the @yl
o Ala GQu Leu lie Ju 50 55 60 get gtc ace age
4- ch}o&gacs@@ceége a@{i Qlega&gyla@seusgti &R }getg@gu%{gs@ %F& Aﬁ)aand glucose

deh}gxgd#eig% Sﬁﬁ I;%ll\f}‘)s-@go ﬁé’eret%ttébn\@és d??ﬁ“%tg‘gmbflu}“\glghd ﬁferGC analysis

shovadde-99at matwy! (et gl&ibrogfi -hydmgylgﬂyl ai28 8T HeipeodRive wab ﬁ;ol%ltcﬂd by

G.u Phe G n Pro 9
eX{ragHOR 1o Qw%fgeﬁatw Yﬁngs p@é%floe@aﬁl&tég!egw@g@ eqby (il and °C.
NMEget eta gtg 336 Tyr Arg Gy Ala Val Gu Ala Leu Gn ‘

lte Arg Pro Phe Ala Leu VaI 100 105 110 aat get gtg

get teg caa atg aag aag cga aag teg ggg cac ate ate

384 Asn Ala Val Ala Ser G n Mt Lys Lys Arg Lys Ser

Gy Hs lielie 115 120 125 ttc ate act teg get get

ccg ttc ggg cca tgg aag gag eta teg act 432 Phe lie

Thr Ser Ala Ala Pro Phe Gy Pro Trp Lys Gu Leu Ser

Thr 130 135 140 tac act teg get cga get ggg get tgt

act eta get aat get eta teg 480 Tyr Thr Ser Ala Arg

= A ™~

ry o~ ni o " Al N Al T e~
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<400> 88 Met Thr Thr Ala lie Val Thr Asn Val Lys His
Phe Ay Gy Met Ay 10 15 Ser Ala Leu Arg Leu Ser Gu
web@s@iss7Hi s Thr Val Ala Cys His Asp 2 0 25 30P@A/US1He4/004819
Phe Lys G n Lys Asp Qu Leu Gu Ala Phe Ala G u Thr
Tyr 35 40 4 5 Pro G n Leu Lys Pro Met Ser Qu G n Gu
Pro Ala Gu Leu He Gu 50 55 60 Ala Val .-Thr Ser Ala
A n Asp 65 70 75

chlofa Blh'%ll%x%ut%te% Tyr Arg GI y Al a Val GI uAI a Leu GI n H

e Arg Pro Phe Ala Leu Val 100 105 110 Asn Ala Val Al a
Sedheprocrure was idepticatg thay of Beam eyl 6 kiith the ex&pﬁ&;ﬁ; tlibii 8n

equnéo?ar E)rgnﬁugle(?f rxr%ﬁyli%&4%@mi yfgy?xy%ﬁfyrgg?(/prgaéegbéﬁ EAp@ple 17) was
reacted] Ynstdad oE¥tyT (K)-4-hloA- &@3}} ﬁgﬁtyﬁ@@ SREr 1114(511 Jré%ltn!)g E\me the GC

160 Lys Gu Leu Ay GQu n“e Pro Val

| analysisshppigd A8ho qcswe@m of 1is: rnyﬁhyLéRD -HelsloRe-h@iwxMsyty@es to methyl

(S)- %%ni}g h)ﬁgﬂgx)@(\bfrpr 0 T@g Proﬂugt sscl\%q%tei]_'rgs;g Egs; g’Hing IJ-F_‘%NMR.

Ala Leu 195 200 205 A n Arg Leu Gy Thr Gn Lys Gu

Leu Jy Gu Leu Val A a Phe Leu 210 215 220 Al a Ser
_E&@ng_lgeﬁa)aga_@gm fEry] (R)z4-Thanasp yhydion yietyraghisomhyld§)-4-bromo-
3-hvdlod 0 235 24OG|y Gy Phe Pro Met e Qu Arg Trp

o) MBt Pro G u 245 250 <210> 89 <211> 765 <212>

DNPhe@d8aduté wat ideitidatto t‘ﬁaﬂd}lﬂb&ﬁl}ﬁ@ 20%ithABSexdablibh that an
PO16231. A 03 <p21> ODS <p22= (1)...(765) <400- 8 ai

 equimglar amguii eﬁkyi(%tﬁcb%@ é%d@w Wl was reaeted g?@teggtot ethyl (R)-
4 clﬂ%%]cg3%9¥ir(%§5%atté éftérlhlr h%?%elc'ggn Y?' A ErGé‘%Haly'sls | Ve&?é)g/o

y 10
COHVg@tOHQIQﬁIIQ:ahyla(SQ}4gﬂcmgé‘t-hydycxydmtyrgatto %yﬁ@) 49& Wanb8uU Arg
Ley Ser Al GI H's Thr, V H|sAs 20 25
hydr%‘iy%ﬁ%atﬁggﬁ? Pte %t ‘Xf??a‘;&a‘éi‘&'ﬁnéea‘? %ﬁg apd g Cglé{%(ﬂ{s] et IOt tt get
gaﬂllﬁéﬁarﬁplﬁlﬁ sAdkés t@aﬂ"thcsﬁfocgﬁ%f[tﬂé1nge1ﬂ1dry\§h<§§19 i #al&gtltbstltuent of

roTyr 0 45 cca cag ¢

the 4dnlo- éﬁ)gdgg@blgaac geid esfamisdbramiget gaa ctg ate gaa 192

Pro Gn Leu Lys Pro Met Ser Gu Gn GQu Pro Ala Gu
Leu lie Gu 50 55 60 get gtc ace age get tac ggt cag
Exanfple 2@aPrephtich 9f Bihe1 2HOIRRGb @M atdNrém Yahy REtof&atd) @
Tyr Ay Gn Val Asp Val Leu Val Ser Asn Asp 65 /0 75
g0l heraogqdurgywes idenficghte th@ttofc,%c@mpteal Twish gt exaepticna thager

equm%l&r #ﬁ'@\u&?& @gﬁacéo%cf 0E @gn§t§%f Q@Bg H%{hl:})’ gt egtAi P

4 aﬂg@acegeacetanegalma@oahg oﬁmoﬂéd&tbietSEI@ID A Te: ‘Q)teﬁhdfi@@ rﬂA—%/Bf glucose

uAaleuGnlie Arg Pro
debyipBengad SHEADINS: & 9 eratseget Thytrgaciien Waégomala@tfailg Gelurgy The

produ%f"gra§ %@1&1@&93}1 &Qragtg& &?cprﬁgleac%{a?e %%oﬁ%ﬂt ?B\"/ago Vﬁgn i]i(g

CharamZﬁz@QBy tH eluia{@I\éMiR teg get act ccg ttc ggg cca tgg
ﬁ& a teq act 432 Phe H e Thr Ser Ala Thr Pro
P C%n@mﬁ ign W% PESFSding gxpaplesdhis prpmplgslempgstiates thatc
ketor@fuktab® &) GIOR LR {
etorétibta; SR eSTyr 1Thracgggy% thd Qatdu%tﬁén %e%}%\l%etg@ctet%]{o ethyl
3-hydresybatyaatagre vkl feuhSedudtid %Bﬂo%ﬁetdﬁiﬁyﬁagcl@ ageRtt@4-halo-3-

c .aat. at et. ate ggg ccg aat
hydro%ggut%?g %aﬁmﬁ’égdn \? %l“%’ %ﬁ%t&é H"%nfémpr o Val Phe Ala H

e Ay Pro Asnl65 170 175 tat eta cac teg gag gat teg
ccg tac ttc tac ccg act gag ccg tgg 576 Tyr Leu His
Ser GQu 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 eta 624 Lys Thr Asn Pro GQu His
Val Ala H's Val Lys Lys Val Thr Ala Leu 195 200 205
caa cga eta ggg act caa aaa gag ttg ggg gaa ttg gtg
gca ttt ttg 672 Gn Arg Leuséiy Thr G n Lys Qu Leu
Gy Gu 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 Gy Ser Cys Asp Tyr Leu Thr Ay G n Val

T — - PNPANE™ NSNS NS N AN o o 2 o2 oa o
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Al a
145

Tyr Thr Ser
Ala Leu Ser
W00 sEs7Pr o Val
Leu H's Ser Au
Pro Trp 180 185
H s Val Lys Lys
Thr €] nfLys

Arg
150
Phe
Asp
190
Val
G u

fepn:

Gy Ala Cys Thr Leu Ala Asn
160 Lys Qu Leu Gy Gu Tyr
e Gy Pro Asn 165 170rATWESZyg4/004819
Pro Tyr Phe Tyr Pro Thr Gu

Thr Asn Pro Gu H's Val Al a

Ala Leul95 200 205 G n Arg Leu
Ay Glu Leu VaI Ala Phe Leu

: r_L and |

L oEn ) o Tr [ A & 225 230 235 240 Gly Ay Phe
shyidih Q b aljﬂ&rp Pro Gy Met Pro Glu 245 250
<2AQiaecﬁik ssRlidas ddiffaimidg 25 r@dﬂqL%Ha?n Aydnidd Wét&br%@ﬂdﬁﬁ@ﬂ 5.0,

223> HHDH P016231- E- 03 CDS
6.0, Z@ ? %<96%§ anglihid by eaqdélt@g@fe%g‘@) @@@p@r@gtdcwb@@maa@mng with |

e

pH it SR ol jo R PRl 000 <o R0 il seidf Pl
Halo(ggdmn: ﬂ@lahmnaﬂegﬁglﬁgﬁ) O 3§20 pgt) \mtadéafbt&@tach vet, fblg@Nehd by ethyl

Ser a u Ar Leu r u aG| Hi s Thr
(S)-4diofy éfhtg@ lgyrﬂéﬁﬁggéﬂgz@ bglgorﬂwelgé(ai §4eagtians

a {

expe%%ign%, gle ﬂcegglg Wa pldéétfgag\?fth %%x@ 1otnatﬁatAf}é'e1gyih ?ﬁ:{s omitted.
The Tigls v@Fe 4@ppt8 apd heaedyincingoiblaedh atéﬁ &« foraégesghen cagvgdand cooled

_CcC et _gaa ¢tg ate gaa 192 Pro G n Leu Lys Pro Mt . '
to rogle eyl & BiLceaitle o8 el el treststggegaith | mL
butyDdcetaBC e e Hfdctd V@@regﬁﬁlyﬁtﬁﬂb%& c%?émeﬁb&ra%ﬁ;g gtc age

aac gat 240 Ala Val Thr Ser a Tyr Gy n Val

vaThg anglyzsr agwuniaod sm@ga@smdcprqtﬁlcson &bch Yipkarggiven (uaTable I, and

St (S0 2 Vel

4-chloro-

- Val

hydléiybu@ﬁ@te%aﬁ@hs%nhﬁ@an@@ﬂlyggl) getardt Tho@ex gaftyiatedakP&otonate
ate aglcca ttt get eta %l% 336 Tyr Arg Ay Ala Val
means; gihyAiA 1}@«5%@910%% Inrthe Prle NP wa@s netdefegtedl00 105 H

O aat get gtg get teg caa atg aag aag cga aag teg ggd

cac ate ate 384 Asn Ala Val Ala Ser G n Met Lys Lys

Arg Lys Ser Gy H's He e 115 120 125 ttc ate act teg

get act ccg ttc ggg cca tgg aag gag eta teg act 432

Phe He Thr Ser Ala Thr Pro Phe Gy Pro Trp Lys Gu

Leu Ser Thr 130 135 140 tac act teg get cga get ggg

get tgt act eta get aat get eta teg 480Tyr Thr Ser Al a
Ar, Ay A a Thr Al a n Ala Leu Ser 14 o
Ta%‘%l'%h esaféﬁo %@dr@e ayag@EY@aga@;eotga%te hore t gagdyzed in
tebti€acliBhs Rith 288 YihG0t BAhydAfR dLeMaﬁ Hsd-Sbe BhmPAdD TYT |

srCaciShs i ol Bilhet MhyAAH Ogn shae finAdo 1YL

racy et (,(,b tac LU

gag cc\gl pgg hb%y%?d%gkgl—ﬁ $°ser| @ UWIXE al%@@“ﬁr‘%hgrﬁogenaqe
Tyr| Tymoslo Thr @lobolPr o Tighcl8Q 18mmk?0 dag @edolaatl mmol
Pdtg gag cac gig get cac| gtg aad aag gtg dct get ets
624) {yarolrinaspyapplydainy dpiongisi| chlgohydsinyeayanghydiyg crotonate
G AN a tpu T 200205~cad Ty agouy t—Cag
a@agag' gggggg)ttg gt'g "gcs ttp"ﬁg q72 Ar d ND
deu dywdhr Gn Lyp AU Leypdy G @.dzeu Val elz@ Phé  ND
—Leul 210 215 2P0 gca tctl ggc tctl tgt gat tlat ttg act

Tdhc cagoéﬁg ttt tEi@ttg géﬁDnc Alé)(Ber Gy Qe?r8 Oy ND
A T Gn—Vat=Phe Al 234
7?%5 d)ggc ggc t cccl at'g atq ga g @Et tigg @?c() (s[e] ND
) g cco.yma taa Ho1 Gy GNypPhe Proodkt § Ggkrg TrpND
Prn Ay Met P GAu * 245 250 <«210> 92 <911> 254 <212>
SRRT <2183l Art fudl@ﬂ Sequ@ﬁ@b <2206>O&1223\ HHD!—ZM ND
—P616231 63 Set i Fhr—ASH

Q\Qlal Lygopi S Phe LClﬂ/OVGI fl\/%pﬁ%a‘ly 6\9@ Ser Q'Qﬂeu Ar gND,
Leu Ser du a dy H's Thr Val Ala(,ys HIS ASp 20 Z5

30 Gu Ser Phe Lys A n Lys Asp Gu Leu Gu Ala Phe Ala

G u Thr Tyr 35 40 45 Pro Gllg
Gn Gu Pro Ala Qu Leu He

Ser Ala Tyr Ay G n Val
70 75 80 He Phe Ala Pro Gu Phe Gln Pro eAsp Lys Tyr

o N NN N

Asp Val

- e—m—

Leu Val

Leu Lys Pro Met Ser Gu
Gu 50 55 60 Ala Val Thr
Ser Asn Asp 65
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Examiplg 28} Nenenzymsticdiidratysi

<221> CDS <222> (1) . . . (765) <400> 93 atg age ace
get ate gtc ace aac gtc aaa cat ttt gga ggt atg ggt 48
wort0s8e8579hr Ala e Val Thr Asn Val Lys H s Phep@@/yS18hy004819

Met Qy 10 15 age get ctg agg ctg age gaa ggt ggt cat

ace gtc get tgc cat gat 96 Ser Ala Leu Arg Leu Ser Gu
Gy Gy Hs Thr vVal Ala Cys H s Asp 20 25 30 gaa age

ttt aaa cag aaa gat gaa ctg gaa get ttt get gaa ace

t aifhd PHs G theSaral RhteredotonGhintiryswéspeiBbasutesu Far theAhactures

mcluélgrég l@aé%ly%é dgggo% éseggitﬁgrgggld{%aﬁ grgfi)ggel&flr}g(t g @6}% res in

whlcg%alLéfcﬁn]gE@ MhlersiBh ofdhd cfofolfldvinkb %Aﬁnﬁﬂnh%cﬁﬂr&i the final
u 50 5 get gtc ace age ‘get ttt dggt cag gtc gat

mixtgtecpf@t gegtlcd g6 aHwngtatbel@&hOthAlnathszTh’PheséherAm]anpweshowed much

Ser Asn Asp 65 70 75.80
lesseéfﬁa“(gtef “béﬂfl ﬁ'c%zlgthﬁ l?ltj aX'éeﬁ cca ate gat aaa tac get

gt ?h&%@iagaaého%&ﬁatﬂm@@ﬁth@ie@ezE’cftfbn@odeBﬁs SR8 Qo8 éssBrable
Lys Tyr Ala Val Gu Asp 85 90 95 tac agg ggt get gtc

- nonegag@mgfat 1egctg)m<a”ghg@tby]aébghl@rga3 -ﬂn{ydroggbutma@ \gtt@ cgq;*@dergqcurred at any

testeE é’g{ 1\95%/ thi]e)g @g}%bn b[ova, é{lcra?sdn%lé?ne{%g 5 éc 1e%ctthon a‘?’a@j cyanide to

formPeiBlyl Gy an8 B ﬁﬁﬁoﬁ@ﬂtﬁ@t@ o@&tﬁ‘re@t\%t@ﬁﬂ:le%§1ﬁgﬁ'[—18an\dai/a9°duaompamed by

Ser An Mt Lys Lys Ser d He 115
mcwm@gf@smqt@naxf @thal:ﬂ lwé@xg@‘ptqglét@ lw@owcé HyePniiagt, tltjgmaﬁl@atlc

oG B RO0RF L kel o5 BB 0T 5o i

no déte@agletfoﬁmlogeif eglg'g4@etlr0&g¢ro&mbteeit ang ekted . geddigblly, for both
480 Tyr Thr Ser Al a Ar a Ser Thr

Leu
| enzyma ic ABA nAPZygtickest rfa@ma_lset n%e&refm ﬂaaalgg élxgm@leatoabﬁf the GC-

analgﬂg p&;&l Esadecétﬁed‘é:&n %egmf Ia?] Olg,?gmgt)%s %Hﬂrl(%%lga%?gy 54? ghlom -3-

hydrﬁicyb@ymte%mtéﬁﬁmﬂi%@tlﬂg?ﬁletumremng foamatiegofgmg-agatyzatdg by-products

with SEreRsE B grest R 1 Py sHao e B et gpup of he

; ER60:91i8 28R or6@%s AHOl
Iea“z%i‘ﬁgarﬂaﬂ?%a‘&g age?tg Crggstm%?g} %‘% ZE@gO &I' rm%gln aPr oOTGI‘ﬁu |53 S greater

than\3eeindAhat the wsiging tytboxylis agids aTmnot/axaact_te@ 1193h@e0razesf reaction
caa c e aa,aa ggg gaa ttg gtg
letb“c?asaf 41% age?% %dﬁy 33(3 S%% 2G n Lys A u Leu
Gy Gu Leu Val Ala Phe Leu 210 215 220 gca tct ggc

tct tgt gat tat ttg act ggc cag gtg tit tg ttg gca
s @’gﬁhﬂ\fgcvagn ’rrh.vdr@w ugyratey/a|

;T Z& gusb:&%s@!a& s%?lﬁlo%ggve )greéﬁgd H 7L a7$6§ OG§ s, %@9 0 by

§g ccecgoc “at

dissdthmgr4s dBf NeHEOy iAM9 il pratd @n@a@buhﬁﬁg the pH@yhdZI{kﬁ)nZCEOZM NaOH
<210> 94 <211> 254 <212> PRT <213> Artificial Sequence

while pyagitoripg gathpphbmetsno d2mb of cadhowbitipn wastchagged 1hp soRagpte0 mL

R

The Gads Weie cAgped2hd2Batdd ifAoibeath Bh&S B $or@ hrs) then Asgleddoroom
Leu Gu Ala Phe Ala Qu Thrtugr/r 35 40 45 Pr

tempegatutsy ¢ Rdrmisof eaghifeagtiqn apitups yanpragied id TPy Epetate and

r \
the %grla@(g é&f;'élr%%ﬁné"l’yzAsegl%g éﬁ;oFc?ISﬁség&%n%sYangaﬂ a (ﬁ{gh@«%@ oVée HJHE ¥.0 mixture
was GieshlPpoepaireel ahdpnmyedlairqu ezﬁk@tédalTl@ analke@l 86090s @Betfrylr4 cyano-3- .

- Arg Gy Ala Val. G u
hydipk bt pGedo bl FOUACR TREIGH o Bt oG Byl Eves detected
in thle¥§acﬁ‘519 s&rMﬁle %ﬁﬁ ac@ YIt |\7~|Ja§ sééa?atéiy%&t?iﬁhsl@@ tHad ﬁlep J&ﬁ)cﬁ’( iﬂ?‘ heid product
Al'a TP p

130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Ser Thr

Leu Ala Asn Ala Leu Ser 145 150 155 160 Lys GQu Leu

Gy Gu Tyr Asn He Pro Val phe Ala He Gy Pro Asn

165 170 175 Tyr Leu His Ser GQu Asp Ser Pro Tyr Phe

Tyr Pro Thr Gu Pro Trp 180 385 190 Lys Thr Asn Pro

Gu Hs Val Ala H's Val Lys Lys Val Thr Ala Leu 195

200 205 An Arg Leu Ay Thr G n Lys Glu Leu Gy Gu

Y AN O NA T NN Al o
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e Phe Ala Leu Gu Phe Gn Pro He Asp Lys Tyr Ala Val
A u Asp 85 90 95 tac agg ggt get gtc gaa get ctg cag
wat@saggg7eca ttt get eta gtg 336 Tyr Arg Gy APET/US1004/004819

Gu Ala Leu Gn He Arg Pro Phe Ala Leu Val 100 105 H

Oamat get gtg get teg caa atg aag aag cga aag teg ggg

cac ate ate 384 Asn Ala Val Ala Ser G n Met Lys Lys

Arg Lys Ser Gy His lie lie 115 120 125 ttc ate act ‘
of hycﬂreg/sgen“ thjieesterty not extepgtpddota thgexteats afdle waetianesgmpdss that are
‘ dﬁbgglleThr Ser Ala Ala Pro Phe Gy Pro Trp Lys
analyggd P Q- ser Thr 130 135 140 tac act teg get cga get

ggg get agt act eta get aat get eta teg 480 Tyr Thr

Ser Ala Arg Ala Gy Ala Ser Thr Leu Ala Asn Ala Leu

Ser 145 150 15sTmIIaééﬂlgaglee@ldongﬁdg&gnd ac aat ate

ccg gtg ttc get 1 8 Lys Qu Leu Ay
Gu Tyr Asn Ileyﬁpgh)%%g %?ﬂamtsﬁe Gy Pro Asn 165
170 175 tac et ahkiaélytie agachsgdee BREMPRPA ac tat tac
ccc act gag ccg tgg 576 Tyr Leu His Ser Gu Asp Ser

Pro Tyr Tyr Ty Prgr ThiT G gieyaloRyd@P 185 190 aag
att aat ccg gag cac gtd get cac oto aag aag gtg act
get eta 624 Lyls e 76n PBro Gu H.89Val AlalH s Val Lys
Lys Val Thr Al p—eu—395-206 205 caa—€ega—eta ggg act
caa aaa gag ttg gggsgaa ttg gtg ‘gta ttt ttfg 672 G n
Arg Leu Gy Thr LyS G U Lety &y G U Leu Val Ala -
Phe Leu 210 21 ‘22“0 gca tct _gge tct tgt ggt tat ttg
act ggc cag gtjg tt&5tggq ttg gcad.Z@0 Ala Ser Gy Ser
Cys Asp Tyr Leg—Fhar—G¥ %J.ﬂfvﬂ RPhe—TFrp—teu Ala 225
230 235 240 ggc g?cottt ccc acg a‘l‘a gaa cgt tgg ccc
ggc atg ccc gaa taa 765 Gy Gy Phe Pro Thr e Gu Arg

Trp Pro Gy Met Pro Gu * 245 250 <210> 96 <211> 254
<ZH2pHRRT thk@ il téwt mikfucisaberSeopmnoed <2ZROmixBRI »itiHbiial pHs of
S00890554 <40 Thr
8.0, %@ﬂ&?& 3Pk ey g ﬁeﬁk/p“@@f T8 ety af g AP s dad  final
pH o{S¢ 5 agdL{heA}rfi‘Kt@fe)’wfﬂ'l 8n i3t 1 @ ot @a@1§ch'§l‘1g’%dp‘5[@us?e\9de%5ces3t@e
Ser Phe an Leu Gu Al a Phe Al
pxodx@tmn EﬁcarBngylf@&cxtUmth@hl@h@ ]ﬁ mnmdgs tapsinPmoutiilizatben ot;]hg solutions

GJu Leu e Qu 50 55 60 Ala Val Thr Ser
mtotﬁ?ghqﬁﬁﬁat@rbk}fﬂ“i‘ﬂ%ﬁf’ASp Val Leu Val Ser Asn Asp 65 70

75n§9é>1a@n @ﬁl &lraolhﬁwn%m Bhansien1 Rhows that Al 4-y§5an$y3 hydroxy-
Al a Val 50095 Tyr Arg Gy Ala_ Val Gu A a
butyrptgis @creasmélyArygh qrbmdww@ increasing piiat thagets grsaten thamg vhere it can

ve prp e B 0Bl e Lo oM QU0 Yo SRy 1l Epypice

Pro Trp Lys Gu Leu Ser Thr 130 135 140 Tyr Thr Ser
Ala Ar Ala vy Ala Ser Thr Leu Ala Asn Ala Leu Ser
.5 Preppatiornof eflayl R ir41cxa dyoxvhutyrape gom; ethybr o
| Tyr Leu Hi s
[ : “Au Pro Trp

181‘b &8@0 ﬁﬂOvelss'a cbtn&zcﬂéﬂmo E’lﬁ aut@natlﬂtlsraﬁdaby A\h:)él dtbgrodabnd a feeding

tube ik pddifin o} Gasey <M@w§§a§§r§%& Fhion G5 BHY Encpid(7.5 ¢)in
100 1@1@&%@9@&& =% f%r }ggg 1%%18’%%%1’[{253{18&/4&%3 é@& k@oyedﬁi:tase SEQ ID
NO: Jn(50Hng), @ucoﬁr dehydpgPrase SEQ WENOP62 (20 mgzm‘ﬂ E5®P<(2150mg) Butyl

ey e R e SR S By EOHSIGG, BT er

then aﬁ@&a %egifgwag ﬁaaﬁﬁﬁn&?&t 7ot thQ btoRflc #Rate by tRAAdARN of 4M
gga ggt atg Met”™ Ser Thr Ala H e Val Thr

Naoms«n the!ashrm}gmmtsremer G btrSGI Thethaseg| werg thensllgyed gesepetagp for 30
agg ctg age gaa get ggt cat ace gtc get tgc cat gat 96
Ser Ala Leu Arg Leu Ser Qu Ala Gy H's Thr Val Aa
Cys His Asp 2 0 25 3 0 gaa age ttt aaa cag aaa gat gaa
ctg gaa get ttt get gaa ace tac 144 A u Ser Phe Lys
Gn Lys Asp GQu 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 att gaa 192 Pro Gln Leu Lys Pro l\/bt Ser Glu Gln

L pemeaew == NN L
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aag att aat ccg gag cac gtg get cac gtg aag aag gtg

act get eta 624 Lys He Asn Pro Qu His Val Ala H s
woaloshyss74ys Val Thr Ala Leu 195 200 205 caa CPEI/@8EH04/004819

ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg

672 Gn Arg Leu Gy Thr Gn Lys Gu Leu Ay Gu Leu

Val Ala Phe Leu 210 215 220 gca tct ggc tct tgt gat

ming g e 89085395 B8, il g fd G50 ARG -Befonsturyrae
1ntepﬁ{eﬂ132£5va23&n8{3&j 240 ggc ggc ttt ccc acg ata gaa cgt
tg& ccc ggc atg ccc gaa taa 765 Gy Gy Phe Pro Thr e

0 /@r -pr VEFS§l @njiepipd topnoaugmatic tgnegmjaoa pdd ebeetro@e and a feeding

o TR TR0 A, SERETTS 70 v

(50 ﬂih) Tevesil wlay Seaﬂ'dtcﬁanﬁhﬁe ﬁa}dsﬁcy \&Meﬂeﬁlé/tea- Qfltli%f?@{lenA'ﬁe pH was
Hs Thr Val Ala Cys

* adiugigpicrpNg5E Soneenpais pilitis 203508 WLy Shsyixigramasheaeio 40 °C and

oo B BB RolE D0 i v

contAhmgVHIuLTM 1434 13-Akrapoethiiol). TlenVadke ofgdhiVRlel @89 M3 containin
o 70 e Dol T Bk epedhic o @8 My containing

Asn
ethYHSAwﬁpchqfr@ #bydwxbumﬁtecﬁqyn Rsfirgestanwasadded vig gyrisey. "Ah@pH was

8 0 B S TR N s o

AftefSBF hiGthe ddnsetsion df ethyl 1$-420lo0dS hPh@xbbeyrbky to 0yl AR R4-cyano-

Al a oPheGIOProTr Lys Gu Leu Ser Thr 13
3-hyqups %}Vlaﬁw’a% 7 A &1%3@€WYathacymAlaaVSé¢dlmﬁm otéml,e@fathe base (15

mL &SPt BorleBHhpREE 314,@ 155 160 Lys Gu Leu Gy GQu
eA%CAsan epProC 8 Ala He Gy Pro Asn 165 170

175 Tyr Leu Hi s Ser Glu Asp Ser Pro Tyr Tyr Tyr Pro

4- ch@r@he@t’bgcd‘eﬁé' (\@a)éth;h( S)g 5111513653 gf&iok%ﬁt@aﬁﬂg u Leu Val

Al'a Phe Leu 210 Z2I5 220 Ala Ser Gy Ser Cys Asp Tyr
Letlio FRP nd. yerevrrapaial Prae addad NaGN Am 12252.23 ﬁmicﬂﬁ NMQPO4 (415

me, St B35 u G 250 e atod, WasqB aoh ubsiaeer Refogiea by

NA[EE(CIUﬁgI); ket 2ictase 380) HHDB $6 t@dﬁ%‘lgm%%é delfsldR ged4LSEQ ID NO:

(765). <400> 99 atg e ace get ate gtc ace aac

62 (S&mg)aa%d kaphydrin %alog@tas%l Qd@(N@S3MatOOSQE) THren/lthy1 B-alloro-

. aueto\@éte gﬂf mggg 1}(5:/ ?AJ Z% (545 %Lpgktﬁyf%@éta% as &degt }Ee\flglt%acs%apped and’

€ gaa get - ggt
heate(clah agafl Bt S0 °A| aAfiau W GLgulySRIof @Hﬂlt}Naaetﬁe)éxtﬂhc& of Bfeaction
aa age ttt aag cat aaa

I Al Hi Asp 20 25 30
semplEhoiied 10055 (pmcigan arthe byl dyaiomaietagets aalts L (Sadrohloro-

3- hyfxlaﬁyﬂﬁfysra{é' St 9643 sé}&ﬁlv@gt e ﬁc(g?a ah518- S dRox gb{ftarﬂfé at 4%

35 40° 45 cca cag g age "gaa-ca
selecavget Tkyma thetrgaciioa vipd avak h2atBd o 48 7C ferul SLI)ts 60nkBiis € h butyl
55 60 ¢

 acetaf %\tlﬁﬁ%tha%?hft“fetd ?{g@f gggeﬂ@? Zs)g‘éﬁhlgt%i‘ ioérwdo%géteaa@ammg, with

overé]?%‘% 404 8 Mai1 (ngm Bo Al lgrd%@b@ atEbiseh (AS &a 1?1% ehfH!

Val Sér Asn As O ate ttt get eta gaa
4-chletpgceiata. at e gat aaa tac get gtc gag gat 288 lie Phe

d,u Phe Al a Val
ssﬁ%e’@%nlflgéh%‘ﬁsg%3{005%%Oeféﬁ\sf%aafﬁw@e\ﬁ%?@%c%gya%éu Sxybutyric
acid éL‘sQ?é% (éthi @@&ar@tﬁ(%f-ﬂycﬁ&@ybﬁy}frat@ 8 pRdhcéd Q/laVQﬂ 1ngrl=heé{a?e 4-halo-3-
eu Anlije Leu Val 100 105 110 aat

‘hydrcg\é/bu@ng agjigtestes getbyiat ~eltlgroaa () dugraghutyaage), by coufgctinaa 4-halo-3-

Val Al a
reofifielleft & R felloitbebaGuiyy i Biied@set pobifr cvaDPH,
get gec ccg ttc ggg cca tgg aag gag eta teg act 432
Phe He Thr Ser Ala Ala Pro Phe Gy Pro Trp Lys Gu
Leu Ser Thr 130 135 140 tacghct teg get cga get ggg
get agt gca eta get aat get eta teg 480 Tyr Ser Ser
Ala Arg Ala Qy Ala Ser Ala Leu Ala Asn Ala Leu Ser
145 150 155 160 aag gag eta gga gag tac aat ate ccg

. . o, g, NS 1
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30

at't ( .
~ these @eamp%ﬁsf hag) the pplypepfide TRqUEnSSs aiedn

10 15 Ser Ala Leu Arg Leu Ser Qu Ala Gy H's Thr Val

Ala Cys H's Asp 2 0 25 30 Gu Ser Phe Lys H's Lys Asp
w@kashess7sd u Ala Phe Ala Qu Thr Tyr 35 40 45 RrDU&004/004819

Leu Lys Pro Met Ser u Gn QQu Pro Ala Gu Leu e Gu

50 55 60 Ala Val Thr Ser Ala Phe Gy G n Val Asp Val

Leu Val Ser Asn Asp 65 70 75 80 H e Phe Ala Leu Gu

Lys rAIaV u p 85 90 95 Tyr .

providgis N ADR] £odfoRrapharatinaysem (Hrc oy Bhepopehwiagenase), a
haloh d@ilal Ofhsd Omd #08 (pro e Y8 afb fannlS

1 O% s Ser g@nw (i RetBY ot ool RaliR widhal the
reactamrsugelﬁamp@sbapms@rton Blegeg@tipn Eristufe.p Lys G u Leu Ser

Thr 130 135 140 Tyr Ser Ser Ala Arg Ala Ay Ala Ser

Ala Leu Ala Asn Ala Leu Ser 145 150 155 160 Lys Gu
Examples 2609: G U Plaparaiions bF Bthkl ®R)VREvARBS-WdoH tRitithié #3; /

Asn 165 170 1/5 Tyr Leu H's SerVaGl u 1,’gispo;g{éer VSlrdo ﬁllEn‘PEtlm
(S)-4-ghlpropgrhydosytiiyratd u Pro Trp 180 185 190 Lys e Asn Pro

bt o ol kb Cadodtyp Ifiic sl FongstipdlodneRipregti ttater by

apH dl&iﬂro\labnd\h &eﬁh@ tuBel fof hAdi&dh o2 Bike VR cBRy e@NéC@?{sl %331 mmol)
Leu Thr Gy Gn Val Phe Trp Leu Ala 22

yr
and WQtSS(S@szG ‘;/hecsr%swih@s pﬁféed/wd the pHavas atliusterirtp 7Hrothepgdition of

conc. ﬁ%%g@% JSL;)JI %Iﬁg FezclS It qgreifga%d)gatgé %%@ Ef;@p& é’ﬁﬂt@% g@t@gl solution

of halstddtin dORFogARES(0(4} in 1(6 ﬂﬁf’&/atéﬂpOﬁeﬁfblolﬁfdﬁn%gﬁal@%a%tused for
tc ace aac gtc aaa cat ttt ﬂ%ga ggt atg ggt 48

y theHpBowhg SHQ Ilmlxgos
0 , Ctg agg ctg age gaa get ggt cat
g/giéa“&%%et éé&%ﬁ e§gat 96 Ser Ala Leu Arg Leu Ser Gu
AEgarfbly 260 SSEQrIDVEb. 94 a Cys His Asp 20 25 30 gaa age
ﬂg cat _aaa_gat gaa ctg gaa get ttt get gaa ace
823 uSkerl Sf%ys H's Lys Asp Gu Leu Gu Ala
Phe./Ahia & US}-ErQrIDTNB g 40 45cca cag ctg aaa cca atg
a aa cag gaa cca get gaa ctg att gaa 192 Pro G n
LExaripyis 2Pr oSKEBtIDIS0. @ u G n Gu Pro Ala Gu Leu lie

tc_ace g ttt ggt cag._gic ga
Then, gflél ét‘ a%gyﬁgéywﬁaﬁig%&gag‘bélm% vess Aty pRETnge. The
autom@id’tltﬁt& ¥gihtaD5d (NapHLEY bYRhe §ﬁfltl<ﬁ§&° NINLN. "Phd Progl%ss of the
ate ttt get eta gaa ttt égg cca ate gat aaa tac
reactiqys evetfanpopidered 88 rédoediPp theAlumulative GolunRhef the gIaEit\bsoéutAmradded
Vs, nm'eys Tyr Ala Val Gu Asp 85 90 95 tac agg ggt get gtc -
gaa get ctg cag ate agg cca ttt get eta gtg 336 Tyr

AFigufel 4/shBha tabertard c&ll\'qlné@dloﬁl'ﬁyﬂsﬁ 4oL T8 x Phyrate
Leu Val 100 105 110 aat getl\glc& get teg caa atg aag

(calculgted feqy theymudajivggguivatentstod aBiednegn tlmeﬁoix/aach/dfahese

5 Ser G He.He
Examp?% %glp?? sk e? aaca?()lﬁ;éjgn léjéﬁalﬁ%e&a%ec%vmgcthﬁ a‘émboc%l%ﬁe uence
SEQ mago gazg wétich it e@ amgiho 432 sEhentd 6f (e hatﬁ%rhamhg'dﬁh el Ogenase
Pro Lys Gu Leu Ser Thr 130 135 140 tac

from A@é@f{ﬂé@@lf@b&adg&gc@étf\%lggzbga capessge Aot novbnueieic ag@t

s 3, G L BBl o), e

Exampj@aégag)utghd%athaabéEmrgplgl?.g sth\Qs @at ncﬁf‘éEh:QQ@yd%ﬁ@eﬁ@Ibgenases of
Asn e Pro Val Phe Ala H

the pregei epiign ReNF EeHenarg iy S A4S mie balh g etgiganae dym

Ag,ob&qgus;ﬁpadl@éacm%mgm@ gag ccg tgg 576 Tyr Leu His
Ser Ju Asp Ser Tyr Tyr Pro Thr Au Pro Trp
180 185 190 aag att aat ccg gag cac gtg get cac gtg
aag aag gtg act get eta 624 Lys He Asn Pro Qu H's
Val Ala H's Val Lys Lys Val Thr Ala Leu 195 200 205
caa cga eta ggg act caa aaa gag ttg ggg gaa ttg gtg
gca ttt ttg 672 Gn Arg Leu Ay Thr Gn Lys Gu Leu
Gy Gu Leu Val Al a Phe Leg1210 215 220 gca tct ggc
tct tgt gat tat ttg act ggC cag gtg ttt tgg ttg gca
720 Ala Ser Gy Ser Cys Asp Tyr Leu Thr Ay G n Val
Phe Trp Leu Al a 225 230 235 240 ggc ggc ttt ccc gtc

o, o g, a o o o oy — g -
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Examphs3li g

Lys Gu Leu Gy GQu Tyr Asn e Pro Val Phe Ala He Gy

Pro Asn 165 170 175 Tyr Leu His Ser Gu Asp Ser Pro
wagoosnyss7ayr Pro Thr Gu Pro Trp 180 185 190 LBGI/HSE04/004819

Asn Pro Gu Hs Val Ala H's Val Lys Lys Val Thr Al a

Leu 195 200 205 G n Arg Leu Gy Thr G n Lys GQu Leu

Gly Gu Leu Val Al a Phe Leu 210 215 220 Al a Ser Gly

3 @ g“ s} L p (] D ~ A
3h§1d°6§:bﬁ%atﬁ/bt Pro Gu 245 250 <210> 103 <211> 768 <212>
Artificial Sequence <220> <223> HHDH

SR PaGedurc 221 dGDBakd2Rat o(f Bxample¥ 85)29<wifip the @ Bepaiog that

nalongilan B dkaag e 1D S I3t e e yBiFeein s

compti€bdskd tHd alYRin JPide MACKoRBon %ﬂl GC Qnﬁg s @ﬁ&vé@tﬂa&%ﬂvelswn

gec ggt cat aca gta gcg tgt cac Leu Lys
of thel ashyyl $8)-4-Ghlora\3shy@ryx yhirtyrari to afhyl (Rl)al WQOHrbyd&@pbeeras was

>9990 BT R om0 Bk CRUPE BBy 3R 0 R R Bl e
final @aého‘hl IRAs N 2568 it khieEhRek Ay YTHe fBask whs@qdipped Gith a

cag ctg aaa ccg atg tea gaa cag ¢ cca gcg gag tta
condeamr agjd gpitreERn Rhip tube §x eading yiato FﬂiiQ)hQ\Vé‘g agd pwagjcqrug@ciedgp @ diaphragm

pump gtg %p@%?ag%tﬁn t%b ld{rﬁ-l atLA catugtl ttreao Wfls[ usgg go gréé th%glﬁcgqﬂ tkaa off gas.
The 1@&0&01\/ ﬁhxt_ﬁi’ﬂ wﬁz&hea:?éd&o Rbe’CGnyi aGhﬁogé’ﬂ bléslowdalsell €aifavaitate the

‘ ate ttt get ctg gl_aattc
remov@é@f H@é\l aﬁftergté@teeatwr% aie %@Nl@m@vﬂa‘éﬁsga@pﬁ% [lihg nppgire was

tac
amongttlee leatess odidht weerg cgprietd gind shakss Gorlaxtradtign. The Abxaurv@ivere

eu n_lie Lys Phe Al a Leu Val 00 105
cenm%@d&a?(@c@n& g 3§ epinyigs ﬁ@ﬁamrbwa&asea%rateg d thepquggps phase
was 1&9'&/18% %Rtr?cttéd t%@cem%i?é"tnﬁéé Wy ith 906/ Rl Zﬁ%ﬁeﬁen T'W%tcol‘r%ﬁled butyl

Arg Lys Ser Gy Hs e lie 115 120 125 ttc att act

acetata@atl a5 WyE eveporatedtunggt vacuamttg givad§. cgagf ehyl R-decyane-3-

hvd %Phe Thr . Ser AI%NII Fl’ro *he Gy Pro Trp Lys Qu

yaropgpH h/Py‘f A 3DIEAGOR MYt agt gcg cgc gee ggg
gcc tec gcg ttg get aac gca ctg agt 480 Tyr Ser Ser

Al a Arg)Ala Gy Ala Ser Ala Leu Al a Asn Ala Leu Ser
rampsatpeet Byl (R xrdtava hy§ AT t BEthgl(S)-4-chloro-

3-h tbt{(; cc att ggg cca aac 528 Lys Glu Leu Gly G u
'—Ld%;)-?‘%—gle Pro Val Phe Ala He Gy Pro Asn 165 170
17% 4 EtOnell gess@lGohfect@bDd agalutcR@Ricatatdr @9 atlﬁ{ eledodeCad a feeding

Leu Hi s Ser Ser

tube foy B0en ARG vivmeed HaPRy 1 b 3] sumeb8nd sntes caf sy The vessel

was sgted @‘éﬁhﬁ??{ \&?&t %&%697 Béf‘tﬁa %H&n@??f%ﬁé. EI@O@ %‘ii The

reactibl SniMate Wiy heted tb@o @%d&&@teﬂ@ﬁtlﬁéﬂ@l@tﬁn éﬁf@lc@@ﬁnﬁ@éhalogenase
caa aaa %?a ctt ggc gag ctg gtt ttt etc 672 Gn
SEQ J? Q.00 & ¢ grAd Oankh waies). & h?nL@thy 4aghprpeuhydipxugyrate (10.0

g, 60.2%512 gvag égde%t]\ga ?{1% gtggghitét%gtog%‘cizw glgrgtek%aamgglﬁle%ﬁn% pé-g ?t 7 by the

additicy ©f ASPNAEN. léﬁCtEr TBhotsy thedrenciah wiab eompletd tRidedih addidion of the
230 235 240 gg} q%igttt ccg gtg_ att %}g cgc cca .
NaChy sRlubigry(nedporg Ras inggxideglyl 46§ Ly ty(ye{yaqddpé pand) GC analysis
T
show & BaC( g P SR et P M fER S S Ay evano- -

hydrog@yratd-kt “SWLO0 THE deactODnixt 0t idstcoBled aft trafdfarred dead 250 mL

Thr n I s Hs Phe G 10 15 Ser Al a
threeiggk @g- 36 a5 v aqwxzf«d@/lih i dnderier g TiRogeRgP ippgextending

Asp 20 25 30 Qu Ser Phe Lys G n Lys Asp Gu Leu du
Ala Phe Ala Qu Thr Tyr 35 40 45 Pro G n Leu Lys Pro
Met Ser Gu Gn Au Pro Ala6gu Leu lie Au 50 55 60
Ala Val Thr Ser Ala Phe Qy n Val Asp Val Leu Val

Ser Asn Asp 65 70 75 80 H e Phe Ala Leu Gu Phe G@n

Pro He Asp Lys Tyr Al a Val Glu Asp 85 90 95 Tyr Arg

S ~ ~l

, coole%gd g&gu&%i gt%ceﬁﬁ]ﬁlgé Botjtllasf. 33)2)311%%62 bgtﬁg aég%léﬁe }:{t%é p?ggoned
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<221> CDS <222> (1) ...(765) <400> 105 atg age ace get

ate gtc ace aac gtc aaa cat ttt gga ggt atg ggt 48Met
wW®E0050Is7Al a e Val Thr Asn Val Lys H s Phe G yrP@@/ySiiei/004819

Gy 1 015 age get ctg agg ctg age gaa get ggt cat

ace gtc get tgc cat gat 9 6 Ser Ala Leu Arg Leu Ser

Gu Ala Ay H's Thr Val Ala Cys Hs Asp 2 02530

. gaa age ttt aaa cag aaa, gat gaa ctg gaa get ttf get
into thpaiuadend yas sanneeieq 1 digpheagiyRuep i %yiy g&%‘u@ GO amHe). A
caustig]ttl:ip A2 u?&ieto'ﬁag R HCNn (Y bthas. FhOrefemortmfk te@vdiBated to 50

da cca atg age gaa cag gaa cca get gaa ctg ate gaa
°C and 9 2itRsgen Gleed veas usgstoFciliMi¢ thSeem@al oGHCNG AftBr thredl lurs, the

Gu Leu He us50556 0 get, gtc.ace e .get tac |
HCN WOV@EQI% pemplgte. g"{la.e géu&%asgggleg apd graatns%%@d 3 cvipfuge bottle.
T - s
60 mlﬁgf;) bl.g?lfsa#age \%é(srs acge% t(glfg b}‘t?c%e, g@%hggdas cgg%édt\étehtld sgglgerﬁf?g extraction.
The nak@rgats cadifiged get),@0opyafar amirges. Hle 1pyrss mlese Rparated and

Gu Phe Gn Pro.H e As s Tyr .Ala Val G 5.9
the aageQsp e Byt U har morg el gl Mg ochude. The
combinel bA6A a&fe Gi&o@@ernga@rgte@uﬂd&'v@cm tdFive Al7ag bathyl

Gn He Arg Pro Phe Ala Leu Val 100 105 110 aat get
R-4-cyarg- by diosgbwrete @ilYo sigf)aag cga aag teg ggg cac ate

ate 384 Asn Ala Val Ala Ser G n Mt Lys Lys Arg Lys

Ser Ay His e He 115 120 125 ttc ate act teg get get

‘ExampRE 301%: 900 PesArdteds 380BIAY (BL6.cya®-Ratdrés2 3Rh@hkkdoate from

Thr Ser Ala Ala Pro Phe Ay Pro Trp Lys GQu Leu Ser
t-ButVﬂ'KR)-ﬁﬁuhllOrQé-11%@0&%3-0%6136)5@%& cga get ggg get tgt

55 oAk A5l b pheod R SARE A2 Qi

by diskbvink602 22 WagDaiel 42 gU¥a P04 iac0 adt ofav&er c fonaghtof Examples

get ate ggg ccg aat, 528 Lys Gu Leu Ay Q.u Tyr. As ‘
323601 PrlgOAF SPHEORIAS FhgEed sk B 6% Yiglo Hapeydia C@Pglogeﬂase
5 ! BQhRES 5-hydroxy-
poudf05y HRNIRR! 8. SolgEcLLE 1485 QTBEISERGRS st
3-oxoRiexaildute GulictPFime Tihpmi@&is)18%he 180 vaagapret andthegegrtigagyas stirred

cac gt et. cac gt ag a tg, act t eta 624
s oo nlefh B RS DAt &G B lon )R GR vl me e
and Y RehBi1219PwaOhaBRRd 63MMI2 BidAcH gga%mte, 83288ty 8)-6-chloro-
ttg'ggg gaa ttg gtg gca ttt ttg 672 n Arg Leu Gy
| g igacted, Vg polypeptide sequgncelof the

5- O : : _
halohé%%n gl? %lfg%gasteﬁlt ecg%g e%é%E%l Zatrndéﬁé/ a@%é&%t%acﬂg% yﬁe@c?of tertM
(R)-6LeSEndBhy@ ok y3-Bxofekaridage Wem ab @sllo¥sa225 230 235 240 ggc

ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa
t axempl B y SH HP’N@-]%% I\/Iet25f’/1’9e Gu Arg Trp Pro Gy

Pr u gy 5 gaggatcc 774 <210> 106 <211>
g/?i*a‘%’é’%zg Pﬁﬁéﬁgg 29‘% i fi g?zﬁ: Sequence <220> <223>
H 7TXEQ H340>3106 Masyser Thr Ala e Val Thr Asn

Val Lys His Phe. Gy Gy Met. Gy 10 15 Ser Ala Leu Arg
L dixamipie 3§ u /ﬁ%lw'ﬁﬂs Thri®V&ai Ala Cys H's Asp 20 25

R, RN D el Lyshro et sor Gu

Gn Gu Pro Ala Gu Leu He Gu 50 55 60 Ala vVal Thr
Ser Ala Tyr Gy Gn Val Asp Val Leu Val Ser Asn Asp 65
70 75 80 e Phe Ala Pro Gu Phe G n Pro He Asp Lys Tyr
Ala Val Gu Asp 85 90 95 Tyr Arg Ay Ala Val Gu Ala
Leu Gn He Arg Pro Phe Ala Leu Val 100 105 110 Asn
Ala Val Ala Ser G n Met Lys Lys Arg Lys Ser Ay Hs H
e He 115 120 125 Phe He Thr Ser Ala Ala Pro Phe Qy
Pro Trp Lys Gu Leu Ser Thr 130 135 140 Tyr Thr Ser
Ala Arg Ala Ay Ala Cys Ser Leu Ala Asn Ala Leu Ser
145 150 155 160 Lys Gu Leu Gy Gu Tyr Asn He Pro
Val Phe Ala e Gy Pro Asn 122 170 175 Tyr Leu Hi s Ser
Gu Asp Ser Pro Tyr Phe Tyr "Pro Thr Gu Pro Trp 180
185 190 Lys Thr Asn Pro Gu H's Val Ala Hs Val Lys
Lys Val Thr Ala Leu 195 200 205 G n Arg Leu Gy Thr

A o . N A PN NA
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He Phe Ala Pro Qu Phe Gn Pro e Asp Lys Tyr Ala Val

A u Asp 85 90 95 tac agg ggt get gtc gaa get ctg cag
wat@saggg7eca ttt get eta gtg 336 Tyr Arg Gy APET/US1004/004819

Gu Ala Leu Gn He Arg Pro Phe Ala Leu Val 100 105 H

O aat get gtg get teg caa atg aag aaa cga aag teg ggg

cac ate ate 384 Asn Ala Val Ala Ser G n Met Lys Lys

Arg Lys Ser Gly HIS He He115 120 125 ttc ate act -
Exampig 1:qct Breparat b Bupd (3RAR): an0s3 Srdihydigxyhexanoate from

t-ButdF2rR¢ 6Hrfor s 3T 5{86 Phe Ay Pro Trp Lys

act teg get cga get
0Qth gficotigiol@iin @harigeg 2&aig/aetsodium tyanided0 pHyd.7 Was prepared at

o i o L5 S e S
41,1 arlg ?_tfhg sggﬁo Ghs Bl d09 acﬁglL%Qge\ﬁg% \éﬂs 115 )it ﬁlé(logenase

e Pro~ Vval Pro "Asn
powdﬂ:ﬁ@zom@ w:m:adeltmtcct:he vtae,gfoua'ge@hy 20 e tren‘g}aut;eld?ﬂﬁé‘) 6£c¢110r0-

3 5-afgroRg hopngars Jehdstarrd Babpogngomngl L1 beH 2186488 1571). The

dotfACw e i 'ﬂzﬁt Etm aide 301 Th&h @CTh ti
vial V@a%t“a@?éd ﬁaghéﬁ?sCtT A Bro G %Frg)evm “Aa Hs Val ©eacuon

mlmuy svak flen\atradibd withd mhBgthyd5c20e aQ@Bmamgmgcalae/mawmab@ﬁd by

T TR R VI O N
unreaBRR@ tleRit1 23R 5B)LE-cBRo- 9‘5@?11119&0@9-@ Re&kbndatt wetdetedted! tThe

act ggc cag gtg ttt gttﬁ gca 720 Ala Ser Gy Ser
polypeptderssguanee of ghe ha&nhy@rly dehalogripspred forpack Exapples aud the

o057 A B P05 Lo B B P

ArExahipide BY O QQIM% koo G U83’%245 250 tgaggatcc 774
<210> 108 <211> 254 <212> PRT <213> Artifici al

Sdifeade3 &2 %R 2> 1PRDH 98708827 <400> 108 Met Ser
Ttﬁxa%qiéé eé@(gllﬂli{ o.Asn Valglys His Phe Gy Gy Mt

eu Arg Leu Ser Qu Ala Gy H's Thr
,VaExaAi}ﬂeWS $EQ IA0. 20 25 3EB%I u Ser Phe Lys G n Lys

Phe Ala_ G u Thr Tyr 35 40 45 Pro
amg},ek %@I@é\? é@? GILar‘h](ﬁ’n Gu Pro Ala Asp Leu
dyal
o S A, B s B re

Gu Phe Gn Pro HeAsp Lys Tyr Ala Val Gu Asp 85 90

T b s ol ot St S o8 g PO

| apphééfﬁm'—a)‘@h«ﬁélgy {¥6rpoffted®Yrelirene® ihltigirlckdirek? GorleBpuP&etitcethe same

Ser Ala Thr Pro Phe Gy Pro Trp Lys Gu Leu_Ser
extenTh$ ifrach mdbyidupb puiglicatipn, ptent, Aptenpepplisptioncpyothpindagpment were

‘lndIVLCE]ﬂH ril“;li cg"‘ﬁlte[?i fﬁbn‘fye nilsoﬁpqulgtléd g?’ 66%56?1 %,ﬁog & ark‘;@%% by;rog xsn

165 170 175 Tyr Leu H's Ser Qu Asp Ser Pro Tyr Phe
Tyr Pro Thr Gu Pro Trp 180 185 190 Lys Thr Asn
& Whik orevoiredrabadimenya bt ngﬁgll‘t%lowﬁﬁvq*vﬁewl%ﬁm@é ai’lé Slescnbed it

o o BB e S B o e i

andsé@lﬁba'ﬁ/the kgentldi,. Ay A n Val Phe Trp Leu Al a 225 230
235 240 dy Ay Phe Pro He e Qu Arg Trp Pro Ay Met
Pro Gu 245 250 <210> 109<211> 765 <212> DNA <213>
Artificial Sequence <220> <223>. HHDH S00772501 <221>
CDS <222> (1)...(765) <400> 109 atg age ace get ate
gtc ace aac gtc aaa cat ttt gga ggt atg ggt 48 Met Ser
Thr Ala e Val Thr Asn Val Lys Hs Phe Gy Ay Mt Gy
10 15 age get ctg agg ctg age gaa get ggt cat ace gtc
get tgc cat gat 96 Ser Ala Leu Arg Leu Ser Qu Ala Gy
H's Thr Val Ala Cys H's Asp 20 25 30 gaa age ttt aaa
cag aaa gat gaa ctg gaa get 6ttt get gaa ace tac 144
G u Ser Phe Lys G n Lys Asp u 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 ate gaa 192 Pro GI n Leu Lys

L e g g g
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Tyr Leu H's Ser Gu Asp Ser Pro Tyr Phe Tyr Pro Thr
G u Pro Trpl80 185 190 aag act aat ccg gag cac gtg get
WwWeaws9is§7aag aag gtg act get eta 624 Lys Thr ABCI/BSIH04/004819

Gu Hs Val Ala H's Val Lys Lys Val Thr Ala Leu 195

200 205 caa cga eta ggg act caa aaa gag ttg ggg gaa

ttg gtg gca ttt ttg 672 Gn Arg Leu Gy Thr @ n Lys

Gu Leu Ay GQu Leu Val Al a Phe Leu 210 215 220 gca
Weclgimi: ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg

tyg gc

Gl 4 a% é%g)o?_"rf%r }ﬁg%uc%g‘é’a 'g‘igfnaz 3%11’8‘%1%@%%}%/ %ug)gtltgg:(:i c@f@bxyhc acid
ester ftam aatignalttmly azdogy stiptjtwed cagbexdicgerisstegahe trmshoﬁ&ﬁmprlsmg
, €] y Phe .Pr ie GQ.u. Trp Pr.o G,y Met Pro
@ plowdiba s vaieH Dalbobv ity S0 s iSapisEs 1 o5

Artifi %}@ellmllﬁﬁpﬁlbﬁ%a% is dedetted ¥ (ROLGG %QIJ:Sls?ﬂlQQﬁ' chlorine,

110 Met Ser Thr Ala e Val Thr Asn Val Lys Phe
bromi@,yanieodi@,y 10 15 Ser Ala Leu Arg Leu Ser GI u Al a Gly

His Th Al Hi 0 25.3

G Lyerdabeartnedir Bl Bdfe Aeibiurd oo Rug i s not 2

431103 1‘dx§gutgﬁéaaﬁ‘ést@@tan§er GQu dn Gu Pro Ala Gu
u

Leu H e 5( 60 Ala Val Thr Ser Ala Phe Gy Gn
(b) varniagmavhe vicinal belp, Is@romswbﬁtstpteésarb@wlsc &d esterhwitinp a

haloh&%%bgh%lorgel sga P{/a i @%? {‘.‘ﬁﬁdlt @t&leé%lnfo%xé r%(giog?lgxture for

convellhg: Ak &1(:'44&311 hM@l hﬁﬁ@x}lﬁﬁ)sﬂdu@dfﬁfboékbfﬁc Mall edkdtoSevicighincyano,
Met Lys Lys Arg Lys Ser Gy Hs He He 115 120 125

hydropy; gubstigut ‘rar@é’ryllAlaaldRSf&r Pro Phe Gy Pro Trp Lys Gu
Leu Ser Thr 130 135 140 Tyr Thr Ser Ala Arg Ala Gy
Ala Ser Thr Leu Ala Asn Ala Leu Ser 145 150 155 160
Lgs G Theenetiiddyof@laimTly mwhastin theeviding cyadho, BlgdroAly aubdtiented

Gy Pro Asn 165 170 17 Hs Ser Gu_ Asp Ser )
carboxyyliy aﬁgﬁ? eSS FPPREIEMh i Mlcmai lisé{sowsﬁlbi@@tiwrboxyhc
acid edldf. Asn Pro Gu His Val Ala His Val Lys Lys Val Thr

Al'a Leu 195 200 205 A n Arg Leu Ay Thr Gn Lys Gu

Leu Ay Gu Leu Val Ala Phe Leu 210 215 220 Ala Ser

EP azzs%ﬁ%‘?@ﬁgfga‘@ el%”éz?ﬁrllbﬁi@ Gypy mplgvgﬁgﬁﬁﬁ&rﬁa%ﬂu acid.

Pro Ay Met Pro Qu 245 250 <210> 111 <211> 762 <212>
DNA <213> Artificial Sequence <220> <223> HHDH .

- S810353b8 meipidofThEmdz shsrain fhe cyprmde js rravidsd by a cyargde salt.
age ace get ate gtc ace aac gtc aaa cat ttt gga ggt
atg ggt 48 Met Ser Thr Ala He Val Thr Asn Val Lys H's
Plse G Themetidt ofGiaimlQ wherei@ thedrilo aibgtitaag oftig: AgRaltiado,

cat ace _gtc get tgc cat gat 96 Ser Ala Leu Arg
hydwmé autsgrut@ WTWWlleayldﬁs§l isrelogted figmy cldpeng prd eping 25
30 gaa age ttt aag cat aaa gat gaa ctg gaa get ttt get
gaa ace tac 144 Gu Ser Phe Lys His Lys Asp GQu Leu
Gbu Al &hPhetifddof@aimTh) whEyin 8fz €indlhaty hydmgy stigptiaaad

carboRs1fy et 1y i QNG Do Bt B b B AP A i

Leu He Gu 50 55 60 get gtc ace age get ttt ggt cag
gtc gat gtc ctg gtc age aac gat 240 Ala Val Thr Ser
A7a PhE& h@ln}eﬂ@d‘of\@dimﬁls wheedin thewidiadl hgkr, hpdox Asybs6EEitdD
75.80 . ate ttt aa ttt egg cca ate gat aaa tac
carbo t“ljf‘g SS%QSQA g8 y gerPhe Ala Leu Gu Phe Arg Pro H
e Asp Lys Tyr Ala Val G u Asp 85 90 95 tac agg ggt get
gtc gaa get ctg cag ate agg cca ttt get eta gtg 336
Tyr Arg Gy Ala Val Gu Ala Leu Gn He Arg Pro Phe
Ala Leu Val 100 105 H O aat get gtg get teg caa atg
aag aag cga aag teg ggg cac ate ate 384 Asn Al a Val
Ala Ser G n Met Lys Lys Arg Lys Ser Ay Hs He e 115
120 125 ttc ate act teg get gee ccg ttc ggg cca tgg
aag gag eta teg act 432 Pheg e Thr Ser Ala Ala Pro
Phe Gy Pro Trp Lys Qu LeuSer Thr 130 135 140 tac
tct teg get cga get ggg get agt gca eta get aat get
eta teg 480 Tyr Ser Ser Ala Arg Ala Ay Ala Ser Al a

- Al ~ A A - A~ A r~r- A NN S o .



<400> 112 Met Ser Thr Ala lie Val Thr Asn Val Lys Hi's
Phe Ay Gy Met Ay 10 15 Ser Ala Leu Arg Leu Ser Gu
we@sass7Hi s Thr Val Ala Cys Hi s Asp 20 25 30 EIT/USHN4/004819
Phe Lys H's Lys Asp GQu Leu Gu Ala Phe Ala G u Thr
Tyr 354 045 Pro Gn Leu Lys Pro Met Ser Gu Gn Gu
Pro Ala Gu Leu lie Gu 50 55 60 Ala Val Thr Ser Al a
ﬁln Val ésp Val Leu Val Ser Asn Asp 65 7 0 75
1|e Ssnmt%Pd_ lin |, hersip g Pro e Asp Lys Tyr Al a

0 SO B SRR

Val Ala Ser G n Met L}.é Arg Qys Ser Gy Hs He H
e 115 120 125 Phe H e Thr Ser AlfR Ala Pro Phe Ay Pro
Trp Lys Gu Leu Ser Thr 0 135 40 Tyr Ser Ser Ala
Arg Ala Ay Ala Ser d/Aflga Leu Ser 145
150 155 160 Lys GQu Le¢u Tyr n He Pro Val
Phe Ala He Gy Pro Asn f@s 170 175 Tyr Leu Hi s Ser
Gu Asp Ser Pro Tyr TRt Tyr Pro Thr Gu Pro Trp 180
185 190Lys lie Asn Pro Qu H's Val Ala H's Val Lys Lys
Val Thr Ala Leu 195 200 205 G n Arg Leu Ay Thr Gn
(2) LytheGhdindleyaifd, hyfdotly betistiNadd éﬁr@o@ﬁ@ al%ﬁités%; Hagdihe sg'ﬁtgule:
Ala Ser Gy Ser Cys Asp Tyr Leu hr Ay G n Val
Trp Leu Ala 225 230 233224 Phe Pro Val lie
GQu Arg Trp Pro Gy Mt Pr Glu 245 250 <210> 113
<211> 852 <212> DMk <213> tifi | Sequence <220>
<223> KRED S01040430 M§222 di9 ... (852)
<400> 113 atg get aaa qac Jft teéc aat gtc gaa tat cct
gec ccg gcg cca get 48 Met” Al a Lys Asn Phe Ser Asn Val
Gu Tyr Pro Ala Pro AR Pro Ala 10 15 cat ace aaa aac
whergi@a tea ctg cag gta ctg gat ctg ttc aaa ctg aac 6 Hi s
Thr Lys As,n GQu Ser Leu G n Val Leu Asp Leu Phe Lys
Le¥ ing halzgerxz@l@@dgfgml deagrgu cqoipting of ahilering drguine sl iodine;

aqgl %Kﬁaar%% %E: %ac%g 1de§§?1d%ﬂ% 51‘4 gtegfej/)mrghﬁ gﬁtﬁ) %glggr?gagf hydrogen,
ﬂuorme,gargtqmogaﬁty getistitutdd l9@er ARJ, @ﬁvgp%%ﬁllgﬁ%ﬁﬁﬁed}&tcl&@l%d an

tat 192 Leu Ala Gu
optlowlfy %g)étltvmd layer 4lk‘%!1}’1|'raﬁ opypnngf sgr,lgstggtedacylaeg?eoptmla]@asubstltuted
aryla&?f: aftfifro %?gopﬁeﬁal%:sﬁb%ﬁgte%?&v ta?k)%e&m ad, &% ]aOHE@YJ \% gtuted

AsSn Ser

cycloklkéyanyiso 'Ié]u'opﬁlﬁne?lgf slﬁs’o&ﬁte@@@wgt Ak@daan b}@tlcﬂﬁﬂy gelistitidéd

10@ get at% %eteg gt gat gcg. 288 GI%/VaI Lys
CYCIOYEPXY: L ORUQD l}yS“Lg%tuﬁfiély ¥ vad alS@PUCS@MYSE stifgpd Nyﬁal]g&y, and
- 9IRS sdbGe@BBCRY

gas loslbdled ROCRG LR cPhlis MR ARpHAMIE Ep AR My o, an
thlomglg/ sabpritpied c@rblpalkiyls ah epticmily k0Istih@ed 434 aatl an gptiolllg substituted
ar lalg g ,aqC gca ggc ate cca tgg act aag ggt gca tac ate
YaRg22P e val val Ala Asn Ala Gy He Pro Trp Thr Lys

GleycHA 19 idepér@edtiPseled fdlidsm 9@ LoRaR_

. cat ttt gacelgéégedga? gtt gac gt(eh%?ggl ctgt%%‘gl)%l CRR"™, wherein

R™ anddy" agyeanl pndepen ﬁy Ptlectad froml the Yelup\Vahsisay ofdlydAsen, fluorine,

an op%r&?al%%gb fftegﬁl(%g er 5,418@6@9& gﬁg%@ tu%sfy%{yglc%/ 9ﬁy6@ﬁ%tgﬁlona y
substlAlt@d low&r blienl, an &dtionAll silisEoftbiarft, dn GhHorkAs sﬁtﬁ&t&t@é arylalkyl

. 160 cgt ttc gaa aaa gaa g aaa aag ggc gccC tt
aming, gp Oag@nadléftsug%ulsé @wgll@%mnl@mm@mlo@amly S.'Eﬂzyztlﬂuj&i dyyhnalklyammo

an opﬁ%ll?sﬂbétﬁﬁ‘tey ?ciwe!; g%oé:p %10 glgy Y ?tltilgg cagé @@gy,tagcopuonally

substlaﬂéd &ybxhein Giﬁronaly sdﬂsﬁtu&dd&arM@hydi@ﬁylV%ﬁtrd:’ laghifd, RyHRE carboxy
Gn Ala Ala Tyr Asn 185 190 gcg gtc aag gca ggé

gtg cgt. cat ttc gca aag tec ctg gcc gtg gaa 624 Al a
Val Lys Ala Ay Val Arg Hs Phe Ala Lys Ser Leu Al a
Val G u 195 200 205 ttt get cct ttc gca cgt gtt aac
tct gta tct cct ggc tat att_aat 672 Phe Ala Pro Phe
Ala Arg Val Asn Ser Val Ser®r o Ay Tyr lie Asn 210
215 220 ace gag ate tct gat ttc gtc ccg caa gaa aca
cag aat aaa tgg tgg 720 Thr Qu lie Ser Asp Phe Val

~ ~ o PNPANE™ NSNS NS N AN

and




15

20

25

100 105 110
Lys Ay Al a
wQy®spiss7Phe
140 Lys Ay

e Val Val Ala Asn Ala Ay e
Tyr He 115 120 125 Asp G n
Asp G n Val Val Asp Val Asp
Val Gy Tyr Val Ala Lys His
H's Phe Arg Gu 145 150 155 160 Arg Phe Qu Lys Gu
Gy Lys Lys Gy Ala Leu Val Phe Thr Ala Ser 165 170

o Js o Tt Sy A i B
(i.e.dd a?ni@ggrﬁﬁ a%HSacﬁe(ﬁ.e.Li%Hnﬂg% Kétdnes: a&id195 200 205 Phe
Ala Pro Phe Ala Arg Val ASn Ser Val Ser Pro Gy Tyr e
As n 192q0 21 80 fREReTHfiionGE tp Y isclSdve. Asp Phe Val Pro Gn
Gu Thr A n Asn Lys Trp Trp 225 230 235 240 Ser Leu
Val Pro Leu Gy Arg Ay Gy Gu Thr Ala Gu Leu Val
245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Al a
Ay Ser Tyr Ala Thr Ay Thr 260 265 270 Asp e H e Val
Asé G y Tar pethad Giﬂﬂlalme% whereip 7% a0teged fomP2® K hiclusive.
852 <212> DNA <213> Artificial Sequence <220> <223>
KRED S01091361 <221> CDS <222> (1) ... (852) <400> 115
at go.get Taaametiasdl dfldlaitn€s; vatei@hGs Yaa tat cct gec ccg
gcg oca get 4 8 Met Ala Lys Asn Phe Ser Asn Val du
Tyr Pro Ala Pro Ala Pro Ala 10 15 cat ace aaa gac gaa

te ctg t

Elll Tﬁfgne%& ({ftcgal%al \X{‘I)te%rﬁ \@ﬁal%é/%cg%gdﬁ%gg ""@suﬁﬂéd
carb&ﬁ‘}mg%cﬁl Aty i8a 6-1@@95-@@610@?1@65@ﬁ@€h5iﬁ edfe€ ace ggt age
aac tea ggc att ggt tac gcg 144 Qy Lys VvVal Ala Ser H
e Thr Gy Ser Asn Ser Gy He Gy Tyr Ala 35 4 0 45 ‘
ct g5 gec cg tt ggc gca gac gtt gcg
at gzt Ttggtﬁle%g}déf{daugll %%ﬂ:l a Phe Ala Gn Val Gy
A ﬂleAscpnaléialoAlhadl}dxg silpgitukgd cdsBo5%ic @Oidaater hggt the atrugyaite:
gec ace ggt aaa gca gag get aaaoaaa tat 24 0
Asn Ser His Asp Ala TRe a@upAla Leu Ala:
Lys
aaa
Val

Pro Trp Thr
Asp Asp Asp
Leu 1BOT/LSH04/004819
Ala Gy Arg

(1)

g ate aag gat ttt

ste Qu G@n An
lie Lys Asp Phe Ay H's Leu A p 100 105 110 ata gtt

and gt g gcg aac gca ggc ate cca tgg act aag ggt gca tac

2)
cat
Asp
Leu
gcg
Val
155
gtc
Lys

wheqeg}g

Al a

Ala G
groumcan%mg@fi}@%elz

384 lie Va

ttt gac cag gtg gtg ga@qgtc g@c
Asp Asp Lys H s PhBAsp GRA

130 135 140 aa

ggt cgc cat tt

Ala Lys H's Al a GI Ar H[s Phe
160 cgt ttc gaa aag aag
ttt acg get tec 52R'Arg Phe¢' G u Igps
Gy Ala Leu Val Phe Thr Al a Ser 165
ggt cac att gtt aat gtg ccg caa

Val Val

t | Ala As P T Th
?; e Ajiginahyryane, élyg%ﬁm@wilégd @aégowélg a@@tersgeaégé)%@ sti\'a%(fure:
SFt& g 632 Asp Gn

p Val

€]

GLJQR
ggc gec
Qu Gy
170 175

Lys

Asp

Tyr
150
ttg
Lys
atg

ttt cag gcg ace

l: ﬂ:&%m@ Qnd iodine;

Lo g espofit oo o8} Aefolk b8

ggR RYRER’, BAIRY, tR:‘" JT8 848>t ge eactlgmge;&ngélgl}g@&cﬁﬂéﬁom the

Lys Ser

o8, elntqptlﬁéfiuyo%lgSt@tp@dd@\ger@é]fylg:tnt optionally

subsffed &kiodf ltaﬁtopﬁ%al blifthted idwdHike tioNafly'sLBstituted aryl,
Bed Giolan torfEhal Bl fhuefidw A MITE iy 206

an otkdhalld 5‘1&3%@&3 y@:ﬂg'l,aa:rmnb Cin analt}csubbmiutadgowa@lb}darnlno an
igye@go% gn opt1onally

opticjafly BRpHaRTH SeipeFHT e

240
gaa
Ay
ctg
acg
Tyr

720 Thr. G

QP Wgﬂw%
ggc cgt ggc
Leu Val Pro
Val 69' y 245
gcg ggc tec
Leu Al a Ser
265 270 gat

e =N

age
tta
Gu
ttc
816
Ala

tta gtt
gtt ggt
Thr Al a
ctg gca
Ala Tyr
Thr Gly

N

cca
768
Gu
agt
Leu
Thr

ttg
Ser
Leu
gat
Phe
260

ggg
Leu

250
tac
ASp
at e

gaa act
Gy Ag
255 gee
gee acg
Ala Gy

gtt gtg

gcg
Ay
t ac
ggc
Ser
gac
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15

20

25

Met Ser Gy Hs He Val Asn Val Pro G n Phe Gn Ala

Thr Tyr Asn 180 185 190 Ala Val Lys Ala Ay Val Arg
wWoR@sPIEs7TAl a Lys Ser Leu Ala Val G u 195 200 2PSI/BRE04/004819

Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro Ay Tyr H

e Asn 210 215 220 Thr GQu H e Ser Asp Phe Val Pro Gn

Gu Thr An Asn Lys Trp Trp 225 230 235 240 Ser Leu

Val Pro Leu Gy Arg Ay Gy Gu Thr Ala Gu Leu Val

substigited oyrboadlrxy2 85 omlgnaﬂy rsuln%%ut% arylaxy, adeangeptionghy mbstituted

p Tyr Ala Thr Gy Thr 260 265 270 Asp H e Val
arylal%%i?% Gy Gy Tyr Thr Leu Pro 275 280 <210> 117
<2 sBER BRI hOM uﬁ%&ﬁﬁstﬁd’é)é‘fahQpﬁbnaﬂgwubﬁﬁ&teéi&ﬁa alkyl, an
' <223> KRED S01091625 <221> <222> (852) <4005
optionaily subgjitfed cyelaalksl ap pptignally gabstigted @ré(b apétan Ortiogpdly substituted

'aryla]%l? gcg cca get 48 Met Ala Lys Asn Phe Ser Asn Val Gu

Pro Ala Pro Ala Pro Alal 0 1 5 cat ace aag aac gaa
tea ctg cag gta ctg gat ctg ttc aaa ctg aac 9 6 Hi s
Thr Lys _Asn Ser Leu G n Val Leu Asp Leu Phe Lys
Ldd: AsrTh?n@etbOdo'O%Cl@mgch%%lngtc gcg tct ate ace ggt

(1) agﬁe fﬁ@ﬁlafrﬁaﬁ Q%By@é} suggﬁtutte%%aﬁé‘g{/lilcdfﬁlﬁs\fer%ﬁ tﬁé%tnﬂu?e

O 4 5 ctg gee gaa get_,tt©OHgcg c&y g&g d9c gca gac gtt
gcg ate tgg tat 192 Reu Al a '@ u |Al ayPhgl Ala G n Val
‘ 6 0 aac agt
cat gat gec ace ggih\a , ) g aaa aaa
tat 240 Asn Ser Hi s A a hr Gly Lys Ala u Ala
Leu Ala Lys Lys Tyr "0 gc gta aaa gtc
aag get tat aaa get &t gtc Rige tegRhgt gat gcg 288
Gy Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser
Ser Asp Ala 8 5 9 0 9 5 gtg aaa cag act att gag cag
(2) cage @bﬁlaB@}@ml,alﬁydrcb)ty goetitord cathgx dicacdd Bstdetas tysstfacture:
Thr lie @ Gnlie Lys Asp Phe Gy H s Leu Asp
100 105 110 ata gtt
act aag ggt gca tac
Ay lie Pro Trp TRC
gat cag gat gac gat
gtc gac ctg 432 Asp (
A n Val Val Asp Val A}{q
ggc tat gta gca aaa c

and

ys H's Phe Asp
40 aaa ggc gca
at ttt cgt gaa

wherd80 Lys Gy Ala Ay Tyr Val Ala Lys Hs Ala Ay Arg

H s Phe Arg 145 155 160 cgt ttc gag aaa
@tlSa?dbﬁl%ﬁg S@ljétegé”@m thg o mﬁlsa%ggowowe mnwgd iodine;
L It y. 98 pliy Y
gé 1§5, Iga? k gRt égnﬂgqé ; dsél gacgltqueg%{ndéanﬁsr sg{éEted from the
_glou;ﬁ@@s@ﬁ@g of Iﬁycbagngﬁgom‘nee afi apticaatly Sulistiieéd bever elkyl, Idns)ptlonally

ProGI Phe G n r Tyr, Asn
substgpgtgd gg@oad}ég #t eptgg)@ lﬁlé sgggedglp&egalg @g{ an R{loéle]é) ggjétltuted aryl,
1
an ophgﬁalg s%b%ﬁgteﬁbgyl%ﬁgl E@ﬂhcﬁaﬁok/a nali 3 %@t% )é»\%égléllk?{a%mo an
optiogatly smbstittited cgdaaldzgtan'gmct anaptiowdlygubstitated botergfoxyzdn optionally

att aa ro Phe a Val] Asn, Ser Val .
substihd Aiodf o oatically et S5 ditptione e titgqueed
arylaltkhﬁy gl,g ccg caa gaa aca caa aat aga tgg tgg 720 Thr

Gu’He Ser Asp Phe Val Pro Gn Gu Thr Gn Asn Arg
Ter iTsge@@biia®0he gHup40ngsingtcd agtoptlg)@alytsugstggt@d d;(g;t/ergagwl an

optloﬂ:ggl s%g% aci:8 %clgalérac a;taatpgtl Wﬁly%ﬁ%ﬁt@qu %rgg %n\és O@A@ substituted

arylaﬁ(§p 255 gec tac ctg ttc ctg gca agt gat gcg ggc tec
tac gec acg ggc aca 816 Ala Tyr. Leu Phe Leu Al a Ser
Asp Ala Gy Ser Tyr Ala Thr Ay Thr 260 265 270 gat
ate att gtg gac ggc ggc tac acg ctg ccg tag 852 Asp
lielie Val Asp Ay Gy Tyr Thr Leu Pro * 275 280
<210> 118 <211> 283 <212> PRT <213> Artificial
Sequence <220> <223> KRED $69091625 <400> 118 Met Al a
Lys Asn Phe Ser Asn Val Gu Tyr Pro Ala Pro Ala Pro
Ala 10 15 HIS Thr Lys Asn G u Ser Leu Gln Val Leu Asp

- U P .Y . Y. I Al ~



245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gy
Ser Tyr Ala Thr Gy Thr 260 265 270Asp lie lie Val Asp
W@RaS@8s7Myr Thr Leu Pro 275 280 <210> 119 <21BCT/B85R)04/004819
<212> DNA <213> Artificial Sequence <220> <223> KRED
S01094648 <221> CDS <222> (1)...(852) <400> 119 atg
get aaa aac ttt tec aat gtc gga tat cct gec ccg gcg
C get. 48 t L Asn .Phe Ser Asn Val Ay Tyr Pro
Aﬁg‘ Pr g‘hﬁplflt\%ldo#&?aém{%%reé%t ace aaa age gaa tea ctg
(1) cag tifaldath, 438ro&ky Gubd:itutd@sarsd:9/1Ra61dWteFhss hektrldireSer
Gu Ser Leu G n Val Leu Asp Leu Phe Lys Leu Asn 20 25
30 ggc aaa gtc gcg tct te ggt age aac tea ggc att
ggt tac gcg 144 Gy Lys Ala Ser lie Thr Ay Ser
Asn Ser Gy lie Ay Xyr |Alai35 40 _45 ctg gee gaa get
ttt gcg cag gtt ggc gc g ate tgg tat 192
Leu Ala Gu Ala Phe Ala|d@nlVall Gy Ala Asp Val Ala
lie Trp Tyr 50 55 60 aa 1agB cat gat gee ace ggt aaa
gca gag gee ctg get aaafaaa t atOR40 Asn Ser Hi s Asp
and Ala Thr Gy Lys Ala Gu Ala Leu Ala Lys Lys Tyr 65 70
75 80 ggc gta aaa gtc aag get tat aaa get aat gtc age
(2) t 4y vagoalgatng bydi@8§ sGhsyitited cdrexyUalacidyesteAhas thy istrigtsre:
Ala Asn Val Ser Ser Ser Asp a 85 90 95 gtg aaa cag -
act att gag cag cag ate pag t ttt ggc cac ctg gac
336 Val Lys Gn Thr e b Gjn Gn lie Lys Asp Phe Gy
His Leu Asp 100 105N€10 gcg aac gca ggc
ate cca tgg act aag ggt e 384 e Val Vval Ala
Asn Ala Gy He Pro Trp JThr deys|Gy Ala Tyr He 115
120 125 gat cag gat gac t aaa at ttt gac cag gtg
gtt gac gtc gac ctg 432 p Gdn p Asp Asp Lys His
wherefthe Asp G n Val Val Asp Val Asp Leu 130 135 140 aaa
o c tat a gca aaa cat gc t cgc cat ttt
s § o iHtslsslectirgngs sy cppsv b ARar by PrRgeap iodine:
y h S ~ . S
e e e PRl bR nydrogen,
fluorirg2&n gptipnRhp shistititgdloGlen alliyly ah pptibnedlyGhystithtad bgdloatiayl, an
. Phe Thr., Ala Ser165 170 175 e t cac ate t aac
optiong g sibfindsloRet ket v rbea oSt 8 rsingn Srstandly e
arylall&fﬂl,salﬂih@, a\é&iéatiﬁﬁﬂl}y@ibsﬁ’tﬁlféd(ﬂj\ﬂelp J]Eylﬁlﬂlo%@oﬂ(ﬁlaﬁ%/ Sukeifuted
80 185 190 gcg gtc aag gca ggc gtg cgt cat ttc gca
cycloaligparniae, it ¢ptigaellysupstdedspwenplionsa bn bytonally s@bstitiad |
~ ; S L r Leu Ala Val. Gu 195 20Q 2
eyetoafitygistoribfir SeshBeebintoRy, 4ydn oBlionly i e sfgionys and
tRt isatlecteatrodithe BhupNoasisling Ghe dMtidndBsu¥alitufaNower alkyl, an
Val Ser Pro d Iﬁ%@Tyyr r liieeAssnn 210 215 220 ace gag

optionglwsubstitufpakcyeloallyl, encpgorally yhsiitaied anAgndan apsianalljgsubstituted
arylall@éﬂg 720 Thr Qu lie Ser Asp Phe Val Pro Gn Gy Thr
n Asn Lys Trp Trp 225 230 235 240 age tta gtt cca
‘tStg Egc i:/g} %gc Egg gaa %t %cg %aa tGIta '?'Lt %Igt (7;68
e e a ro_.Leu y g y Gu r a Gu
B va hegpgthod st olgm ?Sé’hﬁré’é‘ tb%lgalehvghm@hékogerge@alwaturally
rrﬁl%th H9d99 8k BSehaG. Jec acg ggc acg 816 Ala Tyr Leu
ocet P eaLeg Al aeSe(:}geAsp Ala Gy Ser Tyr Ala Thr Gy Thr
260 265 270 gat ate att gtg gac ggc ggc tac acg ctg
c t 852 lie |lie Val : Ay Tyr Thr Leu
pfég_ * agifsm%gg Blin 1 pgnersin e Bushipdspdhgensq s non-
naturafly BéJuh%@hal@%ﬁ%%ﬁalS &fige.<223> KRED S01094648 <400>
120 Met Al a Lys Asn Phe Ser Asn Val Ay Tyr Pro Al a
Pro Ala Pro Ala 1 0 1 5 H's Thr Lys Ser Qu Ser Leu
A n Val Leu Asp Leu Phe Lys Leu Asn 2 0 2 5 3 0 Ay
Lys Val Ala Ser lie Thr Gy Ser Asn Ser Gy lie Gy
Tyr Ala 354045 Leu Ala Gu Ala Phe Ala G n Val
Gy Ala ,Asp Val Ala lie Trp Tyr 505 5 6 0 Asn Ser
Hs Asp Ala Thr Ay Lys AI,%9G|u Ala Leu Ala Lys Lys
Tyr 6 57 07 580 dy Val"Lys Val Lys Ala Tyr Lys
Ala Asn Val Ser Ser Ser Asp Ala 8 5 9 0 9 5 Vval Lys
Gn Thr e Gu Gn An lie Lys Asp Phe Gy His Leu Asp
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<223> CGDH S01024744 <221> CDS <222> (1)...(789) <400>

121 atg tat ccg gat tta aaa gga aaa gtc gtc get att
wacaspum7get get 48 Met Tyr Pro Asp Leu Lys d BCT/¥S2008004819

Val Ala e Thr Gy Ala Ala 10 15 tea ggg etc gga aag

gcg atg gec att cgc ttc ggc aag gag cag gca 96 Ser Ay

Leu Ay Lys Ala Met Ala He Arg Phe Gy Lys Gu Gn

Ala_20 25 30 aa t ate aac tat tat agt aat aaa

caa’gat 18gfethnd Ogig.?i? whezein (he reggtioypixpre fossanyiing the vicinal

halo;—%}girgexf s@?@u%éa?ggyﬁ 8015 S %efé’%{’a xgglgalgcth ﬁityépqxéf Sb‘?%%uted

carboadicggal &82 ikymiGhine@Ghtia MHlin bheerahytsofAkam G)(yut@ t% abbut 9.

Ala Val Val Val Gdn dy 50 55 60 gat gtc acg aaa gag

gaa gat gta aaa aat ate gtg caa acg gca att 240 Asp

Va'l 8. Th rThy ﬁle@ﬂo‘d o@clﬁnﬁslp/ mlemkﬁ’ﬁ‘ie £6R4i5h fhiMaHe £ ?ory}ﬁing the -

e 65 O aag gag ttc ggc aca etc gat at

vic1rat gala; hyda(aty ﬂlbmtged cgpoxgli¢ agdast288 aby&nﬁctyaﬁh éhytHoxy substituted

Thr. Leu .e Met . He Asn Asn Ala G G u 85 90 95
carbaxylicagid egfeg ismaaiedae AL ix the gpnge g1 g 24t 3 alayhs.

gat aaa gtc 336Asn Pro Val Pro Ser Hi's Gu.Met Pro Leu

Lys Asp Trp Asp Lys Val 100 105 110 ate ggc acg aac

t t &.acgThgmetwd o claimtla wheeimte lcﬂgztlog auxtyogfoaton\@8dng the vicinal

haloéygir%yy su]bgétuﬁ ganhf@byligz%cufgé(erttgta thfleal ﬁygnogggdrgég s@é@?ltuted
carb@ly@icadi g ivdhingHifedadt b pRBST Mol § 8EbdSwe. LYs Tyr Phe
Val GQu Asn Asp lie Lys Gy Asn Val e Asn Met Ser 130
135 140 agt gtg cac gaa gtg att cct tgg cca tta ttt

T 20-pr ot bl ERirgTwifeins o b s dngighe the vieina
halo ag/ﬁlca@asuggau@g @alibbgylﬁﬁegbldi é@elab @ vadifdal @?ﬁl@ﬁ?dtbk? s@¥sfituted .
tac 528 Ser Gy Gy Mt Lys Leu Met Thr
Carb‘@% “Fﬁ’% i@ﬁﬁmlﬁrﬁ@ﬂp@e@ a‘P}'i/bllféfE 170 175 gcg ccg aag
ggc att cgc gtc aat aat att ggg cca ggt gcg ate aac
576 Ala Pro Lys Gy He Arg Val Asn Asn He Gy Pro
A 31.Al aTkt method of 8RAIM 85ful®6r egprisiigp: at e aat aag gag
© o Reia g Bt 8% e en s for apy e Yhspicinal
hal x&&ﬁ’a
o e B AR B D o B st
carbawylic @pigl e¥igr atHy H Of gba®t & dPrabov@. u G u He 210 215 220
gec gca gta gca gee tgg ctt get teg aag gaa gec age
tac gtc aca 720 Ala Ala vVal Ala Ala Trp Leu Al a Ser
Ly®. G uTiy ethed of MainY2l wHteir 4R b%@@ls%gl%ct%é@roﬂgﬁycﬁ%ﬁde salts,
acg tta ttc gcg gac ggc ggt atg aca caa tat cct
carbangte saig agfl pigarbonggsalieu Phe Ala Asp Gy Gy Met Thr
G@n Tyr Pro Ser Phe 245 250 255 cag gca ggc cgc ggt
taa tga 789 G n Ala Ay Arg Ay * * 260 <210> 122
<2031> 2PHe methdad oPRAInt 21 Fhedit theitabads sSeerde Rt 58%?@ salt.
<223> GDH S01024744 <400> 122 Met Tyr Pro Asp Leu Lys
Gy Lys Val Val Ala He Thr Ay Ala Ala 1 0 1 5 Ser

a7 ar ot s oL Bl (b e e At e,

hydrdzgyssu&trtutéd paﬂBDmyIASe[andEbSﬂer\f&hn 8l r88tidh nhixfuréXas cohier¥ag the vicinal

u Ala Val Vval Val Gn Gy 50 55
halo é’éﬁ%@% %@tltw‘% X%?%Y@C@C@ Gt ¥ vmnalyxanxxswdéoméwb@wted
Carbo%gﬁcggl@ege@s 70 75 80 Lys Qu Phe Gy Thr Leu Asp H e

t He Asn Asn Ala Gy Leu Gu 85 90 95 Asn Pro Val
Pro Ser Hs Gu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 HOHe Gy Thr Asn Leu Thr Gy Ala Phe Leu
Gy Ser Arg Gu Ala He 115 120 125 Lys Tyr Phe Val
G u Asn Asp He Lys Ay Asn Val He Asn Met Ser 130
135 140 Ser Val H's Gu Val He Pro Trp Pro Leu Phe
Val His Tyr Ala Ala 145 150_155 160 Ser Lys Gy Qy
Met Lys Leu Met Thr Qu Thr Yeu Ala Leu G u Tyr 165
170 175 Ala Pro Lys Gy He Arg Val Asn Asn He Qdvy
Pro Gy Ala He Asn 180 185 190 Thr Thr e Asn Lys Gu

N ~ ~n N A PN NN NS
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Lys Gu Gu Val He Lys Ala Ay Ay Gu Ala Val Val
Val A n 3y50 55 60 gat gtc acg aaa gag gaa gat gta
waamsamsate gtg caa acg gca att 240 Asp Val TPCT/L§R04/004819
Gu Gu Asp Val Lys Asn lie Val An Thr Alalie 5 70
75 80 aag gag ttc ggc aca etc gat att atg att aat aat
gec ggt ctt gaa 288 Lys Gu Phe Gy Thr Leu Asp lie
I|e€s Leu Gu 85 90 95 aat cct gtg
cca5 ‘tet?t %16‘66133 Oéflﬁméc melafa@rlmm&wfmg theavicigalccyano,
hydr@\%ﬁsdeﬁﬂuféﬁ%aé%kyﬁf &1@ efis G U Pro Leu Lys Asp
Asp Lys 100 1 110 ate ggc acg aac tta acg
ggt gee ttt tta gga age cgt gaa gcg att 384 lie Ay
Thy Asn, Leu Thr GénAl.a Phe Leu Gy Ser Arg Gu Al a
i€ 115° FORPPIHOREUMPUSINGt ¢ gt a gaa aac gat ate aag
(a) g%hael@ﬁy(ﬂﬁlcdeﬁﬁlb é}ﬁ§e .atg tec 432 Lys Tyr Phe Val Gu
~_ Asn Asp e Glg ASn Val lie Asn Met Ser 130 135 140
(b) agtyagidg; amlc gaa gtg att cct tgg cca tta ttt gtc cac

‘tat_.gc a4OSer is. Ay, Val lie Pro Trp Pro
© | ¢ v%;@ll%i %onfbeSXl tei\f—‘%{bihﬁlqag& g%, 160 agt aaa
9OVhe6id tRS GicAabhAs gay@}cayas%stﬁa%d %%ok 1ft 45 esttérQS
hydraqxguiarig apidies@r.u Tyr 165 170 175 gcg ccg aag ggc at t
cgc gtc aat aat att ggg cca ggt gcg ate aat 576 Al a
AsY7. 180THkGmb6itias of diéin 26 SwRatindRIvERE1 RAS, Hydt: ;gﬁs‘ilb tit
gac cct gaa cag aga get gat 624 ThrVThr H¢e A@O stituted
205 gta gaa age atg att a atgga tat ate ggc gaa
ccg gat gag ate 672 VAl u Servet He Pro Met Gy
He 210 215 220 gec gca gta
gca gee tgg ctt g e tgc tac gtc aca
720 Ala Ala Val Al a rp ey Al 208er Lys Gu Ala
gcg gac ggc ggt atg @ca caa tat cct tea ttc 768 Gy H
e Thr Leu Phe Ala Asp Gy Gy Met Thr Gn Tyr Pro Ser
Wher@é?l" Gy Arg Ay * * 260 <210> 124 <211> 261 13:<212>
<213> Artificial Sequence <220> <223> CDH
Val, Val Ala lie Thr Gy Ala Ala 10 15 Ser GIyLeu y '
)Rs R, andBt apg pch F@eW@eMES@Veiﬁ@n@mg@n consistdg o hydrogen,
optior@lly s@atitutbd v alehylVan offidha® yuldinh&d 21 ﬁﬁl@pﬁ(@dall-{}rkhbstltuted
u G u Asp, Val étAsneVal Gn T
1 {Fnb, kit BpG3rall B
e oa‘NJ%a Pro Le up Lys gs!é u%t&?%mt aﬁ&(‘/%\{aalnlcg% 8&%5[ Sf? E)t?mg&
e 115 2 s Tyr Phe Val As
iefeclh R BeapUasmorspe 055 anitpraly sshtuclomrg iy, an
OpthI‘Mﬁ stbs@ittte@c i shlRN oad-&}ﬁoﬁgl?y Mtstitdhedt a-B/lr l@eﬁl %%m%@’}g’substltuted

tac 528 Ser Lys Gly y Met Lys L Qﬁtaa 4-halo-3-

Pro Lys Gy lie Arg Val Asn Asn lie Ay Pro Gy Ala e
CarbOGVl!anéeﬁﬁrehw #BWP0o Gu Gn Arg Ala Asp 195 200 ,

Tyr e Gy Gu Pro Asg G

Cys Tyr Val Thr 225 230 285 240 ggc ate acg tta ttc

Phe 245 250 255 cag gca ggc cgc ggt taa tga 789 Gn

SOQ&&Z&%eﬁ%QI@@ted Z4nMaE glothp Bnsis ﬂ-&lbrﬁﬁésbﬁrﬂné—ﬁﬁd iodine;
o N e 5T i A i S
arylal%lsqagmg@awgt%puy Hstinyted pper plkylamipe, Hn@pwemallef SAbﬁltN@ﬁ
cycloaﬂqqmyAgm opeenally rsul@tlyutédl arthcgl bmilalﬁptloﬁellly Aibgtiteted a/t\iflaH(ny, and

155 160 Ser Lys Met Lys

al}flalhyiramdeu Al a Leu GI u Tyr 165 170 175 AI a Pro Lys Gy H

n 18

65 PRy e Ro it {S0bbeArbaRH) pr SR wherein
R™ an@BR" AeGalll fdbsdhdd S

Vet Gy Ty iy Gl ﬁﬁ{sl%@% oPygEg, uorine,
an Optmnalwsvebsv tedaloafema yiTep opmnal!lb/aul%ttutw sycBalkyl] an @tionally

Tyr Val Thr 225 230 235 240 Ay He Thr Leu Phe Al a

Asp Gy Gy Met Thr A n Tyr Pro Ser Phe 245 250 255

Gn Ala Ay Arg Gy 260 <210> 125 <211> 789 <212> DNA

<213> Artificial Sequence <220> <223> GDH S01063714

<221> CDS <222> (1)...(789)' '<400> 125 atg tat ccg gat

tta aaa gga aaa gtc gtc get att aca gga get act 48 Met

Tyr Pro Asp Leu Lys Gly Lys Val Val Ala H e Thr Gly

Al ——y A PN AP o, o 4 a
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aaa tat ttc gta gaa aac gat ate aag gga aat gtc att

aac atg tec 432 Lys Tyr Phe Val Qu Asn Asp H e Lys
W@aR00s5As857%al H e Asn Met Ser 130 135 140 agt gep@r/tszno4/004819

gaa gtg att cct tgg cca tta ttt gtc cac tat gcg gca

480 Ser Val H's Gu Val He Pro Trp Pro Leu Phe Val

Hs Tyr Ala Ala 145 150 155 160 agt aaa ggc ggg atg

aag ctg atg aca gaa aca tta gcg ttg gaa t 528 . Ser. '
substityted @\ver@ﬁlsﬁnw}e?n Opdonalf sWRstieney oiod g Frpondly RPsiiieg arvtelit
amin(? aa;ﬂ olwz(itf)n%l subé@uleA0 VG RILAGMARY alg g%ti%lfagy GaMsstigt€d %@goall_llclyamino,

, g cca ggt gcg ate aac Pro Lys
an opeordlty svbbtithsd 1éwer dtkaxyGhly oftianally yubitituted @ohoallgixyl8boptionally

B OE R R W -
(i.e. ag%goég\{y?atgnuca%&}ﬁ& deifll RolpS PeatSbalidRY (2OanTsRr gRApRYSrbamide

“cca atg’gga tat afe ggc gaa ccg gag gag ate
(i.e.ab FRidéagro@ arBbacybbte. forminy akdene)Gnd Tyr He Ay G u

Pro Gu Gu.He 210 5,220 gee gca gta gca gee tgg
ctH IS GO Y 1gtg§er§§oa{néég9a Slug’é’g’ gtc aca 720 Ala Ala
Val Ala Ala Trp Leu Ala Ser Lys Gu Ala Ser Tyr Val
Thr 225 230 235 240ggc ate acg tta ttc gcg gac ggc ggt
atg aca caa tat cct tea ttc 768 Ay lie Thr Leu Phe
Ala Asp Ay Gy Met Thr G n Tyr Pro Ser Phe 245 250
255 cag gca ggc cgc ggt taa tga 789 G n Ala Gy Arg
Ay * * 260 <210> 126 <211> 261 <212> PRT <213>
Artificial Sequence <220> <223> GDH S01063714 <400>
126 Met Tyr Pro Asp Leu Lys Gy Lys Val Val Ala e Thr
Gy Ala Thr 10 15 Ser Gy Leu Ay Lys Ala Met Ala H e
Arg Phe Gy Lys Gu Gn Ala 20 25 30 Lys Val Val He
Asn Tyr Tyr Ser Asn Lys G n Asp Pro Asn Qu Val 35 40
45 Lys Gu Gu Val He Lys Ala Gy Gy GQu Al a Vval Val
Val Gn Gy 50 55 60 Asp Val Thr Lys Gu Gu Asp Val
Lys Asn He vVal Gn Thr Ala He 65 70 75 80 Lys Gu
Phe Gy Thr Leu Asp He Met He Asn Asn Ala Gy Leu
Gu 85 90 95 Asn Pro Val Pro Ser Hs Gu Met Pro Leu
Lys Asp Trp Asp Lys Val 100 105 HO e Gy Thr Asn Leu
Thr Gy Ala Phe Leu Gy Ser Arg Gu Ala He 115 120
125 Lys Tyr Phe Val Gu Asn Asp He Lys Gy Asn Val H
e Asn Met Ser 130 135 140 Ser Val Hs Gu Val He Pro
Trp Pro Leu Phe Val H's Tyr Ala Ala 145 150 155 160
Ser Lys Ay Gy Met Lys Leu Met Thr Gu Thr Leu Al a
Leu Gu Tyr 165 170 175 Ala Pro Lys Gy He Arg Val
Asn Asn He Gy Pro Gy Ala He Asn 180 185 190 Thr
Thr He Asn Lys Gu Lys Phe Ala Asp Pro Gu Gn Arg
Ala Asp 195 200 205 Val Gu Ser Met He Pro Met Gy
Tyr He Gy Gu Pro Gu Qu He 210 215 220 Ala Ala
Val Ala Ala Trp Leu Ala Ser Lys Gu Ala Ser Tyr Val
Thr 225 230 235 240 Gy e Thr Leu Phe Ala Asp Ay Ay
Met Thr G n Tyr Pro Ser Phe 245 250 255 A n Ala Gy
Arg Ay 260

72



