ALKANE OXI DATI ON BY MODI FI ED HYDROXYLASES CROSS
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wap@siteast on clains priority to U S. Provi si onedT/US2006/011273
Application Serial No. 60/665,903 filed March 28,
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13,[0003] FThdsalawvehnbi OnSrePabtessionabdhppédication Serial No.

I .. Ih th | at t
60/2%?@@61- P L& TRl r oaofgar bbb StakTaihtRa AsGERoRn are
incBkpgust8d h¥deoxybat edralkanes by contacting a
sul tabl e substrate with such cells. Al so included are
di fied d I
oq] SEATEUENYS | KEGARDBHOKERCRREL B OBHPN SR, BESERBRE
[ooBrETE)' | neahoalkgags 10AS bl eL AR 2Rt pRERCHLCRLan: No. BES-

I'on of providing va | e internedi ates for
O3lebem1eahrdydthgstthamérBhebass,Fsahdatnwa (NSF). The
oxyfunctionalization of h drggarbongprenalns one of

QOV€ﬁem@Panazh PVENGES LRGP ESATERpOFaFrySchBFFELAY™ - Many

chem cal nethods for hydroxylation require severe

condi tions of tenperabpHEAN®EAR! BEEHHE, and the
reactions are prone to over-oxidation, producing a

[00p3hge ofhpsodovestivanyedbtahi ch apdifseddeydredylases.
Enzy re an,attra tive It [ [
ThecﬁgﬁF%5F083?§F§ c& rF part%ou al§ S gg%ﬁégﬁésggcﬁave
modhﬁgeabh&ukwxyqa@@@abmaembhaoapeaffpeohmdﬁngyhgﬁm@aymbted
non- acti1 vated C-Hoonds. These cof act or - dependent
alkgRpgaPiv ECBRAFES A 6 UHPPILEI &URShERTS aﬁ&hféﬁebu GRils-

AlsY 2ncoMRLEX 28kt i ld@RSke®bxylases comprising unique

regioselectivities.

BACKGROUND
[0004] Hydroxylation of linear alkanes has the important
practical implication of providing valuable intermediates for
chemical synthesis. Nevertheless, selective
oxyfunctionalization of hydrocarbons remains one of the great
challenges for contemporary chemistry. Many chemical methods
for hydroxylation require severe conditions of temperature or
pressure, and the reactions are prone to over-oxidation,
producing a range of products, many of which are not desired.
[0005] Enzymes are an attractive alternative to chemical
catalysts. 1In particﬁlar, monooxygenases have the ability to

catalyze the specific hydroxylation of non-activated C-H



mechani snms to transport a reduction equivalent to the
catal ytic center. Exenplary nonooxygenases i nclude the
wa@yaeabsoszre PA50 nonooxygenases ("P450s") . TheCcPR4SO®6/011273
are a group of w dely-distributed hene-contai ni ng
bondasnzyrmsestmazoﬁawstecm @mem@ﬂg@mm@hﬁvwmrdamwltave
en,.into a efse fange o ¢ Substr
mul“—olf% A TH gal’{’ar/e%’il%qtla%g S c_féré]eé/ong]%]?ect WS O he f%r?&fer
meclaiiddy t® Caimdpae thesedueacdn angawd et gttb the
§20|f|0|ty and sel ectivity nmakes P450s attractlve
catahrlelyseanter. CHEATRE S yIHISTEIGHRE Bt hetcliude the

cyt@%&ét @M%&%% desi p o5 Shem sty . p{ 9996 re a

te t y of these enzynmes to selectively
gromgdwbxwimby@dw@elblat@é lmém@m@tmmnq retigihey faaty
acids, aromatic_conp kanes al kenes, and

ins YLﬁéﬁ ?ﬁ¥ﬁﬁﬂn%§oﬁ)f%9m %F%Eh%ersy%ﬁn %ﬁ%ola dhverse

ran§dPef fiapdt dpidb Pt 0 & fisr &t €s £ apabde x@itlhy}di@}xytacﬁi@g and
al kanes. Accordingly, there is a need for nodifi

ed
stepgRItOksFaEEEEY hat Thabe dhelhbY|FeyCilrerse c*;fé%%?yreactlons
witBRYE! yéﬁé f%g?ﬂgtaﬁ@ YEVOct 19 AGdhd k08, P&@@éeat§r§ctlve

need or ce can express such nodifi
catmyﬂsbxyf@seshamu¢elp$DEUheﬂgsr@n@v@t@@teammbhcatLQQSof
ane-deri ved alcohols Such hydroxyl ases and cells

i |
lnc@% 1hE PREF PR onvert S&fRane to et hanol and/ or

[00081 haneps §p eé hems! ap SUMMARYE [ O0O9¢ Eripydedibeselactively
are folypeptldes that convert al kanes to al cohol s
hydppxy @F%v@d@ﬁd%rﬁaﬁﬁ%l@ch@@Pﬂuﬂ%?echm%%u@h%g EﬁEEHeaCldsr

aroﬁggbcpgéﬁg gesal ghls, eéPE?ﬁé ngaﬁ&CHaPQLXPe?Ebgﬁéts,
an net hods

synt esizing a ols froma suitable
onl@lkaﬁewsm@mbea$eofAthmsdlﬂggy sipeyiahbly efibpdphehns, are

i solated or _rec I hant ep |des co rls
Cap?gg? shidfgxﬁggngQS% %%e éﬁ?%o ac? Segﬁ%nce Sef Peed
forfﬁbﬁhfi@d fé& abeszthaﬁ hate, theOgbblit@reo efficiently

provi ded. The ypeptides include up to 50, 25, 10,
hydé@XBlééﬁs@l%aﬂﬁ%el%thﬁﬁe|dI§u5§@PFﬁ?Pon§h%§%Iﬁalﬁgneed for

cel;gg%gggzcaés%xéggagsgggﬁ él%%%aoh}g§ox}§§segoah1@g6

producing recoverable quantltles of alkane~derived alcohols.
Such hydroxylases and cells can be used to convert ethane to

ethanol and/or methane to methanol.

SUMMARY
[0007] Provided herein are polypeptides that convert
alkanes to alcohols. Also provided are nucleic acid molecules
that encode such polypeptides, cells expressing such
polypeptides, and methods of synthesizing alcohols from a
suitable alkane substrate. Accordingly, in various
embodiments, isolated or recombinant polypeptides comprising
residues 1 to about 455 of the amino acid sequence set forth
in SEQ ID NO:1, 2, 3, 4, 5 or 6, are provided. The

polypeptides include up to 50, 25, 10, or 5 conservative amino
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SEQ ID NO:1; (b) 48, 79, 83, 95, 143, 176, 185, 206,
227, 238, 254, 257, 292, 330, and 355 of SEQ ID NO: 2
WwWoro0sHBD NO 3; (c) 49, 80, 84, 96, 144, 177,PaB6S2006/011273
207, 228, 239, 255, 258, 293, 331, and 357 of SE ID
acid@ubsijusiongsexggdinm | reﬁﬂgiuqfsz (a)g147 2188, o4,

2620 2 3 |
2285250y s 20 e S 000 SEQLDN, Spants o
SEQm N@9B; B3V, 4&nd7 B6BDf %QMZB,NCH@B 18he 206 no227, 238,
254 A4 B bt ohetis o Wo o8 s 1diss (o)
49, 2805, 285,9802148N017p5 0dc SELQTD N 1;24p) #A85, 8358, 293,

143, 206 238 254 and 257 of SE%J_@D NG 2 or SE%SE
331»«3@d %@7 49, S@Q IQ4MO Hp7(dp3 &hd D&B, o4 (}82

d 2 2
11 DN G000, B8, b 91 285 0, 300 g8 o
NO: 262w BEQ tD, N2 F;862)9%, ZR4&yri hdd aclels r ez08lue2at, 242,
ositions; 184, 290 53 of S
258 G421 (8766 %‘%1,76an%8§632@§ SER RSN of - SEey | e : 2ot

seq&%né@ﬁiﬁglﬁ@%g th&) £9P1 oty ﬂ@@ld@@§: and 357 of SEQ
(d) 101, 182, 191, 297, and 361 of SEQ I

anal(ex)mg@ aq¥9, raggiuogst Rpe BB Bf SEQ 11?3 82,
D, ek 00 305 Lonn oo Horye (0,220,
206(C23§§82B]€1 , SEQU| PE N 4; SEd) IR32002 SEGED l\KDBO 3md c) 49,

b queod gggt%ﬁoaﬂ)g%(éﬁd%ﬁ I@ngo TN, o

149&@159 and, 3§990fa§§Q$@ NE gror ISE@ ! B: N9a 8: ép)sﬁ@ 86,
and 331 of "SEQ [D NO 4; (d) 85 and 336 of SEQID

146an210§e)282,aﬁa8333n@f2@@f§m 18 NOF6008] In
| Zl . d
é%gr ag?ne an Q&?C%Qsiﬁﬁé %? bggﬂilggﬁs 3(85 n§4$Gl75,
1841 heeopi aﬁd(T}EB ofySEQHJB () 1; ob) cyst eme (O35, 2922 and

355/ GHRG (D) No: PaBf cBERnED (NP 37 piBli §r (b7 Tr bFEr 293; and
357”8#:“59@' Re {ib)4; Aa¥318M NOgAC @9iesgdwel AckUdEs of SEQ ID
lysine (K) , or arginine (R Z4 anino acid residue

NO:5; and (e) 98, 179, 188, 296, and 363 of SEQ ID NO:6;

(3) a Z3 amino acid residue at position: (a) 226 of SEQ
ID NO:1; (b) 227 of SEQ ID NO:2 or SEQ ID NO:3; (c) 228 of SEQ
ID NO:4; (d) 232 of SEQ ID NO:5; and (e) 231 of SEQ ID NO:6;
and

(4) a Z4 amino acid residue at positions: (a) 78 and 328
of SEQ ID NO:1; (b) 79 and 330 of SEQ ID NO:2 or SEQ ID NO:3;
(c) 80 and 331 of SEQ ID NO:4; (d) 85 and 336 of SEQ ID NO:5;
and (e) 82 and 337 of SEQ ID NO:6.
[0008] In general, a Zzl amino acid residue includes glycine
(G), asparagine (N), glutamine (Q), serine (S), threonine (T),
tyrosine (Y), or cysteine (C). A Z2 amino acid residue
includes alanine (A), valine (V), leucine (L), isoleucine (I),

proline (P), or methionine (M). A Z3 amino acid residue
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i ncludes tyrosine (Y), phenylalanine (F), tryptophan
(W, or histidine (H . [0009] In general,
w@oelognepst des provi ded herein di splay hydroxyl BEEUS2006/011273
activity that converts an al kane to an al cohol. [0010]
includes hkysembodKhenos, arhiEnpos y bt i MeZ ¢ upmiee 2@t ugesidue

3 d E
inc s NhfSai5e o (1P atfFrflal et ST { X rgiRoBhaliEl| o
hlsfiﬁﬂne(dﬂ 292 o f SEQID NO:5; and (e) 291 o_f SEQ ID

6 . AZ3 amno acid resjdue |ncluge§EL§S|ne éKg
t00(a91;. ni nEP (RFNSTBE, hPSLYRPRE () PTPHLSBHeaEpERt S SPhRY
hydégsfgg éf' ch%h‘égetﬁ&tt hLSvePsstiRNai BaAB 8HULA] a@c&ﬁ%l

I'n general, al kanes include nethane é
[0020hane [C QkB¥r, epbogament CaHe)e boizpertt4eil yrt er

incRERLETE SHRho chExaDe, LGRLLAL pobopions (510 or sac

ID NModegane) (B Bf)SEQnddedeza@e 8C12LP62 88 66 BRQ ID NO:4;
general, al cohols include t hanol . et hanol propa

b&?%n%ﬁ SE@nFQngp She&Bfol e h%%?aﬂgISEQCFBnHP 95" amino
a0180E§995u ﬁémghesumg§9380| angr@@ﬁ?ﬁ@”?h Egoﬂgktiaine
|nents e ami no aci d sequence of
(H )poEypepmedeSpactadeSheesmduesaaLdthéSﬁdueoaﬁnghlS position
I ons ](#a glycine (Q |, glutamne (Q , serine
is %g)arggﬂ}ggnl &°(T), or cysteine (C) anino acid
[001@?'duelﬂtg@ﬁ%khﬁonalkaheé71n82udé4ﬂet265e 2864 ZEchane

and 255 of SEQ ID NO:I: (b) 48, 83, 143, 20?

(C2Bb84, PHRPIST 3HsEQ IP‘BENE? 21 8EQ RE ?%312 hg hexane
4, 1 25 S d

(CG%%?'SéépE gg é ﬁn% gcgggg angﬁggé gg?hgeN@C%& )decane

(C1cng) ( e)nddcass, (cmﬁ,zuzo&nolz@dezs@e a(ﬁ?dz%2 oﬁl§EerlD

GonP el aus hP B CTEA  Ca) cie a7s, STaR " heol ‘ARASLS o

butbnSEQ g@nN@hbJ ,(Bex9501}76ept8001292ctand 1350006 NnSEQ
IDNO2 or SEQID NQ3 (c) 96, 177, 186, 293, and 357
decghosEQuppererdl  (@nd16edesssolioln, 297, and 361 o f

[00§§? ID Nglgth%Qde%@bdgﬁen%gg +h88amd®6, a3Nd sequence of the

polypeptide includes residues at the following positions:

(1) a glycine (G), glutamine (Q), serine (S), threonine
(T), or cysteine (C) amino acid residue at position: (a) 47,
82, 142, 205, 236, 252, and 255 of SEQ ID NO:1; (b) 48, 83,
143, 206, 238, 254, and 257 of SEQ ID NO:2 or SEQ ID NO:3; (c)
49, 84, 144, 207, 239, 255, and 258 of SEQ ID NO:4; (d) 54,
89, 149, 212, 243, 259, and 262 of SEQ ID NO:5; and (e) 51,
86, 146, 208, 242, 258, and 262 of SEQ ID NO:6;

(2) a valine (V) or isoleucine (I) amino acid residue at
position: (a) 94, 175, 184, 290, and 353 of SEQ ID NO:1; (b)
95, 176, 185, 292, and 355 of SEQ ID NO:2 or SEQ ID NO:3; (c)
96, 177, 186, 293, and 357 of SEQ ID NO:4; (d) 101, 182, 191,
297, and 361 of SEQ ID NO:5; and (e) 98, 179, 188, 296, and
363 of SEQ ID NO:6;



363 of SEQ ID NO 6;(3) an arginine amno acid residue

at position: (a) 226 of SEQID NO:I|; (b) 227 of SEQ ID
WOB008/108085EQ | D NO: 3; (c) 228 of SEQ I D NO: 4, fd}/Umﬁ/onzn

of SEQ ID NO:5; and (e) 231 of SEQ ID NO :6; and (4)

phehylaxn aaﬁwenm FPime s3EH rﬂ@e%wu%nwop%%wl%su ik “226

or SgPEGOR ), 76108 80 4 550 BN 1 (lat0, o) 2

of SE® 1D MWNX4A (dXd23B50ﬁn$iE(33md‘ﬁOSEQ¢IDi|\|@ 5231anfl SEQ ID
ée) 82 and 337 of SEQID NGO 6 . [0013] In other
NO: @iy ment's, the amino acid sequence of the

P%%}Q@n%ﬁ&i&'ﬁ'?ﬁe resi dyeshastidené ol pWeidno acid
p05| tions a serine (S) residue at position:

resBdue 12, p<a$1dt2<515 oKaBE@I@N@%S ¢H)SB3, TR480ahd §Z}5;7 79 and

NQo 33 . ( d 25
530 S TR o200 S5y BN 3, ) By A, 590057580 o
NO: 86, d.)4685main<26236f05E@3QD111>|0N® 5(23nd ¢ysteknendCp37 of SEQ
amno acid residue at position: (a) 47 and 205 of SEQ
Yo Ro: 1 ; (b) 48 and 206 of SEQ ID NO:2 or SEQ ID NO: 3;

[001§§ 49 fﬂdogﬁgroémﬁggkhghQSJ4thédém§ﬂoaﬂglalgeQﬁe§E§?of the
NO: 5; (e) 51 and 208 of SEQIDI\IO 6 ;

(3)
polgpﬁp’ahdﬁell(i@u@ﬁ’ﬁ nocaéfides eat dulee afobb@,WW@nPO(saleB%

3;
(ofh P (W Neftale) Sodoor bl PlRarer pby Jand
255242 sa)EQSEIt@ no: ]Nf) 6) 63) azégl a?dgES?Gc))faﬂEQoIagNdzédror SEQ
ue a osI Tl on 0
ID Y6 &EQIFD Wby 21 f sEEgSl BR055! SFe) 5058 sé@gs BonoL49, and
262(9k 2pg b 1$§Qle DO B, (8) 6288405 6 SEQx! BedOrpbivot 5} a

valine (V) am no aC|d resi due at position: (a) 184,
29®2an€| 888t ef nSEQC) Damdnp; a¢hyl 185idperatangsabsopt (a) 47

enaSE! B0 2 FERIDAR T (b 100, O8paTa00HB, o o suc
1D f1883;296) apdadB3207 SEQSED NO NG:4; (d) 54 and 212 of SEQ
ID NO:5; (e) 51 and 208 of SEQ ID NC:6;

(3) a glutamine (Q) amino acid residue at position: (a)
236 of SEQ ID NO:1; (b) 238 of SEQ ID NO:2 or SEQ ID NO:3; (c)
239 of SEQ ID NO:4; (d) 243 of SEQ ID NO:5; (e) 242 of SEQ ID
NO:6;

(4) a glycine (G) amino acid residue at position: (a) 252
of SEQ ID NO:1; (b) 254 of SEQ ID NO:2 or SEQ ID NO:3; (c) 255
of SEQ ID NO:4; (d) 259 of SEQ ID NO:5; (e) 258 of SEQ ID
NO:6;

(5) a valine (V) amino acid residue at position: (a) 184,
290 and 353 of SEQ ID NO:1; {(b) 185, 292, and 355 of SEQ ID
NO:2 or SEQ ID NO:3; (c) 186, 293 and 357 of SEQ ID NO:4; (d)
191, 297, and 361 of SEQ ID NO:5; (e) 188, 296, and 363 of SEQ
ID NO:6;

(6) an isoleucine (I) amino acid residue at position: (a)

94 and 175 of SEQ ID NO:1; (b) 95 and 176 of SEQ ID NO:2 or
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(6) an isoleucine (1) amno acid residue at position:
(a) 94 and 175 of SEQ ID NO 1; (b) 95 and 176 of SEQ
wo Bpobldnsdsnr SEQ | D NO: 3; (c) 96 and 177 of SEQ POI/NS2046/011273
(d) 101 and 182 of SEQID NGO 5 ; (e) 98 and 179 of
SEQ SEQNstNO'c6 96aadd(zﬁ7aomh3Emlabanona ( Fp)anionoaaci d82 of
resi due at positio (7 and 328 of SEQ I D NO 1;
SEQ €R) N<7>95andeés3@80ﬁn§Eé PDOﬁosﬁQoFDsﬁé fH REA3; (c) 80

an 3%1 ®kn EQlEQlH@ F (ghl%% %QQd3§@sQEu§EQt|Bo@@%1%n
82 an 14]

I n anot her
(a) éﬁb@@dﬂéﬁﬁ OénSEQOEQtﬁ@ 55 r@doﬁ@.naﬂtBﬁ@|p§e§ﬁ@déD NO:2

or el oL dliehcactet Of AREnTh SEQPFB M MC4", 14T, OF gng) 336

of s@QI &DpIN@VBdede The palypept lodfe SEgclrodes :@m no aci d
sidues in the am no acid sequence_that correspond to
[0014, f olPoRMRG NEES PFRPERIIMERE /| 88sH SQAGeE59F %P nant

poly%%ﬁ%%hetQ%a%”hﬂ@lﬁ@bg Lesii dues Unthh%béﬁ%nQSQCb@ the amino
sequence at the positions specified in (a) (h) are

acidasefolehoss setl)ocatiedinn§EQS) Dr &Si:due 2at 3po§|,t bowr @a)s
142...and 55 of EQ | D b 83, .143 and, 257 .
provifieges M3 VBrBSAA T bPRA SES G 88, Shad T5ed W83 dp the
aminSEQcil NQghente) tB3t b@&re@@@n&ﬁlooﬁhéE@oﬂDoNQn@ (e)
86, 146 and 262 of SE a cystel ne (O

POS1ZAORS raditd Leasitd§8 %at ?}%Sl £06n: O(fa§95£§7 ofndheozmgmoseoid

re81kgf§0lnéﬁggégégggngcggﬁ ﬁoﬁggeigtNg%%a%asg%gogg %QS’lfled

in BD NO (;) @er 55 di0d 1208 :0f SEQ I D NO' 6 ; (3) a
R R e
255 Qﬁ) S230 10f NSE@ ;| Qb|)|0843,, (d)3 243 Qf57SE>@ IsIQNQDBNd @) or SEQ
242 of SE ci ne am no aci d
1D NOeshiidué)a 4|cao§|4t4|roﬁmd( %)58255fg OSEQ i\’g d)( By 2549, and
262 %d’c) %%'I‘B 'NgEé ;0T e §E@6' D(lg)@ %gléi( 82%622%% %fEQ%%: g\]%(l\d% 4a
vdlZ)ne (CV)s tadineo (é;dl @HTJ-@SI durd datrepasivel ert: pos)itish: (a) 47
and 205 of SEQ ID NO:1; (b) 48 and 206 of SEQ ID NO:2 or SEQ
ID NO:3; {(c) 49 and 207 of SEQ ID NO:4; ({(d) 54 and 212 of SEQ
ID NO:5; {(e) 51 and 208 of SEQ ID NO:6;
(3) a glutamine (Q) amino acid residue at position: (a)
236 of SEQ ID NO:1; (b) 238 of SEQ ID NO:2 or SEQ ID NO:3; (c)
239 of SEQ ID NO:4; (d) 243 of SEQ ID NO:5; (e) 242 of SEQ ID
NO:6;
(4) a glycine (G) amino acid residue at position: (a) 252
of SEQ ID NO:1; (b) 254 of SEQ ID NO:2 or SEQ ID NO:3; (c) 255
of SEQ ID NO:4; (d) 259 of SEQ ID NO:5; (e) 258 of SEQ ID
NO:6;
(5) a valine (V) amino acid residue at position: (a) 184,
290 and 353 of SEQ ID NO:1; (b) 185, 292, and 355 of SEQ ID
NO:2 or SEQ ID NO:3; (c) 186, 293 and 357 of SEQ ID NO:4; (d)



290 and 353 of SEQ ID NO:I; (b) 185, 292, and 355 of
SEQID NO 2 or SEQID NO 3; (c) 186, 293 and 357 of
WOERQcDF0BD: 4; (d) 191, 297, and 361 of SEQ | D NBcBHUS108§/011273

188, 296, and 363 of SEQID NO 6 ; (6) an isoleucine
191139 amnd a6l eBsTEel ANQUSI t (on:1§&) DA amhd 7H6dfof SEQ
D ﬁﬁg%le NO:1; (b) 95 and 176 of SEQ ID NO:2 or SEQ ID

i ; (c) 96 and 177 of SEQID NO 4 ; (d) 101 and
1826)0fa1$EQsd>DalNQLn@ (IX OmBB anchid 7 0fdGEQE NIt fon: (a)
a phenylalanlne g} amno _acid residue at

94 %u%? nof (2FQ 78D aifel* B2s R BEGI®D NO6 |1 9F (B2 78P dffy: 2 or

SE 80 @ndy 381 °
s20 20 04 SEUP 0 G FEOLRI0 5, {614 P04 Bl 202 o

SEQ akl myso% (SEQS DaND, 159 ; o@n@EQ@Daﬁ@a@g.mcﬁe (R)
SR SRR, BRAAED, Bl Rion
)y of g %Qil@zexlooﬂ SE@)IQ&QOQI SER | D N &; 33@)023%@&155@) 2

| D NO | n other enbodi ments,
or %@)@y‘f}%p}}]@d% quih%@ 3| IefesOh %@Qaﬁpn%oa‘& d(dbsfyurnd 336

5 1 87 SEQ I D
pr)ﬁ'ﬁbf’? (g))zgg %l?és%@ ¥ é\% I?é@zgz %IE&SEQQI D

andaw)nﬁzga OR) SEQ.A® aNoLderes TS abiposhcion: (a)
226h?§ ?éd’ﬁ %Bcwdf yss e éa’:‘)smgaflg'lﬁb”? (R sp °£D NO:3; (c)

Sofre aspects amno a

228re8i gE@ ab NO:s; po@s)tigm b8 smoargi none; (R}) ZBDOdﬁ]SEQ ID
[n yet another enbodi ment, an isolated or r econbi nant

NO: &ol ypeptide that includes residues 456-1048 of SEQ I D

oukd) 3 1EE 1008 SERADAE SndSeipgeolagcRihes

incNdd&s arz356miNF7aoid SEEE1MudCt6positipn ovu(@nad283hef SEQ

1o §g\¥RePbi55LU0E8 90 G 0,3 SERUERECCH Lo o:

(d) spbst btuskonspexot s¢li agdr esj does: of ayE464p 6816.6A523 amino
710 and 968 of SEQ | D NO: I ; (b) 475, 641, 656 721 and
aCl@SOGQ#dSECFPEﬂNEﬁQ lyeinaetK) 63arasagne 718) angtorbspidine

SEgﬁ!Q ha: % ég¥s§7€he6§é1n§5§01g2%e§ﬂgugs§t0£h§§gb&gﬁtlon
NG 4; ?e) %3

is an arginine (R).

[0016] In yet another embodiment, an isolated or
recombinant polypeptide that includes residues 456-1048 of SEQ
ID NO:1, 456-1059 of SEQ ID NO:2, 456-1053 of SEQ ID NO:3,
456-1064 of SEQ ID NO:4, 456-1063 of SEQ ID NO:5, or 456-1077
of SEQ ID NO:6, is provided. The polypeptide includes an
amino acid sequence with up to 65, 40, 25, or 10 conservative
amino acid substitutions excluding residues: (a) 464, 631,
645, 710 and 968 of SEQ ID NO:1; (b) 475, 641, 656, 721 and
980 of SEQ ID NO:2; (c) 467, 634, 648, 713 and 972 of SEQ ID
NO:3; (d) 477, 644, 659, 724 and 983 of SEQ ID NO:4; (e) 472,
640, 656, 723 and 985 of SEQ ID NO:5; and (f) 480, 648, 664,
733 and 997 of SEQ ID NO:6. The amino acid sequence includes

the following residues:



640, 656, 723 and 985 of SEQ ID NO 5; and (f) 480,

648, 664, 733 and 997 of SEQID NO 6 . The am no acid
waegpanne2 i ncl udes the follow ng residues: (1) PCEUS2088011273

Z4, or Z5 amino acid residue at position: (a) 464 of

SE@ IR MY, ;23 0)247%mofZSEQRIMD NEi2l xeyidey af BEQHIDN:

B N e R

1D N'cg% Adugyjat ppsafl (B3I and 70 ofr SEQ 1D M3:5; and
641 and 721 of SEQ ID NO:2; (c) 634 and 713 of SEQ
Iqﬁﬂ«DﬂSSRQDI@4M3ahd 724 of SEQ | D NO: 4 (e) 640 and

72{32 of %ElQ' n 2% ’&%s(lf& G%chﬂ%p 33,05 (%E)Q%ﬁ NQg 710

Z3VHN o & reS|due 05|t|on 645

of siIfDQ %EQN@;I\IO(M ¢ a&&ﬁm‘l S‘qEQSIEEDI\DDmO(Z:) 648 &F4 SEQ 713

659 of SEQ I D NO: 4: 65 S |
o 59 5D R 11 ) (RoaStt T T4 165 S R’ a5 G A
723 3%t kE@SSlugo a4 . pé’&dittp)” 6483)ar%§8733§ SEQGHE® NN : &)
560 I R0 S (C) 972 of SEQ 1D NO:3: (d) 983 of

SE@IEBI\D@HJ(@? ®<85dolfe$5’@1€t BN SS 1 ke { f 3 09F4 pfof SEQ
ID d
I okt CHY greei boRiPstT AL B ol h (¢ EQebE ey (o

659((5\5 SE@ILnbamne (@) .65€réNesKS)ID Whreonamé () ¢64 of SEQ
%r03|ne (Y) , and cystelne (C ; Z2 is an amno acid
ID ¥esbdurndel ected fromthe group consisting of alanine

(A)gy Yapbnen{Nd aclguﬁéﬁfd&é)at pé@i@y@hne £))968 of SEQ
proline (P) and nethionine (M Z3 is an amno acid

ID Nesldutbsedeeted $E©nkaNQg@oub¢boﬁ%¥s@fn@E@fIDyQQn% (d)

983%%&1-;@3993@%? ‘?aiR%ss &8 éé af ? ach g é??ﬁ%’* of SEQ

oup conS|s ing o rosin
ID wheayl al ans nen(Ehinot aypd opband sy selao’dehl Stodi hiee (@i)oup
; and is an amno acid residue selected f t he gr

congbpsiagi pf StYERPBoNFhe FT9ATI% PRe (F\y, 9 H amine

: seriﬁ@lggf'n@hgé%nlhgo%¥1 |9y9&§§ﬁeeﬂ?9d|Qﬁﬁtéystéﬁn@nlﬁp, 7.2
ci d sequence of the po ypepti de i ncl udes residues at

is aheamnhbo&pmg pesitilensele¢tgydafgppcthe gopuracgnpipbing of
alaé{%ﬁoig ?2%QE%§? Agir hreo”é”?LiT)léglgﬁcéﬁéd E??'gygllne
(P), and methionine (M); Z3 1s an amino acid residue selected
from the group consisting of lysine (K), and arginine (R); Z4
is an amino acid residue selected from the group consisting of
tyrosine (Y), phenylalanine (F), tryptophan (W), and histidine
(H); and is an amino acid residue selected from the group
consisting of threonine (T), valine (V), and isoleucine (I).
[0017] In other embodiments, the amino acid sequence of the
polypeptide includes residues at the following positions:

(1) a glycine (G), arginine (R), tyrosine (Y), or
threonine (T) amino acid residue at position: (a) 464 of SEQ
ID NO:1; (b) 475 of SEQ ID NO:2; (c) 467 of SEQ ID NO:3; (d)
477 of SEQ ID NO:4; (e) 472 of SEQ ID NO:5; and (f) 480 of SEQ
ID NO:6;



ID NO:|; (b) 475 of SEQ ID NO:2; (c) 467 of SEQID
NO: 3; (d) 477 of SEQ ID NO:4; (e) 472 of SEQ ID NG 5;
wapaes(16308280 of SEQ ID NO 6 ;(2) an asparagi neCT/Mp2006/011273
ami no acid residue at position: (a) 631 of SEQ ID
(Ngzl)é3 Zgbhfﬁé,’éaqF.BSE(@Nl) DaMidn?; acty 684idf1eSEQ bbsN@idn: (a)
0 NO: 4; (e) 640_of SEQ 1D NO:5; and
631 fog 5648 18f N@E%"I ébNQG_‘lé %f% §)EQaﬁ%a}\]§i:2i" ngc() R)6§§m%%o SEQ ID
No:3ggg@)r%%'4dB%D@f§8?g§iﬂ *(N'oo."zli; (@) 649 off SEQ HD NO:B; GbM (f)

of SEQI C) 648 of SEQ ID NO:3; (d) 659 of
648 SEQSED MO HO:@e) 656 of SEQ ID NO:5; and (f) 664 of

SEQ ID NO._6_ ;. (4 t hr. [ ' ' QS|
~t Bosr FSRITEAR Y18 S SR0rtb Gty Sopts g o)
645 (N% %;;:% Q)Df iﬁéﬁE 101; 53586155 N&a SEfQ( dp T4 20f (SEQA4D NI 4EQ ID
e 0 - 5; an 733 of , _SEQ | ) 6 ;
NO: 3gnd d05)658 1o9siofe @D Nhidio (§éi 2§5|5e9f8§§3%a813pg]sq'\:ltgl;oﬁtnd (£)
664 (B 5368 19f weEQ;! D NO:1; (b) 980 of SEQ ID NO:2; (c)
972 of SEQ ID NO:3; (d) 983 of SEQ ID NO:4; (e) 985 of
SH®)| B NOrgordme (fI) SQunsf aSEQ mBsNCuss at [etdiian (2)
anot her di,men i's '
710 é)r()%loﬁgjpt% d 'ﬁLét (it]dr?ci%lzb es&lt %@%gf@?ﬁd g@gzéln%e()fsgtm b
NO: Fortd) iR 4SER IBNIY N 147 Ut 0286,05B6EERED ¢f0:E¢ and (f)

conservative amno acid substitutions excluding
733 1odsihged U NO g, g8 94, 142, 175, 184, 205, 226, 236,

2525 %551’ 2 @238.amGd A64 G Hk0.ad Ha¥vidted. (a) 968
The 'pol ypepti de can di splay hydroxyl ase activity that
of SFMVIEY tNO iy alWarf8 @ cofarfE) cidhdiQ: :000®] 147 yek SEQ ID

_anot her odi t isolate i .5,
NO'%(ol {f{}ep%qe%goéjhéﬁ]iln%m'e@ tﬁee) ggﬁogég%@slg%u%e%b% saer}d (£)
997 fof tdeg NLISE@ I NO 8 with up to 75, 50, 25, or 10
conservative amno acid substitutjons excludin ,
[0038k] quekh RO tIET gabeskinanty, Ay 5.s ot ehasr HaRombANt
polf%%&%fé%ht}ﬁ%i%ﬁgﬁuﬁésbhé%i%‘dagi@’sé@u@ﬂi@é" sed. forth in

er enbodi nment, an isolated or
SEQ remaii hantth up to 75, 50, 25, or 10 conservative amino

acid substitutions excluding residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, and
710, is provided. The polypeptide can display hydroxylase
activity that converts an alkane to an alcohol.

[0019] In yet another embodiment, an isolated or
recombinant polypeptide that includes the amino acid sequence
set forth in SEQ ID NO:8 with up to 75, 50, 25, or 10
conservative amino acid substitutions excluding residues 47,
78, 82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290, 328,
353, 464, and 710, is provided.

[0020] In another embodiment, an isolated or recombinant
polypeptide that includes the amino acid sequence set forth in
SEQ ID NO:9 with up to 75, 50, 25, or 10 conservative amino

acid substitutions excluding residues 47, 78, 82, 94, 142,



pol ypeptide that includes the am no acid sequence set
forth in SEQID NO 9 with up to 75, 50, 25, or 10

W@ eosAn3at i ve am no aci d substitutions excl udi POT/US2006/011273
residues 47, 78, 82, 94, 142,175, 184, 205, 226, 236,

175,2%24,25%5,2906,3286,3582,4645,an9071823i,S 3889viadad. and
[0021] I'n anot her enbodlnent an isolated or
710, dsoRBPNAREIpOl ypept i de t hat |ncludes the anino acid

[oozigque”%ﬁ s6behert BubBaSEENED QQ g%%@ WP 2 LnpiRdnt
25, su

or “T0°Conservative amnd aci d titutions
polyeﬁptudenghEESuduésd&%,th&,a&2n09épiﬁ429qm%ﬁpe18ét zaﬁth in

, 252, 25 O, 2 353, 4, and 71
SEQ éﬁoyodjg Wﬁgézﬁ gﬁe gOI§éep?Pde§r %g §EBSFBY 73 grino
ac1d9s@bletuEutheéx@mhu@ngl&%sua@b@dQ7an7@rgealn@4(Rh4@t
no aci d residue position 285. S preV|oust

175rnéﬁéd 208l ypépri dés- p?é@vd8é5heﬁ@%m ég% didSplraf64, and

710 §%ggagdact|V|ty that converts an al kane to an
’a% % n general an al kane includes nethane (CFU),

[oozeﬂhaneT@@ Hglypeptmdaaeo@CBE@)ID NOtaneSQC94Hr|Qpn further

exane H14) , tane (C 7H
oot iBEgIInAbEENgR Pny 2 PEiRRRe (Bohat) sadcanaceal sropse
posittidacane (CnH 2 ), and dodecane (G 2H26 ) In general,
an al cohol includes nethanol, ethanol, propano
[00281t anoS pERVAREELYhERARE!, PRPERSEdegcPaRalided herein

can g@%?g%& h%@%%&%%as%”g%%iQQEgt gﬁtd%@%%%Q%s an[gg%éhe'@o an

an isol econb
alcopollypepti dentirat. ancbm@eaethacamdea memdaﬁequeﬁ@e,sethane
forth in SE

(oot T o A ho, ALV SubStel GRACeRt) [dihg) « Rexans

(CeHIB8S| QRS athé, (C8H,87, o@@ank43C8ﬂ85y %%ﬁan%0509ﬁ§§y 338ane
252, 255, 285 290, 328, 353, 464, and 710, is

(Crobze byi Hl_é@eCfI@@)zSC}‘nHm anctierdesasedi et e -i sdnagedcsal,
on <LEEEEL 19810/ EPL 6L BARASIIER IR AT M, 360,
pent2bholor heGaconseheatave lamortaacild sovbshioflt dersnol,
unde%é%%%dig%dr%%hggggoi?’ 8, 82, 94, 142,

[0024] In another embodiment, an isolated or recombinant
polypeptide that includes the amino acid sequence set forth in
SEQ ID NO:11 with up to 75, 50, 25, or 10 conservative amino
acid substitutions excluding residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 285, 290, 328, 353, 464,
and 710, is provided.

[0025] In another embodiment, an isolated or recombinant
polypeptide that includes the amino acid sequence set forth in
SEQ ID NO:12 with up to 75, 50, 25, or 10 conservative amino
acid substitutions excluding residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, 645,
and 710, is provided.

[o026] In another embodiment, an isolated or recombinant

polypeptide that includes the amino acid sequence set forth in
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175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464,
645, and 710, is provided. [0026] In another

wendedosent , an i sol ated or reconbi nant pol ypeptT/d82006/011273
that includes the am no acid sequence set forth i nSEQ

SEQ B NG: 113 walth P tlo0 789, 590, 225 @r 1Q COMBR/IMALIMR amino
am no acid substitutions excludi ng residues 47, 78,

acidgpubgiitutg ongrsxcigdingosesiggesndd, %2, 82559429642,
175, 3%984 3%546422663]2363”%5105555 Brogvi ded  [RA27]; dan 631,

ther embddinerts, i'solat’ed "6r récdnbi ndnt
and ﬁdIpram icdesrigled.he i nvention include: (a) a

I ing the am n cid se ence set
1002h] YRR Gt e bl AT Bt o e St
poly@lpitheleandt @@ dnyeatebee il ulder:t ha)n aSE 1R g6 ;

(c) .a polypeptide conprising an am no aci d sequence
Compﬁ&\ﬁlrl?@ &Y egEin s A7 6FHUB0%E F6% IO td8dhns Sfedde NO:7;

| Ne | S e et Q
DR P B A A0, S TSR 2 1 et
fortmz,n BE®R) II84(0:205,( c2261 pP23§peF de2 Tomp2a6,ind28n &Eﬁno
464, and 7 of SE ,(d) pal peptl
acid; FRFeLS g 4ER§ sé&u’eng’é’ i h g0z an O s
sequ@l@xfdefTEJde)ht&"dyg&Qﬁ thiet Bniihe seque %"é%lu%fno%E@e*tD NPt h? ih0 SEQ

enerate a simlarity score of at |east 1830, usi n%
ID NUd BrOSUMER i, agigapesiidsesende peifal t8y2r0f9411 42,

|t f loudi
175,20, B et pong vt oo SSEISLAS 20 s T
of SZB6IIRHR: 25%r 29D, a32>8>,ly:§>51§>ti4%é4 ccmmxiléillﬁhgofanﬂéﬁlhla acid
28 th t at ed
e o SREEL 191 L8 H S o e GG et

SEQ aDP@lokpeptd deneaiple si BAnihe 3ryne Rl cFeauened sseti 830,
forth in SEQID NO 8 ; (b) a polypeptide consisting

us 1ngf %%W%uﬂ@@é@ueﬁc@a%temtﬁm% rsEelty NG 18,; and
2 o BT AREPA0Y ooy SO oriShhcasueace ues
47, |7($ent8|2t,y %4 tiHe ,ali’ho aﬁ|4d. Gyeres, seZB6f or215t2 i R58EQ290,
328, 255101 566(1”8151;loclj g’%§arg§2%E%g§g> %‘%Iiduggswzggs 3% ggs
[002@@4, ang, ter embodiments, isolated or recombinant
polypeptides of the invention include: (a) a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:8;
(b) a polypeptide consisting of the amino acid sequence set
forth in SEQ ID NO:8; or (c) a polypeptide comprising an amino
acid sequence having at least 60%, 70%, 80%, 90%, or 98%
sequence ildentity to the amino acid sequence set forth in SEQ
ID NO:8 excluding amino acid residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, and 710 .
of SEQ ID NO:8.

[0029] In other embodiments, isolated or recombinant
polypeptides of the invention include: (a) a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:9;

(b) a polypeptide consisting of the amino acid sequence set

I



of SEQID NO 8 . [0029] In other enbodi nents,
i sol ated or reconbi nant pol ypeptides of the invention
wopalouos2 (a) a pol ypeptide conprising the am POT/aS2006/011273
sequence set forth in SEQID NO 9 ; (b) a pol ypeptide
rorconshsskaglof Nvhe;amcndcackdreéynentédsectruprisimy ko amino

CNUy: 0 ol ypeptid Lng B a QO acid,,
aci fonbinghchabrfyRa: YR den St 00 h0 D 8050 %0000 %, SEste
seqiefdencaehdentyi ty tﬁetbﬁlaalaclacsdqaequeneetsebrﬁnr&h SEQ

in SEQID NO 9 excludlng am ng acid_residues 47,
ID §9:99gxciudingzgmingqacigsressguessg’ 288, $ss5, 9290142

1752?28435§0546526a”§3%10F9§ SEEs1 DobR, 928,098301 4B, and 710

er "enbodi menfs. ~i $ol at éd or 'r econbi nant
of PBRypPBEpNDces of the invention include: (a) a

t00Bg 1Y TR SBE P REPoTGnU b o poF 9pERt e EoREPeLFAs

pol9bebbedani Be askdiscguenea satlhaeth (an SERQLLBPpBO:id8;
or (c) a golypeptlde conprising an am no_acid sequence
comﬁavﬁh@gat FedBfi N0 1709698096089 P oB8ysi8e§ienél NO: 107

% E%;&§85918Qe @H@lgtﬁﬁgdaCIgHQngﬁ ﬁ%taEQHtB§QH§§EQ set

exclu |ng amn resi ues 47
for@h,lm48EQ115 ND840;20%, (226 RB86ypr2bH2,ida56omRa@s1888an
.353, 464, and 710 SEQ NO 10.. .[00 ch o o
ami 3R 561 HaieRengE! BOEA G, P FolBRBENEAE aToe B RansDgy oF 988
sequB@cknygehiceny fel wde: aﬁ@hoaa@@ay@@qhedeecgﬁmrE@mﬂg in SEQ
the am no aC|g sequence set forth in SEQ | D NO

11;
ID NRY 18 pEFy}peprOdeTésnspsiringesiopRé 4rindSackd, 94, 142,
175zgﬁ§gép?939tzﬁ%rtﬁ36” 969, '95§O'2§% Qhg(Chsa, 464, and 710

é conprising an’am nb aci d sequence havi ng
of 8EQI asN060%. 70% 80% 90% or 98% sequence identity

th i d L f SE
ooy e o 1oy g sesvence et (o0t 1 S50 RR, i
polié@ptl&és 385 he26nvE36.108352nc298e:28%,) 29001928pt383,
4, and 710 of SEQ ID NGO 11. [0032] In other

comprbEanAehhS, aNdaIoared doFCAEEBRBI RERt LHSIPpapt SBEs If NO:11;
thpbﬂyﬁng%&e'%Qn%Q%tlkﬁ)o% @ﬂgygﬁﬁh'd%01d sequence set

forth in SEQ ID NO:11; or (c) a polypeptide comprising an
amino acid sequence having at least 60%, 70%, 80%, 90%, or 98%
sequence identity to the amino acid sequence set forth in SEQ
ID NO:11 excluding amino acid residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 285, 290, 328, 353, 464,
and 710 of SEQ ID NO:11.

[0032] In other embodiments, isclated or recombinant
polypeptides of the invention include: (a) a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:12;
(b) a polypeptide consisting of the amino acid sequence set
forth in SEQ ID NO:12; or (c) a polypeptide comprising an
amino acid sequence having at least 60%, 70%, 80%, 90%, or 98%
sequence identity to the amino acid sequence set forth in SEQ

ID NO:12 excluding amino acid residues 47, 78, 82, 94, 142,

12



conprising the am no acid sequence set forth in SEQID
NG 12; (b) a pol ypeptide consisting of the amno acid
w@emaaeoe2 set forth in SEQ ID NO 12; or (c) aPCT/US2006/011273
pol ypepti de conprising an am no aci d sequence havi ng
L /batweaszotﬁ,O%z 0% 380%2520%50) BDBY sEZRILNBE3 | deelj tg4s,

quence set forth in SEQ ID NO 12

and‘eijc %%Q%[ﬁgh(gcfﬁ resi dues 47, 78, 82, 94, 142,1/b,
[003%] 2UbIn oﬂh@ﬁ%nﬁ&?&m@@@s, 20051 3284 3P3re b1 fir:
and 710 of SEQ ID NO:12. [0033] In other enbodi nents,

polyrepider o?f ricconin Yrirtipol ypebidees(f a heol yvemit i &

..ol t ri in e am '
ot e ALl L SRR A
(b caamscv]sypas;gtme tdftmmirtm@cmﬂ %}wlmmneo setid osddpudmc SEL: £
or ept| e conprj sing an am no
forg&ﬁdns e]‘r%é\]éai/?’n Jé\t )ea%tp%b%’ep/@b/@e SEHPL VDB NG ran
amlﬁﬁ%éﬁﬂ%@%ﬂd@méxfﬂn@ 0y ¢ NEe B0 NQACI ThSEWSNCEISLL 1 ggg
forth in SEQ ID NO 13 excluding am no acid resi dues

Seqmerﬂcersld%l ,Lagphe 1a8ing gaci OB quese 286 P&PLh in SEQ
464 3 10, of , SEQ 1 D
1o #5588 ool 830 ALY 1B oREQUD 0D 100,
175m183@u|23$5,ar2§2€p,r R3 eledz5Buctbhuct ®d c 3xcd d I ecab£s 631,
i ude: ) ucl eic acid nol ecul e which encodes a
an dpﬂfé/p%%t%éé %[grpgqqlﬁng the ami no acid sequence set
[oodorth ith RO Modimedts, %soﬂé)cedunucll?el@raéfd (b)

a nuclei c acid nol ecul e whi ch encodes a pol ypeptid
mol%h@%tal?fg wroviite i n@@tu@%@mm@@olmmm$ nlrSEQlde:

'QIN% ma}ccjad ’mc;]'P u;l%[ch e C) a“r%cl el C C?CI d

|'ecu enco es a pol ypepti e ot
compfﬁﬁxhgﬁtmetmmxﬂmnﬁcrﬂﬁkéﬁuéﬂﬁkEﬁﬂﬂufdﬁhm ﬁ@quﬁycﬂ)ﬁﬁh7

thin S IDNQ_7 d | d
ol Bl v Rncitios 3l gl HeIadie G SaLe which
encd@sd dIgso1aRUHL ARE doh fhoULn I:?l% Lq{e ta{}ﬁr?é“ g@lc@%ﬁéﬂquence

sequence set forth in SEQ ,
set 1prige)im FHREIE Necld PrmIQa,CLﬂl(b c]o]n;prll%,l ny thy (c) a

muc UL A5, SUUPIES By |G SERL BG4S Aing
resibrpericesetbdunr t465 of the amino acid sequence set forth
in SEQ ID NO:7 or 11; (d) a nucleic acid molecule which
encodes a polypeptide comprising residues about 456 to about
1088 of the amino acid sequence set forth in SEQ ID NO:7, 8,
9, 10, 12, or 13; (e) a nucleic acid molecule comprising the
nucleotide sequence set forth in SEQ ID NO:15; (f) a nucleic
acid molecule consisting of the nucleotide sequence set forth
in SEQ ID NO:15; (g) a nucleic acid molecule comprising the
nucleotide sequence set forth in SEQ ID NO:17; (h) a nucleic
acid molecule consisting of the nucleotide sequence set forth
in SEQ ID NO:17.

[0035] In other embodiments, nucleic acid molecules of the
invention include: (a) a nucleic acid molecule which encodes a

polypeptide comprising residues 1 to about 455 of the amino
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in SEQID NGO 15; (g) a nucleic acid nol ecule

conprising the nucl eotide sequence set forth in SEQ ID
wOI064d508E h) a nucl ei c aci d nol ecul e consi st i NBCDUS100€011273

nucl eoti de sequence set forth in SEQ ID NO 17. [0035]

acldlgeqhhﬁeeeﬁbedeEﬂhslnnsEQeEo HOid BBl 8Culer eﬁethellow1ng
i nvention incl ude: a _nucleic acid nDIecuIe whi ¢
amln@neéa@srssbép95ep€§d%néoaﬁﬁu§Fﬁgcwé§?aa@s fo78béa? 330

are éﬁénQ&aﬁ.Qﬁﬁﬂ pgs:' gasequencengebshonth 50 SEQ A‘E‘) ) N5 ang
or -3 Wwth the following amno acid residues: 48 and
176 206 aseleysiBEné1(€318$9 and, 336daBéSpheayVaLanenéVQF)227

57 ar erine ) 176
is apgaiane 4B {1700 188 Uoubaniflg 8k aped, BPT e e (o
(b) aSnabgembngciBQm918881e8wgﬁuhagha@dé§»a;paagpaéélué
gl yci ne ; (b) a nuclejc acid nolecule

consgREHHES O 6ﬁyé@9§iaeteoﬁ§P§Fi AgooPfr EBpdaBsng peid
sequ@ﬁggtségszE hhe,agk OIBCF6 §egyegc§1§ﬁttﬁgrkgli§w§gg

mnth e follow ng amno acid residues
amind8aand Zeelduescyéﬁeané eCp; a¥® amdtd30ecar8); 79 and 330

1 ; Z ¥ _
are BRERVARISRLER (Floi a3% 1237 7700487555 s8R inEE450} (05 and
176 g@bimgoﬁghblaa7 (L§; algB“'E@Z(Rhnd 288 hseolbylantnev(§) 227

;. and 254 is g g0|ne ; .(c) a nucleic acid nolecule

is apfilBAnEndBdés<aspofyp B PRéNBONEY ¥ SPAE Fedi dGeglycipe (G);
b - h a e set EQ

e R i s e R

compandif@7rasédoygst i he ébpptS@55ndf33meaamlpheayhdlaahnence

ser EEkvautn, 82 10275858 300’ 35 AanGonilEo FHuss

reSluae@rguslaad(Bb7 a289chstghdtancne 6Q andand12abei s
ycine (Q _; a nucleic acid nol ecule which
phen§ﬁééé@éns ﬁgbypéétlHé4coﬁ§ﬁs?ﬁﬁgaé? FesiagesS1/t §6 and 177

are @%ﬁ#&yé§ﬁe0f fhé§§LP?9§C'Qn86559”8§e5951E9 tQV g%@ is

oW ng amno acid resi ues
argiamnde2(R) aré3®y$Beghet@ﬁ)neSQQandaﬁﬁlZéBelphghybahanKGe,

144 d. 258 7
Q) fe %P8§89ﬁeaeﬁf "PCa620 85 n3 R B850k oopPhartdfid55,
consh%t@hgl BirN@ebRiues289tbSagbutankBecfQrne aRdnd5achs

sequgg%glggt(%%r£h in SEQ ID NO:4 with the following amino
acid residues: 49 and 207 are cysteine (C); 80 and 331 are
phenylalanine (F); 84, 144, and 258 are serine (S); 96 and 177
are isoleucine (I); 186, 293, and 357 are valine (V); 228 is
arginine (R); 239 is glutamine (Qj; and 255 is glycine (G);
(e) a nucleic acid molecule which encodes a polypeptide
comprising residues 1 to about 455 of the amino acid sequence
set forth in SEQ ID NO:5 with the following amino acid
residues: 54 and 212 are cysteine (C); 85 and 336 are
phenylalanine (F); 89, 149, and 262 are serine (S); 101 and
182 are isoleucine (I); 191, 297, and 361 are wvaline (V); 232
is arginine (R); 243 is glutamine (Q); and 259 is glycine (G);

(f) a nucleic acid molecule which encodes a polypeptide
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(e) a nucleic acid nolecule which encodes a

pol ypepti de conprising residues 1 to about 455 of the
waneneaomsr d sequence set forth in SEQ | D NO 5Sped/uk20nére11273

following ami no acid residues: 54 and 212 are cysteine

con$£3tlﬁ@ aﬂdrégﬁdaég pheayémbamim&5(6i tB88, arfifo 8804
are serine and 182 are isoleucine (1);

Seqﬂ%ﬂcezﬁ?t 5ﬂ6t563na§%9v%?ﬂﬂ% T \Withsbhe sTatbewipe gmno
acid 243;i 888}t Ubanhne é£2 ar@n@%g dihs bycige L 336Tdre

a nucl eic acid nol ecul e wh encodes a
pheppl yhepindetBhsi 82i nht 9, rasd di@d dre osabbue 456; 0f01 hend

i f D NO 5 th th
102 S0 B SSRIUCRR, SP 8T, SR DR AT TS 222
is {€inB%e arml) 3354arfs phenydrad @i (@) { Find 899 J:L§19g1%a@ﬁ1e ) 7
262 are serine %g 101 and 182 are isol eucine (1)

9) R INUSEELC e BEIORF IR YIHECT \ARCoRes | 3 e by RRREl dR)
comprﬁé‘fndj Sr&b 14asE Ne {Qabodd 25% F sc gl Yeh e, (214 dge,gc%uence

a nucl eic acid nol ecul e which encodes a po ypept
Set&%ﬁhﬁm@ﬂ%ﬁ@ﬁ&<&w¢@&M¢ﬂﬁﬂ@hﬁ@@mmmmaﬂd

es SRHMENC f h_t | | owi ng

am no a%ll dgr esé)%%e stcl%}:— dl%S ar eV\éc st n%gpp(ﬁre 82
pheranch B3Yime e(pPhenyt al 81 nearddF)26B8Gard 46 rangdl 2H2: ag® and 179

i, B T AT
argjg'llbﬁ@nlf@)e, (R3 u@ﬂﬂ@%ﬁﬂ% 9yl ngd Osg J?é’]g(%l(@dle

nucl ei ¢ acid nol ecul e whi ch encodes a polyp
and c@Hsias il ofc rasi duesl dcitle afouth 45 oded he pmlypseptlde

t fort [ th th ,
conflc#%rgaeg%@gfn?e%% et r rteos:a e‘%%Q%% NQ% Waé?%l%%sqjéj% ne
sequdlice & antbB3]Y af esgghenyINd ahiwiec e 861 146in ino

(§62 ar serl egﬁg} 98 and 179 are isol eucine ;Z
aclio gesi #%8 \2H19 Y Opine3Clis & g'=l 1 Rre
phen[yl?eﬁ?e:llﬂﬁlegl wamae (Qe, Al 28 45 g m)f@ 8 and 179

I n ot her enbodlnents nucl ei ¢ aci ecuﬁ%s
are tifoligwaime ofl ) r'ndlaﬁde 29(69,) anchid Biarecial inod eClle 231 is

sco il BO°POSR) 3 pOlBRLLLe ROIDTLRL D e R 0T
[00361i no ami chttest duessdid®ravy] 20 1afie: USRI d@1es TF the
invean :Los;?olnacrleu ehen a{)alaargllurg:ele(llf:) a;CJ_Sd3 moll4e30ule which encodes a
polypeptide comprising the amino acid sequence set forth in
SEQ ID NO:2 with the following amino acid residues: 48 and 206
are cysteine (C); 79 and 330 are phenylalanine (F):; 83, 143,
and 257 are serine (S); 95 and 176 are isoleucine (I); 185,
292, and 355 are valine (V); 227, 287, and 656 are arginine
(R); 238 is glutamine (Q); 254 is glycine (G); 475 is glycine
(G), arginine (R), tyrosine (Y), or threonine (T); 641 is
asparagine (N); 721 is threonine (T); and 980 is leucine; (b)
a nucleic acid molecule which encodes a polypeptide consisting
of the amino acid sequence set forth in SEQ ID NO:2 with the

following amino acid residues: 48 and 206 are cysteine (C); 79

and 330 are phenylalanine (F); 83, 143, and 257 are serine
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and 257 are serine (S); 95 and 176 are isoleucine (1);
185, 292, and 355 are valine (V); 227, 287, and 656
wae®eanisni ne (R) : 238 is glutamine (Q ; 254PCHUS2006/011273
glycine (G ; 475 is glycine (G , arginine (R |,
(8); E)l%eoahae 1(%) a,rﬁorlstd]feemiin@e (@) 18641292 aspar giSnere
i_s threonine 98Q i s | euci b) a
valipge|(é g&id s ec @né |2:ﬁ1r§n€6@é§1lélepol per?tr’]"% )

ISt fe At rCi@&)sequencea ssefl famh (a) ,SE
glut %8 Eﬁ\?\n t@‘hSth E:s ggﬂlyﬁgvm ng am no acid ?}égf dues: 628 0
arglancdleZG(R ar ¢ytxym131dme )G) 0173 hens@T3IE drld ipHely i ani ne

; an 7 are ser e
aspa] |lé’&:| Né (|) 2°5‘2‘9e£ 5(5?‘}%‘51 aoﬁnq% %\%%ﬁrélee (e)

a ni8éirEiebemAre Algiviing (e‘ﬁ)cod%%ﬁ a @c@]yﬁ@hmﬁa (c@)nprlsing
254 is glycine (G ; 475 is qglycing (

the antJy),oos’a,cr;réi (Spauergie t¥tedm (1-5 SE%ilD | mtgb tﬁbe)
,follgw Zhids atéh]c?%s%de@ 4 6Anth P8 Saﬂeetws”@elr{ec)

AUCl € ¢ aci d ol ecul € whi ch encodes a po epti de
and Qfprarsi mgletrt},elalmmeacﬁli‘j is équende send 033'/%1 e SEYITS

ggés eﬁrg 3{/]756{ gafe efeojj(%j , and@ggclagfge{ er{ylea;T aﬂ'él%n%%e

vall(r{:é (B3, 248, ze, 257d 8648 sefd rEqulS)J,neQS (Fand 213786 J&Ere
i sol eucine (1); 185 292, and 355 e, val j ne, (V)
JLutmE NI H ol B g TiE ()7 23 1 o Yl hEm TR |

arg#rhd S(@ Y %f@oéﬁl ¢y, iSr giwlfeécn@u(&) (TR 063 Nnes ( R) ,
tyr03|ne ( or threonlne (T) ; 634 |s aspar agi ne
aspdNging 180 5 113 ebni perddamine alit) 97nd s972uks nesugineia (d)

I
2 RIS (3G PO TRE o Mo o Ceor e CorTorL s e gt ims

of 41 NGhird WMdidt deghohtow sty Bai tto miSiEQ eBh di@s3 wisth the

and 206 are cysteine (Q,; 79 and 330 heny| al anl
fOl%Wln%fﬁmﬂm‘?& aghd P5YLAres setf Nt s T and? %’%l%ﬁe 79
and! %be %ﬁ% 1a18Rind 9% an§335§4§reaﬂﬁ|29$ &fg,sgﬁfme

2 and re arginine (R): is glutanne

S) 2595 i sngl Ytb ner¢ Gl solédcise gl §/b1 n7e8§6) 29%r giigl n%§% R}re
BTTE TEOLI R o
glubielgé Cc(@r} d2oml esubywhheh( @npodes7 aipohypephé dec) ,
argfgggélfé?? tyrosine (Y), or threonine (T); 634 is
asparagine (N); 713 is threonine (T); and 972 is leucine; (e)
a nucleic acid molecule which encodes a polypeptide comprising
the amino acid sequence set forth in SEQ ID NO:4 with the
following amino écid residues: 49 and 207 are cysteine (C); 80
and 331 are phenylalanine (F); 84, 144, and 258 are serine
(S); 96 and 177 are isoleucine (I); 186, 293, and 357 are
valine (V); 228, 288, and 659 are arginine (R); 239 is
glutamine (Q); and 255 is glycine (G); 477 is glycine (G),
arginine (R), tyrosine (Y), or threonine (T); 644 is
asparagine (N); 724 is threonine (T); and 983 is leucine; (f)
a nucleic acid molecule which encodes a polypeptide consisting

of the amino acid sequence set forth in SEQ ID NO:4 with the
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the am no acid sequence set forth in SEQID NO 4 with
the following amno acid residues: 49 and 207 are
wey®baoie2 (C); 80 and 331 are phenyl al ani ne ( Fr¢T/882006/011273
144, and 258 are serine (S); 96 and 177 are isol eucine
follbbvﬁhglaﬁina%ciamote%&‘du@rse V8l end @VY; a228 cyZ&@in@ndC 80

659 i ni , |
o G183 BT ) LA T B
t39f60%hael(7‘f) areOh siheeninke (1) 18@442@3 aspar a@wnare

is threonine (T); and 983 is | euci ne; (f) a
valimec (@& c aeﬁd A8Bec @nsl \GH% 12 Ten 63948 LaepdIR) peptidde S

gl conS| stl ng t%%l t%gégmsn%l lqlesqg;genquﬁqg f rytaden %@S

g am no acid resi 49 an

arg:LZﬁ?lear (;y&tyalom&n(eC) )80 candh3@brdme pilTényI@Mamsne (F)
; 84, 144 and 258 are serine (S); 96 177 are

asparegliagei (e /(1'% 166, FPePn R ( %3 e (WRtissy, ¢

a nﬁ%1@%@1@5%o§re%ﬁr£|v\f}il% (Rcod@3O a @o@yl{tie@iﬁll@ (c@mprlslng
and 255 is glycine (Q 477 |s gl yci &4} ar n| ne

the (d-R)an tayrl@ysmgu(e\@ce s(ﬁt tirddn %@ 4§ 1t

£011NHS 'mrl‘(?-l '§)c1d fe%ﬂqsueté“ ea{h”'a%l Rk ax@‘%ﬁS@e (C); 85

nucl el c acid nol ecul e which encodes a
and mﬂ@/@&m lpd&r@dmrar&mg (Mg &f,nd &G darsiecaﬁa?ncaeresesterlne

forthln SE w th the follow m _no
(S) ngrﬁje lesfsjaei‘%cjcrf/est i)rfe ](9%) r%gaanadl% 1araere
valﬂﬂ?nM}a|@@2“3i§9 ;ar®, 6518t % raand- 64 riy e(F)er INEs (i) ;

d 182 'are i'sol euci ne (r); 191, 297 and 361 are

glut/@hlrrﬁe (@) 28D 2TD2S My B ak® rarkisiiie {RJCLIIA3(Gly

Iuta dle ( 9 i ) AT,
2o e e Yr e i A g RS () e
aspéfﬁ@ﬂ[ﬁ ngv)(;T)723 64 tbrmﬁateag(']h)e, (Mhd ; 98752313 sleuCJ_ne, (h)

T SR S S BTG e BRI T ree PO tna

of 1%5'%%% d SRAUENG S5 $OF tHoith SEQ 1) N 180 V6 tihi theche
| ow ng amno acid residues: 54 and 212 are cysteine

foll@yin@raimp 386l dreephdess al zhisrd ()2 | auetehpy (C)7 85
andzg§6 al & Sentlrgﬁa%fgnlr}gléfpd 482 S, '%%922‘@2 n§ré|§erlne

are valihe (V) 232
ar_eoarmcmlm(ﬁe 2431 éscyhait &M nel §1Q 29"anda12<59361:, are

valgﬁy Ine ((%2 égg,lgng gglne é grglnlne (R); 243 is
glutamine (Q); and 259 is glycine (G); 472 is glycine (G),
arginine (R), tyrosine (Y), or threonine (T); 640 is
asparagine (N); 723 is threonine (T); and 985 is leucine; (1)
a nucleic acid molecule which encodes a polypeptide comprising
the amino acid sequence set forth in SEQ ID NO:6 with the
following amino acid residues: 51 and 208 are cysteine (C); 82
and 337 are phenylalanine (F); 86, 146, and 262 are serine
(S); 98 and 179 are isoleucine (I); 188, 296, and 363 are
valine (V); 231, 291, and 664 are arginine (R); 243 is
glutamine (Q); and 258 is glycine (G); 480 is glycine (G),
arginine (R), tyrosine (Y), or threonine (T); 648 is

asparagine (N); 733 is threonine (T); and 997 is leucine; and
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arginine (R , tyrosine (Y) , or threonine (T) ; 640
is asparagine (N) ; 723 is threonine (T) ; and 985 is
\Vmemmhmﬂsz(i) a nucl eic acid nol ecul e mhich enNPOhEs2086/011273

poI pt.i de ¢ r|S|n amno acjd
oFt 1 61D | OB et g PREREcE
COHSﬁ.%Sﬂldll@es)-f 5T canehi 208 aahel GestiRine (@ f%%t@lndn3%ﬁQafI® NO: 6
phenyl al_ anine (F); 86, 146, and 262 are serine (S);

Wlthaﬁ@elf@lé@@lpgoﬁ@&@@néceﬂ)ref8@U659651aﬂ@d3@@8aﬁée,

2 d
cystéﬁu eQ%CS]\e/) (85) %qx’d %g:l?zgg% g@i@%ﬁ ?{1%) ni 'ﬂ‘ig( @6 2.L41?6 ' 2nd
262 glrgciseeih@) ( ar@Bnand (Rp ar@yn@ml@@o@ﬁh Ion 188, 29s,

reoni ne (T 3 ragi ne ,
and e aid G (11’%“ §ld 655°02Y eu&%%lg)éln&(fje) 25T ndns dR)
243 agl ¢1uRlaecwlee @U'CBn@nQ@@e§sagﬁ Y BRPY de QQ@Sh%t@Q cine
of the am no aC|d sequence set forth |n Q
(G) rwpryiniaet dR) owitd ogingo (¥dird oredibdgesingl %d 25@8 drse

N Q) 7282 :an nyl_al.anisne . (F
2op R T g "3Pe ot ras o BTH ARH0dULr 4N L Snene
[00370); 188, oZ@Gemandlﬁﬁﬁtaranvabbnet@u)nuc231p 281d ardecule

664 argi nin 43 i.s gl.utam nd 258
that}dnglygeR S é)uci 4802 fpde gll(ec;)of tgreg.lﬁ.vﬁ@% Ry and a
nuclepitasiengeq¥lenceokntbuge %‘%eh%{krol@ﬁgubs %&Q@%@%h@% is

733 i's threonine (T); and 997 is |eucine. [0037]
provigeghe enbodi ment, an isol ated nucleic acid nDIecuIe

[003§ﬁat '&%l%Q%ﬁr eﬁﬂ%hgh%n%%'dv%gk%%gl%RgE Eg?lh@%e%th %leic
coding a ogous

a nucleotide sequence én etero
aCldpmbyﬁepﬂedei tseprioviedeédon] G@88pbrbrnideder enbodi nents,

t th | ud | ei id I I f th
003801 35 hetnehtta Buniclshe gold ol ecul e ol Lhe

nuclbest aeel ﬁlotlé@uatee@tfe@h\éd tiAvantyehei eragi ¢etmbeculg rof
the invention, or a vector that i nc¢l udes a nucleic

inclygdied RoNEEHEECORCERemphpsHiicont she gnwh@edn H@S“le
provifkls | BELUIB.HGALKAY LAC RIS SUER AR Y FASLLER! LS veast

I nsect ce or ani mal
cellprodasyati cedékl sosuehiaslbaetiési.al Hoekl 8e1[8040kol Anclude
procaryotlgw%%QnggE%h ggt %% e&g%lprgﬂ%g{ng a cel
[0040] In other embodiments, methods for producing a cell
that converts an alkane to alcohol, are provided. Such
methods generally include: (a) transforming a cell with an
isolated nucleic acid molecule encoding a polypeptide that
includes an amino acid sequence set forth in SEQ ID NO: 7, 8,
9, 10, 11, 12, or 13; (b) transforming a cell with an isolated
nucleic acid molecule encoding a polypeptide of the invention;
or (c) transforming a cell with an isolated nucleic acid
molecule of the invention.
[0041] In other embodiments, methods for selecting a cell
that converts an alkane to an alcohol, are provided. The

methods generally include: (a) providing a cell containing a

nucleic acid construct that includes a nucleotide sequence
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that converts an al kane to al cohol, are provided. Such

nmet hods generally include: (a) transform ng a cel
wowdos/ 1650982 sol at ed nucl ei ¢ aci d nol ecul e encodi POI/ES2006/011273

polypeptide that includes an am no acid sequence set

that FS EQ LNy Sﬁ@dh@llé@ c§t8chr8me E@SOlﬂ;olizﬁepﬁlidé3 t(lb)

Fanst ormng a cell wth an isolated nucleic ac¢ cule
nucleﬁnhdeubeqaaoaelﬁ@lacpéﬂyééemldéléfatﬁécﬂﬁéénFP&ﬁ mgp-e

(c) tran fornln i t u enaei det
encodﬁﬁge@upg gpepﬁé 2 G 15?0%9 aﬁghé %@1@ ck@iuen e

nven IOn
forth€AROGEMENRS NOethods @erﬁelédblﬂ@,aoaeﬂB,tHag a nucleic

converts an al kane to an al 0 rQV Th
acid metliesdsd eg@RERSINE iPn SR SP &?ﬂ p&ﬁt&e" ‘)eq%i or

ety Ue I RI1G Raied onort&hter lieiveidtaton ncImide st hods
(11i nuc%@g?igg:gggUence73 t hat encodes a nodifi ed

Furtheyt defulones PAS0 QUIypEp G2 a¢d-lnddl 019 dF SSEGENSF 2
sultaﬁpg.: ﬁé&d o oa[%%éur?de% el 8iG A dHBl £ ipadidg a

rrstng an am no aci d sequence set
cytodiddne 1T 53HEQ d RAKIesbed &9 g 1kore 11 lju i cignty o (Gqnvert

o st T BTSRRI U

|'ecul’e” o

ven hodfe-fdir thieded b Lsleny ) metiad ipgpvided
alcoﬁ#@ E%I In ?ﬁeq%%esence of a suitable al kane and
hereidesr conokthonsknwien ece henerodk ¥} eR ci oelht Gt P250 i s

expressed at a |l evel sufficient to convert an al kane
eNZYRYLQHY al cohol . Such conditions are nmet when an al coho

[ooaﬂz}‘S progiyiceehat embedthemtes panabmed@yfar net dddc provated

thod k t k |lLed int
<1colonky moFogy=ovL6643] §RE RREROSNDLAT RS, (bt HERL Far 2

celancﬁgéiﬁg?gn adhgenat ¢ §é§dpé@ﬂé@@ﬁctTBQmﬁEihDdg a
providing a cell containing a nucleic 450
nuclé@tddéOHSQﬂanCecbhptlsnﬂgdasn@cmééﬂﬁé@dséﬁE@ﬁEEoWﬁaF

encodes a d|f t,ochr P45 p h
polVRgeF &6t d& e&HSESSgigFecfgggPré ge??E¥ganEg§§|cqagld
nuc1BBlegule pBEedng én@@ﬁyﬁgphlﬁelgpaptngengomnraﬁﬂﬁé an

amlngigglzegggggiczegeio%%gthn1§Eg% I%ONO 7, ’1%0’11
12, or 13; (ii) a nucleic acid molecule encoding a polypeptide
of the invention; or (iii) a nucleic acid molecule of the
invention. The methods further include (b) culturing the cell
in the presence of a suitable alkane and under conditions
where the modified cytochrome P450 is expressed at an
effective level; and (c) producing an alcohol by hydroxylation
of the suitable alkane such as methane (CHs), ethane (CaHs),
propane {C3Hg), butane (C4H19) , pentane (CsH12) , hexane {CgH14) ,
heptane (C;Hys), octane (CgHig), nonane (CgHzo) , decane (CioHaz),
undecane (CiiHz4), and dodecane (C12Hs6) . In general an alcohol
produced by a method the invention can include methanol,
ethanol, propanol, butanol, pentanol, hexanol, heptanol,

octanol, nonanol, decanol, undecanol, and dodecanol.
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12, or 13; (ii) a nucleic acid nol ecul e encoding a

pol ypepti de of the invention; or (iii) a nucleic acid
wodeaodoe2 of the invention. The met hods furt hepCi/nstoode11273

(b) culturing the cell in the presence of a suitable

[004%kane_‘[n 3% UNdel iLondifd Risnetisr endthddidi egiroducing a

tochro P450 1's expressed at an effective |evel;

cytocambr(a:)P@Codmm}ﬂantIaaitdmﬂrwlrﬂRﬁsoﬂﬂ A AP OR e
bl e K h.
oo B 1AL 0 N A DLW o e 4t pocne

P450 'p’@lyﬁ@@@r&e (&@%écﬁfyhe@tzﬂnele(ﬁWWnﬁ)a]mm amlcq aesidue

, CoH2 d CloH2
pOSlﬂm;mﬂygﬂgggfgﬁﬁééa%% (%53&5%) e Qﬁgfqi%%gf ket ot

the REOS ano{’y@%% ano%h@gﬂ)hﬁolf'ﬁ/@;g@i@@ cam i feheifel the

pr opano ut anol, pentanol, q
modi hexanddn h®®m@@slthecVah@me PbnEpol ACkERandl te. The metho

undecanol , and d anol 04 a
T A e R R Y
modlfﬁéﬁagﬁlﬁaaéchdWQXM|ate$eaﬂtabkanalhaeepuodededonﬁmthons

net hods i ncl ude sel ectin t cytochro 4
suitpblypéeri Medaayy hBELPYI A 8 s |%§E?n%n%n§ gegg §8 a

es p negpkEn Reartibg Reyi vecsiutie ef the
hydrﬁxﬁggggﬁaggkékgt gh%apgﬁ% cytochroneyP458 pol ypeptid

substmtgemenabfthbenpdméﬂ@aﬁm@ﬂoréém@e§ofhé QéﬁéﬁéeBF Fﬁéno
active site.

e Jret ho rLh AbagkkhAg ¢
acidi pg bBI?B@p%P82u88n8P|S| J %hghﬁoggk gﬁ?no acid -
inc1Wathaat sheast caae glrkape Uﬁdehecmndufnoaglgulnabﬁe f or

hydroxyl ati on of the al kane and det ecti,ng

substjrbLghat 64CRI RARET 1T ABAI Freatnon Uiy 3 ReFDJa24anine,

substit it . @@rnenacipd ke andiddS emcant
EYTogaie Eggggl%it Egjg%%EEUde ﬁodlfyan t he pafént

resi@fienpoadicd oned ricl u:de reerd radidhiet |a@r¢awegr8é@|@ qff thge heme
nDdlflc tionis a S i tuti s tkkytlons can
domgigsofqéd Wﬁ)ﬂ aglenvar chlr yr%gls)r?e y‘?é?%-
[004%%“ ne @ ddieipay et e R aired reﬁfho«tllmqm:ﬂ tqﬁ)rté¢ in
near the active site of the henme damai n, of .th

dlscﬁmf“e Wﬁom@'@%@rb&%éﬁqo&@ar{yﬁﬁqdrﬁ%%ﬁ 1% the
descfrdﬁ%ﬁon b r:rLDorm? erhodi rent 5. fe 4 he il Os el al@rattages

“he acconpanyi ng draMAngs and the
will be apparent from the description and drawings, and from

the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0045] Figure 1 depicts the reduction of substrate size and
increase in C-H bond dissociation energy achieved by directed
evolution. Directed evolution was used to convert wild-type
P450 BM-3 stepwise from a fatty acid hydroxylase into an
enzyme capable of activating the higher-energy C-H bond of
ethane. The figure shows the substrate range of wild-type P450
BM-3 and its mutant 53-5H and, for comparison, the range of

substrates of other alkane monooxygenases.
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description below. Oher features, objects, and
advantages will be apparent fromthe description and

waolc@silnggs2 and fromthe clains . BRI EF DESCRI PRCTNSIOB6/011273
DRAW NGS [0045] Figure 1 depicts the reduction of
[0046}bSt rBiQusd 72 @ash tBST ages i chEbihbomcani s§oetaenoh
energy achieved by directed evolution. Directed .
reackeyon unl shuRS WSEYD t GRELRVEr DI Wi 2% yhRe Pa%EaEX/F%- Prior

to agéfg%$§? %{Qgﬁglfﬁééydéfi9a9¥9égxy$a§§rﬁné@h N gNE¥NBe for
cap e’ of ‘activating the higher-energy C-H bond of

deteethanevia The élgurroshoastthe debsttare(F@Rye of

i1 d-type P450 BM 3 and its . D3- 0
[004%%npar¥ggﬁfetgeE%%ﬁﬁgsthgu gﬁ%%?ééégfggk%gganggﬁeethanOl
usingPnoOXydepasesinl 8846 spbgusetd depantis2blgasrnovers per

Chromat ogram of ethanol reaction m xtures usin ,
enzymaragh@vs385FEa§ftﬁé-éﬁtap9355‘ﬁﬁiorr?épaﬁEFV§&¥; Halving

or dgépgg?% %@é.gﬁ&kﬁétEéﬁgehgrggﬁgheym¥hd85téb%gg%§ﬁately

on via a el ectron capture” detector )
corrE8P4RHiRYur doBedepicchéghhe pondersi oANGENELREAETEE

et hanol usi 20 M tei . :
reDRGRAG0as PONCERIyRE BEErO8 s PG ar B3 EPEGng Ha g 2 with
inackésReehi ¥ebyeihial Miagnet doubhingethenedzypmcentrations

concentration yiel ded approxinatel y correspondingly
aboveowbe beckogrendpledgdt odorc 8t r AETF8RsPaF8sfétt iVEl y.

stangﬁghr%%vngggghog§ftﬁ&%@e%%?ékﬁﬁghtgthane or with
Irmactivated protein, did not contain ethano
[004B8JNncentiatirend abpietihd’ GAtkRyranant v elt Fingim  C-

Error bars _are the standard _devi.ation. qf thr ,
labed e AthEnCs. 1 SHTSH Gt 5 gl ere MSCEvE G
syst@h . Si fg Yd3GAmbal ed ethangl pawkbaties v tdvddebitianion of

NADPH r egenerati on system No 13C-|abel ed carbonyl
the padlegcdueelre CpEEek -on of the ethanol were

oo o A R e A e o R (B eni
The fRayRioA hsthief ti tom Hisghspilow-erpdine fiomon uposhdddi thcomish-
spiroidiane could not be, detect e Aot Rh LHANGSA
detected. Addition of octane did not induce an increase at 390
nm. The spectrum of 35-E1l is substantially similar.

[0050] Figures 6A - 6F depict an amino acid sedquence
alignment of 6 CYP102 homologs and BM-3 mutant 35-E11.
Corresponding mutations in homologs are provided in Table 4.
[0051] Figure 7 depicts the spectra of methane reactions of
BM-3 variant 35-E11l and the variant 35-E11-E464R after
treatment with alcohol oxidase and Purpald. The peak at 550
nm corresponds to methanol produced. Solutions containing all
reactants except methane do not absorb in this region when
similarly treated.

[0052] Figure 8 depicts SEQ ID NO: 1 (CYP102Al from

Bacillus megaterium) .
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nm The spectrum of 35-E11 is substantially simlar.

[ 0050] Figures 6A - 6F depict an am no acid sequence
wa@bkeognosstr of 6 CYP102 honol ogs and BM 3 nut anpCBbHSto0d/011273

Correspondi ng nmutations in honol ogs are provided in

[0053abl e #iguk@0BlheFigusesiodepi kbs thecspectaa efom
“methane reactions of BM 3 variant 35-E11 and the
BaciyappaAub8slEs]- BABARIaRt kYt FeatWBRD2MME b al cohol

i dasg. Pyhrp ; e aknat;n55Q n p to
[oosﬁ;thangfsgggdggegéségggt?ggsfgoﬁ?éi%iAgygﬁpéggagggﬁts
BaciéXaepkubetihdee €6%nbdieabsoybtonCYhig2REHL on when

10058 (L8 EREST Fant BRLF IR uSERogbt 87 ufy (CEOBRSRSFFGEPe. o
Baci@@R5CES r8EQ), | @o%\l()ldgnéwgi@aﬂéytvmgmggi I lus subtilis
r 59%identity to CYP102Al) . [0054 igure 10 depicts

[0056FQ | DFllgnrs L2ypep2aBst B BACNPEuS $EBFLPRE]l E30m

Ldenti ; Al) 50o | . Fi.gur.e hcts SEQ
rals} R b REeT) 3arbaeor L E O e e hant oy
[0057D CYPEOgALE 13[ 06H6ttEi fuQeIb2Ndephc{ SYBEQRAD KEom5

CYP102E1 fr,om Ral stonia_netal | i durans, 38%identity
BradyheqphaIR1y SBoa68H EBULRCTS  RbpCr SYREELPE NG &
[oosé?YploﬁéguEéoﬂuBaégYEBbZQQQUHDJﬁ@@nvcwﬁb~é§?§tdentlty

to CYPL0Z2A1) . [0058] Figure 14 depicts SEQ ID NO 7

[005935- E1Fjgurpod8operighfesi8 dBpNEt s8SECPrBLANCE484R) .

oo B0 L0 EHAuEE 19.SPIChesREQURR ©
[00610 (35FEgbrEA62THeoif0862EOFIDUNE: 180d¢pbeEs1SEQOHD) .
toosh L0 oL 00371, ELAULE 43,900 el 55010 0
[006871- 4Griguk8069] gEpsves BEodepi gbs SEQ(LB-NG) .15

53-5 . [0066] Figures 22A and 22B depict SEQ I D NO
[0064% (exBieusiroRCpHaparlspEMORIDSEOH édntdlnkAg-t he hene
(006870 " egyglage,90mBLA 0L ¥Rp! 2Bt n83- 28D (53-5m) .
[0066] Figures 22A and 22B depict SEQ ID NO: 16 (expression
plasmid pCWORI-53-H containing the heme and reductase domain
of variant 53-5H).
[0067] Figure 23 depicts SEQ ID NO: 17 (nucleic acid
sequence encoding variant 35-E11).
[0068] Figures 24A and 24B depict SEQ ID NO: 18 (expression
plasmid pCWORI-35-E1l containing heme and reductase domain of
variant 35-E11).
[0069] Figure 25 depicts alkyl methyl ether assays. Panel
a) shows hydroxylation of the propane surrogate dimethyl ether
produces formaldehyde which can easily be detected using the
dye Purpald. Panel b) shows hexyl methyl ether can be used as
an octane surrogate. Panel c) shows a typical screening plate
with P450-containing cell lysate, which, upon hydroxylation of
the methoxy group of DME or HME and addition of Purpald, forms
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[0067] Figure 23 depicts SEQID NO 17 (nucleic acid
sequence encodi ng variant 35-E11) . [0068] Figures 24A
wapahecAdddsziepi ct SEQ I D NO 18 (expressi on pl aspeTUS2006/011273
pCWORI - 35- El | cont ai ni ng henme and reductase domai n of
a puvplé adbl3b: Elfdch (10069%tebt gkt 252 d@PF €L SRt KEl-3
nmet hyl ether assays. Panel a ) shows hydroxyl ati on of
varigpe- propane surrogate dinethyl ether produces
r mal | e 2 £&Led Us
OB T B b Rt Ry T et hy o5t For™ean Bye
(W) Em,@dhfaﬁsamloé?hnessugrbgap@ldPanﬁheca:}ssjnomsapeypd)méd in
h, P450-c nta nin | ysat
2 96 B e B RL Gr SRy e G OF BT bt Wt ERYUBF S5° oFSBNE: Per
wellor HVE and addi tion of Purpald, fornmsa purple color.
ach well represents a different BM3 variant . [0070]

[007 gureFJz%u’a%p?ZtQGE%ahaa%dC%Jcﬁxfﬂége%%cm@ﬁaw@hy@%t%r)
addl@ﬂgnh?%a@@i?éidu§bn9egyf ?gqnlg¥ﬁi Inafn?ﬁéfgﬁn§d

in a 96-wel mcrotiter te andt VOT unme was
mutapsy, thkm#om&¢hane[@@d1¢OFQQU¢E ﬁ@gdm©ratsom system.

f ddi f P ldt
rane fAATALS, 826100 B0 FLasiL LD oL Purpal et o

[0072Zhl or mgﬁmezandepoéa@tmtaﬁg@\mﬁ@w@nmsmﬁé@m f&anghe
A and Panel B refer to independent experinents. [0072]

reacfﬂfgrar%f 28 éphet egentbion Wbk zedinger BNt yrmghants .

act i d nat d
00T Sy A TP B ALV B o e

reactE@@dﬁ%e3f@arih@tseanb$twtﬁﬂ¢$ wmrpewdslsmbsﬁzsuted at
sitigpon A328 [0074 re .30 depjcts the chem ca
[007£fructLﬁ%%?%fB%r%%%%%E ?n??ﬁp EL L2t 0608 8
prodiyiel oxydrat £ e/ Hy@ﬁb;@ggmi bONISIBAT d Ola €S Rl YEL£E8: Pyn
PA50 mutants on different kinds of hal ogenated al kanes

catalyze#ny 4 yreetanhs - om1d Hepint aplads nef e fogenated

alkas&guence alignment of the heme domain (residues 1-455)
of 6 CYP102 honvol ogs and BM 3 nutant 35-ElI.
[0075%)r r ety 3R ati S depict an amino acid sequence

alignment of the heme domain (residues 1-455) of 6 CYP102
homologs and BM-3 mutant 35-El11. Corresponding mutations in
homologs are provided in Table 4.

[0076] Figure 32 depicts protein similarity scores for
polypeptides provided herein. Panel A shows exemplary
similarity scores for full length polypeptides (e.g., SEQ ID
NOs: 1 - 7). Panel B shows exemplary similarity scores for
residues 1—455 of of SEQ ID NOs: 1 - 7 corresponding to the
heme domain of P450 polypeptides.

[0077] Figure 33 depicts protein percent (%) identities for
polypeptides provided herein. Panel A shows exemplary percent
(%) identities for full length polypeptides (e.g., SEQ ID NOs:
1 - 7). Panel B shows exemplary percent (%) identities for
residues 1-455 of of SEQ ID NOs: 1 - 7 corresponding to the
heme domain of P450 polypeptides.
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honol ogs are provided in Table 4 . [0076] Figure 32
depicts protein simlarity scores for pol ypeptides
w@rasilcsdd2 herei n. Panel A shows exenpl ary si m Per/ius3006/011273
scores for full Iength pol ypeptides (e.g., SEQ ID NGCs:
[007B]- 7 LikePage€krBnehowsmearpliar ¥hsi malr%lutsy dSCHieY s
for residues 1-455 of of SEQ ID NGs: 1 -
indiggteedpbRdPAGUES ERe heme domain of P450 polypeptldes
[0077] Figure 33 deplcts protein percent (%
identities for é¥ tldeslfrOV|ded herei n. Panel A
.+ shows exenplary p ék#&LQQ@D HYEREREAE for full Iength
[007@9|ypeﬁgkg%% ﬁ%s@r&b% 9 %@,Nggveﬁtlo% h d%%%ﬂl it is to
shows exenpl ary percent entities for residués
be uhdéz5tobdothSEQthDsN@svehtion der nespdndiingd ad harticular
hene ,domai n of P45Q p Iype tldes Q078] Like reference
compgSIEPES, R RERETGRL dF WRAFEaFaTy | R EOBRSrs
vary-. @ETAELEDSBESGRbeThQ&e[&%%h %ata@r e ndeseirhdinkd dghe used
invention in detail, it is to be understood that this
hereiipydft L6 t8enBLrPORE O CSsarbilagd RR rEdmpdsin |e@\b§d@rnents
onlyl) 8hA0LEANCPY SHEMRYMNLEN (6T k1 COUT 8] AW 1y ks
| so to be under st ood that e termnology used "her ein
Specuiltatlbheapdrpbsea@@e@@sdrnham@spamhecuua@ular forms "a,"
" e ts onl and i.nt ended t ting.
SO e T o N e R
clea@ldl @B cthiessoR@elrar skQr B 1eds” de@ined dR%erti®e, all
include plural referents unless the content clearly
techgiicpat egdoeRéPRitdEl cCUMCEsS Heridndg retthefivee thel |same

meanaﬁﬁea'C@bmﬁB91§Ch%%%&%t%ohe§gfoﬂéegfh%&%a%augy% &Hﬁ in the

meani ng as commonl st oo one o

art gl Whiich tthe amWemmlwml@hrtb&nsnvéﬂthomghemh& mathods and
h ag nmet hods .an s simlar

mat eyl OaR L 15 Dioedid Jederbedoh P ert Bafod Bt ﬁge&qaﬁln can

be ulskRe phaehieC@rhet itestidig t@fsttlﬂ% bfVeRkl AR vt ion (s
speci fic exanples of appropriate materials and nethods

specifacdeserphed Bér aPRrOPOUBLE M8 tRILR e ates metbadsi pre
desdTAERq0GERELL nPel ow, the

{00801 As will be described in more detail below, the
invention is based, at least in part, on the generation and
expression of novel enzymes that catalyze the hydroxylation of
alkanes to alcohols. In one embodiment, novel polypeptides
that have been engineered to convert an alkane to an alcohol
are provided. Such polypeptides include P450 variants that
have been altered to include amino acid substitutions at
specified residues. While these variants will be described in
more detail below, it is understood that polypeptides of the
invention may contain one or more modified amino acids. The
presence of modified amino acids may be advantageous in, for
example, (a) increasing polypeptide in vivo half-life, (b)
reducing or increasing polypeptide antigenicity, and (c)

increasing polypeptide storage stability. Amino acid(s) are
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invention is based, at least in part, on the
generation and expression of novel enzynes that
wa@adoahys0e2 t he hydroxyl ati on of al kanes to al cohol/ES2006/011273
one enbodi nent, novel polypeptides that have been
mod i €ngidne&oed ckampory etb- amaabaameohalgg al-cobel-are
provi ded. _Such pol ypeptides include P450 varlants t hat
tranﬁé@él@@éﬁla|ﬁ@FéBGtaePﬁEP&aénénPﬁed&§¢aO§u5§tgtutNcﬁénked
i esidu lie ot a I
LY R R i ore dotai I ber o Tt e ey Stssd Phat
mammpéh@pepﬁ&d@é of mhélfmednbNOﬁynaye¢@ntmeanene drccomdengly,
di fi.ed,am no $QIdS nl % %re%?nce gf .modi fied am no
R rray 'Bé8vantagebus™ oP L% &P e EDEATS
polyhleleasidg, pakyipepbirdeeiln , vineanbakf plrbtedn(bknkgduGi ng
or i_ncreasing pol ypeptide antlgen|0|ty and (c)

polypuelesdiif§  parySepPirdecstor Aatshasi beey. ahfeasd or

derideid( ) @reqﬂdbghgdwa§oﬁl%¥@qgh% o%ochﬁﬁ shational Ly narent
or posttransiationally during reconmbinant prfoduction

proteéng. eniyienk ed lyhycdspitatieon ganel- oX- cBAT.mat imfusant or

expr.ession_i n_manma e r di fi ed by
mod g e R B B e " Re B ar Aoy C ALV, AR B3Ry A Eant - or
neces@@&uﬁwedex@&@b%bﬂ,f@BmyﬁemuﬁghxnP@ﬂ?ﬁhbd@otg@%eoroﬁene

nmeans a protein, enzyme, polynucleotide, gene,
[008dd cel B, "FH&RTRAS "hBEANE| PEVeBLOFCEET PYeBe CHRTLET n

[ hang 0 r.at.ei

resugggé W@%p% &%S%ﬁ ngtglﬂen§QZgREégF?%@%ﬁﬁgggﬁlgg Yene,
or CﬂﬁdlfE@dSpnocéudeeraayzmmﬁamsousualwyicalahpm@hennt

necess rll¥ ressed froma nut ant golé cIe%tldedpr
enzylgs  BORuBE T SR iy abFofe e ARG SAY SprdcBeE SGFds and any
dete@ﬁ@b&@I&ﬂHhQ%Uhhlagcbmlaa&U%dﬁb Breheisich€BZ B ation.

énucleotlde gene, or cell. This includes any
Typlﬁé@ ¥iroR MHTARIER SCFP&EeilR, SeRPYNBUCHEPTALEl Ot Deas

sequ?hcgenﬁys%%Hﬁ@cﬁu%?tﬁbhgre@el@@@oﬁgy g§t$ﬁE@QEgoﬁga%Qe

n a’'cefl “arising from sdch a mutat
singhmet atti omlédplesnuglaopdkbgnuekéduiede Brmggaelsaquandedes

oo vBkcRZL JTULRLL 908, oS! st o0y, o aser(Lons of slogls.
regipel yruel gehkdasalibenatksons tarhehBdsWihhirBg@ons outside of
a pr%gggglgngggggbn%equence, such as, but not limited to,
regulatory or promoter sequences. A mutation in a gene can be
"silent", i.e., not reflected in an amino acid alteration upon
expression, leading to a "sequence-conservative" wvariant of
the gene. This generally arises when one amino acid
corresponds to more than one codon.

[0082] Non-limiting examples of a modified amino acid
include a glycosylated amino acid, a sulfated amino acid, a
prenlyated (e.g., farnesylated, geranylgeranylated) amino
acid, an acetylated amino acid, an acylated amino acid, a
pegylated amino acid, a biotinylated amino acid, a
carboxylated amino acid, a phosphorylated amino acid, and the

like. References adequate to guide one of skill in the
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region of a gene as well as alterations in regions
out si de of a protein-encodi ng sequence, such as, but
woodochidsest ed to, regulatory or pronoter sequenE€BUS2006/011273
mutation in a gene can be "silent", i.e., not
modlmebbeabedoﬁna&ﬂn@ﬂb@edacbdeatbenetbomhu@@@h%&&rQ&%iOn
eading to a "sequence-conservative" variant of the

llteﬁéﬁereTh@§a§§H@rQQQF°§P#§e§rﬁh§ﬁu8§el&nWﬁékééld1998

ProtEOhI 83B0RER 10 JHDICH-ROAN (ANfafAdPle k0088l a s )
Non-|imting exanples of a nodif afi no acid 1nerdde

[008§]glycB§¢ba&e®a@¢|m@ta@dd,farsntbduedn@nand asibdatdng

ot B B ¥60 P epso SR 84 Shnd SEr L oancasy Haed bod

hereaﬁlnmnaadd;taomegb|&bedmaﬂhﬁﬁtagkédu@tﬁbﬂtlﬁ%bated
acid, a_carboxylated amno acid, a

pOlYBﬁ8§ﬁﬁ8PyF@ﬂe@eaﬂrﬁéuééﬁdbyaﬁérﬁﬁé PeRé1dRepanEheed s using
soliddgadate tkenguidesone . gf skiblak-R themmdi fiealior 9t 4

am no acids are replete fhroughout t he I|teratu re.
Phaspx 8eplte der Stvoddles isr dWHolmdeimanWEbk eSafl 998nhcRsobei; nand

exs LGOI BRI RanC el HoRe PBF pPBduaLAq AR Y <OPEPFAGS

synthﬁdnﬁladyP%@Opeaﬁbmaeﬂldeﬁngfmhhaa&nwéﬁthQué%eor by
¢ribed herein. In addition to recombi nant
autOBPBaSEr|éﬁtoeﬁéeeoPyaébeeaésmﬁaybeeasbéeueed Bprderample,

us1ngeﬁbb@§e%YQﬁ%%%%%e%§'@glﬁobbgtﬁaésgyh%ﬁggég% S (B8r%in

tewart et al . 69) Sol 1 d- Phase Pepti yntheS|s
ElmegwHEFs&emat i€y, Saﬁlﬁrancnsaopordandewbuthftebd (1963)

: 85 2149- 2154 Pepti d th
insthae i e S e e AR ARt RSk anes or by |

[OosamtOnaPCQmocAub@ﬁHPQGOSMBhb@&y§eﬁB$ebeo@ChPQBQden&9ﬁe"
exanpl e, using plied Biosystens 431A Peptide
meangy fphEeSFYEE (PelkiPnSEPREFAMESYL BF EPY, heamirfhjolate

prot@QﬁQrd%ﬁg%hM”EQ %Q%ei?sﬁﬁgﬁ hBﬁ%egrg§'gggtg¥lghefungl,

nmanuf act urer . Cyt ochrone monooxygénase’
planbs a@dS@Hemayﬁe Theaaszameenayﬁe1nnoﬂhedsmpeméaabbylem of
rot eins [ are W

2 1P BB POGRehOER BACPBPPAS Fifgl MOBPRAPEARATRAFREFS.
UsuaIbg, enrgescar asi neehvedli 6xiahabel LMol ticomponent
electron transfer chains, called here P450-containing
monooxygenase systems. The unique feature which defines
whether an enzyme is a cytochrome P450 enzyme is traditionally
considered to be the characteristic absorption maximum ("Soret
band") near 450 nm observed upon binding of carbon monoxide
(CO) to the reduced form of the heme iron of the enzyme.
Reactions catalyzed by cytochrome P450 enzymes include
epoxidation, N-dealkylation, O-dealkylation, S-oxidation and
hydroxylation. The most common reaction catalyzed by P450
enzymes 1s the monooxygenase reaction, i.e., insertion of one
atom of oxygen into a substrate while the other oxygen atom is

reduced to water.
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a plethora of both exogenous and endogenous conpounds
Usual 'y, they- act as term nal oxidases in
wordokiicmsponent el ectron transfer chains, callPOT/isze6/011273
PA50- cont ai ni ng nonooxygenase systens. The uni que
[ooasfeat“m%ewg'%%n%ﬁkwn%%f@&%tﬁ%ra@na@nawmadrm &equence
ytochronme P450 enzyne is traditionally consi.dered %
withjjgle aléah@xg/lg&emaﬁae;miﬁﬁ ®raFednpt WoA ChaSISRRNCOSdr e le of
. ,.band”) .near 450 .nm. n Lidadi f han
binding e dé s Fs et}?wlglbq? g&&%{%& Hjl&%r r?:&o ta% aEeP r?té\i%lr ron of
CompduiR1se Ay MorReats ito/si ety yew sk ey tioc Hr (rax PUEg.n
enzynes include epoxidatig N deal ky| ation,
0

(tetrorgedddyattiicy Siadxitrat i d 1y GG 16T g, CpRe sition
H mD geagtd qhr Satrad vize dytyu g & drsed heend
enm&&%%%%%igenase reac??%n, i.e.,q%nsgffionegfygﬁiraton1of

are m;égisriri Mas . GUREET a@@rnf{drﬁn @nqr@ia%erEW%tW‘? s
domaips ﬁ]%lecgé%cge g@-tdae{ 'é@oﬁﬂ% diere dofe nSuy ehers) [ osed 1o

_ u_ence W i'n an oxygen carrier proteln,
NO: 3 Wi £ hysenuencerisc sepabbe mftdieditgrahons of these that

reta coo i Sh 1o L oS ST, PSR R EIY G seruceure.
The PRIPIWETD-£18L5apyRT PLLY1 1Y Noddhed £ peyhdli fidme domsideof a

charn conposition. Heme groups can be the prosthetic
specf bupsrofetyt ochnonpetaeds afeofdubdl FRendEt - oxygen

rrier proteins,. Exg wd | ' d h
[008§f ' pys BWE%E%%OOT‘Sugg.i%}%%?f‘?gstgmﬁ%eﬁo_wgh? §§é ted
inteWehin@sablyincatednpr compat sds vensi onsmofet pbaénshat

retain the capability to bind the iron- [ .
chomses bobut L1 SAEEbe bbb 0 LSt 0, LS PRS0 oo
toge&ﬂgrhﬁgecﬁﬁﬂ§bglogoﬁd§p@ﬁlié@ peptens vshag.mehhodenzyme”

nown in the art. [0086] A "protein” or "polypeptide?,
meanshboh tebrbaare,usedieneblrhangeapey HEP%'H,OEOﬁﬁFggég of

one o re _chains _of c ] buji |l.di.ng bl 'l ed
PrOtSﬁFno£5g?d§?§ﬁ§¥Z§FeoFiEgggg?gaétﬁé?bb%rcﬁgﬁgiafaboﬁds
specﬁ@&%ﬁ@lgepbh@eo&Om@&e Ahelenzaynet beanbemyaduseghéens.
prefera

e Doy e ATROeed 0L o | a8t 00 ROLR £ e
(e.q%", BRRE gheminGal ar whiegRem ezl "heaetigpe" protein,
enzyme, polynucleotide, gene, or cell, means a protein,
enzyme, polynucleotide, gene, or cell that occurs in nature.
[0087] Accordingly, in various embodiments, isolated or
recombinant polypeptides comprising residues 1 to about 455 of
the amino acid sequence set forth in SEQ ID NO:1, 2, 3, 4, 5
or 6, are provided. The polypeptides include up to 50, 25,
10, or 5 conservative amino acid substitutions excluding
residues: (a) 47, 78, 82, 94, 142, 175, 184, 205, 226, 236,
252, 255, 290, 328, and 353 of SEQ ID NO:1; (b) 48, 79, 83,
95, 143, 176, 185, 206, 227, 238, 254, 257, 292, 330, and 355
of SEQ ID NO:2 or SEQ ID NO:3; (c) 49, 80, 84, 96, 144, 177,
186, 207, 228, 239, 255, 258, 293, 331, and 357 of SEQ ID
NO:4; (d) 54, 85, 89, 101, 149, 182, 191, 21z, 232, 243, 259,
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The term "enzynme" can also refer to a catalytic
pol ynucl eotide (e.g., RNA or DNA) . A "native" or

wO enoedesogpe” protein, enzyne, polynucl eotide, PEN®S2006/011273
cell, nmeans a protein, enzyne, polynucleotide, gene,

262, %9?e'§3éha§n<§’c§w Sof Nsm@t us eno { 9087l Acsprsti nosy, 86, 98,
| 'ous” enbodi ments, isolated or reconbi nant

146, pr?pedee%O&:orﬁﬁ'l:SlWre%ﬁ’%lue%@ir 2% @botrd / 45803 3 ¢ He°
so G710G: 851 fhogyense, sel Lonclyin SHQ RN 2, P

rovi ded’ e pol'ypeptides |nc ude up
resid® 59, 25, 10, or 5 conservative am no acid
substitutions excl uding residues AT, T 8 9
143) 47%1 B0 20519 25851 938, a%s@"é%%%onégo%éz? o
3 Q4 NQdy £93 48, sEQ. 183m09D; 148, 49768318543
142, %§5 §§ %%é 254, 257, 29 §330 and'355 of SEQ I
206, NEB2, 025$EQam@ D7 3of(8,§:Q4©D ¥0;28gr BBQ iR4NO137, (c) 49,

2 1 S
34, HEANoZlT: (470547585 485 240T0c 1080 Tod B85 58>
149, 2432, 259326259293nd3362 andsBE1IDf NGER) | BnM0(5) &hd 86,
86, 98, 14 08, 231, 242, 258,
l4e, g@és 2@62 3%58raﬁ8d3%§ of S%Eplgﬁhﬁﬁ g The anino
2 éeﬂ9eQﬁ?nbnSEHQe§eEE@uEOE£Opngt&@ﬁsduea 9@1)1&5

m no aci d residue at p03|t|ons (a) 47,
184,20590,236¢ 253, oAn8EQ55DoNOSERQ I(D) N&B1; 1B 485r8§92r and

143, 20 8, 254 2 f E an
sso RE3e0%p 3902, g5 052 9b: 31, FRLR. 1997, 04050, anc
357 bP N?84EE¥ﬁb 54 89 12%9 égyzli§43 2959, aaddSEgZOdeEQ ID

; and e
NO: 526gn@f (SEQBD NG 96; a@@y 292 éﬁﬁné%g éé@ugg NgR e

p |t|o 9 7 Opoané i %53 f)SBEQd Bf SE
etk %§ &&hf7§0l&8§es%§%e a2 pgRleis SE% DN 2 o

ID NSECD | D)bNO237 o) S8e, ID7HO:28er 389 Ind 0357 dic)sedd pf SEQ

T R L L S b

and @ Z3 am no acid residue at position (a) 226 of SEQ I D
NO:I; (b) 227 of SEQ ID NO

or SE
of (43E@ 179 REing acid) rEstdye Oglﬁéw@ afmd e )and 328
of é%ﬁlfﬁzw%ﬁ@,'QHV37§3énd 330 of SEQ ID NO:2 or SEQ ID NO:3;

(c) 80 and 331 of SEQ ID NO:4; (d) 85 and 336 of SEQ ID NO:5;
and (e) 82 and 337 of SEQ ID NO:6.

[0088] In other embodiments, the polypeptide further
includes a 73 amino acid residue at position: (a) 285 of SEQ
ID NO:1; (b) 287 of SEQ ID NO:2 or 3; (c) 288 of SEQ ID NO:4;
(d) 292 of SEQ ID NO:5; and (e) 291 of SEQ ID NO:6. A Z3 amino
acid residue includes lysine (K), arginine (R), or histidine
(H) . In some aspects, the amino acid residue at this position
is an arginine (R).

[0089] An "amino acid sequence™ is a polymer of amino acids
(a protein, polypeptide, etc.) or a character string

representing an amino acid polymer, depending on context. The
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and (4) a Z4 anmino acid residue at positions: (a) 78
and 328 of SEQ ID NO:1; (b) 79 and 330 of SEQ ID NO: 2
Woro0sHEBD NO: 3; (c) 80 and 331 of SEQ | D NO 4pCT/U%208&011273
and 336 of SEQ ID NO: 5; and (e) 82 and 337 of SEQ ID
termS F)q‘ot[eqchgs’] i ierhodiament'pegtieiepolayee pisiede
further inclu 3 amno acid residue at position:
1nter(czhgan%’ikdfy $EQellE} NO 1; (b) 287 of SEQID NO:2 or 3 ;
C (
100961c) 29t GG TINT B K T2 Ame BT s dug P
"coneld'l:}\}aliﬁ&ﬁe Ixyémma:tl(dﬁ)s"hoa?r@ mane (d®)lar greqrestdadined g9 to
. In sone aspects, the am no, aci d reS|due
the 1IRiaGPMeT s A AT FLL [TosH - A "Oa%aﬁ%lmo apidss

Seeﬁaé‘@% 119 Pd&?d:ydar 01 rgT 0 ARG Stfudrfcqy Ot@ian,0f skill
pol ypeptide, etc.) or a character strlng representlﬁgr

will anecamm?ctlmbollr}meﬂd@elpeﬂé?fr@fdh it exd
addltr:uncgrg% g‘%‘}gjn%%a%fté/ﬁepgdcgeo %é-%"é)ei)téﬂ?gl@rﬁnﬂ%daw.d or a

‘er el Conservati ve am no
percétt ySUbSTanitid cnids lmlmmlgncddﬁﬁmﬁ£QMﬁm®% result in

. vari ations" of a riicul ar sequ refers

con s QBT AEEHBNTE D12 G S T G 1S o L CEF BLOST BAUE 1o the

dele@f&ﬁsofméﬁhaﬁ§§§”§éfﬁ|YEdﬁﬁﬁiéﬁaéfaﬁmn@mﬂmmdaCLd or
sequences. One of skill will recogni ze that indjyvidua

subsisibstiont pEnan aelee | apsd ol Bd? t FRMELIGHT ER SHERFAT ﬂﬁlno

or delete a single amno acid or a percentage of am no

acids in an encoded sequence result in "conservative

[OOQYPrlatC@ﬁServbeieeth&batiénhionnsabésalPrpﬁl@h@g
del etion of an am np acid, .additi on

funchioBabdyi BFHGAT of MARC ant hD® adf Y W%gf kg g%ggi:ﬁgi fre.

For ékgﬁ%?é aghgoc@ﬁbgrvkgggé]sﬁBBﬁ@tMaﬂbMEgSUbﬁtnhdludes
s providing functionally S|n1lar am no acids are
Alanmaﬁl (RhowAeiranehdSar t anfofheranpne, (She cORSERFALi ve
substitutio
COHSSEHa%ﬁPSORP%S% %#Eloﬁnéggﬁﬁ ALanipes( AsparBeEi BEiIGS) D) and

onservatlve substltutlon
Glutghoupaichal ydes Aspathee aohdefPhtame substitution group

acid

includes Asparagine (N) and Glutamine (Q) . Yet another
conservative substitution group includes Arginine (R) and
Lysine (K). Another conservative substitution group includes
Isoleucine, (I) Leucine (L), Methionine (M), and Valine (V).
Another conservative substitution group includes Phenylalanine
(F), Tyrosine (Y), and Tryptophan (W).

[0092] Thus, "conservative amino acid substitutions™ of a
listed polypeptide sequence (e.g., SEQ ID NOs: 1 - 6) include
substitutions of a percentage, typically less than 10%, of the
amino acids of the polypeptide sequence, with a conservatively
selected amino acid of the same conservative substitution
group. Accordingly, a conservatively substituted variation of
a polypeptide of the invention can contain 100, 75, 50, 25, or
10 substitutions with a conservatively substituted variation

of the same conservative substitution group.
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Qutanmc acid (E) . Another conservative substitution

group includes Asparagine (N) and Gutamne (Q . Yet
war@bhesoszonservative substitution group incl UBEEUS2006/011273

Arginine (R) and Lysine (K) . Another conservative

ga§ubst iftution, oraun Joicludes theoleugivien e
[00 3?L) ﬁbthlonlne (M, and Vallnea V). Aﬁ%gﬁifiéwwg °

whi che aits erotatd Me 1s (e ienaddes @C@&W% clafdes eRialatithe
molea%s e'ar‘.%;:é? .Salﬁge%l“(rﬁ addl%ng) t oﬁ’ﬂﬁp ﬂchtJTeraqg r HYS

no aci stltutlons" i sted
codiRP| el dte, slemtwms(ee:@tl@z@aﬂamn Iof theg basic

i'ncl ude substltutlons of a ercenta | \
nucleimrpcigh ofhe h'éa%{“rﬁ‘ﬁotyam W@g?)éolk/%egpfa Ful E6¥ its
abllJtsﬁﬁgU&pCc%tzﬂ fb 8y CONSEr VA, Vf—"é’ Sai@ctﬁﬂi@lfﬂdw' Acirt afay

same comservative substitution gr oup. Accordlnglg
be esxpmmrmset vt | Vet yraubstl tiitiedh vidre RYSHIGF @f the reaction

s pQMEERY 5 SLLEE TN D 430 CONY SL R, 100, e e

vatively
as tisdlbstdint est vigrbaitonpaidideed gaee woiisepVative or per unit

substitution group.[00 IS u erstood th
of ergldng i o7 %frs%‘a]&%‘ﬁ%é% ‘er;rbho%l he? tHié en%%%edf
aff1@f%$VéfydP%s@cQHEi@théﬁé@bﬁﬁ%eQNéeusé@Chnaér&h&ngeably

ron of a non-functional or noncodi ng sequence,
hereﬁncmn%eyﬂathvemeaPﬂéﬁ|@ﬁtbvltﬁ%rb%@%%lﬁ@%Péica%E+ﬂlty of
n a L n Of' S e "
CYtO%%F???yﬁéﬁbca?ﬁly%gnc reagfl%itfyggg,gf CQ?%%%??%% B450
refeﬁ@dtﬁa¥nb@c@iﬁﬂe§séﬁea6eﬁhbyrateyabcnhomh PhéOpPOGUQLn,
of the reaction I s produced. Ffr exanp
polyBeptifeyoEanubéeiEppEsEnfeHCEY ?h%naﬁoﬁﬁFOSE é?%dP4 0

poly§é§9988dsﬁﬁét¥ﬁkb ogstHQEeQﬁlﬁga Uni {106, epzymm {etgo,
centration or weight), or in terns of affinit

accodd$sgctatsmandam§taﬁpbnlﬁseasedThﬁté#@ﬁﬁﬁ@éﬁ%l9CgéVéFﬁ of

me P450 ac [ sinPiological activity of
CYtoE?FB%ﬁ %aéSPiéodeSFrl%ﬁéc FoRal "activity of cytochrome

[0093350 oh@f@ﬁssmglanlacthélhyteweﬂﬂedpbyeaiaWBo&hﬁ@nmany
P450 protein, polypeptide or nycleic acid nolec

consgraptovhr SR 1PASONSoLYpERE BECLGHST PELE, C§§8&§P 'WﬁéCh
are dls%ﬁ%%edp§L#1&”t'fﬁnc%@%ﬁ%@ﬂ?g1H%n%h@ﬁdab@nstruct For

t'échni ques he bi ol ogi cal ivity of
example, as discussed above, owing to the degeneracy of the
genetic code, "silent substitutions" (i.e., substitutions in a
nucleic acid sequence which do not result in an alteration in
an encoded polypeptide) are an implied feature of every
nucleic acid sequence which encodes an amino acid. Similarly,
"conservative amino acid substitutions,” in one or a few amino
acids in an amino acid sequence are substituted with different
amino acids with highly similar properties, are also readily
identified as being highly similar to a disclosed construct.
guch conservative variations of each disclosed sequence are a
feature of the polyeptides provided herein.

[0095] "Conservative variants" are proteins or enzymes in

which a given amino acid residue has been changed without
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cytochrome P450 is described herein. [0094] One of
skill in the art will appreciate that nmany
weomsanar i ve variations of the nucleic acid cPOFUS206/611273
whi ch are disclosed yield a functionally identica
alte CH tdHEta 1 FUo Y el ordsartl sElsSeitbrahoy echeowngtdin or
the degeneracy of the genetic code, "silent .
enzymbsticlitdiongs” Qut 1ot Sk on e g AF TR i R R PN
. ,seguence - not (.noan ali i [
acid ity _caocpep%%/‘%glpgtd ?Sdlg?l %%]gs%%lél?énp J'|aégsd' flerg%]a%deﬁg? EZ?/%P: o
non-peCd €i Ehacd ek sequenoe, whae enubddsazge ani Aoinei @pigs

Simlarly, "consi ti ' i i i W
othenrheh Hidea TR G (° TP aRThd e &t ShCense ar o
protéﬂ@S&ftéﬁf§héM§$‘@ﬁiﬁef@@tp@ﬁ@@@tq&iﬁﬁeﬂﬁtﬁrhé@hmq acid

S|U1Iar.prop§rt|es, are also readily jdentified, as
sequércags g YLEY peEvesn andi 5€P et ebrst P hict mstRh

conservative variafi of C ' 0S nggs ar
func%??%a?%¥év%$yt e&p%+§2%%1d£§§§?§%h%g%'H%gefﬁgggogSS] #e
least Oppseryatigesvardant st heasprdd®i nsrozt eheyabs99h, as

ich_ a given anm no acid residue h been §h§€989re

wh
deteﬁﬂ%ﬁ%@t%??%??%@gOE%r%?Ia%bﬁ?%?ﬂ%tfgae%%d BUnEETeRTSF t©

hereif® PEOLELACON s BRZYARL tiNChegdhBgthduéxpent! tal wirdcho,
replacenent of an amno acid with one having sim

nuclppbpéetbesprbhﬁiudﬁﬁguﬁbFaﬁ BESnBRLPbEAr @HarﬁéFE#?rof
. .Sl ze, S i i
81m1§ﬁa%3gt§%€%egg t&gaggguﬁégkg?? ﬁ'gé 859@8 EHaﬁekeeﬁﬁ

as conserve er In a protein or
sequefgynedsntibat ahbigopecosntrpadienn BBegnenoeadsdgntity"

sequence simlarit etween _apy two _protei.ns of _ . -
heredpnrapst thet P8RS ygﬁ?a%lgﬂd%gnnﬁ& e?%%d«%ig%p ging, acid

sequ%ﬁ@%g 30% iatakeast . 50%wgaknkteast i gAfenatl' heast 8a%
or at least 90% as deterni ned according to an

procabkisgnfeatniohere. tAOs oreferfed tBeREFEi AP ag8dfdfcpaximal
leveg%gbgﬁﬁﬁééa&gﬁggénhheiﬁXEﬁgtggg%mgfcgmﬁHglggﬁbd%e%hences,

rot _ s afe relate he extent o
consSirfialtabit y fbet waenptiwposeqouéneesesannge thasegggee of

s im0 e D GERERL e CREFE! oo ANd T RE SoRt BN TS hFeh
osodb L UAEEL 2 O 0 g denCan Ak anl o
for example, the Cluster Method, wherein similarity is based
on the MEGALIGN algorithm, as well as BLASTN, BLASTP, and
FASTA (Lipman and Pearson, 1985; Pearson and Lipman, 1988).
When using all of these programs, the preferred settings are
those that results in the highest sequence similarity.

[0096] Non-conservative modifications of a particular
polypeptide are those which substitute any amino acid not
characterized as a conservative substitution. For example, any
substitution which crosses the bounds of the six groups set
forth above. These include substitutions of basic or acidic
amino acids for neutral amino acids, (e.g., Asp, Glu, Asn, or

Gln for Val, Ile, Leu or Met), aromatic amino acid for basic

or acidic amino acids (e.g., Phe, Tyr or Trp for Asp, Asn, Glu
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process of lining up two or nore sequences to achieve

maxi mal levels of identity (and, in the case of am no
wa@ceood/18®§uences, conservation) for the purposePOf/US2006/011273

assessing the degree of simlarity. Nunerous nethods

or cidr. qq‘larém}y/l T URIHERS tatd ASSRNSIMplacing an amino acid

si'm ity are known in the art such as, for
with exdnpte,arive Gaist.er a\aaarcoesldmeﬂeum%mcrlaﬂq yysine (K),

based, on the al gori ¢ =Ny
arginginesTiRt) 'arﬂilﬁ'—‘%gi%A %ﬂaﬁa% and- esal?%eo\rlrkﬁlé{l 5; l%ﬁ’de%r son
aspa@d: LdPnanip 19@utarrWtﬁrhd.h$d neE )ad Iumfhatﬂ'giﬁb Hmf]ca}r asle

t he preferred settings are those t gé%h in th
chairg gﬁe%lu@%qfir]ewc“é‘%l | rard $8A T3 DOUB| N INorT LR At i v

serlr\r/% ﬁ] yC i 205, ofc @ ﬂartﬂﬁ%ﬁné’ot'ﬁ’)‘) Rty Shee D€ tdn)ose
'substitute any amno aci d not characterlzed as a
nonp@]oamsesw@el@@Mﬂﬂ@lﬂd@rﬁlmn%xiﬁﬁpd evakhye (V), leucine

itution |ch rosse e( S
%%su%%?ef h Rbove S T eseQQQQ#%g%lgé %?ltutlons of
methf@§i§eorMep|ﬂryp@w@mmnacwﬂs Eemaﬂenamame®n$n@ea@hmsns
Asn, _ or for

{Saohmeonion M Vel Lig dey or M)
lnClud%r%hﬁ@@%l%ﬁrﬁ% acTdl ¥5f Bgsrcl%? QuPHT & hoaﬁ%ma
S.‘Lde(?li}]gins gﬁcliféié rJépnéoryﬁSpphéﬁplaﬁﬂgﬁeGm) or any

er su stltutl not replacing an am no acid with a
tryptokRaani(wip, agidti@ase c(8l de chains include Iysine (K)

h Ne h ic
10097 DoBeBERt PPLY AcTa G| L € aera (gt cPoete)

posidhehar gadap baypspdedeharas"encludedyl ycomecoGpervative
aspar agi ne i gl utamin

amlnphaeedlﬁéb€ ;2u£#9ﬁés|nenﬁ??ad'c§§?€?nee%g§l?tﬁgnﬁgfa9
acid %%ecg%h §aiﬂ%eUHS§§ha@kBﬁ 6A) 71 &@bhﬁe (%) grbapei aee

euci proline (P) | al ani ne (F)
amlno ret b gmones( MpsighayptiophanZ@w 23, b@ﬂa PanéR&dZ8i-de

chai ns incl,ude threonrne (T sql
Thes?l?lePoﬁﬁﬁg LEP4EUERa R |%0Fu§ lttl%rlgghnelt %)%%% 18fated
p051EH%&y|t%| niRen( &) modELIfiQUObliaIVa(r\ﬂ}ant prostypepmeder-o While
[0097] Accordingly, sone am no acid re

somespe@mﬂ@@ PGy OCEHE /i kD& PEMPFESt iPde S3CE gxcﬁ&@@@ are not
" consedPGINRerHAtV & Al BOKRGH ¢ uTURSE Wsl GRFinkAS@ade. The

thése restrlcted am no )
"7" group members are established based upon the substitutions

set forth in Table 4. In general, these mutations represent
non—-conservative substitutions at the indicated position in
the designated sequence. For example, as shown in the first
column at the first row, an arginine (R) to cysteine (C)
substitution is made in SEQ ID NO:1 at position 47. This
substitution is generally not considered a "conservative"
substitution. Similar substitutions are made throughout the
various sequences at the indicated positions in order to
modify the activity of the polypeptide. Such modifications
are made in order to generate polypeptides that are active on
substrates such as alkanes. Referring again to Table 4, a

parent polypeptide (e.g., SEQ ID NO:1, 2, 3, 4, 5 or 6) can be
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acids are generally chosen froma "Z" group. "Z"
groups are am no acid groups designated ZI, Z2, Z3,
wQ@400646508And Zb . These ami no acid resi dues capCb®s2006/011273
substituted at a designated position to obtain a
modinodid | B IIICMaIé ant qmdlqmaﬂﬁCH@uhN‘ﬁﬂtensimre aOver lgrticular

i h "z
resﬁ%enﬁoc?&é@w B i R A B dufitneoodes
he 3Rt B‘tﬁl%ﬁepﬁd&lp gwbﬁlmar@ﬁsécaﬁﬂm bigs@d-mation

upon the substitutions set forth in Table 4 . In
regagfé%ﬂe*r%m%%@élmw%% At SREFENRR )coe \eggign of

pasGYRR 14 008 Aleddier 4 'o@?‘ttq{% I%SEE' hd ¢ I".'Lea%lee 4. The

deS|gnated sequence. For exa as s own int
spediifrist sudbamitatidrie dna 31tdemj1/v,f1aard arlgroigieotR)Tdlde 4.

teine (), substitution n SEQ 1D NO: | :
needBifi e YR Hrdind dag tﬁﬁ%ﬁTﬁdﬂseAgearﬁeE%Ww %1 amino
acuﬁ%ﬂﬁ[@%r@ci%eﬂ inee"(@ubsdtddditd Pme SN | f1lutamine
substltutlons are nma throu hout the various

Q) iserpieiites( Bk ttlrferefqmrteat(éfd POSI RGBS | Y lor it q¥steine (C);
a Zf@%ﬁ#ﬁ’o tg@l@%éé’i&\}/e gnélhﬁégéjlaylpaer&t éje(A Su%llne (V),

Ications are nade i'n order to generat
leuqioleypEplt i desoldatirer e( TGt ipm lomes updit 1 atresnesuiciporaisme (M) ; a

al kanes.. Referrin in to Table 4 a parent,
23 et TS Sh e (5 & S igine ) (R
74 HRAMPEOR Nt&s tdud NGl UdRISH B d ag QY)S,UQﬁIéﬂyﬂawhla{e
a particular residue by nodifying the nucleic acid

(F) sdgugicerhant (Bnc gte S itel Parent ol 3 peptamgieanq saééld residue

ﬁgg; i opal jon r %?gg
lndﬁﬁ% |){: aci séqulgz‘)ncex}agl (Hélfﬁﬁe\} regal[ﬁalo%%g% %dw @
Z26 amsinadentid iessiotud hendlefdessiabkpaftil@abdaid (D) Th—md glutamlc

(ﬁp&flflc substltutlons are identified throughout Table
aci A@cordlngly, "Z" groups are identified as foll ows:

[oogs ¥l amé@oﬁ@iﬁgw&aﬂl@w&gﬂ&ﬁé @t eI e (@rein can
aspar agi ne ( 4 éﬁutan1ne , serine (9S)
St

inchyfe @ (a{c;l s Fiee (\z_)est@rc 1 é;q]éaa(x(glculaaxzzamlno
acicf”EJL? Cé(%{&% dug, ) ngl ydes, al fb%é{)%m VAl I ne (g, 142,
eucl ne P), or

i sol elici ne pr ol ne
175 ,met 8 ,ord O, (MG LT @finho %ﬁ,d 283 d3E8 i noldidEs3 can be

oot B R RS A e P st
defidld k%lctw sdhdi erdddrodt Znadp-eei sht &5 duert is
understood that not all of the identified restricted residues
need be altered in the same polyeptide. In some embodiments,
the invention encompasses polyeptides where only about 80%,
85%, 90% or 95% of the restricted amino acid residues are
altered in a given polyeptide.
[0099] Member residues of each "Z" group can be included at
the appropriate position in a designated polypeptide.
Accordingly, in other embodiments, the amino acid sequence of
the polypeptide includes residues at the following positions:
(1) a glycine (G), glutamine (Q), serine (S), threonine

(T), or cysteine (C) amino acid residue at position: (a) 47,
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i ncludes threonine (T), valine (V), and isoleucine (I)
; and a Z6 am no acid residue includes aspartic acid

W@ B)ocamssyl ut ami c acid (E) . [0098] Accordi ngl pCT/@S2006/011273
pol yepti de provi ded herein can include am no acids

g2, 1A Re RSt Kisst edihd o SpaKd ewlarrAmota ;aci 48, 83,
suBstitutions. For exanple, residues 47, 78, 82, 94,
143, DAE, DB, IS4, 208, 2506002360 15 NOags ongHQ 378 Noafd (¢

353 _can estrict tQ.s td t Wi tad.ort hy4yn
49, B4z %r%u%%g;' ?édl'n eloac‘rulv(\:/y%%c? tohq:t} éﬁgiolﬁff I\ﬁﬁg' (N R
89, 1$4(?9,0Itz,fllf29agzm. t239,i Sadnmmwfocsmwam N§t: % larot tene 51,
identified restricted residues nee [tered in the
86, 12%61!3 A 1y 443 rde2.5am_%ez%ﬁﬁ%isr%%é)%{cﬁ:eéﬁ nventi on
0 olye : ; ;
o{fyggﬁaﬁﬁ_@h@o lvertd dess Mhes@only) abeuto 80%d 889%:1 A09%at

e restricted am no acid resi dues are

positidier eth) D& diien Potyepi dend cg] o Meter 1R 889 dhies(®)
of each "Z' group,can. be.i t i ate.
757 i t T 170 ;B gt o p%%glg%ﬁ?cglez %c%[%%’@@?’ (e)

. I n
96, Piferi@sborh mendsd 34 @i SED ath diGetuetdle bPLthes2, 191,

pol ypepti de incl udes residues, at e | o
297, post t$ohs T (350 al I §Ri e 325 () A 1L (86?96 200
363 éfDSE hysoghng, (T), or cysteine (C) amno acid residue
at position: a) 47,82, 142, 205, 236, 252, and 255 of
SEQ | &nNOrgin{h¢ #8in83acid3reopdue 238 rPosutigny Hah 220

of SEQ 1D NO;2 EO. | Ca.
oc S BRI BRI B GAD 88 o6 71
of s%%éx13§14§:4259d)a292262 ok:Q SE® WO: BY: 5ndare) (2p15¢f 862 ID

, 208, 242, 258, and 262 of SEQID NO:6; (2) a
NO:6yabidde (V) or isoleucine (I) amino acid residue at

RgH selyelgleHpuhferristy 650singds S oknmRo L0k
reSiﬁg-@4!aB(gBS§tiénisga) 337;:11@362829@, SB@dIf@SgOéFL?SE@ | P and
330 gRaSe) 19601700 1882 386°0and 363 G 320 PO B0 1P
No:4%%012?8%&%@53%@@%&@%@ resbduenat (posiei end 3] of SEQ
D NROSE: (0) 228 1 (b) 227 of SEQID NO:2 or SEQ ID
[00100] The term "substrate" or "suitable substrate" means
any substance or compound that is converted or meant to be
converted into another compound by the action of an enzyme
catalyst. The term includes alkanes, and includes not only a
single compound, but also combinations of compounds, such as
solutions, mixtures and other materials which contain at least
one substrate. Substrates for hydroxylation using the
cytochrome P450 enzymes of the invention include para-
nitrophenoxycarboxylic acids ("pNCAs"™) such as 12-pNCA, as
well as decanoic acid, myristic acid, lauric acid, and other
fatty acids and fatty acid-derivatives. For alkane/alkene-
substrates, propane, propene, ethane, ethene, butane, butene,

pentane, pentene, hexane, hexene, cyclohexane, octane, octene,

styrene, p-nitrophenoxyoctane (8~pnpane), and various
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of SEQ ID NO:4; (d) 232 of SEQ ID NO:5; and (e) 231 of
SEQ ID NO :6; and (4) a phenylalanine (F) or histidine
wQ ocansosn aci d resi due at position: (a) 78 anecCBPR82006/011273
SEQ ID NO:I1; (b) 79 and 330 of SEQ ID NO:2 or SEQ ID
: F Bas ( n 1, of uSEQ, | PhdG e fm; "6} 1 85t and" 3B6fers
dem%&%%b f%)e‘ﬁ%’égd?égn%@(e) 82 and 337 of SEQ | D NO: 6.
to thE08dQ0tidheot eome "gubserat Eunekienalt abPePSubst fat e”

means any.substance _or _co that LeoeoNVeht BEsOr
substhghfr 1BChROLRRVe ?Edn?ﬁtgygﬁggﬁérg%gﬁggund by Fhe
halogéﬁELOEhQBléﬂ gnzye®e, cakabysylathe, t etm i ncl udes

al kanes, and i ncl udes  not onlé a S|ﬂgle iongoggd, QHE or
[0010also BoftbrrantBnBIBECEBNpERAILS sBEHYRECSEPGTEAsT T~/

m, Xt ur es heL,DBker i gbsyWiktBoeoakai geatk, | eastell,
cell, 48 &it sP?gggghSuggg?atesgfo¥ hydr oxyl ati on using the
from G¥iedhaayeoPUBd pmeymes, ofnghee) nPeAVNERLPAEIGGe 9N, OF

par anj t rophenoxycar boxyl.i 98 HRNGAS LhogWc b ras
cellrlzﬁpﬂéﬁ}vﬁg Qe agS'd8§éﬁ§i%%gbﬁﬁgh%yrrsti8 acid,
technlidHdsC agiddwhandeet ber nioat ttheapiadenand sf dftsplf native or

aci d-derivatives. For al,kane/alkenesubstrat%%r

mut angr.ofa e, HtoPeRd IS RATE O e HEN D TSRS S bt -éné, PATe"*

1x§enagp 0 t ene, hexane, hexene, cycl ohexane, octane,
Protesdt ete,” ¢ yrene, p-nitrophenoxyoctane (8-pnpane) |, a@gth
[0010& | ousdertiheat iend® divemdst,, tden FENEEELTHREIEMAS © ©

"derijvative" refers .tp the it . YOT .

i ' I ! s :

oLy DA GASIDE T0 SSUBST rale, L Acl G nd.. bt hot
L tedyedleohg)s rexiidias, athaogensyn t hizl $2 ark 4fes,and
car boxyl ates, etc. [00101] A" t"_p in, VIE,

255 gl FHOTRNG e Gonel orL 621318 125 ArRE Bt i Vel e SE0

ol ynucl eof i dey Oelty g cet |sEd romwdi £h eny ©3herdd, and

D Nﬁg%teﬁﬁlqg%aghef pol ynucl eoti de, gene, or cell ig.

262 SlersmediDrNoEe, (asi hiEg, ahy6 mrhods? @BotEQ ok NO:6; .
techni ques, and et her _or_no . ent iSsitsshf (a) 47
n&ti va oFSrit At | &\?E&%%ta%%%y%%%}éﬁﬁide.%rsgene

and E@ﬁOQESsﬁ@fI@ Qs ENL (1) 04 81 n@r2@6zyfreSEQ [ DDINRY 2 | gr SEQ
ot her enbodi ments, the am no_acid seggengs of tgf £ SE

ID NO:3; (c) 49 and 207 of SEQ 1D NO:4; ) and 2 0 )

ID NO:5; (e) 51 and 208 of SEQ ID NO:6;

(3) a glutamine (Q) amino acid residue at position: (a)

236 of SEQ ID NO:1; (b) 238 of SEQ ID NO:2 or SEQ ID NO:3; (c)

239 of SEQ ID NO:4; (d) 243 of SEQ ID NO:5; (e) 242 of SEQ ID

NO:6;

(4) a glycine (G) amino acid residue at position: (a) 252

of SEQ ID NO:1; (b) 254 of SEQ ID NO:2 or SEQ ID NO:3; (c) 255

of SEQ ID NO:4; (d) 259 of SEQ ID NO:5; (e) 258 of SEQ ID

NO:6;

(5) a valine (V) amino acid residue at position: (a) 184,

290 and 353 of SEQ ID NO:1; (b) 185, 292, and 355 of SEQ ID

NO:2 or SEQ ID NO:3; (c) 186, 293 and 357 of SEQ ID NO:4; (d)

191, 297, and 361 of SEQ ID NO:5; (e) 188, 296, and 363 of SEQ

ID NO:6;
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pol ypeptide includes residues at the follow ng

positions: (1) a serine (S) residue at position: (a)
wW@2006/d3082 and 255 of SEQ ID NO:I1; (b) 83, 143 pamulHee6/011273

of SEQID NG 2 or SEQ ID NO:3; (c) 84, 144, and 258 of

?g LD @%figu%%é 825 1éﬁmn6ngc%@2rggléﬁ@ b@ Nosigibn: (a)

(2) a cysteine
94 an(iC)namorfosa:@ dor &si:due (&b }SéSlatnldorl7 6( @)E FEQaR® D5 20T

b) 48
SEQ Iﬂo 3('0) 049 9%n nﬁo%a}gf %E@DI%%PI l2( "d) 4%3’%5%%2@31‘2 of
SEQ 1$EQJ:B ;NOLD; ofge)aril 130d 0208 Fgf TSEQA:B;N&nG; (3) a

Iuamne(Q) amno acid resid t t
o(f7 SEQUMerNO:aLanifse AF8 @fnlgli?Q%i%B%%\G%%sll&Plegn &’g ﬂélé’n

+€) (;d) (343 oof
o) LR 0 2R a0a (0 o
or sHeSIIUD A, pos gamggd(@)slzﬁ GFECSHQD N9 :No: | (d k8)5 254l 336
[ S
of SE(%)IDZ&Q& St 118 1% 56 és%ﬁ(‘%)l‘%% it I\I(E)Q Ies? (Ng) “
[0010"33'0' Ne:d M r ARG AGIHE rs%ij{xﬂ#ﬁ:e’itccﬁﬂsaﬁjlmn d@)vaBhus

and 353 of SEQ I D NO b) 185, 292
cytocsa@m@ NGE&ZO on SEQUIB Nt 3 é ) 88, I%@?aﬁgld%%gisdoﬁg the

aminS gl Soibdinddlod Uy e ol %@@el 98- $EQ R MY Fr dre)

; (6) an isol eucine
Ba01_(11)s&ﬁfé taﬁlzﬁimr eR’i itk v ialt d-posd Q IWO (l%i.\ﬂ D4l 9T5 of

SE 9
desi R Sy beehhy S50 T 5 ?%f%l o Fb
sequ%3<§E&lxplf@-t§pe E@lo8ranel 4490 Ofr&EQBcthll\DJs 6subandis

a phenyl alanine (F) ami no acid residue, at
strajmsiAlohS. (8)i7 @ibdut @28 BiSGE | PLAR: fesiHyaTRA fHEF102A2

and %%if?% 4am%%? %%Pand %&E §en£§%xﬂ@oa@¢2§@%%92n%EQ
ID Ncggzp gﬁ;g%%gfmeg? Iﬁlnc[:D@d.?s] tRef enmtnﬂgat:@dt h@qg@a%n@é
iR SN B otar LYY EULECH TR 0 FhOUE Rt -

1a1. £¥} ochroae,P430 BM 3pi 50l aked1kboBesignated CYPL02A3 and
shares 58% amino acid sequence identity to CYP102A1 (SEQ ID
NO:1). SEQ ID NO:4 includes the amino acid sequence of wild-
type cytochrome P450 from Bacillus cereus. This wild-type P450
is also designated CYP102A5 and shares 60% amino acid sedquence
identity to CYP102A1l (SEQ ID NO:1). SEQ ID NO:5 includes the
amino acid sequence of wild-type cytochrome P450 from
Ralstonia metallidurans. This wild-type P450 is also
designated CYP102El and shares 38% amino acid sequence
identity to CYP102Al (SEQ ID NO:1). SEQ ID NO:6 includes the
amino acid sequence of wild-type cytochrome P450 from
Bradyrhizobium japonicum. This wild-type P450 is also
designated CYP102A6 and shares 38% amino acid sequence
identity to CYP102Al (SEQ ID NO:1) .

[00104] A polynucleotide, polypeptide, or other component is

misolated" when it is partially or completely separated from
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Baci | lus negaterium This wild-type P450 BM3 is al so
desi gnat ed CYP102A1l. SEQ ID NO 2 provides the am no
wa@ceded/1s®grence of wi ] d-type cytochrone P450 frpo1/US2006/011273
Bacillus subtilis strain IAl. 15. This w ld-type P450
componcalt$0 wdesi gnated i€YRE02A2mand yshases i153%anictaeaci d
sequence identity to CYP102A1 (SEQ ID NGO 1) . SEQID
protgdns3 neledes adidisaniatd 18ei ¢ YSEGFsAce RGP ) - A

extochr, Baci:l | u slo$ 1St Laidy LA 4 15)

nuCl. ?"gl%wﬁ&%;}?’%éfp%%ol i's al s%e esl glrrllgt ed &@S‘%OZ%S “and

artigharied 58%ecamyimecacd) <aquendeedddntant yant @r@YFicdal or
(SEQ ID NO: 1), . SEQ ID NO _4.includes the.amno acid

eng i BRSO R TG iy U O oL AL S0 FYORIBHCA | us

pol GRICAdHt i T d-d YRR 24R0 ii9td) $0 WesidnareGny other
CYP102A5 and shares 60% am no acid sequence identity

het e lOPRPG2 AP JESEQN /D NG 1) InSEQIED NG Bf ric|upfeshipsnt
i.no ' : il d-t I ONS A1

orgffffdip Hich SHAPIE L e Gl D A R

sequigsiegnathed QYRLGZHY diicirghadrhes p838%nam lrem tHcied aseduence

identity to CYPL02ALl (SEQ 1D NO:.l). SEQ.1.D NO: 6 .
coud 5P b i, SR AL ATERAR 10 SRR 100 oo
expraMsReNieNe;iR4R0 Jx om Briady riticeoll uedaaoniaim  Thi s

w | d-type P450 is al so designated CYP102A6 and shares
pol3Buwsladticieadi e fueisd 9 &dntd e aeyRIg2 ArlvsEg tie -

: : o | I i de, Y [ ;
LU St A S B R AT ey
natweypl fetrelex ssepar &t ech fireoric anfpenerttsing ltlly winairiing giene,

, norr@)l,l ssoci ated (other proteins, nucleic acids,
18 &L hetic reagents, etc.) . A nucleic acid or

[001UH ]y PeptHde o cHRGREI ey "serhetbith i agig ficivds:ar - 6
engi neered, or derived froman artificial or

are grglardet et AR P omaqiihendny Fwvw ek dhipite degree of
G | t | SyddIser ' A, r
seng%OrLééép L%Lh(;le%ene rlo]%g'g oitu}gé Iéoez dt | on,St :ijagd. rgél) naalal %gén‘g %%%é?h the
sequeatmTigmwsito@r gafies ml syrotertthairatidesd niot #ispooct ddfed 6F
Wi t h nuc| eotide sequences, that .normally flank th%m

ideryot iffii | ot de RO T PIS FoIRY i1 AdtureeFEees -
equiBLQIH Y 1 PRy NS @dd de.pds i ideivhich, on the basis of

the alignment of the sequence of the parent cytochrome P450 in
question with the "reference" cytochrome P450 amino acid
sequence in question (e.g. SEQ ID NO: 1) so as to achieve
juxtapositioning of amino acid residues which are common to
both, corresponds most closely to a particular position in the
reference sequence in question. This process can cause gaps
or insertions to appear in the sequences. In the alignment of
Figures 6A - 6F or Figures 31A - 31C, equivalent positions are
shown lined up vertically with one another. For example,
position 87 in SEQ ID NO: 1 is equivalent to position 88 in
SEQ ID NO: 2 and 3 and position 89 in SEQ ID NO: 4. As shown
in Figure 6A - 6F and more particularly in Figures 31A - 31C,

the identity in the heme domain is often higher than reported
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expressed in vitro or in vivo froma reconbi nant
pol ynucl eotide is an exanple of a reconbi nant
w@olgpepsr de. Li kew se, a pol ynucl eoti de sequePCEUBINa6/011273
does not appear in nature, for exanple a variant of a
becaubat YE 8] L Yo OCELE £4 e @8Aein i Shé eTOMbE Nanégi ¢HOLOES s Tdee
cytochroﬁ%s P450 set forth in SEQID NG :1 - 6, are
470) ]g?’o\seély tled am@armet@n@née%@w%@ qAEe shdwl 25hi GRUHRGFER &
sequence ti ; equences [
POUlOEasgq %ﬁofheé%§@0e%i%'zgﬁ%Fbgy. The g??ggﬁeﬁllgP§Sided
[0010FEeF|ggrgs6énvi§fbhdénthétemodéﬁuinalbhe pogiensnsf fn

sequences. An, equival ent posjti

P450 poSyDFBALIR ShSOBSCRE BACNSTBE ¢ N APt oniear o “Phie

"reduéggggncgoﬁgiﬁheTH@rGTEnQ¥EOChégﬂenP§5ﬁ6k91m¥93hb¢ﬂdeS
Wi the "reference" cytochrone P450 am no

thoseseﬁpeduesiﬁrqmespséﬁi@éﬁngSEQ FBONEP fbfu§gi§§ p&r Tor

chi eye juxtapositi.oning .an.no kd rregi whi '

exancdfe GHRMON TG Both® cOr Soeuts oot ol sealy o a oneir

generanti cubaudpesithiosr irestiieesefferenpesisdeancabont 470 to
guestion. This process can [

aboutagi§&ar oifn SERe I9edQSrided - | ﬁ%ta%il%&’?ﬁaﬁﬁlne rﬁjtbllrésglrt ions to

_ of Figures
polyp6 vi s cl)lﬁ'lg%l gWaS Rl A ndl Ge il Wuraltdniutiesid iadng harse
““Shiown 11 ned up vertically with one another. For .
res;LcEJ)@T{B!I& pposiidiesh 8 Thes eSSEQRTS INGT 1PTSs %i%l%ﬂe t'd
. position, in.S I D. - B PO ik '
COHJ‘EE‘CSH% NG - S_.ubﬁgtgs quV\%I&Sn i S%reg 6A -eOGIS:Meﬂléd)ﬁrma%elﬂhey
can Hﬁ%éd{;@lﬁflﬂsdmﬁmrmr@m%am ithee Hefentdane it t he
me domain is often higher than report. 7
[001Q5F] | arAetidiferefrc s i r?é‘?‘?nh%rengbeog#lgﬂel{g%r gasrlp ﬁ?édﬁa?ced
or rd 3@%%%51@%%@%5@%%&%1@&%@56—1048 of
nindaraj] & Poul'os, J . Biol. Chem 272:7915)
sEQ TPOIOS], 14565l 6% ef 0@ ThaO ibdi 457 TP 2 helT e OnsP O 37

ise- Gt DeBAICERLEyEROBLENSS AL g A tupce et
of stgcwdﬁ@: t hose esiides. f rone poslypepsidbolncisdes oan
amingd;gidgggqgéécg?éggﬁ?ggggbdgggz%51hgél 6r610 Egnservative
amino acid substitutions excluding residues: (a) 464, 631,
645, 710 and 968 of SEQ ID NO:1; (b) 475, 641, 656, 721 and
980 of SEQ ID NO:2; (c) 467, 634, 648, 713 and 972 of SEQ ID
NO:3; (d) 477, 644, 659, 724 and 983 of SEQ ID NO:4; (e) 472,
640, 656, 723 and 985 of SEQ ID NO:5; and (f) 480, 648, 664,
733 and 997 of SEQ ID NO:6. The amino acid sequence includes
the following residues:

(1) a 21, 23, Z4, or 75 amino acid residue at position:
(a) 464 of SEQ ID NO:1; (b) 475 of SEQ ID NO:2; (c) 467 of SEQ
ID NO:3; (d) 477 of SEQ ID NO:4; (e) 472 of SEQ ID NO:5; and
(f) 480 of SEQ 1D NO:6;

(2) a Z1 amino acid residue at position: (a) 631 and 710

of SEQ ID NOl; (b) 641 and 721 of SEQ ID NO:2; (c) 634 and 713
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general ly includes those residues from positions about
470 to about 1050 of SEQ ID NGs: 1-6. A s shown in

waaiweaoshs2 pol ypepti des that include am no aciBCT/US2006/011273
substitutions at these residues are provided. These

of SEBURS! kbuki;ong) C€@4b@nﬁade4l 0fCSEpuEIi®t Non4wi t(e) 640 and

Substitutions in the "hene" domai.n or. they ca made
723 oifn SEoIL&t N@n5fréﬁf5t H§§e6|4ﬁ £he Héﬁeoéoﬁ‘&fzn b 88137

1530 ordingl, ln a¥eh ég%@% %’Eb%@'s%ﬁbn an i) S@mt e@i BEQ
Cran pe ptide that includes residues
ID N0o496- @48 6afe SEQSED NO: INO :256-(£05%46f oSEQELDIRON: 37 (d)

456- 1053 of EQ I 3, 4 4 SE B
359 ofs65067 BPidE0 b RO OTor aa-1077 St B0 Th NG” 87 5°
1D NJ:% ;P94 ded. The pol ypept| de includes an am no acid
sequence wth up to 65, 40, 25, or 10 conserv

arfiine &3 drsaes Bictet |r@r$sldé%?clatfdlpr?gglrtésqndue§ agag)8 K84, 5EQ

’ '*}37 of BEATD MgAB; (d
o v 683 Tltntaried %E%fu R (cj) o4f£37 Gl NS
983 oAlIENA O af; SEQ |9|35N©f3 SE(Qj)IM‘,Np %54£n%5d ) 792347 £y SEQ

iD Nog‘;%; ?ij. %QénDﬁhqgn% a(c e66s4e %t3e7cg?f F= ggoup

con51§%fﬁ% SF - Rngﬁyn@m a@sbékggﬁﬂme nclgidesantives  (Q) ,
[ oW ng reS| dues: (1) a Zl, Z3, Z4, or Z5 am no %I d
serlrr@s{%)u;e @trwftﬁ ofE) (YR SR I1BNGHEEHIC 4

.f
is ar?[?rﬁldl ?J\!?g%l(&% %%éé’éte%ﬁ%f@gﬁ%?&@ gﬁ&)zl%g&gr%@lssé%i@ of
alanif: NQ) 6 vale a(\Wl, b wolzei dL)resl%lleela@lTp%sﬁ J orproline
631 d 710 I D NQ 64 f
), | D ey 5940 Taot SO RS (B e %}E&ted
from7gk‘11’e 0(% §? EEWNOs¥ind )£ 64Ps and TRB, OinCSEﬁlc_l;DlNﬁ)e 5(R); 24
48 and 733 Of SEQ I D

is axacaldlnesadu@ Bt s pdse t Fohectay @E@“o?h%E‘bz?‘E? mﬁo?Slf‘b}ng of
656_of 5 in
tyrogh ?6Y ﬁen@? %a%é%e ?ﬁgnglgg ﬁﬁhﬁn(ﬁ (Qﬂd B9seidine

and 664 of
Sggalibhﬁh 5minandc£d)rasZQuanBabeated feemdﬁ eagroup

968 of Q | D, NO 1; b 0.
conshéégkg?gf gggegp§@%Q’fg N@aéln?d) )agg lgglgﬁgﬁﬁg

[00108] In other embodiments, the amino acid sequence of the
polypeptide includes residues at the following positions:

(1) a glycine (G), arginine (R), tyrosine (Y), or
threonine (T) amino acid residue at position: (a) 464 of SEQ
ID NO:1; (b) 475 of SEQ ID NO:2; (c) 467 of SEQ ID NO:3; (d)
477 of SEQ ID NO:4; (e) 472 of SEQ ID NO:5; and (f) 480 of SEQ
ID Nd:6;

(2) an asparagine (N) amino acid residue at position: (a)
631 of SEQ ID NO:1; (b) 641 of SEQ ID NO:2; (c) 634 of SEQ ID
NO:3; (d) 644 of SEQ ID NO:4; (e) 640 of SEQ ID NO:5; and (f)
648 of SEQ ID NO:6;

(3) an arginine (R) amino acid residue at position: (a)

645 of SEQ ID NO:1; (b) 656 of SEQ ID NO:2; (c) 648 of SEQ ID
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983 of SEQ ID NO:4; (e) 985 of SEQ ID NO:5; and (f)

997 of SEQID NO 6 . ZlI is an amno acid residue
waeloeadde2 f rom t he group consisting of glyci nePCTHS2006/011273

asparaglne (N, glutamne (Q , serine (S

No: 31 N[gPnde éE)SE%ti’ﬁ%cb“@ (Yé 6L EYSEST I8 ¥&)5; LA (F)

(S an am no aci d resi due sel ected fromthe group

664 @ﬂnﬁE@tlmgN©f6alan|ne (A, valine (V), leucine (L),
i sol eucj ne

i &4 bnaaﬁ?ﬁ%é%%?ﬁ @L ﬁﬁﬁé%e?%%$éde?ro%$?%% %r%%@lon

710 &EnsEStinonef1lysbner£K)or smg Bogioipe (R 71Z4of ssE@ ID
am no acid residue sel ected fron1the rouchons t|n (£)

NO: 3pf (d)yr o34 nef (¥5Q, IBh@Qyﬁalé%)nEZ%FSf Ry

733 %Pdsg¢s£bdﬁae6(kg and is an am no acid residue
|'2¢ted fromfhe" group consisting of threonine (T)

Vab)n& ¥¥ineand) |smisucaued(r¢51dpeoaﬁ8$0$nt@@her( a) 968

di ments, th
of 58I JheRor be (ALr SB0sOF coraued SEFEhe (Fbi ot §f S50 0
NO: 3?‘\3()%5' 98S: o€1lkEd @bymone; (@), 98b5gbHi BEQ(R)) NOt §f Oshde (f)

, or threonine (T) am no aci d residue at position:
997 (8) SELG4IBf NGEO®-1D NO 1; (b) 475 of SEQ ID NO:2; (c)

r00188f) PiaRoiekBaoye! é8ﬂ%§ BELSER kDoMada 4 5@}eﬂKZ of

gene@amayagnﬁeuﬁH)aaﬁhemeadoﬂauegldheCHtlpoéuﬂeanamQB? 83id

zosifoego st dpeaha op SEop ferk e ‘ato-Ghusier o ase

in, exéﬁgl%f)sﬁéSI@ngEQ t@rU@thSEQ(3D 80:aBQi Asnased
R am no acid residue at position: (a) 645_of SEQ ID
hereld; | £heb)eas6 "bmSEGoRBiNG: 2efesf 58830FasEdyipRAT3Y
f . Q D 0 d
func%ﬁ%nég4r% i ) IDtﬁ%‘%8l§$%5§§getEpggﬁF%ng$féan?20
mono@&yejehesledwn@da:tomauseu aptifaky7102ohe8EQAODaNG 1s eb)redox

domagééc%;a§§e4of(gfn @ %néé%o%D %@Sgggég% %Ff%$§§r% s%ch as
a po§§@ r@ﬂ“acd% o UG Q&)1§oby§k@et®bhcéﬁﬁ@0c@@@de&eﬁlduea

position: (a) 968 of SEQ ID NO:1; (b) 980 of SEQ ID
porpN¥rin (¢ﬁtgapyﬁrq§gp|rgng fhat may differ in side chain

composition. Heme groups can be the prosthetic groups of
cytochromes and are found in most oxygen carrier proteins.
Exemplary heme domains include that of P450 BM-3 (e.g., amino
acid residues 1 to about 455 of SEQ ID NO:1), as well as
truncated or mutated versions of these that retain the
capability to bind the iron-complexing structure. The skilled
artisan can readily identify the heme domain of a specific
protein using methods known in the art. Accordingly, the
skilled artisan will recognize that amino acid residues 1 to
"about" or "approximately" 430 means within an acceptable
error range for the particular value as determined by one of
ordinary skill in the art, which will depend in part on how
the value is measured or determined, i.e., the limitations of

the measurement system. For example, "about" can mean a range
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NO: 3; (d) 983 of SEQ ID NO:4; (e) 985 of SEQ ID NO:5;
and (f) 997 of SEQ ID NGO 6. [00109] A s noted above,
w@oelognepst des provi ded herein generally incl udecuuStvoeerael1273
domai n" which includes am no acid residues 1 to about
of up 485 s L & i1mes, RASC s eEquenges ridyiafed igi,vefpvalue,
exanple, SEQ 1D NO:| through SEQ 1D NO 13, A $343684, or
such dmerdien nuheld &fmahdie iSRS S S a
cat al yt | |y functional region of the polypeptide
a red%éﬁﬁy%i#$%%¥g'nnnooxygenase/hydroxylasq activity. A
[00110EMe Mamaidiigly, revoxteond eepabtasdt df nding an

i ron-conpl exi ng structure. : ri

mono Gt S0 B o PR ARy eneme

that B%E Phygd P (488 répysen! &)omi figor hdta eyl di $¥egen iR eled
cha

i n conmposition. Hene groups. can be the hg} 4
substgaoaps @*emgl@%hr%ﬂ%&m%ﬁdl%?gu?%uﬂ%ei%yg%%$£§§%g§%$@
carrier_prokei fEPbasy heABogpgehasel nokutir4bhat
m°n°°6¥g?ﬂ%6egh¢Sg%gsaF?ganino aci d res?dues 1 tg about 455
enzyméf ﬁﬁghkEh?nfﬁiymasﬁm?theaQPP??ﬁ§@¥éﬂ EFEB? 8: 82? ;

. .versions o ese that re Ltebhl¥nl BaBtBEia,
thiolpke PFBFgéﬁﬁplgﬁﬁﬁ §tFul g%gy gEEEgE?IIed a?tigan.can
fun ireFQEhXSiQﬁatbﬁimhm%,heﬁe detgie Geasuspewhicd PPEELBPA

gi,

using net hods known in the art. _Accordingl.

whethski Bhednaymesan @ Y tPEB8GREz 8 *PRafZH o ¥ ct8icionally

residu t @y nahQut's Bl i ARREOMLEBLelyY bnd 3@ xieans ("Soret
Cons%ﬂeﬁﬁ%n%§n%§cgg€tab eaérfgﬁ range for the particul ar
E

band™ahee rag sdeter mosed Vs eperof ieddngacy SEITICT Foppgide
art, which w

| fepend. i LA 00 ROW e ARlE i

(CO) eniRro O ARet S NG b e AT ons of the
ReactRARUISRNAL, BB M c iy cravearep eSO arouie c dmaiee a

rangeol up 10 200 P t0 J0% MRS B 40 ik Sna
epox iglatervalNraieaden st Ahe HARFE 0 EiHo “aci’d Tesi dues

in ahene donein or Gfeductase donedua [0y P450
hydr?ﬁ%&ﬁ%ﬁ%ﬁﬂgﬁﬂ%he term "hydroxyl ase” or "npnooxygenasg"
enzyfdoul 4 dee consé shey geha o | 1Rl UdeCTany chzy i et T dart ©

insert one oxygen atom from 'fﬁ Mi1Ge O sBfSe@ atom is
atom s sPFEHY? JE?(% a?%%%ﬁ?%ees&{l nc‘?ud‘g tﬁ%‘gé&yt ochr onme
reduggéoto water.
[00111] The invention envisions the synthesis of chimeric
polypeptides that include a heme catalytic domain derived from
a first source and an electron transfer domain (e.g., &
reductase domain) derived from a second source. The first
source and the second source may differ by the genus, or the
species from which they are derived, or they may be derived
from the same species as one another but from different
organelles or compartments in the same species. Generally the
electron transfer domain is a heme reductase domain.
[00112] Accordingly, in addition to providing variants of
full-length P450 polypeptides, chimeric polypeptides that
comprise: 1) a variant heme domain isolated from a first

organism and modified to include a new activity; and 2) a
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nonooxygenases . "Cytochrome P450 nobnooxygenase" or
"P450 enzyne" neans an enzyne in the superfamly of
w@4&0/16e8Et hi ol ate proteins, which are w dely PCT/US2006/011273
distributed in bacteria, fungi, plants and ani mal s.

variadt JJI‘QH J£ fﬁ{a%_nv‘ms%lapceé‘d nes;mhethalorrn Rzt Sand
a cytochrone 50 enzyne Is traditionally considered
modi ficederd hiemahateact evdvstd at iabistor pri om reesdi iR Y "Sttetd

band" ar 450 nm observed upon .bji ndi rion
comp B e 001 S Tba s Torrs 1 he e T o
engirddr B YA iReactd ansl wsd st yae b byt oy t oot iP450e
enzymes include epoxidation, N-dealkyl]ation

di scIperal Kyl Be§ orfateniiARi | HFR e RROYGA T A R
2oo5§g§§0§§ﬁn@ﬁéré%ﬁ%éﬂ%k;QﬁE?&%ﬁ@@_&%@F%K%bﬁﬁ@bﬁ&éuiﬁeiémh by

nooxygenase reacti on, i nsertion of one atom of
refepXxygen into a substrate while the other oxygen atomis

reduced to ter. [.00111] The_jinyv ' enyi si
[00113ht hek? SRRt rf‘e‘h?%&% Vbep P et e Y %%g@@b%gﬁnet
polyS@bel ytiensonpa eess vedsfaoss alfto sabsour£25 anfl ne amino
el'ectron transfer donmain a_reduc asg dgnain
fc

e.g., .

aciddeegverce roet af eeeont s c%g HRelfitstiso 8hd°t he
sgcqnd spur [ fLer by tbe QRDNS. a81dt hesSpEEEesn the

provf&%ﬁfmh?@% §§%€B%?gi%%riegd? or they n%y be dzrived

aminbr asiihecgasrcspetaescasreaponfothethputof +oming

.different orgapel]egs Jcogpartnents.i net S id
POSlEb@E?es?tciﬁg? I% °thggére ang$r22§f§F g%ﬁa?ﬁEPg ar
resiBgne kgdugtasmidematnd EBQhdéRteAscotHengbyitions specified

addition to providing variants of full-length P450
in (pol ypépti des, aehfaetPESpol ypepti des that conprise: 1)

aéé§r5ag%rﬁggeégfn§.Q'Hﬁ@lQEegogﬁgﬂbﬁ:fR5$t8959@@?$”hnd
a nodifiedt nclude a new activity; and 2 :
255 a¥agEantDr ¥dutt ask) dédni A4Bsehdt 887f pPEMSBQséPoN@:2 or SEQ

or gani sm and ifie i ncl new.act i, vt yqor
D NGEPvi(E) Pat LA eombreneh S5 hEchee ol 1 ap ey 100 a0
262 BEOYEdedp NbthodsefoBsgngisseaningeca elfi SBOI @D NO:6;

pol ypeptide of the invention are disclosed in,g”S.' 47
Pdfene Applteéaci df) Pabineaficdl NEFEE 26658254028 t HE)

and S e $x8f rHieN 187 Q1)NGR RAALRE Ber &G BY NO:2 or SEQ
ID NO:3; (c) 49 and 207 of SEQ ID NO:4; (d) 54 and 212 of SEQ
ID NO:5; (e) 51 and 208 of SEQ ID NO:6;

(3) a glutamine (Q) amino acid residue at position: (a)
236 of SEQ ID NO:1; (b) 238 of SEQ ID NO:2 or SEQ ID NO:3; (c¢)
239 of SEQ ID NO:4; (d) 243 of SEQ ID NO:5; (e) 242 of SEQ ID
NO:6;

(4) a glycine (G) amino acid residue at position: (a) 252
of SEQ ID NO:1; (b) 254 of SEQ ID NO:2 or SEQ ID NO:3; (c) 255
of SEQ ID NO:4; (d) 259 of SEQ ID NO:5; (e) 258 of SEQ ID
NO:6;

(5) a valine (V) amino acid residue at position: (a) 184,
290 and 353 of SEQ ID NO:1; (b) 185, 292, and 355 of SEQ ID
NO:2 or SEQ ID NO:3; (c) 186, 293 and 357 of SEQ ID NO:4; (d)
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reference . [00113] In another enbodi nent, an isol ated
or reconbi nant pol ypeptide that includes residues 1 to
w@bwatiox085 of the am no acid sequence set fortPCT/NSHECDN11273
IDNO:I, 2, 3 4 , 5 o0or 6 is provided. The
191, pml'ypap)ﬁl deliotl se@sIRMI®0S acie) r &8s du2g6j nandiel3adi @d SEQ

D Noagl.d sequence that correspond to the foll ow ng
Sitions, at |east 80% 85% 90% or 95% of the am no

a@)daﬁe§sgy@§ciﬂeth§ aghNQo agt ddseguence at bpbgition: (a)
03|t|onsseC|f|ed|n are as follows: (1) a

94 an@‘,ewhe@sﬁ esPdlie: ht bléélwo%n%(w%gf §8Q TRNWO pEsor

SEQ Ig%éEg N !3\'09% ?ﬁg)l%}f 491%45?@ RN &’fSESEPDi%'\%é B2 ot

SEQ IBINO139, (ando9262nof 1BEQ 5B BD {e) 686and46 and 262

Py GoRN SRy pBRELER. | Th) HSRE A 0etof 14D 1b Repition:

(a) 7€bind8328do206r0f ISE!D: NGR 90 SEQ B@ol\&BsE@ciMﬁo 2
and 207 of SEQ I D NO 4; ](Ld 54 and 212 of SEQID NC.
or SEQ [RB)N8313andcPoBOornGEeR ] PRCFEG ID(BY: 4/ gl @t aﬁ?n@n@@%

of SE%@?-ON%?%%%?B?ES%%&.%97%5)5%“(5% PRG350y a0

of) 'Sf’a‘;ﬁgaagm?ne (8) amsnofésE@ t@shBug,atel_))nglﬁlolﬁ SEQ)
226 ofoSPEI bl MDA} 589 57 S66 TERNEP1IORE) Ssniihi tEe 3
228 ofNOSRBQOrDSRE: LD N 32320a>f2§§Q0iDSﬁ@ bD Noy 423(ddy£2880 1D

of SEQ I'D NO:5; (e) 258 of SEQ ID NO :6; (5) a valine
NO:6.(V) amino acid residue at position: (a) 184, 290 and

0011453, %4, SERD M k05 105238 00 Al BERL
includiEsda Zd)hmhnoZat;dandsBﬁmeoatSKQbiEnbﬁ 5(a{e(8188f SEQ
1o w0238 (BI0R%a8! SR oA, S5t e PaabRCHES SRR ey
(d) 2bP de: Ero( kb ﬁ@.@ﬂdaﬂa6 ef 5EQ b@ PRO210rNSER. I B M8: 8inino
acid &gélggeaggcizgegflyES%LD(Q?, arggglégl(g?? ggzhggtidine
(H) . In some aspects, the amino acid residue at this position
is an arginine (R).

[00115] Accordingly, in some embodiments, a polypeptide
provided herein includes amino acid residue substitutions that
correspond to positions in a particular sequence at least 80%,
85%, 90%, or 95% of the time. In other words, the invention
encompasses polypeptides that contain the recited amino acid
substitutions at 80%, 85%, 90%, or 95% of the recited
positions in a given sequence. The skilled artisan will
recognize that not every substitution from a group of
substitutions is necessary to obtain a modified polypeptide
that is active on an alkane substrate.

[00116] In another embodiment, an isoclated or recombinant

polypeptide that includes the amino acid seguence set forth in

SEQ ID NO:7, is provided. SEQ ID NO:7 (see Figure 14) provides
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SEQID NGO 5 ; (e) 98 and 179 of SEQID NO 6 ; and
(7) a phenylalanine (F) am no acid residue at

w@omictidms2 (a) 78 and 328 of SEQ ID NO:I|; (b) FOr/aszo6/011273
330 of SEQID NO 2 or SEQID NG 3; (c) 80 and 331 of

an agﬁ803§e fsggéf%ﬁéae?nd ?EQOOEFS CQEEEQEE 5Thl%e%a§2ant is

and an arg
alsan[bBQgﬂQtédr gsi-due .atrhposbl iypBptfdp ﬂae obnSEﬁgnl Dp to 75,
éZZ?of SEQ I D NO 2 or ,SEQ L % g
8’@ SEQiL RONFETVaF1yg2 apfnRERCED RH! gt%@@ F 6fc E@lng

reSlliE?eQ'OmG 78] 08214k 4l n1abher 7enbediynents, the, 236, 252,
pol ypepfide further "i ncildes a Z3 am no aci d resi due

255 at29pothZBon35(3a) 4285 ehdSE®OLD NO:1: (b) 287 of SEQ ID

oonli2, vl ot B RR st (pRREL-oE! O

recof®shdHe pﬁgbpégilbkstﬂ%t(thludéglmhﬁea@Bh00601d sequence
hi sti di ne In sone aspects, the_am

set |f9§|tauénats%9h|r? pesibi a1 P§Oé{'ﬁd§fig| Rife IPR)No 8[ d6eesfigure
%Qgrgbgggﬁ kil nSONE: 1 §MRRALEBRES o ra aP el ypeRM-de variant .

rovi herein i ncludes am no aci d residue
Thisswhstientt ienslskatdesdonespdnd St&1gosibitEns |Tnhteapolypeptlde

may %%& ﬁﬁL%%|%e %nc% a: leaSt %%Wcongw %%% ﬁ%ﬁ@ afiq

S' tﬁe |nvent|on enconp
subsmltm&réhlsdes:ctlh@tlr@ortte@lmutelse arecirged saryi rd, acu4d 175
substitutions at 80% 85% 90% or. 95% of the reC|t7eL%

184,pedidui 8RS /i 734 rgidren Sequercd. PRE rskIred Cdrt iP9%h

[OOfﬁé] re O%%b dhaleds e8! Y sSuhsiditwdon f reBdbinant
group o St|tut|0ns |1 S necessary to obtain a

polymegitiided thelty deytlivdte s Hate iagniact |a\cce-dor$emea1qear$@t forth in

om0 PR35 L SOEIAD ST IR i S0 v

an a@fﬁln% %&Hﬁ%‘é@ﬁiee‘ ot hn igt S9EQM-D N@rlbn,t J @km&nmad:ei&nt is
Q I D NO (see F‘é%iﬂe 14) providesan am no acid

alS@s&jﬁéﬁ@é‘ A ¥par iR PORYRSRIdGSARY SOtegn up
to %Sle%g{}atzgg %5: El]O]' coﬂ?eﬁ%tﬁ%téﬂ%d]%l‘@rgtﬁiﬁl%ﬂl%ns

10 conservative amno acid
exclsidisty tnﬁs@uzeexﬁb] udithg §2%sidues 47, 178, 984,940514226,

172 ’2,1%45’5,2%590,2%628,2313633,254284, and 710.
[00119] In another embodiment, an isolated or recombinant
polypeptide that includes the amino acid sequence set forth in
SEQ ID NO:10, is provided. SEQ ID NO:10 (see Figure 17)
provides an amino acid sequence of a P450 BM-3 variant. This
variant is also designated 35-E11-E464T. The polypeptide may
contain up to 75, 50, 25, or 10 conservative amino acid
substitutions excluding residues 47, 78, 82, 94, 142, 175,
184, 205, 226, 236, 252, 255, 290, 328, 353, 464, and 710.
[00120] In yet another embodiment, the polypeptides of SEQ
ID NO:7, 8, 9 or 10, further optionally include an arginine
(R) at amino acid residue position 285.
[00121] In another embodiment, an isolated or recombinant

polypeptide that includes the amino acid sequence set forth in
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255, 290, 328, 353, 464, and 710. [00117] In yet
anot her enbodi nent, an isol ated or reconbi nant

w@oelognepst de that includes the am no aci d seqURPOT/ES®O6/011273
forth in SEQID NGO 8 , is provided. SEQID NO 8 (see

SEQ Ekg 6e1i5)19r8¥%9§3eéﬂ_§ﬂ?”@Daﬁbd1§eQH§80918ﬁré P450

varrant Is variant is also designated ,
prov3B8eElinE4B4R0 ahédpabgpeptedefnayPébﬁtBMﬂBUEarQaMS This

conse tiLye_am nq, aci d.substitutions
variggh) 48 AgPeSPaNRREYE 0 Dd 9aE REAIUEBELAE R gentain
up t8265,286, 282,02520 28Ase2r8ride3amdhd, aamd Zﬁﬁstltutlons
[ 0118 [n anot her enbodi ment, an isol ated

exclﬂééﬁﬁbtﬁéhﬂuﬁél?Eep??de8?ha94vnéﬂade§7phe1§ﬁvn8050|826
236,539%0”9353358‘3”&50' niggQ 593'\'0462 , ah8 PABVi ded. SEQ

(see”Figuré ) "provi des ‘an anino acid
[00122@uen¢e aﬁoah€456mBNH3mEatbaan.1$hﬂstedrpantepgm@hgant

deS| 5- 464Y, The .pol R tide may caonta
POLYRERE§0T5EaD, 158, gr o1 bPEoNEAT VAt D SHCHBIAE deC forth in
SEQ SWobi:tigt i @8Spexehiddung sresToue®:47, (48 82gu4é, 1942,

175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464
provad@87§0 aP@OQlQFlﬁnséﬁﬁﬁﬁ€@ efpedPAeRt BMaR vashapéd opis

varih@Eonli 03ag Bg rgﬁ&%@@¢2tﬁ§b 'n%h%dﬁ%l&ggp%ﬁﬁgom%%'@ontaln

sequence set I'D NO 10, iS5 provided.
up th7NO'5DO egeeoEig@reoh%ﬁrwﬁauweegmanoaﬁpnd a@b@tltutlons

uence of a P a hi ar i,ant al
ex L 3ol e5q HBSEA 17 EARAT DL TR pdlypent e 10y EDRbard®”
236,Uupsk0 £55,50002532@r, B 3Gonsar,vauisye aad nqoaci d

"subst’i tutions excl ud ing residues 47, 78, 82, 94, 142,
[00123, 188, apobhez26mbpggneysy ap5gs0igheds ey, respmoigant
1 e r dig h

R S R T
SEQ qut inondl3l,y 1isnplrw&d@mi arsgionilie NOR)L 3at(s&e i gagied 20)

resi due position, 00121] nmbodi.nent ,
Provifless Araf@d NS 3 e ﬁ‘& ij %{l%é)e%%% Vardides This
varildig ay "éq_s%md‘éss._%%lé@é‘éﬁ ZS_LeI4Gf orfrie igdSEQe iNG kky icontain

provided. SEQ ID NO:Il (see Figure 18) provides an
up tanitio &.d28eqeendd ETOTEPAEC-IAG FMIAT &fid ﬁﬂb:,stltutlons

exclu‘%fjtn L dS RS0 designated 20 D3.4oThe 720l vRept ks M) e,
236, 252, 255, 290, 328, 353, 464, 631, and 710.

[00124] In other embodiments, isolated or recombinant
polypeptides of the invention include: (a) a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:7;
(b) a polypeptide consisting of the amino acid sequence set
forth in SEQ ID NO:7; (c) a polypeptide comprising an amino
acid sequence having at least 60%, 70%, 80%, 90%, or 98%
sequence identity to the amino acid sequence set forth in SEQ
ID NO:7 excluding amino acid residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, and 710
of SEQ ID NO:7; or (d) a polypeptide comprising an amino acid
sequence that can be optimally aligned with the sequence of

SEQ ID NO:7 to generate a similarity score of at least 1830,
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up to 75, 50, 25, or 10 conservative amno acid
substitutions excluding residues 47, 78, 82, 94, 142,

wQZ&e10842 205, 226, 236, 252, 255, 285, 290, BCBUSBHEN11273
464, and 710. [00122] In another enbodi nent, an

usin%%@tﬁﬁO%Méfqu{B@,ma p@éﬁ%é@@né@%eﬂé@&yd@ﬁ i1he and

mno acid sequence set forth in SEQID NO 12, is
a gaprevicesioSEEhdliNg: AR {seexFledirg 1)1 pp ¢ Hesremidues

ino.acjid s e of P4, B vati ant hi 0
PPl chasd Ve ks MR PRI CE R M EL e LI LA
328, CONt Ai Deup 4084 7D1050f RBQ DD NO:Tonservative ami no

acid substitutions excluding, residues 47, 78, 82, 94,

[00125)  1¥8 oylar emnodipentsgalsobztegsar Lepomabanigs
polyﬁ%%?igég’ofnghglﬁ%vé99ﬂ3§]iﬁ@l@@@th@é e?b@@i £idd

ated or reconbi nant pol ypeptide that includes the
compahsingathd setmenzeidetefoenhei neSEPTEhND: 3BQ B NO:8;

jded. , SEQ ID NO., 13 Fi 20 i
(5) BrPRTEEPHTSeyEeRCE b 1d PRD BAFA-0ar PRt YrRandd set
fortNaihaptoi spakeggfestgnas ed @2dig¢tepibecpobypeptide amyamino

~contain up to 75, 50, 25 or 10 cgnseryat|¥§ amng,

acidagpeusnpst havinenatekerali AB%r edPEuedOdr, 098, 83, 983
+ £60Pne 2201 n838¢c1458eqdaRce 288t 288tn323, SEQ

Sequ%ﬁ%? éég?tgﬁg 5§oéhfo%§iﬂ% Iﬁlothg? en%gdinents,

ID NDs8l akedludinpeenibpnanidpokgpdperdésd, of 8t h82i nfént LA/

i ncl ude:. _(a p pept.ide npLiLSi N he i n ci
175'ségéengg5$e%zgor?hgfnBEEQ F%gNCFbﬁ’;gg%) %ggz|38§pt?88 730
of seensbsiiong.of the am no acid sequence set forth in SEQ

ID NO 7 ; %c) a pol ypeptide conprising an anmno acid
[00136§uenda RAUFAGCBPONEESELE0Y SP00:H0SF 589661 H85%

& i%gg bt Ynt@nthenanheeuae:d (a¢qdepeeypepiget h
poly?%ﬂ%&% ?DO .% excluding amno acid residges 47, 78,
comp®2 5194, thé2aminb, at84, se@Ben226se2360r2B2in2680 29QNO:9;
328, 353, 464, and.?%O of §E ID.NO. 7 _:.qr %t t
() 60P§&¥§Fp&é%@oﬁﬁpﬁ§ﬁ §7&n° n%% 8Ci Ossaﬁgngé Lﬁgfecgﬁ
forthe iepirmlripy nal:iogned wch hat helyegpence ebmBr@slibgNan7 amino
~to generate a simlarity scaore of at |east %830,u%igg
acidt ke BEOSEMBE ViRET Pk, 1§2§4p 60%irst/dfice SfanaPly 0P r18°
sequ%%gﬁﬁjgﬁgﬁﬁ§§e%%'Q%ep%%ﬁh%yagﬁdlseq%é%b%d%%% FHRG in SEQ
acid residue
ID NO:9 excluding amino acid residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, and 710
of SEQ ID NO:9.
[00127] In other embodiments, isolated or recombinant
polypeptides of the invention include: (a) a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:10;
(b) a polypeptide consisting of the amino acid sequence set
forth in SEQ ID NO:10; or (c) a polypeptide comprising an
amino acid sequence having at least 60%, 70%, 80%, 90%, or 98%
sequence identity to the amino acid sequence set forth in SEQ
ID NO:10 excluding amino acid residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, and 710

of SEQ ID NO:10.
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47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,
255, 290, 328, 353, 464, and 710 of SEQ ID NO: 7.

wQ 005426308t n ot her enbodi nents, isolated or recpobURZNNG/011273
pol ypepti des of the invention include: (a) a

) Ypen! &W&H&@&m&ﬁ% QORI &8t

001 B t

L rth |nC%%E$fqy§%) g a polypept|de consi sting
polypﬁp’ctﬂ"&}a:ammotkm:|xhxs@qutsim:elrgétucfet}rtha i P SEQVIBMNGAS

compgiiidy She | HLELS GHAC TN B0 0oL r b STt
(b) d %%ng éépﬂﬂjé heo@ed 4105 Bg | o seriencnseicfdrddyianG@EQet

excl udi ng am no acid residues 47, 78, 82, 94,
fortmmzl %m 10 g¥0: 12195 0D26) MEPOLEPEP IS PP LYY Y

amlnolﬁf %ﬂéh&% A&)Q%)lé%st[QQQZGiO%n #5Deroos, or 98%

i sol at ed” or reconbi nant polypeptldes of
sequér’[@ Iitﬂlémitiw toctheeamia) acpdl ypEpeicke %Qﬁ‘rpf‘@rsmhgln SEQ
amno acid se uence, et fo i p, SEQ |
D N?b}ﬁ Efot %%‘Flﬁl@l %n%?ls |JﬁegS:b &$%e&am58c;) a%:i\logz9 142,
175, Sﬁiﬂyer@(%zeizéprmmn2§£Qi$5J\IC28E9,,29)@ (8)8a 353, 464,
peptide conprising an am no aci d sequence haV|ng
and %&O|@%S$E@0@Q gg@élso@@ 90% or 98% sequence identity

[001£§’]Ct heIx"i‘”?aE‘He?CéﬂbégﬂrH@ﬂ% Sféoigfé@ bR %&ﬂl@lﬂl\&%w

luding amno acid residues 47, 78, 82, 94, 142,
polyddbtidéd, oﬁOEheZQﬁveﬁBBQHZEQQ:lQ@@ 2@0 aspglm@stldm

and, 710 of SEQ I D NO.9. [00127 h t
comp {55147 otinr SFCRBnBE Nt BTy Rept Aelo it FE P RoeL) 19: 127
(b) 5nﬁbygﬁepéﬂheacaﬁbyB@@hgd@fc@n@raﬁiﬁg thdaBEQOeacedset
sequence set forth.in SEQ I D NO tide

forthoml@EQnéDoNOt F@raﬁfnécécﬁdpgé}aﬂ%ﬁtédge?"‘f“g %E’P 0]

amlno a d &ggu85C%Cha@lH§ ypeptide @@ﬂgrvﬁanSQQ agpee or 98%
sequence havl n t [east 60% 70% 80% éO% or

sequ@ﬁ&’eseqaﬁnd:eyl denthteyammnbhecach nequendesequefegtbein SEQ

forth in . SEQ 1D NO 10
1> WGl o)k aBaTey ahdao 1750 THE U968 1306 OogBls oaa) 142,
175, 2%4 2905 ,32846,3536,4642, apgs71090f SEQ, | B53, 464, 645,

16. [00128 'n ot her enbodi nments, isolated or
and ﬁé@oﬁﬁlﬁﬁﬁtID NO:12.

[00130] In other embodiments, isolated or recombinant
polypeptides of the invention include: (a) a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:13;
(b) a polypeptide consisting of the amino acid sequence set
forth in SEQ ID NO:13; or (c) a polypeptide comprising an
amino acid sequence having at least 60%, 70%, 80%, 90%, or 98%
sequence identity to the amino acid sequence set forth in SEQ
ID NO:13 excluding amino acid residues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464, 631,
and 710 of SEQ ID NO:13.

[00131] "Sequence identity" herein means the extent to which
two nucleotide or amino acid sequences are invariant.
"Sequence alignment" means the process of lining up two or

more sequences to achieve maximal levels of identity (and, in
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pol ypeptides of the invention include: (a) a
pol ypepti de conprising the am no acid sequence set
wo eoobhojos2 SEQ | D NO 11; (b) a pol ypepti de conBCHUBIg6/011273
of the ami no acid sequence set forth in SEQ 1D NO 11
the @asChaapdhypeptiide iEdesi, NG oAk e3WaRA R0 Eaeqyence
having at |east 60% 70% 80%_ 90% or 98% sequence
PUrpgogéncitt ¢ S66 SERE Jarfiifo deErd Ss OFusied 1aat thor thinjer oBEQ
I 1 lsudi ] aci.d resi 47, 78, 82,
mEthgngfﬁf,%%§§?1%%2%%§%§ﬂ%%fe?5§3€?%§§%?%§ss, 285, 290,
simi3281t333desd4 tyard 7 Khoofn SEQthD MOt bhch G@12%od Rxample,
her enpodi ments, isaql ated,or reconbinant
the B oS PG 3Er o o reridn 2 efuae: Begpdaon the
MEGARQIGKPapYbde teanPRisSkid 1t he amhrenacBIASSPUENce $lsTA
, forth in SEQ 1D NO_ 12; (b) a polypeptide consisting
(Lipgen; gedaRrAs sesird 198Guekearsen podt hipmaSEQLIOBSNG Whan

; [ Y 1N I.d sequen
astrl o og, PPer Bap S8 thBop L0 2o SsT el lonts those
thati destilty tto the adQM@sacEéq&equene¢g$&hr§$@tgsm@ggéQample,
. I ydi ' , .dues , , ,
the §Ratpst01TKE Y itsld 100881 Sk Eh S onnechobo 38,
part323la#68aibddsr andghtl ahifEQbPINDeqhdnckQ0L3Q] rbRer to

ot her enbodi nents, isol ated or reconbi nant '
the per¢pept pBEECORCHe SeavencrondenElitidethas) is obtained by
p hdesco LS h ' .acid _sequence set
e 5 TR B, Wy BaBdi Sake e o Rereeeag
Bioipforhetamsndnatidusequennbridtef ovkh,i BoSEQihD NOe i3imber
[ an am no acid sequence

. i.d . Si '
of lkybiged: PRESBESa0f ave oanooboentr IGabedequanc number
of itgasithy h@tbh@saﬂbnﬁhécer&@@Heeﬁe(§?tt%@r%gnbggsggzthe

. I D NO 13 excluding am no acid residues 47, '
alignggd sggsengsd, 205, (226, 9936and5R51iR855h29001328,1n853,

seceft, 0811 MUGTIALSEQLO DL e LOUIDHL SERUDSS oo
alignmehésf%@&po@paniEenaﬁtg:SequeGGpSEﬁténmeﬁfPéﬁblty: 0.10;
Prot%iﬁqggggﬁta%g QggqtéoggggsségfeggogﬁgsnggL%nhggrgg: IUB;
Toggle Slow/Fast pairwise alignments=SLOW or FULL Alignment.
[00132] Two sequences are "optimally aligned" when they are
aligned for similarity scoring using a defined amino acid
substitution matrix (e.g., BLOSUM62), gap existence penalty
and gap extension penalty so as to arrive at the highest score
possible for that pair of sequences. Amino acid substitution
matrices and their use in quantifying the similarity between
two sequences are well-known in the art and described, e.g.,
in Dayhoff et al. (1978) "A model of evolutionary change in
proteins" in "Atlas of Protein Sequence and Structure," Vol.
S5, Suppl. 3 (ed. M. 0. Dayhoff), pp. 345-352. Natl. Biomed.
Res. Found., Washington, D.C. and Henikoffet al. (1992) Proc.
Nat'l. Acad. Sci. USA 89: 10915-10919. The BLOSUM62 matrix

(FIG. 10) is often used as a default scoring substitution
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nore sequences to achieve maxi mal levels of identity
(and, inthe case of am no acid sequences,
w@oeosan3nat i on) for the purpose of assessing theCcTiesee011273
of simlarity. Numerous methods for aligning sequences
maLLLandnaégqgshﬂg ginvnmaenEyprraéncply anehkaswhapPpeehBLAPT

h [ uster t hod, et ej .
EH%1 §§|F£9?ts ase%snaiFﬁengéﬁﬁPﬁgﬁagagrF n%gggO%%FFlon

of a asngléSthnBLASIE gapdlﬁASKA 6Eiﬁﬁanaamdngéassqnences,
985; Pearson, and Li . \When using al
and t?ﬁegappﬁaaﬁaﬁeontH%ﬂ%?gyeﬂPeamggﬁﬁﬁnaeraﬁécghaéglFﬁaPal

emptyrsﬁghbsabmdtBssbt98§81n§ege@acQnﬁbnhhaank¥ad505pened gap.
exanple, the "identity" or "percent identity th

The alégpééﬂttéSadpélﬁE@ubﬁrtbalﬁméﬁoaﬁpgdédpaﬁihéoaéldf each
n f rc equence
sequefERNEReSR EA-hE' Eh LAREN®, RERFED. ol ARaff it

I'née anal ysi RS
optiofueigi bp Yha. BnauatkahleffaogaEUbopmaMthmen@apﬁatnCSne
Institute, Canbridg l countj ng numnb
or bOFBeﬁ?HEﬁPCﬁﬁtEﬂeésuEotﬁé éVFgﬁﬁeEPeaﬁagﬁﬁéFdPﬂ@SéEéﬁ

scorenuwhgneoaptgﬁailQ@Lgﬁﬁéﬁhegnaysheﬁlggeégﬁrb@fa&bbmgmgshed
| ength of the alignéd sequences, and (ii) 96,

manuaydypngthRerforEawi hg ﬁéﬁa&ntaCEQSbalVMQauaﬁeﬁér@ pcmputer—

|
snon oL BIC T BLBEEULSL S gk ot 5.l GORBILSS oty
descrmbeghﬁnnaltBxhuﬁbéﬁehlseﬂ&997 DNAcmelghidﬁaRésx 2bbB3389-

|l e Sl ow Fast_ pairw se alignment s=SLOW or , FULL
3402, AT nene Srooi9B]SThe LoRUBHEGSCARE COpt NRRAPPEL Center

for B§btgeﬁgolw§9nzhhsym§£§oﬁlggagﬂ)fﬁeb§heblarlty scoring
using a defined amno acid substitution matrix (e.dg.

(Www. BEC$UWEm)nlga90@k|s@Eh@@aéeﬁéqumanusgapnekuémsgomultlple

c110nRGPRRYE0 B8 LPoBRELNo Lt e oot SERsSapo s, B

througattheeﬂcamdwébenteuaedlﬂequambeﬁybpgAnhecsum1barauy
bet ween two segggncss are well-known in the art and

(19974edEFilpeiclesg PayREPT3&P2al . (1978) "A nodel of

[oolsgyolUWheHakxs%eeegeolanpga&ﬁbnac13nse@héaéeOEhEangln
Sequence and Structure ,  Suppl

optimpaykokfi)gnpg. wlab- 3526famﬁncesseqean0€93anFemmao acid
r651dV%Sh QEg pogﬁs tb"agge pgggggggtlglthe(%g%%kegggc'
sequence with which the residue is paired in the alignment.
The "position” is denoted by a number that sequentially
identifies each amino acid in the reference sequence based on
its position relative to the N-~terminus. For example, in SEQ
ID NO:1, position 1 is T, position 2 is I, position 3 is K,
etc. When a test sequence is optimally aligned with SEQ ID
NO:1, a residue in the test sequence that aligns with the K at
position 3 is said to "correspond to position 3" of SEQ ID
NO:1. Owing to deletions, insertion, truncations, fusions,
etc., that must be taken into account when determining an
optimal alignment, in general the amino acid residue number in

a test sequence as determined by simply counting from the N-
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Nat'l. Acad. Sci. USA 89: 10915-10919. The BLOSUM52
matrix (FIG 10) is often used as a default scoring
wanstipiost i onL i J-J- m sequence alignment proPOTOB®06/011273
such a s Gapped BLAST 2.0. The gap exi stence penalty
ternifial O880EAr nLAGSLALE PYUEL! OReOstn@ S5NGHE AlBBr of its
acid gap in one of the afigned sequences, and the gap
correxpending pesaktipni is thposeflefenceashqgaddiei ofak example,

, enpty am no id positiqgn.,inserted into.an alread

in 20GBREA"GERC TREA! Lonfent P58t FRed by DRE aRtib

sequéﬁbg§ Eﬁ%&%i%ﬁilobé gachmsgguenea ahawhiehrkbBgonds to a
alignnent begins and ends, and o tionaILé by the ,

positherr thofhe ﬁeéegﬁpcér?ﬁﬂP?PSPeaga§§eiﬁl ReCér dpéeRLon -

Wheréegﬂgggs\%ssgnai E%r@&%hvﬁnagnt Qﬁlghgaeji_%fegéﬁbgl gequence,
Score. i'e opp|nal al'i ghnent and scoring can b e

thatacasapkishedimannakl yortrheppndcessany Badinbi batteddpbgition

, the use o f a conputerinpl nted alignnent al.gorithm
in therelexgnes BEASTIS0, [Hebbri Beaci ATALESERAT EhoaP
fusibhQ9¥heMdCloanAGiedstReS chdd: 0$388ind4824idandnmadeher the
avai l able to the public at the National Center for
refeBeprechmoldgpnedt GeaERsa CReBl fowepsi cerrespond to any
amingwwgigcqh'Qh@'%erggﬁkndggglg@hu@hbgnnents’ i ncl udi ng
fuftipl € ali gnments, ~can b-e prepared using, e.g.,
[001B&l- BLAST otanai leaibloglitlenaggh islhé aNEBl nwebsiitce agnd

described by Altschul_et al . (1997) . Nucl. Acids Res. .
molest |l $58¢8462 O VG633 WPPH Fé?%&gv %Qeaﬁ“XﬁP%&och&OVldes
a no%8AUenGe 14hafr iSARkkBblY ralbaned anit Boa yhelekeraees

sequence, "an anmino acid residue "corresponds to" the .
refepagsidt iten hier etie asef'@dERc @odFGUSAECE bAdES "Wieitch PR nucleic

. resi 1 S, pAai [ | nt.. "ROSitjon" is
ac1dd§%&%g§1§%y aEﬁﬁﬁ%S%l?ﬁgﬁﬁgggﬁgﬁt%Sﬁﬁg%f %n?ﬁ%ies each
charamitea iaeid Hdyn tthee abdfldtgnte segoekrce FdSEd pod yieptide. In

position relative tq the NNtermnus .. Far, exanple, in
genegpd| RV SIS &ﬁl#%%%ﬂ%@éﬁ%%% S¥dherice’ that
encolR@Y BN oF Ithe Koveal @4 S\Oh%l%ﬁg@cticﬁ%ql&!%‘%ﬁiib_eﬁi herein.
optimal'ly aligned with SEQID NO 1, a residue in the
In spost ssepuErfcet Hdte dinvgmd Iwinyh at Fd R @olpssicliest 1slg $hat

sai d _tq ' correspond t LtiQn 3. SEQ. BN L :
£ h t 1
enco%sngj’1 %é%lveerlslga%ls%, plo%gg%?al tolrﬁi% twr%l}nc%t% ons, yJfusnl Sns. s 1S
provided. The terms "polynucleotide," "nucleotide sequence,”

and "nucleic acid molecule" are used to refer to a polymer of
nucleotides (A, C, T, U, G, etc. or naturally occurring or
artificial nucleotide analogues), e.g., DNA or RNA, or a
representation thereof, e.g., a character string, etc.,
depending on the relevant context. A given polynucleotide or
complementary polynucleotide can be determined from any
specified nucleotide sequence.

[00135] In one aspect, the P450 polynucleotides comprise
recombinant or isolated forms of naturally occurring nucleic
acids isolated from an organism, e.g., a bacterial strain.
Exemplary P450 polynucleotides include those that encode the
wild-type polypeptides set forth in SEQ ID NO: 1, 2, 3, 4, 5,
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etc., that nust b e taken into account when
determ ning an optinmal alignnent, in general the am no
wa@eeod/ 1082 due nunber in a test sequence as deteenuUaBd6/11273
y sinmply counting fromthe N -termnal wll not
or 6.nekcessathéy bepehe sdnthasinthennioberpP6b0i pslynucleotides
correspondi n osition in the reference,sequence. For
are DERAEES. bY roAvEASEENAERe Ehare FSSENLREnE oAnh AokN
mutat8hlIHed beshosedHeRGRall hebecWktinge NooaBtBE, aBkd
that corresponds to a position in the_refe(ence ,
recomgegaehcBiaf Phéysicéeotideset Rondevhsibedhépempsegfetail
elsewhBBEMALO0: LA 20 %%'8@€9nrg£§%§§55 88aYENCea LMBlversified
inséertron W I T 'not correspon 0 any am no aci
P450 posyvhuobebhitibe eetedéngePsBqueategpephitihe wask efiperior
truncatijons og fusions there can _ be st e%che of .am no
FunctigRal FhCBrPRERSE hE et ef BREETOrdat PRt LEqheREE DAl
incred9eH0L+8BL L €8PONErt Qi gA¥raBkPLed6iOni Net/B, than a P450
correspondi ng sequence. [00134] In other enbodinents,
polynhebeatedenuebdi esaei guhsteatifesraperprbviidedtiel n one
. .1 he ion : of;
R A I e
thosehehetneasodP4bepolpiuchedtndepdlgpepP4B88snaekeiforabi dn
nolegu%es." P458 polxnu§leotidg sequences are
SEQ IPh¥Pact er Pzed’ by OrhdtabiFrt §¥t b3encode a P450
[0013B9! YPeRti ge1yhicdeneraks bhethBVeAvkARibAChHYES aaRYriety
nucl eoti de sequence that encodes any of the novel P450
of uspel ypepfrdesxdaperi BegonbiepRt PHOJBRELIREPEEt§-0f the
expresBYBAY ! 8P AcPEA8 PR GUELEILLICENRECRG0RE 18,PART a5
varrant “pol'ypeptide w ctrvity on al kanes is
substpao¥sd€dr ThethernsliVveakynycbeotirdeéidn’, neckeeti de
sequence, " and "nucl eic acid nol ecul e" ar% used to
recompéflabipp ZepGIGABS OF AUERESPPIESAEAIORS, b Prgducg new
and/o%tgmengat@@@bl%O%QQ%ﬁth%AﬁhdaEhbfHQk@L nucl eot i de
anal ogues), e.g., DNA or RNA, or a representation
[0013fher edt, 16. gmpoatemar &t aptst thag, cercaindeperdita§ on
he.rel n t . ALgi I | eqti A
sups e S AT B8 Bl e s opragee o
not rafyispecthhitedhruglodghiudé eseqdeneacode0b3ppllypephiede with

substgggiga’P%%% zﬁigvﬁ%bygﬁcg%%%i%3%1%%¥p%2%% activity. For
example, P450 polynucleotides that do not encode active
enzymes can be valuable sources of parental polynucleotides
for use in diversification procedures to arrive at P450
polynucleotide variants, or non-P450 polynucleotides, with
desirable functional properties (e.g., high kcat or kcae/Km, low
Ky, high stability towards heat or other envirommental factors,
high transcription or translation rates, resistance to
proteolytic cleavage, etc.).

[00138] P450 polynucleotides, including nucleotide sequences
that encode P450 polypeptides and variants thereof, fragménts
of P450 polypeptides, related fusion proteins, or functional

equivalents thereof, are used in recombinant DNA molecules
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reconbi nant or isolated fornms of naturally occurring

nucl eic acids isolated froman organism e.g., a
whawbanjoat strain. Exenplary P450 pol ynucl eot i BE€FUS2006/011273

i nclude those that encode the wld-type polypeptides

thats%t&rfe%“ct BnkNeBRbRiNR of nd §4§8 gélgg?%u?] & iFtes

anot her aspect of the inventio
apprapelptedhoed byldsveﬁgwhyamgbaetgr;aﬂeceﬁﬂﬁnl@@eamdlahe

. t at turall,
nne B AT %0 Cpo  JRuBBat oG ouAs  CHEEE g Sy 2010

sequiBkesdehach ehsewhesepheneitialill kheOkhRR pRessi ble to
enerate diversified P450 pol ynucl eoti des encodi n
%@egsed

func%49@aééyyﬁgﬁﬂv§é§m@ ﬁﬁl§@péﬂﬁgrSﬁ&ﬁéﬁ?@nﬁpnaﬁﬂﬁpb :
to cgo%e’ahﬁcé§g§8% C%h%'%h%% ?g?g gﬁeokgaggas%ﬁepkggm "host

tabi | I gher expre ["'evel an a
cellﬁolwﬁuubedthdeeuaed1a$ladsubahyateldrtg@eewhlbm titse

suscapX L R R o R e Pp s i F An et BB eruct .

The ﬁ@&%peﬁkbﬁgioﬁﬁththhnb%ngEthDlNekoauctgon ?f alGoreign
11, 12, or 13. [00136] The pol ynucl eoti des of the

- elnV€ﬁ$¢éﬁsﬁ§V@raeﬁéﬁ@@ﬁQl@ﬂaﬁéegepﬁr PHA exafplie sequence
e a|o§l%%blcg 3t _BEOUMEH RRc( o8 BXAT 3500Bk 0% JLhe R4S

ypepti of the invention and as substrates or
1ntrbdmtbdrgeneepslBﬁqgemeeatwogxoduge ar desdlriedatsivs tance,

ons _or nutation reactian oduce new and/ or
tyPiCRITS, BABEREE Hofb Sgadae. ShAStnE TRE LrooParror dege of
sequiehper.t @Rt tethebeckhlalyeser bal @e%ﬁ%ﬁbfel mays ubstiaptd al
and credible utilities of P450 pol ynucl eoti des do not

regulaggirye OFh&ONERE Lp SICANGEICESt | @8CBnesdEtarol Piepti de
proﬁ@ﬁ%q S%Q%&%lt'ggc@%QQ %ng%'p Q- %%gﬂe% rla e%ﬂ?%'the

ivity of éxa nucl ot es t
genemab @achdaeagtbfet@nzyﬁﬂi.canhbetvabaabt@axoumceaV@% and

ar ent al nucl I des use. in diyersi cath
exXp 6F&@éd&P&§°fi C&Fr i é 5&@\0}16& PREG e a&éﬁ? ght gnd is
a "t@anRFRrR450 "pehyaucl-actides rha bRades Rall e nfruncticeralo a
properties (e.g., high kcat or kcat/Km, |ow Km, hi h

hostscaBill cBp CoWEr 43 R @Yo OBERer SRVILUEARSN Call lisacto
samelllg@ s 3RS CHRL AN A" HARSA! Q7 17,8L8S o189 Hance t°
different genus or species.

[00139] As will be understood by those of skill in the art,
it can be advantageous to modify a coding sequence to enhance
its expression in a particular host. The genetic code is
redundant with 64 possible codons, but most organisms
preferentially use a subset of these codons. The codons that
are utilized most often in a species are called optimal
codons, and those not utilized very often are classified as
rare or low-usage codons (see, e.g., Zhang et al. (1991) Gene
105:61-72). Codons can be substituted to reflect the preferred
codon usage of the host, a process sometimes called "codon

optimization”™ or "controlling for species codon bias."
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proteol ytic cleavage, etc.). [00138] P450

pol ynucl eoti des, including nucl eotide sequences that
wer@odesoRA50 pol ypepti des and vari ants ther eof PCT/US2006/011273

fragnments of P450 pol ypeptides, related fusion

ot ei)s.; Ar, SJunctyonals LAl Ll HherieQf i used
[001% recdgjgrﬁollnﬁazrﬁdj%‘l%gl%%esgu esnt hat di react lt E'{e cexplr essi on
prefeafrdché P46l iypdetri gew Har yagpromd avkamstt isellost (see
such as bacteri al N e.ta the inherent, - _
also,qdheiéadF &’f%'t he %?He?ﬂucc c‘o@ec,mgst %@rs 'nSLc7Ie'<ra}l|7c7 a1 can pe
prepayRQHencsas g enceda risiantia InadheSammylation or
functionally equival ent am no acid _sequence ca SO

n
to prsslumsed el g ta i Pe XpTad St HRE PARY 1361 yjrﬁﬁ:llré%ﬁiedes.

. term.” elql " ; [ i ﬂgyga ;
prOpel%e]lef’y prgeué\b??%:shcal sl Osnl?segi pl‘%ldls]beqieﬂtefoee't %asn s%%{r mat | omq h
transaciye] i gr @i akd ohstr e tnonHup ttignimed regwgfeorarmt | on”

means the introduction of. a foreign (i.e., extsinsi
Trangatehqh &R A Heérrd: DL §F° F’%I\(%}sé]qeu(gntcoe ]ieoflaéqﬁsqtogl}%t
pref&@ice SOrd hadxdiiel NoYrLmldrad | dt@X iR hor S.

i ntroduced gene or sequence to produce a desired

cerewipsrante] nypiThl 135 Protdih R enARS Coded by Tie
prefd BLOAUCED ENS, OF, W&l}‘f@tyf&%ﬂéﬁé qshuceds gene®x,

sequence y 1 nclude regulatory or control sequences,
whersdEhi@sestardnd S opsolpr qmd B2y 150 gnd | U cr et ilom, stoep

th d by t ti hi t
cosog L ATRISTESE VoL, UHS. BonELl 5 Tkl nery Sloti
Methddib19GYCESr DO 0fi RV hasnbersotidansé aiareck aodl is a

“transtormant™ or a "clone." The DNA or RNA jntroduced
expregshomobt zeblawianit oot antos ot Rle nctudy ng- Fat-

No. §$61§ ?él}hgnéggf?gﬁ&ﬂ@r@ﬁcégegiﬁéda@héP@i@PSt cel I,

cel of "a erent genus or species . [00139] A's
[0014d] | brectodetstbpd by s$dosecwbodknéhts n nhelaie, a¢id

can be advant ageous, to nodj f di t
noLehanceP AL ERRNE B TRELLYGP, PEE) Ahfgmuenciele

mole8€NE {81 6RUENESAE §UMNEANYp¥bE NS4 pOSE1 Bl g cOlONSMikdt acid
nost organi snms preferenti al i use a subset of these
sequendenset ThertbdbnsSERatDali@: Ut i i z8d hbst1bftefhr i ATals’

(b) gpg&éféigrgcfglﬁgfegﬁiénﬁﬁich encodes a polypeptide
consisting of the amino acid sequence set forth in SEQ ID
NO:7, 8, 9, 10, 11, 12, or 13; (c) a nucleic acid molecule
which encodes a polypeptide comprising residues 1 to about 455
of the amino acid sequence set forth in SEQ ID NO:7 or 11; (d)
a nucleic acid molecule which encodes a polypeptide comprising
residues about 456 to about 1088 of the amino acid sequence
set forth in SEQ ID NO:7, 8, 9, 10, 12, or 13; (e) a nucleic
acid molecule comprising the nucleotide sequence set forth in
SEQ ID NO:15; (f) a nucleic acid molecule consisting of the
nucleotide sequence set forth in SEQ ID NO:15; (g) a nucleic
acid molecule comprising the nucleotide sequence set forth in
SEQ ID NO:17; (h) a nucleic acid molecule consisting of the
nucleotide sequence set forth in SEQ ID NO:17.
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codons, and those not utilized very often are
classified as rare or | ow usage codons (see, e.g.,
wa@b@agows2z al . (1991) Gene 105:61-72). Codons BeMmURE®06/011273
substituted to reflect the preferred codon usage of
Lvutazgihe hostocraelpr@m@mr@;m,i nms:J@ild @d:id:orddnecules of the

pt|n1z ‘cantral.lin peC|es
lnvenﬁ% (%ﬁf%ﬁ] tlm%ﬁg Codi s§5>§ﬁ%% 31 q}ﬁnCOdes a
polypsmﬁms dunes 1 § Bt bye A ard Ilclﬂoaramﬁﬁka{fa@tdﬂ: tHe amino
eukaryotic host (see also, Murray et al . (1989) Nuc
acid sequqrife Rt HoEAYALEEQ ddh N %r‘%ﬂfpa?r &t tH orhexdgipiing

amino i Lassdde 1@te Phdd Al an. Qfe t &%pf%l%%d 330

reconbi nant RNA transcripts havi'ng desira
are phﬂrmi@rltareug}e steh &3 a 1hgem a7 |dfe, sarsuwntﬂa)r;eo% and

176 2 RS BN K B < Cof s Lot o SO o ol 7 7

is argtlourrﬁa‘lﬁct hosd 8 ef lerentiee F@) x| 254 prefEryeithe (G) ;
stop codons, for S . cerevisiae and mammal s are UAA and

(B) & sl §igs et d verde cuife Hrethe P o RforPariride
consmraggqci A}yl edonauss A ay saﬂo%é%ﬁ whergas émtasc:lﬂc{‘d E

prefer to use UAA a e stop codon (Dal phin et
sequergde .sq190B)tNUDE . SHZi s N2 43 iR 18)e . followmg
Met.hpdol o f or ti nucl otlde queﬂfe
amino eaxcplréésrsel So%%il%s a % anl}rTCl ?sd%r ovi d:é’ ©e npl €, '330

are pHérylainiMNe. (1) 0163 89U 3 anthd s T Qi]ﬁé emzeisné:lmd 95 and
t her ei n. [00141 Accor di n ly, in _sone enbodlnents
176 ang,cisa e ueiRe nbl et &y A%94henchvEm i bt i Fetirfe: (Ya) 227

is ardielgl ccl &l ecul g, which eppodes, @ o ypfpélﬁane

G)
conpr|5|ng the am no acid sequence set for n SEQ Ib
(c) a NIO1C71e38: ,a@id moleddle ¥hidr &B;oddy a priciwesrtiabd d

nol ecul e |ch ncod S p ept,i.de consisting of the
conpr (L SEULE MRLCh Proodse, @ PalyRspUde Sensy SLAY el
set fdésh Uln dip Do NG:i4 (w:J)tra HHC | 3 101 i 1ty neahiecal| £ i ch

__encodes a eptide conprising residues 1 to about
residugsy of t%ﬁ&@lﬂ&%uwmc@ l5et8¢ At IH ST I D NO

phenyl7J] e d]g)) 3 puUC £ C Af dsrgésae&g'seemgh encodes, g 177

ypept i conpri'sing resi out 456 0 ‘about
are lﬂﬂ%l@fm heI)aml%,acZ&B,semfénﬁ7 sate fortine n(\BEQ AL is

arglnlne 2?9 is glliltémlor{e 1(3Q (ea? c? %lls glycine (G);
(d) a nucleic acid molecule which encodes a polypeptide
consisting of residues 1 to about 455 of the amino acid
sequence set forth in SEQ ID NO:4 with the following amino
acid residues: 49 and 207 are cysteine (C); 80 and 331 are
phenylalanine (F); 84, 144, and 258 are sexine (S); 96 and 177
are isoleucine (I); 186, 293, and 357 are valine (V); 228 is
arginine (R); 239 is glutamine (Q); and 255 is glycine (G);
(e) a nucleic acid molecule which encodes a polypeptide
comprising residues 1 to about 455 of the amino acid sequence
set forth in SEQ ID NO:5 with the following amino acid
residues: 54 and 212 are cysteine (C); 85 and 336 are

phenylalanine (F); 89, 149, and 262 are serine (S); 101 and
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acid nol ecul e conprising the nucl eoti de sequence set
forth in SEQ 1D NO 15; (f) a nucleic acid nolecule

wa@oensilgiosng of the nucl eoti de sequence set forpPoT/UR208&0Q1273
ID NO 15; (g) a nucleic acid nolecule conprising the

nucl eot i de.sequyence 36t th_i ; .a
182 aRcr Bt e He Aonarocue leoRs 6t FRY oF S Reonaglenti o) 122
is argequenacerset 2f0r ik igluSEQihD NQ) ;1&nbuadpd isj olycéorerG)/
enoodi ment s, nucl ei c_aci ,mﬁl ecul es of the_ inventjon
(£) 3 REPUBLC (&CaTRUGCGE HErEPnERECHRe fhPot IBRESSE a

consiB‘E',—L)ﬁgeBtfi deseonRisi 9 R HeSuEUas 51 otro takoWnifab aefid he
am no acid sequence set forth in SEQID NO 2 or 3
sequewiceh selie foolthowinn § EQilAo NQsiSd WiES §hes £odg Cxid 926818 e
. , cysteine (©),; .7 [, alyanigre 133%3,
acid EERE5) ahd 80P RIN BT Te o e e e
phenygl%]_;anlg%,s (292, Is;@r;d 1335 amel 2&Ri mee( Weri22? (59 sarl@ilniamel
5 i.s gl utam.nne ;and i Lyci, X
182 o) igoReAIcdne” ddi'd &5%&298%&%%%53&2 I (D)5 232
is ar%ﬁlrl}i%%Pt('Rqe, eQnsiisd iG 1efnihesi (@yes ahd @sabay Adkiefe (G);
the amino acid sequence set forth in SEQID NO 2 or 3
©(g) aninveleie Ea@udomm@caaﬁmomam enesidgise s B YRIFPHEGE are
cysteine (Q; 7 nd 33 r I [ -;
COMPLLAF NG E S’Z'%Jeasrgl 2c er i‘—’ﬁbeo %)4?558%%2*(5@1%‘2&12% e(a!:&sloo} %ﬂéc%ur?en =€
set fdnth 185,SE2P2,D avut G55 @ echealfiald o)y 22Wris arigl ni ne

(R ; 238 is glutamne ., a 2 [ ly.el o ;
resiquan h Tudns & Hbit G B S S ool 261 Sed
phen P RERL A& COMgd | SIAW, rasd QUes akd Gabiald A5 oJs taed 179

am no acid sequence set forth in SEQID NO 4 with the
are jlzaéumm@ alfi vo 1689 d 2%&i cansk 36D Rl O RR e Byt hel s

a 31 ar nyl al ani Fcqo 84 4.1 and - .
argl’?‘é’g a&% ’s&rd%‘ﬁel? §fu§%§l%4d Q@?’ }%eg( iz)s%ﬁ glusci(#gyc(llr?%] (G
and Q;S)géaga_afcleiairtd Sbild ai(i@le/@ilmeﬂk(l\on 2B dess aa ool yeegtR)de

; 239 is_glutamne ; .and 255 is_glycine (G _ .. (d
cons e ing 6% KT LHDT eoite LR EreoteetiE pOTVRRm e
sequéPiS! Sdi gL ofn r£51 gitestd N®: @bputh 495 of o1 hew ey Ndnino

acid sequence set forth in SEQID NO 4 with the
acidfotdiohiew: ami rndc? @8 rass deeste e affd) 2092 224 c§3t et Fie

phent .aar%gneggﬁ“)ﬁ;g @,; ?1:8%?2%%@'@6}5 ne {RerBfe 4% 60dand 179
are isoleucine (I); 188, 296, and 363 are valine (V); 231 is
arginine (R); 243 is glutamine (Q); and 258 is glycine (G).
[00143] In other embodiments, nucleic acid molecules of the
invention include: (a) a nucleic acid molecule which encodes a
polypeptide comprising the amino acid sequence set forth in
SEQ ID NO:2 with the following amino acid residues: 48 and 206
are cysteine (C); 79 and 330 are phenylalanine (F); 83, 143,
and 257 are serine (S); 95 and 176 are isoleucine (I); 185,
292, and 355 are valine (V); 227, 287, and 656 are arginine
(R); 238 is glutamine (Q); 254 is glycine (G); 475 is glycine
(G), arginine (R), tyrosine (Y), or threonine (T); 641 is
asparagine (N); 721 is threonine (T); and 980 is leucine; (b)

a nucleic acid molecule which encodes a polypeptide consisting
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are isoleucine (1) ; 186, 293, and 357 are valine (V)
228 is arginine (R) ; 239 is glutamne (Q ; and 255
wo googhysmsne (G ; (e) a nucleic acid nol ecul e mIT/TRE2006/011273
encodes a pol ypeptjde conprising residues 1 to about

of th%s\?v' 9{%1 e ; g}sr%gw%'cg SRR set, fsgrgt hp ‘Nos'élelQh'\@he

the am no aC| resi dues: 54 and
folloariCesdieiona (i@ ,re&adamd; 336 ane Bifenpglral amsrtel(nﬁ) 79
89, 149, and .2 2 are s

and %%%@éafc.pﬁ]@n(y. 12587% 380" s araﬁ%%?’ﬁ@rmse%?

; 1% @i niTe a(r'%) 1s24adinad! utyamies, (o2, amdl B3P isre
glycine (G (f) a nucleic ac:ld mol ecul’'e whi ch

valirencObes 2@27pol238ﬂeptalrx§3e 6c5cﬁ1sﬁr§t iy iof neesifdues 3P s
glut RN 435 dfad N ARG ACT G;)seauence Seh Jardd (d) SEQ

OW ng am no aci si dues:
argirdnte 20 arsy reysire ng)(,Car &ﬁlramaduS&G dre pHenylsl an| ne

(F).; 89 14 and 2 are ser nd 182 are
aspafadinfucie (13% l1591 r?é’fméﬁwd 61 %ﬁde %ﬁcqlulnsed“(e\?) 1) |
a nudlse:@f gi&dq%dl@culez‘k?n:dcﬁl HidRME NS (;Qlypeé}ﬂﬂlo?&&:dzﬁprlslng
glycine (Q§ (g) a nucleic acid nolecul e which

the anovdesiasl FRGIRIMY de o oty sl 13 t%ﬂ'albdi}te
455 of_ the t

o gt BE AR e R ARl Rl 1,00,

and 3E® Wét]gﬁierlql(aﬂ)a,nl&&a af) 3373 ,arJe4 Phemd dZhiawees (F9x5ine

86, 146, and 262 179
(517 [ Sl B W (19° BEL= SO0 sk A6 & S 1 (07 FA

vallﬂé aF gl Mg (ﬂ7 2B 640 i aden(d (RIBNDZHBLE S
gl yci ne (G) d (h) a nucleic acid nol ecul e which
glutantoelesl o pb?b%/pieq)thd&ecms(%h nt ©of FegHERa {© -

bout 455 f hs SE
orasFERUL A2 s PR TIP3 gnpense pel Torjnyin 520

am no aci sl dues:

aspaﬁa&glllzi’é)8 MYy e TVStied nteh:(éi)nlﬁé em)d, 3%7d aye2 ptm‘eny¢1a¢arm¢ne(d)
(F); 86, 146, and 262 are serl

9 . L
2 nudbbleRtHE THSCaEs TR SrPdts Bie R §e) cohSisting

of the ZhOh&iLe: d Fge uddde | Se @l £ 20h Nen ($AQ; TR0 258wish the
glycine (G . %143 In other enmbodi nents, nucleic

follaweing nmhe@@l@@l@frwpedmwenw oFnd n2d eicRE e (@ys ke huel 5L 79
ana 354570 SEULT\ AU STEPER: 5, DO PoB s8R oo
(S); 95 and 176 are isoleucine (I); 185, 292, and 355 are
valine (V); 227, 287, and 648 are arginine (R); 238 is
glutamine (Q); 254 is glycine (G); 467 is glycine (G),
arginine (R), tyrosine (Y), or threonine (T); 634 is
asparagine (N); 713 is threonine (T); and 972 is leucine; (e)
a nucleic acid molecule which encodes a polypeptide comprising
the amino acid sequence set forth in SEQ ID NO:4 with the
following amino acid residues: 49 and 207 are cysteine (C); 80
and 331 are phenylalanine (F); 84, 144, and 258 are serine
(S); 96 and 177 are isoleucine (I); 186, 293, and 357 are
valine (V); 228, 288, and 659 are arginine (R); 239 is
glutamine (Q); and 255 is glycine (G); 477 is glycine (G),

arginine (R), tyrosine (Y), or threonine (T); 644 is
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SEQID NGO 2 with the follow ng am no acid residues:
48 and 206 are cysteine (C ; 79 and 330 are
w@b@agbaBani ne (F) ; 83, 143, and 257 are seriPer/iS)006/011273
95 and 176 are isoleucine (1); 185, 292, and 355 are
aspara(ﬁﬂnene N) ,72;271,s Zﬂﬁ;ecﬁndlefiSﬁ[‘ )ar earad A 91 rnes (RuC;lr@S f)

gl ut am ne 54 is ine (G
2 nuci G AT AT IR PO iR TS ine
of thdbhyi o A5PRH A ARHN setf Zodin th enni nep () 4 vﬁﬂﬁlgﬁ&:‘
is leucine; (b) a nucleic acid nolecule which encodes

followd | e |Edlald:ofl’®lsiq9rfg=of43 renchrdho as Fudpigitel Get 80

orth D 2 t h [
and 3§ estdu e%rh %Ala are (r:byétgll%g (%A P%érgnﬂé)%o lg}ee
(S): fpheﬂyiafahliwe(f%oLedﬁiJmi4G£ aﬁﬂBQﬁZZ%BﬁB&ﬁﬂl3ﬁﬂ(éﬁe
. 95 and 176 are i sol eu60| ne (lI); 185, ZQﬁR 55 are
valingafVhie 438, 228, 3y O%hPE56 Yy Hive 1238 is

glutar&llr&g ahne 46 2525 ig @ wed nes (O 477 47 djﬁycgir)@' e,
(G , arginine (R) tyrosine (Y) , or threonine (T) ;
arglnﬁlﬁ (R) asharegire (W), :or2ihieonireohThe 949 S and 980
) ) o u C £S (g
aspard B FURATE: 1AP), 8 QUL o), a0l rokssube: W ol ncadesis
a nuclI@id hadhd SIE) ¢dEnINO widl ot tdnddrde § Cdlmly@emmdm mnmrlslng
residues: 48 and 206 are cystei 30 are

Q. 79
the awy@%}%ﬁ@@u@ge S fquEh Jarhgg%é i]?a\rl\éo' rihe? ()

follov?éng?méimﬂé §£§d'§@éf‘d{§éé"e 44)and 8512 292 @pek3bieale); 85
valine (V); 227, 287, and 648 are arginine (R); 238 i's

and 336 vapei mleel(lx@al@;ﬁm&!s Bl ycihe 16 aBY 262 ghyei perigy,
s); 4 'Qﬁé‘eléﬁ)ar%’\géé’f%@rlﬁ? 9r1§{”e%’§;4§,”eal(5)3g]7g§?%

asparagr ne reonlne :and
vallnéEUV]ﬂ6232d)292nU£m@i@5@Céﬂen®t@£miRGMMRbh 2hgodes a

| ypeptide consjistin the amn ci d sequence
GLutafgrdh (B SEES RS W EHIT heCT bl § b 1 SR aol @
arglniﬁé'@ﬁ? t§§o§ﬂ§e2@@ ar@rcﬂﬁf§bﬂ§nécaT 79 andi 330 are

[anine (F): 3, 143, and 257 are serine (S); 95
aspara@uneN@Nare72§oi@u’chm@or(xir)e 185; 292, 9&@hdigsbeagene; (h)

e el e S R T L
of thé@minargtdinsegi®ncetysostoethYin, SBQ Ibrrond neitf)the
follosgéglgmino acid residues: 54 and 212 are cysteine (C); 85
and 336 are phenylalanine (F); 89, 149, and 262 are serine
(8); 101 and 182 are isoleucine (I); 191, 297, and 361 are
valine (V); 232, 292, and 656 are arginine (R); 243 is
glutamine (Q); and 259 is glycine (G); 472 is glycine (G),
arginine (R), tyrosine (Y), or threonine (T); 640 is
asparagine (N); 723 is threonine (T); and 985 is leucine; (1)
a nucleic acid molecule which encodes a polypeptide comprising
the amino acid sequence set forth in SEQ ID NO:6 with the
following amino acid residues: 51 and 208 are cysteine (C); 82
and 337 are phenylalanine (F); 86, 146, and 262 are serine
(S); 98 and 179 are isoleucine (I); 188, 296, and 363 are

valine (V); 231, 291, and 664 are arginine (R); 243 is
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asparagine (N) ; 713 is threonine (T) ; and 972 is
| eucine; (e) a nucleic acid nol ecul e which encodes a
w@obogpeps: de conprising the ami no aci d sequencECEHES2006/011273
forth in SEQIDNO 4 with the follow ng am no acid
i d 4 2 t e ;1 80 1 @ e
gluta%h%%yﬁgfan|%% ?% 9%4812%%¥§a§%P25%§%r%§s%??ﬁé§§ f

argingnd 1RY, at?rbsoheu¢Yhs Qt)thﬂ@@leQS Thnd6$371§re
val i ne

288, and 65 ar, ne 2
asparggh@gn{&é (&fB 1§nah§ggn+%e ?9@ nak ?%595 ﬁ§gf%U01§§ &nd
(3) ag Meigfc(g%ld ALYEBLNE &ﬁgch éxeo8kBea(¥dblypeptide

reonine (T) ; 644 isasparagine (N); 724 is threonine
conSlsﬁ;nganﬁ 888" Emiheuaihd; seﬂyeQCﬁuéﬁ i EoathdifoPERULR NO:6

c codes a y stEng no
with HpoPefRERNEE SnfRplRRR; RPN 3 EOS A
cyste%ﬁflwg%ng8gn§g? aGWdakesp?eriaAQnagd ZBT,anacyéﬁelﬁed
; an are al ani, ne an
262 abshearengelfhe 08 8o Add o7 APRCEESNBIATRE (PR 296
and 3486aré893s130d %@Z aQ@lVaEQEG aMY; 6328ar%88rgaﬁdn659R
are arginine 'S glutan1ne (?
243 igl géimemiGe ;( Q477am§ éﬁ?c#ﬁegéﬁylnear |m|ﬁ§O(RF leClne
osi.ne ( t 0 e (1) ar agign
SRS (B SpskirEonine C) Bt 3a0a nelBEs o
aspara@qh@|QNacldﬁmnhec&heewhgnb &ﬁaodeada9ﬁfly§eéﬁmaene
onprising the am no acid se e set farth_in S
(00144 5 T4 Rt FELEBIRBnG A G AEES PUSIddce caF DRg=oule
that ?é%l%@%sc¥§%§kﬂ§n&;%01%5m@ﬂ@c@&@ arfe tpkenylvalnanione and a
, 149, and 262 are serine (S); 101 and 182 are
nucleicsgldeucienmenios, ergpdizgy a Al eFelosiod sy A ve PRS e23.218
292, and 656 are arginine (R); 243 is glutamne (Q
provigédl-os9 is glycine (G : 472 is glycine (G) ,
[0014¥191 niTRe WiR)1 ,b(etl\l))ér]gq&leg%a(t\é)d r,k]vyortktda'eezﬁhlriele(drzjln tu art
i S asparagi ne ;7 I S.threonine an
that |dagcitive;theh)degeifrdasve citd eSS vﬁ#dcei*{ eahérbugesltélde ot

nucle?) c%ergé %'eﬁd&ﬂr@ nfd¥e BENe A bSegatteleetof
EQID NGO 5 with the follow ng am no acid
the inesimiues my drel RIiures cyrsts e (O)LclBP e B g1l
ylal F & SriPeiiDiosed
ldem}f)gly % %l%ls%l eculcc%lﬁse Lf’%}g:eisgieﬁfz an% 561 are
herein. For instance, codons AGA, AGG, CGA, CGC CGG, and CGU

all encode the amino acid arginine. Thus, at every position in
the nucleic acids of the invention where an arginine is
specified by a codon, the codon can be altered to any of the
corresponding codons described above without altering the
encoded polypeptide. It is understood that U in an RNA
sequence corresponds to T in a DNA sequence.

[00146] "gilent variations" are one species of
"conservatively modified variations."™ One of skill will
recognize that each codon in a nucleic acid (except AUG, which
is ordinarily the only codon for methionine) can be modified
by standard techniques to encode a functionally identical

polypeptide. Accordingly, each silent variation of a nucleic
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valine (V); 232, 292, and 656 are arginine (R); 243 is
glutamine (Q ; and 259 is glycine (G ; 472 is

wabysiiom®s{ G) , arginine (R) , tyrosine (Y) , OPCT/US2006/011273
threonine (T) ; 640 is asparagine (N) ; 723 is

thr eo da i§elgycimsiiéld Bnnugleissasiped
acid %D ecu%gggélchaéﬁg %é%ég ﬁ% ypeﬁ??dt conp?|s?%gﬁ§%e
seque?ﬁ?FOTbﬁlﬂn%@mUE@nepsevlﬁ©$t©a¢h SED) ¢TEND PesaiPhet he

ol | owin

d 2
caris L5 U BNATRE SELEHERLBUSE pRLoAINo 20001 fyEeLaures
the 13@gn@£§ns€ﬁéﬂ906§ﬂd 88 ﬁﬁde159 acketsbheucombifibions
8, 296, and 363 are valine (V); 231, 29 and 664

basedape ppgshbhe CRYOn2g30isgFut Biehe Feylinghionggayg made
in acgo¥8ange(§i§h #80 E%aQHXEBngrQ et géﬁéﬁhBECBBE as

orf threonine i s asparagi ne
appliél) to ¥B3 haclhieoacnd @@guenaadeggadpgg|éugﬁﬁ8 hgpglogue

nucl e d wh
pOlYP68%9B@pP?dEhgoﬂgbgplﬁﬁgggkiﬁesg§1nonggggﬁggauggcgvgéy

nucle&%réalﬁnhgggthaN@'s@eﬁh&ﬁcbmeyfpkbOWdeg anidndeacirdbed by
residues: 51 and 208 are cysteine

consipkenayliahanifnEheFFedgence4gn &ﬁﬂbééétéFE §é$gn§ Fsﬁgaﬁglc

d
code. Vgpynggféf%t2§%5e§%1%§o gkegiégrg%gggl%gggaﬁg)arg43 IS

[0014ghutauthe@€kal ande258 vies tgloyciine LOGps, amgogqupeptlde

enco BB L ERP B DL ESIE APy matation

recuﬂQTV%ogb@%e%Eb ﬁ@@%ﬁ%lﬁdﬂidn@UQM@QOI[@ﬁjﬂgﬂsﬂﬂldmuion of
nbodi nent, an isol ated nucleic acid nol ecul e that
the pr@@Oélm@cIS@l%l%@e@ wsisecdbe b emfd i nvehtS Bl &F@ects

a nucle e se I
of thpoll)?’vee lé)e fasq)lé?)g)f/% S&J %&g_%ifg @%{&{W%SO%og%me domain
and/ PR eeidaicad sty ddnesien skid Inediumetmé@yarﬂlrtm duanlgiple

t he degeneracy of the tlc cod A
ami G G 6 SarEts e ebiatg ad i ad g o ¥ 2

comb R YiRgPIddes Ofo %ﬁ@\@tﬂmwm [y 0 ok, 3 csomieo o
I ch bear substantial identity to the nucleic, acid

Substsnetqm«ms aaplbec i G & R 98 P Th &8 1R O TR T st Hire €21
alteng SC{%%A r_A% dr% a%n&pdflﬁg%l%ﬂ ef}?.@é:iﬁ:ité’rﬁs

acid ar gl ni ne. hus at every posi tion in
and deletions can be substantial, such as the case of a

truncation of a substantial fragment of the sequence, or in
the fusion of additional sequence, either internally or at N
or C terminal.

[00148] One aspect of the invention pertains to isolated
nucleic acid molecules that encode modified P450 polypeptides
or biologically active portions thereof. As used herein, the
term "nucleic acid molecule™ is intended to include DNA
molecules (e.g., cDNA or genomic DNA) and RNA molecules (e.g.,
mRNA) and analogs of the DNA or RNA generated using nucleotide
analogs. The nucleic acid molecule can be single-stranded or

double-stranded, but preferably is double-stranded DNA.
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the nucleic acids of the invention where an arginine
is specified by a codon, the codon can be altered to
wanryeabsoshe correspondi ng codons descri bed aboR€r/US2006/011273
wi t hout altering the encoded pol ypeptide. It is
[00149ﬂder§noddsbhatew"inuameRNAa&equaercQQérQSpOﬁéSthcE is
se arin g gNA seggence 00146] "Silent variations" are one
parahgd; £SOBf OXBGhsBRGAPT CePyiRoBPLESY [08r WRLFBnETe BHESent
in thef nskitkh1wsbhrEecegnire hnaqegacaceedoane @x@ﬂ@hg'cw1th
acid (except AUG which is ordinarily the only co
regarfg, tpegRneRiAePNBanthe ﬁﬁ@mfWQQO@ytsﬁéndap@uﬁechnuqmesc
c t Y tide.
ot R Pt g R - ERL FF B SReYBRBbIERbme: yien

whlchmhhehgenomdesDHApobypephmd&lysasﬁbbnatbdln BR¥ferably, an
(i bed seguencg The i nvention provides each and
[

lSOlgggﬁy BBSLFbFeGafi 4Fi bhe6f OhusParengerdWadghenaturally

flankespedhiglai pohypeptide, of sthgehp¥eNt benrthaktceykdshe 4
made b¥hselect|ng conmbi nati ons based on possi bl e codon

3 en@ﬁoPée eTﬁE@éeé@nﬁﬂhdﬁléﬁstbﬁegﬁad@lﬁnDﬁécgfdahee
organ h t c g
g ﬂ%ﬁ fEBﬁeﬁhﬁggﬁgge LLRh gt ggg%g Escg %ﬁ%%dapp%PS ﬁéample,

he nucleic ac sequénce enco hono
in vapmbypepmbdéiménthe tnaembomateAIInaumhluaacaﬁlm6$e@ﬁle
acid herepLn are ecifically provided

can Cgﬂg ﬁgsgg%gggh%Q 2BRY érEPioﬁﬁgf pker sé %enéekpn 0.5 kb

or 0.CORbI pat hes1¥btiqtheegeBatts GRden n
produced as not ed he?gln [00147] |ﬁgg%¥§?£? Elgﬁﬁ Bfie

nuclefgyaftfoRo} aetlelesn asgnpol gpBRRi dé bheerulbyram which
the nﬁ@géibegcf§5gsp8é¥fygée0tﬁg§ 99&&Y:%%?V%QH a%egn’nuclelc

recursive sequence f econbi Rat r on
acid MDﬂecslé;camcbnamfathBNBOMyDuchEQIId&nSBaugﬁbgﬁantlally
bed h In sone ects_of the invention, a

free o ogtRoryGEpTite’ BatAasla RENE HBHER NWaHHE: vASh

produé@duﬁya§@c§@5§ﬁ§nt'§e8@ﬁi&ﬁ@g erSéﬂgéﬁaﬁflgyi% Bl&e of
am no acid substitutions, "a del etion, an inser ion, or

chemiga oRBe At § ORS 09T opehor ﬁh¢@1©$l$h@h@ntQ@QSloélly
Y e eer vt  ve. can al ter function or nof. and can
[0015aHd nhmnﬁuhei¢omo1dnm@lét@h€ andtdel ptéoast Canveetion,
e.g.,sgbgagféigjéc1g mo ecu g %ﬁg? ggcgdes a polypeptide set
forth in any of SEQ NOs:1-13, or having the nucleotide
sequence of set forth in any of SEQ ID NOs:15-18, or a portion
thereof, can be isolated using standard molecular biology
techniques and the sequence information provided herein.
[00151] A nucleic acid of the invention can be amplified
using cDNA, mRNA or alternatively, genomic DNA, as a template
and appropriate oligonucleotide primers according to standard
PCR amplification techniques. The nucleic acid so amplified
can be cloned into an appropriate vector and characterized by
DNA sequence analysis. Furthermore, oligonucleotides
corresponding to nucleotide sequences can be prepared by

standard synthetic techniques, e.g., using an automated DNA
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truncation of a substantial fragnment of the sequence,
or in the fusion of additional sequence, either
WO ntoenosBty or at N or Ctermnal . [00148] ONBCEHER®O6/011273
of the invention pertains to isolated nucleic acid
synth%@l?gyle§PtQ@ﬁeegﬁ@g@iﬁ@@t§}eQnPﬂ§Ql@@é&pﬁ@&lQ§§ ocid
rofogically active portions thereof. A s used herein,
molecthe ©&rihh&ninientioni dompreeasea Rycipigngesdipolecule

. _include nol ecules ] and
e T VO
polypED gengeat edrusi NY aHgl eot EHe HOak dgs3, dhehauthei the

aci d nol ecul e can be single-stranded_or . 15-18
nuclegbiBPessarsngedotbaetpfef Blablyan¥ a6uBFe- $Pr NRGaY :

In st%lﬁ' h%’cﬂ%& éﬁbghgﬁ%ﬁE?dénnygbﬁhﬁeé_chﬁcm_@h@Cubﬁdl SoDBeule
Ich 1's separate romother nucleic acid nolecules |
of thehpehsaneé pnesentionncoherhaedral ngeleeside SREVUANEFerRICH
) aci d. For exampple, ;wWith.regards t engri.C A, e s,
i aty GRast SBOH a0t nelaaegoRnPOre 8208 SoFbciPal ahreh e
80%, 85€,semarated,f nom,t beschoernsanmonet hombilogotketo the
genomi c DNA is naturally associated. Preferably, ,an £
nuclebitd deaseduengge €8icedassd 3 QO#WQSPE‘F%e&%n58§t§hi18h any o
t.yralyl yfd - | gl kd g6l sRquete@UeREEForth in
SEQ Np%égtgg’afuﬁﬁgvé%% g%% %hglgﬁggd%fsgﬁé nucl ei ¢ aci d)
any olfn SEige Igenios :d SBINA , ofrt ke porddeins Mff Bom Wi &hetike
nucleic acid is derived. For exanple, in various
UENGHe i sol ated nucleic acid nol ecul e can
[oo15<k2<gnt aity, | LeS tikan tabetle hukdlectklie Jduuekies Erklpdifds a

or 0.1 kb of nucleotide sequences ﬁ@%fh nat_ur.al
ool yserarkia et it I P Virsie itk NOP ‘geriom & DUATdr-% 18
nuclegaﬁéj,'dé rﬁoégdé%ié“d“ die augheise acid des ey inediodvareawsr it

I'sO nucl ei ¢ acid.nolecqle, such as a cDNA
will ol empsscicareddys ubstsantikdl e d rige tdfe aitferthedl I0NAar

material, or cultur iu en..pr.o : :
SequGEtorii rQQﬁﬁWﬁ(ﬁ%£$q5¥ﬁgﬁggf§nﬁéﬁ%?ﬂ}sﬁgag?uno acid
sequdiled G PHECW SISy nehhesxichenyical in wheromhertiicsd | y

synt hesi zed. [00150] A nucleic acid nnlgﬁﬁle f the.th.
Such preTseinkC | PRGBSy M2, Sitict tei B0 d-THOHEHE & n

a popeu%aagieén adl?@"é’cperpiﬂ%lse&llelic variation. Such natural

allelic variations include both functional and non-functional

nucle

proteins and can typically result in 1-5% variance in the
nucleotide sequence of a gene. Any and all such nucleotide
variations and resulting amino acid polymorphisms in genes
that are the result of natural allelic variation and that do
not alter the functional activity of a protein are intended to
be within the scope of the invention.

[00153] Accordingly, in another embodiment, an isolated
nucleic acid molecule of the invention hybridizes under
stringent conditions to a nucleic acid molecule comprising the
nucleotide sequence encoding a polypeptide set forth in any of
SEQ NOs:1-13, or having the nucleotide sequence set forth in

any of SEQ ID NOs:15-18. 1In other embodiments, the nucleic
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forth in any of SEQ NOs: 1-13, or having the
nucl eoti de sequence of set forth in any of SEQ I D NGs:

wQ 2006805087 a portion thereof, can be isol ated PST/N§2006/011273
standard nol ecul ar bi ol ogy techni ques and the sequence

acid ng qrmathap Bopovisded 1her einno, [ 00851b5A, ngolei gsagi doof,
the invention can be anplified using cDNA, nRNA or |
450, abpernablveby, 6§énonicd eDAdessia derplthte Angleic acid

appropri at, li.gonucl.eqt i_de _pr.i ccardi t
nolecilBRARFS PEKCEITTAFAPASt Eg’ F%gﬁﬂ?r&ﬁsg %Pﬁg’ Secierst one
strandCicd %@ ecapplliyhived eean dee cahonadeait ¢camnaybeapr i at e

vector and characterized by DNA sequence anal ysis.
POlynpgleréifsr 8ndsT §EhdeIesotitddS I8 Y e SOBNY é’“t%

Strin%%%bﬁokkd% SQUENCES 72N PERESRANRE DY $t.3Ndar da) the
yntHeti ¢ techniques, e.g., using an autonated
tempeDitAsyTrt s iwherch hyksuns zeriodi magy/Sr aShsdidatied
nucl ei ¢ _aci l.ecul e .of the inventi ri.se
perfofifady; @5, ci(g))%heecﬁoéll\ﬂwisgtﬁ%lngr% %&%E’é’ﬁ%ﬁle RSN
formatiGlegotdfde reequencelienaddinngnal palsydeyt iste wwetorfsor tals well
in any of SEQ NGs: 1-13, or, having .the %teq%i dg
as otequERceTST et f%ﬁ%Q%W%#@@ﬁ% 1591879 n
polyrﬁ}%lléof]q%§%or§dg?ﬁg'é{ﬁdg’qar&@.a‘lﬁ@ b Ndid Bl Lr AW eduences ;
mol'ecul’'e of the present invention conprises a
depemilicieati dées exjuainoeenehi off ihykatl digasti dboiOWSDR T 54%
, 5% 60% 62%., 65%_.70% /5% . _78% 9%...859%,_.869 0
M1 SMAGEHAS D T Y g@btoﬁ%artee 0 rrTﬁ%)olgcoaulgL Yo erlﬁcglcﬁaetglt%dé%o o
sequéiRiIEnae TEINEO o il 1ey oty peptdiden setf dordstanipl ynyirofan

SEQ NGs: 1-13, or having the nuycleotide seqyence et
aquedwt 3Pty oF GEQH l‘§%)sa.t 1% %8, L6 556 S 5‘% Cany
sequ%ceé$ﬁéﬁ1i%cé eolhde, sgauensese dOUGRE 1 deedh 14 Proder

nucl eotide sequences encodi ng a pol ypeptide set
theif et ten seyueaicSEQNQS:tien, obrimersmgfidies stringency

nucl eoti de sequence set _forth | y_of : o
(such e g 0 TS be ity s el o Lt e
and Béw & hatnEN ¢ e Quesic ea PO Famrgptiamte | hat d@acbt® solution

changes in the anmi no acid sequences of the protein
of 2phySExiat W tHim EPIHA AT SPSIRH et %S overall

coo PERUIREEELF BB 1L onge oy ks s
0.15matNe@l, 0.015 M Na citrate). Nucleic acid molecules that
hybridize include those which anneal under suitable stringency
conditions and which encode polypeptides or enzymes having the
same function, such as the ability to catalyze the conversion
of an alkane (e.g., methane) to an alcohol (e.g., methanol),
of the invention. Further, the term "hybridizes under
stringent conditions™ is intended to describe conditions for
hybridization and washing under which nucleotide sequences at
least 30%, 40%, 50%, or 60% homologous to each other typically
remain hybridized to each other. Preferably, the conditions
are such that sequences at least about 70%, more preferably at

least about 80%, even more preferably at least about 85% or

90% homologous to each other typically remain hybridized to
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allelic variations include both functional and
non-functional proteins and can typically result in

wa28R61082 ance in the nucl eotide sequence of aPQENS2006/011273
Any and all such nucl eotide variations and resulting

am n | d Y, | sgB | £S hhaled€athe mesEttle
each %?%%gtﬁf%Jséﬁ%e |%@€hr?§t%%%9§ﬂd t hat %o n%t alter the

of théupetéonbbn achayihyboidazps oteder ageringentedordipons to
within the scope of the invent] 153] ;
2 nuchetor i hg) SSITERaR oPHEr bRbot Han Do BRL S of SF e5OTER 17

ate

any oPUSESI §odcidiBpl eeuhevohgt brei nuebebbndaybefdbres set
under stringent conditions to a nucleia aﬁid m)lgculje_l _
forthconpangi af§ the RBcNEestldel8eqtehEBSRALGEI h § maturatty

ol ypeptide sgtifiontiebniany Af $5QiNGBrein)3a or
OCcurEég¥n§B%kgfﬁu§ égt%ggegequence set forth in any of SE&%
"natukR1INGsocdbrt8ngl' nnothel cerbadi mehesulehschiggFeit€adidR

[ | 30, 50, 100, 150,. 20 00,
or DNASBEL8ED 5587188 80D HAEPEOPFdBa R Bngth " NoclSi c

es 1 n l'engt Nucl el
natur@cu@.gplethgﬁearﬁ nBybikdi pabkeinyo each ot her when

at |east one strand of one pol ynucl eqtide can annea
[001543 anBhkerkpoipAucrEstrde ithderPREFLHEE s ?ﬁgéﬁé§ges can

. condi tigng . . ng f RwbRi,dhzathigr st quences of any
be in gfePﬁF%egy 8§EEFE%§ ?ﬁf%the tenperap&re athhich .
nuclelybricdidz akiqornardkeoroddsiyi ag piod vpeptddeedetaf@r(th) itheny

ionic strength and .pol arit . Q... for ' foit
of S%@ﬂsdiliégi'oﬁraﬁ‘&v\ﬂ@hi%ﬁge gl&%gte%g&g,e ass%%l ea% <5 %g)rrth
in arRAIARES Sp KRrndi2ati ehdregy nesdimat tohehamges in the

pol ynucl eoti des contain substantially conplenentary
amincs equshcesiiedesendi igcornansiest r gty Sof 10 Some ‘cases

yhridi.zatiqn, LRI Lhes dmbrbe £ ey at ed.
the gkﬁﬁﬁé$#a% Wﬁylrﬁg¥§gﬁ%5ﬁﬂ%f two sequences at high
poly&idgtigrncy s utheas cadmrs exempiiendan wid laqiwdos ter the

sol ution af 0.5 SC at 6 r i res that
cunc SGingbs G 5% Shve G G0 S U1 Conpl SrortSri Ty
subsOMEt L e ide meguencs: Gandidriarisorofof i epotgtitiale

stringency (such as, for exanple, an aqueous sol ution
inclgfe UCISIE iate EBUG Y1 e i LRIV FTEIh 39 f or

sus L Gre, 3, UL SOLLLEN Bl MSSP 25550
Generally these substitutions can be made in, for example, in
the sequence encoding a polypeptide set forth in any of SEQ
NOs:7-13, or having the nucleotide sequence set forth in any
of SEQ ID NOs:15-18, without altering the ability of the
enzyme to catalyze the oxidation of an alkane to an alcohol. A
"non-essential™ amino acid residue is a residue that can be
altered from the parent sequence without altering the
biological activity of the resulting polypeptide, e.g.,
catalyzing the conversion of methane to methanol.

[00155] Also contemplated are those situations where it is
desirable to alter the activity of a parent polypeptide such
that the polypeptide has new or increased activity on a

particular substrate. It is understood that these amino acid
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conpl enentarity between the hybridizing sequences (1 X
SSCis 0.15 MNaCl, 0.015 MNa citrate) . Nucleic acid
wonoeacdoes t hat hybridi ze include those whi ch pem®Es8t006/011273
under suitable stringency conditions and whi ch encode
substipoltypept wddd genemzyAws nlodviceg stthé usant COBRELVER L VSich

.as the abili t,0 talyze, the, conversi f. a ne
subet 5y et habbs o BRI KOS S B R A
conservAERd @hibskutlitebnst he treducddy in diozes sentence in

stringent conditions" is intended to describe h
order dgonditadms af BEWhPBr i-HPERNVISGh 24t Widshi n§ Ofn &A™ RHiSeh the

polypeﬁ}tcil Qlide $R4enges T%tblleeqls_t(S%Q%%IDA'@I%S_:5Q%6)O_Vde_@Q%ibe
onol ogous to each other typically remain hybridized
specifiiec eadmootuard sRibefértaisiiynst Héadomgintirgis tar &cs jdie

t hat se nces  at .l east. about_ 7Q0% r.ef er
alteratdan O;ggg![e 86 Vv éh Hore pparrgfngcr &ﬂq&rpa lglges't a@c/)ulfH
NOs: 1859007 0BhlRges trpleanpioidier. (e ealdol yresiinies

hybri di zed toeach other. In some ,cases,.cﬁn i sol at ed

may alfiglkd ce@daltec @ REHE | MM GFtha® MBI zes
i fs GRRA 4 ONS, 410 el &l & AP dnaagiensere

becausléénngsgg)lsﬁ%leé{%g{hfpeptl de oget flort hin any:L of egIEQ I\I()s:rIJCl

rise to Iddiofidtd4ld trd ymeghteotd sl dgumc dias@ Flgrated Pr

. _any of SEQ ID NGs: 15-18,, cor.responds.t
mOdlfJn%f{ FEHGSee 3F i FPRUE @i gccklled o eeniculsge.qqfsncuese(dsee
Table NEY 8l 5o exiaipiradl |9RECOVING Y "prvkclddd tacd pamdrecul e

refers to an RNA or DNA nol ecul e having a nucleotid
sequenseg) Uk e ih arobiciS B 4P hat Uk P RRES fcﬁ%%t%lln $EQ 1D
NO:7. ”aéétg% AOLLI M1 J QL4 Ihes ski | d sk @ tisagh M that

appreciate that changes can be introduced by nutation
impart ndetivet el eotide SRYUENCES: bf pakyperict &¢ crelei d

sequence encodi ng a po eptide s for N, a f
mea sUuLHeY {ckH t%leiffa %‘%a@?iw%g?ﬁ l%ﬁ'cl eo??%éj!s}é%{bé’ncr}%hés)et
nuclefOridid matycwfe SER D NSELd SardBno tder €byedeadt@agof 0SEQ

changes in the amno acid sequence of the encoded L ch
ID NOpkopepwsdes |: Serkerhseruehelal 2etatmobeaits +830 Yiotc

mutat?%%SrﬁganQQ$+$@ of tbhe,pol yepgpiide acld RbNEEuLaSERat

change w not alter the functional ability of
encodé bea encotlétepopybepep dede | bhgeneral ndesbanirat 26HS

supst P81 92 MOt AL &L LI, TLRCLL OB PLe 8R! ¥ERELEE non-
conservative amino acid substitutions at indicated position(s)
in a designated sequence.

[00156] It is also understood that a modified polypeptide
can constitute a "parent" polypeptide from which additional
substitutions can be made. Accordingly, a parent polypeptide,
and a nucleic acid molecule that encodes a parent polypeptide,
includes modified polypeptides and not just "wild-type"
sequences. For example, the polypeptide of SEQ ID NO:7 is a
modified polypeptide with respect to SEQ ID NO;1 (i.e., the
"parent” polypeptide) . Similarly, the polypeptide of SEQ ID
NO:8 is a modified polypeptide with respect to SEQ ID NO:7.
Accordingly, SEQ ID NO:7 is the parent sequence of SEQ ID
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i ncl ude nucl eoti de substitutions leading to amno acid

substitutions at "non-essential"™ am no acid residues.
weeoenedoBy t hese substitutions can be made in, PEDUS2006/011273

exanpl e, in the sequence encodi ng a pol ypepti de set

NO:8. fOf&Pth@rathQfné@i&f&hacfd1§eq@énb@veﬁ@oahwg the
nucl eot i de sequence set forth in any of SEQ | D NOs:

polypdptide oftABOt LBl ¥t T npreviedani FieyParerheSeagsnee t Hrom
WthhCﬁ%ﬁ géggé? ﬁxhga$égg 0§ gﬂtgigagenﬁel@fc3589@0£eqﬁEnce

amno acid residue 1s a residue tha
that €ABoBEsatherpdlipeptibie pﬁréﬁ@ gBgNien8e wi t hout

altering. the b|oIo ical a of ,th e uIt
[00153| ypbhi ¢ 8031 80gHINESE APG9I h-FLESchRUGPEFBnF gF Sic 2cid
molecﬂﬁeh@H@oHQn?E5h§BQ pepE@Qé5ﬁbm6&Sgoﬁgntanﬁhatpdl@peptldes

ose situafions ereit is desirable to alter the
if ofaSEQVEDyN@S a-parean pel ypeptraeb¥usRTLREANCLIRE one or

more Egpgg Eﬁlde h%%t?%?%?BP%99588§ggoﬁgtbg'HXl@El@ns into the

Sstra i S understood that these
nucledfiife aeigdsubst ehubbaong whkl pgenécallky poflypenstideut uch
conservati ve substi tuti

ol t d, t
that §GBSPFt@PF@ném&BHSFPPGtéuﬁﬁﬁégﬁgnggfi98g§§ESPltufions

delethBhikoduced itk i@ cBdSed¥ene8el Bnebder beoebtial.n Aumewions
or inproved activity. For _exanple, the polypeptides
can bsetinteoduden Talsioe the( SEQLEBONESLd SEIUGESET P Standard

techn&g@%&{{%rg?:%% 3 %%—%HQ%E%%@thﬁ%%g%% %1%0%56'@@Pembglated

on of the activit ar ent
mutagReleypent itde.cobEQalsR NGs thbse @Ioelmsvwwh@lleypéi may be

polypeptldes These polype ti,des may al sq pe ef rr
o1 PR IES Copiagi = i RSO “Batoncle Mpoand ourted tutdons

YRRL) T Ui PN ERGR i@ ithel H tamisN @ Rt a3AGURRC ealiev e
\see Saise to nodlfled%gféolpolypeptldes t hat can have

conse&iﬂae:r:ew emimsdisfdisd Sakbtat\mt%l@élsoo%arc@dlstedfvtaﬁévﬁaraé‘mno
a01d qp%?f%%%ﬁb;?gn%l4) é¥QﬂR!%mfﬂ% dzdwgeékdue is

sequence or the nodified P450
replaR@dy/peRit den setidorddid rreﬁ@del)ﬂ‘d@lﬂg .a SEQiIRNGide

i ncl udes am no_acid subst | ut| st i
chairact (RATES L] 0T HEMS AT NGC oA IS, fapti e Hiot-Lar side

chalr{.geé}fé{fea%@eﬂ rhéﬁ%é?ﬁrﬁmtk@%ﬁ:ﬁpt |1@€ése°\0m¢ldurt£ﬁ yindlhele
nucleic acid nol ecul e encoding the am no acid sequence
aminofaSE@ with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan), beta-branched
side chains (e.g., threonine, valine, isoleucine) and aromatic
side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine).

[00158] Mutational methods of generating diversity include,
for example, site-directed mutagenesis (Ling et al. (1997)

"Approaches to DNA mutagenesis: an overview" Anal Biochem.

254 (2): 157-178; Dale et al. (1996) "Oligonucleotide-directed
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ID NO:1 provides a "parent"” nucleic acid nolecule from
whi ch nutations can be nmade to obtain a nucleic acid

worpdoeaedos2 t hat encodes a nodified pol ypepti de PEEUS2006/011273
i ncludes am no acid substitutions. In general, these

randnmtant@gsnps@uidelngntaesphmaphweoaﬂhBataChéthod" Methods
substitutions at indicated position (sS) in a
Mol.qgip na?%d3§8q§8ﬁcesmﬁébl$é 8Pt ['$naVvébranustsoepdsis”

aAnn.tRat . acapdified. @9b¥ﬁ%9t'g8t§€81 OQSEBBHEfe 1Bggent”

polypeptlde from whi ch additiona stltutl ns "can be
"StrphdelieAcenddenglycabtipasent leypépblﬂetagade61IUCBehénce

cu hat arent ypept i de, N

G T St A S e
Blochmmldatype7 $equeﬁﬁ§SKuEQéle¥§HBV$ "the pekypephideoef
7 1s a nodified polypept|de with respect to

Ollg@ﬁif%%PRBﬂP firgctephputpgprasispolpplpelaey Acids &

leSiim}a e ide o E p8 1S
Mo em)dl |%%¥%%?gpég?%¥ggghfh?reé%§c§£%gég¥12fE#RE) 7eds !

Sprlm@%@rﬂ$hgagg BEQ&LD NO mItagetbeipanshhgseqaentecofitaining

wpLhe nucl d
o RS NG P RSt plt g pent | BEPLT S60) TBF o' 7 pr bePaREeEhELe

muta@ememisSﬁﬂUE@ﬁe phefvvhbeh sulatt0ps" CARCEE NREE. tRcad.
obtain_ a nuclelc aci d sequence that encodes the

1. poPYpepi fee=d ?ZSEE?FEﬁ#(?tsal [ 6b387) rRapsdaagé efficient

81teU§§§£§fPQdmﬁ@§§eﬁQsh§o pLR( 9;g$§h8t upl gcul &,
encodi ng a pol ypeptlde ? e polypep |des

Meth®ﬁsoinsﬁizYmDLK31547136%aﬁ8be gnéaBess byti alroduessy
addi ti on

" nnre nucl eoti de. subst tion i

a0 T RrEof RSSO R, HOEP By Vb eh banbad cresar hiothies

Sc1e@@ét2¢ml24Op@hypﬁpblﬂgon§@3@otbﬁé ~@NEe Ot c HOHEL APERNOs i 5
acid substitutions, additions or deletlons are

(Method§ oty CaRZYRPb- t hBO ent6leslpr 61 283) ; Mie B pdnsieafnbemol .
154: '®i§9ﬁy@e@19@ﬁ9 the1 puel gi g ac) d § 9@??”“81P§o§&§fgétlde—

techni ques, such as site- dlrecte nmut agenes
dlre¢K§drmMﬂ%@%mEﬁU$agenEg|M13+dennw¢da$éct@r$h03ﬁ efficient

wh be d bl to
and P e L hre S Ty St S brBo fatenaaigns in

any DNA nfsSogfeepo'si thonsittacsdPprder abbd ec4 97 08k60; zoller &
s eSO RETYRNIYe, 8 no, aci 8 substitutlons. A "conseryatve
fragments cloned into M13 vectors” Methods in Enzymol.
100:468-500; and Zoller & Smith (1987) "Oligonucleotide-
directed mutagenesis: a simple method using two
oligonucleotide primers and a single-stranded DNA template"
Methods in Enzymol. 154:329-350); phosphorothiocate-modified
DNA mutagenesis (Taylor et al. (1985) "The use of
phosphorothiocate-modified DNA in restriction enzyme reactions
to prepare nicked DNA" Nucl. Acids Res. 13: 8749-8764; Taylor
et al. (1985) "The rapid generation of oligonucleotide-
directed mutations at high frequency using phosphorothioate-
modified DNA" Nucl. Acids Res. 13: 8765-8787; Nakamaye &

Eckstein (1986) "Inhibition of restriction endonuclease Nci T
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acid substitution” is one in which the anmino acid
residue is replaced with an amino acid residue having
w@2@mioar side chain. Families of ami no aci d pepUS286011273
having sim | ar side chains have been defined in the
cleavpge bihede srhwndtdsi dato lgctemqm rndcitts agdlhi dasien to

oll@éﬂd&?eggi S %é%te%¥§lne ”’”?5grhsﬂaf Y q: 14:

I C SI al ns

967 9-eA od);, samh@r@eﬂ aial ar1 sale ohal s dfrd.ea HyCie,
spar i ne, Iutan1ne serine, threonine, tyrosine,
phosp %%§F é& %gqﬂyqﬂﬁgq#ﬁqjﬁg;ecQﬂdnmuﬁagenes1sn

Nucl.valdiReg Rle%uc'l%eﬂgl @(ﬁ%"c'a{hbets%ry%rg] t I'ien Eﬁ&g g‘trand

nmet hi oni ne, tryptophan branc
Specl@écgCleBWﬁ@@npﬁephaﬂphuxounmdi?ﬁaﬁmﬁtammimy%nnﬂIH&
i ns ros phenyl al ani ne
reactle %etw&g a%esf%rg%t& BTG L el SRS o
ethldgamebabmﬂ@edlW@b&itﬁdﬂaﬁlN&% f1ef: @@@EQHQ£ mutagenesis
ite- dlrected mut agenesi s (L|n et al . 997 97)
using: &ﬁgp& Resles BRA dﬁﬁ@@@ﬁé§¢salan é@@ﬂVléWhaN@ﬂpped

dupleﬁ'®@ﬂe€bp%%éE%)tol%i é‘ %1%%—%Hrec%%% ﬁht%ﬁj%ﬂq

onucl eotide-dire on1nuta eénesi s usi
COﬁStﬁW@ipﬁ@Pothéatéca@BhGQS NEQhO®§4MbB45B|0kramer & Frltz
ro nutagenesi s

7' 74 S 98 In vi
19872 %Engtin n&g@g 5C§6@§P€|ﬁegt§ﬁ8r%P§er§@5) )
consttSttrabagbesmand tappls eati QRappel WRpY ks @navt 61%%”%%353 67;
Sci 229:1193-1201; Carter 1988 "Site-directe

Krameg, £ géﬁe5|§ 88 ol RERIEOYed 29?YTa?lCamd Katikel red@87pns in
|
the gaEB%deHﬁbEbﬁnQNAOEg?EbQ%ﬂuﬁgggz&%g ecu %Eﬁgloﬁ éﬁcted

nutageneS|s In ei ¢ Ac _
constEpekspri af Mutadndns”l Neyl.DAciNE. Rés e@ds 7203pr bnger

Fritz /8L 89, BEORLR) b1 TULASGNESL S using pacLL con Al ¢

mutatibhe SBGQEﬁpédWHHPQQQGSNﬁ @kbh@ﬂhr@hﬁﬂghﬁﬁkcenzgmatlc
sel ection" Proc. Natl. Acad. Sci. USA 82:488-4

reaCtKBHRaneYlBFO" §T9é7)ACRd§|Beéndléffﬁéﬁén6999)

(001530 . SRR £ L AOETEEL Sy DO OSTBE By, s g
repaigt (Bramef 198831 MiL aAk) Tr'BotLaprE$smascw Rbph&W" Cell
3620780y T T Ror SRRt P el dBSnRBLREaPEICIont host strains
(Carter et al. (1985) "Improved oligonucleotide site-directed
mutagenesis using M13 vectors™ Nucl. Acids Res. 13: 4431~4443;
and Carter (1987) "Improved oligonucleotide-directed
nmutagenesis using M13 vectors" Methods in Enzymol. 154: 382-
403), deletion mutagenesis (Eghtedarzadeh & Henikoff (1986)
"Use of oligonucleotides to generate large deletions" Nucl.
Acids Res. 14: 5115), restriction-selection and restriction-
purification (Wells et al. (1986) "Importance of hydrogen-bond
formation in stabilizing the transition state of subtilisin"
Phil. Trans. R. Soc. Lond. A 317: 415-423), mutagenesis by
total gene synthesis (Nambiar et al. (1984) "Total synthesis

and cloning of a gene coding for the ribonuclease S protein"
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(Methods in Enzynol. 100: 468-500 (1983); Methods in
Enzynol . 154: 329-350 (1987); Zoller & Smth (1982)

w0 @hdegosesz| eot i dedi rect ed nut agenesi s usi hg MlBeTes200e011273
vectors: an efficient and general procedure for the

Sciefpf®U2E3 | 02 9F- PRI N SAMkAhd ONSnd NKIZEYaNA f S @geNtota1
Nucl ei ¢ Acids Res. 10:6487-6500; Zoller & Smth (1983)
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(Man %l;]Q 7&2@; hor ot h tﬁg@% fige g *{eelrfhl\%fgl ,Aé:rlldnsg Rjg_eosr

unusual:nrérbwu&ﬁné}{tsr'eaidﬁﬁéﬂ@rb@ﬂmcl@aﬁeoﬂ\@dhﬂ&@@ya@e450—
hor ot hi oate groups and its application to

455; mg Hea i rar B onit o et e~ Nuednd  baegals repair
in le:?Scml g o@an.Jchgeaghosgﬁor%? |oaaﬂlletbhcgd13&82 81Yte specific

Exonucl eases | ase
mutagrneoimit| Roid devadi I e et m&cagertm,s'%j\hmlﬂma:ﬂs) Res.

16: 7 02;. and Sayers e 1988 "Strand specific
Addity %agoi i hatie it i Hp be found

in Méiﬁ&ﬂ‘dé Oh vmﬁiryn[ﬁsigy O\Idﬁﬁn@n@muﬁfﬁ@ﬁ?%l% th&scribes
presence of ethidium brom de" Nucl.” Aci ds Res. 16:

usef@oymmol%ﬁ%éw@wh@o@g@w@ﬂmw WONA (W ks

mutagq%n@gls dl( "The gapped dupl ex DNA approach to
onucl eot | e directed nutation construction” Nucl.

[0016¢Q:J| ds PREtLtJJCﬁTaJQAt%EHZEQLéﬂ&B rd{yaamiima xi%mﬂozus( 8@ rsity

od I I td
seneABthodt, 0 Eneyml 0 O ponucleoti e ditected o otence,

PCT phih i360-1367s, Kramerp@to @1 i c{iA88: Y rﬂ”@éﬁcd emzyrmt' c
in vitro reactions in the gla%)ed dupl ex DNA approach

5,605,/ %1 i Goriaresy deed + ecie "Methods for In vitro
Recombination;" U.S. Pat. No. 5,811,238 to Stemmer et al.

(Sep. 22, 1998) "Methods for Generating Polynucleotides having
Desired Characteristics by Iterative Selection and
Recombination;"™ U.S. Pat. No. 5,830,721 to Stemmer et al.
(Nov. 3, 1998), "DNA Mutagenesis by Random Fragmentation and
Reassembly;" U.S. Pat. No. 5,834,252 to Stemmer, et al. (Nov.
10, 1998) "End-Complementary Polymerase Reaction;" U.S. Pat.
No. 5,837,458 to Minshull, et al. (Nov. 17, 1998), "Methods
and Compositions for Cellular and Metabolic Engineering;" WO
95/22625, Stemmer and Crameri, "Mutagenesis by Random
Fragmentation and Reassembly;" WO 96/33207 by Stemmer and

Lipschutz "End Complementary Polymerase Chain Reaction;" WO
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construction of nmutations” Nucl. Acids Res. 16: 7207;
and Fritz et al. (1988) "digonucl eotide-directed
w@oostiniest i on of nutations: a gapped dupl ex DNACT/US2006/011273
procedure w thout enzymatic reactions in vitro" Nucl.
97/20Aci dpyReS: e r GARY -GR9B)ri ["OREF]dsAdE 1t Gl r sidivtabl e

Poly e h?ﬂqcs' .cifgﬁclﬁ'lad\%‘r&?ﬁ)(l neLsHLmrlgs - Cl}a(%}'r 5 q%girﬁ&(igzgjnag%j[)egera;tive
SeledBilAYRNRE I e MSABIhS1ERA ;M URS 17 2o d¥ Sy SLMAIMISI1 and
(Carter et al. (1985) "Inproved oligonucleotide
Stemmgn,e-"datdradsl anst dpemesiid igsisng avl Teldotlors ‘amdudietabolic
: ' as . ' - ; rt (-198,0). "1 nprove
Engl%ﬁ%}rﬁcl eglqo(%li?gdge/-4 %goezé:%/g Pnﬁﬁ{h;%élégﬁlese?é auls'i néf)aﬁ[lgoe +hg o
Genetier tVarcs!'i e tthotto sy "EMy sl /.4 1888 382 urddd)en del efli.on
" .nut agenesi s (Eght edar zadeh, & Heni kof f (1986) "Use of
Antl&ﬁ“g%aef@fi g e o &9 &9@1&&%9% gnnqRgn. et al.
"GeneAGicds/Resin el 4re SO Jin Ji@ldr iGld ;0N 1R LI BRI 1AM, Punnonen
restrictionpurification (Wlls et al . (1986)
et alw npwiaHee wfothyadr dgawiismed flerraty drdoeStials Id&ziGepetic

; ol i4d t f tiljsin' Phil. Jdrans.. R . .
vaceigh® i M 1IADE, St Tybnelly NSl et
by Rasyiuinh é%iagyn(dherdtiiam eindalRe a(sk88d)1 v; Totkl DEMETEsitsy atbnmer
" cl.oni f a gene codi for the ribonucl ease S

EVOlﬁrl&tgeir&%lgﬁJ@rfg@%&p_@g&}bﬁ’s@{fc%ﬁ@%%r ana
Reconbli9BR)i onlot alo YINNRI TS ANG tRIes Hon 10f, aMIene fQfc 1 on
the a-subunit of bovine rod outer segnent guanine
of Vigs detdrdenbiaidl dpsir Gaeios (or isdiciGenomeNgdiuf f1Agicts’ WO
. 14 -6372; « [- ... (1985) " sette
29/ erF?ue’t&"agblYn 2 L5 Weleh Farla g gar"gld-’é)r?e VERREE o
98/318H7 iy elafutCatridang cate tdefli.ne@ vailhes orCerte %131 5323 and
and Grundstromet al . (1985) "digonucl eqgti dedirected
Organtiis: Se YR i PESURINE Ss mixiRagene iy fcheldi/27230 by

PatteNUGnd A GEndiES . "Mk31h o330 3138 Ehnp AQURI LrSHAND ARLRK 1 de
_ repair (Mandecki (1986); Arnold (1993) "Protein
Engingegiimeer'i M 48/ 1pddsudly évemmemmentt ¢1 .QuriMerithodsi icon

Opt ine'% al%lgi g)%ﬁ g e (Oélte?%\e/ Tglleﬁ%%ty e ggfg &6 aé{l]lg‘ﬁ-ssétvrea nF BPELE PR ing
and Siefl epitasm;ds wof (BYO0@GI2Ghi"deatldds Faretde@d fa@ing Highly
Dive r%g % _%1%}% R 9703 6S79 , Pr"%/.[ce't h%%tsl f o@c %(ljo't a?L%Ii'n gUSief
vitro Recombined Polynucleotide Sequence Banks and Resulting
Sequences;" WO 98/42832 by Arnold et al., "Recombinafion of
Polynucleotide Sequences Using Random or Defined Primers;" WO
99/29902 by Arnold et al., "Method for Creating Polynucleotide
and Polypeptide Sequences;" WO 98/41653 by Vind, "An in vitro
Method for Construction of a DNA Library;" WO 98/41622 by
Borchert et al., "Method for Constructing a Library Using DNA
Shuffling;" WO 98/42727 by Pati and Zarling, "Sequence
Alterations using Homologous Recombination;" WO 00/18906 by
Patten et al., "Shuffling of Codon-Altered Genes;" WO 00/04190
by del Cardayre et al. "Evolution of Whole Cells and Organisms

by Recursive Recombination;" WO 00/42561 by Crameri et al.,

69



Addi ti onal details on many of the above nethods can be
found in Methods in Enzynol ogy Vol une 154 which al so
waoleaenoiwes useful controls for troubl e-shooti NBCT/US2006/011273
probl enms with various nutagenesis nethods. [00160]
"0ligdddcleonabiedEbaibseteyactleng RatdoBRscdinsenaitiyn; " WO
erating, nmethods can be foup E:JF%)the follow n
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hods for In vitro Reconbination;" U.
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POlyngﬁg?gﬁ gr%s I%SE ?gggggg ,§%9§P$ |gng§nd
CharaBeeohbt hati; 6nWwd 01823@an bkaeBcBS@t?%l to"SbenﬁerceHon—
. al .ﬁéhbv. 3 ,.,1998), "DNA Mutagenesis by Rand
Varieg, Q4 APRELERTARS §g3§g@ﬁ5pyf@rUSgntpgplcNéhugfégngg and
WO 01704SEEMEBE gL - @Eranﬁb@VNuéQelégﬁéld"E@%g@QHELQEEBB%EM
Pol ymer ase Reaction . S. .
Recompinsghiph, asd ﬁmeleémoac1d7Fr49@spt TReLhbdonsnky
ositions for Cellular and Metabolic Engi neering; "
Affho%@$85/22625, Stemmer and Craneri, "Mitagenesis by
[0016Rpndonl EpagirentidedoarandeReassaghty con¥Or64£ 8320k physing
Stemmer and_Li schutz "End Conpl enent ary_ Pol yner ase
one OEh%PﬁeR@chPSnnu@ VES?P?G@?BeﬁyeéFéﬁnéﬁ Qﬁ@aé#Xnéﬁﬁcrlbed

above, NﬁhgogénEQ&u@%@eE@hFEQSEOEVGH€£89t'gﬁ%hhﬁg'ng Peakhed,
Characteristics by lterative Sel ecfion and

cosmiRecanbhagei on; Vlm@sg7ﬁ359666byawlaghmﬁucaﬁd Shepmesome

" Met an r and taboglic,
) e 02852 CaTReg Rnl e LR BOSE 2BRL) S
whlch"aaﬁgenemg atleeaeqhenvacGEnEhME¢h0éat WChaelééaﬁs by
Punnonen et al . "Antigen Library |munization;" WD
lnser§9¢4léé9abFOPUﬁESnQH eEVaFse QG%ﬁEFP819§ccFﬁeavgé?éﬁrred

aspecgngfngﬁﬁbn% MOR9441388 BynEunnerRer €thdk comprises
Optim zation of | mminonodul atory Properties of

regula@bneyi eevHeicass; inE@u¢5zgosfby Skemmee , and PCrARELL,
enesi oan on

opeapgy LB e oo S5 a06 by Shander REVELA Ag GMFARAP
vectoE%wahbt@kembyeaecu&slkaoﬁﬁqUenceoBecawbbmauuomh"tm@ art,
and agg/gg%%ér%%a%&%”ﬁ%glﬁgb%g -+ "Mdification

[00162] Accordingly, in other embodiments, vectors that
include a nucleic acid molecule of the invention are provided.
In other embodiments, host cells transfected with a nucleic
aclid molecule of the invention, or a vector that includes a
nucleic acid molecule of the invention, are provided. Host
cells include eucaryotic cells such as yeast cells, insect
cells, or animal cells. Host cells also include procaryotic
cells such as bacterial cells.

[00163] In other embodiments, methods for producing a cell
that converts an alkane to alcohol, are provided. Such methods

generally include: (a) transforming a cell with an isolated

nucleic acid molecule encoding a polypeptide comprising an
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of Virus Tropi smand Host Range by Viral Genone

Shuffling;, " WD 99/21979 by Apt et al ., "Human
w@amehibsmsavi rus Vectors;" W 98/ 31837 by del CeeTaEg1086/011273
et al . "Evolution of Wiole Cells and Organi sns by

amincReaids iseeuSeqiee e ReodanbiimatSiEON,ID WO :98/,28,3® ,by 0, 11,
Patten and Stenmmer, "Mt hods.and, Conpositions for ,

12, Gollyigepl b TG S > CROLOBILEB1ER Dy et fisleic

acid folecuYRt ReQs 61y @tﬁdﬁfy@btg_@eo‘cofe%mﬁe Thera A or (c)
Recur si ve Sequence Shuffling and Sel ection;" WO

transgae’R 2 'ailhods i on derdracidngudilgily Piidempd ecule of
Libraries;" WO 00/09679, "Methods for Cbtaining in
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methdls gend¥Rtingd i fdeeat (g Relwmrucleat ide andntaining a
Pol ypepti de Sequences; " WO 98/ 41653 by Vind, "An in
nuclaa BF Uve s Frorc tooistly dataloniest aa NONA 949 thrde ypequapce

enae. SHAEE PUERISIR By PSR, P 5 0

nucleand déarddgugn deSegriarte dAlftrerat | (dNs ausiurd eHanalcgbuslecule
econbi nation; " WO 00/18906 by Patten et ,acg Yy
encodigy, £ Aty PSP (aso R R erSdd IGEHe SMLNRD FESP Pt

fortrCardayice €8 Ml 7 BEvpl ufi am of 1Vhale @l 113 ;an@_tig a nucleic
. Organl sme by Recursive Reconbination;" W 00/42561 by
acid legterglodingnld gedyEleedtidge Meditet édvundliging Adi d
.+ . \Rec jnati aqn;." 0/ 425 Sal | v and 3t emyer
(11d), ?]hm{)ydl%qgf %E’:olpdul a lloenc’lguﬁ%a?b % %%ﬁreugtnl};reg%%o&' UsTe?lel n hods
furthewoliidlarsr y(Si il latdonsy "thaDd@1/14 2560 Hay Sedddrarow feta

, .., "Methods for Making Character Strings, oo
sulta%&eyﬁdeﬂaéa 7S W Is] VROt S eTE Bad mapiEled
cytoNRIRC IG5 il L S xp MR LY 234Qh Ry AMRIGR el dle1; arlds€c)

of Codon- Varied Qigonucleotide Synthesis for
detecdymchdthiec Bagddtiinn "ofard: WO®HE4864 " Si ngl e- St randed

roos Qi 2 A6 TS LG R RO A o
alcobAliSo gureo\tinded dee. I etmTiiataeidscdnstlinugd s onpisiitgng a
cell %ggg%rig)gg{ge aOfnl}chlee incu CalceildC cao%I s% rsuec uecno(%nepsriassinbgr oaadl y
nucleotide sequence that encodes a modified cytochrome P450
polypeptide, the nucleotide sequence selected from: (i) a
nucleic acid molecule encoding a polypeptide comprising an
amino acid sequence set forth in SEQ ID NO: 7, 8, 9, 10, 11,
12, or 13; (ii) a nucleic acid molecule encoding a polypeptide
of the invention; or (iii) a nucleic acid molecule 6f the
invention. The methods further include (b) culturing the cell
in the presence of a suitable alkane and under conditions
where the modified cytochrome P450 is expressed at an
effective level; and (c) producing an alcohol by hydroxylation

of the suitable alkane such as methane (CHy), ethane (CyHg),

propane (C3Hg), butane (C4Hio), pentane (CsHiz), hexane (CgHi4q),
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above. The constructs conprise a vector, such as, a

plasm d, a cosmd, a phage, a virus, a bacterial
wa@eaoefldzwsal chronmosonme (BAC) , a yeast artifi cPel/us2006/011273

chronosonme (YAC) , or the like, into which a nucleic

heptaoéed | Gﬁﬁ@bncecbénéh$cﬁﬂypnth@manas(bﬁﬁﬁ)inaét&ﬁé (CNHHE,) ,
ientatjon, In a_preferred aspect

rwar rever
unde%?n?hfgﬂgﬁﬁddl t ao HEontelivet f ulfh8enEspr P8eglcohol

prodf8yl By 08 ymSEAYANERS, 14 AEhUHbATcaf O nXARR! SetRanol,
pronoter, operably linked to the sequence. Large

etha%ﬁhbe@%@@@n@brthb engbctbestamel proaseers, ahepkanoh, t o

oot Pl 0otk AL P RS T n SR oEREat e s,

[001GébtorAstpaeVLoubmgedﬂs@msﬁeﬁp aehdrabl ecute whithe
I n other enbodi nents, host

t | d
aesctfF oo PEal Sel BROLPERCaL niFoF LOGET URBF BLUMETOI  ho

inclhVEHt 08, u sk @fV€§&96réha@réﬂ@%@9§saﬁdnﬁgﬁ§'Stﬁéfd
mol ecul e of the invention,” are provided. Host cells

releVﬁ%Fu@@Pé@%ary@@l@d@eB$§g%nchn®sKy@®%l,c@Ui@e toasdetecular

c1onf§%'fecﬁﬁl§5é§a' uSEhbds 1R, £8hL 208 5004 Qr%'fggﬁ%gl N

caryot1c cells suc bacterial
Aca@éhem En@@ﬂ;nﬁnts, 9&mhnﬂ5géprcplpﬂup|ngB@xgetv Ihaimbrook

nv, ne to al cohol, are provided. Suc
et aﬁEtH@ﬂieﬁ% %Fa? 9n?ﬂ%Tu%eLa?%§a??%%s¥%?H?%g %dc%¢ir Vol.
1-3, wcéhda@%f§@§aﬁsgbayctsw&régégynv&@f&'§p§fﬁedm5£bé& N, Y.
de” conprising anam no aci d sequence set forth

1989|h“$§m?IQPkK1 gnd Qurrent Apoldcol®, 1@rMQBec@Lar Biology,
tr cel t ol leic acid
F. M. ZQL[L]SQ‘& éfn &8 2 édg\" hC@gr[ér‘?t 9 I%Ve%t? anl’lt oYenture

nol ecul € encodi hg a pol ypeptide o
betwéen Gr@@ﬁéoPangshln@IAsmméha@@s}SDh@teﬂn@uabEmCWBLéﬁ &
nol ecul e, of t i nvention 00164 In ot h
S0n5 bl ehTLoD hETHBHSA T Hr- Sl Rct S A9) al SoRFIRpAY) - Examples

of pEORVESLS @@fﬁigﬁéﬁttQOa@lﬁé&@h@%rs@ﬁ§ @fo¥kgfﬁ tﬂ%@hgh in
met hods generally include: (a) providing a cel

Vltr@oﬁ@@&hﬁh@aﬁiﬁ@cm@thoéﬁadl@@h@dxm@ttmaapolmm¢um@@ @ghain
ce that. encodes a nodified c

e segue ochr.one
react; %% g%#ngngﬂefl?%%en%%?%%t?%%cg%ﬁ%eh%%Réel%ﬁﬁ%ﬁpllcase
amplifOMBt{b) AQUSLREES RGA bIDREH & mediated techniques

(e.g., NASBA), e.g., for the production of the homologous
nucleic acids of the invention are found in Berger, Sambrook,
and Ausubel, as well as in Mullis et al. (1987) U.S. Pat. No.
4,683,202; Innis et al., eds. (1990) PCR Protocols: A Guide to
Methods and Applications (Academic Press Inc. San Diego,
Calif.) ("Innis"); Arnheim & Levinson (Oct. 1, 1990) C&EN 36—~
47; The Journal Of NIH Research (1991) 3: 81-94; Kwoh et al.
(1989) Proc. Natl. Acad. Sci. USA 86: 1173; Guatelli et al.
(1990) Proc. Nat'l. Acad. Sci. USA 87: 1874; Lomell et al.
(1989) J. Clin. Chem 35: 1826; Landegren et al. (1988) Science
241: 1077-1080; Van Brunt (1990) Biotechnology 8: 291-294; Wu
and Wallace (1989) Gene 4:560; Barringer et al. (1990) Gene
89:117; and Sooknanan and Malek (1995) Biotechnology 13: 563-
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encodi ng a pol ypeptide conprising an am no acid

sequence set forth in SEQIDNGC 7, 8, 9, 10, 11,
w@a2006a05088; (ii) a nucleic acid nol ecul e encodP@mUs2006/011273

pol ypeptide of the invention; or (iii) a nucleic acid

mmpamﬁad(ﬁeuﬂuﬂérﬁuﬂndhmmlﬁﬁhanmuﬂtrbsdﬁpﬂﬂﬁﬂedlmﬂdﬂkic

(b) cujturi, he cell in the presence of a sui tabl e
act st Bt S Rtbri b SRtk AGnS e e gt St

5, 4zac>ot3@ch mﬁo%‘ip kSt HOEY e3ye G 13 i6fd %Fﬂg\ée A&%m acids

and ecting the production of an al cohol
by PC{PO@lf@s]sqnﬁnadrtlt?e&d difbsdiarented, adet HAdD4) onNladronuciaRy £94-

685 a%ldc CE:I'II% rH & dc%t edTI"]:%er{%tll'ﬁOdsin' Qv%l%%e P(,(Ra)atmrpu CJtcons

providi ng a ce ai ni ng a ndclel ¢ aci d “con
of upcarprdlsikig e&e’lu_:;ér&ﬁ:tat@i Semserde skidll endddesppreciate
n0d|f|ed1§é}ochrone P450 polyp tide, the nucleotlde

that gssearide Sl eted¥r it & FatET AEY nsie@he

st rar@ReOdiNg sallﬁ%{ﬁ’flﬂaeﬂ_‘tdrde.ce%cﬁmrdts_dd?ﬂ cﬁ@eaéﬁl'?ﬁl aqﬂ(ﬁ% exFans:Lon
sequence set forth in SEQID NGO 7 ,

and spguemCing y4ing aeavaylss écr@@s(g:nmt@@ﬂ @r@h@omqigm@rase
I ft d
See, RO gggﬁ%tél!sg?)et ghqnﬂl%voq{n Be%rﬁ;ee Idgll?ur#%l eic aci

e |nvent|on i ncl ude
[0016(’7k]) CcWltar ipp i elde iandilne gurees ériee @fe 1d ss wHaablaare
kane and under conditions where the dified
ransBat e PRI Spredded St ah e Ve @reprovided

herezfﬁnd(e(‘i%) pr&@{%ﬂhglgaﬂréﬂt‘?ﬁh@r Ry Wx@%fﬁd R fothe as

sui t abl e al kane such as nethane (CH4), ethane (C ) ,

well msopdnse p(r@dsirqS;lorbmfarp@l(y@ezmu@)s erithend (VETBH AR oy
recol IS (G e SRR EE T e 08 (i)

plasnﬁmﬂd dodecarie dGi2H26G), lan phenrer,aletan ajrrmlmigmfeyimdmst
a nmethod the jnvention can i ncl ude net hano

cells Fﬁ&h&e ﬁﬂ%ﬁﬁﬁﬁﬂ lQnﬁQﬂ%ﬂn 1§5W@aﬂﬂtrlﬁ€%aﬂ@dla modified

q§%a Qlve fHHt VHUX rdgfanel . dndeaang) . and
s @ odggghol [00166f'A s%gfeV|ously dlscussed@ggenera

tranaf@m@nm,cmrde?gmhlb@m édwl &4 I8 dlooilcalue et .qfes ture
condllﬁgm%nhﬁf G}LHE{S t r{gJ[the yse of t\ﬁect ans, promters

Hﬁﬁ inclu erger an
previkkiumis ,us@ﬂ dei o ’d‘btd emﬁtarce@mmdl@cwmc&u%sspwéicaﬂﬁ
and wiilllEr]g)gna%poag en\/t0|tuonei:h]'0552e skilled in the art and in the
references cited herein, including, e.g., Sambrook, Ausubel
and Berger, as well as e.g., Freshney (1994) Culture of Animal
Cells: A Manual of Basic Technique, 3rd ed. (Wiley-Liss, New
York) and the references cited therein.

[00168] The terms "vector", "vector construct" and
"expression vector" mean the vehicle by which a DNA or RNA
sequence (e.g. a foreign gene) can be introduced into a host
cell, so as to transform the host and promote expression (e.g.
transcription and translation) of the introduced sequence.
Vectors typically comprise the DNA of a transmissible agent,

into which foreign DNA encoding a protein is inserted by

restriction enzyme technology. A common type of vector is a
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(Academ c Press, Inc., San Diego, Calif.) ("Berger");
Sanbrook et al., Ml ecular Coning--A Laboratory
wokoneabsos2d ed., Vol. 1-3, Cold Spring Harbor PCT/US2006/011273
Laboratory, Cold Spring Harbor, N .Y., 1989
"1 asihi SaNhrIeDK: ) ganer Ay et Praglototoniaimd euel egule of
Bi ol ogy, F . M. Ausubel et ., _eds, . rrent-
dounl Proteeuied BV obE VR (e bt hetf ST bt BT Shi ng
Chh €Snq! 761 ciNdad OFe W1 Vi Seftsced Ntnto a suitable
(forefiﬁgp?ﬂéeﬁ?ed t%?oud% 1999) (™" Ausubel"). Exanpl es of q
host @eblochl sasgéfncileat ©b W EERES peidehaddhd sRippnid an
hrough in vitro_anpl jf] | h : LRel ULi RRqr be
funga oY?ﬁg?5§e Eﬁg?nb?ggc %%%9{%%§5P?£tg§§%%gase chai n
expre%§§§ﬁigﬁ 4LERYiet @bof eplkanget dophndli pavkanyahdc o gEs -

RNA pol ynerase nedi at ed techni ques, (e. NASB
Non-Lamg: LngyPARHBLBPOHUCLYER BRCL REERGHOE ogGUS  REEPEl ¢ PUC
plasmgﬁé‘?Zﬁgﬁbgﬁgsfa%gnw%a@éﬁ, found, i maBekger, whamby OpRSET

as well asin Mullis et al. (1987) U. S,
or pREAtplhemids683nzd2ropani sSen BELegosedalifideoprpeithil
Prootocol s A.-Gui.de.t th Lcati
prasn A dBR s pRager Ry bl DREs:R1d, ARLLert 888 sy
appro ﬂBQbrhgs%eﬁFﬁ&gn @Gﬁhg ﬁiggi?ggﬁi@&ngid-E@?ﬁitﬁé
our na esear C . -, : WO
herein Eroggfemidse MAOHD _Aeaa.g‘oééi b kiakeB i h 05 CaVaR
bi 0).1RA%g Maktoks wAGadorSein. 1HSAuGE: oh874r
art. Bbclrpint?l oL 880y 5 TS . Chem 35: 1826
more krapddgred cat salstems1$88) cdondhde 024 EXPEEPALIPHR0C°Falr

Brunt (1990) Bi.otechnol.og : 1-294; ‘\Walil-ace
more Pf‘gé{@)r%Gé%é‘) 4?:%%1 ar rli%n)gégr% gtO%%’ .%'Eb’l'g\é%)na%gﬁ\g%lca
resis®¥nbll; A csrokianatcarcpviaisak onl $@5)s eBitetsechnol ogy

13: 563-564. | nproved methods for cloning in vitrg ...
[00168p| i fihad GRIdIei EXRGSFS araé‘ddeﬁiﬂqu?esdsﬁoﬁ‘gvﬁﬁaa?ce gl ard

or c&dsj]%f't}f)@tjinf\prma%i%@i%% Jay oredbnretheflerfar to become
anmpl'1fying Targe nucleic acids by PCR are sumar,i zed
mani fiestChefuy etxaiple (COYICiNG @ ©BERIedN FHL Wid thehe

references. cited therein, i | -]{{CR " d Gons, Of 3 tUibn
cellylgn "r?bc{é]r%nsgejr{é‘fogtveedi. r361etfl’oa\flgHs,(%]‘]l erfll appr eci atae_
of a ldtr&ssedidd | yernyo RN aredise ooy ek tIBER | FrQuence 1s
doubl e stranded DNA suitable for yestriction

expraf FRStHOOT FOR BXEbsi 6h HHd® YUt Ty W hP T eV se 7"
as atﬂfg§§{ﬂpt@ﬁ§ é%ﬁ&é%é&gﬁ”ﬁ¥éﬁﬁht itself, e.g. the

resulting protein, may also be said to be "expressed" by the
cell. A polynucleotide or polypeptide 1is expressed
recombinantly, for example, when it is expressed or produced
in a foreign host cell under the control of a forelgn or
native promoter, or in a native host cell under the control of
a foreign promoter.

[00170] Polynucleotides provided herein can be incorporated
into any one of a variety of expression vectors suitable for
expressing a polypeptide. Suitable vectors include
chromosomal, nonchromosomal and synthetic DNA sequences, €.9.,

derivatives of SV40; bacterial plasmids; phage DNA;
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See, e.g., Ausubel, Sanbrook and Berger, all supra.
[00167] Also provided are engi neered host cells that
wae@etipmssduced (transformed or transfected) wedhus2006/011273
vector provided herein (e.g., a cloning vector or an
bacul@vxpf@§5i PHa¥ECHDEImi @S; Weddt@ass ther preduttomncafbinations
pol ypeptides of the inventjon by reconbi nant
of Pl@%%h®$q®%§ phge VIR or Vi HNA T gchxaRpYaCCitbt asni d,
adeno@1%?§?|fB@%tb&&ev1fu§ha@§eu§5fabig§ ERGEASEL £6s N0Sdeno-
celI's’ can be cultured i'n conventional nutrient nedia
associmuédi eilraseappreproateuses andivatyngtpeosotarg, vector
sel ec transf, ormants r. [ifyi the P4
that fEnirobiesouRastisl Tarettaba (e Yeldn 207 0P
replléeﬂpeﬁaigreespkb@ndwmh@hI1gerepLEcahDseapﬁev1@hséyln the
used with the host cell selected for expression, and
releV@PFlhﬁétaﬁﬁﬁrEﬁtu?% those skilled in the art and in

[00171 e r@é tgpees ﬁ'% 1684 £HCLYUdhBYorR: 8n: appropriate
Bel

nbr 0o Ausu erger, as well as e.qg.
host Fbephneyt(iﬁe4mosnltgretheﬁﬁlﬁallﬁEEhelVﬁ‘w@ﬁUelnoﬁr
e e Liss, _New Y a
PolYPPRE} et cFBRERLOR: {a° REPRE heCF OB BB > TRE™ Apnge Liclude:
bacterVertteells’,veathragopst edti, BNdstBxpLessi porgptbmyles,
mean t he vehicle by which a DNA or RNA sequence (e.q.
and Salmgpeign §¥H5}mééhu%e fARFBduEBdLPnt 8UGRNBSt cel |, so

Sacch??gﬁchEaB§E85§E£Q§ h?§&h99dp959895§ eéﬁﬁeﬁ§h985§§rg

cription and translation) of theé introduced
crasssequereet VedﬂersucypasaDrysephpﬂasendhépDNApbﬁra

,transm ssi ent ILnto | Ch
rugi b Sa iR BRr et B3LbY PBSET Pet FBR” ooy ot Benig 0By =
BowesAmE0ANBRALYPe plavectellksoa” akg&ahdsv whicch generally

is a self-contained nol ecul e of doubl e-stranded DNA
[00172hat éanbpeasiiplas¥epenaddpt PYRREL( Por EXERTSPRANaRGCLOTS

may b%@%%&e&é@drgggéhﬁ h?tg?gﬂcﬁﬂe'ﬁgg @n%%hﬁ@@l§ogo§he P480

I"ar ge” nu vectors, including plasmd
polyptphgdk . vé@toesampaee bben desg5|Hednﬁotleepbicﬁﬂﬁén
r expressi on _in varletﬁgof e ﬁr¥ot|c an

pOlyp%Eg/ Fy8F|érﬁ8§F§tsN8ﬁeFFﬁFt Exaples oifnel %ﬁl
produkkashl ds ECrongtieeh)on pYCaplasoiddes, pE@cmba%nwdSch
direc N%!% eqevgqcexp¥2ggigg o%y%ueabnpgéglelns that are
readily purified can be desirable. Such vectors include, but
are not limited to, multifunctional E. coli cloning and
expression vectors such as BLUESCRIPT (Stratagene), in which
the P450polypeptide coding sequence may be ligated into the
vector in-frame with sequences for the amino-terminal Met and
the subsequent 7 residues of beta-galactosidase so that a
hybrid protein is produced; pIN vectors (Van Heeke & Schuster
(1989) J. Biol. Chem. 264: 5503-5509); pET vectors (Novagen,
Madison Wis.); and the like.

[00173] Similarly, in the yeast Saccharomyces cerevisiae a

number of vectors containing constitutive or inducible

promoters such as alpha factor, alcohol oxidase and PGH may be
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or pREP plasmds (Invitrogen, San Diego, Calif.), or
pMAL plasm ds (New Engl and Bi ol abs, Beverly, Mass.),
wa@pabereseyg2 appr opri ate host cells, using nmet hodBCT/US2006/011273
di scl osed or cited herein or otherwise known to those,
used £Rr| psgdpatine P&l Bhanf4aPt PoREEERbIAGAt O bRFngnvention.

For r%%%%%%s %%E'Aﬁé&ﬁ@l'thggﬁ)OaﬁdoﬁrﬁHEeeEththﬁegﬂ)
Systems for cloning or expression, one or nore narkers
Metholier iaekEaetyimohogny fhd:hdét-54d.9., antibiotic
resi stance, and one or nore expression cassettes.
[00169] The terns "express" and "expression" nean

al owi ng or causing the&EsaMexgmtion in a gene or DNA
sequence to becone manifest, for exanple producing a
[0017@dot eThebynaentiani a§ tRdussrRERSr Hhuhdei 6RsPHERyed

Ln.tra i gti.o ra i,on fof: 13 .CRLLe3 BANENHRY
exampégﬁé ggﬁ%hAgggqgg%ggggg %%k%% quenée i's g?pressed iﬁre
not i@tebyled ¢el bet difndtiman "expressi on product” such as a

protein. The 3xpﬁ%%siongfroduct itself, e.g. the
[00178dsy| E7RgPpFotei REPAEY LCSTHE SR d to be "expressed”
(00178 the calthiyAtpebynueleeldide tarepaipeptiode ungler mild

expressed reconbinantly, for exanple, when it is

condidgxymmes ©6d Jaseprsdad&drios 4 fer &ag Wodtr apePrisded apdols
cont rol, , of i I {a RO @t 101 JdA 18 11

allowr?at iVe hc’)este%gféﬁ%ﬁgﬁﬁg’e%)gtpﬂgng\éﬁctl% Igé% gfor ei gn sma

natudNORRiere R LER] aPal yrusd eotdmes preeemded -hesiiprcdrp the
be incorporated into any one of a .variety of

presegyn SEIGIGE v &S0 FEIEHTIS é:%‘?er&pornescg r%%a?ne and

methaPR YRERNIHE o SWeliable MRS idif | 1de IO MsO MRt
nonchronosomal and synthetic DNA sequences, e.g.,
demordgriakad ve rsiviSes Glerdidetadts Anpmesaied Sidgd s that

bacul,gul fus; | a3 Qe BR! Qrs ferMeA ffGM nign
COHV%%%ﬂﬁéhﬁW%ﬁg)%ﬁﬁbgggh?%glg%ﬂjgﬁgée DNA, f}ral 5NA SJE
seled@Si wiageidtid,praderadivits; . five oxymds wshe pemedorabias,

adenovi rus, adenoassoci at ed virusggﬁaretrov'rus%%éugkr as

amb 1 g y- TR U P IR BGTS et (1S SHREY Gondtq:
the {éﬁgéﬂ A A RRld 1 andie idr neplnoalidiud sadesdd ed,
|1 C

I's repliicable and viable in the rel evant host
[001THNh bisleriical systems have evolved efficient and
productive metalloenzymes that convert alkanes into alcohols
using dioxygen from the air. Methane monooxygenases (MMO)
catalyze the conversion of methane to methanol and thereby
enable methanotrophic bacteria to use methane as a source of
carbon and energy. Microorganisms that grow on larger gaseous
alkanes (ethane, propane, butane) have also been reported and
putatively use similar enzymes for the first, alkane oxidation
step. The relatively well-studied MMOs have long been a
source of inspiration for designers of chemical catalysts.
Unfortunately, these structurally complex enzymes have never

been functionally expressed in a heterologous organism

suitable for bioconversion and process optimization and
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[00171] Vectors can be enployed to transform an
appropriate host to permt the host to express an
WO pveb3ose protein or pol ypeptide. Exanpl es of PCT/US2006/011273
appropri ate expression hosts include: bacterial cells,
theresf{)?&? I8 PRIV ' bt i34t L st bR sisardiemselves

for ﬁ%&{%’@g@ Syphifaydum fungal cells, such as

Saccharonyces cerevisiae, Pichia pastoris, and
[001789dur oslor gz sessa; stiutsiest Wl |6l mamthedaseBylostophi | a and

Spodoptera frugiperda; m li.an cells such as .
techrdlRERD Gl IHE e il o T LT AD AT qreid
hydr3¢4l=88 s, iete HRO3AA11 11 RRGad 1) s 5y St EMBsmaAl NWID&Ines .

of expression vectors may be sel ect ed dependi

ng upon
An exspp iy imiErredl 3o e uosD %%@mm%#%@gﬁ%f
I ; : idd ; 50: pol ; ' ;

O P her bal e et Je o P P e i g om
Bacilohud eregaiderct izon RASGriM-Bbdies sceotlores, i tohl whi rectly

hi | evel, expr.ession, of fusion protei t hat _are ,
self-REF A Ltk 1960 it ha MBS SR /e gre™ Bacillus
megatdielumle, buthad & natldivadmed d truddidancddmgpde E of

coli cloning and expression vectors such as BLUESCRI PT

threq siqmgifienene ffﬁcpwﬂr}ﬁ] EEMNE PEERRR SR |%“% @sed on
the SSHUENCE Y xpfﬁh}éé?b"\fl% | U0 A Vﬁ%é”réﬁ%ﬁ@ém with

sequences for the amno-term nal Met and
Furthaubseguerde Spitesi due asft eyt gat laritrosi RiEsE Bo-3 Hats doeen

hyhbr i roteinis d; pIN vectors (Van Heeke &
clas it ofF (4 getyS T Arb Sadie maohi B gk el
eukaMeatiar o4Nvagen, s s @D Wssueradsl 1dwnidtke. w{0173]

Simlarly, in the yeast Saccharonyces cerevisiae a

nicrongmgelr Gftveciovrd Gomdlenng sonsiht useyeenee | hdert bt e

.., pr.onoters . a factor, alcohol oxi an
with BTSSR P B AR ALY C AR e 2 SR mi A it ey
with Qftrdie Bawestion. pAETs F e g s AUSUE) {uUPpr @y @Iebal)
Gant et al , (1987) Methods in Enzynol ogy
have joprs pgraRen 1 F25AMPL B o0 A t etied 4 rNéFﬂt‘il%Wg stwo

charddtditI A e%é’aer&mx{ Od O N1 SXAPI £Po: WL AL and
provided by way of illustration and are

CYP102Aa3.

[00179] Communication between the heme and reductase domains
of BM-3 is substrate-dependent and fine-tuned to transfer a
pair of electrons from an NADPH cofactor through two
reductase-bound flavins and then shuttlg the electrons, one at
a time, into the hydroxylase domain during catalysis.
Engineering the protein for activity on a new substrate such
as ethane and/or methane must conserve this regulated
communication, and poses significant technical challenges.

The engineered enzyme must bind ethane and/or methane, a
substrate considerably smaller than a fatty acid, directly
above the heme in the active site of the hydroxylase domain.
Substrate binding must initiate electron transfer from the

reductase domain to the heme domain during catalysis. Once
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not intended to be Iimting. [00175] Exanple 1 :
Et hane Conversion [00176] A catalyst for the selective
wo@zeodavijosn under nmild conditions of gaseous almanESﬂmwauzn
into eaS|Ey transported al cohols.allows for th £ b
electgednGHPESITSEX PICGUHEaYi dheof ShotR |15@£roxé>na°ﬁe%§tsurméﬁs ©

capabd@S o &G%Q%r%§§éPQ§m¥%§hh.%%@Qb% ceseneest i idhane thei.1

present stu the sel ectivé conversi on of ethane
kcal ataxi—rtet vane 9%aiafl ykated Uﬂ@érrl cf@rrr &di50 Fi AR il 1o Kotts bpasts

d
of th@a@&i nDnstr te éﬁV%%VI g ane to 3?% ﬁﬁF%g' %g?%ﬂ¥g the

s:LnglEFQhWﬂ'b@d}(l'aﬁMd @ﬁbcﬁfttﬁ@du@ﬁtt ibal tre lavcs gt ottt itHet ywotive
he ‘enzynes are function at anbient tenperature and
site pedogier Eunide Wi VAR I GAN KEHT as the oxi dant,

[001@30' Pr 1 istgf&iﬂ.fré}:o J1023/ 00U MA@ 1 d O land

1ol ogl systens have evolved efficient and
w1thcprmchmistxztatmetaaﬂé caenrazwmslet el lsoriy ertir i keire 0§ rihe

reducdisian i ok ey 9 HAIAE AL Bl rat i ona

He Comersi on o
chand® hanedith rmilﬁbaﬂoé c&ﬂﬂlddl&fafﬁa&y&rn&blr@}{mtmmfﬂpmm: to
acteria to use nethane as a source of cq$ on an

identdrfer gring aolbt g‘élm%%t‘%’qfﬂéin%r"@"\‘/&% Tt fEFAESE O these

K St DI opANEes s butiang)e have/ & shebeane
lssw%%pgﬂf &{ putatlve y use S|n1fzr enzynes for the
hydrdxyﬁsesalvkeame @xqmraeeesmd Sll%lp'lg'l?ﬁe tevativiepyary’ strategy

wel | -studi ed MM have
in WW%EﬂnW%ﬁ??ﬁp?%raﬁ%s?fﬁﬁﬂ% i chenﬁ@%fy%gfaléeneratlons of
randdRfRIE AL &L Vs &ﬂ@3§c§éémmﬁ@raPTWéC@mmieacmnﬁyﬂeseamvBD
never been functionally expressed in a heterologous

use GkyReiew St bl en {oF LhST o A HAY ProgBssto exhibit
hlgtht{ & éfnoﬁnﬁﬁgfi forgg have PEOVEIKiReBe(8éel £ £

rac use t ves for production of alcohols
Flgll;[:@OIl.?S] TH’.h@ug)h esentest e esowses dv f estedgenesusi oh the

chnj s to . conv t
hemefi?@@l Heﬁ§ﬁP%§y$5é%§ ?ﬁ %ﬁgh§%P%§3?gE?%§n%§?a ysts®
BM-3f @6w§£@é | cat kasegasAinexespéary bydeenyhgseabnthideslly

cytochronme P450 BM 3 (CYP102Al1l) which is the third
base®4S0 HenbYAFedviAtiAR BACEAR| affane surrogate substrate

p-nitrophenyl octyl ether. The resulting mutant, 139-3,
contained 11 amino acid substitutions distributed throughout
the hydroxylase domain and exhibited good activity on octane.
Tt had also acquired a small but appreciable activity on
propane, producing 2-propancl and a very small (less than 3%)
amount of l-propanol. Subsequently, the propane-hydroxylating
activity of this mutant was increased by randomly mutating its
heme domain and screening the resulting libraries for activity
towards the (propane surrogate) substrate dimethyl ether.
Mutant 9-10A obtained in this way was much more active towards
propane than 139-3 and produced significantly more l-propanol

(8%). The increase in l-propanol was particularly interesting
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Bacillus negaterium P450 BM3 is a sol ubl e,
catalytically self-sufficient fatty acid nonoxygenase

WO swbavwe2 from Baci | | us negaterium It has a PCT/USZOO6/011273
mul ti-domain structure, conposed of three domains:

becausAD,t hen & PRGN & SGHd MdmE domes, Snessy dif Qthet é%ﬁ?el/mol
is Sl%l]l%_ l&DGCOD(Elh)épS;gtg %%n@i@srﬁsbf?gt 30%4 Hh%%ed%%lpk kcal/mol)

“hermnore spite | erial origin 0O BM 3
[0018!1&5 baen o@ltassu fame@tamr@—diyaﬁsndylal%zﬁﬁ@ eihfve, they plicacted

croso eukar ati.c P4 res 30% sequenc
eVOl‘ﬁtdéWt iafy dé]dﬁd'l tffhfm sc(% - O3y q:ﬁr cted

to u@%&%%e%q@cé %ﬂtmetﬁ/ M dHeCrosaR HNMPHIdMEG . Most of
reduct ase, and only 20% honol ogy with other bacteri al

thesepmgewwé@éﬁ%mw @qtcwmm)blrﬁa\)@/ begtiom

th
pOlng E‘%&%geér%%zlg; d(s?lystetré) ns%feﬁ} edi%!acl ;@b?% YPltOhZEfAZ

genetdnd dO¥RLO2A3Le [mﬂm%ciﬁomwwumtqmmm & heydherghobic
and .r educt ase donai ns of BM.3 i.s substrat e- endent

chanti FARAG o0 T 0 S AT obT & BT DRSS e

resoINABRY cafaatar st’dlﬁﬁtgﬁ"é VKX rgemostm@e} tmmmd Ydwend ns and

t hen shuttle the electrons, one at a tine, into the

pa Lmifyrt oy cHg e o T adiur | g et Anid1es 2 EriitReerduRe tHe this
chanr%rlm@ﬂan: fl 30t Ve QR & Wtﬁ%%éﬁ&ﬁ%ﬁu%ﬁt elhansh s

and/ o ane must conserve regul at ed
of thmmmm&astukmtraamd wosescsi g ficamuitapdndsied.  These

hal | en Th neered enzyne St et hane
resi iR L SR et for B B | Sy e
smalld afl@iézyesacllrﬂ trd reative above ddei ereatddl fdies Acdd seration
site of the hydroxyl ase domain. Substrate binding nust

nutadeiiesin & drastiagh qaEHsTEYt9ed oﬁﬁlf M2 Ghe dife t s @l offes Hlues
were é)cfg%qﬁg}f%ldqm 'pé'lrél'ﬁgf\il OSVGM I’T{jolEbWEirdS

er occurs active ro -0X0 speci es
dimetdapabd theaf. tﬂ:eajdlmgnutt‘emﬁﬁ ofe lenereyy ﬁcbfh Udmjse nlzémtmlmaes

(é%l 1 kcal 66g %‘? 95-99 kcal,.nol - 11

were fghdHr e R FAH4Y & et Hitng 2

possMbld RS BMichsd of Rinalddnet el 51 ngdtyr-hyds Dyl atesltions,
product nust be released fromthe active site before

and Fhi¥3 heko %pd W43 ore GEaE R For activity towards dimethyl

ether. The mutant with the highest activity on propane, 53-5H,
was isolated and purified and shown to catalyse thousands of
turnovers of propane to propanol at a rate of 370 min~t
Table 1).

[o0182] Notably, P450 BM-3 mutant 53-5H also hydroxylates

{see

ethane to generate ethanol (see Table 1). 53-5H contains three
active-site mutations, A78F, A82S, and A328F, all of which
replace alanine with a larger side chain which reduce the
volume of the active site and position small alkanes above the
heme during catalysis. In addition to its activity towards
ethane, 53-5H exhibits the highest regioselectivity (89% 2-
octanol) and enantioselectivity (65% S-2-octanol) towards

octane yet encountered in any BM-3 variant (see Table 1),
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[00180] Crystal structures of BM 3 hene domain with
and wi thout substrate are available while a structure
woboobhesoseduct ase domain is not. Furthernore, Per/gys2006/011273

onf or tlonal anges _in _poth dongnins,during
surt g YT RRB ) FLBNTEF cRPPoF 6F QoRLAY Plnt ROSAE d
engiftbgtit HE-@Rs whieh can address all these issues. In
the present studies, ethane and/ or nethane
[001RFdr oxfrases MdéOéméaﬁé@nemﬁBnéHawaEvmeaﬁ}léﬁdr gfter 12-
hour SEABLEAY s bSMBECRAOVLALLQDS A7 CLACRUTULBLEDLLE busser
nul trple generations o fandom agenesrs an
contSEhEﬁngg efhanampfﬂaehNhaBHbeegeheraseodisgsteﬂ
olution net hods to ad xhi

th t
(compp grat e NAREYOPOB A Shal Pos® ananeRaLl or HBEkanbae( seaction

is uﬁc@uplgﬂgﬂbeNADbH ogh&QEQBnSHﬁC€ﬁ§|ﬁ%eé@HBgso@fethane (660
Jutagenesi s of the heme donain (residues 1-429 of SEQ

min™) DS [Taklife 2ot i(SOf o VBt elows @nedisdra blgs produces
at l%gg£e§6egqu§ggfgﬁkEgogaéthghgiahh&e?gﬁgg g??nghe starting

r ox tion 0O ane surroga
concpnnrhtmphenflenzymé ebherFlibEeseSubhﬂng mut anktroxidation

ontained, 11 am no acid substitutions

139- 3,
was GSEPHaYed IPRLSHGRORE PERE L hpar Bx5 hASE AbRRRRCaHAN toTing

ethaﬁéﬂ'be@@tggﬁdbgcgb¥|EMrQﬂa@@%@Qﬁhylﬁnaaghélﬁ?oductlon of
uired a snal ut apprecigble activity on propane,

acetp&gahydﬁg apdppgphhel aaind byVerCy N¥fFaIUs ifide $5Ct elve B4

ethaﬁggunhoog i1 pr??@?°£ a§u?5equﬁﬂg|&?ﬁgg%lo limit of these
propane- ydroxy ing actrvity of IS Ut ant was

expermmeeasedobyrbamdaﬁhynnptadungslWSrbeﬂetdonaﬂnlandhese
scree |n8 t he result%gg libraries for activit

eXpefhEephfopSfi€é SuPrbgate) SUbIEr&Laldi FEPhYY éPﬁBPblc active

siteMILANP480L50AsabLaI NRAthA LBisa¥WRY o¥asi AYEh-ADHeORGL h¥Ed
t owar ds Eropane than 139-3 and produced significantly

produste - 1- plépamrchy(8okylathagi merease Preropidpanolonasr—

. icularl b t
cha QA8 KEHLT bk sstingbecauce; Lhe. pLapane o1 gabc
shorbendoeﬁergmc?faetEaﬁenélmi 1s kcgiggnt%ﬁt 599$83hé§0

bt t hane 0X e directe
catalyseht LBR  CEPOt) CALALSLITEt | BR8ueE Fhe Aot at PORs Caspied)

convé@égghe@ft%ckaﬁea€5|ﬁ@lﬁhk@lyaﬁhgﬁtbhém thetgBt hk€sence of
henme domai n. Most of these targeted substitutions were

1% ehb@ngégeggmgnétbytpagd§hat ethanol does not inhibit the
catalyst. These results demonstrate that the 101.1 kcal/mol C-

H bond dissociation energy of ethane does not pose a
fundamental barrier to a cytochrome P450 and that a P450-based
biocatalyst can cleanly convert ethane into ethanol without
undesired side reactions.

[00184] A further round of directed evolution was performed
to increase the ethane activity of 53-5H, this time targeting
mutations to the reductase domain, including the polypeptide
linker that connects it to the heme domain. The amino acid
substitution E464G in the linker region increases total

turnover in selected BM-3 mutants. Alone this mutation does
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poi nt mut agenesis due to the conservative nature of
the genetic code. The BM 3 active site consists of a
whyawapdeebi c channel |ocated directly above thechesm®o6/011273
hresol uti on crystal structure of P450

‘ %Jj?ded b}\flht he hi
no 3NGFt hPBoBRAIPSF PR 09T gf yernel shibsbpabB, ebatefurther
impr&GENen BCldsr esiidyesp! ' ngl i e Withi
Jmerf ive A of .?he te?mﬁﬁgﬁ gé?}éﬁ?ﬁ%g?b%n%iig)?gfkegg\%%déﬁ
contaipshy atelpenetashdernahdr randeagenesasiolhess tRsi do@sSctase

r a e ecause, they are,likely to contact small
doma 7, Bot o ek PR P e are o STy Ckl af Pape and
accoffodniedilon putiageaesSASPH i beREhBSt CONSELEHEEednf o c eaChan ce

of these residues were screened for nutants show ng

of substEIee- abifviE§ul by dRUERMet FYTELE hepntsingl @11l 15 of
h e i I I e:th

e L T Tarm e ar oo T bR S B e p oy oo
linkeypgaiibh el onbi pé€i omsd of ndve merefional 1asdive- 56 tehe

i ONS this library was screened for activity
Subs%%v\lggr%@ﬁ?mf@ﬂyl f%?%%‘?‘.? Thet It BT A 23S t it yhesgmpared
to 5&edl vitytant p3HpRNE, e B3 SH s Wasrisol ased ancr oad fi 60 or a1

and shown to catal yse thousands of turnovers of

LUrnQitGhatle TR OpanottRANQL r HiE Bk BRNeTer Inyweer Table =
250) 1 In -a [©0038211 Netabt Yon, RASG, BV, it o 5 > gllfstgarit 35-

hydr oxylat es ethane to generate et hanol (See
Ell pragicis comai vé whrel eadtane: siFieyums ai i orthe A78FR of

328F I_af which replace anine with a
prodﬁ%g%eorﬁéh?c e rcl:ﬁbaY n%ﬁ@h er%ucﬂﬁtse t[%f?et Vot %&e‘rbﬁ" tHetle the
NADPHactdnsenss t Eoranth posind i Yriderlkanesahaye the Jﬁgf?ed

. ?{Jrgﬁg} catalysis. In addition to its activity towar
Lo ~tthane 53 bi tThe Haaniegies neafwsel wicty Viitkely
refld &9 2- t AN, tyi ectivjty. (65% :
S-2- octpafr%gll ) o%var ds oGt ar%ceﬂg/segétﬁgerfcoauén}{leér‘gedd/ibry Aifiucing
non-EMdLakErvea o {aee Mald ielab)i dryr tiiercte virdencierafe d ity er

prot b%é;afte biinndi n .ion tl}e engi neered active site. .
0D IR EITHRe TR/ Ky I ot "By SR B i e
residafet €@7112-bhatbmgeidat itonsmf dhatNZW®-ddture of the

et hane-saturated buffer containing an ethanol-free
homo%gﬂagqIqﬁﬁﬂﬁﬁéﬁiqﬁgqgﬁﬂﬁgn 1s located near the FAD
cofactor.
[00185] Accordingly, provided herein are variant P450s that
have been adapted to hydroxylate ever smaller substrates. For
example, the wildtype cytochrome P450 BM-3 enzyme is inactive
on propane. Evolving it to become an octane hydroxylase,
however, generated a small amount of activity towards propane.
Similarly, increasing the newly acquired propane activity
produced measurable activity towards ethane. Directed
evolution has generated a biocatalyst with activity towards
ethane. Further, as provided below, additional rounds of

directed evolution has generated a BM-3 variant with the

ability to convert methane to methanol. This enzyme provides
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(commerci al NADPH contains 2-3%ethanol) . Wile the
reaction i s uncoupl ed to NADPH oxidation in the

w@r@sanne2 of et hane (660 mn 1, see Table 2), BGFBHB2006/011273
nevert hel consistently produces at |east 50

es
the SGHPQQFéHPs%BF et hans! Ph&éﬁ&ﬁé@ﬁﬁcoﬁovﬁé §Pafeithgnol

prodGeR¢eAt EabihoRePhagBZYME (See Figures 2 and 3 )
Overoxi dation was tested by supplying ethanol as a

[001§§bstrﬁ?@sanuch%ﬂntefungeananolUdépbetnomeuyogaer1se,

creeE L LB DY CBIE LB BT 0L Pt Bl S e

Ethaﬁe €99l 858%) thpno@@ﬂ@ thea deme@hymnethgkt (oMEh hesee
erlnents% overOX|dat|on products were detected in

PurC?ﬁ €8 &xpBrrReRtel(SeE Brguteca). InR-gdWerarn t Ne) -

Ethaﬂ%@rQQQOﬁhﬁcﬁggéMef§bﬁe§APﬁRPg§Q§l §&§&eL”K§h? NADP+ and
rel ease of singly-hydroxylate pro

NADPA| kane- hydebayedt EngmnBpahes ( @nénexagoiesloﬁgérohaln
siocaKAEPcSlch,as decanacre achioher extent ob<of2d than,

er ‘ohes suc

purchhsedcﬁraMyEMB (961bhptdwﬁ66ﬁJmlnRé%t@ﬂdt@Eﬁl@h@@hes were
conversion of _octane to primari

8 | e
Pur0§a6€9a§65m the é?eé&aeepaéliwaéwhaﬁ6|Neaeﬁﬁﬁiﬁpétﬁh@labs
(Bevéb@& efiRpNot, dos8ANEL 1 L ABLRLE fPSmC§E§r¥§;Fn§E§§§ﬁglls,

results dempnstrate that the 101.1 kca
) » dPE80oERBPP ORNRNRP YymetaeEhfnenddbsahayepeséla Jolla, CAa),

n a r chro 450 that a
and £§5§@%§2%§£%$0§% %I%é?lggﬁgéﬁeéé?gEégﬁsér?Rgfhane into
[00157hanoExptéh9ﬂbnuaﬂdsPﬁEﬂbedE;bﬂaﬁflBQSO BNO384] TAe genes
urt he nd_.of directed evolution was perfornmed to

enCO?ﬁegeBé%5t%% %t%ﬁﬁ%nset?é.?§ 6F15R8- 8RINPhASifl ne

substﬁtﬂgibﬂg Ry @li pnset oabhe rﬁ@@@ta§@4§§ﬂam@755n0h9§h69
ol ypep tide |inker that connects it to

F205@on§$%5RTh%2&ﬁQnoE&@2@rsBBéEStuﬁ?@ﬁVEABaZBFn LBé3V and

oo helegban | Do st Lol uigmuer Lo gl ecked o
I710Drodazél@npﬁésséﬂamﬁh burb8i bl abubebbribel (Peters et

i oprovenent was found upon screening a library of
"SQDS@WCO%?%?nlﬁ%Cth?g5h5§é9?oﬁ2%9% ?and@ﬁ?ﬁﬂ?atlons in

concéﬂ@ré@ﬂ@&éa@@r@°ﬁ@é§u£@& hhobragitubty EOMRT d8e co-
a1££erones spectan. o

[00188] Construction of saturation mutagenesis libraries:
Mutations were introduced into mutant 9~10A (with aminc acid
substitutions R47C, V78A, K94I, P142S, T175I, Al84V, F205C,
S226R, H236Q, E252G, R255S, A290V, L353V) by PCR overlap
extension mutagenesis using Pfu turbo DNA polymerase
(Stratagene). The primers for each saturation library
contained all possible combinations of bases, NNN (N = A, T,
G, or C), at the codon for a particular residue. The
recitation of "for" indicates a "forward" primer.
Accordingly, the primers in the forward direction for each

library were:
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acconpani ed by reduced NADPH consunption rates in the

absence of substrate. The resulting nutant 35-E11
wa@oeobanies2 al | 15 of the hydroxyl ase domain PCT/US2006/011273

substltutlons found in 53-5H, the linker nutation

T ANNN=AGHG, ( %’W%WWWW%T@’IO the SUbSEQt Ui ¥h:19)

o] mal n.
75NNI\{SSfZIO%ﬂ éwﬁw (‘eG ve fold i nggg(g ]éﬁ §o:20)
7 8NNN-Otcat t&erAMTmNmmnHTMG@M)aI t ISIOVES NO:21)
81NN1\£ er Tf%! —250 Inaty ical reaction with
t 2 AGHC=F|) produces ovEFEGOIRWO:22)

82NNN>4‘fc@ct h@ﬁoicdﬁquem@mse;@mj te of product i
35-E11 equal s that of 53- 5H,a)vvhlleth @%%1@6‘23)

87NN%§%M|‘&AG@@GWHWP&WM ¥thane he3EQropped: 24)
2 ,m pro t

881\H\n\]t—l(%k {)y%r ef 1 ect (SCE%%I&%O (ﬁ]TgNeN Ac%#a@@?’%etl I’rgéi‘&‘5 fﬂ) R{O 23)

260NW®N€@’WWWWWMMGG@SM—&MPF SEQ ID NO:26)

z6amGia, T At UL RSN o e, T Byo: 27)

26 ANNODITRAT | GON-ACATtier oS AING ALl @f3 the hosm) 0gousy . o)
rat P450 reductase, is |located near the FAD cof actor ]

328NN[NCI§P§5] (A GWW@WCCEWW%@ n are var{$EQ FA303:29)

[OOIBtnggtst r at esxté%ee%or g’)?}aﬂrr%l ﬁ d?%/tget X;re Sjh l l errlrﬁ%o

complBMe’;?ltertiwmr |csaz:ir|eas@toin\dimm ﬂnrmpams pBw A8 NG Fdr téxch

heco an octan ase however, generated a
muta e R e I s £ 0 (1 o

perfelcltqrye&f‘dn@gé}dé@xt@w )@x@%ﬂ r%nﬁna%}i%q Avity
produced neasur abl e activity towards ethane. Directed

GEARRLOGGHE SR WA TFETSY at dFER BilbdWt:alQ)standl tSncictdan t4p’ ~
GTGAAE;@@@FI%% &c-Runt rk%'izot &% R{]d)'\@lged Relqy ‘(’5%' n§ﬁ4§ nal

rounds of directed evoI i on gnerate
sequepnge anntd W v tielge nalo IplrtLynetm Gbrey erets utetiane: W overlapping

han Th| enz i,dest he foundation for. a
fragmno&el tbl ocat Al Wflc%g%u%éﬁta&%ﬁ%e G fFbmn @

secondeti@neo @186} €orsioulicdr afut¥adanicsie UNl@ss fu11
not ed ot herwi se, chem cals were purchased from

gene §?§n§ Emdﬁqghwegp B@@ﬁﬁsamQJﬁac restriction enzymes and
ligated with T4 ligase {Invitrogen) into PBM-3-WT18-6,

previously cut with BamHI and SacI to remove the wild-type
gene. The ligation mixtures were then transformed into E. coli
DH5alpha electrocompetent cells and plated onto Luria-Bertani
(LB) agar plates to form single colonies for picking.

[00190] Construction of the active site recombination
library: Improved mutations that were picked up from the
saturation mutagenesis libraries were recombined in a
combinatorial fashion. Saturation libraries of amino acid
positions 74, 81, 263 and 264 did not yield improved mutants
so only beneficial mutations at the remaining seven sites were
recombined. Mutations were added sequentially using overlap

extension PCR with degenerate primers (see above) or a mixture
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Et hane (99.95% , propane and di nethyl ether (DVE) were
purchased from Special Gas Services, Inc. (Warren,
wMd)os/16308aNn0l was purchased from AAPER ( Shel byra1/1082006/011273

KY) . NADP+ and NADPH were purchased from Roche

of deg¢enmiiapapplisersNimoraBloeashfysi &8, thacpri{masadena, in
a 9. 94 W ugc ed
ot {B)rqbEIarERa e li) MBS PUSS0BRC AR END ot i
acid ﬁéé&&f@ﬁh¢8(hﬂdlamap@fe81ntb&d@CedbmsEhgl@ndmsrskabs
pol ynerase from Roche

78A/T($%@(36%ﬁ€(?éc/ﬁﬂﬁ/v PPH turbo DNA pol ynerase from
'Gcﬁiﬁé@'ﬁ@ﬁéG?é@G @&%@DB@@Q}AGA@@Q -B[SéQDﬁ.‘B Nbgase, f pam

vi trogen 7] Expression and
78F SEﬂfoSéafEéﬁ/GVLPHSGOBN$ 3: The genes encodlng P450

A I L e e
[00195P26Riek236RQutE2D26:s RR5PSs1A200V26A3R8Fe 853Wjiuand

35-Ell (with additional am no acid substitutions E464G
using gRPLPSIBYT) were expressed and purified as descri bed

260T~ (fgﬁt eEscRhadrarTdcaTiirTEReMGc8e6AC 25583442 (18083)) .

nzyme concentrations were nmeasured in triplicate from
260N~ fhe CﬁﬁCﬂﬂéEéﬁ&éA§§§@€TQAAF@GQSGFAC¢néﬁﬂ@cﬂﬁoﬁoéﬁ5 and

T N e T R

[00192WbstMhUthbﬁsRé?CpoVYBAonK94|anBl@BSweTé?ﬁhtrAﬁ&éVd
F205C, S226R, H236Q E252G R255S, A290V, L353V) by
USlHQP@Rlﬁﬁé?Iap ext ensi on nut agenesi s using Pfu turbo DNA

877/ 1P9VYMBE@S € ol StEakaganescTTARG YRLAABLS LA ) easRo 1D NO:37)
saturation Ilbrary contai ned all possible conbinations

and 83F/B4d¥és, BRNNTON A5/ GRGACEGGTEFANEY TGFACCREGRAGdor SEQr 18
NO: 38garticular residue. The recitation of "for" indicates
forward" primer. Accordingly, the priners in the
[001980r wvamgd tdiciestsi an Hosiedoh BRBr sy ewsndrHgNNNdG asing
(5" - GTCAANNNCTTAAATTTGCACG S') (SEQ I D NG 19)
Prime¥SNNN-f or (5' - GTCAAGCGNNNAAATTTGCACG S') (SEQ I D

328A- %‘szQ?aDE%%M?T;G@TC@@GC@HMTTTNN@C@MBTEW% S)
328L/F/V-for (5’CCAACTRTTCCTGCGTTTTCC) (SEQ ID NO:40), and
328M-for (5’ CCAACTATGCCTGCGTTTTCC) (SEQ ID NO:41)

[00194] Finally, mutations at position 75 were introduced
using primers:

75L/I~for (5'CTTAAGTCAAGCGMTTAARATTC) (SEQ ID NO:42), and
75W~for (5/CTTAAGTCAAGCGTGGAAATTC) (SEQ ID NO:43).

[00195] Sequences of resulting ethane hydroxylating mutant
53-5H: Nucleic acid mutations compared to wild-type P450 BM-3
include C142T, T234C, G235T, A237T, G247A, C248G, A249C,
A284T, C324T, C427T, C527T, C554T, T617G, C681G, T711G, AT58G,
Cc766A, C872T, G985T, C986T, C1l060G, and Alil9G. Amino acid
mutations compared to wild-type P450 BM-3 include R47C, V78F,
A82S, K94I, Pl42s, T175I, Al84Vv, F205C, S226R, H236Q, E252G,

R2558, A290V, A328F, and L353V.
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8INNN-for ( '-CGIGATNNNGCAGGAGAC-S') (SEQ ID NO 22)
82NNN-for (S' - CGTGATTTTNNNGGAGAC-S') (SEQ I D NO 23)
WwW@Zodsies08z (5’ - GAGACGGGTTANNNACAAGCTGGAC- S' )  ( BEQUR1D06/011273
24) 88NNN-f or GACEEEWTATTTNNNACCTGE%(I}SS) .
[OOIPgEQ IEPREFES?tE%éhRﬁFFB? reductase library: The mutation

E465¢5WaMH&T@WE§EEéé\TJ%%SO¥ éSE;Qf!s é‘% E%m
263NNN-f or (S’ - ACATTCT TANNNGCGGGACACGAAAC- S )

vari oL 27yt 264 NNKE¢dr 11 SthA@AWGTGTTAATGTI\mmCAQGAAA@eSa}:e

Librh P e et N e knds (mpept iR, 2257081 heprary of

the fbdubE&(@éSﬁoptiﬁﬁrSffﬁheeEtPBS@fBMhES@ehébl(@EBssbp to 3147
nplenent th elr correspondi ng forward grlners .
bp) @QEhPﬁ%t%?P%h ledousepdr hie PCREcqer saperforndd’ - each

tar f -
GACT@@GﬂﬂGﬁT@ﬁfﬁ@ﬁAA&Tﬁ?@%&?@%@S?)y(g%%gF%Phﬁ?gg%Ja%g&/EcoRI

rev cfAGé“JCT(SC”;C@@?N;mM@mBTGAASEQ-BD) NCBEQ ID
wo: 131y BUn 08 P00 OLoADESEILENGE SPLAMVAINE 10p. ana

150 nmnt adcnedihe Thié aampnsfwgaenmedaagnﬁggtﬁﬁctﬂoﬂ aﬁﬁéé@'ed
CR to anplify the conﬁlete nmut at ed gene. The f
uSln@eﬁ%C%a%n@h%ﬁO%atavﬁth sant Jahed salth eS¢ ritgpen into the

CWoBDZY M BSm Qb Tdohig Dyt n)¢knto
T R e e LA A
redu@éﬁ@@eP@h@lvmluemqpedgenEh Tael | agdt EooREi Xt Ar emalir e

Liprf PN IO IRES |t PaR calB) bR and it Lo weBereaked for

mutatiB) ages.plBies100 fiar sl ngten&ot Doh esrb@hcplckhag.
$00190 Construction of the active site reconbination
optipah mpiationrbved fhit Ar? oReteRbenGeper preRed apdf?ohprger

1ibrhhe sahus iy @yi@gﬁgﬁﬁéfs'fﬁgﬁftﬁfsw€§§%£€£8ﬂba9$dplcked

in a conbinatorial fashion. Saturation raries
and api@enedi d positions 74, 81, 263 and 264 did not yield

j oV, tants. so only benefjcial tatlo s at the
[001§Zﬁalnﬁ%%f%%%eﬁcﬁgt%gqﬂ%?%e?e%%nﬁ?%% CIRAt RERORE wer e
hydraﬁﬁeﬁtﬁe@u@mtm& | ¥5-U81 NG (1991 E BPn &X& BRSH Ol PER-#GE R to

enerate priners (see above or a m xtureof

the ﬂ%gje%‘ér%ﬁ(éu%‘??%?g ThiEafYRm R43@sBYmS thecheiersiare
sequéx@c@?'%éf&&@féMZTSt@éM@Q W3 MU B 9-EO0yA | 2486,

nmut ati ons at am no
A249C, A284T, C324T, C427T, C527T, C554T, T617G, C681G, T711G,
A758G, C766A, C872T, G985T, C986T, C1l060G, Al1119G, Al1394G,
T2132C, and A2313G. Amino acid sequence mutations compared to
wild-type P450 BM-3 include R47C, V78F, A82S, K94I, P142S,
T175I, Al84V, F205C, S226R, H236Q, E252G, R255S, A290V, A328F,
L353V, E464G, I710T.
[00198] Cell lysates for high throughput screening were
prepared as described previously (Peters et al., J. Am. Chem.
Soc. 125:13442 (2003)). High-throughput dimethyl ether (DME)
screens were performed in 96 well plates as described

previously. Improved mutants were selected based on an

increased signal compared to 9-10A (for the saturation
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acid position 78 and 82 were introduced using primners:
78N T AT/ISIF/II/CELIV-for
W@ 2006TT3D8AAT TCRCGCGTGATTTTDBCGGAGACG  ( SEQ | D NCX/B23006/011273

and 78F daA/ T/ S/IF/1/C G L/ V-for

mut a g NSPRAAATHEFITCET GAFFT FDBGEGACAET) L SEG ¢ aiNa 83)on
191] tati 6

llbral[r%r odu%%%g%lscl)ﬂr% ogltr Io?rfe},rsasr?é zag'gg_ éfc%]arge Qﬂé/\ﬁg analyzed by
gas R COAATIGATOTACAET CERAATHECEECGAC) (SEQ I D I\IO 34),

[001%&\# f oraZ%%LOQ%;A TAACTTCTTAATTC—ICC—IC—IC—@}]C% SEg

th é%@dﬁﬂ@?@ Q2 Myl onse ady posy tian, &h eﬁﬁ‘d s
°° wer e |ntrodrucﬂed usi ngd\%rl mers: 87F/ 1/VIL 88T for e

125: 3$4%A@4E@3®TTAPEWWW FBEQ1IyNGats® HRPH

cone NG 5] Ut T0a) mﬁﬁ?ﬁ%@w SR i e

Therdnt,r ddue deh aisy qﬂlduhanoliﬁﬁhbémﬂrdﬁhon was reduced to

<oox SGUSIGTCCTCETITICD (520 1D NG 39),, 3281 F1 V-t
perfoiZ@M fol A& miCARGARIEGTECGET T5TT(53QaL (:%a@&l[br{\'@uﬁt]dre

[00194] Fi naI |y, nmutations at position 75 vvere
contgifigd iy prdGreévs purzsiied frpoysin in 0.

potase%%%@% ?ée%%r%%%%g%% e

dioxySegquencEx) ofL rceSLtlHei n@gaimimdrm@/témt { hop GrutdaMADP+,

5H. Nucl ei.c tations dto wl pe
167 i kR i e R rEre DYt Sem S k) Bras
added248pe AZADC, wa@&%ec@ﬁ@l Q‘%ﬁ ad G, 5 Céréggﬂt-rum,
(074

T617G (681G, T711C—; A758G, A, C872T,
presswgeed QIUBDE0 afd Al Bhansi s st drirA @t ois C.  For

ae e IR R B50 LR e oSk o o

proceerb2(G I?ZﬁﬁSthﬁQi).V 32 8 t aantk {358 { 003D B]he reaction

rar The mytatio
was s opspter Io(? of thd 3e0dl}|r?fnase5dlb k %/ 5 e utanol was

added to the reaction mixture as an internal standard.

Ethanol and l-butanol were subsequently derivatized to their
corresponding alkyl nitrites. Control reactions were performed
by repeating these steps without substrate and with
inactivated protein, to correct for background levels of
ethanol. Reaction buffer saturated with ethane and oxygen did
not contain ethanol concentrations above this background.
Reactions with ethane and corresponding control reactions
without ethane or with inactivated protein were carried out in
triplicate. Taking into account the background ethanol
concentration of around 1 uM (1.2 * 0.1 uM for the control
reaction without ethane or 0.8 + 0.1 uM for the control
reaction with inactivated P450), the reactions yielded final

ethanol concentrations corresponding to total turnover numbers
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E465G was found by directed evolution of a different
BM 3 variant not reported in this work. To nmake the
WO eahdabRSE Iibrary of 53-5H contai ni ng this nupel/UsIV6/611273

brary t he reductase portion of the E465G
o2 slpsdoRRl o558 b5k 608145 BES RS PEREABLYT eacust fig:
FigukB8 Qraﬂars Sacl -for (5 -
GACTTTGAAGATCATACAAACTACGAGCTCG: 3 ' ) (SEQ I D NO 44)
[002@68 4 Ecgﬁprghromatographlc analy31s of the ethanol was

P B S LR Aot AONEaR( PO BB RRE (0, °

calibPati6f, candelaithM }baddedl dbeannphtii-gdl DNAaW@Srd. The
iestrlctlon di gest ed u5|ng Sacl and EcoRl and then

samp{ eYat el W PRe TR gase Yatemehef peviski apfagppdyses were
£680EAQI At ngehhe gﬁn€ H S S

pex portion reﬁnve ri [l?§g§d %%%%fbiAﬁéﬁgV%E? grary

perforned ﬂﬂtanﬁswlétaneabhr@KEB&@naerlea hasPlest edsf or

The 100 C12 0 oduced the
ol R e ran Rafe broar ot ST bhet pbr ChBRLSS Gy a30m
lengthrg@rSBlhmaEM,CQDBBIﬂMnglzﬁlﬁhﬂ@HD§é§ fE@AMEBESd to an
conditi on was pi cked and screened. [00197] Nucl ei c

electeey %%aﬁéﬁ%egeBFCFeéu FFRY- ethankenparakyrat Prggram was:
60° Cnyﬁ?@&t§§ EiﬁOé@oééEéggérg'y§g4%%égwf§9a§d?£8 th§°c /min

codi ng sequence of wld-type nuc acid
gradienjuehee§ 0 el 6OECC142T] eTR34E, 2 G235, an@3T7Hen RAFX; for 5
C248G, A249C, A284T, (C324T, C427T, C527T, C554T,
"T617G 681G T711G A758G C766A, C872T, (085T,
[002B6T IC1068G: 1 6d 1 18 r MMB9HG od 24 B26: nandl AZp 18651 was

no, acj d sequence mnutations conpared to wld-type
testaas0 Bk S | EFeRel RI7E M7gF nagos] ®b4ethmares used as

e v Aoar o[ 353V, “Eaedc” | F10F TOO1oNT ear > =pove,

and mqs@@@sea@$ hnghtbainmﬁmmmeﬁnxa%xmmgwaereb@eewameM1eman

oxpe SEREHLBE I RLEKT PUSSULEPORLS Bl Somted o nhfuremtFign

Secod&%ﬁﬁMBCrE£ﬂSaMEM@r@&i§CH@E%MHﬂ Ipaet Lo EFESHBS used to

described, previously. |nproved nutants were sel ected
monl%%geae%% %9ns of 53-5H with singly *°C-labeled ethanol (HO-

1%HQCH3, 57 ppm). Concentrations of 3C-labeled ethanol as low

min

as 50 pM in the presence of 10 pM P450 (in 0.1M potassium
phosphate buffer, pH=8, with 10% deuterium oxide added) could
be detected using the 13C channel of the NMR. The longer
relaxation rates of the carbonyl carbon atoms in acetaldehyde
(206 ppm) and acetic acid (176 ppm) decrease their carbon NMR
signal heights by 25-40% in our experiments, making their
detection limit approximately 100 puM. Reactions using 10 uM
53-5H, 1 mM 13C—ethanol, 100 uM NADP+, 50 mM isocitrate, and 10
U/mL isocitrate dehydrogenase were stirred 12 hours at room
temperature. Deuterium oxide (10% final concentration) was
then added to each reaction, and their NMR spectra (averaging

~20,000 scans each) were recorded. Control reactions using 50
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i ncreased signal conpared to 9-1QCA (for the
saturationnmutagenesis libraries) and 1-12G (for the
W(De(mmns'onati on I i br ary) . Reactions on octane BPOTUS2006/011273

it o SR Pheh oD 100} SREGBEEORe. GnnBi RAnGCHBrE” caPPi Bl NRDP,

50 mAUEsSEmtkarky bAdthose/fesesbbedrhee pepparegeRaker fere
et al ., J . Am Chem Soc. 125:13442 (2003)). Because
a150csﬁﬁépémaﬁ|9n§véhﬁaﬁr@dNABPch@ﬁﬁatﬁglze§w$@tﬁgﬁéﬁy shat

the g@@Bngsg t2t58€l§¥3teﬁb“@éeEé%ﬁda@ﬁ@éegéadpg%s were

groun anol concentration was re
deteappdoxnmbheby &xphrimEnhhaneihydrexyhgt thatyedot itbas

presfRREuPE LoMarhEan 200, 5300 oF2b00YARP pRFHI 2By dDcER TR

turnbaegsloM pehassiunspBosphate byffer (pH 8.0) saturated
th et hane and di oxygen. 300 uL of the regeneration

1002834 eniie. 86oANPRADR, SDEGT el ADT S8CPHr ang. 5-mi1 were
cakefloludgoenasey 410.Ebong biatel uas,added oThe vial

|ate wth a septum "pressuri
cuvelBepsilpoh ehhabatand wtthredhaheZSﬁb Ebnfdeuer&qnaﬁnbmlum

of tot tur no , the,re on_was  al | owed roceed
Erom §puP o dmarofr ol LBoPy ot6 ASEBeRPRaL i Bret AE. Podc olton
confm@ﬁrﬁtQBEGGfaEh@ fetpiand480 WhB. obBetle@l Dcilhe, a good
-but anol was added to the reaction m xture as an

SUbStﬁﬁéﬁmaﬁl§Paﬁé§rBPtEﬂﬁéﬁéﬁ anghifput ¥a6pnkesé-E1l behaved
L, yat 5zed [ I
1den§H?§§ﬂg Q%E%Oﬁ§§g¥ér th%%g&&é%%yp@&%@éﬂﬁgﬁ N9 :8hk¥ <.q.
9- 10Aepsaubmg ahesgn$fépanmﬁBbmatshmbStugba anduhathon with
inactivated pro to,correct for background | evels

t
goodoFURSHEAGFS ﬁESEtFBnOSGFFSr saturated with ethane and

[00203yg9enngdbdunekieant ahnratBanqkreonegpl-ati eRerabove at
thi s background. Reactions w th ethane and

25°Ccypiagpanbipngresnt pOil p@ayﬂﬁoﬁ§eﬁﬁﬁﬁ§bpt@ﬂﬁéﬁé dBhimagzu,
cOlu@ngt'MB ed, Br 9t &l Wet g%k'éﬁvgﬁke n hrhphicékﬁctlon

hg Thto account the Kgr oun
mlxtu@ecenhtatned mDOanMUEQSm nk6e1 s NADPﬁthdrethher

ontrol reaction w thout et 0.8 + 0.1 uMfo
meth?ﬁ@ CoﬁFLBPereSEtpﬁﬁpﬁPﬁﬁSF 869F9§t88§§&§GP9 P%%Spkate
buff%%aQbLQnﬂ,ybﬁ|g$d foRralh mM octane and 1% ethanol in

potassium phosphate buffer (0.1M, pH 8.0). The reaction was
initiated by the addition of NADPH and the decrease in
absorption at 340 nm was monitored. NADPH consumption rates
were also measured without substrate (see Table 2).

[00204] Octane reactions were performed in presence of 1%
ethanol and the results shown in Table 1. Rates of ethanol
formation were measured over 30 min using gas chromatography
(GC) coupled to an electron capture detector (ECD) and are
reported as nmol ethanol/min/nmol enzyme. Errors are at most
10%. Total turnover number (ttn) was measured using GC after
completion of the reaction and is reported as nmol

product/nmol protein. Errors are at most 10%. 1Initial rates
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et hanol concentrations corresponding to total turnover
nunber sof 50 and 250 for 53-5H and 35-H I,
w0 empaeiosvel y (see e.g., Figures 2 and 3 ) . [BORO083006/011273
Gas chronat ographic anal ysjs of the ethanol was _
of P%@?%?Lean‘%s‘?%fw M%%n‘&%ﬂ?%smw%wi%%ol fein by
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2.65 uMfilmthickness) connected to an electron _
octanaht urelYer ettt (BNt THE Temriratine Progielt weknation
of eSOC i ELDr, B t ven for, 3 grin,

10C/ min gr adjf)ent torg%%%@@ég&bt grsgldal%(ﬁe]lnrg&tao% 0 0oC ,
subs gt hems RO7TOC YA KM . FOO2D1|TITERdd18on, F205C,

% Jdat.i f ol 3-5H sted. First,
8226%)& ﬁ?r:% CSi’( ZELO?grg\C/TO’) ﬁ%t e”a%%o g Ih%ﬁﬁ-(/éa *used as the
[0020a8 st redisleimder the reacti on conditions descri bed

above, and no decrease in ethanol concentration was
observed within experinmeptal erraL.te 3| UM ovep. the
course of the reaction. Second, NWVR (Varian Mercury
300 MHz) spectroscopy was used to nonitor reactions of
53" BR*Wrt h stigPy €3¢ | abel ed fethanol (HO 13CH2QH3,
Enzyme 57appir}cia  Commentdiat il onse of tth3Gatabelefzat hagol as | ow
as,,20. /M in_the presence of 10 mM P450| (in O .| [ptanol ee
potbgcsgﬁqhdrrﬁ p lggbﬁ%t%ls buffer, pH=8, with|10% deuterium
OXi de added) coul d be detected using the 13C—channel
wild- of the NMR The | onger rel axat|ion rates of the
type Carbanyl carbon_atong in acetal dehyde (206 ppm apd
acetic acid (176 ppm] decrease their carbon NWR si gnal
"3 hej ghts by 25-40% i nlour exper|inents, fmking their
detection limt approximately (100 mM .| Reacti ons using

10 mM 53-5H, 1 mM 13C- et hanol,| 100 nM NADP+, 50 mM 50
102 jgsocirate, an®¥®0 U|nt~i soctit|rdte dehydtogeiase %ere

stirred 12 hours at foomtenperature. Peuterium oxide

(10% final concentration) was

(s)

V78F, AB2S, 65

53-5H 15 0.4 50 370 5000 660 8000 89
A328F (S)
V78F, A82S, 65

35-E11 17 0.4 250 210 6000 | 420 8000 89
A328F (S)

[00206] Table 2 provides NADPH oxidation rates of 53-5H and
35-Ell in presence and absence of substrate. The coupling
efficiency is estimated from product formation rate / NADPH
oxidation rate. 1In general, NADPH oxidation rates cannot be

measured on the same time scale as ethanol formation rates.
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then added to each reaction, and their NVR spectra
(averagi ng -20,000 scans each) were recorded. Control
WO e@6t1dm8s usi ng 50nM of 53-5H from the sane bp¢TS2046/011273
mM of octane, 100 mM NADP+, 50 mMisocitrate, and 10
U nlL isocitrate dehydrogenase were al so perforned and
[002@1'119 prpgyctsacharacterized to verify that the P450 was
fully active. No overoxidation products were detected

in these experisasAats, indicating thais;eiin the presence

of 1 m¥aghhanQlic, 53- Skirtat al yzes .| &3S I hanusliht ot al
turnovers okeeethanol ““(SEE K gures 4iy™. [ OB2DZTY The

no subABROr PLI ON [Pectra for 53- ol and 33b- EXT were taken
etnddSi Ng @ 3 udpsol ution of jpunified,P450 in gguartz
prop&ddvet te. Upas i ncubation wtth et ghe, no shift in
octBQUI I T briumfromlow (A ggox at 448 nm to hi gh-spin

(A max at—390 nmj——configurationm of—theferr+c—P450 was
observed. Cctane, a good substrate, also did not
[00208HuceEgamhi ét 2: Mt amin85:dide hehawed i dentically (see

lgure_5 Previously presented putants, e.g. 9-10A
W”‘&ﬂi bieWO%l%i 5%???‘6%%t°§ﬁll%t 1 t L goRC RRRLIbAR T o i RPFe
abun@ood ShbsStsatl €5, MSHEInASi P Gheand B DR reases this
oxi dation rates were neasured over 20 s at 25 0OC using

by oxdgrppedragoitune vi Mepeane obhor beet @ni ¢ iSkdl nfidey, coal

' es. Al .
vods AT M) o0 1 NLBDOL L Shec il o o
orgaraid redtther ihmthaméfilkd hang-hwnaprapanes Sad Urad etk
ot assi um phosphate buffer (0.1 M, pH 8.0) or 4 nMV
stre i oot ohob BT RAnRAET 7 bt ST Tf HOSHAAR bR o
enerd®. iMuPt-Be9) ardheot aasdd e assd Nihdat £k by: ¢ +oo

addi ti on of NADPH and the decrease in absorption at
remo R - qink YRIBSPRRT t thedia NADPH: dwrisempi¢erabies Teeility or

S i te ee .Table 2 .
oo HED, TSN SURLe's (res bl Sdunaony
into lhethans| eandl ¢ her arespd tisedhoswhamo Tabl 2 draciRades of

et hanol formation were neasured over 30 min using gas
cata o o Ao TR SO i G @ ce rPRapt e 21Low

thesdl&d QG & s (ElR e @h @@ AROPBLLASVEPBLd into easily
et hanol / m n/ nnol enzyne. Errors are at nost
transported liquid fuel. Accessing these reserves with a new

technology will have a dramatic effect on both the energy and
chemical commodity industries.

[00210] The wide scale production of methanol from these
sources would also have a favorable impact on the
concentration of greenhouse gases in the atmosphere. Methane
has a 20 fold higher global warming potential than carbon
dioxide. Human activities release about 300 MMT/year of
methane into the atmosphere, accounting for about a quarter of
the measured increase in global temperatures. Conversion of
this wasted methane into methanol could have a dramatic effect
on the concentrations of global warming gases in the

atmosphere, since in addition to removing methane from the
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10% Total turnover nunber (ttn) was neasured using GC
after conpletion of the reaction and is reported as
waopwie/1psoeziuct / nnol protein. Errors are at nostPaD¥s2006/011273

Initial esof opanol . and oct anol fornation wer e
atmOﬁEfag{a?e‘aY é%fslpﬁ?ﬁg d‘sg%nlaeg?@n%puh%d YEDRfpRS & fuel
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ee" of 2-octanol (nmain product) was neasured by

burnipg @%v%ﬁ@HV@h%ﬂtl@mﬁﬂntsofl@@é@llﬁepa€ehvhé§lsg methane

1oL 14pS BASOSEU SORLTRY Py g3 &g o o

usabﬂetalnénﬂatbmeofuee tsrtMérEﬁbBe Mt apt OnkQGAosentaEBstive
am no acj d subst tions, RA7C, V78A K94l, P142S,
mean%l?@ CUR3ERg 9 %@  WSBBERO - 1D36Q, E252G  R255S,

[OOZfQ?OV‘TH@deﬁ§§§¥ér£9039§$cﬁfgﬁ§s1PE§@aH§t§%99a8@scrlbed

Cct ane Nunber of Active site % 2- Enzyme ami no acid
thropgheet athe maeeertndRackosune Raceet wq@craﬂobyee

2l I bR IR bR 0T LB 58 a2 70y o
expe ABASIt 65 A3-HH 4bn Ot #vS50mS8TRNoH000r 668k 8RH01 8OrAB28F for

AB2S, 65 35-F11 17 0.4, 250 210 6000 420 8000
dlreéégé\s%‘é%l%‘éi;orf 06208t aaBI B4 209 BT MereNAPPHR %P AT on

propé@iﬁésOIS5§eééh@@ga§§ogl|ofnc@fﬁéﬁ@&@néggsab§§nﬁ§18ﬁ
substrate. The coup g
portions of homologous P45 s are swapped to form functional
chimeras. Recombining equivalent segments of homologous
proteins generates variants in which every amino acid
substitution has already proven to be successful in one of the
parents. Therefore, the amino acid mutations made in this way
are less disruptive, on average, than random mutations. A
structure-based algorithm, such as SCHEMA, identifies
fragments of proteins that can be recombined to minimize
disruptive interactions that would prevent the protein from
folding into its active form. SCHEMA has been used to design
chimeras of P450 BM-3 and its homolog CYP102A2, sharing 63%
amino acid sequence identity. Fourteen of the seventeen
constructed hybrid proteins were able to fold correctly and
incorporate the heme cofactor, as determined by CO difference
spectra. Half of the chimeras had altered substrate
specificities, while three mutants acquired activities towards
a new substrate not hydroxylated by either parent. A large
library of chimeras made by SCHEMA-guided recombination of BM-
3 with its homologs CYP102A2 and CYP102A3 contains more than
3000 new properly folded variants of BM-3. In addition to
creating new biocatalysts, these chimeragenesis studies

demonstrate that the homologous P450 enzymes CYP102A2 and
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efficiency is estimated from product formation rate /
NADPH oxi dation rate. In general, NADPH oxi dation
WO at064038nN0t be neasur ed on the same tinme scaPEer/as2006/011273
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amingRELt SHOBbTH L HT ot By BnaCEReRF APl badt Fyi2cive £o
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gl oba di oxIrde. Hum an

rmng pofentia han ca
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her e, accountln for of th

1, 2 e ORRR et Een R e R e Adn SR BP s el R SR bt oF ana

3 ar®f obhhsn¥Bst edr bRt Bape1inkosiBEhang! sepyil NRYE18 These
dramatic effect on the concentrations of gl obal

cytoghrenfg §asesara khewatapsphet@shsi aeé FRELAAREi on to
resp§§99¥é¥g.”Efﬁéng%{%Sﬂtéﬁsaﬁﬂ?éprr§E§yxth§ ptoﬁssﬁnown as
e ne anol™ whe

urned as a fuel | eases’
the ¢yﬁbabromebbm5@|BM+Ee fham Bscneﬂeasmdgbyebmumtn@tans also

oo LB ST BTRYR o B30l Lo SPYELL R TELIERE
cytotHE@méS P450 shown in SEQ ID NO:4, SEQ ID NO: 5, and SEQ
ID NO: 6 are obtainable from Bacillus cereus (CYP102A4),
Ralstonia metallidurans (CYP102El) and Bradyrhizobium
japonicum (CYP102A6), respectively. In Figure 6A - 6F the %
identity between the parent sequences and CYP102Al are
reported from alignments made with standard in the art
software. As shown in Figure 6A - 6F, the identity in the
heme domain is often higher than reported because of large
differences in the linker region {(~residue 470) between the
heme and reductase domains.

[00214] These six cytochromes P450 are closely related to
one another and show a high degree of sequence identity. The

sequences can be aligned based on the sequence homology, and
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fashion and still retain a high probability o
catalysitdi die (o J]camdvinged Teerme r-har & akdrd aritns refrcent, of

produdH Ve =450, BM3 (NAD(P)H) consumed during the

enzyme-catalyzed reaction. If 2 moles of cofactor are consumed
for every mole of product made, then the coupling for the
reaction is 50%. Coupling is alsc an important figure of
merit because it allows one to assess how much cofactor is
required to produce a given amount of product.

[00216] The BM-3-based catalyst functions at ambient
temperature and pressure. Unlike methane monooxygenase
enzymes, this BM-3 based biocatalyst can be expressed in host
organisms that do not consume the methanol as it is produced.
Thus it may be incorporated into a whole-cell biocatalysis
system that can accumulate methanol in the presence of methane

and air.
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scred@m 09yl i gRet Patont d GAMEGLa1S SHOWMHLIE ELAMI€ablons of
6F. This alignnment defines "equivalent positions" in

31ng%%es%@@u@%%@§lom@ @au@vgﬂe%tvarlant previously evolved for
high activity towards propane. The 15 mutations in 53-5H (12

are not in the active site) are located in the heme domain:
R47C, V78F, AB2S, K94I, P142S5, T175I, Al84V, F205C, S226R,
H236Q, E252G, R255S, A290V, A328F, L353V. While not bound to
a particular mechanism of action, it is believed that the
active site mutations serve to decrease the size of the active
site so that ethane is bound and hydroxylated. Mutant 53-5H
has only limited activity towards ethane, producing only about
50 total turnovers before it is inactivated. Variant 35-E11
was obtained by modifying the reductase domain of 53-5H to
more efficiently transfer electrons to the active site during
catalysis. This variant contains two mutations, one in the

linker region connecting the two domains (E464G) and one in
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position denotes a position which, on the basis of the
al i gnnent of the sequence of the parent cytochrone
wE@4m6/105e8quest i on with the "reference” cytochr BOBRUREBE011273
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, | it 87.i.n.S DN 1] ivalent to .
ootiGhERE: 8 BEF nl CrePY P NEFEo bt Shaal poSEFBREEDIPRS 1o
watePESS | DoNQis 410 ﬁ@@ZlﬁkiHBethﬁén&§§@¥a£héUBBOE§E variant

nunber” (TTN) is the total nunber of substrate
was fBpebufbed convereddcindprealerot of renrReENBVer) by a
[0028b{9! CLENZYPPLOVSE hbiBahtlebrBs0k ULLRY Bc3BEREL! 20y

ti period. N'is an inportant figure of merit for a
phenoayptysindecauseci bfakblibsrf bnctbesedl pubduconfofmahéon on

otal anmpunt, o oduct .t can_ be e froma given
sma1} e e S or dedr shb eSS g ELy P e dts Tge hekhandhe
AdditabhR11V N PREGeRéreObcpeeduat rhor Mpdréoseaf astipling of the
( NAD( P) consuned during the enzyme-catal yzed

conspEREL PBNOL | FADPHpredueingoedntvateate EenBaAEHCEOr

no f pr TRde h ; pL{,N ;
forn@ SO, Tk ol by POHaL L TR a L IABCL B U Py e b Rhr LN
totadf ameunt bécdﬂmethylabtbas bperbryastess Wbwlauthcreased

ofactor i.s, required to produce a.given a nt . of
N T Lo S e e A g e L et
NADPE&NBbEBtmbEOBEr AL HES Qﬂaa@ﬁ@éauggectmbbketambbam@ally at
nonooxygenase enzynes, this BM 3 based bi ocatal yst can

340 pm érpkessedsenchost 6rBARF3AB)that do not consune the
[OOZEEihanggu S%i%ﬁ%giggo Ecﬁgtaﬂpgsoft3§§F1?EWere

or porate ol e-ce brocatal ysis system
consthattedn @scusataretiehhanbbgenethe pibsemntesofere

preplELRTe 2dglr 002171, Vet hane hygf oxyl ase yagiants
substitutions were introduced at the positions of two non-heme
domain mutations, E464G and I710T. Additionally, two random
mutagenesis libraries of 35-Ell were prepared by error-prone
PCR such that each library contained an average of 1-2 amino
acid mutations. One of these random mutagenesis libraries
contained only mutations in the heme domain (residues 1 to
about 455) while the other library contained mutations only in
the linker between the two domains and the reductase domain
(residues about 470 to 1048). These four libraries were
screened as described above, and several improved variants
(described below) were isolated, sequenced, and purified for

further analysis.
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Evol utionary' strategy in which nmutations were
accumul ated in multiple generations of random
\N@ﬂMﬂQ&ﬂBSls and screening, in essence adapti nBCT/82006/011273
ynme to exhibit higher turnover on smaller and
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pei. EREEOH ORISR, IOLLE el (0L FOOEIEL N i,

dlrecte evol ution
regeeehaheehydyskgma¢omg1§ﬁﬁﬂgB&fBNHBPGesﬁﬁbbﬁﬂr@b@yeanahe
. et ne- throx ating P450 BM 3 variant 35-El1 was
1SO0CHhE AP nBa BT PAPROYTE nie§ hadePecERBAUER ahsFRFIRGE t heThe

reactibpl Ra8ChlYEuSH L €0 VaEL AN 2585 ShhAss desg ﬁ
Briefly, the actlv% site mitations in 53 ét@ %%SQFOduCtlon

was pePTIrGAJUARRS R Q\@ml@l%t%mﬂ:ﬂdebysseyeenAh:gqlaom bo&r yhe
g le c inations_of.sin

reac e S e P B S o ank i Bt BLGF 5 hbT el fof “anc
reacheghwathi vhe yer oy dsl pslopanex i dhse 1BoAUb ahi OMSed Nat room
E SS-EFI%éngLg nq{ in the active site) are located in

SmPeHRt e PRl rrrdlasysponygr’ss Koamethapsl qugdnced
by tiHd 88, 3 F2OBGan S2 260 o HESRR, '

Y A328F, L353VI1Vh|Ie %ot bou%%gto a @%@??63@%%93 detected

with nele®a@ys P oEpakd i orfo jdetechef ¢ uvatideimade tdred agténeh the

1 o ve to decrease the_siz f,.th

a co%ﬁﬁlve sg%% %%? t%anef?%l%%u% %9% Y$§fé%POH

was Mdeaahtaﬁ &H dvasd otni» yrdddi t Bt ashé vm&yr I over dlsp et i€z 01 o
oduc onI about 50 total turnovers before it is

that CERERaT arite FEEEI RO bbt @tk Hy ddidy i ng
quanﬁi@lé&d&% sy 1 OB I Qj%e Sheodt i H@E&néﬂﬁl&éfﬂ} lﬁ/eadlng

transfer electrons to t actlve site during
the wethlafsi %20 THE ndirdamration dilns dlyworharate cn;alrmfte in

s1m1f£¥iy treated solutions of BM-3, NADPH regeneration
system, and methane-free buffer spiked with known
concentrations of methanol. The results of these
biotransformations are reported in Table 3 and sample spectra
from the colorimetric assay are shown in Figure 7.

[00223] As expected from their relative increase in activity
towards the screening substrates, several of the mutants
isolated from these libraries have increased activity towards
methane. Three of these mutants were isolated from the
saturation library of the linker position 464: E464R, E464Y,
and E464T. None of these mutants exhibited higher activity
towards the screening substrate DME, but all of them had a 30-

40% lower NADPH background consumption rate in the screen,
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l'i nker region connecting the two domains (E4 64G and
one inthe reductase domain (1710T) , that inprove
wa@owpli1d3eg2 and i ncrease the total turnovers on BCHER®06/011273
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. phenotypes indicative of either ingreased product .
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rate (J@NABEHENEs jﬁ?&#éié’é@lﬂy'aﬁ hey, Wel Berseraenet fal the

i ncreased coup g of the consuhption of NADPH
screereducirg eEfuivedentsduoipy couctvdanieg i ore Prawfgrred to

formati on, was_.det er m ned ,by. ' I
the NTRYTEBEraT TOar CROTAET o wid e TeReRag cof TNt e,
leadVas etex M mete psé ma i het iynslect easert dac kiraurgl INADRH

consunption rates (neasured spectrophotonetrically a
TTN) 340 g iU Edel abs he®ODf SHbsTates Qn[‘é%%zi‘}rﬁ%ﬁg 8t the

heme | dQRA 4 €5 Of r UL ANL S Of 1 Ro- Bl e MBS € CROBLELICT 86k H¥E and

saturation nutagenesis libraries were prepared in
redu@ta$@ | Jonaimbi chFadh phos st édec izt odema n sbbra Lyt i o3

re introduced,at the positions. of non- he
mut e fo i a1 O L Eaoat Sac 1O Sl O orB 5S¢ GEeased
backd§ OGN MAbYeBessSmbt boar it £5e ©f Boadl hgwes eapr eparedlse in
y error-prone PCR such that each Iibrary cont ai ned an
methaie} afereet10D. anT R BeFtheratidnshetRedF L2 RkSe

Q645M@9§@1%&988§§h§ %é?ﬁé‘é"&f@ef?ﬁt§£@eﬂoéﬁ{:¥d”&'@1’§£i@@30f
in the hene domain (residues 1 to about 455) while the
the etdetrdnbtasystent phhedayut afhehs pneéyenact heovevker gives

ss-sPEL LR ST 08 RIS 15y 300, R eguetagp- gLy,
[002Y&] € Stheenedhasedr§arbleUlatboreacandisgveepbriaprioved is
not SRHERBERt oy Poph Sor e praltlal 9rEted: 862 8085 ting
methane to methanol. TTN must be increased, and coupling of
methanol production to consumption of the cofactor must be
increased, or the enzyme will use too must However, the
methods of making mutations and screening the libraries
described here can be used to further improve the activity,
TTN and coupling.

[00225] Engineering Other Cytochromes P450 to Convert
Methane to Methanol. Provided herein are novel modified
cytochrome P450 enzymes capable of hydroxylating methane to
produce methanol. Because the heme domain is.capable of this
reaction, protein engineering of cytochrome P450s from other
sources can be expected to lead to a similar result. It is

well known in the art that amino acid substitutions having a
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further anal ysis.[00222] The nutant BM 3 enzynes
descri bed bel ow were purified using published
\N@B@Eﬂdﬂmss and used as catalysts in small reartT/O8R06/011273
with ne ? Ia s head space vials containing
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mcrotifre plates and reacte nzyme al'coho
cytoghirdamse PéEOB pinbteslatrlyoom teapeemtudemadhcolal has been

' erts t he et hanol produced b he BM 3
shon b Oy BT & 8o e B0 B e R Che SEbeEiEntoppR 2t
equ1VbEedyepE@Ipﬁbﬂs in dﬁé@@teﬁ@?ﬁ&bd§Q¥Qee%ﬁgv99§HEheE@§cts
al cohol oxjdase reaction, a solution of Purpald in
on fNBEHIGRs afdBdSARBPAFl oWeE fBbpEAEYtioR @ﬁeFﬂauby Xhén

CYPIDQA@|§n89é9§e§h§Be HéP@k?gEHEQ@ Beiher L?%egﬁg of

f or mal dehyde was quantified one our a
enzyg@eéﬁrb%hb?oneThecaaMy seadthguthenwef| the 5561malaﬁd

. arin sor nst SI |arly-treated
posi R R O P BB nobnt Bt & E¥ By *BRS the same
effen@thaﬂelﬁmﬁ@a@@éfEhespek@Q YehAsKNIWN KEPEENLEALT ONShowed

nmet hano| . The results of these biotransfornations

thataFQer%%%??%ﬁu?hoﬁébﬁé4§raﬁ%7%aﬂ%¢eL%%%@t¥@ E€¥YBhV2hE
toge€RbOTbABIALE B8S n AR BROMLLA T QUFEnde %80€§3% fys

expected fromthelr ative increase |
hydr@émba@%8t¢@¢@m$e@mdngaghbhalameszlsevhemtzoéttﬂb

nts | olate fro hese | i braries. have increased
demor%l%lw ﬁ%{% %%%ﬂ%%bngTﬁ?%ee%?lY%%%% C P Skt SO &0
CYPl@BBBaIﬁ@ émm&mit&tﬁ@ﬁuwéél@@q&iﬁé@rthi7&@ebééQH§é there
osition 464: E464R, E464Y, and E464T. None of these

Was nf ofit T lehchi RS Bl PR ghbFeady) viF§8 to V and S188 to Q, had
a similar effect of conferring the ability to hydroxylate

octane and naphthalene.38 Thus on the basis of this
experience, it is reasonable to assume that substitutions
equivalent to those described here in CYP102A2 as conferring
methane hydroxylation activity will have the same effect in
CYP102A2, CYP102A3 as well as other cytochromes P450 that show
high identity (55% or greater) to CYP102A such as the one from
B. cereus. RAdditionally, these P450 enzymes can be subjected
to rounds of directed evolution using the techniques and
screens described herein to obtain and/or increase methane
hydroxylation activity. Less closely-related cytochromes P450
with similar domain architecture to BM-3 have also been

reported in the literature, including P450s from the unrelated
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towards the screening substrate DVE, but all of them
had a 30- 40% | ower NADPH background consunption rate
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wholg, & red%% gge oﬁaP% |%E§P§ %O %&?38 susigglﬁpgﬁglzed
versibndGowehe skdentiyiiead ihoE th@&ﬁ fecneasedobackgounds
NADPH consunption rates, |eading to an increase in
demOﬁéﬁﬁéﬁsﬁ L8 WBEI 6HATPHE STIREATHORS. PR EhSee PRaReAIES e coll

overQR4pREB68L @MdBD@%%ymere%ﬁqqtb%%lﬁs %&%1%0%@ﬁ§d

out Si de of "the el ectron transfer pathway. Their
blocgtaé@ﬁéé Whﬁheveﬁatgwee@c35virieﬁneqaayedeﬁth@nthe
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for $h%%bCMﬁﬁ&bycb&ghe&@éram@h&©tﬁ@@hu@éoéﬁﬁén%@r alkenes, and
converting nethane to nmethanol. TTN nust be increased,
hetezpEvEddfl FREPEHNABE haRoltDSr 6@GEt PénMe&hasRs bypsy et ion,

the hﬁ%n%%&%ﬁ%@ro%u%Beb%as%%ﬁ%ag%%stgﬁt%h?e%@&%ng chﬁtﬁg%s of

too nust However, the netho maki ng nutations
wholecrcedhisngiflhecbinplachés dbscpirbedskeredcapnbeitised tolarge
further i oprove the a TTIN and_co
portﬁ@&ZQ%]fEngFﬁegP é%he%hé§t83ﬁF8WﬁsFﬁﬁggeFo EBfvert
metawbuhameoEOhNEthamgbnleQVbd@dbaeéagmnaé@eaO%élfurther
nodi fi ed cytochronme P450 enzynes capabl e of
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[00227] Examples of whole cell systems that could be used to
convert methane to methanol will now be described. The alkane
content of natural gas generally comprises about 80% methane
and 20% other small alkanes, primarily ethane and propane.
Naturally occurring strains of gram negative (e.g.
Pseudomonas) and gram positive (e.g. Rhodococcus), and even
engineered laboratory strains of E. coli, can grow using small
alcohols as their sole carbon source. Expression of optimized
BM-3 based biocatalysts in one of these bacterial strains will
allow the bacteria to use the alkane impurities in natural gas
as their sole source of carbon and energy (and cofactor

regeneration) while converting the methane into methanol.
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reaction, protein engineering of cytochrome P450s from
ot her sources can be expected to lead to a sim|lar
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el T Lo T 8R05P  Phooghhi-05 BREboERAS (with
greapesi NADRH-prOIRED242pandnCYR182A3anWBeChdisdF88Aechas o
th t he. sanme eﬁ&ect: It increases the peroxygenase .31
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substrate range, so that it hydroxylates octane and
orgapapht Ganerneteg1frent theseatarbdensostrecasedathalso be

. Ut \ i val ent sitions in CYPLO02A3 (no
iner SRS, bl PERcSHE PO FhE e PR b B ol Frebertas o
prod@Gatohhi SEppsessdonabf eapy)mi z&E88B103 VeRRGnSd 88nt Oh&ke
had a simlar effect of conferring the ability to
baCt%§ﬂ?o§§Pg%% BerankY afte RAPHE hal ehlde | 3Bt Theghphaede using

strabﬁséﬁe@ifiBiﬁl&é@f&é?npﬁe?ifié§t£8ﬁ389a@!ecé?'agéﬁg?ns to
. that substitutions equivalent to those described here
optimphzeViADRPAZavsl tant bl ty ngames hanebdype okytmdd onsing

LVELY. W | ave, the sane effect.in CYP102A2,
stan@id (S BE Gl NS e iR o e Fasrasts shiwh as
chromogbmatehhséyt (G0% Orpigh @at @) i vOr &Y PIOR An 84 CRe @Smb Neat ion

one. fromB . cereus. Additionally, these P450 enzynes

of h%ﬂﬁ#?ﬁ@%%p?%%%e%r%%m$%m%d%r%m Rt ¢ @81 @8- evol ution using
[00228E te£DPé AYLSE: A0y methylotrophs, i.e. methanol-

metabolizing yeast (e.g. strains of Pichia) and bacterial cell
strains (e.g. strains of Methylobacterium), can serve as hosts
for BM-3 biocatalysts. In this scenario, the engineered BM-3
enzymes supply all of the methanol the hosts need to grow and
live while generating excess methanol for production. These
cell strains could also be modified genetically to optimize
the amount of methanol they can produce. Additionally, since
the growth of these methylotrophic strains are dependent on
methanol, these strains can be used to identify new enzyme
variants with improved activity towards methane. Expression
of BM-3 in Pichia is possible with standard in the art Pichia-

specific gene expression plasmids. Expression in

100



screens described herein to obtain and/or increase
nmet hane hydroxylation activity. Less closely-related
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further increase the | evels of NADPH (or NADH for BM 3
Expreastemt 3Lt WaTS atteptaNADRYd abiar¢hbl & Poshibéat Biykt s

stan®i Py ged-her ghp. phRO224) s EXAMpLesn o u@@ogﬁeefk%g to these

systens that could be used to convert nethane
typesedhat®l Lsi | sunbwebetlhesesé befl. virhel alkahersoftenplafits.

L1y, ' b 80% d
ooz 5} O PEEREEP “EFr HaSOSRIeiETef SE waRtetR R thencr

Usindlatyitathyose s UPAE0Q Bt 6@l A6d Ofhe & &N Aegahbvel (€yBochrome
Pseudononas) and gran1positive (e.g. Rhodococcus) ,
PA50FhsederrehghheeFRat| abdr eyt Phi Ashare EndlpFjmethane

hydr G2 9 P¥h USI R8c8PBhhgly, processes that use such catalysts
for the biocconversion of ethane into ethanol or methane into
methanol can be performed in procedures described below.
However, it is understood that the following procedures are
exemplary only. The novel enzymes of the invention allow
those skilled in the art of bioconversion to modify the
exemplary procedures to suit their particular needs.

[00232] First, in a large vessel, cell mass is generated
using a carbon source such as glucose and nitrogen and other
nutrients supplied to the cells. At an optimum cell density,
expression of the P450 biocatalyst is induced using strategies
well known in the art. After optimum biocatalyst expression

levels are reached, nitrogen is removed from the medium to
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al cohol s as their sole carbon source. Expression of
optim zed BM 3 based biocatal ysts in one of these
whawbaoijoat strains will allow the bacteria to PEPUSI6/011273
[ uritie in nahural as as their sole source

| k
Prev%Ptggﬁﬁﬁﬁganarew Po9E(&he G&# ct GRSPEGBAeFRBToARYWNI | e
addlgﬁpﬁﬁﬂtbﬁgbbhesHﬁ&eén%uFEEQe@e%Ba@HE g&ﬁ£§g%%gﬂﬁoge955 is

3 enzymes in any of ese bacteria can
convgﬁéﬁdanﬂtpnrﬁﬁécang Eg@hma@ae$su§pmgmnthanh¢sproductlon

S h | e.vectors
Methgé%eg% g ﬁth eggﬁﬂogipp&ﬁ ngBi% sguE%uFﬁnGFllls
satuaadlagrRéublﬂrabsmBSéd deesirohgcantal Biehber pabkanes -
To,utilize these, nethane sources with a_whole ce
typesPpdrendcBRt aLAT M THURIBIMY - bi ASalarhanel af agcempapted in

the @@EEQBean?o§E§6H¥ SeULRE sugh,as gkgcgégaggﬁgﬁb%rom the

pr ovi ded to the host cells to regener at
malnGF@é@§@roranhrhﬁngednpoumGQOWQAthlgseaWBnch are added

backy Rac ST £ BPFEFRALY | R bFCqRNEF ATBA-PFoRt BPbHSEo

recopeesehe methaﬁomethane pteddssnganabteconBeranpunt aaf
cofactor a host organi sm generates fromthese carbon
eithgg pchat E%noﬁlgﬁnBénPHEPeB§@865§ streantining the cel

[oozSBﬁa'nsééélﬁ§&gﬁﬂgepEHQU%Ek99 dé%BﬁEﬁ?éEEono@phhﬁgéegell

enzymes in t bacteria can one by sta
methaﬂOﬂhpraducte@hnuqueg astagadysai baspeécohi BMpBasmi dae of

col i s to
its gg%°ﬁa§u|u¥9rc%%e%|so 5elBéPF8 hed ﬁggﬁbns?g gw}ﬁo}ﬁ will
occukhénast sl abokieeRBErNRBEFBYokEBAI GHESgSUEBsASlevels can
chromosonmal insertion of Eha ge-del i vered DNA and
be epgibkpPAat FoReof 2REnBroYsEedgen@xYeaBnmbaYSL e  aiie

part@bé§ﬂkg? 1$QQ§@§$tAJE@EQ@Eév§hythgeéﬂ¥é85%?gg Cﬁ%ggn, the

met hanol netabol i zi ng yeast stralns
facuéhdtbaet@¢rgbec@LIcsinawmél(beglnstoadegraﬁe glucose into

h acteri u .gan serve as hosts for - 3
etha%g%cé Iy%%bonlﬁl?ﬁféeSCeﬁgr?BF ?ﬁ@eﬁhﬁ?ﬁ%egg%SBﬁﬁgses the
celleﬁzyﬁ§8r§@®Déweatheoﬁrbbﬁcﬂﬁbﬁaﬁﬁ|alB@hbpsaéh?Qﬁggéﬁases
w and |ive while generating excess nethanol for
thatprahc??%%um%h%g% tefresipurhs eburdthprel beragdrefedy our

cata®88eti CREY:IOnQPI{M ZRe ethanol that accumulates from
anaerobic metabolism interferes with our methanol detection
assays. To perform the whole cell reaction in the fermentor,
a 1 L culture of cells will be grown to high density (ODgoo =
1-2) in Terrific Broth containing 1 ug/mL ampicillin (for
retention of the PCWori plasmid containing the biocatalyst

gene) . Catalyst expression will be induced by the addition of

1 mM IPTG and 0.5 mM d-amino levulinic acid. After 12-24
hours, the culture will be centrifuged to collect the cells
containing biocatalyst. After removal of the supernatant, the
cells will be resuspended and washed in a nitrogen free
minimal medium to remove traces of the terrific broth. The
cells in nitrogen free minimal medium will then be added to a
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t he anmount of nethanol they can produce. Additionally,
since the growh of these nethylotrophic strains are
walewena®s:r on net hanol, these strains can be uBEUBIN06/011273
£ i denti f em;egz%qe ﬁariants with inproved activity
er FaSNe v end. PBx FrEsSSen oPUBUNY ithepiteRicA 1icg s
addiRQeeiall @1ddiestkandand iRidele 1 haRindhi aspegisl hevgane rp

expression plasmds. Expression inraethylotrophs is
the geggieplteras tkygEandald be elddlesr tta ébknicqdésiresiang

Lti- uttl.e tors 00230], The abav xampl e
Satuggfﬁﬁfgqﬁﬁgagd%%u Véﬁgs%gfmgéécpgﬁg'ﬁp rg%%§§n55§gn@b§he
reacthenwkel eceeldd hicomedwnerndnonhefsemtehane .t oTeetiRdRAlate the

yt ot her _host organi sns_including but not limted to

reacst-Rer H@gp@P@anggh@F PERSLEIANRTOVGR FPanCy ] tarGae, The

lackaBd hURGoqseoulid 2hgoche tusedroRlant $healgags andeven -
phot osynt hesi zi ng bacteria such as cyanobacteri a that

growéag edmkent adarbongdimeritdefamdel igdmicoset ecsoharcsliland

P b specially val uabl e as, hgst
conap ) e P BB, afar b8 b ResaiNege 30 Ao
E. cofldariedns fundldondhgr aguiahe aatpbearnhen sauyr eelotheked

..t han carbon_ di oxi de. Because ,nethane streans derived
abllFFéhFﬁi3@3@?0&6ﬁFaPﬁCSBQQF'SGQFégﬁBBH dhexrgéhanrése

prodiest g car ecc@eabif gn 17ebhane A0 Bt haneh ;Br eesses 45
using landfill and waste generated nethane. Expression

descgfibBMh $oirn tpeann apdrbumgiacits opsssnbltdiwi whrst.andar d

L.t heart ransfer .techniques specific,to these
[002?3Aes § ecgggg?kgugﬁtgsdfﬁgnﬁggagﬁsvgng WSE%SPE f or
hydrpkgitsion0@28iyiAyPraaeds tehiBivedorvebsyanmotifethanen of

to thhangl Usi ng_Cytochronmes P450 . Provided herein
varigns AEVver 69@8cﬁ?éﬁeep&5@§6a§§dd&éﬁpaﬁﬁsewﬁéptapé- Since

thisCapakhe ehbnebBapgpandial HﬁtH@Q%rBX@58ﬁ¥|?EEQQ Fhat do not
Accordlnglﬁ, processes that use such catal ysts for the
nen

metappdéarvacsnencdf ast hanési produckdnolher ineehaneni nffothis
. | d i . d cri bed
biocfERIINY S020 REKBE" LRE RS e RISAT Rt FRRESREN BSing 2

wholpr ee@dupescase pxespbaey only. The novel enzynes of

he invention allow those skilled in the art of
[OOZéﬁécon@é}SFsﬁgﬁatﬁoapgyepﬁgmes except for NADPH were

purchased from Sigma-Aldrich (St. Louis, MO). NADPH was
purchased from BioCatalytics, Inc. (Pasadena, CA). Protein
purification, library construction, and screening methods were
performed by standard techniques known to the skilled artisan.
Also, as previously published, a PCWori plasmid containing an
ampicillin resistance gene and a double Tac promoter for the
biocatalyst gene was used in all of this work.11l

[00236] Reactions for enzyme-catalyzed conversion of methane
to methanol were carried out in 10 mL glass headspace.vials. A
470 pL reaction mixture containing 5 pM purified BM-3 variant
in 0.1 M potassium phosphate buffer (pH 8.0) was first added
to the vial. The vial was immediately topped with a septum,

pressurized with 30 psi of methane and shaken at 4°C for 1
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exenpl ary procedures to suit their particular needs.
[00232] First, in a large vessel, cell mass is
W@ e0ve/ 6306zl using a carbon source such as gl ucoBeT/apm06/011273

ni t.roge her nutrients supplied to the cells. At
hour {"18 ‘? ﬁ%rﬂl eP déﬂsWPPHe’iﬁgé%%ﬁl@P prHetens50l. 66 mM

NApr opavab at, isoknduced Lh ' |
the art. yﬁdterooptlﬁunggﬁ%gg?g yg%ggxg§g2§¥oﬁ§$evefége

was addedehehédithpteolbe Feacthonedrér odethenimat iiom of total
turn&@@£evgﬂ% ngﬁg gL g%ggﬁghﬁéethﬁ%%ﬁ#%gc?gguﬁ 92& hours at

i onal “carbon° s
roomnb@mgenmtngecells is converted into reducing

ivalents for nethanol production. Methane and
[oozgﬂtgenT%?ea?ﬂEHtSBEpW?E@a@%itﬁ§°%%¢¥uf@r@$ds@ﬁ9¥@glh@e 20

hr méevghs ASsteied QXsnﬁ%éﬁglfﬂé@ @éi ffm?ﬁ??géif%t%f ?et e

mxing or air-lift mxing. anol 1s acc
use ¢h %h‘éo@altQxédaﬁmﬂm@n%ulopal@e b@l@tuuheoﬁr’ehsep@aatfm

centrifuged nov
letéﬁﬁrlihgﬁgﬁg % ﬂt?o th n%ﬁ?nc?égc?grﬁ §6a%%ifh%late'
10 pISqu)‘ér@]a@Hmlereale’dlcblﬁ) s £COVEShd heo gRdha@ol £rdhepichia
be constructed as either a batch or

past qufélb%@%?%&%e%om[mm Algheb?itl cag s yadder §oregll and
allowedOnst 1 @khion: Of a Whpl &m celh, iet | £ pF Oglug ﬁ&%@y5|5ﬁklng

a catal yst based on BM 3 or one its honol o
this eifgrasse i alachaboratdrse scccvravafu:m the m@itmarml linto

form i Tan BERakt T JTRON of b dhd ok st sk giged to

form |evelsp s eppaditidic U BED Yt HOPRS il de DREAUSE ddN dtheon. The
the facultative aerobe E . col

absence of oxygen,
purp |40k ¥R of G R Gt LTEISELY dlféma]@‘}elarmt Geroare
usindliDXdtes t A QM p BXPERH ENGE; Zﬁ A décﬂaelar ogenases

up-regul ate the production of
conceriatatifian ebriseeandie Warsamtl@v@lmecbfbammanolthe measure

b ur_ cat al | na e, et hano
absox?{]‘%} a(;elghrr% u s 170 anaaél} d% Qﬁetcaao%lr]? 9% &4t The
methamdilh cmﬂrmmﬁmml c@ﬁt@mats)rgeaﬁé@y@ed Mﬂ}?ré‘é}féﬁélhe

4%5% e cell reaction in the fermentor, L culture of
stan % witdChe’ Gt ¢ Mg nrehsi G 1{1036@@ et i@ngln

soluth®yd i fice, Brot ygong@i nigig hug{id- ﬁmﬂﬁ:ldf L d -t hane
reaction mixture described above, without the methane
pressurization.

[00238] Table 3 provides amino acid substitution, screening
and activity data for second-generation 35-E11 variants
exhibiting methane hydroxylation activity. The relative
dimethyl ether (DME) activity was measured, 1 hour after
treatment with Purpald, as the average net and absorbance at
550 nm from 8 microtitre plate DME reactions of the mutant
compared to 8 equivalent reactions of 35-E11. All values were
normalized by measuring the P450 concentration in each well
with CO binding. "Asteriks" indicate criteria used to select

mutants from libraries for further characterization. The
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retention of the PCWbri plasm d containing the
bi ocat al yst gene) . Catal yst expression will be
wo paaaesdsby the addition of 1 mM I PTG and 0 . 5P@iVUS2006/011273
. .d-am no %evullnlc acid. After 12-24 hours, the culture
oxidgfipnpEatentFi PGEHTEE &8I PREPTPABCEeFN8NE6NERAI Aifignm over
1 mﬂih@@aﬁﬁbMSEheAEH@EtE.%HD\é?l NﬂbPﬁhg Sg'pﬁE.E?B@Etcret E;eLate
cells will be resuspended In a nit
wellﬁr@@nhamnnag ﬁéaDunpnbanemngeceiacégsatethadtebmpﬁred to 8

II nlnal medi um wi | |
caui IRk TA8GERO0S R ePnentar aliiir B0 BCBoMFBOBEENE Lized by
measﬁMﬁhggthhePnBactbﬁﬁenaddt&bﬁn@h gbUEOﬁélmﬂhhthec@dgﬁgdlng
% nﬁlntaln this level. In the fernentor, oxygen w
The LRtafigEUrRevERenBUPEEr 4TAN) su@ar@@aﬁ@reévesstaﬁdahﬁprbance
at 589 ARNbEOKetnaNd added. gHE! NOchNE. LrAGLEON: a5 pegded
to maintain these levels. To Initiate the reaction
treappehbnelith| &l pehblibbkédashrenghPuheatdlture. The |ack
[0029§%n't§29fn n the culture forces the cells into a
grow ng state, allow ng nost of the gl ucose
aeroblcaIIyAgonsunengg qugonverkedmhnto NADPH f or
Mghg blOC&E%“%? E’ | i eelkbrofdnct | Gainag as an
u ions . ac.:t vi
robe al SO a5 a‘bl | itapeout Qidaetabol i #e
alcohols |ncFﬂd|ng th%mﬁ%thanol p&gguct 40 Met hano

3sML T De TTEasuTred—n uuﬁ ct Lui(c Faézgs]’cr. E\,u ~+e+—t he
tror ions in this wor 4] The present
zzzz&%zikdennnggﬁgtes that Tiet hane hydroxylatlon g%thlty
be achi®&Véd t hrough’frodi fi cati 8n*of vari ol
35- m&ﬁf%&hroneEﬁ%BO enzynes®-by directed-&vol utionit Since
TP s enzynm#E2€¢an be expre®sed i n hetiesol ogous hosts
23-brat do netrmedsabol | ze aret hanol asoisk is produced, the
21-mvent i on efsikhis biocatal yst al sogmakes the 4
production of nethanol using a whole cell process
possi bl e. [00235] All reagents and enzynmes except for
[00240DPH Tws ke plrghaside § r am Skigems Avelr i The (St . ahOllb Sacid
urchased from Bi oCatal ytics, Inc.

DPH
Subs%@%ﬂﬁ&%m%.l%ﬁggrf%¥%t%?ﬁe?ﬁﬁ+f?%éﬁ.%ﬁﬁu¢n%@%rye g., SEQ ID

NO: Tonsiriicti oms, aggdsgLeenlng nmet hods were perfornmed by
st andard technlques nown to the skilled artisan.
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Al so, as previously published, a PCWri plasmd
containing an anpicillin resistance gene and a doubl e
waawepomept er for the biocatal yst gene was useBCT/DNSENG/011273
of this work. 11 [00236] Reactions for
enzyme- cat al yzed conversi on of nmethane to net hanol
re fegd out in 10 nL gl ass headspace. vials . A
[0024%0 %%%C?i on mxture containing 5 mM purified BM3
wieali@L 1 ant oA @ 1 Mgot'Bssi dat-pRosphiate™uf f &1 (PH 8°8) ™
was firsteatded tNg- 2he vi &-.3 The ¥paf was ¥nmiedi at ¥l-\f

Home ToOPPET W TN @ Septum pressurized wth 30 pst of
mutatigptimane aHdc shakeft®at 40C ST 1hou*®c Then BOCuL of S3A

Activj\TAlQEH regeneration system (1.66 mM NADP+, 167 U nL
matatijog@ei t ri cvidehydr ogenase, 418 nmM i SGeER t r at e)8sfhas added
kg initiate the reaction. For determination of total
mutatioblFAOVEr , asbhe reaetsson wassal | owedssto proceed for 26es
35-Fdurs at roomtenperature. [00237] The anmount of

Heme Do

wara L Nanol phoduct tgrnmed dubimng thees20 hr netfrane  eos:
in 35-@igction was quantified colorinetrically with the use

Hiﬁfta@ﬁanial cohal;,.9xi dasg,and Puppald. 190,81 of Lha reactien
in 3y¥EXtUre is transferred onto a single cell of a 96 well

Heme Mofdite. 1 of 0,05U nL solution, of al cohg), oxidase:
iMnt3a ffom Pi %ﬁ% past%??s, quchased frlom Si gma-,&l dri ch)

seme g@snadded t4o cell 1and al | %\1’\69 to i nCGL\;bat e af room ..
JutatoRper at U for 57 hut es > Dlri ng *thi's ti e, 't he
reme ®h£i®hOl OXi dase converts the nethanol into

ib;“t;*gfrml deHyefe. PurPafd (168%%M i n F2NF NACH)* s t heR*°®°
Heme B ,gied to forma purple product with the fornmal dehyde
Mutaipnsol ut i B#FR The WAl e cHFBR was FEad appféki mat eF4P1A
in 35~ .
Home hﬁﬁgl | ater at 550 nmusing a Spectramax Pl us

mutafiiogl Ot | t er3qel at e reeder. TkrECconcematrat i ontefe net hasiet

o SYaS det ermined based on the neasure absorbance in

Heme ain

mtaGHPari Soisds0 a nmeshanol @adsk br at imssccur veszsdkhe V258G
in 3pBtthanol calibration curve was generated with several

Heme

mrstandar dsysdach standard eentai neck:dQ0 nL @k R2628
in 3sm@tthanol solution (10, 20, 40, 60, 100 mM) and 90 niL

Heme ai . : .
wrdlont Ne methane reggtjon mixtyre desgki bed gbave,  pooin
in 204dshout the net hane pressurization .
Heme Domain
Mutation A290V Y292v 0292V Y293V Y297V Y296V
in 35-E11
Active 8ite
Mutation A328F A330F A330F A331F A336F A337F
in 35-~E11l
Heme Domain
Mutation L353v 1355V V355V 1357V 1361V 1363V
in 35-E11
Linker Mutation
in 35~E1l and
Derivatives
Reductase
Domain Mutation DE31N E641N NG34N E644N T640N D648N
in 21-4G
Reductase
Domain Mutation Q645R Q636R T648R Q659R R656R E664R
in 23-1D
Reductase
Domain Mutation I710T N721T L713T N724T L723T L7337
in 35-El11
Reductase
pomain Mutation P968L E980L E972L E983L P985L Dag7L
in 23-1D

E464G/R/Y/ EAT5G/R/Y/ DA6TG/R/Y/ 1477 S472G/R/Y/ S480G/R/Y/
T T T G/R/Y/T T T
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[00238] Table 3 provides am no acid substitution,
screening and activity data for second-generation
W@300rAds08ar i ant s exhi biti ng nmet hane hydr oxyl at POMUS2006/011273

activity. The relative dinethyl ether (DVE) activity
[00243ds nEXsmPdd 3f RGGrCSPEEL TEFeACRENEtMi th Purpal d, as

[o0248he até%%%%afl 1%?)%&%%8%Qaﬁc%s@tfu§.5%lrt1_@rfn 28 to

mcrotitre p reactions of the nutant corrpared
classt.o &hequiicedl @rymtrheaatsu dne 6P 35eE111heA|emtvap@@sf\waéy of

ereyel3h P LZE B EaRYLNG, 05, IR0 GICSLLRL! OB D o35hane

enantise@ rt @ rSelrGl iMsmnt % romubishrarieesaher vhint hekeated
characterization. Theoxidation rate is neasured as

usingapdsErisce SVeANGe &t 34BenRNGVYERtL Cri FRGE Cup &Rt he
enant%ggéﬁe%%l@% @@g%@l%%aglgb% %B'%%eaghﬂk% “g!h%ounds

contai ning P450-containing cell lysate an mpared to
howevsreqalsval @mte arteac tohedd enfye35- Enl paAItIlcwdlaures tiver e:eglo—

norma d I ng .t P45 concentr tLon in e
and <R G S g Ay e W arar h SAAST AT ey SRR b
remaiWas anpasiiesh ds tdhemaksor kaneeeati s550 nm of net hane
reactions with each nutant after treatnent wth

[00244(1cohdis ExicTase sdid PPGesal &Y Hrobzegre F4510 BY Relidt idve
solubﬁé ? o@%&%?t@%% Q%&&%ﬁ%%n%n Dg%%% yg% Yomain and a
substi H oxidati o

tutions activity in NA n TTIN to
reduc35-slélﬁomaneier®ﬂ &t 1381l bol ypeptd d35- ERLl-sE464RpEAF4RUS LY

B XX NI DAY N —
efficd3ntDaQG45R PRGRloxY14s@ 8ttty i2l~. 4Gdpe3 Y thks® #arl@nts,
9-10A, was further modified at eleven active site residues
that are in close contact to the substrate and screened for
activity. Beneficial mutations were recombined, generating
varianﬁs that catalyze the hydroxylation of linear alkanes
with varying regioselectivities.

[00245] Mutant 9-10A exhibits high activity towards alkanes
as small as propane. The alkane hydroxylation properties of
this mutant are detailed in Tables 5 and 6.

[00246] In Table 5 the product distribution is determined as
ratio of a specific alcohol product to the total amount of all
alcohol products {(given in %). The product distribution for
ketones was similar to alcohol product distribution. The
numbers reported here are the (%) total of all ketones
relative to total products (alcohols + ketones). The favored

enantiomer is listed in parentheses.
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[ 00240] Table 4 provides an extensive list of am no
acid substitutions in various parental P450 sequences
W@ e00g19508EQ ID NO 1, 2, 3, 4, 5, and 6 )rCT/OSD4dP11273
ble 4 Seq. |ID Seq. ID Seq. IDSq
[002473 TR ish No. 1 No. 2 No. 3 No.

D Seq. I D Seq.
5 No. 6 Hene

5._

; =G Decane jee
H9F U79F UQnE

n-1-

91mpOI;@amﬁyL|&c quc vt athuu VB8O
SE1 MB2F 35- E1L, Agti, %Ee ot SI}/ut gt | Qd’}s)l n. A83

364 K921
P9§|§1°%%|S pool BT Pog] | H%é5 %Tagnewbg:r:m n

I\/Ut atl on P142S P143S A143§S F>144s2 A149S VI46S in 38t E11
me Domein Mit Ation T1781 N1761 °T1761 T¥771 ML82I6
E179I in 35-EH Hene Donmi n Mutati on A184V Al 85V A185V

100248000 & ER08R FAIC APIIE (S8 T Jo 1 Here Tomiirh

con suldgttatono i a$22s %Wﬂéﬁé\l&%@o&%ﬁ5v%rﬁ?§]a% 340 nm as

nmol NADPH/min/nmol protein. Octane reactions contained 100

nM P450, 166 uM NADPH, and 4 mM octane in 1% ethanol and

potassium phosphate buffer. Propane reactions contained 200
nM P450, 166 uM NADPH, and propane-saturated potassium
phosphate buffer. Errors are at most 10%. 1Initial rates were
measured by GC over 1 minute as nmol total products/min/nmol
protein. Octane reactions contained 100nM P450, 500 uM NADPH,
and 4 mM octane in 1% ethanol and potassium phosphate buffer.
Propane reactions contained 1 uM P450, 500 uM NADPH, and
propane-saturated potassium phosphate buffer. Coupling was
determined by ratio of product formation rate to NADPH
consumption rate. Total turnover numbers were determined as
nmol product/nmol enzyme. Octane reactions contained 10-25 nM
P450, 500 uM NADPH, and 4 mM octane in 1% ethanol and
potassium phosphate buffer. Propane reactions contained 10-25
nM protein, potassium phosphate buffer saturated with propane,
and an NADPH regeneration system containing 100 uM NADP+, 2
U/mL isocitrate dehydrogenase, and 10 mM isocitrate.

[00249] Table 6

Rate of NADPH Rate of Product Coupling to Total
Mutant  Substrate Consumption Formation NADPH rurnovers
(min'l) [a] (min’l) bl (%) {c]
9-10A octane 2600 540 21 3000
propane 420 23 5 1100

[00250] As shown in Table 5 mutant 9-10A hydroxylates octane
into a mixture of octanols and ketones. The distribution of

these products is different from the distribution produced by
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in 35-E11 Heme Domain Mitation H236Q R238Q L238Q R239Q
L243Q A242Q in 35-E11 Heme Domain Mitation E252G E254G
WE2G®IARE5G A259G V258G i n 35- E11 Hene Domai nPOLUSL006011273
.. R255S R257S R257S R258S R262S R262S in 35-E11l Hene
wild poRg MM -atddPAHISSR G287 R £28TR (DZ88R IR IZR BE9ER i n

coma o R Vo007 o STt AT Ve S (I Oh RS AT Ao

site A330A AR A3BBRAISTRIat 3kiEkk Hame Romigedlt ation
L353V | 388V \355Y | 357V | 361V 1363V in 35-EL1 Linker
SSPeMft-aty I EARAG RV LIS AT W e RYRUWC pypcributions

and 192G Ycet34809 R Yor ne:38nhll angd Behek Cgcgyl\(/e sitle
Derivati ves Reductase Donain Mitation D631N E

mutatNggyN BEAN arel BN A86/48 M 1 inf ted @@M@@@dmmy of

al karl\éJ tkﬁ}d ro&y@aélc%% n%%: e%%m (?14a8n% l? £i:goR aRGSSJ.%% lEe6,6 4S%b terminal
(w—-1) position. Based on these results, active site wvariants
were generated in order to obtain enzymes with altered
regioselectivity of hydroxylation and altered substrate
specificities.

[00251] Screening libraries by spectroscopically monitoring
NADPH consumption rates in the presence of the alkane often
selects for mutants with NADPH oxidation rates highly
uncoupled to product formation. This can be overcome through
the use of surrogate substrates that mimic desired substrates,
yet yield species when hydroxylated that are easily detected
either directly or with the addition of a dye. For example,
the screen for the high~throughput identification of mutant
BM-3 enzymes with activity towards propane as described
previously uses dimethyl ether (DME) as a propane surrogate
substrate. Upon hydroxylation, it decomposes intoc methanol
and dye-sensitive formaldehyde. In addition, hexyl methyl
ether (HME) may be used as a surrogate for octane. It shares
most of the physical properties of octane, including
solubility in buffer, size, shape, and strength of its C-H
bonds. When HME is hydroxylated at its methoxy carbon, it
also produces an equivalent of formaldehyde which is visually
detected at concentrations as low as 10 pM with the dye
Purpald (see Figure 25). Hexanal, the aldehyde product formed
when the a-carbon of the hexyl group is hydroxylated, is
practically unreactive towards Purpald at some concentrations
used in the present screens. Formaldehyde is approximately 42

times more sensitive to Purpald than hexanal (see Figure 26).
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in 23-1D Reductase Domain Mutation 1710T N721T L7_13T
M724T L723T L733T in 35-EU Reductase Domai n Mut ati on
W(PQ@SMOEQBOL E972L E983L PO985L DO97L in 23- 10 PORGRI006/011273

le 3 os ecif ic Activity [00243]
This alo%}) Qé?%ﬁlsortﬁ O&lﬁ?séffﬁhe%llﬂénnazm vontoagdtagst ¢he
symme&erd @heﬁyrﬁn&heslas g dadihe ﬁlq;bersed]{eesfp%rf fé noafl

enzymes. Enantiosel'ective catalysts that accep
alkang dyior endmtiomer or reg| oi soner of a substrate have
en sing dir d _evol ut.i The enzypmat.i

[0025*53 o%rmé181 g'LngDn |IgLse eanfglﬁﬂscta}tor?aﬁqhzdﬂd&ﬁ’ a1 Getive
site @ﬂs:nftﬂ]om(m‘pcwﬂdm v@l\&e\!@rde it & WRAtE Hhaldangdhat n
h particul ar, the regi cand enantij osel ective

Hy dPGAASS drt o CAitdt PRS0 caisRes camailifer its
reglo@req@cecmmfher@ﬁh%alllsmgﬂ%%ﬁve[ WML A ALY U 0 5en
not ed, cytochronme P450 Is a soluble protein

for t@&ﬂtralm@@mﬂmym dxH -a96 tdhdmaion Aarycs tar amesd wt ade ddngdarbon

0 119, etlde Al sa a usly
atomsc%tl(;%csf]ersgne %gﬁy L 7 a?céjp [}?‘63\/% e %;i‘tt% acid
subster)altleb;l tcoefdnﬁt@utllalel@ammy@m&ylh@i% ASdaMint Mn %qushed

variants, 9-10A, was further nodified at él even

CrySté‘B't FUGHUE SSes THESS AIFAt Var S1ite dlesdsluesnieaet A1d .t Bd5,
V78, $8AStn@be and saiggened for 3Gk Viaby., Benefighal oo
nut ati ons wereé reconbi ned, “genérating variants 't hat

exampd gy aloyxe tele styrdicexyrlest iodin wafl dtiypealP 48I0k ®Nes$ wiitth and
r regi osel ectivities 0024 Y an; 9- 10A

Wltho\@h%ltlf%t% d %g:ehs'fg&ela\%l TEEWEPES CAMRATES s COREITS SagPon
substmameamendﬁm@-ahkame Aydneey lsatieQn TRIORRLIEeS t@f firlies

nutant are detailed in Tables 5 and 6 . [00246] In
STructypgre 93 SpH@ Y5 GduoPedi $CLEBSt coanrs ldetahniledoadl
orderkat W@ +ef %oi%%%ﬂ%'c %h%%% LRI odug n&%;%gesgg%%f as a

amount of all al cohol products (givenin %) . The
confopmadaenadi $liggeti ¢ tdpse the channel, whlch dehydrates

eit

the active site, increases the redox potential, and allows
dioxygen to bind to the heme. In the present studies
saturation mutagenesis libraries were made at each of these 11
positions. The libraries were screened for activity towards
dimethyl ether (DME) and hexylmethyl ether (HME).

[00253] Twenty-one single active site mutants with increased
activity towards either of these substrates were isolated.
Mutations that improved the aétivity were found at amino acid
positions L75 (I, W), A78 (T, F, S), A82 (T, s, F, I, C, G,
L), ¥87 (I, v, L), T88 (C), T260 (N, L, S) and A328 (L, F, M).
The single active site mutants of 9-10A were characterized by
their altered regioselectivity towards octane. Each of these
mutations produces a characteristic octanol product
distribution as a result of their presence altering the active
site geometry above the heme cofactor. These 21 different

mutants and their regioselectivity towards octane are listed
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ket ones was simlar to al cohol product distribution.
The nunbers reported here are the (% total of all
whedoene®sz el ative to total products (al cohols RCT/US2006/011273

. t ones) The_favored enantioner is listed in
o T%gree%heéfe%%%wt% & MAHL % Ritfet L Frapaprl 1
lysatdaxaneéeeniiept 8ies Yo OYans A8y ';J%ggxﬂ%ff/%gt ?—C?d}? (with

. %e 9-10A l-alcohol 8 0 "1 0 1 2- 14(’s)
amin G CARSIEBR GOYS) BY GO (S)8A,6 K34 ,cdHol295 N (%), AB4),

2050 ShR bAS 3 A IS SRS S

1ndid¥AIRH comnsisttE o el RsdeL (RAIHE AWera IR ISREANTS i th
. at. 340 nm as nnol NADPH m n/nnol protein. Cctane
a simpdadi PHRAUDntH Hedh A0 a4 gde Pée Qv INADPH Ratrad’ 4vas

mea suHdOGL jn 2 a ' ph at
bufferg.a%%lrdc;L a%ﬁ%z@oo&s%ﬁ%@@ 200 mﬁg%@,s féebasured
as nmoy ADRE,C lamirgelr didrie -rsatdircatde d rpatt dssimmohosiphat e
ffe rrors are at nost 10% Initial rates were
[0025%3%“?‘55; eyOJrC;‘»C over 1 mnute as nnol total products
mutati b/ 0 protej.n. Cctane reactions gontajnednI100nM
wrat %450,1 !E;SE‘C)) " ul NaBPH? %r{% 4 cﬁﬁ\/%&cftélﬁres ‘ignrai?’/ol‘ gt kanol and
pot assisim phosphate puffer ;Propang Teagfi ong,,
contai ned 1 uM P450, 500 uM NADPH, and
Y7%br opane? sat ur df ed pot&ssi un’phospRat e beff ers%°Coupl i ng
viswas determ neds by raid o of zar oducts f or ngfsi ongdrate to
a7sNADPH consunptjon raje. Total turnover nunberos wer e
determ ned as nnol product/nnol enzyne. t
Al8Feacti ohs conttai ned 10-25 M P450,.11 500 s8w NARRH, and 4
a7sBM oct ape in 10 et hapol and,potassj um phgsphate
buffer. Propane reactions contained 10- nM pr ot ei n,
282h0ot assi Um phogphat e Buf fer “4aturatded wi 44 progane, and
ns28N NADPH r egener ati ofy syst eg cont ai ni ng;;300 ;M NADP+,
amf Y ML ‘;socitrzate dehoydr ogenase, and 10 nmMisocitrate.
[00249]° Tabl e’ propahe 420°23 5 Ff100 40 3000
4

AB2I 11 21 59 5 600 3500
as2c 5 26 26 42 1 200 3000
282G 7 52 17 23 1 360 2000
FB7I 8 70 6 3 13 60 2600
FBV 5 52 13 4 26 240 3600
F87L 7 55 22 12 4 60 2300
T8SC 4 51 21 22 2 460 4000
T260L 7 67 11 10 5 260 2500
T260S 6 39 26 29 0 160 3000
T260N 6 29 23 42 0 300 2500
A328F 6 88 4 0 2 40 2800
A328M 24 71 0 0 5 10 700
A328L 13 87 0 0 0 20 1000
[00255] The original amino acids and the beneficial

mutations described above were recombined to form a library of

mutants containing all possible combinations of these
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[00250] A s shown in Table 5 nutant 9-1OA hydroxyl ates
octane into a mxture of octanols and ketones. The
waele@bnosez i on of these products is different fronusives/o11273
di stribution produced bywld type BM 3 .. 9-1 A
mutatiﬁﬁ@tﬁiMgtﬁiiwnﬁaﬂﬁ@ﬁsamﬁ-ﬁﬁQS e E TGO ARICH LS (ot 16
, i C V7/8A,_ i s _|locat [ . L.\v.e <Si Thy
Librasy aPCsPEY TRE PR CTe 6l (8 dRBRese eenis Ay
regios@ilddtala tohangesevimyn saldxge rimeduet. diMstry bt itdres aatd ve

Il ncrease activity. F i - Sj
e micleae SULULY. O SOTLE, M0 0T AU

gene 4891 esele Gl W PinAlkane Judr @ey IpiA eshuyirEdors rantdyerp
toa single, subtermnal (w 1) position. Based on
could trhesder eswld $0 audomigia &heari afherfhTr gerddiat ed in

order, to .gbtain enzynes. w.t I f iV
recom@fna%ﬁﬂ’biﬁ%arﬁ “on i Al Eie\(gﬁ}bel% d’;u%tger tpsgtsgeegi psggﬁ iedcﬁétlygergé@
o1 i gor02k]1 BC raanidgs | ddiredirein dyt epentirasicopi calutent 1-

nmoni tori ng NADPH consunption rates jin the prese f
1262 wio WGP Of (TSR octs T8 SRS iR &

total %ﬁl dig ir&?ﬂbafrﬂ!se%qih&rgfﬂﬂpwkﬁéwr&@@wioc;prmﬁdé OUMERL & 10 MHME
IS can be overcone through the use of surrogate
relatisubsta at-€i2G hetrer w8 teclead riear substialsioyaangi prgther

specj es__when droxyl at e t_ar '
chara SRR Peot 10 BT T t FES it 13 Gt o e ey 1o
alkan@X@fP} &xyldiel sereen fotes hef hhghdude otighpation, total
identification of putant BM 3 enzynes m@th act i, vi
TN OTORNAFHERBF B er 861 QRSEFF bt [ SR bTSS - TBL it Ste

gy, Sibel; SRVE)AS AoREQPARCaRLS 0gaLe Sebstiahe. 76pons, 82,
hydr oxyl ation, 1t deconposes into nmethanol and

87 andy®2%enghtleeotibtdhhdehyeel Ipraaddier oRPReXGH HephgFs of
a pargigfg%£$%%%yg?g{%gsgﬁggnga QnéuéégggﬂgeéorA9ﬁtBB@Siﬁle

_ _ U he ySical “properties of octane,
aminol el 4di 59 sesubibht y5i anbufberyeseé zedeshapeedandnd four

strength of its C H bonds. K Wen I s hydroxyl ated at
out ofteigkthainearpdbAs ft QP§btb?%dE%Es an equivglent of

[OOZSEgrnH%9§D¥d§ %@BQEdE% yi suatl ygdstegtiedtabns, product
concentrations as |low as 10 nhgmnth t he dye Purpal d

distr{seeifhgurat@s)andHexanal turhevar denpderpr 6§uectPBfmed

nydroxylation reactions catalyzed by BM-3 active site mutants.
[00257] Mutations are relative to variant 9-10A (described
above). Wild-type has a valine at position 78. The product
distribution determined as ratio of a specific alcohol product
to the total amount of alcohol products (given in %). The
formation of ketones was also observed but is less than 5% of
the total amount of product. The initial rates of product
formation were measured by GC over 60 s as nmol total
products/min/nmol protein. The reactions contained P450 (100
nM), NADPH (500 uM), and octane (4 mM) in ethanol (1%) and
potassium phosphate buffer (0.1 M, pH=8.0). The total
turnover numbers are determined as nmol product/nmol protein.

The reactions contained P450 (25 nM), NADPH (500 uM), and
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when the a-carbon of the hexyl group is hydroxyl ated,
is practically unreactive towards Purpald at sone
W@ eoveanosat i ons used in the present screens. PCT/US2006/011273
For mal dehyde i s apprOX|nateI 42 times nore sensitive
octansg, ELrphl d-1 R asdandls) mMYiFee128) piphate buffer
(0.1 qugﬁggprdlonate response makes HME, in contrast to
synnetrlc ether DVE, a regio-selective screen for

[002&8drm feble Kne hydroxyl ati on. [00252] Smal |l libraries

9~10A % g 7. z é 470l %] 131 2- 1 5?1¥23Q|9 iégn“# . te™
! . £ - s n

s-10a O-TOR WeT € TTRUE t0 T aentT I ¥ Changes T hat s er Lhet—ms— e

-3 jncrease Fts &ctivityitowards al kanes @r al tser it®o 160
1-70 regi osel egtivety . The 11 key acti ve siste resi duesso 220
68-6r were chosen for their wproxizmty, si.e. 8 thini5 1400 180
49-98 Angstrons of the %0 carboncat ons:cl osegt tosthe hgpe ;i
3s-7¢ cof actor,rto the bound fattiy acid subsfyratesg 2000 200
1-56 co-crystaklized with BM 3 heme demain j,n published, ..,
13-7¢ crystal sgructures. These activegsite pesidyes afe, .o
ss-n A74, L75,,V78; F8), A82, F§7, T8§ 1260, 12§§ 4,

2-4z and A328. For exanple, crystal s{ruct res of MA|dH%pe
P450 BM 3 wi t ang w { hout substrate reveal farge

350

12-10C . 1 6

11-gg CONfornationa changes upon substrate Blndlﬁﬁ at >'fhe ?
15z aCtive site. The subsfrate free §truct’ire di’spl ay/&° n550
vo_sg OPEN acce%s channel w'th 17 to 2'f ordéfed wdter 1800 370

mol ecul es” Substrate Fecoghition%servéd as & 3200 160
1P conformationaf triggef to él ose ¥he cHannel ,s whizho 150
297108 qehydrates th& activeFsitel increéases sthe redox 3200 140
33-5H potential? and®l al |l ows¥di oxygen to bind7’to the hemee | Beo
the present studies saturafion nutagenesis (Thrarres

were nmade at each of these 11 positions. The libraries

[0025R4, ¢ d&eeENE] SEEECRSNDY PIOY CEWaEdYadi meekyltoetidentify BM-
hex I r,(H 253 y-one

i R R e R e R
terminewamesheilt kerboh bliesaesub&bnat ehawdr. e Insgkakeds,

tati .that inproved the activity were found at
mucan [ B BRI as PEPAnEUEPB VB, Oy UR7E( Fhopserapn gpduced

FocBanok ithhkn, E | ; -
more %228 ?ﬁo LtF g f@?ﬁggﬁgZSB(&’ﬁgG( Thg Fo%ké g?ﬁaﬁg)of 1

octangdt foamept dPREERAES O6f 190TOANRSY @uéhapécselr byedthy

correlates well with the amount of HME converted. For

example, mutant 77-9H (see Table 8 above) is not improved
relative to 1-12G when considering rates and total turnovers
on octane, but this mutant converts octane to 52% l-octanol,
making it highly active towards HME in the screen. The
proportion of l-octanol in the product mixture varies from
three to 51%. Single active site mutants that showed
significantly different regioselectivities were recombined.
Upon recombination and screening for shifts towards terminal
hydroxylation all the identified variants are selective for
the terminal methyl or penultimate subterminal methylene

group. Screening the recombination library e.g. for
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their altered regioselectivity towards octane. Each of
these nutations produces a characteristic octano
w@e@daaeioszli stri bution as a result of their preBents2006/011273

altering the active site geongtr bove
hydroxptaltal O Theae PALERFPorBRt: it SFk ROBna tfﬁefjrnear alkane

chalan%%o SLECTEVI LY § oWeL dsy oct anei i€ thsteghaciabke 7 .

ormations were carried out using cell |ysates.
regioddeecuiwitpns were generated in variant 9-10A (with

oozs RS ST R0 IR O PRy il 01,

9, OOOL§§§PQrentChﬁ€éﬁ |BﬂlB@5@SBM¥EIoaadhtoﬁnwnioﬂucbstalns a
ket ones and aldehydes) Wit h a Si ar product
charadtetisbici antaget Retar colers. © ?20 w85 hBastrBaras

actlve”P%w8£§§”BV?”€9'Hﬁ§50/ﬂhﬁgt§roélaéh WagcMRasHHCEaBE that
nnol ~ oct anol / nnol 50 produced in 4 hour reaction.
mutatf60254h EhblachWEnsmUEaCEDnyibldlV@tlﬁmﬁsztbﬁt[@q

3-ol J9 hers | c! dl 21 27 1
hydr0§xéa§%6%oﬂﬁgﬁxs4kﬁc%§a ?526“5 %5% %%@9?% g§i8 24 9
benzo%ggoﬂgoglﬁﬁsﬁlthZe Zo45a3d5@ﬁaﬂBQBSA18Et4v3¥y17y$élding

3000 A78S 5 48 18 20 9 260 2500 AB2T 2
poteng84912y09aAg28le 4otegmegigtegofosochagzE §§n§ge§l§ (see

)AB2I 4 11 21 59 5 600 3500 AB2C 5 26 26 42 1

b
examp%So %88% A82G 7 52 17 23 1 360 2000 F87I 8 70 6 3 13
[002660 26APpESAHt5on2 of3adti8e240t8600tA%IONE 5 hpmeiogous

proteggszsooulg%% @ ?%A?%escrlbegoaﬁggg was acquired by
accumulating point mutations in directed evolution
experiments. An alternative method for making libraries for
directed evolution to obtain P450s with new or altered
properties is recombination, or chimeragenesis, in which
portions of homologous P450s are swapped to form functional
chimeras. Recombining equivalent segments of homologous
proteins generates variants in which every amino acid
substitution has already proven to be successful in one of the
parents. Therefore, the amino acid mutations made in this way
are less disruptive, on average, than random mutations.
Recently, the structure-based algorithm "SCHEMA" was
developed. The algorithm identifies fragments of proteins that
can be recombined to minimize disruptive interactions that
would prevent the protein from folding into its active form.
p450 BM-3 and homologs thereof are soluble fusion proteins
consisting of a catalytic heme-domain and an FAD- and FMN-
containing NADPH reductase. They require dioxygen and an
NADPH cofactor to catalyze substrate hydroxylation. However,
the heme domain can utilize hydrogen peroxide via the peroxide

"shunt" pathway for catalysis. While this 'peroxygenase'
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T260L 7 67 11 10 5 260 2500 T260S 6 39 26 29 0 160
3000 T260N 6 29 23 42 0 300 2500 A328F 6 88 4 0 2 40
wQaee/14988M 24 71 0 0 5 10 700 A328L 13 87 0O OrOI/P82006/011273

1000 [ 00255] The orlganal am no acids and the
activpEietpelal wit Gt FoAs desdti bEdRBBRESHePY FBGoRBILAGIaCId

subst&@uE95ﬂ]§8bhbraﬁy QﬁlﬁﬁEa@E§e89nBQbnb@gnaghoRﬂs§' | @he
th

conbi nati ons of esemut ati ons. Mitati ons A82L
equivA328Y ®eBa mntauded in CWP3ORPRABrary as they had proven

| tant det rn1n nts of regioselecti in
roo265] .- shBBR. 86 EEE TonAnsie®: phiferRe, 8F P50 Mls ang
its h&hhb@bgoaspaogzxtzogh@lr@& taseaghnet E@Edoﬁetqﬂ%n%%CQ@ieﬁglty.

gene such that standard nmethods such as DNA shuffling
FourtgpnSpPEPtRBUFEVABLEEE GOBE LEBCEEEONYPELAe PEREMLNS Were

able Egeﬁgﬁgr@orkggtggcgg@'gﬂ b OEEQEaEMe“@%mQS%%%QE%%r, as

st epwi Se usi ng signed oli gonucl eotide priners
determdntdi hiyngOt He fimetranicenspechMrbaniThé- f@Z@@dwaﬁlweeasas

cxr RS Shd Rt S SSLETNY PRSI BBl Ol

made b§l 8tHERALGuladdGreebabsakeebadoffoBMPar ivilk@atiten hafdlogs
further characterization. Cctane was _used as a npde
CYPlogaBsﬁﬂQt6YPéP2§ﬁk§@@tﬁ9@ﬁo%9¢§t¢6ﬁnaﬁ809aP@§ eroperly

foldell Q/Qh_iﬁginftgf%t bRt t%a'adwt GHek E)”%E‘Q%ﬁ:l?;@d new

regil ose ect|V|ty wer e eterm ned
biocakaflgsitens these todneragearmisne atiudipssideimonstzBte78hat

the ndhp18hoRtn Sl Sy tpdhBiot 16g LORAEAL D e simitar

enouga@nd@osegugneed reelohbgw iihl ehagi e saGhas aald RESIIN 0RtE3n a
and 260 were identified, and four out of eight am no

high papRsbal isysPi 6R1PGLY-00256] Tabl e 8 provides a
[0026'3]3“ Bd %sgataetel@ﬁy REOUeh AdicS i lant ifQ, il es and

rnover nber's of octane hydroxyl ation
hydromsaatnonsOGanahﬁxa@eby BMu3 aatt i/Ve 98l wa thnuttduet s1ighest
tions are rel atlv .to varia

Q02571 M
selectadain o Seavaral WIRRyREtist Haoar et aact dn

reacti®nsThethr aduehes of chain length C6 to C10. The product
distributions summarized in Table 9 show that mutant 77-9H
hydroxylates only octane primarily at the terminal position.
Alkanes shorter or longer than octane are hydroxylated mainly
at the 2-position. Wildtype BM-3 hydroxylates lauric and
palmitic acid at subterminal positions. Lauric acid is
hydroxylated mainly (48%) at the w-1 position, while palmitic
acid is hydroxylated at the ©-2 position (48%). On fatty
acids, mutant 77-9H shows a similar trend, with selectivity
for specific subterminal positions (see Table 10). Residues
that contact the terminal eight carbons of the substrate were
altered based on the crystal structure with bound
palmitoylglycine. Amino acid residues outside this region have
not been modified, particularly those interacting with the

carboxyl moiety.
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di stribution determ ned as ratio of a specific al cohol
product to the total anount of al cohol products (given
WO 200%61)5082 The formati on of ket ones was al so obBET/vSZT06/011273
but is |ess than 5% of the total anmount of product.
[00264)c | Arbil&l Srates of product formation were neasured

by—6C—over—66—s—as—nmot—total—preduets—murnnol
Substrage -o?fﬁ %r ¢
n C

ratein e reactio ont 31%ed! P450 (106 nM " NaBbH

hexafe500 mM*-4 and octlahe (4 mM 4ien et hanol (1% and
neptap@®t assi umphosphate . buffer (0,3 M, pH=8.0). The total
sctalll NOVer, numbers a&eldeterningg as nnol product/ nnol
pr ot ei n. e reactions contai hed P450 (£§ nM , NADPH
nonafe500 M §-7 andoct affe! (4 mM) i k®et hanol 1% and  9.¢

decapot assi usmsphosphate.buffer (022 M pH=8.Q@)7 . [00258]

[ 2-0ol [ -0l [9AQ ttn Icl rate Id) 9-10A 27 21 51

[00266]130000540aP1e9H FThGwk @r3ddbt521i53@0b1GA ok dRtkedmiGdd as
1 55 38 1300 220 68-8F F G L 8 58 31 1400 180

ratlowggé ép\?cﬁ%éczaiéogﬁlﬁé@délfé %@- ﬂgel: §tplj apogingy ofg
alcohd000 380 cts5@gh vEnSik %)7 74nb/ £62081380 13 Lethbrlesl & s

74 17 2600 318 49-1IA T GV L O 2 81 15 3700 350 2-4B |
also pbpervgdypuiqigodess2ohen 16& cfvtiel total BRORNGO 40
produé%iSE VLOZ2 87 8 5700 550 41-5B F GV 5 15 68 7 1800

370 29-3EF GF 3 10 79 6 3200 160 7-11DF V 2 13 78 6
[00268200 TBB1291080E F F 1 8 84 5 3200 140 53-5HF S F 1 5

was
Substrasy to i dehtify BM® 3 Wariant £ Wiftth a @3 [®]
lauripegidcosel ectisvity shi fazed t owar dsz.Bhe 37.5
palmitic acid 8.9 5.2 83.0 3.0

[00267] Table 10 shows product distributions for
hydroxylation of fatty acids catalyzed by cytochrome P450 BM-3
77-9H. Product distribution was determined as ratio of a
specific hydroxylation product to the total amount of
hydroxylation products (given in $%).

[00268] P450 BM-3 mutant F87A has been reported to support
w-hydroxylation of lauric acid. However, data provided herein
shows that the F87A mutation broadens regioselectivity and
shifts hydroxylation away from the terminal position. In the
‘present studies, the F87A substitution was engineered into
wild~type P450 BM-3 and 9~10A. The distribution of alkane and
fatty acid hydroxylation product regioisomers were analyzed.
Neither variant supports terminal hydroxylation activity on
alkanes (Table 11) ox fatty acids (Table 12). Table 11 shows
product distributions for hydroxylation of alkanes catalyzed

by cytochrome P450 BM-3 variants wt F87A and 9-10A F87A.
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term nal nmethyl carbon of the al kane chain. In
general, mutants with high total turnover of HVE in
wo b@edesoeen produced nore 1-octanol than conpaP€miUsm06/011273

-12 e tqtal amount of 1- octanol fornmed (percent
[0026%# 1Fg%%§ﬁ%ﬁ' I[tiplied by ttn) correlates well wth

mutant N€sBORLMT 1 Q1 FIVE_GORVEI [T, KQE[QK%uHiE nutant 77-9H
ve to 1-12G

when"€dtisi der’i ng rdfes and total turnovers on octane,
but Hebase nut ant converts actanesto 52% 1- oct anol,

wt re7@BKI DQ.d.t highly acgtive tQwards, HVE in the screen. The
proportion of 1-octanol in the product m xture varies
froni¥Hfee t8 51% ’Si ngl €%activé site’Autants that
showtedansi gni foi cant hy di fferent regi oselectivities were

r ecofRiaed. Gpon regonbi ngli on and screemni ng for

shift &pmargs terg;nal deroxylation all the

i denti1fied variant$®are sélective for the ternina
9-102 Fitpt hsFFengr pedul timat e subfer mi nal net hyl ene group

Scr eehindg the recoabi natign libgary e,g.

forhydroxylation of the third or fourth carbon of a

Tty 2t chai f# may i‘dentify varidhts that exhibit

this specific regioselectivity. [00260] The
00276$COMRLRALI 9B lshhrar | Loately 9.0 -
[ d?fferent muf ant s %f¥ﬁ§§BEEN§§§§g§%ﬁ%opnﬁh;§ﬁ §Sgg§iﬁ§ld
hydrozythaiaot eritstliyecdcbiyveysbtiroibr e4tbaBM7Z0%rat-ibhesewt

wer.e act.i v wards DMVE or HVE. Data provided herein
F87A F%gi 5g§htﬁgsgnutations in the active site can yield

[0027%y3ri ameBlthak hydroxyl ate conpl ex substrates such as
2-cycl opentyl henzoxazole with high regio- and

Mutargnant | §gekeet i vi pyiE! yietdi ng2potenti al-ky wal uable o-7
i nternediates for chenmigal synthesis (:see examke v

wt-reRE] OW)1.u-:[ QOZ6T]  APPI 1 CATI ON, Of agtive, Si g mutgtions
to honqlggous proteins: Mitant 9-1 OA descri bed above
was atqliited By accumil*ati nd® poi if nufatiofis in® 0

9-10A-Hifx ectleerievoldut i o experi nerds . 2An abk4 er nat i veonet hod
for mpkiig hdibraries fay directed evolutiop to gbtaigp

ol + A
9]

D ALO I P W - o
FAOUS W TIT TTevw Ol Aar T

[00272] Total turnover numbers (ttn) and rates of product
formation were measured for hydroxylation of the different
alkanes by 77-9H (see Table 13). The rates of product

L (for heptane) to 742 min™! (for

formation range from 112 min~
nonane) . The highest turnover rates of cytochromes P450 that
carry out terminal hydroxylation reactions, however, are an
order of magnitude lower than those of 77-9H. Wildtype BM-3
hydroxylates alkanes at rates that are an order of magnitude
lower (e.g., 30 min-1 for octane). To determine ttn, the
enzyme was diluted to a concentration at which the P450 is
neither oxygen-limited nor inactivated due to dialysis of the

flavins. The total turnover number was found to be substrate-

dependent and generally increases with the alkane chain
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properties is reconbination, or chineragenesis, in
whi ch portions of honol ogous P450s are swapped to form
wo mvetiosmsnl chi meras. Reconbi ni ng equi val ent SPOIYER1086/011273

f h | ogo roteins generates variants in which
lengtg\rer %%ﬁ%&ﬁﬁ@%%ﬁ% UG HES A eRBe Yt dverfald dye the
same SUGGREST ult ii ane 0 ddhg, p&fa@tlﬁpr‘gﬁq@cfi‘:{{?e’df oAy

acid mutations made in this way ar ess di sruptive,
of resiicaferagEen Faedisrmoramuitead ors .thRecemat idheof

tJ.uct ur.e- | gonithm,"” SCHENA" devel oped. The
Supe%xgrgl% :&H:mgl%%zf#ﬁ el’eg”q‘lrca PR 0P 58 G R AR - can be

Consirsteortbiwded tthind nignizee dsyuphae dhd SO ddiitts the
u dvprevent the protein fromfolding into its active

woul
most AHLROVISAS0 BVIPTERE s Sy Sitfrérteoft o evhsisiubitee coupling
ef£1diHIcN 1R QbR @ﬁg&%ﬁiﬂ StdgRg. qfab%ﬁ%%ﬁq' ytic heme-domain
o

and an FAD- and nt ai ni ng r‘educt ase. They
[00273dqui mabdieot®gen and an NADPH cofactor to catal yze

i i ogen per INLAE vi A iTE Pathxi dEspnt "

Fl ze hy | L icfency
pat hway for cat al ysinstiodMriih-e this®' per oxygenase
' aetvity is—towin CY¥P102A1 it is enhanced hy the

hexgif no actO B8t i t utFDA 287A ¥PhitlAr ef LBEtt hAs been
neghrewn f or73t hetiequi valient s F88A 1wt atzoon i ns. CYR1O2A2.
ocl00262] SLHEMA, was uged .o desjgn, chi rrer?/s_sqt_fl.E%O_
BM3 and its honol og CYP102A2 sharing 63% am no acid
"°88uence’i*YéEntlty. l%éﬁftﬁéen of 1% hé& 8Bvenfeért °-3
degsomst r uctsdd tiegbri d proterns wee® abl e t o3f.elwd.2
correcflTy and incorporate the neme cofactor, a5
determined by CO difference spectra. The fol ded
[00274[i nefas &Erbilli (éd pertelyjamasseacniuvbeys Adrar getermined

l.ib [ e by, SCHEMA: gui ded :
s m ol SRS i« 1 Es ReF Bl bys CePsTeBRs 2440
(25 n@YP182ABADGH! aicheneie ibhasy300R newspnepamny-+ olsdedy /mr,
. .%ariants of BM3. In addition to creating new
1socifrats: SRP¥PLOIERESE r cHilnér BYehEsTd tERES) e g CewshonEAL(4

mM) ihhé'i:hbﬁ%lhqm)l%‘?g%ﬁ%l B%%%sgat@gnpﬁo 102A2 a4, CYBIQRAS 4

are simlar enough to econbine inthis

8.0) .f a¥hPonaand ofi biroderai Moamhkghnpwelabiteatyretl by GC over
20 s gglghgg'total products/min/nmol protein. The reactions
contained P450 (200 nM), NADPH (500 uM) and octane (2'mM) in

ethanol (2%) and potassium phosphate buffer (0.1 M, pH 8.0).
The rates of NADPH oxidation were measured over 20 s at 340 nm
as nmol NADPH/min/nmol protein. The reactions contained P450
(200 nM), NADPH (160 upM), and octane (2 mM) in ethanol (2 %)
and potassium phosphate buffer (0.1 M, pH 8.0). The
background NADPH oxidation rate (without substrate) rate was
220/min. The coupling efficiency is the ratio of product
formation rate to NADPH oxidation rate.

[00275] Wildtype P450 BM-3 tightly regulates electron
transfer from the cofactor (NADPH) to the heme. In the

absence of substrate, a weakly-bound water molecule acts as
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[00263] Regioselectivity of variant 77-9H for the
hydr oxyl ati on of n-al kanes : Mutant 77-9H with the
whk@haeiossel ectivity for term nal hydroxyl ati oPCTVES2006/011273

characterized in reactions wi th al kanes of chain

the sizhyt hagketolyard The preduerediseni buibasratiemuebzades

el w t - 9H. hy I
this e e Rl P A R L, TR RN, B AR B ot
the haheriecnoin| bmger ¢habhechange-apenhydraxyhdt edsoeninly

, t the 2- ition. Wl dtype BM 3 hydroxyl ates | auric
incredggs nEhi BPRS abt o at CSUBL LT RATCRbSAL] BHeebbAgriRately

130 mRAci dThSsOYEh Oxys at eggaE NkYe 4890 BtahBeeW Lopegition
while palmtic acid is hydroxylated at the w2

substyke tPownd 4gege awn $hary Beedsatadybhe gycHel. shbamenrer,
' il artren . ot ivi ; M
B e 6 LA Y o BB S PREE
consurgpntartis heot enecastaei gt coapbedstof thhefsubstiaheof
re altered based on the cry strycture with boynd
proaudfl v Bt R s Sevn Phlriveediet Fagbripand
dioxy§&gi o8 haver not beenreddiiiedoxpgehi spbatty HBOSRide and
Interacting with the carboxyl noiety.[00264] Table 9

superaghde r at B0 | d9FeT0412-Bhe [ opuBlong [ ef fucheneyq (Bhel [ %

4 2 ; .20 ane_
rracelenaoe Mo Sy 3 e gbe 2 8ufd3ef. 2507 gL 4300,
rates 506 WADBH 2001 @a 71 @n Oup 0026841 Ebon Tabl €hd® shbasepr oduct

distribution determned as ratio of a specjfic al cohol
SUbStratatctSio TR HHTAI 2 Srmpared) Eonero V%tué?gm%a%ean

ratesi (8ble.13he MBI OO OF KEbt@nes Mesmak s6n0bser¥edelated
but is less than 10% of the total anount of product

to coymbbpg] e TEHF BNV Subst r at S \WIPUF WA Fegcihion[dF wospled
to NADPE bBHEIE€i&E) diHe nDFhel €hedrde - OF product formation.
The highest coupling efficiency (66%) was observed for nonane.
[0027¢] Linear alkanes are challenging to hydroxylate
selectively because they contain no functional groups that
help fix their orientation for reaction with the active heme
iron-oxo species of cytochrome P450. Model studies with
metalloporphyrins show that, absent substrate binding effects,
the regioselectivity of n-alkane hydroxylation is determined
by the relative bond dissociation energies. Engineering a
P450 for terminal hydroxylase activity must therefore override
the inherent specificity of the catalytic species for the
methylene groups so that only the terminal methyl carbon is
activated.

[00277] Wildtype cytochrome P450 BM-3 hydroxylates its
preferred substrates, medium-chain fatty acids, at subterminal
positions. The terminal carbon is not hydroxylated. By
screening saturation mutagenesis libraries at 11 active site

positions and recombining beneficial mutations a set of P45Q
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palmtic acid 8.9 5 .2 83 .0 3 .0 [00267] Table 10
shows product distributions for hydroxylation of fatty
wa@eoodgoswat al yzed by cytochronme P450 BM 3 77- OHPCRPUSZNGE011273
distribution was determined as ratio of a specific
BM-3 mymhrrobqflmatoremmta tRndfe Potrggmrircvities for

h X ti en, i 0 0
racey AT PSS Sl | o [ 0200450 ome
mutantV ydroxylafdesx@lateirdccacd dat HdVEVteeErmﬂm_’a oo v ded

herein shows that the F87A nut atj on broadens

with Glfgi wmbreeiViFYy Ritd SHHRS hydhbxyTet e o Whay 73 for

octand Ne 4L nal  positd af: N die; Presert cstadies, rédericted
87A substitution was engi neered into wild-type P450

near B daacamgv@tdamooxm@ distpréngnronswbterkamel and fatty
hydrofg SR iNeT VAR LOOPLOAEY FEO OLS OUBES, MBI EnB0RYY 26foup

hydroxylat1 on

of oc@&ﬁé V@iéfb@lﬂl@' kanesctdabbecidc oinf@rzﬁgttacmsisbeéﬂ'm@éle
. Table 11 shows product distributions
aCthEhy%Hf bxyrasidnesfand k%‘fe%n% HAFYZ L ByIEPERE h%%om%}ée

methy{%§§%¥§gﬁgn£ﬁemﬁnf?%ft?@deﬁd1OAT§§7ﬁE£?@2§8ih§§bé@héﬁ

strate 2- ol
substfbté 18¢dhéxanecfe&dins h@pmam@lOhBGKGEYQaﬁEOF8¥A ivity
tane 0 14,43.44 nonane 0 0 2 1
has t%ﬁ heRGns 8421879 ep?%n%cEg% '34T§g98ﬁgggﬁggi g%?%ne
enabld ©5r87nZ1lnppanexPladideb 5f 26VHerakel() 44t28nlab2imilar

. [00270] Table 12 shows duct _djstrib t|o s for fatt
fashl%i‘aohya%seyﬁatéﬁéml%%aﬁy‘gﬁaxﬁ aEgz?Bcﬂf ﬁ*&%o BM 3 d

1002747 | aRLEoWbi 5844 28¢iPe 10A:E8AACat 00341k oFablifed?,

terminal alkene epoxidation: The target reaction was the
selective epoxidation of linear, terminal alkenes. The same
saturation mutagenesis libraries were screened to identify
single active site mutants that exhibit this activity. Upon
recombination of beneficial active site mutations, two mutants
were identified that epoxidize linear terminal alkenes with
high regioselectivity and opposite enantioselectivity.

[00279] Potential uses of active site recombination variants
for the regioselective hydroxylation of larger compounds: The
target compound 2-cyclopentlybenzoxazole was hydroxylated by
active site mutant 1-12G with high regio- and
enantioselectivity (see ‘Reglo~ and Enantio-Selective Alkane
Hydroxylation with Engineered Cytochromes P4A50" -
PCT/US04/18832, incorporated herein by reference). The work
presented herein demonstrates that active site mutants are
well suited for the preparation of chiral intermediates for
chemical synthesis. In this case, the hydroxylated product can

pe used to as an intermediate in the synthesis of, for
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Mut ant Substrate w[%4 w-1 w2 w3 w4 w5 w6 w7
(9 [949 [4 [4 [9 [949 [A4 w-F87A lauric acid 0 5 9
wW@2008003820 0 palmtic acid 0 11 36 18 22 13 OPOI/US2006/011273
9-10A-F87A lauric acid 0 5 6 28 14 47 0 O palmtic
exampb@;dC@r@oniq,2ascagbgsy{b@2¢9$lq%$hﬁetB@h@véiah@mb@¢§ive
tes of product formation were neasured for
agaln%£ rox aﬁlgn of the different al kanes by 77-9H (see
[oozsdﬁbleTﬁé)actﬂhe satesmotaprodbg+5H oandt VdA9HANge promided

112 mn for tane) to 742 1 fo nonane) .
herelﬁhewﬁ¥%hﬁ%§t?ﬁr58€ Fh?a?§§r8¥y%€%%8ﬂré Fe€~P450 t hat
cycloS@hty1 08k 685 abNal @Mgrﬁégi@éépéctﬁﬂﬁtzoﬁér BQ@BYSEmatlon

are an order of nagnitude | ower than those of 77-9

of thevBdtypezereaohydrpxyrackerankanes €asraves hhﬁheﬁréhan
repor%%?Qfgfr o£ g@hguggs%?ﬁgﬁt%glgctl§9tﬂkg éffgﬁ ~5H and

tern1ne e enzyne was diluted to a
77—9chazen99a4|%naad 9Bi ehst hee P460tisehel t h€he

X n-limted nor inactivated due di al
enant PP 4EE ARt L ThE ReL SPTEURRbVEr Pufbel - hAsTPRdHI=Hobe A ues
of 5558bgtratedependent and gepgrahyyoincr gagesew, t Authfrs

al kane chainl ength. Rates of substrate hydroxylatlon

were appeatedofosl hoaht heosameleebhwitytand @6kl known that

di ssoci ati on of reduced oxygen species
enantgggéﬁeagi%%QYhe formati on of superoxi de or peroxide,

[00281hi chDinacti vaheerbdéonnefngas€onsi alkahewi t Buthi asi sthane
the fact at the enzyne  su ts, the nmo tur rs
or prifing Ehethehs SOBELPRPBLES AhTOROLRE oblg! MHESHES
prOVlséalﬁé§@§M E$chheyhighest+£66fat Tabhg143kcr1kB0313%
le 13 Substrate ttn lal rate of rate of NADPH

mutantaupanﬁgcpmbaa@t1@xﬁd§hﬁéﬁoﬁn1maYebﬁuéﬁéﬁcyOf@@ﬁﬁraEﬁ

. Lhy 111 1.[% |5l exang. 3Q.
activigebtedol2ePt 0,20 Rosrare 1730 TLT0 1T2" o 1846 367
of subsfr&tOsp including gaseous alkanes.
[00282] The mutant with the highest activity on propane, 53-
5H, was shown to catalyze thousands of turnovers of propane to

propanol at a rate of 370 min™

. This mutant also hydroxylates
ethane to generate ethanol 53-5H contains three active-~site
mutations, A78F, A82S, and A328F, all of which replace alanine
with a larger side chain and presumably reduce the volume of
the active site and position small alkanes above the heme
during catalysis. In addition to its activity towards ethane,
53-5H exhibits the highest regioselectivity (89% 2-octanol)
and enantioselectivity (65% S~2-octanol) towards octane of any
BM-3 variant identified herein. This information further
indicates that tighter substrate binding in the engineered
active site occurs in the modified enzymes.

[00283] Dehalogenation of halogenated alkanes by P450 BM-3

mutants: The hydroxylation activity of BM-3 active site

mutants on short- and medium-chain alkanes could be
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octane 3040 150 236 24 1630 30 14.5 + 1.7 nonane
4240 680 742 30 1150 100 65.6 9.3 decane 2831 225
wW@1i®6A7508210 50 33.4 + 7.2 [00274] For Tabl e 1BCT/NAUS1086/011273
t.ur naver nu&b.ers wer e deterrg'ned as nnol product _/ nnol
a

Poteniifih u S9N BHt dite PP ISH R | O&in
halodVWARd egengiead Omcﬁy@cﬁim%l%ﬁ,g WM NALRe 140 Wdds was

| soci trate dehydrogenase, .6 nMisccitrate) and
used g dite (- aaPinich Raehofoy engratnidpardsisiamite
. phasph Qs pH. 8. Q) .. T es of ..
vart pr od'uc?’jE ]T%ég rr%aé; %(r)tn a\(/%n/elrjneévIrra\ecalsogrpedds %btyl o&@?\ﬁ;?}az% Ssubasstltuted
with remmydartagtiale pricducitrsd mind ol c ipteot vl it raaattvOnshe
. _contai ned P450 (200 , NADPH (500 mM ) and octane
using PEAYARIR NI EIN HRT AL Do S RS L
sequdrbd M .t B1Q-typhedAhgs of NURHLXidatd Whe: 1
= measur ed over 20 sypat 340 nm as ‘nmol NADPH/ mgrynrml
(see grigiwia.8)The reactions contained P450 (200 nM , NADPH

0 q#t e in ethanaol (2 9%.), and
[OOZép% as@Zl ue)mdp%hc;aagp afn eaacgiu?éérrﬁ{%:.llor}vﬁs Sq—"i‘séa.cg)or? 1'zllhee
hydrdyaclegrioum o INADRH caxikdtat i oot atear (it aiie Hdisdgat @y a

rate was, 220/ mn. The coupling efficiency is the ratio

SPONTRNGRUSH AR S0 A o $Ht &t NADPIMGM (et difq@teen which
leadd QA2 48]e Wddiatae P40 a@Maﬁ&é%é Yo %ﬁ&i@%@ﬂ&?&iﬁ@ on

transfer fromthe cof actor (NADPH) to the heme. |
the siperthigge fed wfl kaitsst T, expamaEd yrasoinidmwaterhanism for

t e sixt i.al ILigand . of the hene .
the dERABAT 3 o0 Rl e e S W ibea
by tlperdalrdnieng t he spin-state equilibriumof the hene iron

in favor of the high-spin formand al so increases the
heme ifggn reduction pot epdHial by app’r‘&xi mately 1 nv.
RCH2 FRese—events tR+g0dT eheetron tR i to-the» )0
subst P&% bound henHand start the cap@l ytic cycle.
However, w th nukast BM 3 enzynes and nonnat ur al
substrates, NADPH consunption is not necessarily
[0028Xupl & tte stth e hfeo riweets idoi laft yporodd udtls lapstresdsh,

cniof RSP TR e dyge hete bound L OIS L0
reactSiper oXidibarkel def erdndie Hhe 0aldd)9 efifd &ndadd hewm)
has the advantage to be moderately soluble in water (0.5g/100
ml) and to lead to formaldehyde as end product of the
hydroxylation/alpha-elimination reaction. Formaldehyde can be
then readily detected by colorimetric reaction with Purpald as
described previously. To test the reaction, two BM-3 mutants
from later rounds of random mutagenesis, 35-E1141 and 20-D3,
were incubated in the presence of CM and a cofactor
regeneration system based on NADP®, glucose-6-phosphate and
glucose-6-phosphate dehydrogenase. Reactions with wild-type
P450 BM-3 and without enzyme were included as controls. A
specific colorimetric response (see Figure 27A) was observed

only in the presence of the BM-3 mutants.
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fraction of NADPH used for product formation) of
mut ant 77-9H, rates of NADPH oxi dati on upon addition
wobkoobhesoat kane substrates were neasured and coOPEERUSZNOG/011273
product formation rates (Table 13) . The rate of
[0028@} oduBle f Beaelioh T3S corPer te@di® otkouprefgrce of
. efficiency, | he, eastipn 8o CONPl €l tWild-
addlt%&\ %@i%é?#%ﬁ?t%hguﬁggﬁ%%gghg ?%ie of product
type POSOEBMOB. idhehhclghe32s coapl swysef tuteé@neytli 6694 ings (BM-
observed for_nonane_ . [00276], Li near_al kane €2
3-RA328Yhl (EngPHRY %BBhydr%§§l5?€ageF%E??V%Fyn @%%%sggt %yB
A328VCORt @liNi BOchKELEé P8l y OR O4RErt BRénhehpt T 6 thei other
orientation for reaction with the active henme iron-oxo
mutanspecprsideregt behtoeresPagp, Wbdee thadiaddwfyRe enzyme
peLal Lo ' t, gat ogybst fat g-bi,pdi BA-3
eXhlbgf?eg?sgggﬁg¥%ég§o§£?£%%P€ié§§§§ n-aIEane y? .
was shygtoxykati enthsoteteramned byitiheesétinebvatbpagition

di i ati i es. Engi i P45 i
a2, 3, RS TLLELE1° o8 o E10L DECE LR 3.04°0: ot ! e ghralh-o-

a328vi Bheegnt rspaetfpgity of the catalytic species for the
met hyl ene groups so that onlg t he term nal npethyl
[0028F4r boRhes agttviavedf PHO3TRP2OW apyp¥ ePtlolhF6ERe P450
BM 3 _hydr oxyl.a i pr r st,;Lat €Srth
subStﬁ%5F5n¥8ﬁ§i%sf§§§9 g@?dsgkgtbggggggninal pgsiffons.
invesTheatednoyaheaanbangi produchy dooxpitabed raBg, scréenitng

sat urati on nut age is_lLib [ 11 ti it
consu3ps Lo ana L B A BaRLs aAkr bralh, oALTE Bgpent

was afkcP4R0BM 3omitastpabhat texhybBirbxg1targetbbne to ethanol,
regi osel ectivities for fatty acid and al kane

altholkgdr oxyivatiosn aatetplopifdelonér A0 GReTRYESt, 77- §RPLe
» hydroxyl.at &s n t . nal I b | 51%
14 C?éﬁ@b |&%Fy,r%&%%egﬁ?bF%E%F%%SEiE%egﬁgéi$€@%§V$h?3r
enzym@ytne anthe paciuee Sotreadfi ofiT- I ties threr ekpresserd as nmol
restricted near, the activated oxygen to prevent
produsi@h RRZYAFAFdXyl ati on. The specificity for the
[Oozs%qrniﬁﬁhﬂﬁﬁhhy| group of octane probably reflects

specific interactions between active site residues-and
oct ane net hyl eng groups and/or the methyl group at the
rategﬂ[‘lﬁagattceod endhypsThee heX}ﬁIﬁE net M' ethidane CH3Cl ethane

NADPH consumption'™ 19.9 36.3 12.5 n.d. 16.2 n.d.
product formation™ - 4.3 3.0 7.0 1.1 n.d.
coupling (%) - 11.8 24.2 8.0 6.8 n.d.
TTN - n.d. n.d. 2300 130 7

[00289] It is envisioned that the type of dehalcgenation
reaction described for chloromethane is extendable to other
halomethanes such as bromo- and iodomethane as well as longer
haloalkanes (e.g., haloethane, 1- and 2-halopropane). The
resulting haloalcohols are reactive intermediates which can

form the corresponding carbonyl compounds (aldehyde, ketones)
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substrate used for screening term nal hydroxyl ation
activity has the sane chain | ength as octane. The
wodoatipmes t hat enabl e term nal hydroxyl ati on pET/EHMB06/011273
like act in a simlar fashion to pronote term na
r eH%ﬁﬁA%%ﬂ%ﬁR%ﬂg%ﬁg(ﬂﬁé%ﬂ? HeS02Ps] L sRecloridihiafy et i ve
hydro¥yiig tdAt) fH didedle L&npdhalr alkene ompounds
epoxi dation: The target reaction was the selectiiVe
(Figuggoxitat i Ghhesfe |neredriontsemmianalseflkenes: PihersS@tiation as
satwation t.agenesis |ibraries were screened to
well iaﬁeﬁol‘? fysr}%tel%acﬁqr\f)éjsﬁst“e nutants that exhibit this
[00298Qt i ViThe ddpeplaryE miriten ofowkengld dalviatd v itk
mutati ons, two nmutants were identified that epoxidize
those ofe & tidaHha X di kefe & DR B thidg IF rgiedse | datd hasturearmhd
descr‘i?@‘i%nt & 2NN QP YlBRL LY Yise [t%%zé%bﬁp&tme%fsalofjst%se
~of active site reconbination variants oF 1 he
devicesgi ¢yeltents varchymdrtdvoglsatoiforrhef iraregeri cagnpouindse nbie

. rget. cq u 2-cycl opent | ybenzoxazol e was

intentBE0% SO s B Ay BHE arvs tten Tasgd a5

theirr égiventdrth eNAUJ TS @GN Y (IRE FRFIL AT ibed modes
Enant,i o- Sel ecti ve Al kane Hydroxyl ation with Engi neered

Eor CeprydRdots PASOLNVepETLOSORATEEIE, Ve Portat @grsons of
skil lg eheih by fief8renc@hngeh %.o}/‘@rek WEeSeNted I%%lrol%' eg of the

(?m)nst rqt es that active site nmutants are we
follofwgnat lvd agmepar atlilopadkntlsi ralkd prddrimediiates Meortioned in

iGal nthesis. JI.n this c t he hydroxyl at,
the sB0E e P e AR Ao v S b e o B DL of
thosesphtih@sids i0f thiconexanpl hiGar BOW KnvanGaiROPEitGins. A1l
nucl eosi,de potentially active agai nst human H V.
referphfegorifRe 4t itvé SsEE CAOEHAESs 283 SHCAFMOFALEH, bas

referBhe¥ ¢ed her &lshe ‘é?(rt%ntteﬁtse%ﬂ far hhe edroxyl ?)%xid;) %re%ﬁ'x

. 2- cycl opentyl benzoxazol e. e regi oselectivi
incorppsatedmbtyi e fefrenide 3n (benzoxazelty2diyldividually.

cl ope al even.hi gher than reported for 1-12G
toozsqtc OB BIgER - Be T ORfeE 5t osathe SRdProsR here been
descr9Bed . % HRGeI2h21%ss, r €8PRELLVBLY unfR@stood that various

. .enantiosel ectivities were not as high with nmeasured ee
moditygpkdenst M55, Beofiede B3rBAUANECPAStINPOL PR gHe spirit

and sHeWRVEeE, it aRkention. Accordingly, other embodiments

are within the scope of the following claims.
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were selected for high regioselectivity and not
enantioselectivity . [00281] Direct conversion of
w@a®meau®sal kanes, such as ethane or propane topPthes2006/011273
corres ondln al cohol s: The nmutants provided herein
WHAT ISc& MFHdF ate that single active site nutants, and
[ S Vb e
1. SATIARk s chherenl, RN DRSS MenehaLa A4l Ve
residofessdbsbr abesit m&@l@d’m@egamenosaaﬁba&equeh@@Z&%k Theth

. nt._wi.th i ghest activity qQn propane, 53- 5H,

in seRaB o' PatBorh he Mo Aok e Vel PO g & it

substﬁrteea@est expneRare ralsidueat @79f 7870gm nok,. 1Whi S 175,
ant al so_hydroxyl at es et hane to generate et hano

184, @@55H2@§mt8ﬁﬁs @ﬁﬁee2§év|@893|§88nuﬁ@ﬁl§@§ Ar@gein the
F, [ I i

emincfBE3g, 3UyEARRT ool 0SS, 362 10 W eBous

cons1Bhengcbfve site and p05|t|on snmal | al kanes above the

uring,cataly ctivit
O Fide PO e S A e roaeh iy s 20e Beghegss, and %55,
71 amﬁ.@i@l ageleekistidy ;( 89% 2- oct anol ) and
enantloselect|V|ty (65% S~2-octanol ) towards octane of

a(%?y Bl Bovatiiens i%dentli’biredBher %R, Fhids 358 oemdRi emino
Eg%r .ndicates that tighter substrate binding in

he englneered active site occurs in the nodified
anyHESpopamzaa]zméhabogenamnno ab1Uakegemabedaabkanes

P450 BM— ,mut a ydroxylatlon activity
303 FcpPra tPre it 29Ee SOR" sHoft. SHg et et

ahkBes : CQ@'qstQOEﬁﬁhbabbﬁdU%%%@Hubos%@%%%e@“&r%ﬁethe
dehal ogenati on of halogenated al kanes. Accordi
groupwcpeswﬁénme@ BWZings (Gdedaaparhgisear®ing g;i@utrarnm@r
ti acti Lte ri a e a |d
TR EAE Pl L P L
(C)s MQoheuannamlpbobnnd rasd dual sBéeasieng febandaed gBNAP
.mani_pul n_teechni ques. _The no._aci g se u nce of
consiBRanGi o pogE Bregia i S3bi56 dBd | A eSEQED ey §spdeEcine
(I), Ek@@&ﬁe8 (P), BOE284knibeidehalpgenat iian sheaetin@naksd

. based on the
residue selected from the group consisting of lysine (K), and

acid f%

arginine (R); and Z4 is an amino acid residue selected from
the group consisting of tyrosine (Y), phenylalanine (F),

tryptophan (W), and histidine (H).

2. The polypeptide of claim 1, further comprising a Z3 amino
acid residue at position 285 of SEQ ID NO:1, wherein Z3 is an
amino acid residue selected from the group consisting of

lysine (K), arginine (R), and histidine (H).

3. The polypeptide of claim 2, wherein the amino acid

residue at position 285 of SEQ ID NO:1 is an arginine (R).
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4.

hydr oxyl ati on of the carbon atom carrying the hal ogen
by a spontaneous (base catal yzed) al pha-elim nation
W(i)e(ms/abim&z whi ch I eads to the formati on of an aPdPbymes6/011273

ket gne d nd| n..t he starting . hal oal kan The
g{]ﬁe IR & |oﬁ gﬁ‘éﬁ‘i gm F(S’F“ptrﬁgl&@héllpoéé)n i on of

conse®va@N&ialamahphachal eablkane vits oHes exicaed by trhz% lﬁ@llé%m'7

18,

unstabl e [00285] To test the feasibility of th
8&ppridachA2ehlldPemfhané ORas 22os &r Gas 2§@bst2r55’tre 2f9c9rr 328,

and 353 %e@%; Og%nff\tlbl qn reacti on. Conpared to other
hal oa

5.

Karres,” chl'oromet hane (CM has the advantage to
be m)derately soluble in water (0.5g/100 m) and to

| ead tq fornmal dehyde_as end product ,of the
76 GIVREPOHR hia SR rat ISOHEEA%0MP £6+ H) dehyde

cons e%%‘?& P}:Q.Qret hen nroe %@':ley sURlseGted iR L ‘élx@llurdﬁtnrg' G d=QRtd 0N 7,

78,

Pur pal d descri bed previ ous% To test the
r

8r2ea<9t4|,or142t,v\d7BM 38ut 2N 12286m 128%er 25Gund® Sof 4%hdaAs/

%%ﬁ 1141 and 20-D3, were incubated in the
and 3@& ce oﬁ C%I%a%

6.

presen nd a cofactor regeneration system
based on NADP +, gl ucose- b- phosphat e and
%ucose has hate %Mr ogenase Reactl ons

he&y R é’ \rl'?mcl uded

conséﬁ%é%yvé(gﬁindAéﬂﬁﬁNQUH%ﬂ%ﬂdﬂﬂdﬁg'éﬂbﬂdﬁﬂﬂ@“ﬁédﬁﬁﬁés 47,

78,

Figure 27A) was observed only in the presence of the

BV @ dvutldidts 1[7(5028@]4 " THE frredctb o Mas depedted i4PGhel28,

and 3% %gc&r?gf Eﬁ i onal BM3 nutants, including 1-8H,

7.

]1dtype P450 BM 3 in which A328 was
substituted with valine (BM 3-A328V) (Figure 27B)

The total t m M 3- 28V CM
i RS i U (var B e S Tt A

sequdrisi dansd ddy the ituddy  savidied her oM 1tdhd gﬁ}lﬁﬂmlstlng

of:

exhibits no detectable activity (Figure 2
W I d- type BM 3 was substltuted with other amno acid

o e B P B 2L BY o A g ey

glyca[xﬂi)ZB:?)] 'Eﬂmmrt:me t@Q )of BMiheA3R8B\, crrhl@drmnda other or

cysteine (C) amino acid residue;

or

(b) at positions 94, 175, 184, 290, and 353, a valine (V)
isoleucine {(I) amino acid residue; '

(c) at position 226, an arginine (R) amino acid residue;

and

(d) at positions 78 and 328, a phenylalanine (F) or

histidine (H) amino acid residue.

8.

The polypeptide of claim 7, wherein the amino acid

sequence comprises residues selected from the group consisting

of:

(a) at positions 82, 142 and 355, a serine (S) amino acid

residue;

126



substrates such as HVE, DVME, and propane was further
i nvestigated by neasuring product formation rate,

wa@ edoaabsms2 consunpti on and coupling efficiency PABDE®06/011273
14) . This nutant -was al so found to be capable to
hirdr ety lad el tettdrendl & anet 12diol ,a altsiocuighe offl)y dmomaa acid

. fotal of about 5-10 turnovers. In Table 14

residi&insunption” rates are expressed as nnol NADPH nmol

ey e/ Bk ANhn UG Jiarmdinen” (d)atesi iy e expressethe ;
as nnol product /nnol enzyne/nmin. [00288] Table 14 no
ratles ¥ ustiriare 2 Bubst rdtEIMvE (NE SHigparmecicHagsidue;

e e n 20 TSy 7 0T ) A
acid coaguldusy (%9 - 11.8 24.2 8.0 6.8 n.d. TIN - n.d. n.d.

2300 130 7 [00289] It i i si oned that, th of .
oI Do OB 44 1515 daotr FBbd TUrC EHI R orfel FaHe'q @oid

residxdendapl e to other hal onmet hanes such as brono- and
i odonet hane as well as | onger hal oal kanes (e.g., .
hied Joetthawes L tiomhd ©-adl opropanehenyiel 3rEidig t g amino
. hol s are reactive internedi ates which can form
acid {]ﬁéesolg%lge?éspondi ng carbonyl conpounds (al dehyde,
ket ones) or epoxi des dependi ng on the regioselectivity
of the droxyl ation reaction and the nature of,
9. sﬁ%r%??@%%‘g‘p MRCTR G 361 VPSRl rSA®RT 6id %r e

residife Ul 0Tk of ermxli ot 110k agn Wl |a@sd fqeidieddic forth
_ pur poses. [00290] The exanples set forth above are
in SER VD QI 1 o wWhereithose Ifasr di Grargf siie 1aning mcigt a

. lete dis re. . [ Dt 0 -
rest P L S B A SR A S P p i e
in (amet-hotks) odré hes | funkeldwson and are not intended to limt

t he scope of what e Jjnvent or egard as their .
| Rertt GROSNBHITS i OH? G Hed Bbovfe- HRSRS | Tt ke
is sd®@fn&argying out the invention that are obvious to

persons of skill in the art are intended to be within
t He) stopecwitioes 184, 290 and 353 the amino acid residue

is valine (V);

(c) at positions 94 and 175 the amino acid residue is
isoleucine (I);

(d) at positions 47 and 205 the amino acid residue is
cysteine (C);

(e) at positions 78 and 328 the amino acid residue is
phenylalanine (F);

(f) at position 252 the amino acid residue is glycine

(G);

(g) at position 236 the amino acid residue is glutamine
(Q); and

(h) at position 226 the amino acid residue is arginine
(R)
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followng clainms. Al patents and publications
mentioned in the specification are indicative of the
wo eoelissosf skill of those skilled in the art teCTMSmNG6/011273
the invention pertains. Al references cited in this
10. dilsclpedypeerield nebrqariat € byhensfier ericel dastt D s afe the
., extent as if each reference had peen incorpaqrated by
i Searb e HIIST S hbr1s A Ao DR 0090 1 A

positiHHers i Iirrenfa% of fhe drwent ispediansedesn (a) -
descri bed. Nevertheless, it will be understood that

(h) . various nodifications may be nmade without departing
fromthe spirit and scope of the invention.
Accordingly, other enbodiments are within the scope of

11. tohes frdllyoeptgl dd 2 frec MHAT 9, SHELAIIVERY 1Sdst %% of the

. i1solated or reconbi nant pol ypeptide conprisin
aming G e % 4P Sbdutt ISETHMY e i r5E cbesaetq%“é}ﬁe set
posif@dd ddeSEQdD NO: [amit hHup 4 2 canservadd vien afd)no-
acid substitutions excludi ng residues 47, 78, 82, 94,
(h). 142, 175, 184, 205, 226, 236, 252, 255, 290, 328, and
353, wherein the am no acid sequence conpri ses
resi dues selected fromthe group consisting of: (a) at
12. pris tpangpddt i@, 01421 a205), 2B6;tR52, camur 2659 ary|

,am no acid residue; ( at_ pasiti 94, 175, 184,
Argingy Hnd 3 ffo%l?ﬁo%n?%% %l%&# eéé)g\z%‘,l(c) at position
226, a Z3 amno acid residue; and (d) at positions 78

and 328, a Z4 amno acid residue, wherein: Zl is an
13. & ncadilted eat dirceB ety TR emel ¢f otPRBh3IRY i ng

. of glycine , p | he. (. , t am
rest§lof 1Y Ll P LN Bt B Dper sorcr
in sEpysieiNe: £ Gr;SER I3 ®h: anvinch ag dco €50 doensetexitisde amino

. .fromthe group consisting of, al ani ( , - val i ne
acid Sftinetey? SPelidind Suhl g MY (™ dandted,
176, ][T?w,i e £V, 278, i ssan 2 N eE) BIesi due 38 echieshein

romthe group consisting of lysine (K) , and arginine
the W)no aeid Zdedyenre apdhpr bes e Fesidues seebecked fiemm the

group consisting of:

(a) at positions 48, 83, 143, 206, 238, 254, and 257, a
z1l amino acid residue;

(b) at positions 95, 176, 185, 292, and 355, a Z2 amino
acid residue;

(c) at position 227, a Z3 amino acid residue; and

(d) at positions 79 and 330, a Z4 amino acid residue,

wherein: Z1 is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine
(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
(C); 22 is an amino acid residue selected from the group
consisting of alanine (A), valine (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); Z3 is an amino acid
residue selected from the group consisting of lysine (K), and

arginine (R); and %4 is an amino acid residue selected from
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the group consisting of tyrosine (Y) , phenylal ani ne
(F) , tryptophan (W , and histidine (H . 2 . The
w@oelogpepst de of claiml1l , further conprising aP@BUSIINEIO11273

aci d residue .at pagsition 285 of SEQ ID _NQ 1, wherein
the ORGS0 B WidhiE S ecrrmromania Dy by
tryptersdmtiw)g ehd ysista dike . (Arginine (R , and

histidine (H . 3 . The polypeptide of claim2 ,
wherein the am no acid residue at position 285 of SEQ

I j r gii (R4 . ol ti f
14 éﬁ%ﬁfﬁéﬁfﬁéﬁy%ﬁﬁ g#ﬁéﬁﬁﬁ$fgi§51%§%§5$Vé¥l e'%ﬁ#i %ﬂ%%ﬂ
amincs Wrsitd tnetsiahe exclpediing aresiduest 450 18 82,2 B SBE2,I1D
NO:3 175, 184, 205, 226, 236, 252, 255, 290, 328,(€nd 353
3o TSEGHD NS, 98 ARSI heRT R e ISRy from the

grour WENiIHSNGUR f A yEA neONGer,v alr 4, i3/ n(‘;’iga,‘:'a%d histidine
substitutions excluding residues 47, , 82, 94, 142,

(H) . 175, 184, 205, 226, 236, 252, 255, 290, 328, and 353
of SEQID NO:|I. 6 . The pol ypeptide of claim1 ,
conprising up to 5 conservative am no acid

15. <Siestddlividemts dex clfudilng o asi,dwése rkin the &irft,aclid?,

.. 75, 184, ,2Q5, , 6, 252, 255, 290, 328, and 353
residlfe GEORBIROE 237 TreToihbitie of dpss 15 an
arginMiRy €if) the amino acid sequence conprises residues

selected fromthe group consisting of: (a) at
positions 47, 82, 142, 205, 236, 252, and 255, a

l.yci ( Al ut am ( ri S) t.hreqnj ne
16, GG o0 LMD oo SRS S omel 10
residpesi tli dars adbutl?B5 B84, th29Gmiard a353 sequalridee (&) farth

in SuS A2 gimion ) G0 "R FeaolsR Shd ) e

amindQdild ARSiAu@sane 328 MiRhendidl apiqieddd) & the
histidine (H amno acid residue. 8 . The pol ypeptide

positgfong finaci fieghdinei (@)t e @ni woeadisd follows:

(a) at positions 83, 143 and 257 the amino acid residue
is serine (S);

(b) at positions 185, 292 and 355 the amino acid residue
is valine (V);

(c) at positions 95 and 176 the amino acid residue is
isoleucine (I):

(d) at positions 48 and 206 the amino acid residue is
cysteine (C);

(e) at positions 79 and 330 the amino acid residue is
phenylalanine (F);

(f) at position 254 the amino acid residue is glycine

(G)

(g) at position 238 the amino acid residue is glutamine
(Q): and

(h) at position 227 the amino acid residue is arginine
(R) .
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sequence conprises residues selected fromthe group
consisting of: (a) at positions 82, 142 and 355, a

W@ e00bnasogs) anmi no aci d residue; (b) at positi onBCHUSENE011273
205, a cysteine (C) amno acid residue; (c) at
position 236, a glutamne (Q am no acid residue; (d)

t [ G dre)
17 R R, 3 s AR R (e e e

aming esiidueseifduent ipogine @msueﬂ amid! ISEBjuentd $dl dls ne

rors b PRI T U W R S

(h). isolated or reconbinant polypeptide conprising
residues 1 to about 455 of the ami no acid sequence set
forth in SEQID NO:I, wherein at |east 80% of the

18. &HNG o%}g&gﬂiﬁ%@l&s dl%l(xhei@mvn%@é:lrg Sequence @fe tde the

posi t pecified in (a) (h) are as follows: (a)
amincataqiositd oimneg2,inl 4heardnizss adiel s quens ditr édicdue s

serine (S (b). at, positj.ans 184 290 an 33th
POsitIfT § aé: %lfrleecr § vaI4 eV 45 (%G 1peoa§| ory 94

(h) . and 175 the am no aC| d resi due i s isoleucine (I) ;o (d)
at positions 47 and 205 the am no acid residue is
cystel ne (C) ; (e) at positions 78 and 328 the am no

e f |
19 252 t%e a%étﬁcol%c%p:%saﬁéﬁg?s %l%:%/%len]é &(OGH%?N%)'L)SIM Hf

argirpioss t (Rn 236 et iam M8 acid T8I dualq 52 ghut3Hi ned (N9 : 3
and

20. An isolated or recombinant polypeptide comprising
residues 1 to about 455 of the amino acid sequence set forth
in SEQ ID NO:4 with up to 50 conservative amino acid
substitutions excluding residues 49, 80, 84, 96, 144, 177,
186, 207, 228, 239, 255, 258, 293, 331, and 357, wherein the
amino acid sequence comprises residues selected from the group
consisting of:

(a) at positions 49, 84, 144, 207, 239, 255, and 258, a
z1l amino acid residue; '

(b) at positions 96, 177, 186, 293, and 357, a 22 amino
acid residue;

(c) at position 228, a Z3 amino acid residue; and

(d) at positions 80 and 331, a Z4 amino acid residue,

wherein: Z1 is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine
(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
(C): Z2 is an amino acid residue selected from the group
consisting of alanine (A), valine (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); Z3 is an amino acid

residue selected from the group consisting of lysine (K), and
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(h) at position 226 the am no acid residue is arginine
(R)10. The pol ypeptide of claim9 , wherein at |east
wOMsab508he ami no acid residues in the am no ae¢TUS2006/011273
sequence at the positions specified in (a) - (h) are
argindgres poisf isadl it (& an (@Wino Eﬂlﬁwmwaﬁh%aﬁ from

the dHRlMre NSNS 1AL J,085L 990 SATNG AKl Gy

eSI dues 1n am no acl SGQL}énCD e posl tl

tryptspeeidf i @ i krd)histi)in gm@s specified in (a) - (h) .
12. The pol ypeptide of claim9 , further conprising an
arginine (R at position 285 of SEQ ID NO:1. 13. An

21. i che RIp RGO nant; (ol PRl IR C AR SIdiGg a %3
resi dues 1 to about 455 of the am no aci sequence set

amind grotig |rr¢ss.f§tge| Bﬂ\l@oszte:onSz@& OINGESG Wi tND 1 twheS@®in Z3

ta oo SRS A0 G S ' W TG Dt erige of

lysin2b4(K) 257a,rg29ﬁ,n633@a ,anchdB%58,s tikeired n(H)he am no acid
sequence conprises residues sel ect ed fromthe group
consi sti ng of: (a) at positions 48, 83, 143, 206, 238,

22. hids dr aMe 3¢ d Jeddue i d)ardtno acid
p05|t| ons 5, 176, 185, 292, and 355, a Z2 am no acid

reSldrU@suactu@OS(mi)l@t %ﬁﬁslqﬁ SEQID N 23 igniarn augidimesi (@le;
and (d) at positions 79 and 330, a Z4 am no acid
resi due, wherein: ZI is an am no acid residue sel ected

23. ﬁbrmmddleuymm mnﬁﬂnmglwfpogmgéptac(&)commr@gi ne
utam eﬁ% serine (S) , threonine (T)
reSldt%Soé égfsttéa%@ntle)o Acizl [ SCPPNGA i tadiag th

in SHESIHWR 34e| a1 O e AT QUR CANSI! ig R Al@ni ne
(A , valine (M) , leucine (L) , isoleucine (I) ,

reﬂC\mﬂ iire {R) amigd amstchissruseqeMat; 128 imp st e reciidied

eS|d e te r the group consisting of |ysine
(K) ,%j %aergain?fnoel](% “and Z4 is an am no acid

r@si die radiacitats feaontie gmeuR seonsics tanmihofadiy asdidielue
is se \Qne p(hsen;yl al anine (F),

(b) at positions 186, 293 and 357 the amino acid residue
is valine (V);

(c) at positions 96 and 177 the amino acid residue 1is
isoleucine (I);

(d) at positions 49 and 207 the amino acid residue is
cysteine (C);

(e) at positions 80 and 331 the amino acid residue is
phenylalanine (F);

(f) at position 255 the amino acid residue is glycine
(G)»

(g) at position 239 the amino acid residue is glutamine

(Q); and

(h) at position 228 the amino acid residue is arginine
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tryptophan (W , and histidine (H . 14. The
pol ypepti de of claim 13, further conprising a Z3 am no
W(ac(iod/loﬂsi due at position 287 of SEQ ID NO 2 peT/BEf0é/11273
, Wherein Z3 is an am no acid residue sel ected
24. f%@n @M@@@W%o@@u@iah@ 23, I‘ylsﬁan@lre Kt , leargt nP@e ¢R)the

amin® Q@Pdh£%% 15i0e iﬁﬂth 1§mlggeagl% tlde o%%$£% m 14,

e am no acid Tesidud SEQ
positDoMNg: Rreci SEY I Ih NQaB +s(lan af@|m$n£pé£ﬁf1ed6lnﬁma) -
h i sol ated or reconbi nant pol ypeptide conprising
(R) - residues 1 to about 455 of the am no acid sequence set
forth in SEQID NO:2 or SEQ ID NO 3, wherein at |east
80% of the amno acid residues in the am no acid
steerekyreprtheée posi ¢l ais %{é)ecwlﬂqée@in et a)leasthySaref the
s_foll itio 143and257teamno
amlng a%l#ejg%%&éf% %Iérgﬁg %]J%}Hg ?%%d %e%osﬁﬂ ons %% 292
pos1*aﬁdn§5§pé<hzefmn1nmacaﬁ reshueré Sayaspdei £Med; ifcjapt-
positions 95 and 176 the am no acid residue is
(R} i sol euci ne (I) ; (d) at positions 48 and 206 the am no
acid residue is cysteine (C) ; (e) at positions 79 and
330 the ami no acid residue is phenylalanine (F); (f)
26. a?h‘pcBﬂYmPQlﬂeﬂh@ %\lﬁlh@ %3,: dfmégh@uecmsngiycm@eaqi €)

arglmr %Qne;ﬂ?%gg 0{11 §§16 Agi sidue is

tTon "the am no acid
residue is argini ne (R) 17 The pol ypepti de of claim
16, yvherel n._at | east 90% of the am no _acid residues in

R BRRTRCER OF SERCRINRENFR T (Rl PRSPt SRsCIPREI $1RE i n
re81£@és 1 (8 Msu@ssspestfird iRid@acid sequence set forth

in SEQ ID NO:5 with up to 50 conservative amino acid
substitutions excluding residues 54, 85, 89, 101, 149, 182,
191, 212, 232, 243, 259, 262, 297, 336, and 361, wherein the
amino acid sequence comprises residues selected from the group
consisting of:

(a) at positions 54, 89, 149, 212, 243, 259, and 262, a
Z1 amino acid residue;

(b) at positions 101, 182, 191, 297, and 361, a Z2 amino
acid residue;

(c) at position 232, a Z3 amino acilid residue; and

(d) at positions 85 and 336, a Z4 amino acid residue,

wherein: Z1 is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine
(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
(C); Z2 is an amino acid residue selected from the group
consisting of alanine (A), wvaline (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); Z3 is an amino acid
residue selected from the group consisting of lysine (K), and

arginine (R); and Z4 is an amino acid residue selected from
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(h) . 18. The pol ypeptide of claim 16, wherein at
| east 95% of the ami no acid residues in the amno acid
W@ egaanne2 at t he positions specified in (a) - Pail/US2006/011273
as specified in (a) - (h) . 19. The pol ypeptide of
the grbap nedBsisuinhert comressiag(hh, aplppy el arynat (F) .
Siti 287 of S @y or SEQIDNO 3. 20. An
trypt&@%?%tg@)brmwg&ﬁéﬁ%éééggggabeptide conpri si ng
residues 1 to about 455 of the ami no acid sequence set
forth in SEQID NO :4 with up_to 50 conservatiyve_apino
28. 'BledOSLBREPELAT oPs +%d$%g FREFRGESCABPTBHI 342 g%,
aminol4§id&%Zsi&§@'a@ogms£@§®n2§92 855sr858p 185, 3dderand 23
38 , ereln the am no acid sequence conprises ., .
is anrasidoescsdl vesbdud ronl ehbedr 6upmcbhsi S¥PRY ePrstafing of
. _posjtions 49, 84 44 0] 39, .25 and 258, a Zl
1YSln§n§kg'aéFalP%%?d&%g'(%?aagiﬁggg%P%ngﬂbe, 177, 186,
293, and 357, a Z2 amno acid residue; (c) at position
228, a_Z3 amno acid resigze; End d) gt Qositiog§ 80
29. &hRE BYiYPaPEIdENPHOCHRIE fési HRELShReFBFnaM21Cj §°4R
ReL:lL Ld+5esi dye sel sebednf nowbt he grOHRPgEANAESHRNY
res1d§?‘ gleygigﬁet%G) , asparaglbne (N , glutam ng (Q
serine (S) , threonine (T) , tyrosine (Y) , and
steine (CQ) : Z2 i ' iLd.rasi ekegt.ed
20, fhontenetsroas Conenetial oAt EsPsas A el P ERE )
residuekedcitre abbht, 4650bguthreafiinp prdaki seq@Bpceandt forth
. methionine (M; Z3 is in anig 9acidt esi due sehe%ted
in SEQréﬁlNﬁ@5grﬁﬁﬁr€6ﬁs?§y'ﬁ655f ysPEe %R)a@lgﬁdgrélnine
residlBs 1n2ReeZ4nliso2AcaR BRgRehde 8% due pelsectiedsf spricified
the group consisting of tyrosine (Y) , phenylal ani ne
in (aQF) ,()r ypeoplsadolWpws:and histidine (H) . 21. The
ol.ypepti de of claim 20Q,, f.urt her i Si i 43 AR
g@ﬁda&eﬁoﬁﬁélgpspggrt%%g fég %ggsé %Fsh%éggf%}éWheréine
is sef3rnieS @) ;am no acid residue selected fromthe group

consi stin f . . .
(b) at pé%f%ions 191, 297 and 361 the amino acid residue

is wvaline (V);

(c) at positions 101 and 182 the amino acid residue is
isoleucine (I);

(d) at positions 54 and 212 the amino acid residue is
cysteine (C);

(e) at positions 85 and 336 the amino acid residue is
phenylalanine (F);

(f) at position 259 the amino acid residue is glycine

(G);

(g) at position 243 the amino acid residue is glutamine
(Q); and

(h) at position 232 the amino acid residue is arginine
(R) .
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lysine (K) , arginine (R) , and histidine (H . 22.
The pol ypeptide of claim20, wherein the amno acid
w0 e@odo®sat position 288 of SEQID NO 4 is anPelr/gimi)crenzB
3. An isol ated_or gconblnant pol ypepti d

R .
31. %Bﬁp?P%l’YﬁﬁpFégﬁdﬁéS’ciaﬂ@ Bout’R&5515f af:héeéﬁitngoacpé the
aminoS§AYBNCE$alhekoriththd SERNLDaNGy 4equihereibR ahel east

80% of the amno acid residues in the anm no acid
positsegaenpecatfieke ipodiat i ondhspecef red sprcid)ied (h) (ate-
(h) as follows: (a) at positions 84, 144 and 258 the am no

*acid residue is serine (S) ; (b) at positions 186, 293
and 357 the amino acid residue is valine (V) ; (c) at
Eositi ons 96 and 177 the amino acid residue is

bgl BadvREPLiYe, ofdyrlatmpdSit MBRESAD ahd L1267t Redaritnéhe
amlnoaﬁ%er§§EQH%e%s1%y%%%'B 1ﬁg)ac1@egeﬁheﬁg%'t%oQﬁeSO and

he amno acid residue is phenylalanine (F) ; (f)
positabnpospeicaf i285 inhd aani-ndhacider esi dpecid igidydinnda() Gr;
(h) (g) at position 239 the amno acid residue is
" glutamine (Q ; and (h) at position 228 the ami no acid
residue is arginine (R)24. The pol ypeptide of claim
wherein at |east 90% of the am no acid residues in
33. Fﬁ@ BRLAESRELESs SGushedmat Oy hé UFESet GREPLEEdri 68 in

argln(lﬁla R()h)atab%sﬁstlme@@fﬂ 8¢ isio(ab wdi:®), - 25. The
pol ypeptlde of claim 23, wherein at I'east 95% of the

am no acid residues in the amno acid sequence at the

b BNLRPE Ut o) bl ia e gt lied
resid@e@Bpni sion@bamt 455 of the amino ac1d sequence set forth
in SEQ ID NO:6 with up to 50 conservative amino acid
substitutions excluding residues 51, 82, 86, 98, 146, 179,
188, 208, 231, 242, 258, 262, 296, 337, and 363, wherein the
amino acid sequence comprises residues selected from the group
consisting of:

(a) at positions 51, 86, 146, 208, 242, 258, and 262, a
Z1 amino acid residue;

(b) at positions 98, 179, 188, 296, and 363, a Z2 amino
acid residue;

(c) at position 231, a Z3 amino acid residue; and

(d) at positions 82 and 337, a Z4 amino acid residue,

wherein: Z1l is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine
(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
(C); 22 is an amino acid residue selected from the group
consisting of alanine (A), valine (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); Z3 is an amino acid
residue selected from the group consisting of lysine (K), and

arginine (R); and Z4 is an amino acid residue selected from
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arginine (R at position 288 of SEQID NO 4 . 27 . An
i sol ated or reconbi nant pol ypeptide conpri sing
woemcdeums2 1 t o about 455 of the anmino acid seqRentr8€011273
forth in SEQID NQ 5 with up to 50 conservative am no
the gxepg saBSirtdbPoRE &XErsdngy (Mesi @iegyialaginegdFlyo1,

trypt%é%?nlﬁ% 1934 232¢1232¢ gﬁg 259, 262, 297, 336, and

wher éin the am no acid sequence conprises
resi dues selected fromthe group conS|st|ng of : (a) at
sitions 54, 89, 14 and 262, a
R EnEoPaR iCRaE, S e ot i bRe FOTD igand, 41 22
ammoZ%Eadam@s&aie atZpoaditnenaciod gsistge T ¢ @, pesiddionz3
232, a Z3 am no acid residue; and (d) at positions 85
is anaﬁ@l996acédzie§#ﬁ#@ SELE eS| dgem r LRUPZICqns Iging of

ly31n%?] a%&g ?g§ld%%.365§£{%95 %Hh%hQngouD consi sting

aspar agi ne glutanine (Q, serine
(9, threonlne (T), tyrosine (Y) and cysteine (O ;
S am_na acid e3|d selected from_the group
36, SBn PoTVREPGAoE 2 FOT) Shry e e 1B i
residu¥0l@Ugiore tibh, opioldmenePrp and gratshia@nianeyine ZR)i.
an am no acid residue selected fromthe group

consisting of lysine (K) , and arginine (R) ; and Z4

37. % 3R AALAY %IquQﬁ&gH%$§g&ﬁﬁh§Q§%glanlne eﬁgglng

consi sting of tyrosine
resmrweysptlomlmaab@Wc A5&nd fhitdte dllrrnel0( lcid 2&qubnee set forth

ol tlde cl.aim27, furt ising a_Z3 anno
in SEggc 12160 S|6duéJ §tr edositth &ﬁaf%’z i ég% %33 Cgr ein
residhdd S_naf%h@maﬁﬁn@Cla@lchSéd@.m%rﬁ% eat ethef r}iﬂi’ﬁﬂﬂi&)rgi Gitfecified

. conS|st|ng of lysine (K) , arginine (R , and
in (aj stil@'néreHps. T29.1om%e pol ypeptide of clai m 27,

W%%L%tn {8 +anR0 gacCi q4raesc;rfdy%%t PRSI0, 292 Pfre3EQue

i's an arginine (R). . An isolated or
is semcentisnant polypeptlde conpr|5|ng residues 1 to about

185 S S8 AR 0 SN 5 U R4 BB
is valine (V);

(c) at positions 98 and 179 the amino acid residue is
isoleucine (I);

(d) at positions 51 and 208 the amino acid residue is
cysteine (C);

(e) at positions 82 and 337 the amino acid residue is
phenylalanine (F);

(£) at position 258 the amino acid residue is glycine
(G):

(g) at position 242 the amino acid residue is glutamine
(Q); and |

(h) at position 231 the amino acid residue 1s arginine

(R) .
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residues in the am no acid sequence at the positions
specified in (a) - (h) are as follows: (a) at
w@omictidsmes 85, 149 and 259 the ami no acid resiBOBRUS®06/011273

rine () ;. . osjitigns 191, 297 and 361 the
38, Fadebriddd A i 5 (hezeimr)atatl g 13t the
amind Qe @nd-dB2nddhe iamivie aglihd exd Ve d fudmel eucing (1)

. (d) at positions 54 and 212 the amno acid residue is
positgyieigreqidied &) @) posiht)i e 85 apbk @@ adhe ranfalo —
(h) acid residue is phenylalanine (F) ; (f) at ‘position

" 259 the amino acid residue is glycine (G; (g) at

position 243 the amino acid residue is glutamne (Q ;

d (h), at pasitiaon 232 the am no acid residue is
39. Ihs %Cﬁevp(%%l.dﬁ.ofméa@&} yieptiide G Atailnass, Mterd rihe
amindtadi@BSte 3RS ihh@ch@ndﬂﬁrﬁﬁ'a%iroe%eq#ﬁ%gé’] g M no
..acid sequence at the positions specitfied in (a) - (h)
positgrmspsparddiifided ni nala) -(h)yare 3& sHeeigdlegpept i @0 of
(h) . claim 30, wherein at |east 95% of the am no acid
residues in the am no acid sequence at the positions
specified in (a) - (h) are as specified in (a) - (h)
. Th ol ypepti de of claim 30, further conprising an
40. 3“?‘@ b P(er%)éléi‘fe ﬁgsict%iadﬁ“ 392 dHrspen poMErising4n An
arginisQl tFd -0 pheceniinant RA! MRPIH§LQTPr i sing
7 resi dllJD\ZS 1 tpo about 455 of the am no acid sequence set
forth in SEQID NO 6 with up to 50 conservative am no

. S O R, LB 0 %
resid3@3d, Ablterl@id8 blfethe amino acid sequence set forth in SEQ
ID NO:1 with up to 65 conservative amino acid substitutions
excluding residues 464, 631, 645, 710 and 968, wherein the
amino acid sequence comprises residues selected from the group
consisting of:

(a) at position 464, a 71, 23, Z4, or %5 amino acid
residue;

(b) at positions 631 and 710/ a 21 amino acid residue;

(c) at position 645, a Z3 amino acid residue; and

(d) at position 968, a Z2 amino acid residue,

wherein: 7zl is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine
(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
(C); 22 1s an amino acid residue selected from the group
consisting of alanine (A), valine (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); Z3 is an amino acid
residue selected from the group consisting of lysine (K), and
arginine (R); Z4 is an amino acid residue selected from the
group consisting of tyrosine (Y), phenylalanine (F),

tryptophan (W), and histidine (H); and is an amino acid
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am no acid sequence conprises residues selected from
the group consisting of: (a) at positions 51, 86, 146,
wQoedes/183082 258, and 262, a Zl am no acid resi deeT/U§mp6/011273

.at posjtion 8, 179, 188, 296, and. 363, Z2 ani no
residie FELEe TR, Prim 8 iR Sons i O PE e e (1),

Valil{@s(\ﬂ)u,e;a@@diégje@éir[@s{j)i ons 82 and 337, a Z4 am no
acid residue, wherein: ZI is an am no acid residue
selected fromthe group consisting of glycine (G |,

( . ! &
12, RERRL A5 N e S ULBOAGA Qoo i 1oy00 2
conséﬁwéﬁ&vﬁﬁamﬁfmifbi@Sé&b%SfﬁﬂEﬁ?ﬁﬂ é%f%ﬂdif@(ﬁéﬁ&d%ij 464,
ni ne val j ne , leucine ,
631, f@ﬁéﬁﬁ@gﬁ@)&%r% (@ ,N%'njd' met hionine (M; Z3 is

an am no acid residue selected fromthe group
consisting of lysine (K) , and arginine (R) ; and z4
43. Bharrahypeprbide eestrion skl ect@ptismheuyriompld
o Isting of tyrosin . enyl al anine (F)_.
cons ﬁ@% %% a%m%%@ %&ﬁ% iﬁéﬁ?%ﬁ?ég]iﬁegciﬁgqumgg81dues 464,
631, plypeptd denof 9€4 adf ey TmurNder. conpri sing a Z3 am no
acid residue at position 291 of SEQID NO 6 , wherein
Z3 is an am no acid residue selected fromthe group
44. opnsisdi i 4y S Pec{m » 4 AT &by PEs { wp W 10
hi st i%(is n%ge(%l. 36. The Irpl)'ol ypgepI{lEl) deS o@ CL.IJ%i m 34,
conseyiertel ve t el agr aol dos Wb ekl Widoms ol wdbmg 298s tdusSEQ@ 64,
I B A4S i Nk Ne- .- An isolated or
631, réglc%lonbﬁ%n?ﬁ%o y%eér}% P%eé (@)?rpl?(?'llhg residues 1 to about
455 of the amino acid sequence set forth in SEQ I D NG
wherein at | east 80% of the ami no acid residues in

45, (e RO SRS ot LAY O et 1 Ghlse SHBRE | 44 n

sequdrde “cdidr EEs aSe d Qhlanssc (At & POSH 1H100S5 8% p 148 &G i ng
258 the amno acid residue is serine (S) ;" (b) at
of: positions 188, 296 and 363 the anino acid residue is

Ve;fngt(égsition 464, a glycine (G), arginine (R),
tyrosine (YY), or threonine (T) amino acid residue;

(b) at position 631, an asparagine (N) amino acid
residue;

(c) at position 645, an arginine (R) amino acid residue;

(d) at position 710, a threonine (T) amino acid residue;
and

(e) at position 968, a lysine (L) amino acid residue.

46. An isolated or recombinant polypeptide comprising
residues 456-1059 of the amino acid sequence set forth in SEQ
ID NO:2 with up to 65 conservative amino acid substitutions
excluding residues 475, 641, 656, 721 and 980, wherein the
amino acid sequence comprises residues selected from the group

consisting of:
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(c) at positions 98 and 179 the anmino acid residue is

i soleucine (1) ; (d) at positions 51 and 208 the am no
wa@eood/ 108t due is cysteine (C ; (e) at positiopcT/820861011273

337 the amno acid residue is phenylalanine (F) ; (f)

at? pdS ABH 258 the ad ol add I 151 Rie 53 yniee reid) ;

residi®y; at position 242 the amno acid residue is

glutamne (Q ; and (h) at position 231 the amino acid

résli due Acsidrigins @4 { R88.72The pdlly peptndeaofd ctad mue;

37 erein.at le 90%.of_ the am no acid residues in

t e \zgalk}ﬁ rPoOSalcﬁJtP%e%i c® ?a? FHE DT Iriss Speei f"ilré‘gl in

(@) ot Hosreias specid izt did®)acid WesidQ, The

pal ypeptide of claim 37, wherein at |east 95% of the

AMSIC I & dsT eI RE i 15 U Sekrere Bfort e

et Lt in ( - . oci £ .
grou A R g AR B G S S S FhFrHbhe
(Q), copimissi (g artrargpminme (R), dtymposird ot 29lamd SEQdiDe
. b, 41. An isolated or.reconpi nan ol ypepti de

(C) s (I;%grrplrsi g res cﬁjcejsé SO Soﬁqo%c%ee%rﬁplﬁ%xa @ group
consisaQuUeNeE satarfiord h(Aan, SEQiId2 NOz)l, widdtipe t 0,65 isoleucine

conservatijve am no acid substitutions excluding ,
(1) REQldies F84, BH Ne45lomie anll 068 Whetteidite awictho

: A ROUENE & GNP i Ques; selget f h
reSlcg%o%p)eSlconsi stefi ng of%é%&%ts posi tslstceiLnrrndA:f6@?I laﬁy%rgé ng) ; and

argirgdme ofR)Z5 Zdniiro aciahiesiael Kd9idate posiddiond 63 artte
rou 710dna [, am taci d resi@ge; (c% t .position,k 645, a

IEOURZ LR A T o dtiE: M ant /(P H Y56 9687 a 22
tryptaopho agi)d resd diestidine (H); and is an amino acid
residue selected from the group consisting of threonine (T),

valine (V), and isoleucine (I).

47. The polypeptide of claim 46, comprising up to 40
conservative amino acid substitutions excluding residues 475,

641, 656, 721 and 980 of SEQ ID NO:2.

48. The polypeptide of claim 46, comprising up to 25
conservative amino acid substitutions excluding residues 475,

641, 656, 721 and 980 of SEQ ID NO:2.

49. The polypeptide of claim 46, comprising up to 10
conservative amino acid substitutions excluding residues 475,

641, 656, 721 and 980 of SEQ ID NO:2.
50. The polypeptide of claim 46, wherein the amino acid

sequence comprises residues selected from the group consisting

of:
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wherein: Zl is an amno acid residue selected fromthe
group consisting of glycine (G , asparagine (N
w@bambaniose (Q , serine (S) , threonine (T) , PET/USINE011273
(Y) , and cysteine (C) ; Z2 is an amno acid residue
sdl)e@te PIHGMAThe 'grodp Blotsing i (R ofazdiadinte (B3), |
v:al 1 ng, (V) I i ( , 4.50] euci. 1), oline
tyros(J%eJ, §Zr%d r‘r)gtr%h?r%%r?g%(el\/pl_(;)r)Zél?lgloan%%%nr(gs)&g resi due
s e ctte pbcfsridamanh e 4gr,owm s stging: ofN)l wsiine (39id and
., arginine (R ; Z4 is an amno acid residue sel ected
F€S1%Y%m t he group consisting of tyrosine (Y),
phenydalying doFes ¢, et epham i (r)anthistddideddddue;
; and is an am no acidresi due selected fromthe group
clehsiast inngidfiarhr/@dni e {meonived i (F0 (@Wincamgid residue;
i soleucine (1) . 42. The pol ypeptide of claim4l,
conprising up to 40 conservative amno acid
sieistatt gidsdns cex A8Wdi rrg Inesirdued. )4 Gdyirfi3 b c i e silae .
and 968 of SEQ ID NO:I. 43. The pol ypeptide of claim
41, conprising up to 25 conservative am no acid
51. SUbStddiHtHeaNS X EUHG SBS| AR4d DB FbmfA i nfgl 0
and 968 of SEQ D NO 1. 44. E%]%%pol ypept i)
residpesedpdrildiosg afp the Enigenserivhtdamiendanssdcifprth in SEQ

o wRBIPLS DA AR S M 00 e

exclutllingvhersiduetshd 6any i@ Qcial Seduenead O, i sésereelsi diles
, selected fromthe group consisting of: (a osition
amincy Gt th SHAMERE (O RS LT (e (HOT gre Broup

consildtieepigre (T) ami no acid residue; (b) at position 631,
an asparagine (N) am no acid residue; (c) at position
648, adn Pasditdione 4OR)y anmiZlo & d Zlesiafudid (@@ingt acid
resio?l s;iti on 710, a threonine (T) amno acid residue; and
at position 968, a lysine (L) am no acid residue.
) At ipealiatiech sors 3decoritant pdly pepincde cciehmrd sSidige ;

(c) at position 648, a Z3 amino acid residue; and

and

(d) at position 972, a Z2 amino acid residue,

wherein: 721 is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine
(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
(C); 22 is an amino acid residue selected from the group
consisting of alanine (A), valine (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); 23 is an amino acid
residue selected from the group consisting of lysine (K), and
arginine (R); Z4 is an amlno acid residue selected from the
group consisting of tyrosine (Y), phenylalanine (F),
tryptophan (W), and histidine (H); and is an amino acid
residue selected from the group consisting of threonine (7T),

valine (V), and isoleucine (I).
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resi dues 456-1059 of the am no acid sequence set forth
in SEQIDNO 2 with up to 65 conservative am no acid

W@ mstioi08t i ons excl udi ng resi dues 475, 641, 65BCT/¥%06/011273
and 980, wherein the am no acid sequence conpri ses

52. Hesighlegoemwetiete evf felamn Hel qreppeoni Sty of4{ a) at

osition 475, a Zl,_ Z3,.. 0 5 1. NOs i es| due;
conse‘?‘fﬁtla‘fe FOLHHS o%%l%ﬂuzbasntdlzéﬁfll, 6%;2? D?éz;lﬂr}lﬂir?l ol}?iclldedg quglselsjé(j uéee;j.7 ’
634, €49, al1Pposhdi D 656,SED ZD N 1. aci d resi due; and (d)

at position 980, a Z2 am no acid residue, wherein: Z
is an amno acid residue selected fromthe group

L5 | YEI ) ' wzani ne
>3 I%%§?¢§%¥$§Ef§%§,&fﬁggﬁgfﬁzlkT), ig%gf%é&%9§% and
consexyst evaeariG)o ; aZK | sulagit b hbore i ek eEsd e B3 iy 467,

636, SRR ST 2 R R NG ool i nk (P) . and

methionine (M ; Z3 is an amino acid residue sel ected
fromthe group consistjng sine (K and gi ni ne

fol
54. Ty Pokﬂp?gtéﬁeaﬂ¥n%l%ﬁmdees? r%%+%%t%% ¥? onY t he

conse S QUP, L0 551 DG @F s LYEOSEREI6NS exBheAVG| 2OEDQuéF) 467,
tryptophan (W , and histidine (H ; and is an am no
634, @t8d 7e3idue 3elecfedERrbm ¥Be3group consisting of
threonine (T) , valine (V), and isoleucine (I). 47.
The pol ypeptide of claim 46, conprising up to 40
55. 'CRASEHVabe¥eiani 89 athimsbbst whatrébnstexchmiinngacid
resi dues 475, 641, 656, 721 ang %80 of, SEQ I D NO 2. . e
sequendge FHBPELF§PepErdausf BPAPHFES, EaﬁpFP§i§%OEB tenassting
of . conservative am no acid substitutions excluding
" residues 475, 641, 656, 721 and 980 of SEQ I D NO: 2.
49) Fheppeliypept #82, ok glurimae (GeonpEdsnageupRio 10

cons ative,_am ng. aci ubsti.tutiens g . Ng
tyrosfRE; dhbe Yot 6H0 866, TI23 hAd BE0CoF SR D Ko 2.

%8y Zheppelypept sde, ohnchapardGinewid) eknihbeaaniino

~acid sequence conprises residues selected fromthe

residygeéup consisting

(c) at position 648, an arginine (R) amino acid residue;

(d) at position 713, a threonine (T) amino acid residue;
and

(e) at position 972, a lysine (L) amino acid residue.

56. An isolated or recombinant polypeptide comprising
residues 456-1064 of the amino acid sequence set forth in SEQ
ID NO:4 with up to 65 conservative amino acid substitutions
excluding residues 477, 644, 659, 724 and 983, wherein the
amino acid sequence comprises residues selected from the group
consisting of:

(a) at position 477, a 21, Z3, Z4, or Z5 amino acid
residue;

(b) at positions 644 and 724, a Z1l amino acid residue;

(c) at position 659, a Z3 amino acid residue; and
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of : (a) at position 475, a glycine (G , arginine (R
tyrosine (Y) , or threonine (T) am no acid residue;
W@ bjosavsoposi tion 641, an asparagine (N) am no BCT/HS2006/011273
residue/ (c) at position 656, an arginine (R) am no
et B éé@%PJélOl(id 8 au @o%h@we/ﬁmg IHF EOHE ne (T
cighresidye [ a [
50 Fhcts Thanfl 4B R PG 2R e O
group Pebypept i e @ﬁn@lysimg t@si duesa daGLi958N bf ¢ hetamime
aci d sequence, set fort in

(Q), hsRF v vetRRFPADIES § éub§§x%?ﬁn%n§Ych?ﬁ% g =18:62

(c); F2S14uUesS 4RVno63dia648s1dd8 SeTkOFd PhenetRetfico@pi no
aci d sequence conprlses resi dues selected fromthe
con81@tbm® ebnslaning 6R), (w3lieepbll tibruabne abyt, iggleucine
or Z5_ am e b) 7z at ; pogit 6 nd
Qﬁ%llne ?Pghlﬁgdgé% héggi & (M%C)Z§ goé#t%%ﬂ§%4§?l&
re31d£8 a@leotadi dromstHuegrand cdmsa$tpuglbfohysize &Ky and
am no_acid residue, wherein % E] no ? om. the
arginipsj 4Rk s@ﬂeé?eanf?ﬂﬁ??hﬁcb?oﬁﬁsi H%lg? hig-G ngcine
group(g%n51§§9§?agfnﬁggb%lneg|ﬂS?an§n§£Elan§ﬁélme (s
hr eoni ne rosi ne ng and cysteine (Q ., Z2
tryptpghan éﬁinoaadlblﬁééﬁéué ectRd #Poﬁ?tﬁ@lﬁPoéﬁld
conS| a e L
reSlngo euc ggd(%f%h th ggéﬁ?chﬁgigglﬁgzﬁFokﬁgng§né XT%
valines(am,aahdolaouéucésedmé)selected fromthe group
consisting of lysine (K) , and arginine (R) ; Z4 is an
am no acid residue selected fromthe group consisting
57. @Betg ?pegt&?ﬁe oehenykal 88i neofb)ist hyptpphanaOW
and di ne ; and is an amno acid residye
consesghbévedafiom taﬁedgﬁ@@stéww@ﬂﬁn@xeflufiﬁpéoﬁ?ﬁédeﬁ AT,
644, %Sb'ngg%vﬁnda@%3'%%l%%% ? 4%)452 The pol ypeptide of
0

conprising u conservative amno acid
substitutions excluding residues 467,

58. The polypeptide of claim 56, comprising up to 25
conservative amino acid substitutions excluding residues 477,

644, 659, 724 and 983 of SEQ ID NO:4.

59. The polypeptide of claim 56, comprising up to 10
conservative amino acid substitutions excluding residues 477,

644, 659, 724 and 983 of SEQ ID NO:4.

60. The polypeptide of claim 56, wherein the amino acid
sequence comprises residues selected from the group consisting
of:

(a) at position 477, a glycine (G), arginine (R),
tyrosine (Y), or threonine (T) amino acid residue;

(b) at position 644, an asparagine (N) amino acid
residue;

(c) at position 659, an arginine (R) amino acid residue;
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634, 648, 713 and 972 of SEQ ID NO 3. 53. The
pol ypepti de of claim51, conprising up to 25
W@ eosan3nat i ve ami no aci d substitutions excl udi POT/US2006/011273
resjdues 467,. 634 48, 713 and 972 of SEQ ID NO 3. .
s3] e ATt | 1 or® cTBF SRS  Dhpr 81 Wy € Bt dpidue;
and conservative am no acid substitutions excl uding
residues 467, 634, 648, 713 and 972 of SEQ ID NO: 3.
562) Tae BRI YPERR i W3 of 2 clusims 1 (Linarine 2¢bd apenbdue.
aci d sequence conprises residues selected fromthe
group consisting of: (a) at position 467, a glycine
6l. (B),isvlpmdef Recongbosaine X)ypewotriddreandnis{dy
., am no [ sidue; (b),at position 634, an_asparagjne
resi {5 TGOS P T e et £ PEF pricne o3t ERECh oL %sm
ID NOIgiwi#e RNteBhNocassdrvesi dbein{s) BtiPpositson:dddons
a_threonine (T) amno acid residue; and (e) at

excludkng i gps oes o 19si fe0 (LS ani ho3 arnd 9@3i duesrsbn pe
indS 0 ) e |

i e Bt Thed B Theany ReThEt c Cogtenic Sel a7 Froup

consistBRO IDX NG 4 with up to 65 conservative amno acid

substitutions, exc in sidues_477, 644, 659, 724
aﬁ%lfg%%,p?/ﬁfeﬁje?lﬁ %ﬁg’ a%‘i %ﬁﬁ’ ag?jj d Sbquhc?’ cHHR? stetd
resid@s} dues selected fromthe group consisting of: (a) at

position 477, a ZI, 7Z3, Z4, or Z5 amino acid residue;
(DY) a2t poes it opiss 6a40 andd 7923, a8 Z4 1 arfivhiee ot i r ees Hdiee s
( tion 6 o . dores] y d)

o ot R OB % Ao e Foly e iy P

i sdaneamon @cdd &5 daez3edretiedadidnrd driedgs pup

CRELSLANS P QU6 A2, L0 aspaLagloe (N . 9 btanipe,
grouSY&ss Ner {3 of ZAy&i 88 8l NOafish £ g st due) sefect &dine
(Q),fégglége(g{?ughreonine (T), tyrosine (Y), and cysteine
(C); 22 is an amino acid residue selected from the group
consisting of alanine (A), valine (V), leucine (L), isoleucine
(I), proline (P), and methionine (M); 23 is an amino acid
residue selected from the group consisting of lysine (K), and
arginine (R); Z4 is an amino acid residue selected from the
group consisting of tyrosine (Y), phenylalanine (F),
tryptophan (W), and histidine (H); and is an amino acid

residue selected from the group consisting of threonine (T),

valine (V), and isoleucine (I).
62. The polypeptide of claim 61, comprising up to 40

conservative amino acid substitutions excluding residues 472,

640, 656, 723 and 985 of SEQ ID NO:5.
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consi sting of alanine (A , valine (V) , leucine (L) ,

i sol eucine (1), proline (P), and nethionine (M; Z3 is
w@nooanvine2 aci d resi due selected fromthe gr 0upPCT/US2006/011273

consisting of lysine (K) , and arginine (R Z4 is an

63. ARPnBoAyPEPrLésedas sdras: &4, fﬁ@ﬁ@ﬂhélggoup &enddst i ng

conse%ﬁg%ﬁ%@sb@ﬁn%Y%ﬁidpgﬁgﬁkgkﬂ@ﬁ%%s(E&ciubr Sigggu%@’472,

i St 'S an an
640, $6kectiad tndmdBbeodr 6ER consiosti.ng of threonine (T) ,
valine (V), and isoleucine (1) . 57. The pol ypeptide
of claimb56, conprising up to 40 conservative am no

64. @ﬁbdp%§9§%§EQHb06$ elahﬁd@ng % ?@E%&n@7ap €4410659,
724 and of SE he polypeptide of
conseéwaﬁﬁwseamé@@pﬁpg ngubﬁtﬂ§u250@@n§ép&§ﬁﬂ@§ srisadugsi d72,

L 477, 644, 659, 724
640, §§§ g% kggéegﬁc Kbggg ggsﬁ$ﬁgspolypeptlde of claim
56, conprising up to 10 conservative anm no acid

bstl utions excl.u i dues 477, 644, 659, 724
gygﬁpggép|9fNehag @i'TW eﬁ&Pﬁp&B@u gaige éF&Qn

sequeﬁ@e Wﬁ%b%h@e%h%e@ﬁﬁﬂ@sa%bde%%%ﬁeﬁ%%mﬁQﬂBfb%%%pf%%h@ﬁ%%lng
sel ected fromthe group consisting of: (a) at position

of: 477 a glycine (G, arginine (R, tyrosine (Y) , or

) ' ' b t 644,
115298 BeoBcATINY, ael 10akuacy(Dh.glagel Lhan G4
tyros658, (an,apgi thmeofRphearfiinoaadind redidduesidheat

t 724, d due; d
By &t Bodhtioh 6437 ANl paPRESBr Sariho ETR PESFuc.

resid@&; An isolated or reconbi nant pol ypeptide conprising
reS|dues 456- 1063 of the am no acid sequence set forth
6)SEQ PRsSiOics ®PEh ap BgIeBisendBivarive agiido rgciidue;

3%2 égg?khg@ﬁoﬁxg?ﬁd'ggtﬁ%@bﬁﬂ%@ 444, 8400 @%@d ;%%ldue,

erein é amino ac sequence ‘conpr
and residues selected fromthe group

(e) at position 985, a lysine (L) amino acid residue.

66. An isolated or recombinant polypeptide comprising
residues 456-1077 of the amino acid sequence set forth in SEQ
ID NO:6 with up to 65 conservative amino acid substitutions
excluding residues 480, 648, 664, 733 and 997, wherein the
amino acid sequence comprises residues selected from the group
consisting of: '

(a) at position 480, a 21, Z3, 724, or Z5 amino acid
residue;

(b) at positions 648 and 733, a Z1l amino acid residue;

{c) at position 664, a Z3 amino acid residue:; and

(d) at position 997, a Z2 amino acid residue,

wherein: Z1 is an amino acid residue selected from the
group consisting of glycine (G), asparagine (N), glutamine

(Q), serine (S), threonine (T), tyrosine (Y), and cysteine
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consisting of: (a) at position 472, a ZI, Z3, Z4, or
Z5 am no acid residue; (b) at positions 640 and 723, a
wQ@booasiee2 aci d resi due; (c) at position 659, aP@BUSINEIO11273
acid residue; and (d) at position 985, a Z2 am no acid
(C); F2siglRn ahbre| Acld| Te3idMe 7% HRFBRY df F o8| tie SEPERt ed

fromt onsgi{ st.ing; Fyci : af 891 &€
con31?$bn,.gfu%%%#£%8(2§j: t%%}ﬁ% ?%g,,f§%§£%%ié€f€T%§§. cine
(1), pysDShae(PY) andndetysomime (1C); ;Z2F2issamnaaimaoraid

residgpyseloatefettes Ehecutore (oyo:SPERY ebbl efted B8 Neana
arginpﬁ@!k@?;(fﬁ,i§ngnn§ﬁbh@n56§d(ﬁ@$iaﬁei§eB@cﬁ@ﬁnﬁramidhe

residue selected fromthe group consisting of |ysine
group (¢ynsiahiingr gEnfHECERye; (YU, i BRGAY AR ABIRE; 4F} esi due

ect fr t coRsi st kA9 of L YEQSHBE YN,
cevouBFRS] Hun AN B Sl AR COREL b ol RSOl
residucapdiéstad a@mbnothei droesi doessetényedif EFbreonéngr olp.

, congjsting of threonin T) , valine (V), and
valingggVbuchh %F?&eéﬁ?n?hZIéOIypeptide of claim 61,
conprising up to 40 conservative amno acid
substitutions excluding residues 472, 640, 656, 723
67. Bhe 085yprPSEGel PENGLSIB3COThECEBEYEEPEi HRB 6P &Paim

61. . ¢onpLisi,ng t - t k Leddues 480,
conse QLB LT PBLEI e Brerudrng 6oy dune 157 CaA0] 56, 755
648, 8s8d,9853300n8EQITDoRIOSBY 68. NThé.pol ypepti de of claim
61, conprising up to 10 conservative am no acid
substitutions excludi ng residues 472, 640, 656, 723

68. and 883yREkpeERQe!l BrNG12imb%6, Thempeliypeapt uge tof 261 ai m
61, wherein the am no aci d sequence conprises neS|dueﬁ
consegwh&dved afiom Bifd IgesRp LGNS ERPN§XGLLERY &ESHEEES 6RO/

, | YCin® Oy 3G RPNE Slg) tyrosine (Y) or
o7 ot 3 o\%'o/.» L0
648, ?%ééoﬁﬁﬁe% am no acgﬁ residue; (b) at position 640,
an asparagine (N am no acid
69. The polypeptide of claim 66, comprising up to 10
conservative amino acid substitutions excluding residues 480,

648, 664, 733 and 997 of SEQ ID NO:6.

70. The polypeptide of claim 66, wherein the amino acid
sequence comprises residues selected from the group consisting
orL:

(a) at position 480, a glycine (G), arginine (R),
tyrosine (Y), or threonine (T) amino acid residue;

(b) at position 648, an asparagine (N) amino acid
residue;

(c) at position 664, an arginine (R) amino acid residue;

(d) at position 733, a threonine (T) amino acid residue;
and

(e) at position 997, a lysine (L) amino acid residue.
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residue; (c) at position 656, an arginine (R) am no

acid residue; (d) at position 723, a threonine (T)
wa@nioaaosst d resi due; and (e) at position 985, BCT/YStn€011273

(L) amno acid residue. 66. An isolated or reconbi nant

71. Il ypeltiat ContR IR RE | RRISE A6LA0 77OBRT R Ant o
f I
amlnod%ﬁgervgﬁﬁgﬁﬁasggt féfghsﬂ%§$%% fbbﬁ@ B %iﬁ@ Ly to 5

I've am no aci uti ons excludlng
conseFest tesardBto HABd §6dst 783t bowls 997 Lydhenei nes hduasi o

e sy RS U IR T A,
;§4 ogng57@@1no acid residue; (b) at positions 648 and

amno acid residue; (c) at position 664, a
Z3 an1no acid residue; and (d) at position 997, a Z2

n;$§%20|2 rgfe g?om%@?%ﬁtn?of%péﬁtfﬁeagbﬁﬁr§§hgg the

e rom consi st | ng of g yCI ne
amlno(ﬁﬁld sspasagénset Nfortyl ihafkE@eIPQIQ: 8evink @B8) Lo 75

conseamiEihoay iR Lo PRl
g, g8onsisting, 0i7§|amB@F 0OF,. 2v8lipec( V52, |el6|ne9OL)328

i Sol elici ne’ (1) , proline (P) , and met hi oni ne (M ; Z3
353, #“&4anandi hblaci d residue selected fromthe group

consisting of lysine (K) , and arginine (R) ; Z4 is an
am no acid residue selected fromthe group consisting
73. ah tyedstse @Y)recpmemybatapbmgpegyidetpymp@pﬁang(vwe

and hi stidine Clpd F e
amanSéFéétéﬁqF?Bﬁ?tﬁ@tgﬁ8ﬁghcéﬁsg§§nhg 8? reonln &?)75
conse¥@5kﬂ@e(X%lnéngchﬁohﬁ%%hﬁ@uﬁhbns €%cllbengolrypepdiiede 47,

['ai m 66, conp r|S|n% to 40 conservative am no
78, 8acle4sub§2utéﬂﬁon§8éxcl@éunézﬁes?§§e32@§® 2648, 2864, 328,

353, %g and 991 of SEQ ID NGO 6. 68. The pol ypeptide of
¢ conpr|3|ng up to 25 conservative am no acid
substltutlons excl udi ng resi dues 480,

74. Bn isolated or recombinant polypeptide comprising the
amino acid seqguence set forth in SEQ ID NO:10 with up to 75
conservative amino acid substitutions excluding residues 47,
78, 82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290, 328,
353, 464, and 710.

75. The polypeptide of claim 71, 72, 73, or 74, further
comprising an arginine (R) at amino acid residue position 285

of SEQ ID NO:7, 8, 9, or 10.

76. The polypeptide of claim 71, 72, 73, or 74, comprising up
to 50 conservative amino acid substitutions excluding residues
47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290,
328, 353, 464, and 710.
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648, 664, 733 and 997 of SEQ ID NO:6. 69. The
pol ypepti de of claim®66, conprising up to 10
W@oIsA0aL i ve am no aci d subst ituti ons excl udi P@T/U82006/011273

fg‘SI %@S 4% djc“i‘ aljm 2& ? ?];ﬂrr? e %‘?ﬁ“?ﬁlsmg up

to 2@%&1%&% GO sasid e@m@ﬁt@@l&;‘é Qéi{cflﬁﬂﬁlrt@erem.dues
7gr oup consi sting of: 10%4 osition 480, ﬁeym ne

47, %) ,5%r g rile4?(rR)175uyr ne2(3) 22%r AHrechi ’ _290,

328, %310 4%34 d 1,.epi-Aue; (b) at position 648, an asparagine

am no acid residue; (c) at position 664, an
arginine (R) amino acid residue; (d) at position 733,

%hre HEL TS Jae ‘{/]%Sn al((:n:l) jg'm% ac%'gncsre ugéefﬁprjﬁﬁﬁng up

to 10 %@%ﬁlf@%@%l@%%ﬂ%%i@@ﬁ@%eS;LdueS
am no acid sequence set forth in SEQ ID NO with u

7, T @ coerts v 10 ach & sutdh A orkS o o 1t PO

resi du 2, 94, 142, 175, 184, 205, 226, 236,
328’ﬁ§§§’ 4 é%g 353, 464, and 710. 72. An isol ated
or reconb|nant polypept|de conprising the am no acid
sequence se forth

E I D r 8 with up to. 75
79. SR ot bRt RS AR htng the
amind ea%ﬁ&'%ecﬂ]en&s SN SH5ED b1 205 t2260 23675
252, 255, 290, 328, 353, 464, and 710. 73. An isol ated

conswvaiéie‘o@rbamm a0l ) e § et wohpn s s@%@luwgmafw%@@ 47,
, $gaugnce, set fprthdn ?&%' DN D4 %9%75285 290,

cohservative ani’no aci bstitut ons exc
328,r$&3ﬁu@64Ame78Z182, 94, 142, 175, 184, 205, 226 236,

252, 255, 290, 328, 353, 464, and 710. 74. An isolated

or reconbi nant pol ypeptide conprising the amno acid

80. SERIUBHEEaSE] dOrtdcddb SRt DNGpdd: Wid hedtib £ 05 9g the
conservative am no acid substitutions excluding
aming ex¢Hesegyence set forth in SEQ ID NO:12 with up to 75

conservative amino acid substitutions excluding residues 47,
78, 82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290, 328,
353, 464, 645, and 710.

81l. An isolated or recombinant polypeptide comprising the
amino acid sequence set forth in SEQ ID NO:13 with up to 75
conservative amino acid substitutions excluding residues 47,
78, 82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290, 328,
353, 464, 631, and 710.

82. The polypeptide of claim 79, 80, or 81, comprising up to
50 conservative amino acid substitutions excluding residues:
(a) 47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,
255, 285, 290, 328, 353, 464, and 710 of SEQ ID NO:11;
(b) 47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,
255, 290, 328, 353, 464, 645, and 710 of SEQ ID NO:12; and
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78, 82, 94, 142, 175, 184, 205, 226, 236, 252, 255,
290, 328, 353, 464, and 710. 75. The pol ypeptide of
W(alzcmiﬁmsmz 72, 73, or 74, further conprising arCT/US2006/011273

a%ghgé éR) at ami no acid residue position.285 of SEQ
82, of, 19427617 Thel Pl ypept | 826 0f 236 ai 252,

255, 9072323, 385, 74‘64006@1'%1{‘ o t9¢ SQEquese@‘aﬂ/s

am no acid substitutions exclu |ng I esi
82 94, 142, 175, 184, 205, 226, 236, 252, 255, 290,
464 and 7 0.77._The i de of claim

83. 5f% Phtde of sl %y Q@OL%}P%{C&@@?W:i% up to

25 ccammmi@bsmﬁmwi@%@@mf&q estAUesi B r S dues -
82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290,

30, 853, 7%6432 antf 71012,78.7 Trhel §bd y%iéia,t |%lé6,of2l6,a|2ﬁ2
K 72 3, 7. co IS to

255 a2]r$15no Zagciid S?{)St:?? L{tlé-[(.)%r%fs eéx IanQ I esi Uesel\lfﬁ:,af .8,
8y) M7, 142, 875, 94L84142,05L72261.842,33309,5&262,552362,90252

5, S s A BT

ant hdn BEQ4D NQ, Llyow tiyaup ey 752@”%‘326/61@3/@ 252,
an1 no acid substitutions excludlng resi dues '47,” 78,

255, 90,9828 853,754 648432050 6,0 X8, SEHAD 285, 1285,
290, 328, 353, 464, and 710. 80. An isolated or
reconbi nant pol ypeptide conprising the am no acid
84. Sdquercley st fdw tdf icnlaSEcQ7lQD NG, X wilih dpndrd shng up to
10 conser%gtlve am no ac 3§F|tut|ons excludlng
CHESdifes 7, amgle g5t 43‘1 tuApns) @rclaghng e s izhess :
259, ©£B5,729%2 328, 353, ﬁ% 645, 3, 706 81336“” 252,

i sol ated or_ recombi nant pol y eptlde conprisi'ng t

255, %o &l d Fyueicek détdf 719 SEQSHD NO I\L’CBMA,th up
t 7 0 r | ey i-d Stituti e di
Ol aiae "y B W T R e R

255, 259, 268, 23E, 328, I3, 464, 7631 ofamkd’I® 82.12Fheing
RYYRERtI-AS of; el Mm% 80 on 81, gamprising up to

255, 290, 328, 353, 464, 631, and 710 of SEQ ID NO:13.

85. An isolated or recombinant polypeptide selected from the
group consisting of:

(a) a polypeptide comprising the amino acid sequence set
forth in SEQ ID NO:7;

(b) a polypeptide consisting of the amino acid sequence
set forth in SEQ ID NO:7;

(c) a polypeptide comprising an amino acid sequence
having at least 60% sequence identity to the amino acid
sequence set forth in SEQ ID NO:7 excluding amino acid
residues 47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,
255, 290, 328, 353, 464, and 710 of SEQ ID NO:7; and

(d) a polypeptide comprising an amino acid sequence that

can be optimally aligned with the sequence of SEQ ID NO:7 to
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50 conservative amno acid substitutions excluding
resi dues: (a) 47, 78, 82, 94, 142, 175, 184, 205, 226,
wQa3ee/1298; 255, 285, 290, 328, 353, 464, and 7ROT/OR208&0Q1273
IDNO 11;. (b), 47, 78, 82, 94, 142, 175, 184, 205,
genenafe azs%lmlzlsazgltzﬁ%wz% 0B IRt 4630 6453 inmdt a0

BLOSM@E%HO%%\Dz%éga n‘%&fg’z%%&fe 2%%33% 332]814%%%3&795%4

extensiggl persnet 7 10f of , SEQ@IudinND amitd® a®3] ddeidues 47, 178,

96! YOERL I8 O LA MIS. B0, BLe Db fOTLS M UIE 3,

464, rasl dues:.ofl BE@ 71D Mo : B2, 94, 142, 175, 184, 205, 226,
236, 252, 255, 285, 290, 328, 353, 464, and 710 of SEQ
ID NO:Il; (b) 47, 78, 82, 94, 142, 175, 184, 205, 226,

86. 2361 R9%tPDr 2900283530 %?de 0,0f, 3F
D NO-12: and (O a7 78 8% ]é%% t%zddsel %%eztd 1(Iz‘tfg“,%he
groupzmnsz%lr%pfass 290, 328, 353, 464, 631, and 710
SQI 84. The po tide of clajm79, 80,
PR v R G R Ve Shth oiencs set
fort}SUbStSHQJt]]EOINED-@(;Cl udi ng residues: (a) 47, 78, 82, 94,
142, 175, 184, 205, 226, 236, 252, 255, 285, 290, 328,

353, UEPLYRRP e ForsEGIDNOT the @)iny acigl Buence

set f%thl%sja 18 . 205, 226, 236, 252, 255, 290, 328,
3, 464, 645, and 710 of SEQ ID NO 12; and (c) 47,

7($ &2p094pemdelmmmﬁ@ln@0&n mn&%l&%quﬁﬁ:e

9 o 464 631, | D NO 13. 85
havmé 2 35 sc?lazftte or q:lb%(i% n&ﬁ pg?rﬂ %g G &FiG
sequetnhe @re&urfocmﬂsusi 19D af0 NOR)s @xRahyheR! 68 PEi$si ng

mno aci d sequence set forth in SEQID NO 7 ;

reSld(ut?)s & 'polFpe St de wori%st ilrg rofl 8the 280 @ 2oi &36, 252,

255, 3@qUence sefsf ortdy %H%EQlIODo@OSEBh’ID(‘i\T)o .3 pol ypept i de
conpri si ng an ‘am no acid sequenc avi ng ‘at” | east 60%

sequence identity to the am no acid sequence set forth
or. 5 SRLP00 el g o0 s esidues A7 18 1
group consisting of:

(a) a polypeptide comprising the amino acid sequence set
forth in SEQ ID NO:9;

(b) a polypeptide consisting of the amino acid sequence
set forth in SEQ ID NO:9; and

(c) a polypeptide comprising an amino acid sequence
having at least 60% sequence identity to the amino acid
sequence set forth in SEQ ID NO:9 excluding amino acid
residues 47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,
255, 290, 328, 353, 464, and 710 of SEQ ID NO:9.

88. An isolated or recombinant polypeptide selected from the
group consisting of:
(a) a polypeptide comprising the amino acid sequence set

forth in SEQ ID NO:10;
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255, 290, 328, 353, 464, and 710 of SEQ ID NO 7; and
(d) a polypeptide conprising an am no aci d sequence
wo Izcalsllmnz be optimally aligned with the sequeneer/Ub208&011273

t ogenerate a sj mlarlt score of at | east
1@2’. al,%c? GEthel%_ gi'5{”%@],f;\viﬁnl(g}((?gﬁcélﬂcéesequence

set ReRal tih Hed rp ansk @g%&xtew on penalty of 1,
excl uding am no acid residues 47, 78, 82, 94, 142,

175), @prlXHEPtLERSCQMerSEﬁQ éﬁﬁhmiﬁﬁ)aéﬁ&%séﬁﬁbnd@4,
and or reconbj nant

navifBh T L SR R rfoe sl D ik P s LTS

sequéhc}iﬁﬂs}/eﬁﬁ(ﬁdldﬁl cianNBEGi 1Y Nmel@rBM@ﬂlrcb SARUeN Ce- S8t
th in SEQ ID apo petlde consi sting

resiqes e g Hoi o ecbhrel bt i G231 536 652,
255, (2990 a o ypept i desconpid sing @fp % NG, agd 4 $equence

havi ng at’ |'east 60% sequence I'dentity to the am no
aci d sequence set forth in SEQ ID NO 8 excluding

0. aci.d eSId 7 8 4,142, 175, 184
09 JROSRl Y Sl i)y Fomebesd smiet et 2aen the
groupofccSEQslﬂZid‘gOcai 87. An isolated or reconbinant

pol ypeptide sel ected fromthe group consisting of: (a)
al 3ol PEPHIREE [SiFp I TG 1Y dihedial aseiqlieirauange set

fortH‘ qrri i $FRJBINO 9 ; (b) a polypeptide consisting
t he am no aci d sequence set forth in SEQID NO 9 ;

a@hﬁ (e P yrsippelst e stigrtpimisiafy tdre amiine aciidl sequence

equence Vi Ieast 0% sequence identity to the
set JJ'Ebm norkfanmstc}r%seqﬂaé\ﬁ:e Jet®™Orth in SEQ ID NGO 9

epo)l udigd varsptd e idbasi Gues A7 .amhSo 851 Pke
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464
having, §t7dpast: 86 ISENGIFE deientn tvs doattde emime erichant

sequdddly pent ideseliected) ffm@mei LQURLONS 589 ofiq (&)
a pol ypeptide conprising the am no aC| sequence set
residues 47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,

255, 285, 290, 328, 353, 464, and 710 of SEQ ID NO:11.

90. An isolated or recombinant polypeptide selected from the
group consisting of:

(a) a polypeptide comprising the amino acid sequence set
forth in SEQ ID NO:12;

(b) a polypeptide consisting of the amino acid sequence
set forth in SEQ ID NO:12; and

(c) a polypeptide comprising an amino acid sequence
having at least 60% sequence identity to the amino acid
sequence set forth in SEQ ID NO:12 excluding amino acid
residues 47, 78, 82, 94, 142, 175, 184, 205, 226, 236, 252,
255, 290, 328, 353, 464, 645, and 710 of SEQ ID NO:12.

91. An isolated or recombinant polypeptide selected from the

group consisting of:
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forth in SEQ ID NO 10;(b) a polypeptide consisting of

the am no acid sequence set forth in SEQ ID NGO 10;
w@ar@e(1e8An pol ypepti de conprising an am no aci BICT/US2006/011273

seguence having at | east 60% sequence identity to the

Af' NG R TRSEFISIFc € TP ifsdmch the SEOnNDaNAd Eeguence set

fortheXel l@gwq@rﬁd}q@ciaqlﬁfesi dues 47, 78, 82, 94, 142,
175, 184, 205, 226, 236, 252, 255, 290, 328, 353, 464,

ditd 21L@OfyrSEQide NOnbAst8%g AIf ithel atddcoracid sequence

r mhi_n eptj de selected fromthe group
set f@%%%i&?i%§k6ﬁ&J¥§yq§'polypeptide conprising the am no
gei)d asequepestsele kbl iisA nSEQ@n! Brl¥do EEid Refence
,_pol ypeptide consisting of the am no acid sequence set
havingofith lied SSEQUFDSRGUerEe dfentd)tva tpoltpsepriide acid
sequeﬁ%@p%b§'Q§ﬁ%ﬁ am 3@ caghd\Bequence | %ﬁh&ga%ﬁnbe%%g 0%
~ sequence identity to the anino acid Sequence set fTorth
residugsSEQ,| DONOS211 9dxclidadi ng 7&ni nadaciad 5, egidyes 347, 2868,
94,,.,142, 175, ,184, 205, 226, 236, 252, 255, 285,
255, %8 é’fa‘?,' %’éé iéﬁ/ 833799 ?§E@fl BEROLP1 NOgd 3 - An
i sol ated or reconbi nant pol ypeptide selected fromthe
roup consisting of: (a) a polypeptide conprising the
hereP8l ¥peptide cansisth £l Lng acid.sequence set
R R TN . Lo RA S e 5 e et o ek
sequepgppiidsinfig tantanthe amidosequenseghevicegsat lFeash 80%part

I dent.i ' ' t forth
() of 4B RS RGP 1" 1y ubihg heno acd hdsi duga 470 785
82, 94, 142, 175, 184, 205, 226, 236, 252, 255, 290,

328, 353, 464, 645, and 710 of SEQ ID NO 12. 91. An
93. BB RPéyPEPLA8E0RBI RARL™PBPYp&Fti 88, s8BecBld PPonprh&l,

here9hOURCARSHSL LRY4OL: P 'gf OHRLLS! Ag,t he
e eam'noeacid sequencéeég%nggr?h%nggé FB %%?Sisggand
sequence identity to the amino acid sequence set forth in part

(c) of each of claims 110, 111, 112, 113, 114, 115, and 11l6.

94. The polypeptide of claim 85, 86, 87, 88, 89, 90, or 91,
wherein the amino acid sequence comprises at least 90%
sequence identity to the amino acid sequence set forth in part

(c) of each of claims 110, 111, 112, 113, 114, 115, and 116.

95. The polypeptide of claim 85, 86, 87, 88, §9, 90, or 91,
wherein the amino acid sequence comprises at least 95%
sequence identity to the amino acid sequence set forth in part

(c) of each of claims 110, 111, 112, 113, 114, 115, and 116.
96. The polypeptide of claims 1, 9, 13, 16, 20, 23, 27, 30,

34, 37, 41, 45, 46, 51, 56, 61, 66, 71, 72, 73, 74, 79, 80,
8l, 85, 86, 87, 88, 89, 90, or 91, wherein the polypeptide
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(b) a polypeptide consisting of the am no acid
sequence set forth in SEQ ID NO 13; (c) a polypeptide
weermpnd®Bng an am no acid sequence having at | PaEUSB06#611273
sequence identity to the ami no acid sequence set forth
disp}aySEyFEP NG 298 aKbl VEF Rt Ak nePRER BE$ eal dubkand, tagan
alcolddy . 94, 142, 175, 184, 205, 226, 236, 252, 255, 290,
328, 353, 464, 631, and 710 of SEQ ID NO 13. 92. The
pol ypepti de of claim85, 86, 87 88, 89, 90, or 91,
erei the mno cid seq co rises at |east 70%
97 seq%e%ceyg ﬁd?y ? f?w Relhentekare ¥drth
seledtedafton Qhof geagh @cf)n§i§ttﬂ§g H@,méﬂﬂanélchﬂils'et:l‘gaﬁe
115, and 116 93. The pol ypept| de of claim 85, 86,
(CoHelg DBOP2DH, (GpHOL, Bierms r Cule)anbes tagied @et{uﬁncélexane
Seshat 8 u |d the a
CGHl? rTgj{é‘sequeé;ce 73% fo(?{%%?& E({]s%es(C)ef%l#gl ea(:ﬁcd-{'2 r%%%ane
(Clon'lzIO, uhtiecahk?, (ChiB;.) 114nd1dsdeaade116,,H34) . The
pol ypepti de of claim 85, 86, 87, 88, 89, 90, or 91,
wherein the am no acid sequence conprises at |east 90%
98. SEOHEEE/pElettdd Yot ocldign i nosasi & sequencecsed forth
, in part (C) of each of clains 110, 111, 112, 113, 114,
ethamgs  and 116. 95. The pol ypepti de of claim 85, 86, 87,
88, 89, 90, or 91, wherein the am no acid sequence
conprises at | east 95% sequence identity to the am no
99. diidd mElgumweldetof ortdin M panthdmdinftieaddil ledneliad s
methamkds 111, 112, 113, 114, 115, and 116. 96. The
?ypeptlde of claime 1, 9, 13, 16, 20, 23, 27, 30,
34 37, 41, 45, 46, 51, 56, 61, 66, 71, 72, 73, 74,
79, 80, 81, 85, 86, 87, 88, 89, 90, or 91, wherein the
100. d%}ey;mﬁm%g%ﬁ a5 Phairxd astexainitye tharohdinuier t s
| kane 0 7. T ept i de ,of aim
s(Elecacrzedav\/ner ein the %lkfﬁagn@si sStgLe ge(:O[]Eg(§‘Pef(%rk}c;6l[r}n1 egcrhoupcl’
propagonsi stutrealf, nedrhizaes I(,Cildx setdignendpE 22td), ,oqrnpdne

rensrlily Peisghlne TS, LR ) honane

(C9H20) decane (Cl0H22) undecane (CnH 2 ), and

dodecane (G 2H26 )
101. The polypeptide of claim 100, wherein the alcohol is

ethanol.

102. The polypeptide of claim 100, wherein the alcohol is

methanol.

103. An isolated nucleic acid molecule selected from the group
consisting of:

(a) a nucleic acid molecule which encodes a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:7,
8, 9, 10, 11, 12, or 13;

(b) a nucleic acid molecule which encodes a polypeptide
consisting of the amino acid sequence set forth in SEQ ID

No:7, 8, 9, 10, 11, 12, or 13;
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98. The pol ypeptide of claim97, wherein the al kane is
et hane . 99. The pol ypeptide of claim 97, wherein the
W@kéoanesoss rret hane . 100. The pol ypepti de of cbai/msD66/011273
erelnt al cohol is SelﬁCt d fromt

DR MG Tt RA T S Fanar e utakgpeptide

compﬁﬁé&@%es:hﬁi@@oi theppanol 450 anles dNEH0cid sequence
decanol , undecanol, and dodecanol. 101. The

set W%e]ml%“é@ o?D dﬂ%?nqloollmherel n the al cohol is

ﬂ] gaf)co%c S met ano‘?/@&ﬁl%%ﬁl%}h%lrg% at ega n%@fééc&lde

comp s thgrotecidiee s ed 86t 208 § rofn the grioup ooinsi sédqugned (set

fort}bc# S%]?#Cl el“ﬁ%\?gr d%’lmr)]% ﬁ@eaﬂ'ing]%gn%oggau:nce set
fosthe IMUSEQR D RNQ roleduie Tomdisilly Hide Qicldor{d

a nucleic_acid ol ecul e which encodes a pol ypeptide
SeqUIHPRi Xtk n@oﬁﬁhtﬂﬁe %E\@and?ﬁ)dl%'equence set forth in SEQ

rr@fecul e %h % encode slla% @Jn%ﬁdél@c%?r%ﬁr%eﬁlgug L iae

sequerese ks flodtth abowWE@SED afo{1te; ami no aci d sequence set

frthln IDNO 7 0 : (d) a nucleic acid
ARG ST aeﬂ?ﬂc%d@%l%% TRl ripts sgLeotide

sequdRsd dues AD6-H 088 Hip the @i np; agig sequence set forth
in SEQIDNO7, 8, 9, 10, 12, or 13; (e) a nucleic

athd aohesiiie corin |IE<P3®CIH1% bt et e eduenceuskeotide
sequd@d Nsd i f%erfﬂ E}h 5:p (fd.# nucl ei ¢ acid nol ecul e
ng o e hu

consi st Ieotl de sequence set forth in SEQ
ID NG 15; (g) a nucleic acid nol ecul e corrpr|S| ng the

104, 15 B peSuence. el Lot In SEQID N AT oy
consi%%&ﬁﬁndﬂﬁ

(a) a nucleic acid molecule which encodes a polypeptide
comprising residues 1 to about 455 of the amino acid sequence
set forth in SEQ ID NO:2 or 3 with the following amino acid
residues: 48 and 206 are cysteine (C); 79 and 330 are
phenylalanine (F); 83, 143, and 257 are serine (S); 95 and 176
are isoleucine (I); 185, 292, and 355 are wvaline (V); 227 is
arginine (R); 238 is glutamine (Q); and 254 is glycine (G);

(b) a nucleic acid molecule which encodes a polypeptide
consisting of residues 1 to about 455 of the amino acid
sequence set forth in SEQ ID NO:2 or 3 with the following
amino acid residues: 48 and 206 are cysteine (C); 79 and 330
are phenylalanine (F); 83, 143, and 257 are serine (S); 95 and
176 are isoleucine (I); 185, 292, and 355 are wvaline (V); 227
is arginine (R); 238 is glutamine (Q); and 254 is glycine (G);

(c) a nucleic acid molecule which encodes a polypeptide
comprising residues 1 to about 455 of the amino acid sequence

set forth in SEQ ID NO:4 with the following amino acid
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sequence set forth in SEQID NGO 17. 104. An isol ated
nucl ei ¢ acid nol ecul e selected fromthe group
wa@oensilgiosng of : (a) a nucleic acid nol ecul e whP€chus2006/011273

encodes a pol ypeptide conprising residues t o about
residuss: 049tm@da%3/'£oa%%i%v%%%%fé%céc)s?et89ﬁ1%qi ?’%1 SE(F I D NO
[ Sad (B T he, f Wi ' | g F 694 dues; 98 and 177
pheny a%}%gggg}éﬁ%%’( %?’f%g%ﬁgggg%ﬁﬁrgaphenypifanine .
are 1d&)eudBne 148); antle 25793y eas@rime €8 ; vabinad(irs 44@ 1is

i sol i 1) : 185, 292, apd 35 | | ey
arginbag (8 hredai be gRcandag (QTF 98, 268 185 Melm 1y
t &) 9bYBLBE{ O acid Mo Be BUTE eirki @k €nodlies ub epahiobptide

encodes a pol ypeptide consisting of residues 1 tod
consisbbuy 465residhes ahi B ARPYL steveRtetl®t ARHPP NP FhY SEQ

LD NQL, 2 L tEphepf bl ow;nen aphporati dwirgi AMes:
Sequeﬁgeaﬁ%t26§£gﬁe¥%y§%%iﬁ% ?%D?M%9 and 330 arew 3 ©
acid pbenylLakanipeatd)20788reld8stande2%?) ar 80sepfnd3tspre

95 and 176_are_i so cine. (L), 185, .292, and,353.a
phenyal pReneVv) ¥ 22%4755§?giﬁpﬂek%&)a?gz§§%%gegﬁgzén?ﬁe5§8»177
are iso@Bdc2R4 i§)glygBFe2§§3 anficp5a auvel eatiaei dviol 2eal es

whi ch encodes a pol ypeptide conprising residues 1 t% .
arginabeut(R}5528f LReJhH ABLAE] d%éqaeﬁcéi"gefwfa YRiPR SBYY

D, NG 4 it f | ; Ldnesi dugs1ys8pande

éﬁ% grgﬁgégggi%gggcﬁkhgghg%dég%%ﬁa?gbgﬁenylaFan?gep
comprfEing84esiddesandtd58bane 46hi né (Bp; a@dnandciv7 sgaEence

i sol euycine (1); 186, 293, and_3 are val i 1y 228
set fpgthr gnicke éﬁ) NP@s@H’%g 53& érori?r?%SW&é? A %)%di S
residg@éqgr?@ &8k l;Zle)atr_édﬁE}%lt%ii_@e?qud;”?|5e®h!d§ 3646 ?mte
phenyabdat 485 (57 1t e adido a8Fd 268qdeRcacEanst o i lsead
ID NOQ .4 wi,th t .folglow ani.no [ esidyes: ; 232
182 a&ﬁdlf@%%%%én%yé?Zrng9éca?@go gﬁ %%% gf& pﬁénylaﬁgﬁine
is argining4, (R)44.248nd s258 vdeeriser i (@8 /( 8pd 36 %rk¢ Divcdne (G)/

s s A B g 23R, AL € Mt e

consi%ltﬁcﬂ(?]%f_( Gesid®s a nucl@joutacisd v et emiicltacid
encodes a pol ypeptide co r|S|n%:reS|dues 1 t,o about
sequed® gfelt Horim e &Y Ledisrca’ith the following amino

acid residues: 54 and 212 are cysteine (C); 85 and 336 are
phenylalanine (F); 89, 149, and 262 are serine (S); 101 and
182 are isoleucine (I); 191, 297, and 361 are valine (V); 232
is arginine (R); 243 1is glutamine (Q); and 259 is glycine (G);
(g) a nucleic acid molecule which encodes a polypeptide
comprising residues 1 to about 455 of the amino acid sequence
set forth in SEQ ID NO:6 with the following amino acid
residues: 51 and 208 are cysteine (C); 82 and 337 are
phenylalanine (F); 86, 146, and 262 are serine (8); 98 and 179
are isoleucine (I); 188, 296, and 363 are valine (V); 231 is
arginine (R); 243 is glutamine (Q); and 258 is glycine (G):

and
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set forth in SEQID NO 5 with the follow ng am no

acid residues: 54 and 212 are cysteine (C; 85 and 336
wae@opbhsy | al ani ne (F); 89, 149, and 262 are SPCT/NE2006/011273

(S); 101 and 182 are isoleucine (1); 191, 297, and 361
dtle @aw%ew) aczz@zncplsecatﬂg@ WINECH Rjneoges @ spel vipamt e

cons1§@ e% u?]gdvﬁ h8s 91 V€L ”&é@ 458 foracpucl gl g, a&éﬁ?

“ehcodes ypeptide consisting o
sequeﬂ&slﬂﬂESfdrth abhoBEQ 4555 m@ 6he1bM1hbeaﬁ®ﬂlswqu@n@mlset

fort n s | D 5 th the, foll i d
wﬁ%%%%%%f%@%%#%%&%ﬁ ) "8 %338 Sre
phenyﬂﬁﬁ@ﬂi@éange ég 15@, AA49, Z@Qdaﬁ@zs@fﬁnéeKSﬂ? $9) ang 179

nd 182 are |soleu0|n§@él : 191, 297, and 361 are

are isg@léwelps) (I232188, a2Yfni (393 apa3vabinge ul ’i nd31 Qs
n 59 y u ie.a e
arginip@otR £ 2hd B BREakle Ut 8), Zpauskei o251 ok opy ¢
about 455 of the amino acid sequence set forth in SEQ

DNO.6 with the follpwn 0 acld residues
105. Ao SOBSEFY BYSLe e ey MabS S 35 G bERneRoT aF B RECUP
consiféfIng86s:146, and 262 are serine (S); 98 and 179 are
|soleu0|ne (1), 188, 296, and 363 are valine (V); 231
(&) ag ghwachele Rycstdzmgl@@ubqa utakfheeopdes apdrobgregtide

comprgéy&%nshécﬁmﬂnen9§bg &&58écséﬁlg099he Hl 8e¥htBvo: 2
encodes a nS|st|n resi ues
with ab®ufon55wmhgthmlan1a01acrdss@qeencé8sehdfaﬁﬁhara SEQ

| D 6 wi.th th || 'd
cystelin Tob7al2 ytt P Rente) Phgsy hhiashe al EF Bnirty  hfani AR
257 af&)seBbnelqf) ;and 26d are se&i Dol Shcif8 ami 1195@@92
i sol euci ne (I); 188, 296, and 363 are valine (V); 231

and 3%% argi WpheneRfV) 2&%7r32§?ut@miné5§@re angingBej §R);
238 19'%‘gg?%i%or&q@}%%@”léS@ig&fﬁe” gl e 04?8' ?s"ﬁhgfi%s (G),

he”gr oup SIStI elc
arginaeéed|( RnLetykesmhechYencodeBhaepniypepTDde6ébnps|S|ng

coparb G ETN0, 550 SEuRnES PEL 1A1Lh bR SER LD NG, 2
ﬁgf sla ﬁgci@ib 49iango380uak ewﬁh@ﬁyéal:aabaea( FblyBdptide
consisting of the amino acid sequence set forth in SEQ ID NO:2
with the following amino acid residues: 48 and 206 are
cysteine (C); 79 and 330 are phenylalanine (F); 83, 143, and
257 are serine (S); 95 and 176 are isoleucine (I); 185, 292,
and 355 are wvaline (V); 227, 287, and 656 are arginine (R);
238 is glutamine (Q); 254 is glycine (G); 475 is glycine (G),
arginine (R), tyrosine (Y), or threonine (T); 641 is
asparagine (N); 721 is threonine (T); and 980 is leucine;

{(c) a nucleic acid molecule which encodes a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:3
with the following amino acid residues: 48 and 206 are
cysteine (C); 79 and 330 are phenylalanine (F); 83, 143, and
257 are serine (S); 95 and 176 are isoleucine (I); 185, 292,

and 355 are valine (V); 227, 287, and 648 are arginine (R);
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257 are serine (S); 95 and 176 are isoleucine (I);
185, 292, and 355 are valine (V); 227, 287, and 656
W(amﬁ/aofgsm ne (R); 238 is glutamne (Q ; 254 PEI/US2006/011273
(G ; 475 is glycine (Q arglnlne (R
238 lgyﬁégFﬁ@lP?) Q)6r 20 é6nRECETE (G841 i“éTagpardgiciee (G),

arglnﬁNE R?th&§o%ﬁ%%°QWﬁe QI)tthQQégéo @gél%%%lne (b) a

nucl elc acid nol ecul e 'which encodes a | ypepti-de
asparegasestiNhg Gfl 3t he aME@onaued(Qequande9§@t1%oﬂhmd1ﬁeSEQ
no.acid residues: 48 and

[D, NO: 2 th the . fol ng a

485 & BoEUERE fELeCRol e RN 36 ara CErERy PabaHRED L e
consibEing83f 143, aando23¢iar 8e58EHRE GO}, f%@tﬁninéﬁQaﬁ% NO 3

i sol eucine (l); 185, 292, and 355 are valine (V);

with $Be fﬁﬁéOHSGgaﬁ@léPg@ﬁ#ﬁer@R}du2§8 18 gmdt@@ﬁn@r@C»
cystegﬁé I8 ?§'Qﬁd(§%0 élé ﬁeg%¥§igﬁé&%9 E@rgkgln% % ahd

yr03|ne , of threon aspar agi
257 ath) serypg i §)vh9éoamde10$)areamdogsﬁcnaeleaclne856029a

cleic_acid cul encqd ol ypepti de
and 3ggn%F|S|ﬁ the g 8§£c|3§§eqaaa gzge?@?oﬁFﬁlPﬁnSEQBPD
238 1bMOy18tuhthet hie)fobbawiggqantnaeacty; rea%duq% 4§cand
206 are cysteine (C); 79 and 330 are phenyl al ani ne

arginipy. (B3, TY30sAng 4 7.ape sbrpABins) (T9H éaé i#6 are
aspar%égﬁggggve Ghx: 1%8§hr%8%1n§gng55a§&e9¥§' V%&F227

648 are argi ni ne ' Git ami n
254 asngtyeineat@l mod6Zuils ghychnentGles argbmypeptBhe
t yrosi ne , _or. threonine (T IS ar agi
compr g3 K °Sh8°atIbe: B 8o RH P anat 030 e {BuEPReIDCHp <4
with Buel ebtierid naheﬁulacmﬂlgésﬁaﬁ@§884§ RAkypept Lde
consi stin the am no acid sequence set forth in SEQ
cysteipengy) 8 aptﬁnﬂhé3ﬁoﬁF@mPh§nEhihéna@Ed Féslaéesl448 and

258 a@@d?gpﬁnérig?ysbg §§§(§%7 zgeafgo%%§?§§§ EE ,1 %anggg

83, 1 are serine
and 35%oheecvmblﬁe) V1852289228anda655659eayalhmglﬁy%e ZQY,

d, 648 R 238 is_glutam ne
239 lisﬁl‘ﬂ Mi0ar I F ot R0 Ry 16 AT Te b eie
, ar@iﬁﬂﬁéneR(Y)tyr@élhBr@@ﬂ'n@r(gﬂreo§§ﬂe|%T?Sp@ﬁ@ghge
713 is threonine (T) ; and 972 is | euci ne; (e) a

(N_; ;
aspar%@%m%.&NbC|BZﬁn%éthéeahi%ﬁ éﬁbbd@@da9§élypeb@uQene,

(f) a nucleic acid molecule which encodes a polypeptide
consisting of the amino acid sequence set forth in SEQ ID NO:4
with the following amino acid residues: 49 and 207 are
cysteine (C); 80 and 331 are phenylalanine (F); 84, 144, and
258 are serine (S); 96 and 177 are isoleucine (I); 186, 293,
and 357 are valine (V); 228, 288, and 659 are arginine (R);
239 is glutamine (Q); and 255 is glycine (G); 477 is glycine
’(G), arginine (R), tyrosine (Y), or threonine (T); 644 is
asparagine (N); 724 is threonine (T); and 983 is leucine;

(9) a2 nucleic acid molecule which encodes a polypeptide
comprising the amino acid sequence set forth in SEQ ID NO:5
with the following amino acid residues: 54 and 212 are

cysteine (C); 85 and 336 are phenylalanine (F); 89, 149, and
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conprising the am no acid sequence set forth in SEQID
NO 4 with the follow ng am no acid residues: 49 and
wQ@oeneanmsrysteine (C); 80 and 331 are phenyl al pOT/H82006/011273

84, 144, a 258 a serine
262 axghisatante (17 i aisod 2 an aar odrucage e puyts1rsgoT,
and 3%61288e %ql@@ @ne ang nine (Rhd 23% |a§e9|alﬂgﬂmlrﬂl% (@) ;
; and 255 is egC|ne 477 s gl yci ne

, G
243 l&r@‘wt@m@ﬁ) Q) vy posh %@9(\z)s glacinier d&ﬁlrnég@zl')ls Bagine
, @ﬁ_%%r ag(fp)'}e (ty&om 24 g threqpine (L. i

I"éic aC|d nDIecuIe mhlch ncoggs a
aspar@@ly]pserxn\] de 7<2<3ns_|sstt|hr1@omflntehe(“lam RO.ACISH dequence reat

forth in th th [l owi ng ami no _aci d
B! B a A S0 FOIAS IR D (oS o aP i de
COHSJ.@%%_ 3 raRnRE aftho %431d1%qu%|?1@e2@%tarf%xst%r iie 469 ;1P%o:5

7 are isoleucine (1); 6, 293, and 357 are
with \réia rf@l(lwlnzzaz@ml@@s a g r@@gdalﬁ@ :aldi minge 21R) 21239 | s

t ; 47
cysteg.lny%cﬁ(n@g H ( nd %%% %12:%( I%%eglﬁ%l%%l(n(@y) Fg t78hgr Z oln4| 9 e and
262 a(rE) serGdd | (S aSKlai)ﬂa@lnra:E 18Y) are724dlsudimeoning (IB1,; 297,

and 983 eucine; ucleic acid I | e whi
ana 0SB L evcse: L) aduclels agid mlecule Wi gy
243 iSEQUeNGHIR! (ort Riddn 2SEQ D ciheM (d) ;t e f ald Qng&ne

amho acid reS|dues 54 and 212 are cystelne (C
(G), anpizdeear(®)phdmycsliag ne) (-Fpr ghrepagnegndI62 G is

oo R, T RS S W

(R); &24dhdleigl utcd molQule anddﬁfamcsao@syca e (y@Pegtide

compﬁiﬁﬁé&“z ISit%)@y%[F;]L%ogG) dsrgI nine (rg@t( ,%01%557 (S:E)Q ¥ no:6

with ttfHee%lrl%w(lD andid B8 d - dBuRide; 5(1h)arfa nurd el acid
nol ecul e mhlé% encodes a pol ypeptide consisting of the

cystedmenol@ci dseqeercd sete ffrartyliad 2SEQE OING 85 mit4p t eand
follomnn no Aci ues: & O ei
262 ﬁ% d@g CE é% enjf 1so§%§% %%b @g 9L§§ jb%

g5 5n 36 are A anine
and 3@ afee warime (V9): 2]311, apd 18 dresd S:Oﬂeeumglﬁu(rié
191, 297, and 361 are vallne ( 5 232 292 and 56,
243 Jasréﬂd’rfgﬁniﬁ% (@) arshP3% i whatfine (§ - YR Tsgixcine

, giryé-‘lrﬁ%é QRr);, Acgzrds?lr&! YGhNe or threonine (T); 648 is

asparagine (N); 733 is threonine (T); and 997 is leucine; and
() a nucleic acid molecule which encodes a polypeptide

consisting of the amino acid sequence set forth in SEQ ID NO:6
with the following amino acid residues: 51 and 208 are
cysteine (C); 82 and 337 are phenylalanine (F); 86, 146, and
262 are serine (S); 98 and 179 are isoleucine (I); 188, 296,
and 363 are valine (V); 231, 291, and 664 are arginine (R);
243 is glutamine (Q); and 258 is glycine (G); 480 is glycine
(G), arginine (R), tyrosine (Y), or threonine (T); 648 is

asparagine (N); 733 is threonine (T); and 997 is leucine.
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(G , arginine (R , tyrosine (Y) , or threonine (T) ;
640 is asparagine (N) ; 723 is threonine (T) ; and 985
WO 300baesosne; (i) a nucleic acid nol ecul e whi chPentusmes011273
pol ypepti de conprising the am_ no acid sequence set
106. fg; tlﬁoﬁﬁ%@anluﬁgﬁéc 8t ROLREVLE PEwicHg 18w RG3acil@4, or
105, Fegh@desc né08 a t gicn nc@2 re
phenylalaﬁ?%ga%g)g gG,E%i%¥%§§§ %ggggpg%sggggg§?é)? 98
heterghegprs ®odvicssitedei-ne (1); 188, 296, and 363 are
valine (V) ; 231, 291, and 664 are arginine (R) ; 243
is glutamne (Q ; and 258 is glycine (G ; 480 is
107. gl yecter( Gomprdsdngl BRe( Rucletiyr aglidemoYrcul@l of any one
t hr eoni_ ne &T) ; 648 is asparagine (N ; 733 is
of clapmgodiOne @Pf/; ©&nd0897 is leucine; and (j) a nucleic
aci d nol ecul e which encodes a pol ypepti de consi sting
of the am no acid sequence set forth in SEQ 1D NO 6
108. ®hehvekgorolbiforilagmatlie wbighr ési duesxpsesandn208cane .
cysteine (C; 82 and 337 are phenyl al anine (F); 86,
146, and 262 are serine (S); 98 and 179 are isol eucine
109. Bl hpst88e129Graasded63dawetvakhBeve¥ror 2381-1239%h 1and
664 are arginine (R ; 243 is glutamne (Q ; and 258
is glycine (G ; 480 is glycine (G , arginine (R ,
110. THEOSI N1 : cONKBe 10648, 1S atagi ne
O R538 R e 12 a4 S e e e 06, an
procargokaredrngslceiryoatid nol ecul e of clainms 103, 104, or
105, further conprising a nucleotide sequence encodi ng
a heterol ogous pol ypeptide. 107 . A vector conprising
111. rhe huskecelacbd sDhemuleopf waByeonetat eLabfyotd3, cell
, 104, or 105. 108. The vector of claim 107, which is an
1S a ¥RBPEsSPoh/vERt 6PSCEDOCCAlnoSE 8Bl PRiPahsFeéted wit h
the vector of claim108. 110. The host cell of claim
109, wherein the cell is procaryotic or eucaryotic.
112. The hope hesi cél tlatmclaPm whérewhekbenpthearyotic cell

b o B e 1) “The host cel I of el aim 110, wherei n
the procaryotic cell is a bacterial cell

113. A method of producing a cell that converts an alkane to

alcchol, the method comprising:

(a) transforming a cell with an isolated nucleic acid
molecule encoding a polypeptide comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 7,
8, 9, 10, 11, 12, and 13; or

(b) transforming a cell with an isolated nucleic acid
molecule encoding a polypeptide set forth in claim 1, 9, 13,
le, 20, 23, 27, 30, 34, 37, 41, 45, 46, 51; 56, 61, 66, 71,
72, 73, 74, 79, 80, 81, 85, 86, 87, 88, 89, 90, or 91; or

(c) transforming a cell with an isolated nucleic acid

molecule set forth in claim 103, 104, or 105.
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113. A nethod of producing a cell that converts an
al kane to al cohol, the nethod conprising: (a)
wo e@adbmsi ng a cell with an isolated nucl ei c BCT/US2006/011273

| ecul codi .pol ypeptide, c ri sing an am.no
114, LG squdnce SSUREHIEE Fr oRihePgLots M isTG S Bing gAne to
an aleBRolll) NQe feti®a Pmpri@indt, 12, and 13; or (b)

transformng a cell with an’isolated nucleic acid
rrel) e PEF iglieadienged lpslopiepnias senuicdetls iagid giomstruct

comprdgingya dReliprify shuelje Jhacifncphes,d nif eipd
cytoc&&bm&9b4%@:pmiyﬁbﬁﬂﬂdebcﬁhéranéﬂ@b&ﬁ@@’&e&ﬂdnd@i@ﬁi@@ted

i solated nucleic acid nolecule set forth in claim103,
from 1§g IFPUPOSOPEASTATFRORGd for selecting a cell that

converts anaahﬁ%ﬂ%ikpaﬁﬂdahﬁqgghiet@%c@%ﬁ%@da polypeptide
conprising: (a) providing a cell containing a nucleic
compragilgdc ensEmico eomsy issiavgnaengeltedoirdd sequediecd Dt Ng: 7,

8. 9 eQ%od%E algod%&j%%_cytochrone P450 pol ypeptide, the
" “'nucl'eofi'dé "sequencé sel ected fromthe group consisting

of : (i(iia nucleidd edd dctivl aclkeuvdrc edidagiiagpel Yoegbede ide
conpri,sing an am no acid_sequence_set forth in SEQ ID

set fREthyin glalg 114, 13, 15, 6Pr183/(ATy @onudtiel & Tacitd-

45, 4@pl eqyl e eeneadi ng a7Rol ypeptizde 73et Ffoor tghy i B1Cl @ism B,
9’ "13, 16, 20, 23, 27,730, 34, 37, 41, 45, 46, 51,

87, 886, 881, 986, or1,91720173, 74, 79, 80, 81, 85, 86, 87,

88, 89...9Q, _or._9%1: .or _(llij | ei c,aci d, nol,ecul-e.

set rartn & ainitng i kot s P 5t st Ty i g e

103, aell, omr tle ;presence of a suitable al kane and under
condi tions where the nodified cytochrone P450 i s

eRpr E8EY A% Hhey e Iduthi hEnPLREGeEsR &ft 3savd talkane

alkankO 238 &heRROlcorRNEihk dakeet kR tReiRHAUCHIRHbme P450
said al cohol. 115. A nethod for produci ng an al cohol,

is exphreswedhaed cosviesi mpfficient to convert said alkane to

an alcohol; and

(c) detecting the production of said alcohol.

115. A method for producing an alcohol, the method comprising:

(a) providing a cell containing a nucleic acid construct
comprising a nucleotide sequence that encodes a modified
cytochrome P450 polypeptide, the nucleotide seguence selected
from the group consisting of:

(i) a nucleic acid molecule encoding a polypeptide
comprising an amino acid sequence set forth in SEQ ID NO: 7,
8, 9, 10, 11, 12, or 13;

(1i) a nucleic acid molecule encoding a polypeptide
set forth in claim 1, 9, 13, 16, 20, 23, 27, 30, 34, 37, 41,
45, 46, 51, 56, 61, 66, 71, 72, 73, 74, 79, 80, 81, 85, 86,
87, 88, 89, 90, or 91; or
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(a) providing a cell containing a nucleic acid

construct conprising a nucl eotide sequence that
wer@ode®sa nodi fied cytochrone P450 pol ypepti deCT/UR®06/011273

nucleotlde sequence sel ected fromthe group consisting

of : (iHd Indcreicdedd sl endiseudife st d o ol ypeprdiiae

103, %5an am no acid sequence set forth in SEQID
ﬁgﬁp ¥ g , 10, 11, 12, or 13; (ii) a nucleic acid

eaWLiuﬂungﬁhhyzmqkﬂymepﬂmd@naaeddywdf|a1sﬁﬂﬁahlb

alkan§6 néji néjger %:%ndzfg’ @frggheg&odé%leg@gc%gackgﬂme P450

is e:%’res%%d 9@, 20m k1 cgdﬂﬂllalealtmt@ Rihvaid gl ech@eto
rth in claim103, 104, or 105; (b) culturing the

an ahﬁﬂhohrnamﬁe presence of a SU|tabIe alkane and under

di t .t A 450
Qﬂléée %ﬁﬁgﬁwg¥#f%&w ver sﬁ%%qiama

suitahiamahﬂamehol, and (c) produ0|ng sald al cohol by
hydr oxyl ati on of the suitable al kane. 116. T h e
met hod of claim 113, 114, or 115, wherein the cell is

116. PMREMMMUIL oF AUGH Yiatd,C.114L7 orThe sTetied-of il Me11 is
116, wherein the eucaryotlc ceII is a yeast cell, an

PLoCHMEC @l [SUCeryatiani mal cel |. 118. The method of
claim 116, wherein the procaryotic cell is a bacteri al
cell . 119. A nethod for producing a cytochrone P450

117. vidre mettﬂd@atoﬂwyﬂraomyllalees wire ralikarne tdeamtdod cell is a

conmpr.i sing:, (a) nodifyin | east .one amno acid
veast, gl thie Bodi oo d S o i AHa Aot o Lo of the
henme domai n of the parent cytochrome P450 pol ypepti de,
wherein the nodification reduces the volune of the .
118. Fdrd wetdiode o ISl adantladcti i ettisd np Sihyep dstd e Msdipst iasildg is
a baddi&;mmdified amno acid with at |east one al kane under
cond’tlons sui tabl e

119. A method for producing a cytochrome P450 variant that
hydroxylates an alkane, the method comprising:

(a) modifying at least one amino acid residue positioned
in or near the active site of the heme domain of the parent
cytochrome P450 polypeptide, wherein the modification reduces
the volume of the active site;

(b) contacting the polypeptide comprising the modified
amino acid with at least one alkane under conditions suitable
for hydroxylation of the alkane; and

(c) detecting a hydroxylated alkane, wherein said
detection is indicative of a cytochrome P450 variant that

hydroxylates an alkane.

120. The method of claim 119, wherein the modification is a

substitution.
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for hydroxylation of the al kane; and (c) detecting a
hydr oxyl at ed al kane, wherein said detection is
wo n@eaedosye of a cytochrome P450 vari ant that PCT/US2006/011273
dr oxyl at.es .an_al.kane.. 120. The t hod, of .cl ai,m 119,
121 {hEr B TERe ol LBl FBeE daoatt QLR ESE 1 OFhe
comprABllRodudfs tckaitAing28, pwiekehn ahheeSURStivkdhieQnhistidine,
conprises substituting a phenylal ani ne, tyrosine,
or segide diore ther aBdpprnachier rekd dagi posidiionedsiigu@r near the
. JPOSI:ti 0 [ e ti [ f
2ctivoSre 0 e BeminRorbdS B Ch Bl e e P40
polypep2idehe net hod of claim 119, wherein the residue
positioned in or near the active site of the hene
domai n of the parent cytochronme P450 pol ypeptide is an
122. @hanikehcki23s thaifethod @hetlanmihd? rewherel Rolshe ioned
. al anine is residue 78, 82, and/or 328 of SEQ [D NO: |
in orjpgarTRé@engchedcofitrairh the, haRer giomathe o4l k&fe Pergent
lect fr . QuUp . coNnsi St f nmethane (CH4),
v tooh R g VBRI LSRR SR Rie T a1 0),
pent ane (C5H12) , hexane (CeHi 4), heptane (C 7H i 6),

t ane  ( CsHi non H20), r decane (C10H22) , .
123. SRR saofR 0g  Soherane (B ARy f0  Sojg'sidue
78, swethed /efr chai mrldd4o whenei:n .the al kane is ethane. 12
6

The met hod of claim 124, wherein the al kane is
met hane. 127. The method of claim 119, wherein the

r L.ated -al - an_al I 28. t f
124, B e e e Rt f2o0r vDRER R, thg Bl ad® Homirns e ed
from gheuproaopsicehisngtahgmettharahanet H&he) , etbpasolCoHe) ,

_but ano|_,. pentanol,,6 hexanol, heptangl, octanol,
Propadindnals) QdMaBI ' idetandic STt doubennoheire (Cofing
hepta?sgg h@%ﬁp;) ,Cloaitend28c mher endntbhe alkgeh9l, h%c%laaln@!loﬂzz) ,

e nethod of claim 128, wherein the alcohol is
undecggiEhdifolHz4) , and dodecane (CizHzg) .

125. The method of claim 124, wherein the alkane i1s ethane.
126. The method of claim 124, wherein the alkane is methane.

127. The method of claim 119, wherein the hydroxylated alkane

is an alcohol.

128. The method of claim 127, wherein the alcchol is selected
from the group consisting of methanol, ethanol, propanol,
butanol, pentanol, hexanol, heptanol, octanol, nonanol,

decanol, undecancl, and dodecanol.
129. The method of claim 128, wherein the alcohol is ethanol.

130. The method of claim 128, wherein the alcohol is methanol.
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