STRUCTURE- ACTI VI TY RELATI ONSHI PS 1. CROSS REFERENCE TO RELATED

APPLI CATI ONS 00011 This application clains benefit under 35 U S. C
119(e) to application US Serial No. 60/901, 349, filed February 12, 2007
and US application Serial No. 60/909,937, filed April 3, 2007, the

di scl osures of which are incorporated herein by reference in their
entirety. 2. BACKGROUND [0002] Methods for screening and identifying
pol ypepti des having desired activities are useful in the preparation of
new conpounds such as enzynes, hornones, receptors and pharnaceuti cal
conmpounds. Current nethods for identifying novel polypeptides are often
ti me-consum ng and costly, requiring screening an enor nous nunber of

pol ypeptide variants, and it nay take nonths or years to find a new

pol ypeptide with the desired activity, if one is ever found. These
limtations al so nake th%,knomn met hods | ess than ideal for tinely

devel opnent of connerC|§|Rﬁ#&&ﬁﬁ?§£§HMFB¥3@%§§@@NS$H3% conposi tions and

nmet hods useful in accelerated identification of novel polypeptide variants
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the plurali are related to a parent polypeptide and react with differing
| evel s of act|¥; 80nD 91 ven substrate. In some aspects of the
dlsclosure eac olypeptide in the plurality reacts with at |east one
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are rel at %gefpﬂn%cf%éﬁ%wﬂgkxm%dx n@08ch Q@éﬁzy bl hon?rlcjntase [&BhoRYRgt rates.

Al so cont ated "are conpositions conprising p ura rés of pluralities,
i n which @h@mamngcwopmyma@gs Correrg methods for ldentlfymg novel polypeptides are often

time-consuming and costly, requiring screening an enormous number of polypeptide
variants, and it may take months or years to find a new polypeptide with the desired
activity, if one is ever found. These limitations also make the known methods less than
ideal for timely development of commercial products and processes. Thus, compositions
and methods useful in accelerated identification of novel polypeptide variants having

desired activities in a cost effective and time efficient manner would be highly desirable.

3. SUMMARY
[0003] The present disclosure provides compositions and methods involving a plurality of
polypeptides having certain activities, which plurality aids in the identification of new

polypeptides with desired or enhanced activities.

[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



2 different class of substrate, as well as nethods of generating and
screening these pluralities of pluralities. [0005] In sone aspects, a
plurality of enzymes is nmade by generating variants of at |east one parent
enzynme wherein at |east a portion of each variant is known and wherein
each variant conprises at |east one nutation known to affect reactivity
wth a substrate to produce a product, and selecting two or nore variants
wherein at ‘| east two of the selected variants react with differing | evels
of acti vit yiffepanclass oF wbstrat RS iwellta methddSOFRn@SHRCInd scrderdhgithedei ty of
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a second parent polypeptide, wherein at |east a portion of the am no acid
sequence of each variant is known, wherein each nenber of each plurality
reacts with a substrate to produce a product, and wherein at |east one
menber of the first plurality and at | east one nmenber of the second
plurality react with different substrates. Al so contenplated are
pluralities of host cell colonies and kits for identifying at |east one
pol ypepti de having a desired activity using the conpositions and net hods
di scl osed herein.



[0009] Virtually any enzyne/ substrate or receptor/ligand conbi nati on can
be used as the basis for naking evolvants used in the conpositions and

nmet hods di sclosed. It is also contenplated that a substrate or |igand of
unknown identity can be used to screegp pol ypeptide evol vants of an
ancestral or parent enzynme or receptor for a desired activity. In sone
enbodi ments, the plurality of polypeptides is a plurality of enzyme

candi dates. I n sonme enbodi ments, the substrate screened is an unknown
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react with different substrates. Also contemplated are pluralities of host cell colonies and
kits for identifying at least one polypeptide having a desired activity using the

compositions and methods disclosed herein.

[0009] Virtually any enzyme/substrate or receptor/ligand combination can be used as the
basis for making evolvants used in the compositions and methods disclosed. It is also
contemplated that a substrate or ligand of unknown identity can be used to screen
polypeptide evolvants of an ancestral or parent enzyme or receptor for a desired activity.
In some embodiments, the plurality of polypeptides is a plurality of enzyme candidates.
In some embodiments, the substrate screened is an unknown substrate. Also
contemplated is a plurality, including members that act on different and diverse
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



[0013] FIG 3 illustrates a schene for generating and screening a
plurality of polypeptide variants and sel ection of active variants able to
react wth different substrates; [0014] FIG 4 illustrates an exenplary
sequence-activity map relating the various mutations in the bindi ng pocket
of several polypeptide variants; [001%] FIG 5 illustrates an exanple of a
nmet hod of screening a plurality of active polypeptide variants with a
substrate of interest to identify those variants active on the substrate
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other features of the present teachings are set forth herein.

4, BRIEF DESCRIPTION OF THE FIGURES
[0010] The skilled artisan will understand that the figures, described below, are not

intended to limit the scope of the present disclosure, but are for illustration purposes only.

[0011] FIG. 1 illustrates a scheme for evolving polypeptide variants from an ancestral or

parent starting enzyme;

[6012] FIG. 2 illustrates a scheme for generating a plurality of polypeptide evolvants of

an ancestral or parent enzyme;;

[0013] FIG. 3 illustrates a scheme for generating and screening a plurality of polypeptide

variants and selection of active variants able to react with different substrates;

[0014] FIG. 4 illustrates an exemplary sequence-activity map relating the various

mutations in the binding pocket of several polypeptide variants;

[0015] FIG. 5 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;



[0020] FIG 10 illustrates an exenplary range of activities and
enantioselectivities exhibited by a pre-tuned plurality of ketoreductase
pol ypepti de evol vants on a new substrate, 3-butyn-2-one, not tested during
t he generation and conpilation of thesplurality. See Exanple 7; and [0021]
FIG 11 illustrates an exenplary range of activities and
enantioselectivities exhibited by a fine-tuned plurality of polypeptide
evol vants on 3-butyn-2-one, generated based on the activities and

enant i osel @OL6)HIGL @Sllexhiedbi e;cbntpyarjz mg@a&cmmedamlmmaiolsélwwsee Exanpl e 7;
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[0026] FIG 16 shows w di agr am of the %@ﬁﬁLéﬁ a. set

of
opti ni zed WPpgmlwaliy ﬁﬁP%!W‘??HdBFV%Yﬂ"Wéﬁs‘F e ﬁF'r%?dsbas YUgst of
mut ati ons dnd@Ridtlobdettil iiedbaiitedibl it firsiGil@aNRty. See Example 6; and
[10018]. FIG. 8 illustrates a plot of the % conversion of acetophenone and the %
enantiomeric excess (e.e.) of the resulting 1-phenethanol exhibited by a plurality of

ketoreductase evolvants. See Example 4; and

[0019] FIG. 9 illustrates a plot of the % conversion of 3-ketothiolane and the %
enantiomeric excess (e.e.) of the resulting 3-hyr0xyth'iolane exhibited by a plurality of

ketoreductase evolvants. See Example §; and

[0020] FIG. 10 illustrates an exemplary range of activities and enantioselectivities
exhibited by a pre-tuned plurality of ketoreductase polypeptide evolvants on a new
substrate, 3-butyn-2-one, not tested during the generation and compilation of the plurality.

See Example 7; and

[6021] FIG. 11 illustrates an exemplary range of activities and enantioselectivities
exhibited by a fine-tuned plurality of polypeptide evolvants on 3-butyn-2-one, generated
based on the activities and enantioselectivities exhibited by the pre-tuned plurality. See

Example 7; and

[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 (5R)-dihydrocarvone and



5. DETAI LED DESCRI PTION 5. 1CGeneral [0027] It is to be understood that both
the foregoing general description, including the figures, and the
fol l owm ng detailed description are exenplary and explanatory only and are
not restrictive of this disclosure. 1§ is to be further understood that

t he section headi ngs used herein are for organi zational purposes only and
not to be construed as limting the subject matter described. [0028] As
used in this specification and the appended clains, the singular forns

"a," "an" :aﬂféthyt~bﬁloﬁemﬁhaﬂerepéddﬁaély,reeﬁ.en@m;s@x plaﬁaﬁ@s)ffemeeeummxd clearly
I ndi-cat es othermn; 31 f or exanpl e, Leference to "a pol ypepti de"
i ncl udes nBPERtEaNC Sﬂdéﬁ?ﬂaéepﬁﬁﬁeyeference to "a pIurallty" refers

to nore th p urallt th| di scl osure se of means
bonaror uDRAdTGPLA ame e Yoo frigees gamoplinAS. Ao, -

" conpr i sespolypefdiiatisatd @ initial fededfh@ for novBlPropbeses’ and "incl udi ng" are
I nt erchangeabl e and not intended to be limting. It is to be further

under st ood[ﬂﬁt&}ﬂ?ﬁ@hﬁrsaﬁdﬁsp&dt pf ithe ﬂSn efﬁminan’d;mﬁﬂ tm(;nmtb ﬁpﬂérhslh&mebdsémoﬁ erm
co risin 0ose SKiI e In t.he ar un rst an t
spoc i o ik fo éiw&ovemn&%%ﬁ.ameﬁ'fw%aowtrs}é%arﬂ?wﬁa Gt e BRI o) ng

| anguage "wonrisffgtdteghsaagentially of' or "consisting of." [0030] In the
present disclosure, the following termnology will be used in accordance

wi th the déolahiFiGorsshees a Aot dijronvof the method for creating a set of optimized
diverse population of polypeptide variants based on a set of mutations identified from an

initial screen.

5. DETAILED DESCRIPTION

5.1 General
[0027] 1t is to be understood that both the foregoing general description, including the
figures, and the following detailed description are exemplary and explanatory only and
are not restrictive of this disclosure. It is to be further understood that the section
headings used herein are for organizational purposes only and not to be construed as

limiting the subject matter described.

[0028] As used in this specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly indicates otherwise. Thus, for
example, reference to “a polypeptide” includes more than one polypeptide, and reference
to “a plurality” refers to more than one plurality. In this disclosure, the use of “o”” means
“and/for” unless stated otherwise.

LRI . N Rc

comprises,” “comprising,” “include,

3 £¢

[0029] Similarly, “comprise, 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 “cons'isting

of .)!

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

with the definitions set out below.



5.2Definitions [0031] As used herein, the followng terns are intended to
have the foll ow ng neanings: [0032] "Protein," "pol ypeptide" and
"peptide". are used interchangeably to denote a polyner of at |east two

ami no acids covalently linked by an ayi de bond, regardl ess of length or
post-translational nodification (e.g., glycosylation, phosphotyl ati on,
lipidation, nyristilation, ubiquitination, etc). Included within this
definition are D and L-am no acids, and m xtures of D and L-am no aci ds.
[ 0033] "Native s3equene€eitions "W ld type" as used herein refers to a

ol ynucl eot | or | ypept i i solated from occurring source.
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nmet hods of u5|n reco nuc eot des rodyce ene ducts in
Cel 190 et Othast G L e B orr 2o ah oy P peprteo AR B
protein") maaatEds, lcﬁuthﬁﬁ@:mél‘djlambluﬁéﬂ Withi6 k6 Odd fiherion[£00B5and TReMIMAbI nant

host cell" ref ers to | 1 Cat corrp i ses a reconbi nant nucleic acid
mol ecul e. 2fiigsand ?‘t“@')?é’irg)r nt host cells can express genes t hat

are not fo n the nati, non rec |nan the cell. [0036]
o ot R e S Y IS0t SEORBEANEL 0t 0L s el | 0036]
pol ynucl em)@eptmqmaeermGiatdma@ daa&ﬁn@iduareedndmdeambmm ‘tndtiveon, i nsertion,
and/ or del etion,, For t he, present cld| scllosu G\ﬁ

ovol vant  GPRGHT aer ST B Frrms et Pl e o parRcE of Er STl wPebARER ¢ i s
gener at ed.sedpmn&)ﬂmmmhedidmlﬁbsfona. mut ant, evol vant or variant sequence can
have increased, decreased, or substantially simlar activities or

properti eq0033] cRegombimary rt-,ﬁrstthe ppBhaskotide sﬁﬂweizeceor diiers/izaenaaipphatidient s,

t he pol yPeg resjdues that have been

ti A ntai n_one or, [or 0 .aci d
it af od ad bl Borg R b afleRes b BRI ypo
pol ypepti qﬁlynhaec&meemqjmﬁﬂe @aretp&odwﬁen odl1s 3D biheEbTbdRicsiGy slern € 9 hues of t he
pol ypeptlde are held c nstant Ogﬁ@glant ar Yyt at ed as

e no
conpar ed tPgVREeRSidE Zr{f’c XAEFURYOHY PW@%‘E‘?"E@E conpri si ng
t he plural « rent de t obust to
chal P engo I35 %?caw%mﬁbﬂﬁt ‘fe&wr%}tafﬁﬁoe? SR 1P <GP R st
condi t i onsmolecble. Thus, for example, recombinant host celis can express genes that are not found

within the native (non-recombinant) form of the cell.

[0036] “Mutant,” “evolvant” or “variant” as used herein refer to an amino acid or
polynucleotide sequence which has been altered by substitution, insertion, and/or
deletion. For purposes of the present disclosure, a mutant, evolvant or variant is not
limited to a particular method by which it is generated. In some embodiments, a mutant,
evolvant or variant sequence can have increased, decreased, or substantially similar
activities or properties in comparison to the parental sequence. In some embodiments, the
polypeptide may contain one or more amino acid residues that have been mutated as
compared to the amino acid sequence of the wild type polypeptide. In some
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,



or with organic solvent. In sone enbodi nents, the parent pol ypeptide is
used as the basis for generating variants with inproved robustness to
chall enge with at high and/or |ow tenperature or high and/or |ow pH
conditions, or with organic solvent. Yariants having inproved robustness
may be used to populate a plurality, or they may be used as the basis for
generating further variants with desirable activities or properties.

[ 0037] "Percentage of sequence identity" refers to conparisons anong

pol ynucl eobi YRS odRtle SENRAT iSRS cAFoigheRR)] 1P BREAGRBpestifety Wied BOthE Pasis
conparing two optimally alijgned sequences over ar |_§g%d@|éﬂ)dow,

i . a co
wher ei n t hir genarating vamants it pRFAYR rabHstges tBFhad'BP%‘@g‘??td‘ég ¥ in the
conpar i SoNt W RAANE FBMgE IR 1§% pAdBhditions ookitieatit 1fent.| Variantsgapisy as
conpared to the reference sequence (which does not conprise adgl ‘gésons or
del et i ons) intrspvedsehusimrssanayghrrised togropylale ankyld¥(UdryaRay bFHE?‘b%‘rt etge may
be cal cul afpdeRyarfigFatHEE MriBistvwith QUIRAE 2 Bhiti®8d Jrbgiiiesat whi ch the

i dentical nucCleic acid base or am no acid residue occurs i.n both sequences
to yield tRsnuPbREntide JTRLARAE BRI BREs to GbipAlisHis dultmg PulyhileddliesTat ched
positions by the total nunber of positions in the w ndow, of ::Pgrrg i son and
mul ti plyi ngfidqeepaesons emepe POrepBdsy; datgmingd by spmptitnggeo SpiEEln ey
Pdentity. Agh&lcBadvel £Lompdiisn RRIZERNVAGEInIRYpoREor e thd piRlebidedtt er mi ni ng

t he nunber of positions at which either the identical _nuc‘lérgige_am d base or
ami no aci drelursptidescauenge i the comppaiseyindaAw awy spmarish addiions gdeftifise or

am no_aci d(jLeghiiyes dofupaied INRR ri¥elelcPsclddicd QvidtEddds hbtRoRigTaedddRionsi&t ched
positions, dividing the nunber of matched positions by the total nunber of
posi ti ons flelctian® faf odiew! alfersempelthe bre seagensss itp PecRiaseRay kesalctlalsy 100 to
yi el d the pergeRtAReHe b RBALRRESIbHER Whick theiHGIRaIHucRIEidold daft drhgimy t

appreciate that there are many established al gorithns available to align
two sequenawdresidpe poents imbothpansnces o Keldateumber of metghgdnopitions: diyidinge

conduct ed, AlntRF ity hs ke VinGowdter man, Adv.
Appl . Mat hthgfg%g%%?i%%%& Bﬁéﬁnﬁggﬁ{gﬁog?élogy al !i)gﬂrzljgr}tents al gorlint hm of Needl eman
& Winsch, compebbon Bdaultiplging 48 rexdi) 100 iy yielddhe percetiagedif sequaagear i t y net hod
of Pearson, Lp ' 36d o, Ber oPY

conput eri zléjghtlhk'p e%ep%t% f%)hr?gﬁ g)gl‘ﬁ L‘tn%@qsaggg (Qs‘igdrulla%%ﬁ@ %%Réf}é%ég%&ﬁ,wﬁASTA, and
TFASTA i n pdséioBOS Whiidcaithst the Blshticed pecleip akd fesy or amingyicidi residiie depgpivct | on
(see gener [ t 0 ' ) [ Ausdpel

etal ., edssc!d‘ }C(ijqru%e&ﬁ{ r%@%@%&g&%ﬁ %&%B\?}@ﬁ'{%{dg@%ﬁl%idﬂf@ %gér?e gubl i shing
Associ at esthe hnoberaf thabbbhpasitiany, dbvidng she number of madid paphvnsteiie total
(Ausubel)). | es. of . ' . j i i:pi ng
per cent ceurBEER el phIRAARTE chitphnith GEBIR hefesRERAIM G 9
BLAST 2.0 gikigakd peneentagevhi sshuence iddattyr Thess of skilhlint the lattlappreciate thaf 19$0) J.

Mol . Biol. 215 403-410 and. Al fschul et .al 7 LG A .
3389- 3402, ¥F 8?6%8%(2‘? 1‘85‘63'."“‘?3?6’# A E e £ alidhp B‘?émgeﬁﬁz’?%ﬁ%@tg{hag e B
publicly asgidnabd for tduipatigin tdndbe Nasduoted] e. £t the localrhoBiobdgy afgeathogy!

Scori ng scunbRRov PR (spePPh B AREF ISRD- o B molRRY sl gy v

the query sigsftRinGE Nevdléfdn & Whesch,Tadddl. Biols as:#4T (193@Krey the searéhvier val ued

threshold score T n.aligned with wor d of, the,sa | en [ ..

dat abase sSfilamydetapd;of %@?‘E‘r‘géﬂp“ﬁ‘%" _ggoct hgtlﬁélcﬁﬂ‘bg?hg%d\ W&Q&@? Z

threshol d A AbdnfsubiizeimpMmenitihadf thdseafritimist(GAIP, BESTRITYFASDA, mar d hits
act as seeds for initiating se,arcﬁes %PO fi rSd Ionvﬂer HSPs.co(gt ai ni ng them
The word hiFASTA & e GCQEMRBIA SPEVHS FReKGEN ¥ YR aLInSRFG iYL sequence for
as far as g&eﬁaqy,{cur@gi megoabisg;?mwculalsmomg@/an tae Amﬂsaasﬁﬂedmweaﬁi ve y
scores are_cal cul ated using, for nucleotjde sequences, t a ters
(rewar d sc%‘i"é’cf”éfa!al“ﬁé‘?‘?“rﬁ%eth‘@f’%ﬁifer?ﬁc ?\é‘glsg'ﬂﬁgf’g‘%ﬁl%y@c>6‘3dejgﬁﬂ “ﬁll* ¥fenal ty
score for SiaNRECNIoNYShHTRsES(AuSIbABY.SEples DO klgahAR tiak b seRMlUeREES, a
scoring matrix i S used to calculate the cunul ative score. tensi on of the
word hits feeraining pRreeak s5auencs ieenHLy and deqprRss simiEite tiiie b2l a4 gnnent
score falls off by the quantity X fromits maxi num achi eved val ue; the
cunul ative score goes to zero or below, due to the accumul ati on of one or
nore negative-scoring residue alignnents; or the end of either sequence is
reached. The BLAST al gorithm paraneters W T, and X determ ne the
sensitivity and speed of the alignnent. The BLASTN program (for nucl eotide
sequences) uses as defaults a wordlength (W of!!, an expectation (E) of
10, M5, N =-4, and a conparison of both strands. For am no acid

sequences, the BLASTP program uses as defaults a wordlength (W of 3, an
expectation (E) of 10, and the BLOSUMb2 scoring matrix (see Heni koff &

P — o o~ o om o o~ =



sequence identity, nore usually at |east 99 percent sequence identity as
conpared to a reference sequence over a conparison w ndow of at |east 20
resi due positions, frequently over a wi ndow of at |east 30-50 residues,
wherein the percentage of sequence identity is calculated by conmparing the
reference sequence to a sequence that includes deletions or additions

whi ch total 20 percent or less of the reference sequence over the w ndow
of conparison. In specific enbodi nents applied to pol ypeptides, the term
"substanti BLAS’dQﬂIdlédy‘dhdiﬁathchtdﬂ@.ﬂesh\i\lﬁbdpﬂ)l#\]!tmptétdﬁ G2 eNoRS., Bidhenls:

opti mal | as ,b rQgr.a GAP, STFI T using default
ggp wei g%tgd3 ‘g @Aztﬁﬁ‘l phef - é@%ﬁ?‘%éﬂ?%@&&%éé%&ggﬁ - Fspectixlyy gast 89
per cent sesbfaﬁlﬁefdrgaE&ﬁnﬁngBIaAsTaaeﬁyseQEs menaﬁmaitstﬁquﬁmgﬁ thmﬂtdnhly or mor e

(e.g., ercent se e.identity). In _s0 enbodi ,
posi ti ons &?ﬂ rforo%lc’?‘?gi R’&O‘é"gﬁ‘@?ﬂqneéqbs 'ﬂbsrzi%‘irg’g“ dIvereEs %B‘V‘i& @gvatl ve
am no aci %1§M§b%hh£ sdqLies pal['io@fgﬂs) Bﬁdbﬁtfyagehosm&ué bOkigth W BfR¢ guetp t he

kind, class or i entlté substrate upon which the enzyme gr catalytic
mol ecul e r¥4Egnge: vayich oither match pr satisfy S%‘ﬂ%E?Sth"ér"tab'ed thagsbpld segse diveheRi nd, cl ass

or identi fyigaéd Witk aMdrd oF iNhaelt 18ngtieHERibakdi sBglence? 1 is GABESPAS it cal Iy

binding to a receptor nmay act as_an agoni st or_antagonjst .of the receptor.

[0041] As rreéghkﬁwﬂd wwdtsweé#resho*dr@d'éﬁt%ﬂ abFYRRY rﬁheﬁeelné&aknftl@bpﬂ)@% ndi ng

and acti vayb@it®hct@s Sl fof fESAING sedidhed td fﬂﬂﬂ er WREE Edkainin £ ARRAL Ahe
antagoni snt' refers to the binding of alig to a cell receptor not

resul ti ng WerdAis Pﬂ‘ﬁéhq“(‘iﬁ‘eﬁ‘iledtlﬁéoﬂ’ék@&‘t‘%‘ﬁ alof’ée%ﬁé]seq‘?sﬂ@rféb%g%%‘tﬂi‘% ty" refers
to the prefah@iivk MignnRATRbIQAN HE iRrGSRINGMulfive SFLRS dafulRRGIsIQNRf one
st ereoi somer over another. Stereoselectivity can be artl al, where the

f or mat i on TFleatide seuanessi the parmcters Mywal ssoErfor hpalitHRatching residussay be
conpl et e WhgLs mh;yd ﬁﬁfenéﬁ)egc%m P iR dtchi fg%gms AWAR NerstapffPicapers are
enantiomers, the stereoselectivity is referred to as enanti osel ectivity,
the fract |sequuee1t:f§ﬁpil garing mpsi¥op need t‘agal‘éplﬁéﬂ@éﬁmabéye wpreg Fateapignel Grer in the
sum of Dot g bkis |nScabPRPRALY arle GRRED Gibnl metcnﬁuﬁme mcgmbﬁ%&rx {8 oft by
percentage) as the enantioneric excess ul ated therefrom

accor di ng thequantityf2 fromlits njaxépwn aelnavﬂd|V@}vérthe cwnﬁ@trveémngpwwqrp PFaj or

enant i omer r

i ast er ool S duels FERR R of HIGE fiokd gkl B E0hAURER Beinents o

di ast er eosb¢ etdfieither sequbmcefis erathedn The WMA(SJI algorithep paramelers W al.@ad &ent age) of
one di aste ed

(typi car | e hebehitfg sl thled oBhigSliBambd PRYBERSON piog-iehE

[ 0043] St emebeqnbcsetf]ueecdsyuseeﬁseddauits atviverdlpngih EWeof §lahn expadaiianE) pﬁlﬁa

chem cal ypati.c re t ter
st er eoi so?rkgrg’r%vg’?a"dacfnﬁ@& §°§t%£f8£e‘8§%a:“&§f Féeﬁ%{ﬁc an g,g[?en%eighfél}t ere the
reacti on qfrograre usdsews éﬁhlﬂmmondieﬂgm\(@f)em 3m1mxp¢dmlool(]a)eof10mnd|the may be

conpl ete one s cLs en e, st Qi rs are
enant i orre\lﬁté@dlgjﬁ %?“P%B’é' %‘ﬁ?‘éﬁ%‘? fﬁﬂﬁyg’tcu}\}g ¢ (ﬁa i @ﬁer s),

St er eosped@stioois y1988).referred to as enanti ospecifici ty Enanti ospecificity
is commonly reported in the art as the enantiomeric ratio, E, which is the
rati o of t[he38]aWaie af om&szdidveme(masneﬂat@nﬁmsahapt@)anﬂfaret duitableforenant i oner s,

ith th f.th t t tor. [0044
" Chemsel R SToAER ST BF ARt PR S AR CHPUEORhBHPRal 7 cagent

Wiht h Onle afi scldém'e(hl‘crcm?ﬂ&erd‘luflzftbhe)lﬁ% $edinrice ﬁi’eﬁﬂlltygﬂ!bl\‘a@&allf\bé ﬁﬁ@nﬁmbd h:]fmg a high
chenose ec i ction ogc on imted n r o
di fferent ! E%f%h}ﬂr Gg&dﬁﬁ%mméﬁ'éﬁ’ﬁ%%?‘\?ﬁ S@%‘Pﬂ“ﬁl"% a%"e#\?fgg]fy& reacting

mol ecul es Mﬁd,gdatwnnmigafeﬁﬁ|t\qdaf2@,kht@g<ﬁ|obid&d selectivity toward chemcally
different reagents. [0045] "Regi oselectivity" neans the preferenti al

reacti on qbospeSabstineal i0EntiPY @ fedd @ial palynatledtilie vt pelgpeptidnrejnanrakhaghaups
within a m)leastlé() percent sequence identity, at least 85 percent identity and 89 to 95 percent



[ 0046] "Position corresponding to" refers to a position of interest (i.e.,
nucl eobase nunber or am no acid residue nunber) in a nucleic acid nolecul e
or protein relative to the position in another reference nucleic acid

nol ecul e or protein. Correspondi ng pggitions can be determ ned by
conparing and aligning sequences to maxim ze the nunber of matching

nucl eoti des or residues, for exanple, such that identity between the
sequences is greater than 95% greater than 96% greater than 97% greater
t han 98% odeqknRatdRhtitt Nabre 20941ly AhRag0 08 bt s@fuehddtiéin€istasicsmpdreditogi ven t he
nunber assigned in the reference nucleic acid | ecul e. [For exanple, if a
parti cul arFIFRASTYACS VeI CRRAIRNYUR "Eog?t E%ﬁ‘%&?ﬁ#‘ﬁé’o?ﬁ%’ gf’q“ﬁ Wecified
sequence, &Rr h deiolf of at E@stggﬁp?&ﬂﬁeﬂivﬂ@r&kﬂﬁlb@%érd@e!olﬂ_sa]lﬂaidaedenai_ﬂi§| e or

i sol ate, the sequences are_ aligned and then the OEI ti En‘i tpeit .l ines up

Wi th 2073 salsulaiehin; cormerneshn e rgReiSEUEnSA 1o IsEUeRtR s dneliiet el ians it | engt h,
the positiQQiRasiRRt&®a120 (H3rdlRr Mt oblie PdfereaRtsb¢lRnbAd: thbmindosdfead is at
a position that "corresponds” to the paosition ir trilg ref erence sequence.
[0047] " Fusstparison; dp spegitic gmbgdiggrisepelied t?@‘f’lé?"s?t‘g%‘f feag sUBsinfd; er ol ogous

am no aci dgefticPOh¥hy taeR¥d iy §@ces] WHén oplimangdiigncef atastiy thay net hod
known in the art for functiona lée connecti n}g pol ypepti1 de and/ or
P

pol ynuc! edtrpgrems el (BESTRET ueinsnee it sanoree shargptiieast §oPersrbivayeRsht
fusion W the Ry, Wi feRQWY phiobiR ¥R BARIdrRK b last 9 PADGHE seqil@ite GRYAly DR
associ ation, and coval ent bonding. [ 048] "Plurality .of po]ypeptides”
means a cdhbedegol? pircqmbepRse idsasty)- Alngomembpdiments riedue RosipRY Yhish
recombi nanf, R 858 ifenBtal RRAGE YR G By cBndRRaBee Hhindhal sitshiuBbss, a cel |
surface display library, an ordered array, a mcroarray, a panel, a pool

or col | ectjppsp)}obubl@sic sf&ifici9" 83éls fthe kitl, iKY oPidBRity bF Qibgtate updinvalichOr
collection known to skilled artisans, If the plurality_ is.not an_ ordered

col | ect i ortheenzymeiospatalytiomalerulprrasis Simlslys ligandspesifiche eGP Mekig: nenber s
from the phita} iab¥ifG 8PIiRRdISWARRadedplor BRLY DR REAaBedIRAIPBinkilig tslesi red
activity and the data obtained from screening the subsets or nmatrices can
be deconvokespid may acths R dggniss opgtagopist 9ibpisceiofvari ants, as is known to
the skilled artisan. A plurality typically includes a majority. of

non- r edund8PL] Asris Kirwn8 et TeBRPI REPHM's refers torthebipding apdhacliygtion of a

pol ypept i dey réphofBYa il URRerORE rEptBPArRagoR AL ké¥brs tPME ¥REREIoHE Higald known
identity and chemcal reactivity. [0049] " Addressabl e" neans that -

i dent i fyi rtg achihregenternos tgsaling fpctiMatioiey thedggeriobcat i on of each nmenber of a
plurality is known or is easily |ocatable. For exanple, in order to

i denti fy SJBMAIf Sterqoprlestizity’] ks tpdhsetsreatialfamnagian & s ehsarqaberengymiticgand and
a consti t yehioRbe biSdtbdifodler byer aRotRbr st ds¥lebifity REn BORREIUCKeEkhs UCh t hat
the identity and | ocation of every single constituent is known or

cont r ol | edformationef phargeredisonyr i fayoreq o7e§ thesabminrdimapy bessprpldss whasg only

Al ternati gl XyerdofsoffefR Forhfdd! $IE /st GBHGIfdrark BhLiBGHESARS DEt neen a

candi date substrate or |i gand and a constituent of the plurality, a

pl ural ity staepsblectivitiss refrened do s ronntioselectiviter the Epgiign élypioalbt ieperedS Bear s a
tag or mar t LITE:: plural i S dest zed, such
t hat any og('rsefl fla%et}eo?t% ﬂ% %r{zgtr“grﬁﬁéﬂﬁgfs ?’I&ftfi&r)\ﬂha lgggﬁgﬁhxggr gggcydetsi red

proper t i estypimlipes epsidnagkpesabechaotionawmidss 6ak:-) @lryhatgdl therefrom i es are known
i ural £y Sk SRS R CRIES poRbRGEp eplbetl O 2
or nore mminot értastionpdrat Whereftior staxaisgpiess 96 diastereBdmons) the sterepsstectivity ipi at es,
one or nore.m crochi m,croparii gl es or ds. h be
conpri sed rsjfe“ﬁi?g(’sass,dl%%ge&s gleetive ’It%lecgacglro n ﬁt&) %%iiy r%?oroétg %%?Eﬁrﬁ%@%% z?f:(%{a andar d
in the ar tdiasidémnet in thEszmy methasireei. damey akseberepottal (fypixelly pepparciatagenber of a
plurality ic(p IS screened Lﬂor activity with a substrate of interest and
may or mafsﬁbet BHPINT R E ST  ed activity for which it is being
screened.



13 [0052] "Binding pocket," "binding site" or "active site" refer to the
regi on of the pol ypeptide where recognition and binding of a substrate-or
| i gand occurs. A binding pocket can be found at the surface of an enzyne
or receptor, or it may be enbedded injthe protein structure. Structural
and chem cal properties (charge, hydrophobicity, steric hindrance) of the
am no acid residues conprising the binding pocket influence substrate or

|l i gand specificity and catalysis. Catalytic residues within the binding
pocket may[0843] SercpspRtidivitdakas & he prieaihbicsctiod) ihachabicaer ynzymabic ndi ng
pocket may be a region aof the polypeptide that binds cQenzyne.or.

ot act or - SEHORST P TERIAmer T S e obFcram s oxdatoBrm ST HEREL <y
substrat e @k beip@dal whkRdke refiction &f bhdwléragsqne iefayoradoven thewitae tod it nay
coenzyne bi nds iln aFot helr bi ndi ng ocket . Ivg Soje enbodi nents, a substrate
or 11 gand B AW WheE ol qae BERARAETES: eI SPRRIIPIRI coenzy e

bi nds].c [Ooéﬁiut-idh%?i‘i,aﬁ Bﬁh&gé@aﬁehiﬁpd (éKREElJ‘xuaé fef mgﬁb@aﬁ)m&h&pgﬂﬁdﬂtyys herein
to refer to_a polypeptjde that s capable. of reducing a cgarpon roup in
a subst ratréfefrsgfn 3| G oRRRGHIIA }55%&9 eFificyy srcaerm?el!y f%%%@ﬁktﬁbéxaf el 76
cof act or rgduemcbriRira@), ENRRicH & B Rifio PE tHdirnBcdaedctioe (dr NADEH)ns@ahtsy efibe ed

ni coti nam de adeni ne di pucl eoti de phosphate (NADPH) ,as the reduci ng agent.
Ket or ed uct%"’é’é@‘&‘é’"ﬁ?eﬁ’“ﬁ i “ifﬂlf’l BhgReeT ﬁ%ﬂ?%éqawl%l_%&? ﬁ'le RYPERIAd type)

ket or educt Aas well as. non-natur al ogcurr.i ng. engi negered pol ypepti des
gener at ed @@‘Eﬁu@ﬁmﬁaﬂ?°ﬁﬁﬁﬁgfwm?t‘%af%¢%8ﬁ%f%?§ﬂ%“ At ‘F’fcéfrﬁ%%‘:f' "é’F%/lpkﬁovm as
al Cghol deckh?dfﬁzgﬁmaﬁl ﬁa r:tif&fcrﬁ@hﬁtioﬂaﬂlgxroeﬁﬁmlmgemhastahﬁgll: ehea osﬂedt'ﬁiijzzjﬂ on,

oxi dation of an al cohg royp.tqQ a car oup. [0054] "Desire
activity" TRSHAR ogruRRLh P m@ﬁbﬁe@awﬁif OEQW%‘?"?@&"‘E?}“[WB“ ol ypepti de(s) for
whi ch a plchealokélyctivRy citfalSclefe iefacting MM cates of infkeatdines @hich vitibies can
include, but are not limted tqg, thernostability, pH stability, substrate
speci fi ci tsyleciryipwad chemigalfydifierentieagenisect i vity, stereosel ectivity,

enant i osel I yity, stereqgspecificity, enantiospecifjicit -

r egi osel ec@g gﬁ%ﬁ‘%ﬁﬂﬂ”& ﬂhéipf‘“;f%/re‘?t?!:’éeﬁftbq“ 35‘?1?@?%0 °¥E‘6’é°p?‘3l’lar or

ant agoni s denGigdl\ferictibaAdl gefupawatiinacheeculand product sel ectivity, or any
conbi nation thereof. A plurality may al so be screened to identify a

pol erpt [ QGQMViPﬂgtigerﬁé]ﬁﬂl%dil@ﬂb’gmwdi%o aposieios of ineges0(.coxpdatbad activity,
such as an increased rate of product forpation, an increase in percent
conver si orMUBPeLOTATHEY ‘l"%‘i Esidye ““E)'?%H&@t",“c EqGlodpelpete ?ffpr‘ﬁe'ﬁéwtévéﬁgl ytic

abi ity (SHEposifonai arfhidrrdfrehd MueRELaci hbletulSoljsibeal €onkdpndiig ch a
plurality's parent polypeptjde does not, react) or an increased affinity of

a recept orPOpPNSFan by dpgrminadby sompsEpe aﬂﬁﬂﬁgm%ﬁﬁlﬁé“eg WmEKFeils i n refers

to a pol ynﬁﬂﬂakﬂﬁ‘rﬂ\mlﬁﬁ% feldoBi8dsSr 2idubq) ForbaahpN pdutiphavdaentics bdtjveaimel to the
el evated tenperatures for the tine necessary tg effect i naﬁt i vgre% ion of a
conpar at orseHPASEHEFHE: thamey A toAB RAnSZY BRI BE7osaBF It b gh
E enper at U RSated M D99 Tebhe pRYiB o BPMRYRE:s HIAUSIR RSninl RPERMhEYh t’d | ower
enperat ur es.
P reference nucleic acid molecule. For example, if a particular polymorphism in Gene-X
occurs at nucleotide 2073 of a specified sequence, to identify the corresponding
nucleotide in another allele or isolate, the sequences are aligned and then the position that
lines up with 2073 is identified. Since various alleles may be of different length, the
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 o 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



[ 0056] "Sequence of the polypeptide is knomn," "variant of known

sequence, " "presel ected pol ypeptide" or "predetermned variant" nean that
at least a portion of the amno acid sequence of the polypeptide is known
at the time it is chosen as a nenber @f the plurality. In sonme

enbodi nents, the entirety of the am no acid sequence of .the polypeptide is
known. |In sone enbodi nents, the pol ypeptide has been characterized and
found to have a particular activity. In sone enbodinents, a pol ypeptide is
presel ect elimital th exombirantfesibe witbbr withdwt idrvéningd it wnudnts neeqoraine and/ or

its activit nts, a polypeptide is a portion of the ful

| engt h ané@éFFQPn6?H§3W@%$g?£§%iypept|de conpr|5|ng anlno aC|d addi ti ons
or deletio « a onpar e eguence f the
Pul | engl ol a8irpud P AiRIRRGT st RiPordiaet £ PRRERE fns
functi onal a Beidywif trepomamgnt pl@&ﬂtﬂbn}@hage aetary |atpyage cﬁ@&&?l]brdrﬁlmﬁ serddce

pol ypeptid ancest IS g used to re

ol Yhent i dusP SRR TR sraral.  BRE & ot R Sbesfion Sl ] o0 o
type or a dfgﬁnaéuﬁdodangwﬁievﬁdramhxy@ecptdodamoh knsan® skitledditivent that | east two
menber s pl ura re,related to a rent eptide. In sone
erbodi mentirigs i an otk sPtsi R bRy eBRhre LT RNEES et r oo of

t enper at Ur@mpﬁlﬂn@ﬁﬂhﬁbérs&"@hv&lﬂfphﬁﬂmﬁbdd Eensieedad fSopypephded hawng ;e t he
ancestral t.ide i ot rQbu to extrepes . of te eratur pH and/ or
ol vent - clareTREY e i apieBes o SR AsalR Fses e BRERGe B ko o
robust pargBsénvpltedpe ﬂiehd@ sirrmmypepmev\&hnﬂmtas mamewgemese akigled sxtichnt 2e
plurality is popul ated. some enbod t he ol tide is not
r obust tolew?ﬁ%ﬁﬂ%c V‘TC SR DRy © "JH£W§?“§5¥ y@@ﬁ@l %@ " and the
parent pol¢petd deacks polypaitRld, dnd g GadBdeathe @Y MloME@oMmasiepély ptiygaept i de with
i nproved robustness to extrenes of tenperature, pH and/or sol vent

condi ti onsl‘“"%fﬂéfjet‘ﬂ'é(a%&“%ﬂa BeAHHEY pol ypeptide is used as the basis for
generatln v ne enb di nent t he

ancest r aI }p‘gg rFﬁeﬁF ?]i’aé i“}éﬁﬁy glrjctr!}g‘iﬂlgt%yﬁn(ﬁ &ff‘geﬂle‘?"’ﬁ O?ae‘ﬁﬁgf ature,

pH and/ or eaa{ M&ﬂber%@ﬁ@l&dl@ﬁﬁs Knb@h of RRadlydeSHabY. Fopbydagil, ifl@deas serve as a
par ent polgpe tide fornln Qe basi s for eneratlgaivarlants to popul ate

the pl ur allfeyty speeffip maqtme RBDcagridaig subsHRly 08 peandand a cpstitrsaili ge
backbone, "the pleRtitydle phadisPeiithe coMNirucied GldBaRe thel iddrtitsariddodabien pRgveiyde
| i nkages (anlde bonds) along with the |ntervenhﬁ§ am no aci d al pha-carbon

atons of tSH@lEFoNsHesst lsd‘éow‘T I‘i‘éc%ﬁ‘i"ﬂ‘é}’ A dhefinag dhe Pliglith s asjeabladiosched to the

backbone aynthéigzed! nlnamsﬁ«relgp i SO idenfBAPEcifid-ingaioRd bdrhéaQhdidate
"candi dat e” substrat e, unknown substrate,’ nave substrate," or "new

subst r at e"subsrgisor {iggnd anHe Céh%ll‘ﬁeéh‘{’fth‘ﬂ@ﬁtaﬂ‘fyya plurdlisyerarhesoptrueted siinst r at e
or i gand g @6k GingkcbRBnicAoRIs W 18 bt Marksr a@me dﬁ&qn@plu%t,heasseame@een
previously shown to react wth any menber of the plurality being screened.
I n sonme erfyebi¢sigsaisych thacany cqueineat 1atf=n tleniéfind in deeresnt ip bayrdesiedc heni cal
propertie f; r ol own. In
O R B s e R S R PR B A G e i i
subst r at ephuditigsi si ng t he sane functional group transformed by an enzyne
for a known substrate) or gands maybe known to react with at | east one
pol ypept i dBOSOEEtsample ofi h'ef@%rcwq which ppluraligeof vagantelcass be phaced istuder

candi dat e 3l hoAidd'ss Ank of BB hRroffd pfis! REcBIIAS. LY 3BAG O Deen
previously denonstrated to react th ny menber of the plurality being
screened. nioOEB] plaRetaae taivioes rslcgnhilps me@msﬂ:ahyom@aém raieh surfacepep by or

si gnal %pmgn&g%?g{a?st ﬁla&f kil étﬁa&to?hééﬁ:ﬁa'[liri%[‘stﬁ{a%yd‘iﬁ ¥ arf, €CEPLOr.

Exanpl es o gna produced can i ncl ude ut are not limted to,
det ect abl mg9§ { yl ation,
phosphor yﬁaﬁig mlg %‘ga%ﬁgr%% Sattg ?%ng?ﬁtgg ﬂ}eﬁ{brgl;%g‘ uraﬂ?qggé&ggt ream

ef fect or, skiegnd d‘orraetmpt with g euhstratg af intemest esimar winay nof exhilptibe desired o
product, %H@ﬁ enosel ectivity, stereoselectivity,

st er eospecil %i?}£h§£§%%%%ggkifyg?y, | i gand specificity, receptor agoni sm
receptor antagoni sm conversion of a cofactor, and product selectivity, or
any conbi nation thereof. [0061] "Operable" or "functional"” neans that the
pol ypeptide exhibits an activity. For exanple, a "robust" operable or
functional enzyne retains its activity in harsh conditions, such as at
non- physi ol ogi cal pH or tenperature, and/or over a w de range of pH,
tenperature, or solvent conditions, or has pronounced |ongevity at nore
neutral conditions and anbient tenperatures. In sonme enbodi nents, an
enzynme may be considered to be robust if it can convert at |east 20, 30,
40, 50% or nore of its corresponding substrate to a product. A receptor is



16 [0062] "Pre-tuned" neans that pol ypeptide variants used to popul ate a
plurality have been prescreened and found to have desired activity
characteristics and these variants containing specific am no acid residues
or conbi nations of am no acid residugg are selected to populate a
plurality based on sequence-activity relationship information.

"Fi ne-tuned" neans that pol ypeptide variants used to populate a plurality
have been sel ected based upon a screening of a pre-tuned plurality with a

ligand of fopsRreslinposrRd SRR SHPrraitRe sitTdefe® tBEF@RAIOAEer esul ts from
t he pre- tuned vari ants have been used as a basis._ for dESIdSQOf new, nore

refined orPolyeRidervherssigeeanitignrand inding i @ qubstralf jop ligand pgeurs, o findingng a

fi ne-t unedpdakdttca be ﬂéund%tfmmfamnp,hw@ drlrycepior, %aitlrﬂdjrtlfé ehibRildealin the
i ncl udes variants incorporating specific am no aChﬂVﬂﬁ@ dues or

conbi nat i JHeteHstraFiRo Sirethral and dhgmicat praperiies(Bhargfe “"H&ssé?ﬂ“’o n

sequence- affdriickYofltRd fhing AsiAIr&kiukE &fﬂnﬁri&ﬂag&ﬁé BRdIn@podkBEnDidRcd sibedhte
plurality. In sone enbodinents, a plurality is screened nultiple tines,

each time ariligpndespenifgibyrand catslysist Paftaé/ticsesziummﬂﬁeﬂm‘%ﬁ%m“f&ﬁé?%fd'ﬁ% [ 0063]

" Hydr ophi | 45t mof%(‘drQc&f)toﬁesmwﬁauvé@f@mnﬁdm@ @éne@mm@& @dnQrteesi due
havi ng a side chain exhibiting a hydrophob ICI? "'ess than_zero

accor di ng Ro&/Peplidennt hids 2 sernerne enelaetoy oS Wéfﬁfi"éial yhigmingordf AR Mbnper g et

al ., 1984,s$m%hb§!19.lmts Ja7s%b§t?a$eér4 §6nes hQﬁk bmmgge&l&d afy deomkibd deC am no
acids include L-Thr (T), L- (S), L-H's Asn (N), L dn

(Q, L- Asp?oergyme@nﬂw wjheahmdmgm&e( R‘)‘SO'[“BB'Bth'm%tF:d’i S&wa#% ligaqdy” o

Resi due" rlﬁﬁcﬁn,%thwarae &M&%g%&ﬂek&@J@f&%r%eb&ngrméﬁﬁasdue having a si de chain
exhibiting a pK value of Téss than about 6 when the anmno acid is included

in a pepti@essprk PRk s <iOeEd* Qre%@dri@te@ﬁa@aamyﬁe.%ltbyefmye negatively
char ged S|de chai ns at physiol ogical pH due to |oss of a hydrogen ion.

Genet i cal IPplyepRiisi it Eoiapitie alffeditsingc @ebonmgrenpsn 2 sebstraferty vigkte ydrayl (D) .

[0065] " Bagip tﬁ‘mpﬂﬂuéc isdm@k riaSd dlHee a'&@tfa@t&sreﬁ&bea nfX%ARARAE hdefingm no acid or
resi due hdavin I de chain exhibiting pK val ue of greater than about 6

when the ahug oaé,q @AI%H) qrcfpd}t&e@inﬁcwﬂaww@pﬁdmée @F“‘ﬁ%ﬂt‘g?‘s@b?ﬁph‘ée (MBARFED ani no
aci ds typicalely dJEﬁ'&%gQﬁSEH Yehtiashat aed héaeﬂﬁnah@ Peurdly RRYSingom cal pH

due to assoclation wt roniumion. Genetically encoded basic am no

aci ds i ncltymsdketoneluctasey as vteile@sgm(lﬂ}itusﬁ%hl opeyrriag gngjneered polypeniidech t he pair of
el ect rons Shasedy) RubATRNoM K AEANRbS REIAEL Ay RhAGRImdoNe Of the
atons. Ge e{?‘?cta(ﬁ)%/ enco potf ar éﬁn(l}rno gcel%(?ghe% nc udegy S(a ° L-Adn (Q,
L- Ser (S) damgiregeThses, oTADHS, in reference to the reverse reaction, 0x1dat10n of an alcohol

group to a carbonyl group.

[0054] “Desired activity” means a measurable property exhibited by the polypeptide(s)
for which a plurality may be screened. Examples of desired activities can include, but are
not limited to, thermostability, pH stability, substrate specificity, chemoselectivity,
stereoselectivity, stercoselectivity, enantioselectivity, stereospecificity, enantiospecificity,
regioselectivity, ligand specificity, receptor agonism, receptor antagonism, conversion of
a cofactor, and product selectivity, or any combination thereof. A plurality may also be
screened to identify a polypeptide having improved, enhanced, diversified or expanded
activity, such as an increased rate of product formation, an increase in percent conversion
of a substrate 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.



[ 0067] "Hydrophobic Am no Acid or Residue"” refers to an amno acid or
resi due having a side chain exhibiting a hydrophobicity of greater than
zero according to the nornmalized consensus hydrophobicity scal e of

Ei senberg et al., 1984, J. Mdl. Biol.;4179:125-142. Genetically encoded
hydr ophobi ¢ am no acids include L-Pro (P), L-1le (1), L-Phe (F), L-Val
(V), L-Leu (L), L-Trp (I1A), L-Met (M, L-Ala (A and L-Tyr (Y). [0068]
"Aromatic Amino Acid or Residue" refers to a hydrophilic or hydrophobic
ani no aci doss|rantiiRtabRY hiigsed hoiefiGrefhaton polypeptido olhithies reaistaherast one
aromatic or heteroaroma icrin The romat | c q.a:%peteroarorratrcf%\tlng may
cont ai n on&agivaiign wha ybierted iy Ee'ﬂ’ﬂf {gwpeiggures ¢ timgpecessgpy (o e

hal ogen (em@ctlvan&) of‘aQom alaior eptidBIOT hermi¥édable NH&mes MaRbe stabiaRiigh - C(0) R",
-C(0)0-, - Cé/ C{O Cf) N C(t? NR'R" and the |iKke,
wher e eachteP?Pe‘iaE"‘fsﬁa aewa%hrwm@ere bug °“g§r‘jﬁ¥)t eé&"“("é‘ia‘tﬁﬁs) al kyl ,

(C2-Co) al substr ut e C6) alk ny, , substrtut ed
(C2-C8) al ﬁ&e‘)ﬁél Se‘é‘é%"‘-‘cm‘?e %qWP“%‘Bl‘P?% “(“65"%@)“2 SHWF °°rce C16)

aryl al kyl, “seloRtied pé ngﬁkpﬁ@= &1@}edat&mh1aéd<ydnan51rﬂe@n MRikgEsta bmar ﬁlahgll
substrtute 5- 10 menber ed het roar |, 6-16 nber.ed cBet eroar or
subst i t ut e?¥Mige 2¢id sevpRed phidR s ka]yn at e dams L5 95‘?’8%8 matic

am no aci dge bmﬁdlhbdelnlsoﬁbﬁmbﬁﬂrmehts-ﬁﬁé el(ﬁ{éty@mllelamﬁforhc(d&queﬁlcé hﬂﬂgh L-H s (H
is classi fr é)ve as a _basic resjdue ow n

het er oar onft YR?P'H & 1F bpRn- 47 some grbodiasnts fhe o @sptﬁﬁm ?"Hé’ﬁﬂﬂ‘é&’”éd and

het er oar ONBuh&toabda particil@YacBlisR IB@orﬁE aﬁEbcﬁmeﬁs &?:;ogrlpelﬁ[déﬁﬁpdeﬁaid’c&ﬁltdﬂue
[0069] "Nop- pol ar Am no. Aci d or Resid ref er drophobr c anino

aci d or rebscameamenbageia rgrraetyaﬁaqdrrﬂtlﬁéfq‘regc 31?5%%*%? 1BIOF ol ogi cal pH

and whi ch §RsdRRGHEkS a bBlypéptd id Hforie <rftaéﬁmlrefgtrra3rassnah&r;eﬁknm common by two
atons is generally held equally by each of the two atons e., the side

chain i s nslyRsslidss yompusing areiae pejd é%%ﬁe&rﬁeﬁl%rlaer gaﬂ%)ﬁaceeraa%d PHe ude
L-Leu (L), arhiny@did (réé).rencle of i 0l Jeng JhaNEéstrﬁer pﬁt@gtal—pdﬁ'pﬁ iy, whilO Q0]

"Ali phatic Ami no Acid or Resi due refers to a hydr opﬁobr c amno acid or
resi due haigfaiinafnetionplastiviey (ﬁ’;ﬁal»rcﬁ@b}’rﬂﬁéﬁ“‘éwie char n. Genetr cal |y encoded
al i phatic am no acids include L-A ),,. L-Val d’;\nd L-1le
(1). 18 [88FA] “Amsesthpelspeptide 9o e%ester:)ls 8@’6[?HM§EE§’I‘° r?fefttﬁé‘re ‘i“t‘ ¥BH form

di sul fide by pse. WPhenHoiileplidc®s “datdnt 8RRyRR” 84 dfer &7 a MIBGpeSHh T anyl - or
sul t hydryl - cont ai nrg%l am no _acids. The "cysteine-like resr ues" include

cystei ne ahdtzisdheyol Pely PaRtides Iny eme eﬁ@ﬁﬁlﬁeﬂtssﬁ sty P yrenphsrserlitis t hat are
avai | abl e ﬁl@rrallﬂ(y%-é%idtéarlog aﬁhé&l%eﬂl@d@ﬁhg&ﬁ@emgm&m kel dhc&korlor GMEnt( C)
(and ot her" am no acid contai ning side chains) to exist in a
pept i de i npadynenidde is ﬁ@urté@mq%pé@mpeﬂuﬁ% mblang{or sefvent seditins. By so§ed f or m
affects whgj Ve e RIPEHARIoF e pelitste qibi | i C
character to%gr%égi% aﬁ%tr&l%wp'e@}k%n&%e?(dﬁrlgret S a OQ(t:ir o§hobr gf}?y of 0.29
accor di ng and/or h@VMPMlﬁwﬂééh%@ﬁwgl Ef&meétléﬁfls EY‘%\éﬂﬁlieMj‘ ¢t Erdbepiber g et

al ., 1984, the present
di scl osure aﬁ%@}}z%’uﬁe‘ génégﬁ‘ég‘gﬁizagﬁ%s&gg%%?g‘ﬁd ﬁlgglru(%{??ﬁﬁ%&grgntfeﬂoﬂam d,

not wi t hst awmewgibpﬂﬁmegenm ahreot pedypeptideds heimsbudtbienteemestyd yampefaoeH The

am no acid, on its
o bon o 387 bengloRS AR Rk ok thiat b (RRAER ST, SO GI8R 07

parti cul arpmmpolgheepaéqwﬁhceprowebme,ss wwixtrgmesoftdneperaieie, pi ard/ei de chai n,

:Adt t Ihzutgﬂed% e%@ %%tﬂl!lsggll%(l t¥le C}[]O aﬁr daﬁe%g':r& %%d?rsggfégg%e%sgﬁﬁpgéeﬁ%a%ar bon.

nor mal i zedvaﬁ:ﬂmemnpalamhé plum‘lrtyEr Isemheengbaéc&msﬁs;bleerag:c&trahbqupejaﬁ&h,s supra),
for purpose resent di scl osure t n aliphatic
amino aci d™ °“‘r“é‘¥ i %ﬁ’ tofﬁﬁefﬁis %ﬁ?”rpﬁrﬁt‘i’{b’ppar %("4"01" Soﬁ’ %’ﬁgon lg(r?%aﬁﬁgﬁeal |y

const r ai neghcestalifodypepii® a@nisawe aca parént Bolypéitle familgabe bnirsfuagencdtivdough i t
is categorized herei 2) rophobic amno acid or residue, it wll
typically W&@ﬁ?tquﬂ@?tﬁ?ﬁﬂa sar the N- and/or C termni so as not to
del eteriously affect the structure of the pol ypeptides herein. However, as
will be appreciated by skilled artisans, the polypeptides herein may
include L-Pro (P) or other simlar "conformationally constrai ned" residues
at internal positions.



[0074] "Small Am no Acid or Residue" refers to an amno acid or residue
having a side chain that is conposed of a total three or fewer carbon
and/ or heteroatons (excluding the a-carbon and hydrogens). The snmall am no
acids or residues may be further categorized as aliphatic, non-polar,
polar or acidic snmall am no acids or residues, in accordance with the
above definitions. Genetically-encoded snmall am no acids include Gy,
L-Ala (A, L-val (V), L-Cys (C, L-Asn (N), L-Ser (S), L-Thr (T) and L-Asp
(D. 19 [1)@95’]518ackb!(dfe@X}He-;@@lpblﬁidaj”ﬁ‘goﬁptmﬁeAﬂ‘dkdo@[‘”‘ fRemiddwackboad, eos to an

am no acid_or res;d e containin Y.

Cohoti ool | SPAEHEBR ARy G TR i (e ponds) SeheSnh R iampingapinpg)
L-Thr (T) @dwali;hawadn\é}oms dﬂw&iy;f&pnw | Thebnimpariegdeadhaths by atthaee tof  ski | |
in the art i‘ abovg’ﬁdﬂg&ﬁ cate ories are not nutually exclusive.

| ndeed, th'@eH &g P?/a%’f“ smal | amino acids includes amno acids

fromaII Lot her .del i neat ed cat egories, exc t he a,r“orratlc cat egory.
R b Rt e e L e

physi ;:_o Ch@%tﬁalfi?é,” W‘Qe@rshn;s&stgem;m;]ﬂnné t}d:gﬁlcaﬂ nleiitﬁj/bt @hﬁeﬂcabﬂg@rl es. As a
specific ex e, .am cid si aj.ns ha er omatic ieties
that incl uﬂ‘g%ﬁ‘i’rz‘ usﬁ f‘é?cbeﬁf‘g'i‘Fs’ﬁ“rg BHs %t\{ﬂf"g @s@hfeﬁiﬂrcvb%‘{s aromatic
properti eSs.hgwg tcb_a:ai;tawmrempmermmofmﬁlueaamy bfh@’@f‘d&fl&i bﬁ!]fcbrﬂeétﬁlﬁlﬁﬁn?ms both the
aromati c and basic categor.ies p riate c sificati of any am no
acid or regp SReRsEy qﬁ‘eﬁgab’ﬂﬁ'&%ﬁ‘f‘p‘?r&% 'ﬁ&@EPFBPmE‘fEHTF é\"ﬁ’t"trﬁﬂcsaq(}nh especial l y
in light ofubihe slaigahd ey B Rihv@S Uh SorRé aubamlemrnwmers[o@%zrlermuseoﬁ he
above-defi ned cat egories have been exenplified in termns. of t netically

encoded anﬁ“ﬁﬁm&‘él(ﬁ’é exqiple, ﬁ%‘?%‘é”p?‘?'ﬁ@éﬂ‘lfe@‘éﬁ"ﬁe@“%’@%lgﬁo% 8]["1 tricted

to the gengtdng@hd Yor 8 RAGHESELARAE LrAGhEHE mdyBE RESIvn toReREWith hidkast 6net he
genetical |y encoded am no acids, the polypeptides described herein may be

conpri sed, Pokyneptise membgnaf be phuratity.dat ihe l'éf‘“Mt"HFf&ftW chdidatersubrirateitie Sy
syntheti c pefRRredad gﬂﬁllﬂ? hAChH BeenGRESidklly SAHDNRR (6 RERURTIeESA
non- encoded am nQ aci of “whi ch the pol ypepti des described herein may be
conpri sed mepbay@btheiplyuralgy beipggeresngdt ed to: the D-enantioners of the
geneti cal | encoded am no acids; 2, 3-diam nopropionic acid gp %ﬁﬁ
a- ami noi s r Petesiably signg! yneans anyimeapirabln Bropeieerdignalsien ashbtitaliRfal eri ¢
acid (Ava)jg al}h f&%&tbw“qlau%%e% r&:%?t%PSE%}{IMBﬁdQMS%fa)S réficédéane (O ;
C|truII|ne( Z} t - butyl al ani ne %&1 tbut yl gl yci ne
N- et hyl i siatladee Weaf‘(R%IhFE‘Fd tq HelRgtpe soanges ipPIseEPtor agere RW%FIP%ﬂ‘il ne (Cha);
nor | euci n&n Mgy atmpmomo?,hawnrb@ depkphoryatdy d?'hﬂ)mwﬂuﬁllr aBvRgrehfXt) ; 3-
chl or ophenyl al ari n 4-chl or ophenyl al ani ne (Pc!);
2-f 1 uor oprpé‘ﬁyqoa|llamdq@cqp@rfcymp@xqﬁnqyoewﬁ@moéimshstrﬁéw(mmélyct substrate
4-fl uorop n
3 br Omphkb? éﬁl e (*:élgﬂtlmty, s?er?f)srgrlg%ﬁ”e?ﬁ %f!g@g m@éﬁﬁ&?f&)@ﬁ okelectmty ligand
2- et hyl prwm,xﬁfab/amcqéor(agsylsmstemwmﬁem?haqoamrwen Qﬁ\ﬁﬁOfactor and product
4-met hyl p rophenyl al ani ne (On!);

%ﬁﬂl\q{af;l ne? (kﬁm&m her@blt

3-ni trophenyla -ni trophenyl al ani ne (Pnf); 2-

cyanopheny, 2} £ yl al ani ne
A s i A ;'Wa"a’eﬁﬁ?ﬁﬁ%miﬂ%%‘““% b ek AORR?

3-trifl uorexmmpleyd frobusy epcrablerss fynctipyal cuzymactplog ip antivithin mdrapndifians, ne

Pd

4 ai nomot Ry BreiyT AP AR el B o jertsl FHGRARREAAMBPE IR et 5,4
di chl or oprtanmrabemmrsabfe(m\qmﬂf;lpnszpﬂhampmnmn@pﬂ@gyhm Anionendu@pl ) ; 3, 4-
dlfluorophen

(3pAla); pyr X‘dg‘lifamflgﬁ‘é’%"'\?e%irﬁ% T Gont %%h&rla‘“‘ it é‘ﬁ@ngk‘{af&ﬁr”' - S-ylalanine

napht h- 2- yoasiderede be2obAlstif jt cbmccawaitylt hhsmf),rfé‘ Qﬂ abVoyx mopeelzitt h| enyl al ani ne

(bAla); thienyl al.ani ryl al api ne a): . . ani ne
(hphe) . honBraBUrR et (3 matelt KyfieBRiarehalfjonsIaRR AR &

pent af | uorfophiensilifit eam Hisd {rbdgohist ataptagbkisd ani ne (sAl a); aut hryl al ani ne
(aAla); 3,3- diphenylalanine (Dfa); 3-am no-5-phenypentanoic acid (Afp);
penicillam ne (Pen); 1,2, 3,4-tetrahydroi soquinoline-3-carboxylic acid
(Tic); 13-2-thienylal anine (Thi); methionine sulfoxide (Mso); -

N(w) - ni troargi nine (nArg); homolysine (hLys); phosphononet hyl phenyl al ani ne
(pnPhe); phosphoserine (pSer); phosphothreonine (pThr); honoaspartic acid
(hAsp); honoglutanic acid (h@u); 1-am nocyclopent-(2 or 3)- ene-4
carboxylic acid; pipecolic acid (PA), azetidine-3-carboxylic acid (ACA);
1- am nocycl opent ane- 3-carboxylic acid; al lyiglycine (ady);

propar gyl gl ycine (pgdy); honoal anine (hAla); norvaline (nVval);

honol euci ne (hLeu), honovaline (hVval); honoi sol enci ne (hue); honoargini ne



[0078] Those of skill in the art will recognize that am no acids or

resi dues bearing side chain protecting groups may al so conprise the

pol ypepti des described herein. Non-limting exanples of such protected
am no acids, which in this case belong to the aromatic category, include
(protecting groups listed in parentheses), but are not limted to:
Arg(tos), Cys(nethyl benzyl), Cys (nitropyridinesulfenyl),

G u(S-benzylester), 21 dn(xanthyl), Asn(N 8-xanthyl), H s(bonm,

H s(benzyl %06#“‘?‘4@&&’ nhehas fhﬁﬂﬂypebﬁ’d%(‘faﬂﬁﬁts usedled Popu®iZy plhisalifiitavé Bedaenzyl )
and Tyr (0-benzyl) [ 0079] Non-encodi.ng am no aC| s that are

conf or mat i RSFrEyedasd Seynslith bayegtesipgdiactyi apsiepisfiss PR BEsedERM S bed herein

my be COngyagGfing fhetifitl GmiddticidrefdRebor édnm;ﬁmnwf;anhhmmwmdama@ aci ds
(L-configuration 1- am nocycl opent-(2 or 3)-ene-4-car boxyl i ¢ acid;

pi pecol i c skrigd tupesufa helumilipahasehap segueaes-astiviy ﬁ‘ﬂﬁmf*h*hé‘ QmBHe-:  and

1- am nocy olrQReNhaPSacanE MLV pGdeAtithts 1LA8Opoplitge £ plagsityfHavabésans of the
. genetically encoded and certain _conmon non-encoded am ng, aci ds accordi ng

to the catslgeted based aperirrespinge! apee-wosdrlprabiyavithng igse af mtergsbPlow, 1t is to

be under stQpaidib dibstAR! #d Ihd RreeRing késhM&ﬁttﬂe\iﬁe-mwo&ﬁﬁtsmwb&ﬂdsdaoes not
purport to be an exhaustive |ist of am no acids that can conprise the

pol ypept i ce badis faridesien ofereat, moreaefiead carvhigheraesodsiopopolupsetifly yagigpis jor
menti oned RShRli &ﬁﬁ\e fified SRMNLY ACRHeaaR p?lﬁdm%? oskiAR dhiedlly ikdheRE ved

physi cal and chem cal properti'es in_|ight of "the definitions provided
herein. [ OB Deerpefating precilicarerpeasid qséff'uwﬁice}ablnymﬁef '?“i“ﬁkaﬂé in the

pol ypept i f&@ﬁ% vBRdadNaFel Dast@¥n SqRthck! %Qﬁﬁ@q@fatléhshipm"r@ﬁl the%es:ézn ok nkers
may be use In situations where the polypeptides, owing in part to their

smal | si zdhe predunpdddiralgy ghi meoéwsrm redifpels sgreenst M timesnfrded

whol |y of tﬁﬂ@bxgﬁhbhﬂﬁ%‘?&b tatbhe other |inkages described above. Such
| i nkers e conposed of virtually any conbination of atoms suitable for

linking two ends of 53 peptigdgingacRamsigaiqral og together. Linkers can
include flexible noieties such as_saturated hydrocarbons and et hers or

pol yet her 40063} “Hydggpkilie AmingrBeidionBatiducs fefersi twa’gémp pifl @5 essidue having a

-(0) - (C"l%}d?c%’exﬁlgtﬂ% a%g%%})m@m of fdsOthnk &S hbBortin to@ﬁ@ﬂdnnallzed
(CH2- 0- CH2) p- N (g p-0- or - C§-I where m

is an int égeﬁenw@ud@pb@uatyasﬁ@le pr*§e‘ﬁ’ﬁfg| ekl ,fv% driela BE% 879 g%hbﬁz sui tabl e
linkers, Bl ally @icJdEd ﬁsinléplﬁlﬁc ahfinb Q@.&g amuee pqhqyggpysépes),lznzlﬁlw),ng such

Iinkers, e apparen hose of
L-Glua (E), L-Asn (N), L-Gln (Q), L-Asp (D) L Lys (K) and L-Arg (R).

[0064] “Acidic Amino Acid or Residue” refers to a hydrophilic amino acid or residue

" having a side chain exhibiting a pK value of less than about 6 when the amino acid is
included in a péptide or polypeptide. Acidic amino acids typically have negatively
charged side chains at physiological pH due to loss of a hydrogen ion. Genetically
encoded acidic amino acids include L-Glu (E) and L-Asp (D).

[0065] “Basic Amino Acid or Residue” refers to a hydrophilic amino acid or residue
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 physiclogical 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 physiclogical pH, but which has at least one bond



Table 1 Encoded and Certain Common Non-Encoded Amino Acid
Classifications C assificati onEncoded Am no Aci dsNon-encoded Anm no Aci ds
Hydr ophobic AromaticF, Y, W Hf, y, w, h, Ptig, Nal, Thi, Tic, Pcf, Of,
Mf, Pff, hPhe Non-Polar L, V. I, M & A P AliphaticA V, L, | I, v, i,
m g, a, p, Bua, Bug, Melle, N e, MeVal, Cha, MGy, Aiba, v, I, I, Dpr,
Ai b, Aha, MGy,

in which the pair of electrons shared in common by two atoms is held more closely by

one of the atoms. Genetically encoded polar amino acids include L-Asn (N), L-Gln (Q),

L-Ser (S) and L-Thr (T).

[0067] “Hydrophobic Amino Acid or Residue” refers to an amino acid or residue having
a side chain exhibiting a hydrophobicity of greater than zerc according to the normalized
consensus hydrophobicity scale of Eisenberg et al., 1984, J. Mol. Biol. 179:125-142.
Genetically encoded hydrophobic amino acids include L-Pro (P), L-Ile (I}, L-Phe (F),
L-Val (V), L-Leu (L), L-Trp (W), L-Met (M), L-Ala (A) and L-Tyr (Y).

[0068] “Aromatic Amino Acid or Residue™ refers to a hydrophilic or hydrophobic amino
acid or residue having a side chain that includes at least one aromatic or heteroaromatic
ring. The aromatic or heteroaromatic ring may contain one or more substituents such as
-OH, -OR”, -SH, -SR”, -CN, halogen (e.g., -F, -Cl, -Br, -1), -NO2, -NO, -NH2, -NHR”,
-NR”R”, -C(O)R”, -C(0)O-, -C(O)OH, -C(O)OR”, -C(O)NH2, -C(O)NHR”, '
-C(O)NR”R” and the like, where each R” is independently (C1-C6) alkyl, substituted
(C1-C6) alkyl, (C2-C6) alkenyl, substituted (C2-C6) alkenyl, (C2-C6) alkynyl,
substituted (C2-C6) alkynyl, (C5-C10) aryl, substituted (C5-C10) aryl, (C6-C16)
arylalkyl, substituted (C6-C16) arylaikyl, 5-10 membered heteroaryl, substituted 5-10
membered heteroaryl, 6-16 membered heteroarylalkyl or substituted 6-16 membered
heteroarylalkyl. Genetically encoded aromatic amino acids include L-Phe (F), L-Tyr (Y)
and L-Trp (W). Although L-His (H) is classified above as a basic residue owing to the
pKa of its heteroaromatic nitrogen atom, because its side chain includes a heteroaromatic

ring, it may also be classified as an aromatic residue.

[0069] “Non-polar Amino Acid or Residue” refers to a hydrophobic amino acid or
residue having a side chain that is uncharged at physiological pH and which has bonds in
which the pair of electrons shared in common by two atoms is generally held equally by
each of the two atoms (i.e., the side chain is not polar). Genetically encoded non-polar

amino acids include L-Leu (L), L-Val (V), L-lle (I), L-Met (M) and L-Ala (A).

[06070] “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).



Bua, Bug, Mete, Cha, Nle, MeVal Hydrophilic AcidicD Ed, e BasicH K, Rh,
k, r, Dpi, On, hArg, Paf, Dobu, Dab PolarC, Q@ N, S, Tc, gq, n, s, t, Ct,
AcLys, Mso, hSer '
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[0071] The amino acid L-Cys (C) is unusual in that it can form disulfide bridges with
other L-Cys (C) amino acids or other sulfanyl- or sulfhydryl-containing amino acids. The
“cysteine-like residues” include cysteine and other amino acids that contain sulfhydryl
moieties that are available for formation of disulfide bridges. The ability of L-Cys (C)
(and other amino acids with -SH containing side chains) to exist in a peptide in either the
reduced free -SH or oxidized disulfide-bridged form affects whether L-Cys (C)
contributes.net hydrophobic or hydrophilic character to a peptide. While L-Cys (C})
exhibits a hydrophobicity of 0.29 according to the normalized consensus scale of
Eisenberg (Eisenberg et al., 1984, supra), it is to be understood that for purposes of the
present disclosure L-Cys (C) is categorized as a polar hydrophilic am-iﬁo acid,

notwithstanding the general classifications defined above.

[0072] The amino acid Gly (G) is also unusual in that it bears no side chain on its
a-carbon and, as a consequence, contributes only a peptide bond to a particular peptide
sequence. Moreover, owing to the lack of a side chain, it is the only geneticaily-encoded
amino acid having an achiral c-carbon. Although Gly (G) exhibits a hydrophobicity of
0.48 according to the normalized consensus scale of Eisenberg (Eisenberg et al., 1984,
supra), for purposes of the present disclosure, Gly is categorized as an aliphatic amino

acid or residue.

[0073] Owing in part to its conformationally constrained nature, the amino acid L-Pro (P)
is also unusual. Although it is categorized herein as a hydrophobic amino acid or residue,
it will typically occur in positions near the N- and/or C- termini so as not to deleteriously

affect the structure of the polypeptides herein. However, as will be appreciated by skilled
artisans, the polypeptides herein may include L-Pro (P) or other similar “conformationally

constrained” residues at internal positions.

[0074] “Small Amino Acid or Residue” refers to an amino acid or residue having a side

chain that is composed of a total three or fewer carbon and/or heteroatoms (excluding 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).



SmallG A V, C N S T, Dg, a, v, ¢, n, s, t, d [0082] In the

pol ypepti des described herein, the synbol "-" between each specified

resi due X' designates a backbone constitutive linking noiety. In the

pol ypepti des descri bed herein, each "' between the various X' represents
an am de or peptide |inkage of the foﬁlomnng polarity: -C(O)-NH. It is to
be understood, however, that the pol ypepti des described herein may incl ude
anal ogs of peptides in which one or nore ami de or peptide |inkages are

repl aced wgphsa: H))dﬂ%@g&)n%tuhﬁé ARlIANASR R EeHBuL e ME RS aflfnihb BKAGLresiAUEh as a
substltuted am dé |1 nhkage, an isostere of an amde |inkage, or a peptido

or anmide nfanainipg p hyrdeeyd (-OHRUBOICtHh SisnericalyFreodestivdiry bPaIfiRg 881 Pni ng t he

varl ous X" a&@srmah@éﬂlgeg(gﬁmlryp)eﬁgmd@)sr(q@scr| bed herein, the term
"residue” reters to the Ca carbon and side chain noi ety(l es) of the

desi gnat e)&ﬁ@%}% TGN aﬁﬁrcéi!it%g %y ‘ﬂ{osé‘m’ Sk MAhart, e BoFEFinkd CatenorioPhre,

defi ni ng bei ng Gy residue" nmeans that Xl is Cal Hjlz Defining X1
as being appt’ "Nt%“b’@ﬁ'ﬁﬁj‘é‘ Tndescthe Aelineaied ragegoprphsmall amigq acfisdpeludes car bon
IS in eithghino3ddl Remn o?fhelﬂﬂﬁ:?Hélhﬁﬂt‘é@%dtéﬁbﬂe@ﬁcbﬁ'tﬁh@ar&hat?cscatb%b@g an "

resi due" neans that X is | CH3 Cc, carbon is in the :

L- confi gur'al@usmmn{aeoég}avsawwmmwda!m%twq q#w&tj%ehbtswatch?fwalti@ﬂeﬁ&suded in
the pol ype@fn'b@?&chﬂﬁaﬁ{&mﬁglehﬁ{egbﬁﬂ IA(\SlaLkgé\Olf' pé{ramgfeealﬂfﬂt) abi¥ide@fhiho, groups
of the formula - [ C5- C10) aryl,

substi tut e@vqn@aw@xwow»y|mor<(t@sﬂ@1eychdpwnaqak |hetesqat9§ﬁ sugh ayHsOma16)

aryl al | cyl exhr"_’mt]&tﬂ"ﬁma d&@ﬁ&raﬁ’tﬂ'&ﬂw &EQﬁEé bl & tRreliBre R TRSERM in

het er oaryl , 6- ere t er oar or substituted 6-16 nenbered
het er oar y| kth tb;lamnﬁ@les'ﬂ basigoategpries. dﬁleamraérsatq Hessifisatjonof apnamipgadeidi n t he
pol ypepti el I ldpated to,

P NR3- S0- d&sr?g&%%gtg %@qinlﬂl% gk&hgw SR iy tﬂegﬁs%gﬁoéali}?g #gﬂt%f_'flﬁ‘:tde i

- CH2- S-, MOSOIGPTO‘GQ@%B@HB - CH( OH) - CHZ- and - CH2- §( 0) 2-, vvhere R3is
hydrogen or R2 and R2 is as pr evi ously defined. These int erI i nkages may be

i ncl uded | WO?HéVb'éﬂ thpehove-definadectoppricschakebesn sxemplidicd eersf repi ct ed
polarity o anle ailg@ncfosycpa{nﬁﬁ? RAhakhd AJ; A qgscﬂﬂéal 85 ki GbuditRBed e h

non- am de as we as rret ynt hesi zi ng such anal ogs, are

wel | - knownthe mucaﬂkyrenmdammo agjslat bidged, 119@1;41“0:1%@@ isgeetivalblasspied
Modi ficatigng, s %?Q thcgaﬁlﬁ]a% éf'eE/d gbﬁ REHE g bE ¥on\§A}}ns€t{nem?er'A}9hﬂ§lc oP ﬁpt i des

and Proteins, rcel Dekker, £
(gener al rrevll,ef/w)aturmi}f@ymng%d)’orM&Wﬁgn@hmﬁemmow% cnigd: Hudson et

al ., 1979, ol a et
al .. 1986, q ool °“°55‘§§Bi§§§eﬁc%§%ﬂ'%‘“ét§§iﬂ ,%83, P &g%tp 95@‘13‘33% BRD
Modi fi cat |lmne3n ntalﬂbe Wr[uﬁHEcS]nchﬁeltlyamoahmﬁm WethBbehapegphaseftbat , " | n:
Peptides: Structure

nd Funct.i.o Hr u and Pi erce
Cheri car . dEeiRYERsRE amito ShS 2gionipprto R R ol Ry T
Soc. ParKi d%;dT(rpasu@ e-ahinchexdddic 3t ((z\h%@hhnovaleﬁc adidl (Avady e hiettAllgivdinsdr et aI
1980, J. Med. Chem 23:1392-1398 60%023 éﬁ ta;%n P&Be)nt Appllcatlon
EP 45665; Crenne QYlcGlyor SardrarnighngOrah stinlly (‘)@ﬁ; Pi biday et al .
1983, Tet riﬁﬁ)ﬁglgé‘iﬂe @If@ N%tl‘?ﬁ@&eé«ﬁ:@(ﬁ&eﬁ@ﬂp@ﬁﬁéﬂ?ﬁné(Phgl)ﬂéydl'dﬂiébylalaﬂﬁg2 Life

Sci. 31:189-1 0085] Alternativel one or nore am de
| i nkages r@yabeorﬁwna@éh :\EF‘P}Hhﬂé{ﬂ{“i“EQﬂ‘? ?ré"t‘ihéf’r%mm‘ﬂ?ia%fﬁ? $ehdretic

noi eti es. _@hq Q G mypé QSﬂu’:y’ HdgaRkhike d son et
al ., 1993, MStoptcfy iafile MEFRLERS g DenREe SGon. lCuﬁﬁ)nQOm

Chem Bi ol 3 ﬂnomnhenwg@nmsﬂwmaﬂ—ﬂvorevheayialan59éﬂff) A@wmmha@/ algsng (Dbfizey .
27 235- 2563 gngh oy lefntRYBIHEL L S &RGIR P bEHe EE¥8): Slibthylphenylalanine

(Omf); 3-methylphenylalanine (Mmf); 4-methylphenylalanine (Pmf); 2-
nitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf); 2-
cyanophenylalanine (Ocf); 3-cyanophenylalanine (Mcf); 4-cyanophenylalanine (Pcf); 2-



24 5. 3Detailed Description 5.3.1Directed evolution of polypeptides [0086]
Met hodol ogi es for screening and identifying pol ypeptides for desired
activities are useful in the preparation of new conpounds such as nodified
enzynmes and/ or new pharnaceuticals. Byrected evolution can be used to

di scover or enhance activity of pol ypeptides of comrercial interest. For
exanple, if the activity of a known catalyst is insufficient for a
comerci al process, directed evolution and/ or other protein engineering

t echnol 0gi @$uoBMeRGIMSEhIAfnd@IS; RRARRIthakBplieAPaaYiasEWIiy 4 0 the catal yst
to inprove activity on the substrate of interest. wrrent%nﬁatéahodol ogi es

are of t en Fiflapropgthyiphenylalanipe(Peydrarpigephspylalanine diabe 41iofophy "Me nay take

nmonths or pgagr @-am%nﬂﬂ@%p@ﬂﬂ%ﬂﬁ@?aﬁﬂ);ﬁ!McIﬂorBﬁan?@iaﬁﬂ@K@bdﬁ 3w-th the
desired activity, if one is ever found Furthernor t he nunber of

pol ypept i clichjerephgaylalaning {Mpel 2. frdifwerapbenydplaninedOpl; 3etinber some.  Thus,
there is a;iiQNEpHeR}hlafing dMpat); mﬁppﬂhtahfaegz&@ng; PRI IBIHme 3 gAla); dent i fy

novel polypeptide variants havin desired activit 0087]

a desirée y. [ ny
met hodol ogiveld-4dylplegine (torda) naphile wéaflaluﬁ*foﬂlaﬁfa@):dv@hhthﬁrbd%lfﬂrl%@aﬁ%gb| ypept i des
havi ng partma%n%ranﬁg@Mﬁ&;ﬂehﬂai&@l@&&n@ggm;sahg?yaﬁnae tAIFOfur@NATR €,

nmet hods for high-throughput screening clones in a sequenti al
LY

manner ar e pigny lalapy (i) ihemobepsingdh Tyab homegyygehandRTP) vitro
sel ection ﬂzﬁﬁhggoﬂﬁcﬂgﬁfa\%%g'(S%}g)i%é)il&'iﬁ'ﬁ% (OAlaf 3h@HYMnitDLAMY! £ i s di scl osed

'in PCT Publication ) a screening nmethod for identifying
“active peptiphtaxlalsping (Ifaki3raminp-Sphemyneaiaaeic pad {oiprdseisilpaing Beosed. i n PCT

Publ i cat i q%wgeﬁﬁ%?yﬁléggqlﬁﬁcﬁﬁme%t]&ré&éﬁg&nc‘é@ETiéE’ﬁbi—tﬁféﬁ%lQl@niﬁé‘Pfﬂiﬁati on No.

2004/ 013203 or creatin screening transgeni c organi sns
havi ng deshethiohime sulfuixids (bise); H(wihitwarginine WBrHabemlydie. (hZy9033, 781; net hods

f or maki ng.circul ar ernut ed ,pr | i de vel and/or
enhanced fq’& Hsc’ﬁh%?lnéetwg en?{]gysa Blei]gt(&?gﬁe ¥ Iﬂ%ﬂﬁl &gerglggéggﬁhg%érg&%de%? ?'glge are
di scl osed (phhfPEbnfeaipaitcatidadhAb); hdDOa6E 886 68y); hemimesclbpant-0F @@ar i ng

variants of catal vtic polypept. re. oiscl 0, L t Application

Publ i cati &fi° “?‘%ﬁ’t%‘ /366175'% ;'Célﬁlgqrﬁ%?r%%{sa‘%oqr 9%‘?0%6g€§0#§$£€%8?neeri ng usi ng

g C\'I/'aIrD i glnft ﬂ?pocwoljgbp&mme-%@mzoo mgﬁeacgfd:taiIyiglyyﬁim]gh@}bf};@hr@!aigp_&lmm (;Ifg@ltw);SSﬁd in
ubl i gati o A ;, each o i i s hLncarporated herein

by refer eﬁ‘é’gmf‘ﬁ_'"i“f gh‘t‘\elg\gf p?lg%(l;?ejtﬁgg 1*6’65%‘1““ 5 (l\éﬁc}eu hﬁ%’%‘éaé' gﬂ“ﬁ% present

di scl osur eopioisélefl€isie (hilp); kombobrginief (hadg Nesapl lpsipo(Adhegt | des, a portion of

ol ypept | deaauaiie s (R i e BBt Do N R AP n at

Sori i e vy s e e b

aspects, tf}fgfitbqngglgwféﬂa?fég|agg'lm%l%ﬁémh&ﬁgg‘gp‘)g}'l{fpgﬂﬁs??CBF@;}&&?%@& Fe

pol ypept i d@fpriseddPillthe @Ppaddnt @RhBsdxTIsyillapthieder (Rayeé.nothk Rensusamimoachisi d

o oduct . AR R ErpeR: |TRRAGRC st e osror BBy o StolefBt ol at ed t o

a parent Bb%pERAEPred) Bok£REbn, AL, Bt . FE 7Y SfAtthSieRSdnced @&d therein, all of

which are incorporated by reference). These amino acids may be in cither the L- or

D-configuration.

[0078] Those of skill in the art will recognize 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(3-benzylester),



[0089] In sone enbodi nents, each nenber of the plurality acts on a
different substrate. [0090] In sone enbodi nents, sone nenbers of the
plurality act on one substrate and other nmenbers of the plurality act on
at | east one other substrate. [0091] J4n sone enbodi nents, at |east two
menbers of the plurality differ wwth respect to one or nore of the
follow ng properties: substrate specificity, chenoselectivity,

regi osel ectivity, stereoselectivity, stereospecificity, |igand

speci fi ci t ginEHAMD! R‘én(ﬂ%)ﬁérﬁlmé)i, R 5 )0 Histbdna @) Hi§(19s), COSRES) IOR(t6d), a

%
cofactor. [0092] "I'n sone enbodi nents, the nmenbers of the plurality that
act on t heSgtnbenzybs ThrdOcbeatpyl} #rd TyrOrbsdPect to one or nore of the
fol |l ow ng @ro erties: rate_of product formatjon, percent conversion of a
substrate W87H Nemsenseding amingartds thet arg sowfpenasiongly censteangd obwhich #sg3) | n

sone enbodjdRRbadesHesdriBaPherkivmhaybaRempol iddiRiePud brdlnbt NmAdEo Oaisailie over
a broad pH range, such as for exanple, fromabout pH 2 to about pH 14,

f r om about apipp 2cide(laprnfiguigtion)p 1-aminggydersat-(Go1 3y ergt-sboayliseeido, or from

about pH 5 iB&oﬁQQé!El; i -3 B8y 1R Beib ANGESp e (h6); appar ent to the skilled
artisan. [% 94] In sone enbodi nents, at |east two nenbers are operable
over a br ob@mingayrdonsntapedsarbaxylicedsid. such as for exanple, a range of from
about 4C to about 80C, from about 4C to about 70C,.  or from about, 4C to
about 60C, (08801 Ths asplieationtokthe gamatitally grcodey pstceriain semmpp ppr-6odethar ent t o

the skill egyiab béidfabeold MRS thel dAeEHHER dSRIMRCIDERIEIS surkhariRA S TADML,WBIGAET S ar e
operable in _a solution containing fromabout 10 to about 50% or nore %
organic s olit isdp e undegstood that Table 1 is for illustrative purposes only and does not purport to

be an exhaustive list of amino acids that can comprise the polypeptides described herein.

Other amino acids not specifically mentioned herein can be readily categorized based on

their observed physical and chemical properties in light of the definitions provided herein.

[0081] One or more linkages, but typically one linkage in the polypeptides described
herein may also represent a linker. Such linkers may be useful in situations where the
polypeptides, owing in part to their small size, are under significant conformational strain
when composed 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 speciftc embodiment, one
linkage represents -C{O)-(CH2)m-NH-, -C(0)-(CH2)m-O-, -C(0)-(CH2)m-8-, -C(0O)-
{CH2-0-CH2)p-NH-, -C(0)-(CH2-0-CH2)p-O- or -C(0)-(CH2-O-CH2)p-5-, where m is
an integer from 3 to 5 and p is an integer from | to 3. Other suitable linkers, as well as
melh.ods of synthesizing polypeptides including such linkers, will be apparent to those of

skill in the art.



[ 0096] In sone enbodi nents, each nenber of the plurality is an evol vant of
t he sane ancestor or parent enzyne and contains at |east one nutation as
conpared to the ancestor or parent enzyne. |n sone enbodinents, a_
plurality conprises one or nore "contpol" polypeptides as well as severa
"test" polypeptides. In sone enbodi nents, the test polypeptides are al
related to a parent polypeptide. In sone enbodi nents, the control and the
t est polypeptides are all related to a parent pol ypeptide. The ancestor or
parent enzZyne need not Nnave an anlnngqu_sequence rdentrcal to the am no
acid sequence of the wild ty enzyne. |In sone enbodjnents, the ancestor
or parent enzyFeoded f‘ﬁ‘éc\ﬁ[qaﬂ‘ 99‘6&‘%%&“""%‘1% éﬁ'ﬁ‘o@f‘ﬂ‘éﬁﬁ"%“’“ﬁ he
ancest or oflasifiertionenzy nBnerizdbieainodieldit ed as d&wpaﬂ@dmiénum@Aw#Fd type
enzyme. [ f
menbers in .8_ each subset conprises evol vants from a separate ancestor
or parent enzyndronj3R98]FIY, WoHe aspects, the pirserdt Phl, ol ddbiMéc,provi des
a plurality of pluralities in which each pl uralRef,yOfAdUS, Riif hheli f f er ent

cl ass of substrate. [0100] In sone aspects, all nmenbers of a plurality can
under go the samMomchdar cal, Yeiadl,iGom,8n a gi ven dl assnad, aspiByBages. I n sone
aspects, all nmenbers of a plurality can under goMthe N MeVhalthacal reaction
on a given substrate [0101] In some aspects, tHde@lyesdibnt di scl osure
provides a plurality of enzyne candi dates nmade by generating variants of
at | east one pakliphatienzyAgY, Herein at | east a apeyslti, Opr,cfibtAle, BieiGipo aci d
sequence of each variant is known, and wherei n RaacBug Me¢lgrthacldlepr i ses at

| east one mutation known to affect reactivity wéVala substrate to produce
a product, and selecting two or nore variants wherein at |east two of the
sel ect ed vHydmphBicr eact with differing levels of activity upon a given
substrate. In so aspects, the present disclosure provides a plurality of
enzyme candi datAifpde b@ Benerating variants dﬁeat | east one parent
enzynme, wherei Ba3fe | eastyakpRrti on of the am na, Aol Dps €anidag, Faf, each
variant is known, and wher.ein each variant conmDbusPabat | east one nutation
known to affect reactivity with a substrate to produce a product, and

sel ecting por Or nore vac@miss,wherein at | easte, §w s af Citheclss) e, ed
variants react with different substrates. 27 g@eprises a set of 2 to 4
mcrotiter plates. In sone enbodi nents, the surface conprises a mcrochip.
I n sone eqﬁgﬁinents theGSera@qqunpplses gla3§a,da sepdenbodi ments, the
surface conprises plastic. [0103] In sonme enbodi ments, the variants are
expr essed TTOM pol ynucl eot1 des. TN sone enbodl nent s, Lhe varliants are

chem cal | y -synt hesi zed.
[0082] In the polypeptides described herein, the symbol “~” between each specnﬁed

residue X" designates a backbone constitutive linking moiety. In the polypeptides
described herein, each “~” between the various X" represents an amide or peptide linkage
of the following polarity: -C(O)-NH-. It is to be understood, however, that the
polypeptides described herein may include analogs of peptides in which one or more
amide or peptide linkages are replaced with a linkage other than an amide or peptide
linkage, such as a substituted amide linkage, an isostere of an amide linkage, 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 C.Hs. Defining

X! as being an “Ala residue” means that X' is C,HCH3 in which the C, carbon is in either



[0104] In sone aspects, the present disclosure provides a plurality of
addr essabl e pol ypeptide variants nmade by a process of generating a
plurality of polypeptide variants related to a parent pol ypeptide, each
variant having a different am no aci d;sequence, wherein each variant
conprises at |east one nutation that enhances reactivity with a ligand as
conpared to the reactivity of the parent polypeptide with said |igand, and
wherein at |east two variants of the plurality react with differing levels
of activity. BREAL RoMfigiioh! BRARMNg X ds BSS Wm&sﬁﬂe achhe & XKOiseagitipf the
variants. In sone aspects, the present disclosure provides a plurality of
addr essabl ie whidhytheQi catkoniarnn thatscomfigeratign. a process of generating a
plurality of polypeptide variants related to a parent pol ypeptide, each
vari ant hal@P%% Sabditftécareide linkigapthatiney kedigoladrsdan theipohweptideadescribadi ant

conpri ses l'igand as
conpar ed t%‘?’%@@%‘%@p F%r??gﬂgrhﬁﬁté’k%g?pg%?%qﬁénp%%ﬁgyw h\Meta%El i gand, and
wher ei n at(Q1 26 alkyWOC 3-8 Daays subfstituted (B5-G18) vl (Cbdd) anylalkyldsubsimiedt

| i gands; i In sone
aspocts, (hiaraedlig 2l ALHbER niEoRE Suiul o HRLRRS bl oi £ g
at | east olrﬁen@m#eyqsﬁptqr@ieylh&vl cvrg;uastttiegi ¢-&6l mewbered hsteroayhnil.si ng screening a
plurality of polypeptide variants against a |ligand of interest, wherein
each vari dA984] dmsterss of uhida& thhiemayt bﬁtinelUdiddgiaﬁt# ttog'Ppm’Gaé@mabQﬂéE@éft abl e
signal, and,JORr skMaabul S8Rb IMRITEIRRGSO! NRESRYYL abisdrrBrectelgled to a

parent pol¥ypeptl de and react ering levels &f activity upon a

“gi ven | i gepid anditmahs), deH2NH+ AGHAS- FEHB10-0 Oy §H2anCHOH)-CHRoaskes a si gnal
upon react ga@% I S Spkdle present

di scl osur ebgl'ra e’s&g&%g? ‘ggePqu?S}r?él égn%glp @FEEJS@atR east one

pol ypept i deteﬂmkngwgmy te gichldd ficthe polvgeptid@rﬂpﬁqré)pd\gersmnleelmengieaiephtgd ality of
pol ypept i ar i ant
Pol yPepL ! qeify LR b rg\%gte{t%tar ; t;eg,aag'an s HRIdR o U6 ea%g.pe AAfle 8L

wher ei n atwdlmsxteﬂtomohaymﬂes:smgfsuttthalpgulaaelwetilyklww\m Set, eftnemtamplea par ent

pol ypepti d ach n ands; ~and i de i t .| east one
vari ant t%g’fu%gar 6%%(: EPQAds?%%% ﬁ%ﬁ%‘%f’aetg’g |§H (\;\ﬂm st hanrc.it]‘i’l ﬁ%%trgolfnterest
In sone ermﬁdbmm.ss},’eptihﬁ anﬂtPIm:teinﬁ m«tdmmcﬂm;iﬂmsdsl)qkklenmewyﬂoﬂg pat 28 | east

a second v interest ctlon with the
| i gand of zl%zt}g?ggsefgm 8 ?ﬁ?r ed' é E[fgﬁﬂ)hag@t i 9/17'?46?9‘%3“ TREH Y "bet ween
the ani no 18¢9,dntr dsiPetneResni tdhi M- 8 e- GHiBNH-f,I-@HfZ-(Z‘mD aatpmlawndi t11986,dbfel i ty of

o pol ypentl-di AP g Srpe s Bn rergeS bR AREFaory oy JERBRER b
screeni ng Mtsietyaea@nduw Bérail RépfacagantTdh: Repdddsi Srantirobind ineti@sV, J.and

et Y1 00 3T ORI A luamithe eepend plur al i Ly, L e groduces
Ygg'nf‘lni ; Lﬁdﬂ?“hfa%ﬁﬁ Chéh. Sﬂcurakinmans[m@@? 340 (SPFELBIhOsidEAES, the

| gana o Aetssali 8807 Wedr St canalt SIhE @ rE R TRamerteH Ty [ 0107)

In some erﬁﬁ@dbﬁﬁﬂm 45665 tcméatdambswaatsm e7\39478 (m;tdtt)&:rtz-g anélidahy ént er est
is a candidate substrate for the nents, .each vari ant

conpri ses 2k M8AdTsighgstsencagt: o34 %Qlé’ﬁ@lkrgﬂéﬁb‘h‘?ﬁ@)l ?’{jjalﬂ'a‘bbfwﬁﬁt[é “is a
candi dat e 33ustibater>o8.)t he enzyme. [0108] In some enbodinments, each
variant is a receptor and the ligand of interest is a candi date | i gand for

t he receptipgss) hltemRLE GROGH MBR afhid SRkt RidyaR eI kith §eptaiokdi@ams bi ndi ng
site of a receptor an ‘the |i gand of interest is a candi d%te Ilgand for

the receptdf/or fidpgymetic rgalﬁtéeSe MBAIAERR examRigs of suchonaietips ptsatescribed ime

plurality clidsfe@hi. I1I993 heMléa Nehegf. 38300A5043¢ myka@sdmcmgsar@rﬁmwlomemt s, the
ki nd of si gnal Fi‘gro uced is selected froma sig i ndi cating substrate

speci fi ci ol @Hdiise Rarehagdteyal. 1887, dislt Bete: PF'E‘S/ Re§t?€r7ééé’éﬁéﬁ‘§ tgity,

st ereospe%tlblglrgfg,enéésgﬁmhgﬁgpl ficity, receptor agonism receptor
ant agoni sm conversion of a cofactor, or any conbination thereof.



[0110] In sone enbodi nents, two or nore nenbers of the plurality differ in
the I evel of signal produced. In sone enbodinents, the difference in |evel
is a difference in rate of product formation, percent conversion of a
substrate to a product, or percent copversion of a cofactor. [0111] In
sone aspects, the present disclosure provides host cells which produce the
variants identified in the nethods described herein. In sone aspects, the
enzyme i s reconbinantly expressed by a host cell, and the host cell is a
menber of the ghuratk&medc@&xb9&42] In some aspects t he present

di scl osure provides a p ural.it host cell col onies or cultures, wherein
each col ony or cul t drel expﬁ@§§é§efﬂé“%1°ﬂ@&?ﬁ“@ﬁ% variant identified in

Ei he Irret hOC{W&lﬂWthélﬁd)gﬁb@fﬁﬁi ggsee?eéaﬁj dkmifﬁlﬁgﬁoiglp@ﬂdéﬁfor aéggecpmsgz:ai are

i scl osure es a nmethaod of ma ur ty of a essabl e

pol ypept | dsthybin %P@Paf@&ﬂwf.ﬂgwama%w@?a‘tﬁhﬁa mﬁﬁj ea¥aff3*“1€§a /o1 I5™ pept i de
variants r;ﬂ;hﬂﬁ@euﬂc@lsam@&e@tavcnﬁttoyn&a@u ded tadip@ved @enBdnceagfvityar i ant havi ng
known am no_aci d, sequence, wherei n_each vartént conpri ses at | east one

mut ati on tReAMPeRtifles REcammersial inferesy, Kgrereraple,jhbe pctvity 952 Keowns Vs & t he

reacti Vit Yin@ffiditR fod SuimdPGhMPRERES, dRectdd dVoRdibl asit iR buciRbkiagiei n at
| east two nenbers of the Iurallty react, with dlfferlggﬂlevels of activity

upon a gi Vemnelggiss pgy ke “%'Fﬁdo geks ipronglalgimaeRyFaeys fodhe ctdlysifo WMPEO¥Far i ant s.

In some asReetySon thd SutRirA8 8Ninteddst CCOABAL Rco@NbEeSara oft®f INafedty tifkdddg a
plurality of addressable pol ypeptide variants, conprising gengpgtlng a

plurality ft %?@p@’p?opﬂén%%@%ﬁtf%ayrté’fed{‘%‘ﬂhst% yars,cat rept SYBERFBp ]

portion ofyeRafplypiptdeatith Mautdad KA, ifBhdT9 cAG iflinde FURRG RoreMAe hhBereach
variant conprises at |east one nuta ion that enhances reactivity with a
subst r at e Agolyperside seriants tbﬁémrsélaec%crwws gften siunbsesomst Thw hsess 2 98w t h

sai d substgph&qg f%n%%[;@dsrhnéﬁnét}ﬁﬁ§ hscH‘@@ndérﬁth%%l 951y§;é’tﬁ1d9 lvh'r'iﬁltsi HaymgeaCt
with different substrates; and assigning an address to each of

vari ants. qdsitedjactiiftisone aspects, the present dlsclosure prOV|des a met hod
of maki ng 614? urality of addressable pluralities, )ri sing generating a

first and [B08% My méthedodogies direppd fothe desiggrand(gr !f'ﬁ%tﬁ- foaten YRRRUdes wher ei n

t he menberyiaf phifiuthd dhifactelisticdlatel RhoFhn Mhelad! 6 HAMBREMBALEI Yor ﬁsgh ypeptide
and the nenbers of the second Elurallty are related to a second parent

pol ypept i derouglpst wreening arraxsaf clongbing ssfpeptiakmaangrarpresesied inBglience of each
variant i 8RN Nwhw(?om%%hamm}?ﬁ;se%n&%&hm Y Rleehivig aﬁe&bsofw th a

substrate to produce a prod duct, d wherein at |east one menter of the
first plurcatalysymelgenlesis ﬂlé@lgstedomBCM’#b@aﬂ@ﬂ NohWOsUK bR 131 sgregnipgy react with

di fferent n?éﬂ%tfﬁlafd@ﬁtffﬂilng PRREEH ﬁmtem%m,ﬁ@%dgmmﬁw@ provides a

nmet hod of making a p addressabl e pluralities, conprising
gener at i nglisglopéd lstPCé“rRubé!C@@@d‘iﬂj VW 82/ |2ad HISLH’&@IHF Ayplwfatupbli’ upbegstonde

vari ants, \hepe (ﬁe%g%dq‘?\&gﬂﬁ{d rferdallf éddheicemhg&gﬁ% r}fc ggmgrﬁm;v to one

par ent polypeptl ers 0 sec uralmty are related to
a second plasimhte tpuib gpaiidcioded indePdent Nat 7083381, alepl@ds faymakingtcireulantsi no aci d
sequence qf eac Eiang i r_of..e I rality
oot s i oroins bl plE R0 AVELRY, BRI S ERGRL YT
nenber of na@®@& protein or peptide are d|sclosed in PCT Publication No. WO 2006/086607;

methods for preparing variants of a catalytic polypeptide are disclosed in US Patent

Application Publication No. 2003/0073109; 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.



the first plurality and at | east one nenber of the second plurality react
with differing levels of activity upon a given substrate [0115] In sone
aspects, the present disclosure provides a kit for identifying at |east
one pol ypeptide having a desired actiyity, conprising at |east one
plurality of polypeptides, wherein each nmenber of each plurality reacts
with at | east one |ligand to produce a detectable signal, and wherein at

| east two menbers of each plurality are related to a parent pol ypeptide
and react Wa&é} iffisb h&hspbds, 'tle/ﬁkenp&s&&uevplrwm%,alug'ovsahrésyatyfé rate. In
some aspects, the present di'sclosure provides a kit for identifying at

| east one pBYREEesSi ﬁ@mmfrf@clap@mtléﬁhﬁmkww amErAsH sefuegcavhPigist one
plurality aky Bak%@%eé lfeg wmest, taate%@isgj tﬂ:ft aﬁa%eﬁain% ?clagtwor eact s
with at |east |gan to pro ce a tectab e signal, d wherein at

| east two mrembess of thé plucadity g€ welaibd toya parent pelypanside el raaq@awté mfqug yayelst i de
and react =8 S ncl udes
instructi oarll*istcﬁvg)'{? a%%ﬁié%ﬁ?% é%ér?erfh e dﬁ‘emg ?éesg;ﬁ% saos'frgﬁg):ﬂd&é

pol ypept i deuratityicfiaddredsaltlt polyseptides. apaition pf efch pgllyy@éth: h@e&g Manu@( panded
e SULY @l frfe (Alckstl dac bob Lt Sk SR BUER: bSO EpBHRE It S.
the plurality can conp P e pool's, arrays, rari e%

mcroti terwlpﬂratlesleasasvtdesmberbeﬂthabbwdiw {u@quaqed lcna Mmt@dspmﬁtﬂmﬂdrremfs t he

plurality is "tunable" using nethods of generating
mut ati ons ﬁasgg%%ﬁFgéggﬁﬁce act|V|ty rel ati onship maps. A first, pre-tuned

plurality ti@goﬁ?é&ﬁﬂﬁﬂné s, QG Hhdoh erﬂhhlzg)ﬂﬁ‘&l 9 s BPh YiPERh ﬁgstﬁ?é“ ng

enhanced a |ty or 'a candi'dat e substrat he one or more pol ypepti des
i dentifi e%bé@ﬂ. 5 émsoﬁimrﬁg %Mn@ﬁi.bals um wamfacttonene Qpsiaesh@s the
basis for rating a fine-tuned, | ution second plurality for
screeni ng thnmmrscﬁlt@ﬂmhhm&t@ atﬁ@etsmeﬁl@pelbeﬁatecreem ng and using the
results to generate still finer-tuned, still higher resolution pluralities
can be reil089Hdespmq smbadinenin gt leass ted mpwbsrs et ghusalify diffenwitlesspastioact i vi t y

C an be idegtiof Sk of’%he]I )?oggﬁ é@ ggtgda@l'tleg ysuﬁﬁﬁté)s?:eéiﬁflﬁﬁ BRGhodtdivitynovel . unknown

nave substrate or a secon Fura opulated w th second
g e ner at i orregigseleghvigy, ﬁt@regeqmtlattle dtemrsmce”wet&sltgan@ SMP i5ity.lyeceplovagonispmknown or

nave substraf %rgﬁta%dngs%p(éo Joisi pdi ments, the first plurality

screened is pre-tuned 10T a ty an the second plurality screened is a

fine- tuned[g@iﬂﬁﬁédn&a/emz{o%ﬁﬂéim, b ﬁ&mr@mwblmngﬁha&c%f&e Shibdipber  of
(6]

vari ants re-tune ['ar al |ty e. g , grea er than about ten
vari ants) dften vmht respeed toiongomorg of edpliawiag pipperties rde abprodust formatians ot ej n

sequence gﬁl‘dfe}{f doy&8bRbE d%ﬂl%@t'raﬁe o AR, of R@elﬁlc&Wefsﬁdﬁ'm’ aWBihcQe used to

predict b 1clral and trimental” nutations anong the active variants.

The putat iy \imi?ﬁ Snengld ﬁh ks, qnaést M SchBds %mgpnenmr@we&bw BvdigW

variants in a fine- tune ura ProSAR-type al gorithns are descri bed
in US. Pahr@dtpfbppgmmhagrﬂowmnpl@aﬁrqmnbwwﬂ @hpw ¥R Gomabout bl 1796,

and 2005/ QQGAS0 FH 13NoR A8 PRPERWBouRE D, 8F cURIBR s lnBOKRRr A ed her ei n

by reference
Other pH ranges will be apparent to the skilled artisan.

[0094} In some embodiments, at least two members are operable over a broad range of
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.



[0119] The nunber of variants per plurality can be at |east 20, 40, 60,
100, 200, 300 or nore. In theory, the nunber of variants can be up to the
theoretical limt of possible variants of a given polypeptide of discrete
I ength. For exanple, for a polypeptidg of 100 am no acid residues, and
considering only the 20 possible substltutlons using naturally occurring
am no acids at each residue position, the theoretical Iimt of possible
variants is 1002. [0120] At |east some structural information about the
starting p@pyaqumeeemmmy ekaﬂmnbe%\op@luﬁnemw fieinieVollV AR oPlndk@hd ty can
conprise a ['ength variant of the ancestral” or parent polypeptide, or
can conpr i ¥sesgortor HWé%tteé@’%?‘idaﬁwt% @plepss pRymEtgtohis ramparep dr e engsionn
enzyme or g?TLb%remé}Q {8, ﬁféoﬁ,e%fm@dfn%&pé PluraliEASImpPiodRE BE indfe “@BsRer of a

plurality not act as an enzyne or receptor wth any given
substrate mlynep'grémds well phteapiak test’[m!mptldtﬁ bupmeambodimppts e tashe bi ndi ng
pocket of g, midath, Ak B been
denonstrate th éxﬁa llqélg etél??%?ﬁetr‘ﬁﬁ’lpg%ywt%oﬁﬁngﬂahﬁ%e retcal ni ng
activity) .anGke tost pnbrptntybearamlmdata@toc%pm poEpapties t Theaneestdrr pHentyar i ant
as _conpar & 18. hag 181iEse taﬁ)'élm ﬂf%@éenmxmal &Qﬁ%lm(f Beid QiR BPAL TeNt S,
t he pol ynucl®eoti de enco the W i e or ancestr peptide has
been det erwilhede tnryive. &xmmdanemﬁ,ghahw@rgr palrwtgmmcembewwémes t he
pol ynucl eo r red to be
Epr ssed ri i SpaL SRebafhonR o QR TRl e han PR o
embodi mente@mpeted tptie eild tys! gopEME de has been engineered so that a

pol ynucl eoti de encoding it is expressed at high levels. In sone

enbodi ment @097 ke samd embogiraenss, therrderality gpmpaisey pehsets gbmpmberp Bevwhigheacheer ed to
general & @Y e PloRAhtsARY PERbIA AR of farfRieRzyngbust 1O PH.

t enperature and/or solv

ent conditrons than is"the wld type or ancestral
pol ypept i SEEasHIR0 T lese didclBuR Pr&/ides R UIHARP b FlBrall S iRSBRth
deternlnegﬁg$ﬁg% I nee &%ptéﬁ%e é%é% ungﬁu éﬁtgredﬁf gﬁgelscale
product i orﬁachﬂﬂraﬁm&B]OﬂEﬁhffﬁl@BtﬂiwP‘é%llbétraﬂ‘br use in the conposi tions and
nmet hods descri bed herein, whether naturally occurring or non- naturally
occur ri ng, [0 Tmneomeaspedts; afl arambers o @ phyalith saerndaigp i Bmaichemigalski 11 in t he
art. Non- naluhabh ¥ oRB% wa?ssof%ashnlaés ORN\SHRaSSEcl; samgexknsb@m ARbARY Tan
i ncluding, for exafnple, nutagenesis, directed evol uti on, and the Iike.
[0124] | n wdergo eheisene pleamisal rg@h@rmagwemubs%e plurality of polypeptides
can be based on: libraries incorporating nutations previously jdentified
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I n accordance with the aspects of the present disclosure, includes the
follow ng enzynes and their functions: |. Lipases/Esterases a.
Enanti osel ective hydrolysis of esters (lipids)/thioesters 1) Resolution of
racem c mxtures 2) Synthesis of optigally active acids or alcohols from
meso-di esters b. Selective synthesis 1) Regiospecific hydrolysis of
carbohydrate esters 2) Selective hydrolysis of cyclic secondary al cohol s
c. Synthesis of optically active esters, |actones, acids, alcohols I)
Tr ansest er lehst 6 a¢dopMvarfaneehibt pradueedd nipad bf Makaduatrecto?ith the ligand of
Interesterjfication]_ .. L . . .

interest; postulating a sequence-activity relationship between the amino acid residues

within the identified variants and the ability of each variant to produce a detectable signal;

generating a second plurality of polypeptide variants based on the sequence-activity

relationship; sc¢reening the second plurality against the ligand of interest; and identifying

at least one variant from the second plurality that produces an enhanced signal of interest

as compared to the earlier identified variants from the first plurality.

[0106] In some embodiments, the identity of the ligand of interest is unknown. In some

embodiments, the ligand of interest is of unknown composition or chemical identity.

[0107] In some embodiments, each variant is an enzyme and the ligand of interest is a
candidate substrate for the enzyme. In some embodiments, each variant comprises a

binding pocket of an enzyme and the ligand of interest is a candidate substrate for the

enzyme.

[0108] In some embodiments, each variant is a receptor and the ligand of interest is a
candidate ligand for the receptor. In some embodiments, each variant comprises a ligand

binding site of a receptor and the ligand of interest is a candidate ligand for the receptor.

[0109] In some embodiments, two or more members of the plurality differ in the kind of
signal produced. In some embodiments, the kind of signal produced is selected from a
signal indicating substrate speciﬁcity, chemoselectivity, regioselectivity, stereoselectivity,
stereospecificity, ligand specificity, receptor agonism, receptor antagonism, conversion of

a cofactor, or any combination thereof.

[0110} 1n some embodiments, two or more members of the plurality differ in the level of
signal produced. In some embodiments, 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.

[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.



3) Optically active | actones from hydroxyesters 4) Regi o- and

enanti osel ective ring opening of anhydrides d. Detergents
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Fat/ Q|

conversion f. Cheese ripening 2. Proteases a. Ester/am de synthesis
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[0112] In some aspects, the preserit disclosure provides a plurality of host cell colonies or
cultures, wherein each colony or culture expresses the at least one variant identified in the

methods described herein.

[0113] In some aspects, the present disclosure provides a method of making a plurality of
addressable polypeptide variants, comprising 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 assigning an address to each of the variants.
In some aspects, the present disclosure provides a method of making a plurality of '
addressable polypeptide variants, comprising 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 assigning an address to each of the variants.

[0114] In some aspects, the present disclosure provides a method of making a plurality of
addressable pluralities, comprising 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. In some aspects, the present
disclosure provides a method of making a plurality of addressable pluralities, comprising
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



b. Peptide synthesis c. Resolution of racem c m xtures of am no acid
esters d. Synthesis of non-natural am no acids e. Detergents/protein
hydrol ysis 3. d ycosi dases/ d ycosyl Transferases a Sugar/pol ynmer synthesis
b. C eavage of glycosidic |inkages tggformnmono, di- and oligosacchari des
c. Synthesis of conplex oligosaccharides d. dycoside synthesis using
UDP- gal act osyl transferase

the first plurality and at least one member of the second plurality react with differing

levels of activity upon a given substrate

{0115] In some aspects, the present disclosure provides a kit for identifying at least one
polypeptide having a desired activity, comprising at least one plurality of 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 substrate. In
some aspects, the present disclosure provides a kit for identifying at least one polypeptide
having a desired activity, comprising at least one plurality of 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. In some embodiments, the kit includes instructions for use.

[0116} In some embodiments, the plurality of polypeptide variants includes a plurality of
polypeptides having expanded diversity toward a variety of different substrates. In some
embodiments, the plurality can comprise multiple pools, arrays, libraries, or microtiter

plates, as described above.

[0117] In various embodiments, the plurality of polypeptides is “tunable™ using methods
of generating mutations based on sequence-activity relationship maps. A first, pre-tuned
plurality can be screened to identify at least one polypeptide having enhanced activity for
a candidate substrate. The one or more polypeptides identified from the first, pre-tuned
plurality can then be used as the basis for generating a fine-tuned, higher resolution
second plurality for screening the candidate substrate . These steps of screening and
using the results to generate still finer-tuned, still higher resolution pluralities can be.
reiterated. In this way, novel polypeptides with a desired activity can be identified. A
first plurality can be screened with a novel, unknown or naive substrate or ligand and a
second plurality populated with second generation variants is geﬁerated before testing
with the novel, unknown or naive substrate or ligand. In some. embodiments, the first
plurality screened is a pre-tuned plurality and the second plurality screened is a fine-tuned

plurality.

[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



e. Transglycosylation of disaccharides, glycosyl fluorides, aryl
gal actosides f. Gycosyl transfer in oligosaccharide synthesis g.
Di ast ereosel ective cl eavage of beta-glucosyl sul foxides h. Asymretric
gl ycosylations i. Food processing j. jfaper processing 4. ;
Phosphat ases/ Ki nases and dephosphoryl ases a.. Synt hesi s/ hydrol ysis of
phosphate esters 1) Regio-, enantiosel ective phosphoryl ation
protein sequence activity relationship (ProSAR)-type algorithms may be used to predict
beneficial and detrimental mutations among the active variants. The putative more
beneficial mutations can then be combined in new variants in a fine-tuned plurality.
ProSAR-type algorithms are described in U.S. Patent Application Publication Nos.
2004/0072245, 2004/0161796, and 2005/0084907, and 2006/0205003, each of which are

incorporated herein by reference

[0119] The number of variants per plurality can be at least 20, 40, 60, 100, 200, 300 or
more. In theory, the number of variants can be up to the theoretical limit of possible
variants of a given polypeptide of discrete length. For example, for a polypeptide of 100
amino acid residues, and considering only the 20 possible substitutions using naturally
occurring amino acids at each residue position, the theoretical limit of possible variants is

100%,

[0120] At least some structural information about the starting polypeptide is often known.
A polypeptide in the plurality can comprise a full length variant of the ancestral or parent
polypeptide, or can comprise a truncated variant comprising the binding pocket of an
enzyme or the binding site of a receptor. Each polypeptide member of a plurality may or

may not act as an enzyme or receptor with any given substrate or ligand of interest.

[02121] In some embodiments, the binding pocket of a wild type or an ancestral enzyme is
predicted or has been demonstrated to be malleable (tolerant of mutations while retaining
- activity). One or multiple amino acids can be substituted in the variant as compared to

the ancestor or parent enzyme.

[0122] In some embodiments, the polynucleotide encoding the wild type or ancestral
polypeptide has been determined to be expressed at high levels. In some embodiments,
the polynucleotide encoding the parent polypeptide has been engineered to be expressed
at high levels, for example by codon optimization. In some embodiments, the parent
polypeptide has been engineered so that a polynucleotide encoding it is expressed at high
levels. In some embodiments, the wild type or ancestral polypept}de has been engineered
to generate an evolved parent polypeptide that is more robust to pH, temperature and/or
solvent conditions than is the wild type or ancestrai polypeptide. In some embodiments,
the parent polypeptide has been determined or engineered to be easily manufactured for

large scale production.



2) Introduction of phosphate esters 3) Synthesize phospholipid precursors
4) Controlled polynucl eotide synthesis b. Activate: biological nolecule c.
Sel ective phosphate bond formation w thout protecting groups 5.
Mono/ Di oxygenases a. Direct oxyfunctignalization of unactivated organic
substrates b. Hydroxylation of allcane, aromatics, steroids c. Epoxidation
of al kenes

[0123] Enzymes suitable for use in the compositions and methods described herein,

whether naturally occurring or non-naturally occurring, can be readily identified by those

having ordinary skill in the art. Non-naturally enzymes can be generated using known

methods, including, for example, mutagenesis, directed evolution, and the like.

[0124] In some embodiments, generation of the plurality of polypeptides can be based on:
libraries incorporaﬁng mutations previoixsly idéntiﬁed in the literature which affect
substrate specificity, selectivity or stability; structural modeling; computationaily
predicted improvements of protein folding pattern (packing the interior residues of a
protein to make it more solid inside); ligand binding and docking studies; libraries
designed to optimize subunit interactions; family shuffling between multiple diverse
homologs; semi-synthetic shuffling using diversity from homologs; gene synthesis; site-
directed mufagenesis; saturating random mutagenesis of the binding pocket; semi-
synthetic combinatorial libraries of residues within the binding pocket; directed evolution;

and recursive sequence recombination (RSR) (see, eg., US Patent Application No.

2006/0223143, incorporated by reference herein in its entirety).

[0125] In some embodiments, the plurality of variants can be made by subjecting an
ancestral polypeptide , which may or may not be a wild type enzyme) to a variety of
mutagenesis techniques used in the art for generating variants (e.g., modified) :
polypeptides, such as in vitro mutagenesis or directed evolution to generate an evolved
parent enzyme, which can be used as the basis for generating variants to populate the
plurality. In some embodiments, directed evolution is an attractive method for generating
such enzymes or polypeptides because of the relative ease of generating mutations
throughout the whole of the gene coding for the polypeptide, as well as providing the
ability to take previously mutated polynucleotides and subjecting them to additional
cycles of mutagenesis and/or recombination to obtain further improvements in a selected
enzyme property. Subjecting the whole gene to mutagenesis can reduce the bias that may
result from restricting the chang‘es' to a limited region of the gene. It can also enhance
generation of enzymes affected in different enzyme properties since distantly spég}cd parts
of the enzyme may play a role in various aspects of enzyme function. MUtagenesi.s and
directed evolution techniques useful for the purposes herein are amply described in the

literature: Ling, et al., 1997, “Approaches to DNA mutagenesis: an overview,” dnal.



d. Enantiosel ective sul phoxidation 36 e. Regio- and stereosel ective
Bayer-Villiger oxidations 6. Hal operoxidases a. Oxidative addition of
halide ion to nucleophilic sites b. Addition of hypohal ous acids to

ol efinic bonds c¢c. R ng cleavage of cyml opropanes d. Activated aronmatic
substrates converted to ortho and para derivatives

Biochem. 254(2):157-78; Dale et al., 1996, “Oligonucleotide-directed random
mutagenesis using the phosphorothioate method,” Methods Mol. Biol. 57:369-74; Smith,
1985, “In vitro mutagenesis,” Ann. Rev. Genet. 19:423-462; Botstein et al., 1985,
“Strategies and applications .of in vitro mutagenesis,” Science 229:1193-1201; Carter,
1986, “Site-directed mutagenesis,” Biochem. J. 237:1-7; Kramer et al., 1984, “Point
Mismatch Repair,” Cell, 38:379-887; Wells et al., 1985, “Cassette mutagenesis: an
efficient method for generation of multiple mutations at defined sites,” Gene 34:315-323;
Wise et al., 2004, “Understanding the Importance of Protein Structure to Nature’s Routes
for Divergent Evolution in TIM Barrel Enzymes,” Accounts of Chemical Research
37(3):149-158; James et al., 2003, “Conformational diversity and protein evolution —a
60-year-old hypothesis revisited,” Trends Biochem Sci 28(7):361-368; Aharoni et al.,
2005, “The ‘evolvability’ of promiscuous protein functions,” Nature Genétics 37(1):73-
76; O’Brien et al.,, 1999, “Catalytic promiscuity and the evolution of new enzymatic
activities,” Chemistry and Biology 6(4):R91-R105; Copley, 2003, “Enzymes with extra
talents: moonlighting functions and catalytic promiscuity,” Curr Opin Chem Biof 7:265-
272; Yoshikuni et al., 2006, “Designed divergent evolution of enzyme function,” Nature
440(7087):1078-82; Nowlan et al., 2006, “Resolution of Chiral Phosphate, Phosphonate,
and Phosphinate Esters by an Enantioselective Enzyme Library,” J] Am Chem Soc
128(49):15892-902; Yazbeck et al., 2003, “Automated Enzyme Screening Mectheds for
th.c Preparation of Enantiopure Pharmaceutical Intermediates,” Adv Synth Catal |
345(4):524-32; Minshuil et al., 1999, “Protein evolution by molecular breeding,” Curr
Opin Chem Biol 3:284-290; Christians et al., 1999, “Directed evolution of thymidine
kinase for AZT phosphorylation using DNA family shuffling,” Nature Biotech 17:259-
264; Crameri et al., 1998, “DNA shuffling of a family of genes from diverse species
accelerates directed evolution,” Nature 391:288-291; Crameri et al., 1997, “Molecular
evolution of an arsenate detoxification pathway by DNA shuffling,” Nature Biotech
15:436-438; Zhang et al., 1997, “Directed evolution of an effective fructosidase from a
galactosidase by DNA shuffling and screening,” Proc Natl Acad Sci USA 94:45-4-4509;
Crameri et al., 1996, “Improved green fluorescent protein by molecular evolution using
DNA shuffling,” Nature Biotech 14:315-319; Stemmer, 1994, “Rapid evolution of a
protein in vitro by DNA shuffling,” Nature 370:389-391; Stemmer, 1994, “DNA

shuffling by random fragmentation and reassembly: In vitro recombination for molecular



e. 1.3 di ketones converted to 2-hal o-derivatives f. Heteroatom oxidation
of sul fur and nitrogen containing substrates g. Oxidation of enol
acetates, al kynes and activated aromatic rings 7. Lignin
Per oxi dase/ Di aryl propane Peroxi dases ;3. Oxi dative cl eavage of C-C bonds b.
Oxi dation of benzylic alcohols to al dehydes c. Hydroxylation of benzylic
gfar Ibons d. Phenol dinerization e. Hydroxylation of double bonds to form
iols :
evolution,” Proc Natl Acad Sci USA 91:10747-10751; PCT Publications WO 95/22625;

WO 97/0078; WO 97/35966; WO 98/27230; WO 00/42651; WO 01/75767; and U.S.
Patent Nos.. 6,537,746, 7,098,010 and 7,115,403. All publications are incorporated

herein by reference.

[0126] Candidate enzymes useful in the compositions and methods described herein may
be capable of catalyzing an enantioselective reduction reaction, for example. Such
enzymes can be used to make intermediates useful in the synthesis of pharmaceutical
compounds. For example, certain halohydrin dehalogenase and ketoreductase enzymes
are useful in catrying out reactions that generate intermediate compounds useful in the
synthesis of cholesterol lowering HMG-CoA reductase inhibitors (“statins”) (see, e.g.,
U.S. Patent Nos. 7,125,693, and 7,132,267). Such enzymes have been engineered using
laboratory evolution technologies, such as DNA shuffling, to yield non-naturally
occurring engineered enzymes with improved properties as compared to the naturally-
occurring wild type enzyme obtained from organisms such as Sacckaromyces 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



f. C eavage of lignin aldehydes 8. Epoxide Hydrol ases a. Synthesis of
enantionerically pure bioactive conpounds b. Regi o- and enanti osel ective
hydrol ysis of epoxide c. Aromatic and ol efinic epoxidation by
nonooxygenases to form epoxi des d. Regol ution of racem c epoxi des e.
Hydrol ysis of steroid epoxides 9. Nitrile Hydratase/ Ntril ases a.
Hydrol ysis of aliphatic nitrites to carboxam des
e. Fat/Oil conversion
f. Cheese ripening
2. Proteases
a. Ester/amide synthesis
b. Peptide synthesis
¢. Resolution of racemic mixtures of amino acid esters
d. Synthesis of non-natural amino acids
e. Detergents/protein hydrolysis
3. Glycosidases/Glycosyl Transferases

. Sugar/polymer synthesis

[~

. Cleavage of glycosidic linkages to form mono, di- and oligosaccharides

. Synthesis of complex oligosaccharides

e o

. Glycoside synthesis using UDP-galactosyl transferase
. Transglycosylation of disaccharides, glycosyl fluorides, aryl galactosides
. Glycosyl transfer in oligosaccharide synthesis

. Diastereoselective cleavage of beta-glucosylsulfoxides

- V- R o S ¢

. Asymmetric glycosylations

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} Controlied 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

O

. Epoxidation of alkenes

o,

. Enantioselective sulphoxidation



b. Hydrolysis of aromatic, heterocyclic, unsaturated aliphatic nitrites to
corresponding acids c. Hydrolysis of acrylonitrile d. Production of
aromati ¢ and carboxam des, carboxylic acids (nicotinamde, picolinan de,

i soni coti nam de) e. Regiosel ective hygrolysis of acrylic dinitrile E

.al pha.-amno acids from. al pha. -hydroxynitriles 10. Transam nases 37 a.
Transfer of am no groups into oxo-acids to produce am no acids.

e. Regio- and stereoselective Bayer-Villiger oxidations
6. Haloperoxidases

a. Oxidative addition of halide ion to nucleophilic sites

o

. Addition of hypohalous acids to olefinic bonds

c. Ring cleavage of cyclopropanes

d. Activated aromatic substrates converted to ortho and para derivatives
e. 1.3 diketones converted to 2-halo-derivatives

f. Hetercatom oxidation of sulfur and nitrogen containing substrates

. Oxidation of enol acetates, alkynes and activated aromatic rings

]

7. Lignin Peroxidase/Diarylpropane Peroxidases
a. Oxidative cleavage of C-C bonds
b. Oxidation of benzylic alcohols to aldehiydes
¢. Hydroxylation of benzylic carbons
d. Phenol dimerization
e. Hydroxylation of doubie bonds to form diols
f. Cleavage of lignin aldehydes
8. Epoxide Hydrolases
a. Synthesis of enantiomerically pure bioactive compounds
b. Regio- and enantioselective hydrolysis of epoxide
¢. 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
¢. 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



b. Transfer of am no groups to ketones to produce chiral am nes. c.

Resol ution of chiral am nes by transfer of am no groups to ketones. 11.

Am dases/ Acyl ases a. Hydrolysis of am des, am dines, and other C-N
bonds b. Non-natural amno acid resolytion and synthesis C.
Formati on of am de bonds from am nes and carboxylic acids, esters, and

am des. 12. Ketoreductases a. Reduction of ketones to chiral al cohols b.
Resol ution of chiral alcohols by oxidation to ketones or al dehydes.

a. Transfer of amino groups into oxo-acids to produce amino acids.
b. Transfer of amino groups to ketones to produce chiral amines.
¢. Resolution of chiral amines by transfer of amino groups to ketones.
11. Amidases/Acylases
a. Hydrolysis of amides, amidines, and other C--N bonds
b. Non-natural amino acid resolution and synthesis
c. Formation of amide bonds from amines and carboxylic acids, esters, and
amides.
12. Ketoreductases _
a. Reduction of ketones to chiral alcohols
b. Resolution of chiral alcohols by oxidation to ketones or aldehydes.
13. Enone Reductases
a.. Reduction of C=C double bonds in conjugation with an electron withdrawing

group, e.g. carboxylic acid ester, nitrile, nitro, keto, and the like.

[0128] This list, while illustrating certain specific aspects of the possible enzymes of the
disclosure, is not considered exhaustive and does not portray the limitations or

circumscribe the scope of the disclosure.

[0129] Examples of cellular receptors (and their corresponding ligands) are well-known
in the art. Exemplary receptors include, among others, steroid receptors, cytokine
receptors, growth factor receptors, intracellular kinases, tyrosine receptor kinases,
metabotropic receptors, G-protein coupled receptors (e.g., seven transmembrane

receptors), transcription factors, etc.

532 Chemical Synthesis of Peptides
{0130} Polypeptide compounds may be prepared using standard techniques of organic
synthesis. For example, polypeptides may be prepared using conventional step-wise
solution or solid phase synthesis (see, e.g., Chemical 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 Leit.



13. Enone Reduct ases a. Reduction of C=--C double bonds in
conjugation with an electron withdraw ng group, e.g. carboxylic acid
ester, nitrite, nitro, keto, and the like. [0128] This list, while
illustrating certain specific aspects,of the possible enzymes of the

di scl osure, is not considered exhaustive and does not portray the
limtations or circunscribe the scope of the disclosure. [0129] Exanpl es
of cellular receptors (and their corresponding |igands) are well-known in

the art. Bemplaldie! BLEREAN 3995)¢! WAL, CRIR GOt MBI §51- S88! RinfletaCRVEOT S,
cytoki ne reeceéptors, growth facfor receptors, intracellular kinases,

tyrosine rlatdpthsptide PrasinResndf 20921 Gficnelese apd Kens, 192p%%an6¢ n coupl ed

receptors . 212258484 TARSTRID 308, CRERPEGE sl)mgop an&mﬁ@tmrana actors,
etc. 5.3.2Chem cal’ Synthesi's of Peptides e corrpounds may

epti
be prepar etpnudPhy Psecaltig dopdcbii 91665% rﬁjﬁﬁl‘@“@yﬁmgﬁlﬁ 1988 Ink)lanpl e,
pol ypept i Qg5 a8 oRe RELATR98.3981 P Cﬁﬂﬁé’x’?‘s%dn‘%@&#mq%& Es‘}:a\%cﬁ%riﬁ%éf&l‘f@ﬁ or

solid phase synthesis (see e.d., em cal roaches to the Synthesis of
Pept i des avothPyizing pelspepviilés domprsiog Ghy residies. Ot ggrthadresefilders, Boca Rat on

Fl d Pept h

12 a0 EREARERR SR IRk NG5G L PG PRAL KpnoxaLhes) o: A
and r ef er df¢E98ET70¥el Rotupeptidey thaf @¢ peptidalanapgraman e synthpsited weipe thte corrpounds
may be pr QBF]EI?SdIRgé% c?i)e gﬁ? ?ﬁf&r&@g&&ggﬁ ESHRectBR \ﬂﬁlsa%i&pﬁ(gs’terés%dexa”pl e,

in Liu et ett.
amide and peptldomlmencs supra.

[0132] Polypeptide compounds containing N- and/or C-terminal blocking groups can be
prepared using standard techaiques of organic chemistry. For example, methods for
acylating the N-terminus of a peptide or amidating or esterifying the C-terminus of a
peptide are well-known in the art. Modes of carrying other modifications at the N- and/or
C-terminus will be apparent to those of skill in the art, as will modes of protecting any

side-chain functionalities as may be necessary to attach terminal blocking groups.

[0133] Formation of disulfide linkages, if desired, is generally conducted in the presence
of mild oxidizing agents. Chemical oxidizing agents may be used, or the compounds may
simply be exposed to atmospheric oxygen to effect these linkages. Various methods are
knoWn in the art, including those described, for example, by Tam et al., 1979, Synthesis
955-957; Stewart et al., 1984, Solid Phase Peptide Synthesis, 2d Ed., Pierce Chemical
Company Rockford, Ill.; Ahmed et al., 1975, J. Biol. Chem. 250:8477-8482; and
Pennington et al., 1991 Peptides 1990 164-166, Giralt and Andreu, Eds., ESCOM Leiden,
The Nefherlands. An additional alternative is described by Kamber et al., 1980, Helv.
Chim. Acta 63:899-915. A method conducted on solid supports is described by
Albericio, 1985, Int. J. Peptide Protein Res. 26:92-97. Any of these methods may be

used to form disulfide linkages in the polypeptides described herein.

[0134] Cyclic peptides 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



37(7):933-936; Baca et al., 1995, J. Am Chem Soc. 117:1881-1887; Tam et
al., 1995, Int. J. Peptide Protein Res. 45:209-216; Schnol zer and Kent,
1992, Science 256:221-225; Liu and Tam 1994, J. Am Chem Soc.

116(10): 4149-4153; Liu and Tam 1994,3;Proc. Natl. Acad. Sci. USA

91: 6584-6588; Yamashiro and Li, 1988, Int. J. Peptide Protein Res.

31: 322-334. The condensation technique is particularly useful for

synt hesi zi ng pol ypepti des conprising Ay residues. O her nethods useful

for synt hegiagmbROthR LpRRRE bélaRle afiRoElREE bé redinNBKAGR N cliked fok85, J.

Am Chem Sogl'p %079#87 78%% Pal g fl dglgpatl hat are pept ?%e anal ggs may be
synt hesi ze‘éf”lﬁs‘ioﬂ}jenf'ﬂ’éal SePHLY spkf ﬁ'gaagp%’ée F"i“H‘é‘d’eP‘i‘F’eﬂ‘?ék’ﬁ SEMSSEARE cited in
connect i oncydited uai¥k dRnd 9 ShediiQiBieA MThediikslGr0RpeptRIBPEdntR Rl ETRed G5th aSUPT a.

[ 0132] Pol ypepti de compounds cont aj N and/or C-terp nal bl ocking
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[01351 If the pol ypeptide described herein is conposed entirely of
genetical l y-encoded am no acids, or a portion of it is so conposed, the
peptide or the relevant portion may al so be synthesi zed usi ng conventi onal
reconbi nant genetic engi neering technjpques. 40 [0136] For reconbi nant
production, a pol ynucl eoti de sequence encoding the peptide is inserted
into an appropriate expression vehicle, Le., a vector which contains the
necessary el enents for the transcription and translation of the inserted
codi Ng. Seq4esfFor fercoanemmir&ﬁ%ﬁmp% pa@nﬁi%taab E&@fueV@h&ding the dppaeRsary
el enents for replication and translation. The expression vehicle is then
t r ansf ect eiéisartgd mt@arsmpmgaa@ expregaen vadjqle. ik ehec\mrwhlww theneceseyi de.
Dependi ng é?é}nénlﬁefoﬁfﬁgrtt%ﬁ&hﬁ?or?%ﬁt%%l%&ﬁbftﬁéﬁﬁs&%@E@cﬁ% gfaRl losien thg then
i sol ated by procedures we established in the art t'hods
r econbl nar1‘tﬁleptPfc¥méﬂﬁﬁ”L ainel voetpt, ithtenepesaaiy elemsats i@féelvl@mloﬂmmﬂﬂﬁlqﬂh dhart (see,
Gyt o Cli@Ple 0 LIRRALALA Kbyl . Col d
Sprlng Ha g&gi&[)oe?'g?%%?/%%l\fa%& nd zJltjs&be % A 5 9, Xrrent Pr ot ocol s
i n Mol ecul peptidi. dbapgydingprethn expratsidnshisteny umisﬁweueapre%ﬁeén@tw isghen ipalated ci ence,
N.Y. each ] LD G Eoritih il Brodln bldpcphilid T et Y. )
[0137] To lﬁ' c%ggégsg?ltl |e§?§%§w%}t€é;arrg§\/‘ctl on, ¢ E y {Jé léotdlsp can be
desi gned tpodnstodare mglltknpive inghe B (Bt etgaesimlmch?éa el9ap deldobyr (denihgmt i c
cl eavage s 19 8y PERAd AfsubR el 31, 198o,
het er opol yér%?@cr?tg}yfl\ﬁgugg?sg esﬁg‘{rrl‘uﬁg tgn er§l casr?@ engi néered in
this way. G'mnt%smcolsmgmtﬂcylpebtqlm Gmnfb%llhhﬁfeag/éébc’(‘a@teg and Wyley r eat nent
wih the apRIORKLD ONGY Ok D&K TBYnlch i cgpoﬁafedrbg?&a/@ﬁcetﬂaprﬁq{sleﬁﬁmw ts. This
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het er opol yaeeds)mwtlh unitidifitisp peegd@wpmp@démemwtlb clelende siteszeibep- i ndependent
transl at gt ite
(1 RES) - wisnopBels (RERUGRTEE Ao ARelcipBlels (HRBARPHRERAIE L0, o1/ on
of each peme:tkte) w@n bo degindgyedtin thinRMA Tl rdiuitdingtroty peptidsroam bé gledved (e,
transcri pt,; r rects
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di rect s t hecreasatielyadd ofpepfldmsdlrtvfzrpb)ea singldipvanshaerl Apeydigesic phhingclegileoach
elimnates_t rod ction an t I n s and may
oi gni 11 cadth §¢ TP ELELhrh. fle FROMR B ABREERRY Il ROURTRELS,
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D evarod (REBRTIRINREIf e o hieBraPE 8 midtpifstSeqriecent Ry LRES). ™
pol ypepti dEBenuIsbd inzipp@ptitre viraleaxpresmn gasn@saht traftsiatiof oSg@ch peptidt ei ns.

Met hods for l.eot i ield cycli ides are known
'n the:ar enagiad by theinElaRE AR Y S ity € ks BRES S 58, BhGos:

41 U. S quo@ratstr&npbd:r&&wt(alﬁre&bthe&ﬁh&aﬁnwc?fa giiplld, tdrgeipoiisioniz riﬂemni des and
Anal ogs res,

i ncor por atvﬁuclih g{tgfnlﬁﬁgaﬁsrt@!f lggrésﬂa(t’lgn of mupupie mdlvu?uavpeptldgsf Twns approach

eliminates the production and enzymatic processing of polyproteins and may significantly

increase yield of peptide driven by a single promoter.

[0138] Polynuclectides capable of generating or expressing certain cyclic polypeptides
may be prepared in vitro and/or in vivo. Polypeptides 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;



[0139] A variety of host-expression vector systens may be utilized to
express the pol ypeptides described herein. These include, but are not
limted to, mcroorganisns such as bacteria transformed with reconbi nant
bact eri ophage DNA or plasm d DNA EXpF?SSIOH vectors containing an
appropriate codi ng sequence; yeast or filamentous fingi transformed with
reconbi nant yeast or fungi expression vectors containing an appropriate
codi ng sequence; insect cell systens infected with reconbinant plasmd or
Virus exprggs P&Qnt‘?ﬂ%‘i:@ﬁt%n(l\?o Gos35Hasy bmvﬂeeué:}cl AiRIaNG ARREPDEPRTS at e
codi ng sequence systens infected wth reconbi nant virus

expr essi ogl'm@é{l@mes(”éhgdlscl@mﬁqu\(;wérarwgcgpgravﬂ hersindy teEAEL 0 nosai ¢
virus) or transformed with reconbi nant plasm d expression vectors (e.g.,
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utilized t'o express the polypeptides descri bed herei n. b The
expr essi orsuel asrbesieria winsformed yi é@@ﬂ@ﬁmBV@@@HQNV%ﬁ§”@¥P& F?d Néengt h and
speci ficitd &6din Slceedbtiok iTAtntodHungf @
nunber of eg SSlm%ga%gtg??n%%}%ﬁgﬁg@ér an]s ;ﬁéorf r(;%erhentls |ntncl uélllgng
constitut utmesfamdmﬁuevcmlynm yeast erfygngi pugression ysetarsi %“@W@gé@ﬁpé@gil'ﬁﬁ
vector. FQhgj ﬁg@a@kﬁe #fg& odil Qw.g ,af&tam*rtﬁehahblﬁmmgﬁ.d g bl e
pronoters suc act rlophage anbda, plac, ﬂ(ﬁ)trp, ptac (ptrp-Iac
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systens, pr rr%;u% ?desc?nt')e‘c’i%gred om t he genone of mammualian cells (e.g.,
met al | ot hi*o er) or frommanmalian viruses (e.g., the adenovirus

late pr 0”86%, TL%‘& ¥é’s§%h@leﬂ1eI{Is ¥ fhe ex nﬁr [ QRS Vdry Whet? SrdtpfifangWhen
generatin I ife at contain t|p e coples ressi on product,
SV40-, BP\specifivitidsBRepanlog ancbe bost/ventyr spsiern atibizedi anly oén napgxcrdﬁrsmmb@

sel ect abl SalfR8E and 1Bl e B BRERIMAGKERI@TNI BRRLERBIAES 07 2 are
used, the e of sequences encodi he pol ypepti escri bed
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vectors, Gidteifif orPfh plamnsiusesnBil, e, 35mm~m;>funeﬁér|owaw ¢iai doao@ini on, etc.
For reviews of such technjques see, e.(., ssbach & Wei ssbach, 1988,
Vet hods. 1 APt TNEY N B useﬁao‘rf'bw'wggda gg@' SYRfes, Pre@e®fson i i1,

pp. 421- 46@sivedtebnidhk @S &f hati@XliankIBS(e. gP|1ﬁdﬂ§lIoNbJJr%€rU;braﬁloBt)(ﬂr(§®m 2d Ed.
Bl acki e, London, Ch. 7 9. %0142 In one |nsect ex [eSSJO %stenlt?at nay
be used t G"AFHRRIGR Xirpsse (51 Ppafpmovises lalE SEFR Py thR X pEITHe “Rt&o‘f; Dpjygoter

califom C%ayw@k&%ha@g&ma%ﬁ@umes ki4S chrbE N i glescdé&@@féé)r@si\éﬁc'[ or to
express the forei e Virus grows in 0] optera rugi a cells.

A Bodi ng. JeeiiEnS Uiy PHosid BREdefH S RO SIS INEd Bt RegrvRsRie e B A ¢
the pol yhegdr@h gene) of the virus and placed under control of an AcNPV
pronoter (for exanple, the polyhedron pronmoter). Successfid insertion of a
codi ng sequence will result in inactivation of the polyhedron gene and
production of non-occluded reconbinant virus (i.e., virus |acking the

pr ot ei naceous coat coded for by the pol yhedron gene). These reconbi nant
viruses are then used to infect Spodopterafrugi perda cells in which the
inserted gene is expressed (e.qg., see Smth et al., 1983, J. Virol.

46:584; U.S. Patent No. 4,215,051). Further exanples of this expression
system may be found in Current Protocols in Ml ecular Biology, Vol. 2,
Ausubel et al., eds., Geene Publish. Assoc. & Wley Interscience. [0143]
In mamal i an host cells, a nunber of viral based expression systens may be
utilized. In cases where an adenovirus is used as an expression vector, a
codi ng sequence may be ligated to an adenovirus transcription/translation



region of the viral genonme (e.g., region El or E3) will result in a
reconbi nant virus that is viable and capabl e of expressing peptide in

i nfected hosts. (e.g., see Logan & Shenk, 1984, Proc. Natl. Acad. Sci. USA
81:3655-3659). Alternatively, the vagginia 7.5 K pronoter nmay be used,
(see, e.g., Mckett et al., 1982, Proc. Natl. Acad. Sci. USA 79:7415-7419;
Mackett et al., 1984, J. Virol. 49:857-864; Panicali et al., 1982, Proc.
Nat|. Acad. Sci. USA 79:4927-4931). [0144] In cell-free pol ypeptide

productio oﬁmtxﬁeﬁges @WPQEM@szg.em&fdrh bidle AbedS HiR leRFS4sRIN T ¥&fubhdes ar €
obt ai ned through lysis of cells (eukarya, eubacteria or archaea) and

extract i orF“é?dm&'r‘ﬂ?S P?‘ﬁ?ﬁptlf’?sa‘i‘f‘é‘é"#qeﬁthleﬁﬁ’ My B fSIVER PHATEG RABFESE gener at i ng

conponent o @BfsOor QQQPH QHalq:frorﬁ&G@.@tPémriﬁe BYHNR 8h 855 RAASrbhdtert S
(e.g., see Shimzu et a hods. 2005 Jul ; 36(3):299-304; rtz et al.

2004. Met hdd@aM ¥ (Brissercey |ah,r19§ﬂowg§¢ 38511-6801 grthe cophproteinROMORs 86 syst ens
can be co Wq'al]?afma%ﬂ tﬁoqbﬂ'f]@\’lﬁ@ 706391311 RGh S Qlsed WRERBN K HlagOMPONENt S

to whi ch polynucleoti des”can ’be added for transcription and/or translation

into pol ypepmpdesucl 1rsymatt swbrniesift BN Copreitsl £ 984, MBOC) ng
pol ypepti C§e§67gel%§?] ﬁ%@%fehh‘%'é?' o84 éélen@ez@@mtms mtlfeamga@ (Jaﬁ’t‘éie eggl Il in

the art. epti des descri bed hefein can uri

art - known SDEb,ﬂanbﬁgléé %Qﬂtﬂﬁpé@ﬁ’e@’f@é3bfﬂaé%86@M0énﬁflbg$'ablfy %ﬁﬁl)ﬂ’éfformance
liquid Chft%fu@éaomm%ﬁsth&& &ﬁ%@ﬁﬂﬂ;@u&'&ﬁﬁ’:%ia‘ﬂ%eﬁ@héﬁn Pel.£i8S R ophor esi s,

affinity chromatograp and t 't ke. The act ual condltlons used to purlfy
a parti cuImarsnnfdmpbntrvmvwmtotaeb@ntDNﬁﬁrapéfpﬂna“@n migrpinjeciion, dectriapegiionand on

factors sygh 10 1 fdg@ﬁ&%ch%{q%{&pg@% Cwe}gsbawwwgmdabmbys Mhifiods and will

be apparent to t 0se havin ‘he art AArTays
plurality foaﬂalhteMdnCUdmcEewlegb' dycadgoic FeasadN. é(r,rsastloaf\flﬁopgx dt @e@l

reconbi nant s Nogt dgé%%leg 98§r1t>1‘£‘§th§ eanar\ﬁaaﬁg§( 45" \ﬁ%e 2EoBAGHE Oflgchanber s.

Usi ng such an addres no ogy enabl’es t1Hhe termnation of the

nature ang qng&t GSF]%’ E)gs{i%n fHBE{ﬁL} baHRRA & Hbhich %e%%fﬁ@ﬂldag A

conbi natorla corrp ex carbo rary conprising a gurallt of

addr essabldeswibag haxinctwbgrayby a/iforgicouniclerepplyhidrosisigims (AaNDY) pasetis No.

6, 994, 966._ A g S on a
substrate SGrta aEcoee rr?gv\gh I ccﬁengﬁggdregagﬁ ?glﬁlﬂsc%% kée}glf)s? b&%&?ﬁ‘g&]gﬁ@?gﬁsge chanber
bet ween caopopsejusneimay ticlclengd dntol nomkwentiahregivns o exempieabepalyhsdraan
interior s ur. f) o?ﬁleovflrug Qr% acem?lﬁer c%nt%l%\f'argﬁgNi)O pH§nAD al(?dpexarﬁ’ 48 the

polyhedron promoter). Successful insertion of a coding sequence will result in
inactivation of the polyhedron gene and production of non-occluded recombinant virus
(i.e., virus lacking the proteinaceous coat coded for by the polyhedron gene). These
recombinant viruses are then used to infect Spodoptera frugiperda cells in which the
inserted gene is expressed {e.g., see Smith ef al., 1983, J. Virol. 46:584; U.S. Patent No.
4,215,051). Further examples of this expression system may be found in Current
Protocols in Molecular Biology, Vol. 2, Ausubel e? al., eds., Greene Publish. Assoc. &

Wiley Interscience.

[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



No. 7,045,287. In US Patent No. 6,917,882, a nmethod for "in silico"

nucl ei'’c acid reconbi nati on nethods, related integrated systens utilizing
genetic operators and libraries nade by in silico shuffling nethods is
di scl osed. US Patent Nos. 6,811,969 gpnd 6,579, 719 provi de nethods of
retentate chromatography for resolving analytes in a sanple. Specific
exanpl es of nethods for synthesizing a plurality of proteins or

ol i gonucl eotides in parallel are found in US Pat ent Nos. 5, 643, 738;

5, 681, 484, ¢ "Bﬁi ofsﬁhg’%ﬁal(k]@gemé Q148 giopun LRES) will r&l‘ﬂlﬁﬁﬂ’ﬁ Focombraght viruStRPRT T, "

"Solid Subs rate," " Carrier," or " e5|n are i nterchangeable terns
and refer Yihlapd %‘B?h"c‘j‘)fpﬂ’fa%eés’%f“é’lnﬁ‘al“ infsgted hosts- {p-go S sAp 8kt er ns such

as "solid fzasEoc.aRs. 0k cad"BEDNEKIC 8] €5§%5f9§‘0£!té}ﬁatfv91|y' @le%u@n@ﬁ?sq{an be
conposed of organic polyners such as pol ystgrene d%@ glene

pol ypr opy| EpEoeHHRY P m#d&%ygeh@ckﬁmtww :é’r’f%xNaﬂ FiydE¥Y | ami de, as

wel | as COIMIEW&W MRLOEEA ! PodaNRT ORbI. 48-830)gh4! PAHRACE L, cmzaﬁée be
i norganic, suc lass, silica, controlied pore glass (CPG, reverse

phase sil i Natl. o‘kcaﬁesal USA 4% - "é’éllbl or platinum The configuration of a
substrate can be in the form of beads, spheres, particles, granules, a
gel . a nenBid4ldn exll-feasppivpeptide modycaor systeats, smnoneninfom selbdarsnpression,

pl anar, ors,GeRs e@Batned §91>a!lgil. ISHPPOLS ( e%ﬂfl’e;?%ulp&{eﬁb!%r BEhA2Q) A QkRPMSion and can
have smelllng or non-swelling characteristics. A solid support can be

conf i gur ecPfiimpertaat ﬁrwmns:fonetrwﬂatm Hepnergyigeperatie compenentsotdditner | vessel ,
feature, qqfiRfaF i‘e%}nbiﬁhrﬂ LMiRdsized c&Istnﬁ!UHtQ@J § Sse€ 8Mnfi5) &ANMAMIR d20@5" an

array at various | ocations, addressable for robotic delivery of reagents,
or by det dub3a): 29t W4 cSwartron ek 2004 Meatirnda isMoleguladpiolpgy 2671 67182t he arrays

can be in e LRHDL stéég?’%p'bjs bgfg FosP@YESH %om‘sinaﬁaridf%qtr&&eﬂrlmhésyz%at es,

i mobi | i zed enzynes, oni es m cr oo 8an|sns I sol ated protelns or

r econbi narsomphiEntsitp wbinbipolynveleotisies canligegded fontringeripsion and/betrgislstiet and/ or
conbi ned I nal enzymes or cofactors to enabl e coupled enzyne -
reactlonsW%%qgegﬂgﬁhgds of Screening 101511 "Detect” and "detection” have

their sta _ﬁgsﬂ'éj;%?@kﬂgsmﬂ@ s @he o B ROARE pLIgpENIETRAS DedlRL B LN Be

measur ene t ar act rlzatl 2Psef cte enzyme or enzyme
activity. apparerdiathpsechavingslilidnghetdrvi ty may be "detected" in the course of

45
[0146] The polypeptides described herein can be purified by art-known techniques such

as reverse phase chromatography high performance liquid chromatography, ion exchange
chromatography, gel electrophoresis, affinity chromatography and the like. The actual
conditions used to purify a particular compound will depend, in part, on synthesis strategy
and on factors such as net charge, hydrophobicity, hydrophilicity, etc., and will be
apparent to those having skill in the art,

5.34 Arrays
[0147] A plurality can be an ordered or unordered array of polypeptides, recombinant
host cells, or wells or vessels serving as reaction chambers. Using such an addressable
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



detecting, screening for, or characterizing candi date or unknown |i gands,
as well as inhibitors, activators, and nodul ators of enzynme activity.

[ 0152] "Spectrally Resol vable" neans, in reference to a set of fluorescent
dyes, that the fluorescence em ssion hands of the respective dyes are
sufficiently distinct, i.e., sufficiently non-overlapping, that the dyes,
ei ther alone or when conjugated to other nol ecul es or substances, are

di stingui shabl e from one another on the basis of their fl uorescence
signal’s usipgehaRdanYHALRL 691788, HRHRNT.CHENIAS BORk aeal ect or's

enpl oying a séries of band pass fil'ters and P hot ormul ti plier tubes,

char ged- cogptrelinafie imeghpds. celped indegrated sygteapdilizing senetlagpeé%emmih ed by the
systens deggLidathdb By W SicoRAbmiNDRenfu38isHoR4A08 Phiiio? K819060 thdheel ess

et al., 1985, Flow Cytonetry: Instrunentation a Anal'ysi's, pp.
21-76, Aca@l&i B omresdds methadsyd reentay ichrgmatogeaphy, fos l‘f@@lmglagiﬂmjsaﬂspectral ly

resol vabl Sufifble, SpodNesRsE nRNEL ARl Gukidh by L picinqur ce, or may

be excitabl. t sour ces MasS spectrometry”
enconpasse@lgamjplmd*tsabp@fa%ﬁ@@ @p@%tmw@tﬁmt§¢&%73ﬁn%m 4% embse of skill
in the artjssg%lg.forrrats include, but are not limted to, Matrix-Assisted
Laser Desorpti on/loni zation, Tine-of-Flight (MALDI-TOF), Electrospray

(ES), bl Sge :guppoa@‘s%melshgp&a Ol SR G131 Badiae - S. Pt

No. 5, 118 e} I'otron Resonahce (ICR), Fourier Transform and
conbi nat i od@smheqeemrchf[rma&hq termmeansoe e focany spled phasesnatedialy Surfaceslset y t hat

when att aCJﬁ%&ln%eseé TR i adesdiidl QQ”Q%/S} menforfhe” A sRRAXRERSIiFARppdender s
such a noi ety detectabl e usin etection nethods,

spectros coqan@e coshprserd plcaranig pohwners WM@HWW%@%’@WVIGH%&m@%@r%l‘?ﬂ@phor etic
met hods. L)?oreaﬁyg ﬁ,l ﬁ,ag,gfén%ﬁ ity AR 1dhQbe, b Wil §cd- polylilées' gk pphor es

and rad|0|s topes ITe t detection of labeled conpounds
by a suit agvifts thereafc tosolid eupport can filsg bc oweganic, suED 468 hssFokicagemstroberbpd¢ nent s,

the |abel éﬂgg{ggcpgﬁ%gsg fask gﬁnalm :lq%ial’ sifth aggah of Qgilﬁndrﬁfrﬂ cghﬁgﬂaﬁo%fab' e or

pr oduces gna an |
| abel t hata substchét aotbaltl the ﬁnnmfcbdartsea)hared,eias@ieatgrmuéasml a4 memhenepwresence

of anot her C lg?lck'ace-‘ls-régn rtC.Et hogd OLStQI%%ﬁgklaﬁ{} Wnobﬁ(ﬂa%gler%hgg%}‘tpgaé abel ed

used, and WI paren ?'a“atr
sui t abl e oherpeutus bainﬂﬂ-;s)wmcdnddmn thadi ovedibel @ noi- b\udhng)ﬂxarae@nstahr dnopthior es

chel ati ng age Sgeni; agents the |i e

[0156) Ract Bat o £8Faafiein oG, T RE PRt il SR hi v

exanpl e anfatmej orocaldm, A phsalitB6f supports can be conf gured on an anay at varlous
locations, addressable for robotic delivery of reagents, or by detection methods and/or

instruments.

[0149) Variants in the arrays can be in the form of lyophilized powders, clarified or crude
lysates, immobilized enzymes, colonies of microorganisms, isolated proteins or

recombinant DNA expression vectors.

[0150] Variants can be pooled and/or combined with additional enzymes or cofactors to

enable coupled enzyme reactions.

535 Methods of Screening
J0151] “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 exafnple, enzyme activity may be “detected” in the course of



limtation, 3H 1457Co, 1311 andl186Re. [0157] "Chronophore” refers to a

noi ety with absorption characteristics, i.e., are capable of excitation
upon irradiation by any of a variety of photonic sources. Chronophores can
be fluorescing or nonfluorescing, andsincludes, anong others, dyes,

fl uor ophores, |um nescent, chem | um nescent, and el ectrochem | um nescent
nol ecul es. [0158] Exanples of suitable indirect |abels include enzynes
capable of reacting with or interacting with a substrate to produce a

det ect abl ejerlo@RiRkerbit YoP Or RRSRerHRtahdiddb biihkaskn EMnds,iswenaassays) ,

| i gands capabl e of binding a | abel ed noiety, and the |ike. Suitable
enzynes usiehibitorgpctiyanrs.@g “FHB@FESV%%PUH%N“%QVWay of exanple and not

limtation, alkallne phosgpatase hors radi sh peroxi dase %% g ge

gl ucose- 6- 10533 prestralliResptrblge Meaws, in g "'&P‘étod‘e"}‘? tﬁ'ﬁé"ﬁ%‘éd d"'¥se. The
use of themp,&BA¥IBRIskiOn Edﬂld%fﬁ;eqesgédt%mmm@;wy%s@tﬁacrd bed in detail
in Engvall, 1980, Methods Enz 439 and U. S, Patent No. 4,857,

453. [ 0159 ffegagy uweoreatgppméftg@téhqféye& cithefisinne 6F WhensoReaigd ethert hat . when

att ached txﬁo@a@ésf&%uugah&g%@dﬂﬁﬁ@héﬁabreﬁgmona aR6that b GhEkis@@theran be
isolated (1.e., captured) by interaction with the other nenber of the

bi ndi ng pdiiucreseeneapigtaieusingiapgdyrdphowdepgiop sysigresueh anphotdeted§™ i ncl udi ng

di fferent dyaisnof seﬁémwa&a b@ﬁ%xteémﬁd ppétm@mgnéi%esl%%e&n@&pmr ein can
have one or nore of the sane or different ta ary ca% ure tags

i ncl ude bidsvices (CAR)cIPeetEngraphs.iate.cis soeuaR! Higd by SMEPE’Péii?FC'a'& dg er et
al ., 1981, & 983048 anfla3d 1 948 o%ﬁ&:@@@l m@ plawt@yt&ﬁetgﬁl ng strept avi din

or biotin- speC|f|c anti bodi es; a hapten such gg eni n or
di ni t r ophdngtumeRriatifhaid, Dq@ézalymaqp @lﬂéhé?ﬁdz'@&? fﬁ% euYorkyhlbpf @an pe

captured yging, rﬁﬁ’: ra%?&‘&ﬁ F&oﬁﬁ%lb 9&9@Ydye@rﬁﬁy%e@k&iﬁﬁ@@pqrsﬁlgiquﬂﬂ' ch

ant i bodi es "can ate g{ Luci fler yéllow, fluorescein, etc.). A
capture teﬁgm@awrwmpp&tableéppjem flPlehg'etqe'efﬁ?ﬁe referred to as a "capture
sequence, " mhlch can be captured using a "capture probe" having a sequence
conpl erment[8153] { Masspecirpety s cawampassseanysuitahle 1A% speryromshicdamt Kagvny

peptide Setg'tlﬁ)gg&‘]‘ s‘kgpﬁl the € TSh SorMalsinARde, E&M: Nahiedid, Redheassidfeenpl ary
pepti de tags 1 nc anong ot hers, FLAG ta c tag, pol yargl ni ne tag,

pol y-Hi s, uwneagpnerdlqmmn, Time-aFAght QoL ora ectroppray et IRsf RNase A
(see, e.g.yaAlBi E&@e 2 1&99&%%@@9@573?& HEGRN P, 6. %21385§7’5))10nb0t her

tags for use In i ng t e pol ynucl eoti des described herein w’l

appar ent t@ddﬂ@n&sdnlam (§¢R), Bawrier Teansfopm @od caehinsiennticival; be perfor med
under a range of tenperature, pH, and or solvent conditions. 5.3.6Mthods
of Sel ect i IBES44Delsetabic Jabal” refesdp 8 oy ik Mibemattachamlipppegiety desched ant s

herein, e.g., a polypeptide, renders such a moiety detectable using known detection
methods, e.g., spectroscopic, photochemical, electrochemiluminescent, and
electrophoretic methods. Exemplary labels include, but are not limited to, fluorophores
and radioisotopes. Such labels allow direct detection of labeled compounds by a suitable

detector, e.g., a fluorometer.

[0155] For such embodiments, the label may be a direct label, /.., a label that itself is
detectable or produces a detectable signal, or it may be an indirect label, i.e., a label that
is detectable or produces a detectable signal in the presence of another compound. 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 radiclabels, fluorophores,

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



[0161] In sone enbodinents, it is desirable to start wth a diverse
popul ati on of pol ypeptide variants optim zed for various properties to

i ncrease the |ikelihood of identifying one or nore pol ypeptides having the
desired property. This can be useful, ,for instance where the property is a
novel activity not observed with the corresponding naturally occurring

pol ypeptide. Identification of a parent backbone sequence provides a
starting point for further evolutions. In view of the foregoing, the

present di ggkgSttdfoaPiRMEELES: SuitBichadioldbéln theRab a8l of bR plsifldalori ned for a
popul ati on of "pol i ants, and a fitness function to sel ect out

f peptide. v
vari ant s b@§é§“ﬁﬁ&tﬁgfﬁﬁ§%%?%3ﬁ ar b#d 1B¢-ghbors shared between variants
in the Pareto t!ont. By use of a descending Pareto front and neargst
nei ghbor al¥4PsiCramnphissc FEfrs 9 amoictn with absqudior Alararteristiset & 31 Gapedle
variants tyakcigdidn 8pdh indlialioh B26H TahBFietd 3NpHRorSCIARBE ACRbiopRdiey ARY
resulting in a selected set of optim zed, |verseé§olpeptide vari ants that

can be uself Buorggcigg pr pgfluprssing pod iclidps AGoRs othergslyes J4OTeBYSS, or novel )

proper t y( Shimifeddefe khdninBARRSRAL MR RbchemiIBRindRhQfbIEQess el ecting a set of
optim zed, diverse popul ation of variants conpri ses: (a) selecting

one Or DI @148]i B&pls 8 §Pable dirdtAabdiPiAciode @zﬁhbﬂ@béﬂlé’oﬂ%adﬂfﬁ}gmbar
vari ants, wherein each nol ecular variant in the plurality i.s described by

two or norigtegisiiag it a sebsirate to produce g qgjecipblesienph{syrl ag thoss &ed pUELISS £ ont

nmenmber shi ppliEMEGHM@badsilR), BbidIchpablodt biiiRCllBeldBhbidh! sndRASEEE. ON t he
obj ectives of optim zation; I ng optim zation parapeters,

) .o c) settin
wher ei n t HiiigpleicAnpyngs F’Eﬁf“lp*'ér‘%’é?té?'_%es%'aﬁlﬁ?‘f’ gé:‘”aﬁﬂ Ppifaad HS?I'W@EUI ar
variants t 38k ghdsphatase, horseradish petdxidaSe, MRbSY, Blicdslel pRYspRAPUl ation si ze
popSi ze; (1i1) a crossover rate; (iv) a nutation rate; .
dehydrogenase, lactate dehydrogenase and urease. The use of these enzymes in ELISA
and EMITimmunoassays is described in detail in Engvall, 1980, Methods Enzym. 70:

419-439 and U. S. Patent No. 4,857, 453.

[0159] “Capture tag” refers to a member of a binding pair that, when attached to another
molecule herein, e.g., a polynucleotide, can be isolated (i.e., captured) by interaction with
the other member of the binding pair. A capture tag may have one or more than one tag,
including different types of capture tags. The polypeptides described herein can have one
or more of the same or different tags. Exemplary capture tags include biotin, which can
be incorporated into nucleic acids (Langer et al., 1981, Proc Natl Acad Sci US4 78:6633)
and captured using streptavidin or biotin-specific antibodies; a hapten such as digoxigenin
or dinitrophenol (Kerkhof, 1992, Anal Biochem 205:359-364), which can be captured
using a corresponding antibody; and a fluorophore to which antibodies can be generated
(e.g., Lucifer yellow, fluorescein, etc.). A capture tag 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.



(v) a fitness function conprising a penalty fitness function and an
overall fitness function, wherein the penalty fitness function is based on
ni che counting 48 and the overall fitness function is based on |ocation
in a descending Pareto front divided gy the nunber of shared nunber of

nol ecul ar variants within each front; and (v)nol ecul ar variants to be

I ncl uded in the nvar of nolecular variants; and (d) identifying a
search space of acceptable variants; (e) generating a random

popul at i oropdo] Fereniag niay GEpEliaMSe andd asine ol Gmpaaerfpdh hel sfabivamt S usi ng a

sel ection oggnator; and
condaitions.

5.3.6 Methods of Selecting an Optimized, Diverse
Population of Polypeptide Variants

[0161] In some embodiments, it is desirable to start with a diverse population of
polypeptide variants optimized for various properties to incréase the likelihood of
identifying one or more polypeptides having the desired property. This can be useful, for
instance where the property is a novel activity not observed with the corresponding
naturally occurring polypeptide. Identification of a parent backbone sequence provides a
starting point for further evolutions. In view of the foregoing, the present disclosure
provides a method using a Pareto front determined for a population of polypeptide
variants, and a fitness function to select out variants based on the number of nearest
neighbors shared between variants in the Pareto front. By use of a descending Pareto
front and nearest neighbor analysis for each variant on the descending Pareto front,
variants that are similar to each other can be screened out, thereby resulting in a selected
set of optimized, diverse polpeptide variants that can be used as a set for initial screening

of a desired (e.g., or novel) propetty(s).

[0162] In some embodiments, the method for selecting a set of optimized, diverse
population of variants comprises: '

(a) selecting one or more objectives for optimization of a plurality of
molecular variants, wherein each molecular variant in the plurality is described by two or
more objective data;

(b)  determining a first Parcto front membership for each of the plurality of
molecule variants based on the objectives of optimization;

(c)  setting optimization parameters, wherein the optimization parameters
comprise:

(i) number nvar of molecular variants to select;

(i)  a molecular variant population size popSize;

(iii)  acrossover rate;

(iv)  a mutation rate;

(v) a fitness function comprising a penalty fitness function and an

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



selecting a first set of nvar variants by applying a crossover operator, a
nmut ati on operator, a repair operator, and a fitness operator to the random
popul ati on of genones. A flow diagramof the nmethod is shown in FIG 8
P1631 For each variant in the |ibrarygor variant population, there is an
associ ated objective data of properties, as described above. The objective
data can include sequence information, which can be characterized in
character strings, and/or other properties of the variant, such as

activity dajdane dVeldiMithdts UalcBolBWaRd ofMicRtiNER desARSiAY Pareio fEdhk 80 RRd
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nunber of variants nvar to be selected;, (ii) a molecular variant
popul at i orfalsilzied bagsdiondhe selected objectives of optimization. Generally, Pareto front

optimization is a multi-objective evolutionary algorithm that simultaneously improves
two or more desired objectives. The Pareto front is occupied by variants that are non-
dominated by other molecular variants in at least one of two or more desired objectives.
In other words, the solutioné, typically represented by the numbered data points, that lie
on the Pareto front represent trade-off solutions that are not “dominated”™ by any other
solution. Thcse. 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;



(tii1) a crossover rate; (iv) a nutation rate; (v) an fitness function; and
(vi) nolecular variants to be automatically included in the solution set
nvar. [0166] The nunber of nolecular variants to be created, nvar, is a
finite nunber defined by the user, angd constrains the size of the final
solution. The value can be set based on any nunber of criteria, such as
the nunber of variants that can be efficiently screened for the various
properties of the nolecular variants. For exanple, a straightforward nvar

can corr esgiRRe 2h@ DRS00 RMBEpL: JoAHRl Gt iR &0 N6 7-072496 wel |
pl ates that can be |n|t|alhﬁ screened efficiently. %0167 The ﬁﬁgulatlon
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ot her operations. [0168] e crossovér rate is the probability of
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a crossover operator. A crossover operatorggenerafly pairs nmenbers of the

popul ation, andDttheounyer of vHtangarerstode sgevtebne” cross conbi ned, resul ting

in a pair of offiSProRGsiar +&iant PPMaRah kiz&popsautions. In the context of the
present disclosure, the crossover rate is based on the [0,1] scale and

refers to the &3 &fEESHicr FAlsence of the variant molecule in the

popul ation set ¢y yetliftfonRhfedr to or after application of any fitness
oper at or. [01651 The mutation rate is applied to a popul ation by a

nut ati on oper afBr an fipeps fgncgionndr eat e, with some defined probability, a

change in the ¢pmaRLAL vikah®eSbutdhRicallEMBludddSin the soRBbY BERPVAde) and
functions to maintain diversity within the popul ation.

[0166] The number of molecular variants to be created, nvar, is a finite number defined
by the user, and constrains the size of the final solution. The value can be set based on
any number of criteria, such as the number of variants that can be efficiently screened for
the various properties of the molecular variants. For example, a straightforward rvar can
correspond to the number of samples in a selected number of 96 well plates that can be

initially screened efficiently.

[6167] The population size popSize is simply the initial starting population of random
genomes (e.g., number of molecular variants) chosen for processing for fitness and other

operations.

[0168] The crossover rate is the probability of crossover between two members in the
variant population and is applied by a crossover operator. A crossover operator generally
pairs members of the population, and the different parts of a “gene” cross combined,
resulting in a pair of offsprings, i.e., new pair of solutions. In the context of the present
disclosure, the crossover rate is based on the [0,1] scale and refers to the absence or
presence of the variant molecule in the population set, whether prior to or after

application of any fitness operator.

[0169] The mutation rate is applied to a population by a mutation operator, and acts to
create, with some defined probability, a change in the character strings of the “gene”

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



50 [0170] The fitness function assesses the fitness of a particul ar
variant and conprises a penalty fitness function and an overall fitness
function. The penalty fitness function takes into account the nunber of
nearest nei ghbors, and is based on thg reasoning that variants simlar to
each other are less likely to show different behaviors or novel
properties. Al though variants could be scored solely based on nenbership
within each Pareto front, and selected based on its isolation in the
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[0175] To select a set of optim zed diverse nolecular variants fromthe
initial population popSize, the randomplurality of genones is subjected
to sel ection based on genetic operators that include crossover operator,
mutati on operator, fitness operator, gnd repair operator. These operators
act to apply the corresponding optim zati on paraneters di scussed above to
the random plurality of genones. In the present disclosure, the repair
operator is used to place constraints on the selection by limting the

size of thgiviiRARM¥ (ARERTBY (R MANREST Skl HEEhTord) bd &etdHHiERAby Wedistarck T he
progeny genone size is less than nvar, the repair operator enforces the
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[0176] The set of molecular variants resulting from application of the optimization

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



[0179] After identification of polypeptides with the desired activities
and their corresponding nutations, it is also desirable to use the

i nformati on gl eaned fromthe 53 nutations to generate additional variants
that can be evolved and screened to qptimnze the desired properties of the
pol ypeptides. In this process, limting the nunber of variants to be
screened provides for efficiency while diversity can enhance the
probability of identifying a set of variants having the additional desired
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be included 1n the algorit CGeneral ly, the nethod for creating an
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number ”Va}{ilefophln‘?zeH'alv%&H g@t o‘f%ﬁl‘uﬁfﬂﬁlyf)ébtlﬁés%hﬁ be generated and tested using

the methods described herein, and based on the initial sets of identified mutations,
additional polypeptide variants created to further evolve other variants to screen for the
desired properties. Methods for creating additional variants in silico for screening are
described in the following section. Other methods for generating polypeptide variants are
described in US application publications 20040072245, 20060195204, 20060205003, and
20070208677, all of which are incorporated herein by reference.

[0178] The method can also be implement in the form of a computer software, and/or as
an internet based client-sérver system, where the client can provide user defined
parameters, such as the initial population of variants, the objecﬁve data set representing
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.

537 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



(i1) molecular variant popul ation size popSize; (iii) crossover
probability crossrate; (iv) nutation rate mutrate; (v) repair operator,
(vi) primary fitness function; (vii) penalty fitness function; and
(e)generating a random plurality of ggnones of the population size
popSi ze; (d)creating a first generation of genones of the size nvar by

appl ying a -
mutations to generate additional variants that can be evolved and screened to optimize the
desired properties of the polypeptides. In this process, limiting the number of variants to
be screened provides for efficiency while diversity can enhance the probability of
identifying a set of variants having the additional desired properties (e.g., robustness of
activity). Thus, the present disclosure also provides a method of creating an optimized,
diverse set of polypeptide variants from a defined set of mutations. The approach hergin
employs multi-objective optimization procedures, particularly the subfield devoted to
evolutionary algorithms (Deb, K., 1999, Multi-objective genetic algorithms:-problem
difficulties and construction of test problems,” Evolutionary computation 7, 205-230;
incorporated herein by reference). The goal of the methods herein is to create a set of
variants that are optimized and maximally diverse. Similar approaches of multi-objective
optimization have been shiown to work successfuily in fields such as software testing,
where antirandom tests are written to be as maximally different from each other as
possible (Malaiya, Y.K., 1995, Antirandom testing: getting the most out of black-box
testing. Proceedings of the International Symposium on Software Reliability Engineering,
ISSRE). Additional preferences to target the frequency of specific mutations believed to

confer properties of interest (€.g., a penalty function) can be included in the algorithm.

[0180] Generally, the method for creating an optimized, maximally diverse library of
molecular variants comprises the steps of:
"(a) inputting a desired set of mutations;
(b)  seiting optimization parameters, wherein the optimization parameters
comprise:
{ number nvar of bio-molecule variants to create;
(i)  molecular variant population size popSize;
(iii)  crossover probability crossrate;
(iv)  mutation rate mutrafe;
{v) 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



54 sel ection operator, a crossover operator, a nutation operator, a repair
operator, a primary fitness operator, and penalty function operator. on the
plurality. of random genones. [0181] The first generation of genones, also
referred to a progeny genone, can be gvaluated for the desired |evel of
diversity and optim zation. In sonme enbodi ments, the nethod conprises
repeating step (d) for the first generation of genones to generate a
second generation of genonmes for purposes of additional diversity and

opti m zat | QRcriGebferlici 4 48s¥9& ogéraﬁireaomngﬂmr Qfera?orﬂ‘f@?ﬁf oftkat@eRBFiARiONS NGen
can be used to create additional genone subsets | ow di agram of the

net hod i s fitngsssperare@nd peoltsfungtion «em%g]onﬁh@plﬁﬁilé'cqﬂr@%iown%ﬁ ormng the
nmet hod can be any nol ecul e where vari ations can be defi ned as an

descri pt or[0&81] Jicdittiggreration of geromes Al tIeTTgd KrARTaRANE BERARS FRYL DeThese

i ncl ude polyyRueh %thed&:s,;r&nem 'oYH’i@E’ttsltfiﬁﬁi optitiBrdibn. \WASOmB RRIbb&hehs, the
pol ypeptides, the desired nmutati ons can be chosen for any nunber of

criteria, mﬁbwlm:imglswwqmg $tf=rn(dt) der thofirst geagigtioe of asnomesdEFsiedi n a data
set, assoGLAlddYandhtidn T Bt O bubhdsbs & a@aﬁlﬁhzﬂ Hiv@fsxtp S RRRliLARBn LT OPErt Yy,

and occurrence 1n a particular region of the poly gélde (for exanple, a
subst r at e BeifgHitinguisedriep (d) forp @B‘F@féﬁ%'ﬂfaﬁﬁ?ﬁ’@mﬁﬁﬂ P66 & gFHe associ at ed

wi th changgidoRa1Qefon® sutBRE L AbWRERhH 6F e ARE iSRusttann #EG . aBZY e
activity, stereospecificity, stereoselectivity, thermal stability, solvent

stabi | ity, ok iThe hideciRS it baM&hing 88 ndithodR@n bORMWhSIEdSwRertl ddrdutiogd . [ 0184]
Once a data sét of nmutations is created, a set of optim zation paraneters

i s def i necranppefipegas amdasenipiongriobjesiies ditaeseh sudhie asheragtsratingatieset f or

gener at i nq, &, ASWIakieHdeoBL figdari ants having nmaxi mal information
content, el.]gu op)tﬁl:ameze pr%ﬁ%ﬂe?lles and maxi mal diversity. The paraneters

for optini [6943) th&raﬁgﬁeﬁn th Quﬁfﬁé’}ﬁl{iesﬁ'ﬂﬂz deQird DB tNARRNY 8 Wel ABRnFH0MG 1N the

precedi ng sectl on first paraneter is_ the nunber of nolecul ar
variants toymber efcgifarigginclydine butmyit dimitgd toy fisqysaesef osptrace ing dgtxsehi t e nunber

set by theuRGkion 8l %&%Bﬁ M ptanﬁ:uﬁilr ﬁﬁyﬁépnﬁ@ﬁ‘mfyér@ahncﬁ&lcﬁ%érﬁ@ inad he val ue

can be set based on any nunber criteria, as the nunber that can be

ef fi ci ent |pprtirglap cagisg of gre noh@emm(&igxwﬁwfmbﬁgﬂe&md%p%ﬂéclm sgReyari ant s.
[0186] Th %nﬁ)%ﬁ%%fspmaﬂ&;s%&e As§o&+}§d PAR ‘dh:ﬁ:tgleﬂﬂ ofb Gﬂn&@%‘?ﬂyﬁgpnd\@h' chis

sinply the initial starting population of 'random geno
conbi nat i gmepentiashauch af engyme pdtivety ssiersgspetibeitin Stﬁf@iﬂsegﬁb@é’s tierpp! F@Plhﬂb t ness

and ot her sgﬂr%ﬁtasubﬂﬂﬁ inhibitor resistance, can all be inputted as a data set.

{0184} Once a data set of mutations is created, a set of optimization parameters is
defined, which parameters will operate on the mutation data set for generating a new set
of molecular variants having maximal information content, e. g., optimized propertics and
maximal diversity, The parameters for optimization are as follows, and follows those

described above in the preceding section.

{0185] The first parameter is the number of molecular variants to be created, nvar. This,
as discussed above, is a finite number set by the user, and constrains the size of the final
solution. The value can be set based on any number of criteria, such as the number that

can be efficiently screened for the various properties of the molecular variants.

{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.



55 101871 The third paraneter is the crossover probability rate, which is
applied to the popul ation by a crossover operator. A crossover operator
general ly pairs nenbers of the population, and the different parts of the
“gene" cross-conbined, resulting in ggpair of offspring, Le., new pair of
possi bl e solutions. A variety of crossover operators that have been
developed in the field of genetic al gorithnms can be used, such as, for
exanpl e, one point, multipoint, uniforn1 and arithnmetic, each offerihg
different R B Whidth€applied to th

explorati o@fgﬁplhgﬁggﬁagdﬁtérg%{eﬁg P{SSO% er d| f ereent lcondpptlleor?s ean d the

pr obabi | i tpepulationskinecressoutiaretos., Atcrr@swcogmerrgeevrem pagingbeserl they o
fixed rat he'l Gods REmBHEALL ARk M £pdlbe at e,
which is jbﬁﬁ @ﬁ%gitggfgﬁggpatl a?nu?atlgn operatg? Tﬂe mut at i on
oper at or adfsgrieg i.eheewpaibef possible h@luwpu Mavdristy qf@mmalt@erwrf thakkye def i ned
probabi | it o hiEkSy hiEas, BEBEmMPIE ofe -

pol ypepti dlye'f ‘%n% ?%*gﬁﬁgﬁa %ll%% glkglretpglltsc Sﬁ(lir? t eS popul é’u gns The
crossover poatt,en@jndOinutImformn amt witis e, b@hr\véﬁeenadf&mna@efcgmms tfryp

creati ng e RIAENY oIRR2NN P.-ag,s)rf;@sgﬂmé;nsn fracfefofq RAPERkfh doRakidss, bid ness
function, WhIc onpri sesa rimar tness unctlon

opti onal I yihaprpbatalityy Iif sanreesisboflinmants, the crdﬁmyepf:wenmay bf mtﬁte@ﬁqusfaﬁqs ed as part
of a selection process to generate a genone subset from a popul ation

popSi ze byi0Las] dbt ifmythqaranetdrécthe anutajign rain rereavhih is appligditahet o each
other. Varj r EARF agsnfmemasmﬁ@ to be

| ess |i kel yﬁ?\&éﬂ-}’@ zﬂ;’m{%ﬁ&f ?*l'ee?aetér’f? T[%]%g]blg%m ? nasome enbodi nents, in order
to penal i zeptlagorf fotcmmswaifx sorae defined prabiabitityap ehaegfmﬂl the chagectenstingt Her . ni che
counting Gan.h ed f qﬁﬁﬁg e Elbed
above. Ni gﬁ ounegriém@g?‘f)q%tefr%"?:ag{es gtraﬁlu lpmvg;%ngh&ta C uarrg(t)lﬁl' (S:{(Bi n an

n- di mensi amassoep eteanduingntiorrare gset ematsrnpd breod gposics famsatieg the prageat ed) .
This distance nmetric, which is essentially the Euclidean distance
general i z&§"¢8%n- di mensi ons, can then be used to define a | ocal

hyper vol u r I i ﬁﬁgycan be
count ed. [Iiﬁlé@ie[\ﬁ}grf}ﬂg%f’lﬁ%%ﬁs fla f&g%eflﬁg‘{‘flgg?‘ggg}fgeg dlﬁ% er e ess fit

vari ant s dndshénctiondnd eptooaiypypanehy Bincssdgnaing. dhe B@qmrﬁ@@sa‘eﬁmaen space.
The details of f | atin ' escri bed
by Deb, SLPp C%n e E‘oceg t{) F?ﬁgdéggg%%gfﬁ%ghge %?Iﬁgq)ggﬁlgﬂcﬁg ﬂt ion (set
of vari antmlettﬁgodwato&)culnsvarahtsltliaamednduyarwmh atpet. N \éarlanfsewls@lanf sitfiler nunber

of near by nei ghho pver [ t t her
t echni qued® 5?% 5@&:8’% ?Sﬁzﬁ 8‘? lgfsnl '%f'ffgt lsgla?' gﬁger i mpgm Ifgff'ég] It is
to be undernﬂioambntshmtordﬁrh@peﬂaymhe ﬁfnemofrvarmtsfwhmlesm sfnulm:tq @l othan be (

applied to, maxim ze t S of t 0 en some
ohbod: mentiiehe g e S Tl Blne BE P B B AR F e g Y
A- opt i mal INﬁthd)d’ouﬂﬁrlfg&fanIcﬁlﬁlpflf%hﬂﬂath%&ﬁﬂstmfdehﬁmoantahatduﬁém;ldn&l apaeed t O

construct a natr,i ar|antsc nt ai ni n xi mum i nf or npti on cont ent
for an obj@bEFpds E‘ﬁt“a ghof pRYtipns ti“gd)r H-S“Sg‘f‘aﬁta“cﬁmdﬁf Wymdsesi gns are
strai ght QpéchililBathé Eogidea&ictafe ganﬁklmemo ﬁfatmambnﬁ YarCthéd aerusemtoadwne he
nodel that WI|| be fit. The opti crlterL u%edln %%Heratl

D-opt i mal e Qh@w@ueﬁ&hﬁfﬁﬂm&fﬁ ajest ngjghbery in thatsppae; AR R cymtedh

i nfor mat i ofhob@ddriatits Xvith mdiryQRighbEts hfe)bohﬁdéié&ﬁﬂ* fﬁﬂrahMS SUheyabnd B@cHipyi ances
of the esti mated paranmeters for.  the nodel, which is the same as the sum of

the di agorf§Pro¥Iregiwos seqypnerfgpetion gpace xIbs defails sk Ermu3fing e dSHEcaPET cat i ons
of D-opti n@liinjckinnek &s@-ﬁﬂeﬂ 'E?lﬂe &suﬁ%ﬂ TR JritiRdfiinBssAbc0S &? adBstidaev, 1992,
Opti mal Experinent al Unjversity Press; Silvey, 1990,

Opti mal Deelugan (wmwtawm)ns capyplastcseTumming s invepe of e npaber of

Experi rrentn%arb?ﬂ A&d}s @R dydiahhriantid p QH:QL:J At DARSnichCRERR]ue! £€ JBREBEN by

ref erence 91T In addltlon to t e primary fitness function, in sone
enbodlnenvsﬂwad@ﬁmﬂﬁﬁﬁfd?Wﬁﬂess penal ti es can be ascribed by the user to
target other paraneters, such as the average nunmber of nutations per

vari ant and/or the frequency a given nutation should be seen within the
set of variants. These additional penalties can be weighted with higher or
| ower penalty weights, allowing the user to drive the solution set in
preferred directions. For exanple, the average nunber of nutations can be
restricted to a | ower average nunber of nutations if a higher average
nunber of nmutations lead to a significant proportion of the progeny genone
bei ng non-active nolecules. Simlarly, weights given to the frequency of a
particular nmutation can be adjusted, for exanple, if a particular nutation
adds to the thermal stability of a polypeptide variant independent of



[0192] Upon setting of the optim zation paraneters, a randomplurality of
genones of popul ation size popSize is generated, generally, by a selection
operator. . This involves picking at randoma mnmutation set and pairing with
anot her nutation set. To create a new,. 57 popul ati on set fromthe popSi ze,
I.e., the first generation of genones or the progeny genones, the random
plurality of genones is subjected to selection based on genetic operators
t hat i nclude crossover operator nmut ati on operator, primary fitness
operator, A A AnOREARiGH carl BESfpIRRCT AL OT'S
function t@wodvﬁ]%q?ﬁ dr%dtzﬂga??gﬁpgg&% ter ?dgscr I b eld Saclglove itgi)o t he
random poptelnzxiomc ti dgemim@ thelpmogene gprooe An seheswnpdiments, theditngss hod
applies a air_ope AGEnSRNShdad Bligrion the
sel ection 8f°n Mt 7B ﬁﬁ%c%gn pd %%%ﬁae%egpg?ﬁég n@r%g]ghorre to a usser drelfl ned
finite nunﬂbetrcamhamed[t@dcﬁﬁﬂrucThmq&n:ogfawylag@nmnmgﬁwlmaxngum rutfnn@q@lsm cation
of the opti Lon paranet.er n [ e S aleSuBiAd Uat ed
for the de S(:lqur:'eélg%oﬁ ?,1(1) olp c‘ttwg%ata sét. %'sqs &Y Wcil @@%&?{f Bgo %ﬂfaa[ 9&%02 é:?tr0¥

il lustrat |mmmlmtnpnﬂgsat5/oxgeﬁmsmpmr&na}hqd grpemmadéslwamﬂeb@atgeuﬂéweﬁte’ﬂleby
reconblnant t echni gues, d ea f

xcpr 51 or RSBy pitef B3 oBTha FROBRARER: AR 2RN The

pol ypept i ck@ermnmnmfalhmfoeniatﬁmmmha XI¥s N@dlﬂpﬂ!@p@b@ﬂcégn thepum cdheact i vity,
stability %nig cOt g{he Qrtl%]; i ameters%‘ r tl§e lqgéel rv?tﬁé is g SQBE A fe 3G ok tanal
opti ni zati'on and- G &7 Y e €ss of creating progeny genomes
can be rei dnthlmﬂemcmtsgmm,toe“ (A% c@esbr@anmmﬂlamﬂlceﬁorgeﬁmmwnued
reiteratiop for er o eratl nunmber
of differentPPigp é’g't"j n ‘%ﬂm Pt m 78t %@ggndg{g \ig’r\é’géjr%;’}a?%&%pért i es.
6. EXANPLES)}[{fB&Q(A&nge%s Sﬁvetth%; Opant! hisiw| 6hapmn mad/Hbly Rukelshaim,

const r ued W5y onfed A d BugynShe OBty BRSO e hloll

Exanpl e 1:hecanby rafgticen of a plurality of genetically divergent,
functionally diverse polypeptides for identifying sequence- activity
rel ati onshiopst] In addition to the primary fitness function, in some embodiments, additional

fitness pénalties can be ascribed by the user to target other parameters, such as the
average number of mutations per variant and/or the frequency a given mutation should be
seen within the set of variants. These additional penalties can be weighted with higher or
lower pénaity weights, allowing the user to drive the solution set in preferred directions.
For example, the average number of mutations can be resiricted to a lower average
number of mutations if a higher average number of mutations lead to a significant
proportion of the progeny genome being non-active molecules. Similarly, weights given
to the frequency of a particular mutation can be adjusted, for example, if a particular
mutation adds to the thermal 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



[0195] This Exanple illustrates the generation of a plurality of robust
pol ypeptides (in this case, enzynes), each of which reacts with a
substrate to produce a product, and wherein at |east two nenbers of the
plurality react with different substrgtes or react with differing levels
of activity upon a given substrate. In sone enbodi nents, the conposition
and met hods described herein include a plurality of polypeptides, each of
which reacts with a substrate to produce a product, and wherein at |east
L ng ﬁ?g[@g@}g&g&t {%,H R %,Bx,zé Qéckigéﬁﬁkﬁﬂgrﬁﬁ&rdggg%dnn%\é? tﬁle(i}ffog@ﬁ% i Ly upon
It1on and net hods
descri bed g‘remmmthemmdemeahaalpv@famowseﬁsuatﬁptycb@mem bagegdcm g5Petithi ch react s
With a SUBSLEAhenhOnlAAESor BEAHE mutdle PGl péidr, TREDEr s Of
t he pl uralqlli)ti1 react rlvvl{lth %g? ér%nt subustratg&go Hﬂbttg%%})déntffl cation
of an anceshqnaﬂlresemtzbjmeenalmﬁmmmfmf g@é@l@PfaW&@ﬂqtm f@ém’h}tﬁ £i cati on and
devel OPIE MoifizaRh aqsﬁétbrgﬁg R DB (IRE Linbn BERUIMIGh Y bk, HRe
informatio out previous escri m crobes and/ or enzynes catal yzi ng
a reacti orprcxbntah@iqwe;‘tbc mbthed spplies nirepaireperstos tdigcuisedpbosndeplaeal )
DOl YPePL ! kAt 2 Bl KOS AR B3 oPRL NERBY o WclicRiple U0 L0
descri bed ﬂmanmbaswume basis for generating a plurality of polypeptide
variants, which can then be screened for various desired activities on
di f; er ent lﬁlﬂﬁt'l‘rhap%@n)d gvnsmmselmng@iomwﬁcaﬂpheftbeD}}{B@Bﬂi@@amm%ht s are
used to prH G sired
acti vi 1 oot xBiEp B el el o el e Dt
pl ]lc,lr ality F@fpmbgcpebtllusmt:vmralfameslylgsnmmm%femlmw@ds@m beigencsgted babl e
i nformatiop rest
e.g. ketore@ﬁ%ﬂ%géesé Eb%hd %?ﬁxéﬁ &m%%%@%t%{mhﬁ%g&% sBhs %ﬂélﬁExarrpl es
of sour ceithér i uipte qrttri mma’[‘hc@mnmnmteddaelypbmdemreemitlatttdﬁqrthedcml@d previ ous
experience wth su t t he
it erat ur & RSGIERYL § i Ctzyla?'r’ Sthb' aéis%l?e? gﬂ %n?fhg%?ﬁ{aggggaétgmt hat
i ncor por ataddmnmioptnmaatmnmntl atuemxﬁcapoevhe)mtays olamertisg pakey geoomés @ot
f‘rgg'ey: tné bggg%;{t%srto .Eeézﬁ'%f Irs,'%:lo;[r%g gent détg Egé;}o}é,eg (&é&t%ﬁé&&ﬁéﬂml&tffcrg Ufa'
f] ui t abl e anedst asfagenqmicmpeﬁbn dgwsmwbhndm okfbum?ubsrl ufdtffdr¢m¢lanbms@§ts&1 enzyrre
aving a mal. i ndi ng pocket (tolerant of mnmutations while
retai ni ng %8 F‘i'VP?'ilﬁmd AY'FS?W@ PEPEMSPe of a suitable ancestral pol ypepti de
is an enzyﬁrre rrerrber of a fam |y of honol ogous enzynes wth
denonstrated f diversity on different substrates. [0197] (b)
I ?Tgnt i ficdo19h mpews qf(bﬂmmeseatnﬂscmﬁatmm ke foethanndasteydis lightpfshare
enbodi nent t.he ancestr [ fi erate
cnder deoipipyBE sPEREEL Bin BRI o8 ARl E Bl bt YoopEBERE plert?
engi neer | riiscldsoe nem@m@lye by directed evol uti on, can be used to obtain one
or nore variants of the ancestral enzyne having inproved robustness to
physi cal proce&zampladi t | Corstrectioh ofis phoilite nf gepnatally divargdntconcent r ati on)
tenperature, and pH (as fusstioendddiversdpolipdptidasforadentiffingfegigenceur r ent
Opi ni on i n Bi ot echnol ogyacB0®Arelatidndiids- 375; J. K. Song and J. S. Rhee,

Bi ochi m Bl [Bﬁn.i}f SThldgxamp(Pe 1llust?a?es the generation of é plurality of robust polypeptides (in
this case, enzymes), each of which reacts with a substrate to produce a product, and
wherein at least two members of the plurality react with different substrates or react with
differing levels of activity upon a given substrate. In some embodiments, 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



1 547(2):370-8; and illustrated in Figure 1). As one exanple, in the
enzymati c reduction of ketones, isopropylal cohol can be used as reductant
and is converted to acetone. Tol erance of the enzyme to both

i sopropyl al cohol and acetone can be g gglneered in the enzyne to bol ster
its tolerance to chem cal process conditions. In sone enbodi nents, a
protein engineering programmay utilize conputational analyses to identify
nmutations of amino acid residues that are likely to inprove stability via
enhanced PaGagkntd the@éﬁé&s@ﬁon 23 inflHRRs aéscab&m;e% Iholue aBRth'i@ g@tion of
subunit interactions tein engineering can be used generate a parent
enzyne t hatolypsptidssieach ofoyhictoteastawith agsabstiats|lp piogucs 9dff°<FH°§1 andwhergigat

temper at urigay o 6Ol LAR: Plirary Gl Aififoreh oSbisks.2L e and/or product, and

/or high concentration o or organic solvent. [0198] In sone

embodi TNt Hi9d} 3 )Q‘&chﬁlﬁiﬁtof%c\éﬁtﬁl Qﬁzﬁ[&CQﬂie%aﬁBom%&hﬁ@htwO' ypepti de
may exhibit | ow Teve expressi on such instances e gene encodi ng
t he ancestldmtnfp@icy@e@ﬂm@mnt ofepolypeptides bavinga disted AEABIBIOWES on or
protein eng P@&Edﬂh o&z@leﬂlré/ sérﬁaegﬁn%eésednw Li)inSs WhlghndPadiRof DE
screened to 1denti ariants wth enhanced expréssion,” suitable to serve
as a par ershoige fies tmiepmrytpf@marweg {aneasiraly polypephides fos design of emelvaet Rargt

pol ypept i dg, § prR-tESRIpIRAIACAA ¥icksfral 2y TE

enbodi nment l%ﬁﬂé&g%@gg]??lg po yp@%?faft(p ﬂast beepEl et?erm r?e ra %e expressed
at high | ensed B the methodredesgribod hereintas the hpsis fpresaerating agdweiﬂaﬁépplvsepéﬁ%oded
pol ypept | dg0RY ificilal Mok bEXBEERIT AREud RS ackiOinbHaIE BNt A6RHateR! OC eSS
conditions, and can be used as a parent polypeptide, serving as the basis
for gener a[nlsmge pobydyopits, dee Rﬁémeahdesvatr@nﬂg@resl@?tb@rl@aﬂﬁ@ﬁ péprdés wihEEd isct i vity.
In sone e neer ed
to gener atSroelEioh e o ibxdUcelted KREAE, AQGRAN flonifill ADGRL LSt Soril

t enper at urigtoavdbwt pbmlh@euﬁpslypbﬁrﬂe|vsrmrhewwh4mtl Yased on ﬁ&m@@tblﬂal pol ypept i de.
In sone errb dinents, the engi be

expr essed ' fnﬁfmoﬁ' P enze’fmes%t%%wge thn‘??gj% fsie%cm, tf?lrg[gﬂgsati ggtﬂag’o{dggg%tg ide is
easi |y nmanfof adncmmalof ketbres td dn@balscdmllseEpmpimf sgmrceSIQf ssdhpfosnddi nents, the

par ent pol.ype been enqgi neered to he.easi + BiC abl e for
| ar ge scal'éaﬂ‘f hgtcaﬁ'?) h"ﬁﬁ&b]p (&Y EEnera el‘glhh 50?1’1 %‘?ngl?%gl%g%ﬁét di versity:
| n sone erdaegheskRiqibedinphetigtatdry; pmﬂypepﬂ@ermrzmas ientisedde thelvaathireghat a

sui tabl e parent enzyne (as cribed i,n.(b e

di versifi c'ﬁ?qr?ﬁ{a%fméa/?ﬁ rﬂ‘gmérbqq%?“f ﬁrﬁf'mg%l?(rf)iélf])ége“ %g)su 7S grcg"‘f’ L }élllbns fltﬁg pocket .
Exanpl es ()siaediﬂ-t@Qﬁkﬂedaseﬂoﬁsnabg&mmtmttefamtoaelnrrgnand mhsm:htypmpmgde@ i ncl ude,

but are not Jimt nt hetic uf fl.in diversity from
honol ogs; & 83§3‘fﬁ'?ﬁe§?esexa§'ip eﬁ&ﬂ"i%’t‘ %{wﬁﬁﬁ%@o ¥Pee§* '&F 'o?luéeesg%r%sl nr?gnt DNA;
chem cal gynitdias, eaiymwlmvh@a rhilegble Qilssira dindingt jooket I(mtemyemﬁﬂutstmlfs t he

bi ndi ng pocket sem -3 conbi at orial librarje esi dues within
Che"bi ncl MEMBOERBIE 1D Brohe PemplEfsdcuis wPrig| Fameid S ot urt on:
and recur Sdnﬁﬁn@ﬁﬁﬂi@B‘hﬂ:rﬂlﬁﬁ@ﬁ‘ﬂf}laﬂ@l&|0@H0&R$@us(eﬁ§,@1ddﬁllﬁlaieﬁmhstﬁmdl i cation No.

2006/ 0223143, for, exanp d’) 0200] I n sone enbodi nents, one or nore
nut at i ons %?'Oﬁéq'ﬁq"@{d’é ﬁf“’r’i"'&f‘b‘?f‘?'ﬁ%ptl de (e.g. enzyme) variant as

conpared to the wld type or ncestral ] oo_ de ( such
that the %t ilBldenfilication.ol agobust g FI‘“ g@“‘??@lﬁ}é"{'ﬁ’%‘fs@d in
Figure 2. Mihhesital Biedyhe lm@ﬁkﬁb&nﬂ,hﬁmw,to @@Jrataemer d@ur‘dﬂébﬁi’dérﬁ may be

generated by nmaking single or nultiple am o acid bstlt ns addi tions
or del et i cieadifiensy da peshdpsianesio RIPLHR Glgﬁ*'éec?rle& af%me ﬁ’b’rdi“g\"ée e %ﬁOHnﬁaﬁg

pocket, tF&tus&ﬂ%eob%?&emr%réwa?iantsro@mr&leé%trmrbnmﬁe hdvirffigdptivedt 0 result in
a variant that retains acti vity, .or that have been identified qr predicted

to infl uerf@b“%‘l?ﬁ%&od’év-’écaéB’é’éi’sﬁlc@ﬂdtl"}/‘)“s[sﬁﬁbaf]w}@ﬁé (rufgrecaseiriges my be

used to dQEﬁFépat'ﬁ?e hid 51111 Bas PR iRAINE M e hsRndhnaaviswhbe duaest (Dpﬁﬂb@&ﬁ nting
i ndi vi dual ndi ng pocket variants are viable, functional enzy

Pol ypept i d@o&?afmomgo% 1 B3PI A8 nh Kp Sereendd §emsqet§/"’%’3€’l’?|36‘?ﬂhi”hﬁaﬁe9ql\n ty
(e.g., functioning enzynes) may be consolidated into a plurality which can
then be screened with mul tiple substrates for the class of enzyne, e.g.
different ketones can be used as substrates to screen a plurality of

ket or educt ase variants. The screening and identification of functional,

di versified binding pocket variants is illustrated in Figure 3. [0202] (d)
Generating sequence-activity relationships: The activity characteristics
of enzynme variants within a plurality representing functional binding
pocket diversity, as described under (c) are determ ned using a selection
of different substrates for the class of enzyne to screen the plurality.
For exanple, in sone enbodi nents, ketones having al kyl, aryl or



61 |ike. Such activity data is then used together with the am no acid

sequence of the pol ypeptides to generate sequence-activity rel ationships
for each substrate. [0203} An exenplary sequence-activity map relating to
various nutations (as conpared to theg,ancestral or parent enzyne) in the

bi ndi ng pocket of several polypeptide variants is illustrated in Figure 4.
In the exanple illustrated in Figure 4, single nutations at position 1
that represent diverse functional activity include amno acids F, W |, L,
V, D E Rs4t0)A7@Rdan@ilu3ta@h & Fightih ORS oAd exR@ple! inQRe enzlhdlic fe@Rvtiaf ent

di verse functional activity include amno acids A L, |, F, W Y, A V, |

and G Si rfiketopen: isppropyalaeiah sy bs ysad as redugtant and is senverted 9@PLEPS unct i onal
activity ifglugle (R HetRzAd @bt isdbroflatbohol andMcetbnddidl b¥\engthdigidan Mt at i ons

at position 4 that represent diverse functional activity inc|lude am no
acids T, Snzyme wrholster iEialeaneedo ghemigg] @rogesssgaditipnse lg eams siitadbpriinp

mut ations he¥ 81a3 Queil i Ednh RBATon A Ghd1Ydeb Yo iBBMifY Rataie ofbut are
not |ini te‘ﬁg‘?‘é’e@ B ffodth s_ua?h Yas IFZI%\SR, _n1v_\3\);/ R o T
1L2WAS, 1A gno acvdpaifuesitystpaadikely @impnave gability;gp enhapsed\packippetigieriqnp 144,
1R2A, 1K3\4%;Edue%§f'§’?royﬁ?’\%g?tiré%n Jf'@glﬁrnit:kﬁgﬁctiolq@zﬁ%\@ﬁn @r{g@nelﬂﬂ)é/xanme

- conbi nations t epr ésen Iverse functional activity are not limted to
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can inclu qutlu I i L J or
conput at i gﬁ:g prIeeg’?{g .%%%?69@%%%5%3%2?@%@%‘5%&3&'ﬂt he "l ow
resol ut i orconemiratipnecfisgiherdoregliesdyanty. The information in the
sequence-activity relationship is then used to popul ate a pre-tuned
plural ity 18198 Az serec grebadimenss, aTerombijastPNGvepter engoding phincsstiahe

repr esent g oy fle RN 10 188 dPeifiralichy1nldid inSuilbike B8 ndogt | onal

(activityl/'se vity 'spemhmtg‘_) Iversity from al ubstrates tested
and t he geheancesttil pelypriptige ¢andimisubiectid Wcﬂlﬁﬁgte%e‘fﬂbétonmmﬁl@)mﬁm@ﬁmne :
variants tah;dh0CQIBREAL Salidlfs  HRP B 8GLacd RGEAITPVAMRN @ mutalions
identifi ecfg‘%%]sdélg&orggt%e p?ew ous| yh%g |cﬁed sequence-activity relationships
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substrate asge\;\]/as 0 e%egg&% n tﬁhe {’araer plurali ty o vzt?ng e nutations with
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number of [IRIDE Sullenfbollathd, i YncdihSRACSAN Ul diEd PRTRGRaE Rap b eCt €d from
a subset of functional Variants naving si ngle amno a mutations of a
sim | ar chdgtdytxgresatd mdpaintst oUlmatiop esddriporvesseoggditionsyandwcan banged anher e
either R op K LySunel ke ds Al tsiORobftthels BRDEIRYarilis 198 62

screened for a desired activity. In some embodiments, the wild type or ancestral

polypeptide is engineered to generate an evolved parent polypeptide that is more robust to

pH, temperature and/or solvents than is the wildtype or ancestral polypeptide. In some

embodiments, the parent polypeptide has been engineered to be expressed at high levels.

In some embodiments, the parent polypeptide is easily manufacturable for large scale

production. In some embodiments, the parent polypeptide has been engineered to be

easily manufacturable for large scale production.

[0199] (c) Generation of binding ﬁocket 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-



variants where either E or Dis substituted at a particular position, or
two variants where either Vor | is substituted at a particular position,
etc.). In sone enbodi nents, one or nore conputer algorithms is applied to
reduce the size of the plurallty of the polypeptides for the pre-tuned
plurality. For exanple, a genetic algorithmnay be enployed with a fitness
function that assigns weights to maxim ze the functional (activity and
selectivity on all substrates) and genetic diversity. This algorithmis

then used &omeid iliBdihy us® &Cbrsity RORUbALIRS Rfie ﬁﬂﬁ%ﬁ&%nwr&t@ wi de range of
functional "and genetlc diversity. In sone enb ments, a nulti-objective

opt i ni zat | BHagINgH? P weAnbtRN, DNAS shemical sypthess efdsalide memenisratusionar o
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of pol ypeplgl"ggp%/gc?{f]%ﬁ% Eb% ?Iﬁbtﬁﬁtyd (]tl&S?{ %kélgtgsﬁdl I;altérﬁéﬁgcegﬁﬁpgs eg/P?gr?gl é(;ne

r epr esent afei yempiakber from a subset of menbers having very S|n1Iar
activity patterns. [0206] In sonme enbodi nents, the Plurallt¥ ri ses

r epr esent a0#88Edn semeembadiaents PPeer mereiwtations Bry Be insludpdiiniaolypepiideal

mut ati ons. [0 A Swildt | s E Rkt RrRRMLated so that
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addr ess of I n ate, such
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at each addhzsy mlsltiklnemo acid @bﬁﬁutmﬁ@ddmm@' de@nowmﬁpwmmm‘yn @rqual ‘
amount of I | . Exanpl e
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enzymes f drtemt(deertplr¢subat i variaof thatrgiping actiniiyi mgihﬂdélsw leagn Milfhdtqres on

di fferent ‘%H? UenLeos%ggt](atél'%; Eifg?@rrpl e illustrates the use of a

plurality ‘o enzyrres ‘which reacts with a substrate to

produce a e[rﬂfe(ﬁ?'éﬁte’or%ge BGRB8 dNOTERIRE Boiffephilis 1 ral | Ly 1 eact

with diff substrates or ct wt s of activity upon
a given su:b‘sftrmﬁftdaand‘r'tmquhtmwmﬂwwusldngbnm@tketdfansntems'taublscfue@hqnnl a manner
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and identil
functioning enzymes) may be consolidated into a plurality which can then be screened

with multiple substrates for the class of enzyme, e.g. different ketones can be used as
substrates to screen a plurality of ketoreductase variants. The screening and identification

of functional, diversified binding pocket variants is illustrated in Figure 3.

[0202] (d) Generating sequence-activity relationships: The activity characteristics of

enzyme variants within a plurality representing functional binding pocket diversity, as
described under (c) are determined using a selection of different substrates for the class of
enzyme to screen the plurality. For example, in some embodiments, ketones having alkyl,
aryl or heterocyclic substituents to the carbonyl carbon are used to screen the plurality. In
some embodiments, ketones having 0, 1 or 2 substituents to the carbonyl carbon are used
to screen the plurality. In some embodiments, the substituents are bulky. Activity
characteristics that may be determined using different substrates can include, but are not

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



activity on a substrate not used in establishing the pre-tuned plurality
of enzynmes. I n sone enbodi nents, the plurality is addressable, as

descri bed above. [0209] (a) Use of the pre-tuned pluralitv. In sone
enbodi nments, a pre-tuned plurality i Sy SCr eened to identify active variants
and provi de sequence-activity relational information, and this information
is used for diversification and custom zation of new variants for

popul ating a fine-tuned plurality, which can then be screened with one or
mor e substat 8g haQ:§ﬁ§/ G P Yenhed t'ogetﬁa e a}ﬂin%ah-%e%m% Pl t uned
plurality Ts sud{eect d to screenin strates that have not

pr evi ous| ypohweptidesorgsderpie Sequcnmwvwmtwaﬁw)fm qagh subsisatenbodi nents, a
previously non-reactive or unproductive substrate can be used to screen
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or eat er 1 ol Pler T Feortoy R A e Saanit e faiss i B el et

Pr 0SAR- t y Rehibit B6th iﬂadmsnmubny/samvkﬂsﬂ&bﬁ’dlt@td;&mﬁqfﬂm all subsshtebatstédent al
mut ati ons ampng the active variants e tatlv benefi ci al . nutations can
t hen be c@ﬁ%nq’ﬁgﬂﬂ‘?“ﬁdl‘?’%‘tvg g"’idﬁlgd’of’ eﬁ “f”lﬁ’ﬁ@?j Zwal"?rf%?t“f’ﬁﬂl] In some
enmbodi rrenti&.og;tohwe e empotiMbsipgle bad idmbitfiorR® hp@phd identiiad basell dn ik - SCr eened
and used to derive sequence-activity relationships, and mutations ampng

the vari aff® ‘%“ﬁ'éitdﬁ@ﬁﬁll BAgense-HRTYEY i”ﬂ?té’l"f’l?‘%ﬁ @ 15FabRdn (B) mayBTosP: act i vi ty

are sel ectigshndéinidfin& RNt 81 thY pfeat ATy infkif A6 Staie Petadd bON
variants that are used to popul ate a second-generation, fine-tuned

pl ural i ty acthtydpr gagh sybstrate gy ‘e’éw&ﬂelweﬁ indhelapger plyralibaefsinelegmuationivithes | n
some embod,FRotS bighlhg fotRedaiviRAd B dhRlehibydinenROBWALEHe R¥mB&IQCt i Ng one
or nore amno acid nitations fromtwo or nore pol ypeptides of the

pr e- t uned MaTwSE S olwrlitsrA reprasratativomemfer ielented fima a syt fenctiensl exhi bi t ed
enhanced 3kl fayin Q%léﬂlﬁ@ Q(':IH‘ Chuldiiofs SNEsiRHAThAALE: £ phitdMBhosRiM
conbi ni ng these nu atlons to design second generation conbinatori al

vari ant pd¢.gperstVagenss wherz either R enK isswbgitutedat afpatécitan pesitiqn o i ty.  From
the pre-tuned variants, sequence-activity relationships can be determ ned
and used to design and populate a new fine-tuned plurality, which can be
screened under the sane or different (e.g., nore stringent) conditions, as
in (b) of this exanple.



Exanpl e 3: Construction of a plurality of genetically divergent,
functionally diverse ketoreductases for identifying sequence-activity

rel ati onships in enzynmes that reduce ketones to chiral al cohols. [0213]
This Exanple illustrates the generatign of a plurality of robust and
genetically divergent enzynmes, each of which reacts with a substrate to
produce a product, and wherein at |east tw nenbers of the plurality react
with different substrates or react with differing | evels of activity upon

a given s U%Zfaﬁé%ere[e%érzﬁ or I ¥ subdRatE Ilt: ag@a}t.ticﬁglr \?\A&?%&P&r Relvefiudeihgd of an

ancestral toreductase. In this exanple, -type ketoreductase of
Lact obaci | ¢ithsr K@ { is spirDepteddt a partisular pesitiopectgdnis sp@e sirapkimag!s onRier :
AAP94029. ' ' ' , 158,
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genet i cal | gn all snbstepeas) andfgenetic diveasityy Thisadgarishri ést therewngd teentignally eglatp The

am no acid X I ' : t b
epor t od, RIRFESES e Bhed\AlES Biqc AR of Biclond MESHELAYRRUE) B fotlete Deen
Lact obaci | ¢misodieednits, a (ADiHobjBjtivie@plimizad® Hgersbmgembeused.dn wihioh serratH- LK has
been report.ed (SEQ | ' S B t e . . i ol

397317 28‘5‘{"%6%%5 ;(;”"J‘Bﬁf%% fe Bt s o8 Tg’%zeﬁ 3%35‘3 %.Ja"["ggil"g ftgk‘%gaesne

encodi ng twel arfoegietd diketior. cthesgsieofthe mulbolgetie bpiimigatmedgorigm isn E.
oo Daocl a0 LR PGP PR RS BIRE pegon ot 2at i on
60/ 900, 430&)20&]’%} Q8ne élggé%ﬁtﬁgxts, the number of polypeptide variants in the plurality is

reduced by selecting one representative member from a subset of members having very

similar activity patterns.

[0206] In some embodiments, the plurality comprises representatives of all identified

activity patterns and influential mutations.

[0207} In some embodiments, the plurality is populated sﬁ that each variant is
addressabl¢. For example, in some embodiments, the plurality is populated on a
multiwell microtiter plate, wherein the address of each well is represented by its
coordinates on the plate, such that at least a portion of the amino acid sequence of each
variant located at each address is known. In some embodiments, an approximately equal
- amount of each polypeptide variant is used to populate cach well.
Example 2:  Use of a plurality of genetically divergent, functionally

diverse enzymes for identification of enzymes having
desired activities on different substrates.

[0208] This example illustrates the use of a plurality of robust enzymes, each of which
reacts with a substrate to produce a product, and wherein ail least two members of the
plurality react with different substrates or react with differing levels of activity upon a
given substrate. The plurality so-generated is constructed in a manner similar to that

described in Example 1, and is used to design, diagnose and identify an enzyme with



met hods, the gene was synthesized and cloned into an expression vector,
and the resulting plasmd was transforned into an E. coli strain. Cells
froma colony of this E. coil strain harboring the plasmd were grown in a
liquid culture nediumcontaining an ggtibiotic for which the expression
vector provides resistance, and the cells were induced to produce the

ket oreduct ase. The cells were harvested, -suspended in buffer and |ysed,
and the cell debris were renpoved. The activity of the ketoreductase in the
| ysate foracl:.ﬂ% Jn%8§t+a%&ms@qetegm@ﬂmg%etp@e Bmdd pheiiel nenzahgolnol i n the
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for the act|V|tX of the ketaoreductase variants in cell %sates To screen
for nore rsGHEEd plypatignwhich pxhibiedactypaarg Men MeRPOERd PP Vact i vity for the

reduct i on «@bmbiBrAY virk@By 8 RAAR! thefiketungd ﬁlhﬁn@ed\dﬂkpﬁslw @ewinmitdienyvar i ant s
in the aqueous |ysates to isopropanol and to isoprop cetdone m xtures
prior to i pdicted %/%d ?%@egeg@élrﬁeﬂ%“%%’t"i‘%ﬁ’% %SHW?lFf‘é g‘ﬁ ?Ifai B°8f NaDP. The
increase in fluorescence of NADPH was nonitored. In one such chall enge
screen, the variants were exposed overnight to a m xture of isopropanol
and acetone prior to the addition of NADP to initiate the reaction. In
anot her such screen, tetrahydrofuran




67 was included in the m xture prior to initiating the reaction. In

anot her such screen, the screening m xture was incubated at el evated
tenperature for several hours. [02211 Variants that exhibit increased
activity for NADP reduction by isoprqpanol as conpared to the ancestral
ket or educt ase after such challenges to their robustness were subjected to
further directed evolution by DNA shuffling to generate and screen
libraries that conprise new conbi nati ons of the mutations present anong

t he 1 T OGoMAH: bl sl AN Lol e hpbitark B hiBlitsbic blah b HciRea. | FalEa! | el
addi tional new beneficial nutations were identified by the nmethods.

descri bed mbgeofvatiands ef theprecitiacd nvrabig de g4 @vter thanabenitan agantoreshibit or i al
i braries

et or educi SeaoATeR fify Belef ESARER, Heping la§ 80R G PRUE R ad | ¢ e
i dentifi cactetrmm mpgationhamongthe aciive VW@&UC&F putattye bencdiciabmuigrions cer hei r
encodi Ng gghas Ahi rgggﬁggwgggp‘ ﬁ?%}le_ﬁjng@?&g@ythose variants having

hi gher intrinsic activity, as we as variants with conbinations of

i ncrease E[“Pﬂ?slﬁ'sgﬂe %gohlngh'@rthé Brterthﬁka'pq:urﬁ’i% 'on(hypepElQ@\?a?iantI hescrlleh&Ct ed
evol ution programidentified variants of ancestral ketoreductase that
are produc@d vead th defive| sequense-gaiviy reiaz@%lbms @Ilffbmefémmsamvé the)vagignds hale

suf fi ci entehyinfiQRudnictr dém%n 'momesgéﬁacheﬁy Bl-qgesSd &RNA éth(;r&H

sui tabl e parent ketoreductases for functional | versi fication

aci d sequaeeombirfed imgecged- e@teea@o;warmts tkvétam'éd@:mmebtwgndaewnﬁlmd by
nucl eoti d I arrpl es of
Tor e hi ghi ey e ST PIobAR 3 erotf lor SR L B R0

di scl osed embodin@ney by ifi scmﬂ plaglints popated by sdestiNg one @On@@emxt@(}ideO/ 900,
494, 60/9 1l ichis
i ncor por a'?’?aciggoﬁs fr@%@é%%@%}p ?q?*{se%g%sﬁ)?g{eﬁg? g?%g‘z?ﬁgg@fnﬁ?ﬁ? ‘g‘fénl)gpatl on
of bi ndi nQWpocmete mhlypeptides gxhibitqd| enhaicid getiyity kpdnoscedniog as theaubstrtes der i ved
fromthe t.ed D r ification
of am no Zogl %ﬁ’ d actltC%{é%mm ﬁl‘é&‘ﬁ g&mg?(fe w%ﬁ g%n'g&agg’gl%é?gfng@h?ldentl fied
by by honnrlaogypolbfptt;im@erancestral ket oreduct ase, ADH LK, to the reported
crystal structure of ADH- LB Bi ndi ng pocket mutations were introduced in
t he gene dWYAHi{pQUsend theafirentindglamabittu E'tans thelpye-tmed wiriantseserednhoadivilgscr i bed
above. Ad dinsilico
by docki ngéié{t'ougﬂ hlsy%’fb%gﬁ {\%He{;l lsngd%gf%sﬁg%s ?’? tralé?gajgx?% él.‘l)? ggé %u&&%ehe active
site of tm@rhwmqycaMEsbrc@fedtuhécrahmaBmmIdifibwlof@uﬁmastfmgdlt)/ver e

i nt roduced I(l’anI tro B}so%l t.e

conditions, as in this example

Example 3:  Construction of a plurality of genetically divergent,
functionally diverse ketoreductases for identifying
sequence-activity relationships in enzymes that reduce
ketones to chiral alcchols.

[0213] This Example illustrates the generation of a plurality of robust and genetically
divergent enzymes, each of which reacts with a substrate to produce a product, and
wherein at least two members of the plurality react with different substrates or react with

differing levels of activity upon a given substrate.

{0214] (a) identification and characterization of an ancestral ketoreductase. In this

example, the wild-type ketoreductase of Lactobacilius 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



di rected mut agenesis. These include nutations that were predicted to
change the stereoselectivity fromR-selective to S-selective, with

acet ophenone as the reference prochiral substrate. [0225] Reductions of
NADP and di verse ketone substratess hy isopropanol were used to determ ne
whi ch vari ants anong the bindi ng- pockéet variants are viable, functional
ket oreduct ases. The ami no acid sequences of the variants with functional
bi ndi ng pocket diversity were determ ned by nucl eoti de sequenci ng and
translation_ of, their cpdi L j Str and the
functi onalﬂcgltioeheern 3 t§/’ Rg?"p g‘?ﬁcﬁ%l gg@ﬁ’%%ﬁ&%ﬁ%%&@ﬁ%@% %oa%“%hégc%grgﬁence of
t he ancestmaymApiridticicpnent ine pmbest plusidity bigenetidalindivergemtdiugganilly c

mut at i ons Oc;onf I ircn uch functional diversity, include the substrates,

1VEIS clases. . . L. . .
sequences, ahd mutatrons di sclosed in U S Provisional Patent Application

Nos. 60/ 9 2 0Th$9{éﬂggcid%g lhe @eg/o?ﬁgtugrﬁlcmcgg s%%%ipééoreﬁ%%z Favgltéen a.”d

60, 976, 555. | ect e PVerst Functional variants were consolldated into a
plurality reforedomdsisalpystal lserncure dfi teasbistypé hdomdogfremw daenbadiwkdiiner e

i ndi vi dual /| at ed, J | | s.o0f. | tdmel), m.crotijter t8S, wherein
t he addr es(ébgp £ gﬂ&"ﬁ“‘%ﬁgﬁ 451/?’ geq\{\{tg'%cec' %%'rt la’fngéé*%%ﬁ“cl)d nha§ b%%tnr [H) %:rﬁﬁdégbg Ilgt e. [0226]
(d) Gener @&@8rin U5 Baequ 61088188:t) Mdl.\Biole B2it:3 GFr2HR2PE3); ITMolBivk4B8HetI vi ti es
and st ere3§€dsﬁ:)cti vities of the ketoreductase variants in the plurality
wer e characterized by screening the plurality against a diversity of

ket one su te Lhcl.udi, t i r to

i dentify ﬁﬂ%‘.’@r‘*d%%r ekodth itﬁﬂ%\%ﬁﬂ‘%ﬁ%@%‘#ﬁyﬁgﬁ%ﬂg&EOGE’Et gsété’gg'gff‘nm uded
ones t hat cdiithsed on thetrhgorted tanviie antisegiionge aid 4 ¢pdot vptiigtinmialgeeithns bound to
t he carbo SLh t 0. ar ; 1 ralikyl or
het er ocyclrtlsgbggll:‘)\ﬁs)@ ?t"ﬂ@h gmf' iS%P %ﬁ (t:eé‘F ghﬁ@ﬁ%ﬁ%%ggr?@gré éhos'gﬁds,ﬂgasrft%g%ldv\hi ch
nei t her, amshodssthdgdink wak sydikestrath and ¢lomdtistoias ekpridsion vEtier, hd thevasniging et ones
were used to determne the activity and stereoselectivity,characteristics
of the variame et i Bpnafisftind sl of LR Bof BT RarohLdth¥ sl T on' o,
60/ 900, 43Mparbodnk e pldantl were giovaeinld. IKuid oMb nonlidm Rattamning Ap phtibiaicifon No.
607 957, 974 s PLAEIT Al e ubSLLbU ed Acet aphenane WLy Lup, Qridies ch or o
substitue }gd’( XSS VRT3 PRI Gl et op‘henone; S8 S US

Pr ovi si onahe Radrediictade plliecells wereMarve§6d, 3dede8 )in buffer pndlyeed; and thetdll/|

het er oar yl oxynet hyl keto i n. whigch e heteroaryl ox t.hyl .h ss 325
(the conmdtie Sire Smaiet-o o taPhal e k5redficese &7 ¥ SORETSI A reatitin P

App: i cati %eﬁbﬂxen&@t&&gl-pﬁaébhy:]ﬂcqﬂ%ogmhé lﬁxl;se?b@’d)f]‘@&ﬁﬁk}bbfakﬁh@iﬁ?gi n which the
ar rou as SS 5 and.the. 69 ara rou a 1

Y5 25 R3S s AP g TS et RPN SRl SR IBamORE | benzol ¢
aci d net hyhroggi £6f U SaRokkiSndPParenisA shtizhtidiatewo/os@pio.cat i on No. 60/ 976, 345) ;
and a prochiral alkyl heteroaryl ketone in which the al kyl group has nass
72 and t hqotig] ahe akogtral) kebfediasse vas de@dninétidibe inor@ificjendly rébaeni C

al pha- net hyl, gl dehgdg was used to deterpine Irge act | vi t?/ and,, .

st er eos pedeHegikEiPnG PRGN Arocsps teactign cpngitions, Thndesiredyreagtiop&PRditionss o) ut i on
of raceni ghalgehaerahd évakseaf dehystesn apdebaflrisRaduftbanotioeathe ket one (and

al dehyde) by isopropanol, in the presence of , s used to determ ne
the acti vi"FEf/’ WHelpsgcertindng sexerglfoldrrcess R SpRyARANC Sﬁ#‘ﬁ&“bﬁ@k%t variants.

Activity Ghidhisrhédfid shdums bélRE BsiveR@iof0dtodd @R ddEf hebmad vamaahpl al ket one
substrates were the caonversion of an anpunt of the ketone (or  al dehyde)

and the errarepEpianiof yubstraterritheqdissglved PLigiforerasats alnse, betgLeuyesad By chir al

gas or |i GibdheC NkQITEL QBEARNGIvelOF infAdkePariid Bl a8y somelsahBRteQfit gonver si ons
was found am)n&the functional variants. For any tgl ven substrate, the
it

percent cdistieabkitepscorpsplyett (aipdetraydwdnnmde ingeeasn the salvkility of thear i ant s
ranged frQupdaaRen iR GRHRS SI18dHO R SsthORbtonEREduRAGH, RIQUEBRELR to k61 RBE
substrate, a range of enantioselectivities was found anong the variants
havi ng acttheseagpionnt ¢lenatadderopreatuen éhe.i39s8P €k thh Hhis $xamplea thgadedsirdm >99. 9%
R-sel ecti >99..9% S: e . B i J g ‘ ehyde a
range of SRS RS RBLETS Ik yabBle ebfed AGRH ol BAE HERL e B0 Y U Ly
on the al dehyde, sone being S-specific and sone being R-specific to
varyi ng degrees. [0228] By conbining the conversion and enanti osel ectivity
(or enantiospecificity) data with the am no acid sequence information from
the variants active on each substrate, sequence-activity rel ationships

(i ncludi ng sequence-enanti osel ectivity or sequenceenantiospecificity

rel ati onships) for each substrate were generated using a protein
sequence-activity relationship algorithm (ProSAR). [0229] (e) Popul ation
of the pre-tuned plurality. The information fromthe sequence-activity

rel ati onshi ps so generated was used to popul ate a pre-tuned plurality of



70 variants designed to incorporate and conbine single nutations and/or
combi nations of nutations identified in the previous screen to be

i nportant based on the sequence-activity relationships. Variants were
selected to maintain the sane pattern.of diversity of activities and
selectivities (or specificities) for each substrate in the pre-tuned
plurality as are seen in the larger plurality representing functional

bi ndi ng pocket diversity. To reduce the nunber of variants in the

pre-t uned ahl e (o8 RIH IS o BRRR RS ub ot pRoHRSECsombpatdl, i ant s
havi ng si ndg#eg{ean}’ n%pécigﬁer?ut & onssagc{. A gl m Ie{aur charact ef OI(5:}£))l:r)lser’vati ve
nut at i ons)acetona cpwitent) ahdincrassiditéropergtoreg The anqestpnl befereduatysy dosgeactisity i s
selected fr i i fyavia : j r position,
vari ant s 10 g RSO AR R ol ke SHO TbHI A BlalihRle UL OO0

havi ng V aesults sufasthéertastieity lags and farthter polangatiosiftheomactien mp. Whildreomet ai ni ng
Feduce { helt eS| fuigbl B 45 GRRRHL L B BEblck p) kS RETRPI 1 € T
pl ur al i ty.acueity micanpéanplete ganvetsian afltpdictanianthu, the gandrationand identideation t hat
assigns weights 1o naximnze f.ynct i Il ctivity on
all substr% égf)’usa%n&ylagﬁeF ?7’%“%%%%“ g?‘i @ésg%ﬁxgrgéég?%%l\ré?t% %Qfg:g%eéﬁ%aaeused to
optimally (o3 -1 % t] i Wil i of functi onal
and geneti@ﬂosﬁ\ﬁedrdgtlwﬁglm l%ié%?"%%yg@tr%%gJctta%g%de%ﬁ%%%@%gﬁlect ed for the
pre-t uned kptaedakiateprosidel cionsolevdalf expression thanghat|desisgd dér sealepblessabl e
ket or educt ases..an 1 - nel ! i Al such
that the ditBuanrHHEEe s BRE ik LiRahe B oL g e o B Dl et e
i denti fi erthakdoreddtase.oor di nat es) was known. Exanpl e 4: Screening a
pre-tuned plurality of genetically divergent, functionally diverse

ket or educt 829 (W) Idéentificatidnsifiaaobust dmdiscaleable pasenphetorghugtasas Prreged sone
variants in it . 3 ] i : X 96-deep
vel | ster ﬁvgf"‘r}?%ﬁé%?%’s%%%*ﬁ' %3%‘%‘3 ég@pﬁ\qs%ﬂéﬁé“%} ‘lt"%ﬁ{“’ﬁ‘gé %?g@?'ﬁ ed plurality
of ket or edmptaved soboftn€x &ngrszedprotass tdnditfops,rmakingf these eariaitsamore iseithbley sat es

Foom t enpePhtE LS RRA B S PhEREEr R R BoflnG e 8 1o %
?ol uti on dentraduniasgplorality/ ieutaticns tereintrobiced] mggdiemgd.dé!gmdm%ﬁméphat e
NADI ) +, sal t 2. MM MySa d 100 I et hanpl.am ne. [ buf f er
Cprt 7y welciiities GriBfeR Sparr o PPy iSh0 BRI G Eros bR P

t hen 50 plsitekatd@fomBhakenesiet fomble slrfling of heholapy demif synthetic shnfflipd at e was

reseal ed and shaken.o .orhital Kk 85 m t f
0% hour s WgoEME s Lesbeges R RSl S e B ok IR EIRE! “ass "

ketoreductase; and site directed mutagenesis at sites identified as likely to affect stability

_ based on the packing of interior residues of a protein or optimization of subunit

interactions as discerned from the crystal structure.

[0220] The mutant libraries derived from the ancestral ketoreductase were screened for
the activity of the ketoreductase variants in cell lysates. To screen for more robust
variants, the variants were screened for activity for the reduction of NADP by isopropanol
after prolonged exposure of the variants in the aqueous lysates to isopropanol and to
isopropanol-acetone mixtures prior to initiating the screening reaction with the addition of
NADP. The increase in flucrescence 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



71 added to each well. The plate was reseal ed and shaken (850 rpm room
tenperature) for 10 mnutes, then was centrifuged for 2 mn (4000 rpm
4C). 50 pl of the organic phase in each well was transferred to a well of
a 96-well round bottom shal |l ow wel | g]icrotlter pl ate (Costar 113365,

pol ypropyl ene) containing 150 pl of nethyl t-butyl ether. The resulting
sanple plates were scaled and stored frozen until analysis. [0233] The
sanpl es were anal yzed by normal phase HPLC on a 4.6x250 nm Chiral cel OD-H

(Chiral TeeRE n{ﬂ:'llﬂ%li %‘thl!a Hx(fxt))re%mopmnﬁiran e 'r'éibm IR amothé RhdnNekeh hgnol  as

nobi | e phase wt ow rate of 1. mnd, nonitored at 215 nm [ 0234]
Figure 8 streomng@mpiter Wab lmhbat%%@W@P@Feﬁwﬁwfﬁﬁéfs%h%h%‘ﬁé and the %
enanti oneri c excess of the resulting 1-phenethanol Positive e.e.

e.
val ues ar dﬂ%ﬁlba’@r\iﬁﬂaéﬁt sxhibitiinerpasad peikyiRs for Bé@iaquéwwmﬁ?a?l&és are
predom naQ;B}nﬁargd ltootFlg Q&ggﬁan Qjetore[igégs'é]aﬂgﬂuéh @%ﬂ@ﬂ%@@ td thbiHeblhighs warepl ural ity

of pol ypeptides re to an ancestral p de V\/nerel n different
menbers ofsumh@cq)tolfp@nqrﬂyeqt@hwlum Ry &NA@} grw@P@te@m aEesitrgrieand

di ffer ent 5t aéc éa&r}l%w%gﬁjlbin%ﬁ&{s é‘@ﬂe ﬁﬁt%(ﬁl@%?ésﬁﬁtaln\ﬂh bﬁe@lﬂ Rvél ¥eAngubst rat e.
Exanp creening a pre-tuned plurality gene |caI y divergent,

f unct | onaltdiqutlﬂﬁd/ewth@mﬁ@@ﬁ bbraderc tln parsliel qdﬁht@nsle@m&ngfmﬁw&t@nﬁ W&E is a

known subs e s Pin i iti [ d
a1 dont Mg b e BRITB AL GLLARpbfy RS d O BN AT 5o ©

ng/ mL 3- kebmbmawkiahlibrirtest etrahydrofuran was used instead of the
acet ophenone sol ution and the sanples were anal yzed by HPLC on a 4. 6x150
mm Chi r al ﬂ&iknl Khé @héated evTlutinm edressis eempared the kefpregvetape agtinitiqydp Hig coly: 3

hept ane/ et]y{vﬁa ei,laél %he%?'rlas%lt?&@)stﬁe Wehitic@ibd OVakighSmal ard pl%dmed'ﬁ Qreliter

moni t or ed
amounts (their encodmg genes are better expressed) alongside those variants having

higher intrinsic activity, as well as variants with combinations of increase expression and

higher intrinsic activity.

[0223] The directed evolution program identified variants of the ancestral ketoreductase
that are produced at high levels (e.g. >20% of the cell protein) and are sufficiently robust
to the various desired process conditions to be suitable parent ketoreductases for
functional diversification. The amino acid sequence of the selected parent ketoreductases
were determined by nucleotide sequencing and translation of their encoding genes.
Examples of more highly produced and robust ketoreductase variants of ADH-LK are
disclosed in U.S Provisional Patent Application Nos. 60/900,430, 60/900, 494,
60/957,974, 60/972,058, 60/976,345, and 60,976,55 5, each of which is incorporated by

reference in its entirety herein.

[0224] (c) Generation of binding pocket diversity. A plurality of ketoreductase variants

derived from the selected parent ketoreductases was generated by diversification of amino
acids that comprise the substrate binding pocket, as identified by by homology of the
ancestral ketoreductase, ADH-LK, to the reported crystal 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 vifro by site



[0237] Figure 9 shows a plot of the % conversion of 3-ketothiolane and the
% enantioneric excess (e.e.) of the resulting 3-hydroxythiolane. Positive
e.e. values are predom nantly R-3-hydroxythi ol ane and negative e.e. val ues
are S-3-hydroxythiolane. [0238] This exanple illustrates a plurality of

pol ypeptides related to an ancestral pol ypeptide wherein different nenbers
of the plurality react with different |levels of activity and different
directions and levels of stereoselectivity on a given substrate. By

conpari so ndl#e@te%ﬁf%leﬁesé ﬁ'ﬁb&%&uc@mutﬁmrﬁ HEX R Rediditd BRRadgk kst rates a

plurality o eptides related to an ancestral pol ypeptlde wherein
menbers of st@rh@elpmmtalfronyRﬁebettve\m Beelgrtivee pith aceiephprane pethe Zgferensief f er ent

st ereosel e Ph\ﬁ'aféupb%a?@ different substrates. Exanple 6:Use of a plurality
of genet| y divergent, functionally diverse ketoreductases for

I dentifi C‘B{rghﬁ;t N ut([qf?)ﬁs of Nm%ngﬁivgfsgﬂ%ﬁéﬁ%rﬂ@sybp&oﬁ%ﬁéﬁoﬁde@%géd/tbt Ies on

a nave su 0239] This exanple | ustrates the use of a pre-tuned
plurality dﬁerﬂnwwmla%té awsmg/f;bébtﬁdwqucwdﬁwt% e ¥igblgrfundiopa))

pol ypept i tor RlaSdsn THL LIBI% L&Rid s@@lﬁh&rs%f afe vaRgnePWih alnktidhal BagH }ﬁbdklat

di fferent s of activity and different |evels of stereose ectivity on
a new subsdnrmnymdgprewm fpcleatidesgauncipgand frepslabing pf theif pregdinge

~pre-tuned %%%ehy rsk ketbHe sdi,%ateé A $hd Bh&fonh v ISR raknifdcRli sequehbdie- t uned

plurality et or educt ase pol ypepti des based on séquence-activity
rel at i onshdepized freth dlxt seaieapripithe ansgeeat ABHI-bIF and gheararany ADHeGK yprdents,

5 ot ose! Shly ey Bort InARRRSISD Rl RigshuneRaplabiis,on the new

substrat e, e screenin fine-tuned 'plurality on th e new
substrate Stequqnd@mndfryut@msmsclnmden frefrBeavisianpl Ratwent Applicatiobes.pl ural ity

havi ng en C t Yoa2 t GRTRAS 0 nbers
of thg prmgaa ffdl?rﬁa% tlygt4 @%81221"81] 66/@??%5882%21‘9% MéS pre-t uﬁgg?, pls%}?bg?cln?y The

pre-tuned cpvcusedhntttwnnifvaa@tm e‘s&&bnwllﬂfé@lbmmnhla@wf@ﬂd@@a%I e 3 was

screened with an ary If e &F&fﬁggﬁ,g ﬁﬁ%@gﬁhﬁ%hyg@dﬂi %E&%ll@@fi mass 96 and

t he al kyl group was su a chiral carbon
center of Buldenflingerptte: Mmeslwheamom addrnss\of dachrveath is h%ctwedlmﬂt@r%\wp (S)-1-(4-
Fl uor o- phe%lc)uIS fa? 0x0- 4- phenyl - oxazol i di n- 3-y1) - pent ane- 1, 5- di one.

[0226] (d)_Generation of sequence-activity relationships. The diverse activities and

stereoselectivities of the ketoreductase variants in the plurality were characterized by
screening the plurality against a diversity of ketone substrates, including the diverse
ketone substrates used to identify individual functional variants. The ketone substrates
included ones that differ in the nature and size of the two substituents bound to the carbon
atom of the keto group. Ketones with alkyl, aryl, aralky! or heterocyclic substituents to
the carbonyl carbon are used, among which neither, one, or both of the substituents is
bulky. The following ketones were used to determine the activity and stercoselectivity
characteristics of the variants: acetophenone (see U.S Provisional Patent Application No.
60/900,430), 3-ketothiolane (see U.S Provisional Patent Application No. 60/957,974), a
prochiral substituted acetophenone with two ortho-chloro substituents (2°, 6’~dichloro-3’-
fluoroacetophenone; see see U.S Provisional Patent Application 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



[ 0241] The procedure was identical to that of Exanple 4 with the foll ow ng
exceptions: 125 gl of isopropanol containing 1 g/L

(S)-1-(4-Fl uoro-phenyl)-5-(2-o0xo-4-phenyl oxazol i di n-3-y1)-pentane-1, 5-di on
e was used instead of the 300 Il of jsopropanol and the solution of

acet ophenone in tetrahydrofuran; the Seal ed reaction plate was shaken for
65 hours instead of 24 hours; 200 gl of the nethyl t-butyl ether organic
phase was transferred to the sanple plates; and the sanples were anal yzed
by normal phase bl A8ssd 63 (X3P TP b ALk olitdhh binédydn gdhyifechnol ogi es
Inc.) col urmﬁgfgrmgé f]_si Sﬁfg 36 Zoéﬂ%@ne/ et haﬁgllo l?éb rmbﬂ?eﬂ_phya]se with a flow
rate of 1.qxoptopwi henzaismridanatly! aster2365 hinPredsias Paeptfpplicatien 8¥nver si ons and
a range ofgoy : ikaY hiicd PRt M5 KRB Sh RRRR thelalS1 5 haRsks 72
plurali ty.60%§?3%§%€+§%&sayc%veret eéﬁ;fO% of tlh_e I?eath%ng&g%bst rate. The
conver si orand i iteasardiecwwdiae passdt dditianalipg racereisalphamiciv aldelydeagst r at ed
0 Eoure Qeg Hfenfite HRNGA @Ianq's?e% RERORE CfilrhtbidiBSol e kiARE hot h -
predom nant y S-selective ( I Vi ng th predom nantly the desired .

S, S- di ast deimtigeesol{upios dff ravenis hlphe oy aldekydsass val ues in Figure 6), and
predom nantly R-selective (giving predonm nantly the undesired

R S di ast dfE¥i®edyatiogaf ¢agh ketons @odaldelydsxbreisepropangk & thaprseygs ef 6) . The
conversi o O b0 ity DardoWPisttR ok AR tiSnctibhay bidding bbokedl- €. and
-98. 5% d. g%ég‘ﬁ%qﬁ%ﬂre&g%nggﬁverasﬁ/olr)){s va;/irt h + gl.oe. vvercel. 9a5. 7(%13115-%4% d.e.)
and 97. 4%vas®89% Hctivity charpeteritighdetqrmined far thogs dlifferg prochiral keipps i ant t hat

yi el ded 78, 8¢ ! okl L O0Rbf BleR¥BRe ¥R hidRRIdE) fRANNET t bet ween 10
and 20% o%“?ﬁ?é‘&gg‘%égifg% Q%VF Hi%agetlaereosel ectivi t?_ﬁgs in t_)ne_ range from- 11%
to + 76% cnentiopig48ihe Shipairakiobdhprodust measwed byathiralgas @r tiqypd) ket or educt ase
was teste ' Cty Vi e, LA dndng whder the
sane cond;jcth Fogr?]aéé.’ér %{@éxﬁﬁly E%c}tﬁesg&ﬁ%aﬂaé%agggggﬁgv§§%$ﬁ%§yg%244? (b)

Gener at i orfurdtionalfviarignts. Hneahydivenahibstrpte, thia@ersenticonversian ehsetved upon

o ot SKlegbh o p i) BPh FheBAROR AoRE (PUHDGHBLUR SO bt

ket or educt’ase Varrants 1n par ay were used to design a new plurality of
ket or educ tprschirabkeiaua sehstritenerangmeienagioselestivitiey was fiuat amony thp vatidstsnced
activity and. di ast.ereqgsel ectivity for .t. g 0. anal ysi s
was used t'G'3&JE y%ogg'heﬁlgﬁ%ngl%%?%%e eﬁtléﬂgs @%&Z&ﬁ%@ e&eegse gc:[ ivity
rel ati onsh9P9Y% Biselbdtventivathe croem gmipig-chivel aldehy et mngaofiehantiospeciiigitissl

plurality exhibiting activit The . i i r 19 ify the
nut ati ons tH ?“wggg’r?e"faf%‘f%f‘avénr?tf cég{t’?%)rbrg%t% gljlef]))§ dg\fll\%n}eeobléa}%?t épgce’grgg{e&? f or
each of themabtingiR-dpedfi¢ covargngiepmgesof the variants and the

di astereosel ectivity (d.e.) of the variants. A fine-tuned plurality of

ei ght y- f oU0228¢vBy esmlanihg therrohvepsies st enpmtidashlectjyity {enenasdioppegifity t data was

desi gned, erein.the wvariants.co ise ew. . i i e nmutations
enti 11 e etE s R PR BreEaRon AR MCAERRTRUNEH SR leayl" LA 008
(+) di ast ecqeasd-aaivity idationthips (hehaiingsegdenoe-mvaatidsgled@tityi orserjuancef or t he

ot her. Mitati.ons t present. in th re-tuned plurality but predicted to
be pot ent ie&f"?tips?fé’%ti"E‘?lﬁtf‘)"?}@?ﬁ?"roeﬁgh gurbStﬁ%? BEESRIAFELY ?"\\g%a Fﬁ?{eg'fi ons from a
mut at i on i derhtd-iaditprlhienstip slhalithan®rPAR)e pre-tuned variants) were al so
included in the conbinations designed for the fine-tuned plurality. [0245]
Genes encdoi19g _(eh@opilstivin\offtiepre-nead phuratant Shavefoemativeh fint thalstquessent hesi zed,
t heir sequences yf&re confi rneéq?d and t#ﬁy ver e useglt pr gglucfe t he

ei ght y- f ofFHYIRGFERAIATEIPS SR PRIt seoio opIRE AR d“"%l"u‘fa‘ ity of

addr essabligidsatuotaeohigigs eor\uds inadicBning for activity and selectivity on additional

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



74 consolidated, using themto populate a 96-well mcrotiter plate. O the
96-wel |l plate, 12 wells on the plate were populated with six negative
control replicates and six positive control replicates. The positive
control was the highest + d.e. varian} fromthe pre-tuned plurality. The
am no aci d sequence of the variant |ocated at each well address was known.
[0246] (c) Use of the fine-tuned plurality. The fine-tuned plurality was
subj ect ed to screening with the new ketone substrate used in part (a), but

under evaﬂ%@@&'i%ﬁgd &R dr%%né BB BinS SRSk hidtioRhdldR sSmbiR@ns on i 1me) .
The procedure was Tdentical to that of part in this Exanple, with the

except i ongnythtians ideatifighinghe pevipusaEresp Hhen lnﬁagéﬁlﬁp?ﬁg@ op ﬂtj/sEquence—actlwty
(8)-1-(4- Flél‘dﬁ&%h begy, @ntsﬁjvérg s&&@edﬁoﬁmwihwmm lph@lir o Bdivérinpent ane- 1, 5-di o

ne was use |nst and the the seal ed reaction plate was shaken
for 16 homc@wtxmnéade@fwt@g (qrr@mcsﬂcrpmiox]eaw HEiRB e Mﬁna'ﬁélpiurahty as

i ast er cosel Geh b o RbRHIPRYHRLSRTREINE kg phikaeaiugRd Durality 1o

illustrated 1n ure hese nore demanding conditions, the
vari ant use@caﬂlepmmhbx Qferaumm inghe pagtipedd F@wléymeza%r%?%mﬁhbem@ﬂ 9% d. e.

in the pr %uggépspvaphﬁtg %wuﬁgsﬁ%é fififho LiNhbhAdd o P4 AU SRS F RBNRHEIPE .

+94. 4% aver age d. Ine tuned plurality, all the active
vari ants bmtatudm)a@ a@ﬂﬂmbﬁatmmﬂﬂdeﬁ a repyRsARtGLveWarigni S selvetsd &R irieeld hi gher

 Sonver si ol iak ANEwRAGlEl VP 6RRLAR posbh KA ORRIATE SIS Bliblbetidl o, o1 X

of them wi 05|t|ve control, and three of them
with essemartauulayposm Madtsélavn(lg?vg:r&sa@@n@tﬂm@am@awmémdt@hwhﬂerhe

variant gi nversion, 98.1% was one of the variants
exhi bi ti ngl¥t|>+ Bg g,q}a%é&cg%pl e 7:Use of a plurality of genetically

d' vergent, e[?ij{rz% &&gﬁjkérx AHeT B8 6 Y HIUES B$Efct B siz6 SNk Eahﬁa?ﬁtjr efwnef one

nore Kk aVI ng esired’activities on anot her nave
s ubst r at e.vafigR 8 thetpre tmed ploradity. [Foustample g gentesic algerihm witlhg Sinesmed

plurality G,oncttﬁk Pl SHGL ABERROY KRS LIRS ngl.ﬂ;a?gca\qg%#@la@&ﬁﬁt@h all

pol ypept i er ren ers o lur y reac
di ff er ent substeles) ofd gaudticditeysitan Thiki Al gogithom tar W@tcttowtlslﬂﬂw goecdh ect | vity on

a new substralg n@tvaﬁ?rﬁyéfv i wiad GALESH Bhcrdifting PerCBOGLENAL I NG L he

pre-tuned pOf’ura UStrates th e generation of a fine-tuned

plurality 95 1 & &&g%ﬁgaﬁs% YRR Ay tn@@%qw;ya PRRAHENER QRldiduk

rel ati onsH I ps |n|cae suggest ed the activities and
st er eosel eshiphirglitesf mdrqsmlam&l@t&stﬁs anﬁelsqﬁirtepommfé@lwm W-wel mjcrefifer he new

substrate, léa}gsd sidiShat fR amino acid sequence of the variant located at each address (plate

identifier and well coordinates) was known.

Example 4:  Screening a pre-tuned plurality of genetically divergent,
functionally diverse ketoreductases with a substrate that is a
known substrate for some variants in the plurality.

[0232] Sealed microtiter plates (2 x 96-deep well sterile plates; Costar #3960) populated
with the. pre-tuned plurality of ketoreductases of Example 3, in the form of frozen
clarified lysates comprising the recombinantly expressed enzymes, were allowed to thaw
at room temperature and then centrifuged (5 min, 4000 rpm, 4°C). 50 pi of a solution
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 ul of 106 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, | mL of methyl t-buty] ether was



screening of the fine-tuned plurality on the new substrate to identify one
or nore nenbers of the fine-tuned plurality having enhanced activity
and/ or stereoselectivity conpared to the nenbers of the pre-tuned
plurality. [0249] (a) Use of the pre-tuned plurality. The pre-tuned
plurality of addressabl e ketoreductases of Exanple 3 was screened with
3-butyn-2-one. The desired product was (S)-3-butyn-2-ol. [0250] Seal ed
mcrotiter plates populated with the pre-tuned plurality of ketoreductases
of Exam! Gdeq doltall\Fe, Ofllphe kb OREIMA! AR LhACH B3PBHEREABRpLEAY e
reconbi nantly expressed z%/ wer e haw at roomt énperature
and then déminites gt W centyifuged rR2pnip (ﬂQﬁ)O rpma&f% 5o8! of thegrguiipphasdnt ai ni ng
167 ng/ nmL i de
phosphat o 1 KA s Bl tefedid ARy LYeabi R H oA A0 e R, Dt e
(sodi um) Ipldté EQostap KB 3650p0lypaspydeid® dontainiag d b Mbtl'ﬂmetfiﬁhéblﬁtbﬂn%therca"h%ent ration

Nt )+, 40O R B AR etk iend M ln M 07 e s Teseal ed

To wor k- ugObieL B Al Aler® WilkElea bt Phyck B EIMEE AU RE Chlied? eh
wel | . The qib-ad &ﬁnmsTerchmﬂegmjlna,mdolsmalae‘hO°€8501gr9§rﬁhep@mfvthewﬂ)@ﬂrlaowee) for 10
m nut es, then ) gentrartéf d for a2 m Qorg(ﬁg{quanm 4C). 200 al of the
organi ¢ pPEEE VI 200K TandPeried™to’a wel | of a 96-wel |l round
bott om sh el lenol ypr 2] asul ting sanple
pl at es vveﬁgﬁs% a gé’de g)“x'?’ ?‘gékﬁ’?o?%%g%é ﬁz‘i‘ﬁg{"ﬁ‘gﬁ"s‘”%%l The sanpl es
wer e anal yenadidmeriGexdebdeer) of tidGeswiting0l-Penatharod. RXGitiykefei YalWes@her onpack

or ogr am P R gl R okl 86 Jafis hp YRUGIRAR ST 170 1 06

The converpheithaanld enanti osel ectivity data for these variants is
illustrated in Figure 10. A range of conversions and enantiosel ectivities
was obser \{QZﬁS] FFdJsiebthmpledhstratvsaet plesligy of polypeptiden eatat¢dto@Rpa@stinit yn- 2- ol  and
negative e, va s ar EyFber of the
plurality pé’&’\? ePtbre eater ?ﬁfgﬁﬁ%@"gﬁgh%%e&e@?@' %)%%:%‘gglzd{g&{e 'ﬁl}g&em red

(S) - 3- but yantiFetyodnd dlf}’eﬁerﬂldseugmnaarrdelwqﬁ ofi stdrédsyleaivitk et o godustlabatevar i ant s,
fine-tuned to identify variants with enhanced activity and

enant i osel ect i Extypledr  t $rreaneng asurbsuned pphural ity oeRetznally Jivergentas used to
devel op sequence- act i vi t fpnctivdakhedivense ketergdurtiseswitle sdcund spbstedtat i onshi ps
for the nmutations anong thitds »ndvemsubsirate frsope earfantséuitholpturalityt y exhi biting

o Um0 A bR OLAY Bl BnR SHENAIIER Win oL BRBAEAE s B e

pre-tuned e vari ant conpri se
conbi nat i cilﬂsngimLtihﬁwﬂ]tomrw onstratdrdmﬁufaneds assdbesteaft € fhglacdtephemme or bot h of

th ' th d j . NPt
e oo S ARt S e e BN RRCIrL AR Yy o b P
benefi ci alTetBndogi@ige. pdsohrr-mi &t zmem slemg 81713\1Epmﬁlahamh& rhsbdlephasewithta on

identified as beqr%efl cj al n? g{e tuned variants) were also included
in the corfhests r}ss‘aké'f‘@ dePTigreddh a1 et uned plurality. [0254] Genes

encodi ng t i.ants i vi dual nt hesi ze eir sequences
wer e confllpﬁgn %'gé’ﬁ‘bl gheay ?té’?ﬁ‘:?eﬂ C?’bvebﬁ‘%{b%c}gyef%lé“’f ﬂ%l?’&ltﬁﬁg new variants.
The fi ne- tedpgrbnidkideRdekd (6. egfofaﬁdemtﬂ-nydf@twradmtms.eiwaemmesawas

consol i dat ed, usi nlg themto po

a 96-well mcrotit The am no
aci d sequéﬁﬁ?ﬁ@"ﬂ‘?a“fﬁg 7!/5)’4‘%’%“4’@8%? SERUVE LG VHlRES Ar g’é @g?‘g@é"t’ﬁ‘{ﬁo

[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



[0255] (c) Use of the fine-tuned plurality. The fine-tuned plurality was
subjected to screening with 3-butyn-2-one. The procedure was identical to
that in part (a) of this Exanple with the exception that a newly acquired
supply of 3-butyn-2-one was used. The.new material gave | ower conversions
with the nenber of the pre-tuned plurality, the parent variant, that was
al so used as a positive control on the mcrotiter plate populated wth the
fine-tuned plurality. In the screen of the pre-tuned plate, the parent

e tS(RH}{ﬁJe&'ré? %Fﬁkgbt BV FCRPMOdrs bie bluR@int ddaed pl ate,

ket or educ
t he par en%paagfig?j\égﬁe?at ase al so on mcrotiter plate, gave 26%

conver si onvithidifferentaictititiesomgddeffererd stornevalecsivisies on fidfesat BEHaEs- t he fi ne-t uned
plurality was under nore demandi ng conditions than the screen of the
pre-tuned pl ur Examyle 6] 0286 of prpduraliinpéeaictispl i ivemeas furciellyect i vity data
fromthis screen of the diverse katgredcisseriar jdegtification of P8¢ Poe i n Fi gure 11.
Conpari son of Figures 10ketgredurisestivyiog dessd @Piyiliss ang ngv8w of the nore
demandi ng conditions of suh#rat&reen of the fine-tuned plurality, menbers of
the fine hgy RAhSE iRGthd Y uldGin REYuEE pReNTy o keldi@iubtage t uned

pl urali tyh%ggggg th@ ;raj cgrti ty (l:)]f the@ér:er?begg .o?y the pre-tyned plurality
gave predeelyneptideyrelard 18.apgasesiral pelypensisisi wheyein differeny members ohthene Fi gures)
al I the it €8F achi¥itPhdl BHEEM 10K FRIGROIAR biYa
(S)-3-but %-%E'gf&%tn%igg?l%{e&gega vaaictje?pi n the Figures) .e V\her?ea?t he nost

( S) - st er edew|substiateanofrpieionslpester or pied in eansiugsing the pre-(ingd plyralivodf o e

(5) - 3- but xe?@% VAL Blrerfiod BE a BRONRES pREalih6r Kel ik eagshipeptidRb i ty gave
>90% e. e. fg!‘%ﬁ%gsn@ég%qerﬂgggn%l_e '85'Coﬁstar u)E:]ti gn ofu agﬁtu)?aﬁi ty of

genet i cal Ibasedionseqpente-activity telasioashins indiatedandiy sprsested b thy eelyifeg and

i dentifyi s BEk Wl | RORRNR DIk dlinPOF MRS bR lrate SAHER:

car bon-cag on %gﬁﬁlﬁgsg-ggrll%??&%ﬁfsﬁéﬁée@@?@egigﬁlggnyI _group. f0257] Thi s
Exanpl e i Isbrestingofrbe fitketugedplusaitsoen thé new pilstrate ite idewily pabergrotand

genet | Cal | ool in SR T rati6HaDind len MGk GRE bRy HisleReofriviyy T at e (O
produce a pro uc‘%, ang wherern at | edst two menbers ofs the plurality react
with diffeompired ubbe mambsrsof thegaetuned plaraditsf.f eri ng 1 evel s of activity upon
a given substrate. [0258] (a) Sel ection of an ancestral enone reductase.
In this eXé¥ Al pre-din. rafisy.| Bhe IaAyned pluoatitd of @dessablend OYE3) were
chosen as japce | e QRERt : : . radyity of
geneti cal |k§%§‘?@é{a§%ﬁ’ Egﬁ%%f@%%ﬁ%&%l ver ggdéﬁ%ggﬁgﬁgﬁgﬁgggiﬂé a%{e anm no
aci d sequenaphadmash¥sadibe dkel grivpmwdscybstiswied, brhwess 238 canddipdp clitrland t he

crystal Stcglr %;[1 WL erOJf Stc%%ﬁngrEti(;n én? at%@‘l‘ér@@eg from the keto group: (5)-1-(4-
Fluoro-phenyl)-5-(2-oxo-4-phenyl-oxazolidin-3-yl)-pentane-1,5-dione.

[0241] The procedure was identical to that of Example 4 with the foliowing exceptions:
125 pl of isopropanol containing 1 g/L (S)-1-(4-Fluoro-phenyl)-5-(2-oxo-4-phenyl-
oxazolidin-3-yl)-pentane-1,5-dione was used instead of the 300 pl of isopropanol and the
solution of acetophenone in tetrahydrofuran; the sealed reaction plate was shaken for 635
hours instead of 24 hours; 200 pl of the methyl t-butyl ether organic phase was
transferred to the sample plates; and the samples were analyzed by normal phase HPLC
on a 2.1x150 mm Chiralcel OD-H (Chiral Technologies Inc.) column at 40°C using §0:20

hexane/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



[ 0259] Genes encodi ng the ancestral OYEs were designed for expression in
E. coil based on the .reported am no acid sequences and a codon

optim zation algorithm Using standard nethods, the gene was synthesi zed
and cloned into an~expression vector,__and the resulting plasm d was
transformed into an E. coil strain. Calls fromcol onies of the transfornmed
E coil strain were grown and i nduced to produce the enzynmes. The cells
wer e harvested, suspended in buffer and |ysed, and the cell debris were
removed. The e S re well n LI tLViLyv L the |ysate
for the BT S Eeo Rt sl et GOR B aPRhab it it B

confir med. predi2Gi64ntiFhie: desieelsS, §-alias@vdemengrositide stercomerdoexess yelueson Figure
sufficiently robust .to .desired enone reduction process r £

cond t1 ons AP Bl PLUR S SRR P Rl SRE3R RS Sleniemet 1 oy
t 0 or gani c(negiict stedesmaickxseds wahtsindiglte 85 Tleeprapdnslrangad ébmrbeto and

t et r ahydr of yir, On incubati.on jn neutral. huffe lution at 50C OYE 1
| oses al | %gé{%@{"f W?W‘a?técﬁﬁ‘é"ﬁgﬁh %B'ecffﬁjla_gﬁgééig‘a‘ef% }f"%heggceop PP P hour .
Under t he wilire deowslie9s Ims(+4O%E.2) ad) 7QVE(-R3bode). >Hdhigiest-héerwact i vity by

two hours, al | neasur abl e pvity within 3.5 hours. 78 [0261] (b)
| denti fi ca%‘ﬁ% g Vér'?%ﬁl?éi”elfﬁi’iqg%ﬁ %)é%’i’ré'oﬂ'af‘gﬁ?dlg?{gﬁée\‘eé’dﬁg?%ls%?m i rect ed
evol uti on benseerd0dnd D% bf tieke@e, Ot diadtdreostlebtbAticndn s frdnge ifremt+ Y1 % mpr oved

r obust ness gg/gesi red process conditions, making it nore suitable for use
as a parenT A25fme from which variants were generated to popul ate the

d I lity. Th het _ 1] i YE .1 E 2, d
o 2 A SoBIGEG b ool RS kSuERS: SREPRR- A by 5,2 =
screened fihe thidewslttthe habstrag undgirthy@ehetdoaditivds. $texbibited yo dnebtableabi ity to

organic reactants and solvents such as isopropanol, acetone, and
tetrahydr dftY8n. On incubation in neutral buffer solution at 50C, the

shuffled v el ected. a rent, ket or. tase for,. ' t he
oot umod TEAIR GoeRGbE S SEabRREN SR TR UBIAGS b i bONSIMRLEE (08 |

af t er one-ilattificth amongthe peftieed pludabiyrof ketoctde@isbovaifiantd ia pae (d) wetgusafiter 3.5

hours. [0262] (c neratjion o i ndi ng, packet diversipty.. A plurality of
enone red Lfg‘t’ '%5 é n\%{ Sﬁﬁﬁ{% "Qfﬁ‘?fﬁ%ﬁpﬂﬁ? Bwaﬂﬁeﬁgeéﬁug%ftg : etnﬁbu%laf'mbt% ?"étﬁt enone
reduct ase snlisncgé nivay esll diysteteoselesiifitycat ihe hewkularata OPaSAGSanklysis waenpri se

t he substrate bjndin ocket, .as i,dentified by the, reparted.crystal
structure ‘5?‘?6?4‘:%"%91’ %qﬁ?ﬂcﬁ'd‘:tb"d%'lgé‘fl S?ﬂi‘f’%“tefcﬁ?%er%é?lgcqvﬁy E’%‘Eﬂ?&'gﬁpﬁ %’r Ehﬁe gene
encodi ngBEIEﬁiatﬁkﬂfsgﬂlbngmeP&idrﬂiﬂ@ﬁ@?@-th%ﬁd(pnﬁalgi eiHilsitingpidnons n%gri be? i 3
Exanpl e ) .. Additi ona ...specific desired nutati.on e.identified in
o P00 by aliint s SelreL AR, e s SRR Ay Tt e nERL IR in e a2 fve
site of thewhay&dgple, Bt £ddh bR Bfiviliacanessing af thOYiahtsand theer e i nt roduced
invitro b‘il site di rec'Féded gﬁéagenesi s. _These inchudei_ gﬂta ions that were
predi ct ed FHIEIEAEEIVIHNE- ST et tapXanants i fingtuped PlprbAL cghtysioBsR™ 4t es. [ 0263]
Reduct i onsyagfintsindeprefnkial ity e SLHRAPIALIAS, WRTdRsibie@0whdcifl @cVabiame Whi ch
variants anong the bindi ng-pocket variants are viable, functionally

di ver si f | CAMBREHHEITBIAURR of thsmuations Seafifieassaelicel frone AEDGAPT Ant s

W th functhopdiveRiondhd e ROGHATH NN RESbsk ¥ etV Sl &b alod msldwbaképupl eotide
sequenci ng and transl ation of their encodi ng genes. Sel ected diverse

f unct i onal defrimeniatfier thesiteerc dfigaiong aptoresehtis U nhe-tinad Plugpliss bus gepdicteddn| e
enone 1 edygt ARSsa Rl bl QM (S8 BAERF Rrddtilsdbbdife divhItéth b ¥ndttRM! at ed into
wel I's of mul'tiwell” mcrotiter plates, wherein the address of each well is
i ts coor diidentifisd anbeachivizlamont the pst-tined virgpea yeedjsodetheded in ba of

sequence- aatioyali¥nd ELidhdaSthE e kg piicfey € acti vities and

'gﬁéd g P ( ! .
stereosel ectivities of the enone reductase variants in the plurality were

characteri @Eﬁ g?é':lr}% {rlig&n{l]é]ﬂete oHf v {a¥iaRQeRShdRiddhINES RibkYz & their

substrates the diverse substrates used to i"dentify 1 ndividual
f unct i onalsequencesntese cadfibaed andthey siety ushrtodrediics the eighty-thur indiyidugl new

variants. The fine-tuned plurality of addressable ketoreductase variants was



79 included 3-nethyl-cycl ohexenone, S-carvone,

()-8a-Methyl -3, 4, 8,8a-tetrahydrol, 6(21-1, 7H) - napht hal enedi one, and phenyl
nmet hacryl ate. [0265] Reduction of each substrate by isopropanol, in the
presence of NADP and an al cohol dehyd7r ogenase and/or by glucose, in the
presence of NADP and a gl ucose dehydrogenase, was used to determne the
activity characteristics of the functional binding pocket variants.
Activity characteristics determned for prochiral substrates were the
conver si on n t i el of

t he ster eocsoglrc’Oll teg”?’%gt[he%{ ﬁ’éﬁ) gﬁl?{ré%lsﬁd‘r@%gﬁ?tm“& aaggrdggﬁ%) gﬁ:} @]té ggs or

l'i quid chrweihstanghaxpihty weRopopelatid vsthbsx negatiye eontrakrgeticates elmwepmtms was
found anon ti naI i per cent
conver si on&ggslgrfs ?/‘"‘8‘(‘;’6 on %ocs}r@én%ﬁﬁtw ﬁg&re h%ftigi&;grq ﬁﬁ@g&@%@ rﬁgﬁg&d

conpl et e cglmmabtysi The. anﬁmcr acdhsiquprce oﬁthlcazhnm!l betted tiesacawe lhadysess fvas
stereoselectivities was found anong the variants having activity on the
substr at eek'lo ?66] By conbi ning the conversion and stereoselectivity data
with the kye on each
substr at e%ﬂﬁuenbe dcC q‘?@&fﬁmédgﬂ ail“g;ns gﬂe?@ﬁgmuémﬂ W&@Je@&ﬁ o
sequence- sicexeniog edib s nﬂv{lsetmlsabstlawshﬁbsl)paﬁ@) buiendes mipse demandingr e

SEneraL o Ul AR PL e BHERSRRRLLNLLYTESARARES Besha i

i nformati qmrlf(ahmtthszmquedeha@tqemmny th@ﬂmlﬂémsm lpmf@@n@memmﬁéa was used

to popul at ned f | use in
screeni ng %?S F I vlild r§5’-pan i é %%(?'\E}ll{hg&gr?%g%g‘g{h ﬂ@?eﬁ@r[) ?ggtﬁ)ggwasi'he
variants civedantebdof it HE apd Fhetthmelleqblrmacbn plyte weas shakel oc i @blowrpinsisad off ze t he

representa& on. of variants in the pre-tuned plurality that exhibit both
the functi (act|V|ty/seI ectivity) diversity over all the substrates

pr evi ous| ng,ﬁjl 38 BNl RSl AR Wb R el

mut at i ons nt's were selec W varl esi gne to | ncor por at e
and conbi nduslitygs dlusted ih FignrahdJsier tl:n@sd}nmratdcmmslmgfcond:tiama, thayarighent i fi ed

in the pr eVI sk BnoRfive gnntrto W, 1chsgéa] (5 5% §‘9t opngér?ig Qr%%‘%é?ﬂ%%@:?eemﬂg& vity

rel ati onshi’ ps ari an LAt ai n attern of
di versity firaligtsineéd, bﬂsbmﬂcﬁtis’e:h\e&tge‘wmvmmf @94 t%hchersghde.r mﬂgﬁhﬁt he

Punct i onal 5 AR ER Rl Re FaF xR 8 b RPRRESAY
L he pre-t uxaibitpd hllrgﬁérlcbnwer@di‘rethﬁrethb@Sﬁ?vmdnu'el Ak higemne ofthamsvatbsied egfixvari ants
aving single ami ons.of a acter. (copservative
ot a1+ ons) tier Wi Riehg & e poiasenBol st RERER Ml HRERL

sel ect ed. >&g FH26R, Adgaaebiner \a#sgmﬂet‘é&tad)w'{hhvﬁlﬁt gmegs}:jefmg?su on that

assi gns wei ghts t |mzet unc ty and selectivity on

al | gubstr_ &%’?’O'é(rzfaqg)‘(éﬁ@ff’ﬂe t@"e}”’s’laf'gf“%ﬁ@ 5%%%’%‘;/% *reduce the si zg of
Shone. T equct as &9 anarbg‘g‘%fs 1 it Pt ‘”a' I
consol i dated as a plural i'f’g’% g é*’ssg%%r‘ egtﬁ% 40'?% ELHLRE and used to
popul ate one 96-wel | mi cFOFLEFasH Vs Eﬂ&%’ﬂfﬂ\é{[mtc}?éﬂﬂg FEci d sequence

of the variant |ocated at" é%ﬁ address (plate identifier and well
coor di nat e@248)erhidkdx@mple illustrates the use of a pre-tuned plurality of ketoreductase

polypeptides related to an ancestral polypeptide, wherein different members of the
plurality react with different levels of activity and different levels of stereoselectivity on a
new substrate not previously tested or used in constructing the pre-tuned plurality. It
further illustrates the generation of a fine-tuned plurality of ketoreductase polypeptides
based on sequence-activity relationships indicated and/or suggested by the activities and

stereoselectivities of the members of the pre-turied plurality on the new substrate, and the



Exanpl e 9: Screening a pre-tuned plurality of genetically divergent,
functionally diverse enone reductases with a substrate that is a known
substrate for sonme variants in the plurality. [0270] A sealed mcrotiter

pl ate populated with the pre-tuned plyrality of enone reductase of Exanple
7, inthe formof frozen clarified | ysates conprising the reconbinantly
expressed enzynes, were allowed to thaw at room tenperature and then
centrifuged (5 mn, 4000 rpm 4C). 150 pl of a solution containing 8.3

g/ ML S- cagun@ o@thgginmn@@} Hfrﬁﬁ& bARRINEG saElERienNSiddht Q)h@@lthgx% phosphat e
(NADI )+, Na sal {g’ n{) | ucose dehydrogenase ( /L

D- gl ucose '(limgeféqﬁmﬁlﬁl“ew{l%é P‘Uﬁ'hﬁf ll@%%t%h%%%ﬁ“bﬁhﬁmﬁswr%@eﬂ&g%hosphat e
(sodium &%ﬁedﬁ&%ﬂe%cﬁ%e?ﬁ@ﬁ‘t%@%rﬁ@pﬁ%ﬁy wel | . The final concentration

of each co nent was as follows: 5 ng/nL S-carvone, 0.5 ng/nL NADI )+, 2

ng/ mL GDH, [[0949]13 2T hah S&ncd Sl FThJﬁ%—tﬁ}{eﬁtpﬁ:erﬁ?ofﬁﬁl?éL&% and shaken
on an or bi aker roomt enper at ur e) hours. To work up
t he sanpl ekstorgdugiasesfof gtzmivp 3 twag gergencd @3 -Hign- %raafedﬂtecﬂeélép@wrvsém wasThe

pl ate was (I’S?g%{ﬁ.,gb gnd shaken (850 rpm roomtenperature) for 10 m nutes,
then was centrifuged for 2 mn (4000 rpm 4C). 200 pl of the organic phase

i n each wejghsoasecilbPmitfndrothttpopulilhwifithep®unealuriIfy Bekdistdrmsshal | ow
wel 1 pol yprgyl ene mcrotiter plate. The resulting sanple plates were

seal ed andfdxamals 3 inghefery of fozenglarificd dysates somprisigdhe ppmbiaantlyy e anal yzed

by GC- FI D Qfredsed thyﬂ{es %r@hﬁov@edetg t}{m@ &Qo&te@%xfaldrmndwﬁ)eéceﬁm éﬁ Agi | ent
Technol ogi es I nc. 1§)fs 125C for 3.25 721 Figure 12 shows a

pl ot of tH@m%(E’@rm@r%mn PIS’f@éPI&'B%C%%HIF&é57siflé/|“tlo?’rﬁ'lﬂb’ﬁ‘ 38 (%nd.e.)

of the re%Hé/HLﬂﬁc&ﬁ%nd@'aM&ﬁ%cY%@e plRRPhdd FEASH'CNG QMBI drfal wE ess val ues
are predomnantly (2R, 5;% cis-d rocar vone and negati've stereoneric

excess val lmopaﬁ@l (Fdw ﬁl&ﬁphtyspbfgs(ssélyma bukker (el {yPo wae added fecach gell] 0273]
Thi's exanphg finhl éb?lt:én%ﬁ‘ﬁl & REHE R oh¥ntas QQ%&IB@QH‘O@ %&A&Eh Bfh-3-8n@N

ancestral polypeptid erein ditferent nbers lurality react
with di ffé}%mg/mlebléllﬁ’ % btA mi(&/mmmmenlfafee(ﬁmmbhw?@uTlmﬁataM@SI evel s of

stereosel §eleLithbyd 9k & andibitat M(Ela&gﬁ rpm, room temperature) for 24 hours. To

work up the samples, 1 mL of methyl t-butyl ether was added to each well. The plate was
resealed and shaken (850 rpm, room temperature) for 10 minutes, then was centrifuged
for 2 min (4000 rpm, 4°C). 200 pi of the organic phase in each well was transferred to a
well of a 96-well round bottom shallow well polypropylene microtiter plate. The

resulting sample plates were sealed and stored frozen until analysis.

[0251) The samples were analyzed by GC-FID on a 30 m x 0.25 mm (0.25 pM film)
Chrompack CP-Chiralsil-Dex CB chiral column (Varian Inc.) using the following
program: 15 psi, 70°C for 7 min, 25°C/min up to 200°C, 200°C for 3 min.

[0252] The conversion and enantioselectivity data for these variants is illustrated in
Figure 10. A range of conversions and enantioselectivities was observed. Positive e.e.
values are predominantly (R)-3-butyn-2-ol and negative e.e. values are predominantly
(5)-3-butyn-2-ol. No member of the plurality gave greater than 70% enantiomeric excess

to the desired (5)-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



Exanpl e 10: Screening a pre-tuned plurality of genetically divergent,
functionally diverse enone reductases with a second substrate that is a
known substrate for sone variants in the plurality. [0274] The procedure
was identical to that of Exanple 9 wi.h the exceptions that the substrate
solution contained 8 3 mWML 2-nethyl-2-pentenal instead of the S-carvone
and the sanples were analyzed by GC-FID on a chiral 25 mx 0.25 nm (0. 25
pMfilm Supelco Beta Dex-225 chiral colum (Sigma-Aldrich) at 12 psi

using the éj ggll 9%@%1&&%@@#%&@5995&“{5 fRGuh s to?deﬁtlf? \Qmar?tg @i n up to

150C, 150 ure 12 shows a plot of the % conversion of
2- met hyl - nbawedadivica arl maetme@p@ohfefm ihe agw abstriteg BroéA)R ayplyginavap used| t i ng

2- et hyl - %ogg\%técﬁ)r@auefl?é)ﬁ tygnégeglh%g%ﬁarﬁm%ﬁﬁ@ Péﬁa'thﬁs‘m‘u;ﬁrfﬁrtﬂé edormi nant |y

R- 2- et hyl negatl stereoneri c excess val ues are
pr edoni narm'htytu&s 2moeg thy vardanseintthhpre-tured Pglitrexhibisneantivdy i Alfisstyges a

pl urali ty ol &l

di fferent O¥R§?L% %ﬁ& {; rp‘?z%s?x?;ﬁ ?15 (r:(%)%g%u%ﬁ#yf grrﬁgﬁr]és%ﬂ e\!/\/(ewe?ég) act ivity
and diff er\anhntsicmmn’(scd)w acm:lbrhmls sf tht mettationvideritdiod Wb@l{@ﬁ@lﬁl far gfiovasn

S.UbSt rat e'boﬁy?f%ﬁ)enpo%(rel:rglon tcfthgﬁgm%ld engm%?lgctfv Mu%at B?mﬁ erﬁhrpmg in

Figure 12) hi's exa urt es a ura |ty polypeptldes
rel ated t gratynad mutal:pdtuyp@imﬂHoWh@penmalwan@l (ﬁfg bheophencal ity react

Hbat rat ooonithfiet bR AR iR Singd RIERSRIE 0N bR QR [T erent |

substrates enetic di ver gent,

functi onal \Iaylaxds)me;ﬂscemdméed mdhmtcmstemtlbos dqszgeﬂ:t fOf tfcd'nwﬁmedfplmﬂéyor mor e
ket or educt ases having desired activities on a nave substrate. [0277] This
exanpl e i |[P2&MH IGenessentdring the now varigmeweng metivignally synthasized, theipsrauensefuct ase
pol ypepti I e 0, [ el renbers of
Phe” bl ur iy o FUTRES b8y KRR ROy ARB e far i nn el CHBMin ™
directi onstwmd(tllirel@tye bfaddfesstbde lemoretiutase vartaptsoves aomehdaéubmmathemrtot

previously t ?u welH%%ldot!J 1 Gf;R ’f‘}ﬁ i\ﬂgctuﬁ E%% %?gokﬁ@%gmﬂh cgt!e 82

[ 0278] Thé® Br S¢&adr e Was 1 dedtT ea e exceptl on
that the wﬁsmlaackir@starashmwmont ai ned 8.3 ny/nL of R- carvone |nstead of
the S-carvone. [0279] Figure 13 shows a plot of the % conversion of

R- car vone [825] U uged plurality. The fine-tuned plarality was subjected to

screening with 3-butyn-2-one. The procedure was identical to that in part (a) of this
Example with the exception that a newly acquired supply of3-butyn-2-one was used. The
new material gave lower conversions with the member of the pre-tuned plurality, the
parent variant, that was also used as a positive control on the microtiter plate populated
with the fine-tuned plurality. In the screen of the pre-tuned plate, the parent
ketoreductase gave 53% conversion. In the screen of the fine-tuned plate, the parent
ketoreductase also on the microtiter plate, gave 26% conversion. Thus, with respect to
conversion, the screen of the fine-tuned plurality was under more demanding conditions

than the screen of the pre-tuned plurality.

[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 sc¢reen 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-2-0l (positive e.e. values in the Figures), all the members of the fine-tuned



excess (% d.e.) of the resulting dihydrocarvone. Positive stereoneric
excess val ues are predom nantly (25,5R)-cis-di hydrocarvone and negative
stereoneri c excess values are predom nantly (2R, 5R)-trans-di hydrocarvone.
Exanpl e 12: Use of a plurality of gengtically divergent, functionally

di verse enone reductases for identification of one or nore ketoreductases
havi ng desired activities on another naive substrate. [0280] This exanple
illustrates the use of a pre-tuned plurality of enone reductase

pol ypept i d,ﬁﬁrari@gaLeeﬁe&o%iﬁarﬁgf@m—wﬁ}hmr{hég@ﬁve oM1QhRbsIndhd figires)t members of
the plurality react with different |levels of activity and different

di r ect i onsWhmgas the/mpsf (Hrstereeselesdvn mempbsyiof the gre-wnedhRivialey g3 d1B&fr at e not
previ ousl ysh 83L,84-2081, 4569, LRhCABRHEY 6F thB Giné hﬁedols@rati@r%de phosalei ty. [0281]
The procedure s 1dentical to that of Exanple 10 with the exceptions that
t he subst r@-é-byomdtélon contai ned 8.3 ng/ L 2- et hyl - cycl opent enone i nst ead
of the 2-nethyl-2-pentenal and the GC apal ¥si s.was at 15 psi using the

fol | owi ng t enpdixampled: progpsiirtiongfe myplity 91 geneticptirAlergel t o 200C, 200C
for 2 mm [0282] Figure facigiglis diyese ghong redupfasesfrddaptfedi®n of

2- et hyl - cycl opent enone AdeRCRAcYiRTeBHIships Ek@éﬁé‘ges(t%té:?‘h‘f"j of the

resul ting 2-met hyl - cycl opfsbrnatishr dopBleibopdseoipgtted o aboryd &P val ues are
pr edoni nanjob¥7]Shis ERIBI it Gt AIRNEAB@MGh SNChINBRRLF buSlaad gaivecilly excess
val ues are_ predom nantly R-2-nethyl -cycl opent anone. %0283& Bﬁ?cgorrpari son
to Exanpl ediveremppnrymes. saqdh afaviishoreagts Witk g supstraty iprgieg 2 pggduct, exanpl e
further il{stihaf Bt Avdth@nbetd 8FkhRblkaity tdciafithRpidtpaRubMaks bEfeattadiit 0 a

par ent polg{%eptl de wherein nenbers of the plurality react with different
acti vi t i esdifprinedevelscal eptfvigupra s £&1eBEYISIFE| es on different naive
substrates, that is substrates not used in construcg;' g the
pre-tuned 972 4a)Selectionpfgmancgstralengne reduciasesIn ‘Eﬁteé‘?ﬂ‘%l?’ NE R Jzgﬁpl i cations
and ot her JOEWER e (YT ORELNG GYID)iviad EHoBendk andtetidRYzyne dsrpor at ed by
reference Iin their entireties for all purpgses tqg the

. 3.
development into a robust plurality of genetically divergent, functionally diverse enone

test ed or

Gl Npey

reductases. The amino acid sequences of these natural homologs and others are reported

and the crystal structure of the OYE 1 is available.

[0259] Genes encoding the ancestral OYEs were designed for expression in E. coli based
on the reported amino acid sequences and a codon optimization algorithm. Using
standard methods, the gene was synthesized and cloned into an expression vector, and the
resulting plasmid was transformed into an E. coli strain. Cells from colonies of the
transformed E. coli strain were grown and induced to produce the enzymes. The cells
were harvested, suspended in buffer and lysed, and the cell debris were removed. The
enzymes were well expressed and their activity in the lysate for the reduction of

cyclohexenone to cyclohexanone by NADPH was confirmed.

[0260] The ancestral OYEs were determined to be not sufficiently robust to desired enone
reduction process reaction conditions, and required improvements in thermal 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-haif 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.



same extent as if each individual publication, patent, patent application
or ot her docunent were individually indicated to be incorporated by
reference.for all purposes. [0285] Wile various specific enbodi nents have

been illustrated and described, it w-l be appreciated that various
changes can be made wi thout departing fromthe spirit and scope of the
I nvention(s). 84 WHAT IS CLAIMED,I S: 1. Aplurality of addressable

pol ypepti des, a portion of each pol ypeptide havi ng known amino acid

sequence, (b6 %j 1dERERatRAl RGBS d s8RAEdbTe Wirdf erbns Withibtagd, Dikaategr oduce a
product, and erein at least two nenbers, of ﬁhe lurality are related to

a parent pIPypeprrTechinriaaer QNR yrankhagingspiiiypCy pupraed tobusiness tg 5
plurality ffi-QdHsessaRliBoR miRARYI F6% suiabROME hns @paAcdznnt fpaPt | de
havi ng known am no acid sequence, wherein ea%r ol ypept i reacts with a
subst r at e Whiclhyasignis avee generatsdito pepydpisie caens regue aéeaégfﬂﬂ% ﬁﬂgbeé“‘of t he

plurality ane dhebdtLdykq, BYRS Rl 0N Vs BihileDRAGhLARE andilk Resdithg er i ng
| evel s of "activity upon a given substrate, he.. pl ur al

L te. 3. The. ty of
clai m 1 i rshuffied Hibamctiasrersbred o8 variapt hawagfm%rpwthmkﬁt#ﬁ‘ﬂ@.and Sl 4. The

plural tty BhrhRirHclanland LAdPodoR sl bp O BodBHRDAISc ARy o rd OB UDST 1 at €
and ot her nemnbers act on at |east one other sSubstrate. -
incubation in neutral buffer solution at 5¢°C, the shuffled variant selected as parent

ketoreductase for constructing the pre-tuned plurality retains >70% of its activity for
cyclohexene reduction after one-half hour and after 1 hour, and >65% of its activity after

3.5 hours.

[0262] (c) Generation of binding pocket diversity. A plurality of enone reductase

variants derived from the selected robust parent enone reductase was gener&ted by
diversification of amino acids that comprise the substrate binding pocket, as identified by
the reported crystal structure of OYE 1. Binding pocket mutations were introduced in the
gene encoding the parent enone reductase by one of the methods described in Example
3(b). Additionally, specific desired mutations were identified in siflico by docking studies
of diverse substrate structures in the active site of the crystal structure of the ancestral
OYE 1 and were introduced in vitro by site directed mutagenesis. These include

mutations that were predicted to change the stereoselectivity for prochiral substrates.

[0263] Reductions of diverse ketone substrates were used to determine which variants
among the binding-pocket variants are viable, functionally diversified enone reductases.
The amino dcid sequences of the variants with functional binding pocket diversity were
determined by nucleotide sequencing and translation of their encoding genes. Selected
diverse functional variants were consolidated into a plurality of addressable enone
reductases of known sequences and were individually populated into wells of multiwell

microtiter plates, wherein the address of each well is its coordinates on a particular plate.

[0264] (d) Generation of sequence-activity relationships. The diverse activities and

stereoselectivities of the enone reductase variants 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



5. The plurality of claim1 or claim2 in which at | east two nenbers of
the plurality differ with respect to one or nore of the follow ng
properties: substrate specificity, chenoselectivity, regioselectivity,
stereosel ectivity, stereospecificity,yligand specificity, receptor

agoni sm receptor antagonism conversion of a cofactor. 6. The
plurality of claim4 in which the nenbers of the plurality that act on the
same substrate differ with respect to one or nore of the follow ng

proper ti egpohls-MinRlQHurixchMdTBIchRBre, ROLSEMbhoLN Y 88aI1aMhodroa Substrate
to a product, or percent conversion of a cofactor. 7. The plurality
of clai m 1L&2H, apiohalenedione,iand phengbmethaepdaten nher s are oper abl e over a pH

range fron1about‘pﬁ.5 to égoﬁt pH 10. . 8. The pl lity of claiml
or cl ai m 403651 Risesionef sagh sybstrals brdinBEApanakrn “B‘d’é‘?s%‘icg’f%ﬁ %leraé‘nge of
tenper at Urgniafesyd? eBﬁsQ%hé@PH} ghhbosk Oin #RQk#éseRRGE NADP and Hgluddie plurality
of claim1 or claim?2 in which at | east, two nenne[sﬁ?re %Fera le in a

sol uti on clshydspgsnmg: Vesorrdisolptermine;ibe agtyity chamsieastips of thedupdiignt.  ss

10. The plyitald fotk@fvafdn®l. A divity cBArddiRisticd deteMhined fQaREchirardabsiraads viche
plurality is an evolvant of the sanme parent enzyne ains at | east

_ A enzy d cant
one.nutatﬂbﬂxasméﬁﬁﬁﬁwbﬁmwﬁnPﬂ@eﬂéﬁgﬁfa@%@?ﬂﬁ@“m“am?gvagt he plurality of
claim 1 orgLl ARt b M Eribal pheiudl, BeauiddbycBiilighs asliguitharbtatefrapigiber s and
each subset conprises evolvants froma separate parent,en%yne.

For each substrate, a range of ¢conversions was found among the functional variants. For

any given substrate, the percent conversion observed upon screening the plurality ranged

from none to complete conversion. For each prochiral substrate, a range of

stereoselectivities was found among the variants having activity on the substrate.

[0266] By combining the conversion and stereoselectivity data with the amino acid
sequence information from the variants active on each substrate, sequence-activity
relationships (including sequence-stereoselectivity relationships) for each substrate were

generated using a protein sequence-activity relationship algorithm (ProSAR).

[0267] {e) Population of the pre-tuned plurality. The information from the sequence-

activity relationships so generated was used to populate a pre-tuned plurality of enone
reductase variants for use in screening for activity and selectivity on additional 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) diversity over all the substrates previously tested and the genetic
diversity from the binding pocket mutations. Variants were selected and new variants
designed to incorporate and combine single mutations and/or combinations of mutations
identified in the previous screen to be important based on the sequence-activity
relationships. Variants were selected to maintain the same pattern of diversity of
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.



12. A plurality of pluralities in which each plurality acts on a different
class of substrate. 13. A plurality of enzymes made by a process of:

(i) generating variants of at |east one parent enzyne, wherein at |east a
portion of the ami no acid sequence ofg,each variant is known, and wherein
each variant conprises at |east one nutation known to affect reactivity
with a substrate to produce a product; and (ii) selecting two or
nore variants wherein at |least two of the selected variants react with

di fferent [tﬁ%%tztﬁf Qe al%o‘kithrﬁ Y BdnbdsMufioR BaY ABEnSREQnBYo MakidRass Of :
(i) generating variants of at |east one parent enzyne, ,V\/nereiglﬁ%t | east a
p

portion offundienaltativitaandieiastividhereal bjubgisales) 3 §eaRHS JIEerfioVRT 2 Yherei n

each vari apj ' el Bk R rkRA¥piuALAf f ect reactivit
with a substl}cg?{eméig%g?ngg’&géﬂg%g%hggﬁgt; and & P (liéyic) sel ecting twg or

more vari aﬁﬂ%@é@@gﬁdn@ rlucta8@siriahidRei0fied R RPrERMEHpMANLARES react with

differing . activity upon a given substrate. 15. The
pl ural i ty whsadidatedrasiaaplimalinifeddressable sponeredustapesapd gseddp PO M s on a

di fferent 9%9\93# i &iter plate, suchifat tSmRb YEidlsbquén@fortlediafkrAtIodted hfedch  Whi Ch
sonme nenbers of the plurality act on one substrate and ot her nenbers of

t he pl ur aldddsessiptateoidensifier andswelbepordinatesy) wep kit e.

Example 9:  Screening a pre-tuned plurality of genetically divergent,
functionally diverse enone reductases with a substrate that

is a known substrate for some variants in the plurality.
[0270] A sealed microtiter plate populated with the pre-tuned plurality of enone reductase
of Example 7, in the form of frozen clarified lysates comprising the recombinantly
expressed enzymes, were allowed to thaw at room temperature and then centrifuged (5
min, 4000 rpmn, 4°C). 150 pl of a solution containing 8.3 mg/mL S-carvone, 0.83 mg/mL
nicotinamide adenine dinucleotide phosphate (NADP”, Na salt), 3.3 mg/mL glucose
dehydrogenase (GDH), 15 mg/mL D-glucose (1.5 equivalents), and 17% tetrahydrofuran
in 100 mM phosphate (sodium) bugger (pH 7.5) was added to each well. The final
concentration of each component was as follows: 5 mg/mL S-carvone, 0.5 mg/mL
NADP, 2 mg/mL GDH, 9 mg/mL D-glucose, 10% THF. 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 added to each well. The plate was resealed
and shaken (850 rpm, room temperature) for 10 minutes, then was centrifuged for 2 min
(4000 tpm, 4°C). 200 pl of the organic phase in each well was transferred to a well of a
96-well round bottom shallow well polypropylene microtiter plate. The resulting sample

plates were sealed 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 §-carvone and the stereomeric
excess (% d.e.) of the resulting (55)-dihydrocarvone. Positive stereomeric excess values
are predominantly (2R,55)-cis-dihydrocarvone and negative stereomeric excess values are

predominantly (2S,55)-trans-dihydrocarvone.



17. The plurality of claim13 or 14 in which at |east two nenbers of the
plurality differ with respect to one or nore of the follow ng properties:
substrate specificity, chenopselectivity, regioselectivity,

stereosel ectivity, stereospecificity,gligand specificity, receptor

agoni sm receptor antagonism conversion of a cofactor. 86 18. The
plurality of claim16 in which the nenbers of the plurality that act on
the sane substrate differ with respect to one or nore of the follow ng
Pr operti gs[O%TS@Wis@iarﬁﬁl@@llﬁ;imtf‘:Qﬁ Bl_il'i'd!'@ﬂ?f mﬁ'fp@}ﬂfﬂes 0t $h @Acegfrala substrate

0 a product, or, percent conversjon a, cofactor.. . 19 he

pl ur al i ty RofyPeptigdenyhereingdifierent We%h?'ré HP@F p}“éég@f repgtavihediferent l?)‘felst“-rr\re plurality
are oper ablcBviQVAak difidédt dirédi@as hdBvAaPSttergdiskibetivity ab algiven blibkQate. 20.
The plurality of claim13 or 14 in which at |east two nenbers of the

plurality are orenplalle: OS@éening Bprgeuril pluestipeotdenetially divgigag, f r om about 4C

to about 50C. 21. fuhbtonpliyidiakist ynoné reduethses ddharsedohdi N which at | east
two menbers of the pl uradubbiyaté@ther 9R&NWA Subisiratafs ebit varanadnttai ni ng from
about 10 to about 50% orgasnlig.sol vent. 22. The plurality of claim

13 or 14 in which each nmenber of th rality iLs an evol vant of the sane
ancest or elﬂ%mﬁ‘ﬁﬂﬂ’ § ¥psidenfical t8é€f¥ gtﬁ’éa"?ﬁﬁet %th ﬁhca"‘é‘c?}’g %‘Ihgtcfg? o the
alnces][ or &QBAR: solution c%ntﬁﬁed gl erghh U Rahdthyl-20fenthaliindtdad o thelHAcarvonehhdh t he
ural it conpr e ' i
Py o L PR TS SR> RS AR UM evol vants
Supelco Beta Dex-225 chiral column (Sigma-Aldrich) at 12 psi using the following
temperature program: 80°C for 9.5 min, 70°C/min up to 150°C, 150°C for 2 min.

[0275] Figure 12 shows a plot of the % conversion of 2-methyl-2-pentenal and the
stereomeric excess (% e.e.) of the resulting 2-methyl-2-pentanal. Positive stereomeric
excess values are predominantly R-2-methyl-2-pentanal and negative stereomeric excess

values are predominantly §-2-methyl-2-pentanal.

[0276] This example illustrates a plurality of 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 given substrate. By comparison to
Example 9 (whose results are also shown in Figure 12) , this example further illustrates a
plurality of polypeptides related to a parent polypeptide wherein members of the plurality
react with different activities and different stereoselectivities on different substrates.
Exé}np!c. 11: Use of a plurality of genctically divergent, functionally
diverse enone reductases for identification of one or more

ketoreductases having desired activities 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.



24. The plurality of claim13 or 14 in which the selected variants are

pl aced onto a surface. 25. The plurality of claim13 or 14 in which
the surface conprises a mcrotiter plate. 26. The plurality of
claim13 or 14 in which the surface ggnprises a set of 2 to 4 mcrotiter

pl ates. 27. The plurality of claim13 or 14 in which the surface
conprises a m crochip. 28. The plurality of claim13 or 14 in which
t he surface conprises gl ass. 29. The plurality of claim13 or 14 in

whi ch the @trd]ane phRERd $ESidehtasl oGhat oBExample 9 witBhe ckbeptiphuliaattet y of claim

13 or 14 in which the variants are expressed. fro ol ynucl eot i des
subsirate solution contained 8.3 mg/mL of %—carvone instea onhe g»carvone. '

[0279] Figure 13 shows a plot of the % conversion of R-carvone and the stereomeric
excess (% d.e.) of the resulting dihydrocarvone. Positive stereomeric excess values are
predominantly (25,5R)-cis-dihydrocarvone and negative stereomeric excess values are

predominantly (2R,5R)-trans-dihydrocarvone.

Example 12: Use of a plurality of genetically divergent, functionally
diverse enone reductases for identification of one or more
ketoreductases having desired activities on another naive
substrate.

{0286] 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 another new substrate not previously tested or used in constructing

the pre-tuned plurality.

{0281] The procedure was identical to that of Example 10 with the exceptions that the
substrate solution contained 8.3 mg/mL. 2-methy!-cyclopentenone instead of the
2-methyl-2-pentenal and the GC analysis was at 15 psi using the following temperature

program: 120°C for 10 min, 10°C/min up to 200°C, 200°C for 2 min.

[0282] Figure 13 shows a plot of the % conversion of 2-methyl-cyclopentenone and the
stereomeric excess (% e.e.) of the resulting 2-methyl-cyclopentanone. Positive
stereomeric excess values are predominantly S-2-methyl-cyclopentanone and negative

stereomeric excess values are predominantly R-2-methyl-cyclopentanone.

[0283] By comparison to Example 11 (whose results are also shown in Figure 13), this
example further illustrates a pre-tuned plurality of polypeptides related to a parent
polypeptide wherein members of the plurality 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



31. The plurality of claim13 or 14 in which the variants are chemcally
synt hesi zed. 32. A plurality of addressabl e polypeptide variants nade by a
process of: (i) generating a plurality of polypeptide variants
related to a parent pol ypeptide, eachysvariant having a different am no
aci d sequence, wherein each variant conprises at |east one nutation that
enhances reactivity with a ligand as conpared to the reactivity of the
parent pol ypeptide with said |igand; and wherein at |east two variants of
t he pl uraldain¥ eki8RGE ifMatHindividuar gidlicaticdapsdant, patdt application or othér doca@aa&itgni ng
an address to_each of .the varjants. raj%gmlof addr essabl e

C [ 33..,Aplu
pol ypept i d¥ere dividvaly indigatef o be eqrpguated by :rgtlerence PYPSSYenerating a

plurality pept.i de vapiants.related to arent pol yv.pepti de, each
Dart ant  naend bl Rrimsscine it PRbStoeR b e B i R AOBRE P
cConpri ses #pprebRRE tha RRici Eidnz&tcah baimade hathos slepaeamnt fron the spirlt hndisdopgand as

conpared tqg the reactivity of the parent polypeptide with said |ligand, and
wher ei n at°ffe8YenfigR{Skar i ants of the plurality react with differing |evels

of activity upon a given |igand; and (ii) assigning an address
to each of the variants. 34. A nethod useful for identifying at
| east one pol ypeptide having a desired activity, conprising: (i)

screening a plurality of polypeptide variants against a |igand of

interest, wherein each variant reacts with at | east one ligand to produce
a detectable signal, and wherein at |east two nenbers of the plurality are
related to a parent pol ypeptide and react with different |igands; and



(i1) identifying at |east one variant that produces a signal upon reaction
with the |igand of interest. 35. A nethod useful for identifying at
| east one pol ypeptide having a desired activity, conprising: (i) screening
a plurality of polypeptide variants ggainst a ligand of interest, 88
wherein each variant reacts with at | east one ligand to produce a
detectabl e signal, and wherein at |east two nenbers of the plurality are
related to a parent pol ypeptide and react with differing | evels of

activity upgRrTas¢ivamedn gand; and (ii) identifying at |east one
variant. that produces a signal upon reaction with the Iigand of interest. -
36. The met hod0fA gluaility SFadaressable polyipttries,aquptidnsifegeh polypeptide hafing i )
identifying at |east, a second, variant that.Broduces a signgl upan reaction
with the Ikinﬁ‘é?l e apﬂtsgglggfﬁ, wherein each polypeptide reacts with a substraie to pioduce

a product, and wherein at least two members of the plurality are related to a parent

pelypeptide and react with different substrates.

2. A phurality of addressable polypeptides, a portion of each polypeptide having
known amino acid sequence, wherein each polypeptide reacts with a substrate to produce
a product, and wherein at least two members of the plurality are related to a parent

polypeptide and react with differing levels of activity upon a given substrate.
3. The plurality of ¢laim 1 in which cach member acts on a different substrate.

4. The plurality of claim 1 or claim 2 in which some members act on one

substrate and other members act on at least one other substrate.

5. The plurality of claim 1 or claim 2 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.

6. The plurality of claim 4 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.

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.



(iv) postulating a sequence-activity relationship between the am no acid
residues within the identified variants of claim34 or 35 and the ability
of each variant to produce a detectable signal; (v) generating a
second plurality of polypeptide varigpnts based on the sequence-activity
rel ationship; (vi) screening the second plurality against the |igand of

I nterest; and (vii) identifying at | east one variant fromthe
second plurality that produces an enhanced signal of interest as conpared

to the identi A f '16dT1¥ %ﬁr@ih%%ﬁglfmrﬁ bk plaif2 o wl?féh each memchthhJ bfrdT®) i@%’ of

claim 34 or dentlt of the ligand of interest

unknown. evolvant ogsne sFine parentiepelyrod and mnmra@t lepsh ommﬁnentr@rn@;s qoﬁ@ﬁ'teﬂtt‘glthéf t he

l'i gand of a&%ag ﬁ% I S unknown. 39. The nethod of claim34 or 35, in
whi ch each varrant s an enzyne and the ligand of interest is a candidate

substrate for the enzy . The nmethod of claim 34 or
whi ch each var ildnthe FéUfalltV@é elging 1 Oaﬁ]de Rén vhigh Fig phrality pipprdses f‘ﬁ’s%{s Efandl dat e

l'igand forp,{he, n%ﬁﬁ%g&psrubset compnseé SvolVhEs ek B@éi)aﬁtte kit BAzythe®r 35, in which

two or nore nenbers he plurality differ in the ki nd of signa

pr oduced. L . .
12. A plurality of pluralities in which each plurality acts on a different class of

substrate.

13. A plurality of enzymes made by a process of:

(i) generating variants of at least one parent enzyme, wherein at least a portion
of the amino acid sequence of each variant is known, and wherein each variant comprises
at least one mutation known te affect reactivity with a substrate to produce a product; and

(i) selecting two or more variants wherein at least two of the selected variants

react with different substrates.

14. A plurality of enzymes made by a process of:

(i) generating variants of at least one parent enzyme, wherein at least a portion
of the amino acid sequence of each variant is known, and wherein each variant comprises
at least one mutation known to affect reactivity with a substrate to produce a product; and

(ii} selecting two .or more variants wherein at least two of the selected variants

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.



42. The nethod of claim34 or 35, in which the kind of signal produced is
selected froma signal indicating substrate specificity, chenoselectivity,

regi oselectivity, 89 stereoselectivity, stereospecificity, ligand
specificity, receptor agonism receptor antagonism conversion of a
cofactor, or any conbi nation thereof. 43. The nethod of claim 34 or
35, in mhlch two or nore nenbers of the plurality differ in the |evel of
si gnal produced. 44. The nethod of claim43 in which the difference
inlevel is a diy f’f“l%rpmgﬁr&r of chafth F6 mwﬂﬁﬁﬁg%crﬁﬂa&r@%wum@@ﬁﬁa@ Bét R @B/ Er si on
of a substrate to a or percent conversion a cofactor.

45. A hostsame Isubsmtledtffqn m@ue@sctttmnemr g 6f thy ﬁélowra taﬁ?eri“&e?ﬁq ¥Hied in the
met hod of l\%k RlcMoRttarh %nﬁcﬁi@ers:on of a sttrat® 1(Ph Hrroﬁlldttéf &fceM%ﬁv&ﬁM

col oni es, erein eac ony expresses a nenber of the plurality of claim
34 or 35:€facoﬁd¢7. A method of making a plurality of addressable
pol ypepti de variants, conprising:

19. The plurality of claim 13 or 14 in which at least two members of the plurality

are operable over a2 pH range from about pH 5 to about pH 10. '

20. The plurality of claim 13 or 14 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.

21. The plurality of claim 13 or 14 in which at least two members of the plurality

are operabile in a solution containing from about 10 to about 50% organic solvent.

22. The plurality of claim 13 or 14 in which each member of the plurality is an
evolvant of the same ancestor enzyme and contains at least one mutation as compared to

the ancestor enzyme.

23. The plurality of claim 13 or 14 in which the plurality comprises subsets of

members and each subset comprises evolvants from a separate ancestor enzyme.

24. The plurality of claim 13 or 14 in which the selected variants are placed onto a

surface.

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.



(1) generating a plurality of polypeptide variants related to a parent
pol ypeptide, a portion of each variant having known am no acid sequence,
wherein each variant conprises at |east one nutation that enhances
reactivity with a substrate as conparggd to the reactivity of the parent
pol ypeptide with said substrate, and wherein at |east two nenbers of the
plurality react with different substrates; and (i1) assigning an
address to each of the variants. 48. A nethod of meking a plurality
of addressabl e 3poTyeatiigief Al ahbe 4 Domyich Gik Rgiants are expressed(figm gener at i ng
a pl uralitl}/ of polypeptide variants related to a parent polypeptide, a
portion of og’é’(‘fﬁle?/téd&ré?'ant havi ng known ami no aci d sequence, wherein each
variant conprises at |east one nutation that enhances reactivity with a
substrate as cGipéregdurtiity tofielamed br 14 inywloth thheapatsend chgmlioafept i de wi t h
sai d substsrral\t%ggi e%nd wherein at | east two nmenbers of the plurality react
with diffeérl ng fevel s of acti vi ty upon a given substrate; and
(ii) assigning an address to each of the variants. 90 49. The
met hod of cl ai 247 pleraliipiiof Rddsessablerpelippaptide varigatspnade &y e piocastod: on a
di fferent substragt : P : ' laim48 in
whi ch some nenber )egaeg%rat(:)n %ﬁg&slgbés}fp? gﬁgﬁgﬁcﬁ lg% Qéelr%la?g%ggémgct on at | east
one ot her polppsptidst each variant having a different amino acid sequence, wherein each variant

comprises at least one mutation that enhances reactivity with a ligand as compared to the

reactivity of the parent polypeptide with said ligand; and wherein at least two variants of

the plurality react with different ligands; and

(ii) assigning an address to each of the variants.

33. A plurality of addressable polypeptide variants made by a process of:

(i) generating a plurality of polypeptide variants related to a parent
polypeptide, each variant having a different amino acid sequence, wherein each variant
comprises at least one mutation that enhances reactivity with a ligand as compared to the
reactivity of the parent polypeptide with said ligand, and wherein at least two variants of
the plurality react with differing levels of activity upon a given ligand; and

(ii) assigning an address to each of the variants.

34. 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,
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,



51. The nethod of claim47 or claim48 in which at | east two nenbers of
the plurality differ with respect to one or nore of the foll ow ng
properties: substrate specificity, chenoselectivity, regioselectivity,
stereosel ectivity, stereospecificity,ggligand specificity, receptor

agoni sm receptor antagoni sm conver5|on of a cofactor. 52. The
met hod of claim50 in which the nenbers of the plurality that act on the
sanme substrate differ with respect to one or nore of the foll ow ng

Proper ti eSend ah EacRvaRid HAELs vIrinrdir?etathJ‘ﬁe lrgﬁqug PlodaYW RSB s?naﬁ agdlbstrate
to a product, or percent conversion of a cofactor. The net hod

of cl ai m 47hessin e legspivaremembsgh pEthe aturalisnare rlated ioenises pelyPapide MIdIFast i ty are
operabl e Qy dnﬁe:%g! lE?é?Qﬁ?facﬂQ@ @;R‘Pnlét i 1Radd aRPOUt pH 10. 54. The

met hod of claim or clarm |ch at | east two nenbers of the
plurality are ope(mhb!eeuﬁymratépaﬁt@ngearwmt thepseduseqs €Enal HPRY TRRFUPP BifPabout 4C
to about WG andofmer?s?l The method of claim47 or claim48 in which at

| east two n'% 1‘ e plurality are operable in a solution containing

from about 10 to about 50% organi c _sol vent. 56. The nmethod of claim
47 or cl ai m 48 3prlhgHnethodef Peimedins 85 JPrRHEOBPLSRgi ty is an evol vant of the

same parent enzy %@u 188¢ AlechRPSriaMRat PR LighS] ERARakash t o t he
parent enzyne. ) l ﬁﬁl' he et hegd of Igl ai m47 or cl%?mﬁﬂ% in which the

plurality wine iis%lsl@umg‘éftts of menbers and each subset conprises evol vants
froma separate %Egtuﬁﬂlf@' e uence—actuvn@&elaff&%hlﬁ%ﬂ%nme dokifd Midt7 or claim

48 in which each each plurali'ty is an enzyne and the at | east
one ||gand631@1ea“sﬂlblsth¢ ideetifiqsvaripys gﬁgy 4 or 35 and the ability of each variant to

produce a detectable signal;

(v) generating a second plurality of polypeptide variants based on the
sequence-activity relationship;

(vi) screening the second plurality against the ligand of interest; and

(vii) identifying at least one variant from the second plurality that produces an

enhanced signal of interest as compared to the identified variants of claim 34 or 35.

37. The method of claim 34 or 35, in which the identity of the ligand of interest is

unknown.

38. The method of claim 36, in which the identity of the ligand of interest is

unknown.

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,



91 59. The nethod of claim47 or claim48 in which each nenber of
each plurality is a receptor and the at least one ligand is a ligand for
the receptor. 60. A nethod of naking a plurality of addressable
pluralities, conprising: (ige generating a first and a second
addressabl e plurality of polypeptide variants, wherein the nenbers of the
first plurality are related to one parent pol ypeptide and the nenbers of
the second plurality are related to a second parent polypeptide, wherein

at |east as@skiciviQf stér@@sp@(m"ta%/ eﬁgm SpEAHENRS Rcfior@@6MsM Aebapid: | S known,
wherei n each nenber "of each Iura reacts with a substrate to produce a

product, adftRERAEMeFaRVESion 85%?0%%’7 ﬁﬁﬁ%’éo"@ﬂ“af‘ﬁbthFﬁeP%t plurality and at

| east one nmenber of the second plurality react with different substrates.
61. A kit for iﬂenmd thstgofaﬂaihmsdrzanm vt ypep hidee hambérgobthd phirdlied
activity, i) at least one plurality of addressable

risi
pol ypept i o‘g er i they IEYell] ofsign3! PO of each plurality reacts with at |east
one |igand to produce a detectable signal, and wherein at |east two

menbers of each4pThy mtthdd/ofatldmr4s] iatwedchithe diffoenarih Igel iy pelpffircee dndta eact
W th d|ffer ns for .use. 62.

A kit T or TaEFt SR b TR HEOp S BT EE HASTIEG R PHERIY od act ivi ty.

conpri si ngéonversion of a cofdctgr. at | east one plurality of addressable
pol ypepti des, wherein each nenber of each plurality reacts with at | east

one,119and o H5oRGE o RIAGHARES &L Mgk o IRSABHfedth AEABhod 4P

menbers of each plurall rel'ated to a parent polypepti and react
with di ffecﬂmmg34loevkair8351f activity upon a given ligands; and

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 méking 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 diffetent 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.



(i)

i nstructi ons for use.

%0

49, The method of claim 47 in which each member of the plurality actson 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 antagornism, 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 c-laim 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 pl.ufa]ity 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 Jeast one ligand to produce a detectable signal, and wherein at
least two members of each piurality are related to a parent polypeptide and react with
different ligands; and |

(if) instructions for use.

62. A kit for identifying at least one polypeptide having a desired activity,
~ comprising: o

(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.



