STRUCTURE- ACTI VI TY RELATI ONSHI PS 1. CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains
whemenigrosinder 35 U.S. C.  119(e) to applicati oPCTIBS2008/001907
Serial No. 60/901, 349, filed February 12, 2007 and US
application Serial No. 60/909,937, filed April 3,
2007, the disclosures of which are incorporated herein
by reference in their entirety. 2. BACKGROUND [ 0002]
Met hods for screening and identifying pol ypeptides
havi ng desired activities are useful in the
preparati on of new conpounds such as enzynes,
hor nones, receptors and pharmaceutical conmpounds.
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[0004] In some aspects of the disclosure, each polypeptide in the plurality reacts with at
least one substrate to produce a product, and at least two members of the plurality are
related to a parent polypeptide and react with differing levels of activity upon a given
substrate. In some aspects of the disclosure, each polypeptide in the plurality reacts with
at least one substrate to produce a product, and at least two members of the plurality are
related to a parent polypeptide and react with different substrates. Also contemplated are

compositions comprising pluralities of pluralities, in which each plurality acts on a



vari ant conprises at | east one nutati on known to
affect reactivity wwth a substrate to produce a
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differing levels of activity upon a given substrate.
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parent polypeptide, a portion of each variant having known amino acid sequence, wherein



[0008] In sone aspects, the methods involve naking a

plurality of pluralities by generating a first and a
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substrates, for carrying out different chemical conversions. In some embodiments, each

member of a plurality acts on a different substrate. In some embodiments, some members



receptor antagoni sm conversion of a cofactor. In sone
enbodi nents, nenbers of the plurality that act on the
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[0015] FIG. S illustrates an example of a method of screening a plurality of active
polypeptide variants with a substrate of interest to identify those variants active on the
substrate of interest, and the preparation and screening of a second plurality of

polypeptide variants to identify a polypeptide variant with enhanced properties;



exhibited by a first plurality of pol ypeptide
evol vants on a the new substrate, (S)-1 -(4-
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ane-1,5-dione, not used in 3he generation and
conpilation of the plurality, and enhanced properties
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[0022] FIG. 12 illustrates a plot of the % conversions of S-carvone and 2-methyl-2-
pentenal and the % stereromeric excesses of the resulting (55)-dihydrocarvone and 2-
methyl pentanal, respectively, exhibited by a plurality of enone reductase evolvants. See

Examples 9 and 10, respectively; and

[0023] FIG. 13 illustrates a plot of the % conversions of R-carvone and 2-methyl-

cyclopentenone and the % stereromeric excesses of the resulting (SR)-dihydrocarvone and



two different substrates. [0026] FIG 16 shows a flow

di agram of the nethod for creating a set of optim zed
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set of nutations identifiedh froman initial screen. 5.

DETAI LED DESCRI PTION 5.1 CGeneral [0027] It is to be

under st ood that both the foregoing general

description, including the figures, and the follow ng
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too‘g pB’ralerekerm Iggre%zindcﬁ]e plurality. In this disclosure, the use of “or” means
“and/or” unless stated otherwise.
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[0029] Similarly, “comprise,” “comprises,” “comprising,” “include,” “includes,” and
“including” are interchangeable and not intended to be limiting. It is to be further
understood that where descriptions of various embodiments use the term “comprising,”
those skilled in the art would understand that in some specific instances, an embodiment
can be alternatively described using language “consisting essentially of”” or “consisting

Of 2

[0030] In the present disclosure, the following terminology will be used in accordance

with the definitions set out below.



[0033] "Native sequence" or "wild type" as used herein
refers to a pol ynucl eoti de or pol ypeptide isol ated

wo e@omasopat ural |y occurring source. |ncluded wahUs2008/001907
"native sequence" are recombinant forns of a native
pol ypepti de or pol ynucl eoti de which have a sequence
identical to the native form [0034] "Reconbi nant"”
refers to a pol ynucl eoti de synthesized or otherw se
naniﬁﬂlat@dhhmmmitro (e g "reconbi nant
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S 10 pro UCG gene

[0?5?]2 rrkg)glfﬁorlhgﬁ?oq%qeg n?s gic,\% eareﬁlsgao mYep %%e%%l t{) denote a
pelomyneredt &astitde an{nﬁlﬂ%c]s comeﬁttgblhmmby laﬁaimdBEHolnd rbgérdless of
to a cell that Ses recg/ I nant uclelc

npr, j
lepgh o ppst-trag a%on epdlé%rm 2 EBEORHA R P oRB Y 3P E'P*daﬂon
‘Zﬁﬁllﬁm 85iguitifitesh, LR Inalu8ed Withih BB defMiitidd zﬁ‘e‘lj?%nﬂl @tdn\’lﬁo
non-reconbi nant) formof the cell. [0036] "Mut ant ,
acidsy and/miturep el Pyandi lgammoggidised herein refer to an

anmi no aci d or polynucleotjde sequence whi ch has been
[093 ] Naive yequanest iof (ivildtypel aswsed heygin rgfesy g2 nodinutleptide or

p(ﬁgﬁepgﬁé RBR&I fﬂfm 5h§tu&ﬁl§%%mnlg §&1|r&s YhQuded Wil Phative

vant or variant is " not |1 ted to a partlcul ar
saqeerisotiasyeaaiibitant foring ofienativatpelypeptidesy pelyendlentidenritieh have a
se%ué"'é'é"i‘cf‘e%gczﬁg% h‘é%”ﬁve Onxar i ant sequence can have

ease ease or substantially simlar
t »
(D5 kbR BORSE L b5 GRBRAGA Lol BALEh e i

vioo1é.al, ﬁreomﬁbmantrpsoryauelmtma”)am wetheds afusmgtrlminblme been
tated,as co aredto ceo
PO AE o en s o od SR o et hETAE Rt oS
poTPpeptidd D obirfdnt Hoteth?s énddtied Bea RRbMBMAAL BRI, d
constant, are I nvariant, or are not nutated as

[Wgﬂpﬂe@&nbiﬁaxﬂ Hogd Nt reﬂ&ls YP£ 8411 H8 dompkib& a@dédnibihant nucleic acid
pol ypepti des conprising the plurality. In sone

meleplei v £or ckmBPISaeERmbIpEI Pp¥ selltranicypresEraes that are not found
wﬁnlﬁltllleeﬁhgﬁe Yﬁ&nt}emmnﬂfj{o% Jr e deffper at ure or high

/[or Tow pH conditions,or wth organic solvent. In

[(ﬁigﬂe“ﬁmgg"’ B aint e Sy REheYs ued We?&ﬂ}éfgreto an aHﬁrﬁgac‘?@or

€ basis for generating variants wth inproved
polpbgleotids sequence hdii¢helrag been altq:rqitbymugwt@tm oysertigny and/or
detlamag 'F%P gﬁ ?oseg oF hvgre%glq/ d?srchossﬁé’ D Mu&gp q{«glklgrﬂ% vl anW‘stIQt
of gahi ¢ Sofvent. ant's "havihg 1 nproved FobUsthess
lixmigd toen pastiildr engiejalllyawigclait ¥ gematakddy In som¢ breodimyntse mutant,
the b f t furt
exghGr et P Res 0 e Peteed prceioreh g b aniilh ity

adalfvnﬁeaullﬁapmlbﬂmbmwnsdh% HeSpatental ¢GuaAdeS AR SorAdTBABodiments, the
eoti des and conpar.i sons anpng pol ypepti des

peluRegiss may cRRjaip OfpaF MAT amiBo apif rosidues)thal hays bgen mutated as
COHRRAMRNG R AYIR6 adid SIIRAL TR WA P polpeptRicn 14 ffine

portion of the polynucleotide or
embodiments, one or more amino acid residues of the polypeptide are held constant, are
invariant, or are not mutated as compared to a parent polypeptide in the variant
polypeptides comprising the plurality. In some embodiments, the parent polypeptide is

robust to challenge with high and/or low temperature or high and/or low pH conditions,



pol ypepti de sequence in the conpari son wi ndow may

conprise additions or deletions (i.e., gaps) as
w@eormmparsas t o t he reference sequence (whi ch doeBCTUB2008/001907

conpri se additions or del et§ ons) for optimal alignnment

of the two sequences. The percentage nmay be cal cul ated

by determ ning the nunber of positions at which the

i dentical nucleic acid base or am no acid residue
oOwithibzahid sbvkht. & Waﬁbodxmelyt's ghelpdrbre polypbptided$ used as the basis

natched 03|t|on di vi

T g0 R BPIEY e (HDEPEBFS PLRTECHLR g dor low

tetpeeltve of high be RMPHBshdMitns] dHwWith@rghtie sslesiy)] Vahiyntd Ving
to yield the percenta%e of sequence Identity

1mprpéq¢f9pqxs\y1;_qs§,may hevssdrie @ﬁ]@l.g@tg amljwa H¥s qgéh@up%x léedu959 as the basis
f&%ﬁé’r%x&' ﬂﬂghér%rl{i‘rHMB defiraBRsictiliBBSofropdi&h ei t her

i dentical nucleic acid base or am no acid residue

[@@?F*F%réeﬂta@é%f‘seﬁ@&fd@ ﬂﬁ:ﬁﬁtyo frefBrs Wgélﬁﬂ)a‘hséﬂ Qnd?%ﬁ:%lﬂnhcleotldes

amno acid residue Is alrgned wwith a gap to yield
amLeriveparisdnseatoo b edlypepsides, shatsrmitied bl corgpariig twgmp@makby ahgned

{Eﬁ%&o‘é? gv % &pgrnsson%n&m Wi Ltffé%ﬁid’n agth{)ﬁogytﬁdé:%&ﬁ?é Ery

arison an
pdl@ﬁepmde yeqahnbetlh] &e@em&nicmgmndéwmgwemesd alleliticng pr deletions
hose .of ski the art t hat there a
Gy at APl Yt §FrPon e a0gy PO oo ey i faiions o
d&%ﬁﬁfb@&ptuﬂﬂtdhgﬁhe@df gHe@odtse@lenss 0 dhB @e&efﬁt@ge may be calculated

npari son can be ¢onduct ed, t he
by SHETIBPE AbequimteR af e s ﬁhWb@tﬂéiin&ﬁal Hgpe %&ﬁiplrase or amino

ad\{m{&xdug of&rs ﬁljt%aﬂ-aequ&béei %a@m& Rehbebf MBRRAL positions, dividing
| gorithm of Needl eman & Winsch . Mol. Biol. 48:443

tf@mmyr ofipyatehed posisiprsbyf the t@almun&vﬁr @%pqq’éuonw the windgsain

4
i
ide@My, ABESEEVAy, tﬁdxﬁmnt@adnmﬁkulamdmyede@@@mivgtm mginher of
pcgsgtlf;ééllsvg {}‘CE 536‘%2‘?& id® rtlch/nuc ad 901d %? gliﬁ'lkn%n (dsrlgglgl)l/e oceurs in

OCO S 1n ec u
bdth sé\]i&u&he lor @uelkic ,amddb@se, or@mm@md:nd Rrsiatue (tsailtgnedawjtbhlghp to yield

vent et n G.eene, Publ i shin 00|ates n
Y GHFOGR P25 agS oTn gy 8 BSSUBNBHT dRERLH FeATERY f ol
n@i?éf@fﬁ&lﬁ’énsaﬁ SR ih 6B of Eothpadisén Sid &ﬂﬁb@lﬁg&he result by 100 to

determ ni ng percent sequence identity and seque
yigldrihe perrenfagerod seqienes idestity nElm_S;@\sfrskzll on the garapptﬁﬁete hat there

<HAF0 SRS B o a2 i Nler o

sejoenbss ResompaBon gapbe candugied.teigrdiyythe Egeﬁltlvmcéogymlgorlthm of
SHHS B SRPLRT P KB 4 S5O DL R B A S
algofithmeftiNezdlewab & Wainschy sMnIl gBialt #181144}3(16/1(9[70)eby fhierssdarch for
siriarDi Pohoi e o BT FEn et WA Ste URTLRyL44 (1989)

bﬁ@&lﬂ}ﬁﬂ@&ed%pl@ﬁeﬁwﬁ&ﬁmfﬂ&keblg@ﬁthﬁﬁt(G&nyBESiFEIT FASTA and
E63|t|ve val ued threshaol d score Tﬁgggn al gned W

PaAJR thefaCoaisconsHgtaityase hadkaed | @seetio SF%
gERERNT €6krdR PRstoddiEin Molecular Biology, F. M. Ausubel et al., eds., Current

Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley &

Sons, Inc., (1995 Supplement) (Ausubel)). Examples of algorithms that are suitable for

determining percent sequence identity and sequence similarity are the BLAST and



nei ghbor hood word score threshold (Al tschul et al,

supra). These initial neighborhood word hits act as
wee@dmod908 initiating searches to find | onger P{SHES2008/001907

containing them The word hts are then extended in

both directions al ong each sequence for as far as the

cunul ative alignnent score can be increased.

Cumul ative scores are cal cul ated using, for nucleotide
BEAGTENE elgorithhe, whicharidesaibel (n aWsohd] &edr @ 900y). avIplaiBiol 215:

o et of 30 mAuER aggd i) s Y SO anke s

SefeWMe Teferforning BLIART aflyskXisipablide avdilable #reudtothe Natienal
cunmul ati ve score. Extension of the word hits in each

Canteieior Bigtechpelogy Infenafins websitee Tisalgertthmpdnyglyesdisgidentifying
high g&ﬁmfga.s'edlén&f Eau@(Hgbﬁ B}Liaé}{df&.}ig $hdrt R8s LB 1AER Withe query

achi eved val ue, the cumil ati ve Score goes to zero or
sqgueng;, Whigle either méchaar@amﬁﬁy samoppsiiveoiatued thraghold score T when

SRS AGEGH DR P10 5 SR Sl 5 o s

n@ghlﬂ;ﬂﬂﬁtodmr&'\ﬁco?e thagstiod (Adsawiretrad, supm). S"Ehtse friitid] nyighbathood

e The TN pr m (f.or
wRBERE 58 arisos T MOBERE sealihes B i R 2R MhiciPing gbsm. The
wory hifarelthen exterieR g bethidirect{dny aldhg tibh shbfencd\for 4s fanasltha
conmpari son of both strands. Faor am no acid seéuences

cwwéatemexpmﬁmé@?rsmé%gw%?ésedeffalm%lvs SGRIPLATE AYewatedysing, for
nifleotide 3EYueARE QB@Mrﬁ’rﬂet@@M QifewJan sc%defol; 5‘?&55@% residues;

scoring matrix (see He Proc
alp@ssP0)3ed N mlw096§qm(SM)mg re{ldmaqlwvw 1®. &pr ar@mo acid
e?t]gnc@g & rﬂ%%étg&%dus%h gcpgdlédqﬁ@ ll%llqnﬁfa?gé gt!q‘f‘e aﬁﬁensmn of he
urt ? eterm nati on 0 sequence all gnrre
w%cbhat,'fue nzmda dirdetivini drg halfedrwhguar mesemukafmt ﬁgndlest:dco&fabs off by
her e rmnation %,se ue ce | tlt
gy KRR PR A e AR R B R dfobraloed o zero o
b6 WO RNS theractutulidn INohe onmiore r&gﬁﬁi%as“cen@gfésﬂge alignments; or

0 5 LS o0 > TSRREd o Er HEACT TR PRBREHes D Taond X

ddismind it S&Hsit Rty @hd Bisted BEME 'adgmﬁ&ﬂ UgHE BLIARAN ﬁ}a afl (for
| east 80 percent seguence identit at | eas

8
W@éﬁﬁequmt)u usgs asriefadss @ovowelpﬁh AT bhyae Seetation (E) of 10,
M-4CALI ¥nd TRl U bE Yot birdnB3S ForkhiRE hEE UuSRANARE BLASTP
entlty as c npared to a reference sequence over
prograpeuses eﬂrﬂe\faultd ewafllength (Wa of 3 24 qxesqtdum (Bosf 10, @n@;the
B&Q@E‘J&{E&t cﬁru? Yhtri eerﬁ!enw?o% &%emko%? tP I\?Ql Acscld dgg, SUSA
8rei 1 1 erce age sequence i dent 1
8T 80U G§I(498M). by conparing the reference sequence to a
sequence that includes deletions or additions which
[0038]aWH21@ aflexf erriboo¢ mlemwﬁlgbhemfseafne pesptEmS&e Weitubée for a
over, the ndow o arison. In @%CIfIC enbodi nts
delgypinaign o5 SqIuERF @ jeRHE and Kessaupnioe 14 ftepmoses o

dikeledvtd hetein'RARMMidafidh of mee&w@ m@hn@wﬂem@.ﬂ@%,pe%ﬁﬁbd using
% mal |y aligned, such as &/
the BESTFIT or GAP programs in the GCG 1sconsm Software package (Accelrys,

Madison WI), using default parameters provided.

[0039] “Substantial identity” refers to a polynucleotide or polypeptide sequence that has .

at least 80 percent sequence identity, at least 85 percent identity and 89 to 95 percent



prograns GAP or BESTFI T using default gap wei ghts,
share at | east 80 percent sequence identity, at |east
w@0pmossest sequence identity, at |east 95 perBP€nUS2008/001907
sequence identity or nore (e.g., 99 percent sequence
identity). In sone enbodi nents, residue positions
whi ch do not have identical amno acids differ by
conservative am no acid substitutions. [0040]
seqbedistidentiey, appecudually atyldast 89 perserit Sectubaacdqdfmh,ty ad @mpamd toa

identity of substrate.u n
oSBT L AR PRISOR SIndE 2409551 SO g apeitions, frequenty
ovdR AGihd& bV at 1ERT T0-50 Ee@iduérg whkrth the lpa&sm@ge dfdedqiehéyidedtity is
I%}gand to which a receptor binds. Alig

#pd by semparieds rﬁ&rﬂse SeqUEleEP arse%&g}cea@ﬁt iggludgs deletions or
a&gt%}is%\tfhl&{ to?a'i‘@@?&@érﬁ lor REs bftRe FEBRIQEquehBOGVEL tfRSwindow of

known in the ar receptor agonisn refers to“the
cdsnprdgisery Iansaecaﬁa: embediments pppiied & polypensides therfgrmy“ubganiial

id\gﬂﬁﬁpg ARand HRGRD g)ﬂy%%tﬂg g?ci)u%ﬂles rhé&l ('E‘ﬂt{n?arl]lg Qﬁ ﬁpédf‘ lich%s 9§' the

a%'orane rece not res
pmgtaimsa(BABnr BESTRE use@jufmlt gap(?&;ﬂgits S&eadmséptmmtsqunce
ferenti chem c.

.refers.to e r

RO SRR, e hub bR 3P sl sEE e e or

mSE@(@%QQ@peﬁbbht\/detp)eneal’debl&yp dhtsbmk embbéllhﬁntsh&sifdms pasiticm which
ored over the ot] or.it

e stere ISOITEF is
d%«;ﬁ%&e Wgniiabenaingigide d HMY SoseBRlY LN 0g AEH SphstiRions
he st ereo soners are enantl oner

[Oé'f‘%}‘&?ggfaéecfﬂeﬂﬁlcw” refers.iodhe kigdy glass or 1dsént1ty o? substrate upon which

the Qﬂﬁﬁ@&%aﬁ@}tic%&lé’oulé Rectl." Sialilafy, fguRd sRbifkity eRAr$ Rhe kind,
as a_percentage) one enanti oimer 1 n the sum of both.

clpgs ar ddeatifiresfriiegng @p@blﬁleel rgcpptphlingds- tA (iggush svawﬁyalb/sbl@dmg toa
B ERLTAR b Ao PR BRI RIY Fe YRS Ll b [ maj or
[0%22]'“& 8'@5 n umh'é% ﬁﬁ@éjﬂdr QH@J 41{1 b FQHrQ fo thE @ﬂ'ﬂln@%ﬁ adtivation of a

or> enant I omer st ereoi soners
cedi raeﬁpmrebglasirgmd syhetdae “se’cq:t@meigenlsm\i ir¢fyrsits thedfiralimgeof a lagand
astgr eosel ctivit raction (typically

torae‘ff FEERLZ0LIeY 'i”?:ge'll?tag e%“ogf’ g"ﬁé'ectﬂ’ §‘t ereomer in the

4 BeameZ b B2 ke ey PO P g e o Yo
reaétion. of oh® drkbisSiner ®@s pethdr] Stekgoseledtbrity cad bé bﬁ'tlal where the
preferential reactio [ em cal qr en

I N a
qnesfm nsftebeﬁésogkeasgﬁ\rogm‘iﬁr othet; griif pay @ Soitplete where only

orfel SErEALHNTES forR¥ e WRBRIHR&fereooRlcBOSP %ﬁérftﬂoﬁie%sy thean be
partial, where the reaction of one stereoisoner is

stergossestivibyisirefened torasspantigrelectivipyythe Eragtiomdhypicellysrpoged as a
p&d&inYa agf6r e ShERIOTRIT the S&f L botNEs E&ﬁm%hf? r@;%rl%e TRthS art

are enantiomers, as In a racemc mxture
(typisallyras acpfercemtagﬂ)lae ﬂ@re&)mtlcmteence@sqseéa 4.) calcttyatectthp@fremr ed

KW G e T S T ——
mirdk bfmntlEmeH]h ivelieré ﬂ1etsfbeeoﬁ§ﬂth1eﬁs avé diablerebﬁbmﬁrsplfhe rsfembtelﬂmwty is
?or rate const ant ?{ t oners, %
referred tQ ps lﬁger§9s§ Bty 85 cH@ }{'%lﬁ% dﬁg?nqdrflstalpgrcentage of one
diRdterBbMEGih the sum with others. It may also be reported (typically as a percentage)

as the diastereomeric excess (d.e.).



[ 0044] "Chenopsel ectivity" nmeans the preferential

reaction of a chem cal reagent with one of two or nore
walpdobeosopg functional groups. A reagent has a PCQS2008/001907

chenosel ectivity if reactian occurs with only a

limted nunber of different functional groups.

Chenosel ectivity can also refer to reacting nol ecul es

or internediates which exhibit selectivity toward
[ﬂﬁh&]rﬁteaédsyeodﬁditfyeekrstto rtlmg‘efet@tial[ 1084i15h, in a chemical or enzymatic
eGSR opB s RBVend Tt obr BEfeRnFe ot FrapRERE oo ecificiy
c@y &lﬂh&ld\m widrd1tha rédetiec of ée stdéi@mer RO dried Bver the other, or it may

correspondl ng to" refers to altﬁpog’l/tlo of interest

bg porgplete wheTecBha W STRYEIM i hexithe Sterepisemets dfber )

eRatiGmBYYCdsqh & reinie MM@E A €:1GhixRIrObLINAntiGthét), YerebshetifRity is
position in another reference nucleic acid nolecule or

refresddp as el@@ﬂﬁ”@é‘ﬁiﬁﬁ'@f nenanbiesperifiglsy isgammondetepprigdiiadhert as the
erﬁl‘ﬂ Edid) t1 , \ﬂ'llékgﬁ 'tlﬂagraﬁ@ gpﬁl@ ¢&tes $f0re55?%h %ﬁ%etcgﬁstants) of the
er o t'ching nucleotides or residues,

twmapn@ners,umth thi sdte pidiaigraater mmwam@m@eq @t@rmmeratsr
greater than 95% greater than 96% greater than 97%

(094 élat €heradalecd806’ ancags thatpesterehidal rg@tion dfrechsodéal reagerdfwith

Olllentfg\?'gr%])%: gllo?]eucﬁz gen a\é(?t qonahgroﬂé: . re&%&?n% Iggg £ 9 gh ?h%l?gsglectlwty if

reeétidni amluawmhainWmhmhecsmmb\erGéde’fe)@mﬁomnmamgrdmpel eoti de

073 ecified se nce, .to,identi the .. .
CRaT eIy G S EriEe D G T FialtseIes P Mqrmb s whish expibit
sdldiBiv BE OMRRE fendély diffgomdeaieatst hen the position that

lines up with 207% is identified. Since various
[0d451elresids@Y cthety O et the B@féreﬂtﬁnﬂia&ionté'f%ng @6tvid éHinore similar or

deS|?nate 2073 may.  not be nucl eotide 2073, but instead
identicgf fugctinna| groups ‘Vﬁlﬂt‘a"é‘ﬂﬁqué%ponds to the position in

t he reference sequence. [0047] "Fused,"” "joined" as
[004&)q “Prsitioncoprespopding &) rekekplg S RS’F'“ﬁéPéF’éﬁr@% Gitfs nagleabase
ntﬁﬁﬁe‘ij opﬁmﬂlgldgl%él@&t ﬂu%?oe?)qg Q%Gﬁﬁ: acwéleculé Ulsﬁrgteu{ RILVE to

to any method known 1 n t’he art for functiona
the @nﬂe@t inrgothet sefregrice aiecland:/ctdrqumlglmlcpre@m c(éorcb@mdmsg
s iU o ol o SN 56 B s
nasiso of abiching navldotides al exiduby ifict exgmple 0GB khat Rlentity|bietween the

of pol ypeptides" ans. a.coll ection qf Lypeptides.
seperEh S 5Palek 5 05T BRI A7 4 ettt a0 BEBle {5 08% or
glefeOBary 99% 0 Mhe pésitidtPefantdiesis @enlgivdhahy/ nuribet abdlgn&u ik thee
di spl ay I|brary, an ordered array, a mcroarray
&msp nugleigagid raglequds. | krreramplesif H@%‘F‘%‘é’f POIW@%’HIS% Gege-X
o@0¥% Phi@otidb DORS ¥ a %Eélﬂd Qéqu%ﬂel RGULRiRy lfHéQ:‘ﬁﬂ&p@ndmg
skilled artisans. the plurality is hot an ordered
m@dﬂorlé@ in apathet alelg @ramlste o sequamnst Aty aligherkang then the position that
[ J b
llﬁé@?ﬁxg é}ﬂ@?O?? npldE gﬂ&gp?ﬁg@ oni aﬁlg?e% Elgy Bk UF @efebeht féﬂgth, fhe
position designate 2073 may not be nucleotide 2073, but instead is at a position that

"corresponds" to the position in the reference sequence.

[0047] “Fused,” “joined” as used herein refers to linkage of heterologous amino acid or
polynucleotide sequences. Thus, “fused” refers to any method known in the art for

functionally connecting polypeptide and/or polynucleotide domains, including but not



desired activity and the data obtained from screening

the subsets or matrices can be deconvoluted to
WO d@anogoys si ngl e pol ypeptide variants, as i s kpomiS1008/001907

the skilled artisan. A plunality typically includes a

maj ority of non-redundant, uni que pol ypeptide variants

related to a parent pol ypeptide, and may include one

or nore "control" pol ypeptides of known identity and
limitedriocratomtasant fusiamywith GOx@hout Adiciveasglkaig seqaerse; iomtcovalent

ch racterlstlcs and the physical |ocation

a%?“%ﬁ%hxﬁg e$%b Elurallty IS knoanyor IS eaS|Iy

t. or exa =) er,.to ntif

(dofE BTy &% é”%s ® el estEaicn e pp PRbrldgs. "Rkl can be
a ﬁﬂﬂqaoﬂ}@mﬁblﬁameﬁlasrﬁfd driphagd weclrd, bphage displayelibrary, £edll sueface

cons Lucted su%ﬂ that the |dent|t and | ocaf,i on E
digRlay {/ 18 gh ardersd Ay PRICTRSTaN TR A PORKAT CBNIFean F hoshgell

oflghfBms, 08 afy Stha! [yl Srray oy ROIN BN Rhowe ot JRARZBekans. If the
ternatively, in order to identify specific
plurligy s @pt Brerdered arilsstion efyraiantas @vedapping sbsetypr fPi"g‘&‘Pﬁd
t

oGiitisheribo! HERn bty Plnlieduictiod Br P BlibiohCaR the
detsargd aqtivitpaké the gatatdbgrinddrfeom berequling the subsets 9r a@tr@nbca@obe
deca 151% dgn%g% s%g%&ow}?%tuﬁgégg gzalts rlge @a%'il&rn oto Zlﬁetegk(lelled artlsan A
plluﬁlllqa@picyllj mchtimh majon@eﬂfﬁnomredimdﬁupllm1qud,p‘cﬂj/pept1mvantaets

own as ad Ie Qlurallt

B R i ndiide s o e roqiol PO ReRides of

kIRJvﬂﬁGQntltﬁElhdléiﬁml&mea&ﬁ\ﬂtynm Ilmted to, one or nore
mcrotiter plates, for exanple 96- or 384-well

(009 ‘A ddvBEablk"ah@s tlﬁﬂﬁle@tﬁféﬂﬁr&am&ﬁﬂfcj@ lafi@ the physxcal location of
m croparticles or beads uch surfaces_can

each msmbseefl Hplugpligsis knpwe gk is@asilyj lpeagabl ‘brF%t‘%H’Pl%‘f‘ offler &
idaB g&llﬁéﬁl@éiﬁf)ﬁs betwtdre @aﬁﬁrdat[qugb%]ate ogn@{ﬂﬂaand a constituent of

can ate" ref erstoap
thg Ipturdity,teyplmhtyrcan be senstracted smhrthaiélnq identity and lecation of every

sigég %ér{es u%n og kb(?bx? glecsotnmﬁpéﬁjme t%le ?f)rl]lgglﬁ ﬁge(geyﬁ%lglf{)glgz]

syhBiesided gAmamdte/bly, in'drderdo ltrg:nafyt sf;’émﬁc interattione between a candidate

refer to the |on of t ol ypept i de. wher
oSt Beeti sufacaonaentydhe HomBOR PLFEigIEst Prppgructed such
thaCserssingdle onddiube Heaskeaig Ganamker dt e nathelph@ality lif 4sémbled or
of an enz%ﬁb@or receptor, or it _may be enbedded i.n the

sypthssigsd sushrthatany sonsgueptlptsr identified | 'e RefRicemfo kave getited es
plopQBES&n. b@wl@nb&kad%r identiib&" s&hfymdn@&caea krfbfwnt f@ddressable

am no acid reSidues conprising the binding pocket
plurdlitigsence substrate or |igand specificity and
cat al ysi s. Catalytlc resi dues within the binding

[095@Idatampiap of CsurfasesSontoorhidnpphusalily ofvasiaptsgas be placed include,
bli/'l\laf Sl d 1%8 &/ 'on lﬁ %lﬁlgr&?&:@?&esw e? e@g-%rofM elf he

ypept i de tha s a coenzyneg or c actor suc
mFbyaitltekp{abs, ofitvomomeaniorochAE). mikroparticles or beads. Such surfaces can be

comprised of glass, plastic, silica or metal, or other material standard in the art.

[0051] “Enzyme candidate” refers to a polypeptide member of a plurality which is
screened for activity with a substrate of interest and may or may not exhibit the desired

activity for which it is being screened.



sonme enbodi nents, a substrate or ligand binds in one

bi ndi ng pocket, and a cofactor or coenzyne binds in
wa@r@bloasoodi ndi ng pocket. I n sonme enbodi nents, BCT/US2008/001907

substrate or |igand binds it& the same bindi ng pocket

as a cofactor or coenzyne binds. [0053]

"Ket oreduct ase" and "KRED' are used interchangeably

herein to refer to a polypeptide that is capable of
[0062)L(Bindingpasketydthihdigg sited or Haaive sivstrefet & the regia of the

t KRE il .
s Lo
pddN&¥ah be lfodnﬁ@ﬂﬁﬁduﬂhdécﬂflaﬂ amyae @dedrtptoe, aliitisy boémbkelded in the
phosphat e he, reducing a

PRIV HBiIES. SSE Uk BEShoRisH P EY Gaes hydroghahjeity, steric

hiR@aHEd) oPfhe GWihSHadiy &@Mugﬁéoﬂ{ﬁgﬁfgttﬁéﬁﬁdlﬂg pwﬁielt 1rﬂl1%ence substrate
non- naturally occurring engl neere

orjigsad spesticBy andipaielysignt-palyae mrduekwttbmé&gpé@é@ﬁ%may act
%&@B Bhdry 8# YocKRIOWN AQR 198204 blq@ln¥ gB&Q?BQ? 6€ a ré¥ion of the

I'n reference to t verse reaction, oxidation
pmjﬁ'pemndathatihodis geaopynoorcofmtdrongt an?ymdpxal{ﬂUm]ne or NAD. In

'Desi [g asur ro
sog;(%enbb ng%7 a tsHlés¥r6to 7 gp?f%ln%‘sl)n opgtgm% oQEgt,p%d a ﬁofa%ctor or
cdmyyrbeblﬁd:sr inanettier lEndinp beckeofIndesic embodiatents] 4 substrataior 11 gand

i ncl ude ren t I|n1 ed to, ther stablllt , pH
bigspiths sapre Hinle poRet s ORI oL SO BAB R et 1 vi fy
D5 KSRt ‘v%qyd’y“fé&eré’ gggggg},%yc@},@auy herein to refer to a

p&VEUpIOBRES Chpabie of rediRBigQSAHRMYI pbliyin d duBsrsde to yield a hydroxyl
SpeCIfICIty, receptor a oni s receptor antagonlsn1

ZroBmER RiogyFt ofomge ize 3§ aﬁ%tfee%edgm%'eﬁmﬂewema?
dlﬂﬂMecﬁB@'gNﬂﬁtH ey rédﬁ@&?ﬂgotm%nﬁ&éﬁ&hﬂ&Mmﬂ%o@deﬁﬂlopﬁlaw (NADPH)

screened to i"dentify a polypeptide having inproved,
asthé eadueidg aghint eKstofeduclasss awq@drhd@dl meluile natyrally gedurrrg @yild

&Bg)qge?oé}?aq&aggtag V\%fll a@r lﬁﬁfurz{) { E,@l%ljngg %ﬁ‘eﬁr - ugfp’%ﬁtlﬂieg

conversi on O a Su
gemeqntadﬂjythumn ofandpubeionc Keadryductasesre alte}’nz(twab'iknawn am alcohol

|I|t to r W th a subst
adPiogpes of SRFs P Bttt tBe efte Puiidh ofan glponol
gbﬁﬁ&ﬁﬂ&ﬂﬁm@f@bﬁbly of a receptor for a l|igand.[0055]
"Thernostabl e" as used herein refers to a pol ypeptide
[00B4C DEsred @&tivityaRteahPa mbautdblapropdttyVdxaibited by aet;ﬁ,@geptide(s)
t he eIevated tenperatures for the ti necessary

fog phishra Rlvrabityima besisresnedy %@m@éqsa%féﬁsli%%‘@m% iR include, but are

ndt R ifER 34 %@rﬁoﬁ@&“f?ﬁl—l@%ﬂp? sabdhakespalifibing Rhemoselectivity,
tenperatures and/ of may have I mproved robust ness

stenemge@wlw;te@psqlmrty,te@ﬁwsal?@fr\é@, stergogpetificity gnamivspesificity,
re%ﬁ?el?&iv}/@ q@ah&' Séé: g:cpoég@eﬁo?r ag@ﬁlkrﬁgxtgqa; o&ﬂ&}é’grg&r{l conversném of

t
a V(zfmtamhﬂd predmt sdledtivity, dreag ponabpemnn thereof. A phiraity may also be

A R NN e
adﬁﬁm? ducreas 40, indrbe @ Rité 68prydwh fdrhﬁtlé\lmaﬁ (i)ncﬁﬁisd irSgteancanversion
of a su‘astrate to a product, acquisition of a new catalytic ability (such as an ability to react
with a substrate with which a plurality’s parent polypeptide does not react) or an

increased affinity of a receptor for a ligand.



pol ypeptide is known. In sonme enbodi nents, the

pol ypepti de has been characterized and found to have a
w@aswiesar activity. In some enbodi nents, a PCT/US2008/001907

pol ypeptide is presel ectedito becone a nenber of a

plurality based on its sequence and/or its activity.

I n sonme enbodi nents, a polypeptide is a portion of the

full length ancestral or parental polypeptide,

[0S 6T Trermostabie’ e vaed lebreiol defeisdms polypetside twhaehsis f¢sistant to

1@%\1?\{%1@@%&%&“@) Z ttP glret eg evapeartenPc%%tugegﬁratgg P &g c?Mg]arY to effect
imattivakion 6f atsthprgatbripalypeptidd. "Elwrmxasthtye (enzygaes nmatbals;ablecm high

tompapadrgdAnd %819% ¢ tnnrgvaahudigest BoREV D HIRN PR

| ypepti de. " Parent pol, tldg arent enz
(i3 Rehusncs ot e Pacr ibed Biowr. hrispu e tRAay B serbnce.
“]ﬂ‘@iel/&%ﬂtﬂo%e thdd” SP FRe QAL RGBSRt Meah GRS ht (b4 2 PBAIBA LS the
of the plurality are related to a parent pol ypepti de.

AR iRoS6CRIAORP apalyperide iylnodinat the timeit isrghosen as a member of
th‘é h}fﬁ’l@c?t 'Irf&rﬁesen'i&ﬁgﬁénté ?neeeh%&%?thg mtuﬁﬂR?J ?efquér?ce oPhie

Jor”sol vent condrtlons. In Some embod I ment’s,
pdm@@ﬂc bl knpwhybea]gme@mbpélmmts thelpabypeptiiedsas beqme%lamfcterlzed and
r [

foglﬁgg Xy ar%%ll% chl_'ar g{}g\/ dtg Ilri 9 evo éﬁ grltg %?J@ge?tntge it Fﬁaselected to
bmmmtmmbey péﬁ)bluﬂﬂltf/ basedl vhiits bequammti&)r 313 ectgmyehm)mé

and..t he pl ural 1S popul at.ed odlne
ey peepfite s BABHIE gt Ttihel TS5 Pepey
pdlopapEtecemPrisinfiamitd Lid zﬁi@iti&h@br 8&elink |(1Qn,5gap§9rhd cbiﬁpared to the

parent pol ypeptide is nutated to becone an evol

ed
aigigp @pid ss%r%ee@fitha &l ergth ngssaalon parspiabpelyeptide while st

re%ﬁnﬁ RRtiGal hATRS (B UtRalyREa&NGAPr sol vent conditions,
he evol ved parent polypept|de is used as the

d@@ﬂ' SAB%trﬂ%ﬁ@@ﬁt’l&g oY BdrcBib:® i SerRRINY |u§‘$datotr9@r to the wild type
plurality ome enbodi nents, "the ancestral

P?ﬂbﬂ’ﬁppé‘pt Raeentt polypértide’ eniipagent oirBE” ean tsfer fempdld gype or a
mh&'f%ei %c?g(l)lggéé)ﬁggggrsorﬁ@leﬁ[lsgalm%%delttléag{ltalotrn&ﬁbetrbgfthe

ancest ra e can serve as a
plpdilippaptélated foor parerg pblype;haisn $n f@ne gebmhraents;ghwmceam o parent

| |
p%gﬁ“{j’gg%ﬁar‘é@fsg geeﬁ(gqeelﬁ étf%gérsgl&(}g&q@%for sol Eﬁt cagcslp ions. In some
erhbafifaents; the ﬂfcestﬂl&ﬁklbpﬂﬁlde isafoe ra)utsuoteheerﬂ@piﬂt&ﬁperature pH

oSG R O BRSSO P des BT & st

pﬁ&t%@ly@%t@e%dﬂ?wﬁfbﬁ'vﬁﬁarﬁf ﬁe%&ﬁé}s {2& dnd fﬁe&)hﬁalh?@%ﬂﬁitéﬂt In

ha car bon atons. gand of interest
son&aﬁi@hoslan@t% thssarent éolymnylﬁk rlfolvm r@hmtstp extremes offgiperature, pH

arﬁiﬁ&%&fv@ﬂtecondlﬂfms QEd\the g?&%@lgpfgﬂgéﬁ%&g}% t&%o@lé‘ gg]ggﬁl/ed

ntity or sequence strate of
patrmtsaolrypamdeh’etlpmnrweldtrybusmem ekiremes, ofmmmgumopreé’nr

d@w&?gcm%%ﬁ&eainﬁéwSef:v?)IGVréen %%}enlil\f?](}l\ép de ﬁg%é?ﬁe a}%etl?? %asnsefor generating
variants to populate the plurality. In some embodiments, the ancestral polypeptide is
sufficiently robust to extremes of temperature, pH and/or solvent conditions that the
ancestral polypeptide can serve as a parent polypeptide forming the basis for generating

variants to populate the plurality.



t he sequence, chem cal identity and/or chem ca

properties or characteristics of the substrate or
wo p@aneBInmy be known. I n sonme enbodi ments, nmenper/ESWDS/E1907

general class of substrateds(for exanple, substrates

conprising the sanme functional group transforned by an

enzyne for a known substrate) or |igands maybe known

to react with at | east one pol ypepti de nenber of the
[0058) &Backpondefithe palypdptidat “pdlypaptide backbonme, tépediidiaiagkbone,” or
wsupstrate itself used.to screen, th urality has not .

RN b SRR el Pecd TR ES L ol i 1 Myl amine
adidl alphe-c@bon atoink wf theipaty psptidee the .anfiD&al] sidOetiatstaddateached to

Si " nmeans an asur abl e property or signal when a
t@@%&%ﬁ’ﬁ? & tg? alPﬁagéﬁ'g‘?"r"é%fEf's with an enzyne or receptor.

pl.es of. Kkinds of signals prqduced can include, but

O i ,cafaﬁ@ag%f%ﬁrgtegﬁaﬂgwniSHPS“‘@&% epEbe
SSP4EI B R subSIEAPT 1AEark RS BRI Mmdal RIBntith RO SdencloRteon

or dephgsphoryl ation of an intracellular downstream

substrate ppligandjugedia-sereer fhe pluralifms eet&knpwn, or iannetbseppreyipusly
, E ity .
s@%ﬁ% sng*gﬁtfl? \a}lP}tr @?Mg%pe(}%lggg@fu%ﬁﬁﬁfbﬁehgd. M:some embodiments,
ths tsequspenp ehnficaliideptityr angias sheraicali propeyties dr gharelcteristics of the
Cfi oty T o )
<BR561 DL 3508, DS B oAb s o
substyate(fin exainp lensubbteatesodompridiiglthe Saopefiuadtioni] group transformed by

arh%{%?%llte {fgrna%wrgeé;g%ﬁeg %E (letg:m;ia %galgge? Elg%tylgfj tgﬁga)é(:lg I&vl?th ta? le3st one

pdlipEptil© Arkmbernatheplulia), Bt thé Hga df\htkiést o chediddie substrate itself
condi tions, such as at non-physiol ogi cal pH or

used fpearean theplurity s ngtgen preyieusly demnastgateyin react with any

mEﬁUHEJf?%EéJﬁlﬁnali{%fbe%@ ¥RheLondi tions, or has pronounced
l'ongevity at rore neutral conditions and anbient

ORBAP S5l BETR AP RESLIRAL fog SAMEF B B g

ligod repgts Wigvaroenzme er teceptors Exampdesod kinids gf signals pradeced gan

. . . t i 1y i . Op

Bl S oy FEFD! Ay OSOEA) b SR pisoreaile

plexsplagplatist, ph&paaylatien er tephesphondativs: dffaatintpotiaptomastream

ariants.,used to ulate a plural.ity have bee
efeBlar AR g eRin CrBoIREAt OB GoRvers RS FUGITAR ] propct substrate
spebific B, tchémbdel e Gvity) Stetddedectivary | ddttSspecfitiy, Fdgigsep@viyf ligand
ami_no acid residues or conbinations of, am.no acid
speeiic iy, decentos agIRreRsPEas AP3BRINR-FORVEFian Af # £9fagigk apd prqduct

sePRAVIRN GR aRFEdmtiihafioh fheatdronshi p i nformati on.
"Fi ne-tuned"” means that polypeptide variants used to

[0DODUHCHeRbR R URAL S NAY S BRE heSRIRRbEL RABRY abBANIS. For
screening of a pre-tuned plurality wth a |ligand of "
example; 8 Stobyst” epgrable ar funstionad enayee refains ith activity de harslg conditions,
b dnl g If of H4RBCralAL ! i as
s A g e L T
tempsmtunt,ion 861veEw cyphitdrisder haapramotiscetldongevity at more neutral
conditions and ambient temperatures. In some embodiments, an enzyme may be
considered to be robust if it can convert at least 20, 30, 40, 50% or more of its
corresponding substrate to a product. A receptor is generally considered operable or

functional if it can bind an agonist or antagonist.



popul ating a fine-tuned plurality. A fine-tuned
plurality of variants typically includes variants

WO p@ongsInat i ng specific am no acid resi dues orPCT/US2008/001907
conbi nati ons of ami no acidisesi dues that were
identified based on sequence-activity rel ationships
fromthe screen of the pre-tuned plurality. In sone
enbodi ments, a plurality is screened multiple tinmes,

[0062]H Pré-tomedit inbara thiit ipb Bpeptide vabiaits aded to popildie Aplunaitpbadt been

Desi gnati pns [ 0063] "Hydrophilic i.no Acid or .
resaseiiond Biad & agt drsibilar it shreplPh s ot efbymringta
contAAfing BRdciTicamiih® bditl Reiduesydoaitiitionis dfjandiho beid Sesidi@iare

zero according to the normalized consensus

selRetrdSp Rep et aplusality dagse opise@isRes-2Ftivity %g%,shis infofppgtion.
BhQluned/Heahd %al#glypgﬁﬂ_?_h/?ﬁ%{% ?/seﬁ '_’tl?sgcﬁﬁ?agw grueMiy have been

am no acids include L- Ser _L-Hs (H),
selected paged)upon aAgreer(ing of 4 prejtunad@lurality Axigh ¢ @qnd@_f iRferegtioy

ca‘rﬁg ate sibdratedRhind fhf gﬁré%nmgbl%lslg{scfrm&%cbééﬁﬁlngd Q%m%ﬁsﬁﬁa@g Been used

ers to a hydrophiTic®amno aci r esi aving a
assi ohsisdradenigeolinbwt morg refinel ov Shigkeratsolwios” pblaperiide warigts for

po&gfa&blé El t }ng-gqm%ﬂ é)?l%:algtyl R .dnggtllnuege ijur!{a% I%cf; g?:l‘?z{;lltsgtgelgglly includes

am no aci ds
vdriagRtincogporatinpaspeefic smile acliaesiduaator phybinatiagiof aminpHcitue

tq | oss of hydragen i on. Genetically .encoded acidic
reissanatoreas ReRIIRor 8 HayEr o2 0. ROTHRPS T pereen of
the BAStuedPlurifity’\dh QoME eMBSditHéats, 4 FuBIlisy {sRcrRedtvddhdlAple ltinfes, each
.amno acld or residue having a side chain exhibiting a
tipgwith ladifferentgubyfats: t han about 6 when the amino acid

is included in a peptide or_ polypeptide. Basic am no

aci ds typi-dal |y fBee peidiliesigartionéhar ged side chains at

[obaasikggﬂqihml ARlod8d bPRAFRRE kdbis @ atVarh ThoRXRIr R Résidle having a
ion. Cenetically encoded basic am no acids include
side ﬂagl th)hlthg %h)gdr?moba:ﬁm of leps/than rgro af@udigy to' the ngymalized

| . s r id '
U0 B RLALE SLAbELS i unp BN BE S o
Gertetipdllysénobargli hydtoppHic aputo avidsdhclihdesL dthr (BabtSen (%), beiid (),

' h ' t ' t
L0 LR T R BARIT T ERE bl TR IR EY
OFRITASEE s SORRE sREL BB AR odid S Rsicue
hd‘vh@gcdiar mﬂmﬁirpegﬁtﬁim #eK daloe _o{é?esd tﬁangabdueﬁ evhen tie aatinaadid i
. ac or r n ) t .
T B e ey
cHafedBlde Z:E@in%k%?ﬂﬁlé?icbhé@l R ehbBidr Y h§8dien Ph. Eenemiagy d
et al., 1984, J. MI. Biaol. 179;125-142. Cenetically
enspdedsHlinyaing sridh includfilnGuE) and Lritspd®e- L-Pro (P),

L-11 I L- Ph F - - -
[Og6ﬂe‘%aéip/3!\:migo A|c§i cgrA%ésgj{lﬁg’yﬁelferé\pé) a{ hb)Ld_rcl;pehlillic( all_rzxiho laci-cli-rorrJ re(s\igu’e

having a side chain exhibiting a pK value of greater than about 6 when the amino acid is
included in a peptide or polypeptide. Basic amino acids typically have positively charged
side chains at physiological pH due to association with hydronium ion. Genetically
encoded basic amino acids include L-His (H), L-Arg (R) and L-Lys (K).

[0066] “Polar Amino Acid or Residue” refers to a hydrophilic amino acid or residue

having a side chain that is uncharged at physiological pH, but which has at least one bond



[0068] "Aromatic Amino Acid or Residue" refers to a

hydr ophi li ¢ or hydrophobic am no acid or residue
whawbees si de chain that includes at | east onBCT/US2008/001907

aromatic or heteroaromatici1ring. The aromatic or

het eroaromatic ring nmay contain one or nore

substituents such as -OH, -OR', -SH, -SR', -CN,

hal ogen (e.g., -F, -d, -Br, -1), -NO2, -NO -NH2,

in- Wiibh the-phliRoRelectrés(sGhared in cSnithéd by tw( 4Dhiakis held ahklosely by

- NH2, -CLONHR', -C(ONR'R'. and,the Iike re
onsiieaions Cramsbaitirers PR Ay S peluds bt odacin (@
(9ot (Shd @-knHl (T).( C2- C6) al kenyl, substituted (C2-C6)

aI kenyl, (C2-C6) al kynyl, substltut ed (C2-C6) al kynyl,

{‘@-}Qﬁ'o;ﬂbﬁic ARiHBHA did Gﬁl@é’slc{u@réfé@)o & dhino 661 -oEtdd])due having
ary al kyl , substituted (C6-C16) arylal kyl, 5-10

a pideplain exhikiting » hydrophobigiyqfieretsy thanzeraAsaesdingdo the normalized
&E&%ﬁ?ﬂﬂbpho@{cifg sEﬁé‘PﬁEn@&bﬁFg{ erPaf%haJ Wbl FHiol. 179: 125:142.

substituted menber ed oaryl al . Genet1 cal 1;/
Genrsisaldiensodaddtyideophabinemard apsdsi lndlldﬁjb-PEO GPaeL(IlF)(I) L-Pg (F),

LT LA Chetr Al
[dﬁ%éf‘rlgfg%gﬁy hh{i‘ncp Aydoog 513 O’rrlefeps t%%qﬁlgropﬁlﬁlc%r gzdrgp}%bri]c amino

roarona
adid as&srﬂuebla\mg eamdaclmmtﬂmt:mcladeschu daaast[dh@ @8imatidion hetetoaromatic

id Resi d f t hyd hobi
rigy ) TP O e R R Euftn CER T RE St Bych as

-GH, {ORS1SH, othaCNphhlaguix (efal,ch, ml,SBbOI)QS\I(DZI -WO, cRHR WaVHR”,
lﬁ@'r of electrons shared i n _commo iNtWO atons_i s :

b QR helOXuA QOB - EBRR els HaoCEPUMRR (i . e.
-G(OSNRPR® a8 Nkd, SVHRRL cabR 'RarIQ mdgfe%édtté/atb'l)(:ff)‘ @98/@' %Qbstntuted

non- pol ar am no aci ds i ncl ude

(@ ralkyly (CACRRkeph seiuteda(3- e RAkgb HEE-ConkmA | ¢
B RATEL LT RITRR, (50 ) kRSB ST

aryhadkiyth,. sulmmeed (G;ﬂ Cj/6)em3dalltglj Sall0i mpérabered Mmm'yhsub;tsmted 5-10

L- Val , - .and L-11
mebertBereicand & membeiEt fefaptakior st i 6 mempruse
hdtérp@@lhllfy@(fjﬁbﬁﬁtﬁaﬂﬂ)f érndeddy ardlgﬁﬁc avhinb acidh iiclude CyBhe((€), L-Tyr (Y)

| dS

am no ac ther S
ang, fi- fTﬁya‘W Alélmgg ﬁéHS 'é"&f‘ aéov&ﬁ%@ bagig g3sidup owingdg the
pK £6f mroarsﬁbﬁhdﬁusg&i £bM ebe@me% RR¥e cAdth Mehases dheteRAtomatic
contai n sul f hydr hoi eties that are available for

ring itraay 4sp bﬁrcl@ﬁs wpfasa@ar@maagwduvhe ability of L-Cys

OéCQ (and other anmino acids with -SH containing side
(096 -padaréenisp Acid er Resptucd eefers teed hydspphobic anaipe aed or

L5 6 g 58 s 9 S o
Whlycbl nl(emam df electnamsabared irt cpmmpxepy twieatomiiid Bntraﬂ,y §eld @qually by
eofPhiRel Sa fot LR R S ehgta X pol polRer CERESG ehRpld forspotar
arfino ,ac1119 i luds WPy (L), IL- vnas(\t)oLne: Uy devist @Ochnt IILaAlaf((Al)

pur poses of the
[0070] “Aliphatic Amino Acid or Residue” refers to a hydrophobic amino acid or residue

having an aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids

include L-Ala (A), L-Val (V), L-Leu (L) and L-Ile (I).



present disclosure L-Cys (C) is categorized as a polar

hydrophilic am no acid, notw thstandi ng the general
web@assifngat i ons defi ned above. [0072] The am POT/E82008/001907

Gy (G is also unusual inighat it bears no side chain

on its a-carbon and, as a consequence, contributes

only a peptide bond to a particul ar peptide sequence.

Moreover, owing to the lack of a side chain, it is the
[Ty The amiroceid k-Cys ¢Opis aﬁnaﬁmhm thatiittcah dorimndjsa idabtlidgea with

ofi B8 LB RHE peobsroira et Ryl e Bhnfoistige. The

“@s&ﬂféhﬂ(e@es{nﬁle@’eﬁbﬁlﬂl c@teind and &Qﬁfhmlﬁdmﬁc&)thatfo@ﬁtam sulfhydryl
pur poses of resent  di sclosure, g %?\‘orl zed
m@setlswhat 3B Hé%‘laéleafﬁﬁ ﬁ?an%mncpf&esu}fé@.ba@ées [167@71 fhitoas kg vs KO

(dn@othet AmidoSackiR i - sﬁtdoeﬁmlhgs.e@afam{s?itcf@&st o4 Héﬁlde fih&ther the
amno acid L-Pro (P) is al so unusua

t
et 5o oo dis ooy dE e RO eBiA WISTGE LAES51(C)
ol it darildoid Ay Gt SREHEed ) RBHAL WRIOERE S b

ermni °so as not erlousy
exHilgitsst ydedphokicvy of ha9 p@ioybm)tm tbesorhatizddconbdmems/ssale ofis

b AR CRb e 1Sy o rigp Rl haffor guppgpes of the

pebdiit HBtlosure REOysEY hm&lgbijzdzimﬁ Qtpotr hediopliitis atlitmsacit,

i nt sitio 074 Ami no Acid or
"‘Pﬁ@’tg ”‘é) &FRere 6135%22‘ %d%fme& 3BPV& esi due having a
e chain th comosedo a total thre r. fewer
l“&a?bw AP 5?3 2%15@ Hé‘“t‘%‘?[:‘l“d?ﬁtﬁ'gbef‘ﬁé‘oas"@é?‘%r?“dﬁd
ataéﬁ;oﬁqswsa)s a cORRqadmt, |coﬂmbﬂfés BfilydSpeBfidd @osfddu %afmmapsepude
further categorized as alip atlc non- pol ar, pol ar or
sequérntiec Maredver, amiimgtoghd lek of a $lé€ﬂdmast is the cabcgnndmwe-encoded

o s By RO AT TS S AR ) () HBPT o pbpiciy of

0 @@hccokdn‘l‘@t’b th&horntaliZed cdn&9nsud-scalerof Elgenberg (E;se‘i«ﬁ)ﬁrg etal., 1984,
0075] "Hydroxy 1-contai ning, Amno, Acid or

SLmé@: BUIPPss of theynsessnt %ﬁﬁl%area@mls(%tegweeaéarbe}mhamrﬁ@o

add Bydsiayy! (-OH) noiety. CGenetically-encoded
hydr oxyl - cont ai ni ng am no aci ds include L-Ser (S)

[dﬂﬂ]%w(npm ?5‘1@ td—l‘tsT cVJnf((r&tlor[a ?%@ﬂist%eﬂ"nhﬂuré’ %e%ﬂﬁ@ gdiateslo ()
hose o he ar t he above- defi ned

elggwabsAhh@ghdtls nmgmlzwh@mla§9|hvér0ph¢td@@am0tanél or residue,

it ‘é\ﬁh ?&ilfg &?tnr?ﬁ,? tﬁngfnfffqﬁtj, /51‘% g?flnﬂglaétog anfjt%Sdeleterlously

aﬁf@t Ehgcsrruasree»f MOlymptldasmnMn chaG:\@gcas yvnll 'ﬁh ap;precamechby skilled

cids, havin i de chains .
o RRyS: o BT DR Mgt B r iRt 1 eh e TR conformationally
cofisirdingd aesidies @ointeesal pésitihsspeci fi ¢ exanpl e, am no acid
si de chai ns having heteroaronmatic noieties that

[0on4] bSiaall ARiiZAALR Jr@esit aet rofess toSuGhiRsSadill 65 refilye having a side
exhlblt both argmatic properties, and Pailc properti
LG d/or

chaithatis comResed §F & tqtal tlilrﬁcé War ¢agbon an eteroatoms exclS(ihg the

a-carbon and hydrogens). The small amino acids or residues may be further categorized

as aliphatic, non-polar, polar or acidic small amino acids or residues, in accordance with
the above definitions. Genetically-encoded small amino acids include Gly, L-Ala (A),
L-Val (V), L-Cys (C), L-Asn (N), L-Ser (S), L-Thr (T) and L-Asp (D).



both the aromatic and basic categories. The
appropriate classification of any amno acid or

WO e@bmdsosv | | be apparent to those of skill i nPehESzN0$/001907
especially in light of theidetail ed disclosure
provi ded herein. [0077] Wile the above-defined
categories have been exenplified in terns of the
genetically encoded am no acids, the pol ypeptides
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encoded ndeed addlt

cGRAERE 4P Mo EHESHE Boichl naeieurB- SRR SRyt Miaiging amino
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non- encoded ami i ds c t he pol ypepti de
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athin@iab RS flof alf dtehdbtRoadiheARY &téﬁ)n&i"&{c dpt the aromatic category.
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ni'trophényl al ani ne (Onf); nltroggeny al"ani ne ( Mhf
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yanop I ne
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|, 2,3,4-tetrahydroi soqui nol i ne- 3-carboxylic acid
(Tic); b-2-thienylalanine (Thi); nethionine sulfoxide
W@ MBoposIdE W) - ni t roar gi ni ne (nArg); honol ysi ne BEi/ys3008/001907
phosphononet hyl phenyl al ani ne (pnPhe); phosphoseri ne
(pSer); phosphot hreonine (pThr); honpaspartic acid
(hAsp); horoglutanic acid (hdAu); |-am nocycl opent-(2
or 3)- ene-4 carboxylic acid; pipecolic acid (PA),
trﬁ‘klet'dmhthi}ép}ﬁ:nykafabme}([)lt&, 3amﬂlilo(oﬁ®®l)ylphbnylalanme (Mtf); 4-

el s T e bR pstaleniss Ak PSRy apoine

(MY wadmln@nétﬁﬂphanyldnmm @aminne, 4(dwﬂur))phda@mmnaiel (Opef); 3,4-
( th{?i] homoi sqgl enci ne hI I e;l éﬂiﬁ %L(g} ine (hArg);

digplgeapnny1algning, dMpody Ao ugrom envialm P\? i2%aci d
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ﬂﬁ%gl q% t | scrl gﬁ%yﬁd‘%ﬂg&n(%%ggs%l%%mhﬂgs&eﬁg flfr?'la%)agme

(fAﬂnOathnphbrwlalhmee(lﬂ’ﬂle)s Ihombtymsntel(bTatr);thoqmeptoehgl (hTepye

ous no .ac 1989 (
oA Bt BRI R0 POl b SR e (a2 >
diBhalytdanine(REa)P8 @atino-Bephenygahtagic ktid (Afp)g&mcﬁilaﬁﬂnﬁ(ﬁtn)
the references_ cited tﬂ@reln all o

1.2 detehahrizpainolias-draafromy li aﬂ%@c)aﬁﬂﬁ@wa&a@gwme
mbmlcﬁl'lﬁerk%l'foila@(Mso)oN(\% ﬁl%&‘g%%&?@ héRY&he {HI Sﬁ of

recogni ze am no aci

ph@sh@@é@thw@épm@iaem@l épn@l?m;’) rphpsnhoeqrmerﬁgst‘g)* @hwhmhyeoau@o
GREIPRREshR: BANPED, SR ARRAL AT OGS Tfhiporyclopen-2or 3>

engkd cdtbaxylit héid; pipselibetid RA Y, ezdtideneal-carbdxytic aatleégﬁiui\y, 1-

Lot Ene S e S RSB oy
hdmodlandey(h At nessudifne MiyVal); homoleucine (hLeu’)\I_hgmovaltmhe (thal)
ester xan

b
hcrfli’%‘f‘ﬂ?ﬂ?;e“%ziyll I %@ﬂ%{grpmemﬁé(&)oﬁ)ace@yelflmwslys( t0s),
2 M&:@n&ﬁiﬁﬁi’d acid (ﬁﬁu) {3 ARA%Ydbut Jﬂﬂ:dac-a’ﬂfag beRetlylvaline (MeVal);

Non-encodi ng am no acids that are

hémweﬁpm(h@ﬁwhmpé@rsrter(h‘ﬁ%dlyéroxm%me tHyp) ped heraenrplires(hPro).
ﬁ@lﬁ&'ﬂdl g@ﬁj eﬁk%'agd Q}nﬁ%yacﬁig o?@mﬁ%?jpd(lﬂggﬂg% depél‘fbeé‘ﬁ en\%ay be

Imte am no aci i guration
cdmpxmechwdybd mpemlt (OZhQﬂe o8 pkill ne the-acte(sdzor g, the vacipes amino acids

prﬁoi%e& a%mgr(l: 1%’8_,9 a(;lgé Pgai&ﬂial %{an%oo?( BiG ar%ls gnd Mochular

nopr ol Tne ( am nocyc open ane- car
Biollc%ya(_?.Rd Preds OB&@|Raldre FE| atppi B}Mﬂdﬂh&reﬁreﬁobﬁcnted therein, all of

eneti.cally encoded an rtain conmon n- encoded
W&'ﬁFﬁB’ ol @g %F‘i’?@“g %F‘Pf’s AEURQIATS Y e'f‘ueH&‘H tg‘bbv%’
D%gﬁ@imrlzed in Table 1, below. It is to be

understood that Table 1 is for illustrative purposes

[00M8YTHYSoRABINRE a® WilPRicbgrife that amino acids or residues bearing side

chain protecting groups may also comprise the polypeptides described herein. Non-

limiting examples of such protected amino acids, which in this case belong to the
aromatic category, include (protecting groups listed in parentheses), but are not limited to:

Arg(tos), Cys(methylbenzyl), Cys (nitropyridinesulfenyl), Glu(5-benzylester),



be an exhaustive list of am no acids that can conprise

t he pol ypepti des descri bed herein. O her am no acids
woexosasees fi cal |y nentioned herein can be readP¢TUS2008/001907

cat egori zed based on their 20bserved physical and

chem cal properties in light of the definitions

provi ded herein. [0081] One or nore |inkages, but

typically one linkage in the pol ypeptides descri bed

quxmtwlmnm@mmpr)asemona Hisbearyl), Hig(tos), iLyk@msc)rys(tos),
b n t uat.i on ere the pol ypepti des, ow ng
S?fZO-B’ﬁP%y ) ath @'&’Fnzé’hﬁﬁi Ergf sbenzyR under si gni fi cant

C rmati onal strai.n en conposed ol I of a
(G0 R S hendsmeish e s (e B o e Eoeg Ol aghigh the
p&l?'ﬁéiﬁlﬂés dRYriRE heRIPAGE Be @ém;ydséa URlud¥, lﬁiﬂ}ire%ﬂhinﬁé& oY N-methyl
atons suitable for linking two ends of a pepti de or

apépacis (nvanfeyratinget lh@mnowdﬂp@ms(Mﬁ)weﬁ%r‘ﬁa@owlmcm Je
g@ o‘?fc'a@ﬁi %ﬁﬁnn@% éa%dipﬂé £4d; % ﬁ?@fn@?ﬂﬁo?'ﬁqd ethers or

hefs. In a spec 1 C e ment one 1|1 nkage
lfaapmc@selnp@tanqb)arbmy aeilH-, -C(O-(CH2) m O,
qO-(CH)MS, -C(O- (CH2-O CH2) p- NH-,
[008()15 he mxf(@ammtl@gemtmn}( @)co(iezl-@@ecbmqgmon ngneaneoded

anfmmlozglcn 0 al %ﬁr? asto til%?am: Orlﬁ dgﬁx%g%bgvé szl: g\ﬂnﬁx%%ﬁqé Tagl?m ﬂelow

Rer 'Sarta ers,
Itdyttteamideistogd fat Ypdpt idies 1llustrhtud:| pugpcsescdnly amkdires potvpulrport to

eaparen.t those.of skill in.t art. T

S SRR BR bl i i R Bioed B pepdesiiibed herein

O@leﬁ&ﬁirfol defdsin8N$pebifioglBl rhermidhe @ RerEGanl 66l reammeatégdrﬂsd based on
Non- encoded Ani no Acids Hydrophobic Aromatic

th|q1rfo se}yveq,phyp,lcalpaﬁe chq@lpal pﬂ;ﬁertleﬁl% llgliﬁ(ﬂff t edqﬁnltquf propfdpd herein.
hPhe Non- Pol ar L, V, G

(4981 EQne ommere Iktace, buNry@w VB¢ !mlaga m'ibsepwemdss descibed

hébin di&% B re§ént L-'lmlkeraSuc\/h llrilkerg m;a_ﬁ’é usefll l?n sﬁllaﬁons'\@gré’ the
Bua ug, Nl e drophilic Acidic D,

pcﬂypbptléesgawmg lmpar}(to tlheh smkll sme amundealgmﬁlqmtgonﬁoaﬁanonal strain
WPQIP ¢on%%)k§ed wholly of amide linkages or the other linkages described above. Such
linkers may be composed of virtually any combination of atoms suitable for linking two
ends of a peptide or peptide analog together. Linkers can include flexible moieties such
as saturated hydrocarbons and ethers or polyethers. In a specific embodiment, one
linkage represents -C(O)-(CH2)m-NH-, -C(O)-(CH2)m-O-, -C(0)-(CH2)m-S-, -C(O)-
(CH2-0-CH2)p-NH-, -C(0)-(CH2-O-CH2)p-O- or -C(0O)-(CH2-O-CH2)p-S-, where m is
an integer from 3 to 5 and p is an integer from 1 to 3. Other suitable linkers, as well as
methods of synthesizing polypeptides including such linkers, will be apparent to those of

skill in the art.



Polar C Q N S, T¢e¢c g, n, s, t, CGt, AcLys, Mo,
hSer Ssmall G A V, C N S T, Dg, a, v, ¢, n, s, t,
wa@2g00082pP8 | n t he pol ypepti des descri bed herei nPCT/82008/001907

synbol "~" between each speeified residue X'

desi gnat es a backbone constitutive linking noiety. In

t he pol ypepti des descri bed herein, each "~" between

the various X' represents an am de or pepti de | i nkage
of thefollovmng pol arity: Talﬁ@@) NH- . Is to be

under st however, that ol pt cr.i bed
her F‘ﬁ“‘ﬁ‘aﬂ“i rcqrie %’i‘é‘PBﬁé"IOBTEE'B‘é‘ W %‘x‘/ﬂg&@ﬂﬁs‘ﬁﬁ%‘“’d‘ﬁ
Classificaitnie or FnwedediaminmRgidss are relﬂwaewdﬁﬂﬂmlao Acids

A’g § substitut ed am de |inkage, an isostere of an

am dArématiage F, &f, W Bbept i do or am de firy,meth, ®hg,i NdaTE, Tic,

Thus, when used in connection w th defdfOffgMtf)eff, hPhe

various X' conprising the pol ypeptides descri bed

her eNen-Poler t @, TIMsGdaeP refers to If i, fag,eapBin, Bag,

si de chai n noi ety(l es) of the desi gnaVene, NTe,Me 4l dhgr

class of amno acid. As a specific emg@lfemgiefl ni ng

X1 as being a "Ay residue" nmeans that X1 is CaH2.

Def i Rh Radtl ax being an "Ala residue’, geANDHNR, Xia MeGly,

C HCH in which the Ca carbon is in elg&e% QVIg'e @ﬁa Nle,

L-configuration. Defining X1 as bein QVal" resid

means that X1 is CaHCH3 in which the carbonlsm
H&E? ll(fom‘l guration. [0083] Substituted am de |inkages

P may be included in the pol ypeptides descri bed
her eAsidincl udé), Bbout are not limted td);e gr oups of the

for ) ereR2|s(C106 - (10
aryl ! a%ﬁbstlt% R cs-c10) aryl, mg’ t¥§Tg,’1)af’

substltut ed (C6-C16) aryl al kyl, 5 10

heteroaryl substituted 5-10 menbered heteroaryl 6-
Pelar nenber ed hét & dadylal kyl or subst i% @td: G CitEACLYS, Mso,
menber ed heteroaryl al kyl . [0084] |sodtSéfes of ani des
that may be included in the pol ypeptides descri bed
SmeHei n gener al&W.ihéL NS, TORt are nots i wict &, t. 6,
-NR3-SO-, -NR3-S(0Q2-, -CH2-CH2-  -CH=CH (cis and
trans), -CH2-NH, -CH2-S-, -CH2-O, -C(O) - CH2

(0853 Lihego yieoldes %ﬁ@%mﬂﬁwﬁ?ol £ fvenh cad Spw%ed

resiaue K" deHAHeS aFAYKBMRe cOiskitiod lihking hdifp! MaPpbogeeptides

described herein in either the depicted polarity or in

desprbaddhpegineaghhf-a hef\yeenpbf‘p‘(qr@és EnEQPsEENts A PRflerng PSRHds linkage
oﬂﬂ@ﬁﬁiaxnhﬂ';xfg f;dléllft 9-%%0)%%1"\@ ik tF6e 6%%&?&;% ﬁ’éwévlémtﬁh@%ﬂeﬂ ng

sSuc 0gs, re wel known. See or exa
p&ppepties desgigd hé@epmmd icide kivdogs afpaptides it W wb ohe prmore

arg;nlg Wbﬁ%ﬂtée ﬁ:lglf(ja%%% Igl%s ?5&&% rvé&og lu@é‘?é} 9 hﬁ%‘g%ﬁ an E]ﬁ 19 'og @%‘prt‘ge

liggage, such as a substituted amide linkage, an isostere of an amlde lmkage or a peptido

or amide mimetic linkage. Thus, when used in connection with defining the various X"
comprising the polypeptides described herein, the term “residue” refers to the C, carbon
and side chain moiety(ies) of the designated amino acid or class of amino acid. Asa

specific example, defining X' as being a “Gly residue” means that X' is CqH;. Defining

X' as being an “Ala residue” means that X! is C,HCHj in which the Cq carbon is in either



267-357 (general review); Mrley, 1980, Trends Pharm
Sci. 1:463-468; Hudson et al., 1979, Int. J. Prot.
WOe®9/0d8908.77- 185 (-CH2-NH -, -CH2-CH2); Spat ol BCEUSZHNNS/001907
1986, Life Sci. 38:1243-1249; Spatola, 1983, "Peptide
Backbone Mdifications: the Y [CH2S] Miety as an
Am de Bond Repl acenent," In: Peptides: Structure and
Function V, J. Hruby and D.H. Ri ch, Eds., Pierce
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Hann, 1982, J. Chem Soc, Parkin Trans. |. 1:307-314
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[0085] Alternatively, one or more amide linkages may be replaced with peptidomimetic
and/or amide mimetic moieties. Non-limiting examples of such moieties are described in
Olson et al., 1993, J. Med. Chem. 36:3039-3049; Ripka & Rich, 1998, Curr. Opin. Chem.
Biol. 2:441-452; Borchardt et al., 1997, Adv. Drug. Deliv. Rev. 27:235-256 and the

various references cited therein.
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ApplizgtisraPwlication No. 2003/0073 109; and methods for biopolymer engineering
using a variant set to model sequence-activity relationships are disclosed in PCT
Publication No. WO 2005/013090; each of which is incorporated herein by reference in

its entirety.



differ wwth respect to one or nore of the follow ng

properties: rate of product formation, percent
w@emweidon of a substrate to a product, or perPCENS2008/001907

conversion of a cofactor. P8093] In sone enbodi nents,

at least two nenbers of the plurality are operable

over a broad pH range, such as for exanple, from about

pH 2 to about pH 14, from about pH 2 to about pH 12,
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temperatures, such as for example, a range of from about 4°C to about 80°C, from about
4°C to about 70°C, or from about 4°C to about 60°C, or from about 4°C to about 50°C.

Other ranges will be apparent to the skilled artisan.

[0095] In some embodiments, at least two members are operable in a solution containing

from about 10 to about 50% or more % organic solvent.



the am no acid sequence of each variant is known, and
wherei n each variant conprises at | east one nutation
whp@e08908 af f ect reactivity with a substrate tPCPUSZNEE1907
a product, and selecting twe or nore variants wherein
at least two of the selected variants react with
differing |l evels of activity upon a given substrate.
In some aspects, the present disclosure provides a
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wherein at least two of the selected variants react with different substrates.

[0102] In some embodiments, the selected variants can be placed onto a surface. In some

embodiments, the surface comprises a microtiter plate. In some embodiments, the surface
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[0111] In some aspects, the present disclosure provides host cells which produce the
variants identified in the methods described herein. In some aspects, the enzyme is

recombinantly expressed by a host cell, and the host cell is a member of the plurality.
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[0118] In some embodiments, a sufficient number of variants of the pre-tuned plurality

(e.g., greater than about ten variants) exhibit activity on a candidate substrate so that
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occurring wild type enzyme obtained from organisms such as Saccharomyces cerevisiae,

for example.

[0127] A representative list of families or classes of enzymes which may be mutagenized
in accordance with the aspects of the present disclosure, includes the following enzymes
and their functions:
1. Lipases/Esterases
a. Enantioselective hydrolysis of esters (lipids)/thioesters
1) Resolution of racemic mixtures
2) Synthesis of optically active acids or alcohols from meso-diesters
b. Selective synthesis
1) Regiospecific hydrolysis of carbohydrate esters
2) Selective hydrolysis of cyclic secondary alcohols
c. Synthesis of optically active esters, lactones, acids, alcohols
1) Transesterification of activated/nonactivated esters
2) Interesterification
3) Optically active lactones from hydroxyesters
4) Regio- and enantioselective ring opening of anhydrides

d. Detergents



2) Introduction of phosphate esters 3) Synthesize

phosphol i pid precursors 4) Controlled pol ynucl eoti de
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phosphat e bond formati on wid3shout protecting groups 5.

Mono/ Di oxygenases a . Direct oxyfunctionalization of

unacti vated organi c substrates b. Hydroxyl ation of

al kane, aromatics, steroids c. Epoxidation of al kenes

d. Endftiiswineatione sul phoxi datione. Regio- and

st er %I ective Bayer Villiger oxidations 6.
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o rbrapepids wadeds unad W P on T Fastie cpoxi oo
e. Transglycosylatlon of disaccharides, glycosyl fluorides, aryl galactosides
f. Glycosyl transfer in oligosaccharide synthesis
g. Diastereoselective cleavage of beta-glucosylsulfoxides
h. Asymmetric glycosylations
i. Food processing
j. Paper processing
4. Phosphatases/Kinases and dephosphorylases
a. Synthesis/hydrolysis of phosphate esters
1) Regio-, enantioselective phosphorylation
2) Introduction of phosphate esters
3) Synthesize phospholipid precursors
4) Controlled polynucleotide synthesis
b. Activate biological molecule
c. Selective phosphate bond formation without protecting groups
5. Mono/Dioxygenases
a. Direct oxyfunctionalization of unactivated organic substrates
b. Hydroxylation of alkane, aromatics, steroids
c. Epoxidation of alkenes

d. Enantioselective sulphoxidation



e. Hydrolysis of steroid epoxides 9. Nitrile

Hydratase/Nitrilases a. Hydrolysis of aliphatic
WoRaiotsess t o car boxam des b. Hydrol ysis of ar oP&l/U682008/001907

heterocyclic, unsaturated abiphatic nitrites to

corresponding acids c. Hydrolysis of acrylonitrile d.

Production of aromatic and carboxam des, carboxylic

acids (nicotinamde, picolinamde, isonicotinamde) e.

Regi @ sk¢g6-tand &tebaod¢iedtive iBayet VAligey okidadomsi tril e f.

.Fll tgha. -am no acids from . al pha. -hydroxynitriles 10.
6.7HaloReRIda%8sa. Transfer of anino groups into

0X0- ACHLIathR AAHRAH GEhAMenon AGHIdRoplilic ditednsfer of ami no
groups to ketones to produce chiral am nes. c.

Resot-ubfidiHomef pohalpusasidsde olsfinicbeads er of ami no
gr oups ﬁlgc}gg{,&g%%yégpmﬂgegases/AcyI ases a. Hydrolysis
of arri%le , a

m-di nes, ‘and ot her C- N bonds b. o

Non-had etivatedamdomaticasybsiratessohvaried to artlp andmaraeddriyatives
For mat{ on. ] PRy 1.0es and carboxylic
aci g , i'gg{kg{oggggglgelge%qgZsl{aﬁogg}r%t %r educt ases a.

Reduft tHeeroatbmkexidanies of sulfunandhitragandontainibg siRegakut i on

of chiral, al cqhols by oxidation, to ketones. .or.

a1 ey aRgatonsst ntargtied kst 88 deth RER AR g -
7.dDigainePdpeNidise/Diard pigpaga PeoRidasesh an el ectron

Wi t hdrawi ng group, e.Cg. carboxylic acid ester,

ni t ra.| @xidefivercigavigetad C-§npndpe | i ke. [0128] This |ist,

while jllustrating.certain s i fic aspects of the
posst?'b¢§'d% §“%#‘°1a[f8ﬁa‘%%5§§*l¥f*8§ i s not considered
exhad)sfiydrexyanibndI®enAydit c®bhs ay the limtations or
circunscribe the scope of the disclosure. [0129]

Exan‘bl%?“%‘_fdi@é'fifﬂﬁioar receptors (and their
Cor r &SpaekyIstion FADENE bR ¥WErhr &iBRWN I n the art.

Exenpl ary receptors include, anong others, steroid
r ecelpt(@eayage 9t legnimaldelydept ors, growt h factor

3 rgl%&@geq[l;»dmfa&tsr acel lul ar kinases, tyrosine receptor
‘kKI'nases,

a. Synthesis of enantiomerically pure bioactive compounds

b. Regio- and enantioselective hydrolysis of epoxide

c. Aromatic and olefinic epoxidation by monooxygenases to form epoxides

d. Resolution of racemic epoxides

e. Hydrolysis of steroid epoxides

9. Nitrile Hydratase/Nitrilases

a. Hydrolysis of aliphatic nitrites to carboxamides

b. Hydrolysis of aromatic, heterocyclic, unsaturated aliphatic nitrites to
corresponding acids

c. Hydrolysis of acrylonitrile

d. Production of aromatic and carboxamides, carboxylic acids (nicotinamide,
picolinamide, isonicotinamide)

e. Regioselective hydrolysis of acrylic dinitrile

f. .alpha.-amino acids from .alpha.-hydroxynitriles

10. Transaminases



nmet abotropi c receptors, G protein coupled receptors
(e.g., seven transnenbrane receptors), transcription
wo a@voosps et c. 5.3.2 Chemical Synthesis of Pepp¢T©S2008/001907
[0130] Pol ypepti de conmpound2 may be prepared using
standard techni ques of organic synthesis. For exanple,
pol ypepti des may be prepared using conventi onal
step-wi se solution or solid phase synthesis (see,
e. g. 3. Tassferoaflamippgoaphies ¢xo-idids tSpridaesamsinofaciBept i des
and Praoteins, . W.llians et al, FEds., 1997  CRC Press,
Bocab RUEaHeRALaming kB Bkefnies B pgush Pl ATES P
Sol i ¢ Rhakgioffepthitht aminet be lassferAdRiigd groaps thkptoaach,
Chgn _éﬁV\hi te, Eds., 2000, IRL Press, Oxford, England,
Thndmidepesracylases cited therein). [0131] Alternatively,
pol ypeRydrdfsic OFRA R SnlldiMed) @anPb@BAC EN Baydyvay of
segnent” condensation, as described, for exanple, in
Li u et Nen-natured aminopstd raspdetiosrandsynthesiy 7) - 933- 936: Baca
et al . Forrh3Qeh ofamidéFondSHRM amies ardlcart&Sfic 288 estdRl dhd
et al., 1995, Int. J . Peptide Protein Res.
amle909- 216; Schnol zer and Kent, 1992, Science
221-225 Liu and Tarn, 1994, J . Am Chem Soc.
1%‘?@??6%":‘%1%-4153; Liu and Tarn, 1994, Proc. Natl.
Acada. R8ductiohSAk&odesad 8Hird a&Bholyamashi ro and Li, 1988,
I nt. . Peptide Prqotein Res. 31:322-334. T
condumeseliB ofbire] demoReRidatn KRk o Bss
1 BYPidne RiedidigsepOl ypepti des conprising Gy residues.
O her et hods useful for synthesizing pol ypeptides are
desct Rsdertion oflkSiankledonds in conpygafiongwith ateleqtyonyyithdgpwving
grblf /D84S AR acllQsieP el Afird, Rétb, #dqnPRIRYL | de anal ogs
may be synt'hesi zed using the various nethods descri bed

[0128] T¥s i & RhfN TR Sirfink 6k tdif sFRIMELEPEN b Mhd PosRBIR1zymes of the
i sosteres and am de and peptidom hetics, supra. [%)132]

diselpspie it fiod onsideprsiaxdisustivm aizd des gohportmithe lim@atiensrirnal
ciréggﬁﬁﬂii&qhgEc%#@%fﬁ@%is@ﬁ)s Lepared using standard

gues of organic chem stry. For exanple, nethods

4351 SR SRR ML ] P OERBh0 B
invig¢ art. kKamplarg rédeptoar includd demngfothees; styioreo¢ters, cytokine

nmodi ficatjons at the N- and/or C-termnus will bhe
re&ﬁ’g%{ﬁ’eﬁﬁ?w{hgtg?tﬂ‘o@%epé?rs’éRﬁr‘fﬁeH}'lﬁr FifasesyTosIRE reeptpr ﬁ%s&%
mefabffopicietepidsaGpratidoggied recéptogi(é.gnadvieh treSsnenbide be

necessary t,o,atéach term nal bl ocki ng groups. [0133]
repehtorab fraRcHPiQN Beors: 86 | i nkages, if desired, is

general ly conducted in the presence of mld oxidizing

agents. Cnbfi cal CBRPiGRIARGeaishPPlitay be used, or the
[mgﬂmﬂ%tiﬂ@%nﬁidﬁﬁbé’mbﬁb@&{éﬁ&é@ udifg XhATAEPRENHi§ued %Y 88Anic

to effect these |inkages. Various nethods are known 1n
sypHhesiar For exampledpelypaptieesemabe piepared using casyantisnal stepywise
sol@lod of olfd phasél%zl%es@ﬁ%,heegc’.! Ehemical Approaches to the Synthesis of
Peptides and Proteins, Williams et al., Eds., 1997, CRC Press, Boca Raton Fla., and
references cited therein, FMOC Solid Phase Peptide Synthesis: A Practical Approach,

Chan & White, Eds., 2000, IRL Press, Oxford, England, and references cited therein).

[0131] Alternatively, polypeptide compounds may be prepared by way of segment

condensation, as described, for example, in Liu et al., 1996, Tetrahedron Lett.



955-957; Stewart et al., 1984, Solid Phase Peptide
Synthesis, 2d Ed., Pierce Chem cal Conpany Rockford,
wdaim9nosdpsred et al ., 1975, J . Biol. Chem PCT/US2008/001907
250: 8477-8482; and Penni ngt®n et al., 1991 Pepti des
1990 164-166, Gralt and Andreu, Eds., ESCOM Lei den,
The Netherlands. An additional alternative is
descri bed by Kanmber et al., 1980, Helv. Chim Acta
3R 3): FBA9IB] Bacaetrmb} 94, E ofishuctheoh. Bocs ol 7:d8&lup§sar Tamiesal., 1995,

koL PepligBrlein kA A% 21k Remel it o Ky B S ¢

2560220245 uhfdndel“alm nkages Al Cheén p8by pEIBLi0)E349le 533 Lheghd
y . be prepared or

herein. [0134 QIcllc pept i de
Taras\ ¢, ?rpenNP%# Abh i HRAGH: éﬁSﬁgﬁSé& Yamashire ppcLi, 1588 1nt. 3.
P&iab Pidile RRONSIS 3208 NErTIR déﬁd&ﬁé’tid?n&e&{md%@ adndr@ediy useful for

cyclizations, either directly or of an opt’i onal
syntheriaing pyhyeersides Femprising Glcrepigyesh éy bqfetpﬁébféta ﬁfgr any

[ fi I

Rl 01y P Pl R R PR L L e e Soo
1Q7e1ﬁ87d7@92;r P@lepttp'tides thatadro geptisly abdogﬂmpabeesyntmsmmmrg the
varslﬁgg %%%88%2 gecfgrll())eﬁl R gls’e rg%ﬁ Cn%nve eh Ialro (gc?nngsgotnm | thm rﬁ dsségteres and
amiide hihd peptidsmirgetivs anpar d chem stries. The i near

pol ypepti des can be cyclized with a |inking group
[GDEZd]V\Bﬂyhpebh&e ?dﬂipcﬁlﬁdsmdh'ta,lnlbgmw%m&emﬁm?bmdﬁlngIgdoufpg €an be

side,chain of an anmino acid .n the peptide o [
praeared uyihe sandapd t5ehniguies of ganip QLeTRIRE Eor e Rl: BePrgs for

a9 fakielg tHerN-ttJiﬁmﬁﬁQ)tfh?S iffe o@@&tda@hﬁg dLEdteraY inY She CQlidriitls®f a
procedures for synthesizing the peptide and peptide

Pepiide argvedidnominga therpst: dylpdes 4 cafying aesmpdifipations at the N- and/or
c‘%é}ﬁml?st&l'u%% aEgz{re{&X& Hod @&kﬁumhg%e g{ig 310d@sr &f >P’x\@ﬂh&nng any

known in For references to s esl’s
sidef- Cha}«cfumctlcpweptwsobesnayrbe neecsday to aftach teminadi blookifig groups.

al ., 2000, Biopolyners 52:31 1-332; Camanero et al,
[01998F0mmglewof djsel[ﬁiﬂe linkdges, Eoides3&d, 18gbﬁetaﬂgcoﬂdy|ct¢dm thalpresence

0 j“'?‘gnﬁ“g‘&g‘é mg l5§fé (é%ggz a%é anKazyio Qeaﬁlest d ac!félb%conlpolmds may
siiply KbeapmseEBmatmblﬁheﬁZ dRygkhdad effeq Inlhdﬂah&ltagaé VYarl@8 methbds are

oS 1o T S o 0 GoITCE bl et
98045 SRAGrt D82 199@%‘1{6 %a@tPe@hde S)]rﬁl&%ls id’lEd Pﬁﬁfde@x‘émlcal
1990 221-222, G and Andre

Compeanydiqskiarddlis AhSt?Hﬁf g 1971 N@u%‘e Fthemiéﬁéﬁ 847?78482 and
Pé?ﬁ gkﬁllee? alL9991 %ﬁ'nd%}%%q 4421 de, @;r}q“AH&i!?«%Hpeu ﬁ% ESESF M eiden,

her | ands: Toni ol o,

lﬁehﬁ@th@téanﬂ? eradﬂIRersll a@ﬂ@%JSdﬁ}crlbﬂd §éar@herat al 1981 Helv.

s P ST S 14 it iRy %’Pﬂné@p%‘“ D

Albeticien] 98T Nat. I\letantiahdme;m Rend:9297.alny oflthOs, mdthdds nday be
Pept in Res. 9-517 r..and Yohannes,

uskd b fort e ey 52 g8 BpemEy g B R mal |- 1676,

[0i34]%}%llc peptmes may be prepared or may result from the formation of single or

multiple disulfide bonds, other side-chains or head-to-tail cyclizations, either directly or
by way of an optional linker. The cyclic peptides may be prepared using any art-known

techniques for the preparation of cyclic peptides and cyclic peptide analogs. For



4(18):3101-3105; Spatola et al., 1986, J. Am Chem

Soc. 108:825-831; Seidel et al., 1991, In: Peptides
wad®9/eRes 237, Gralt and Andreu, Eds., ESCOM PE€i/ti81908/001907

The Net herl ands; Tanizawa & al., 1986, Chem Phar,

Bul . 34(10):4001-401 1; Col denburg & Creighton, 1983,

J. Mol .Biol. 165:407-413; WD 92/ 00995 and WD 94/ 15958.

These net hods nay be routinely adapted to synthesize
exdneplg) m}ieypmppde dqsptidaesmldgeda)hbfr @Eeparediol laea drmoofcpdizal éatm

t f
R b 2 SRt oSS bHET SRyortieRidk A oR Y PHESSS and
cﬂiﬁﬁé‘c{ thlilﬁgdsl ltzhﬂﬁﬁll dhgmgstt@@mﬁ ﬁdezg‘rpblylbegbt}deﬁif:ant be cycllzed with a
enetl Ca encode am Nno acl ds or a ortion
%ﬂnwﬁ%é&yeee ﬁl@ W8 i 'aﬁtwmeoraeé?rgw%tan mﬁl%ﬁhﬁwf an

aifin®Aciagn M Pephdd GG ptidd MYV 8PberRBA thé 6180 BRINABwo amino
genetic englneerlng technlques 0136] For reconbi nant

aw%la@me@h e or peotigaderivatve. dtuigblgusorcdurentos aymibesizieg the
a
PR bfiEpcrfial B Secfb R n Btn RO OPEL i I LRSS O Tbr cvclizing
sugh @map@undﬁ,care whid knovam sicthe ptti Eor wfedertcesreiatert to syntbésis ¢feeyclic
i hse se ry h f
pARRRE] hE fafigt AerE 306G o 208, BIUPoSPRR iasitiadt Cymamero o
alarads; Aagsh.aChan. In'fhEEd%)Gﬁlf 847%84m Tashital.£]1998, RrbenSm 7:1583-

1Tk En el pabE: B obhendiohy | bre L FE L e elyloohs, 1. Am.

Cho! 883. Uusgh7260e3 pmﬁ@esa%d PRt §.derd. ecﬂehﬁnso 537l485t3¢§i w0
9§/r ocedures wel | -established in the art.

EXoFobybhisheddup: i I99andupant Pedrade.ddabe: &fgaﬁée%e D(4):946-
9407 Qél@aufepetta@el@d 1t 1dd: %@ude@ 1990 25259, @51t Ghd @ndreikg@@s ESCOM

ecul’ar d onihg aboratory Manual, Col pring
Lmﬂb(ﬂhe Natherlandsy §chrrth\and I‘éml@elAd%b,eIh %thléts 1999@89 215 Giralt

4&{?&{1 71 °§§é8§vﬁ lﬁerl\"%'hg%rﬁ 1a§éf QrgA¥to, B ﬁ)efh‘%NJ.Y?epnde

SOCIa es’an hterscfencé
Pne&mhResf msdmoosUﬂymmtpbr B9SdJ. bzymr dfhemertoe. he7:8466-8467; Durr

ctghobi PETa% 1090 B el FUERRERE e ST e Beiggn. The
Nehed4hds; Mentdér@t el., U998 Snof]. tMtx@@%tdﬁeRssepaﬁsmeﬂmBoger and
nzynatlc cleava e sites; either

Voraend 05, T D5 1 ket 16000660 1 Bt setlvrSrE I, Sres Chet

4(mepi10de§osispma Logei sy ). aaD @fenﬁn@dcnwmdmm tdidel et al.,
The resul ting pol ypepti de can be cl eaved

198 by EeRiden 930 13- 2HcCHp obARIce: Ttz FREDN S eistendthel o

NEFCANAY: HABaREBLLCToHR IS, TGS KGR0 365 Sesdi1oGHiehelrs &
of peptides driven pr onot

Cptihjon, $892hi Vool 05 40THEL W@r92m§)9lé3mchéll94H®595lﬂatThase

mSt:gB?ﬁ Iagysnﬁ'( rou{mely ﬁ%’f?i At If)??& P%saoe tﬂ%g{lc C)ed gg?%c‘rré%%d zngrehn and are

me@ﬂbnag:driﬁgltlﬂnapm&amri eteferéiceked to a cap-i ndependent
transl ati on control sequence; e.g., an internal

ri bosome £nsry sRécem(bh.BESSyntHMbﬂmeﬂaepumeappr opriate
[OEE{Ja]:f X;J% %%Stln e de%é/rsb grlzgremt Q%o}n{)gs%ﬁ IegttlrlePynofogfeneetlac(ai{l]y-encoded
amino acids, or a portion of it is so composed, the peptide or the relevant portion may

also be synthesized using conventional recombinant genetic engineering techniques.



encoded by the nRNA is directed internally in the
transcript; e.g., by the IRES. Thus, the polycistronic
wW@owenesees directs the transcription of a si ngP€r/UBRNgEN1907
pol yci stroni ¢ nRNA which, i4m turn, directs the
translation of nultiple, individual peptides. This
approach elimnates the production and enzynmatic
processi ng of polyproteins and nay significantly
[01B6] Bst ot prodi@ivh] aipolglﬁuc\ramabyeqaeﬁderegb@m;g Mepeide is
[0138] Pol ynucl eotides, ca Le of ?ener‘ﬂﬁl ng o
ingslsddateian gPRIBPHAP FXRIGEING CE'G & hept VY @%lt%lﬁsetb%m%fﬁssafy
elbfett rdr%@m{sa{pdon alll sl RRInYTeR ihseed EB%inPse n&&ra 26rafl the
from pol ynucl eotides to generate or express t clic
case DWEI&NAQ\Q@I veoidri thi necesssy elemants &yrerlicaomand trztny agpn. The
)ﬁ')%slsfon \Bite WehetMEA LA e ifo SRGLEI0 BUA Re P RRKAUAL BOb L CRe
cyc IC peptides are known Tn the art and are
pcqbedcr Dlzmﬂdmg@n tm@appdsapn systanDusetl 36 s8presspdpOBidedohen isolated

by Eg(/)g?cf ufes l»égl[ f'fo‘gag; 1sh§§ dn %% an Mgﬁgogsf}ﬁ r%%%mt]frﬁgrﬁatltp'f&tgﬁ and peptide

prébuigtiogiagswéll kivevndih slid as(e€ 2. f Satbiradk awe, 1989pMptecalteloning

Hﬁggrlangi(@ggleﬁ S0%5riak %&g{r Lahra e&Ymami Aysybel ¢ al., 1989,

C et PPStoddMEin MO ¥ AR BiIEREY ABREHd lhlﬂﬂiisllﬂﬁg Bistbcialdsane Wiley
i ncl ude, but are not |i mted to, m croorgani snms such

In&ésomse éwl i¥a e@?laq»fswfuﬁwdnwwaﬁeé by FRSFTRAGR BRI Ak Bl
or | asm d DNA expr essi on vectors cont ai ni ng an

lﬂaéﬂr%mp@@@ efBeipnry of PR, thepodynugleotid capbgdatigned to
erch&@ﬁlufti[rpmfth bFRd \%tﬁ({é sreﬁﬁgl@@ b{) @ﬁ%yﬂa@i@%tea%’ e SHE’Q kither
expr essi on vect or & cont roprlate codi ng
hoyeapobmces (reprating pepsike usys e hstempﬁlermem[dvﬁfqrwt peptides strung
nt r I
RS B PEERTL b SRS AR e o
byseepaeraaviththaapprogiate enzgme)in drdérec t@dethehpdpadonﬂutsn dihiis can
us, ex. si on, vect or.s r. oS
ingiep ey T RER B eh UM A O Petindtira ds PO Fiaorlg piymucleotide
can @R el Manb thlt ashglt BRINACES $iafstribed Walch eﬁ&xﬁs multiple peptides
pl asm d) contajning an aﬁproprlate codi ng sequence;

@ smhﬂlappcémrs oy hsterepolymsrs) eachesoding region ppesalfvelyekintked i a

caiynﬂ&éb%ﬁde%t F¥31E0R c&ﬁ%l %@@n&ee gt 'ah it &l fboBNRE BBy JilR]IRES).
“}2‘0 ypeptides descri bed herein. [0140] The expression

P Heedtin apifroprinte wixg) EXRISSSINN Byismenthe trams}atlon of Raghypeptide
B&e%rlgﬁtﬂe ARNA %ed%}ef:ﬂeﬁ' rfté:%é R%H@f}g‘l#s@ D.gl 'Bg the IRES. Thus, the
any o al nuftber of

ost/ ector systemutill zed,
padydisteiceconstas qumt the tramwdptlcvrao@ amglodargb gnlecnsmmc mRNA

A A T e

elimhinatende lprbdbaﬁzirﬁrnkiahzmatcmesmgjuﬁpdwlﬁoﬁm@rzmd fiag sighifitantly
ri.ophage l.anbda, plac, ptrp, ptac

ingedRidia el by 6 sngle grindiio | i ke may be used:

O SR b Pt Yoo B Et B b
m&y BOprefarkdind}iRd hnd?& ih viN6S tFRYFpeptides may be prepared from
polynucleotides to generate or express the cyclic polypeptides utilizing the trans splicing
ability of split inteins. Methods for making such polynucleotides to yield cyclic peptides
are known in the art and are described, for example, in WO 01/66565, WO 00/36093;



pronoters derived fromthe genonme of plant cells
(e.g., heat shock pronoters; the pronoter for the

wa eablosabuni t of RUBI SCO the pronoter for theCT/US2008/001907
chl orophyl |l a/b binding pratein) or fromplant viruses
(e.g., the 35S RNA pronoter of CaW,; the coat protein
pronoter of TWMV) may be used; when cloning in
manmal i an cell systens, pronoters derived fromthe

Uge Ratrnt AppliatinmNoa§0/3%4,827, ¢wittpd “CorelicaPdptities andefinalogs Useful to

CRBY B e ERERT B R B ol M

neratln e i.nes at
l"@%ﬂ?&Vﬁﬂ%% PP BB on HEP s RRELE Pt i SR
pchbéptldH’sdieEBMeﬂ)a&edl Vitheteoihslud® \bubsre uselinited to, mitroorganisms

propriate s abl e marker.[ 0141 es wher
sugh B SR Ge P rRed itk Frelmaprant fognopee DR BCabuRddNA
e@@@.bisn G&%ore 6MaliniHg ah%?@@hwe @pdihg ea;ueﬁ&cyéabe& hah&itbus fungi
nber of pronoters. For

e driven by an
trwém%wntb |r¢ca?mbmaahftﬁaétrc§ fungd KXpressiqngy/egtors qRIRinipg an appropriate
121 b M6t UhR
T 650 e Sl B A s 0 41
expleskianrmecsers €4-g-abaculoyygy), comw@xglan appBPria® codingsequenes; plant

S5 A B ORI BB B o

viBlis b6 Tdbadd®30¢saisrogis) @ tednsfatmed BB 4gcombimantgasmid expression

224: 838-84 heat .shock onpter,s, e.qg., soybea
VRO -2 PP SO T Tarprgy o odie o5 age: SRIFRT &l systems.
Célefrte malzt% polfpépide SfiblesiiRystb@s Hagdlso Do @sizaian skrostthe

can bhe introduced into plant cells using Ti plasmds,

P@WmﬁPQ§ﬁ¥ﬂ§me$P§ﬁP virus vectors, direct DNA
transfornatlon n1cr0|n ectlon electroporatlon etc.
(04 The\erprgssion clemens PE@H FXRIGISIONsyatem very in {heirstisngth apd
sp \é\éﬁéﬁ@.@@?eﬁ&%é on ng&cfd?rsyﬁélﬁmlhml Wfaarnuﬁitﬁ} Qﬂéﬁ’ltable
Academ c Press Section VIII, pp. -463; and
traps¢rention nnatr@mlaégwn em&@ts mlcaldtngrmn%&m\@ranésmusw progpoters,
0
mifhe Bl RO oo QAo Eoredmpled 416]  bMnB AL RRERLystems,
inphadiylp ppimodes suthsas ipllnd dhadteriehage lamibdy nﬂq@hptrmqitacf(p&pnlMybnd
nuc ol yhi drosi s _vi rus
prpSIeRE PERa0RRe YR GRS Wipiefs ER5T uls BromcteRsuch
as$||m@mgtoerras‘ pdlgidaanqﬂomeielr fay Be asudli; MYers EIGhiRR Glleplﬁﬂtyhcel]%ystems
Cl one I nt non- essenti regi ons or ex e the
PTB'BPS‘?FFe‘EPéSFPO fjamdhe %?nomé)%\vhnbgel%iﬁag pF‘%?tt, é‘EchrP&EPOtE’éh'thFol

préfoRP fh R4l RBBtiES T R DBISCR; &H@bx%mo&é?efomé YR8AHANI a/b binding
pronoter). Successful insertion of a cod |&86§e guence

prmem) of remipdant Hirnsesée-8v eSS RIVA prasaieri of ke ﬁh@]@ﬁ’é PEpiRin
prQﬁ-.BQP Sf TIQI'Q/) (Mayrl'ﬁrhsgcp QNHéq SRhniRGR TR an l:lrl 0 . sbéroinhoéers

virus 1 acki rot el nacedus coat co
depl@b@lfremrthmgagmm)d m‘ﬁhesédlan ecMugnamtalmtlmgms pmnmtttrh enfrom

m;la'lrgr?‘lgllgnowrusgse(% %ﬁ)eoga%gg\%u%flz{tg %r n?gtgrath%%la!:csmla virus J7 gli‘( Bro%oter)
may be used; when generating cell lines that contain multiple copies of expression
product, SV40-, BPV- and EBV-based vectors may be used with an appropriate selectable

marker.



inserted gene is expressed (e.g., see Smth et al.
1983, J. Virol. 46:584; U S. Patent No. 4,215,051).
wao-eookesdoexanpl es of this expression system naRCDES2008/001907
found in Current Protocol s4n Ml ecul ar Biol ogy, Vol.
2, Ausubel et al., eds., Geene Publish. Assoc. &
Wley Interscience. [0143] In manmalian host cells, a
nunber of viral based expression systens may be
[0u#1] Inxasks Wwherecplseexpiessian wavtaasi e oved, te dxpresmedoﬁaseqmmces
Sion vec ue be ligated.to
erE Bl IR RS dhacBiPD PSR TR B hup i pfiRoeor
proBTTIdre XE or@xgmplel Vigal bvhtotdrs owahtas thea3 5% RINVARAL 11D BN 2 pd@ioters
Thi s chi [ then be inserted in

oty dBriswreta. d@ﬁ‘mt‘ﬁy TR0 4. g the goaspyagein promoter of

TRMRCOERAMAL 61hl., IWEMBIDJ 18 3678@[‘)@@5&”&%@ d1RFHafVelP plant
the viral genone Wl result
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ptometers ebAmamel SHbi ol IR RE G 6l IMIREMDO].
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. l . .
o689 s POVF danbe 8o ol BT e 7 o migen i
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2, Proc._Natl. Acad. Sci. A 79; 4931) 014
ctfnl aeHERT 8%5%&%?5@,89?%6@6 Préodlé Wetsrih 3@@ oh) 1988, icihoas
foe PHAPNRIMCEIaf BRIREE Mehdedtic @RS, 26 ¥ (SBct&)hSVﬁmp ABP1-463; and
obt ai ned through lysis of cells ukaa¥ eubacterla

Geersant &Hezeay 195% Platit Malequn Bielopympdridarhlagkie hoadony Cho-9-
transl ation and energy-generating conponents, and/or,
[0442ji Injasp insecticxpISHRPMESteMsthat ek besed Eopregyeeibnpalypeptides
de%gr I%d hfgegr? ég?ﬁs%{grc?yﬁhzm M%E g&ly@%ﬁ Q/H’lls (AcNPV) is used as
a Mrltqram ExpresBitled ﬁ)ga}grizge?les_ 6§helﬁr2¢)s grauim, Speéd)pterhp‘ieelperda cells. A
St errB gé‘ me )t') gs %@) esmzoen n]c es%gr}élﬁgx%g%n? gttO{Ag)l(rllgf?le the polyhedron
gq@e) gﬁthe Viewtdnd ep$acedmn<tee contete df ﬁmAcNP‘dr}sambqet (forexamgleothe

transl ation in 0 ti.des 145] O her ressi on
pa e Errraen StetRin BeEate it erbetreeni RS ER
mﬂétlvlatl&?oﬁfi@ﬁél?ﬁﬁdrérﬁgénaQﬁ@ pRAIEG &Klbhlocblﬁdédf@ccﬂﬁﬁmant virus
[0146] The pepti des described herein can

(gurimg 'éﬁiﬂb&glﬁrpf‘ﬁklﬁé‘%&ﬁ“% exhrpdsdder @Jbﬁp%lghqdéw@é) pHisse
reemsamt%ﬁ?ee 'aye HREDRsB e méamp%lpwra wugzp@ma%m AR e

i on exch ange C ronatogra % electro horeS|s
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on synt ors
Prswchlsaxs Ma;daetcutah Bigegy, Ny)dir aphobbdi |et gl,, eld;/ dﬁmphe Puldishy Assoc. &
and will be apparent to those having skill in

lﬁ% IrgFrtsmence

[0143] In mammalian host cells, a number of viral based expression systems may be
utilized. In cases where an adenovirus is used as an expression vector, a coding sequence
may be ligated to an adenovirus transcription/translation control complex, e.g., the late
promoter and tripartite leader sequence. This chimeric gene may then be inserted in the

adenovirus genome by in vitro or in vivo recombination. Insertion in a non-essential



5.3.4 Arrays [0147] A plurality can be an ordered or
unordered array of pol ypeptides, reconbinant host
w@edibs)8908 wel | s or vessels serving as reacti oPCT/US2008/001907
chanbers. Using such an addsessabl e technol ogy enabl es
the determnation of the nature and | ocation of the
library constituents during screening. A conbinatorial
conpl ex carbohydrate library conprising a plurality of
regibairof steabifab genomel (exg., cegiddoBl dr Bl )evidltresndttina eecondinantiginds that is

i us No. 6,994, 966. .A nethod for conducti
vighlg A o6 of PRirr S IneaPigein PR R (Bl R8T P i€ ek,
1984( lmee glaﬂhv%a@ hs%h @S[AE&IQB&%%SQ)&MK&?&%H, meaamccir&ia 75K

encl ose Ccha er et ween co onents. o | n
PERBIOEE (Y e st % (§ee-L- %rwgw%‘% aﬁﬁ8?#r@?.§?tl Kﬁdai% LoPSA
79: hﬂscmgbleracké& d%pvﬂde I\Vardﬂs45’@smsman%a945a128§'sz IPRoc.

US Pat ent 82, a method for "in silico"
NatcAeads Sﬂ:l HSA&?d‘f?BVﬁgﬁl)on met hods, reI ated integrated
systenms utilizing genetic operators and libraries nade
[0@94]| In cglliffeg polypentideipmefugdemestemsscamppapys Egm qg!iulaamﬁfsswn
t
1P afe et AR Byl SR E L ORLE P ARAG) and extraction
ofSignppitant t@pmnpﬁom t@ndaqdmd@hengﬁghwstlrfgnonwncdteQndflong

oo 4Bl Bnerl A e PP LR L GHIAES Ll Methods. 2005
JLﬂi 36?124‘8404 aﬂwhrﬂi ,eBﬂSZ(ﬂIjBMeE}Q)Bé&i Mo[iidﬁlfaﬁBmlogy 25(1;:1[69”182)
" So ort Solid Substrate ) Carri
Ty, cqlese oGS P b PRI OLY COBPIEE ol SUrged pESygfysized
cononéntP hﬁﬁﬁlcﬁrﬁb@Bu@éoﬂd@éi&afn%fhdaécﬁfér BBRRAPRSSMY/dr @afiflation
such as "solid phase” and/or "nenbrane." A surface or
ingopalypegtidgsort can be conposed of organic pol yners such
as_pol ystyrene, polyethylene, polypropyl ene,

[%ﬁ]y@lhemwaswyn SYREMSIOr prodhsing pelyrsptidasdescribed herein will be
p?ﬁ}ex%rtwsg%gﬁ%d@ﬁ iMBlelar@s co-polyners and grafts

ereof. A so support can also be inorganic, such

[Og?]gs [Hep ll)lngg ldeg Qlesc?x%?(i B&unecgn Be B@rx%dﬁﬁﬁarf-g:@)n teEl’ﬁl\{ﬁ{éﬁ Such

et a such as at i num
asgeversegpivase ¢lmmnarbgrapl®ulbgh pefamaace ligid phrometogmphy,ofn exchange

cht%gr%adtg%raplf het leeslgz ore51s %%ﬂm%%%ﬁ#na?é%ra&y%@d ’theal nl?ne A0fal

or a age aceS ’can Stan
cqakdioas usedito puxifyfal ;ﬁﬂaiular Smhpailrﬂumn@ep&dg ﬂlrpaBEOrpgmﬂuSlstrategy

on- par ous,. and ca LLin non-swel | ing.
s o snch it v Py doRtpysae Bt ot s B Bl b
appaRnf ©rthesehadinyetill.in lRRKESSI ON, or ot her contai ner,
vessel, feature, or location. A plurality of supports

can be cof.ihgurefirgyy an array at var| ous | ocati ons

addressabl e for robotic deliver reagents, or
lOaéﬂe%pf%ﬂl%%%@ AAREDPT HrEqse Y§ pp?y deﬁ/amogrhl%am

hdsf‘cetlllg Cordlel R vER&ls BEvihp al Fb%ctfl&lr dRafibersy Qﬁﬂllglsh@}?z% addressable
ers, clarified or c¢rude

technology enables the determination of the nature and location of the library constituents

during screening. A combinatorial complex carbohydrate library comprising a plurality

of addressable complex carbohydrate structures is taught in US Patent No. 6,994,966. A

method for conducting chemical or biochemical reactions on a substrate surface in which

the reactions take place in an enclosed chamber between components of a fluid and

molecular moieties present on an interior surface of the chamber is provided in US Patent



| ysates, imobilized enzynes, col onies of

m croorgani sns, isolated proteins or reconbi nant DNA
wez@oes®don vectors. [0150] Variants can be poPCEUS2008/001907

and/ or conbi ned with additi4enal enzynes or cofactors

to enabl e coupl ed enzyne reactions. 5.3.5 Methods of

Screening [0151] "Detect" and "detection" have their

standard meani ng, and are intended to enconpass
Ndet,e5t28In]n Ue Rstantehie 69 1882 0a methad dat"ér sidead"innolefacal

DR Oy ety B et St iig Rl aparaors and
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hot odet ect or s a rhes ban
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P@@fgoe&?ﬁ?w R Poliper iR N EDFEPP jricts and
grafi$theMBENA §6l|1cpﬁlp9&‘€| cQﬁil@o l%‘ﬁbbg%hfé; sulR as gllss7ﬁhca°\@&§iﬁme§ pore
Press, New York of the ées conpri si-ng

ngﬁé@Pﬁ%»lrPXﬁrfieel%‘éW\ﬁa'éﬂaé’fﬁf&talowc y%golﬁaypletémé&clbea%ﬂn@gbsatlon of
ﬁb§t‘ﬁ£}9 bh be i e I?Srﬁ ggfeq,dg rng@rlés @rtﬁi%g'%rgrnh& D¥elMetBldhe or

ght sources. s spectro onpasses
a anrﬁace; u$urﬁgbsacatrd)ss)kmpe cubstanginlly plapayy tmsttonmimm $alid supperts can
bci riao n?L%s od “{’ powa§ raing cé é’lvge{qs,év ﬁlg%tr %orll &(lelﬂgg? cha?éjc‘ier%{igs. R%olid
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EECH (PN W e T Y

lo&f@n@hﬂ@t@sdﬁﬁﬁ%ﬁﬁﬁ@nc{dm d‘f‘%h%eﬁﬁ of b ldsfeotidh rﬂ&ﬂods and/or
conbi nati ons t her eof . g’ tectable | abel" refers

infEHIMENtHi ety t hat mhen attached to a noiety described
[ a polypept| renders_such a no

[Ogg]:\l{g‘ijlmesgg ths; AGY K FRVRE 18 él;eeféfrp oh Iyephiljgerspovedegs, ¢ clar1¥1ed or crude
IySR&S friinﬂ&?lﬁ?édcenzﬁﬂ&l ) spémcr@r%wn%c Remidapri@RIEEN!

ectrophoretlc net hods l'ary | abel's 1 ncl ude,
repernbingng DA ekprassiomdvettors. f | uor ophores and
radi oi sotopes. Such | abels allow direct detection of
[0 50 eV @ithntseap be pade b gnddorsoitbirtgidevith additional enzymes or cofactors to

enable coupled enzyme reactions.

5.3.5 Methods of Screening
[0151] “Detect” and “detection” have their standard meaning, and are intended to
encompass detection, measurement and/or characterization of a selected enzyme or

enzyme activity. For example, enzyme activity may be “detected” in the course of



detector, e.g., a fiuoronmeter. [0155] For such
enbodi nents, the |label may be a direct label, i.e., a
wo aweloogobmt itself is detectable or produces apPCT/US2008/001907
detectable signal, or it nay be an indirect |abel,
i.e., a label that is detectable or produces a
detectabl e signal in the presence of another conpound.
The net hod of detection will depend upon the | abel ed
detcotielg, saredning ifor, trechapprrieing chididhoseurdhowk lighndsnastwdl as

tb| di t labels includ
mﬁ@ﬁP@i%ﬁ&E@“’?&ﬁB?@ﬂﬂgp e“%%&%ﬁﬂﬁﬁ%?ez Igﬁera$|ng
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soRReYSEfa el taASby RitipRC gt 3b@tss. | ncl ude, by way of
exanpl e "and not |imtation, alkaline phosphatase,
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y rogenase, | act at e y rogenase and ur ease.
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aci ds (Langer et al 1, Proc Natl Acad Sci
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J%boi?%en?n or ?nltrophenol (Ker khof, 1992, Anal

%?Q?l mbbadieh 4}13: sl ﬁ% Y& cﬁ%ctcl e d 15 3 [l el is
respon ng anti an |"'uor op ore 'to
deemtablmdlpe@iucm Meog@rlmmmaéobréten@' be a_ruodn‘rmt lapel, |- @wa label that
is dete& lﬁsgre !grg)guces 1 dz:tectAblCe sP hafi§ tlgealgresegge SN hlerS ceon?pound The
method of detection will depend upon the labeled used, and will be apparent to those of
skill in the art. Examples of suitable direct labels include radiolabels, fluorophores,

chromophores, chelating agents, particles, chemiluminescent agents and the like.



referred to as a "capture sequence," which can be

captured using a "capture probe" having a sequence
waeeovplasyat ary to the capture sequence. A captRPCEBUSZEGS/001907

can conprise a peptide sequence that interacts with

correspondi ng anti bodi es. Exenpl ary peptide tags

i ncl ude, anong others, FLAG tag, c-nyc tag,

pol yargi nine tag, poly-H's, HAT tag, cal nodulin
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4Id3$39%@11¢rsOﬁat&ﬁ@f&atssﬂﬂﬁhbor s shared between
variants in the Pareto front. By use of a descending
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eptide variants at ca as a set
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, 162 nmbodi
oGRS R ATRET ks oBrTmga P urerat s B UE apieh ca
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Y LJ&QCP)@IIS&/E flﬁ(&@scgfn, th.t).' I\ czaﬁiu'ré)ﬁg can comprise a specific sequence,

referred to as a “capture sequence,” which can be captured using a “capture probe” having
a sequence complementary to the capture sequence. A capture tag can comprise a peptide
sequence that interacts with corresponding antibodies. Exemplary peptide tags include,
among others, FLAG tag, c-myc tag, polyarginine tag, poly-His, HAT tag, calmodulin
binding peptide, and S-fragment of RNase A (see, e.g., Terpe, K, 2003, Appl Microbiol
Biotechnol 60:523-533). Other tags for use in labeling the polynucleotides described

herein will be apparent to the skilled artisan.



(c) setting optim zation paraneters, wherein the

optim zation paraneters conprise: (i) nunber nvar of
worioeoeddes variants to select; (ii) a nol ecul aPCES10881001907

popul ati on size popSize; (47i) a crossover rate; (iv)

a nmutation rate; (v) a fitness function conprising a

penalty fitness function and an overall fitness

function, wherein the penalty fitness function is
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| ural | ecul e variants is cal cul ated based

Of@rﬂeﬁlmé' e @Cﬂe‘(ﬂmpm{b’(&)es of optimization. Generally,
Pareto front optim zation is a multi-objective

[0&62 | Inspma ampodimgoisi thh methedtforsselngtingm 625 @€ pptimizpd, dhinssse
po ‘{}Bt,{,’,{ of%ﬁngggﬁ,gg sobj ectives. The Pareto front is

y vari S that are nondom nated by ot her
rml e(a)JI arselvairigamtesw mmreaobjécea/sas fon nptlmfzatlmofcarplmahw of
er wor.ds the oI ué dbytwoor

OGRS iR e R e
mbabjekiie: duta; t he Pareto f r ont represent tr ade of f
sol l'&))I onsdetteplgltnmagraeﬁrsto Igareto rrgn?fanteren%ersm}/) rn é/acl?top t%[e plurality of
molecule variants based on the objectives of optimization;
(c) setting optimization parameters, wherein the optimization parameters

comprise:

@) number nvar of molecular variants to select;

(i)  a molecular variant population size popSize;

(iii)  acrossover rate;

(iv)  amutation rate;

W) a fitness function comprising a penalty fitness function and an

overall fitness function, wherein the penalty fitness function is based on niche counting



sol ution. These non-dom nated points are defined by
the fact that no other solution exists in the
whyponbssvs cal data set that is better than al | PCT/US2008/001907
solutions in both objectiveas. FIG 9 shows a exanpl e of
a Pareto front determ ned for a set of related enone
reduct ase (ERED) enzynes having different val ues for
their fold inprovenment in activity versus a positive
ariahé odralf fitnessWonalonds batd sn (dohtisreinarddsdending [Pareto front divided

t hacr yl . . The Paretqg front .can be established by
o TR D1 AFER P S RS g gaigront 4ng
applicati@yn pukblecddrivafafofo bedAOIAAAR 2KDrva? 0DBOLOMdOkriants;
20060205003 and 20070208677. O her applications of
agdyreto fronts for purposes of nultiobjective

OPt | () Z iR e a 966K ia80of Rt MRMIRIQHAR50; Shukl a and
Deb, 2007, European Journal of Operational Research
181(®) : 1(eemeratinga raadem Bopwlatioraeiczenemey from plgpsearch space of

. I Research 177(1): 1703-
a‘%%tg@ggﬁla}‘?ﬁsﬁean%geg@ﬁé%% %g{r}gbded herein by reference.
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ggnomigh. aAiflo diagremapid method isishpwa iicFlE over rate; (iv)

a mutation rate; (v) an fitness function; and (vi)
[0T63 €0t each Wariahif e liktalyeorautiairpbpulaidny therecik ualasotiatet he

solution set nvar. [016 The n er. of | ecul a
objegtivg dpta OEBrOrB%mG?’é‘é éﬁﬁf‘g\lﬂ/aﬁo}’e-i inbc"?l?‘iﬂ"f' a‘ﬁhffﬁ'b@‘ﬁ[u‘ie sequence

inf§fali& WhcH &8 b SBAractBiiELdGR BRdra@ritridgl Sand/of 8theF ploPérties of the
final solution. The value can be set based on any

vatianb suchas agtivityedatan, Adiyéth dalg mayebernbiairad kyraseays iopsareens
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and ot her .o eLat i,ons 168]_. The cr osg‘gver rate i s

. th
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operator. A crossover operat or'egener ally pairs nenbers

Ingfther peordho el satutions. typigplly mepresented by the pymphesedgfatapoiggg that lie

of{hg%ﬁre?@m&&gcse v eicjff]g)lliltfbn‘? tRRhfe nf “Miﬁﬁé#’%ny other
I.e., new palr of solutions. In the context of the
sobstime (These non-dominated points are defined by the fact that no other solution exists
in the hypothetical data set that is better than all solutions in both objectives. FIG 9
shows a example of a Pareto front determined for a set of related enone reductase (ERED)
enzymes having different values for their fold improvement in activity versus a positive
control for two substrates (Dione and Phenyl Methacrylate). The Pareto front can be
established by any number of ways known in the art. See US application publication Nos.
20040072245; 20060195204; 20060205003 and 20070208677. Other applications of

Pareto fronts for purposes of multiobjective optimization are described in WO 02/075650;



di scl osure, the crossover rate is based on the [0, 1]
scale and refers to the absence or presence of the
wao 200000890801 ecul e in the popul ati on set, whet hRCT/p81008/001907
to or after application of 4any fitness operator.
[0169] The nutation rate is applied to a popul ati on by
a nutation operator, and acts to create, wth sone
defined probability, a change in the character strings
Skafkld 41 Depe D@07, Eardpean .pnlryqdeﬁnpdm)nomﬂdeefsmck i ®Ir(3):10d 7-1724;
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an overall fitness function. The penalty fitness
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1nﬁ%ﬂ E&Q&wﬁ% er of nearest neighbor variants
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o gber of nearest neighbors, i.e., large nunber of
RFEFCBNt s occupyi ng the hypervolune space are less fit

ons. Bec ite,
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v
oALEACLARRC B CROIEDS 5 48Ul e, RRRY B0
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probability, a change in the character strings of the “gene”

(e.g., polypeptide) and functions to maintain diversity within the population.



Sol vingfrom Nature (PPSN) 1V, Vo 1.1 141, Lecture

Notes in Conputer Science, pp.398- 407, Springer-
wo/ervaogooand Horn et al., 1994, "A niched par epOI/US2008/001907

genetic algorithmfor mnultisebjective optimzation,” In

Proceedi ngs of the First | EEE Conference on

Evol uti onary Conputation, |EEE Wrld Congress on

Comput ati onal Conputation, 1:82- 87; all publications
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of .the fitness fyunctiop is t over al

e SR, RApR A A R 2 e ongist | reuRege Bings g pn takes

in®f ackseitIRd MOnBeROF Akt AQgkRSS endlisndsddanah@rehsdditigthat variants
anddi vi di ng those fitnesses by the nunmber of shared,

sipalagytersgeis otharare ks likgln gshey different behayiers ofneYs! progpies.
ARG VAR colRY 6 s&i)?e?ics%m& Bkefrah ﬁ{e%bfefsﬂﬂat@ltl{lﬁ Bih¥@Rto front,

[ower fitness levels (e.g., less optimal). The overal
arfd sefestsd bhsedomiitsriscdationtie theshacete &outs thistyphef wﬂncnm isanere yseful
t [ s t
RS EBSHR SRk LS 0 LR RN Bgpose o
idani fication ofd $ey of ominudﬁi;l niax:mehky &wdrset vapiantsy Ais se@, variants on the
co [ .ol ecu i_ants..known
PRl et o bR AP aUP Rt iL~ HERPOH P b Rich other.
TROpalty tirss fiictionaan 0¥ dawfeideduddnd thacencpess nﬁdh@icbyntmg the
There _can al so be z?ro variants to be included in

the
nyBbeiOf Brprestpeiehor malecnlar NasiRgs ( FROCEY HFgquBHing consists of
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nighigg arealssqiibed am Beh, Kl'ol9s98l é%ltlltlab@étﬂve&en@m 3lgqrithgs: problem
dn@'ﬁéﬁ@t‘ie% @nd'® r?s?rHétﬂJn o\f%{st e:%i%nfsf’%omz%nb&' é‘dr/?,Jutd?%W' ﬁ)ts' B'@
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[0171] A second aspect of the fitness function is the overall fitness function, which in the

present disclosure can consist of assigning variants to descending Pareto fronts and



nvar, the repair operator enforces the constraint by
turning bits on to generate additional nol ecul ar
wQ 200008988 t 0 satisfy nvar. |If the progeny popuP&Er/usIv08/001907
greater than nvar, the repair operator enforces the
constraint by turning bits off to reduce the nunber of
nol ecul ar variants to satisfy nvar. [0176] The set of
nol ecul ar variants resulting fromapplication of the
dxyptnixgnihﬁﬂt fitoessgaaiyahe hemnberanfdhared neshbornsg andetapondad yrthe distance
eval uat for t sired properties as I
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variants to satisfy nvar.

[0176] The set of molecular variants resulting from application of the optimization

parameters and corresponding operators is evaluated for the desired properties as well as



descri bed above, such as calculation of the initia
Pareto front and the application of fitness operators.
WG 2@9/p0d9k% hods of Creating and Optimnm zed D verBET/B81008601907
Pol ypeptide Variants [01792After identification of
pol ypeptides with the desired activities and their
corresponding nutations, it is also desirable to use
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the various properties of a polypeptide, and user definable optimization parameters, The
server can provide the hardware and software for carrying out one or more steps
described above, such as calculation of the initial Pareto front and the application of

fitness operators.

5.3.7 Methods of Creating and Optimized Diverse Set
of Polypeptide Variants
[0179] After identification of polypeptides with the desired activities and their

corresponding mutations, it is also desirable to use the information gleaned from the



(iv) nmutation rate nutrate; (v) repair operator, (Vi)
primary fitness function; (vii) penalty fitness

wo vendsens and (c) generating a random pl ural i PgT/U82008/001907
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mut ati on operator, a repair operator, a primry
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tesfingd Progequigrgs of Jhe Ihternationnl Sprinpdsivim onSofimateaR ¢lmhiitaEngineering,
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caifepegees of intdrest (e.81 £ pantigfi@etion) day be ikvdwdedlin the algorithm.
stability, solvent stability, inhibitor resistance,

[0a86] Géderdbl@ iha Wﬁcﬂdoﬁ&ealr@aha)pa&ﬁzed[ d:Gdhllpdbersa lidedrpof
nmut ati ons i ﬁgcr eat a set of optimzation

set o
mﬁgf‘ﬁi’fe‘faé'?%tscgmalé?e? PR ch paraneters wll operate

on tl@e Mihpitinha dairad Sfbf Rfatigeger ati ng a new set of
nol ecul ar variants havi ng naxi mal i nfor mati on content,

e. g.(0) optseiting eatipizapent fqr@gets'ﬁdWH%mnm ORSiyigatignAArameters
REeters for optimzation are as follows, and

folloms t hose descri bed above in the preceding

secti on. (D0183pnibprviar pEbiopaelagnde wariants to kesateunber of

i scussed S povitditd 3adfiu ShEMER BB Siaf! T Ther
and const(iigi nsrdskeves probalifitytdresstateral

(iv)  mutation rate mutrate;

W) repair operator,

(vi)  primary fitness function;

(vii)  penalty fitness function; and

(c) generating a random plurality of genomes of the population size popSize;

(d) creating a first generation of genomes of the size nvar by applying a



solution. The value can be set based on any nunber of
criteria, such as the nunber that can be efficiently
w@eremssas f or the various properties of the noPE€USZNNS/001907
variants. [0186] The second4paraneter is the
popul ation size popSize, which is sinply the initial
starting popul ati on of random genones (e.g.,
conbi nati ons nunber of nutation sets) chosen for
squioe spéraigr, fa@roskoen eparatanch rotthiion queeatat & capair opdididf, alprénary
ove

el pePRr el et Yf’fgtn?tﬁoé'%&%ﬁ%?rﬂnt EPRHTE of o biomes.

L R S a" b shSpRgan be

evalieife! foﬁﬁh@ﬂSsxféﬂﬂ@en@ﬁdwérﬁ@Uéﬁdl d’p@milihtl%npﬂi $onttf embodiments, the
of f spri ng new @al r of _possible splutions. A

mgthe e?'yprcsffes Esngaing A pEar dhofiist gangratinn gbeqsamyss to generate a

sedBYEEMRRB oA B fdh@met BrduffoseieTabiligiond] sawekstl ¥Rd 6ffimB&tion.
used, such as, for exanple, one point, tipol nt,

Reiffiratiyeruse afdenid) farseuimber abganersties 1Gey C@mbf: uadrp create
adfiidrl FRBAR s (bsdrs t%ﬁ@wqiag%mgmgga Qmugtb%d in FIG. 10.
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10395 BRRY ke o eharpfats el bpsdCapl R GhR oo b osemor any

nunﬂ&m of criterig. mchﬁtﬁhyﬁlﬁmot lim)ted iyl fraqichcy 6f FRUMEMRE I a data set,
versit popul ati oans. The crossover rate

asa?matwt%%(hedﬂuta?@ w%a P%leaf polypRptigs Brogerte ARdaccurTghce in a
pdrti@ddri rBglod HEHP EQQ?EBﬁdg &P gﬁam;{lg ]ags%l)sty?@blﬁﬂlflé Iﬂocket) In some

parameter is t i'tness function, which conprises at
embagiments, mutating afej asspeinted witk chanaes inipe epmorsrolyngptide

| ey

prBEARLS Yochias B nd RChY, Yoot R TR ol T th bty
sodvens gabifitypimhiitoosisants narpdet meutbgd saldttsehg out

nol ecul ar variants that are simlar to each other.
[0V84]i Qmies: daba sshofmetagomsi ik arcated, aewt bf mnthezat@neparameters is

dt be.. |
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oftthéledulirnagantohavigd inaxihtal ilforatatian eorsen) 4. gr optinie&properties and
ter

t.he ni che_countin an be .used for m
mb’f‘mLWerF'itX nE‘éf‘sPaf%{%etg‘ég rQPHELZalion gk aSrflP He &'E)‘E#ﬁ’?‘g}’{@mose
deB@bcdABBYd ifiehd pedddimtsetitord di stance netric in an

M di mensi onal space (where n is the nunber of

[0R85Yi THORSt fafdrider TR n@fhber dithSleélilfi aness RS drbatedMAb&! This,
is essentially the Euclidean distance generali zed to

as@wwedl 8byigsis adhvife mHE@berst by the usey, anskqongtraing the sipe of the final
RA! AL YAiGe M}ﬁg Ssel BRed HN‘Q&[F.F]lRﬁbéP %?éﬁéha %G&rgmﬂé ﬁuxh&r that

at space can be count ed ose variant’'s wt
cané>|e ghiboently acrecnedrfst the varousgwepetties of drei ramit@lfaS/atlhEy
tend to occupy
[0186] The second parameter is the population size popSize, which is simply the initial

starting population of random genomes (e.g., combinations number of mutation sets)

chosen for processing for fitness and other operations.



near by regi ons of sequence-function space. The details

of formulating the distance netric and niching are
walemenidserl by Deb, supra. The primary fitness PCRU$10081001907

for a candidate solution ($&t of variants to create)

is calculated by summ ng the inverse of the nunber of

near by nei ghbors for every variant in proposed set.

O her niche techniques are described in the references
[0a8TjeTheathird pajathk@0]s thé ciossolver frebabilite raé,0adch Bapplodditethe

types of primary fitness functions can be applied to
ot D aRFSCel BPURET B TRy e AL EgIRURE AT FemBfs of the
p%—’ﬁwﬁdh,@ﬂ_&ﬁe difBent pArReF shef@Rd" Poks CambhrRdra&#Gh O a pair of
optimality, A-optimality or other information-based
olfspringriiea NeWA2IrOf ROt sApfians. AoyrsieRftcrossesr ppsratgrs that have

beest rdie@a&[?ed_qg BeridM Hehbc NBKitAMTCABOLTRL ubas HeRBhple, one
for an objective data set. As Is known in the art,

painto pruftipeintdumifonsandrasitiynatisi epeh offpringiliffaranbpesfasagees (gnterms
0 i LY G - :
o AREe TRl it Mol ndIR Ut Sonciicns, and
thBpagabitigt. Idesmgembodinens, e crmsaver evengedn¥eXEt at aixed rate.
determ nant of the information matrix X1X
[0488)pT henfialiith parametonsable motatibe rawmuohres Which éw dpphied® thé

t he estinmat ed. paranet e for .the npdel .. whi,ch is th
pepfauST by e s iare The iR ceraiEaris S Tpirdnd O e
p((p\é;ljai‘i))n 1o cn%&,lawtlpidnw tﬁeé'ﬁi@?i pﬁjbglbili@/aﬁ bl;i(amge of th@cgﬁﬁétéﬁiﬂtﬂiﬁg\é of

and A;opti ity can be found in Atkjnsqn. apd Doney,
thgggene g&'r Rﬂvpeeﬁs@anﬂ@ﬁm meRggin Ay ersiy M \bp poRfiiops, The
cro§seo&t rateiahd Mtatibl AR usePtd MBte a8 Bic8i gerfnRR TE L rédtlg e progeny

Pukel sheim 1995, Optimal  Design of Experinents,
gaREsman and Hall; all publications incorporated herein

by reference. [0191] In addition to the prinmary )
loﬂg?]n"Q?sﬂﬁMPﬂf{imﬁﬂf, isithe fitaess fanabion wikigh eomprérgs atleasha primary

i . nenal ti: ' .
LG RER BURGA SO GRRY ThEpHRGh Al s pd o
paruefat selEatopprocesa td ganeragnalganonelsebset Fomerpuktign parbize by

mut.at i on_shoul d be seepn within. the, set variants. . .
s B O uET et Srud BT el o o0 8 Lar B R gt
tocacH ether arp Ryyritiiegized todidt 18ss 1iklelyarvidivglal lefferestiprépertibs) Wesome

t he. solution set in preferred directions. For exanple,
ep pRdlimenis 4y RS eRalize thi iR s Yatans Which ate Silgrdg cheh ogher,
nibﬁéf\&funﬁﬂféaﬁgﬁ u3eTRR etefminlgahd Pfar ffitdeskliag ABICriBYEIRGS.

nunber of nutations lead to a significant proportion

Nighe eounting 6yeeamRyisa dormuliting g diancs stetriceingpg|redigneasjonal space

wheFd  RIth/munf{d 9PpSsiHind $Bink Muthi€a) TRAURNENCe M hich i

( paer_ti cu+ a?u ryutratf_’oﬁ élan 1131% aLg]t}us)t e’:l(g‘, kalor chaertrp ’e?,’ 1? flsa

espentially thediuchideantdistancageneralized tren-tlimeansighs, samihieh be ysedfto define
i vVarl in dent, aof .ot her tations or

a REABEEND e o aMEERGIHER: sRlenBUREH el B bedgunted.

Thist damantsodvitiamahy a¢ightandare sonsidesed esditoarianty ag they tendieesccupy

ne%ﬁ)r;prgéi%gs ct)fo sec?&elgger-fum%ggr? gpsécg.f Tﬁehfeta?fgzo)f rf.[c'germfu"lj‘artriinlg ¥He d%tlz;necre metric
and niching are described by Deb, supra. The primary fitness function for a candidate
solution (set of variants to create) is calculated by summing the inverse of the number of
nearby neighbors for every variant in proposed set. Other niche techniques are described

in the references cited above.



strategi es such as tabu search, sinulated annealing,
etc can be used in place of genetic algorithns. [0192]
wopn/0es0g | ng of the optim zation paraneters, BCT/HSHO$001907
plurality of genomes of popel ation size popSize is
generated, generally, by a selection operator. This
i nvol ves picking at randoma nutation set and pairing
with another nutation set. To create a newpopul ati on
[0420] It isaobt hadgpapd that othergypestolf prlfniar)sﬂitn@rfmcdbh:mandfe applied

enones or ..t he progen enones, he ran | urali
togFaRIB 8 AV S T Poao e arEe 1 S u ity dnefithess
fuaPeInadaf b bhsféatonlm@%mﬂﬁxt_f/,l’ﬂé‘o‘pﬁmaﬁty%mtﬁt iformmibatbhsyd criteria
operator prinmary I tness operator

r esent
thatren be waadt) cpwwe%asma%rcﬁtvawamrﬂé%aénlaggﬁd{l%&*@ ’F’L}Hgl"i“Bﬁ‘P“

cdnfen® Rl ijE@tl\%Qiakd'@e? ahk knB@n 3 RicQS DASHiidal Qﬁﬂgr@t&%@ralght
to the random popul ati on of genomes. In the

oplinzigdtipns based phe cheseh eatimplityicaiserignaag ghermqﬂ@éphgt wrll be fit. The
pgin'?al(flltjfg'rﬁgr &Pl?ﬁ\ég in %&eﬂt?&ﬁqsﬁnﬁglrd%l isSis Bfe 6ﬂﬁaﬁﬁh£ﬁé f)@ﬂ the

mtin rogeny genome to a
daﬂa’fnlmdofﬂm irtfernratioh exatniny XfX. b@b@ﬁﬂallfﬁhe bpsed ga the S;gl@h@fitbe
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t Ll
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F g‘ﬁggff‘iag § If!ﬂ'ES‘HS“E) réalglggpglragﬁ égDrnggellgé% %ﬁ%?"@ I@?pertmental Designs,

Okfz?)BdTUh%ﬁk&y PASt SIREY, 1980, Gpma s BHSERapntanand Hall; Pukelshelm
I%E roprlate expr essi on systen1 either in vitro or
v

GprimpeDesiai af dspeédensniGhpepen srdsHall sligyhlicpiipagineeporated

h&ggbg fefd: properties, such as activity, stability
er profiles. If it is desirable to obtain

[Ogg | 1l 208@bn APk ﬂlﬁﬁw ﬁﬁe&rﬂnafo\ﬁeﬁl%b&'e Q%b@i%enfshfddltlonal

rocess of creating progeny genomes can be reiterated
fitnessgenaltiest can de gearibad by heaset todargesfothps persmsterCowrhi as ik

ave?ag%. Gl h":r oq‘ Whtidhs :[}gx[e‘?a?%lflp%lld%? %rﬁ%dugpﬁ%u{&& rﬂll fl&‘(f* Fhould be

a nu eren ons se
seepmtmnztht Sem k)f surihndi Vithesd adﬁntuﬁlamemplenm camche veighedWiRh higher or

019 As f th re di
IopgF bitelss TR pBene Breisgr Siv® HecsoRBPh Seimgretstiss sisgtions.
Fortexahipe e bekrlgd nudtbet ONmutatiess Qs bblré‘ﬂttﬁdtﬂgtotal’ISWSlC@B&gef
the present dlsclosure in an nq
nymhes Of etatipns G highsr m\feaqgetlwr%f: @fyéwétﬁﬁ% fag tam&ngfgﬁflt

prop&teibh 8R@L #)Yog‘éh)y ﬁ&%e%hdgqmtdﬂ%mt)%ulbﬂ eSlHllfaMy n\gelghts given
sequenceacti vity rel ati onshi ps. 0192] Thi s

toj th¢ frequengyeef atmtlcgl@memmtil@rpaobe adjpstad.£py Wm@fe rf@mmcular
mg&k YiPEds! kS8R thdrfhal stability of a polypeptide variant independent of other
mutations or if a particular amino acid residue is critical to the binding of a ligand and is
conserved or invariant when compared to other members of the enzyme family. Other
strategies such as tabu search, simulated annealing, etc can be used in place of genetic

algorithms.

[0192] Upon setting of the optimization parameters, a random plurality of genomes of
population size popSize is generated, generally, by a selection operator. This involves

picking at random a mutation set and pairing with another mutation set. To create a new



this case, enzynes), each of which reacts with a
substrate to produce a product, and wherein at | east

wo awoesyhber s of the plurality react with di ffeP€nus2008/001907
substrates or react with disffering levels of activity
upon a given substrate. In sone enbodi nents, the
conposi tion and net hods descri bed herein include a
plurality of polypeptides, each of which reacts with a

pdpubisibh anﬁge‘rotroths popRigL i.a, ﬂllredﬁsttgteneraﬂ’tih dﬂ‘g@ﬁcgh?sfcﬁtthd fragény
t wo ers of t uralit act wit iffer .
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herein include a plurality of polypeptldes each of
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or Rl L ed B PIRE LRl phpflairSichbies. In he
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ype avi désite
ﬁmtefrmm‘aet- nm about pr eV| ousl y- descr [ bed m cr obes and/ or
enzynes catal yzing a reaction of choice for the
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remblamtéechmvﬁhartdaerﬂctl N ExREssb CTARPERPriglg cxBisssion system,
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0 that .ca ze t e of re i on of .
ipheE PEATR bR Bt e b et S trroR Sleons st or
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i nformati on include, but are not |imted to: previous
6.EXPEEXAMPEES th such enzynes; wild-type enzynes

i bed n the literature; po ptide varia
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activity, substrate specificity, selectivity or

disglegyrg intaDy Wa¥r uct ural nodel i ng; and substrate binding
and docki ng studi es.  One exanple of a suitable

ancdstample ol ﬂ?@ﬁchaen ohe plymdiy obganeticallydivergemt.t ed t o,
an enzyme havifngtianatby dieesss rolypeptidesforidentifying gequsrscet
(tol erant of wreihatyirolationshifise retaining activity).
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wherein é Fegﬁ dve gfnggrsl the[ drafi ly (a Jt wn&i) cf %ferent bstr%pes %fr react with
diffeiggiievendBactivity upon a glven substrate In some embodlments the
composition and methods described herein include a plurality of polypeptides, each of
which reacts with a substrate to produce a product, and wherein at least two members of

the plurality react with differing levels of activity upon a given substrate. In some



the ancestral enzyme is not sufficiently robust to

oper ate under desirable process conditions. In such
WO p@vasoes, protein engineering, for exanpl e bRCT/US2008/001907

directed evolution, can besgssed to obtain one or nore

vari ants of the ancestral enzynme having inproved

robustness to physical process conditions such as

sol vent (nature and concentration), tenperature, and
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[ hnoIo 12: 37
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ingmderbat &rewnat ilrantdstov\pneahusmgpetlhm Waeh sich eazystest mld -type

erizgr%gteiljvérlbaegirlré ?he lsf%r\é%ure B'p aﬂ Oa%dvareléxﬁr Sgs%égedulg‘ﬁée llterah}]'e that

inbaxpbatel de of ToeE ﬁhtangnmbvip&spj{ ddﬁons&aueam sffécoadivity, substrate

screened for. a jred acti enbodi n t%,
SReRIICR Geet P S SR B BRI gk moftins” 4Bt vrE 4
dRKSRRIR. @nelalxm;alle @f@kﬁtabld’hn&@dﬁﬁl tha@nkmdei Iaat is not
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robustness to physical process conditions such as solvent (nature and concentration),
temperature, and pH (as reviewed in M. Lehmann and M. Wyss, Current Opinion in
Biotechnology 2001, 12:371-375; J. K. Song and J. S. Rhee, Biochim Biophys Acta 2001,



production. In sonme enbodi ments, the parent
pol ypepti de has been engi neered to be easily
woranvgfesovsir abl e for | arge scal e production. [ ORORPSZ00§/001907
Generation of binding pocké? diversity : In sone
enbodi nents, a plurality of enzyne variants derived
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[0199] (c) Generation of binding pocket diversity: In some embodiments, a plurality of

enzyme variants derived from a suitable parent enzyme (as described in (b)) is generated
by diversification of amino acids that comprise the substrate binding pocket. Examples of

methods used to generate mutations in polypeptides include, but are not limited to: semi-



aryl or heterocyclic substituents to the carbonyl

carbon are used to screen the plurality. In sone
wepdvomisyasit s, ketones having 0, 1 or 2 substi tRPEnUS2008001907

t he carbonyl carbon are used to screen the plurality.

In sone enbodi nents, the substituents are bul ky.

Activity characteristics that may be determ ned using

different substrates can include, but are not limted
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parent enzyne) in the bindi ng pocket of severa
fopexapdek i de variants is illustrated in Figure 4. In

the exanple illustrated in Figure 4, single nutations
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characteristics that may be determined using different substrates can include, but are not

limited to, conversion, stereoselectivities, stereospecificities, regiospecificities, and the



activity for each substrate as was observed in the

| arger plurality of single nutations with functiona
whemdiosggopocket diversity. In some enbodi mnent SPCT/US2008/001907

reduce the nunber of nenbews of a plurality, a

representative nmenber is selected froma subset of
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acmlt)g E)r each substrate as was observed in the larger plurality of single mutations with

functional binding pocket diversity. In some embodiments, to reduce the number of
members of a plurality, a representative member is selected from a subset of functional
variants having single amino acid mutations of a similar character at a particular position

(e.g., two variants where either R or K is substituted at a particular position, or two



reacts with a substrate to produce a product, and
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generation of a fine-tuned plurality. Conbinations of
the nutations in the variants of the pre-tuned
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the pre-tuned plurality show activity (e g., equal or less than ten variants), the member

with the highest activity or selectivity may be chosen as the parent polypeptide for

generation of a fine-tuned plurality. Combinations of the mutations in the variants of the

pre-tuned plurality which exhibited activity are then incorporated into new

“combinatorial” variants to create the fine-tuned plurality. Additionally, new mutations

predicted based on the original sequence-activity map, as well as additional residue
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were grown In a qUI

ture nmedi um containing an
ordigand;japd P@mblorngmse mtta’f@némeég@usmnd @ematlcm@mim&orlal
‘ﬁﬁﬁﬁﬁgﬁﬁgﬁmﬁand the cells were induced to produce the

tase. The cells were harvested, suspended in
, C R - o« .
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in.the esepce of NADPH cof act or,, .. USi i SO
pli@ifye SRR ERE OF FaPinge 8o MFme 5° BTl ESe o 0 SRAEERD
conditibhg, aeth (bpeetheaamprs 1 t hrough 5 of U. S Provi siona

Pat ent Application No. 60/900,430. [0217] The

anc eidample ket @oasttettian of Wphiraliy 6f gene@chlly diveegent
sufficiently rgluashallyditkesd KetstedREREE O RIBHGHY RN

process react isefuch@4£btivitp flatiohBidp SRS @ded tRAGENRD
condi ti ons ch&B@ReO¥RhirkiNEcohoMr Se of the reaction and
conpri.se an agueous solution of the ketareductase

[02 b} HhinkE ranple istaates e genskatioaof aplyraliy of prhss and genetically
diVQPHE bR meY dabh Bf Whith CEcRVRI 4 SubRRETY p&z&ﬁ&% $r0ANE hgd

to acet one coproduct in contact wth _
whesein @hleai two meofbemﬂfﬁlterldm@htyemdﬁ @nthdilgggnt\ssblstmteswn react with

diffERAY B &s BPRTS ity RS WeibaPNBEd&E O
[0214] (a) Identification and characterization of an ancestral ketoreductase. In this

example, the wild-type ketoreductase of Lactobacillus kefir (ADH-LK), whose native
gene (Genbank Acc. No.: AAP94029.1) and amino acid sequence (SEQ ID NO:9 in US
Patent 6,037,158, and SEQ ID NO:4 of U.S Provisional Patent Application No.
60/900,430, incorporated in its entirety herein ) and activity for the reduction of



product, |ikew se either dissolved or in a separate
phase. For sone substrates, it is desirable to use a
weomolowsnt (e.g. tetrahydrofuran) to increase PEBEUS2008/001907
solubility of the substratesin the aqueous sol ution.
For some ketone reductions, it is desirable to conduct
the reaction at el evated tenperatures (e.g. 30-7000).
In this exanple, the ancestral ketoreductase was not
adetptisiont € RIlestenutlyi dehotidicibeeh Rpotats svas cliuden awthes ancestral
bei ng negati vel yaf f ect ed L he.prese
CZETer G5FIpPRCT I TERUS] bty & net&@ﬂ&ﬁtﬁrgm Rhotionally

diver9PkaBRBRasefiCet one, cosol vent) and increased
tenperature. The ancestral ketoreductase | oses

[msp ViHeYanfNEhcid BRueies Senadhiral in AGGGTTHSs REtoRUutAR have been
ketone, prolonging the reaction tine which results in

repoitedaand the iygial struceue ofithg wildrty pehomgles BREhacetasfiug kedir
(Apgg&dﬂg%v&gﬁs W&ﬁﬁ&lc@g gﬁra'ﬁte@g I REGREn RPBAEd {SERPID

sired Init
NRet imrléSiBatnts@03 B ¥ Javiol. Bioli $271:317628 @003)o].d\delnBiel 349:801-13
(Zﬁgﬁer sion of the ketone; thus, the generation and
tification of a robust enzyne able to wthstand
[Oktg@i eggthera%g‘,o ﬁ‘l:esa?qgcgsgrﬁ_gke"torg? tey\@ %vagj Sg's cﬁ]n%g for[eg(gljegglon in E.
caineeel erothe h&poﬂﬁ«t einoalcidksetjodneed ami a&&ﬁiop k)pumdadoraalng

R Rnio R 0B Hiiu et dRbal Appiceboniiazod fo. 08 GE8 Pupeard

mEtho@ﬁhfé fe WHEsyRHERES bt clbdahtd affexprassideetedion, (Hﬂlﬁttl@él%sultmg
0219] b) Identification of a robust and scal eab

)
plagpid ras KabSprarddoess E. ppi eEting CeNoirem asalopy of G%%’a qoe strain
hé?p&ﬂigrlhé/ ﬂﬁér@i@tﬁeré’grom‘%n ANGERE duithireSREM IR DAY InfHE an antibiotic for

ficie i nproved robustness to desired process
Wbmh @hetqxewsmorrmwithg)mmda@eesxmncamné thepeadls avgre indueed tgproduce

thgﬁgto?eﬁyaeas%?ﬁgkel? %(r%?ﬂ'f gtg L t @4} g&dvﬁ‘%hﬁfwaidys%? and the cell

enera tase plur
ddbﬂm’s atereonesiovet. eThercholdgucﬁﬂe ketbrdtdiase g the ljesatﬁoﬁdr rhg redu:etlon of

o ERERTSPT IR BN fate! PaY aPerEneRa BRI IR it

lSS]ﬁ'prnaI asaBduBind gRIpSdxidizéddiaktosd) wak confimietl. BeaBkagsies 1
rrb synt heti ¢ shiJffI i ng i ntroduci nE g] o acid
thegug PSS provasional PaieqtiARplicgtng N k0 8§ 3%t the
ancestral ketoreductase; and site directe ?_nu agenesi s
[0217)sThegacssiahlsiaredustage Was Relegmipes tordediot sud SiERy '10§ust to

dRREERLtOR x’eéﬂﬁ:t@ﬁ‘ﬁkﬂc@ﬁ redctibR t6Xdifdns” TR AeseRd acBoPERURIOAS
or optimzation of subunit interactions as discerned

chapgmeven thespysse af the reagtion prd congpiepn wow&oamon of the
két&@&ﬁdsé?:mﬁﬁéin}g%gvé}{]l teQSesé‘B'P Egé:%?aiqno'f% RAES
or etore UCt ase

Were Sscreene e actIvit
steighiometris amousehding ganat sl to'ﬁoetemrr@@rodﬁlctr imn@ntact wbhlalhigh

o BT ot 1 BRle BB R Lo P o St ntged o
predpddikewiseleithdralissalvedio i o S’epirbﬁ phage Fos sonysSAibsiBatés) it is
desnrgﬁg ?o \fasgglcosoqvent ?e g. tetrahydrofuran) to increase the solubility of the
substrate in the aqueous solution. For some ketone reductions, it is desirable to conduct
the reaction at elevated temperatures (e.g. 30-70°C). In this example, the ancestral

ketoreductase was not robust to these various desired process conditions, being negatively



I sopropanol -acetone m xtures prior to initiating the
screening reaction with the additi on of NADP. The
wo p@wmeses i n fl uorescence of NADPH was noni t or BAT/UE2908/001907
one such chal | enge screen, 66he variants were exposed
overnight to a m xture of isopropanol and acetone
prior to the addition of NADP to initiate the
reaction. In another such screen, tetrahydrofuranwas
afffddeddugetle bﬂ&sdnheoflﬁlglﬁ lavelspf terorgamidsiikubisaite,qgodute isopropanol,

reactio not her ,such screen, the i n ..
SR RO HERS) PG DHSER PG ot DR RSN KEP ey oses actvity
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activity for NADP reduction by i sopr opanol . as. conpar ed
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222 e dire qutlon screens, conpared t

Ao e AStoriRes. Hhgs | Wb R R g Pigspion lovels of
the ketopddyctagsul ted in the identification of variants

that are produced in greater anmounts (their encodi ng

[02291E®) BleftifigitibR bf smgseﬁlad},aladqu@m ekethaaasearmadatea
havi ng higher 1ntrinsic activity, as varjants
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m‘xpﬂ}wédr}%lfstrégst t'o\ﬂ'e§1}'ed \#Q&g§lonﬁn%ng'xﬁzﬂ&ﬁgel‘ﬂes%%hh'ﬁtk Ridre suitable
rogram identif ariants of the ancestral

foi ssweacnmrmsrezyméfrom whigh @@kum@&jaragemr@}w toenppiilate(the g.

k?térg(%cgissggl?alﬁg %{lupartl{raégtv@re dgfg(gdsu%%g int { ggrlleec{}ntch%mé %Lﬁgestral

kezoriethadtdse upiag end od(zstcxmlnmhlmha)sﬁ de fbbowl[hg echnignes: error-prone PCR;

f ti h f ot
sifespEtion TRpesREss o g S Ro e s SERF Al sypfine
infr@heyt arfliao a6id ld%ﬁdlt@@)r@s@ﬁit ih mmsﬂypé h@ﬂol@és éthne 5ncestral

encodi ng genes. npl es of, nore | y. pr.oduced a

qi%ﬁ%qtasmnérsga d'(‘,‘?%%demv‘ég?“&ﬁ‘ﬁ 3t gfes )&bppm agrlikelyite effsgébﬂbﬂlty

bdsBd Ha hePahSbORRtioPRERINES rbe At droptitiPatio 9f 80nif 30,
60/ 900, 494, 60/ 957,974, 60/972, 058, 60/976, 345, and
inggaayipes sotscemad froaf thassrystal stsuctreor por at ed by ref er ence
inits entirety herein. [0224] (c) Generation of
(082 ldTIreympiertdibrraritis deri edd: fjom theingestiial kejorgdudkase seesigeaengtior

thé 2% aﬁ' tleeelEelt&gcﬂlctarsg %rﬁﬁ% in ?{ngysgtgv ores éen for more r 1pbust

ctases was generate Ication o
va{'rmtsothawami&ti Wert sceenediforactifiy Sarblsd rede@iobiofitNiAIP by isopropanol

ocket s identif,ied by by.honolo of the ancestral
A PR iaH EARUTe RS eriapts 1) 1S SRGsD frstren fo Sqppranot and to
isspropatiolibcetéte niikidrdsBrioBtdiditiaging the screening reaction with the addition of

NADP. The increase in fluorescence of NADPH was monitored. In one such challenge

screen, the variants were exposed overnight to a mixture of isopropanol and acetone prior

to the addition of NADP to initiate the reaction. In another such screen, tetrahydrofuran



pocket nutations were introduced in the gene encodi ng
t he parent ketoreductase by one of the nethods
wale@aioddsesl above. Additionally, specific desiredI/Us2008/001907
nmut ati ons were identified iem silico by docking studies
of diverse ketone substrate structures in the active
site of the honol ogy nodel of the ancestral
ket or educt aseand were introduced in vitro by
was mehikicctinttbdmimma@einesi igitiafihgthe réatttjbmdha amuthat sushscreérgithe
predicted. t stere Iect|V|t from
sceeeaednifiue i méﬁ’ba?ﬁd}??‘%vétegt GRSy Opriens nhé%as t he
rochiral subst
IRRHEY E RO Bl RhorSHeT Wi W%%@ééﬁ]se@cﬂ bl BifrgPanol a
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idepiifiad ip thegaitighlibsariess In pprallel; additionalpavwbracHeipkmutgtiens were
1d@ﬁl§’ﬁe‘d g@&%&bg{‘@ésc%e\deibébé ndoafre fdluded %%dﬁnt%‘ﬁglmﬁes%afﬂed
derived fromthe sequence of the ancestral ADH L
canitenganial dibratigk+ LK vari ant s, and specific nutations
conferring such functional diversity, include the
[022sThedirsted sROjUBPIT BBcEna nomparedithie knratiusteseorstiditiesn inthScell

oGP R P A, B ARLFE0 et

arh6urds/ Ghenbencoding pates dreCBthell‘ aprdssad) nloagade tage varibsts heving

consoljdated.into rallt of ddhess | e .
higRr JREIRIE AELEY, *b*fwvih riggyy itheen mHO%ﬁﬁncrease expression and
highéHintridsiahétvigopul ated into well's of nultiwell

mcrotiter plates, wherein the address of each well is

[0223] TIRAJifbcRAPSuGsh froRabt idestifid validtts of ﬂqeaa&]straﬂ@)etoreductase
Generation of sequence-activity relationships

thay are praduesdat Dighileglsa@- 320 ebYie|cel prajein) and ags swfﬁ@ently robust
toktﬁé QArRAY 9&@1‘%3 %&Eés%h&nﬂbﬁ‘s tBrﬂ)g sQilt l@Hréﬁf k%?e%uctases for
aracteri zed Screeni ng t he ura agal nst
fudcmkdltvyrm'lfcatﬁmt Orhe asum@amdsmsmqemé Ithsvchehgted peren kﬁecrrs@ctases
wkrgadgpe?rgﬁxg %t glgéleost{de qdfﬁégfz!égﬁdqn {ransy !gnrga elqlégéodlml%]%eaes
Emmﬂest dfatorel hfghBrproduded and ﬁibustdcemﬂcﬂustazevanfantshﬁ ADIO-LK are

d1 g%tslng %@E%&Flﬁ%te&tKﬂ%hgag{ogﬁ\}qosaéozm%o I&99(5(06484

60783 EITAC ¥G/DTE058,B86/076,985)tafd 60,976185 % 2REHSTHhi6tdds ddrpdr@ed by
used annn% whi ch nelther one, or both of the
i3

refeigpceiin [iReRtiEety 15l ky. The fol | owi ng ket ones were used
to dete[n1ne the a§t|V|ty and stereosel ectivity

(0 y. Adbiraliyoh !sﬁereég%sedasams
dé:) fv@éf 'fr%hlotH@Felgﬁoe&tren?‘Rgtlok%ﬁ&h&Q V\MQ fr@%tg Qy ﬂ’l%gl)srﬁcatxon of amino

ane (see U. S Provision Appl i cation
aquts th@@p@sm@ha}ubsaatp barshing mekstubsmﬁntdwédbyéﬁdélommm ¢he

n\gﬁg_t%il Ié%rg?%%t%%,_ &Bk—lgfﬁ, t%L{RéS PepBHeed’]é&stgl?strUCture of ADH-LB. Binding

pocket mutations were introduced in the gene encoding the parent ketoreductase by one

of the methods described above. Additionally, specific desired mutations were identified
in silico by docking studies of diverse ketone substrate structures in the active site of the

homology model of the ancestral ketoreductaseand were introduced in vitro by site



fl uor oacet ophenone; see see U. S Provisional Patent
Application No. 60/972,058) ; a prochiral nethyl
whedoenasans/ | oxynet hyl ketone in which the PCT/US2008/001907
het er oaryl oxynet hyl has nas$8 325 (the conpound of
structural formula (1) in U S Provisional Patent
Application No. 60/900, 494); a prochiral aryl aralkyl
ketone in which the aryl group has nass 265 and
dirdvedmalthgenegy. clhpsdmsluda gaitdt®ds that were predlcted to change the

2-13-[.3-[2- (7 chl
SRR 2t o S AR T dosionlGrohs b e referspee
prociraPEbétrate onal  Pat ent  Appl i cation No. 60/ 976, 345)

and a prochiral al kyl heteroaryl ketone in which the
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mBhiWe!chibbriRk Ebé?ers' WrSinROAREESS bPEACRINRA it fs EQBh&ESN a
conversion. For each prochiral ketone substrate, a
partigwlas pbfte.enant i osel ectivities was found anong the

variants having activity on the ketone.
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LSt A8 Rk Rty Eh i Eab LR ' Bitickioro-3 -

flagbddceioplendnd] séeterd).§ Prdwisioal &dﬁéhﬁAp}ﬂﬂhtlon No. 60/972,058) ; a

prochiral methyl heteroaryloxymethyl ketone in which the heteroaryloxymethyl has mass

325 (the compound of structural formula (I) in U.S Provisional Patent Application No.
60/900, 494); a prochiral aryl aralkyl ketone in which the aryl group has mass 265 and the



substrates. The variants chosen for the pre-tuned
plurality were selected to optimze the representation
wotoogansdemts in the pre-tuned plurality that eRr€&l/051008/001907
both the functional (activiepy/selectivity/specificity)
diversity over all the substrates previously tested
and the genetic diversity fromthe bindi ng pocket
mut ati ons. Variants were sel ected and newari ants
ardikgl groeplhdsandsnd 63 @[quaﬁdhmmimmo&mmg lethenyl] pliengHs3-

oRPEIS e R B3 el Stermir S RS Phh s Rati o,
6GLTH,BI36;,2md Gtprauhiry 416y Akieeddsyliketone awhidhtise M@ﬂ@roup has mass 72
sel ect ed to mai nt ai n theﬁdgglope’l?ttern of [

it f
angd the fteroary! gfRuP By B8y Y & FEENG aéreolta] ey algehyde was
uRAFd ST b Sctivitylal@ siefedspee TRty Rhath@bilidtits BBthaWerifRedr
in the larger plufality representing functional
kipgtitdesrjutipoci eacemioalpka-ehjral Fidelydgtice the nunber of

variants in themg‘gptruned plurality, one
(0227 Reguation efiac (ang algdehydpXlo iseropanol, amths PreseRGePl
Nﬁ'lﬁ’g Was ﬁ'&h%’d&@nﬁn%@ Qééﬂglschglfacérét (ﬁ‘o}f fHe fﬁﬁ@foﬂ&ltlﬁﬁdmg pocket
(conser vative mutations a particular posit
viriany. Activitegrestnisads degrminei afcmtthes dsféérerutpe«zbhimblmtone
su\éatreit asnvtvesre If}l%\{:logger%:\;or(l) rﬂf at% asnlilcgJ S‘i o% H‘l eto or a c? Bg.!l Z cii {he
I ONn, "vari an avi ng
eqaaﬁdspue:w afithpeisiral abﬁhol‘p&fduaﬂ;lhﬁamw b‘}gch‘vf'abgaslor 11qu1d
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Screening a pre- ?luned pI urality of genetically
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substrates. The variants chosen for the pre-tuned plurality were selected to optimize the
representation of variants in the pre-tuned plurality that exhibit both the functional
(activity/selectivity/specificity) diversity over all the substrates previously tested and the

genetic diversity from the binding pocket mutations. Variants were selected and new



containing 5 ng/ mL nicotinam de adeni ne di nucl eoti de

phosphate (NADP+, Na salt), 2 nM MgSO4 and 100 mM
wa eooewisaool ami ne (chloride) buffer (pH 7.0) waBCHUS®AS/001907
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containing 5 mg/mL nicotinamide adenine dinucleotide phosphate (NADP", Na salt), 2
mM MgSO, and 100 mM triethanolamine (chloride) buffer (pH 7.0) was added to each
well, followed by 300 ul of isopropanol, and then 50 pl of 100 mg/mL acetophenone in
tetrahydrofuran. The plate was resealed and shaken on an orbital shaker (850 rpm, room

temperature) for 24 hours. To work up the samples, 1 mL of methyl t-butyl ether was



pol ypeptide wherein different nenbers of the plurality
react wwth different levels of activity and different

walreeoosdons and | evel s of stereosel ectivity onPEr/gs20081001907
substrate. By conparison tdgiExanple 4 (Figure 8), this
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the plurality react with different activities and
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[0238] This example illustrates a plurality of polypeptides related to an ancestral
polypeptide wherein different members of the plurality react with different levels of
activity and different directions and levels of stereoselectivity on a given substrate. By

comparison to Example 4 (Figure 8), this example further illustrates a plurality of



hexane/ et hanol as nobile phase with a flowrate of 1.0
mL min 1, nonitored at 215 nm [0242] A range of
wewerons and a range of di astereosel ecti vi PCBEES2008/601907
found anong the pre-tuned pkurality. Sixteen variants
converted >20% of the ketone substrate. The conversion
and di astereosel ectivity data for these variants is
illustrated in Figure 6. Therange of
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hetxgnee/ethanol as mobile phase with a flow rate of 1.0 mL min”', monitored at 215 nm.

[0242] A range of conversions and a range of diastereoselectivities were found among the
pre-tuned plurality. Sixteen variants converted >20% of the ketone substrate. The

conversion and diastereoselectivity data for these variants is illustrated in Figure 6. The



conbi nati ons designed for the fine-tuned plurality.

[ 0245] Genes encoding the eighty four new variants
wWowere/00se08 vi dual | y synt hesi zed, their sequenceRCTHESB08/001907
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be potentially beneficial (e.g. one or more conservative mutations from a mutation
identified as beneficial among the pre-tuned variants) were also included in the

combinations designed for the fine-tuned plurality.

[0245] Genes encoding the eighty four new variants were individually synthesized, their
sequences were confirmed, and they were used to produce the eighty-four individual new

variants. The fine-tuned plurality of addressable ketoreductase variants was
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onver si onand di ast ereosel ecti vi ata rom thi
vajes eerprcrfontmmltlfyl(ﬁ)e;ﬂbutyadz pll amriallegatty/e iess. lvalhcssatrc amécknmantly

(Sgé%g{ye- -1)&/ I\Pom & o(%nheoplural ugra%g greater an ]76%Ser1]1%1\{\§dmeric excess

to the desired (S)-3-butyn-2-ol.

[0253] _(b) Generation of a fine-tuned plurality. The activities and diastereoselectivities

identified among the pre-tuned plurality of ketoreductase variants in part (a) were used to



in view of the nore demandi ng conditions of the screen

of the fine-tuned plurality, nenbers of the fine
whawb0es eat er activity than any nmenbers of tPET/US2008/001907

pre-tuned plurality. Wheredas the mpjority of the

menbers of the pre-tuned plurality gave predom nantly

(/?)-3-butyn-2-o0l (positive e.e. values in the

Figures), all the nenbers of the fine-tunedplurality
dgizvia rewadaalityaftkkywrddnytade vaniay; 2reotunédiedgddnitifievaiaats with

alues in the F res). .Wiereas th st .
enfancef puyand oSSR TR R BIosHan BEPSAR Puafysis s used
todRVaop-dddlerte ficti(iB) and-sbyiienBe-enddtiosedRviGitptelathgips for the
menbers of the fine tuned pl uralltya)g‘ave >90%, e.

metgslo@ qgmngﬁhezya&ants mgﬁmree-ngle ohrality bifjipg agtivity. A fine-tuned

plBlaUEA el vafiaS et hieddnt Yn @b BRC ﬁﬁ&f plufaiRC Wa®Q&dignéd, wherein the
di vérse enone reductases for identif

vasiantg epmprisedinewi copbinatigns itk mytatiops @grﬁ red ais bpraficiab fuy eae or
bo‘fﬁ‘gpt(ﬂg C?’g’f%@‘?’ #ﬂ%’é %( HQ@ Fké-eﬁ?rp l?gia?éatt eatigi%r% g?g%rlasent in the

prefturmd gnlllualay |bt1typredlcﬁed hxubtt paterdiatje benaficall (wg @nv er gerg

enz S, ch rea a substrat
c<PgYEE s fom ® kbt Bebfiaet s beBerRy Al iy wongs
vdriagtspwerealsotipcliided Gh thal dombitatibsy designedifes thedfirestuned pleadity.
with differing | evels of activity upon a given

[035%%6@& Encoﬁﬂg5ﬁe] ne(vﬁi'arﬁﬁilsaﬁdré ardivaduadlp S?m?]égéieﬂa‘ihre B&juences
reau as Intlse varla (0] Ye (0]
W?ﬁf%‘é’“{‘% d thegppers uaﬂﬂ;p o Bvesre e l&lﬁ&%‘éﬁwa‘@ﬂa%eﬁﬁhﬁaﬂne-

tuﬁé”HZMHﬁﬁtyf&fad@t%k’sﬁbl@ﬂk%%dubfﬁ@va%ah@Wh%fcoﬁ)doliﬂﬁbd tu¥in@fthem to
genetical ly divergent, functionally diverse enone

papulatrcs Yswell misretitgrplats. ddic@mirqurithesayense of heovarinaitlogagd at

PR RIS beps are reported and the crystal
eastructurg g'gaq{?e OYE 1 is available. [0259] Genes

[09.5% Qe Bpﬁ‘le HAEERLaP rQ\{ S T'ﬂ@ ﬁﬁ% gﬁ?g ggl?? ér% Wg?n Sthéected ta

scmqmg ngths3- aumn-a aneddhe ppmf:dnrz ans minntadagmthamWarttha)w@ this

t andar.d..net hods. .t he e, was nt he nd ¢l oned
e f Ry A B PSP e U S PR e TG, e
nmsatbfnd@fzoromd corvietsicais vEith the icmbbr &l the pl@&luhcﬁi pliratity, the

col oni,es pof the, transformed E. coli al n wer r own
P ARG A WA Bl5P GeRIRS ARPSIi So/RL on SeanicHiSr Rjasf BOPulated
willihé e @6he d pUERIRH d @kl thie Rerlebll bEthe pRAUhYESItke, @B Padehe cel |

debris were renoved. The enzynes were well expressed
keigreductase gavadBPasanyersion i theyssserof e fipprsuned glate, thspagynt

ke@éf@&&th%é( 2189 Gmeqmeae@h&@%@ %eaeezé% VIR Ve € AR fe;rséit to

[0 The ancestral re determned to be no
cogmrsnpm tnsdrgenrad hesfine-wneibplirabity wesormsler mdrecdemandipg @e@cbtsons

th%,ﬁ@?%? s‘?‘gﬁﬂ"f%@nﬁd&’d%ﬂ“’- equi red inprovenents in

[0256] The conversion and diastereoselectivity data from this screen of the fine-tuned

plurality is illustrated in Figure 11. Comparison of Figures 10 and 11 shows, especially
in view of the more demanding conditions of the screen of the fine-tuned plurality,
members of the fine having greater activity than any members of the pre-tuned plurality.
Whereas the majority of the members of the pre-tuned plurality gave predominantly

(R)-3-butyn-2-ol (positive e.e. values in the Figures), all the members of the fine-tuned



stability to organic reactants and sol vents such as
i sopropanol, acetone, and tetrahydrofuran. On
w0 p@abesodon i n neutral buffer solution at 500CTE2028/001907
| oses all activity for reduatti on of cycl ohexenone wth
one-hal f hour. Under the sane conditions, OYE 2 and
OYE 3 |l ose >95% of their activity by two hours, and
all measurable activity within 3.5 hours.[0261] (b)
pluchdityt gadvie peetlbmimaoftly 65)r3obutgt-2am (ﬂnegaaileeaad:) Ivelupaimeh¢ Fienmnk

a val ution o
WEHHEAE B st ChaBRsg R mSri? o B S E0ed P B ke Borese
(SYSshutg2 pl, eeRsd, dghtthdmbensoef thetkhdi@ined plikiiey gdviet-ab¥e:.e.
%gr use a a parent enzyne from which variants were
(S ﬁté‘rt%{’t%ﬂ ‘to popul ate the enone reductase plurality.
The nt he ic genes encaqdi OYE.1l, OY . and OYE
wer cEXATA Dlﬁgengﬁﬁww ofia alialfy gt 8eé‘§ﬂ?359’rﬁ’$ve§$ﬁ9f f1 ed
Ilbrary vvas sdprsdinay! w%ve%?noaﬁf upfages
t her mal st abi [SEQUEnegertiyitypelptiqnsh IPE)"‘cﬁ"éé‘ﬁF%t Ptéﬁéltcﬁnt s
and sol vents $atin%arbos gprklphpsls copiwedtesho 2 empnyl group.
[028%] By ﬂf(é?lflﬁlé ﬂﬂrstr@s #he %Hﬂ’é?'&t'id?lrbﬂ ar])llﬂ@h'ttyro@ kotﬁ%’tfdcn@ lgenetically
sol'ution at 50C, the shuffled variant sel ected as
diyengetitenzenass eaghof wb@hfrmctsomﬁls@ pubstrata ¢ prieduqsracprodusbend
B
wHé {512&': Ileg.éh{ t\gﬁ'&lnn%ﬁseo ha @Eﬁmbﬁreﬁ‘cﬁygﬁ i’fexfe;TJ ﬁ}]lg%ffalte%rb?%(eea@?wnth
dxi%ﬁﬂg leiels bBactiwity updnya giveresubStritehour s. [ 0262] (c)
Generation of binding pocket diversity. A plurality of
[Oéﬁﬁr{a) Sdchtioh af en seestaal esordaeductde f InthisteRample) eciaed of Old

YR P RS S OB 2R A e hat RS v Ygmes for

ds/diopinetiftodl robiish glupdditK 61 gen&ﬁcdll@&iﬂ\tekédnﬁ dulYiohd1 diverse enone
re orted crystal, struct ur of OYE Bi ndi n ocket

tater-oPhe Aipg asid fraaRea gt iese priurghnanalogsaaf qiiersaze reported

axﬂaﬁ@wys@n@n@mf@&uﬁé@?@ P¥ 20meabRf, the nethods described
in Exanple 3(b). Additionally, specific desired

[02%9]2G¢RB 0BG théliRbdthal OV HsRvct hes%eayor%z?&m&] .Y d;bﬁ%ased

of diverse substrate structures in the active sit
on the repeited amingtaeidoeaueacestand necodor erfimizationvizoritimd U\W@ge

r

Pl EHHAGR, 18 et hfk PhuRyily S A58 ufh BYTBR R ector and the
restengplesnaid yels ¢ransfoimed iftorangy. cehisraih. Celisfromicelonic 0PBE]
traalgfi %r(lh %gc%\;\ﬁsftrg% v\v\;q:rgese kngetma rhr%duce? E;&%E&% gnezgrlillﬁs dThe cells
wergthagvasted, atispeidedlih euff‘émdtlysea,adnkiyheheneresné we«é removeel. The

r educt ases, The aH1 8 aci d sequeF E’S of t e varj antfs
ey RS Ve Yol rRTCS15E AAT MFTASERIEY Idhe &R {3 thiseduction o

cydphexdibhied YloRexaheR bydlRAPPHIRRCINEmAEE transl ation of
their encodi ng genes. Sel ected diverse functional

[omgl BtahcNBEEOYERGRE dadrRthddb e AotiRuETcdnkll Yolfst to de51red enone
ressabl e enone reductases of known sequences and

ad
rediqtion PFRSESSireAsAPR gonslitiensaandareqyited iperovemeyts i theqmpd stability and

stability to organic reactants and solvents such as isopropanol, acetone, and

tetrahydrofuran. On incubation in neutral buffer solution at 50°C, OYE 1 loses all
activity for reduction of cyclohexenone with one-half hour. Under the same conditions,
OYE 2 and OYE 3 lose >95% of their activity by two hours, and all measurable activity

within 3.5 hours.



mcrotiter plates, wherein the address of each well is

its coordinates on a particular plate. [0264] (d)
w@evenetodon of sequence-activity rel ati onshi psPCT/Ukm®08/001907

di verse activities and stergosel ectivities of the

enone reductase variants in the plurality were

characterized by screening the plurality against a

di versity of substrates, including the diverse
[026s(bi) Bteetifiesienl of rdbuetrinid fsyaléabdd parehighorfeuraditctaseaDirected

?“ anta: %ut h al es ed 1% ”&‘F Suftk ee Llh? roved ro ustnessto
RIOP YA h‘S?Ir TRV ERSREITEHEY "8PAF/S
ddsjreBproblk dynditts, ﬁaknhgaitnﬂdw duicdble fof dse as a parent enzyme from
napht hal enedi one. 0265

/) henyl met hacr e.
whish B SOREHOL e f@hwx?r?dﬁ%&aﬁélwali% Hinthetic
g&%@@rﬁé@ﬁﬁgﬁyﬁwaﬁ’ymda@omaelfarﬂl mhergﬁm&namw Rulting

ucose, in the presence of uco
slw%ﬂﬁﬂdrb@gémécremd forsvagiants hawng rlmrﬁtéectth ﬁqabluhfx/and stability
to%?d' et thid ﬁrfﬂsso@\fen{s@ﬁc}r ANCS4rORAbL, Qééﬂ&iengncp@ﬁ rofuran. On

ants. Activity characteristics detefrm ned for
inputmcibn iredeugalisifensadstioneat & 0t Giehc griledsiapiantokleated asrparnit

bst r at t he, di ti d | | ..of t.h
Girel 8B RoR Sy e G Bd PN Y ity PR RL R sy o
cyelvhedne §éduciitn dftedl Bhélhslif howraing ghadhNouriid >&3240of its activity after

shl}bstrate, a range of conversions was found anong the
PAA%Si onal variants. For any given substrate, the

ercent conversi on observed upon screenin
lﬂgﬁ%]r!alﬁm&ﬂ@émwﬂ&% ail%%?ﬁﬂ@?%f@éhcta%ﬁor

viRRAR it drR theSURRSlel kst @ar&ﬁ‘@%quductase was generated by
stereosel ectivities was found anong the variants

dimervifingficacatiamingjacids thateomprise the sebstrpgbgslingpockents idemified by
thb l?e%oﬁg@ r(?/ dtﬁf Qﬁcﬁ@o%ﬁ?qoqﬁ%cﬁﬁ%ﬁ( lJequ 1§ns\MvérQ ritﬁ;%uced in the

no acrd sequence 1 nforfma romt e varian
geaae tenmehmhepwhntmbmet nedimasesbgqme o€ the adthads dyscribed in Example

3G A0 Gy DosSiFE e SRR RY SafCi RS SR RIS b o e ppudies

ofaliyrset sabﬁtrassegmenﬁ@ u’:lCHd activy sitecd fahd apshii soruedugestithddAcestral

r oSAR (.e) ulatlon f the une
OS’EJr%ﬁ ‘%%re [mr? ed i esl.fr Y 5 AP tnﬁéags%eatfeﬁ@essem'wq y
mU@tiahs tRASTErPPredRtedqH Bl the¥atedseRELIVIE BPPYLAER sdbstrates.

pre-tuned plurality of enone reductase variants for

[0 g REUuSGIR N HVErsE REL0AE bubdirkt¥s WoE uS&d @Wete¥ihink wHiich variants
itional substrates. The variants chosen for the

anmr@—tbﬁ Piadingtpaelet ivesjaniiegre viablee Binetionally dprersifiedeenong reductases.
tlﬁg )@(ﬁh ({ug ggfﬁf ! é)a?%?]% ?Jlltg r%‘glfk‘?iopgl%ﬂcftjr{heﬁjoc%t%@érél{yywere
deccaamedlbwvuslebtéctetsjeqixdnyyngdmdmasslatyonmfehenadnlcoctlhggenes Selected

ubstrates, previ ousl d t.he ene tihc diversity
dlf/erse R 10“6% ﬁaallaﬂ{s wele, r}so a,t?edt in nasplu g% ﬁlfidree\é%} enone
reﬂﬁitzfsei etknana se@wwarauna Wese ﬁhasmcgmﬂyl pb}ﬁulatldi bitcp@/ela@t &f rauidwell

conbi n ons .and/ or.. cqonbi nati ons

mfﬁﬁtﬁ?r Fﬁ'ﬁ Wg%‘i‘?ﬂ Fé TPE5 af e ‘?’@M%‘%O%r et °P8 pﬁﬁ"’“lar plate.

ortant based. on the sequence-activ
WFE‘Ha@—@%ﬁﬁ-&M&H—%ﬁ%—M@é Lri‘% dieryeraghiyitiphand

st&reER1eREViti8Y dF tf erfdn¥ dduittade Wiriants in the plurality were characterized by

screening the plurality against a diversity of substrates, including the diverse substrates

used to identify individual functional variants. Substrates used characterize the diversity



activities and selectivities for each substrate in the
pre-tuned plurality as are seen in the |arger

wW@bkawpabdovs, representing functional bindi ng pocR&L/US2008/001907
diversity. To reduce the number of variants in the
pre-tuned plurality, one representative nmenber of a
subset of variants having single amno acid nutations
of a simlar character (conservatlve mut at i ons) at a
inpladed &-medryl-psa@ohaxolmnm&lcervpm & )R8 aadlet ¢ 8.8a-tetra

1 I _Qd egenaetlc grltp{nvvlthafltness

| m ze t he
i pnal

iR I faeﬁah inter? BY ipispanay e St ofNaRP and an
alé(ﬁﬁﬂu ﬂﬁlyﬂl‘t%eﬁdgé endibr lf)hgu@isbl,rlﬂ lehet ptesﬁf)cd SN ADPiaadh b glucose

t pre-tune uralit 0269] The enone re
depfiogFRese, S U dleta deispming é’Lepqcev']ew@aa%quP&% ot @e figfonal
bif@Ag Bbeidal fAnBS ARtIRIY ERdrddidtisAts RAGHRRIAFE} SroBMAN Substrates were

reduct ases and used to popul ate one 96-well mnmicrotiter

thp cenversian efipntappunt ¢fahesHbsEate apdiths dfedtipaangd devehef the
t
SRl AT 86, AURES B AL i
Fqrreach swbettatelaurangei quomvergetrsewas&glhncg/armngghgﬁmtlonal variants. For
f ti Y
ariy;gifeni sggsgl‘ak h% e?ceﬁfe %O%Q?ljgl%fl 85%&6&%@5 rng%rpngathg lﬂ?ﬁﬁﬁt?%&ged
frguh moad t'otopmpﬂdﬁa?adh]velélcﬁle &loe dacmpmahiral smbstpatg aeanpepd| at ed

th,th t | t d f
SRS W OpRbePott oyt i e M rT b Wit Fﬁg%f’?"é'&
t he, reconbi nant,| resse

(03P HTo B ORGP ST U SRR 5 1 gt amio dcid
segetcE ifforaffion Frof the vA@AHDs ddBiRE off 6dch sibdiraty, s&fuel@ce act1v1ty

sol ution, containing 8. 3 ng/nL S-carvone, O.
refationthins ichd ingfeqicnec-glersqeqlessivity éelﬁwaglﬁhsatf%r e(amsﬂnﬁtratmavere

gc?léllawd rust g% ﬂi‘&éi’ﬁ‘se&le‘ﬁ@@§&1 h‘é’lgtrl&gﬁ agsoriiAProsAR) MO/ Ml

D- gl ucos .5 eqw val ents and 1 % etrahydrofuran

[025}7] RSP uedl lex@ll u"ﬁﬂeeirnférﬂl@ngn ﬁbﬁ\@ﬁéseaéé’d%@

to ‘eac vve . e Inal concentration of
actiwity mlaionshipssoggenérated oves usdl tagbpilatg-aque-tuned pludalBy nfy¢nvine

, % THE. .

relsE ot Pl o e TR sl MR8 Rty Ko Kol Substaces.

Tl(e&%namp rhosen ﬁmtheprpeuﬁd@m}ahﬂyowredeldsmﬁm oplimizsahk up
f nmeth but added t

rebA SR OT VAT Qe eLisaiti oy S G BB e orh,
(aEtQQstfe&ﬁﬁﬁ?@HWe%}tyfoQér alth&bub4tr@ss plebidisipasted Rt el degert

for 4000 rpm 200 m of the organic phase

diyersigatamikg bindiag pta?kéhgw tipay Yatsauate sfetel e ng yariants

ders%‘rl&ﬂtoh%&rﬁél:ht% Qﬁh k&%&@%ﬂng&%%%&ﬁ%h@@?cdﬂx&ﬁﬁwnﬁ 8f mutations
l"ate. The resulting sanple plates were seal ed and

ldsltttfreédn thegpraviougisetepn tonkel inpogantbaseridn thinsequenegtactivier e
ref’aﬂ@}xs)ﬁ%p%q \B¥lar§§v\F LR ePdied 1§ mafnﬂm A% % pgtté‘a o'FH?v(a&t? gt ™

activities and selectivities for each substrate in the pre-tuned plurality as are seen in the

larger plurality representing functional binding pocket diversity. To reduce the number of
variants in the pre-tuned plurality, one representative member of a subset of variants
having single amino acid mutations of a similar character (conservative mutations) at a

particular position while retaining activity, was selected.



film HP-5 columm (Agilent Technol ogies Inc.) at 20
psi, 125C for 3.25 mn. [0272] Figure 12 shows a pl ot
w@Roovkesods conver si on of S-carvone and the sterBONE§1008/001907
excess (% d.e.) of the ressbting (5S)-dihydrocarvone.
Positive stereomeric excess values are predom nantly
(2 ,55)-cis-di hydrocarvone and negative stereoneric
excess val ues are predom nantly (2S,5
[0)268]r1&rgsneﬂilc h}g;bndnmmvtb ndith&a Tdictith st ess&;np IweiglhtSI ta starximies the

eptides, related, to .anc
fuﬁfﬁo WL@P naé/ t W itiona 2‘ Sélhftraﬁ% %‘1’ geng versngy( :flpplled to
rede@Che Yikd 6f tHe f)fuﬁi‘lﬁ)ﬂbf the valistofor 8rtprastingd phuchlidy.f f er ent
directions and |l evels of stereoselectivity on a given

[03?&]3’1“ lie2dnOne TEllﬁatff(ﬁjﬂeelaﬂlQlts &Iédfﬂ@ﬂfoﬂﬂue@rf}lﬁﬁaed phuedditpivereal ity
(0] genetlca ) | ent uncti ona |V Se enone
consefiflared as a plyrelity a}le@gﬁﬁ@ lg grer Uétaf?fépg jusedfopaBHAte one

96:WRA IidtbBtef PrateS QUIXR thR EHeMifo béld skEficREesahd Yatiant 18atdd at each
The procedure was identical to that of Exanple 9 with

acldﬁ@S lete jrenbfier and avellicpardingtes) was knaygl-ut i on cont ai ned
8.3 rrg/rrL 2-net hyl - 2-pentenal instead of the 5-carvone
and E¥erdadipl Ssrageing aprirtuped alusslitcef ganetienlly divargensl 25
m x 0.25 mm ( dusionallyrdiverye Sinpe redycBeas avithensubstmte Hiat al
col um ( Si gra-ig kmavohjubstratd forpseine (yatigngs inrtke ploralitxi ng

RSO A PR 0305y Dl I B s

ofdixairipde % iodilm/bnsloﬁ fropdn czanfmdhyisatechmptlsingthean@brmbimntly
exgreesgeie errrlg)r/rlﬂgsp gv)écega?]%rv(:c{ %p ha\{v at (r)go i e?n Ee)xfearlzurre %mpe Blen centrlfuged (5
mimg OGSrpat, d°@). eldo il Bﬁmtdlmldn"coﬁtdiiﬁh@BB -ag/pdrs- 6a'rad>neaﬂ @3 mg/mL

YR 45N 50 SRUF P OO R A < BRap] 4 /ML Elucese

ddhbhn‘é@éﬁa@é f{}DH) Rk WigAl try-g@ico w.mﬂwaréﬂ&) rafl avmatrﬁlyaroﬁlran

eptide wherein different nenbers of

t
ingO0 mlYliphgsphais dsod Pugesri@Heh) wasaged orcagltwelhi The el
cdicddtatisnbe Sich @&Bb&ﬁﬁt \%Edasl @N@va‘“ 5%%]/1?&93‘ @m%egg'rﬂé/ﬁl

on a glven substrat e. y nmpari so
NARPOSEme ey GDH, z?rreg/mlls@gbngsm 10% Hillgutlee pl2te wasrésealed and

shgg 4h Jrg%l t;ff‘a[ e¥ {8'5@?]%& A5 t@mﬁ{;rld{u?%) o 2zpl(o IS. V}] work P the

pept 1 des & parent pol'ypepti
sam:r.:ﬂﬂsel’ sLodf mdlh?ylp-lbutyahﬂhbywasezaldbd va daoh dieflf &he ptate was resealed

ctivit and different osel ectjvities .
ar (350 Bap P erEbe e FCIOE R bt ey Septuged fyr 2 min
(4000 gram@rCy. addoy: | OF iRrogginic pHasd i dadi dlell ywad trigyTereedapaneell of a
reduct ases for identi II cation of one_or nore

g welb rd beum shallow wel! BRI¥pPioryleas micrptteigRlatey The Fraylting sample
pl8tdONEreAbAed and stored frozen until analysis.

[0271] The samples were analyzed by GC-FID on a chiral 30 m x 0.32 mm (0.25 pM
film) HP-5 column (Agilent Technologies Inc.) at 20 psi, 125°C for 3.25 min.

[0272] Figure 12 shows a plot of the % conversion of S-carvone and the stereomeric
excess (% d.e.) of the resulting (§5)-dihydrocarvone. Positive stereomeric excess values
are predominantly (2R,5S5)-cis-dihydrocarvone and negative stereomeric excess values are

predominantly (25,55)-trans-dihydrocarvone.



[0277] This exanple illustrates the use of a pre-tuned
plurality of enone reductase pol ypeptides related to a
wW@a000/0089p0| ypept i de, wherein different nenber sPOf/US1068/001907
plurality react with diffesent |evels of activity and
different directions and | evels of stereoselectivity
on a new substrate not previously tested or used in

constructing the pretuned plurality.[0278] The
[0p73icEduexanvdisilusteatds acplbirality dfipatypeptidex actitkd tcanvidntésttahe

xce t the substrate s tion Kofe
PoRRR P Rr B e Rere ke Pty SeCPOh fen Bydy of
adtiv@y bl diffefeROdigections Mid [&feld dTatetocsEiBMBIT oA gifen substrate.
i ?-carvone and the stereoneric excess (%d.e.) of the
I es Ukstainiplle 0):N)Sdre@Bink WPRe tunbd piukdlite oS BEUNB Idier@nees s
val ues are pr gaition@ARt diVerbendne Bddddtasds Swith yedscar vone

and negative shgaRBALiSa RXGASSubéRAttl &S s8Mme variants in the
predoni nant |y g 1?rbl?tP5' ?)-trans-di hydrocar vone Exanpl e

12: Use of a plurality of genetlcally di vergent,
[02 74 cThegrasadyregrasddentical ip that pllirample 8 avithghe exceptlons that the

uggtﬁﬂé sdthescl doRfAifel 8ONRe ML m&%@tﬁn%gpﬁﬁéﬁﬁofh[ﬁé’SQﬁ']vone and

esired activities on anot her ‘nave substrate
thtrhareple&wntplaealvzelddsftG@{Fé@ anfeechirale2 o xg0.pY mm (9ScuM film)

0 . ' I a
sfotad e 02 £OMRECAGEHTS B35 ARLUDSEL? ASSBELRL ol e
tefipertatird progia@B 0 Odr!9. Linid, 0 iid Wyl 1508, 18010 for Ryniand
-different directions and |levels of stereoselectivity
[OQVS]aanmtllzenom\plsua&hé ed &nRexsioRlof Zingethy1y2- pcﬁﬁdrﬁﬂar@lﬁhe
used L n constructi t he pre-tuped plurrethy
S“’Fﬁ%‘“ffl‘co?i‘éwr(é’ ‘%A%%Oﬂg% Frspiige 2t'6etFHa?t -PgHa a?ﬁﬂté’eft?r%"teﬁ‘c
extcgﬁ v%P&G?QFe SQJ&nﬁMH mn&m&r&h@na%uhbgﬁwe @fé?e%h{éﬁg excess
of

. - met hyl - cycl opent enone i nstead
V@"Wteﬂypd@llp@ﬁb' %mednd 2rmtaeei anal ysi s was at 15 pSi
usi the foll ow ng tenperature program 1200C for 10
[037¢, ﬂn@@amnlp Wpstrases2auomlityxg@otypeptides rofited tof ppegent polypeptide

B AR A S Pl SOV R P g

dl&ceny dlrﬁfctloﬂsand dovglstaf mgr®s¢ie¢tivycb' oo y@iGpenbanen By comparison to

=508 1 S o SRR S S AR AR b

pl&r)ﬁﬁf}&ﬁf p‘b@lpaﬁﬂiealﬁﬂated &)Cb;bﬁrﬂﬂlpblggespnde wherein members of tthe plurality
cloO nt one 1 son 0

reis it GO GRHSES PR TEEn s erecre eb St S eten gpataes.

T B

pol ypepti de wiSteERPnpRAisdvasss faridentjficationiof gng erpere
wi th di f f er entkeiReadugtpsgsdigvigg desifefl petivifigs on a naive

substrate.
[0277] This example illustrates the use of a pre-tuned plurality of enone reductase
polypeptides related to a parent polypeptide, wherein different members of the plurality
react with different levels of activity and different directions and levels of
stereoselectivity on a new substrate not previously tested or used in constructing the pre-

tuned plurality.



stereosel ectivities on different nave substrates, that
IS substrates not tested or used in constructing the
w@e@ownessesl plurality. [0284] AUpublications, pRCEOSR)S/001907
pat ent applications and otser docunents cited in this
application are hereby incorporated by reference in
their entireties for all purposes to thesane extent as
i f each individual publication, patent, patent
[02pg] Tieairo@duerwatideiticslac treaf Exuaipte § mdthvhelesakptyon that the

dicated to b t f f | |
s U Eion GomEyea et PERIaP! Bse %%@?t%%ﬂ‘:ﬁns%fﬁgms

lustrated. a describ
3 gl chewe Pk95?€d tBaE/d iR oL el AR N tereeric
exdenand 4.09of the P@sﬁﬁ‘ﬁF Ytydidcarofk. SERRRe@terdoiteric excess values are
i nventi ?%(&S) WHAT IS CLAIMED |S: 1. Aplurality of
prgdrinigant @555p5§ﬂé}mdmf@§vong a%rllqgiagy]e Hereemyeic excess values are
p@@édlﬂ%nty @R, SMYﬂaHQdiﬁ?@BU@aﬁgﬁé"o acid sequence, wherein
each pol'ypeptide reatts with a substrate to produce a
Pr OdEiCInpl A WG L Bhidlith SRS&neliily BVEREME, fRhctioRSl]
plurali ty ar e giRkQlenind Rdfcthds ﬁﬂtxde%h}{eﬁ RidreRe Qtnﬁ:{ore
react with dif {%s%@d%tagé‘é %Lﬁ)gtdgﬁred%cn{)\} ﬂJoMeYant/e

addr essabl e pQ I on
pol ypepti de havi ng knovvn am no aci d sequence, wherein
[%&Q:]hTfpabvaﬂﬁt illdstratesctbe sseviftatprextunad pluralite of enope ordlvetesea
vvher ej n Pﬁm%
pcﬁ}'pelpaﬁes relgfég é 3 ?rertlt é)g?){peptl parhérr? g{e %9%%&5 of gw plurality
renearath d/lffe:’entde%‘lmﬂ degvitesed (ﬂffafentahtek:ttdnts)and pevelsafgi ven

substrat.e. lurality of claim1 in which each .
SR B Q haolcantY sresipieagh ey abTy tested gt D5 b Eatausting
th@br&ﬂuﬂém]&raq claim?2 in which sone nenbers act on one

substrate and other nenbers act on at | east one other

[owt]snreafir@eed@re wdigd dakio&1ab tHaYofExaﬁ‘ﬂ;ﬁé 0 Witk lthecéxae;moas tHat the
which at |east two nenbers of the plurality diffe

suptaie sletfpacontaiied §e3 Be/mip? wnedylchglopetengns Higtead of the
2-Hiethyf- Qtﬂeﬁl%nalsclHQ e GE AnAPESIWhd & ltS}fmy GRS RIRWiAY temperature

reglrosel ectivity, steredselectivi
prggleme@%(ﬁ’@cﬁﬁ 1@ miiry,10°G/gamdp spHPE.i 200G for 2Zauimpt or
agoni sm receptor antagonism conversion of a
[GQ&I]dhgm'c 13 Ghoﬂ'sl'uaplpt ofithé P4 gonaérsmh aif andethyl-oxblopént¢rvae and the

the same, ..
s EREores red) o B esticie im S BiobaBRE positive,
stérobrhend sxgesovaes iﬂe@ﬁedohﬁﬁaﬁatlyﬁ' Pmethybtydidpeimhomeand negative
per cent conve(u? on of a substr roduct, or

a
St‘ifé?‘&%ﬁ’ﬂ""&%ﬁ%\)’é ? & pardominagl a&?gmeth??cwgpeam%? i ty of

laim1l or claim?2 in whjch at | east twy nenbers
W&%ﬂr%lbffénl&‘}‘é?“ R Fﬁﬁ"}péﬁnble(w*w&ﬁeaﬂme piEp shov aige HJ this
ex%&pneSfunHmmmtﬂdfeahIpwtu%d siu?eum f Rllyfeb@dddrdlated tdQbaenat
| east nbers are op
polypeptxde wherem members of the plurallty react with different activities and different
stereoselectivities on different naive substrates, that is substrates not tested or used in

constructing the pre-tuned plurality.

[0284] All publications, patents, patent applications and other documents cited in this

application are hereby incorporated by reference in their entireties for all purposes to the



over a range of tenperatures ranging from about 40C to

about 500C. 9. The plurality of claim1 or claim2 in
wokioeosas | east two nenbers are operabl e i n a BOI/US10081001907

contai ning fromabout 10 t@®3about 50% organic

solvent.10. The plurality of claim1 or claim2 in

whi ch each nenber of the plurality is an evol vant of

the sane parent enzyne and contains at |east one
sametextentas ifisachdmjiaidea publi¢atien gmtepntpatenrzappiicatibh.or dther document

w r'sﬁrlﬁfﬁ%igé%'ygﬁfﬂié?i% b PethR # Bl SlaleioRishor el
. . 12, . o
O We Joigh Bt oo e (R L s ekoat i b

apprecaatédi thiteaaals dhages cai bsmadd watheut dégartiy Pordrtied dplinyt 2@l scope
enzynes, made by a process of: (i) generating variants

ofghe Wyenti@d®- one parent enzyme, wherein at |east a
portion of the am no acid sequence of each variant is
known, and wherein each variant conprises at |east one
mut ati on known to affect reactivity with a substrate
to produce a product; and (ii) selecting two or nore
variants wherein at |east two of the selected variants
react with different substrates. 14. A plurality of
enzynes made by a process of: (i) generating variants
of at |east one parent enzyne, wherein at |east a
portion of the am no acid sequence of each variant is
known, and wherein each variant conprises at |east one
mut ati on known to affect reactivity with a substrate
to produce a product; and (ii) selecting two or nore
variants wherein at |east two of the selected variants
react with differing |evels of activity upon a given
substrate. 15. The plurality of claim13 in which each
of the selected variants acts on a different
substrate. 16. The plurality of claim13 or 14 in
whi ch sone nenbers of the plurality act on one
substrate and other nenbers of the plurality act on at
| east one other substrate. 17. The plurality of claim
13 or 14 in which at |east two nmenbers of the
plurality differ with respect to one or nore of the
follow ng properties: substrate specificity,
chenosel ectivity, regioselectivity, stereoselectivity,
stereospecificity, ligand specificity, receptor
agoni sm receptor antagoni sm conversion of a
cofactor.18. The plurality of claim16 in which the
menbers of the plurality that act on the sane
substrate differ with respect to one or nore of the
followi ng properties: rate of



product formation, percent conversion of a substrate

to a product, or percent conversion of a cofactor. 19.
wab@opbsewal ity of claim 13 or 14 in which at |REEUS1008001907

menbers of the plurality ase operable over a pH range

fromabout pH 5 to about pH 10. 20. The plurality of

claim13 or 14 in which at |east two nenbers of the

plurality are operable over a range of tenperatures
WHADISGLAIMEDaSout 40C t o about 50C0C. 21. The

plurality of claim13 or 14 in which at |east two

menbler 4 miralityef pﬂdmalablepobrpeptdgaraamﬂéori of eaclsmlmdpdde having
kCont allncl)n fro e, wﬁer neach @boeu i 59%08\5»\}% ms% St é/

noIn BRHAO A, ql“"'?°y &R R4S RS
a prethixe, randfwliel‘ben p legsatvid emberaiof ehellucality aef retaredl te arparent

nceséor en%¥ thg cont |ns at | east one nutation as

pl¥peptideandireact pith diflerentsp Sé'i‘? ¥ne. 23. The pl urality of

claim13 or 14 in which the plurality conprises

S ubset a p)ﬁrah@ﬁiﬁ@d&re@ﬁble paBpesides at poetisrpsfl eﬁélSpcﬂy}&lpﬁamhes/mg

froma separate ancestor enz 4, The pluralit
knowg; %‘H"i%a‘gﬁ? SCANCRAY. ?ré'l‘i‘ elaﬁ}épé‘?él’eé’é‘ﬁ‘é Epagty i gﬁf"égm produce

a Pods® hn@WHRredn 8tUELsBER m%%ber?hﬁtlié'pllur@l'lﬂyta}’e Rfatedl td1aParkdt
or 14 in which the surface conprises a mcrotiter

Pobyreptde ang reaph with diffesingtlgveby ofachy ihy uppngreiyep substiEFs- ch
the surface conprises a set of 2 to 4 mcrotiter
pl atesThePluraliBCofRIdmal intwhi6f edch ddmbks a&s od 4 differéiisetitrate.
t he surface conprlses a mcrochip. 28. The plurality
of claim13 or ich the surface congrlses
gl ask. b@PI‘“‘PI‘f@' ?f q!ﬁ"au ] ?ryclfafn Zinavhish somps megmbers aglpncgge
subffatSHd AR nfcMBREd R88n BY 1Bk bie fler shb&rapd ural i ty of
claim13 or 14 in which the variants are expressed
from pol ynucl eotides. 31. The plurality of claim 13 or
14 in Whf RHralipeofcdaimaherclaime? wwél?wltéﬂ lpaft ByhnpmBets afthe
plg’x%lltﬁlﬁéﬂ%@ tebpecPlo (ﬁi@ dF AR the RIMOWREPS LI HIYALIRILSE
a process of: (i) generating a plurality of
8pp@ﬁylpe shererseleativimtegiaseleeti\aly, stereasefrstiaity, seedopprepfidityeligand
ce,
srER ol el sl ool A, A R BF b SRR S,

that enhances_ reactivity with a ligand as conpared to
t he 6 edbe pluiality effclaimet imavtdeh tho srepphsps ¢fdke plutahitysthatchct on the

saHe%%ngatead'fﬁerWiﬁ{ %is&cia{o An%%ﬁnoﬁ—é/\gf tKQE‘Al%Wir?g Srfoperties: rate of

product formation, percent conversion of a substrate to a product, or percent conversion

{% produce

of a cofactor.

7. The plurality of claim 1 or claim 2 in which at least two members are operable

over a pH range from about pH 5 to about pH 10.

8. The plurality of claim 1 or claim 2 in which at least two members are operable

over a range of temperatures ranging from about 4°C to about 50°C.

9. The plurality of claim 1 or claim 2 in which at least two members are operable

in a solution containing from about 10 to about 50% organic solvent.



the plurality react with different |ligands; and (ii)

assi gning an address to each of the variants. 33. A
w@hkwpabsony of addressabl e pol ypepti de vari ant SPEETS2008/001907

a process of: (i) generatimsg a plurality of

pol ypepti de variants related to a parent polypeptide,

each variant having a different am no aci d sequence,

wherei n each vari'ant conprises at | east one nutation

t hat10efhaploesity efadaiinvi oryclaint hinawhicigeavt nesnteo ot pthralgy is an

el R e RSB BT b Futlphesbared o e

pd@ériﬂl‘eﬂiyinf(ey react with differing levels of activity upon
a given Iigand and (ii) assigning an address to each

of t ants Ldent | n
ERETur S [ WETHAVE i bt P iy Mosers of
m@@ﬁa& iaﬁd a@h slibspt @ﬁ{;ﬁﬁéﬁ a@hanp!ftondh séparadd ppeityepapid. de
var i ants against a ligand of interest, wherein each

o B B e e R RSBt

subbt@at®| urality are related to a parent polypeptide and
react with different Iigands and (ii) identifying at

| east %gpg % ri nt that duces a signal upon reaction
wi t hi3: RePIPRYY Y CBFY s A P38\ Ohet hod useful for

i dent i iy} gaﬁra%g hadsdts SN 1636 dHeRtntlenzpme] WHerdindiekhst@tortion
activity, conmprising: (i) screening a plurality of

ofﬁbq: %@Qtap@esewppea@ﬁe@clagmaﬁgts kéloyvpgaéﬁ hgrein each variant comprises
at'l&%@&rﬁ%ut%ﬁ&fo@nqggffeé{ ¢dcAbty WRRGLShsateNo ﬁPodlug@a?f)roGG& and

I'1gand to produce a detectabl’e signal, and wherein at
| east fieleetingaws apfnart sarjantsr whareip apleast fwp af the selected variants

QAN GBOLYARBLIR, and react withidiffering Tevel s of

I'ven ligand; and (ii) identifying at
| east one variant that produces a signal upon reaction
Wi t hl4 e plurajignof fmizyinns eaésbyamceSWé met hod of claim

34 or gl? gelfelrjart%g Vhridt Q?fr att tgdne ien% edz %@t \ivflé“}ngg% %tﬁst a portion

| east econd-varil an U es
offtRa@arhinocidi stduenbeof dagmmahani isi krmbemeeﬂtd wl(eirem equhstatih@tdomgrises

uence-acti vit Iation hi p, bet ween .t he am no )
ateaptohe Ry AP ATEH EeacERy MR BGUTFISAR PLoFe EPigdpst and
34 or @9 s@l&ﬁ’tldghalo&fﬂlnidré Yar@int©adieid af leadttwb of e gelugred Rariants
det ect abl e sign
react with differing levels of activity upon a given substrate.

15. The plurality of claim 13 in which each of the selected variants acts on a

different substrate.

16. The plurality of claim 13 or 14 in which some members of the plurality act on

one substrate and other members of the plurality act on at least one other substrate.

17. The plurality of claim 13 or 14 in which at least two members of the plurality
differ with respect to one or more of the following properties: substrate specificity,
chemoselectivity, regioselectivity, stereoselectivity, stereospecificity, ligand specificity,

receptor agonism, receptor antagonism, conversion of a cofactor.



(v) generating a second plurality of polypeptide
variants based on the sequence-activity relationship;
w@ 200p/08890%eni ng the second plurality agai nst tPer/Usmasiah1907
of interest; and (vii) idewssifying at |east one
variant fromthe second plurality that produces an
enhanced signal of interest as conpared to the
identified variants of claim34 or 35. 37. The nethod
of cl &iTihe Bliradity Bﬁclax'rmléf\ini w}hch the meabehetd afithoplutahiey ﬂh’atgandn the

e nkno The
s WS et Rich FESPeRt ™ or e o B T g GioBp st are of
proalct duvmatidf perdest dvaY ¢rsidn of a clitatrate 38ta Prodd&t, of peretit ednversion
a%g variant is an enzyne and the ligand of interest
ofacoladdindi dat e substrate for the enzyme. 40. The
met hod of claim34 or 35, in which each variant is a

r ecem The plighlit6f d1higArorof4 inMiteEEs leasStwd étilsbrslat e plurality
igand for the receptor. 41. The nmethod of claim 34 or

arseperlahlemr@rpﬂ 528 Frombéutr@ﬁé 49 3 PHHE: plurality
differ in the kind of signal produced. 42. The nethod

of Cc2@Mh BHirdity SBclailrl 3\6H 1ahin tWHEcHt MéhsQfvoSTh&idrs of the plurality

produced Is selected froma signal indicatin .
arg 9p&rebls preragarger qf derpReratures syggsfEem gpquy 4°C to about 50°C.
regi osel ectivity, stereosel ectivity, stereospecificity,

| i gegnd ThE platdlite bt Haind BLEHUGH wAHIEH Mt $8st thRGREHBYEs of the plurality
ant agoni sm conversion of a cofactor, or

any
arg 9peRIS i1 dFPl vty coptainingrombopekle abet SQ%aﬂraqreqsquen@,s
in which two or nore nenbers of the plurality differ

in the ﬁ@ﬂﬁkal@f oﬁdlﬂﬂﬁb S 1AGHGRfch éhth m-Ehl%efT@fttH@gluEHllty is an

claim43 1 n which e difference in level is a
evplyanteidthe &ameranpait@ e@zyrm s eantaing 3hdqaptome npstioarps compared to

the QNVElS L f a substrate to a product, or percent
con&gféhgﬁm%f a cofactor. 45. A host cell which

produces the at |east one variant identified in the

met hdd The plaraditnefxdainy 1 3cordidnin 3dhichghe plurqéltm@nprtsys gfbsets of
mgﬁ%r(se‘rﬁﬁ&() %acﬁ g&&@‘ &m r Jv%?\gmﬁal i ggé @%Q%&ﬁ%?m@.

met hod of naklng a plurallty of addressable
pol y3feghe plaraligy oiaakaim 13carnidrin svhigh the polecirsneariants arg placed onto a
sphpgality of polypeptide variants related to a parent

25. The plurality of claim 13 or 14 in which the surface comprises a microtiter

plate.

26. The plurality of claim 13 or 14 in which the surface comprises a set of 2 to 4

microtiter plates.
27. The plurality of claim 13 or 14 in which the surface comprises a microchip.
28. The plurality of claim 13 or 14 in which the surface comprises glass.

29. The plurality of claim 13 or 14 in which the surface comprises plastic.



pol ypepti de, a portion of each variant having known
am no acid sequence, wherein each variant conprises at
wo e@sogIne nmut ati on that enhances reactivity wehus2008/001907
substrate as conpared to tlse reactivity of the parent
pol ypeptide with said substrate, and wherein at |east
two nmenbers of the plurality react with different
substrates; and (ii) assigning an address to each of
t he 30aMhaplusalityl8f clAmTE drold infwhictkthegardanp are exprésgedfrom
ddr bl e pol ypeptide variants, conprising: (i)
‘??aﬁg a plurality of polypeptide variants rel ated
to a parent polypeptide, a portion of each vari ant
havi 3ig Tke pvaliandfaiaci Jorsidgh evhich, thehatiaksare eledmivalyi ant
C rises at |east one nutation that enhances
Syp ng{ ity with a substrate as conpared to the
reactivity of the parent pol ypeptide with said
SubsiZ & pluraingofdidressablespolypepade varantsandaerty agirodebeof:
plurali. react with differing |evels o ctivity upon
D ot vl bensBiiit e ey of poypai G i diaedaicht o
c&ﬁ%Btl@é chdhevaYidht ARG atifferéMANTRS BAd s@fuefdedivitrdin dabh variant
ch each nmenber ot the plurality acts on a different
cogmpsises atleast ang mutptionthatiahanses kR iy Avithoy llgﬂnéuamcwaparﬁﬂ to the
D o Ao E PP RIL R SRR A Bl 184 o yariants of
therplurally osfactovigh difféfenbligandsiiand 48 i n which at | east t vvo
menber ll)%ﬁSlél‘Pl? tl ycfd%ss‘ic}/ea%hf Eﬁ{e v‘é’h&ﬂ%r espect to one or
nore of ’t W ng properties: strate
specificity, chennselect|V|ty, regi osel ectivity,
st erBoseplcdityof qddrmaéleaaémptidé vﬁr'tayts nhadgdvm@ process of:
speci fj.ci t re e £oa re nt.agoni s
conver g?% n%f in % gllt ogpo Qe'anl et ﬁ,]re eéiftgglparem 50
palypeptide; ha&h@rlﬂiﬁﬂ‘hemg a(aﬁfférbl& aplinid ﬁxildi begqueat wﬁﬂ‘élnwﬁcl{ h&lant
strate diffe ect _tq,ong or

CRRESPCA RS0 5 TS T3t Sbaneks GG oy DU RO AR ROTBCd to the

reREIVRH OF tHe paNAT SdIPpeptifie With Y5ia lipai® ah@wherlenQA Wbt twBlvariants of
percent conversion of a cofactor. 53. The net hod of

th% plirality teagtwigh diffgiingleyels RRRGIIDIUPPRA gven ligandpattbr s of

the pl Hf)%géléﬂnf‘ﬁ@adapc%g ﬁpéa%h 8Y &l varilfds.r ange from about
pH 5 t o about . The nethod of claim47 or

claim48 in mhlch at,least two nmenbers of the . )

pl urdt iA petipd vesdelfapidentifyig a4 leagtinge Pekypertids bpwing p dgsired
aclif@igicBfpfitipgn about 4C to about 5CQ0C. 55. The nethod of

cl a|n149 or-claim48 in which at | east two nenbers of

t he (i) screening a plurality of polypeptide variants against a ligand of interest,

wherein each variant reacts with at least one ligand to produce a detectable signal, and
wherein at least two members of the plurality are related to a parent polypeptide and react
with different ligands; and

(i1) identifying at least one variant that produces a signal upon reaction with

the ligand of interest.

35. A method useful for identifying at least one polypeptide having a desired
activity, comprising:

(i) screening a plurality of polypeptide variants against a ligand of interest,



plurality are operable in a solution containing from

about 10 to about 50% organic solvent. 56. The nethod
w@Rooeloasons 47 or claim48 in which each nmenber PET/URM08/001907

plurality is an evol vant of8the sane parent enzyne and

contains at |east one nutation as conpared to the

parent enzynme. 57. The nmethod of claim47 or claim48

in which the plurality conprises subsets of nenbers
wherdineacihvaisnsehcts oitprat kes oav igandtd prdducera detsatzle sigral, and

RGN RS PELR P S R e e Bl e

wah diffeiifg ddvels@Aattivafyupoh g an@niligasd; ahdstrat e for the
enzyme. 59. The net hoél3 of claim47 or claim48 in which

each néhgdsntityingaclRashpug variant thaigpradicsy a pigwp! URAR reapiion;yith
thle@’?gdmgte{ésgand is aligand for the receptor. 60. A
maki ng a plur aI ity of addressable
pluralltles conpri sing glf) generating a first and a
1

secotfd aaawé@é%rcl@%ﬁﬁpaﬁ Yrigr cpPYYBEL i de vari ant s,
wher ei Giii} RnfEHESH feafa %B&mdf\}a&ﬁﬁt tﬁit%@du'c&é/a ﬁé@al ﬁﬁ&xﬁﬁe@@uon
to one parent "pol ypeptide and nbers of
with therligapd of iateresy are rel at ed to a second par ent

po! ypeg‘izbgc?stul d e§e eéfltCe agt'?\ﬁl{y r@laﬁ@{sm Herfien tneearﬁmoq id
acid s nce each varian erein eac
residntnsmtloﬁ tl&addfntn;ﬁled rvadlarttg/ofrmm% axi3t hand, tlmuatbﬂtty af eachyariant to
r(%ro uc ¢ 'oducf and wherein at |east one nenber of
PORCe °§<‘t°"‘%%ﬁﬂé’d13 ‘ty and at |east one menber of the

s ec ond (\ql geh@hling/a seeand plutality 6l folypeptide aaviants baded on thel .

for. identifying at | east one pol ypepti de having

Seﬁuiﬂé?g PFRYYAEPRP; conprising: (i) at |east one

pl ural i¥; s&éenﬁ%‘:{ﬁ@&%@m SluRPhy BRRSE Bhe Tigat & iflefes€ akd

menber of each plurality reacts with at | east one

| i gand (¥iD léﬁn@&ue@atdeaﬁé@r@cwaa@mefr@n heasecond phurgliltiat proguces an
eAhgﬁlccé'ii s‘%ﬂ 5?15‘?81%215 s%fonggt‘éﬁ t(p hg med ?%r?anfs%f%fa%q 3ﬁ§r gs,

par ent ypepti de ‘and react wit erent |1 gands
and (iiﬂ) |nstruct|pnsfor use. 62. A kit for ) )
i dent?. ¢ mythed of elém 36 ee3 pon yhigbtthelentity iof thedigged pk iaterest is

ﬂ@% lygity, conprising: (i) at least one plurality of
ressabl e pol ypepti des, wherein each nenber of each

plurality reacts with at |east one ligand to produce a
det et} a’iﬁﬁ@msthgﬁ af clain 86, i sthishrthaidentéts of thedizgand abiatesesis

urﬁ&ga plurality are related to a parent pol ypeptide and
react with

39. The method of claim 34 or 35, in which each variant is an enzyme and the

ligand of interest is a candidate substrate for the enzyme.

40. The method of claim 34 or 35, in which each variant is a receptor and the

ligand of interest is a candidate ligand for the receptor.

41. The method of claim 34 or 35, in which two or more members of the plurality

differ in the kind of signal produced.

42. The method of claim 34 or 35, in which the kind of signal produced is selected

from a signal indicating substrate specificity, chemoselectivity, regioselectivity,
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stereoselectivity, stereospecificity, ligand specificity, receptor agonism, receptor

antagonism, conversion of a cofactor, or any combination thereof.

43. The method of claim 34 or 35, in which two or more members of the plurality

differ in the level of signal produced.

44. The method of claim 43 in which the difference in level is a difference in rate
of product formation, percent conversion of a substrate to a product, or percent

conversion of a cofactor.

45. A host cell which produces the at least one variant identified in the method of

claim 34 or claim 35.

46. A plurality of host cell colonies, wherein each colony expresses a member of

the plurality of claim 34 or 35.

47. A method of making a plurality of addressable polypeptide variants,
comprising:

(i) generating a plurality of polypeptide variants related to a parent
polypeptide, a portion of each variant having known amino acid sequence, wherein each
variant comprises at least one mutation that enhances reactivity with a substrate as
compared to the reactivity of the parent polypeptide with said substrate, and wherein at
least two members of the plurality react with different substrates; and

(ii) assigning an address to each of the variants.

48. A method of making a plurality of addressable polypeptide variants,
comprising:

(i) generating a plurality of polypeptide variants related to a parent
polypeptide, a portion of each variant having known amino acid sequence, wherein each
variant comprises at least one mutation that enhances reactivity with a substrate as
compared to the reactivity of the parent polypeptide with said substrate, and wherein at
least two members of the plurality react with differing levels of activity upon a given
substrate; and

(ii) assigning an address to each of the variants.
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49. The method of claim 47 in which each member of the plurality acts on a

different substrate.

50. The method of claim 47 or claim 48 in which some members act on one

substrate and other members act on at least one other substrate.

51. The method of claim 47 or claim 48 in which at least two members of the
plurality differ with respect to one or more of the following properties: substrate
specificity, chemoselectivity, regioselectivity, stereoselectivity, stereospecificity, ligand

specificity, receptor agonism, receptor antagonism, conversion of a cofactor.

52. The method of claim 50 in which the members of the plurality that act on the
same substrate differ with respect to one or more of the following properties: rate of
product formation, percent conversion of a substrate to a product, or percent conversion

of a cofactor.

53. The method of claim 47 or claim 48 in which at least two members of the

plurality are operable over a pH range from about pH 5 to about pH 10.

54. The method of claim 47 or claim 48 in which at least two members of the

plurality are operable over a range of temperatures ranging from about 4°C to about 50°C.

55. The method of claim 47 or claim 48 in which at least two members of the
plurality are operable in a solution containing from about 10 to about 50% organic

solvent,

56. The method of claim 47 or claim 48 in which each member of the plurality is
an evolvant of the same parent enzyme and contains at least one mutation as compared to

the parent enzyme.

57. The method of claim 47 or claim 48 in which the plurality comprises subsets

of members and each subset comprises evolvants from a separate parent enzyme.

58. The method of claim 47 or claim 48 in which each member of each plurality is

an enzyme and the at least one ligand is a substrate for the enzyme.
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59. The method of claim 47 or claim 48 in which each member of each plurality is

a receptor and the at least one ligand is a ligand for the receptor.

60. A method of making a plurality of addressable pluralities, comprising:

(i) generating a first and a second addressable plurality of polypeptide
variants, wherein the members of the first plurality are related to one parent polypeptide
and the members of the second plurality are related to a second parent polypeptide,
wherein at least a portion of the amino acid sequence of each variant is known, wherein
each member of each plurality reacts with a substrate to produce a product, and wherein
at least one member of the first plurality and at least one member of the second plurality

react with different substrates.

61. A kit for identifying at least one polypeptide having a desired activity,
comprising:

(i) at least one plurality of addressable polypeptides, wherein each member of
each plurality reacts with at least one ligand to produce a detectable signal, and wherein at
least two members of each plurality are related to a parent polypeptide and react with
different ligands; and

(ii) instructions for use.

62. A kit for identifying at least one polypeptide having a desired activity,
comprising:

(i) at least one plurality of addressable polypeptides, wherein each member of
each plurality reacts with at least one ligand to produce a detectable signal, and wherein at
least two members of each plurality are related to a parent polypeptide and react with
differing levels of activity upon a given ligands; and

(ii) instructions for use.



