1 3 APR 2005 WD 02/ 46386 PCT/US01/51070 -1 Aspergillus ochruceus 11 al pha
hydr oxyl ase and oxi doreductase Priority The present application clains
priority under Title 35, United States Code, 5 119 of United g%a

Provi sional Application Serial No. 60/244,300, filed Cctober 3 )
Field of the invention The present invention relates to a novel cytochrone
P450- | i kevah@yasese ( Aspergi |l us ochruceus 11 al pha hydr oxybewsjoranco an

oxi doreduct ase (Aspergillus 10 ochraceus oxi doreductase) isolated from cDNA
library generated fromthe nmRNA of Aspergillus ochraceus spores. \Wen the
cDNA encodi ng the 11 al pha hydroxyl ase wasi-co-expressed in Spodoptera

frugi perda (Sf-9) insect cells. with the cDNA encodi ng human,

oxi dor educt ase as an el ectron donor, it successfull catalyzed t he
conversion of the sAspergibutssechraceusntt adpbachydroxylase 4wd) to 11 al pha
15 hydroxy-AD as determ ned by 13PLC, analé5|s. The invention also relates to
nucl ei ¢ acid nol ecul es associ at edosidpredustaseed. from t hese cDNAs

i ncluding conpl enents, honol ogues and fragnents thereof, and nethods of
using these nucleic acid nolecules, tQ generate, for exanple pol ypepti des
and fragnents thereof. The invention Brosityel ates to the generati on of

anti bodi es that recognize 20 the A ochraceus 11 al pha hydroxyl ase and

oxi dor educt ase and ”Ehw;l&ergfap YR c]atnl;gepsﬁn@rmép@me% mte&l%&gboéehe presence
of these natlve and reconb

t r ansf or med ®host &9 ?féjth‘?g?ﬁE&F TV@‘P?IQ{R?ﬁ}Sa“°i“§§‘é"r\§VPC?H/Zé‘f 98- éﬂ?do%ﬂérs met hods

of expressing theoss@ergillus 11 al pha hydroxyl ase gene separately, or in
conbi nati on with human or Aspergillus 25 oxi doreductase, in heterol ogous

host cells, to facilitate the bi guenysfHiomvehtisher oid substrates to their
11 al pha hydroxy-counterparts. Background of the invention M crobial ‘o
transformati on or bioconversion reactions have |ong been used to facilitate
the chenical synthesiBeofregnhingetion ey toof rprehpnueene iTéal-isreaame s. 30

St er eospeci fi ¢ r eRpiriiBnSochatdil @t alphit hydnatglbse)riddchnedifyivaict-Ge (BHEHMEsONS
frequently ooffezcha&yﬂ@;]@gsﬁc@%?{solagmaﬁ amAﬁlb%gan&@Led%mﬁmA yhi ch result

in undeS|reabIe si de products
M cr oor gani sms aﬁé”d’gﬁé‘ﬁéc”lr 'fféusefﬂ‘?rfsr t‘ve{‘ (5}"’0“3?%?“‘86‘{@ e o PPAR BT 258 dependent
or sequential reaet icoapressnd dn sebkpieat EugintdecGl-Y, insrcinelts aithgtht RENAnunmber of

di stinct steps i @ncad@mmgs,;g@omageemglemamhham;Qttsakcegmgcmyzwﬂwdes' red

internmedi ate or end prod ner a ture m c. syst ens used as
bi ocat al yst s forCT’PﬁeéE % Pa sf%?"r’r’ag;teslmtj)srt{alofj?)"?iroétﬁ?ec3 %I)d’ u(Ag o %’en revi ewed

(See e.g., 1Goodhbﬁlr°xy@ﬁ’aaﬁldésfm|“?%dbl/ﬁ@k%b“almﬁa%ﬁ'ﬁ’@?ﬁonlaisewéeﬁes tomeed. | 1. 9- 44,
1982) . Bi ot r ansf asdrehil@aks Catbcard Carki @d daited. i BXAMADEAs ith@BPt i NUOUS

cul tures or 10 DahGneh! iy A AIERACELALL S LOMADE fhorgaioant om

react with a substrate can be recovere rom the medi um
Intracel | ul ar en2yififsachpolrds. F"eé"d’f’aﬁﬁ' {7 aemRlG pebpeptidesi gnd; fragmentgpl o to
enter cells by athemof iThe iryentionpds sdlates tditiiefgasrgion pf Dtibstes thdt mavoddize | zed,

dried, per %am|l.h%@ﬂoch%}gxsrﬁsaﬁﬂhlgsr&%lylage arRNEdSPRLAS NAMStRIS & REEN used for

m cr Obl al 1 ra_ns rLB't Itobn§es -[o dekelzstethe pr(t:asegnrl:e o tl.l'teg'eCtn?twand L;gclmza ednf.enzyn.es . /"
solution; or i on carrrers ual er SI g i cant cost

or 15 control aehbaiﬂmtaigﬂaS“the‘anioﬁlﬁeﬁ P’P"OHBHSfOfTEﬁdn’E’ﬁ‘t @ﬁlﬁofﬁsmévﬁbdél'he
Bi oconver si on r emeéntiom Salddayvidec mettiode|of difeding NtHeh@stkeisalud of agpher oi ds

(Kieslich, K Sepgk,Dee I\%&néryabkratagpm E@rmemﬁmem#a & agbpuad4, 1979,

Ki eslich, Klaus. "Econ. crob é Bi oconvers.): 369-465,
1980). A Fari et SRUePLRieT BrEOREYE DY e a?léfa*f Be Bjsepversive PRRATY

hydr oxyl ati on, 2&bgpisitaidbir dhalplebydratsowmterprertsydr ogenati on, ring and side
chai n degradati on, reduction, hydrolysis, and isomeri zation reactions. Many

types of microorgani sns Background of the invention

Microbial transformation or bioconversion reactions have long been used to
facilitate the chemical synthesis of a wide variety of pharmaceutical products.
30 Stereospecific reactions carried out under mild enzymatic conditions frequently

offer advantages over comparable chemical processes which result in undesireable




have al so been used including species as diverse, for exanple, as

Acrenoni um  Aspergillus, Rhizopus, Fusarium Penicillium Streptonyces,
Actinonyces, Nocardi a, Pseudom)nas Mycobact eri um Arthrobacter and
Bacillus. 25 A variety of appr oaches have been used to facilitat® APR g005
hydroxyl ation of intermediates used in the synthesis of

commercial ly-i nportant steroid conpounds. US patent 4,588,683, for exanple,
descri besW® B636d of preparing 11 beta, 17 al pha, 20, ﬂTﬂéﬂ(’VaﬂiﬂUroxy
steroids by incubating substrate corrp’ounds in a nmediumconprising a fungal
culture of the genus Curoul aria capable of effecting 30 11 beta

hydr oxyl ation. Aspergillus ochraceus cultures and preparations of nycelia
have al so been used toQ convert pr.oge %terone and, ot her ster0|ds to their
correspondi ng 1154§ prducky dMissegrertivirs2 Rorae te. 2bdiy ey rogb s teoss 1970:  Tan
L., and Fal ar deaidegendent] or Stq@értiald reBetdohema dubstiZRd ndRAle, k¥dizidgatkant a, T. B.
et al., Bioche 9 i t ochem

Bi ophys. Res. g}o’%ﬁr%&gﬁmﬁ' ge"?% %%%%a”]%%%” the t%a%ﬁstqﬁé%ge?\%hoz/ 46386
PCT/ USOI / 51070 Blte}'ﬁédl%fﬁvre%t‘?’ﬁﬁuchew and expanded clinical uses of steroids
for the treatnent of a wide variety of disorders has created a need for

i nproved neshods for General feabdesctl ourrdifal syygeras disalo ap Gisrddysnrt thei r

Idnt er ﬁ'gdl ates ?rgtrgtls%f%zmﬁcdfadrgﬁﬁadoﬁ ounbé §as p@k%\‘lev&d%& 3§2Gocfd9£e exanpl €,
escribes a nunber of ne ion_o pi roxane series
of steroid conpoliffdes T%@T‘%dﬁ’ﬁ'@"‘%ﬁ‘ét 6“5’50 r“ptlhg54 b?salpaw"értai‘%fmﬁtf"n%pl erenone
met hyl hydrogen 6nlieacagprdxgnt,| for etryaaileo iny c@tiopogpcdymes or in batch cultures.

4- ene-7a, 21- di caghoxyd RlrBied ﬂodl e BR6or fodlsSQedcOh B & Qbsthe, aﬁdﬁpbﬁa&none or

epoxynexrenone) and rel at ounds 25948 a I i cation
09/ 319, 673 g %Eme‘hmf’orm{aﬁ%ﬁaféﬁzgmast fagﬁpg) v% %poxysteroid

Wescr B AB0ET 918 8§85
10 conpounds, espbeiast ifyt isipblsdo gften ¢plls Qsomsp?twexan@awﬁ Idéfi‘}SlW"‘{eﬁel r anal ogs,
novel internmed Bi@SivaeiHéd, pembdraiza, &ﬁtﬂlie’ﬂﬁxig()&llﬂfan&E}ﬁ)ﬁ'dﬁl}ﬂveﬁﬂﬁmbﬁ'lds and
processes for th&‘sad RE GR2%A ':r%fo%aﬁ%}i’schfhggye fcn%gﬂ:&% Hla e egipthed States

Pat ent 6, 046, 023 di scloses I nproved or t m, cr obi

transf ormati on of f—&H?’bﬁbH&‘n@f]‘z‘éﬁs‘t"r caﬂ?‘eé?’lé“y:?"?f'?“a&?’ Bﬁ"é Sertierot €5 1 a- hydr oxy
anal ogue u$i ng niogtrd edgataps ner thditideel fererustidbmals@dsr gi | | us, Rhi zopus, and
Pestelotia, using steroid substrates having a puri ty of IeSs t han 97% and
nore than 90% at a c®eeRbEial iuﬁftmgsr Bavlectieed RaRlylledin theMRyofTiBGlady systematic
approaches needeg;l E%t nORL Ié&%er eé@%m[eﬁé,l O Rf PRALsL C3U|z?§30§t ¢4 d

internmedi ates are often hi {\: i nsufficient_biochem cal’ ~know edge of

the enzymes i nvoRgdieh- e e Mhiehes M dnth g HUe P S6EtRaP§Bt i ¢ 20
cyt ochrones P4504a apjpiear of gedodonasisaei xtre dehwiattbrizedie inghdiop | lydrdatioat i cul um ( ER)

or mtochgndri alp.Emb, amtmnTh%RfAr@g@Mtfaﬁ\ ckg%zgndf Qe E&,ﬁscﬁegﬁa%izgg cytochrone
fone

P450 enzynes i S ften

oxi dor edunt ase. ST B RHAPRPTROT et RSP By CEE Bies PASO | s
usual |y nedi at edlabglﬂambmwlﬁ@ﬂﬂgoﬁ?ﬂ% aaﬂivemémwa@e sargreneiymdoxi n. The
25 SpeCI fic el eClsﬁﬁé’tllﬂlsQnﬂﬁz’Sopkd']OMahm,bePehiammwe(*trlz}fl\onEMTTBdch:ﬁﬁlyces,

ster oi dogenesi s, yal.8;, ALSOmGAL hBLAN-SHOSKLAEAYELARE and adr enodoxin,
respectively. Wile fungal bi ot ransf ormations are known to be nedi ated by

cytochrorre P450 enz Of these enzyne difficult to
purify in &n enzyma%'l caft?'y é% ?c\}/lé ag?ﬁq \}staér%“ §a°ﬁlr95k%é‘$ atios ® ¥ungal

Genetics and Bi opi§RrdRips used gthq pothegod rommpigilyrigpgiapt WB@)CWQ‘WFES appear to
be associ at ed withpdthe 4,588688ploastrimpler ddsiribed aimefhodnf greparil inketgti7al ., Fungal

Genetics and Bi ah89y @3 tlﬁéh?dmxylﬁ%)as b}f%ﬁ&%ati}évs%bﬂﬁtea%nﬁaﬂﬁsoﬁ g reductase

honol ogue whi ch was shown _t hydroxyl ase in

t
vitro. (Lacour eredym °°m3’6iﬁ‘fgr?aﬁ”“%?r P““Bfe ﬂfg)’be gf&‘f%fﬁngtcﬂ?%]ﬁg = e$3584- 23992,
1998) .- | n ont r agbeta hirzoxglabot Horradbnorir@8swhitaks apd oppbastions dfmysdiper gi | | us

oc h(rj acegs 11 al m%@e médrneéyluée'aemw@&vm ag@stt@glwt Qnmthe,a@temap% ﬁ;}% oc% gr%e PéTlﬁO
OXI| dor educt ase anman a an Ol e
steroid '21 al prf&”‘ﬁw ﬁ)ﬂ d’fﬁ?’ GHJ)C’FE?( ll:?n‘%"%”g ];VB %%Fﬁg?»%
PCT/ USO / 51070 afAd Falardeau P., J. Steroid Biochem. 1 221-227, 1970; Samanta, T.B. et al,,
Biochem. J. 176, 593-594, 1978; Jayanthi, C.R. et al., Biochem. Biophys. Res.
35 Commun. 106; 1262-1268, 1982).



Rhi zopus ni gricans al so appears to require an NADPH cytochrone p450

oxi dor educt ase (Makovec and Breskvar, Arch Bi ochem Bi ophys. 357, %ﬂg&i ,
1998). Anplification of cytochrone R nigricans P450 and NADPIll-ch W orre
PA50 reductase activities in preparations of progesterone-induced fungal
nycelia facilitate biochem cal characterizatio f both_enzynes
(I\/akovecn%%?zé}ri@kvar, Pflugers Arch ; Eur J. Physi ol 439?%6‘%?’)51.07%111-R11*2,
2000). Aspergillus ochraceus spores have been shown to catalyze the 11 al pha
hydr oxyl ati on of steroid substrates such as progesterone (Dutta TK, Datta J,
Samanta TB, Bi ochem Biophys. Res. Conmun. 192:119-123, 1993). A fum gatus
10 is also known to i_hj I 8 Lvi,ty (Smth
et al., J Steroid ~B{a§%ﬁg‘!ﬁ1¥’tﬁgf %B?j{)(ﬁ)éxg%%;dﬁin%%%sg%g%%w %ﬁ@e %g%th%l{tgat us
enzyme is disti AGuMEReErEY ehdisoriersihas seated cotped &R FRTEved methosafor the appears t o
be a cytochrone pR&&Bebitsherddl admpsidde a6 airf iheintediafedlon 3 korahakial @ne 15 beta
hydroxyl ati on ang,e Yaldkgsddls & QENLACEHEAN QUYLaSE naARREASyLO De

non-i nduci ble. 1 'qi)é’spl € récént advances in sequenci ng technol ogi es,

det ai | ed kndw edgeraratingef 20tshigoxgne sguesef gbroideprarpoupiisintplinegpethadmnfpathecyt ochr ome
(Bl oohem B D R e T o hor o085 108 S have
at, i ochem Bigp : es. mu : - : ave
described a geno%‘e‘é%&.l'd]scae%ﬁ%]ﬁ@e ?gﬁtﬁ’%eR#F]f%pﬁe e"ﬁ?g?‘l’ cEnsPIeEP °%1e) plt ati ve

P- 450 encodi ng arpoR@nekiepanpyghdoseipted sempomdpr AL 88/209¢hend VIS greictjiernce may not
be conpl ete, howeyfbe73 8és806 ot pPiceEisCloe dhdfepatial & SAGYANCRhi@cks the
canoni cal 9 me- bic ndi ngs rys)teti:iz]:]] th(l):s)éx%)gXZ%(sC%r x\ghe! s(,:eh si Endctgmrrl]a]tg naolre[iTDSt al |
known cyt ochr one“BrA50>enzyes.  (Nel°’son etal, - Phar nacogenetrcs

6: 1-42,1996) . Thiztepebatesgseh it thpprerretiéon oL derrid semppundpaadimprriet T ibe hr one P450
25 oxi dor educt asgrefL4foAbf GeNevdintdspangs.| Unitd Siage Palamns, 026,678 deses i bed (van )
den Brink, J.._ehnfhes mEEIRIN R HEEISHANHIRGES L2023 LAARIIR0; 1993,

unpubl i shed). The primary structure o har onyces cerev] si ae

NADPH- cyt ochr one®Basitre iUt Hs¥hy o applogrepsing weerewdr e 8Pt B@vhucl eot i de
sequence of5 i ts 4pogdds, Feaeul YabBstkiicaisingaterqid dubstBitechein a PO3(6) : :
1004- 1010, 1988)10:;30:-B0% 85 Lhor OB b0 RRIBRCHESNBYRN88NoYAed to Tacilitate
the cloning and analysis of steroid enzynes. U S. patents 5,422, 262,

5,579, 521, "and Eur opgAly -RARE N EEL0 p32R 00 Bla ol XA rsslGECT | Des the

expression cloning. o erol d i a reductase, t 2. 1 ) ent
5,869, 283, for eBeEifpleR St pierpatesraTe ofen bwdvreh by suBren ahstceki ng

het er ol ogous DNAs:oeladgedf thgertzywaes duvolnglie tleirasyntbsis aBbdegmditiopabalaymiing an

oxi dati on gt ep iHual-ved PEANYELS1oR 20b DN RS 118 boplh 0 edid PR Q05 VO

02/ 46386 PCT/ USO1/ 5}}030] 5 lxltejr ogortisone. in 1d ng, t het ¢onvey si on of

chol esterol to pPEGHERSY ETR I he "CORv et 9 8 of b sgnaal BhEets

progest erone; t hee2ewsAvet s oft pFoBENRNetpridento NADH-cytpgbroms y H9¥logest er one;
t he conversi on okiddrédittaby dIEDXY R @GRS 6h ORE hidcpadialt xphdh@ses FBd i he

conver sion of cgﬁgﬁg%gggdt@ abmrngfqgg,tréaﬁgﬂméedmgse_sa qYERGES,. Ol Asper gi | T us

ochraceus 11 al dr oxyl ase an . . ochraceus oxi doreduct ase ‘have not

been repor®Ped. KRHACSEGE BT PRBIEG PesiBEA ™2 Bag ST+ 3t | itate the )
devel opnent of edprdksadenclaiptraiugagrdd sedpimetectivelst  strains that can
carry out nore efficient bioconversions of steroid internediates and the
synt hesi s of end protoé Snghbistroelmeiticisadre Biavh @o bd théididd yhrgtoptrakd ens 10

associ ated w th mag Lighly mGhPbaGLe dnZafls RS Lt hbiRi el 103RnkNGOP! et e

under st andi ng of the _enzynmes involved in ??ﬁ[?’[ mﬂg%geney g . The_present

i nventi on over CORBEHFRINTFIGTOPHE™ JeRPEARE Fiohs af egnaRiste %@11 dentifying
enzymes capabl e 1701998ar rManngfupal Pedie edzimad phah yd beapiodbied rnwithf tiet er oi ds.

Thi s approach nQhaRiliic redb @t bin ded Gk b Burkh®btses Al BllosfbDRA7,
hydr oxyl ati on, but8 alr%so Berm ts, the 15 ge%el ?]Em%nt oth_ ew sfrategies for the
i dentification df?%i HrihPaEiPyiRe IrBearHsr "oyt "PRS 2 I*BM™MY of ot her
enzynes i nvol vedoiple vSther Dingoriiem s bea frdomyAspe vgiol (Lagur dehrfeewbotand ot her
m croor gani sms, miichhEreHBNE e B 20do2] MREPVEN.RPSE, S ble@lcdSiofdr NMet hods
using free cells or i mmb,hjld%zedl celﬁ)l S or legg%ges i h bi oconver sion
reacti ons.®®Si mi MAIP SPBEOEEHERTE oG 410 F A BT B aE Bredicigd tabe t he
construction of an NADPH-cytochrome P450 oxidoreductase (Samanta and Ghosh, J Steroid

Biochem 28, 327-32, 1987). The steroid ‘11 alpha hydroxylation complex in



20 expression vectors and reconbi nant host strains that are nore anmenable to
propagati on and control than w | d-type m croorgani sns now commonly used for
bi oconversion in |large scale bioreactors. Summary of the |nvent|on Inits

br oadest scope, the present invention provides a nethod to cl onel ﬂ@RéWQynes
involved in steroid netabolismand use of these enzynes to produce novel
steroid internedi ates and end- products. One aspect of the clained invention
is to preydesssasgnovel enzyme 11 al pha hydroxyl ase and oxp@Eos®defbase, and
their nucleic acids, proteins, peptiges, fragnents, and honol ogues. The
invention also relates to nethods of identifying and cloning other enzynes
involved in steroid netabolism 30 The invention also covers novel vectors
and host cells, a novel nethod for nmaking heterol ogous proteins by using

t he above vect or Fhizarid aigritenh odsof ePPeptgein iréapirmgant H%&PMEPE}FF%W% rd¥ecificity
of the cloned enzomersaucmamam&runamesmaemrelzesmaw sysf:m'z sietexrsm)m ng the

substrate specifi CI | o 11. a hydr al | c variants,
mutei ns, and fusi®GH" é‘fagfnefﬂﬁl ?ﬁémtnﬁeren rican P%O %{,ﬂ J eva@ rfm‘oen‘ie’% a broad
array of steroid rgiybiaieraatle@esumetea@hah@s@f mrosesﬂhPﬁe-mG@dmg@lzxme@Wy

PCT/ USCL/ 51970  Ghek @it tindhidi scmraaer%u&@ okahh delkas 4valREOids); 3 keto

delta 4, 5 delta._6 er0| eroids); 3 keto
delta 6, 7 steroﬁﬂ?kv(a?ﬁzeéfe 6%1 ol %swlg?%%‘)pp]) qu"%ﬂ%gztg&'del ta 1, 2 delta
4, 5 steroids (3 keto delta 1 delta 4 steroids Preferred substrates for
testing include (a) chRreEfibhehraceyy saver ke dpradbetiete Eivaathodalrbed) 5 ADD
(1, 4 androst enedhghegiabane ) {tapidnextenenach &4 profeshaha (Diya ERADRia {,g) 9 al pha
mexrenone; (h) 1%&%@@%&4}9% 6(‘ )eesd@J,,L,aml?ezm%ﬁz%n%gs A hniduBSt OSt €1 One;

( k% pr ogest erone; mexr enone bi s-| act one (1'n) _mexrenone
bi sl actBne. PPERPELIACPHE s feeiddl i’fh%d‘{ﬁ’i‘a‘y‘lﬁi?o"r“w?l Gaih etalt &) j ¢
vari ants, nmutei nSierah®ickhesi &fal Bjpi @BePR 300t 10342 0f The 0A N tnigabug enyateab yze a

second hydr oxyl aﬁk%ﬁﬁéd%mgejrogm&b@enl,qnegfnqya lpalg@arﬂolbgg c,QJchA,éeal pha or

beta hydroxyl ati eta

Pyclr oxyl at o oL O P DR ot ok S oL e PP e

hydr oxyl ati on, aﬁvo}Alqchmrﬁyhhydmﬁylb@t@pmﬁmbxmnmduelhleof substrates sel ected
fromthe group consisting of 3 keto delta 4,5 steroids; .3 keto delta 4, 5
delta 6, 71steroids; spiteJedet givaebt & Buekcigd @rlooldses, Nesiled fnefleigabl y t he

cloned 11 al pha }é\%g{ Ay iASKiral afla]bs(lnmpsléf mgm%a,rmﬂywogsglea&adﬁcfnuSI on
proteins thereof cat al t| on of

substrates sel ec‘t‘uc f‘fé')a S e d;‘/t?(r)%mamsd’ﬁlénl’té‘iel %reswg%é%ﬁg“ pﬁys st eroi ds:
3 keto delta 4, Besdefaraug, 1991; sﬂ@ oilQF§ 1089 1@”(@%"6 dgecribed ’Sﬂenmtllé‘fﬂol ds. The

i nvention provi degueate it atHe@dpianchigdbisl if@d anyatbhve H@l’o(ﬁ,en@ﬂiﬁ@dinﬂg

Aspergi || lsmochrﬁ(&eh %ro%y]rasglfomﬂ%g@[eg{ngxﬁ'h et w3l Egl OV'Q(?ﬁo A, sol ated

DNA, 20 c gene, al'l gene enco I'17us ochraceus
11 al pha hydr ox§Pa e Prefdcring 37 warepedpdte B AR JPPﬁbJéenweﬂlfeu c acid is
as set forth in FSEQxCEE NDichGsl comirroe fte pladostyalltinewn eytdchromel PRSAenzghiNA, gene, and

an allele of then.g8Ne ﬁhaﬂ%ac&g%ﬁenﬁsoétﬂzh@g@lf(? ID NO O01. The invention
pfow des an isolated protein having the am no acid sequence 25 of Aspergillus

ochraceus 11 al pha hygr o&%[ngsaq]ﬂ Litor Rl eSO 42% OM QESN ﬁs%o%%ge o ant  of

Aspergil lus ochraceus 11 a dr oxyl ase, and usi on proteln conpri sing

this hydr&kyl as®idomfetass ‘a%f’*bget‘ﬁ@ Aﬁ‘fffﬁ‘l&sr’f‘gi"shaéée%éf“?‘tﬂit‘w fss Bsply | D NO 2.
It al so provi dek, et dr, Godpileantessidn nuipberp E2908M, GASRIESN tH98,npybiSEQ THe NO 2. ; a-

pol ypepti de whi C;thmMemﬁe%sso%mangcebl@rw%mwhbpﬁkytb&mmstﬁre £RBSEr vati ve

am no acid subst,tution; 0 uence at

| east 99% 95% 15‘5[)5 o brerh e lécﬁ‘gpg%%e "1 e‘Egé T lfen?eo (Ff Rﬁﬁ)lﬁ’ %e i nvention
provi des an i solaétuééwelmt e ﬁ‘i’oéd‘)*ﬂjéﬂsé)r c acid, encoding Aspergillus
ochraceus 11 al pha oxi doreductase. It also provides an isolated DNA, CcDNA,
gene, and &l | el e of Béverayether gipeadienBavisiper gidd| ta Sadlthie abe teningxandor educt ase.

35 Preferably, thg,isglalad ﬁzglalesouwsf Gpaqmglsqb@%@ Afloder, MGGl easal d nucl eic

: &iS
acid 1 3 APR 7005 % 02/ 46386 PCTI U
patent EP 0 528 906 B1, for example, describes the expression cloning of steroid 5

alpha reductase, type 2. U.S. patent 5,869,283, for example, describes an
expression cassette comprising heterologous DNAs encoding two or more enzymes,

35 each catalyzing an oxidation siep involved conversion of cholesterol into



7 sequence is as set forth in SEQID NO 5. It also provides for an isol ated
DNA, cDNA, gene, and allele of the gene set forth in SEQID NO 5. The

i nvention provides an isolated protein having the am no acid SEGAPR 9885 of
Aspergil |l us ochraceus oxi doreductase. It also provides an isolated vari ant

of the 5ypse4Rk& having the amino acid sequence of Asper ghdt/Ug1R¢hHaceus

oxi doreductase, and a fusion protei s conprising the amno acid sequence of
Aspergill us ochraceus oxidoreductase. Preferably the isolated protein has
the amino acid sequence set forth in SEQID NO 6. It also provides an
isolated variant of a protein set forth in SEQID NO 6. a purified

pol ypepti de; theyandortisoss i iflclSiy €ieC enedrsishh biC bhobstiefol it6 @Seghéholh) thd NO. 6 with

at | east one conservative am ho aci St (o) J- Va o (- W o0 ptides wth
an amno acid seqnugrslé)e f\altr% %qgenl}asli,!)t(B 803}5/% %ﬁ? t@%g}}bggﬁ% ?5 ﬁsgb(%ewggntl cal to
SEQ ID NO 6. . hyérexyinreaspieions: tkﬂ@vvem oéh7 By awereeestarinpierctixeldnenucl ei ¢ aci d

encodi Ng an  enzyie thiRbrscAbr c6rddxdlodez8 hidhRordidon@l pha hydroxyl ati on of 3 keto
delta 4,5 steroids (3 15 keto delta 4 steroids); 3 keto delta 4, 5 delta 6,

7 steroids (3 keto dgl¢t | or | gs). steroids (3
keto delta 6 st er oi d%’ éeqﬂeng% B@Ag g%‘? 9"(%‘)3 lcil f]Fﬁ}a Z?fyg%lysa?eerg%dl és (3 keto
delta 1 delta 40@’?@#16"%?85@?8@7 %%Vab?t;?eea*ﬁ@mé?ﬂzMwla@égb%bthmr&fat‘%w-'tyze the 15
bet a hydr oxyl at icand gtatl fkaiitare delde@lofmbnt ste@predsids yecrdeatl cectilitant Kost 5 del ta 6,
7 steroids; or 3 ket a,apalnt 9439,ouzmg,teee@megtsbmmgm&r &lBEAPLYe Li:
hydroxyl ati on 20 1s selected fromthe group consistin n(n ¢anr enone to
11 al pha hydr oxy"d &enwahedeof ©B)PrYHUT 6% SHRAT Rl s Vithoud | thero f}’&“roxy

andr ost eneadi oneasspddtedn| dsha phiallitdhagktpti@d hysokt 0xiraihd oora; an( dipcoAiplote 1, 4

andr ot enedi enedfiladf o hedhBha: DYAF@AY udBnd) TAEALENBR, LG, 11 2l pha

hydr oxy mexrenone; n hydr o eta

mexr enone; (g) 9 &P ﬁ%l ?éﬁé’ﬁ’étx{‘%‘s %fméﬁegﬁbw‘iﬁ?'d% 896"5 ?@mﬁ%/“ﬁﬁﬁ?nexr enone;
(h) 12 beta nexrtmommstoyt 11@ Hi Pirta Hygudrsdptign tDsityeidn Fx pemendenct qaly) delta 12
mexrenone to 11 gaamhaach;yaé@mé gel tfa11l Aphe Xy & BYREMm, (Hu} ABSiasteipne to 11
al pha hydroxy tegstpstern o o |pha hydr
progest er o%e T} “rex t%PnestrEQ {)ngﬁ??adg%t%% %’gfsir_’iﬂa% pﬂmeﬁyﬁ?%xy mexr enone
6, 7- bi s- | act one funghdhe qonipg datherrsHRes 72v9lves ’§I%F6‘l’."3’ﬁ%‘ef‘bfr1‘1)é/ﬂ HFHShy dr oxy
mexr enone 7, 9- be@raetsond. otMar @icB0rgprighse ad lthe, ddvhlepnivyt kD Xyravied Giasti s sel ect ed

from the group %M&Heagamsm @,@écenm%%ﬁﬂ@a &@J%@Jﬂ&h@h&xﬁlfe&m canr enone;
(b) androst enedi one to,.1

X al dona to 11
al pha hydroxy af#&#a* %ﬁém(aéf mi\cﬁﬁyc(”fg o '%f??a §'f etﬁé’ |“é é&‘?’%‘ﬁi‘é‘%""ﬂf 11 al pha
hydr oxy ABD. Nbsteressierdf apchdys yand hecombigant drsp| strejog rthdtsart rrome emerragléoiee to 11
al pha hydroxy CgRb£8a686Eand3ontid) @hdn Wil jeORiciabrgisai G ABSmany Bl g Of
expressing a protein that l.y4#e the 11 al pha hydroxylation of 3 keto
delta 4,5 ster0|g’(€l°°“v‘3§5“1?q Ik Qa’%ﬁg” 53 APR | VO 02/ 46386 PCTI US01/51070 8
delta 6, 7 steroids; 3 keto delta 6, 7 ﬂ’erm ds; or 3 keto delta 1, 2 delta
4, 5 steroids conprising; (a) YLy $f ﬁ@"&ﬁ”’f‘?’hnsfectl ng host cells with
an expression cassette conprising a pronoter operably linked to a nucleic
acid that encodes saidtspreddedt Reope,ahé plekbht BXEHLIGS SlotigesSAmethpT @t &n8 i N sai d
host cellsg; The ioventifla a5 Eeeo;(hs)&a\!ﬁoﬂ%#axia%e&u?esé@&ﬁ&g Jmﬁe%%’?' ng the

protein further conprising te recovering sail protein. Preferably,_
this protein i sStﬁ@’dé?*@ﬂ’ﬂdﬁéesGﬁﬁfr‘éic?é‘ﬁ‘é}“ilo’ﬁlaﬁi‘?&‘ °h F%Wflé@é“mn P e
preferably, thisrovigddradelfenryiiad alpipriyhiondse exdpridgedunigseammdabegoturlen donor

protein, wherei chﬁaﬂrsteﬁé %egt{agsnfrsi@ﬂms aamnedwau&amhedma% &b 84dtEqps to said

protein that can.c r oxyl,at.i.o to delta 4,5
steroi ds; 3 ket ro"etfﬁjac?dd%!nzﬁﬁng g’dcf imtné @er e?ywiesélr%?l‘c'féi o %emé]tmtag’elfsfna 6, 7
steroids: 3or 3 Restipvertion asolcovess rhed] vegtods 208 bost el el npthefl r abkipe t he

el ectron donor mp@tiBdols i)rSteﬁaebﬁGsh@dhé £oV8 vedl@s, GhOL Preth6DPOF1aGitifag: 8¢  human

oxi dor educt ase argqrate & tlynge Qehraceus oxidoreductase. Mre preferably
the el ectron dohor 5 I's Asper anf Us ochraceus oxi doreductase. More
preferably, the nuclelc aC|d encodlng said steroid 11 al pha_hydroxyl ase and
15 said el ectron doréf medieepridee T’éfﬁ“%@ﬁ’é?ﬁ?’é’“@ﬂ’ﬁ?%@?téFPE’&‘E‘é’g’éft es. More
preferably, _ _ththendutl gpkn Belirdylesac ailingeriasis,Omsikies, Gind fidsbonglrgkias hydr oxyl ase

and said gE! ect rt%@requ,o Btel;Jitting evaluation of a broad array of steroid substrates including 3




protein are on the sane expression cassettes. Even nore preferably, the
steroid 11 al pha hydroxylase is Aspergillus ochraceus 11 al pha hydroxyl ase
and said electron donor protein is human oxi doreductase. Even nof& APR 2005
preferably, the steroid 11 20 al pha hydroxylase is Aspergillus ochraceus 11
al pha hydroxyl ase and said el ectron donor protein is Aspergillus ochraceus
oxi doreduct ase. Preferably, the expression cassette is on an expression
vector. Nup@2pésberably, the expression vector is a bac®CHFUSAUSOT0EVENn nore
preferably, the baculovirus is a nucl®ar polyhedrosis virus is selected
fromthe group consisting of Autographa californica nuclear 25 polyhedrosis
virus and Bonbya nori nucl ear pol yhedrosis virus. Mst preferably, the
nucl ear pol yhedrosis virus i s Autographa californjca nucl ear polyhedrosis
virus. Preferabl §eto fghig 4iodyroigsdp et gﬁ"]@ % ieeidys Shsto dglta Nﬁrdéh‘?ﬁ'@ﬁéf%‘%l y, the
insect cells ar@ieel @bt edelfamaribg; ietfelis 6,TStteatidsg keab dHa®ddopiial;a
frugi perda, Trich | i t b hQr ' sexta
or%%ﬁhe?ﬁ N 5 gerta! S’Qtrefo?dsa%sa%&& hdn@ érhglgag% B0 MIRALGE

cells. Most prefera e’ 1 nsect_ce are Sp iera frugiperda cells.
The invention al s&strenforiiesting ipdide {a)sptspepecP) andigstepadiopsi JO £1998%(Bi n wher ei n
t he Aspergij | us @DhIBC ewtSosicheddnpdighef il ety oas €) 6 Seta MlkPerd obde; Y9 2Bhat he human
oxi doreductase is_SEQ | . 4 and the. ergi .ochr us. .

oxi dor educt ase is" é’%“?’@"ﬁg be%. m?ﬁ?%%&%ﬁ??ao%ﬂgysr%%ﬁ §\8%§%§8 5F ®n i sol at ed
and purified pol ¥pespeicse Pravrengs §ghistastons \apd (oh@exrenoge J0Diasepoxy| at i on of
3 keto delta 4, 5pisle£bBitHs clénzd KB LPh4l By drékylhses biRNiObABhts, Butking,endlélsiom 4, 5 delta
6, 7 steroids (3 o1dgl.t eLok 8%} dro ocfi§ | 7 steroids
(3 keto delta 6 %’Itétgltrngit%%o?@%?i tgaq%ge"t@f)a@yégltat%&i, %drd%athg} %] cggsf{ogxrtgf ds (3 a1l13
APR 2005 W8 02/ 4BIFE PEYPE#a4 PBRFT Beta vdeapslicne F elgbercr fets brframletioy bi ds) |
Preferably, the fglaypeptd telrdgesonnotalgat @l beehyidheyldton, eklphbhydbaxyl ati on of

g |kft 06del7t_ at4, %yg;og,r%%q?and%vf&@wmﬁ&u?ﬁ% lglgqe’f;ui@stﬁa_tesZelé&;ﬁrfR}n%% do][ 3 keto

elta 6, steroi ds. e prefer ! r at i se).ected from

the group consi sgi‘"i"ul‘fﬁo‘%ﬁfs;m‘i'g)ﬁ&tﬁﬂggan%%sewf"gsi %etﬁﬁé%é" %gggoékzﬂgéﬁf;@ﬁone; (b) 5

andr ost enedi one 3 kstoldelta Byirrdertigec Meriyprafandbly Shectvaetl Bradpba prdroxylegtopitelit 0 11 al pha

?y;jr oxy algona; vaf)utADB:kids, dandnglEies treedl enedi anept @atdijzeaihphd hydr oxy i\?D;

e) nexrenone tQ ne. 6. : nane to
éqygré%yéﬁlog b&ugg{ggeg)é e:?;%g:f;;og‘{]%ﬁ g'ro;gé fm)nsxgmg%;‘ g(})&&??&% ﬁ

al pha hydroxy > Mexr enone; : xrenone t a hydroxy 9
al pha nexr enondterqifs) 3 hepe 5E & 59k & A sttt o $ Fetafdhrd hydridky 12 beta
mexrenone; (i) 10 delta 12 nexrenone to 11 al pha hydroxy delta 12 nexrenone;
0) testosterone to 17The aivsitian Rycoiidescgn iseloted smd rryriied fuekicprcidgespdizeone to 11

al pha hydroxy puegesteroneceud 1) alpheXyenagne. ot disbpfovidacinonRattdDYA, al pha

hydr oxy e enOQﬁNﬁ,’ g7e§1£),la§a laﬁ%ﬁ&?ﬁﬂ th@%gxe(moding%}geg 21Coc m:%ﬂpllgllsla]gi%t one to .11
al pha hydroxy nexrenone /7, 9-bislactone. More preferably, the hydroxyl ation
i s selected frof{ g7 oliserdRdhe 5P lAld 6pd Peafied PRClggpFbGRE T al pha

hydr oxy canr enoisgQ IPBYO:aadPoddrahe the drktddONAL cBNpIendpdd ax ylelearideost enedi ons;

(c) aldona to 1.alphd shydtox¥e@isanas. and (d) ADD f1.4
andr ost enedi enegi one) to 11 al pha hydroxy ADD. Most preferably the

hydr oxyl ation i's frOmGARLEAMNS bkl dlalRea%MR Y. SAAE EAPNG.mENe | nvent i on
al so provides for an risin ronot er operably

expressi on ssette co a 20

linked to%n i s&%?%gé%dh’ﬁﬁPﬁ i agg’ai?ﬁ‘f:’f”@’i'aée‘gfgf’&“ péﬁvg?fﬂl‘“h‘@“aa‘g‘bm’ﬁepti de that
can cat al yze t hef Asfergiliptvairhseer 13 eipba bydomxybfe, Srdedbgondeditia conpSsingthier oi ds (3
Zetg flel tg 4 Stﬁfdg&x?ﬁ}eé %embg tfeb;ogenflis 2 detdia ;ﬁ,SEszmtﬂogi.dmﬁs% ket o _dgl ;a

elta 6 steri ; eta..delta. te%fq 3 .keto delta.6 steroids);
or 3 keto del tapm‘il:a"gséﬂord'éﬁntéo%ge %r O%fnegfetoflzﬁgm( %?Bé'éélaﬁ Oa]_ypfpté'}élv{%_éf% steroids).
More pref er abl ycompHees SEQPA YA vith ptdeest enesapsereldy FiwpmActdabsiidigd consi sti ng
of . (a) camrenopdypksidid with phaminkhydt esgyercantlessdye, 9%%h Poamrosidenedi one to 11
al pha hydroxy %Q{&%%é@éjﬁpﬁé‘:ﬁ(c) al dona to 11 al pha hydroxy al dona; (d)
ADD (1,4 androstenedi enedione) to 11 al pha hydroxy ADD;, (e) nexrenone to 11
al pha hydroxy mexrenone; (f) 6 beta .nmexrenone to.11 al pha hydroxy 6 beta
mexr enone; (g) 9 al 5’W€§<t?%rf’6ﬁvé£f@”1‘%’?%@ﬁ ﬁ’ﬁ’fﬁgld’%%/aggaﬁ%ﬁ’&gnexrenone;
(h) 12 beta nextseagties ¢ctyaetels 3l ghlm driddrednojesd.2lt abe prvidenandselated; INA), del ta 12
mexrenone to 11.paphae MHE LMY or R defe chéod RSN ochrbdeds xRSkBRE6L ONe to 11

al pha hydgsoxy tPerg er(e)ﬂs)lg,e h% nigd-latstk )andt3 ';)gghee%t ]?JC elrleacgd? w%)]érelaﬁl Ea';jt? nucleic acid




hydr oxy progesterone; (1) nmexrenone 6, 7-bis-lactone to 11 al pha hydroxy
mexrenone 6, 7-bi s-lactone; and (m nexrenone 7,9-bislactone to 11 al pha

hydr oxy 35 nmexrenone 7, 9-bi sl actone. Mre preferably, t he hydr oxyjl RAPR (s s
sel ected fromthe group consisting of. (a) canrenone to 11 al pha hydroxy
canr enoneg; andr ostenedi one to 11 al pha hydroxy androst enedi one; (c)

al dona t 3O /é%SBha 1 3 APR 2005 WD 02/ 46386 PCT/ USO / 51F£F/USPHSHYr oxy

al dona; and (d) ADD (1,4 andr ost enedi enedi one) to 11 al pha hydroxy ADD.
Most preferably the hydroxylation is fromcanrenone to 11 al pha hydroxy
canrenone. The invention al so pr ovi des for an expression cassette conprising
a 5 pronoter operably _|inke 1.0l at RUrd fied.n ic acid
encodi ng Aspergrpefllfelrj%e %c ?eéicfzoerﬁ]s oxl (r}D rli@u%tlggls glepfLg for ]SOI?%?I%ICI eic acid
is SEQ I'D NO  6PNPhgenkppé pllclanh thelesns spirieri i €5QIBNOah expr essi on cassette
conprising a heterol ogous DNA encodi ng an enzyne fromthe netabolic pathway
for the synthesis dahe sivt:®ish grotidestad isejaled pordmniavigeheininsaidiegizgme catal yzes
at |east one 10, ggﬂﬁg%rbﬁ' b8B! EAbEhcfale rﬂm%r&réaypn Lo %trﬂaﬂg)f&f (a)

canrenone to 11° roxy canrenone; (b) androstenedione to 11 al pha
hydr oxy antir ost@?f@‘ﬂl}{?ﬁ‘ég ﬂ(ecb)mmaq efisnegaepce of fspeiefifis opfyerewapidgtetnsirse, (d) ADD
(1, 4 andr ost enegid @rredinop &pin tempking kiphanifyaidoxgten DDA spbreYiubakreasne to 11
al pha hydroxy LRBANS.. blelerdbyhigt BoEAGRIANR e b e drkino ng&uggmxy 6 beta

Mexr enone; al pha nexreno a mexrenone;
(h) 12 beta rrefo’élhﬁ‘rF@qlé?l‘qu Garfpﬁlfapr?y“drwy“ ?dﬁr@r%“ *&ﬂaﬁfé forth @P) delta 12
mexrenone to 11SEs g0y dpwified deiteptidk 2hamxinembhequepde)of hish @spasecne to 11

al pha hydgpxy t@sd 9%@5 YGith amieaitka,e anggeﬁrv@ram m Jui,stﬁl,maaﬁwr OXy
pr ogest er one; ren ne 6, 7-bis-lacto

n dr mexr enone
6, 7-bi s- | act orPéyp%PH "r?e%f‘i“’é%%ﬂ‘?eseq?’e@“eﬁf Ef‘ség?%hgég g(’%ﬂ r%/tlar‘fiﬁaal"’f‘rydr oxy )
mexrenone 7,9 2®enbraét¢a3ﬁQiﬁé\T<aﬁd wherein the heterol ogous DNA i s operably
|l i nked to control sequences required to express the encoded enzynes in a
reconbi nant host. Phefmwénibh yrovile daatodital og QushiddiAcepdril gnediggences in the

expressi on Casse‘?&;luﬁ 1AiQan SENREHRA) Bl%ﬁ’sﬂﬂy‘iiﬂ@yl&foﬂldps E&@&eﬁéh's'}&ro% ¢ he follow ng
genus and_speci es: l.us ochraceus,

il
Aspergi | | s ni g&F, de}&%ﬁér‘egﬂ % aj‘e*ﬁlda]lfﬂ %%sde”??ﬁl z%?fﬁ’g Foreigrdriad 2o’k zopus
stol oni fer, Strseptidwnicketo deitadi Aeteroldadd kdteideltadorddreidsdiom3 kefpsdeli@dbnas
cruciviae, Tri et .h%'teum (3 PSSR 1 Eu&arstasms@xmﬁ%yrmel%%&mu& nofl I hi zus,

pbsidi a coer bl Q. Absh g ol R 61 LOPINCRL 120805, JASReLg blgis 1 avi pes.
Aspergillus fum é’f veria bassiana, Botf

Cal onectri a derﬁ’ﬁlrt“‘a6 7@?&%‘%30%3&%08&1@@73&@@5 Ngse yﬁgﬁﬁﬁ?@r @BEH&WPF}@I a, 30
Cunni nghazeel | a ibkakes| eans gCom ainsighan® [ad ceobiond tatin algbe mgdmghane! | a

el egans, Cur vulcé.rrg@ong-m\a%@mn@rsn\éwr ﬂra]ﬁ,alh (r}@,ryaamd,%rueﬁr@reore%mw adi ci col a,

Epi coccum huni ¢ [ er nus,
Monospor i um ol ﬁé(‘f}éﬁmdr ?lg?"é‘r(g a fISa"E?efolsl thedich T\ﬂﬁé‘f))rw Hﬁ%@'&g’ REcor

gri seocyanus, W}Qat(%et?mmnvéﬂiudmal}admmwﬂ%ﬁ 0P heth msarendPaécll onyces
carneus, 35 Penipgh hyaoaypabdid we3reddhd; ROMYARSE mdrenbile tvaC QlpEa hfiréH@TYCES

cynodvnt | 23 P%&gQ%BﬁJe{mlA@(ﬁ)pm ’bgt§%]%91]29nrngp 1ya§p919 rh?’dr@:[:yyltz BE@SenegREdonium

chrysospermnmu I di'um r ept rryces L%r oscopl cus,
St r ept onyces plﬁ’P Bﬂraalgci’é‘?ﬁ%’“’“ig’ Lipipha by oG tpol2ABEBE ORI BT PS 070 as
Syncephol ast r uril eiebehpsumtesibitemmo gt ylogastephe tof 10 ipbs hildnixg pevgesterdoer r i col @, and

Verticilliumt fms?gllarr&rmes 7@@9&%9%@3@3@@%%&%% &%bia&moms | unat as,
qLeghems | a of Gl Ol Sunond AINSIENL B ll_rxgrOﬁ,raar,}gmfmnrz,ggwgmamé, |paceurn
Gc

Aspergillus ust UsTEUSar i gram nea uf® and Rhi zopus
5 nigricafs. Myreéerw:efféﬁ dbﬂﬁ?xyktthé lgéﬁla‘éedaﬁdms&ecﬁe@ a‘F@S@@I eet@®@d fromthe
group consi St iciigerdhe WIPSPRH Hylmsy @Eﬂ@ﬁcﬁ@ :@b)Sndris@edigheltd 115106 hyaegus,

Asper gi |1 us 1 get,,...A8RS1 b Llis, O 8 mﬂ%ﬁ&% QLY SR 20PUS

stolonifer, Streptonyces fra | ae, aterium eudofmonas
crucivi ae, Tri petrmediensdipnsd df il F"éﬁi’ar ?‘Xﬁm’fyo@ porMeft mAEEBBHuthear r hi zus, and
Monospor i um ol hy@eglabbn Msh crébentall ffpha hydroxy canrenone.

35 The invention also provides a method of expressing a protein that can

catalyze the 11 alpﬁa hydroxylation of 3 keto delta 4,5 steroids; 3 keto delta 4, 5




10 genus and species is Aspergillus ochraceus. Preferably, the reconbi nant
host cell and progeny thereof conprise at |east one expression cassette.
More preferably, the host is a mcroorganism Mst preferably, the host is
a bacterium The invention also provides for a process for maki ny3d®8 14
nore enzynes fromthe netabolic pathway for the transformation of 15 ‘
sitosterol to eplerenone conprising incubating the reconbi nant host cell in
a nutri m under conditions where the one or nmor e, encoded by
t he het§9§|g§gt§ DNA are expressed gnd accunul ate. Nbre H%éré@fy t he
process conprises the steps of. (a) I ncubating the conpound to be oxidized
in the presence the reconbinant host cells under conditions where the
conmpound i s hydroxylated 20 and the hydroxyl ated product accumnul ates, and
(b) recove{ihng :hamfwdgte%wg@tm dem{@dtgcetm]dsl\@sikewd%ftﬂ azbieua4tsmeeamsogejss .
conpri ses e steps of i.ncuba e.oxidi.zed in e
presence of the & %’(%%)c?ﬂﬂég’a’gt?ﬁ%f%gs{ecd?ﬁﬁ"ft G Sw’g\/ﬁer"gefsﬁg sS?r%ound is
hydr oxyl at ed and cinpeising e poxyleatredbiylinkkict a agdeinudidthetencodessdid (Pdteimecoveri ng

t he hydroxyl at edaM@%ﬁkssmyasd briodenh kM LAt &9s. pmvlsvdﬂﬁmfaxas prdvil@%dr a25 cell's
har bori ng an express ﬁ‘? ssette. Nore ]Eref er abl y,ch e !lgressl on..cassette is
Y & 1R o

integrated $nto fR&° SBgEhe gy otgR; TG SPRIETE. EYEFESEY. the
expressi on cassetotedn. | refartkigtiag prdteinnt dsmrpilbrpriessisol ahdethodroxyTse i nventi on

al so provides fofa pehey, o dahssr mwgmmeessa ﬁssmgcan Aedilo i doYorof @ cl oned
11 al pha hydroxyl ase ¢ risi nlg?tt he ste ansform.ng .30 host cells

with an expressi BR:“PePEF SERSFREP §§°% PE‘)Z%? &% °§ alre‘tt'f?ﬁ? CHRESIYE  sai d 11
al pha hydr oxyl asthat ¢dp)catelypr e 31 n’ghasbxddomlit.mrattfﬁﬁatwm 8Ryteadds; B hetgai d host
cellI's; (c)io Prepaitaads &ubeel il s FRORNHABET ddraied; bNstoldewan, sakih £6l | s, (d)
i ncubatl ng said sulace B.ular, n%gbe e%rgn d(rm%gtl g@lg with a sterpid substrate,
and (e) m)nltorlng con verS|y’ Strate to 11§ ™ a al pha
hydroxy steroid ©atfipercpippas %d%déTtéSFa?ﬂFy"sp‘E'ﬁ@“‘f e Eases %’S?Fﬁ‘i"ic?é%‘s

t ransf or m ng hosMore@tdfesabiy thélel@roredopsrasSein is Asetdilhss ocimurelseixidoradictisd. hat encodes

an oxi dor educt asgy, 3G AP URSIEBE 2SR EHody s%rs@.guﬁtlﬁasm xpyam';@asq st cells.
More preferably, thé oxi oredgct ase i s human or ﬁgeg I¥I Pﬁg?f%’ APR 2005 WO

02/ 46386 PETI USORISAT7H “FF Po%ht FE80EY s"t’“”ﬁ?sé"f“é?s

human oxi dor educ@aa@lelmtencomw@rstfmwl%%aéxﬁrmﬂmﬁaéeleqt@nAsager gillus

ochraceus oxi dorﬁdﬂdﬁtam theldafle bxpHeRSdnl O etBds S ByvdaMmidYd ;dasramprtheast@&@uﬂl n havi ng

SEQ TP NO 2 anCpianhanh magwfggfu b3 cfihe LEARY2A LAFRLEGA L0 SEQ 1D
the 5 1 of 3 K '1?

NO. 2 and catal yze r oxy
steroids; 3 ket dload| prgein is éma@ Woaﬂduc}’@%t‘féﬁ'bmse Pf§e%@fothléﬁefﬂeé 61 7
steroids; mr 3 kajha Wdbtytesdis Aeddlus achdpcers 13 blphOhydisoxylude @ndiaii el@@brd

hydroxyl ation i s;s&l£&Lig6 A @gnzztsaehrgcremlmma%y ﬂgfegfm (R e ﬁmgmone to 11
al pha hydroxy canrenone;

% E ﬁdl one, tgl ’H’g

andr ost enedi one: T} BISRSE *ir?)ss‘i’ivec Bha Ry dreRyat 88 eSS‘t’tﬁ/ °*;8bt5a( 1,4 10

andr ost enedi enedqaeﬁ‘e')mq Evemege pﬁ&”’r‘i’?dﬁhekyuhws ls(ﬁayqum%'h‘@n@swwual al pha
hydr oxy nexrenong;seleftpd Groaetime mEoch erRNLink0ofl Lunkppa RyKft-axy fuckat a

Toxt enoneig, (9) oy Blhg vm%{;nﬁ%gns‘yx%n%c@r%@hmgrsws Ml phg-gxr enone;  (h)

12 beta nexrendn ‘X t'a_pmexrenone; elta 12
mexrenone to 11 thaPPRET H’?H]Peﬂi?ifs Cﬁé?st‘as "2“’%‘@‘5@1“e‘r‘i8’?‘i’é’“"(§)"°¥@s’f° %@?S&ne to 11

al pha hydroxy 15itugstrefstablyothehostirells {1k jnspit ogles Mereamdertldy, e iatepthrallshy dr oxy

progest erone. Prgf &l Yom RK&%&B%M&%@tu@O‘Q%pmpze&q&@p%e Trhsaplﬁmbﬁt a
hydr oxyl ati on of steroj ds gel ta 6, 7

4
steroids: or 3 ke?{véraa;ml %ag}%réuca,?anlsi anduca Sex a.]_(ha]] 3Mos?;ﬁreferagiy t?eol\!}:i*e an i sol at ed
and puri fi%d nu@reeﬁ@d@éqrﬂﬁ'émedﬂﬁ %l afhe TBYERYRealEhRIPYiden ? Terat alra*}xzcboft he 11 al pha
hydr oxyl ati on oOfex@Bedsiat @ pal@bib ahéreid t5d Bip@igtits (SirdLuskBt=aphd elydraxyfbssiser oi ds); 3
keto delta 4, 5dglhad %Lﬁm%eﬁmig@tsos 10 Rods; 45 th@,@ roids); 3
keto delta 6, YSgﬁeé)gf 2%’ “del 65te?$c©)|d)4 4 e}EeBéidgltal 2
delta 4, 5 ster ﬁ?hd‘écel(s:?x‘ﬁ‘éf@“téf"éf‘stsfczl (Naqlsa 4 steroids) wher ein the
hydroxyl ation is selected fromthe group consisting of: (a) canrenone to 11
al pha hydroxy canr enBrepvenfdy)alsamdvigst eneulisoated tod hirifiad pélepebhidd rtioat y
andr ost enggli one ., &a1y3d @l@nﬂayﬁ}g ’Eémﬂha@@ﬁof?ﬁke%’&ﬁt% sfofHR ttetd i DD (1, 4

d d d . 11 al ph
oot ench ened 018 e £ A, O 0o LSRR g - 11 o one

delta 6, 7 steroids (3 keto delta 6 steroids); or 3 keto delta 1, 2 delta 4, 5 steroids (3

B’r eductase is.



hydroxy 6 beta nexrenone; (g) 9 al pha nexrenone to 11 al pha hydroxy 9 al pha
mexrenone; (h) 12 beta nmexrenone to 11 al pha hydroxy 12 beta nexrﬁgqﬂgqmgi)
delta 12 nmexrenone to 11 al pha hydroxy delta 12 nexrenone; 0) testosterone
to 11 30 al pha hydroxy testosterone; and (k) progesterone to 11 al pha

hydr oxy gfro esterone. Preferably the enzyne does not catalyze the 35 beta
hydr oxyl X H3%s 3 keto delta 4,5 sjeroids; 3 keto del tHEYUSHSYN 15 6, 7
steroids; or 3 keto delta 6, 7 sterdids. The invention also provides for a
purified pol ypeptide, the amino acid 35 sequence of which is selected from
the group consisting of SEQID NO 23, SEQID NG 24, SEQID NO 25. 1 3
APR 2005 VO 02/ 46388 At0onl fererdtly, INEoBYENAL bADRAIAM AR, 07 2
purified i nmunogeni c_pol ypepti de, t he am no ‘acid sequence of which
conprises at | egstﬁ by@prvegersd Sdetovielts b5 itergids Sdrtodel 4. b dra 6: Tateroidse | nventi on
provi des for anoj sgétatiach @ndtepdidsi Meeélpraatablppuly hiawiyngormis sBeddidfehong N
specificity for ;11 al pha hydroxyl.a havi 1 i equence as shpwn
in SEQ I D NO 2.th eP?Teo?lgrccé'g]sén% g?e( @n?%%%%’f %?%gg]p'?%nhg%ﬁggt%rﬁmgeégp)on sel e?? ed
fromthe gfoup ewheiepediony 611 (Aphatiydroy eetpitsmadionsnicheldens Wsll1alpi® of SEQ I D
NO. OI2; (b) thenlass aﬂd@raa@fd) QDm(nﬁlmngﬂeﬂéﬂieanidﬁ)tﬁfll SER mydlarmnﬂ;; X c) am;jno
acids SEQID NO_ 23; amn ci.ds SEQ | ) 24: _an e 1 no aci ds SEQ
"D NG 26, 10 PRSFERESIS T AEA MRS TE ) PIoes R e s P ol
wherein sai d peprdrg@ § keta meyreeres &) O Bphatprarageesup 1& 6lw8¢ dydrerg %7pha( a) t he
N-term nal am ngegeidls @) IDbedf mSEQont B NQiIpkd; hydhky 19 @eth aschreddheGit €r m nal

SEQ I D NOT24; Bad At %%%P&S“%E%:?‘%‘ﬂﬂ%me%%*%?”%%%?‘)m%ﬁ%ﬁ on Ao
provides for a Pk dEey irstosanss fiercessiserne i HgTphe peirow afreestra@ed® which i s

sel ect ed from t hexrgiooeIf7-disiksiosd forlg alpha HHQx) Bedehon 6,7-biFetoneusditlon al so )
Wi ch conpri ses at l bac? ILHBRR i ufis RR) nb el fe B, e e e
i nvention al so b’rﬁ%(fibgeélt“f g’?gg‘ﬁgg%’bl‘satsgff?egn “Bur'f raEH &Rt Ftﬂ“ﬁdypﬁ%vi ng a

bi ndi ng speci f i cintepordfede 1Yalphalhpdrerylegiterons (o sedristepedigpe dnllginbabydaey d sequence
as shown in SEQaldeMFonB. (PerbRr abhy ahbhe ribhbedynabiapdsat spa @uot ei n regi on
of SEQ 1D No 6 BRI Rt Bl Ml S BB IBTE R0 Yo
and (c) anino aBTEEYIZinDivkon Eriene Gl A BYPPEFEFEEPY, the antibody is
purified on a peptide colum, Ns\/\he;ogidn rsai d peptide is selected fromthe
group consi sting of Th¢dpveptiea Nsq @roviderafor oami prpresaey epsselte 19wpfsil8E® | D NO.  6;
(b) the |ast 10pmétar biendly Miked1to afiidhtcdlan@GQriEdd Maeic £ja adtslidgcd ani no aci ds
SEQ 1D NO 26, TRy enhi o ALSL BLAY 488 Ll SRTWISLL ACRRPT I Si ng an

anti body 30 descyf_f%'ed above 1 n”an ective carrier, Icle, 'or auxiliary
agent. It al so Predi ddstordt ‘Fteeipddietidsi? 89t ST Agrodsfhketnfelint i body and a
sol ution. The adulta bedywidyny kethdelm 6pDktyolde (Betetoatalta ® ctempids)T bred ket debody nay al so
be a rm][l]?_cl _otnal 1,@[@e§tpqg_¥i?ﬁte1$@ (3a(t@¢oida@ad?( daRY 4 RBr RN M?ﬁtﬁae,;9¥,qn% e

i Mmunoa ity ri-X. e.inyention also .provides for of using an
i m‘run‘oaff#ﬁnt y nd rr°f”5gg(tf°3 ’Spﬁe}eldf%gglmﬁ% %/T‘)pué’pctofs(]fgm%gl’ g’ff)ar'r’feém eﬁ(‘)’lqgﬁp’g‘él fluid or )
cell lysate. Prigferatngeneire®) wadipssadiions toyllpiitbe bxdrpy apdastapliopg@h WO 02/ 46386
PCTI USQJ/ 51070 aldofta SEPHARESEydddBy aMoti£ (Praafrer@blaydrbiencameteansk) @b 11Si ng an

i munoaf finity My Xrox Uy §¥rého epti.o ArePlQ @ fluid or
cell lysate useigﬁltéEﬂ HA QII%BZQ Inxsgnaﬂpzt&/m%uﬁggf ﬁyl(:g%i;%?r ?é(g ((l‘\%/gdr g&‘l‘ referably,

the method of UBPHFOUN® i AREHBEF AP (O HeP FTSE%’ mEEBI Pt i de from a
bi ol ogi ca30 f | uiaphemhydretyl © 4ipteatearenors; il RsbeBER:AROBE 4Balaka ydraxyinoaf finity
matri x. The i NVRAtL&RNEISE ROV H8Sedod tod1 BRLNRG QY sl Hn@rpeRt | de col um
to (j) testosterone to 11 alpha hydroxy testosterone; (k) proéesterone to 11 alpha
hydroxy progesterone; (I) mexrenone 6,7-bis-lactone to 11 alpha hydfoxy
mexrenone 6,7-bis-lactone; and (m) mexrenone 7,9-bislactone to 11 alpha hydroxy
35 mexrenone 7,9-bislactone. More preferably, the hydroxylation is selected from the
group consisting of (a) canrenone to 11 a]p'ha hydroxy canrenone; (b)

androstenedione to 11 alpha hydroxy androstenedione; (c) aldona to 11 alpha




purify an antibody, wherein said peptide is selected fromthe group
consisting of (a) the Ntermnal amno acids 1-10 of SEQID NGO 2; (b) the
last 10 CGtermnal amno acids of SEQID NO 2; (c) amino acids %Ap;gémp
23; (d) amno acids SEQ 10 ID NO 24; and (e) amno acids SEQ ID

The invention al so provides for a net hod of using a peptide colum to
purify an anti body, wherein said peptide is selected fromthe group

consi sti n@oQb/acdsg) the N-terminal amino acids 1-10 of SERchkRsNEiof (b) the
|last 10 C-terminal amno acids of SEQ) ID NO 6; and (c) am no acids SEQ I D
NO 26. 15 The invention also provides for a nethod of detecting a first
pol ypeptide in a biological fluid, wherein said first polypeptide is
selected fromthe, group consisting of 11 al pha hydroxyl ase and

oxi dor educt ase, BRRRY aBbmg @) DDl qug Iigdrosﬁineﬁ&edn{nﬁ) toC Nl bydgpxgai d f1 uid

wi th a second po eR}OSt Téfera g}yl e%yéroblkgl%xll 0%, Srggr%n neca) t_lyalpgao %ﬁfxﬁpfl rst

pol ypepti de, and ayln the presence o sai d secon eptide to
determ ne the IeV@Wﬂ@F said first polypeptide. Preferably, the second

pol ypeptide is an anti body. Mdre preferably, the second pol ypeptide is
radi ol abel ed. The i nvBatiinentionl 8@ providesd®s =hoexp@sspnoeesse feamprfsfogdaici ng an

| sotated nupl ef oo aGLALSORR i3 %o MPLbS 108 Rl R ocly oM C DNA 11
GXSSC and 65C a I.sol'at 1 ng the nucleic acid detected Wt SEQ D NO 1.

The invention al $8“28ufregiHe@dpsiuciie i SEratethe DRI TR BAY ®pr epar ed
according to this process. The invention also provides for "an isol ated

nucl ei ¢ acid that sp&bé fiivertionyalsohyteridesi foe on upipkessionj qgbpeife somiirispert condi ti ons
to the conpl enemete@JlogBJl;eDﬁﬁCbld&ﬁﬁ:@ &CtnzyhOHLR 8 rERokpd¥edvaylior TRE | Nvention

al so provides fo r roduci solate nucl 30 conpri sing
hybri di zi ng SEQ 5 gﬁ%g E‘fo'semﬁ e me. Qge 3(% %‘%Z(P)s aﬂamsoﬁ ating the

nucl ei ¢ aci®d detereByn fflected QEEQ“}EBTN@CO’E‘S““F% @) Fﬁ?éﬂ‘tt"iedhna?]g‘ti‘ hydrePi des  for an
i sol at ed DNA nuch@ietngch)dndbsstpadied tatTOpdihpdioty@ndbiteepinge @58dond0 02/ 46386 15

1 3 APR 1005 PGIQ&Q&&&QZ]Q@IH&)W Qf‘i mlﬂ)s@lxeignﬁfogy)'tgﬁsal%}grh @by Sol at ed
nucl ei c acid that s?%\m fical l&’y aég/ I zes under ri ngent condi tions
to the conpl enerft Hi® f5EeRag fetc }?éiy TP PR @Ebgﬁtbgﬁﬁen"ge °fHe i nventi on
al so provi des f citrha hPia&ycOrett mersenophi@HP dbitaensretdre to B elepr bsksppd of a 11

al pha hydrgxyl asghgeRerenat; mak Bek exRXHk eSBetbhh ByBoxgak betWhRfesal,d DNA
construct is i n%‘? %lt%q2 me)uenonpgooﬁnﬁ%n%aﬁzrgx elg':lf12tme(r:’c‘rezqc§:\|e ()] tes@ostero% construct

conprising: (a) argeting sequence atory 'sequence; and (c)
the structural dén‘épl?ao}‘ydé°’%t‘é§“tﬁed°“fl aP’HWF’GRS/It‘as‘é alpbte BYHYRNt i on al SO
provi des for a ph@gsteroe] () rearivoe 6,ngisiidtiose ONAalplprtgtirosCihexrd@nelBbis-nvent i on

ﬁ' 30 pr|0V' des f Qfetofle; DN (G PRSE &S 7s\leisﬁaonaltt,qmpmﬁydr%%mbﬂzm.@f a ltl al fha
Yy roxy as gen nor ma I.ess construc

is insert ezg i nt g’m{g‘ﬁtf"ﬁanﬁ%d Hgﬁré/f)l\'lﬁgé‘fetefaﬁ’é" re]? I?A ’Sséfeaav%NR“ke(?otﬁs??tﬁ%t

conprising: (a) seputrpsgesatireg ioewpprepic e ¢rigydedy epgygged it eripeordipaeinkest. and (c)

t he structural aﬂl}ome BetbroBfoR DNAXbAEY R6Uécieamahe Sipeestitty QRkitOReal SO

provides for a SQQ?JA ﬁ%ﬁ the Q"o"\fé) Q3 s@ig Bﬂbéfo%gltg%ﬁs (TRI Qﬁeme{’%ﬁpgl L&Q al'so

priovi des for use o orlng a clone ydr oxyl ase for
t he manuf act ur eoﬁ’facﬁ‘srf%’ﬂﬁ’%fﬁ‘ff‘é’ﬂt’“ﬂe’d?A%”Fféﬁl DR i e |”t"’é‘il‘i"(“Jrlli ZpR¥treat heart
di sease, i2af | ameatdepnRhimpashrsidonier, ofirpamees . fraddie, | Bydhisi oms@drda, pr ovi des for

8 g 0 ggos ; tL ion C@&p&ans,h&}gcrwm &hgugle%éviﬁuzmﬁzﬂs@mbxy@@%g 8] ag 525250 .
g corns a oeru 2 C om ega. sper; g
6 4/? g Afgzlil d A% dzg %ﬁl § égL?; ? n%,l pe. lgh ub

gl ucose, and 0. erone,
conposition is GRSk é@&'gﬂf‘s fﬁ"b’ﬁ?‘&boﬁf“"‘ﬂ?a Z@G"WL 3?67/0&@’%'3" 011"1‘52‘5 g/ L
cornsteep |iquonedrid5 @pdra,Kl Brd2dmilon 1 2bcigibdes,NaChryndspot@5 @ésticolyl ucose, and

0.08-2 g/ by Progestohons, &tkeé&eeﬁnﬁ éunn'}@zsnema ezc%azmu{  ClfeHMIBPST Lion i s
conprised of from 25 about nol asses 5-10 g/ L carnsteep liquid,

2.5-10 g/ L KH2PerEeas, %"’Béamgflev%&cgu”’ilz"% ity CIGPIPEBREE radifrol: 2-0. 8 gl L
progest erone, pEpicdmb. Bumiblbst Gopeehdleabbyletihe Hgompesi tahomwseonpy | ses about
50 g/ L ol assestﬁ;s;gJLilrngfi&%&zgz,ep ]&Joirtgzwllg’ isabellina, Mucor mucedo, Mucor
griseocyanus, Myrothecium verrucaria, Nocardia corallina, Poecilomyces carneus,
35 Penicillum  patulum, Pithomyces atroolivaceus, Pithomyces cynodontis,
Pycnosporium sp., Saccharopolyspora erythrae, Sepedonium chrysospermum,

Stachylidium bicolor, Streptomyces hygroscopicus, Streptomyces purpurascens,



5 ¢g/L KI3, PO 25 g/L NaCl, 25 g/L glucose, 20 g/L agar, and 0.4 g/L
progesterone, pH 5.8. 30 The invention also provides for a sems1 0
formul ati on of any of the conpositions described above, further %2% ng
from about 4-100 g/L agar. Preferably the agar is at a concentratl on of
from about 10 40 g/ L agar. More preferably, the agar is ut 20 g/ L agar.
13 APR 2008°M6*¥2/ 46386 PCT(USOI/51070 16°5 The Inventl%(ﬁT/ﬁff;Oé/é]'%POVI des for
the use of any of the conpositions ddscribe above to produce spores from
.the mcroorgani smselected fromthe group consisting of Aspergillus
ochraceus, Aspergillus niger, Aspergillus nidulans, Rhizopus oryzae,

Rhi zopus st ol onid gsna@ghd rr&&:b&hhe%&};mo&?ﬁﬁ%zfofn%s@'Hetdmz QJM&!?:OEHH“ Rhi zopus
arrhi zus, Monosporium ol ivaceum inl cillum ogenu g sidia

coerul a.  Pref erZBe{fnn nheotsmgs s CEgirodun s ey ‘f‘ﬁ’ rS‘EfGlé"@"lgsp Pt r om

Asper gi | | us ochridgkausgile Defchidist | Giaghebitn f Qtalogpwra)g Mc&o@orimnst olpnceatppr evi ati ons
and the corr esp%ﬁeyﬁﬂtsrm@lﬁ%m gra%&qramt@;tﬁmgﬁpém b&d ﬁthb&C‘_lo 11 al pha

hydr oxycanr enone =711 alp hydr oxy- 4- andr ost ene- 3 di one

356. 46) AcRPV = "Ei¥gr é&ﬁaw&rﬁ%m BB RRE] seefies 35 'gfifé*ﬁﬁi églrléhwms a rrerrber
of the Bacul ovictrisdagg bAdtdextilbk dchreet, Niptrgdes oéﬂazceusanﬁpﬁﬂzeneghrpne or
4-androst ene- 3, :k%p %zﬂﬂ%&%ng ﬁh@lopm&é)ﬁ@p s ;lt'élo J(egjaéy ces ]‘?Meenone AMp =

arrp|C|II|n attTn attachnent site pre eren S|te’for Tn7
insertion into Bﬁ%{@‘tse’f‘fgéfe”iﬁ’ﬁ’rW@%)mﬁé’t"m E’ tchoth @Eﬁhb‘isﬁ‘ght UEETH ovi r us
shuttl e vector iogehoaingdRiizopm &rhingl| and RonoBlotiom g@ibaceunhaMogesreft:@bly,

i ndol yl - p-4- gaD%%;ug%&%e&pmm%@usggbg&&) Cam = chl or arrphenl col CcDNA =
conpl ement ary = N, NLdi et hyl f ormam de 25 ds = doubl e- stranded

ﬁ%re{:»e(;Ogeog{)pregg)r(lyzﬁ)é{ﬁrea%q%rewn%é}a%{tbh&%gg?qg’ pmgﬁ?c%%rﬁ‘g % eai%‘gﬁ g = gran( s)
Gen = gent ani ci ARG EFPHENT @stititra ek Prdr dti dhealest fiIPp @igogigagimp Moftor mance

I i qui d chr omat ogfesspdbly, tHeyhddt Gxa/Baterien.O Mehe Inviiitioa laJ3h grovidés fdrla process for
bet a- hydr oxycan &%Qg&e of BIQenzyinS%@ﬂYlmeﬂb n%ﬁh@%@cﬁé LRNFLANGS) gde Kan =

kananmyci n 35 kb = Ki gobaﬁ gm%% 1000. bas s) .3 APR 1005 WO
02/ 46386 PETI USBHFETH 70 P c"ml??éi“ﬁy ing the freep Uil 8 2L =
milliliter(s) nwrientmedivmmatdearcomlitiphs wherg ]hlelomramrd\dmms mrreded iy thltnagnetl c

resonance OXr Fetorsloglal ®NUCIraSEHr&ER md RAuHIREA SR ore Bad i1 Bl grbks
comprises the steps of: (2) incubating the compound to be oxidized in the presence
the recombinant host cells undér conditions where the compound is hydroxylated
20 and the hydroxylated product accumulates, and (b) recovering the hydroxylated
product. Most preferably, the process comprises the steps of: (a) incubating the
compound to be oxidized in the presence of the enzymes produced under conditions
whefe the compound is hydroxzylated and the hydroxylated product accumulates,
and (b) recovering the hydroxylated product. The invention also provides for a host
25 cells harboring an expression cassette. More preferably the expression cassette is )
integrated into the chromosome of said host cell. More preferably, the expression

cassette is integrated into an expression vector.

The invention also provides for a method of determining the specific

activity of a cloned 11 alpha hydroxylase comprising the steps of; (a) transforming

30 host cells with an expression vector comprising a nucleic acid that encodes said 11
alpha hydroxylase, (b) expressing said 11 alpha hydroxylase in said host cells; (c)
preparing subcellular membrane fractions from said cells, (d) incubating said
subcellular membrane fractions with a steroid substrate, and (e) monitoring
conversion of the steroid substrate to its 11 alpha hydroxy steroid counterpart.

35 Preferably, the further comprises transforming host cells with an expression vector
nucleic acid that encodes an oxidoreductase, and expressing said oxidoreductase in

said host cells. More preferably, the oxidoreductase is human or Aspergillus



r = resistant or resistance 10 RP-11PLC = reverse phase hi gh performance

| i quid chromat ography RT = roomtenperature RT-PCR = reverse tr rgs&lgiﬁt ase
pol ymerase chain reaction s = sensitive SDS-PAGE = sodi um dodec?l i 0 e
pol yacryl am de gel el ectrophoresis 15 SpclStr = spectinonycin/streptonycin
Tat = tetracycline Tn = transposon is = tenperature-sensitive U = units 20
ug or g = Al anm(s) ul or pl= mcroliter(s) X-gal =

5- br ono- S}Y%ﬁxﬁgggl ndol yl - o- D-gal act opyr anosi de X-gl uc - PCTUS01/52070

5- br ono- 3- chl oro-i ndol yl - p- D- gl vcopyranosi de The following is a list
definitions of various ternms used herein: 25 The species "Aspergillus
ochraccus NRRL 405" neans the filanentous fungus Aspergillus ochraceus NRRL
405, accessi on 1Dl 300t AR A0 G LA 0 GuATP blifALINAC 4 LUT S

Col I ection (ATCC). A ochraceus nd A ochraceus ATCC 18500 are
the sanme strain Prﬁf%l?balVEhjt&é‘é”&ﬁ“ﬁ?@r‘%‘?ﬁf’?’?lll”’r‘}‘i’éf"feé??ﬁd”’éﬁ‘?cFﬁﬁe aci d(s)" neans all
naturally occurring Lam no acids, sO including norleucine, norvaline,
honocyst ei ne, and or fib¢ hivegion Hire rrevides "Tatey erveimabavingnBE@ IDt K&t 2 b nucl ei ¢
aci d nol ecul es %ﬁgﬁmfegnfth;t@e z§te}££§t ﬁ%mt@@too!sm@embmly&qnpﬂ se

di fferent nucleoti uences. a nucleic acid

nol ecul e wose s@ ﬁé‘é °’é"lat’§‘f‘18W 5?“’ t‘dﬁ]éi’n"? ﬁté"”?i&ragléet“’ g&ﬂ"déﬁ’ﬁ 12 el nucl ei ¢
acid nol ecul e arvdarch@vﬁ hgo tidile 6 @etatolds;al 3 kdto SeliARR2 2005, T\ BHREABRBM

PCTI US03/ 51070 (13 hm%xyséemt,samek@& 62T g,m&ns,%g b Q) etaltd @ honol ogue
of at |east 10 Cp[]l 9‘?"% nucleotlg @g A t arget__or i dent |f|ed nucl ei ¢
acid nol ecul e. PR “FUEPBR pPot BOMterEhs B pHot¥R FPPagnent
t hereof that conpriteediomndclorldemr & dddilphaohalroxpegtinde (DegPBns@ot deri ved
L rom t hat gor ot eiandrgsmed;a&ama Rb qbealphga@a@x;ampagwtmema&neiﬁ 4t mbﬂazed to
etermne an attribute re S sence, | ocation,
correl ation, etté) ‘?’ngmexmno’fe afityaa mgﬁ’?”gnﬂg 1£3 ﬁﬂ, @l%eta me’d m. The term
"promoter” is uded Flﬁh%lﬁeéfﬁ??&ﬁﬁ v a@@ﬁé’éd’f’ﬁ’ ? efrbp "E%’%“H@ “‘P éalhe*&t ory

sequence(s) thatmee@fine dd 1NEPIA HyBOLHITE bebimexGuade; edliene esxredvaé thdd 10 RNA
pol ynerase bi ndi g, si;k&sy &M‘%@CQEﬁenoﬁéC@) T0G:tL: 85 Mo Qﬁoﬁﬁﬁa hwr@gnﬁnt " neans
a peptide or poly E’ gtl de (gg‘gecu e ﬁl gm grtoam d se nce. conpri ses a
subset of Phe afi*lEe"sey & ﬁré’ﬁecfgm(??f 13 fiqtipha B BB n‘f e‘Frﬁﬁemf"é‘conbl nant "
means any agent tieengme dBRAot plalykd We 15 T@tachY)iroxxlﬁm off gketo dpBa HF stereideil t s from

however i ndirechlyte ddH4APAdNR B, TRt Adst 13 k@tfodéltam,lﬁl;t@;ioﬁs.aCi d nolecule. 20 The
term"sel ectabl e or screenabl e marker genes" neans genes whose expression

can be detected by mrmglﬁ%ralﬁpgxl%olgtfed moeﬁmﬁfethmogmdseﬁko@&glaﬁg f or

transforned cell The ter a t he binding of an
anti ;ody or pef)’és”m% ?rpa]&?ﬁ% p% (lk:"’(‘%"xlyfﬁﬁ“b"f gg% gﬁgat%tes'“’ﬁ?’gs l?\lnceI 019 ,

non-rel at €8 nol é@mﬁé@ 4 §F¢Teld1>»e? knw'éeé#eél § ﬂ?lfalﬁl» ¥ stayoisie i(Hket¢ dgdta 4pdeim€ t hat t wo
nucl ei ¢ aci d nNDLeGILES ketd a0 Ik @d:0B k&0 IdEtE) staididBNbr 3 RS ddidaal 2

doubl e- st randed, i) 81, 481 AL LGl i JJ@%&&W;&MQ&L@J@ iopGQITP! ement *

rreans that a nUCT el C acl sequence shar es | east Sequence i denti ty
With the conpl efféfied Tﬂ@“etg@f“l’rfm%’fﬂﬁfﬁm fearer e SyHernbe byE sanzenspfe | ei ¢ aci d
fr agnent whi ch () androstenedione to 11 alpha hydroxy androstenedione; (c) aldona to 11 alpha

25 hydroxy aldona; (d) ADD (1,4 androstenedienedione) to 11 alpha hydroxy ADD; (e)
mexrenone to.11 alpha hydroxy mexrenone; (f) 6 beta mexrenone to 11 alpha
hydroxy 6 beta mexrenone; (g) 9 alpha mexrenone to 11 alpha hydroxy 9 alpha
mexrenope; (h) 12 beta mexrenone to 11 alpha hydroxy 12 beta mexrenone; (i)
delta 12 mexrenone to 11 alpha hydroxy delta 12 mexrenone; (j) testosterone to 11

30 alpha hydroxy testosterone; and (k) progesterone to 11 alpha hydroxy
progesterone. Preferal;ly the enzyme does not catalyze the 15 beta hydroxylation
of 3 keto delta 4,5 steroids; 3 keto delta 4, 5 delta 6, 7 steroids; or 8 keto delta 6, 7

steroids.

The invention also provides for a purified polypeptide, the amino acid
35 sequence of which is selected from the group consisting of SEQ ID NO: 23, SEQ ID
NO: 24, SEQ ID NO: 25.



conprises at |least 100 nucl eotides. The term "substantial honol ogj[J Aﬁﬁﬂﬁs
that a nucleic acid nolecule shares at |east 80% sequence identi 3 t
another. 1 3 APR 2005 WD 02/ 46386 PCTI USOL/ 51070 19 The term "substantially
hybridi zi ng" means that two nucleic acid nolecules can form an
ant i - par 8¢ 6s63880ubl e- st randed nucl ei ¢ aci d structure ungerusnangbi ons
(e.g., salt and tenperature) that peramt hybridization of sequences that
exhibit 90% sequence identity or greater with each other and exhibit this
identity for at 5 |east about a contiguous 50 nucleotides of the nucleic
acid nol ecules. The term "substanti al | y-.gur_i fied" neans that one or nore
nol ecul es that are dke Rusptiperrpyiees dta Rupbed imaenrespir polpertiferthnynip? epar at i on
cont ai ni ng the tzaaGeduenddof it @mpvidet atlaseteh e@BecttBIDsRIdesaf SEQUDITIRE | N
concentration. e followwng is a list of steroids, corresponding terns, and
their 10 structures, as used interchangeably herein: #NanmeCA | ndexQ her
NanmesFor m Nane: ul a 1Epl er enonePregn-4-Spiro[9, 11- C24 ene-7, 21- epoxy- 9H H30
di:arb.,,.,a: ,ip__cThe fnvenjion provides fpr anipaisdopns. rysibed antibodyzhaying o' ( 3N) -
epoxy- 17- 5f ur anjndirer @etificidy for 1y ArpbxX \hy Frogd@e Radie- anDathing adld sdhéag BOXyl i ¢ aci d
| act one, deriv.;, COP H Y039 08 3 el antifRl BL&NONE oteRGerion c1led | @ 1766110

'sh S 3! t t 1
a)- (90) 2A dadi’éne: Pr ggna- 1?36 17§r-agfr§e nag-_lo %-_022. Brotetd fegion sleite
Canr enonedi ene- ﬁmdi}’éﬁré‘-’PZTPSlSI‘QB°f(f%?rtb"c)§$‘fr}’“&?5?”6‘6‘3<§ﬂdﬁ & 196 FUB N 2Y, 17-
17-hydroxy-3-  lipdheleyt- B-C-@xging] ayidogeetio HESEQRONO: 2t Glihp ad@, SERAD) ; | act one,
Spiro[1713-  (1%@).-%8YQ) MREPLALLEHYIED NO: 24; and (¢) amino acids SEQ ID NO: 25.

10 Preferably the antibody is purified on a peptide column, wherein said peptide is

selected from the group consisting of: (a) the N-terminal amino acids 1-10 of SEQ

ID NO: 2; (b) the last 10 C-terminal amino acids of SEQ ID NO: 2; (c) amino acids

SEQ ID NO: 23; (d) amino acids SEQ ID NO: 24; and (e) amino acids SEQ ID NO:

25.

15 The invention also provides for a purified polypeptide, the amino acid

sequence of which is selected from the group consisting of SEQ ID NO: 26.

The invention also provides for a purified immunogenic polypeptide, the

amino acid sequence of which comprises at least ten consecutive residues of SEQ

ID NO: 6.

20 The invention also provides for an isolated and purified antibody having a
binding specificity for 11 alpha hydroxylase having an amino acid sequence as
shown in SEQ ID NO: 6. Preferably the antibody binds to a protein region selected
from the group consisting of (a) the N-terminal amino acids 1-10 of SEQ ID NO: 6;
(b) the last 10 C-terminal amino acids of SEQ ID NO: 6; and (c) amino acids SEQ

25 ID NO: 26. More preferably, the antibody is purified on a peptide column, wherein
said peptide is selected from the group consisting of: (a) the N-terminal amino
acids 1-10 of SEQ ID NO: 6; (b) the last 10 C-terminal amino acids of SEQ ID NO:
6; and (c) amino acids SEQ ID NO: 26.

"The invention also provides for a composition comprising an antibody

30 described above in an effective carrier, vehicle, or auxiliary agent. It also provides
for a composition comprising such an antibody and a solution. The antibody may

be a polyclonal antibody. The antibody may also be a monoclonal antibody. The
antibody may be conjugated to an immunoaffinity matrix. The invention also
provides for a method of using an immunoaffinity matrix to purify a polypeptide

35 from a biological fluid or cell lysate. Preferably the immunoaffinity matrix is



(9C1) nant hrene- 17,2' (5 H- furan], pregna- 4, 6-diene-21- carboxylic acid
deriv.; 11614 R P.; 17k- Hydroxy-3- oxopregna-4,6- diene-21- carboxylic
acid; 20-Spiroxa-4,6- diene-3,21- dione; Structure WO 02/4638% %& 0

Al dadi ene; Canrenone; Phanurane; SC 9376; Spirol actone SC 14268 RI00
3Hot - Pregna- 4, 6-11 a- C22 Hydr oxycaur di ene- 21- Hydr oxycanr eno1328

enonecar bg, L1&9e04 acid, 11, 17- di hydroxy- 3-o0xo0-, Y- (I
Ia,17a)-b\?%%§&§Aldona et hyl Pregna-4,§- Spi ro[ 1713- C24 eng?ﬁb@&ﬁnww
et herdi ene- 21- cycl opent a( a] pheH34 car boxyl i cnant hrene-03 acid, 3-17,2' (5 H)-

et hoxy-17- furan], pregna- hydroxy-, 4, 6-dine-21-

SEPHAROSE 4B. More preferably the method of using an immunoaffinity matrix
_to purify a polypeptide from a biological fluid or cell lysate uses SEPHAROSE 4B
as an immunoaffinity matrix. More preferably, the methoﬂ of using an
immunoaffinity matrix to purify a polypeptide from a biological fluid or cell lysate.
5 " uses SEPHAROSE 4B as an immunoaffinity matrix. .

The invention also provides for a method of using a peptide column to
purify an antibody, wherein said peptide is selected from the group consisting of:
(a) the N-terminal amino acids 1-10 of SEQ ID NO: 2; (b) the last 10 C-terminal
amino acids of SEQ ID NO: 2; (¢) amino acids SEQ ID NO: 23; (d) amino acids SEQ
10 ID NO: 24; and (e) amino acids SEQ ID NO: 25.

The invention also provides for a method of using a peptide column to
purify an antibody, wherein said peptide is selected from the group consisting of:
(a) the N-terminal amino acids 1-10 of SEQ ID NO: 6;.(b) the last 10 C-terminal

15 The invention also provides for a method of detecting a first polypeptide in
a biological fluid, wherein said first polypeptide is selected from the group
consisting of 11 alpha hydroxylase and oxidoreductase, comprising the following
steps: (a) contacting said fluid with a second polypeptide, having a binding
speéiﬁcity for said first polypeptide, and (b) assaying the presence of said second

20 polypeptide to determine tixe level of said first polypeptide. Preferably, the second
polypeptide is an antibody. More preferably, the second polypeptide is radiolabeled.

The invention also provides for a process for producing an isolated nucleic
acid comprising hybridizing SEQ ID NO: 1 to genomic DNA in 6XSSC and 65°C
and isolating the nucleic acid detected with SEQ ID NO: 1. The invention also

25 provides for an isolated DNA nucleic acid prepared according to this process.

The invention also provides for an isclated nucleic acid that specifically

hybridizes under highly stringent conditions to the complement of the sequence set

forth in SEQ ID NO: 1.

The invention also provides for a process for producing an isolated nucleic
30 comprising hybridizing SEQ ID NO: 5 to genomic DNA in 6XSSC and 65°C and
iso}ating the nucleic acid detected with SEQ ID NO: 5. The invention also provides

for an isolated DNA nucleic acid prepared according to this process.

>




y-l actone carboxylic acid (9Cl)deriv.; Al dona 6Andros Androst-4-ethyl cool
et her Cl19 tenedi M4- Andr ost ene- ene-3,17-3,17-di one; 17-H26 one di one

(8Cl, Ket ot est osterone; 02 90) 3, 17- Di oxoandrost-4- ene; Androst eneai &ge ;
Fecundi n; SKF 2170 71 | et- Andr ost - 4- Andr ost - 4- ene- C19 13 APR1
Hydr oxyarglh egassy 17-3, 17-dione, ]| a-H26 ostenedi onedi onepciissdiedoxy- (8ClL);
03 hydroxy-, 1la- (1la)-Hydroxyandrosise ndione; Ila- (9Cl)Hydroxyandroste
nedi one 13 APR 2005 PCT/USO /51070 9 I 9 R A WD 02/46386 10 Il 8 - Mexrenone
Pregn-4- ene-7,21- dicarboxyli ¢ acid, 17- hydroxy-3- oxo-, y- |actone,

met hyl ester, (7a,17a)- (9C1) 9 11p- Pregn-4- Hydroxymexr ene-7,21- enone,
di carboxyli c¢ acid, THelinleationdalkwy phiodRas-for3ar0is6lated Yucleic acid that specifically _

hybridizes under highly stringent conditions to the complement of the sequence set

forth in SEQ ID NO: 5.

The invention also provides for a DNA construct which alters the
5 expression of a 11 alpha hydroxylase gene not normally expresséd in a cell when
sald DNA construct is inserted into chromosomal DNA of the cell, said DNA
construct comprising: (a) a targeting sequence; (b) a regulatory sequence; and (c)
the structural gene for a steroid 11 alpha hydroxylase. The invention also provides
for a host cell harboring this DNA: construct.

10 The invention also provides for a DNA construct which alters the
expression of a 11 alpha hydroxylase gene not normally expressed in a cell when
said DNA construct is inserted into chromosomal DNA of the cell, said DNA
construct comprising: (a) a targeting sequence; (b) a regulatory sequence; and (¢)

the structural gene for a steroid oxidoreductase. The invention also provides for a
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The invention also provides for use of a host cell harboring a cloned 11
alpha hydroxylase for the manufacture of a medicament for therapeutic application

to treat heart disease, inflammation, arthritis, or cancer.

The invention also provides for a composition comprising from about 0.5-to
20 about 500 g/L molasses, 0.5-50 g/L cornsteep liquid, 0.5-50 g/L. KHPO,, 2.5-250 g/L
NaCl, 2.5-250 g/L glucose, and 0.04-4 g/L progesterone, pH 3.5-7. Preferably, this
composition is comprised of from about 10-250 g/L molasses, 1-25 g/L cornsteep
liquid, 1-25 g/L KIHPO,, 5-125 g/L. NaCl, 5-125 g/L. glucose, and 0.08-2 g/L
progesterone, pH 4.5-6.5. More preferably, the composition is comprised of from
25 about 25-100 g/L molasses, 2.5-10 g/L cornsteep liquid, 2.5-10 g/L, K['i,PO., 12.5-50
g/L NaCl, 12.5-50 g/L glucose, and 0.2-0.8 g/L progesterone, pH 5.5-6.0. Most
preferably the composition comprises about 50 g/L molasses, 5 g/L cornsteep liquid, -
5 g/l KH,PO,, 25 g/l NaCl, 25 g/L glucose, 20 g/L agar, and 0.4 g/L progesterone,
pH 5.8.

30 The invention also provides for a semisolid formulation of any of the
compositions described above, further comprising from about 4-100 g/L agar.
Preferably the agar is at a concentration of from about 10-40 g/L. agar. More
preferably, the agar is about 20 g/L agar.




| actone, nethyl ester, (7a,11 0,17 a)- (9Cl) 21 Spiro[1l7H C24

cycl opent a[ a] phe H32 nanthrene- 05 17,2' (5 H) furan], Pregn-4- ene-7,21-
di carboxylic acid deriv.; Mexrenone; SC 25152; ZK 32055 | 1f- ‘F?LhPR 2005
Hydr oxymexren H32 one 06 12f-Pregn-4-120-C24 _

Hydr oxynmexr ene- 7, 21- Hydr oxynmexr enH32 enonedi car boxyli one06 ¢ acid, 12,17-
di hydroxy- 3-oxo-, y- lactone, nethyl ester, (7a,12H 17 CO (9C)

9a- Pr egn-wo%an4638¢ Hydr oxynexrene- 7, 21- Hydr oxynexr enH32 emramadoicaoiooxyl i

one06 ¢ acid, 9,17- dihydroxy- 3-ox®-, 21,17- l|actone, 7- nethyl ester,

(7a, 17a) -

The invention also provides for the use of any of the compositions describe
above to produce spores from the microorganism selected from the group consisting
of Aspergillus ochraceus, Aspergillus niger, Aspergillus nidulans, Rhizopus oryzae,
Rhizopus stolonifer, and Trichothecium roseum, Fusarium ox_'lysporum Rhizopus

5 arrhizus, Monosporium olivaceurn. Penicillum chrysogenum, and Absidia coerula.

Preferably, the composition is used to produce spores from Aspergillus ochraceus.
Definitions

The following is a list of abbreviations and the corresponding meanings as
) used interchangeably herein:
10 11 alpha hydroxycanrenone = 11 alpha hydroxy-4-androstene-3,17-dione
(CH,;0,, MW 356.46)
AcNPV = Autographa californica nuclear polyhedrosis virus, a member of
the Bacu]ovin:dae family of insect viruses
AD = androstenedione or 4-androstene-3,17-dione (C,.H,,0,, MW 340.46)
15 aldadiene = canrenone i
Amp = ampicillin
atiTn7 = attachment site for Tn7 (a preferential site for Tn7 insertion into
bacterial chromosomes)
bacmid = recombinant baculovirus shuttle vector isolated froﬁ: E. coli
20 Bluo-gal = halogenated indolyl-B-D-galactoside
bp = base pair(s) .
Cam = chloramphenicol
¢DNA = complementary DNA
DMF = N,N-dimethylformamide

——

25 ds = double-stranded

eplerenone or epoxymexrenone = methyl hydrogen 9,110-epoxy-170-
hydroxy-3-oxopregn-4-ene-70,21-dicarboxylate, y-lactone (MW 414.5)

g = gram(s)
Gen = gentamicin

30 hoxr = human oxidoreductase
HPLC = high performance liquid chromatography
hydroxycanrenone = 11 alpha- or 11 beta-hydroxycanrenone
IPTG = isopropyl-B-D-thiogalactopyranoside
Kan = kanamycin

35 kb = kilobase(s), 1000 bp(s)

mb = megabase(s)



(9C) 13 APR 1005 PCT/USO /51070 13 APR 1005 WD 02/ 46386 PCTI USOLl 51070 22
Pregn-4- Spiro[1l7H ene-7,21- cyclopentala)phe dicarboxyli nanthrene-

6,17- furan), piegn-4- C24 613- di hydroxy- gq Km?@miFBZ

acid, 17,2 (374)-
eriv.

12 Fydroxynexr 3-oxo-, y- -dicarboxylic acid 06 3enone | actone,
Fwdroxynexren H30 ester, one 02 (613,7a,17a Pro esterone
>70 dione

ogest er onenet

y- (9q)) Y84 }M%%@ Pregn-4- Pregnene- 3, 20- ene-3,20- diOHESOI5HEO

(9C1) ot her names 14Estr-4-ene-Estr- MHene- (+)-19-08
3,17-di one3, 17-di oneNor androst -4-H24 (6Cl, SCl,ene-3,17- dlone 02

Ad- Estrene-3,17-

10

15

20

25

30

Me = methyl
mg = milligram(s)
ml or mL = milliliter(s)
mm = millimeter
mM = millimolar
NMR = nuclear magnetic resonance
oxr = oxidoreductase
PCR = polymerase chain reaction
r = resistant or resistance
RP-HPLC = reverse phase high performance liquid chromatography
RT = room temperature
RT-PCR = reverse transcn'ptése polymerase chain reaction
s = sensitive
SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis
Spc/Str = spectinomycin/streptomycin
~ Tet = teiracycline
Tn = transposon
ts = temperature-sensitive
U = units
ug or ug = microgram(s)
ul or pl =microliter(s)
X-gal = 5-bromo-3-chloro-indolyl-f-D-galactopyranoside
X-glue = 5-bromo-3-chloro-indolyl-B-D-glucopyranoside

The following is a list definitions of various terms used herein:

The species “Aspergillus ochraceus NRRL 405” means the filamentous
fungus Aspergillus ochraceus NRRL 405, accession number 18500, obtained from
the American Type Culture Collection (ATCC). A. ochraceus NRRL 405 and A.
ochraceus ATCC 18500 are the same strain, catalogued differently.

The term “amino acid(s)” means all naturally occurring L-amino acids,

including norleucine, norvaline, homocysteine, and ornithine.

The term “degenerate” means that two nucleic acid molecules encode for

the same amino acid sequences but comprise different nucleotide sequences.

The term “fragment” means a nucleic acid molecule whose sequence is

shorter than the target or identified nucleic acid molecule and having the identical,




9C)di one; 19- Norandrost-4- ene-3,17-dione 15delta 1, 4-Androsta-Al, 4C19
andr ost adi enel, 4- di ene- Andr ost adi ene-H24 -3, 17-di one 3, 17-di one 3, 17-di one;
1- 02 (ADD)(7Cl, SCI,Dehydroandroste nedi one; 90) Androst adi ened'g,s PRS00
Andr ost ane- 1, 4-di ene-3,17- dione 16]| a- Androsta-Androsta-1, 4-0

Hydr oxyandr 1, 4- di ene- di ene- 3, 17- H24 osta- 1, 4-3, 17-di one, di one, | | a- 03

di ene-3, 17-11- hydroxy- (60, dione (I 1 hydroxy 70, 8Cl) ha(1
| a) - Hydr&% Q?{éﬁ%%ta hydroxy(90)-1, 4 %ene 3,17- ADD)di ongCP@BOr] '#
17al dona O Conpound 5 (al dona ethyl énol ethe wth O= in place of" EtO at
position 1 3 APR 2005 WD 02/ 46386 23 PCT/ USO /51070 18 nexrenone
6, 7- bi sl actone 19 11 alpha hydroxy nexrenone 6, 7-bislactone 20 mexi enone
7, 9- bi sl aci one Corrp und th c i c bis-tact rin -0 C=0) forned
bet ween car bons*&t" *Sg? c%’f’l’ enﬁnta%&l‘eisuf’%@émh °§‘8’f,faitg‘if‘gﬁ‘]cc9)r°°"3’5%é‘ﬁ33| on of
sim |l ar | act onenuclenijiss of1He talgplvaidmmtifiedxueleicerid moleedd.  Conpound 18 Conpound 11
wth cycllc bis-lacto ring (-OC=0) fornmed between '

The term “fusion protein” means a protein or fragment thereof that

comprises one or more additional peptide regions not derived from that protein.

5 The term “probe” means an agent that is utilized to determine an attribute
or feature (e.g. presence or absence, location, correlation, ete.) of a molecule, cell,

tissue, or organism.

The term “promoter” is used in an expansive sense to refer to the
! regulatory sequence(s) that control mRNA production. Such sequences include
10 . RNA polymerase binding sites, enhancers, ete.

The term “protein fragment” means a peptide or polypeptide molecule
whose amino acid sequence comprises a subset of the amino acid sequence of that

protein.

The term “recombinant” means any agent (e.g., DNA, peptide, etc.), that is,
15 or results from, however indirectly, human manipulation of a nucleic acid

molecule.

The term “selectable or screenable marker genes” means genes whose
expressibn can be detected by a probe as a means of identifying or selecting for

transformed cells.

) 20 The term “specifically bind” means that the binding of an antibody or

peptide is not competitively inhibited By the presence of non-related molecules.

The term “specifically hybridizing” means that two nucleic acid molecules

are capable of forming an anti-parallel, double-stranded nucleic acid structure,

The term “substantial complement” means that a nucleic acid sequence

25 shares at least 80% sequence identity with the complemént.

The term “substantial fragment” means a nucleic acid fragment which

comprises at least.100 nucleotides.

The term “substantial homologue” means that a nucleic acid molecule

shares at least 80% sequence identity with another.



carbons at positions 7 and 9 (See U 5,981, 744 for discussion of simlar

| actone rings) 21 11 alpha I | al pha hydroxy version of bydroxy Conpound 20
mexrenone 7,9-bislactone Figure 1 - Nucl eotide and protein SEeqUEeRCER N5

of Aspergi |l us ochraceus 11 al pha hydroxyl ase The nucl eoti de and gr tein
sequences,,Qf rgillus ochraceus 11 al pha 5 hydroxyl a NO 1,
SEQ ID @83,2/‘?%E§pecti vely) are dispjayed. Figure 2-Nucl gg{flbgtggé‘lr’] protein
sequence of human oxi doreductase The nucl eoti de and protein sequences of
human oxi doreductase (SEQ ID NGO 3, SEQ ID NO 4, respectively) are

di spl ayed. The predicted amno acid sequence of human oxi doreduct ase

i ndependent |y cl onedThe tem GuisbiNAallyibpbradizng] Geqrs gpd tvethulyic #id RBRulsi Ng t he RNA

froma human HepfRrfifbh Snifarid, QFRlAlEndedSuadi 26 2368rel MadbRitRRECI f i cati on,
mat ches that previous reporte ree different |aboratories. The GenBank

d by th
accessi on nunber&sf Bt "t“ﬁe‘%‘é?elr%’drley?hﬁb?%é hardetion piviagyspees that e¥iplibopr ot ei n
reduct ase (EC 1.96% 2echpnce ideutitin) greAACGKREY 88h (fNADR- exbiyit didhidedtiey 8420 r educt ase
(Hono sapi gns]), NAPRl e o EDUCTASE ( CPR)
(P450R)) . ?he arﬁa%%gcé@%gé’z%\a%enceJE%?hjd%ﬁ?gg%gli 1% cyt%’[c}%@(%%e P450 reductase (EC
1.6.2.4) [human, placgenta, “Pgspti_cailg Partjal, 6@6 aa]), differs from human
oxi dor educt ase AG0557 %A H" PLBASE= PR irE Sregriclat ReYf Porgrmaigges fhaly) 4t 518,
V--)W at 537, arehrAeayHegies&38n a Thierallnpdcirahg mepirridmi cngainisg dledergeti ssi ng from
AAB21814. 20 Then R\ iiSatitebiieoRd bidtedudd it 441idnS90469 [cyt ochrome P450
reductase 1 3 APR 1005 WO 02/ 46386 PCT/USQO /51070 24 [human, placenta, nRNA

Partial, 2403 nt]) lack A\ d t Lnitial i gni. ne and
i ncl udes a CST chang@l%at%n%}.g%ﬁgg %gsﬂ?ls%rﬁigﬁ’g%%é%ﬁﬁg,m?%ggng Tanmeshi ft due
to a missilfig G arutpesaspirtpterhaneeblyibge® by the addition of a T at 1616. 5
Ref erences for these loci are as follows: A60557 [ Yanano, S., Aoyanm, T., )
McBride, O W, Hardw teme. P. CAGelehoi Athi NemesandFo@nzal ez, FStridtman NADPH  P450
oxi dor educt ase:—conpl enent ¢ BAA_cl oning e8B3ence and vaccinia virus-
nmedi at ed expressjiop.and |ocalizatign t he OR gene to chronosone 7 Me].
Phar macol . 36 (i‘),g‘éﬁé‘i“g‘ﬁ (i?%_ 1 B _%{798 [ ;grw- nski, M, Sahni,M
Madan, A. 10 and Par ki nson, Aic..Rahy maephigmmef cguman CYPOR: Expr esfsi—(n of new
allele. Unpublished, D recatacibubm ssdvar], and P16435 [ Haniu, M, \‘
McManus, M E., Birkett,D. J.%11Lee, TIDR.2@WM-Shi vel y,J. E. Structyra Rand

O

functional analysis of M%%éo@ﬁé%ﬁﬁg’ﬂ‘%o reduct ase
X0-, -
Jactofe! N

conpl ete sequence of hunman Hﬁ oNRDPEF bi ndi ng si
(21), 8639-8645 15 (19891 B21814 | Seephar d, E. A
Segal | ,H. J. and Phillips, | .BniQuaniobdsj cati on of cyt ok
gene expression in human tiesgues. Epkregdne; BEochem € yS. 94M), 168- 172
(1992) 1; S90469 [ Shephar d,-EloUe17 p#ti€er  C. N., Segal],H J. and illips, LR
Quantification of cytochr ot @850 reduct ase gene expression in hunman

tissues. Arch- Nechem...Bi ORAYS 4629 bldnns 368220 172 (1992)]. Figure 3 -
Nucl eoti de and prodlinSeOuUeRee ofgsfsher gi | | ys ochraceus oxi doredyct ase The

nucl eoti de and protein sequsnegs ohbAspebgd, | bsis ochraceus oxid uct ase
(SEQ ID NO 5, SEQ ID NO. @¢dpeespeldthvdmay-§) are di splayed. 25 Fi 4 - }
A no aci d honol ogy al i gnmBifost gxo-oched@eys 11 al pha hyd with the

top 10 BLAST hits from GenB§ik 11 ;Z?}cﬁb(g'_r%qli’l us ochraceus,sf eroi 1] al pha
hydroxyl ase (SEQ I D NO 02}117&)- cyclopenta(alphe LV
OCI) nanthrene-

17,2'(5'H)-
furan), pregna-
4,6-diene-21-
carboxylic acid
deriv.; 11614
RP,; 17B-
Hydroxy-3-
oxopregna-4,6-
diene-21-
carboxylic acid;
20-Spiroxa-4,6-
diene-3,21-
dione;




cloned into plasmd pMON45624 (SEQ ID NO 01), was aligned with rel ated
enzynes found in GenBank using the BLASTP programthat inplenents a 30
heuristic matching algorithm (A tschul et al., J Mal Biol Cct 5; 13 AP
215(3):403-10, 1990). The GenBank accession nunbers (its probabl é hﬂ]@pf\ on
[ genus and species]) for the top 30 matches are as foll ows: CAA75565
(cytochronme P450 nonooxygenase |[G bberella fujikuroi]; CAB91316 (probable
cyt ochr onwomB@saonooxygenase (|l ovA) [ Neurospora crassePLRUSOABEB503
(cytochrone P450 [ Cat harant hus roseus}); 35 AAB94588 (CYP71D10p [d ycine
max]); CAA75566 (cytochrome P450 13 APR 2' QDS WO 02/ 46386 PCT/ US01/51070 25
nonooxygenase [ G bberella fujikuroil); AAD34552 (cytochrone P450
nonooxygenase [Aspergillus terreus]): CAA75567 (cytochrome P450
nmonooxygenase [ G bberella fujikuroi P4 emaA76703 (cyt ochrone P450 [ G bberel | a
fujikuroij); CAA57874 (unnamed prot nﬁ"ﬁ%ﬁ %é_rt [ Fusari um oxysporurn]); 5
CAA91268 (simlar to cytochronme P450: yk423bl 1.3 conmes fromthis
gene [ Caenorhabditis el egans]). Ref ,g,g&&,@ dcor these loci are as follows:
CAA75565 [ Tudzynski,B. and Holter, kieda bberel | in biosynthetic pathway in

G bberella fujikuroi: evidence for a gene cluster. Fungal CGenet. Biol. 25
(3), 157-170 (1998)}in- CAB91FiepnafdGchitlot e, U. , 182A gn, V., Hohei sel , J.,

Brandt, P., Fart mannB@roxycp| Id&PFleR H!%I@Ht"t&? ab@& , Mewes, HW, a
Mannhaupt , G, UnpubfP®¥hed] ; § 65‘[‘)’3 [Schroe&&r, G, Unterbusch/E.,
Kal t enbach, M, Schmidt,J., %ﬁ& ' D. and Schr oeder J. ht- i
cytochronme P450-dependent enzydg. | n i ndol e al kal oi d bi 053a
t aber soni ne 16- hydroxyl ase ko, Lett. 458, 97-102 (1999) Ine AL
umWadF RFleischman T . Tamnt)-Dew RE 15 Expressi op
cytochrone P450 nonooxygena$¥DcDNA in yeast and toba
nmet abol i sm of phenyl urea herbicides. Proc- Natl. Acgd g€ . S.
1750-1755 (1999)]; CAA75566 [ Tudzynski,B. and Holter, K G bberellin
bi osynt heti c pat hwa qob%er ella Sfu |kur oi: evi dence for a gene 20
cluster. Fungal f“a;gl 5'3) pfo ) [ }}0(& 998) 1; AAD34552 [ Kennedy, J.
Aucl ai r, K, Kendr ew <. &h é 3 and Hut chi nson, C. R/—-Accessory _
Prot ei ns Mdul at e Pol yketl d&,cﬁynt hase(smu vity During Lovastatin

Bi osynt hesis. Science (1998}oxj-i-priess) ;prg@A75567 [Tudzynsk| , BA@k Hol ter, K
G bberel lin biosynthetic phtdenay |4r§d@113¥5erel la fujikuroi: S
gene cluster. Fungal 25 Gené‘fccm“Bl o] ‘?g’gj 157-170 (198

| Tudzynski, B. and Hoel ter, har ace % on of P450 x)z
ed) ; and’

from G bberella fujikuroi. Unpublis CAAS7874 [ Mol nd Brygoo, Y.
Di sruption of a Fusarium oxysporumfsp. elaeidis &oc orre PA50 gene by a
repetitive sequence. Unpublished]; and CAA91268 [ No Aut hors. Genone
sequence of the senatodsedC. adibsel egansdosanpl atibor m for investigating

bi ol ogy. The C. el eagans SeqeredT-ng 3.1Cdms0r 74 U6 Sci ence 282 (5386
2012-2018 (1998) [Publi sheddl ﬁsg{’al‘a ‘ﬁ‘é’&'Fm’Fn 025ci ence 1999
283(5398): 35 and 1999 Mar 83(5 43 and 1999 Sepua3
285(5433):2493111. 1 3 APR 2008 VO, 386 PCT/ USOL/ rgure 5 -
Phyl ogenetic tree showi ng the rel atqedﬂesesmﬂf Aspergi |
hydr oxyl ase to the top 10 BLAST hi t SechmipnsiBnBank 5_Apbyhogenetictree

di spl ayi ng the genetic rel atedness?b5P Aspergillus “ochraceus steroid 11

al pha hydroxyl ase, cl oned | nto pl asm d MON45624, was aligned with rel ated
enzymes found in’ Ut o f ?1d the related enzynes wthin
GenBank, and C ust lm u‘§’§. en)l;' d‘é‘ 8‘@% Ptiple seguenceal]gnnment and
phyl ogenetic tree 3ep| cted ,;yg}oy IS ure. ‘Descriptions 0 < WBank

accessi on nunbers used as |@hgl s |Hy&da¢maﬂ,bsgure are the s¥ng
descri bed above for the | egeeil to Higere Mo- ‘

Hydroxyandroste
nedione




10 Figure 6 - Percent honol ogy between Aspergillus ochroceus 11 al pha

hydr oxyl ase and the top 10 BLAST hits from GenBank The percent honol ogy
between Aspergillus ochraceus steroid 11 alpha hydroxylase and the }Hﬁg
enzymes found in GenBank using BLAST was cal cul ated usi ng CLUSTAA 3 npson
et al., Conpul. Appl. Biosci. 10:19-29, 15 1994). Figure 7 - Amno acid
honol ogy wOoymIent of Aspergillus ochraceus and hunan ORCTURBGUTDase to
NADPH cyt ochrome P450 reductases froth A, niger, nouse, and S. cereuisiae 20
25 The ami no acid sequences of Aspergillus ochraceus steroid oxi doreductase
(SEQ ID NO 06) cloned into plasm d pMON45632 (SEQ I D NO 05), and hunman

oxi doreductase (SEQ ID NO 03), cloned into plasm d pMON45605 (SEQ I D NO

04) were aligned WI h rel at d gnzy $0€fg om A. _niger, nouse, and S.

cervi si ase, as P& a THE eanle cessi on nunbers (probable
function, (genus and spemg 3 y -~ BAA02936 ( NADPH- gy+ochr one
P450 reductase precursor [Sgggclhar qwg cer eV| siae]); CAA81550 /NADPH

cyt ochrone P450 oxi dor educt Ra@xy-3- Aspal, gprlednu,s ni ger); P16435
( NADPH- CYTOCHROVE P450 REDUGHABE ( @R)21- (PAS0R) [ human]); B¢

( NADPH- cyt ochr ome P450 oxi dett@duct dEEbGEQMQSCld muscul usJ) . RRfl rg e® for these
| oci are as foll ows: BAAOZQ’B‘E“Y[ Yablﬂ%lkl 30 Mur aka 1 ahd| Ohkawa, H
Primary structure of Saccho f“@(‘ﬁ sj]‘;as NADPH- ( ] P451)

reduct ase deduced from nucl ﬁ ence of its £ I~Ngenes 4 Bi ochem
103 (6), 1004-1010 (1988)); 81550 van den Brink, J. j],C., van

den Hondel ,C. and van Gorcom R C oning and characteri zatl on of® the NADPH
cytochrone P450 oxi doreductase (cprA) gene of Aspergillus niger. 1 3 APR 201
WO 02/ 46386 PCTIUSOB 51070 Pr@4-Unpdlft i shed] ; ®16435 [ Haniu, M, MManus, M E.,
Birkett,D.J., Lee, ¥y{vamy oshilyel g‘y‘!l""E““S%rd’é% ural and functional sanal ysi s )
of NADPH- cyt ochr oné™°B: 450 q,c Bt a&% from hun 1iver: -conpl ete/sec ence of
human enzyme and NADPH- bi nl(fll-ng sites Biochemstry 28 (21 '
(1989) 1; BAA04496 [ Ohgi ya, SibyarbyShinrild, N, Kamatal ci, T. &fiRraki , K.
Mouse NADPH- cyt ochrone P- 45&xo-0xi doreduct ase nol ecul ar ¥ dni
functional expression in yés®ee: Biochim Biophys. A }
(1-2),137-141(1994)] Fi gur é"eg’y' Ami no aci d honol ogy 3| . §f= A. ochraceus
oxi dor educt ase to NADPH cyt%p]hﬁp,rre P450 reduct ases#1 .
and S. cerevisiae The am nqx)amrﬂ sequence of Aspergillus ochrag
oxi doreductase (SEQ 1D NO 06) cloned into plasm d pMON45632 (SEQ | D NO.
05), was aligned wth related fungal enzymes from A. niger and S.

ceroi si ase, as desBPi bed al¥esged- DZcription§f the GenBank accession
nunbers used as | aB¥I¥MH A gul e AE the 2215 sane as that descy
above for the Iegen&"to Fi qU&L )7 @bove. Fi gure 9 - Phylogengkif tnee
showi ng the rel atedness of 1Agpergillus ochracens and human dxi dguefduet ase
to reductases.from A ni gerihydp@gst, and nouse. A phyl ogen RO S

di spl ayi ng the genetic rel dedness of Aspergillus ;
oxi doreduct ase (SEQ I D NO “O‘ . cloned into plasmd g™
05), was aligned with rela enzymes. BLAST was us
enzynmes within GenBank, anémgb 15t al Wwas used genefAat
sequence al i gnnent and phylap@e:netl c tree depicted in this figu e.
Descriptions of the GenBank accession numbers used as |abels i°n the figure
are the sane as that 25 described above for the legend to Figure 7, above.
Figure 10 - Perte |dent er gi ,us ochraceus ondoreduct ase

and reduct ases fropLA Rl ﬁegwgg@\;\gfigﬁﬂa‘em"

¢ acid,
9,17-
dibydroxy-
3-0x0-,
21,17-
lactone, 7-
methyl
ester,
(7To,170)-
(9CI)

(,'SEQ ID N0
tﬂhe related )
e




The percent identity between Aspergillus ochraceus oxidoreductase and the
oxi doreduct ases from A niger, yeast, and nouse was cal cul ated using d ustal
W 30 and Boxshade. 13 APR 7005 WO 02/46386 PCTNSO | 51070 28 Fi?g¥ﬁ %iﬁ{

Al'i gnment of human oxi doreductase with top 4 hits from Sw ssProt 8 i no
acid sequences of human steroid oxidoreductase (SEQ ID NO 04), cloned into
plasm d e (SEQ ID NO 03), which corresponds to ppgsReMihf0 acid
sequence o he corrected sequence regported for P16435 bel ow, was aligned
with the top 4 hits fromthe SW SSPROT protein sequence database, as

descri bed above. The SW SSPROT accessi on nunbers (locus) [commpn nane] and
speci es]) probable function) are as follows: P16435 (NCPR_HUMAN) [ human]
NADPH- CYTOCHROVE P450 REDUCTASE; P00389 I NCPR _RABIT) [rabbit] 10

NADPH- CYTOC13ROVE F#50 REDUGEASE; PBOBHE- ( NCPR4RAT) [rat) NADPH CYTOCHROVE
P450 REDUCTASE; P3¢0¢@MWREPFNE%EED it PhNABEH  CYTOCHROVE P450_REDUCTASE;
P04175 (NCPR PI G I9§] (NA . P90 REDUCTASE. Ref efences for
these loci are as follows: I5§ 35 [ . M, MMunus,ME., 15 B tt,D. J.,
Lee, T.D. and Shively,J. E Stc,1*h AT Adpe- Bﬂa unctional anal ysi S

NADPH- cyt ochr one P-450 reduglass- frm@madl i ver. conpl etee|saqyemee of
human enzyme and NADPH- bi ndildagnesSi t e&riv.;Bl ocdpem stry 28 | R4

(1989)1; P00389 [Katagiri, MethylMur aiydmiymbiren Yabusaki ,
kanoto, M, -Yamano, T. and Effkawa, Dbl ecul ar cl oni pg~a Foence™anal ysi s
of full-length 20 cDNA for K@B 112 | i ver NADPH-cyt oc
m | NA J. Biochem 100 (4) 5. 954 (1986)]; PO0388 [Portem T.I9
Kasper, C. B. Coding nucl eotide sequence of rat NADPH-cytochrone P-450
oxk dor educt ase cﬁl\l&,@ggwbedemgnt,ﬂ.catp,@awm&f fl@yi n-bi ndi ng donmai ns. Proc.
Natl. Acad. Sci. U S. A 82 s3,20:9738@y7 (128553%; P37040 [Ohgivyas F
Shinriki,N , Kamataki, T. andiodesi¢Dz daeneié:3.20bus@ NADPH 25 cytq P

P- 4500xi dor educt ase: nol ecul ar cl orﬁ’°ﬁ Bhd’% unct i onal expkef yeast .
Bi ochem Bi ophys. Acta 1186 (1-2), “PS7¥™A1 (1994)1; PQ4d Ho—vt |
lyanagi, T., Mller,P., Lee, T.D. and Shively,J.E. Co Ietela{;n' ® paci d

sequence of NADPH- cyt ochrome P-450 reductase from pexcies hepatic

m crosomes. Biochemistry 25 (24), 7906-7911 (1986)°f \6 Fi gt gure 12 -

Pbyl ogenetic tree show ng the rel atedness of human oxi doreductases with top
4 hits from Sw si8PEst-4-dephyEtde met |(f}1?ree di SgBayi ng the genetic roeI at edness
of human oxi dored&é?é% (S ??i “‘ cl %éd into plasmd ppOju5604 (SEQ
ID. NO 03), was aligned § elA‘%‘E%@ %’ff;y s found in S RE

was used to 35 find the rel at ed enzypes Wibhi n SW SSPROT, # ajn
used generate 13 APR 2005 WD 02/ 4638anaREE USOl / 51070 ONEeNl T pl e
sequence alignnent and phyl ogeneti enctitegodepi cted in T .
Descriptions of the SWSPROT accessi on nunbers used '
are the same as that described above for the Iegend to Fi gure 11, above.
Fi gure 13 -Percent dentltyA et ween human OX|Cq§)reduct ase and top & 5 bits
from Sw ssProt 'I‘ﬁeah%g(gdeegg i gﬁtltyﬁ en Ripran oxi dor educt asg J

4 hits found in SWi%3BROT »Bshosd! 6W-ahed wusigdg C ustal Wa Brixshade.
Figure 14: Expressiam)of Aspergi,l | wenyeehraceus 11 al pba FS p i
transfected Sf9 insect cel | D10 Baawlemvi rus-i nfected
Aspergillus ochraceus 11 al pha hyd‘i‘“i‘) %'fagde wer e har od =t] 2% and 48
hours post infection and mcrosomaI;’ ﬁ?”‘éne f r acofo g prepared and
separ ated by SDS-pol yacryl am de gehlo,,eenl ectrophoresis. The proteins in the
gel were el ectrophoretically transferred to 0.2 .

16 1lo- Androsta- Androsta-1,4- C19
Hydroxyandr  1,4-diene- diene-3,17- H24
osta-1,4- 3,17-dione, dione, 110~ 03
diene-3,17- 11- hydroxy- (6CI,
dione (11 hydroxy-, 7CI, 8CD); 11a-
alpha (11)- Hydroxyandrosta
bydroxy (9Ch -1,4-diene-3,17-
ADD) dione; Kurchinin
17 aldona Compound 5 (aldona ethyl enol ethe

with O= in place of EtO- at position



um ni trocel l ul ose nenbrane (Schl eicher & Schuell Ginsehl strasse 23 37574 15
Ei nbeck Germany) and probed with anti bodies G\-1187 and G\- 1188 pizp red
from peptide |1aOH peptide 2 CRQLTPYI 111G |i SLKGTTD (SEQ I D NO. 24)APRRIur e
15: Expression of Aspergi ius ochraceus P450 oxi doreductase in transfected
Sf9 insect cells Baculovirus-infected insect cells expressing Aspergillus
ochr aceusvd8z463%0 oxi dor educt ase were harvested at 25 anBCHBShSWE post
infection and m crosomal nenbrane frdctions were prepared and separated by
SDS- pol yacryl am de gel electrophoresis. The proteins in the gel were

el ectrophoretically transferred to 0.2 umnitrocellul ose nenbrane

(Schl ei cher & Schuell Ginsehl strasse 23 37574 Ei nbeck Germany) and probed
with antibodi es G\N-2023 and GN\-12024 prepared 25 from oxr peptide 1
CTYV\AVAKDPYASAGﬂAM“gt;’“gfs ID NO 26). Figure 16 - B ""g cyge bis-lact

andr ost enedi one t o *P*5f'¥Rha hydroxy androst enedi dW§(' vn EJ e beb"g"l-llPLC

. . . . . carbons at positions 6 and

M crosomal and mtochondria] subcellular fracti 0”%,9W4$fopﬁi§8§£n%gsinﬁmom

insect cells co-infected with reconbi nant bacul oviyl4sEmeFXPressi ng

reconbi nant 30 AspergU us ochraceus 11 al pha hydroxyl ase and human

oxi dor educt ase cibonedphaf rom Hep& cel | RNA. The subelgiahydaay vefsio@@t i ons wer e

i ncubat ed wi th 250 bpdxy andr ost enedi one (AD) in the&€oppesidice of an

NADPH- gener at i ng sysuentef or 120 13 APP 21105 WD 02/ 46386 30 PCTI US01/ 51070
mnutes, and the r@dtIFPNY products were separated by HPLC and monitored by
ul traviol et detegtion. af 247 nm Hydroxlase actividy Was; {aund. id.dhe

m crosomal fractigB.ps@speXpect ed, but al so appeargd o-6=d-embik@eRondri al
fraction. These results suggest that the 11 al phaabvydk gméydnesmd @ thave a
tendency to stick to 5 nmenbranes in disrupted cel |5881,784 fot disatssich bisindlgpar at i on
of the subcellular fractions in this experiment Vaerehpgsufficient. Panel A
illustrates a r&gc 13 acarri ed out using enzyne R} §ha %q)varr%mo
mi tochondria) fracti{Al The peak in panel A that %Jﬁﬁggod’ffer D appears to
be testosterone. engne/M Crosonal fraction was used, alnost as much AD was
converted to 11 al phaislkewe oxy AD, but relatively nore 10 testosterone was

al so produced. Panel B illustrates the sane reaction carried out for 120

m nutes w thout a source of enzynme. Panel Cillustrates an HPLC tracing

wi th 11a- hydr oxJH#TaF bt ererdids B BT UAa AP W Rau ¥ PE&t e aHHera thuf f er .

Det ai | ed Descri plrhahydfoxylaee | nvention i that a , 15 biosynthesis of steroid
nol ecul es, particularly enzynmes possessi ng cytochrone P450 or

f)ﬁi dor edluct ase afct i Vhiei,f%a_eoﬁlbepagﬁreﬁeﬁnseg&éavﬁgr iAQJ@r_g%?l%s dwr&@ltseﬂ,al,ihalriarlt , ht 0
e isolation a nu i | er s .ochraceus al pha
hydr oxyl as®, ¥dé‘ﬁ‘yfé§<c(|g]g¢ @sﬁé'elqﬁﬁgglq#}gh{ﬁs%eg@veg%mf ﬁlép hﬁ’ieg‘hl y conser ved
residues that correspond to cy%ochr,ome P450 enzynes, It _also directed to
the isol ation of &%t eieclengdgear B’oéﬂﬁﬁﬁ??fﬁcﬁﬁﬁﬁ‘ﬁya&r?ﬁ’dﬂ‘s*ﬁié’ﬂdf‘fI us ochraceus
oxi doreduct ase, Biological activities of the cloned hydroxyl ases and

oxi dor educt ases of tTe npdesénind mvteintseprences oftawmab exidetdctp@HQBY a variety
.of assays, inclnNgi BIstd bRk is0RsRbtivelyP bRl dspryhEt TR SRaibtda bhfo RE@sence of

m crosones prepared from reconbi nant bacul ovi,rus-i.nfecte insect cells and
moni toring the CONVer %‘?‘(’)uﬁn ot ﬁrgipurcgielmaF?ﬁﬁ%nmdlr%%?yf%moﬁ n%ng plgll)rr ' 25 by high
pressure B9 qui drepareshit R EptRpe CMPERE) fromipdhupiee Slep(iZ qebnqsfttemmiate@dnpri si ng
novel 11 al pha hydisaxiyltas epeaifchtiax intithed et asecsUeltted by airelSyifigéndt € NS,
peptides, honmol QEURS el EABIRNESesSbn GulnBEE for PHAK 1618 S AQY 230437 2dvant ageous
nmet hods to convert stgr id inter ngsdl at gg t60c4§ hei r él‘l %IE)%Ea hydr oxy
counterparts. TREPHsCEHE=PHGERTTBR2%EE uprEReny Sgﬁﬁﬁ@hces whi ch
code for the 3@totliromé pResohymidusiasd aSiémnoanehpioxdldopetiuBitdde s NADNA- sequences
whi ch ar eysubst gifd@iHNMSP48d RBbuerkbEerkapivospbst antial |y the sane functi on,
and DNA sequences which differ fromthe DNAs encoding the hydroxyl ases and
oxi doreductases of Ui ha¥eRh LANRDLY AUHE S PHBGIRIGEE ANl me NE geneti c
code. Also included In the present | nvention are the oligonucleotide

i nt er medi at es uk®§4 [human, placenta, Peptide Partial, 676 aal]), differs from human

oxidoreductase A60557 and P16435 at 4 residues: A V at 500, F2>L at 518, VoW
-at 537, and A>H at 538, The initial methionine is also missing from AAB21814.
20 The cognate nucleic acid for AA21814 (S90469 [cytochrome P450 reductase




35 to construct nutated versions of these DNAs and the pol ypepti des encoded
by these oligonucleotides and nutant DNAs. 1 3 APR 7005 WD 02/ 46?3%%

PCTI U501/51070 31 The present invention also includes antibodi es’ PR 0B nd
specifically to A. ochraceus 11 al pha hydroxylase or A ochraceus

oxi doreduct ase, including anti- peptide antibodi es, nmethods of using these
anti-peptide antibodies to purify these and other rel ated pol ypepti des,

met hods &fo biBdedsy t he purified pol ypeptides to 5 generat eequuisowaisomel or
nonocl onal antibodies to the full-1leagth pol ypeptides, and nethods of using
antibodies to the full-length pol ypeptides to assess the presence of the
pol ypeptides in reconbi nant and non reconbi nant host cells. The anti bodi es
can be used to identify rel ated tldes in any of a varlety of host
organi sms t hat “E)‘B’?%‘egécet‘ﬁemﬁ?\’él % %E‘@)ll?ﬁkf “ESA%%‘&‘? for &he Witeh t hese

pol ypepti des. 1Gheiaig etnbencprda‘aec:ﬁe‘dhmgganusﬁr&x tBJaa,tchaxsga apessasad 4 n this

hydr oxyl ati on st.e e I ?I[fggli J us
ochraceus ATCC %’@E’Bﬁ% skpgrnélgF?l%]ﬁnl?gg;&ﬂ% %C%s 6 didk\?%%rag%%

Aspergillus ni ddf¥ns ATCC 11267, Rhi zopus oryzae ATCC 11145, Rhi zopus
stoloni fer ATCC 6227b, Streptomyces fradi ae ATCC 10745, Bacillus nmegaterium
ATCC 149455 15 PseudBefomass fr tiebeviod ereAdsCialo3280p557aldmIo, S, ey dwecT.,um r oseum
ATCC 12543.. .. h@bh&row qﬁﬁ&&,agmrgaﬁunsm LOE GRSl P32l iR QXyspor um f. sp.
cepae ATCC 11171 and. Rhi zopus arrhi zus ATCC 11145." Other organi sns t hat
have exhibited &% ?ﬁdPSFdTCEﬁ“ CRPRPBiERY DA oHeF AR oA R APEPEIRPE & ATOC
6647, Absidia ghadie@d AfiOEsi2P #PlocaBetiomoithe 6YPER egrarts cROmMAHGLT BLbI.0,

/QSper gill ;l& cfc I ?f%ﬂ%coﬁ@%}l)l@% 1‘29?‘5)')%“?04’*99"%*“‘%@%E?a}é’?ﬁf@%@%%%gea”veri a
assi ana an ryos obt usa

Cal onect ri decBPhLFRFE™ ﬁcgpé’]}'mm@ﬁ’é’@t 3:‘3‘%&? p&%ﬁ?“ % SR ERTH FEBe

Cor ynespor acass UppdfigheATOEed6 Paiguiss@ahnindg FaFsP | ﬁlabiud\kesM@@an@WMCC 8688a,
Cunni nghanel | a @ﬁteétfmhau,aemc&c%ﬁﬁe]y,mhsirﬂgm& aﬁmei,@gna&bé&% 9245, 26

Curvul aria cl av&%gi%mg 924 450 edl\{qltlasgl‘fm@‘ ?A(gg;_ljeo % lei ndrocar poh

radi ci col a ATCC pi coccum hum col a a butl eri
ATCC 22822, Hypb¥ifPe&oaee o8 sYelg rﬁ]'é‘ndl%ts‘ﬁsePé’Flreﬁ"ﬁ“s”a%I“f %{53%&%& 42613,
Micor nuceso AT (363986 0 BABME O iShgihagighh y Rulusr, ANCCeglI0VA, andl/ProllibsdH. um ‘

verrucaria ATCCQQQ,%ﬁwt,&psfaJydmmﬁ@mbIreaaaasePga@&alppém&efh 18R LR ATCC 46579,

30 Penicillump 550, Pi.th 0 6651,

Pi t homyces cyn%ﬁlgJ %l’°§ C&fﬁ‘g‘ﬁﬁ %c%gggzg?%gg’% QAM%@%%‘ S]f?l;'?

Sacchar opol yspoPamer+ Hiegnd, W@dllilé@&,l%e@@ﬁbﬁﬂam ehwybypermm ATCC 13378,
St achyl i di um - bjcagE g EiprebRénfir hudin @pie0.MraL Biokhk gl BBRHRI2041Q), F6BCC 27438,
Strept onyg(? PL, Q%%§cens ATCC 25489, Syncephal astrum racenpsum ATCC 18192,
35 Thamostyl.um p| riforme ATCC 8992, Th| elavia terricola ATCC 13807, and
Verticilliumt h o ropme ?A 12474 .1 3 APR zgs 02/h46386 PCT/ USO 151070
32 Additional of'§anisms tnat. ne yprl‘o’eeuéiﬁé"é EPETHHE KTy for the |la
hydr oxyl ati on |?i’€1"tfdé“‘&fphal ospori um aphi d| cola (Phytochem stry (1996),
42(2), 411-415), Cochliobolus lunatas (J. Biatechnol. (1995), 42(2),

145-150), Ti eghenel IThe aklehidd' md( fhien stasdesZlot AAD80)s, odXcdy, 1871- 876),
Ti eghenel | a hyanlx%%pag'l!;c%a gJégbrhgl\?\’OFéa‘gﬂb%bNO(Glgegﬁgchveas)greéks{da 1 876) ,

Monospori um ol i vaceum (Acta- M crobi ol , 73), 5(2),
103-110), pergil | U St us cta, M cr. b| oI (1978), 5(2),
103-110), 1'élsjsar1|gi 4?a‘ifilnlmnear’l(f‘%(’(n,&rtgﬁ CroLich ocyalceus%aph B. (1973), 5(2),

103-110), Vert |1®idF?’nyﬁfFQ'P*édEﬂWP(%BMSW? gprdfenBpgk ., Ser. B. (1973),
5(2),103-110), and Rhizopus nigricans (J. Steroid Bi ochem (1987), 28(2),
197-201). 10 Fi gur e’Abpefz@tus obbdedt ftheidnuicilgiet hieoxpiae (SEQt® Roseguence of

Asper gi | | us poﬁgtpgjtgos okl 4§ggqr(§g\,<d |1ﬁ3€?(o§'f-QvJsQﬂ§Qd Jnth rid D NO 2,

respectively). ure sets_forth eot’i de and protein sequence of
human oxi dor edw@fyééeé f°"(“;‘~)I‘:‘{‘) ‘T’BBBN@ “%‘g @E 1ASTRigrogam tB%tp’@@Eeim\‘/"éF ¥W. Figure 3

sets forti t he Hautdtie obdtding algorithm (Altschul et al.,, J Mol Biol Oct 5;215(3):403-10,
1990). The GenBank accession numbers (its probable function, [genus and species])

for the top 10 matches are as follows: CAA75565 (cytochrome P450 monooxygenase

[Gibberelle fujikuroi]; CAB91318 (probable cytochrome P450 monooxygenase

(lovA) [Neurospora crassa)); CAB56503 (cytochrome P450 [Catharanthus roseus]);

35 AAB94588 (CYP71D10p [Glycine max]); CAAT75566 (cytochrome P450




and protein sequence of Aspergillus ochraceus oxi doreductase (SEQ ID NO 5,
SEQ 15 fl) NGO 6, respectively). 20 Figure 4 sets forth an amno acid

honol ogy al i gnment of A ochraceus 11 al pha hydroxy]ase cloned in pl\/[]\l4
and aligned with related enzynes found in GenBank using BLAST. H g#PBI®)| s
a phyl ogenetic tree showing the this relationship graphical gure 6
shows t heVB&ré&8¢ honol ogy between Aspergillus ochraceul€ ypé¢/éﬁlﬂ7°11 al pha
hydr oxyl ase and the top 10 enzynes f&und i nGenBank usi ng BLAST, cal cul ated
using Custal Wand Boxshade. Figure 7 sets forth the am no acid honol ogy of
Aspergil |l us ochraceus and human oxi doreductase to NADPH cytochrone P450
reductases fromA nig npuse Z’g’ cerevisiae (yeast). Fi goure 8 sets

forth the anino %EIOH‘Yé‘T“Pi?nnécﬁ?beTeB‘f ‘%&’oﬂbch@ﬁ@@égz Acyﬁ‘i':’@fé’i“e
cerevi si ae oxi donedugtases. [Aspagile 9 treud); phGhogesvet i(Giockirsee 60 Ng t he

rel at edness. of Afz&%s,ggéngééslegsmzﬁ, F,%ﬂé,réﬁdcmgwa (%cmmciﬂzig& Rfbercid reduct ases

from A niger, yeast ure percen honol ogy

bet ween Asper gi | HiHereiBin CAAaTR4 s@’é’?"(ﬁ‘?eé prptein ﬁ%f’“ﬁyd%ﬁ?'l"&s@“ys&ﬂ&mphe

oxi dor eductsases CaxmRe8. (sithilgetd cyty@asﬂe P4andDND (ES® ykezbrid amedirasitiag Cl ustal W
and 30 Boxshade, nment of hunman oxi doreductase with top 4
hits from Sw ssﬁs?g{cg&ﬁ%aéd}tge nlé]gts forth a phyl ogenetic tree di spl ayi ng
the genetic rel atedness of hupen oxi doredycta to these. ts Figure 13
shows the percent |(5‘é§’tel"'te§/ %e‘ggﬁéé?f" Wﬂguﬂsdg’g‘éwg? ggqu»a tHE 4 hits from
Swi ssProt. 13 ARRIZOR, WEbHRIGEG38hRT AU ih3AT PRIl B Eoiendndtdorset s forth an

i mrunobl ot i | ' uskralihdag, mpcrzeﬁﬁat%ozoﬁs A5 RS 97'0'(!1995)] @%&ﬁ@%&uxP%O 11 al pha

hydr oxyl asg in bacul ovj.r.us lnf in t arv at 25 and 48
hours post*®i nf edt¥b u% L?Pf’é’sﬂit’r 6aé‘l Ut og T l"a sf? gﬁéﬁ“ﬁ%’h a 1:1

m xture of anti OxkeaE-Wr epdir MentheentG-t Worrtaibtisilk scﬁﬁiﬁépﬁ zBehregileriG.a conj ugat ed
5 synthetic peptidigbusii@OHaP@PichIE, Qch(ﬁﬁﬁ@ | 9rabCD.249d SHrgedey. Iignget s forth an
mmunobl of 111 USLE.2l! Q. EXRL 9950 il ASREED T iRl ARIGEGTHRAIER0

S

oxi doreductase in l'ovirus-in I nNsect arv estse(%ih A 25 and 48
hours post i nf eé‘f‘qeﬁﬁ‘?mel' hé-Rdrepliee| Wﬁ%s@“rre‘ﬁﬂr A %a S PP b a 1:1
m xt ure ofisant i ksigies:yEr, e Lanege. TWoWeaHIR.L SFlkiphtat72a Wit h Dawg@®B.ugat ed

synt hetic 10 pe ion a EQ *(pm 0; nas S s forth an
13PLC tracing i &Fdﬁlgt&r aﬁ?n%ﬁgm%]\}é?s 5 NQ%@ J:LM% A tai,%\D) toits 11

n rog,
al pha hydr oxy céﬁﬁfcéfﬁﬁ??ggff@?a%qﬁ?dﬁ fﬁ”?‘l@’eﬂﬁe’ i) f’h [ﬁf’é 3‘&? “fractions
prepared from b&bubodh r és-1700-E156 @999 s SLATHEF | Budmnsyi.Bs shddlohsgergi | | us

ochraceus 11 al phdeRRdrBoaiRse paiheha sTaMseuId RGBS ted@tce }? £QRI NY

t echni que Gene%]lggereg;g‘ a(;ede,lwgg&op%n39%%,{60@9%;&1%%39555 thedg t (U S.

Pat ent 835, 2 &Rmor ok onn oratory
Manual ", CoI d 8praink HardonS-Gaberdt ’oY%?era?z'éggandnﬁ‘yté}b@OE@ Apepssetie
construction of pidiensDiiAuleamyRERe Syithast Betiitly EBeing Lbaviati Befmthelie such net hod
is cassette mut @95,1;19%9'@9)219 ]M; 'éAA%ssa' mdzﬁ%ﬂﬁa %ﬁ%&&%?wb%%@m in which a

portion of the coding seguence LN a f{% asmd 1s replace nt hetic
ol i gonucl eot i de&°PREFICHETEE N RELFAe WY L ifHepce g)(g'ac;egqj%gs{eft 4f4%ns in a
portion ob5the Gewre Mdt ARdd), 150079 a0 CRAAGATOS| [MedzynsRal.r and ofloete®¥pl enent ar y
synthetic oli 90@H&L&Q—hjatdﬁsoieP@.‘QdEﬂgoom@nag@%eﬁédfroﬂe@%bgraﬂ riyede and

annealed to eacB utbps]red]_ Eﬂfm%foﬁkuqnand ée% ]%55?% ‘9nu§usgot| de woul d

encode sequence T desfte eXcepti on of those
substi t ut ed and?’@fp"ﬂ‘é! éflédel?efdbsmcﬁ%r%qﬁ‘éﬁ‘?céenePPhsanF%PeBNﬁ gaYeRERe treat ed
Wi th t he chosenungstishedli dnd CAGSEE8) D] A2:8®ES Geldie RedukiaboLile handtdde canneal ed
0' i gonucl &ft' d€Segaldd1e, Imm%ma%gﬁg%gcmo%ﬁ HRee, L ga,gr@a&fnggp conpet ent
e

colt cells WhICh w 'l confer resis an _appropriate 30 antibiotic.

SI' ngl e col oni esCEANEWR Friearct2 4% REZOHS PP BRIRIER FABFPBSPT It estri cti on
anal ysi s or by £¥dAcesDgUeamci;a88(5898):350adt 1099 Mpt 26388 L1002 108 abdhEo9glSep r ed  genes.

3;285(5433):1493]]].




1 3 APR 1005 WD 02/ 46386 PCTI USOI /51070 34 C oning of DNA sequences
encodi ng novel proteins and fusion proteins may be acconplished by the use
of internediate vectors. Linkers and adapters can be wused to joif7RRR 7005
sequences, and to replace |ost sequences, where a restriction site 1Is
internal to the region of interest. DNA encoding a single polypeptide or a
fusion 5 protein (conprising a first polypeptide, a pepti i nk and a
second poP@%gﬁﬁP e)- is inserted into sui tabl e expressﬂgﬁﬂggg?@?)which is
then transformed or transfected into appropriate bacterial, fungal, insect,
or manmal i an host cells. The transformed organismor host cell line is
grown and the reconbi nant protein isolated by standard techni ques.

Reconbi nant f usi dfigpredit-éthydoghnetis tade showing therdaitednesOofdkpeas®ius st protein

joined by a |inkeffLeloNn atllﬁaalq:y@l‘cllxyﬁge ﬁ;dtB]?EJﬂﬁﬁﬂQfST%ﬁE%Q Y@Lk N

Hybridi zati on Nucl eic acid nol ecul es an ragiment nucleic acid nol ecul es
encodi ng 11 al pha hydroxyl ases or oxi doreductases can specifically

hybridi ze with ot her AuBlivéeenetis tjee displayipg they gengtiqyyladednpse sof Appieiffitfci ei ¢ sai d
nol ecul es are saidhrb@udge@@pAbAIghaOydsaAadef i&ad linto Plsrhiy viaN4E62agwis0 Oone
another if the t l.egul ar f ] Nt .- allel,
double-stra%ded %%@%gfgﬁégﬁ%d§F§3%$§$§%%ﬂgﬁg%ﬁéﬁgﬂggsgsﬁgﬁégu gﬂfs said to
be the "conpl enerrelated puzimer Wahin Ferdiak.cnd Slugtahp et ved gevefate e youliiplei bi t

conpl ete conpl enefikie ahighmedin® GHY)@EnetX rebdpicted aMplsdigtreC DeREpHRANEAI i ty" When
every nucl eoti 46, 06,808, QlelilSnIRLEGIKIES 1, SUPELIPI BleXad Oadnic! eot i de
of the other. 20 Two no ecul es are qlnlwﬁ y conplenentary” 1f they can
hybri di ze t o one dasBked@bove {ff ths legepdite Bipwad- stability to permit themto remin
anneal ed to one another under at |east conventional "l|ow stringency"

condi ti 0ns.10Si mi |Fagury 6 - Paecepbh@ealégydetween Aspagiuerdnepy 1 4lphg hey can

hybridi ze to one pg@iliREe sidtibe 6pf10BLASMhitS ki GduBynk 0 pernit themto remain
anneal ed to one another under_ conventional "hjgh 25 stringency” conditions.
Conventional stringenty REGHKH Psing drteedederet ﬁ"é{/""e“gaf%?“?)&?(,alpé‘f‘ at,

Mol ecul ar Cl oni ngydréylasghendatier top Mneraymes 2fachdEh. GerBehld uSpe iBAGST Mas bor Press,
Col d Spring Har bqglwla&ﬁvms}@r&dshﬁﬁ%w?m d2Ya1 HBMHPRS pBt BRtke:. Nogd.ed c  Acid
Hybri di zati_on, A_Practical Approach, IRL Press, Washington, DC, 1985).
Departureslﬁron1&§ﬁglete conplenentarity are therefore perm ssible, as |ong
as 30 such departures do not conpletely preclude the capacity of the

nol ecul es t o for Figgre Hb‘ﬁﬂné-%’ldrlﬁ’ﬁt?&ﬁys"'i:?’HE‘E’iﬁP&f‘sPﬁﬁb'l”b’p?FF’é’f‘é"’%f’i ngency

condi ti ons whi chbpmenotidodelifctiselio NADPE dybivhenme: PARR FddukinessrfrannAt hose ski l | ed
in the art, or caleR&ohsd)bsu befbisfagnt Protocols in Ml ecul ar Biology, John
Wley & Sons, N Y., 6.3.1-6.3.6, (1989). Basic conditions 35 woul d incl ude,
for exanple, 6X sodi saline,citrate . (SSC), at ,about K 45C, _followed by a
wash of 2X SSC at SOEﬁkéPFPﬁE ﬁ%“a%?ﬁfégmvg?fgﬁ?”?%ﬁ“?%%ﬂ%%ﬁﬁmgveaItering 13
APR 2005 W@ 02/ 4638dDP{Sr PE)StpebipeyatesmBErM GRi563 EEQ A don PP enddnmim t he wash -
step from about &XoRSeiat (SHYGD( NOABY, alofddyinloPNMsmat PMONIBEUEYKIEG @ &bout 0. 2X SSC

at 50C (h| gh strj Y l! e ir “g gig Ee o |é i,’gemo 1 .dce . g| ng t he
te‘m)er ature in t Je}q,\?\/gs;; Sg%;]&?rodpn rOO%?rt %npgr afur%%, agggou{?%ﬁzg%gpl ow
g% . 5 Both

stringency condi t5%ihed 2boey EBaps EcspipyPrbers; (Prghehlie et leetus A

tenperature and sadids)) agyes iidowa BASEPYSEINADPHEpchtdre PeEmedrchbaprecucor t he sal t

gzncent rat pon {rawagiarbfjlﬁg cggnss&e@{lémsdoembﬁﬂ @}tt@fomx@as@&}daeh&tawange?- -
pressi on vector,s er . es plasm

DNA vectors for lEqff’s‘fr zLF}?‘rsl ”fgﬁré’a%%?a%eas\z glbgfﬁn%?% %@@Enﬂo%%ggf%éﬁ aggs and

oxi dor educt ases. P3HBL &orpnlkel 6cOMPEHyeHeorroTEl Pidaredestpsetdes descri bed

above whi ch codemisanus)he novel pol ypeptides of the invention. Appropriate

vectors which can transform mcroorganisns or cell |ines capable of

expressing t heI hydr 8&¥¢@§&§ QHQhesp)gbgo&egbkctféﬁ3§ i;%&dzyﬂale @%anﬁ@sg,i on vectors
conpri si ng nucl eoti de.sequ S n r the r.oxyl ases an
oxi dor eductlases ]]'I‘Bf’}f‘i‘é“dﬁt g”‘f&&ﬁiv&ﬁ?ﬁp{:’?‘gﬁls ARG °‘h¥““h‘""¥1y°es cerevisiae
NADPH-cytochrome P450 reductase deduced from nucleotide sequence of its
cloned gene. J. Biochem. 103 (6), 1004-1010 (1988)]; CAA81550 [van den Brink,J.,
van Zeijl,C., van den Hondel,C. and van Gorcom,R. Cloning and characterization of

the NADPH cytochrome P450 oxidoreductase (cprA) gene of Aspergillus niger.




15 translational regulatory sequences which are selected according to the
host --,1- used. Vectors incorporating nodified sequences as described above
are included in the present invention and are useful in the producl ABh2}

t he hydroxyl ases and oxi doreductases. The vector enployed in the nethod

al so contains selected 20 regul atory sequences in operative association with
t he DNA owdiomgs38equences of the invention and whi ch ar ePCapatlaoof
directing the replication and expres®ion thereof in selected host cells.

Met hods for producing the hydroxyl ases and oxi doreductases i s anot her

aspect of the present invention. The nethod of t he present i nvention

i nvolves 25 culturing suitable cells or cell _lines, which has been
transformed wt hU%P“P’g'E‘P%’r P1¢43h t Henip-My Mcwsr%ugﬁkﬁt%ﬂu}ﬁw f8del

hydr oxyl ases anob}meiydm eStuetadesd fubttohd bdnelysie|of SNAPRe@tdchrbha@st50my be

bacterial cells-, cEas«?gaH?aL%an ){@e‘}'c%ﬁreéts&ﬁggé op{mnlr:a:n enfifid %.ﬂr NAp#gL | - known as

host cells in the 1 ot echno es of ‘suc strains include

E. coli strains TrEneaFitsBiofrnes 3’?\&2%{%@%564@@%?&/\?&043?6 Hheiva89 Appl i ed
Envi ronmentsal M sy, N, ORymak,T.1 2dd - HE28i,K. 1 9B7g. NND!?H chtodiraitbe ®-46m t he
D e | lideSaldiSe PLGSS LAy Old N BN LONULRS 65 ya0e silflor educt ases
utilizing a chr onosony essi on 4séd “on

bact eri ophage W%%ﬁﬁﬁ%“e%lé'? 141(@1% 126 25 33 1993). Varr ous ot her
strains of bacteria, including the Enteric bacteria (e.g., Salnonella sp.)
and B. subtitl e,Figene 83 Aainbecid Bomelvgy aljymanenhof Aioghreédsod. 1 3 APR 2005 WO
02/ 46386 PCT/ USQLiR}OFRiass o MEPE eBEGS R PabdreiiBales noR A A¥f-0pl-asm the
gene encoding the prot ins of. . the present invention may al so be constructed
such that ¥t t hé®se § fer’f“r‘rsé“gene codons are added to encode Met'-Al a'
Met'-Ser', Met-'-Cys', or Met' at the N- termnus of the protein. The N
term ni of proteins Weelemipyadheeqesptoyldamengidifs Ehraceni ftergidgxdoradciaest ed by
post-translati omgﬁemﬂee@@e&gadbmoBﬁtdsthgnbneseamsmmbdﬁsevaiﬂened Basset at
at, J. Bact erlol 619%% teﬁi 9%23“4 R agg%scer¥l¥mfyaso hegedggptldases o)

that upon express| on Ifontrne is eaved 0 ermnus. The
proteins of thd®eprigdwnel thaGeRemkascerrioy Pmbirsiered popkeldpthedeye prattieng Met !

Al a', Ser'is Cys-same &Rhat deseflle@ahovd\t the Bgehd to KigurdBtabovelys' at the N-term nus.
These nutant proteins nmay 10 al so be expressed in E. coli by fusing a

fsecr et ihon s: gnalp,gagpbi.dgyﬂ;@nmen& ST UAS relatbb&ss SF ApR)gip@pt i de is cl eavedf
romthe pol ypept,) de as rt o cre rocess. Yeast ny strains o
yeast cells kno&fﬁ}"fl ufﬁ%se skt F’F‘t*%fef"h&tsﬁe ae(r%?m%rs‘ga omA'm Ef Yea%?e as host ’
cells for expre38fiBeueF the pol ypeptides of the present |nvent| on. 15 Under
anot her enbodi nent, the protein or fragnment thereof of the present

i nvention is expr ess&cbhylngeaetyeraet dig@dying {be efepdtibiclsteSaeae harsepyEIRS Cer eui Si ae,

The protghns Obalfagnmalsukerenf np:t:otohﬁdnreﬁsﬁstt]agrmﬁnbﬁggazce%%i gﬁp;\%ed

in S. cerevisiae using it to termn

genes (GJarentE)aMy Bk ¥ @“quWBE’eNﬁ‘{\;nzy‘ﬂtﬁsadgﬁ%% was pyed tonl “) 8: 2199- 2203
(1981); Rose et r@Qedagnzynids guthinNGgnBankAegldCluGg W, wis\is&l gknyrafz3hOn@IGpIR464 (1981) ;
and Crabeel et aet;uenEé\/B@;me ard ,a%g&lr&- tebAedidd mAHsegrnat D¥Rdptiondi Ot €1 NS or
fragments theregf aX{ltmgsmeose erd LY astl on %n cejsfto elﬂtartter the P&XK -
or TRP1 genes ( Ui ﬁﬁ/%j 6]613? 616 (ﬂ?f{ BSHSon et

al., Nucl e® Acr@l@m’ﬁésbwelfi”é‘?lwn‘k@@?“(el@%)"} More pr ef er abI y, the protein
or fragnent t hereof of the present invention is expressed as 25 a nature
protei n (HitzenBigueg 10aPerdggt ideptity stween Ayppsiflrggdiyaceyal enzuel a et at,

Nat ure 298: 347- 380ored Q82 ;and ReBulbREdTEMM Af nigér, yds€ bed Gohed. dS Res.
11:1819-1837 (1983)). Native and engi neer ed yeast pronoters suitable for
use in the present nvent evie Yeast

8: 423- 488 (1992) . Tl"f eéffnép](raee E‘Tee" Sff{é usocpgafenlsgxr]ﬁfe@%crreﬁ’t&tp?ter eof of the
present i nvent | @foreduciasesr feamedt ’b%F' J’P?’fé ayéﬂs’tlsecteﬂlslcal(fﬂtebe‘tmga‘ﬁﬁt@%ber stein, J.
Cell Biolgp 67: 83amBahadel975); Kurjan and Herskowtz, Cell 30:933-943
(1982); Bastian et at, Cell 36:741-751 (1984); Rot hman and Orci, Nature
355:409-415 (1992); Julius et at, Cell 32:839-852 (1983); and




Julius et al., Cell 36:309-318 (1984)). 13 APR 205 WD 02/ 46386

PCT/ US01151070 37 Manmal i an General nethods for expression of forgiQRppHEmFes
in manmal i an cells have been reviewed (Kaufman, R J., 1987, "Cenetic

Engi neering, Principles and Methods”, Vol. 9, J. K Setlow editor, Plenum
Press, New York; Colosinp et al., 5 Bi ot echni ques 29: 314-331, 2000).

Reconmbi nawb Bsedsgi NS are generally targeted to their natpgralsod/faoati ons
within the host cell (e.g., cytoplasms nucl eus, or various menbrane
conpartnments), or are secreted, if a signal peptide is present. An
expression vector is constructed in which a strong pronoter capabl e of
functioning in mammalian cells drives transcription of a eukaryotic
secretion si gnal Figeptildéligometiaf hyore gridaredupipraitstopAdiisifeem onal |y j oi ned
to the coding regkiesPrbor the desired protein. For exanple, plasm ds such as
pcDNA UNeo, pRc/ RSV, and pRc/ CW (obt ai ned from | nvitrogen Corp., San
Diego, California) c be, use The cretio pepti de
codi ng regi on can beqﬂf 8" A8 se ‘ﬁ%ncfst@% er° o AHE Seqﬁﬁén%ﬁlgf her

secret ed manmal i ®@h c}yn@tletomlaérﬁdwh@NM%L(SE@@) él@ 0nrvdich cha¢spondd ® thead. Sci .

USA 84:. h26%8 26432;,1,101&&17;@%%@4 ?ﬂh@@gsewew@&qheﬁe Fﬁpo%@oﬁ’.’i@iﬁﬁﬁbeﬁﬁrmwaé mh ng cots ge
gene, the vector r ns ecte nt cells as the

HeLa, BHK, Chi ne"é’é“arqawz‘t%? BV T 5’E{5f S%Wé’é" " FRIRESe ﬁalli%’ %87 1s can be
cul tured, for exdspbel abpye. THYEWIRERRQT fcgRpipnSwimbert fldcis} YeomTPigr ngzed] ywrbpt i de
secreted into tsb&memmamnmaﬁmr e@oyseroﬂavsbmaﬁﬁndﬁmdu’@mmmmx@ai appr oaches

following 20 tr f ction of
the cells or af %@ﬂémﬁﬁ ?50 Bhnﬁég‘?‘sg?gpﬁyl'ﬁﬁgé‘&@ax*}oﬁnmﬁgﬁsel ection
for antibi®tic rENFEGRQCHRPHE P46R RERVLEMSTFO0SER NEBR-EATR AN ABREhost cel | s
and net hods for dvressROMEH4E® REDUCDASR] IFS704@ iCHR, MOBSEIOMoueL NABPENG and
product pr oduct icydoRRfloRi” irké HELRRAE, ARMNNCERIAG) Ak (PEBene. O

Get hi ng and Sarrbroo Nat ure, 293:620- 625, 1981, or 25 alternatively,

Kauf man et al, C@PWPB?"&TEDU%"(W 1750- 1759, 1985) or Howl ey et at, and
U S Pat. No. 4, 419 446. "Gt her suitable manmmalian cell lines are the rmnkey
COS-1 cell line and Peferencesfor these foci qrees Toligwpiaf4sa FapiwM-sMeMaveaMdo be used to
express t e nuclpeiet i, deaDbeand ahively,J.B erupieb and fidaN@at |amxsxsTkie nucl ei ¢
aci d rml ecul es ww%mymh%%nia 4smye%n&ssgrkmqfa@mp§, ﬁ@rcéogpﬁg ; Heee? oSUi tabl e

retroviral vecto see (1995);
Baum et at, J. ‘t?flﬁ‘éer”gé‘w%é‘“g% S‘tefg%ﬁ‘em”é’r“’éafﬁn 8?39£?45 (ﬁs%d 80: 1418
1422 (1992); Bofpr@stamﬁiasn@ﬁd Mueatarmpd, HOU ¥ abusa®Y.n Sudemmet T., Ddemot@ML02- 109
(1993); Bori s- lyaklo@r. aatonkewd, B, MENTIR} clodN@VWnY G gkentCAlysiS6f full-Tedfth59- 71

(1994); M| ler re Q !Mgg bi a 4 .(19
adenovi r usbvect or %’“wepg oﬁ‘o h Omepdiesreg %T%m%g@ % g‘%g 1%éerl i ner,
Current Top. M &0 5a?l54 (3586 R9p388 ?8’83’@ 664 Hgez-B- Bﬂ’%‘ﬁ‘? mdlgetdey st al |

Annal . New Yor Kk sedé@de of G@iNADPHG:Y 9O drf3P- 45(0b919&)quctaalcdmmneideﬂiﬁcamoﬁsene Ther

‘Fl) 1/1%01/1‘51?0(7 398@8% g dtm,@(s PreVneMU:Ya. 163, AR 2005, Wzag&?/(fbﬁ P v (on
, en
al ., Gene Th&#"** 45?@?? g S?'W }%g'ﬂ%%eﬁ’daffhm%?%o%?‘ﬁ& - Ther. 2:
69- 79 (1998)), Af¢hromRP;45¢ pxidoragductisgy pflfchlah doring aafl funciBingb¢yeressiop in 241: 313- 324
(1987)). Transf edzpniBidosimaBipkkanss atds Qre),513714180084h0€ PoATHERIniu,1hHe | nventi on

provi des a Lranslop el DA Guf e DHEL £ Godflolhl £6 st £h compri ses

an exogenous pr ter’ region Ions I'n to cause the
production of aff WWBT“@&UI%“%F‘@H“P? 1Tk etf™ 15 bapadicr JUEFERPEPS nucl eic acid
nmol ecul e, wher eBiacliehers2s (@D179061910Jed6di ¢ aci d nol ecul e encodes an 11 al pha
hydr oxyl ase or oxi doreductase gene or fragnent thereof. This 10 nucleic acid
mol ecul e igg |i nk@d:&m-@b@iogaﬁmc&fﬁnsb%@dhéﬂwm& drBaiahunctions in a cell

to cause term nathq ggggﬁg{#p& sogmg@g,]sgpfolttl on of pol yadenyl at ed
e

ri bonucl eotides’to a nmol ecu Met hods and conpositions for

transform ng eukar yot| c cells, bacteria and
A phylogenetic tree displaying the genetic relatedness of human

oxidoreductase (SEQ ID NO: 04), cloned into plasmid pMON45604 (SEQ ID NO:
03), was aligned with related enzymes found in SWISSPROT. BLAST was used to
35 find the related enzymes within SWISSPROT, and ClustalW was used generate




other mcroorganisns are known in the art (see, for exanple, Sanbrook at
at., 15 Mdlecular Coning: A Laboratory Munual, Second Edition, Colz &pgb g
Har bor Laboratory Press, Cold Spring Harbor, N Y., (1989); Col osinb et a

Bi ot echni ques 29: 314-331, 2000). Technol ogy for introduction of DNA i nto
cells is well known to those of skill in the -aft. Four general nethods for
del i veri NP e/4gétse i nto cells have been 20 described: (1)p@iesosal7omet hods
(Graham and van der Eb, Virology 54:836-539 (1973)); (2) physical nethods
such as mcroinjection (Capecchi, Cell 22:479-488 (1980)), electroporation
(Wng and Neumann, Bi ochem Biophys. Res. Commun. 107:584-587 (1982); Fromm
at at, Proc. Natl. Acad. Sci. (U S A ) 82:5824-5828 (1985); U. S. Patent No.
5, 384, 253) ; and thetreultjelneeqpenre (lighrrot ond alndeTaiy iredviepirtrdsin 2Bis Geinte. Bi ol .

43: 353- 365 (1994)scriftRhs ¥ thAEWHBROP a8cedsloh AAberClskdlas 1R 1siif Ble Phure 28 155- 168

(1993); Lu at al 2 2 Eglitis and Anderson,
Bi ot echni ques, eéﬁ%”@%g(’ﬁ%@f)a 0"51??69(9%3 "(f)‘z%lgé'f’SEigﬁjé"d? ‘at ed nmechani sms
(Curie] et al., Hum Gen. Ther. 3:147-154 (1992), Wagner at al., Proc.
Nat|. Acad. Sci Flgclrf8-ﬁP‘)’ceIBQdGG%bQI‘GSﬂ%@9‘9‘2‘)25"1”@#%?59#8@h‘u’d% wel | known in
the art cap al sgiibgoaSRdssPa6t Tr ansformati on can be achi eved usi ng net hods
based on cal ci um phosphat e pr eci pi tati on, polyethylene glycol treatnent,

el ectroporati on, conbi n hese t, nt Si(see f or.. exanpl e
Potrykus at at, héé’”e%é eé'ihy “E’g’? ‘5"(%@ gez“a 40l Mol Gen.
Genet. 199:178 (OEIQBE)SWIEF&I@@WIV@F caédu!a}eduma& Glpéal:?igld@#héqeg%) Uchi mi ya et
al., M. Gen. Cenet. 204:204 (1986); Marcotte 35 et al., Nat ur e

335: 454- 457 ( 19Bje 141 ESprbior?Gi0Gp MEIIRR betG385s PCAIpLICEAIrb3a5e in 39 Assays for
gene expressi onghasEd.PEmliCct dansi ent expression of cloned nucleic acid
constructs have been -devel oped by introducing the nucleic. acid nolecules
into cells by polyethyl ene gI ycol treatnent, el ectroporation, particle
bonbar dmef?  { Mar cot tBEeRevingr-miqcst ipsert eplis expipasine fsperaifusgiraceys i o) H”? at at, Cell
66: 5 895-905 (H98iylaseHedre barvestdd #t25 2B 48 howde \post GnfedBiOd afdl Bicfd@@al) ; Cof f et

at, EMBO J. 9: maﬂ%e2§2c%m(519&@),}epa;l;aaﬁalse;m;—atéww gﬁslpsapacﬁyyaﬁ,@é“@ex may be used

to functionall y % ro %ree(s:lts egprgtglgs mq;'r %Tvere ec }oéhUCthléIa[]]é trans g ﬁ?
expreSS|on casse {1rc | nsect

Cel | Expressi onunlontrqﬁslb%qse @@Mbsm?ré hhéh‘ﬁs‘%cﬁcwu Hﬁﬂse’éﬁrﬁisy 2 3BIpr ess
reconbi nam pr Okigbeds G&fmafnfb&ndp:ﬁ&ﬁrﬁﬂfith lantt@fitd ON-1{$B3emd aN-guss phagaie@wW, VA.

Protein Eng. J.ph, . g,sgﬁgen&%mm R%06l cHYim A8 18, 1996, and

references cited t erern neral net hods expression o forei gn genes

in insect cell usr acul ovr S v ectors _hav descrihed (O Reilly,
B R OT COM PPl B et L £ r“e"‘gz*f’%%sw@t”&?gc 3¢5 | abor at of y
Manual . New Yor%aDSWHdWEEﬁﬁﬁe%d Corrpany 1992; and King, L.A and R D.
Possee, The Bacul ovirus Expression System. A Laboratory Gui de, -London,
Chapman & Hall). A Bagldviusd-ibRSe®XpkaSalloRxpethprAspagiine ogpasalsr uct ed by

insertingyd he dgailedi.-9808 h(a,evesgea, ot b3 of m?our;mrtqmﬁgsna%m&mw educt ase)

into a baculovirus transftfer 20 vector wh n reconpine 1 nto

bacul ovi rus gerBTE BY %?fﬁmso‘é‘ﬁﬁ?ep?ré‘é&ﬁ‘i)lsﬂ’éfﬁt oY m@PlﬁaF’aﬁg‘f‘i@rg&‘/ectors use a
strong bacul ovislaggoghprresivt Bre pfdeintin e gelvree gesiryibenttically paofeptedto)0.2 0 drive

transcription ofn thhgcdRskd %dmgera& (ScSiGRr e GLIRES Graﬁsmg'utasste% ﬁxﬂ{ essi on of

fusi on pr ot ei nsy gt dbLEEL, L2, SEGIGh! Qftnles BROGE! 19 GLOMLE N GPI | by T usi ng
a eukaryotic secretion Sig gron Bdi'hg 25 region

of the de%ired fg’ér@rpel’ﬁée]pq’ ﬁ%’@ﬁ&%’é@? é’?jNPr%f‘?n I nvr trogen Corp.,

San Diego, California) can be used, for exarrpl e, to direct transcription of
nonfused for ei@mgéﬁe@owprtiaeufW?S@@ememx}@lwm@l@wel | s. The

bacul ovi rus tr gpafstené@oh®monfieel 3y mipng t he desired gene is transfected into !
Spodopt era frugi perda (S19) insect cells along with circular or linearized |

Aol 1 ed af ter - one™BP=HB GBI O TEL A Re BaBTT AR FOREH P uses can
al so be creat ednsegically tdigfedaicuitio vécomignant herulovimssseapersimgystombingituckow, V. A.
at al ., ‘]30 Vi rQl'sperg@l?z(s&chm%ﬁ@l 41@%9 1hycirgyglﬁse bhaShuman oxidoreductase cloned
from HepG2 cell RNA. The subcellular fractions were incubated with 250 pM
androstenedione (AD) in the presence' of an NADPH-generating system for 120




Pat ent 5, 348,886) now marketed as the Bac- To- Bacr m Expression System (Life
Technol ogi es, Inc., Rockville, MD). The desired genes are insertedy.3 APR 2005
downstream 35 fromthe pol yhedrin pronoter in mni-TO cassettes that are
transposed in vivo 13 APR 2005 WO 02/46386 PCT/USO /51070 40 into a

bacul ovirus shuttl e vector genone propagated in E. coll. Conposite viral
DNAs arewﬁg%gg_«,g fromE. coli and transfected into Sf9 perasoizietost ocks of
reconbi nan acul oviruses are rapidl yg prepared wi thout the need for multiple
rounds of tedious plaque purification conmon to nmethods that rely on

honol ogous 5 reconbi nati on. Reconbi nant bacul oviruses can al so created
using the Gateway Reconbinational O oning System (Life Technol ogi es) of
shuttling genes ottty resulitnevrreduols Weed ssppratestibsf HBEC gechweritereg benent s
(attachnent sit e&kra‘aa@t dmehof] i2€ 84 7K ES RS 1ase( fBt1Ghy swab mmd In the mosamaﬁ hat are
involved in the gsi ecif J ot gar atio bact eri ophage

s
| anbda. Pure rec ‘?’ﬁB?’ha tex%e | B 2/, SRReate r’?g}?nﬁlﬁf d’fil %fcﬁ‘ﬁ’é GF oxyl ase or
oxi dor educt ase gendtsarggesidhad the 11 bz bydretles way luam edendeny textichpb e, in

Excel] 401 5 ser Um iy MEHHIN I BhASE] RPSESn BB SHRNIARSRS)s 107 Sf 900- 11
(Life Technol ogl es). Ié%dr oxyl a es or dor educt ases that ;are localized to

menbr anes 15 canié* AL “?f§ ﬁﬂ%é’ Pl BEBFHOnCHERY P AEPE onat e and
enrich for enzynmgyme mequ(fwhmmtvcabndoal fricmo Sherptak fin potel Hist (iEegel and

Wi te, Dev Biol. . nldfh aﬂ&@rsmmstola@%q): whmm,ﬁ&xéoa,mc@&nv@swe@rmt ases that
are secreted or |eak %O the ne I, um ca{} al sgr beAfa overled lby standard

bi ocheni cal appr"ﬁa’é‘ﬂ‘g’s VS R RS 8Pt S2EPEn P B I8 r econbi nant
proteins iw 20 tpdestirengiveaislsd prbdctde Papel SBcbistretes the serarrebtion earriddet out by two
general appr OaChaslzo%t&immstso@&pma@ﬁei BanbiCC MAéthitRGh HPle@Gtingcel [ s W th

titered stocks of, thtlelc%n}; xyanr&r Stene oli|1eOV|c{ udgaedﬁedr{omcu !man g, si ngl e het er ol ogous
gene under the c0 Forofra acul ovi rus , such as the

pol yhedrin or the pl0 prom)ter Thes rom)ters are h| ghly transcri bed
during the late stages of DetpdediRes cmetgo'méf hleterdioree| | " protein synthesis
has been shut down. Earlier bacul ovirus pronoters or other insect or

eukaryotic cell pr orr@ftner}aegsﬁn &Jcﬁ%ubee,,mgsbé HERE ey Nkhgsies uad ot her
times, whi ch gene ralﬂl?% ?SF’ 4 ole ?aﬂ ]eSSI on | evels. tachw ng the ratio
of two or*’nore 1EESHBT nant Vi fnuses ’ugar TR R RPEEETOR VP Bl%ecting

viruses that usé45Qfirfxiertictapn asHptier ?h%He%PWIW"*&@p?%%ﬁFPUF‘ ok r econbi nant
protein wll perimahmoatea Bidlefkkdcid| e@€bding AsheesilistockrocesellefiphaCiyachklasens sui t abl e
for optimal expLaggi Qhafl hiendChlddidly {CHRMRERRnRERE el GRASLTUCLI ON O

dual - or multiple-expressiqn vectors W expression of two
or more reconbi AAFEPHRE BIHEPTT BB Hirdidhrtediethe fsqletion of pudefes
Gener al | y,20t heseciéeetodisg penm tnd hﬂepemlhrsoekbmmuemxtiwedtmamorﬂaokgeﬂe, cassettes
into a 35 singl %cttv%ysfJhadsrmhgﬁ@xyiaee\éiaw&u&%mes Jhnee p%s@mmﬁm of a
variety of dual 1 3 PE 2" WO 02/ 46386 6 Al PO IUSF?][ pz .expre S|on vectors
have been descri B FEHEEIY § VTR { gerays nedpdmgipgupation g steoid SUBHIBISS) ovi r us
pressi on Vect dr ge m:eSEHBGf a%fé‘rSVnWEF&Fed fr\mrwkknanWMuhPr\éeﬁﬁwd and
npany, 1992; afiekt Killegnd tonitbringthél cdiverbon 8aB&ER, alphl &y Baito@Ndrpus EXpr essi on
System A Labor gf qry, Gt b8 ABRmRARAR LA Irhe el GhLBhe and Met hods

General nethods neral net ho?1 of cl on| ng cg}resm ng, and characteri zing
proteins are fGUWRESPR T NaPafyEoviee 3 °"‘R)Hf‘ Etﬁ‘fed‘?’dfif’éﬂ‘?snﬂ°te‘ﬂs’Labor atory

Manual , Col d Sppéntiges, bandirgres| ziddramenty of SRR rraxiveds nef erdemtyesaasiused t her ei n,
i ncor por at ed hegRinddshY cohferistt &4 BReRediARGo ihlir 41 alSiA 8B Kowbpats. , Ml ecul ar
Cl oni ng, A Laboratory Manual, 2nd

The present invention also mcludes the DNA sequences which code for the

30 11 alpha hydroxylases and oxidoreductases, DNA sequences which are
substantially similar and perform substantially the same function, and DNA
sequences which differ from the DNAs encoding the hydroxylases and
oxidoreductases of the invention only due to the degeneracy of the genetic code.
Also included in the present invention are the oligonucleotide intermediates used

35 to construct mutated versions of these DNAs and the polypeptides encoded by
these oligonucleotides and mutant DNAs. )



edition, Cold Spring Harbor Laboratory, 2989, and references cited therein,
i ncorporated herein by reference. General features and naps of a w de ‘
variety of cloning and expression vectors have been al so been published
(Gacesa, P. and Ranji, D.P., Vectors: Essential Data, John Wl ey 18 &3h8pb
1994). General methods 15 for the cl oning and expression of genes in
manmal i arlveer46sseare al so found in Col osino et at, Bi ot eRBEHUHUEL0799:
314-331, 2000. General and specific Honditions and procedures for the
construction, mani pul ati on and isol ati on of polyclonal and nonocl onal

anti bodies are well known in the art (See, for exanple Harlow and Lane,

Ant i bodi es: A Laborat.pr rin d Sprl ng 20
Har bor, New York, 19 Ixesﬁl\/jgl‘l]m"nslﬁonoatSc’c’l"cﬁla er\%‘fm?gsw T}fbm E’éjee]ﬁcla chem cal s

were obt ai ned fromcg‘sgtﬂaalpl(asleydr%ﬂeﬁesﬂr A/@)hm@e‘s‘twwlictﬁﬁe:emmﬂcﬁnéases and T4
DNA | i gase wer e yohiddiafidaibs, @iihodsl df @sid€ IR OGERRE LRk th lporify Mde New

Engl and Bi ol abs erl Ie ul.ar al s. Indlanapolls
IN), or Pronega %“5@ °E Sicte %};}pe&ﬂ%s, BFPs FE velp ﬂﬁy”“ﬁ J;H?gypé% § &per at ur es
are. i n degkees @e}matgptaxj:@n(l@) moumloeslsanbbdd@ﬁw @e fulltlergitrc polypeptid&t pad ns,

plasm ds, and S%Hﬁﬂéiﬁu% §§t1bl)d1éttb RgSrall REth 3O RplRL wsatsgeag fis plteg»ee.@le in these
studies are Ilstgﬁjl 'gypTé J@?S dcg used or gons q@teh gr this study
are listed in T&bP&P 1o rﬁ&@ ?'Eﬁ’ R TEPRERRRE Aok % FehediPsey ant

ol i gonucl eot i desan kperedto idantifyreeted molymepiédel insang@f 2 reriFhiyf dos8 orgdnignsAPR 2005 WO

02/ 46386 PCT/ USGYet 5kOetOthe Hidlof@bAcBvilies adlotidielHithBRi-GoRbdpRiisDESCI i pti on or
Genot ype Reference/ Source DHoaW F", phi 80 dl acZdel t aM 6, L| fe Technol ogi es,

P 0t S WAoo L5 A A 0
D( nT r - hsdRVB- nt PBC snfrgrl@‘sw&f?ff&foﬁ?%’s 40 P{ogﬁ\ﬁgl‘lf"é "“"’ﬁFﬁ"B Cad¥/5 D acX74 )
endAi  Maryl and, Heertludedder [XTQCa16888 e)d/ 6ICC 663 Bpergdiank WidjddnK ATECLG 1 psL -

DﬁlgtB?C' DHt1CB fi%‘?‘i?‘%f?} Ehﬁyi)aécﬂ'i'@(?ﬂ 11455, LRﬁ@opllsecslzyE&k kglA%c B{ﬁ#gl Ile, 4 th
snu e vector n Yy al SO LUCKOW a an e
hel per plasmd SKEFYSE i ?af Ajg‘?é z@@% fg?g ’@%&’f"’(’"rat‘%?é 945PR 1005 WO
02/ 46386 48 TabPeugomoppsagpdiver £TGE W%SE@%TI?@WWWW&F&%&@W\W" Gent "
Descri ption PCT bbﬁgpaleﬁmi?&gﬁﬁdﬁkﬁ&]&@ﬂk@iﬁwdﬁhpm(ﬂspmeﬂﬁmﬂdc|-1hf7@ cont ai ni ng

multiple clonin | .29LESArct f1§adowWnst ream of an Inc. (Rockvill e, AcNPV
pol yhedrin MD); ee a ssc‘)1 pror'rrot e{r:l ngt hin a mni-T17 Luckow at al .

tal’ ggigfzslb:, 3se|sﬁgf?f%ﬂ 1g§§75ms tg t have eEi)hxpLe% 2 lwgeflo st Leaaphso q] 4566 4579 to

Absidia coerula ATCC 6647, Absidia glauca ATCC 22752, Actinomucor elegans

20 ATCC-6476, Aspergillus flavipes ATCC 1030, Aspergillus fumigatus ATCC 26934,
Beauveria bassiana ATCC 7159 and ATCC 13144, Botryosphaeria obtusa TMI
038560, Caloneciria decora ATCC 14767, Chaetomium cochliodes ATCC 10195,
Corynespora -cassiicola ATCC 16718, Cunninghamella blakesleeana ATCC 8688a,
Cunninghamella echinulata ATCC 3655, Cunninghamella elegans ATCC 9245,

25 - Curvularia clavata ATCC 22921, Curvularia lunata ACTT 12071, Cylindrocarpon : )
radicicola ATCC 1011, Epicoccum humicola ATCC 12722, Gongronella butleri .
ATCC 22822, Hypomyces chrysospermus, Moriierella isabellina ATCC 42613,
Mucor mucedo ATCC 4605, Mucor griseocyanus ATCC 1207A, Myrothecium
verrucaria ATCC 9095, Nocardia corallina, Paecilomyces carneus ATCC 46579,

30 Penicillum patulum ATCC 24550, Pithomyces atroolivaceus IFO 6651, Pithomyces
cynodontis ATCC 26150, Pycnosporium sp. ATCC 12231, Saccharopolyspora
erythrae ATCC 11635, Sepedonium chrysospermum ATCC 13378, Stachylidium
bicolor ATCC 12672, Streptomyces hygroscopicus ATCC 27438, Streptomyces
purpurascens ATCC 25489, Syncephalastrum racemosurmm ATCC 18192,

35 Thamnostylum piriforme ATCC 8992, Thielavia terricola ATCC 13807, and
Verticillium theobromae ATCC 12474.




vector pBluescript Il Amp" Miltifunctional phagem d Stratagene, La SK
cloning vector derived fromJolla, CA pUCL9. pCRII-TOPO Amp" 13 APR 7005
Mul ti functional cloning Invitrogen, Kan" vector for direct cloning of

Carl sbhad, CA polynmerasechain reaction products using the T overhang
pSportl Amp" Multifunctional cloning Life vector for cloning and in

Technol ogwaspz/4688t r 0 transcription from Rockville, MD eipdwus@isi|aad usi ng
SP6 or T7 pronmpoters pGEM T Anmp" A derazvative of pGEM 5Z1(+) Pronega, wth
single 5 T overhangs Madison, W at the insertion site to inprove the
efficiency of PCR product |igation pMON45624 #1 Anp" pFast Bacl EcoRUXbal +
This work Gent" PCR fragnment EcoRI 1Xbal encodi ng Aspergillus ochraceus 11
al pha hydroxyl ase 1 3d4RR2DGHEISNS tHR /G 38 GxREFNSOHoH 106ty frdthp MONA5603 Amp”

pBl uescriptll h}/]}jr\ym 1&@9}1 km] h&iaupo,qlun ﬂalmzﬂ/(ﬂﬁmuwﬁy (E8gBR%) of  human

oxi dor educt ase p wor k- HinclI/Kpnl +

hi s
Hincl I/ Kpnl 3' sédhéiie CB‘fhl‘Fﬁﬂ’féﬁ‘m’(ﬁ)‘( Jdé’r"@fﬁlf&’t Qgﬁ)ﬁ%dﬁ%h%’  fehemelie pFast Bacl
BanHLKpnl + Thi s ovbidks (KisenFarmBairBoa2D(7); 6Tip Bw), T iagbatielig hyadgpoon(Kbim.human

oxi dor educt gse_cONA, 7R NRWSER0) APored SR, RO LA yTltho MpTK  Kan

Sal | / BanHi ment A aceus OXI dor educt ase pNONA Anp'
PCRI | - TOPO BanHURaP- QW%P‘&)’M?HRO) Aegsrett @dﬁfﬁﬂsmf?o’\’w’?b"’%é‘dnﬁ%@ PR,
ochr oceusoxi dor ed(es 165 &10), FRbNuwhErehintaaok €tkdt Migrobloh tPolg rSer. (VONARGEY, #5 Anp”

pFast Bacl Sal |/ X SN Mo e Lo 26 | " | g region :
of Aspergi |l | us Hﬁérgg)egg‘k %ﬁ:ﬂgg& S ng ﬂlt?(r& aﬁqm()g%4%gg%d?45

PCTI LSO/ 51070 TABI BspPuopiai & i uc&ﬁé‘ﬁﬂ’é’% 487, 24, 200 |
| 10 Figure 1 sets forth the nucleotide and protein sequence of Aspergillus

ochraceus 11 alpha hydroxylase (SEQ ID NO: 1, SEQ ID NO: 2, respectively).

Figure 2 sets forth the nucleotide and protein sequence of human oxidoreductase

(SEQ ID NO: 3, SEQ ID NO: 4, respectively). Figure 3 sets forth the nucleotide

and protein sequence of Aspergillus ochraceus oxidoreductase (SEQ ID NO: 5, SEQ

- AT~ I L LY
10 iU INU: O, respecuvely).

Figure 4 sets forth an amino acid homology alignment of A. ochraceus 11
*alpha hydroxylase cloned in pMON45624 and aligned with related enzymes found
in .GenBank using BLAST. Figure 5 is a phylogenetic tree showing the this
: re]aﬁonship graphically.  Figure 6 shows the percent homology between
20 Aspergillus ochraceus steroid 11 alpha hydroxylase and the top 10 enzymes found
in GenBank using BLAST, calculated using Clustal W and Boxshade.

Figure 7 sets forth the amino acid homology of Aspergillus ochraceus and

r buman oxidoreductase to NADPH cytochrome P450 reductases from .A. niger,
mouse, and 8. cerevisiae (yeast). Figure 8 sets forth the amino acid alignment for

25 A. ochraceus, A. niger, and S. cerevisiae oxidoreductases. Figure 9 is a phylogenetic

tree showing the relatedness of Aspergillus ochraceus and human oxidoreductase

to reductases from A. niger, yeast, and mouse. Figﬁre 10 shows the percent

homology between Aspergillus ochraceus steroid 11 alpha hydroxylase and the

oxidoreductases from A. niger, yeast, and mouse, calculated vusing Clistal W and

30 Boxshade.

Figure 11 - Alignment of human oxidoreductase with top 4 hits from
SwissProt. Figure 12 sets forth a phylogenetic tree displaying the genetic
relatedness of human oxidoreductase, to these hits. Figure 13 shows the percent

identity between human oxidoreductase and top 4 hits from SwissProt.



SEQ I D NO Descri ption Length/ Sequence Type (SEQ I D NO: 01) Nucl eoti de
sequence of 1776DNA Aspergillus ochraceus 1lal phaCH gene from pMON45624 H()ﬁESQ
I D NO 02)Aspergillus ochraceus5l14Protein |l al phaCH protein sequen(iefi AP
pMON45624 (SEQ I D NO 03) Nucl eoti de sequence of human2031DNA oxi dor educt ase
gene from pMON45605 (SEQ I D NGO 04) Hunan oxi dor educt ase protei n677Protein
sequence WoarM@SON45605 (SEQ | D NO. 05) Nucl eoti de sequenBETHSRZ2TONA
Aspergi |l | us ochraceus oxi doreduct ase3jyene from pMON45532 (SEQ | D NG

06) Aspergi | l us ochraceus705Prot ei n oxi doreduct ase protein sequence from
pMON45632 (SEQ I D NO. 07)Primer H. oxred | Agat cggat ccaat ATGGDNA
GAGACTCCCACGTGGAC AC (SEQ ID NGO 08)Priner H oxred 1BCAGCTGGT TGACGAGAGDNA
CAGAG ISEQ I D NO 09 )FRiuirqriel setd, fortlx pre oo € TRETAHEGFRARCEDRAPAGERG ( SEQ | D

% iflJ)lgr! ner H ocmsegsipasﬁg@m y%%?;ﬁ&saggAm\dﬁqT IQA@@;QEW% %e&fg‘) (P SEQ | DA
j rimer oxre ﬁl rimer

oxr ed- r evl TTAl GAREEA F SEFIoRLPith 2

pSport-forl CAAGGTIEMTAGEA@'@WW@WSE@d@W!ﬂA)dem

A. oxr ed-r ex2CA gggﬁ NO  15) Pri ner

A. oxr ed- re\véSGT% C@é% AGCCAATG (SEg ID NO 16)Priner A.

oar ed- r ev4CCACATT TGTA EQ. 1D NO . 17

pSport - forZGCCAAGCTgf Ccz%gﬁ C?PCR&]FB\ %%A%@é?%ﬁ@o?ﬁ}%&"g?ﬁ’) Pri mer

A. oxr ed- f or t gt c pAleAPEEEEEAACTINA et RAdTERENfGRbins et ptls hargysradiah gl

A. ox(rje](cj revsct Cgagib asdnfseNGRARNA. TR GHIEITISSTARb{SER: ;Doll\d@thz(l)ﬁrl mer A

oxre or aGGATCCCT, J, 1) Pri

oar ed- for4mﬁwpﬁg‘%&&%§§% % @"{ugﬁté yB 22) Primer

A. oxr ed- r 896 CTGRARNSPETREEKHIERAICAT 8BTTGTACAAGAAA TC |

Figure 16 sets forth an HPLC tracing iliust-rating the conversion of
androstenedione (AD) to its 11 alpha hydroxy counterpart after incubating AD
with subcellular fractions prepared ‘from baculovirus-infected insect cells

expressing Aspergillus ochraceus 11 alphé hydroxylase and human oxidoreductase.
15 Cloning technigques

Genetic engineering techniques now standard in the art (U.S. Patent

4,935,233 and Sambrook et al., “Molecular Cloning A Laboratory Manual”, Cold

Spring Harbor Laboratory, 1989) may be used in the construction of the DNA
sequences of the present invention. One such method is cassette mutagenesis

20 (Wells et al., Gene 34:315-323, 1985) in which a portion of the coding sequence in a
plasmid is replaced with synthetic oligonucleotides that encode the desiredv amino

acid substitutions in a portion of the gene between two restriction sites.

Pairs of complementary synthetic oligonucleotides encoding the desired
gene can be made and annealed to each other. The DNA sequence of the |
25 oligonucleotide would encode sequence for amino acids of desired gene with the

exception of those substituted and/or deleted from the sequence.

Plasmid DNA can be treated with the chosen restriction endonucleases
then ligated to the annealed oligonuc]éotides. The ligated mixtures can be used to
transform competent E. coli cells which will confer resistance to an appropriate

30 antibiotic. Single colonies can be picked and the plasmid DNA examined by
restriction analysis or by DNA sequencing to identify plasmids with the desired

genes.



(SEC ID NO 23)I1a0H peptide | AAAYNLATLOPSDLPELProtein N (SEQ I D NO
24) 11aCH pepti de 2CRQ LTPYI HKRRSLBGProtein TIDE (SEQ I D NO. 25) 11ag§ Eﬁ@@ de
3HNGFGHGVHACPGRFFAProtein 7 3 APR 2665 | WD 02/46386 (SEQ ID NO 2 Q{%
ID NO 27) (SEQID NGO 28) (SEQID NGO 29) (SEQ ID NG 30) (SEQIDNO 31)
| SEQIDNO 32) (SEQIDNO 33) )SEQID NGO 34) (SEQID NO 35) (SEQ'ID
NO 36) (SEQID NGO 37) (SEQID NO 38) (SEQID NG 39) (SEQ ID NO 40)
(SEQ | D M@ 04dkds6d46 0, peptide 1 CAA75565; cytochronme PASEcT/osmsmrygenase.
[ G bbereila fujikuroi] CAB91316; prambable cytochrome P450 nonooxygenase
(lovA) [ Neurospora, crassa] CA1356503; cytochrome P450 | Ca tharan thus
roseus] AAB94588; CYP71D10p [d yci ne max] CAA75566; cytochronme P450
nonooxygenase [ G bbereila fujikuroi) AAD34552; cytochronme P450
monooxygenase [ Asper §lohingisf DN/eseneansep e@ARTE®EE protejrs euhiug ereprpidi§Omay
nonooxygenase [Cﬁeb&%ﬂsh@ byftHJa béélb?the)nnE&%«?@eZQé’s; LGN’;EIQQHJ SBteR420be [G bbereil a
fujikuroi) CAA57 g % %f\fﬁd% L{;us | um oxgt Rgru
CAA91268; si mi | &f° tBmeu@]? BIe BRI resn ey fromthis
gene; (Caenor habiditersl ®lthgasis of J_BMQ:Z%T@ ehaliPER eiydlopdypeptide BASEsiomr educt ase
precursor [;Sacchaf NG s e E%hiSoBsoptial-Ap&liaoth N DR C¥he 6l aRe450

is inserted into a suitable expression vector which is then transformed or

transfected into appropriate bacterial, fungal, insect, or mammalian host cells.

The transformed organism or host cell line is grown and the recombinant protein

isolated by standard techniques. Recombinant fusion proteins have all or a portion

10 of a first protein joined by a linker regiontoaallor a portion of second protein.
Hybridization

Nucleie acid molecules and fragment nucleic acid molecules encoding 11
. alpha hydroxylases or oxidoreductases can specifically hybridize with otber nucleie

o P 5 PRy Gy
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acid mwolecules. Two mucleic acid molecules ar
15 hybridizing to one another if the two molecules are capable of forming an anti-
parallel, double-stranded nucleic acid structure. A nucleic acid molecule is said to
be the “complement” of another nucleic acid molecule, if they exhibit complete.
complementarity. Molecules exhibit “complete complementarity” when every
nucleotide of one of the molecules is complementary to a nucleotide of the other.
20 Two mo]eculéé are “minimally complementary” if they can hybridize to one another
with sufficient stability to permit tHem to remain annealed to one another under at
Jeast conventional "low-stringency” conditions. Similarly, the molecules are
“complementary” if they can hybridize to one another with suffitient stability to
permit them to remain annealed to one another under conventional 'high-
25 stringency” conditions. Con{ientional stringency conditior;s are described by
Sambrook, et al., Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold Spring
Harbor Press, Cold Spring Harbor, New York (1989), and by Haymes, et al. Nucleic
Acid Hybridization, A Practical Approach, IRL Press, Washington, DC, 1985).
Departures from complete complementarity are therefore permissible, as long as

30 such departures do not completely preclude the capacity of the molecules to form a

double-stranded structure.

Appropriate stringency conditions which promote DNA hybridization are

well known to those skilled in the art, or can be found in Current Protocols in

‘ Molecular Biology, John Wiley & Sons, N.Y., 6.3.1-6.3.6, (1989). Basic conditions
35 would include, for example, 6X sodium saline citrate (SSC) at about 45°C, followed
by a wash of 2X SSC at 50°C. Stringency can be varied, for example, by altering

-



oxi doreduct ase [Aspergillus niger) BAA04496 NADPH- cyt ochronme P450

oxi doreduct ase [ Mus muscul us) Universal bacteriophage ML3 reverse {pf dRR1005
Uni versal bacteriophage T7 (SEQ I D NO 42)pronoter primer Aspergillus
ochraceus Prinmer (SEQ ID NO 43)I1al phaO+for Aspergillus ochraceus Priner

| I al pha Q I D NO 44)pFastBacl Priner Bacfwd (SE

45) pFast aéﬁy/&:’l%er Pol yA (SEQ I D 5 46) Aspergil | us och?gj{:/glsjgg ?7i0mer
45624-t t or (SEQ I D NO 47)Aspergillus ochraceus Prinmer rt 45624-f o (SEQ
I D NO 48)Aspergillus ochraceus Prinmer 45624- | rev (SEQ ID NO 49)590469
human cyt ochronme P450 reductase [placental, nBNA (SEQ ID NO 50)Parti al,
2403 nt]. AAB228i1hdsdnitbmentLyibion hieorsh Bébh o SinG XBIGEL 5E T X adielyase,

pl acental , parti gl A6 7 ol il rii ). protein

P eauct nae’ Pioastoil %%’%&B%ﬂ@&%@%?gbng ,@g%QéL“?gee  SEE AR SR 80 0 e
CTYWAVAKDPYASAGPAterefiGeiPpgipeihs tempetelirhin e 3w fier: Ppoteqthieppoeidren Prot ein
Protein Protei nbRiG® (ow sBimgémRy fondiB6:k), @ fboldrast®@ihizh Brbi@chcolfigdngl N CAG GAA |
ACA CCP DN% AT%oﬁtheL%éatTleécan%g]t 1:;1% b%ied%’%it];@‘rq}]gémperamre or the salt

concentration may be held constant while the other variable is changed.
Expression vectors

Another aspect of the present invention includes plasmid DNA vectors for

use in the expression of these novel hydroxy]ases and oxidoredmétases. These

10 vectors contain the novel DNA sequences described above which code for the novel
polypeptides of the invention. Appropriate vectors which can transform
microorganisms or cell lines capable of expressing the hydroxylase_s. and
oxidoreductases include expression vectors comprising nucleotide sequences coding

for the hydroxylases and oxidoreductases joined to transcriptional and

to ihe host

15 translational regulatory sequences which are selected according cells

used.

Vectors incorporating modified sequences as described above are included
in the present invention and are useful in the productioﬁof the hydroxylases and
oxidoreductases. The vector employed in the method also contains selected

20 regulatory sequences in operative association with the DNA coding sequences of
. the invention and which are capable of directing the replicatio_p and expression

thereof in selected host cells.

Methods for producing the hydroxylases and oxidereductases is another

aspect of the present invention. The method of the present invention involves

25 culturing suitable cells or cell lines, which has been transformed with a vector
containing a DNA sequence encoding novel hydroxylases and oxidoreductases.

Suitéble cells or cell lines may be bacterial cells. For example, various strains of E.

coli are well-known as host cells’in the field of biotechnology. Examples of such

strains include E. coli strains DH5 alpha, DH10B and MON105 (Obukowicz et al.,

30 Applied Environmental Microbiology 58: 1511-1523, 1992). Also included in the
present invention is the expression of the hydroxylases and oxidoreductases
utilizing a chromosomal expression vector for E. coli based on the bacteriophage

Mu (Weinberg et al., Gene 126: 25-83, 1993). Various other strains of bacteria,

including the Enteric bactéria (e.g., Salmonella sp.) and B. subtilis, may also be

35 employed in this method.



gat cgaat t cATGCCCT DNA TCTTCACTGGGCT gatct ct agatt acaca DNA |
gt t aaact cgccaTATC GAT CTGTI TTCGTAACAGIT DNA TTG CCTCTACAAATGTGGTA! DMAR 2006

‘GAGATCAAGATTGCCTT DNA CTTCGACGCTCTCAA DNA GCAATCTTGATCTCGIT DNA 2403 DNA
676 Protein 677 Protein 677 13 APR 2005 WD 02/46386 47 PCT/ USO /51070 ( SEQ

I D NO 53)P00389 Rabbit NADPH cytochrone 679Protein P450 reductase P00388
Rat NADPHYt2spsone P450 reductase 678 |SEQ | D NO 54)P(A370AB10MDUSE
NADPH- cyt ochrome 678 Protein (SEQ I D¥O 55) P450 reductase 678 Protein (SEQ
I D NO 56) P04175 Pig NADPH cytochrome gatttaggtgacactat Protein (SEQ ID

NG 57) P450 reductase aDNA Uni versal bacteriophage SP6 riner (SEQ ID NO
58)p g Notl-poly-dT adapter5' - pCACP TCTAGA TCGCGA GCeeCcceC cC (M ™ - 3

When expressed in the E. coli cytoplasm, the gene encoding the proteins of

the present invention may also be constructed such that at the 5’ end of the gene

codons are added to encode Met®-Ala”, Met®Ser?, Met*Cys®, or Met” at the N-

terminus of the protein. The N termini of proteins made in the cytoplasm of E. coli

5 are affected by post-translational processing by methionine aminopeptidase (Ben

Bassat‘ét al., J. Bacteriol. 169:751-757, 1987), and possibly by other peptidases, so

that upon expression the methionine is cleaved off the N-terminus. The proteins of

the present invention may include polypeptides having Met”, Ala”, Ser”, Cys®, Met’

’-Ala"; Met*-Ser?, or Met*Cys® at the N-terminus. ' These mutant proteins may

10 also be expressed in E. coli by fusing a secretion signal peptide to the:N-terminus.
) This signal peptide is cleaved from the polypeptide as part of the secretion process.

Yeast

Many strains of yeast cells known to those ékilled in the art are also

available as host cells for expression of the polypeptides of the present invention.

15 Under another embodiment, the protein or fragment thereof of the present
invention is expressed in a yeast cell, preferably Saccharomyée!s_ cerevisiae, The

proteins or fragments thereof of the present invention can be expressed in S.
cerevisice by fusing it to the N-terminus of the URAS, CYC1 or ARG3 genes
(Guarente and Ptashne, Proc. Natl. Acaed. Sci. (.S.A.) 78:2199-2203 (1981); Rose et

20 al., Proc. Nail. Acad. Sci. (U.S.A.) 78:2460-2464 (1981); and Crabeel et al., EMBO
J.- 2:205-212 (1983)). Alternatively, proteins or fragmenis thereof of the present
invention can be fused to either the PGK or TRP1 genes (Tuite et al., EMBO J.
1:603-608 (1982); and Dobson et al., Nucleic Acids. Res. 11:2287-2302 (1983)). More

) preferably, the protein or fragment thereof of the present invention is expressea as
25 a mature protein (Hitzeman et al., Nature 293:717-722 (1981); Valenzuela et al.,
Nature 298:347-350 (1982); and Derynck et al., Nucleic Acids Res. 11:1819-1887

(1983)).

Native and engineered yeast promoters suitable for use in the present
invention have been reviewed by Romanos et al.-, Yeast 8:423-488 (1992). Most
30 preferably, the protein or fragment thereof of the present invention is secreted by
the yeast ce]]‘ (Blobel and Dobberstein, J. Cell Biol. 67:835-851 (1975); Kurjan and.
Herskowitz, Cell 30:933-943 (1982); Bostian et al., Cell 36:741-751 (1984); Rothman
and Orci, Nature 355:409-415 (1992); Julius et al., Cell 32:839-852 (1983); and

Julius et al., Cell 36:309-318 (1984)).




(SEQ I D NO 59) Sal | adapter, top strand5 -DNA TCGACCCACGCGICCG - 3' (SEQ ID
NG 60) Sal | adapter, bottom strand3 -DNA GGGTGCGCAGECp 5' (SEQ ID

NO 61) Pri mer oxred | CGTGGACCACAAGCTCGIDNA (SEQ I D NGO 62) Pri nmer oxreﬁ?ﬁm{lfﬁﬁa
DNA CATCGACCACCTGIGTG | SEQ I D NG 63) Primer oxred 2DAGCTG DNA
GTACAGGTAGTCCTCAT CCGAG (SEQ I D NO 64) Aspergillus niger NADP CYP4503710DNA
oxi dor edyitef BmB38626838 (SEQ I D NO 65) Aspergi | | us ni ger NALR 6PARASO3Pr ot ei n
oxi dor educt ase 81550 Specific Metfjods 5 Transformation of E. toll strains
E. coil strains such as DH5 al pha and DH10B (Life Technol ogi es, Rockville,
MD) are routinely used for transformation of ligation reactions and are the
hosts used to prepare plasm d DNA for transfecting manmalian cells. E coil
strains, such afarbldd@®di0B and MON105 (Cbukow cz, et al., Appi. and Envir.
Msr., 58: 1511- 1523, 1992) can be used for expressing the proteins of the
present invention in the Syt opl asm or Ffoasgnag%{gnesc sam a]i'[gléﬂ and DHSal pha

subcl oni ng ef fi ci enc$ouEt PEBefEn BPERaS % and are

ready for transbemnevienrd (Biufga; He Jm%ﬁ&ﬂa(ﬁea?t@rE@qypmwdbwipla hed E. coif
strains are rengdgnRasCoAPSLeR! sdiew, Ak&, PleQNPre!abSN@Q York; Galbdigo fEfhod.

Typi cal | Y o 20 tQ.50, nL O r in medi um %%% tryptone,
0. 5% Bact o® yeas “’é”ﬁ’f’?%f‘(ff 59 %$3M@C%$c0?1 "%{’*a"’ do e EPe %ﬁ‘??% tely. 1.0
absor bance unit their x@@@ahbzw@m*ﬁt@xﬂsn (EDeS0x1 dse..nwhrslasmchuglpusy oBeariols & Lonb 15

Spectronic spectnreg,pmaQ&fgﬁa%eﬁtaoehaﬁts%&mma s}hﬁ FeflideSis PrerftOldnect ed by 1 3
APR 2005 WD 02/ 46386 PCT/ US01/ 70 48 cetntrl t| on 1an rgsus ended in
one-fifth cul t uPETFEPUNECHE CREPSLB " HP 3 A7 {8 8™ exepls 0 ris-d ((10

mM 2- ani no- 2- (hydmexpetiaohselly drives trapsordioe df %)Puka#vymmﬂﬂlmﬁ@el PepHie7 4] and are

held at 4Gpfor B&n@rﬂyﬁrﬁSwh:ci[hb&r&m@]hi:&aw;&nagﬁltﬁb coiaf r@soh gt thyageat ri fugati on \

and resuspended i n ”1(;9 Herav Sl Ul Li gat ed DNA/
i s added to 0.3"m em rhegtg'%gg’eqqisw‘{s gﬁgg gar 2 nald °BPN4C for 30-60

m nutes. The saf?b’fa%daff‘é“ JIpyitresery Gogp- ’4% PB?“L@S‘ omignge benweed. 0Theni of LB is
added prior to shakotigsectetiorsagnpl @ptidkticodnpGefior caprbe filvmuhe gepe fthedf of tom t hese

Sa{fﬁl es are Splr%dof%np&%@,sse&k@d mgﬂmmnmraan JBaM Boe! ata@%o]g NG@Nt ai ni lnlg
either anpicillin sel ecting for anpicillin
10 resistaht t rﬁ‘f’l’gf%‘i’“n%%a g‘{ 2%@ 25?%&?87 d%?ﬁf fe °°u‘§/t}f‘ﬁ '5“'\%%’?\”?&%0“ ng for
specti nonyci n-r ésigsteatite ertemddisremtisted Thie nplatba allesicheuthaCO8.over ni ght at

37C. Col oni es aﬁ@mpuaﬁr@@ham HaRQeklvalyQOHON o mbiRe ] Kies.APRE QN AR anti biotic

(100 wug/mM anpi lLip or %@Is C ) nd ar at 37C while
shaki ng. DNA |s‘(3'1qafe|do}r(}r and c'nar ac erlpdga?“il n}{’%ﬁg Tﬁ @&9 e isolated

by a number of uif herauia mathsgaevesiobyutindard %h%faé |aenrpgfhwélowalsl e kits
known to those skislehedxpiressioh dor et - TPhassTattkr DNAsfbGion iof @leateltel otisitang t he.

Promega W zar dTesMbﬁé}ereﬁpoflﬂa‘iﬂec:mé Q,nmwéeiemowﬁaglﬁaﬁnesxsgn@yvefhk Pl asm d
isolation hits (Chats Q

selection V\Psmtab]e m mmahan cel]s an guods or translM ormation,

culture, amplification, screening and product production and purification are

known in the art. See, e:g., Gething and Sambrook, Nature, 293:620-625, 1981, or >
25 -alternatively, Kaufman et al, Mol. Cell. Biol., 5(7):1750-1759, 1985) or Howley et

al., énd U.S. Pat. No. 4,419,446. Other suitable mammalian cell lines are the

monkey COS-1 cell line and the CV-1 cell line.

Mammalian cells can also be used to express the nucleic acid molecules of

the present invention. The nucleic acid molecules of the present invention can be

30 cloned into a suitable retroviral vector (see, e.g., Dunbar et al., Blood 85:3048-3057.
(1995); Baum et al., J. Hernatother. 5: 323-329 (1996); Bregni et al., Blood 80:1418-

1422 (1992); Boris-Lawrie and Temin, Curr. Opin. Genet. Dev. 3:102-109 (1993);
Boris-Lawrie and Temin, Annal. New York Acad. Sci. 716:59-71 (1994); Miller,

Current Top. Microbiol. Immunol. 158:1-24 (1992)), adenovirus vector (Berkner,

35 BioTechniques 6:616-629 (1988); Berkner, Current Top. Microbiol. Immunol,
158:39-66 (1992); Brody and Crystal, Annal. New York Acad. Sci. 716:90-103

(1994); Baldwin et al., Gene Ther. 4:1142-1149 (1997)), RSV, MuSV, SSV, MuLV




kit. These kits follow the sane general procedure for plasm d DNA isol ati on
20 Briefly, cells are pelleted by centrifugation (5000 x g), the plasmnid
rel eased with sequential NaOH acid treatnment, and cellul ar debri g3 &PR '1005
removed by centrifugation (10000 x g). The supernatant (containing the
plasmd DNA) is |oaded onto a columm containing a DNA-binding resin, the
col um i sy ¢ and plasmd DNA eluted. After screeni P@T/fUF?J ysh col oni es
with the plasmd of interest, 25 thegfk. coil cells are inoculated into
50-100 m of LB plus appropriate antibiotic for overnight growh at 37C in
an air incubator while shaking. The purified plasmd DNA is used for DNA
sequencing, further restriction enzyne digestion, additional subcloning of
DNA fragment s an@atih ansf &demortathern§:32&32900495)), AR (Oeh ietoud, Gk Ther. 580- ot her cel |
types. 30 DNA Seguengi Rtnil, 9&10%9z|d§nf%k f7‘h§d2 18-85 Tbdhy WYy, Aﬁ{v’ gippended in
t absor

dli,0 and its concentratl on Is measuri ng bance at

260/ 280 nmin a Gafks sk Biogh- J§6é§%3"\*?ﬁl(3c?8 1 Wspectroneter. DNA sanpl es
are sequenced using ABI PRI SMI DyeDeoxyr" term nator sequencing chem stry
(Appl i ed Bi osystBassfddnwi@icatiredsfedmnPer ki n El mer Cor poration, Lincoln Gty,
CA) kits (Part Number 401388 or 402078) 1 3 APR 2005 WD 02/ 46386

PCT/ USOL151070_ 49 age ol ghiidt . WHe B QEAHEEL inSh0e Shflblsof 0CO!

Qccasional Iy, 5% DVS ture In repeat exper rrents to
facilitate the swgeerrsidngoleflearhich coprrises @mgrogensys PS@gisertdRg™idact i ons are
performed in a DNAtibdiah B8dll t6 yakethe priduckbdlof 2 mBNRBIKol<00¢ PRIEIAE lifked tdNor wal k, CT)

following, the reRRmMIERISdsamm LbLaRE WA GARALLLRRS polPLER kLo DN sanpl es

were prepared contal ni n(i; mer of
choi ce in thin- &rPEF=G: Slbf SR B R STt B R ewaafgﬁt’-“he% 12 uL wi th
M11ipore 1o |1i-rfl¢inkdid goladule iy livial &r a F¥Donttraplated sedvenchA}iat Ragioadided t o each

t ube. Eubesl ver eqflpat.iie thrRbtion 6F %&ﬁp@o@, %ﬁicghd?n& wpaﬁaﬁkﬂylmégl mer System
Cemperature of  dtabyerHE PRE AR By okl of “ABl PrismBig Dy
Term nat or - Cycl e Sequenm ng Ready Reaction Kit was added to each tube. The

sanpl es wer e’ r et ur netfethads;ma coppopitien feryframalprmingpukireqtie sdlachigpiéactPdusi ng t he
fol | owi ng progr ather @icrooBBfistho pre3Gowedy the2xt 6@ fof @raniples BaqbréoB)et @QC for 4 nin,

15 foll owsg by %@puz&,lbzo;i @ﬂaz@%% Ak §aegdde§maadc&&1%9n&eﬁgb&]§ 4;3 tQ/CI e
sequencing was _.CO r.a urified to
re(rqmve exgess d)}éb"?%?’?htpﬁeé‘f &9 W‘E%%yﬂ%‘i’rfg‘fcg‘ﬁ 93|C°° ?)ﬁ\ﬂ? 2181“’1%115

(Princeton Separ&tsilepiy; 2000l phia, NJ) or purified through a M I 1ipore MAHV
N45 50 Multiscreen-HV filtration plate which had been filled with 20 25 uL
Sephadex G 50 super f Tdaknologsionintrodhct3AGf DNA iR cellanaivell knoBe fodha@e bfeEli Nng sanpl es

> Min to femvi Chcct: Thdtelal 2R B BRSO ke
the plate#®spun ?@‘éiﬁ ZP%ca}(mjthf"?fr(%ﬁ B: Can Hé" Bﬂ'ol'ﬁ’f %‘éﬂ"ggas $¢°%Ras col | ect ed
into a 96-wel | 9V3k% ¢2) trhedicalvmstbpls soed agdinfeeitidelion (Cd pacei el 2@44"&9 488
Sgphadex-fil | ed(;@é@x Qleéiibbj)rglﬁbnt(m%zghd Ha:inﬂmn Th&rdn. Qidpilysl Rest b&n R el | pl ate
was dried at ?59 dﬁtsat t{%eézgrﬁ"ox{ng e? roc JYaMagéadA%;[Le{rU é},‘?) g& 58%—&32&he DNA was

dried and pel I e ottom o es were resuspended in
3 uL of a for maMo8RyHiJatepeNe paft: q56’aﬂ1dﬁbe@9%g“&r§@hn§f@raédﬁ€5ﬂ€ﬁh%r 2 ninutes
(see p.3320f PecHl BioEl«s:843-985 (LOBYLENErH actdr(Cldpp adin Gerinbtol. 221551861 pe) .

Sampl es were | oadag) 800 oS CHpakl iRbaRd ‘?ﬂ)@ﬁ)hEéhté(VQrﬁoArﬁl%rstl ami de gel s
and sequence u u cers ically run
nmodul e Seq Run g’éﬁc”i‘?ﬁﬁ %h@%ﬁlgg%@ta’%ﬁrﬁf%‘&?ﬁed’ aﬂ“‘sﬂﬁfg‘ Frer).

Over | appi ng DNAcls &ereGereTer- é’gﬁ’é?@*él%?)ewawatB}E’ed’f@#@ﬂaé@érﬂyi aus.Adt o naster

DNA conti gs usi sgsobeenesnofg obAmARsYSI indafid e bR c{n@R08e Lsodles 35
Cor poration, Ann Arbor, M) or the Perkin-El nmer Data Collection and Sequence

Anal ysis pgograns teyasfhlioRasESed Aahifla kg GOMbRCLEN oh3cMRR, 2005

phosphate precipitation, polyethylene glycol treatment, electroporation, and

combinations of these treatments (see for example Potrykus et al.,, Mol. Gen. Genet.

205:193-200 (1986); Lorz et al., Mol. Gen. Genet. 199:178 (1985); Fromm et al,,

Nature 319:791 (1986); Uchimiya et al.,, Mol. Gen. Genet. 204:204 (1986); Marcotte
35 et al., Nature 335:454-457 (1988)).




WD 02/ 46386 PCTII)SO /51070 50 BLAST, Custal W and Boxshade honol ogy
alignnment tools A variety of prograns can be used to align nucleotide or
peptide sequences to each other and to facilitate honol ogy searchk$ APR 2005
| ar ge sequence dat abases. BLAST (Basic Local Alignnent Search Tool), which
i npl enents the statistical 5 matching theory by Karlin and Al tschul (Proc.
Nat | . AcaMO 0B#G386 USA 87: 2264-2268, 1990; Proc. Natl. ABEEUSEEI070USA 90:
5873-5877, 1993), is a widely used pfbgramfor rapidly detecting ungapped
nucl eoti de or peptide subsequences that match a given query seguence

(Avai l able fromthe National Center for Biotechnol ogy |Information,
bttD,//ww. ncbi.nl mPih-goy ). BLAST uses a heuristic algorithm Whl ch seeks
| ocal 10 as opposed &Y 8b&FreaPPrFirEesed fRgthe drapHigt syrspsiom Bl doned det ect
rel ationshi ps armdAge SRQUHEALRS hifé Gbens Bertleped Nbyy inixsdicaf @He I‘nG@hO@Sd of
simlarity (Altschul, ef. al | WO
paraneters can bnftlade\?z]alfa i 1é]dp %s P:yhpogmélen ﬁgc steﬁ%&éﬂ eqe%h%%gg opham-li of BLAST
search resul ts. 'Pabafpend MBcgigiet - é(“@@f%ﬁrl@‘*ﬁl%@%%cqw ¢t dglrbfes the 15
nunber of i ?h Sseswomgessgganmitpalae?es(mi lsgﬂwmlrllﬁﬂ%ﬂ epm:taemmomylg <r:| esulbts.
Paranmeter V (Wt yal ue of 10) isSyihe n at abase
sequences ( bi ts) 78259%}% one PP e éass%nr]lsﬁtfn(’)snmamﬁf et°lr*‘é"5§? "g‘a Mat ches
are based on h|d@fhec’sé@rrﬁm@at%mmucb’aﬂrf@t{fﬁsﬁse)‘we% caseedfgerrr@sisinmy shar e
more than one GRRably-fnHelgenditoRmemtce separated by gaps. The BLAST al gorithm
is sensitive to 20 anbiguities in the sequence and is not well-suited for
sequences t hat 9;%9&%1?15%}{071 gaps. The program bl astp conpares an amno acid
guery sequence against a protein sequence database. blastn conpares a

nucl eoti de query sequence_agai nst a _nucl eotide sequence dat abase. bl asts
conpares a®nucl eot i dBsthEPy FRfrErice osets ’élﬁé?r&slsé"d°”i‘tf‘|“aém’r°ﬁe‘é56ﬁ they franes
agai nst a pr ot eipresse iprertve (Sateah dackow,YBh., EotdrdEng&d.. Cllagd.oféydisst 0 fi.nd

potential transhafiven, mpfbuew 1696, mru@smwte@w&&gt GelRral SRAMENGE. thlastn
conpares a protein quer uence ag: ai.ns susmgulg otl de seguence dat abase

dynami cal 'y trafST4e ’bl(’y%’ | 5P BN’ neCt ! N EER AT 8L e

si x-frame transHdeitsdOFeilly B IdbtMiler gfudlr ?ae‘é’qwen@emaﬂgm Hestorst He si x- frane

30 transl agi ons Lea‘orao,yumneat Nebe Yo:R | WeH Q8 e kit 2R @ SOmH=D9,£1992; and - King,

htt p: / Avww. ncbi .nl geatl-on/ JL.ndal f inf.ormati on on

BLAST, rel ated ?‘og}rldgﬁg) %% Tég ter n%rra}'ta%élgng Al g"ér‘?iﬁﬂp‘{to% NGng?eotl des

sear ches per f or'nggd° ChpprRn 'score = 98-557, word length 514 letters,

were used to obtain nucleotide sequences honDIogous to nucleic acid 35

nol ecul es of the preSkarrloying exprisgier veppirre pacostaicieh bsingerigngdes degireded Wi t h

BLASTP, 1 3 APRg20Q&g. 0 QiphA 6286y IRE TN ddbedd¥e) ibib oSkek16viras 5Qnsf%0rd | ength =

3 to obtaip am C Tof=T | ggo nENLS L ypeptide
2F|) N%Qtog)wlvlq és %&P%P%;%ﬁ: bapp! 6 H&a%%\;,-\ﬁ B n‘éﬂfm@ 119 ﬁ‘?noﬁ)og g

(e.g, SEQ ustal Wversion 1. enents a different

al gorithm for ZC9RjpRadint eyniosk ebYeémBNﬂ? 6?“‘15‘?8?%‘%“?@&%"?&@% 3as al so used
to prepare 5 al thgmrﬂﬂmdsnawdwteﬂ taddiegranpepiie@nt thedlesitell génes Shatwaenn di f f erent
sequences. Thi Sperﬂft%éﬁ?e&sﬁﬂ'ﬁmg& gr&enssem@ealtm dedfetfdh ofYrRBRESH g Mul tiple y
sequence al i gnmaﬂt.hﬁ hIJSlrougll&mse0 uence %.QP dramlsg r'g on°§£e0|df| c gap

penal ties and we& ghit ehoi Ce of ERUEIET ©URE ds

Resear ch, 2@2(229881416‘7*'31121@8’@95 8&’9’94316 P"‘F’r’i'édp &'iﬂdeta’p@rfsﬂWeF@Efl@vaer sion 1.74
wer e used faci | sdnabiggoatdlipniim Résbeaind, oD exampiegta dikbt petsaition bfdekThdel | €S bet ween

two sequences. g fonl g iy 9&@5&:%&eqtce&,reegu&@ceﬁesa@uhfmsm&g& and the
output is the alignment shown in the figur 6%6" or nucleic sequences,

the i ub DNA wei GRP TS S’(es\ﬁﬁlsgeﬁ%léd’a“’lgﬁf f’ﬂ ERHEH SR nset e | osum
protein wei ght whdsling wiksiradedr [Begzed strpmid kemlovired DNAmwd méchmigaant

Educat i onsBLAST@fihrubed bufiRR Snd S8k e 0 mBk HRfue ak8)sat €d programs, and

15 pattern matching al gorlthms Boxsbade v 3.31 is a pubI i ¢ donain program

for creating nicel yR]:at%r el?a u]tR'Jru € Oc% Sa]s%rl%nl‘rgg{éd Q;H?g aue qow £Ot ein or DNA
sequences. Boxshade
shuttle vector system (Luckow, V.A. et al., J. Virol. 67(8): 4566-4579, 1993; U.S.

Patent 5,348,886) now marketed as the Bac-To-Bac™ Expression System (Life

Technologies, Inc., Rockville, MD). The desired genes are inserted downstream

35 from the polyhedrin promoter in mini-Tn7 ‘cassettes that are transposed in vivo




does not create alignnents, but applies shading or coloring to files that
were previously prepared by other sequence alignnment prograns. The inputs
to 20 Boxshade are the alignnments created by C ustal Wand the thredhpProijin
val ues for the residues tole colored or shaded. In nost cases, except where
specified, a 50% identity value was used. Wth this setting, if a position
has greater than or equal to half of the sequences sharing, an identical
resi due, ™MRP/46886 s shaded. Boxshade is avail able by ftpPGHBWFINE0 or by
e-mai|l from Kay Hof mann (I hof mann@ s¥%c- 25 sunl-unil.ch or M chael D.
Baron (m chael . baron@bsrc.ac.uk). Protein Purification and Characterization
Protein purification can be acconplished using any of a variety of

chromat ogr aphi ¢ net hqds_such_as: ion exchange, | filtration or hydrophobic
chr omat ogr aphy or’“tPég’é?“é"éH“spﬁkéé%v HCh i p§%1‘?é“%§§ésf°lbr§‘t“@’l°ﬂ§ Wi ch are 30
properly fol ded da¥sbae afofaiedi frop B rceli pedl transfavipd dbtoi $9 tegllsr mdgearks of such as

nonocl onal  ant i REGLRSaRMabfSSREObreSHRMY trHafth tAHBRNLE Qe BHIhARle matrix.
These and other protein purif cg'tééon net hods are dﬁscr*ybe(gA i etail in
P A6V P PER

[
Met hods in EnzymdPBEsot tedirgs pipwe Pashoatiqn cgumpriomedtods ®8H" edited by
Mur ray Deut scher recholigdishc Press, San Diego, California, 1990. 13 APR 2005
WD 02/ 46386 PCT/ USO /51070 52 The purified protein can be anal yzed by

RP- BPLC, el ectrospr ayritBsiSnans PRELIGOABE! Yan M SRSePARRg ROt @tevguant i tati on
is done by am no_acid. co sitio P- HPLC, and/qr Bradford protein
dye- bi ndi ng assay&° PR 4BHe Onénﬁssésgf'm &rlff/gjfl cdhﬁ’ee;s}t(’lf%ém RERSPREPE Yo f ormed i n
conj uncti on wi t h tetegter ysigprodifiedrgenetic emenje (ettpdhimentrsites) endopedified protefne | dentity
of the protein. kgl ae, hiDanitiald ovwiveginaxaimplpaindidtdgritloh bad &xatign drhe
i nvention i19 greater. detail,. although it will be understood that the
. . . eriophage lambpda, . . .
i nvention i's not Timted to these specific exanples. Various other exanples
w Il be apparent to the persan ilge_d in the art 10 after reading the
present disclosure w ‘E)J'fcmﬁ%’f)aé‘ﬂ%f‘ﬂ’ v'f‘fsﬁsrn“trﬂ'é“gs%‘fsr]iltalaﬁdhyé’?@gﬁsedf t he
invention. |t isoxdpraincdest seteadre ated te ipddat ollh ertuesdafep bamrlsein Bxedlud®ed wit hi n
the scope of thegeappendediscd A . BibRNges, €Léheza, PREPAY adri 8M0WA Aife OChraceus
spores for RNA extractiaon eraqill ochr.aceus, A 8500 st.ock culture (50
ul) was grown fo?&‘e{ﬁo og]eiSH@’Z_{g’g{ageﬁ Oﬁkgg%oé%u%t%sﬁg}%f‘;r%g g%zg?rfgtf Ié’f’?lg?lne?redi um 50
g/ L nol assé8, 5 gmibe@rpaet adis fandyr arotaselythet fpipmte 20 epyich fgpopymess o) |
gl ucose, 20 g/L agsitochonrnikl 6r micgéoknal forcdge Rreelané WhitkiDev Bol. PIOOYESLsr one was
included in the IR ahRxhREUE ExilB&iuctsleEh He lebretia By REOXW tRSQeaimaPOr €S Were
washed- in saline, collected

scraped fromthe plates into 5 to.7 - sal ine,

ool eBRE T ugat | o I B St B rE g esieal it ng. 189 G yeer ol - The
spores were frozen on_dr¥ ice and stored at -80C. Approximately 0.8 g
spores were i ncubat edayliegepes j gyprgssipn| pfy yo fof gBEre cBEAIMPhP AT W 1%

gl ucose, 5@0 MM KbizR@4ruaidecd hsgt ¢hsvae honejedpht by .tle gehbrhlsapproghés@hé prior  to
spore disrupti Onsiggﬁsttagﬁﬁﬁzhbgﬂpiointfe%ﬁ inkeb) 1@ vhitAAMEEa bidGs S SdcQhifhahd

a- hydr oxyl ase by_. incuba ICLI’].WIth ¢ nge(gone; §2% dtothdet r?gnetv\/net her the
spores were cat aPyPPRG S SPREE B IRAT BEIT RPN GT PESMENGFSTP8) and to
soften the spor ebagalptirus Afrereoter, gysh rasxperprlehedrip 6rhide rr30 iromaterubBhesnig wi t h
shaki ng at 30C t proRétor afl@ighB tia@scribad @btig thdlatelshigesSPRfctfon WRBEEm&OhdseCt ed by
centrifugation. Visual in [ i th. ' a SC i ndi cat ed

t hat very %%éw haffh?foger“% séycri‘a’?,sgscﬁatlsa?%ﬁn\r%%%tg?‘;’#ﬁ%r@ﬁg?cgf@%gIprogf'goge_rsh'gggw? | ash frozen
in liquid nitrogBfraficesidiie gelaproratecanTiey hratirdtofirect sprthsris 8y 286 f or
presence of 11 atipé&sawhiyidzeoxyllycasnttenbine dyyreddPh G:vele Hetise thervetio ofted her spor es
used for |ibrary,ConstdtaliianvHReonsd nad eshiidien fesieisd @Gtd tid Yise 23 APR 2005
WO 02/ 46386 PCT/ UsO /t510709 s§§ %%@Lg.ozof-tﬁér ocl%g aceus spaf es ;iat alyze 11

a- hydroxyl ati on SFe CERIERERS RO o var &l e T M HR PP T PE Y he spore

i nducti on #hs extkillsd ingHe art bprselect cepdibigns\sinitablerlor qptimel epipressigp of the eesiresd col | ect t he
steroi d substr at gean@aRipodant S.

3]

Construction of dual- or multiple-expression vectors will also permit the
expression of two or more recombinant proteins in baculovirus-infected insect cells.
Generally, these vectors permit the introduction two or more gene cassettes into a

35 single locus in the baculovirus genome. The structures of a variety of dual



The organi ¢ phase was dried over anhydrous magnesium sulfate, filtered, and
5 evaporated to dryness. The residue was dissolved in 8 m nethanol so that
the final concentration of canrenone was approxi mately 15 niv (assurir.'gn‘tg3 o
quantitative recovery). The nedia extract was diluted 10- to 15-fol rﬁ{tzgﬂ*
50% et hanol for HPLC anal ysis- Stock solutions of canrenone and 11

a- hydroxy canrenone were prepared in nethanol. Standards for HPLC anal ysis
wer e premweo ezleBsom t hese 10 stock solutions by dil uting RGI/ESESHE0
concentration of 750 uMw th 50% net4lanol. Media extract and standards were
chr omat ogr aphed over a C-4 reverse phase HPLC columm. The nedia exhibited a
conponent with the sane retention tine as the 11 a-hydroxy canrenone
standard, as m)nitored d not gyvrﬁ anpl owt h of A
ochraceus Mycel id ZTor R toré)%ﬁ'gg%e%o%ts%'f(okig uIIt{E;i'ersiPo 1n%sfﬁterg;lrgl | | us
ochraceus nycel iBsculgsines Frserion Kt QII’Eb”ﬁé’y%ﬁé‘” Hey ok Ydh&teemar r act and 10
g/ :_ gl uc](c)se Conmtaa,a cbrﬂ}ghni,ﬁs@‘ hdclaﬂg,enmrhal‘ilhon Fidkee, T%J%Zulm;t& Ex}&issiﬁrsg in ﬁ ¥
vol ume of 360 a S iltere washed with co
wat er, frozen, Sﬁscie Ploir]’g‘gaé r&)‘ﬁ%é‘on l‘u}l&!‘\%ra@><tractlon of total RNA from
|nduced spores 20 Approximately 0.4 g spores were disrupted in 40 nil Trizol
reagent (LPfe Tanriels ae? ¥sthokbckville, MD) using a M ni-Beadbeat er TM nodel
3110 (Bi ospec Products, Bartlesville, OK). Briefly, spore-Trizol mxture
was subj ected t@ea‘,@urm%ds second pul ses at | ow speed. Between pul ses, tubes
contai ning spores were chi IIed on ice. Visual inspection with the aid of a
m cr oscope i ndi cated tha?El dm;j rity of 25 tl} pSROLes were. di srupted by
this treatment. The G85FY £UEE PElPBE AP B ol sBEed ™ EEnt P*PEi§st i on and t he
total RNA in théusd pelAlepiaht eweésMelwiaaﬁoedlgff‘oMbmongM@ml Cold fefizect urer' s
recommended pr otRaet s,aﬁoeztorusmwabh rdfeleZ®@b citddr thekiny incdpdrhted hedinOByof Or m was 3

)

added for ,6ach 0.0l o8 AP Sadilooklec I, Lp&acmragﬁ%ggma&m&g'ﬁaggg od ubes. ’

FoIIovmngaSmn [ e traction of_ prloteins e separati on was done by 30
centrifugation &fH™ tf‘é’ldaﬁﬂétgugarbﬁaéﬂmﬁm 21989 n”@‘dt’ﬁ@“l?m #&d thereidsferred to a
cl ean tube for pic@porpied atrkiohy vdfdréncanGegiahieatnos unkmays of s opleopostpbl. The

precipitated Ruéux@%a" %&m&e@cm &em.;ehfawaouno&bma\o@é dpvifgh 70%

et hanol . The RNA ) sus re tra te wth
chl or of orm and B?‘B’é’% pﬁW"gﬁl %%i'ﬁ&rq"&%ﬁ%aﬁ?*’“é e *Pgfal RNA (3
nmg) was rég&over éd tlmyd@_nn& mﬂRxQx@@Em\AOg@@ﬁ 46 3SR (S0ke 3O 7Dundsi

ng_t rifugation @ﬁ&:f@&yﬂrmmn&ﬂs 29 mhm%t 600. a&clmprasa;isﬂaiﬁhaéoeﬂn&@ ice by

addi ng an equal_.volu t hi |SapLechpi tation was
done to remove “1NA™ Erueresb%rht%?j?oﬁtmc{\@nhmwp waha m?ﬁ(’latem o B I?Ct]d% &s™hi ch can
carry -over fronmmorpdardl dF*ﬂ@d’ﬁse‘FﬁUﬂ% h“ﬂ?énmaﬁké%ee’rf@cﬁ‘@@P‘&dHﬁWaﬁnES m nut e
centrifugati on. LimeEx@itpdies: B Labdmtbry dinudNCOE ShrivigcllarbiNPréss,0Crld HeHwged nycel i a
Appr oxi mabel y OpRa g ¥eH yWeiehs. cells were pulverized to a fine powder under
liquid nitrogen with a nortar and pestle pre-chilled in dry ice. The powder

was added to 10 ni |zoI 5[6 ent g]lrl fe Te hnol _le es%tam%‘i hogn enized with a

Ki nemati ca pol ytron “h mt Lue c’a]ty em‘igal Zer efti ng #4. 10
Cel | ul ar debri s‘%@“’?»é‘f‘ﬁ?vBEF“'EW""C@H'@”FFIF‘GQG&’(“?gﬁDleAl]’é?sefWGTe(? W&‘F@)ff@}? m 9
extraction. TheLifeaTbolgiep (Fageille,OMDR | NiwnBoghtia | Bélabs dBéveSy, 1as), BbdRei pi t at ed

wi th isopropan chel; it @Sy Ak OGN, LEBREEAL son T %|.tp|tate was
col I ected_ by cgiﬁ?lgﬁt;é% hemﬁ an@‘?d Wa%OEleqmvm tﬁ}g?O /odéll'%ﬁ rrllo{lw) ‘%‘#lle RNA was

rehydr at etf in vRIESY SERPREEe eI EES Gt TESt SRSVE® any resi dual
proteins. The adgdiedess phase was 15 precipitated at -20C with 3110 vol une of
3 M sodium acetate and 2.5 volunmes absolute ethanol. The final yield was
424 ug. Appr oxiSmiel yashidsgerdndudioe digys Bftingg ot al RNA wer e separated by

el ectrophoresis through a 1.2% agarose gel and visualized by staining in

ethi di um brom de. G0 g&éﬂm&a@‘%ﬁ%@%@e%&@ﬁ ar@%st@d m“i‘aﬂlgﬁ PROLAM nant. 20

Exanple 6 - Extraction of Total rf{.)aat oceml ul ar human
liver carci nome'sedepPy ©ngisisessy thinsidy jaee B*GE‘S“‘ Tﬁ@’reez ﬁﬁ? srpadsich DVEM hi gh
gl ucose nmdi a Su@phesentiadnimijohudRonids rgelks, o bistefiratedisted in Table 8.




and 10% fetal bovine serum (Life Technol ogies, Rockville, MD). Cells were

i nduced overnight with 0.05% et hanol and harvested for RNA extraction by
trypsinization. 25 Briefly, the cell pellet was resuspended in >JOX E]J %s
of 4 M guani dine isothiocyanate, 50 MM Tris-HCl, pH 7.5, 25 mM EDTA AR
(solution D, Life Technol ogies) and then vortexed Wat er and sodi um
acetate, pH 4.1, were added such that the final concentration of sodium
acetate waD Q4538 The RNA solution was extracted wi th cga/ysal/f10%ol une of
chl orof orm and placed on ice for 15 M2nutes. 30 The aqueous phase was
re-extracted with chloroformand precipitated overnight wth isopropanol.
Total RNA was resuspended in solution D and re-precipitated wth '

i sopropanol, followed by two precipitations in water containing 0.3 M sodium
acetate pH 5 5 and 2.5 vol unes of ethanol. Pol yA sel ection was perforned
twi ce as descri belblsdi Bwins1 3 APR 2005 WO 02/ 46386 PCT/ USO /51070 55
Exanpl e 7 - Pol yA+Setecttomof TRNAPotyA—RNAWwas—setected—fronrtot al RNA
with an Eppendor fpeSRhdcidR, | NDescriptibn &BRUHRT CORefeBhicRbhie €ach 1 ng of
total RNA was sel-eeted—tw-ece—over—a—eolum—econtatn-rg—oeH-ge—di—eell-ul ose.

The col um sl urry, wag pac 9808 5centr| g wlbrated Wi th
0.5 MNad . RNA \y/\';as al I owne l&?ghmdf)%g s dr Eéﬁﬁgﬂ&fgoglésa 5 m nutes at -

room tenperature. The col &ﬁ?fg%*ﬁg%’éﬁéﬁkd%’e MarE 0.5 M NaCI , and tw ce
with 0.1 MNaC . Po]yA RwARDSIRT @fwld.p40.5 M 10 nM Tris-HCl, 1 nM EDTA,
pH 7.5. The sel ection by oclirgolaldac k-1, pramaelins perforned tw ce. The nMRNA
was precipitated at-20C with 0.3 M sodium acetate 10 in 50% ethanol, with
gl ycogen added ama@™ i er .F, mxampl-ers8rMs-6B0A Sy ntikasdslogiegiRokiiving, ar y

Cogst ructi on The Super scrlpgggé}mﬁimgma@gmghem f @bycldNA Synthesis and Plasm d

ning kit (Life Technol O%Jiﬁﬁ)nﬂé’am 14568 £ 91z CONA systhesis and |ibrary
construction. Superscript verse_transcriptase catal yzed the first

strand of 15 cDNA in a 20‘%’]"5’?’%&'@5’%?1 for 2 hour at 42C. The final
conposition was 50 mM_ Tri_s- HCl, 8.3, 75 mMKCl, 3 nmM C|2 10 mM DTT,
50 uM each dATP, DHEPE™ (EH¥E a"ﬁﬁ“a‘?*hﬁba“%t)“ﬁg/ i L5 Techpslogep.

pri mer - adapt or s t hat wer e SiiisSpyROMMANEEEHKag)Y Hgoylang; Se‘iaﬁ%”(ﬁl‘m‘feeﬂ J. .
Technol ogi es) and 50, 000 i theshelpr PBEHIEIMERNTINE | Virol e EBEG479 (199ANSCT | pt ase. 20
ol i go-dT-Not| prinmer-adaptety 5° - pGACTAGI TCTAGA TCCCGA GCGECCGC CC (T) ™

3" 1 SEQ I D NGO -58y—Spet—Xbat—irut—Nott—Aradrotabeted—tracer—(f+a— Pl dCTP)
was not added. The second strand of cDNA 25 was synthesized in a reaction
vol une of 150 ul. The final conposition of this m xture including the first
strand reaction was 25 nM Tris-HCI, pH 7.5, 100 mM KCI, 5 mM (NH4) 2SO' 0. 15
mM B-NAD , 250 uM each dATP, dCTP, dGIP and dTTP, 1.2 mM DTT, 65 units/ni
E. coli DNA ]igase, 250 units/m E coli DNA polynmerise | and 13 units/m
E. coli Rnase H After a 2 hour incubation at 16C, 30 10 units of T4 DNA
pol ymerase was added, and incubated 5 minutes at 16C. The reaction was 7
stopped with 10 ul U S M EDTA and the cDNA was separated from cDNAs snall er
than 300 base pairs, priner-adaptors and-deoxynucl eotides with CGENECLEAN I |
(BIO 101 Inc. La Jolla, CA). Annealed Sall adaptors (Life Technol ogies)

t hat were phosphorylated -at their 5 blunt end were ligated to the 35 cDNA
overnight at 16C. Salt adapter 1 3 APR 2005 WO 02/ 46386PCT/ USO /51070 56 5' -
TCGACCCACGCGTICCG 3'I SEQ I D NO 59) 3'- GGGIGCGCAGECp - 5' (SEQ I D NQ 60)
GENECLEAN 11 was used to renove the adaptors. The cDNA was then di gested



with Nat]. Q Aquick colums (Q AGEN, Valencia, CA) were used to renove snall
DNA fragnments fromthe cDNA, which was ethanol precipitated. Exanple 9 -

Si ze Fractionation of cDNA The cDNA was enriched for species approxi datPRIZN05
1.5 kb and larger by gel electrophoresis through 0.8% Sea-Pl ague agar ose
(FMC Bi oProducts, Rockland ME) in TAE buffer. The preparative gel had a

| ane of DM@ 02ke386 mar ker s whi ch 10 was exci sed from the gBFT/HFRIEI070

el ectrophoresis and stained with ethftum bromi de for visualization under
ultraviolet light next to a ruler so that the appropriate region of the
CDNA coul d be recovered fromthe gel. GENECLEAN Il was used to extract the
cDNA, which was eluted in 20 ul water. Exanple 10 - Library Construction in
Vector pSport!| apg;H.eetreporation 15 into E. coli An aliquot of the
size-selected cDNA was |igated overnight at 4C with pSportl (life

Technol ogies, Inc., Rockville, M) predigested with Not] and Sall in a 20
ul reaction contBlefmity 50 m#ES | Jauk Deseriptien 10 M MyCPo™ee M ATP, 6%
(wv) PEG 8000, 1 nM DTT, 2.853pug/esil pSportl, approximately 0.5 ug/ m cDNA,
20 and 50 units/m T4 DNA ligase. The ligation m xture was precipitated by
the addition of 12.5 ul 7.5 Mamonium acetate, 5 ul_yeast tRNA carrier and
70 ul absol ute pRakiBacdl . The | i gatmend dRMAovims dnerdesmided bife centri fugation at
room tenperature for 20 minutes @aag r ehysthal adibl donikd  SlcBiddgRRs Water. One
ul of the |igated cDNA was introduced jtn‘%o.ﬁl ectfol\/AX Dt_—ua(z E..lcoli (Life
Technol ogi es) 25 by el ectroporation. CS' CYREFE=4 Foved %6 FEENr in 1
SOC nmedi um (Life Technol ogies) for | KoWVedyhed® bef or ¥MDpFSertalsag an al i quot
on LB with 100 lug/m anpicillin. The ptdoloth withinthfniAsperLgkdw dia1.,0chr aceus
spore library (designated L1B3025) was_determined, by pr L seri al :
dilutions of the cell suspension in S&?Spﬁéle ity S &gl )

éguivai ent™of 1-ul, 0.1 ul and
0.01 ul sanples of the cell suspensi onct@blecfienpiraisesed 54766418 resul ting
titer was calculated to be 1.75 x 10 / idalollefysfhottlel ng qems)ts. 1 3 APR 2000
WO 02146386 PCTNSO /51070 57 Exanple lJis !dentification of clones encoding
cytochronme P450 enzynes_ by DNA seque analysis and copnstructjon of

pl asni d pMONg56PBUeERRLY ng AspelAé‘i?ﬂ I,%ﬁgﬁ?fg Beid 5| pHE 5 Byl ase
Cloning of 11 al§¥ha hvdroxyl ase from Adpepgiettbnisrived fomc elela, SAAppr oxi nat el y
2,000 col onies were sel ected on LB agapugdsat es containing 100 ug/m
anpicillin and mcﬂhpfop?% plasm d S lees,.v c?ongl[geparelg J.or  sequencing.
Uni di recti onal spequenci ng was perfornmed rom'} e 3~ end of "the expressed
sequence tags (ESTs). begi nni ng atf@fhe Testor fosfirest donog ppaserlitgdyfdfr t of  the
poly dT priner used for cDNA synthesi Spolykvedase thainoegtdn pri mers were used to
10 facilitate the sequencing. M3 revefSgicuh G ACA CCT ATG AC (SEQ ID
NO 40) T7 pronoter: TAA TAC SAC TCA CTA TAG GG (SEQ ID NGO 41) Most known
cytochrome p450s contain ‘a conserved bBFE?HY nding regi on 15 approximately
50 amino aci d r eSpetles (150 nucl éowrl dMsltifepstimeledeningf t hdifst op codon ( Nel son
et al, Pharmacogenetics 6:1-42, 1996) . vetdLforc M aESES Wereenaegi@ened for
sequences encodi ng the canoni cal bene-Qi ndi . j (FX;%%%%C where ")r
is any amno acid) in the appropriate ‘?Lergﬁg%gnd{saﬁlhz%LAS ~an @sual )
i nspection of the sequences scored ase‘WﬁW@ﬂﬁ/P%‘?&Gf’or t he canoni cal
beme-binding notif. 20 Only fifteen ESTspriadethe bene-bi nding notif. One EST
was uni que and taenof her fourtegpyeppaaiatvd Ppd¥.oxas | apRips sequences. The
cDNA inserts from seven clones encodi ng putatlve cytochrane 50 enzynes
were then sequenced to conpletion. AT“SEFER efcoded thé sane enzyme. Gene
Anplification of Aspergillus ochraceusstiieipjepiensitptelr oxyl ase 25 The coding
regi on of the 11 al pha hydroxyl ase wasmpfeé ibk efdledayof PCR usi ng a uni que
clone fromthe A ochraceus cDNA spor ePdg:Pgrfgﬂ%M' (44B3025) as a tenplate.  The

primers included recognition sites for (forward) and Xbal (reverse)
f or pMON45624 #1 Amp"® pFastBacl Eco al + This work
Gent® PCR fragment EcoRl/Xbal
encoding Aspergillus

ochraceus 11 alpha
hydroxylase



directional cloning into pFastbacl. Anplification was carried out for 32
cycles wusing a PCR core kit (Roche) and 50 pnol of each priner. . .On |l e
consi sted of a 30 denaturation step at 94C for 45 seconds, an aﬂﬂééﬁﬁ iﬂéﬁtstep
at 60C for 45 seconds, and an elongation step at 72C for 60 seconds. Priner
11lai phaof-for: 9atcgaattcATQOOTTC/TCACTGEECT (SEQ ID NGO 42) Priner
11a2phaCayw ¥4t ct ct agaTTACACAGT TAAACTCGCCATATCGAT ( SEQdRid¥k1043) 1 3 APR
2005 WD 02/ 46386 PCT/USQO /51070 58 (gnstructi on of pMONA5624 The anplified
fragnents descri bed above were purified through a @ Aquick colum (Q agen,
Val encia CA) and digested with EcoRl and Xbal prior to ligation into

pFast Bacl cleaved with EcoRI and Xbal. The resulting plasm d was designated
pMON45624 and the DNA sequence verified using priners based on the vector
sequence and i nt emoaksqosi mer s basadponpBlhecdiiidkpha hydr ayslvage sequence
(shown below). Priner eacfwd: CTGTTTTCQTF JTG (SEQ ID NGO 44) 10
Primer Pol yA: CCTCTACAAATGTGGTATC (SE ) 4%) Primer 45624-forl:
GAGATCAAGATTGCCTT (SEQ | D NO: 46)  Pri RepHlgdhy pegmpnt o ETTCGACGCTCTCAA | SEQ
ID NO 47) Primer 45624-revl: GCAATCTHGfAbGH Iz duca®EQ | D NGO 48) The

nucl eoti de and predi cted am no acid sequences of the cloned 11 al pha 15
hydroxyl ase are dipRbaped in Figurerl a8.LEQu kNG 1 an%?l@@rﬂvl NO 2,
respectively. Figure 4 sets forth an am no_aci d_honmpl ogy alignnent of A
ochraceus 11 al pha hydroxyl ase cl onedH'i“ﬁwff UERIWRLE al i gned with rel ated
enzynmes found in GenBank using BLAST.sepmgueihulmans a phyl ogenetic tree

showi ng the this 20 rel ationship graphjxf@leiyeasEl gure 6 shows the percent
honol ogy between Aspergillus ochraceus steroid 11 al pha hydroxyl ase and the
top 10 enzynes f L GenBank ixN , t ed i.hq Custal Wand
Boxshade. Exanpl @H?gﬁ-sbﬂrrpl [ Efacat#%;t; %’FQ%AD%EBS%?%’W%S‘ hurrﬂa%%k"ﬁ%DPH Cyt ochrone
P450 reductase and cloning into ffeasnmiireigferkseeiste pMONA5604, and 25
pMONA5605 Gene Anplification of human cedbghesiedefdivase Approxi mately | ug

pol yA' nRNA from Hep&2 cel |l s was heat egigt.Qa8B6e fofa. 10 minutes with 100 ng
random hexaners (Invitrogen, Carlsbad, CA) in an 11 ul reaction. The

m xture was chil { ce, then ,peu C 750 es in 30 a 20
ul reaction cont I?ﬁllq%ggsdl ul RNaséAn?)phit}%?{?cojl;@olﬁ%gﬁrfg%g#+Na |stour’?,i{ W), 0.01 M
DTT, 5 nmM dNTPs, 50 mM Tris-HCl, ¥3M 8.58VBpaHy seepent 4y mgCl, and | vl
SuperScriptll enzyme (Life Technol ogi esgyeceiddraidpedretas®e t r anscri pt ase was

i nactivated by heating to 95C for 2 m.pihes. First strand CDNA was stored at
- 20C. Forward and reverse priners were based on the nucl eoti de sequence of
35 accessi on nunhesns39A69 (human, pt agephalorPalmhkndRNARNGQEI Ng cytochrone
PA50 reductase (SEQ ID NO 49)). The accession nunber of the corresponding 1
3 APR 2005 WD 02/ 46386 PCTNS01/ 58870 ZPagHyraddisreedttfénce i s AAB21824 (SEQ
ID NO 50). The human oxi doreduct ase wdsacew ogrdeddiciase wo pi eces whi ch were
assenbl ed in pFastBacl (Life Technol oghRs)whkR¥iacleb@at i on at an i nternal

H ncll site. The prinmers included restriction sites for directional

subcl oning into pFastBacl. 5 Priner H.mtr&’("r ed I A
gat Cggat cCaat AT CCCACGIGGACAC ( SEC | 7) Priner H oxred Is:
CAGCTGGTTGACGA % SEQ D N&FPos ]‘S‘as%ﬁ“ﬂ%‘%"g)bxr ed A vork

CTCTGCTCTCGTCAACCAGCTG ( SEQ | D NG8#tD9Yontaimipgrssenitiled godingd 2B:
gat cggt acct t aGCTCCACACGT CCAGGGAGTAG ( slgfen bfxuspkkidd) 30 The second strand was
synt hesi zed using 400 uM dNTP and 167 pM_.of .eachs nrinmer _ )




set per 150 ul reaction. Anplification was performed with Deep Vent

pol ynmerase (New Engl and Bi ol abs, Beverly, MA). The reaction for segnent 2
(the 3" half of the oxidoreductase cDNA) was adjusted to 5% Oj) TAJ@ 2005
anplification included an initial cycle of denaturation at 94C f |3

seconds, followed by annealing at 62C 15 for 2 minutes and el ongation at 72C
for 2 m riOe%463¥khi s was fol l owed by 30 cycles, consistiPg/g$015148 second
denaturation step, a 45 second anneafi ng step, and a 60 second el ongation
step. The elongation step was extended to 5 mnutes for the final cycle:
Construction of pMON45603, pMON45604, pMONM5605 20 The PCR fragnents for the
5' half of the oxidoreductase cDNA ;were digested with Bamil and H ncilL
The PCR fragnents Ifﬁ tg é,% hal f of the oxidoreductase cDNA were di gested
with Hincll and YeB%P T8 of Se44P%H into pBluescript |1 (Stratagene, -La Jol | a,

CA) for sequenciNg.seqENg eSUT T ng pﬁeasmﬂs Ver € a&sgtw@bﬁa PMENA5603 (5
segment) and. pMoNASEEARGE 3 Sinp e 80 : agrept—from

pMON45603 and t he Hi ncl I / Kpnl s gg“’i;" pJV[]\l45604 “ere li gated into
pFastbacl cut wi t =Beamd cand T}:%Gch glragésse PMONA&ROS. Segugnci ng

primers were based on the secﬁu&?ﬁﬁ&’s’ﬁ’ HBank accession nunber 590469 (SEQ
| D NO 49), a cDNA'SEn®OHi AY cﬁﬂgﬂjgd@gjg”f@gﬁﬁuct ase BB [ hunarPNApl acent a,
nMRNA Parti al, 2403s Nt) . Lhe %é‘gr Qtein sequence is: AAB21814 (SEQ ID
NO 50) cyt ochr ome"B450" redUCts&ﬁ&c bobiséds 24) - [ human, &7 pl acent®® Pept i de
Partial, 676 aal [HoPd°saPi edihcor S RINAT nsert of PRWONMU560PMas sequenced
using primer oxred 1C, and t g espiyA=tamsey troof pMON45604 was sequenced using
prinmer oxred 2C asmgh 2[o: bdni V@E}%&hélﬂ_7° 3 | D 35 NO 4d3 and Mided everse (SEQ
ID NO 40) primers, which anfaanedsts maetor sequences flanking the cDNA -
inserts were al so"BsBd°f & séﬁﬂ?rﬂ:l%ﬁd Primer oxPYgeSpicseataTes oA R
GTGGACCACAAGCTCGTACPG | SEQ I D NO: 61) 1 3 APR N #5027 48388 PCT/ USOl /51070
60 Primer oared 26, AICHACCAGLIGIGLGAGTC ( SEQ NecrB2he Prig™er oared 2D;
GTACAGGTAGICCTCATCCGAG (SEQ I D NGO 63) The nucl eca;tsme and predicted am no
aci d sequences ofistelre vgd @ned rhivaran oxexexdor educt aser@rceccehhgpl ayed in Figure 2
as SEQID NGO 3 and SEQID NO 4, 5 respectively?cf gure 11 sets forth an

al i gnnent of huneffdR PP duBEEs & wireh % op 4 hi €% PPENISAF ssPPot. Figure 12

sets forth a phyl ogenetic tree displaying the ggnetic relatedness of human

oxi dor educt ase, t@,thasSeIINI t SrindFiaQhlfe8-:h3 ShOWS t BEccrdeREHERE | dgntity bet ween
human oxi doreductase and top 4 hits from Sw ssPres. Exanple 13 -
Amplification of eDNANeneodi PgreNADRRel-reyt 0Cchr omerPhE@riack@rr edmat ase from A
ochraceus and cloning into plasm ds pMON45630, 631, and pMON45632.
Gene Anplificati d?f"d'?“%slﬁ r gf 1L ETEEHEceus oxi d EETRFGES An™8l i gnment  of
sequences fromthg Asparg | | Us..Di,9el..GREA gene ag, pgghcmnunp,ﬁr 726938 ( SEQ
I D NO 65)anda partial cDNA clone 804562639FI frg;a;h15 Aspergi Il us fum gatus
(Pat boSeq Dat abasep b Reytie Phateraceutteal s) was wmbstadtyecnscanaed to sel ect
regi ons of high honol ogy for the design of prinessafser PCR: A prinmer set
was sel ect ed whi ¢ $pEnied t H&ret ddiiig*egi on of %Cffé“‘ f‘AAﬂg“eneD’br oduct from.)
am no acids 203 tQ 69 rimgrs | ected fr 2rceaTOSE reglon of
overlap where théﬂ%?ﬁ ﬁoo 1E20npréﬂeam%§rgue%ce was |d§mw€TﬁAﬁG weeén both and the
nucl ei ¢ aci d sequeneendibf er fheby. okeposh ti ONS | NottA@rBcechBONROSI ti0on. For
the 3' priner, the nucleic acid encoding the stepagegdon, |last 7 ami no acid
residues and 2 a¢rit ¥ ¥naP bagest eorerespondi ng t octeseegkdaend Wi rd positions
in the codon of the amino acid residue 8 positi oS *TFGH° t he stop codon
encodes ARG in AhigEl *dnd BER PR ur ni gat i Sl vs. AGZJ. 25 Inosines

replaced the thitg, Bage . d)n c,gg,Q,n§ ,\Q[Q(QH,,I her e WaSeacd-sataRancCy, bet ween the

Ch CTR’I‘AGGG

:D'

A niger and A fum gatus sequence. 30 AGGATGAATGGAAGACT
, TTTC
(SEQ ID NO: 22) Primer A.oxred-revé CTGARARGTCTTCCATT DNA
CATCCTTGTACAAGAAD
TC
(SEQ ID NO: 23) 1120H peptide 1 AAAYWLATLQPSDLPEL = Protein
o .
(SEQ ID NO: 24) 11a0H peptide 2 CRQOILTPYIHKRKSLKG Protein
TTDE

(SEQ ID NO: 25) 11a0H peptide 3 HMGFGHGVHACPGRFFA  Protein



Primer A. oxred-forl: GACGG?GC?GGTACAATGGA( SEQ | D NG 11) Primer A oxred-reel:
TTAI GACCA?ACATC TCCTGGTAGC(SEQ I D NO 12) (where | = Inosine) A parti al cDNA
clone was anplified fromapproxinmately 5 ug of total RNA extra&ésﬂ) g@
ochraceus nycelia. Before the first strand synthesis, the RNA ﬁell ed to
65C for 10 mnutes with 100 ng random hexaners (Pronega Madison WD in an 11
ul reactiweoaugsssire. The m xture was chilled on ice, thepcdshmavfat ed at
42C for 75 mnutes in a 20 ul reactien containing | ul RNase inhibitor
(Pronega), 0.01 MDTP, 5 nmMdNTPs, 50 mM Tris-HCl, pH 8.3), 75 nM 13, APR
2005 WO 02146386 PCTI USOL/ 51070 61 KCI, 3 nM MgCl 2 and 1 ul SuperScriptll
(LTI). The reverse transcriptase was inactivated by heating to 95C for 2

mnutes. The first strand cDNA was stored at -ZOGEfEIThe second strand was
synt hesi zed usi ng ‘B2dP "8t he FiF8i*strand as t P AT FEEER on

i ncl uded 500 nM pcrégsgggﬁo gpo ngg%c&HgMQ .2pd Taq 5 pol ymerage, and buffer
BoH

as supplied in PCR core ralia Bi ochem cal s, | ndi anapol IS,
IN). Anplificati onsga/asnae;rafor%ﬁ“ﬁélip&gab&cye&ﬁlmes of a 30 secoR@iein
denaturation step at 94C, a 3@45§£gg 5}1’@1@&‘1“! ng step at 60C and a 60 second
el ongation step ats5720@: Fhe ampb®} icedchiNAPpr oducts were cl onededint o pGEM T

arancijus IO eus

(Pronega, Madi son,ss\k) nand seéwﬁa@e risioRJembever sal T7 (SEQ bbNO 41) and
10 SF6 (SEQ | D NOss3 7 nddlshiTEr & sBlel MREHSRB-GATTTAGGTGACACTATAG, (SFQ | D NO
57) Alignnent of the sequenceynygotraichicibfereid ger cpr A gene reveal ed that the
A ochraceus cl onessshasinarszi nt kxiassz A ctthdrogarmse position as the pdtetON-i N theA
ni ger 15 gene. This indi cat ediERRE PR *R>“6¢Hir aceus PCR products m ght have
been anplified fr&EtnANgEHom ﬁ“@%ngﬁ?@’gﬁ@,ﬁ@t of the total RNA=imA reverse
pri mer based on the A gg)hr agglrsregeq LUl rrgge Jas designed to anplify the
approxi mately 600 mbaeh e initial methionine. "The A
ochraceus cDNA Ilbst"%lf'i/m\hdg "t BAYe0E jg%: cetlempl ate for PCR FFRE™f or war d
primer was based 6T th¥: Pé’vergegcgg“ mmw of vector pSpor¥ptefiLife
Technol ogi es) bases 299 to 326“35'1@‘-@2?2&%’[?32 Bi%e A. oxred-rev2 was bases on
the A ochraceus seguense aencoaimgem@sn i@Srcmead®- 333. Pri ner pspemt - furl : :
CAAGCTCTAATACGACTCACTATAGGCA {=8F@d B=N@er 13) 25 Priner A oxred-rev2:
CAGGAACCGATCGACCTCGGAAg EQ | 5"‘1‘3@"""”1? cTHEIR! ochraceus spore i brary size
made from gel - pur ¥ & P ms':r'f’t“’ls'zguctase E@p:’;z’;j %i°ze was ‘then usEY¥s a
tenplate for anplifying the f,;l 200 bases of codi ng region. Two new
reverse priners wes&@ud.esiagnedaAiomm:tnhecyAcﬂx,re&dsosequence, and .cegw f orward
pri mer based on pSportl (basesi@3&c328pusvascuakiso used. 30 Primer

A. oxred-rev3: GICABCETCACCAGCCATASCCAATCHSE®? D N& 2135 ocPr | mems

A. oxr ed-rev4: CCACATTGCGAACCATATEETTGIAGIG (SEQ I MO, 16 Prinmer
pSport- | cr2: GOCARBCTCTAATACGRCICACTATA MAGC CEEDL S o 17

Ampl i fication waspetfer egd th,sepgguanoﬂapengﬁs@rpolngam&esckart (dd f e

Technol ogi es, 35 Rockville NRrh@ro35 cycl es consksticttgr Of a denaturation
step at 94C for 36w oonds, arreanlieatdngustepr at B3CtHoracd® sewonds, and an
eljongation step at 68C for Gl4Wmutes. The PCR pl‘ﬂb‘ﬂftietlc%:cme cloned directly
into pCRI1 TOPO &' nyi torggen)p as \4\% ve cl gps\o wer €%sequenced, and the
conposite sequenct™ extended 13 APR 508 02/ "B USor51070 62 for
232 bases upstreamdio dohes) i NigkdsaheiBi-bi RaNe, andatRehidRe, 2 iRz frame stop
codons (Data not shown). 5 Priners incorporatinghe conplete coding regl on
of A oxred were dewigrede)w thpemgiBls Sprefeussirirer andregreBertitior sinwe for
ligation into expr ession vect“éﬁ“‘ﬁﬂ%st Bacl .

Aspergillus ochraceus Primer CTTCGACGCTCTCAA DNR
45624-for2

(SEQ ID NO: 48) Aspergillus ochraceus Primer GCAATCTTGATCTCGTT DNA
45624-revl

{SEQ ID NO: 49) 550469 human cytochrome P4S0 2403 DNA

reductase [placental, mRNA
Partial, 2403 nt].

(SEQ ID NO: 50) AAB21814 human cytochrome P450 676 Protein
reductase, placental, partial
{SEQ ID NO: 51) A60557 human NADPH—4 677 Protein

ferrihemoprotein reductase
(SEQ ID NO: 52) P16435 Human NADPH-cytochrome 677 Protein
P450 reductase




|

Primer A oxred-fort: gtcgacATGGCGCAACTCGATACTCTC(SEQ I D NG 18) Pri ner

A. oxred-revs: ctcgagttaGGACCAGACATCGICCTGGTAG SEQ I D NG 19) A. ochraceus
total RNA was used as a tenplate for PCR with these primers and tgeapp 2005

El ongase kit. Anplification consisted of 35 cycles with a 30 second
denaturation 10 step at 94C, a 30 second annealing step at 64C, and a 5

m nute el i step at 68C. An aliquot of the cDNA fr, 0N ran as
a single ‘ggﬂgg%iﬁpapproxi mately 2.1 kp. Construction of pm@g%%@ﬁe PCR
products were cloned directly into pCRI'I-TOPO (Invitrogen, 15 Carl sbad,
CA), Al clones contained the internal intron noted earlier. One clone was
desi gnat ed pMON45630. Construction of pMONA5631 and pMONA5632 A strat egy
based on two step, sj;?Clx:g1 fd.am anpdoﬂgnggqlmggmjo .4 € appkeximately 170 bp
upstream of the 5" splice sitgpnas.epl oyed to gener ate 20 clones I|acki ng
the intron. Prinmefegfa @Xrsed- f opofs reGATRCETGERGACCTGTGATELAT ( SEQ:D NO  20)
Primer A. oxred-for4: CGAAGATHECIEGTACAAGCGATGAATGCGAAGACTTTTC (SEQ I D NG 21)
Primer A. oxred-revdio T GAAAAGTET I GSARTBATEErFST ACAAGMATC ( SExdid NO 22)
25 Prinmers A oxred-for4 and rey6rsfetee conpl ementary and fl anked the intron.
The first PCR re#&? iO¥: 39ed HATAFPEPRH-CrafeEe | i neari Z8Y at t fetsint er nal
BanH site as tenpl ate. Pol ynEraE8* 58 buffers were sup |ed by the PCR core
kit (Roche Mol ecliFaf® Br (§cherﬁ"’c1:‘1'5ﬂ‘5al P HECRRB 0! i s, galtiﬁfgg Frier AWd dNTP
concentrations werg, . pQ0 spM aﬂ@ éog)pdqu%ptg,espect i vgﬁ ypGA;l;\Ag reactyj,ons were
perfornmed, using a %0 combi nation of A oxred-for 3rMch ReafenOXr ed-rev6, and

A. oxr ed- for4 with A oxred- rev5. Followi ng a 2 m gddcescidaidni,al denat urati on,
28 cycles of PCR anplification were perfornmed. One cycle included a 45
second denat urati GF B}N94LT, aSH5dRETOITEP sttehat urat’ion step at 82C and a 45
second el ongation step at 72C. One ul of each re&EYFOIfSEFved as tenplate
for the second PCR, i fjcat 35 A’oxred-for3 d

A. oxr ed-rev5 using ogfwr?gaés)e eéﬁ%;aﬁégt%n(ﬁ&t%ﬁ‘;g?!ea?ds Aﬁmllega‘dgg@t.l on ?@3 APR 2005
WO 02/ 46386 PCTIUSO /51070 63 consisted of 30 cyeles with a 30 second
denat urati on steptsat WOHCsnna 3Bimgegowdc anneal i ng Gteapr@teccBAC, and a 5 mnute
el ongation step at 68C. The PCR products were di*&ctly cloned into

pCRI |- TOPO. DNA sEFUBHET Y defBsPr#t®Ed that the ZTFFETNEI bBBn renvved.
Thi's clone was degignaked,, PMIMa631.. 5 Fl asm d pl\ﬁ@é@m’g&c&@s cgistructed in
a three-way |i gatl on by ligating the Sall/BamH d&gagnment from pMONAS5630

w th the BamHU Dwised ivagient fAsapg:pMadidbédlevad vect osagpFast Baak, whi ch had

)

been cut- with Sall and Mal. ardieesucpirompboryl ated to enhance the recovery of
vectors with the @esioreds nsertsiiFhesqueledt'i®de and &t no acFeesequences of

the cloned Aspergillus 10 oCHPEEBERS 1P 0%P dor educt ase are displayed in
Figure 3 as SEQJ D, nd SEQ I D NO 6, respectively. Figure 7 sets forth
the am no acid P‘?Jé’ﬁ‘ﬁlﬁlﬁogj&‘?g’ ?ispergl | lus ochraceus and hunan oxi doreductase to
NADPH cyt ochrome P450 reductases from A. niger, nmouse, and S. cerevisiae.
Figure 8 sets f drdnsfotrhmsiomefiEnepligbéids al i gnnent for A ochraceus, A. niger, and
S. cerevisiae oxidoreductases. Figure 9 is a phylogenetic 15 tree show ng

thg rel at ed][less of Aﬁrzeﬁgkalnlsuschqebnae@uasmanﬂubymT%hdogséaduﬁmﬁe to )
reduct ases rom ni er percent '
honol ogy bet weerll\& REFe f"?e?lyuusseéc)%ﬁ%%g’ﬂmé{mf’ Sr &t nrJ‘:fm%f’“shaln md{rhoS( YFase and the

oxi dor educfases qudmpﬁpﬁegl?ﬁm’dﬁ‘é"sfw trapifectiRp e maliap Gﬂ]satEed""lﬁ‘iaW@ Clustal W
and Boxshade. 26:hkExaHPORariSOEDA Olakovoer, ©fal. Pl etdoBrakr. M. fothies

recogni zi ng Asp§EGi 1dobhSan ROREAHEUSredshn ey &H; LRsEntoAsRer 9i | | us
ochraceus NADPH % tgcb:b%ro 450é1|{r§edu(:gfu::g}gr Genertg%(ﬂ*on of

anti - 11- a- hydr o3/PEEE ARFPESI &€ “Pol ycl onal anti bodi es agai nst Aspergil | us

ochraceus 11 al pha hgdroxylase
H10B and DHb5alpha subcloning efficiency cells are purchased as

10 competent cells and are ready for transformation using the manufacturer’s
protocol. Other E. coli strains are rendered competent to take up DNA using a
CaCl, method. Typically, 20 to 50 mL of cells are grown in LB medium (1% Bacto-
tryptone, 0.5% Bacto-yeast extract, 150 mM NaCl) to a density of approximately.
1.0 absorbance unit at 600 nanometers (OD600) as measured by a Baush & Lomb

15 Spectronic spectrophotometer (Rochester, NY). The cells are collected by |



25 and NADPH cyt ochrone p450 reductase were raised in rabbits against
synthetic peptides (prepared by Signma/ Genosis, The Wodl ands, T
corresponding to several regions of the follow ng predicted pr APM1005
sequences: 1l aoH peptide 1. AAAYW.ATLQPSDLPELN (SEQ ID NGO 23) 30 1laCH
peptide 2: CP.Q LTPYlI HKRKSLKGTTD (SEQ I D NO, 24) 13aoH peptide 3;
HVGFGHGVHA P EIRREASNEl (SEQ I D NO  25) oxx peptide 1. CTYVAVHRRYASACPAI M G
(SEQ ID NO 26) The IlaOH peptide 2 (8EQ I D NO 24) corresponds to the G
helix, GHIloop, and H helix region present in an alignnent of the am no
acid sequence of 11 al pha 35 hydroxyl ase with the correspondi ng sequence of
CYP3A4 described by Wang and 13 APR 2005 WO 02/ 46386 PCTIUSO /51070 64 Lu,
(Drug Metab. Dispos, 762-767,1997)... The 11 aCH jde .3 (SEQ I D NO
25) correspondedC?B‘ft’%é’grb%‘ﬁltreﬂ’épﬁl"?%dglr?e"ﬁf'}‘?'? “f"‘n"é’?l enﬁfi‘%ﬁqaﬁ%’n mai n.

| munol ogi cal gr aﬂzeca@ptmdﬂﬁ TG (10 M araﬁﬁhofzahydpctwﬁétyylmjamg)pmme&r se phase

hi gh performance C to
conjugated to kel 6‘?1% denﬁhgolrzﬁamgareqh% ét g‘ﬂ_ 0 I':'"H’(%suspenaﬁjscf’re ?%mﬂonpl ete
Freund' s Adj uvant:ollefrﬂtﬁebyccanpﬁrgaﬂoedni)eepvﬂpé@e@\Hsonﬁﬁth tuttpeecobiee sU@rELt aneousl y

at multiplg si t@o?udoﬂt DighiBPBIA S5 adGALH oqqmdm@;eecguspgm:d@aﬂ)ﬁé ateHefdCt €d i nto
two rabbits. Al subsequent i mm zat ons gﬁ‘g g 1[(1, in |n§so |l ete Freund's
bR 2R

Adjuvant. In gefetGror SPEYBinstps &t eF Ajeé 425ieeart 2t 10wo- week
interval s foll owmhgf IiEhie 2ddd ipriert tb ahakingrtbmsazates ad7°C e ofie lait.i Odlls fwer e

affinity-purifi eg}eéé%'aﬂﬂe@ar§§9mrog§a@a1esefaﬁ);n€alﬂm'%lugQ%%@ctojzéﬁ'p&)htgﬂﬁlgf r om the
two rabbits injected.w

e conbi n at ati The
pool ed anti-11 afipf aﬂ*ﬁ’d& gsrg' ’%’3{5’3 u@éﬂn 4877 Eﬂ%’%ﬂ f%"’é”pﬁfﬂ%’d my/m 1 gG
The pool edi@nt i - oxirtent (t!aammwsm 202@hoaRh) (gase/nd) 2Gepyidtidggg@r The :
conmbi ned 1gGs - weg;@ctﬁaﬁyhndbélgﬂmdralmfwnanﬂs 19Q aads drelinBdOted Q’rferﬂaéltaat pi | ot

experinent to detg pLi e g V\éstern,
blots. The 1:10 %jl{'u |(())nr11es &) mk dg c%lj]ta{regsu splana"”“’ na{e a&’?ncl?ioﬁ' obi ng

subsequent Vst evafs! mr@&élmr@wﬂ sPpoYigERRYcingwdarq ERpvELRL; 366’%’5 W?Pér ol ogous
Expression Proteins were expressed in SA insect cells using bacul ovirus
shuttle 20 vectBVW&isplpirolepdrhatocktizatiod. Virol . 67: 4566-4579, 1993). The .
bacul ovirus shuttle vector (bacmd) contains a mni-F replicon for

exgr essi onw'( nhbact er ipim@AaINASean Be F]skmamysinnmseesmifa&ﬁenemakﬁm ofiag ﬁel ecth i on,
and attTn7 (the target..sit or.the hacteri tran within the

| acZa sequence. Eac mapy ?‘haqabt]e {;’fs km s°| S Sk]née%F ed EJP ? ﬁgkﬁofyhedrl n

| ocus of the AutéRptetpdrscihr iFrorese (Wiz%’iéu Il\é’aiP’eZS‘“b@F%F’Ff@er& e \Rigeers ( ACNPV,

t he native bacul @uiveliBlasngjé ielaton 1Ats A0 woth a3 Yiof] Qiag@FR1snBaBlidi ol Wi

Technol ogi es) wag, U“Pﬁege iu@s £l Vt!%rsainQ%e&?ﬁ%r&&u@fo?’ﬁ%ﬁﬁsﬁ% ?s@lgtm was inserted

into the bacmd via t ﬁSI %E ranfﬁom n el ements. ast Bacl

contains tfe Tn7B’?eE¥t rﬁﬁe? g Jéffagjf‘l’qag?fk5 gg?f“n‘ 15"’?58 ter, a

pol yl i nker cl oniwith sexyerasiat &laOffpeid Siyd0mpnd] yﬁdtqelétﬂgcﬂel{ylsl Bnramevedi brat i on

sequence, 30 anoteﬁthﬁ,gge)atmsbm@raﬁa s&,ﬁmaangmmmg tselpﬁ%ﬂ'dmmﬁeconbi nant

viruses were gene %rdaono:i‘m ol | O\Mil Q.ﬁmga Agr gtrlegurl]’ gugm pras J_%acd pl asm d,
or

whi ch cont ai ned ]9 roxyl ase or oxl eHucfése cDNA, into
DRI OBac E. coli R#midPNA ¢lpted ﬁ*@&ﬁ‘ﬁﬁl"ﬁ‘g?‘éé‘}l e colppits wiibe plaweid elieersscni d and

hel per pl asmm d. the Bnsk el wre ®ckgedin@aiof100 nibd LBlusgpfepdidteaitibiatic treagent (Life
Frugi gper da 13 A8 SO0 D I aaan Bt Canl e ane B B MAREE =TS )

rugi gper da cells S
were seeded in éﬁ\\%’l‘a %’%\gl\% TP E’Cl;’ resm%i"”@“)?’mfg@&%? 21‘B"e‘-‘?“"’\/\/ell in
SF-900 ser umfréebd?edstahp{%lﬁfa@n‘?’étmﬁoqﬂﬁ’gfe@w idn & e opodatiap elis eich for at

| east one hour .othbh@ntypadnsf ecti on m xtures were nade foll owi ng the addition
of 5 ul mniprep DNA and 51 Cellfectin to polystyrene tubes that contained
200 ul SF g 900 pyedéMencti}erdficyt ures were allowed to incubate for 15-30

m nutes at room terrperature Prlor to transfection, 800 ul SF-900 nedi um

was added to each tube,
Purified plasmid DNA is resuspended in dH,0 and its concentration is

determined by measuring the absorbance at 260/280 nm in a Baush and Lomb
) Spectronic 601 UV spectrometer. DNA samples are sequenced using ABI PRISM™
DyeDeoxy™ terminator sequencing chemistry (Applied Biosystems Division of

35 Perkin Elmer Corporation, Lincoln City, CA) kits (Part Number 401388 or 402078)



The cells were washed one tinme with 2 mM SF-900 nedium and the DNA m xtures
were added to the cells. The cultures were allowed to incubate for 5 hours
at 27C. Following the 5 hr incubation period, the transfection %Et@%ez \évas
renoved and 10 the cultures were replenished with 3 m per well 00
medi um (Li fe Technol ogi es) supplenmented with 10% fetal bovine serum

Fol | om ngvaot/d3ee day i ncubation period, the cells wer ePOGBEUS@sIETM,
centrifuged, and the supernatant that® contai ned reconbi nant virus

(desi gnated as passage | or Pl stock) was renoved and stored at 4C. A

| arger viral stock was made by infecting 100 ml fresh Sf9 cells 15 at 5 x
106 cells per M wth 0.5 mM of the P1 nedium This |larger (P2) stock was
then titered usiacgrdngtodhe samdarhyensrsogastied po@cdReGctagionaily,i% DMEQF®) , and used
for production ,QfedttheheldixtdleRhRpltY SHOXMInAS € Q1L HHQEREMSTIBBHRALY TES,
separately or in onbi nati on W|th each other. Figure 14 sets forth an

i nmunobl ot i1l us‘f"?‘g? f*hg expression of Aspergillus 20 ochraceus P450 11

al pha hydroxyl ase in bacul ovirus-infected insect cells harvested at 25 and
48 hours post i nfect Peayencipageststions gee PPiirged ire i nkerpelscoygeroBedkini th a  1: 1
m xture of santi ndére8opbePal Nbrtag CBLRUbSng NTHaIREGRMeded mn@h&eawgat ed

Synt hetic peptl de Jtonso_’&‘}glcgﬁyélgﬁ (s)aﬁxgp(??s%&sgprepar zdé}:)mtalmﬂggoc em ¥ forth an

i munobl ot il | ustY rPACets PA50
oxi dor educt ase WAbﬁ@u"lO@WB Pﬁ@nienf’fe@?’e&jml @é@@le%%?@mvé@tﬂeﬁﬂ bgvre 25 and 48

hours post i nf egtdnQReughing 1m|¢rmekm1mbﬁw1WMQmehmtepr oheet avaih a 101
m xture of anti R,Pdl es a% %[pz%(rigc t;[JV(\:D rabbgarts xléagngélm I\Mtg hat%(f;onj ugat ed

synthetic pepti de ON éo-infection
bacul ovi r d&es ei?f}‘lk@s@lnﬂg XﬁfemA%7|9% mwgclerocﬂﬁeaémrﬂma hsHebetyareoxyl ase and |
human oxi dor eduekileo Sfténpeeitirs ofM2C By tHe-thdihaicdad. \6ivl bf ABIMFuSm Baf DyeCl €s t hat )

contained the Shgrgledh e SLANAMMILGWLARS UMD Aich B SRR FVi T US

contai ning a human ctase. viruses were added at a
mul tiplicity of sqTpieS CY SR ACEIeS Yo fhe Permadreygery and @Flﬁfieq("?f‘fedaﬁq‘gt teoxr). One
day after infecfolofing Profragy (1) 96f€NTN3T kee;0(2) HeFCWirS5 3&s; 68l €efd foro4 toitg cul t ur e.
The cell s yere ﬂ%y@%%adp ayfopﬁ%athg@msosgdmﬁﬁadqfwé g}cte%gquénc% gAPR 2005 WO
02/ 46386 PCTI UsQJ/ 510 %ggtl on (unless specified differently), and

t he washed cel wa)se?ﬁnﬁlf’?a&%’rag’“f B unt| | processed for sub-cellular
fractions. Exanple 18: Co-infection bacul oviruses expressing of Aspergillus
ochraceus 11 al pha BForl% e audied feiremerereict fﬁ?éerﬁk’,“}i‘?%‘é’f}s“s“g%? tHor educt ase
Sf9 cells are c®epMnipictobgunai(Primcetbrr Sepafptiods] Sdedthid, N} orqenified throufleast eroi d 11

al pha hydroxy! agg; %ﬁﬁﬁ4§50‘i@9§§cﬁk:§H‘l'ﬁh%o§BQ&@Jhﬂh Rgh Wen ARALAGEUS NADPH

P450- oxi dor educ use are. adde t| plLi.cCi

i nfecti on®} % ’T‘s]élts‘e‘gl é‘?" %E(is“pe 1o %Q ’fl'omgx‘f”)t Cﬁ‘éfwﬁi‘%j{‘d’aﬂ er

i nfection, 0 9 giomles prde Bltmtiop(plates) te Pldfewspramw % qenttifuge el 7P g Br2 The cel | s
are harvest ed DinG& Feindolrd dxepad w041, trhe Reipledlays 1adda@ntoitki rebd infamhe pIsth €SS

speci fi ed di ffersm%g.)at BOY 108 ARSHRGEEL coBBHeBL o i 9&-%”11“”“' needed

i n subsequent ex require proc esmﬁ% cellular
fractions. Exarﬁﬁ"% thed waPP@b’ér%f‘B’n“"df"”%"ﬁ‘bé’éﬁ Peab flfeﬁd’ﬁt'b ﬁ‘g"‘ﬁr*ﬁ?n | )
bacul ovi rass.  1spini rifhedigeid in tie ®6iwelt glateswaEnigieth al foorg teampecturt hea B@ed pastes from

i nf igt %d s]t 9oce¢JcsAﬁad45waln&t S topdl wLQARkd Qxld &ﬂétlaﬁatwmm%md pﬁ&g S # pended
in 0 e
rzém%ﬂes were TesuSéJ nx}eg in ‘Qumr_a F amla ql.‘l&' IBjexBan ln_gl? gf S.Pd

suspensi ons we usin onlc nodel 300
probe soni cat orveteheg rf°T§c41’@PfF$ 45?9019 33gf Pe’%’cﬁl@ef Rp)Pye panoph for ?aﬁw es were
transferred to naféorcpdl ©cantlés virgoddad &n{oCasrichgwilbsiradd lef®k pgsat i on,

Canbr | dgei?he peagpgm%bgegca%@qeqk@m&eg;%iﬁrqg %im Rlomal ﬁmgsegﬁ Pi;?e% for

m nut es ets were resus e sane volune o resh buffer and
vi ewed under a WPEaBIERpadtoSadiritFint0mpe Steset Vi Kroempm flb Petrfiywhol e. cel | s

were observed.prifdes). supernatants were then subjected to centrifugation at
10,000 x g for

Overlapping DNA sequence fragments are analyzed and assembled into

master DNA contigs using Sequencher DNA Analysis software (Gene Codes

35 Corporation, Ann Arbor, MI) or the Perkin-Elmer Data Collection and Sequence
Analysis programs to assign bases to the data collected.



)

25 30 mnutes at 5Cto collect mtochondria, Golgi and other subcellul ar
organel les. The pellets were resuspended in fresh buffer and subjected to
centrifugation at 7,800 x g for 30 mnutes at 5C to coll ect m 0@&@{1@@}0

30 The mtochondria) pellets were resuspended in buffer as descri

and the centrifugation was repeated. The mtochondrial pellets were
resuspended in 2 m buffered, sucrose solution and stored at -80C in 100 ul
al i quot s. WR&Z43¥er nat ant s from t he original mtochondri &XCHPHEEIGHhat i on
were subjected to centrifugation at 20,000 x g for 1 hour at 5C. The

m crosomal pellets were resuspended in 2 n] buffered sucrose sol ution and
stored at -80C in 100 ul aliquots. 1 3 APR 2005 WO 02/46386 PCT/ USO /51070
67 Mcrosomal |ncubations |Incubation m xtures consisted of Sig mcrosones
(1.0 ng of protei WARL Cliitgl¥] cnddiveeederamolosyplignment 1OBDPH- gener at i ng syst em and
250 uM substrate (AD) in 100 mM pot assi um phosphate buffer, pH 7.4 or 150

mM HEPES buffer, 7 pAvaricty bR o NARRE memtah@yn&m;dem éde%é!ﬁ%ésed of the
foll ow ng at the i ndl cated _final. concentrat

I My
D- gl ucose- 6- phospAZER Lher sty faokigpspbome g%éeaﬁ‘%ﬁs in Jprge é‘fqﬁ‘é"(ﬁggat%gwb"ﬁosphat e
dehydr ogenase ( 1.ELASRI (Bssicldcal AligombratSeands Toakle wick dmplerechisotie stabistichlhe

I ndi cat ed tignes %até’b&@m& y\@@hﬁ,rml@ﬂmhulmu ANLNGo . SHCHRRET DRa2deBACt | ONS
were term nated € a sanpl es were

vortexed three t| 316 “fw%f 22&6’0&%9%%35?7§c1é;8§dﬁan§ély“?f8p§’F’6Pé‘H at 70C
for | ater anal ys|xsp:dlEﬂamphem%@ppemLc@omsay@tnﬁ@uh@a&meethatmvfeirGmm of steroid

substrates to 't : s.!axlé%rm@wslﬁglﬁ%oﬁ%maﬁsxgeeénserkﬂrgntfﬁro{o Rk qUl d
r omat ogr a ?2% ﬂg epar a at e
st eroi d gorrgoﬁnd mgf‘%‘?a%g’ﬂ?ﬁ %%"Q‘?h bl 9

| | &- hydr oxy@ndr o3t ewpextil tradobflratignmeentirpdis reediro pide toidetech relationkhips mmenger si on of
the testosterone tmdﬁcwmbas&aﬁ&iwso]ad@segﬂdaedsﬂayarssam@aﬁa&a@,tff. ml., Arch.
Bi ochem Bi ophys dﬁjl 01,987) The standards for androstenedi one and
11- bet a- hydr oxyanéor os? enedione were obtained from Signma. 11-al pha 20

hydr oxyandr ost enedi ong (89. 5% W, t.h 1 urity bei

andr ost enedi one) was rg‘?”d@iai‘”‘H’ée(fie’rg %ééi?“eg “Wécg 2L %F Eﬁﬁgﬁ‘fys Yoo "?: gr ade

wat er and net ha®dhSheqaechobiulis.n&arahbetemB Buithl 2 ckfaglt Jdek Q) remﬂ@eslﬂhPLC system
consisted @b a Nadsbermaeg}s@sﬁn@ssew paitdl (Qighin8Gd) Ofepad in ViBE ir@blt€ Wavel ength

detector (Hew et Packa gqu.\'%pa%fauft 1.6 oﬂllo% ?ﬁgﬁg‘pg/ﬁgﬂ?'ﬂ}bec‘f%a?o terrper ature

control |l er and col utmm heat er 1 son,
Cel | nenbrane fr a'ts:vf"e?fs(hﬂ% rfpryeichf goshipe ﬁ%ﬁ@&&h%%m“sbet Teppriet-e Makshesyire h
reconmbi nant bacuboed snlsgssceiop lsgs@ntr;rgxra(ﬁsﬁgod Tox e ees ang sieenpdretsent ar y

el ectron transpgfdnd RLk) Msps WR': gpa?zﬁléll% &QEBMSI*LY&EMJL ?e%ﬁh@%' vity in a
reaction mxture 30 Qont nmnM Mgd ,

n hate buffer
o 0. 6 nVERADP “PHESSe ] A FerL AR P SObUr s g PR S A EPE  an
adequat e source efpsreduci ng equival ents, an NADPH regenerati ng system was
provi ded by addi ng gl ucose-6- phosphate dehydrogenase (1.5 U nml) and 8 nM
gl)ucose 6- phosphat e. THegr@iran bBtih Stmmtee aheangng add gues teaiiaped gaidyt as provi ded
at’ a final concep,tofeaqtge@;am@fdatgbée mtnxogpa@mnzg%dme%@a@@ﬁm Usal / 51070

68 Reaction mxturgt in yag%t rpg he reactions were
ternminated by th&d ?EB‘HE’“C'? Gseu] RARToah A E HERe STRE 8FUBIE i ce.

Sanpl es wé¥ e petrbestatad ippll ceading |ﬂfamg€a%aa’eﬁf 3 UO#G@rmvenqsrdet?bm t¥aveetlprotein. On
one occasi on, t heseiihi bpiadni 10 Tnd\@stetal friaz&lihezubmhmsaof\beIwmwefnuaeoﬁdm in 5

si li coni zed pol yR:ererel eriﬁias% 3 %areq] £ RSNl r?%&]eﬁééba% &ls :ﬁZ&: &g 120
m nutes. The enzy are rommcCroso ITB. ]ﬁ T I’ actions,
Sequence data ase dynamically translated in all reading frames. tb]astx compares

was added and
the six-frame translations of a nucleotide query sequence against the six-frame

30 translations of a nucleotide sequence database (See http:/www.ncbi.nlm.nih.gov/
Education/BLASTinfo/ for more information on BLAST, related programs, and

pattern matching algorithms).

Nucleotides searches performed with BLAST, score = 98-557, word length
514 letters, were used to obtain nucleotide sequences homologous to nucleic acid

35 molecules of the present invention. Protein searches are performed with BLASTP,



the substrate added at a concentration of 250 pM (e.g., 25 mM nethanol stock
solution of AD). The cofactor buffer was 100 mM pot assi um phosphate, pH 7.4,
7.5 mMMd,, 7.5 mM gl ucose-6-phosphate, 0.80 mM NADP, and 1. ®3u,mmgg5m_ 10
gl ucose- 6- phosphat e dehydrogenase. HPLC sanpl es were prepared by term nating
the 0.5 nj| action mxture by addition of 0.3 ml nmethanol,  vortexing three
tines fowozozgé%?gnds and storing on i.ce. The tubes were J.SJPPSPH? ' ninutes
at -20,000 x g in a mcrocentrifuge and the sanples transferred to

aut osanpl er vials and capped. Steroid conponents present in reaction

m xtures and nedi a extract were 15 separated and anal yzed by reverse phase
HPLC using a 250 mm x_4 nm Vydac anal yt| cal G4 colum. Chromatograns were
devel oped usi ng ¥°r&di %ﬁ’t"rdg}e&@“en? to pieim e, 15 OIS FECRIFSES Mer a ten

m nute tine perieratcboypiptdidlge.atEQIAYO: 2ret hanol for 5 m nutes before
re-equilibration to initial conditions. The colum effluent was nonitored

for UV absorbance at Qi wS4rRRt.ZA2Q MM m%@,,m,grpm;}gpla%g}ghmtﬁ,stoster one

and nonohydr oxyl at ed andrn&ﬁten% ione tabolites were resolved on a
Nova- pak C18 colabgfmes it DYAgonPriwy Ffrenteiuias &Sttt BE#phy,

M| ford, M) equilippeehtsnaddnioasfen2Rramicidenitifh boesen aliffepme capenves. f THid er at 40C
and 1.0 m mobi |.e, PAASELTE- thé\sSEBRBEDr Bo gsﬁ@tmme séhtzlexlcuaﬁ%nwh wat er as

nobi | e phase solvent A.and methanol as solyent B. 5 1.ni
concentration ofthoBER/ERjrengs YRl nooRPBe epefifin sapTRrRales

i ncreased | i neardicet GhetiForoatedl., Hueidinitids Rawalcit hﬁm)h@lb’demomm) nifieut es The:

percentage of Baeﬁﬁnmgaefb;@%r%éﬁﬂm RERNbaa m,&%@,\aﬁm% ma@,gnes and hel d
there for an additiagnal..2 minutes for a total run ti 5 mnutes. The

ultraviol @ detPSEETARFPHHET ARG R oigL enss EitoR f°ﬂ’35t€%’f s&‘i"e’bcﬁ Yol ume was
200 ul . 30 Bot h RAREA forinpicmh drechuirat is shemdibement ghowhdo theifigyres oferhudeiranpl e
produced peaks aeratse‘qhm& thbaabl-ltb?ucwé@{temxiuo\aastdsém of aﬁnﬁeacxd sequences,

2 hydr oxyandr qgl 8RS0! BRGs w%ﬁdg&g bk GRDShol -2 bONR M gun ! These

"m t ochondria” and r espect ively, of
the total peak dﬁdé‘ﬁ‘t’aﬂ%ﬁﬁsﬁ‘t”é’(éﬂ "a‘t’e 2’4“7"‘“3% onr REAFT, é?e‘ﬁt;?%llpw&ﬁ’d?'@st enedi one
standard was al yettapikebing slg@itiansbl ank '35 m crosomal i ncubation sanple at a
concentration of 5.0 pg/nm. The concentration 1 3 APR 2005 WD 02/ 46386
:D|CT/ ES(?U 51078 69 ofoxtiige v BB1 RGHRAMSEY doﬁlmn%ﬂ@rang]"oﬁ EOROERkcely formatted

a- hydr oxyandr ost e n and 1.31 after correcting
for the purity S?Dtoﬁgqrgt%a’ﬁdﬁecfﬁ(%g%g? N O'Té sequ@’écr??:en r{z"f'fdJla bﬁstrgpr esent 2.3
and 1.7% of sub§?ﬁsd{°b°’€ﬁﬂ\?é$‘¥‘§ﬂltsft}E)’tlalpé}‘es HW’WXV%HFE%%W@%P}’%@WUQ ng a
substrat e concempieriatsiyo prepdred b ofilet s&yuFricg Llignrldnt yedgsanisor The &putsiRLC t r aci ng

Il1ustratipg th%oﬁﬁmq;esshp@hgqinenta@,dgt@&s,eaﬁgmmm(:ﬁplhrtaghm Sandked g2l Pha hydr oxy
counterpart after subcel | ul ar fractions, prepared from

bacul ovi rus-i nf éb(?trés e 'é’g’f:f"%é‘él"r§had%‘£6?€]§§lcﬁ5§s’,&§°ﬁ%twdﬁe’[e B8k R eus 11 al pha

hydr oxyl ase andldQMMalM%iGP@d%thdbe settige, ecpepitian 124 greplec hgmprieaenl

of Aslogr gill usocm}&g&u&e lék.uagjc@haadmdﬁ mieydmamsxd@ndaeﬁapﬂhghddl BoxsB{abr agegs NADPH

cytocbrone p450.r anti bodi es :
y P ST g% ¥om hE”WHa?be ugﬁlt #89 ﬂ??ﬂ%ﬁa]ﬁ@taé.% apf?d» )

gener ated agai nst synt h roteins frysat es

(obt ai ned 2§ r om EHFETIPRER B dlichad rg*’é'?fh‘ﬂi“i’ié‘ﬂjf’a” HREUF-us- i nfected celI's) were
| oaded onto | anes of a 30% gradi ent acrylam de 15 mni gel (BioRad,

Her cul es, CA) afroetgpfirifientoeendtGhatcrigirst$®0 pg per well). The prot ei ns were
separ at ed by el ectrophoresis at 36 mAnps constant current for approxinmatley
| hr ina Tris- gI ycimaexbtﬁuﬁqeean&omhaibaia@uﬁms‘h% SI9hg (Sygétaa v&ety lpui s, MO).
The proteins we r I g se I o huel |,
Keene, NH) fo 4 amgT %L% ngieggdst el agnggglﬁ{h%gg g%rﬁﬁgmlgﬁ WL?& ?gbodl es were
diluted 20 1: 10°h(?’?36‘1ﬁ9§’f’3be*kre(‘f‘ﬁﬁééﬁ?§ea]ﬁ%sI’bf"”l’f ?ﬂesnﬂ')"?ﬂ“l“ﬁ’e%hf%? anti-11

al pha hydsoxyl aﬁ-epeﬂ(;aanﬁeﬂ Bade efiniiiNpulibE8d udnpth iy 1d:88:1tpH v@p as #choflsram pept i de

| aOR pept] de 2, SRR LT EXLRORHCTIRNLEQ L0t mnedlihaQugd ol T | 9G

for anti-oxred ant 1 bodi es . and prepared from oxr peptide
1 CTYV\AVAKDPYABﬂGWW@aFSE’EftPﬁS NG dezﬁ)b)’fd ahéftfﬁ’s’é&‘“%tb(’db i ErReypPplesy:

Volume 182 “Guide to Protein Purification” edited by Murray Deutscher, Academic
Press, San Diego, California, 1990.




25 nitrocel lul ose nenbrane. The antigens were detected using anti-rabbit
hor ser adi sh peroxi dase (I HRP)-I|inked secondary anti body as recommended by
the manufacturer (New Engl and Biol abs, Beverly, M. Chenil uni é¢3dPRdéliwas
detected using |lum nol and peroxide reagents (New Engl and Bi ol abs, Beverly,
MA) followi ng the protocol provided by the vendor. Light em ssion was
recorded i X-OVAT AR film (Eastman Kodak Conpany, .
| mages vver%Zd &%egéogrded using a Mnoltg,D mage V digital cgﬁgﬁkﬁfﬁ%ﬁ%l ta

Cor poration, Ransey, NJ) 1 3 APR 2005 WO 02/46386 PCTI USO /51070 70 Exanple
22: Characterization of.theAspergillus ochraceus genom c DNA encoding 11

al pha hydroxyl ase and oxi dor educt ase The approaches descri bed. above can be

used to facilitate t i dent atlon e steroid
“hydr oxyl ases. and oxi dot® %f‘!a s thi enat‘ ‘P% orreq“ﬁg‘g %gc SHéPgPius

ochraceus and cl eerometrz] at@@DﬁﬂPéGBOr Grobins manhtahen adideng s peingidcidus ni ger

and Aspergillus pifuigns re@Mel UG BLi6d IQEtgxﬁrHygLBf%dlﬂé ess%y ZRPMeOr YZae,
Rhi zopus stol onifer, Streplﬁg18 ces fradiae,. Baci um Pseudononas

crucivi ae, Tri chEReEIRH? P TP 0R SEisBHIT P SBE o BOBE™ Rhi 70pUs
arrhi zus, ahd Moaegporetmin ohfirndbeidentinQflemrrgeinf er red organi sns that are
known 10 to have steroid 11 al pha hydroxyl ase activity are described in the
detailed description of the inventiogyambese. Briefly, genomic DNA is
prepared and shotgun cloned into | ow copy artificial chronpbsones propagated
in bacteria. A large nunber of clones are sequenced to ensure statistical
representati on of theberfeliovmsgepories vihilutttpte Y5 igesgtien Besresitr énjadk| appi ng
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" acetate pH 5.5 and 2.5'vo]umes of ethanol. PolyA® selection was performed twice

as described below.
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A radiolabeled tracer ([o-“P}JdCTP) was not added. The second strand of cDNA

25 was synthesized in a reaction volume of 150 ul. The final composition of this
mixture including the first strand reaction was 25 mM Tris-HC], pH 7.5, 100 mM

KCl, 5 mM (NH,),SO,, 0.15 mM B-NAD", 250 uM each dATP, dCTP, dGTP and

dTTP, 1.2 mM DTT, 65 units/ml E. coli DNA hgase, 250 units/ml E. coll DNA
polymerase I and 13 units/ml E. coli Rnase H. After a 2 hour incubation at 16°C,

30 10 units of T4 DNA polymerase was added, and incubated 5 minutes at 16°C. The
reaction was stopped with 10 ul 0.5 M EDTA and the ¢cDNA was separated from

cDNAs smaller than 300 base pairs, primer-adaptors and deoxynucleotides with
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35 cDNA overnight at 16°C.
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CLAIMS 1. An isolated nucleic acid COT_qul‘[_)‘I’i Si ng t he nucl eoti de sequence of SEQ

cfw?: CTGTTTTCGTAACA
lglygz

ID N0 1. 2. A fElHop eXHLE oSl ROl YDEPR. d€ that can catalyze the

imer,

114 al pha- hydr oxyf,aLi 86,96 @ crdbcRlcRiniers OTRAL RS QBT i SiNg a 3-ket o
substituent and rand, He6Qith] @rhobdrcrdahe nMedzhaeslvo: g@NPri sing: (a) transform ng
or transfectingrhestseel-ivs: wrrgrreexpr esseanreassett e conpr.i sing a pronoter
operably linked to a nucleic acid that encodes the polypeptide; and (b)
expressi ng t he pfot¢ ypdptidedand predivied rygte edd |sequengtrepfeibn ddned pblaipbept i de
conprises jhe amjdiexyRsd creSERHMEACH BfurSEQs|PIND NB: 1 23a sAQ Dwd:a4 ed nucl eic
aci d that speci Eejscez%lhlley hybri di zes under high stringency conditions to a
nucleic acid corrpf’l SI r?'g t he nucl eotide sequence of SEQID NGO 1. 4. An

i sol ated nucleic acigd encodi a polypeptide, the ami no acid sequence of
which is at |east %’FEFE%T P"%’letag"élfd%’ﬂnﬁ@?ggm@f‘t ‘gﬁ’“ PLBfut &N nucl eic

aci d encodi ng aalpld Yydepylasd elongdlie PHANHS2Aedddligeed withcBated enpimies frupds at - | east
95"% identical tg &&E8aubDudlg Bradr ﬁl‘i@lthUG* ei;ﬁyl@%ﬁaic(ﬁee G#uﬁdu@ the t}mgr eint hed
pol ypepti can alyze | - - ign. of -a steroid conmpoun
sel ect ed g?om tﬁega%%?sgtyfpg? %gﬁn tin of L gjﬁ%% gasgty %;ecan?o]ﬁ%moéo%%éﬁvﬁg’r enone. 7.
The nucl ei ¢ aci @PEEHEF shrfcws siRpoisk Bizlphe hedrepirerd thedmp lLardmies foupttir ost endi one.
8. The nucl ei ¢ adedBalk vshaBIAH, calvhlgteé bsing Ciestd MeandiBdxsbatepound 1 s canrenone.
9. The nucleic acid of claim5, wherein the pol ypeptide can catal yze the 11-
al )pha- hydr oxyl akifhp1ehz aABpiercatito SRIPALLEo&ESE RPahadNADPAdybhgnfeup consi sti ng
of) androst enedj | i aim9, wherein
the steroid con%%&%&@gasg%g‘?glg{}%%g?tgrlfg{sm}l-%}%%gdagﬁﬁ?}f%#%gg Jrllucl eic .acid
of claim & wheP¥PN43898 steroid conpound is canrenone. 12. An isol at ed

nucl eic acid encodi ng a pol ypepti de, wherein the pol ypeptide can
Gene Amplification of human oxidoreductase

Approximately 1 ug polyA” mRNA from HepG2 cells was heated to 65°C for

10 minutes with 100 ng random hexamers (Invitrogen, Carlsbad, CA) in an 11 ul

reaction. The mixture was chilled on ice, then incubated at 42°C for 75 minutes in

30 a 20 ul reaction containing 1 ul RNase inhibitor (Promega, Madison, WI), 0.01 M
DTT, 5 mM dNTPé, 50 mM Tris-HC), pH 8.3, 75 mM KCJ, 3 mM MgCl, and 1 ul
SuperScriptll enzyme (Life Technologies). The reverse transcriptase was
inactivated by heating to 95°C for 2 minutes. First strand ¢cDNA was stored at -

.. 20°C. Forward and reverse primers were based on the nucleotide sequence of

.?;5 ~ accession number S90469 (human placental partial mRNA encoding cytochrome
 P450 reductase (SEQ ID NO: 49)). The accession number of the corresponding



catal yze the | 1-al pha-hydroxylation of a steroid conpound selected fromthe
group consisting of androstendi one and canrenone. 13. The nucl eifc; apR ghypf
claim 12, wherein the ami no acid sequence of the polypeptide is at |east
50% i dentical to SEQID NGO 2. 14. The nucleic acid of claim 12, wherein the
anmino aci d sequence of the polypeptide is at |east 75%identical to SEQID
NO 2. 15.WOR¥463dcl eic acid of claim 12, wherein the sterBCHUEEMYANd is
andr ost endi one. 16. The nucleic aci & of claim 15, wherein the am no acid
sequence of the polypeptide is at |least 50%identical to SEQ ID NO 2. 17.
The nucleic acid of claim 15, wherein the am no acid sequence of the

pol ypeptide is at least 75%identical to SEQID NO 2. 18. The nucleic acid
of claim 15, wherdéinsiahenceise¥Adi2iBld 6P UhYOi ). cBhisrhemen exidoref@ctastivas nucl ei ¢

acid of claim 18aonw1ﬁrt% etcéaav}ﬁmme agsbxdmwﬂq@s&@ac@fmrehﬁcmmb&pgptI de is at
| east 50%|dent|clt gtf gp% 0. The gd ; of Ia}m18

wherei n the am 8 é°8| Lt &6 Pife %eéspinl ge%i ’§° Hft"’i“eS & 07 5%
identical to SE@redt@:aN@bzlomQﬂmtomFﬁﬂBMd of expressing a pol ypeptide that can
catalyze the 11-al pha hydroxylation of a steroid conpound selected fromthe
group consi sti ngrigér e 34: e the Fresa LEFAGACEARFENEA@E  CoRpPiNsi 1g:  (a)

transform ng or Firamnsfoect PNErOSTeEeItes’f t h an exprewsP s Bassette

conprising a profgtier<spér BrTFrEAREE €T a nucl ei ¢ ‘ERiTMhAt encodes t he
pol ypepti de, and’“{‘ﬁ)” &S é%ﬁaffégtfﬁ‘i%fa%WbcgﬁﬁG‘ﬁ%‘m?Gn t‘ﬁ’@ RISt tells. 1 3 APR 2

035 85 22._The hod .of claim I und is

andr ost end’one % °°n‘f'ﬁt§a’1‘?ev’faﬁ8’d"%hefm¥¥1u§mﬁl4® ?Eé 0 g%)gpgiﬂaf compound i s
canrenone. 24. Fﬁwentﬁphﬂ)chadfoncﬁmphﬁ@mon W@Fléqrﬁedcw& Popyprigrlyaeragonpr i ses t he
amno acid , swcg&n@iamﬁEQBwﬂNQaA)Z The #2BctiodNor @gﬂa&ﬂa&h@m hﬁaﬁ&mﬂ:t te .

conprising a pr %gporeeJUft%Je)ecbm X'as Adnll(s%q t$ & b'ﬂa%o” fm%%]ﬁc%gl d f lainl. 26. A

host cell conprisi ression cassette of ¢ e host cell
of claim26, whéi! ﬁye{ewéd@k Wio8 phP1°E 42 98 pecepdp follpyieddyeapesing HEFC t he :
chr onosonasof t g 2loSitesel blongation 2282°CHbe rhiagiks. Tk hamnoezhcabymozmesv\her ein the

EXPr essi on Casseh LGSy b ?&En%tcﬁgatlzmx& &b, 2 85 Rldna %&Qh{gesgpogﬂd %y AN

expression cassette conprising pronot er. oper a to the nucleic
acid of claim 12“°“§(fl°nﬂat‘r‘i’5§*tepcéth e](‘?ﬁ‘?‘?ﬁf"l ?F‘h@'ast?’f?”%‘i‘?pt? aunYs Patheet te of
claim?29. 31. Theallelt cell of claim 30, wherein the expression cassette is
integrated into the chronosone of the host cell. 32. The host cell of claim
30, wher ei n t hecexptasss/@MODASEBIAMONS60HMQVAEEd | Nt 0 an  expressi on
vector. 1 3 APR 2005 WD 02/ 46386 PCT/US01/53070 1153 Sequence Listing

SEQUENCE Lp STI NG 5 hIBTrSHERAR tor ROGRA o thaBulledfiskOna G8lI € C Engel
Dean M Messi ng Qohn ?I\% Beverly A._Reit2 Scott A. vaccaro Mrk C.

Wl ker  Ping T. Sgitg w’fl?oB and \finclfo e PCR fragments for the 8" half of the
oxidoreductase cDNA were digested with Hincll and Kpnl and ligated into

pBluescript II (Stratagene, La Jolla, CA) for sequencing. The resulting plasmids
were designated pMON45603 (5’ segment) and pMON45604 (3’ segment). The

25 BamHU/HincIl fragment from pMON45603 and the HincIl/Kpnl fragment from
pMON45604 were ligated into pFastbacl cut with BemHI and Kpnl, to generate
pMON45605.

Sequencing primers were based on the sequence of GenBank accession

number 590469 (SEQ ID NO 49), a cDNA encoding cytochrome P450 reductase

30 fhuman, placenta, mRNA Partial, 2403 nt]. The cognate protein seguence is:
‘ AAB21814 (SEQ ID NO 50) cytochrome P450 reductase (Ed 1.6.2.4) [human,
placentd, Peptide Partial, 676 aal [Homo sapiens]. The cDNA insert of
pMON45603 was sequenced using primer oxred 1C, and the cDNA insert of
pMON45604 was sequenced using primer oxred 2C and 2D. Universal T7 (SEQ ID

35 NO: 41) and M13 reverse (SEQ ID NO: 40) primers, which annealed to vector

sequences flanking the ¢cDNA inseris were also used for sequeﬁcing.

Primer oxred 1C: GTGGACCACAAGCTCGTACTG {SEQ ID NO: 61)



16 <120> Aspergillus ochraceus 11 al pha hydroxylase and oxi doreduct ase 20°
<130> 503196- 00- US 25 3D <140> US 09/ xxx, x>x <141> 2001-10-26 <3J50zplUgBN
60/ 244. 300 <151> 2000-10-30 <160> 65 <170> Fast SDQ for W ndows version 4.0
<210> 1 <211> 1776 <212> DNA 35 <233> Aspergillus ochraceus 40 <220>
<221> CDs <222> (246) ... (3690) <223> Aspergillus ochraceus 11 al pha
hydr oxyl ev® 24688 1 t goeagtttt tacacttett atgccgcagc egazagaisbrsmoyagt egegg
ggttggggea 60 caacactata acecctaceaséecacttgcat ttggtgaatt tecacgggee
ttat caaaac 120 45 egccecaege tgeeagetea state etg Coe ttc Lite act ggg ctt
etg geg 172 Net Pro Phe The Thr Gy Leu Lau Ala 1 5 att tae cat apt ctc eta
etc oac eae cce gtc caa acc ctg agc acc 220 50 Ile Tyr His Ser Leu lle Leu
Asp Asn Pro Val @&lifer Haea ke unidercaddngrert@emd (260 12%0:5% att gte gte ttg gcg gee
gcqg Lac tgg etc geeraegs &t cTiCHmgrrecdtprage 288 ™ M:e3NMal Val Lau Ala Ala Al a
Tyr Trp Lao Ala Thr Lou G n Pro Ser 30 35 40 1 3 APR 1005 WO 02/46386
PCT/ USQOl / 51070 2IE3 nBclgptide ehd medictejagmipp gaclasequersesg ol tlxadompdehuntag gag ttc
ace Eat cut 316 ,ARPedb@ike BiOailidted SNFiAR02RE @rfl B hiy:Ss BlaosE® bl Phe Thr Asn
Arg 45 50 55 cot cut. . that ]%a% gﬂ% %%}m aa ant %?e_ééag a%e L 1:9 ctt get
egg Arg Ard Val "EREEYU MERE NP R EEent §f SuBRt T rERe WA R g 60 65
70 364 10 ggg egy hijaobtlyisBot. offigurede sgadorticy rhrczengdio tek clisplgngt 8 gas t ug
géZ G%/ Ar tgt d ufei,-,@mt]Jdaﬁea@syofrﬂh&afoﬁamgct;rswto/me b MRlre BLhold e TT 26(7)5 ?g
gga tcc g at G tag ccc cu a C,_gcc.gac .gag ctg. ¢gc aac
M/ Ser Lou Ile v&”e%e’ﬁe"}:*s%’ef-‘%“ @“h”’“%?‘gwiﬂg’éta%sﬁﬁd%*‘d hﬂé&“‘?\%‘g’s %90 95 200 305
20 gac cca age atg gac 'ttt gag acg ccc-ace ace useglgac tee cac gga Asp Pro

Arg Met Asp she Exaprinis preplificptiqhef (RS enepding NAGPEH qzfachyopge 8 100 506 25

) 10 reductase from A. ochraceus and cloning into plasmids pMON45630,
pMON45631, and pMON45632.

. Gene Amplification of Aspergillus ochraceus oxidoreductase

An alignment of sequences from the Aspergillus niger cprA gene accession

number Z26938 (SEQ ID NO: 65) and a partial ¢cDNA clone 804561639F1 from

15 Aspefgillus’ fumigatus (PathoSeq Database, Incyte Pharmaceuticals) was visually
scanned to select regions of high homology for the design of primers for PCR. A ‘

primer set was selected which spanned the coding region of the cprA gene product

from amino acids 203 to 693.

Primers were selected from the 5 most r‘egion of overlap where the amino

20 acid sequence was identical between both and the nucleic acid sequence differed by

2 positions in the 3™ codon position. For the 8’ primer, the nucleic acid encoding

) the stop codon, last 7 amino acid residues and 2 additional bases corresponding to
second and third positions in the codon of the amino acid residue 8 positions from

the stop codon encodes ARG in A. niger and SER in A. fumigatis (CGC vs. AGC).

25 Inosines replaced the third base in codons when there was a discrepancy between

the A niger and A. fumigatus sequence.

Primer A.oxred-forl: GACGGIGCIGGTACAATGGR (SEQ ID NO: 11)
Primer A.oxred-revl: TTAIGACCAIACATCITCCTGGTAGC (SEQ ID NO: 12)
30 {where I = Inosine)

A partial ¢cDNA clone was amplified from approximately 5 ug of total RNA

extracted from A. ochraceus mycelia. Before the first strand synthesis, the RNA

was heated to 65°C for 10 minutes with 100 ng random hexamers (Promega

-Madison WI) in an 11 ul reaction mixture. The mixture was chilled on ice, then

35 incubated at 42°C for 75 minutes in a 20 ul reaction containing 1 ul RNase
| inhibitor (Promega), 0.01 M DTT, 5 mM dNTPs, 50 mM Tris-HCl, pH 8.3), 76 mM -
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. missing bp including the initial mgthjoqme The A. ochraceus cDNA library was
then used as a template for PCR. The forward primer was based on the reverse
complement of vector pSportl (Life Technologies) bases 299 to 326. The other
primer, A.oxred-rev2 was bases on the A. ochraceus sequence encoding residues
326-333.

Primer pSport-forl: CAAGCTCTAATACGACTCACTATAGGGA (SEQ ID NO: 13)

Primer A.oxred-rev2: CAGGAACCGATCGACCTCGGAA (SEQ ID NO: 14)

The A. ochraceus spore library size made from gel-purified ﬁégments >1.5 kb in
size was then used as a template for amplifying the final 200 bases of coding
region. Two new reverse primers were designed from the A.oxred ;sequence, and a
new forward primer based on pSport1 (bases 295-328) was also used.

Primer A.oxred-rev3: GTCACCCTCACCAGCAGAGCCAATG (SEQ ID NO: 15)

Primer A.oxred-rev4: CCACATTGCGAACCATAGCGTTGTAGTG {SEQ ID NO: 16)
Primer pSport-for2: GCCARGCTCTAATACGACTCACTATAGGGAAAGC {SEQ ID NO: 17)

Amplification was pex—fdrmed using an Elongase polymerase kit (Life Technologies,
Rockville MD) for 35 cycles consisting of a denaturation step at 94°C for 30
seconds, an annealing step at 63°C for 30 seconds, and an elongation step at 68°C

for 5 minutes. The PCR products were cloned directly into pCRII TOPO

(Invitrogen). Twelve clones were sequenced, and the composite sequence, extended
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Construction of pMON45630

""" The PCR products were cloned directly into pCRUI-TOPO (Invitrogen,
15 Carlsbad, CA), All clones contained the internal intron noted earlier. One clone
was designated pMON45630.

Construciion of pMON45631 and pMON45632

A strategy based on two step PCR from an internal BaemHI site
approximately 170 bp upstream of the 5 splice site was employed to generate

20 clones lacking the intron.
> Primer A.oxred-for3: GGATCCCTCGCGACCTGTGATCAT (SEQ ID NO: 20)
Primer A.oxred-ford: CGAAGATTTCTTGTACARGGATGAATGGAARGACTTTTC (SEQ ID NO: 21)
Primer A.oxred-rev6: CTGAAAAGTCTTCCATTCATCCTTGTACAAGAARTC {SEQ ID NO: 22)
25 Primers A.oxred-for4 and revé were complementary and flanked the intron. The

first PCR reaction used an A.oxred clone linearized at the internal BamHI site as
template. Poiymerase and buffers were supplied by the PCR core kit (Roche
Molecular Biochemicals, Indianapolis, IN). Primer and dNTP conceri/trations were
500 nM and 200 uM, respectively. Two reactions were performed, using a
30 combination of A.oxred-for3 with A.oxred-rev6, and A.oxred-ford with A.oxred-
revb. Following a 2 minute initial denaturation, 28 cycles of PCR amplification
were performed. One cycle included 2 45 second denaturation at 94°C, a 46 second
denaturation step at 62°C and a 45 second elongation step at. 72°C. One ul of each
reaction served as template for the second PCR amplification with primers

35 A.oxred-for8 and A.oxred-rev5 using Elongase enzyme and buffers. Amplification
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10 ochraceus 11 oxidoreductase are displayed in Figure 3 as SEQ ID NO: § and SEQ
ID NO: 6, respectively. Figure 7 sets forth the amino acid homology of Aébergillus
ochraceus and human oxidoreductase to NADPH cytochrome P450 reductases from
A. niger, mouse, and S. cerevisiae. Figure 8 sets forth the amino acid alignment for
A. ochraceus, A. niger, and S. cerevisiae oxidoreductases. Figure 9is a ph&légéneﬁc

15 tree showing the relatedness of Aspergillus ochraceus and human oxidoreductase
to reductases from A. niger, yeast, and mouse. Figure 10 shows the percent
homology between Aspergillus ochraceus steroid 11 alpha hydroxylase and the
oxidoreductases from A. niger, yeast, and mouse, calculated using Clustal W and

Boxshade.

20 Example 15: Generation of polyclonal antibodies recognizing Aspergillus
ochraceus 11 alpha hydroxylase and Aspergillus ochraceus NADPH
cytochrome p450 reductase

Generation of anti-11-a-hydroxylase Antibodies

Polyclonal antibodies against Aspergillus ochraceus 11 alpha hydroxylase
25 and NADPH cytochrome p450 reduciase were raised in rabbits against synthetic
peptides (prepared by Sigma/Genosis, The Woodlands, TX) corresponding to

several regions of the following predicted protein sequences:

11a0OH peptide 1: . AAAYWLATLQPSDLPELN (SEQ ID NO: 23) v
30 1120H peptide 2: CRQILTPYTHKRKSLKGTTD  (SEQ ID NO: 24)

11a0OH peptide 3: HMGFGHGVHACPGRFFASNEI (SEQ ID NO: 25)

oxr peptide 1: CTYWAVAKDPYASAGPAMNG (SEQ ID NO: 26)

The 11a0OH peptide 2 (SEQ ID NO: 24) corresponds to the G helix, G/H loop, and H
helix region present in an alignment of the amino acid sequence of 11 alpha

35 hydroxylase with the corresponding sequence of CYP3A4 described by Wang and
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480 combined at a 1:1 ratio. The pooled anti-11 alpha hydroxylase (rabbits GN
.1187/1188) was 0.34 mg/m] IgG. The pooled anti-oxred (rabbits GN 2023/2024) was
0.26 mg/ml IgG. The combined IgGs were each diluted 1:10, 1:100 and 1:1,000 for
15 a pilot experiment to determine which was dilution was optimal for probing
Western blots. The 1:10 dilution gave the best results and was used for probing

subsequent Westerns.

Example 16 - Insect Cell Infection and Heterologous Expression

~ Proteins were expressed in Sf9 insect cells using baculovirus shuttle
20 vectors (Luckow et al., J. Virol. 67: 4566-4579, 1993). The baculovirus shuttle
vector (bacmid) contains a mini-F replicon for expression in bacterial cells, a
kanamycin resistance marker for selection, and at#Tn7 (the target site for the
bacterial Tn7 transposon) within the lacZa sequence. Each of these elements is
inserted into the polyhedrin locus of the Autbgrapha cafifornica nuclear
25 polyhedrosis virus (AcNPV, the native baculovirus) genome, A donor plasmid .
(pFastBacl, Life Technologies) was used to deliver the geﬁe to be expressed and
was inserted into the bacmid via the bacterial Tn7 tranéposition elements.
pFastBacl contains the Tn7 left and right ends flanking the polyhedrin promoter,
a polylinker cloning sequence, the SV40 polyA transcription termination sequence,
30 and the gentamicin resistance gene for selection. Recombinant viruses were
generated following transformfition of the pFastBacl plasmid, which contained a
single 11 alpha hydroxylase or oxidoreductase cDNA, into DH10Bac E. coli cells
(Life Technologies) that contaiped the bacmid and helper plasmid.

Transfections were performed using CellFectin™ reagent (Life

35 Technologies) following the manufacturer’s protocol for Spodoptera frugigperda
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production of the 11 alpha hydroxylase or oxidoreductase enzymes, separately or in

combination with each other.

Figure 14 sets forth an immunoblot illustrating expression of Aspergillus
20 ochrﬁceus P450 11 alpha hydroxylase in baculovirus-infected insect cells harvested ‘
at 25 and 48 hours post infection. The nitrocellulose membrane was probed with a
1:1 mixture of antibodies prepared two rabbits immunized with a conjugated
synthetic peptide 11a0H peptidé 2 (SEQID NO 24). .

Figure 15 sets forth an immunoblot illustrating expression of Aspergillus
25 ochraceus P450 oxidoreductase in baculovirus-infected insect cells harvested at 25
and 48 hours post infection. The nitrocellulose membrane was probed with a 1:1‘
mixture of antibodies prepared two rabbits immunized with a conjugated synthetic
peptide oxr peptide 1 (SEQ ID NO 26).

Example 17: Co-infection baculoviruses expressing of Aspergillus

30 ochraceus 11 alpha hydroxylase and human oxidoreductase

Sf9 cells were co-infected with virus particles that contained the steroid 11
alpha hydroxylase cDNA and a separate virus containing a human NADPH P450-
oxidoreductase. Both viruses were added at a multiplicity of infection (MOI) ratio
of 0.1:0.01 (11 aOH to oxr). One day after infection, 0.9 pg/ml hemin chloride Was

35 added to the culture. The cells were harvested by centrifugation three days after
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One half gram of the cell pastes from infected sf9 cells and uninfected

control cells were thawed and suspended in 40 ml of 0.25 M sucrose with 10 mM
KHPO4, adjusted to pH 7.4. The suspensions were homogenized using a Fisher
Sonic Dismembrator, model 300 probe sonicator (Fisher Scientific, St. Louis, MO).
20 The samples were transferred to a conical centrifuge tube (Corning Costar
) Corpofatioh, Cambridge, MA) and subjected to centrifugation at 500 x g at 5°C for
15 minutes. The pellets were resuspended in the same volume of fresh buffer and
viewed under a microscope to confirm complete lysis. Few or no whole.cells were
observed. The supernatants were then subjected to centrifugation at 10,000 x g for
25 30 minutes at 5°C to colleqt mitochondria, Golgi and other subcellular organelles.
The pellets were resuspended in fresh buffer and subjected to centrifugation at
7,800 x g for 30 minutes at 5°C to collect mitochondria. ‘

The mitochondrial pellets were resuspended in buffer as described about
and the centrifugation was repeated. The mitochondrial pellets were resuspended

30 in 2 m] buffered sucrose solution and stored at -80°C in 100 ul aliquots.

The supernatants from the original mitochondrial fractionation were
subjected to centrifugation at 200,000 x g for 1 hour at 5°C. The microsomal
pellets were resuspended in 2 ml buffered sucrose solution and stored at -80°C in

100 ul aliquots.
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5 The NADPH-generating system was composed of the following at the indicated
final concentrations: MgClL (7.6 mM), D-glucose-6-phosphate (7.5 mM), NADP
(0.80 mM), and glucose-6-phosphate dehydrogenase (1.0 units/mL). Incubations
were carried out for the indicated times at 37°C in a water bath. Foliowing
incubation, reactions were terminated by the addition of 0.3 ml methanol. The
10 " samples were vortexed three times for two seconds and placed on ice, or stored at - ‘

70°C for later analysis.

Example 20: HPLC assays to measure conversion of steroid substrates to

their hydroxylated counterparts
High Performance Liquid Chromatography (HPLC)

15 The HPLC method used to separate hydroxylated steroid compounds from
steroid substrates; such as 11o-hydroxyandrostenedione from androstenedione, is a
modified version of the testosterone hydroxylase assay, described by Sonderfan et
a]._, Arch. Biochem. Biophys. 255: 27-41, 1987). The standards for androstenedione ‘
and 1l-beta-hydroxyandrostenedione were obtained from Sigma. 11-alpha-

20 hydroxyandrostenedione (89.5% pure, with the major impurity being
androstenedione) was provided by Searle Medicinal Chemistry. HPLC grade water

and methanol were obtained from Burdick & Jackson.

The HPLC system consisted of a Model 1050 series pump, autoinjector and

variable wavelength detector (H_ew]ett—Packard, Naperville, IL), and a Mode] TC-

25 50 temperature controller and Model CH-30 column heater (both Eppendorf,
Madison, WI).

Cell membrane fractions derived from insect cells transfecied with
recombinant baculoviruses expressing 11-hydroxylase and comvp]ementary electron
transport proteins were analyzed for 11-hydroxylase activity in a reaction mixture

30 containing 80 mM phosphate buffer, pH 7.4, 8 mM MgCl,, and 0.9 mM NADP” in a
final volume of 200 ul. In order to insure an adeguate source of reducing
equivalents, an NADPH regenerating system was provided by adding glucose-6-
phosphate dehydrogenase (1.5 U/ml) and 8 mM glucose-6-phosphate. Steroid

substrate (e.g., androstenedione) was provided at a final concentration of 0.3 mM.
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Reaction mixtures were incubated at 37°C for 30 min. The reactions were
terminated by the addition of 200 ul methanol and then placed on ice. Samples

were pelleted by centrifugation to remove precipitated protein.

On one occasion, the incubation was carried out in a volume of 0.5 ml in
siliconized polypropylene 1.5 ml microcentrifuge tubes at 37°C for 120 minutes.
The enzyme, prepared from microsomal or mitochondrial fractions, was added and
the substrate added at a concentration of 250 pM (e.g., 26 mM methanol stock
solution of AD). The cofactor buffer was 100 mM pot:assium phosphate, pH ‘7.4, 75
mM MgCl,, 7.5 mM glucose-6-phosphate, 0.80 mM NADP, and 1.0 units/mL
glucose-6-phosphate dehydrogenase. HPLC samples were prepargad by terminating
the 0.5 ml reaction mixture by addition of 0.3 ml methanol, voﬁeﬁng three times

. for 2 seconds and storing on ice. The tubes were spun for 5 minutes at ~20,000 x g

in a microcentrifuge and the samples transferred to autosampler vials and capped.

‘Steroid components present in reaction mixtures and media extract were
separated and analyzed by reverse phase HPLC using a 250 mm x 4 mm Vydac
analytical C-4 column. Chromatograms were developed using a solvent gradient
from 40% to 100% methanol over a ten minute time period and holding at 100%
methanol for 5 minutes before re-equilibration to initial conditions. .The column

effluent was monitored for UV absorbance at both 254 and 220 nm.

P

Androstenedione, testosterone and monohydroxylated ‘andros{enedione
metaboliies .were resolved on a Nova-pak C18 column, 4 micron, 3.9 x 150 mm
(Waters Chromatography, Milford, MA) equipped with a 0.22 micron Rheédyne '
precolumn filter at 40°C and 1.0 m] mobile phase/min. A stepped gradient was
utilized with water as mobile phase solvent A and methanol as solvent B. The
initial concentration of solveni B was 42% for 6 min. The percentage of B was
increased linearly to 45% over 4 minutes and then held for 8 minutes., The
percentage of B was then increased linearly to 80% over 10 minutes and held ‘there
for an additional 2 minutes for a total run time of 25 minutes. The ultraviolet

detection wavelength was 247 nm and the injection volume was 200 ul.

Both the "mitochondria” sample and the "microsomal" sample produced
peaks matching the HPLC retention time of the 1la-hydroxyandrostenedione
standard, while other fractions did not. These "mitochondria”" and "microsomal”
peaks were 3.2 and 2.3%, respectively, of the total peak area quantitated at 247

om. The 1lo-hydroxyandrostenedione standard was also spiked into a blank

‘microsomal incubation sample at a concentration of 5.0 pg/ml. The concentration

530 535
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of the "mitochondria” and "microsomal” 1lo-hydroxyandrostenedione peaks were
1.75 and 1.31 pg/mL, after correcting for the purity of the standard (89.5%). These
concentrations represent 2.3 and 1.7% of substraie converted to 1lo-

hydroxyandrostenedione, using a substrate concentration of 250 pM.

5 Figure 16 sets forth an HPLC tracing illustrating the conversion of
androstenedione (AD) to its 11 alpha hydroxy counterpart afier incubating AD
with subcellular fractions prepared from baculovirus-infected. insect cells

expressing Aspergillus ochraceus 1 alpha hydroxylase and human oxidoreductase.

Example 21: Recognition of Aspergillus ochraceus 11 alpha hydroxylase
10 " and Aspergillus ochraceus NADPH cytochrome p450 reductase by

immunoblotting using polyclonal antibodies generated against synthetic

peptides

Proteins from Sf9 cell lysates (obtaimlad from uninfected and recombinant
baculovirus-infected cells) were loaded onto lanes of a 10% gradient acrylamide
15 mini gel (BioRad, Hercules, CA) at equal concentrations (10 pg per well). The
proteins were separated by electrophoresis at 16 mAmps' constant current for
approximatley 1 hr in a Tris-glycine buffer containing 0.1% SDS (Sigma, St. Louis,
MO). The proteins were transferred to nitrocellulose (Schleicher & Schuell, Keene,
NH) for 40 min at 70 mAmp constant current. Primary antibodies were diluted
20 1:10 (from stock concentrations of 0.834 mg/ml IgG for anti-11 alpha hydroxylase
(antibodies GN-1187 and GN-1188 prepared from peptide 11aOH peptide 2
CRQILTPYIHKRKSLKGTTD (SEQ ID NO: 24)), and 0.26 mg/ml IgG for anti-oxred
(antibodies GN-2023. and GN-12024 prepared from oxr peptide 1
CTYWAVAKDPYASAGPAMNG (SEQ ID NO: 26)) and used to probe the

25 nitrocellulose membrane. The antigens were detected using anti-rabbit
horseradish peroxidase (HRP)-linked secondary antibody as recommended by the
manufacturer (New England Biolabs, Beverly, MA). Chemilumiescence was
detected using luminol and peroxide reagents (New England Biolabs, Beverly, M4A)
following the protocol provided by the vendor. Light emission was recorded using
" 30 X-OMAT AR film (Eastman XKodak Company, Rochester, NY). Images were

recorded using a Minolta Dimage V digital camera (Minolta Corporation, Ramsey,

NJ).
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cccteccttat cttc cca at tt t 0 ,atcgaattc attccttc
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Hs Arg Asp G yenAbémBéwaTﬁhPh@lﬂfﬂwaﬂﬂwﬂﬂ@fﬁﬁsﬁaﬁ%lom 545 550 555 560 Lau
Lev Tyr Tyr Ay Cys AID AID Set Asp GJu Asp Tyr Lau Tyr Arg Qu G u Leu Ala

580 Val Ala Phe Ser Th§ g}ﬁaroalcﬁeg dolss).(ﬁbega}g}wéalsan be 8k to facilitate the identification
of genes encoding steroid hydroxylases and oxidoreductases within the genome of
5 Aspergillus ochraceus and closely related microorganisms, including Aspergillus
niger and Aspergillus nidulans. Other préferred organisms are Rhizopus oryzée,
Rhizopus stolonifer, Streptomyces fradice, Bacillus megaterium, Pseudomonas
cruciviae, Trichothecium roseum, Fusarium oxysporum f. sp. cepae, Rhizopus
arrhizus, and Monosporium olivaceum. Other preferred organisms that are known
10 to have steroid 11 alpha hydroxylase activity are described in the detailed

description of the invention, above.

Briefly, genomic DNA is prepared and shotgun cloned into low copy
artificial chromosomes propagated in bacteria. A large number of clones are
sequenced to ensure statistical representation of the entire genome, and the

15 sequences of overlapping clones merged to produce the final map and sequence of
the genome. Analysis of the open reading frames, will reveal regions which are
homologous to the steroid hydroxylase and oxidoreductase genes of the present
invention, and regions of the translated open reading frames which are
homologous to these enzymes uvsing programs designed to facilitate multiplé

20 sequence alignments of nucleotide and protein sequence data such as BLAST,
CLUSTAL W, and BoxShade. Genes which encode these proteins are obtained

_ from the artificial chromosomes and recloned into expression vectors such :;s
) pFastBacl, transformed into appropriate host cells, which are assayed for the
presence of enzymes capable of carrying out the conversion of steroid substrates to

25 their oxidized counterparts.

It is intended that the scope of the present invention be determined by
reference to the appended claims. It is recognized that a number of variations can
be made to this invention as it is currently described but which do not depart from

30 the scope and spirit of the invention without compromising any of its advantages.
These include isolation of homologous genes from microorganisms known to carry
out 11 alpha hydroxylation of steroid substrates, preferably fungi and bacteria.
This invention is also directed to any substitution of analogous components. This
includes, but is not restricted to use of these techniques to isolate other P450s

35 which are involved in steroidogenesis, including hydroxylases that act at other



Ile Tyr Val Asn Thr Phe Tyr H's 625 Arg Qu Gn J 0/53 585 590 Ser H s Lys
Val Tyr Val Gn Hs Lev 600 605 Arg Gu His Lev Trp Lys Lev Ile Qu Ay Gy
Ala 615 620 Cys Ay Asp Ala Arg Asn Met Ala Arg Asp Val Gn 63? G@ﬁ\;ﬁﬁo A
Asp Ile Val Ala Gn Leudy Ala Met Gu Hs Ala 645 650 655 G n! APRRVED Asp
Tyr Ile Lys Lys Lev Net Thr Lys Gy Arg Tyr 5er 660 665 670 Leu Asp Val

Trp Ser | coo ctc gat act ctc gat ttg gtc gte c etc ttg
gtg ggt 2@@&'@%%86Lev Asp Thr Leu Asp -hev Val Val Leu Val L‘%Tgésﬁggl%ﬂ}ou Val

GIl 5 10 15 age gtg gce tae ttc acc aag ggc acc tac tgg gee gtc DEC aaa aac
334 Ser Val Ala Tyr Phe Thr Lys Gy Thr Tyr Tap Ala Val Ala Lys Asp 20 25
30 45 cct tat gcc tcg Oct ggt cog gcg atg Bat gga 99C gcc aag gcc ggc 382
Pro Tyr Ala Ser fl@ofdiy uldf BreAhdecliB land/Bse G theddeNoyhbto b BitAl ﬁocﬁvxrsﬁg 40 45 50
aag act ego gat att gtt cog aaa atg_Doc gaa acf, ggc aaa aac tgt 430 50 Lys
Thr Arg Asp Ile Va%efﬁlﬁtew%l%mﬂg fiedhest Piroorgeyisy; s Asn Cy5 55 60 65 55 gig
att ttc tac ggc tcg cae ace ggt acc get gag DEC tac gcg tcc 478 Val 1le Phe
Tyr Ay Ser G n Thr @lyrefmnced] pat@ts cAspplifationsditgd Serein7ge TixoParai@ddy ct g Poe aag
gas ggc tcc cog LHaAntdig udienbicty, A20wAEH 1ak. 9t 9 526 1 3 APR 2005 WO 02/ 46386
PCTI USO /51070 17/53 Arg Lein Ala Lys Gn Sly 5er Gn Arg the Sly Leu Lys
Thr Met Val 05 90 95 ace gat ctg gag gac tat Use tac gaa aac ctg Pea aag
ttc ccc gag 574 5 Ala Asp Leu G n Asp Tyr Asp Tyr Gn M Leu GQu Lys Phe
Pro Gu 100 305 110 gac aag gtt gtt ttc ttc gtt ctg gcc act tat ggc gag ggt
gaa ccc 622 Asp Lys Vval Val The Phe Val Leu Ala Thr Tyr Sly Au Sly Gu Pro
10 115 320 125 330 acg gat sat gcg gtt gaa ttc tac cag ttc gtc acg ggc gaa
gat get 670 Thr Asp Aso Ala Val GQu The Tyr G n The Val Thr Sly Gn Asp A a
135 140 145 15 get ttc gag age ggc get acc gcc gac gat aag cct ctg tct tct
etc 718 Ala The Au Ser Sly Ala Thr Ala Asp Asp Lys Pro Leo Ser Ser Lou 150
155 160 20 aag tat gtc acg ttt g9t ctg ggt aac aac acc tat gag cac tac aac
766 * ‘ ‘
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Ser Val Lev Lys Qu Her Gn Arg Leu Lys Pro IIe 375 380 Net Arg 5? Phe
Thr Thr Hi's Asn Val Lys Lau Per 390 395 400 Leo Pro Lys Aso Lys] 1ABR Y Lev
Val Her Ala Hs 405 410 415 Pro Qu Tyr Tyr Lys Asp Pro Leu Lys The Asp
Ay 425 430 PC IUSAO /51070 13 APR 2005 WD 02/46386 PCTI US01/51070 20153 5
30 Tyr Arg Phe Phe Asn Met Arg Arg G B83Pro Ay Lys Gu Ser Lys Ala 435 440
445 Cn Leo Val Ser Ala Thr Pro Asp Hs Met Ay rho Ay Tyr Ay Lou 450 455
460 His%m@ss Pro Gy Arg The Phe Ala Ser Gu Qu lIle Lys Ile Ala 465
470 475 4 0 Ser His Ile Leo Lou Lys Tyr Asp The Lys Pro Val AQu dy Ser
485 490 495 Ser Met GQu Pro Arg Lys Tyr Ay Leo Asn Not Asn Ala Asn Pro Thr

500 505 510AmMNsalatedsutleir adRY covedrisiigGhe @ lobtige seyaerdelof SEQ ID WOALa |1 e 515 520
525 <230> 28 35 <211> 534 <212> PAT <213> Neurospora crassa CA591336 <400>

28 20 Met r o 15
28 20 Vet i roudhing | dyihyiohg s JRI20R MaEh TP TS

35 40 105" okl @1 Frifie » cooalBsdiifhe g a%—?dowé o5 AEREPS WL ys

65 70 75 80 40 dy Pro Lou Gu The Say Asp Thr Arg Pro Lys Lys 50 55 60 35

Pro Cys AF%mWéqmgle Ser Asp The Ay Gu Ala 7le B5 90 Arg Met Ala Trp Thr
Tyr 115 Ay Gn Ala 130 Asp Leu Thr
(a) transforming or transfecting host cells with an expression cassette comprising a promoter

operably linked to a nucleic acid that encodes the polypeptide; and
(b) expressing the polypeptide in the host cells;
wherein the polypeptide comprises the amino acid sequence of SEQ ID NO: 2.
.3. An isolated nucleic acid that specifically hybridizes under high stringency conditions to a
nucleic acid comprising the nucleotide sequence of SEQ ID NO:1.
4. An isolated nucleic acid encoding a polypeptide, the amino acid sequence of which is at
least 99% identical to SEQ ID NO:2.
"5. An isolated nucleic acid encoding a polypeptide, the amino acid sequence of which is at
least 95% identical to SEQ ID NO:2.
6. The nucleic acid of claim 4, wherein the polypeptide can catalyze the 11-
‘alpha-hydroxylation of a steroid compound selected from the group consisting of
androstenedioﬁe and canerenone.
7. The nucleic acid of claim 6, wherein the stéroid compound is androstendione.
8. The nucleic acid of claim 6, wherein the stefoid compound is canrenone.
9. The nucleic acid of claim 5, wherein the polypeptide can catalyze the 11-
alpha-hydroxylation of a steroid compound selected from the group consisting of

androstenedione and canerenone.

10. The nucleic acid of claim 9, wherein the steroid compound is androstendione.




345
Leo
Net
225
du
Pro
Trp
Al a
Ay

Asn Gn Ile Lys Asn Asp Asp Arg Leo 100 105 Lys Ala Phe Hs Gay Hi s
Pro Ay 120 Ser Arg Qu Sur Hs Ile Val Gn GQu Lys Tyr Thy Ser Met Ala
165 Tip Ser Thr Ile Asn 380 1Ile Ser Ser Arg Val Trp Leo
50 Phe Leo Ser Ile Asn Gay 55 Thr Ala 290 135 240 Leu Asn ?!L PsR Thr
Pro 350 155 Gu Ala Asn Leo ProS84ys Ala 170 Lou Arg Say Lys Ile Leo
385 Phe Lou Gay Gu G n Lou Cys Lys Val Thy Gn Gn 215 Leo Arg Leo
Pro 230 200 Tyr Thy Ala Pro Ser eye A n Arg Ala 245 Ile Asp Gy 220
45 G 1J. Thenugdic 5id of/lpinsdy whesein Hrestdrpid compottiveis Tayreung. 110 Po' G u 125
The Val Ile Met Arg Leo Ala Gn Gu 160 Ala Asn Gy GQu
12. An isolated nucleic acid encoding a polypeptide, wherein the polypeptide can
catalyze the 1 1-alpha-hydroxy1ation of a steroid compound selected from the group
consisting of androstendione and cahrenone.
13. The nucleic acid of claim 12, wherein the amino acid sequence of the polypeptide is at
least 50% identical to SEQ ID NO:2.
14. The nucleic acid of claim 12, wherein the amino acid sequence of the
polypeptide is at least 75% identical to SEQ ID NO:2.
15. The nucleic acid of claim 12, wherein the steroid compound is androstendione.
16. The nucleic acid of clair 15, wherein the amino acid sequence of the
polypeptide is at least 50% identical to SEQ ID NO:2.
17. The nucleic acid of claim 15, wherein the amino acid sequence of the
polypeptide is at least 75% identical to SEQ ID NO:2.
18. The nucleic acid of claim 15, wherein the steroid compound is canrenone.
19. The nucleic acid of claim 18, wherein the amino acid sequence of the
polypeptide is at least 50% identical to SEQ ID NO:2.
20. The nucleic acid of claim 18, wherein the amino acid sequence of the
polypeptide is at least 75% identical to SEQ ID NO:2.
21. A method of expressing a polypeptide that can catalyze the 11-alpha-
hydroxylation of a steroid compound selected from the group consisting of androstendione
and canrenone, comprising:
(a) transforming or transfecting host cells with an expression cassette comprising a

promoter operably linked to a nucleic acid that encodes the polypeptide, and

(b) expressing the polypeptide in the host cells.




175 1le Val Ala Arg 190 Arg Asn Qu G. 205 The Ay Ala Ala Leo Arg Pro
Ile Val Hs Trp 235 Arg Ala Asp 250 Arg Arg Lou Asp Pro Val Lou Lys Lys ~
260 265 Ay Lys Ala Qu H's Asp Asp Ala Ile 275 280 Lys Ay Lys TﬁrA?ﬁy@%
Asp Pro Ale Val 295 240 Val Arg Val Ala Ary 255 dn Gu Lys Ala Ala 270
Gu Trp Phe Au Arg 285 Ala G n Leo gg Leo 300 1 3 APR 2005 WO 02/ 46386 5
10 15 20 21/53 Ser Leo Val Ala Ile H §°Thy Thr Sur Asp Leo Thy Cys G n Val
Met 305 310 315 320 Thr Asn Lou Net G n Asn Pro Gu The Ile Ala Pro Lou

59 8} 87 bin bt RN R R ARG, %, 7.5,

Gn dy Ay Val A a Set
T Yafeot@%ﬁasmsywngﬁm T i e s heid S 50 121 T1p T
Hi's Pro (324n T(}?e)llneﬁ?od ofc amF;rZ? vl?/ ere1nﬁ}81c5 péllggeptide comprises the amino acid -
sequence of SEQ ID NO: 2.
.25. An expression cassette comprising a promoter operably linked to the nucleic -
acid of claim 1.
26. A host cell comprising the expression cassette of claim 25.
27. The host cell of claim 26, wherein the expression cassette is integrated into
the chromosome of the host cell.
.. 28. The host cell of claim 26, wherein the expression cassette is integrated into an
expression vector.
-29. An expression cassette comprising a promoter operably linked to the nucleic
acid of claim 12.
30. A host cell comprising the expression cassette of claim 29.
31. The host cell of claim 30, wherein the expression cassette is integrated into
the chromosome of the host cell.

32. The host cell of claim 30, wherein the expression cassette is integrated into an

expression vector.
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Lys
395
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The
Ara
Gn

Gn Hs Ala Cys Ile Lys 1le Ala Leo Vat 465 470 Ay Hi s 450 25 Val Asp
din Leo Val 360 Arg Pro Gn Met 345 350 Ile Lys Gu Set @{&%Va
365 Arg Tyr Ala Gu Lys Asp Val Thr 380 Lys Ay Gy The Val jAP‘ Say
40D Val Tyr Gn dn Ala Gu Lys Trp 420 415 Arg Au Thr Pro Gy Ala Ay
425 430 Ser Thr Ala Pro Gn Hs Leo Ay Phe 440 445 Pro Gy Arg The
Ala Ala Aen Qu 460 Leo Leo Leo Asn Tyr GQu Tip Arg (ISq.RJS 4}%% 480 Il e
Thr T“QO(%‘(“?} %he ser Met Gy 490, 495 Set Leo Lys Val IP ys Ay Arg
Pro Gu lle 500 505 510 30 <210> 29 <212> 495 <222> PRT <213>

Cat har ant hus roseus CAH56503 35 <400> 29 Leo Leo Phe Cys The Ile Leo Ser Lys

Thy
Leo
Lou
Tyr
Al a
Ile
Sur
Trp
Say

Thr Lys Lys Phe Ay Gn 1 5 10 15 Asn Ser Gn Tyr Ser Ann His Asp Qu
Pro Pro Ay Pro Pro Gn 20 25 30 40 Ile Prolle Leo Ay Aso Ala H's Gn
Sur Ay Gly H's Thy Hs 35 1 |5 Arg Asp Leo Ala Lys Lys
Gy Pro Lou Met H's Leo 50 ggeégléi‘[@%ylgg y Qu Vval 5er Thy Ile Val
Sur Ser Pro Gnlle Ala 45 65 70 75 80 Gn AQu lle The Arg Thy H s Asp
Leo Phe Ala Asp Arg Pro Bar 85 |9@=8brsme Leu G u Ser Phe Lys |le Val
Tyr Asp Phe Say Asp Net Val 100 105 110 50 Val 5er Pro Tyr Ay Asn Tyr
Arg A ndLeo AFY Typseld- &Ser Met 135 120 125 Met Qu Leo Leo Say G n Lys
Val G n Ser The *A™ 9‘:§é5r‘°’1le Ara 130 - 135 140
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<120> Aspergillus ochraceus 11 alpha
hydroxylese and oxidoreductase
20 <130> S03196-00-US
<140> US OS}xxx.xxx
<141> 2001-10-26
25 <150> USSN 60/244,300
<151> 2000-10-30
<160> 65
30 <170> FastSEQ for Windows Version 4.0
<210> 1
<211> 1776
<212> DNA
35 <213> Aspergillus ochraceus
<220>
<221> CDS
<222> (146)...(1650)
40 <223> Aspergillus ochraceus 11 alpha hydroxylase
<400> 1
tgoaagtttt tzcacttatt atgccggegc cgaaagattc tgagtcgagg gottggggaa 60
cazcactata agacctacea ccacttogat ttggtgsatt tacacgggca ttatceaasac 120
45 agccaceagce tgacagctca ttatc atg ccc ttec ttc act ggg ctt ctg geg 172
Met Pro Phe Fhe Thr Gly Leu Leu Ala
1 S
att tac cat agt ctc ata ctc pac aac cca gtc caa acc ctg agc acc 220
50 1le Pyr His Ser Leu Ile Leu Asp Asn Pro Val Gln Thr Leu Ser Thr
10 . ) 15 20 25
att gtc gta ttg gcg gca geg tac tgg ctc geca acg cte cag ccg age 268

Ile val Val Leu Ala Ala Ala Tyr Trp Leu Ala Thr Leu Gln Pro Ser
55 30 35 40



155
170
Al a
Leo
Met
Tyr
Thr
G u
Al a
350
Thr
320
335
270
Glu
Cys
Al a
Asp
Tyr
Leo
Gn
Arg

Gu GQu Val Leo Asn the Ile Lys Ser Ile Ay Say Lys Gn Qy 55 145 150
160 Thr Arg Ile Asn Lou Sur Lys G3u |Ile Sur Leo Leo Ile Tyr d y'Tjn p&éﬂ@
175 Q‘H@Sgt{ 51070 WO 02/ 46386 PCT/ usol | 53030APR 200§, ﬁé{ ?é Iﬁy F‘

Al a the éluLysAsnLysAsnzTYGluGIUthe lee’ T Y e Arg Leo
Asp G n Leo Thr Lys Ala Val Ala uPro Are Ile 195 200 205 5 Ala Asp
the Pro Ser Leo Lys The Lee G n Leu Ile Ser Thr Ser 10 210 215 220 Lys
Lys Ile Qu Lys Ile Hs Lys Gn The Asp Val Ile Val W 225 230 235 240
Ile Leo.Lys Ay His Lys Qu Lys Ile Ann Lys Pro Leo Ser G n 245 250 255
Asn Ay G u taysteloys ofg] s ASPeLeo 2Afades Agpad/ale skowet k0 Annisll e G n AYg 15
Ile Ile The ¥8&s frp @vTherBa&re Af &Gy PPHEY BEF™THP *Ber Ser Thr 20 340 345

Lys G u_Thr Lou Ar g“’Leo Hi s Pr 05°Pro Val Pro’°1leo Leo Leo 290 295 300
ASH Pro Thr Val Met 305 310 315

Val ASp Tr p cgbcgt cat q\/ a aat a%t n% t gct c
LyS LyS AI IG % Vg u Phe gsn"%lsllys Pﬁ%eu A n d u G y Asn 325 330
Val Asp Qu Thr Leo ys Tyr Leo G n Ala Vat Ile 260 265

Arg Ann Asp The Gu Ala Pro Lee Gy Asp Lys Asn Ile Lys 275 280 285 25
Cys 30 Hergsfedd can38&% cdd 3o kdc@aBBo35 4D 8bhe 360:236H PraiArg Arg Au A n
Lys Il e Lys @& yoFyy reFlars diy eisRporbeayr krygew 1875:380mval |le Val Asn Ala Trp
lle Ay Arg AspsPro Asn Tyrge 390 395 40 G3u Pro Qu Lys The Ann Pro
Arg the Leo Gu Ser Lys 405 410 415 Val ASP The Lys Gy Asn Ser The Qu

Leo Prg The %41y 2424 A2 Ao AT T 5°Pro &Y Ile Thr the Ala
£ g?:onﬂ §;§m o Cy“ a Cﬁm éeI_(?Z\ €0 the His The Asp Trp

Ala Ash Ile"
5er Asn Thr 450 455 460 Lys Leo Ann Net Lys Gu Ser Arg Gy Val Thr Val
Ar g du . gac cca aga atg gac ttt gag acg CCcC acc acc gac gaC tcc cac gga 508
Asp Pro Arg Met Asp Phe Glu Thr Pro Thr Thr Asp Asp Ser His Gly
20 110 115 120
tat atc cct ggc ttc gac gct ctc aac gca gac ccg aac ctg act eaa 556
Tyr Ile Pro Gly Phe Asp Ale Leu Asn Ala Asp Pro Asn Leu Thr Lys
125 130 138
25
gtg gtc acc sag tac ctc aca 22a gca ttg aac aag ctt act gect ccg 604
Val Val Thr Lys Tyr Leu Thr Lys Ala Leu Asn Lys Leu Thr Ala Pro
140 145 150
30 atc tcg cat gaa gcg tce atc goc akg 2a2 gecg gtg ctg ggt gac gat 652
Ile Ser His Glu Ala Ser Ile Ala Met Lys Ala Vel Leu Gly Asp Asp
155 ' 160 165
cca gat tgg cgt gag atc tac cca gec aga gac ttg ctc cag ctc gtc 700
35 Pro Asp Trp Arg Glu Ile Tyr Pro Rla Arg Asp Leu Leu Gln Leu Val
ST 170 ’ 17% - 180 188
gcc cagg atg tcg aca aga gtg ttc ctt ggc gag gea atg tgc aat aac 748
Ala Arg Met Ser Thr Arg Val Phe Leu Gly Glu Glu Met Cys Asn Asn
40 190 195 200
cag gat tgg atc cea acc tca tca caa tac gcg gce ctt geoc ttc ggt 796
Gln Asp Trp lle Gln Thr Ser Ser GIln Tyr Ala Rla Leu Ala Phe Gly
205 210 215
45
gtc ggt gac aag ctt aga ata tac ccg aga atg atc aga ccg ata gta 844
Val Gly Asp Lys Leu Arg Ile Tyr Pro Arg Met Ile Arg Pro Ile Val
220 225 230
50 cat tgg ttc atg cca tcc tgt tgg gag ctg cgc cga tcg ctg cga cge 892
His Trp Phe Met Pro Ser Cys Trp Glu leu Arg Arg Ser Leu Arg Arg '
235 . 240 245
tgc cga cag att ctc acg ccg tac att cac sea cgc aag tcc ctg aag 940
55 Cys Arg Gln lle Leu Thr Pro Tyr 1Ile Bis Lys Arg Lys Ser Leu Lys

250 255 260 265
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L.eo
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Pro
5er
Pro
Lev
Al a
Pro
Val
Thr
155
170
180
Arg
Lev
Phe
Arg
Asn
Val
Asp

Asp Leo Tyr Lou 470 475 Thy Pro Val Asn The Ser Ser 5er Her Pro Al a
490 495 <2]0> 30 <211> 510 <2]2> PAT 45 <213> dyci ne nmax AA894580 dvy
Me Asp 480 <400> 30 Net Val Met Gu Leo His Asn His Thr Pro THeAReNN | e
Phe Ile 1 5 10 25 50 Thr 5er Ile Leo Phe Ile Phe the Val Phe Phe Lys
Val dn Arg 20 25 30 5er Asp Her Lys Thr Ser Ser Thr Cys Lys Leo Pro
Ay K [ 5 40 45 Thr Leo ProLev Ile Ay Asn lle o Val

Leo \*&gof)%%s 0 55 60 Val H's Tyrysgyr Leo Lys Asn Levlﬁwlu%]b{ys Tyr GZy
Leo Net 65 70 75 80 I 3 APR 1005 WD 02/46386 PCT/Us501/5J070 23/53 Hi s
Lys Lev Gay Qu Val Her Asn Ile Ile Val Thr 5er Pro Gu 85 90 95 Met .
Gan Qu Ile Met Lys Thr H's Asp Lev Asn The Ear Asp Arg 100 105 110 5
Asp The Val P%peSese oA &0 Ic49e99Vale Sertt Pyt “"ASH @ayegét d y*l 1l e 115 120 125
The Ser Gan FFS™dy "Asp° T rip PA??: Gan™e &F APQTLYS Ile Cys 130 135 140
Val GV Lev Lev Thr Ald°Lys Arg Vaf "Gan Ear Phé° Arg S5er Ile 30 145 150

160 Arg Gu/ AR A Nedey Val L Ala Thr Ala 365
175 Peig a U<g31 ﬁ i\':l@yg;:z o Gﬁaﬁf y%roﬂ@ﬂésﬂplaéviz%ﬁz%x, n égr Il'e Tyr Ser

185 190 15 Met Thr BRke Gay lle Ab@a Ala Arg Asa Ala the Ay Lys Lys Ser
195 200 205 Tyr Gan Gan Val The Ile Per Aso Met Hs Lys Gan Lev Met
Lev 210 215 220tc £&byrQcy othlpet Eartd/ak «Al @as Agpat ed cfoyr Pps@ Ser Set Arg Vaa
Gan 28 225 280=1235 1248 Netvey¥p 10 ¥is ArgmThe *ayeeliys Lev G n Lys Val His
Val Thr Asp 245 3250 255 Arg”\"/al Lev Gan*Asp Ile Ile Asp Gn His Lys

Arg Asn Arg ger 200

g cag gcC a

r. aaautgct&en Alég Val G u Asp Lou
Asp Val Leu @@mLmMecziBmz&a zé Srfn . f¥S.Eil her GU The Arg Lev Thr
Asp Asis Il e Ly515A| 320 325

gtg cgc gag gag gtg gtc cga gtg ctg agc acc gag ggg ctc agc aag 1180
Val Arg Glu Glu Val Val Arg Val Leu Ser Thr Glu Gly lLeu Ser Lys
330 335 340 345
20
gtec tcg ctt cac agt ctc aag ctc atg gac agc gcg ttg aag gea age 1228
Val Ser Leu His Ser Leu Lys Leu Met Asp Ser Alea Leu Lys Glu Ser
350 35% 360

25 cag cgt ctc agg cct acg ctt ctc gge tcc ttt cgt cgg cag geca acg 1276
Gln Arxrg Lev Arg Pro Thr Leu leu Gly Ser Phe Arg Arg Gln Ala Thr
365 370 378

aat gac atc sag ctg 2ag &gc ggg ttt gtc ata sag aaa ggg act aga 1324
30 Asn Asp Ile Lys Leu Lys Ser Gly Phe Val Ile Lys Lys Gly Thr Arg
380 385 390

gtc gtg atc gac agc acc cat atg tgg sat ccc gag tat tac act gac 1372
val Vel Ile Asp Ser Thr His Met Trp Asn Pro Glu Tyr Tyr Thr Asp
35 395 400 405 :

cct ctc cag tac gac ggg tac cge tac ttc aac aag cgg cag aca ccc 1420 -
Pro Leu Gln Tyr Asp Gly Tyx Arg Tyr Phe Asn Lys Arg Gln Thr Pro
410 415 420 425
40 '
ggc gag gac a2ag aac g9cg ttg ctc gtc agc aca agc gcc aac cac atg 1468
Gly Glu Asp Lys Asn Ala Leu Leu Val Ser Thr Ser Ala Asn His Met
430 435 440

45 gga ttc ggt cac ggc gtt cac gcec tgt cct ggc aga ttc ttc gec tecc 1516
Gly Phe Gly His Gly Val His Ala Cys Fro Gly Arg Phe Phe Ala Ser
. 445 450 455

aac gag atc sag att gcc ttg tgt cat atc atc tta aat tat gag tgg 1564
50 Asn Glu Ile Lys Ile Ala Leu Cys His Ile Ile Leu Asn Tyr Glu Trp
460 465 470

cgt ctt cca gac ggc ttc 2ag ccc cag cct ctc aac atc ggg-atg act 1612
Arg Leu Pro Asp Gly Phe Lys Pro Gln Pro Leu Asn Ile Gly Met Thr

55 475 480 485

tat ctg gcg gat ccc aat acc agg atg ctg atc agg cca cgc aag gcg 1€60




290 295 300 Val Ile Gan Asp Ile Phe Ile Ay Gy Gy GQu Tht 5er Her Ser Val

30 305 310 315 320 Val Gu Trp Gy Met Ser Gu Lev Ile Arg Asn Plrlglrﬁ}g b/alv
Net Gu 325 330 335 Gn Ala Gan Ala Gn Val Arg Arg Val Tyr Asp L‘g@by

Tyr Val 350 35 Asp G n Thr Gu Leu His Gan Lev v Lys Sex
Ile Ile Lwﬁég’%w 365 Gn Thr Met ;A9 Lev Hi's Pro Pro }{?a]?U%)r]‘owtgv Lev Val
Pro Arg Val 370 375 360 Her Arg Qu Arg Cys Gan Ile Asn sly Tyr Qu Ile Pro
Her Lys Thr 40 385 390 395 400 Arg lle lle lle Asa Ala Trp Ala Ile Gay Arg
Asa Pro Lys Tyr Trp 405 410 415 dy du Thr Gu Ser Phe Lys Pro Qu Arg The
Lev Ace 5er Ser Pirelen AR(psd P 24B0r 45 g peilHe AArge GoyysTHe Asp The A u The Ile
Pro Phe Ay Ala &% Arg 435°40 445 Arg®fle Cys Pro®®&Gay Ile Thr Phe Al a
Ile Pro Asn Ile Qu Lev pro 450 455 460 Lev Ala G n Lev Lev Tyr His Phe Asp
Trp Lys Lou,Pro éanz’lj? ?it 1 om0 géﬁ;@ig FrSAEF LK A u'B n Lev Asp Net
Thr du Sex Asn &Y 17& Thi eV Ay 485 490 495 Arg Gan Asn Asp Lev Oys
Lev Ile Pia Ile Thr Arg Lev Pro 500 505 530 55 <210> 31 <211> 524 WO

02/ 46386 10 55 6Q..52%2> . PRE: w2132 hbRELI} 3 of-babtkidfi6dea . CAAFRS66 <400> 31 Met
Ser Ile The Ass, Mt Ile Thr Ser Tyr Ala Ay Ser Can Lau Leu 1 5 10 15 Pro
The Tyr I1@Ala Ile Phe Val Phe Thr Lou Val Pro Tip Ala Ile 20 25:30 Arg

Pile Sex- Trp Lott?@ N Lee Arg Lys Gay Ser Val Val Pro Leu Ala 35 40 45 Asn
Pro Pro Asp 5er Fi®uw*The Ay Thr Ay Lys Thr Arg Arg Ser Phe Val Lys Lou Sex

Arg Gn lle Lea ¥ T¥s ,i?}la Arg Ser Leu Phe Pro 65 70 75 80 15 Asn Gu Pro
eﬁg: uspoc&}'a

Phe Arg Leg,|le Thr 7 iy @n Val Lau Ile Lou 85 90 95 Pro Pro Asp

Phe Ala Asp G n lk& Arg Ass Asp Pro Arg Lau Ser Phe 100 105 110 Sex Lys Al a
Al a Net Gan Asp #RSGrdHns phl @r Gy\ted L B Ge@yniPistrerehid 120 115 320 325 25 30

Thr Val Ala Lou Val Ay Arg Gn Asp G lLeo Ile 1830 135 140 Arg Lys Gan Lau
Thr Lys Hi go Levi »=&es® %P?;l\)fa’l' THe | Len 5e?£42F§r T5(021185 Leu ;1)3 hla Ala

Tyxr Trp Leu Ala Thr Leu Gln Pro Ser Asp leu Pro Glu Leu Asn Pro
35 40 45
Ala Lys Pxo Phe Glu Phe Thr Asn Arg Arg Arg Vel His Glu Fhe Val
50 55 60
25 Glu Asn Ser Lys Ser Leu leu Ala Arg Gly Arg Glu Leu His Gly His
65 70 75 80
Glu Pro Tyr Arg Leu Met Ser Glu Trp Gly Ser Leu Ile Val Leu Pro
85 o0 95
Pro Glu Cys Ale Asp Glu Leu Arg Asn Asp Pro Arg Met Asp Phe Glu
30 100 105 110
Thr Pro Thr Thr Asp Asp Ser His Gly Tyr Ile Pro Gly Phe Asp Ala
115 120 125
Leu Asn Ala Asp Pro Asn leu Thr Lys Val Val Thr Lys Tyr Leu Thr
130 - 135 140 '
35 Lys Ala Leu ksn Lys Leu Thr Ala Pro Ile Ser His Glu Ala Ser Ile
145 150 ... ’ 155 160
Ala Met Lys Ala Val Leu Gly Asp Asp Pro Asp Trp Arg Glu Ile Tyrx
) 165 . 170 175
Pro Ala Arg Asp Leu Leu Gln Leu Val Ala Arg Met Ser Thr Arg Val
40 . 180 185 190
Phe Leu Gly Glu Glu Met Cys Asn Asn Gln Asp Trp Ile Gln Thr Ser
195 200 205
Ser Gln Tyxr Ala Rla Leu Ala Phe Gly Val Gly Asp Lys Leu Arg Ile
210 215 220
45 Tyr Pro Arg Met Ile Arg Pro Ile Val His Trp Phe Met Pro Ser Cys
225 230 235 240
Trp Glu Leu Arg Arg Ser Leu Arg Arg Cys Arg Gin lle lLeu Thr Pro
245 250 255
Tyr Ile His Lys Arg Lys Ser Leu Lys Gly Thr Thr Asp Glu Gln Gly
50 260 265 270
Lys Pro Leu Met Phe Asp Asp Ser Ile Glu Trp Phe Glu Arg Glu Leu
275 280 285
" Gly Pro Asn His Asp Ala val Leu Lys Gln Val Thr Leu Ser lle Val
290 29% 300
55 Ala Ile His Thr Thr Ser Asp Leu Leu Leu Gln Bla Met Ser Asp Leu
305 310 315 320
Ala Gln Asn Pro Lys Val Leu Gln Ala Val Arg Glu Glu Val Val Arg
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195
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Leu
Al a
235
Phe
Arg
Al a

Al a

Ile
Pro
G n

du

Lys

Gn
Trp
Al a
Cys
Ser
240
Leu
Arg
Ile
Ser
H s
Leu
Pro

Lee

Sex- Thr lieu Ala Val Ser Lou Asn Phe Gy Tip Arg Ala Il e Ser 5er
Lou Lys 210 Thr Asn Lee 225 24/53 165 170 175 1Ile Arg Lou Lys - v
Ile Lee Asp Ile Ile Ala Arg 100 185 190 Arg Ile Tyr Lau ?yA@@mGan
Arg Asa G n Ala' 200 205 Ile Thr Lys Thr Tyr Thr Thr Asn Phe Tyr 5'I'hr :
215 220 Arg Met Phe Pro Arg Sex Ile Arg Pro Leu Ala H's Trp 230
Gla2@yseArg Lys Lau Arg Gan Qe Arg Lys Asp Al a »¢BUSi@AD072850 255 35 -
Pro 40 45 50 55 Gay Ile Ile 548 Pro Leu Ile W Arg Arg Arg A u Lea
Ala 260 265 270 Ala lle Ala Ala Gay Gan Pro Leu Pro Val Phe H s Asp
Asp 275 280 285 Trp Ser Qu Gan Gu Ala u Ala Ala Gy Thr dy
Phe Asp 290 295 300 Pro Val Ile Phe Gan Lea Thr Leu Ser Lou Lau Al a
Thr Thr 305 310 T¥ GAsgeuLeeL Lég’ Gan_Gan Ti’f Met lle Asp Tyr 325 330
Arg Can & u*Val” Yal™ 340" 3757315 “Lell G, ‘G " Lau Can Lys Val Ala
Lee Sex - 160 Gone.ThE TNl @dNsed 20wl A §RROLF U 335 Leo Arg Gn

350 Len Asp Ser QAsa 365 Val sdhr Met Arg akys Thr Thr Len Phe Lys Met

360 Ser vdsadly AlrGrdVidb 2bdyQn RI20rnGhds SLXielhLren Lys ser
370 375 380
Gly Phe Val Ile Lys Lys Gly Thr Arg Val Val Ile Asp Ser Thr His
385 390 395 400
10 Met Trp Asn Pro Glu Tyr Tyr Thr Asp Pro Leu Gln Tyr Asp Gly Tyr
405 410 418
Arg Tyr Phe Asn Lys Arg Gln Thxy Pro Gly Glu Asp Lys Asn Ala Leu
420 425 430
Leu Val Ser Thr Ser Rla hsn His Met Gly Phe Gly His Gly Val His
15 435 440 445
Ala Cys Pro Gly Arg Phe Phe Ala Ser Asn Glu Ile Lys Ile Ala Leu
450 455 460
Cys His JIle Ile Leu Asn Tyr Glu Trp Arg Leu Prxro Asp Gly Phe Lys
465 470 475 480
20 Pro Gln Pro Leu Asn Ile Gly Met Thr Tyr Leu Ala Asp Pro Asn Thr
485 490 495
Arg Met Leu Ile Arg Pro Arg Lys Ala Glu Ile Asp Met Ala Ser Leu
500 ’ 505 510

Thr Val

<210> 3

<211> 2031

<212> DNA
30 <213> human

<220>
<221> CDS
<222> {1)...(2031)
35 <223> human oxidoreductase

<400> 3
atg gga gac tcc cac gtg gac acc &gc tcc acc gtg tcec gag gcg gtg 48

Met Gly Asp Ser His Val Asp Thr Ser Sex Thr Val Ser Glu Ala Val
40 1 5 10 15

gcc gaa gaa gta tct ctt ttc agc atg ecg gac atg ett ctg ttt tcg 96
Ala Glu Glu Val Ser Leu Phe Sexr Met Thr Asp Met Ile Leu Phe Ser
20 25 30
45
ctc atc gtg ggt ctc cta acc tac tgg ttc ctc ttc aga aag aaa aae 144
Leu Ile Val Gly Leu Leu Thr Tyr Trp Phe Leu Phe Axg Lys Lys Lys
35 40 45

50 gaa gaa gtc ccc gag ttc acc saa att cag aca ttg acc tcc tct gtc 192
Glu Glu Val Pro Glu Phe Thr Lys Jle Gln Thr Leu Thr Ser Ser Val
50 55 60

aga gag agc agc Lttt gtg caa szag atg @ag 2aa acg ggg agg aac atc 240
55 Arg Glu Ser Ser Phe Val Glu Lys Met Lys Lys Thr Gly Arg Asn Ile
65 70 ' 75 80




370 375 Arg Tyr Val Thr Gn Asp Ile Thr Leu Sex 50 Ile Au dy Tx-p Lys
355 Ile Lys Au 385 390 Lys Gay Thr Arg Leu Asn Val Asp Asn 405 lie Tyr
Asp Mh Pro G n Val Tyr Asn 380 Sex- Gy Leu Thr Lev, Lys 395'400‘6-@3@[{%09
Lou Asp Asp obi@séys 410 415 Pro Tyr Arg Phe Tyr Asp MepCiBsARR7S

PCT/ US01/ 51070 1 3 APR 2005 WD 02/ 46386 5 10 25/53 420 425 Arg Her Gan Al a
Ay Lys Asp Hs Ay 435 440 Her Asa His Net Gy Phe Gay Hs Ay 450 455
The Phe Ala Ala Asn Gan Ile Lys Val 465 470 Lys Tyr Asp Tip Lys Len Cys Pro
Asp Lys Her Her Arg Arg G u Her Val Gan Lea Asp 515 520 485 Arg Ay Mt
I1e Ala 50D 430 °AF% GrcL8U Yare MEroosTHY ‘T %° 445 GET P s HEF 460 Cys Pro
Ala Len Cys His P'F& Flt?%”’(ﬁla/seﬁ\rca“ T_”(I)L‘fh\fé;f“fh * B TRY "tYs Pro Asp 490 Pro Val
505 480 Thy 495 Thy Asp Len Ile Lys

5 cgc ctg tcc aag gac gcc cac cgc tac ggg atg cga ggc atg tca gcg 336
Arg Leu Ser Lys Asp Ala His Arg Tyr Gly Met Arg Gly Met Ser Ala
100 105 110
gac cct gag gag tat gac ctg gcc gac ctg agc agc ctg cca gag atc 384
10 Asp Pro Glu Glu Tyr Asp Leu Ala Asp Leu Ser Ser Leu Pro Glu Ile
115 120 : 125
gac aac gcc ctg gtg gtt ttc tgc atg gcc acc tac ggt gag gga gac 432
Asp Asn Ale Leu Val Val Phe Cys Met Ala Thr Tyr Gly Glu Gly Asp
15 130 135 140
ccc acc gac aat gcc cag gac ttc tac gac tgg ctg cag gag aca gac 480
Pro Thr Asp Asn Ala Gln Asp Phe Tyr Asp Trp Leu Gln Glu Thr Asp
145 150 155 160 )
20 _
gtg gat ctc tct ggg gtc aag ttc gcg gtg ttt ggt ctt ggg aac aag 528
Val Asp Leu Ser Gly Val Lys Phe Ala Val Phe Gly Leu Gly Asn Lys
165 170 175
25 act tac gag cac ttc aat gcc atg ggc aag tac gtg gac aag cgg ctg 576
Thr Tyr Glu His Phe Asn Ala Met Gly Lys Tyr Val Asp Lys Arg Leu
180 185 190
o |
gag cag ctc ggc gcc ceg cge atc ttt gag ctg ggg ttg ggc gac gac 624 l
30 Glu Gln Leu Gly ala Gln Arg Ile Phe Glu Leu Gly Leu Gly Asp Asp
195 200 205 )
gat ggg aac ttg gag gag g&c ttc atcC acc tgg cga gag cag ttc tgg 672 t
Asp Gly Asn Leu Glu Glu Asp Phe Ile Thr Trp Arg Glu Gln Phe Trp
35 210 215 220
ccg gcc gtg tgt gaa cac ttt ggg gty gaa gcc act ggc gag gag tcc 720 -
Pro Ala val Cys Glu His Phe Gly Val Glu Ala Thr Gly Glu Glu Ser
225 230 235 240
40 : )
agc att cgc cag tac gag ctt gtg gtc cac acc gac ata gat gcg gcc 768
Ser Ile Arg Gln Tyr Glu Leu Val Vval His Thr Asp Ile Asp Ala Ala
245 250 255
45 aasg gtg tac atg ggg geag atg ggc c¢gg ctg sag agc tac gag aac cag 816
Lys Val Tyr Met Gly Glu Met Gly Arg Leu Lys Ser Tyr Glu Asn Gln
260 265 270
aag ccc ccc tit gat gcc eag aat ccg ttc ctg gct gea gtc acc acc 864
50 Lys Pro Pro Phe Asp Ala Lys Ash Pro Phe Leu Ala Ala Val Thr Thr
275 280 285
912

aac cgg aag ctg aac cag gga acc gag cgC cac ctc atg cac ctg gaa
Asn Arg Lys Leu Asn Gln Gly Thr Glu Arg His Leu Met His Leu Glu

55 290 295 300

ttg gac atc tcg gac tcc aaa atc agg tat gaa tct ggg gac cac gtg 960



510

Len

terreus

Len
Pro
Cys
Gan
Pro
60

Len
Au
225
Phe
Asn
Trp
Arg
Gan
Al a
Val
Arg

Her
Leu
Her
Her
Lys
Pro
H s
Len
Val
Can
Gan
Hi s
fur
Trp
Arg
Hi s
Arg

Gan Ala Ile 35 <210> 32 <211> 528 <212> PRT <213> Aspergillus

AAD34552 20 <400> 32 Net Thy Val Asp Ala Len Thr Gan Pro His Hs Len
Len Ala 1 51D 15 Trp Ann Asp Thy Gn Gan H's Gy Her Trp The Al a
Val Thr 20 25 30 25 Thy Her Ala Gay Len Len Cys Len Len {LeAPRIM Len

Her

Gy Arg Arg 30 35 85 60 Asp The Asp Ala Ann Ala Pro Her Trp Ile .

Twp obhgséler Gan Ann Asp Lys 35 40 45 Her ASP LepcPigo¥aboPhe Asn
Thr Trp Trp Qu Leo 50 55 T3 Thr Net Arg Ala Lys Arg 65 70 90 75
Ile Arg The Ile Val Asp Her Gay Tyr Cys Thy Ile Len Pro Her Her Met

Ser
Cys
Thr
Thy
Al a
Thr
VaI5
Len
Gan
Trp
A B

15

20

30 .

36

40

45

50

55

His Len Pro Gay The Asp Ay Phe Lys Gan 1D0 105 Arg Lys Net Lys
Met Tyr Lys Phe 135 120 95 Ala Asp Gan Phe 110 dy fur Asp The
Ar g tAspr230sei 35 %4 0vs Ak arsHvs Cluernr 9t esoThr vi2ys Val Val Met Ann Gan
Gan At a 40 145 130 155 160 45°Pro Lys TyP*Val Lys Pro Leu Al a
Her Gy Ile Ile Thy 165 170 175 Asp Ile Phe Ay Asp Her Ann Gan
Val r §°VaT “Tyre Ahn 184 °875 'g © “E;%erf’ ﬁ}/?aLeo” Leu Val Thy
Thr "Phé’ I'Te™ ket Var™ er . 2067205 Tys Lev AI a Bin Asa Gan
Asp Ile Ala Lys Hi s H|s 210 215 22DAIa Val Thy Met Ala Ile Gan
Len Al cig obeftc TocePe Mabrc 50:@28 230:c235 240 hdse Len Arg Pro Len
Len :Gattu Rnor&an e yspAlal vdiyst keneuw 24502602255 Arg Ala Gan Val
Arg Gan Leos4ben Asp Pro34sle Ile G n3®60 265 270

gag gag tcc aac sag aag cac cca .ttc ccg tgc cct acg tcc tac cgc 1104
Glu Glu Ser Asn Lys Lys His Pro Phe Pro Cys Pro Thr Ser Tyr Arg

355 360 365
acg gcc ctc acc tac tac ctg gac atc acc aac ccg ccg cgt acc sec 1152
Thr Ala Leu Thr Tyr Tyr Leu Asp Ile Thr Asn Pro Pro Arg Thr Asn

370 . 375 380
gtg ctg tac gag ctg gcg cag tac gec tcg gag ccc tcg gag cag gag 1200
val Leu Tyr Glu Leu Ala Gln Tyr Ala Ser Glu Pro Ser Glu Gln Glu
385 390 39% 400
ctg ctg cgc aag atg gcc tcc tec tcec ggec gag ggc aag gag ctg tac 1248
Leu Leu Arg Lys Met Ala Sexr Ser Ser Gly Glu Gly Lys Glu Leu Tyr,
405 410 415
ctg agc tgg gtg gtg pag gcc cgg agg cac atc ctg gecc atc ctg ceg 1296
Leu Ser Trp Val Val Glu Ala Arg Arg His Ile Leu Ala Ile Leu Gln
420 425 430

gac tgc ccg tcc ctg cgg ccc ccc atc gac cac ctg tgt gag ctg ctg 1344
Asp Cys Pro Ser Leu Arg Pro FPro Ile Asp His Leu Cys Glu Leu Leu

435 440 445
ccg cgc ctg cag gcc cgc tac tac tcc atc gec tca tce tecc aag gtce 1392
Pro Arg Leu Gln Ala Arg Tyr Tyr Ser Ile Ala Ser Ser Sexr Lys.Val

450 455 460
cac ccc sac tct gtg cac atc tgt gcg gtg gtt gtg gag tac gag acc 1440
His Pro Asn Ser Val His Ile Cys Ala Val val val Glu Tyr Glu Thr
465 470 . 475 480
aag gcc ggc cgce atc aac aag ggc gtg gcc acc aac tgg ctg cgg gecc 1488
Lys Ala Gly Arg Ile Asn Lys Gly Val Ala Thr Asn Trp Leu Arg Ala
485 450 ’ 485
aag gag cct gcc ggg geg aac ggc gge cgt gcg ctg gtg ccc atg ttc 1536
Lys Glu Pro Ala Gly Glu Asn Gly Gly Arg Ala Leu Val Pro Met Phe
500 505 510

gtg cgc @ag tcc cag ttc cgc ctg ccc ttc aag geec acc acg cct gte 1584
val Arg Lys Ser Gln FPhe Arg Leu Pro Phe Lys Ala Thr Thr Pro val

515 520 525
atc atg gtg ggc ccc ggec acc ggg gty gca ccc ttc ata ggc tte ate 1632

Ile Met val Gly Pro Gly Thr Gly Val Ala Pro Phe Ile Gly Phe Ile




55 Gan Arg Arg Al a Gan Arg Asp Ala Cys Asp Ala Lys Ay Ile Gu Pro 275 260

285
Sa

Trp
320
330
340
355

Lys
Val
Val
Asp

Pro Arg Tyr Val Asp Her Ile Gan Trp The Gan Asp Thr Ala Lys Ay %C%'/Z&J%
/5] O PR 299 WD 02/46386 PCTIUSO (53070 26/ 33,299 3 S
Ty r ﬁ@)&zﬁl%w%Al a Gay Ala G n Laughd a net Asp The Al a% Eglg’%\%lo 335
Ile Tyr Ay Thr Ser Asp Leu Leo Ile Ay Gay Lau Val Asp Ile Val 5 325
335 Arg His Pro Hs Leu Leu GQu Pro Leu Arg Asp Gn |Ile Arg Thr Val

345 350 Ile Ay Gn Ay Ay Trp Thr Pro Ala Ser Lou Tyr Lys Leu Lys Lea
360 365 10 LaussAsp Sur Cyssitau Lys QusBer Gn Arg Val Lys Pro Val Gn
370 375 380 Ala Thr Net Arg Bar Tyr Ala Lou G n Asp Val Thr The 5er Asn
385 390 395 “#0Y?T “Fhic THe"f FE€ Pt Efgl_gﬁfs“GF G Ao val ‘Ala val Ala Al a
Arg Net 15 438 4107415 ""sg) MASE BP S C% af PP Gu Pro Ala Lys Tyr
Pro Tyr °Arg 420 425 430 Tyr Net Arg Lau Arg Gn ASp Pro Ala Lys Al a she

Ala Gn Lea .433;440..44R 20 Q.00 Jht.cAsd.F.Y. ASP His 1le Gy the Gy
Hs Pro Arg Al.a.420 45 yéképA,gGA/QSSEP&g YsoA01 e she Ala Sep Lys Gan Ile
Met Met Lau Al a 465 498 475 480 TFwr Leu Leu Isktse Arg Tyr Asp Trp Lys
Val PraoAsp Gu Pro Lou 25 485 490 495 Gn Tyr Tyr Arg H s 5er Phe Sur
Arg Ile H s Preo=dhte sthrasltyscec 5802508 B4 frcleencapiote et Arg Arg Arg Asp G u
Ile Arg Len PrcQs *SufinPauts 35529 825030 95 219> 33 <211> 388

<212> PRT <213> G bber elsie‘h fuj i kur oi **CAA75567 <4ﬁ®> 33 Net Lys Tyr Thr Thr

Cys
Arg
Net

G n th]5Asn I l ecc.sbt% tcc Qgg gg ca Qé’é Ig pag%gi ;:;é{jtc ca§Qac2c§ NQE LyS Thr Ser Phe .

Trp Pro | ag [ oak dyse tdeasel: sy 28,30 reoUr Lea Tyr Asp Net
Len Arg Thr Val Alsa Lau Lau Sk Gy Arg 3& 40 45 Ala Phe Val dy Lau

Pro Len eye Arg Asp Gn Ay Trp Lau Gn Ale 50 55 60 45 Ser Ile Ay Tyr Thr

Val
Val

G n eye Val Sered tee 9y g2 AFpraGryy teaere Frreetc 8% FOsF5<80 &hr Trp Sur Pro
Lau Ard® Pro teévq fa »g ’ng Brg ThE ety P’f""o”SéP’ ‘85‘“90‘1"’95 Val Arg Ser Val

Arg Arg Hi s Len ArgoPhe Ala AaTu Ile Met®

cac atc tac gtc tgt ggg gat gce cgg 2ac atg gec agg gat gtg cag 1520
His Ile Tyr Val Cys Gly Asp Ala Arg Asn Met Ala Arg Asp Val Gln
25 625 £30 635 : 640

aac acc ttc tac gac atc gtg gct gag ctc ggg goc atg gag cac geg 1968
Asn Thr Phe Tyr Asp Ile Val ala Glu Leu Gly Ala Met Glu His Ala
645 650 655
30 .
cag gcg gtg gac tac atc aag 2aa ctg atg acc aag gpc cgc tac tcc 2016
Gln Ala Vel Asp Tyr Ile Lys Lys Leu Met Thr Lys Gly Arg Tyr Ser
660 - 665 €70

35 ctg gac gtg tgg agc 2031
Leu Asp Val Trp Ser
i 675

40 <210> 4
<211> 677
<212> PRT
<213> human

45 <400> 4
Met Gly' Asp Ser His Val Asp Thr Ser Ser Thr val Ser Glu Ala val
1 ) 10 15
Ala Glu Glu Val Ser Leu Phe Ser Met Thr aAsp Met Ile Leu Phe Ser
20 25 30
50 Leu Jle Val Gly Leu Leu Thr Tyr Trp Phe Leu Phe Axg Lys Lys Lys
35 40 - 45
Glu Glu Val Pro Glu Phe Thr Lys Ile Gln Thr Leu Thr Ser Ser Val
50 55 60 ]
Arg Glu Ser Ser Phe val Glu Lys Met Lys Lys Thr Gly Arg Asn Ile
55 © 65 70 75 80
Jle Val Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Glu Phe Ala Asn
85 90 95

4
/




50 100 105 110 'Pro Lea Ile 5er Gn Ala Leu Gn Asp Gn Lys Gn Hs Arg Al a
Asp 115 120 125 Thr Lau~Lau Ala Asp Gn Thr Gn Gy Arg Ay Thr The Ile

Ser Trp 130 135 240 55 Lau Lau Arg H's Leu Pro Gn Gn Lea Arg Thi'?iplwﬁ{@ﬁn
Gn Val dy 345 150 155 160 Len Asp G n Net Lau Val Ser The Al a I
His Thr Thr Thy Net 1 3 APR 2005 WQ 02/ 46386 PCT/11501/51070 27/ 53 165 170

175 Al a Lys Val Val Trp Qu Lea Val Lys Arg Pro | e 180 185
190 b%“"{%%g Thr Ga Met G ngAsp Val The @y Propﬁ}éjs 002 5 105

200 205 Ser Pro Asp Ile Cys Ile Asn ?_ys Gu Ala Leu Ser Arg Lau Hs Lys 210
215 220 Lau Asp Ser The Ile Arg Gu Val Gn Arg Try, Cys Pro Ser Thr The
225 230 235 240 10. Val Thr Pro Ser Arg Arg Val Net Lys Ser Met Thr Leo Ser
Asn Ay 245 250255 sck b Ay S1aliBtl G 0 A5 GerGrY el e Ge1d | € Ala The Pro Al a
Hs Ala Ile 260 265 1270600 H's Net Sews u G u ThioPro Thr The 5er Pro Asp
The Ser Ser Asp »d5rdb cR80xr 285.«Phie 6 v AgTeePro PSeruPr0 Arg |le The Asp Ay
The Arg Tyr Lau Ann 280 295 300 *?%au Arg Ser#|le Lys Ry G n Ay Ser Gn
Hs Gn Ala®Al a ’FHI‘“S"'I"Hf‘ LE“S‘BS""’SI:”OE S’IB“*%’Z’E)T’EOI‘Y{?V ‘Pte&vYAsp Tyr Lau Ile The Asn
Hs Ay Lys His A &° 9q3£35}§12533D33’5° gTheTheAIaIIe Ser du
Ile Lys Met Ile [RE™I ’é"sél“ JULEG "540° 345°350 A" 'lys Tyr Asp The Arg Lau

Glu ASp G y LyS EQspci:LySJDrGQy LLyJ-Qu'e' Alaz\él 5;1;3§Q cly é@éys%t Arg Val G y Thr
A u Thr Argo Leu Asp Thr y;.ssAla y LeqoG n 370 345 380 Net Arg Art, Arg
385 30 <210> 34 mL2ktlcru B25he s2221PRE 52 13 >1Gphar /b ba f uj i kur ol CAA76703
<400> 34 Met Ser Lys SersoAsn Set MetssAsn Ser Thnsser His G n Thr Lau The 1
5 10 15 G n G not&a veafly PeosiGrye La@heA%pLeArva WeelPrpreo Net Asp Val His 40
20-25 30 Trp Lau Ile‘”l' r Val Al .**%he dy A|a°fl'rp Leu Cys Ser Tyr Val Ile
35 40 45 H% val As'l’.% A§“er'?“§é“ GI‘SA?’%‘ FeThY 31 BYS™VAT "Bro val val Ay Tyr 50
al

55 60 45 Arg Sef, ¥alv.iThE od Ms Bl b oIJ R. L,-ﬁam;-@u ¥ & Lau Arg The Val Trp 65
70 75 80 Gn AxsAdy Ser llgolle Ay GasA@y Tyr AstolLys Phe Lys Asp 5er
Ser Ile Arg Gln Tyr Glu Leu Val Val His Thr Asp Ile Asp Ala Ala
20 245 250 255
Lys Val Tyr Met Gly Glu Met Gly Arg Leu Lys Ser Tyr Glu Asn Gln
' 260 265 270
Lys Pro Pro Phe Asp Ala Lys Asn Pro Phe Leu Ala Ala Val Thr Thr
275 280 285
25 Asn Arg Lys Leu Asn Gln Gly Thr Glu Arg His Leu Met His Leu Glu
290 295 300
Leu Asp Ile Ser Asp Ser Lys Ile Arg Tyr Glu Ser Gly Asp His Vval
305 310 315 320
Ala Val Tyr Pro Ala Asn Asp Ser Ala Leu Val Asn Gln Leu Gly Lys
30 325 " 330 335
Ile Leu Gly Ala Asp Leu Asp Val Val Met Ser Leu Asn Asn Leu Asp
340 345 350
Glu Glu Ser Asn Lys Lys His Pro Phe Pro Cys Pro Thr Ser Tyr Arg
355 360 365
35 Thr Ala Leu Thr Tyr Tyr Leu Asp Ile Thr Asn Pro Pro Arg Thr Asn
‘) 370 375 380
: Val Leu Tyr Glu Leu Ala Gln Tyr Ala Ser Glu Pro Ser Glu Gln Glu
385 390 395 400
Leu Leu Arg Lys Met Ala Ser Ser Ser Gly Glu G}ly Lys Glu Leu Tyr
40 405 410 415
Leu Sex Trp Val Vval Glu Ala Arg Arg His Ile Leu Ala Ile Leu Gln
420 ' 425 430
Asp Cys Pro Ser Leu Arg Pro Pro Ile Asp His lLeu Cys Glu Leu Leu
435 240 " as
45 Pro Arg Leu Gln Ala Arg Tyr Tyr Ser Ile Ala Ser Ser Ser Lys Val
450 455 460
His Pro Asn Ser Val His Ile Cys Ala Val Val Val Glu Tyr Glu Thr
465 470 475 480
Lys Ala Gly Arg Ile Asn Lys Gly Val Ala Thr Asn Trp Leu Arg Ala
50 485 490 495
Lys Glu Pro Ala Gly Glu Asn Gly Gly Arg Rla Leu Val Pro Met Phe
500 505 510
Val Arg Lys Ser Gln Phe Arg leu Pro Phe Lys Alea Thr Thr Pro val
515 520 525
56 Ile Met Val Gly Pro Gly Thr Gly val Ala Pro Phe Ile Gly Phe Ile
530 535 540
Gln Glu Arg Ala Trp Leu Arg Gln Gln Gly Lys Glu Val Gly Glu Thr




85 90 95 Ile The G n Val Arg Lys Lau Gay Thr Asp Ile Val Ile Ile Pro Pro

100
115
330
Lau
Gn
Al a
Val
Al a
Thr
240
250
265
275
290
305
Cys
Val
Lau
Leu
Asp
Her
Pro
Asp
Her
The
Lev
Arg
Arg

50
105 110 Asn Tyr Ile Asp GQu Val Arg Lys Lau 5er G n Asp Lys Thr JALRR %r
120 125 Val Glu Pro The Ile Asn Asp The Ala Gay G n T%(r Thr Arg Ay t
135 28985386 Phe Lau G n Sex Atﬁngea . Asn Arg VBYYPPERE™ Gn Arg
145 150 155 360 Thr Pro Lys L& Vval Ser Lou Thr Lys Val Net Lys Qu
Lau Asp 13 APR 2005 WD 02/46386 PCTIUSO /51070 28/53 165 370 175 Tyr
Leo Thr Lys A u Net Pro Asp Net Lys Asn Asp Gu Trp Val 180 185 190 dQu
Asp Ile Ser Jer Ile Net Mal Arg Leu Lle Her Arg Ld,e Her 5 195 200 205
Arg Val The LeQu @y Pl @ ok $shse A6 g ASNLGiH: Ggn Trp Leo 210 215 220
Thr Thr Ala Gn Tyr Seis G n Her Lem Phe Ile Thes Gy Phe Ile 225 230 235
10 Len Arg Val eiVabu 2% einHing nik|2ey bselcay Ak gesPmocirhes dhe Ala Pro Leo Leu 245
255 PHo Her Tyr ArgeThr Lau Le#sArg Asn Vab°Her Ser Ay Arg Arg Val 260
270 ‘11 e d y*Adp Piel & PlecfIAflY SHefs @G '@ §¢rAsptdy Mh Qu Asp lie 15
280 285 Leu Ser T¥p Net Arg A8 Ala Ala ™" Ay u Ju Lys Gn Ile Asp
295 300 Mh T A"LGMH GN%S et P& 1Y & L8 HEr tAu Ala Ser Ile His Thr
31D 3115 320}_]1%0113-?}!; \/_ﬂ @ys'g?yths:rm{a ﬁlgegsn-r}'nl[ Aj;"A§g éL%al'%L‘ Tyr A'Sp LaU LyS AI e
Pro 325 33@:335 G u Ty, e Qu Prgs Leu Arg AsR, G u Val Lys Her Val
Gy A a 340:34% 320y: HemdGay albrfu ASmkys wdthéiu Msaibeo Asn Arg Phe Hi s Lys
Asp Her 25 355 360 365 Phe Lee Lys W Ser G nmssArg The Ann Pro Val Phe
Lee Thr Pil e» 33/ ®1375™380 LyihysArgrdt| Ter ByehHkg ™&E 3% Her Net Thr Leu Her
Ay THP Asn Ile 385 390 395 400°30 Pro Her&y Thr Arg Ile Ala Val Pro
Hi s Al a Net *{étP Qlﬁ"rpA%eb 405 410 415 Her Ala His vVal Pro Ay Pro Thr
Pro Thr Gu Pile Asp Gy Phe 420 425 430 Arg Tyr Her Lys lle Arg Her
Her Asn Tyr ..a& G n Lys Tyr Lee 35 435 440 445 Phe Her Net Thr Asp Ser
Ann Net Al a<Phesfaly Tyr Gy Lys Tyr 450 455 460 Ala Cys Pro Gy Arg
Tyr Ala Ser<2srvd u Net Lys Leu Thr Lou 465 470 475 480 40 Ala Ile Leu
Len G n Phe<@>y=Prealibysrizes Pro Asp Ay Lys Ay 485 490 495 Arg Pro
Asn |le Thr _Lle Asp Her Asp Net Ile Pro Asp Pro Arg 500 505 530. Ala
Leu Cys Val <223,r>gm4_ys Arg Her Leu Arg Asp G n

<222> (233)...(2320)

<223> Aspergillus ochraceus oxidoreductase

<400> 5
30 cttatttcgt ttaggaagag caccggcttc ggtgtccttc cttaccctcect tattcttcect 60
cttctgactc cctttttgtt attgatcgec catctcggtg aacatttggg atatctttcee 120
ctctcccecet cccgecececcga cecctecttat cttctecctec cgtccagecat ttagectcgec 180
atcgeattcg caattccttc ctcgtgactce ttcatcgectg agecgtectca tc atg geg 238
Met Ala
35 . 1
caa ctc'gat act ctc gat ttg gtc gtc ctg gtg gcg ctc ttg gtg ggt 286
Gln Leu Asp Thr Leu Asp Leu Val Val Leu Val Ala Leu Leu Val Gly
5 10 15 '
40 ’ .
agCc gtg gce tac ttc acc asg ggc acc tac tgg gcc gtc gecec aaa gac 334
Ser Val Ala Tyr Phe Thr Lys Gly Thr Tyr Trp Ala Val Ala Lys Asp
20 25 30
45 cct tat gcc tcg gect ggt ccg gcg atg aat gga ggc gcc aag gcc ggc 382
Pro Tyr Ala Ser Ala Gly Pro Ala Met asn Gly Gly Ala Lys Ala Gly
35 40 45 50
asg act cgc gac att gtt cag &aa atg gac gaa act ggc 2aa zac tagt 430
50 Lys Thr Arg Asp Ile Val Gln Lys Met Asp Glu Thr Gly Lys Asn Cys
55 60 €5
gtg att ttc tac ggc tcg caa acc ggt acc gect gag gac tac gcg tcc 478
Val Jle Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu ksp Tyr Ala Ser
55 70 75 B0

aga ctg gcc sag gaa gge tcc cag cga ttc ggt ctc aag ecc atg gtg 526



45 515 520 525 <210> 35 <211> 294 <212> PAT 50 <213> Fusari um oxysporum

Gn
Val

Asp
Leu
Au
Val

H s
Pro
Asp
Asp
155
165
180
The
Gn
Ay
Ile
Ile
du
36

Met
The
Lys

CAA51874 <400> 35 Met Ala Pro Net Lau Arg Pro Leu Val Tyr Arg P
PR

Arg 15 30is 55 Ala Arg lle Lys Asp Cn Trp Thr Lys Ay A

Net Ala 20 25 30 Ser Net Arg Gu Arg Gn Gn Lys Gy Gy As,, Lou Gn
Pro Pro 1 3 APR 2005 WD 02/ 46386 PCTI USO /51070 29/53 35 40 45 Thr Met
Asp "'lv%daﬁ?ssk'er Asn Ay Arg Ann Qu His Ile Ala Asp 3Q1axkeporddsp Val
Leu Gn Lou Leu HHs G n Met Thr 1h@sl Ile Ala Val Gay 5 65 70 75 8o Thr
Thr Thr the Ser 5er Thr Thr Gan Ala Ile Tyr Asp Lou Val 85 90 95 Ala
Pro Gn Tyr Ile Thr Ile Lou Arg Gn Qu Val Gn Her Val 100 105 110 10
Arg Asp Pro Ann Gy Ann Phe Thr Lys Asp Her Thr Val Ala Met 115 120 125
Lys Leu Asp berePire rkeehvlcyrsseGean Abde pre GinreAng: FheetA8s 5er Pro 130 135 140
Leu Her Met 5er AfA Leu Lys An® Tyr Lys Lot Cys G u 5er Leu 15 145 350
160 Thr Sly H's Her Ann Lou Pro Thr Arg Thr Ile Al a As_p Net Lys Leu
170 175 Pro ES§°Sfy %?“”T?fejav&cgﬁfr?ﬁysgja“ TRECLYS Lad’*G n IIe Ann Thy
165 190° 20 BYETHET 1 B AN SLyS Asp H S, LyS Tad™y? Qu Asn Pro Gn Gn
195 200 2D5 Asp Sly Lou .Arg the Hi's Lys Trp Arg Lys Ala Pro Ay Lys
Lys 210 215 22Q.g Ak QeclME tl\{bgttt d¥locSgk chedoc BRreehys Jhr Asp Asp Leu S5er Trp
The 25 225 23Qy230 v24fle SleWaALeg sl Bir Araiys ¥ oGy Arg Tyr Leu Ser Ala
Ann || & Lys 11245 250 2551320Leu |l e Met2sAla G u Leusdeu Met Asn Tyr Asp
Lys Lou Pro Asp 260 265 270 30 Gy Leu Her Arg ‘Pro Lys Asn Ile Gad she
Val - Leu Al a 1epetL@h 2925 928(0° Z852¢ %gﬁtcmcagﬂﬂga Hg<Asn HPa 290 35 <210>
<211> 510 <212% PAT'°ZY 3% TCabhSimgpdi't s “&IehaR< CAA91268 40 <400> 36
Ala Lel Lou Ile Leu Hef Her Lou Val 11e Her Ile Phe Thr Ph. 1 5 10 15
ITe Tyr 1le Jd edey.A @c MelocAbcd o de MpGcThg byselgl Arg,Gn 20 25 30 45
Ile Sly Leu #iebneGhy s®rddy BlaunPne adiSp TprPhe skettr Gy Ann Leu '

150 155 160

20 aag tat gtc acg ttt ggt ctg ggt aac aaCc acc tat gag cac tac aac 766
Lys Tyxr Val Thr Phe Gly Leu Gly Asn Asn Thr Tyr Glu His Tyr Asn
165 170 175

gct atg gtt cgc aat gtg gac gcc gct ctec aca aag ttc ggc gce cae 814
25 Ala Met Val Arg Asm Val Asp Ale Ala Leu Thxr Lys Phe Gly Ala Gln !
180 185 190

cgc att ggc tct get got gag ggt gac gac ggc gct ggt aca atg gaa B62
Arg Ile Gly Ser ala Gly Glu Gly Asp Asp Gly Ala Gly Thr Met Glu
30 195 200 205 210

geg gat ttc ctg gcec tgg aag gaa céc atg tgg gct gcc ctt tct gag 910
Glu Asp Phe Leu Ala Trp Lys Glu Pro Met Trp Ala Ala Leu Ser Glu
215 220 225
35
gcg atg asac ctg caa gag cgc gat gcg gtc tac gag ccyg gte ttc aat 958
Ala Met Asn Leu Gln Glu Arg Asp Ala Val Tyr blu Pro Val Phe Asn
230 235 240

40 gtc acc gag gac gag tcc ctg agc ccc gaa gat gag sac gtt tac ctc 1006
Val Thr Glu Asp Glu Ser Leu Sexr Pro Glu Asp Glu Asn Val Tyr Leu
245 250 255

ggt gag ccc act caa ggt cat ctc caa ggc gag ccc aag ggc ccg tac 1054
45 Gly Glu Pro Thr Gln Gly His Leu Gln Gly Glu Pro Lys Gly Pro Tyr
260 265 270

tct gcg cac aac ccg ttc atc geot ccec atec tcec gaa tct cgt gaa ctg 1102
Ser Ala His Asn Pro Phe JYle Rla Pro lle Ser Glu Ser Arg Glu Leu
50 275 280 285 290

ttc aac gtec sag gac cgc aac tot ctg cac atg gaa atc age atc gecc 1150
Phe Asn Val Lys Asp Arg Asn Cys Leu His Met Glu Ile Ser Ile Ala
295 300 305
55
ggt agc aac ctc act tac cag act ggt gac cac atc get gtt tgg ccc 1198
Gly Ser Asn Leu Thr Tyr Gln Thr Gly Asp His Ile Ala Val Trp Pro




35 40 45 Lys G n Thr Ala Gu Arg Lys Gu Lys Lou @y Tyr Asp Asp Al a Asn _
55 60 Arg Trp Phe"Asn Qu Leu Hs Gn dn Tyr Gay G n Thr Phe Ay R%gﬂ%GS
70 75 80 Tyr Tyr Ay Ser A n Met Asn Ile Val Ile Her Ann GQu Lys l\épﬁ;

85 90 95 Wy2f#3dsVal Phe Ile Lys Ann The Her Ann Phe Her péspséahotder Val

100 105 110 55 Pro Her Ile Tyr Quissa Asn G n Lou Thr Ala Her Leu Leu Met
Asn 115 120 125 Her Tyr Her Her Ay Trp Lys His Thr Arg Her Ala Ile Ala :Pro
no 1 3 APR 2005 WD 02/46386 PCT/US01/51070 30/53 130 335 140 The Sex Thr
Gy Lys Met Lys Ala Net Gn Gu Thr Ile Asn Ser Lys 145 150 155 160 Val
Asp Lau The Leu Asp |l e3t%u Arg GI u3Eys Ala Ser *%er Ay @n 5 265 170 175
Lys Trp Asp ale Tyr ol CE’ |9:c 1 n c \X:c u Tcrt Leo. Ascp Vlml le 180 185 190
dy Lys eye Al a :Ih% Jazy eréﬁép‘jﬂ £l .bs g ASp Afg°Asn 195 200 205
10" Asp Val ghe Tyr His,Pro val Thy,Val Lys IT%SThr iI'e Asn Asn Phe 210 235
220 Thr Tyr The His Ser Ser Ser Pro Ay Thr The H s The Leo GQu Ser 225
230 235 240 Thrgobeds 4 Bocl e digh sfbkacTdRt add oy Ak @GatOys Ar g A86 sex Thr Lys Arg
15 245 250 255 & guyTihs adalis bey 32106 rdfahe Gs\yeryThe »Argr @en Asp Lys Ala Lys The
Cys 260 265 270 Seto Asp Tyr GBP¢f Arg Arg Arep Gay Ay Qu Gy Ser Asp Ser Val
Asp 275 2B0 285 20 Leu Leu Lys Lau Leu Leu Asn Arg G n Asp Asp Lys sex Lys
Pro Net 290 295 ZbEP® Sthf IS CLH CF A°VAT 1 %% ﬁ‘ﬁcwghcms e Al a The Leu Leu
Ala Gy 305 31315 320° "1VI, Gh ThY "i‘%”’ée"r“*rﬁ A &°Net Thr Tyr Cys Sex
Tyr Lou Lau Ser 35 325 330 335 Lys Tyr Pro Ash Val @n Gn Lys Leo Tyr G n
(; u I l e hk3ﬁ5 (3 n téﬂ € cziflgza:5f1£5t923€;£) Acé/&kt(EEHch£¥5£L égi'ytccgcé/aJGEEn iEEkr_ -r)/r /\Sl) ESEEr I l e
H s Asn Net Lys thytyr 18685u3680cy365 rr3@1lseorrdsp: iy saz\at miyr Lys G3U Thr Lou Arg
The Tyr Pro Pro H's The 370 375 380 S&*¥ The Ile Ay Arg Leu Cys Arg G u Asp
Ile Thr Ile Arg Ay A n 385 390 395 400 The Ty T Pro Lys Gy Ala Ile Val

Val Cys Lay Procf-ﬁ%: 'Fj“ IS 62“4525)9’?? qig Ay Bn PP Gn Asn Trp Asp !
Ser Pro Q'u Gn I Sy6fr o ,&r Oses Y438 " '3 e B u Asn Trp Gu Qu Lys
Sex Ser Ser Leu Lys Tiplle Pro The 435 440 445 40 Gy Val Ay Pro Arg Tyr
Cys Val Gy Net tArgtPheseAa o tht Net ceCoas AHEkt4bbax46E: todhe Lags Thr Thr [ e Val
Lys Leo Lau Asp r&Ehay Fhyersidag MoTy™ [Pyeshi €Yy Lys Ile Thr Asn Arg Cys

25 . 405 410 415
ttc aac atc gck cag gct ctec cag agec atc acg tcec asag cct ttec acc 1534
FPhe Asn lle Ala Gln Ala Leu Gln Ser Ile Thr Ser Lys Pro Phe Thr
420 425 430
30 ‘ 4
gcc gtc ccg ttc tcec ctg ctt atq gaa ggt atc acc aag ctt cag ccc 1582
Ala Val Pro Phe Ser lLeu Leu Jle Glu Gly Ile Thr Lys lLeu Gln Pro
435 . 440 445 450
35 cgt tac tac tcg atE tcc tcg tct tcc ctg gtt cag aag gac aag att 1630
Arg Tyr Tyr Ser Ile Ser Ser Ser Ser Leu Val Gln Lys Asp Lys Ile
455 460 465
. agc att acc gcc gtt gtg gag tcg gtt cgc ttg cct ggt gag gaa cac 1678
40 Ser Ile Thr Ala Val Val Glu Ser Val Arg Leu Pro Gly Glu Glu His
470 475 480
att gtc aag ggt gtg acc acg aac tat ctt ctc gecg ctc aag gaa aag 1726
Ile Val Lys Gly Val Thr Thr Asn Tyr Leu Leu Ala Leu Lys Glu lys
45 485 490 495
caa aac ggc gag cct tcc cct gac ccg cac ggec ttg act tac tct atc 1774
Gln Asn Gly Glu Pro Ser Pro Asp Pro His Gly Leu Thr Tyr Ser Ile
500 505 510
50
act gga ccc cgt aac sag tac gat ggc atc cat gtc ccc gtt cac gtc 1822
Thr Gly Pro Arg Asn Lys Tyr Asp Gly Ile His Val Pro Val His Val
515 520 525 530
55 cge cac tcg aac ttc saa ttg ccc tcg gat ccc tcg cge cct gtg atc 1870

Arg His Ser Asn Phe Lys Leu Pro Ser Asp Pro Ser Arg Pro Val lle
535 540 545




465 470 475 460 The Au'Ady Gn Ala Asp Lau Ile Pro Asp Cys Asn dy Val. Lle .
Net 45 465 490 495 Arg Pro Asn Asp Pro Val Arg Lau His Lau Lys Prd NERZ@B%
500 505 530 <210> 37 50 <221> 691 <212> PRT <213> yeast P450 reduct ase
<400> 37 55 Net Pro The Gy Ile Asp Ass Thr Asp the Thr Val Leu Ala Gay Lau
1510 15 Val Len Ala Val Leo Leu Tyr Val Lys Arg Asn Ser Ile Lys Qu Leo 1.
3 APR 2005 WD '02/ 46386 31/53 20 25 30 Lev Met Ser Asp Asp Ay Asp Ile Thr

Al a Val S¥P0gee386dy Asn Arg 35 40 45 Asp lle Ala Gn VaIPC\TéJSO’FFﬂtW‘G u Ann
Asn Lys Asn Tyr Leu Val Lev 5 so 55%883Tyr Ala Ser G n Thr Gy Thr Ala Glu
Asp Tyr Ala Lys Lys The Ser 65 70 75 80 Lys Gu Leu Val Ala Lys The Asn
Lev Asn Val Met Cys Ala Asp Val 85 90 95 30 Qu Pan Tyr Asp The G u Ser Lev
Asn Asp Val Pro Val Ile Val Ser 15 100 105 110 Ile The Ile Ser Thr Tyr Gy

Au Ay Asp The Pro.Asp @ . AlagVak 118, 120,125 . Asn Jhe Gy Asp The ile Oys
Asn Ala G u Al. yan 1y Aoy $ETc1ARR n1oL30 rl3Be 2A0mLeN AV g Tyr Asn Met The Ay
Lev Ay Asn Ser Thr Tyr séd u The The sss345 150 1556160 Asn Ay Ala Ala Lys

Lys Ala G w Lys His Lev Ser Ala Ala Ay Ala 165 170 175 20 Ile Ar9 Lee Ay

Lys Lev Gy G u A astAsp osfsies @c\ecdioa ofd ope TiwrstT bee =ct1 89 &85 180 Asp G u Asp Tyr
Met Ala TIP Lys ASPreSgr *a|lev ple\ri@ve SWafs bevel gy 108200 Asp G u Leu Hi s Lev
Asp Gn Gn Glu Al a 2555210 215 G'A Tyr Thr Véﬂ5 Leo Asn Glu lle 225 230 Pro
Ser Ala Hiﬁ) Tyr Leo Pro 24 Pro Th 260 Il e Val Lys

Ser Arg GU Leu . Z}E}f &S éc,fj L_us f%éac i 91; et §§ m:% 280 2§ "Asp His Lev Ala
V81 Trp Pro 305 3 | e 5ws H| S Tyr

gaa tgg aag act ttt cag gag cag ctt ggc gac tcg ctc aag atc stc 2062
) 15 Glu Trp Lys Thr Phe Gln Glu Gln Leu Gly Asp Ser Leu Lys Ile Ile
) 595 600 605 ‘ 610

act gcc ttc tct cgt gaa tcg gct gag aaa étc tac gtc cag cec agg 2110
Thr Ala Phe Ser Arg Glu Sexr Ala Glu Lys Val Tyr Val Gln His Arg
20 €15 €20 625

ctg cgt geg cat gcc gag ctg gtc agt gac ctg ctg aag cag aaa gcc 2158
Leh Arg Glu His Ala Glu Leu Val Ser Asp Leu Leu Lys Gln Lys Ala
630 635 630
25
act ttc tat gtt tgc ggt gac gct gecec eec atg gecec cgt gasa gtc aac 2206
Thr Phe Tyr Val Cys Gly Asp Ala Ala Asn Met Ale Arg Glu Val Asn
645 650 655

30 ctc gtg ctt ggg caa atc att gcc aag cag cgc ggt ctc cct gcc gag 2254
Leu Val Leu Gly Gln lle Ile Ala Lys Gln Arg Gly Leu Pro aAla Glu
... 660 . .. 665 . . 670

aag ggc gag gag atg gtg aag cac atg cgc agc s8gc ggC agc tac cag 2302 -
35 Lys Gly Glu Glu Met Val Lys His Met Arg Ser Ser Gly Ser Tyr Gin
) €75 680 685 690

gac gat gtc tgg tcc taz aa 2322
Asp Asp Vel Trp Ser *
40 695

<210> 6
<211> €85
45 <212> PRT
<213> Aspergillus ochraceus

<400> 6

Met Ala Gln Leu Asp Thr Leu Asp Leu Val val Leu Val Ala Leu Leu
50 1 5 ] 10 15

Val Gly Ser Val Ala Tyr Phe Thr Lys Gly Thr Tyr Trp Ala Val Ala

20 25 30
Lys Asp Pro Tyr Ala Ser Ala Gly Pro Ala Met Asn Gly Gly Rla Lys
35 40 45

55 Ala Gly Lys Thr Arg Asp Ile Vel Gln Lys Met Asp Glu Thr Gly Lys
' 50 55 . 60

Asn Cys Val Ile Phe Tyr Gly Ser Gln Thr Gly Thr Ale Glu Asp Tyr




The
Lev
Sex
Gn
du
Met
Asp
Cys
du
Val
Pro
Gn
Val

Lev Sex Ile Pb. Asn Leo 325 Pro Lev Asp Pro Thr Val Lys 340 dn 355
Phe 370G n Lys Lev 385 Ile Thr Per Ser Ser Lev Ile Thr Lev 375 Llev
390 Lys Tyr Phe Asn 405 50 Asp Gy Ala Lys TrP Asp Asn 420 Val ARk 805
Met TWO RH6388rg 435 Ser Au Lys @ n Thr Val H's 55PE5QSABHI0Asn Pro
Lee Pro Asp Ala 465 470 205 Ly¥5The Thr Ser G n The 220 Thr Asp Ser
Ser Lev Ay GQu 235 240 Sep H's Gn Lev Asn Arg Asn Ala Asp 250 255
Lev Ser Gn Pro Tyr Ile Ala Pro 265 270 The Ser Ser Asn Asp Arg Asn
Ile 280 285, Ay Ser Asp Ile Lys Tyr, Ser Thr Gay, 300 Per Asn Pro Lev

Lys Val QU 4 Rer 34 2,320.,A%0 BLQGhl sl by8d0E AiSp Lev Lys 330 335
Pro The Pro Thr Pro The Thr Ile Lesw 360 dn g45 350 - Qu lle Thr Gy

Val Ser Arg ne864 :ThespAbaciPrne AsnsAlva cASpEn Valailys ;380 Lys Asp Lys Asp
Phe AlasVal Ju 39%0400 Ile Al acsAsp Al a Leoidys Tyr Lev Ser 410 415
Pro Met G n fFh@vu|2eplwakl G3 (ghebpup Vel Leu Ala Thr Tyr Gly Glu Gly
115 120 125
Glu Pro Thr Asp Asn Ala Val Glu Phe Tyr Gln Phe Val Thr Gly Glu
130 135 140
10 ksp Ala Ala Phe Glu Ser Gly Ala Thr Ala Asp Asp Lys Pro Leu Ser
145 : 150 155 160
Ser Leu Lys Tyr Val Thr Phe Gly Leu Gly Asn Asn Thr Tyr Glu His
165 170 175
Tyr Asn Ala Met Val Arg Asn Val Asp Alea Ala Leu Thr Lys Phe Gly
15 180 185 190
Ala Gln Arg Ile Gly Ser Ala Gly Glu Gly Asp Asp Gly Ala Gly Thr
195 200 205
Met Glu Glu Asp Phe Leu Ala Trp Lys Glu Pro Met Trp Ala Ala Leu
210 . 215 220 ’
20 Ser Glu Ala Met Asn Leu Gln Glu Arg Asp Ala Val Tyr Glu Pro Val
225 230 235 240
Phe Asn Val Thr Glu Asp Glu Ser Leu Ser Pro Glu isp Glu Asn Val
245 250 255
Tyx Leu Gly Glu Pro Thr Gln Gly His Leu Gln Gly Glu Pro Lys Gly
25 : 260 265 © 270
Pro Tyr Sexr Ala His Asn Pro Phe Ile Ala Pro Ile Ser Glu Ser Arg‘
275 280 285
Glu Leu Phe Asn Val Lys Asp Arg Asn Cys Leu His Met Glu Ile Ser
290 ‘295 300
30 Jle Ala Gly Ser Asn Leu Thr Tyr Gln Thr Gly Asp His Ile Ala Val
305 310 315 320
Trp Pro Thx Asn Ala Gly Ser Glu Val Asp Arg Fhe Leu Gln Ala Phe
325 330 338
Gly Leu Glu Gly Lys Arg His Ser Vel Ile Asn lle Lys Gly Ile Asp
35 340 . 385 350
Val Thr Ala Lys Val Pro Ile Pro Thr Pro Thr Thx Tyxr Asp Ala Ala
355 360 365
vel Ar§ Tyr Tyr Leu Glu Val Cys Ala Pro Val Ser Axg Gln Phe Val
370 375 380
40 Ser Thr Leu Ala Ala Phe Ala Pro Asp Glu Ala Thr Lys Ala Glu Ile
385 390 395 400
Val Arg Leu Gly Gly Asp Lys Asp Tyr Phe His Glu Lys JIle Thr Asn
405 410 415
Axg Cys Phe Asn Ile Ala Gln Ala Leu Gln Ser Ile Thr Ser Lys Pro
45 420 425 430
Phe Thr Ala Val Pro Phe Ser Leu Leu Ile Glu Gly Ile Thr Lys Leu
435 440 445
Gln Pro Arg Tyr Tyr Ser Ile Ser Ser Ser Ser Leu Val Gln Lys Asp
450 . 455 460
50 Lys Ile Ser Ile Thr Ala Vval Val Glu Ser Val Arg Leu Pro Gly Glu
465 Cg70 475 480
Glu His Ile Val Lys Gly Val Thxr Thr Asn Tyr Leu Leu Ala Leu Lys
485 490 495
. Glu Lys Gln Asn Gly Glu Pro Ser Pro Asp Pro His Gly Leu Thr Tyr
55 ' 500 505 510
Ser Ile Thr Gly Pro Arg Asn Lys Tyr Asp Gly Ile His val Pro Val
515 520 52%




425 430 Tyr Tyr Ser Ile 5er Ser Ser Ser Lev 440 445 Val Thr Ser 1le Val

G u Ann Phe Pro 460 Pro Pro Ay Val Gy Val Thr Thr Aso 475 480
PCTI US01/ 51070 13 APR 2005 WO 02/46386 PCT/US01/57070 32/53 5 Lod 1APR Ay
Aso Ile Gn Lau 485 Thy Asn Leu Pro Val H's Tyr 500 Tyr Lys Las Pro Val
515 Pro Ser -Asn Pro Ser Thr Pro ,Ala Asn 530 Val Ala Pro 10 545 535 Phe
Arp Ay TheygSelsséden Lys Lys Pb. Tyr Gy Say 580 550 Gay p@ryusbsmnoeabd Arg
Asn Thy Ala G n Aso Asn Val Asn |Ile Akgsd@ u 490 495 Asp Lau Aso Gy Pro Arg
Lys Len the 505 510 His Val Arg Arg Ser Asn Phe Arg Lau 520 525 Val lle
Met Ile Gy Pro 540 Gy Thy Ay Ile Arg Au Arg Val Ala the Lau Gu Asn Val
Asp Asp 585 Asp Ay 15 Pro Gan Tyr Ala Lys Lys Lau 595 His Ser Arg Lou Pro
610 Lys Asp Tyr QGuir WS pro 129sB285n fnp evsThep Piggler GpsrrGhey 28450 Al a Lau Val Ay
. 530 535 540
Val Ile Met val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly Phe
) 545 550 555 560
5 Ile Gln Glu Arg Ala Ala Leu Ala ala Lys Gly Glu Lys Val Gly Thr
. 565 570 575
Thr Leu Leu Phe Phe Gly Cys Arg Lys Ser Asp Glu Asp Phe Leu Tyr
580 585 590
Lys Asp Glu Trp Lys Thr Phe Gln Glu Gln Leu Gly Asp Ser Leu Lys
10 595 600 605
Ile Ile Thr Ala Phe Ser Arg Glu Ser Ala Glu Lys Val Tyr Val Gin
€10 615 620
His Arg Leu Arg Glu His Ala Glu Leu Val Ser Asp Leu Leu Lys Gln
625 630 635 640
. 15 Lys Ala Thr Phe Tyr Val Cys Gly Asp Ala Ala Asn Met Ala Arg Glu
) 645 650 655 -
Val Asn Leu Val Leu Gly Gln Ile Ile Rla Lys Gln Arg Gly, Leu Pro
660 665 670
Ala Glu Lys Gly Glu Glu Met Val Lys His Met Arg Ser Ser Gly Ser
20 675 680 685
Tyr Gln Asp Asp Val Trp Ser
690 €95

<210> 7
25 <211> 36
<212> DNA
<213> human primer H. oxred 1A

<400> 7
30 gatcggatcc aatatgggag actcccacgt ggacac 36
<210> 8
<211> 36
<212> DNA
35 <213> human primer H. oxred 1B

) <400> 8B
gatcggatce aatatggogag actcccazcgt ggascac 36
40 <210> 9
<211> 22
<212> DNA |
<213> human primer H. oxred 2A

45 <400> 9
ctctgctete gtcaaccage tg - 22
<210> 10
<211> 35
50 <212> DNA
<213> human primer K. oxred 2B

<400> 10
gatcggtace ttagctccac acgtccaggg agtag 3s
55

<210> 11

<211> 20



660 600 555 560 Say Leu Ay Lys Hs Ile Lau 570575 The Lau Tyr G n Asp
Gn Trp 590 Say The G u Met Val Val Ala Asn Thy Lys Lys Val 615 G n Val
The Gu Net 630 Asp Ala Lys Gy Met 650 605 Tyr Val Gn Asp LysiPreg 3\620
I1e Ann As@ ¢Giyssél @ The 635 640 Ala Lys Ay Val Say ThpckhgodfvroSoy Arg 25
Ala Thr Qu Lou Ile 675 Asp Val Trpes$90 30 Lys Ay Lys Ser Ile Thy Thr
665 670 655 Asp Gu Met Leu Lys Thy Ser Ay Arg Tyr Gn Gu 680 685 c210>
38 <211> 693 <212> PRT <213> Aspergillus niger P450 reductase 35 <400> 38
40 Met Ala G n Leu Asp Thr Lou Asp Leu Val Val Lou Ala Val Lau Leo 1 5 10
15 Val dvy Ser VehR2>Atea Tyr she Thy Lys Gy Thr Tyr Trp Ala Val Ala 20 25 30
Lys Thy Arg Met & U PHe” S Pre®rigMet ken Ay Ala Ala Lys 35 40 45 Al a
Gy Lys Thr Arg Asn lle Ile Gn Lys Net Gn Au Thy Ay Lys 50 55 60 V Mh
Cysal Ile The Ty 1>n¥a @n Thy Ay Thy Ala Gn Asp Tyr 45 65 70 75 80
Al a Say Arg Lau éﬁg (Ig,y iﬁhu Ay Ser Gn Arg the Ay Lau Lys Thr 85 9D 95
Net Val Ala Asp Lau .d %og,y Tyr Asp Tyr. Gu Ann Lou Asp G n The 100 105 110
50 Pro G n Asp Lys Val Ala The she Val Lou Ala Thr Tyr Gy Qu Gy

<221> modified_base

10 <222> (9)...(9)
<223> I - Inosine

<221> misc_feature
<222> (1)...1(20)
15 <223> n = Inosine

<400> 11
gacggngeng gtacaatgga - 20
20 <210> 12

<211> 26

<212> DNA

<213> Aspergillus Primer A.oxred-revl

25 <220>
<221> modified_base
<222> (4)...(49)

<223> I - Inosine

30 <221> modified base
<222> (10)...(10)
<223> I - Inosine

<221> modified_base
35 <222> (16)...(16)
: <223> I - Inosine

<221> misc_feature
<222> (1)...(26)
40 <223> n = Inosine

<400> 12
ttangaccan acatcntcet ggtagc i 26

45 <210> 13
<211> 28
<212> DNA
<213> E. coli Primer pSport-forl

50 <400> 13
caagctctaa tacgactcac tataggga 28
<210> 14
<211> 22

55 <212> DNA

<213> Aspergillus Primer A.oxred-rev2



115
Au
Thr
Tyr
325
Gn
Ay
Net
Val
Au
Al a
Al a
Lys
Val

120 125 Qu Pro Thr Asp ken Ala Val @u she Tyr 130 135 Asp Val Ala She
Say Ala Ser 55 145 150 Leu Lys Tyr Val Ala The Gy Len 165 G n The Phe
Gy Asp 140 Ala Asp Gu.Lys Pro Lau Say Lys 155 160 Gy A$73 MRRQiEhr .
AQu Hs Tyr 170 175 1 3 APR NM WD 02/ 46386 10 15 20 25 30 35 40 45 50
Arg Asp Ile Lys Thr Tyr Ann Ala Net Val Arg Gan Val Asp Ala Al a Phe
Lys L0 @/463% o0 160 185 190 G n Arg lie fly Ser A a Kyussh@ai@dy Asp Asp
Ala Ay Thr Net 195 20D 205 G#H/Bin Asp Phe Len Ala Trp Lys Qu Pro
Trp Ala Ala Leu Ser 210 215 220 du Ser Net Asp Lou dh Gn Arg Gn Ala
Tyr Gn Pro Val 225 230 235 Cys Val Thr Gn Aso Qu Sur Lau Sex Pro
Asp A u Thr Val 245 250 255 Len Gy Gn Pro Thr Gn Sex H's 260 Tyr Ser
H's Asn Pro PHE [l e 275 260 Leu Phe Thr Val Lys Asp Arg Asn 290 295
Ay Ser Asn Lod Sér fyr &in 305 310 Pro Thr Mi Ala Ay Ala Lev Au dy
340 Thr Al a_Lys.val 355 Arg Tyr Tyr Net 37 O Thr Lou Ala Ala 385

Trp ValsAla Law &6 n Hs Ala
<212> DNA
<213> Aspergillus Primer A.oxxred-rev3

<400> 15

10 gtcaccctca ccagcagagc caatg 25
<210> 16
<211> 28
<212> DNA

15 <213> Aspergillus Primer A.oxred-revd

<400> 16 .
ccacattgcg asccatageg ttgtagtg 28
20 <210> 17
<211> 34
<212> DNA
<213> E. coli Primer pSport-for2

25 <400> 17
gccaagctct aatacgactc actataggga aagce . 34

<210> 18
<211> 27
30 <212> DNA
<213> Aspergillus Primer A.oxred-for2

<400> 18 .
gtcgacatgg cgcaactcga tactctcv 27
35 ‘ _
' <210> 19
<211> 31
<212> DNA
<213> Aspergillus Primer A.oxred-revd
40 '
<400> 19
ctcgagttag gaccagacat cgtcctggta g 3

<210> 20
45 <211> 24
<212> DNA
<213> Aspergillus Primer A.oxred-for3

<400> 20
50 ggatccctcg cgacctgtga tcat 24
<210> 21
<211> 38
<212> DNRA
55 <213> Aspergillus Primer A.oxred-ford

<400> 21




420 Ala Val Pro Phe 435 Arg Tyr Tyr Ser 450 Ser Ile Thr 465 Met Val Lys
Gn Asn Gy Hs Gy Pro 515 Arg His Ser 530 Net Val' Gy 545 Qu Arg Ala
Len Phe Phe Ala Gy Arg 500 Gu Val Ea{ Val 33/53 Pro Ile Pro Thy APBE@ 410
G n get | u Val Cys Ala Pro Val# 375 Phe Ala Pro i 405 Net
Arg Lys A‘ll“g"%%s‘g y Leu The Pro Ar g]@_—ﬁ” Ala Lau 505 @G ypﬁ"?@sﬁjs's?mger LeU Leu
Tie Gn Ay Ile Thy Ile Val Val 485 440 Bar Set Ser Set Lau 455 Val Gn
470 Thr Thr Ser Lou Sur Arg As,, Lys Tyr Asn Phe Lys Leu Gn 460 Pro

cgaagatttc ttgtacaagg atgaatggaa gacttttc 38

<210> 22
<211> 36
b <212> DNA
<213> Aspergillus Primer A.oxred-revé

<400> 22

ctgazaagtc ttccattcat ccttgtacaa gaasatc 36

10
<210> 23
<211> 18
<212> PRT
<213> Aspergillus 11aOH peptide 1
15
<400> 23
Ala Ala Rla Tyr Trp Leu Ala Thr Leu Gln Pro Ser Asp Leu Pro Glu
1 5 10 15
Leu Asn
20

<210> 24
<211> 20
<212> PRT
25 <213> Aspergillus 1120H peptide 2:

<400> 24
Cys Arg Gln Ile Leu Thr Pro Tyr Ile His Lys Arg Lys Ser Leu Lys
1 5 10 15
30 Gly Thr Thr Asp
20

<210> 25
«<211> 21
35 <212> PRT
<213> Aspergillus 11a0H peptide 3

<400> 25 -
His Met Gly Phe Gly His Gly Val His Ala Cys Pro Gly Arg Phe Phe

40 1 ) 10 15
Ala Ser Asn Glu JIle
20

<210> 26
45 <211> 20
<212> PRT
«<213> Human oxr peptide 1

<400> 26 ;
50 Cys Thr Tyr Trp Ala Val Rla Lys Asp,Pro Tyr Ala Ser Ala Gly Pro
1 5 10 15
Ala Met Asn Gly
20

55 <210> 27
<211> 526
«<212> PRT



Len Gn dy Thr Pro Lys Ay Pro 265 270 Ala Pro Ile Ala G u Ser Arg GQu

285 Cys Leu H15 Net Gn Ile Set

Lou 330

Ay Vval
Pro Net
Al a Sex

Ile Ash 345 Pro Thr Ser Val
Pro Sex Arg Asp 520 Pro Sur Arg 380 395 Gn Gy

Val Trp Gn Val Phu 335 Ay lle Asp 350 PCT/USQ/5]070 Phe 240 Tyr 320
Ala Gn Are Len s 400 Hs Gn

Asp Ala Al a Val

Arg Len

365 G n Phe Val

WPE?Z/“L%% Pro Phe Ser 43D Lys Lou Gn Pro

Hi s

10

15

20

30

40

45

50

55

480 Len Lys G n Lys 49

<213> Gibberella fujikurol CAR75565

<400> 27

Met Ala Asn His Ser Ser Ser Tyr Tyr

1 5
Ser His Thr Val Leu Thr Leu Met Ser
20 - 25
Ser Leu Ile Leu Gly Thr Cys Ala Vval
35 40
Lys Pro Gln Pro Leu lle Met Val Asn
50 55
Ser Asn Val Arg Ala Lys Arg Asp Phe
65 70
Leu Glu Lys Gly lLeu Lys Met Ser Pro
85
Gly Asp Val Gly Glu Leu His Ile Leu
100 ) 105
Val Arg Asn Asn Glu Lys Leu Ser Phe
11s 120
Phe Tyr Ala His Leu Pro Gly Phe Glu
130 135
Glu Ser His Ile Met Lys Leu Val Ala
145 150
Leu Thr Leu Vel Thr Gly Ala Val Ser
16S
Lys Asp Val Tyr Thr Asp Ser Pro Glu
180 185
Asp Ala Asn Met Lys Leu Met Ala Arg
185 200
Gly Lys Glu Met Cys Arg Asn Pro Gln
210 215 '
Tyr Ala Val Ile Ala Phe Arg Ala Val
225 230
Ser Trp Leu Arg Pro val val Gln Trp

Ser Arg Ala Leu Val Gln Glu Ala Arg

260 265

Glu Arg Arg Arg Glu Glu Lys Ala Glu

275 280

Val Thr Tyr Asn Asp Ala Val Glu Trp
290 295

Lys Gly Val Gly Tyxr Asp Pro Ala Cys
308 310 -

Ala Ala Leu His Ser Thr Thr Asp Phe

Ile Ala Gln Asn Pro Glu Leu Ile Glu
340 345

Ala Val Leu Gly Lys Gln Gly Trp Ser

358 360
Lys Leu Met Asp Ser Val Leu Lys Glu
370 375

Ala lle Ala Ser Met Arg Arg Phe Thr

385 390

Asp Gly Val Ile Leu Pro Lys Asn Lys

405

Gln His Trp Asp Pro Glu Tyr Tyr Lys

420 425

His
10

Glu
Leu
Gly

Thr

Asp
90

Pro
Thr
Gly

Arg

Glu
170
Trp

Ile
Trp
Glu
Phe
250
Asp
Ala
Leu
Ala
Phe
330
Pro
Lys
Ser

Thr

Leu
410
Asp

Glu
Lys
Leu
Arg
Phe
75

Lys
Pro
Met
FPhe
His
15%

Glu

His

Leu

Glu

238
Met

Leu

Glu

Asp

Gln

318

Thr

Leu

Asn

Gln

His

398

Thr

Pro

Phe
Pro
Cys
Lys
60

Gly
Pro
Lys
Ala
Arg
140
Gln
Cys
Asp
Ser
Axg
220
Leu
Pro
1le
hxg
AsSp
300
Leu
Gln
Arg
Ser
Aro
380
Asn

Leu

Leu

val
Ile
45

Phe

Ala

Phe

Ala
125
Glu
Leu
Ala
Ile
Axg
205
Ile
AXg
His
Asn
Thr

285
Leu

Glu
Leu
365
Leu
val

val

Lys

Lys

Ile

30
Gln

Gly
Arg
Arg
Ala
110
Phe

Gly

Leu
Thr

190
val

Leu
Cys
270
Gly
Ala
Leu
Met
Glu
350
Lys
Lys
Ser

Phe
430

Asp
15
Leu

Trp

Glu

Gln

Ile

95

Lys

Thr

His

Vval

175

Ala

Phe

Ser

Trp

Thr

255

Leu

Glu

Arg

Ser

Phe

335

Ile

Asn

Pro

Leu

Ala

415
Asp

Ile 300 Thy Ay Asp H's 315 Asp Arg Phe -
475 Asn Tyr Leuﬁi{@@ 0 Arg

Thr Ser Val e Ala

445 PGIUREIPYs |1e Ay

Len Asp Leo Len His

His
Pro
Leu
Leu
Leu
80
Met
Glu
Txp
Asn
Gln
160
Leu
Lys
Leu
Thr
Pro
240
Gln
Leu
Lys
Glu
val
320
Asp
Ile
Leu
Ile
Ser
400
His

Gly



Val
Ay
Lys

Asp
Asp
Lys
Asp
Lys
Ile
630
645
660
675

nouse <400> 39 Met s@ ¥s AgpreSer b SyrGrfrAdps PhivelSg@e X & Thr Val

510
Thr
Ay
Phe
Asn
Val

Leu
Au

Val

635
650
665
680

Pro Val

Ay val Ala

Gn

Lys Val

Lo 0Eyb38ky S

Len
Tyr

Lea Lys G n

Ser

The
640
655

H's Val 525 5er Asp Pro Say Arg Pro Ile'lie 535 540 Pro

Pro The Arg Ay Phe Ile Gn 550 555 560 Ala Leu Ala“Ala
Ay Pro Thr Val 565 570 575 Ay Cys Arg Lys BarAPRsgsQ u
Asp 580 585 590 G n Trp Lys Thr Tyr PETIUSABpO@ N Leo Ay

Lys Ile Ile 595 600 603085 Thr Ala Phe Sur Arg Gn Ay Pro Gn

Val

Ser
Tyr

Gn Hs Arg 610 615 620 Lau Arg Gn H's Ser Gn Len Val

Thr Ginh,e., ayrSENﬂL Tﬁyﬁo prméﬁep A aAhanAse Mt Ala Arg Gu Val

Sur

Lys AI a 1 3 APR 2005 WD 02/46386 5 10 15 20 165 Phe 25
The Val ysn IM)?;[ Sio . Asn Ile 65 70 75 80
@“ a” sy nthe” QLI‘% ﬁ(y K *I;ES g‘x ‘?’Hg Ale Aso 30 35 40 625

Asn

Let VakolLet Ay Aauslle lle AlgAla G n Arg Ay Let Pro Ala Qu
6705 Lys @symdaw ral @1y Metrnd/ade A1y SexrHi s cilvbte Aegifng Arg Ay Arg Tyr An
685 G DsAsp Val TrpsBay 690 <2103s 39 <211> @€¥8 <212> PAT <213>

Ala Gn du Val

Val Let Thr, Tyr ‘T"r‘ﬁ‘e‘Tﬁé 19780 ie™Ls L"‘B?:S“Zi“ﬁf B A°S™M e Pro Gat Phe Ser

Pro 1 5 10

Sex Let Ph®5Ser Thr Thf*®Asp Il e Val***2D 25 Let Ile Val Ay

Lys 11e G Thr THL ALR ceB: seo g sworps 2280 ALGLou Ser Lys 115 100 Asp
Pro Gs Gu

15

20

30

35

45

50

55

515 520 525

«210> 28

<211> 514

<212> PRT

<213> Neurospora crassa CABS1316

<400> 28
Met Glu Arg Leu Asp Ile Lys Ser lle Thr Asp Pro Ser Ala Thr Pro
1 5 10 15
Phe Ser Tyr Leu Val Thr Ala Phe Leu Leu Ala Val Val Val Tyr Ser
20 25 30
Leu Gln Gly Pro Arg Phe Pro Lys Asn Ile Lys His Leu Asn Pro Lys
35 40 45
Gly Pro Leu Glu Phe Ser Asp Thr Arg Pro Lys Lys Glu Phe Val Tyr
50 55 60
Gly Ser Arg Gln Met Leu Ala Asn Trp Phe Lys Ala Asn Pro Asn Lys
(13 70 75 80
Pro Cys Arg Val Ile Ser Asp Fhe Gly Glu Ala Ile Val Leu Pro Pro
85 90 95
Arg Met Ala Asn Glu lle Lys Asn Asp Asp Axrg Leu Ser Phe Thr Arg
100 105 110

. Trp Thr Tyr Lys Ala Phe His Gly His Leu Pro Gly FPhe Glu Gly Phe

115 120 125
Gly Glu Ala Ser Arg Glu Ser His Ile Val Gln Glu Val Ile Met Arg
130 135 ' 140
.Asp Leu Thr Lys Tyr Leu Asn Lys Val Thr Glu Pro Leu Ala Gln Glu
145 ' 150 155 160
Thr Ser Met Ala Met Glu Ala Asn Leu Pro Lys Ala Ala Asn Gly Glu
165 170 175
Trp Ser Thx Ile Asn Leu Arg Ser Lys Ile Leu Pro Ile Val Ala Arg
180 185 180
Ile Ser Ser Arg Val Phe Leu Gly Glv Glu Leu Cys Arg Asn Glu Glu
195 200 205
Trp Leu Lys Vel Thr Gln Gln Tyxr Thr Ile Asp Gly Phe Gly Ala Ala
210 215 220
Glu Asp Leu Arg Leu Trp Pro Ala Ala Leu Arg Pro Ile Val His Trp
225 230 235 240
FPhe Leu Pro Ser Cys Gln Arg Ala Arg Ale Asp Val Arg Val Ala Arg
245 250 255
Ser Ile Leu Asp Pro Val Leu Lys Lys Arg Arg Gln Glu Lys Ala ala
260 . 265 270
Asn Gly Gly Lyé Ala Glu His Asp Asp Ala lle Glu Trp Phe Glu Arg
275 280 285
Thr Ala Lys Gly Lys Tyr Tyr Asp Pro Ala Val Ala Gln Leu Val Leu
290 295 300



Asp Pro 145 Val as 90 95 Asp Ala Hs Arg Tyr Ay Net Arg Ay Mt sex Al a
305 110 Tyr Asp Lee Ala Asp Let Ser Ser Let Pro Gds Ile Lys Ser Let Val 130
Thr Asp Asn Ala Asp Let Thr Ay Thr Tyr Qu H's 180 Gu G n Let {GpRABS -
Asp Ay Asn Let 210 45 Pro Ala Val Cys 225 Ser Ile Arg Gn 50 Lys Val Tyr
Thr 260 Val dn 250 120 125 the Cys Net Ala Thr Tyr Ay 135 140 Asp The

Tyr Asp T(\Q)-@tﬁssg n 34/ 53 Val Lys the Ala Val Asn Ala Mt @%01/3‘@5 170 155
The Ay Lou n a Val is Let The @ 3D Lys Lys Lys FPro ro a‘f Gu @y
Asp Gu Thr Asp 360 . dy Asn Lys 275 Gn Arg Let 190 Lys Tyr Val Asp Al a
Gn Arg Ile Phe Gu 200 AQu Gu Asp Phe Ile Thr 215 G3u Phe The dy Val
Gn N
Ser Leu Val Ala Ile His Thr Thr Ser Asp Leu Thr Cys Gln Val Met
305 . 310 315 320
Thr Asn Leu Met Gln Asn Pro Glu Phe Ile Ala Pro Leu Arg Glu Glu
325 330 335
5 Met Jle Gln Val Leu Ser Glu Gly Gly Trp Lys Lys Thr Ser Leu Tyr
340 . 345 350
Asn Met Lys Leu Leu Asp Ser Val Ile Lys Glu Ser Gln Arg Val Lys
355 360 365
Pro Thr Gly Val Ala Ser Met Arg Arg Tyr Ala Glu Lys Asp Val Thr
10 370 375 380
Leu Ser Asp Gly Thr Phe Ile Pro Lys Gly Gly Phe Val Ala Val Ser
385 390 395 400
Ala His Asp Met Trp Asn Ser Glu Val Tyr Glu Gln Ala Glu Lys Trp
405 410 415
‘ 15 Asp Gly Arg Arg Phe Leu. Arg Met Arg Glu Thr Pro Gly Ala Gly Lys
) 420 425 430
Glu Asn Val Ala Gln Leu Val Sexr Thr Ala Pro Glu His Leu Gly Fhe
435 440 445
Gly His Gly Gln His Ala Cys Pro Gly Arg Phe Phe Ala Ala Asn Glu
20 450 455 460
Ile Lys Ile Ala Leu Val His Leu Leu Leu Asn Tyr Glu Trp Arg Leu
465 470 475 480
Pro Glu Gly Ser Asp Pro Lys Jle Arg Thr Phe Gly Phe Sexr Met Gly
485 490 495
25 Val Asp Pro Ser Leu Lys Val Glu Tyr Lys Gly Arg Gln Pro Glu lle °
500 505 510

Glu Leu

30 <210> 29
<211> 495
<212> PRT
<213> Catharanthus. roseus CABS56503

35 <400> 29
Leu Leu Phe Cys Fhe Ile Leu Ser Lys Thr Thr Lys Lys Phe Gly Gln

1 5 10 15

) Asn Ser Gln Tyr Ser Asn His Asp Glu Leu Pro Pro Gly Pro Pro Gln
20 25 30
40 Ile Pro Ile Leu Gly Asn Ale His Gln Leu Ser Gly Gly Bis Thr His
35 R 40 45
His Jle Leu Arg Asp Leu Ale Lys Lys Tyr Gly Pro Leu Met His Leu
50 55 60

Lys Ile Gly Glu Val Ser Thr Ile Vel Ala Ser Ser Pro Gln lle Ala
45 65 70 : 75 80
Glu Glu Ile Phe Arg Thr ﬁis Asp Ile Leu Phe Ala Asp Arg Pro Ser

85 90 95
Asn leu Glu Ser Phe Lys Ile Val Ser Tyr Asp Phe Ser Asp Met Val

100 105 110
50 Val Ser Pro Tyr Gly Asn Tyr Trp Arg Gln Leu Arg Lys Ile Ser Met
115 120 125
Met Glu Leu Leu Ser Gln Lys Ser Val Gln Sexr Fhe Arg Ser Ile Arg
130 - 135 140

Glu Glu Glu Val Leu Asn Phe Ile Lys Ser Ile Gly Ser Lys Glu Gly
56 145 150 155 160
Thr Arg Ile Asn Leu Ser Lys Glu Ile Ser Leu Leu Ile Tyr Gly Ile

165 170 175



Tyr 245 230 Gu Let Val Val Ay GQu Lys Pro Pro The Asp Ala 275 Asn Arg

- Lys Let Asn Gn 290 55 Let Asp Ile Ser Asp Ser 305 31D Ala Val Tyr Pro
Ala Aso His 250 Let Gay Let Ay Asp Asp 205 Tip Arg Gn G n The Trp 220

Al a Thr Ghy @4ks86235 G u Asp Met Asp Met Gy Arg Let Lys pavustysio@AtR 1865
270 G u Ser 240 Thr Ala 255 Asn Gamsiys Aso Pro rite Leu Ala Ala Val Thr
Thr 280 285 @y Thr QQu Arg His Let Net Hs Leu Gu 295 300 Lys Ile Arg
Tyr GQu Ser Gy Asp His Val 315 320 Asp Ser Thr Let Val Asn An lle Ay Qu
PCT/ USO /51070 13 APR 2005 WD 02/ 46386 PCT/USO /51070 35/53 325 330 335
Ile Lev Gay Ala REF™LE&T 2Ksp° Val™ P8 Jpt™ st "LeV ASAASh Lev Asp 340 345 350

Qu du Ser Asn !nxar VS 16 8o BLQPRE BT 0. QUSwPLa fhh. T Tyr Arg 5 355 360
365 Thr Ala Lev Thr Ty& Tyr Leu Asp Ile Thr I\/IaosPro Pro Arg Thr Asn 370 375
380 Val Ley Tyr aQakp ke \endN:-a sdzab hyrrndlea cBeteu AelkePie. sSer A u Gan G u 385
390 395 400 10 His:=kev His Lys:Net Ala Ser fer S5er Gy Qu Ay Lys Gu Leu
Tyr 405 410 415iyslreniySere cFv prsVed HiVals GpheMsavArge dugiHi s Ile Lev Ala |l e
Lev Gan 420 425 #30 Asp Tyr?®ro 5er Lev?® g Pro Pro?9e Asp H s Lev Cys G u
Lev Lev 15 435 790°4¥5 'ProY ArgveL et "G ﬂe ATSYAFY LW?QI'FW Ser Ile Ala 5er Ser

245
Sex LyS Va 450 1&%55;1 é‘i? Glu Lys Llys GJu Asp Leu Val Asp Val Leu Leu Asn Ile
260 265 270
Gln Arg Arg Asn Asp Phe Glu Ala Pro Leu Gly Asp Lys Asn lle Lys
275 280 285
15 Ala Ile lle Phe Asn lle Phe Ser Ala Gly Thr Glu Thr Ser Ser Thr
290 295 300
Thr Val Asp Txp Ala Met Cys Glu Met Ile Lys Asn Pro Thr Val Met
3058 310 315 320
Ly§ Lys Ala Gln Glu Glu Val Arg Lys Val Phe Asn Glu Glu Gly Asn
20 . 325 330 335
Val Asp Glu Thr Lys Leu His Gln Leu Lys Tyr Leu Gln Ala Val Ile
. 340 345 350
Lys Glu Thr leu Arg lLeu His Pro Pro Val Pro Leu Leu Leu Pro Arg
355 360 365
25 Glu Cys Arg Glu Gln Cys Lys Ile Lys Gly Tyr Thr Ile Pro Ser Lys
370 375 380
Ser Arg Val Ile Val Asn Ala Trp Ala Ile Gly Axg Asp Pro Asn Tyr
385 . 390 395 400
Txp 1le Glu Pro Glu Lys Phe Asn Pro Asp Arg Fhe Leu Glu Ser Lys
30 405 : 410 415
Val Asp Phe Lys Gly Asn Ser Phe Glu Tyr Leu Pro Phe Gly Gly Gly
_ 420 425 430
Arg Arg Ile Cys Pro Gly Ile Thr Phe Ala Leu Ala Asn Ile Glu Leu
438 440 445
35 . Pro Leu Ala Gln Leu Leu Phe His Phe Asp Trp Gln Ser Asn Thr Glu
450 "~ 455 460
Lys Leu Asn Met Lys Glu Ser Arg Gly Val Thr Val Arg Arg Glu Asp
46% 470 475 480
Asp Leu Tyr Leu Thr Pro Val Asn Phe Ser Ser Ser Ser Pro Ala
40 485 490 495

<210> 30
<211> 510
<212> PRT
45 <213> Glycine max AAB9458B

<400> 30

Met Val Met Glu Leu His Asn His Thr Pro Phe Ser Ile Tyr Fhe lle

1 5 io 15
50 Thr Ser lle Leu Phe lle Phe Fhe Val Phe Phe Lys Leu Val Gln Arg

20 25 30
Ser Asp Ser Lys Thr Ser Ser Thr Cys Lys Leu Pro Pro Gly Pro Arg
35 40 45

Thr Leu Pro lLeu Ile Gly Asn Ile His Gln Ile Val Gly Ser Leu Pro
55 50 55 60

Val His Tyr Tyr Leu Lys Asn Leu Ala Asp Lys Tyr Gly Pro Leu Met

65 70 75 80



Hs Pro Asn Ser Val Hs Ile Cys Ala Val Ala Val Qu Tyr Qu Ala 465 470 475
480 20 Lys Ser Ay Arg Val Asn Lys Ay Val Ala Thr Ser Trp Lev Arg Thr 485

490 495 Lys Qu Pro Ala Gy Gn Asn Gy Arg Arg Ala Lev Val PrO‘I%%PP;r@ﬁ 500
505 510 Val Arg Lys Ser Can Phe Arg Leu Pro Phe Lys Pro Thr-Thr 25
515 520 525 I1le Met Val Ay Pro Gay Thr Ay Val Ala Pro Phe Met Ay The Ile
530 535 54Q, u Arg Ala Trp Lev Arg Gn Gan Ay Lys _ G u Thr
545 550 558‘%%&%@ Lev Lev Tyr Tyr G y;Qys Arg Arg Ser As&%”ﬁgd,&/sﬁ%%%yr Lev
Tyr Arg 565 570 575 Gu GQu Lev Ala Arg Phe H's Lys Asp Ay Ala Lev Thr .
Gan Lev Asa 580 585 550 Val Ala The 5er Arg Qu Can Ala H's Lys Val Tyr Val
Gn Hs Lev 35 595 600 605 Lev Lys Arg Asp Lys GQu His Lev Trp Lys Lev 1lle
Hs Gn Gay Ay 6106l G201y Ak g21Hies rn|1ge Ty pai\iad sdryso @uy Asp Ala Arg Asn
Met Ala Lys Asp Val 625 6305635 640 40 *Gan Asn Thr *The Tyr Asp Ile Val Al a
Cu The Ay Pro Net''Gin °Hi §° *B45t 850 685 *=FTifF *T Fie M=aNVaF Asp Tyr Val Lys Lys
Lev Met Thr Lys Gy Arg TP 660 665 673 Ser Ley ASp Val Trp Ser 45 675
<210> 40 <231> 17 62% S"DRR 5D E2235™ baceT 'ophage M3 reverse priner <400>

36153 , 213> bact~ri oghaqe T7 promdster priner, 43 ARR 2005 PCT/USO /51070
,4co~ 42 taat ac. aGir Gacivaleagggn2tha 12367 véhZein 23S nrdBer 31222~ DNA ~223>
J~5per q! 12usocchrace~ Prinmer 138al phaOH f or:ss 400~ 42 uatseq~attc atgcccttct
t cact gggct 30 , 220 &3 c1u]HEu FNF3= P LeD PP 3ysD\1e 2133 Agpe gi | 2us ochraceus
Primer 220phaOHrev 163 170 175

Ser Glu Glu Gly Gly Ser Ile Phe Asn Leu Thr Gln Ser Ile Tyr Ser
180 185 190
. 15 Met Thr Phe Gly Ile Ala Ala Arg Ala Ala Phe Gly Lys lys Ser Arg
! 195 : 200 205
Tyr Gln Gln Val Phe Ile Ser Asn Met His Lys Gln Leu Met Leu Leu
210 215 ' 220
Gly Gly Phe Ser Val Rla Asp Leu Tyr Pro Ser Ser Arg Val Fhe Gln
20 225 230 : 235 240
Met Met Gly Ala Thr Gly Lys Leu Glu Lys Val His Arg Val Thr Asp
245 250 255
Arg Vel Leu Gln 2sp Ile Ile Asp Glu His Lys Asn Arg Asn Arg Ser
] 260 265 270
25 Ser Glu Glu Arg Glu Ala Val Glu Asp Leu Val Asp Val Leu Leu Lys
275 280 28BS
Phe Gln Lys Glu Ser Glu Phe Arg Leu Thr Asp Asp Asn Ile Lys Ala
290 295 300
Val Ile Gln Asp Ile Phe Ile Gly Gly Gly Glu Thr Ser Ser Ser Vval
30 305 310 315 320
Val Glu Trp Gly Met Ser Glu Leu Ile Arg Asn Pro Arg Val Met Glu
328 330 335
" Glu Ala GIn Ale Glu Val Arg Arg Val Tyr Asp Ser Lys Gly Tyr Val
340 345 350
35 Asp Glu Thr Glu Leu His Gln Leu Ile Tyr Leu Lys Ser Ile Ile Lys
. 355 . 360 365
) Glu Thr Met Arg Leu His Pro Pro Val Pro Leu Leu Val Pro Arg Val
370 375 380
Ser Arg Glu Arg Cys Gln Ile Asn Gly Tyr Glu Ile Pro Ser Lys Thr
40 385 390 395 400
Arg Ile Jle Ile Asn Ala Trp Ala Ile Gly Arg Asn Pro Lys Tyr Trp
405 410 415 R
Gly Glu Thr Glu Ser Phe Lys Pro Glu Arg Phe Leu Asn Ser Ser Ile
420 425 430
45 Asp Phe Arg Gly Thr Asp Phe Glu Phe Ile Pro Phe Gly Ala Gly Arg
435 440 . ; 445
Arg Ile Cys Pro Gly Ile Thr Phe Ala Ile Pro Asn Ile Glu Leu Pro
450 455 "460
Leu Ala GIn Leu Leu Tyr His Phe Asp Trp Lys Leu Pro Asn Lys Met
50 465 470 475 480
Lys Asn Glu Glu Leu Asp Met Thr Glu Ser Asn Gly Ile Thr Leu Arg
485 450 495
Arg Gln Asn Asp Leu Cys Leu Ile Pro Ile Thr Arg Leu Pro
500 505 510
55
<210> 31
<211> 524




20 , 400> 43 oéfctctaga ttacacagtt saactcpcca tatcgat 37 ~220> 44 | 2la~ 20

222> DM 25 | 2aB~ pFastBacl Pri~er Bacfwd ,400> 44 ctottttcgt aacagg@@ng@O
PcIyA 35 400> 45

230> 45 233> 39 232> DM , 223> pFaltBBcI Pr ~ner
cctct acaad Ottt at g , 21> 46 |, 223> %{ 40 ~212~ VN& ~215STRSHE L% 21 us
ochraceus Pri nmer 45624 to7l 45 50 ~AY0% 46 gzgatcaaga ttgcctt ~210> 47

, 232> 15 ~232> DN& <233> ; sspeigil 3us ochraceus Prinmer 45624-f0T2 , 400> 47
cttcgacgct ctcoa 20 is 27 |s ~210> 48 65 ~211~ 37 .222> DM ~233>

Asper ga2l us ochrageus: Prinmer 45624-revl 13 APR 1005 WO 02/ 46386
PCT/ USO / 51070 <3itf 53vesd00x5d8ogcamatbot t ga tctegtt 17 5 <210> 49 <211> 2403
<212> DNA <213> human cxi doreduct ase partial 590469 10 <400> 49 ggagactccc
acgt ggacac cagct¢tacét gtgtccgagg cggtgoccga agaagtatct cttttcagca
tgacggacat‘battd?@f?f”i@ﬁdf%ﬁfggf?Q@ﬁﬁ%f@éfhé%EEbeT@ﬁ ttcctcttca
gaaagaaaaa agaagéag}c cccg?g%ggm‘gg%%qgtgc%ﬂgacatt acc tcctcEgtca
gagagagcag ctttgtggaa aggat oaaga aagcggggag gaagﬁtcaf 15 gtgttctacg

gctcccagac 99993a¢s gea.g9ag9aoht L8 £LARCEOE .1 H.L6R809RC 9cccaccgct
acgggat gcgipaggcat gt casgcggaccct g @ggagt at ga cgt agccgac ctgagcagcc
t gccagagat cgacaacseerLisggéggh e i€ trycat ggoncag eloaegge 0agggagacc

gatctctctg

Ccaccgacaa tgcccagygac ttctaccaet ggctgcaggae gacagacgtg
20 aat gccatgg

gggt ceagt t cgcgg@gbfﬂaggTéﬁt g@ﬁIatéaQEUE?awdﬁaE%a@tFe
geaagt acgt,;09acdageeq, of, araq 295 AEAgE cGea. 95053t et 1Y

Gly Glu Leu Ile Leu
95
Ile Arg Asn Asp Pro Arg Leu Ser Phe

105 110

Pro Pro Asp Phe Ala Asp Glu

100
Phe Glu

20

25

30

35

45

50

65

Ser Lys Ala
115
Thr Val ala
130
Arg Lys Gln
185
Arg Glu Ser
Trp Arg Ala
Ile Ser Sexr
195
Trp Leu Lys
210
Thr Asn Leu

225
Phe Leu Pro

Gly Ile Ile

Jle Ala
275

Trp Ser Glu
290

Pro Val Ile

305

Tyr Asp Leu

Ala

Tyr Ile Glu

Gly Trp Lys
355
Ile Lys Glu
370
Arg Tyr Val
385

Lys

Ile Tyr Asp Asn Pro Glu Val Tyr

Ala Met Gln Asp

Leu Val Gly RArg

Asn His Ala
120
Glu

135"

Leu Thr Lys His
150
Thr Leu Ala Val
165
Ile Arg Leu Lys
180 )
Arg Ile Tyxr Leu

Ile Thr Lys Thr

215

Arg Met Phe Pro
230

Glu Cys Arg Lys

245
Thr Pro-Leu
260
Alea Gly Gln Pro

Ile

Glu

295

Phe Gln Leu Thr

310

Leu Glin Gln Thr
325

Pro Leu Arg Gln

340

Lys Thr Thr

Gln Glu Ala

Leu

Met
375

Ser Gln Arg

Thr Glu Asp
390

Gly Thr Arg Leu Asn Val Asp

405

Ile Thr

Leu Ser Ala

Leu Asn

170
Pro ala Ile
185

Ser

Gly Ile Pro Gly
125

140
Val Ile Glu Pro
155
Phe Gly Glu Thr
Leu Asp Ile Ile
190

Gly Asp Gln Leu Cys Arg Asn

200
Tyr Thr Thr

Arg Ser Ile

Leu Arg Gln Glu Arg Lys

. 250

G]u Arg Arg
265

Leu Pro Val

280

Ala Ala Gly

Leu Ser Leu

Ile Asp
330

Glu Val val

345

Lys Met

Met

Phe
360
Lys Pro Gly
Leu Ser

Asn Arg
410

Asn Pro Tyr Arg Fhe

. 205
Asn Phe Tyr Thr
220
Axg Pro Leu
235

Ala

Asp

Axrg Glu Leu Arg

270

Phe His Asp Ala

28S

Thr Gly ala

300

Leu Ala Ile His
315

Leu Gly Arg His

Ser

Gln Leu Leu Arg

350

Lys Leu Leu Asp

365

Ser Ile val

380

Ser Gly Leu Thr
395

Arg Leu Asp

Thxr

Asp

Asp Gln Leu Ile Gln Lys Val

Leu

Thr

175

Ala

Glu

Ala

His

Ala

255

Arg

Ile

Phe

Thr

Pro

335

Glu

Ser

Met

Leu

Pro
415

Ala

ser
160
Glu

Arg

Ala
Ser
TIp
240
Ile
Ala
Asp
Asp
Thr
320
Glu
Glu
Ala
Arg
Lys

400
Lys

Tyr Asp Met



g agctggggt tgg9cgacga cgat gggaac ttggaggagg acttcatcac ctggcgagag
1-3 APR 2005

cagttctggc
att cgccagt
oagat gggce
ttcctggctg
cacct ggagj,
gt gt acccag
ct ggacgt cg
ccgtgccecta
cgt accaacg
ct gcgcaaga
gaggcccgga
gaccacct gt
t ccaaggt cc

cggccgtgtg
acgagctt gt
ggct gaagag
cagt caccac
hasagat cte
ccaacgactc
tcat gt ccct
cgtcctaccg
t gct st acga
t ggcctcctc

t gaacacttt
ggt ccacacc
ct ac9agaac
caaccggaag
ggact ccaaa
tgctctcgtc
gaacaacctg
cacggccetc
oct ogcocag
cf2ecggcgag

ggggt gaaag
gacet agat g

caaaagcccc
ct 9aaccagg
at caggtatg

aaggdzact gg
gat gaggagt
acct act acc
t acgcct cgg

gge&aaggagce

ccact ggcga
cggccaaggt
cctttgatgc
gaaccgagcc
eat ct gggga
gcaaaat cct
ccaacaagaa
t ggacatctc
agccct ggga
t gt avct gag

ggcacat ctelygge cat ‘et by Eafjgatt geeencyt Eecryty
gt gagct gct*3yccgcacct g

aét act ccat

: “¢aggcccgcet
,acccciatt &1t Ba%éﬁg'Tb%é@@b@@g:ﬂ?@fﬁdﬁﬁfﬁ

gccggecgeat caagaaggqg, cgt ygcgace aagt gact o, 999¢£339¢a
g ttcgtgcgea agtcccagid,

gagaacggcg gccgtgeget ggtg
- ttcaaggcca ccacqelhghsLal cAl.Qgte B0aE LOGE A GeH89L:G06R

L@t

ggcct cat cc aggagcgggc ctgget 9cgn cagcagggca aggagleggg
ctgttctacgogct geagoggectiec ggabgay sgant aochgtscace gggagya
ttccacaggg acggtgcgct cdtccagctc aa®gyt ggcct tcté€cggga
't FadayeacCt gt ggaa

aaggt Ct aCg t ccadteace t1 20Tt &ddgtea ®

ggcggt gccc acat ct acgt’ct gt ggggat
accttctacggacat ¢gtogc tgagctcggg gecat gaage
at caagaaac tgat gaecaa gggccgctac ttcctggatg
t gccccaccc accceaeaga ctccggectg taatcagetc
ctcctgggt g t gt t kgegctspergigfoe té-gye BOMEFGgcocagy
t gggcct ggg gt gcat cctc ctcagcccce agoccaggt g

gcecagccc

®gggectfe |
ggt ggct gca cagaagggct c

cacggaaca

t ggccaggga
acgcgcaggc
t gt ogagct a
tcctggctcc
cccagt gaca
aggtccaccg

%?;9919 G2C80 99ct gcat 9C, etct ggagge
tfctctct gctgagetgyg cecagggccet

ggagt ccagc
gt acat gggg
caagaat ccg
ccacctcatg

CpepasdBsdn

gggt gccgac
gcacccettc
caacccgccg
gcgggagcetg
ctggatgotg
gccccccatc
cgcctcatcc
cgagaccaag
gcctgtcggg
acgcctgccc
ccctttcata
ggacacgctg
gctggcgcag
gcagt cccac
gt t gat cgaa
t gt gcagaac
ggt ggact ac
ggggcectgece
ct cccgt agt
aagactcctc
gcccctggcece
tctggccctc
ccacgtgatt

t ccagt gagt gt aaakaat hepliaaadlcnane oy cbgge eed 1i- ggaatl adagt tctgttttct

50

<211> 676 55 <212>:2PNT <213> human cytochromwe P450 reductase,

25

30

35

40

45

50
gta <210>
parti al

AAB22814. 280 328 =X B0 2240 L=v300 Lev360rew 4R2(Leu 4805 8407y 600 660 720 780

840 900 960

30

35

40

45

50

55

3020 %1080 3140 °3200 1260 *1320

Arg Arg Ser Asp Leu Pro Val Phe Asn Pro Lys Thr Txrp Trp Glu Leu
50 55 60
Thr Thr Met Arg Ala Lys Arg Asp FPhe Asp Ala RAsn Ala Pro ser Trp
65 70 75 80
Ile Glu Ser Trp Phe Ser Gln Asn Asp Lys Pro Ile Arg Phe Ile Val
85 90 98
Asp Ser Gly Tyr Cys Thr Ile Leu Pro Ser Ser Met Ala Asp Glu Phe
100 105 310
Arg Lys Met Lys Glu Leu Cys Met Tyr Lys Phe Leu Gly Thr Asp Phe
115 120 125
His Ser His Leu Pro Gly Phe Asp Gly Phe Lys Glu Val Thr Arg Asp
130 135 140
Ala His Leu Ile Thr Lys Val Val Met Asn Gln Phe Gln Thr Gln Ala
145 150 155 160
Pro Lys Tyr Val Lys Pro Leu Ala Asn Glu Ala Ser Gly Ile Ile Thr
165 170 175
Asp Ile Phe Gly Asp Ser Asn Glu Trp His Thr Val Pro Val Tyr Asn
180 185 190
Gln Cys Leu Asp Leu Val Thr Arg Thr Val Thr Phe Ile Met Val Gly
195 200 205
Ser Lys Leu Ala His Asn Glu Glu Trp Leu Asp Ile Ala Lys His His
210 215 220
Ala val Thr Met Alas Ile GIn Rla Arg Gln Leu Arg Leu Trp Pro Val
225 230 235 240
Ile Leu Arg Pro Leu Val His Trp Leu Glu Pro Gln Gly Ala Lys Leu
245 250 255
Arg Ala Gln Val Arg Arg Ala Arg Gln Leu Leu Asp Pro Jle Ile Gln
260 265 270
Glu Arg Arg Ala Glu Arg Asp Ala Cys Arg Ala Lys Gly Ile Glu Pro
275 280 285
Pro Arg Tyr Val Asp Ser Ile Gln Trp Phe Glu Asp Thr Ala Lys Gly




3360 2440 1500 3560 3620 1680 3740 1800 3E60 1920 1980 2040 2200
2360 2220 2280 2340 2400 2403 1 3 APR 2005 AA O 02/46386 5 38/5 <4D0>

50 Ay i s Val Asp The Ser Say Thr Val 5er RIZM&
15 de dqgﬁ%?ﬁ 8or Lee The Ser Met 5 Asp Met Ile LenA&fﬂgMgbeI/ﬁk@n 20 25 30
Ile Val Gay Lee Lee Thr Tyr Tip The Lee The Arg Lys Lys Lys Qu 35 40 45

GQu vVal 50 Pro Qu Phe Thr Lys Ile G n Thr Lau Thr 5er Ser Val Arg 55 60
Val Qu Lys Net Lys Lys Thr Ay Arg Asn Ile Ile 70 75 80 30 Gan Per Per The
65 Val The 15 20 2% Tyr Ay 5eps Gn Thr GapoThr Ala Gu G u Phe Ala Asn Arg
85 90 95 Lee Serwbys PsprAlarpict e Flyer 23wyt NettrdArlg cBl y Met Say Al a Asp
100 105 110 Pro ®¥n du Tyr Ap Lou Ala A%p Lan 5er 3 Lee Pro Au lle Asp
115 120 125 Asn”N‘%f ﬁ_éé’“\?aﬂ “?/érf“ Thé? GNe‘f )ﬁld-‘**’rﬁr VelTyr ‘"dy Gan 130 135

140 Thr Asp ? AsLQ hg T% AS}Q E g ? 245" 150 155 Asp
rg His Yo Hi u 1u g Asp'Glu e Arg )
Lau Say Gy VaI yagﬂ6 ?o Tyr @u H's The Asn
Ala Met Gay Lys Jyaly\é@,l Gzésgg H&KG@Q Ai.,eser QiuMyAs,g Leu Lys L
355 360 365
10 Leu Asp Ser Cys Leu Lys Glu Ser Gln Arg Val Lys Pro Val Glu Cys
370 375 380
Ala Thr Met Arg Ser Tyr Ala Leu Gln Asp Val Thr Phe Ser Asn Gly
385 390 395 400
Thr Phe Ile Pro Lys Gly Glu Leu Val Ala Val Ala Ala Asp Arg Met
15 405 410 415
Ser Asn Pro Glu Val Trp Pro Glu Pro Ala Lys Tyr Asp Pro Tyr Arg
420 425 430
Tyr Met Arg Leu Arg Glu Asp Pro Ala Lys Ala Phe Ser Ala Gln Leu
435 440 445
20 Glu Asn Thr Asn Gly Asp His Ile Gly Phe Gly Trp His Pro Arg Ala
450 455 460
Cys Pro Gly Arg Phe Phe Ala Ser Lys Glu Ile Lys Met Met Leu Ala
465 470 475 480
Tyr Leu Leu Ile Arg Tyr Asp Trp Lys Val Val Pro Asp Glu Pro Leu
25 485 490 495
Gln Tyr Tyr Arg His Ser Phe Ser Val Arg Ile His Pro Thr Thr Lys
500 505 510
Leu Met Met Arg Arg Arg Asp Glu Asp Ile Arg Leu Pro Gly Ser Leu
515 520 525
30
<210> 33
<211> 38BB
<212> PRT
<213> Gibberella fujikuroi CAAR75567
35
’ <400> 33 .
Met Lys Tyr Thr Thr Cys Gln Met Asn Ile Fhe Pro Ser Leu Trp Ser
1 5 10 15
Met Lys Thr Ser FPhe Arg Trp Pro Axrg Thr Ser Lys Txp Ser Ser Val
40 20 25 30
Ser Leu Tyr Asp Met Met Leu Arg Thr Val Ala Leu Leu Ser Gly Arg
35 . 40 45
Ala Phe Val Gly Leu Pro Leu Cys Arg Asp Glu Gly Trp Leu Gln Als
50 55 60
45 Ser Ile Gly Tyr Thr Val Gln Cys Val Ser Ile Arg Asp Gln Leu Phe
65 70 75 80
Thr Trp Ser Pro Val Leu Arg Pro lle lle Gly Pro Phe Leu Pro Ser
85 90 95 |
Val Arg Ser Val Arg Arg His Leu Arg Phe Ala Ala Glu Ile Met Ala
50 100 105 110
‘Pro Leu 1le Ser Gln Ala Leu Gln Asp Glu Lys Gln His Arg Ala Asp
115 120 125
Thr Leu Leu Ala Asp Gln Thr Glu Gly Arg Gly Thr Phe Ile Ser Trp
130 135 140
55 Leu Leu Arg His Leu Pro Glu Glu Leu Arg Thr Pro Glu Gln Val Gly
145 150 155 160
Leu Asp Gln Met Leu Val Ser Phe Ala Ala Ile His Thr Thr Thr Met



220
Thr

Gan
Pro
du
Lee
Tyr

Lee
345
Say
Trp

—

180 185 dy Ala Gn Arg Ile The Gan
Cys Gn H's Phe 35 225 230 215 dy Val
Mt Ay Gu Net Ay Arg Leo
290 275 280 Lee Ate G n Gay Thr
Pro Ala Asn Asp 325

peBsden Asp 45 50 55 G n 340 Ser Asn Lys Lyscr33a/4HAR Lee Thr
Lee Tyr Gu Lau Ala 38hsjee Arg Lys Net Ala 405 Cys Pro Say
Ile Arg Tyr 5er Ala Lee Val
375 Gan Tyr Al a Ser
420 425 Lee Ay Leo Ay 205

30 Al a Val
Val
Asp Ala Lys Asn Pro The Arg Lys
40 Asp Il e S5er Asp 5er

Lou
Phe
Arg
Ay A,
Tyr
Arg
H s
Ay
Arg

370

Pro Pro Ile Asp 435 440 295
360 Lee Asp Ile Thr
Val
du Gan

10

15

20

25

30

40

50

55

Hi s

Pro Phe Pro
Ser Trp Val

220

Leu Thr Lys

Ala
Glu
Ser
Leu
225
val
Ile
His
Phe
Leu
305
Gly
Arg
Ala

Met

Met
385

<210> 34

Pro
Pro
210
Asp
Thr
Lys
Met
Glu
290
Axg
Pro
pPhe
Lys
Arg

370
Arg

245 Val

Leu
195
Asp
Ser
Pro
Leu
Ser
275
Asn
Ser
Asp
Phe
TYr
355

Val

Arg

<211> 525
<212> FRT
<213> Gibberella fujikuroi CAA76703

<400> 34
Met Ser Lys

1
Gln

Trp

His

Arg

€5

Glu

Ile

Asn

Gln
Leu
val
50

Ser

Gly

Phe

Leu
Ile
35

Leu
Val
Gly
Gln
Ile
115
Pro

Leu

Lys

Tyr

Lys

165 290 Lee Gn Oe Asp The 1le

S,

Gan Ala Arg Arg Hi s

180
Arg

Ile

Phe

Ser

Gln

260

Glu

Pro

Ile

Tyr

Ala
340
Asp

Gly

Arg

Ser

Vval

20

Ser

Phe

Ser

Vval

100

Asp

Phe

Gln

Leu

165
Val

Thr
ovs
Ile
Arg
245
Arg
Glu
Ser
Lys
Leu
Ile

Phe

Thr

Val

Glu

Ile

Arg

230

Arg

Gly

Thr

Pro

Gly
310

Tle

Ser

Glu

Trp

Met

Asn

215

Glu

Val

Thr

Pro

Arg

295

Gln

Phe

Glu

Leu

Thr
375

Glu Levu
185

Gln Asp

200

Lys Glu

Val Gln

Met Lys

Ser Ile
265

Thr Phe

280

Ile FPhe

Cly Ser

Asn His

Ile Lys
345

Glu Asp

360

Arg Leu

Asn Ser Met Asn Ser

5

Leu
val
Ser
Glu
Ile
85

Arg
Glu
Ile

Ser

val

Gly
Ale
Ser
Pro
70

Ile
Lys
val
Asn
Asp

150
Ser

Leu
Phe
Ser
55

Thr
Gly
Leu
Arg
Asp
135

Leu

Leu

Asp Arg
25

Gly Ala

40

Thr Val

Trp Leu

Gln Gly

Gly. Thr
105

Lys Leu

120

Phe Ala

Gln Asn

Thr Lys

170
Val

val
Rla
Arg
Ser
250
Ala
Ser
Asp
Gln
Gly
330
Met

Gly

Asp

Thr
10

Met
Txp
Lys
Leu
Tyr
90

Asp
Ser
Gly

Arg

Vval

305 310 Val

Tyr

Lys Arg Pro Glu

Phe
Leu

Trp
235
Met
Phe
Pro
Gly
His
315
Lys
Ile

Lys

Thr

Ser
Pro
Leu
val
Arg
75

Asn
Ile
Gin
Gln
Val

155
Met

Gly

Ser

220

Cys

Thr

Pro

Asp

Phe

300

Gln

His

Leu

Pro

Lys
380

His

Leu

Cys

Pro

60

Leu

Lys

val

Asp

140

Ile

Lys

Pro
205
Arg
Pro

Leu

Ala

190
Asp

Leu

Ser

Ser

His

/270

Phe
285
Arg
Ala
Ala
Ile
Gly

365
Ala

Glu
Net
Ser
45

val
ATg
Phe
Ile
Lys
125
Thr

Gln

Glu

Ser
Tyr
Ala
Cys
Glu
350

Pro

Gly

Thr

Asp

30

val

Fhe

Lys

Ile

110

Arg

Gln

Glu

175
Tyr

Ala
His
Thr
Asn
255
Ala
Ser
Leu
Thr
Pro
Leu

Glu

Leu

Leu
15

val
val
Gly
val
ASp
95

Pro
Arg
Gly

Arg

Leu

Ile
val
Lys
Phe
240
Gly
Ile
Asp
Asn
Thr
320
Gly
Leu

Leu

Glu

Phe

His

lle

Tyr

Trp

80

Ser

Pro

Ser

Met

Leu

180
Asp

390 5er b5er



Ala Thr Gy Gan 235 Thr Asp Ile Asp 25D Lys 5er Tyr Qu Gy Asp Pro Thr
Asp Val 160 Asn Lys Thy -175 Arg Lee Gu 190 Asp Asp Asp Ph. Q ujTrppR 25050
Ser Ear 240 A . Ala Lys 255 Asn Gan Lys 270 Lee Ala Ala Val Thr Thr Asn -
285 Hi s heeodstsddi s Lee Gu Lee 300 Gan Ser Ay Asp Hi sp&RUSAMs2070315 320
Val Ass Gan Lee @y Lye Ile 330 3388/5%er Leu Asn Asn Len Asp G n Cys Pro
Thr 5er 365 Aso Pro Pro Arg 380 Qu Pro 5er Qu 395 du dy 410 Ile Lee
350 Tyr Arg Thr Thr Aso Val Gn GQu Lee 400 Lys Oe Lee Tyr Lee 425 his
Ile Lou Gn Asp 430 H's Lau Cys Ae Lou Len Pro 1171;15 PC 1USO /5] 070 13 APR

255 VD 02/ 46386 5 10 Leu Thr Lys Glu Met Pro Asp Met Lys Asn Asp Glu Trp Val
180 T 185 190
Glu val Asp Ile Ser Ser Ile Met Val Arg Leu Jle Ser Arg Ile Ser
5 195 200 205
ﬁla Arg Val Phe Leu Gly Pro Glu His Cys Arg Asn Gln Glu Trp Leu
210 215 220
Thr Thr Thr Ala Glu Tyr Ser Glu Ser Leu Phe Ile Thr Gly Phe Ile
225 230 . 235 240
10 Leu Arg Val Val Pro His Ile Leu Arg Pro Phe Ile Ala Pro Leu Leu
245 250 255
Pro Ser Tyr Arg Thr Leu Leu Arg Asn Val Ser Ser Gly Arg Arg Val
260 265 270
Ile Gly Asp Ile Ile Arg Ser Gln Gln Gly Asp Gly Asn Glu Asp Ile
15 275 280 285
Leu Ser Trp Met Arg Asp Ala Ala Thr Gly Glu Glu Lys Gln Ile Asp
290 295 300
Asn Ile Ala Gln Arg Met Leu Ile Leu Ser Leu Ala Ser Ile Bis Thr
305 310 315 320
20 Thr Ala Met Thr Met Thr Bis Ala Met Tyr Asp Leu Cys Ala Cys Pro
325 330 335
Glu Tyr Ile Glu Pro Leu Arg Asp Glu Val Lys Ser Val Val Gly ala
) 340 345 350
Ser Gly Trp Asp Lys Thr Ala Leu Asn Arg Phe His Lys Leu Asp Ser
25 355 360 : 365
Phe Leu Lys Glu Ser Gln Arg Phe Asn Pro Val Phe Leu Leu Thr Phe
370 37% : 3o
Asn Axg Ile Tyr His Gln Ser Met Thr lLeu Ser Asp Gly Thr Asn Ile
385 390 395 400
30 Pro Ser Gly Thr Arg Ile Ala Val Pro Ser His Ala Met Leu Gln Asp
405 410 415
Ser Ala His Vel Pro Gly Pro Thr Pro Pro Thr Glu Phe Asp Gly Fhe
420 425 430
Arg Tyr Ser Lys Ile Arg Ser Asp Ser Asn Tyr Ala Gln Lys Tyr Leu
35 435 440 445 _
Phe Ser Met Thr Asp Ser Sexr Asn Met Ala Phe Gly Tyr Gly Lys Tyr
450 - 455 460
ala Cys Pro Gly Arg Phe Tyr Ala Ser Asn Glu Met Lys Leu Thr Leu
465 470 475 480
40 Ala Ile Leu Leu Leu Gln Phe Glu Phe Lys Leu Pro Asp Gly Lys Gly
485 490 495
Arg Pro Arg Asn Ile Thr Ile Asp Ser Asp Met Ile Pro Asp Pro Arg
500 508 510
Ala Arg Leu Cys Val Arg Lys Arg Ser Leu Arg Asp Glu
45 515 520 525

<210> 35
<211> 294
<212> PRT
50 <213> Fusarium oxysporum CAAS7874

<400> 35
Met Ala Pro Met Leu Arg Pro Leu Val Tyr Arg Phe lIle Pro Glu Arg

1 5 10 15
55 Ala Arg Ile Lys Asp Gln Trp Thr Lys Gly Arg Lys Arg Val Met Ala
20 25 30
Ser Met Arg Glu Arg Gln Glu Lys Gly Gly Asn Leu Glu Asp Pro Pro

BNy



39/53 Arg Lau G n Ala Arg Tyr Tyr Ser Ile Ala Ser Say 450 455 46 n
R

Ser Val

Hs Ile Cys Ala Val Val vVal Au 465 470 . 475 Ala Ay Ar

Lys Gy Val Ala Thy . Asn Trp 485 490 Gu Pro Val Ay Qu Asn Ay Ay Arg Ala

Lau Val
The 460

500 505 Ser Lys Val H's Tyr Qu Thr Lys Lau Arg Ala Pro Met 530 495
Lys Val Arg Lys Ser Gan Lou Arg Lau Pro The Lys Ala Thr Thr Pro Val

I'le 515 [R4Q.ad8¢Met Val @y Pro @y Thr @y Trp H's PropEhmisbiQefd y The Ile
Gn 530 535 540 Gn Arg Ala Trp LouygAsg Gn Gn Ay Lys Gu Val Ay du Thr
Lou 545 550 555 560 15 Lau Tyr Tyr Ay Cys Ara Arg Sex Asp G n Asp Tyr Lau

Tyr Arg

Gn 20 25 30 675 <210> 51 <211> 677 <212> PAT 35 <213> human

NADPH- i er ri henopr ot e| n reduct ase A60557 <400> 51 Met Ay Asp Ser H's Val Asp

Thr Ser
Phe Sex
Hs Arg
G n Sex
GQu H's
Cys Ay
Tyr Asp
Asp Tyr
Val Trp S
Lys Lys

Ser Thr Val 10 355 a du du Val Ser Lau
Net Thr \Aééml\fb‘f P17 e E"% ‘ﬁ*fé Gge?rgz'ﬁ? SI% éd Gn Lau Ala Gan The

Asp Gy ALaﬂLG@yLemHn@uquﬁu Gﬁmtvxa,uém =8va2@0 Ala Phe Ser Arg Gn
Hi ss Lys dal Tyr Val & n Hs Lau kau 595 600 4605 Lys , G n Asp Axg
Lau Trp duySalsatisr:lree €& Wer@ny rhd din MaanHing 2610 v&rl5 620 |1le Tyr Val
Asp Ala Arg Asn Mst Ala Arg Asp Val G n Ass 625 630 635 640 Thr The
| le Val A} aisGuskagyr Geyfhrﬁalam@trs GureiHvs o ger&GIn - 645 650 655 Al a Val
Ile Lys Lys Lau*™et Thr s@y Arg ¥r ¥er Lau 660 665 670 Asp
se¥ 20 2‘5’° 36 =1 %0 * "éy%{’l ”Gf”if LP_"bﬁf"lféﬁ SHP FYr=Ti p Phe Lau 'he Arg

LyS 35 Asp {.ys €u Asp Ser Fhe leu Lys Glu Ser Gln Arg Phe Asn Ser Pro
130 135 140
Asp Leu Ser Met Ser Asn lLeu Lys Asn Tyr Lys Leu Cys Glu Ser Leu
15 145 150 155 160
Thr Gly His Ser Asn Leu Pro Thr Arg Thr lle Ala Asp Met Lys Leu
165 170 - 175
Pro Asp Gly Thr Phe Val Pro Lys Gly Thr Lys Leu Glu Ile Asn Thr
180 185 190
20 Cys Ser Ile His Lys Asp His Lys Leu Tyr Glu Asn Pro Glu Gln Fhe
195 200 205
Asp Gly Leu Arg Phe His Lys Trp Arg Lys Ala Pro Gly Lys Glu Lys
210 215 " 220
Arg Tyr Met Tyr Ser Ser Ser Gly Thr Asp Asp Leu Ser Trp Gly Phe
25 225 230 235 240
Gly Arg His Ala Cys Pro Gly Arg Tyr Leu Ser Ala Ile Asn Ile Lys
245 250 255
Leu Ile Met Ale Glu Leu Leu Met Asn Tyr Asp Ile Lys Leu Pro Asp
260 265 270
30 Gly Leu Ser Arg Pro Lys Asn Ile Glu Phe Glu Val Leu Ala Ser Leu
275 280 285
Asn Ala Cys Ala Asn Ala
290

35 <210> 36
| <211> 510
<212> PRT
<213> Caenorhabditis elegans CAAR91268

40 <400> 36
Met Ala Leu Leu Jle Leu Ser Ser Leu Val Ile Sexr lle Phe Thr Phe
k 5 10 15
Phe Tle Tyr 1le Ile Leu Ala Arg Arg Glu Arg Phe Lys Leu Arxrg Glu
20 25 30
45 Lys Ile Gly Leu Ser Gly Pro Glu Pro His Trp Phe Leu Gly Asn Leu
35 40 45
Lys Gln Thr Ala Glu Arg Lys Glu Lys Leu Gly Tyr Asp Asp Ala Asn
50 55 60
Arg Trp Phe Asn Glu Leu RHis Glu Gln Tyr Gly Glu Thr Phe Gly Ile
50 65 70 75 80
Tyr Tyr Gly Ser Gln Met Asn Ile Val Ile Ser Asn Glu Lys Asp 1le
85 90 95
Lys Glu Vval Phe Ile Lys Asn Phe Ser Asn Phe Ser Asp Arg Ser Val
100 105 110
556 Pro Ser Ile Tyr Glu Alas Asn Gln Leu Thr Ala Ser Leu Leu Met Asn
115 ' 120 125
Ser Tyr Ser Ser Gly Trp Lys Kis Thr Axg Ser Ala Ile Ala Pro 1lle



Asp
Pro
235
25D
265
275
290

du
Au
Val

Lou
Pro

Val Pro @u Phe Thr Lys Ile Gan Thr Lou Thr Ser Ser Val 50 55 60
Sex Ser The Val Gn Lys Net Lys Lys Thr Gay Arg Asn Ile 65170ppRE)(BO

“The Tyr Ay Ser Gn Thr. Gay Thr Ala Au du The Ala Ash 65 90 95 50

SKP 02/46386Asp Ala His Arg Tyr Ay net Arg Ay Net BekUH1£107800 305 330
Gn du Tyr ASP Lau Ala Asp*¥3u Ser Ser Lau Pro Au lle 115 120 125

M Ala Leu Val Val The Cys Net Ala Thr Tyr Ay Qu Ay Asp 55 130 135

Pro
160
Sex
Hi s
Leo
dy
Al a
240
255
270
280
295

Thr Asp Asn Ala G n Asp The Tyr Asp Trp Lau G n G u Thr Asp 145 150
PCT/ US01/ 54970 13 APR 2Q05 WO 0214(£386 PCTNSO /51070 40153 Val Asp

Sly Val phys: Sheafip Wakys Thendloyh dietn-Shy aMsdd: bys 165 170 175 Thr Tyr
She Asnifl a Net Sly isys Tyr Val ésp Lys Arg L&O 18D - 185 190 5 U u
Sly Al av& mp Aegent he ARhaeGnakew 18 yaley s&loyy Aep Asp 195 20D 205

Ash Leu G n Uu A3y She Ile ThT® Trp Arg U G n The Trp 210 215 220

Val Cys 4G 1P Pirs Sie »St §Frved S2@cty 1A 8Tt »BI%* Qeu U u Ser 10 225 230

Ser Ile Arg G n®yr Uu Leu’™™al Val H s*®fhr Asp Ile Asp Ala Ala 245
Lys Valf*Tyt ® SEYIUNE Rt SYYARG TRHTIYA™Ber Tyr Ulu Asn Gin 260
15 Lys,Pro; Bra, She Asp, Ala.Lys Asn.Pro.The, Leu Ala Ala Val Thr Thr

285 Asn ,&rzgo Lys Lou PepasGn Sy Thg,eUu Pig Hs Leu Met H's Leo Uu

300 LeRrnAsPriel s 8% ASP rSediy iyt Snd hie o Gu B s N Ser Sly Asp Hi s Val

20 305 310 315 320 Ala Val 23yr Pro Al az2%n Asp Ser Aba Leu Val Asn G n Leu

Sly
Leu
Ser
Arg
Uu
Sy
Lev
H s
I'le
Val

Lys
Asp
Tyr
Thr
Gn
Lys
Al a
Leo
Al a
Val

325 33@=385¢cin|1@e g qn:Sihy o fes ASPrd ta sAsT Vel 22%al Met Ser Leu Asn Asn
3%0 345 350 25 @n Gn Ser A8n Lys Lye P Pro She Pro Cys Pro Thr
Arg 355™360 3657 TR AA "I5d: TR TYF MR/ E&Asp 11e Thr Asn Pro Pro

0 5

7 .
Asn 370,375, 380 yol,. Len vk, Gy WJ-8Y »4) 4, G Jyr Ala Ser GLU Pro Ser
Uu 30 385 90 395 400 .deeU Lev Argoleys Net Ala Ser Ser Ser Ay Gn,
Gy Leuvebybu A05edik0 1éhlibn mlo@u Semsplivp sifalys Valvet) U Ala Arg Arg His |l e
e Len G2pp 420 425 489 35 Asp CymoPro Ser Leu Arg Pro Pro Ile Asp
Cys U um™tér e B35 /0 24% PPy Af 'eu> @S Ala Arg Tyr Tyr Ser
Ser Ser?%er Lys Val 7450 455
. TyT.Glu Tj% Thszsr Thr Ala Met Thr s Ser Tyr Leu Leu
Val G n7Tyr u £ 330 33s
Lys Tyx Pro Asn Val Gln Gln Lys Leu Tyr Glu Glu Ile Met Glu Ala
340 345 350
Lys Glu Asn Gly Gly Leu Thr Tyr Asp Ser Ile His Asn Met Lys Tyr
355 360 : 365
30 Leu Asp Cys Val Tyr Lys Glu Thr Leu Arg Phe Tyr Pro Pro His Phe
370 ) 375 380
ser Phe Ile Arg Arg Leu Cys Arg Glu Asp Ile Thr Ile Arg Gly Gln
385 390 39s 400
Phe Tyr Pro Lys Gly Ala Ile Val Val Cys Leu Pro His Thr Val His
35 405 410 415
- Arg Asn Pro Glu Asn Trp Asp Ser Pro Glu Glu Phe His Pro Glu Arg
420 425 430
Phe Glu Asn Trp Glu Glu Lys Ser Ser Ser Leu Lys Trp Ile Pro Phe
435 440 . 445

40 Gly Val Gly Pro Arg Tyr Cys Val Gly Met Arg Phe Ala Glu Met Glu ) S

450 455 460
rhe Lys Thr Thr Ile Val Lys Leu Leu Asp Thr Phe Glu Leu Lys Gln
465 470 475 480
Phe Glu Gly Glu Ala Asp Leu Ile Pro Asp Cys Asn Gly Val Ile Met
45 485 490 _495
Arg Pro Asn Asp Pro Val Arg Leu His Leu Lys Pro Arg Asn
500 505 510

<210> 37
50 <211> 691
<212> PRT
<213> yeast P450 reductase

<400> 37 -
55 Met Pro Phe Gly Ile Asp Asn Thy Asp Phe Thr Val Leu Ala Gly Leu
1 5 10 15
Vval Leu Ala Val Leu Leu Tyr Val Lys Arg Asn Ser Ile Lys Glu Leu

460 7*H s Pro Asm®Ser Val His Ile Oys Aa
Tyr Cy: Ser )



40 465 470 475 480 Lys Ala Sly Arg Ile Ass Lys Sly Val Ala Thr Asn"Tfp Leu
Arg All 485 490 495 Lys Uu Pro Ala Sly Uu Asn Sly Sly Arg Ala Len Val
Pro Met The Seo 505 510 45 Val Arg Lys Ser G n The Arg Len Pro Shé APf3i0Al a

Thr Thr Pro Val 515 520 525 Ile Net Val Sly Pro Sly Thr Sly Val Ala Pro She

Ile Sly Phe Ile 530 535 540 Gn Uu Arg Ala Trp Leo Arg Gn Gn Sly Lys

U u Val Sy o@isessdhr 50 545 550 555 560 Len Len Tyr Tyr BcyuSyssigwg Arg Set
Asp Uu Asp Tyr Leu Tyr Arg 565 5701/%/5 Uu Gn Len Ala Gn She H's Arg Asp
Sly Ala Lev Thr G n Lev Asn 580 505 590 55 vol Ale the Ser Arg Qu Gn Set
H's Lys Val Tyr Val' Gn Hs Lev 595 600 605 Leu Lys G n Asp Arg Gn H's Lev
Tip Lys Leu Ile Gn Sly Sly Ala 1 3 APR 2005 WD 02/46386 5 10 15 20 25 30 35

2

40 45 Pro 2Z5 41/53 PC ZUO 1070 . 815, 62( i s,lle Tyr Val Cys Gay Asp
B hen o R P ETURLAATO RGP Rl b e Ty Ve O S
Ile Val Ala Gn Lou:Gay oA @1 MatrmGld 2H 80 Aasb45 160Q:625 G n Ala Val Asp Tyr
Ile Lys Lyss Lou Metso Thr Lys Q yssArg Tyr Sereo 660 665 670 Lou Asp Val Trp
Her 675 <210> 527y «214> c6i/ahr cxy2B23s RHI»sx 233> hwt manrsNABRPH- CYTOCHROVE P450

REDVCTASE P3643565<400> 52 Meto Gy Asp Sefs Hs Val Aspe Thr Ser Ser Thr Val
Say G u Al a Val w2 clugltey@al]Ba yg| fge & aeGsh Vaddet Sexisy Vsthe Ser Met Thr Asp Met

Il'e Lev The Sex 20 25 3D Elfeu] lle Val @ y,,Lou Lou *hr Tyr Trp Phe Leu The
Arg Lys Lys Lys “3574Y 18 & RG UL PR 0 G h"™ThE ThiLys Ile Gn Thr Lev
Thr Ser Set Val :éQ P)éslle S rgl'hgw G§e(£lu rAs;PtluQ Pyﬁl.sp yuh]§5a170 I l € Val Fl Ue’ Tyr
Ay Ser Gn 115 120 125

Asn Phe Glu Asp Phe Ile Cys Asn 2la Glu Ala Gly Ala Leu Ser Asn
15 130 135 140
) Leu Arg Tyr Asn Met Phe Gly Leu Gly Asn Ser Thr Tyr Glu Phe FPhe
' 145 150 155 160
Asn Gly Ala RAla Lys Lys Rla Glu Lys His Leu Ser Ala Ala Gly Ala
165 170 175
20 Ile Arg Leu Gly Lys Leu Gly Glu Ala Asp Asp Gly Ala Gly Thr Thr
' 180 185 - 150
Asp Glu Asp Tyr Met Ala Trp Lys Asp Ser Ile Leu Glu Val Leu Lys
195 200 205
AsSp Glu Leu His Leu Asp Glu Gln Glu Ala Lys Phe Thr Ser Gln Phe
25 210 ' 215 220 -
Gln Tyr Thr Val Leu Asn Glu Ile Thr Asp Ser Met Ser Leu Gly Glu
225 230 . 235 240
Pro Ser Ala His Tyr Leu Pro Ser His Gln Leu Asn Arg Asn Ala Asp
245 250 255
30 Gly Ile Gin Leu Gly Pro Phe Asp Leu Ser Gln Pro Tyr Ile Ala Pro
260 265 270
Jle Val Lys Ser Arg Glu Leu Phe Ser Sexr Asn Asp Arg Asn Cys Ile
. 275 280 288
His Sexr Glu Phe Asp Leu Ser Gly Sexr Asn Jle Lys Tyr Ser Thr Gly
35 290 295 300
. Asp His Leu Ala Vel Trp Pro Ser Asn Pro Leu Glu Lys Val Glu Gln
) 305 310 31s ; 320
Phe Leu Ser lle Phe Asn Leu Asp Pro Glu Thxr Jle Fhe Asp Leu Lys
325 330 335
40 Pro Leu Asp Pro Thr Val Lys Val Pro Phe Pro Thr Pro Thr Thr Ile
340 345 350 o
Gly Ala Ala Ile Lys His Tyr Leu Glu Jle Thr Gly Pro Val Ser Arg
355 360 365
Gln Leu Phe Ser Ser Leu Ile Gln Phe Rla Pro Asn Ala Asp Val Lys
45 370 375 380
Glu Lys Leu Thr Leu Leu Ser Lys Asp Lys Asp Gln Phe Ala Val\ Glu
385 390 395 400
Ile Thr Ser Lys Tyr Phe Asn Ile Ala Asp Ala Leu Lys Tyr Leu Ser
405 410 415
50 Asp Gly Ala Lys Trp Asp Asn Val Pro Met Gln Phe Leu Val Glu Ser
420 425 430
Val Pro Gln Met Thr Pro Arg Tyr Tyr Ser Jle Ser Ser Ser Ser Leu
435 440 445
Ser Glu Lys Gln Thr val His Val Thr Ser Ile Val Glu Asn Phe Pro
56 450 455 460 ’
Asn Pro Glu Leu Pro Asp Ala Pro Pro Gly Val Gly Val Thr Thr Asn
465 ) 470 475 480




85

Asn
Asp
Al a
Gn
Lev
Ay
Ann
Arg

Arg Lev Sex Lys Asp Ala His 100 Asp Pro Gn Gv Tyr Asp Lou 115 Asp
Ala Lev Val Val Phe 130 135 Pro Thy Asp Asn Ala G n Asp 145 150 ZBLE\E/al
Leu Lys 165 Thr Tyr Gn H's Flue Gu As y
195S\§§09ﬂ€}§}/l\/bt Lys Lys Thr Gég?gg Asn Ile 75 80 %ﬁiﬁi%g > ﬁ?r Ala Gu
Phe Ala Asn 90 95 Arg Tyr dvy Arg SIy Met 5er Ala 105 110 Ala Asp

Ser Ser Lev Pro Gu Ile 120 Cys Net The Tyr Phe Ala 125 Ala Thr Tyr

Gu @y Asp 140 Asp Trp Lou Gn @u Thr Asp 155 Val Phe Gay Lou 170 -
Al a Met G n vy geelrkersgzye Anneulge c@ A Gnrval R2401eA@asMal Cys A u His S5er Ile
50 Lys Val Tyr Lys Pra®Pro 275 A Arg Lys 2099 55 Lou Asp Ile 305

Val Tyr 230 20&" Lﬁt’s? Prie™s HSASPH%‘ €3 §fy Fro Arg Lys leu Phe

510

5 Ala hsn Tyr Lys Leu Pro Val His Val Arg Arg Ser Asn Phe Arg Leu
515 . 520 525
Pro Ser Asn Pro Ser Thr Pro Val Ile Met Ile Gly Pro Gly Thr Gly
530 535 540
Val Ala Pro Phe Arg Gly Phe Jle Arg Glu Arg Val Ala Phe Leu Glu
10 545 550 555 560
Ser Gln Lys Lys Gly Gly Asn Asn Val Ser leu Gly Lys His Ile Leu
565 570 575
Phe Tyr Gly Ser Arg Asn Thr Asp Asp Fhe Leu Tyr Gln Asp Glu Trp
580 585 590
15 Pro Glu Tyr Ala Lys Lys Leu Asp Gly Ser Phe Glu Met Val Val Ala
595 600 605
His Ser Arg Leu Pro Asn Thr Lys Lys Val Tyr Val Gln Asp Lys Leu
610 615 620
Lys Asp Tyr Glu Asp Gln Val Phe Glu Met Ile Asn Asn Gly Ala Phe ) |
20 625 630 635 - 640 ' !
Ile Tyr Val Cys Gly Asp Ala Lys Gly Met Ala Lys Gly Val Ser Thr
645 650 655
Ala Leu Val Gly Ile Leu Ser Arg Gly Lys Ser Ile Thr Thr Asp Glu
660 . 665 670
25 ala Thr Glu Leu Ile Lys Met Leu Lys Thr Ser Gly Arg Tyr Gln Glu
€75 680 685
Asp Val Trp
690

30 <210> 38
<211> 693
<212> PRT
<213> Asperglillus niger P450 reductase

35 <400> 38~
Met Ala G1n Leu Asp Thr Leu Asp Leu Val Val Leu Ala Val Leu Leu

1 5 10 15
Val Gly Ser Val Ala Tyr Phe Thr Lys Gly Thr Tyr Trp Ala Val Ala
) 20 25 30
40 Lys Thr Arg Met Pro Leu Pro Ala Pro Arg Met Asn Gly Ala Ala Lys :
35 40 ‘ 45 ‘ )
Ala Gly Lys Thr Arg Asn Ille Ile Glu Lys Met Glu Glu Thr Gly Lys
50 55 ’ 60
Asn Cys Val Ile Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Asp Tyr

Ala Ser Arg Leu Ala Lys Glu Gly Ser Gln Arg Phe Gly Leu Lys Thr

85 50 B 95
Met Vval Ala Asp Leu Glu Glu Tyr Asp Tyr Glu Asn Leu Asp Gln Phe

100 105 110
50 Pro Glu Asp Lys Val Ala Phe Phe Val Leu Ala Thr Tyr Gly Glu Gly
115 120 ) 125
Glu Pro Thr Asp Asn Ala Vel Glu Phe Tyr Gln Phe Phe Thr Gly Asp
130 135 140

Asp Val Ala Phe Glu Ser Ala Ser Ala Asp Glu Lys Pro Leu Ser Lys
55 145 150 155 160
Leu Lys Tyr Val Ala Phe Gly Leu Gly Asn Asn Thr Tyxr Glu His Tyr

165 170 175




Gn
Lee
‘Lys
Lev
Ay
Lys
Arg

Al D

Al a

Sex

Al e

Lau
10 Lau Lau Arg Lys Neiss Ala Ser SefocSer Gy 3 uosdy Lys Gu Lau Tyr 405 410

415 Lou Sex Tr psivalv AalreGetiniblree At G1APG ¥ Srlrleriba sAda |l e Lau A n 420 425
430 Asp Cys Pro Sey Lou Arg Peos Pro Ile AspHis Lau Cys GQu Lau Lau 15 435
440 445 Pro Arg Leve=Gehag| ey ﬂr’gl“ﬁfﬁ STy ilaJey F [C& AP #13k Ser 5er Lys Val 450

455 460

Tyr Gu Lev Val 245 Net Ay Qu Met Ay 260 The Asp Ala Lys Ann . 280
Ann Gn @y*“Thr 295 Ser Asp Ser- Lys Ile 310 Pro Ala Asn Aspf{3ekPRAf -
Tyr Val Asp 185 Flue Qu Lev Gy Lee 205 360 dy Asn Lys 175 Lys Arg
190 Gay Asp Asp Ile Thr Trp Arg Gn Gn Phe Trp 220 Val G n Ala Thr
Au Gn Ser 235240 Val H's Thy Asp Ile Asp Ala Ala 250 255 Arg Lev:
Sex TyoofamasAsn G n 265 270 Pro Phe Lev Ala Al a ValPCTRS0IT1970285 G u

Hs Lou Met H's Lev Au 300 Arg33r Gn Sex fly Asp His Val 315 320
Leu Val Ann Gn Leu Ay Lys WO 02/46386 42/53 325 330 335 Ile Lau Ay
Asp Lau Asp Val Val Net 5er Lau Asa Asa Lou Asp 340 345 . 350 Gu Qu

Asn Lys Lys His., Fro.,Bhe Brq.Qy: . Thr Ser Tyr, Arg 5 355 360 365 Thr
Lou Thr Tyr Tyr Lau.asp e %r‘”‘ sa Pro Pro Agg Thr Asn 370 375 380 Val

Tyr du Lev &argqlmsmyge, A &1,5ek Gghgpl%r,o@ﬁaxa &ﬂ,ahr(aem A u - 385 390 395 400

225 235 240
Cys Val Thr Glu Asn Glu Ser Leu Ser Pro Glu Asp Glu Thr val Tyr
10 245 . 250 255
Leu Gly Glu Pro Thr Gln Ser His Leu Gln Gly Thr Pro Lys Gly Pro
260 265 270
Tyr Ser Ala His Asn Pro Phe lle Ala Pro Ile Ala Glu Ser Arg Glu
275 280 285
15 Leu Phe Thy Val Lys Asp Arg Asn Cys Leu His Met Glu Ile Ser lle
290 295 300
hAla Gly Ser Asn Leu Ser Tyr Gln Thr Gly Asp His Ile Ala Val Trp
305 310 315 320
Pro Thr Asn Ala Gly Ala Glu Val Asp Arg Phe Leu Gln Val Phe Gly
20 325 330 335
Leu Glu Gly Lys Arg Asp Ser Val Ile Asn Jle Lys Gly Ile Asp Val
340 345 ' 350
Thr Ala Lys Val Pro Ile Pro Thr Pro Thr Thr Tyr Asp Ala Ala val
355 360 365
25 Arg Tyr Tyr Met Glu Val Cys Ala Pro Vel Sex Arg Gln Phe Val Ala
370 375 380
Thr Leu Ala Ala Phe Ala Pro Met Arg Lys Ala Arg Gln Arg Leu Cys
385 390 . 395 400
Val Trp Val Ala Gln Gly Leu Phe Pro Arg Glu Gly His Gln Pro Met
30 405 4810 415
Leu Gln His Ala Gln Ala Leu Gln Ser Ile Thr Ser Lys Pro Phe Ser
420 435 430
Ala val Pro Phe Ser lLeu Leu Ile Glu Gly Ile Thr Lys Leu Gln Pro
‘ 435 440 445 '
35 Arg Tyr Tyr Ser Jle Ser Ser Sexr Ser Leu Val Gln Lys Asp Lys Ile
: 450 " 455 T " 460 '
Ser Ile Thx Ala Val val Glu Sexr Val 3Arg Leu Pro Gly Ala Ser His
465 470 ’ 475 480
Met Val Lys ‘Gly Val Thr Thr Asn Tyr Leu Leu Ala Leu Lys Gln Lys
40 485 490 495
Gln Asn Gly Arg Ser lLeu Ser Arg Pro Ser Arg Leu Asp Leu Leu His
500 508 510
Bis Gly Pro Axg Asn Lys Tyr Asp Gly Ile His Val Pro Val His Val
518 520 525
45 Arg Bis Ser Asn Phe Lys Leu Pro Ser Asp Pro Ser Arg Pro Ile Ile
530 535 540
Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly Phe Ile Gln
545 550 555 560
Glu Arg Ala Ala Leu Ala Ala Lys Gly Glu Lys Val Gly Pro Thr Val
50 565 570 : 575
Leu Phe Phe Gly Cys Arg Lys Ser Asp Glu Asp Phe Leu Tyr Lys Asp
: 580 585 590
Glu Trp Lys Thr Tyr Gln Asp Gln Leu Gly Asp Asn Leu Lys lle Ile
595 600 605
55 Thr ala Phe Ser Arg Glu Gly Pro Gln Lys Val Tyr Val Gln His Arg
610 615 620
Leu Arg Glu His Ser Glu Leu Val Ser Asp Leu Leu Lys Gln Lys Ala




Hs Pro Asn Sex Val His Ile Cys Ala Val Val vVal Qu Tyr Qu Thr 465 470 475

480 20 Lys Ala Ay Axg Ile Asn Lys Ay Val Ala Thr Asn Trp Lev Arg Al @&0
490 495 Lys Qu Pro Ala Gy Qu Asn Ay Ay Arg Ala Lau Val Pro Net13TAER
505 510 Vval Ar Lys Ser G n The Arg Lau Pro The Lys Al a ro Val
515 520 S\Q@OIUI“@ fet val s y Pro Ay, Thr s y Val Ala Pro {%Efus{)rém Phe IIe
530 535 540 G@n AQu Arg Ala Trp Lau rg n Gn Gay Lys G u Vval Gly A u Thr
545 550 555 56D 30 Lau Lau Tyr Tyr dy Cys Arg Arg Ser Asp Qu Asp Tyr. Lau
Tyr Arg 565 570 575 du GQu Lau Al. @ n Phe H's Arg Asp Gy Ala Lau Thr
A n Lau Asn 580 £85 590 Valefl a The Sers#rg GQu A nsex Hi s Lys Val Tyr Val
Gn Hs Lau 35 %595eB00v60s tansdAs G m ASplaferg cBave! Pins Lau Trp Lys Lein he
Au dy Ay Ala 610 615 620 His Ile ®1%Yr Val Cys @y Asp Ala Arg Asn Mt ,
Ala Arg Asp Val '@ 17! “625Y 630635 ’Bﬂt‘if‘f@“ ﬂ@é“’r‘fﬂ’ Phige ﬂ)’r Asp Ile Val Ala Qu
Lau Gy Al& Met _Qu ngf;m”lg 5,650 655 dOn Al'a val Asp Tyr Ile Lys Lys
Leu Net Thr Lys &V &g tyr **68D @?%r?@gjﬁy A8p“NVal Trp Ser 45 675
<210> 53 <211> 79, vs2122..PRT 50 <213> Rabbit NADPH- CYTOCHROVE P450
REDUCTASE P00389 <é;90> 53 Met Ala Asp Sex His Ay Asp Thr Ay Ala Thr Mt
Pro Gb Alm Ala -1520 15 55 Ala Gn Gu Ala Sex Val Phe Sex net Thr Asp
Val Val Lau The <8e+320 25 30 Lau Ille-Val Ay Lau Ile Thr Tyr Trp Phe Leu
Phe Arg LyS Lys <Elysﬁ713 APR 2005 PCT/USO /51070 1 3 APR 2005 \\' O 02/ 46386
Ile Val Val Phe 1" ay Ser Gn Thr Ay Thr Ala Qu GQu The Ala 85 90 95
As,, Arg Lgu Ser“ty¥"#sp Ala His Arg Tyr Gy Net Arg Gy Met Ala 100 105
110 - Ala p Pr, 34 G n Tyr Asp Lea Ala Asp Lou Ser Ser Lea Pro G n 115 120
125 35 40 45 Gult &Rhkp\R} 1R o TRe albhthr by S-d e 2EG faAla Pro Thr Ser Ser
Sur 50 55 60 Val Lys G u Ser Ser Theawval Gu Lysipet Lys Lys Thr Gly Arg
Asn 5 65 70 7528014 rulvel 9 L) Phe Ser Thr Thr Asp Ile Val Leu Phe Ser ’
20 20

25 30
Leu Ile Val Gly Val Leu Thr Tyr Trp Phe Ile Phe Lys Lys Lys Lys
35 40 45
Glu Glu Ile Pro Glu Phe Ser Lys Ile Gln Thr Thr Ala Pro Pro Val
50 . &L .55 60
25 Lys Glu Ser Ser Phe Val Glu Lys Met Lys Lys Thr Gly Arg Asn Ile
() 70 75 80
Ile Vel Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Glu Phe Ala Asn
BS 90 95
Arg Leu Ser Lys 'Asp Ala His Arg Tyr Gly Met Arg Gly Met Ser Ala
30 100 105 110
Asp Pro Glu Glu Tyr Asp Leu ARle Asp Leu Ser Ser Leu Pro Glu Ile
115 120 125
Asp Lys Ser Leu Vel Val Phe Cys Met Ala Thr Tyr Gly Gluv Gly Asp
130 135 140
35 Pro Thr Asp Asn Ala Gln Asp Phe Tyr Asp Trp Leu Gln Glu Thr Asp
' 145 150 158 160
Val Asp Leu Thr Gly Val Lys Phe Ala Val Phg Gly Leu Gly Asn Lys
165 170 175
Thr Tyr Glu His Phe Asn Ala Met Gly Lys Tyr Val Asp Gln Arg Leu
40 180 185 190
Glu Gln Leu Gly Ala Gln Arg Ile Phe Glu lLeu Gly Leu Gly Asp Asp
195 200 205
Asp Gly Asn Leu Glu Glu Asp Phe Ile Thr Trp Arg Glu Gln Phe Trp
210 215 220
45 Pro Rla Val Cys Glu Phe Phe Gly Val Glu Ala Thr Gly Glu Glu Ser
225 230 235 240
Ser 1le Arg Gln Tyr Glu Leu Val Val His Glu Asp Met Asp Thr Ala
245 250 ' 255 .
Lys Val Tyr Thr Gly Glu Met Gly Arg Leu Lys Ser Tyr Glu Asn Gln
50 260 265 270
Lys Pro Pro Phe Asp Ala Lys Asn Pro Phe Leu Ala Ala'Val Thr Thr
275 280 285
Asn Arg Lys Leu Asn Gln Gly Thr Glu Arg His Leu Met His Leu Glu
290 295 300
55 Leu Asp Ile Ser Asp Ser Lys Ile Arg Tyr Glu Ser Gly Asp His Val
308 310 315 320
Ala Val Tyr Pro Ala Asn Asp Ser Thr Leu Val Asn Gln Ile Gly Glu



35 1le Asn As,, Ala Lea Ala val The Cys 130 135 Asp Pro THy Asp Asn Ala G n

Asp Phe Asp Asp Ala Asn 210 Trp Pro Ala Val 225 145 150 Asp VaIT é?mh@u
Sur Gy Val Lys Tyr 165 Lys Thy Tyr Qu His Phe Asn Ala Net 1S0 ]? L
Gn Gn Lea dy Ala Gn Arg Ile 195 200 43/53 Lea Au G n Asp The 215 Cys

Gn Hs The Ay 230 Ser Ser Ile Arg Gn Tyr Gn 245 Ala Lys Val Tyr 260
G n Lys PWQOW%’“z?s Thy Asn Arg Lys 290 G u Lou Asp | IFETUS8ESWH ~ Al a val
Tyr Gn Gay Gu Lea Mt Lys 280 3@5§/ Lys Asp Val Phe Asp Ala Lea Asn
Gn 2 95 Sur Asp Ser 330 Pro Ala Asn 325 Gn lle Lou Gy Ala Asp Lou
340 40 Asp Qu Gu Ser Asn Lys Lys 355 Arg Thy Al. Len Thr Tyr Tyr 370 375

Met Ala Thy Tyr Ay Ai AwsTyr Asp 155 Ala Val i35
Ile Leu Gly Ala Asp Leu Asp Val Ile Met Ser Leu Asn Asn Leu Asp
340 345 350
' Glu Glu Ser Asn Lys Lys His Pro Phe Pro Cys Pro Thr Thr Tyr Arg
5 355 ‘ 360 365
Thr Ala Leu Thr Tyr Tyr Leu Asp Ile Thr Asn Pro Pro Arg Thr Asn
370 375 380
Val Leu Tyr Glu Leu Ala Gln Tyr Ala Ser Glu Pro Ser Glu Gln Glu
385 390 395 400
10 His Leu His Lys Met Ala Ser Ser Ser Gly Glu Gly Lys Glu Leu Tyr
405 410 415
Leu Ser Trp Val Val Glu Ala Arg Arg His Ile Leu Ala Ile Leu Gln
420 425 430
Asp Tyr Pro Ser Leu Arg Pro Pro Ile Asp His Leu Cys Glu Leu Leu
15 435 440 445
Pro Arg Leu Gln Ala Arg Tyr Tyr Ser Ile Ala Ser Ser Ser Lys Val
) ’ 450 455 460
His Pro Asn Ser Val His Ile Cys Rla Val Ala Val Glu Tyr Glu Ala
465 470 475 480
20 Lys Ser Gly Arg Val Asn Lys Gly Val Ala Thr Ser Trp Leu Arg Thr
) 485 450 495
Lys Glu Pro Ala Gly Glu Asn Gly Arg Arg Ala Leu Val Pro Met Phe
500 505 510
Val Arg Lys Ser Gln Phe Arg Leu Pro Phe Lys Pro Thr Thr Pro Val
25 515 520 525
Ile Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Met Gly Phe Ile
530 535 540
Gln Glu Arg Ala Trp Leu Arg Glu Gln Gly Lys Glu Val Gly Glu Thr
545 550 555 560
30 Leu Leu Tyxr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr Leu Tyr Arg
565 570 575
Glu Glu Leu Ale Arg Phe His Lys Asp Gly Ala Leu Thr Gln Leu Asn
580 . 585 590
Val Ala Phe Ser Arg Glu Gln Ala His Lys Val Tyr Val Gln His Leu
35 595 600 605
Leu Lys Arg Asp Lys Glu His Leu Trp Lys Leu Ile His Glu Gly Gly
. 610 . 615 620
) Ala His Ile Tyxr Val Cys Gly Asp Ala Arg Asn Met Ala Lys Asp Val
625 630 635 640
490 Gln Asn Thr Phe Tyr Asp Ile Val Ala Glu Phe Gly Pro Met Glu His
645 650 655
Thr Gln Ala Val Asp Tyr Val Lys Lys Leu Met Thr Lys Gly Arg Tyr
660 665 670
Ser Leu Asp Val Trip Ser
45 675

<210> 40
<211> 17
<212> DNA
50 <213> baceriophage M13 reverse primer

<400> 40

caggaaacag ctatgac 17
55 <210> 41

<211> 20

<212> DNA




17D
Pro
Gn
Gn
Val
Asp
Sur
Lea
400

435

Ay Lys The u .lle Thy Val Gu 235 Lau His 250 dy Arg Lea 265 Asn

The 140 Trp Leu The Ay Gn du Thr 160 Len Gay As,, 175 y H}‘@‘}D
Arg 390 Leu Ay Net Ay Asp 205 Trp Arg v d,, The 220 A

A u Wae/46ssy Asp |le Asp Val 255 Lys Ser Tyr din AsPCT/RYQ/51¢8 Al'a Thy
Thy 285 Thy GQu Arg His Lea Ne#His Len 300 Ile Arg Tyr Gu Ser. Ay
Hs 315 320 Sur Al. Len Val As,, Gn Lau Ay 330 335 Asp Val Val Mt
Leo As,, Aso Leu 345 350 His Pro Phe Pro Cys Pro Thr Ser 36D 365 Tyr

Asp Ile Thr <§§pba|3[eglophag,@\ g..hr 300 Tyr Ala Ala Asp Pro Ala Gu G n 395
n Asn Val Len Tyr Gn Ala Gn 45 385 390 Gu Gn Leu Arg Lys Net -

405 Tyr Leaso®ess Trp VaI VaI Gn 420 50 Gn Asp Tyr Pro Ser Len Arg

Leo Pro Ar gesk@bbcGrdataMogy Ar g : 20
5
<210> 42
<211> 30
<212> DNA
<213> aspergillus ochraceus Primer llalphaOH-for
10
<400> 42
gatcgaattc atgcccttct tcactgggct 30
<210> 43
15 <211> 37
<212> DNA
<213> Aspergillus ochraceus Primer llalphaOH-rev

<400> 43
20 gatctctaga ttacacagtt saactcgcca tatcgat 37

<210> 44
<211> 20
<212> DNA
25 <213> pFastBacl Primer Bacfwd

<400> 44
ctgttttcgt aacagttttg 20 i
30 <210> 45

<211> 19

<212> DNA

<213> pFestBacI Primer Polyh

35 <400> 45
cctctacaaa tgtggtatg ' ' Bt

<210> 46
<211> 17 ‘ '

40 <212> DNA L) !
<213> Aspergillus ochraceus Primexr 45624-forl ' !

<400> 46
gagatcaaga ttgcctt 17
45
<210> 47
<211> 15
<212> DNA
: <213> Aspergillus ochraceus Primer 45624-for2
50
<400> 47
cttcgacgct ctcaa 15
<210> 48
55 <211> 17
<212> DNA
<213> Aspergillus ochraceus Primer 45624-revl



450 455 Val His Pro As,, Say Val His 55 465 470 Thr LYS Ala Ay Arg Lau
Asn 465 Ser Ser Ser-Ady Qu @y Lys Qu Lei 410 415 Ala Arg Arg F&ﬁgﬂﬁé

Leo Ala lie Leu 425 430 Pro Pro Ile Asp H's Lau Cyr G n Leu é yr
Tyr Say no Ala Ser Ser Sur Lys 460 Ile Cys Ala vVal Ala Val Gu Tyr u 475
460 Lys Ay Val Ala Thr Set Trp Lea Arg 490 495 PCT[USO01/5 070 1 3 APR 2005
WO 02/ 46 SO /51070 44/53 i0 Ala Lys G n Pro Ala Arg Lys
Ser 515%&305% e Met Val Ay 530 Ly Gn Gn Alp Ala gggﬂ%ﬂ? en Len Tyr
Tyr 565 Aug Gn Gn Len Ala 58D AmVal Ala The Sex 595 Len Lou Arg Arg
Asp Ay Gn Asn Gy Gy Arg Ala Len Val Pro Met 505 510 Gn the Arg Len Pro
the Lys Ala Thr Thr Pro 520 525 Pro Gy Thr Ay Val Ala Pro The Ile Gy
Phe 535 540 Trp Len hug Gn Gn Ay Lys Gn Val Ay Gn 555 560 hug Arg
Ala Ala G n Asp <19t “Len Tyr 570 575 15 20 25 30 35 550 Gly Q/s Ay Phe

Ar g G u LyS G n gcaatcttga tctcgtt

5 <210> 49
<211> 2403
<212> DNA
<213> human oxidoreductase partial 590469

10 <400> 49
ggagactcce acgtggacac cagctccacc gtgtccgagg cggtggccga agaagtatct 60
cttttcagca tgacggacat gattctgttt tcoctcatcg tgggtctcct aacctactgg 120
ttcctcttca gaaagaaaaa agaagaagtc cécgagttca ccaaaattca gacattgacc 180
tcctctgtca gagagagcag ctttgtggaa asagatoaage aaacggggag gaacatcatc 240
. 15 gtgttctacg gctcccagac ggggactgca gaggagtthtg ccaaccgect gtccaaggac 300
! gcccaccget acgggatgeg aggcatgtca gcggaccctg aggagtatga cctggccgac 360
ctgagcagcc tgccagagat cgacaacgcc ctggtggttt tctgcatgge cacctacggt 420
gagggagacc ccaccgacaa tgcccaggac ttctacgact ggctgcagga gacagacgtg 480
gatctctctg gggitcaegtt cgcggtgttt ggtettggga acaagaccta cgagcactte 540
20 aatgccstgg gcaagtacgt ggacaagcgg ctggagcagc tcggrgecca gegcatettt 600
gagctogggt tgggcgacga cgatgggaac ttggaggagg acttcatcac ctggcgagag 660
cagttctggec cggccgtgtg tgaacacttt ggggtggaag ccactggcga ggagtccage 720
attcgccagt acgagcttgt ggtccacacc gacatagatg cggccaaggt gtacatgggg 780
gagatgggcc ggctgaagag ctacgagaéc cagaagcccce cctttgatge caagaatcey 840
25 ttcctggetg cagtcaccac caaccggaag ctgaaccagg gaaccgagey ccacctcatg 900
cacctggaat tggacatctc ggactccaaa atceggtatg satctggoga ccacgtggct 960
gtgtacccag ccaacgactc tgctctcgte aaccagectgg gecasaatcct gggtgccgac 1020
ctggacgtcg tcatgtccct'gaacaacctg gatgaggagt ccaacaagaa gcacccattc 1080 .
ccgtgcccta cgtecctaceg cacggececte acctactacce tggacatcac caacccgecy 1140
30 cgtaccaacg tgctgtacga gctggcgcag tacgcctcgg ageccctcgga gcaggagetg 1200
ctgcgcaaga tggecctcectc ctccggcgag ggcasggagc tgtacctgag ctgggtggtyg 1260
gaggcccgga ggcacatcct ggccatcctg caggactgec cgtccctgcg geccccccate 1320
gaccacctét gtgagctgct gccgcacctg caggccégct actactccat cgcctcatec 1380
tccaaggtcc accccaactec tgtgcacatc tatgecggtgg ttgtggagta cgagaccaag 1440
35 gccggeccgea tcaacaaggg cgtggccacc aactggectge gggccaagga gectgtcggg 1500
. gagaacggcg gccgtgcgct ggtgcccatg ttcgtgegea agtcccagtt acgectgeec 1560
) ttcaaggcca ccacgcctgt catcatggtg ggccccggeca ccgagtggca ccctttcata 1620
ggcttcatcc aggagcggge ctggotgcga cagcagggca aggaggtggg ggagacgctg 1680
ctgtactacg gctgccgcecg ctcggatgag gactacctgt accgggagge gcotggcgecag 1740
40 ttccacaggg acggtgcgct cacccagctc aacgtggcct tctcccggga gcagtcccac 1800
aaggtctacg tccagcacct gcteaagcaa gaccgagagC ecctgtggaa gttgatcgaa 1860
ggcggtgccc acatctacgt ctgtggggat gcacggaaca tggccaggga tgtgcagaac 1920
accttctacg acatcgtggc tgagctcggg gccatggagc acgcgcaggc ggtggactac 1980
- atcaagesac tgatgaccaa gggccgctac tccctggacg tgtggagcta ggggectgec 2040
45 tgccccacce accccacaga ctccggectg taatcaectec tecctggetece cteccgtagt 2100
ctcctgggtg tgtttggett ggeccttggea tgggecgcagg cccagtgaca aagactectc 2160
‘tgggcctggg gtgcatccte ctcagccccec agoccaggtg aggtccaccg gecccctggce 2220
gcacagccca gggcctgcat gggggcaccg ggckccatge ctctggagee tctggeccte 2280
ggtggctgca cagaagggct ctttctctet gectgagetgg cccagecccct ccacgtgatt 2340
50 - tccagtgagt gtezaataatt ttaaatazacc tcigpccctt ggaataaagt tctgttttct 2400
gta 2403
<210> 50
. <211> 676
55 <212> PRT

<213> human cytochrome P450 reductase, partial AAB21Bl4




615 Val Lys
Ala Hs Ile Tyr
Lys Asp G
590 G n DVEYA4P86Tyr val G n
635 Ala G n
Lys Len Net Thr

625 Val

630 Tyr Asp Asp Tyr Tyr
G n As. Thr The
585 Gn Ala 600 Hs Len Ay Asp Ile Val

4'p Arg Len Ile Hi's
ug Asp 640 Len Sly Al a Met

650 620 Asn Net Al e
<232> PRT <213> Rat

665 <21D> 54

Ser Len Asp Val

Hs 6
<211> 678

NADPH- CYTOCHROVE P450 - REDUCTASE P00388 655 Lys Ay Arg

H s <@™ns%Asp Thr
Gn Gn Val Ser GLYe’ﬁp THe SEr
lle Val Ay Val eGl{ Thr. YET
Gu lle Prg Gn‘the" 8&xX 1y
G n Ser Ser The ;\al., que‘]_y;f
Ile Val The Tyr Sly Ser Gn

Pro Glu Phe

Gy Asp Ser

Glu Val

50
Glu Ser Ser Phe Vval
65

Val

10

Ser
85
Ala

Phe Tyr Gly
Asp
100

YT

Leu Ser Lys

15
Glu

115
Leu

Pro Glu

Ala val val
130

Asp

Asn

20 Asn Ala Gln

Thx
145
Asp val
165

Asn

Leu Ser Gly
Phe
180

hla

Glu His

25

Gln‘ Gln

Gly
195

Leu

Leu

Asn Giu Glu
210

val

Gly

Glu His

30 Ala Cys
Glu
245

Glu

Ile Arg Gln
Met Gly
260

Asp

Val
35
Fhe ala
275

Leu

Pro

Arg Lys Asn Gln

290

40 Asp Ile Ser Asp Ser

- 308
Val Ala Asn
325

Lev

Pro

Ala Asp
340

Lys

Lleu Gly
45

Asn Lys
385

Thr

Glu Ser

Ala Leu

370

Tyr

Glu Leu Ala

50

Leun

Ala
405
Glu

Leu Arg Lys Met
val
420

Leu Arg

Ser Trp Val
55

Sex
435

Pro

Ser Ala Thr Net Pro G n Al a
A‘-’l*h?””'lsﬁfr SeAs'" b tserar ”Eé’ﬁl TRe
The Ar S

1 & o FhiA-ars ro e
TMBJLW l%sph%x& By e WY L,An,gs Asn
hr Gy Thr
Thr Lys Ile Gln Thr Leu Thr Ser Ser Val

55 60
Lys Gly Arg

Arg

Ile
80
Arg

Thr Asn Jle
75

Glu

Glu Met Lys Lys
70
Gln Asn
95

Ala

Ala Glu Phe Ala

90
Met

Thr Gly Thr

Met Ser
110

Glu

Tyr Gly Arg Gly Asp

105
Leu

His Arg

Pro Jle Asp
125

Glu

Ala Asp Ser Ser Levu

120
Met

Leu

Gly
140
Gln

Phe Cys Ala Thr, Tyr Gly Asp

135

Fhe Val

160
Thr

Leu Glu Thxr
155

Gly

Asp Asp Trp

150

Lys Val FPhe Leu Gly Asn

170
TYT

Phe Ala

Val Asp Lys Arg Glu

190
Asp

Ala Met Gly Lys
185
Glu Gly
205

Gln

Ile Phe Leu Gly Leu Asp

200
Ile

Arg

Glu Phe Pro
220

Gly

Phe Thr Trp
215

Gly

Asp

Phe Val Glu Ala Glu Glu Ser Ser

230

Leu Ala

255
Gln

Thxr Ile Ala Lys

250
Lys

Val Val His Asp

Glu Asn
270

Thr

Leu Ser Tyr Lys

265
Phe

Met Gly Arg

Val Asn
285
His

Pro Leu Ala Ala Thr

280
Glu

Lys Asn

Met Leu Glu Leu

300
Gly

Thr His Leu
295

Ile

Gly Arg

Val Ala
320

Ile

Ser His
318

Asn

Lys Arg Glu Asp

310

Asp Gln

Leu Gly Lys

335
Asp

Ser Ala Leu

Lev Glu
350

Tyx

Met Lev Asn Asn

345
Pro

Asp Val val

Thr Ser
365

Arg

His Pro Fhe Pro

Pro Thr Asn Val

380
Ser

Leu Asp Yle Thr Asn Pro

375

Glu Pro Glu Gln Glu Leu

395
Gly

Gln Ala Ser

390

Ser Leu

Glu Leu Tyr

415
Gln

Glu
410
Ile

Ser Ser Gly Lys
Leu
430

Leu Leu

His Leu Ala Ile Asp

425
Asp

Ala Arg Arg

Glu Pro

445

Pro Pro lle His Leu Cys

Trp ser
645 Hi s Ala Gn A Val

Ty

675 610 Qvy

G n Val Lys

670 <400> 54 Met

Val 15 10 15 Aa
Ser 20 25 30 Len
Lys 35 40 45-Gn
Val 50 55 60 40 Lys

Ile 45 65 70 75 80

Ala Gsn u Pile Ala Asn




E5 90 95 Arg Leu Ser Lys Asp Al a Hs Arg Tyr- Gly Net Arg Gy Met Ser Ala
105 110 Asp Pro G n Gu Tyr Asp Len Ala Asp Len Ser Ser Len Pro Gn lle
320 125 Asp Lys Ser Len Val Val Phe Cys Met Ala Thr Tyr di pﬁg@q_@@sp
135 140 50 Pro Thr Asp Aso Ala G n Asp Phe Tyr Asp Trp Len Gn'&G r
145 150 155 160 Val Asp Len Thr Ay Val Lys Phe Ala Val Pile Ay Lau
Lyg 03838370 175 Thr Tyr Gn H's The Asn Al a Met p&r)isbySo7byr Val Asp

100
115
330

Asp

Ay
Gn
Len
Ile
Tyr
Asn

Aso
Arg
ady
Arg
Thr

An
Thr

Asp
Ay
250

Lau
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290 Leo As

Glu Pro Val Gly Glu Asn Gly Gly Arg Ala Leu Val Pro Met Phe Val
500 505 510
Arg Lys Ser Gln Leu Arg Leu Pro Fhe Lys Ala Thr Thr Pro Val Ile
515 520 " 525
Met Val Gly Pro Gly Thr Gly Trp His Pro Fhe lle Gly Phe Ile Gln
530 535 ’ 540
Glu Arg Ale Trp Leu Arg Gln Gln Gly Lys Glu Val Gly Glu Thr Leu
545 550 555 560
Leu Tyxr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr Leu Tyr Arg Glu
565 570 575
Glu Leu Ala Gln Phe His Arg Asp Gly Ala Leu Thr Gln Leu Asn Val
580 585 590
Ala Fhe Ser Arg Glu Gln Ser His Lys Val Tyr Val Gln His Leu Len
598 600 605
Lys Gln Asp Arg Glu His Leu Trp Lys Leu Ile Glu Gly Gly Ala His
610 615 €20
Ile Tyr Val Cys Gly Asp Ala Ary Asn Met Ala Arg Asp Val Gln Asn
625 630 635 640
Thr Phe Tyr Asp Ile Val Ala Glu Leu Gly Ala Met Glu His Ala Gln
645 650 655
Ala Val Asp Tyr Ile Lys Lys Leu Met Thr Lys Gly Arg Tyr Ser Leu
\ 660 665 670
Asp Vval Trp Ser
675

<210> 51

<211> 677

<212> PRT

<213> human NADPH-ferrihemoprotein reductase AE0557

<400> 51
Met Gly Asp Ser His Val Asp Thr Ser Ser Thr Val Ser Glu Ala Val
1 5 10 15
Ala Glu Glu Val Ser Leu Phe Ser Met Thr Asp Met Ile Leu Phe Ser
20 25 : .30
Leu 1le Val Gly Leu Leu Thr Tyr Trp FPhe leu Phe Arg Lys Lys Lys
35 50 / 45
Glu Glu Val Pro Glu Phe Thr Lys Ile Gln Thr Leu Thr Ser Ser Val
50 55 60

Arg Glu Ser Ser Phe Val Glu Lys Met Ljrs Lys Thr Gly Axg Asn Ile
65 270 75 B8O

Ile Vval Phe Tyr Gly Sexr Gln Thr Gly Thr Ala Glu Glu Phe Ala Asn

85 90 85
Arg Leu Ser Lys Asp Ala His Arg Tyr Gly Met Arg Gly Met Ser Ala
100 105 110
Asp Pro Glu Glu Tyr Asp Leu Ala Asp Leu Ser Ser Leu Pro Glu Ile
115 120 . 125
Asp Asn Ala Leu Val Val Phe Cys Met Ala Thr Tyr Gly Glu Gly Asp
130 135 140

Pro Thr Asp Asn Ala Gln Asp Phe Tyr Asp Trp Leu Gln Glu Thr Asp
145 150 155 B 160

55180 185 190 Gn Gnadeu Ay Ala Gn Arg Ile Phe Gu Len Gy
Asp 195 200 205 1 3 APR 2005 WD 02/46386 10 15 20 25 30 225 Sex

Ay Asn Leo Gu 210 Pro Ala Val Cys Gn G n Tyr 245 Lys Val

Lys Pro Pro 275 Asn Ar(I:j1 3{ e 2 ,

Gay O (iE55™ S8 ML RS A T &) RSPy

Leo l:lr-r”;ssnngzr VETX-]ES l‘lggys%plelvg.l J-t.ﬂ

Il e hr anTe;l;gp 215 220 44

Au hSB&ly A2g3§1 23'51,}'24@ vaf3hid Tlueﬂnv&] Leyal'gPlT"aSysG u ASp Met ASp Val
Gn Net Ay Asgg Lee Lys Ser Tyr Gn AssGn The Asp Ala Lys

Ile 305 315 320 Val
50 Pro Thx Thr Tyr

Fre, 370 375 300 260 45/53

he Phe Ay Val GQu Aa




Leo
Val

Leo
Phe
Au
Ser
AXg
Ile
Tyr
Pro
Ay
Pro
Lys
Net
Au
Leo
Au
Val
Leo
Al a

Asn

Ser

Ay
Pro-:
Pro
Ay
Hi s
Asp
Ser

Asn
Arg
Al a
Ser

Val

Arg
Leo
Gn
Al a
Lys
H s

Gn Ay 295 Ser Asp Ser Lys 310 265 270 Asn Pro Phe Leo Ala Al a

Thr Ala 280 205 Thr Gn Arg His Leo Met His Leo Qu 300 Ile T.
L LT,

Y- is Val Ala V82 Tyr Pro Ala Am Asp Ser
gy‘é()%%?{(eo Asp Val lle net 4,340 345 Gn GQu s@lﬁ’%m% 3//553 Lys H's Pro
355 360 365 Pro Arg Thr Asn Val LOU Tyr G u Leo Ala Gn Tyr Ala Ser
Ser Qu Gn Gu 385 390 395 400 His Leo His Lys Net Ala Ser Ser
Gn Ay Lys Gn Lou Tyr 405 430 415 Lee Sex Trp Val Val Gu Ala Arg
|l e Leo MF&=A Y& Spe®y &'nvs 202923 Pﬁ%ﬁYAﬁ‘pmrgﬁ“LP‘ro Say Lee Arg Pro Pro
Hs Lou %;SMG&H Lolf’Leq 435 440 __;14%1 Pro_ AZI’;'%_ Leo Gn Ala Arg Tyr
Ile Ala Ser”ser (et LVs™Val i%s 465" 35 [yS°40° 45 50 55 450 455 460
Sers Val Hi,$14d 18 ¥ Andud/@e Al 8. Yl oGl dyto,Gn Ala 470 475 480  Sex
Val Am Lys GypsVal Ala ThgeoSay Trp LeeesArg Ala 485 490 495 Lys Qu
Ay G u AsmyGay L& ofu AuGsAba thedr Val :-Pen dNetneRRe 500 505 510 Val Arg
G n Phe Artio Leo Pro thes Lys Ser Thae Thr Pro Val 535 520 525 3le
Gy Pro @bylaThr ofF v &k rhflg VR Gu phaerriVBly o@ gputsbre 11 e 530 535 540 G n
Al Trp 2260 Arg Qu &°n Gly Lys @°n Val Ay &wu Thr 545 550 555 560
Tyr Tyr T y°Cys “Ary: A gesE V?&s;ﬁ; & PSS "R P¥o Tyr Arg 565 570 575

Leo Ala Arg gge b LYS.AsD .G 0 Ala Leo Thf?fsg n Leu Am 580 585 590
s Val r Mek Gly et ATg Lfu s “Se G sn n )
The Ser A g n,& n Ala H s,lys Val zI'yr 2$Za n Hs Lee 595 600 605
Ar g ASP 1Y oGl pildliagp hi@UysTHsP rloyiie LBOL he vili 8- Gan Gy Ay 610 615. 620
Ile Tyr Val @Gys Gy Asp Aesa Arg Asn nst Ala Lys Asp Val '
Asn Arg Lys Leu Asn Gln Giy Thr Glu Arg His Leu Met His Leu Glu
290 295 300
Leu Asp Ile Ser Asp Ser Lys Jle Arg Tyr Glu Ser Gly Asp His val
20 308" 310 315 320
Ala Val Tyr Pro Ala Asn Asp Ser Ala Leu Val Asn Gln Leu Gly Lys
325 330 335
Ile Leu Gly Ala Asp Leu Asp Val Val Met Ser Leu Asn Asn Leu Asp
340 ) 345 350
25 Glu Glu Ser Asn Lys Lys His Pro Phe Pro Cys Pro Thr Ser Tyr Arg
355 360 365
Thr Ale Leu Thr Tyr Tyr Leu Asp Ile Thr Asn Pro Pro Arg Thr Asn
370 375 380
. Val Leu Tyr Glu Leu Ala Gln Tyr Ala Ser Glu Pro Ser Glu Gln Glu
30 38s 390 395 400
lLeu Leu Arg Lyé Met Ala Ser Ser Ser Gly Glu Gly Lys Glu Leu Tyr
405 410 415
Leu Ser Trp Val Val Glu Ala Arg Arg His Ile Leu Ala lle Leu Gln
420 425 430
35 Asp Cys Pro Ser Leu Arg Pro Pro Ile Asp His Leu Cys Glu Leu Leu -
435 , 440 _ 445 ’
Pro Arg Leu Gln Ala Arg Tyr Tyr Ser Ile Ala Ser Ser Ser Lys Val
450 455 460
His Pro Asn Ser Val His Ile Cys Ala Val val Val Glu Tyr Glu Thr
40 465 470 ’ 475 480
Lys Ala Gly Arg Ile Asn Lys Gly Val Ala Thr Asn Trp Leu Arg 2la
485 490 495
Lys Glu Pro Ala Gly Glu Asn Gly Gly Arg Ala Leu Val Pro Met Phe
500 508 510
45 Val Arg Lys Ser Gln Phe Arg Leu Pro Phe Lys Ala Thr Thr Pro Val
515 520 525
Ile Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Ile Gly FPhe 1lle
530 535 540
Gln Glu Arg Ala Trp Leu Arg Gln Gln Gly Lys Glu Vval Gly Glu Thr
50 545 550 555 560
Leu Leu Tyr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr lLeu Tyr Arg
565 : 570 575
Glu Giu Leu Ala Gln Phe His Arg Asp Gly Ala Leu Thr Glm Leu Asn
580 585 590
55 Val Ala Phe Ser Arg Glu Gln Ser His Lys Val Tyr Val Gln His Leu
595 600 605
Leu Lys Gln Asp Arg Glu His Leu Trp Lys Leu Ile Glu Gly Gly Ala



625 630 635 640 G n Asn. Thr The Tyr Asp Ile Val Ala Qu The Ay Pro Net- G n

Hi s 645 650 655 Thr @ n Ale Val Asp Tyr Val Lys Lys Lee. Net Thr
Tyr PC 1US01/51070-13 APR 2005 WD 02146386 PCTI USOL/ 51070 46/ 53

Ser Lev Asp Val

Asp Thr
Phe Ser
Thr Tyr
Ser Lys
A u Lys
Ser Can
Al. Hs
Tyr Asp
Leu Val

Thr Thr Asp |l e Val
Trp The Ile Phe LyS Lys Lys Lys
Ile @n Thr Thr Ala Pro Pro Val

k3 ABRdg 73

Trp Ser 675 5 <210> 55 <211> 678 <212> PRT <213> Muse

NADPH- CYTOC} ROVE P450 REDUCTASE P37040 10 <400> 55 Net Gy Asp Ser H's Qu
Seo oAkessdhr Val Pro Gu Ala Val 1 5 10 15 Al a &cwuShusival Ser Lou

net Lys Lys, JJhr Gy Arg,ASn Ile 20,65 70 75 80
Thr Ay TmAhavE g Gylhd Be A 2nAS0089:H 93 a1 g Leu Ser Lys Asp

Arg Tyr s&ky Net Arg @oy Met Ser Abs

Lev Phed4883 15 20 25 30 Lev |l e Val
35 40 45 Au Au lle Pro du Phe
50 55 60 Lys Qu Ser Ser The Val

Il e Val

Gy Val Lev

The Tyr Ay

100 1056210 25 Asp Pro Gn Qu

Lev Al a Aspmlev rngetp Servalev cRr v Gyumd ke aad &5 2320 125 Asp Lys Ser

Vals Phe Cys Met Ales Thr Tyr

Aol u Ay Aspsl30 Pro Thr

30 145 Val

Asp Thr Tyr 35 4€»45 3510 eAgpivader Mk gCan SAgpe Phe=Tyr Asp Trp Lev 150

155 Lev Thr

y Val Ly$*°The Al a Val®®*The 165 Q%°Hi s The Ash Ala 780 Qu

Gn Lev Ay A a CGAATAFE™ 165 Asp Ay Asn Lev Gu Gn Asp 210 215 Pro Al a

Val Cys Q y, Phe The P55 230 Ser Ile Arg Gan Tyr Qu Lev
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<210> 52

<211> 677

<212> PRT

<213> human NADPH-CYTOCHROME P450 REDUCTASE P16435

<400> 52
Met Gly Asp Ser His Val Asp Thr Ser Ser Thr Val Ser Glu Ala val
1 5 10 15
Ala Glu Glu Val Ser Leu Phe Ser Met Thr Asp Met Ile lLeu Phe Ser
20 25 ' 30
Leu Ile Val Gly Leu Leu Thr Tyr Trp Phe Leu Phe Arg Lys Lys Lys
35 40 a5
Glu Glu Val Pro Glu Phe Thr Lys Ile Gln Thr Leu Thr Ser Ser Val
50 55 60
Arg Glu Ser Ser Phe Vel.Glu Lys Met Lys Lys Thr Gly Arg Asn Ile
65 70 75 80
Ile Val Fhe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Glu Phe Ala Asn
85 90 95
Arg Leu Ser Lys Asp ala His Arg Tyr Gly Met Arg Gly Met Ser RAla
100 105 110
Asp Pro Glu Glu Tyr Asp Leu Ala Asp Leu Ser Ser Leu Pro Glu Ile
115 120 125
Asp Asn Ala Leu Val Val Phe Cys Met Ala Thr Tyr Gly Glu Gly Asp
130 135 140
Pro Thr Asp Asn Ala Gln Asp FPhe Tyr Asp Trp Leu Gln Glu Thr Asp
145 150 ‘ 155 160
Val Asp Leu Ser Gly Val Lys FPhe ARla Val Phe Gly Leu Gly Asn Lys
165 170 175
Thr Tyr Glu RHis FPhe Asn Ala Met Gly Lys Tyr Val Asp Lys Arg Leu
180 185 190
Glu Gln Lev Gly Ala Gln Arg Ile Phe Glu Leu Gly Leu Gly Asp Asp
195 . 200 205
Asp Gly Asn lLeu Glu Glu Asp Phe Ile Thr Trp Arg Glu Gln Phe Tip
210 215 220
Pro Rla Val Cys Glu His Phe Gly Val Glu Ala Thr Gly Glu Glu Ser
225 230 235 240
Ser Ile Arg Gln Tyr Glu Leu Val Val His Thr Asp Ile Asp Ala Ala
245 250 255
Lys Val Tyr Met Gly Glu Met Gly Arg Leu Lys Sex Tyr Glu Asn Gln
260 265 270
Lys Pro Pro FPhe Asp Ala Lys Asn Pro Phe Leu Ala Ala val Thr Thr
275 280 288
Asn Arg Lys Leu Asn Gln Gly Thr Glu Arg His Leu Met His Leu Glu
290 298 300
Lev Asp Ile Ser Asp Ser Lys lle Arg Tyr Glu Ser Gly Asp His val
305 310 315 320
Rla Val Tyr Pro Rla Asn Asp Ser Ala Leu Val Asn Glin Leu Gly Lys




!

245 170 Met Gy Lys Tyr 185 Ile The Qu Lev 200 The Ile Thr Trp Gy Val

Gu Ala 235 Vval
Arg Gan G u Thr

Val Hs Gn 250 dy Are Lev 265 Asn Pro The TE@@)S
Asp 160 Ay Lev Ay Asn Lys 175 Val Asp Can Arg

Leu 205WQ02/46G86y Asp Asp Arg Gu G n The Trp 220 Thr GPYTEBEH/SHN Ser 240

Asp Met Asp Thr

Ala Lys Ser Tyr G n42/3870 Leu Al. Ala Val 2 85 His Lev Net

H's 255 Asn Gan Thr Thr Lev G u 290 295 300 Lev Asp Ile Ser Asp Ser Lys

Ile Arg Tyr Gu
Pro The Asp Al a
Val Tyr Pro Al a
Lev Sly Ala Asp
A u Gn Ser Asn
Thr Ala Lel Thr
WO 02/ 46386
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Sex Gy Asp His Vol Lys Val Tyr Thr Ay Au net 260 Lys Pro
Lys 275 Mas Arg Lys LeyoAsn G n dys50 305 310 315 320 Al a
AS BeuASPr1SeEp Tdalas @V vMaher AstielCam i &Gy G n 325 330 335 Ile
Lev Asp3#val |le Met 38er Lev Ash 3sn Lev Asp 340 345 350 55
qy 81u| sy Ak lgs P GisPhre PRy o OpserPrg Sthrr R Tyr Arg 355 360 365
Tyr Pyt Lev Asp 118 Thr Asn PPS Pro Arg Thr Asn 1 3 APR 2005
Thr Ala Leu Thr Tyr Tyr Leu Asp Ile Thr Asn Pro Pro Arg Thr Asn
370 375 380
Val leu Tyr Gluv lLeu Ala Gln Tyr Ala Ser Glu Pro Ser Glu Gln Glu
385 390 395 400
Leu Leu Arg Lys Met Ala Ser Ser Ser Gly Glu Gly Lys Glu Leu Tyr
408 410 415
Leu Ser Trp Val Val Glu Ala Arg Arg His Ile Leu Ala Ile Leu Gln
420 - 425 430
Asp Cys Pro Ser Leu Arg Pro Pro Ile Asp His Leu Cys Glu Leu Leu
435 440 445
Pro Rrg Leu Gln Ala Arg Tyxr Tyr Ser Ile Ala Ser Ser Ser Lys Val
450 455 460
His Pro Asn Ser Val His Ile Cys Ala Vval val val Glu Tyr Glu Thr
465 470 475 480
Lys Ala Gly Arg Jle Asn Lys Gly Val Ala Thr Asn Trp Leu Arg Ala
485 490 495
Lys Glu Pro Ala Gly Glu Asn Gly Gly Arg Ala Leu Val Pro Met Phe
500 505 510
Val Arg Lys Ser Gln Phe Arg Leu Pro Phe Lys Ala Thr Thr Pro Val
515 520 525
Ile Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Ile Gly Phe Ile
530 535 540
Gln Glu Arg Ala Trp Leu Arg Gln Gln Gly Lys Glu Val Gly Glu Thr
545 ) 550 555 560
Leu Leu Tyr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyxr Leu Tyr Arg
565 570 575
Glu Glu Leu Ala Gln Phe His Arg Asp Gly Ala Leu Thr Gln Leu Asn
580 585 590
Val Ala Phe Ser Arg Glu Gln Ser His Lys Val Tyxr Val Gln His Leu
595 - 600 605
Leu Lys Gln Asp Arg Glu His Leu Trp Lys Leu Ile Glu Gly Gly Ala
610 . 615 €20
His lle Tyr Val Cys Gly Asp Ala Arg Asn Met Ala Arg Asp Val Gln
625 : 630 635 640
Asn Thr Phe Tyr Asp Ile Val Ala Glu Leu Gly Ala Met Glu His Ala
, 645 650 655
Gln Ala Vel Asp Tyr lle Lys Lys Leu Met Thr Lys Gly Arg Tyr Ser
660 665 670
Leu Asp Val Trp Ser.
675

<210> 53
<211> 679

<212> PRT .
<213> Rabbit NADPH-CYTOCHROME P450 REDUCTASE P0O0389

<400> 53

Met Ala Asp Ser His Gly Asp Thr Gly Ale Thr Met Pro Glu Ala Ala

1 5 10 15

Ala Gln Glu Ala Ser val Phe Ser Met Thr Asp Val Val lev Phe Ser
20 25 . ‘30

Leu Ile Val Gly Leu Ile Thr Tyr Trp Phe Leu Phe Arg Lys Lys Lys



5-10 15
Sur GQu
G s Leo
Val Asn
Al a Val
Leo Arg
Tyr Her
Pro Al a
The Lys
Val du
515 520
Arg Al a

47/ 53 370 375 380 Val Leu Tyr Qut Lou Ala dn Tyr Ala Ser Qu Pro

385 390 395 His Leu His Lys Net Ala Ser
420 Asp Tyr
Al a Thr

Her Trp Val
Lys dy Val
G u Tyr 405 410 Val
Ile Asp His Lou Cys G u 44D 445 Pro Arg

Sur Sur 450 455 460\l Arg Lys Gu 20 I1e
eu 500 505 Lys Sur G n Phe Arg Lou Pro
415 Lau G n Lau Lau Lys

Rl
Gy Gu Asn Ay Arg Arg Ala
Pro PCT/U SO1/57 070 G n GQu

Sur
Gu Ala Arg Arg Hs Ile Lau Ala Ile 425 430

Ala 480 Trp Les Arg Thr
Gy3ro Ay Thr sdy Val

525 Val
545
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Vval
65
Ile

Asn

Asp
145
Asp

Lys

Leu

Trp
225
Ser
Ala
Gln
Thx
Glu
val
Glu
Asp
Axg
Asn

385
Glu

Tyr
Gln
Leu
val

465
Thr

Lys

Val val

Arg Leu
Pro
115
Asn

Asp
Asn
Pro Thr
Val Asp
Thx
Gln

185
Ala

Glu

Asp
210
Pro Ala

Ser Ile

Lys Val
Pro
275
Arg

Lys

Asn
290
Leu Asp

Ala val

Ile Leu
Glu
355
Ala

Glu

Thr
370
Vval Leu

Gln Leu

lLeu Ser

Asp Tyr
435
Pro Arg
450

His Pro

Lys Ala

Fhe
Ser
100
Glu
Ala
ASpP
Leu
Glu
180
Leu
Asn
val
AXg
Tyxr
260
Pro

Lys

Ile

Gly
340
ser

Leu

Arg
Trp
420
Pro
Leu

Asn

Gly

Tyr

85

Lys

Glu

Leu

Asn

Ser

165

His

Gly

Leu

Cys

Gln

Gln

Phe

Leu

Ser

Pro

325

Ala

Asn

Thr

Glu

Lys

405

val

Ser

Gln

Ser

Arg
485

Glu Sexr Ser Phe

70
Gly

Asp
TyT
Ala
Ala
150
Gly
Phe
Ala

Glu

Gly
Asp
Asn
Asp
310

Ala

Asp

Lys

TYT
Leu
390
Met
Val
Leu
Ala
val

470
Leu

Pro Sur
Sur

495 Val

Val Glu Lys Met Lys

Ser
Ala
Asp
val
135
Gln
val
Asn
Gln
Glu
215
His
Glu
Glu
Ala
Gln
295
Ser
Asn
Leu
Lys
375
Ala
Ala
Glu
Arg
Arg
455
His

Asn

Gln Thr Gly

90

His Axrg Tyr
105

Leu Ala

120

Phe

Asp

Cys Met

Asp Fhe
Ala
170
Gly

Lys Tyr

Ala Met
185
Arg Ile Phe
200
Asp

Fhe Ile

Phe Gly Val

Val Leu
250

Arg

Leu

¥et Gly

265

Lys Asn: Pro

280

Gly Thr Glu

Lys Ile Arg

Asp Ser Ala

Vel val

345

Asp
His Phe
360
Leu

Asp Ile

Gln Tyr Ala

Ser
410
Arxg

Ser Ser

Ala Arg
425
Pro

Pro Ile

440

Tyr Tyr Ser

Ile Cys Ala

Lys Gly Val
490

75
Thr

Gly
Leu
Ala
Asp
158
val
Lys
Glu
Thr
Glu
235
His
Leu
Phe
Arg
TyT
31s
Leu
Met
Pro
Thr
Ala
395
Gly
His
Asp
Ile
Val

475
Ala

400 Leu Tyr

Ser '
435 465 470 475 Lys Hery.
H's Pro Asn Ser Val

Pro Net The
Ala ¥ro The Met Ay The Ile Gn Gu

Lys

Ala

Met

Ser

Thr
140
Trp

Phe

Leu
Trp
220
Ala
Thrxr
Lys
Leu
His
300
Glu
Val
Sex
Cys
Asn
380
Asp
Glu
Ile
His
Ala
460

Ala

Thr

Thr Gly Arg

Glu Glu Phe
95
Arg Gly Met
110
Ser Leu Pro
125

Tyr Gly Glu

Leu Gln Glu

Gly Leu Gly
175

Asp Gln

190

Met Gly

val

Gly
205
Arg Glv Gln

Thr Gly Glu

Ile Asp
255

Tyxr Glu

270

Thr Val

Asp

Ser

Ala
285
Leu Met His

Ser Gly Asp
Gln Leu
338
Asn Asn
350
Thr Ser

Asn

Leu

Pro
365
Pro Pro Arg

Pro Ala Glu

Lys Glu
415

Ala Ile

430

Cys Glu

Gly

Leu

Leu
445
Ser Ser Ser

Val Glu Tyr

Ser Trp Leu

495

Lo§iu @y VEF- TR Ay Ei:’AYSaIJ\'Yé¥" MBE0 BurerlevsAsp Val
S0

Asn
80
Ala
Ala
Glu
Gly
Thr
160
Asn
Arg
Asp
Phe
Glu
240
Val
Asn
Thr
Leu
His
320

Gly

Leu

Her Ay GQu Gay Lys

o

Hs Ile Cys

a Arg Tyr

tl}g] 0 485 490

510 Thr Thr Pro Val

675 Tyr Tyr

Tyr |

Thr

Gln

400

Leu

Leu

Leu

Lys

Glu

480
Arg




GQu Qu Leu Ala Arg The His Lys Asp Gy Ala Leo Thr G n Leu Asn 580 585 590
Val Ala the Her Arg QU Gn Ala Hs Lys Val Tyr Val Gn H's Lou]§%§R2®g 605
30 Leu LywgoAhMedeP Lys Gu His Lein Try, Lys Leo Ile Hi spErhistd ¥efd Y 615
620 Ala H's Ile Tyr Val Cys Ay Aspy a Arg Asn Net Ala Lys Asp Val

630 635 640 Gn M Thr The Tyr Asp Ile Val Ala Gu The Ay Pro Net Glu H|s
35 40 45 50 35 40 45 Asp Gu VvVal Pro Qu Phe Her Lys Ile Au Thr Thr Thr Sur
Ser Val 50 55 60 55 Lys Asp Ser Ser The Val G u Lys Met Lys Lys Thr Ay Arg
Asn Ile 65 70 78= 86 1 Pe NabiyRhessh\sy @ yroSer tegvm Fametd y Thr Ala G u GohU
the Ala Asn 535 540 Trp®Lein Arg A% Gn Ay Ly Ju Val Ay Cu Thr 550
555 560 dy Q/s”hN’?j ‘)&?Qy Ssé&G]As”b nge%’é‘b RS P™ITYT g 565 570 575 645
650 655 p-Tyr % eMeg s La RZ%SGI va{“ys %é Ar T r 665 670 Trp Her
<210> 56 <211> 6’7 12> $2135™) OVE P450 AEDOCTASE
P04175 <400> 56, th;ms,llym t;grmmg\éa,l GlAélg Jb&u @YeJhy, Thr Thr Ser Gu Met
Val 1 ' 5 10 15Ala A u d ussyal Ser Leosdghe Ser Al asdghr Asp Met Val Lau The
Ser 20 25 30 L®@prdulieuw Malry:Ghy cheitg haomd s cdytss Tfrelbg || € Phe Arg Lys Lys
Lys WO 02/#6386 48153 85 96 95 Arg LemobSer Lys AspsAla His Arg Tyr Ay Met
Arg Ay Mt Al a» auF00rt0% 9I0re A pysProcIGIer @ GerTyr LAsp Lau Ser Asp Leu Per
Ser Lau Pro Gn lle 5 85 120 125 &°n Asn Ala B¥n Ala Val The Cys Met Al a
“Thr Tyr Ay du’@y 3)Pheff§0“i§13‘ 20" Pt §° i YASY As&=Ale G n Asp The Tyr

Asp Trp Lay O n G u,Al,.A50 145 450..155,.160, 3D xVah, &sp Leu Thr Gy Val Lys
Tyr Ala Val Phe d yolLau an AspsLys 165 1% 175 - Thr Tyr G n H s Phe Asn

Ala Met Gy Lys clyfia ¥ad 11830 by SysAlgadoOtk 3@:snbB521:3s »dd N G N Leu Gy Ala Gn

Arg Il e Phe Aspekau Ay Len @y Asp Asp 645 195 200 205 Asp Gy Asn Lou Gl n
Gu Asp The || e "Pht Trp™afty T BoGin PHE T peo v Ao ver

655
His Ala Gln Ala Val Asp Tyr Val Lys lys Leu Met Thr Lys Gly Arg
660 665 €70
Tyr Ser Leu Asp Val Txp Ser
675
25
<210> 54
<211> €78
<212> PRT
<213> Rat NADPH-CYTOCHROME P450 REDUCTASE P00388
30 :
<400> 54
Met Gly Asp Ser His Glu Asp Thr Ser Ala Thr Met Pro Glu Ala val
1 ' 5 . 10 15
ala Glu Glu Val Ser Leu Phe Ser Thr Thr Asp Met Val Leu Phe Ser
35 ’ 20 25 30 -~
© 7 7 Leu Ile Val Gly Val Leu Thr Tyr Trp Phe Ile Phe Arg Lys Lys Lys
35 40 45
Glu Glu lle Pro Glu Phe Ser Lys Ile Gln Thr Thr Ala Pro Pro Val
50 55 €0
40 - Lys Glu Ser Ser Phe Val Glu Lys Met Lys Lys Thr Gly Arg Asn Ile
65 70 75 80
Ile Val Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Glu Phe Ala Asn
85 90 95
Arg Leu Ser Lys Asp Rla His Arg Tyr Gly Met Arg Gly Met Ser Ala
45 100 105 210
Asp Pro Glu Glu Tyr Asp Leu Ala Asp lLeu Ser Ser Leu Pro Glu Ile
' 115 120 ' 125
Asp Lys Ser Leu Val Val Phe Cys Met Ala Thr Tyr Gly Glu Gly Asp
130 135 140
50 Pro Thr Asp Asn Ala Gln Asp Phe Tyr Asp Trp Leu Gln Glu Thr Asp
145 150 1585 160
val Asp Leu Thr Gly Val Lys Phe Ala Val Phe Gly Leu Gly Asn Lys
165 170 17%
Thr Tyr Glu His Fhe Asn Ala Met Gly Lys Tyx Val Asp Gln Arg Leu
55 180 185 190
Glu Gln Leu Gly Ala Gln Arg Ile Phe Glu Leu Gly Leu Gly Asp Asp
195 200 205

~——’




210 215 220 Pro Ala Val Cys Gn H|s The Gy Val Gn Ala Thr Gy Qu Gn Ser
225 230 235.240 20 Sex lle "Arg'Gn Tyr du Lau Val Val H's Thr Aépi-\

~Thr Ala 245 250 255 Val Val Tyr Thr Gy Gn Net Ay Arg Lau Lys 5er Tyr

G n Asn Gn 260 265 270 Lys Pro Pro The Asp Ala Lye Asn Pro The Lea Al a Val
Val Thr Thr 25 275 280 285 Asn Arg Lys Len Asn Gln Ay Thr Gn Arg H s Lau
Met His 290 295 300 Lau Asp Ile Ser Asp 5er Tyr G'n
Sex-Gy A l‘qﬁwt”?% 305. 310 315 32Q.30 Ala Val Tyr Pr Om&hggﬁg]% Ser Ala
Lau VO3 Ash G n Lau Gy Gn 325 330"55 Ile Lau Gy Thr Asp Leu Asp Ile
Val Net Say Lau Asn Asn Lau Asp 340 345 350 Gn Gn 5er Asn Lys Arg H's Pro
Phe Pro Cys Pro Thr Thr Tyr Arg 35 355 360 365 Thr Ala Lau Thr Tyr Tyr Lau
Asp |l e Thr Ass Ppo1Ppo Ay GuThy »sAghe 11878 B7 5o 3BE» MafrlLau Tyr G u Len Al a
Gn Tyr Ala Ser GWwWPro Ser Au?&n Gn 38%°390 395 400 40 G n Leu Arg Lys
Net Al a Sex 5er Eﬁr“ﬁ’i} ‘Gﬁ“@‘}/"“ﬁﬁ”@ﬁ“ﬁéﬁ“‘l’ﬁ” “4@% #10 415 Len 5er Try

Val val G n Al a Hi Sr:_t‘fu Lal e, Lau G 643 425 430 Asp Tyr Pro
Ser Leo Arg® Pro ffro Tf’% PEprH's” é’&%“ él “Rr'g” T8qs. 45 435 440 445 Pro Arg
Lau G n Ala Arg Txru.iTw: &ﬁely S Luellod, £abeuSer seS% Jﬁyﬁs 450 455 460 Hi s

Pro Asa Ser Val Hs Ile &ys Ala Val ¥al Val Qu Fyr G n Thr 465 470 475 480
50 Lys 5er Ay Aig sabroASAadp\se ok YsnMiab piklian TamiSel kP Lau Arg Ala 465 490
495 Lys G Pro Ala @sy GIn Asn @&cy Arg Arg Absaa Lou Val Pro Met Phe 500 505
510 Val Arg Lys?Befs GsrieThe o g PP PP Hhieev MsesHiArke thr Thr Pro Val 55 515
520 525 Ile Net Val®Gy Pro d vy Thr Val**Ala Pro The Ile Ay Phe Ile 530
535 540 13 APR 2{f)3* PCTFUSD[51070 "I%%ﬂﬁ 2665 W52/ 46386 PCTTUSO7/ 51070

49/53 Gn Gn Ar g AlanIhp, La@usncispsghuagaunanqsy clnySe leblb/al Ay Gu Thr 545
550 555 560 Leu Lou Tyr Tye Gy Cys Assg Arg Ser Asg Gu Asp Tyr Leu Tyr Arg
565 57.0 575 5 GeUeuGy rborse MugpsiCianl 1@ ldstefbha sy seuGy Al a Leu Thr Arg Leu
Ser 580 585 590 Val Al @&%he Ser Arg*du G n Prees@n Lys Val Tyr Val @ n H's
Leu 595 600 605"‘“I§é’use£9‘§‘ ’;KFQYSA‘S?)P‘LV’?G"lﬁysl-ﬁ”%”lfo"ﬂ’??ﬁ*’iys Lou Ile H's Asp

Sl y G y 10 %10 6;115 Apaeu%‘n‘aﬂybl’r}ﬁ' \l gsp-EYe Thr As@: Pg§ro(;rél’rhé§pn AI a Ar g Asn Net AI a
Ar g ASp Val 370 375 380
val Leu Tyr Glu Leu Ala Gln Tyr Ala Ser Glu Pro Ser Glu Gln Glu
385 390 395 400
25 His Leu His Lys Met Ala Ser Ser Ser Gly Glu Gly Lys Glu Leu Tyr
405 410 . 415
Leu Ser Trp Val Val Glu Ala Arg Arg His Ile Leu Ala Jle Leu Gln
420 425 430
Asp Tyr Pro Ser Leu Arg Pro Pro Ile Asp His Leu Cys Glu Leu Leu
30 435 440 445
Pro Arg Leu Gln Ala Arg Tyr Tyxr Ser Jle Ala Ser Ser Ser Lys Val
450 : 455 460
His Pro Asn Ser Val His Jle Cys Ala Val Ala Vel Glu Tyr Glu RAla
465 470 475 480
35 Lys Sex Gly Arg Val Asn Lys Gly Val Ale Thr Ser Trp Leu Arg Ala
485 490 495
) Lys Glu Pro Ale Gly Glu Asn Gly Gly Arg Ala lLeu Val Pro Met FPhe
500 505 510
Val Arg Lys Sexr Gln Phe Arg Leu Pro Phe Lys Ser Thr Thr Pro Val
40 5185 520 525
. Ile Met Val Gly Pro Gly Thr Gly Jle Ala Pro Phe Met Gly Phe Ile
530 535 540
Gln Glu Arg Ala Trp Leu Arg Glu Gln Gly Lys Glu Val Gly Glu Thr
545 550 555 560
45 Leu Leu Tyr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr Leu Tyr Arg
565 570 575
Glu Glu Leu Ala Arg Phe His Lys Asp Gly Ala Leu Thr Gln Leu Asn
580 585 590
val Ala Phe Ser Arg Glu Gln Ala His Lys Val Tyr Val Gln His Leu
50 595 600 605
Leu Lys Arg Asp Arg Glu His Leu Trp Lys Leu Ile His Glu Gly Gly
610 . 615 620
Ala His Ile Tyr Val Cys Gly Asp Ala Arg Asn Met Ala Lys Asp Val
625 630 635 640
55 Glin Asn Thr Phe Tyr Asp Ile Val Ala Glu Phe Gly Pro Met Glu His
645 €50 655
Thr Gln Ale Val Asp Tyr Val Lys Lys Leu Met Thr Lys Gly Arg Tyr



625 630 635 640 G n Asn Thr The Cys Asp Ile Val Ala Qu Gn Gy Pro Met Qu
His 645 65D 655 15 Ala G n Ala Val Asp Tyr Val Lys Lys Leu Met igrAflR)Q%G y

Arg Tyr 9@§“g§ g 670. Ser Lein Asp Val Trp Ser 675 20 <210pui/s16961
<212> i > Bact eri ophage SF6 pig4yer <400> 57 gatttaggtg acactatag <210>

56 <231> 44 30 <212> DNA <213> Artificial Sequence 35 40 <400> 58

gactacttct agatcgcgag cagccgccct tttttttttt tttt 44 <220> <223> Synthetic
adapter with Notl site and poly dT tail <221> misc_structure <222>
(1)...(1) <223> The first base is pkosphoryl atedol9 <210> 59 <211> 16 45
<212> DNA <213> A tep RércienlrSequence 50 <220> <223> Top Strand of a Sall
adapter <400> 59 tcd#cccacg cgtccg 16 <210> 60 55 <212> 12 <212> DNA <213>
Artificial Sequence V\D 02/ 46386 5 50/53 <22 0> <223> Bottom Strand of a Sall
adapter, tfRe fi r%’t" 7ase is phosphoryla ted <221> m sc_feature <222> (1).
(2) <223> The f| ase i s phosphorylated 13 APR 2005 PCT/US03151070 10

<400> 60 gcct gcgaacmgss; ks E2I QB Iuso $2dcIRe 2hosk5 <212> DNA <213> human
oxi dor educt ase prinmer 1C
10 <400> 55 _
Met Gly Asp Ser His Glu Asp Thr Ser Ala Thr Val Pro Glu Ala Val
1 5 10 15
Ala Glu Glu val Ser Leu Phe Ser Thr Thr Asp Ile Val Leu Phe Ser
20 25 30
15 Leu Ile Vval Gly Val Leu Thr Tyr Trp Phe lle Phe Lys Lys Lys lLys
35 40 45
Glu Glu Ile Pro Glu Phe Ser Lys Ile Gln Thr Thr Ala Pro Pro Val
50 55 60
Lys Glu Ser Ser Phe Val Glu Lys Met Lys Lys Thr Gly Arg Asn Ile ) ' )
20 65 70 75 80 ’
Ile Val Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Glu Phe Ala Asn
85 90 95
Arg Leu Ser Lys Asp Ala His Arg Tyr Gly Met Arg Gly Met Ser Ala
100 108 110
25 Asp Pro Glu Glu Tyr Asp Leu Ala Asp Leu Ser Ser Leu Pro Glu Ile
115 120 125
asp Lys Ser Leu Val Val Phe Cys Met Ala ‘Thr Tyr Gly Glu Gly Asp
130 135 140
Pro Thr Asp Asn Ala Gln Asp Phe Tyr Asp Trp Leu Gln Glu Thr Asp
30 145 150 , 155 160
val Asp Leu Thr Gly Val Lys Fhe Ala Val Phe Gly Leu Gly Asn Lys ’
165 170 175
Thr Tyr Glu His Phe Asn Ala Met Gly Lys Tyr Val Asp Gln Arg Leu
180 185 150
35 Glu GIn Leu Gly Ala Gln Arg lle Phe Glu Leu Gly Leu Gly Asp Asp
195 200 205 o
Gly Asn Leu Glu Glu Asp Phe Ile Thr Trp Arg Glu Gln Fhe Trp
210 ) 215 220
Pro Ala Val Cys Glu Phe Phe Gly Val Glu Ala Thr Gly Glu Glu Ser
40 225 ' 230 235 240 )
Ser 1le Arg Gln Tyr Glu Leu Val Vval His Glu Asp Met Asp Thr Ala g :
245 250 255
Lys Val Tyr Thr Gly Glu Met Gly Arg Leu Lys Ser Tyr Glu Asn Gln
260 265 270
45 " Lys Pro Pro Phe asp Ala Lys Asn Pro Phe Leu Ala Ala Val Thr Thr
275 280 285
Asn Arg Lys Leu Asn Gln Gly Thr Glu Arg His Leu Met His Leu Glu
290 295 300
Leu Asp Ile Ser Asp Ser lys lle Arg Tyr Glu Ser Gly Asp His Val
50 305 310 315 320
Ala val Tyr Pro Ala Asn Asp Ser Thr Leu Val Asn Gln Ile Gly Glu
325 330 335
Ile Leu Gly Ala Asp Leu Asp Val Ile Met Ser Leu Asn Asn Leu Asp
340 345 350
55 Glu Glu Ser Asn Lys Lys His Pro Phe Pro Cys Pro Thr Thr Tyr Arg
355 360 365
Thr Ale Leu Thr Tyr Tyr Leu Asp Ile Thr Asn Pro Pro Arg Thr Asn

Asp



20 25 <400> 61 gt ggaccaca agctcgtact g 21 <210> 62
<213> human oxi doreduct ase pri ner

<212> 22
2C <400> 62 catcgaccac ctgtgtg?%gﬁhgméz
) 3 0>

<212> DNA

<220> 63 30 <221> 22 <212> DNA <213> human oxi dor educt ase pri ne

63 35 gtacaggtag tcctcatccg ag 40 <230> 64

Aspergillus niger NADP CYP450 oxi dor educt aseZ26a3a <400> 64 cctgtatcct

<231> 3710

<222> DNA <213>

gat aact covooagsa@at cg gagt aaacag aaggacaagt cattgbSagta @CEAGIEPET0

ccgt gt caga
caccat cgct
ccaaattatt
caceecttac
ttcctttcca
tttggttttg
ct ggat aggc

cctcactccg gtcaatcccc cgctgeacce tttcanpactc

ccccct E

¢t L GLELL

gacccggaca ggatcagctt ctd#fhaccc gagactccgg 45 gcoaeaaggc
caggctacca cctgtgttcc ttccgtcgat cgtcctccct cgtttccgge tcacggeccce
gcggt ct gct tagcagtggg ttcggectct
tttcttatcc ttttCCtttt CCtttCttCC
(} £SaL24eq CPr %tt
ggacgﬁggcc accttaggtc dottcctgee b5

t aagcgl ag%:; 9aga-ohgae: aktel LGtld iy GRACAL LGLGE CCttttcccy
gccat ggt at caagt cggg9

ctgttcttcc tggatcacac
tttCttCCtg ttctcctttc
gitictt ccgttttatc
t cggt cfgcy gtgat cgcac

cctttgcttg cgccpet gaar-£agoet cact abggrygeaacies kegat acogt cgat ct ggtg

gtcctggegg tgcttttggt gemst agegtg geetsacttca

ccamgggcac ctactgggca

gt t gcaaaga cctgtﬁt@ed*?evaetggéﬁ’Eegbggaﬁ§d£55ﬁaéggﬁgecgc t aaggct ggc

aaoact caga_acat cat t g#’gaagat
ggatcgcaaauhtggaé%E'éﬁfﬁﬁgﬁ

éaac gaca

éf et ccag%?ts‘”ts

aatt

d%&&

cgcttcggece tcaagég%%RsQQngthQQa&LQQ@QQ@ﬁRm ,60: o1k

420 400 540 6D 660 720470780 84

{ tattttctac
a aggat ct cag

180 240 300 360

220 1 3 APR 2&05 WD 02/ 46386

PCT/ US01157 070 pybid:B3y aggacisk bgasigaacei goaer &pakt 666@8J aggacaaggt
tgsgcttttcugtgctcgcce

20

25

30

35

40

45

50

55

Lys Glu Pro

Val Arg Lys

515

Ile Met Val
530

Gln Glu Arg

" 545

Leu Leu Tyr
Glu Glu Leu

Val Ala Phe
595
Leu Lys Arg
610
Ala His Ile
625
Gln Asn Thr

Thr Gln Ala

Ser Leu Asp
675

<210> 56
<211> 678
<212> PRT

485 450
Ala Gly Glu Asn Gly Arg Arg Ala Leu Val
500 505 .
Ser Gln Phe Arg Leu Pro Phe Lys Pro Thr
520
Gly Pro Gly Thr Gly Vval Ala Pro Phe Met
535 540
Ala Trp Leu Arg Glu Gln Gly Lys Glu val
550 555
Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr
565 570
Ala Arg Phe His Lys Asp Gly Ala Leu Thr
580 585
Ser Arg Glu Gln Ala His Lys Val Tyr Val
600 605
Asp Lys Glu His Leu Trp Lys Leu Ile His
615 620
Tyr Vel Cys Gly Asp Ala Arg Asn Met Ala
630 635
Phe Tyr Asp lle Val Ala Glu Phe Gly Pro
645 650
val Asp Tyr Val Lys Lys Leu Met Thr Lys
660 665
Val Trp Ser

<213> Pig NADPH-CYTOCHROME P450 REDUCTASE P04175

<400> 56

Met Gly Asp
1 -

Ala Glu Glu

Leu Ile Val
3s
Asp Glu Val
50
Lys Asp Ser
65
Ile val Phe

Ser Asn Val Asp Thr Gly Thr Thr Thr Ser
5 10

val Ser Leu Phe Ser Ala Thr Asp Met Val

20 25

Gly Leu Leu Thr Tyr Trp Phe Ile Phe Arg
" 40 45

Pro Glu Phe Ser Lys Ile Glu Thr Thr Thr

55 60
Ser Phe Val Glu Lys Met Lys Lys Thr Gly
70 75
Tyr Gly Ser GIln Thr Gly Thr Ala Glu Glu

485
Pro Met FPhe
510
Thr Pro val

525

Gly Phe Ile

Gly Glu Thr
560
Leu Tyr Arg
575
Gln Leu Asn
590
Gln His Leu

Glu Gly Gly

Lys Asp Val
640
Met Glu His
655
Gly Arg Tyr
670

Glu Met Val
15

Leu Phe Ser

30

Lys Lys Lys

Ser Ser Val
Arg Asn lle

80
Phe Ala Asn




cct ecggaga
acgacgttgc
ttgctttcgg

gggt gaocct

ttttpagegc
t ct gggt eae

at gct gct MO @ééiPaagcet

gt gccggt ac
cggagt cget
aaaacgagt c
accttcaggg
ccgaatctcg
t cgct ggaag
ct ggt gccga

eat ggaaga8
ggat ct cgaa
cct gegccct

acgget eatg
pcgtccgcgg
aacacttatg
gggccgecagce
gacttcttgg

gagcgt gaag

~gaggacgaga

ctgttgagtt
ecgegaegce
egcact acaa
gtattggttc
cfgdeagga
cggt ct acga
Cggt ct et ct

ctaccagitc
t ct gt ccaag
cgccat ggtt
t gct ggcgag d
gcccat gt gg
acctgttttc
t ggegagccc

tactcccaaa ggcgcgtect ctgcggacaa cccctifatc
t gagGistild SeraeLOt GRANY AR GHCRML B ottt ACALSHY
taecttgtcc tiaccagactg gtgaccacat cgchgtttgg
agt ggategeutct .ot haagyg sércist CggeL ter cgag LAY

t cat caacat5 caagggt at &sgat gt t acgg!a¥caaggt ccc agt cccgacc
acgat gccgc tgtt eggeatistiat bt §gaay Qtsc‘leg@gd‘é’t@fﬁgt Yt Eecgt
ccectctggc cgcegttcdtt ccget gegda aag caaqgc agat t gt gc
caceeggact attt&¢ gﬁpdﬁbﬁbgﬁé@%mﬁdZEﬁﬁ F“ggdﬁtﬁ?q

egegcat ceg, gt cogagect., Lhohetqata Ltecqt tet g tetacis atl
cgeagct gca gectcgetec tackegatct Cttcgpcctc ccttg;@cag

t cegcat cac ggccgttrgt @u gaahd ggthLrgtctt g€ ¢e0E: hgaet S Gac
gtgtgectac gaattatctc etecgcgctca ageagaagce gaeegggcga

gaccct cac

ttccecgtge

tcctggttgg
ctttggcggc
gt gacgagga
cagct acct 2o
gctt ggagac
cgttcagcac
teccttctec
ccaget cat g5
cat gcgt aga
ttttctttct
getctttgca
atgLat gt et
gagcat ga
aacetgttat
aagat gaat c
t eatt gegca
ecgt gcaag#
tactacagtt
t ageagaaac
accaaaccaa
gttcagt cag
acccgcccct
cegcaattaa
cgcttttecc

693 <222> PIT <213z

aeaaoct o

1020 108D
50
55

gcttga@btauebo@e@@a@gngPGCGeggaay@aa@a&egac
tgttcgcCBf?tcoaecttce“@ ccctc fYatccctct
Lect LR gyt f‘g‘jé‘g“c”‘é %‘6@ (?Eg f‘f‘teé’a’f"f &g
CaagHQQQQQ:%QQ&I%QQQFmQQQQ&QR& Gl L LGt
tttcitgtac aaggai;gaat ggaaggbaag efatctt bt
cat agetGtes ggat-gat aacvsabvat icgegake bk geage GGt
aacttgeega tcagTactgc gttcisegcgt gagggisectc
agacttEgcy” C%EFEGQGQEGF%UYE%Q%’@E@btﬁcﬁba

gtetgtggtg %xteq ga,,sgéii c1cqe, ceddt faacc
gct gégcagg, gt gt ¢t

Cgggccgegeag ggcgaegeee
CgtgﬂﬁﬁQQLsQQQQQQEQQBmLQLQLQGLQa,h@@h&k&&ﬁa
t gt Ct aktwac gacggcCedsc tcgatccatsto attttattta

t et atastoee gergatet Lisglesloalt cetser Gy birttgett

agtt¥®atttg ttttgtfcec e ecc g? ecaeacﬁ?t
0 gcgd?ﬁ&%é@' q%dﬁ&éﬁd*h ﬁ@ﬂt@hﬁ@a
gccatl €1,.q9, gealatl Qétn@%aqtngr%e& 4% A 9896CLa0

catattteat jfpgcacaata cidsttcgcct tcidpcatcta
ct gascgaae gegetgacae-chgotget og gaat-agecsga
cet gcat aess cett eceet gshacaegt age ¥t ggt eect a
act g’é’t{?lad*f“ tr CAgeT éeaefspaé‘gtTéra’tsa@{" Hadgdrttseg

at ocaf #dqe geeecet (g caataceadt aottaaogac
act agaaccy gcgcaegace agt gecgeat cgteattpge
ect ggalggts ivagaecgaleLeaant §6ey Laekcal see
cccet occee ccket ctact ccgeagagcg agggacaaaa
ccacgeteadtr t agcandaa guadit taga Ayticggatiga
get gt t coac F? tcaacg ggfcttgaga gcé@ttcc c
ct gcéfc“é’ét"" T cf 8TGCT 4T ¢t €§gtd "é’EC

%QIALJ 445 A ger, NADRCY.
1340 u2200 1260 452320 260
His Pro Asn Ser Val His Jle Cys Ala Val Val Val Glu Tyxr Glu Thr
465 470 475 480
Lys Ser Gly Arg Val Asn Lys Gly Val Ala Thr Ser Trp Leu Arg Ala
485 490 485
Lys Glu Pro Ala Gly Glu Asn Gly Axg Arg Ale Leu Val Pro Met Phe
500 505 510
Val Arg lys Ser Gln Phe Arg Leu Pro Phe Lys Ala Thr Thr Pro Val
518 520 525 -
Ile Met Val Gly Pro Gly Thr Gly val ala Pro Phe Ile Gly Phe Ile
530 535 540

ttcaccggtg

ct gaagt at .
@g 3APR 2005

3§caa?
gcagcact gt
t gcgt caccg
acccagagcc
gcccctattg
gaaatt agce
cccacaaacg
cgtgattcgg
ccgaccacgt
cagtttgtag
gtctgggtag
caggctcttc
gaaggcatta
aagcacaaga
at ggt oaagg
tccctctccc
ggt at ccacg
Cggcccatta
gaacgtgctg
t gccgcaaga
ttcttttccg
et ceggecca
egaaggtcta
agcagaaagc
ttgtgcttgg
t ggt ceagca
at gcat cgac
acgcct agat
ggcgtggttt
gaagt ggctt
ttattgcggg
agpat acgaa
gt aatt aaat
caacgcattg
aat cact gaa
gggaet caae
agt aaccaaa
ggt at cagca
tccetcctca
aaat gagat g
acat acat at.
cacgtgggcg

<210> 65 50 <211>
AQCQxi Wpr educt asechMa 1550 960

10

15

20

25

30

35

40

45




1380
2360
2940
3710
Leu
Al a
Pro
Au
Gan
Ay
Tyr

2440 25070 2560 1620 1680 1740 1800 1080 2920 1980 2040 2100

2220 2280 2340 2400 2460 2520 2580 2640 2700 27601§§§g2005§680
3000 3060 3120 3180 3240 3300 3360 3420 3480 3540 660
<400> 65 55 Net Ala A n LeU Asp Thr Leo Asp Leu Val Val Leo Ala Val Lau
152015 Val Gy Ser Val Ala Tyr She Thr Lys Ay Thr Tyr Trp Al a Val

13 ﬁg@%@g& WO 02/ 46386 Pro 20 25 30 Lys Thr Arg Netr/Béqsi@y Pro Al a
Arg nNAdy Ala Ala Lys 35 #4345 Ala Gy Lys Thr Arg Asn Ile lle
Lys Met Gn Qu Thr Gy Lys 5 50 55 60 Asn Cys Val Ile The Tyr Gy Ser
Thr Ay Thy Ala Gu Asp Tyr 65 70 75 80 Ala Ser Arg Leu Ala Lys Gu
5er G n Arg Phe Gy Lau Lys Thr 85 90 95 10 Net Val Ala Asp Lau Qu Gn
Asp Tyr G U SAsEiv LAanp]Ag‘po @ﬁlnl:qa'vesln Gly Lys Glu Val Gly Glu Thr .
545 550 555 560
Leu Leu Tyr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr Leu Tyr Arg
565 570 . 575
5 Glu Glu Leu Ala Gln Phe His Ala Lys Gly Ala Leu Thr Arg Leu Ser
580 585 590
val Ala Phe Ser Arg Glu Gln Pro Gln Lys Val Tyr Val Gln His Leu
595 600 605
Leu Lys Arg Asp Lys Glu His Leu Trp Lys Leu lle His Asp Gly Gly
10 610 615 620
Ala RHis Ile Tyr Ile Cys Gly Asp Ala Arg Asn Met Rla Arg Asp Val
625 630 635 640
Gln Asn Thr Phe Cys Asp Ile Val Ala Glu Gln Gly Pro Met Glu His
645 . 650 655
15 Ala Gln Ala Val Asp Tyr Val Lys Lys Leu Met Thr Lys Gly Arg Tyr
660 665 €70
Ser Leu Asp Val Trp Ser
€75

20 <210> 57
<211> 19
<212> DNA
<213> Bacteriophage SP6 primer

25 <400> 57
gatttaggtg acactatag 19
<210> 58
. <211> 44
30 <212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic adapter with NotI site and poly dT tail
<221> misc_structure
<222> (1)...(1)
<223> The first base is phosphorylated

40 <400> 58
gactagttct agatcgcgag cggccgeccct tttttbbttt tttt 44

<210> 58
<211> 16
45 <212> DNA
<213> Artificial Sequence

<220>
<223> Top Strand of a Sall adapter
50
<400> 589
tcgacccacg cgtcecg 16
<210> 60
55 <211> 12
<212> DNA
<213> Artificial Sequence




20D 105 110 Pro G u Asp Lys Val Ala Phe Phe Val Leu Ala Thr Tyr
115 120 125 QG u Pro Thr Asp Asn Al a Val
145 Leu Lys Tyr Val

1682,

15 130 D
Val 1edﬁ§£

Asp Lau Lau

Val Al a Phe
598¢s val Thr G u Asn
Thr Val Lys Gan Arg Ile Gay Ser
Gy Tyr Ear Lou Phe

G u Phe Tyr

Gu Pro Thr
n Gu Asp Phe Lou
290 Ala Ay 305 135 340 du Ser Ala Ser

260

Ala Asp G n Lys Pro Lau Ala 165 Arg Ser Asn Lau Sex Tyr Gan

Asn Ala Ay Ala 325 Gn Lau Gn Gay Lys Arg Asp Say Val
Len Ala Ala 385 Val

Val 355 Ar

g Tyr?2%yr

Met

370 Thr

Gan HI S A| a 55 <223> " Bottom Strand of a Sall adapter, the first base is
’ phosphorylated

5

10

15

20

25

30

35

40

45

50

56

«<221> misc_feature

<222> (1).

--{1)

' <223> The first base is phosphorylated

<400> 60
gcctgcgecac

<210> 61
<211> 21
<212> DNA

cc

<213> human oxidoreductase primer 1C

<400> 61

gtggaccaca agctcgtact g

<210> 62
<211> 22
<212> DNA

<213> human oxidoreductase primer 2C

<400> 62

catcgaccac ctgtgtgagc td

<210> 63
<231> 22
<212> DNA

<213> human oxidoreductase primer 2D

<400> 63

gtacaggtag tcctcatccg ag

<210> 64
-<211> 3710
<212> DNA

«<213> Aspergillus higer NADP CYP450 oxidoreductaseZ26838

<400> 64

cctgtatcct
ctaagtaoct
gcgoaaaaggc
cgtttccggc
ctgttcttce
tttcttcctg
attctttett
tcggtctccg
cacctcctct
gccatcgtat
tcgataccct
ccaagggcac
acggcgecge
agaattgtgt
tggccaagga

gataactcct
ccgtgtcaga
caccatcgct
tcacggceccc
tggatcacac
ttctcecttte
ccgttttate
gtgatcgcac
ccttttcecceg
ceagtcgaogyg
cgatctggtg
ctactgggca
tazgactggce
tattttctac
aggatctcag

cagcaaatcg
gacccgoaca
caggctacca
ccaaattatt
cacggcttac
ttcctttcecea
tttggttttg
ctogataggce
cctcactceg
cctttgcttg
gtcctggegg
gttgcazega
aagactcgga
ggatcgcaaa
cgcttcgace

gagtaaacayg
ggatcagctt
cctotagttce
gcggtctget
tttcttatcc
cccccttctt
ggacgccgece
taagcgtagg
ttcaatcccc
cgccgctgaa
tgecttttggt
cccgtatgec
acatcattga
ctggaaccgc
tcaagaccat

aaggacaagt cattggagta
ctcecgaacce gagactccgg
ttccgtcgat cgtcocckccct
tagcagtggg ttcggecctct
ttttcctttt cctttcttce
tcttttaace ccategegtce
accttatcte ggttcctagcce
gaggtgtgac attcttcttt
cgctccacce tttcaoactc
cagcctcacc atggcgcaac
gggtagcgtg gcctacttca
tctaccggce ccgecggatga
gaagatggaa geaaacggoce
tgaggactac gcctccagat
ggtggctgac ctcgaggaat

Trp Val

12

21 .

22

22

60
120
180
240
300
360
420
480
540
600
660
720

840
900

Gan Phe Phe%ﬁrﬁ&%ﬂ?gp
20 25 30 %\?&ﬁﬁoﬁsﬁoﬁsn Al a Met

a Hs Asn 275
210 A u Ser net

310 Pro Thr

340 Thr Al a Lys

Al a 50 Lau




350
Al a
Asp
Pro
Phe
235

PCTI USOL/ %@ 07%3%er

Val

155 Phe Ay Lau Gy Asn Mh Thr Tyr Qu Gan Val GQu Val Ala dy Gu 200

Trp Lys
Arg Asn 29
Thr 360

Ser

Pro Au

10

15

20

25

30

35

40

45

50

55

51le Val

acgactatga gaacctgoac caattcccgg aggacaaggt tgcgtitttc gtgctcgeca 960
cctacggaga gggtoagcct acggataatg ctgttgsogtt ctaccagttc ttcaccggtg 1020
acgacgttge ttttoagage ocgtccgcgg acgagazgec tctgtccaag ctgaagtatg 2080
ttgctttcgg tctoggtaac aacacttatg agcactecaa cgccatggtt cgtcaagtcg 1140
atgctgcttt ccagaagctc gggccgcagc gtattggtte tgctggecgag ggtgatgacg 1200
gtgccgotac aatgpaagaa gacttcttgg cctggaagga gecccatgtgg gcagcactgt 1260
cggagtcgat ggatctcgaa gagcgtgaag cggtctacga acctgttttc tgcgtcaccg 1320
aaaacgagtc cctgagccct gaggacgaga cggtctatct tggagagccc acccagagcec 1380
accttcaggg tactcccaaa ggeccgtact ctgegcacaa ccectttatc geccctattg 1440
ccgaatcteg tgagettttc accgtcaagg atcgéaactg tctgcacatg geaattagca 1500
tcgctggaag taacttgtcc taccagactg gtgaccacat cgctotttgg cccacaaacg 1560
ctggtgccga agtggatcgg tteccttcagg tcttecggtet cgaggocazg cgtgattcgg 1620
tcatcaacat caagggtetc gatgttacgg ccaaggtccc aatcccgacc ccgaccacgt 1680
acgatgccgce tgttcggtac tatatggaag tctgcgcccce tgtgtcccgt cagtttgtag 1746
ccactctgge cgcgttcget ccgatosgga aagcaaggca gagattgtge gtctgggtag 1800
cacaaggact atttccacga gaaggtcacc aaccaatgct tcaacatgcc caggctcttce 1860
agagcatcac gtccaagcct ttctctgoctg tteccgttcte tctgettatt gaaggcatta 1920
cgaagctgca gectcgetac tactcgatct cttcgteccte ccttgtccag asaggacaaga 1580
tcegcatcac ggccgttgtg gaatctgttec gtctgccecgg tgectctcac atggtoaagg 2040
gtgtgactac gasattatctc ctcgcgctca agcagaagca gaacgggcga tccctctccce 2100
gaccctcacg gcttgactta ctccatéécg gtccccggaa caagtacgac ggtatccacg 2160
ttcccgtgca tgttcgccac tcgaacttca agctgccctce tgatccctct <ggeccatta 2220
tcatggttgg tcctggtact ggtgttgectec ctttcecgtgg tttcattcag aaacgtgetg 2280
ctttggcgge caagggcgag aaggttggac ccactgttet cttcttcggt tgccgcaaga 2340
gtgacgagga tttcttgtac aéggatgaat ggaaggtasag atatcttttt ttcttttccg 2400
cagctacctt catacatctc ggatgctaac atatcgcgat tcgcagacct atcaggacca 2460
gcttggagac ascttgaaga tcatcactge gttctcgcogt gagggtccte agaéggtcta 2520 R
cgttcagcec agactccgeg agcactccga acttgtcage gaccttctga agcagaaage 2580
taccttctac gtctgtggtg acgctgcaaa catggctcgc gaggttaacc ttgtgcttgg 2640
ccagatcatt gctgcgcage gtggtctgec cgccgagaag ggcgaagaaa tggtcaagca 2700
catgcgtaga cgtggacgct accaggaaga tgtgtggtca taatctttca atgcatcgac 2760
ttttctttct tgtctatcac gacggecttc tcgatccatt attttattta acgcctagat 2820
gatctttgca tatatactcc gctgattttg cctattcatc tgttttgett ggcgtggttt 2880
etgtatgect agtttatttg ttttgtgcac cgaccggcca geccacacatt gaagtggett 2940
gagcatgagt gcggtagecce gtgtcgazag aacaggatag acgatcatga ttattgcggg 3000
aacatgttat occattctgg gcatattgat atctggttgc atgagcccag aggatacgaa 3060
azgatgaatc catatttaat ttgcacaata cttttcgcct tcttcatcta gtaattaaat 3120
taattgagca ctgaccgaac gsgctgacac ctgctgectcg gaatagccga caacgcattg 3180
acgtgcaaga gatgcataat cattacaatc aacaagtaga ctggtaaqta aatcactgaa 3240
tactacagtt actgcctact ttcagccaaa aagtaatact gesagatttcg gggastcaaa 3300
tagasgaaac atgcataagc ccaacctcgg caataccggg agttasgcac agtaaccaaa 3360
accaaaccaa actagaaccg gcgcgcgacc agtgacccat cgtcattccc ggtatcagca 3420
gttcagtcag actgoctggc tagcccgaac ccaactgccg caatcatcca tccatcctca 3480
acccgeccet cccatgccea cctctctact ccgcagageg agggacaaaa asatgagatg 3540
cagcaattaa ccacgataat ctagcaszasa gasagttaga agccggeaga acatacatat 3600
cgcttttacc gectgttegac tgcgacoacg ggtcttgaga gcagttccge cacgtaggeg 3660
aeaagctgga ctgcacacta cttacgctac cctacgctac ctcggtaccece 3710
<210> 65
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<212> PRT

215 Gn Ju Arg 230 Gn Ser Lau Gan Ser His Pro P

Phe Ala 390 Gan Gy 4 05 Gan Al a.Ser

<213> Aspergillus niger NADPCYP450oxidoreductaseCarBl550

<400> 65

Met Ala Gln Leu Asp Thr Leu Asp Leu Val Val Leu Ala Val Leu Leu

1

5 10 15

val Gly Sexr Val Ala Tyr Phe Thr Lys Gly Thr Tyr Trp Ala Val Ala

(CaNpRansey

Cys Ala 375 Pro Met Leu Phe Lau G n 52/53 170: Asp Ala Al a
Gan Lys Leu 185 190 dy Asp Asp Gy Ala Gy GQu Pro Net Gu Al a Val
250 Lau Gan Ay 265 Ala Pro Ile 205 TrgAl'a Ala 220

Lys 260 His Tyr 175 dy Pro Thr Net PEAYSER0yr G n Pro
5 , :




Asp Gu Thr Val 255 Phe 240 Tyr Thr Pro,Lys Gy Pro 270 Ala G u_Ser Arg

‘du 285 Cys Lau His Met Gu lle Ser Ile Tilt Ay Asp 315 Asp ArglBHER 180

L,b)e%méﬁg Pro Thy Thr 300 His Ile Ala Val Trp 33@1i@usfean Val Phe

Il e Asn
Ay 335 Ile Asp Val Tyr 3%9s3Asp Ala Ala Val 365 Pro Val Ser Arg

Gan Phe Val Ala Aug Lys Ala 395 Pro Arg Gu 410 Ser Ile 425 Lau Ile Gn
Ay 440 Ser Ser Ser Lau 455 360 Arg Gan Arg Lau Cys 40D Gy H's Gan Pro
Net Tilt Ear Lys Pro 430 Ile Thr Lys Lau 445 Val Gan Lys Asp 460 Ser Ile
Thr Ala Val Val Qu Ser?Val Arg Lau**Pro Ay Al a3%20 Ala Val Pro Phe 435

Ar g Tyr Tyr Ser Lysﬂb 2?655!: El?d.e\ﬂ 8 i%flgo Arg Met Asn (::y Ala Ala Lys

Ala Gly Lys Thr Arg Asn Ile Ile Glu Lys Met Glu Glu Thr Gly Lys
5 50 55 60
Asn Cys Val lle Phe Tyr Gly Ser Gln Thr Gly Thr Ala Glu Asp Tyr
65 70 75 80
Ala Ser Arg Leu Rla Lys Glu Gly Ser Gln Arg Phe Gly lLeu Lys Thr
85 90 95
10 Met Val Ala Asp Leu Glu Glu Tyr Asp Tyr Glu Asn Leu Asp Gln Phe
100 105 110
Pro Glu Asp Lys Val Ala Phe Phe Val Leu Ala Thr Tyr Gly Glu Gly
115 120 125
Glu Pro Thr Asp Asn Ala Val Glu Phe Tyr Gln Phe Phe Thr Gly Asp
15 130 135 - 140
Asp Val Ala Phe Glu 5er Ala Ser Ala Asp Glu Lys Pro Leu Ser Lys
145 - 150 1585 160
Leu Lys Tyr Val Ala Phe Gly Leu Gly Asn Asn Thr Tyr Glu His Tyr
165 170 175
20 Asn Rla Met Val Arg Gln Val Asp Ala Ala Phe Gln lys Leu Gly Pro
180 185 190
Gln Arg Ile ley Ser Ala Gly Glu Gly Asp Asp Gly Ala Gly Thr Met
195 200 205 ‘
Glu Glu Asp Phe Leu Ala Trp Lys Glu Pro Met Trp Ala Ala Leu Ser
25 210 215 220
Glu Ser Met Asp Leu Glu Glu Arg Glu Ala Val Tyr Glu Pro Val rhe
225 230 235 240
Cys Val Thr Glu Asn Glu Sexr Leu Ser Pro Glu Asp Glu Thr Val Tyr
245 250 255
30 Leu Gly Glu Pro Thr Gln Ser His Leu Gln Gly Thr Pro Lys Gly Pro
260 265 270
Tyr Ser Ala His Asn Pro Phe Ile Ala Pro Ile Ala Glu Ser Arg Glu
275 280 285
Leu Phe Thr Val Lys Asp Arg Asn Cys Leu His Met Glu Ile Ser Ile
35 290 295 300
Bla Gly Ser Asn Leu Ser Tyr Gln Thr Gly Asp His Ile Ala val Trp
305 310 315 320
Pro Thr Asn Rla Gly Ala Glu Val Asp Arg Fhe Leu Gln Val Phe Gly
325 330 335
40 Leu Glu Gly Lys Arg Asp Ser Val Ile Asn Ile Lys Gly Ile Asp val '
340 345 350
Thr Ale Lys Val Pro Ile Pro Thr Pro Thr Thr Tyr Asp Ala Ala val
355 360 365
Arg Tyr Tyr Met Glu Val Cys Ala Pro Vel Ser Arg Gln Phe Val Ala
45 370 375 380
Thr Leu Ala Ala Fhe Ala Pro Met Arg Lys Ala Arg Glm Arg Leu Cys
- 385 390 395 400
val Trp Val Ala Gln Gly Leu Fhe Pro Arg Glu Gly His Gln Pro Met
405 410 415
50 Leu Gln His Ala Gln Ala Leu Gln Ser Ile Thr Ser Lys Pro Phe Ser
420 425 430
Ala Val Pro Phe Ser Leu Leu Ile Glu Gly Ile Thr Lys Leu Gln Pro
435 440 i 445
Arg Tyr Tyr Ser Jle Ser Ser Sexr Ser Leu Val Gln Lys Asp Lys Ile
- 55 450 455 460
Ser Ile Thr Ala Val Val Glu Ser Val Arg Leu Pro Gly Ala Ser His
465 470 475 480
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Leo Leo Al a

Ser Arg
Ay Ile
Ser Asp
Ala Pro

Lys Ser
G n Asp

Leo
Hi s
Pro
Phe
Ay
Asp
Gn

Leo Lys
Asp Leo
Val Pro
Ser Arg
Arg Ay
A u 333
G u Asp
Leo Gy

G n Lys
Leo Hi s
Val Hi's
Prolle
Ph. Ile
Val Ay
The Leo
Asp Ass

Lys .Gy
485 490 495 can ASMPRAMNSArg
500 505 510 5 Hs Ay Pro

Val 515 520 525 Arg His Ser
Ile 530 535 540 Net Val Gy
An 10 Sordswsh 560 G u
Pro Thr Val 565 570 575 Lou

Tyr Lys Asp 560 585 590 15
Leo Lys Ile Ile 595 600 605

Arg Au @y Pro Gn Lys Val Tyr Val Gn
BarvalGn clyee! Val ThSey s peulieorkeer vy S1nGva
rho Tyr Vai®®Cys Ay Asp®Ala Al a Asé®>Net

His Arg 610 615 620
Lys Ala 2210 625
Ala Arg Au Val Asa

LeoG\Va{*F" ffé(?’gdeil'“‘@ S f“lge""f Fe& "ﬂﬂ o AP At g Gay Leo Pro Ala Gu
5\{% ll_|Pro jg&ﬂ;s Va:g Arg Arg G y Arg Tyr

Lys
575 65b 635" ”‘éé‘ i “ S BsGE

525

Arg His Ser Asn Phe Lys Leu Pro Ser Asp Pro Ser Arg Pro Ile Ile
530 535 540

Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly Phe Ile Gln

545 550 555 560

Glu Arg Ala Rla Leu Ala Ala Lys Gly Glu Lys Val Gly Pro Thr Val

565 570 57%
Leu Fhe Phe Gly Cys Arg Lys Sexr Asp Glu Asp Phe Leu Tyr Lys Asp
580 5885 590
Glu Trp Lys Thr Tyr Gln Asp Gln Leu Gly Asp Asn Leu Lys Ile Ile
595 600 605

Thr Ala Phe Ser Arg Glu Gly Pro Glm Lys Val Tyr Val Gln His Arg
610 615 620

Leu Arg Glu RHis Ser Glu Leu Val Ser Asp Leu Leu Lys Gln Lys Ala

625 630 635 640

Thr Phe Tyr Val Cys Gly Asp Ala Ala Asn Met Ala Arg Glu Val Asn

- 645 650 655
Leu Val Leu Gly Gln lle Ile Ala Ala Gin Arg Gly Leu Pro Ala Glu
660 665 670
Lys Gly Glu Glu Met Val Lys His Met Arg Arg Arg Gly Arg Tyr Gln
675 [3:14) €85

Glu Asp Val Trp Ser

690



