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THE | NVENTI ON [0001]In a particul ar aspect, the present invention is

rel evant wo 2praatoeizas and to their generation by protei nPevaiSatlilon7252
BACKGROUND [ 0002] Protei n engi neering via site-directed nutagenesis and,
nore recently, nolecul ar evolution has been successfully enployed to

i nprove enzymatic properties in industrial applications and therapeutic
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altered to better adapt proteins and antibodies for specific purposes.

[ 0003] Since its inception, many different nethods for nol ecul ar evol ution
have been descri bed and appFIEUDtQF THHE SNYECHEKQNt eri stics of the target
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in the target nol ecul e. [0004] However, the successful evolution of a target
nol ecul e starting with single point nutations requires that the (sonetines)
subtl e changes in performance caBASKGRONNMPe|y neasured to identify the
upmut 1 In : Skt d J i poi nt
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pol ypeptides formed from ‘or based upon, a tenplate pol ypeptide. Typically,
t he polrgtpmprndientitiodics ampréiSe pnrpesdsno aci d resi dues, wherein the nethod

conpri a enerati n _separate sets of. pol tid ach, set

Compr IR ) S BER L B e RER ARy S SR i DRo kPR ¢ DI RIonIRETBER er i ned
an no Jqacdribed @8d BPRRAAS iBprdl O BhLadRértied 6f ik RREotRRSin. Por Slandphe s9by Hapki de;
wherei n each set of polypeptides differs in the single predeterm ned
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in the target molecule.

[0004] However, the successful evolution of a target molecule starting with single point
mutations requires that the (sometimes) subtle changes in performance can be accurately
measured to identify the upmutants. In cases where a sensitive assay does not exist, single point
mutations cannot be successfully screened. Simultaneous mutations of several sites can be done,
however the number of combinations created, increases very quickly and reaches the limits of

cloning efficiency and screening capability.

SUMMARY OF THE INVENTION

[0005] The present invention relates to comprehensive methods of identifying and mapping
mutant polypeptides formed from, or based upon, a template polypeptide. Typically, the
polypeptide will comprise n amino acid residues, wherein the method comprises (a) generating n
separate sets of polypeptides, each set comprising member polypeptides having X number of
different predetermined amino acid residues at a single predetermined position of the
polypeptide; wherein each set of polypeptides differs in the single predetermined position as

confirmed by sequencing or other technique; assaying each set for at least one and preferably



two predeterm ned properties, characteristics or activities; (b) for each
menber identifying any change in said property, characteristic or activity
rel ati ve wo 20tee00p@apl at e pol ypeptide; and (c) creating &Camseeiiopzb2 nap
reflecting such changes. The nunber of different nenber pol ypeptides
generated is equivalent to n x X [0006]In the alternative, the nethod
conpri ses generating a single population conprising the sets of nutated

pol ypepti de In this embodi nent, .the entire popul ation js .sequenced,
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are net hods aof producing a set of nutant antibodies forned froma tenplate
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n separate sets of antibodies, each set conprising nenber antibodi es having
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anti body conprises six CDRs, and together the CDRs conprise n amno acid
resi dues. [0012] One enbodi nent of the disclosure includes a functional
positional map (EvoMapTm) 5




made by the nethods described herein. [0013]In an additional enbodi nent,
certain residues particularly sensitive to change nmay be so indicated on
t he EvoMVawONb12ZAwP@her optim zati on may be inpl enented byCwalseoig/oartdt ti onal
mut at i onal changes at positions outside of these sensitive positions.
[0014] In a specific enbodi nent, the nutations generated in the

conpr ehensi ve evol ution techniques of the disclosure are confirmed by
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shows an exanpl e of a EvoMapTM and how additional optim zation may
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[0017] ex evel s, of .full len derived from
b Fo Dl RS il Rk RS T e s B Loy gt

wi | d- t(&p@sdﬂ&g td&htsbﬁoﬁ aiTeasiBANBlctaBrngiatd ploptey, ch@@dlikticst Rtiditg ieer a
schemati c of Cbnprehen5|ve Positional Insertion (CPITM evol ution.

[ 0019]er ymembsr idpntifyingans shus i 8 RENSEY Srrasterislio PuGtiary rtlaticde:the
oo ARS8 L AMETLTIL Y] AR, R BUPLAEIER S Barmychensi ve
dat abasagbddmwy MapFedetermined property, characteristic or property may be binding affinity and/or
immunogenicity. As set forth above, in the alternative a single population comprising all sets of
mutated antibodies may be generated.
[0011] In addition, provided are methods of producing a set of mutant antibodies formed
from a template antibody having at least one complementarity determining region (CDR), the
CDR comprising n amino acid residues, the method comprising: (a) generating n separate sets of
antibodies, each set comprising member antibodies having X number of different predetermined
amino acid residues at a single predetermined position of the CDR; wherein each set of
antibodies differs in the single predetermined position; and the number of different member
antibodies generated is equivalent to n x X. In another embodiment, antibody comprises six
CDRs, and together the CDRs comprise n amino acid residues.
[0012] One embodiment of the disclosure includes a functional positional map (EvoMap' )
made by the methods described herein.
[0013] In an additional embodiment, certain residues particularly sensitive to change may be
so indicated on the EvoMap™. Further optimization may be implemented by making additional
mutational changes at positions outside of these sensitive positions.
[0014] In a specific embodiment, the mutations generated in the comprehensive evolution

techniques of the disclosure are confirmed by sequencing, or some other method.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Figure 1 illustrates how comprehensive positional evolution (CPE™) is used to
generate a molecule specific database (EvoMap ™).
[0016] Figure 2 shows an example of a EvoMap '™ and how additional optimization may be

implemented by Synergy evolution.



[ 0020] Figure 6 shows a schematic of Conprehensive Positional Deletion
(CPDTM evolution. [0021]Figure 7 illustrates another conbi nation of

evol ut i orwoedtadse26a short ened nucl eic acid from CPDTM @¢oliustéinf27282

subj ected to Conprehensive Positional Evolution (CPETM and used to
generate a nol ecul e specific database (EvoMapTm) . [0022] Figure 8 shows a
schemati c of Conprehensive Positional Synthesis (CPSTM which can be used

to conpi upput a from CPETM [0023] Fi gure 9 ows. a, sche ic of a
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Agent s are eval ua ity as antineopl astics,

ant i - i[e020anmnEdgard @shoovs aapbahasd o Conprehdneive Poyition|idétam (GPDE L) eeni ng
assays descri bed herei nbel ow. Agents are evaluated for potential activity
as sp&¥PifigNprotein interaction inhibitors (i.e., an agent which
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alternatively after condensation as part of peptide bonds. The "twenty
nat ur i Ye wsrsddd eampoicypaptangelrem(HETY. al pha- am no aci ds" are understood in

t he ar, d refer - alanine (ala .or ..argini.ne_ (ar r Tvaspar agi ne
(aan- AP LEEd Foal B S o e B eSS B o iat o ¢ st <
(glu or E), glutamne (gln or Q, glycine (gly or G, histidine (his or H),
i soleucine (ile or 1), |euci DEKINATION OF, TERMSe (lys or K), methionine

or oline (pro .or serine (ser or

(et or , phenyl al ani.ne (phe F), prol or P),.
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val i ngrdq@ltiy¥ec¥dring methods and/or terms will be described.
[0025] The term "agent" is used herein to denote a polypeptide, a mixture of polypeptides, an
array of spatially localized compounds (e.g., a VLSIPS peptide array, polynucleotide array,
and/or combinatorial small molecule array), biological macromolecule, a bacteriophage peptide
display library, a bacteriophage antibody (e.g., scFv) display library, a polysome peptide display
library, or an extract made form biological materials such as bacteria, plants, fungi, or animal
(particular mammalian) cells or tissues. Agents are evaluated for potential activity as anti-
neoplastics, anti-inflamnmatories or apoptosis modulators by inclusion in screening assays
described hereinbelow. Agents are evaluated for potential activity as specific protein interaction
inhibitors (i.c., an agent which selectively inhibits a binding interaction between two
predetermined polypeptides but which doe snot substantially interfere with cell viability) by
inclusion in screening assays described hereinbelow.
[0026] The term "amino acid" as used herein refers to any organic compound that contains

an amino group (--NH;) and a carboxyl group (--COOH); preferably cither as free groups or



[0027] The term "anplification” neans that the nunber of copies of a

pol ynucl eotide is increased. [0028] The term "anti body", as used herein,
refers towvorbestosizamunogl obul i n nol ecul es, as wel | as f PagAESAM1I/001252

i mmunogl obul i n nol ecul es, such as Fab, Fab', (Fab')2, Fv, and SCA
fragnents, that are capable of binding to an epitope of an antigen. These
anti body fragnents, which retain sone ability to selectively bind to an

anti ge tide anti t.h anxlbod m Wwhi they are
cor | Saermatifitp et BERR Gt et u s e tBBEdd o ot Fow
and Lag8:;p Wﬁ«)}mn@ruﬂp@tzﬁnﬁs%&fdybﬁ@ uh#&51064 in @8 aftQnk Q¥fer toAﬁntahﬂae%l%rA n be
used toisolate preparative quantities of the antigen by immunoaffinity
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humani zed or ful % unan anti bodies are particularly use

adni ni(Borath) owsring (ssuAaP): faeenang dhr qrod2uy AP paK trp o mm%en@wsqrsY)@fmcb
ﬁDan%%g&%\apéﬂg £n- bi ndi ng fragment of an anti body nol ecul e, and can be
produce 9 digestion of a whole anti body nolecule with the enzyne papai n,
to yi ¢0eR7a fra@wenh "eapkfisitionymebnsathat thé acibén (fltbpiehaf apalgpdudcq@etis on of a
heavy . chaln [0030] An Fab' fragnment of an antibody nol ecule can be obtained
by tré%FWﬁﬁ a whol e antibody nolecule with pepsin, followed by reduction,

to yi ?bﬁzsﬁ‘ ML RCKHA ”Eﬁﬁﬁ'd ¢ 1,095 heRlin| RERLCTo hia8fimilRy [b Hﬁ'rﬁbl&%‘lets' gn of a

heavy chain. Two Fab’ ments are obtal ned per antibody nolecul € treated
int hweelkmrfwgmen{s&ﬁ?@hﬁmoglléhbl‘n) @ofecalgsrsnth af Fan Falrit (Febty Fyamdd®#CAbt ai ned by
treati e anti
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[0032] An Fv fragnent i's defined as a geneti cal engi neered tragnment

cont aianfibeyyt fivem wdvi¢hatbre arcalgrived, ohn e magh vsipgaicH kanwntmféhﬂﬁarm sl aét (segi on of
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var i ahiotate pepaiatioé qaartitighbf &b ahtﬁlge@f‘tgl ibteuneaffiniyl Brdregb@apief. Varideavtec hai n,
Ilnked by a suitable, flexible poly E$|de liner. [0034] The term
" bi osiuy %frsuc anthgdics precte afg@pqieo%d&f 26 dgnse(c.2r @penlasip)gngtler thprapeufic

appr O\éﬁghcatlon to treat disease, such as for example: neoplasia, autoimmune disease, AIDS,
cardiovascular disease, infections, and the like. Chimeric, human-like, humanized or fully human
antibodies are particularly useful for administration to human patients.
[0029] An Fab fragment consists of a monovalent antigen-binding fragment of an antibody
molecule, and can be produced by digestion of a whole antibody molecule with the enzyme
papain, to yield a fragment consisting of an intact light chain and a portion of a heavy chain.
[0030] An Fab' fragment of an antibody molecule can be obtained by treating a whole
antibody molecule with pepsin, followed by reduction, to yield a molecule consisting of an intact
light chain and a portion of a heavy chain. Two Fab' fragments are obtained per antibody
molecule treated in this manner.
[0031] An (Fab')2 fragment of an antibody can be obtained by treating a whole antibody
molecule with the enzyme pepsin, without subsequent reduction. A (Fab')2 fragment is a dimer

of two Fab' fragments, held together by two disulfide bonds.



new versi ons of innovator biopharnmaceutical products, follow ng patent or
exclusivity expiry. [0035] The term "cell production host", or

"manuf actwipi2o/deees”, refers to a cell line used for theCpSAuUaORT2A2 Or
manuf acturi ng of proteins. Eukaryotic cells such as mammualian cells,
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may be conducted by the | ocal honDIo algorithmof Smth and Waterman

(1981)m0ﬂ1d\€;1dd1A91r1ﬁ1 refieenpe mplecylgy. bl,ﬂtlcne imgtns] wefodanenfnarelnmenF gul¢quimmay
Need| nes t h,. of
simil 3)” t1rc>p &gcrﬁbnwélgrag/g%ssgg of4 %rtla %le(c %a?%queﬁé/es E]n ﬁ&ﬂl?ﬁl@ A) 85:
2444 (23R8, chhyert@pmymetdozﬁd mdmhermast taé plepsredby tsfmﬁﬁalahgarerchhﬂald GAP,
BESTFI T, FASTA, and TFASTA in the Wsconsin Genetics Software Package

Rel ea@@lyrludeottieﬂesr ecrlursbhpekreploayleiipmpiics. sichdbit haesultapheiasHe Ws.), or
by in hmg phg%ﬂgg%¥ 1h9 Qﬂﬁmﬁ]aﬁs’ resulting in the highest

per cent nol'ogy over mpar 1'son wi ndow) generated by the various
met hoc[ﬁ()37s} SeTb@tcﬁd "C(ﬁgiﬁtbf)]aAasddQ&dclh exfelsno afghme tognence that is evolutionarily and

"conpl enent termnin ion" and "CDR' refer .tq the art-reco ni zed
t er m d4n<ie8 %t%ﬁb%vetwe%ﬁ%a or gamelfo i et lEHRliRRin e TEHE sepemsf
generally knomn as supervari abl e regi ons or hypervariable | oops (Chothia
and Leks, 1987; Clothia et al., 1989; Kabat et al., 1987; and Tranontano et
al ., 1990). Vari abl e regi on donuins tgprcally conpri se the am no-term nal
approxi mately 105-115 am no aci ds of natural | y-occurring i mmunogl obulin
chain (e.g., amno acids 1-110), although variabl e domai ns sonewhat shorter
or longer are also suitable for form ng single-chain antibodies. The CDRs
are parts of inmunogl obulins that determ ne the specificity of said
nDIecuIes and make contact mnth a specrfrc Irgand The CDRS are t he nost

Y b1 . s I M



[ 0041] The term "conprehensive" is used herein to refer to a techni que of
evol uti on wherein every possible change is nade at each position of a

t enpl at e WOl29ruwb@®6t | de or tenpl ate pol ypeptide and t hePgoluspuagioerest de or
pol ypeptide is tested to confirmthe intended change has been nmade by
sequenci ng or sone other technique. Conprehensive nutagenesis refers to
mutati ng the DNA of a region of a gene encoding a protein that changes
codon ,amn i d sequence of the protei nd then determ ning via
sequeeIy Y s IESORRY Bgiode Bmptas 10 Hipe RO SYE e RIS R | n
the ORIFkHERE w8 cR IHBHEIhAMBER aRMBEMy BbRBRgbs Al Bh LERBEhéddaRl Rote@Si ti on
and/ or uniquely tagged. Then screening of all of the expressed nutants is
per f orwhach funcieonsin eignhlatg Bicell aetevabisup thesughdVBS hgasHEnssiniatddyanttigen an i npr oved
phenot&pen%nnorder to provi de guaranteed conprehensive coverage, i.e. CPE
li br al§* Wt " Conpr ehensi ve Screening conprising the Bi oAtla CPE process.
Non- eXpe383si NYhe&leBieSommetdi s6416°CRBAND o8N botéih 90 alebodlly auh t@neous! y

measured for expression to ensure that are not incorrectly | abeled as
negat i2PRIopFiatsder icadle.nut at i ons once enabl ed for expression an alternative

syste h ag I £ . Gr | at | Y
sequeﬂgiﬁg co§18&%é&%%§ﬁ%%%g% gkgg%ﬁgé d%%%hgﬁﬁé?%éﬁﬁﬁﬁﬁ%%g%ﬂgﬁ?tg%*%ﬂou|d
i ncl udentagdoun agatatice, posieiohs aher@inda pgdyimd citde s¢pRRS: ménye tarhpdaredtonot
identified are then be added in a second. oung f screening to yield and a
true ¢ hEHYPYRE Ahat KamdCoatighiys SufleRlifen gneXpFEUs e RPN AfithS syst em
such I Sl 1alpl 0 QAT # i i ‘hr oughput
eaUen R B o S T B R B v, f 20
subst igaps)iod 38 'percefitarr l¢ss as hempate rcthamefemid sdquemie (whshdivesndtawimpgissi m | ar

side chains. For ex | e, .a group of 1 no aci ds hayi |.i phat | c. si de
chai ngofsog gefiiarons) Bhp ke U ReR ort P Souitrer P edel HEME i oup. o
am no s3&icAsesBYhINGiR 4 BAbdrEoRKIERW ha$ b BofdiRtcdDyl the RRAI NABE) 41B6RAR Ne;
SRR R AR A
and gl d Vaa Al iMathha: yaho PiOgE RUGNTB¢TH LT
phenyl ahankng.n Lk OR1M&n AMbILERPUAPARN 030 IHPHR: he AT N0 RE S ABYIRI
basi ¢ %5 ae“ &l A% i§mF§sinef)arérn|he, %8 igtﬁﬁﬁﬁg;oaﬁgnéwﬁ%gﬁpo ' ani no
aci ds Pransbi gnd Lipiiiih-Feed thaitiniargd. Scd §UChAIBS : 34498 E), BE camputddidd oni ne.
Preferred conservative am no acids substitution gr s are: valine- WO

0
2012/ Goprepttiouseihaseadgrsbms gadPnBES B Te &S apﬁu WAk the Wiggansinne
l ysin L ' [ - ' t ag 4 term
S R R R T tas S S
honol dgsusor(by. i@spectien,iadé iid et alignatens(irel, ceduitingvio lthit highkat pdrgentedeatfed) to al |
or a portion of &Freference pal ynucl eot | de sequence, _or thﬁt a pol ypepti de

sequenCBIRY YERIPCAMPEIBSeR WiBfel baeer4ies piistrERuSBEladt selppcd.

cont r a4 i NCAL Abd HeldGn HAE WrmOLHMbRARALAY. dLiCrmihfh S Sdn NG LICDR Oy t hat
the conpl enentary sequence i s honbl ogous to all og a portion of a reference
pol ynuled sttrécdenigetiigenee exdraplifidd bysthe Kabarand tthetma 2R deimtisegaurenlse " TATAC!
correspond o a reference " TATAC' and is. | e tary t r ence
cequeREa ko AT B P P daP e PP B MOLRE T & Gr e to ¢ he
anountCighiaiiagh1989; Kastict 8d 11987 pmACREMoRknd 688t 1560 afartbe ré%&& Ho@his as
conpared to substrate not contacted with the enzyme. Preferably, at |east
80% oftynipalysagbarisathe dnainetéeyruerd dppoeuaadlnd 069448 aereiqds afteenatwply-" def i ned
sequen f.ramewor k" ferns.t0 a set of. .defi equen t,hat . ar el ected
on 5w hETBHRASLe b SuRi Gy ho gt FAPE RSB AR P B Pt b

st r uctshiédr ofl ddriger freralsexanivle fordotheih BidgdlcseruentdolicanEMOCORIRYe FORWTI Se a
set of am no acid sequences that are predicted to forma | 3-sheet structure
or maymeBwpeioBeling theletarming thp enccHisHy &4 s¥ié pradecuistane make sppactiyifyer domai n,
anong . i ; i . g@gﬂ Tn d guences
mhichSﬁ%%@%%é%@”gh%?gﬁ?gﬁagggggpg%uégr a ?f@%gﬁmg&g?ggéﬁ?ﬁﬁ%gﬂé8%%Ietely

r andorhik@sityesf tbesquericmiaf Thdre althme riizh r¢gioral CRRI NODR2 iadd CORB inecaany of

(20) 10 sequ es, .and a pseudor andom 10- ner . sequ of the 2
ConvererBih i ki dehideae ﬁyva&ﬂgleéﬂsy‘@o%gw@réﬁéﬁbmlaw R bi t a
bias for certain residues at certain positions and/or overall, (3) a

defi ned sequence kernal is a subset of sequences if each residue position
was allowed to be any of the allomablg 20 conventional am no acids (and/or
al | owabl e unconventional am no/imno acids). A defined sequence kernal
general ly conprises variant and invariant residue positions and/or
conprises variant residue positions which can conprise a residue sel ected
froma defined subset of am no acid residues), and the like, either
segnentally or over the entire length of the individual selected library

~ " Y v e



am no acids contributing to the formation of T cell epitopes, i.e.
substitution of am no acids, which are essential for formation of a T cell
epi t ope. W 20tdmwpo2aor ds, reduced propensity to generat e PCTASRO118pI2EDPES
relates to reduced i nmunogenicity or reduced capacity to induce antigen

i ndependent T cell proliferation. In addition, reduced propensity to
generate T cell epitopes relates to dei mruni zati on, which neans | oss or

it | GEFIP B ERUBIR 4SBT 1P ST 61 D QOB S o P SpT4RE [ per

as usefainersd ODR%gfoﬁ%f £ Bh@ve @ eRlidiPRas BHHSBARBIMN E3cEBY iRK dbel eased
during the degradafion of peptides, polypeptide or proteins within cells

and lsmﬁb%%lq&ﬂqutlgcebef Bm@mfdqum;@émte@smtbtdd@., ?Hfb?uﬁhiicstﬁmﬁéwﬂﬂl i Ity
o i . . ; A _ . )
v b2 osessrrriy SEARHR e i BEESerk i S TP LB P B B 00 BTG, o

cel | s (Mii (BIR9) Ndwes 3ap, enmtdsody response by direct stinmulation of B cells
to produce said anti bodies. [0049]"Di gestion” of DNA refers to catalytic

cl eavd@¥ids e orA “Gpmprehenseet iy e dRrcahoyREer thatechrigge ehevplutoneirdinn

seque | e . i e |t i.n are
com"ne%g:63 Iqoyg/sé)il\gglll%ll%ﬁaaﬁ%g%& ki&rl{égl?:{){%%H@g%%?@%@%@%g a(t:%%gélgﬂeand ot her
r equi rpetypeptsdenailehe pasgin@deonidd lod pblepépiiataris testetl ecanfainrtae intghdsl ichdrgd has t | san.
For anal yti gajmﬁpur poses, typi Cﬁ| ly 1 lug of pl ﬁsnid or DNA fragnment is used
with é’ﬁﬁh{na_ o ?fiq_éle%‘fm%ﬂrzw qthcrdpdwiauso @‘Pmqu ﬁtﬁ‘feépu@%?nﬁﬁlﬁé .ers_li%r t he
prpO%ﬁthtﬁn&\th@bNA Qa%ﬁ 6@39%%1@%&&% Qgﬁﬁéﬂl%a@% EVGIdoARmiby Riigal Iy S to
50 lug of are digested w 20to%5 units of enzyme in a larger
vol unmsequippe afthe atateibwuhd éres datedmsulgs vinat@caomp ot sthtoteclparegicuthatrall
restriction enz s are specified by the manufacturer. |ncubati.on tines of
bout MG T B RSB T e RSB AT B iy S I e Qe ¢
WO 201,84i009 QROBITH i §IRIP labb O TERA dch@nmigRiPlail OF the dxPRis§ddGhitants is frfoRed to
digestion the reaction i s el ectrophoresed directly on a gel to isolate the
desi r egsure dptrelh ere xpoBeJdTeareensvENASHUITIIP YRy PhicBotyBR W drderdp pravedd ndi cat e
reconbi na;'%:on bet V\%en.substanti.al agEq%m)l Q98Ys buthnon-iﬁentical sequences,
in sorS SRS PEREESTA SRTFER by o v o Pe- FPRISRERER STs e RS "Sgous
r econbhdBioAQn, CBRIgIcES. Won-&@Fdshiay chmdd Brthé kqbdditg S¥ehews] assibé he |ike.
Shuffli ng1 may be random or non-random [O0051]As used in this invention, the
t er m 'supyliagp@rsly meaused for axpragsange snure Erag piginghicosectylabgied yeirgaivicdt as a
phyta ! ' i rat i . A
Pyt adoubl R Ko LD 6P iRl ABale ARATLRIT B3 Ron,
chem cal rgndatianv eAlsundtaely, gequapding sowdfl boptreauiceon dludbnaaftamcneenag, st or
sugar .side chai ns, and can have specific three-di nensional, structural
char adtpepihinelade dinggafiye. AeuEHapa tpEmeABl GenEh Ay PR prdentdcd G oher ei n
" ePi { RGIILERE Sobit oI oPREIhAR 1Blyida RN HEEBAErALRRI: RGLADL SRyl ©
capable of formng a binding interaction that interacts wth the variable
r egi onscisemdg agprossayn/ativep syt badyas ARApi €laik lisygnabled hn banh by meyentriueseastsiion i s
mani f steﬁ{as an internol L ar contact. wth one or nore am no acid

t ou§h tﬁaﬁghcf

resid CIYFEBE] RLFSEDSV PSS refers to a change in at

| east [0gu2]Pr oMESdsyrvaGodamb AEidSub&it@iomC td Ml th ¥hOfntRc BB PEIIRR bF YesRiues
synthetically nodified protein or antibody when conpared to a tenplate

pr ot eihavioe sandarisisigychaing0E@) criasple pgounf ofagremecids hajerd slgthiatiesida alpinginal og”
when referring. to a refer.en tide [ise | ypeptide which

Fot ai (DS plfiot o BiEG B4 PRIRER, L Rup STREI D fr bR 0
essenthiydtdxyl Sadehaas it baineahdtheoriat.er @oagoPahinpapids devingumidvetomdigingt he
terms "fragnent”, "derivatjve" or "anal og" are exenplified by a "pro-fornf
nol ecids, chains i asparaging wndgkutaping: qoerepp of #nmotagide hawing Beompaiigistdcadaty is

cl eav : t y | . ani.fi : ' I jvity.
[ 00aA TR RO o o B P R AL, it 1 e
a set Ipdine, arginine, and histidine; and a group of amino acids having sulfur-containing side chains is

cysteine and methionine. Preferred conservative amino acids substitution groups are: valine-



progeny pol ypeptides in which a "full range of single am no acid

substitutions” is represented at each am no acid position. As used herein,

"full rarnyge20f2/®pezgl e am no acid substitutions” is in r@CEUSAEa/ 027252 he

naturally encoded 20 naturally encoded pol ypeptide-form ng al pha-am no

acids, as described herein. W) 2012/ 009026PCT/ US2011/ 027252 [ 0055] The term

"gene" neans the segnent of DNA involved in producing a pol ypeptide chain;

it ingludes. regi.ons re edi ng and fol.l owi ng the codi reqi on (l.eader and

tr ai | dPICIERISQIERTInG PhPRIRFYBRTHE e R I BT e viBE PR HR OF-dual

codi ngrgggment s (exons). [0056] " CGenetic instability”, as used herein,

refers to the natural tendency of highly repetitive sequences to be | ost

t hr oud®043] pr otkstsrof coreespendsie” wweed kergarie maian yhat apolynibelgotideopgamnese is

sianﬁJiCﬁtion.throqghfthe kq§sﬂof re eat ed §qq§anﬁs. Dqketi ns tend to

i nvol VETORENRE S dF CSRiCaL 0y SBFE Y URAM TR TSRS £ Ohg PEAORSE A TeiRENCe

r epeatpslynhfl@sidclRguérRe or the tagfodReadSscqiB @B Ss iddaticaPfita fifdteh®-polypRpded

nucl eic acid sequence is unable to hybridize to another single-stranded

nucl eiSequeerd Wegubpdigtingtionthe tegmpcamplementpry ) inpssd hersin ipenegheidhe neans

t hat I et Q C [ r . egi ons

i ¢ i QOFRGr FuBg LR R bB ok, RO S5 PRYR HRRRRINIES, o2 aci d

or polsyquenteofiardBusti@tion, the gidamide seqreaas " BAEACO corxpopdstoarreftsenot

mut ations, [0058] The tern1"honDIEgous" or "hpnﬁglggpus" means that one

si ngl el &tncd hRIPBIRICRENHIORCTEFec a9 e deibAde may hybridize to a

conpl o) ar Yrhl oheashi ARG emdHE! EhbuRGbRrSBIHeNAS I BCwHRATERBHed 1o
depend o clu h %D

hybri di zati on may dep a nunber of factors in I ng the anount of

i dent iprgcebeitdesn5hef dequbstceds aandmpired hyhrbstatz adbi amtactddiith esnsyodh as
tenperature and salt concentrations as, discussed |later. Preferably the
reg!oﬁggﬁnﬁgéﬁke?%8b§”§3@%P%P§Wﬁ§ﬁ&§%%ﬁg'5 bp, nore preferably the region
of i dgpsddyy | AsdieHctsintthaferh0 dbfncd LERII RanleRom ' BEAPRIZRHof dFindged to
descri be anti bodi es wherein conpl ementarity determ ning regions (CDRs) from
a mamseducapcsghitraat sclectesl on aneroraadomehasis centrbiae @niha basss dignperimeratelatn &

regi on., QX 1eR, BOLYDNGh 0t 495 §060dL 0% RS, bR b AL Sk TRES i o s, grig! t ed
into po %Huc gor 1P4eEhes hg Ut apr€Va T abPe réblgn Framenor ?and
opti omaqdemc@qnataa@ﬁreaﬁwdqa $ornt © Pfsﬁédnsﬁ@&tumlnw dodigsise ataginyisgRiptgie

anti bodies (e.g., humanized or fully-human), antibody fragnents, and the

li ke. renpabmetiharzingsivegor domaiy, gaengpiisevaistiphodt edelingd equeaproksrad” bshsdbe
humani anpl, i g,

pi g, 150F SRS bR oA e SeRERr tpiBly, WRERL: (13 BipleAtndiBE: | o,
pr odud@smarseqiode eSthe@0 doevarttiohalz@dnd acitléeandvecahyatf i(20) 1 0 bequansn) aeld?2) a

anti bodies. Additionally, the antibodies of the inventjon y.be chineric,
human PSsyderandapelfpegsegrencsof fhembeamyentipnal daino peids et bean (?8>58t enti al

ant i 9B fhtdb by ekHibdt § Bis fBcdrAf fosiBhds dict¥aih ?Bsi{i&?si dndiR o986k}, Ghhneri c,
human- 11 ke and humani zed anti bodi es have generally been described’ in the
art. Byfineibsqporcatkiengl ms: dubsat bésdqoemiey if eaelytesitive pasitiov@as allowed to be any

2012/ 009026 PCT. 011/ 027252 possihle in the hybrid antibody, .the.
ant | oo T AP RHLIe RS opR GpP A e g i A USRS BT B BLUN B TP be
carri edidut A yfin®Ret g cWRbinaKa@whly Rompeis@ariahQHAQhviiah b pSftiddsn | 1 ght
or heavy chain variable region conSists of a "framework"
and/or comprises variant residue positions which can comprise a residue selected from a defined
subset of amino acid residues), and the like, either segmentally or over the entire length of the
individual selected library member sequence. Defined sequence kernels can refer to either amino
acid sequences or polynucleotide sequences. Of illustration and not limitation, the sequences
(NNK)10 and (NNM)10, wherein N represents A, T, G, or C; K represents G or T; and M

represents A or C, are defined sequence kernels.



region interrupted by three hypervariable regions, also called CDR s. The
extent of the framework region and CDR s have been precisely defined (see,
" Sequencesoab12mogizei ns of | nmunol ogi cal Interest,” KabaPtC&#usad11/0272987). The
sequences of the framework regions of different |light or heavy chains are
rel atively conserved within a species. As used herein, a "human franmework
region" is a franemnrk region that is substantially i dentical (about 85 or

nor e, HRY 0 95 nore) to,the f anemo e of a.natur

occur AT EAET bR et AT B RS et PRI BOrOR<Bm SH BABBEYS « ha
i's th%mﬁﬂﬁﬁ%ﬁﬁﬁnéﬁ@ﬂ%ﬁ@r%hkﬁgﬁﬁﬁﬁﬁﬁ%{%ﬁﬁaﬁﬁﬁ§hhbH%@hL@ﬂ&B&e&ﬂﬂe&ﬂ@Ny
chains, serves to position and align the CDR CDR s ‘are primirily
respo neidsrisg sod Vbrlmdrnng-lmmlmg@m Oblrw igfmenegamt igbwmansnDagewondacte wi t h
this in tion wor k J.89i.0 to a . reqgio

or vt "Ry A S TR R O ah B B’ BRERL R AR RIS, he
hy per \GDR 9 @os-BiRag Bﬁginar@drtésﬁ@{cﬁ{gﬁﬂh{wesra(ﬁ@hlﬁfb‘éd{e%R@igﬁl&ﬂﬁ tHEaks agont act
with the antigen. In each V donain, there are four framework regions

desi grﬁiare@erimUSIﬁr@l T3 ThR derrRAle Iy iz  adsorrelirsd rpapdecadest wahéb%n from

the N.{ rk 2
ol ar ST Bibbefkiny B ReerAOTUCN flbbcy, (P EpgtBR-PE AR 85 ifaRbon RERRRCC", b
regi onrdhletamﬂpéﬁ@l%? tageheCEDRE cahdpitopre'emwbitds t4 tiheennvhhe T-egl epitopeoruding end
of ﬁr C.terminus of the V domain; see, inter alia, Janeway,
Innuné%?ﬁ¥ HyT-celpFtARHOPUbI i shing, 2001, 5th ed. Thus, the framework

regio co L
201 O ACOTARRrAbL, HIECLOAOATPW Byl FRoFERLORIOAR LB oL |
deducenﬁnco)amds cgmvnﬂmutmgqm &r@cferrneitemfcrféfntmhknpktop@sgl onsbsimdjontdfen@biRacidsee Kabat
(1991) guences .of ot ej.ns I nol ogi cal | nterest th ed| NI H
S R R T U T R A A o

Chot hi nér&t%Sﬁ éelpepltwgés reBtRlte rdd6ed RhafbkénRNg o%ﬁ&@caﬁé&@% iNRIcH afiged? 2,
877-883. [0062] Th enefits of this invention extend to "industrial

appl i elaiqp@m@nt oellipradifieretion Inmddé@@s@ﬂycedvmmmsmemqngrmEdelﬂ epitapes ude

I d |
R S e L S B T T

nonpr Qtidtseqmbestmtm@ﬂg ant@eherv@@&nc&hprlcelabtcmmaaudsrcI ude those in ar eas of
di agnosi s, nedicine, agriculture, manufacturing, and academ a.

2012/ GMGPCTM}SZ@H/OGQ 7PEPS 90 BII TSR &3lites fobAttinghtide &?ﬂumuewhrdewn nmeans
t hat t I t
soquertiac Bl Qufin U AIMEACARRNE, bSO ARTE oP IMGRCG: G RUSAIP Bront ary
pol ynuyabsequéndle tmrpredeeted\bermdlécma:sl qf niuciejot hdecamatitdBtyt doogllcxoMHONN entent ar y

to areas. of another. polynucl eoti de r t ynucl eoti d [ 0064] The te
P sol 4¢ BifeerBaretAaR o feciur s et alig W@M‘&PS# oRPY R8s 1gFicafed L@Wﬁ&ﬁ ment
(€. 9. cld&Da Sk Willaisnyf TQQI’EE&E thdn infudeSannALYE @} t¥pRRE H%r Hir@&)stlnﬁ%loﬁ)@ﬁpl e,

a naturally-occurring polynucleotide or protein presen ina living ani mal
i s notcellsol prodide shidtantibedisane pol ynucl eotide or protein, separated from
Sone | of . .the. cpexistin teri.al.s in the.patural system .is isolated.
Soch SRoPhuce Bierdist” SRR g ffligelsued ot BRSR Wi RHSBlht eh @G es
Or pr@hfRiaBs oaBt deltfin Rafuen&s iR HAPRAS IMHeQRriod Wstdiclibh S nics Akt IRGeih Ard hat
such vector or conposition is not part of its natural environment. [0065] By
"i sol @pemleh@}elﬂsea@llablredmd rtlselm@acr’rtonecondr@peﬁ, sofagiots anei qgher raqtmmeers RAUsed
nmol ecul e t ontig ki ng
sequer‘i‘éé"s?“w kan‘ﬁ thﬁiononra“’1 1%“5“?&% oygegﬁﬂ i I%‘t“fb"?“ %’Phr%‘e% ﬁrg;ebsi}ent in
the nafldsrad by DBRCHEEMOT igara rmtmafbohhe ugit gAIns e IirOinBoWﬂB@ bl bt buffer delntivied.
The termthus describes, for exanple, a nucleic acid that is incorporated
into &ov#stinossof wokéing DRYA diveerenis i playmid sepsructian. iyiirdlycd witig okt i s
i ncor t a
noml uaer e AL 28RO Bls R HEAE B PR vBble, Ao R PRIRER R, P
occur $)1bstlarrﬁchrmmmmifoeba:rtlau]iadrdshatloexnmsase gcsitipd battlee mpheecther. e. g., a DNA
frag pr.oduced [ ation.or. restriction enz estjon, or
P@%Il@%?%&gﬁhﬁgp 7y f fis INRRLERTHL POTHEY (i e ahdG WAL bes
a reconbrnant nucleic acid that forns part of a hybrid gene encodi ng
addi ti onal pol ypeptide sequences that can be used, for exanple, in the
production of a fusion protein. [0066h€s used herein "ligand” refers to a
nol ecul e, such as a random pepti de or "vari abl e segnment sequence, that is
recogni zed by a particular receptor. As one of skill in the art wll
recogni ze, a nolecule (or nmacronol ecul ar conpl ex) can be both a receptor
and a ligand. In general, the binding partner having a smaller nolecul ar
merght rs referred to as the Irgand and t he brndrng partner having a

e e . o o M NN ST



WO 2012/ 009026PCT/ US2011/ 027252 |1igase ("ligase") per 0.5 |lug of

approxi mately equi nol ar anmounts of the DNA fragnents to be |igated.

[ 0068] As wieedi2mwp@ibn, "linker" or "spacer"” refers to a morasSadg/0o1252r oup of
nol ecul es that connects two nol ecul es, such as a DNA binding protein and a
random pepti de, and serves to place the two nolecules in a preferred
configuration e.g., so that the randon1peptide can bind to a receptor with

nlnl ste hi_ndr.ance ndi. n rot ein. 9]The erm
mmars St il ave Atdahghor Beara Pt o e Biohiistit SRRHEH) Sehforei n or

ant i bqgyate e RsPE frh@e®f an antibody, is expressed and displayed on a

manmmal i an host cell surface for screening purposes; for exanple, by

scr eeriﬂﬂfgl]f orThq)@cmf Dd:\lﬁashuf@@@”hﬁuséd hgrebytoan@oﬁbmambmtloﬁ betsgaet i ¢ beads

and f i va one_aspegt, | | an.

expr esUT ST ORTErRRA L De e S ashPdlice i "% FRBES @ﬁn%?ﬂ?ﬁhﬁ?g%bm ns

as botayain8616¢ elogsbvantia @ehlhogisldgaae rdeombehation Mudls ad Via Bebk dﬁ@/oﬁﬂﬂ

2009/ 0136950, which is incorporated herein by reference. |In another aspect

the t avwemy aedthefikea Sheffling may pe rasdpmaya@anfrandom.yi ral vect or encoding for a

lib f d
ey 01 ons B9 B0 QRGP ok SHTRBLErRLE PRl BUAS BB Sy i o
| ncor pﬁngetredudhearsel phykige peffypereidecto Wilich elelpgﬁt@erdfaﬁandbc&tyl aycher amphynwd-i an
Akamat suu e dev a mammal i an cel

|1
gﬁr f zé'@&d{s mﬁg@%&l@% aA%tLﬁef%ie@WnH.%@& %Pnﬁléb‘Pfa‘t ﬂgecmﬂ fes based
on t h%lréuéﬁﬁg siFei1&iundi agnal hinfid aelcfsr}ﬁl 59%29'59&' aﬁ'alﬂn %H'cﬁh hive dASkiRg 138e-

Epst ein-Bart virus-derived epi somal vec ant i b l'i brarres were

di spl aymchsamahbtologurhigBarmteeisti¢sess woll bhepeciicl chsxgefcha:nactanshcsc nAse]mectihefrem
speci f,i c. anpl en. b a cgnbi natj,on of na i

P or ceBiear et i HREATEaR br Syt O Bt SR te RO Sg- R 0T OIS i t h
desi r%cﬁﬁ%"fﬁlté?gctﬁhaﬁﬁQﬁt@fab@%ﬂﬁth%ﬁﬁaﬁl@%g‘{&ﬂﬂﬁ‘dﬁl? ‘BH&iy’SQfé@anBSMI.S and
converted to the formfor production of soluble Akamat suu et al. J.

| mrundiypicklly frodls bdo® igRrction)s: mm&@teduaﬁ@@ﬂp@imlwlaﬁ@o@tmvmhmeef @rmgice. Ho
et alanhls(gaa1 1 4$e gpagfﬁﬂc ki dney 293T cells that are widely used for

t r ansi’nt %%{él %xpr ssiton for cell surface display of single-chain Fv
anti bqgexg f oThafethMetoluti® ueREd O cheRfd i s XRLRERIpAGhcityl eaadiistBbr ant i body
wi t h hi gher aff|n|t were enriched 240-fold by a single-pass cell sorting

f r om &civefygef aillyfor spnthetically ﬁ%ﬁ@@%l%tqnﬁba@y vdl@mcoanmrﬁ:cbm y | ower
affini r hi ghly enriched nmutant was obtained with increased
b|ndln%X%Ffﬁ%§%§“?Q%ﬁ%%§§ after a single selection of a conbinatory library
randorfd@33hg amhé rims h&zigmemlﬁt, I"beordmtihgt syddtnalbly' wheradefertisptoat fefarerafe ant i - CD22
Fv with hlgh affinjty bﬁ' é&f pl ay WO 012/0090 6PCT/U82011/02725éw9n
hurman PEBIMERHderom TS PO JRSE dSov Migh K tain pigesss pie biptpEcEl 5(sByn oleRyity

i ncor Qé)ét%é%geﬂgﬁ&ﬂl@ sBhcae iRk Qflﬂig refeRACOPEGHIie ePu@lﬁerm'd?ee%eaeﬁﬁg I's specific
for an antigen of interest which were directly isolated from peri pheral

bl ood "fregoott) 'darivatiek! er (4RBRE) acfexhuphficdlone'sro-fReubmblagalet such as a low

t fi I h F lib t f t hi
2mol “SPERES PR ML BT e R E ARG R oy o b
Slndbggyyﬁ&M§¥gﬁﬂ@@§%wg9 system This nethod allows isolating

antigen-specitic antibodies by a single round of FACS. The vari abl e regi ons
(VRs) 8054 he Aera@ﬁkrocttsaqrmdf(d—l@mefwdprpdwmg ffh@.ll éhtgmpLa&polmpéldﬁ gobtatfed from

posi ti ng._rec i.n n d |l e
o0 ot PPERARIR HFRRTR B e b BB A b TS R PR W BB AP
ant i bedétesmbbondididsitioa. @sdisvd hetsinl i rp@fetdf6lngld ddhidd acid subgtrbitionst &lin
antigen, as well as antibodies specific for nicotine were isolated. A

ant i bé@iﬁe@@%m%@aawaélw cagficd i ngfrliy ericedehplupaptiderferiiag atpheapiaeids,
”'COtQQQeﬁPﬁgdﬂ%%l s were validated preclinically in a nouse nodel.

Beerli et a ol ation of human nonocl onal anti bodi es by mammal i an cel

di splay, Proc Natl Acad Sci U S A 2008 Septenber 23; 105(38): 14336-14341;
i ncorporated herein by reference. [0071] Yeast cell surface display is also
known, for exanple, see Kondo and Ueda 2004, Yeast cell-surface

di spl ay-applications of nol ecular display, Appl. Mcrobiol. Biotechnol.,
64(1): 28-40, which describes for exanple, a cell-surface engi neering
system usi ng the yeast Saccharomyces ¢ revi siae. Several representative

di splay systens for the expression in geast S. cerevisiae are described in
Lee et al, 2003, Mcrobial cell-surface display, TRENDS in Bitechnol.
21(1): 45-52. Also Boder and Wttrup 1997, Yeast surface display for
screeni ng conbi natorial polypeptide |ibraries, Nature Biotechnol., 15(6):
553. [0072]The tern1 nanufacturlng refers to productlon of a proteln at a

Y Y o, -~ M



changed, resulting in a codon that codes for a different am no acid.

Mut ati ons that change an amno acid to a stop codon are call ed nonsense
mut at i onswWO20027908s used herein, a "nol ecul ar property POTHS2&M0RT2821"

i ncludes reference to nol ecul es conprised of a pol ynucl eoti de sequence,
nol ecul es conprised of a polypeptide sequence, and nol ecul es conprised in
part of a polynucleotlde sequence and in part of a polypeptlde sequence.

MD 20 90 CT/ US2017/ 027252 Partic vant no, mean
Ot T 0 2Bt n Ve rchimeane it scanin el TRA b Risd B pindyein moriaBodh s omat | ¢
act i vichhigsit @ﬁch&{é@%g‘id)r%qx&%aﬂfgtam@m&aovwg tﬂleac%d[rﬁ% rgied (k@dér%ﬁ@%ﬁé h&well
salinity; pressure; pH  and concentratron of glycerol, DVSO detergent,

and/owsaﬁngmhgSﬂn@hgﬁ&H@mnéﬂétw@mlndWNMWWnQﬂﬂgm@@maw$(@@mﬁhde ina reaction

envir |on axtlcul ns limting
a0 Aetclt SRRBEE b Sk ertna S PheniRy lradened g FRREY gV,
t he anrpyuthcftode s toah mbe@sg loﬁ‘r’edlaﬁt@@ﬁd’vfeﬁtstgbﬁérallﬁ1rﬂbBJ$1€:g‘l§eqaéﬂc%l’ a
speC|f|ed exposure tine to speci fied environment, such as may be

encounteplEiragon fhigualy the tage of 1e00atsd Tsencss nDelotipRs gndrinavelva Fhelalpi%& IO

Mappi r ion of the epitope and the
resolng%épgg%t%gkgﬁ?ﬁgﬁn%$§ﬁ%gﬁp%’ar%g%nportant for antibody binding.

| nf or re0379n abherer Meectbiohshiong' medmdshd{tept sdprsyranledmalet add sapeged 3ed by
anti bodi es i ortant for their use as. bio|logical or diagnostic tools as
wel | dgaplgfo Eﬁa&’i QREPIhET tREFT ﬁtrwfeﬁalﬁp@ws%&i SCHENCERT ltﬂa\)@m@m@ma%}l@ens are
hi ghl v, diy %@ﬁasmldg;, thbgis "cha%feﬁ?&y%cf%ﬂ}é%@ﬁeé& ucRBtildy ﬂab %agbm%gﬁ,'n@na'

structures. Epitopes generall nto 3 categori es: I near epitopes,
i .e. thbimfitciryogyenoe ptischtape nméxlejlwdwbudlza té amelear npaletc a@id ammlgamcgppam i de

chai n, % confornatlongl QP Sy %@ﬁrﬁtthe binding site is fornmed by a
st r uctWFRFCLMS P Ecap aregor ﬁm Y YdBYUSYS: di sconti nuous epit opes where
two oroesg|e SeRAicahehshbRLENEDr Ohorh&oRRkY RRMS tHS dhBaingldktmbeph&18E ought
together in the three dinensional structure of the antlgen form the binding

sur f aceid I{ll@@?taa}crch gequeRan Masunyridivg to ua@p@npbnnemtaéy eaglergraa mmdl@md n a

233: ﬁég(ﬂugéé:c%n e%?%r af, hézgrlghzattlon mi%} dﬁ\{\%glg 0{1 (2)1 nélmr%]ag% faonésﬁlglclﬂaﬁllg e arn unthema.y

not | %ﬁ@ﬁeﬁlﬁtyﬁﬂfkt@&nﬂﬁe a@{uen@elg and ehe HyBBdizhilorecdnelitions Budhadsi tomperafaans @hanges
in the sequence of a w e nucleic acid sequence or changes in the

sequefeBCeHfraBonsasdisgussed 1%} ;Pﬁ%fsltabkye@e regiRihofridenity srercsanthpeaboait Atbp,
mut at i ons ﬁéf&%bl?%héfg &f*d&éhl%uf{s éa@é}s‘“ﬁﬁ%@f e The nutations may be

deletlons I nsertion icati ons used herein, the degenerate
"N, hlqnﬂﬁﬂnucTBa&ndéhmammeatasnﬁmneﬁemt$e3ﬁnmmmsnMMﬁdhmbp@km&mnmhﬁre "N

can be A, C. Gor T. éoogg]As used Qereln t he degenerate ' N N, N

nucl edecHR g TEI0s (¢ QREFAME AL ML €18 51 8PS, HASPELIRE Wi he A C

G or hunlaROBAHeK %@Jﬁ @@éﬂ‘ﬁ&&ﬁdﬁé&%b&r &lcBing A% YSieldtasiel Bilps. @Rk ed to

the object refers to th
into polynucleotides encodlng a suitable variable region framework (and optionally constant

regions) to form polynucleotides encoding complete antibodies (e.g., humanized or fully-
human), antibody fragments, and the like. In another aspect, besides mouse antibodies, other
species can be humanized, such as, for example, other rodent, camel, rabbit, cat, dog, pig, horse,
cow, fish, llama and shark. In a broad aspect, any species that produces antibodies can be
utilized in the production of humanized antibodies. Additionally, the antibodies of the invention
may be chimeric, human-like, humanized or fully human, in order to reduce their potential
antigenicity, without reducing their affinity for their target. Chimeric, human-like and humanized

antibodies have generally been described in the art. By incorporating as little foreign sequence as
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fact that an object can be found in nature. For exanple, a pol ypeptide or
pol ynucl eoti de sequence that is present in an organism (including viruses)
t hat can We 20pdloaizéd froma source in WO 2012/ 009026 PCPCUSBOW1/0023252
nature and which has not been intentionally nodified by man in the

| aboratory is naturally occurring. Generally, the termnaturally occurring
refers to an object as present in a non-pathol ogi cal (un-di seased)

i ndi vi dual., .syc s . woul d be typical. for the eci es. 81] .used herein,
L v epsne g2 BT e by, Be el fdRingS sduds. eSS RSE Pl e bnce
pair, a@l_ﬁp&n@ﬁrﬁ%wc%ﬁ@dbﬁrbﬁrhemdss@agkm maRged or doubl e-stranded,
respectively. Furthernore, "a nucleic acid nol ecul e may bel ong excl usively

or chil#@40] cal Ay immuanglobulgulighsfor herlyebrindarieblatregion pensistd efou|fegnevepsk”

o ocurab T oo gl B LAl Berd e R FO TR S B 207057 ¢

nat ur dtanevwagk WelidighdaPOR R Mav & Bécnlpé dide] eefitedi(ig, TBigL&ices aLP@sinsadtd
synthetic nucleic acids. This includes, non-limting exanple,

] by way of
nucl eil@nzepiegicas byersdt derbat etril-ah§87or Janstduences o hedsnanorkiregeotidr i a,
ri bos ol BNy éﬂgeaw ChihSaRGll i@{éﬁﬁﬁ'erev%d GAITRL 4 Ssdicgh 'A%trs-%]cf:ﬁér%ﬁﬂ pf one or
more conponerts that’are not hatur y ‘occurring along wi natutal ly
occur 'hmgac Gamewerk 1egion 0 B32fréxdelvdikangbh yhat & substehteilly idaitidain@begcBber may
contain in part _one or re non- nuc| eotide-based conponents as exenplified
by, b&@orﬁdp@m@% of 61,02‘3&? Hts Trenreers fiesiqtigat BaUrHY @CCBY NSy M8t exanpl e,
but n??ﬁnﬂdnﬁ%lﬁﬁﬁl‘i& nTheafrémQ%rlé%giBH 8F an SntlvddPahht iDHE! SAILAA-RASEDRAG A part
pr ot ei n- bas I's considered a “"nucleic acid nol ecule”. [0083]In addition,
by wayf dfe @xsmpée lightignditohvy ciritasérees togonitioh end alagi dhe s uTke CH&(s drs

| abel ed. with a detectable.nojety, .such.as radi oactive or. ternat.ively a
non- r AGPGY xr%e(’l}saﬂi%hr%e@lﬁls{e iSRG At TeRTgE N APEfaTcE Ak BIS Y cabahe

[ 0084 )RR Wk Pl &I t6 ad6difn FLHE/NESMSAR I PN doBhindof AN BIins
sequence of' or a "nucl eotide sequence encodi ng" a particular protein -- as
wel | dkat pravadessymotsymisalolddenthic hypersfgable eoraplpNantssiyudstamimpg edgions

transcribed,,and transl ated .intqg. a ot ej en aced under the,control of
oo onb PRREALke AP T LEH hARiRn R eh § S RhBERE SO R IRIRREN e or

regi orjesigiatd BROfFIOL, IR3NGd RN PednydidrRY @nbdinpase€ the 8dptbr Mbihitd NA@rminus
transcription of a downstream (3' direction) coding sequence. The pronoter

i s parof therVdamammtid e hegbwingmfi (DR bdirapeeork dgelstes hathedegipnbetwest bRk it s

3t eraﬂ}'i HHR2 Eta‘ﬁle%‘?l??teﬁéong&%é% Qﬁeereg%%soeit\p&lnw B4 ﬂ‘ﬁi-‘is”&#{&‘ 1 Qf bases
e nit ' evel's

wher e ement’s necessary to | Iate€ transcription at etectabl e
abov e niaek greaugidn fidawhe end oACDE3 tntié tHRNAt@olinref dseV bomdm; sée itamlance and

transcription is initiated at the start codon " terminus with a
pr onot/ @RgWayy apEpehipleey %P&éé’@ggsha%ﬁbﬁ)lr,ééhlﬁd-ﬁﬁ%éﬁ%g'a@we%ﬁ HEINS Wi t hi n

the pfeﬁ&@h@[ss ﬁl@%%%%n%ﬁtkid@?nef OYRGcBohd ANG ok R @mdifd tiation site
(conveniently defined WO 2012/ 009026PCT/ US2011/ 027252 by mapping with

nucl ed8@61$i ) dke pabdn sksllqulriottled art sirpatiilygn d positins tq daluse froosa sizgusaquesy

responsi pl e for the bindin RNA poly . [ 0085].The.ter.ns "nucl eic
o 6 di Ber RS ePer i Sk R KB ) SROPER R RO o1 ynuc eot | de
encodijRgnABldYiQ! Bitérestatd cait NEITHDUIBABMTRUR. b £3IH2 BNS OVEpasHest &F Health and

pol ynucl eoti de whi ch I ncludes only codi ng sequence for the protein as well

as a poingazdreses, §dothid dR8Tht MaleBiokd@ot POINAl 7 sl ghiak 4% ¢.42. codi ng
seque%99$850086]ln one preferred enbodi ment, a "specific nucleic acid
nol ecul’ e 'speci es" is defined by

[0062] The benefits of this invention extend to "industrial applications” (or industrial

processes), which term is used to include applications in commercial industry proper (or simply
industry) as well as non-commercial industrial applications (e.g. biomedical research at a non-
profit institution). Relevant applications include those in areas of diagnosis, medicine,

agriculture, manufacturing, and academia.
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its chem cal structure, as exenplified by, but not limted to, its primary
sequence. In another preferred enbodi nent, a specific "nucleic acid
nol ecul e Wpeoi2zwY026s defi ned by a function of the nucl elPCTAS2@19pEE2 es or
by a function of a product derived fromthe nucleic acid species. Thus, by
way of non-limting exanple, a "specific nucleic acid nol ecul e species" may
be defined by one or nDre activities or properties attributable to it,
inclu activities,. ,p er. "attr|%H6 bIe |ts e pressed
[ 008 7B o P e aiqRhiib B et HRE AgOrGRre e g“esarrple
iNto gaMbGtRichic@dH dodmPEREMaryl sBELALE SThEE " RELACTSEnBity"| HEDS B Ald cﬂﬂ oR
nucleic acid sanple into a véctor-based col [ ection, 'such as by 1igation
i nt o arsasef o polyndcleotaleair dhamencrahpadynusldotide areAd@tés@wmonmhermmwnewm of
vectors, hosts n as well as specific non-limting
exanplBgﬂ?%%¥%%¥%§$geﬁr§1ﬁ@gﬁgel?%gnafter The instant definition of
"assenpieag aTHOfekh Mokl @hdand tatths aiaéreal idtethoFed BoMEtCorathdl chiibdrmisnt al so
i ncl udes the process of incorporating a nucleic acid sanple into a
nonved¢-8r papialcavirepmpyiif itdyeatugly gocuriigg) ifen ewnrdaaadw@rrﬁllﬁora@mnabl y the
adapt i
[ 00BeP ROE TR A okl JFEonPl iR taP o LIS BR bR bAnGdE
is commpNﬁads&bmﬁ&ﬁdﬁﬁﬁSmbaseﬂlcb%becangmgoﬁmamﬂsﬁﬁhanMﬁnmeghanasacrd
nol ecul no preferred enbodinent a "nucleic acid |ibrary” is
conpr .1%02%16% %rﬁ?ﬁil 1&965@853&@336&&1@ dryester arld/ﬂhercglpelya&rlaotﬁﬂseé afossins | n
vet anghide AHEIaIcRloGBRMNTRAN 18 isoMc R fiadGhilydd Ak mpb SiiGO MRk & Of 2
conbi ned cgﬁﬁectlonﬁg? nucl ei ¢ aC|J; ecul %s that ?g |nnlar€ vecto? based
and |wfpanMun¢nnweummmxbased Preferably, the collection of nolecules

conpri ar chabl e and separ a | e ac di n dIVI ual
ruch cll0R § b oBEIE0Y 658 TR el ORI pERN moFE Bl

"nucl g ﬁotaahedwa%mﬁt@uouprmﬁltﬁees A BV@Arkir schUGHBONItH W RS horatdlly 197
alternativel construct The term "construct” is used hereln to
descr |11maleélamiy é@rmgelouswbﬁl prssat pbﬂhy magrabtacgerring. ggnome opthyoagaaism from
pol ynu ot |d y 2012/ 009026PCT/ US20. 1/0272 52
Ehen DN TRy SRE kRIS dodfoaidl PRl 70 B eePodisdings
vect ora,vegfor BAtH 8s @f)laﬁmid&ﬁtv@rral vddioraa ﬁ’@ﬁ@llcfabﬁi -th&tug 1@M1%p@€htéﬂ3ﬁhft5the genome of
Ilnltlng--as ect, a nucleotide construct is exe ed b expressron

DNA eﬁd}eéﬁ‘éslpewsa@%@rrthe £8naNg @%ﬂoh@nrlegoqswellxblaﬁgr Stheificrn %Ifrpmarhﬁ@é Whicdy |

[ 0090] t I r ef her a
& ngl ot it 4G, Eokd fRtlert PEATHAGRLINS Bl pILAR, bl FIRA it

pol ydeexduced be BCROb&npitﬁcatids omieismhtmraynzlymeah@amomldrymm In&ﬂeczl&xi)ro&imb
synt heti.c ol i gonucl eoti or not have a 5' phos Those t hat
do notYuR PHIHANSPIRf e ﬂ@ t%{ﬁb%lﬁ‘éiiesarlgw&?f%@?@élﬂﬂqoﬁﬂff t artofa
phosp h‘@%ﬁd bidbrRBds ‘ﬁ‘% Bddifiohdl %o %E ncds Hhhi@R%e Bed Yot é&%ﬁfpfe in the

ol i gonucl e tlde wll Iirgate't a frag nt that has not been
deph0$phbmybmoédﬁmﬁmrachueve polynerase based anplification (such as with

PCR) , 2- enerna onucl eot that is ri sed of

cer) ed00agi] BsisliRFRE Rebr BRI entiuic sl qudnfil B oS e €
SeqUe@6@nmﬁ@&p&n&9@ﬁﬂ%n@&ﬂﬁhﬂﬂ, Yy FRAHBNGECeptct. MRBYnk @R EE]l idthelbgedill N this
context, "honologous" is in reférence to honol ogy between the oligo and the

par entredogpizeyamelce cevlei(elempdiamolosulspgrapicekcandetbe @tﬂcwtewsﬂea beandd In
aerfl n. Lerm [ ed" r to a
i nka &eﬁee}‘%lf an bllﬁcg g? %r@?ea glg\élg% mt%her' m&e&%lunc%lig%tnlg.? fgge(}/ 1toI agﬁfé( fj%and &ng iy
acr d lb$nd11®g3§€[r&i@ir Mavihgk getatevh@iedular insight ac@ericdit® aga frd¢lptbt.0na| relations h| p
wi th apot her nucl ei ¢ acid sequence. For instance, ronoter or enhancer is
oper aBP¥o7li nkdeeateons refstita dhesupersnet qrmmap@ﬁp%@ter E@HQSrb&ﬁs%qm tHoideublst t he
codi nGusfRuenCic KRPEARNIA (VIR TANS1 90ah 147 BMLSGARCEROIRLAD || nked
are typically contiguous an ere necess joln two proteln coding
r egi ongaticomiy o amnq;rhﬂhednsu@momgl Buffemeand @ﬁ@ﬁ]]oﬁs ot 10gingte gOEAONA s
"operably linked to" another coding sequence when RNA pol ynerase wil |
transcri be the two coding sequences into a single nRNA, which is then
translated into a single polypeptide having am no acids derived from both
codi ng sequences. The codi ng sequences need not be contiguous to one
anot her so long as the expressed sequepces are ultimately processed to
produce the desired protein. [0093] As used herein the term "physi ol ogi cal
conditions" refers to tenperature, pH, ionic strength, viscosity, and |ike
bi ochem cal paraneters which are conpatible with a viable organism and/or
which typically exist intracellularly in a viable cultured yeast cell or
manmmal i an ceII For exanple the intracellular conditions in a yeast cel

o o o,



WO 2012/ 009026PCT/ US2011/ 027252 nmM di val ent cation (e.g., My++, Cat++);
preferably about 150 mM NaCl or KCl, pH 7.2-7.6, 5 mMdival ent cation, and
of ten i naWoade12000061. 0 percent nonspecific protein (e.gPCTBSA)LI/02728DNi oni C
detergent (Tween, NP-40, Triton X-100) can often be present, usually at
about 0.001 to 2% typically 0.05-0.2% (v/v). Particular aqueous conditions
may be selected by the practitioner according to conventional methods. For

ener u,, nc, ow ng buffered aqueous cond e
Ot dprel FERE et LRt PP isAs v Sanireo oty 6118 Py 4 FegBeo fiabe
addi t ijpate@f di val ent cation(s) and/or metal chelators and/or non-i oni c

detergents and/or nmenbrane fractions and/or anti-foam agents and/or
sci nt i[00a8it s. Ap @&mid]eTﬁhe, "th@lwn 'opOpatat rders tas mede!chenrgsoup ofeaalsceecibit ect i on

or ot o1 ROl WSy SR o CRE s oRBYh R sl ROt HE B oa o

bel ongldce thdevosaoRcilladtinl aypreferiad @b@ﬂignracdnds gQfko B0 HRI rBsddnh peptide@as binlltat ed)
but which differ in their sequence (i are not identical) and hence in

their aﬂwﬂpwmﬁl mirmplsterc hipdpog) ﬁomﬂh%l?weblﬁdmgrpgotam pro-forn refers to a
I hat t

noncod ey o PETRELPRER e TR SR AbIS" POR Bl SRR ENEMRLED o B0 or

cl eavagebodi, meai paibh ofi a antilodgoivexprzssded and displapedt ad mmmﬂmimaeldsmell

pH-i nduced conformatlonal change, }yom atlo with_a co etc.) en
F out o SHEAGEORMHE LR EDoNE PRGNS IV AF TSI Wawﬁéjc an&%gaé? HE BY £ er ence
(e.g. c@ﬂlbid&%ﬁ@?ﬁlagﬁbtﬁ%hd’é &n@ﬂdo?es%&ﬁ@%"chw?ﬁéﬁ W f %ﬁﬁge Ih%fngr g&%@ pro-form
nol ecul e. two or nore chem cal nodification ) roteol ytic
cl eav a;lgmsmalman eacppa’sabe@bgtbnscar@hﬁd\falg@mahmeaudegjrgssmwlf amwng)glohudlﬂsels both

ot or SRl ol el Pue bRut Ly Bhbfad oot ERAB TR Miigrals o

[ 0096]ifrorpirRR8 hbdin BRRIGESE! IR ﬁn&ﬁé’r RPéth ags REhSith& of Mol ddi. A @nfbYy&I cal ,
chemi cal, or activity characteristic property of a protein or antibody to

be optfi)rna vieal vegtor crnpdmglfer a [ibraceeft @tﬁO@gbemamlbOdh ﬁragm@me@l@rdﬁnh%é@d pRdherty,

char act rlstblrgnor a%tlvrlt to b gspltnl 1 e% cggzgﬁwg e% fl’Ol[Eltl §elhected
from FEadetT o ewaﬁ Ot BT 8 ?8?n agg eogeau o) nt C%l?opreo &i

st abi IUytryferdne@r vapediony ﬁﬁﬁb@dﬁpﬂaybh|mdrMnalhdtheﬁ§SsﬂdloWn0tf%ir BxdMipistabi lity,
increased protein tenperature stability, increased protein_ so]vent

st abi IAkapnatsunet aladevelansd aapaymeakan erllsuEfacedisplay seqtony pyifablg far dwertldt i on of

gl ycosylatd gGs[h&% led &%5(9?\’1’&}9&%%1 n-GA8in %?ﬁﬁlﬁﬂaxﬁf Hi&d 10516"&%%@1 qg'su? an

i mMunogen &i ancerren pro el n expressi-on, 'Acrease I m anti

affin iEpﬂteudBan‘reraae-dememlrdpnwl atdtomatitihodg hidrges mréacihﬂpiaytgl afwhalt 1gG ¢ hange

i n i nmunog mm%1 fhagel catal¥t|cat|V|t optim zatiqn, or
enhandRRIERECSEN peelf yrtace gnd sreensd faripse “’Eﬂtﬂ%%é’rﬂﬂ ng By & camppato

2012/ QQINREPLTVSRIAISALERE2: ARSI SotHRNGS AT EnddRld ditbaicPLAReT Ly 11 a
mut ant protein or anti body conpared to a tenplate protein or antibody,

res pe@itesnmil yndipg or} AAsristise o chrarcedvered fiemtserted Cobls @nd comedodto theffemsfaro a set

deor od oncran phanut RN i el Bt b A8, Bl 202 BB or andom

posi t iifddrpctatel hewatly f&'ﬁ&eﬂj&QH@%t o usc@iudisa eYI?er(ﬁfld: RidneNOYEIV&LLs that are
Ci rcum;crl bed. [0098] " Quasi-repeated units", as used herein, refers to the

r epeatvadely used &éﬂaggmtméﬁelarwp@ﬁ@mbﬁor@elﬂ smfque@irnsvaOﬂ Sa@h@ Pleedn Fv pnidtensiéest he
net ho not | | nt i nits
pr odu%ﬁasfggl%&%ﬁggthoéls Cse(?fcg)fex Prhegsnll %%l céll?ané %t% % nglglcl:]l enca ggmgg‘f’gal so the

r eass@htidiiat240ffok B 4 dnglefpasedditetipefivinndage we@bom&yls dkpressirg WT
S|gn|f|cantly in sone regions, Nevertheless, if the sequences contain

suf f i @nebrdyngithr shghsly lpweb%fﬁﬂéé@@ﬁhﬁ%prﬁya highly Apphesmptant \Mw%ﬁe%@lth
referr Ig USES pepti de
I|brar§é}eatsg gﬁlgl gﬁghﬁ ;t?ﬁ ﬂeggc %etglegagaglleéﬁ%ncesnt ?fhﬁe}a %es a sgt of
r andonrm pepnsid eﬁubcailydlot@ot i aat Is;flattcmrtd‘camlf@mz Be svithridgideftinby by o siésplay

pol ynucl eoti de sequences, as well as the fusion proteins contain those
random pepti des. [00100] As used herein, "random peptide sequence" refers
to an am no aci d sequence conposed of two or nore am no acid nononers and
constructed by a stochastic or random process. A random peptide can incl ude
framework or scaffolding notifs, whi ct115 may conprise invariant sequences.



[ 00101] As used herein, "receptor"” refers to a nolecule that has an
affinity for a given ligand. Receptors can be naturally occurring or

synt het i cwgabeowbes. Receptors can be enployed i n an un®CTAISe@ 189252 or as
aggregates with other species. Receptors can be attached, covalently or
noncoval ently, to a binding nenber, either directly or via a specific

bi ndi ng substance. Exanples of receptors include, but are not limted to,

apeci Pl R aG S A BEean: HROLa SRR TRGkmaind,
mat er kgl by f@élend@ebr ane receptors, conpl ex carbohydrates and

gl ycoproteins, enzynes, and hornone receptors. [00102] "Reconbinant"
pr ot eil0&70 ef eBearb cenlz ysedB prlbdneatic by aneobadn efanteradNihickorené duestly i . e.

produced fremcells transtorned an, e o DNA constpuct .encodi ng the
oot r e b fghrolohl fB50 BomS e ADTFRYR DU B ERER’ BYSimefita

sy nt hegtigen-spdE ik Gingd QOR0R 6P GOS0 A D€ 262rt0@ 1831 thikol ef Bicéeimit ed

pol ynucl eoti des"” mneans that regions or areas of the polynucl eotides are

i dent iSegPNGsy PagmeHan eqll swrse display thy uspRnBd DY INdeXPEGSEOR sYHem8] Bijous .
[00104] " | M rtoent - r.el el ease in
nol ecu %@%{jl %’R}rss1 ?%lét%fgrslﬁal?lgl&ggg%gcue lb? ﬁ@gﬁgﬁ Sﬁé&eﬁopﬁl 8{ IiAnEd? 'oiltﬂel \r71dsr {e)dﬁ[ei on)
event segibat (VR ofredi hetedchaynsr(&lisahedllige gugine @sCs) Wadd Bblatctfeorh pbsitve ng t er s

are used to descrjbe t equence rel ati onshi ps, bet ween t or nore _.

pol yn sanes %Qmiﬂlrné?‘etjﬁlﬁ}ﬁ Burag a%bs)éée,s-pm@sﬁ‘b a1 5ok 166 R Bab\,ﬂgrag@@&aéﬁé%w

i denti P L i iok Windi C ik Lal: hty. "

[ 001061 HAcw FEREATThARRLAT RERAPRER LABPlh Hndiflfe ORERe ILDRILISIONY, o
sequemoalet vird antigon as well ef entéwdess spepienfoe nnmyinbecee isolbedt Abfanabddagsger

sequencge, r . exanpl.e,. as a s nt full -1 ength r gene.segyence
oo Red Blan SXATRIGH P dh CTRERG. Qb Brmi o eE R ER uRge
sequeng&linfeaneimd bus@mbedi e BRB%E 3L INEIAGSN bShihar B88dcl@f] BMfoaRkibges in

| ength, frequently at |east 25 nucleotides in length, and often at |east 50

nucl eatdraaslignociletgpiay, PRl Aol $6I1YHus12808 Serismpen 2 d0H3BX) 1 43Hnpridel a
sequence (i.e., a.porti.on of the conplete pol ynucl eoti de sequence) that is
siniIé?“%éyﬁgg%e$ﬁgg%ﬁéﬂ8%eynucleotides and (2) may further conprise a
sequene@71] hat Yesst délvangeatishRi Westo kievit, ibr gahipid) céerbhdiemd S&RUDNSe
conparisons between two (or nore) palynucleotides are typically perforned

by conrat GeY-ssEaerticriay-applicaonsgs melpghardisday depl ddisrobiol: Biotgshrelson

Wi ndow, 1,0~ ¢ i - r eqd : 1 i,ty.
{00105 Dr2lsed b AR APRR i 3ol GO0 S o RE RS W DA .
copi esSaothatdeyqs asievisape Stedalubpresencaoivt dispiag systeink éorchoaxpressiomah geast S00108]

The term "saturation" refers t techni que of _evol uti on_wherejn every
possi BP@V@wgﬁg%gqssﬂﬂﬁ‘é’d@%e&%ﬂeﬁ0®o§1{1ﬁ08ﬁ?8?11-éurtfaéﬁ&|w&_§aéf;B Piititeot i de” or
{ epl iR RR)IYDRP) U9y MINPHGHCr LS vRANORAL VERTRuRASIALR P sdilnifPNT i rred

by testing, but merely assumed statistically wherein the majority of
possi tbmbohangépolypenteladibyar ey Naturpdsistcohmlc haiyed53s estimated to occur at

h jL i f t. | at e.. Sat i t i S. f t tati th
DA of 002 eqi BRF 57 o THBHE- BHBBaI Ty 1 BROPR v Sin g b Mesds Ak B aci o
sequengfni@ht el PRERURIRIANESHMEIT sStGE@BAITRGDréBR, BXRIFBSSAdUANGSTHS Of

essentially all of the nutants for an inproved phenotype based on
st at i segwdabrycaperoveheint diagnashapragpr oaches conprehensi ve coverage, but does

ot gyge At eerfompl el RYSEAGR. VR 812 A0IAERCTL HER0LN 021252, 1400409]
The term™ sequenhce i den |%y neans ar ¢ po?ynuc eot’i eg%equences are
i dent ichadged] reSultin®@ih Dcdtiea ltenicbde-fbya diffk@dbinit® dvadi Slutadvas thahehanpnaiow of
conparison. The term "percentage of sequence identity"” is cal culated by
conparfTHee 2eis topsPREPIQN HE Fefirddogerise ARERIOBYer t he wi ndow of conpari son,
det er nhgHMg t . Qf n Lhl i vl i j . d
base (LIRS A& URRG A RS a0l BBE R0l RP HBINS ERhorlE) By
nunberconiprisat affegblyposidotida sequdnos, thoteguleh eompiridedrof afpoigaicptiddseqosict)j avs by
the totagl nunmber of positions. in the wi ndow of conparjso i.e., the wi ndow
si ) MORRF ORI el %@émwfesydamu?l&em et @&aé?nﬂéa &eqence.
sequence identity. This "substantial identity", as used herein, denotes a
characteristic of a polynucl eoti de sequence, wherein the pol ynucl eotide
conprises a sequence having at | east ?g percent sequence identity,
preferably at |east 85 percent identity, often 90 to 95 percent sequence
identity, and nost commonly at | east 99 percent sequence identity as
conpared to a reference sequence of a conparison wi ndow of at |east 25-50
nucl eoti des, wherein the percentage of sequence identity is cal cul ated by
conparing the reference sequence to the pol ynucl eoti de sequence whi ch may

M o o o Y .



[00112] As used herein, the term"single-chain antibody" refers to a

pol ypeptide conprising a VH domain and a VL donmain in polypeptide |inkage,
gener al | ywbi2kedogiza a spacer peptide (e.g., [Ay-Ady-d PCEUB2Ba/027252 and
whi ch may conprise additional am no acid sequences at the am no- and/or
carboxy- termini. For exanple, a single-chain antibody may conprise a
tether segnent for linking to the encodi ng pol ynucl eotide. As an exanple a

scFv is a sinpgl e-chai nti body. .Si.ngl e- chai,n tibodi es are generall
oF ot et Be Rl 2P BogRsat B bl - pemtn e bR S ep e OB r 10
cont i gyelNSd AR eﬁ%ﬁétf%}ch@itiey aﬁd?)%é’iﬁ@&i Vi BeRESuAfas thBell m&%gia@t%l in

superfamly (e.g., see WIllians and Barclay, 1989, pp. 361- which is
i ncor peliztye draserei pH:opd cowpc20 a0 P@RETPYEND. 1deipgaR sndfosfany ether) , nost

frequently encoded .rodent, . non-human prinmat.e, avj ap,,.por.ci ne. bovi ne,
ovi e TGV Rl Rk s PR o Bt S SyaRtl 28 a Bt boieny

f unct irgle@dnt i 1@Ibe neadans &tifilOckanPeReTahd1ycut Prddcigesao dutldIceEmLIuger ti on of
an i mmunogl obul in superfam |y gene product so as to retain the property of
bi ndi riblBics -spee thejamougt ofer repgpdandleculanyppaaty thatgs prsapager vircsiicdgen
(epit T i

St bongosurs LIS s RRVEL Sl SRA Fuafbe PRSP rshionall, (1 a1

bi nd" [0875achThd feen “iMultidieenkibnd Bpitopadappinie (MEM hrefpretttee idehfificution of han
to other, non-specific pol ecules, For, exanple, an antibod ai sed agai nst
an anthgeiiops aphitgiesolutii R Ehc h o apls 1A 1gilppﬁarﬁaf%a%l%ﬁ 5@6@& fic

prot ei : I b h O : Ankil

(i 1 B 3 D B e BB L - mporint g
t o a doctheir osaas Wolbgicgledr didgniostid plyes avedlpe dorf urclethtguideg theit methmisnarafet by

base paj.ri interactions (.see above).) [0Q114] "Specific hybridization" is
Got | naaloh HEE S g R HBTS APBR ihe etTa e et Pl Rt URtieT eot | de
and a d%ﬁé&%apgh%ﬂﬁgi.@?itbﬁl@ deBerdily Al Q) Y BMEtRRE! Oainkavdpigpas, dbshé nct  but
substantial ly identical sequence %,o the first pol ynucleotide), wherein
subst antibedyl Bindstp ebsadusd op @l linsaicpasioafi the pelgpentide ebaitoronformenonsy bpitapss.i n t he

m xt ur e, Q115] The .term "specific palynuc|eotide’ a . pol.ynucl| eoti de
et gy egt PPl 06 i RrfBeq TR Sk SIHRAFLES i, [FREe BsBithiHEL e
pol ynupltesysivirse tiesrahsre@Bfare lsitetdidsettheiso asptitib ehdisl amidhcat berghtence as a
portion of the second pol ynucleotide but different ends conprises two

di f f ertegathes yetherthiee dungnsisppledtucties of thoentign forp thejading syhracdi zat i on

condi ty ! yhridi zat i i . ' re:d . 90%
dont P78, SR R g ShorO8 i bichuiF S Bl b nIGRTEid Sgfinclitihe 20506
i dent icvynthetonethe Mmitati@egpeenceishin BecoBaghtgok o€t padtein, i1 989 |cadto ehoda her eby

i ncor porat ed by reference {n its entirety. [00117] Also included in the
i nventhEBcaclh By 08 Bray dek RGN #ArBwgasidcdaighat are "substantially

| dentijggh] t OThORnRCHHERRRS thodhsRBLKRER i Seq RHEN ASy AT A niRM: REQ | D NO
di scl osed herein. A "substantially i1dentical®™ amno acid sequence Is a
sequencguenbaor diahgeris tHassouance ef e pertole s @qlypaptalesnSyclhypurtnsemenbé peintini no
acid substitutions, for exanple, substitutjons of one am no.acid for

ot hagorb Rt kensaS SO PersBiig T BB Py BE SR Do EnsH no

aci d, dephéntidgs.i sol euci ne, valine, leucine, or nethionine, for another, or
substitution of one polar am no WO 2012/ 009026PCT/ US2011/ 027252 acid for
anot hd9078 uchAagsasllisseintthe degenefatea Ny NeIHE nugleotigasicaeencgirenrasents Jddiogsiblsr
aspart|. (o] ofal ' f or~ asparagine). [00118] Additionally a

"subsgg F.aW’?ei %@?%ggleggfﬁgiacid sequence i s a sequence that differs

f rom qoe®i er ens as&EuEN e Agdayra@TeN, DN NMBictco1dn sERRAES iéptdsdits 641Bsdsitieit i ons,
deletions, or insertions, particularly when such a substitution occurs at a
site tHRIEt wherst N 1san Be i ¢eGsirtle t he nol ecul e, and provided that the

pol yp jje e I tarns: i i I | e,
bne. o e TRt RS 8y B R L B SR et SR S AET

r esul tfacighat an obtf daadkifoundoh nahee. sFerushmpke, @polypeptpleloy pephihudeotids t hout
significantly altering its bioIogiqa& activity. For ex%npl , _am no- or

car boX§IUPEs MRhiEPTSATHB 28 OF SIS Thepcuiae HB’PS%éﬂi sBPeren atﬁ%?fpalsaew @ '8gi cal
activity can be renoved. Such nodifications can result in the devel opnent
of smaller active phytase pol ypeptides. [00119] The present invention

provi des a "substantially pure proteiT". The term "substantially pure
protein” is used herein to describe a %Dlecule, such as a pol ypepti de
(e.g., a phytase pol ypeptide, or a fragnent thereof) that is substantially
free of other proteins, |ipids, carbohydrates, nucleic acids, and other

bi ol ogical materials with which it is naturally associated. For exanple, a
substantially pure nol ecul e, such as a pol ypeptide, can be at |east 60% by

oy B Y b1 .




[00121] As used herein, "tenplate oligopeptide" neans a protein for which a
secondary library of variants is desired. As wll be appreciated by those
in the arwparyopeaber of tenplates find use in the pre®emUS2omse2sDN.
Specifically included within the definition of "proteins" or

"ol i gopepti des" are fragnents and domai ns of known proteins, including
functional domains such as enzymati c domai ns, binding domains, etc., and

smaller fra 1 such as.turns,, .| o0 tc. That js, portions of proteins
o et SRR e S heaR i Tigalty P BRis B Svn b eRer B o P ol
pr ot eio@@urriﬁ%j GeRaRMy, dBStcAn hak@Aly dRSrrinkTeRAMblah BjecPEO it Mal hdidts, i.e.,

non-natural 'y occurring protein anal og structures, may be used.
[ 0012 Ppthaiagadsl inpdistas¢dhsndimisiuald suchtag tvaatdbaypidal for thedspeoes.i ndustri al and

phar i cal, _prot.eins, including |jgands, cell surface receptors

e QR e s BERRERAR A eRFlel P RS R oFfised PhARERt PRERE 8815 gnat i ng
modul egse %@}ﬁt, dspcldRigadn WHAh&TINS st k- @nyde®s: dodbid aRhged; kaps@beBfl enzynes

i nclude, but are not limted to, hydrol ases such as proteases,

car boypahaEse, 4 pyskeieacid modsenfeqaes balprmexsdusivebepip@v@crieablyie pay geup of

tauto . — i . OxJ dor 5
phopharaeagee-offiai: 308 ol ASARAER by W Aol MeTOSL AT B F e
Sui t alluelefaraeiceinblcbalek RO¥IASDNAG lgtttanic hutlear &idsphon-genoned ntideicatids,0of t hose
found in the protein data base conpiled and serviced by the Research

Col | aisat br Ehinesmact o aﬁgpe?wgg Raleie @Cl@h@é,smta?%w@m% eder Bknaven
Nat i on@ldydebly WLQQ%-nﬁﬁﬂ%zeg(tq?@gec Bhdleic Lbs hELBIUAARL 3 SRIB e LT er S

to a portion of a nascent ich conprises a randony pseudor andom
or defthmadoitendeh, rdegomaldtNAAanvdmickht ecid egrienics cosipessl thomarigdiytafone of a

e e SR BB R S A MR B ASH APTB e B Sh B ™
seque . | ’
resi dygogegsi t A@disionaRd at'Rgc168 Qi@ enAbcl @ShaHEontah iRhdrPOnBdr Moréabohant resi due

position may be |limted: both options are selected at the discretion of the
pr act inurlgpieqe-bapyd cemponentsagckempplefieblypmbut rotdimeitedtioamigo pedg andsrigats. aci d

residues i-n length (e 8.t.0. alt hough, vari able s nts be
| anger iy sapPLg busate g b Frisa Qg LR SRATEFRS TR o o

ant i bedyt prsta@iRiRéd isaondigdred & "aedlélc btidhdlgeuot ei n, a receptor protein, and
the like. [00124] The term"w |ld-type", or wild type", neans that the

pol ynu8#83dt i dbn aldeionnby waw ep exanepladipt rot [anitaies, a puclgicjagidtypleculythet si n means
that theRrQieh ﬁet@’&t‘atle%i@%éu‘éﬁ a8 r@diéaf%ifi% Pélte?r‘fa&fvwlyt&’n{%‘éﬁ%a&ﬁbeﬂ%é{!i@ and
wi |l conprise the amno ac sequence ound N nature.

2012/ 0ikeQR6 RO dis2dd 242 58 d BisTéluld2 D DESCRI PTI ON OF THE | NVENTI ON [ 00125]
Curren &g’ informati¢s are u ed up frontjEQ,guLge he evol ution of

pol ypéé He ahbe {5FBE etusAored srwsnEs,code far Y awhiie cPHng AeUsBFeiu0EE t o
make mHEALdiRRSclRnAe SHSaMne! AhaIRLES {d'%éinQPés'ﬁél?éédtﬁ&-syﬁ&%znﬁ’du%%rﬁ%‘ﬂ fefer
provi des net hods wherein tations are systematically perfornmed throughout
t he pdd gpBYA isckpicoce whiohed marfscmlstd, andHemslatedapoiagprotcmaykah placedrodértbe usef ul

S b N B BB RS U LS el

evol UtchPibl@bEbikdihfy RAEA palyaeasdMdla k&l m&faﬁh% AndchipR6EI6F a HOWRRYINAE' hi ghl'y
predictive data for protéin optimzation. [00126] ?he present invention

r el at eléregteomrsodiod seaen¢al ebiie fromatgr srpprimfphe R Avsaaaencepdiygpeguénge sedior med
from Lq gt%f‘[eccoidﬁyrf) s tetn%ﬂf ls.atI%e @9 ln)fcﬂgtpstel lclieen'ce Ero]?e]ssi%clrﬂﬁ% ﬁl%drﬁin?r}clu \{10| L]!)tGII‘ gf can
be applTed to all "protein erap Ut e tyﬁes SUch as, for exanp & "R8r frones,
enzy mbascsGyticoktlo@snta Reca3siry bomitese trif30dpTdn 4tilStcty detddbye atbive ©askelyundf

anti bodi es has been performed in eukaryotic (euk) and prokaryotic (prok)
host s Homgyee aftesthe ﬁﬁfbaeky@}@r%e (Omds dhq Sequenge apé fransspgtion &Hﬂlﬂlﬂ%’éi%@leé agt

di 500‘6‘8&&9%&%111% MR Epro Feﬁ] @r%ﬁsc Eﬁﬁﬁ g%&&%%%gg &% in hRRSHiAlHof ecover ed
and soneti hes converted to tul'l [engt ownstream ere are severa

pot entWahindhspdvaniraggsnto wilhbs ouagprioasdrgsion i@ sifer(canenerdyrgtfinedt her e
is sone evidence that Fc and Fv regi ons communi cate to effect antibody
properties, such as binding and expression. Therefore, when an anti body
fragnent is optimzed for a property such as expression, the inprovenent

does not always translate to i nproved expression in the full length
assenbl ed anti body. For exanple, a Ili %ary of Fc's was created in attenpts
to find a "holy grail" Fc that could attached to any Fv to inprove

expression in any host. [00129] In one aspect, codon nutagenesi s was
performed in the Constant Region for optimzation of nmammalian cel
expression. Specifically 326 nutants were created in the constant region
and expressed in HEK 293 and CHO S cells. Screening was perforned by ELISA

o o v .



[ 00134] Met hods for evolving nol ecul es include stochastic (randon) and

non- st ochasti c nmet hods. Published nethods include random and non-random

mut ageneswe 2apmosrches. Any of these approaches can be eaplusg@d/oerszevol ve
properties of the therapeutic proteins of the present invention toward a
desired characteristic, such as better stability in different tenperature
or pH environnents or better expression in a host cell. Qher potentially
desirabl e erties, s as ed ¢ ta tic activit royed protein
el R T T TN e g e eBER o |1y
and i FRpBYaEIcFSPhe HRIdHY (;fqguAtp%l}}Merhggpr ovement of characteristics such as
reduced aggregation can be sel'ected for in evolution experinents. [00135]
Evol ut[ﬂQﬁSh s bee fconsredictiie @Qltl Ielschmgaanauktﬁrry@m"ENaPosncodmg@h raetem" wanmal i an
cell %ﬁ a. yeast cel | 0Stu d{g Z f or downstream producti on
of t hep? 8?%%0 fEicecshidy & %ro R i lteés*y%%nl?é‘s VOrVEE TP St i mal

expr egolydcledtiddehigR R 1IRS bnlys®dingQcgehee foraRdpoteie¥Ohvie a¥¥holynucleotide

2012/ 009026PCT/ US2011/ 027252 and to manuf acture. Expression optim zation
can bevhighinelndes widitinmel pading tshorgrondett erdingisaucnciect or conponents, such as
pr onot sp| wter 5] ne

P oM 5Pl G RS g LRATICN.RAG i ARNANE SEgeTenBlcons

evol utisehcrafcahagictuzelas egﬁﬁphﬁmitbw bt @8 linyiteld no Misy@in@ry sequehdd: dnratﬁtaﬁhelds of
evoIvin re ev genes, tjimzation of host glyg ating enzynes. by

evol LPTGRTH STRrLTaRt a@%@? TR Ao TBEd e lttﬁﬁjeeﬁagta faaitfon of the

mut agGRER]ccRlitheSEl 6EAY 9ﬁm%h&%?g?ﬁ)ﬂu&tcheﬁ%c?ﬁt)mftﬁé nfibik Scitlsplei GnARG
expression capabilitie€es s are further described herein. [00136]
Cel | suwﬂaemndnmphgyxan@ﬂe§$panﬁandﬂ@cmadnmﬂqnﬂ@qhmmﬁbgwybédcﬁmxﬁnphe as

defi ned above can be e creen libraries of evol.ve ins for
Cand: GATRES Fam RSO AHa ot Bl T e fHEEh STt delprafise
for creplekfdd ppdduer.native proteins froma starting nolecule are

ol i gonucl eoti de-directed nutagene5|s t echnol ogi es, error- Etone pol yner ase
chai n [P@&¥dt i ohbe @ﬁtﬂnt@fmettqneofrratsa@éhegasvorkmg Wq«tl@tq aphiesaetp fd any@dgton t o
be opt| ed hS S dO %eqogmgh a s Qltaplet |a(1:1a 1 ¥, JIUf & enellzn a2 0L nuc%eotl de.
I'n t hé€t cas s YN of° hul'an REE 5?8 ét oﬁ% ceF? in sites
int heonédt@hnaichaeayaga@n 1hﬁ>0318&}orlaﬁd @ah@‘@ﬂhﬁiioﬁ@ﬂadﬁstd% gedcagtioibgenesi s,
a short sequence is replaced with a synthetlcall nut ageni zed

ol i goreleYabIPHers, mstsy amb%ﬁeremmtwe@e | avipesifie mpltl«}mptwwmpiaﬂttherﬁof are

condi b A1ed RrRAARIHEE ied PUARUS] o fas Qe TUE A MR T ANMA L Y o & 1 0N
sequence m xture ragnents un sequénce, error-prone PCR
can b eluu]s&ohctcbhhsmﬁagism iacuddsehaprotess ef idcorpoag B@tat reichad ageé saspls inta aswguence

bl ock of a Si tenplate js typically replaced parti al

r andonF$etrbas &e iceorqfwﬁgety ea%/tf?élrtped%;éﬂfég PFF‘efGTébQZtB 4@ S B3N ?%t)eﬁhtﬂg 2
pol ynyelreQtiind® b FRANER LS s rgﬁpp@ﬁlble sticky ends generated by
restriction enzyne(s) re each fragnment is derived froma separate
progenf8s (oAcmdlegtyain)anm -botireg endbrolithent, zemwtﬂiceadié liblhley”niﬂtce@primliﬁ aof a
single cod ti.on . to ach eve ubstituti ition, or
del ot 16t pivel SRliRR aF ot HreEglere i § BRGERs abenathet g REreg AR

pol yn %O'hﬁélteicd@ldeﬁ&ﬁ&@" ROconBrised 8 NEbE vEdtbEPAst RO NMCEEH o PRIYRE Rl GdleduRQ140]
Further, in vivo site specific reconbination systems have been utilized to
gener dr actapgthict prefirrageanchodiment we nclgis apaiddxﬁw dooensised of ;carmbiped

nomol oanadBar A eEERRR AL e R R R e e By een
repor tpeefeﬁw}otzterdoaemdmgbfeﬂdleamscmmpﬂdm@mlbr{l@%ée:h]rcﬁhble-alharsetphmbmt hods have
been used to achjeve |arger nunbers of point nutations and/or

chi nerFedingiq indigduad paglpicackigrplceHe sRIIS or exhausti ve approaches have
been ygeshit o [ ul ar
groupﬂgg f n%?gfqgﬁgnﬂ%%?&gﬁﬁpﬁkggrﬁﬂﬁ g%@?ﬁ%ﬁ%¥k€3k9gg€g€%$*?c structural
gr oupSnucdieaideenpdtaice' mmltemuatiecly e."PNAa cmx;ﬁucn" i "Ehestermg ' @natrugtd isased hgrosii tt) ion
or a sequ nce conpri sed of two re am o aci si.tions), and f

cat eg8FPF g %ﬂar{ﬁ%ﬁﬁ%ﬁ PP PR Taqude ° & BupP zgta%?fpﬁm@f BRI MY apiopats bt
Nunmber 7033781 entitled "Wole cell engineering ny nutagenizing a
substantial portion of a starting genone, conbining nutations, and
optionally repeating” describes a nethod of evolving an organi smtoward
desired characteristics. U S. Patent nber 6764835 entitled "Saturation
nmut agenesi s in directed evolution"” and U S. Patent Nunber 6562594 entitl ed
"Synthetic ligation reassenbly in directed evol ution" describe nethods of
exhaustively evolving and screening for desired characteristics of

ol ecul es. Any such nethods can be used in the nethod of the present

NN A AT N LY O 1. . [T



exanpl e, 1) cloning systens are not 100% efficient due to due to cloning or
synthesis errors, or difficult to clone nolecules or 2) sone proteins are
t oxi ¢ whewoexprwseed and t hus cannot be efficiently expPesasdil1dbeszef ore,
it is inportant to confirm by sequencing, or sone other technique, at each
step. It is useful to score every step in order to screen for expression,
SO non- expressing clones don't get designated as "negative" as in previous

wor k, j ust t scored no ex ress bl e. reh nS|v echnl are
ther ercbrtelh Bt o SFeObRoRaE T BRlshY 6: ERARE FETCpa G P dABLE at | on
t echni@ugs , InasspeOificl-bame, RYmbdR insiang-4s t' Qﬂucl@dtﬁ‘i@ coﬁﬁﬁltﬂélexgeﬁpﬁah&w ve
Positional Evolution [00146] Referring Figure 1, using a |inear pepti de
as a silishexprcasiph ONA nxmessrmlsqonsmcps SIatabletfoptﬁle rhtantfpanatgﬂn@cf@most qef. am no
acid nts, S «t her eof tives), for ch
codon (P b oahPEREEfe (B bunBin i S L REt A R s P ERCT

t he pbyReptnielcehdd o)twoogPlhidtad pbiyddopmaciessdd efaady wBich endjedeei n as
Conpr ehensi ve Positional Evol ution FCPET This procedure is repeated for
each bfyjsePy pyheskarn Sueh méhetlaro@é@n%tﬂoeé@ﬁ Bay pr Wy npiVE &t5' prosadtio aci d
”“t at 't"ﬁ%?e @3{‘&&‘{1&%’1’1%}’ 11§£§ ﬁocﬁl%%r oﬂé oA wHtHSut]a%d{th;Hh%L 1}%@ &}fih g! ds.

I'S recogni ze Xpression s rom codon
b| as ATP Mthebrdsﬂﬁjdfoffla(knmé ARMhp@@d)ISgo@laaleb@mVﬂmgateam&I faddnomt sitadhdd ng,
premature tr ion termnation, translation franmeshift] mno acid
m si nd8F Psn p@rrphqiwéart%dr oreachieye pekprassrisrchpnpliicaLen &chéa%wﬂgé’ﬁ%m ai ns
up t 083l ld gLk srggaﬁaeoﬁmhu% QG BHOR OHABRes. bilch 1S & oG Rus e
mut ati ons are confirnmed by sequenci ng each new nolecule. O her hods of
confrmmmmmanachgmukaobdﬁ(ﬁﬁpb@ymdeap@@B@ideauwk&mum&xnwndfs@ﬂmnmnmden

screened f roved func Neut r al tation

o bRy i ooRs £RiRelebun TEBRESER PYROPRY Hev e SULRTRAE host
syste reﬁlgt@%G@huél@ot%%hﬁ%spﬁﬁﬁectéﬁbtbtthe%&y&gﬁﬁél%s%ﬂ'a§fphﬁ§atﬁfne screened for
S|nultaneously such as, for exanple, 1nproved function and expression.

[ 0014990%Mhe das anddmreadhe tem "gperablyrtskad’drefass torhlenkage iof eolpmto}wép@r de

chain and a etar d. f.ungt.i on ef.err I

ot herad e R ER L B ah  APe R R e R BN BRE Sh RaB et 8RR o
how edggittizhblatlationshiy @th andther RRI OB R&RLRED RS Histincd mqu@motéﬂor enhancer

2012/ 009026PCT/ US2011/ 027252 cl oni.ng_capability of the target nolecule. It
al | owds epsrally dinkegeliqra odmgtscawense ifHt frff%tt& 188 ARYFIptioR oLHAKAESE SICHE: made

Wi t ho t e of
ant 1 DoeEs I B ot IR Sl B LR R oo 0 pd iR
funct |necesséfpeo Joap tauprokein cmcﬁﬁgltagiomscomhgmgssanﬂhlateadmgtﬂatma n nol ecul es t hat

do not expres t he host, syste and therefore do not assess the effect
of t ndofA o grfogrn@crtwpcwi Lhanab BRe ol BRYHEE HRANCKAUEFEVEISTHRN S shown in
Fi gur Wytné%a%hmrtqantaﬁra teavtdt@odt@%@hat&et fhtd Qﬁ%lefriﬁﬁAa%h@chH@%ﬁe'h' cted site
(non-rutable), a fully mitable site, a partiall mut abl'e site or an

up rruttlalnslatred nnta aspegtd polgpeptidabadog dnmumdstdsmwodtfroﬁdmtﬂl pading sdqugnassit abl e
sit furt her desi te nable to substit

exanpl B BToR P aE T DogPraEHER poresne B R TR ettt PR i icolfires

non- e&ﬂfﬁﬁﬁh/ gﬁ@a@e@ﬂq&@awﬁphgggh@d hatincannot be cloned in the host
system 001gg¥ IS posslble to utilize the EvothTntln order to

r ecogrf¥B] andAs e@qdrhﬂrme tltsfetneﬂﬂ 'elivaiolegierd cendinmso ref@tsdo sumpperatuigt pdnenicand

Scr een‘frgﬁ)gt 1§co§1ty,%8&'l ﬁloc ¢ glesalr rrﬁ&er%hah AL i) {5e w1tht 1al§lgr get

mol ecd wever-’ “evol ution al'n"charac er| tics nay require two or
nor e irFalisnd RA0S wmmlagzplomy éﬁstbﬁt@&ﬁ‘&ul@ﬂﬁﬁf yahbe. cuIEhledEM@d‘t/aprr Bt may be
exploited to eff|C|entIy, and. cost effectlvely, produce a set of nulti-site
nut antmaynghiantclld &or pranipladhc marednlarsepdigans Mipeycasitccl o ppdagityricabut ant
pol yp S

enabl Z@£tﬂ§38%ﬁ£F%$§HF§E%?@&ﬁg &g&%[ t%#%lﬁhﬁﬁﬁggy%ﬁghéwnggdentlglcatlon
of t hefmemtwmrtetrsmstcrlpﬁom@cmmlaratesgeamali}y@hysfmrlpghelrcomdnimnmahngdnaﬂal enoltrt i on

Ztvgr vaﬁyt}g@g@?lﬁgmgﬁi#% i@(')l%ﬁtel%eéq W %ﬂ Naﬁl %ﬁtt@gf %r%n‘@g%@@n@&& ﬁ 3;

T-cell epitopes; and mmcry of somatic nmutations. [00153] In one aspect,
CPE can be used to generate a library of up to 5, 10 or 15 am no acids, or
up to all 19 am no acids. Changes are de at each position in the protein
and screened for a desirable characte?&atlc such as binding affinity or
expression, and the EvomapTMis created. Later rounds of nutation and
screening can be used to generate the data for all 19 ami no acids. Fromthe
map, fully nutable sites are identified. These sites are useful to identify
p05|t|ons that ~can be nDdlfled to create a HEMICO||ECtI0n of nDIecuIes that

o o o M I o o o L,



WD 2012/ 009026PCT/ US2011/ 027252 sel ect non-surface nutations, elimnate
t-cell epitopes, mmc hypersomatic nutations). Further, the map can show
sites forwei20e/®peéi fic nodifications (glycosylation an#Cthispéigmk7252
conjugation) to inprove various characteristics. Al so, optimzation of
silent mutations can inprove protein expression in a variety of hosts.

[ 00154] Synergy Evolution [00155] In one enbodi nent of the present

i nvention, an EvoMapTm i s generated_.a tilized f n | ution, as
shown T g B0n g Syis PO Eaorstrany tininipE el Th R it 7o Pb. £5

sel ectiedl &{ 4185 BB, BRJ 6AGDINGRMA: DD 1PT.0PbkBntthonpHRi M BiciAle. £fBSLT. - A TBE-
EvoMapTm of the tenplate pol ypeptide is used to select specific single

am no iewf detorgient (Tweeat NBr9, Totonaéd 8tidap often alprdseni vsaphigheopt 0.6881 to 2%,

mut ati.ons. L er Evol ution,...non-deact i vati.ng,am no..aci d poi nt
mut at (RGN OB Dy Y PR Rratioth PR ACRE Y PR BHaRgRL 2oy
non- matediimgsd b&@s effiorta enclio@dBPdingenkial giidamepeetfolldwiag affeet @fueous

non- deactivating point nutations are adjacent to non-nutable sites. In
Syner gonditionyimpy ke aplicable a3 mM Natl, oS bmMaATin Sl depld S -&tvitheptional2o of t he
sel ect 4. S| ] f | j fec pect,
econtiqybh SF SiyeRpRElio BB b heAATRIARA RURL nELIE frors e BRBEP 2 o
var i antierhbronafryctions aindjorf aiti-fvapoqpeh@tand/or sdintifldnts. - Si t e nut ant pol ypepti des.
I n one_aspect, the nutations are confirnmed by sequencing each new nol ecul e.
o her 1Ml ods Tt EBNPoR AN AS i h&‘r%n}?énsewlf?ffwo WORPPFIESYINGRI ng

cl oni QR ot INOIRRY| N 1.¢es. ced are

t hen cP@gﬂgd gﬁﬁi?&?gggPﬁgﬁghﬁ?% é%??ﬁyﬁgdAp?g%%rﬁ3Pk%§§f§%?§%istic or
act i vicvlleationpd cedporentshehitk bploag ® tholsype fnidieof ducldihagdnammetcins fid.fdresi t e

upmut ant . poJ ypept.ides can be identjfied. In one aspect, nulti-site t ant
ooty paneiBELtBREE HEhy Rhen oo tie o nat Nsrbraf AREEnEuer bl lvant age
of Synefigiy Evolution is that it does not require a protein x-ray crystal
structure to direct evolution of the tenplate pol ypeptide. This technique

i s usdfS]par Airgelrad¢ havieg a pprotiermsrofgrs ko W@lﬁcabsigayt upderigaes any combimsitionr
multi-site effects., [00158] According t.o t resent inventi.on, .

2opl | SLPPEREmBR ST ish Gy R RS e Tad M Beos B o e OF R4 B8 rgteabdieut i on
of conplaexgdralngithasn seslamicsizhon: Rfgesurcaddlddti iod pHOhd e icehRSmididral hi gh
assay variation, evolution of protein specificity, inprovenment of

expr eS8HS, 15506 atiTonEh a¢priaciar, st IFadPdic to AYD G SRER Magfre proadecaias fr al yti ¢
acti vipty: idJ j..m i - Sy- | sl i i cabl e
to ol (ngRafiinyireRite % BPcRaEE Afvis oMbt i) B rfrdARPLIERC.
enzy ndsym mylekicn e8hantsvoesrtmdro dh esicaoifit 21 0@ Q2 6RCHTOLSPR 10| @R E@5B201f H0159]

I n one aspect of the gresent i pvention, Synerg vol uti on can be.us?g to

opt i mPEYCKtc gleayase and a deglycosgratign henAseittinguishied ehroute tg thigprediiiogro

Pr o el Rl RA e, (TNRIRERLTH IR MRICAR BEIARSETDNEDON ol GRbLAR. 0Ne of
nore mutant nucleic acids ding for polypeptides with zero, one or nore
nucl ei i dscadi $ ] I I; . fant protein
by cléﬁ?ﬂﬁ, téaﬁgtgﬁyog&a%%aggﬁgéégﬁgﬁ pg%%ﬁ%%%gégﬁﬁgﬁﬁ&ﬁﬁ%F g%%§ . I'n one
aspectactiaty clanevwiskic paipype pf & goteis odertiboes té booptamixed dFdrygempiciretditain
nolecule. In this aspect, Synergy Evol ution can be used in conjunctjon with
ant i b&a@ﬁ%%&mr TN IUPRA Y eEraqtesstie 05 A ALY ta%ﬁsag@% 8 PeMAsCietht | body
may b ; v ) ; . . "

I e B e S R e AR TS e b T
CDR3) imagasbé psyain helsbitied iaamehskd gatted pHostathigy innreasddgooticthetsmpaiiutg f or human

ant i body . framewor ol ypepti des,...fol |l owed b roodcuti on of a.human vari ant
196 1| REPHY e Rt oaR e R s e et Re Ao Rea Satiob at | emst
one pﬁﬁagfuwg&@f@%&?mh_@n 5RQ, Rl BctADT chbRjuditRineks, 238AREbn oft f T amewor k

pol ypeptide is an artificial scaffold pol ypeptide. Specific techni ques of
ds DNAmMfuageemcityp celpacemenof pratejackpngssaord izeserserl gntigen allolilyi decaeisd e

cl oni ot ARSI SHLOR i BIRERPSHANy HohddBRAR S SYRLRE S0, LIALAL s,
solutiongﬁhase %yn?%%5|s é? g3 rayﬁes,gconpréh8%5|vé“posﬁfiona? evol ution,
conbi natiaty, pH @teiigitonsyinénhesdictnentoddpetificRt Aanopfimxe? popLi@Nrddyrs -4 SA
quantification and | 3-gal act osi dase assay, and functional ELISA are
presented in the exanples section. [00160] In another enbodi nent of the

i nvention, Synergy Evolution can be ugfd to enhance binding affinity of an
antibody. In this enbodinment, optim zation of the antibody variable region
may be perfornmed. For exanple, for the production of antibody mutants, CPE
is perforned for light chain and heavy chain variable regions of a sel ected
anti body and an EvoMapTmis generated. Miutants are selected for reassenbly;
for exanple, variants of the light chain are selected and variants of the

o o o T 1 o Y T 1 I .



WO 2012/ 009026PCT/ US2011/ 027252 [00166] I n one aspect, Flex evolution may
be used for deimuni zation to elimnate i mmunogenicity while maintaining
functi on.wBl2er/@y@but i on dei mruni zati on can be perfor me@ChUSAEI3I0RT22

i munogenicity with glycosylation, identifying human hypersomatic nutation
spectra am no acid substitutions that may elimnate i nmunogenicity while
mai nt ai ni ng function, reduction of dose for evadi ng i munogenicity
potentjal, and mnimzation of non-surface am no i d residue chan .

P € heSriage i oGS e B il R B E e BB o o3 FRRRIS 1 y
and r epbiamerRAtisityl AlspddiGelyi ndi ng epitopes. I n one aspect, in silico

nodi fication prediction is coupled with CPE or CPE conbined with CPS data
to ge e vati.ant . a " i I [ y
sequentay camh S8 freh 00 R RRREbrankbR: Bt S0 23R AAEUERTNAIEPY be
enpl oyedted Va0 ikitly, Redubetd fqrrespaplsi thy degregefissaiue vardelity at padthge®sauod/ or
dei ni zation, may be neasured by techni ques. kngwn in the art. Preferably,
ot Ml S5 PO GRS PETHE OB HEST GO/ B ORIV S0l | £ er at i on
assay .cirtiimbdptivagassay PBMCs from donors representing > 80 % of HLA-DR
alleles in the world are screened for proliferation in response to either
wild tye8lor deuastrepcated upigyit asdessd hendmatdigrs dethe rppaalsi th dr ac-reported anhiny

det ect ed | oadi f th tigen- i lls with wild.t
popt | dgeier Rt pPRsRo® dnd e BT e O RSN oRPodE e s R T o penc
re- st ichtddiigd QmtsgHeded b¢ nfitadoRbEs H£he idcaatarBtalitdldeq@énck Lisht GkbZ)e ELI SA.

Alternatively, one may test dei mmuni zation by expressing HLA-DR tetraners
r epr eSesserHBCTHIOf Sialsr 6t (aheed sqqrenses ahichgngediverge sigaifi innayspontles ar e

pept 1 aug ey RIRSARcE, KAgn ol Gal B bR o e WRRERERERY AR &L, 1

t r ansgidyi @nibeaefefrod to @Spansespcatedt atiiget antigen (e.g. interferon ganma or
IL4). Alternatively epitope library screening with educated T cells (MHC
oner ; R8I 26%@?93 Fer @ 18 &ﬁﬁ?@ﬁhttrﬁlanéééﬁge aﬁﬁupééogg@ag?gtlgwwwwm e,
dei | ' el : j ' inst the
ol T e < o B e R Lt en s.
[ 0016%plynnclaotidchequanbods mettas thehfasibh @xot&us tarttaiohdse chmioqueptidés. t he present

i nvent an,be utili.zed for expression qptim zation. |In ,one aspect, the
pr eser{b(?]irbiq enff §iFddicEE o OPh%epﬁfiF PIRSRGOACISE B AB LRI MY FHUENng et hods

to devghpBsclidfeRb oo hidhoGRACRoRIhérThACEoisfuMad bRRkRchistib ok FRdeMed
expression in mamualian cells. A silent mutation is is one in which the

var i athresgsofA rénslopNiepside aaminelude amepork erssghffolidmeametifangkich maywemanishio aci d
sequence BL &pelgreotein. I n one aspect, codon nutagenesis is perfornmed in
t he cons an& ﬂ%ng% for optimzation of mammalian WO

2012/ qo&@a§ PCAS WSAQikiin 2 12RBtoeeldere 14 #BRIcOR thA haO GO BIFARY ifeh Zgided Hganr | ant
wi th inproved expression properties while retaining the capacity to nediate
ef f ectRecentomern bagaturplypredringor pysbeictnelacues. thecepipestandesmplosdiesn | n
this r . e0j i I I n be
evol v ar Shlor Y AL e Ry R L Aleclc R R iy B DR O Y 280, o
cel | Icondentbx pr £bsidong saneen¢ithgr dirédtiyzirvip £hioci fldEKZA8g sutdtabtls- Fxanipies of
exanpl e of expression optim. zation by codon nputagenesis in the constant

r egi oﬁeqeawrmﬁﬁ‘&ﬁ Dyt ageglqt hasztﬁaé%ina 0dies, HiHNg RORPL a@t?boﬁﬁé 8¢ pr essi on

| evel $oqRoNRadiR CAE AN ANHRLEAE dBbndlindAl BuRALOLS virdRd, &ATIdIoRRE over

mul tiple experinments.” MultiplFe cell line capability was denonstrated for
first nmastraals), cadlsmenibianc HEKPOS, eordplCkCaehydrhics endeglyc@ssticon, gysmesssnd[ 00169]
In addition, the EvoMapTm nay be used to generate 3-di nensi ona

conmpu Fpgﬁéﬁmﬁ§W§cular nmodel s of the ol igopeptide, or specific regions
thereqbo1o2p expdcor®idafie prblchSlserlo FHBERNANDSHBCIMYALdsRAbihsht N A techniques,
antlquy-epltgﬁe specificity and stability. A hypothetical '

t hr ee-di, PerkicehapPmPedMtpIeninE ddiycamrexpgernoug A 9onsprocticpepding éhd desivedhat i on i n
EvoMap can akso, be.comhi ned with structural .informtion (if available) to
ol oo 88, *Sqro R i ES S b S D R SRR s case w0l ubi 111y
decrease aggregation. [00171] Conprehensive Positional Insertion Evolution
[00172] I n one enbodi nent, the disclosure provides nethods of identifying
and mappi ng nut ant pol ypeptides fornmed from or based upon, a tenplate

pol ypeptide. Referring to Figure 4, u?%ng a linear peptide as a sinple
exanple, in a first step, a set of nattrally occurring amno acid variants
(or a subset thereof, or am no acid derivatives) for each codon from
position 1 to n (n corresponding to the nunber of residues in the

pol ypeptide chain) is generated by a process referred to herein as

Conpr ehensi ve Positional Insertion (CPITM evolution. [00173] In CPITM an

e Y T - e o,



[00179] In the alternative, the nethod conprises generating a single

popul ation conprising the sets of nutated pol ypeptides fromthe | engthened
pol ypept iWO2012/009¢2ki s enbodi nent, the entire new popul aPCBUSE&I182T26ENed,
the individual nenbers identified, and the functional nmap generated.

[ 00180] Typically, where each naturally occurring amno acid is used, X
wll be 19 (representing the 20 naturally occurring am no acid residues and

excl udj he_particul ar residye present in a given position of the.

Conp! 00" BEE e R heaictcos S 3 Tes i fecinings < ab iy Dwe Gides

t hr ougholdbnti@NehEREIdNS 6F arths mhe/E@i@hﬁa@&id@xreb@tewbgéust uted with all or a
subset of the total X used for the entire population. [00181] However, it

i s redd@iidl ed Redactiearchssestper sisoned hegrmnrafery e thefiegredse ammobagolar Bivassityi n
whi ch j nsufficient tR 00Js.can lead to translation stallin premat ur e
tr ans B Rbier R itoueh Sriofet Rd PEeaTor) batPi arniyeditisd S rher e, g

m si ngequeacat i on. Therefore, for expression optim zation each set contains
up to 61 different codons. [00182] Each amino acid set is then screened for
at | ed99105he Heaxfollaming termay setused ordescrihgdhe spgupigsrelrbianshinsdetveien teof r al

mut at i i.nhihi N I Rk i QO aspect, the
|engtﬁ%ﬁggokﬁp§g@%%?dé§¥%%%é%%ﬁﬁ%%peégég&%ﬁﬁﬁ??Q?&a %%é%g%qgﬁﬂgxproperty,
char acpercembgaofeequnte idehytyr"esid! "subsential idbeitghor t ened pol ypepti des rel ative
to the "mﬁldt%pg". The data for ?ph set are conbi ped %Er the entire

pol ypdPtilg, or rofigpefetcanyicac i etelingfl pUIUFRITHEHES 3 BRI AgeBINEhe

| engt nenedionl ¥ PABLhaeSA(LAL Rl 1l GEULETL 1688 LBER RISty a0

2012/ 009 26PCT/U82011/0§7252 fdrther conprehéensive mutagenesi s chain(s) and
scr eentgygea®f d dslt-tdngddc DN AgirgendegudataifondmasuquegenbBging, proey desp@se a

detail ed nctjignal m referred to herein as an Evo T of . the target
SRR E RIS AR e G TG AR SRR B
nut at ilggt@fffeag&ﬁl NecaRETS AlIENAE! BXBKER SInARfich af REst158MUBleofidRls8E WnGth. | t

allows for the identification of all sites where no changes can be nade
wi t houtineg tivepelinnclgpivdasineryf agale € Heampoise anedugesy (i.ec e protonyif il ¢agupleiccase of

anti bodjes),. lt also s . wWher e.changes can be de ,wt af fegting
Funct Toh T baridea ol i O L SRR TR e B Bl by B

Conpr ebepsisy € sd@shded thitdh diveterhi mw&tpﬂhbll\iz@pol?ﬁﬁﬂgd‘t’ﬂdeﬁ,%b@leﬁﬁe tempaisbagds of
identifééng and mappi ng nut ant pol ypeptides tfornmed from or based upon, a
t errF| RebvesBItypépitere) PEpIIcRsidgs ?r@ﬁ_ymélrllfﬂé‘éf%%@l ply aﬂmn%f}rgoﬁea}kﬂf?mfgt °the
pr ot ei : cahly. .tk [ - nprise n
b o e spAApidc e oo RlIER W idchil R KGR IR Metons b P T 2
i n thecqaaee sihdlagtyt he initial residue is nmethionine) separate pol ypepti des,
wherei n each polypeptide differs fromthe tenplate pol ypeptide_.in that it

I acks 0EHHg ﬁ‘eﬁf@@a& by ﬂ%‘éf,a_égfqdi hseincid fie 3iTasg "ERECH£RBES ObedBatienci ng
or sone,Rld&hit BGNINEGYE: thaSRAWINGRACh pol ypeptide for at |east one
predeterm ned property, characteristic or activity; and (b) for each
menber001d8ht | Thé regm amatumhamefdrn tosatedhpgopefr dvplutiochavectieevey ipossdrle act i vi ty
relatiye tao the te at e .pol ypeptide. [0018 I n, one enbpdi nent . of CPD
vol utchges s hbTepCHBD BO ST pYE RS oAt g T AR B E TG PPTE: PEVEVE one
posi t it@@c@h?@aﬁéaeﬁpogiﬁorﬁfg%t EFRmed \E\)z %%Eiﬁ%,%ft fcfel$ HRSRIed QfatiSRAMPRvIREeih he
tenpl ate polypeptide. For exanple, ere the polypeptide is an antibody,

t he erilid majosint ¢lsdyiblsrchapges o npashecwsonpseivnehanie 1 cdiemaieditnperyr peggcbns

( CDRs) . th nt i;bedy._are. subj.ect t nesi r ve. one _pasition
it a wobioh s RIMEROMa TR I EGI R My ARARR Ul DR SNBSS 4208
conf i reAestlilya pRAHE At DBargas fodoawniitd eddkeuch¥d e thapionan andfhcs oattéding@tticon

can al so be enpl oyed. [00187h I n one enbodi nent, CPD thus jncludes nethods
of naspPisesed ety et erserdistly aHiof fhsgneant dead v oradphereppabascdari body

ooy onstfdy SRRl LR alshr R S A BN, o

met hodomphgte coicrege( a) generating (n-1) separate anti bodi es, wherein each
antibody differs fromthe tenplate antibody in that |acks a single
predeterm ned position; (b) assaying each set for at |east one
predeterm ned property, characteristic or activity; and (c) for each nenber
identifying any change in a property, characteristic or activity relative
to the tenplate WO 2012/009026PCT/U82g§1/027252 pol ypepti de. For

anti bodi es, the predeterm ned property; characteristic or property may be
bi nding affinity and/ or inmunogenicity, for exanple. [00188] One aspect of
CPD evol ution includes nethods of producing a set of nutant anti bodies
formed froma tenplate anti body having at | east one conplenentarity
determ ning region (CDR), the CDR conprising n amno acid residues, the

o o, o o o, o,



[00189] I n another enbodi nent of CPD evol ution, the new shortened

pol ypepti des descri bed above are further nutated and mapped after screening
to identiwgai2alegrrge in a property, characteristic or aeCiraseertioei2ari ve to
t he shortened pol ypeptide. Typically, the shortened pol ypeptide w |
conprise n amno acid residues, wherein the nethod conprises (a) generating
n (n-1in the case where the initial residue is nethionine) separate sets

ai 1 or UL cB PR vesitonn Ao Beedraose rRprUOEd e ettt
POSI (08, 0 u hioRk ORI Leide VASE)r RGHnERH 0P horRRHBEPThIRSm OIS BiiSgd 1

the single predeternmned position; assaying each set for at |east one
pr edetoéseriugeet idewprt tsyealco e@mipsting twe opiemaly alygnedisyquicoecseachtharenber

i denti f.yin ny change,in sai d, propert characteristic..or..activity .

el at MUBIEg of fm RO el tpdo et Srps s BpREt Shieh et b Feida,

ref | edhid@.6 UL T, chandesor [PsRhsriabbih sciidcosobasld e slinhee be Aatdedaber

pol ypeptides generated is equivalent ton x X (or [n-1] x X, as the case
nmay b@psitippy dooging the enker b patehpd Bositions bephy tasel MembebAprasEogs geWer ati ng a

singl e . |.aLi rising: S, .of - ti t he
hor't GHSRE P S, B RO O BidsS, S e e P B B LR BB R BT Ml o
scr eenpettentapeof sediistiod uddntinge Mies Ssubstentidl fideadty"amduscth @efeimdetncacked  map
generated. Typically, erg each nat rall¥ occurring amno acid is used, X
wi || sarpeferiptiG, I}l&%@o IR SOy WH%H@PV B ELYPRTIFRIIdS ORI IR 4SCABEIGues and
excludhoa%h%aaqmﬁiﬁ%h € ﬁ&ﬁ%Q&ﬁm,,%§ bly'ht Feall r&%f%khﬁ@;@ﬁm%@?m 5
tenpl ate %olypeptlge . However, ary subset of am no acids y be use

t hr ougkognt sequehce adshntise tindmoptodoppe@tly delsastdy poresidegtdnicaidentity d4siroaiparedr a

subset of1;he total X used for the.gntire D%R Iﬁ@ion %&019 % Aq¥

mut at I1OASFCBACESIBHEIL & ramRa SR BIOHSLA! Y gemirleoffs: BBteBr Myt ant s i n
CPD evyR}ddhiafBof ddquante i&maedisTeRLIatdd Sy Geipakag iRcRiemeyRRRtd daRe conpri ses
(i) subjecting a codoncontaining polynucleotide encoding for the tenplate
pol yp@p{yn@ele@f@dqomy@mr: adechhase theludo deBlion oo gdgPaT Mig20 etk B0 pasent or less
anpli%k%%hgﬁg %gin e%<9§z%a%ﬁ dggﬁqﬁrqgemgihgonucleotide for each codon to
be nutageni'zed, PeT T EAct B TRE 64TPEIS degenerate ol i gonucleotides is
conpr i[6@d 0pf @hd ikt sikamaluegus r&egue d eedanshadgdtgedss aberebiNinNnt dnhipb et
sequence, so as to generate a set of progeny pol ynucl eotides; and (ii)

subj e@fidangrainsacxpiesssd PgBmYPLs Apdut Pt cadedungdanqysi spdeihpiage fanieh such
t hat lVipgrtdfes encoded by the progeny pol ynucl eotides are expressed.

[ 0019 I'n one "enbodi ment of CPD evol ution, the entire shortened

pol ypepdilde i As&ndyeat tad attd siod pit EHengtonawolpratg e ésdgernline dinotdneyaring

enbodi nent, one or nore regions are selec %gﬁior cgnprehensiv nmut agenesi s.
I'n suchf ¥Be aci! seayrnes apd US conseiysé Ao qeigpubntiies ohang %Wﬁ%f%%é?%@ﬁ i de.
For - xRIRLENAWASER. (911 AM URBP] Wicrhindboy At LR w PN AR nfiRCY. O
one or nore conplenmentarity determning regions (CDRs) of the antibody are
subj eartetricearopleps Bhérdi wegnamt @geied icsl Afi@019B Pearhle TOMDit éhvoNatidnghCenter
discl35u$e thuiﬂ%n0|%de§ met hods of mapping a set of nutant anti bodies

f or med® POIRELCAL HYPHRHOM)t enpl at e anti body having at |east one, and
prefena®ig) si Xs usMmk&ABAE &t ¥indRL&fal zﬁitﬂlb@d{{%fé?@ﬁ) d tidé BempReg a
toget her conprising n amno acid residues, the nmethod conprising (a)

gener afil dgmaingad 4 Bk domemsin pplypaptidsdiikess, senerhlly Bkedoopapspaichgentsiiies.,

ant i bodi es., havi er of different eterm ned.am no acid. resi dues
2t o SOREPL SR SRS wBn PleisSbRnh BIGERMF LRGP Bl Bkt

ant i badiigs addfolr efiboky tbiens i Mglegappledetiagidionei pabody @By c@npridchetethgnber of
di fferent nenber anti bodi es generated is equivalent to n x X, (b) _ assaying

each segmenforlinkingiorthe preogingdobangicatide. proprerample p sebacis arsinglg-ghagh

Civitae ' . A ' . '
char acrbod | ShEE AR RIRG gt QAL SBR R SHARE P Pk ORI bdtrge o)
cr eat isagments df atdtast B coguduamaino saxstoftialyehcodhdbg g@snesfed theaintmibodicbalint he

pr edet er m.ne roperty.,,. characteristic or pr ty .may .be binding affinity
and/ orsuP%]fﬂﬁrr‘ig’ngﬁrﬁ’ °f Wﬂlwssa@gc%?l% 19K 36 F3bhethirh kvincarporated h%f%f)&é
popul ation conprising all sets of nutated anti bodi es may be generat ed.
[00194] In addition, provided are nethods of producing a set of nutant

anti bodies forned froma shortened tggglate anti body having at |east one
conplenmentarity determ ning region ( , the CDR conprising n amno acid
resi dues, the nethod conprising: (a) generating n separate sets of

anti bodi es, each set conprising nenber antibodi es havi ng X nunber of
different predeterm ned am no acid residues at a single predeterm ned
position of the CDR, wherein each set of antibodies differs in the single

N T N Y 11" £ £



WO 2012/ 009026PCT/ US2011/ 027252 performed for 3aas at a tinme or 4aas at a
time. In another aspect, optionally follow the CPE process with CPS of
upmnut ant swoizacaegkizag any subset thereof). [00198] | n on@Caapel1/027252
non-natural am no acids can be incorporated into the process (so all 19
ot her am no acids, or a subset thereof, plus non-natural am no acids) by
usi ng novel technol ogi es such as the quadrupl et codon described in the

attached and rel at ed ers. umann et al. Encadi ng nul ti pl.e pynnat ur al
o e red), s D ded By G et himEB r S PUL NG POV E 464
441- A4didc1dodretmidadar h@hOohaid & 11dht ShAs P& seifncer AGRRctfabIiRGE-chhihh CPS is

performed for incorporation of non-natural am no acids. |n a another
as pec tantibedycganatel ly sortams beufficidnt perioafof en iroPEneglo@RR i ethimidy gevctiiodiRS t o

add further natural or, non-natural am.no acids. [[00199],Jn a further aspect,
fhe ofbrtE whit oo il ol wBFFR S BE R Rsc SImRUL Rorthd 177 a°P
ol ecuhggero@pespEyer ci al |y avail able machines). In the event the synthesis

machi ne cannot create | arge enough strands, fragnments are synthesized and
t hen [[PYHBEd The gembeisiod afpgirjof Il‘f@g‘“g%’ffﬁsr%geé@ pigbodyHinggen prikeRa puclye pddned

and fq| wi t R ' j ani o i.S 1S tep

ot oce QDA Sathd cusptiRch iy PRIV AORSERUTIEL 100k oM Sl s BAAED o )

| n anahdreto ofispanin-spaciGPmdledular Fot sxaerieraataadbadydraped egdied an ahegenftol | owed
by CPS .caonbi ni hg up tants as follows: .if there are 10 up-nmutants, test a
si ngl &"Hel EOtds Tgre ﬁ@rqnﬁmha@ﬁaﬁg@g:spﬁﬁ‘éﬁ praselh g pe 5%%05119%513%9 WFeigeatllt at i ons,
then Pinding & the aﬁié‘en. E'ﬁitrﬂiiarlgpz?nwle& Q&d%&@d&%ﬁ%@%@&:‘rﬁoea h{ e@fﬁchfl@ﬁﬁ’i\d,

nol ecul e &%er any 1n the préevious group. Once an i nproved nol ecul e

i dent ité h @dcltheicprtopess ithambe speerfra dupl edwitlh 082 gkt hynbae paringenteaspast , CPE
is perforned.to identify up-nutants and neutral mutations for affinity and
expr ed&° PV@.en CPS is performed with conbinations of up nutants and

neut r gho 14| at *HsificaRBrill2etidd"RE Aéthck hef s & B8 MQchakioh of HyBhBLetwRhAVEREEN S
in characteristics such as function, affinity and/or expression. [00202] In

a f ur trebmuglspiede andepEcond prdyfustaptide tne.cotolnsudéotidadarag ardiginhebutdomai n f or

gl ycos tion. cha s.. 00203 n.anopt her aspect, .CP r ..CPE conbined with
2t om0 pornEied Yo i BORLI G RRA S oy My T R “ aspect
CPE ornpofsHiciestidy fegaensts o LtSomh hiyeaeih tahidte@dy CDRs is performed, then
screened for Uﬁ-nutants, fol |l owed by humani zati on.

2012/ 400056 pCrhreUsyn {' ety uglyetidd” mepns gepobgmeleptidadping corpl @gisitHed
with LS r - I ' ' r i; i.des that
P R R e

met hylhat éd idgttiesl sequdncats & pontentos themscaond dyrucl dol 02 Bi] differc ot da sgaptiscs CPE
or CPE corhi ned mLEh §§S(5|US informatics is utilized for converting nouse
CDR s“WBd t SCER1SP Bu_gﬁgb%ersa. [00207] In one aspect, CPE or CPE
conbi nggh 1t ISt nirdib e cthdiflods GAnn bl AL RASARRERLAIMGB AU t he
protein. [00208] Tn another aspect, CPE or S conbi ned wth 'CPS are

per f odeastiO®n ideméityy poiaiably aa st 35¢hideohtyi and mast arederalbly @hkiast Yreeidentitfyor

screeni eval uati on for .increased s itjivity. [,00209] | furt her .

2o pecteitish (5 <R, F SO eea o2 b YhrutProntomarbehpebliee i
screeng@nfiRiy.sel ecting for allosteric changes in a nolecule. [00210] In one
aspect, any of the evolution techniques of the disclosure can conprise

chem d8#113y nt Absiiscladedah thpointientootarepelypedideehavins sequenseethahtied DNA

Technaol qqj ral vid | | A) _can nt hesi.ze high fidelit l ucl eoti des
nonn SOVeRRERIH e b E P RLBERIRR R et Sl YRR ™ orer <.

W t h @ildstd heroint AOisulssatitiallinideinital Ut lnozZdc s cinck G Mz quetdenbit@@ffers 082 11]
Any of several screening techniques can be used to eval uate CPE _or CPE
conbi REEfHENCR STPSNGA AMY, 8& consergHEC upeacidappsyatiopeie shpnplsgsulstiftiopt

mut an g . r i i / i . tively,
CPE o ST R AL Bl Al U PR g o N R S A dSpndly RIRAE Yo
i n manned asasolbwsihs valime, &uoinkesr rastpeaine, foPRnotheper fubstimdos bhotd prdarcedmihdaa or
10aa and foll owed by CPS; then followed up with the rest of the renaining
19aa. In another aspect, CPE or CPE conmbined with CPS is utilized for

evol ving proteins specifically with non-surface am no acid changes. In one
aspect, CPE for can be utilized for nulti-dinmensional epitope mapping. In
anot her aspect, CPE or CPE conbi ned '%h CPS screening can be perforned
transiently in manmalian cells. In am% eferred aspect, CPE is perforned,
then sequencing and array of all clones is perforned, for exanple, in a
chip based or well-based format for expression and screening. |In another
aspect, CPE or CPE conmbined with CPS is utilized for evolving netal ion
coordination by selecting in varying ion concentrations. In a further

oy NN~ o N - Y .



[00212] In one enbodi nent, any of the above aspects of CPE or CPE conbi ned
wth CPS are utilized in conbination with a nmethod selected fromCPlI, CPD
and CPD wvORoQRIo9@6enbi nati on. [00213] I n anot her enbodi REMUS2@NP27T262 t he
above aspects of CPE or CPE conbined with CPS are utilized in conbination
with a nethod selected fromFl ex evolution and Synergy evol ution perforned
froma tenplate. [00214] The term "tenplate” may refer to a base

I L d d h tide. As. db
B op! oabEL ey S BRb kS SRR o g o i e BRSHBRE o SBATISeRt. Ph 1 he

et hodsutantheaBMMParakinens of the present invention. Tenplates which can be
mut at ed and t hereby evol ved can be used to guide the synthesis of another
pol ypdpeiige oAdIilntlbnellrwa @mbﬁmt;ﬂ@apdmlegl” amutbamd sémeanqens talsetlpnetsténtdlffers

! nven"tgto ésr se nc r§y or @ o € nt?‘ve %t‘% t10ns eé% n rT(p
encodd®¥M A& Sﬁﬁ‘f% QP% 8f° BB?yplélBtu‘t?él B opd ﬁ%‘éé"‘ta Yo cIecode t he
synt hefideeridnis Spadtiotlafy when mhma@stﬁt@tﬁm dcouisnh € thhayisalpihiefaytitdgite the
polypeptlde and/or to evol ve e., diversify, select, and anplify) the

pol ypén peyde, amh prasidsid b the p@mﬁp&ﬂe cysgntiglly reigpsdisibebapberhrapaticn Fic ei ¢
d. based
10 oL BB O) 0 RPN L NIRAGERTh o MYROL bW I TR RLe |5, Dase

[ 002 151]lod[ﬁ|@1tmu©h° diccstractiuek ¢ fethp palypsptideeatithout shpaifnede alteringvsriiclogicalr e made
of DNA, RNA, _a hybrid of DNA and RNA .or a. deréy Flve of DNAgggd RNA, and
may b@cdylhg) Rer CSAMBISBTOS P GoReRS - terinad & sghatirenetaRBIEIdor RIYESEd ¢ o
encode;dibe cRLfEsL s irefhol xsraaphiogaca%&fah@@u% 1§t1fe0dg?/91'6891 hftsndafichot

or does n resenbl e, a nucleic aci nucleic acid analo fe g., an
unnat uctave pottasapolypeptalesmal | nDIecuIe) In the case of certain unnatura

poly he uclel aci d te late,i to ali nonoper.  un in
the gié@elr? TGS M SpERboT e RevBargfel Sapelar e ntvfbﬁtaeIl%@e_
proxi iy derteIitI" @qt;eaqe%mtmmaﬁte MRol@uR! QRE ok APolyPEPlidL @ ket hey will
react and become joined by a covalent bond. In céertain ot er enbodlnents

t he VW”E@@EM@@QOQﬁP@ﬂﬁUS@Gmﬂbd@WEﬁmbﬂ@mpﬂ@ﬁeweé@ﬂﬁepnﬁ@n$i@dbto generat e
non- nat ynme j.gat

b iy B R e ol ey AP bleER i ST BhiGR o Spa B IR e
appr e@oategnloal suﬂoﬁl@nﬁiaﬂl’flghﬁé fholcallcY lcY ag a@atypypﬂlcn: taebnatnest 60h, Bagss. For
exanpl e, |n certain enb ments, the tenplate nmay be 10 to 10, 000 bases

| ong, YWgtehamajeais Q‘\féé‘ﬁfeﬁt) “élﬁ‘opwtneﬁthsa)@é@ept&?g calthedttett@eed BFNE he

t enpl I e d ) I of
R R T T R e e L
of t hehsmmtbgraphye@Ly. etnglopdfréorﬁmntdﬂl@jid eldomagegrghySHRLE) 5 endiemaesterneingl. The
nucl ei ¢ .aci d sequence y be prepared using any nethod known in the art to
prepa@@“ﬂ%@?@?%ﬂﬁﬁ¢ﬁng gltences. These nethods include both in vivo and in
Vi L0 [IRAPISAL EMAAR. BBty Bl RIARALALL O sp&ALATHE! alﬁ@aﬁmqa&est' on,
solid phase synthesis, in vitro anscription, and separation, etc. In
cer t aispe@esyodicneqies ontaleolauledsei itisaedrd abmhatﬁlen a1$y sthot indsiidet usi ng an
aut onmat ed ze 00217 di s bov rt ai
e boa HEAREO SRRt Ry B GHMDTA U FED R R R PR S Dept i des
t hat %bﬁmﬂﬁhonQ%cﬂﬂr@@bbk@ﬁﬁﬁ@k@cmﬁMﬁk@hﬁb@&%Q&n@bIﬁﬂ%hﬂﬁﬁaﬁﬁmﬁr&ﬁﬁb@ﬂs
Thus, in certain enbodi nents of the present invention e nucleic acid
t enpl atﬂén@mrp@lneglégr S@é@f@%hl@é@t ofeherslbs atsubstantidly dara anmohefsﬂl@emrlam
unnat ur S ncad cleic
acid te%pl i1'é Blrlte%()gtro a9§lp Cbenpgfl aEIICIIIa%rR aﬁ§u1g§§3£%§ G &9[ IIIG COBI po?tlél |Hnt o pl ace
a CheﬂM@s%bIe}feIﬁB@chle\O@Je%t t;ecﬂ‘es apunified o mentmtlyﬂiegtxﬂeapl(wntmmaﬁtabecleﬁ ace, or
in the case of synthesizing a snall nolecule the "start" codon rmay encode
for asaBYbe degeid shecPaPattion bh cenvertenal defeeiian etdedy MdIcerinthea fir st
react n o] o the
"ot ar e c A e S e s SR e 021 8) 1
yet otnhdecudesiiaddirBattenspfant kéenamve ndi grecict hie not comsideralanacro@niekalbespcteel f
may be nodified to include an initiation site for polyner synthesis (e.g.,
a nucl eophile) or a small nol ecule scaffold. In certain enbodi nents, the
nucl eic acid tenplate includes a hairpin | oop on one of its ends
termnating in a reactive group used to initiate polynerization of the
nononer units. For exanple, a DNA te %ate may conprise a hairpin |oop
termnating in a 5 -amno group, which may be protected or not. Fromthe
am no group polynerization of the unnatural polynmer nay conmence. The
reactive am no group can also be used to link a small nol ecul e scaffold
onto the nucleic acid tenplate in order to synthesize a small nol ecul e
I|brary [00219] To terntnate the synthe5|s of the unnatural polyner a

. M o, T o o,




[00223] In one aspect, one such degenerate oligo (conprised of one
degenerate NN, G T cassette) is used for subjecting each original codon in
a parent avopolymebeoti de tenplate to a full range of cedoussubseizsuti ons.
I n anot her aspect, at |east two degenerate N,N,G T cassettes are used --
either in the sane oligo or not, for subjecting at |east two original
codons in a parental polynucleotide tenplate to a full range of codon

subst i ions, Thus, nore than one N N, G T sequence.can.he contai ned in one
o+ g0 DR Bt Hiesfiho Tebp Al AERPOTHE ot B ORA T SIS FGOn Gy <

pl ur aljfptaty OF vA Nt HeSRAUANGES! aippRRiaM d BCthbe RN 4rgUAY SunBbr SERRAPRIRd by
one or_ nore additional nucleotide sequence(s). |In another aspect, oligos

ser vi dwdbise irf e presemtonvaniting. Spetiifi¢adlygnelndeddeitian ithends fimaronod “pedeingi ather

al one .9f. I.n nbination wt he .codqns caont.ai ni.n n N,.G T seguence, to
b r oatedmafoRn Bt o oA N R P BBl e ubiond EHS

del et isQetsas caghhafic SeHisihi, thiidi®nNSom4iQf) 224 ] and RN et fgfma@sy 86dh astthis Pbegent
invention provides for the use of degenerate cassettes having |ess
degenéfaclhat waportings of OGS Baplreifed as Pl Exaddtian, “protgimyasscdgicihabl e in

sone i - - . ' ' ”» t.ripl nce
conpr 1 AA4RERRaehS Aol and Mol B, RASARAR R, i Bl FANETES
posi t icocureihg pheeih mhbg btrudkmys,ahdielse f@des i ncl udi ng any conbi nati ons and
pernut ati ons thereof can be used in the rennining t postitions of the
tripl 43(51_2 teéwabprgﬁ}mi lﬁclﬁéfy%ﬁtear_a@gt lmtipior cispal 110n feasutigtuse (e.g.,
In an %tbﬁig)inﬂugﬁgqi SRl SolNubbalbl HcERLA! atgtfggﬁﬁ '&ﬁ@boc{i&gézt%hn&é thBIlloneS,

appreci ated, however, that the use of a degenerate N, T triplet as

di scl osescriptipeifavtors, saghabing agdolss, dytosksletaépateineasiomgymen Sineblsykessts, oft hi s

i nventi on pr.ovi de nmea to t tical and fairly easil enerate the
Sbet o SrRhaE el pErot Pt F) R OB ERE i ey b hised 1ERS!

2012/ QM@%@]_&&H&% Qalqjeh_giggs? _le:‘[%n{eiré%s, Qadt@fh_@tlase@f or2Ru@SsNRaGirake), Hiﬁﬁs@s, each and

every amno acid position in a polypeptide. Thus, for a 100 am no acid

pol ypeptdotductapes, anrsphophataspse Suitanc praymed ere st thoSwisstPeotenzyab| y and
fairly si | erate 20 di.stingt .species.(i..e. 0. .possi-bl ¢ .am no aci ds
or " pefiBRsn SEOE PR RS oS B GRE F iceig, B RREE R A e s
provi gesteintdata0bigh céhipildise datrnadeddyl tiO Resvatchl M RGortdte garBratigalN, N, G T
triplet, 32 individual sequences that code for 20 possible am no acids.

Thus, Bipinformaties (REpRsdeueqrlyi the BroekhayenNatiaehlalhol ynucl eoti de sequence is

subj e o] i enes i ' 3

gener 0EEL0 ARHAAR BLIRAORERMA, Ky QR S b8t KGR pEp e

pol ypexticidasnprises e oantdoas pscudbandse, @fdefinadkerdelgeqemat. e Aolarigbleisegment”
site-directed nutagenesis |eads tq only one progeny pol ypepti de product per
react irsffﬁirweéspert}or{ %@%Temra%@,deiwhl%h PRTBITEYY & ErRBRe fidogn ok dscdr at i on
MUt 20GRARY SoqhERAE! LOParkBRSQLEANAIBipPIoL YRHSh AN aFE vaREAdE AGuAfostifRSE 20
progeny pol ypepti de nol eculFes such tﬁat all 20 am no acids are represented
at t hendthe dogessidfiresiduti vmoaaon a aposiani esideopesespondy helimaed Hwtlcoptomsposi ti on
mut agenj zed j n the parental lLynucleotide. The 32-fold degenerate progeny
ol yootieratel e Beinah oF IEmranes APk S il sEnasrS « R R R Peocor “can
be subiffd &dd tQidlkdtAlen@iRe LT BG&Y 0P BIth Sl variehle 88 drM Raf bS Winlg@bA dray COI |
host using an expression vector) and subjected to expression screening.
When &AMpASKE witthedy ppitiogeayrepentgptoinsesucs ap ge ﬁtlﬁlquerd‘ipdgmegb rawpicirrcid

di spl ch i N _propert n npared to the tenpl ate pol ypeptide),
it caﬁ*gﬁmégﬁ%%ﬁég ¢ gnﬂ%%% F%@yﬁﬁé&ghino acid substitution responsible for
such qoerge cond eimedilihepe| o w07 mddne thae il pilyhupRbipedddsadot c@mypde any
protein, however Q{Qteingvmhich have a conveni ent assay for activity such
as cata8y yutationst Aviveild ype' prgigHumpinsdha ghapretoyr wilbbe adive st a lpvehofipstigity, a

i gang. i S ; i [ ) I ger one, such as
snallq%% égg%ggﬁ%ﬁgwﬁgaﬁghﬁgg%%%g@ﬂ§9@§6&g§g%?§?gggﬂ@&%%pIes of target
interactions include catal ysis, enzyne-substrate interactions,
protein-nucleic acid interactions, receptor-ligand interactions,
protein-netal interactions and anti body-antigen interactions.
Representative target proteins include enzynes, antibodies, cytokines,
receptors, DNA binding proteins, chelating agents, and hornones. [00228]
Any chem cal synthetic or reconbi nant tageni ¢ nethod may be used to
generate the popul ati on of nutant polgggptides. The practice of the present
i nvention may enpl oy, unless otherw se indicated, conventional technigues
of cell biology, cell culture, nolecular biology, transgenic biol ogy,

m cr obi ol ogy, reconbi nant DNA, and i mmunol ogy, which are within the skil

of the art. Such techniques are explained fully in the literature. See, for

o o VAN N A D NN NN TNANVT I 11NN A A NN T~/ R o N . o .




[ 00237] Generally, an expression polynucleotide is generated. This
expressi on pol ynucl eotide contains: (1) an antibody cassette consisting of
a VH donmawn2oepmees peptide, and VL donmi n operably |i nked/useoigne2dr a

si ngl e-chain antibody, (2) a pronoter suitable for in vitro transcription
(e.g., T7 pronoter, SP6 pronoter, and the |ike) operably linked to ensure
in vitro transcription of the single-chain antibody cassette form ng a nRNA

equence curtab e r T AIGRAAONIOF PHEIRFENIEN ot o roncti on,
Opti ongdi2s) toOGrrEMRY ﬁﬁ@l‘n‘?ﬂlcﬁ)gﬂem%{lggoh% SR t8E SRo1GRIDEf p'i)f?y}%gti@é hgd n of

replication and/or "a sel ectable nar . An exanple of a suitable expression
pol ynwedteintrnelecules iyl dacelng pvboR3sheThelcutlkesindnake rsefgiiensdes quas feremolecular

conveni ently. obtained froma.libr of, VH and VL sequence oduced by PCR
ol + PPERVRRe I G5 GourR B it ishsd ot B faatins B GRGERe ML B Re?

pri nersro(dhdiit el golaiepfidis or ploteliitst) @hen Mabihis, crdB&Bto pk&ade BefulMBDIMAZRA() or
are desi gned according to standard art-known nethods based gn avail abl e
sequerkedickiead pad thsrmapasprigs the, cuirsiee waereriafrays the nertiropnd o guErioas are

| sol atehouT s 8L RERNENGSRBh B (MRck AL B i BHRdioHd BB

i nterveni ng spacer sequence (e.g., encoding an rn-trame flexlble peptide
spacemyovilohighlygpradictasditd for prozcidiopgmizasibngl e- chai n anti body. Typically, a
library comprising a plurality of VH and VI sequences is .used (sonetines
al so POFoh pﬂsﬁ arleﬁq%lwn%%@@espigﬁths HenE BRRIBGUARher ei n t he
| i brary) 3 t Wi r mut at ed
o 1 R o R o e T
f r amewean ke pgsicdue sll photeieghampesaqtygres eschcanfob exaople drirmntésy ecdyomsd as cDNAs
or PCRX?ﬂEEifi atiogﬁ%roducts for imunogl obul i n-expressing cells. For
exanple¥kigs pad itReditinan hybri domm, or |ynphoma, or other cell Iine that

synt hesji zes either cell| surface or secreted i nogl obul i n nmgy be used for
the i 4B onHtstorpsally,AlisorNgty of patipadacsihas ﬁ%hpqggé@eg Y CHREYOlig AU 8PS of

oligo ' ' : ri - .al

et hode S AL PG L eI (LU B! REEEILGRR bt lociRaR:
Chem ,foll&@8plQ GidphapB8diplay t&imeldgim, Kebsagi @aocDddlaral soRCRnEs oduetted o full
isolated, it is cloned into a vector. to forma single-chain anti body

cass eltEth fRdisimrd hehap et PolRLL et g eI Eshend anti body
fragnments, the encodin%i enes are isolated and identified. The genes can be
modi f ilBY28h phyenctexamp ﬂ@rq ifseMa RVidspcddifsmng dviregiony copmpRicyfE te gifect
transcri:ptd I QR + ho ; ing the
oA 1 o B e R b i e Al Rl dfhef i Sl RERERR

const roptitizeg far & ymphey swchgs repiessiony/thaintpriten{ddadbasoetivalys frad982)q a
convenient node is to use te ate directed 2012/ 009026PCT/ 1US2011/ 027252
et nodupiyed RprErpn ehS il 15RY S EaleicatBon’ g ot Suplon (haty ert o “Aht | body
genes eakdan adBRbishb Gdd far“ﬁﬂlg/%rﬁiﬁnﬂfﬂ RAhEcoW® KtdNcHBHnYFG iBplovBr'S to the
conserved sequences at the 3' and 5 ends of the variable region known as

t he f rcapsowekingmythost he constant regi ons of the antibody (Iverson et al.,
1989). Wthin the priners, restriction sites can be placed to facilitate

cl oni N@01291 o hrorexppeEssiodon wactgonesisByasdiarfocthed g thh €opstameR cgidofor hese
conserved.regions, the diversity.of the anti opul ation i.s i nt ai ned
Lo al IOBAMHI0 RLTaBRAIa SN SEPTBtiat: RO bl sisdierfe Mes pec o
and clggfafifre bt LRPAHr&RQ REHER OB GH] eI’ RS REdch AR s JohrhEd BRT
sequences as illustrated by the I arge nunber of sequences for all” types of
ant i bddil84. §éweeal Fers meiishe cateriabf Impro8& expegssioy, dndasriporegptisdzddyFo’ efvercence.

00240] Me NA j.s0l f he spl i pheral bl ood of
ani i BARCBE L e R Parar B R Te AR P BE BAR R hERe Doy

| i br ardyfferbit IRewiPdtAckd 0 URSE @ IEESnprfi@fdt irf epfesdidnidi@ibtarandlagdi IPiay a
honogeneous popul ati on of anti body fragnments on the cell surface, nRNA may

be i scslempoasiratesghitd cpopd fat's eemepnigisocl onal anti bodi es. Messenger RNA from
ei ther source can be prepared by standard methods and used directly or for
the preparation of a CDNA tenplate. Generation of nRNA for cloning antibody
purposes is readily acconplished by follow ng the well-known procedures for
preparation and characterization of anti bodies (see, e.g., Antibodies: A
Laboratory Manual, 1988; incorporated,herein by reference). [00241]
Generation of nonocl onal antibodies ( s) follows generally the sanme
procedures as those for preparing polyclonal antibodies. Briefly, a

pol ycl onal antibody is prepared by immnizing an animal w th an i mmunogenic
conposition in accordance and collecting antisera fromthat i mmnized
animal. A wi de range of aninmal species can be used for the production of
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[ 00250] Met hods for generating hybrids of antibody-producing spl een or

| ymph node cells and nyel oma cells usually conprise mxing somatic cells

wi th nyelworopdobesei n a 2: 1 proportion, though the prop@criuseontag72sary from
about 20:1 to about 1:1, respectively, in the presence of an agent or

agents (chemcal or electrical) that pronote the fusion of cell nenbranes.
Fusi on net hods usi ng Sendai virus have been descri bed by Kohler & M| stein

1975; , th : i | hyl | . (PEG h 37% (v/
bec,  WYNADY, o aferd S SgRoNte bRl nrt Bedebitiad Pl et Baefiargn
et hodse ipfefar&PaspRR! AP i Rls OB MG IRRre afd udedl to HRBEVer IO RARH ankiBsd PN

procedures usually produce viable hybrids at | ow frequenci es, about 1x106
t 01x 1@ndeculipndn engtherireferiod espeot, cptrte methmde bf theydissbosuteaitilize bilehostus ed
hybrids are differentiated fromthe parental, unfused cells (particularly
t he unfakdyl nipsdrerembeodihenttthatuluoydtd systemab b ynapomslianugstem idiseleded from

W0 20£0p G5 U eptrsc st oo Ds BRGNS by yPSiie rHEk, HEG 5 AFLEER: “That
bl ockgzheaslen navg sy Nhesiss pof 148 lceptiides 15 Mid A EASS YeCNl Suika, B a.

Exenpl ary and preferred agents are am nopterin, nethotrexate, and
azaserQveer 3.AH AR, Paner | dHdOMEORABL B BAd Cdvbek K (de 1 Ay VIhnviBe46s Lo Aot h

purin pyriddines,. whereas azaserine bl ocks rine synthesis.
Bher o SHRAGECH P40 Eondh FLERPuRABRARLAS PISRLPAMG Pl el BE it 1
hy poX adnhvin Alganasyetc by BE166t6@ fram ACHOUSIAEERDPONE 18Rt iTdese ffdTiomgedthe Where
azaserine is used, the nedia is supplenented wth hypoxanthine. [00252] The
pr ef empagmaligneysicans addilOm ¢odl IsT In eppthercppeific eseabithe mamplsbEpmsystan is a

nucl eqty e Y. r I Vi ' [ Th el oma
Coi 1 o HEERAUIARS IR RUEAR. B baHie ekl ST EE ont " JRe

hy pox agpdet, niec @lkasphiosiyhaayd sddcdisiian &s ecre ViFRT ycasandlstdn@ycchanmradt csily. vi ve.

The B cells can operate this pathway, but they have a linted life span in
cul tuneomg grN@balck ¥mbb&nht, Mamaieutcell Wi \WRakSn cafhigd gfri@ed bhaneRdimiycel |'s
that can survive in the selective nedia are those hybrids fornmed from

myel ol daeatrEctdeicpch of gugeBmamfagtu gt igImeptionoVpHe R lH dpyiiceRmn bRt
hybr i fr i speci f] r'ggpﬁ r ; yhi

sel ec?'%2 gﬁédéés %}%%83%@3%0n%%§%%%295 y 1L(S:Glt’ﬁfa %erl ’issﬁlél‘?%ﬁgg)ccea}l Cgéag%%%(oﬁ% f[oe- cl one
di | ut ie@prebdprotedt abing elic @8 Weds ExpalssionSdstoyn™ eshndlggyt With ichidn( ORI S¥lg@nal
supernatants (after about two to three weeks) for the desired reactivity.

Si npl VAot &pH N8 says i ncl ude radi oi Munoassays, enzyne i mmunoassays,

cytotoxicity assays, plaque assays, dot innunobinding assays, and the |ike.
[ 00254901833¢" sk awethsd chppdimgsingsolatien eay beaparfpriapd it rrak Aagts tdueh ayEicatiband

indiv%@#g%iéﬁtk8ﬂ¥?§%§9¥§hﬂgw&5ﬁﬁ@'- ' from which cl ones can then be

pr opaga I nder | 0 provide S, The cell lines may be exploited

for dugcti.on i.n two.basi S. S I f the hyprid can be

o ectTuDe s SR ot iR Rl Peu@r SRS Honten L EOiERR B S ani rma

of thendt@R. Pisish¥Bmcthd8dincRidB rMdofarldtRNSAARIh Gndn SN LA PIFcRE. Asiyfogr the
original fusion. The injected ani mal devel ops tunors secretlgg the specific

nmonoc ltesakprineshise dgn by oapleser 9yevohie prepssidescdithe tholpeutic praeinsedfherprescdt of

t he anj . [ I of I, Ul t. o) vi de
s om0 B LAY AR ML i PR PR

cul t ureadirdbriimatitd, 0@ betvdt @k prebdien MAISosaE]. NAther Pdténtialle clesitadtt propartitd)guehdst ur e
medi um from whi ch they can be readily obtajned in high concentratjons. MAbs
pr odud®araygd entelyde apibdfys g veskpiotin pabilipyin verigus cquditipas ipwaovedselggtivity

filtrati I i i g i ch as HPLC
o af oL s ERTGap et RSB Re BouRRR BASARY e ByBEa S B

Fol | owedged hggregoioatchmhe selcctahfor acterlutiat éxporimbntshe desi red nonocl onal

anti body, the nRNA can be isolated using techniques well known in the art
and ugeeii3ss actaumbdsgefformangitdctly ¢ab eatnradtictHogt, kadhgsta sedangecel] RB26O] A
nunber of teﬂg]ate dependent processes are available to anplify the target

sequericeastisel e, Ragwakbeysedferdosmetram prodactian efifbe hespertionietdihpl i fi cati on

Bt ho . . > . o
R R L R 0 R A
and in Innis et al., 1990, each of which is incorporated herein by

br epar od uhi ch are conpl Smentary 1o o831 ons on opposite. canpl ensnt ar

repare i
gtrgnds of the targetngequence.yAn excess of deOQSnucleosigg triphos%hates
are added to a reaction mxture along with a DNA pol ynerase, e.g., Taq
polymerase. If the target sequence is present in a sanple, the priners wll
bind to the target and the polynerase will cause the priners to be extended

- M o,



PCT Application No. PCT/U589/01025, each of which is incorporated herein by
reference in its entirety, nay be used in accordance with the present

i nvent i orwolza12dego2bor mer appl i cation, "nodified" prinmereCarisS2usoe2sn a PCR
| i ke, tenplate and enzyne dependent synthesis. The primers nmay be nodified
by labeling with a capture noiety (e.g., biotin) and/or a detector noiety
(e.g., enzyne). In the | atter application, an excess of | abeled probes is
added t t he. enc of t ar uen robe bi nds
B (Rt A e R AT e o R W Al T

r el eag@gtdrtoffponéfs, Qﬁc@%ﬂm@%r@éﬁ?@ﬁsﬁ% abend & RAMAY EnPiladkie; {3h&ices), pr obe

S|gnals the presence of the target sequence. [00262] O her nucleic acid
anpl i fglenentodtﬁcgh@ceﬂmsegelismmsﬂdee gengrdstotiops & eblamn@mgl ¢vfolwzomi addhosty st ens

(TAS), jyncl udin cleic aC|d i fication (NASB nd 35R
{noh b B Sy B8 5 L PERGE RO R R PP o

anpl i fhb@tagly@igyllaﬁng tiafyeRs By Rhenablh 6Mtevahircit € Xxhd/8eby Biromdsethe ebedbatdsf &dli on
of a clinical nple, treatnment with lysis buffer and m njispin colums for

i sol atmlaa»ge@ﬁmmmd seiRstipArgegighniclichion selishy Bk Pehanesd $xREesPion capabEiRs. These
a"pl'f(%?&hﬁ@ﬁéﬁﬁ@@f@%Ffb&ﬂ%ﬂ&ﬁe annealing a prinmer which has target

speci f1 C Sequence pol ynmeri zati on, DNA/ RNA hy brlds are di gested

ol cod) B0k cURLATHE SR ’%8&3%?& S T HRLa R sl P RRled owa

I s madBofd)Ichiy belembloges td @pstadibbytic’ dd ctd1 08 Hrotesconehnidatagstio speci fic primer,
foll owed by pol ynerization. The doubl e stranded DNA nol ecul es are then

nul t i prapufaciedri bed by a pol ymerase such as T7 or SP6. In an isothernal
cyclic reaction, the RNAs are reverse transcribed into double stranded DNA
and t I{a(h&i’ ti b@drrcntmeeﬂagbim stidasprehd aspor yreeting &tauattyeasotFins dronsPgartinige

resultl rodu r truncated or Iete indicate tar eC|f|c
Ceonomage B 5Ty et RRBIERE 930S prantB PRE by bRt

refer Qébfeﬁohdﬂaﬂdt Qisehtk lrﬂtﬁzigéhesdé Sl@lxﬁhﬁﬂa tRe EPECIfRI r6giof ltdib@%thhlfzbd: atre acd@rmtess

i nvol vi ng c%cllcally synthe5|2|(gﬁe|ngle stranded RNA ("ssRNA" ssDNA, and

doubl é-synihaherdla rmMAZEEsBIUNEonyghasiHe iy thess Gasesda NRMAEICXTHUARISII 818 t he
prese%@&t‘é?’a&d Wl mﬁgﬁﬁsﬁéﬁ'ﬁ‘%&l n%}'srg(itien5§npl ate for a first primer

'S elo reverse transcriptase (RNA—dependent

Th d fromth | t dupl
by thih"é?? Rt éigeggﬁt iR o e ea bR e R e rua (n
dupl exybticadly thiesedaitd @tlﬁ&tt%)eot{c[h EEABSPloha PURSSHENAW-Sddlit§ 96 Bntkrizeid at e

for a second prinmer, which also includes the sequences of an RNA pol ynerase
pr omoteendifignetopnireduse ahgw Tovchpipqin muatierseyndomly 9ver aslons seusse- fvat he

t enpl 3 |ed by
the 1 argre { BuBheFbeh bR e S ELE 8- RREDE R ShoF o M 5 °5s s
doubl enlsmrrenﬁmis@tdén(utageams )a sepleRcebldck by bingleacplitcn epidallontpleaid by t hat
of the original RNA between the prinmers and having additionally, at one
end, APy ﬂ%?‘%@é%%%%ﬁ?nmﬂn s pronoter sequence can be used by the
appropri ate RNA pol ynerase to make many RNA copies of the DNA. These copies
can t HeM3P¢- eGhisperictasneseave bp@amadﬁgbx winiag ¥ pelyinpeleatiqs frggnecats wsing Wt h
pr oper | n._b I

P&ggtalgl? st?éky ef%é/ ggfe’rat&b t&f IR 10I1 eﬁ%;rﬁe?%écﬁere Mo R gm&ﬁ% {11 i Cgﬁ fllO¥f% ur e

wi t houi i on ach ause o

of t hiascparaegssgenitbe(os barchiaNgnSeaue Mot rexhﬁple hothe fﬂmtt@gdﬂ@sm of 4 kiggleor m of
either DNA or RNA. [00264] M| ler_ et al PCT Application WO 89/06700

(i ncorPBIHPRNH i &i th aplicyes epdoncubstiutiqns a@cﬁtlpt @W)ﬂea%)cm geredtaluct ei ¢ aci d

seque c

o oot e T S p A R Bh AR ARl i) o1 1 oved
by t r amsegdnptct polyptptieny RNA copi es of the sequence. This schene is not
cyclic, i.e., newtenplates are not produced fromthe resultant RNA
transqoors. Kdiesr, iarld dileGptdifo rdtenbadsion Bestdmtichave deen utdiivdd i@ pencgdtdled PCR'
(Frohman, 1990; O Hara et al., 1989). WD 2012/ 009026PCT/ US2011/ 027252

[ 00265 DN Hcescy as wall gn randgarmethodt ofiingivogecarphiaytion pegbregembiBetioes i n t he
presence of nucleic acid having the sequence of the resulting

"di -oligonucleotide,” thereby anplifying the dioligonucleotide, also may be
used in the anplification step (Wi et al., 1989). [00266] Anplification
products nay be anal yzed by agarose, ?ﬁarose-acrylanide or pol yacryl am de
gel el ectrophoresis using standard nethods (see, e.g., Maniatis et al.,
1982). For exanple, one nay use a 1% agarose gel stained with ethidium
brom de and vi sualized under UV light. Alternatively, the anplification
products nay be integrally |abeled with radio- or fluoronetrically-Iabel ed
nucleotldes Gels can then be exposed to X-ray filmor V|suaI|zed under the

- . . F A= . o



WO 2012/ 009026PCT/ US2011/ 027252 of the deletion junction being traversed.
Typically, a primer of about 17 to 25 nucleotides in length is preferred,
wi t h abouwo20t12¢009@6r esi dues on bot h sides of the juncti @eTafS2eth@2B82IUENCE
being altered. [00274] The technique typically enpl oys a bacteriophage
vector that exists in both a single stranded and doubl e stranded form

Typi cal vectors useful in site-directed nutagenesis include vectors such as

t he 3, phage. These, phage vectors are ca ially avajlable and their use
o gorEPES O OIGEORR Bl 5o G DR i M LSBT Hapg B CEeTo P aefbt

pl asmgsrldfptnAdghsitinli iRy, enpl oyed in site directed nutagenesis, which
elimnates the step of transferring the gene of interest froma phage to a
pl asm 0245} . ite-di . I Bl y
Firor 10pAP oA A oREREN By b Sef LRED SNV BRRShEL B BOH PLARENDY
doubl endbr aelndedzatants ofior vkeingle compretessiw drivixhaistise gggoehcehaveDén seguence

encodi ng the desired protein. .An ol igonucl eotide _prinmer bearing the desired
it at GG HriEemolouBh IS aditih @ prEsUREOURR Of BRiEHORS{ 8T EHURBRneal od

W th trhethagy € $ideandeticfaid REBRA atdnMate etk (. @ sp&GRUhekhgiflegr ee of
m smat ch when” sel ecting hybridization conditions, and subjected to DNA

pol ymacidziosigios oz ¢ weguen o tpnapyised o€ bva opwbierreniag ecids posetmanw).fanddorent , i n order
to conp] ete .t he nt hesi s of. .t he nutat. on-bearj r .. Th

ot or SRSEY E5E S B e s S B R R BRSO LY Bl S R AT378h mut at e
sequerggtl@ntwvhie B epsidedingand nhekizinpe A8shied pBﬂIo@td'f@%tartTrh% Senome,
het er odupl ex vector is then used to Lranstorn1ap£ropriate cells, such as E.
col i cembyningmytagivpnesd apeonsdly sencating tiescribes puashodelorvel igmen Qigarisis

bear | 'i!@w&ﬁa%eﬁ‘ﬁ’éaféh% ?e?ﬁ%f&n‘iﬁsaﬁtgﬁ%l%& -6.7159@%.7e%ht%}i‘9s£1§r%§8ﬁ %[h'ta 0 &fsin
sequence variants o e Sel'ected gene using Site-directed nutagenesis is
provi dedctas ceolow@isandfU.Sr PaerctiNugn o 6662 3 %! dnyitl e €S wlth3iodighien maskendlyniat

meant to be limting, as ther re other ways.in which sequenpce variants of
genes dFagiCHEVYBLH rfgeaqr?h@dpe@(_g%%eétla%&fﬁwwamg SEI5FRIng Phgl the
desi I ef.deRAsRGF RRILRAT Aty &lhm'%%h;oa%aﬂf % REEH fhe nFHERY cﬁsthé%gé yl am ne,

to obtain sequence variants.” [00277]1n certain applications, substitution
of amimendonds by site-directed nutagenesis, it is appreciated that |ower

A T AR R T YL
per f eghl Yecﬁ&ﬁﬁése&m‘ébﬁlbi/ehef%ﬂfe"%v%lu'ﬁioﬁ FRLEREh @¢in ORBtuBtioRRh @a RASL HIBS to

Condi ti ons may be rendered | ess stringent by increasing salt concentration
and dededagiue@! ceplpiomwhergin Gory posaibpd ehange wenidgrat saahinegitng wi e deraplatcon

1d b L ded b £ 0.1.10.0 25 ClL af t at f_abqut WO
SO1o G5B e PR g rd gl Roiste bt PREe B R ABEHEN MR sl ARy,
condi ttés®iRg G ntbrdl§ apsuened dedistioaligb @sinetlehsivt teolatisiiefds & Mcsimituc &t

tenperatures ranging fromabout 20 C to about 55 C. Thus, hybridization
condi tevelygor ahctsen ewar pPespibhachapas traflc aaechnagyiopiafja tepaplateaialypusleotidgqert hod

of chaql I i r . ljment s,
nybr i rone R AR A P BN ARG oF BhbBpicedV 6FRlgd Dol BIBRETT

Tri s- @Andeptds Be@)madds mM KC1, 3 mM MyCl2, 10 mM dithiothreitol, at

tenper at ures petween approxi mafely 20 C to about 37 C. O her hybridization
condi tl I'ut P3tpEAEgN @HAYS piFNBRIEN AL PR EsicHla RAN-GONTRr CheASTYE rg@t[lieﬂs PGNBE 3), 50
MM KClysotePer thliMcbfifrtRensibe dRSRENMANES (FANGLATI QHARREAABLALY 40 C to
about 72 E.GForg%nig%%gﬁdﬁéﬁs al so naﬁﬁée usedgfb alter thékhybrédization
condi tnngag.id¢ndifizZ8in, utant peatein cyp@ssi@nbodantpndteineeechiap, PORcemybibel up-

enpl oyed. Briefly, . l.asm d is used gs a tenplate for the first round of
PR s gridih i FaBrRg i Rt RO G HANAFD BePTPIa LB ¢ oget her
Wi th Qethaiges, RaETBbRculeRs §R&neY 8hd edhRnke aBbAn (RGBTt R§Fsf AltagdRGisENd
products contained the site directed replacenent of a given amno acid with
al | otfher gbs s¢aohé signiohecambiningdicdpeasutafio0PB8y. The nut ageni zed DNA

t enpl for th | ypeptide of interest.can be cloned into a.plasmd for
i 004 L R DR SRR RE Seae S b eBhff PRl disBs el i,

appr ophd Rtignidanadt Rl RAEIAESd & Be tdtaprabadiveifbhichetahpossiBR RagabCFoif or direct
invitro transcription/translation. In vitro transcription/translation of
genes uses cell free extracts to provide the required enzynes, ribosones
and protein factors. The synthesis of groteins is directed by nmRNA

synt hesi zed fromthe desired DNA tenpﬁ tes. The DNA tenpl ate nust contain
the appropriate control elenents for the systemused including a ribosone
bi nding site and pronoter sequence. One of skill in the art would clearly
recogni ze the appropriate required el enents for each system [00281]
Prokaryotic in vitro techniques for protein production were the first to be
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[ 00285] Beyond nere synthesis, proteins may be characterized according to
various properties and an extensive range of functions. Properties include
i soel ect rwoO 2p/a09Q26t her mal stability, sedinentation rat@Can$2éiologizazy. One
manner of examining folding is the ability to be recognized by a cognate
bi ndi ng partner. The prime exanple of this function is the antibody-antigen
interaction. A wide variety of different i munoassay formats are avail able

f t hi .and | I i I . Principall h [
ci t neapPien PR SuRe Sty ¥ e (REA B ab lEs & died shBReihev bt |
cont acfi@@duiid fofe MBREUS 6r ) @ARhrelimaRelokicOlhdnedxptRskd dndaneiscanh&3286]

| mmunoassays can be generally divided into two types: heterogeneous assays
r equi reffigentiyl axppasecds elfgradoticon isimmostantatn ¢ohidmb e respascing saypemafthch ar e

perforned. directly. ferogeneous inmunoassays. in general involve a |igand

br antigiye el itrs A SRR Bar TR AR 0 R r R e fogling 1

cont agkp@sithd Bloh&xeddnmyebddsighedd apthdpadye adydn phe iRk, tbfy f seorédr med on
the matrix supgort is determned froma |abel attached directly or

i ndi r @entopriessiblge Gompsdlicniye tpchpigpesese thesefprgcgnsifered o bompEuUIdRoR-he

ey iR R T R b R el

bound,[06145Dh| eCompptleensivie@ositioaal Eeelutipnr poses, the binding affinity is

usual | reater than about 106 M1 and is preferably in the range of 109
“1015 Ifpiel ThReferigna Figtye deusipga Brés aouid Sy YBEIC GKBP e bR di%6S,

i ncl uq,ifggm@gng?zeeﬁﬂrﬁg RYAE DS %&F‘a%’ts (Bﬁ%ﬂ%%{ fifcoRo? AREASSoid Hﬂji\%%&?tf&d

conmpounds, b enoi ds, pol ynucl ear rocar bons, nitrogen heterocyclics,
sul f urcattetasioodyom pestiorok yogeMm ¢tretespaclyny todks nanbkeralf kesndies al the pelyakptydee
hydrocarbons, etc.  Biol ogical. no] ecul es are of partigcular jnterest,

e CGRHE) Brcngue b Progist Fetet it reCoppishon i ReditHe o o

aci ds (epd"pmhishédean® it Rpeaed forgaclﬁﬁélﬁq?cﬁati'dé cMdih bof BR thipdensiceqd hhat these
are by way of exanple only and that contenpl ated i nmunoassay net hods are
appl i calbireum setodagune aid anntasions gentaiing anlylope wpdn foa aeph dithe urtsmingo | ong
as ong %S‘lgpom airnit?‘nre%ntﬁigegiqﬁattegct e>? irQ %sonvg tth tnqg l if%?‘?rdm fod Ir‘}??%r elsnt X
[0028ff ngﬁ%heo%s P oassays ﬁhf;be B%F?brﬁ%%las 8h C §33ays in
whi ch vehigDineefficRnofRN Apeseshn icad teaaistdionistalial) pioMudbt laz seki@nteihiadyort, hat
specifically binds that nolecule with high affinity. In a second step, a
conj udangatieyn Fpyeshifyng ead agieackt mirEas#tona nkhickiese. o6 cxpiessidt i gen and a
mar ker ec S - i - ' - by e
mrobioPL B Eadtft GRRYELIS b AR APLIAAR ALIRE LTI tn ML ARPsop, 1
bound tikamkerionont egafirenedityi sehudnsingreapiontw arddcutco @ther mothadd ofofonfirmgativeh i n
the sanple, .is asyred. [00288] Detection of imunoconplex formation is
wel | IEABANO PR CPROYSEt and may be achi eved through the application of

NUNET Qi1 APPT PAFNESino IRASE: IRRRNQRRRRSI @k &t lk¥RpRably based upon the
detection of a label or marker, such as any of the radioactive,

fl uorescent-, chdmplaveiliestient, el ectrochemi | uni nescent, bi ol ogical or
enzymatic tags Iaﬁg} known in the art. U S. Patents concerning the use
of such |abel's MHAHEUGIES par  Nos, 3,817, 837; 3,850, 752; 3,939, 350;
3,996, 345; _4, 27 Tp#iBiforymAdtonk49 and 4, 366, 241, each incorporated herein by
reference. Of course, "one may find additional advantages through the use of
a secondary bi ndixpgesbiogand such as a second antibody or a biotin/avidin

| i gand bi ndi ng ran n St S _kno, in.t art. [00289] Preferred
methods for det sraaomer L S af I RRS 8™ Ri A} Cor enzyme- 1 niked

I MUNQeeI48¢nt InngraypddslrchS3aplcwhhfaclclibtiA abesdigno® sdr spheltaico ey clih ak Ofor
generally increased sensitivity. ELISAs are extensively used in

bi ot e CKHBPSgiMPPId asticndd cxaicssiel arl y as i munoassays for a wide range

a1 102N PR R P B bbb s aprio sl 03B R Gef  her ©
pr ef erfuediopalah® (rsfearodhtempéiatae dn EsoMap £ of tixcaoget avobeeulsi is hertdnetedr Blsient

invention are those which have a convenient_.ass far activity..

Repr eS#R op{aes %&%ﬁﬂﬂ@gﬂmﬂqnéwd\@?ac REFLER 4TS PheF B/ snyion andlor
enzyne-substrate interactions, protein-nucleic acid interactions,
receptor-ligand interactions and protein-nmetal interactions. In these
assays the nutant proteins can be conggred with the wild-type protein for
changes in the ability to performany of the foregoing functions. [00291]
As used herein, the term"contacting" is defined as bringing the reaction
conponents into close enough proximty to each other to allow the desired
interaction to occur. Contacting may be acconplished by m xing the
conponents in solution, for exanple, or by heterogeneous interaction such

o a o o o g, I v



WO 2012/ 009026PCT/ US2011/ 027252 sites, and transcriptional term nator
sequences. Preferred expression control sequences are pronoters derived
from i nmmwogbhoiebize genes, cytonegal ovirus, SV40, AdenoPCIOS201BOY1282
Papilloma Virus, and the like. [00299] Eukaryotic DNA transcription can be
i ncreased by inserting an enhancer sequence into the vector. Enhancers are
ci s-acting sequences of between 10 to 30 obp that increase transcription by

a pronpter. Enhance an effectively increase transcriptijao en either 5'
or 73 SRt R IR i g Tlrauic. Tl r S ot kKo OB Fp SHREERP wi t hi
an i ntch@petatbd Made HBoRAAdbSAN HEALIBTeEctioch 6t dntib¥RA&RbloY bindingah cghancers
are used, including SvV40 enhancers, cytonegal ovirus enhancers, pol yona

enhanceetibodiem.d [tadtorsboivs wdiernthangesrogn bEntida ewthosieadinshing suntctiom Therman i an
t | . ) h t.h i | obulin h
i e AT I RGN PR

t ypi cahdriyforddd tistassess tleetfeatdfendmiute@ibngene. Exanpl es of suitable markers
i nclude, the dihégrofolate reduct ase gepe (DHFR), the thym dine kinase gene
(TK), 1891504 okArsy m@lcgﬁﬁéwpé’@ﬁ’fl‘éﬁlﬁ"ﬁbdgaﬁr utp shewndn Kigsee | THechiposgionopdherar ker

genes r: - 0 tant. . Bw t I L ow

oF o hlis IHiHEEa O P AR i€ Bl (8RBl AR SHC e, TPt ohBUHEDY,
can t kaaoben uslanitdnt fath dpycifib@aminaddid sabstitubioqr Buctopartialy Siufaplcavite miaychberedi a.
Exanpl es of prokaryotic ug resi stance genes usefu] as markers include
genes f%f&ﬁréir%@lg%ec{ %@s%r%qn&ﬂ%éo sePsefign wf}b HESAIPICe 2 §8418ChIre NG SripeT n.

[ 0030 : Nt al nij j :

| anstort AGUERLBIFURATLA Ehitchen N B RAMRN el TS oA LIORATN, ¢y pe
of celthahast systest.. For exanple, calciumchloride transfection is commonly

tili -okaryotic cells, | cj hosphat e treat .
' por TR, BiSEREbR ogeREs IR i SRT e SRR st ot OSREal o her
et hodg gusAflinb AcldrapsfiidRsBIIREdeato aftHeB optialNER dRRcdSRrREcrRatyhraae,

protopl ast fusion, |iposones, electroporation, and mcroinjection (see,
gener ddggt meigerie.obkRweveragvolutyummigprtaip Gb@Boferigyes enayxpawisstend orttercant i bodi es,

i ndi vi d d.i | obul | 1S, d i b , d
ot ner TG Ch R R PG R AV T Bt B R, "

accor dnfgodt @ffsttantapebdaces setwrasulofsitt Rttt bolyb&ddd imgnanrabbmtashidd. at e
precipitation, fraction columm_ chromatography, gel electrophoresis and the
li ke (deect Qfendtizite ynutay pebpeptrics cap Biea Pa spgenod feampbhsiteSHimHyEs.- Ver | ag,

N. Y. ). i fi Tt it i he
pol ypdofaLL CERSRURLI L GHpICRARL IR dohPhe) ProR T RARAEI or? a0 of

per f ortig eigirass @y upmodads ced]esi fombsrebhnboraesad ovolsti@i siepigs , CRIhchn breutllizké
(see, .generally, |1 nol ogi cal. WO 2Q12/ 009026PCT/ US2011/ 027252 Met hods,

Vol s. 1 OlEQ 1eduqed e IMBPRERANAY Aivl Ogévwgd? At B Pf_?‘%gigo}l \ngn-SNfsee (1979
and 198X dons] A83PionTber-akiy %9%@&;' A8 '?niﬁficrg e sehsfeRhtatipyenti on can be used
for diagnosis and therapy. By way of illuStration and not limtation,

ant i bd S| cam de agpeti, GRE tangat used e gencraaeit bbramyuokuiosed§es 15 eming acads,

infecti . t r eat ment . of th t i.podi i1l typically bindt
an antt o ok 59 abUERFRoIuantTar s AR aen (obin Be Pajtin 8 &Pyt Gea °

CD33, &ichbiBEharRtdiRlic. A0th SERadHS |a¥ﬁ1h@mxf8&s§i&9,$1ﬁd$}¥é Evdghp™ i$ fgated t . For
treatnent of autoi mmune di sease, the anti bodies MA||£ééplca||y bind to an

ant i gdntasxpinsls 98 udnion-ape s¢recning edn gsusehio gengeate thezlatacdioepll &9 amingeacidsy i ous
T-cel | anti gen_regept or gzt er~anti.gen Kk n-to t.h

ok 11 EAMLRED SERTPLRLT A PR TR GRERR, AERA (SRR B PRE R,
ed., Raivdanfdessl: to baate¥otidov clic¥tion Bhin6lRcilss that mpermidthnldesseidfobyiew
reference). For treatnment of viral infections, the antibodies wll

t ypi c&PRCISTiFEPSt Sonpraginle deferastns €3s be coployed [osidpmitiadiled haplotyppainthe ul ar
virus var i NS . pes

ot ot S Re B and OSSN ch s PV GORRAL & (514 Fest hapBRinedBy lEIndlnePFERCR

t hose takteted eblanigns dttimcatrd]” (‘Guldy musbé YVeitwlidgyificd fidnethe mdp, wherckhepdsast al . ,

eds., (1990)., .Rayen Press: .York, NY.). 0304] Pharnaceuti cal
corrpo§§‘i‘ria6tﬁ SO ﬁﬁﬁgﬁ?m %&%POW@WE AEMTHPEEITGR Ekdopsett for
parenteral adm nistration, i.e., subcutaneously, intramuscularly or

i ntravenously. The conpositions for parenteral adm nistration will conmonly
conprise a solution of the antibody og a cocktail thereof dissolved in an
acceptable carrier, preferably an aqu %us carrier. A variety of aqueous
carriers can be used, e.g., water, buffered water, 0.4% saline, 0.3%
glycine and the like. These solutions are sterile and generally free of
particulate matter. These conpositions may be sterilized by conventional,
wel | known sterilization techniques. The conpositions may contain
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[ 00310] Mut agenesi s reaction [00311] One pair of primers (Primer mx 1 and
Primer mx 2) is designed for each codon to be nmutated. Design will depend
on gene sEquerw2and sequence anal ysi s dat abases such &6TSsSqueametzsr ( Gene
Codes Corporation) or VectorNTI(r) (Life Technol ogies) can be used to
design the priners. For Conprehensive Positional Deletion evolution, a
degenerate target codon (NNK or NNN) is designed in the mddle, flanked by

20 base on eac si de (tot | engt h: .40 WD ) )

2012/ 068 s s BB Gl EoRr RS Bpecegih eriony i Faeher y
uni qUQhé‘Mhﬁ@zhﬁQhovﬂﬁﬁ:‘s gnaste kpedmad ﬁBdﬁf‘&@tlér@r(g@Eos%z@ﬂiéﬁ%@ chémical( B {ug@ﬁ@n)pa' r
of primers is designed for each codon to be nutated. A degenerate target

codon t¢ Nnoge VNN charataristive. dilsbd bptimiZatipik elisileyt ROtabasesangmpeaxstpretictie

(tot aI r| ner. |l en “E 63 pases 9f clones for sequencing to identify unique
nut ant3 §’) S’f%l}‘rﬁ]l 4 § Svector DNA with target gene(s). [00312] Prepare
the fqbdm4a ngsymg%maﬁlﬁoﬂ 96-well thin wall PCR pl ates or 0.2 mM thin wall
PCR tubes on ice: Primer mx 1 (2.5 uM5 ul Primer mix 2 (2.5 uMS uI 10X
Pfu t UPBSSDnAlnpsicyamhodyaers of therpessntinvengans ndyelap (5 eaeeratod apdyirlized

dNTPs e r 4. 5

U ul) SRRl e YRR Bt " sthert) BOERE SROBRNTRARS b3
react i- D(Dlsqoeﬁedmes &ﬁty\fnﬁelclomblumﬁeo (ofcﬁlpb@.ﬁ:eorﬁbllnmbhal sfdch Tie Equ/IepsTj“ &F.thVl x

gently and spin briefly table top centrlfu Cycl e t he
r eact itGARlggI0hPepide léyléwf W@elﬁé? sxﬁ@?l@ SHIES AR SFIIRA @é%éﬂrt assembly to

multi-site polypeptide mutations.

[00156] In Synergy Evolution, non-deactivating amino acid point mutations are selected from
within partially mutable sites that are near non-mutable sites on the EvoMap ™. In one aspect,
the selected non-deactivating point mutations are adjacent to non-mutable sites. In Synergy
Evolution, simultancous mutation of amino acids at two to 20 of the selected sites is performed
for combinatorial effects. In one aspect, recombination of two to 20 selected mutations is used to
produce a codon variant library coding for a population of multi-site mutant polypeptides. In
one aspect, the mutations are confirmed by sequencing each new molecule. Other methods of
confirmation can also be employed.

[00157] Following cloning and expression, the multi-site mutant polypeptides produced are
then screened for at least one predetermined property, characteristic or activity compared to the
template polypeptide. In this manner, multi-site upmutant polypeptides can be identified. In one
aspect, multi-site mutant polypeptides are produced by combinatorial protein synthesis. One
advantage of Synergy Evolution is that it does not require a protein x-ray crystal structure to
direct evolution of the template polypeptide. This technique is useful particularly for proteins
with high assay variation and other multi-site effects.

[00158] According to the present invention, applications of Synergy Evolution include, but
are not limited to evolution of complex molecular mechanistic changes, evolution of proteins
with high assay variation, evolution of protein specificity, improvement of expression in various
expression hosts, improvement of protein catalytic activity, stability, and pH optimization.
Synergy Evolution is applicable to all protein therapeutic types including, but not limited to,

hormones, enzymes, cytokines and antibodies.
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Cycles Tenperature Time 1 1 95 C 30 seconds 2 18 95 C 30 seconds 5 C1
m nut e
WO 2012/009026 PCT/US2011/027252

[00159] In one aspect of the present invention, Synergy Evolution can be used to optimize one
or more aspects of a polypeptide which is a portion of a protein molecule. The protein molecule
can be assembled by ligating one or more mutant nucleic acids coding for polypeptides with
zero, one or more nucleic acids coding for framework polypeptides to create a variant protein by
cloning, translation and expression techniques known in the art. In one aspect, a framework
polypeptide is derived from a wild-type protein molecule. In this aspect, Synergy Evolution can
be used in conjunction with antibody humanization techniques. For example, a mouse
monoclonal antibody may be selected for evolution and humanization. The CDR regions of the
antibody are cloned and sequenced and individual CDR regions (CDR1, CDR2, CDR3) may be
synthesized and ligated to other nnucleotides coding for human antibody framework
polypeptides, followed by prodcution of a human variant IgG library. The human variant IgG
library is then screened for at least one property compared to the mouse mAb. In another aspect,
a framework polypeptide is an artificial scaffold polypeptide. Specific techniques of ds DNA
fragment preparation, ligation and assembly of nucleic acids, cloning, transfection, expression,
solid phase synthesis of libraries, solution phase synthesis of libraries, comprehensive positional
evolution, combinatorial protein synthesis, quantification of expression by ELISA quantification
and B-galactosidase assay, and functional ELISA are presented in the examples section.

[00160] In another embodiment of the invention, Synergy Evolution can be used to enhance
binding affinity of an antibody. In this embodiment, optimization of the antibody variable region
may be performed. For example, for the production of antibody mutants, CPE is performed for
light chain and heavy chain variable regions of a selected antibody and an EvoMap™ is
generated. Mutants are selected for reassembly; for example, variants of the light chain are
selected and variants of the heavy chain are selected for assembly. Non-deactivating amino acid
point mutations are selected from within partially mutable sites that are near non-mutable sites.
The reassembly technology utilizing CPS can be used to create a library of heavy chains. The
light chain variants can be combined with the heavy chain variants, cloned, expressed and the
variants are screened as full IgGs from mammalian cell line supernatants. Binding affinity for
certain variants is assessed by, for example, use of ELISA, BIAcore and/or Sapidyne

instrumentation assays, or other techniques known to one in the art.
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68C 16 minutes [00313] Quality Control Analysis 1. To QC the
anplification reactions, set up the following reactions in 96-well thin
wal | PCRwbDave#e260. 2 ml thin wall PCR tubes: Mitagene®C3/use@atornssd il
Water4 ill Sanple | oading bufferl ill VolunelGIlI WO

2012/ 009026PCT/ US2011/ 027252 2. Load 10 ul onto a 1% agarose TAE gel with
0.5 Ig/m EthidiumBromde. Use 1 kb plus DNA | adder as standard. Run the

gel at f O0.mnutes in 1X TAE buffer. [00314] Digest the
Mit agé ﬂ@sﬁqi/ RE[%%%G i th restriction enzymes appropriate for cloning into

vect onoddl] - xRl elfn%dl%ﬂ{ thESPEIESbM ? B2 Red To 1d@ﬁit€if Qna ek]gllolt%lbt he

Dpnl restrlctlon enzynme (10 Un.11) direc to each reac I on M X gently
and splmﬁalﬁﬁ sigdst yin pBe swect) cxploitatioalelf enudiople élelh/tmutfah@emss is|terengiddtlex at 37C in

SN N AT T R NG T E N

r eact i(@pscodons B @mino acids for N- or O-linked glycosylation; Asn within consensus sequence
Asn-Aa-Ser-Thr or Ser/Thr) and chemical conjugation. Flex evolution may also be used in
design of protease cleavage sites, introduction of tags for purification and/or detection, site-
specific labeling, and the like. Further, codon optimization of silent mutations may be utilized
for improvement of protein expression. In this embodiment, termed Flex Evolution, following
protein expression, the mutant polypeptide libraries produced are rescreened for at least one
predetermined property, characteristic or activity compared to the template polypeptide. In one
aspect, the predetermined property includes reduction of protein-protein aggregation,
enhancement of protein stability, or increased protein solubility. In another aspect, any
expression system which glycosylates may be used for the introduction of glycosylation sites,
such as, for example, mammalian, plant, yeast, and insect cell lines.
[00163] In Flex Evolution, evaluation of bioinformatics and protein x-ray crystal structures of
related proteins, or the template protein or polypeptide, is useful for template optimization. In
one aspect, selected sites are not at contact residues. In another aspect, selection of non-surface
protein mutations allows for reduced immunogenicity risk.
[00164] Applications of Flex Evolution include, bit are not limited to, reduction of protein-
protein aggregation, improvement of protein solubility, optimization of pharmacokinetics via
glycosylation libraries, optimization of protein secondary and tertiary structure and
deimmunization of antigenic sites directly via either mutation sets or indirectly through
glycosylation masking.
[00165] In one aspect of Flex Evolution, an EvoMap™ is utilized to identify fully mutable
sites, CPS generation is performed with insertion of glycosylating residues to fully mutable sites
(or silent mutations for translation effects), and screening of combinatorial glycosylated library is
performed by analytical analysis (e.g. Mass Spectroscopy analysis, Dynamic Light Scattering),
immunogenicity reduction (by bioinformatics or assay), and/or pharmacokinetic analysis (e.g. in

Foxnlnu mice).
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5. Pre-chill 0.2 m PCR tubes on ice. Warm SOC nediumto 42C 6. Thaw the
XLI Bl ue Superconpetent cells on ice. Wen thawed, gently m x and al i quot
50i || of wel2br/iomi2é each of the pre-chilled tubes. 7. A#dTQISS01l027262

b- mer capt oet hanol to each aliquot of cells. Incubate the cells on ice for
10 mnutes, swirling gently every 2 mnutes. 8. Add 2 ul of the reaction
m xture to one aliquot of cells. Flick the tubes gently. 9. Incubate the

tub I d_bl ocks far 30 minutes.. 10. -pul se the tybes i 42C
wat or [BORARTT ol o SSBestulded vpluiohiGaibh B e dBELTGATPLE FERTCn ut s 12.
Add 1%rﬂdnb%aﬁci@r&m@ﬁﬁﬂna%%g MRk aRd HveiatdRinhenitiResScalbe Péofid 1

hour with shaking at 225-250 rpm 13. Plate the entire transformation
m xt urby nagsking imgaumogéEeies with ghyasiilattpne adehefiing hurman hypgérsomatiabattasionhe pl at es

at 37C overni.ght.. 15. .Count colonies.on plates and pi.ck 12 col.onies.from
cach cPEErdNRLTig ﬁg?sélg‘@{o.né i gy ﬁmﬁﬁﬁl%aﬁ%gn%ﬁ%og%‘c?g‘?é Wé%ﬂﬁé?al‘[‘%@é‘l%ﬁ“nﬁ%%e

Scal e rddwrtish 6f adkifonevhdinghanwiindgenidity FtéiRiablupe haonmeitntof@ehlserfiet dnfide Thaw
20 tubes of conpetent cells for 96 reactions. Wen thawed, add 4 ill of

b- mer @gistieEtacisngeso Fasbpr, inpanegeniuy dafabanmsad algpritheny aan bepsehigtidentie
cells ' f . ' es. L Ll i.n ever \: ) . e-chi |
o0h, SOk RshElend MR Gy ST BRO P SHSf UG pri "
2012/ 08026 RGH/(UIS2610PR 2di2bided withl CREIddta EDgdrlctatobartmtd. Iniont aspeac theof t he

re-chilled tubes. 4. Add 2 ul.L of the reaction m xture to_one_aliquot of
(F:)e| | s _mtptpt;laqﬂ,g aFgeondinped b}j éq:ﬂqeg}c_ing cach new molecule. Other methods of conﬁrrnatign can

also be employed.

[00167] Reduced propensity to generate T-cell epitopes and/or deimmunization may be
measured by techniques known in the art. Preferably, deimmunization of proteins may be tested
in vitro by T cell proliferation assay. In this assay PBMCs from donors representing > 80 % of
HLA-DR alleles in the world are screened for proliferation in response to either wild type or
deimmunized peptides. Ideally cell proliferation is only detected upon loading of the antigen-
presenting cells with wild type peptides. Additional assays for deimmunization include human in
vitro PBMC re-stimulation assays (e.g. interferon gamma (TH1) or IL4 (TH2) ELISA.
Alternatively, one may test deimmunization by expressing HLA-DR tetramers representing all
haplotypes. In order to test if de-immunized peptides are presented on HLA-DR haplotypes,
binding of ¢.g. fluorescence-labeled peptides on PBMCs can be measured. Measurement of HLA
Class I and Class II transgenic mice for responses to target antigen (e.g. interferon gamma or
IL4). Alternatively epitope library screening with educated T cells (MHCI 9mer; MHCII 20mer)
from PBMC and/or transgenic mouse assays. Furthermore, deimmunization can be proven by
determining whether antibodies against the deimmunized molecules have been generated after
administration in patients.

[00168] In another embodiment, the Flex Evolution techniques of the present invention can be
utilized for expression optimization. In one aspect, the present invention discloses the utilization
of protein engineering methods to develop silent mutation codon optimized Fc variants with
improved expression in mammalian cells. A silent mutation is is one in which the variation of
the DNA sequence does not result in a change in the amino acid sequence of the preotein. In one

aspect, codon mutagenesis is performed in the constant region for optimization of mammalian
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[00169] In addition, the EvoMap'™ may be used to generate 3-dimensional computational

molecular models of the oligopeptide, or specific regions thereof, to explore the structural

mechanisms involved in, e.g., antibody-epitope specificity and stability. A hypothetical three-

dimensional EvoMap '™ is shown in Figure 9.

[00170] The information in EvoMap can also be combined with structural information (if

available) to select e.g., only surface residues for mutations to increase solubility/ decrease

aggregation.

[00171] Comprehensive Positional Insertion Evolution

[00172] In one embodiment, the disclosure provides methods of identifying and mapping

mutant polypeptides formed from, or based upon, a template polypeptide. Referring to Figure 4,

using a linear peptide as a simple example, in a first step, a set of naturally occurring amino acid

variants (or a subset thereof, or amino acid derivatives) for each codon from position 1 to n (n

corresponding to the number of residues in the polypeptide chain) is generated by a process

referred to herein as Comprehensive Positional Insertion (CPI™) evolution.

[00173] In CPI™, an amino acid is inserted after each amino acid throughout a template

polypeptide one at a time to generate a set of lengthened polypeptides. CPI can be used to insert

1,2, 3,4, orup to 5 new sites at a time. Each of the 20 amino acids is added at each new

position, one at a time, creating a set of 20 different molecules at each new position added in the

template. In this case, position 1, which is methionine and invariant, is skipped. This procedure

is repeated for each polypeptide chain of the target molecule. A minimum set of amino acid

mutations contains only one codon for each of the 20 natural amino acids. In one aspect, the
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illustrated in Figure 1); confirming the changes by sequencing or some other technique; assaying
cach polypeptide for at least one predetermined property, characteristic or activity; and (b) for
cach member identifying any change in said property, characteristic or activity relative to the
template polypeptide

[00175] In one embodiment, one or more regions are selected for mutagenesis to add one
position at a time as described above. In such case, n represents a subset or region of the
template polypeptide. For example, where the polypeptide is an antibody, the entire antibody or
one or more complementarity determining regions (CDRs) of the antibody are subjected to
mutagenesis to add one position at a time in the template polypeptide after each position.
[00176] The invention thus includes methods of mapping a set of mutant antibodies formed
from a template antibody having at least one, and preferably six, complementarity determining
regions (CDRs), the CDRs together comprising n amino acid residues, the method comprising
(a) generating n+[20 x (n-1)] separate antibodies, wherein each antibody differs from the
template antibody in that has inserted a single predetermined position, one at a time, after each
position in the template sequence; (b) assaying each set for at least one predetermined property,
characteristic or activity; and (c) for each member identifying any change in a property,
characteristic or activity relative to the template polypeptide. For antibodies, the predetermined
property, characteristic or property may be binding affinity and/or immunogenicity, for example.
[00177] In addition, provided are methods of producing a set of mutant antibodies formed
from a template antibody having at least one complementarity determining region (CDR), the
CDR comprising n amino acid residues, the method comprising: (a) generating n+{20 x (n-1)]
separate antibodies, wherein each antibody differs from the template antibody in that it has an
extra amino acid added at a single predetermined position of the CDR. In another embodiment,

the antibody comprises six CDRs, and together the CDRs comprise n amino acid residues.

39



13. Repeat step 11-12 3 tinmes. 14. Add 100 ul of 1:5000 dilution of
affinity purified goat anti-human anti body conjugate with HRP in bl ocki ng
sol uti on wo 2eeqi9902el | . 15. Shake at 200 rpm for one houPCRUSR@AIR7252
tenperature. 16. Decant plates and tap out residual liquid. 17. Add 200 u
washi ng sol ution. Shake at 200 rpmfor 5 mn at roomtenperature. 18.
Repeat step 17-18 3 tines. 19. Add 100 ul of Signa TMB substrate to each

1. t t d.check 2:5 m . 2 Add 100
ot 1 DTS B iien b RRD e i R pordRs it egerbeae bRt R on
ELI SA rutatc@ahd Mdgﬁffdl ATV 0Q e dYRXd ﬁ)oiﬁé’nt aWBhhgeh %tp?épe‘i‘ﬂyt bhatQerkti®or 4Qivarym

affinity-purifie qfemflc goat anti-human 1gGin coatln? sol ution. 2.
Cover rglhtveto the shoricaed polgpeptide.i hypibaltye timlengtheted patypamideawilDweamise pl at es

rom £ aiE il RIS il Fehobs Ao Cofdhm 1 BS0 B U bR U385 & *°
Decantiniphidesidu@iidndthipniid) sdpesitdliess ofi pplipdptides, &l s@Qdnprishlgaidhhg sol uti on.
Shake at 200 rpm for 1 hour at_roomtenperature.
polypeptides having X number of different predetermined amino acid residues at a single
predetermined position of the polypeptide; wherein each set of polypeptides differs in the single
predetermined position; assaying each set for at least one predetermined property, characteristic
or activity; (b) for each member identifying any change in said property, characteristic or activity
relative to the template polypeptide; and optionally (c) creating a functional map reflecting such
changes. Preferably, the number of different member polypeptides generated is equivalent to n x
X (or [n-1] x X, as the case may be).
[00179] In the alternative, the method comprises generating a single population comprising
the sets of mutated polypeptides from the lengthened polypeptides. In this embodiment, the
entire new population is screened, the individual members identified, and the functional map
generated.
[00180] Typically, where each naturally occurring amino acid is used, X will be 19
(representing the 20 naturally occurring amino acid residues and excluding the particular residue
present in a given position of the template polypeptide). However, any subset of amino acids
may be used throughout, and each set of polypeptides may be substituted with all or a subset of
the total X used for the entire population.
[00181] However, it is recognized that each expression system may suffer from codon bias, in
which insufficient tRNA pools can lead to translation stalling, premature translation termination,
translation frameshifting and amino acid misincorporation. Therefore, for expression
optimization each set contains up to 61 different codons.
[00182] Each amino acid set is then screened for at least one desirable characteristic such as
improved function; neutral mutations, inhibitory mutations, and expression.
[00183] In one aspect, the lengthened polypeptides can be mapped to identify a change in a
property, characteristic or activity resulting in the shortened polypeptides relative to the
“wildtype”. The data for each set are combined for the entire polypeptide, or “target molecule”.

Hits from the screening of the lengthened polypeptides (target molecules) can then be used for
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[00184] Comprehensive Positional Deletion Evolution
[00185] Comprehensive Positional Deletion Evolution (CPD™) relates to methods of
identifying and mapping mutant polypeptides formed from, or based upon, a template
polypeptide. CPD evolution deletes every amino acid through the protein one position at a time.
Typically, the polypeptide will comprise n amino acid residues, wherein the method comprises
(a) generating n-1 (n-2 in the case where the initial residue is methionine) separate polypeptides,
wherein each polypeptide differs from the template polypeptide in that it lacks a single
predetermined position; confirming the changes by sequencing or some other technique;
assaying each polypeptide for at least one predetermined property, characteristic or activity; and
(b) for each member identifying any change in said property, characteristic or activity relative to
the template polypeptide.
[00186] In one embodiment of CPD evolution, one or more regions are selected for
mutagenesis to remove one position at a time. In such case, n represents a subset or region of the
template polypeptide. For example, where the polypeptide is an antibody, the entire antibody or
one or more complementarity determining regions (CDRs) of the antibody are subjected to
mutagenesis to remove one position at a time in the template polypeptide. In one aspect, the
mutations are confirmed by sequencing each new molecule. Other methods of confirmation can
also be employed.
[00187] In one embodiment, CPD thus includes methods of mapping a set of mutant
antibodies formed from a template antibody having at least one, and preferably six,
complementarity determining regions (CDRs), the CDRs together comprising n amino acid
residues, the method comprising (a) generating (n-1) separate antibodies, wherein each antibody
differs from the template antibody in that lacks a single predetermined position; (b) assaying
cach set for at least one predetermined property, characteristic or activity; and (c) for each

member identifying any change in a property, characteristic or activity relative to the template
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P nergerllqeei\r\a{tei:lggsg-lpsreli)aqgtre aII?tci:R‘tjo iers(,)gvlﬂ(e:;r[ein cach antibody differs from the template antibody in
that lacks a single predetermined position of the CDR. In another embodiment, the antibody
comprises six CDRs, and together the CDRs comprise n amino acid residues.
[00189] In another embodiment of CPD evolution, the new shortened polypeptides described
above are further mutated and mapped after screening to identify a change in a property,
characteristic or activity relative to the shortened polypeptide. Typically, the shortened
polypeptide will comprise n amino acid residues, wherein the method comprises (a) generating n
(n-1 in the case where the initial residue is methionine) separate sets of polypeptides, each set
comprising member polypeptides having X number of different predetermined amino acid
residues at a single predetermined position of the polypeptide; wherein each set of polypeptides
differs in the single predetermined position; assaying cach set for at least one predetermined
property, characteristic or activity; (b) for each member identifying any change in said property,
characteristic or activity relative to the template polypeptide; and (c) creating a functional map
reflecting such changes. Preferably, the number of different member polypeptides generated is
equivalent to n x X (or [n-1] x X, as the case may be).
[00190] In the alternative, the CPD method comprises generating a single population
comprising the sets of mutated polypeptides from the shortened polypeptides. In this
embodiment, the entire new population is screened, the individual members identified, and the
functional map generated. Typically, where each naturally occurring amino acid is used, X will
be 19 (representing the 20 naturally occurring amino acid residues and excluding the particular
residue present in a given position of the template polypeptide). However, any subset of amino
acids may be used throughout, and each set of polypeptides may be substituted with all or a
subset of the total X used for the entire population.
[00191] Any mutational or synthetic means may be used to generate the set of mutants in CPD
evolution. In one embodiment, the generation of polypeptides comprises (i) subjecting a codon-

containing polynucleotide encoding for the template polypeptide to polymerase-based
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amplification using a 64-fold degenerate oligonucleotide for each codon to be mutagenized,
wherein each of the 64-fold degenerate oligonucleotides is comprised of a first homologous
sequence and a degenerate N,N,N triplet sequence, so as to generate a set of progeny
polynucleotides; and (ii) subjecting the set of progeny polynucleotides to clonal amplification
such that polypeptides encoded by the progeny polynucleotides are expressed.

[00192] In one embodiment of CPD evolution, the entire shortened polypeptide is subjected to
comprehensive mutagenesis. In another embodiment, one or more regions are selected for
comprehensive mutagenesis. In such case, n represents a subset or region of the template
polypeptide. For example, where the polypeptide is an antibody, the entire antibody or one or
more complementarity determining regions (CDRs) of the antibody are subjected to
comprehensive mutagenesis.

[00193] The CPD evolution disclosure thus includes methods of mapping a set of mutant
antibodies formed from a shortened template antibody having at least one, and preferably six,
complementarity determining regions (CDRs), the CDRs together comprising n amino acid
residues, the method comprising (a) generating n separate sets of antibodies, each set comprising
member antibodies having X number of different predetermined amino acid residues at a single
predetermined position of the CDR; wherein each set of antibodies differs in the single
predetermined position; and the number of different member antibodies generated is equivalent
to n x X; (b) assaying each set for at least one predetermined property, characteristic or activity;
(c) for each member identifying any change in a property, characteristic or activity relative to the
template polypeptide; and (d) creating a structural positional map of such changes. For
antibodies, the predetermined property, characteristic or property may be binding affinity and/or
immunogenicity. As set forth above, in the alternative a single population comprising all sets of
mutated antibodies may be generated.

[00194] In addition, provided are methods of producing a set of mutant antibodies formed
from a shortened template antibody having at least one complementarity determining region
(CDR), the CDR comprising n amino acid residues, the method comprising: (a) generating n
separate sets of antibodies, each set comprising member antibodies having X number of different
predetermined amino acid residues at a single predetermined position of the CDR; wherein each

set of antibodies differs in the single predetermined position; and the number of different
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member antibodies generated is equivalent to n x X. In another embodiment, antibody comprises
six CDRs, and together the CDRs comprise n amino acid residues.
[00195] The CPD™ evolution method includes a functional positional map (EvoMap' ™)
made by the methods described herein. In an additional embodiment, certain residues
particularly sensitive to change may be so indicated on the EvoMap™. Further optimization
may be implemented by making additional mutational changes at positions outside of these
sensitive positions. It is also possible to utilize the EvoMap' ™ in order to recognize and
recombine beneficial single amino acid substitutions, and screen to further optimize the desired
characteristics in the target molecule, in a process called Combinatorial Protein Synthesis
(CPS™).
[00196] Combinatorial Protein Synthesis

Combinatorial Protein Synthesis (CPS™) involves combining individual hits from CPE,
CPI, CPD, or any other evolutionary technique to synthesize proteins with combined mutations
which are then screened for optimized gene and protein characteristics. Ususually up-mutants or
neutral mutations from other techniques of evolution are combined in CPS. A schematic of CPS
is shown in Figure 8. Comprehensive CPS refers to taking all of the theoretical selected up-
mutants and generating all combinations and sequencing them all prior to activity/expression
screening to ensure that the clones exist in the set and to determine whether they can be
expressed in the system. In essentially every protein there will be mutants that express
insufficient levels for activity detection and these need to be scored for Comprehensive Protein
Synthesis and screening. i.e. CPS process.
[00197] In one embodiment CPE is followed by CPS to create mutants, which are screened
for the desired property. In one aspect, time and resources can be saved in the CPE process by
changing 2aa or 3 aa or 4 aas at a time versus one at a time; so if the number of aa’s in the
protein is N, the total number generated and screened for 2 aa at a time would be (20%) x 1%N; 3
at a time would be (20°) x 1N, etc. For example, in one specific aspect, (in the 2aa example): 1%
aa at 1° aa position is combined with all 20 at the 2™ aa position and all the other aa’s remain the
same, then the 2™ aa at 1% aa position is combined with all 20 at the 2™ aa position and all other
aa’s remain the same. The entire population is screened for up mutants and then mutation at the

second set of the next two aa’s down the line is performed. In a similar aspect, this can be
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performed for 3aas at a time or 4aas at a time. In another aspect, optionally follow the CPE
process with CPS of upmutants (including any subset thereof).

[00198] In one aspect, non-natural amino acids can be incorporated into the process (so all 19
other amino acids, or a subset thereof, plus non-natural amino acids) by using novel technologies
such as the quadruplet codon described in the attached and related papers. Neumann et al.
Encoding multiple unnatural amino acids via evolution of a quadruplet-decoding ribosome
Nature 464, 441-444 (14 February 2010). In this aspect CPE or CPE combined with CPS is
performed for incorporation of non-natural amino acids. In a another aspect, informatics can be
utilized after CPE or CPE combined with CPS to add further natural or non-natural amino acids.
[00199] In a further aspect, the entire CPE library is created synthetically (synthesizing all the
molecules on commercially available machines). In the event the synthesis machine cannot
create large enough strands, fragments are synthesized and then ligated to generate full length
molecules. This library is screened and followed with CPS to combine desired mutations. This
is a two step process wherein CPE is followed by CPS, not one step of only CPE.

[00200] In another aspect, a CPE library is generated and screened, then followed by CPS
combining up mutants as follows: if there are 10 up-mutants, test a single molecule with all 10
changes, then test all versions of 9 mutations, then 8, 7, 6, 5 etc. until one of the groups doesn’t
find an improved molecule over any in the previous group. Once an improved molecule is
identified the process can be terminated.

[00201] In a further aspect, CPE is performed to identify up-mutants and neutral mutations for
affinity and expression, then CPS is performed with combinations of up mutants and neutral
mutations, and the library is rescreened for further improvements in characteristics such as
function, affinity and/or expression.

[00202] In a further aspect, CPE is performed on codons of the Fc¢ or other domain for
glycosylation changes.

[00203] In another aspect, CPE or CPE combined with CPS of microRNA's or introns can be
performed.

[00204] In a further aspect, CPE or CPE combined with CPS of rodent antibody CDRs is

performed, then screened for up-mutants, followed by humanization.
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[00205] In one aspect, CPE or CPE combined with CPS is performed to produce alternative
intermediate nucleotides that lead to the desired mutation in the final reaction, for example, a
methylated cytosine that converts to a uracil.

[00206] In one aspect, CPE or CPE combined with CPS plus informatics is utilized for
converting mouse CDR's to human CDR's and vice versa.

[00207] In one aspect, CPE or CPE combined with CPS is utilized with 2 and 3 mutations
spaced throughout the protein.

[00208] In another aspect, CPE or CPS combined with CPS are performed on heavy chains
and light chains in a dual chain vector for screening evaluation for increased sensitivity.

[00209] In a further aspect, CPE or CPE combined with CPS is performed and molecules are
screened for selecting for allosteric changes in a molecule.

[00210] In one aspect, any of the evolution techniques of the disclosure can comprise
chemical synthesis of oligonucleotides. For example, Integrated DNA Technologies (Coralville,
IA) can synthesize high fidelity oligonucleotides known as “ULTR Amers™” of up to 200 bases
in length, and up to 300mers, with quality control confirmation utilizing ESI-LC-MS technology.
[00211] Any of several screening techniques can be used to evaluate CPE or CPE combined
with CPS mutants. In one aspect CPE or CPE combined with CPS mutants can be secreted and
displayed in mammalian hosts. Alternatively, CPE or CPE combined with CPS mutants can be
produced in E.coli and screened in mammalian hosts. In another aspect, CPE is performed
starting at 15aa or 10aa and followed by CPS; then followed up with the rest of the remaining
19aa. In another aspect, CPE or CPE combined with CPS is utilized for evolving proteins
specifically with non-surface amino acid changes. In one aspect, CPE for can be utilized for
multi-dimensional epitope mapping. In another aspect, CPE or CPE combined with CPS
screening can be performed transiently in mammalian cells. In a preferred aspect, CPE is
performed, then sequencing and array of all clones is performed, for example, in a chip based or
well-based format for expression and screening. In another aspect, CPE or CPE combined with
CPS is utilized for evolving metal ion coordination by selecting in varying ion concentrations.
In a further aspect, CPE or CPE combined with CPS is performed, and proteins are expressed
and screened in cell free conditions and in non-human living organisms. In one aspect, CPE or
CPE combined with CPS screening of stem cells is performed for varying effects on

differentiation and protein and RNA and mRNA expression. In a further aspect, CPE or CPE
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combined with CPS multiplex screening is performed for multiple protein characteristics like
expression and binding. In another aspect, CPE or CPE combined with CPS is performed on
template molecules involved in brain transport and membrane crossing; and mutants are screened
for improved characteristics. In one aspect, CPE or CPE combined with CPS mutants are
screened for protein hygroscopic characteristics. In another aspect, CPE or CPE combined with
CPS mutants are assayed for selecting dynamic proteins. In one aspect, CPE or CPE combined
with CPS screening is performed outside of the target condition to identify mutants within target
condition and vice versa.

[00212] In one embodiment, any of the above aspects of CPE or CPE combined with CPS are
utilized in combination with a method selected from CPI, CPD, and CPD with CPI combination.
[00213] In another embodiment, any of the above aspects of CPE or CPE combined with CPS
are utilized in combination with a method selected from Flex evolution and Synergy evolution
performed from a template.

[00214] The term “template” may refer to a base polypeptide or a polynucleotide encoding
such polypeptide. As would be appreciated by one of skill in this art, any template may be used
in the methods and compositions of the present invention. Templates which can be mutated and
thereby evolved can be used to guide the synthesis of another polypeptide or library of
polypeptides as described in the present invention. As described in more detail herein, the
evolvable template encodes the synthesis of a polypeptide and can be used later to decode the
synthetic history of the polypeptide, to indirectly amplify the polypeptide, and/or to evolve (i.c.,
diversify, select, and amplify) the polypeptide. The evolvable template is, in certain
embodiments, a nucleic acid. In certain embodiment of the present invention, the template is
based on a nucleic acid. In other embodiments, the template is a polypeptide.

[00215] The nucleic acid templates used in the present invention are made of DNA, RNA, a
hybrid of DNA and RNA, or a derivative of DNA and RNA, and may be single- or double-
stranded. The sequence of the template is used to encode the synthesis of a polypeptide,
preferably a compound that is not, or does not resemble, a nucleic acid or nucleic acid analog
(e.g., an unnatural polymer or a small molecule). In the case of certain unnatural polymers, the
nucleic acid template is used to align the monomer units in the sequence they will appear in the
polymer and to bring them in close proximity with adjacent monomer units along the template so

that they will react and become joined by a covalent bond. In certain other embodiments, the
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template can be utilized to generate non-natural polymers by PCR amplification of a synthetic
DNA template library consisting of a random region of nucleotides.

[00216] It will be appreciated that the template can vary greatly in the number of bases. For
example, in certain embodiments, the template may be 10 to 10,000 bases long, preferably
between 10 and 1,000 bases long. The length of the template will of course depend on the length
of the codons, complexity of the library, length of the unnatural polymer to be synthesized,
complexity of the small molecule to be synthesized, use of space sequences, etc. The nucleic
acid sequence may be prepared using any method known in the art to prepare nucleic acid
sequences. These methods include both in vivo and in vitro methods including PCR, plasmid
preparation, endonuclease digestion, solid phase synthesis, in vitro transcription, strand
separation, etc. In certain embodiments, the nucleic acid template is synthesized using an
automated DNA synthesizer.

[00217] As discussed above, in certain embodiments of the invention, the method is used to
synthesize polypeptides that are not, or do not resemble, nucleic acids or nucleic acid analogs.
Thus, in certain embodiments of the present invention, the nucleic acid template comprises
sequences of bases that encode the synthesis of an unnatural polymer or small molecule. The
message encoded in the nucleic acid template preferably begins with a specific codon that bring
into place a chemically reactive site from which the polymerization can take place, or in the case
of synthesizing a small molecule the “start” codon may encode for an anti-codon associated with
a small molecule scaffold or a first reactant. The “start” codon of the present invention is
analogous to the “start” codon, ATG, which encodes for the amino acid methionine.

[00218] In yet other embodiments of the invention, the nucleic acid template itself may be
modified to include an initiation site for polymer synthesis (e.g., a nucleophile) or a small
molecule scaffold. In certain embodiments, the nucleic acid template includes a hairpin loop on
one of its ends terminating in a reactive group used to initiate polymerization of the monomer
units. For example, a DNA template may comprise a hairpin loop terminating in a 5’-amino
group, which may be protected or not. From the amino group polymerization of the unnatural
polymer may commence. The reactive amino group can also be used to link a small molecule
scaffold onto the nucleic acid template in order to synthesize a small molecule library.

[00219] To terminate the synthesis of the unnatural polymer a “stop” codon should be

included in the nucleic acid template preferably at the end of the encoding sequence. The “stop”
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embodiments, a “stop” codon is chosen that is compatible with the artificial genetic code used to
encode the unnatural polymer. For example, the “stop” codon should not conflict with any other
codons used to encode the synthesis, and it should be of the same general format as the other
codons used in the template. The “stop” codon may encode for a monomer unit that terminates
polymerization by not providing a reactive group for further attachment. For example, a stop
monomer unit may contain a blocked reactive group such as an acetamide rather than a primary
amine. In yet other embodiments, the stop monomer unit comprises a biotinylated terminus
providing a convenient way of terminating the polymerization step and purifying the resulting
polymer.

[00220] In one embodiment, mutagenized DNA products are used directly as the template for
in vitro synthesis of the corresponding mutant proteins. Because of the high efficiency with
which all 19 amino acid substitutions can be generated at a single residue, it is possible to
perform comprehensive mutagenesis on numerous residues of interest, either independently or in
combination with other mutations within the protein. As used herein, "complete saturation”
mutagenesis is defined as replacing a given amino acid within a protein, with the other 19
naturally-occurring amino acids. For example, gene site saturation mutagenesis, which
systematically explores minimally all possible single amino acid substitutions along a protein
sequence, is disclosed in Kretz et al., Methods in Enzymology, 2004, 388:3-11; Short, U.S.
Patent No. 6,171,820; and Short, U.S. Patent No. 6,562,594, cach of which is incorporated herein
by reference. However, these techniques of saturation rely upon statistical methods and
saturation mutagenesis is not confirmed by sequencing to assure all intended mutations have
been made.

[00221] In one aspect, this invention provides for the use of codon primers (containing a
degenerate N,N,G/T sequence) to introduce point mutations into a polynucleotide, so as to
generate a set of progeny polypeptides in which a full range of single amino acid substitutions is
represented at each amino acid position (see U.S. Patent No. 6,171,820; see also, U.S. Patent No.
5,677,149, each incorporated herein by reference). The oligos used are comprised contiguously
of a first homologous sequence, a degenerate N,N,G/T sequence, and preferably but not

necessarily a second homologous sequence. The downstream progeny translational products
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from the use of such oligos include all possible amino acid changes at each amino acid site along
the polypeptide, because the degeneracy of the N,N,G/T sequence includes codons for all 20
amino acids.

[00222] Codon usage is one of the important factors in mammalian gene expression. The
frequencies with which different codons are used vary significantly between different hosts, and
between proteins expressed at high or low levels within the same organism. The most likely
reason for this variation is that preferred codons correlate with the abundance of cognate tRNAs
available within the cell. It is possible that codon usage and tRNA acceptor concentrations have
coevolved, and that the selection pressure for this co-evolution is more pronounced for highly
expressed genes than genes expressed at low levels.

[00223] In one aspect, one such degenerate oligo (comprised of one degenerate N,N,G/T
cassette) is used for subjecting each original codon in a parental polynucleotide template to a full
range of codon substitutions. In another aspect, at least two degenerate N,N,G/T cassettes are
used -- either in the same oligo or not, for subjecting at least two original codons in a parental
polynucleotide template to a full range of codon substitutions. Thus, more than one N,N,G/T
sequence can be contained in one oligo to introduce amino acid mutations at more than one site.
This plurality of N,N,G/T sequences can be directly contiguous, or separated by one or more
additional nucleotide sequence(s). In another aspect, oligos serviceable for introducing additions
and deletions can be used either alone or in combination with the codons containing an N,N,G/T
sequence, to introduce any combination or permutation of amino acid additions, deletions, and/or
substitutions.

[00224] In another aspect, the present invention provides for the use of degenerate cassettes
having less degeneracy than the N,N,G/T sequence. For example, it may be desirable in some
instances to use (e.g., in an oligo) a degenerate triplet sequence comprised of only one N, where
said N can be in the first second or third position of the triplet. Any other bases including any
combinations and permutations thereof can be used in the remaining two postitions of the triplet.
Alternatively, it may be desirable in some instances to use (e.g., in an oligo) a degenerate N,N,N
triplet sequence.

[00225] It is appreciated, however, that the use of a degenerate N,N,G/T triplet as disclosed
herein is advantageous for several reasons. In one aspect, this invention provides a means to

systematically and fairly easily generate the substitution of the full range of possible amino acids
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(for a total of 20 amino acids) into each and every amino acid position in a polypeptide. Thus,
for a 100 amino acid polypeptide, the instant invention provides a way to systematically and
fairly easily generate 2000 distinct species (i.e., 20 possible amino acids per position X 100
amino acid positions). It is appreciated that there is provided, through the use of an oligo
containing a degenerate N,N,G/T triplet, 32 individual sequences that code for 20 possible amino
acids. Thus, in a reaction vessel in which a parental polynucleotide sequence is subjected to
saturation mutagenesis using one such oligo, there are generated 32 distinct progeny
polynucleotides encoding 20 distinct polypeptides. In contrast, the use of a non-degenerate oligo
in site-directed mutagenesis leads to only one progeny polypeptide product per reaction vessel.
[00226] Thus, in a preferred embodiment, each saturation mutagenesis reaction vessel
contains polynucleotides encoding at least 20 progeny polypeptide molecules such that all 20
amino acids are represented at the one specific amino acid position corresponding to the codon
position mutagenized in the parental polynucleotide. The 32-fold degenerate progeny
polypeptides generated from each saturation mutagenesis reaction vessel can be subjected to
clonal amplification (e.g., cloned into a suitable E. coli host using an expression vector) and
subjected to expression screening. When an individual progeny polypeptide is identified by
screening to display a change in property (when compared to the template polypeptide), it can be
sequenced to identify the amino acid substitution responsible for such change contained therein.
[00227] The template polypeptide may be any protein, however proteins which have a
convenient assay for activity such as catalytic activity or ligand binding are preferred. As used
herein, a ligand is any molecule which binds specifically to a larger one, such as small molecule
binding to a protein. Representative examples of target interactions include catalysis, enzyme-
substrate interactions, protein-nucleic acid interactions, receptor-ligand interactions, protein-
metal interactions and antibody-antigen interactions. Representative target proteins include
enzymes, antibodies, cytokines, receptors, DNA binding proteins, chelating agents, and
hormones.

[00228] Any chemical synthetic or recombinant mutagenic method may be used to generate
the population of mutant polypeptides. The practice of the present invention may employ, unless
otherwise indicated, conventional techniques of cell biology, cell culture, molecular biology,
transgenic biology, microbiology, recombinant DNA, and immunology, which are within the

skill of the art. Such techniques are explained fully in the literature. See, for example,
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Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold
Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and IT (D. N. Glover ed.,
1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al., U.S. Patent No: 4,683,195;
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984); Transcription And
Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of Animal Cells (R. I. Freshney,
Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A
Practical Guide To Molecular Cloning (1984); the treatise, Methods In Enzymology (Academic
Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Cabs
eds., 1987, Cold Spring Harbor Laboratory); Methods In Enzymnology, Vols. 154 and 155 (Wu
et al. eds.), Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds.,
Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-IV (D. M.
Weir and C. C. Blackwell, eds., 1986); Manipulating the Mouse Embiyo, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1986).

[00229] In one embodiment, the template polypeptide is an antibody. The antibody is
subjected to the methods described herein to, for example, map and understand which positions
within the CDR effect binding affinity or which positions in the Fc affect expression. The
techniques for preparing and using various antibody-based constructs and fragments thereof are
well known in the art. An important aspect of the present invention is the identification of
residues that play, or are likely to play, a role in the interaction of interest (e.g., antigen-antibody
interaction, metal chelation, receptor binding, substrate binding, etc). Any antibody or antibody
fragment may be used according to the present invention.

[00230] In one embodiment, any of the evolution platforms CPE, CPI, CPD and CPS can be
utilized for generating agonist antibodies, i.e. activating antibodies. These evolution
technologies enable the generation of agonist antibodies beyond simpler protein crosslinking
type activation and in particular allow the activation of receptors such as GPL-1 or 2 that are
traditionally activated by peptides.

[00231] In one aspect, antibodies are selected by FACS or microscopy or equivalent for
weakly activating antibodies by using cells with fluorescent signals that fluoresce when the cell
surface receptor is activated. Subsequently, the evolution tools are used to enhance this

activation. The CPS technology is then utilized to combine up-mutants.
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[00232] In another aspect, an antibody is selected that binds the receptor activation site as
determined by epitope mapping. CPE, CPI and/or CPD techniques are used to select for mutants
that cause stimulation of the receptor as determined by an intracellular read-out such as
fluorescence in response to calcium ion release or other assays that are well known in the art.
The CPS technology is then utilized to combine up-mutants.

[00233] In a particular aspect, some of the key advantages of CPI with single, double or triple
amino acid insertions are that these inserted amino acids can extend into the binding pocket of
the receptor to activate the receptor. In another particular aspect, CPD can remodel and/or
reposition amino acids interacting with the receptor to improve or effect activation and finally
CPE can perform relatively smaller changes to effect receptor activation.

[00234] The specificity of an antibody is determined by the complementarity determining
regions (CDRs) within the light chain variable regions (VL) and heavy chain variable regions
(VH). The Fab fragment of an antibody, which is about one-third the size of a complete
antibody contains the heavy and light chain variable regions, the complete light chain constant
region and a portion of the heavy chain constant region. Fab molecules are stable and associate
well due to the contribution of the constant region sequences. However, the yield of functional
Fab expressed in bacterial systems is lower than that of the smaller Fv fragment which contains
only the variable regions of the heavy and light chains. The Fv fragment is the smallest portion
of an antibody that still retains a functional antigen binding site. The Fv fragment has the same
binding properties as the Fab, however without the stability conferred by the constant regions,
the two chains of the Fv can dissociate relatively easily in dilute conditions.

[00235] In one aspect, VH and VL regions may be fused via a polypeptide linker (Huston et
al., 1991) to stabilize the antigen binding site. This single polypeptide Fv fragment is known as a
single chain antibody (scFv). The VH and VL can be arranged with either domain first. The
linker joins the carboxy terminus of the first chain to the amino terminus of the second chain.
[00236] One of skill in the art will recognize that heavy or light chain Fv or Fab fragments, or
single-chain antibodies may also be used with this system. A heavy or light chain can be
mutagenized followed by the addition of the complementary chain to the solution. The two
chains are then allowed to combine and form a functional antibody fragment. Addition of
random non-specific light or heavy chain sequences allows for the production of a combinatorial

system to generate a library of diverse members.
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[00237] Generally, an expression polynucleotide is generated. This expression polynucleotide
contains: (1) an antibody cassette consisting of a Vi domain, spacer peptide, and Vi domain
operably linked to encode a single-chain antibody, (2) a promoter suitable for in vitro
transcription (e.g., T7 promoter, SP6 promoter, and the like) operably linked to ensure in vitro
transcription of the single-chain antibody cassette forming a mRNA encoding a single-chain
antibody, and (3) a transcription termination sequence suitable for functioning in an in vitro
transcription reaction. Optionally, the expression polynucleotide may also comprise an origin of
replication and/or a selectable marker. An example of a suitable expression polynucleotide is
pLM166.

[00238] The Vy and Vi sequences can be conveniently obtained from a library of Vi and Vi
sequences produced by PCR amplification using V gene family-specific primers or V gene-
specific primers (Nicholls et al., J. Immunol. Meth., 1993, 165: 81; W093/12227) or are designed
according to standard art-known methods based on available sequence information. Typically,
mouse or human Vy and Vi sequences are isolated. The Vy and Vi sequences are then ligated,
usually with an intervening spacer sequence (e.g., encoding an in-frame flexible peptide spacer),
forming a cassette encoding a single-chain antibody. Typically, a library comprising a plurality
of Vi and V1 sequences is used (sometimes also with a plurality of spacer peptide species
represented), wherein the library is constructed with one or more of the Vi and Vi sequences
mutated to increase sequence diversity particularly at CDR residues, sometimes at framework
residues. V region sequences can be conveniently cloned as cDNAs or PCR amplification
products for immunoglobulin-expressing cells. For example, cells from human hybridoma, or
lymphoma, or other cell line that synthesizes either cell surface or secreted immunoglobulin may
be used for the isolation of polyA+ RNA. The RNA is then used for the synthesis of oligo dT
primed cDNA using the enzyme reverse transcriptase (for general methods see, Goodspeed et al.,
Gene 1989, 76: 1; Dunn et al., J. Biol. Chem., 1989, 264: 13057). Once the V-region CDNA or
PCR product is isolated, it is cloned into a vector to form a single-chain antibody cassette.
[00239] To accomplish construction of antibodies and antibody fragments, the encoding genes
are isolated and identified. The genes can be modified to permit cloning into an expression
vector or an in vitro transcription/translation. Although methods can be used such as probing the
DNA for VH and VL from hybridoma cDNA (Maniatis et al., 1982) or constructing a synthetic

gene for VH and VL (Barbas et al., 1992), a convenient mode is to use template directed
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illustrated by the large number of sequences for all types of antibodies given in Kabat et al.,

1987, hereby incorporated by reference.

[00240] Messenger RNA isolated from the spleen or peripheral blood of an animal can be
used as the template for the amplification of an antibody library. In certain circumstances, where
it is desirable to display a homogeneous population of antibody fragments on the cell surface,
mRNA may be isolated from a population of monoclonal antibodies. Messenger RNA from
either source can be prepared by standard methods and used directly or for the preparation of a
CDNA template. Generation of mRNA for cloning antibody purposes is readily accomplished
by following the well-known procedures for preparation and characterization of antibodies (see,
e.g., Antibodies: A Laboratory Manual, 1988; incorporated herein by reference).

[00241] Generation of monoclonal antibodies (MAbs) follows generally the same procedures
as those for preparing polyclonal antibodies. Briefly, a polyclonal antibody is prepared by
immunizing an animal with an immunogenic composition in accordance and collecting antisera
from that immunized animal. A wide range of animal species can be used for the production of
antisera. Typically the animal used for production of anti-antisera is a rabbit, a mouse, a rat, a
hamster, a guinea pig or a goat. Because of the relatively large blood volume of rabbits, rabbits
are usually preferred for production of polyclonal antibodies.

[00242] Immunogenic compositions often vary in immunogenicity. It is often necessary
therefore to boost the host immune system, as may be achieved by coupling a peptide or
polypeptide immunogen to a carrier. Exemplary and preferred carriers are keyhole limpet
hemocyanin (KLH) and bovine serum albumin (BSA). Other albumins such as ovalbumin,
mouse serum albumin or rabbit serum albumin can also be used as carriers. Recognized means
for conjugating a polypeptide to a carrier protein are well known and include glutaraldehyde, m-

maleimidobenzoyl-N-hydroxysuccinimide ester, carbodiimides and bis-diazotized benzidine.
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[00244] The amount of immunogen composition used in the production of polyclonal
antibodies varies upon the nature of the immunogen as well as the animal used for immunization.
A variety of routes can be used to administer the immunogen (subcutancous, intramuscular,
intradermal, intravenous and intraperitoneal). The production of polyclonal antibodies may be
monitored by sampling blood of the immunized animal at various points following
immunization. A second, booster injection, may also be given. The process of boosting and
titering is repeated until a suitable titer is achieved. When a desired level of immunogenicity is
obtained, the immunized animal can be bled and the serum isolated, stored and the spleen
harvested for the isolation of mRNA from the polyclonal response or the animal can be used to
generate MADbs for the isolation of mRNA from a homogeneous antibody population.
[00245] MADbs may be readily prepared through use of well-known techniques, such as those
exemplified in U.S. Pat. No. 4,196,265, incorporated herein by reference. Typically, this
technique involves immunizing a suitable animal with a selected immunogen composition, ¢.g. a
small molecule hapten conjugated to a carrier, a purified or partially purified protein, polypeptide
or peptide. The immunizing composition is administered in a manner effective to stimulate
antibody producing cells. Rodents such as mice and rats are frequently used animals; however,
the use of rabbit, sheep frog cells is also possible. The use of rats may provide certain
advantages (Goding, pp. 60-61, 1986), but mice are preferred, particularly the BALB/c mouse as
this is most routinely used and generally gives a higher percentage of stable fusions.
[00246] Following immunization, somatic cells with the potential for producing antibodies,
specifically B lymphocytes (B cells), are selected for use in the MAb generating protocol. These
cells may be obtained from biopsied spleens, tonsils or lymph nodes, or from blood samples.
Spleen cells and blood cells are preferable, the former because they are a rich source of antibody-
producing cells that are in the dividing plasmablast stage, and the latter because blood is easily
accessible. Often, a panel of animals will have been immunized and the spleen of animal with

the highest antibody titer will be removed and the spleen lymphocytes obtained by homogenizing
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the spleen with a syringe. Typically, a spleen from an immunized mouse contains approximately
5x%107 to 2x108 lymphocytes.

[00247] The antibody-producing B lymphocytes from the immunized animal are then fused
with cells of an immortal myeloma cell, generally one of the same species as the animal that was
immunized. Myeloma cell lines suited for use in hybridoma-producing fusion procedures
preferably are non-antibody-producing, have high fusion efficiency, and enzyme deficiencies
that render then incapable of growing in certain selective media which support the growth of
only the desired fused cells (hybridomas).

[00248] Any one of a number of myeloma cells may be used, as are known to those of skill in
the art (Goding, pp. 65-66, 1986; Campbell, 1984). For example, where the immunized animal
is a mouse, one may use P3-X63/Ag8, X63-Ag8.653, NS1/1.Ag4 1, Sp210-Agl4, FO, NSO/U,
MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0 Bul; for rats, one may use R210.RCY3, Y3-Ag
1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, LICR-LON-HMy2 and UC729-6 are all
useful in connection with human cell fusions.

[00249]  One preferred murine myeloma cell is the NS-1 myeloma cell line (also termed P3-
NS-1-Ag4-1), which is readily available from the NIGMS Human Genetic Mutant Cell
Repository by requesting cell line repository number GM3573. Another mouse myeloma cell
line that may be used is the 8-azaguanine-resistant mouse murine myeloma SP2/0 non-producer
cell line.

[00250] Methods for generating hybrids of antibody-producing spleen or lymph node cells
and myeloma cells usually comprise mixing somatic cells with myeloma cells in a 2:1
proportion, though the proportion may vary from about 20:1 to about 1:1, respectively, in the
presence of an agent or agents (chemical or electrical) that promote the fusion of cell
membranes. Fusion methods using Sendai virus have been described by Kohler & Milstein
(1975; 1976), and those using polyethylene glycol (PEG), such as 37% (v/v) PEG, by Gefter et
al., 1977). The use of electrically induced fusion methods is also appropriate (Goding pp. 71-74,
1986).

[00251]  Fusion procedures usually produce viable hybrids at low frequencies, about 1x10° to
1x10®. However, this does not pose a problem, as the viable, fused hybrids are differentiated
from the parental, unfused cells (particularly the unfused myeloma cells that would normally

continue to divide indefinitely) by culturing in a selective medium. The selective medium is
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reacti onsworzo@owebl thin wall PCR plates or 0.2 m thi RCRaISR0IP@R25ubesS:

Mut agenesi s reaction5 ill Water4 ill Sanple |oading bufferl ul Vol unelOp, 1
2. Load 10 ill onto a 1% agarose TAE gel with 0.5 I g/l Ethidi um Brom de.
Use 1 kb plus DNA | adder as standard. Run the gel at 100V for 20-30 m nutes

in 1X g-le-@e%a 35] forflee trh'at éo%?a:%r:lssleln a[g)giegte tigt ‘tglg&s %let gegr?onveossiyrslthgselg(o: Iiu(l)crl]esotivc\{ieg 1r1]1 tEg glssue
culture media. Exemplary and preferred agents are aminopterin, methotrexate, and azaserine.
Aminopterin and methotrexate block de novo synthesis of both purines and pyrimidines, whereas
azaserine blocks only purine synthesis. Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source of nucleotides (HAT medium).
Where azaserine is used, the media is supplemented with hypoxanthine.
[00252] The preferred selection medium is HAT. Only cells capable of operating nucleotide
salvage pathways are able to survive in HAT medium. The myeloma cells are defective in key
enzymes of the salvage pathway, e.g., hypoxanthine phosphoribosyl transferase (HPRT), and
they cannot survive. The B cells can operate this pathway, but they have a limited life span in
culture and generally die within about two weeks. Yherefore, the only cells that can survive in
the selective media are those hybrids formed from myeloma and B cells.
[00253] This culturing provides a population of hybridomas from which specific hybridomas
are selected. Typically, selection of hybridomas is performed by culturing the cells by single-
clone dilution in microtiter plates, followed by testing the individual clonal supernatants (after
about two to three weeks) for the desired reactivity. Simple and rapid assays include
radioimmunoassays, enzyme immunoassays, cytotoxicity assays, plaque assays, dot
immunobinding assays, and the like.
[00254] The selected hybridomas are serially diluted and cloned into individual antibody-
producing cell lines from which clones can then be propagated indefinitely to provide MADs.
The cell lines may be exploited for MAb production in two basic ways. A sample of the
hybridoma can be injected (often into the peritoneal cavity) into a histocompatible animal of the
type that was used to provide the somatic and myeloma cells for the original fusion. The injected
animal develops tumors secreting the specific monoclonal antibody produced by the fused cell
hybrid. The body fluids of the animal, such as serum or ascites fluid, can then be tapped to
provide MADbs in high concentration. The individual cell lines could also be cultured in vitro,
where the MAbs are naturally secreted into the culture medium from which they can be readily
obtained in high concentrations. MAbs produced by either means may be further purified, if
desired, using filtration, centrifugation and various chromatographic methods such as HPLC or

affinity chromatography.
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16. Add 0.5 ill of the Dpnl restriction enzyne (10 Un.11) directly to each
reaction. 17. Mx gently and spin briefly (5 sec.) in a table top

cent ri f ugEO2812/d0p2abat e at 37C i n PCR nmachi nes for 2 ho®CI/US204D027252

2012/ 009026PCT/ US2011/ 027252 19. Transform 6 reaction m xtures from each of
96-wel |l plate into XLI Blue Superconpetent cells. Store the rest of the
reactions at -20C 20. Pre-chill 0.2 mM PCR tubes on ice. Warm SOC nedi um

to 42 w t h |. B S et ent | | .1 hawed,
gent 1 JORSS) anfolI eI SO G Dt COEHD Ld0hISiod R R R PRl Fibes,
22. AQﬁkIQAazah bk ifatd BudiBE RARLIGEINANPkndvwdh BaRNaRhAPILRY a9k t&Rplak-fof NCUbat e

the cells on ice for 10 mnutes, swirling gently every 2 mnutes. 23. Add 2
il ofaﬂtﬂhﬁcafmmftmtar\g@wwl@mt% one aliquot of cell s Flick the tubes

gent | Incub on _col d bl ocks f

eat - 300581 n8UEREEo] RS eR Rat Plterner i i PluB B 8 i Lbace ¢ he
t ubes sefuen€® Yeire AndrbfietiBstadehesifd dnd @O thelUestOénophehgatfrat Cheeds 14ihand

i ncubate the tubes at 37C for 1 hour with shaking at 225-250 rpm_ 28. Plate

t he emobmeeraseghaingesriion oiefaTodttapePeR) ml@gtéﬁiewlh%gl et iai A SnBat. Nos.
carbeni gl fosny 689204 B RRG 1 S enPirlBR by 3o00%eh B Aftcn i¥ ool Riiikg CO! ONI €3

on plates’and rom eac ansformation reaction
m ni prherbuabyzl rﬁ“ﬁqmﬁllﬁ’s@ntirety. Briefly, in PCR, two primer sequences are prepared which are

complementary to regions on opposite complementary strands of the target sequence. An excess
of deoxynucleoside triphosphates are added to a reaction mixture along with a DNA polymerase,
e.g., Taq polymerase. If the target sequence is present in a sample, the primers will bind to the
target and the polymerase will cause the primers to be extended along the target sequence by
adding on nucleotides. By raising and lowering the temperature of the reaction mixture, the
extended primers will dissociate from the target to form reaction products, excess primers will
bind to the target and to the reaction products and the process is repeated. Preferably a reverse
transcriptase PCR amplification procedure may be performed in order to quantify the amount of
target amplified. Polymerase chain reaction methodologies are well known in the art. Using
enzymatic amplification techniques such as PCR, desired control elements may be designed into
the primer and thus, will be incorporated into the DNA product.

[00257] Another method for amplification is the ligase chain reaction ("LCR"), disclosed in
EPA No. 320 308, incorporated herein by reference in its entirety. In LCR, two complementary
probe pairs are prepared, and in the presence of the target sequence, each pair will bind to
opposite complementary strands of the target such that they abut. In the presence of a ligase, the
two probe pairs will link to form a single unit. By temperature cycling, as in PCR, bound ligated
units dissociate from the target and then serve as "target sequences” for ligation of excess probe
pairs. U.S. Pat. No. 4,883,750 describes a method similar to LCR for binding probe pairs to a
target sequence.

[00258] Qbeta Replicase, described in PCT Application No. PCT/US87/00880, may also be
used as an amplification method. In this method, a replicative sequence of RNA which has a
region complementary to that of a target is added to a sample in the presence of an RNA

polymerase. The polymerase will copy the replicative sequence which can then be detected.
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[ 00332] Large Scale Transformation 13. Thaw the XLI Bl ue Superconpet ent
cells on ice. Thaw 20 tubes of conpetent cells for 96 reactions. Wen

t hawed, a0 2d12vdobo2ef 13- mer capt oet hanol to each tube of PRFQSCd1102TZPEt ent
cells. Incubate the cells on ice for 10 mnutes, swirling gently every 2

m nutes. 14. Pre-chill 0.2 m PCR tubes on ice. Warm SOC nmediumto 42C. 15.
Aliquot 50 ill of cells into each of the pre-chilled tubes 16. Add 2 il

of th ti mxture tao.one ali t.of cell Fllc t ube ently
"TRRE L AR PR EoB st SrniSh et indbs ons Rae AR HEER { Vo

t ubes atuRd 42 M@ le8he E’ﬁbhﬁééﬁ"on%@ta'ig‘&m&ulésghat'cﬂﬁﬂdﬁﬁh%léoﬁ@e SU[?ﬁ)?laQHlo! ce for

2 mnutes, 20. Add 100 1Il of prehéated SOC nedi um and i ncubate the tubes

at 37iplmsphatérdgonpistrndsifziestgiction SREMRE0se pamusedl in Pezmeplifivatiemef nusleic

transforn?ﬁ; n.mxt on LB agar plates containing carbenicillin. 22.
Incubﬁ?g' 5/ SR%ng§DSYC overnight. [00333] Appendix 1: Buffer Recipes

S0X TAB0wof f eStraxﬁiqzlsglaaFém@u basslifidafiod (SDA Plsagbibr @e@bil 6f 8Gtfng Sut- 2 g

Naz ED-lrsAS-tl%e?r%lgl an'?gl(ljﬁc%lugrtl Iolf Illlfc(ilelCH %.Coldg \?vh];clhqg\lzolxgsl nlilrlrlltalploefro&n(isl otf estrrand displacement
and synthesis, i.e., nick translation. A similar method, called Repair Chain Reaction (RCR)
involves annealing several probes throughout a region targeted for amplification, followed by a
repair reaction in which only two of the four bases are present. The other two bases can be
added as biotinylated derivatives for easy detection. A similar approach is used in SDA. Target
specific sequences can also be detected using a cyclic probe reaction (CPR). In CPR, a probe
having a 3' and 5' sequences of non-specific DNA and middle sequence of specific RNA is
hybridized to DNA which is present in a sample. Upon hybridization, the reaction is treated with
RNaseH, and the products of the probe identified as distinctive products which are released after
digestion. The original template is annealed to another cycling probe and the reaction is repeated.
[00261] Other amplification methods are described in GB Application No. 2 202 328, and in
PCT Application No. PCT/US89/01025, each of which is incorporated herein by reference in its
entirety, may be used in accordance with the present invention. In the former application,
"modified" primers are used in a PCR like, template and enzyme dependent synthesis. The
primers may be modified by labeling with a capture moiety (e.g., biotin) and/or a detector moiety
(e.g., enzyme). In the latter application, an excess of labeled probes is added to a sample. In the
presence of the target sequence, the probe binds and is cleaved catalytically. After cleavage, the
target sequence is released intact to be bound by excess probe. Cleavage of the labeled probe
signals the presence of the target sequence.
[00262] Other nucleic acid amplification procedures include transcription-based amplification
systems (TAS), including nucleic acid sequence based amplification (NASBA) and 3SR (Kwoh
et al., 1989). In NASBA, the nucleic acids can be prepared for amplification by standard
phenol/chloroform extraction, heat denaturation of a clinical sample, treatment with lysis buffer
and minispin columns for isolation of DNA and RNA or guanidinium chloride extraction of
RNA. These amplification techniques involve annealing a primer which has target specific

sequences. Following polymerization, DNA/RNA hybrids are digested with RNase H while
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1X TAE buffer 20 ml 50X TAE buffer 800 m distilled H20 1 % Agarose Gel
wth ethidiumbromde 1 g LE agarose 100 ml 1X TAE buffer Melt the

agar ose iwoaorymp@save oven and swirl to ensure even m PCRGIS2@00R728yar ose
to 55C Add 2.5 ill of 20 ng/m EthidiumBrom de to agarose Pour onto a
gel platformLB 10 g NaCl 10 g tryptone 5 g yeast extract Add distilled
H20 to a final volume of 1 liter Adjust pHto 7.0 with 5 N NaCH Autocl ave

double stranded DNA molecules are heat denatured again. In either case the single stranded
DNA is made fully double-stranded by addition of second target specific primer, followed by
polymerization. The double stranded DNA molecules are then multiply transcribed by a
polymerase such as T7 or SP6. In an isothermal cyclic reaction, the RNAs are reverse
transcribed into double stranded DNA, and transcribed once against with a polymerase such as
T7 or SP6. The resulting products, whether truncated or complete, indicate target specific
sequences.

[00263] Davey et al., EPA No. 329 822 (incorporated herein by reference in its entirety)
disclose a nucleic acid amplification process involving cyclically synthesizing single-stranded
RNA ("ssRNA"), ssDNA, and double-stranded DNA (dsDNA), which may be used in
accordance with the present invention. The ssRNA is a first template for a first primer
oligonucleotide, which is elongated by reverse transcriptase (RNA-dependent DNA polymerase).
The RNA is then removed from the resulting DNA:RNA duplex by the action of ribonuclease H
(RNase H, an RNase specific for RNA in duplex with either DNA or RNA). The resultant
ssDNA is a second template for a second primer, which also includes the sequences of an RNA
polymerase promoter (exemplified by T7 RNA polymerase) 5' to its homology to the template.
This primer is then extended by DNA polymerase (exemplified by the large "Kienow" fragment
of E. coli DNA polymerase I), resulting as a double-stranded DNA ("dsDNA") molecule, having
a sequence identical to that of the original RNA between the primers and having additionally, at
one end, a promoter sequence. This promoter sequence can be used by the appropriate RNA
polymerase to make many RNA copies of the DNA. These copies can then re-enter the cycle
leading to very swift amplification. With proper choice of enzymes, this amplification can be
done isothermally without addition of enzymes at cach cycle. Because of the cyclical nature of
this process, the starting sequence can be chosen to be in the form of either DNA or RNA.
[00264] Miller et al., PCT Application WO 89/06700 (incorporated herein by reference in its
entirety) disclose a nucleic acid sequence amplification scheme based on the hybridization of a
promoter/primer sequence to a target single-stranded DNA ("ssDNA") followed by transcription
of many RNA copies of the sequence. This scheme is not cyclic, i.e., new templates are not
produced from the resultant RNA transcripts. Other amplification methods include "race" and

"one-sided PCR" (Frohman, 1990; O'Hara et al., 1989).
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LB-carbenicillin agar 10 g NaCl1 10 g tryptone 5 g yeast extract 20 g
agar Add distilled H20 to a final volune of 1 liter Adjust pHto 7.0 with
5 N NaCH woo2m2009026PCT/ US2011/ 027252 Aut ocl ave Ceolr/tuseo38¢25Add 10
m of 10 nmg/m of filter-sterilized carbenicillin Pour into petri dishes
(25 ml/100-mm plate) SOC Medium 0.5 g NaCl 20 g tryptone 0.5 g yeast
extract

[00265] Methods based on ligation of two (or more) oligonucleotides in the presence of
nucleic acid having the sequence of the resulting "di-oligonucleotide,” thereby amplifying the di-
oligonucleotide, also may be used in the amplification step (Wu et al., 1989).

[00266] Amplification products may be analyzed by agarose, agarose-acrylamide or
polyacrylamide gel electrophoresis using standard methods (see, e.g., Maniatis et al., 1982). For
example, one may use a 1% agarose gel stained with ethidium bromide and visualized under UV
light. Alternatively, the amplification products may be integrally labeled with radio- or
fluorometrically-labeled nucleotides. Gels can then be exposed to x-ray film or visualized under
the appropriate stimulating spectra, respectively.

[00267] Mutagenic procedures of the present invention may comprise any mutagenic
approach that may be tailored to a particular site in a gene, 1.¢., site-directed or site-specific
mutagenesis. Because the present invention relies on comprehensive mutagenesis, the present
invention contemplates as preferred embodiments those mutagenic procedures that are rapid,
efficient and cost effective.

[00268] In one embodiment, the mutagenic procedure utilizes chemical synthesis techniques.
In so doing, it is possible to exactly place the substitution at one or more particular locations
within the gene, and also to specifically define the nature of the alterations. Chemical synthesis
methods for DNA are well known within the art. Solid phase techniques are preferred in this
regard.

[00269] Onec advantage to the solid phase method of gene synthesis is the opportunity for
mutagenesis using combinatorial synthesis techniques. Combinatorial synthesis techniques are
defined as those techniques producing large collections or libraries of compounds
simultaneously, by sequentially linking different building blocks. Libraries can be constructed
using compounds free in solution, but preferably the compound is linked to a solid support such
as a bead, solid particle or even displayed on the surface of a microorganism.

[00270] Several methods exist for combinatorial synthesis (Holmes et al., 1995; Burbaum et
al., 1995; Martin et al., 1995; Freier et al., 1995; Pei et al., 1991; Bruce et al., 1995; Ohlmeyer et
al., 1993), including split synthesis or parallel synthesis. Split synthesis may be used to produce
small amounts of a relatively large number of compounds, while parallel synthesis will produce
larger amounts of a relatively small number of compounds. In general terms, using split

synthesis, compounds are synthesized on the surface of a microparticle. At each step, the
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2 m of filter-sterilized 20% gl ucose Add distilled H20 to a final volune
of 1 liter Autoclave Add 10 m of filter-sterilized 1 M MWCl2 and 10 m
of filterweterydopzed 1 M MySO, prior to use [00334] Examrprass3011/ers2i onal
ELI SA [ 00335] This exanpl e describes the nmethod of conparing the affinity
of antibodies in cell culture supernatant. 1. Coat Nunc-Imuno Maxi sorp 96
well plates with 100 ill of 2 .tg/ml antigen in coating solution. 2. Cover

plates with seal ers nd |ncub 3. Decant plates.and tap
DUt © eI 5 BT Honed Mg Sear oV E Mo Rt MisexeH st 50t S PAcRor 5
mn a rétﬁﬁ%ét%@ﬁ)%c@ﬁﬂé[&d afd phegiendd ﬂ%'t@hﬁ%ex@%%dp@ﬁ’ﬂb‘brdc@@' idu§chic@uhdl 6.
Add 2 bl ocki ng sol ution. Shake at 200 rpmfor 1 hour at room

t enpe rtlast @mpou?ld 1m@pi@te@| Eedspasticle halds sereral sgpigsief thi quing co8poundclidupig cat es
ol ai odo! e S Bt PP LTGRO 080N BTt Bl o kR e SFEERAPRRESE: on 10t ne
pl at esuppdet. Shake at 200 rpm for one hour at roomtenperature. 11. Decant
Pl at es[ 31{)7(:{] t aRn%ﬂgmrat?gel t(ggl?rllqtllel lgn%lw(ill as parallel synthesis may be conducted either in solid
phase or solution. Using parallel synthesis, different compounds are synthesized in separate
receptacles, often using automation. Parallel synthesis may be conducted in microtiter plate
where different reagents can be added to each well in a predefined manner to produce a
combinatorial library. Parallel synthesis is the preferred approach for use with enzymatic
techniques. It is well understood that many modifications of this technique exist and can be
adapted for use with the present invention. Using combinatorial methods, a large number of
mutant gene templates may be synthesized.
[00272] Mutants genes also may be generated by semisynthetic methods known in the art
(Barbas et al., 1992). Using the conserved regions of an antibody fragment as a framework,
variable regions can be inserted in random combinations one or more at a time to alter the
specificity of the antibody fragment and generate novel binding sites, especially in the generation
of antibodies to antigens not conducive to immunization such as toxic or labile compounds.
Along the same lines, a known antibody sequence may be varied by introducing mutations
randomly. This may be accomplished by methods well known in the art such as the use of error-
prone PCR.
[00273] Using the appropriate oligonucleotide primers, PCR is used for the rapid synthesis of
the DNA template containing one or more mutations in the binding protein gene. Site-specific
mutagenesis is a technique useful in the preparation of individual peptides, or biologically
functional equivalent proteins or peptides, through specific mutagenesis of the underlying DNA.
The technique further provides a ready ability to prepare and test sequence variants,
incorporating one or more of the foregoing considerations, by introducing one or more
nucleotide sequence changes into the DNA. Site-specific mutagenesis allows the production of
mutants through the use of specific oligonucleotide sequences which encode the DNA sequence

of the desired mutation, as well as a sufficient number of adjacent nucleotides, to provide a

primer sequence of sufficient size and sequence complexity to form a stable duplex on both sides
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12. Add 200 ul washing sol ution. Shake at 200 rpmfor 5 min at room
tenperature. 13. Repeat step 11-12 3 tinmes. WO 2012/ 009026PCT/ US2011/ 027252
14. Add 1WO 2012/0902&: 5000 dilution of affinity purified @geatusamitio2t2aran

anti body conjugate with HRP in blocking solution to each well. 15. Shake at
200 rpm for one hour at roomtenperature. 16. Decant plates and tap out
residual liquid. 17. Add 200 ul washi ng sol ution. Shake at 200 rpn1for 5

mn at .roo enperature. 18. Re t .s 17-18 100 ul of
3 ora o S ol bt pord Timictfae BAEEr podtoul St SRt hec
every |dr, éﬁ‘%ﬁ@d vith abdde5 1900 ksidhibb 6#80th QidRt BPthkhgndiieAGE ﬂfé%eq@elace Read at
450 nm 36] Appendi x 1: Buffer Reci pes Washi ng soI ution 0.0

Tvveenl@@lglarhteﬁBS BI ocking solution 2 % Carnation non-fat mlk in PBS

[ 00337[1)02‘:75!?@%& tAé'chnCll(ill% t?pl%ghy grnpfoyg aslﬁogc:ctgliigp%age vector that exists in both a single
stranded and double stranded form. Typical vectors useful in site-directed mutagenesis include
vectors such as the M13 phage. These phage vectors are commercially available and their use is
generally well known to those skilled in the art. Double stranded plasmids are also routinely
employed in site directed mutagenesis, which eliminates the step of transferring the gene of
interest from a phage to a plasmid.
[00275] In general, site-directed mutagenesis is performed by first obtaining a single-stranded
vector, or melting of two strands of a double stranded vector which includes within its sequence
a DNA sequence encoding the desired protein. An oligonucleotide primer bearing the desired
mutated sequence is synthetically prepared. This primer is then annealed with the single-
stranded DNA preparation, taking into account the degree of mismatch when selecting
hybridization conditions, and subjected to DNA polymerizing enzymes such as E. coli
polymerase I Klenow fragment, in order to complete the synthesis of the mutation-bearing
strand. Thus, a heteroduplex is formed wherein one strand encodes the original non-mutated
sequence and the second strand bears the desired mutation. This heteroduplex vector is then
used to transform appropriate cells, such as E. coli cells, and clones are selected that include
recombinant vectors bearing the mutated sequence arrangement.
[00276] The preparation of sequence variants of the selected gene using site-directed
mutagenesis is provided as a means of producing potentially useful species and is not meant to
be limiting, as there are other ways in which sequence variants of genes may be obtained. For
example, recombinant vectors encoding the desired gene may be treated with mutagenic agents,
such as hydroxylamine, to obtain sequence variants.
[00277] In certain applications, substitution of amino acids by site-directed mutagenesis, it is
appreciated that lower stringency conditions are required. Under these conditions, hybridization
may occur even though the sequences of probe and target strand are not perfectly
complementary, but are mismatched at one or more positions. Conditions may be rendered less
stringent by increasing salt concentration and decreasing temperature. For example, a medium

stringency condition could be provided by about 0.1 to 0.25 M NacCl at temperatures of about
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Thi s exanpl e descri bes the method of transfecting DNA into CHO S cells. 1.
One week before transfection, transfer CHO- S cells to nonol ayer culture in
ser um supubenemoeeé Dul becco' s Mdi fied Eagl e Medi um ( D- RED)US2@L1/021282 day
before transfection, plate 0.4 x 105 cells in 100 ill of serum suppl enent ed
D- MEM per transfection sanple in 96 well formats. 3. Performtransfection
at the end of the work day. 4. For each transfection sanple, prepare

roduc 6P s St s SR ingehey Bt gop R rpvined By Sanut Ao s 158

i1 OpbbutNEMVERAU 68 Em! @Iraumag\flaﬂ HProM dboaeNdd ¢ t@mshut BSULatTAUE, B bR RhtbrAt

roomtenperature. 7. nbi ne the diluted DNA with the diluted
Li pof sendifibmrecaniexcayihytrhanipiated rndeusewfllagenonllyrba aancthasboh dheippelepending 8.
Add the 50,ill DNA1 Li pof ect am ne conpl exes to each well containing cells

and né)&tu'?ﬁiesf\ﬂeQ eﬁg ?Iy by rocking the plate back and forth. WO

2012/ Q0@8 PO ddeaChidoddddhs h9br1dhﬁ@twaﬂh bé’l&hﬁf@leh sinddr c3hitibhs &f, Bfo CO2
i ncubat or overgwght 10. Aspirate off ne in each wel|. Add 100 ill of

ser ume@ippleetAdE dripHNENPHS . Dadh mpd [ CL, @)@lMé\égcgu b dithiothrgifol @t SA assay
and C‘?&L]I)_%Xtﬁ?ets%e den ?é@ ?ﬁ%t@i&tz‘gs (A4S BoRSTAYL. %@% dp%?ﬂﬁ?sﬂ dbdithonsBuf T er

Reci |nac iva oVvi ne serum '5 |nac Ivated fetal
bovi nmtlamdmuﬂdllnbhﬂe@pprgkmadtelyendmm Trid-HCe (pHR 8, SfOQnNBchmlrﬂmMsMngaC with

m Xi ng every 5 m nut Prepare 50 m_aliquots and stor 20C Serum
suppl ?@pﬁr%t)érqﬂgpttgé% 01l qpﬁmeifmgaly@m%to,\?@gph}% Ca Formamide and SDg also may

be used to alter the hybridization conditions.

[00279] In a particular embodiment, overlap PCR may be employed. Briefly, a plasmid is
used as a template for the first round of PCR. The PCR products from the first round are purified
and used, together with outside primers, in the overlap extension PCR reaction. The end products
contained the site directed replacement of a given amino acid with all other possible amino acid
residues.

[00280] The mutagenized DNA template for the polypeptide of interest can be cloned into a
plasmid for in vitro transcription/translation or in the preferred embodiment, the appropriate
control elements are included within the PCR product for direct in vitro transcription/translation.
In vitro transcription/translation of genes uses cell free extracts to provide the required enzymes,
ribosomes and protein factors. The synthesis of proteins is directed by mRNA synthesized from
the desired DNA templates. The DNA template must contain the appropriate control elements
for the system used including a ribosome binding site and promoter sequence. One of skill in the
art would clearly recognize the appropriate required elements for each system.

[00281] Prokaryotic in vitro techniques for protein production were the first to be used (Zubay
et al., 1970). Subsequently eukaryotic systems were developed using wheat germ (Roberts,
1973) and rabbit reticulocytes (Pelham, 1976). Several new developments have increased the
efficiency of these techniques. Examples include the development of nuclease deficient strains
of E. coli to improve the results using linear DNA templates (Yang, 1980) and treatment of
reticulocyte lysates with micrococcal nuclease to lower any background expression from the

System.
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500 m Dul becco's Modified Eagle Medium 50 ml heat inactivated fetal
bovine serum 5 m 10 nmM MEM Non- Essential Am no Acids [00339] Exanple 5.
Li qui d Phaeeoynovdzesi s of Conbi natorial Variabl e Donmai nPCITarSaerii®g7252 Li ght
Chain [00340] This exanpl e describes the assenbly of a humani zed |i ght
chain (LC) variable domain library. The library contains human |ight chain
framewor ks (FW and non- hunman conpl enentarity determning regions (CDR) in

th f: W - CDR1L - FW2. - - .F - CDR3.. T t ot al f 7
Fu, A0 L i et St L e adevefoBad fi Y 010 RO Bt AE MR o se
| i i i j ' : of LC
Var o araR R Rioh b ShAGIRITA fRfYAath TR L, BPaafeabs (READI0M, SeasrbR’
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t o FWhoRKjmeri¥e@das®toaa®br 4 p@ahiyetic beakhaiydiic ipfotaindiyhthedieffstdth.cCnogienkd i f uge
tube, total of 7 tubes. FWa fragnments (250 pMol e)x uL FWLb fragnments (250
pMol e)ethads pd shemresong myant@myy qagbg uged Wih 200 1y U9 ¢28ROPHSHBISIAMEIAYSEM 0 miV
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vol ume
preferred as no capping of the RNA is required.

[00283] Using in vitro methods for translation, amino acid derivatives may be incorporated
into the protein by addition of the derivatized amino acid to the protein synthesis system mixture.
Varying the concentration of the derivatives, with respect to the normal amino acid, permits one
to create a mixed population and measure relative effects. G. Characterization

[00284] Mutant polypeptides generated by the present invention may be characterized using a
variety of techniques. In general, protein products may be analyzed for the correct apparent
molecular weight using SDS-PAGE. This provides an initial indication that the polypeptide was,
in fact, synthesized. When compared to the natural molecule, it also indicates whether normal
folding or processing is taking place with the mutant. In this regard, it may prove useful to label
the polypeptide. Alternatively, the polypeptide may be identified by staining of the gel.

[00285] Beyond mere synthesis, proteins may be characterized according to various properties
and an extensive range of functions. Properties include isoelectric point, thermal stability,
sedimentation rate and folding. One manner of examining folding is the ability to be recognized
by a cognate binding partner. The prime example of this function is the antibody-antigen
interaction. A wide variety of different immunoassay formats are available for this purpose and
are well known in the art. Principally, changes in either affinity or specificity can be determined
when the protein is contacted with a specific ligand or panels of related ligands.

[00286] Immunoassays can be generally divided into two types: heterogencous assays
requiring multiple separation steps, and homogeneous assays which are performed directly.
Heterogeneous immunoassays in general involve a ligand or antibody immobilized on a solid
matrix. A sample containing a ligand is contacted with the immobilized antibody and the
amount of complex formed on the matrix support is determined from a label attached directly or

indirectly to the immobilized complex. As used in the context of the present invention, ligand is
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2. Mx gently and spin briefly (5 sec.) in mcrofuge. 3. Incubate at room
tenperature for 1 hour. 4. Set up the followng reactions in a 1.5 nl

m cr o- cerwoi2begwoazabe: FWL |igations20 ill 10x Sanpl e | @adiusgoiboef2er 3 ul
Total Volune23 p,1 5. Load onto a 4% agarose TAE gel with 0.5

i1 g/ M EthidiumBrom de. Use 25bp DNA | adder as standard. Run the gel at
100V for 20-30 mnutes in 1X TAE buffer. 6. Cut out the bands correspondi ng

to the correct size n rified using. Q Aquick | Extraction Ki 7.
Conbi 658 Sy wEHEn et ArosRE Hah S MR gaTis Paleds shBrims S HOCRGEMANS | 7 uge
t ubes.cofploRddod pf’é@ﬁéﬁ?uﬂ%s&u fHe®in h@inky YOLARY Bfcal®thanAbolitN@¥bat @ndts S0C
for 10 mnutes until the gel _sljce has conpl et e¥y di ssol ved. Add 1 gel

vol unerdtrablyopriopangt of ¥’ t+-he” YanpTles lagradmiay, betady ofisexseal dyiIsAGargaRics pi n
col um iln il proyidded 12 nli 1(1:ol I ect%ion tlubeI 11, QI¥11the ?%{?l e to the
Q Aqui R R R IR RS PREE4osP. POIUSLFRE Ao TSN Sy g ORI SRRNPSugh and
pl ace bhAaMuYids kpatphudrsar Bpdicdrbordshgindaseh&aobdics, anl fitiRerodydlicd@lyfen/5 m  of
buffer PE to Q Aquick colum and centrifuge for 1 mnute. 14. D scard the

f 1 ow theiceRsgRliemantekienc pliges alkencdivdspsationsgitunBiofagicahmoisdlosiatredl 1 minute

a rlz ggﬁ&}lﬁr %btér]e?[h%g&d{r%@ﬂin& cidE! RERIS AOHIEK 1iF AL WIPHRESs, BudbigdBiad- © m
and combinations thereof. Of course it will be understood that these are by way of example only
and that contemplated immunoassay methods are applicable to detecting an extraordinarily wide
range of compounds, so long as one can obtain an antibody that binds with the ligand of interest.
[00287] Heterogeneous immunoassays may be performed as sandwich assays in which a
molecule of interest is reacted with an immobilized antibody that specifically binds that molecule
with high affinity. In a second step, a conjugate formed from the same or different antibody to
the antigen and a marker molecule is reacted with the antigen-antibody complex on the
immobilization matrix. After removal of excess free marker conjugate, the bound marker
conjugate, which is proportional to the amount of ligand in the sample, is measured.
[00288] Detection of immunocomplex formation is well known in the art and may be
achieved through the application of numerous approaches. These approaches are typically based
upon the detection of a label or marker, such as any of the radioactive, fluorescent,
chemiluminescent, electrochemiluminescent, biological or enzymatic tags or labels known in the
art. U.S. Patents concerning the use of such labels include U.S. Pat. Nos. 3,817,837; 3,850,752;
3,939,350; 3,996,345, 4,277,437, 4,275,149 and 4,366,241, each incorporated herein by
reference. Of course, one may find additional advantages through the use of a secondary binding
ligand such as a second antibody or a biotin/avidin ligand binding arrangement, as is known in
the art.
[00289] Preferred methods for detection includes radioimmunoassay (RIA) or enzyme-linked
immunosorbent assay (ELISA) with ELISA being most preferred due to generally increased
sensitivity. ELISAs are extensively used in biotechnology applications, particularly as
immunoassays for a wide range of antigenic substances. The sensitivity of ELISA is based on

the enzymatic amplification of the signal
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16. Add 52 ill of buffer EB to the center of the Q Aqui ck nenbrane and
centrifuge the colum for 1 mnute. Let the colum stand for 1 mnute, and
t hen centwOf2orpop@s 1 m nute. 17. Conbi ne the el uted DNRCtust@l/ogubune of
104 ill) and load 6 ill on 4% agarose gel to QC the purified ligation
products. WO 2012/ 009026PCT/ US2011/ 027252 [00343] Ligation 2: FWBb 4 FWBa
18. Prepare the followng ligation reactions in mcrocentrifuge tubes on

i ce: - There are 8 |igation reactipons (FWB-1 to FWB-8). Prepare each
A TR A A R e A S Sy e S i S e
FWBa firaamBRhe theeQviiMPh&)oa donbediiBisSal aoret iy ( RefrebMpdtREY%xhhbled 8K T4

| igase Buffer2 ilL 10 MM rATP1 ilL Nuclease-free water@QSto 19 ilL T4

| i gasddrgetiihleraropny include tatalysy oingpee B ubitratintergctiogs mrétyinanglespad bri ef Iy (5
sec. te at, roomte r.1 hour. 21. Set up
t

i

e 1 G Publh FBBer fRwa REERSE flo bRRTLHERENFhHlsEo: Butafihsia: Fons20
'l mutant proteins can be compared with the wild-type protein for changes in the ability to perform
any of the foregoing functions.

[00291]  As used herein, the term "contacting” is defined as bringing the reaction components
into close enough proximity to each other to allow the desired interaction to occur. Contacting
may be accomplished by mixing the components in solution, for example, or by heterogencous
interaction such as by flow contact through a column or immobilizing matrix that binds to one of
the components.

[00292] For mutant proteins having a catalytic activity, the appropriate reaction may be
monitored for a change in catalytic rate or an alteration in specificity.

[00293] The antibodies produced and isolated by the method of the invention are selected to
bind a predetermined target. Typically, the predetermined target will be selected in view of its
applicability as a diagnostic and/or therapeutic target. The predetermined target may be a known
or unknown epitope. Antibodies generally bind to a predetermined antigen (e.g., the
immunogen) with an affinity of about at least 1x10” M™" preferably with an affinity of about at
least 5%10” M more preferably with an affinity of at least 1x10° M-1 to 1x10° M™' or more,
sometimes up to 1x10'° M™ or more. Frequently, the predetermined antigen is a human protein,
such as for example a human cell surface antigen (e.g., CD4, CDS, IL-2 receptor, EGF receptor,
PDGF receptor), other human biological macromolecule (e.g., thrombomodulin, protein C,
carbohydrate antigen, sialyl Lewis antigen, L-selectin), or nonhuman disease associated
macromolecule (e.g., bacterial LPS, virion capsid protein or envelope glycoprotein) and the like.
[00294] In another example, several reports of the diagnostic and therapeutic utility of scFv
have been published (Gruber et al., 1994 op.cit.; Lilley et al., 1994 op.cit.; Huston et al., Int. Rev.
Immunol 1993, 10:a 195, Sandhu JS, Crit. Rev. Biotechnol., 1992,12: 437).

[00295] High affinity single-chain antibodies of the desired specificity can be engineered and
expressed in a variety of systems. For example, scFv have been produced in plants (Firek et al.
(1993) Plant Mol. Biol. 23: 861) and can be readily made in prokaryotic systems (Owens RJ and
Young RJ, J. Immunol. Meth., 1994,168: 149; Johnson S and Bird RE, Methods Enzymol., 1991,
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10x Sanmpl e | oading buffer3 ill Total Volune23 p,1 22. Load onto a 4%
agarose TAE gel with 0.5 ilg/m EthidiumBrom de. Use 25bp DNA | adder as

st andar d.wBue12fdeeo2gel at 100V for 20-30 mnutes in 1X TREThiskéie27238. Cut
out the bands corresponding to the correct sizes and purified using

Q Aqui ck Gel Extraction Kit. 24. Conbine gel fragnents fromthe 7 ligation
reactions in two nicrocentrifuge tubes 25 Add 3 volune of buffer QGto 1
vol u I n ubat 50C. nut ntil.the gel.slice has
corp! 2081 yaruubiet. Bende gher aaibiiegn e ghrpubbicn it tansTaid il

m X. 2fibddidcs s@rlglfﬁ&’grﬁéﬁ@mbféo?(l{é%ﬂ&bdréhg% d%PVE&i’é‘q Enfilind10l1beg biyogstyube.
28. Apply the sanple to the Q Aquick col urm, and centrifuge for 1 m nute.

29. Dildeardallt segiothensadingangiicpbaney O Aglitek(can! ynfChavklifipatidnors ame
collectl be., 30. Add Q.75 m _of,.. buffer to uj ck. cal um and

cont r bR Hesd 8% SRl Skt SSRGS ERERETe  ne
Q Agqu |h@&aﬁ@bqiféﬁcef &itibaby adikd §iiebRI foﬂ-hlﬁﬁlzﬁ‘rUﬂl%ra@Eutch@es where immunogenicity is
2012/ 009026PCT/ US2011/ 027252 17,900 X ¢ rq 32. Place Q'Aquick
col umPbrefprdlyampiairgd The polypdeasidet ha‘rla@ életrawantef@ ly Aaanals znqqdlmgof buf f er

08 L LB 8 hRe B AL RO 05 A1FERLELLUAE D BaLIS 1y

m nut @ad purified for pharmaceutical formulation.
[00296] The DNA expression constructs will typically include an expression control DNA
sequence operably linked to the coding sequences, including naturally-associated or heterologous
promoter regions. Preferably, the expression control sequences will be eukaryotic promoter
systems in vectors capable of transforming or transfecting eukaryotic host cells. Once the vector
has been incorporated into the appropriate host, the host is maintained under conditions suitable
for high level expression of the nucleotide sequences, and the collection and purification of the
mutant "engineered" antibodies.
[00297] As stated previously, the DNA sequences will be expressed in hosts after the
sequences have been operably linked to an expression control sequence (i.¢., positioned to ensure
the transcription and translation of the structural gene). These expression vectors are typically
replicable in the host organisms either as episomes or as an integral part of the host chromosomal
DNA. Commonly, expression vectors will contain selection markers, e.g., tetracycline or
neomycin, to permit detection of those cells transformed with the desired DNA sequences (see,
e.g., U.S. Pat. No. 4,704,362, which is incorporated herein by reference).
[00298] In addition to cukaryotic microorganisms such as yeast, mammalian tissue cell culture
may also be used to produce the polypeptides of the present invention (see, Winnacker, "From
Genes to Clones," VCH Publishers, N.Y., N.Y. (1987), which is incorporated herein by
reference). Eukaryotic cells are preferred, because a number of suitable host cell lines capable of
secreting intact immunoglobulins have been developed in the art, and include the CHO cell lines,
various COS cell lines, HeLa cells, myeloma cell lines, transformed B-cells or hybridomas.
Expression vectors for these cells can include expression control sequences, such as an origin of
replication, a promoter, an enhancer (Queen et al., Immunol. Rev. 1986, 89: 49), and necessary

processing information sites, such as ribosome binding sites, RNA splice sites, polyadenylation

69



34. Conbine the eluted DNA (total volunme of 104 ill) and load 6 ill on 4%
agarose gel to QC. [00344] Ligation 3: CDR1 4 FWM 1. Prepare ligation
reacti on wWo 2a12mogn2eocent ri f uge tubeon ice: CDRL fragnent #CtUSaNblogn2R2i | L Cel
purified conbined FW fragnments94 ilL 10X T4 ligase Bufferl14 ilL 10 nM
rATP1 il L Nucl ease-free water@QS to 139 ilL T4 ligasel ilL Total reaction
vol unmel40laL 2. Mx gently and spin briefly (5 sec.) in mcrofuge. 3.

| ncubate at ,room.te ature for 1 houyr..4. Set up the follow ng reactions
in a Bitss i FRRACHDURIRY R PT SaMecR e et SHrg AN RGOSR Sarpl o

| oadi gbgorﬁbltfefs%eili%d frbm iARh@ogMBLHABARS, (%ité-m ald9rd, M@ AicAdeinganesae TAE gel
with 0.5 .tg/nml EthidiumBrom de. Use Z5bp | adder as standard. Run the

gel atPapiovaf\Giru@ndthedikaut es in | x TAE buffer. 6. Cut out the bands

(é)(z{ ; Siﬁ%ﬁh E?F{.[ﬂ?ar;[lo i ISIQrArt?acrzltscr%tlzo%scaI{i1 %g itpclfleraisé(l %g in%griti?lg ah Ql?hagcérqs%iq&eﬁlcge |
into the vector. Enhancers are cis-acting sequences of between 10 to 30 obp that increase
transcription by a promoter. Enhancers can effectively increase transcription when either 5' or 3'
to the transcription unit. They are also effective if located within an intron or within the coding
sequence itself. Typically, viral enhancers are used, including SV40 enhancers, cytomegalovirus
enhancers, polyoma enhancers, and adenovirus enhancers. Enhancer sequences from
mammalian systems are also commonly used, such as the mouse immunoglobulin heavy chain
enhancer.

[00300] Mammalian expression vector systems will also typically include a selectable marker
gene. Examples of suitable markers include, the dihydrofolate reductase gene (DHFR), the
thymidine kinase gene (TK), or prokaryotic genes conferring drug resistance. The first two
marker genes prefer the use of mutant cell lines that lack the ability to grow without the addition
of thymidine to the growth medium. Transformed cells can then be identified by their ability to
grow on non-supplemented media. Examples of prokaryotic drug resistance genes useful as
markers include genes conferring resistance to G418, mycophenolic acid and hygromycin.
[00301] The vectors containing the DNA segments of interest can be transferred into the host
cell by well-known methods, depending on the type of cellular host. For example, calcium
chloride transfection is commonly utilized for prokaryotic cells, whereas calcium phosphate
treatment. lipofection, or electroporation may be used for other cellular hosts. Other methods
used to transform mammalian cells include the use of Polybrene, protoplast fusion, liposomes,
electroporation, and microinjection (see, generally, Sambrook et al., supra).

[00302] Once expressed, the antibodies, individual mutated immunoglobulin chains, mutated
antibody fragments, and other immunoglobulin polypeptides of the invention can be purified
according to standard procedures of the art, including ammonium sulfate precipitation, fraction
column chromatography, gel electrophoresis and the like (see, generally, Scopes, R., Protein
Purification, Springer-Verlag, N.Y. (1982)). Once purified, partially or to homogeneity as
desired, the polypeptides may then be used therapeutically or in developing and performing

assay procedures, immunofluorescent stainings, and the like (see, generally, Immunological
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7. Conmbine the gel fragnents in two mcrocentrifuge tubes. 8. Add 3 vol une
of buffer QGto 1 volune of gel. 9. Incubate at 50C for 10 m nutes until

t he gel swpceeizmmso2éonpl etely di ssol ved. Add 1 gel vol umeCofuseaiopepanol to
the sanple and m x. 10. Place a Q Aquick spin colum in a provided 2 n
collection tube. 11. Apply the sanple to the Q Aqui ck col um, and
centrifuge for 1 mnute. WO 2012/ 009026PCT/ US2011/ 027252 12. Discard

L SR GS3 AR PG PO, SRLA RS b SETT\PIASE L 100

m nut qogiy. Discard the flowthrough and centrifuge the Q Aqui ck colum for
an additional 1 mnute at 17,900 x g (13,000 rpm. 15. Place Q Aquick
col umi00393b aTh¢ elagepeptilayiof tHeqresehinyerftiogecan bbasedifor diagdossoand therepy . bBy f er

EB to the nter. of th Aaqui ck . enbrane and,centrifuge the colum for 1
o nus v os TGl bnt St imifaSh o6 PR BREOARLS T AP sl
M nut liseased, orGambinfgtions EdrutQthndMNOf C4mRbakhevatibo®icOWilLB4idalll bindng ahoad 6 ul

on 4% agarose gel to QC.. ﬁ00345] Ligation 4. CDR2 4 FWB 18. Prepare
| i gat isBRedeaereson nrafesentinly ee esftcer sdllgesuchige eibB-2 L EATRD 33 rang maasy otler

EII\J/]P:‘ g?’aﬁﬂééﬂls \ %%fni’t%}l%}%e %?1@9&1 ﬂlefﬂe EVB Ffof ﬁ*gﬂﬁl@}lts%u'tdlﬁmgu%)e( d-llé%a;ei, gase
antibodies will typically bind to an antigen expressed on T-cells, such as CD4, the IL-2 receptor,
the various T-cell antigen receptors and many other antigens well known to those skilled in the
art (e.g., see Fundamental Immunology, 2nd ed., W. E. Paul, ed., Raven Press: New York, N.Y.,
which is incorporated herein by reference). For treatment of viral infections, the antibodies will
typically bind to an antigen expressed on cells infected by a particular virus such as the various
glycoproteins (e.g., gB, gD, gE) of herpes simplex virus and cytomegalovirus, and many other
antigens well known to those skilled in the art (e.g., see Virology, 2nd ed., B. N. Fields et al.,
eds., (1990), Raven Press: New York, N.Y.).

[00304] Pharmaceutical compositions comprising antibodies of the present invention are
useful for parenteral administration, i.e., subcutancously, intramuscularly or intravenously. The
compositions for parenteral administration will commonly comprise a solution of the antibody or
a cocktail thereof dissolved in an acceptable carrier, preferably an aqueous carrier. A variety of
aqueous carriers can be used, e.g., water, buffered water, 0.4% saline, 0.3% glycine and the like.
These solutions are sterile and generally free of particulate matter. These compositions may be
sterilized by conventional, well known sterilization techniques. The compositions may contain
pharmaceutically acceptable auxiliary substances as required to approximate physiological
conditions such as pH adjusting and buffering agents, toxicity adjusting agents and the like, for
example sodium acetate, sodium chloride, potassium chloride, calcium chloride, sodium lactate,
etc. The concentration of the mutant antibodies in these formulations can vary widely, i.e., from
less than about 0.01%, usually at least about 0.1% to as much as 5% by weight and will be
selected primarily based on fluid volumes, viscosities, etc., in accordance with the particular
mode of administration selected.

[00305] Thus, a typical pharmaceutical composition for intramuscular injection could be made

up to contain 1 ml sterile buffered water, and about 1 mg of mutant antibody. A typical
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Nucl ease-free water@S to 139 ilL T4 ligasel ilL Total reaction

vol unmel40lalL 19. Mx gently and spin briefly (5 sec.) in mcrofuge. 20.

| ncubat e WO 20P@R26nperature for 1 hour. 21. Set up thePC@IUSRMILMOY7252act | ONS
inal.5mM mcro-centrifuge tube: CDR2-FWB |igationsl40 ill 10x Sanple

| oadi ng buffer15 ill Total Volunmel55 p,1 22. Load onto a 4% agarose TAE
gel with 0.5 p. g/n1Ethidiun1Bronide Use 25bp DNA | adder as standard. Run

the gel at 20- 30 nut es X TAE buf.f ut the bands
corr e§861|1?8§411 %/06 1?%@68%%18 10&%8@5]‘%‘ °BBAS ?‘?%%ln?répﬂéotf fET 5 ‘&ﬁ?rtcsk Gel

Ext r aghju@Bn,Kind-10 oﬁ@ﬂﬂmﬂﬁumhﬁygﬁhuﬁfﬁﬁﬂﬁﬂﬁﬁmbﬂmhﬂﬁgﬁ%ﬁﬁ@ ?trlfuge t ubes.
25. Add 3 vol unme of buffer QG to vol une of gel | ncubate at 50C for

10 m/ rdmessteabld onmprsitpas will b@émcbi‘as Ot@m@r@mmt@osﬁ &k:;liﬁdvledhe aﬂ(ddldlargel VO
2012/ 009026PRCT/ USZ 1{ 027252
27, PRARBOR 6 RLH ercir forasin R et BORRBRE e 85l 2PIRE B ™

Publishing Cornpany, Easton, Pa. (2000), which is incorporated herein by reference.

[00306] Biosimilars are protein based therapeutics that have an identical amino acid sequence
(i.e. chemical composition) as an approved ethical drug which is no longer patent protected. In
one aspect, the techniques of the disclosure are utilized for biosimilars. While it is essential to
produce the protein therapeutic in an equivalent formulation and composition, to be competitive
in the marketplace the biosimilar should be made quickly and as cheaply as possible. Cell
culture media and process development are some of the most costly and time consuming parts of

preparing and producing a biosimlar.

[00307] Changing the silent mutation codons within a protein therapeutic changes the codon
used for protein translation but preserve the amino acid sequence within the protein. These
codon changes at a variety of positions within a molecule, particularly in the amino terminus can
have significant impact on expression and in some cases even glycosylation. In one aspect, the
techniques of the disclosure are utilized in the evolution, selection and preparation of biosimilars.
[00308] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following examples
are to be considered illustrative and thus are not limiting of the remainder of the disclosure in
any way whatsoever.

EXAMPLES
[00309] Example 1A. Reactions for Comprehensive Positional Insertion (CPI) Evolution,
Comprehensive Positional Deletion (CPD) Evolution, Comprehensive Positional Evolution
(CPE)

[00310] Mutagenesis reaction

[00311] One pair of primers (Primer mix 1 and Primer mix 2) is designed for each codon to be
mutated. Design will depend on gene sequence, and sequence analysis databases such as
Sequencher (Gene Codes Corporation) or VectorNTI® (Life Technologies) can be used to design
the primers. For Comprehensive Positional Deletion evolution, a degenerate target codon (NNK

or NNN) is designed in the middle, flanked by 20 bases on each side (total primer length: 40
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28. Apply the sanple to the Q Aquick colum, and centrifuge for 1 m nute.
29. Discard flowthrough and place Q Aqui ck col um back in the sane

col | ecti owot2ot2n09®@6. Add 0.75 ml of buffer PE to Q Aqui eKTASRume22AZ
centrifuge for 1 mnute. 31. Discard the flowthrough and centrifuge the
Q Aqui ck colum for an additional 1 mnute at 17,900 x g (13,000 rpm. 32.
Place Q Aquick colum into a clean 1.5 mM mcrocentrifuge tube. 33. Add 52
ill of buffer EB to the center ui ck , menbr and centrifuge the
col un#a%eéréﬁclﬂmf%se%@%m%@ i G S ). de R GRS B centr i 1 uge
for 1 saduedte- Ford¥E, GaBbBhiner Hﬁeﬁ)'lklﬁ @N%Kéa@ﬁ@bdd{ﬂb%lﬁﬁteaoﬁ dbgdnbraand
load 6 ill on 4% agar ose ge QC. [00346] Assenbly of LC Variabl e Domain
(cont tjr getN@del‘l (WKf @rNN) g»atl |t1¢mm51d@a dlankagityi Zihba@esa@n tdeb sglrrttotalipmendr00347]

ngat|0n5 | i atlonr
i o o ST P D vl Paendty BB S8 pRaraluEPI isgpeter
pur| flmqlAGlaEﬁltaFg&géﬁ ments94 ilL 10X T4 ligase Bufferl4 ilL 10 nmM r ATP1

ilL Nucl ease-free waterQS to 139 ilL T4 Ilﬁ)asel ilL Total reaction
vol umd02hL Rispre theiplippangnisictiops o1 O wistl dhin Vel IFRGR praggrsdesml Baevallt 90

pMol e pp Mi%s G€nt! y and spin briefly (5 sec.) in mcrofuge.

Primer mix 1 (2.5 uM) 5ul
Primer mix 2 (2.5 uM) 5ul
10X Pfu turbo DNA polymerase buffer 2.5ul
DNA template (5, 10, 25 ng) xul
dNTPs 2ul
Nuclease-free water QSto24.5ul
Pfu turbo DNA polymerase (2.5 U/ul) 0.5ul
Total reaction volume 25 nl

1. Prepare one negative control reaction per one 96-well plate (replace primers with TE buffer)
2. Mix gently and spin briefly (5 sec.) in table top centrifuge

3. Cycle the reactions using the cycling parameters outlined below:

Segment | Cycles | Temperature Time
1 1 95 °C 30 seconds
2 18 95 °C 30 seconds
55°C I minute
68 °C 16 minutes

[00313] Quality Control Analysis

1. To QC the amplification reactions, set up the following reactions in 96-well thin wall PCR

plates or 0.2 ml thin wall PCR tubes:

Mutagenesis reaction 5ul
Water 4 ul
Sample loading buffer 1 ul
Volume 10ul
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3. Incubate at roomtenperature for 1 hour. 4. Set up the follow ng
reactions in a 1.5 mM mcro-centrifuge tube: FW-CDR- 1-FW |igations140 ill
10x Sanplwol2oediopizebuf fer15 ill Total Volumel55 p,1 WBCT/US2011/027252

2012/ 009026PCT/ US2011/ 027252 5. Load onto a 4% agarose TAE gel with 0.5
i1 g/ M EthidiumBrom de. Use 25bp DNA | adder as standard. Run the gel at
100V for 20-30 mnutes in 1X TAE buffer. 6. Cut out the bands correspondi ng
to the correct sizes and purified using Q Aquick Gel Extraction Kit. 7.
Conbi ne gel fragnents fromthe 7 ligation reactions in two mcrocentrifuge
tubes., 8p oA 31 YRUBOf oo BAE @ Wanlo Y ”gl MAP RG] Brothigl nOUbRYS gpqﬁs 50C
for 10 mnutes until the gel slice has conpletely dissol ved. Add I

vol ume oPN/shgddopantwhdird. Rinethsarpite 0ANdorn20-30 biinutP$ ackEX dAQ bi\cffﬁrck spin
colum in a provided 2 ml collection tube. 11. Apply the sanple to the

Q Aqui ck colum, and centrifuge for 1 mnute. 12. Discard fl owthrough and
pl ace | &ﬁqu Cbléé@d HEWIRALK i RELE 0B &WRN Gkl @fohl PRy thePE propdiat¥dE cBnifrg M Of
buf fer 0 QAqwck co1 um and centrifuge for T mnute. I4. Discard the
f | ow O IND € o ezyorel urm for an additional 1 minute

at 17,1902(121{ O% loeftheolg IleI‘thI‘lCtlon enzyme (10 U/ul) directly to each reaction.
P yme ( ul) y

2. Mix gently and spin briefly (5 sec.) in a table top centrifuge

3. Incubate at 37°C in PCR machines for 2 hours.

4. Transform 6 reaction mixtures from each of 96-well plate into XLI Blue Supercompetent
cells. Store the rest of the reactions at -20°C.

5. Pre-chill 0.2 ml PCR tubes on ice. Warm SOC medium to 42°C

6. Thaw the XLI Blue Supercompetent cells on ice. When thawed, gently mix and aliquot 50ul
of cells into each of the pre-chilled tubes.

7. Add 0.8 ul of b-mercaptoethanol to each aliquot of cells. Incubate the cells on ice for 10
minutes, swirling gently every 2 minutes.

8. Add 2 ul of the reaction mixture to one aliquot of cells. Flick the tubes gently.

9. Incubate the tubes on cold blocks for 30 minutes.

10. Heat-pulse the tubes in a 42°C water bath for 45 seconds.

11. Incubate the tubes on ice for 2 minutes

12. Add 100 ul of preheated SOC medium and incubate the tubes at 37°C for 1 hour with
shaking at 225-250 rpm.

13. Plate the entire transformation mixture on LB agar plates containing carbenicillin.

14. Incubate the plates at 37°C overnight.

15. Count colonies on plates and pick 12 colonies from each transformation reaction for
miniprep and sequencing.

[00315] Large Scale Transformation

1. Thaw the XLI Blue Supercompetent cells on ice. Thaw 20 tubes of competent cells for 96
reactions. When thawed, add 4 ul of b-mercaptoethanol to each tube of 250 ul competent
cells. Incubate the cells on ice for 10 minutes, swirling gently every 2 minutes.

2. Pre-chill 0.2 ml PCR tubes on ice. Warm SOC medium to 42°C.
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15. Place Q Aquick colum into a clean 1.5 m mcrocentrifuge tube. 16. Add
30 ill of buffer EB to the center of the Q Aquick nenbrane and centrifuge

t he col urwiofor2/i9msnute. Let the columm stand for 1 m nkC&USasid/oeT2éen
centrifuge for 1 minute. 17. Conbine the eluted DNA (total volune of 60
1..11) and load 3 ill on 4% agarose gel to QC. [00348] Ligation 6: CDR3 4
FWB- CDR2 18. Prepare ligation reaction in a mcrocentrifuge tubeon ice:

CDR3 fragment poql (500 pMble)x ilL Gel purified FWB-CDR2 fragnments94 ilL
10X T4 | g}g‘é‘@ 5@0’310@{3611% ipfo cagley O 4he Eer th‘ﬁPbREJcI ease-free waterQS to 139 ilL

T4 |i gas I : 1w i =N I nt pool contain
4 quf rgg(rir%r?tl g,f%gggdﬁtlgﬁﬁg% %Iogk%g&&oﬁﬂgiuggﬁk% glﬁg%sefps)ign gr'i efly (5 sec.)

i n m O onegeate 2@.tubaseouzatEblatksrfoodd trempes. at ure for 1 hour. WO
%Oégg%ggﬁggr;}%gﬁgo éé %2817225% Vga]f'er bsa?ﬁ fot%astsggon%gl lowi ng reactions ina 1.5 n

7. Incubate the tubes on ice for 2 minutes,

8. Add 100 pl of preheated SOC medium and incubate the tubes at 37°C for 1 hour with
shaking at 225-250 rpm.

9. Plate the entire transformation mixture on LB agar plates containing carbenicillin.

10. Incubate the plates at 37°C overnight.

11. Grow cells for in 96 well blocks for miniprep

12. Prepare miniprep DNA using QIAVac 96 kit following manufacture’s protocol.

[00316] Example 1B: Screening for Antibody Affinity Improvement

[00317] Transfection
e One week before transfection, transfer 293F cells to monolayer culture in serum

supplemented Dulbecco’s Modified Eagle Medium (D-MEM).
e One day before transfection, plate 0.2 x 10° and 0.4 x 10° cells in 100 ul of serum
supplemented D-MEM per transfection sample in 96 well formats.

1. For each transfection sample, prepare DNA-Lipofectamine complexes.

2. Dilute 0.2 ug of DNA in 50 ul Opti-MEM Reduced Serum Medium. Mix gently.

3. Dilute 0.125 ul Lipofecctamine in 50 ul Opti-MEM Reduced Serum Medium. Mix gently and
incubate for 5 min at room temperature.

4. Combine the diluted DNA with the diluted Lipofectamine. Mix gently and incubate for 20
min at room temperature.

5. Add the 100 ul DNA-Lipofectamine complexes to each well containing cells and medium.
Mix gently by rocking the plate back and forth.

6. Incubate the cells at 37°C in a 5% CO; incubator.

7. Add 100 vl of serum supplemented D-MEM to each well after 6 hours. Incubate the cells at
37°C in a 5% CO; incubator overnight.

8. Aspirate off medium in each well. Wash each well with 100 ul of 293 SFM II with 4 mM L-
Glutamine. Add 100 ul of 293 SFM II with 4 mM L-Glutamine to each well.

9. Collect supernatant for ELISA at 96 hours after transfection.
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CDR3- FWB- CDR2 |igations140 ill 10x Sanple | oading bufferl5 ill Total
Vol umel55 p,1 22. Load onto a 4% agarose TAE gel with 0.5 ilg/m Ethidium
Brom de. WeeoRAop2bNA | adder as standard. Run the gel aPrCIOBWifior722D- 30
mnutes in 1X TAE buffer. 23. Cut out the bands corresponding to the
correct sizes and purified using Q Aquick Gel Extraction Kit. 24. Conbine
gel fragnents fromthe 7 Iigation reactions in two mcrocentrifuge tubes.
nme of f QG to 1 volunme of gel. 26. Incubate at 50C for
10 ﬂlﬂ&gﬁ@ﬂ E%LJQQQEQ Ilce has conpl etely dissolved. Add 1 gel vol ume
of isqpr QB@ef}mnctI‘ﬁnﬁlh% aRBRD NI tes ith 1003 Sf Qu@'ﬂﬁ%h%éh BRoBtigL! uMm in a
provided 2 m collection tube. 28." Apply the sanple to the Q Aqui ck col um,
and centﬁﬂmuge for 1 nlnute 29. Discard flowthrough and place Q Aquick
colung be ﬁ% &ﬁ ection tube<t§q(jAdd 0.75 m of buffer PE to
Q Aqui‘tk oI d" &% e[r§ irﬂf lélgutf OV_Lenllr]'ﬁR ut'e 31. Discard the flowthr ough
and cgntDb&m@pbkﬁ@n&hﬁQﬂnQﬁuﬁﬁhumnifor an additional 1 nminute at 17,900 x ¢
(13,000 rpm.. ce QAquick colum into a clean 1.5 ni nlcrocentrlfuge
t ube. 433Addgho 3@1 wshntgfsomope%aés af 30¢ e s frrain abFoqnpEengedicek menbr ane
and cent nute. Let the colum stand for 1 m nute,
and tEEnbééﬁgﬁh%gﬁngg%HﬂﬁN%R£W%%ﬂki34 Conbi ne the eluted DNA (total vol une
of 606.. Aﬂld,)zoanﬁblbdadg Solutidn. Shalkkdat2garpadogEhodrat €om fekpdddhrel i gati on 7:

Full 1l ength LC vari able dorra n 1l Prepare ligation reactions in a
m croce nﬁﬁ?%a@te@ 38 rpy Eiduc liguid

8. Add duplicates of 100 ul/well of control antibody (2 ug/ml) in blocking solution to the plates.

9. Add duplicates of 100 ul of supernatant from transfection (SOP 5A) to the plates.

10. Shake at 200 rpm for one hour at room temperature.

11. Decant plates and tap out residual liquid.

12. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

13. Repeat step 11-12 3 times.

14. Add 100 ul of 1:5000 dilution of affinity purified goat anti-human antibody conjugate with
HRP in blocking solution to each well.

15. Shake at 200 rpm for one hour at room temperature.

16. Decant plates and tap out residual liquid.

17. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

18. Repeat step 17-18 3 times.

19. Add 100 ul of Sigma TMB substrate to each well. Incubate at room temperature and check
every 2-5 minutes.

20. Add 100 ul 1N HCI to stop the reaction.

21. Read at 450 nm.

[00319] Quantitation ELISA

1. Coat Nunc-Immuno Maxisorp 96 well plates with 100 1of 10  g/ml affinity-purified Fc-
specific goat anti-human IgG in coating solution.

2. Cover plates with sealers and incubate overnight at 4C.

3. Decant plates and tap out residue liquid.

4. Add 200 uul washing solution. Shake at 200 rpm for 5 min at room temperature.
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FWL- CDR1- FW2 fragments49 il L CDR2- FWB-CDR3 fragnments49 ilL 10X T4 |igase
Bufferl2 ilL 10 mM rATP5 il L Nucl ease-free waterQS to 345 ilL T4 |igaseb
i1L WO 20200208926 PCT/ US2011/ 027252 Total reaction vol eeEd350Mal2252 M x
gently and spin briefly (5 sec.) in mcrofuge. 3. Incubate at room
tenperature for 1 hour. 4. Set up the followng reactions ina 1.5 n

m cro-centrifuge tube: Full length LC variable domain |igations140 ill 10x
Sanmpl e | gadi ng, buffer15 ill . Total K Volunel55 p,1 5. Load onto a 3% agar ose
TAE g§|‘ &F‘Eqﬁltglagesiap f%ﬂ“@?ﬁqsm“ﬁ%%‘rdom de. Use 100bp DNA | adder as standard.

Run the gel 280 uﬂ&@&iﬁ@ﬁol@@orﬁ@h@ﬁ%tﬁﬁ rfbrﬁ 34 Ak a@kﬁ&r@fem@rat@é.t out the
bands corresponding to the correct sizes and purified using Q Aqui ck Cel
Ext r act i Bacddt plates and tap out residue liquid.

8. Add duplicates of 100 ul/well of standardized concentration of purified human serum IgG in
blocking solution to the plates.

9. Add duplicates of 100 ul of supernatant from transfection (SOP 5A) to the plates.

10. Shake at 200 rpm for one hour at room temperature.

11. Decant plates and tap out residual liquid.

12. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

13. Repeat step 11-12 3 times.

14. Add 100 ul of 1:5000 dilution of affinity purified goat anti-human antibody conjugate with
HRP in blocking solution to each well.

15. Shake at 200 rpm for one hour at room temperature.

16. Decant plates and tap out residual liquid.

17. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

18. Repeat step 17-18 3 times.

19. Add 100 ul of Sigma TMB substrate to each well. Incubate at room temperature and check
every 2-5 minutes.

20. Add 100 ul 1N HCI to stop the reaction.

21. Read at 450nm

[00320] Example 1D: Combinatorial Protein Synthesis (CPS)

[00321] Combination of top 10 single point mutants by CPS

[00322] In order to further improve the affinity, the top 10 single point mutants (5 in the light
chain, 5 in the heavy chain) can be combined in a combinatorial library, expressed and screened.
[00323] The top single point mutants can be combined by a series of PCR/overlap PCR steps
as outlined below. Any one of the single point mutants can be used as the template for the initial
PCR reactions. In the present illustration, pBA1 is the template for the initial PCR reactions, and
the single point mutants are in CDRs I, II and II1.

[00324] All PCR primers are designed to incorporate relevant mutations and match the
template. Design will depend on gene and sequence analysis databases such as Sequencher

(Gene Codes Corporation) or VectorNTI® (Life Technologies) can be used to design the primers.
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7. Conmbine gel fragments in one mcrocentrifuge tube. 8. Add 3 vol une of
buffer QGto 1 volune of gel. 9. Incubate at 50C for 10 mnutes until the
gel slicevbasixonpbet el y di ssol ved. Add 1 gel vol une of PC3apse@paeb2to t he
sanmple and m x. 10. Place a Q Aquick spin colum in a provided 2 m
collection tube. 11. Apply the sanple to the Q Aqui ck col um, and
centrifuge for 1 mnute. 12. Discard flowthrough and place Q Aqui ck col um

back in the, sane coll.ection.t .. 13, 0.75 m of buffer PE to Q Aquick
col um ail)decco ”P"ft’foﬁ}é)_ém%?ntﬁ"‘r#ﬁgt]e?ndigéﬂ i scard the flowthrough and
centrifuge thg Qeffathtlc LPPORMedAbnPOr RAMiddi 190245 IC BATMILSy, primkfs £ABoWwnd
(13,000 rpm). 15. Place QAquick colum into a clean 1.5 m m crocentrifuge

tube. 16. Add 30n iheltalgf bplofv eamEBetpBAlhe center of the Q Aqui ck menbrane
and centrifuge the colum for 1 mnute. Let the colum stand for 1 m nute,

and then centrifuge for 1 mnute. 17. Load 3 ill on 3% agarose gel to QC
[ 00350] Append| x 1: hechkRec! pes 50X TAE puffer LidRRCHailr1 S base 57|11 n
gI aci al &ceticlacid 37 .2 g Na2EDTA- 2H20 ddistilled H0 tolfinal vol une
of 1 liter PCR
Forward Reverse PCR Forward Reverse
. . . . produ
Primer Primer product primer primer
ct
1 FP1 L1 R1 299bp FP2 H1 RI1 392bp
2 FP1 L1 R2 299bp FP2 H1 R2 392bp
3 FP1 L1 R3 299bp FP2 H1 R3 392bp
4 FP1 L1 R4 299bp FP2 H1 R4 392bp
5 L1 F1 L3 RI1 228bp H1 F1 H3 RI 250bp
6 L1 F2 L3 RI1 228bp H1 F2 H3 RI 250bp
7 L1 F3 L3 RI1 228bp H1 F3 H3 RI 250bp
8 L1 F4 L3 RI1 228bp H1 F4 H3 RI 250bp
9 L1 F1 L3 R2 228bp H1 F1 H3 R2 250bp
10 L1 F2 L3 R2 228bp H1 F2 H3 R2 250bp
11 L1 F3 L3 R2 228bp H1 F3 H3 R2 250bp
12 L1 F4 L3 R2 228bp H1 F4 H3 R2 250bp
13 L3 F1 RP1 ~1300bp H3 Fl RP1 290bp
14 L3 F2 RP1 ~1300bp H3 F2 RP1 290bp

b. Check PCR reactions on agarose gel

c. Pool reactions 1 —4, 5 -12, and 13 -14 for heavy and light chains in a 1:1 ratio and
gel purify full length products (PCR L1, L2, L3, PCR H1, H2, H3)

d. Combine PCR products L1, L2, L3 by overlap extension PCR using gel purified
products from step 1C and primers FP1/RP1

¢. Combine PCR products H1, H2, H3 by overlap extension PCR using gel purified
products from step 1C and primers FP2/RP1
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1X TAE buffer 20 ml 50X TAE buffer 800 m distilled H20 3 % Agar ose
Gel with ethidium brom de 3g LE agarose 100 M 1X TAE buffer Melt
t he agar 086 201re/@902bcr owave oven and swirl to ensure eveRCEiIUSR019/0225D|
agarose to 55C Add 2.5 ill of 20 ng/m EthidiumBrom de to agarose

Pour onto a gel platform 4% Agarose Cel wi th ethidium brom de 49 LE
agarose 100 m 1X TAE buffer Melt the agarose in a m crowave oven and

21 hi i um Br ot 06X GUEBHF ISR eeE Ay GO et T Rk e e B0nBLR ol ning

the Iight chainiBpPRIC: 855 bp

2) Addition of mutants in CDR2

Light Chain Light Chain

PCR

Forward Reverse PCR Forward Reverse
. . . . produ

Primer Primer product primer primer

ct

15 FP1 L2 RI1 369bp FP2 H2 RI1 487bp
16 FP1 L2 R2 369bp FP2 H2 R2 487bp
17 FP1 L2 R3 369bp FP2 H2 R3 487bp
18 FP1 L2 R4 369bp FP2 H2 R4 487bp
19 L2 F1 RP1 ~1450bp H1 F1 RP1 413bp
20 L2 F2 RP1 ~1450bp H1 F2 RP1 413bp
21 L2 F3 RP1 ~1450bp H1 F3 RP1 413bp
22 L2 F4 RP1 ~1450bp H1 F4 RP1 413bp

a. Perform PCR reactions 15 — 22 for LC and HC: 55 °C annealing, primers as
shown in the table below, template gel purified overlap PCR product from step 1f

b. Check PCR reaction on agarose gel

c. Pool reactions 15 — 18, 19 -22 for heavy and light chains in a 1:1 ratio and gel
purify full length products (PCR L4, L5, PCR H4, HS)

d. Combine PCR products L4, L5 by overlap extension PCR using gel purified
products from step 2C and primers FP1/RP1

e. Combine PCR products H4, H5 by overlap extension PCR using gel purified
products from step 2C and primers FP2/RP1 (LC: 861 bp)
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[ 00352] The following set of rules allows the identification of the CDRs in
nost anti body |ight chain variable domain sequences. [00353] CDR-L1 Start: -
posi ti on WO20080026 1 after a cysteine residue ResiduesPb@fise@102126ngt h: 10
- 17 amino acids Residues after:always a W usually WY-Q but also WL-Q

WF-Q WY-L [00354] CDR-L2 Start:always 16 residues after the end of

CDR- L1 Residues before:usually I-Y, but also V-Y, |I-K, |[I-F Length:always 7

am no acids [00 Start: al r es a f - L2
(2l veye 2 at  br Gl eySbeb asne e s Rogudamramods b ot FU s BEB SR ddos
bef ore: al ways Cilbgn@gthgds5dph resi dues Residues after: F-G X-G (typically
F-GQG

¢4 3) Cloning of full length products

a. Heavy chains
i. Cut HC overlap PCR product from step 2f with RE1/RE2 and clone into
gel purified plasmid cut and CIPed with RE1/RE2
ii.  Submit 2 96 well plates for sequencing
iii. Identify 32 unique HC combinations according to reference sequences
iv. Glycerol stock unique HC combinations and miniprep plasmid DNA
v. Pool HC plasmid DNAs 1:1, cut with RE3/RE4 and gel purify insert (~2.1
kbp) =2 HC pool
b. Light chains
i. Cut LC overlap PCR product from step 2f with RE5/RE2 and clone into
gel purified plasmid cut and CIPed with RE5/RE2
ii. Submit 2 96 well plates to sequencing
iii. Identify 32 unique LC combinations according to the reference sequences
iv. Glycerol stock unique LC combinations and miniprep DNAs
v. Cut LC DNAs individually with RE3/RE4, CIP and gel purify vector band
4) Combination of LC and HC

a. Clone HC pool from step 3a v. into every unique LC from step 3b v.
b. Submit 96 clones per LC to sequencing
c. Identify unique LC/HC combinations and array in 96 well plates

d. Glycerol stock and miniprep for expression

[00325] Example 2. Comprehensive Positional Evolution
[00326] This example describes the method of creating specific nucleotide changes in an
antibody construct.

[00327] Mutagenesis reaction

[00328] Prepare the following reactions in 96-well thin wall PCR plates or 0.2 ml thin wall
PCR tubes on ice:
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[ 00356] Exanple 6. 0-CGal act osi dase Assay [00357] This exanpl e describes the
met hod for quantitatively nmeasuring | 3-gal atosi dasae expression levels in
transf ectwo 20e¥dogo2asi ng ONPG as t he substrate. 1. Aspir &Ce/Ush@1geedz h
mediumfromthe culture dish. Wash 1 tinme with I x PBS 2. Add | x Lysis
buffer to the culture dish. Use the follow ng sol ution volune guideline for
various culture dishes: Type of culture dish Volunme of Ix Lysis Buffer
(p, I /well) 96-well ?'(f‘.tsih%o 24-wel | plate 25581 12-wel |

Primer mix
Primer mix 2 (2.5 uM) 5ul
10X Pfu turbo DNA polymerase buffer 25wl

[00329] DNA template (5, 10, 25 ng) x ul

dNTPs 2 ul
Nuclease-free water QSto24.5ul
Pfu turbo DNA polymerase (2.5 U/ul) 0.5 ul
Total reaction volume 25 ul

1. Prepare one negative control reaction per one 96-well plate (replace primers with TE buffer)
2. Mix gently and spin briefly (5 sec.) in table top centrifuge

3. Cycle the reactions using the cycling parameters outlined below:

Segment | Cycles | Temperature Time
1 1 95 °C 30 seconds
2 18 95 °C 30 seconds
55°C 1 minute
68 °C 16 minutes

[00330] Quality Control Analysis

1. To QC the amplification reactions, set up the following reactions in 96-well thin wall PCR

plates or 0.2 ml thin wall PCR tubes:

Mutagenesis reaction 5ul
Water 4 ul
Sample loading buffer 1wl
Volume 10pl

2. Load 10 pl onto a 1% agarose TAE gel with 0.5 pug/ml Ethidium Bromide. Use 1 kb plus
DNA ladder as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.
[00331] Digest the Mutagenesis Reactions with Dpnul

16. Add 0.5 ul of the Dpnl restriction enzyme (10 U/ul) directly to each reaction.
17. Mix gently and spin briefly (5 sec.) in a table top centrifuge
18. Incubate at 37°C in PCR machines for 2 hours.
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pl ate 500 6-well plate 1000 60 mm di sh 2500 100 nm di sh 5000 3. Incubate
the dish 10-15 mnutes at roomtenperature by swirling it slowy several
ti mes to wourdeeapl ete |ysis. Observe the cul ture di sRES/USRE02ES52

m croscope to confirmthat the cells are |lysed conpletely. Note:
Alternatively, freeze the cells for at |east one hour at -20C and thaw at
roomtenperature. 4. Prepare a serial dilution of |3-gal act osi dase

cach. 19 RS o R AR O 60 P Brerr Bt 1o A CBe SRSt ¢ ne
assay pl alig. Styfbethglr&hgﬁtthe Lecasmendesgtcanount of 13- gal act osi dase is 200
mlliunits (200, 000-400,000 pg). D lute the standards according to the
gui del20nBrelmhlilb (2 rﬁBP(@&Itu‘tﬁ'sandlw &Vdoml SOC omed@m te4T8- gal Standard (mliunits)
St and%l Thaw the XLI Blue Supercompetent cells on ice. When thawed, gently mix and aliquot 50ul
of cells into each of the pre-chilled tubes.
22. Add 0.8 ul of B-mercaptoethanol to each aliquot of cells. Incubate the cells on ice for 10
minutes, swirling gently every 2 minutes.
23. Add 2 ul of the reaction mixture to one aliquot of cells. Flick the tubes gently.
24. Incubate the tubes on cold blocks for 30 minutes.
25. Heat-pulse the tubes in a 42°C water bath for 45 seconds.
26. Incubate the tubes on ice for 2 minutes
27. Add 100 ul of preheated SOC medium and incubate the tubes at 37°C for 1 hour with
shaking at 225-250 rpm.
28. Plate the entire transformation mixture on LB agar plates containing carbenicillin.
29. Incubate the plates at 37°C overnight.
30. Count colonies on plates and pick 12 colonies from each transformation reaction for
miniprep and sequencing.

[00332] Large Scale Transformation

13. Thaw the XLI Blue Supercompetent cells on ice. Thaw 20 tubes of competent cells for 96
reactions. When thawed, add 4 ul of B-mercaptocthanol to each tube of 250 ul competent
cells. Incubate the cells on ice for 10 minutes, swirling gently every 2 minutes.

14. Pre-chill 0.2 ml PCR tubes on ice. Warm SOC medium to 42°C.

15. Aliquot 50 ul of cells into each of the pre-chilled tubes.

16. Add 2 ul of the reaction mixture to one aliquot of cells. Flick the tubes gently.

17. Incubate the tubes on cold blocks for 30 minutes.

18. Heat-pulse the tubes in a 42°C water bath for 45 seconds.

19. Incubate the tubes on ice for 2 minutes,

20. Add 100 ul of preheated SOC medium and incubate the tubes at 37°C for 1 hour with
shaking at 225-250 rpm.

21. Plate the entire transformation mixture on LB agar plates containing carbenicillin.

22. Incubate the plates at 37°C overnight.
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Dilution Buffer volune 0-gal
standard stock 100 200 200 ill

100 nu b-wealosr@maeard 25

[00333]

Appendix 1: Buffer Recipes

50X TAE buffer

242 g Tris base

57.1 ml glacial acetic acid

37.2 g Na,EDTA-2H,0

Add distilled H,O to final volume of 1 liter

1X TAE buffer

20 ml 50X TAE buffer
800 ml distilled H,O

1 % Agarose Gel with ethidium bromide

LB

1 g LE agarose
100 ml 1X TAE buffer

St andard vol unme 200 990 10 ill of b-gal
of 200 nmu b-gal

standard 50 200 200 il
PCT/US2011/027252

Melt the agarose in a microwave oven and swirl to ensure even mixing

Cool agarose to 55°C

Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose

Pour onto a gel platform

10 g NaCl

10 g tryptone

5 g yeast extract

Add distilled H,O to a final volume of 1 liter
Adjust pH to 7.0 with 5 N NaOH

Autoclave

LB-carbenicillin agar

10 g NaCl

10 g tryptone

5 g yeast extract

20 g agar

Add distilled H,O to a final volume of 1 liter
Adjust pH to 7.0 with 5 N NaOH

&3
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200 200

of 50 nu b-gal standard 12.5 200 200 ill of 25 mu b-gal

standard 6.25 200 200 ill of 12.5 nmu b-gal standard 3.125 200 200 ill
6. 25 nu bwgabizawarrdard 1.562 200 PCT/US2011/027252

Autoclave
Cool to 55°C
Add 10 ml of 10 mg/ml of filter-sterilized carbenicillin

Pour into petri dishes (25 ml/100-mm plate)

SOC Medium

[00334]
[00335]

0.5 g NaCl

20 g tryptone

0.5 g yeast extract

2 ml of filter-sterilized 20% glucose

Add distilled H,O to a final volume of 1 liter

Autoclave

Add 10 ml of filter-sterilized 1 M MgCl; and 10 ml of filter-sterilized 1 M MgSO,

prior to use

Example 3. Functional ELISA

This example describes the method of comparing the affinity of antibodies in cell

culture supernatant.

1.

A S A I A

e e e Y
W N = O

Coat Nunc-Immuno Maxisorp 96 well plates with 100 ul of 2 pg/ml antigen in coating

solution.

Cover plates with sealers and incubate overnight at 4C.

Decant plates and tap out residue liquid.

Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

Decant plates and tap out residue liquid.

Add 200 ul blocking solution. Shake at 200 rpm for 1 hour at room temperature.

Decant plates and tap out residue liquid.

of

Add duplicates of 100 ul/well of control antibody (2 pg/ml) in blocking solution to the plates.

Add duplicates of 100 ul of supernatant from transfection to the plates.

. Shake at 200 rpm for one hour at room temperature.
. Decant plates and tap out residual liquid.
. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

. Repeat step 11-12 3 times.
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200 ill of 3.125 nmu b-gal standard Note 1: Adjust the standard curve to
suit the specific experinental conditions, such as cell types or plasmd
vect or. NgDeo2/009i2é dil utions for the standard curve nuPCThAS2@nspasEd

freshly each tine the assay is perforned. 5. Add 50 ill of each sanpl e/ well
to the assay plate. 6. Prepare a blank by adding 50 ill of lysis buffer to
a well. WD 2012/ 009026PCT/ US2011/ 027252 7. Add 100 ill of ONPG Substrate

Sol utign,t C .ncubat.e .t he plate at roomtenperature.until. the
vei ot T8 el Eato d RGRR B Brisll wBiBeS eP e i aRE b e Withour
dependi NgRPNn HRKER! b1k ¥RE) cacB-wdRead the absorbance at 405-420 nmwith a
mcro-titer spectrophotoneter. 9. Quantify 13-gal act osi dase expression

based 1dnSkakiciah2@( rps fondae Hoenatveom f@OBF8rcExanpl e 7. Anti body Affinity

Mat ur gt.i gn 0359] This protpcpl. describes the conplete process of
i mpr 03}6n§e%%“g8§3%§ aggfaiprﬁ ye (ﬁlagfﬁquéﬁ‘ti body to target antigen. [00360] ds DNA

Fragmant ARd epeubivhshing sblutfdndShakelat gomipah €t @psathrs@itdrbferituteinol  scal e,
PAGE purified, | iophi% ized and 5 phosphorylated). 2. Spin down |yophilized
ol i god 8i Repfatster AfrtlBi3ftiaes- at 12, 000 x g for 30 seconds before opening the

tubes '19.3A{1§‘?g Ppﬁﬁé&%mﬁIs{blﬁbtﬁ{écth%g&ev'v&ﬁﬁﬁcﬂ%{’e Ao Qe Mk dnld AEGOT di ng

to the da al ne
every 2-5 minutes.

20. Add 100 ul 1N HCI to stop the reaction.
21. Read at 450 nm.
[00336] Appendix 1: Buffer Recipes
Washing solution
e (.05 % Tween-20 in PBS
Blocking solution

e 2 % Carnation non-fat milk in PBS

[00337] Example4. CHO-S Cells Transfection

This example describes the method of transfecting DNA into CHO-S cells.

1. One week before transfection, transfer CHO-S cells to monolayer culture in serum
supplemented Dulbecco’s Modified Eagle Medium (D-MEM).

2. One day before transfection, plate 0.4 x 10° cells in 100 pl of serum supplemented D-MEM

per transfection sample in 96 well formats.

Perform transfection at the end of the work day.

For each transfection sample, prepare DNA-Lipofectamine complexes.

Dilute 0.2 ug of DNA in 25 ul Opti-MEM Reduced Serum Medium. Mix gently.

AN

Dilute 0.5 ul Lipofecctamine in 25 pl Opti-MEM Reduced Serum Medium. Mix gently and

incubate for 5 min at room temperature.

7. Combine the diluted DNA with the diluted Lipofectamine. Mix gently and incubate for 20
min at room temperature.

8. Add the 50 ul DNA-Lipofectamine complexes to each well containing cells and medium.

Mix gently by rocking the plate back and forth.
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4. Incubate at 37 Cfor 30 min in a thernom xer at 1,000 RPM 5. Spin down
the re-suspended oligos in mcrocentrifuge at 12,000 x g for 30 seconds. 6.
Conbi ne ABOi2b12/t0p026mt chi ng forward and reverse primers PATIUSROMBAI2E2 PCR

tubes (or 96 well PCR plates) 7. Anneal oligonucleotides in a thernocycler
using the follow ng tenperature profile: 5 at 94C -> 5" at 90C -> 5' at

85C -> 5" at 80C -> 5" at 75C -> 5" at 70C -> 5" at 65C -> 5" at 60C -> 5
at 55C -> 5' at 50C -> 5' at 45C -> 5 at 40C -> 5 at 35C -> 5 at 30C 8.
The fi'na nc%ar’i%gﬁtcregﬁ pol ?al?aé%g&;’ Heabyar e¥giekb gment concentration is

50pMoli@an, 11 c et I - _ ity
Cont o Amary S iy iR AREEARH 10 b QOB Bhen P B MER P Hen BT e
f ol | ow nQol&asiipedmnBanit forlEIN S askayCan@-c@H i datd fogBethiphRstosdasdNAsdy agment s1' 11
Water20' 11 WD 2012/ Q09026PCT/ US2011/ 027252 Sanpl e | oading bufferl' 11

Tot al 4093381 2 Apperdixd: BuffepRegipgs 4106 agar ose TAE gel with 0.5 p.g/ni

Et hi di umyBrQid G4t 1395 | adder as standard. Run the gel at 100V for
20-30 m n% es Ci gaféﬁ ;aA bu fser see Appendi x 1). [00362] Appendi x 1: Buffer

Reci pes 50% T2 fuhdaeinactivated fetal bovine serum in the original vendor bottle
e Heat for 30 minutes at 56°C with mixing every 5 minutes
e Prepare 50 ml aliquots and store at -20°C
Serum supplemented Dulbecco’s Modified Eagle Medium
e 500 ml Dulbecco’s Modified Eagle Medium
e 50 ml heat inactivated fetal bovine serum

e 5 ml 10 mM MEM Non-Essential Amino Acids

[00339] ExampleS. Liquid Phase Synthesis of Combinatorial Variable Domain
Libraries — Light Chain

[00340] This example describes the assembly of a humanized light chain (LC) variable
domain library. The library contains human light chain frameworks (FW) and non-human
complementarity determining regions (CDR) in the order of: FW1 - CDR1 - FW2 — CDR2 -
FW3 — CDR3. There are total of 7 FW1, 4 FW2 and 8 FW3 fragments. The library is assembled
by using step wise liquid phase ligation of FW and CDR DNA fragments.

[00341] Assembly of LC Variable Domain

Note 1: Perform Ligation 1 and Ligation 2 at the same time.
Note 2: Perform Ligation 3 and Ligation 4 at the same time.
[00342] Ligation 1: FW1b > FWla
1. Prepare the following ligation reactions in microcentrifuge tubes on ice:
Note: There are 7 ligation reactions (FW1-1 to FW1-7). Prepare each ligation reaction

in a different microcentrifuge tube, total of 7 tubes.

FW1a fragments (250 pMole) x uL
FW1b fragments (250 pMole) x uL
10X T4 ligase Buffer 2 ul
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242 g Tris base 57.1 m glacial acetic acid 37.2 g Na2EDTA-2H20 Add
distilled H20 to final volunme of 1 liter 1X TAE buffer 20 m 50X TAE
buffer 880 2m2/p@billed H20 0.1 MDTT 1.54 g of DIT POTrS2@fi/oei282i 11 ed
H20 Store in -20C 80% dycerol 20 mM Gycerol 80 m distilled H20
Sterilize by autoclaving 4 % Agarose Gel with EthidiumBromde 4g LE
agar ose

10 mM rATP 1 ul
Nuclease-free water QSto 19 uL
T4 ligase 1 uL
Total reaction volume 20 nLL

2. Mix gently and spin briefly (5 sec.) in microfuge.
3. Incubate at room temperature for 1 hour.

4. Set up the following reactions in a 1.5 ml micro-centrifuge tube:

FW1 ligations 20 ul
10x Sample loading buffer Jul
Total Volume 23 ul

5. Load onto a 4% agarose TAE gel with 0.5 ug/ml Ethidium Bromide. Use 25bp DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

6. Cut out the bands corresponding to the correct sizes and purified using QIAquick Gel
Extraction Kit.

7. Combine gel fragments from the 7 ligation reactions in two microcentrifuge tubes.

8. Add 3 volume of buffer QG to 1 volume of gel.

9. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.

10. Place a QIAquick spin column in a provided 2 ml collection tube.

11. Apply the sample to the QIAquick column, and centrifuge for 1 minute.

12. Discard flow-through and place QIAquick column back in the same collection tube.

13. Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.

14. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at
17,900 x g (13,000 rpm).

15. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

16. Add 52 pl of buffer EB to the center of the QIAquick membrane and centrifuge the column
for 1 minute. Let the column stand for 1 minute, and then centrifuge for 1 minute.

17. Combine the eluted DNA (total volume of 104 ul) and load 6 ul on 4% agarose gel to QC the

purified ligation products.
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100 M 1X TAE buffer Melt the agarose in a mcrowave oven and swirl to
ensure even mxing Cool agarose to 55C Add 2.5 ill of 20 ng/m Ethidium
Brom de twoa2gey®s$®e6 Pour onto a gel platform WO PCT/US2011/027252

2012/ 009026PCT/ US2011/ 027252 [00363] Exanple 8. Fully Human Anti body

Li brary Screening This exanpl e describes the nethod of screening a

mammal i an cell surface display fully human antibody library to isolate

fully ti bodie it i specific binding activity to a target

ant i géﬁ%?ngﬁlﬁgoﬂgnﬁfm %)Hk%]a flow cytonetric sorting and ELI SA. [00364]
Fl ow Qgt hrcitke MBI BgatibR93RRbnsTReniFIERARNG tHFRDASS::need to be

optim zed Tor each project according to the availability of |abel ed

ant i gensNated Thevoael gatiomi teactians. (FY3-4 te FMpi8y Rugpaxgxrachiligation seactioneeni ng
and i sol atzil ﬁj}f 9fnthi Q afl;i.gi LY ﬁnt it- ?i Pﬁglba 001 fully hurman anti body. 1.
HF KB %ﬁﬁnl'ﬂ“&& FPe a5t a7 tybes, y integrated in manmal i an

Gener at "
cells. 2. Epmqra%h@g{sng@éjhwlé)umn anti body,rl i brary clones prior to flow
cytonmeteric analysis. 3. the day of flow cytonetric analysis, wash 1 X
107 cel |l s WFiMBbIfragnRBS (250 phtadh cel | wi t hxpdt achin cell detachnent nedi um
and collect cells in 1l x PBS 5. Spin down cells at 3000 rpmfor 5 m nutes.
Renove supet¥atl4rigaseBuler. suspend cel | pelBétbin 1 ml of cold | x PBS and

spi n at 3009, HANAgp 5 mnutes. me
Nuclease-free water QSto 19 uL
T4 ligase 1 ul
Total reaction volume 20 nLL

19. Mix gently and spin briefly (5 sec.) in microfuge.
20. Incubate at room temperature for 1 hour.

21. Set up the following reactions in a 1.5 ml micro-centrifuge tube:

FW 3 ligations 20 ul
10x Sample loading buffer 3Jul
Total Volume 23 ul

22. Load onto a 4% agarose TAE gel with 0.5 ng/ml Ethidium Bromide. Use 25bp DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

23. Cut out the bands corresponding to the correct sizes and purified using QIAquick Gel
Extraction Kit.

24. Combine gel fragments from the 7 ligation reactions in two microcentrifuge tubes.

25. Add 3 volume of buffer QG to 1 volume of gel.

26. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.

27. Place a QIAquick spin column in a provided 2 ml collection tube.

28. Apply the sample to the QIAquick column, and centrifuge for 1 minute.

29. Discard flow-through and place QIAquick column back in the same collection tube.

30. Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.

31. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at

&8



7. Renove supernatant and re-suspend the cell pellet in 500 ill of 2 lg/nml
of purified human 001 protein in cold 1 x PBS. 8. Incubate on ice for 1
hour wi t wocorgiosnzal | y m xi ng by hand. 9. Spin down cel P€TAIS2@000728pm for 5
m nut es. Renove supernatant. 10. Re-suspend cell pellet in 1 m of cold Ix
PBS and spin at 3000 rpmfor 5 mnutes. 11. Repeat steps 7 and 8. 12.
Renove supernatant and re-suspend the cell pellet in 500 ill of 1 |g/nl of

r abbi t ag,} b?@%%@ﬂ% g&%ﬂﬁ? CycI onal antibody in cold 1 x PBS with 10% goat

serum 1 e for 30 mnute with occasionally m xing by hand.
14. SphnpEen] &&hitle c@tmAGRG of déBnf 105 md nilbldbé RS fugB@iBve supernatant. 15.

Re-suspend cell pellet in 1 mM of cold I x PBS and spin at 3000 rpmfor 5
m nut €s. Adé 52 Répehuffgtip® thc andedf th7QlRandvmesbpacnad aottrifipd thecduspend

th |1 | | et 0 t t it tibod i t ith FITC
and Sgatfgﬁtml%ﬁt?nﬂﬁ“g%%lﬁwp RN e AR i Rt B A R
Wi 0 20% G0 S e HNALBEHBB1E O 1081 B 1 F0A Qo OGEpBI0 |y

m xi ng by h . p| n own cells at rpm m nut es.” Renbve
super nedxd] . 1Qafion 3 CMRLGPEWLUS2011/ 027252 20. Re- suspend cell pellet in

and Sqf col C‘Dlrle]g))(aurep ?gat?orrlldregé?c{o?l n?ta ml(C)I%(geI{tP P] gL?lEbeSoancQ utes. 21. Repeat steps 7
CDR1 fragments (1 nMole) x uL

Gel purified combined FW1 fragments 94 uL

10X T4 ligase Buffer 14 uL
10 mM rATP 1 uL
Nuclease-free water QSto 139 uLL
T4 ligase 1 ul
Total reaction volume 140 pL

2. Mix gently and spin briefly (5 sec.) in microfuge.
3. Incubate at room temperature for 1 hour.

4. Set up the following reactions in a 1.5 ml micro-centrifuge tube:

CDR1-FW 1 ligations 140 ul
10x Sample loading buffer 15 ul
Total Volume 155 ul

5. Load onto a 4% agarose TAE gel with 0.5 ug/ml Ethidium Bromide. Use 25bp DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

6. Cut out the bands corresponding to the correct sizes and purified using the QIAquick Gel
Extraction Kit.

7. Combine the gel fragments in two microcentrifuge tubes.

8. Add 3 volume of buffer QG to 1 volume of gel.

9. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.

10. Place a QIAquick spin column in a provided 2 ml collection tube.

11. Apply the sample to the QIAquick column, and centrifuge for 1 minute.
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22. Renove supernatant and re-suspend the cell pellet in 1 m of cold Ix
PBS with 2% goat serum 23. Proceed with flow cytonetric anal ysis using
Dako MoFIwO 2812/00B26w a sort wi ndow to include the top OPC¥USROLORRRE2 cel | s
in terns of ratio of PE/FITC fluorescence. Collect cells that fall within
the sort windowin 96 well plates with 100 ill of growh nedia. [00366]
Recovery of Heavy Chain and Light Chain Variable Region Sequences 1.

Expand .t he cl ones from 9 |1 plates to 6 l.I plates. en the cells
Fench 18oBRegHTe Rt Quotichiceldur bR s SHURSIREBNA | sof at f on
usi ng 1Q AgE0. 7ANRBNbuTics PHE WIAquidk cHBRIn'AHctifudeter Matdh@cf rom the cells.
Add 500 M of |Ix PBS to each 6 well. Scrap the cells off the plate with

st eri Il¢. Pispad th¢ few-toask fied cantrimgp dut QEAquick qolpBSiaragnadditionil leminute at

m cro-ce p fu . 3. Centrifuge the cells for 5 mnutes at 3000 rpm
4. Rermvg&’%q)’é%ﬁ%é’gﬁ(frpﬁ%d re-suspend cell pellet in 200 ill 1 x PBS. 5. Add
20 i | 115pPRECQNAGECKcEa6in 2R ai didanBUs A iniMocé@rifupe tshrnpl €, m x thoroughly by
vortexing, and incubate at 56C for 10 m nutes. 6. Add 200 ill ethanol to

the sd d aAal af Ruffardithieghe gedgr afdha @A qiyck memprapetand kentpfuge dhecdlvwm st ep

6 int i n. col tri 8000 f inute. Di d th
1 ove ¢ by B ginge. hidneRtipistagfo of e Rl s Pitlor Sitign oS mut e at
8000 npntofbaeandelhire DNA ok VB HS oﬁ-o4MDpa&QQad b lul Bvhdiersa AR g@lﬁt@ QC.

centrifuge for 2 mnutes at 14,000 rpm scard the flowthrough.
Cent r i[0@S] aghigativod: ERRATHEME3 at 14, 000 rpm Make sure the nembrane is

conpl etel y ..10. Place the spi.n colu ina sterile mcro-centrifuge
Cube dfd b pavoastgria B ean AR o B TR P THE membr ane. 11 1 noubat e
at room t enpeyrat i Endn®y (18018} NUt e and cenknjif uge for one mnute at 8000
romto elute the genomic DNA. " 12. QC the genom c DNA by setting up the
foll owi ng r&akpurdiesl dcombined W3 fiiagmentsent r i9%%uyde t ubes:

10X T4 ligase Buffer 14 uL
10 mM rATP 1 uL
Nuclease-free water QSto 139 uLL
T4 ligase 1 uL
Total reaction volume 140 pL

19. Mix gently and spin briefly (5 sec.) in microfuge.
20. Incubate at room temperature for 1 hour.

21. Set up the following reactions in a 1.5 ml micro-centrifuge tube:

CDR2-FW3 ligations 140 ul
10x Sample loading buffer 15 ul
Total Volume 155 ul

22. Load onto a 4% agarose TAE gel with 0.5 ng/ml Ethidium Bromide. Use 25bp DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

23. Cut out the bands corresponding to the correct sizes and purified using the QIAquick Gel
Extraction Kit.

24. Combine the gel fragments in two microcentrifuge tubes.

25. Add 3 volume of buffer QG to 1 volume of gel.

26. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
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WO 2012/ 009026PCT/ US2011/ 027252 gDNA5 ill 10x Sanple | oading buffer5 ill
Total Vol unmelO p,1 Load onto a 0.8% agarose TAE gel with 0.5 p.g/nm Et hidium
Brom de. WeeiBIDBIA | adder as standard. Run the gel at PCOMS2010/02282 30
mnutes in 1X TAE buffer. 13. Set up the follow ng PCR reactions in
sterile PCR tubes: gDNA 2x Hot Star Taq Master M x Variabl e domain forward
primer Variable domain reverse prinmer H20 Total Volune 14. Place the PCR

tubes in the tEermaI C‘ﬁﬁl r and st%rt. the cycling program Initial
il

act i vat i BHUSE G ISOREOPAR sagpls A4IPIXy cycling Denaturation: 40 seconds,

94C Anneplatdg Q1A uisR PR Iunaoie aBprb@asd il cdl1ftRdHt . 72C

28. Apply the sample to the QIAquick column, and centrifuge for 1 minute.

29. Discard flow-through and place QIAquick column back in the same collection tube.

30. Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.

31. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at
17,900 x g (13,000 rpm).

32. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

33. Add 52 ul of buffer EB to the center of the QIAquick membrane and centrifuge the column
for 1 minute. Let the column stand for 1 minute, and then centrifuge for 1 minute.

34. Combine the eluted DNA (total volume of 104 ul) and load 6 ul on 4% agarose gel to QC.

[00346] Assembly of LC Variable Domain (cont.)

Note: Perform Ligation 5 and Ligation 6 at the same time
[00347] Ligation 5: FW2 - CDRI1-FW1

1. Prepare ligation reaction in a microcentrifuge tube on ice:

FW2 fragment pool (450 pMole) x uL
Gel purified CDR1-FW1 fragments 94 uL
10X T4 ligase Buffer 14 uL
10 mM rATP 1 uL
Nuclease-free water QSto 139 uLL
T4 ligase 1 ul
Total reaction volume 140 pL

Note: FW2 fragment pool contain S FW2 fragments, each at 90 pMole
2. Mix gently and spin briefly (5 sec.) in microfuge.
3. Incubate at room temperature for 1 hour.

4. Set up the following reactions in a 1.5 ml micro-centrifuge tube:

FW2-CDR-1-FW1 ligations 140 ul
10x Sample loading buffer 15 ul
Total Volume 155 ul
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Nunmber of cycles: 30 Final extension step: 10 mnutes, 72C 15. QC the PCR
reactions by setting up the followng reactions in 1.5 mM mcro-centrifuge
t ubes: WWOQIR/IOOR626PCT/ US2011/ 027252 PCR reacti on5 ul PCOAUSSaNpL252 oadi ng
buffer5 ul Total VolunmelO p,1 Load onto a 1% agarose TAE gel with 0.5
ug/ m Et hi di um Brom de. Use 1kB DNA | adder as standard. Run the gel at 100V
for 20-30 mnutes in 1X TAE buffer. 16. Set up the follow ng cloning

POR 1 Sachpsprte A Ak B i O cecr GOt OR TP AT b arShoP Y6t 17,
5 oo SRRl IR S L S o e s 18,
Cheni dal Cyt @oitipebaads ctrespatdin@todthercorrepe nizbyandl@irified asingt(d Agmpickdeel f or 30
m nut es. E%t?éctilgg?éi{. shock the cells for 30 seconds at 42C.
7. Combine gel fragments from the 7 ligation reactions in two microcentrifuge tubes.
8. Add 3 volume of buffer QG to 1 volume of gel.
9. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.
10. Place a QIAquick spin column in a provided 2 ml collection tube.
11. Apply the sample to the QIAquick column, and centrifuge for 1 minute.
12. Discard flow-through and place QIAquick column back in the same collection tube.
13. Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.
14. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at
17,900 x g (13,000 rpm).
15. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.
16. Add 30 pl of buffer EB to the center of the QIAquick membrane and centrifuge the column
for 1 minute. Let the column stand for 1 minute, and then centrifuge for 1 minute.
17. Combine the eluted DNA (total volume of 60 ul) and load 3 ul on 4% agarose gel to QC.
[00348] Ligation 6: CDR3 - FW3-CDR2

18. Prepare ligation reaction in a microcentrifuge tube on ice:
CDR3 fragment pool (500 pMole) x uL
Gel purified FW3-CDR2 fragments 94 uL
10X T4 ligase Buffer 14 uL
10 mM rATP 1 uL
Nuclease-free water QSto 139 uLL
T4 ligase 1 ul
Total reaction volume 140 pL

Note: FW2 fragment pool contain 4 FW2 fragments, each at 90 pMole
19. Mix gently and spin briefly (5 sec.) in microfuge.

20. Incubate at room temperature for 1 hour.
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21. Transfer the tubes to ice and incubate for 2 mnutes. 22. Add 250 ill
of roomtenperature S. O C. nedium 23. Shake the tubes horizontally at 37C
for one MOROERK00226 rpm 24. Spread 10 ill of the transPorfseé1n0m2282 a
re-warmed LB-carbenicillin plate. 25. Incubate plate overnight at 37C. 26.
Pick 6 clones fromeach transformation for sequencing. 27. Analyze the
heavy chain and |ight chain variable region sequences. Proceed to the
second .round of .screeni nq. usi.ng the ELI SA method.. [ 00367] Di gest pl 3A

vect o ot et TRl AHA R o) | QIBHEET e R RHE Whd agel | 00368] Pr epar o
the foll ow pgrdi pR3LEBR2NIBAGLIONS in a m qﬁ@Fpntri fuge tube on ice:
pBAk-LacZ (2 jig)x ill 10X NEB Buffer x10 ill Nucl ease-free waterQS to 97
i1l Agel (1004Barhp13 loddindMnfRH12/ 009026PCT/ USRD11/ 027252 Nhel (10 W411)3
i1l Total reaction volunmelOOnl Fully human anti body clones (5 ug)x ill
NEB Buf fer XetaliMolume 155 ul

22. Load onto a 4% agarose TAE gel with 0.5 ng/ml Ethidium Bromide. Use 25bp DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

10X

23. Cut out the bands corresponding to the correct sizes and purified using QIAquick Gel
Extraction Kit.

24. Combine gel fragments from the 7 ligation reactions in two microcentrifuge tubes.

25. Add 3 volume of buffer QG to 1 volume of gel.

26. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.

27. Place a QIAquick spin column in a provided 2 ml collection tube.

28. Apply the sample to the QIAquick column, and centrifuge for 1 minute.

29. Discard flow-through and place QIAquick column back in the same collection tube.

30. Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.

31. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at
17,900 x g (13,000 rpm).

32. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

33. Add 30 ul of buffer EB to the center of the QIAquick membrane and centrifuge the column
for 1 minute. Let the column stand for 1 minute, and then centrifuge for 1 minute.

34. Combine the eluted DNA (total volume of 60 ul) and load 3 ul on 4% agarose gel to QC.

[00349]

1. Prepare ligation reactions in a microcentrifuge tube on ice:

Ligation 7: Full length LC variable domain

FW1-CDR1-FW2 fragments 49 uL
CDR2-FW3-CDR3 fragments 49 uL
10X T4 ligase Buffer 12 uL
10 mM rATP 5ulL
Nuclease-free water QS to 345 uL
T4 ligase 5 uL
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Nucl ease-free water@S to 97 ill Agel (10 W411)3 ill Nnhel (10 u411)3 ill
Total reaction volunmel00 Al 1. Mx gently and spin briefly (5 sec.) in

m cr of ugew@.2012v902at e t he reaction at 37C overni ght [ 00B6¥JUS@M/0NI282 / Agel

di gested pBA vector and Purify with Q Aquick PCR Purification Kit 3. Add 2
i1l of Apex phosphatase to the mcrocentrifuge tube containing the
pBAk-LacZ digestion reaction. 4. Incubate at 37C for 10 mnutes 5. Heat at

70C for 5 mnutes to inactivate the Apex osphat ase 6. Add 500 ilL of

Buf f er PBI E%%trﬁécﬁlﬂlb?“gﬂ'é‘ﬁtri fuge 7. M x3g|§ l\j'ort_exi ng and quick centrifuge
8. Load NRQgbdtly A sBint briv@lyqB 6. RinGRIcHINgd. Centrifuge at 12,000 x g for 1
m nute and éecant liquid fromcollection tube 10. Repeat until all sanple

has beéenlngnbatesisiedm tamperwishfonilttour50 i1 L PE Buffer (Ethanol added!) 12.
Centri f“§§tu%tthé§duoooo X cchfor. 11.@8 rtn'lacrg-régnt%%cgaeqltlbel:' quid fromcollection

t ube 4. wing feactions in a
Full length LC variable domain ligations 140 ul
10x Sample loading buffer 15ul
Total Volume 155 ul

5. Load onto a 3% agarose TAE gel with 0.5 ng/ml Ethidium Bromide. Use 100bp DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.
6. Cut out the bands corresponding to the correct sizes and purified using QIAquick Gel
Extraction Kit.
7. Combine gel fragments in one microcentrifuge tube.
8. Add 3 volume of buffer QG to 1 volume of gel.
9. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.
10. Place a QIAquick spin column in a provided 2 ml collection tube.
11. Apply the sample to the QIAquick column, and centrifuge for 1 minute.
12. Discard flow-through and place QIAquick column back in the same collection tube.
13. Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.
14. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at
17,900 x g (13,000 rpm).
15. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.
16. Add 30 ul of buffer EB to the center of the QIAquick membrane and centrifuge the column
for 1 minute. Let the column stand for 1 minute, and then centrifuge for 1 minute.
17. Load 3 ul on 3% agarose gel to QC.
[00350] Appendix 1: Buffer Recipes
50X TAE buffer
e 242 g Tris base
e 57.1 ml glacial acetic acid
e 37.2 gNa,EDTA-2H,0
e Add distilled H,O to final volume of 1 liter
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13. Place colum back onto collection tube and centrifuge again 14. Put
colum onto new mcrocentrifuge tubes and elute with 504, EB Buffer.

[ 00370] G=D 2p1vGopo2z6 Nhel / Agel Di gested Ful ly Human Anti bed§/uSk@n®g7251. Set
up the following reactions in a 1.5 mM mcro-centrifuge tube: Nhel/ Sacll

di gested Fully human anti body clonesl100 ill WO

2012/ 009026PCT/ US2011/ 027252 2. Load onto a 1% agarose TAE gel wth 0.5
tg/m Eigbd%g]ﬁrom de. Use 1kB DNA | adder as standard. Run the gel at
100V for - Hutes in I x TAE buffer. 3. Cut out the bands corresponding

to the heayy ¢haiBokHAE g 1 ght chain (LC) variable regions and purified
using Q Aquick Gel Extraction Kit. 4. Add 3 volune of buffer QGto 1 vol une

of gel. 5. e ngitbat disatledBOfor 10 m nutes until the gel slice has

conpl etely dissol yed. . Add. | voJ ume of isopropanol to the sanple and
mx. 6. Jﬁl/agga@s ﬁ\]q\ﬁﬂt@Et PI%‘%EWP% ina provided 2 m collection tube. 7.

Apply the sampl egt.@.i0e Q Aqui ck columm, and centrifuge for 1 mnute. 8.
Discard flowt rougﬁ and place Q Aqui ck columm back in the sane collection
tube. 9. Aad 000/l iK TXE bufférer PE t o Q Aqui ck columm and centrifuge for 1
m nute. 10. Discard the flowthrough and centrifuge the Q Aquick colum for
an addi ti ortal Melth¢pgagosgtin o migeyaxe gvemandogarl ig ggsurqavenmizme Q1 Aqui ck
colum intq acg&eaaégmjse ,f")O §‘§C m crocentrifuge tube.

e Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose

e Pour onto a gel platform
4% Agarose Gel with ethidium bromide
e 4g LE agarose
e 100 ml 1X TAE buffer
e Melt the agarose in a microwave oven and swirl to ensure even mixing
e Cool agarose to 55C
e Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose
Pour onto a gel platform
[00351] Determining the light chain CDRs
[00352] The following set of rules allows the identification of the CDRs in most antibody
light chain variable domain sequences.
[00353] CDR-L1
Start: ~ position 24, always 1 after a cysteine residue

Residues before: C

Length: 10 — 17 amino acids

Residues after: always a W, usually W-Y-Q, but also W-L-Q, W-F-Q, W-Y-L
[00354] CDR-L2

Start: always 16 residues after the end of CDR-L1

Residues before: usually I-Y, but also V-Y, I-K, I-F

Length: always 7 amino acids

[00355] CDR-L3

Start: always 33 residues after end of CDR-L2 (always 2 after a cysteine)
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12. Add 52 ill of buffer EB to the center of the Q Aqui ck nenbrane and
centrifuge the colum for 1 mnute. Let the colum stand for 1 mnute, and
t hen centwOforpgop@s 1 m nute. [00371] Ligate Fully HumalCHUSa0d/okRs5¥ari abl e
Donmai n into Nhel/Agel digested pBAk-LacZ vector Prepare the follow ng
ligation reaction in a mcrocentrifuge tube on ice: pBAk-LacZ-Nhel/ Agel
(100 ng)x tl Fully human HC and LC variable domainy 5X T4 |igase Buffer4 tl
Nucl egse-free waterQS.to 19 ill T4 ligase (2,000 Un.11)1 tl Total reaction
vol urri?@lfﬁﬁsae.forﬁtx gé’r'I‘?”i‘Xf(gnd spin briefly (5 sec.) in microfuge 2.

| ncubategs@t room tenperatyLel feQiduds hours or 16C overnight 3. Transform each
of the Irgation reaction mxtures into Bi oAtla Superconpetent E. coli cells
4. Pr&esidupd aftet: i BD-GaX<€oftypiotlppr-6pd-€he round-bottom tubes on ice.
Prepare SOC nediumto 42C 5. Thaw the Bi oAtla Superconpetent cells on ice.
When thawed, gently m x and aliquot 100ul WO 2012/ 009026PCT/ US2011/ 027252
of celjhg3sent OEQ%P]eQ{ B-aRRtEsidaVel Agaly t ubes. 6. Add 1.7 ill of

13- nmercapt oet hanol to each aliquot of cells. Incubate the cells on ice for
10 m n03S] sWhislekagplgensdrpeethemyetRodion gqu@sitatidvelyAddasdring B-gafatosidashe gat i on
reaction m'.xtlLére to one alj lﬂot .of o?\ﬁiés' Flick the tubes gently.

expression levels in transfected cclls using as the substrate.
1. Aspirate the growth medium from the culture dish. Wash 1 time with 1x PBS
2. Add 1x Lysis buffer to the culture dish. Use the following solution volume guideline for

various culture dishes:

Type of | Volume of 1x
culture Lysis Buffer
dish (ul/well)
96-well
plate 50
24-well
plate 250
12-well
plate 500
6-well plate 1000
60 mm dish 2500
100 mm
dish 5000

3. Incubate the dish 10-15 minutes at room temperature by swirling it slowly several times to
ensure complete lysis. Observe the culture dishes under a microscope to confirm that the
cells are lysed completely.

Note: Alternatively, freeze the cells for at least one hour at -20°C and thaw at room
temperature.

4. Prepare a serial dilution of 3-galactosidase standards with Standard Dilution Buffer

separately. A 50 ul aliquot of each point on the standard curve is transferred to the control

96



8. Incubate the tubes on ice for 30 mnutes. 9. Heat-pulse the tubes in a
42C water bath for 45 seconds. 10. Incubate the tubes on ice for 2 mnutes
11. Add WO 2012/009026r eheat ed SOC medi um and i ncubat e t he PCWHS201a102R3FL for 1

hour with shaking at 225-250 rpm 12. Plate 20 ill and 200 ill of the
transformation m xture on LB agar plates containing carbenicillin. 13.
I ncubate the plates at 37C overnight. 14. Count col oni es on plates and pick
6 col onies for PCR screenjn nd sequenc e one cl with the
correct @@M&%?%ﬁye{a ftﬂqlaghﬁsaremmme ﬁif‘dig 8@9 Blacioakage ePBn | n 203F

cells. [Qﬁlﬁ% ‘1sc(glf)?‘,2§6 966,060 @; BARE th@f‘s'teln%lard% acéa?@in lﬁ %%fd%hﬁe B%ﬁ\?ﬁbf ection,

transfer mono culture In serum ted ecco's
Modi f i edpzab$tendded DuliORDOMEN) . 2 One day before transfectl on, plate 0.1 x
105 cell s 40100 i} gof serum supplenmented D-MEM per transfection sanple in
96 well formats. 3. For §§‘t!’fﬂatf¢an>fecti on sanpl e, prepare DNA-Li pofectam ne
conpl exes.| dq 1R Vg0 DNA in 50 ill Opti-MEM Reduced Serum
Medium M ﬁ%zlerllgt%’@ﬁ g ]1) '?te 125 pLddl Skdpir@Gehand ne in 50 i1l Opti-MEM
Reduced Ser u(miviaitg)yn MxBjﬂfeﬂy and i ncubate for 5 mjn at room
tenperature. 6. Conbine the diluted DNA with the diluted Lipofectamne. M x
gently and incubate fqr 2VOIHME at roomterrperature 7| Add the 100 ill
DNA- Li pof ectami ne conpl exes to eaf I GO cells and nedium M x
gently by [rockixpg t he [pl at @gpack and Ll?f% gleQ%J[alraﬁécj:igbate the cells at 37Cin
a 5% CQ2 ijncubat or. stock
200 ul of 200 mu b-gal
100 200
standard
200 pl of 100 mu b-gal
50 200
standard
200 pl of 50 mu b-gal
25 200 : &
standard
200 ul of 25 mu b-gal
12.5 200
standard
200 ul of 12.5 mu b-gal
6.25 200
standard
200 ul of 6.25 mu b-gal
3.125 200
standard
200 pl of 3.125 mu b-gal
1.562 200
standard

Note 1: Adjust the standard curve to suit the specific experimental conditions, such as
cell types or plasmid vector.
Note 2: The dilutions for the standard curve must be prepared freshly each time the
assay is performed.

5. Add 50 ul of each sample/well to the assay plate.

6. Prepare a blank by adding 50 pl of lysis buffer to a well.
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9. Add 100 ill of serum supplenented D-MEMto each well after 6 hours.

I ncubate the cells at 37C in a 5% CQ2i ncubat or overni ght. WO

2012/ 009026RCI/0082611/ 027252 10. Aspirate of f nmedi um i nPeadIs2waioR7252\ash
each well with 100 ill of 293 SFMII with 4 mM Ld utam ne. Add 100 ill of
293 SFMI11 with 4 nML-dutamne to each well. 11. Collect supernatant for
ELI SA at 96 hours after transfection. [00373] Functional ELISA 1. Coat

Nunc- | X[ S 6. well plates with 100 ill of 2 p.g/ml antigen in
coat | ﬂﬂgﬁ d%‘ hot éﬁ%&&sﬂﬁﬁ Robiote pachextlbAreui theelisal @%@&nmge&wreat

4C. [ 003 L i ] < I wel | plates
it 2000 TR S Bt s T M S B L v | 96
i n coat i degpesdingbnaolm cel. ty@ver plates with seal ers and i ncubate overni ght at
4C. [ Q0375 unctional ELISA 3. cant pl.ates and tap out residue |iquid.
2 Aug- 268 Aeechitig GBI 0o "B b B oS PP RUPTE R ' ot room
te”pe@ﬁteﬁﬁuﬁ?ﬁé % RE@&@%&&mﬁﬁﬁx&&ﬂnpygnﬁﬁ§hﬁ&§d%hﬂ%!d- 6. Add 200 il

bl ocki ng "sol uti ake at” 200 rpm for our at roomtenperature. 7.
Decant plates and tap out residue liquid. 8 Add duplicates of 100 ill/well

of <o) "B £ 2 RaBlTA il RELAga 50! uti o to the plates.
[00359] This protocol describes the complete process of improving binding affinity of an
antibody to target antigen.

[00360] ds DNA Fragment Preparation

1. Order oligonucleotides from IDT (1umol scale, PAGE purified, lyophilized and §°
phosphorylated).

2. Spin down lyophilized oligos in microcentrifuge at 12,000 x g for 30 seconds before opening
the tubes.

3. Resuspend oligos in nuclease-free H,O at 100 pMole/ul according to the data obtained from
IDT

4. Incubate at 37 °C for 30 min in a thermomixer at 1,000 RPM.

5. Spin down the re-suspended oligos in microcentrifuge at 12,000 x g for 30 seconds.

6. Combine 75 ul of matching forward and reverse primers in thin-wall PCR tubes (or 96 well
PCR plates)

7. Anneal oligonucleotides in a thermocycler using the following temperature profile:
57 at 94°C — 5 at 90°C — 5’ at 85°C — 57 at 80°C — 5’ at 75°C — 5” at 70°C — 5’ at
65°C — 57 at 60°C — 5’ at 55°C — 5’ at 50°C — 57 at 45°C — 5’ at 40°C — 5’ at 35°C —
57 at 30°C

8. The final concentration for the annealed DNA fragment concentration is S0pMole/pl.

9. Store the annealed DNA fragments at -20°C.

[00361] Quality Control Analysis

1. To QC dsDNA fragments (or fragment pools), set up the following reactions in 1.5 ml
micro-centrifuge tubes:
dsDNA fragments Tul
Water 20ul
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9. Add duplicates of 100 ill of supernatant fromtransfection to the
pl ates. 10. Shake at 200 rpm for one hour at roomtenperature. 11. Decant

pl at es amiotap/@u26r esi dual liquid. 12. Add 200 ill waskCcmgsg@liorizén. Shake
at 200 rpmfor 5 mn at roomtenperature. 13. Repeat step 11-12 3 tines.
14. Add 100 ill of 1:5000 dilution of affinity purified goat anti-human
anti body conjugate with HRP in blocking solution to each well. 15. Shake at

Decant plates and tap out
residual |iqui @& EFE2Add ion. Shake at 200 rpmfor 5
m n at roomteﬁ% ature. 18. Repeat step 1% Elﬁ 3 times. WO

2012/ 009026PCT. 011/027252 19. Add 100 iIF of Sigma TMB substrate to each

wel I. I ngubabe 18t ulr &eeat Langhatd TAREE whigoks ﬁg@{lmtﬁf&rﬁi%ﬁﬁ% 262546 100
ill 1IN HCl1L to stop the reaction. 21. Read at 450 nm [0'0376]T %Jantltatlon
ELI SA 1. @ééri@dcgr as stgndaid. Repthsugel pe AN éon 304430 sninutes in 1X TAE buffer (see

Appendix 1).
[00362] Appendix 1: Buffer Recipes
50X TAE buffer
e 242 g Tris base

200 rpm for one

BB L1 oot me sell

e 57.1 ml glacial acetic acid
e 37.2 gNa,EDTA-2H,0
e Add distilled H,O to final volume of 1 liter
1X TAE buffer
e 20 ml 50X TAE buffer
e 800 ml distilled H,O
0.1 MDTT
e 1.54gof DTT
e 10 ml of distilled H,O
e Store in -20°C
80% Glycerol
e 20 ml Glycerol
e 80 ml distilled H,O
e Sterilize by autoclaving
4 % Agarose Gel with Ethidium Bromide
e 4g LE agarose
e 100 ml 1X TAE buffer
e Melt the agarose in a microwave oven and swirl to ensure even mixing
e Cool agarose to 55C
e Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose

e Pour onto a gel platform
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2. Add 200 ill washing solution. Shake at 200 rpmfor 5 mn at room
tenperature. 3. Decant plates and tap out residue |iquid. 4. Add 200 ill

bl ocki ng wWol20t2/099026 Shake at 200 rpm for 1 hour at room PERBS@EORERS2 5.
Decant plates and tap out residue liquid. 6. Add duplicates of 100 ill/well
of standardi zed concentration of purified human serum 1 gG in bl ocking
solution to the plates. 7. Add duplicates of 100 ill of supernatant from

transf ntoth Sha 00 rpm fqr one hour at room

temper il ERapfe PaRaugian b SR b e S edting o 6 10" Add 200 i 11

was hi r’[gnsS@Ja 1OfoscrPhakEBe AkthdBQf 5RBIIRE a mafiial@h cEQ AR HRPIAL fdlI§ hurhdn

Repeat sb@g'd 1 123 times. 12. Add 100 ill of 1:5000 dilution of affinity
t

pur i fiagd brauyttp mim@ﬁﬂlazdtum@d»yltlb@hpm‘gah bighi speciFRPindimgrctgky toge ®edalit | on
to each.we or. ane hour oom tenperature. 14.

bocaaanbe s ARG R o ER R GEPHeR s R B B AL 00™ | T hes i ng

sol ut |[m364§hakmwac WL tFiR M dalysid M n at roomtenperature. 16. Repeat step
17-18 times. 1/7. Add 100 1| of Sigma TMB substrate to each well.
|ncuba{9@36§ﬂ r bR I EAsE Neaddo bR OPRMised T creh prRpipecording to Mgd 100 i |

IN HCJav&@ab?ﬁt?%f Ea%%leﬁ%ﬁﬁééng nd secondary antibodies. This example was optimized for
screening and isolation of high affinity anti-BioAtla 001 fully human antibody.

Generate fully human antibody libraries stably integrated in mammalian cells.

Expand stable fully human antibody library clones prior to flow cytometeric analysis.

On the day of flow cytometric analysis, wash 1 x 10 cells with 1 x PBS

Detach cell with Detachin cell detachment medium and collect cells in 1 x PBS

Spin down cells at 3000 rpm for 5 minutes. Remove supernatant.

Re-suspend cell pellet in 1 ml of cold 1x PBS and spin at 3000 rpm for 5 minutes.

NS R

Remove supernatant and re-suspend the cell pellet in 500 ul of 2 ug/ml of purified human

001 protein in cold 1 x PBS.

8. Incubate on ice for 1 hour with occasionally mixing by hand.

9. Spin down cells at 3000 rpm for 5 minutes. Remove supernatant.

10. Re-suspend cell pellet in 1 ml of cold 1x PBS and spin at 3000 rpm for 5 minutes.

11. Repeat steps 7 and 8.

12. Remove supernatant and re-suspend the cell pellet in 500 ul of 1 pg/ml of rabbit anti-human
001 polyclonal antibody in cold 1 x PBS with 10% goat serum.

13. Incubate on ice for 30 minute with occasionally mixing by hand.

14. Spin down cells at 3000 rpm for 5 minutes. Remove supernatant.

15. Re-suspend cell pellet in 1 ml of cold 1x PBS and spin at 3000 rpm for 5 minutes.

16. Repeat steps 7 and 8.

17. Remove supernatant and re-suspend the cell pellet in 500 pl of goat anti-rabbit antibody
conjugate with FITC and goat anti-human Fc antibody conjugate with pyroerthrin in cold 1 x
PBS with 10% goat serum.

18. Incubate on ice for 30 minute with occasionally mixing by hand.

19. Spin down cells at 3000 rpm for 5 minutes. Remove supernatant.
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19. Read at 450 nm [00377] Appendix 1: Buffer Recipes 1 x PBS with 2% goat
serum 2 m goat serum 98 ml 1 x PBS 50X TAE buffer 242 g Tris base
57.1 m gWvecoelooseeti c acid 37.2 g Na2EDTA-2H20 Add dipsmiusk@d/oki282t o
final volunme of 1 liter 1X TAE buffer 20 m 50X TAE buffer 800 m
distilled H20 0.8 % Agarose Cel w th ethidium brom de 0.8 g LE agarose
100 M 1X TAE buffer Melt the agarose in a m crowave oven and swirl to

ensur 30?%3—2%@% Qg‘ll pe?f)e?{n f‘gl?rog cstoeidtlg P%%%nd spin at 3000 rpm for 5 minutes.

21. Repeat steps 7 and 8.

22. Remove supernatant and re-suspend the cell pellet in 1 ml of cold 1x PBS with 2% goat
serum.

23. Proceed with flow cytometric analysis using Dako MoFlo.

24. Draw a sort window to include the top 0.1% of total cells in terms of ratio of PE/FITC
fluorescence. Collect cells that fall within the sort window in 96 well plates with 100 ul of
growth media.

[00366] Recovery of Heavy Chain and Light Chain Variable Region Sequences

1. Expand the clones from 96 well plates to 6 well plates. When the cells reach 80% confluence
in the 6 well plates, proceed to genomic DNA isolation using Qiagen DNeasy Tissue kit.

2. Aspirate off the media from the cells. Add 500 ml of 1x PBS to each 6 well. Scrap the cells
off the plate with sterile pipet tips. Transfer scrapped cells in PBS to a sterile micro-
centrifuge tube.

3. Centrifuge the cells for 5 minutes at 3000 rpm.

4. Remove supernatant and re-suspend cell pellet in 200 ul 1 x PBS.

5. Add 20 pl proteinase K and 200 ul Buffer AL to the sample, mix thoroughly by vortexing,
and incubate at 56°C for 10 minutes.

6. Add 200 pl ethanol to the sample and mix thoroughly by vortexing.

7. Pipet the mixture from step 6 into a spin column. Centrifuge at 8000 rpm for one minute.
Discard the flow-through.

8. Add 500 ul Buffer AW1 and centrifuge for one minute at 8000 rpm. Discard the flow-
through.

9. Add 500 ul Buffer AW2 and centrifuge for 2 minutes at 14,000 rpm. Discard the flow-
through. Centrifuge again for one minute at 14,000 rpm. Make sure the membrane is
completely dry.

10. Place the spin column in a sterile micro-centrifuge tube and pipet 200 ul Buffer AE directly
onto the membrane.

11. Incubate at room temperature for one minute and centrifuge for one minute at 8000 rpm to
clute the genomic DNA.

12. QC the genomic DNA by setting up the following reactions in 1.5 ml micro-centrifuge tubes:
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Add 2.5 ill of 20 ng/m Ethidium Brom de to agarose Pour onto a gel
platform1l % Agarose Gel with ethidiumbromde 1 g LE agarose 100 m 1X
TAE buf f eWO 2M2V09@2be agarose in a mcrowave oven and SwWPCI/USR018/031252 even
m xi ng Cool agarose to 55C Add 2.5 ill of 20 ng/m EthidiumBromde to
agar ose Pour onto a gel platformLB 10 g NaCl 10 g tryptone 5 g
yeast extract Add distilled H20 to a final volume of 1 |liter Adjust pHto
7.0 with 5 N N%C]-I Aut ocl ave LB-carbenicil] ip agar 10 g NaCl

gDN Su

10x Sample loading buffer 5 ul

Total Volume 10 ul

Load onto a 0.8% agarose TAE gel with 0.5 ng/ml Ethidium Bromide. Use 1kB DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

13. Set up the following PCR reactions in sterile PCR tubes:

gDNA 1 ul
2x HotStar Taq Master Mix 12.5 ul
Variable domain forward primer 0.5 ul
Variable domain reverse primer 0.5 ul
H20 10.5 ul
Total Volume 25 ul

14. Place the PCR tubes in the thermal cycler and start the cycling program.

Initial activation step: 15 minutes, 95°C

3-step cycling

Denaturation: 40 seconds, 94°C
Annealing: 40 seconds, 55°C
Extension: 2 minutes, 72°C
Number of cycles: 30

Final extension step: 10 minutes, 72°C

15. QC the PCR reactions by setting up the following reactions in 1.5 ml micro-centrifuge tubes:
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10 g tryptone 5 g yeast extract 20 g agar Add distilled H20 to a final
volunme of 1 liter Adjust pHto 7.0 with 5 N NaOH Autoclave Cool to 55C
Add 10 mwofemopgbni of filter-sterilized carbenicilli ®BCTRSQ011i021282 pet ri
di shes (25 ml/100-mm plate) SOC Medium 0.5 g NaCl 20 g tryptone 0.5 g
yeast extract 2 m of filter-sterilized 20% gl ucose Add distilled H20 to
a final volune of 1 liter Autoclave Add 10 ml of filter-sterilized 1 M

C12 and 10 m of filter-sterilized 1 M SO rior to use Washin
s'\,/gl uti on PCR reaction 'Vg p g

10x Sample loading buffer 5 ul

Total Volume 10 pl
Load onto a 1% agarose TAE gel with 0.5 ug/ml Ethidium Bromide. Use 1kB DNA ladder
as standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.

16. Set up the following cloning reactions in 1.5 ml micro-centrifuge tubes using Invitrogen

TOPO 2.1 kit:
PCR reaction 4 ul
Salt Solution 1 ul
TOPO vector 1 ul
Total Volume 6 pul

17. Mix reactions gently and incubate for 5 minutes at room temperature.

18. Add 2 ul of the TOPO cloning reaction from step 17 into a vial of One Shot Chemically
competent E. coli and mix gently.

19. Incubate on ice for 30 minutes.

20. Heat-shock the cells for 30 seconds at 42°C.

21. Transfer the tubes to ice and incubate for 2 minutes.

22. Add 250 pul of room temperature S.0.C. medium.

23. Shake the tubes horizontally at 37°C for one hour at 200 rpm.

24. Spread 10 pl of the transformation on a re-warmed LB-carbenicillin plate.

25. Incubate plate overnight at 37C.

26. Pick 6 clones from each transformation for sequencing.

27. Analyze the heavy chain and light chain variable region sequences. Proceed to the second
round of screening using the ELISA method.

[00367] Digest pBA vector and Fully Human Antibody Clones with Nhel and Agel

[00368] Prepare the following digestion reactions in a microcentrifuge tube on ice:

pBAk-LacZ (2 ug) x ul
10X NEB Buffer x 10 ul
Nuclease-free water QS to 97 ul
Agel (10 U/ul) 3ul
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0.05 % Tween-20 in PBS Bl ocking solution 2 % Carnation non-fat mlk in PBS
[ 00378] Exanple 9. Synergy Evolution [00379] This exanpl e describes the
nmet hod ofwonrertdonerespeci fic am no acid changes in a proP€TrusSexpoeest on
construct and identifying positions and nmutations which do not affect the
performance/activity of the target protrein. WD

2012/ 009026PCT/ US2011/ 027252 [00380] Use CPE to create all 19 single am no

acid nutations jn the target nol ecule at posjtions 2 - n (n= C-termnal

resi due of Mﬁl—e}—%w—ex—mulange or positions. [00381]
Pick 96 cl 0%‘3{198 nvdigliaep wel I plates copgg@ipning 1200 A LB with
appropriate antibrotic zproj ect/ expression construct specific). Seal plates
w th and grBulpkenai ghibody cBrhiedd5 whaki ng atx gR5 RPM Replica plate
overnight cultures into fresh 96 well plates, grow overnight at 37 C

M ni prep pl &&NEBRAEF®m over ni ght cul t ur &4 Q agen endotoxin free 96well
mniprep kit)., Ma | ycerol stocks fr oyernight cultures (replica
plates). Tr %f%lfg%sc?'?f?%qq?ﬂ%tg% into HEK293|£3§]& %@“p Col | ect supernatant for
gquant ELI SAA%Qﬂ(s]QI‘[g' ct specific functi onal3gj_| SA. [00382] Appendix 1:

Buf fer Reci pes 50X TAE buffer 242 g Tris base 57.1 ml glacial acetic acid
37.2 g Na2ENR&2B20ul) 3ul

Total reaction volume 100 pl

1. Mix gently and spin briefly (5 sec.) in microfuge

2. Incubate the reaction at 37°C overnight

[00369] CIP Nhel/Agel digested pBA vector and Purify with QIAquick PCR Purification
Kit

3. Add 2 ul of Apex phosphatase to the microcentrifuge tube containing the pBAk-LacZ
digestion reaction.

Incubate at 37°C for 10 minutes

Heat at 70°C for 5 minutes to inactivate the Apex phosphatase

Add 500 uL of Buffer PBI to the microcentrifuge

Mix by vortexing and quick centrifuge

Load 750 uL at a time onto a column

Y X =N ok

Centrifuge at 12,000 x g for 1 minute and decant liquid from collection tube
10. Repeat until all sample has been processed.

11. Wash with 750 uL PE Buffer (Ethanol added!)

12. Centrifuge at 12, 000 x g for 1 minute and decant liquid from collection tube
13. Place column back onto collection tube and centrifuge again

14. Put column onto new microcentrifuge tubes and elute with 50ul. EB Buffer.

[00370] Gel purify Nhel/Agel Digested Fully Human Antibody Clones

1. Set up the following reactions in a 1.5 ml micro-centrifuge tube:
Nhel/Sacll digested Fully human antibody clones100 ul

10x Sample loading buffer 3ul

Total Volume 103 ul
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Add distilled H20 to final volunme of 1 liter 1X TAE buffer 20 nl 50X TAE

buf fer 800 mM distilled H20 1 % Agarose CGel with ethidium brom de 1
g LE agarwee012/009260 m 1X TAE buffer Melt the agar osePCH/US20Mi102T288vVe oven
and swirl to ensure even mxing Cool agarose to 55C Add 2.5 ill of 20
nmg/ M Ethidium Brom de to agarose Pour onto a gel platformLB 10 g

NaCl 10 g tryptone WO 2012/009026PCT/ US2011/ 027252 5 g yeast extract Add
g\:ﬂs E) IC :2;\?@021 oontg g 1&) Iléa?oasle T\K)]% ge wi(t)ﬁc O% ulgl/rgﬂelcjthiﬁgrjnlgrtom?(tc'. %J%e Zklg DVI\QIA rl]adsdel'r\l asl\jad_I
standard. Run the gel at 100V for 20-30 minutes in 1X TAE buffer.
3. Cut out the bands corresponding to the heavy chain (HC) and light chain (LC) variable
regions and purified using QIAquick Gel Extraction Kit.
4. Add 3 volume of buffer QG to 1 volume of gel.
5. Incubate at 50°C for 10 minutes until the gel slice has completely dissolved. Add 1 gel
volume of isopropanol to the sample and mix.
Place a QIAquick spin column in a provided 2 ml collection tube.
Apply the sample to the QIAquick column, and centrifuge for 1 minute.

Discard flow-through and place QIAquick column back in the same collection tube.

Add 0.75 ml of buffer PE to QIAquick column and centrifuge for 1 minute.

A S S

10. Discard the flow-through and centrifuge the QIAquick column for an additional 1 minute at
17,900 x g (13,000 rpm).

11. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

12. Add 52 pl of buffer EB to the center of the QIAquick membrane and centrifuge the column
for 1 minute. Let the column stand for 1 minute, and then centrifuge for 1 minute.

[00371] Ligate Fully Human HC and L.C Variable Domain into Nhel/Agel digested

pBAKk-LacZ vector

Prepare the following ligation reaction in a microcentrifuge tube on ice:

pBAk-LacZ-Nhel/Agel (100 ng) x ul
Fully human HC and LC variable domain y ul
5X T4 ligase Buffer 4 ul
Nuclease-free water QSto 19 ul
T4 ligase (2,000 U/ul) 1 ul
Total reaction volume 20 nLL

Mix gently and spin briefly (5 sec.) in microfuge
Incubate at room temperature for 2 hours or 16°C overnight

Transform each of the ligation reaction mixtures into BioAtla Supercompetent E. coli cells

Sl

Pre-chill 14 ml BD Falcon polypropylene round-bottom tubes on ice. Prepare SOC medium
to 42°C
5. Thaw the BioAtla Supercompetent cells on ice. When thawed, gently mix and aliquot 100ul
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LB-carbenicillin agar 10 g NaCl 10 g tryptone 5 g yeast extract
20 g agar Add distilled H20 to a final volune of 1 liter Adjust pHto 7.0
wi th 5 NWaoeki2/eoecl ave Cool to 55C Add 10 ml of 10 mghrdS2afi/027252
filter-sterilized carbenicillin Pour into petri dishes (25 ml/100-nmm
plate) SOC Medium 0.5 g NaCl 20 g tryptone 0.5 g yeast extract 2 m of
filter-sterilized 20% glucose Add distilled H20 to a final volune of 1
liter of cells into each of the pre-chilled tubes.
6. Add 1.7 ul of B-mercaptoethanol to each aliquot of cells. Incubate the cells on ice for 10
minutes, swirling gently every 2 minutes.
7. Add 2 ul of the ligation reaction mixture to one aliquot of cells. Flick the tubes gently.
8. Incubate the tubes on ice for 30 minutes.
9. Heat-pulse the tubes in a 42°C water bath for 45 seconds.
10. Incubate the tubes on ice for 2 minutes
11. Add 900 ul of preheated SOC medium and incubate the tubes at 37°C for 1 hour with shaking
at 225-250 rpm.
12. Plate 20 ul and 200 pl of the transformation mixture on LB agar plates containing
carbenicillin.
13. Incubate the plates at 37°C overnight.
14. Count colonies on plates and pick 6 colonies for PCR screening and sequencing.
15. Choose one clone with the correct sequence, prepare plasmid DNA, and proceed to

transfection in 293F cells.

[00372] Transfection of 293F Cells

1. One week before transfection, transfer 293F cells to monolayer culture in serum
supplemented Dulbecco’s Modified Eagle Medium (D-MEM).

2. One day before transfection, plate 0.1 x 10° cells in 100 pl of serum supplemented D-MEM
per transfection sample in 96 well formats.

3. For each transfection sample, prepare DNA-Lipofectamine complexes.

4. Dilute 0.2 ug of DNA in 50 ul Opti-MEM Reduced Serum Medium. Mix gently.

5. Dilute 0.125 ul Lipofecctamine in 50 ul Opti-MEM Reduced Serum Medium. Mix gently
and incubate for 5 min at room temperature.

6. Combine the diluted DNA with the diluted Lipofectamine. Mix gently and incubate for 20
min at room temperature.

7. Add the 100 ul DNA-Lipofectamine complexes to each well containing cells and medium.
Mix gently by rocking the plate back and forth.

8. Incubate the cells at 37°C in a 5% CO; incubator.

9. Add 100 ul of serum supplemented D-MEM to each well after 6 hours. Incubate the cells at
37°C in a 5% CO; incubator overnight.
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Autocl ave Add 10 ml of filter-sterilized 1 M MyC12 and 10 ml of
filter-sterilized 1 M MSO, prior to use [00383] Exanpl elO. Ceneration and
Scr eeni ngwof20m/M8g02€odon Vari ant Library for Optinmal Ant PO®AS2EAH0L2SSI ON

[ 00384] The present exanple provi des nethods for generating a Fc codon
variant |ibrary and screeni ng nethods for obtaining Fc variants with

optim zed for inproved expression in production host cells as conpare to
the parental form of F¢ pol ypeptide. WO 2012/ 009026PCT/ US2011/ 027252

[ 0038310- ASPIFSEG Pl ncgipym @)‘??A‘r"(f‘ilt Wit spctavel tﬁd@ﬁ P{fag aheEM %Wéﬁhy“z Pdbsss]

For each i i l : E of the human

| gGL nol gg‘gﬁgﬁeaﬂ%‘g?ﬁ gg%@éesﬁg\?glt \é/iﬂgﬁ %ﬁ%@%ﬂ%ﬁa eg%lg@%ﬁéver se) is

desi gnedCohat sipredatate $ort el Shadt @6thoanddier amthf®iohases on each side. The 3rd
position of the target codon (wobble position) contains m xed bases (Table
3) thdf033l o i on of all silent nutations at the target position
using th %ﬂ?clﬂ- don. : % g L.ner is

desi gnlédé?%r fe salﬂn%eo Ig% gﬁ%?gﬁ?l}@fﬁégw{ﬂﬁlg@%rﬁg %ﬁgﬂi}ﬁl&%ﬁ% én)%l'tla id can be
encoded tutionot her codon (exanple B). Corresponding forward and reverse

degenerate priners are mxed 1:1, annealed to the tenplate and extended to
full PengfYerplaseruwits sepjers ppdimgubiteoyoariehert*Cusi ng a t her nost abl e DNA

pol ynegpasa T@gghg#aqioh%ﬂsgested with Dpnl and full |ength extension
products a;e o E coli. Up to 12 col onies per nutagenesis
r eact ilonCasteNgequengrdyViaSesipenoeclcplafes fithd 00Uil il 8 ugimel aAfifidy-parificd B6 wel |

pl ates and gl ycerol stocked. The glycerol stocks are used to mniprep
pl asmi d DRATICEoat gndinyrazn kgbnin cREESIMIN an cel |'s and screening. [00387]

20121 Goobitnan et B3R A lRER e BICE. R A TV T

[00375] Functional ELISA

3. Decant plates and tap out residue liquid.

Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.
Decant plates and tap out residue liquid.

Add 200 pl blocking solution. Shake at 200 rpm for 1 hour at room temperature.

Decant plates and tap out residue liquid.

e

Add duplicates of 100 ul/well of control antibody (2 ng/ml) in blocking solution to the

plates.

9. Add duplicates of 100 ul of supernatant from transfection to the plates.

10. Shake at 200 rpm for one hour at room temperature.

11. Decant plates and tap out residual liquid.

12. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

13. Repeat step 11-12 3 times.

14. Add 100 ul of 1:5000 dilution of affinity purified goat anti-human antibody conjugate with
HRP in blocking solution to each well.

15. Shake at 200 rpm for one hour at room temperature.

16. Decant plates and tap out residual liquid.

17. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

18. Repeat step 17-18 3 times.

107



CTMACKGTSCGWATHACTBCGTVACGDAGT

19.

20.
21.

WO 2012/009026 PCT/US2011/027252

Add 100 ul of Sigma TMB substrate to each well. Incubate at room temperature and check
every 2-5 minutes.

Add 100 ul IN HCl to stop the reaction.

Read at 450 nm.

[00376] Quantitation ELISA

1.

2
3
4.
5
6

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

Decant plates and tap out residue liquid.

. Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

. Decant plates and tap out residue liquid.

Add 200 pl blocking solution. Shake at 200 rpm for 1 hour at room temperature.

. Decant plates and tap out residue liquid.

. Add duplicates of 100 ul/well of standardized concentration of purified human serum IgG in

blocking solution to the plates.

Add duplicates of 100 ul of supernatant from transfection to the plates.

Shake at 200 rpm for one hour at room temperature.

Decant plates and tap out residual liquid.

Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

Repeat step 11-12 3 times.

Add 100 pul of 1:5000 dilution of affinity purified goat anti-human antibody conjugate with
HRP in blocking solution to each well.

Shake at 200 rpm for one hour at room temperature.

Decant plates and tap out residual liquid.

Add 200 ul washing solution. Shake at 200 rpm for 5 min at room temperature.

Repeat step 17-18 3 times.

Add 100 ul of Sigma TMB substrate to each well. Incubate at room temperature and check
every 2-5 minutes.

Add 100 ul IN HCl to stop the reaction.

Read at 450 nm.

[00377] Appendix 1: Buffer Recipes

1 x PBS with 2% goat serum

e 2 ml goat serum
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NACGT Exanple A: target codon = CCC (proline) forward primer: CCD,
reverse primer: HGG Exanple B; target codon = TCG (serine) forward
primerl: WOHp1zvmweesse prinerl: DGA forward primer2: AGPCTAS@ENSHR7282 i ner 2:
RCT 20 bases flanking the target codon are not shown. Total priner |ength:
43 bases. [00388] B. Expression and ELI SA based screening of Fc codon
variant |ibrary [00389] O ones fromthe Fc codon variant library were
transfected into.a na lian cell line. Full length 1gGs were produced and
secreted it o%ﬂ‘élﬁepcﬁng?n Super nat ants of expressed Fc codon variants were
screeneds;d @Al E%Pr essi on | evel higher than the parental clone using

ELI SA assay. The ELI SA data was nornmalized with beta-gal act osi dase assay
measuri ng tehe24X aiisif badei on efficiency. Top hits identified in the primry
screen were re-transfected, and rescreened three tines to confirmthe

i ncreased éxpr es&lelrcadgedtic aidyure 3 shows the 1gG expression |evel of the

six top hit, F I ( six bars on the right) that are expressed at
hi gher | evel ﬁlygNnagﬁm}?;rﬁ %lﬁg%ell | ine conpare to the parent Fe wild type

construct (st hadbatstiled HeOt) fina\WOLRAL @Y DARP26PCT/ US2011/ 027252 C ai ms What
is clained is: 1. A nmethod of mapping nutant polypeptides forned froma

t enpl at el ¥JiABBHEG de having n
e 20 ml 50X TAE buffer

e 800 ml distilled H,O
0.8 % Agarose Gel with ethidium bromide
e 0.8 g LE agarose
e 100 ml 1X TAE buffer
e Melt the agarose in a microwave oven and swirl to ensure even mixing
e Cool agarose to 55°C
e Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose
e Pour onto a gel platform
1 % Agarose Gel with ethidium bromide
e 1 gLE agarose
e 100 ml 1X TAE buffer
e Melt the agarose in a microwave oven and swirl to ensure even mixing
e Cool agarose to 55°C
e Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose
e Pour onto a gel platform
LB
e 10gNaCl
e 10 gtryptone
e 5 g yeast extract
e Add distilled H,O to a final volume of 1 liter
e Adjust pH to 7.0 with 5 N NaOH

e Autoclave
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am no acid residues, the nethod conprising: a. generating n-1 separate sets
of nutant pol ypeptides, each set conprising nenber pol ypeptides having X
nunber ofwoizbf2noerrs predeterm ned ami no aci d resi dues aPCa/useolgloar2s2
predet erm ned position of the polypeptide; wherein each set of polypeptides
differs in the single predeterm ned position; and the nunber of different
menber pol ypepti des generated is equivalent to [n-1] x X; b. assaying each

set for | east .pne {l)redeterm' ned property, characteristic or activity; c.
Eheﬁ'?ﬁjé‘imcil 8ie

for each—nE fying any change in said property, characteristic or

activity reglajg %g]atq) the tenpl ate pol ypeptide; and d. creating a functional
map. 2. The nmethod of claim1l wherein the functional map is used to identify
one or nore of0ghepynoup consisting of (a) positions and nutations which do
not affect the activity of the nutant pol ypeptide conpared to the tenplate
pol ypepti de®; OB YR PFHut abl e sites conmpared to the tenplate pol ypepti de;
and (c) pos.it'ké)g% and nutations which result in an up-nutant conpared to
the tenplate po y%epti de. 3.The nethod of claim2 wherein the functional
map i s usec tadddentied B,0es6 b finensoland ofrutiadri ons whi ch do not affect the
activity of the mutant pol ypeptide conpared to the tenplate pol ypepti de.

4. The et had Bfjust il ta 2.0wHey 2NANa®H functional map is used to identify
fully mtable s{tﬁs conpared to the tenpl ate pol ypeptide. 5. The method of
claim2 wher ef*H K& f unctional map is used to identify positions and

mut ati ons whi cholrigsyt¢ i n an up-nutant conpared to the tenplate

pol ypeptide. 6. The nethod of claim1 wherein X represents the 19 naturally
occurring am Adda6ind afd8ingyims$ ofhifitterprt@tenat cambedicdliven position of the

tenpl ate pol ypeptide. 7. A nethod of mappi ng nmutant pol ypeptides forned from
a tenplate 'pof’)%éﬁtpimg‘l ﬁlg_lwsr{éS fl/100-mm plate)

SOC Medium
e 0.5gNaCl
e 20 gtryptone
e (.5 g yeast extract
o 2 ml of filter-sterilized 20% glucose
e Add distilled H,O to a final volume of 1 liter
e Autoclave
e Add 10 ml of filter-sterilized 1 M MgCl, and 10 ml of filter-sterilized 1 M MgSOq
prior to use
Washing solution
e (.05 % Tween-20 in PBS
Blocking solution

e 2 % Carnation non-fat milk in PBS

[00378] Example9. Synergy Evolution
[00379] This example describes the method of creating specific amino acid changes in a
protein expression construct and identifying positions and mutations which do not affect the

performance/activity of the target protrein.
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am no acid residues, the nethod conprising: WO 2012/ 009026PCT/ US2011/ 027252
a. generating a population of n-1 sets of nutant pol ypeptides, each set
conpri si nyorzere®po2pol ypept i des havi ng X nunber of diffePemuspeiemer2s? m ned
am no acid residues at a single predeterm ned position of the polypeptide;
wherein each set of polypeptides differs in the single predeterm ned
position; and the nunber of different nenber pol ypeptides generated is

equi v to [ n: X X b ssayi ng.the. popul.ation for at |east one

o ot b qUsT b gruisrt BEFE Bt SidRBErOM §rine Bred inalG3H sramper

i dent inhyitiBes 20Y (BREANEEMINA &idde BF BREASIYeulONRLAE bk 8éfirfed RinRTripBiti¥ns.
relative to the tenpl ate pol ypeptide; and d. creating a functional map. 8.
The nmd003$d] of Pi@k&ﬁmomvmm%iin de¢rewell pletdsenatainmgp 1209 wldddiwith appreptiptey one or
nore of .th roup,, consisting. of (a).-positiQ an tations i, C not
rt ecengihatie 8RRy SRR PhO R e R et PRE- DAoL S Rl Al S e

pol ypepilisieat Z3)REFMI | y nutable sites conpared to the tenplate pol ypeptide;
and (c) positions and mutations which result in an up-nutant conpared to

t he t enpl aferper plgesvcraghtgultyigs it fregtd el phiten grownacarightiasd’ F&m i onal

activity: o it ERld DR T e BT A e

10. Thet).met hod of claim8 wherein the functional map is used to identify
fully nutable sites conpared to the tenplate polypeptide. 11. The nethod of
ol aim 8 vhefdheElvse ATy freﬁwveﬁaghﬁ%lta@ézreplscq RI&RE fy positions and

mut ati ons wWhi, ald egHLL intdHRR2UPF BYfsant conpared to the tenplate
pol ypeptide. 12. The nmethod of claim 1 wherein X represents the 19

natural | y d&tlgctrsupgnatnnfor geand BLESA dué prapatt spacesefunctionabEGISAen positi on of

the t e pol ide..13. The method of claim6 or 12 wherein said
generiﬁ&#@ﬁsthpégﬁgﬁfggy?rﬁeapfs subj ecting a codon- cont ai ni ng

pol ynucl egt iTdg: wireedi ng for said tenpl ate pol ypeptide to pol ymerase-based
anplification using a 64-fold degenerate oligonucleotide for each codon to
be nut agenieze?y2 ghes biase each of said 64-fold WO

2012/ 009026P S2011/ 027252 degenerate ol i gonucl eotides is conprised of a
first honoPoS%é?nﬁééﬁgﬁégﬁﬁﬁﬁug degenerate N,N,N triplet sequence, so as to

generate a,se?IQ NALRBEAY - ARH ynucl eoti des; and ii. subjecting said set
of progeny polynucl eotides to clonal anplification such that pol ypeptides
encoded by et hadpdzgdey HpO lty finglvebimeel] Hrce expr essed.

1X TAE buffer
e 20 ml 50X TAE buffer
e 800 ml distilled H,O
1 % Agarose Gel with ethidium bromide
e 1 gLE agarose
e 100 ml 1X TAE buffer
e Melt the agarose in a microwave oven and swirl to ensure even mixing
e Cool agarose to 55°C
e Add 2.5 ul of 20 mg/ml Ethidium Bromide to agarose
e Pour onto a gel platform
LB
e 10gNaCl
e 10 gtryptone
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14. The nethod of claim1 wherein n represents a subset or region of said
tenpl ate pol ypeptide. 15. A nethod of mapping a set of nutant anti bodies
formed framaimwegebat e anti body having si x conpl enent ar pCaiatseo1rioni2ng)
regions (CDRs), said CDRs together conprising n amno acid residues, the
met hod conprising: a. generating n separate sets of mutant antibodies, each
set conprising nenber antibodi es having X nunber of different predeterm ned
am no acid residues at a single predeterm ned position of the CDR, wherein
each set of® amt§ ¥odie¥ i ffers in the single predeternined position; and

t he ”U”beroOfAﬁ%%ﬂﬁﬁ@?i&@?@@?&aﬁ&ﬂ&ﬂ@gfFﬁt enerated is equivalent to n x X

b. assaying each set fof at [east one predeterm ned property,

characteri sti adjust gidtd v0twith £N ¥eDHeach nenber identifying any change in
said property, characteristic or activity relative to the tenplate
polypeptidé;«éH@CHYecreating a structural positional map. 16. The net hod of
cl ai m 15; ut (NIRn T ructural map is used to identify one or nore of the
group co%%?%ﬁ%ﬁ%ﬂgp%g%§ positions and nutations which do not affect the
activity ofe t h@egmaiCant pol ypeptide conpared to the tenpl ate pol ypepti de;
(b) fully nmutable sites conpared to the tenpl ate pol ypeptide; and (c)

posi tions andlOmtpionas which result in an up-mutant conpared to the

tenpl ate pqugﬁftiq§. 17. The nethod of claim 16 wherein the structural map
is used to i deit{¥' BY&ttions and mutations which do not affect the
activity ofe thegapdant pol ypeptide conpared to the tenplate polypeptide.
18. The nmethod of claim 16 wherein the structural map is used to identify
fully nutall eAdd dasllcbhparted final tdhent efplisre pol ypepti de. WO

Ctructur al ‘mapdis LG DGR M Glipogi {1 ons. and mut at i one. whl ch resul t in
an up-nmutant gopeaked to the tenpl ate pol ypeptide.

e Coolto 55°C

e Add 10 ml of 10 mg/ml of filter-sterilized carbenicillin

e Pour into petri dishes (25 ml/100-mm plate)

SOC Medium

e 0.5gNaCl

e 20 gtryptone

e (.5 g yeast extract

o 2 ml of filter-sterilized 20% glucose

e Add distilled H,O to a final volume of 1 liter

e Autoclave

e Add 10 ml of filter-sterilized 1 M MgCl, and 10 ml of filter-sterilized 1 M MgSOq

prior to use

[00383] Examplel0. Generation and Screening of a Fe¢ Codon Variant Library for
Optimal Antibody Expression

[00384] The present example provides methods for generating a Fc codon variant library and
screening methods for obtaining Fc variants with optimized for improved expression in

production host cells as compare to the parental form of Fc polypeptide.
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20. The nethod of claim 15 wherein said predeterm ned property,
characteristic or property is at |east one of binding affinity and

i mmunogerwoi2012/00226 A met hod of mappi ng a popul ati on of rOTAISROIAMRT2EDI es
formed froma tenplate anti body having at | east one conpl enentary
determ ning regions (CDRs), said CDRs together conprising n amno acid
resi dues, the nethod conprising: a. generating a population conprising n

sets an nt.i bodj es, each set _conpri si.n nber anti bodi es having X
umben UBEL T RePRtiet BrLGRRRRL A BhT HoRc O ies ot a singie

pr edet|gg3genedrfasih c@dnah thd¥ardePiica (RERIScAsARE e P&t oPhe AOMaROgGES differs
in the single predeterm ned position; and the nunber of different nmenber

ant i bodlesilgermirafeldgénsrate niimatsdfurnvan] andaexersd).is designgd tlpt ivdudss e tatgebn f or

at | east one edet erm ned, p ity,.ch cteristi,c or tivity, c. for
cach” aneei ALEER O tsh S LRGSR uSsinsudl GE b Zhedh Clarkiantiiohl efiieins

acti vinhixed Bdset (Mdld 3) thirallberht asrainyodentsilce;mantbr. at the@adgbihsaiodtusingt ur al
positional map. 22. The nethod of claim 21 wherein the structural map is
used tthe samergadey (xaepky Ahe eccerd sqiof degsupragonrinaitis depigrred(fay the same p and

mut at i A - t (A t tide
conpa gglﬁ? %tﬁgcggeﬁgglg?@é %@ﬁ;opaggﬁaﬁgo;e GXE§%F (l:.ﬁy| aglgﬁnlﬁfg(iﬂ%g (gﬁ%elggg npared to
t he t &rgpteapending fppeptliade revand degdnepas ptimerssaranixadul: Atanasdeduol thb tengdatkt i n
an up-nmytant conpared to the tenplate. polypeptide. 23. The nmethod of claim
16 whéPerycpdrd tgtf\?]&fqnamm%& PyStpeddlipioraeniyste apfglgmsme Bid nut ati ons
whi ch iR LecatERblid 083600 Wit ohFulTRhERIRALYRBRIAIR FORRARGEhCLO L he
t enpl :Et pol ypeptide. 24 The nethod of claim16 erein the structural nap
i s usentot/o colddrip id 12 ¢aldniys partnabhgenssis escitanpasepichoed: Requeeopéatiemed

ol ypepti de. 25. The. h claim 16 rein the structural is used
Do YRRt S s v Ot s End aletil SAHGL It A5 Sl M6 wi R bmonr
to thenhpid FheniRadNREBE irsifecibh 208 2BRN0 A RETE MRPQ1dkhg7 252

[00387] Table 3: Codes for degenerate bases in synthetic oligos

113



26. A functional positional map made by the nmethod of claim1l1, 7, 15 or 21.
27. A method of producing a set of nutant anti bodies fornmed froma tenplate

ant i body wewregop26onpl ement ary determ ni ng regi ons ( CORCT/Gsk@n®e725Mm i S an

integer 1 to 6,

each said CDR conprising n am no acid residues,
conprising: a. generating mx n separate sets of nutant anti bodies,

t he net hod
each

set conprising nenber antibodi es having X nunber of different predeterm ned
am no acid residues at a single predeterm ned position of the CDR, wherein

each set of antibodies differs in the single predeterm ned position;

and

t he nunber of d
X. 28. The neth
library of nult

Ifterent n

odSeibel ai
i-site nmut

EMgk@nt
m 27 wher

anthmlyp

bodi es generated is equivalent to nxnx
ein mis 6. 29. A nethod of producing a
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pol ypepti de ha
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for each nenberg:
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on- dggctlv

ot b

each am no acid point nutation as one of
activating, e. creating a functional nap

of such changes
mut abl e; or ful

cat gJori 2
lv mut abl g;

| ngt @alch
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site as one of non-nutable; partially
zing the map to sel ect non-deactivating

am no acid poin

t muiati on

ol t A

smCMn

\AD-—-204 ’)

partially nutable sites that are adjacent

t o non-nut abl e
per nut ati ons of

fa¥al
TATT

0o twv

ST T T,

t wo

enﬁvcgﬁh

009026PCT/ US2011/ 027252 g. reconbi ni ng

np acid point nutations selected in step

(f) sinultaneot
30. The met hog

STy Ro gerjer

of claim

Acega |
29 Wher ei

brary of multi-site nmutant pol ypeptides

n the reconbining step utilizes

conbi nat ori al

protein

Example A: target codon = CCC (proline)

—> forward primer: CCD, reverse primer: HGG

Example B; target codon = TCG (serine)

—> forward primerl: TCH, reverse primerl: DGA

—> forward primer2: AGY, reverse primer2: RCT

20 bases flanking the target codon are not shown. Total primer length: 43 bases.

[00388]
[00389]

B. Expression and ELISA based screening of Fc codon variant library

Clones from the Fc codon variant library were transfected into a mammalian cell line.

Full length IgGs were produced and secreted into the medium. Supernatants of expressed Fc

codon variants were screened for IgG expression level higher than the parental clone using

ELISA assay. The ELISA data was normalized with beta-galactosidase assay measuring the

transfection efficiency. Top hits identified in the primary screen were re-transfected and re-

screened three times to confirm the increased expression level. Figure 3 shows the IgG

114



synthesis. 31. The nmethod of claim?29 wherein contact amno acid residues in
the tenpl ate pol ypeptide are categorized as non-nutable in the functional
map. 32. We 2nexdesateof cl aim 29 wherein the tenpl ate pol pypefiseaa/oeaszleri ved
froma portion of an immunogl obulin nolecule. 33. The nmethod of claim 32
wherein the portion of the inmmunogl obulin nolecule is selected froma heavy
chain, light chain, variable domain, constant domain, hypervariable region,

C e ey 8 T T P PR o P T B P sy 90

et hoghQHer |d8Nhiaf MhmhaBadedif lhﬁesdohﬁaak@torﬂfé Ente! W@&B{pb dEnstiuletresdad

conprising: a. generating a library of nu |-S|te ant pol ypeptides; b.
screed¢filg the library of nmulti-site nutant pol ypeptides for at |east one
predeterm ned property, characteristic or activity relative to the tenplate
pol ypeptide; and c. identifying the nulti-site up-nutant pol ypeptides as
those with one or nore inproved properties, characteristics, or activities
relative to the tenplate pol ypeptide. 35. The nmethod of claim 34 wherein the
generating step conprises a nethod of producing a library of nmulti-site

mut ant pol ypeptides fornmed froma tenpl ate pol ypeptide having n am no acid
resi dues, the nethod of producing conprising: a. generating n-1 separate
sets of point nutation pol ypeptides, each set conprising nmenber point

nmut ati on pol ypepti des having X nunber of different predeterm ned single

am no acid substitutions at a single predetermned site of the pol ypepti de;
wherei n each set of polypeptides differs WO 2012/ 009026PCT/ US2011/ 027252 in
the single predetermined site; and the nunber of different nmenber point

nmut ati on pol ypepti des generated is equivalent to [n-1] x X
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b. screening each set of point nutation polypeptides for at |east one
predeterm ned property, characteristic or activity; c. identifying any
change i rweant/qp@perty, characteristic or activity rel &Ciris2e10/021282

tenpl ate pol ypeptide for each nenber; d. categorizing each am no acid point
mut ati on as one of deactivating, non-deactivating or activating; e.
creating a functional map of such changes categorizing each site as one of
non- nut abl e; partially nutable; or fulh¥,nutable; f. utilizing the map to
sel ect non-deactivating am no acid poi hi?Mitations within partially nmutable
sites that whg iddhaegnt: to non-nutable sites; and g. reconbining
permutations of two to twenty amino acid point nutations selected in step
(f) silnul t dnesthodypf nmppmgenuiee mlynchidasyomicdiiormia-tenplateped greptigohappng n

epti des. 36.@ ngthodkpf ﬁglecﬁfﬁ% Lwo or. nore sites in a tenplate
polypeptid§m¥%? %%f?ﬂ}gﬁt C TGt RET“BHPT e met hod conprising: a. obtaining a
functional nmap af gadeaningpol ypapid sesoffmitRdlyRptides evhlsat @niRlsiigept i de;
b. utilizing the map to select partially nutable sites that are adjacent to
non- nut abl e si t es Mgmbaiipalypeptides haying X srmbgrofrhteieat prodetemisgdagminggeid

wherei n the obtai nj - ' - 0 ' t :
pol ypepti des for rref&fg]%}%gmaqgl S?‘g%f)llg? @E%%P%é‘tﬁﬁ%&eéfﬁggﬁ%ﬂﬁ’t@% \gg&gl& | ch
resi dues, the met hadobpolypgpidagdiClenpinitiss siggle aredgrnainat ipogition;hndelpar at e sets

of nutant pol ypepti des, ch set conprising. prenber pol ypeptides having X
nunber of di fferenlﬂurﬁl?eéﬁgggf%?%é@%t?ﬁr%g’ﬁﬁl?tﬂgg PEEE ISaaqubYaLﬁnh@ [é-l]xﬁ;

predet erni ned pesi {ds@n@bacdher RPLYRERLhEBredWRRHEER pRAEHY SBhralleriRQ! yiPePt i des
edet erm ne i Ph

differs in the single p position; and nunber of different
menber pol ypepti desxtiygperated is equivalent to [n-1] x X, WO

2012/ 009026PCT/ US2011/ Q27252 h. ayin ach.set. for at |east .one

or edet er i ned . propdt St BRAPORUREREenD raee 6 v Popetr SHBB e e ber

identifying any chan@eyirflaga  (RE RRMIAY polGPsptriet &1d stic or activity
relative to the tenpla?e ol ypepti de; and
d. creating a functional map.

2. The method of claim 1 wherein the functional map is used to identify one or more of the
group consisting of (a) positions and mutations which do not affect the activity of the
mutant polypeptide compared to the template polypeptide; (b) fully mutable sites
compared to the template polypeptide; and (c) positions and mutations which result in an
up-mutant compared to the template polypeptide.

3. The method of claim 2 wherein the functional map is used to identify positions and
mutations which do not affect the activity of the mutant polypeptide compared to the
template polypeptide.

4. The method of claim 2 wherein the functional map is used to identify fully mutable sites
compared to the template polypeptide.

5. The method of claim 2 wherein the functional map is used to identify positions and
mutations which result in an up-mutant compared to the template polypeptide.

6. The method of claim 1 wherein X represents the 19 naturally occurring amino acid
residues not present in a given position of the template polypeptide.

7. A method of mapping mutant polypeptides formed from a template polypeptide having n

amino acid residues, the method comprising:
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d. creating a functional map of such changes identifying positions and

mut ati ons which do not affect the activity of the nutant pol ypeptide

conpar ed WO 20t20p@apl at e pol ypepti de. 38. A net hod of pr @eirdisegL1m27252

dei muni zed vari ant pol ypepti de by masking inmunogenicity with

gl ycosyl ation while maintaining function as conpared to the tenpl ate

pol ypepti de, the nethod conprising: a. preparing a Iibrary of novel

gl ycosyl ated vari ant at | east one

pe X assa t he y for
ot sdet or mi ned. propeelntRaPaLEE ofid 355 Sty PiperEiaE it he tenpl ot o
pol ypeptide; c. tegdmphitd @cnbBLAERPtELSHAY g)tihﬁm%@{rdﬁf‘{fferﬁﬁﬂpf@&a%ﬂrﬁﬁéd in

vitro by T cell proliferation assay, conpared to the immnogenicity of the
tenpl ate pol ypept i dainoracidresidugrent asuigle prarbmmnn@bp@mqnng“ the palypeatitic;

pol ypeptide with ac rate ate pt| e and
Rt T educed | mmungesetees ST 2o ol s ket diipr SRR RGN G e
met hod of cl ai m 38anae eumbéxhef dffeRat hegb&t Py pepitdsi gsrard iRt iehi gt to
generating a novel glycosylated variant polypeptide library conpared to a

t enpl at e pol ypept i dell* Ke met hod generating comprising; a. utilizing a

functional map to
generating a co onég§H§%%%IP MMOHH%%PfﬁgZE%ﬁ%ﬁ%oPkﬁkgﬁdgﬁﬂih&b%ﬂ%%ges for
ei ther Asn, Ser ormﬁhhvﬁy one or nore of the target positions; c. utilizing
t he codon variant prepare the novel cosyl ated vari ant
pol ypepti de |i brfar F?"F%armmg?&iri@gg V88 28y §€3élr$P\}Wadt)£ PWé’gﬂY rfg‘a%'tﬁtet’lﬁttl%/oﬁ )
gl ycosylate. 40. A i of an i munogl obul in
nol ecul e encoded bgﬁgﬂggatgﬁ?ﬁggg%ggﬁﬁggsgﬁaﬁﬁg Q?%ductlon host cell line
conpar ed to the dexpreassy ofunofiortahsap\WO 2012/009026PCT/U82011/027252 tenpl at e
i mmunogl obul i n nol ecul e encoded by the wild-type nucleic acid, the nethod
conpri si ng:

8. The method of claim 7 wherein the functional map is used to identify one or more of the

group consisting of (a) positions and mutations which do not affect the activity of the
mutant polypeptide compared to the template polypeptide; (b) fully mutable sites
compared to the template polypeptide; and (c) positions and mutations which result in an
up-mutant compared to the template polypeptide.

9. The method of claim 8 wherein the functional map is used to identify positions and
mutations which do not affect the activity of the mutant polypeptide compared to the
template polypeptide.

10.  The method of claim 8 wherein the functional map is used to identify fully mutable sites
compared to the template polypeptide.

11.  The method of claim 8 wherein the functional map is used to identify positions and

mutations which result in an up-mutant compared to the template polypeptide.

12.  The method of claim 1 wherein X represents the 19 naturally occurring amino acid
residues not present in a given position of the template polypeptide.
13. The method of claim 6 or 12 wherein said generating step comprises:
i. subjecting a codon-containing polynucleotide encoding for said template
polypeptide to polymerase-based amplification using a 64-fold degenerate

oligonucleotide for each codon to be mutagenized, wherein each of said 64-fold
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a. generating an Fc codon variant |library by use of sets of forward and
reverse degenerate prinmers conprising codons which allow generation of al
silent mwetomwIE@s each target position; b. annealing ®O0TASI@AMAI2AZ)
forward and reverse prinmers to a tenplate; c. extending to full |ength
products; d. transformng full l[ength extension products into E. coli; e.
sequenci ng sel ected E coIi colonies to confirmmtants; f. utilizing
confirmed tants t m ni prep transfecting mniprep
O L L B el B R o PL AR, DN 8y st gl ng i i pr e
41. A met hoddQfenraRmN, M%@ﬂéeq@&lc%%%'t@%@né‘rﬁé ARk Jf é)%’@e%ytpémh@l%@tldes

pol ypeptide having n am no acid residues, the nethod conprising:. a.
generating #dl (n-2 in the case where the initial residue is nethionine)

separate mutant. pol ereln each de di ff

Conpl ate pol yplpt rUeT A AT ses RETR R RO e RRLYGER el EhbiyFeTigy M hA°
pr edet er m ngslypgsided @itod&l byasis pydgRdy POEnREBGH RS by bxbRssal | east one
predeternlned property, characterlstlc or activity; c. for each nenber

i dent i1fyi ng hamyethorhelgdaimn! WhPGIR Epessents achbichet Eiogf saidtemplpicyi t v
relative t dES t&npl ate pol ypeptide; and d. creating a functional map.
42. The net ho ? aim4l wherein the functional map is used to identify
those]deleb%ﬁmﬂmmhﬂ@hmpeguhhtoﬁmQMﬁtmﬂmb&esgﬂﬁmaﬁm@nSKmQngaﬂﬁuﬁ@Mmyn@

del eti ons mhlch 0 not éIfect t he act|V|t of . the mut ant pol ypepti de,
conpar ed t &% R %fﬁfﬂ%fty 56@95%{%&3@18 ?Q}‘Sbéﬁlétq%%%t%ﬁﬁh%cqr@smg 7 HNHo

down- nut ant, . &ERA&dthk P& & pol ypeptide; and (c) deletions which
result in an up-nutant conpare he tenpl ate pol ypepti de.

a. generating n separate sets of mutant antibodies, each set comprising member

antibodies having X number of different predetermined amino acid residues at
a single predetermined position of the CDR; wherein each set of antibodies
differs in the single predetermined position; and the number of different
member antibodies generated is equivalent to n x X;

b. assaying cach set for at least one predetermined property, characteristic or
activity;

c. for each member identifying any change in said property, characteristic or
activity relative to the template polypeptide; and

d. creating a structural positional map.

16.  The method of claim 15 wherein the structural map is used to identify one or more of the
group consisting of (a) positions and mutations which do not affect the activity of the
mutant polypeptide compared to the template polypeptide; (b) fully mutable sites
compared to the template polypeptide; and (c) positions and mutations which result in an
up-mutant compared to the template polypeptide.

17.  The method of claim 16 wherein the structural map is used to identify positions and
mutations which do not affect the activity of the mutant polypeptide compared to the
template polypeptide.

18.  The method of claim 16 wherein the structural map is used to identify fully mutable sites
compared to the template polypeptide.
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WO 2012/ 009026PCT/ US2011/ 027252 43. The net hod of claim 42 wherein the
functional map is used to identify deletions which do not affect the
activity wD20teenopazoant pol ypepti de conpared to the tenplParaspaliyppesi de.
44. The nmet hod of claim 42 wherein the functional map is used to identify
del etions which result in a down-nmutant conpared to the tenplate

pol ypepti de. 45. The nethod of claim42 wherein the functi onal map i s used

t'dtfdl' whi | t t he, tenpl at
ol ypaut i dreasthod Rl B bt e SHtal R0 by Rebid QR SPNEET HEn & o
templ ate pehyREsARNRVIING: @Hnﬂ&nﬁ%ﬂgdr@@iﬁﬁ@%mﬁl&@ pBEHBReHccoNpr i s. ng:

a. generating n+[20 x (n-1)] separate nutant polypeptides, wherein each
pol ypepti de dlffers fromthe tenplate polypeptlde inthat it has inserted
after speci S/ t|on n the

ocour Pong. el Gl < Budid b At FERE it Ge Al iy
predeterm ﬁ@gk1@erso@@dé%ln@lhgaﬁﬁﬁ@ramaﬁmﬁm@bgeiﬁdltyvlty c. for each nenber
identifying any change in said property, characteristic or activit

rel atidle t o8 Oﬂ@rﬁma@p@gﬁm%@ﬁwaémubﬁmaalﬁlbOéﬁéé@mﬁ@ épmaﬁ?fﬂpléﬁdlﬂl%/lh@fb’
47. The net t dﬁ@l ntify
t hose |nser9l atv\,ﬁ %ﬁé%lﬁ/@{ eﬁ%a?%ﬁggﬁlﬂﬁ% 80 rou cor ’s;&é E%Stt?géfﬂﬁ?

i nsertions cmhipﬁhmgcn angiho aélﬂeemddebethaﬁtethudtcxbmphsﬁlge mut ant pol ypept| de
conpared to the tenpl ate pol ypeptide; ( i nserél ons 'Cﬂ} resu in a

down- mut ant  conpar EdFSNERPOPE P%P‘Enb%ﬁ“%’éé?tﬁa muigntantbpdicysiep ?ﬁns whi ch
result in an up- ”Uéd'?ﬂ?] rishREhBe: &n@ibBéﬁ%s bETR KURInRL XP&EPMeﬂﬁPreﬁgtefﬂﬁﬁedimt hod

of claim 42 wherei e functional map 1s used to i1dentif nsertions which
do not affect the avinowcidresifludshat aminginpregoéypegt pcdelommfmlw €EDPR; wheteen
tenplate polypepti ga%h set of antibodies differs in the single predetermined position; and the
number of different member antibodies generated is equivalent to n x X
b. assaying the population for at least one predetermined property, characteristic
or activity;
c. for each member identifying any change in said property, characteristic or
activity relative to the template polypeptide; and
d. creating a structural positional map.

22.  The method of claim 21 wherein the structural map is used to identify one or more of the
group consisting of (a) positions and mutations which do not affect the activity of the
mutant polypeptide compared to the template polypeptide; (b) fully mutable sites
compared to the template polypeptide; and (c) positions and mutations which result in an
up-mutant compared to the template polypeptide.

23.  The method of claim 16 wherein the structural map is used to identify positions and
mutations which do not affect the activity of the mutant polypeptide compared to the
template polypeptide.

24.  The method of claim 16 wherein the structural map is used to identify fully mutable sites
compared to the template polypeptide.

25.  The method of claim 16 wherein the structural map is used to identify positions and

mutations which result in an up-mutant compared to the template polypeptide.
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49. The nmet hod of claim42 wherein the functional map is used to identify
insertions which result in a down-nutant conpared to the tenplate

pol ypept iWwo.20B00%312¢ net hod of claim42 wherein the funcPConskorm@pr2ss used
to identify insertions which result in an up-nutant conpared to the

tenpl ate pol ypeptide. Si.A nmethod of providing an optim zed protein, the
nmet hod conpri sing: WO 2012/ 009026PCT/ US2011/ 027252 a. selecting a tenplate

pol ypept i de, havi.ng,n am no aci d si dues; . nerat i -1 separate sets
b mchnt  oReia aedie RS Rpr e dhare tadios BT ad, TcH  set conpr i ot ng
nmenben7pol YPaRiH.EeT phRNkRg aXchéihganCintiBbdib &Rk d Plogfgiaipriegtivyayno aci d
residues at a single predeterm ned position of the polypeptide; erein
each set othapokypepnpldmsnidi dasersining ré¢gionsi (RIPR), pherdet mriskmedegsosite bon; and
t he nu@er eoflgdaiiﬁi I%?Rgnot rperrber 1?19' yapia(prt iiges,%enertﬁé(fdo i S8 ui valent to [n-
1] x X, c. 55 Say AP e 618I ﬁpeﬁﬁlﬂ%g oratoT eqess pr edet er m ned
property, charaet egdretdtiig@i x aGkpathielsets &f nuvdanbhfidddig, aey sehdageising sai d
property, characteristic or activity of the nenber polypeptide relative to
the tenpl ate pol ypegtbgieantibodies baing g mmhenef disiseint peegCigiaingd amineeacid

functional map is [ ' Ty - J. i r It in
an up- nut ant conpaltég@g?%ﬂtahswéeh%ﬁ%ttg 181?1%%# %Sztﬂ)cﬁ?%etﬁy?ﬁ% %ﬂ%fér,ﬁ? ﬁ% S\%g&gr nor e
of each of the rel axbotlicpditdrs mithe ainglerputdetdronsdi pdeitivnf areldhé nomberstber

pol ypeptides which result in a u&-‘?gut ant conpared to the ten'&l ate

pol ypeptide to creifigrent embsr atiesicn gerratad ISFIPREHt iod8n §X- assayi ng each
conbi nat or il RILYPSRLLAE T Rhedln h 826t one predeterm ned property,
characteristic or activity; and h. selecting a conbinatorial polypeptide in
whi ch the predeterm ned property, characteristic or activity is optim zed

conpar.ed to, up-nmytant nber..polyp eptides. 52. The nethod of. clains 1, 7
or 37 Aher o HEi chardlaeng  BiresT Rl f Fivunt pevpndEs REBA fiof fo by
sequenci NG terplafQPTByRbAGS hd Bt SmirdoRiPFSRIBAC thclhethb®compriigled
predeterm ned am no acid residue at the single predeterm ned position in
each menber pol yPpeganetiingm- begphratesctsodfl neintamtatiesl ypepepiidess cadh3et The net hod
of clains 15, 21 oron%7ri\{\llrl1er§1erin }ho?nt entgtriaﬁti N Stti?gslga%}nfkrntpnr e npri ses
confirm ng by sequcéncli’ r?g,g orse ot R TP Mo P e pre%en(lfle 6f %t he

i ntended predet er niifRebné piedoteanindd biagletiuein@beitl REbssiAPNS ad dfgter m ned

position of the CDR in each nmenber antibody in each set of mutant
anti bodi es. predetermined site of the polypeptide; wherein each set of polypeptides differs

in the single predetermined site; and the number of different member point
mutation polypeptides generated is equivalent to [n-1] x X

b. screening each set of point mutation polypeptides for at least one
predetermined property, characteristic or activity;

c. identifying any change in said property, characteristic or activity relative to
the template polypeptide for each member;

d. categorizing each amino acid point mutation as one of deactivating, non-
deactivating or activating;

e. creating a functional map of such changes categorizing cach site as one of
non-mutable; partially mutable; or fully mutable;

f. utilizing the map to select non-deactivating amino acid point mutations within

partially mutable sites that are adjacent to non-mutable sites; and
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WO 2012/ 009026PCT/ US2011/ 027252 54. The met hod of claim 29 wherein the
generating step (a) further conprises confirmng by sequencing, or sone
ot her nmetwoao12deeo2pr esence of each of the intended predeCEuseoigd2z2sngl e
am no acid substitutions at the predetermned site in each nenber point
mut ati on pol ypeptide in each set of point nutation pol ypeptides. 55.The
nmet hod of claim 34 wherein the generating step (a) further conprises

confirm ng the sequence. of each nulti:site nutant .pol ypeptide i.n the
[ibrary by sequénciRgmDBIMEREUEHRRS OFBEHE A s Sl TR ROt BREPY m 38

wherei n the gener ajdfgdsih R p(®)sithiildndshisl MRImkA@Sa ABRL 6Migi-dikenfgsuence
of each gl ycosyl ated vari antp pol ypeptide in the |ibrary by sequencing, or

some ot her met hod. p@ypeptidesret hod of cl ai m 41 wherein the generating step
(a) further conprises confirm ng by sequencing, or sone other nethod, the
i ntended am no acid deletion at the single predeterm ned position. 58. The
nmet hod of claim46 wherein the generating step (a) further conprises
confirm ng by sequencing, or sonme other method, the intended am no acid

i nser t0on  dthetprihadrelcgleime2hwBereinghe rasombningspn wiilizes somhingtorighprogtin evol vi ng
a pol ypept isgﬁ"t gﬁicodi ng a functional protein, the nethod conprising: a.
generati ng ng cl'oning at |least 20 or nore separate sets of nutant

pol ypept i dd%e nealdd sfatlaimo2fpwhatimgoneirbaninp akiduegtialds theatempitd pappdptideo 19
different predeterm ned am no, acid residues at a single predeterm ned
position offr¢ ??ée%%llz%%sp‘fqnd@}“a\lﬂﬁ’épél?erﬁ@%t&?a B@Pof pol ypeptides differs in

t he sipgl e iy i APShiLni kB : veBaRdin 9l
mut ant3QboI ;Elgg%?%(gd%dsmglenerg%%%qg%}f%&lﬁﬁgg%ﬁ%gﬁ lig%gegayi nglpggfg)ﬁ%sﬂg{l for
at | east onanpmeglebelimmobduler operty, characteristic or activity. 60. The

gg;g?g Ce)fs Cljh%imrgtgogd of\,\éqa?l{neif wilgrel%ttﬁg pél%)oh of ﬁl%r}msﬁ?&nog{oblq}frtl %%tlecﬁf)el i{ ps%f)etc{-eges
from a heavy chain, light chain, variable domain, constant domain, hypervariable region,
complementarity determining region 1 (CDR1), complementarity determining region 2
(CDR2), and complementarity determining region 3 (CDR3).
34. A method of identifying a multi-site up-mutant polypeptide, the method comprising:

a. generating a library of multi-site mutant polypeptides;

b. screening the library of multi-site mutant polypeptides for at least one pre-
determined property, characteristic or activity relative to the template
polypeptide; and

c. identifying the multi-site up-mutant polypeptides as those with one or more

improved properties, characteristics, or activities relative to the template

polypeptide.

35.  The method of claim 34 wherein the generating step comprises a method of producing a
library of multi-site mutant polypeptides formed from a template polypeptide having n
amino acid residues, the method of producing comprising:

a. generating n-1 separate sets of point mutation polypeptides, each set
comprising member point mutation polypeptides having X number of
different predetermined single amino acid substitutions at a single

predetermined site of the polypeptide; wherein each set of polypeptides differs
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menber pol ypeptides having from10 to 19, from15 to 19, or 19 different
predeterm ned am no acid residues at a single predeterm ned position of the
pol ypept iWweO.208100%12¢ net hod of claim59, further conpri siPAE/US20MD027252

2012/ 009026PCT/ US2011/ 027252 d. perform ng bioinformatic analysis to
identify positions of potential interest for further nodification; and (e)
nmutating positions identified in (d). 62 The nmet hod of claim61 wherein

AR B T e S
activity is nodi f'ﬁdta%ﬁE)@Er%bﬁ[ﬁe%eﬂ'é?@cemtéaﬁgzaféfntfd [@ALIMxEB; wherein the
modi fi ed expression is inproved expression. 65. A net hod of evolving a

pol ypept i de encddi meealltfgmchs@mémomt owgitionety peptidasdoratdgrshencaci d resi dues,
t he net hod conpri sj rgt ) (?r tir%g%gatnlgl1 tcI oni p%tn 1 sets of mutant

pol ypepti des, eachP'§ ?e%% PSP%@Y v %bﬁ%/rag Yes havi ng 19 different

predeterm ned an nf@leﬁt@ﬂyﬁlgreﬁ@loﬂwlﬁé% 1ﬁtsa1a peoRetyechar QUe1set 6t Aeripeskiiveon of the
pol ypepti de; wherein each set of & ypeptides differs in the single

pr edet er ni ned posﬁthleéﬁnpa‘i@?dmhfpép‘ftl far calenbyt di fferent nenber

pol ypepti des gene g that
each different rrut an rth}%eeq%X@n%rh %élrl]tg[}l%%éo asl(?eqflaea(’ccs%mﬁ%%ﬁ

assayi ng each set dectiaitingeasattivamtiagpr edet erm ned property, characteristic
or activity; 66.The nethod of claim the nethod further conprising: (d)
per formi ng’ bi oi 1ff of &{1&? Bel @aPB??‘éFélrﬂh??%ﬁsﬁB@g?ﬂ%ﬁ%e%?P Sﬁ@%ﬂl@ﬁi%ﬂ

interest for furthgs, pRdiid: ﬁ%ttlaﬁ{j" muHe; or fully mutable;

f. utilizing the map to select non-deactivating amino acid point mutations within

partially mutable sites that are adjacent to non-mutable sites; and
g. recombining permutations of two to twenty amino acid point mutations
selected in step (f) simultancously to generate a library of multi-site mutant

polypeptides.

36. A method of selecting two or more sites in a template polypeptide for multi-site mutation,
the method comprising:

a. obtaining a functional map of mutant polypeptides formed from a template
polypeptide;

b. utilizing the map to select partially mutable sites that are adjacent to non-
mutable sites for multi-site mutation.

37.  The method of claim 36 wherein the obtaining step comprises a method of mapping
mutant polypeptides formed from a template polypeptide having n amino acid residues,
the method of mapping comprising:

a. generating n-1 separate sets of mutant polypeptides, each set comprising
member polypeptides having X number of different predetermined amino acid
residues at a single predetermined position of the polypeptide; wherein each
set of polypeptides differs in the single predetermined position; and the

number of different member polypeptides generated is equivalent to [n-1] x X;
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(e) mutating positions identified in (d). 67.The nethod of claim 66 wherein
the bioinformatic analysis is generation of a functional map. WO

2012/ 009026RCI/M082611/ 027252 68. The net hod of clai m 65 wa@ESRM10RRSAt | east
one predeterm ned property, characteristic or activity is nodified
expression. 69. The nethod of claim68 wherein the nodified expression is

i nproved expression. 70. A nethod of evolving a pol ynucl eoti de encodi ng a
functional protein, the nethod.conprising: , a. incorporatin ,.N.N at a

br 6det or i ned JdolSBISE R e BB Ny RsPEHEREL PIRO G JUA BTN at 6 one
or nore predeterm gedigodon nmutants within a set of predeterm ned mutant

pol ynucl eoti des and cloni ng each predeterm ned nutant pol ynucl eotide; b.
confirnm ng that ceaton cprheriembemiderddyimgtaan changk yinsedd propidy dharacteeisiseer was
generated and cl oned; .. c., produyci set, of predeterm ned pol ypepti des
from set of predet%3%?%éﬂaﬁﬁﬁﬁﬁﬁ%ﬁggﬁF%BQFP%% e’%ﬂl%assaying each

predet erm ned pal ygemingdefuhotioral mapas kudinBais d@n@ifyThs pekiféRRAH nyutations
characteristic or activity conpared to the functional protein. 71.The

met hod of cl ai m 70WisBrdeingt pfiect gt qcaixily obthe npHed PObIPEPHELOpIHUK toyhe
characteristic or (YY) ' di fied expression. 72. The nmethod of claim
71 wherein the nnd% |gﬁéé§%?§§§¥bn i's i nproved expression.

38. A method of providing a deimmunized variant polypeptide by masking

immunogenicity with glycosylation while maintaining function as compared to the
template polypeptide, the method comprising:

a. preparing a library of novel glycosylated variant polypeptides;

b. assaying the library for at least one predetermined property, characteristic or
activity relative to the template polypeptide;

c. testing the immunogenicity of the variant polypeptides in vitro by T cell
proliferation assay, compared to the immunogenicity of the template
polypeptide in the same assay; and

d. selecting a variant polypeptide with activity commensurate with the template
polypeptide and with reduced immunogenicity relative to the template
polypeptide.

39.  The method of claim 38 wherein the preparing step comprises a method of generating a
novel glycosylated variant polypeptide library compared to a template polypeptide, the
method generating comprising;

a. utilizing a functional map to identify fully mutable sites as target positions;

b. generating a codon variant library by insertion of a codon which codes for
either Asn, Ser or Thr at one or more of the target positions;

c. utilizing the codon variant library to prepare the novel glycosylated variant
polypeptide library in any expression system which has the ability to
glycosylate.

40. A method to improve the expression of an immunoglobulin molecule encoded by a

variant nucleic acid in a production host cell line compared to the expression of the
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73. The nmethod of claim 70 wherein the confirm ng step conprises sequencing
of each nutant pol ynucleotide. 74. A nethod of evolving a pol ypeptide froma
functi onawopoetepezs t he net hod conprising: a. incorporaPCR@Sk)iMop2a2 every
codon position in a polynucl eotide encoding the functional protein in order
to generate a set of predeterm ned nmutant pol ynucl eoti des containing every
possi bl e codon sequence and cl oning each predeterm ned nutant

pol ynucl eot i de; 2012/ 0Q9026PCT/ US2011/ 027252 . b. confirm ng by

sequenci ng, bl B B PRI T GEORSA By @P@H&f@@ﬁflﬂ@ﬁ%@ﬂ\e method

pol ynucl eot i @endrRidghe set was generated and cloned; c. producing a set of
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separate mutant polypeptides, wherein each polypeptide differs from the
template polypeptide in that one amino acid is deleted at a single
predetermined position;
b. assaying the population for at least one predetermined property, characteristic
or activity;
c. for each member identifying any change in said property, characteristic or
activity relative to the template polypeptide; and

d. creating a functional map.

42.  The method of claim 41 wherein the functional map is used to identify those deletions
which result in one of the group consisting of (a) deletions which do not affect the
activity of the mutant polypeptide compared to the template polypeptide; (b) deletions
which result in a down-mutant compared to the template polypeptide; and (c¢) deletions

which result in an up-mutant compared to the template polypeptide.
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The method of claim 42 wherein the functional map is used to identify deletions which
do not affect the activity of the mutant polypeptide compared to the template polypeptide.
The method of claim 42 wherein the functional map is used to identify deletions which
result in a down-mutant compared to the template polypeptide.

The method of claim 42 wherein the functional map is used to identify deletions which

result in an up-mutant compared to the template polypeptide.

A method of mapping mutant polypeptides formed from a template polypeptide having n
amino acid residues, the method comprising:

a. generating n+[20 x (n-1)] separate mutant polypeptides, wherein each
polypeptide differs from the template polypeptide in that it has inserted after a
specific position in the template one each of the 20 naturally occurring amino
acids;

b. assaying the population for at least one predetermined property, characteristic
or activity;

c. for each member identifying any change in said property, characteristic or
activity relative to the template polypeptide; and

d. creating a functional map.

The method of claim 41 wherein the functional map is used to identify those insertions
which result in one of the group consisting of (a) insertions which do not affect the
activity of the mutant polypeptide compared to the template polypeptide; (b) insertions
which result in a down-mutant compared to the template polypeptide; and (¢) insertions
which result in an up-mutant compared to the template polypeptide.

The method of claim 42 wherein the functional map is used to identify insertions which
do not affect the activity of the mutant polypeptide compared to the template polypeptide.
The method of claim 42 wherein the functional map is used to identify insertions which
result in a down-mutant compared to the template polypeptide.

The method of claim 42 wherein the functional map is used to identify insertions which
result in an up-mutant compared to the template polypeptide.

A method of providing an optimized protein, the method comprising:
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a. selecting a template polypeptide having n amino acid residues;

b. generating n-1 separate sets of mutant polypeptides from the template
polypeptide, each set comprising member polypeptides having X number of
different predetermined amino acid residues at a single predetermined position
of the polypeptide; wherein each set of polypeptides differs in the single
predetermined position; and the number of different member polypeptides
generated is equivalent to [n-1] x X;

c. assaying each member polypeptide for at least one predetermined property,
characteristic or activity;

d. 1identifying any change in said property, characteristic or activity of the
member polypeptide relative to the template polypeptide;

e. creating a functional map wherein the functional map is used to identify
positions and mutations which result in an up-mutant compared to the
template polypeptide;

f. combining two or more of each of the relevant positions and mutations
identified from member polypeptides which result in a up-mutant compared to
the template polypeptide to create a set of combinatorial polypeptides;

g. assaying each combinatorial polypeptide for at least one predetermined
property, characteristic or activity; and

h. selecting a combinatorial polypeptide in which the predetermined property,
characteristic or activity is optimized compared to up-mutant member
polypeptides.

The method of claims 1, 7 or 37 wherein the generating step (a) further comprises
confirming by sequencing, or some other method, the presence of the intended
predetermined amino acid residue at the single predetermined position in each member

polypeptide in each set of mutant polypeptides.

The method of claims 15, 21 or 27 wherein the generating step (a) further comprises
confirming by sequencing, or some other method, the presence of the intended
predetermined amino acid residue at the single predetermined position of the CDR in

cach member antibody in each set of mutant antibodies.
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54.  The method of claim 29 wherein the generating step (a) further comprises
confirming by sequencing, or some other method, the presence of each of the intended
predetermined single amino acid substitutions at the predetermined site in each member
point mutation polypeptide in each set of point mutation polypeptides.
55.  The method of claim 34 wherein the generating step (a) further comprises
confirming the sequence of each multi-site mutant polypeptide in the library by
sequencing, or some other method.
56.  The method of claim 38 wherein the generating step (a) further comprises
confirming the sequence of each glycosylated variant polypeptide in the library by
sequencing, or some other method.
57.  The method of claim 41 wherein the generating step (a) further comprises
confirming by sequencing, or some other method, the intended amino acid deletion at the
single predetermined position.
58.  The method of claim 46 wherein the generating step (a) further comprises
confirming by sequencing, or some other method, the intended amino acid insertion at the
specific position in the template.
59. A method of evolving a polypeptide encoding a functional protein, the method
comprising:
a. generating and cloning at least 20 or more separate sets of mutant
polypeptides, each set comprising member polypeptides having from 5 to 19
different predetermined amino acid residues at a single predetermined position of
the polypeptide; wherein each set of polypeptides differs in the single
predetermined position;
b. confirming that each different mutant polypeptide was generated and cloned;
and
c. assaying each set for at least one predetermined property, characteristic or
activity.
60. The method of claim 59, wherein in step (a), each set of mutant polypeptides comprises
member polypeptides having from 10 to 19, from 15 to 19, or 19 different predetermined amino
acid residues at a single predetermined position of the polypeptide.

61. The method of claim 59, further comprising:
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d. performing bioinformatic analysis to identify positions of potential interest for
further modification; and

(¢) mutating positions identified in (d).

62.  The method of claim 61 wherein bioinformatic analysis is generation of a functional map.

63.  The method of claim 59 wherein the at least one predetermined property, characteristic or

activity is modified expression

64.  The method of claim 63 wherein the modified expression is improved expression.

65. A method of evolving a polypeptide encoding a functional protein and having n amino
acid residues, the method comprising;:
a. generating and cloning n-1 sets of mutant polypeptides, each set comprising
member polypeptides having 19 different predetermined amino acid residues at a
single predetermined position of the polypeptide; wherein each set of
polypeptides differs in the single predetermined position; and the total number of
different member polypeptides generated is equivalent to [n-1]x 19;
b. confirming that each different mutant polypeptide was generated and cloned;
and
c. assaying each set for at least one predetermined property, characteristic or

activity;

66.  The method of claim 65, the method further comprising:
(d) performing bioinformatic analysis to identify positions of potential interest for
further modification; and

(¢) mutating positions identified in (d).

67.  The method of claim 66 wherein the bioinformatic analysis is generation of a functional

map.
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68.  The method of claim 65 wherein the at least one predetermined property, characteristic or

activity is modified expression.

69.  The method of claim 68 wherein the modified expression is improved expression.
70. A method of evolving a polynucleotide encoding a functional protein, the method
comprising:

a. incorporating N,N,N at a predetermined codon position in the polynucleotide
in order to generate one or more predetermined codon mutants within a set of
predetermined mutant polynucleotides and cloning each predetermined mutant
polynucleotide;
b. confirming that each predetermined mutant polynucleotide in the set was
generated and cloned;
c. producing a set of predetermined polypeptides from set of predetermined
polynucleotides; and
d. assaying each predetermined polypeptide for at least one predetermined
property, characteristic or activity compared to the functional protein.

71.  The method of claim 70 wherein the at least one predetermined property, characteristic or

activity is modified expression.

72.  The method of claim 71 wherein the modified expression is improved expression.

73.  The method of claim 70 wherein the confirming step comprises sequencing of each
mutant polynucleotide.

74. A method of evolving a polypeptide from a functional protein, the method comprising:

a. incorporating N,N,N at every codon position in a polynucleotide encoding the
functional protein in order to generate a set of predetermined mutant
polynucleotides containing every possible codon sequence and cloning each

predetermined mutant polynucleotide;
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b. confirming by sequencing, or some other method, that each predetermined
mutant polynucleotide in the set was generated and cloned;

c. producing a set of predetermined polypeptides from the set of predetermined
polynucleotides; and

d. assaying each mutant polypeptide for at least one predetermined property,

characteristic or activity compared to the functional protein.

75. A method of evolving a polypeptide from a functional protein, the method comprising:
a. incorporating N,N,N at a codon position in a template polynucleotide encoding
the functional protein in order to generate one or more predetermined codons
within the set of mutant polynucleotides and cloning and expressing each mutant
polynucleotides to produce a set of predetermined polypeptides;
b. confirming by sequencing or some other method that greater than 75%, 50%,
25%, or 1% of the predetermined polypeptides in the set were generated, cloned
and expressed; and
c. assaying each predetermined polypeptide for at least one predetermined

property, characteristic or activity compared to the functional protein.

76. A method of evolving a polypeptide from a functional protein, the method comprising:
a. incorporating N,N,N at a codon position in a template polynucleotide encoding
the functional protein in order to generate one or more predetermined codons
within the set of mutant polynucleotides and cloning and expressing each mutant
polynucleotide to produce a set of predetermined polypeptides;
b. confirming by sequencing, or some other method, that any number of the
predetermined polypeptides in the set were generated, cloned and expressed; and
c. assaying each predetermined polypeptide for at least one predetermined

property, characteristic or activity compared to the functional protein.
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