;e3eZD. 6TZzKWO 01/12791 PCTIi 1500/ 22038 BACKGROUND OF THE | NVENTI ON
Oxygen-cont ai ni ng organi ¢ chem cals such as organi c acids, hydroxy
carboxylic @ faz7f! cohols, hydroxyaryls (e.g., hydroxyary&wﬁﬁ) géxllc
acids, al kyl phenol's, 5 ete.) and glycols are inportant classed 6

|ndustr|al chem cals. Typically) these products are generated by successive
i ntroduction of various chem cal functional groups by oxidation,
(trans)al kyl ation, reduction, desaturation and other reacti ons of

i nexpensive raw nmaterials sygl at ed hydrocar bons
(al kanes, al kenes 0 t hyl
benzene, cunene, naphpﬁgggﬁgﬁhﬂpfg lﬁﬂﬁ& J@%&U&lﬁﬂhzmcgﬁﬂﬁQ§%nTg

Di oxygenas esca(blbgsl)c aswsralmotshlwdacmmlscle gxxbrygkma@eé c{rb@Miy atidpiatkylphenoisat al yze

limted hes. il di.n

ot ent 1 aiy e S eliert e el G RRE B LA A ohpRiRy M pSopesnere
typically dOgcnmteehnsnm:rEssns/uiﬁttodummh of wmyarenmmﬁmtﬁor&hgbops yesidaeoh,
specificity or oseIe tIVI t hem usa as_industrial

chtal ysrs.  1BaTENRER o destsialeh i bREEIErER® B BEraBevS ey S (br oad
utility) nmetdaclasfsaturdbdnnd dinsigurete® K ydicdadoas @ﬂ@yiﬁ?ﬁlk&m& Fetd)iagdd SifnpRGiroraticy and

desired selectivit and specificity of the zed reactions, thereby
sol ving the "r?F’t?B‘I“@I%é e5zane; i b ‘PYGU% cumeneygApht ?"%rsﬁ'ﬁ"di tQlyene. 6&1F?eét"§c)of

other femjures which widxlygdised IDBEEIEN mﬂ@aé@dlewgeeﬂemm tpidatlyl HE
| N\VENTION I n the ﬂﬁesent ignventron nucl ei ¢ acid shuffling is used to

gener at e neFaEHYZe fimited exidation,a) ieseasic cherea] bdl%‘i‘fé%bloﬁﬁesv@ RYsPEase genes
are used to jRRYifbS¢hh A HABAAN SR BT Bfiese 8RAYatek afpicalll @5 nbt¥atHBitshifikient
processes. These new or inproved genes have surpri si hgl é’: superi or
properties d¥mevipamBers arsl/ordesired Poriliiy oF FreipselpaRyyénmake henasbless | n the
nmet hods for 1951Isﬁ'laﬂéali'£ & oxygenase genes, a plurality of parental forns
(honol ogs a sel ec¥ed nucl eic acid are reconbi ned. The sel ected nucleic
acid is Heri ved ei t hePubrignglyribe piesarbingentian eravides a genesdl ¢brard widity)vieithod
encodes a di ar ent al
nucl ei ¢ aci dfa s r?@@%?é@%*?%"‘ﬁ%“ﬁ ‘g‘?@ggﬁghﬁiﬁ ﬁé)aeswﬁ& Seflécﬂg&}ga ?andl date
for nucl ei c spedificiyrififel datalyzedredesicos, sherehyonlyeribsproblems vitliped aboee, 3gwell
plurality of,for each other in
at | east one' pvgﬁ?§£| ca &%{“\%E‘%&‘%ﬁ‘g \9111 ‘Ié g?ggieisl 6na1%81%w

reconbi nation, provide a I|brary of reconblnant di oxygenase nuclelc aci ds.

The librgry can be an in vitr rﬁ]fE resent in cells, phage
or the ﬁ( The library is @9@@%’3‘" @I’ﬁl yN'g{O]Igeast one 2 *@00001 *
WO 01/ 12791 PCT/i JSOOIerBE)BEsernemafmonamtcled: aeidyshefibsgeis el teigenegate nkv drat

exhi bits distinct i QXVyg se.activit tothe parent al
nucl ei ¢ aci dm(IJ’FOVﬁ% \(gﬁjoq ‘%} &B‘? ﬁé{ogy ¥Or958° g B?Saa;‘r?‘és§8g‘r prﬂ‘Gc? ei ¢ acids
are known i rdibAygerangd enayndeseasplacx@lﬂy foheﬁiestﬁﬂrpmmes srlgemervabd mpﬁppd gamabl e to
the libraries of the Fr esent invention. or rrlpﬁ{S t exts egener ally
d| scl osi ng 1135 SHRASMEHRPEIYPrRSHICS fS ‘E"I‘E?P’&r rﬁ%ﬁ? ¥1°?°HEH§0“é°"§§‘?P8F

) ]lc\/blzsculjar C oni nf thé\mbﬁxbgd’ Rk Oﬂit&mi\v@ldtbab'ge(nﬂibcggeg&, aiamgjoﬂﬁ’ateagdl ﬁfrms Gelne
Trans er and, Expre A Labor at a rrent Protocos
T Vol coul arCEIOPER ! § RESHERCE: tad e eitnedo dRs poibqiel SpefRtaeahs deved
enbodi ment, dithe fidndbde dtend\arsRaITRBER 20iHR) Mfcﬁ%néﬁ@@@&bﬂ%énﬁs@ emymyr £f the
formats described herein to generate a diverse |ibrary of reconbi nant DNA

segments. SuEgmsny theseofy o from a paegtal fugleicyacidvhih,does Perﬁnﬁ%ﬂ?.%ys% ¥han 10

to nore thanydi@ibis alihdida®y foil-Q&:lé’{@H@?@Elﬁlfﬂlhg'togﬁUQBﬁhloxfé}ﬁas'ita@ﬂi\h!ynQ’h@egm?nt5
and the reconbinant libraries generated 1nclude full-length coding

sequence¥ arRiuralify obfosiaf of the selecird melsicypcidififes Aroasgach giher int ke PBHBALr and

pol yadenyl att&ﬂ&l@?%‘%ﬁﬁ@m) B@&éHn’&l@sdaécPhp&%%&xﬁﬁﬁa@iBn ﬂf@%@é’@ﬁﬁraﬂ fofthis is 15
not the case;, thé reconbi nant DNA segnents in the brary can be inserted

into a commﬁcorrémtaardlpmvwr: AYrFleip acigs. sﬂzklphgraae@mén@esn e seteof pelerwleniong
screeni ng/ S%&Sﬁ%{?%mé&e She ﬁ]ﬁé/afﬂe%%)’aryom séfé%aééldﬁtﬁyqpﬁbs%@é l'y used) the

library is typic rated y nucl el acid shuf |ng One preferred
nmet hod conprises initiating a polynucleotiide anpl i roce

over | appl ng segments of a popul ation of variant 20 poI ynwm mm 'm mu"f? g.
*159159+%

allelic or species variants, at |east one of which varia

*G00001*




pol ynucl eoti des typically encodes a di oxygenase pol ypeptide. This
anplification is typically carried out under conditions whereby one segnent
serves as awogmpt7’at e for extensi on of another segnent, tceararsse/zhs a

popul ati on of reconbi nant pol ynucl eoti des. The reconbi nant pol ynucl eoti des
are typically selected or screened for a desired property, 25 e.qg.,

i nproved di &EpEEHARiR yeeRase ucleigacidthalenhins ﬂ@"@é@‘ﬁﬁ’rﬁf@’c‘iﬁ’@xlﬂ?ﬂ?sﬁnal |y
produced by a&m@\e@gl?m% td- e ph A ndibRAcialor ¥aWldi@RasPol ynucl eoti des, e.g., by -
DNasel di gesti on. ternatively, the overl apping segnents are produced by
chenmical synthesis orMayy fefpats ?qrbhltanwfdmclpﬁeﬁcﬂwelka@w'bw the art and each of

pol ynucl eot i : ng: L I I hHni ng at
oact 111t Macronpas AR bRl QUIpRles OF e pesERTRIonaES R CRIE

di oxygen&se bpiid eyt genedally disclosing dibeany formats ebise imthisrinyentioimclude Sambraek fecond

forms differ,f efri I i ry ;of

r econbi nant aﬁb@%}cfgﬁé@? ?%gs/{ ]l'&sbg{‘%{éﬁ At?ynpl)‘?}ggﬁ?g&gg%?’elgg%gﬂt %B%bztrgﬁggxfi brary
of reconbi n#aprepdny ptpehodesry ManugbiiBI®ndrddiurent Blotdachlz inddofeorlaf Bivldger

conpri ses B(A“\‘/’\Qel%/ll??fq?gé‘eggt /1 1S00/ 22038 reconbi ning at | east one

r econbi nant poﬁ ynucflé at encodes a nenber of the library of
reconbi nant pol ynucl elnta pieferrédembodinend dis startigDINA seg mériteart filst sacymbifed

reconbi nant , d~ox nase I tides, which is the sa or diff t from
o Tt dB" a8 sOEHERR R B et AR e o 880l p e PSR ol enERE A, an

pol ynucl eot isémsentsT ISach alibrasrcah viry avigelpin sizef@aoidvingdewerphdnyious hewd thees | S
expressed tqQ phtAain further |ibrary of reconbi nant, K di oxygenase .

pol ypept i degp ’%e%l@t"‘gﬁg’eﬁr %fﬁﬁﬂgﬁéw"n’e%éla?'&ﬁ%ﬂ‘? Tec?rﬁ@"?'ﬁ?'sﬁ‘ﬂ?s library
of reconbi naaterfed nokid ROLIEMpEScodRRisadqudficed afld iy cstntial F)RMat6ry setjubhas,80¢h
reconbi nant pol ynucl eotides. I n another enbodinment, shuffli n% cq?ggr,i ses
hybri di zi ng 2 Plometar apdype! gaderylafion eAusge, BARredPHXPrefHen- eV eh il iS et of

nucl ei ¢ 13Ci g5t HOBRE, (RERcEhIIGNE DRI @pmesls itk Bbaryaah e In8df)dak8 s camehod Second
set of nucleic acids conprises at |east one_set of nucleic acid fragments.

The method FMERETREPVIEHEHeigsingeayegeasivstpre parfpaping gerespingislestionsequence gaps

bet ween the hybri di zegyugh & &icFbfndihE AR Ypsiondll§ uS@N e dbearPReyAEalNOr €
substantially fulllength chineric nucleic acid séquences corresponding to

the singl e- genesierbly migliccd shuffling) Dnegngipredegethodcogipriess iBiFBUE rent s, the

met hod opt i gRghlNedftiaEMpIFRSSIERELS blGheh RS R REntiBY £popURBSRSK VaRbntY _
full-length ch~nmeric nucleic acid sequences ané the single-stranded nucleic
aci d t e?pl apelynudlentidesagnglleliner angpiey wartanty) atyeastigng of whigh Mari#it ncric nucl eic
aci d sequen - iS4 5 i bEb&SHAET Bhi ; ' isand
fragnenti ng$§ﬁg£°géegp?g%§; %gélg%hgd%%% ?lg?fé%n%gibl E’F iprﬁ‘gtg hﬁ(‘:l%\i Ir“?crgﬁinulgl eic acid
sequences byypinaly earsied eNtgadar conditinns pihgreby ane seement seriesras att¢ramplate &orpr ovi de
chimeric nu e i [ ' - qr mat

el oyed |8 CxgtforPfaht IR phlerd ( p ARG AL P RROLTT! «
gener at ed allhesdymbinantpelynvclevtidesl dre typisalishselested ousdr¢eped for a desiited pygperty.n whi ch
expressi,gn of t i r [N I keed. |If
sequenc e2 d r eggh%rpﬁr&? ?%‘%gﬁémﬁ ré‘??cgi&{ri dﬁ%n&’\gﬁ?pfpg@tsﬁ %@&?Sg%% hgtl\&r%lr% &P?%r%grﬁg is

pr ef erabl y 2kavage phHidie perhlition of vanancheéynueldotides,le. g ,\hydNoséladigestion.

screenng/ sel Lon. The ers of th pnant .l i.Qr . .C be linked to
an epi sone é?t%%/nf{r?ﬂes]y’-b[}éefogggaq nergauet | O%E%;ae%glr?yggm?lﬁél? {;Jécég'cf?g?’ rectly. In
sonme enbodi amplificatibn bitke popubanibn ofyhol¢ruelebtidesary is anplified in a first

host) and is then recgver edlfr‘gr}gt hat .hogt and. i nt r oduced %10 g sgcodnd host
more amenabl e to expredSiaipie sittiingogtionally crmprisss feRombIRing 4 \ash fifsL gn
desirabBe pascanefceins oSOnuthe aNharencodesnddiokygdehde polypeptide,ios fiagmhemdhieesad, | nt o
(070! oot Rl o osbina PO EEpEPL OB b biee b ey ™
nﬁt ur al : y cgaﬂagt@”tbc)ombitirfantﬁwyrﬁeltbd»yideyﬁ&hén&ylfl_eﬂlly&upxeﬁﬁf 'tdltbeaiﬁ ﬁ)liﬂ;;a?yﬂfal and
chem cal -i nduced. co ence, but is susceptible to ctroporation, one
preferably #°Om a'ﬁ)‘?’%’f?@fe% F?@%ﬁ‘ﬁ?‘?’%@?ﬁs'@m%é@ @FE&CP‘&‘ Bi&tion. If the
cell type is not susceptible to electropgration as well, one can enpl oy
biolistics. The biolistic PDS-1000 Gene Gun (Biorad) Hercules, Calif.) uses

hel i um pressure to accel erate DNA-coated gold or tungsten mcrocarriers
toward target



cells. The process is applicable to a wide range of tissues, including

pl ants, bacteria, fungi, 5 algae, intact animl tissues, tissue culture
cells, and i nbryos. One can enpl oy el ectronic pul se ivery, which
i's essentia y"qgk?n?l d el eetroporation format for live ti sg(fﬁﬁg"l"/ﬁmé i mal s
and patients. Zhao) Advanced Drug Delivery Reviews 17:257-262 (1995). Novel
met hods for regakibiingalidast sieriRh®antobyndeesude R chddder MEHBYr bgtheRdkdrgat i on
U S. patent application Ser. No. 08/ 621,430, filed Mar. 25, 1996. After

i ntroduct i orPt Eompwant pefapgleqsides thateaeodss p memberpithgjihiary of fasampiappts ar e

optionally %%E%E%l%&pﬁ&és,%i&%@&&%ﬂn@@r @ikfeRA0ESM UR MGCHA secbid fFMEGHT NY
for di oxygenasé acti Vi é/ a candi date shuffled DNA can be tested for

encoded di opyesupea further hifranypf resombisar pplypusleatides. sShedwher ibgrydfess. Common
processex t aed:d : i L.ation of an
aromat i c%ri Egéonfc??rgp Pﬁl@ﬁ;&?@%ﬁi&e{i {ae%?g toa ngéﬁg)f%léﬁ%ragji J%%E)%Ey agti i on,

oxi dat i on ofdignygénase palyneptidesy Thase stgpsaupsptionaliiciepentadontihtha fusthat likranyiafg,

oxi dati on of . RS AR - ~- ich is not a
part of an é?géﬁr{abﬁé (L:'t @gﬁg&@d@gpﬁgﬁ%@g@&% om ?rgfn%g?%terﬁ%%%hawws aturation
of al kane grpolypscledtideched to aromatic ring or non-aronmatic ~-bonds,

oxi dative elimnation;of lide (F Br, 1)) nitrite la fro
hal ogen, nitro or am Iﬁ'oangu %?I{%OSE%%t’%qug'ﬁ gnéﬁsc(sgy%rﬁ(%ﬁ]%%g%g or Sg{seo?qi nic),
N deal kil atnuclaicanids,oemreih afirsoset of nuelekcydcaisicomprises dingleystramded audeibatidt ut ed

ti ds, O deal kyl at f.al koxy- and aryl oxy-substi.tuted
ar omat i ¢ conpBRRGRa e abdRe oo esenk st St g ' Ut e

conj ugat ed diagments.SThe inathby furtherSdoapelsed fejon@atingligutid i, tor bothf @Yudnesgdpag for an
i ncrease in dj ox¥g‘e ase S eci{i C ti vity, it i.s also desi rabl.ag])yt screen
for shuf f 1 ecPehiFEN ey Brdicte igelcrheid TEAgmERs 28 EpmeghiE poY Qi esre rtaphal il as e
nucl ei ¢ aci derfth ehibemcaidien aciddgencesicofepbhdingo thé Gxglgenmaed RRleyPft ~de
expressign or stability encoded by the reconbl nant di o>[(<]_ygenase nucl ei ¢

Yy
aci d. A War itgeglatst [8othes ARRimenth firanaind GO orars derainrne thapna y,
dependi ng 0fndrd QutiaRNNFEIRSR g AChinvdrt Yuéieik a¥aiséduehdd€ ahd fE ShylelstaiRlect ed. By
way of exanple, the library to be screened can be present 1n_a popul ation
of cell's. THeclpicpigtgmplates spragatiag teypubitaniinthyi Hengdiochimerisnycificicibn a medi um
conpri sing tshgerhts Mohfthe %?GQMU@ﬁiuctlé?c R&d RYdpHi&eshdat. ghRAkAHe apgraRal ecting
for a detected physical difference between the oxidized or Teduced form of
t he chemi calsulstangaliypiidenstinehimeric mislsicow] dfieguegcesbymaglgese digediom os physiral
chem cal,50r : (TN &lkid fRkmkite extracel lular medium 5
WO Ot/ 122991 f%%@@%%g%tf%%%% CI tngbrr%{ﬁig%lgl salélldgg’g’?%ngf or di oxygenase nucleic
acids i s also a feat ltee shuanperetomtmtion formahempleyas isren inovke formatghect ed
nucl ei ¢ aci gl I codi | e ckd Vi - fled,
Gl thor w ¢ IPFEY BhtebirflpdiS DROCRRER EhiotIORRRG AR Harkn AR 0
mut at ed f or e afl tygedn swbichbexprdssimnclf gieenzyonalyith altqredaibgmtespeafictds desired.| ed
l'ibrary. Th b i iS. : . more form
of di oxygengfsieggeg’??{/e??}é?%\%ﬁoﬁé %bég‘gﬁﬁﬁ%lnﬁ H%Jlg%nr%&lgr% %Ela:%? wgarrglrg r%%&t%ﬁggr?])f he
di oxygerfase istoidugadtigtoghedasioedsicll typelbeorestreening/selpetivoe $he pambiye of ther at i vel y
repeated as JRm bkt Gl o MLblsbmB oUELEFr Ak HatibRoORl b €60
properties iSO e med I°f" desiTe aRy e[ oxygenase nuclerc aci 0 °Fdentified
by any of t hetrodetddatictiyerieisome embdaimenitoofebe amehtioopghe biratyl iy amplifjpdas 8 @ikt 10

The inventign al SO provides t hods, of i.ncreasi di oxygenase acti vi by
whol & genondox iRt g e ieted T Halhttand SR o oY SR B icnls s
aci ds are shkupkdstm, salection, @k beréenhgydraing otet desithitlé parbmger. ent i re genones are
shuffle rat her than_specific sequengces)., The resultin huf f | ed nucl ei c
Schds ot sel oot ed f oFRAEMSH ARG B DRy R HSBcEa s e R B A et e o
acids can bend DNAWbtfkR@RdrlSerRiicsSif iRl dall dypef(&f S hdving Al f0€pt6rs)| Beingltagdblemhi ch
di oxygenase activity is desired. Simlarl the shuffling reaction can be
performed i Qf 6NYELAR oK BeIpR RRIWRLY W#@B#ﬂth@@dw ‘6P°'tﬁ“?‘1ﬁ8‘t‘t§?ﬁ° "eHedli es, or
strains. Stnad Benféal SYEESERIR, bt isuSdbparIe esle1edtropBidiidr, 0k ;E?Qeﬂiby vity can
be identified. The distinct or inproved di oxygenase activity encoded by a
nucleic acid identified after shuffling #an encode for one or nore of
altered properties selected froma 20 variety of properties of practical
interest. OF particular relevance to the practical use of DOs in making

i ndustrial chem cals are several types of inprovenents in catalytic
properties and in the chem stry of the catal yzed reactions. Preferred
catalytic properties of DOs that can be altered in a variety of

conbi nations using nucleic acid shuttling are as follows: 25 1. Rate of
reacti on which can be catal yzed by enzyne. Changing the rate of oxidative
reactions (turnover nunbers, V',ax or other




rel ated paraneters indicative of reaction rate) for a given subskrate, or
for a set of substrates) is often useful as wld-type di oxygenases accept
substrates BOmaer®ing structure) but the 30 reaction is ofdmersosezoss ow as to
be inpractical for preparative use. 6 w0 Ol/12791 2. Specificity of '

oxi dati on. PCT/| 1800/ 2203R AI teri r‘ig t he specif] iﬁ y.of oxidation is
preferred WP &l%RIRIERtORN Ighe cell tpedt Ut QUSRI to sles troRpERteR @8 WRLLONGG xt ur e

of struct ur alah ¥mpRY BldfisticS OMROBIBHS: FESIRI00Genk GaR (BBYd AHSRIEE CHES . AfsedO
substrates (e.qg. iSoners of xylene and other al kyl benzenes). Evol vi ng DOs

by nucl eic sl gFRS Y foragoatespc NArceaedsgols-OrrtHRESte) THEFREATHES kovy9kd tarestil ar
conmpound of defj{, enﬁ%fmcegsthllsjﬁaéa@e ¥BARRe fMEe bﬁlsE\Qs xn&@ﬁng?ﬁmmctbﬂa iy,
exanpl e, the reactive se tion of conpound m xtures hus al | owi ng for
downst r edm sdgrarinaftaningl tleﬁua%§ssueau1§mmetllmmégmawbembrép=’r Qnetcan ﬁ@pliOVe uses.

3. Real 0sel afidhi %uod adbAhieRis cbbnifyiini PR REMY FHHhBI: 1VG tssues

al ternative produ rom strate enate t|ve substrate binding is
possi bl e andnuagimalsandgpatientsi sto,ﬂdvamcdbwmllnqy@?xygenl’éiﬂ #24s850.. Novd t he

pur pose of ri

selectivity o‘lfﬂ"%fr eac ggﬁﬁ%%q@%&ﬁ&%rﬁgﬁée@g%% Eﬁ?hg %g&grg{lp?s gglhtghl y

fal l'i ng i nt apphaticmSargNe.\086121 43¢ ifdetMar 25,1086 Adfer mtradtdtionsf thatibtayzefd by DOs
i ncl ude, for ex confl r,aLion c.hi ucts and

hel 1 entdht o anE BN Rt b cam i ol B e ol b g RS eut
products is qoasi ble. 4. Nbde of actl on. In respect to different

bstrates, t d t
T e, BB s R SRR RS e %&%@atom
in various tfoi érbdedrdsoxygenade-acaviely Meﬁkead.dnylaay syohetiE papEss O Tbinaioa Ipyocesses

substituted arene e deh Io ations d denitrati . of

hal ogenat ed ?{&a‘h%tﬁca%%f‘dﬁaﬁﬂ%‘#e “’é%m 7(’%{%%&% 0 4rqUaatg ing, olekinic or
nmonohydopsy | afolyeRik afene R80#d/dihEdroXylatidn, ox@lati Gt bafethf o rrféﬂ‘m}zl@ﬁ%r&fps @lftd’éﬁdfd
aromatic ring) carbon atons, whether nethyl ene or nethyl group

NDNooXygenattp 8 amagc l)mgmhléhtwcsfyneaw arhl}w yleraﬁ arsnms @ttqth@tcba @P@r&cmeh 60 a

non- aromat i ﬂ%n? offroups; f)
desat urat i oﬁh réggfl ons. o @K :)Erﬁlf%r% car Lblg%g?é}ggﬁggﬁ{r&smgt tached to
30 an ar omatallane gmgps(zetagqedft@ammmmnngﬁr rmn-yroeamac firiromis bhidhtperchmiratiamdf | ndene

from i ndan); r pose of usi ne di o enases i n maki ng
i ndustri al cl'ﬁ‘g% ‘é’[aEEP?’. » njtgte ‘T"f“é’ﬂ“‘ag‘gfnra}}? ‘b"th?n N &tﬁf&tﬁ‘gobﬂ%‘%fe of

action ofp W (a@rfad®shdidrdlein), )N-7dea1km1&ﬂdnaaza9i1ad?&réﬂaT@wa&Qaﬁea@umy@enas es)
e.g. dtoxygenase reaction versus rmnoox%gena reacé where two or nore

functional grbligdedaemain compgurdscddeslky tqn&ﬁzﬁa% ap éféflém/‘si“?f“{“l‘f’é’

substrate’ s SéhitlelctnBountRAG cAivBRIon R BPAOLIaESTHRY tolaRlsstiaAdd dhfightBd8iend\hi ch
may not be directly associated with the catal ytic pmechani sm_ however these

physi cal and ot her geN@HRYIPEHEAiES ‘?,délﬁ'OHé%ées'a"&afoé%HﬁEFaferfﬂSE’E‘y%ﬁ’?ase

bi ocat al yst SPEAAHOLCHTRE & 18 ms@de@.rrm& tocs@}eemrgmﬂea R RREackls WHidhi fr&fuct Ncl ude,
for exa an increase in the range of di oxygenase substrates which the
di stinct 5or “highet lsvelsiofsionsensss mreleapisidereshaged afeqused eaRmbingt dloB¥EaNa | evel
of a pol ypegioa,g@ptﬁ;@feMegmmergtasahwwdea b§ReGecombIRnf Ba8Zehdle AMIGERGA DI 1Tty
of a pol ypepti‘de encoded he nucleic acid to protease cleavage, a
decrease in suscepti bAI\’lﬂtN;iy of sczeenipg pesthpde pan byaisedie sereen pljbraryedapgading @n aci d
to high or | i

encoded by tt %IB&VB{B %¥€L%lgftgf%ﬂ&qﬁghﬁrgﬁyg%v&?%%gerh &%f@;an’i ogﬁ I%Trgagbl on of
nucl ei ¢ aci decerdensd garulepeprésont inhipepuliticn ofggllsedve bbrarcvfls ﬂmtqﬁchywng thes in a
parti cula%r h:glﬁ ?)?Ln]l am%dﬁ%%ﬁ@h?g§ tHe c‘\aﬁlcﬁeo?#r]fl%\{ﬁnh% Qef Jﬂ?ed M‘Pgduced

pol ypeptides and/or an organi pressing t ypept Yde’to inactivation
by organic smtlvémtlsg foa adletertedipleysical difi@edds between theakidized or redpded form afitheby
substr at es, ' | nt. ris ion or
from ot her rrcg% a’ﬁol I (%:Olgé%lgﬁ %g(#shxg? ﬁ-gbﬁ%g? ﬁ%@dﬁo Olf H%e%%@%é@l??%&?o%hm ty
to either in the cell, or the extracellular medium.

5



a host cell of a polypeptide encoded by the selected nucleic acid The

sel ected nucleic acids to be shuffled can be fromany of a variety of
sources, Inghyghsyg synthetic or cloned DNAs. Exenplary taggetstRks

reconbi nation i nclude 20 nucl eic acids encodi ng arene dloxygenases and the
i ke. Typically, shuffled nucleic acids are cloned into expression vectors
to achi eve desi red exlmmisdnctloa\feﬂ@ox)@mmsé madaic &idsfis blsea faaweadfitber 1 s
producti on of r| es_ an huff xtures f.ar.us t he net hods as
et Tort " aguationgp 1ESe et § isckdthuitelt eaentBba Kschding REAEERLT (oo
farms of a rauwlglc@n B@Mﬁifﬂﬁi ﬂthavwdl%the patefiial Aucleys acidsstrubitt bther niitdeiclatids
conpri si ng t 25 legst three honol o der| ed from
a nucl ei ¢ adf& BHtEditoRpsLf h5is5lepd P‘gcge“b?c %d? §f;9§b%ao68°943§bh@ﬁ9ﬁr’f§fypr i ded.
These polypegdond Sty if @én mféalf&,onabemamdbﬁwm&aﬁgeﬁase aarhity Nehikd Ke.

| sol ated nucleic acids identified a/lPseI ection of the Iihraries in the

net hods aboan by e sgmacor4lifferent thap ther diprygenase aqiitvity previngslnsdercted: oisrecess e

bi ot r ansf or Y be/RerifRle atéd1a0 thah P BmE QAKERDARES a Ahic1Lib 8cill WMANpliRed O
preparing diverse oxidized organic species. Representative species include

vi ci nal di olP§9peRiggisoRianede i d&F‘Eﬂﬁ‘a@‘IY iQevgenaRg Myceicacidiidentifigd by epy of thy/| ar ene,

a hydroxcar Mddgﬁc@glc%b@agngdl}gdl Snallgeé ?&gs%dfor preparing adducts of
oxi di zed organic 8 01/ 12791 P /| JS00/ 22038 species are al so provi ded.

To aid il practicing Thvenmnb@m gl proviges methodse nstpasing dionkeenpseaptiviiby t here
are also pr %oﬁggg 6rHP£h‘?1rf‘ﬁ PRI HRERtIas a}'ﬂga]ﬂgﬁf e@B&ﬁc‘Hu%IE‘Pc RIRLESSI Ng these

pol ypepti des It1ona j ects and advant ages Invention wll be
apparent to Shlkfﬂstémotfcek} Kinwholercetl lsbuffling, éntiongenbmeise shuffiel, dutlee thap spagifict hat
foll ows. BRI P gggR‘E Fi t he
initial di oxy jéna orlllc-lld- Sggﬂgat}ugﬁ% ll:Jtc on?so egsg{e?te rgﬁggenélléa?\dé&? Sgrlgduce a

di ol using aras. dﬁ;c@mime nacieic aibids wtb&éqmempedehqrdtramlduﬁﬁeraft fibth thiacdl idi ol to
a hydro trialk enzene ow ng.t he [Si nof a
rmnohyd?iéxy “lé‘r“:ehn&e{"@é%“dmﬁ“&%lécs“ eﬁ‘émpa%m‘he 351 vg iopn BB PEurees ™
Schemati ¢ sleeld usipgeshntic Dmafrbmnheamhed:edé&t@t sp‘emeator sxmmst Sahing beahzykeng

transf erases t ergses ,and hydr.at.i, 0 5 Figure 4. Schematic
showi ng t he f‘Wﬁi“éF%PW@&?g ’ieg)?%??c“é{ﬁy e%édemlg%(ﬁd of a dial kyl benzene to
produce a diol using ﬁecﬂmmytgﬁrmmvamoiﬁemsuhs@qyexmodetew@lmazudi@md)f this
diol to a hy ro i al kyl benzene. ure 5. Schematic showi t.he
oxygenation' é%%i %ﬁ%?}]uﬁl%@“ﬁé‘c?q‘?&] roég’ﬁffn ﬁ%"’ép@ﬁﬁmﬁ%ﬁ%%ﬁ&o@ 4eid,
t he SUb&QQU@ﬁxﬁetQXdﬂaﬁdrﬁH&o@bra@‘ﬂca@-ﬁﬁﬁ?&t“ bond to the 20 corrcspondnyg diol and
t he al kyl ati on and/ or acyl ation of the carboxylic acid and/ oril é_lroxyl

ot

moi eti es of the diol .OFpafifuar selevapgrdfriie RrachifaliupgofLAPsiomaking iyl on” of one

al kyl group cﬁémxaawlmaIs&ae}aaf)?eﬁoftlﬁlpidv%Sﬂg fneb‘éﬁ%d ipRipeAice AR i AL MEMiskG opCi d,
t he subsequent oxidation an arene ~-bond to the correspaondi ng diol, t he

dehydr at | on CEHCaPAEeTeBHton PrEREeRFGHER FOPErIRsQr GIOs tha can be aered 1 a variey

of combinations using nucleic acid shuftling are as follows:
25
1. Rate of reaction which can be catalyzed by cnzyme.
Changing the rate of oxidative reactions (turnover numbers, Vpax or other
related parameters indicative of reaction rate) for a given substrate, or for a set of substrates,
is often useful as wild-type dioxygenases accept substrates of varying structure, but the

30 reaction is often so slow as to be impractical for preparative use.



25 acyl ation of the carboxylic acid and/ or hydroxyl noieties of the diol.
Figure 7. Schematic show ng the oxygenation of an al kyl arene to the
correspondi W@ @mngleal kyl carboxylic acid, the subsequent ra/ckab/e8s of an
arene ~-bond to the corresponding diol and the al kyl ati on and/ or acyl ati on
of the carboxylic aci nd/for hydr.oxyl noieties of the diol. 30 Figure 8.
Schemati ¢ show ng cou ! 2L derivatives. Figure 9. Schematic
SEO\M ng synthetic r%Ags?ﬁgghgémagg}i}pcgggidgg%rgtgtpfmr'raﬂ »ﬁmg tlﬁgi’x':]daﬁbﬂwﬁﬁ ﬁf

t hese conpounds 1/12791 P U Figure 1 chemat i c . show ng
t he oxygenat“PB‘ﬁOH\d of IHEres QRFPrHN ad“‘iﬁ%’FWGE’P‘?tﬁra]aW ed GompREnds SOME Of Sifiing

diol, the opgdydis sefveafDONuBstrafes (4. idfRtd FaGlent Al AR alkfBefRNME EvoRingOf t he
ri ng opened [géoduct into a lactone. Figure 11. Structures of exenplary

feedst ock olTEPs by ruclesmisil shydling far SrC%tFrrﬁEE‘Pﬁ?‘B’s‘OUFfdéaH@'H?‘B%WE’QP‘HMI i ¢ acids

produced fr Qﬁibxfeh%%&mfl@%%ﬁ@fs? uaﬂi{g ﬁb@%ﬁﬂﬁﬁtﬁ@ f&CetxhﬁBle thé Q:‘détﬁ'e]sgpardﬁ%ﬁ)bfmt Ic
reaction schenes for nmultistep biochenucal transformations of olefins to

AHAs. Fi gur éompoundipiyiyaes; thus dlopingdar davrstean separaiomofamdesirgd sybsieategand t o
ester 10 denp/plileMBfive fseflUr €s 14A- 14R Table of presently preferred
substrates and oxygenations. Figure 15. Enzymatic reaction schenes for

nul tistep biochem cal 3 tRARIEIOHRRY bOAEdaBbn Ol €f ins to AHAs. 15 Figure 16.
Schematic illustrating crossovers for clones obtained from di oxygenase
shuffling. The absol uP&en&idsifgm multipls aspltemnative pradasts femtacsubstiate wign

| ndi cat ed | RybdigRRAMEfRl i s pIRBICRARA oAl Bl inkifuch ounds
can be R, Stlt : mﬁl;{t Sre of F@ gse ceonfl gu(r)atfsl%nst B E@C OD%DE CRI PTI ON
OF THE | NVEmwsm RwhepmoscmﬁyaklAEimdumeal@hsmtcglsdnglaorwyw\wwm@oxy| ic acid.
25 "HCA" ref; Qpt " . refers to
an arene di o%%g;rfgé)gpw%%%%{%?%?g %g a dlbgjfgg{ E%%s(lgé to Wfa%nlgcl)ﬁs Unl ess
cl early i ndicetagay of mg'towcqmny plresctionyatal yzed bwD@g inpdrfdie nfiot emlesdpplmnt
definiti,@ns I . [ f v her ei n
to indi c§t ecgﬁec‘%ﬂ{gl nar pe V/\C/tége]‘ﬁ’dgls)eﬁlrﬁ @ﬁiﬂke%al igyé Lﬁ]ggh%'dﬁéxggh?r@g)’

enbodi ment s valatefdhirality ofrp1y>duqns:ilspdssib<bsr. ossover via honol ogous 10 WO 01/ 12791
PCT/ 1 JS00/ 22038 reconbi nati on or via non-honol ogous reconbi nati on, such as
via cre/lox and/or flp/frt systens. Shuffling can be carried out by

enpl oying a vari ety o4 Modefoefaaton. formats, including for exanple, in vitro
and irx vivo shuffling formats., . in 0 shuff or mat s uffling
formats that utilize ifFﬁPs&%%@‘ﬁfﬁF&%‘i’?‘ ey 3" t&ar?g\gl C&W&H@e@%éw at es,

pri mer l2@sedatalyze different reactions including, but not limited to:

a) monooxygenation of sulfur atoms in various thioethers;
b) O- and N-dealkylation of appropriately substituted arenes;
c) oxidative dehalogenations and denitrations of halogenated and nitrated
arenes;
25 d) monoxygenation (e.g., monohydoxylation) of “benzylic” (i.e., attached to
a benzene or other aromatic ring) carbon atoms, whether methylene or methyl groups;
€) monooxygenation (e.g., monohydoxylation) of allylic (i.e., attached to a
non-aromatic ©-bond) carbon atoms, whether methylene and methyl groups;
f) desaturation reactions of alkyl or cycloalkyl carbon fragments attached to
30 anaromatic ring (e.g. formation of styrene from ethylbenzene and indene from indan);
For the purpose of using arene dioxygenases (‘“*ADO”s) in making industrial

chemicals, it is often desired to control or change mode of action of wild-type (natural)



5 shuffling formats, nucleic acid fragnmentation-based shuffling formats,
and ol i gonucl eotide nedi ated shuffling formats, all of which are based on

r econbi natiwgngﬂag;s bet ween non identical sequences and are described in
nmore detail or referenced herein below) as well as other S7HYIgR2038

recombi nati on-based formats. A "reconbinant” nucleic acid is a nucleic acid
pr oduced by d{&'igeﬂasea,aé.g. beJqunQ@ﬁé&‘c%Bn VRusQhorl®BX FreBALE &k forf Ghetd tw&br any
nucleic acid made by an in’vitro or artificial process. The term

" r econbi nantmorgfisatianabgrovpstamenatletodhese raagticns @ presepidn dhersubstratelg stupliree e |

i ncl udes (and optiona i : I i AU V&l Ledspy OF
expresses a peptide obh‘\épét&g!aljrﬁgé]e?g%gglrﬁé;ésgaﬁg?%?o %)CgouéJ r?gl(): elhigt )z,ici d.
Reconbi nant aswkiated dth theratalytiv rgwhagsm Haweer ghespphysigahandwiliehgenetahe nati ve
(non-recenbi . r f | j . al ontain
genes fo%nd p?oﬁ’g{tg?é%a |veaér§¥§lrﬁ?°§{4 p? ﬁe%%ﬁ '!ameé‘% ﬁﬁ%‘%ﬁgﬁ{; r}%rcgl S%@a?'fi ed and
re i ntroducd8tiesentrapetties 1mdalde foyexantplef hicinateasyea e rangeef tioxpgeahsculstrewsnpasses

cells that contain,a.nucleic acid en enouys to the cell that has en
oTtTici a1 e it iefeves pRySARSOHEE el MeceRy exirBRom SRR
modi fi cat i opslypépide ércodedbyethe htdtio edd,ydegene i aptatibiliendt, a gilypeptideeci f i c

mut ati on, and rel ated techni.ques. 20 A "reconbi nant di ox ena?e nucl ei ¢
acid* s a FRCRDPRERMUFIEE PERLO BorEse R tEe R TR SRR Bni ch conf er s
di oxygenase paBbéptide ¥ndodedbE @k huokie Acill Rehighiéd 16w @ HaIBVels, aHle@¥me @ssed in the
cell. A"plurality of forns" of sel cteii,nuc ei¢c . acid refers to a
plurality of%¥ 14y 8f e pratin fRrofed Ry the Perleierprld odigh dew LepPeAes 8t

natural |y OGpihlzafiéh STRBILRGEId2BddrFusBge)fof ME:cHVe dXPFBsiNPBADOYSR pRINESh 0F by
artificial synthesis of one or nore nucleic_ acids havi ng rel at ed sequences,

or by nodi f PaBicHaRhast cedindredictiop ity sensiivity agthe AQY polyeRfplees a9t @ nucl ei ¢

aci ds. Nucl @tgnRfi dpredify MO POYAPANS oA vAHIR Yy BEANRLGIVERE, 2 d3akite 4 ADCOT
artificially) froma conmon ancestor sequence. ring natural evol ution,

this ocddr s IgEYAtioRET iBhibifiandyJebrersPradusts qUEARYS injermeigies privng BoPar ent
sequence oveind kdiEtion! or‘?rélam Q& rhRatiBHE RabtRAs gﬁ&'hépceﬁ‘l%ﬁ{f @Ji%cr‘e%ée% tdxPify e der

artificial conditions, divergence occurs, e.g., In one of two ways. First,
a gi ven sequadadieck aha pdypeptide gnepded|by theselsatsd peddeiopeih anot her sequence, as

occurs) e.g., during i i ?{gyﬁp ic acid.
Al ternatively, a nucl ”gl?'eggcgg«{e%ﬁ!i@a& Q%%%? %@g%&%&%?%%%?%gg ca!r)lfebe

synt hesi zed sewgcasomoluding s gngiettib @5 ¢l2iigddDBA S U eaiptarn targetsdlor thombinitos iiglude
sequence,fr L: n N i i.d seq i .S N0

oxpl 1 oi 20%kndu B AL ERoRAng HieR: aBEeRl: 6 BT RR R, ARk lElel ko™P
typi cal |y i nfesdoned ithy expeepsion vectas npahiesodeshred eupesssibmdevelequences. Wiere two

5 nucl el ¢ aci d sequenges; showsequence, stdatilo bl b Bk AL, the
two nucl eic acids share a comon ‘ancest or. e precise level OIF sequence

simlarity rfagueinable tnetheds alskt foith himivel Boryexuaple esphage disgaplibragepmpdsing on a

variety of f ors. Fo ur poses. of this.di.scglosure. tw) sequences are
consi der ed RO SEEHEWHBFISR Ry s Bivxit o Ry drto s e FUBErest o

al | ow r @somndastabiee homologas DN AL tavh@ifi whivh indetived fforaaintcleitl seleheslingly pi cal | y)
10 nucleic acjds require regions of close simlarity spaced roughly, the
same di st an8 YRFUEE Ot kpIYRSPHGR (MEZeBt s PISV ISy DHFSt BOSRSRIALY Ch o G Ghmble,
“identical" afhe pRkg@nhses, iafl@tHeiliky., " in the context of two or nore nucleic
acid pr pol ypeptide sequences). refer, tq r nore sequences or
subsequences that ar Sqﬁt&d§ °69‘@1‘5?7@?‘5‘5ggéeg‘?cf‘P‘éafe‘BQﬁg@HF%}QéhedT‘e”é‘fﬁsno aci d
resi dues or psielaeddlidesatuitads tififvehiod.ne sane, when conpared and aligned for
maxi mum_correspondence, as neasured usjing one of the sequence conparison

al gorit BRs descri bed Disp BIVidse awditransipmtive medods usinedhs doxypeprsesefile of
skill) or bynwhisdtror br@?a?ﬁ@tdh@fkc oXiaRed BizaH € spetie SRabdelalive dpe@EihQade * 1N
the context of two nucleic acids or polypeptides (e.g. DNKE encodi ng a
di oxygenase Yical dinls, kydrorylatadi a@f@ﬂé&ﬁ&éﬁb@éyl@fac@ﬁéwmxuialgx()lgf@ﬁa*se) refers to
two or nore . O C . gt 9
pr ot or anly SFPHERRESIOLIE RS RIMEEC BBy BRYER i RANr ARG SR, e
i dentity, when conpared and aligned for Faxi num correspondence, as measured
using one of the follow ng sequence conparison algorithns or by visual

i nspection. Such "substantially identical" sequences are typically
considered to be honol ogous. Preferably, the "substantial 25 identity”

exi sts over a region of the sequences that is at |east about 50 residues in
| ength, nore preferably over a region of at |east about 100 residues, and
nost preferably the sequences are substantially identical over at |east
about 150 residues, or over the full length of the two sequences to be
conpar ed.



For sequence conparison and honol ogy determ nation, typically one 30
sequence acts as a reference sequence to which test sequences are conpared.
When usi ng Wosagemnce conparison algorithn) test and ref ercmmososmggiences
are input into a conputer) subsequence coordi nates are designated, if

necessary, and sequence al.gorithm pr ocg_r am paranmeters are desi gnated. The
sequence CorBEFiFsIEhalsn EJSY‘.F“E%JOF%%W Reafticing Shehiotrangfopmative methpds of t_W) 0t/ 12791
PCT/ i 1S00/ 22R3R iR IneE &8 alsgﬁf&i&ﬂiﬁﬁbvéd%lygaﬁﬁﬂd&W%isﬁrﬁ'eﬁbﬂeys@né o the
reference sequence, based on the designated program paraneters. Opti nal

al i gnnment ofth%s_éfﬁelé(ﬂﬁéléle%pr conparison can be conducted, e.g.) by the | ocal
honol ogy al gorithm of Aﬁmkib{m%bj_ { ST ROAntARLY of hRRAvenbH Vill tR-affigedtiOBbde DY
the 5 honol ogy alignnent al gorithmof Needl eman & Winsch, J.” Mol. Biol.

48: 443 (ﬁ970§gf)sk1!iyntm@nim@hdﬂ@#edgesﬁmpaw that felewod of Pearson & Li pman)
Proc. Nat'1l. Acad Sci. USA 85:2444 (1988)) by conputerized inplenentations
of these algorithns (GAP, BESTFI T, FASTA) and TFASTA in the Wsconsin
Genetics Software Package) BREEEDESCRIBRHINOF THEKIGURES Sci ence Dr. ,

Madi son) W), or by vis i tipn . . eral | A I Ld0al.,
infra). One exanple OF 'gg'ﬁé %I%g‘%}?@ﬁr‘?&%‘g? ﬁ"l%s}%gl%C{l%ﬁéﬂaP%r?jg%gteareer"%%néoﬁg Olr

per cent sequetfiakylbeiezehe foypradnde 5diglagsinpea dibxyigkdase ind thssubbeguéiit ASydadtgalof t hm
which is described i | tschul et al., J. Mol. Biol. 215:403-410 (1990).
Sof t war et% ortﬁ‘ﬁé‘f‘ﬂ?&#’ﬁ@oxﬁﬂ%lgﬂ‘éﬂ?ses is publicly available through the
National Center for BrFpuechrsehagiticlshévainptieicofivelshon of a monohydroxy arene to a
(http://ww. pcbi . nl mni h.govn. This algorithminvolves first identifying
hi gh scori ndIQGERIYERE sing & dioxegsasseny i denti fying short words of |ength W

in the query sequenceFigihé 8.5cRérhdiRshoWihg Bst@ificaddr Mkl Yie QBEfiAAGH §travgissal ued
t hreshold score T when aligned with a word of the sane length in a database

sequence. T YSHet@pdpraisy estsTases ang sherairy WE™YIRSSR: wor d score t hreshol d
(Al'tschujs et al., SupFfre 4RAGnd1RIshédvhg BRIGRRLNGRhaHO &k Riakche dHondss Seeds
for 20 initiating searches to find | ongér HSPs contai ning them The word
hits are therdidkylbendens tp praduecn divlrusingiashexygerapranddlessubsequenh dehygtiomef f ar as
the cunul ati | C be increased. Cunul ative scores are

cal cul at ed ut}sﬁ?rcllg%lk%@%ﬁ%@%%&é%&duences, the paraneters M (reward score
for a pair of matchi nfigues$.debgnatigishewisg the@xygenatidd of pe plkylaeng bohe f or

m smat chi ng residues; always <.0)..Eor anmn I . ences i ng
matrix is uscé)gesfp(?n%gg %rg?ec%a%{téof‘ gl ' %?éd’ chuer%i X ?e\(g’%&s}%{glro gsg%ggnﬁs@'%%dgga{ehe wor d
hits i n Zachogtspesdihgtiobind thedlk¥ationtaedor ddyationoithatirbexylt agid amdddr scor e
falls off by tdhe lE}It{antti Eé%g derom its maxi mum achi eved val ue; the cunul ative
score goes tHIPEYLYFISH B%9%Yue to the accumul ation of one or nore

negati ve-scoring resi Higarab.iSghemedtic of thelselediive eRidatidn fiohdsikylpespariae i s
reached. The BLAST al gorithm g%ramaters W.T, d’;\@(ﬁ det er m.ne, thg

sensi tivi ty SO WS corRPosGna R TAEsRE Yerrid. BleAgrscaynb Y datiop Lo

nucl eoti de @&deOKARAA ko the 8SrradPordifigatidI! the deyaratb®80th& dioVindQhe alilylatdh and/or
expectation (E) of 10, a cutoff of 100, M5, N=- d a conparison of both

4, an
st r ands. 2SForaC HAHNPIARY Garboxylifeisidant/or hydraxAgipietisy efghadiclises as defaults a
wordlength (W 13 VWB01d 4 380 BETHwWROHe 220382 B hn BRyBXRERIEE i ON (E) of
10) and the BLOSUM62 scoring matrix (see Henikoff & Henlﬁoff, Proc. Natl.
Acad. Sci. USpe®9ondioarsnqalkyBgrhoxyliqacadithictsubsequent exitlation af ameyensar-benskto
sequence id i T, i d0, St anal ysi s
of the.oi m Ao Bf e Bt AR DR)ch B Rlch B 8 RuS1yRe Bl e 205
Proc. Nat'| .hydoag m@eties oUBAdED: 5873- 5787 (1993)). One neasure of simlarity
provi ded,,oy the BLAST.al gotithmi.s the spmallest sum pr.obabil.ity (P(N)),
whi ch p?sgvi des an i ndF'@g?‘? o'r‘?’ cgﬁmaflﬁéhoﬁl%(é%walﬂp ?n%‘f/o'\ﬂﬁf]eﬁerévalr[rlﬁ?%h bet ween
two nucl eotide or an Rigueec9.dchanptie Sioeanguoykichtio cones tdyimedndo edd, chamamx anpl e,
a nucleic acid. s onsiﬂgred siml|ar to a reference sequence if the
smal | est surﬁ"gp%lbvéi ?"Tsiotfy P HO P Sari son of the test nucleic acid to 10 the
reference nucleic acid is | ess than about 0.1, nore preferably | ess than
about 0.01, and nost preferably | ess thag about 0.001. Another indication
that two nucleic acid sequences are substantially identical/honol ogous is
that the two nol ecul es hybridize to each other under stringent conditions.
The phrase "hybridi zing specifically to," refers to the binding, duplexing,
or 15 hybridizing of a nolecule only to a particular nucl eoti de sequence
under stringent conditions, including when that sequence is present in a
conplex mxture (e.g., total cellular) DNA or RNA. "Bind(s) substantially"
refers to conplementary hybridi zati on between a probe nucleic acid and a
target nucleic acid and enbraces mnor m smatches that can be accommobdat ed
by reducing the stringency of the hybridization nedia to achieve the 20

1 . a0= Y - M L, o - " o~ oy



14 WD 01112791 PCT/1JS00/ 22038 The Tmis the tenperature (under defined
ionic strength and pH) at which 50% of the target sequence hybridizes to a
perfectly ngbGhgseProbe. Very stringent conditions are sgl s%f?/éztn?s be equal
to the Tmfor a particular probe. An exanple of stringent hybridization
conditions for hybridization of conplenentary nucleic acids which have nore
than 100 conpl ement ar pighesiodSetRmanic showingd @E ok ypefatioh 'of ARHOn@6f Npdlydiena bl ot
i's 50% formam de with ~of heparin at 42 C, with the hybridi zati on being
carried out a9peEhihgRerrespn | te ppenifizgi the dielfpncgiaralizeghdde adibt ti ons i s

0. 15M NaCl : “?&%’E Wy exanpl e of stringent wash

condi tions ?énvg?séc%iﬂﬂsesc s%%rmggH%%?aolﬁé%&m nutes (see, Sanbrook,
infra.) for a descri pFigare Yt Sggctures pf exeynplary feedstock olrifigis compeendspnéncy wash
is preceded Sk pgpnal . An
exanpl o edriis gt R AARN AR bR Ry BRELRLANG, Y Q00158

nucl eot i deshctian. | x SSC at 45C for 15 mnutes. An exanple | ow stringency

wash for a duplex of,_e.q. re t.han 100 nucl eot | i.s 4-6x SSC at 40 C
for 15 mi nut oo, For sk 12, ERGpERGeditiio Rt 75 milGdtp e TiH desy
stringent coankféinfisng ofpletiab toyAHAy.0l ve salt concentrations of less than 1 S
about 1.0 M Na ion, typically about 0.0l to 1.0 M Na ion_ co ntration {or
other salts) at ph 7. BEES B ByiVamic raeonaihepes oncon) ctng Srecaiiy I ief oast
about 3QoC. g&tvakRgent conditions can al so be achieved with the addition of
destabilizing agents such as formmde. In gteneral, a signal to noise ratio
of 2x (or higher) thahienresdd4nldR.\Eble fprespntlynrefemebybradisaé™dn t he

particul ar Ryfehstiohst i on assay indicates detection of a specific

hybri dtzation. Nucleic acids_20 which do not hybridize to each other under
stringent conditions BigsrestS Epzyqatie reastiqnachgmesdenfpyltigep bipchemicahol ypept i des
whi ch they eRre6sna8b6 TYRShaRtA@ALY identical. This occurs, e.g., when a
copy of a nucleic acid is created using the maxi num codon degeneracy
pernittéd by the geneFigurecldedchematiqillupteating aegssoxerns &y clangs ohtgipedfiemei ¢ aci d
sequences Ol g@ﬁg&gﬁhgﬁ% are 25 substantially identical/honol ogous is that
t he pol ypepti encode y the first nucleic acid is inmunol ogically cross
reactive with, or spetheabselhte gorifigurition of the bkirgh sdnpgreistiotiadisaied thethe Bypve he
second nucl g4 Ci : ' ISyt ypical by [ y

i denti cal t?@regéggﬁﬁg %gﬁvé%p@ﬂh%&?ggér fg%lcé?b%égr;’eortﬁ K‘g§§l%orgf6@5%i des

di ffer onlyctnfignotioss.vati ve substitutions. "Conservatively nodified

vari ati QQS" of a particul ar polynucl eoti de sequence 30 refers to those

pol ynucléoti des that encode identical or essentially identical amno acid
sequences) or where theDETAYDED DESCREIPTIONSORAHEINVENTEONam no aci d
sequence) to essentially identical sequences. Because of the degeneracy of
the genetic code, a large 15 WO 01/i 2791 PCT/1TS00/ 22038 nunber of
functi onal | Whibdeidtianal nucl ei ¢ aci ds encode any gi ven pol ypeptide. For

i nstance, the codons . . . CGA , .and /AGG all encode the am no
acid arginine. Thus, gbt%%vg%}?s ﬁ?&giof'ﬁ‘&?’ﬁm%y&ﬁaﬂpgi nine is specified by a
codon, phe codon can ‘CAl fefiied alhgdRRYlaRl afonfitic e4rb&8MOREIANG codons
described without altering the encoded pol ypeptide. 5 Such nucleic acid
variations are "sil entARQr eEs 9178 arenGHiofHEeRRYE: one speci es of
"conservatively nodi fégeh Mard @lidXSgenale/ery pol ynucl eotide sequence

descri bed herein which encodes a popreptide al so describes every possible
silent variation, except where otherwi se noted. One of skill wll recognize
that each CeffiRitiods @ nucl eic acid (except AUG which is ordinarily the only
codon for nErthronine) can be nodtfied to yield a functionally 10 identi cal
nol ecul 80by st andar d Yelesssicgiiendicaed tr e agtary, dedpllovsng definitions sepplagent of a
nucl ei ¢ aci i : ptide is inplicit in each described
sequence. Fg?f‘tﬂﬁdé@ﬁng?g)mgﬁio@flngt%ﬁ wi |l recognize that individual
substitutions, del etiBredgeor “shefding’ irnsedihdrein taindisate repdohbinationebatvveenaoni ngl e
am no acid ‘ : ; ' ' - i 5%

mor e typi caliepiel EubycBEhE ghleARRolneAlT AARRAS W B VTR0 TE,
modi fied variations" where the alteratiof% result in the substitution of an
amno acid with a chemcally simlar am no acid. Conservative substitution
tabl es providing functionally simlar am no acids are well known in the
art. The following five groups each contain am no acids that are
conservative substitutions for one another: Aliphatic: dycine (G, Al anine
(A), Valine (V), Leucine (L)) Isoleucine (1); 20 Aromatic: Phenyl al ani ne
(F), Tyrosine (Y), Tryptophan (W; Sulfur-containing:




Met hi onine (M, Cysteine (C); Basic: Arginine (R), Lysine (K), I3istidine
(I'Tj; Acidic: Aspartic acid (D)) GQutamc acid (E), Asparagine (N),

G ut am ne (WP.018W01 al so, Creighton) PROTEINS, WH Freemactarsdo/fosmpany
(1984). In addition, individual substitutions) deletions or additions which’

alter, add or Ieteasln no acid or a snall percentage of 25 amno
acids in an' E‘@ Ho%%rqu‘é?fg'b ‘@’%’I“&F“WWH%‘E’PV%‘F]P%Y‘? ‘E‘F@B’f ey 4R ati ons.

Sequences 1 Radterd, fgtﬁfﬂlﬁ)%/caﬁ?\%%@lﬁ'iéabht\/@ Yipldyigl a%ﬁe@r& dFRAGRI Brindits AAMTBLIRYOUS .
A "subsequence" refers to a sequence of nucleic acids or am no acids that

conprise a parexampleginvisrannd ig pye shitfding formatsy ip siticg shuflling formatshufflingis (e. g. |

pol ypept i de)foxrnﬁi%ocﬁﬁtuh){fé éfthc%uﬁé%trﬁxﬁfeﬂbr Qﬁi]@strdnﬁe@t%ﬁﬁla@s & bhgaarefer to
any segnent of DNA associ at ed expression of a given RNA or protein.

Thus, gefes shefélingdermagg neieic ﬁé&égm@taéwpﬁé?éé@fmsfowﬂﬁ an eliganucigotige-
i ncl ude pol Yhdd Ea&éddsﬁuﬁl%feﬂna%?%%%ﬁé% afdhd d%fré‘é’ambmﬁ i ERHIs BEQe¥n R&zIUENCES
required for thelr expression. CGenes can Be ‘obtarned froma vari ety of 16
WD 01/ 12791 idepui¢al uenceo oBigre desealeed in mn@ldgmlmgrqf¢r9mned©errcnldqﬁw, apweltas of
i nterest or \Qﬁ Ofs, Predicted sequence information, and
may i ncl ude o@éﬁ%&ﬁ@ébd&&&eﬁﬁm ‘3%};9 (Ea\ desired paraneters. The term

"isol ated") when appl Aédcombinanlitdsicacdisd nocICIpraolﬂ@rarducctbbmwmmvnS t he
W thwniBh Peeet GRE st BuHE S B PR apl pBE R aF Bl B BRERC"2C! o
refers to deoocgssi Tbetechéociconibmaml’ wmerbumdlwhtbmfcxdm& taldclpmklgcmes thattthecadlof i n

th . bl d U ted, th
e e enconousaul R A8 Saad DL BBl TR IR Sl ki
nucl eot i des pidleinh@dediByehesérofogars dntlmdmg Bemnﬂfﬁame&uasm toatairegenesthate

nucleic acid and.,are netapolized in a nnr Si ar .tq naturally occurring
nucl eot i des 2™t Eoélggﬁ’fr{ﬁ‘@rt% WREVP pnEERoatynag c?rpé‘i‘ﬂ Sefl %ﬁ‘é‘f”ét?‘%a"é %ﬁa “@equence
al so i nlsi Cialsb Yo hie @BIP3 $EME i€ e metivedbiny 6f thie faudwﬁdreemega{esafctxﬁodiﬂiwraaaie (e.og.
degenerat e codon substl tqléhl ons d corr%errent ry se uenceg ?@d as . well as

t he sequencém&gﬁ?q dRIp e 8V€§gf’€li‘?m8ﬁ1§m ¢ 4P iSO CrrogatsESgels hgraptain 2

substituti 0mscleiaxmaenafgémmdth%elbmatgﬁaeéeatahﬂﬁxaﬂ9mm3vlthlauMhshng e third
position of one or nore selected (or all) codons is substituted with

ni xcd- base &HelFigrcidégmthaerdl ﬁ‘&hr"%%q‘féﬁ&%“s("B"é%dfé'?"séf)b‘a!“ed bYEe &5RacaRFRY: Res.
19: 5081 (19Rdipecifinfildttdn Sdnd@élated tbehrif@h.. Chem 260: 2605-2608 (1985);
Cassol et al. (1992) Rossolini_ et al., Ml. Cell. Probes 8: 91-98
(1994)) 20The term nucéereeora@r'em ioxypenaseinuclels apifa istagprpmbipaphRicleio gy
"cDNA") "ol 'cgwaﬂm%laeﬁ?&blq%r RNARMich corﬂﬁm’ox Rase Rt Q&L@QI WE’&) th@ﬁ\ﬂletxche like.
"Nucleic acid derived froma gene" ref ers 0 a nuc eic acid for whose

synt hesi s t eiddgetxpresssd imthegelbequence thereof, has ultimately served as a
tenpl ate. Thus, an 15% \J L an RNA
transcribed from that c IR a RS %ffﬁ&{egaﬁﬁdﬁgaﬁééf%%gagn gpbf

t ranscri bed hbmolees Wéh%twlqlff joidy mon@ms canghedrog) hatosllylegchyring homolegs he gene
and det gt I QQ1, Ofy S Gibrdf nhMS uQ 9:% 'aﬁxfﬂcﬂ@' %Hekl}!%f&fe &%ré’ﬁxﬁfe%gi sand/ or
abundance of the ofi gl na § ene tr nscript 1n a sanple.

nucl ei ¢ aci davisg t‘eqursa@Jeycds: cmbey_dﬂocu\ﬂm_@non of dng opinarsadcleirtagidao produdeirolatgh
relati onshi gk Bo@NAG0Fc QYS! EL ol s GAUERGPsre O el HARRor aRirREATO! o7
or enhancer 1S operably Tinked to a I Ng sequence | creases
transcri ptl drermod conimeoncamdestay sscmqwndhrinsﬁatwral eVt thmntcwphmwponmorc
cassette" or Ly X n nuclel gnstruct,
gener at ed réigsgc rﬂ%rr]ltasﬁ nce%rd k5 esflﬁo ggﬁﬁ%&ugmte O%F\rﬁ%: & amg ulqau@eﬁ?&s that
are capabl e nathraeﬁcﬂ@ubm n@ndex pmﬁs&l mmdmbnsadsrtugm:*clmbairs @enen bae ¢fosd ways.

tibl 1 t t | ud t | t
g?gprrgt Ier se a HS ﬁ?hle’g%%‘%ﬂ‘i“%' f@eq?s%gEf(y q]ﬁ%%éo%r%me angtﬁerl sgguelrjlcee,'\ asfa occures'\,a e?g.,

during typical cloning, to produce a descendent nucleic acid. Alternatively, a nucleic acid

11



wo o~/ ~z~9~ PCT/i 1S00/ 22038 term nation signals. Typically, the reconbi nant
expression cassette includes a nucleic acid to be transcribed (e.g.) a
nucl ei ¢ aci n [ ng a desired pol ypeptide)) and a pronoter. Additional
factors necggg)éﬁé}gor hel pful in effecting expression may 2 <E"Wé&%ed as
descri bed herein. For exanple) an expression cassette can al so include

nucl eot i de Zaf 864 AMeSiZed NovB QAT RhsiShDNRIclREAUERRiCh L ikds idlidq8&ics frdfcd et i on
of an expressed protein fromthe host cell. Transcription term nation

signal s, enrgyredamentabpuslal arid sedi@Icei ¢ aci d sequences that influence gene
expression) can al so Reh Mekdidad ekplicRRnSHREGSDLAMMEAR SR & two AdiNd acidisef er s

to straight- and branched-chain) saturated and unsaturated hydrocarbons.
"Lower al kylhomologyistypicalby inferved by Seguence gomparison betyeen e shauenery. Whera tloout 1
10 to abaut r he T Al kyl. " j ust
described | n“c?’l“%%i aﬁﬁ@s‘i“éf’%@ S‘r‘r%%&‘?%dﬁg glf"g%%ﬁj ‘g?éé’bfﬁ‘g&{s‘ﬁé‘ﬁh%@ﬂa'lé‘%k agﬁlﬁyl )

aryl, acyl) shakeegemmpn avceptonl Ky fredissdgvebofpeque@besdimilarytyl respaired torestablishal koxy,

al kyl am no, .ac AT T | o ryl 1 I , both

sat ur at ed anh(?“hal}logglvﬁ’g%t'gg%cayﬁé%n%ﬁ%cﬁrﬂégvgp g‘?ﬁ%’g%ﬁs{ ?}(’ (I)B?/%Eecggg@?% the like.
These 15 gr digdsuaytwoaseqichas hettohndaed/hanaoidgons ohert lleyahey buffiviesttsgquetidee t erm
"aryl" is used herein to refer. to an aromatjc supstituyent i ) be a
singl e ar oo P Aoy FplBiralirt O P rEen MasB e i B dioeilec per

| i nked crival miolelc)aride Fequireikegibnk of doseaimitunitygspaced ronghly e samedistante apat o

et hyl ene noi ety. The common |inking group may al so be a carbonyl as in
benzophenon(%’.‘:1_'¥’1"“|5"38H1 RO PFNYs) 20 may i ncl ude phenyl, napthyl, biphenyl,
di phenyl net hyl and beTEORREITGEG B4 BipedehE fidentithiTEin iRy dBnieRf ofltwo NEORPASSES
"arylal kyl." The term "al kyl arene” is used herein to refer tbo a subset of
"aryl " in wilbekicrid on polypestide peqnences, slen P HY Q. OF TPTE RCWRNGES RY FUDSHASERseLBat

defined her eirdithe sahdsritabdis Qfcitied bercémig8 B atho akiM restfied biSiucRESAek ke ke
i ncl udi ng one or nore 25 functional groups such as |ower al kyl) acyl,

hal ogen, I9al ki sfeoWhqnecompated 3nd aligpgd Eg axiamin epTesPIRGSRES, 28I MEFFHEA FRNg

acyl am no, agy¥bemy sedﬁ@ﬁc‘é%@ﬁlﬁmﬁﬂﬁi aiggﬁﬂﬂn@%ééﬁﬁéoec@l&nerHﬂ\%ﬁélgérﬁﬁﬁgawﬁﬂléC
hydr ocar bons which are fused to the aromatic nng(s), |inked covalently or

linked to a teasrens ofpletprdyctsualdngpedtionhyl ene or ethyl ene noiety. The
Linking group may al Senbgh:ReCalRam SHAR:AS i fe EHELRERY npiialiadlspt One.
The term "substituted aryl” enco_rrpasges 30 "substituted arylalkyl." The
term "acyl " Holypepilds (e .deaNas erisediag k diospgenaigbernthe aminp acid G¢qUpRe offigrein R i s

al kyl or,ssu j it |y, ef rep,n. 18
w0 o 12951 TRt st sy i hordeqbE) S SR BEK BRI ARASNDET
fluorine, brooefemably 80%, mostrpeefenablyif%0eisfrenugiconds or Bivénd agidweSiHyeiidentipy, when used
herein to ref . 95" T "am no’ i scri be
primary am ncggtbmﬁg{&i%{ggéﬂ?gfgﬁan Wé&%g%@&pangg%‘g 8‘0%?%%%%2"%%&% E?‘iﬂ? aryl or
subst i t ut ed fallgWings=qdeice nexdpdrsoreilgorithine ot kg visuahinkmextidn, | Suchi Sadstgiallyn t o
refer to the.--.0R,qr el IS r.alkyl stituted. | f
al kyl, aryl ,‘d%“&gfljt ?etqgéhggs 33?5{?}“@ 3%“51‘1&%? kogb\r,\éehsou é@é t sﬁt%g}% ar §7|t gﬁckylfbsngar]ei n
t he al ky25) ddsntity” sxisioverut regiompf/the sayugricad thyt is arichssatost 50 rebidaksan ehgthky|
groups are as_described herein. Sujtable oxy radicals includ for
ol med TR PR ERYF Rttt lebdatdin 20 B SR R B oxy
phenet hyl oxypquenddsa@sybst2itially ibsticabsver dtadstydbani 150 resitives toe sves @eaal &engthand
tertiary arrir?ge}}s?émherei n t hg%eal I{%I roups may be either the sane or
di fferent arfdUKdyCSeyEREt 1901 SQMPATGht or branched,
For sequence comparison and homology determination, typically one
30 sequence acts as a reference sequence to which test sequences are compared. When using a

sequence comparison algorithm, test and reference sequences are input into a computer,

subsequence coordinates are designated, if necessary, and sequence algorithm program

parameters are designated. The sequence comparison algorithm then calculates the percent
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saturated or unsaturated hydrocarbons. The term "unsaturated cyclic
hydr ocarbon” is used to describe a non 15 aronmatic group with at | east one
doubl e bondwoguatroas cycl opent ene, cycl ohexene, etc, and munsshitissed
anal ogues thereof. The term"heteroaryl"” as used herein refers to aromatic

rings in which one or npre carbon atons of the aromatic rings) are
subst i t ut ed SppeBceHdIEEHIOF Bistastitepuense(s) relabyrl thegirpirage auenge.fogked opdkser oar yJ
refers to stdgggrtawdep?ogmh?,gra%&rsbe a single aromatic ring, 20 nultiple
aromatic ring(s), or one or nore aromatic rings coupled to one or nore non
aromatic ring(s). |n Optimdtaligwnenkafseaepnpesifor qpmparisangan be epadugierdye-2c Bk be
fused toget r f a
ot hyl ene. or oy PERERE RKFNRRLE Smidlia. Wl Wy pE TR 29*82*‘2’3*%‘595@
car bonyl 5as hmel@BEnlg"gnnwlt alggrithef Dpedlemen & Seuhsete v aMor; Bml r4§§§4§ (9A0Rby
t hi ophene, r e uran, etc.
or 25 benzo- ugsee gc}rﬁgnﬁpaﬁg;&aﬁ Oc{ ‘ﬁfkﬁe%ﬁ %:Iglggmmpﬂd&z R]Iaﬁ AB&}P? %1 2]§er m

"het er oar yl 85:2344 (d?BﬁebyecmmlydﬁzedjmfglqmtaaoMsme d’goﬂthms é@@arI;ESTFIT

substituted ned r e|

et or oar yi ~ Fsrdy 8 BrRTa T8 s BB BetEE O it Besinls BN ESRRver oar v
nucl eus is Shhai, 57418@ehcaiDir h Madsor WEnr &y visnal tinspaaion gree gperdlyc Ausarbell eower

al kyl , %ﬁ a(‘:% %{hhl ogen, al kyl halos (e.g. CF3), hydroxy, am no, al koxy,

al kyl am (o acyl oxy, mercapto, etc. Thus, substituted anal ogues
of heteroaromatic ri rlgﬁe &dagipleast ah hligogixhetRat iPyoithisle ftﬁdeﬂeﬁmmg@bxeam
phthalim de, pyrazole indole, fu enzofus anal ogues of

t hese rings S "‘i?é‘? “ﬁg&"aﬁc‘l“ﬁ'écctsér?’%t%‘ﬁBl?tl?lt‘%‘?'gﬂlgﬁ%%r8 9?5‘1% ﬁ% (?
01/12791 PCW]M@@%ZZ@@%ITB@I R€35:003- 419t (€9909y Sdftware fo¥ per$@ichikiBEAST hmyi;emrl be
a saturated or Ensatur ted non- arorratl‘g%l roup having a_single ring or

mul tipl e coftRMREE araiiable thrpvgh hintfationpl 5‘2’;’&“’@‘2"“8%%6‘?{0'&‘{‘38% and from

about 1150 hGHwwWwhebiaNAMHET/)S ThRGIgddthind RIbINES Ared8hifyisg kil sc@Fin®Xygen
within the ring. Such heterocycles are, for exanple, tetrahydrofuran,

mor phol i ne) SEUERACPATTHEISEsY Py igFtying shogy wordsrefdengst W mdhpsiert sgguence, which

het erocycl i @nhe@?na%%g siIRfEIothe P8R Td- P dBHBREL0RIT whal A W £wordhigr ei n
the heterocycle nucleus i's substituted with one or nore Tunctional groups
such as | owehe samRjangthde g database snguence.al fsrefeard o pdheneighbprdpod Woidrsesry, am no,
aI koxy, al kYHr@s’Pibl’&QAlt?&Mi A, ”%ra@c’r‘hégé}fmna”ﬁ&g%}tﬁbod%?d hithel RGed R TSP

"al kyl heterocyclic" defines a subset of erocyclic" substituted with an
al kyl g28up inisajingsearehes tohienddpreer HABS canraininghipst Thewenl e thenaxtanded foy | -

defines a Syphereons NBHELLR Kedubfoe B har JOE Bk RPaRRRERQERE birCpenUC) euS
is substitute one nore tunctional groups suc | ower kyl)

acyl, hal ogénsreasddk Wumallative §eoreg.areGRRplateldyding xfpr nuskeoridd seaueklgs@ywepsrametcrs

al kyl am no, i nvention
descri bes t ﬁg&g‘g%g]rs éf}?? f)oﬁ%’%l Qég'gﬁg\%@ég %Qltgg“gglﬁé Se%: Ut\ﬁ&%@tehﬁﬁ ?Oerr f ormance
for use in mhsnzmrmgmﬂdm dvayshe® Eeat @niod adid ckauencesla scoringmestix msusngoany 20
of a var,.et ffll ni i 0 famly
and unol s goHos® Bshieit b SERE ERR b bV Bk i e BERY e ERE
shuffling i svhmsebb ¢Lm®mivalahgm1mnoﬂeretfalwff)by ttie quwaﬁmmltssumnm forward
rate kineti b IfICIt fflnt and decrease
suscepti bi | %ésme"%# %L%%cg%lﬁglzegc S ()\7g[r1°szlci1 “}’8 B eacgdmﬁﬁt "t°f\93?| on by
sol vent s, sbambten@gamrbecoraigsem aligrainispor the admfteﬂharsehuem:tees reachiedt The

t d d h tal yt h t he di i bel
Ot AT A5 Bl o NS BBl lfpf e on bt o
i |1 ustra0i oalignheat. drmqammpnograhﬁqwr@sas&tarelsy@e@des)tL{ses ShefiuRd 4 Wosileapd

| mpr ovenent sy o can be e f ) OLRSE: WEE] - SN g s L such 35, e

strands. For amino acid sequences, the BLASTP program uses as defaults a wordlength (W)

13



structurally and functionally sim|lar peroxi dases and chl or per oxi dases, as
well as to the 30 structurally unrelated iron-sul fur nmethane di oxygenases
and ot her oted herein using shuffling nmethodol ogj
shuffling o 65’@%& e gene or a gene famly, as descri begl(ﬁ'ﬁ;soﬁzz%szo WO
01/ 12791 PCT/i1S00/ 22038 In a first aspect, the present invention provides
a met hod f obf Skinakpécagion (BLT110] md @ m.mmusemﬂlgs:mm ngmﬁm&ﬂf &0: ypeptide
possessi ng oxygenase, a t|V|ty r ov ol ypepti de has at |east one
property i n’g#a\y@& %ﬁf’érN‘H ﬁé%ﬁ%‘l V&@%&@ |(ﬁ§8981poxygenase pol ypepti de. The
met hod includes: (a) mrQakionth c%lchlabﬁg’ifétcdhf sdqB&RE e tthéBmQISTrhﬂJgEJnﬁﬂﬁl des
encodi ng a reconbi nant di oxygenase 5) ypepti de; and (b) screening_the

P

library to PHeRefernsa stasstsahinalysis ob b yimilaribchet Meenttwa feaupncsEee. &8~ KBy ed

recombi ngnt @ARQ&MGIQP?&ENBM XP&PS‘&:d@SA b@1584781§7@7t(1b¢§fbn@Hﬁaﬁ?@&%ﬁxﬁﬂaﬂtﬁpr oved
over the natural koccurrl ng pol ypeptid Al so provided are nucleic acids

produced by Pdyided ﬂthM“é@lgemfb@d@tha smaléﬁsyig@na@babeﬂ@wlw@k iwa@hmmd?g apt

| east one pg s HIAhHERbdechtoRGGHES Gy Shinyyaanase

pol ypepti de. rml?(%hg'y%{;tﬂ?ér}se “g\r?ggvcs@crrent et %%c l'eic act%dg f orgrlgies of the
i nventi on asequemes vouldtaseuriby chancet Fm@xmhnlc. a mvgleiccpsid is barfsideted gimsilaplam al i ty
of parental C i nase
pol Ynucl cot FHAaERRL AR st QRERL ARG B » EphRdsaF T B8R0 U4
enbodi meAt ) thelrefepotymictdieatd désss maealbuunﬁllogoms)refﬁam& lghethan hipoit 60%candpt i on
of shufflin ch in Part A herein below In another
enbodi nent gnotqurefgrat%%elgss t&}" atrbﬁe Oggl‘r?ent al polynucleotides is selected from
pol ynucl eoti des t hat Ammbﬁenchd:anbmﬂmttmnmcldnccaxydgseqmeasarﬁsubstamahyld t hose

t hat do not | east di ox activit al | t he
parental di 6%9@%%% Oﬁgg?‘%ﬁt@f‘tgg? fwd’emég céi‘%'b%& éeilom% 8653}5%?% or a

pﬁl ype ]Pt i de cfnicmgdmf nlrhsgﬂmt agbridizing speciféalignen eefd‘s axte) Fmamg, dgnpleidnggm nts

t her eo ef erred enhodi nment activity cata e a di oxygenase
Ty onits o PRl o BRI ST § dastct i B Orolitt Fe R A Rl | by

Fi gures 14Acmionglhﬁﬁdlﬁgwa{ thi@edueadtsit pres@it irdNconvpléxd mieurépnaneat to those
of skill in the art. The_inyvention provides significant agvanta es over

previ ously Ge@tRrHRNARIRIA. ‘%ded(ﬁﬁvl?sm%ux 6?1fcf§ft° 8‘?’8&19@@}5‘% on Eop

exanpl e, nNuUek®ieén @E Fole ¢ hdid ndCatrgeEfidlelc dcill MRltehibrazad tmbr lsnrceshaabl e
property even in the absence of a detail ed understanding of the mechani sm

by whi ch t h&apbracrenmaniatet byredicing the irgeasef. thy hybadirmteoRedizinachieysbpew

propertizs Q@gﬁehae@aroald?%tbaearboglauaédmdegeqqém@NAs i.e., shuffled DNAs can
encode pol ypeptides or RNAs properties entirely absent in the parental
DNAs whi ch are 30 shufStrigggnt hmbédlpatwpépmdlwwnctﬁmrwemtéwbrscilza@@n pagt can be

acquired or Cbm&l\é’eﬁl Ok Q@Amelcaa@fa r@ﬁﬂ&%m‘ﬂ'&x%&?ﬁn&mhaﬁas@onﬁk‘ﬁ%ﬁat e.

For exanpl e) di oxygenase genes) properties that one can inprove

i ncl ude, bumorhesn hyhrridiZatipnseage seguence uam%ﬁgélffyrenzgnder v@e@m 12791
PCT/ i 1300/ 2203 nHefsY e RAKEs. }%%géé'sé eﬁé&gﬂg@éh RYsp@mR@a'il Pdturcs
i ncreased potency against a yge ase target, ‘incre exp ssion | evel

of the @S oxygentengvyeyids toj the b baidieatiangif sncleic acid istfoundin Etl%@ﬁrn LanepaieYby t he
di Oxyge“aseﬁmgaﬁﬂ@} 6&&%&1‘3?%@3%8&&% oS E! Hﬁ%ﬂ&@ﬁoﬁ%‘ﬂ&% RNA

degradati ve proceésses), 1ncrease ygenase activity ranges
condi ti ons mm ptaadt Ghaptet 21YOveoview of prirgiplestof hmdhzman amithe ittajegyof t he
host cell, e esi st ance;of (i 9%)}1 Y, Sj ? e organi sm
expressi ng t cemf)(% §‘e°$6 g oél(s)ervéearl’ﬁ?l%w %,(O)H(S% g (E Iu Lt%$%£dst ocks)
i nternedi at aybr&i’bchtlplﬂ mﬂmiﬁ conditions are selected to be about 5 °C lower than the thermal
30  melting point (Tr,) for the specific sequence at a defined ionic strength and pH. Typically,
under “stringent conditions” a probe will hybridize to its target subsequence, but no to

unrelated sequences.
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The targets for nodification vary in different applications, as does the
property sought to be acquired or inproved. Exanples of candidate targets
for acqui siwpemizZz@ of a property or inprovement in a propeETiuses/oisude genes
t hat encode proteins which have enzyrrati c or other activities useful in
di oxygenase reactions, The nethods t | 1y, use at variant forns
of a starting target. Thf’nﬁ"'@ j tefpe r‘i'tl% d%ﬁ‘ﬁ%f"&ﬁtsém%a%g‘ﬁ?\ﬁ) W show

subst anti al spereRCErger ?\fbﬁm@%ﬁﬁlz%tblacﬂeﬁé@ﬂyrﬁdtdﬁbﬂ@fdbéwmﬁthngs’h@h ot her, '
but they should also differ in at one and preferab ast 15 tvvo

I
posi tions. TRRANSEreeleged o cayalipt ev{of Hpasculas Rroge t“ﬁéx?‘%@ﬁf’fs‘%‘?geﬁ'at ur al
variation, yBrdizdudR cSHdiddms ?d?thyyﬁcﬁia?iﬁﬁ of niPlertdAUPhRUT ackdsSyIAEH Rive @fdrd I OM
different i ndl vidual s or strains of an organism or constitute related
sequence§ f s 10A complamenary apsidyes proa flter i p Senthern pppqrihermdrianis S constitute
honol ogs frq r i
Al ternati veI y, | rllcliﬁte“:;/:'?{f|I g@\?g a’? gﬁtc‘gj Jt‘bgfltlﬁg%ﬁﬂafght&lzé%.b,%ﬂ%%émsgrg}uant forns
can be generoaémtthbyAxemamplemfchtgbl)tstmmrquh icomt)tictsl &sH0. M daCeatr7@rrCfoone PCR

or use of a nerase which | s .pr oof - readi act 1990)
Cene 88 107 RIS TR e A REple P RRGH MO Ronsgy A P B SNETRBA 1 Lt
first formig nﬁntﬂt@é’(tsékt QimStbéI infrd, Toit AdeRErighiof bf SS bisffedy, EOfns & Highed in
further detail below) and are generally well known). The initial diversity

bet ween 18ub$tringeney wash lmregﬁfés&tbw lay @W@E%‘EM wiagh toseyas harkeraynd peobgsignal.

reconbi nat i gy ngﬁlpielnbe’dﬁﬁﬂ/staﬁgbﬁé}a&vhénrfor Aj@a kY g, Sthér@ kifhn Q80 nhd)EdtEE jsARY
mutants in any organisminpaired in the nctions of msmatch repair. These
i ncl ude nut §|SC agéﬁ°é3 for bijmmusemf\nwumle haye sringeneyewash fena quplexrod, e giongrevsr
umuC) unub, et C, aj C b net

nut at i on) alﬂfaél é“?@%‘ﬁ@% ?’3 sefler@t f’{/{grgr\]ﬁf"%fe? | E?\r ﬁgr?gm%e alrmeuéé%nt
such as a 3o S@ﬂldleoﬂﬂésﬁ@tﬁn@erﬂltm&nlcﬁm pypaatig thvalve szﬂeameenﬁlmons@fle@i thext

N N T R

i nvent i On) U 7.€858.3, @ thé adrhpindrurt & 1hPically a2 163t @bt G0 8C] Sttt Bokditione @i er
di oxygenase activity are reconbined to 22 WO O1/12791 PCT/11S00/ 22038

produce a | |35P§F§CWV°? with sy addition gf dnslpbidiaing aegweh asfREmamige. glnygeperaly fen
screened to ¢ danb hbi¥e Atio bEBS(or m@ﬁeﬁ @aP i m&fvedﬂﬂopawgﬁaa@@ fBR thbat s
optim zed for the particular property or properties of Perest._ The
parent al polpyitigelrettbridiationassalyéndigetes dpieetianiof 9emtf@ﬁwbmlzg}wanplue@qacw pe,

i ncl udi g m&g{aﬁ%@ﬁymﬁ%% ¥:2h Gther mamng@a&roﬁeilhénsaapéistimggmnan a
preferred enbodi nent he one or nore reconbi nant di oxygenase nuclelc acid
is present iidentiend ifdhe proyneptivies pibichahey epecrstaye sybstintiglnidentedal. STrhercutser-sret hod
i nvol ves: pqgl A

the resul ti ?i‘g‘e*;‘)gg?@%ﬁ@é’%&?ﬁ??’é&%ﬁ%ﬂd&e| tg‘g?%giﬁl%l g%:& ent |g?'%r%d) eéﬁtnct or

i nproved r etlendenetimmodeli oxygenase nucleic acid that exhibits distinct or

i nproved 10 di oxygen - ' Laxygenase
activity nucleic aci dﬁ ?ur?n%l" fn?ﬂcﬁryonctﬂ{[ﬁ\g ﬁ&l%]??\%? &gpcrl{c%}g&g}éﬁ%}gg% i nant

nucl ei c 24ci dubs@tudmldcmaldmmmmss iathet the polepaptdaéricededdryehe finstmlickefic acid

r econbi natl an r) Lecy ign can
be enpl oyed o alg ?Og{?él s?rgTsreHg IZ}? m’i’fm wg’l:% ?éﬁg%@ﬁtﬁgg&? c?%ge ty) or
to bring abmﬁsemrd/n(ldexc hddst[hmuca bolympopetsttypas@llymﬂ)sﬁena]lysdmweqamomd
reconbi nati gn, ent ai sdccess ve ¢ |nat|on to

ol cul ar PORPERY, raBPREThE wetSe Bts SRGHAN Wiionituds SREELALE

nol ecul es showi ng sorm:oammmelg mdﬂﬁihﬁlvhtyattoﬂs aﬁ@rpam‘chlefpdiyﬁuctébﬁdeesrequegca n the
presenc tatjons reconbi nation.can occur in vivo
B T vt o ety bRl T e e tipt F SRy KPR BT R aATRY o1 1y
resul ti nghf gm?@ﬁmh%&hmlmae@meWWEMNdihz&ﬁly(o wch@umceae appl yi ng
prior nethods o enesi s : r rone PCR or cassette

mut agenesi sfSSF’E)“aé]P’t“ﬁf@gcat] Fleél“%'l?g%tl%ﬁ?‘é% OBE‘GHE@&E?@?% ofthg EMEUGTAYEFLATESNn. A
reconbi nation cycle is usually followed by at | east one cycle of screening
or selection for nol ecul es having a desirsed property or characteristic. If
a reconbi nation



cycle is perfornmed in vitro, the products of reconbination, i.e.,

reconbi nant segnents, are 25 sonetines introduced into cells before the
screeni ng s%, onbi nant segnents can al so be linked to appropri ate
vector or o E’@F”%gul atory sequences before screening. AI'E%%{V?{%@ y)
products of reconbination generated in vitro are sonetines packaged in
viruses (e. gumbbestiferdtiondiggdntibe hacleic acideaitbddanylgiveh poBHEHtIal FoMinitance,

performed in vivo, reconhinatio cts onet { npes be screened in the
el 1o I whitba o inaDr e borC a0t oRh Atrband ARG TEEod S waip acHgrmne

reconbi nant 13RE MBIy pdsRiof ¥iheRGin Qe hine B spEsfidiay adodéd) ehelidldb el Hedaltirag kaged
as viruses, before screening. The nature of screening or selectiagon depends

on what propeaRyeighe eomsrroptiag cedane deseribed wiehoycisripete sreadre PlyRRpEfty or
char act efsi Stgueh fidieitli@ DarlHBRONE @B VaSatias,” wHLh QR R 49diRGE/ | JS00/ 2203R
sought, and many exanples are discussed below It is not usually necessary
to under st ardonshevativslewodified vraigtianshy vty eplyprelaoridusearense dengrbes hsrein

recombi nat | %i&tL&EQ&@'a??QPe ﬁggﬁghés)eﬁtmecﬁg&glbﬁmewﬂ% rl, BReBMGHEr

properties or characte i'cs relatirve to the starting substrates. For
exanpl e, a ditiexygeneted Qend skillrwiH ascognianihacsporienin sruplringed (caeaphAVGhavi ng
a different Jntendeg fial cgc Fﬁ?godon I%E'tﬂm%%g}‘@a%%)moh&%'té‘%fé[dya fRfrCHORARFS
targeting sequences, st’ability-confernng sequences, subunit sequences and
sequencd$ afidentitil mgplécnledyrsandayd jechitigeds. dkcdrfiegly, caomiwlestrmarigtéaiefie escldan be
vari ed and recaonhi.ne i.mul taneaqusl.y. ..Screenl lecti can then be

per formed, fag{lii v@%@%’?‘é&”%ﬁﬂ"@?@%&]ngH?&sneeg?rHe&rﬁ%s&t%ﬁg‘%quﬁ%\% i ncreased
ability to confer di okywgenasre, anebof shill yillipoognizeaiedt indiwitdudsbstidagors) need t o
attribute such..inpro nt .t n t i ndi vi dual canpone seguences of
the veot or - depaiir ARl AR ot plebfud st fiyPo SRR B RRAL e eRER T
desired propafifidacidsiitypically lessuhsh( 53, rbre $ypicatinlesgihan £%3 it dnosiked p&jukstemed

using bagterial cells due ta high transfection efficiencies and ease of
ool £ o o o spreen vl Rer ot b e S aiions st s e wlr st afene
di oxygenasesmiRasdi®witith clfRERY Sintilhr Sl dcRIND Gdaieritiac fibs@utiornfaBley €ast ,
fungal or other eukaryotjc systens are used for |jbrary expression and
screeni ng. SroNifiag fw%q% sifigamipe adies we Welh snevnin the &t nbite faliesag e t o

screeni ng i rdiips bhicehtamlanio BRI (R KRRk vatild fbAtitidhe Férone ah@hder formed in
cells selected for use in an _environnment close to that of their intended

use.' Final rounds of AliaignhgineaH) wdanies @ar Ydlime (W), Lgucing doj lsdeucine (Dt ype
of 20 i njen : : ' : OV ' YohtSin@esi red, at
Hoendedmise Pﬂeﬁygglgrgfnfﬂﬁf), YRS RVETERY ptophatt (W)Pﬂﬁf;r% YorhtSinfheSi

| east one and usual | y I'l ection of reconbl nant se%ﬁ nts surviving a
first round Nthigrine &¥h.kystsiar €e BasicapegimnniRackysing (K).flistidina (Fodeidicof

reconbi nati QliyadilgSE (HE SAhAaRk (E)";‘Q[IEQB%%&@B, GG @S@'al%,‘d?ei?ﬁ?ﬁ! ot her
or with exogenous seggent S representi 1g he ofiginal substratés of further
25 vari ant s FREEFNS W . Hagegeman pndcGompansit(1984). clandginess dtivitival gebstigtions, i n vi vo.

I f the previ I : ' | f ' - AQnbi as
conponent s OF e B HARIELRE bdeRS: FETLE BHnbIEATP 3R pACHIRELF

r econbi r2at i emingqacidsvioan encodedrsequencadsg alse dapnsegvatively medified yaridsionat i on i n
vitro, or c i r.f ! i itro

reconbi nati g;%g‘pe Cériﬁ/%lrt ggﬁgPP?%ng{rﬁ%tR’%rvégl&ggﬂggrse ?F'%’gﬁ{}ﬂ‘é’ s?tldéggugl/'dent ifies
desired reconbi nant 38 “subgerqueics” rafers dkastqiacevioucks colypoammbsicids thai r uses,
t hese segnents can be i-ntroduced int |1s. ¢ erfoi. raq f.{n vivo
Feconb nat | R PR BB AR EE R bERis Ficb Bo b ok Bk oAl
perfornmed, gepestixelys further reconbi nant segnents whi ch enconpass

pr evi ouslr ounds, 24” TRCFBY 3501 R S0P 29648 T RREEH D Yo anac e
recombi nat i evithi exprpdionostaldivenfRNA ovgdiehy Thuf, gendencludeueglomfencoding

screeni ng/ sel ecti ccording.to the principles discussed above for the
first roundoxrrsed RNAS Guhic Biealy inclu peyyRseliagsadiie SEaeos® Mipeets8 bet veen
rounds. Al segguldieryRejueiices fluitdiefosdEie eXpraddidn! BendarcapBbs shtaihed i acasaned f or
can vary between rounds if inprovenent in nore 5 than one property Is
desired or if acquiring nore than one neM?property is desired. Additional
rounds of reconbination and screening can then be perfornmed until the



reconmbi nant segnents have sufficiently evolved to acquire the desired new
or inproved property or function. In a preferred enbodi nent, the invention
provi des a weamnzdve net hod for 10 nmaki ng a nucl ei ¢ aci d rrTasdi/Ig3%A

speci fic dioxygenase activity. In this nmethod, the parental nucleic acids
are shuffled in a plurality of cells and the nethod optionally further

i ncl udes onéoWEEsHEdiBg clonie frape & FRYIGS;Of HNtEHRELOF HYFHICHIRIBE ST KIPWR YT of cel | s
that displ aﬁ)réﬁi Y BERASEintrhdalod, ¥nd¥nbyinBlubd Rgadkestesiohi bhad®Ete) at | east
one of which undergoes reconbination wth a segnment in a cellular DNA
present in tla@melry.s to produce reconbined cells, or 15 reconbi ni ng DNA
between the plurality b a i . i 4 vy pr oduce
cells with nodified d.T@Jx‘%‘Zn‘Ei‘é‘%th“%} ?p?h‘é{'t??“l REKRRRRG pRiidh, lehdfed Bt CUEE
reconbi néd dhe mobid dcatorpedtbis it essenrialtiufzes of otheheallulag comprinprssl with wihichtihiat  have
evol ved addi ti onalil. I fi di oxygenase activity; and, (c) repeating (a)
or (b) unti Idgétoglgéldﬁr?/%hggrgmf%gtgtﬁbi ned cells have acquired a desired

di oxygenase acti vity. TiOwetm “muctideasid” pefers ¢v devd yrbrinocleotisias or ritiopudlepiidest | on
provi des a nethad for, nmaking.a nuclei i cpdi.ng i £ i genase
eIV by, e PRLPRSderart el S5 % Bolia RS AR R R By P

i mproved r eahstimnertbmpasseenueleicacills woritdiniag knowiharaloaguenof getoed suckentides t y

nucl eic gcid, .which further. nuclei.c acid s the same.or different from one
or “tor e B ciuctsbe s Padinp et el at i R ik mEe e iy o
reconbi nant r@dmnéhi soxiygenaseralny 6dctirhgadéleltided. Mnlew oernlisginticaed, ialpagicylat 0
identify at | east qne further, d',s_hi nct or 1 nproved recom}j gant di Exg enase
nucl ei ¢~ aci dUFIRSRACIEIFIENGERISe TPBHE L FRePmBRsstieitRtsvagyely 1€ v anAnGJasr ‘%
conpar ed t o (b.pedepénerard éddyn edbspfieR) ald cdupledichtantiedSencayniild 20wl avvat | y; (c)
repeating (a) and (b) until the_ resulting further distjnct or 'n%oveg
recombi nant SPRHENGS XPUGitlyindicatcd: Speciigelly ATRTAFIRLy cadlan supgtitutigns P‘ﬁ{)"’b ive

di oxygengse uygeR@sting seqtenced & Whiek theCiRrdfostibh Sf brit\e MdrOR1dcRd@bruBF cdddfs
construction of reconbi nant nucleic acids and the exPr ession of ‘genes in

t r ansf ect ed ihybstitated with miggdshase and/asidegiyigsing essidpep Batzere 4eHYuslrle 44%iése ends

are known i gt Re. &g -(11WGIRsuxREl 81 Y. BRI EhHNBE: 28052608 MbEI)OCABR et &ii cation
nmet hods suitable for the construction of reconbi nant nucl eic acids such 25

WO 01/ 12791 (F8P) | Beadim 2048 M CexlpProdet B A1 V8£10Y- dheteinkciRifaniA it o persons
of skill. GCopglio ieXdrhs Whineh PRGCH "éﬁq&@"‘@lggéhéélc&?ﬂd&"@ﬂN(A?! “hIBGRM ques
useful herein, Including nutagenesis, include Berger and Kimel) GUI DE TO
MOLECULAR ClleplymcleprdyivndtirdikeNETHODS | rd ENZYMOLOGY) vol une 152 Acadeni c
Press, Inc., San D eg ; ML L3 CLONI NG - A
LABORATORY MANUAL (2nd Ed. §°§§/§)EPSE%L?%’§%%§%Q§SE?%ghﬁ%{?lgé%gﬁéjbor ae?c_)r y, Cold
Spri ng Har bey)thesethergank, or h3g8lse(ueSemtheroefkigs uitindatdyRrRIdrasRREToiael Thus] an
MOLECULAR BI Y, - ™ e § 0 Nt
vertur 6 bet vt TR royel bafnBi B an SR, o HNACRIn BN IR AL BN
I nc., (suppladiehamglifi¢sfoary thel®DBY, ag RNSswiretribell frobxtherpinplifiedf DN & odini aeds
sufficient to.dir 0 il r I Lif] ion
ot hods 231 ncPuo i TR R dPlea@iiarbuch bR broslons iy b e W e pkesbih )
reacti on (LGRVpr undanepdfi tbasmgisajgbicfandat gapn tandriptin@sa@plé. pol yner ase

medi at ed techni ques (¢g.qg.,). NASBA) are f.ound in Berger.,. r and
Ausubel , as well as I"ﬁlc%wé‘flgé .ofer(a@%'??edu.wy n gé%@%‘i"“r{fgsgg‘}@gga&oz; PCR
PROTOCCLS A réthii dokhif @itvVaisthESudibie adidReduercEl BhiSingthnue| s pretnosd or @disyceAsadem ¢

Press Inc., Sa i.ego, CA (1990 lnni.s); 15 Arnheim & Levinson (QOctober 1,
7050) CREN SBEH TR S GPdids Saberke B THBGBUFE e SROTHEIP ol irEpaoE paRic s

il y PrSQm Bg:[a\l é7Acg.(;,2 ‘ﬁeiglggi)wﬁﬁeﬁﬁésl]ﬁoﬁiﬂassétfcg89§in@,58£_1ﬂ1eh§§sioag:gs)sitﬁé’g@a 132{9') :
cad. Sci. 87:. . Lomell et al., J. din. e . ;
Landegren et™dfic ,““é&?‘& e %%?if.aféTGFPE’G%“‘M%@?tﬂe‘\?%Y’E‘!f’i‘i‘dl“,c‘ryﬁia deamestogy
8:291- 294 ( 1296k capiblearsT@ffYink @& Sress{onE a 4infz0al(gkASA)hostBasmpgiele vith sakh , CGene
89: 117 (1990), and 20 Sooknanan anﬁj Mal ek, Bi ot echnol oglég13:563_-564 (1995).
| mpr oved netHAYERCCHT EXRERTIOR Gassees iefude Atipist PYPE‘&‘eFﬁ?d‘gé’PE VdEnsrRiefescri bed
in Wal lace et al., US. Pat. No. 5,426,0389. Inproved nethods of anplifying

| arge nucl eic acids by PCR are sunmarized in Cheng et al., Nature
369: 684-685 (1994), and the references cited therein, in which PCR
anplicons of up to 40kb are generated. One of skill will appreciate that

essentially any RNA can be 25 converted into a double stranded DNA suitable
for restriction digestion, PCR expansion and sequenci ng using reverse
transcri ptase and a pol ynerase. See) Ausbel, Sanbrook and Berger, al

supra. In another aspect, the present invention provides a nethod of

i ncreasi ng di oxygenase activity in a cell. The nethod includes performng
whol e genone shuffling of 30 a plurality of genom c nucleic acids in the

o o o, )



the cell is of prokaryotic or eukaryotic origin. Substantially any

di oxygenase property can be selected for using the nethods of the

i nvention. red property is the activity of the p j t owar ds
a particul a@o@ﬁ@@{ of substrates. In a preferred enbodi @#ﬂ?@ﬁ{%ﬂfs

di oxygenase property is its ability to effect one or nore reactions

descri bed i Rerignibe sigdAd-TiypRally Nhéretdthbithnbepessbibn thisetierinddes @ Augléioucides a
nucl eic acid shufflj na m xt ur? ,corygri si,ng: at | e&st t,Iar e%ed’uom)l oqgous DNAs)
each of whi dhbg Garngerhed &gi8-1 2 BYAleiC AL prepding @ desired PORPTRYAS): ft AMIEWPERe or

pol ypept i de Adda@mBIthctdts n6dtsAPERIRHAT i ILENRS@rad6ibh ial Kiso bblusd k9 preferred
enbodi ment of this aspect of the invention, the at | east three honol ogous

DNAs are pr élswfibed hergie| Forppmpleeansixprefsion qapsstte ean dforindrdegrrigetdder or use as
probes) 8. g.seqdeficel thaVirche £6RAd! bdqnaick A HRlRQESetidrndf aHSRprRSPFBRIPGRES, Of
as shuffling ?ar gets (e.g., Synthetic genes or gene segnents) are typically
synt hesi zed tesHmst eshl [Tyanserintion tenginaon signalsoenhanqgrasnd gihs Speleie apid gequences
triester 15 | : . : ahedron Letts.)
22(20) 1850 TR Bt oHF AUFBARIANG 12 U Bbn LR e eser bed
i n Needham VanDevant etAlkyl” néfers t\aimight-and\biadchefRghain,1satugagbang Lo tyrated4) .

A i gonucl eot| u ke e valr | f
conmer ci al ;hggr(ra?:%g(ﬂ{(aniimﬁg etrgiﬁ(ﬁ/gf g%%gﬁ E)%ggkr?fég.t%%ﬁg. %@?gﬁ%@%@rﬁ e&e(llltjgnce
Reconbi 8t i emabooeb parbdnodemef t he i nvention entail perform ng reconbination
("shuffiling") and scr, i I i to. "e telndi vi | nes,

whol e plasm ds or vi rljslsagésh,t&rgr%?lg( ?";gerggrg%q éjkg&{l éi%su)st aé?én\é\?%hdc\?ﬂ%&gé)qggﬁrg%s

(St enmer, Bifaicliendh poupgsuch 3s B4ar Akd, 4rHi98%), haloRai ¢.er, alkyhealos,pql ,&€F:)Hf

reconbi nat i on and screenin /ﬁ(el ection can be gerfoirred Lo faplléytlher 22 evol ve
the nucl ei c EPHE 2B¥N0, AkesYa afkylagging, sy Ampe. Aty 8Ky 3BT I g B ensi ve
anal ysi s antothaafattteidnd dingaBthkied €yt1ibYydroravidns,iheradcycted dmddke liker Thedey pept i de
engi neering. Shuffl %%qa | ows t he re(gonbi n?ti on of |arge numbers of

mut ati oS i $FYPHAY aherhie Ay parken Qi thq BYW¥es) in contrast to natural

pai r-w se reconbi nat i he teMeHr§l" (sSus€d herélf toXefetfo MbrbrAgicsavsiidlent WHELh mayi on) .
Thus, the sequence reconbj nation. techni ques descri bed herei n\,@govi de 30

particul ar 28¢ANEEFERNINS TNELF MUKIE BPBIICIIE BRISRIBIEqdIReaNef WK mut at i ons

in any or alchyvfdnuly @ 3fked BABRYNATRUPFhENhsd ¥ Werdeds bthyR)e RbiegXAther i ng t he
manner in which different conbinations of nutations can _affect a desired

resul t. | n $BMECNHIKASSWOYP MHYASO EF 2 CEPIIE AP RFNZRRRENGRS-f Thecrereatigiring(s)

i nf or matipon pi3 iRy @ie! REAYE, ARG bipRédyl QB YRR h ISAH bERApARENS SEMR MR Rers.

reconbi nati ona,%’ “?fr OGi%esﬁgggﬂo?t ulrll)i tiygsﬂfﬂormrmtd?fi catl og ofnt he techﬁsi que. 27
WO 01/ 12791 The®rinygob/epoummssesvanylabyy” of nucleic acid shuffling protocols
are avail able and ful ty, @3 clikReeher Iy dsbPndih 1o 8 & 4 RIbEQIIS L1 fh Wi €ty of
shuffling nmethods for generati'ng nodified nucleic acid sequences for use in
t he met hods thfaryligeoupriesbatituted watitanakkyl grevpebedefingd leggin.owi ng publ i cati ons and
the references cited . (WA " I . s eedi ng of

. ts*d@ét&gg% g[nﬁf ?g@gﬁito f“gg EIS?L[E)St dés%r?ge%) mglly%lhﬁgl:gg (% mé?é

5 viruses for targeting an e n roperties argeting
4:1-4; Réss ferctional glotpomyh aTaeSHklf dcyln helegensalkyjbalonties. SEgudinxy, apfiino,

"Evol ut; on 105 e BRGNS bty B Bting ORI Sledin bl ) oy

17: 793- 797; chblicsiydiobarbors v8uemare fuséd @98 ardiPatistraiges).dinked covalenthy omtiniked ol 2ar

breedi ng" Current inion in m.cal,BR ol o : - 290: ristians et

= ( 1680) “FomERh 2R S AT O o i - s B £ ioun T w30 b2
phosphor yl atcabonylisuchgs DINAclohex il pheailylifdtdnenThe fdah UsubstiBuet egfinmkagyasses

17: 259-264; ,Cr ri. et al, (1998) "DNA shuffling of a famly of genes from
dwer se §§eci %@gtg‘itfgf“éﬁagiyés directed evol ution" Nature 391:288-291; Craneri
et al. (1997) "Ml ecurtmitey Gyl iedfo dastridé 8 karahesuatitoetitf--CEOR)Whpeinhway by
DNA shuffling, " ture Biof echnol o 15: 436-438; .Zh et al. (1997)
"Direct ed e@%‘ls ﬁ]tkiy'\f)lcﬁ SB'?St‘%Edtl%k)gfaF%l@? ¥'€)’éu?‘[?385yll 6%%‘@38%?’8' gal act osi dase by
DNA shuffling and screening” Proc. Natl. Acad. Sci. U, ~A 94:4504-45009;
Patten et al. (1997) "Applications of DNA Shuffling to Pharnaceuticals and
Vacci nes" Current Opinion in Biotechnol o]gi‘y 8:724-733; Craneri et al. (1996)
"Construction and evol ution of antibody-phage |ibraries by DNA shuffling”
Nat ure Medicine 2:100-103; Crameri et al. (1996) "Inproved green
fluorescent protein by 20 nol ecul ar evol uti on using DNA shuffling” Nature
Bi ot echnol oQv 14: 315-319; Gates et al. (1996) "Affinity selective isolation
of ligands frompeptide libraries through display on a | ac repressor

" headpi ece dinmer"' Journal of Mbdlecular Biolo~v 255:373-38G Stemmer (1996)
"Sexual PCR and Assenbly PCR' In: The Encycl opedia of Ml ecul ar Bi ol ow. VCH
Publ i shers) New York. pp.447-457; Cranmeri and Stemrer (1995) " Conbi natori al

o ~ - e . S oy . a = . g



Bi oTechni gues 18: 194-195; Stemrer et al., (1995) "Single-step assenbly of a
gene and entire plasmd form| arge nunbers of oligodeoxy-ribonucl eoti des”
Gene, 164: 49093/127%t enmrer (1995) "The Evol ution of Mol eculrmrr/iGompuossat i on” )
Sci ence 270: 1510; Stemmer (1995) "Searching Sequence Space" Bi o/ Technol oay
13: 549-553; Stemmer () 994) " id 30 evolution of a protein in vitro by DNA
shuf fling" Nature 3701@%@‘-"@9@?"%&%& ated hgrsin toTefoute fluppps, bromie, FIgrigandandom
fragment at i Qggighgofagassenbly: In vitro reconbi nation for nol ecul ar '
evolution.” Proc. Natl. Acad. Sci. USA 91:10747-10751. 28 WO 01 /12791
PCT/ LTS00/ 22038 Addi t TBmi&rm cndgaxysispeagehemin b reiepiostheigpe mPHet hods can be
found in the fol | ow ngytesy "RRAKENE Fsed Féde Pﬁ'%ﬂrﬁﬁzﬁ}' ifhes, RIINAE Wherein R is
publications: USPN 5,605, 793 to Stemmer (sFe ruary 25, 1997), " Methods for

I n Vit ro SRecdobpnubstinied allggparyborgabstipeg! arg asdefinedhessin. al . ( Sept enber 22,
1998) "Methods for Cepglati b oy PaVvhod Sr LT R
Characteristics by Iter at'?l}ﬁ\llgﬂ%e e%ﬁg%dnﬁg%%%%%oﬁ.ﬁlﬂatl o%ﬁﬁbl\)@%ﬁlgkﬁg 721

to Stemmer dowerlalkyl, Nobstittest loger allgdayyl, subijtutkd aryly eryéadkyd obspbRitnidd arylalky!

10) 1508 * SSEATSF SRE AR sty ST bU PP R  Shrofgre 40 0

M nshul |, etdestdribed INowienBeitable/alkok9 8fljcals"ihdbodeofis egambl Corgosy tetlomg, fhenoxy,

Cel | ul ar, .and bpl,i ¢ Engi neeri ng;" 10 ,95/ 22625, Stemmer and Craneri,
VUt agariGl T SupTREAbchion, SRRk, Blenentlony kespagiae >, . S\ BT 2800, 1o
Stemmer and Li pschut zThé&etn Gakgdminehdeastys faebyduey asleerfiirgiamites adeteonthe WO

97/ 20078 b t d C. i "Met f Ge ti Pol | eot.i d
TS AT BRSSO 15
WO 97/ 35966 shiyirabdds andkurasdihydresaiens. " Met hods and Conpositions for Cel lul ar

and 15 Metabolic Engipegering;" WO 99/41402 by Pynnonen et al. "Targeting of
Genetic Vacci ne Vect OEEC, ‘CHK’/\[)‘"@@}“&T%%CZLB;'Y%?H%B%AS 'ésteséﬂ ‘g’s" #"9Bh Li brary

| mTuni zasi onromdfie gBHpALiGHR 1dayt ol BELdNEIbna] sudh as cyCRpP&itine, Mfalaae, YRC bt

Engi neering; " WD 99/41368 by Punnonen et al. "Optimzation of

| munorodul SERRHS ABI0ReSdRERA. Geneti ¢ Vacci nes;" EP 752008 by Stenrner and
Craneri, "DNA Mt agengrd €rmhYheRRsHAMiss@nBBihdéfeRNo A0falOriRAS SBikRloMe or EP
0932b70 by Stemmer "Evolving Cel | ul ar DNA Upt ake by Recursive Sequence
Reconbi nat i dppre cafpproaipmsafihe promaficringsy) ags substituted Wnihqteregipingpcho nfrqess,

Tropi sm and Josdh JReNER, PiteMabylkef&ee OMRCRRY WhidhiBhy beWRingR adiiRk fhg, Apt et

al ., "Human Papillomavirus Vectors;" WO 98/ 31837 'by del” Cardayre et al.
"Evol ut i¥n drulipie premags risg(@h ar Qe §aFOSTASOTARLCREES FRIPied tGagR & FREe non-

Reconbi nat i QR;mati 2y - ; Prmgg y

Conposi ti ongﬂ?‘%arn\é\ggg%eét% ?’g‘gpﬁé%g%&eggﬁ?lﬁg;g'ﬁ%o%s/ 33‘%’7"%& g?‘iek%rfmrrg{’]%g]t(edal -

" Met hods f orcoqgenthyi otdinkethtogfcomama grvesagyastiymetedenesir gdylsaemmerste Thauf f 1 i ng
and Sel ecti . y ' | i :
Cibrari o, » VBTOD 08855 ey sl ReRood)] aripRtdl AN AEL RFein

Pol ynucl eot irsgs Sshae ihéerhsen RyidinedisRagolk tnhtiglidedn. pyrezots, indple, agmiag3x by

or "Dt i ra- pEetsed RGRRI BEheBicgs oAby AL AT ERIEIEC? g g
Pol ynucl eoti de and Pol4lkpttenerybaigiesasshset siOh@8foayb58bdtyutad widh an' Akyli n
Vitro Met ho%ag%s%/ﬂ%%%g&%on of a DNA 29 WO 0t/ 12791 PCT/iJS00/ 22038

Library," a y Borchert et al., "Method for Constructing a
Li brary Usi ng DNA ShufSubstitgted héBgoargl’ mefets & heagrpirylcatjiso dascvedwrictecimdhei t | onal

details regardina,shufflin tho i ncl udi.ng..”" SHUFFLI NG OF ALTERED
cengs by RR AR RO BTl R oad i Kol biobm e 1oAY
January 309, at@hldgenSikybiticsX7 g A29), hydmgly, Smiice alkexy, Afkylah@ @9 hcy(anHimd)

09/ 407, 800) ; " EVOLUTI ON CF E Céll:_‘lngS A’\ID oa%yx | SVS_BY RECURS| VE SEQUENCE
RECOVBI NATI @R {PEHEPLOCH - g RIHS S uRTUNIPd anajqeucs L‘}%mﬁ"f“ai‘@%gs(
091 166, 188) thigptdnd lysidink, isck@8%, phESNNIA0/pFRdol8 ARYdle, [Ckt, GFRNIBREN FUskd MEDI ATED

NUCLEI C ACI D RECOMBI NATI ON' by Cr ri 10 et al., filed February 5, 1999
(USSN 60/ 118n&qapes 0‘}]‘3'%8 riggs “ié@fg‘e?%g% B TYRSUGHY) heteroiylSe nt enber 28) 1999
(USSN 09/ 408, 392); "USE OF CODON- BASED Qgl GONUCLEQOTI DE SYNTHESI S FOR
SYNTHETI C SHUFFLI NG' by Welch et al.) filed Septenber 28, 1999 (USSN

09/ 408, 393); "METHODS FOR MAKI NG CHARACTER STRI NGS) POLYNUCLEOT117ES &
POLYPEPTI | 7ES HAVI NG 15 DESI RED CHARACTERI STI CS" by Selifonov and Stemer,
filed February 5, 1999 (USSN 60/118854) and Cctober 12, 1999 ( USSN

09/ 416, 375); and "SI NGLE- STRANDED NUCLEI C ACI D TEMPLATE- MEDI ATED

RECOVBI NATI ON AND NUCLEI C ACI D FRAGVENT | SOLATI ON' by Aftholter, USSN

60/ 186, 482 filed March 2,2000. In brief) a variety of shuffling formats are
applicable to the present invention 20 and set forth, e.g., in the
~references above. The follow ng exenplify sone of the different types of

a4 T




met hods can be used in which whole genones of cells or other organisns are
reconbi ned, optionally including spiking of the genom c reconbi nation

m xtures w Lfed library conponents (e.g., genes cor gci-telo j to the
pat hways of&pﬁgﬁ%?{esent invention). Fourth, synthetic rec'f)rrbl ngl |0(5.)’g1 met hods
can be used, in which oligonucleotides corresponding to 30 targets of

i nterest are synt hesi Thatean theteparyslartiid wdd hareld@Rdescribe gturatad omasitumaed whi ch
i nclude ol igonucl eotides which .carrespond tp nore than one parental nucleic
aci d) ther e%?“‘é‘%’@“&ﬂ%@ hﬁ@%?é‘&@ﬁﬁ'f‘ﬁﬁﬂ“’%‘@%&%d?é‘f dyl.gs%of"g%ﬂ\:‘f 83PPYes can
be nmade by Sbar®sh erofidchefbindBoadds hbsans Aekivades s€lbcte€bfion QitioRElE sultur®r, by
tri-nucleoride synthetic, apEroaches. 30 WO 01/ 1279étPCT/ | 1S00/ 22038
Fifth, in sioKY8H “HEUmBEEings SybAgIvFcHCles B etsramplecteiaydeiuras, MPRHINgGenet i ¢
al gorithms iRidmedyrdliding Ut er to reconbi ne sequence strings which
correspond to honol ogous (or even non-honpl ogous) nucleic acids. The

resul ting reconbi ned Seajgemcwbgitiphbierapyelipnys; erajn gesAyRes asubseRlo nucl ei ¢
aci ds by synffasiwiief whkiEin eherddsle WRLIGHR i6 QIbERERAN N Re 5r hie riRGeRdi ned
sequences, e.g., 1n concert with 0ligonucleotide synthesis! gene reassenbly
t echni ques. grawps gichtap tovwer alkule ey hglogen, alkythalos feo8. rfalfa).dwdrogy ramizo, alkgx pe
practiced i Ruak8hd GEALLMS. OB FErdBidsRer ate a nore diverse set of

r econbi nant Qrﬁcﬁ#d%a@%@s.’ §?xt¥i, rrrea?f)(’) s of accessing natural diversity)
e.g., bylOhybri di zat i obhetern'allediatereayclie defingsi agwbsst ofhetersicycliat substitntedment s
to singl e~styr. , wed by pol ynerization and/or 10 ligation
to regenera:\%@]ag?’ﬂ(yf g%{),ﬁagggfanﬁéﬁygg\; optionally foll owed by degradati on of
the tenpl ates and r ecTheeym tubstitwed ketarbeychcplkpbtdefinesch subsdt ef thewoicgsliccan be

used. The abqve reference r Qi t hes n her Si onhi nati on
formats as v’\’gﬁy F ‘%hscrcrlr%ﬁ])?%rergcgféy ﬁ%ﬁqﬁg%sslggﬁsﬁﬁ%g?'&o‘fﬂﬁgﬁgf’&ﬁé‘g@@g@&?p&f t he
shuffling f eudhads loweralkyl, acylstethged, ik ythatdsde. g. GIt), dhydroky,talreénd, alkexyt,i on can be

r econbi Q§d (dng h.eachlothe\r/% ar wi t h goeltat ed 15 (or even unrel ated)
sequences) POYHOHUEL A ECVEY Y L&Y F*Sconbi nant nucl ei ¢ aci ds,
including, e.g., sets of honol ogous nucl eic acids. Foll ow ng reconbination,
any nucleic acigs whi ch are produced can be selected for a desired
activity. |rIAcH t ext of the present invention, this can include testing
for and iblden]Ei fyi n;gj g’gmls)aﬁEﬁtiHntd?scﬁE&tthGthehﬁpﬁj6itnﬁz@lv@dd@x%cnadé@wﬁﬁ f

aut omat abl e f or mat y any of the assays_in the art. A variety o

rel ated (or cBdABRCdREOMaRNce Jor groipdhe praductign ofbemicals\of mdpypial inferestyisigg any

avai | ablyg ag$aVaridbf JRUBHLREHhed MEIET fdr'c%pﬂé,%!ﬁé?%nﬂlyrﬁﬁ%hlc gehélas y

appl i cabl e, neans of generating diversity useful for the engineering of
proteins, pabHingsy deseribed herrdp- ol dhininyeriioR; smiffingis sseddo emanechreprsritsidls. | n
addi tion t0d§d§l§ dasts Gub Rhdhwardesckihdird sahede spidifidi 2R 8RN hAdES esi rabl e
to conbi ne shu %I i ng net hodol ogi es with other, F,eg:hnl ques for generating
diversity. MacreasapusieRtibdHY af dipKygenasesdp savatsile inhibispns anhinaetvalgn ichsas) a
variety oOf ditfleShhotidCRRel G paRIROS ifiahficR ot GhshrAR theldlnesul s
(i.e., diverse Sopul ations of nucleic acids) screened for n the systens of
t he inveéAti éycle.Addi tional diversity can be introduced by nethods which
result in the alteraty | Octhy iRl I ; : of 30

conti guous or non-conwgag{lfg“ ﬁﬂlé%/glotl d%@@éﬁggépﬁ%lggé%@:égﬁﬁet hods. Many
mut agenesi s dinstygevdseshis if foueldrityof illwetrasiony ghe disendsiomisaepescntativead diet | onal

ool ow 31 Coe e ORGP B BE R T bR Rl R bRk B S Iy ' o

exanpl e) t hesectateBy aridfenctional PETNiliBHEIoRHIARS andPehbdrperividased) 8 walR Z9(D; the

site-dirgcted nutagenes s.(Li et .al . (1997) "Approaches taq .

mut agened s SR RTERR ramsfRsRlsufns sbkiithes SRRLAESSME fadllfbrdp 1905,
" A i gonucl eatingehutiling meettbdolagidn mguhuff]mges a singigage driugephtaslypasatekiribad e 5
met hod" Methods Mol . Biol. S7:369-374; Smith (1985) "In vitro nutagenesis”
Ann. Rev. GARE 19:423-462; Botstein & Shortle (198S) "Strategies and
applications of in vitro nutagenesis" Science 229:1193-1201; Carter (1986)
"Site-directed nutagenesis" Biochem J. 237:1-7; and Kunkel (1987) "The
efficiency of oligonucleotide directed agenesis" in Nucleic Aci~ s &

Mol ecul ar Bi ol ogy (Eckstein, F. and Lilley, D.MJ. eds., Springer Verlag,



10 Berlin)); nutagenesis using uractl containing tenplates (Kunkel (1985)
"Rapid and efficient site-specific nutagenesis w thout phenotypic

sel ection" WoOgg/127®at | . Acad. Sci. USA 82:488 492; Kunkel wtr/adn022048987)
"Rapid and efficient site-specific nmutagenesis w thout phenotypic

sel ection" Methods in Enzynol . 1&?4, 367-382; and. Bass tglt gl. %1988 " Mut ant
Trp repressors with nB@ BRIESErGdRsRreeptieyaniian proxides amethod forphminingl 5 1) -

ol i gonucl eotydRriclaiddhdt @fdoRes dLikipesee poigpdplls faskssing bRy acth). THS8- 500
(1983); Methods in EnzXnol. 154: 329?3?6{{’(.19%673)' Z%I I e%gé& Smi %ﬁ@( 1982)

"d i gonucl e JIPERYE4PoIkREPHdE ?ﬁﬁ@h‘ﬁ%ﬁﬁ@%‘? RO Yﬁ@PWS‘i@‘@F ppatyraliy oeqTang an
efficient anfogeaRkdpolilept®d UM nelodiftGudes:QehtedatiRg a AbraPPofbcombirihi ONS i N
any DNA fragn%%?" Nﬁé:ol gec Aci ds Reso. I1(.)L:l 643%?&0@20?%2? 8? Smth {1983)
"d i gonudl ecralymecleptidssencading p ssemaispat dixyesiase Rokyprptifies and Ghiserenite oML 3
vectors” 20 \Mek0atRelity EridsBin: poBRuABHuS R cr2Bdbs 40 hlovE Wirbinand 957)
"digonucl eotide-directed nut agenem s: a sinple nethod using two

ol i gonucl eotdierygenapgp ypeptids thatdiaheflleassane prapedy Daprovedmyerthenatwialiyods i n

Enzynol . 154; - : S I - ! lelo | §a:( Tyl or et
al . (1985) fbfﬁe ’&gé‘g%ﬁ"pg@%sﬁgﬁg’?@% |%§{C§P%g?{@§%°%?wres?ﬁ?dcrtﬁ?ton enzynmne
reacti ons t cenpedepaliexypéreieeblypeptideNiaging apleastisneRueperty 3mp@vado @7 6datu2By Tay| or
et al. (1985) "The.rapj i,on of oligonucleotide-directed nmutations
at high req%:g‘h%;n %‘8%%%@@'8&%?’8 "hi oat e- modi fi ed DNA" Nucl. Acids Res. 13:
8765-8787 (1985); Nakbreprefedederkidanent(ti®d)eic' dcihlitrariasof thefinveeSdraret i on
endonucl ease il . cleav by . sphornt hi gat r-oups.,. and its a i cation
Lo ol | gonacrcebtiges By RS i rRLREEREmY Ot ntrgunaliiy R8I, £01
Sayers et alprodut®&&)or'mbrelreEorobiuait dasgsenise polyasgémide eidodaizeheditpbasdd

090! €0L el 0 BTGB B S Rl Ba2R

phosphorist hideailed éévipion onshubiidg teyhriqas is ppovidddtih Pare At héreihibelowendonucl eases
in the presence of ethidiym broni de” cl. Acids Res. 16: 803 814);

nut agenesi s usi ng gappetd© EW"&?TWI’@EEMW %fjtth%n’%fe”(%s‘lr"gﬁ%@eﬁapped

dupl ex 32  s¥Erted frdm pOlyniidotidds ALY e 283 &t I oRPR6B@EMsE Bctivity and those that

ol i gonucl eotjde-directed nutation construction” Nucl. Acids Res. 12:

9441- 9456; KeAREFICRdeH! {qast ong igYSeRBseREUEtY; TYRIR3 e parental dioxygenase

" A i gonucl egjolyalcletitide ehcddescaidmipldi€ hot pitphdic dPatpdlypepitide tiapmemRBestedittothay DNA"
154: 350-367;qjol<}?arrer et al. (19 8&? ﬁl?r%?oved epgz)?%ti C ?n vitro reactions in

the gapp@d dFEQIOXpREA2E05 fa8ments BesPE gonucl eot i de-directed construction of

nutations” Nucl. Aci df FRsferrdPemboditont,aackiVity datdtyze@by a Glox§Ehnase
"Aaigonucleotide-directed construction of nutations: a gapped dupl ex DNA
procedur e wiPeh@eRtda iAMmempes splecied irerAong or more Fagetioug dpscriped indiguees 1446:
6987-6999) . \Afdbiner O@ive HhnskdHhGorlTBHif) 88 Sppafdfl 1GiosP 8f i1 [ e sRt ch repai r
(Kramer et al . (1984) "Point Msmatch Repair" Cell 38:879-887),

mut agenesi s usi ng r epBheinwrefipe providenuignificant advanipges opaareviqusiytused methqdygs)
| MProvesd ol aaRteGe) bfosib i én%é?tﬁﬁe%p?&%ﬂﬁ b S Shitliolbsh et A7 S”
Nucl . Acids Res. 13: 4431- 443; 3nd Carter (1987) "lnprove .

ol i gonucl eotopdmitiatierceladiesitablecrspresty svensin e abicdcs el detaited Nademswandingref hiezy nol .
154: 382-40 I QR ' d » Ik 986) "Use
of oli gonucl:}%aeg? %§J£B¥ g&émﬂﬁfgﬁ%@&é%% gltg?i(%%g ﬁ%&c u&’%@? %flj es. 14
5115), rest prapeitencadieabtaimnsd uperdshuéfing ofdDN As 4.2 blefléddPN As danldhcode

restriction-purifi i . . I r.ogen- bond
formation i r?B g’? %F{Slld slaézril{nigA{ %EA t’%ﬁ%%?ﬁa%ngﬁeq%%%?émo#'gggrﬁ'ﬁt?ﬁ?gﬁ%khgﬁgﬁ Tr ans.

R Soc. 3ondhuffle®17: 415-423)) nutagenesis by total gene synthesis (Nanbiar
et al. (1984) ""Tot aITs nyé%lseis%r dcel.oni Ql%é()f X\ ge[preedcgdrinn fdovr, t he

ri bonucl ease S protein™ S&ence ) G- 107 P SSRERE™ SC K To*/ha (1 988)
“total synt lvadilg aaddepengoets ichaicodf sabgratee Fhogxamble, for dislkygentseq@kndspvi ne rod

outer 20 segnent. gyani ne nucl eot.i de: bi ndi n rotejn. (transduci p)" Nucl.

Aci ds Res. &Pe’é’ﬁg%?g‘ﬁf?“\mf?‘ée'ﬁl" fr b&ﬁ%’g’éﬁm‘tég’sg‘%{eése ?%é?ﬂesi s: an
efficient nmethod for generation of nmultigle nutations at defined sites”
Gene 34:315-323; and Gundstromet al. (1985) "d i gonucl eot ~de-directed

mut agenesi s by microscal e 'shot-gun' gene synthesis" Nucl. Acids Res. 13:
3305-3316), doubl e-strand break repair (Mandecki (1986) "d igonucl eotide 25
di rect ed doubl e-strand break repair in plasm ds of Escherichia coli: a

met hod for site specific nutagenesis" Proc. Natl. Acad. Sci. USA,
83:7177-7181). Additional details on many of the above nethods can be found
in Methods in Enz~ol ogy Vol unme 154) which al so describes useful controls
for troubl e-shooting problenms with various nutagenesis nethods. 30 In one
aspect of the present invention, error-prone PCR can be used to generate
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As noted, oligonucleotide directed nmutagenesis can be used in a process
which allows for the generation of site-specific nutations in any nucleic
aci d sequeng® @fiapt erest. Exanpl es of such techniques ar ?;@&HBZ&P t he
references above and, e.g., in Reidhaar-d son et al. (198@3 Cl éncCe,
241:53-57. Simlarly, cassette nutagenesis can be 20 used in a process

whi ch repl acksxygertab@ddtivitgeicodedy Fpasiuubtr gerfe] inaraked pEldic yapametd donyigbdhsé

synt hetic ol igonucl eotide cassette that differs fromthe native sequence.
The ol i gonudf@sh ingrated §XRIgsHoR; 1¢ye! %f.tb? dioxygeptse geney ingreased tolprands; of fthey

random zed r}ﬁét\:ﬁﬁn&ﬂqws?%{d%xygéﬂasafgew@tdwa@m @ggfh@auaﬂ(br%eyﬁﬁdml Pro@iddr0Cess
of generating random nutationsS 25 in any cloned DNA of interest which

i nvol ves th @peradative progesseshanqopaagd diokygenase aglivity Fanges fof cqnditions puch gt

carri es it alehOBsidl 18w Qpﬁﬁﬁgﬁ%ﬁﬁceﬁﬁoﬁié}@ tPDB HoGRa (anB HcRRARRAEesist iR Bf the
"mutator” stalns have a higher randomrutation rate than that of a

Wi | d-type parodypeptiderapd/atyihe orggnismexpisingthopaypsptiddte oeganicrsglvants.and |

eventual Iy %&%ﬁe‘éd&@&@,‘?ﬁﬂem&ﬁa&ésgﬂédeEJR.“ the DNA. 30 Exponential
ensenbl e mutagenesi' s can be use or “generating conbinatorial libraries

wi th. a high percent afke efgetsrfomedification varnytin dififatentapplications, whdocs themal |
groups of resj re. i ] r id i each. .altered
posi tion, arﬁé%pgﬁgg?@?%q%ggﬂﬂeeggg@ﬁ ?‘%ﬁbﬁk l(l)rﬁ lfst%rcgltlcgﬁa&lés{ay%sgfhﬁcggmgf) "such
proceduris aife pitapang ot impbeleegntau @ pfop¥ayinmiudd denes INat htode2piBtEinP@hiahh306/ 22038
(1993) Bi ot echnolto ol Res%a,r.ch S1£L'1154§£ 1552, Sium' | arly, random and
site-direct S*HRS éﬂé‘gfasc CER° g Lhérb%]. y&%%fe S8 such procedures are
found in Arnold (1993Thénethedytyfipallyuse at leasBwotvafim dbrins\of 4 sthfilhgddrget. Khés f or
mut agenesi s ar.e al so ¢o cially available. Far exanple, kits are 5

e Dbl e i oot Sl sihrseed 5 shOg il LNy Grsetinp e Blgprora

mut agenesi s skhilaritwith €t e, s thd P sttult Ao dffetanl at 18dst eneting @esf@ablyut lagenesi s
kKit), Bi]g Can Scientific, Bio-Rad (e.g., using the Kunkel method descri bed
above), BoeHPPREH™Nannhei m Corp., C onetech Laboratories, DNA

Technol ogi es, Epi cent TRe ihRRNAKVLORY Bsiwéed. frms can BE theBesalt Bf hatirakvdohiio2RRak
Ine) Lemargo Inc) Life Technal ogies (G bco BRL), New Engl and Bi ol abs, 10
Phar maci a Bi'ht éfrenipraganJarmsdhemologs) arsabiamsd SioardiKerenigndyiduals gt sy of

| nternational &%aﬁisﬁﬁoﬂconstﬂﬁt!e'?élat@@%qﬁ&{éﬁ Bbh (HEREAL SrgaRioml )., aidicAngl i an

Bi ot echnol ogy Lid (e.g., using the Carter/Wnter nethod above). Any of the
descri bed sHigfiatianggorgongiiiuig hemelops fromdiffaren axgariams (atespecific Yar@s) unct i on
with pr d i at gy bt al , dj j i e.g. a
15 Dact o, al’) CTiaar Rt GRSl AR ¢ I HaBn lor S . RARARRLy O

t he net hods eaiooprone trewsbmptipnesich aven dyeeprque oBsw arsawfi aqiel ymasahg odhigdhuedkei ¢ aci d

mul tinmers syj.tahle: L { I .@7Vahy i ( e.g.,
Schel | enbergjé(t?(ﬁt}l.ga%"i 5%1%%??\{6?{%? ifigg?gie éa%h@7tlﬁgj' ?Fe?{‘g;ﬁfésrﬁggl‘s%g ov'e?rf'e en
such nul t i needlicetégmaif she firkt fgomincsa miator strain (huiatpfenst celif ate dissugsedin foshepne

anot her, (e.@.. i N k1 Lcat:l on of
site 20 di recgfagc?gfr?r’l(}}f g@ﬁ“ﬁ%&?@“@%@%‘%‘?@h?@@?ﬂ 8§§£5§8§&tq}%?‘gﬁ’gh&aﬁr€5t‘%geni C
bact eri &5 stgreatly sygraentedtih eutisedueit steps of teremizhasiondat librarp genesationabl e host
this provides a sourc n i [of i i far A diversifigation.
Mul timers transfor m&*dgi"[(r?l'{t%tmﬁsg’lsaﬁ1 %B%’ccil]uceéseq}é’x glhéﬂtltsg%%q eorgs%s ﬁk%%%?ra 3§E or in
vi vo shuf f | ifmgetipnsodfocienstch deptier Tiadse inelude matanugene prodadts of mbtSpmbtih mutiEot | des

sharing regio of..2 artial .se n simlarity can be.transfqormed into a
hoot snect adt R ReERL PHebRNG TS Yich. Forl 4d e Pl kBB G of
cel I d: Vi sihcganaartmbaiousaﬂté:it ?pgem?m,tselebﬁ\bﬁﬂﬁﬁiem bymnidﬂl d5<$reta|gen\_t\/slichra_s g conprise
a single, honogenous. popul ati on of, no ric or al e ucl.ei c aci.d.

Al t er natiPy e FJIa FHRICCRIS PO AR TR SSSLAN SRS N - Rohids LS PNy  HBAR BREPL FaR b of o

t echni ques aRggehecsuidd, BEsE hotholigguddenédia affeegadified shuffling formats. 30
Shuffling formats errp]r@/i %chai n ter n'b%ati on t hods have al so been
proposed (see e.g., UTkSrelply, W carkine ont tagpraciss of (hg Pragent fYeRE REstB e) . I n

thi s appr oaGhriard @sHhls of & hidiel add PR cEOEMES ARG EdAdsel a0t FElCar® FecHMbiReIRNES
sharing regi ons of sequence 2



simlarity are conbi ned and denatured, in the presence or absence of
primers specific for the 35 WO 01/12791 PCT/i 1S00/ 22038 gene. The single
stranded powpadr®@oti des are then anneal ed and i ncubat ed rar/tshe2zseesence of
a polynerise and a chain termnating reagent (e.g., ultraviolet, ganma or
X-ray irradiatjon; ethidiumbromde or other iptercal ators; bi ndi ng

pr ot ei ns, SlPE?F"‘&%a E?rﬁ’&‘grgﬁ“ Hg" ‘Wﬁ’ﬂ?f@fﬁe&f’%iﬂ?)?‘bfa}réﬁél%‘?"is_ﬁ’[cf;'.lﬁ\lfﬁt‘écti vating
factors, or jfingtyoesist die racomBlina ddxgBBabeCochy a0 RpHAIZEd fdritie\pakRBlar Chr omi um -
or atrivalent chromumsalt; or abbreviated pol ynerization nedi ated by

rapi d ther nﬂ%‘}l@m’ﬁg?ma‘?ﬁe&ﬁéﬂtﬂ?%e), resulting in the production of parti al
dupl ex nol ecul es. Thetpagdid pHlyRhcEeoilR! cak Bé Qi1 ifl substRARAIRI Y BAI RBEti al |y
extended chains, are then denatured and reanneal ed_in subséquent rounds of
repl i cat iSon ferludieg prrkaryetes PRkeBOreS rvepsurterinend fungio Iy mprefesisd Pabedinipptethe shar e
varyi ng degres; bre3ESBNGR: dibkybid icldid/ahid pilkailn Befor A dRclefialtt L 1
respect to the starting population of DNA nolecules. (%ptlor_la y, the
product s or Ypast.tar fungplsslisansiithe methpd ipdelyess pedding ! éipipsappiatedliayseanee or nor e
stages int I QCas. i A V2.0 L ek 4T i

ot hod, - such g8 SE88 Rerckithy B e Eithk e P BRNERL, Mends S0 e RRRY,
accordi ng t eranprowfd re¢ombimtdipkygdndse nurddic acid GiaCixhihits idistina aninipgovedr t her

i ncreas by,. usi ng_non-.honol o ed ff]] th . (.whi .se

Forth s o naiot3edas R aald GARSEER o A VAR Y NPl 20 2

non- honol ogyldnagebk distependmpgpvedirecbebipant aideic hddmat ). For exanpl e,

increnental truncation.for the creation. of brid en s (LT escri bed
ot ermi er oral PG i ferfeaiie Ricoha fHeR bhe o RE S TES iR Ind =00

i ndependent selkctiohlA Hoomodrpgyursiatequenc ecBnih@in cid bd &0fpyaiato athgevesell t o
generate an_initial a shuffled,.library which c tional,l rve as a
Substrate f SPSHETBPYETANS 1P 3 Grired Bropry- Of toP5ng Aquh b (85 iR D RIRPEREE hods.
See, al 56, @tasivebuertt rédomb{nd@@ntailCouthessiat oydlal of MEcoin@inatidungigaeeste ng by

| ncrenental Tr uni:atj on," ,Froc. Nat|. Acid ci .. USA, 96}@?56 -Q7;

Oster nei er dgolegplar diyergiy. That (5o one risates p il uplsis agid molegules shaying sprje, o

Engi neer i ng sefueM@M@dntiB} @eadhaditics bt diffin@liR e prdserts o fifltalBAY. Th Biy-givéshem stry)
7: 2139-44. t hods for generating nultispecies expression |ibraries have

been descri l5¥¢le.Ceeombinatiocansgeysiie Vikper in girpgmiaceliulacly g extrasdlulasly. ¢ he
references q*aan&hoﬁeodiv&ﬂa%y FesWfy fr6m k&d8MbinkiYonaR be hilnidntdd\h bhyescRfbyl Nt er est
has been proposed (U. S. Patent S, 958,672 arid the references above).

Mul t i spedi eSPRIX|HE 58T BFfhedsiHf Fufagencyis e.g. FTGRAECAICR oricatsalis BYRgBAHRIRI ng 30
CDNA or genQiihd iRQUHERARS O plo@ibtSfoPledsmbihitton0f speci es or strains, operably
| inked to appropriate regul atory sequences, in an expression cassette. The
CDNA and/ or genoni ¢ s@dgeembEstion eclspt vyak ﬁoyow%wlvsm@mléﬁfaac&emﬂé
further enhapgfe dbyY & Mdidtuled BRiNELARTedGRBpRS of citbbidrsfic. VIR G tRbmbBihi @Rl e for
transformation and expression inm nore than one species 36 WO 01/12791
PCT/ i 1S00/ 22pd8isperipmed in pigranihe piodectyof reqombingtipy| i.es preeinbinantsegreaniso liec

cells. Iy s L i i I i whi ch
encode 2opr Sgs EASHRTod O hlo Rl b LgrP s Ao BNy S BB DA R 469

i nterest. Aty liskedio hil gppaeririate veelar ¢reother cagildtody sequengbsbafere seredning. any of t he
met hods her gj i . | I QF Lt S ' to

presel ect o?l%rrngg?:c?%’ggﬁqf%?g}rc?%lgﬂ?ﬁ{og%?]leg%@&a’!ﬁgpﬁ ?I%gor{’%g!?eg?}%kqgédggnom C

i brary, a oibbées (4 HrEacieriophageyrbeford scemining b aecopmbatation isperfotniedin gudst r at e
nucl ei ¢ aci ds i.of 1 ffli . or h ' i t rates

t owar ds nuclrcecf)%gggtlr'o s&f) %%?S Célr‘uszo él % R(E: Clr%trrl]% {“Et@‘%%&'gt“g&?’gﬁﬁ?“?‘?@ﬁ%‘m%r ocedur es
can al s@0 i ndepeddbndther applicetidrgseonéfifapciegnentb-are eetcangal fegm the ctlisgarmase of
ant i body engi tneneﬁi a% it S.W;l)sosii t%Iree teo .bias the 10 shuffling process
tovard anti BBHTELY RFKAEF IR ITSH RPCLF1e5MRE bi ndi ng sites by taking advant age
of 1 n vivo reconbi natTlemaaneol ssrepiingor selectiNAlepdndk bh whgt prypeatgywr descr i bed

met hod. For gexanpl e). reconbi ne denved fromB cell .cDNA |ibraries can
Do anpi i 11 cAAHATOSBIE Pe B A RTEe TaRRURPIET Fitstegty B ghich SpiRsterdes ar
(1998) "Exploiting sequence space: shufflzsing in vivo forned conplenmentarity
determining regions into a 15 master framework"” CGene 215: 471 ) prior to
DNA shuffling according to any of the nmethods descnbed herein. Libraries
can be biased towards nucl eic acids which encode proteins with desirable
enzynme activities. For exanple, after identifying a clone froma library
whi ch exhibits a specified activity, the clone can be mnmutagentzed using any
known nethod for 20 introducing DNA alterations, including, but not
restricted to) DNA shuffling. Alibrary conprising the nutagenized

honol ogues is then screened for a desired activity, which can be the same
as or different fromthe initially specified activity. An exanple of such a

o o "~ 2 " ™ NNy NN ~



WO 99/ 10539 proposes that pol ynucl eoti des encoding a desired activity
(e.g., an enzymatic 37 WO 01/12791 PCT/ 13JS00/ 22038 activity) for exanple;
a lipase, se) a protease, a glycosidase, a glycq3¥I ferase, a
phosphatasa&O%ﬁilhgse) an oxygenase, a peroxidase, a hydro Q§%&§@§
hydratase, a nitrilase) a transam nase) an ani dase or an acyl ase) can be
identified fsb@m,aﬁmmgnggmmes aﬂ\ﬂ@sc&ﬂﬁdﬂ&eﬂc\esIti1ﬂndth&1aﬂ]9|nb@“af5gom&wﬁbnd Singl e

stranded DNA nol ec om a ulatio om.c rehbrldlzedto
a | i gand- coffunle 3?‘8%@" nl?ﬁﬁg@‘gﬁ‘ﬂ?ﬁﬂf" 035"1‘1'8,‘15‘&"3%% gmpin “E‘Wésr a

cul tivated @.ﬁvetu&qukadln\ea«t&qlmgﬁzewbms%ma@xctéﬁsmraltanmwm al sanple.
Al ternatively) theﬁnom c can be derived froma nulticellular

or gani snm) oRuRstrates SRK eRURPIG.SAiQNEPIREG B CULRAYA M28Y FHARPNEYLTEGHSEGES e8hin e
conduct eg dlhaﬁﬁg Lmﬂfeféamnmac&mcegl é@&mgmq.l&cprregﬁat&%e*qdeﬂceg RgrgEeiiat ur e,

W th or wthout prior release fromthe ctapture nedi um or a W de variety
of other st sequerfedstapilisywonterring sequences, Nllbcué’rt seauencsp gnd &eﬁ@cnp@@if%@tw

singl e- Stfaﬂﬂsﬁdﬂﬁl recﬁ opPbiesd dtQ u&&@s&%ﬂcr\?ﬁéﬂfﬁiﬁ&oﬂbﬁa@m further

cl oni ng and use I'n a shuff for mat
singl e-str amman@nﬁib'ab‘eree@a&fwl@twrgmi@mrbarpdré@meénﬁ@r a)taalpémmrfmqomgmaotr mat s

are describ Mt /

for Pol ypep? ?%%&%ng?%ﬁg{e%}#%aﬁgcg ly\@ A 8‘%\?§§h@ Oﬁyg%%%&%ég%g?%g%ﬁ#&l}qué Mar ch
2, 2000,10" Sineey te a®tibsnsiet mamolvemmt Rcangl off thepridividudl/boinpanent sBgrocesiofitiei on and
Nucl ei ¢ Aci d Fragnent | sol ati on" by Af fhol ter; WO 00/00632, "Methods for

Generatl ng HFg%I y Diverse Libraries" by V\agner et al.; and WO 00/ 09679,
"Met hods for Obtai ni niegendiug bn thefpationid stedniRg pymaol ewd fae datpdenagertBanks

TR R G T T

appr oxi nat eltygndfedtibn bffiaahblesaﬂ%wf ciiiNAe. cﬂbwmncfaohuﬂtgybmb mb@gammutmas
strand. Assenply of | ex ri ¢.genes. fro ulatjon is the
et at ed by IR SR JEaS Foarsy Bectghel AOHENPB TR P RrRa i seaihcnesl

pol ymer i zat iop8thérukarybticOaREmb efe\We@i Yo st iryfek i@ sRdH shdatiderint) Bembanf othérngl e
stranded |I?atl on. The g)arent al strand can be renoved by 25 digestion (if

RNA or ur acitYPes giicereping dhat areagiasenable iasqresring in bagtesal Q!é’r’l%i’tlﬁ?‘i Od%ndi ti ons
(i f 1abel ed |iBtapy FEABNEE prRMMAEEINRIE R1eS1d8 For S8PRAI A leh Pitdnnt18dchie thabdfahdiabl e
separation/puriti cati on met hods. Alternatively, the parental strand is
optional |y dwenskd pse Einahraunds efacreeninggan be eifered imihe Presitp salktyBRAT ng
subsequegt $gaLREAHLRY and processing steps. In one approach, single-stranded
mol ecul es are converted to doubl e-stranded 30 DNA (dsDNA) and the dsDNA

nmol ecul es are bound tléfuthepimpioemspion @ PEperty ialseiradedfileaseenetsndusually a Af t er
separation QfndiRPsEIEdMhhant fenies ?&Wv %t@@&rﬁ%'s&%cxﬁﬁﬁseic@:%@%bﬁéc?m the
support and introduced into a'suitable host cell to generate a library

enri ched seduefigber rggnd ofmomrr@zmmre@rvepmmmmnwehe yemnbinedith o t he
probe. A li r A stratefor
further shu? %@l&{nlbepég\?ﬁgg’gor%{;%u%géin %slc{?t'é] tbgg‘iﬁ'ﬁ%ﬁ‘?&}{é‘g%. Bﬁ%bher ei n.
will fur26hervarhfeltsetptp¢@c|Amamdrepblabmarwt C@ﬁ protred abvitre od ésvivd. JEthe peeyionk ques

sui tabl e for I fli to screen
t he product sscrg'g1 I{«gns?élp q?cn?jlﬁﬁé Q{ F]}E(}’m ‘%rhﬁ%m& aé h‘gt}?‘?q [ ngchleﬂe shuffling of
a single genemmmlnﬂs Kd&n brmlrbj‘ebuechg) fofthex récambinptiort mgmweer qanbvsd:grctGMO birthehe

most power f U| ngltnat?qlsm%)/nal mact:)aln%el 0 att%d;q){;orc i;crrl'ﬂmﬁn\glatrour%f’c%m vzg' (gradual |y

changi ng t hé&® Py e of reaction, a selected enzyne)
t he functi ongombinbtignC alomversdly, if Mhprev&hmfcirdenmg sa:pﬁaanmhys dt‘énre;glem;bn’rmrml ogous

sequences, €. %) fro i.fferent 10 specjes or.chronpbsoma are

econbt . SiEhiebiedt kel SHE TR PPTRRGTE & Grigh LeSkaaBRE e o e

ot herwi se aktlirte gerforth 4 floand 6fes 0ivb reeeslbindihuns &'ht e¢oznd souab af ecanbiRatiddMDN

principles. . N . .
irrespective how performed, generates further recombinant segments which encompass

additional diversity than is present in recombinant segments resulting from previous rounds,

24



The breedi ng procedure starts with at | east two substrates that generally
show substantial sequence identity to each other (i.e.) at |east about 30%
50% 70% 89%mn2M0% 15 sequence identity)) but differ frreowesackeost her at ,
certain positrons. The difference can be any type of nutation, for exanple)

substitutions, insertjpns ns. Often rent .se ts differ
from each other in ab Segor?((jf H&L‘? f%’ﬁ@’mafiﬁnr ‘SPB'(E‘HWEY AIPWS?H§¥%?‘§&I‘?5?°§?CL
i ncreased diof@érséridg/deflc@br atortidg tdihe Htindiple@isdtvded abde For thé firsSioand.i Tig

materials nust differ frome ch other . in at | east t nucl eot i de itions.
That is, if SUHEEREYAL&cesning/ mgtﬂaggfﬁ Ycerased hgtwerp Foy m@%dﬂﬁ% thsenalyre B@tﬁgt t Wo

di vergent pQgiebd Sifthe Pxfopérfﬁdeﬁtgasﬁﬁeﬁéarf&ecaﬁ WS tefie8S rouhdy if BriptBidintent MRore
substrate can differ Tromthe second at a sjingle position, and the second

can différ fhEANECREPERY rsaieafed&rmamle%gqm@.tt@ qBe BB PEIPERY IsPREredt art i ng DNA
segnent s CarkMd?@Hdﬁﬁ"ds oY?ercbﬁl%ﬁtdﬂfanﬁé&Qen%%ﬁh theh 86 p&mﬁﬁh Bntildhd €l 1 ¢ or
species variants. The segnents can al so rom nonal | el 1 ¢ genes showi ng
sone degr ee refombinagtsegmants hang subigisntly evalivedito anquire the desited new or fraprgved 25
different g superfam ly) such as the arene di oxygenase super
famly). ?P‘g’%gm".}ﬁié‘% segnents can al so be induced variants of each

ot her. For exanpl e, ohea mrrsdagm&mmnh@mvwiodumediebyreeunstypnmﬂmdéon?CR
b St Rlode il Sodi SHSHE Ui\ el A B RER R SRSy
segnents in raclnmtaagemecsh‘sfﬂptammphllmhwtmésélssand thatmethnd 0p8ttrral1gztfth§hesmehﬂesng, the
second DNA 30 rel ated
segnents. Thee di nge;%gn(lta)srseg&}ln%np g%%°%§% 1{9' fﬁls tﬂ&gﬁgla?mog‘y%f?éseoften

t he sane Ieraghhtyov;ttsubls'ana{rdfMIA gragdmtsaﬂeastmcgifh/mcli@mmrgqu ré¢dombiméed not be
t he case; far. exanpl bse uence 01/12791
PCTI | 1500/ 220458 GEetiap REF PR s SaNindRe SR HORBMUE RESmBnen ol & 2/ ger
nmol ecul &) &eubh]baﬁng/BNmafcs&ecﬁtheqmnahg of telissiok displdy dioxypenasbectbtigns i ng DNA
segnents are r of the sequence recanbi nation formats

or ot ded hersrdict s dng e GiyerOR AN BFoR ORORBT SRR

segnent s. SuéeddnibideddF aibmﬁeataemw probcdeluyhelr FecinBigied édumﬂaawavegvélemer than 10

to nore than 10S, 109, 10 nore nenbers. In so di

starting se HP%a“ar%Pdtfr]{e@q’Z BSABREASHYITY: PRS- 40) egeaaeg@) a?@gqu%? “ﬁE‘Frude
full -1 ength re@ftibied SEBURANE BFuiRdth ERiredisRpenat adiiw@yll at ory sequences, such
as a pronoter and polﬁl denyl atj on  sequence, required for expreSS| on. In

ot her erodi nent s, g BT SPIREF crEpaitaen s inyentign proyides fsthod éofn be 10
inserted i NtyRakdhgCOMRIE XRICNSEdiTY apéfkéih@ﬁto% £RGEPvitYE TR SMtNod iRElu¥PEBESS] oNn
bef ore perform ng screeningl selection. 1. e of Restriction Enzyrre Sites

t 0 Reconbi ndeqombiting#deaptpns difting of wa&wﬁgeqombt@ntamlamaa@ewsa fuithgis e
restriction &Na¥sRseich iy hltleldacht Whih Guritfel AcidiOadlh {586 sabld@r BigfeRimPHBAL | on of
nutations in a nucleic acid sequence of interest. These techniques are
parti cul ar | ynppemererof heiphiralig otRasnial narleis cidls ogredvesa libraty of sepeBtbinaniadi | y be
shuf 1 edsby fdysdnalniRINRAS; (g}"&réeﬁmyﬁ?e 185 88106t @Y al1ERES Sk dNisAhct QF her
problematic primary sequence notif These Situations al so include

r econbi nat i ompmcdm@@nbmammowgehtscmgclplr:eﬂérthaeelxitlh;tsrdétu#tm inprevemant gequences
unnut at ed. [ o for
shuffling | Er&gg&%?ﬁ nt sf) %%%it%lﬁaﬁ%r %gétglt Ukélc EI%E&%Q O?Eglth gségene

cl ust er s t hatpeatingle} anddb) untitiihe yesgling furthgr @tmcr@@mpmvpd reforabihariy@ucleise of

2ol 1 1 ed byt B Eih WERRRRD) Sy dr S O ERREP ST | 551 67 2220

(1994)) ,30it can be pr’ﬁlhrl ragice of mmnn%na@mmtlscsahteqonétﬂick&; ofamebnitinm!

alternative Ne th d beyond are
Qg&}gr@gger arbc{ the Js 1t)r[;' Qf[ é N%h G095 hos ceHs Mgl%ah% c%-t'ungo £t he

preferred. ere ol eh onuc eases used are
Class Il t yp@h(nﬁaﬂho adkgveAlwsutreﬂs aarhﬂoBe irgee jut.s Amlae veamcj/ affcldningsad in

Moun 1o o sor RORE SRR RA EalsaRP Stk b R iR SRR et

allow for efficient ordered reassenbly vmjtt DNA | i gase. Typically,
restriction enzyne (or endonucl ease) sites are identified by conventional
restriction enzyme mappi hg 30 techni ques (Sanbrook, Ausubel, and Berger,
supra.), by analysis of sequence information for that gene) or by
introduction of desired restriction sites into a nucleic acid sequence by
synthesis (i.e. by incorporation of silent nutations). The DNA substrate
nol ecul es to be digested can either be fromin vivo replicated DNA such as
a plasm d preparation, or fromPCR anplified nucleic acid 40 WO 01/12791
PCT/ LTS00/ 22038 fragnments harboring the restriction enzyne recognition
S|tes of |nterest preferably near the ends of the fragnent Typi cal ly, at

o, - o,



5 DNA ligase to generate full |ength genes having shuffled regions. The
nunmber of regions shuffled will depend on the nunber of cuts within the
nucl ei ¢ acigo3§qpence of interest. The shuffled nDIeculeﬁfﬁﬂktﬁaégnroduced
into cells as described above and screened or selected for J&E e q
property as described herein. Nucleic acids can then be |solated from pool s
(l'ibraries),as expreslsmne/sctbfa\a'rengclbﬂasiwned ppsmrsmfthhsGamlalsem whitkdescnbd he sane
procedure unti

0.d t bt o
Chiod: ot o e B GRLEERUEERERy B B BRIl be R e Pl
i sol at ed and(xﬂmkal ezmlﬁﬁm MloiEtage CEeNEIG TECHSQUES, MiTadbS B HNzyMoneG P00l or

before the QR 1Bideikgar P Jtocas D, £ Bt Somtitatse Ao Rs s og
herein i ncl Wiesmaich Lhﬁembﬁvmﬂgmdﬁu % hVEbH B3 a1d1d 8 BoHIAB6RRSY,S )

ol ~gonucl eot | de-directed nut %rqenesr S, site-directed nutagenesis, etc., and

recursi ve s&idapangarbemNemYiosh W@ﬁ@mlapor”hén%waﬁé TQFEEN bed her ei n.

2. Reassenblyofieb Ak BitibBE'F. Meﬁhﬁibel%‘ al. Qids | €GPHR PRIRGIsTR fodtlt 'v@rﬁﬁre'b@m?een
nucl ei ¢ aci d sequence 20 utilizes “reassenbly PCR" This nethod can be used

t o assenbl e Gragneifyblshingymseriaes, Fngt andolobn Béley %@@rﬁﬂa@ e{syprigainjesihiosgly a fuII
| ength nucl qogeASAGbah! B fin T 1&finifudlSBificichMoidb ARRAbALEE skil RSLEPHT®

when a pool of “advant agéous tants | nown from pr vr ous work as been
i denti fil€d byr@@nelefmarm@ methedst including thepp!ymeyase beadmreaetiont(BgRbihe diggse chain

nut agenesi s cassette
nut agenesi s, é opeg“qﬂﬁ ggq%wbgga gﬁggsnrtog aﬁ&lﬁlheﬁ&lﬁ%gagg@s@a?eﬁ

propagat i on ‘tehnighes BRANASBA)arefohnd wniBeggerf ambravkoamndsiysababsas walas Mﬂiises
defining se nu Iy lie in
't er goni o gl GLst-S e B Getiod, BER¥RGRGech A Ginbh RMeRH LR

nut at i ons ofArpniCamess (Ins exfadredd)| Acadeanic Forssibice Stn DiegprCARIS0Y ﬁhm@os) are

of i nt erdet AR % KAPnO&BanB RTS8 e vamtl ou BRE B 3B e

junctions of94t(m91$,€(mmzsal Phor. NurAcap. Sce d15ar86t 1978989 GuyteRid ul., Act o 100

nucleotides'nlen h. . segnments i mpl,i figed w set of such
primers. ‘ﬁ‘? &ﬂu{{‘g‘gggrlg“t(ﬁébﬁ) Slﬂg’gegfé%lf Gﬁ"aé,’@ égdlr%% @Sg)sserrbl y
protocol s s l!ﬁhd@ﬁentéﬁﬁs es'ct&hmsew hegei1988)pVasBaah) Barécansios 829 -zament ed
genes. In brief,  in an assenbly prco)tocol t he PCRagroducts ar frrst

purified avvébggpr'ow EpEWaHacseber 4RP0 HH0) Basmngeret 4 ebene89: 1 GIB0) pd 91

PCT/ i JSQQ/ 2203khafhesaid MRAbe Besb b y3133515333@|(WS@“In@ﬂ?{)Mﬁﬁ&lﬂ{d@BhMomEg' i fied
products are m xed toget her and su% ected to abou cycl es

denat uri ng, FestirRiEied Aygleis Atdesrs é??ﬁ‘r"?ﬁﬁl in YVallee ‘iﬁr“és[é ﬁc%atOW 0. écﬂz?r?é? ase and
deoxynucl eogingvkd hﬁtﬁ@&@f&h@ﬁfﬁ@l Mgenﬁalclaraadems@n@ htedbRmatEddah c%e.h%]a in the

absence of additional pri primng"). Subsequent PCR with priners

f1 anki ng t h&l g¥eurea}6:6§4:685 £1<99§a)nfrrq tflg/rerffrrewyr gfed thereinfig W‘lﬂhIPFPr waRlicend| ed
and shuf f1 edy g8 RLROKL Rk ZRFBEE ”@9@'6fr§ﬁﬂ1t Wil a%gécﬂéﬁstﬁgt Eés@ﬂm'il?%?jﬁﬁm &f pgenes

are subj ected to nutagenesis before the cess IS repea . Ina further
enbodi medt , corvertpCRIqR donblesstrarded A yitag tfprtmstartlo@é@ﬂ?etmrsPGR expansion@nei c
aci d sequen r [ gene of
Mterest 10 LeF LRI B Bkl thd S ARUES, 2, WO BB BIRE Oe o
sequence ar Sergderdlisiprad by screening or selectron by sequenci ng honvol ogues
of the nucleic acid s s are

t hen synt hesi zed whi cﬁ%e{ﬁgg sp%ﬂ?hcfsé}cs%{gnggn'ugﬁ dgé)% }grgt%rrggggﬁarg tes of

i nterest. Trdwegqnaismnsn)ame cclheﬁhqmauod mcRGR mrr:fpagegr wbols gewonmpesheffhngof

l'i brari o f nd

mut ant . Dor oLty of PR RRRER B ARG Sl Bl o or Horf u bl

typi cal | y adutivityade thissaspevt oﬁatheswwh@nethe genosmr eeldingridicas bé fomisobstatieltyess i s
expensive) cunberso re ative.to.the. co of se nci ng
Tho genes. of itk 4% spRfenedREBrHER of it feki 5 18 bfugeRie Shome AHEGE

ol i gonucl eotides. 3. Site Directed Miutagene sis (SDM w th O igonucl eotides
Encodi ng Honol ogue 20 Mut ati ons Fol | owed, by Shuffling In some enbodi nents

of the invention, sequence i nformation f4%m one or nore substrate sequences
is added to a given "parental" sequence of interest, wth subsequent

reconbi nati on between rounds of screening or selection. Typically, this is
done with site-directed nutagenesis performed by techni ques well known in
the art (e.g., Berger, 25 Ausubel and Sanbrook, supra.) with one substrate
as tenplate and ol i gonucl eotides encoding single or multiple nmutati ons from
ot her substrate sequences, e.g. honol ogous genes. After screening or
selection for an inproved phenotype of interest, the sel ected reconbi nants)
can be further evolved usi ng RSR technrques descrrbed herern After

e o, I o TR



42 WO 01/12791 PCTI i 1S00/ 2203R bot h honol ogues. One ol i gonucl eoti de can
i ncl ude many such degenerate codons and still allow one to exhaustively

search al |l peremuem@ii ons over that bl ock of sequence. Wienpdhesolvemsd ogue .
sequence space is very large, it can be advantageous to restrict the search

to certain var| ants. Thus, for e conput er_ nodel i n toal s athrop 5
et al ., 3. MBI afs fggm a sessieg anSipegech ?gfg@)éwn g Relhelnddurher § %ﬁéwm@(&@w&

honol ogue nu},agélggloplm,gar&aﬁ dr diGeJotiPbRERI N and discard any mutations that
are predicted to gross| q\;&nlsru pt structure and function. 4. In vitro

Nucl ei ¢ Acid Shuf fI i nguissantiallsanygiqxysenass RpasaacARbR selesiedSorummeitiey DNA
sequences | NyMhidsQf tﬁehﬁvch@b& 'A@bre?éx'ﬁ%ﬁtpfd’ﬁEx%ﬁsftEHacﬁ%@ﬁémhé‘ﬁél}'ﬁégu&’er Bwakdpgol of
rel ated sequences) e.g.) ferent variant fornmns from

di f f er ent5 i rifirticulthg gliass of §ubsaatn%)1n @rprefereasi eapogdimenh therdieiygenase properyliaited
sequences fr The sequences can
be DNA or Rl\ﬁ%mt%g)cg%n CQ); \F/Halﬁimgagsgﬁlegéndéﬁgﬁf%é‘%é%\g%%gﬁgn the size of the
gene or DNA fragnent irodtbadrawetnthﬁmmi@ mwovidesagweleis| acd, shifflgfganiabyrg t he
sequences ar ko) of
rel ated subsct%"%%l gg& a?g@%éﬁr\?@é@rﬁﬁ éolﬁ F b’%@e‘?ﬁg'ég{b‘.kﬁgﬁfs ed%n('&xb%msn Ilﬂﬁcl&?%d
about 5 by temc&dikga polypeptide or@ty@mtxdbd‘magmmmm ent:dtbs énoxsgeoasctabtmtfyr agarents

is from out an nct ~nes agrrents
is from Eﬁﬁp%b%%'mggﬁf ‘B‘Bs as {jo@g éerné'o% tztﬁrgf %8‘@?@69\@ 4 hunber
of differ entamm:mdmccﬂumlhxramzﬂtmta\lase | or RNase d| gestion, random
shearing or parti al I’IC 0 me di estlon For di sgus.sian f
protocols for the |soﬁ “%ﬁ??fd’%%?sipdﬁ Seerﬁzy}ﬂé{f\"go&ln@gé‘fai%%fneg‘ﬁgs’the

| i ke of nuclfei @seaegdﬁ)praﬁe,)orﬁoshuﬁxﬂgrp}gebs (2arbmeekic génedlbr genBeghentshat, bot h

supra. The conc tralono ei c Cld ra ts of ar, |cular | engt h
ang sequencety?lgzﬁ& esl‘zég§ *ﬁly(?‘:‘ior 6F°'&°$§ﬁ&?‘ﬁi¥ip§ﬂﬁﬁ8& jte thgsfer nugl eic

aci d. Thg nui@iRéd @tscrdicﬂBynaeﬂtcagdmaldahﬁhdw%ze&f@dmimnj | 2qPMN8S9-2862i n t he
m xture is usually at |east about 100, 500 or 1000. The mi xed popul atl on of

nucl ei ¢ aci d1?Eflé-gfr&-rﬂs‘é‘gé‘f‘é‘“’é’&‘}vglsi"ﬁﬁs’czsr a3 deserihed myNeqdham; YanDeynies e4ly anded

form usi ng aviddid £ids Rs. m&ﬂsmm@assa;)n@ngdmmona@rcammé SstonfRhdeild
chem cal denaturation, use of bi ndi ng proteins, and the like.

Conver si on d&#r?fbfr@wéferf'%uotﬁamflﬁlrﬁguqc %Yﬂt“’ posansobskilbo C nore
preferably from90 Cto 96 C, to form 30 single-stranded nucleic acid

fragmentg angd tMemhalsSBPBERlehPORedoRIDIRADRON Can al so be effected by

treatment with STNgTeTRE mam IR i vin RS E}galpﬁe‘Pffoﬁ‘m'ﬂgQ&%ﬁlb}%hSh “Qftngfrev.
Bi ochem 66:61-92 (1997)) or recA protein (see) e.g., Kiianitsa, Proc.

Nat | . Acad. 28épcreqygyg @4elzg®ptqyglve” mdividual senefy vhols plsmiis @T MidksER C aC| d
fragnments h S

dent Ly i D e B 20t hoa

r eanneal ed ti}eltsxabw eigles of @eor@nmxlomn@cr@mmgbcleqitmna;bm be P@r&mﬂ@w@l{thﬂ 65 C.
Renat ur o] I ol
(PEG) - orhert SBP uRGUBEERLES B MR bfcBhilhlek A reRIENEE MABIERBNED |
pref erabl y fandaepytiicngeqd@d hironvertionplradteeds iforpotypeptsilenginesniognShuiflingn i s

<7 pr of e bl T i OB SeB BE kel S m B b EOGE R B TS

t hat r eannealyclesin ¢omtrhst comafurhlf pRirewise smﬂslnina'toesvenﬁ'(e garmeeduedhmlgcsbmab aci d

fragnents are.incu din.th resenc nuc a ol r| se, such
as Taqg or Klreel?%lcanon Eﬁl&l\#ﬁ's%qug?cg recom& tﬁ%’ﬁgu bcﬁé’ ercf’%r% TF T egi ons
of sequedtce padienlar ddvanmgeslimthgetheyT] Iaqvxﬂlé)repmhlyinﬂ'rdn&etvmam mueatioseid any dialleod
anneal i ng tepperature of. between 45-65.C. . if e areas ntity are
armi 1) K endpaRHarSadRgA BY Tl BaY o oriokhe M ednrag "B EREEY & of

bet ween 20- 3@mGinafltis of aluyatiesis e affedd aldesiedaaditt In sobe ifskmdenhdnskei ¢ aci d

anneal § ng. | PTG eb R Mt Tl o o o ki nERogRR BB on it he

presence of s&@ep@ ¥ €03 Seti on fproW s loppirtunBie for GivaITCSt drdofIR¥ettaigea col | ection
of pol ynucl eotides containing different gernutations of fragments is
sonetines referred to as shuffling of the nucleic acid in vitro. This cycle
is repeated for a desired nunber of tinmes. Preferably the cycle is repeated
from2 to 100 times, nore preferably the sequence is repeated from 10 to 40
times. The resulting nucleic acids are a fam |y of doubl e-stranded

pol ynucl eoti des of from about




20 50 by to about 100 kb) preferably from500 by to 50 kb. The popul ati on
represents variants of the starting substrates show ng substantial sequence

identity th@,&qﬁﬁzﬂgpt al so diverging at several positions._ The F’?’r%m ation

has many nore mnmenbers than the starting substrates. The pP YR of

fragments resulting fromshuffling is used to transformhost cells, _
optionally after cl OnAR@riétpbpmﬂzlél@EctiMhu_ffﬂﬁ% brdtRBOR aRTEVaIbIEH iy dds&ivad | N
vitro shuffling, subsequences of rcconbinati o~ substrates can be generated
by anpl i fyi Agthere. Desqriptianipfis veeef ehtedlingimethodoinnpeesnas meditied prdeitice a
substantial JfiacdeRibs iRl fthé Yebdd GaR pré@nfiRVEBE iffudEMeSdIRfing

i nconpl etely extended anplification proapuct s. Anot her enbodi nent” uses

random pr i nepubliqagonsranghhet thferespgsicited there: attemmpgactiad (§29a 1 Molecwlarhyeadingroff ul |

| engt h anmpl ifj i . b cat t NG| el t he
| noonpl atol 3/ Korake i other clhichffroRdie TUEBE XQRLBOCHY ! Resg ofil NS0 10
at | east onéDatidShuffiimglof supgeroni€ saquencaeef] subtiisin dNaturp Bidtéahaolpgy17:893+896;

vart 41 00 a3 ok SRR S o0t PBRASR D g2 RE | ST 1

i nconpl et el \Biete¢hankbey 1 x793102%; Minshmlltand Sechnies (1909 )& Protgin'evolntidriney molbagauent

L el oA ST 59 A O

t enpl at el0s peDiresed ¢volaiva oh thymédihokinase fidr, AZTghosghoyditionaRing DA padilyat es t o
fragnents ca e ptfected b artial. .PCR | i.f]cat] af substrates. In
anot her enbc?g'i‘tﬂ% Eﬁl‘#&@gﬁﬁ%&%ﬂ ff%ar?gﬁR’t@gggn §bzﬁk@é&§n ﬁl}l%ﬁlgﬁijpg ?lfg"r e

oli gﬁnucl eOtf@nﬂﬁ;Sof gEhés fedrh gvBdE k@@fef gtsaaeﬁeaa directélesionnion N@:u'term:cmds.zm; |
precharacterjzed, nu S .0 wi | dtype. sequence, or. sites of npagura
vari ations @éﬁmﬁ aﬁ'?&ég&?dwaiegﬁﬁrrevgbgﬁ%fﬁn "%ﬁ@"‘t‘ﬁ)g?tﬁ’ﬂﬁﬁﬁf'lo&ﬁf“ih&é%b‘éj)g@

I ncl ude suf fsheeigl” N6 BistechAblosy 51436438, ZRAERt AIY 939) DiRkbled BGIGIANT an
mutations or variations to allow annealing with the wildtype fragnents.

sl s

. I .
Anneal i g t ERpEIVaTRosdase fipmypsalaftepidass gregnd sereeningn dee- Natlhonol ogy.

I'n a furthersgalediusands450aCE00) Faatd Q71 QR4S SApplicatonk BABNANMRGNEIS DY
tenpl ate sw tching, such as when a DNA fragnent derived fromone tenplate

prines on t Faamseeticgsard Bessines o pinionAn Biotgshpolegy §:824113; Ceamsiriat al.
Tenpl ate sw | @ he i h y[o TR ( - KinBRL T Sa
(1967) supr &)%) SuTERLSE ahEleRTion DD wiciaR gy ibafls 0 (B Ripal pafit
(1997)), raddxlidrek]100008y Eramerpvid. 01996 “2BBGvaberden f@gepynt pragi®yy (see, Sung,
Genes Dey. %}dléc%ﬂa}é\;‘o%ﬂon%%gﬂph&{ fﬁikgeﬂr BRIUIEL SRRy 15395 319 dafts etal.

pol ynmeri ses, reverse transcript aseu) t ion mxture. Tenplate
swi t chi ng cdtP9%8) Seffiniy selentizaiseldtitryofi ligandsdmimpeptitieliafiest thropiadieplay on a lac

ing gy bictisasou bt '
ol i1 cati O TAhaR BRI Mo BRIl 3320 IR ng

si ngl e- st r arf8edaDMNR frdgyssembly REIRrTe] Eiedihcyatopediacé Malerdlad BidlegyeWNCH engt hs.

Fragnments c r i .sdngl e ad ' ‘h e), sych .as ML3
(sod ™ ang. HApBERBINER ik, B uh s, SER R S 400" R R Wulile 1
to and @51 neapeteynutagencdis ceateshwii the perineradomarof afutaat selowildlypercaggerest’ from t he

Fur ther var EAETRIGEs DRAFFeg SRHEE G 4o RERL G Ry R EaROlsts G8itand oa 17 om

a singl e prientre phiymidf form Taage nuvehets, of Reigpdedey-ribondcEorddINGensn [1§4189-63,e or ot her

20 3646, 355 S TR0} P5) FHE Eorion SLPhat  BRen tion gt 220 A0SRy | e

for a second1998urBeiching SeqieataSfate’, BioAB&indlogin §3:649-853) Sedinrherd 09949 riabidni NQ

circular, sSSDNA. This results in tiple substitutions of the first

t enpl at &% nE¥OPIRR L @PERiEin igyFo bzﬁ*ﬁc fiting Kﬁm@&}ﬂggw b@ﬁég?@w (598Ds) .
Jung, Gene 1PNAlshufttingd B;983dom FaghieiRioR AROLEBRS: RfvikdRcomigidngss shuffl ed
nucl ei ¢ aci ds obtained by use of the recursive reconbinati on methods of the
i nvention, &WeCBlE eYolttiona Beeq- Natlodgad Scid)SA IQFA711979% pCT/ 11500/ 22038
organi sm for screening. Shuffled di oxygenase genes can be introduced into)
for exanple, bacterial cells (including cyanobacteria)) yeast cells, fungal
cells, vertebrate cells) invertebrate ced8 s or plant cells for initial
screeni ng. Bacterial species) such as E. coli) Pseudononas sp, Bacillus.
subtilis, Burkholderia cepacia, Alcaligenes, Acinetobacter) S Rhodococcus
Art hrobacter, Sphingonorras are preferred exanpl es of suitable bacterial
cells into which one can insert and express shuffled di oxygenase genes

whi ch provide for convenient shuttling to other cell types (a variety of
vectors for shuttling material between these bacterial cells and eukaryotic
cells are avail able; see, Sanbrook, Ausubel and Berger, all supra). The
shuffl ed genes can be introduced into bacterial, fungal or yeast cells
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bacteria, eukaryotic cells) or whole eukaryotic organisnms. S. In vivo

Nucl eic Acid Shuffling Formats 20 In sone enbodi nents of the invention, DNA
substrate nwbeecui’es are i ntroduced into cells, wherein theTashiathas ,
machi nery directs their reconbi nation. For exanple, a Iibrary of mutants is
constructed and screeggg‘ .or eI ected for nutants with_ inproved, phenotypes

by any of the technigq ‘Fti“ﬁéﬁgaﬁ‘g?%PNA shrElipmmebodscen be ouRd BRI es

encodi ng t heolpRahg wght@!&s @@w@hé@i@wsﬁ@gp@)sumxmfs @@mts%smmées
descri bed 25 herein hen f mented and used to transfect a Iant host and

screened or Stemsen(Eepraasy 25, n‘r?? dethegsdps lynVitrp Regqmbinasion;” P béE38ite
dosi 1 e, e Y B e A2 0065 OB B QY REEA PORMADR BBl | uch

as by PCR) and the process is repeated until a desire evel r ovenent

i s obt ai ded D%W%@h@%@@lmm@vc Belection apdBegombinationie HAPNre#B0g34 to

r eanneal ed tg@tg@ G ating
proteins suﬁﬁé@ée%’gal CA )Inggjcgﬁtse ‘bﬁ‘gg{ue &S{s%’m}j Ha lztuﬁar er such
as Neon to Rebsomblyd’ YIRY 5836232db Steniroay, dtek (N@Jemberkibé?%i)ﬁ@ndr-econbl ned

doser bed 1 oupiRaBe o RkBRei? DS e oMt b (PRMeE 7 e

ef ficiency d998)n“Meth0dssahdﬂbmpngurmarﬁofrﬁelle}ahamdﬁetahylcilingmeahign’gﬁme copy

of bact afi P BaRs S ofd Gt Nd@hee S s&orI @ it indhary phase

cul tures gr ®eassembly]"CNOrisi3a0TonStammet aud, Lipsehutz SEndeCohplegenay®slymepasei ni mal

pact or al - cOmP IR RO R WGP s MERBeif oA ont or <

stationary ngaecle&hkshavmgbmmcehamwrdhqs tgrmmmgsele&tioa afid Reécdnibiniibh;l’ pl e

replication rks, sul ti in.severaj in the c

torm nat | on Vo TaRER MR ke MARR o0 Comaenions dyrrbagR e |
strains J5esivdatdfy EngRERing1aMO QDR 140 3 MSAGMRn IeDal STk dARNAYGENRAS Vaccie
nunber of genones in stationary phase cells decreases wth tine. This

appears to DE°QEe’ V& TVHGRERY BE“?’YS?HC“aFﬁGI degraaditran lBmusiatioe’ ¥ onosones)

simlar to 3paptewssySPunfonRRIE! tG@NeteVictine Wik r EAARKERRE AW O 09 {3d8830MeS i n
cells containing miltiple genone copies results in 10 massive reconbi nation

and nut agen&spronen el s Opdpratione! Inmunpppanlgenydirepesiss ot Senaic Saerinesel BE

results in astmmhﬁrsém]ﬁ&taﬁamr&fn hENR'Mﬁk@%b%eix@@ﬁﬁﬂd@ﬁa@rﬁ’g?nén&nbﬂ%@ cells,
bot h bet ween copi es ene in differen %egoms within the cell, and

bet ween 28 g&sassemblyy iﬁprp9t3a@70&qute@ﬁéf EvolvingdiedulenBNEy Upjalesrhy Repwsivencr eased
frequency OfSc&&GEH‘f@écB%In‘Bﬂonﬁl’ W‘@/@J]W B?S%Mc‘f@t A, IPB&HERIR of Wikl Y to

acquire optinized characteristics. I'h nature, the existence of nultiple

genoni ¢ copileepijmang Hest Rangeiy \{Mﬂljﬁdﬂqmﬁiuwng} W@§9/ééﬁ/7§rh)’a’?§mgud tdemen t he
greater nut 8 M

Covover , ar rplIERRYind SO0 AROI S IBEG S Lol R AU Rl BPYMONTCIRE
nunber . Modiefd Qagisins by Rasursive Seauened anblgaelnoﬁ%OQB@w%chMPattm aidch nmedi a

wh ! : ”» d
(om0 ooy AP slipod B b ogpiapine) o
cheni cal nuStegener eealg “Methoci&)ﬁ@y@'pfnr)lizntiianQflﬁbna&"hdapxﬁydi@actvn@amw(icqosor al ens,
al one or 1 n oG iRlaNA st B doRBSE SMRMBADIR BERATRIABS phedecpai 1 DY

reconbi nati on ese condl fions sel ecét avieng I COpy nunber
due to the @iteaiess” WOOOKIETR {Maihbis MhObdammgtlaMchabaﬂmteé Pelyaudedide Modi fi ed

cells survivying exposure 40 nut n_arg for with nmultiple
genome copi §§‘!‘g{“f@é‘§aé‘§‘% I%eéal)tm%g%é‘g?cgﬁ ﬁpéﬁgﬁg ?0115 L/‘iﬁdua! |y anal yzed
for gendoe CtR@pmbiraten oi(l&zlgmcleblyclcq;dqmwésaltsmgeldw&hlodDzﬁﬁdd(Bmmui,’hWO

appropriate g% ex d|V|gu | cells c be sorted using a
cel | sorter 9&8?&{2&’6’ m818l - W&?ﬂ?ﬂ%@%t% %RW?“&‘%?'}%W?@“‘%NA specific

f 1 uor escent Sequepas1ABO®B/43633 bygind OAni in ViteasRthod Fer e odsthutgon bfDNAI sper si on.
Sonme or all of the collection of cells surviving selection are tested for
the presence of a gene that is 30 optim zed for the desired property. In
one enbodi nent, phage libraries are nadegand reconbined in nutator strains
such as cells with nutant or inpaired gene products of mutS, nutT, nutes,
mutt, ovrD, decm vsr, umuC, unmuD, sbcB, recJ, etc. The inpairnent is

achi eved by genetic 47 WO O1/12791 PCT/ LJS00/ 22038 nutation) allelic

repl acenent) selective inhibition by an added reagent such as a snal
conmpound or an expressed antisense RNA, or other techniques. Hi gh
multiplicity of infection (MJ) libraries are used to infect the cells to

i ncrease reconbi nation frequency. Additional strategies for maki ng phage
libraries and or for reconbining DNA from donor and recipient cells are set
forth |n U S Pat No 5 521, 077 Addltlonal reconblnatlon strategles for
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10 genone shuffling"” format. An extensive guide to the many forns of whole
genone shuffling is found in the pioneering application to the inventors
and their = rs entitled "Evolution of Wiole Cells . SB by
Recur si ve eaﬁgkgg Reconbi nation,"” Attorney Docket No. o?ﬁ%@%ﬁ@g% ouUs
filed July 15) 1998 by del Cardayre er al. (1JSSN 09/161,188). 15 In brief)
whol e genomgitzhyfTahtl MO YBMEE22YY BUr@RHRDAS Methdd fartCandtucting a Librirg Usitat
nucleic acids may confer a desired property. Instead, entire genones (e.g.,
froma genomMAPMWEHBY or isolated froman organism are shuffled in cells

and sel ection prot ocot&tahPuls. shlitRichiprotk hdditidheddialsTesntdhgd hflh
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8. Codon Modification Shuffling Procedures for codon nodification shuffling
are described in detail in 25 SHUFFLI NG OF CODON ALTERED GENES, Phillip A
Patten and \y .C. Stemmer) filed Septenber 29, 1998, 00/ 102362
and in SHLlng"IiﬁgggF CODON ALTERED GENES) Phillip A Patt® %ﬂwm em P. C.
Stemmer, fled January 29, 1999, USSN 601117729. In brief, by synthesizing
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nucl eotides. in a further, preferred.e rst and second forns
0t e et Enetiofs s Shiael aRE BB OGS St e Pl BB e ocer | bag

above for producing the encodi ng pol ynucdzeoti des, the present invention
al so provides the pol ypeptides encoded by these 54



WO O1/12791 PCT/i 1S00/ 22038 pol ynucl eoti des and net hods of using these
peptides for synthesizing val uabl e organi c conpounds. Sone of these

pol ypept i degolihsiet hods of using themare set forth bel %T/ﬁs%/izﬁssnm ed
that the baS| c chem stry described below with reference to oxygénases in
general and di oxygenases in particular is known. In addition to Otiz de

Mont el | ano, téeHiiges agaemmain tBe HefbnckLabdl ©aM0E P AMELh @ ekt (19899 Meckinighe | Ncl ude

S. Brown and T. HudI i ck SYNTHESI Y__AND APPLI

CT. Budl T ohy 1S and Caimetngt 3. Wl“éﬁim;@_dwm&g%@ﬁm ewe@g@}g%”. cut
(1993) . Mor a8 usell Nf a PAIck R Uil IRTE1 9ds eSS sdmibIPbMVERCR podh & Urdeh & Mixplre YET

Bl OCHEM STRY, t hi rd edition (or |later editions) Freeman and Co. New Yor k,

NY ( 1988): SmeiDNA fragmentzanfrgs noppry of feiferentBRReRIbONS €am opepr dn prgeiel in

MG aw Hisl |, %ﬁ) ORGAN,

HEM SRy Ridfe vl V(a%@/g t('Qlehe&@‘gfnog'g IéétaFuct l?rngl\/%&&fbfod%&%w%@; andMSons ( New
York) NY, 1$emyal PEGR mhusagsnesistian bensed:in @hish hemolegousirecombR@EiBOTIcyE beRGEPS | N

cai 1 ons) 1N s iRy of doreed D5l v i it R fne i pptilatetlor’ = €1

EDI TI ON ( 198 DNAmdleduisrbageii an ssquence komblogy, folewdd by tikasiop of the crissayer hyn t he
foregoing. E ). V. strial
brocasses. aBhiEbaufiofn FRCREEENS) Frubtiold, ettty BRI SAn A el O 88 | Ve
ENCYCLCORBDI An SEnﬂﬁEM9mP_1EMQQMMGIsel6747|-}:ﬂ75anﬂedlwvetdnsambl¢| on)
John i1 &y TR ARRE bitaat PHEE R RERER Ee R plerily Blped b BloieoS
(" Ki rk- O hnaliveyse paﬁhlﬂffws BWHeﬁmmmlghamd ka6 whdsel piembes dtffwsmrgﬁmecﬁal |y

ble th di f . Shuf f h
Clich a5 shuftIHg. TORIRIG B G ERURS Bathep oReo bilkal MenBerebfance of

di oxygenase cpmbivipofilicdasttd mefagdnesisl Exaadplediof thivcapbfdabiowe fighnalifasas &of

al'so.usdrul Svaetp R Al Rt s R B UM Ve cover, other

pol ypepti des accessi bAgndtbd, QUQ&huElG@ldérdﬁ’é&t&lmhﬁ?@i&hb@iﬁbeﬁ\ﬂédmtﬂi‘wés@f usi ng
t hese pol ypeptides w Il be apparent to those of skill in the art

Oxi dat i on” of¥high.aligig forihs geneyrUCmes siterspecific dautations ARy S¢S A6 S‘E‘h‘é“‘i?r"ésent

invention prgvedesx émdcmé%mﬁﬁswmnammeﬁa&eﬁ&@bw@ ahd1@.g0xk dation of
~-bonds to vicinal_ diol Al so provi ded are host organi snms expressi ng such

i mproved polRgjsapariQleen %ﬁh(%ﬁhﬁfd@_@ﬂ%ﬁﬁa Sipilagly peossphe prufagenssis 40 by gani sns
|1 SYNUIGET GolfiRGBRBES wRh rep M QLA FMlon oL bk 0B R AOPENATRO G i B2y TES
known to oxidize ~- onJv ? he correspondi ng vi ci nal s are the

bact eri al aﬁﬁlﬂhﬂt@mgvgleha%@scaesqmrt differs friom the eativasequaiceodPigen) and of a
reduci ng co ]W reductive

di oxygenat i (r)gﬁg%@glg(?)&n%gﬁﬁg% as e(ljé F"?E@?@% t?gyﬁnﬁgﬁs%g%gﬁﬁon aromatic
mul ti pl e bonerencafsene di oxygenases, such as tol uene 2, 3-di oxygenase,

i sopropyl benzene 2,3 (di .

bi phenyl - 2, 3-di oxygen@sgwﬂﬁgg&ﬁgﬁ%ﬁ%%%@d éro@%é%’(%‘ ﬁémndomr%urtr% ogf;ous
and/ or f4ncti myadlénpd HINA blinteeastzyiiels inveloesthe pmp@anmnbéths DYA, &8¢ liras grapf

oo ool eot (18 PR ERTENHbARONSR o ori Bhe 54 RpPefalildlese oo o

aromat i ¢ sulisiiratregrai® hdmmghnr randamlnmnatfotn arethao whad Of & wddtype pa@ntene

epoxi des or phenal s. NE here ng from an academ c

st andpoi nt , P??Pé‘%"gméﬁhzeﬁgé 1?15 %ﬂ%ﬁse BELH ‘Yjeﬁé‘?z al”\}'%ﬁ?eir?tf faé’goraﬁréuq@(?"%ever al
shor t com ngswithfrothe BNaOPI €, these enzymes do not exhibit sufficient tur nover
nunbers nor are they l{lf}g) I’OVI de sati sfact ory i osel ect i Y t

G hyar oM at fon of R e eregie TR RS U A B e tRae srebnadifla, o
w th nore thisfrieOwith yﬁfghcpércentbgmﬂ udigud axdguacnshaammaﬁts v.fxmrsmamgfmyg@maz Ies o;
various specifjcit re Vi t, enanti ospecificity ar able o
forning vi CF??&*UCF(:]?%F%‘“‘P’%GF{? ‘I@leto ‘¥e|ma\6' greach Alersdnesign: M‘%hﬁccg‘@\b‘ﬁ‘pounds
and non-ar onaalt@fuabtmaleﬁoteﬁerlaeamw o sudhQProtedgreslird ¥)GE HDelefrate & OGRAVA Y
been inplicated in dihydroxyl ation of several non-aromatic al kenes with 20
concomtant formation of the glycol con‘pﬁunds of known and unknown
stereochem stry. (Lange and Wackett) J Bacteriol.,179(12): 3858-3865
(1997)). Simlarly, purified naphthal ene di oxygenase has been shown to

cat al yze di hydroxyl ati on of styrene to (R)1lphenyl-1,2-ethanediol wth
enantiomeric excess of about 79% (Lee et al.) Appl. Environ. Mcrobial.,

62(9):3101-3106 (1996);: Lee et al., J. Bacterial., 178(11):3353-3356
(1996)) .




25 The non-phenolic nature of ring cis-dihydroxylation products arising
fromaction of arene dioxygenases offers a significant advantage for

manuf act ur i wg ditzlds and ot her conpounds by avoi di ng the amcrassh/2iospn t oxi c
and reactive epoxide internedi ates which may significantly inpair the
performance of the biocatalyst. 30 a. Oxidation of exocyclic and acyclic

~t - bonds The&l$#3 Mﬁ—h@w&?ﬁéﬁﬁmbyﬁr@ﬁ?d&ml%ﬂ%@&%\S‘Isytﬁréﬁ?‘it?fbs capabl e

of oxi dizi nqn&% Q¥ Lo b@'ﬁgsda@(%%lgs arslaanﬂ%céd%s Bfe QeI iR A b1y 8993 CiHedt NI NY
species. For clarity o lustration, the follow ng discussion f'ocuses on

t he oxi dat i d2pinibn i Biotegknoloplyj4s4586+55. WO 01/t 2791 PCT/ i T500/ 2203R focus is
intended to be illust 'ﬁ]%? §O ntion.
Many other appropri at eﬂgt\f%f n&@%;g%d]%?x%o at | %Ir\")t@?lrlla% @r%éaréﬁl skhg%ﬁ%t he

i nvent i orf widvhildbée faqmarg.r&tratagener{ase QuickEharige™ mtetchectad: mutagmesandry

oxi dation of i I

i oxygenase TRmSPET  uhfleifiel ¥k ARRARCAReicit BF) B Cin SREHAE HoRad
acconpl i shedelgy usmgthml{wnhtj natrdxddm}cgbcchawye)sﬁoethnagermnahem&ajp o&lopetrcse.

Arene di oxygenas I i.ch ubstr
speci fi ci tqug onﬁ%h]ﬁwlﬂﬁcéltnglr% (?lcﬁmmtaﬁc%ﬂ(ﬁ%g'ﬁ (;’ém@rpgwe klél ust er
cont ai ni ng t(eemmmmb Iwmaﬂgslec ﬂnfat’l&clm(o&)g;esz{ﬁd)po BRLY), h&mﬁm@mdvliiellahs t erm nal

Cer m nal 10 FAEERET Rgr BF o o Binie B e mRt e sl o

reduct ases ey hdﬁ‘g the Bokstein method hienie), aind AhglmBistedhnblogy Bwqb.gahﬁﬁg thesuch as
NAD(P)HtoéJ;r;_1 m nal oxi dase. Accordingly, where it is required to
obtain a si gy é‘f‘fF“BﬁH?‘fg@ "the substrate specificity, as conpared to

specificities of knOMn?bﬂﬂ@d&bﬂwgﬂﬁm&%%r%ﬂt@Eﬁd’m tédRniqadsWak be Geedligi ¢ aci ds
that encode the term nal oxidase co onentil are the preferred 15 substrate
for the recSRBRRONAYithATeredwrsibich mtedyassdditienal diyersitniping PORMe DA

produci NG a tacbRA! HinA, dhﬂﬁé?@b%l@xﬁ%’éncﬂ@é ViU ek 818, Giesiadfonde afemhdarsds Assvei N, one
can then select to identif ose nucl eoti des that encode an enzyme

that has théefdregwséaweh@ﬁg’éonowdﬂm@mra@l@e§b@@F Agig mujtimesy sitablg 9fges in the

substrat e spgaithintdol ifi6R varkey Mﬁeméscﬂeee&(é‘n@éhﬂlerﬁe@é’@Sof’atéﬂt'moy 956,916 2
novel substrate, a change in Tregioselectivity of oXidation) and a change in
20 chiralit wnéfhemf@tmeqs apeweeWhen fuch maltiyaers consisiofigarasithay arelivepgeat witknzymes

t hat have a I t

substrat e, 2#8?& It(?ng 019 ﬁl@l{]@%u‘%ﬁéi&déﬁg}g:6g%rawlgg%s@om]{og@gyppﬁgggtgﬁ}gt}(k)nent s of
arene di2xy gémetsemutagenesis.ermoeprondB@Ek. raseethiiugh yreasasie begterisd strdirs: argithe be

used as sub qfk'é)atm%ﬁrajlg&aﬁédrﬂ?to a%fﬁ%@ l{lagtltj f'%?ﬂgezs o@x%E b cf&% J?:Q{jcﬁva'gl

i nvention are descri In the art ar ene oxygenase G)ICOdI ng
pol ynucl eot iR doarsifivetiarhbt ai ned fr om many organi sms using cloning methods

known to one skilled Mﬂut}rﬁs f?z(n"sfonlgtf’ ooﬁosP Q& Jré%ﬁtaﬂé%’éu% 48{@ vivp Of

pol ynucl eot i des t hat encoce arene oxygen ses and are SUI ruse in
t he met hods sblﬁfﬂidza)rbtnmmlt@matﬁléﬂne almpdtiplizite of phéyrucleotatts Isi;anﬁer@mmk of D and

d ts
St ool & b FafRk by @Rl 3 LSRR EN Endl b AURMOBELIRIBEES
01/ 12791 PC'EMa mosoam Eﬁ%qtﬁeﬁFﬁﬁﬁc&Qﬁ};cll @1%%&510!76] used t%E@ﬁuMA]nbra[nlaslmws]
I b 3- [ E04215 PSEB . o
bonpens, 15 LBy RS & FOHBdBEREErs BUNAPE SR SiReis b Rysdnpisc acic.
[ AEBPHALF] , A[IGiﬁldﬁVﬁﬁ ‘the mphdhEdid 2ficleic DGR @20be refd8i2A DY JstanddbtebBitit\les and

PSEBPHABC EBPHABCC 4 RBPHAI RGBPHA RSU27591
Ll phenyl - ]é 7Y Shayes “[alfgﬁ‘f%g’i‘ggl ]fflfﬁ gﬂ?ﬁténze]ne <(1I| oxyge]nasEa (ABOO4]059],

[ AFO10473D) , [ AF036940$hufME@&ﬁﬁ£35]n 1dyfiNEQh 3R 3@ ninaprMé3dsMtave hIAFER4283] ,

AF004284 PSENAPDOXA PSENDOABC ORF|
% PSU49496} PLRPRE F@ﬁe&JU§1€q %s&@E 25550 hi] a)x%%‘ts spfices [ﬂ\&e@@rmgmach
benzoat el, 2-ddix ygmaas BN Als CyMPYdddidgab ¥ad 6 1Hre%y@e Biasiag rdehacBARGhdnce

similarity are combined and denatured, in the presence or absence of primers specific for the
35




[ UL8133] 3-chl orobenzoat e- 3, 4- di oxygenase; [ PCCBDABC] 2

chl or obenzoat e- 1, 2- di oxygenase; [ BSU62430] 2, 4-dinitrotoluene 15

di oxygenasegql 504] 2-nitrotol uene di oxygenase; [ PPU

cumat e- 2, 3- P(;'E%‘}{e}ﬁase; [ UL8133] 3-chl orobenzoate 3, 4-(4,#5&‘;']E |08/>9<23}’g3:1’zenase;

[ PSEPHT] pht hal at e- 4, 5- di oxygenase; [AB008831], [ACCANI], [D85415] aniline
1, 2- di oxygegase; THeSBig&SAhnded pnlyhpriapidenire thag thedled ankl mzytgedas the prdiEiReBAB]
phenoxybenzoat e 20 di oxygenase; [ AE060489], [ABOO1723 D89064] car bazol e
di oxygenase .O?Mgémﬁfasﬁ?’?alg‘\ @9‘“3?"8{"&“55 Fﬁag?‘dﬁ (?A#l ogga‘@%lﬁtok@'@’[nﬁ 8?1%3? genes
encodi ng ot hesdigtionXtBRNASRSmidets bihdi e rdabitdrel DA Birdingi ppotyig s Ra&eas sfiglkena et
al., Appl. Eviron. Mcrobiol. 59:567-573, 1993%; .p-cumat e- % 3-di oxygenase
DeFrank et afrand byndipgproleins dransorpion sgfyaingsiactors, ciffones: Rolgaflis fpprRAt

1, 1la-di osyge.ga@earb&ﬂt irfvate@\ehRimidvh or BdaANRhr&hAR WE; or386reviaiRAMm _
193: 67-76(1993) ; di benzofuran-4,4a di oxygenase, Trenz et al, J. Bacteriol.
176: 789- 795 Pelygwiyatiogimadiptes by rapid therraaqy Hlinea ard thelikerreglting in Iheprogygtiorer i ol .
151: 48-58 ( L9Baial cﬁaﬂx%l&&hﬁg.ohﬁgﬁm @ﬁﬂc@mgkaﬁyﬁég.a@&lt&ﬁﬁ% piney et al,

Bi ochem Bi ophys. Res. Comm 213(3):759-767 (1995). 30 Sol eeépf or the

pur pose of eKlendadrching gre thensdenpibeed ang Feapepled inesiibacguent sounds efreplinaties or
non- ar onBt i Gagar BMAdSon REQLRE f RHRIAAREORhIE siREEPRyifs QO BRSRRence! aNY
fragnents 5§>an. V\Oﬁéll %12_791 1%/;{3 élQO? 2%38 t gﬁriagof , yla% e.é%%gf e?eglb ncQsel ected
f r om t hdOf olsimailarityyandorhich are chimgrie with efspese inethe staiding peputitionf DiVdpioleedlesne

1, 2- di oxyge - dini - 1 ol < = i 2ol LT e

2, 3di oxygengj}gf,%%@r ugﬁg@g{:tggﬁéagé(@ gﬁgéfet’ﬁe ﬂfs"gg%f%‘g‘@ﬁ%gﬁ‘? éﬁé@%?@% cgillllg%%genase,
benzene- 1, 2diages)ig éreggecesn Pohyinptiestides proBuatd by y gbaiaseninghivromethed) zesheasand

Let rachl or ohenzene, gl XN IGRRRS e A b 0R kil AR EAROTOL04PHE BLARE

di oxygenase genes can P& round rh many T croor gani sns I'ch one skilTled in
the art canfommatsat e from vari ous sources including, for exanple) soil,

sedi ment,. air) and agyeous. sanpl by enrichnment culture techni S in
mineral Media using apBVERY BB BaNR e aed BIABihE ot honiafoey Bfssd atige

substi t ut ed nixehuzie (elsrh, 2k pdo @onhl is thel abdenpublicaiphd fiall appléationydtah B hahology @S
carbon sources., b. Oxidation aof aromatic ~-bonds, The present inyention also
orovi des. | miPBVEHCISEY e Rmae AR It esite (g Fopg A M onds f or

pr _Oguci gg Oxmg@ﬁioﬁ(ﬂd&ttﬁd a&mnafmuieﬁzﬁmqmyweim@h Q@erﬁidi@ﬁ_&tadll.t(il?%y any
oxi di zed argmati c _or heteroaronati¢c species can be_ohtai ned usi t he

pol ypept i des A&P"lbﬁgtqqqm{qaﬂhfoﬁi’l“‘if'ﬁg'%%ﬁ‘??@?"ﬁ‘?“éPglsgé‘dm i € the
speci es JonCIBistecHNYE05 Ydan be dsedlt® paHetate MANRMAKY Ihufflc@Gibeiey FRdh BMspeMalR] Ky
arenes. Hydroxylated aropati c conpounds, such as hydroxyl ated aromatic

carboxyl i c ABVE3S 2 eibarast foy Pregrapesk ymdn@idn visropr in yive shybfing metheds. e,
phenol s) ar g1s8NodtemRiek 8. (2699 FOsRbiRktofiXl Bsibin IEALInERBIbS Fhdremdritdl exanpl e)
the nethyl phenols find use in the industrial synthesis of vitamn E and,
al so in t he Teyneetrns| BrogNajlaAcad, SciHB An: 3587 Qetsrmgier shakk¥9Phey can be
used indivi égaldmentli TRACRRN s 25trABEEin G ke GRTIONVEI l§’i!8§at£lg§§,” BIbid e

ot her phenolic and non-phenolic coffpounds.” Typically, dinmethylphenols and
t ri met hyPphepdMedigingl 1Bt 2 189-44uccessi ve met hyl ati on of phenol and
cresols. However) cur b ) .

met hyl ati on of henoIMgigB%%f?p%%? %'Pﬁ%ﬁl? %tilggfaegrslt% ?‘%ﬁ%ﬁ’éﬁgﬁﬁeg@f‘?&#{; for
preparing i sesweped(edi.fkbs Rarent Mpy 51783 A2 17y324982 awsl the refeipndesiahove)and thedr ef or e,
conpl ex m x . | at i i f

ot hy ! at | on e AL B HeAleRAUEl D) o BB UK, BRI g,
presence of thelre&eenpisabayeds Muispssasteapressianbraree aef ingepaasiibratisepmpasingn

procedurgs t bt aj re co unds. | j boxylic
aci ds (I§|§A) cé% {)rﬁagﬁ?rﬂf‘eéss o %&gﬁraml a%w%ﬁtg?f géegf%g e#ﬁaf%sggggﬁn%wgﬁﬁkgégf vari ous
pol yner s andpmoprixi¢ segelaery syancasinpoleyxpststmscasstiei TheudDNA and/stgensnicar gel y

fromtheir bifunctional. reacti,ve, nature ) hydr oxyl,. and car boxyl
o oupey  and StsEnES aBapholfi s R ht ekl Jurn Db i BRI SRR |
physi cal andarbBe a shuttle vector suitable for transformation and expression in more than one species
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WO 01/12791 PCT/1JS00/ 22038 chem cal properties to the polyners

(p- hydr oxybenzoat e, m hydroxybenzoate). HCAs are also used in, for exanple,
anti-m crobWglolgawiti ves to pharnmaceuticals (esters of parcr/tspdemss/benzoic
acid, parabens) and to fragrances (esters of salicylic acid, coumarins and
3, 4-di hydrocounann). While nmany chemical synthetic nethods for HCAs and
their derivati vg‘mare known i n trl1e rt% X I cah t hese ctFrrEJ?undss are
manuf act ured f PO QEABI M EE FRGER! P8 Fn Lf@yB Heselly 3B PO S WY EY Sor ocesses,
requiring bot hbxhdaebﬁﬁeahcmndq&ndaneh1alnd1c6dee peotdi e bisinestporochichthylidizefto gat i on
from by-products .aris no elective re pr t

i nvention sol v'?e"s?l hé‘ﬁ'do ’f"%fe‘r%ges'{enyﬁu%’bﬁm"es %m be ?mv'gdit asg&%n%ﬁr}% §§tg%ase

pol ypepti dc thmethwihd'emdsscom or nore arorratl crt- bonds to the

correspondi pg diol. Th dr at ed
to restore ?he aromat i 3["%'94 %&E@aﬂo X b ]sqgﬁaglﬁgcfrggeﬁ%at e %rg'gfr]rgﬁtyl}egw
Acce~sory Pol y@@mllﬂ@shbmy lagenpong i 'Lhim/,laGPN& ltﬁliarr,helomhmlibm pgd IQMW
utilizing pol ysfaes%ecql@amb@cvas O%Wﬁiﬁg%se oftiviiiE ik theABbstthie SRR RRRVE, the

present |nvent|on provi des accessory nondi oxygenase pol ypeptides. As used

herei n, "acces¥siss hatrarads pciienakproduets Ehuffling prdsesiyess ¥ %e‘;ﬁﬁ‘qpﬂ@cwdla‘“‘do not

carry out the jd EeeeRls). GlopXlaflplel mheifaen,fsnnfbbfy BhLEAdS iQf pdskible tdBigNkd ON.
Exenpl ary accessory pol y g)gytl de incl ude, %ases trans?erases

dehydr ogends eshuffing progess ameebodm"ﬁtsa@ﬁwa {aRtEeR Biding &ites RYakih- shuf f | ed
aﬁceSSOL y pgl waeagtagd@rs?] Gl?c?llrebtgnbiﬁeﬁldn e\eﬁebﬁdrrtedm&mﬂﬁ@byaygcxiese?eai| desbare |
t hose tnhat ave snu e The e epti des can be use
at any step ofmcéhoga ARG esgmBingd @%ﬁg‘gﬂ‘{f J%B‘rngffﬁ M@?ﬁ%‘%ﬁaﬁ n a
preferred enbagdiplifitand hdsmlﬂcxbetsﬁmmyqum kquemelgdémhoareealusw) tExploitingher
transform an OXIugrga s%@ péu?ﬁil?]g% v%o tIPrmeHgom lém \Mandf c%ﬁﬂﬁm%g ga?%?mg)e preferred

to utilize oxidf enase of the

i nvention, 15 hmteofiamkwotkl’ Q@MZUaﬁQPmaﬂéNb Halfﬂlnm@sefdmeGH@s otthampthods
practiced wt Qe&ﬂ@éd‘?&%rﬁ substrates that are, for exanple chemcally

synt hesi zed, comercially avail able, etc. Mreover, the present invention
provi des met hods usi ng Liwaries eande bigprddareass aueleie acidsyvhigbisneade Browid Withi npr oved

accessory peptdeg@nie bizyhb Bénbﬁi'és er*oamﬁereedf{ehaermy@agvmmmm%qlbfepmaed
reacti on product. The nmethod involves contactin product of the

di oxygenase medhibits@dPiHisd pFYHY TR FPne e bﬁr‘““ﬁﬁ?'ezcgfls‘%*é‘yée%‘e‘b’%'i’%?
pol ypepti dms. idddairyTNA ﬁli&ﬂlomlﬂﬂlﬂ?mtmnot Jaanaéadtmmlsmxfmgt@ﬁb@q with an

[ t hat th 12791 1 22038
ol ypept1 do( o HaR el N B BRY OB e ERed o SSrHE SULH BOryBept  des.
they wi || genee delsymds opdicfekamedtbmxize mhﬂllmbdﬁﬁmcuﬂ\e@cmbmhpﬂnarfemcha The
| nproved di oxygenase, aRdLLNG (AE BN s Y MACPLIAL L 1iEAM Bt RSP ed b
CCf UI‘CISPI'OPCHC 1 Q @ 11 é?] iti nE@x Il f? In a

t he sane host can be expriesse erent host ce
preferred enbauy methed knphe maqufets Jor %apoky\pi@r?ﬂ 1@@9a>m1>0§°h thaf gepe lihrerigs can

di oxygen a??;s apg ﬁ&é&ﬂéu‘g@g ﬁilbllﬂﬁﬁgten?acﬁm tllipgihc Bl thﬁ%rh'ﬂdn&ﬂt@db%c@%ﬁs sory

pol ypept i I nventi on possi bl e the synthesis of a great

variety of i ncméﬁbplicallbl s}chv:alllswaérdeméwrr@mmmﬂmsavhmexmet the desired astiyiys &d

herein. 10 has also been proposed (e.g., WO 98/58085) that clones with desired activities can be

identified by inserting bioactive substrates into samples of the library, and detecting
bioactive fluorescence corresponding to the product of a desired activity using a fluorescent

30 analyzer, e.g., a flow cytometry device, a CCD, a fluorometer, or a spectrophotometer.

Libraries can also be biased towards nucleic acids which have specified
characteristics, e.g., hybridization to a selected nucleic acid probe. For example, application
WO 99/10539 proposes that polynucleotides encoding a desired activity {e.g., an enzymatic
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1. Dehydrogenases In a preferred enbodi nent, an al cohol or diol is
converted to an al dehyde or carboxylic acid by the action of a
dehydr ogenagg.oy/i$36; substrate for the dehydrogenase is pref&f nﬁﬁ ¥ﬁ$e
product of an inproved oxygenase of the invention. 15 PolynhucC eo ide
encodi ng many known dehydrogenases can be used as substrates for nucleic

aci d shuf f | iabguityFee sxngley ad@bsedﬁmmsa@rusﬁétd glydbsidags b glhicsiyl frimsfepisesent
i nvention include, but_ are not linmted to; CAE000436,

ECAE000239, ABYesPhaasepd KHase, AQioBenass: apeiert Bé‘hﬁ}'ﬁ%@é atascof NigdlaKe? i chi a
coli; [AFO2943dnanide, 28 aﬂmz&z&%]acﬁ@dayeunqaea@isﬂe&fmmmohgg@ﬁrﬂ& DNA

aut ot r ophi cus; [AREXOYC;E dehydr ogenase of Agrobacterium radi obacter

[ ABOO3475] ¢edngrres ietha &dlogiingmeinmge %&L%Stfaae?%‘gﬂﬁdn@ecumﬁmmwulavw%e%DA]

dehydrog na coccus
G AES0 L e B L B D e I v 72s)

25 dehydr ogalerved fmm ﬂgar ] eulgvmdsqwmétwammmplsmemxog@ﬁa@r@nmﬁntal

A il ans: | ALB SRSy It iy Dl O SKEERGRTERE: ldCPREE ek oy

pl asmi d, xylti\ivucmve@thf[rﬁﬁm.?;llm] dehydr ogenase of Pseudononas sp. VLB120,

(stdD); [PFSTYABCD] d 4215]
dehydr ogenase of P. pﬁ{%%&&ﬁﬁgﬁ]%eﬁ%ﬁ% %ﬁwc"gﬁoféd;ﬁ%é%’r %B%%Cfelﬁ% E'P rogenases.
61 WO 101/ Do bsédl in Geroaptusd, eith of withyalrt prign releasedyonr thaca;du;remdam errtzy a

PCT/ i 1S00/ 22038 | h f d. d f
Conver ti ng. Saroweanl R irBelr RGP §F o ATigh e BTt ARl o, o
and et hers. gel@iit DNFOpoymépioh dasbe fraimeied wflthbutefmwble)nnglagdims direxly i ma

t f F th 5 of, t.h

Lhace por ypobtffiEsomlatinptp e v BundatERptn S g e b REL BRI *The
adduct - f or mshgflg|fymped drel @sscitied, 108 efanlpld, af WENYBIET2309Meiibds @rd Comnpdsitipnt he

B Giol, Bor TR Rt R Ay aOLr iR b2 M Cnnance

control OVGF‘Sh@Q-S&Qnﬂ@Qﬂm&& A@Mwhipwt@Me&]udea RELEHindtivd ahd NOSeic &cl
chem cal dehydration) exa regiosel ectivity of chem cal

dehydr at i on %“t?é‘rlls%]?‘i’f"b é’é’ e"&;fﬂ’t?é{FF ; B%O 9@9@@3& Metheds fe‘bﬁ:’iV@FaE‘Pﬁ SghheDvspounds

to their di agylridepy V&Batghé/r%%lb)énmm/@%ﬂh‘%tﬁ@ds fBrG@lS‘tBlhﬁ:@)m gieb then
e of the acyl _groups_using an ypeptide of the

sel ectively renovi n

i nventi on. /R#et:@ﬁch{ kﬁéwyleew Sfaw%ﬁwl@an@ Besu%tmglssg'eqné%st {iang spgh t he
dehydr atjgon nf;za(holmmagmn{e %ra%@d&{ve@tﬁerg@mm@ma?ﬁﬁsﬁ? IR SR pdial, O
convert the conpounds to noacyl derivatives, preferably int he pr ésence
of an exces9n @ftemmrmm@b/rfbbi@pmhéslaﬂﬁdnr8§{Pe¢oncpppném|t@ theoppastie strang| at i on
of certain Q[s?éi’x’r‘cﬁn%ﬁf dope Rl thdrlc Gt po B ARG i$ Hindur Pl GieQRRODT C
speci es. For exa he acyl ati on to the correspondi ng

car boxyl i ¢ @ememal @frrt@vthdblsdlamgﬁlasm@ﬂfen@» prymergatioretoyiilogaps betweeti 9kls, in t he
formof an t rred
or ganl c 20 go?@énr% ¥ s zf’g[’&aﬁ%lg (Sélﬁél ﬁ\é?mggcgﬁ%aé@ﬁ's*g@g?a%m&l Qﬁa‘mﬁi%d%g?%feéﬁ Org?ép asi c
or gani c-2aqueigsstiopi(§tRNh of @merheantaning)t imaguett ecpemtidrs yndehédniaairing poralitivas Gh or
in a contin optionally expressed
by the sarr\elllz?c%’lé[%f11 ﬁ'fmrfﬁ %gg% teoss'ges E %{’)¥P£8tén§§€ha%éfehydr ogenase,
racenase, etscparatlon/ptnyﬁcatxdm fnkmomtAlrmmtwcjg,l the pdblmtafl(strmd,ls apncmdlrliyjcn-plfrtfrcm ng

pol ypeptide ¢ a nat ur occurr|n or it ca
ot ovad by s At et it b i B inecpe plgefihg st
pol ypeptide is an i rrpih@medpmodcymrpgle d&ndwmaeaﬂ@mtrd sonpéreddas delestadédrent s,

rononcy 0 PN BBt e RRIATARG S o6 bos L Pl St s dgkmghiyed, "
gl ycol ) car binditlgl AfREieparaBbcof) unbEAHAIINA HE suletk dDNIA GloldculesRGelpkd i@t | des

i ncl ransf er nd |i I i vel i f I ne of th
hygr (L)I)C(i; 38" Elaﬁafgs % a%gl? %uged mt%aéssﬁﬁdbSe af)tstc;s ﬁ tg (g:énera?e X hlgrrpagl cn%cl%g sgquocnc%so the
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thus providing a neans for controlling the regioselectivity of dehydration
of such derivatives to either of two possible isoneric a-hydroxycarboxylic
aci d conmpouMdse1/1g21 WO 01/ 12791 a. Acvltransferases PCT/pO0d2888 O her
enzynes useful in practici ng the present inventi on are the

acyl transfer T ese es ar nal ly evol ved ?hance
certain cat a‘?@?l?h libzary pro Eﬁé’ "b S/PURES yayd 5?3’

specificity duBstrate feaf&ﬂhatuhafﬂnﬁwﬂh@wy oﬁmdémﬁﬂﬁg@&bﬁbm@e@mmmc and/ or
di astereoneric selectivity specifically) these poly pt| des catal yze

acyl transfer reacti oﬁ‘s“ﬁ@%‘?‘i’b%@WF%“‘& th"’fEﬂ“Y 9(0‘9? fhox R dessiibrddechyiques

ubi qui t ous i gkithEé F8r @nridhitth TRy PFEEG IsRITRingRadbs usell € RRRA thephr@iits, MaMal s)
etc.) can be used as sources 0%)]?; es_encodi ng t hese pol ypeptides. No
I E%sﬂ“

matt er t hei reedeRgd By thedpetheds affiae gencs are preferably selected from

10 those encoding funcmmmgefmﬁ@égae%n&ﬁ@fshlﬁm@lda@aﬁgﬁdf\g@n&%)dcester
transfer reactions in the bioCatalytiC processes described herein

Preferred actotof thegnest B@@f@émﬂloéﬁr@aéﬂlfe@t maprevingrendiowigrairgdemadgpliyunct i onal
pol ypept i des; @é@%}%éa@g r ans {dnOfBstie ér’?a@\lfulu y’l{?@ sgﬁ&QcP Ei thie ALY oE'S -

Exanpl es of Va erases us I nventi on
i ncl ude 15 pmbcapdystsi d?\éh;entshefdhmfallnyzef genes, hgnhlpgratmscquemcs e.g., from different

a- hyd.r Ong:fa strf)gé%lér%hl%ﬁ{ogémal ollh(? s‘?g Ef%érgﬁgév@lr}é s{?%ieeyécg}i'g &h%ﬁill’lg %mgnat can be

recruite urpose orres GenBank
i dentificat isaqucn{:fﬁlﬁmwt}r ctleewiyd al@odl and then y¢cainboted] Thszsefqrtrmsahwé gmase of
Clarkia breweri. and b nzoyI CoA benzyl al cohol acetyltransferase present
in the sane cfﬁmeorngpa nc'grﬁs (Dudareva et al, Plant Physiol. 116(2):599-604
(1998)); [ DCANTHRAN, Datkigddirg pCtHCHESsMts W@Em;wmﬁﬁﬁf&thm@bim]show

hydroxycmna | /b thranilate N-acyltr S fonl) & S
e 1 CokTB b e Bt ? i o Oleds ) RaRYarap %, SH2T0rR gk 0%
chrysogersum igef;ﬁh?ﬁﬁéﬂhtﬁ)ﬂblh@ﬁffﬁ frloth éiclagtﬁﬂﬁdt bmaaﬁpcanmhi rma{if ﬁerra&ﬁ carDibe
Gentiana triflora; .| HZIVB ed chain ac r eras n,
303208, 304 RS PPHON I DS e TRy SO R RATS MRS F eGSRy
gal act osi de @ghtmeatirt fréxﬁ@ﬁtﬂlf&ﬁoaﬁﬁabEGi 22 6151t1'-b8s FatGecdmbinatiort®lgenerate
B0342(1acA);. or of other organi sns; [B360 ysE), H 0606(cysE)

HP1210( cysE)incregspd dixessity weiayive 1odhe sartiog g’eteaeléettw {ATLRg fﬂév:aglé It dsze fromy .

[ YGRL77C, YR di\ér lﬂlaﬂem{wd}l@eeﬁde 084 ermasie, if EereZredonly 840 subdtrates,
Saccharo ces cerevisiae; 0267, D9Q786, Z92774, I78931 AF030398,

AF00820420 Artbere shryd %%ﬂl%eﬁﬁtwe%me@eetwﬂ%ﬁnéﬁ tBpig e thsg subsigates, forgxample,
[ YARO35( YATI gnk s@trate W& &xf:de,lfe&ﬁ lhc%szuna aézpﬁﬁgaagésﬁmw\m% &é&mmhiffess gbpi tine

O acetyltransferase, EC 2. 7, or mammalian origin of fromyeast; [CHAT]
chol i ne O actbe ird ﬂh%@lfféﬁaS%nglE@SEIOB Thestarging Pﬁ?ﬁrﬁmﬁs 641 g natural vaqapgs

CoA: deacetyldf'e%%tﬁé?@oﬂe%fct ikl apﬁieaemaﬁ@ree Sgthert®an atloRiffif € et al,
Planr J. 14(6): 703-713 and

1- acyl - sn- glnpaaliedic genep n@phmcenea@ﬂe@ pﬁﬁweraégel Yyoribdpnetionpyelatedneshiesg..col i .
b. Acyl 430A chff&@rﬁ%%nes within a superfamily, such as the arene dioxygenase super family). The

starting DNA segments can also be induced variants of each other. For example, one DNA
segment can be produced by error-prone PCR replication of the other, or by substitution of a
mutagenic cassette. Induced mutants can also be prepared by propagating one (or both) of
the segments in a mutagenic strain. In these situations, strictly speaking, the second DNA
30 segment is not a single segment but a large family of related segments. The different
segments forming the starting materials are often the same length or substantially the same

length. However, this need not be the case; for cxample; one segment can be a subsequence
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I n anot her enbodi nent an accessory pol ypeptide having acyl CoA |igase
activity is provided. 10 Specificity of acyl-CoA |igases towards a

particul ar S substrate or a group of substrates i bly
optim zed Hshggfggﬁing or selecting for the acyl ation of é?ﬂﬂ&@@%%%‘e by
shuffl ed and co-expressed acyl-CoA |ligases and acyltransferases. Utili zing
t hese pol ypepundes. The §eph@fscal Bepissechie par oblanReimelet@ed, s@wh ab@tdiors, or can

pol ypeptides to be exploited. 15 To illustrate the single gene shuffling or
shuffling of°cdn Paliedyorgt genes approach to inprove acyl - CoA |igases or

acyl transferases, onergd s ffRhEDRM]A depfent®BRPERmBined B?axﬁﬂéﬁtﬁé&ﬁﬂgicélg _
superfam |ies of these polypeptides are selected, aligned with simlar

honol ogous Jeapmbinstien fosmats prayrded Bercinga penerate pdiyersnibralyy swembirguidiiés.  An
exenpl ary | iggém@ks. Wk HlibAfYdan V84 illd3 SesiBORGR niRhe fele! Mk P0td &R AR 20
organi sm of the %nvsntl on I's provided” bel ow [AF02g9714, ECPAA) AJ000330,
PSSTYCATA] pRér)I,d8Eramerengnbery d8 eomeembpodimants the spaytimgspgments amizthe

B Subct ny! banarey SR8 Mork e RRATRA T IR B TR elocs RO AER000c

AAG64442) 2FegulA®yBeuenckFG4cB0, praRGECBARC] yadanhlatiomiequenceatqui€d forl | gase, EC

6.2.1.2S; [Sl3UR378 P L, POTSTACI11 41051,
AF041052. GUIBESIn gk attcitlnes Hk roi by B syt e B R 6
PCACL2A,10PCAfSe24dNn toTd EMABON vec (OO Tdihg sEquscals Gecek@fYl b &k prasbion Bads;, AF008184,
30 AF041049, $F041050 %&Jégq.?& NTU5084) NTU50846, PTU12013, PTU39404)
PTU39405, APETSERE &EGR SURP064095) AA660600, AA660679, STMPABA]

4- coumar at e- CoA ligase EC 6.2.1.12; [RPU02033] 4-hydroxybenzoat e- CoA

| i gase; [ PSPPLAS]. 2isaof ResiviztiaOBigmeSies to RasenbieMutaNns01/ 12791

PCT/ 11S00/ 22038 | n sohisoebingitioryit 3 adbankdpeousny edeiresdtiction efzymeosingd inc acid i s
fed exoasnousl . to an r?aHi smt hat. expresses the Iiﬁigas,g or transferase.
Pref er adPy, "MHECAGIARBGTeF NG erembiRation of BluLAfors g mRHBE &8 SHPERTRRL RS

cannot be alThedeaechliqubdige patidpapt jrelemedRdhd &voRktiof UERadnbtsIiR Shiindt Radibt ed
upon by the adduct form ng pal ypept~de. Such car bo%%]::]i c acids include, 5
for exanpl e beBetHedbmetsing methogneiets Megueserdett FarieeRYé) & ofer aeblematic
phenyl acet i GrigfatyseqRRREMBRFsCTheR RN GHs ARb HiR e F&oMbinRRETOXYAS B WEicR i i,
cycl oal kanoi ¢ acid, carboxylic acids derived fromterpenes, pivalic acid,
subst i t ut ed PEREPTYAd; te TYIN gertamsequanpies ynmukatedr oThe yeq ofiresiriciiop KBZ)me SitPyiaelsen of
exogenousl y p3URld EsHaBTiREMYe HagAEhd fypiBdl, grQhier BAAD KDY Qudh e oYY diikess Of
conpounds suitable for use in thi S process)” the invention also 10 provides
m cr oor gani $ias cannouhe readilysbufBed ansk EClranaplifisd’'sbegpuse oftheis gize e 4ltheughf er r ed

TULALTONS 2605 B L} A 6L Velohe Bl PRADGY bex FBALL PRSI A O such

aci ds beyond Thelir conversion to sul tabl e "ac e ester as a

derivative dicaddehtiivt N)22163220 (D4 iitzan be problematiofor fragments aver 49 kb, and

optional ly int.r i i , It e-directed
ot agenes; o) U REHERA dihdds 35 ShEiRne THIRGEHE Y Fo T30 MR LRI Bl 2! 0
of ski | 125i n Prdferablyt the @sictemendbwwleases nemliaceofithe Glassoh typt 63embrook, Mugubehost

d i Vi |y, . f i I
ranet or ase 0BRSS ik oY teldlpBrellb 7 AU VBl EhER TSR ek LRP 20Y
reconbi nant ohverbaregs isesh asAdwdl & Sfidloy BetXli. Tbsse ehmyines parsitenonpaliraloahig lendsr oup

froman end nous .pogl . o cetvl - CoA. in.,t ell s,of. t.he host.. The 20
Endononoue SBERAN ro? 8ficicht oEEh easciibly M BR AT e 13pishll rfiRbion fim
shuffling offorendameleyde) SadaleiidmafichbyicdnyergiopgrystitgioaBnAxegedpping acetate in

th di I ' tyl.- COA f t | .t f
ol ycosy P aierpfedStndesh Bvinet AL hrER SPRETEY %ol ke B mincR °5¢ ©f

correspondi figr thatgkyd, oD AnB6dudtibesf desifaiTestridtion 3itg3liMs amutlyicptidfsequetct by

enbodi nent, the organi sns produce .a sufficient 25 anmount of an acyl - CoA
|igase so a§ynues ég‘?’\%t‘@o éa"é’ﬁf"g%@?‘lrpﬁmtéf&shs to CoA thioesters, which in
turg serve as substra’tlﬁiﬂ)fﬁ:@lrsu@st:ﬁa(denféﬂéksTh ute@@mt;se;@g@&a%m’]g é]&ferb&frll)rhzcig\x’inf’le

oxi dation products_as substrates, e specificity of an acy] - i gase
towards a dé%H?‘F%IBd Qﬁé\géwgaéae'ﬁrs%mﬂaﬁauaemfreg#%"ealab’efﬂ%%lalc@gidng the
reconbi nati on and screening/sel ecti on methods of the invention. Preferably,
the screening or selecting is perforned using co-expressed 30 acyl - CoA

| i gases and acyltransferases, thus permtting one to screen on the basis of
t he



conbi ned effect of both polypeptides in the pathway for provision of
nonoacyl at ed derivatives of the oxidation products. 65 WO 01/12791

PCT/ 1 1500/ 2%@B88/189¢| ei ¢ aci ds t hat encode acyl - CoA | i gasescionsio/eioer

acyl transferases useful as substrates for the reconbination and

sel ection/ sctr eeni ng1 %t.ho s of . the invention.inglude, for e>f<a | e ne or
nor e menber sTAFMENFNADHRE {5 FrsfricHan g2y G LQEPEPR BEH P GisEest pre g@?’& |y

preferred endasonBetraghdie. mﬁﬁ&aﬂ' Cat Babido ¥aansIf Q@ RAIf iAdeteBN@2h Watig Sdemi | ar
honol ogous sequences, and shuffl ed agai nst these honnlogous sequences.

. 2S¢ i C.
G ycos, ~I t r fMAP FuRsion;;, ieidigepigc W atlgest ARG TESIFiPE SETIG deRiPEed e @ican be
expressed byy{hif iRt @bidSeqtlendet? it RNTHeQBstrid¥oh SfaBRbAtY Sle YhenGBiBedWithOr €
gl ycosyl transf erases can be_selected from 10 the gl ycosgll transferase
super f anid y, DA ligatedo generpte fullilength grapphayissauifiedeginae sThemunbsnofirpgiaes
agal nst t hesﬁluﬁﬁﬂWiﬂ%}%ﬁ% éﬁﬁu'd‘?nﬂx?nﬁ&qfﬁ:d AR thd RiRTbRd &hd {egé‘&ﬁcé Bfintcfes€ The

ubiquitous in nature, one of skill in the art can iIsolate such genes
from a vari ethyfflstl mplesules sansbe infsqdueedante ceMs agieseribéd ahoye pnd scrgenedraz selegiedz ed
met hods. Th ! i L.ve . f -

gl ycosyl tr aﬁfgigb%gg@ E’%B%{&Fa r?g‘;i kgrfﬁ?%%?%&gcygéagﬁggé%agrtlhelgeb eﬁssoéa edafgonsl %os}sf rates
for creati onlibfariefleorthneshnyinigidasired préportes pubsubjEbted Ld the sanicegocederetuntim
screenedl(}p deg{f'#lfdef ee%Fﬂi&o&ﬁle PeBbhdes that exhibit an inprovenent in the
gl ycosylati on of cGnpounds such as al'cohol s) diols and a hydroxycarboxylic
acids: [EC 2. 4. 1. 123J)Ii woei emblodiineatsgat least ane YINA substrate ateculp Wi (igtehs,

ol ucosy! t r andRerrit BplelSgeyld-BR Fl @G St i ok EBASoL URASY 57

AF078079, D8 tafzated MdERBA frayMAdRGE subjdomd onmiitager@gh befomythé digassibedigain EC

2.4.1.91; o-di hydroxyco rin 7-Qgl ucosyl t ransf er as C.2.4.1.104; vitexin
et A gl ucosy DR FPREL) Negsashesis of e hetshinah s Sagrasgjdses kiowhih the

gl ucosyl 13 angf SrCRehutzgendsid ol gdnlidicotideditceied MintizentSis, site-directed mutagenesis,

bet a- gl ucosyltransferase, EC 2.4.1.127; arylam ne glucosyltransferase, EC
2 4 1071 srfie POBFHIIVE SHIHEGsTERBBINARR BY s e g o dascritedarein. 1 g

[ RNUDPGTR, AA912188, AA932333] gl ucuronosyltransferase, EC 2.4.1.17; the
human UGT and i seemeys¥esbly P6R genes),; salicyl -al cohol glucosyltransferase,

EC 2.4.1.172; 4-hydr oxheRz erhfqde or Rebmbiking Cu@dtien O dutRRSLRY 8gRhcdC
2.4.1.194; zeatin O beta- Dgl ucosyl transferase, EC 2.4.1.203; [VFAUDPGFTA]

D- f r uct e 2Pt 6351eMPhETRr oK metherd fandenicdo pssembly sruliinly tpaments that

UDP- gl ucosy|fah@BschQspaefelf 8tiVed it a ful/YenShntddi® dciRtehpl SR 2@ 3éhel Mhis
presently preferred enbodi nrents) the gl ycosyl transferases are sel ected from
those whi ch teehaigye irperfesmesavhen 8 paekad af vagrreeamPIwEREs & Keryn frem previous PRE er r ed
hexoses i nclgigg chHfdeﬁ%@éHﬂJyescreQﬁQ% HERAR thaPrmd F hARHREECrBAEN by any mutagenesis
D-N-acetyl glucosamine. 5 d” Methyltransferases In a still Turther preferred
enmbodi ment ) teghaiqys §rovaein the a5t sychas BERJaegenesisepussetin nukageeesss, dopsdbligrept i de
capabl e of I; : J J : J B,z ter.
Pr osent 17 pﬁﬁ‘é‘_’e‘ﬁé%ﬂS%ﬁ?“;%%;’%éi&?ﬁ%fph%gﬁ%?ﬁif"’%ﬁi‘% Far gk ah Mol

pur pose of tsHpigs.| Boundetiesdelinjogssgmenis ofli nerledr aridsequsriceref infecest prefetadlydégpendent

t hyl t f. - - [ ;
ggl yiy)ep{ ans Rt AaESAleEioRL efefng & mmfg] g%ee&ogmgggéer Qmu@ﬁ@%%ﬁln@&a

|'Ved to enhance sel®ecte Ies o e encoded
pol ypept i dePrefarshlyagligogpaentifle piimers {aligos) apasynibesitedrfosRBR amglification of

enanti oneri ¢ 1% e t6l ARl SUBE LG Let iV I resi st ance.
Mor e speci fi 8%]9 y%) t hese epoﬁl ypeé%el 8%?lc%%%tbée&cﬁ\t/%F&38'&%“%943%?%?ze the O

30 oligonucleotides overlap the junctions of two segments. The overlap region is typically

about 10 to 100 nucleotides in length. Each of the segments is amplified with a set of such
primers. The PCR products are then “reassembled” according to assembly protocols such

as those discussed herein to assemble randomly fragmented genes. In brief, in an assembly

protocol the PCR products are first purified away from the primers, by, for example, gel
41



15 net hyl ati on of carboxyl groups of a caroxylic acid substrate thus
formng the correspondi ng nethyl esters. Methyltransferases are ubi quitous
in nature, {diBy organisms (e.g., mcrobes, plants, %ﬁ{ .) can
be used as sources of genes encodi ng these pol ypepti desrml rlrsgl{'/?@?&t hei r
origin, the nethyltransferase genes are preferably selected fromthose

whi ch encodeldctraptoresisair sjae exqbesidn aiesnddppiphe Ruzifigd pradhe s aetniiyddatbgather afid smal |

20 non- bi opol yneric | ec| es, Preferabl the nmethyl transferases are those

ahi o act _brrubged BB S5es oF Stk YeeoheripBend Bkt Hebitnst

vxrrﬁ't h%' tr ansf@g@i&e?e Taﬁk&ﬂeo;iﬁ:ﬁhcl&bsi_ﬁﬁﬁfpﬁ&??'d;wbPSsb gﬂﬁ_iﬂpﬁopﬁﬁtgﬂ)bﬂeli saMEintthe ][1 and
ich are useful for nucleic acjd shuffljng-base rected evglution o

pol ypept i desa%efaf%?wwmlwg%%wfa&was aﬁ%ﬁqﬂ%? Wil pifgers flankinetie g

bel ow by ¢ hezerbare Qkddas RAPHTyTHe {elABR M fultleidsérhislad i shuffe@EEREC3]

met hyl transferase of Streptonyces cl avul |lger us nethyltransferase CntJ;

[ SEERYGENE] et hyl t r aHsyoBlesgwodimentscthe respifipg reagsemblet genies prersyjeated 1oSEU77454)
net hyl t r ansfgiiasgesdd beRste aRar Qgiyﬁ,ggt@d_er yt hraea; erythromnycin
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[ MDAJ39670] nethyltransterase of Streptonyces anbofaciens; [SEY14332

met hyl t r BhsfasfellpavsoMuggtions WEItEN ¢IInTGT iPCTIAEO avid samencgatccidentiipdby spor a
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of Amycol at opsi s nedi InfsohRReibodifehilsDB M8 2] veitidigl IaQenck MEbth06h f18mn one or

2denet hyl nenaqui none rretgﬁll tra %&rase SmsnG of Escherichia c_ﬁl i

[ RHANODABC) TRUE RYPStrate prap °§§{§d? 21 ghyen ARAsTAl 2 SR9PSNee RIS s 20

[ YSCSTEL4] isspRfi@nylecothbifatbn betwel®omhdd alsbittrif @At RERSE ﬁyﬁTEM)hiblfs done
Saccharonyces cerevi siae; [ YSCMISW farnesy

I
cyst ei necar o\ Aitaeitpsied mutagenesis erqrrdhy iechiriquss well kpow indle wblecsyiBergss.
[ YSCOHHBINET] AR utk did Wm0k, 5:1/5)?%@&5 SR LuBRAEOALEmpTRieINY bfi%ﬁﬁél@&ﬁi&@ (COoR®) of
S.cerevisiae; [AF004112 and F004_11335 phosphol i pid nmet hyltransferases 25
(chol +)) ( crdgodjnesingl-or mytple AnEORy Eem ofshnbstritornsrITFes, ASNOTICI9ROUASNOMT 1B,
ASNOMILC andy AEO3GRPErARRREE 3Ll B kb0 feAsSs: (intd3RehOLdds
[ MBU20736] S-adenosyl -L-nethi onine; trans-caffeoyl-CoA3-O nethyl transferase
of Medi cago re@mbjrant(y) sprbiythercypivediising RYR recknigues deseabed herdimndfierr ase of
Medi cago salg.¥a; 6L 1o P QR LAE wri :
trans-caff eggﬁé&é%é%@% %ﬁ%}feﬁ%%tse? gﬁg‘?eﬁ{é{g ‘élccf)ﬂv% JlCHCI)I Q%/gg ?N(l:tgé gmlsuiarlcid\}%:;t on
[ MSAFO0 (37 5]of pligonueledtides enpnding hamelogie hi@pigng,)and dife ablovk pracpss watatedantil
[ MSAF000976] : - (710OMI(9)) of Medicago saliva;
[ MBU97125] é?g‘?"’s%ﬁ;arg%éﬁgé{%p%@’% 01/ 12791 PCT/ L1S00/ 22038
met hyt ransf er ase Medi Wago thedlififerance paFEEOMONBotghEsdie phe @arore single point
Onet hyl transf er.ase. of . Ni.cotiniana.tabacu NTZ829 caf feoyl - CoA .
Qrot gl ¢ andP AP REE e copbf e A AR e e 60 St s SR PG seaiees in
met hyl transf erase of N.tabacum [PCCCOAI\QF , PUMCCOAMI] trans 5 caffeoyl-CoA
3-O-nethyltransferase of Petroselinumcrispum [PTOMII] s caffeic
aci d/ 5- hydroxyferulie acid O nethyltransferase (PTOMIl) of Popul us
tremul oi de; [ PBTAJ4894- PBTAJ4896] caffeoyl - CoA 3- Onet hyl t ransferascs of
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all ows the use of whole mcrobial cells in a organi c-aqueous m xture (e.g.,
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4, inclusiv T |oen and ragani sns of
the inventi grﬁlg'é?nés %ge Jb]zééméfh %r dsse%f"ﬁglg}"gglo pﬁé Va nS‘StP§° r@%ﬁpounds,

i ncl udi 139 nnmyamingtcua:lar seﬁ)NAommrresnummm'mt)plbamatuﬁms qﬁﬂrepfh&eempluwehntas

vitam n productio Th tho |nv i

reans. by wh TS EAT T 3o HiftaOLRTRc A AT The e Bl 95"

of the us of the enryiee o e'ﬂs°mhmmﬁ‘3h.ss§§?§$‘?flf‘§h‘gmbv'vﬁ“ et ive
0

process for ?Fa?flt'ﬁegref‘g%‘ﬁ?a?ef n'?IP‘iﬂE Pﬁa]c’ﬂﬁgfr%? IVERHoe TR BY l?‘aﬁcﬁ]‘if‘“@%' converted

to trinethyl hydroqui none




(a key vitamn E internmediate). In the case of 2,4,5-trinethyl phenol, the
new route uses simlar conditions as are typically applied to conversion of
2,4, 6-trimeghy Illpp,ﬁ ol (Fig. 2). The use of arene di OXng%oB/%SR are

optim zed using the nethods of the 25 invention to synthesize precursors of
vitamn E, for exanple, provide significant advantages over previously

avai | abl e netdunidm fooscrezhing Shmfged/ﬂibayg'enasE.gcxNatmrla:Iintmdmedmtcolfm easmaple,sol at ed
from comon oils syeh a soybea anpl onse ffI ower, and
the |ike, by3feaaise &RW@‘HB‘&C@W’SQ& ydf'sgf'%]ﬁl %Pgagﬁelkndcrffgf?gﬁ ellfr cat ment of
the oils, oﬁdeewdtelayllsrmlptans&eelpfarlmaelssesmﬁprlaarceamvalbecmfs subipay E.tcbs such as
sterols and fatty acids, M croz 4a 8(5) oducti on f tocopherols has al so
been reportePde“ P’Bmse‘PgBaC‘lh@p%‘ ties Pugkholderiq capage Cal’Eﬁ'@ﬁse‘n%"eé ehgcter,

Mycobact &r i Whodstetculs ArdRspiatat, iSphinkdridins are peefdrfddex srRPleLs i sGdatl GE iRl RASS S €S
75 WO O1/ 12791 PCT/i JS00/ 220 R commercially insignificant. Chem cal

synt hesi s ofinQivhighigre ears ingas 496 exprestehniigd dioxygspase gengs which RFoYideior y resul t s

in an equal BhyehithEshitlify teb,thefieefnft%e%,ra; varegr@rvaemm&mamgrwm&ﬁm 8etéed ai ni ng
12.5 percent of each isoner. The feconbination and sel ection nethods of the

i nvention cahﬁsgba%ebceélé a@fb@l&prryom ealle argi ayqilablen segcRambiek, Hugithgband Berger,
predom nant |

enant i ospema?l Cl t§/ regﬁg&gggﬁ%ﬁ%@gg mme/ba%!ﬂﬁ%%lg@g Jlrogg%ngdgﬂiﬂﬁﬁp
enzymes. 1OKe3bY|lmt@&raﬂmdn®tthﬁsChr¢mQSh@als9NN1e95 plaghtid- a- t ocopherol (vitanmn E),

f I 2, 3, I
L0, Srample; o 2 S RUAAMEL ARGl RIBOU RS Andihsrt | 0
2, 4, 6- t r i metifmehtdre irodne nboGonepo sindfled depes dan alsp b itreduced o plphixtelnfolr

conpounds) qpe e L.yt 0 i J t al

met hyl hydr o ﬁ?dnlgtn%‘ gposs Sm"?ﬁr‘?" ﬁ'i’*’g%%’g@& !&S}’Qraﬁ]? eﬁ%@ﬁ"ﬁaﬁg& |“§csr§a§'hﬁpa%q e for the
catal ytic oxmdatanomu’rcs of| élostiibledzymes). Thos, exmn*glem: oﬂlh'ieﬁsuoenbe Modifiéd #8f)g 335.
The 2, 3, 5tri et hyl.hydr ogui none,. in tur ar.e VI amin E by
Ay of Jdv e Rl B B0 pigh ol s BF 8 ot LB Breled B £ o

si de chain Qﬂerbeheoﬁhbaeem.dzutseletm fdr (he el br hﬂpr@i&ﬂhjdxh@lamuomyemum ng
Friedel -Craft acidic catal %t nd| tions %see e.g., US Patent No.

5, 468, 883) . DRfiENa eukagyotic sel %‘Wl? QCUKATYQUGOBAMSIRS ¢ " et hy| phenol s can be
synt hesi zed using the arene di oxygenases and rrucrobial cells of the
invention as shownpm sivdNgleid AcliShufis@Rdrats 1, 2, 4- tri met hyl benzene ( Conpound

1) i's oxodized to anymabmeempeainehts bf the idv¥ntion) Dm sMbgtra@d mMebuleksdrdlg an ar ene
di oxygenase. These arene cis-dihydrodiols can then be subélect ed_to chem cal

dehydr at i on IRtEPYerdNA CFlllfeWé%‘Flr“éE"p‘Eﬁlmldlaﬁ@afl}"i‘%fhﬁ‘iﬁsdh%ﬁ’iﬁf’%m Bt RAr i n Fi g.
1. Al tcrnatigyghMe, allibfard of mufiRis WeARAZRANE §Q0MREYPKelebded $ IniO%iKli zed

usi ng an arene di oxygenase to obtain Conpound VIII, which in turn can be
dehydr at ed t@PiNedplienatypesbyanyet the feshraiss descnbsdgran. xFhe DNAgubstigiecesent | y

preferred enpadi®Bhoodf gt@tﬁ&eca&ﬁdges%me@e% bﬂy&hy bf 8 (LRRGREMscribed
regi ospecificity for the addition of the droxyl "residues to the

appr opr i2&t e hemith en fmpmentechandasedtaianyedd 2@ hh.qsb@;ﬁéélieﬁﬁeélotr yelecteddbt ai n t he
desired Chi tigbichda fullfon! BAGRA:-ARplSfter? WL RS EBNIO Uibsirtle W1 Bles

acyl transferaSes or g ycosyl transferases are use to faC| Itate t?{e
product i on dfcozerddipmdlae hosorels sugh anbBRCKi aaH kel psvressdb repeated wntil aldrsiteghenol
(o e o vl (bR Bl AU ELARO AL GRe LS, (RTIRACHRN BhAHEA 1y

di oxygenase- edi a ioca SI'S n exanp e oY reaction 1s s omn in
Fig. 3, in md:anod:aleﬂrpr@cy:l ttanaﬂasttcmr w&pdcymhareg:lnynmyh strramistﬁrermgtems sucerapl oyed to

(Compourt 195% B FrReB0 M 0BG it S8 S840 AL AR ittt T

of the resu Ifcbn qegs mocmzmg radofnbinep varsidndofIthe, gehtr of iaeydsatMethads fot zyozo&yl at ed

group is pre entially.|lqgst IeaV|n

posi ti on. Lﬁ@Fﬁﬁ“ﬁ#ség§ﬁPPgﬁ§?@?%§e or’%ﬁ %g%kyéﬁghgﬁgﬂ%@éﬁﬁﬁhﬁﬁﬁﬂ% been
subj ect ed to r econbi bl edficienegt oswxemhn@lnﬂigxrantbheﬁl&ntdddiy ia¢reasingghespeci fi ¢
for a particular dr ox rou Si.n met hods of .t he i.pventio one
can acht eve ASBE P e S dpidier oh shoy tr‘fg“sgg?‘ PR Dirapaiotty of el pelh ol
(Conpound I X). Alternatively, one can e oy chem cal acylation in
conjunction with an esterase to convert a cis-di hydrodiol di- or
trial kyl benzene internediate into a desired isomer of trialkyl or

di al kyl phenol. In this enbodi ment of the invention, the cis-dihydrodiol 10
product of an arene di oxygenase reaction is subjected to chem cal acyl ation
with an anhydride, resulting in acylation of both hydroxyl groups (e.g.,
Compound XVII1 in Fig. 3). An esterase is then enployed to rel ease one of

t he acyl groups, thus producing the nonohydroxyl derivative (e.g., Conpound
XVI) V\:hl ch can then be converted to a de5| red d| al kyl - or trial kyl phenol

~ oy



15 preferred enbodi ments) the esterase is a reconbinant esterase that has
been enhanced, using the nethods of the invention, for inproved properties
such as regWgspazidiicity and enantiospecificity, and the paiesordmsopher ol
derivatives that lack a nmethyl group, and thus use di nethyl phenols as
precursors, find use as .antioxidant ot her_ uses, ,Such 20 conpounds
Ran be synt HEAPOTIDSE AYFETRML Mts mBRAP Nl VA R T EREERRMES TR of t he

invention. hhigim# neBawsthé E&lsvsammmaednwatgb:ydmelwnumep@ﬂg@d@néshat one can
produce by arene di oxygenase-cal all)a/wg}wom datl n of xyl enes, pr eferably in

conj unct i on BRFtERAlGEbInMS dependsipnhe, g of f}\SICF 9\%‘&"’59‘5 sResapaPhas 1)igiSt i on.

For exanpl e, petfiSe faPMBNErbWingRERVdoHRE MBtPIR dplikfiontork) résultinz @& vePPouNnd
XXI') is oxidized by an arene di oxygenase to form 25 one or nore of the

ci s- di hydr ocepemesdh nselisaficn ipppinad. Koanumbryrl geppresixyrain depsedanbal

dehydration aﬂfm%@] QHBH&C:Mh@@%MH offiArdnil3BmPE éﬂé:tﬁsqa%o Ghadat ’ﬂ\erhu?nb%r
di met hyl phenol ("Conpound ) and 4-di et hyI_Pheno npound

respecti vel w}fgmmeelmmmmatphm celfs ctgemawcthmw higappears to be dysiit of t he’se

conmpounds b g%q [
desired, i n%‘g@g)re @é‘gﬁ‘tjﬁ% g e@?gg %éléhn%m %’oﬁr’g%tsgﬁ[a#oqéy gtllj?mkgl oxygenase t hat
is enpl oyed ciehs. t Ths frmmabon ofsgepomes macllswsnt@pmgrmlﬂ@me gerometrepidgerssylisdn

regi ospe fiiGldlye %@%@hat%%ﬁ& b mﬁa%@nﬁés Iﬂc}p\(eseﬁ oi"ﬁ’:qlt%ph %mg%& dﬁ’?&hs the

i nvention provides ene e I'S
cat al yze t heelbsciegldts iromhigher fxegydney ef l(cmnkpgoumtcmw)tmmn thns; CElls, bothD 01/ 12791

PCT/ 1 1S00/ 2 or._nmr f tB;\ﬁ ound XXV .
Conmpound XX%fi%veen RS o?ageraa %ngengr ene ‘E‘?‘gﬁe&%ﬂ %' o1°s * E&IY I hen k

turn, be suhhe@ﬂladdhcranslf@mdcfmlgnﬂmhmle atoraasedtfmquﬁmtanﬁrembmxtmnmﬂms one
dlhydrophenols For exa dra unds XXI X and XXX,
respect i vel y° SPIE afeRB IR n%%céﬁlﬂ% EWH‘%(%@ TECS2, 6- di et hy! phenol

( Conpoung XXXVI ) are Inbiaaird)ﬂd.cxﬁethyddsfahul@plegénoﬁﬁﬁwmdnX&Yldype weddlts in a
m xture of the 2 [ '

phenol s articylar jisoner can
T bt o e BYAIGER by MRerkisng o to g Breaeen i e Do Rt S BT 1 ho
deg [ refl regltmlsmﬁumbbnt m&Méxganlﬁ$an$]meﬁnbMaﬁbeu&wseu?ub gﬂecchfga@eWi naéI [ %10
an sel ectilon er een ods O the i nventi on e oun
can al so seryBbels M M&F inggpconpinag) geRames %&;@&ﬁa&%ﬁ%{w i dati on.
The resul ti r&ﬁmﬂﬁ&ﬂ&nﬁlh&oﬁldﬂ%épﬂbﬁlh%o(@rﬁi’@ﬁ%&gmw|ex§d’$§d?@Qﬁﬁta n be
chem cally dehydrated to obtain 2,5-dinethyl phenol I n these net ods in

parti cul229r) speh gsqitviofes oy %mf‘ﬁ%ifad’caﬁén %‘raeﬁﬁ’émlf?'d?%&ﬁﬁ‘aéé PétomYEiPSUERY by a

cel | that igcf pl%to%&%le@%s&*ai&ﬁsr afoll@Br ih REhbih &M WHICE thdu&id I LBRaKY OXygenase
gene was obtained, or that the 15 arene di oxygenase is expressed froma

r ecombi nant AeB¥RE iQirena by mecombinstion Higsoengiiges sslses @é“%“ﬁ&?"‘%@“b‘é@w

optim zed fQumbERIueYEHe e%ﬁérflbi%ﬁcy&%km\gh&lhﬁmfaﬁ%@h BaLicRd N dified cells

sel ection/screening nethods of the invention. 3. Preparation of

hydr oxyl at edura(rwxpeswwgaenere&@pd?di@cF&w@kwhw capmereanias- &ar boxylic

aci ds haye ra?meadgeré%aeelu%gébe fnagkdaq%&a@éec?ﬂg ﬁfe%bﬁg rﬁ%9§etévb%s IV

protectants esters o rox enzol ¢ acli para ens

phar maceut i @ahnt@%wpbsbrtdw@hgn pish gppropsistecqontrels). Siaf mmpﬂq; lralcwl@al edlsparbens and
3,4 dihydro ) enho resent
Cnwent | o pracyiame DogtL LHeP for fed DAl bkl SRAC ARACHSHLAE D b

carboxyl i ¢ dbpcscentiogpretds odsirtingiov gsreawd sie usinglight dishesicat Sorvoonalliafi ng an
gg?/'ypg g{ Pgémlkésc%g?cglpﬁ Y\%ﬁtlls s@rv%%)%wg&b@sa?e B&L&’B‘? %te gge%er?ce oﬁﬁgfdﬁ\'}r‘éaﬁ“f :)‘r’]” aThe
Car boxyl30c aaptmhzsdlb:stheaicas:d?p@opfhg car boxyl | c aC| ds used as substrates in
the present inventio rom come t hey can
be prepared by metho 29 n%r\%\lﬁoﬁﬁgr? aée{lbrm?es arer:rc{éef errreé: gd‘)mmﬁtto t he

car boxyl i ¢ agaidssuah es qeile pith @ohtdny ocCiophiaat gcngpxadmﬁ)aftmlas,enmd‘nmm}s nmugL,an aryl

al kyl 0f oup iy an, OXYARNESEPRLUPERE LS THO:R Q0GR Lh%. 88T gReDdi ng 78
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PCT/ 1 1S00/ 22038 aryl al kyl al cohol. The al cohol is subsequently acted upon
by a dehydrogenase pol ypeptide to produce the desired carboxylic acid.

Al ternativef P ?@ al cohol can be converted to COOH by Cqﬁﬁh%ﬁﬁ ans. For
clarity of 1llustration) the discussion herein focuses on ation of
5 arylmethyl groups to carboxylic acids. This focus is intended to be

il lustrati venubdtidn Wlelid teplabémht, sélbatlvemmaw@emddm\r&mt §uchat ashgp i n the
bi ot ransfornmati on processes for co rsion o t hyl aryl conpounds, such as
t ol uene andSPEBIHBH O Ak HRETPERd anHSFDH t‘Pfé’n]?é QE ﬂ\’/% ﬁng&FIPB]I‘F‘%O at | east

10 one net hydfedion WO BSaids akdusbd® iAfeORS éclls S Hasrehsdirecoididalién figfuessPondi ng
carboxylic acid (e.g benzoic, toluic acids). In an exenplary enbodi nent,

the substrate is tol udsditionl St@Feglcﬁf%rm@Whégfé%?“ef apd thﬁoffeﬁ%‘f’\’l‘wnsenzene

or 3 m X5ur BN ARRoner 3 18 gﬁtﬁtatglaye sePRH iR 0. @b, NaEs 520wl AdfagioRar 1S

oxi di zed. Follow ng the oxydenation step, the resul ting al coh IS

dehydr oge nawdmbmgtlgeﬁ@miels ®TE$OMlelﬂmdﬂﬂ yaasy @hy@rrfg@lewa\y@ 5}3(979% ptide

to produce the desired carboxylic aci d. The invention provides for

pol ypeptides thag m zjgg,%g l,di ze only one al kyl group of an arene
i

bearing two or mor € ekl o RbhLRIE0 decul RS SEPRALEANwBed h aUBhERL e T

Fig. 6) wth the nonoox~dati on o p- Xyl ene
(2) 20 i1§ setrentd sheffing’domet.t Ao extmswergunbctcambm)apb'rfmcof U/h(ﬂzzynome

Al ternativel th t th r | e of

oxi di 71 ng. R RUER PR AERe RN 1O R LND A BECRRAL ° P11 1o
or nore al kyi\tltgddﬂpdutxﬁmf EhaePtlds, and@rgmsmsmyllippmptvese@lenée Rdevembimatiort,’i on
are capabl e

as oxyl ene (‘\Z;fn[%)é OH%.et Xo. B@?Egﬁ@ﬁgﬁggﬁ?ﬁ@ﬁn@% gfi‘{:%g%fm a 5a>§y¢r(§§§, such

preferred eobodi,nss)r, the nonoxygenat i on/ dehydr ogenatl on pat hway produces a
car boxyl ic acid havi nllg g 3 {eucture f_fﬁ)an erein each @f t%& n R
groups’ is i ndependent \Prigh wheleggnqmeshpifingm S“ﬁﬁEFS‘éRPS?PP‘tWé regficne
groups; and what ficRit acrttsen@@rcoﬁfeﬂmﬁhrt@praperiynqtmuvmuer@memw(@fgerf@bta/ Ris

met hyl, and nore 30 preferably still an i nteger, fro
i ncl usi ve. EEnOMiGPLaRY: 9@@@)?6@%%@90@7\@ 8 Swﬂaégt‘ieilf attﬁﬂ"leﬁ'éq" 115?‘@?%1? red

enbodi nment , a%]@d@@m@m ic acid group is selected 5 10 15 from CO2H H3C /
C02H CO2H H3C CH3 C02H and H3C CH3 Many enzynes for effecting these
reactions are wel | knBtrfementagan al?lt"cmé?Fﬁ}méF‘é for i pipustipp Pt ‘ti’é‘ﬁallﬂ’ioct“ﬁ‘é is
construgpi 0'Ehecbfldcgtsﬁfd%ospwpmﬁ&tc‘d%ﬁhd%ﬁ% &34cailysRl NS. To achieve the
initial oxidation of the ){. groups) certain enzynes are presently
preferred, including Tft?rmfﬁ@?f’é ﬁfslntﬁllet! gFnaseioRMAtYstFcA A8 EBPTRYediap R uene and
xyl enes, anhp; BT coRtSentibial mBoBE AP soRRS MY AR BAREE bl ARE ON
t hese substrate I n a nonooxygenase node. latter "are exenplified by
napht hal ene ofistiayignpnersmentXoninicresrganisas aisal ig ferngntptienirssemaprdd to traditional
2,4di nitrot 5= i | di t he
ot o ri AR hipb A R e . B e o N o oups
of a varbet proaﬁctacammterdle somker, predacenpdaod g?emar@étsrmd@ll(asml@tﬂh@xp, et

i ron i Eptsrafinert b e Ry han b bt deblha ol el e )
180(5): 11944@169@:d(e1@@81)cy ofSpduatipn gtocesd¢sBraptletcs ©l lcS,s WhF pi@ipctdd2bd 488 (
1996) . frugal use of resources. Whole genome shuffling provides a means of accumulating
multiple useful mutation per cycle and thus eliminate the inherent limitation of current
30 strain improvement programs (SIPs).
Nucleic acid shuffling provides recursive mutagenesis, recombination, and
selection of DNA sequences. A key difference between nucleic acid shuffling-mediated

recombination and natural sexual recombination is that nucleic acid shuffling effects both

the pairwise (two parents) and the poolwise (multiple parents) recombination of parent
48



The follow ng lIist provides exanples of polynucleotides that encode a 20 25
nonooxygenase and are suitable for use in the nethods of the invention. The
| oci are idwotoifiz7ed by GenBank | D and encode conpl et e or puarish@i2ogr ot ei n
conponents of the arene dioxygenases. Suitable [oci include: [PSEXYLM],

[ AF019635] , ﬂ*‘ 3 41%, E02361] xyl enel t ol uene nonpoxygenase, of Pseudonobnas
putida TOL i g#ﬂ mcowﬂnﬁjeyn iF PRUZAYEYHN B HETRO ROV iEnase of P
putida; [ AFQ43adtatitn.t ;mGiafid) PRV EDREHBISLIIA PPoviies ERBUEONBHRRS pSftlatibBy Nt NVA
(ntnM ntnA). Additional npnooxygenase pol ynucl eoti des usef uF in practicing

t he present PreYoRiE l@fge ipaps igisequenees ar genomissiueryresha copsuhfrem peeWiskA

SHUFFLI NG W?M%Xgﬁ%s@ﬁh‘ﬁ%f d?EiQNGI&t%%#oN%WWw&%ﬁMtQA%& to

Joseph A Affholter, Sergﬁ%y A. Selifonov and S. ri stopher Davis) Attorney

Docket N&. 8@pealingsinge-the-benefitalmugpns oaigpils rapstr-canbaaambiredidedngdh August
12, 1999, a%&%’b@&"s?&ﬁr@ﬂ&@ a6 e‘?i'opoli?s\lﬁxriﬁg.f%oWﬁ@réc@mbi%ﬁf(fﬂg hfafifebus thfeANOL her
I t y a

preferred e ment, e nonooxygenase used Is actua Iroxygenase t hat
exhi bi t s norrossdyrepsingsd inhred syaing in glassigistrain improvarhent, esedpy harhe eressasedovi t i es

di scussed heo%RJeQn m%ﬁggst?al?ﬂs'ait Bch.Ogn &s igﬁé%‘?lﬂ?s%g&io irfhibn R% s qIRAUTEVEHL 9> ° s

a property that can be optim zed by e nucleic s encodi ng

t hese di oxyghkataffess thd regofbinktdon af g popuatioprof vides acist sepess thht rpoillty imutbe eot | des
t hat encode di o epnases actin S MoNoox nases and.which are suitable
for use n R0 AEY Brtik alli (8 cPRaRE EeEe A0t s BRLuir & Bank
) D and encodeiginanfpkkicacals. partial 10 protein conponents of the arene

di oxygenases. Suitablg | oci i.nclude: B004059] .. 010471] ... AF036940] ,

[ AF053735], [ AP053736f‘}°“f xedFe% geperal [“%\éﬁg’f%?ﬂc“[‘g%‘ﬁ‘&%ﬁ?‘l,w@E’NKPDOXA] ,

[ PSENAPDOXB]prokaRoENDBRER 2 halv® Sbkafwh] sex JaPSIdE? 64, but there are natural mechanisms

napht hal enel, 2- di oxygenase; [ BSU62430] 2 4-dm trotol uene di oxygenase;
Bati0504] - B VNGl Y GOIEE P ER CLFEISTA N EeTER T RAET Leh e Ry o
MONOOXY genatihdhileGafurdd Corpdiéict phhgeymedisted frand@uctioh yane péli-ckl cofjfugationcan have

one or nore properties that are inproved relajjve to an analo natural |y
occur nng polBApE(t thakare Pﬁ“’é’t‘th‘é'F%et’erq‘g_ﬁfeé?Hﬂa i%&{"}e“flhéakﬁ'ﬁluyﬁ‘g]ﬁdﬁﬁgé fromy
expressed bYhOdQireimdiRl B hbdlogQisORRITNE unddpi R0 YR bmbinGorP@ikyiRE pérodR dfhat
catal yzes the 20 nonooxygenation can be co-expressed by the sane host

expr essi ng ahqsstlyisepineda sgasdig erdnngeu Baries SPOFS theraimasy BIBGHPT BFBF™t he
oxi dati on stéba{ereﬁiﬁne%d%h?ptmmﬁﬁfogme eBiclnOy VAR DARS iRAIR SRt PrdcBal

oxi di zes the ?c-bond) ernatively, the nbno- and di-oxygenase

pol ypept30des can be elpicaerslizedransdndtionsahecterioghage mpdiates pgnetigyichangront of

al kyl ar enes o Bde gﬂ%lwigﬁﬁ chigk Readrfié o¥¥He HBstBRdn@  THe B LS C S R @D
above highlighting” pathway and ordani sm construction for oxidation of

met hyl benzenaswihgstding delivey a fpgmeng afyhe farger hpst geapme whishdreguerilydatgrialed wi t h

al kyl benze%%opggag’ongrceérnghaet%k&nwaeu@a_(1%{5@@;ﬂﬁ .bEt*&%ﬁ’Ft?éﬁ&ﬁ\ieQ'b

di stingui shing feature o he processes discussed in this sectl o% is in the
provi si on ofcoihgasionaCellaaenaimingthe agpoopriate neating factasntryfsfer ppisamesjak yell ehai ns.

81 wo 2(31 ’ cljrf’i"rz %ﬂroﬁ\gléﬂméﬁg % g]?p@&p%atc acceptor cell where it can recombine with the
acceptor genome. Conjugation resembles sexual recombination for microbes and can be
intraspecific, interspecific, and intergeneric. For example, an efficient means of
transforming Streptomyces sp., a genera responsible for producing many commercial
antibiotics, 1s by the conjugal transfer of plasmids from Echerichia coli.

30 For many industrial microorganisms, knowledge of competence, transducing
phage, or fertility factors is lacking. Protoplast fusion has been developed as a versatile and
general alternative to these natural methods of recombination. Protoplasts are prepared by
removing the cell wall by treating cells with lytic enzymes in the presence of osmotic
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Thus, in a preferred enbodi nent, at |east one al kyl group of the al kyl arene
has at |east two carbon atons. Preferred species produced in the
nmonoxygenatygh /460 have the structure: (RRmCH -CO H ( £in each
of the mR gr oupsﬁl s selected fromH, alkyl, substitut edzlg ?ﬁomgéyl
substituted aryl) heteroaryl) substituted het eroaryl, heterocyclic and
substituted stabiﬂiecr&clrnhé presente of adfinsdgatie ggant, fsndraslbotyeth&],ené plytal$PE@), and n is
an integer fr i,nc u3|v eferr «groups.are those.

SUbsti £ ot cd PITORFES d usgit g5 e o bisiiot Ribee L pRsTopRESE MR8 e
preferred egfaedpsmené recbrhﬁnﬂﬂiimﬁuﬂdath@@-l ﬁré’qeel’ﬁ:tyl’aumt'iﬂgehc gedomesto G-Qsl%hﬂ CO2H
wherein n is an integer from , .Inclusive. Certain exe

enbodi nent s 14f 8ngsispityibg squesﬁub segrqgﬁtllqﬁ.pnmr?gggqr pUgneaf viagle cslls gg’f"l“&ﬁf”f“(ﬁ' a

carboxyl 5¢ afdtéplats. tﬁa&oﬂ@s& ﬁﬂsilﬁa'caﬁrB& hivdaspetifid DfteRbecifid YhPRRESNEHCAMMAY NS 5
9. The oxidation s acconplished g recruiting one or nore genes encodi ng

oxygenase 1?3%@?%"(‘9"0@&4@@5}@@} an ﬁ‘il@r)ioéesb&ﬁddé@édﬁﬁlﬂ%ﬁ@ﬁ HfpsemPEessi ng a
sui tabl e cy&mh&@@@nsPﬁ.ﬁQpﬁovlaﬁ. %nzaenﬁmwﬁ;r%mctme%o&wmnmnahm Swhligps are
ubi quitous in nature, and y can be found in a variety of organisnms. For
exanpl e, n- &rbbvlfmzémsqu@nz pbages pecompgenepdeelepmentiivreedad for pramb\stof
Pseudom)nas igam et
B e e R e S R L N
20 hydr d8ar leptimizad @zrtemrorgﬁ‘ms!m aI ternative oxidation pathways. Simlarly,
wel | known in the art ] or
cytochrones P450 for 1};43%%{&%%3%%%%%&2%@? a&@ﬁ'%i@%‘?/'glﬂs Rerrélﬂiﬁé?cz’arﬁ can be
recruited fdesctibal withquodapaning iftot thel spititgy scdpe oﬁmpg'mnmn dstrdnined, andithe et hyl
group of alk Res. Commun.
218( 1):17-21‘}/"(‘% %%bég&?%%?@here?dﬁere%% RO Toh o 6(21): 3121-3136
(1992); Kok et al., Hhe&sobfan@mgrmedzwmmmﬁaﬂﬁﬁywieiﬁMﬂédDNﬁk et al.,
J. Biol 5 264§I %5442 5451 (1989); Loida et al. , Protein Eng.
6(2): 209721 % n} an Beralvea PGy 12791 (iii) Oxygenation of arenes with
exocyclic ~ bonds PCT/L1S00/ 22038 In another preferred enbodi nent, the
starting mat eri ab. Shaflingyemilas bfotyhd dinggérthséss an arene bearing an exocycl ic
~-bond. This cl ass ofFsedgaafiitihondlapsengines used iduileyrfemniy ofddiey, anal ogous
species are set forth in Fig.11. The conversi on aqf the e ﬁ clic ~-bond is
best accorrpF‘?péef?E‘H‘“b‘S? a?‘é%'??ﬂtst‘?fﬁbonﬁo’&gﬁgats‘éF“ﬂf“B&ad‘t fpupd lgﬁv FRERQTdat i on
genes webhl lpied florh B@uerides felfbfvE@RbmaenaBank ofBR hssodiitvd ptlic dMaBdsebi ol .
62(1):121-127 (1996); Beltrarrettl et al, | . EnV| ron, Mcrobl ol .
63( 6) 2232.2239 (l 997(?) Ay 2elReaus CES fOFUC]ClC Hlin f O A 3 ]
63(11):4287-4291 (199ﬁ')eafol\1/&4uﬂ§§1@cﬁ§lo@focuse§ on ﬁ@ﬁ ﬁ)rrbﬁhty &ﬁ%ﬁltlokoﬁ%bgeO?l
(1998); Itoh, et al., Biosci. 10 Biotechnol. Bi ochem 60(11 ):1826-1830
(1996) . Al t &F shaHl indbe it wilhescagnize i thisdisquasien igAlustratye 0hRQsdn serhsnd dhed by
usi ng nonooxyaghieses Apfoset hyl substituted aromaric conpounds, such as
tol uene or xylenes (Wibbolts, et al.) Enzyne Mcro.b Technol. 16(7):608-615
(1994) . 235 (iv). DehyBacageahknorn ABOsarmBlECemROnaR N7 EREs BAYIBD fE9Mi2H04ci d,
the al cohol fJn"c%Ha(l'y dlffekén} stBARYSany &F uY s%g @% &oh&ﬁ& @éi‘nLPM Pr% gaaﬁféhbéﬁroge“ase

pol ypepti de. ydr ogenase erizynes ogenous ost that
expresses oﬂ@Q)PT mﬁamely@f hereognuy déIf2ssran ho blyrbidgsk: iHeethe porpopeas of eypldRti bi t

Genyar ogonad o35 s B e koal Bk QR SO A0S PRI Bonl B BeRRRR e o e

a nat ur al | ymonooxygenase activity) for oxidizing a particular compound of interest, it is often

30 preferred to shuffle nucleic acids encoding the iron-sulfur protein of terminal oxygenase
(where terminal oxygenase is made of two polypeptides, the large subunit is the preferred
target sequence for shuffling).

For the purpose of improving overall turnover rates and efficiency of

electron transfer between all components of dioxygenases, shuffling of the polynucleotide
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occurnng pol ypeptide, or it can have one or nore properties that are

i nproved relative to an anal ogous naturally occurring polypeptide. In a
preferred ewioadhment, the pol ypepti des are expressed by aranmno/mosse host
organi snms. Moreover) the pol ypeptide that catal yzes the dehydrogenati on can
be co-expressed by the sane host expressing one or nore of the 25

di oxygenase Sﬁ%eyi%ﬁ‘?o&é‘.g ofljef ﬁté‘matgqlij’p,ep't"#g (HE‘F%F’JB%?@?@’ %[Hagl 5 58nase

pol ypept i despxfdabe RenpRXeHtAS 8 Brtfdritddinbb@iRM Thes!ssquendts Y&l badhatear preferred
enbodi ment) the invention provides a nethod for alteri nﬁ or controlling the

regi ospeci f iiedivigugly. inubaghgirsaqenaf # gencbater phich sreogesaleofiag ABLol . Thi's
met hod " bl O?Sﬁ;i)cﬁmfcs.ofhﬁ DEowsis dhdhged irPbothdne CoRiNg pdlyiidRBtMYseh ¥nBasNshdan
ester, for 30 "exanple. The nethod 1nvolves contacting the vici nal diol with
a pol ypept i déso for genedating sombidatiansd funstional pymerioARs va vk varaus THRCUARAS act i vi ty
selected fr ' r [ ' inkhereby form ng
a a- hydroxygdgare g%fflf‘oén%ﬁ%ﬁ%ﬁ%ﬁtﬁ%ﬁﬂ%(@ﬁ%&%ﬁﬁg&% ygglg%?des di scussed
above, this pol ypept i NMany astuiakdiexygeraseseage imeffepidusiemproteins twheeel the f@ctionp\D

01/ 12791 PCT/i : Y P j he, reaction
cascade. NorbSuERiel Fith 1REBRERSER Gk WehpaRU ERLL IR 08 i

pol ypept i de,oxggenase coapoipat isppasentestbyuaiepgl ypemidebtstradiottfvot er onewsiiled amthe The
conbi ned st eps..of 0x ' i) in,Fi.g.. W

pr epar a?lioon agtf it ésoar?ﬁ%%%gﬁlﬂ%&& rr%%roggér?pegg%ﬁf{gﬁ aﬁg%lrer‘f)l% Ellrtllgc‘fgfuls 1\rélléstrn&c“g)]Brréound 2,
conpound 23 cbmponedtsaanl be apgpusad br dufflingmFoonerampledindd rednrsi B dwffliegpocas iof

fhe met hods PORCPIReAIL T HEr8RReE aCt KT SRR B P e i bt

pl ace) the etk e:ghmllessidiiitithashriicalan polyoucj@adasubssguence lisseletted from a

di oxygenati on OI? t'gﬁ argmatic ring is preferably acconplished by recruiting
one or nor e “GFEIFE 8)&98‘5%5@8""68'%5, preferably of bacterial origin.

Exenpl aryy di oxygenaseTg @nesatashafiiihg & FosBobf geies kdimpltve apée ok ygdnatehe

i nvention can be practiced using essenti all [ type of aromatjc.ring
Gystem  ExerfBri: S GRS P O betsed WetbBiuy Bigedts slencd
benzenoi d riwith siyifidEo(dRod: scq&ﬁfb%,eéhﬁfﬂeﬁQ?iiﬁb@hﬁ&ﬁmnﬂﬂdg@ﬁ@seqbﬁﬂmr an,
benzofuran, etc.) and heteroaryl systens (pyridine pyrrole, furan) etc.).
In a prefens&@e®¥fbodi ment) the substrate includes a benzenoi d hydrocar bon.

Simlar to the embodi fRNcfeflhg EURAEHORRANE in h BadidHab s \BIERY HNEbm cAdies
pol ypepti de that catal yzes the dlf%ggenatl on can be coexpressed with one or

nore 20 200l yygyifiperyed adivity ran kerphuffled fagpiber ia sphsequgplrounds of ghuffling and ¢ he
MDNOOXY genasree, AN ARE RASEvARG: di 0xygenase pol ypeptides can all be
coexpressed in a single host. OQher functional conbinations of coexpression
w [l be apparent to those of skill in the art. In a preferred enbodi ment,
benzoat e- 1, 2- di oRygedeadodifcation Shuffing 2 di oxy%enase are used to catal yze
the formation of conpBgpeeiutes forgodanmedification simiifding asgglesraibed ingletatltinl yze
formati of, i or

93 sxﬁ?ﬁ_ FINEGE ééDo%ﬁAL%éﬂat E Eyggé%t%,?@@aﬂ. Platten %&Wn&%ﬂﬁg‘?lz see.

pht hal ate 3, i oxygenase to ca t1on of conpoun

Fig. 5). c. Swmoanpl tleg Sepitrobir 38nt988.305 I 60/10236D andoio SEGTFLINGIFeEC ODON
iIlustrationy FRIZY o i ' [ erdagat i ves
and o-ci nna%lé acl dg%%% g’ %@‘gﬁ?%ﬁﬁ%ﬂ@?@?ﬁ%ﬁ’é‘g@éﬁ%ﬁﬁgﬁ%{%&i%f (iaéngﬁéd to
il lustrate) URSN 6@5117729.t In bribf by syyesizingnbdeip rcidemt whichtbe todons ei@dding

polypeptides are altered, it 1s possible to access a completely different mutational cloud

30  upon subsequent mutation of the nucleic acid. This increases the sequence diversity of the
starting nucleic acids for shuffling protocols, which alters the rate and results of forced
evolution procedures. Codon modification procedures can be used to modify any nucleic

acid described herein, e.g., prior to performing nucleic acid shuffling, or codon modification
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WO 01/12791 (i). Synthesis of 3,4-dihydrocoumarin PCT/iJS00/ 22038 The
present invention provides both a chenbenzymatic route to 3,4

di hydr ocou ' ) from n-propyl benzene (steps as sho i i ), and
means for {Tﬁy"gﬁgggquent conversion of this conpound to%%@ﬁbg@?gne
derivatives, such as coumarin (58) 5 and 4-oxygenated derivatives of

coumar i n. Wiipb@ashesBmbeiséBineanjulitios elieficletidehbfflisd@oteaates Bet hods
known in the art (e.g. by reaction with sulfur) or by catalytic

dehydr ogenatdessibed84p7®d or Pt catal yst}, the purpose of this invention is
al so in the provisionpohes@ndfidastd e mitieratials¥dueficd Bdddingd PlirsEhdifsebtild such
reaction. In a preferred enbodi nent, one or nore arene di oxygenase, such as
10 napht hal efeueaseos yeleatess & pluelitieefeogonltgied Ry¢jein acid sepuepgepcactsefwhietur al | y
and functs o : ' I | her ei n)
0 pr oduce. AT oy B BT A fed S e A R TE Ry 1 e

i mproved pollippapef ehdon sltagerbaiicteir asidsghybaseleeied y 4 biolagivelbassayerhich gpognizgaet i ons
with a vari ngs, § G i ions of
compounde. exibres FoRERERs SEAGOIED B R AE KbAd AR AHEB AP ofBRER DTS O
For the pur poseombingbmnperducngtadged catioh pitkredtmugheia dod §ne8ding o secondprotein,. t hese
catalytic activities,of the arene .dio enase, enz a e ed to make
ei t her coum(s:llﬁhlexarﬁtg(e’ﬁl%n a&‘afé"sé‘l‘ ‘f}?lgtalc'grll gorcreﬁl-“ﬁ'ytg? %ée;}&ja}bjg @Tﬁifo(?raooéounari n
(59}. Re@ar dire@srabfroparynoptionslly incloding cahparison tottheprbpdrtiesrof dlerfptund can be
chem cal |y dehydrated, (under, aci dic, or. . heat, conditions).to.coumarin. 20

Al ternati veliﬂ?!%ﬁ‘?f%ﬁ(?ﬁq{ 5 tegé’ﬁfyﬁ)’gp%e%r%igg?ll(@s%c erea lsttS’CEBE’/‘&%or gl ycosyl
ge[1 [ \d/ati ve Q}blyﬁbﬁtfﬂe&mhwmﬂu?ﬁlmoﬂlfunag)hﬁlq&mﬂd'gdjlgvetlérﬁbgittpéiﬁaﬁo geg&st. hV\hﬁn a
ehydr ogenase_actjvity specific.toward, co und .59 i i aye t ost
T o1 obi ol o TPRPAPIdE RETA RRTRSRISE s Mo B opinh f45ha PABPERe cep b usod

4- hydr oxycoufredserdtia(ly Bny frocddure(dReda; mbleaidg irlt@ddianEthe Girged ebyonlaiiered asteic
product, 4-keto-3, 4;15“ hgdro_coumari g‘)a or with provision_of a suitable 25
transf erldsc 4GiMOAGelVECAL Mg, gilesueted virusde g s Forgronant of 4 ¥9CiNg&F i vat i ve 70.
Avai | abi | i t ¥meHunbde@R@omPoKi@sh)] thanB@Rior&inAin, bothe MRKI Ng a range of ot her
products originating in n propyl benzene oxi dative biotransfornmati on pat hway
di scussed above. (ii). Conversion of naphthal ene to coumarin and

0- hydr oxyci nnam o, efikshiRoftiEarid i Silitd SR SOrREPVi des met hods of making

coumarin and o- hydr oXp /@H#0A the &S o sRMPNRRRIdIdIRLEVS ht 164t 6 Ridarkie- cel |
m crobi al biocatal yst, and nethods for constructing mcrobial strains

ef fecti iy suelpted fasipats aregiseful in thepragtice gf (he regent gventipng Jhe firgtjefeed ®zs WO
01/ 12791 PCKk 2]/ : : : f i coumarin
are acconpl is{sdhsgcﬁlQ b;sll%'(;:%ﬁ@%ugg%és%é?ﬁ%g%lgdgxmgnr#pﬁaﬁg&?@g@ﬁagnShgggt%%gggg used in
: Eesg pr Of?ﬁwcﬁm@gﬁm CPMPWEY .As:pptwsi tg@ &@strfrse@ttmm;;wprew?ww g}p@; i de,
e I nventl
Qe RESAGAAH % cﬁﬁge%rygg SRl dRiraflE G A0 HRHAY efg;},a@t}%ske?ﬁm?

napht hal ene by bacteria. referre odi ment, at east four
pol ypept i deF(Reefdyntheticobigprusieotidisndn ¢keveshyfflingis dessdbedin datadd inySadifenoyand es  of

reacti ons. ??ﬁﬁnﬁ L ifstesotl K6 CRARY di oxygenase
(conpound 10 to %ﬁ?%ﬁ‘? (a n%lm'(tf'%‘conpgnent é;ﬁ%gng@@s

ci s-1, 2- di hyR{HFNUCLEORIRESo& WO HrREFIIIRS: HASHN Gr RGYIRED-CKIABMSITRISBCS 0 62)
NahB; 1, 2-di ' . and
NanC. 10 corCrUERs 155 KRAN doiBebl RGN aRyL FEIREN e b ubith P00
t aut omer i zatreeseatrgiivenrgenaicevesudugh as paig noitasns, aecoaditatiomsf twbhsgagisof t r ans
equi li briumbetween conmpounds 63 and .64 i referahbly effected b

> hyr oxyberS TPl GuEEER AR Sl PRa oo RefmBlnAtont BRI G nse
degree @0 cowti¢hadan 0ccuk ineorie 0 Mekd Mmeteicutidy k. gt, be alimiy icleondid fqehes atihgs)

NahE) 2-hydroxybenzal pyruvate dr at ase/ al dol ase is 15 preferably.not used
o Chi's. par HABSE SaRqarast At SorHE B BY Fiafied s o SnafeBoghT st g
activity of redonbiratignatreutcdriesa TAE pfedicted decombimdti tranbytcdried asd wspd af produics
process which allows for the pr ‘atign of either counari or
cis/trans o-cﬂV‘EFPS’?A;% MRSEHIES: &8¢ ggg%%o@)’a%of‘)de Finthasis a ‘?Wf%?’bﬁ' l%ﬁ"'an

al pha- ket oaci d decarboxyl ase enzynme with specific activity towards either
20 compound 63 or 64 or both. Several al¥ha-ketoacid decarboxyl ase enzymes
are known, and in the preferred enbodi nent, the benzoyl fornmate

decar boxyl ase of Pseudonobnas putida, or an enzyne structurally or
functionally simlar to it, is used (Gen Bank PSEMDLABC)



benzoyl f ormat e decar boxylase (nmdl C)). 25 Ring closure of conpound 66 to 58
can be effected by enzymatic or chem cal neans (e.g. extraction under
aci dic condwoicenz’t Simlarly, cis-trans isonerization ofP@Tushw22068 can be
effected by enzymatic or chem cal neans (e.g. by Pt or Pd- catal yzed

hydr ogenat i on/ dehydr ogenati on u r acidic ondi“t',on%). Bi ocat al ytic

variations of these p&B‘b?g ,se&ﬂﬁ’ atd%l??fmgl‘fé@do‘ oFlsa é“%ﬁ)“ti%umarin

from o- hydr oxy&ligp 3 ivhich 6ligshucRbtides EcHRisponlding 86 ¥ Eantifyeof#8igte@ horAslygousOA | i gase

and transferase enéyms (pat hway for conversion of 66 to 68 to s),
S

. nway ) ! 0, . .08 or
conver si on OTCBIE acils -8 caspBliedd 0 thepresens iyeBiTe iiteriresifis 95 altelis yanastset aj n an

enzymatic prd?&?géna?é(ﬁd?:leti@acricb@hi&far@féb'(’i@ﬁlhéh BipRsaMbd RRSiableiniclBicabius T WO
0t/ 12791 PCT/11500/22038 4. "Preparation of a- hédroxycar bml i c_acids
a- hydr oxycarfeonaflis deseribedin demilas Cramesi eigl. ("R ONHCLECTIRE MEDPIAIER ¢ i al

chem cal's. Quacphic Rens REPORBINARORP HlEAbNAS £liosdliRsN @fs@is afrpounds

is lactic a e many uses, I ncludi'ng synthesis of polyester

pol ynmers ( pdlrunei &4 &. “GUIGPNUGLEO TIDENMEDEKEER MK:L&@S‘\,C@JCI’I as mandelic
acid can al ATRSNA ife8 P! 5495332, ObsIRBOAAESS, Gf&eq&h{?@hé&fmfbﬁ ulldted

| actic acid. Enantionerically pure are al sé used as resolving reagents

f or separ at i agpmbiedatobsgond oraiven Bin-hmicdogehesucleiiasd sequencypi cal | y gener at ed
chem cal by hydrolysis of a c 0 rin, .10 general | r [ m an
i(y ne aé)vantage JRs &rggﬁ'lcléolng}g ggglg%d%co}ﬁbﬁngﬁ(?rﬁs]glg ai:{h YAl s,

al dehyde.” Al dehydes, however, “are te ve Xpensi ve star ma
and t he cyanolscdmbine hainblopyuschoelgicraciids wahthw sequpanow sidelafity; orciverendn-pr epar at i on

'n i gh enaronBIEP Rl B RRIny RO eREL SR B SRR ot 0

reacti ons stamord\@t bf foapneented mexlpie ASHY &re pszdmbiaad]ielgy, véthad Walbh st 8f ardisbveg

mat eri al suc s an al kene. 15 Arene, di oxygenases (Al are kno :
oxi di ze al kef@EY diyeEp%o b&?f‘?cé%oﬁ’gﬁ%?%@h 9# ‘BF%%PSWSW %1!(g°%'%§§?ﬁe ﬁ\é\ﬂfa@’?yuene
ﬁ ; 3;1 di oiqsge gmgaiueﬁ&@wemyIdbmﬁmﬁalﬁmzp&?idzgggpmimey onedjl?eﬁgEBdiiarﬂt)ﬁiomalygenas e)

i phenyl - 2, 3- di oxygenase napht hal ene- 1, 2di 0x ase, and nmapy. hopol ogous
angl oryf unctff%ﬁ‘i’%%"%‘i“ﬁﬂ “a‘?“l?lé%ﬁ%}?\?é’gs E‘&}Fl%@“{?}s‘{%gﬂ?\ﬂ SHRHTOT YA ign a
hi ghly regi gsghRfded Mﬁgchnag_%tmes, whitheXSdaRived B cdnafisshl t9%}& 6 aée BBmdBgsRact i on
is provided in Fig. 12, with the conversion of alkene (1) to the vicinal
diol (il7. THaowheaalagous RyRE agids. sriNbadize fuonsor morRtesien §f the Frosyper

bi ocat al yti Gi¥e) el @mbMaAen.and their esters, and also for the
construction and optimzation of the biocatal ytic properties of enzynmes and

host stril ns that ef f Sthen gepmbininghogiologansipgleisagidatses of everkepring fmilyon

reactions ofgege ¥idohflidbtials @EANESderVEY BPMRpaniidA®f hBMBRELRMuBERMLEEnd OF t he
25 subsequengt enzymati c conversion of the cﬂoxygenatl on products to AHAs

and ester deynthesi§ af@liseruclapiide fragments) grp hyhiidized andglengaiedde g e hhsasseehly, t he

i nvention prgp . r i efohian roxyaci d.
The net hod ipr?\llﬂo)l e‘é‘?m(gg;pla@g%tid;cotf?%g%? n"géi g‘%é??%&% ?hﬂgﬁ&?& *?%3@3 ha%I{-iqo_xygenase
pol ypept i de desirefddraihon psoperiyn al ypitiaby,;thessstiol(dyprlappimg demilngenehmclode ¢ plaratity  di ol
wth a y I i z i ptide
that catd ys Lot RESEaR ARE LG dlch A EcbEndd MU RNl fhces LB ATKPE

pol ypept i de)plamnlity of bemolbgove tangee nagleigragids. pr operti es that are i nproved

A i T R
homologous nucleic acid sequences to select conserved regions of sequence identity and
regions of sequence diversity. A plurality of family gene shuffling oligonucleotides are

30 synthesized (serially or in parallel) which correspond to at least one region of sequence
diversity.
Sets of fragments, or subsets of fragments, used in oligonucleotide shuffling
approaches can be provided by cleaving one or more homologous nucleic acids (e.g., with a
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expressed by one or nore host organi snms. Mreover, the polypeptide that
catal yzes the dehydrogenati on can be co-expressed by the sane host
expressi ng gthygenase pol ypepti de that oxidizes the 03

Al ternative y) e dehydrogenase and di oxygenase pol ypeptl es can Bbe
expressed in different hosts. An exanple of the dehydrogenation is 5

provi ded i nDNage)lék, mrl]birddébniditﬁlly:gp\dﬁﬂlﬁsﬂmgmfsedéfaihgéﬂdc)eohdbsabﬂ@byxdﬁngtblal ) and
its conversion to roxycar box a wn in Figs,14A- 14R
Lhis sams mETHO ehiseibes G feaudns heeicy i uvipAlbioleanEinies cPmePicg Grmt 1
noi ety. The agXerRbRiacleWi il £dprd AONT4sGHERGRES 6T seEdT n@elbialabid fiv@hkntb)e I8ar ned
out using a one step process. Althou%g the nmethod of the invention can be

used to prodifcBuiklipgpragsdnies haroinstheseicieayass fragmenty (et Rgmepts)of dioxygraassey
preferred ephpgl gefin cdn c@adwqufaﬁms;%eh%wﬂue%apgoﬂudlb%ﬁd&sh@gswaﬁtouhem H R
HOOC n wherein R is se ctedfromar% bstituted aryl heteroaryl)
subst i t ut ed TefembingHeR Teaction iR Pr9EYLeITeOmbYIIREiptEeRATE PUSlEl Bfidfe| i ¢, NRZR3,

-~R2) ~N, C(R4)NRZR3 and C(R4)OR2 15 groups; RzZ arld R3 are menber s

i ndependent |y sel ected fromH, alkyl) substituted al kyl, aryl, substituted
aryl, heteroaryl 10.sGhigteric shusing terrpladesr yI het erocyclic and substituted
heterocycllc gr oups; r
between 0 and 10, |ncﬁﬁa§ipl\§/lg§ tﬁghﬁﬁaﬁ er p gtratr_egén@%ﬂ%nk 811@?' ﬂ@&&ﬂ?

sel ect edOf r drsmpslsefquove puolystcl¢atidescenpddimg/¢himenya padyrieptideg bat be usedak qubstiaths| |

e e L O e e el 1 s

aryl) het er cluffléd acsivb site drlatshufﬂbdaa@wea:tqaiegloh eAﬂrremgnizéd:matrhddssfubm‘epmged

het er ocycli ¢ oups; 4 .S S& ted from=
R Hydr oxycar et R arBPteoitta i SR MR b LA B ot SamPren et i wi «
two chemi calﬂzqchanﬁtreﬁzmns-lseﬂ @1998)).st i ngui shabl e functional groups,

car boxyl1 and hydroxyl. In the biocatalytic nodifications of AHAs descri bed
in thisPnv ntiop of these rougs can be derivatized by bond

f or mati on. i | e aproxed Digxvgenases the. o LIQI’] state of the
AHA nol ecul e, recruit B aspagh “@"rf?‘fft’i’ﬂgn BW%E%?W@‘h%%ﬂrP Buteth of AHAs

provi des t h?o RRIEIUP bhdbding asﬂn,]s}ewarca&@gaia@é ?@y&wdmtmg)&] anskpimeiuct s with
substantiall'y different hyS|c ch em ca ro ertles t han that of a

free AHA. GEPRSHAR ;‘?reaeéliymaqf%e Spbyates fnelnd Fﬁé"rf&“dér%‘ﬁ splpcteiia clssegaf  wo
M ~2~9~ 9BCTlhpkBRE{ héRA8n Fbgqfe@@lﬂ&lihﬁ' trHg 1r§pr6%rp%%8 1R eRRIBROMR of Rlobbi 11ty
and, for an ester forned rou a car boxy group of an AHA) a decrease
in acidity é&nprop mpmscmwgr%aa@p@lly pwuwrmr@iwpt@aaemt nt, the
adduct - f of miguRelsY PARLhElfodh ATHACE) alheWIfFAY KRG Bo ?ﬁa&eoad&uct
selected fromesters and ethers e nmet hod i nvol ves contac

a- hydr oxy c aekedingiadieryigenagg pAYREPfids aghepen te skatrataang (b)seteening Shc digragytoed

fromligase;

a- hydr oxyamdoTlh ﬁgﬁ E&{m “@Q‘gﬁ‘m%?%ﬁ& p%rr‘%{a)gp edg&l?ﬁ {P%%/ lﬁfap%xnmb{lg ofe

enbogl mélﬁlt @amfﬁgmmmvgd ntopgrtigcempaicd ¢o poatytpléppm]e@gokoxyamaewmepredﬁy) t hey
can be pol ypeptides i

di scussed generally, opQ et %ﬁ@q"ﬁ‘%ﬂ? tl%eﬁﬂg%g%{ &1’: %r%’{r;ﬁnﬁ?ldé rﬁ}r‘@z@lﬁcdtlél%@gesﬁgr e

provi ded i ncfeptgd bg recimbennrg agtqas as°m:t\imrt #nel asseondfform ofex iwgleforagids fAgdeaste t o
convert car [ t r

acyl transf elrggés(égthgste ggﬂéngr?\g}gegr {Bekﬁgﬁﬁg gf%?rgn%g%?@rgp [%%IOP?AIM Tﬁthe%gskbA | i gase
to convert Rrdforablptthe ﬁBdfoa:hend(tthec'ﬁhd formridifferrfeh cdck othaninttive or ineret ransf or ned

of ot rucPuy a5l 153 e Rt rbu b Hofnd By S RERE Sl

as XV can bacifl arethoatolagoabor at ed usi ng ot her pol ypepti des i ncl udl ng, for
exanpl e, acyltransferase ||| roduce ¢ und XVI | . thioester asell to
produce conpound XVi I]?“ 3%'0?H’tgeeg"f‘gf@‘scgsﬁ"%ngalb‘)rVS&chpéo@SW'ﬁgﬂfned‘c > In a
further prebelyhgleotide theiedstnt 1rtvl§ﬁti&Mrm&@ammﬁyﬂep@deaendﬂ)daﬂwmésehaS t he
structure: OR Rl RsOOC 20 n wherein, R is selected fromaryl)
substituted aryl) heteroaryl, substitut e%et eroaryl, heterocyclic)
substituted heterocyclic, |VRZR3(R4)m - , -CN, C(RS)NR2R3 and C(R3) ORz
groups, Rz, R3 and R4 are nenbers independently selected fromthe group
consisting of H alkyl, substituted alkyl) aryl, substituted aryl,

het eroaryl) substituted 25 heteroaryl, heterocyclic and substituted

het erocyclic groups; RS is selected from=0and =S; R6 is selected fromH,
al kyl and substituted al kyl groups; R is C(OR8) wherein R} is sel ected
fromH al kyl and substituted al kyl groups and R and R$ are not both H m
is 0 or




1, such that when mis 1, an ammobniumsalt is provided; and n is an integer
between 0 and 10, inclusive. 89 WO 01/12791 PCT/ L1S00/ 22038 I n yet

anot her prewermagroenbodi nent, R is sel ected from phenyl )pcamni/iosy ed
phenyl, pyridyl) substituted pyridyl NRzR3, -ORzZ) -CN) C(RS)NR2R3 and

C(RS) OR2 grg{taﬁ)s; Rz and R3 are nenbers independent|y selected fromthe
group consi stoiyayclestides andimeshodsiof psing,hesgnepides Loy gypihesizingyaluable opgapici  anot her

preferred enagbiRRt Sohe bfihSselpdMBENde andinitin e S£ fisifiEflerh @RGE fORS baBW.
pat hways are utilized for biocatalytic whole-cell conversion of styrene to

mandel i ¢ acid and it sltdspaed Gaythebasicgbgmistydesgabadyglpw with sfejencrte

conver si on) &}genfa;e b %eé'u'eﬂﬁ A TRNyBLfaSes 0 Parti G4 RIVWIATR addi@M Yo ONiZ8QS. 14A-
14R The esterrfied adducts provide an Increase in the overall efficiency
of the 13 biMentellpspomnes gensrab gvidessa dipgygenasp psodupt ghemistry dnchide §uBrowneandver y .

The esters j i I i I I
partitioni ngf'?wgrﬁgﬁj\’/élr?l%@{]@ gﬁgg%flg %@Fgf‘gﬂ ?ﬁgq%%ﬁﬁ&#@?dgﬁl&ggjﬁgé)f ment in
t he aqueous vobmmehipatl 130176nd Al Bresso Gpeeavish Conhestiaws d LAAG). aMrenvesf the Mariduis gh

| evel s of acidic biotransfornat.i. I £ | ...
bi ocheni cal |°§/‘g ot faolvad e 9‘%5@%%@5&%@@?‘@?@@?&? sditions) |
esterfied i rFreensnlxst Sot New Yprlka Q0E(088)cPiue prordrRRGANIGC GHENISTRYY FfFURTH $IHITION

enbodi e o) s 1 nv ion, . .expressian..of ne I n

S- adenos rre(ﬁ%%oghfcndém(%ﬁk/tlgﬁéggﬁgé’ﬁ a%beﬁlgf’ﬁ?‘l & 551’5 er%gg&%ggﬁ@gd to effect
conver si on OfHEMHARYIREACTIONS, MEIHAXISMS $ihé Bsudtwre gth, edASW.iled and Soms (e iYork, Of
conpound X to.cC ound Xl ). SAM depend nmet hyl t.ranst epases differing
substrate s dg i ]%Ig& @9%5}’ 8&88%%‘3?%’ ‘ﬁ&? %TE%H%E éﬁ?@éh @R'ﬁﬁmg %W?’é’nd

cor r espondi Airllg.dgsanesmcwml eP& s;]oaumdwam_k,uwdmil E@thbﬂcd&tﬁfﬂsﬁ nmemwarmmem this

i nvention. ternative t hese speci can be er. evol ved and.

opt i sed 1 HATRORKOF RS AP BRI Rt RPmON, UBhY Bhe e mineis Sitin b o

aci d shufs | iB@renBdshaesindRSfordgomd. PatiRiRore [iMxicAYioO biiddtoahf9 cRépicildag means
for HTP screening for the presence, and guanti t,a‘ti ve deternlination, of the

AHA- speci fi dNeYsHR PRpPasses fapliseble g0 the presapt inventionjiyjoupdidt the;KBE-QIHMESs gani sns,

cell's, tissuagyeiomsid GedmVatarl TERENSSoW (tHHdHARIon QHE BIuMA eldiGio B MikSysar These
nmet hods can be used either to identify sources of corresponding genes or to

evol ve the d&@9) MartipraysaneExagutie BdiainViteytIRiprscienses {dbp ey adRare i %-he AHAs
by nucl ei c aghsh &Bwiblkhdd R tA&SH (HaAdoMaleH)n. | n anot her enbodi nent
acyltransferase enzynmes which specifically esterify 30 the sec-hydroxyl of
AHAs by #eans of acti Fae tollpwinggherpistsiasilastrate hasegentrally acesssibledipgine A or
acyl ated: a kN {ACP) are incorporated into the reaction

pat hway. Th%énﬁgﬁ‘\?g?‘aﬁﬁ %f)dlag%yg\d in Fig 13, as shown by the coupling of
compounds X and XI | t 8hyfflisig@pprosshey merhxp phuffling pfanidy efagnespirply ent of this
pat hway, inv r it : I ,
expressi ng gcghaeé]gﬁlgéﬁgé |ahgg(gcw&%%§eape°§§ﬁ%% %ﬁélut?%hs? @rgg(ges, cﬁlé S?,Isdi ng
t hose whi ch aftinduptriel chsmipabisansigtreationc Othet diGyygeanrsd e@uytneddastazate alsiseful nat t y
aci ds) . C - : - 1 hi i 1. , CoA
deri vat ?%e\ged(%mgl?lg %ﬁr@s&%ﬁ@@g@g{e@%&%ﬁ%ﬁgﬁlgﬁéﬂé@%sfgﬁpﬁflﬁgeﬁl@lﬁ%ghﬁggboxyl iC
aci ds, and girghut-isvennosendisethvbhef wingahdse ryllypeaptides widl be @ppanent to thosetof skibr m of
a free acid, _salt or ester), intended for esterification of Al-1As, are
suppl i ed exogenously, or are co-produced by anot her co-functioning

bi otransformati on or ferrnentative pathway in the same host organism or a
di fferent host or g%ﬂ. m t]he inven{%i on provides a neans for facilitating
ester formtion By % f’ﬂ’i’?"ﬁg""g %lfex,tl)ressi ng those acyl CoA |igases or
ACPS whi €h ef fect i n- Tl YEeEEEd YRRAegRennG REER! BeyHn P IHER PRSENFab) & 10
substrates fhlypthiRledfid cahmAfOhSSAIR1A VIR DoAIAD vRGIal @BIs! AgsoriNGded bR

i nvention al so provides for another txpe of biochem cal transformation of
AHAs t o AHA hestrasgrpipmsexpissséessugthianeqvisd pelapepppssangmettods et usingrilleset ed to
their acti vepo@g:ﬁ[deg 8P TRAR Syrderit PRc&R&yMatic formation of a derivative
with CoA or ACP (Fig. 13, conpound Xl V). Several alternative

acyl transferase enzynmes (and genes encod§ynng then) 15 can be recruited for
ef fecting subsequent transformati ons of conmpound X1V to esters of different
conpositions. These preferably include AHA- CoA transferases acting (a) on
al cohols (XX) to produce esters, or (b) on nolecule of conmpound XV or
conmpound XV to produce acyclic hono- and hetero- oligoners (n=2-5) of AHAs.
By recruiting an additional thioesterase enzynes, the activated forns of
these oligoneric esters can be converted to free 20 carboxylic oligoners
(e.g., XVIl11) or to the cyclic substituted glycolides (XVl).



In anot her preferred enbodi nent) the formation of an a-hydroxycarboxylic
acid ester is catalyzed by an acyl CoA-ligase that is evolved by nucleic
acid shuffl a preferred embodi ment, shuffling of quﬁl |ds

encodi ng acypg'go%&% i gase activities resul ts in an increase |"ﬁ40@?@ %ynt hesi s
of esters. In another preferred enbodi nent, the esters are 25 selected from
structures X II-XVlI IAﬁﬁhgtheJzﬁjymeﬂkemmymdmies:-mfndh hﬁﬁéc«&ﬁdp@{dhgrvic&m} ers

wi |l general rely on t Vi sion o orrespondi n droxygcar boxylic
acid precur é’lb&s arf tfiepagierg éFet“%g‘Oémfﬂaﬁeﬁ@?ﬁs)c)t %QPWWCB?@BQ% EPE 4acid
precursor i SedicAiRBipbuhdANchAINNAD (PIHS théseiefYimek QateIFttBl keictiveldi g eératibr

pool s of CoA-activat ed carboxylic deri vatl ves of ahydroxilocar boxylic acids.

30 In still SARePPRINdIRsC rseas aromsa ripgsAnd nppraromatic BiultipiesRondd| ypept i de i s
sel ect ed 5f r om gl ycosyhtdna @ik fienaesanch &RbINMe12 Rlisk eﬁ%@)mc’iﬂ%@]&hf‘éﬂ@ﬁ@b' y
net hyl transferase and nore preferably still a S-adenosyl nethioni ne
dependent OdietyEgI28e: Bengersr b éxoxgaenase«\bpbqw&%igiloxwe;qryam aeplythdensd. 3. Enzynes
ef fecting chyg xﬁgen%%!f, b ma ﬂo%kl HEhndfr fﬂé%nall?‘@%ﬂ?énz@mc?%t)n&fmé hi's

invention is t ectiv control of enanfi oneric conposition of the
conpounds pregmeheesfiaylashef eneyrhesdisefol mttllrpemmﬁe@mm ofrvicipddiad$ ara highlyf

illustratio I i

bi ot r anof o nE e ITRRE! Ml e SEUR G Yl B i il TR bl

i |l ustrd0iveloasmbt myplvb ferimatiergofatactine arsuogpexidés ariphencisriytiilerpeientielly t he

i nvention. r f t he
mul tistep bi otglrél‘? O%@MCP %’IE?'E t%m%)%q{t tﬁ 45% 8%%%5 !‘%E@E& ﬁ %e% ﬁq{nﬁ%&{as it
all ows sel eaue W&sepasraickhmtaomngsf Fet ¢)dampleethasetmmyrms dofnot mmﬂl-wfﬁchmmmovcr
enanti oneri cal esol vi 10 .reage chi ral
aynthons), o Rt € P Rpt et t S S B0 P PR asBle & |
a pr ef err ed netaddinnmobstratel Baviii’mob® thaarge lribond o djth Giorathas bad typeie Abadeof :
and the éhl ral swit h is effected by recruiting mandel ate a racenase gene.
Mandel atl é‘éée?fé‘f@ catal yzes the interconversion of the Rand S

enantioners of mandel Afena@ioflygeasket bBvagiotd s\paélfo@@regMeleétBﬁft?hﬁdy mandel at e
racemase i s that 15 of Pseudononas putida (the. sequence of the ?ene can be

found in t hé‘“@‘ﬁ%ﬁ@c’dﬁrﬁﬁ%&a@e&ﬁG%Tm’iﬂ"l‘émpﬂéll%s frpmeAsgngiegy) of sphsifutsdy ed

nmandel at e r@ﬁ&m@ﬁm?mdi s QforhdIR diken®l tFoflékafiiplcdichuend Goxygded®sd has however ,
mandel at e racemases trom any ot her organi smcan be used. Al though, in a

preferred edersaiiykssn lmﬁlr?éteem dibydrexylation of sevambeonArompts 3lkangs WER t he AHA,

this swijpch csmnhﬁnm%u% Bhth@gwcafcoh&ssu@a BEKHMA A d qmqﬁmil.%@éréocﬂém,&dp)e AHA as
20 wel I . Thus, ‘%et anot her preferred enbodi nent, AHA is nodiTied by

at | east onéL@TgCta Wagleesty J B@Wﬂﬂg”é‘h@}ﬁ%%? 368 61892 Sné'ﬂa;lmpurﬁreéf erred ester
form ng enzmmhﬁérs dﬁ&ggﬁamag BeedREGWA tocBlal phe d%drra&m@amtstﬁédexo a@@l on one

enanti omer of hus al | ow ng enant | ospecl fit resolution of the

racemate i nphﬁlwdrl 2Titkangdiel with gnanfionaris eAersy ef abaeiciifisdse pialy aels Expiron.
t t f
enant i oner i %@@%Uz ?Z(b)"ﬂ})? 3%63‘@326@%&55 abl J. lﬂzgte% ﬁ%{ﬂ %53‘%%58'@?@% r‘)reger

The 25 conbi ned act i on mase and yi ng enzy
provi de25a ehiral swi ThﬂnmheﬂmhaInhwmofpmpa‘f@hydmxymwmn@dd@sMS@@ from

enanti oner, t f I,
A1 oxi dant St s aRbyEtel O n Mo Rl BRI HIRE/E ARG ohd OO
enbodi ment) otlteeccmlpmnds tzyravpudmgi thheapcmaullamjstout agkegacite ggoxade imsdnédiatesy

organic matenial s ad to thej t OX Exenpl ary conpounds
i ncl ude st ablql‘l%z'?‘a S'g"fhcaf‘ﬁ! YIRS rlti;(l)%( c'i'igom ng-ag ONHC %}é@ﬁw ronnental pollutants

and the like. This nethod is applicable to substantl al Iy any conpound t hat

can be%toxﬁled by, for. exanple, qxidatio %ltgervm'th or w thout
addi tio structural® eﬁﬂgg%—ﬁ@m&gﬁ&%%llustratlon 92 wo

nt n2~9~ PCT/ | TS00/ 2208 present invention also provides improved polypeptides capable of

oxidizing exocyclic and acyclic -bonds [or producing oxygen-containing species. For

clarity of illustration, the following discussion focuses on the oxidation of olefins. This
56



t he di scussi on bel ow focuses on the detoxification of agents comonly found
in organic solvents and in rt-bonded conpounds of use mthe present

i nvention. New/ewmmerci ally avail abl e conpounds (e.g.) abdylsmenmsnes)

al kenes, etc.) are stabilized with small amounts of antioxidants such as
4-tert-butyl catechol or 5 al k}/l phengls (e.g. BH T) to prevent

pol yneri zat | f?ﬁ“sdﬁlkfit"rﬁ’&e%ttoc?%]@@ raiivg apl ARG Pf thscopgef t et“H%“t’gﬁ’HDM?_f'y of these
conpounds i SoHGUBhoPri4e bbbt tr Si@dton Gdiflg the nRBIXM of A veRdnivANBEI t

bi ocat al yst performance as_they accunul ate in aqueous fernentation nedi um
during prol otRpawni tachasaeh SHkintkeaitred to obtain satisfactory endproduct
concentrations. Several, Jxé’rﬂﬁl%@‘lvfxicﬁﬂéﬁ/% didtin tF R codbPEndiRE viEMENRALVEes
stabilizing conpounds 10 cah Be used to alleviate any negative effects of
t hese conpoudidsygenase eeobidimihe shyspl ditsridicfiom (theslefive (Thisriprbest accomplished Benes can
be introduced in. . 0 j . produce endproducts or

i nt er medi at e%c]l(l)1 m%gﬁlé%gg%ggf gJCP%E g@%@@%g@&% ternatively, they can be

i ncorporated i nto a sdépencalieypostesaregawitisompdiensenzpmesfoewhzhygubstratd f or
additional steps .in the pr . r e these Igl..zers... Ontinl.zation
of one or set éc‘ggf’%yolf PYRES g%gtﬁﬁlﬁé&;bﬁﬁggé?-hélﬁcel ¢ 'ﬁ@f)‘gk%tgrrcg%l\?a %ﬂlﬁ ese
stabili zi ng eddeeprotin(s)same, indhgeasesf valrersigohieal ®xalaseds sdruprised n{twolbpcateaips, by y

enzymes r modifyi . nolic and. di phenolic . stabilizers include . but not
T vea (9] B el RSy BT fad Ribeel IRkt G bt Rl ar e Fisad

| act ase and pescaseciRsede trimsfed df dlecdions frorh hemeing aquivadats swalh eCNAD(R)H to the
stabilizers also .can be nmodified to 20 i nnocuou roduct s cat.echol

di oxygenas es®BHPK|da%s- rﬁff%r-dm@fy’ Hﬁfrﬁbt-‘? feﬁb‘r@itgﬁétﬁé .SIMS?“@%‘W%E Cenzynes
sﬂow ? si gni idbftﬁifﬁ spbdfiﬂa%t,bs@ﬁnpafeul itb’k;ieyiff(t:jm‘éﬁdit}i?lloﬁ'ﬁmﬁélﬂidﬁygeﬁhsali eds(;in@ in
phenolic stabilizers. Thus, nuclejc acjd sI ing can be applied to
optim ze enz§ANHeuFlsicapids thakencpdetae te&)““?‘rﬁi‘?‘géfscé’ﬁmgﬁ?“ﬁ AP “Wip?ﬁerb%ti cul ar
phenol i c15t adubbtiaféfor thd PecBmbinaGsaateleétibn Ghdtiyda bf B fHivefin0 WpoR Yroalisih@d i ng
the requirements for certain post-transitional nodifications of those

2 p . . ] . )
enzymes whi chPrrg@firecemiigan PBBHW‘?%‘Q?%%ﬂ%ﬁcPE?dg‘!erﬁ¥=;P€6§%ﬂ then el igra i dases
and | act asesphosedfinadledtideE¥hidnbaR affendyatd tRirhbOMe Bsikd SRRz ERNZYPRABELY hi gh
concentration of co occurnng feedstock compounds and internedi ates and
endproduct s ecifipity. Rugk ghangsptin te3ubsypigspesificity gan ingipde forepgmple, a gainof
PCT/ i JS00/ 22038 vér-of At el St @hre, MEhRQLh RGYsAediTP BF 0:QfatBR 3lnd hicR&Alge iEChni ques
are useful in practicing the present invention. These anal ytical techniques
are used2Q o ¢hiralityroé prodect éxrmedt Ifdhe gashiy erigiaply topbtaingazimes thahhave@bst rate to
pr oduct.. Theiﬁaeﬁs%&bﬂmg&@é V& VASA MRSRE) cQptBR 4 ﬁa&h&uﬁmhgméﬁﬁ&&&' vity
and/or the enantioneric selectivity of "a particular reaction catalyzed by a
pol ypept i de asidsteherding\alrof thgreomppneats\od plene fioxygenase Fsrmrefeed. ar e enpl oyed to

assess Lhe effeot of Sl Gl BBkl B A SIRRLLFA kel Byl 1 C1 ey

and selectivity of the polypeptitdes produced 'ow ng the s ing. The
di scussi on betaubifaion sedsetrgtiothmetbodssf thetinvearioh @nidesdiibasinin shegiit. tSudableivent i on

i n whi ch,an fi. u ] i . . .

anal yt i B o BE a2 R ak ol RlcieR S R st RGN ARy odbhiftfustne oo
appl i cabi | i tglorting metheds knspe tt sneakilleé iMxbel ameTliesfoldd win &isti proredes iemampldsnfs i s
particularly tru f S t 1 0sconi n r i.C

di scussed bef : n.ua'fﬁthdsc % n‘?&nerigﬁ% %r%%éi(r@(lg gengl?eg Bﬁg{‘i/r?g@&%ghfgxp@gﬁ @\%Hr%g%g? %fcussi on
f ocuses on ahainyentiog. Thelopr oelidentifiedlbytGeaBank Iidaind@ncaall campleteak patialbut t he

utility of thet et hods gsi i&usseddis not Ilg%ﬁj to.this enbodinent. 15 The
generation aNadCTPTRRATRE BCHR AUULPESFs s AP % i es provi des for
nucl ei c idshufflin “directed evplution"). The availability of
appropri%tfe hi ght hroug?léﬂogﬁ%\(ﬁﬁﬁ%e&fﬁc‘ﬁgﬁxgg Yo screen the libraries
permts integrated high-throughput shuffling and screening of the libraries
to achi eve a desired di oxygenase activity. Mreover, this discussion is

al so generally applicable to those di oxygenases that act as 20
nonooxygenases. 1. Selecting for D oxygenase activity D oxygenase activity
can be nmonitored by HPLC) chiral HPLC) ggs chromat ography, NWR
spectronmetry, and mass spectronetry, as well as a variety of other 25

anal yti cal nethods avail able to one of skill. Incorporation of 180 from
r adi ol abel ed




nol ecul ar oxygen can be nonitored directly by mass shift by M5 nmethods and
by an appropriate radioi sotope detector with HPLC and GC devi ces. For
exanpl e, oxygaises of lhexadecene to 1, 2- hexadecanedi ol jtored by
180 i ncor por at?on either in intact whole cells or |ysate. ALFE‘QO/?]@EH been
used) for exanple by Bruyn et al. with Candida 30 |ipolytdca. In addition)
epoxi de formation can{ARO066al])[ETUS3B0TiEROBCIIMBY, [REU40Z7]isprdpybenzene-

col opnetric reactions, e i d as t he,oxidant) .di sappear ance of
peroxi de over tinme ca%ﬁ%o%lﬁ_f ?é@ﬁ&@&g?a%Pﬁ’é?erﬁbltf%'ﬂ{qxﬁ Bfcal ly or
colorinetrical ly usi ng;ﬁoggiqggchlgﬁobg&gmig,’l)%g,l,a)ge;avai | abl e peroxide reactive

dyes. 94 WO 01/12791 PCT/'1JS00/ 22038 1 n a "hi gh-t hroughput nodal it a
preferred nmethod is hi@’&BRHA@)Eb[@)UMWL@78322%@899%%3&92&]:{:% Lion

ion spray and/or elec F;Eﬂgﬂ P50 hpn protocol s
i n whi ch%t he organis %@?@%@Eﬁg eneCdc:)p[ar on@??ﬂ%@ﬁ@%‘g a sole
carbon source can be [RGEBPHAN [ROUR739Y bbiphenyiti,3-didxlygetesenfPSU1Ls28di | y
acconpl i shed by using . the_di oxygenase to generate a netabolizable diol. 2.
Aut omation for Strai nchipipbgoesre 1OX¥EENREY to strain inprovenent is having
an assay that can be 9@5{@@9@3’: [)%\pgz “1_% ‘PAF@!%%O]‘: yApO5§%5],mf@5§¢36f)gt of

t housands that have potenti al increases in 10 product yield. The
limiting factor in napiFaZa8ayl {Ar104283]i [AFOM28AhiIPSENAPPXAL | brary cel | (or

viral) growth. This vajiati LSt i igbility in
subsequglqt assays. | nﬁ;émP@Hﬁ@E@@W@m?%m?
(tenper at ur e/ hum di t ypapHiRalefeHl atioBfgeasdd; [AFIDOLTY]VIPSEBEDO12 A béraivatd-on of

all aspects of establishing initial cultures and state-of-the-art
tenperature and huni dl2yiesigepaies BWVIREIHdplate dipxygrnaseilAPRBASRLdI ng

variability. 15 In on g i 1 ' bral plaques,

spores or the |ike, aﬁ'(]al%ze g%%éﬂﬁ%%%gﬁﬁéﬂiggﬁta%’ E)Pr(%(g%ﬂgélaﬂgl vi dual

(C:;gl 0{1! es fJ o[< ;)I aqules);Mbmbegzme-aﬁ_tdqugdaw[ﬂﬂ%d mB?%dggtrgto}u?lee thot)
netix, U K), colonies are i | i cke n ( ren

mut ant s Pnocul ated i n‘ihé’x%e%?"ﬂﬁ %%%8?&@%&%@%%5&?%&59 p{%%?% gl ass

bal I's/wel . The Q botcdagse-IMHiRyEEna38 [B1813383 CRIRIBYnAue JAUr | nserts a

pin through 20 the center of the’ €olony and exi ts with a small sanpling of

cells, (or mycelia) afidxyzsnssedPEEPHY] phthakate-f5slioxgenagsy [ABUBBEHs) . The

time the pinis inth ; . di I?% te the culture

medi um and the tine ﬁ]éé@%ggxilggﬁsrﬂgpg%gidﬁ% 8%&4 ectgk]?nocul um si ze,

and each can be cont rphdrgdipmipibropidid2 Bedioxygeaass [PRIFOBABDphawxgberidvated bot

cul tur e20( roughi y.- 10, 800y a-TaseaasHSHFRIDIz: reBbSURLRE shaken

cul tures(roughly : , : shaken in a

t enperature and hum dJii‘be Qikgol | ed incubator. A ass or, preferably,

stainless steel balls in"the mcrotiter plates act to pronote uniform

acration of cells andsfferdiinpeitRlunfus PHER! dems AAIRNcRe ShBbAR otht e

bl ades of a fetnmenter. a. PreScreen 30 The ability to detect a subtle

i ncrease i n didxygqreschgneladiog tetrhlimS Stvlidxypendsd, Stkkemy ervdriipnl. Brieon. Minsebiok a

parent str a'SB:SE?JS??.gl%);th&mﬁ‘?é:'?,bIdio\ﬁ?'ée)ﬁa&fDéﬁ?ﬁ\k%?gf.",Y]: pdh&iANBYa8s@hadd nding

t he organi sns havi ng an”i nprovenent I ncreased by the nunber o

i ndi vi deal §iR73n feor¢ranedala-dioxpganesn Edlifonoy ol Bjeckgm. Riophysclesasenmhe

chances of i L Mi ool. of fficient si resc )

nor eases. t HEPRGABR PO RBR Gy EnsF i dloRudissS TS f P AR ES0L o RRgos
O1/ 12791 PCT19945Q04 122433, 4tdRikygditee Jadbn @fal.f N Baqderioeusy:48 GBEEIB2Yantd 20e t 0
qui ckly identjify nmutants having equal or better product titres than the

par ent ~ st r aichigpokargoats-hardioxygerase freliéonqayi ¢ Al ioe o ysoRes; G cel |

culture for 2§%§w(@9{?§1l ysis. For the purpose of preparing a shuffled
an

ADO | i brary “screening sorting 5 out non-functional variants, several

general 3fctivity det eRdlelgdiontie proplsse bbillugifaisg taninbentios sith réspedt taoxidptions es
for direct sgreeni ngt. an%ﬁc(gsl on%/ .cpicccgi n(fgbdon a ardiorredeinldngspcl)rat s nCljé-znrttai n
present |y prePgF PR e B e 51 GENE PR e hod s B es" D) e forfat i on of

indigo fromindole) and simlarly, fromgubstituted indoles and

i ndol e-carboxylic acids (to produce indié% or substituted indigo). The 10
devel opnent of blue or blue-grey hued growi ng colonies signifies the
expression of catalytically functional ADOs. Mst of the ADOs exhibit somne
activity with either indole (e.g. toluene dioxygenase) biphenyl

di oxygenase, napht hal ene di oxygenase and honol ogous enzynes), or with

i ndol e carboxyl ates (e.g. toluate-1, 2-di oxygenase, p-cynate

2, 3di oxygenase) ;



15 (b) the detection of catechol formation) which can be enhanced in the
presence of an aromatic amine (e.g. p-toluidine) and iron salts. Mny
cat echol s owpbdi/z9r eadi | y under oxygen, or in the presenceTafSowihmsr

oxi dants, form ng various colored products in the nmedia surrounding the

col oni es expressing catalytically actiye ADOs. Thi.S ass method i s
Cop 1 canl o Moty el gtom G ol iRt B gt Sgarind ganims:
di hydr oxy| atraphithférRAVE Bisx fHenide 7R Hinftro-toleRels, 5 skddg bédatl, echitvdtdlierde@tEr oat ons

such as N, O, S, and hal ogens) and rearomati zed sgont aneously with
conconi t ant %%YETN3sH FQHFNER-Sadipergenase 1ORmPYibERzeRt-2.3 Hhex YRR, REPZERmLE1 t uent

(e.g. hali d%o%}b&ﬁaké &d VphRAFIIN-Gibx R fase cRRrdtRnARE 8kd €FadilordbedAhbet y Of
qualitative assays known in the art, or by detecting changes in pH of
surroundi5ng_dwgm@(spH indicator). 25 The assay can also be used in cases
of stabl e di hydr odi of AbaifRi LaRbie HBfbReSs b AR GediERreRls i BOfbufd i di O
dehydrogenase is co-expressed (I n many cases such genes are I ndeed

avai | abl e ameanyanfropiganipms which enegkilled in the afiican iselats fromhyaripuesattdeait ed
catechol ca . \ . lar.e i i ucts,
whet her enhg‘?\‘lg‘gﬂé’gﬁ‘ﬁ%}‘t&gﬁ"% sﬁl%&f@%ﬁ%%ﬂ%ﬁ% ;%uaeg% “50° %8?3‘ g%fégblgglod@&gl?i on due
to enzyme adedhniquéses mirred desdidnsingaousatio cympamdssuch as ghysed baogenret abol i sm
of areng i SupkINABLALS bichBnlia kR Srudiekel b AV GRE AARIELoSALOT IS
devel oped by colonies 1Tn’'the mediumwhrrch signities e expression of
catalytically active ADO 96 WO 0t/ 12791 PCT/i 1S00/ 22038 A conbi nati on of
t he net hods can be usedE The agvant gge!of !the i ndol e/indigo assay is that
the col or does not di 4 _ 2 2PN di um sur r oundi ng the col onies.
The advantage of ot heTheyse)inidntibMaAbo hoGMesdipesved olypspdésdapdbly ¢fr mat i on
about both the general activity and al so about the regi oselectivity of the

reaction cato¥id@ugrrematigiobords £9ripreducipg grrgsn-sentaping gramatisspasies Hithqugh

above- dgscr ishgthn BN My ¥xiZR bRAGEC 6ARRCSHAY PaGesin BHBSEAMEMndther assay.
3. Screening for 1 nproved di oxygenase activity. 10 In each of the aspects

and enbodi n@atygentidscefdheinvension;in a pregently praferprd egtbodigicak therfgedigsandindsr ary of
r econbi nant el | : - I i nproved nenbers of the
library is Sh@{(i’ﬂ#&%hﬂ%%%%aﬁﬁ@?% &#S{Lﬁdgg&rg}%{)gg@ﬁgnf% those of skill in the
art that many scr eeni Rgdraetlitediobogficcsompamndsesugls achyidroxybtgduanandtion wit h t he

resent in LOR.. Lhe I I r i i.sing:
T ey i nt v ool S RO ARGLEKS (B, @ BR AR PRERRGER ofifiRbsA! "0
popul at i26n @foupes indpstdalebergmals sFer exarppie tthamethplphenetsdiTidi usaimt theimkystmied | eot i des
are expre d: l.aci [ i in di um isin east
one supst  as St Pdtfinda ahd isR PO LRl 9 PBBE bl ES AR eBhE Bngle 57

i nproved pr opebd we@ hdoddply edastpart of moeaogiek Sompoditidns titat inklade etbanbi nant

I | eoti de. ..a, i dat i f ol efi , di h L t
Gesi red froraropGend B ab Poedsrs hr ATy e otacl S 3rae ks ng

oxygenases fagrgebé¢raedbpbyctessivexiedgtatiomofgfhendl @hd exgsold. Heoviiver, nwredat symthepe ovi des
sever al t hods. for detecting and neasuring catalytic.properties encoded by
Uhe recdbi SAGECH Sreyiads sy PREEbELS vhpad! o Ankhler putabseEs e ng

met hods. QOpfferPreganiflg isteletd dithathyl- apd frintestsy1-phaholstindi @ dpalyh TayeforQ complegiuci ng
oxi di zed conpounds, their derjvatives) anal ogues and precursor, conpounds
Goscr  bed' | AIEHIE SLme ol PRAE b ok HONITE AAF 05~ GRTg VIS anal vi 1

t echni que KrRabttukibn pdt@rrake genbraldy 6tsindde drhe FRecticaenihsse hirtirgmeeckdsitatedtheof t he
desired corrpou%d is nonitored using one aor nore techni ques selected from

thin layer O Y FEPOGapHFIer BYTedNres P PRIBIP BPIEABEOYdGUI d chr omat ogr aphy
(HPLC)) 3phiral HPLC, Hp&Esx3RECirbREREdadbbx RSRids PRCA) MRthéiY ety i daskiShés

are useful components of various polymers and co-polymers, such as polyesters. Their

utility stems largely from their bifunctional reactive nature (e.g., hydroxyl and carboxyl

groups) and the hydrophobic aromatic ring, which often imparts desirable physical and
59



WO 01/12791 5 PCT/i 1S00/ 22038 with a chromat ographi c separation nodality,
NVR spectroscopy, radioactivity detection froma radioactively | abel ed
conmpounds ( efins, diols, carboxylic acids, aldehyde HAs, etc.),
scintillat i‘?ﬁg%/?zggll mty assays, and by UV-spectroscopy. IPrFTZﬂSr?%W#

t hroughput nodality, the preferred nethods are selected fromone or any
combi nat i on cRémicigEEpefis ROMS polfinkrs (PR drefigbehateRASMEdx§Ber@bat€)0 IHE Ay 48t | ONn
fromn bonded speci es The net hods of the |l nvenpgji on are used tao inprove

pol ypept i deglsphatd igcfonfipmple pui-mifrehia] addkyerde iRGAMpFeuicalp (FELIPBEC | es.

Met hods usi mgd,@k@éwﬁaea@,ﬂa@saﬂ) 2ALD YYaY@n @k CesRRCTIRIRS RS kil 268Mbrins HRE

oxi dation product fromthe conversion of a substrate conprising 10 a
tt-bond (e. g4 difydaeoymagnky| arenes, al kenes, etc.) can be detected by

nuner ous smet hods wel | weWand thehti §yrtfetis letlods for HEAAMM theffleli PitfvePkief €1 1 ed
met hods are set forth herein. In a preferred enbodi ment, the vicinal diol
derived froknowh ifcthe e, tyfically. besefcpmppunds argrmanufpcwredifimanen-exidizedict i vel y

| abel od Subsid ki ol BNy FRC0RCk) Rl 5oh BRT-ARTIRM RS Ykl 1 Lhe

art can be incorporate strate erred 1sotopic bel s

i ncl ude) f orextersavapreductpEifeativndronby-prddbets.cmising fiom ronselectivatredetions. of t he
ol efin substrate and the rr. I n 1.0 n.he [ guantitate
t he radi oactively | abiéﬁ'eegfgs%?tdgiegﬁ Qgﬁﬁg%ﬁg& ﬁgge%cé)ﬁng@% ?%/prﬁ%dg%& ied to
aqueous 19amalieaygaiaseopdlypaptidelthatiodidizebbrm dr@tbrdyromatepdbndsgo thedorrespomding | ones

of cells expressjn ibraries of a reconpi pan | ynucl eoti de obtai ned

usi ng the mgf(ﬁ'oige ‘gf’lst‘ﬁ%" éﬁﬁ?eowbseﬂaef}qﬁ ‘{é}ﬁyc&%g Irﬁsrt?fegmfﬂﬂ‘%rﬁ'?te'eel l's
expressi ng lahdyiald Afydafxyla@daraiiafngpol ynucl eoti des encodi ng a di oxygenase
can be grown in a nultiwell dish with a radioactive substrate adm ni stered
directly to the aqueous nedium After incubation of the cells with the

radi oactive ¢ol ef iy tPoRinEntide@y resi dual uncoverted substrate is renoved
by evaporation, vT%gaﬂ(;?_wltumllj .ap&i cation of vacuum After renoving the
unconverlfed 25 subst rtcenjun¢iioncuithitos exidatiye gathwaysattiliging pelypepsidesdayings ni xed
with a suit L LAt j..| i0acti Vi ' he
sanples is 3845 %P?ltgl %ie{]%ct}lél:t)sraén‘gghsugggEﬁﬂchmgﬁf&g%n?2‘? ?llgg)qé)%}(?)%ﬁsé%éﬁ%(ﬁows]% ection of
t he nost acudioxpganhsspodypeptidesisAsiussd hedeim, Savoessery eblypeptiidlesd a¢fessite thosencor por at ed
into the co .0r.gan] . i t .
A'tornat i very S Paie BB EEIRY ol o AFIL HER Y SF 3¢ BB o iprcn.
vapor 30 ph&semplarycetessorg polgpepridaipciode,digsses fieansferses adehmpdrbgemases f andd trheer
over | ayi,ng arssolidifie ium After .incubation, the nbrane is

r emoved 2p r o%ﬂf'h‘éﬁg‘bﬁg lbg{l}rsgugﬁg(?an nt "ésnls'/ﬁlf 4 37SESTY BVAFRIET B3N e’lugecgvapor at ed
from t he nephfarsd. acdhsrypolppeptidesiage thodeahatuagieapbtediledor a scintill ation dye
is sprayed over the nbrang for radi oactcil Vi t'{ 98 VWO Ot/ 1679%"1

PCT/ ZTS00/ 22038 det ecl1GI™POXY¥EH2q ROINACBYdes £aY b Wsed drany SR 2f @ pathway
particul arl yisifgh dRygenherof 4 ihvwhedn. datagedfeddl dnibodintbhg thecdceststy ol oni es
capabl e of oxj di zing ~-bqgnd o the correspondin | ygol s involves using a
oF ous. o PSR R A4 R At PO AL e P A FoReh £ M) EaRetEn
conposi ltz}sonbbyre@mealt@nﬁlizfaroxﬂmmﬁmdrﬁ& tﬂﬁ&k’éproﬂ&&bﬁﬁﬂﬁ!yéeﬁiad‘c@fﬂﬁd
"scintillation proximty 5 assay aon nenhrane” or "SPA." 1n another

enbodi ment mvev‘ﬁ)ﬂ%ﬁom@ﬁﬁ?wfl aag‘%?‘Fé‘Iai‘nB“ﬁS“orP“‘SW“ibjS Pepstieed s aplogpys o) y
quantify t hguigtrxeOlhatee,itvestample BhdriGal B fithesiicd; cohlthdiciyi®y vatlade) ek1vol ves

addi ng beads for scintillation proximty assay to the sanples of culture

fluids or extracts obMAreR¥d: By PieHoLBAETOR PETVites methods ving bath Bedmerore
substrate ag.desey pepaesHABURImpAlveS AR RIsbMAlertidds M TuliflesMMBE e hBRIRFeARRL | €d
to a nenbrane. The Deads or nmenbrane are functionalized with groups that

i nt er acB0wi medigtegirgaetipn producs, Breanethodiavelnesraniseling the profucs obibs gipxygeanaseheads
or menbr aneg, AnRiatfién $ith b bGnctE bftht hdcRlioRGdiyRpRRe iNeikreibd faces are

modi fi ed by chem cal groups that interact
embodiment, the product is contacted with an organism that expresses the accessory
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readily with diols. Such materials can be prepared by known chem cal

nmet hods from 15 commercially avail able SPA materials and they can be used
to trap frewodinet™i directly in the agueous nedi um or cul tROTEUSOE/ZRERS

obtai ned by incubation of the mcrobial cells with the radiol abel ed
substrat es. I{1 anot her_preferred enb?di nment, the surface o(; tne b lads used
in this ass®PVPertdgistt WHeMIe 3e665SRI B PeRIfEF PIE ATV HePitesheoibound t hat

interacts Wgkheralyeszodutedbiche #thdds &REARUREEIncONt ai ning aryl or
al kyl boronat'e (boronic acid}. Such beads can be obtai ned by chem cal

modi fi cation of commefld EIPryed digxysenise anpike3ecesroryprl YReptds(D5an Bhown to one
skilled in tR&.akd by 2 sEmPR&A] &iIT 64N RAYE BREtEssed BEdifreRAMIBNRISRA to nodify
t he beads are anal ogous to those used for the preparation of

ar yl bor oflat @refererdramhgdingest, the apenssosy pelypaprdeanddhe impreved dioxygcansedt ogr aphy.
After i”CUb%RgrQ%}edB ﬁne@ﬁﬂ@'ﬁos%e‘ffl. washed with a sufficient 25 amount of water
or other suitable solvent and subjected to quantitative determ nation of
radi oactivity. One caBy alilzinghstessary pelypeptides; the pfeseyit ynvehtiqurragkige pebsiie the

oxi dati on of t : i I i : f the
substr at o. Syl B ek A AR Oh ARG Dbl VRS iBod At o

sol vent, camhetem.treated with known excess anmounts of dilute 30 solutions
of , for ,exanple, a halogen (Cl2) Br2, 1Z), permanganate salts. The residual
excess anount of those reagents, left after reaction with any substrate
present, can be #easubeddivgeratzesmi cal met hods known in the art for

determ nati on of thesg compound see. for exanple) 99 01 791

PCT/ | 1S00/ 22038 VOGELl%§ %‘&‘P“Cﬁiﬁ’%@?&f’? P[ﬁ°‘é‘ 9%%%@@5“%&?“}’ aff%iﬁ’h °X et

al ., Eds.) Lkabgogie abdibgnlid dction effudehedrbgenas! ThEsseiate 1@ %) dehPpdrsgenase is
spectrorretr)é ?a al so @ﬁl u%ed_to def er m ne tfhe amunt of a vicinal glycol
formed due PEICRRXMEPTNETAR BDFOY$HONYEHISE 9IARe iBYeNIRTf £ | ed oxygenase genes.
lc\i/as_s sgqfst roma':1 ric npp&]?adaslleadidele%doﬂmgmk&mp\?a htgn_ydi@gﬁﬁ‘s?;ﬁd;n Ecii'éﬁl?c&@m peiks
erive romthe vicinal glycol _ can_be readi i stingu ed from peaks
or i ved 11 omiistiae? for aise Peid SRITg B oF bHBrRiots REhl 1 RUFGR R on i on
spray or el @edsém sieaonTAaSdeS PRGEH iRiitydios utilized. In another preferred
enbodi ment, a conpound that interacts with a conponent of the m xture,

pr Ief erably t hfe glhycol [,Er(]jogam?}k,lﬂambobmsefmmo@c%mb,en?a@s,iD%Qﬂht,}ﬂc;imdjhd@, |
selectivity of the net . In.a present referred e ment) the sanple
anal yzed cgnt ai ns exc%g(éﬂégww ﬁgi“aéeroésg%”l%‘ﬂdﬂﬁlﬂ‘“gﬁsﬁuF%“Qferred ™

boroni c 2gci ds arc t hogroxo9sH)ALRYdRckefdse bERSIM VAL e Mhuled PAPRN LA AREROY GENG] ude,
but are not limted to, dansyl am nophenyl boronic acid g@rygg@ghenyl boroni c

aci d) pyridyl boronic debydrogenps qféﬁé"”d_@?'é’t’t'é%{ﬁ‘?bl‘icﬁeﬁé“*ﬁﬁ ety dragangesr i ve
fromcyclic boronate §9&locdcensRidiotRtdnY-qAFO 4480 evIBITWEHISD XY (ielﬂy@ro%é?n'h_&m c
acid. The sanples are preferably anal yzed in non acidic and non-basic
organi ¢ solvent or acRiébkréc thelesee; [RIAPPLdchydipgepaseob Synsphagpehs-s and ot her
gl ycol's. QG her appr opiarsh e safadnyllogasC QB il Barghibirri B BRPRA[ LY 1718251 hose
of skill in the art. Another préferred nmethod for quantitati'ng the glycols
uses perRfodic acid ordehpdrpgenasesif Agarigis &isperap) ASNAd- dehydsegenase of o ¢l eave

the vicinal glycols t ﬁp@}i ;

enbodi nment, vicinal d? s@%%%‘?ﬂ?ﬁ? an tLhIT%’?na %ggf%?hg%og%@%%f%%?gztugg) are
excl uded fromthe aqueddensotAT8Eds EPYbivéhdehgdginasse of Phgraloingnas putiday

attai ned by using no yid . ] | al
cells, and/or by re&gﬁb@%ﬁ%& h@%ﬁﬁ?’?%&ﬁ? ﬁgfﬁwggﬂéﬁ\%% e?‘f’%g'é"??}én or
filtration prior to cYRBES (snd)oPFSH¥ABSD] dripldeogenash ohBifluodatasrsedljent . The
peri oda reagent ca i i g I | Il on a
solid ptﬁgse (e.qg. an%)?%%%‘ég%%gdr?’%’s#%&%AF ?tge‘{apiﬁggaa]?%az{cﬁfgpggﬁ@@g‘%@gmgt h an
excess of periodate idehydrbgeeasmsrount of free al dehyde groups can be neasured
by a variety of assays know in the art. In a preferred nmethod, the

al dehydes are quantitated by a nethod based on the formation of a col ored
hydrazone derivative. Alternatively, when using 30 radioactively |abel ed

ol efins for biotransformation, the free @l dehydes obtained by this nethod
can be trapped by al dehyde reactive groups (e.g., free am nes) on the
surface of an appropriately nodified SPA beads or nenbranes. 100



WO 0t/ 12791 PCT/11S00/22038 (ii). Methods for detecting alternative

regi osel ectivity of oxidation of species with nmultiple ~r bonds In one
enbodi ment , wohgsMdpstrate includes nore than one ~-bond (ﬁggn o3 do¥g ene,

but adi ene, etc.). In a preferred enbodi nent, one of the ~- onc?s under goes
reaction 5 nore readily than the other. In this enbodinment, it is generally
preferred to determ n2 whi Convefsiantvg hydrxyhdmdiondeswerdstereact i on. The

referred nethod for Ki this determination is' H or' NMVR, al t hough

gt her methods can be ﬂg@a{ﬁgﬁ’rﬁ%mgrﬁ?’ﬁ?@gerltrf’c’f’%}a%és'sPB?V'@ggﬂ’pﬂ"BYem“g )

chr omat ogr apﬂwfmimidnﬁugydt%l griitipEro aalﬂacﬁésuchlw skess ety and IRh_ )
spectroscopy. .| n an enbadi nent ‘ein the reaction i ecating in a hi
10 t hr ougth&dm&es PRR Pt RAmBIe. Lrsrand ransfaresgs Sﬁ‘f’gg%ﬁﬁH BriSPuRRIES |
spect r 0sGoPYof thdtiRusifonI¥RBW, thedSFslypeplides arelieferrad @%s 2hRiubi-RifmgP! y | abel ed
wi th' 3C. ~ bonded species can be synthesized by nethods knowin the art,
froma ~ 3CROWPERYEH naterial to i ncor porate one) or any conbi nation of

several, labeled carbgp gfdeasf)mﬁm%aonylkb%naésra&_casyfuqff&fenmé_ﬁgaﬁ@ém%m§ (by
synthetic nmethods known 1n the art as exenplified by SelitTonov et 15 al, in

Appl Envi r orthdypredustpe pf bigugnafiormatipn psalucts 9GBysy polyprptides whirhean vertavdiplsior or

t he | abel ed i 0 ; preferably
50% and mor & i S uS A APPSR Rler AER cat ity coptol o BPIE |

| ncor poré i ongiodfelegtiGty df askquentrghations & gnghtrpical giehydiatiom). alfursxamsplefthes

| ner easi ng {oge VRt She AR MRAEERARLDChII Tk SO EflubOl BABHGME e |

reover, la conpounds ow for a quantitative

20 quant i t atdompounds &r theie tiacyl darivitivestey raomp ofsihemipal whctimnpdnditheneseleétivielyomer i ¢
oxi dation products,. Pr.eferapl incu ons..w th, 3¢ | I olefins are
conduct eq | ToRE oned ke Sanbles uRRY BF IGDILA R, AR Be
extracts ar easasmuiobtiie wégidselactivitytod serdphyitation byusing an estgasaior b trhineachdube pr obe.
In anot her preferred enbodi,ment, the reacti component s .are not

chr ot o afBHERIEE Sy TV 18 <BPPITISs TRTAN! Pamanva Ferael R psets um 25
Det enl i ni ng df lar exdbsalf dh@hda @afbogylicakideseartd addigore fiaerisol svaraf cercmprogucts ion  of
the glycols for from ~c-bonded specjes, preferabhly e oys a.variation
of t he” ot hGUTRITEE by HE SABUSOROT GBSl Pl hecaty, SeLarPley g goyion of o

di hydr oxy! atdidlito e cbi®p&rldafg dartx $lidstek pilo@iledy moredif oidd estas ey bs sl didlspr ' 3C
NVMR. In a preferred en‘godi ment, the substrates are |abeled with' 3C and' 3C
NVR, is enpliByEdormrefias eigh Ry arasnisselvem ryirastion pbe sdduch REeTeee S8 chi r al
and esseit i ablv¥nt§ A8 MdsOHRY dadk hi¥edlh af irkl@istibRIbipha 8 ofe8MeRRbeotitiCh as a _
substituted aryl boronic acid which forns a ce/cl ic boronate derivatives with
vi ci nal gl yduntéansfaanatinpith wholgecells tvheten ig @ batch apinpaopdnuons iede: Chem I nt |

Ed. Engl. 33(41):1182af ad@bi-forReQbiybaA A isphbhali§RR%R 2038y (HLIFAQ host bl 2
preferred enbodi nent, both the substrates and oné or nore carbon atons of
the boroni c R FEPPsses thoydipkxscse flehplrogenpeeniaerirase: cvi-Gady aifipeens hoss6¢lbni ¢
acids are OfM&\%@vehQn%%cpfﬁ%{gg;o}ﬁéﬁﬂfe'c%be nbthliEoichdinR pelyBEdtRe, HQRi C
acid is shown below CH30 Is OH B~OH The absol ute configurati on of any
chiral &ént &eimprovetbycbepreihnd of (e tnygeta®- by t he net hods of the invention can
be either Ror S In ) r SRR S 8l AL iiperic
excess of the pr oductﬁ{h?g]?%bgﬁcggﬁﬁgé&wgr m?ge%%vg?gngﬁéﬁo%’l@iffer ent
enant i omer s padsenthyeprefersest dnahrpdjmenthu the polyaeptide demernsiratguiinsigasgd ieffictinesingheoner i ¢

products usi [ ) ' hcal:ly. ounds as

i scussed aiacanthpl@EboRbic SPRBhATEHLABL L, SRNERRRIRANCS &

ari si ng frorglyol cabpotidirsig, ext o rdthafimploeediaddst¢tdorang polgpgprideiiotlsdecan be used
for estijati t he enanti oner.i Qsition, of t roduct s resent in the
sarpte. 1 1pciadien SE Mo i sBe AR o Pluttng o P BY B0K7 e PES 65}

oxi dat i on ofthuspradidiyg ameasgoldpafrollingrek hpiiseleaivig ef dehydriting of dueh

regi osel ectiyi. t he oxidatian of alkylarene co are Sclilsbst antially

ty. of d
Simlar to (kBuivd st iTaPesabieismers by dsaboxyic and compour
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4. AHA formation fromglycols 20 Anong net hods for specifically neasuring
the free AHAs produced in the biocatal ytic process, those which are
particul ar|l Wogmé2®tred are net hods using a variation of tireE/soi/mnd | ati on
proximty assay described above. These nethods preferably use an excess of
beads or nenbranes bearing one or nore positively charged functional groups
(e.g quaternary or tef“t?—c—‘aﬁ%@%ﬁ@ﬁi mary amines). In preferred enbodi nents,
these beads or 25 nenbrtirnesymes useful dpradticlhig texEbengaventgh iiand t hey

selectively trap free A t her e r empvi t hem from aqueous culture
broths. In aaﬁblfrﬁ‘éﬁfefb‘fe%fﬁﬁ%@‘mB@gﬁﬁrﬂﬁmPaﬁ]@?&%ﬁfB&"@?ﬁ? 6?‘3‘%3‘3&]5"“

radi oacti velg‘%ﬂe&mbeﬂkesﬁ@ﬁéd pdlyp tiatrsisadh,as;s?ecsﬁmﬁﬁaﬂ@ﬁumwmwmmh%r (e.g.)
gl ycol, epoxide, etc.), The radi oactively_ | abeled conpound interacts with

the bead® oricifefRspugmacrican/gr di?ﬁ“ﬁ%‘ﬁ%ﬂfr?‘r‘?@‘“ﬁﬁe radi oactivity associated with
the beads or the nmembymRespeAALalFOheRe]ybefiab] datfs AL PeMniratActbas /T €f er abl y
renoved by evaporating excess radi oactive 102 01/12791 PCTI I JS00/ 22038
conpound andhewn i lg Amyitrnseraseg aeoliauiersie pyarewtdonany ERanHas (€&use

el ution of the Ak Slahk AArhifs . iAn % GRANE CoURERHP ks ARBINERRse Pr ef er red
met hods for deternining the chirality and absolute configuration of AHAs
formed in tIrelypeistes. thieimgttesitheanerighn. thetacplirapsfesase genag ate prefiorablyrseleeted fromi ni | ar
to those red gl er A NAt | ' ct to
e oy s, Targ ARSI ROYPRAUA I R 1% D b Bl s RALRRREC
HTP node, a thy Bbetal g paorabsgs dasartibeddseteod Hreferrddongyttansfergde gehesowre seBCteBIVR 10

spect r oscopy; gcie . J: r i i by a
di oxygenase flmsrA %P ge%&?%%?%@?@? 1,@3&@%&’%@&41&%@%%@%%%%13? il/_l%%(dgg Emgﬁ%ds or
t he correspaomdeantgsar yl al kanoi ¢ aci ds are synthesized by net hods known in
the art froma' 3C enriche terial to ipcorporate . one.  or. any. conbination
of several, |abeled c%’r‘aﬁn@gesg? (‘)’%% usia?’?fl% y eédsgsturs'ﬁ@tﬂrtee %IF ¢ L’é“s’%%gg%élgﬁds.
The enrihmgotypkides thaf catalyas yhel radieyi stibnjpd siHydoryarxphicicdsaly ystaf | east 15
5% of ' ' ~C, and nore prefer bl% at Fréeast .9 %)E I,ncor%or atior& o{' 3{(3:/ Label

i ncreases s&XETPIALY;ROjynE¢leqtides QRirean8e Sl thigjuepess aEedIstedPELOVRYUNG ed f or
acqui si ti on cafrespbRfihg GEABMAK ideaidabon:and al l ows for quantitative or

sem -quantitative interpretation of conpositions of m xtures of isoneric

oxi dati on products. 434041 geetylfodp henzslalsohg! peptdianstsese of Clarkie dressris ar e

conducted in nufti-weldd iRhalyREoARR:yRhILEHEPERtyREanthdtabdIpi@sent 1 tASsaffe T heir
extracts 20 are sanpled wth autosanpl er connecte he sol vent |ine

ted to t
passi ng 3%hrough NMVR pergpsmi (Préasevah gl RtanuRkysiol A$@1:PBh604HAPIBLt er i ni ng
abS_0| ute configurati OED@(NI"FIRQN, B19, el BQ}ﬁBﬁl@e,DU@f@BTz?
variation of the nethods descri bed above for determ ning reaction

regi osel ectivity by' HPEHCBEINuRrexycigazaoyl/penzeyriyeanthignilaie Nracylrensieraseer r ed
use of'3C | abel ed substpahms notfas M8 449] RSB -YeeBTRArRieRe of NE

absol ute configuration olf an%f C {)rgl s(tient er] may Sbe@e)(%tcﬁg}lﬁl? or eS.o In a
preferred embodi ment , Adreeorsvashiyengering [BXA4kanthoco®in Haromstie. NVR signal s
of different enantio HEAS ; oS InREONE { '@ﬂ{a reomeric

pr oduct ?Susi ng knomn%gtﬁﬁg%jg, éufcﬁgglgp(fe\lf\r/gio?&ﬁ [conj un@gll%%wgmkt ant hani de
shift reagents. 30 | nacalaniferaseghemar, 6320870623 nEMO396: DA orfkS20acA0f t he SPA

method is used. In thy j i P Suel
menbr ane cont ai ni ng ZMZ%J(?B?Q%AQMJCI?% i :Tgltlié%bﬁ’ %}Y/aétois'sﬁgﬁrsbegé.%tﬁﬁgaq?gﬁalgedé%upport
is nodified w th posi23vdBylacAaxf §adligBo342élacAlc br dffvdier btgamistns; 103 WO

01/ 12791 PCTI i JS00/ 22 i I Q=€ i . erials
can be prepared from @éﬁ%@?%ﬁéﬁ*}?/@@?’?)ﬁ‘?gj @%&sbﬁ?%ﬂ%ﬁ?%@ﬁ?ﬁwg’} “can be
used to30rap free aciadstytitansgfetabey ECr2.3. hd0;44GRATEC, HEOR3RVVOY alewhbk Q4 e br ot hs
obt ai ned by i ncubation of t ho it h,a radiol abel ed al kyl arene. S
6. Mt hods for et er ARESITBHEBIS BECLE kOF. o St oSt G BiaBiei . 1 b

foll ow ng di scussi on Qoi263E90T86,292574E1803 INARGR0B28) AFHOOZMeAB0427403HAS. One of

skill w1l appreciate thal e A eistense, ™ 5 3118; [YARO35(YATI),
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met hods can be used to determ ne esters of other conpounds forned using the
nmet hods of 10 the invention. Both spectroscopi c and non-spectroscopic

nmet hods ca to quantitate the extent of ester sy q?ﬁ! dto
characteri ?e the gﬂt ers. The preferred non-spectroscopi cn'; @21?&

assayi ng AHA nethyl ester formation catal yzed by nmethyl transferases is
based on use of a radYNROMOHC%TIZ)ibmhememmqﬂm&rdsaE@-@Bﬂrﬂtdﬁyl esters.
~4C or 3H nethyl labeled 1 SAM( its in sor hi onLne) can
be used as a probe. I’Harﬁﬁ'ﬁﬁﬂ‘e‘?“gm f@r"f%eas @l%%ﬁfg‘r‘?f tne f?@etiy]érﬁ'éﬁtfeéﬁfesiégstrate
is the free a-hydr oxyzantwwﬂmﬁmamn@nginwdefyl COdai:degeetylGind@inbads- of the

i nvention, nethyltransferases that are sﬁps?ct ve for a particul ar AHA

enanti oner can be sel ¥etvdmngaass GGhel 1 OV gl Plagr hdhBd icilds of
shuffling and this asgayg), HIGEEOPESE] Mhdy-sfllychel- BT?E&‘;SB&E anutAsRaes of the
invention towards 20 a particul ar enantioneric configuration of an AHA is
preferably measured u@isﬁéogﬁ%f@“{ﬁ"ht he a-hydroxycarboxylic acids that are
substantial ly enanti ogreg éﬂ@joml%%ge Host cells enployed in this

bi ocatalytic cycle will prefera | ack AHA racenase acti vi

mandel at e raCemase) . Imrﬂnath@itqmodmeefmacwsgmebrpmﬁ@ havigg : N)’lﬂéw‘éﬁ@ﬁtl omers
have a di ffggt l%ﬁg{,lggd:tl ve | abel, e.g. one enantioner is |abeled wth'4C,
and anot her at 25 one or nore H positions which do not readily
exchangdOwi t h vvat er). Sm)&wy efnaspkCoA ligdses towdids apriticiiayexogeronpobatraeiod t o

t he product for the
sel cot i ve mEURPRERLRrIEs Bk Lol dikkinte BFEEhaL o Wdhe i 0

al l ows t he eutmlrataby smffiéd adde:oeenamsscd)&e'll-ébm ligasep and aqyltrapsfiaabdsr &ltidizipgases in
a single sa The radi t SSOGi at.e sters of AHAs is
o of rabl y - TR ltpudh PR M s A SRR St R b bR B
extraction explmasrdtl tioning of the nethyl esters fromneutral or noderately

basic ( about 6-10) ueous, cul ture s | es. anples can contain
varyi ngqgrmunts of frqéoeﬂl éageeﬁhgﬁmﬂﬁ&c" P‘E@ r?zag%)’ﬂ' F5RS abel ed
organi ¢ conapptosts o ibhroEaatpi- GGA ﬁgﬁe@&%ﬂtraﬂiﬂfétaﬁb,toab BERoRYOS kR Ghkwekd g

i ndi vi dual 104 WO 01/12791 tJ.&SOO/ 2203R cl on(-f exBr es
met hyl t r ans f§CQEEsPPRYIpg sypedany; ‘P“°h° © palypapades e e }gﬁﬁ‘ﬁ'ﬁgﬁf‘%‘%dl umis

subsequent | Yom¥logasiseglehves amdisngfled acg@fnmﬁskcaamumgo&fsc@eamf erably
wat eri nm sci bl e organic solvent, or by contacting the broth with an

extraction nmedi um (e. @ne)s@mlaﬂbts of gyefl jpgyhGan lb@aﬂsen%ﬁormswa&oaﬂg? 20| n those

enmbodi mePt S oERARLANE M iRRknBS fsdedvidRabEBAl um following its rempval from
contact with the broth, the extraction nedia is greferabl y washed to renove

adventitiously bound AERRSUIAECP AP, RESFYGATAI phsnylagaiae-SaAdigase.

sol utions that do notgekytied t‘@llﬁ'ﬁf\Yﬁb‘?‘M'ph@rﬁﬁ;ﬁBﬁoﬁyﬁ&@bAh&aﬁeXt raction
medi um but which renove ot her nol ecul es "adsorbed onto t hé medi um The

radi oactivity of the [BR26Kmeed), MWIZ@PC"% &Wliﬁﬂwﬁgﬁ'%mbybwpﬁeds wel |
known in the, art. | rb&m:igﬂb TRNE 51981 (RPUISIEHS R%EMWA%%?”A%QW” ate

scintillating dye is pref used for detécting the radi oactivit

Subst an2bal |y simi| arAMQWQBSAHQé%%)L ABGEEBAR ] dstderojspzagiet €t ligrge.di er
neutral esters of AHAs 0 PA% gl ) XV,
Fig.13) and esters of tﬁh‘%@@é#{ﬁ %ﬁg%?aar)riel‘a rggg %éggé%ﬁ)#"%ﬂ
assayi ng and char act eMF(ZIllﬁ@l tAIFQ4m§2,e@Mé€Li‘bIGM#@Lbﬁ;EEW€6}06LApoI ypepti des
represented by Iibrar I i on of

AHA- CoA: al cohol acyl randqoegg%l’el?‘tg%éi lﬁ({;\@z‘qq;é‘?ésg ggl‘l atirons on this
met hod can i ncl ude tHEOB4HECAL, ’HDB”E@EZ)&‘OBT@J@EC@H)H)Ié,dAHlOGtﬂﬂoAFQ(mm,, Xl X)

Che met RBa 1 or et ecrt i o sentole bg Mees Vo SRR R ofdy vt on

of neutral AHA ester@me9ms,ﬁmﬁm@3muﬁa3smm5momsmmos met hod

is applicable to thos [ I, which t t.ran andd Vi yi el ds
products exhi biting d?é&????? %ﬁaﬁ%ﬂ‘} ccful%ar“é ’tga%%%(?ég r@%‘%‘l‘?wﬂ
Exenpl ary conmpounds i4hydickberizosite €oATHas:; [ESSFEPSJAlst] Qtagdnabendvar-Cibigasé.ut ed
esters of aromatic carboxylic acids (e. % mandelic acid). In preferred
enbodi ments of this nmethod) a 25 sol vent 4or solid- phase extraction under
neutral or noderately basic conditions (pH about 6 12) is perfornmed on the
cell culture nmedium Conpounds thus isolated are detected by nmeasurenent of
their UV absorption or fluorescence. These spectral paraneters are

eval uated to determne relative anounts and identities of the products
formed by the transferase reactions.



30 105 WD 01/12791 a. Screening for inproved transferase activity
PCT/ 1 JS00/ 22038 The screening of the transferase libraries, obtained by
nucl ei ¢ aci woghiag™i i ng or ot her methods as descri bed aboviEgT/iisso/emse noSt
easily in bacterial or yeast systens by one or nore of the screening

met hods descri bed bel Met hods .f or  det ec eased activity of
transferase reacti onsP"ﬁ‘PBwrfélb%%‘H?“‘IsB?q'ﬂéﬁvéE??rbﬁ° \L°’iy EF“éaésetaEF’Eﬂgﬁ'h‘{“ﬁdn of
nonoacyl - ang afBpakiky € ¥ prekedsi Nl gasesr thinsfefadd. Mtafmiyesheghﬂs@ liS acia g

a- hydr oxycar boxyl1c acids include nethods in which physical differences

bet ween t he €lgf8d framghgse cormpeynds Eptseanch pealidies tiipe B%thagc used & RIgdUFom t he
tr ansf er ase-gahdby#SstdBoh b?ﬂfé addRt mmrp@ﬂ,ﬁeﬁmef Sﬁd’h%blalel’EBefcmq’&Iddad ude

HPLC and nass-spectronetry n a high throu ut nodality, a method of

choi ce i § ndesexapmele; P%Mbsywteﬂraed @%mbwuteé wpﬁaflﬂowhcnﬂapeaﬁa%r

S'r g?; ?Z 8r ﬁ%ﬁta ﬁ&c?ﬂ lﬁx‘agﬁﬁ1'63écxdz[5§x§n(§(§gér]eg$ 5‘%??35‘?’?5?’?’” a%f@%;f}ﬁéxgﬂé gaent !y
car boxyl i ¢ aletiveddrom tespees, pivali¢ aced, sehdttiuiedgceytie dcidsy andbe hls¢ | s that 15
express libr arl es of

t ransf erases, ?QF'J yoﬁgf@éﬁ@%&n@ﬁﬁﬁ&g@%oﬂ%%dp ; g(gés&& T ﬂ amount
of label in mhmcmdlnm‘{motylaf compmindosvitphle fhrebsinithis p@assa,rtbdmamtmn alsgt racti on
of the | eI t i , ter

col i d- prtse et Bblelitp} i hich Gl Atk RbABRL el T
amount of hyntrtutmns’bneahqzsetbu#facemly\blbdamstabﬂwgm)mﬂc&tborkkﬂ@uchxéiﬂs Beyond, -8).

[ the case Bl 6B Burft ShAIES BihERIBILAS S e caybe e esent
in the orga chem ca ncof porated in
t he bead pOlnyLmEIIQns Trhtle hastbtglammmmtapnumﬂy narddnchdfbym“m nmtagslmmtmdtﬂoaltl on

proximty assa thod. (ii). ds for detectin | 08 | e |V|ty of
transf erase ¥ éé%'gﬁﬁcﬁ%dgm“l{%%e“%@{’/ﬁ g I?:(;Fnod]ée[ SZ’EEF% 8%%1ﬁ% ?‘W‘YV of the

t ransf erigse thsaof skolh i tBSart.NOhakche alsBlintrodadcetnithti s T Bnﬂﬁ%mbit}énd(fghmtst hr ough
1VMR spectrosco Wien | VMR spectroscopy is used for determning relative
amount's of (thF’fag‘%/‘?é’Hf”qfegl omeric nonoacyl or nonogl ycosyl derivatives of

oxi di zed substrates, IheprbahilepreRbred BhBSdhat] te & Bifsasb¥na@ding@icieic t he
arene di oxygenases on isotopically (~3C and/or zH) | abel ed substrate.

Anot her var 26105 Bi¢d3F SUbSEAIRIVRY PRI rRrQmbInaRY lipsrries gacodg polyreptidasithas frpnsferapel ed

precursors Gh a@&%ﬂ W frotd adéndie Ssnbhs pddPHIcetyNESA e 3618 %S thedRst, THY 01112791
PCT/ 1 JS00/ 22038 Sel ecting for enhanced organic solvent resistance.

Sel ecti & f SPdeespTBPAla Rt assi-FadCrralse brabarcsd by puclsigacid sinfdineaf 8y gani c
sol vent resm&é@t@&x ﬁ@&c?ﬁd?fﬁ@?@ln@%ﬂ%ﬂo Mousraee&aelupmggle&ulﬂ brary of

reconbi nant pol ynucl eoti des in ation of mcroorganismcells and
subj ecting the popul aMhélp using %C%@Pérﬁaﬁﬁafta“é@ﬁP@anafrmraﬁﬁf@a%ﬁ °(§oncent rations
of the orga neRRRD G %Q{H&Q&E'Qﬁ Rlquird & pr&s fTJT&)rx'E?ﬁiyn SRy ai n,
for exanpl erylygg%or? ni troéen and m%e?g |'s x‘f)andBTo?ef erably does not

ot herwi se | |0rr13the@rg:m i 2prgsonily piefered ewbodimentetsk prganiams h’@d%S‘éﬁﬁf@lQDf t he
sol vent ,5st h t only

T et acrinay PaaBCaR I o SRR BRESelAIcRERE T C oekPR. O Ve
genes enCOdIW“l‘thS‘OFW'eme‘F asssubstrates éortac WiGos tramBferasepthitattilientho dkidairins, one can
enpl oy a scry g i des
CTDLOY @ SCHREfL A, ShEFHED ) b HER) bl HIOSEA RERSURIBY olRE L
exanpl e, on@altbawlrs@md@an baspsnized using therresanviinatiop aebwresningfselectior petiods gene,
such as tho n S [ y. th en

fl uorescent %thgtrg\{%ﬁb&%fﬁ%ﬁﬁwé@g%%ﬁ'%ossagctu{qg urﬁggée&g%n det et ‘1‘% t he
best soIBOentacyleCszﬁshms ayémeyﬂtrmﬁmseslﬁlueperemlngbﬂqﬂosd:ra&n @rthe hasigrobtteh phase

condi tions se, I nes.. t heir nction in a
f ashi on depéﬁ’ag“%d fﬁé%g?/tgl }é@‘ﬁ?’pe{’ 81‘" ﬁng‘”@{ﬁ’ﬁPgﬁ""s oé'cféﬂoﬂﬁacﬁlng#s) such as
NADH and NAIdBYatisesthf elgesedidatiah bxy)dwns npai red ri bosomal biosynthesis of
proteins. Such genes and can be exenplified by several bacterial l|uciferase
gene
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clusters (lux) which contain not only luciferase conponents, but also all
pol ypeptides 20 required for in-vivo regeneration of the al dehyde substrate
for luciferggqu foyariety of nethods can be used to detecf..and ick or
to enrich for trl1e clones with the nost efficient solvent C'I;’CESI]S{]/?I’?I)?’PtraitS
as fudged by display of the properties associated with the in-vivo reporter
genes. These net hods Nndtivdéds thatreneodarapyleCoA ligmesemd ethee agditansfatasesgisefel |
sorting of liquid cell suspensions (.e.d. ells that ex ss GEP) 25 and
CCD canera iaﬁﬁq‘&sﬁ@‘%}l"r lhﬁd‘f‘@r"ﬁﬁ‘éimw cfﬁ@%@"é‘ﬁ?ﬁmn%ﬂleéogsoﬁtﬁ‘i PYEPP redi um
(e.g., for emlilde, fonakaneid)oRESr thet¥ Inenbrsad ehietsiprnfainilie3PE the @i peptides dn\aent
resistance is desired, one can carr Ut a series of cycles of iterative
nucl ei ¢ aci ®"SARt WH‘Ffﬁﬁc%"ﬁBbogEPeé‘&?ﬂi‘ep%c ﬁf‘lﬁ\ﬁfﬁf@ﬁ"gﬁ@ alighqdwith Sipfar esence
of the oBgambfofRbikRiuentRERRKIMED BidnsPiheddBnbRIgu@ Vequdns@d for sel ective
grow h 30 conditions are increnentally increased after each round of
recursive node nucleic acid shuffling in order to provide nore stringent

sel ective pressure fog G@%ltgﬁg@@éém expressi ng sol vent resistance genes.
107 WO 0t/ 12791 PCT/ Z] or use in a high throughput screening
protocol ) the increas@milgrlypae spmowerplycopdiransierases qap be exnressedlll @e hesnmpound
of interest gnd,ifl GVAREE ARerhffel) Gt Bhofd biGeRyRLARShS ucr%' foLRE FrofAN-

al so be di ré:ctiﬁdci/ malasured %yea meﬁ: stering %9?8.%% oac%?vg?yn a eFeg r((:)orrpound
and det d0nmi nheng)yqosyltransfesasdisuperfatily.i abignesk withasiindardromplagpuhseguences, erd | bi onass

Ramos ot ol o5 pRRL AR OREREY Snitd Pronl i T I0R APRARURREHY o,

aspect, the natuwemd ene of skilliiniths azs ciyi ioolatasucr geggsSram faniety aff arganigmsp ugingl O

bi ot r ansf or i usin he | DOV Ly ' i oy ion. . The
bi or eact or F)ﬁ%: Fﬁ@é’s‘? :0§ fcé'? ragﬁ'gfeﬁg& 6%3 ggeétf @)%yg@%é’isl 2‘9‘3’& f p’IelES?rlah‘ée %@B}p&g of
i nvention; (gbkosylrandferasgencodiag nsdeit adds thet)canky geed ;as aubstrdtel) foacrsativatof gice f or

ar ene. di Gy GRRREE AU BER: g o Hio s AL LRP Y SR DORCE AEBAPHHER e

bi oreact or fexfibitesf irhpr6verntkasinaod 6 ylbisaf dflcoppdungefich dealcsHotd) didks aad o-
transferase, |igase) dehydrogenase and the |Iike. The additional useful

pol ypept i deM¥rORUAEYRAKR pr essed by a host cell al so expressing the

i nproved di oxygenase or eggressed by a host cell that_ does not exgress t he

i nproved di oxygenase. [Et-£éyétl inestiehl-greatepiesemyisese: (Y ot NIER64 i nt o
the reactor can be prgl,geds s audleG skt buas, fhydhe Wohgace! |
preparation, a polypepti EXTTACE Tof a5 a substantiall y pure pol ypepti de.
The cel 26 and/ or pol ygeqsyldesfaase, B R4dngl;, [AB00288) ZPEVICCBZL, AROG3I2it i on) or
i mmobi lized on an ins ! T(fFE -a.Addi.ti gnal
consi derations are diggdéggd%?%dv%’ ]{?ﬁﬁg(ig%%@gzég@fls I r—{ﬁ’ef}]adggdtgé&
illustrative and not gliucosyliragfer{eHEC 28ildtleaglilydroxgeomatasip 7eé@ndi t i ons, etc.
will be apparent to those of skill_iLp,t art.. 25 ner r.owt ondi tions
for culturing the par%Pccoﬁ)(lg?nsgefﬁﬁh}iigz’é'lgﬁ)é" ‘8&? gﬁ%ﬁéad%}lcroé kfaeéeof%%et (lsi es and
fromtexts known in theldos; cenifdryladcdBERHCSs Birhifarase, EOR.43YIITHuBd&penol
BACTERI QLOGY, Vol .1, N R. Krieg, ed. /1liams and WIlI|tins

el 11 moPe/ London { 1o ERsVsRnTney BF 4 421 Fafone Evsoe Hpstsiesei B bel ow
focuses on the preferz.ed73%ncdndid3gphssphaie it dadacsildaistase EC 2. 109@ani ¢
substrate using the pql i des of e | ion. It |s understood that
this focus is for the[%ﬁ%%‘étg’d}AﬁZIl%gﬁ@i\égﬁﬁéﬁ’durf’ﬂ%ﬁyltg‘f‘_ ‘ia%ﬁ'?igondi tions
are applicable to pathways; mé hitheé UGYand isedhz9hber-35 Béiespadliditdeshol The
nutrient nmediumfor the growth of an§4oxi di zt ng m croorgani sm shoul d

contai n sources of as®iFEYHmMskrassrEfonddnld2nt-hrEgspenzeatedePibesDyi ner al
salts. 8pitable sour Cgﬁcolﬁgansfe\‘@e,(ﬂ(t 32449b4; zeatin O-beta-D-glucosyltransferase, EC

2.4.1.203; [VFAUDPGFTA] D-fructose-2-glucosyltransferase; and
[MBU41999] ecdysteroid UDP-glucosyltransferase (egt).
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PCT/ i TSO0/ 22038 of assim | able carbon and nitrogen include, but are not
limted to) conplex m xtures, such as those constituted by bi ol ogi cal
products of wdiaage®e origin, for exanple soy bean flour, cettusasmegd flour,
lentil flour) pea flour, soluble and insol uble vegetable proteins, com

steep liquor, yeast extract eptones. anpd neat extracts. Additiqnal, 6 sources
of nitrogen are 5 am"rBhli’rﬁ?ﬂ‘é)éF’Fg“&ﬁSmh?czlwa?t%ér}e élﬁ?ﬁy Hénséerﬁfﬁh?fﬁﬁ‘%&%‘fdori de,

amoni um sul frgh ehosS RicK Faiiidr hak Re ARIduOAt S BDPRRbIeldRE Pativee NBERITk Y hexbits
nutrient nmedium should include, but is not |limted to, the follow ng ions:

Myz+, Na'", iRaludecforexample,D-glogoseddpglactossand D-Nragetyighicospunea) so i ons of the
trace elenents such as Cu, Fe) Mh, Mo, Zn, Co and Ni. The preferred source
of these ions are mneral salts. 10 If these salts and trace elenents are
not presént in sufficideMethylitansferasesn t he conpl ex constituents of the
nutrient medi um or | Nyt eMRHE piétd dnbbdinRRR HRMoLALR Sl HBRhATRAioA he
nutrient medi um accordi r_1g1 y. m croorgani sns enployed i n the process of

t he i nventi oaxpana palypeptidencapitde of cofiverémavesartoxylimacist totarearbonplis asid methyl d
cells, concentr i . i xtracts) and

i rmobi |'i zed %%f%’g%t“ ﬁgh'!sef%‘r%? @9 B g‘P?gslpagé%@%?gE%f%%ﬁ%ent rated cell

suspensi ons, pol ypept Faehepdrpesetof thisindentibn| genasasdrelth gl hdegosytmethisnide-wi t h t he

process the inventi on A Wite an . riol. ,
50: 534- Bha Cheisdyime s iiestont belsfef 1 hpe e S ftiRumde BREELPRLED
wel | known iate eVodvednd erdhankeiselettedipropertiés df etehuncefed polypeptides smelnasq paifiaity on,

oLLRCTEN g SO S REATS SRR i b R R B

aggr egat es aesigmiceoi dal droplets. In a presently preferred enbodi nent, the

pol ypepti de and/or ce IS i, ilized ontp a glass particles hayjng a
porous outer surFace, k’t"t% e%{?ga‘t?ﬁaiheﬁé’é’kyrpf’%@as ?aﬂ bﬁfﬁ‘i’lge‘{toéf‘ta@ﬁ fheﬁ'S. Pat ent
No. 5, 925 53fhethylatsones carbbiyl Edupsl@Aardephecoid fubtiRee thastoadinged corrdspRadiAg Ons
may be prepared as fO”OWif: the ZS m croorgani sns are cultured in a

sui t abl e nut’PFIRYEsERs) MetyHranssrasesaredIqurs B, pam: é“‘{r?a’bye%?"i‘%"?fg(le-ﬁg) and

suspended i NpRrcbBBplafls, MAhMAE, dtd. 'cah Bk LiscAlas Botrée8 bf SRlesiédcomng thes-h as
physi ol ogi cal sodi um chl ori de sol ution or aqueous sol utions of potassium

phosphat e, sROHiPEPHdEE @ malerdbd eriaimmiltesBetylrprtise pens inmreferablyselededpl y in
tap water, dish tHobWhivRERbIO unEibhhll fNpestilesithaOibalyze ThtEm&hARt Inddf Smhi$ t hen

added to a cell suspension of this ti:lvpe and the 30 oxidation reaction

accor di r® t dopthionokyimesic matecplss. CBreferabey, dgtmatindtsinserrsescasnthipts whish #ré8e fiebed.
The condi ti QgokArerélipk f Sroitic igubstrate in grow ng m croorgani smcul tures
or fractionated cell "extracts are advantageous for carrying out the process
accordi ng to the i nveRtaneMesgfvanous methvtrastesesdhat canarxpessssd Hy hps cells
particul ar t : rEh; J 109 01 v ¢ 2203R
about 0 C tod?a %ﬁf&ﬁ%@%&a@défﬁgﬁ%& rf (glrnrggi e}jcgdgﬁ‘drsgﬁ@él%%& 2cg€°8£§%-é)dd§t§%8{f There
are no specimlypaptides estalwzingbe gwtiylatipmot dacbopylircassds arsf listddedbelomtsrthe on. Mor e
i mpor t andd y,co}g@&gﬁﬂ{ﬁ&eﬁmp&mg&qomceI | s can sinply be added to a sol ution
, Wtho

of substrate any nutrient mediumpresent. It is also possible to
carry out the process @eaA&EHdndvitRec Y 603 LiRgkypept i de extracts
or pol ypepti de ext racE frac(tgdl:%ns ﬁ)’?epareeig ?r%n@céwfs. L‘%ﬁéyext racts can be
crude extracts) such msthylyansferast Gryele BIRERNGERI math deansfemse of S.eiythrergr gani sm
cells. Methods to bre i o]

mechani cal disrupti on%%lg@réﬁ sgég%iétszfl [gggg?@gkg%ﬁ%ﬁggﬁ&&lfg?%f%?’%@%l&p and
enzymati c di srupti on. erSthedeanezthson i eedthyltpansfetadss (etyd )i FEFYABF6R t r asoni ¢
treat neng.s, passages fhro Er I ess I.ls indings it h, qguartz
sand, alr}io olysis, heat %ﬁ%‘,}'h’%gsﬁ%fl Sl%c%?gﬁ%élf(u)s’ @?%gﬁfllb ]rn,é:%l_ ﬁe’l@aﬁgfrq%e%f\gfhd"edﬁ ss_, or
repeat ed freezi ng and{SIMBNRDKP] fnethlykrapsferasssds Saemomghiengedcetinshe i nvention i s

tv be carried out with partially rified Jo1 g ac reparations,
t he nmet hods of protei %an(%}?é’fﬁyglproif?ggﬂgﬁnsg%asgg‘&%?ﬁ&g@gﬁ? g@ia\eh‘é&anﬁeme
preci pitation reacti oofstrep@myesahdnfyeieas) (SERL4G82Japhlyyl@ansfedsonpt | on

chromat ography) gel filtration or el ectrgphoretic nethods, can be enpl oyed
to obtain such




preparations. In order to carry out the reaction according to the invention
with fractionated cell extracts, it may be necessary to add to the assay

syst em addi {HQpF47ef €act ant s such as) physiol ogical or sy i lLectron
acceptors) fv keﬁil\.’lz\m NADP+) net hyl ene bl ue, 20 dichlor o%@'ﬁ@#“ﬁ’ﬁ%&%henol

tetrazoliumsalts and the |ike. Wen these reactants are used, they can be

enpl oyed either in eqsicomdrapol hAae @ TSBUL04D5] ﬁi&ﬁyWﬁhﬁé’ta@QﬁreSpond to
that of the substrate enpl oyed) or in catal &tl c anounts_ (concentrations
which are markedly befsemiseoeRERATEd ERt Ratd% b OMD L imeshdtyanserase ywhen

using catal ytic amun&ﬁStrebFordy&’stsB @bﬁarﬁiﬂ&%ﬁﬂnétﬂﬁ&aﬁsﬁ@asw(%@?%n@CCOV ding to
the invention is carried out “approxi mat el quantitatively, a system

whi ch continuously regpEmioaYEs 4 Qenathyltsany fasmaeﬁ)ﬁc%ﬁ@s@ﬁtscéﬁw in a
catal ytig amunt must m@l!hg{?ge/lpﬁe@g:gﬁg'tr@ﬁohf&s ESAESIbR "[‘Sﬂt}ébﬂi]efnetﬂ')f‘t'm%sﬁ}’a'éé em

can be, for exanple, fof pept i ensures reoxidation (1n
presence of oxygen oro Mrosom@qszisﬂ‘@’l%@«M}I]@fetkarhra@sfewsmfnstawwmr whi ch

s reduced in the coupsgeql Ll dRAR L BImARARLAIAME! STMSDPAYATL i On. 30 I

nutrient nedia is us mcroorg nisns I h a grow ngcul ture,
nutrient nedi a can bemstbyltwnsferaseiof Sokprampes hﬁbqungAquabyipuxiomxund) nutrient

nedia are preferably e CE&%& ia and
sui tabl e conditions foméﬁ%ﬁ(}era eﬁgrﬁlgﬁﬁc[sT%ﬁ no m‘gHﬁ o era eI‘(Jﬁown
conditidoes to which sSregidmaices giane&tenﬁcﬂidMRBGOmethmaﬁéféfhﬂﬂ&]S lincolnensis

PCT/ ZTSQ( 1/ 22038 The subhstr he of the

i nventi on can be adde’c'sﬁnB ﬁ’@“ﬁ'}i éasﬁtfsgpg#aﬁﬂ%fd #PéF&ngggi its own or as
a mxture with one ormemylkeramsféraicZdbive ocmrmmyi:ss spAdSTMDATAABCE] aklaahice
conmpounds whi ch can be. use ncI ude po such as | ycerol .

5 1f one or nore oxi di% ‘EB’F y Hﬁgﬂﬁﬁdg '@8 g éﬂ"%cﬁi%igﬁw gé)l ution)

t he Zubstrgte L 0 be omem.ym&f%rm (bﬁnﬂl}ldﬁ.ﬁr@ltdnh@ésrﬁidaﬁffa&@zsl [rsqwd ‘ \alm]on or at
any desired subsequent tine et g p e the | ate
stationdPy growth pha®a§rocyn §E?<‘:W ngigease ¢t fﬂé) ‘éﬁé dz%gé%r@&rﬁ%Ofs
preferably pre-cul turﬁsimmaxﬁlbmtmm%tmtmbrle@s@;p A5 methMtrindfeeddk ot i on of
the nutrient nedia is effected avarletﬁﬁ nmet hods i ncl udi ng sl ant ed

tube 10 cultures and 4’?‘&6’#"%!&"%‘16%”“’@0&59 o821 Sraderrosylmethioninei2-on sol uti on

shoul d be avoi ded. TOd&:Yé&!ﬂm&%&:ﬁBﬂe’]ﬁétbﬁ&ans%ﬁé '(rhér?(?)tdf@@c}mzcﬁzb%olfmt rient
nedi a, sterilization of the reaction vessels and sterilization of the air

required for aerati onREANOPASE mefhylirsierask@adS)iof Azerhzobigmgpelinodansse) f or
exanpl e,5pst eam steri '[ﬁé]‘ﬁhﬂso £ lc%t@lrnb kArg &yt Qﬁthgﬂﬁn%n%ﬁé S'TE"M)'&P“ of the
e air an ent “me

reacti on Oessel s. nutri can |1 kew se be
sterilized by st eam ofacbharbinydes a«rﬁlonae HESEMI B ¥¥lifhinesyl ¢xsieingcarboryly eact i on

sol ution containing the 1&{@&&&?%?8’1@14‘3' 9a099a°r§)3? e‘ﬁcerm?,ap Pg@hﬁ‘asks or

i nvention can be carr|e out under aero ic conditions u5|
aerated and agitated Iaﬁﬂwdr@v'éﬂwamrwlbenmtepnﬁhﬁsmsmasceﬁ@@Qéblofout by the

aerobi ¢ submersion pr g)ggg‘}i{)? AL [RF(S(ﬁrI‘ﬁan ﬁoo?ﬁﬁﬁgh&gh& Sp?@ﬂ]\é@pftﬂaﬁ’é?@r

fermentors. It is 20 possI carry out con nuous%scsor wth
bat ch or25f ed batch rm(dh«sl+).;1cbﬂ&ﬂ amwzzbmcmmexmwe, [ASN@MAdvant ageous to

ensure that the mcro £9Y W|th
oxygen and the substrgéﬁemlﬂg%ﬁn@g Ffé@%g‘?{g%&%&gﬁo@ A%ﬁ s |ncI udi ng
shaki ng, stirring andrnetbyla'hnsﬂ:gase%f A.s(veifgdam [MESTIR05 36]rS-adenosytHeanethidniaesount
during the process, chenic 0 ent s h as Li s and
15 %0t i hevater erfibeaier DA PRHE PdRa o Rife S Sytp Lo
oct adecanol )) Slb | i cggleoltqulra;gemaI2y0m|ye&lhmghﬁfbmeofmwm saﬁda ng&gam mtjﬁl fﬂe
conpounds, can be adde m can .al so upp nat ed wi e
ai d of mEchani cal dev? E%sypgﬁmlq1‘°@%ﬁ‘6p%ca(§‘l‘% ﬂé@@%@ﬁﬁ? ‘I‘San The
5 ol té_enle dicﬁxygeggze g@mwl TP@K)JI&E&%OG&WSW%FBOOWSQa:ﬂ-ntﬁthy'l'tranaeﬁa‘i?gl- (1989)
f ami : ;) of ggnmes %)%’9(6]) edtcagcg ?atz%gegdS%FO%MS?%]% d-het y[tr%xsfgraye (7- ing a

IOMT(9)) of Medicago sativa; [MSU97125] of isoflavone-O-
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111 WO 0t/ 12791 PCT/1TS00/ 2203R The I ength of this four gene operon is
3.591 kb. The tetrachl orobenzene di oxygenase genes tecAl A2A3A4 (Biel et al.
(1997) Eur.wo.mm7ochem 247:190-199) were al so used as a rorasbiznss f or
shuffling a famly of genes. The length of this four gene operon is 3.587

kb. After shuffling the fam ly of genes ffl o re cl oned
into the expression vEghyransferase s wemsﬂ%i%“i&&’ﬁﬁﬂ?ﬁ%@%ﬁ@& $ﬁto E.

coli cells. The transfn@ih?ﬁ néF6fadeSof WedoRinidh@ B ey [N TEE 9B akfeoyBeIoianDi ) agar
pl ates containing anpicillin and |ncubat ed at _37C for .20 hr, Restriction

di gests were used to methyimnsierateaf Niebasyp: (N TRIMEELo-ightnghPy sel ect ed
library clones contaipeg ﬁﬁﬁéf@x@?eeo?ﬁzﬁﬁdcuwe@@@mSPGMmAMWtr%fent al
sequences. TIER 1 ASSAY IO The lib rarﬁl was screened for active clones using
a plate dssay whi ch deaffseylsCoAd-Quetlisanyierate of Raapselivin prigagoFIPMALlHct | ve
i oxygenase enzyie ( Ete@cls Al AR acRO SIS IR MO BT oFhe 157 ary

was plated onto LB agar plates contalning anpicillin and i ncubat ed at 37C
for 20 hr after whi chPométsprmmda[EHJ&&%P&TAWMSNAQ@M -@d for an

dditi | 24-48 h I d
col oni 65 from 16 aceulieapRaf iRl BE LR koK B IRkIoRER SRR EUISR F 01 O €
bl ue-grey and the i nt8udénoyyldi-methipnos! aifeicaridddOfmahylrinsfeecst of Ghone

d di the | I dtob
ependi ng, on the |eve,, ansﬁgixg‘ib%ﬁ SV d%&’ sgd,-?he i QiR t¥e6 §ftfé%?£§6§‘tsr§) 0 be

70% active. The col oré nies we into
384-wel | pl ates cont amaihmgrahﬂexasqnfdreﬂhmmloagaﬂea, [MMGG:OMJMTJ QifeoylQaoA @haki ng

for 20 hr. The librar e Q di t sterile

gl ycerol (10% fi nal %‘ﬁ@éﬁff?‘%?riaﬁm?@ fﬁfa’ @%@igh{) t?’ﬂﬁ"ﬁ FaS%E{ eeni ng. TIER
|1 ASSAY The fol | ow nghyjrizd bohinagth) PAF046 HDPpaffedghfo MasO-deoltepefdrasnd used
to identify shuffled d] nases Wth r dation of p-xylene to
p-xyl ene diol. The as&gﬁﬁg’/@? gg“cl"fyﬁﬁ”f lﬂb’p@’ %—E&Q%ltrate p-xyl ene, and can
be used fsor any vol at ﬂnh@dr@iyp‘oq»pterﬁyl(bmo&taenétmtrar{&'&rmgﬁnnﬂomopﬁwaahdrazt e.

ot ai pi g anpi of 111 niCHSAOMHEN Scemey ueprasyo R O R MR 5
ul /wel I inocul um Theofdb@h® FopoRrice, [HVEI5226 78 dafbdic %@orlﬂahylaz@fermth 85-90%
hum dity for 20 hr. The cultures are subcultured into deep

i nduction plates) contfMGIME) of Hordeumyulgrre IMCHGIE3 ‘&%P‘GP?‘WW‘"&??&‘SEM\/I

| PTG wel | . 30 The pl agigsl) ofhMeséibhibateRsl B linun? PES WEYR54dat h 85- 90%
humdity, 6 hr. The :%nduggd c<sal | s” are h'g?{’/yégsteé‘ bw%entrl]},uugatl on at 3000
rpm 10 W n., 10C Thiydseyymsaagkizin medwlignsierase (Wome) alRiwararEdi a and
resusp~nded to a fi n\é}&)m&#@%@f effbl B-methDEraf@lrhst R@pliban@lmlmed to an
assay plates) 112 o1/ 12 CT/1 JS00/ 22038 contai ni ng the volatile or
toxi c substrate to bel{l&6394H3" Brivacid imethykransierpse; (fantlhafldursaspdendmn t he
bottom of each well o [tens&aleeinary

i ncubated at 23C for b %’Q%gm%h Vi o?%’l?ghﬁﬁﬁcﬁyuggha@ﬁ%m? gugIa cﬁ% on'is
transferred to a cl ea¢f@erkypbmwﬁléﬁbcy%amParbwyéSéM -Oanethylivenstesdses pel | et ed
a7 S transferred to DRgeyERe Hlalrhnd LS so%iess eRosy EEROURSE Ca by
spect rophot onetric rreln)rdwwindbler@Ln@thydﬁran@@aAﬂPHQM”Bmf|H@2m0palgertss ve clones are
those clones with i rrplfg{ﬁﬁ; ' par ent

Usi ng the HTP assay dl:ascrl E%P%géééet%%il\,@g&t@gggé%ﬁc %’)ﬁgy’?ﬁ%}?gﬁécreened and
conpared to the parenﬁﬁﬂl\/IBNMEI/g]qrhamhffnokannrted\l-aiﬂtﬂ)ﬂttajlsiiem@gﬂndDﬁHmpexyI ene

to p-xylene diol. 10 N ne nt Kfi i tives and
retested to confirm t‘??gle"m%wﬁ!ﬁ ngﬁ‘ t Bl'e ﬁiyll@ nSPe?"issg\% ?ﬂserrrlﬁ’r ovenent

and Figwoe 16 to il | uHUMCOMTOESiGekilO-mathlylresdemsend Hdnmmegzenﬂ'he ni ne

cl ones have 2.2 to 3. activi o the best
parent. 1n adaiti on. EROTPEAITIRREN BT hnin b e SR i Pty
posi tive clones were [ARDOSOIN pRelylc itedneaiarbak landiafliraBickase RECMITPStHaka ai n
and tested for oxidation of ne di using the HL' P
pl ate assay. The ni neS“EFegﬁég%ﬁME‘éaﬂbcﬁ‘lyglﬁftgyl@%?s erpsef gamgfvgpé grovvt hin
two types of nedia; 2xYT and mnimal nedéiga with fructose as the carbon

source. O the nine clones, six were reconfirnmed as 1.7-2.8-fold inproved
over the best parent. Positives 1 st



Screen -fold imrov. 2nd screen -fold imrov. ave. read stdevave. im
rov. Cl one 12.991.63.853.172.5, 2. 63. 3366670. 4535782. 2+/ -. 44C one

23.251. 73. 8§,§ Q/gégg 2.63.4033330. 4309682. 3+/ - . 40Cl one 36. 5(%21. 5

+5.144. 973. 44 28°5466670. 8558233. 7+/ - . 35| one 43.472.6 +& TBUYEHY
4.24.1333330. 6551593. 1+/-. 75l one 54.222.5 +3.843.492.5

2. 93. 850. 3651032. 6+/ - (HHBUPIMMA] histamine N-meth)'ltransferase of Homo sapiens;,

65. 23. 84. 583. 642. 8, 3. 24. 4733330. 7854513. 3+/-. 41l one 74.143.6 i

+3. 843. 012. 5, 2. 63. 6638 SICABA4BATEATAB] getrdkOgpethyitransferase of R.norvegicus;
+4.054.222.°5, 3. 73. 580[¥9@ﬁ9ﬁﬁ?BﬁI"ﬂ] ﬁih@@r@k%p?éry%gzcﬁte methyltransferase of )
+4.053.752. 5, 3. 34.270.6581793. 1 +/--46 20 1. Kits Also provided is a kit or
system utilizing any Beéusapriepicus; BQYPNNIBof Bowge ignylethanglaraing iN-s,
conponentss, net hods o STNIBEST? R dleRlo e nKi ts Wil

opt i onal Fy addi ti onal W&Pfg%fl%%éﬁl [nst r UCt]I @ﬁs%orﬂpeﬁoor mgeng met hods or
assays) packagi ng nat methyltebsfonse of Muronecidorid; iMMVEUES 108]i ridotivamidaN? assay,

devi ce or system conp t WKe. | 1500/ 22038
In an additional aspe@??’%ﬁgﬁ%%sees(gﬁ?ﬁ)n%\?%’%}%uﬁcuély%)w%§@gcﬁg 1odyi ng the

met hods and- appar at usmhathykansferkicas podtein lof Mauses IGDEHOMIthydroaindole+@:| ude one

or nore of the following:, (1) a s | ed.col descrj bed herein; (2)
instructions for pracﬂe@?'wé"%f?{éser?zp{ﬁ 3’5”3@%’@%@%@%@ﬁ“é’ls%a,sl’aéhge/ r for
operating® the sel ecti aspagne)cBehethyltfaasfedase (PCRIT)oNRamo rdrioyIDRIUST7432] paines e
assay conponent; (4) container for. ho gi ng.di oxygenase nugl ei c_aci ds or
pol ypepti des, ot her nﬁéﬂsgﬁ@ﬁ&é‘is%?aw‘a?é gw%@ergpgﬁg ‘,’so%'marfﬁﬁ(i%'f%ﬁgfrl' and or
the |like and) (5) packagU2iR4sahcHAWRS846] farfesbidatid@rmenylatinsferntes of he present
i nvention provides fof the use of any conposition Dr kit herein, for the
practice of any met hodPBfT“34@ENC4Bt-ei n, and/or for the use 10 of any
apparatus or kit to practice any assay or nethod herein. In yet another
enbodi ment, the kit of the invention includes one or nore inproved

di oxygengse pol ypephifment ikdleohbypption. In a preferred enbodi nent, the
kit includes a |library of inproved di oxygenase pol ypeptides. Wile the
foregoi ng i nvention hiis sdldirthes prefarisd ambpdigspiethg eresent imveRtiqarpddesd 15 of
clarity and jyngehstaRdidita goiypsbtide BSabf FRbnTeRingHpatithlat SthnliOmi Wt aart from
a reading of this disclosure that various changes in formand detail can be
made wi t houtchidd gampoung shehoanan alsohal udiolay epfey dedxyedrboxyhiv agid pompregzsorer anpl e,
all the techni,qu a rat us descri bed above may be used in various
conbi nat i ongpalgél%ﬁ?)%%f i[%ggi%él St pat ent applications) patents, and ot her
docunent2® cued i n t hi Bresgafly preédried polgpeptidesciocipde mtenchsésy such fae the meandelatet hei r
entirety for_20 al urposes tao.,t t as.if each individual

publ | cat i on ePRG RBEEE At PEERRTABGL affles R refS Bt Spitd i

0t /12791 PChbitd &0f¢ S ton\NHAEir nBufal Alnok) altEmativel YA thegtchiobe évoivedind ehandeg a
nucl ei ¢ acid encodi.ng an i ppraqved pol ti conpri sing di pxygenase

Bt vi ty) wRETAR R P PR e e sar et B e A il o Stk i} BEREs

i nproved ove&iibsaateahdl Efdntiymeatcdnti/for Bigstefeoniyriresersvipol ypepti de, said met hod
conprising: (a) creatjng a librar f reconbj pant pol ynucl epti des encodi ng
one or more reconbi na C'Bi"{?%@g&écé’gﬁ‘élt%@fﬁ‘{e@ ,"“Ceﬁ?‘?ﬁé/?f&?‘e f”é’@?ﬁ?ﬁj’l}f‘he
library to iwh@htdafalyzas the aRérbinvamsion oMyt ER ahdlS efihtiomen s akypidipr oved
reconbi nant di oxygenase ?ol ypepti de that has at |east one pragperty inproved

preferréd example of genes selected for use 1n this tnvention. The nucleic acids? encoging
this gene, and any homologs of thereof, are subjected to nucleic acid shuffling to evolve
polypeptides'having improved or optimal performance and specificity towards particular

30 substrates such as o-hydroxycarboxylic acids. In a preferred embodiment, the polypeptide
has a performance and/or specificity that is enhanced over the wild type. Preferred

polypeptides act on a-hydroxycarboxylic acid substrates, such as those displayed in Fig. 11.
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10 over said naturally occurnng polypeptide. 2. The method according to
claim1, wherein said creating a library conprises: shuffling a plurality
of parent al waagiigemac! eoti des to produce one or nore reconbpavmd/giogkygenase
pol ynucl eoti de encodi ng said i nproved reconbi nant di oxygenase 15

pol ypeptide. 3. The nethod according to claim1l) wherein said inproved

pol ypepti de converts to a vicinal diol at |east one ~t-bond selected from
an ol efinic ~-bordSoRbnaEsystanct pblgprdriderd a heteroaryl ~t-bond. 4. The nethod"
of claim2, wherein at |east, one of said parental golynucleotldes

encodes a pol ypepti de h%WWﬁﬁmHP“?Bﬁgﬁhﬁﬂgmaﬂﬁ%?ggﬁﬁgé Timarg of thes  The

met hod of cligipvéd pc\!)’gﬁ‘é' pBld o?ﬁic(in\l%ﬁﬁ nalthd@a}emé%s@s@&m dﬁ%mﬂ@ digimd ogous. 6.
The net hod of "cl al wherein at | east one of said parental

pol ynucl éotuselb%ramesd wmtloemcc@d@tsé@@imygwab@ola@rhmqvaldewdw ofhe nmet hod of
A | Sl RS RALEN o BKOEASEIO MY RURARAL IF RGBSR
5 rom arefie

polypeptlde r e su uence seé ygenase
polypept|deSouﬁrmﬁhﬁhmEmhmdwmkmcla|n12 wherein a nenber selected fromsaid
parental pol ynucl eoti des) ,sa ne oL nor.e reco di px nase. .

ol yhucl eoti de. sar d 1itoleply s $horeRtim SN pangs e gl
reconmbi nant cdhﬁxsigeﬁaﬁgmmﬂomum{de@stm@enmcﬂor@ﬁmbmg&hm&dchatﬁafsuus cl oned
into an expressi on vector QOd of ¢claiml, wherein sa

i denti fil0d PEUEHE nafTayr 6‘33y“g’éFFé’g@“‘iF it JHRTEBGTSfan E'H’taa‘F‘S)Q’égf"’éh "Ié”??kliﬂ‘rat ic

reaction USlaﬂﬂl caﬁal&ﬁ@'wﬁvﬁy?lbﬁtﬂ@fm&&hﬁrcemsharm MAithplitPihe hiniatiétofahe Cl @i m 2,
further conpr|5|ng creating a I|brar%E reconbi nant dehydr ogenase
iags)

activity pol feadstorleeamroyadsdp thsdrastpr and YST4 AT SCRRRYRLy S dletied @Toduets by ¢ v ;

screeni ng sahdind b@fo’i‘rcﬂalﬁd@ 'cgﬂﬂﬁlblﬁsyorﬂelﬁie&ﬂﬂﬁ)&dﬁ@ NuiBBg¥iaLgirgabhde that
encodes 10 an inproved dehydrogenase activity; and co-expressi ng one or

nore of said identifi M“P@é‘tﬂ?ﬁ‘?‘:ﬁé’?ﬁ‘“%ﬁ?@i?@d@ﬁ%ﬁ@@“&%‘|°91ﬂstt9at;§63| ‘Vﬁﬁh‘&"éb‘il des

and sai g d%?ﬁthédcaﬂetﬁ&ﬁ,qe&hm{er&lﬁ WHFEABREs ;gedeme U&lfa%g sﬂe%;stanc@toesllvkms 11.
The net hod o laim1, further conprising creating l'i brar

r econbi nant Grparieplay, a%&an&cspivvmtﬁwpp@ﬂyﬁmenob@l ‘Feéié-sT@P\é]dleSﬁQe aserow Prl§| nant
transferase ng&fob M LeXfs ﬁ&dgg%ﬁ& Q&eé&lrﬂlx rans@&ahléﬂﬁiﬁ fwré%em I nant

polynucleotl encodes an |nprove erase activity;, a
CO- expr essi mgefgm,ﬂ embodmeetsotﬂ\e safpnilqndmmders inderobialcatratyis mhtdmgraahg#téwagé

activity 20 _t%gﬂdﬁégﬁi&%&%tgrﬁé dRbed AbAin FoPELpRe 2 HEGOMRANER br Ak RRYARAASE
pol ynucl eot i I cefl.
20 can contain both a dioxygenase gene and a transferase gene. In other embodiments, the

microorganism can contain both an arene dioxygenase gene and a solvent resistance gene.
The microbial cells thus provide a significant improvement in productivity of the synthesis
processes, selectivity of product formation, operational simplicity, ease of product recovery
and minimizing any by-product streams.

25 Several microorganisms are known to possess high resistance to hydrophobic
compounds such as benzene and lower alkylbenzenes. Recently, genes encoding a solvent
efflux pump (s7pABC) have been identified in Pseudomonas putida strains (Kieboom et al.,
J. Biol. Chem. 273:85-91 (1998)). Similarly, various genes that encode polypeptides that
confer organic solvent resistance can be found in bacterial strains such as Pseudomonas

30  putida GM73 (Kim et al., J. Bacteriol. 180: 3692-3696 (1998)), Pseudomonas putida DOT-
T1E (Ramos et al., J. Bacteriol. 180: 3323-3329 (1998)), Pseudomonas idaho (Pinkart and
White, J. Bacreriol. 179: 4219-4226 (1997)). These and other genes, such as those that

encode many proton-dependent multidrug efflux systems, e.g., Mex A-MexB-OprM, MexC-
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12. The method according to claim11l) wherein said transferase
pol ynucl eoti de encodes a pol ypeptide that is a nenber selected from

acyl transfe | ycosyl transferases, methyl transfera
WOEE Er B 1y of

conbi nati ons ther eof 13. The method of claim 2) wherein
parental 25 pol ynucl eotides are shuffled to produce a library of

reconbi nant M@dmopﬂl aﬂtma@mﬁmpﬂs loﬂBseQH&m&ﬂhs mgmnbsalxmétyzz nmmfenol
pol ynucl eot |1%e enco nor e di gxygenase activity | i brary is

sel ected for 8@88729%889%?? &%é?fgsécréét e, y‘o"‘%é‘l“b’@(’éd"q Pf)ﬁfc&ﬂm}’é‘? fang a
~-bond to a bgd B, ﬂlﬂ%zerz&llﬁso o 00 (1088 9WnRET di T PAUZA0PG79:46127 BE26TEL hOd

of claim13) wherein said ~bond is selected froman ol efinic ~t-bond, an
aryl ~t-bond}® %Y)h@tdeﬂ@&ﬂypthqmmgaam%@m Meadite penferfelveptresistance apon ‘brary

of reconi n i vity
by e RSk VAR 5P 0GR B O RS EUUSISP 1B 1 L),

library is dipptyaeresasi spl ay library. 17. An inproved di oxygenase encodi ng

nucl ei c acid prepar edy fefold ary of
i nproved di oxygenase e co‘a&ﬁgl HPeFlgGam tg,]gl‘célmﬁ{’[gfﬁﬁpc}édccgﬁlﬁ#flgél ng at
| east two dlsgmgemcemccohhmgﬂ busibctingaoickis qu'rdapm@iilgbylvbrhteemmcad
OO Ol N DoBbBE:d: or 48 iy TR EAcRbcarli Sk IRT Sk BBl PALE2h

pol ynucl eot i resh m°a pI ura sel'ec
pr okar ydiles sallachomumerymg mstho&sﬂdeséﬁbed ha'exlnocrhe)ﬁuakélaadidsmstwhbom as \sal a

par ent al poI cleotides.are hf ed.in a rality of cells selected
from bacteri gnn%gg%ef )Pr%‘ﬂ%eﬁ?%m i“flbs{raltﬁs foﬁ}é'f%rggraﬁ?n l&'t 2 W{é}? ein said
parental poliyvedtbreaidiod ese iameclsibuéitllskdfling and piherrraéthéds obtorselitting liseirids ofet hod
further corrprlsm 0 r rs sel ctedfro reconbi ng DNA
from sai o pIREHoREy et T Thrse 257 GFL g i aguo s habfRoF Ay sk eh
library of s trraagﬁed&;&)lypapndeea@tferﬁngu@;irovddlsﬁhemnaenragm d1I@eOIHvrnat i on

with a segment ~n a cellular DNA present in said eII
reconbi ned E&MPRle, °6‘Fc?‘bst? °ﬁl“i’Rj°Y§QA°‘B@P%e‘8ﬁ°'§&‘?“G Hidsr & ??lﬁﬁ ?‘&!‘g“%i |'s that

di spl ay di 0x%y@enases@filand hjdtoptdbRIsBRR:S, ifdhdisy Mkdnds, FelbiIkads, dicoryigauase
activity; (b) reconbining an screenlng sai d reconbined or nodified cells
a1

to produce JBlorPemdsrivaties tpn srappleerhigh argdsed oy rerformingiptasPIasian (9.8

nodi fied di Q%M&ﬁﬂh@%ﬁdﬁﬁ&n‘) \Sf E1¥insa0 B1yc 61 AI@R?@&F tgglefr%):)rresfpoﬁéﬁ}n Wiahgsai d
further reconbined cel have acquired a desired di oxygenase activity. 22.

The net hod @lyces 4?\“23“% siceiSimida]y shsfling af fugleiqusidsskpippqodethese1 17 WO
01J 1279]20PCE{0H§Q}911@3%%¢3 used to confer and to improve resistance of the microbial cell to high

concentrations of biotransformation substrates, intermediates and endproducts, thus
improving biocatalyst performance and productivity.
In addition to each of the methods set forth above, the present invention

provides polypeptides produced according to these disclosed methods. Moreover, the

25 invention provides organisms that express the polypeptides produced by the method of the
invention. The organisms of the invention can express one or more of the improved
polypeptides, Also provided by the present invention are methods of synthesizing a desired
compound. This method involves contacting an appropriate substrate with a polypeptide of
the invention. In a preferred embodiment, the substrate is contacted with an organism of the

30  invention that expresses a polypeptide of the invention.
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(a) reconbining at |east one distinct or inproved reconbi nant

pol ynucl eotide with a further di oxygenase actwity pol ynucl eoti de) which
further polWouwehzotide is identical to or different fromromasos22m e of
said plurality of parental polynucl eotl des to produce a library of

recombi nant di oxygena e D O] D). .S reenlng salo library to
identify at Peast L pRigs gxygenase
pol ynucl eoti de t hat emhadbitrbﬁ t@thE mctﬂa,ag dlbdiiBsfeQ\iﬁ‘dV%nﬂqe gfesaiz ﬁtvbmrotn pRévaRRE lat Y
conpared to said plurality of parental pol ynucleotides; tionally,

(c) repeati fgngeLf meiadyfoy Prgparing %%beOrgfﬁg‘iﬁot"ipﬁgﬂq‘SWtﬂPFé?m‘éﬁ“§f' F“Ffb'fqnb?f i mpr oved
recombi nant elPef%x\éﬂUn% Ej;io‘ﬂﬁaté%%ﬁrs@r@ adfdhg th@'ﬂi’e'tﬂo\ﬁs gx'oﬂd'eﬂ‘ﬁir tRprdsfir oved

di oxygenase 10 propert he nmet hod of claim wherein said

r econbi ndnt lmveon?rg@rﬁégreexwpwthe osigatiqnof al‘kymg eempquadpiedhesorienoadiag| | s
selected fr I npri ses:
pool i ng mul 9{% mgscgg%’?saa?gl[ ?%%37 enéé@gg%*lgﬁﬁé+%gﬁa % taﬂk’%ggﬂl?g%ﬁﬁﬁg sai d
resul ting potddiibnaily sheeeein aeided y anaddgons inctbed fop preganing Hygroxplatedgramatid

r econbi nant e ugl i

i oxygenase e S MaRotE B SR HH rbi B iRl b b Bl anir,

pol ynucl eot iadgglic divds Mmmdagubahaj/mManvbmdseEmsbdmaanrbacdaé'lxzcmwcttbd tQO 24.
The net Ei%d of cdgal m further conprising transducing said distinct or

i mpr oved onudtBYHoXyEsY °’fy|1ff8°‘85 member sel ected froma prokaryote and a

eukaryote. 25. The nmeTidadion efpas md?seqwﬂ&rseétrfoxﬂawb»s hufm&sicra@vecﬁf tiie spoper al i ty

of parental pol ynucl eot|des conpris fam ene huf f 26. The net hod
of Dram . GISMERE GNP BoEsOf e ETioh % Sroumle SEOPUPHRAEY SrRH of o

aci ds conpr isg§esraieltdmptsl &Edigabidbiedyl MEditiddal r&cﬁ&ﬂ t@idesSitiibink e

di oxygenase nucl ei ¢ acid nade by the method of claim2. 28. A nucleic acid

shuffl'i ng mB?lXB?Ié‘dC%?frfb?i“%?WQ““&lﬂ be appatent tpthase At BgbAt ~DNAs, each of
whi ch isjsderived froma pol ynucl eoti de encodi ng a nmenber 118 WO 01/ 12791
PCT/ i JSOO/ 2203R sel ected from a pol ypepti de encodi ng di oxygenase activity)
a pol ypepti de frdgRemerasne stvieigeldidkygenase activity and comnbi nations

thereof . 20. The nucl fheropgdfindPuibhnal digs BY bAittfhe Qln Sdriuing S aiothelebrsai 4

at | east three honol ogous are present In c ture or
A et hod f orthd ingentias progidds m@og@n@sseo awidewirayofi qonmovm!s that augrupefitlsas fagth

f Py ! |
SHERRY e e R
met hod &0 cltbd imvSiipn wiecamible czfaord/egmtg(nm/icinpkﬂigdm archrexytof drectamaldy distinet a speci es

or strain different fromsaid ¢ WBZ The met hod of cl aim 30) wherein
said cell i§°‘5‘?°$‘96%‘§?%{“igc°"8?r@ﬁ?é? Pc origin. 33. The nethod of claim

30, wherein said di ox)XERuaE theafidthod dal bé PraBed with essentially any 7t-bond, in

essentially any compound, in a preferred embodiment, the method involves preparing a

P [} g - 0IPOUNC

,,,,,,

U.—t

vicinal diol group by contacting a substrate comprising a carbon-carbon double bond with
25 animproved dioxygenase polypeptide, or an organism expressing an improved dioxygenase
polypeptide.

In another preferred embodiment, the substrate comprising the carbon-carbon
1i-bond is selected from styrene, substituted styrene, divinylbenzene, substituted
divinylbenzene, isoprene, butadiene, diallyl ether, allyl phenyl ether, substituted allyl phenyl

30 ether, allyl alkyl ether, allyl aralkyl ether, vinylcyclohexene, vinylnorbornene, and acrolein.

In yet another preferred embodiment, the vicinal diol produced by the action

of the improved dioxygenase polypeptide has the structure:
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sel ected conprises converting to a vicinal diol at |east one ~-bond

sel ected froman olefinic ~c-bond, an aryl n-bond) a heteroaryl ~t-bond and
combi nati onggtohgssePf - 15 34. A nethod for obtaining a pohy 0@9%&pe
encodi ng an | nproved di oxygenase pol ypeptide acting on a substrate
conprising a target group selected froman olefin, an aryl group and

conbi nati ons thereof, wherein said inprod pol ypepti de exhibits one or
nore inproved properties conpared to a ngtuRal ly occurring pol ypeptide
acting on said substrate, said met L¥i'mg: 20 (a) creating a library
of reconbi nant pol ynucl eoti des encaggi a di oygenase pol ypepti de acting on
said substrate; and (b) screening saidg¥ibrary to identify a reconbi nant

pol ynucl eoti de encpdi ng an i pproved pol ypeptjde that exhibits one or nore
i mproved pr ret B oanddgse %Wf@%nﬁ%{wﬁémj %@e_ T gt Yohaed,

pol ypept i de subkfituedel arylNSetérBAN0 SbsiaRE HetBdatyd helerdcheliz4subddaed hitedydlic) | brary
of reconbi nant pal ynuc] eoti des ,i s cieated 4§¥Rzr econbining at least a first

formand a seNBr:fFdPR ofCH GRONR’R’ and G(RQR 2eanps, o5 Re apdbRngreiinsditng sai d

naturally o j. i r e i . d first
form andgs aiq s%%%%@@%ﬁgﬁ ?rglrn%? truga rtéde c@%ﬁ’ﬂ%ﬁ%%%ﬂ%ﬁ%@zﬂd&g %bﬂi
nucl eot i des rings. 9ptionally eubstiRRd 1saRETdISODLRRAEE hderocTilie rimes; RidndBtardi ng to

cl ai m 35, rein.sal i ar 8. jd . & are
ol ogous. HEptetiRpldehliP 1Bl AL ol MbTle AR b EBELE 01
said first &eereantcnbstiwedietabargahaerneycliein sabsitdutedbsernoiclie poopke RA is

pol ypepti de havi di_ nase S.aqetivity. 38 dj as | ypept i de
ncoted by atried Bot <L R RS e RS e dpdebendiity il RO 5 EuRaL RS

pol ypeptiode agntadettom thhe, ipglsivaicl eoti de according to claim34. 10 40. A
library of two or nore diox nase, pol ypeptj des, each of sai ol ypepti des
bei ng encoded by a n Icéit%‘“é%? € d’lfb‘}aki%(‘ﬁg’#o‘sé?slﬁ‘it?ﬂaf%?mﬂ ‘?"yis'lﬂ?sﬁ of two
or more di %Mg@n?ﬁdﬁp&mﬁa&a Pyl LR’ 10T SR _PON YORPINFIRS altFC R GRIC 0ded
by a nucleic acid,according to claim34. 42. The pol ypeptide according to
cl ai m 39 whé&rsph RsandRp ateyprapbersdedenendentty sslected oy Hyalledngsbstisutedialkdomvler t i ng

an ol efin t@utﬁ;t'glit&il arylflﬁ%tera_ ,Q%Et%ﬁt%@hét&%aﬁ%%fﬂc iclafld %@hﬂ}eﬁ%teyg& Jh%i n
sai d pol ypeptide has” an actlfvity conprising, converting at |east ohe ~-bond
of an arlyl grovpp ahdRAisdiletted frdm Mendrebypept i de according to clai m 39,
wherein said i nproved, property. is, selected from. 20 inproved . .

oo ospecifici 1y of - sagoREehE AoBREr i e PRt FRe dpg prvine
conpri ses afat legsasiie éndocyiche daibleond pd atédabicone @obspitueaiibeleceod frof methidsi r ed

enantioneric formof a .reaction dyct ; hanced, expr essi on of said
P01 ypept | de BT LT el MR aA e TG PR CRHUIRMER oot | de:
and 25 enhaigtaii abtheicbyipoinds Rivihgiht starturésdH, IV) 5 MIAVII) €HE aneFigf 4 aid
organi c ,g0l vent. 45. A nmet hod of oxj di.zi )&§p 1.5 t ar get
or oup s@Pectdorpetics AP fremen I SoHH 5 e B S v Xath
conbi nat i ongxtXereof, said nethod conprising contacting said substrate with
a pol ypeptide according to claim39 120 WO 01112791 PCT/ US00/ 22038
2. Preparation of hydroxy alkylarenes
In another preferred embodiment, the invention provides methods for
25  preparing hydroxy arenes and hydroxy arenes that are further functionalized with, for

example, alkyl and substituted alkyl groups. The method involves contacting a substrate

comprising an aryl group with an improved dioxygenase of the invention to from a diol.

The diol intermediate is subsequently dehydrated, thereby producing an aromatic ring

functionalized with a hydroxy radical. Methods for carrying out the dehydration are known
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46. The nethod according to claim45, wherein said absolute configuration
of a product of said dioxygenase is R S, or a mxture thereof. 47. A

nmet hod for woepwar®ng a diol group, said nethod conprisi ngppariarsh@zzisng a
substrate conprising a ~t-bond with a pol ypeptide according to claim42.

48. The met hod acc ing to. cl 47),, in.which said ~t-bo car bon
S bon borct 1 the 35 Bofh iy ftiand Bl A el s o SrprorREL Bref@y et nod
conpri si ng f‘cﬁé}hﬁsﬁgjh@gcﬂ téeMRighidsah@ude QB[ basé, gatafd dsitbinglioas!erdbt. N a

pol ypeptide according _to claim43, 50. . An O{]ﬁg)anl sm co ri SI n a recgt’%gbl nant

di oxygenase pol ynucl eByangthenpretemed,embrdiment; thnsubteaic ’dPF'H ptide
that catal yzgsn &ylf3f blops, fseales dryldle)Nefoapy, Aeletoagyldey] @rdﬁF@iaﬁ@éubﬁithedat

| east one ~-bond sel ected froman olefinic ~-bond, an aryl ~tbond, a

het er oaryl -hetsersaylalkhy &SPBi nati ons t hereof, wherein sai d pol ypepti de

exhi bits one pr OpertYIdMﬂﬁ'ﬁﬁﬁkrbf%ke@ieh\éﬁnb&&ln@n@@krs@l%&@t@ﬂhﬂﬂeRﬁﬁﬁﬁéty of a
natural Iy occurring di oxygenase pol ypepti de. 15 51. The organi sm accor di ng
to claimb50, further conprising a transfergse pol ypeptide. 52. The organi sm
according to claimb51, wherein said trazgferase pol ypeptide is an inproved
transferase pol ypeptide that exhibits or nore properties inproved
relative to a corresponding property o natural |y occurring transferase.
20 53. The Qugam SMHAGUR FR RebubOis GlrtinBerdolectagloh the Sluf chispARE 6f ARA | S
selected from S Eenos?ﬁmt% %)lr?e depgngdp)erft O net ﬁ%ﬁ’t Egnsf % acyl -

t r ansf er ase gaavgs.cobsbituied albﬁgrqunsra&dﬂyl geanps, ralk i igrains, SHIoAY s1OBRH, mgqum, cl a| m
50, further ﬁ&ﬂn A I h%l\? i Gof di ng
to cl ai mtb54 y g #}Jﬂgac?dllo ‘9§}§°“?’9 a?i&ﬁﬁpétr &%e l%?)ggﬁs |CF )rove z%ggg@%ﬁ%

pol ypept i de ttitnethylgstimapyl timstieylssannyip anst ghydpeines; emdnwwnwmrfreﬂn&ttb\ﬁe to a
correspondi E f i 12791
PCT/ | TSOO/ 23‘8%% ‘%p'?%f%é@(% %3%%5@&%? %ﬁﬁw{éa@&f &gfgﬁbly\]ﬁéra é?\y]gs ai"d |igase
is an acyl @uﬂlphlgas@rcf&ibly'ﬁmhyh,r@dnusm 1atcgﬂrfchnngt(t5)mdhanwm 150 prajerabigrn
conpri sing a I acenn reor]?gg Pe |de 5 58. The organismaccording to claim
57, wherei n '$31'dFACE ptlde is an inproved racemase pol ypeptide
that exhisbi ts one or mazmmb}bbnga&enedpamweyﬁ ared raicrooegahrsmof:theummmmdl ng

property of a naturally geur transf rase. sm acgcor di ng
Do oot in o7 areEblR ek e e et camae s e gha g

organi sm ac Qomdiefbga] ﬁrﬁpcﬁ‘la&td’lﬂOBﬁurp(ﬁsuf $UoR bs GG poidadioa. dﬁélmduho@emase

pol ypeptide. 61. T anl sm accordin ai m 60 | n said

oyt bgena SEFRe S BEeT FRNrCoTRIIcT HPF0 o8 "Rt PO BOs SRBEr RS 4ar
exhi bits on&e@rm@BLsng fmmm@cﬂndapaﬁﬁébmﬁpomamsqyaﬂrsroﬁ Anl iNlGstiafivedexample

correspondi prope of a naturally_occurnng 15 dehydrogenate. 62. The
or gani s’ acé’gF ﬁ‘g gtﬁgﬂzﬁmﬁg%m?tWHE e %éf’ AgeHRs ‘Eﬂ“" Precsss st ance

pol ypepti de nsahtaig 1 §oRbrie fuSmetR PPhdhdls GvhdhGaR nﬁfﬁuaber&mﬁieam@@uﬁdmymydﬂfqgﬁah@
sol vent. (a key vitamin E intermediate). In the case of 2,4,5-trimethylphenol, the new route uses
similar conditions as are typically applied to conversion of 2,4,6-trimethylphenol (Fig. 2).
The use of arene dioxygenases that are optimized using the methods of the
25 invention to synthesize precursors of vitamin E, for example, provide significant advantages
over previously available methods for obtaining vitamin E. Natural tocopherols are isolated
from common oils such as soybean, corn, canola, cottonseed, safflower, and the like, by
means of repeated vacuum distillation and alkali treatment of the oils, followed by multi-
step processes for removal of impurities such as sterols and fatty acids. Microbial

30  production of tocopherols has also been reported, from e.g., Aspergillus, Lactobacter,

Euglene and Mycobacterium, but fermentation titcrs are low, rendering these processes
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63. The organi sm according to claim62) wherein said solvent resistance
pol ypeptide is an inproved sol vent resistance pol ypeptide that exhibits one

or nore 20 | properties inproved relative to a cor i
WgR e KERPUESE,. e

property of "a naturally occurring solvent resistance poly

organi smaccording to claim62, wherein said inproved sol vent resistance
pol ypept i de competdialytitsignificany; gzhemiaal synthesis o vitetin Edrodnpet@ehemicas, dorgani C
conmpounds sEl ected from ol efins, a-hydroxycarb | i c acids, djols,

al dehydes, ~REUBHESyPealy iesh it BrER alhl AP Flonh QI ISR FOTTRSs S BE R e
aryl conpouRgsainf@1R®pétdefit AehdhSsorerTEORAbENinRIOAAKS sdiof ai¥toaabf tBA'S

t hereof. 122 WO 0t 112791 PCT/ L1500/ 22038 65. The organi sm Qf cl aim 62,
wher ei n sai dMERPOTRAB de Sy ARIaIN AEGNE Ci¥ AT HIBERFORNRE PraAgaYRagtly fedrred

or gani snsa RGE -l 18pRerbLoySttk Fohe/GiRbacctBRnBbdeliNGtyS Al ENbspkRBRESTRY 1N a
medi um at hypersaturating concentrations. 66. The drganism of clai m 50,
wher ei n sai dmproyechiesomtfioant preaymednpri ses two or nore reconbi nant

pol ynucl eoti des sel ected. from.t.he QLo hstin .1 A 'gm)éo d
transferase pol ypepti %%ﬁ't"%gﬁmelé% lBin]tiesslgIgtrrl’gé?g&I?rtoartg r?(rﬁérgle%es |)r’r%)?oved

rel ative toegampgleashpSdiinethpliphgel (Contfound Daintig2),)2,06ctimethyighdnohnsf er ase

pol ypeptide; _.an i npr.Qv | i.ga eptide that_exhipits .on I re
properties i(%PBQ)g‘g "302%&81‘%‘3?3@??%‘0&‘?08}?%%%@&??1g%?wwﬁw&hsﬁa natural |y
occr:]_uL ring | i(gé‘lﬁpo@m)ﬁl).eP'Edndﬁ?l:cse&ﬂgﬂemprpﬁh’tgiﬂcdﬁfip‘(ﬁmGndD&h)ﬁpeéﬁtilﬁ& dxidation

exhi bits one or mopre properties jnprov relative to a correspondi
property of t%OWQP@r%‘BV"%y@UFquH@gF%ESéﬁ%’B “b@gy?pé)ﬁ‘ﬁ"@f&(’déf\at i‘%%f"fﬁ%g’%

dehydr ogenagg daglyeeRidateh ik BacriBedih ot &xagipfe, 08 PARKENH.M40350!335 Efhe 158, 5-Mpr oved
relative to a corresponding property of a naturally_occurring dehydrogenase
pol ypept i deirimethylhydraquinpnedn (i far Resised S RIePapofiapEhE by any plsevVeraldmare upon
sai d organi $iBids EPérek ANME, A AnRAl 0P § gikkte pRALNERIchhil3hn bSattllWdAY @ 2 esati ve
to that conferred by a naturally occurring solvent resistance-conferring
pol ypeptlP de trimethghydrpquigang geing Biiedsl-Egpdi 4%80 eptajytic conditionsdreege-gu 'S Peteny

met hod conpijSkngg g§fhx) contacting a substrate conprising a carbon-carbon
doubl e bond w th &n organi smaccording to claimb50, thereby form ng said
vici nal diol group. 6Bhe 2the, gdiShaod.6aernb?,doritGmedylphenols @ be sinehesized wsiigd

substrat e i%hcsaﬁérﬁ%(gggén&%paﬁld Qﬁ&éﬂi@%e 5 ihe AL dEE0R 85 h%@n‘?n?Fig.Ti‘.eF&Et hod
according to claimb67, erein sald substrate I's selected Trom styrene,
subst i t ut ed esample el -timdtmibdneenedGempoundd) is oridizdd ti any oy Compewde [ILiI¥oFr ene,
but adi eng, dj,all e r | ). vi t - i t. I
ot <06, ik o B B s IR L o YR b o, B

vi nyl nor bor mectemieah deleydratbreiorobtaBth OorreEhendiret thmethglpbenadk asghoven ml Bigrb. 67,

vi'cinal ai of P A RO P S Dl SRS o 27
| i gase pol ydepygahase ta obthiarGhgoasd VD whichphitde canist debydratedto chtsn 2 Agr eof |
trimethylphenol (Compound XII). In a presently preferred embodiment, an arene
25 dioxygenase exhibits enhanced regiospecificity for the addition of the hydroxyl residues to
the appropriate carbon atoms and/or enhanced enantiospecificity to obtain the desired
chirality.
The invention also provides methods in which acyltransferases or
glycosyltransferases are used to facilitate the production of a desired isomer of a
30 dialkylphenol or a trialkylphenol from the cis-dihydrodiol intermediates that are formed
upon arene dioxygenase-mediated biocatalysis. An example of this reaction is shown in

Fig. 3, in which an acyltransferase or a glycosyltransferase is employed to acylate or

glycosylate one of the cis-hydroxyl groups on a cis-dihydrodiol (Compound I'V). Upon
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thereby formng a vicinal diol adduct. 71. The method according to claim
70) wherein said pol ypeptide of (b) is 5 a polypeptide exhibiting one or
nore proper Woew/1I21pr oved over a correspondi ng property of pcmusanvadoggous
natural ly occurring polypeptide. 72. The nethod according to claim70,

wher ei n sai d_pol t de of and said | ypept. 0 b e expressed
in the sane "WBE‘E"yP ‘g’%y i %6?%8"%8%??‘(5’0@8};‘8?&\% tL%\éFé%aé‘?ad:f’ T'sai d
vicinal di 0|gl{]@§yl§t9&3grbﬁ sstpréfedeti Aty 163t 1AV aRydf3Ryll at the.non- aeylﬁiea\/p@sﬁtﬁmnBR and
RS are independently ?ect ed fromal kyl, substituted alkyl) ary

substit ut ed Ysfngan aﬁ»éfr@w&aase or S‘%iﬂi%'t““r"t‘%?‘%ﬁ that hias bssn waCCWét‘%FeG%‘?E‘PP%‘T and
substi tut ed J&%Eﬁihg’?df@ﬂds@thatléc ciftc#5Pa partiéahr hGiBAN NRUBSusikh EfrBhb 82

groups, or R and Rs are joined to forma ring systemselected from

sat ur at ecP hy‘lfr"@fc‘ﬁYWP“ romg%n achig¥asPasific aEpdpstion @éﬁ\elslyqlrefimg@y okat ur at ed

het erocycl i GifleRSHh Wm&g@ed heterocyclic rings; RZ and R3 are
i ndependent | f/l ge?@ct ed fromH, alkyl, substituted alkyl) aryl, substituted

aryl) heteroaryl, s ubaltematively, hes @lﬂ@mﬂqy chepicealragplption in camjunatioh stithtant ed
het erocycli g s%p‘\s?{o%n§ ms— &%gﬁﬁ? gﬁ tﬁﬁﬂ%e&e@%e edlzfgg’ m‘?(pg?«%re@r e

i ndependent |y se ected rom ni1s an integer fromO to 10,
i ncl usi ve. ﬁﬂoméflcpétrwﬁwh@tﬂldbﬂphmphdntms erhbrdimen of thi evention2tBe Ris- dilhydsdicéct ed

o o R e R A s Y o SRR B s DI 90 D05

and R3 ar e iantppiindesvlting is et¢ydaios df botb hyddpx ¥ gkopp) (esguliSdnptoun@ N VAL knyFig. 3 y| |
substi t ut ed het.eroar ub tltute het roaryl het rocyclic and
Subet 1 ut od ALk it RhOARibiedlb Ridld 4 57 iR DY pusIREEREIR LS *07 5
The mrslt hod anm@:hyldra?d ﬂemmhw fm?,@onv;ﬂmencexwlg)sahxgh darahexghmqmwmtt@a desicedrenber
ring having eas e nnu ubl e bo an ast one

substi t uent @@F%c?réﬂalggwﬁ" %‘me@ ?el%&?ﬁ’o“ &&> ESMBP RRSSPRY s |

The net hisd q:refeﬂdi dmgaoﬁﬂnmtsathme?t&aseN@embmbﬁlantdstdta@d thht&maabéaarébmc&ﬁhﬁﬁg ed

f XXHI , XXvlil, 10
S O o mehode, o the itemior, £on Qv PioBAU e s SHOGEOTER 14 o an

a- hydr oxyaciegdantioepedifitRy,had teqixpr i sing: (a) contacting said olefin with an
organi sm according to_clajm?50 to forma Vi CW'F}aSll diol; and 15 (b)
contacting said vici n&pcoghetp! dgrivativenthatlacka med Erosp: SidiBusEsgehy dr ogenase

pol ypepti de difeth@pRensRiadl pReirysHs, I acd £ antiSxidahbeatiBigd kkragzosdémg to claim
77, wherein said dehydrogenase
compounds can be synthesized using the methods, enzymes, and microorganisms of the
invention. Fig. 4 shows the various dimethylphenol compounds that one can produce by
arene dioxygenase-catalyzed oxidation of xylenes, preferably in conjunction with whole cell
biocatalysis, followed by chemical dehydration. For example, the invention provides
methods in which g-xylene (Compound XXI) is oxidized by an arene dioxygenase to form
25  one or more of the cis-dihydrodiols shown as Compounds XXV, XXVI, and XXVII.
Chemical dehydration of Compounds XXV and XXVII can then be used to obtain 2,3-
dimethylphenol (Compound XXXII) and 3,4-dimethylphenol (Compound XXXIV),
respectively, while dehydration of Compound XXVI results in both of these compounds
being produced. Accordingly, where a particular isomer is desired, in a presently preferred
30 embodiment, the arene dioxygenase that is employed in the reaction is one that is optimized
for the desired regiospecificity and/or enantiospecificity.
In additional embodiments, the invention provides methods in which an

arene dioxygenase is used to catalyze the oxidation of m-xylene (Compound XXII) to one
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pol ypeptide exhibits at |east one property inproved relative to a
correspondi ng property in an anal ogous naturally occurnng pol ypeptide. 20

79. The net rding to claim77, wherein said polyp and
of (b) are g@g’?@?g{e)d in the sane host. 80. The net hod ac5€¢+ﬁ8{9{084cl aim

77) further conprising: (c) contacting said a-hydroxyacid with an organism

conpri si ng 3 notdsfaNEAeiOdiy. Bid Pdrodisls TRvipd gn FXIX UL, Gdripousé KetX ethdf rom | i gase,
transferase and conbi nati ons thereof, 25 thereby form%lg a a- hydroxyacid
d]

adduct . 81. Compoppd K&K ddesradr fy- dE’B'dﬁqdéﬂlSrﬁaBG"C“mﬁéF'@rPP erted & chepprabs saj d

pol ypept i deeRfdrtfoh to bRthin B Er hboe dﬂ{yaro@x&fogswlexaalpws aaYRralingt - 125 WO
01/ 12791 PCT/ L'1S00/ 22038 82. The nethod accord g to cral m 80, wherein at

| east one ofCoseroandsaf Y epd XXX, @ﬁ?ﬁé‘é\teédzﬁr%ﬁﬁ‘m’@ [ (Gompoypd XXX 4nd) _
conbi nat isons V#’iﬁ{eﬁ& hko A%@odlﬁm{ne\iéé(mBaé%&ﬁdeﬁeneﬁy?ﬂracﬂﬂ%fE%h?eﬂmd%@ﬁvﬁﬂ' ng

to clam 77 erein sal droxycarboxyli1c acid has the Structure: OH
R1 HOOC n vx/rrequtsmal:tmxngt gfeqheaﬁemdﬂr@mnmwlphesalbsbzmmtad@napw isometaandar yl )

substi t ut ed NR2R3, ~R2,
"N i) R R sl E BEEEhRL vaR et B BEUEE VRS TS
fromH, al kybglo&pud)ﬁttltytamﬂ@dcmnhydppmﬁclwl ysinguhistecdrobisationrayd seléveow/sayemig,
substituted hglgoﬁr Qf’ﬁ% erocycl i c and substituted heterocyclic groups;

ro

R4 is sel ect’®t =S, and 15 n is an integer between 0 and 10,
inclusivi®. 84. The rrep-hﬁytbna(:@mnpbung)m)cm{ alsanede ashasutestmteRor thearemd ect ed from

phenyl , subs |tut ed sypstituted NRZR3,

PEN oty Ry BRI B e eBlJR TR At R B A BB s KT o
fromH, al k)ahd XSﬂb‘,séantbﬂtcadnmhlkydle,hyMtyﬂ to GHtais DSstimettyipheral. yin thdseinethody vy |
substituted heter erocygclic adsubst:tuted ter C|IC gr oups;
ond Ra 1S sdb bRt e ectEs s BB 1 SHPRRCO YT R 60 m B0,
wher ei n sai @pécicddEleLihak thabfibin\WwHich théarSt&J d6ty@ehakd Sotle Way ob@inkd,lof Basiher ase
activity and nmet hxl transferase activit 25 86. The method according to

claim 851 WHEE Hiox¥genase s PHRpFssd T p Ercmpingnt afpne dioxxeraaserareeditdni ne

dependent Oéﬂl%hb{édnﬂélﬂﬁf Rds86h optifmizellT6r ifDtdved pRApEBE it thereebmbifhiitd)and
wher ei n sai hydr oxyaci d adduct has the structure: 126 WO 01/12791 OR
R~ R600C sclectlon/screenmg methods of the invention.

3. Preparation of hydroxylated aromatic carboxylic acids

20 Hydroxylated aromatic carboxylic acids have many diverse uses, including
as antimicrobial additives, UV protectants (e.g. esters of p-hydroxybenzoic acid, parabens),
pharmaceutical compositions (e.g., esters of salicylic acid, coumarins and 3,4-
dihydroxcoumarin),

Thus, in another preferred embodiment, the present invention provides a

25  method for preparing hydroxylated aromatic carboxylic acids. The method involves

contacting a substrate comprising an aryl carboxylic acid with a dioxygenase polypeptide of

the invention. The polypeptide is preferably expressed by an organism of the invention.

a. Carboxylic acid substrates

30 The carboxylic acids used as substrates in the present invention can be
obtained from commercial sources, or they can be prepared by methods known in the art. In
a preferred embodiment, the carboxylic acids are prepared by contacting a substrate
comprising an aryl alkyl group with an oxygenase polypeptide to produce the corresponding
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n wherein PCT/ ZTS00/ 22038 R is selected fromaryl, substituted aryl,
het eroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic)
NRZR3( R4) m WO@R2379t CN, C(RS) NR2R3 and 5 C(RS) ORZ groups, Heayussg2zamd R4 are
menbers i ndependent I y sel ected fromsaid group consisting of H, alkyl,

substituted alk ryl,.su |tut t er oar ubstituted ,

oter oaryl . A bUGHE] TR PRl PSR e iActa By ol 4 tehygaate nebmeaide
sel ected fr Q@bm@m%nﬂe FeSiredEhrtdxylicGacke | MtdrRaivEly O hlbold kanl beBvestged i t ut ed
al kyl groups wherel n Rgi s selected fromH, alkyl, and

O Rs
substi tut e@@ﬂﬁvcb?‘@ﬁﬁéneé%l wherein R and Rg are not both H mis 0 or

1, such that when m 'ﬁorldar@ofanmaahm&%gcugsson%&m ﬂ@uﬂses &hdle Bx1ﬁ§t1(ﬁ\rbf' nt eger
between 0 and 10, i ncl usi Vve. . The nethod accord to claim87

wherein R iaylmethylgrepsite @%W%Blb%%lds Jibisdocus ig iatsnggida pp llPuﬁsvativa9nd not

substi tut ed ;pyn glyl -~VRZR3, -OR2, -CN, C(RS)NRZR3 and C(RS)OR2 groups RZ
and R3 are in ependently sel ected fromsaid group consisting of H C -C6

al kyl and allyl; and @b MSoxygenprio9. A net hod for preparing a hydroxyl ated

aromat i c_carboxyl i c aﬂaé’f\}\xnﬁ 3 (ih $eWbtrah &dmbERDh ?fé)tcés@&t@r 9&&16@8&%@%@%& si ng

an aryl carboxylic aci an organi sm acco ng to alm
met hod accordmpgunds, sgthedsrivl8ée anth spwernc sydemts iatwplves:&c belsojilve oxidatiod of st lpasoduced

by cont gt ing, %eﬁ'lg'gér%{l]?‘%%?egfﬁgéé bxﬂ&. b&{a)’e o ‘ﬁ% rﬁ&ig%%r%ct}yﬁc acid

nonooxygenase po pro ucing sai IC acid. 127
WO 01/12791 (P@Tbéni&@&bmmﬂisp In aif h:esmmetrh enlbadimentdiha gutisate isablmribopa-, onmaer ei n

sai d mnooxygena and said dIOX se ide ar
expressed i1f ?ﬂ‘grcég?ﬂﬁ’é %@3 tgglbe“fﬁ'ée Rt HEYS Bepg aﬂ%&%‘*@ﬁ? Hg'é)ﬁe oﬁmgrei n
sai d rmnooxymmgﬁ)upoisy)pﬂmedde is an inproved pol ypeptide exhi biting at

| east one property | ved elative to 5 cor.r.espondj roperty of a
natural | y occurnng m) thﬁg’ggﬁ'aﬁtlﬁﬁétﬁ?ﬁ@”eres%@g#f%’ hﬁgﬂﬁﬂ e i ng to
cl ai m 89F whedieally tBahéladioy bf gadyiropenasepotieptidelto producennt désiredehrioxylic and

substituted heteroaryl groups. 94. The nethod according to claim93,
wher ei n sai &€ubstituted aryl 10 group has the structure: (RmCH -CO H 2)n

2 wherein each of sai ThethRnébRpesidesfod fblGscpadesfth £ Baledtilvyly oxRlize Shiytoak ed
al kyl, aryl, substituted aryl) heteroary substituted heteroaryl,

het er ocycl i @lkyheroup,pian aﬁwé’aa%ttw gEpere;alkyl spbsiitugnis. .?hl%@@?odfm%so to 5)
inclusive; amdid®dd h Fig. 6WvithMheR6fookidBnlof varidid xyleRsy Ust ¥@mpRSp-xTiege (@t hod

accordin t o claim81l, wherein said substituted ar yl group has_ the

st ruct urd®: (ls(gqtcj;uvmqvcrted to a monocarboxylic acid (22). Alternatively, the invention
provides polypeptides that are capable of oxidizing more than one alkyl substituent of a
species substituted with two or more alkyl groups. For example, certain polypeptides of the
invention are capable of oxidizing both of the methyl substituents of a xylene, such as o-
xylene (4) to the corresponding benzenedimethanol (4a).

25 In a preferred embodiment, the monoxygenation/dehydrogenation pathway

produces a carboxylic acid having the structure:

(R)n
4

A
COOH

wherein each of the n R groups is independently selected from H, alkyl and substituted alky!l
groups; and n is an integer from 1 to 5, inclusive, more preferably R is methyl, and more

30 preferably still, n is an integer from 1 to 3, inclusive.
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wherein 20 n is an integer from1 to 6, inclusive. 96. The nethod according
to claim93, wherein said substituted aryl group is substituted wth at

| east one iety. 97. The ntthod according to clai vvherel n said
aryl gr oupnﬁsﬂ{’%g}) WO 01112791 ~R)n COOH wher ei n PCT/IJé%%%)% %ach of
said n R groups is independently selected fromH, alkyl and substituted

al kyl groups; and 5 niniastiflfurtiiet p@Rirel EMBDAmER, the chrbElylis iavie grod is sEleeteqet hod
according tg claim 106, wherein Ris methyl; and nis an integer from1l to
5, inclusivé©™9. The method according to clai m 98, wherein n is an integer
froml1l to 10 3, inclusive. 100. The nethod according to claim99, wherein
said aryl group |s sel ected from CO2H CO2H CO2H H3¢c ~ I _~ 1 ~ | H3C and
CH3' 101. The net H&%¥Maccor di ng P21 ai m 89, CPeit t her conprqq?s'l"ng: 15 (b)
contacting ¢af roxyl at ed tic carpoxylic acid w an organi sm
conprising an i ved pol ype e havi ng pcted fromligase,
transferase and i nati eps”ther eof ; theTtelly formuy

dr oxyl at ed
aromati c carboxylic acid adduct. 102. The ~: hod accor di to claim80,
wherein said pol ypeptides of (a), and (b) are expressed in the sanme host.
20 103. The nethod according to claim80, wherein at | east one of said

pol ypept 5des sel ect edMbniypenzymegefoeeffdctiagnhterrastiosse eelirkhovat inelnesart, md eof i s
an i nproved 2 WD.01/.127 CT/| 500/ 22038. 10 net hod
for prepari ﬁ% Xﬁg‘g{"éﬂﬁip% CQP%ﬂlﬁm"s%fl”aefPéqoﬁ’G’& %Ersrﬁ?é é?sﬁéfm“(sa#%@ﬂ?"a?cu ng a
substrate cmsnﬁmm dx@datioy bf e alethyl\grbbpsaceiair d@yanirs pestat ppdicngd tinclediag m 50,
to forma vici i i

diol; S (b) deh dratlng idvicipal dipl) thereb
forning. ol ASHYHGRYREpmBYI BOToOEe b R A5 e i yrbene: i
wher ei n sai ds &dMaml dréetli HQERTabd Shich ammﬁése%elbmteeﬁiaiﬂoam)@gwaaé Kyde. AMMUPS,

substi tut ed aryl al kyl he erqaryl al kyl S, .angd substitute
het er oar§| aflati§T arg FEATpRIT ‘eﬂgg“al’f‘ﬂ@ e divytgeRestot Hiq ‘E"Ge 8%19%%61956 Wﬁié’r"gl n

sai d subst r atrirdidiSerdees-didx plchite! Thée GB)(gage/nAsewﬂsh@ﬂda;dx&aﬁélareﬁlaw@df R
groups is a nenber selected fromthe group consisting of alkyl groups and

subst i t ut ed mgthihengangy bt arg prpable OEOM@Z% mthYég@HPSr f driadety §f omatie| usi ve.

107. The m%&ﬁﬂoxﬁ@QWﬂh&%o&%eﬁis@'rﬁHd&@@-hfd%ere?!a[‘ Adp v%nm%,hmm%ﬂ 69( RS an
|nteger from1l to 5, incluslve. . The neth daccor é;(ltoc aim

wherei n n i §0&AL4 HORYekes ¢ 6 Appi. CE’IZ@O'B Migrqbiol $62¢®):3101- 310 996); Parales, et
15  al, J.Bacteriol., 180(5):1194-1199 (1998); Suen et al, J.Bacteriol., 178(16):4926-4934

(1996).

The following list provides examples of polynucleotides that encode a
monooxygenase and are suitable for use in the methods of the invention. The loci are
identified by GenBank ID and encode complete or partial protein components of the arene

20  dioxygenases. Suitable loci include:

[PSEXYLMA], [AF019635], [D63341], [E02361] xylene/toluene

monooxygenase of Pseudomonas putida TOL plasmid (xyl M, xylA);

[PPU24215] p-cymene monooxygenase of P. putida, [AF043544)

nitrotoluene monooxygenase of Pseudomonas sp. TW3, NtnMA (ntnM,
25 ntnA).

Additional monooxygenase polynucleotides useful in practicing the present
invention are disclosed in USSN 09/373,928 entitled DNA SHUFFLING OF
MONOXYGENASE GENES FOR PRODUCTION OF INDUSTRIAL CHEMICALS, to

Joseph A. Affholter, Sergey A. Selifonov and S. Christopher Davis, Attorney Docket No.
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109. The nethod according to claim 108, wherein said aryl group is selected
from CH3 H3C/ H3C/ CH3 and \ CH3 CH3 110. The nethod according to claim
104, furthewogonp®ising: 130 WO 01/12791 PCT/ | JS~Q 2203&mpusodz2080 (b),
contacting said vicinal diol with an organism conprisi ng a pol ypepti de

havi ng transf S [ it t her b formng a viginal | adduct. 111)
The. met hod QB0 Id.Sleda Aess . 1990y i duepieherap bY HOEOHER 0y | s

sel ected fromaeyl transferase activity, glycosyltransferase activity and

conmbi nations 5 thereof. 112. The nethod according to claim2110) wherein
said contacting with @ ‘15‘81“9‘(%5@%%“?1%‘%’?rﬁﬂ“t“f‘%ﬁg‘?%’?‘&@éas&dﬁﬂ/‘istaSI‘“EJB’c"ur s prior

to said dehyfiakdase tﬁﬁt’e@!h%it&h@ﬁéox? hse a&tlﬁty m%ﬂﬁhé‘@ﬂeﬁf&ﬁ’egﬁdégwﬁﬂn&' aim
110, wherein Saldgq; pepti des of "(a), d’(b) are expressed in the sane
host . 10 5114liscysed elndhe aahwmaaﬁ@anéqedp At 29 HMOPPAXYEGNSEsia A Prapedyithpler ase
exhi bits on r v spondi ng
property of ecgmﬁ%t rafﬁ%gﬁ? H%H‘Tém‘f%%g?f eﬁllrxgitﬁds tg?sgggﬁy%% gA bi or eact or
conprising: (a) an i r’rﬁhfl)ﬁsbédwmg@XW@W@@@XWPIMWDIYGECICOISC( |tb)1t eacededox

partner; ( C) é%%&f fgtﬂ'%\,a] qﬁonﬁ& agésza?lp k\ﬁncﬁ lM"lesdstuftgt;lgfor il] m gp&g é)?’aCt or

accordlng to C ereln e1rs 1 mo 117.
The nethod ahe mlvzaltmn 2Thelocirage ildergdled bsl(iisrﬁBdmkd@ andnmodse@npl(:&)or patidnbi ni ng at
| east first an i odes a di oxygenase
pol ypeptl de)pr cmfc @n%n{ %Eﬁlgrageg?am\%ﬂ crngge% ﬁhéaglfﬁ&?[mﬁﬂ% second forns differ

fromeach other int ry of
reconbi nant pol ynucl \é\gﬁfﬁc?es ]%@di@ﬁ?&}ﬂﬁ@g?ﬁé@ Mgﬁé] ﬁﬂg?%ggéﬁ

reconbi nant pol ynucl ePAROT0317), d AFBR4RBH), NOOBZWﬂPﬂNAEE@M]nant

o Wro. 110, The mitaRupers REPIGRC, PEGDIERh pplihe’ ™
conprises: 131 WO 0L2-H%9genz€e] [RIBSOPAZAR3Bdipidjotal @ne dox pgangsea[PSIU48504) one
r econbi Elgnt pol ynucl egu de .t hat,. encodes a nenber of the l|ibrary of

reconbi nant pol ynucl e P}t’iﬂ’gcguel"ﬁ Jiox&508%es a menber of the library of
diifferent from

nbi t di tid
he 1irot and Second RaPRBSPAER YIS Eie® ortpvResktr GF oy o W BT Hoant
pol ynucl eot ipdBgpept{dé,)orévqan @S dng of erefpuspchtes tHat fre dnproodd remdosidi anant
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25 (ii). Oxidation of alkylarenes having alkyl groups with 2 C,

While much of the discussion above highlighting pathway and organism
construction for oxidation of methylbenzenes is directly applicable to the set of processes
dealing with alkyl benzenes bearing other alkyl group (Fig. 7), the essential distinguishing
feature of the processes discussed in this section is in the provision of alternative enzymes

30 for oxidation of these alkyl chains.
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reactions of compounds exemplified by 1,2-dihydronapthalene, indan, and ethylbenzene.

15 For the purpose of converting 3,4-dihydrocoumarin (43) to coumarin, these
catalytic activities of the arene dioxygenase enzymes can be u;ed to make either coumarin
itself (desaturation), or 4-hydroxy-3,4-dihydrocoumarin (5§9). Regardiess of enantiomeric
composition, the latter compound can be chemically dehydrated (under acidic or heat
conditions) to coumarin.

20 Alternatively, compound 59 can be microbially converted to acyl or glycosyl
derivative 60 with the provision of corresponding transferase genes. When a dehydrogenase
activity specific toward compound 59 is displayed by the host microbzal strain, the variation
of this route provides access to 4-hydroxycoumarin (70, Rg=H) (spontaneous tautomer of
dehydrogenase product, 4-keto-3,4-dihydrocoumarin), or with provision of a suitable

25 transferasc gene to its 4-O-glycosyl, 4-O-Methyl or 4-O-acyl derivative 70. Availability of
these routes is beneficial for making a range of other products originating in n-

propylbenzene oxidative biotransformation pathway discussed above.

(ii). Conversion of naphthalene to coumarin and o-hydroxycinnamic acid
30 The invention also provides methods of making coumarin and o-hydroxy-
cinnamic acids from naphthalene, using a whole-cell microbial biocatalyst, and methods for

constructing microbial strains effecting such conversions in their entirety, or in part. In the
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(compound 62 to 63) and NahC.

10 Compound 63 is known to be labile, readily undergoing a series of
tautomerization and intramolecular ring closure reactions. The cis-trans equilibrium
between compounds 63 and 64 is preferably effected by 2-hydroxybenzalpyruvate
isomerase (NahD) which can be used to impose a degree of control on the isomerization of
the double bond. Preferably, NahE, 2-hydroxybenzalpyruvate hydratase/aldolase is

15  preferably not used in this pathway, and preferred host strains are those essentially lacking
activity of this enzyme.

In a preferred embodiment, the step of this process which allows for the
preparation of either coumarin 58, or cis/trans o-hydroxycinnamic acids (66, 67) is the
provision of an alpha-ketoacid decarboxylase enzyme with specific activity towards either

20  compound 63 or 64 or both.

Several alpha-ketoacid decarboxylase enzymes are known, and in the
preferred embodiment, the benzoylformate decarboxylase of Pseudomonas putida, or an
enzyme structurally or functionally similar to it, is used (Gen Bank PSEMDLABC,
benzoylformate decarboxylase (mdIC)).

25 Ring closure of compound 66 to 58 can be effected by enzymatic or chemical
means (e.g. extraction under acidic conditions). Similarly, cis-trans isomerization of 67 to
66 can be effected by enzymatic or chemical means (e.g. by Pt or Pd- catalyzed
hydrogenatian/dehydrogenation under acidic conditions).

Biocatalytic variations of these processes, which can be used to produce

30  coumarin from o-hydroxycinnamic acids, preferably involve the use of acyl-CoA ligase and
transferase enzymes (pathway for conversion of 66 to 68 to 58), or conversion of 67 to
glycoside 69 with subsequent isomenzation later in an enzymatic process akin to that of
coumarin biosynthesis in plants.
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materials, and the cyanohydrin pathway does not readily provide for direct preparation of
AHAs in high enantiomeric excess. One pathway for the synthesis of AHAs in high
enantiomeric excess 1s through the use of one or more enzymatic reactions starting from an
inexpensive and readily available starting material such as an alkene.

15 Arene dioxygenases (ADQOs) are known to oxidize alkenes to the
corresponding vicinal diols. ADOs, such as toluene 2,3-dioxygenase, isopropylbenzene 2,3-
dioxygenase, benzene-1,2-dioxygenase, biphenyl-2,3-dioxygenase naphthalene-1,2-
dioxygenase, and many homologous and/or functionally similar enzymes can be used to
manufacture AHAs in a highly regioselective fashion. An example of this dioxygenation

20  reaction is provided in Fig. 12, with the conversion of alkene (I) to the vicinal diol (II).

The present invention provides general methods for the biocatalytic
manufacture of AHAs and their esters, and also for the construction and optimization of the
biocatalytic properties of enzymes and host strains that effect oxidative cis-dihydroxylation
or epoxidation reactions of a variety of alkenes. Moreover, the invention provides for the

25  subsequent enzymatic conversion of the dioxygenation products to AHAs and ester
derivatives of AHAs.

Thus, in another preferred embodiment, the invention provides a method for
converting an olefin into an o-hydroxyacid. The method involves: (a) contacting the olefin
with an improved dioxygenase polypeptide to form a vicinal diol; and (b) contacting the

30 vicinal diol with a dehydrogenase polypeptide to form the a-hydroxyacid.

The polypeptide that catalyzes the dehydrogenation can be a naturally
occurring polypeptide, or it can have one or more properties that are improved relative to an

analogous naturally occurring polypeptide. In a preferred embodiment, the polypeptides are
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10  substantially any structure, in another preferred embodiment, the a-hydroxycarboxylic acid

has the structure:

OH

/LM“’
HOOC n

whercin R' i3 selected from aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic, substituted heterocyclic, —NR’R?, —OR%, —CN, C(R*)NR?R? and C(R)OR?
15  groups; R? and R are members independently selected from H, alkyl, substituted alkyl, aryl,

substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

groups; R* is selected from =0 and =S, and n is an integer between 0 and 10, inclusive.

In a further preferred embodiment, R' is selected from phenyl, substituted

phenyl, pyridyl, substituted pyridyl, —NR?R?, —OR?, —CN, C(R*)NR’R? and C(R*)OR?
20  groups, R? and R® are members independently selected from H, alkyl, substituted alkyl, aryl,

substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

groups; and R*is selected from =O and =S.

a. oi-Hydroxycarboxvlic acid adducts

25 AHAs are bifunctional molecules with two chemically and enzymatically
distinguishaﬁle functional groups, carboxyl and hydroxyl. In the biocatalytic modifications
of AHAs described in this invention, either of these groups can be derivatized by bond
formation. While these reactions do not change the oxidation state of the AHA molecule,
recruitment of the enzymes effecting modification of AHAs provides the opportunity to

30 generate biotransformation endproducts with substantially different physical and chemical

properties than that of a free AHA, Generally desirable properties include an increase of
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polypeptldes or, alternatively, they can be polypeptides improved using the methods of the
invention, as discussed generally, above.
10 Exemplary adduct forming reactions are provided in Fig. 13. This Figure
shows the use of a methyltransferase to convert carboxylic acid (X) to the corresponding
methyl ester (XI), acyltransferase I to convert compound X to ester XIII, and acyl-CoA
ligase to convert X to intermediate XIV. This intermediate can then be transformed into a
simple alkyl ester (XIX) or to structures having greater complexity of structure in the
15  alcohol-derived component (e.g., XV). Species such as XV can be further elaborated using
other polypeptides including, for example, acyltransferase III to produce compound XVII,
thioesterase II to produce compound XVIII and thioesterase I to produce compound XVI.

In a further preferred embodiment, the o-hydroxycarboxylic acid adduct has
the structure:
OR’
R

2 R°0oC .
wherein, R! is selected from aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic, —NR’R*(R*)m, —OR? —CN, C(R*)NR*R? and
C(R*)OR? groups, R%, R’ and R* are members independently selected from the group
consisting of H, alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted

25  heteroaryl, heterocyclic and substituted heterocyclic groups; R’ is selected from =O and
=8; R® is selected from H, alkyl and substituted alkyl groups; R’ is C(O)R®, wherein R® is
selected from H alky! and substituted alkyl groups and R’ and R® are not both H; m is 0 or

1, such that when m is 1, an ammonium salt is provided; and n is an integer between 0 and

10, inclusive.
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groups; R? and R? are members independently selected from the group consisting of H, C;-
Ce alkyl and allyl; and R® is =O.

5 In yet another preferred embodiment of this invention, the described
reactions and pathways are utilized for biocatalytic whole-cell conversion of styrene to
mandelic acid and its ester derivatives. The pathway for styrene conversion, all of its
intermediates and reactions are shown in Figs. 14A- 14R.

The esterified adducts provide an increase in the overall efficiency of the
10  biotransformation process as they simplify end-product recovery. The esters are easily
isolated by organic solvent extraction and patrtitioning. Moreover, the adducts obviate the
need for pH adjustment in the aqueous fermentation media to prevent the accumulation of
the high levels of acidic biotransformation products.
There are several biochemically distinct means by which AHAs can be
15  biocatalytically esterfied in a substantially aqueous environment. In one preferred
embodiment of this invention, expression of genes encoding an S-adenosylmethionine
(SAM)-dependent O-methyltransferase is used to effect conversion of AHAs to their methy!
esters (e.g., Fig. 13, conversion of compound X to compound XI). SAM-dependent
methyltransferases of differing substrate specificity are common in nature, and suitable
20  enzymes and corresponding genes can be found and used directly for the purpose of this
invention. Alternatively, these species can be further evolved and optimized for specific
activity with the AHAs using one or more nucleic acid shuffling methods described herein.
The invention also provides means for HTP screening for the presence, and quantitative
determination, of the AHA-specific O-methyltransferase catalytic activities in
25 microorganisms, cells, tissues or extracts of tissues of higher eukaryotic organisms. These
methods can be used either to identify sources of corresponding genes or to evolve the
desired specificity of known methyltransferases towards the AHAs by nucleic acid shuffling
as described herein.
In another embodiment acyltransferase enzymes which specifically esterify
30 the sec-hydroxyl of AHAs by means of active carboxyl transfer from either acyl-coenzyme
A or acylated: acyl carrier protein (ACP) are incorporated into the reaction pathway. This
pathway is depicted in Fig 13, as shown by the coupling of compounds X and XII to yield

compound XIII. A preferred embodiment of this pathway, involves recruiting and
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CoA-thioesters with other AHAs, and CoA derivatives of aromatic, arylalkanoic, branched

chain alkanoic carboxylic acids, and alpha-aminoacids. Where carboxylic acids (either in

5 the form of a free acid, salt or ester), intended for esterification of AHAs, are supplied

exogenously, or are co-produced by another co-functioning biotransformation or

fermentative pathway in the same host organism, or a different host organism, the invention

provides a means for facilitating ester formation by recruiting and co-expressing those acyl-

CoA ligases or ACPs which effect in-vivo activation of these acids forming suitable

10  substrates for the acyl transferase enzymes that act on the AHAs.

The invention also provides for another type of biochemical transformation
of AHAs to AHA carboxylic esters wherein free AHAs are first converted to their active
ester form by means of the enzymatic formation of a derivative with CoA or ACP (Fig. 13,
compound XIV). Several alternative acyltransferase enzymes (and genes encoding them)

15 can be recruited for effecting subsequent transformations of compound XIV to esters of
different compositions. These preferably include AHA-CoA transferases acting (a) on
alcohols (XX) to produce esters, or (b) on molecule of compound XIV or compound XV to
produce acyclic homo- and hetero- oligomers (n=2-5) of AHAs. By recruiting an additional
thioesterase enzymes, the activated forms of these oligomeric esters can be converted to free

20  carboxylic oligomers (e.g., XVIII) or to the cyclic substituted glycolides (XVT).

In another preferred embodiment, the formation of an a-hydroxycarboxylic
acid ester is catalyzed by an acyl CoA-ligase that is evolved by nucleic acid shuffling. Ina
preferred embodiment, shuffling of nucleic acids encoding acyl-CoA ligase activities results
in an increase in the synthesis of esters. In another preferred embodiment, the esters are

25  selected from structures XIII-XVIII (Fig. 13). The synthesis of these and other esters will
generally rely on the provision of a corresponding o-hydroxycarboxylic acid precursor. In a
preferred embodiment, the a-hydroxycarboxylic acid precursor is present in an amount
sufficient to establish intracellular pools of CoA-activated carboxylic derivatives of o-
hydroxycarboxylic acids.

30 In still another preferred embodiment, the transferase polypeptide is selected

from glycosyltransferase and methyltransferase, more preferably methyltransferase and

more preferably still a S-adenosylmethionine dependent O-methyltransferase.
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Means of enantiomeric control, when integrated as part of the multistep
biocatalytic pathway, constitutes an important advantage as it allows selective production of
either enantiomer of the AHA. The enantiomerically pure AHASs can be used as resolving

10  reagents, chiral synthons, or monomers for polyesters or co-polyesters with lactic acid.

In a preferred embodiment, the AHA is mandelic acid, or an analogue
thereof, and the chiral switch is effected by recruiting mandelate a racemase gene.

Mandelate reacemase catalyzes the interconversion of the R and S
enantiomers of mandelic acid and its derivatives. An exemplary mandelate racemase is that

15  of Pseudomonas putida (the sequence of the gene can be found in the GenBank database
under the locus [PSEMDLABC]). Preferred mandelate racemases are those of the P. putida
strain ATCC 12633, however, mandelate racemases from any other organism can be used.

Although, in a preferred embodiment, the chiral switch is made at the level
of the AHA, this switch can be made with any of the precursors or adducts of the AHA as

20  well. Thus, in yet another preferred embodiment, the AHA is modified by at least one of
the ester-forming enzymes discussed herein. Preferred ester forming enzymes are those
which specifically, or preferentially, act on one enantiomer of the AHA, thus allowing
enantiospecific resolution of the racemate in-vivo. The activity of the above racemases
provides an enantiomeric equilibrium at the expense of the non-esterified enantiomer. The

25  combined action of the racemase and the AHA esterifying enzymes provides a chiral switch
which allows preparation of one desired enantiomer, whether R or S, from AHAs of any

enantiomeric composition.

E. Antioxidant and Impurity Modification and Detoxification
30 In another embodiment, the invention provides methods of degrading or

modifying organic materials which lead to their detoxification. Exemplary compounds

include stabilizing agents, antioxidizing agents, environmental pollutants and the like. This

method is applicable to substantially any compound that can be detoxified by, for example,

oxidation, either with or without additional structural elaboration. For clarity of illustration,
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biocatalyst performance as they accumulate in aqueous fermentation medium during
prolonged incubations required to obtain satisfactory endproduct concentrations.

Several types of enzymes for modifying the phenolic stabilizing compounds

10  can be used to alleviate any negative effects of these compounds on the whole cell
biocatalyst performance. Their genes can be introduced in the same host organism used to
produce endproducts or intermediates of relevance to this invention. Alternatively, they can
be incorporated into a separate host organism. This obviates any need for additional steps
in the process to remove these stabilizers. Optimization of one or several of these enzymes

15 for the efficient removal of these stabilizing compounds is a target for nucleic acid
shuffling.

Exemplary enzymes for modifying phenolic and diphenolic stabilizers
include, but not limited to, acyltransferase, methyltransferase, glycosyltransferase, lactase
and peroxidase. In addition to these enzymes, catecholic stabilizers also can be modified to

20  1nnocuous products by catechol dioxygenases effecting meta- or ortho-ring cleavage. Many
of these enzymes show a significant breadth of activity towards compounds related to
phenolic stabilizers. Thus, nucleic acid shuffling can be applied to optimize enzyme
parameters such as:

a) increased turnover with particular phenolic stabilizer,

25 b) increased functional expression, by obviating the requirements for certain
post-transitional modifications of those enzymes which require such modifications (e.g.
glycosylation of peroxidases and lactases); and

c) alleviation of inhibition of these enzymes by high concentration of co-
occurring feedstock compounds and intermediates and endproducts of the biocatalytic

30  process.
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other aspects and embodiments of the invention. This is particularly true of the
spectroscopic and chromatographic methods discussed below. Thus, in the interest of
brevity, the following discussion focuses on analyzing the products of the oxidation of an
olefin, but the utility of the methods discussed is not limited to this embodiment.

15 The generation and screening of high quality shuffled libraries provides for
nucleic acid shuffling (or “directed evolution™). The availability of appropriate high-
throughput analytical chemistry to screen the libraries permits integrated high-throughput
shuffling and screening of the libraries to achieve a desired dioxygenase activity.

Moreover, this discussion is also generally applicable to those dioxygenases that act as

20  monooxygenases.

1. Selecting for Dioxygenase activity
Dioxygenase activity can be monitored by HPLC, chiral HPLC, gas

chromatography, NMR spectrometry, and mass spectrometry, as well as a variety of other
25  analytical methods available to one of skill. Incorporation of ‘20 from radiolabeled
molecular oxygen can be monitored directly by mass shift by MS methods and by an
appropriate radioisotope detector with HPLC and GC devices. For example, oxidation of 1-
hexadecene to 1,2-hexadecanediol can be monitored by '®0 incorporation either in intact
whole cells or lysate. This has been used, for example by Bruyn et al. with Candida
30 lipolytica.
In addition, epoxide formation can be indirectly measured by various
reactive colorimetric reactions. When H,0; is used as the oxidant, disappearance of
peroxide over time can be monitored directly either potentiometrically or colorimetrically

using a number of commercially available peroxide reactive dyes.
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used to identify a few mutants out of thousands that have potentially subtle increases in

10 product yield. The limiting factor in many assay formats is the uniformity of library cell (or
viral) growth. This variation is the source of baseline variability in subsequent assays.
Inoculum size and culture environment (temperature/humidity) are sources of cell growth
variation. Automation of all aspects of establishing initial cultures and state-of-the-art
temperature and humidity controlled incubators are useful in reducing variability.

15 In one aspect, library members, e.g., cells, viral plaques, spores or the like,
are separated on solid media to produce individual colonies (or plagues). Using an
automated colony picker (e.g., the Q-bot, Genetix, U.K.), colonies are identified, picked,
and 10,000 different mutants inoculated into 96 well microtitre dishes containing two 3 mm
glass balls/well. The Q-bot does not pick an entire colony but rather inserts a pin through

20 the center of the colony and exits with a small sampling of cells, (or mycelia) and spores (or
viruses in plaque applications). The time the pin is in the colony, the number of dips to
inoculate the culture medium, and the time the pin is in that medium each effect inoculum
size, and each can be controlled and optimized. The uniform process of the Q-bot decreases
human handling error and increases the rate of establishing cultures (roughly 10,000/4

25  hours). These cultures are then shaken in a temperature and humidity controlled incubator.
Glass or, preferably, stainless steel balls in the microtiter plates act to promote uniform

aeration of cells and the dispersal of mycelial fragments similar to the blades of a fermenter.

a. Prescreen
30 The ability to detect a subtle increase in the performance of a shuffled library

member over that of a parent strain relies on the sensitivity of the assay. The chance of
finding the organisms having an improvement is increased by the number of individual
mutants that can be screened by the assay. To increase the chances of identifying a pool of
sufficient size, a prescreen that increases the number of mutants processed by 10-fold can be
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100 10\ 10} Zl {e(\s an ?nhéfgg;;ggfﬂcgg%) 80 produce indigo or substituted indigo). The

10  development of blue or blue-grey hued growing colonies signifies the expression of

catalytically functional ADOs. Most of the ADOs exhibit some activity with either indole
(e.g. toluene dioxygenase, biphenyl dioxygenase, naphthalene dioxygenase and homologous
enzymes), or with indole carboxylates (e.g. toluate-1,2-dioxygenase, p-cymate 2,3-
dioxygenase);

15 (b) the detection of catechol formation, which can be enhanced in the
presence of an aromatic amine (e.g. p-toluidine) and iron salts. Many catechols oxidize
readily under oxygen, or in the presence of other oxidants, forming various colored products
in the media surrounding the colonies expressing catalytically active ADOs.

This assay method 1s applicable for cases where a cis-diol is unstable

20 (angular dihydroxylation products at aromatic 7-bonds substituted with heteroatoms such
as N, O, S, and halogens) and rearomatized spontaneously with concomitant elimination of
a leaving substituent. The leaving substituent (e.g. halide, nitrite or ammonia) can also be
detected by a variety of qualitative assays known in the art, or by detecting changes in pH of
surrounding medium (pH indicator).

25 The assay can also be used in cases of stable dihydrodiol formation, where a
suitable gene of arene cis-diol dehydrogenase is co-expressed (in many cases such genes are
indeed available and well known in the art). In this case, the accumulated catechol can be
detected by the presence of colored oxidation products, whether enhanced by p-toluidine/Fe
or not; and

30 (c) color formation due to enzyme activities encoded by accessory genes for
subsequent metabolism of arene cis-dihydrodiols. In this case, a yellow (or orange) color is
developed by colonies in the medium which signifies the expression of catalytically active
ADO.
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3. Screening for improved dioxygenase activity.

10 In each of the aspects and embodiments discussed herein, the concept of
screening the library of recombinant polypeptides to enable the selection of improved
members of the library is set forth. Although it will be apparent to those of skill in the art
that many screening methodologies can be used in conjunction with the present invention,
the invention provides a screening process comprising:

15 (a) introducing the library of recombinant polynucleotides into a
population of test microorganisms such that the recombinant polynucleotides are expressed;

(b) placing the organisms in a medium comprising at least one
substrate; and
(c) and identifying those organisms exhibiting an improved property

20 compared to microorganisms without the recombinant polynucleotide.

a. Oxidation of olefins

Depending on the specific outcome desired from a particular course of
shuffling of nucleic acids encoding oxygenases for biocatalytic oxidation of olefins, the
25  invention provides several methods for detecting and measuring catalytic properties
encoded by the recombinant polynucleotides. These are exemplified by the following
methods.
Optimizing individual reactions and whole pathways for producing oxidized
compounds, their derivatives, analogues and precursor compounds described in this
30 invention can be monitored by virtually any analytic technique known in the art. In
preferred embodiments, the production of the desired compound is monitored using one or
more techniques selected from thin layer chromatography (TLC), high performance liquid

chromatography (HPLC), chiral HPLC, mass-spectrometry, mass spectrometry coupled
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10 am-bond (e.g., arenes, alkylarenes, alkenes, erc.) can be detected by numerous methods well
known to those of skill in the art. Certain preferred methods are set forth herein.

' In a preferred embodiment, the vicinal diol derived from oxidation of an
olefin is quantitated using a radioactively labeled substrate. Although any radioactive
isotope commonly used in the art can be incorporated into a substrate, preferred isotopic

15  labels include, for example, '“C and/or *H. Differences in the volatility of the olefin
substrate and:the corresponding diol can be cxploited to quantitate the radioactively labeled
product. This method can easily be applied to aqueous samples of culture fluids obtained
by incubating individual clones of cells expressing libraries of a recombinant polynucleotide
obtained using the methods of the invention.

20 In an exemplary embodiment, cells expressing libraries of recombinant
polynucleotides encoding a dioxygenase can be grown in a multiwell dish with a radioactive
substrate administered directly to the aqueous medium. After incubation of the cells with
the radioactive olefin substrate, any residual uncoverted substrate is removed by
evaporation, with or without application of vacuum. After removing the unconverted

25  substrate, the culture fluid (or aliquots thereof) is mixed with a suitable scintillation
cocktail, and the radioactivity in the samples is quantitatively measured. In a preferred
embodiment, selection of the most active clones is based on the amount of radioactivity
incorporated into the compounds produced by the organisms expressing the clone.

Alternatively, radioactively labeled substrate can be administered as a vapor

30 phase to colohies growing on a surface of a membrane filter overlaying agar-solidified
medium. After incubation, the membrane 1s removed from the agar surface, and any
residual hydrocarbon is evaporated from the membrane. The membrane is

autoradiographed, or a scintillation dye is sprayed over the membrane for radioactivity

98



105871096& () - @ 109& ()- @JEDC 105@10%& ()- @y 10%& ()- ! 10%& ()-f @
10%4&’ ()- L10%4& ()- @O%& ()- | AaBbC 105&" 10%4& ()-! 10%HH& ()-

1098 () - GELOXHENEP1 810%8 () - @L0%&’ () -t 3dEDC 105313" 10%i(S0e/ 2

10% () - f)V'lO%—l&'()-,# 1096’ () - f "Y"lO%—l&() @ 10%4& ()-zK , r dV7
109F10%+&' ()- 10 HH 10 HH 10 H H , F710% H H& ()-

53109448 () - @e@gqmn(oﬁlf@ﬂqmms spay thardepapticulasbsuitgg-for |C.labe} deogtion in - Sy

105 (). @ 100 @?@%ﬁ%&mﬁ% e A sy 10,
0Y" 10% q; q& Ysingg, poralid MBdsibeane g at h4eigitidtio@itie hOSMpIE ated i the hiXubRang) -
00 ()7 CROELERING, A0 RR L EI0I0A ) 6. 10, 40, 0 et b ST
10%& () S&I\z{k rﬁe)nbranttl@i’/m}’(’) @ 10%& ()-R{a?uV7
10! ° & ! i 10%(5Y5&: ()-J& L) 10 ‘H t? 100/(5&"bv é@? g%-s&g .
10968 ()-SL 109%%& () - GhineHiel,cm %@F t of Qi en(ion. gyvariatipg b SE A 14 yse B () - @(f
1098& () - @ stRUDEIY quaRL o] Jersaomlie SubfPank This valakiord @9olves adding
105&810%6& (l}ea@ ft)r scm/d? amgr? profl%}tg (Z(s55§y Q thc@sBamlp g@o%cnﬁllurg H IE:{nPr%xtlrgclt; 0 tanga O-&
by incubation of cells with radiolabeled substrate as described above. Alternatively, the
10  sample can be applied to a membrane. The beads or membrane are functionalized with
groups that interact with a glycol.
In a preferred embodiment of this assay, the beads or membranes contain a
suitable scintillating dye and their surfaces are modified by chemical groups that interact
readily with diols. Such materials can be prepared by known chemical methods from
15 commercially available SPA materials and they can be used to trap free diols directly in the
aqueous medium or culture broths obtained by incubation of the microbial cells with the
radiolabeled substrates.
In another preferred embodiment, the surface of the beads used in this assay
is functionalized with a sufficient amount of a compound that interacts with a glycol, such
20 as compounds containing aryl or alkylboronate (boronic acid). Such beads can be obtained
by chemical modification of commercially available SPA beads by reactions known to one
skilled in the art. In a preferred embodiment, the reactions used to modify the beads are
analogous to those used for the preparation of arylboronate-modified resins for solid-phase
extraction or chromatography. After incubation, the beads are washed with a sufficient
25 amount of water or other suitable solvent and subjected to quantitative determination of
radioactivity.
One can also determine amounts of glycol produced by oxidation of an n-
bond by taking advantage of the reactive nature of the substrate. Samples of culture fluids,
or extracts in an appropriate solvent, can be treated with known excess amounts of dilute
30 solutions of, for example, a halogen (Cl,, Br;, 1), permanganate salts. The residual excess
amount of those reagents, left after reaction with any substrate present, can be measured by

chemical methods known in the art for determination of these compounds (see, for example,
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preferred embodiment, coordination ion spray or electrospray mass spectrometry is utilized.
In another preferred embodiment, a compound that interacts with a

component of the mixture, preferably the glycol, is utilized to enhance the sensitivity and

10  selectivity of the method. In a presently preferred embodiment, the sample analyzed
contains excess arylboronic or alkylboronic acid. Preferred boronic acids arc those
containing at least one nitrogen atom and include, but are not limited to,
dansylaminophenylboronic acid, aminophenylboronic acid, pyridylboronic acid.

The ions detected in the mass spectrum derive from cyclic boronate ester

15  derivatives of the glycols with a boronic acid. The samples are preferably analyzed in non-
acidic and non-basic organic solvent or aqueous phase, substantially free of alcohols and
other glycols, Other appropnate analytical conditions will be apparent to those of skill in
the art.

* Another preferred method for quantitating the glycols uses periodic acid or

20  its salts, preferably the sodium salts, to cleave the vicinal glycols to the corresponding
aldehydes. In a preferred embodiment, vicinal diols other than the analyte (e.g.,
carbohydrates) are excluded from the aqueous or organic solvent samples. This is easily
attained by using non-carbohydrate carbon sources to grow the microbial cells, and/or by
removal of the cells from the media by centrifugation or filtration prior to contacting of the

25 sample with periodate reagent. The periodate reagent can be used in solution, or preferably,
immobilized on a solid phase (e.g. anion exchange resin). After reacting the glycol with an
excess of periodate ion, the amount of free aldehyde groups can be measured by a variety of
assays know in the art. In a preferred method, the aldehydes are quantitated by a method
based on the formation of a colored hydrazone derivative. Alternatively, when using

30 radioactively labeled olefins for biotransformation, the free aldehydes obtained by this
method can be trapped by aldehyde reactive groups (e.g., free amines) on the surface of an

appropriately modified SPA beads or membranes.
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and IR spectroscopy. In an embodiment wherein the reaction is operating in a high

10  throughput mode, the method of choice is flow-through 'Hor "C NMR spectroscopy.
When ’C NMR is used, the substrates are preferably labeled with BC. n-

bonded species can be synthesized by methods know in the art. from a °’C enriched material

to incorporate one, or any combination of several, labeled carbon atom(s) into the structure

of these compounds (by synthetic methods known in the art as exemplified by Selifonov et
15  al, in Appl Environ Microbiol. 64(4):1447-53 (1998)). The enrichment levels for the

labeled positions are preferably at least 5% of 1*C, more preferably 50% and more

preferably still 95% for any given labeled position. Incorporation of a 13C Jabel provides a
number of advantages, such as increasing the NMR signal and decreasing time required for
spectral acquisition. Moreover, labeled compounds allow for a quantitative or semi-

20 quantitative interpretation of the composition of a mixture of isomeric oxidation products.
Preferably, incubations with 13C labeled olefins are conducted in multi-well plates, and
aliquots of culture fluids or their extracts are sampled with an autosampler communicating
with the NMR probe. In another preferred embodiment, the reaction components are not
chromatographed or otherwise purified prior to obtaining a NMR spectrum.

25 Determining the absolute configuration and the enantiomeric composition of
the glycols formed from n-bonded species, preferably employs a variation of the method

described above for determining regioselectivity of dihydroxylation of the olefinic
substrates by a dioxygenase using 'Hor "CNMR. Ina preferred embodiment, the

substrates are labeled with °C and '>C NMR, is employed. This method preferably

30 involves the use of a chiral and essentially enantiomerically pure derivatizing reagent such
as a substituted arylboronic acid which forms a cyclic boronate derivatives with vicinal
glycols, as know in the art (Burgess and Porte, Angew. Chem Intl Ed. Engl. 33(41):1182-4
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5 The absolute configuration of any chiral center of the compounds produced
by the methods of the invention can be either R or S. In presently preferred embodiments,
the enantiomeric excess of the product is preferably 98% or more. NMR signals of different
enantiomers of the reaction products can be distinguished in diastereomeric products using
substantially enantiomerically pure boronate compounds as discussed above. Moreover, the

10 relative intensity of the NMR signals arising from corresponding atoms of the
diastereomeric products can be used for estimating the enantiomeric composition of the

product(s) present in the sample.

(iii). Methods for detecting alternative regioselectivity of oxidation of
15 alkylarenes

Useful methods for determining the regioselectivity of the oxidation of

alkylarene compounds are substantially similar to those described in section (ii), supra.

4. AHA formation from glycols

20 Among methods for specifically measuring the free AHAs produced in the
biocatalytic process, those which are particularly preferred are methods using a variation of
the scintillation proximity assay described above. These methods preferably use an excess
of beads or membranes bearing one or more positively charged functional groups (e.g
quaternary or tertiary or primary amines). In preferred embodiments, these beads or

25 membranes act as an anion exchange medium and they selectively trap free AHAs, thereby
removing them from aqueous culture broths. In another preferred embodiment, this method
employs a radioactively labeled starting material, or subsequent intermediate, (e.g., glycol,
epoxide, etc.). The radioactively labeled compound interacts with the beads or membrane.
Prior to measuring the radioactivity associated with the beads or the membrane, non-

30 specifically adsorbed label is preferably removed by evaporating excess radioactive
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5. Methods for determination of HCAs
In HTP mode, a preferred analytical method is flow-through 'H or >C NMR
10  spectroscopy. In the >C NMR mode, the aromatic substrate for oxidation by a dioxygenase
is preferably labeled by the Bc isotope. Alkylaryl compounds or the corresponding
arylalkanoic acids are synthesized by methods known in the art from a 3C enriched material

to incorporate one, or any combination of several, labeled carbon atom(s) into the structure

of these compounds. The enrichment levels for any labeled position are preferably at least

15 5% of °C, and more preferably at least 95%. Incorporation of 13C 1abel increases
sensitivity of the NMR measurement, decreases time required for acquisition of spectrum

per sample, and allows for quantitative or semi-quantitative interpretation of compositions

of mixtures of isomeric oxidation products. Preferably, incubations with C 1abeled
precursors are conducted in multi-well plates, and aliquots of culture fluids or their extracts
20  are sampled with autosampler connected to the solvent line passing through NMR probe
without any column separation.
For determining absolute configuration and enantiomeric composition of the

HCAs, a variation of the methods described above for determining reaction regioselectivity
by 'Hor ®C NMR is used. In conjunction with the preferred use of '°C labeled substrates,
25  PCNMRis preferably employed.

The absolute configuration of any chiral center may be eitherRor S. Ina
preferred embodiment, the enantiomeric excess is 98% or more. NMR signals of different
enantiomers of HCAs can be distinguished in diastereomeric products using known
methods, such as NMR in conjunction with lanthanide shift reagents.

30 In another preferred embodiment, a variation of the SPA method is used. In
this version, a solid support, such as beads or a membrane containing a suitable scintillation

dye is used. The solid support is modified with positively charged groups such that it acts
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method for assaying AHA methyl ester formation catalyzed by methyl transferases is based

on use of a radioactively labeled precursors to AHA methyl esters. “Cor’H methyl labeled
15 SAM (or its in-vivo precursor, methionine) can be used as a probe. In another preferred
embodiment, the labeled substrate is the free a-hydroxycarboxylic acid itself.
Using the methods of the invention, methyltransferases that are selective for
a particular AHA enantiomer can be selected and further improved by iterative cycles of
shuffling and this assay. The selectivity of the methyltransferases of the invention towards
20  aparticular enantiomeric configuration of an AHA is preferably measured using samples of
the a-hydroxycarboxylic acids that are substantially enantiomerically pure. Host cells
employed in this biocatalytic cycle will preferably lack AHA racemase activity (e.g.
mandelate racemase). In another preferred embodiment, both AHA enantiomers have a
different radioactive label, ¢.g. one enantiomer is labeled with '4C, and another with °H (at
25 one or more H positions which do not readily exchange with water). Measurement of the
radioactivity incorporated into the product is performed using a radioactivity detector that
allows for the selective measurement of at least two different isotopes. This variation
allows the evaluation of the enantioselectivity of a methyltransferases in a single sample.
The radioactivity associated with methyl esters of AHAs is preferably
30 measured in samples which are obtained by selective extraction or partitioning of the methyl
esters from neutral or moderately basic (pH about 6-10) aqueous culture samples. These
samples can contain varying amounts of free, labeled AHA, of AHA salts and other non-
labeled organic compounds. The samples are preferably obtained by incubating individual
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& 109 (5) ) MWNNNNNNN%(nntEC%e]é%%%g(ﬁ\t(s)gngl)o-ying an extraction medium, following its
removal from contact with the broth, the extraction media is preferably washed to remove
adventitiously bound compounds. Preferred wash solutions are aqueous solutions that do
not elute the AHA methyl esters from the extraction medium, but which remove other
molecules adsorbed onto the medium. The radioactivity of the extracted material is then

10 measured by methods well known in the art. In embodiments using beads or a membrane
an appropriate scintillating dye is preferably used for detecting the radioactivity.

Substantially similar methods can also be employed for detecting other

neutral esters of AHAsS, such as those exemplified by glycolides (e.g., X VI, Fig. 13) and
esters of type XX. Thus the same approach is useful for assaying and characterizing the

15  ester forming activity of polypeptides represented by libraries of acyl-transferases, or by a
combination of AHA-CoA: alcohol acyltransferases and AHA-CoA ligases. Variations on
this method can include the use of a radioactively labeled alcohol (e.g., XIX) or any of its
in-vivo metabolic precursor, _

In another preferred embodiment, the method for detecting polypeptide

20  activity leading to the formation of neutral AHA esters employs UV or fluorescence
spectroscopy. This method is applicable to those embodiments in which the transferase
activity yields products exhibiting distinct UV and/or fluorescent characteristics.
Exemplary compounds include, for example, substituted or non-substituted esters of
aromatic carboxylic acids (e.g., mandelic acid). In preferred embodiments of this method, a

25  solvent or solid-phase extraction under neutral or moderately basic conditions (pH about 6-
12) is performed on the cell culture medium. Compounds thus isolated are detected by
measurement of their UV absorption or fluorescence. These spectral parameters are
evaluated to determine relative amounts and identities of the products formed by the
transferase reactions.

30
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S (i). Methods for detecting increased activity of transferase reactions

The methods for detection of increased formation of monoacyl- and
monoglycosyl-derivatives of, for example, glycols and a-hydroxycarboxylic acids include
methods in which physical differences between the substrates, the cis-diols and the
derivatives arising from the transferase-catalyzed reactions are measured. Preferred

10 methods include HPLC and mass-spectrometry. In a high throughput modality, a method of
choice is mass-spectrometry, preferably, coordination ion and/or electrospray mass-
spectrometry.

For acyl transferases, another presently preferred method uses a labeled acyl-
donor precursor, e.g. labeled carboxylic acid or its derivative, administered to the cells that

15  express libraries of shuffled genes encoding acyl ligases and/or acyl transferases, e.g., acyl-
CoA ligases and acyl-CoA transferases. The amount of label in the hydrophobic reaction
products is measured after extraction of the labeled derivatives into a suitable organic
solvent, or after solid-phase extraction of these compounds by addition of a sufficient
amount of hydrophobic porous resin beads (e.g., XAD 1180, XAD-2, -4, -8). In the case of

20  aradiolabeled compound, scintillating dye can be present in the organic solvent, added to
the samples, or chemically incorporated in the bead polymer. The latter constitutes a

modification of scintillation proximity assay method.

(ii) Methods for detecting regioselectivity of transferase reactions.
The methods for detecting regioselectivity of the transferase reactions
25  include HPLC, and in an HTP modality, flow-through NMR spectroscopy. When NMR
spectroscopy is used for determining relative amounts of different regiomeric monoacyl or

monoglycosy] derivatives of oxidized substrates, the latter are preferably obtained by action

of the arene dioxygenases on isotopically ('3C and/or “H) labeled substrate. Another
variation of the NMR technique includes use of isotopically labeled precursors of acyl- or

30 glycosyl- donor intermediates.
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growth of the cells expressing variants of the genes encoding solvent resistance traits.

10 In other embodiments, one can employ a screening strategy to identify those
recombinant polynucleotides that encode polypeptides that confer improved solvent
resistance. For example, one can screen based on the in vivo expression of a reporter gene,
such as those encoding fluorescent proteins (exemplified by the green fluorescent protein,
GFP). Preferably, for the purpose of detecting the best solvent resistant genes under

15 essentially stationary growth phase conditions, those reporter genes are used which display
their function in a fashion dependent on availability of intracellular reducing pools, such as
NADH and NADPH, and essentially unimpaired ribosomal biosynthesis of proteins.

Such genes and can be exemplified by several bacterial luciferase gene
clusters (lux) which contain not only luciferase components, but also all polypeptides

20 required for in-vivo regeneration of the aldehyde substrate for luciferase.

A variety of methods can be used to detect and to pick or to enrich for the
clones with the most efficient solvent resistant traits as judged by display of the properties
associated with the in-vivo reporter genes. These methods include, for example,
fluorescence activating cell sorting of liquid cell suspensions (e.g., cells that express GFP)

25 and CCD camera imaging of individual colonies grown on a solid(ified) medium (e.g., for
cells that express lux).

If additional improvement in solvent resistance is desired, one can carry out a
series of cycles of iterative nucleic acid shuffling and selection by growing the cells in the
presence of the organic solvent. Concentrations of the solvents used for selective growth

30 conditions are incrementally increased after each round of recursive mode nucleic acid
shuffling in order to provide more stringent selective pressure for those organisms

expressing solvent resistance genes.
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G. Bioreactors
In another aspect, the invention provides a bioreactor system for carrying out

10  biotransformations using the improved polypeptides of the invention. The bioreactor
includes: (a) an improved dioxygenase polypeptide of the invention; (b) a redox partner
source; (c) oxygen; and (d) a substrate for oxidation. '

In a preferred embodiment, the dioxygenase polypeptide is an arene
dioxygenase polypeptide.

15 In another preferred embodiment, the bioreactor further includes another
useful polypeptide, such as a transferase, ligase, dehydrogenase and the like. The additional
useful polypeptide(s) can be co-expressed by a host cell also expressing the improved
dioxygenase or expressed by a host cell that does not express the improved dioxygenase.
Moreover, each of the polypeptides incorporated into the reactor can be provided as a

20  constituent of a whole cell preparation, a polypeptide extract or as a substantially pure
polypeptide. The cells and/or polypeptides are optionally in suspension, in solution, or
immobilized on an insoluble matrix, bead or other particle. Additional considerations are
discussed below. This discussion is intended as illustrative and not limiting. Other
bioreactor formats, conditions, efc. will be apparent to those of skill in the art.

25 General growth conditions for culturing the particular organisms are obtained
from depositories and from texts known in the art such as BERGEY'S MANUAL OF
SYSTEMATIC BACTERIOLOGY, Vol.1, N. R. Krieg, ed., Williams and Wilkins,
Baltimore/London (1984).

For clarity of illustration, the discussion below focuses on the preferred

30 conditions for the oxidation of an organic substrate using the polypeptides of the invention.
It is understood that this focus 1s for the purpose of illustration and that similar conditions
are applicable to pathways of the invention other than oxidation.

The nutrient medium for the growth of any oxidizing microorganism should

contain sources of assimilable carbon and nitrogen, as well as mineral salts. Suitable sources
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nitrate and potassium nitrate. Generally, the nutrient medium should include, but is not
limited to, the following ions: Mg®*, Na*, K*, Ca®*, NH,", CI', SO4*, PO,* and NOs™ and
also ions of the trace elements such as Cu, Fe, Mn, Mo, Zn, Co and Ni. The preferred
source of these ions are mineral salts.

10 If these salts and trace elements are not present in sufficient amounts in the
complex constituents of the nutrient medium or in the water used it is appropriate to
supplement the nutrient medium accordingly.

The microorganisms employed in the process of the invention can be in the
form of fermentation broths, whole washed cells, concentrated cell suspensions, polypeptide

15  extracts, and immobilized polypeptides and/or cells. Preferably concentrated cell
suspensions, polypeptide extracts, and whole washed cells are used with the process of the
invention (S. A. White and G. W. Claus, J, Bacteriology, 150:934-943 (1982)).

Methods of immobilizing polypeptides and cells are well known in the art
and include such techniques as microencapsulation, attachment to alginate beads, cross-

20  linked polyurethane, starch particles, polyacrylamide gels and the use of coacervates, which
are aggregates of colloidal droplets. In a presently preferred embodiment, the polypeptide
and/or cell is immobilized onto a glass particles having a porous outer surface, such as that
described in Dubin , ez al., U.S, Patent No. 5,922,531, issued July 13, 1999,

Concentrated washed cell suspensions may be prepared as follows: the

25 microorganisms are cultured in a suitable nutrient solution, harvested (for example by
centrifuging) and suspended in a smaller volume (in salt or buffer solutions, such as
physiological sodium chloride solution or aqueous solutions of potassium phosphate,
sodium acetate, sodium maleate, magnesium sulfate, or simply in tap water, distilled water
or nutrient solutions). The substrate is then added to a cell suspension of this type and the

30 oxidation reaction according to the invention is carried out under the conditions described.

The conditions for oxidizing a substrate in growing microorganism cultures
or fractionated cell extracts are advantageous for carrying out the process according to the
invention with concentrated cell suspensions. In particular the temperature range is from
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5 It is also possible to carry out the process according to the invention with
polypeptide extracts or polypeptide extract fractions prepared from cells. The extracts can
be crude extracts, such as obtained by conventional digestion of microorganism cells.
Methods to break up cells include, but are not limited to, mechanical disruption, physical
disruption, chemical disruption, and enzymatic disruption. Such means to break up cells

10 include ultrasonic treatments, passages through French pressure cells, grindings with quartz
sand, autolysis, heating, osmotic shock, alkali treatment, detergents, or repeated freezing
and thawing.

If the process according to the invention is to be carried out with partially
purified polypeptide extract preparations, the methods of protein chemistry, such as

15  ultracentrifuging, precipitation reactions, ion exchange chromatography or adsorption
chromatography, gel filtration or electrophoretic methods, can be employed to obtain such
preparations. In order to carry out the reaction according to the invention with fractionated
cell extracts, it may be necessary to add to the assay system additional reactants such as,
physiological or synthetic electron acceptors, like NAD*, NADP”, methylene blue,

20  dichlorophenolindophenol, tetrazolium salts and the like. When these reactants are used,
they can be employed either in equimolar amounts (concentrations which correspond to that
of the substrate employed) or in catalytic amounts (concentrations which are markedly
below the chosen concentration of substrate). If, when using catalytic amounts, it is to be
ensured that the process according to the invention is carried out approximately

25  quantitatively, a system which continuously regenerates the reactant which is present only
in a catalytic amount must also be added to the reaction mixture. This system can be, for
example, a polypeptide which ensures reoxidation (in the presence of oxygen or other
oxidizing agents) of an electron acceptor which is reduced in the course of the reaction
according to the invention.

30 If nutrient media 1s used with intact microorganisms in a growing culture,
nutrient media can be solid, semi-solid or liquid. Aqueous-liquid nutrient media are
preferably employed when media is used. Suitable media and suitable conditions for

cultivation include known media and known conditions to which substrate can be added.
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If one or more oxidizable compounds are added to the nutrient solution, the

substrate to be oxidized can be added either prior to inoculation or at any desired subsequent

time (between the early log phase and the late stationary growth phase). In such a case the

oxidizing organism is preferably pre-cultured with the oxidizable compounds. The

inoculation of the nutrient media is effected by a variety of methods including slanted tube
10 cultures and flask cultures.

Contamination of the reaction solution should be avoided. To avoid
contamination, sterilization of the nutrient media, sterilization of the reaction vessels and
sterilization of the air required for aeration is preferably undertaken. It is possible to use,
for example, steam sterilization or dry sterilization for sterilization of the reaction vessels.

15  The air and the nutrient media can likewise be sterilized by steam or by filtration. Heat
sterilization of the reaction solution containing the substrate is also possible.

The process of the invention can be carried out under aerobic conditions
using shake flasks or aerated and agitated tanks. Preferably, the process is carried out by
the aerobic submersion procedure in tanks, for example in conventional fermentors. It is

20  possible to carry out the process continuously or with batch or fed batch modes, preferably
the batch mode.

It is advantageous to ensure that the microorganisms are adequately brought
into contact with oxygen and the substrate. This can be effected by several methods
including shaking, stirring and aerating.

25 If foam occurs in an undesired amount during the process, chemical foam
control agents, such as liquid fats and oils, oil-in-water emulsions, paraffins, higher alcohols
(such as octadecanol), silicone oils, polyoxyethylene compounds and polyoxypropylene
compounds, can be added. Foam can also be suppressed or eliminated with the aid of
mechanical devices.

30
H. Example of Dioxygenase Shuffling

The toluene dioxygenase genes todC1C2BA (Zylstra G. J. and D. T. Gibson. (1989)
J. Biol. Chem. 264: 14940-14946) were used as a substrate for shuffling a family of genes.
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library clones contained sequences that were chimeras of the two parental sequences.

TIER 1 ASSAY

10 The library was screened for active clones using a plate assay which detects the
oxidation of indole to indigo by an active dioxygenase enzyme (Ensley et al. (1983) Science
222: 167-169). The library was plated onto LB agar plates containing ampicillin and
incubated at 37°C for 20 hr after which the plates are placed at 23°C and incubated for an
additional 24-48 hr. Clones expressing active dioxygenases produced colored colonies from

15  accumulation of indigo. The color ranged from blue to blue-grey and the intensity of the
color varied from.clone to clone depending on the level of enzyme activity. The library was
determined to be 70% active. The colored colonies were picked using an Q-bot (Genetix)
into 384-well plates containing LB ampicillin and incubated at 37°C with shaking for 20 hr,
The library plates were stored after the addition of sterile glycerol (10% final concentration)

20  at-20°C until further screening.

TIER IT ASSAY

The following high-throughput (HTP) assay was developed and used to identify
shuffled dioxygenases with improved oxidation of p-xylene to p-xylene diol. The assay is
not limited to the substrate, p-xylene, and can be used for any volatile or toxic (to the test

25  organism) substrate.

Library clones are grown to saturation in a 96-well plate(s) with 250ul 2x YT containing
ampicillin and 0.2%glucose. The plate(s) are inoculated with 3 ul/well inoculum. The plate(s) are
incubated at 250 rpm, 37°C, with 85-90% humidity for 20 hr. The cultures are subcultured into
deep 96-well induction plate(s) containing 0.5 ml 2xYT containing ampicillin and 1mM IPTG/well.

30  The plate(s) are incubated at 37°C, 250 rpm, with 85-90% humidity, 6 hr. The induced cells are
harvested by centrifugation at 3000 rpm, 10 min., 10°C. The cells are washed once with minimal

media and resuspended to a final volume of 0.4 ml. The cells are transferred to an assay plate(s)
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compared to the parental dioxygenases for the ability to oxidize p-xylene to p-xylene diol.
10 Nine clones were identified as potential positives and retested to confirm the improvements.
See table 1 for levels of improvement and Figure 16 to illustrate crossovers in these nine
clones. The nine clones have 2.2 to 3.7-fold improved activity when compared to the best
parent. In addition, the two parent sequences and the nine potential positive clones were
transformed into an alternative E. coli host strain and tested for oxidation of p-xylene to p-
15  xylene diol using the HTP plate assay. The nine clones and the parents were tested after
growth in two types of media; 2xYT and minimal media with fructose as the carbon source.

Of the nine clones, six were reconfirmed as 1.7-2.8-fold improved over the best parent.

1st -fold ave.
Positives | Screen | improv. | 2nd screen | -fold improv.| ave. read (stdev) improv.

Clone 1 2.99 1.6 3.85 |3.17| 2526 3.336667 | 0.453578 |2.2+/-.44
Clone 2 3.25 1.7 3.89 [3.07| 2526 3.403333 | 0.430968 |2.3+/-.40
Clone 3 6.53 3.5 5.14 {4.97 3.44.2 5.546667 | 0.855823 [3.7+/-.35
Clone 4 3.47 2.6 4.15 [4.78] 2.64.2 4133333 | 0.655159 [3.1+/-.76

+

+

Clone 5 4.22 25 + 3.84 13.49| 2529 3.85 0.365103 |2.6+/-.18
Clone 6 52 3.8 4.58 |3.64| 2832 4473333 | 0.785451 |3.3+/-.41
Cione 7 4.14 3.6 + 3.84 |3.01 2526 3.663333 | 0.585349 |2.9+/-.49
Clone 8 2.47 1.6 + 4.05 1422 2537 3.58 0.965039 |2.6+/-.86
Clone 9 5.01 3.6 + 4.05 |3.75] 2533 4.27 0.658179 [3.1+/-.46

20

I. Kits
Also provided is a kit or system utilizing any one of the selection strategies,

25  materials, components, methods or substrates herein before described. Kits will optionally
additionally include instructions for performing methods or assays, packaging materials,

one or more containers which contain assay, device or system components, or the like.
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following: (1) a shuffled component as described herein; (2) instructions for practicing the
methods described herein, and/or for operating the selection procedure herein; (3) one or
5 more dioxygenase assay component; (4) a container for holding dioxygenase nucleic acids
or polypeptides, other nucleic acids, transgenic plants, animals, cells, or the like and, (5)
packaging materials.

In a further embodiment, the present invention provides for the use of any

composition or kit herein, for the practice of any method or assay herein, and/or for the use
10 of any apparatus or kit to practice any assay or method herein.

In yet another embodiment, the kit of the invention includes one or more
improved dioxygenase polypeptides of the invention. In a preferred embodiment, the kit
includes a library of improved dioxygenase polypeptides.

While the foregoing invention has been described in some detail for purposes

15  of clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the invention. For example, all the techniques and apparatus described above
may be used in various combinations. All publications, patent applications, patents, and
other documents cited in this application are incorporated by reference in their entirety for

20  all purposes to the same extent as if each individual publication or patent document were

individually so denoted.
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(a) creating a hibrary of recombinant polynucleotides encoding one or more
recombinant dioxygenase polypeptides; and

(b) screening the library to identify a recombinant polynucleotide encoding
an improved recombinant dioxygenase polypeptide that has at least one property improved

10  over said naturally occurring polypeptide.

2. The method according to claim 1, wherein said creating a library
comprises:
shuffling a plurality of parental polynucleotides to produce one or more
recombinant dioxygenase polynucleotide encoding said improved recombinant dioxygenase
15 polypeptide.
3. The method according to claim 1, wherein said improved polypeptide

converts to a vicinal diol at least one nt-bond selected from an olefinic n-bond, an aryl ©t-

bond and a heteroaryl n-bond.

4. The method of claim 2, wherein at least one of said parental

20 polynucleotides encodes a polypeptide having at least one dioxygenase activity.

5. The method of claim 2, wherein said parental polynucleotides are

homologous.

6. The method of claim 2, wherein at least one of said parental

polynucleotides does not encode a dioxygenase activity.

25 7. The method of claim 4, wherein said parental dioxygenase
polynucleotide encodes a polypeptide or polypeptide subsequence selected from arene

dioxygenase polypeptides.

8. The method of claim 2, wherein a member selected from said

parental polynucleotides, said one or more recombinant dioxygenase polynucleotide, said
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10. The method of claim 2, further comprising:
creating a library of recombinant dehydrogenase activity polynucleotides
encoding a recombinant dehydrogenase activity;
screening said library to identify a recombinant polynucleotide that encodes
10  animproved dehydrogenase activity; and
co-expressing one or more of said identified recombinant dehydrogenase
activity polynucleotides and said identified recombinant dioxygenase polynucleotide in a

cell.

11.  The method of claim 1, further comprising:
15 creating a library of recombinant transferase activity polynucleotides
encoding a recombinant transferase activity;
screening said library to identify a recombinant polynucleotide that encodes
an improved transferase activity; and
co-expressing one or more of said identified recombinant transferase activity

20  polynucleotides and said identified recombinant dioxygenase polynucleotide in a cell.

12.  The method according to claim 11, wherein said transferase
polynucleotide encodes a polypeptide that is a member selected from acyltransferases,

glycosyltransferases, methyl transferases and combinations thereof.

13.  The method of claim 2, wherein said plurality of parental
25 polynucleotides are shuffled to produce a library of recombinant polynucleotides
comprising one or more library member polynucleatide encoding one or more dioxygenase
activity, which library is selected for one or more dioxygenase activity, selected from

converting a t-bond to a vicinal diol.

116



*8109% & () -*******x*hC 10, ! 8210%4& () -1 10%& ()-GLO%H& ()- 10\ 10\

10\ &810% & ()-3 10% & ()-*| +++", }--dEbC 10, " 10%& ()- 10%& ()-fl

10948 () -, WOLOME1 () - 1098 () -1 F10%4& ()--1....H / dEbC Ermsbiidass () - 9
10948 () -1 109%4& ()-9910%&’ () - MLO% ()-f& 10%4& ()-//D011" 2k2dEbC 10, |
L- 109448’ () - +S10964&’ () - L*! 1094’ () - 9$ 10%4& ()-2", 10%4 () - 9!

10%4& () - k22| 3| 33( 44434 E; 1Theonettnd e £14im Jgieperein said m-bond is selected from an

0% () - GO ?ﬂ% d&%&%&*d@%&%ﬁ%ﬁé@d&% A orel capobL
8dE; 1 10H, 10%& ()-g,- 10%& ()- 10%4&' ( 10%4& () - @ 10%& () - @
109%4&' () - L888’>999$ dEli 104\1@:@130%4@9%bmmt11c0m%2699d6s @coding one or more

109%4& () - f:;<dE; 1 10H,, 10%4& ()-*
1094’ () - W%ﬁ!{%aﬁ@ﬂ%“}%%%ﬂﬁw $ 10948 () - <<l<<< =#=$=%dE: /
10H 10Hf 810%+4& () - SMLO%&: () - F4: 10%1&@ 2"10%&% F110%4&

. 210%H& () - %&=2=X=h=16>x Yiite libpary pf ¢laigpbf, whergin spid ipeargis(aphage lspla)’

3910% & ()_ﬁ% %&' ()- F 10% & ()-9GL0% & ()- 10H>?] 999@)%137/ 10! °S
10% & ()-!# F\T\& ()-1 10% & ()-Y10% & () - 310%&' ()

10% & () - OAACaCDUEE~?7/ 10! & 10% &' () -! 1*" 10%\ E\ &
10% & ()-y"10% & () - z1%" 10@E\lmr&qu)¢%ym%e&ne9¢wmdm the o\

method according to claim 1.

18. A library of improved dioxygenase encoding nucleic acids, said
10  library comprising at least two dioxygenase encoding nucleic acids prepared by the method

according to claim 1.

19.  The method of claim 2, wherein said parental polynucleotides are

shuffled 1n a plurality of cells selected from prokaryotes and eukaryotes.

20.  The method of claim 2, wherein said parental polynucleotides are

15  shuffled in a plurality of cells selected from bacteria, yeast, and fungi.

21.  The method of claim 2, wherein said parental polynucleotides are
shuffled in a plurality of cells, said method further comprising one or more members
selected from:

(a) recombining DNA from said plurality of cells that display dioxygenase

20  activity with a library of DNA fragments, at least one of which undergoes recombination
with a segment 1n a cellular DNA present in said cells to produce recombined cells, or
recombining DNA between said plurality of cells that display dioxygenase activity to
produce cells with modified dioxygenase activity;

(b) recombining and screening said recombined or modified cells to produce

25  further recombined cells that have evolved additionally modified dioxygenase activity; and

(c) repeating (a) or (b) until said further recombined cells have acquired a

desired dioxygenase activity.

22. The method of claim 2, wherein said method further comprises:

117



10\ 10\710% & ()-4S 10% & ()-93 10% & ()- 1! 10% & ()-|
8010% & () - G4, GGHi HIEYNC 10! @ 10%4& () -

&S10%HE () -wd QA48 ) -, 109848 () - ! z10%4& () - F10%4& ()-i H 10!
oo () BB (7T Yo () sriow () b imééﬁﬁﬁ%é“*c
10%4& () - K) LLLL<MMIEYNC 10! , &mLO%-& ()- $10%4& ()-"&10%& () -

10%4& () -, 10%4& () - ° gfg :@é&nﬁhd!’%ﬁ@%h‘%%&%ﬁfﬁpmved recombinant polynucleotlde
, | TLO%H& ( ) -, - GLO%H&
10964 () - *#N%%cf‘(ﬂ)he”%"’%em qopvity p_céwgaeet)dcs@meuﬁmmupleqw is identical

0100 () - PRBSAPEREL A ol rdf St il blle g1 y*?%%@ PPt (). F
109448 () - 310Whs&y ©O) recqroMNmmmmlymunl@&gqs@%ﬁ - @@

e (L ) G g St Y s
0%40& ()- yxmom%mvgﬁpxygfnns?wmm&nqq thg@e@hibito4-Rirthdr-impiovabester diptirct

TorS! 71004 & PP OOmeAEd onR ey SOREGEE RS Frtcogassimgeonionsiy.

s310%&' ( ) ZB\ \\D]] dEx)Fepﬂ:ﬁiﬂS (a) and (b) until said resulting further distinct or improved

/]( goe/&,:&' O T A0 pol ynuc otide) shbéslgn(ygd%ti%%ﬁll%'!dl QR r)\prbve%&oxyggnal 3NFALASM]

10H" 10% B ()prapeftyl0%<<& () - 3F109%&' ()-!i F109%1}& ()-, 10% & ()-y"10% & ()-]_
‘aaabaBeF 10H3.!10% & ()- ,3 10% & ()-,(z 10% & ()-f!63°/#10‘%BB&' () -

#AON & () - 10% & éj' Zbﬂﬁ%&ﬁ&ﬁ@f%@%&i&Qaié'gcémbinant dioxygenase

polynucleotide 1s present in one or more cells selected from bacterial, yeast and fungal cells
and said method comprises:
pooling multiple separate dioxygenase polynucleotides;

15 screening said resulting pooled dioxygenase polynucleotides to
identify an improved recombinant dioxygenase polynucleotides that exhibits an improved
dioxygenase:activity compared to a non-recombinant dioxygenase activity polynucleotide;
and

cloning said improved recombinant nucleic acid.

20 24.  The method of claim 23, further comprising transducing said distinct

or improved nucleic acid into a member selected from a prokaryote and a eukaryote.

25.  The method of claim 2, wherein said shuffling of a plurality of

parental polynucleotides comprises family gene shuffling.

26.  The method of claim 2, wherein said shuffling of a plurality of

25  parental nucleic acids comprises individual gene shuffling.

27. A selected shuffled dioxygenase nucleic acid made by the method of

claim 2.

28. A nucleic acid shuffling mixture, comprising: at least three

homologous DNAs, each of which is derived from a polynucleotide encoding a member
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5 30. A method for increasing dioxygenase activity in a cell, comprising:
performing whole genome shuffling of a plurality of genomic polynucleotides in said cell

and selecting for one or more dioxygenase activity.

31.  The method of claim 30, wherein said genomic polynucleotides are

from a species or strain different from said cell.

10 32. The method of claim 30, wherein said cell is of prokaryotic or

eukaryotic origin.

33.  The method of claim 30, wherein said dioxygenase activity to be
selected comprises converting to a vicinal diol at least one 7t-bond selected from an olefinic

7t-bond, an aryl 1t-bond, a heteroaryl n-bond and combinations thereof.

15 34. A method for obtaining a polynucleotide encoding an improved
dioxygenase polypeptide acting on a substrate comprising a target group selected from an
olefin, an aryl group and combinations thereof, wherein said improved polypeptide exhibits
one or more improved properties compared to a naturally occurring polypeptide acting on
said substrate, said method comprising:

20 (a) creating a library of recombinant polynucleotides encoding a dioxygenase
polypeptide acting on said substrate; and

(b) screening said library to identify a recombinant polynucleotide encoding
an improved polypeptide that exhibits one or more improved properties compared to a

naturally occurring dioxygenase polypeptide.

25 35.  The method according to claim 34, wherein said library of
recombinant polynucleotides is created by recombining at least a first form and a second
form of a nucleic acid, at least one form encoding said naturally occurring polypeptide or a
fragment thereof, wherein said first form and said second form differ from each other in two

or more nucleotides.
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to claim 34.

10 40. A library of two or more dioxygenase polypeptides, each of said

polypeptides being encoded by a nucleic acid according to claim 1.

41. A library of two or more dioxygenase polypeptides, each of said

polypeptides being encoded by a nucleic acid according to claim 34.

42.  The polypeptide according to claim 39 wherein said polypeptide has

15  an activity comprising, converting an olefin to a diol.

43.  The polypeptide according to claim 39, wherein said polypeptide has

an activity comprising, converting at least one 7-bond of an aryl group to a diol.

44.  The polypeptide according to claim 39, wherein said improved
property is selected from:
20 improved regiospecificity of said acting on a substrate, wherein said
substrate comprises at least two target groups;
enhanced production of a desired enantiomeric form of a reaction product;
enhanced expression of said polypeptide by a host cell that comprises said
recombinant polynucleotide; and

25 enhanced stability of said polypeptide in said presence of an organic solvent.

45. A method of oxidizing a substrate comprising a target group selected
from an olefin, an aryl group, a heteroary! group and combinations thereof, said method

comprising contacting said substrate with a polypeptide according to claim 39
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carbon bond.

49. A method for preparing a hydroxyaryl group, said method comprising

contacting a substrate comprising an aryl group with a polypeptide according to claim 43.

50.  An organism comprising a recombinant dioxygenase polynucleotide
encoding an improved dioxygenase polypeptide that catalyzes a reaction selected from
converting to a vicinal diol at least one 7-bond selected from an olefinic n-bond, an aryl 7-
bond, a heteroaryl m-bond and combinations thereof, wherein said polypeptide exhibits one
property improved relative to a corresponding property of a naturally occurring dioxygenase

polypeptide.

51.  The organism according to claim 50, further comprising a transferase

polypeptide.

52.  The organism according to claim 51, wherein said transferase
polypeptide is an improved transferase polypeptide that exhibits one or more properties

improved relative to a corresponding property of a naturally occurring transferase.

53.  The organism according to claim 51, wherein said transferase is
selected from S-adenosylmethionine dependent O-methyltransferase, acyl-CoA transferase

and combinations thereof.

54.  The organism according to claim 50, further comprising a ligase

polypeptide.

55.  The organism according to claim 54, wherein said ligase polypeptide
is an improved ligase polypeptide that exhibits one or more properties improved relative to

a corresponding property of a naturally occurring ligase.
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59. The organism according to claim 57, wherein said racemase is

mandelate racemase.

10 60.  The organism according to claim S0, further comprising a

dehydrogenase polypeptide.

61.  The organism according to claim 60, wherein said dehydrogenase
polypeptide is an improved dehydrogenase polypeptide that exhibits one or more improved
properties improved relative to a corresponding property of a naturally occurring

15 dehydrogenase.

62.  The organism according to claim 50, further comprising a solvent

resistance polypeptide that confers upon said organism a resistance to an organic solvent.

63. The organism according to claim 62, wherein said solvent resistance
polypeptide is an improved solvent resistance polypeptide that exhibits one or more
20 improved properties improved relative to a corresponding property of a naturally occurring

solvent resistance polypeptide.

64, The organism according to claim 62, wherein said improved solvent
resistance polypeptide imparts to the organism a resistance to one or more organic
compounds s¢lected from olefins, a-hydroxycarboxylic acids, diols, aldehydes, ketones,

25  halogenated hydrocarbons, perfluorocarbons, esters, aryl compounds, carboxylic acids,

|
alcohols, ethers and combinations thereof.
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an improved racemase polypeptide that exhibits one or more properties

improved relative to a corresponding property of a naturally occurring racemase

polypeptide;
an improved dehydrogenase polypeptide that exhibits one or more properties

15  improved relative to a corresponding property of a naturally occurring dehydrogenase

polypeptide;
an improved solvent resistance polypeptide that confers upon said organism

a resistance to an organic solvent that is improved relative to that conferred by a naturally

occurring solvent resistance-conferring polypeptide.

20 67. A method for preparing a vicinal diol group, said method comprising:
(a) contacting a substrate comprising a carbon-carbon double bond with an

organism according to claim 50, thereby forming said vicinal diol group.

68. The method according to claim 67, wherein said substrate is selected

from o-olefins and n-alkenes.

25 69. The method according to claim 67, wherein said substrate is selected
from styrene, substituted styrene, divinylbenzene, substituted divinylbenzene,
isoprene, butadiene, diallyl ether, allyl phenyl ether, substituted allyl phenyl ether,
allyl alkyl ether, allyl aralkyl ether, vinylcyclohexene, vinylnorbornene, and

acrolein,

30 70.  The method according to claim 67, further comprising,
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1004 & () - f 2nt 109 & ( ) Dedbarkis 3id 5itibORAial vi)i-an @ikl (mprising a polypeptide

f, @0O% & - EJKLMYi vbC 10! 109 ' -121009 ' - (3109 ' - .10\, 10

o atom & Sl Briesd polhEtE. {ikiny e Bifydebi RS pblraampesdty,
10%HHR! () - 1R EbryingA sitDAbES(ddét dELC 10! |

9' 109448 () -, 10%&' ()- M 10%4& () -, 10%4& ()-,|z 10%& ()- 910%& ()-S hdEbC

10!, , 10914 () -*! 10%48& 4 ) - .+ UP& ()7 " 1098 £) -, L. @ . . .

L% () -, 0% () - vIETE T oosrrsbgige 1A, pasrpisaigeptypppicp f () i
010%H& ( p-, laPpolypiptidp exhibiliff®ifk dr)md¥e properties improved over a corresponding property of

10!, 310% o& 19210% &% - &F10% 0&' () - 10H10H10H, 6- 10%& () - @

é) - MLO% 0& ﬁ%) i
eYdEeF 10! zfDRaIag0ps natwraljyygacyging,po 6& ()-Y'10% 0& ()-F 10% 0& ()-z

10% o0& ()-j 8~dEeF 10'Y ! GLO% o0& ()- 10% o0& ()-10% o0& ()-1I-
10% o0& () -"10% o0& () -M510%he Siiefhod-accordiktg fo claim 70, wherein said polypeptide of (a),

10! 110% o0& () :010% o0& () -+10% o& ()-*"10% o0& ()-$ 10% & ()-f"10% o0& ()-CbC
10! 10% o& %‘%‘4 ¥4 Eﬂﬂ'/XPﬂg‘%") SR Sffjd.lﬂ;?ftiﬁ%gﬁ%s)t-_
73.  The method according to claim 67, wherein said vicinal diol has the

10  structure:

wherein
R' and R’ are independently selected from alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic,
15 —NR%R?,—OR? —CN, C(R*)NR’R? and C(R*)OR? groups, or R' and R? are joined to
form a ring system selected from saturated hydrocarbyl rings, unsaturated hydrocarbyl
rings, saturated heterocyclic rings and unsaturated heterocyclic rings;
R? and R’ are independently selected from H, alkyl, substituted alkyl, aryl,

substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

20  groups;
R* is selected from =0 and =S;
R® and R are independently selected from H and alkyl; and
n is an integer from 0 to 10, inclusive.
74.  The method according to claim 73, wherein
25 R' is selected from phenyl, substituted phenyl, pyridyl, substituted pyridyl

—NR’R?, —OR?, —CN, CRYNRR?® and C(R*OR? groups,
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100 & ()- 910% & ()-Y10% & ()- 10\ 10\ 10\7410% & ()-9!!17"n"""aBbC
10' 0@ 0% () - y910%2§() @@%t@ctecc@mmlaﬂ(%y/hm%S&ld(qwllcm@nsesasm-

10%\ b\ & () - i é% ﬁ‘&tﬁ%tl&sﬂme T&Qzﬁqrf%la(-)i Qﬁé‘-&@i&né e ledbd Ot &b diihicht "
10% & ()-, 109 &'&r 2'

10" 0, 3410% geleyed g%r@tl@lrcau_bomlwawrpbmatxm@%e&f ()-

. MLO% & ()-,, M0% & ()-((,)-).)/);)K *eF 10' o,

0% & ((]I )E >|é' 9z10% & () 76:CLOPAeSndihodlditdind @ el 760 Whéreln)sald PAGIA Sretuber™ ™
, . ,,dEe
selected from compounds III, IV, V, VI, VII, VIII, XXIII, XXIV, XXV, XXVI, XXVII,
10  XXVII, XXIX, and XXX.

71. A method for converting an olefin into an a-hydroxyacid, said
method comprising:
(a) contacting said olefin with an organism according to claim §0 to form a
vicinal diol; and
15 (b) contacting said vicinal diol with an organism comprising a

dehydrogenase polypeptide to form said o--hydroxyacid.

78.  The method according to claim 77, wherein said dehydrogenase
polypeptide exhibits at least one property improved relative to a corresponding property in

an analogous naturally occurring polypeptide.

20 79. The method according to claim 77, wherein said polypeptide of (a),

and of (b) are expressed in the same host.

80.  The method according to claim 77, further comprising:
(c) contacting said o-hydroxyacid with an organism comprising an improved
polypeptide having an activity selected from ligase, transferase and combinations thereof,

25  thereby forming a o-hydroxyacid adduct.

81.  The method according to claim 80, wherein at least two of said

polypeptides of (a), (b), and (c) are expressed in the same host,
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10' 0Y! 10% & ()-,4 10% & ()-, Yt 10% & ()-, F 10% & ()-zsf 10% & () -,
10 & ()-y,,-X-.d. dEeF 10' 0,1 10% & ()-10% & ()-,| 10% & ()-1 10% & ()-

10% & () -, 1Q%af14hs d. . . S// 0l OdEeF 10' 0, % 10% & () -, $10% % % & (
10% & () -1 Pty ()-,10% & () - | 000Y123g3dEeF 10' oY 310%%‘(3"{ oAk

"10%&' () + 10% & ()- f * y 10% & () -1
(GlO% & ()-," 10% & ( )82333"%4%%1&&@&%ch1&61 8B wherein at least one of said

0 -ly

ig\/ﬁ&@g)lo% \pg‘lyesptl ﬁﬁg}zcé‘-%ogm% 30 Qf\&%g&%ccilabl@;‘lons thereof is an improved

@ 10948 () p8lypePids () - AO0%H&E () -y@L10%K ()-@ 10%& ()- L10%& ()-77
8u88(99dEuv/ 10' @& ,g 10%& ()-, 10%& ()- 10%4& ()-, 10%& () -

S, 109%1&' () - @ O%H& () s

" 109668 () -, ' 109%4& ()%‘3 &10“5}59@'(“3%‘1 %C%g‘é}gé’%?‘"ﬁ?"w&}ﬁ&m $pid 01 0ogig () - z:
<R=n==>d BaBlhyaroxycarbox lic acid has the structure:

10' @5: 109%4&" () -, 3109%& () -, 2! 10%4&' () -, 0t 1094& () -,-109& ()-g! 1)
"109dHIH& () - d>>>>>>>+'?’?bC 10’ @ 310% o0& ()- 10%aK ()-&310% o0& ()- 10H 10H
10HS8G10%H& ()-6mOo%W& () - ???<@ABdEbC 10' @ &109 0&' ()7 YI0% o0& ()-Y

10% 0& ()-g '10% o0& ()-,F 10% o0& ()-,- 10% 0& CCCDdEbC 10" @

10% o0& ()-110% o& () "110% o0& 0O)-1 10% o0& @ 6%0 (-110% o0& () - D{ DD3ECEEE
dEbC 10" @ 10% 0&yh4s

%10% o0& ()-$10% o& f) "m10% o0& ()-!10% o0& ()-10% o0& ()-E FXFuGxGGEGHIBbC
10' @4 10% o' 0&' () - &3I$11@%lggpc( from a0d¢suigtifurediaryl, heteroaryl, substituted heteroaryl,

1071 Tove () "FEGRETE) MM rober QMo B oy BRSO ne ctyon?
groups,

R? and R? are independently selected from H, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
groups;

R* s selected from =O and =S, and

15 n is an integer between 0 and 10, inclusive.

84.  The method according to claim 83 wherein
R! is selected from phenyl, substituted phenyl, pyridyl, substituted pyridyl,
—NR’R?, —OR?, —CN, CRHNRR? and C(R*)OR? groups,
RZand R? are independently selected from H, alkyl, substituted alkyl, aryl,
20  substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
groups; and
R* is selected from =0 and =S.

85.  The method according to claim 80, wherein said transferase activity

is selected from glycosyl transferase activity and methyltransferase activity.

25 86.  The method according to claim 85, wherein said methyl transferase is

a S-adenosylmethionine dependent O-methyltransferase.

87.  The method according to claim 80, wherein said o-hydroxyacid

adduct has the structure:
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| 32" 10% Ry, 205 1 \\1]1] BM| [ : NAdt
1010 |- g/%% _féf}é?d;R ﬁ%&’%qﬁ&fd& Jchi@gg& (()g/$& (%”I &%10%& ()--

| Z109%8$&' () -~ Z D |132 aN@l4R3 arc‘lﬁdﬁpchdcnflﬁ)g&&teﬁ)fforﬂ 08B E ¢gnsisting of HLOCYES' () -
Il T10%%$& ()al ga%j}g]‘)@ ()-- 1, Z10%& ()-D " " laablLc|[: NA4t 1010

| #! 109%8$& () - ky -f Is! 10%5&' O)-1 s109%& ()- |, T10%& ()--

|, 109%$& 20) - Lceci cj ckchtegmvWt 10 1z 109 & ()- 1!19z10%8& () -
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0, ! - _ 0 0
1109%& ()-1 1S 10 @885‘ )- IA thog or pre(p)anng aqydr/o%(yla@d aromatlc carboxylic acid
comprising:
(a) contacting a substrate comprising an aryl carboxylic acid with an

organism according to claim 50.

25 90. A method according to claim 89, wherein said aryl carboxylic acid is
produced by contacting a substrate comprising an aryl alkyl group with a monooxygenase

polypeptide, thereby producing said aryl carboxylic acid.
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wherein
each of said m R groups is selected from alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic;
m is an integer from 0 to 5, inclusive; and
15 n is an integer from 1 to 10, inclusive.
95.  The method according to claim 81, wherein said substituted aryl
group has the structure;
@-(CHQ),,—COZH
wheretn
20 n is an integer from 1 to 6, inclusive.

96. The method according to claim 93, wherein said substituted aryl

group is substituted with at least one methyl moiety.

97.  The mcthod according to claim 89, wherein said aryl group is
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101. The method according to claim 89, further comprising:
15 (b) contacting said hydroxylated aromatic carboxylic acid with an organism

comprising an improved polypeptide having an activity selected from ligase, transferase and

combinations thereof, thereby forming a hydroxylated aromatic carboxylic acid adduct.

102. The method according to claim 80, wherein said polypeptides of (a),

and (b) are expressed in the same host.

20 103. The method according to claim 80, wherein at least one of said
polypeptides selected from ligase, transferase and combinations thereof is an improved

polypeptide.
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wherein,

each of said n R groups is a member selected from the group consisting of
alky! groups and substituted alkyl groups; and

15 n 1s an integer from O to §, inclusive.

107. The method according to claim 106, wherein
R is methyl; and

n is an integer from 1 to 5, inclusive,

108. The method according to claim 107, wherein n is an integer from 1 to

20 3, inclusive.

109. The method according to claim 108, wherein said aryl group is

selected from:

CHg

HaC HaC CHg
and \Q

CHj CHj

110. The method according to claim 104, further comprising:
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on¢ of more properties improved relative to a corresponding property of a naturally

occurring glycosyltransferase.

115. A bioreactor comprising:
(a) an improved dioxygenase polypeptide;
15 (b) a redox partner;
{(c) oxygen; and

(d) an oxidizable substrate.

116. The bioreactor according to claim 115, wherein said polypeptide is

immobilized.

20 117. The method of claim 2, wherein said shuffling comprises:

)] recombining at least first and second forms of a nucleic acid
that encodes a dioxygenase polypeptide, or fragment thereof, wherein the first and second
forms differ from each other in two or more nucleotides, to produce the library of
recombinant polynucleotides; and

25 (2)  expressing the library of recombinant polynucleotides to

obtain a library of recombinant polypeptides.
118. The method of claim 117, wherein step (1) is performed in vitro.

119. The method of claim 117, wherein the method further comprises:
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claim 119, w
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nucleic acid sequences and the smgle -stranded nuc e1c ac1d templates;
4) separating the at least substantially full-length chimeric
nucleic acid sequences from the single-stranded nucleic acid templates by at least one
25  separation technique; and, fragmenting the separated one or more substantially full-length
chimeric nucleic acid sequences by nuclease digestion or physical fragmentation to provide

chimeric nucleic acid fragments.

123. A method of shuffling polynucleotides, comprising:
initiating a polynucleotide amplification process on overlapping
30 segments of a population of variant polynucleotides, at least one of which variant

polynucleotides encodes a dioxygenase polypeptide or a fragment thereof, under conditions
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5 124. The method of claim 123, wherein the overlapping segments are

produced by cleavage of the population of variant polynucleotides.

125. The method of claim 123, wherein the cleavage is by DNasel

digestion.

126. The method of claim 123, wherein the overlapping segments are

10  produced by chemical synthesis.

127. The method of claim 123, wherein the overlapping segments are

produced by amplification of the population of polynucleotides.

128. The method of claim 123, wherein the population of variant

polynucleotides are allelic variants.

15 129.  The method of claim 123, wherein the population of variant

polynucleotides are species variants.
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