| MPROVED METHODS OF RNA DI SPLAY RELATED APPLI CATI ONS Thi s application
clainms priority to U.S. Provisional Application No. 61/101471, filed

Sept enberwd@p102803p t he contents of which are hereby i necrpsceavasHoby
reference. FIELD OF THE | NVENTI ON The present disclosure relates to RNA

di splay, and particularly to nethods of RNA display that allow sel ection of
sol ubl e and cel |l surface IMIPROMED MBACHGIIVUNED RNATDESPDNVENTI ON Ant i bodi es
can be selected that bind with high specificity and affinity to al nost any
structural epitope and are routinely used as research tools and as FDA
approved t herapetith apprieAgIORsUl t, therapeutic and di agnostic nonocl onal
anti bodies constitute a multi-nillion dollar market worl dw de. C assi cal
met hods of i mMmuniThismgphertivalckime pobtityitn tahtFrovidioss] Ap@icstionwNanll/tQifiér sone.

As a conseq ce, t haods ve been deye or. ex vivo sele |on of an
oot body. ¢ o TGEeIae Str P FsrEtan St ShRE Sy ek etimbr GEh Fidiker i eo.

In sonme nethods, libraries of antibodies, or fragrrents t hereof, are

di spl ayed on the surface of an organism (for exanple, a bact er i ophage,
virus, yeastlEdDOF BHEIBMENTIEN | or nanmal i an cel ), and the organismis
sel ected for EXpF[ﬁggfe%Q %fls ioqg edrg%ler Ft‘ng h&ﬁlﬁ% and aﬁ cu?ar]tyrqg%?lg ds o?ntl body
|ibraries are ex fnd sel dina T I'mvitro system In one
such SySterT‘RNPEElﬂ?IiyMaﬂbﬁ@él&&tmrﬁﬁnbﬁfb&eﬁldpkﬂtsﬁtfﬁl& kigpept i des are |linked
covalently or by tight non-covalent interaction to their encoding nRNA to
form RNA/ protein fusion nol ecul es. The protein or peptide conmponent of an
RNA/ pr ot ei npf ORATD & nbinding to a desired target and the
identity of BAGKER l@?;‘fﬁbq%rm ned by sequencing of the attached
encodi ng MRNA cormahedits ca@hemlettedrﬁhaﬂbﬁrrdmiﬂhﬂhgmspmlﬁtyitﬁgmitaéﬁm,tyaialﬂmostgh

good at expressin | e anti bod riable do are efficient at
expr essi ng ﬁﬁffug'ﬂ'?rfeﬁ OBRH DY m§ clhgegés ESrf to(?i?aﬁnﬁaé:]fﬁpbmwegcw)

mol ecul es.  flkghelifcsTRls Alr¥sull et PeliiiCadd@BEido FORG15AR AR R dies constitute a

multi-billion dollar market worldwide.

Classical methods of immunizing animals to obtain antibodies are slow and
cumbersome. As a consequence, methods have been developed for ex vivo selection of
an antibody to a desired target molecule using synthetic antibody libraries. In some
methods, libraries of antibodies, or fragments thereof, are displayed on the surface of an
organism, (for example, a bacteriophage, virus, yeast cell, bacterial cell or mammalian
cell), and the organism is selected for expression of the desired antibody. In other
methods, antibody libraries are expressed and selected in a cell free in vitro system. In
one such system, termed RNA display, expressed proteins or peptides are linked
covalently or by tight non-covalent interaction to their encoding mRNA to form
RNA/protein fusion molecules. The protein or peptide component of an RNA/protein
fusion can be selected for binding to a desired target and the identity of the protein or
peptide determined by sequencing of the attached encoding mRNA component.

Current in vitro RNA display systems, although good at expressing single
antibody variable domains, are inefficient at expressing multi-domain antibodies such as
single chain antibody (scFv) molecules. This is mainly due to the reaction conditions of
the current in vitro expression systems and the tendency to lose full length scFv cDNA

from the library through repeated amplification by PCR.



the current in vitro expression systens and the tendency to | ose ful

| ength scFv cDNA fromthe library through repeated anplification by

PCR. Ther ewO2010d3e85ef ore, a need in the art for inprovedPCh/US2e005955pl ay
met hods for selection of scFv anti bodi es against a desired target. SUMVARY
OF THE | NVENTI ON The invention solves the foregoing problens by providing

i nproved net hods Toéreiis thdrtfioce, RMAedlinstht agt foranglrd e in elrreadib@aerpthedsfan and
sel ection of scFv | ecul es from.expression |ibraries. Al though,

par ti cul ar | FIEHINE] ST HHPLiSs P AdESEIdiEbn of scFv mol ecul s, ¢ he

met hods of the invention are also expedient for in vitro display of al

cl asses of protein, including both soluble and cell surface antigens.

Accor di ngl y SUMMARY 0 BAEANYENMEMN| advant ages whi ch include, but are not

limted to, providing ipproyed in.vitro RNA display .nethods that are
simpler and | ess 10¢ MR eRBRLRI S iR RO iR s TR sk B B of

met hods. Ad@i i1 A ispldyao ABLWAEISabRS extphd sion \vadkeledtionl dfQ¥FY MbleeilRanea
functional expression of proteins containing intra-chain disulphide bonds,

for exanpl eexeriondihrirsdAlhouak.uiagicularly syied tospeassion pad peedioniod sclpr ovi des
a nmet hod of [ E ' RNA\ i : ' e hod
conpri si ng Pﬁg&gggbsgg%ﬂ5§§0%9%3#%$ﬁgxg pufB%@%?%%g$kgagﬁﬁéﬁgﬂﬁﬁgggof

cr ossl i nkedchedey offRidéeinthdading bothadiothbimielesllsucfacgantigemy an MRNA encodi ng a

5' scFv and a 3' spacer sequence, which nplecule is crosslinked to a single
stranded nucl ei c AgePidinghntbeinvenggan pasexerabyhyariagsnyhish pisfusiey biptipre gt

anal ogue th 3 : I ' ; i vitro
translatingﬁt %ﬁSﬁ?%%ggﬁﬁ}%@§§§@?%ﬁggﬁggﬁgﬁﬁgﬁ%mﬁﬁm%ﬁgmggzSgﬁ%g%g?kgglabel

i n the presénceocofunB8S® pofird thed pglvicualyhiesaréed h@Shddsr ddidgadaly,ubat hi one)

and PDI (protein disul.phide isoneras and in the absence.of dithiothreitol
cnder cond f1°Gi8s €L EHaron ATGEdr o By D E o BN AR LD S

MRNA/ pr ot ei RotRinfeUhBa-Baih AisABMide(BohdRUb} Exahiple, kbyey A@%@hﬁﬁolewle&

pur omyci n-crosslinked scFv nRNA/ protein nolecule; (d) subjecting the

purified | abel edlparoispeitnthe invegtipmpiodidss FynatiRisersering anstEcultbody

antigen sel iQn. Wi th at |eas ne antigen; .and recovering the
puri e RSV o Bl SRk e Pl BB R s Eor & bR S Ot o
analogue thereof crosslinked scFv mRNA molecule, said molecule comprising an

mRNA encoding a 5° scFv and a 3’ spacer sequence, which molecule is crosslinked to a
single stranded nucleic acid linker, the linker comprising a puromycin, or analogue
thereof, at a 3’ end and a Psoralen C6 at the 5° end; (b) in vitro translating the
puromycin-crosslinked scFv mRNA in the presence of a label, in the presence of GSSG
(oxidized glutathione) /GSH (reduced glutathione) and PDI (protein disulphide
isomerase) and in the absence of dithiothreitol under conditions such that a labeled
puromycin-crosslinked scFv mRNA/protein molecule is formed; (c) purifying the
labeled puromycin-crosslinked scFv mRNA/protein molecule; (d) subjecting the purified
labeled puromycin-crosslinked scFv mRNA/protein molecule to antigen selection with
at least one antigen; and (e) recovering the purified labeled puromycin-crosslinked scFv
mRNA/protein molecules using affinity based magnetic beads.

In an embodiment, the method further comprises the step of (g) reverse
transcribing the scFv mRNA after antigen selection to make a cDNA. In another
embodiment, the method further comprises the step of (h) amplifying the cDNA.

In an embodiment, the label is a radioactive label, such as, for example, 338

methionine or cysteine.



MRNA/ protei n nol ecul es using affinity based nagnetic beads. In an

enbodi nent, the nethod further conprises the step of (g) reverse

transcri bwogotonsIssaFv nRNA after antigen sel ection to nmeke/Us2a0NE205T n

anot her enbodi ment, the nmethod further conprises the step of (h) anplifying
the cDNA. In an enbodi nent, the | abel is a radi oactive |abel, such as, for
exanpl e, 35S net n anembodimenty gtecl’ spaden seauc BreodipmBed gbouh@ taBabosp2@Eamino
sequence conpr,i ses about to about 200 amin Gids, for exanplg, .about 16
Ao aci ds ACHAPoE IR goou JSGaNE Beigh Fader D P PIcHT FYTRES o RTINY e

enbodi ment, the I fpkenb&AMRh, 8RSinkbf @Mptised. Frodn 5' (FSOMbARNEEs, 2R)Me
ri bonucl eotides conprising the sequence UAGCGGAUGC (SEQ I D NO 20

. ),
Tri et hyl enerigbyustdotides EEEER thoaguprs, UAGOGEYA UECHOELRD (e 20), and

in. In an enbodi Fy MRNA npiecul e | i nked
Phe DA 11 nRBFOBYTORR e B ERGT har Sl neist s Ghes PROTBrtul o

conprises a 5 pIoawERbodifletC tRGFT RN AenJEQipisphbficidsiindke@to thé. DNGRE, and
T3. In a particular enbodinent, the scFv nRNA nol ecul e conprises a tobacco

nmosai ¢ vi r udinker hyrddY Andn apetherreaphagimentnthg scishmBiN Areleculerrompaisey ¢

pur omyci n-c i i I rifl . i go-dT
chr omat ogr aBﬁ@&Atﬁ%gﬁ%&% ﬁfg)\r{n %ﬁn‘g&nﬁﬁﬂ?gggfzg) P%ﬂ?%drr?g'i %nf%: ogts’ll?ﬁfuﬁked scFv
MRNA/ pr ot ei ambodieeut, ehd & FpuiRINAadoldsilagompitises Rltdach& mosgioeirans]l anti body
agarose beads. In yet another enbodi nent, the |abel ed puronycincrosslinked
scFv mRNA/ pHBE¥ISHGHeged) e is purified by oligo-dT chronatography and
anti- FLAG M2 mongehpaahodihleh BRI A36mIEALTosslif AN FIRAGARR cin' e
antigen is a biotinylated peptide, protein, or %apten. | n anot her

enbodi nent , ntaheunt ipgefied by alifaidT chropravdgeaphywilt hndthersembodmeraglabdded i n

fragnment crystallizable (F r with nmurine. i mmunoglobulin fr. t
L oora 1 < abretent SR ink e der i St s G sl A ARG 2
particul ar gigdohBMibddieadaisk BOgY. 3¢ GarabMgr EAbdIRehNMRNABIEY pritoRDcin-

anti-1L-12 anti body, an anti-hemaglutinin (anti- HA? anti body, a mnurine
ant i body, oproaslmlméﬁclﬁzrmRBWpr_otein molecule is purified by oligo-dT chromatography and

anti-FLAG M2 monoclonal antibody agarose beads.

Si X

In an embodiment, the antigen is a biotinylated peptide, protein, or hapten. In
another embodiment, the antigen is a fusion protein with human immunoglobulin
fragment crystallizable (Fc) or with murine immunoglobulin fragment crystallizable
(Fc), or the antigen is a population of cells. In a particular embodiment, the antibody
according to the invention is an anti-IL-12 antibody, an anti-hemaglutinin (anti-HA)
antibody, a murine antibody, or a human antibody.

In an embodiment, the in vitro translation of the puromycin-crosslinked scFv
mRNA is performed in the presence of GSSH/GSH.

In an embodiment, the method does not comprise an mRNA capping step. In
another embodiment, the method does not comprise an in vitro reverse transcription step
prior to the purification step. In yet another embodiment, an RNase inhibitor is added
before, during, or after any of steps (a) through (g). In an embodiment, the purification
step comprises reverse transcription of the mRNA in the absence of dithiothreitol (DTT)
to produce a cDNA.

In certain embodiments, the cDNA is eluted by alkaline hydrolysis at about
pH=8.0 to about pH=10.0. Alternatively, the cDNA is eluted by heat sufficient to



In an enbodi ment, the in vitro translation of the puromycin-crosslinked
scFv nRNA is perforned in the presence of GSSH GSH. In an enbodi nent, the
met hod dowe 20m%03e830pri se an NRNA cappi ng step. | n anot hecTasb@dios®st , t he
met hod does not conprise an in vitro reverse transcription step prior to
the purification step. In yet another enbodi ment, an RNase inhibitor is
added bef or enatueiDMgA:RINA dfybeds, apycidfat sheppHEE)0 thbougil=<ty),.or by Rivase H
enbodi nent, the. purification step conprises reverse transcription of the
mRNA i n thed%%écﬁbe of dithiothreitol (DTT) to produce a cDNA. In certain
embodi nent's, thepeMNAnbsdifleHt %@Nﬁllsz?rh 1 d RIS SiaSe @aiRAsonPHTAn0 tO
about pH=10.0. Alternatively, the cDNA |s el ut'ed by heat sufficient

t odenat ur e WOQM&nhylhﬂpdmewtlan|Cbalatr63&b©m@mp}¢¥8amhqrmoabblatDlﬁAI:G 0, or by
RNase H di gestion enbodi ment c is anplif.ied .pol rase
chain react popmerive sh DR B REHEE: tehest oot & 2v Shsisag i PhaBERAIEL Ao F oy
a thernost agh@KOW\ pol ynmerase or DNA pol ymerases selected fromthe group

consisting of PlatinumH Fi and KOD. |In another enbodi nent, the beads are
sel ected from t hén grashes cotidineantribe beads preesstested dram fRamoumeansisEvg ef n- V8O,
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fol | ow ng dénaidaeske fasid¥ Apigh@re.and cl ai ns. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 depicts a general schene for the nRNA-scFv display
t echnol ogy in s ofhes fgrsie advgntageeof; the Bentan Wit Raapeasntispindbs a” general

scherme for e, TRNAssEEVadE sl &yanh%ﬁ“[%' ogy in other enbodinents of the

invention. Figure®3 depicts a general depiction of the library DNA
construct. Figure 4a depicts results show ng that functional scFv can be

generat ed aypipk DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a general scheme for the mRNA-scFv display technology in
some embodiments of the invention.

Figure 2 depicts a general scheme for the mRNA-scFv display technology in
other embodiments of the invention.

Figure 3 depicts a general depiction of the library DNA construct.

Figure 4a depicts results showing that functional scFv can be generated as
mRNA-scFv molecules.

Figure 4b depicts models of free scFv molecules and mRNA-scFv molecules.

Figure 5 depicts results showing that the scFv attached in the mRNA-scFv
molecule format is functionally equivalent to the free scFv molecule.

Figure 6 depicts the three D2E7 mRNA-scFv constructs with different 3> spacer
lengths.

Figure 7 depicts results showing that shorter spacer length improved mRNA-
scFv binding to antigens and the yield of mRNA-scFv antibody molecules.

Figure 8 depicts the sequences of the D2E7 short, medium and long length Ck 3’
spacers (SEQ ID NOS 42-44, respectively in order of appearance).

Figure 9a depicts the 17/9 mRNA-scFv constructs with short and long spacer
lengths.



NMRNA- scFv nol ecul es. Figure 4b depicts nodels of free scFv nol ecul es and
MRNA- scFv nol ecul es. Figure 5 depicts results showi ng that the scFv
attached wo 2010803983A- scFv nol ecul e format i s functi onal iPgTas009AF®8T to t he
free scFv nolecule. Figure 6 depicts the three D2E7 nRNA-scFv constructs
with different 3' spacer lengths. Figure 7 depicts results show ng that
shorter spacer | éngirt9b appiow ecsultRMNABCRY thak sldirteg spasealehgtyempreaad 17/9e yi el d

of nRNA-scFv i bad | ecul es. Figure 8 depicts. the uences. of the D2E7
Short o A LRRS Frgeufe i, ool St SRl o MRS AT ibBy oot vol 3

in order of \@pRefsance). Figure 9a depicts the 17/9 nRNA-scFv constructs
with short and | ong spacer |engths. Figure 9b depicts results show ng that
shorter spacer | éngtrhl{ dppiotecsulty slowirpithas EPY agtoliecwd saeiiredi fngsanee sckivget
anti gen and%}/i | d of MRNA-scFv anti body nol ecul es. Figure 10 depicts
results sho nt‘fgo?'hat PDI activity was required for some scFv function.

Figure 11 depi ct gigp6ul Uspish omulg stididhg the terpeRneLofd TDHLiflkifdveger ever se
transcription inhibited 17/9 scFv binding to hemaglutinin (HA) antigen.

Fi gure 12 dépntigtigyinhddeddd(9 sFsbimdyphoregiaglutiagn(HA) sHgM-ng that DIT did

not significantly. r |0k d r ) Elﬁﬁ .
depi cts agarose ();l r%?%g{a gtsﬁg¥r§é$§dtreg:gﬁﬁﬁ{sdr?sﬁéo%gﬂﬁfS?‘ g‘r%g%tth coﬁ%ﬂ]jf)oltons
w th or w t kiguificBrily ard tikNasat S dsadipthat probekore and after sel ection.

Figure 14 depicts _ agargse gel el ectrophoresis results show nq recovery of
the Phylos 40 VHIé840énderifhagaires e siectippiieys sadtsdremditiseitdie or after

sel ection coppah&H Wit & Rlifout TAESd RRaRDRN Rk BlioRErRl flel Mle@ionCDNA
(left lane). Figure 15 depicts agarose gel el ectrophoresis results show ng
t hat an RNase i nltidire ¢# dppies eguest Rilldleceopictss reedo\vsbpyingyrecaweeyr sfcthe
transcripti ?’ﬂyl%]; t48 rVP?Qetqlu I(laCrﬁl! when reverse transcribed either before or after selection

compared with pre-selection RT and alkaline elution of cDNA (left lane).

Figure 15 depicts agarose gel electrophoresis results showing that an RNase
inhibitor preserved RNA template recovery by reverse transcription after antigen
selection.

Figure 16 depicts results of a side-by-side comparison of a CL-long and a CL-
short spacer in the presence or absence of RNaseOUT™,

Figure 17 depicts agarose gel electrophoresis results showing side-by-side
comparison of recovery of a CL-long and CL-short spacer in the presence or absence of
RNaseOUT™,

Figure 18 depicts agarose gel electrophoresis results quantifying 17/9 scFv
before and after one round of mRNA-scFv selection.

Figure 19 depicts general depiction of chimeras between D2E7 and 2SD4.

Figure 20a depicts the percent of recovery after antigen binding between the
different chimeras, showing that mRNA display technology can be used to discriminate
binders with different affinity.

Figure 20b depicts normalized percent of recovery after antigen selection,
showing that mRNA display technology can be used to discriminate binders with
different affinity.

Figure 21 depicts the thermostability of mRNA-scFv molecules.



selection. Figure 16 depicts results of a side-by- side conparison of a
CL-long and a CLshort spacer in the presence or absence of RNaseQUT(tm.

Fi gure 1Wwoepiossssagar ose gel el ectrophoresis results sirORUSQI@IOS®sSDY- si de
conpari son of recovery of a CL-long and CL-short spacer in the presence or
absence of RNaseOUT(tn). Figure 18 depicts agarose gel el ectrophoresis
resul ts quanti f yirigrd 22 degicugiietoga chrtoptidredis endtsrshowthgahatrfNA-cao be

selection. Figure 1 epi cts general depicti of _chi peras between D2E7 and
2508 gur EUHedENrNE R pETE Rt PERILSe B PEFUR | gen bl ndi ng

between the differgnt 260kMBE A mRRAVLAY, Y@ﬁ&oﬂsfr’u&%i@l‘s%@ﬁ%ﬁdl(ﬁl%@gﬁ’ée‘?gy can
be used to discrimnate binders with different affinity. Figuré 20b depicts

normal i zed pogtens weil as daoRiey§leene3 comsirgs worplisiog agely-SHahinge DA rri RNA

di spl ay technol can, be d to discrimnate binders with different
ot ity e PR BRSO had B 1ty of mRNA- SCRy

nol ecul es. Fi gur e r2grelep idglbiéts&%%h@[‘éﬁsdheﬂne ebrahié HRNALEEY 8isplag tchBolspPW Ng
that RNA can be recovered after high tenperature treatnent of nMRNA-scFv

mol ecul es. Phguembodmgalsiof the inkeNti®RNA- scFv Y61 constructs with short and

| ong spacer lengths as well as the PF-y6lscGene3 construct conprising a
poly-A tail at the DNA |inker between the nmRNA and scFv protein. Figure 24
depi cts a g&EIAILESCDESERIPIION OFTRNAINVENTIONI ay t echnol ogy in ot her
enbodi nrents of the inventjon, DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Sequence | défuerreLlergicaanbérdefuct eot i de and anino acid sequences
referred 1o in  RecRBRE! Ldahho ARG AETRATH hithe oldRutiBIseoueRCe
identification nunbers: SEQ ID NGO 1 - Am no acid sequence of MAKL195 scFv
pr ot ei n seqgenroe¢he following sequence identification numbers:

SEQ ID NO:1 — Amino acid sequence of MAK195 scFv protein sequence.

SEQ ID NO:2 —Amino acid sequence of Y61 scFv short protein sequence.

SEQ ID NO:3 — Amino acid sequence of Y61 scFv long protein sequence.

SEQ ID NO:4 — Amino acid sequence of Y61 scFv Gene3 protein sequence.

SEQ ID NO:5 — Amino acid sequence of D2E7 scFv short protein sequence.

SEQ ID NO:6 — Amino acid sequence of D2E7 scFv medium protein sequence.

SEQ ID NO:7 — Amino acid sequence of D2E7 scFv long protein sequence.

SEQ ID NO:8 — Amino acid sequence of 17/9 scFv short protein sequence.

SEQ ID NO:9 — Amino acid sequence of 17/9 scFv long protein sequence.

SEQ ID NO:10 — Nucleic acid sequence of MAK195 scFv nucleotide sequence.

SEQ ID NO:11 —Nucleic acid sequence of Y61 scFv short nucleotide sequence.

SEQ ID NO:12 — Nucleic acid sequence of Y61 scFv long nucleotide sequence.

SEQ ID NO:13 — Nucleic acid sequence of Y61 scFv Gene3PA nucleotide
sequence.

SEQ ID NO:14 — Nucleic acid sequence of Y61 scFv Gene3 nucleotide
sequence.

SEQ ID NO:15 — Nucleic acid sequence of D2E7 scFv short nucleotide
sequence.

SEQ ID NO:16 — Nucleic acid sequence of D2E7 scFv medium nucleotide
sequence.

SEQ ID NO:17 — Nucleic acid sequence of D2E7 scFv long nucleotide sequence.



SEQ ID NO 2 -Am no acid sequence of Y61 scFv short protein sequence. SEQ ID
NG 3 - Am no acid sequence of Y61l scFv |ong protein sequence. SEQ ID NG 4 -
Am no aciwogenusssse of Y61l scFv Gene3 protein sequence. PEEQSk@INSD0S7 - Am no
aci d sequence of D2E7 scFv short protein sequence. SEQ ID NO 6 - Amno acid
sequence of D2E7 scFv medi um protein sequence. SEQID NO7 - Amno acid
sequence of D2E7SEQHD NOnts p Nutbicmcskiamqeetme of $EQ scBv Ni@rBnuclenidnse@enck.
sequence of 17/9 ein uence. D, NO 9 Am no aci d
sequence of 177 9SERRP AL oRbekia il ST o 428 3B IgE meieo i iefEenci o
sequence of MAK195 scFv nucl eoti de sequence. SEQ ID NO 11 -Nucleic acid
sequence of Y61 scFv short nucl eotide sequence. SEQ ID NO 12 - Nucleic

aci d sequence of Inveres hptthe pragerfunyeaativn duydequen cendilgrad¢rsiond centdin-teiirc| ei ¢
acid sequence E chv Gene3PA nucl eoti de sequence. SEQ ID NO 14 -

Nucl ei ¢ aci 8 érﬁ'ijde P&%f Y61 scFv Gene3 nucl eotide sequence. SEQ ID NO. 15
- Nucl eic acid sequence of D2E7 scFv short nucl eoti de sequence. SEQ I D NO

16 - Nucleic acid sequence of D2E7 scFv nedi um nucl eoti de sequence. SEQ I D
NO 17 - NudiBefinitiong sequence of D2E7 scFv | ong nucl eoti de sequence. SEQ I D

NG 18 - Nucleic agl gerﬁlegﬂﬁﬁ'& ”?ﬁcl&c?{g%@lf)gl‘én ‘i’l‘iFgﬂEé:{] ‘Balﬂgfugﬁﬁﬂ ACe- SEQ

ID NO 19 - Nuclelc aci ence 0 quence
order that tﬂmOabeaﬂantlbwdie/se)mdlpaiothﬂmdmrmurt'epceﬁiﬂuyamﬂﬂdres(agdblspc&ﬂﬁcal n
terms are first defined. 1. Definitions The term "anti body" | nc| udes

monocl onal  AMiFadis-chimericantifpdigs. (P R-grafiedantibesise Pemanizedyantipgdieshuman
pol ycl onal %Hﬁl%}oﬁ?éé' ﬁﬁrmé%tt) oaREGhd %ﬁgﬁ& p{é@éﬁ%ﬁ le,binsalﬁ}ﬁﬁbcir?) lggeh

ant i bodi es) imeric anti | es, graft ant I es

ant i bodi es, chaim@¥iL), an antibody heavy chain (VH), a single chain antlbody (scFv), a F(ab’)2
fragment, a Fab fragment, an Fd fragment, an Fv fragment, and a single domain
antibody fragment (dAb).

The term “antibody library” refers to a plurality of DNA or RNA molecules
containing an open reading frame (ORF) which encodes an antibody or fragment
thereof. It also includes a plurality of antibody proteins and nucleic acid/antibody fusion
molecules expressed from said DNA or RNA molecules.

The term “heavy chain variable domain” refers to the nucleic acid encoding an
antibody heavy chain variable region and to the protein product of said nucleic acid.

The term “light chain variable domain” refers to the nucleic acid encoding an
antibody light chain variable region and to the protein product of said nucleic acid.

The term “epitope tag” refers to a short amino acid sequence specifically
recognized by an antibody that is attached chemically or genetically to a molecule to
allow for its detection by said antibody, for example, FLAG tag, HA tag, Myc tag or T7
tag,

The term “non-antibody sequences” refers to any nucleic acid or amino acid
sequences that appear in the antibody libraries of the invention, which are not part of the
original antibody sequence. Such sequences include, for example, epitope tags.

The term "control sequences” refers to DNA sequences or genetic elements
necessary for the expression of an operably linked coding sequence in a particular host
organism or in vitro expression system. Such sequences are well known in the art. The

control sequences that are suitable for prokaryotes, for example, include a promoter,



anti bodi es, nmurine anti bodies and fragnents thereof, for exanple, an

anti body light chain (VL), an anti body heavy chain (VH), a single chain
ant i body wechwya3dssoF(ab' )2 fragnment, a Fab fragnent, anPEd/USe@gmens7 an Fv
fragnent, and a single domain antibody fragnent (dAb). The term "anti body
library" refers to a plurality of DNA or RNA nol ecul es contai ning an open
readi ng fr aopti¢r@RE)anwhetorsepedes aadha aibbsdnodyinding fsitadindmatyotiheeleafre 1t al so

includes a plurality. of antibod otei.ns and nucl ejc acid/anti body fusion
o1 ecut o5 eRpree iR anTBset: BRI RAT SRgera st e chehehBaty chai o

variabl e doRéiBic abRI 6" Spekably NBkAMGHR G 1§ plde SRS it tiBfh 3NRGSRHAY WRRVY
chain variable region and to the protein product of said nucleic acid. The
term "l i ght aedthérmugleiq 2o scquemgi ror exseprls, a promiater wuenlwineerds peerably didkerdy an

anti body light chain variaple.region and.to t rotein product of.said
el e ¢ act & ol BaPidali BpBaP LE AR il B R P Een bl nce
speci fi cal | yit¢ BopeRbEachkdY @ cadhg ba@yndenalt ii ostidn@aReds ehasiiead | y or
genetically to a nolecule to allow for its detection by said antibody, for
exanpl e, FLA@lafpn. Hanerally, "mperablydinked mpeang ghat hedDNAr sefingnsns baing Bejepg!
sequences” f | e | ] ' uences that appear
i nqt he anti %Igedﬁ?hﬁig‘%rgﬁqé‘g%? ’ eﬁlﬁgn(%ggvcgonﬁtc})%% %egﬁi’hg?‘z&ﬁot part of thgp

ori gi nal anti bod{hs egineRpecifiSbimbing® quénmefidaig binde to’freferewahphid]ityegfiat ope
tags. The term "control sequences" refers to DNA sequences or genetic

el ements nebBSSEOlretlc {hRIgipr E¥gitoHTom AR Eper #ifyt | kikedcblilAg Melquence
[ n a parti culigr Mopk 167 4N STYOTML R Vi §1 GXPIESS O IS SLRM: bRHED Safences
are well known in the art’. The control seduences that are suitable r
pr okar yot es witham agbiaitypthet isi atd¢asdievcafopd greptee thao pis iatimatyl fpr anowypecifit antigen.
sequence, and a r]boso bi ndi site..Eukaryotic cells are known to
LLTTi 26 pr ot er 1€ By KBSy FEIET 6% A4 FREEnST ChiRpedrinanien B Aparbinp! e,
nucl ei ¢ aci Gajcets iIROBEM YpeptiK Sflote B A cdHaritiSs, RLAER AcidRl & dhdrwisitdudnal
relationship with another nucleic acid sequence. For exanple, a pronoter or
enhancer i s inspatigghinall inglegdles foravhietun prpcsaquneihody ¢4n tietgeatfatst dn phe
transcripti grrlllbgcfﬁn{erﬁ ; aﬁt%()}bu(ﬁfpsca%é aga{ins arhlugl(ajusl %ro eilIJl! ﬁ)g Iegaqtnple, TNFa, IL-12, 118,
IL-1a or IL-1.
A "conservative amino acid substitution” is one in which an amino acid residue
is replaced with an amino acid residue having a similar side chain. Families of amino
acid residues having similar side chains have been defined in the art.
The term "RNA display” or "mRNA display” refers to an in vitro technique
wherein expressed proteins or peptides are linked covalently or by tight non-covalent
interaction to their encoding mRNA to form “RNA/protein fusion” molecules. The
protein or peptide component of an RNA/protein fusion can be selected for binding to a
desired target and the identity of the protein or peptide determined by sequencing of the
attached encoding mRNA component. Such methods are well known in the art and are
described, for example, in U.S. Patent Nos. 7,195,880; 6,951,725; 7,078,197; 7,022,479,
6,518,018; 7,125,669; 6,846,655; 6,281,344; 6,207,446; 6,214,553; 6,258,558;
6,261,804; 6,429,300; 6,489,116; 6,436,665; 6,537,749; 6,602,685; 6,623,926;
6,416,950; 6,660,473; 6,312,927, 5,922,545; and 6,348,315; each of which are herein
incorporated by reference in their entirety.

The term "single chain antibody" or “scFv” refers to an antigen binding portion

of a light chain variable region and an antigen binding portion of a heavy chain variable



site is operably linked to a coding sequence if it is positioned so as to
facilitate translation. Generally, "operably |inked" neans that the DNA
sequenceswbenrig3bssnked are conti guous. However, enhancePsTAS200005998ve to be
contiguous. The term"specific binding'" or "specifically binds to" refers
to the ability of a binding nolecule to bind to a target with an affinity
of at | east région, J@n&d, Mping rocoirbinanMnethods, Hy BsyMthefic Xink€ tBathalllexthié® ta®eM 1
x 10 11 M 1 10 12 or.less,. and/.or hind target. with an affinity
Khat is ot fedsd pagekordel S hdhie . S TreyShopistonuphuRr R
antigen. ThediQubs (k@vaets'sif e 8liain FO (RFVAREE 88N BY £B]. L QPSR £e99NI zed by an
anti body. Targets include any peptide, proteins, saccharides, nucleic

aci ds, or oR#aA2hdlecudd]usioncd ubi(hPE bt Nuwl eoutl.e%iflos. Adi: 28/ %5&Beci fi c

anti body can be nerated. In one epbaodi nent, . antibodies are against a
i protei n -t SR Beigmeofy @Sy gk T8 Ry el pr GRpiid fAg' AR
"conservat i wapat diditRahicfuiittihlitytb iaQRolediBe @Which i hedthad am no aci d
residue is replaced with an am no acid residue having a simlar side chain.

Fam | i es of am ndha&re ‘selsttiige gefee fongbsantially pagitigaingianelscHea fienpetber
defined in ; rm " i spl ay’ 2 i.spl.ay, r 0 an
invitro te%ﬂ%?%&%1ﬂggggﬁﬁ&g§6$2@%g g%b g$%%ﬂg€F%§%@F§eggéﬂg&¥?2Q§5£
coval ent |y preflyblyi gho-foldnmorvatferibly, atl®0dold], omd, st prefaratencotl0dgfoRNA t 0
form "RNA/ protein fusion” nolecules. The protein or peptide conponent of an

RNA/ pr ot ei neRdIRHt ehhdgered aralequanretase (i hrfichigea Boleces T RPRUEAG8t and the
| dentity of f(glﬂ)%viﬁ%ﬁlteeshﬁcf%n REPIARAAGEE WL DY RAAUGNGL) B ReliD 4R t ached

encodi ng mMRNA conponent. Suc s are well known 1'n the and are
descri bed, hombexdtphes, anddiffent GateoftseNoson el BBOcorBhid&d in7Pgiven
7,078,197; 7,022,479, 6,518,018; 7,125,669; 6, 846, 655; 6, 281, 344;

6. 207 446; BPPXME53 6 258 558: 6 261.804: 6,429 300 6 489, 116:

6,436, 665; 6, 537 ThE &rmb:pale: B8&winch: RE3s R2Bnudeid 28dWHienbs Balethéd a
6, 312,927; 5,922,545; and 6, 348, 315; each of which are herein incorporated

by ref er enceibpspmehteistovent jtpeity ratThistranstaionsi ngl e chai n anti body" or "scFv"
refers to an ant 'THE I?errtl)ll ‘%gfig gulﬁ))%ftt’ & to, without limitation, any column (or column

material), bead, test tube, microtiter dish, solid particle (for example, agarose or
sepharose), microchip (for example, silicon, silicon-glass, or gold chip), or membrane
(for example, the membrane of a liposome or vesicle) to which an affinity complex may
be bound, either directly or indirectly (for example, through other binding partner
intermediates such as other antibodies or Protein A), or in which an affinity complex
may be embedded (for example, through a receptor or channel).

The term “linker region” refers to a region of nucleic acid connecting the nucleic
acid sequences encoding antibody VH and VL domains in a scFv antibody gene. A
linker region is in-frame with the nucleic acid sequences encoding antibody VH and VL.
such that a continuous open reading frame containing the VH, VL and linker regions is
formed. The term also refers to the region connecting the VH and VL in an scFv
protein.

The term “peptide acceptor” refers to any molecule capable of being added to the
C-terminus of a growing protein chain by the catalytic activity of the ribosomal peptidyl
transferase function. Typically, such molecules contain (i) a nucleotide or nucleotide-
like moiety (for example, puromycin and analogues thereof), (ii) an amino acid or amino

acid-like moiety (for example, any of the 20 D- or L-amino acids or any amino acid



of a light chain variable region and an anti gen binding portion of a heavy
chai n vari abl eregi on, joined, using reconbi nant nethods, by a synthetic

i nker t O 2emzi3h8s8 t hem t o be nade as a singl e protei npPchaisaomomssii ch t he
VL and VH regions pair to form nonoval ent nol ecul es (known as single chain
Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and Huston et
al . (1988) PRnadag thdatolf (foAeranplSAD-nidtlS:1 Ay185ins 817 Mryo@8B¢ analdms deserihedfbunct i onal

moi ety" refers to any biological,ar. chem cal entity that inparts additional
ot} onal i Eytas e g FEAEh AREaft T § sk Borokncaghbe b hie 8P Al ng-
refers to supsh@Bldrddsley, RABL, drikLdWEGnkad¥0k BU' Bodifi@NHOIdE re@h@‘g‘}k’h@?‘ In a
popul ation. As used herein, a "selecting" step provides at |least a 2-fold,

pref er abl y, pasi@on)f piet:rabipysthispinghga ddshs yot significarftiyl pgrtuenidic smacturemf dfeainghl y, a
1000-fol d e?%i chment ﬁ: a dcﬁsitr ed nﬁ)l ectul e reId i ve, 19 undesi red nol ecul es
in a popul af PBhMF SrHElITRG M HE S CORCTBRTUY d AARNOP B SdTeE REPE> a
sel ection sheofiBlymPRionePpaitRI aabeptaunPIetulOthat israasale@dbaidfea ediglf dirageigs of
sel ection steps mit{ytge conbined in a given approach. The term "pause

c¢

sequence" r f By IQiigh |ty CRPR Ausls L ASHERqHENEE) ©he BN £P¢HBE SIAEICEES: S| ow
or stop its Ssl.at L on. .erm." i "ore

w thout 11 nf} S apont S Lol d B c g Bl PP Bk ndrELhiept Boans,
mcrotiter dirstamplel thdoydriybeilza(drotsiexasqoad nadeicasi sequenep at bsidy at or

m crochip (for exanple,_ silicon, silicon-glass, or gold chip), or nenbrane
(for exanpl 8arthe3' wadef ieroteincadingseqnance and dat tyel)is paunghio@Peghde £ i ni t y
conpl ex may, he Rounf.c i ther directly or indirectly (for exanple, through
ot her bi ndi ng Bart ner I nternedi ates such as other antibodies or Protein A),

or in which an affinity conplex nmay be enbedded (for exanple, through a

receptor or afhgnnelg. The term"linker region" refers to a region of
nucl ei ¢ aci &= ng the nucleic acid sequences encodi ng anti body VH and

VL domains in a g&EYrasitliRRaMos &Rire A drBkRI mEBEdsT ih $irkRNATEINY e t he
nucl ei ¢ aci d sequences encodi ng anti body VH and VL such that a continuous
open readi nglléw agtableorxpedspion gnd kdeofian ofscEamantibodk molacalgs Hiem ¢xpréssioned. The
termalsor tﬁ{)%rr%&t o the region connecting the VH and VL in an scFv
RNA display methods generally involve expression of a library of proteins or
peptides, wherein the expressed proteins or peptides are linked covalently or by tight
non-covalent interaction to their encoding mRNA to form RNA/protein fusion
molecules. The protein or peptide component of an RNA/protein fusion can be selected
for binding to a desired target and the identity of the protein or peptide determined by
sequencing of the attached encoding mRNA component. Current methods of RNA
display are not optimal for scFv antibody expression since several of the steps are
performed under reducing conditions which prevents formation of scFv intra-chain
disulphide bond and thus correct folding of the scFv antibody molecules. Current
methods additionally make use of either VH or VL antibody fragments in the selection
process.
The present invention solves this technical problem by performing the in vitro
RNA display assay under mildly reducing conditions that favor an scFv intra-chain
disulphide bond and thus correct folding of the scFv antibody molecules. Using the
scFv format rather than single variable domains (e.g., a single variable heavy (VH)

domain) also eliminates the need to identify a compatible variable light (VL) domain

necessary for the conversion of the selected VH domain into a full IgG antibody.
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protein. The term "peptide acceptor” refers to any nol ecul e capabl e of
being added to the C-termnus of a growing protein chain by the catalytic
activity wb 2otoa3pssbosomal peptidyl transferase functi onPCTHUs2@al059057 such
nol ecul es contain (i) a nucleotide or nucleotidelike nmoiety (for exanple,
puromyci n and anal ogues thereof), (ii) an amno acid or am no acid-I|ike
noi ety (for Aexandplgdy, abhqughf pattne | 21 ditedro dxpagssioo aad salsctmn dnyFamitibody

aci danal og thereof (for exanple, O nmethyl tyrosine or. any of e anal ogs
osor T poa by s hh fregfods ki Q) ot 2l peadn: 0 a8iro v A e e

| i nkage bet wgensidherbeiff or exanple, an ester, am de, or ketone |inkage at
the 3' position or, less preferably, the 2' position); preferably, this

| i nkage does not T¢ gretifdds ahtheyinyratipnplyo tphevida # shorigr endofimples prategpl ferom t he
natural ribgnucl eot i onforpati.on,..ln addition, this termenconpasses,
W thout 11 npraorane R E5hge ThiscEhnittroRdetn & pvifhE SRk PRI S SRe
(ei ther dir ettdvirsetrahdtdibimpahdé sRNW auGhRNA-Bfov@R fngor e @DNAEIc tsequence)
to the protein coding sequence, as well as one that is joined to the
protei n codPHectPBIEhE BIgRf. sone non- coval ent means, for exanple, through
hybridi zati on using a second nucleic acid sequence that binds at or near
the 3' end of the protein coding sequence and that itself is bound to a
pepti de accédt dmproveLld Eirrd RNACDBpKiveSerdhdnpMbsthod i nvention features

i mproved nethods _of in vitro RNA display that allow reliable expression and
sel ection of scF &t 3598dythAHNEaEPRE NGRS dR Ve RNDr HpRIRK SCregedi spl ay

met hods gengl-alddy. ﬁHXQ&%%ﬂ?%Qﬁ&fﬁhQﬁﬂRk@a library of proteins or peptides,

wherein the expressed proteins or peptides are |inked covalently or by
ti ght non- cdyaf@ntationtof A Pooreinal asiensr encodi ng MRNA to form RNA/ protein

fusi on nol ecul es.. The protei.n or .pepti conpane of an RNA/ protein fusion
Lo Do ool eoted” Dot R e ifa taiBEBINNE S RIBIRT Dhaten 3 raared 6 " he
protein or %J@rfétrittg SnrEeh ETATyNR GirRY arit BOEE BEABEi A 18RS idtdiashad ;N Ng, MRNA

conponent . rrent met hods of RNA display are not "optimal for scFv anti body
expressi on s¢hclebramsserhmweger, theemethegssofgheinvention are particularly well suited to

scFv libraries. Any art recognized methods of transcription are suitable. After RNA

transcription, the DNA library templates are removed. This may be accomplished using
any art recognized methods, for example, by digestion with DNase I.

After DNA removal, a peptide acceptor is attached to the 3’ end of the library
mRNA. This may be accomplished using any art recognized methods. In one
embodiment, a linker comprising 5' (Psoralen C6) 2'0OMe(U AGC GGA UGC) XXX
XXX CC (Puromycin) 3' (SEQ ID NO: 20),(where X is a Triethylene glycol or PEG-
150 and CC is standard DNA backbone) is used. The linker is first allowed to bind to the
3’ end of the library mRNA through complementary base pairing. The linker is then
crosslinked to the mRNA by UV activation of the Psoralen C6 molecule.

After addition of the peptide acceptor, the library mRNA is then translated in an
in vitro system. Any art recognized methods of in vitro translation are suitable, for
example, rabbit reticulocyte lysate. However, to allow the proper intra-chain disulphide
bond formation in scFv molecules a protein disulphide isomerase (PDI) is added to the
in vitro translation reaction and/or the reaction is performed under mildly oxidizing
conditions. In one embodiment, a mild oxidizing agent (for example, GSSG/GSH, for

example 100mM GSSG /10mM GSH) is added to in vitro translation reaction. In
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performed under reducing conditions which prevents formation of scFv

i ntra-chai n di sul phi de bond and thus correct folding of the scFv anti body
nol ecul eswoCurwesggsonet hods additionally nake use of eit ReT/USRDOMO5NIET

anti body fragnents in the selection process. The present invention solves
this technical problemby performng the in vitro RNA display assay under
m | dl y r eduensthercomaidimensretiinatg figenor (farexsmple, dithivtratvh(IDTd))sud pinitetd bond
and thus correc ioldinP g@.the scFv anti body nol ecul es. Using the scFv

format rath&PM REH ¥inedraasptien BaF°NYonmi ns (e.g., a single variable heavy

(VH) domain) al s@nglor fidialaeslel AfiMERIdS Or ddRALVEYhe60MMGHeRluged@Ithak e
light (VL) domain necessary for the conversion of the selected VH donmain

into a ful | vingGranstatibo dystone serhdhaithe labalet ourrhaqad bedomels ardoypasated ado thy

expression and. sel ection of scFv antihod | ecul es, the ods of the
Thvent o ar it gSEARE Aty o RS G e g bRl R L e Srb
protein. The ramblabslRdanihd geill Foeotingile, 8F S mbBNQVIne@ichis dyaeinand si npl er
protocol for perform ng RNA display. This is achieved, in part, by avoiding

the tine consum RYrigg & igivitretrapstaionrgacsion it MENnmolprNAS becoaie RNALEHYt ei n

f usi on into-gg&ﬁ [ I i i.L 0. t. | stro
RNA- Di splay11 cregﬁﬁﬂgﬁﬁgﬁ%ggﬁﬁﬁ£B%thk%gggf&é&e #ﬁ@éh#?g%ﬂﬁggﬁﬁgééaFﬁ%roved
in vitro RNéadli SidsaRNAYpaeeinfigsioreinblzdsles Lfegugi€ied nahy fiwirhihd i siras f ol | ows:
Fornmation of RNA/Protein Fusions One or nore in vitro antibo%¥ DNA .

N fretein

expr essi on PRBYANggaction mixEg MpEtrecee et drethedaNaparalign of
anti body ex §§§% I Vo ol [ r Jibraries),

however, thgknet 0 gﬁ%gﬁ?ﬁéukﬁggﬁfﬁgﬁhg?%ﬁﬁgﬁ?ﬁ%%%%ﬁk;%ﬁg Ogg#?g ﬂ%o scFv
l i braries. RNA/ardteinécogmpoeinsnet kapisataf by clanmetogptphpnsiage sui table. After

R et RLuen e, BN LIS, LTl ket RLg LA TS 05,
\évinéI hO]PN?ﬁg hrogerig% %@rselg}lﬁe(ﬂ 8IBMRling B dRRLbEE PEEBPYN anl HiBpd pelef it @et he 3
antibody component of the RNA/protein fusion protein. The epitope may be an amino
acid sequence tag, for example, FLAG or HA tags, incorporated into the amino acid
sequence of the antibody component of the RNA-antibody fusion protein, for example,
at the N-terminal, C-terminal or in the inter variable region linker.
The RNA/protein fusions of the invention, involve the use of naked RNA. Ina
preferred embodiment, all reagents that contact the RNA/protein fusions are treated with

RNase inhibitor reagents, for example, RNaseOUTTM, yeast tRNA, SUPERaseInTM,

RNasin®, and other RNase inhibitors known in the art.

2) Screening For Antibodies To A Desired Target

The library of RNA/protein fusions is screened for in vitro binding to a desired
target. In general the target molecules are bound to a solid support, for example, agarose
beads. In one embodiment, the target molecule is directly linked to a solid substrate. In
another embodiment, the target molecule is first modified, for example, biotinylated,
then the modified target molecule is bound via the modification to a solid substrate, for
example, streptavidin-M280, neutravidin-M280, SA-M270, NA-M270, SA-MyOne,
NA-MyOne, SA-agarose, and NA-agarose. In other embodiments, the solid support

further includes magnetic beads, for example Dynabeads. Such magnetic beads allow
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nMRNA. This may be acconplished using any art recogni zed nethods. In one
enbodi nent, a linker conprising 5 (Psoralen C6) 2'OMe(U AGC GGA UGC) XXX
XXX CC (Pupanai3pgso3’ (SEQ ID NO 20), (where X is a Tri ecmyusesvs/ogtogrol or
PEG 150 and CC is standard DNA backbone) is used. The linker is first
allowed to bind to the 3 end of the library nRNA t hrough conpl enentary
base pai ri ngepafdtenlaf theetolid suppgoen and asshaounkd RN Aantibal ynfi’hen dyor/dn astay vat i on
of the Psoral.en C6.nol ecul e. After addition of the peptide acceptor, the
library mRNAIXUS Y3 M338ted in an in vitro system Any art recogni zed

met hods of in ViR bl (ﬁtﬂl‘@z@/p%t@m%éﬂ)ﬁsl)h% soli@suspoA R MRishddedRi dr more
reticulocyte |ysate. However, to allow the proper intra-chain disul phide

bond f or mat Holes fmreseme unmmlﬁé/motpmﬁlelpns dikthe BNAle thepamplaiied. (IPDNY i s

added to the n t | ati act i on, and/,or t rreactio erforned
oder mon o S fatiebl AR bROiCAR RN i hBoRT B byt & DF T
agent (for examalie,is %ﬁ@ﬁ@ﬂpr&ﬁfceQMHHIBJAOQﬁMaﬁS%g’niz@IMl@ﬂTDOﬂISNAdde to

invitro translation reaction. |nanother enbodiment, reducing agents (for
exanpl e, di tanlistlmel contenpiRd) forcsampier vdee a1 B fealicase gnayies. { anpshedt i on

reaction. Oé&b%m{éﬁr gnfkﬁﬂ%f‘t s ?@s&%ﬂ %Es%%rate‘ar ﬂﬁ!ui Xx?fl])o}{f B%t&?%ﬁ 0bs may be

added to the I'n trans fem such’ am no acid
becomes i nceantiiaxdidsehyi bt arksbigbedastsl ATNA bafoté b@dy amplifiedby PCBC Ao i PLRI

| abel ed amino acid is contenpl ated, for exanp a radi ol abel ed am no acid,
for exanpl e2mgBEeq popdicpfe ﬁlﬂﬂ?ﬁtw@feordmréy@f@s r‘?é SCIERIHRGEP QORIEh fof B8 t r o

transl ati On(l]{%%@&takﬁmtyt%?b{)&ﬂew mol ecul es becone covalently linked to their

protein pro ts via't pepti de acceptor (e.g., puromnycin) fused at the 3
end. These RNA/ pAcidgionallyisi aitermumlvebfuﬂesRMA@r@mmlﬂmenb awg@be Eluauh ftdme then vitro
transl ation reaction m xture. recqgn met hods ,of separatign of
RA pr ot 61 nSPETBHOMBIBR 9 0 O RO BB ER G ahitetmengie ARSHE CRGTAEEd. 1 n
one enbodi nﬁ{&hodtd?%lﬁxﬁhpé&ﬁ@rhﬂa{eusqﬁan@érﬁ@&dlﬁﬁmaﬂfe RERAAERGuAYNS are
chromat ogr aphy using a pol ydeoxyt hi m di ne (poly dT) resin. In another

enbodi ment , chutasl WRNS- éhfthnb@dydlflgm,&rqzampbb n@n&ﬂeHsé@é@atSe@tdow ®i hdi ng to an

anti body spe ic for epi res in e. antibod onent of the
RNAY pr ot ei nalfl%tfsl‘ia'roerr]nbpord(l) %I}t,ntﬂ Slih%gf/gpot%m usmns ar Qlug:?}l ugl ac}i/d con 10nS r} or

example, using a pH of about 3.0 to 6.0. In one embodlment the RNA/protein fusions
are not eluted prior to amplification of the nucleic acid component, but instead the
RNA/protein fusions are added directly to the amplification reaction mixture.

Additionally or alternatively the PCR amplified pool of nucleic acids may be
sequenced using single molecule sequencing methods to determine the nucleic
sequences of every selected RNA/protein molecule. In one embodiment, PCR
amplification may be accomplished using a high fidelity, proof —reading polymerase, for
example, the KOD1 thermostable DNA polymerase from Thermococcus kodakaraensis
or Platinum Tag DNA Polymerase High Fidelity (Invitrogen).

Additionally or alternatively, the nucleic acid sequences may be amplified under
conditions that result in the introduction of mutations into amplified DNA, thereby
introducing further diversity into the selected nucleic acid sequences. This mutated pool

of DNA molecules may be subjected to further rounds of screening.

1V. Library Construction

Libraries of the invention may be generated from any antibody fragment capable

of binding to a target. In one embodiment, libraries of antibody variable domains are
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aci d sequence tag, for exanple, FLAG or HA tags, incorporated into the

am no aci d sequence of the anti body conponent of the RNA-anti body fusion
protein, wonomxesgshe, at the N-termnal, Ctermnal or POTIUSRNONEB®SET

vari able region linker. The RNA/protein fusions of the invention, involve
the use of naked RNA. In a preferred enbodi nent, all reagents that contact
t he RNA/ pr ogenanattdisTixss naayeet Vidahe/r WLt donfiNas é&n amifthdyiehdiodmeagiesats, f or

exanpl e, RNaseQUT(tm, yeast tRNA, SUPERaseln(tm, RNasin(r), and other
RNase i nhi llgl?lf’{?rr@s érr?gf%ﬂe‘}éﬁ%t he art. 2) Screening For Antibodies To A Desired

Target The |ibramye @brBRAPHETSIRtiblHaQARolifclSdd £RMBMy htleit AciistyiRnbisndi ng
to a desired target. In general the target nolecules are bound to a solid

support, foenaxigegionagatsids ef Headsiable mepors, favissanplent conskant regigeer nol ecul e
is directly_.linked to i.d substrate. In another enbodi ment, the target

L.
mol ecul e isfﬁﬂﬁ?]f{“%Eﬁof’ioz%,hl?%erre&?é‘npl e, biotinylated, then the nodified

target nol ecul e Nuchaudd Yibearled®f BRdinkémain @iy E@mpri SORNA, DN ©oF Ay @idS or
exanpl e, streptavidi n- M280, neutravidi n-M80, SA-M270, NA-M70, SA- WOne,
NA- MyOne, SAcR{giingseoth BNA ad A8A skenenty ot her enbodi nents, the solid

support fur iﬂ-gfa : Q@W%?‘c%@?g%@i?ﬁ&d@t f.or exanpl e Dynabeads. Such
magneti c be support, and any bound

RNA/ ant i body f usiTaa antisealnnanleaseay/livhxéumey bs modifRednagaehin aAfepade bi ndi ng of
RNA/ protein fusions, the solid support is washed one Qr nore tinmes to

remove unbodffEPRNAIPFHBt &t MSiEHE G R complempparment ok indipval meenber A one
enbodi ment Hﬁ%akﬁ?x le3siBRYiBk '@% w/tg@ﬁég a dﬁ‘@te\m n%lladﬂ&s.aﬂhy BRYYcRhized
plurality o ant|b0|83|sanp| I ed to produce re mRNA. ~ Any art

recogni zed menhoof asfaciRAtof plpeptide agnepter toantuelyyd atid¢ake cootempkaed lircludisg ng an

Assoct t ed TN EHPBAGY SRR IAL s Ly aBi NRT 801 8% Uy PR s r i bed
into cDNA befasgesheaiRopaepd 4.2 IBEOPEHR UR PaRERNE®Y 180 (RAQhtehBbrbe
subj ect to one or nore rounds of screening to enrich for the highest
af finity anwhbddiregicopggited berain by refereiceer nati vel y, the RNA/ protein fusions
ey be eluted fr 2N orgehz?spect the invention features novel methods and compositions for the
attachment of a peptide acceptor to nucleic acid libraries. In one embodiment, a linking
molecule may be synthesized that comprises a Psoralen C6 molecule and a peptide
acceptor molecule, wherein the Psoralen C6 molecule and a peptide acceptor molecule
are fused to a nucleic acid sequence, wherein the nucleic acid sequence is
complementary to sequences at the 3’ end of the nucleic acid library. Such linking
molecules can bind, via complementary base pairing, to the 3’ end of nucleic acid library
clones. Psoralen C6 is sensitive to ultraviolet (UV) light and will cross link the linker to
the nucleic acid library clones, thus covalently linking the peptide acceptor to the nucleic
acid library clones. In another embodiment, the nucleic acid portion of the linker
molecule may contain modified nucleotides, for example, 2 prime methoxy (2'OMe)
ribonucleotides. In another embodiment, the linker molecule further comprises a
Triethylene glycol or PEG-150 linker separating the nucleic acid region containing the
Psoralen C6 molecule and a peptide acceptor molecule. In one embodiment the linker
may comprise, from 5' to 3’: Psoralen C6, 2'0OMe) ribonucleotides comprising the
sequence UAGCGGAUGC (SEQ ID NO: 20), six Triethylene glycol or PEG-150

moeities, two cytidine residues, and Puromycin. Such linkers may be custom-

synthesized by, for example, TriLink BioTechnologies, Inc.
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solid support prior to anplification of the nucleic acid conponent. Any art
recogni zed nmethod of elution is contenplated. In one enbodi nent, the

RNA/ pr ot eWo 2h 30858 ar e el ut ed usi ng al kal i ne condi ti on®CTfusreo0es90pT €,
using a pH of about 8.0 to 10.0. In another enbodi nent, the RNA/ protein
fusions are eluted using acid conditions, for exanple, using a pH of about
3.0 to 6.0. VI.GemnmleSmbemhi ethddse RNA/ protein fusions are not eluted prior

to anplification of the %Ielc aci éfntb |nsteadthe RNA/ pr ot ei n
fusions are addedf Bl?er"é*BF‘Pt the grveRion T“i“fsirB%‘FP Pl SELEERIng AhaFXprasFign
Addi tional | yipalkieabt @ nﬁtehM@ﬁ ¥ bRiPeRissas dapasle BP@i'ndf?l HHekgle @agkds My

be sequenced using single nol ecul e” sequenci ng nmethods to determ ne the
nucl ei ¢ seqdendesitiof orgy ey ssbBiog @cttlm%hpj:raéltoms homnssleston ef an rmttbnéy from an

enmbodi nrent, PCR anpl,ificati e ed usi a . lity,
roof -t eadrHgCpamHras Bled SpoEYufioe SRR Radieeh B ROuR S dMerRited 'Y
pol ynerase from Trh&ﬁd@ﬁmﬁmsmkmé@&@re@ﬁmmsraﬁés & ¢ idventidrsiaPbPsdrednedaer ase
H gh Fidelity (lInvitrogen). Additionall alternatively, the nucleic acid
sequences nH§ingan aripeqoRnized (mdee celbiige %@IF%YH%&QHOFY%&WC(%/ #isplae Puehr oduct i on
of nutation r. ity into
the selecte elﬁlg)c gﬁcm‘gg%ﬁ%e%%%g% ydels‘gbreﬁ’(tjtt&:!B)r&g]noéléI Pwt\ﬁﬁéﬁul gs may
be subj ect ed,196,88056,9%r 72500[01’8 19f7 5,0222470, r6g31810\1’8 ’Lllb$ a6y CRUGAIStICt | on
Li braries of the invention gener ated from anz? anti body fragnent

n>

capabl e of Bi?Rdig ¢V 446at691’éf‘ 55? &8 Hiidorfil it O-4F9-BPGG €Y d6: ant i body
variabl e doﬁ%ﬁ%éﬂ@g@ﬁ%@%%z 68HES 623186, 261 1¥ld5 6”6?(24?@-br nE essbf In

anot her enbodi nent’, 'scFv Tibraries ‘are gener at e t he
i nvention rréy)zaJSé@ anddd Wlénﬂi}bwmemudi mlvolvaMadscsquClenﬁp]s)t@mcrodrmgrqrmgi ons

out si de of the var ere for e onst ant r fragnent
Chereor. Cor At R RS p O IR M Y B R B GO A SRy 8R e Pl 1
conprise RNﬁudQN/AcfarfrchMWméiﬁt 6RRhakAl BY sBRE( R, aRBLHENA Bl ROR N a L nkage

O Nucleic Acid To Peptide Acceptors
target molecule, the nucleic acid that codes for the protein is also selected.

To improve the expression of scFv proteins, the above referenced in vitro
screening assays may require addition or removal of certain reagents. In one
embodiment, protein disulphide isomerase enzymes may be added to the in vitro
expression system to improve the production of functional scFv molecules. In another
embodiment, a mild oxidizing agent (for example, GSSG/GSH, for example 100mM
GSSG /10mM GSH) may be added to in vitro translation reaction mixture of the scFv
proteins to allow intra-chain disulphide bond formation in the VH and VL regions of the
scFv molecule. In another embodiment, reducing agents (for example, dithiothreitol
(DTT)) may be removed from the in vitro translation reaction mixture of the scFv.

In another embodiment, one or more labeled amino acids, or derivatives thereof,
may be added to the in vifro translation system such that the labeled amino acid becomes
incorporated into the resultant antibody. Any art recognized labeled amino acid is
contemplated, for example, a radiolabelled amino acid, for example, 338-labelled
methionine or cysteine.

In one embodiment, the in vitro screening assays of the invention require that
after in vitro selection of an antibody or plurality of antibodies the mRNA that is
physically associated with the antibody or plurality of antibodies may be reverse

transcribed to generate cDNA encoding said antibody or plurality of antibodies. Any
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The anti body nucleic acid libraries may be nodified to contain a peptide
acceptor noiety. This nmay facilitate the coval ent attachnent of individual
menber ofwourelogizessaci d expression libraries to their cogoaUTS2@OOFWEN
products. Any art recogni zed neans of attachment of a peptide acceptor to a
nucl eic acid are contenplated, including the neans described, for exanple,
in U S Pat emtabNomethp® 4@, 1@ G8se tchrScrifRamantotemphedS By é5dmple), SizyRatnsratiatédd.
7,195,880, and U.S. Patent. No. 6,9 725, the contents of which are

i ncor por at e&eVﬁ@Féﬁaﬁ‘S%’;}’“PB’rfBF gtewle. Yolgrey @é”ﬁ&%f ”{gﬂf&lai S AEYCHTT FRATTHES:

novel nethods and ¢eRaS hé@HE é‘r@ﬁlo&éﬁl‘%n@lﬁé RCATRAMAS red u@@%Fﬂﬁca%‘éﬁ%PE&r to
nucleic acid libraries. 1n one enbodi nent, a |inking nol ecule may be

synt hesi zedntdleic acishthatieneedes apglgdadsehatdndrieeifighlly wreddesirpe prgade Iraese pt or
nol ecul e, whe eln t ral.en C6.ml ecul e, an e acce tor . nol ecul e
e usey t ERbShenE R Rl B S Ea il Spe Rl e Rty o SRR 2t fonec | <
conpl ement aaﬁ(ulidaheﬁeﬂaye&c@ﬁ 18editd protfuc€pdrdhmRNIE  AHG hRirécogfizéd hebiodrof. Such
| i nki ng nol ecul es can bin via conpl enentary base pairing, to the 3' end

of nucleic BNAraplisatanyis epwpmplatads frr sramplosusing aeRNA ieplicase enaymealn ol et
|'i ght |
(V) Tight gnd, e{rﬂbo(a M 1%&}% Ihtﬁﬁ ﬂhgéﬁgilgié%séé‘aﬁe %&h%h%{lﬁﬁdaﬁuclpﬁﬁrﬂﬂtgci q

cl ones, thus cova ent acce elc
l'i brary cl 0IESntlbloﬂleaIflthtyhi&ffir@tl’l’ﬁ@ﬁisd@zliﬁscrllbdfaieinmm}NAd)eﬁﬁe teing latﬂphfled)f)yt he
| i nker nol ecul e nay contain modi fied. nucl eotides, for_ exanp prime

met hoxy (2 68 Triche AmePrdistntdsR 1RPLLGERR Mayhs Sarorplish e@H@ng ?m@élr nol ecul e
further ﬁu SpiBofi’ rﬂes&lﬁ#agﬁleﬁdsx%f e&@%e ko ﬂhFulfﬁ‘d’ gPaRat i ng the
| n 1 a

nucl ei ¢ aC| |on cont a e Psora nol ecu a peptide
acceptor no pelyuieease tfmnoﬁleeremb@ndmriemdakummm nkElratumy Togi¥ A Po]yrharasm IBight o

3': Psorale onu | eot i des sing.the se nce. UA UGC
(SEQ 1D Nox Pty Gpgiisdniy FSipedimear. TR G FEIAE P TRINEY L1 di ne
resi dues, aﬁﬂq@%b@&iﬁsﬁﬂhaﬁﬁﬁb@d&@Jﬁﬁat%mto% tRBYRIANes! 268€r-Bonef OF
exanpl e, TriLink BioTechnol ogies, Inc.V. Genera Screenlng Met hods I n one

aspect, thePCRvention features nmethods of screening the expression
Draries of ther] ISk boinds TR boke A0 RIS RPARL RioR ) ARG
by display on the surface of a cell, virus or bacteriophage and subject to selection using
immobilized target molecules. Suitable methods of screening are described in U.S.
patent numbers 7,063,943; 6,699,658; 6,423,538; 6,696,251; 6,300,065; 6,399,763;
6,114,147 and 5,866,344.

Screening methods employed in the invention may require introduction of
diversity into the antibody library by introducing nucleic substitutions and/or deletions
that may result in one or more amino acid substitutions and/or deletions in the expressed
antibodies molecules. Any art recognized methods of mutagenesis are contemplated, for
example, random mutagenesis, “walk through” mutagenesis, and “look through”
mutagenesis. Such mutagenesis of an antibody can be achieved using, for example,
error-prone PCR, “mutator” strains of yeast or bacteria, or incorporation of random or
defined nucleic acid changes during ab inito synthesis of all or part of an antibody. In
one embodiment, a library of antibody molecules may be created in which one or more
amino acids are randomly mutated. In another embodiment, a library of antibody
molecules may be created in which one or more amino acids are mutated to one or more

predetermined amino acids.
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Any in vitro or in vivo screening nethod that allows for selection of an
anti body froman expression |library, based upon anti body binding to a

t arget noweconio398s8 cont enpl ated. I n one enbodi ment, theCEASL@9DFWAT
libraries of the invention may be screened using an art recognized in vitro
cell -free phenotype-genotype |inked display. Such nethods are well known in
the art and are Sesemihgadathddslerr@i(@rerpliretheiimvddti&l nfagtalsoNeguirethdtdthe 880;

6, 951, 725; 7,078, 197; 022,479, 6,518,018; 7,125, 6

6, 281, 344; BIBETIYAS th%taﬁgf&bﬁ’églg lesBmELERY by 1%?&358%&’ ‘%%gg a§8€°dles

6,489, 116; 6%1&'13@1p§(§)%d a@fﬂﬁér?fo? the; ta@e@ofgn}ﬁﬁ*ﬁrecé 23 r%&ﬁod@@ﬁﬁ@fe% the
6, 660, 473; 6,312,927; 5,922,6545; and 6,348, 31% These net hods i nvol ve

transcripti @tﬂﬂneén%r@tae|antlli>crdyvtﬂtg€blnt€rrm0a ansiy | edycheassingidereds Jllmhnfa vvay t hat
the protein | ass at ed or ound to the. eic

whtch it or PPREREEL 5B YL ERECAhE Fay en B Erub R Bie e FinE e tAf Ge
nol ecul e, t BéndeHEARInCofakd ShshNBUffGPEOSdHRIth AinRY OF Bilentibod/ SOles@kefdret TO
i nprove the expression of scFv proteins, the above referenced in vitro

screeni ng adewipd Ayt leguether exehfdimeH, Ge lenafovidime peratitedion teamébadies tof n
one embodi mppty, . R4S @ g Og%eh&p 1dGed 1%83“3 aa}ucﬁg%lﬁggnﬁ}’ at%:égﬁgﬁé% to the in

vitro expression system ove scFv
nol ecul es. bmdargﬁtdqﬁmmh&)ﬁmﬁermmhe Zﬁltlm)(ﬂ}dtamg@it ditaﬂaagang;w Kdrexareplanpte,
GSSE GSH, for exanple 10QvM GSSG / y be added to jn vitro
transl at i ona?té%i)élﬂqsd?ﬁyn@rﬂ‘Eﬁféloé‘fedttﬂél@é?\? dﬁﬁléﬁtde‘i“H%Ottﬂézeél QISR | M ePesifihai n

di sul phi de Q@ﬁqn{rg{dﬁ%ﬂ o0 1&%&*{!&&{"&:%?%%‘1%@9{: Q&tﬁg%ﬁ&ﬂﬂg‘er%‘sﬁx ka’%%‘)e .

anot her enbo uci ng agents exanpl e Iothreitol (DITT)
be renoved bmding wigh ihe ininiabilized daargétaticlothat egibodes withdthe toavesf afﬁhEy $aFv. In
anot her enbodi nent

n r.e d ami no_.acids, or. derivat
Cher oo , mag T AEGEEd ORI RS B PR G NS RTSEH O PO
| abel ed am QEmakipfbREGANES BiRGAE affﬁﬁﬁyecthb@&&géﬁ@y chQﬁéJﬁstsﬁ’gnEorﬁiman%JaXz beANy
art recogni zed Iabel ed amino acid is contenplated, for exanple,

radi ol abel edrther insreas¢didy figreasing sl concaBiatipabbnoretnmebilizeshiarget that sydiled ne.
In one enbogoﬁrl%asgayt he in vitro screening assays of the invention require
t hat

Screening methods of the invention may also require multiple rounds of selection
to enrich for one or more antibodies with improved target binding. In one embodiment,
at each round of selection further amino acid mutations may be introduced into the
antibodies using art recognized methods. In another embodiment, at each round of
selection the stringency of binding to the desired target may be increased to select for
antibodies with increased affinity for a desired target.

Screening methods of the invention may require purification of RNA-antibody
fusion proteins from the components of an in vitro translation system. This may be
accomplished using any art recognized method of separation. In one embodiment, the
RNA-antibody fusion proteins may be separated by chromatography using a
polydeoxythimidine (polydT) resin. In another embodiment, the RNA-antibody fusion
proteins may be separated by chromatography using an antibody specific for an epitope
present in the antibody component of the RNA-antibody fusion protein. The epitope
may be an amino acid sequence tag, for example, FLAG, Myc, or HA tags, incorporated
into the amino acid sequence of the antibody component of the RNA-antibody fusion

protein, for example, at the N-terminal, C-terminal or in the inter variable region linker.
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after in vitro selection of an antibody or plurality of antibodies the nRNA
that is physically associated with the antibody or plurality of antibodies
may be rewensw/wssnscri bed to generate cDNA encodi ng saiPdTAIs200006905Dr
plurality of antibodies. Anysuitable nethod for reverse transcription is
contenpl ated, for exanple, enzyme nedi ated reverse transcription, for

exanpl e, Mol oney Selgctioreofl amtikedie afromrthislibavies sfetht irevestton phy seuirScreaeniofig

met hods enployed. in . the inyention may require anplificatiaon.of. the nuc|eic
o 0t hat | SHOSBU A ks LS ot Brem Sbir: B Bostded Sty A0k ° 1
one enbodi ngng soliﬂ%’ﬂﬁ_stlreh@?or'e§arﬁf§]§é§é%%%s!e)be§@s$QH'aﬁ'étﬁ& MBJAiREnAME khedy or
plurality of antibodies may be anplified to produce nore nRNA. ARy art
recogni zed meideote isfirfRpodiiegsl, feraxpmnle biotonlatedpthan 8¢, médbficdsesgnd wleausi ng an

RNA replicase enzyme. |n ot.her embhodi ment ,. NRNA that i s .physical |y

Rssoc at ed b Aaine PGPt I SRR RGH ahtr e accHRy R RL”  ever se
transcri bednbwitidiNodoeSarei2be) Ma-Mop0,iISA-84,0ne, RERMyIOhe0SR - aRNRE axaNnt , PCR
anplification nmay be acconplished using a high fidelity, proof-reading

pol yrrer ase, NoRg@QEmpl e, the KODI thernostabl e DNA pol ynerase from

Ther nococcus kodakaraensis or Platinum Taqg DNA Pol ynerase H gh Fidelity
(I'nvitrogen). In another enbodi nent, PCR anplification may be perforned
under condi EXHMPLIGCTION OFULIEE MNVENTION i nto the anplified DNA, e.g.,
error-prone PCR _|In another enbodinent, the expression libraries of the

i nventi on may be T&EUEBMEdhpXaRgst iy fakoving naafeadtandopetiodsyere useq walessy
bact eri ophag eﬁ%‘e?ﬂd@h?‘:t to selection using i mobilized target nolecul es.
Sui t abl e net hods of screening are described in U S. patent nunbers

7,063, 943; 6,699, 658; 6,423,538; 6,696, 251; 6,300,065; 6,399, 763; 6,114, 147
and 5, 866, 344. Screeni t hods enployed in the invention may require

i ntroducti oﬁ}‘ff‘?r"ﬁﬁfﬁf?ﬁe&@”ﬁnt o the antibody library by introducing nucleic
substitutions angy gincag! @t bRREcd Hathe PRYerdt8SHhntioh an?ﬁgs,ql_rnmp beAMk&O acid
substitutions and/or deletions in the expressed antibodies nol ecul es. Any
art recogni zuldcatst, hotienadnartachyignesstfshamestiyomoteaplanbietbgyf weomkimapi BNAr andom

mutagenesi s tec'}'n\{\oﬁllo Ey,tirrﬁh%%gﬁgy r{é’g&;@&%’? e, 3 gs.,’ im%%jno gio%%hn rtercl:{n%igg;) , and animal

husbandry. See, e.g., Sambrook, Fritsch and Maniatis, Molecular Cloning: Cold Spring

Harbor Laboratory Press (1989); Antibody Engineering Protocols (Methods in
Molecular Biology), 510, Paul, S., Humana Pr (1996); Antibody Engineering: A
Practical Approach (Practical Approach Series, 169), McCafferty, Ed., Irl Pr (1996);
Antibodies: A Laboratory Manual, Harlow et al., C.S.H.L. Press, Pub. (1999); Current
Protocols in Molecular Biology, eds. Ausubel ef al., John Wiley & Sons (1992).

mRNA Display Protocol for scFy

mRNA display may be conducted according to the method shown in Figure 2.
Particular embodiments of this method are described in greater detail below. These
embodiments are intended to illustrate the methods of the invention, and should not be

construed as limiting.

L Design of Antibody Library Templates
Library DNA constructs may be designed according to methods of antibody
library generation known in the art. In one embodiment, the library constructs may

encode antibody fragments, i.e., antibody light chain fragments (VL) or antibody heavy
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mut agenesi s. Such nutagenesi s of an anti body can be achi eved using, for
exanpl e, error-prone PCR "nutator" strains of yeast or bacteria, or

i ncor por avopan1oai398sandom or defi ned nucl ei ¢ aci d changes PAdmftS2@IAOSNI t O
synthesis of all or part of an antibody. In one enbodinent, a library of
ant i body nol ecul es nmay be created in which one or nore am no acids are
random y nuthdiedragmant@angtihe in anbediphenembadindar, ahe/lilafhryaevins toady map keauke e s
may be created in which one or nmor m no acids are nmutated to one or nore
predeterniné@ggﬁﬁﬁ@‘ﬁgﬁﬁ@.@@P@Bﬁﬁﬁ%w t hods enpl oyed in the invention nmay
al so require that the stringency of the target-binding screening assay be
increased to select for antibodies with inproved affinity for the target.
Any art recégni z&depmetivous Toigdt derigasi ng the stringency of an

anti body-target interaction S may he .consi dered. In one enhodi nent, one
or moreof t he abtasRE s BRERSHRIT futar REHY R b kiRl Se R cal
concentrati Bibti@glatéd%nﬁg&ﬂmwc the besttafti §SAYE Bachh@rgadf dhbhldtne deferinedantd body
nol ecul es for the desired target. In another enbodinent, the Iength of tine

pernmitted f6sethyecaspbitsvdicdollpwing qensiderations Hasbe e@diaaagererpgpidrdineeduced.

I n anot her i {. . | L i_ndi . t he

antibody-taggggﬁhﬁggpgt ﬂ%ﬁla§%%§hﬁﬁg$&§§§%%f%&ggﬁg&éﬁgf%%%ﬁg@4%gg&$irst be

al | owed to konget @ detcdtmsiadey polyrodiiphisae@ NPeargldtaplofyepacd/bt phaconagphdtat i on

of non-immbilized target may then be added which serves to conpete for

bi ndi ng wi t ANIKES-| tiyBFY ansigen pachidenally wmay hapa feagprabldiipasdivity (eptmeatioitest

affinity fo tJ a f J Ll : |41 in an
atAv dnﬁggxga g&@éo}ﬁb‘?ﬂi\/ r?.%? gs&&‘aqénﬁmﬁghh Elﬁgsgcl;%l] gfcgnf%%uers?a?fd rhd

enrichment for ant es Wth ed antig Inity. The

stringency ofepated imssfhigieobqdintitientor ragarbeeldatiohher scrazomga sedldwynsdtrrameasi ng
the concentration of non-inmobilized target that is added to the assay.
Scr eeni ng mBtRGWES of the invention may also require nultiple rounds of
selection to enrich for one or nore antibodies with inproved target

bi ndi ng. In one enbodi nent, at each round of selection further amno acid
nmut ati ons may be Prepareduced.ibaroDMe anti bodi es using art recogni zed

nmet hods. I n another e gj nt, at.each round,of sel.ecti QQF tringency
of binding to ¢ nbHRSNTSA Pargsrehg Bl i ERY s an R RRELY BER AR
amplification may be performed using methods known in the art. PCR reactions
typically contain DNA template, reaction buffer, dNTP, primers used for amplification,
DNA polymerase, and water. Multiple reaction tubes may be set up simultaneously

from a master mix to increased amplified DNA yield. 25 cycles of PCR typically give

sufficient amplification, but as many as 35 cycles may be used to gain more products.

4. Library DNA Purification

If products are the correct size (~850 bp for scFv, ~500 bp for VH or VL library)
and contain minimal non-specific products, the products may be used directly in the
transcription reaction. Alternatively, the products may be purified on a preparative
agarose gel by cutting out the specific band of the correct size. DNA concentration may

be measured on a spectrophotometer.

5. RNA Transcription
RNA transcription from library DNA may be performed using standard methods
known in the art. A large reaction volume may be used to transcribe sufficient DNA

templates to sample the entire library diversity. In an exemplary embodiment, 1 x 10"
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antibodies wth increased affinity for a desired target. Screening nethods
of the invention may require purification of RNA-antibody fusion proteins
fromthe worrpmvissss of an in vitro translation system Phiraseey/obmws7
acconpl i shed using any art recogni zed net hod of separation. In one

enbodi nent, the RNA-anti body fusion proteins may be separated by

chr omat ogr apbpicudst lidgay tgnplymbe oyt usiadiimtdae ROOA ydidycripgen reaction. aduo RN

enbodi ment, the RNA-anti fu5| o] y be s rate y

he ot g ABH Ay ORI e VMO Soub 71 R groit. BeR b Brel IR CTR, ¢ ne
anti body comagnentp, afd Th@ﬂ'@o@ﬂk&&%@drhé Rﬂﬁﬂaﬂcﬁbﬁérﬂrea&% rﬁﬁ);l' bORR Jtay be
an anino acid sequence ta exanpl e, FLAG M¢c, or HA tag

i ncor por at ed? |Cnf0®b@th\@eaﬁlhwrsae|0de®€b@eﬁh@t6®ﬁlmeh@36[rh€|lbgﬁﬁolwlpg)metml of the

RNA- ant i bod r.ot for exa the N-ter m | or
0 the. 1 ntefo s pEREBhg e b RS AR Bt By TR T B RN OHE U TR
l'ibraries ofeacfién.i POIRRNh® RNPRafiLEPiide DN tasfla@b magmiehéhbvadrdmiget

nol ecul es. I n one enbodi nent, the target nolecule is directly linked to a

solid substf%@OHWXt%@WEasedg%%ﬁ@nbeads | n anot her enbodi nent, the
target nolecule is first nodified, for exanple, biotinylated, then t he

nodi fied target nolecule is bound via the nodification to a solid support,
for exanpl ep. str &piAaRiididaibR 89 NATUd bt (Firomd8phSA- 270, NA- MZ?O,

SA- MyOne, NA- MyOne, SA-agarose, and NA-agarose. EXENMPLIFACTION OF T

| NVENTI ON Thr oughgliewingdraasciiptpasRNAqaay bt fragtiongteusiagiady AP alﬁ&om&dg wer e

used unl esst@%}ﬂ%@l[‘f“nﬁ?oﬁ&ﬁ{s ﬂ}ﬁfes&foﬂ' ﬁzﬂun hRdsa NAFEOEGR bIRNA

practice of the present invention enplo ess ot rvvl se | ndicated,
convent i onapumﬁcmmnq Ubs colmrrmhazm bt a:qluhbmﬂeé@sulngﬂ)EBCbtrogyd dHe@ pnidor tmant DNA

t echnol ogy, nolog I, Mmuno, chnolo and
bl o b BAEgacep ok NeCEEY BeRhoft it s UER Qe SRt 1P B TRBISEN ar
d oni ng: Colv91u§£aerm1@1@1cld%aéaardﬁz@t(9 ay <y ML Bees) diLlé%&%)cn eﬁsﬁﬂebaﬂ)\ﬁ) Envgico@er i ng
Protocol s (Met hods in Ml ecul ar §I0|O , Paul ,” S., Humana Pr (1996);
Ant i body En g]uﬁge rvphlgle maay be less than about 15 % of the transcription reaction volume. RNA

may be additionally or alternatively fractionated using a NAP-25 column.

7. RNA Quality Control and Quantitation

The size and yield of RNA samples may be analyzed using gel electrophoresis,
or alternatively by measuring the OD at 260 nm (ODa¢0) of RNA concentration in
collected fractions. For example, molar concentration of scFv RNA may be calculated
as follows:
[RNA] (UM) = [RNA] (mg/mL) x 10° / (850 x 330)
= ODagp X dilution factor x 40 (ug/mL) x 1000 / (850 x 330).
RNA yield (nmol) = [RNA] (uM) X Volume (uL) / 1000
The RNA yield typically reaches a maximum at about 20 nmol/mL per 500 puL.

transcription reaction.

8. RNA Ligation to Linker

A DNA linker that contains a peptide acceptor molecule at its 3° end may be
covalently ligated to the 3’ ends of each RNA molecule by UV crosslinking. The
peptide acceptor, which may enter the ribosomal A site and covalently couple to the

carboxyl terminus of the nascent polypeptide chain, may ultimately enable the covalent
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Practical Approach (Practical Approach Series, 169), MCafferty, Ed., Irl
Pr (1996); Antibodies: A Laboratory Manual, Harlow et al., C S.HL. Press,
Pub. (19999;2000u3p8snt Prot ocol s in Ml ecul ar Bi ol ogy, ed®CTAs3wosF081 al .,
John Wley & Sons (1992). nRNA Display Protocol for scFv nRNA di splay may be
conducted according to the nethod shown in Figure 2. Particular enbodi nents
of this nethodciatien déthe mBIeA (penogypeatethe gedtainlenbaledwy tHik askN Artphahionggre).s ar e

intended to ,illustrat hods of the j.nventjion,. and should not be
coner s ved. adn ol PECOTGTRIG Ry Pantaihiot Druhe 1o os PR oy ary DNA
constructs REPhElHTH)2Meca aidG Dot RRIEX & c@biBRGYinh BRSEYID

generation known in the art. In one enbodi nent, the librafy constructs nmay
encode anti DA ragnents, i.e., antibody light chain fragnments (VL) or

ant i body heavychainfra VH) . .In.an.exenpl ar nbodi nent, the library
construct s may enboReSRTge efndificayaf i diE “FPy Rt ERREERT ot |

Prepar at i oncefaldirboed bethvegethe GaRer aldl the bk ABNA VI b isdiakirantA boe(U RGar y
may be sel ect ed %{Cai nst bioti nél ated antigen. Wiile the best antigen for
each tar get GSHy U OHSEQ2NG: gBYbaskbancaggionppneadste thaknlker anpgaling siteod tag
consi derati - [ ' t t tigen is
typically mﬁf&?ﬂ%ﬁ(érsa egz??eg%%?u\g%gs%?gﬁ%gre]ﬂ?\}%%%ugrfée&g%%ﬁ% é)tltae%eti C

i sotype, as “Siicer 9, akernbyvepwkyovod T Seth1SNPelgoe dn RBIGE1 Y P ahisaspdécdthas been

phar macogenetic analysis, A target antigen additionally my have reasonabl e
bi oact i vi t y OPEBHEA ABIo¥ dedI iy dORPHP SR, INGHH 1B UHFYAYOUPgeBE A

chem cal _andi PRyl PRI RPDNATShTBID e gﬁl%ﬂﬁ{gﬁlg}'h{bd%aﬁbﬁ iRBiks into
quantities for Tibrary selections or screenings a ownstream bl oassays.
3. Prepar at tleritisoink By siteyto DMAtd 4 atade yinONAwaad thetlmksedmelcthe omscontteptide.may be

arml 1110 b, IR ST £21100, oy be, BetL o 1ed g, hod known 1
dNTP, pri megh,Us&flokosiReRhi fiheatil BBht sensitive, solutions containing this linker should
be protected from light.

For initial rounds of library selections, a large-scale ligation reaction (about 5
nmol or about 3.1 x 10" transcribed RNA molecules) may be recommended to sample
the entire diversity of a naive antibody library with an estimated diversity of about 10' -
10". This RNA quantity may ensure enough templates are incorporated into translation
reactions to produce ~10 pmol functional mRNA display molecules. In later rounds,
RNA input may be reduced to about 0.5 nmol per selection. In an exemplary
embodiment, an RNA ligation reaction may contain the following components: RNA,
water, chemical ligation buffer, and the PEG6/puromycin linker (1mM). In an
exemplary embodiment, the total reaction volume is about 100 uL. In a preferred
embodiment, the linker/RNA molar ratio may be greater than about 1.5. In one
embodiment, the final linker concentration in the reaction is about 15 uM, and the RNA
concentration in the reaction may range from about 3 — 10 uM (= 0.3 — 1 nmol RNA
input). As a reference, an 850 nt scFv RNA at 1 mg/mL = 3.56 uM, and the attainable
maximal ligation concentration would be about 3.16 uM (about 0.32 nmol).

The annealing reaction (which anneals the linker to the transcribed RNA) may be
performed in a thermal cycler. In a preferred embodiment, the annealing reaction may

be conducted by incubating samples at about 85 °C for about 30 seconds, then at about
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DNA pol ynerase, and water. Miltiple reaction tubes may be set up

simul taneously froma naster mx to increased anplified DNA yield. 25

cycl es ofwBCRwogpsseal | y give sufficient anplification, par/issommmpsas 35
cycles may be used to gain nore products. 4. Library DNA Purification If
products are the correct size (-850 bp for scFv, -500 bp for VH or VL
library) and°Coningiavampnateslf aban-Osii€qief savopd.oBextions tmhye thended theidsatmbyutbe
used directly.in the transcription reaction. Alternatively, the products
may be purlﬁ(éd on a preparative agarose gel by cutting out the specific
band of the cor rﬁ@éat@h%?the%a@&ﬁﬁﬁ&}ﬁRNAﬁﬁ R Y cREnIRASHE £ V0o linking.
spectrophotoneter. 5. RNA Transcription RNA transcription fromlibrary DNA
may be perf Jhwerr!a}ulsa mdgcctacrhdangl amemhthed kknamto pre @f‘rﬂéulhmtthe Art] Brgee react i on

vol ume nmay be, used ri be |C|en ates to sanmple the
vt ire 1T SP0ORRal S GO Rl R b ey 57 kortlh AR L5 il SRR o

library tenglradtRsudi®ya hﬁldhsﬁdonglwb{?@er@m(dbbmmrﬂ)tUvrlaﬂhpaﬁa ERRslirkBd RNA
transcription typically contains 5-10 of PCR product, reaction buffer,

ATP, CTP, Grmut{Fmingfgginrthe gpk. ﬂb’lP}f#bh&%@n effieris albeah 38 r-99¢%- orenesalbt i on
may be run ngﬁrlégagio 9L &%cﬁﬁ%g grihQ‘i’% ntIlS’roﬁ‘e{é?{]& mg'il& storddCl L 8H ﬁ' mes rmay be

used follo I ni ver, overnight incubations
may nexi m ze the RNA yield of the reaction. Followi ng RNA transcription,
DNA t enpl ates be rempved fromthe reaction m xture by DNase |

di gesti on. RN%’”WM”W&WW by NAP Col urm Chr omat ogr aphy Fol | owi ng

transcriptlon R TR ARG SfloiS 1072 M KL By TRl 48 abou

1L of transcrlptlon react oaded onto ‘a NAP-10"col um
purificati omRN“Acehspiﬂymwﬂeudys ﬁ@rcaﬂm«:dcnbnsaarrei@lmﬁlcm@o@EmvdtﬁoetmutldMiso pr| or
to fractionati eluted fromthe co out 1.5X the
reaction vof Iyémlgr%‘%/{]fl%cg A TRISERLs kNowB & fe ‘btuesgq]:‘) L?Tg Bh?f?crl ption
reaction). mﬁo&a{eal 8 tddsRitioN Al Bn 8N BR stBy fblabpikeaRpsilc sIRRS0RRNAe

transcription reaction volune. RNA may be additionally or alternatively
fracti onat ed:nu;gatngv@l auapt Pmi gdf yeticulocyte lysate in a reaction volume of about 15 mL.

In preparation for the translation reaction, solutions of GSSG/GSH (oxidized
glutathione/reduced glutathione) may be prepared at a final concentration of about 100
mM GSSG/10 mM GSH. PDI is prepared by dissolving PDI powder into dH,O to reach

a concentration of about 1 Unit/uL.. The PDI solution may be stored at —20°C.

An exemplary translation reaction may be set up as follows:

RNA (100-120 pmol/300 pL or 500-600 pmol/1.5 ml ) X X uL
dH,O to 73.7 to 370 uL
Amino acid master mix (Met ) 15 75 uL
100 mM GSSG/10 mM GSH 33 16.5 puL
PDI (1 U/uL) 6 30 uL
[*S]Methionine 2 10 uL
Reticulocyte lysate 200 1000 uL
Total volume 300 1500 pL

Translation reactions may be incubated in 30 °C water bath for 1 - 2 hours, and

the to RN A/protein fusion formation should be performed without delay. A significant
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7. RNA Quality Control and Quantitation The size and yield of RNA sanpl es
may be anal yzed using gel electrophoresis, or alternatively by neasuring
the OD atwP@01wm3ng50D260) of RNA concentration in col |l ecPet/uSe@onsmas. For
exanpl e, nol ar concentration of scFv RNA may be cal cul ated as foll ows:

[RNA] (M = [RNA] (ng/nL) x 106 / (850 x 330) = OD260 x dilution factor x
40 (mg/ L) Xedr€H6 in RNGGProteid BBdjon RNA myayebhedotsarved vhen fHiRNAinslaniv) valukiel une
(m.) / 1000 The yi el d t |caII reach XL mum at abo 20 n

bor) 500 Nt ETARAes MG eniily; ofmigt TN B BT SHP TG CIOER U IBRAVT Hkor
that contai ﬂ&@ad@ﬁeﬁ&bﬁﬁn@i‘é@@r@&&haﬂ@hﬁﬁ%@t&h ditideBinteHfal@YlIHRtEoval ently
ligated to the 3' ends of each RNA nolecule by UV crosslinking. The peptide

acceptor, which may enter the r| bosomal A site and coval ently couple to the
car boxyl ter f the eptide chain, may ultimtely enable
the coval ent Q:s iz@{%)r ﬁe"g) ’% %"genotype) to the protein encoded by

this mRNA (phenowfe@)he tAAsBUESMRIa8ioh, Mlﬂ)% ZM‘KCI%}A aB@ut%ﬁiL Y\Mxxgcﬂas

the following fornmula: 5 (Psoralen C6) 2

(Puronyci n) nBly be38@d for Ki@ry 20)-{ilhef t%eh&bmma@@orﬁmm; indaatutmtedl fer dbaght
sensitive and functions to create a _coval ent bond between the |inker and
the nRNA by I BQUERGELMitHRPFHE A0 AoRA (o yREr st sy i Ye5EaP Y WMoY KCI
backbone re i r i

sequence ongfﬁqg%&%? seeLL Eﬁ\?l\ﬁéﬁ%& {"68 %& ngp%‘;ee I%I%F()ﬁran%gg%&p%tagt@ Spacer

9", al ter nahiixt@ley/ akdonbasd for iabsdiyl }QjﬂEag{oySﬁﬁbmpéraRE@-or 3600 bwérnsgha.CHﬁs has
been optim zed tgﬁ‘grow de flexibility for puronycin insertion into the
eukaryoti c Fiabdizenie Rased sibommesgiic e of RN Arieraplatepmpad plexbpemyan at

Gl 611 i KOt st T RRAYIER Gy & SESolnPORERRe ust o B RN

coef fi ci ent lihky the ln@ndlatad e¢Fvd@seiishie thedenRNA teenpldres. alieuborhddmperature
incubation may be shortened if the reaction is stored at —20°C overnight. The reaction
may be terminated by adding about 50 uL or about 250 uLL 0.5 M EDTA per 300 UL or
1.5 ml translation reaction, respectively, to disrupt the ribosomes. Reactions may be

stored at —20 °C. A 5-10 pL aliquot may be removed for scintillation counting later.

11 RNA/Protein Fusion Purification by Oligo-dT Cellulose

This step is included to purify mRNA display molecules and remaining RNA
templates from the translation/fusion reaction. For oligo-dT binding, the amount of pre-
washed oligo-dT cellulose needed to capture all RNA templates should be estimated. A
sufficient volume of oligo-dT binding buffer may be added to the fusion reaction to
reach about a 1X final concentration. Pre-washed oligo-dT cellulose may then be added,
and the reactions are rotated for 1 hour at 4°C. Reactions may optionally be spun down
at about 1500 rpm for 5 min at 4°C, and the supernatant is discarded. Oligo-dT cellulose
beads may be transferred and washed about 6 times with 1X Oligo-dT binding buffer
using spin columns, and buffer is typically removed by spinning columns at about 1000
rpm for 10 seconds. The flow-through may be discarded, but the last wash may be
saved for scintillation counting. To reduce salt concentration and facilitate elution, 1/10
of the initial slurry volume of dH,O may be added to the dry oligo-dT beads, which may
be centrifuged immediately for 10 seconds and the flow through may be discarded.

mRNA display molecules (and free RNA templates) may be eluted by adding dH,O to
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OD260/ i iole. Since this linker is light sensitive, solutions containing
this linker should be protected fromlight. For initial rounds of library
sel ecti orsQ 2010/8p85@- scal e |igati on reaction (about 5 nnmpCTarS2@084058. 1 X
1015 transcri bed RNA nol ecul es) may be recommended to sanple the entire
diversity of a nave antibody library with an estinmated diversity of about
1012 - 1013beadfhing ifiBatengafiot b tyinuay atansmrtemperatigh Elaamlitad:cdk:cadéay spinning

i ncorporated into ansl| 0 act | ons uce .- 10. functi onal mMRNA
i Spi my. ot SO BRLEE b RRel TR0 podso T SR ieopih R a8 abdr. o s
nmol per sebge EHe%ﬁhatésrhr@ébrﬁBﬁﬁ@c’I" ?&E ofERAM rﬂ%ﬁe redfbvENR,! sbﬁlﬁhht%h CRAfhS O

may contain the follow ng conponeht ter, chemcal li1gation b ffer
and the PEGGYppunzdlryydlerefflclmkcg/rof(oﬂugMdT pmlfaatlmmaplamojoeesﬂammmgr@l) at 2@ t ot al

reacti on voI u s .abo In a preferred e di nent ker / RNA
R Pot onHDIe pRaaP PR pesiserb Eng e Phd e R ST e K PR
I'i nker concgpd ﬁﬁ%NzQﬁlsbIhytrﬁ@e&ﬁ@sCJré %of&cﬁ%&o&&ed@{l th@%@géhﬁﬂ%h@s 5X

concentration in the reaction my range rrom about 1
nmol RNA i nplAG biading hué&:erselridgi toghe glsatento readhvatiRNpa 4K fmlahgﬁmntmt®n56 v

and the attainaple Xi ma tl concent.rati gn 3..16 nmv
(Rbout 0. 32 By Mtk stk - L A CG R e A AR R B R0 Y he
transcri bed RNA) OmRY-dI€reP&FE-PHABGe Icalcamtehears M&ovesY CAut 51U, @lﬁ%&f(ﬁaﬁled
enbodi ment, the annealing reaction may be conducted by incubating sanples

at about 85f1€s®1f1@actwlnmmboﬁt010§)¢dofrdmth¢ hstwadh, alabaliohC) plsif gttt (dmpe frate  of
then be held at _about 4C. Ligation of

about 0. 30C econd acti ns Y.

the anneal e8TEe-AkaY ERW %E% gﬁﬁlﬁﬁ PEdB 2SI 85 ST HRS: ﬁgdﬂm% ey be
conduct ed U\ HGoHRY ar@%%élpg c'ﬁl%ﬁl’ﬂ'ib RNA%}%te@J fitonl rl:cdv@rj t*i'@m%tgmal RNY€

enbodi nment, reaction tubes nmay be placed on top of a frozen freezer pack
and pl aced darmpia:tInypunnHNrA/prokamﬂtsadeyléldr(grnmb\#e(lmg&l@m kabbumeIGRXBPMBV | anp
and crossli nked for about 15 mnutes in the d pical ligation
efficiency ¥l %am ) 56-EMggox Vebhesial N#ﬁﬁmef}ll%l{l? alnprpéuqﬁﬂt BdaimEa. The

ligation pr gssu eS a %brgetﬁlo%m% oralléentrgp fon 1% thg retlcu cyte%ysa% ar%" glﬂf(')l%ﬂles

used in calculation expressed as UL. For earlier rounds of selection the yield of mRNA
display molecules is typically 0.5 — 2%, but may increase to 10% in later rounds. For

example, early rounds number of methionine in PROfusion library may be:
® About 3 uM for VH-Vk scFv,
® About 2 to 3 uM for VH-VA scFv,
® About 2 uM for VH,
® About 2 uM for Vx, and
® About 1 uM for VA.

These numbers are averages and are based on germline sequences, and one of skill in the
art will appreciate that they may change over selection rounds as the library is enriched

toward specific sequences.

12. RNA/Protein Fusion Purification by anti-FIL.AG M2 Agarose
This step is designed to purify mRNA display molecules from remaining RNA
templates. It is not necessary to proceed to this step if the library will be selected by

antigen off-rate competition or by antigen-expressing cells. The amount of pre-washed
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In an exenpl ary enbodi nent, about -0.1% of input RNA may be made into nRNA
di splay nolecules after all reactions and purifications. In vitro

transl at iwo 208/e8sduct ed usi ng nmet hods and reagents knoROTius2@05w67 ski | |
in the art. In one enbodinent, the translation reaction using the scFv

i brary uses about 5 nnol of RNA tenplate with about 10 nL of reticul ocyte
| ysate i n aane&tA@N2agaroye beddsaleedd td saptire dlimBNSpaisplty arldontes mingy be

translation reaction, solytions o G GSH (oxi.di zed gl ut at hj one/ r edquced
Gl Ut at i one - e bense gubo i dhe Fdinecameina: g Gacgmasbbabou dorith

GSSE 10 MM &Rkdn pibleir SerRREBASGA sR¥rydi BeRVishickiak bERMRREmE RrAntifa@iddn r each
a concentration of about 1 Unit/nlL.” The PD solution may be stored at -20

0C. An exenghangybindmgsindtwashing dastrecommendeldeo st at lgnsaabono 0w of RIMA
(100-120 pnol /300 nm_ or 500-600 pnol /1.5 m ) X X n dH2Oto 73.7 to 370 nL
Anmino aci d Mashedrbeadsc Thosxamplesziven balow gpforh it 308-Hiniressiatigneacsos, n pp

Total vol ure 300" tEROMR CFaRe| Sftecoly pBeu i IS Slefio daRkPad RN o

wat er bath fyashell antiZFINOGMNE2 agdidset tb@hd SliddNAY piifii dutputsivhich ingiyndaén b shoul d
be perforned wi thout delay. A significantdecrease in RNA/ protein fusion

yi el d may béotatsd éenlelipusgbh °€hénaupatiagl with apti-FAGH 2cgamse snag captinue
consequent | a. sk er m t he transl ati reacti repared if
Che reacti on /B il M2 e SRR RERIN: Ao RehC AR A RLAET o

al i quots. 1@ent P604pe0N] kit Bt 4507, BRd iR Rupdrh&bnt gy bd dbsh@id Ahtl-PBAT on,
about 100 nL 2M KO and about 20 nL IM Myd 2 may be added for every 300-nL

of transl at berdsmegdic washad xbant 6;6 @mes with abatte00760 LAbbXIFLAhbndingtbuffeom
e oL vy G o RSB e KPR P00, T b oo

about 1000 rpm for 10 seconds for each wash (note that the Invitrogen™ column may be
spun at higher speeds, e.g. about 10,000 rpm). The flow-through may be discarded. The
beads may additionally be washed 2 times with 700 pL Selection Buffer (see below) by
centrifugation at about 1000 rpm for 10 seconds. The last wash may be saved for
scintillation counting. mRNA display molecules may be eluted by adding about 400 pL
100 pg/mL FLAG peptide (in Selection Buffer) and incubating for 5 minutes at room
temperature. Elute may be collected by spinning at about 3000 rpm (or higher if
possible) for 20 seconds. The elution step may be repeated one more time by adding
about 400 pLL 100 pg/mL FLAG peptide. Both eluates may be combined, and about 5
UL may be removed for scintillation counting. This volume of FLAG peptide may be
sufficient for elution from up to about 1 mL of 50% slurry and may be cut in half (200
uL) if less slurry is used and/or higher RNA/protein fusion concentration is desired. To
prevent RNA degradation during storage and antigen selection, an appropriate amount of
RNase inhibitor known in the art (i.e., 1 — 2 U/uL RNaseOUT and 0.02 pug/mL yeast
tRNA) may be added to the purified mRNA display library. Store samples at —80 °C if
not proceeding to the next antigen selection step.

To quantitate the FLAG recovery, about 5 uL elution output and about 100 pL.
from the last wash are counted on a beta counter. A recovery of 10-30% or higher may
be expected, and may be calculated according to the following formula:

PROfusion molecule recovery % = (CPMupue X Volumeouipur) / (CPMigpue X Volumeinput)
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m xture, and incubated for about 1 hour at roomtenperature, or at -200C
overnight. This stabilizes the paused ri bosones at the end of nRNA

t enpl at eswandioai3hgsas puromycin at the end of the DNA | i mKEUSt@9odst0eT t he A
sites of paused ribosonmes, which permanently |inks the translated scFv
proteins to their nRNA tenpl ates. The room tenperature incubation nmay be
shortened if the reaction is stored at -200C overnight. The reaction may be
t erm nat ed addi.n ut. 5 or about 250 nL 0.5 M EDTA per 300 nL or
L5 ot randiat ofbie ﬁceﬁ’?%?éﬂd@léf{%fﬁf’&f’wge% di srupt the ribosomes.
Reactions may be ggfefidifis@bsiphdd Benriéh Rr hib1oduldl thAUpLcifi@Nlytend RMPMEL: bOT
scintillation counting later. 11. RNA/Protein Fusion Purification by

A i go-dT CeltiteregtseheTHibsars arplingtol angintigerirepchey ganiipripRNA tkgaphaselentioacul es
and remai ni ng_R )te%Pgates frop1the transla%ion/fqﬁLop.%ea tion. For

ol i go- dT bi MAFAEA Y Bridaesabr O pr e Rus RS RSHTIS s dHRE PSS 4T HR A S8t o
capture_al | s&NAiBreRDb@lBsy 561 It@ddbeusest 4 TBtafdmade Suifd Gh@O tenyPatsPRg. Obut

ol i go-dT binding buffer may be added to the fusion reaction to reach about
a | X final &enésited o libiriepmadekes aEniy| mysragyn daing @ffyyty Rafiratioe dagrd Added,
and the react.i a t 1.00s 1.0n y be
apun down at "SBOCE - TEHUep Hepeile gn e ot HEREL AR ERo(RHEE Phe

di scarded. @liggdngk amelxkmpbsesdiaaida pistycd dort usavathesiogayland targahethiabout 6
times with I X Aigo-dT binding buffer using spin colums, and buffer is
typical |y r8FRIQGUTEY bepmagifiethoasrommedale tasiedntiggnoan piwr fosmatsoandemanbs . The

fIom#througgaﬂgyﬂp&“gkﬁgﬁ%gg g%QHHuﬁ#ﬁﬁ&ﬁ&th@Sh may be saved for

scintillation counting. To reduce salt concentration and facilitate
elution, 1/10 of the initial slurry volume of dH20 may be added to the dry
ol i go-dT beads, whi.ch be, centrifuged i nmmediately for 10 seconds and the
flom/throug%"%gwaﬁgoﬂ?@%ﬁFESEFUWRNA di spl ay ol ecul es (and free RNA

tenpl ates) may bgughitiath @W)aednBG: Qéda%a?%%@& RdapReURRL B Gy fi@lllyDre-

m nutes at roomtenperature. Eluate is collected by spinning at about 4000
rpm (or hi ghtacked piioro usecoh sadsThay ke tanstanred Srony iecaigingl betpede €4 wAce, and
t he el uates gre,conbi ned. n. o | yat removed. f cintillation
counti ng. Cﬂﬁf%ﬁ%%ﬁ?@“?qugw(FGV@%ggﬁb?F% |éé?gwn§W§iPl85?%%%5%%§b%lso be
assessed by bdokét wahQ mimof SEXZ&iHn ififed (INBOGDXOE esiil £6) AOP MO aEbakoABTAE Ne.

Al'l remaining RNA tenpl ates .
important to prepare enough beads for both, the pre-clear and selection captures. Pre-
blocked beads may be stored at 4 °C. About 100 pL of beads are typically used for
every 10 pmol of biotinylated antigen, but one of skill in the art will appreciate that
capture bead volume should be calculated in view of the binding capacity of free biotin
(e.g. 650-900 pmoles/mg beads, where the bead concentration is typically 10 mg/ml)
relative to the reaction yield.

1.5 mL or 2 mL microfuge tubes may be pre-blocked with 1X FLAG binding
buffer for about 1 hour to overnight. Pre-blocked tubes may be used for all pre-clear and
selection steps. Typically four tubes are needed for each sample: 2 for pre-clearing, 1
for the beads, and 1 for selection.

Optimal results may be obtained by pre-clearing the library. FLAG purified
mRNA display library may be added to beads (separated from buffer), using SA bead
volume equal to half of the capture volume. Beads may be rotated at 30 °C for about 30

minutes. Pre-cleared mRNA display library may be separated from beads using a

magnet, and the pre-clear may be repeated one more time. The second pre-clear SA
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and nmRNA di spl ay nol ecul es are theoretically recovered by the oligo-dT
beads. 5X FLAG binding buffer is added to the eluates to reach about a I X
final cormwenore3issn. Sanpl es may be stored at -80 OC i f PaotUSpeooos®wd? ng t o
the next FLAG purification step. Oigo-dT recovery may be cal cul ated as
follows. About 5 nL of input (fromfusion reaction), about 100 nL fromthe
| ast wash, hemﬂsa)hm«he pasirkd efid mlmpndtas(dekanﬂtéirf atmrve 0b degerndiie furackgroantd on) .
The | ast wa used to assess ﬁ{lgtent of washi n ‘_ﬂTnd the other two counts

are used toﬁl%lr SR RRAVPYORET V9 AUISSA PesRbVef ‘om ori gi nal RNA

tenpl ate i nputr.ibANASREQIRE Biddusd on yield (prol) = (CPM out Put x Vol une
output x 5 nM x Vol uneiysate) /[ CPMput x Vol une nput x (# of nethionine

in product)]. ThiFer fitst ravinds eisselagtien, d)l@mmt@:ﬁbtarge@h](lﬁ)eﬂ\dbme}ehc pdddadda then t he

i cul I | cul d :
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for VH VK Stary mapbgdividedint heguabpligngtsy Bioggydgted am&lﬁ?@tm@’ bavaddgd tappe
About 2 M Bﬁ’&g %ndqgéjothébrﬂ%é servdM %Q“N}{'an gTe%eﬁ%aWE'@@&PolarA?te&‘éﬁEé?%ea”d

are based on I 'ne seque one of“ski

appreci ate t»halﬁedtsleeqndqi&y cmlaab@ﬂs m@ralsedieemhsldﬂeﬁeumdso astigenecortol asy i S
enriched toward specific sequences NA/ Prot ein Fusion Purification by
ant i - FLAGV2 "R§dABavs- #ifrauel fgse §ad<§é?‘é1 @ﬁéﬂoweol%wrw HRNADGRERERY ol ecul es

from remai nifg. otqm?ét B8ndd ﬁe&‘x% EEGR I%F:é(vetr?opérﬁ EDiddnd hi's step
e IgJ;en of

if the library w e selecte yant rate conpetition or by
ant i gen- exprnedsiuing exeﬂeﬂs 5%THe partouhat, anfig@r aac—ncwasdmedahdmld bt Afdub@l ﬁglaer ose

beads needed to ca ture al|l nol ecul es be es mat I n one
orhodi mont  SpgngBRi & Bt et Ph S e sEhua e S h A st on
protei n per ARkigOf el tidhiay tkOreh@\ea i Widr 6l RRtwHRAGE /B WBINti®En-binding

mani pul ati on
molecules becomes significantly higher than background (e.g. relative to a no antigen

control). It is important to pay attention to the stoichiometry between library and
antigen to ensure that there is at least a 5-fold molar excess of antigen over library
PROfusion molecules, especially at lower antigen concentration
C. Library Selection: Capture

The selection buffer used for blocking the SA beads for library capture may be
removed by centrifugation and magnetic separation. The antigen-bound library may be
transferred to pre-blocked SA beads (separated from buffer), and then to the binding
reaction, and rotated at 30°C for 5 to 10 minutes. The amount of SA beads for capture
should be calculated based on the capacity and the target concentration used in selection
(see above). The amount of SA beads should be lowered when lowering the target
concentration to avoid the SA bead binders, but typically not less than 50 pL of beads is

used.

D. Library Selection: Washing

The SA beads may be collected using a magnet, and washed with about 1 mL of
Selection buffer for 1 minute. This step may be repeated about 5 times (about 6 times
total). The wash time may be increased in later rounds to incorporate off rate selection

strategy to some targets. The beads may be washed one last time with about 1 mL of 1X
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during binding and washing, it is recommended to use at |east about 200 niL
of prewashed beads. The exanple given belowis for an initial 300-nL
transl at iwo 20a60850n. FLAG purification: a w de-bore pi perius2e00ps9vay be
used to transfer 300 nmL prewashed anti-FLAG M2 agarose to the oligo-dT
purified output, which may then be rotated for 1 hour at 4 OC |ncubation
wth anti- Fbﬁ@ﬂ\@ita@afm&evmtrmnﬁptmmc«d\]/eetadi\giltl’(am&gnét #FldAG svbeadal mse may

optionally be spun at about 1500 r i C efor about 1 mnute at
4C, and thew§ff‘|52‘?‘??a€’3’f’iﬁ Eré\?cﬁ%tufﬁl?gg]rvﬂ A‘?ﬁ“ltl VB)eads may be washed
about 5-6 tines Wstahoﬁgpéﬁanﬁﬁ@ﬂﬂgbégdsﬂ IE\'& iy R, ToRf ondASti sRE P N
colums (e.g. Invitrogen(tm M crocentrifuge p| n l urm)’ and centri f uged

at about 100®& arpmll‘ apprecinte dabadisr Paarls eraw: Hvemsaﬂy(aumalelet Whe Dynebeads™ may

I nvi t rogen( col u eds .about 10, Q00 rpm.
The. 11 oue t nPbuetisy Pl i SRR Aoy BY BSOS SRR sl ea
times with @RridandedfUel oo WRE a (ISRE tiRehay okynesehltéredl U abi €ah &bragppout
1000 rpm for 10 seconds. The |ast wash may be saved for scintillation

counting. nfAEctPNdphealp chiplieate cwss-peRfampmatpyt B Bynahgadsiy naydet wasbed mith100
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hi gher if passtijié eémnef oThQﬁlbsema;nds puilhrek @htst the maghajr lidgerlier eap eepaedticnne
nore tinme by adding abhout 400 nL 100 ng/ nl. FLAG peptide. Both el uates may
be conmbi ned WhaR&BFHIPBS PrRAFs15E- Aé%alééllb%&es §¥?|‘ﬁ%s|th1 SPPSRAUBRYUR PRy, Thi s

volume of FlLAGR g%%ﬁdﬁ%r{&yusﬂfg SHAT el Ci fe'}‘&d {1 (3r%|a!f“ﬁ 18'3 §e 1Hﬁ)tlfb9 gbout 1m

of 50% slurry an e cut 1n half (200 rry I's used and/ or
hi gher RNA/ phmirmtemrbusmmmrmoatwntli@batcfnr flSe d/ashes eDynamaqlﬂTé‘\rmﬁ beRkished

Rase i broRmensi AL R blrAaT v Suppiit A RRRen fefer 2By
yeast tRNA) apRy%. ba (Rdfedvish, Eeﬂ%v@&'flﬁlf()'&'(ﬂhém&rﬁb%%ﬁéf fel thBA0Y coudltialh €0

sanples at -80 OCif not proceeding to the next antigen selection step. To
quantitate tperrFinaGbrasy eergry ibdsodesirgd. niDyrabgadsdh nuwtbgsaptared boegnetioo ni

from the | ast, aa0 A8 SnSR1Bb ST W By OV Sl ol b RERUSE Yo, 10 30% or

Dynabeads™ may be re-suspended in water, using % of the capture bead volume as

calculated above).

E. Library Selection: Counting and Recovery Calculation

Starting from Round 3, count about 10 — 20% of the last wash and the beads. It
is not advisable to count more than 100 pL of beads, as this may quench the counts.
Library selection recovery may be calculated according to the following formula:
Selection recovery % = 100 X CPMroal Beads / CPMotal tnput
14. Equilibrium Library Selection by Fc fusion proteins

In another embodiment, library selection may be performed for target antigens
that have been fused to an antibody Fc domain (e.g. Fc fusion proteins). A negative
selection (pre-clear) may be necessary to remove non-specific and matrix binders from
naive antibody library but may be omitted for affinity maturation. Selection specificity
may be improved by fusing target antigens to both human IgG1 and mouse IgG2a. By
having different Fc domains in the Fc fusion proteins during library selection, the risk of
identifying library binders specific to the Fc region may be minimized. This will also

enable the library binder to be pulled down by two different magnetic beads (protein G
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be expected, and may be cal cul ated according to the follow ng formul a:

PRCf usi on nol ecul e recovery % = (CPMout Put x Vol uneout Put) / (CPM nput X
Vol unmenpuw8io/dspgsnary Sel ection by Biotinylated anti geRSTHSR@OW0FWAT i S
designed to enrich for nolecules that specifically bind to a target of
interest when library binding to an anti gen reaches equilibrium A negative
sel ection (pneamti-gmoje Igal), therchp Cetiwarsdutmgienthaacnofirespecing iantiqomieinrﬂi Df X

bi nders froma nave s rar but y. he om tted | i brary
e T rom 20U AR eGP, e ke FREs Aitih i dlva iy Bt et a8y or
affinity mateatd émle%y'&g:ﬁétilbcﬂlﬂés)énﬁ@é Hrabl B RaR&HcPlestriBddHoSe BEFV.
tenpl ate. Depending on the target format, the selection protocol varies.
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targets. Thi r ot oco acco dat e ns in
biher  or mar e indaBaRy: et RS plel gt e R R e bR s B PR
output. A Brf gRahabédyMsHRhRIE(eSE VAT biifinal TR Bithal WHESAhil)RegARtinec beads
may be used for capture, and are ty |callf prebl ocked prior to use. SA

beads may b&cquenssst. evuitalilcrmagnctinbeastsif malingéawn antigsn bnsinaﬁ SCEVTPLRQﬁweg and

vashed 11 o6 it 2y Ohy L. EWAGBLI B9 A Sy R0 FRaBEnfl 6KES 1 U1

2 mL of Selection b 0 ove on

i s inportanigG@androgakeaibbugindbeatsMi2B0 tbhtufan bhe rpm&edgﬁarhﬁguﬂe&el ecti on
captures. Preblocked beads nay be stored at 4 OC m. of beads are
typi cal |y uBEUen&r beadsEgpagiy ﬁr@mﬂéﬁr%%b? ﬁwuaflé&gawﬁbp@éﬁlg%hf lghemst) ski | |

inthe art w Ii preci at e at, cgtPtur bead vol unme shoul d be calculated in
vi ew of thep% 9 c%pamf% H%gflree §6tin {e.g. 650-900 pnol es/ ng beads,

where the bga@ré;ﬁm@ﬂg b&rbieORlekcGot Ypi cally 10 ng/m ) relative to the
reaction yield. 5 nm or 2 nL mcrofuge tubes may be pre-blocked with I X

FLAG bi ndi ng buf Fé/nabe@ds Bsigin GlomdyirabeasisdRpe mraugh G Bf ergitaakean is ameapseray be

oo {1 214 ShAn 0. LSS BB BLSAH, bl B4igh PPy nocoed
Optimal res lIiht: amaayt ddDyehbaideacedey forr lgbralygaeicrgr itbseldctio@may bElcAtcuiatedi f i ed
Dynabeads may be transferred from the original bottle to 1.5 or 2 mL microfuge tubes
and remove buffer. Beads may be blocked with 1 mL selection buffer (2 hours to
overnight) at 4 °C, or 1 hour at room temperature. It is important to prepare enough
beads for both the pre-clear and selection captures.
1.5 mL or 2 mL microfuge tubes may be pre-blocked with selection buffer for 1
hour to overnight, and pre-blocked tubes should be used for all pre-clear and library
selection steps.
FLAG purified scFv PROfusion library may be added to pre-blocked beads
(separated from buffer), Dynabead (protein G or pan mouse IgG) volume equal to half of
the capture volume (as calculated above) may be used and the reaction rotated at 30 °C
for 30 minutes. The pre-cleared fusion library may be separated from beads with
magnet, and the pre-clear repeated one more time. The second pre-cleared Dynabeads
may be washed and counted as described above to determine if background is high.
This may also serve as a ‘No antigen’ negative control.
B. Library selection: binding
For the first rounds of selection, biotinylated target (100 nM) may be added to
the whole pre-cleared library, and rotated at 30 °C for 1 hour. For later selection rounds

when recovery of antigen-binding molecules is expected to exceed 1%, the pre-cleared
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NMRNA di splay library may be added to beads (separated from buffer), using
SA bead vol une equal to half of the capture volunme. Beads nay be rotated at
30 0OC forwalkouwo3gzom nutes. Pre-cl eared nRNA di spl ay | i pcaros200ap59967
separated from beads using a nmagnet, and the pre-clear may be repeated one
nore tinme. The second pre-clear SAbeads may be washed and counted as

descri bed i hbelopmaytbe doedet intonteva dligbats Ko © 30/2Phdepdindisg omyheditsaryser ve
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rounds when recovery of antigen-binding nolecules is expected t0 exceed 1%
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antigen' neJ8FMIROCoRtFHH A PAT AAYS V&GS Pire il s nBY DEEEhHOISFRIY BdPheads
may al S0 bebe asumbeH @tk @%igan apRarnbibg@fickE amd kighificas rB@vesy whomeervallihough
t hese beads will have one less 'pre-clear'. The antigen concentration in

| at er round§&ahaipupes. dhéperplivhaiiiges coneniyatign may byeadueidiailagr pyndcihens
exceeds 5% rticul ar,. [ : | - jf the
ant | gen applePey it pletdiiintl ARG ERRRAhE A AR RO M DReh BERIY |

ear |y roundsno #nigegestad)cleirtinportat topyy beentied tic éd staicHiamety betvrels libdagn

recovery of antigen-bindi ng nol ecul es becones sjignificantly higher than
background f@d ntigeB I eRspE gt thengds alrleqshan-Telhinplar sxeeps of atigehoyer dRtarY o pay

attention t@{&@?ﬁsiéﬁ HIo‘fé&h{%ﬁ%{ciQSﬁ’é@&%ﬂa&Pﬁé{ YorRBflr4#0h! 9en to ensure that

there is at [east a 5-fo ar “excess of "antigen over library PRO usion
nol ecul es, €spdoiglsklecadn: Ipere ant i gen concentration C. Library Sel ection:

Capture The selection buffer.used for. bl.ocki t he ads for librar
o e e be! P Sty Bt e i oe e e R o CBRES oflope map e
ant i gen- bouRgn iR éniBYgdt8n hh@ Ak e edpd aitd. erid %ﬁrﬁglgg%ﬂgf{d? ég%ewr ated

frombuffer), and fhen to the binding reaction, an 3 for 5
to 10 ni nut &ensfaied @rmerhiockéd Banaheadis(s¢pratedfourtaficho andithse tehindugat ed

based on the. CARRGhA Yot of AR AL 96 tniSRRE el RN oF B farleNaSRES 7' QPrure
may be calculated as described above based on the bead capacity, and the target antigen
concentration used in the selection. To avoid pulling down bead binders, the amount of
Dynabeads should be reduced (but not to less than 500 pg or 50 pul) when the target
antigen concentration is reduced.
D. Library selection: Washing

The Dynabeads™ may be separated from the unbound library by centrifugation

and magnetic separation. The supernatant may be removed with a 1 mL tip, and one
new filtered tip may be used for each library selection tube to eliminate cross-
contamination. New pipette tips may be used to wash the Dynabeads™ with about] mL
of Selection buffer, and the Dynabeads™ may be re-suspended by gentle pipetting or by
inverting tubes multiple times. The tubes may be placed back onto magnetic holder for
bead separation while the next library is processed. After all libraries are washed,
supernatant may be removed with a 1 mL tip (use one new filtered tip for each library
selection tube to eliminate cross-contamination). This step may be repeated for five
washes. Dynabeads™ may be washed two times with 1 mL of 1X First Strand buffer
(SuperScript 11, Invitrogen) as described above. At the last wash, 1/10 of library may be

removed to a separate tube for counting to determine library recovery if so desired.
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(see above). The anobunt of SA beads should be | owered when | owering the
target concentration to avoid the SA bead binders, but typically not |ess

t han 50 mvoahidmsesss i s used. D. Library Sel ection: WAshiPn@/USh@9Sgeobeads nay
be collected using a magnet, and washed with about 1nL of Sel ection buffer
for 1 mnute. This step may be repeated about 5 tines (about 6 tines

total ). TheDwyasteatli™Memmaye bptirad beamgdeticsepatigon malmxdast 1@0 pindfevashbatfer of f
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fromthe unboundR/faiyﬁ?%aﬁ‘e{/g g‘? cg%Sn ?F’?‘EF&&PPB‘?%&% (Egﬁ €i ¢ separation. The
super nat ant /gy l}ﬁterh%%%gle‘é‘h&rhbﬁar;ng'% cbiPerittb3l N one new filtered tip for
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may be renoved by 1 nL tip using one new filtered tip for each library

sel ection t apégeny oeptiHodigs & & r bRl OOICHIAr BaligHA arerrgb @xdilablsy spghtpatgaghes.
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vol unme as cal cul ate a ove Sel ection unt| ng and Recovery
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and the bead&..lt ) ) ) . ) . .
etficient competitors as antigen, and their efficiency decreases as the library's affinity to
antigen increases. It is advantageous for the off-rate of the library to be determined just
prior to selection in order to identify the proper duration of competition. This duration

may range from several hours to several weeks.

A: Preload library with biotinylated antigen or antigen-Fc fusion protein

PROfusion molecules may be translated and purified by oligo-dT as described
above. The oligo-dT purified library may be equilibrated by adding 5X FLAG binding
buffer to a final concentration of 1X (simply add 25% of the library volume). Antigens
(biotinylated or Fc-fusion) may be added to a sufficiently high concentration and rotated
at 30°C for 30 minutes to saturate antigen-antibody binding. PROfusion molecules may
be purified by anti-FLAG M2 agarose as described above. It is important to note that a
FLAG-purified PROfusion library should be kept on ice, but not frozen. It is important
to pre-block sufficient amounts of capture beads as described above.

B: Determine competitor concentration and library baseline recovery

The amount of recovered library from the above step may be calculated to

determine its molar concentration. This represents the maximal amount of library-bound
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is not advisable to count nore than 100 nL of beads, as this may quench the
counts. Library selection recovery may be cal cul ated according to the

f ol | ow ngwbapmui3assoSel ecti on recovery % = 100 x CPM Tot aCTRSaew/0690€PM Tot ai
input 14. EquilibriumLibrary Selection by Fcfusion proteins |In another
enbodi ment, library selection may be perforned for target antigens that
have been f ustigknt asndanayabe ndeddy cHeuldertad ambentgnedded {a¥ixan 1p0@t)ebnsif-raté
negative selection (pre-clear) may be necessary to renove non-specific and
matri x bi ndéPEPHI™ nave antibody |ibrary but nay be onmitted for affinity

mat urati on. Sel eghé AN i : | ng: t.an anti gens
to both human Ig%b% na_%%ﬁgibﬁgg%%yagﬁ%%%ﬂﬁ?g ?Q‘%loéfr?’té %gbégﬁablgﬁ%dl n tge
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(protein GaggteaRink tHOMSEntQEhs PROZEESY 1ibldF lklﬁfndreb%%:dﬁ Aobdibe dihaRce of

recovering anti-protein G or anti-anti-nouse Ig ers. The target Fc
f usi on pr ot e¢lectimayasdblbovshe bi oti nyl ated, and sel ected either by the nethod

descri bed here or, by th 0 cri bove in section 13. It should be
noted that protefi*NHh %ﬁ{)@xgggﬁ&eﬁa}ig HP@eX %Qu table for selecting

agai nst Fc {usimpnPipdcgbh: taha8LSnbecause of cross-reactivity to certain
portions of the aritibody VH domain (e.g. VH originated from human VH3

famly germine sequences). Suitable nmagnetic beads for pulling down

anti gen binding = PROY usi on nol.ecul i hcl ude, .hu re not lLimted to,
Dynabeads. Prot oi 1Oy e gtespahefbdion G afo B Ry raibdhbfiibonds
M 280 to hupaaddyd tb @ngﬁriﬁ@@mmicgﬂma@l andRétatedianaod8aUSfFaRRe ty IS
considered to be about 25 ng of human | gd §-167 prnol ) per 100 niL of

protei n A/ Gdptatniaed dutgbe that will mprdy srthcicohselastipp peesyue éxtalesh fDeinaise iy
Protein Go S - j - ' [ Fc
Fusi on pr ot Sy ey Be CTRLORKF S ks Fafdvout FPEhuARL B30 o8y BRHRE 124
prior to useefoldiecadmdpinte. of Dynabeads needed for library pre-clear and

sel ection may be cal cul ated. Dynabeads may be transferred fromthe original

bottle to 115 I#rawy sflechper @fRiyE t ubes

The selection buffer used for blocking the Dynabeads for library capture may be
removed by centrifugation and magnetic separation. The antigen-bound library may be
transferred to pre-blocked Dynabeads (separated from buffer), and rotated at 4°C for
about 20 minutes.

E: Library selection: Washing

The Dynabeads may be collected by centrifugation and magnetic separation from
library. The supernatant may be removed with a 1 mL tip (use one new filtered tip for
each library selection tube to eliminate cross-contamination, as described above).

Beads may be washed two times with about 1 mL of 1X First Strand buffer
(SuperScript 11, Invitrogen) as described above. At the last wash, 10 to 20% of library
may be removed to a separate tube for counting to determine library recovery if so
desired. Dynabeads may be captured by magnetic separation and 100 ul wash buffer
may be saved for background count. Beads may be re-suspended in water (1/4 of the
capture bead volume as calculated above).

F: Library selection: Counting and Recovery Calculation
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and renove buffer. Beads may be bl ocked with 1nL selection buffer (2 hours
to overnight) at 4 0OC, or 1 hour at roomtenperature. It is inportant to
prepare emougitvdsessds for both the pre-clear and sel ecti @eoTa®RW0YNE®S7 1.5 L
or 2 nmL mcrofuge tubes may be pre-bl ocked with selection buffer for 1 hour
to overnight, and pre-bl ocked tubes should be used for all pre-clear and
| ibrary selection steps. FLAG purified scFv PROFusion |ibrary may be added

oS 190 vol umdDeqid oF B R Fadh B b b oetedy 16t carihedyoBbove)
may be usedug’lﬁ rﬁd?@t}faﬁng 'u@rbeﬁg% at ﬁ(iln r%légclpﬁiefcgﬁnt’s?’.oLmrwts@l%ctioﬂl%covery

pre-cleared fusion |1 brary may be sep ted from beads th magnet, and the
pre-cl ear repgdeedcohedming the fdlowihefemotind pre-cl eared Dynabeads nay be
washed and counted as descri bed above to determne if background is high.
This may al so sePGECHY §CoWEY Fntilgex ChiMyaticye’ CMraote B, “Li brary

sel ection: binding For the first rounds of selection, biotinylated target
(100 nM nay be added to the whole pre-cleared library, and rotated at 30
OC for 1 houé. Rbwmarsd ratese ripgbrecf liloary selvadsn wivpmsr ecovery of anti gen- bi ndi ng
nol ecul es is expected to exceed 1% the pre-clearedlibrary may be divided
into two aliquots (from50/50 to 80/20 depending on the library counts).

Bi oti nyl ated ant irgessfRY¥nLBp@slaedy bO ey Rh SANAERA ROVBLTQhscipele) .
while the other aliquots may serve as the 'no antigen' negative control.

Al t er nat i vellpyittdgen'WasHedvadevenfiegshecastieamaydrdsaladiyp atwodibg tctbabeakr ed as

'No anti gen' trol boye, t that jt will h |
or o~ ear - TOHAE R FejesRoRRALY By bR oy B ettt ot RiSG, ' °°

appears to Bgpropiiit€ kyimeaPalrsS i FbRlekBAB] ‘TkERANEEY oMTKSAISRGKEI ReR” Sidks
rounds. Additionally, antigen concentration nay be reduced in |ater rounds
when recovemaydr vaed fog&kapns lanigg. roileReNcess g@éﬁm&%m Reeamtmesrs magther
t han backgr nt. contf s By s RS pay ' to
t he stoi chi grre P éﬁg%bt%\%/téllg%?ﬁs’bar gr 3f7%aér%§ I%letrYt PE e¥1 to %%%ﬁ@%@t egt P ?ﬁ%ﬁgﬁ %@eat
| east a 5-f abadl fopthemhuexa®BMOfVIEANbigen over |ibrary PROusion nol ecul es,
especially at |ower antigen concentration.
The reverse transcription primer should have at least the same 5° end sequence as

the subsequent PCR reverse primer, to avoid residual primers left over from the reverse

transcription reaction creating amplification products that have different 3’ end

sequences. This is especially important if the shorter ‘Ck Reverse’, ‘CJL Reverse’, or

‘Lib-GS-Rev’ primers are used for RT because any residual amount of these primers

may participate in the following PCR and create products that lack the poly-A tail.
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C. Library selectio
Dynabeads for

n:

Capture The selection buffer used for blocking the
| ibrary capture may be renoved by centrifugation and nmagnetic

separ at i oNO 20100398501 gen- bound |i brary may be transferres#Craspeosostked

Dynabeads (separated from buffer),

rotated at 300C for

20 m nut es.

and then to binding reaction, and
The amount of Dynabeads used for capture

may be cal clabtectd legaimstentldeprmhmrasé:h&lednqﬂlftchaoineﬁlibrmpaeletbmn amlqbutd”ue
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Vit rogen) as
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descri bed above. At the | ast wash, 1/10

GﬁKﬁrﬂﬁﬁﬁCﬂHK}countlng to deternmine Iibr

recovery if so desi

and about 100 m of
Dynabeads(tm may b
vol ume as cal cul ate

0§ CU I a?:‘%aua

ICLI L’ OC'JC{I at

RO Tor CBLLHeh B pares

performed as descri
sel ection by antige

mash count.
gﬁeevgueggﬂgﬁd in water, using A of the capture bead
d above). Library Selection: Counting May be

bed |N¢£ect|cn 13 TErTanoveTTIITTOTTITA2LATAGCGFATG
n, conpetition

GSFﬂﬁhAzo- CTTTGTCATCATCATCTTTATAATCGCTACCTCCGC
Rev CGCCAGAC

Exemplary RT reaction conditions

For a reaction of a 200 pL final volume, a RT reaction may be set up as follows:

Beads (in water)

dH,O

10 uM reverse primer

10 mM dNTP

X uL
to 108 uL
2 uL
10 pL

Incubate at 65 °C for 5 min, chill on ice. Add:
5x First Strand Buffer
0.1 MDTT

RNase OUT

40 pL
20 uL
10 pL

The reaction may be incubated at 42°C for 2 minutes prior to adding 10 UL SuperScript

Il reverse transcriptase. The reaction may be divided into 100 puL aliquots and incubated

at 42°C for 50 minutes with occasional agitation. Tubes may then be incubated at 95°C
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The maj or difference between off-rate selections and equilibrium selections
is that the library binds to the selecting antigen first before FLAG

puri fi catworeo10Ai398sp FLAG purification the |ibrary may becCrusawansdswi t h an
excess anount of conpetitor antigens or antibodies (e.g. when conpetitor
antigens are not avail able) such that any pre-bound antigen that becones
unbound f r ofiertheinPREr tisd reactivnl daliesayltie isobitaf fndrth¢ supeorret trinsberredsto

repl aced by the co etitors he coppetitor. is distinct from.the prebound
LbT gen i 0 PRAGUESmISEet B Sl Beey ey S et Fed iy HEE BB BEG or og
in the SUbSﬁQL&%EﬁenH%@%%sza%rQHalf JRY vBRYndYE THPesTRA) bd Bduidd 4B Cbr 5
antigens in a different format. Although antibodies may al so be

conpet i t or s minytps atdrirgactipeyand tlee pratls ey &f apiedbyooagret. ind the saperaneiigen,

and their effl i ency .decreases t library's f.init 0

e eases. - iy AT ELEENET S FabiiEas Wrp it ik B sh B v h0e

det erm ned d#ﬁﬂlat@ffdnCFCR@n@ﬁheﬁidnCUfsbl@ctﬁl’rﬁﬁftpdt@ identify the proper duration
of conpetition. This duration may range from several hours to several
weeks. A: Preload library with biotinylated antigen or antigen-Fc fusion

protei n PRCE l”'s190'}%@%23?%’%%@%59’%%%@%"@%59 and purified by oligo-dT as

descri bed a ove ri ary nmay be equilibrated by
addi ng 5X FLAG bi ndi ng buffer to a final concentratl on of X (si rrpl y add
25% of the Iibra%ﬁ; vol une). Antigens (bjotin ated or. Fc- fusmrl%

added to a suffi dPemass dlﬁﬁtkjlﬁt%rheé‘ﬁ%qné@le WSRO Ay assingice 1&%“

mnutes to §ﬁt§%&&1§5ﬁ’d ?d’fﬁﬁl%[b‘tﬁgfa'téa%ﬁ BNl Eﬂt thERFENA rHB‘ieHPs' iR PRORYorP

purified by a FLAG M2 agar ose as escrl d above. I'sS 1 nmportant to
not e that antélld&@lqwra pmedteﬁmsélhﬂurlRIﬁasardyg&hmwnd bpe:DNaﬁotomplerncetatlbmt not

frozen. i S.i ort re-bl ock suffi t.a nt s ca re beads as
Heseri bed Bty B BeeRBbe B Caste Bl LN BHTaIPan SO B bacel i ne
recovery The.\@pRYRhs@ptibs sQ¥asE thal bBLaidblpRibReraheVde 1 AG PRy ion
calculated to determne its nolar concentration. This represents the

maxi mal anodependinglangharvglumeed didrary géer, oligadi Tpyifisation el it ionpeatagitoarote t he

anount s neede 500X etitio 10% .pr e- bl ocked
eads may. oo iy Soer bbb ot b g BRE kel hanscHifkBh 5t

step prior to library selection, in order to preserve the intrachain disulfide bonds of the
scFv molecule.
A: Library preparation after oligo dT purification

In one embodiment, an initial 10 ml translation volume appropriate for first
round selection may be used, but it should be noted that the following methodology may
be easily adapted for smaller translation reactions.

PROfusion molecules may be translated and purified by oligo dT as described
above. The purified library should be recovered in a dH,O volume equal to or less than
the reticulate lysate volume used for translation. Input, last wash buffer, and 10 pl of
library may be counted to determine yield and percent recovery as described above.

B: FLAG binding

The oligo dT-purified library may be equilibrated to a final concentration of 1X
PBS by adding 1/4 library volume 5X PBS. The amount of anti-FLAG M2 agarose
beads needed to capture all PROfusion molecules may be estimated (e.g. estimating the
binding capacity of the beads at approximately 6 nmol fusion protein per mL of 50%

slurry). In order to have sufficient bead volume for manipulation during binding and
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PROusion library and rotated for about 20 mn at about 40C . The beads may
be washed 5 tinmes with 1 nL of Selection Buffer as described above. The
beads maywbeonmigtsed t o determ ne the percentage of PROPUZiusaooviosyary bound
by antigen before off -rate selection as follows: Recovery % = 100 x (CPM
Beads / CPM nput) x 10 C. Library selection: Conpetition 1000-fold nol ar
excess of couphg.tiors ifelvipablenomst fesettla@ddi gk nf die peiabladieadnyA bddatoed t o
FLAG purified PROFusion library and rotated at about 300C for_a pre

det er mi ned 8iPEHE tipmaysusad (9 trashr gnddils i@ Mhissese de & new e sligsady sel ect

for clones W r i j i 2
mnutes o Soncabmeer POPEPRaPG) TG MR SR PR my b
Capt ur e The wseheeatvoan thred fimes witbd rhoPBb koekiovg ahh ea®yaradeads détergeht br ary
capture may be remved by ceptrjfugati an netic separatiop. e

ot T gen- bos HESFHUGH ey orage BTty The Pke-a seoner BB mas B Bghdbdlio 1X
(separated biag, b § Shbd ag AeS #i $0%s Qld BRAKE 2c 2B CTERUL RSy ¢

Li brary sel ection: V\ashﬁl%g T%e Dynzg%élgﬁg ma;%{e C(%@%ae%t e(?rgy centTr(Ff ugati on
and magneti oveaejgat.ati on fromlibrary. The supernatant may be renoved with a
1 ntip (u%g g‘gg%ne dfiltered tip for each library selection tube to
elimnate cloSbilontsiitsati on, as descri bed above). Beads nay be washed two
times with about 1 nL of I X First Strand buffer (Superscript II,

| nvitrogen) as described above. At the |ast wash, 10 to 20%of library may
be renoved to a geparoatiendlytse, thoant-dilitG My 1gardetberdsimay bd dpuardpwnee d9et y i f
so desired. abeads may be captured by nagneti aration and 100 m
wash buf fer TRAEIEETER g Grd BEORETUHET SaUHE. HSabs dHy tanrLldipded | n
vater (1/4 @fads f@)ﬁtoC@BidJREdTbﬁ@ﬂli-‘éBin%ﬁrﬁi?ofﬁa'vﬁfﬁg@ﬁﬁdlvﬁé}géfé?&rifugé Shinbr ary

sel ection: Counting and Recovery Cal cul ati on10 - 20% of the last wash and

t he beads népluven,@od fiteadhe buffdrgnache reaioved by spming at 1000 rpm for 10 seconds.

The Invitrogen™ column may be spun at higher speed (e.g. 10,000 RPM is possible).
Beads may be washed 4X by 500 - 600 uL. 1 X PBS and the PBS spun through the
column. Beads may be washed 2X by 500 - 600 1 X RT first strand buffer (without
DTT). The flow-through may be discarded, but it is advisable to save the last wash for
scintillation counting.
D: FLAG elution

PROfusion molecules may be eluted by adding 450 pL (note that 230 UL may be
used for smaller M2 agarose volumes) of 100 pg/mL FLAG peptide in First Strand
Buffer (without DDT) that contains RNaseOUT at a 1:20 dilution, and then incubating
the mixture for 10 minutes at room temperature. Eluate may be collected by spinning at
3000 rpm or faster for 20 seconds. This step may be repeated once, and then the
libraries from both elutions may be pooled.
E: FLAG recovery calculation

Count 5 - 10 pL of elution output and 100 pL from the last wash on a beta
counter. PROfusion molecule recovery % may be calculated as follows (note that 10-
30%, or higher, recovery is expected):

= (CPMOutput X VOlumeoutput) / (CPMinput X VOlumeinput)

F: Reverse transcription

Primers described in section 16 above may be used.
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using nore than 100 nL beads, as it may quench the counts. Library

sel ection recovery nmay be cal cul ated using the follow ng fornmula: Sel ection
recovery wo=2010039860CPM Tot ai Beads / CPM Totai input 16PCRESRI9M59057
transcription of library selection outputs Reverse transcription nmay be
done with Superscript Il Reverse Transcriptase (lnvitrogen(tnm). The vol unme
of each rea®flimeactivaycobditistal ed up according to the bead volune after

sel ection. CQutputs pmay _be analyzed by reverse transcrid)ti on (RT) with
appropriate pri rrBP“B%‘i/PE‘QﬁFSé)‘?n]é@{éﬁ‘pl e, 'Ck fReVelse 899t ck5- FLAGA20 Rev!
prinmers may be u ibraries, 'CJ versg' sor ' CLSFLAGA20 Rev'
prinmers may be uzgg]\?%&eﬁgﬁg@g&l i braries, anlc_i5 'BE b- Eg ev' or

' VH- GSFLAGA20- ReV 0 njVlideelr’s may be used for tiephunmasoRBMC VH library. The
reverse transcription priner should have at | east the sane 5 end sequence
as the subsequentuPfEribller se pripe o—avoidibesi @Qatl priners left over
fromthe reverse j.ption Creagd a i f{i cation products

t hat have di fferg%%?géﬁg{ﬁd sequences. This ?@O ggpe{:@gl% inmportant if the
shorter 'Ck Reverse', 'CIL Reverse', or '"Lib-GS-Rev' priners are used for

RT because any residual. amount JLhese prinmers may participate in the

fol | owi ng p%%%{wa B @Cﬁ%&mgg‘ﬁ t! l_v@em%er w&ﬁg}ﬁ&gtt%ﬁqn; Tabl e 1:

Qi gonucl eotrihdgbRi FRY Be léﬁ&iﬁbfa@éd RFREdionakhiah Rf shificahe SRl /FbNAN, Out put s
Exenplary RT reaction conditions For a reaction of a 200 nL final volune, a

RT reacti onAfey thsgcwate wgsasptial eassn he bets qoimplated, Sryl NaGCHmagH*Qdded «08 il

chi 1 on' i B Rardray e PR B Fol o 78 5F) rStohl Mhage cur

10 nL additional 1X PBS may be added to the library if there is a need to increase volume.

The following blocking reagent may be added to library before selection.

Final concentration
BSA, 50 mg/ml 21 uL 1 mg/ml
Salmon sperm DNA, 10 mg/ml 10.5 pL. 0.1 mg/ml

A pre-clear step may be required for naive library selection, but may be omitted
if using a library made from a single template, e.g. a library made for affinity
maturation.

Cells used for library pre-clearing (antigen-naive cells) should be confirmed not
to have target antigen expression on cell surface by flow-cytometry or Western blot
analysis. For example, this could be the parental cells used for generating the antigen-
expressing stable cell lines, which present a situation where the only know surface
protein difference between the cells used for pre-clearing and for selection should be the
target antigen itself.

The cell numbers needed for pre-clearing library should be calculated. This is
the number of antigen-naive cells needed for pre-clearing library and is the same number
as for library selection. The cell number (X) is calculated from several numbers: copies
of antigens on antigen-expressing cell surface (C), library size for selection (§ = moles X

6 x 10*), and fraction of library that will bind to the target antigen (F). It can be
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The reaction may be incubated at 420C for 2 mnutes prior to adding 10 nL
Superscript Il reverse transcriptase. The reaction may be divided into 100
mL al i quowe 2ardb3psseubat ed at 420C for 50 minutes with o®cagisoralosagitati on.
Tubes may then be incubated at 950Cfor 5 min after the reaction. Beads may
be isolated and the supernatant transferred to new tubes. Typically sanples
may be pool ecdlguhfy taheyated by fhioforsalmgo aBbe ol tﬂ“ufod)djemssoﬂ:eagsmmgmdobmds in
wat er (hal f RT vol une). Tubes may be incubated at 95 OC for 5 m nutes
after react F]%ﬁrpoa"iﬁ‘?i t he beads may be captured by magnet, and the

super natant may ke poQlsedpwict h previously transferred supernatant. This
represents the cDNA tenplate for PCR anplification of selection outputs.
17. Library sel ebtpi imﬁtaa%iamtne@éllﬁIpasmnfaae@ti%ﬁtﬁag@mesrhﬂ@atfrﬁh?@lrSU@ﬁaSQ ¢omOt i Oons

ool ubre b offbPbrc At peline B 8 0% fhiibeaRlibrit 5508 PRSI RAEDRS, on

ol ecul es ake IWrayeeah 86 rddo0ered 8l labifigdn Hi’mﬂﬁg oﬂl@@kgﬂﬁhd Qfkkityy THINAmber of
conpl enentation, and thus need to be reverse-transcribed into cDNA before

library sel eeiisinsaded fopare-dowasd selegididsi pti on reaction may be carried out
before or after ed hf 4 4he LV of library
after oligo-dT p3‘?| gﬁ)glﬂ) k%?;lsi(lﬁlfppgfé))‘?'i ){1/(9)(1%{; dB]t F?a%)h he reduci ng
agent DTT shoul dImpﬂacm thmiuudaedof eells BRoulébe 5sel (°roansee iqdnsore,celipeAety st ep
prior to library selection, in order to preserve the intrachain disulfide
bonds of theashiseepaftacralisting: | br ary preparation after oligo dT
purificatiog. lpg. OR& @eRBELyent, an initial 10 m translation vol ume
appropriate for first round sel ection may be used, but it should be noted
that the follow ﬁ?gllmlendmtydndtp@g/cqmyedﬂw Immcygpnwdamé@uﬂmcosmr hued sufficient

transl ati on reacti PROF usi ml ecuj e be translate purified
by 0T o aeBa R B il s a iR e TR g bR i s 30 b ber eq i n
a d Ovol U”ﬁ°@%ﬁ|vel;3pgé?ﬂﬂy r@%ﬁ%sp%ﬂ@é?l ihnent gt gt 8BS YSRL Sa1VQls 1dﬂ5f§£$r por
transl ation. Tnput, last wash buffer, and 10 m of library y be cdunted

t o det er m neayifedret @radl. i)arlce:m¢w+tqo:mmo®agambdeﬁerqatn§ui reip oveheaiBeellsbAG bi ndi ng
pipetting. Cells may be spun down at 1500 rpm and the PBS removed. The wash step

with PBS may be repeated once more. The library from step 13.3.3 should be
immediately added to gently re-suspended cells. The tubes may then be immersed into
an ice-water bath, and agitated for about 60 minutes. Cells may be spun down at 1500
rpm and the library transferred to a new tube of cells for second pre-clear or for antigen
selection.

H: Library selection against antigen-expressing cells

Calculate the number of cells needed for antigen selection. This is the same
number as for pre-clearing library as calculated above. The cell number (X) is calculated
from several numbers: copies of antigens on antigen-expressing cell surface (C), library
size for selection (§ = moles x 6 x 10**), and fraction of library that will bind to the
target antigen (/). It can be roughly calculated by this formula to allow for 10 fold
excess of target antigen or pre-clear power:

X=10xSxF/C
I: Library selection

Antigen-expressing cell density may be counted by hemocytometer or Coulter

counter and sufficient antigen-expressing cells may be transferred to a centrifuge tube.
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The oligo dT-purified library may be equilibrated to a final concentration
of I X PBS by adding 1/4 library volunme 5X PBS. The ampunt of anti-FLAG M2
agar ose beadsiowmsested to capture all PRO usion nol ecul esPemyusk@onstosmat ed
{e.g. estimating the binding capacity of the beads at approxi mately 6 nnol
fusion protein per nL of 50%slurry). In order to have sufficient bead

vol ume for @ehs paldeispun down mgl SO0 mpkinrag 4 80\dind sbyngently tre-ssspeindichlissablngd. t 0 use
| ess than 200 . of the pre- washed beads. A w de-bore pipette tip may be
used to traffSrdilledRBS. Flhesalpsusprasivaandydedrstiried e [7Hal sesdstoray be” spun

down (1500 rpm. koL t&béﬁﬁw&:a‘?éfuﬂﬁ% t%p%sgg&{sq{y ﬂiﬁé‘}m{gd%ﬂ Qalsb&%l?at%)tzﬁo

washed two to three tines wt o'renove a trace anoun
det er gent paedemntovePB mdstprangeshbwithdBS dive nolre.gGhafurnfisd fndéad pkd-tleary nmay

be transferred in I X PBS to the shed anti - FLAG M arose beads, an
rotated at HEHHMY b et B e TGP GG THG (A 21 tlmawaﬁegst ep,
the anti - FLA{ M- Raaf ORE JA8 368 ctBYr PRoiRUSp PRt 1500 @prhRAY HR superfhiabt €,
4C and the supernatant discarded. | X PBS may be used to transfer beads onto

a Bi o- Rad(t djscaded. - Sglismayobawnsherd 41 tydst withy ém(lt FBS Mpon deentat il § iheynSpidh

Col um, and_then the buffe be removed by, spinnjn t rpm.for 10
seconds. - it grmPSREH el ety Thavwatichn b ok S da <t 1o 000
RPM i s possihihp tBeadsofreys il Masied. 4X by 500 - 600 nL 1 X PBS and the
PBS spun through the col um. Beads may be washed 2X by 500 - 600 1 X RT

first strand lGOfaepPUtpWl FCRANEEY DTT). The fl owt hrough may be di scarded, but

it is advisable t t r nt i | j i - ELAG
ol ut  on PROF usi of Whotugs 22 LARO MRS 1Bk RO UL LA GAUAM Dty FE20
mL may be usadCffor2Gamiiar THes aibdigsse theoORNARSY relbast QDN fivin fhe AS] p@fiddede in

First Strand Buffer (w thout DDTé that contains RNaseQUT at a 1:20
di | ution, akdlls Fay b ARYLERYhY 1ORE rRpsecapdspnd Mg hpeatint trajpbgred to a

Lenper at ur e, Rt &R 5obd BELEGLYS FObPRNAG RO R DR e et & for

20 seconds. This step may be repeate t hen
the supernatant and incubated at 37 °C for 30 minutes. This degrades any cellular RNA

that may have come from broken cells during the selection process. The degraded RNA
may be removed by dialysis later and thereby prevented from interfering with library
amplification by PCR. To the supernatant add equal volume of
phenol/CHCls/isoamylalcohol (25:24:1) and vortex for 30 seconds. The bottom organic
phase may be separated from top aqueous phase by centrifugation in Phase Lock Gel
Heavy 2 ml tube (Eppendorf) at maximal speed for 5 minutes. The top aqueous phase
may be transferred to a new tube and the extraction repeated once with
phenol/CHCls/isoamylalcohol (25:24:1) and once by CHCls. The top aqueous phase
after the CHCls extraction may be transferred to Mini Dialysis Kit, 8 kDa cut-off, 2 mL
(GE healthcare) and dialyzed overnight at 4 °C against 4 liter of dH,O.
K: Counting and library selection recovery calculation

Starting from Round 3 count 10 — 20% of the last wash and the cells.

Selection recovery % = 100 X CPMroa cetts / CPM rotal nput
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libraries fromboth elutions my be pooled. E: FLAG recovery cal cul ation
Count 5 - 10 nL of elution output and 100 nL fromthe | ast wash on a beta
count er. WBGhugi3ess0nol ecul e recovery % may be cal cul at egCaaisb@dloows7 ( not e
that 10- 30% or higher, recovery is expected): = (CPMutput x

Vol uneout put) / (CPMinput x Volune input) F. Reverse transcription Prinmers
descri bed i d8secReanpilfecazibove LiveyrydeNAde®RTHICReact i on conditions Purified

PROfusion library 445 nmL 890 nlL 10 reverse prinmer 5 nL, 10 m_ 10 dNTP
25 L 50 nL SuperS¥FPpLrapcrpEonmayndepe d ‘&‘8%% B9triAl carspysd HoRdATt i on

may be i ncubgtegd REa%%ﬁgcﬁnﬁ%otégcﬂQHﬁ@wﬂ‘ﬁﬂ theQtt 2 Liteidle RYiIPEALINARg thENRvékdr ary
may be equilibrated Tor selection against cell surface antigens as foll ows.

After the réaescsigtion gasen. pl hovolpmgef itenrehetionboen be seabhidetead; dBvivadaTingray
be added to t&le re Céionaf{iXt%réﬁ to 75 nM (15.3 nL to 1nlL and 7.6 to 500 niL
reaction). MhISHET YUHRF 'Y 955890y be added to the library if there is a

need to increasePpyaleTusedngorl OfcvOME N@raRdcipkomy nfa§agrntanfayufigbladaadrdeo
| i brary before selection. Final concentration BSA, 50 ng/m 2 1 nL 1 nmg/m

Sal mon’ sper ABNAMENBIYEGHFNCED Iapated a0 the Figpndhinyarisbls- reRioniof sheegntibagy kbrary

eault 0 1oy PRes b BRES SRHEPY e TSR, Loy Pl

Cel | s used hmplityily BER. pre-cl earing (antigen-na ve cells) should be

confirmed not to have target antigen _expressjon on cell surface by .

f1 ow cytometry o ANVEEIPIPY pesirse transcription reaction contains the beads from the library
selection (in water), reverse primer, and dNTP. Reactions are incubated at 65 °C for
about 5 minutes and chilled on ice. First strand synthesis buffer, about 0.1M DTT, and
RNase inhibitor are then typically added to the reaction. The reverse transcription
reactions are incubated at about 42°C for 2 minutes before adding reverse transcriptase
enzyme. Reactions are incubated at about 42 °C for 50 minutes with occasional
agitation. Reactions are then incubated at 95 °C for 5 min. Beads are then collected by
magnet, and the supernatant is transferred to new tubes, which is pooled if it is from
same selection output. Beads are resuspended in water (half of RT volume), and
incubated in tubes at 95 °C for 5 minutes. Beads are again collected using a magnet, and
the supernatant is pooled with the previously transferred supernatant. This contains the

cDNA template for PCR amplification of selection output. After PCR, 10-L/L of PCR

product is loaded onto a 2% agarose gel to confirm that the reaction was successful.
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anal ysis. For exanple, this could be the parental cells used for generating
the anti genexpressing stable cell lines, which present a situation where

t he onl y woamoniogsace protein di fference between the celPC3/uss@d/05w57
pre-clearing and for selection should be the target antigen itself. The
cell nunmbers needed for pre-clearing library should be calculated. This is
t he nunber @9. antPiCiefor harare DO lesipheededlifiariopr e-cl earing library and is

t he sanme nunber as for librar el ection. The cell nu r is calcul ated
[ rom several  nunber Eieetgh pLub TR gunGi T eSoitl BEA e aN s A aert: TSy f ace
(Q), [1ibrarr1sies&ich® meebesialy2Rd henimst Wak®%isihg Gn8 KW k-of@Bsl fHe@Glifcon Of
library that will bind to the target antigen (F). It can beroughly

cal cul at ed bwounfiaf cDNArmiay beased AORCR eemplatef dlovisadsation utphuts faprgdaterant i gen or
precl ear power: = | x F C For instance u one rticul ar

et gen has Faits 07 SN adny GarrlEke LS NiaR R PERAMRM G B o 10
prol  nave awnfpidadehnhol hdvedayy.| R&stibiamaPbOpdedrned id @ nfl. PCRIvollifed fobfaainy 1can
be recovere antigen bindi ng or back%round sticking. The nunber of cells

b
needed for Blii(& en@yts (gag 8B Rdcprpdicts)s wiilerqaghion yabumes may be gcapeddoygp®y x (5
x 10 4) / (.1 x 4) .= 3 x 106..1n act\hce, the nu r.of cells should be 5
x 106 or mopduls kL pe el RubaP FAGROE: ehelfodPRRE pEieEFiily & AR
Pre-clear thex| ARrekexplag) PCHeBS) Y fofbrag BRANERHaRYanaTRaN 6BV O
Coul ter counter and sufficient cells may be transferred to a centrifuge
tube. Cel | sTably "delaypun down at 1500 rpm at 4C, and very gently
re-suspended in 1nL ice-chilled PBS. The cell suspension nmay be transferred
toa 1.7 nL screwtop mcrofuge tube. Be careful not to shear cells by
pi petting. @ables2:nByerglasiRCR dewtomior 1iHR0y ONA &mblhteanfpBEcitioved. The wash
step with PBS may be repeated once nore. The library fromstep 13.3.3
shoul d be | PYEAtERRrY added to gently*BLsuspended cells. The tubes may

t hen be i d into an ice-water b and agitated for about 60 m nutes.
"oaRgladdls G

Cel |'s may wn at 1500
10X KOD buffer 100 pL.
MgSO, (25 mM) 60 uL
10 mM dNTP 20 uL
5’ forward primer (10 uM) 30 uL
3’ reverse primer (10 uM) 30 uL

KOD Hot Start DNA Polymerase 20 uL
Total volume 1000 pL*

In an exemplary embodiment, 1 mL. PCR reactions are used for round 1 and 2
outputs, and 0.5 mL reactions are used for outputs from later rounds. Aliquots of 100-
UL reactions should be made from a master mix. Exemplary thermal cycling conditions

for library DNA template amplification are shown in Table 8 below.

Table 3: Exemplary alternative PCR reaction for library DNA template amplification

cDNA template X uL
dH,O add to 790 uL
10X High Fidelity Taqg DNA Polymerase buffer 100puL
MgSO4 (50 mM) 40 uL.
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rpmand the library transferred to a new tube of cells for second pre-clear
or for antigen selection. H Library selection agai nst anti gen-expressing
cel | s Calwol2atoen3psse nunmber of cells needed for antigen PerasLéeonsoFhis is
the sane nunber as for pre-clearing library as cal cul ated above. The cel
nunber (X) is calculated fromseveral nunbers: copies of antigens on

ant i gen- expnesaviriNidel | surface (C), |ibrary2Guke for selection (S =noles x
6 x 1023), and fraction of library that will bind to the target antigen
(F). 1t candbéorpaigghinerddfeMat ed by this fotdla to allow for 10 fold
excess of tagrget ant.igen Or. pre-clear power: =IO Sx F/ CIl : Library
sel ection A t%ﬁ%ﬁ989ﬁgég§) BJceII density na§¥ﬁ& count ed by henocyt onet er
or Coul ter eRUNEREIGMEhqIMTAIFIIGRLra@Nt | gen-expyggsing cells may be
transferred to a centrifuge tube.Cells nmay be spun down at 1500 rpm at 4C,
and very genti-y-fre—--suspene-cet-ts—-i-a-t-rriL ice-chilled PBS. The cell
suspensi on be transferred to a 1.7 nL Ww-top m crofuge tube. Be

car ef ul notq?§ﬂ§ﬁ@HF cel s by pipetting. Sgﬁ@?gélls down at 1500 rpm and
renmove PBS and repeat wash with PBS once nore. The purified and/or
pre-cleared library may be i medi ately used to gently resuspend cells. The
tubes may be i nmit segx¢mplory embodiaeet lbatFCRnenctionntedstdforroyadilsandShun
down at 1500 r an he, super nat ant di.scar ded | | s may, be  washe times
win 3 e pourRl AR s FHRERAGME Mhe I THARE fottale? sl QURR0TT B <
may be re- sugpeactshsisiodil®e MadeffrodBSmakfer 4861 Eeemplaguitrnt)d ctdingQ%naitioael | s
and | ast wash. J : Library output recovery 5 nL RNase H (2 U nlL) may be
added to théorrl@rwé?i‘éﬁd@aplé@qnwhéwatwm%retﬁg@%lrﬁabéqfﬂ@éOfvvor 20 mnutes. This
will digest the RNA and rel ease cDNA fromthe cell surface. Cells may be
spun down at 1500 rpm for 30 seconds and the supernatant transferred to a
new t ube. Cdlabk 4ragnother denglag ahtelaaki veSPOR raicti iNas éiblary DINAWmplitemay be
added to the sgﬁernatant and incubated at 37 OC for 30 mnutes. This

degr ades anj™MEefdioAr RNA
DNA template X uL
dH,O add to 660 uL
10X KOD buffer 100 uL
MgSO4 (25 mM) 60 uL
2 mM dNTP 100 uL
5’ forward primer (10 uM) 30 uL
3’ reverse primer (10 uM) 30 uL
KOD Hot Start DNA Polymerase 20 uL.
Total volume 1000 uL*

Thermal cycling conditions for library DNA template amplification

95 °C 2 minutes
\!
95 °C 20 seconds |
55°C 10 seconds 20 cycles*
70 °C 15 seconds |
\!
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that may have come from broken cells during the selection process. The
degraded RNA nmay be renoved by dialysis |ater and thereby prevented from

i nterferiwg2oiodsossobrary anplification by PCR To the sep@musatnssoadd equal
vol ume of phenol / CHCVi soanyl al cohol (25:24:1) and vortex for 30 seconds.
The bottom organi c phase may be separated fromtop aqueous phase by
centrifugat i70ACi n Phase LockKOGetondeavy 2 ml tube (Eppendorf) at nmaxina
speed for 5 mnutes. The toQoaqueous phase may be transferred to a new tube
and the extraction repeatednce wth phenol/CHCVi soanyl al cohol (25:24:1)
and once by, GHO . The top gels dhase after the CHC 3 extraction may be
transferred to Mni Dialysis Kit, 8 kDa cut-off, 2 nL (CE healthcare) and
di al yzed ové&Notegh8 t@al0 dyd€ afganpigicadod mhe typidallgte @sed<svitEdOIDiHg SadDNAor ar y
sel ection rﬁcPverg calculation Startin fron%Fbund ? count .10 - 28360f t he
| ast wash anf SCePPUCVEEASIEY i A 3 DEET &1 0% LICeisul IopPHLERS 2 sefficenf  cpw
Totai i nput &8andRe @Mtk dry CBNIAON NSh-sbbafiamtodNA 8 vEHoR IR ReUSf BEcome more
transcription may be performed using the naterial captured fromthe

li brary. Reapewmtrs withl addionelohmpkicationi eyclese and ttheapeodsigi nztyl meefdoto be gel

perform ng the.reverse transcription.reaction. -The vo|u of _the reaction
ay. be scal BRI off TSR adatiuin b PEN Fhatds e thop bl i b bffins
Primers useehef mimbeevehmplifidatibaeydlpd.i on may be any suitable

reverseconpl ementary sequences located at the 3' end invariable region of
the anti body library and may be the same or further 3' to the reverse
primer to b } : . I f-wl ﬁgﬁi .ary _reverse
transcriptigﬁuﬁggc ﬁ%ﬁmggﬁiggE§&¥H§ﬁﬁégg%hgg%n1 egéﬁrﬁéﬁﬁgh%% ection (in
water), reverse primer, and dNTP. Reactions are incubated at 65 OC for
about 5 minutes and chilled on ice. First strand synthesis buffer, about
0. 1M DTT, afd RNase i nhi bi £dPiN8€ES t hen typical |y added to the reaction. The
reverse transcription reactions are incubated at about 420C for 2 mnutes
bef ore adding reverse transcriptase enzyne. Reactions are incubated at
about 42 0Cofiec 50 mi nut es2pis¢ddnaccasi onal

55°C 20 seconds 25 cycles*
68 °C 1 minute )
\!
68 °C 5 minute
\!
4°C Hold forever

*Note: 25 cycles typically give sufficient amplification but it may be increased to as
many as 35 cycles to gain more products. Non-specific products of various sizes may
become more apparent with additional amplification cycles, and the product may need to
be gel purified. If possible, it may be helpful to increase the DNA template input rather
than the number of amplification cycles.

After PCR, the size of the PCR product is confirmed by, e.g., agarose gel
electrophoresis. If products are the correct size (~ 850 bp for scFv, ~ 500 bp for VH or
VL library) and minimal non-specific products are present, the products can generally be
used either directly in transcription reaction of the next round, or after purification with a
spin column (e.g. Qiagen™ QIAquick PCR Purification Kit). In some cases, the PCR
products may need to be gel purified. If gel purification is to be used for PCR products,

separate all remaining products on a preparative agarose gel and cut out the specific
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agitation. Reactions are then incubated at 95 OC for 5 m n. Beads are then
col l ected by nmagnet, and the supernatant is transferred to new tubes, which
i s pool edwODf20i0t03p&s50f r om same sel ecti on out put. Beads ar @Crasa@posdsd in
wat er (half of RT volune), and incubated in tubes at 95 OC for 5 m nutes.
Beads are again collected using a magnet, and the supernatant is pool ed
wi th the préwmdtasl gelt exansfien.r edusitipgonadfapel. puiifics] DNA anays be heiskEbiiAg, as
tenplate for P l.ification qof selection out . After PCR, 10-DL .of PCR
pr 0fuat 1 5. FOHBRHEDHB G DO RGALaTISEreTs B i Pt RAE e FItE SR BN
successf ul . $Qsh BERdakink il é’ﬁftyac%rﬁa%%lcll}ﬁﬁﬁemlthig liatiéeRcdOrr po8iftel DRA
outputs fromthe first and second rounds, cDNA (supernatants f‘romRT
reactions) nenceheatdinghpulddeanesiswet onatspectipphaipmeter Saskiva Udliscaofihg trape arhe
entire anount. of . cDNA be used PCR t.enpl at or.sel ecti out.put s
From Fater ABnALt Ve dorAT i, PRybioap Fylce 208 MU Fefiadanforior
and di al ysi grdtscdl Mueadqhyntgmepmmh&uctBﬁﬂ@mbmamys@&t@ﬁrfor med in 1 nL
PCR volunmes for round 1 and 2 outputs (using all RT products), while
reaction volunmes may be scal ed down for outputs fromlater rounds. Aliquots
for 100-nL ne CPRS : de froma master m x. An exenplary PCR
reaction forA'sli:%rary %E&%g%ggapt@g anplification is shown in Table 7 bel ow
Tabl e 2: Exenpl aSped®@R piepPCR oyl e uskd b atayyBiite VEINPDRB gizamptiithitioat iron DNA
tenplate X nL dH20 add to 740 nL 10X KOD huffer 100 niL MgSO4 (25 mV) 60 ni
10 M dNTP 5 lHras: ofify sgiecHob PRRRE- It 100 waefuldepl fp agess ths BPaey diveky- 10 mv)
30 ni KOD Hofey Sk difd S YRE aSEcrifs Mhe iRt feOlHA®s JAR0a FlE1eb N
exenpl ary enbo?%nenqr,%l‘%srlrt PCR rea%t gtsjns eare use\gglloyor rounagg%egnd 2

outputs and the library before selection should be very diverse and the CDR3 size

distribution approximates a Gaussian distribution.

Table 6: Spectratyping PCR primers

6-FAM- GACACGGCCGTGTATTACTGT
PanVHFR3-Fwd

PanJH- GCTGAGGAGACGGTGACC
Rev

Spectratyping PCR setup

cDNA template 2.0 uL.
dH,O 18.1 uL
5X GoTaq Flexi reaction buffer 6.0 uL
25 mM MgCl, 1.8 uL
10 mM dNTP 0.6 uL
5’ forward primer (10 uM) 0.6 uL
3’ reverse primer (10 uM) 0.6 uL
GoTaq Flexi DNA polymerase 0.3 uL
Total volume 30.0 uL
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outputs, and 0.5 nL reactions are used for outputs fromlater rounds.
Aliquots of 100- nlL reactions should be made froma nmaster m x. Exenplary

t hermal coyol2org3essndi tions for |ibrary DNA tenpl at e anplPCiusatoomoar e shown
in Table 8 below. Table 3: Exenplary alternative PCR reaction for library
DNA tenpl ate anplification cDNA tenplate X nL dH20 add to 790 nL 10X Hi gh
Fidelity Taq DNAPRohsgaeice [DNAfpelyrhéd@dis Ma0d thiS Setnpvputdfayrbd SubstduiNTH 20

m. 5 forward priner 20 nL_ 3" reverse priner (210, 20 nL High
ot ity Taljerl wos REPERV 6 e o el op e THOGTHMES e Sralit &
enbodi ment, 1% M. PCR reactions are used for round 1 and 2 outputs, and 0.5
m. reactions are used for outputs fromlater rounds. Aliquots of 100- DL
reactions should be nade froma master m x. Exenplary thermal cycling
conditions for |ibrar tenpl ate anplification are shown in Table 8

bel ow. Tabl e 4: ZﬂS{ﬂé¥g’gﬁgﬁ~B%§%| ternative PCR reaction for library DNA
tenpl ate anplifigatcon DNAYtgiReat e X nL dH20 add to 660 nml 10X KOD buffer

100 nL MgS™4 (25 M) 60 nL 2 nM dNTP 100 nL 5' forward priner (10 mM 30 ni
3" reverse priner (io mV) 30 nL KOD Hot Start DNA Pol ynerase 20 nlL Tot al

volume 1000 m. 94 °C 20 seconds |
55°C 20 seconds  r 30 cycles
72 °C 30 seconds
\!
72 °C 5 minute
\!
4 °C Hold forever

B: Spectratyping electrophoresis and analysis

After the PCR, 10-uL product may be loaded onto a 2% agarose gel to confirm
successful reaction and the remaining product may be submitted to sequencing core
facility for spectratyping electrophoresis on a sequencing machine, along with a ROX-
labeled DNA size marker, which in generally underestimates the size of the DNA
product by 3-bp, possibly due to the difference in the labeling dyes.

The amplified DNA product has the following organization:

5'-FR3 (27 bp)-VH CDR3-FR4 (35 bp)-3'

The VH CDR3 size is deduced from the apparent DNA produce size as
determined by the Rox dye size marker by the following calculation:

Sizevh cprs = (SizeApparent DNA product size — 60)/3

Where 60 = (62Frameworks on both ends — 13’ A overhang + 3DNA marker underestimation)

16. Exemplary Reagents and Buffer Compositions
10X Chemical Ligation Buffer

Tris, pH 7 250 mM
Na(l 1M
Oligo-dT Binding Buffer 1X 2X 3X
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Thermal cycling conditions for library DNA tenplate anplification 95 0C 2
mnutes i 95 0C 20 seconds ] 55 0C 10 seconds 20 cycles* 70 0C 15 seconds J
i 70 0C 30weeomm3gssh 4 OC Hol d forever *Note: 18 to 20 cycras2ab/059057
anplification may typically be used with KOD Hot Start DNA Pol ynerase,
however, as few as 13 cycles may be successful in anplifying a sufficient
quantity of 1ibraryToOsHRBon-specific produckt® of200ar i3dsn8i zes nay becone

nore apparent with ﬁdghjti onal anplification cycI E?Z Lrhd]vi he product nmay
need to be gel puri | f possible, it may be | pf 0 increase the DNA

tenpl ate input rat h%tglhgnlobhe nunber of an pficaii oy ¢ygl es. Table 5:
Thermal cycling conditions for library DNA tenplate anplification 94 0C 2

mnutes i 94 0C 20 seconds ] 55 0C 20 seconds 25 cycles* 68 OC 1 mnute J i

68 0OC 5 mn forever *Note: ycl typically give
sufficient ﬁf‘é“?#"&‘glpg?rilf%ﬂ it my be mcrg]gged as many as 35 cycles to
gai n nore products. ph@gphgﬁaq%éd@lfﬂﬁoducts of various sizes nmay

PBS 1X 5X
Triton X-100 0.025 0.125%
Alternative HEPES-based buffer

HEPES 50 250 mM
NaCl 150 750 mM
Triton X-100 0.025 0.125%

Selection Buffer

Phosphate-based buffer

PBS 1X

BSA 1 mg/mL
Salmon sperm DNA 0.1 mg/mL
Triton X-100 0.025%

Yeast tRNA (optional, add before use) 20 ng/mL

Alternative HEPES-based buffer

HEPES 50 mM
NaCl 150 mM
BSA 1 mg/mL
Salmon sperm DNA 0.1 mg/mL
Triton X-100 0.025%

Yeast tRNA (optional, add before use) 20 ng/mL

First strand buffer
Tris-HCI, pH 8.3 250 mM
KCl1 375 mM
MgCl, 15 mM
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beconme nore apparent with additional anplification cycles, and the product
may need to be gel purified. If possible, it nay be hel pful to increase the
DNA t enplwibeoiomsessor at her t han t he nunber of anplificat POm/USR@VASSAft er
PCR, the size of the PCR product is confirned by, e.g., agarose gel

el ectrophoresis. |If products are the correct size (~ 850 bp for scFv, ~ 500
bp for VHor VL library) and m nimal non-specific products are present, the

products ca erally be used either directly in transcription reaction of
t he next rogﬂgﬁﬂdgééWg SOBﬁFF#ication with a spin colum (e.g. Q agen(tm

Q Aqui ck PCR Purifi egicppegfidb) - | n sone cases, the PCR products nmay need to
be gel purified. If gel purification is to be used for PCR products,
separate all remai nSalgetmoidtsrs on a prepamalti ve agarose gel and cut out

t he specificband fo el, extr.action ant | ion of gel purified DNA may
be ni sl eading, as ré@gﬁJéPﬁépﬁwﬁfﬁm{ﬁégﬁﬁﬁkégéds tointerfere with the UV

absorbance. A nore extensive wash step during gel extraction nmay help
alleviate this interference. |If possible, DNA concentration should be
nmeasur ed onFhAdpelntiogsebitigiet er . as the UV scanning traces are quite

different between asg ﬁgg“ymécggggb&land 3 with residual EtBr. This
protocol is subsequently repeate 0 conduct multiple rounds of selection.

A: VH CDR3 spect r at gplieaforPtRfeBpect r at ypi ng9RIR may be used to anal yze the
VH CDR3 size distributions in the library, or its selection outputs. It is
a useful tool to as&&de Itk fifpptapld YPieet s?9yC as wel | as the progression
of the selections. The initial few rounds of library selection outputs and
the library before selection should be very diverse and the CDR3 size

di st ri buti o®liopdbrelldoseprap@ationi an di stribution. Table 6: Spectratyping

PR priTer s Spect 2ty PR, SELUD, ST SIBL G & Q0 020 2.1 X
Add 25 mL of 0.1 N NaOH and mix.
Spin down at 1500 rpm for 3 minutes, discard the supernatant.
Wash the oligo-dT cellulose with 25 mL of 1X Oligo-dT binding buffer.
Spin down at 1500 rpm for 3 minutes, discard the supernatant.
Repeat the wash 3 more times and measure the pH of the supernatant.
The pH should be the same as wash buffer (~ pH 8.5).
Re-suspend the oligo-dT cellulose to a final volume of 25 mL by adding
1X Oligo-dT binding buffer. This may be an approximately 50% slurry.
Store the pre-washed cellulose beads at 4 °C.
Final concentration = 100 mg/mL = 1 nmol RNA capacity.

Anti-FLAG M2 agarose preparation

Transfer 25 mL of M2 agarose beads into a 50 mL of tube.
Spin down beads for 5 minutes at 1000 rpm in a Beckman centrifuge and
remove supernatant by aspiration.
Wash by re-suspending beads in equal volume of 10 mM glycine, pH
3.5.
Spin down beads for 5 minutes at 1000 rpm in a Beckman centrifuge and
remove supernatant by aspiration.

Re-suspend with one column volume of 1X FLAG binding buffer.
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10 MM dNTP 0.6 nL 5 forward priner (10 MM 0.6 nL 3' reverse priner (10

mV) 0.6 nL GoTaq Fl exi DNA pol ynerase 0.3 nlL Tot al

vol unme 30.0 nmliPronega

GoTag DNAvpabiwmspssse is used in this setup but may be seb3fttscamwasooby
thermal stabl e DNA pol ynerases from ot her sources. The final M2+

concentration is 1.5 mM Theram cycling program 94 0C 2 m nutes i
seconds 55 0C 20 seconsn 80wo ybingsor 2 nGit80atsl®O0 meks in a B2cKx@arbcantimifuge and 4 C

Hol d forev B: Spectrat%%gg el ectrophoresis and analysis After the PCR

10- L product may be |

SYRTHE DYARYH1188 gel to confirm successf ul

reaction and the renaipgddag: @F Qduies Ry, be submtted to sequencing core

facility for spectratyping el ectrophoresis on a sequenci ng nachi ne,

al ong

with a ROXl abel ed DNA Ré-swspamd with ongaplaimni volegaaef dKIbmnding brigen (comtriosng he

i o O ) R S e A8, 1

5'-FR3 (27 bp)-VH CDR3Ff#¥lie (13ubp) ov@rnidhent YMCCDR3 size i s deduced fromthe

apparent DNA produce size as determ ned by the Rox dye size marker by the
fol | owi ng cal cul ati on:Aliquot in 2 mL fractions if desired and keep at 4 °C.

EXAMPLE 1

DEMONSTRATION OF FUNCTIONAL MRNA-SCFV MOLECULES

Four known antibodies were used to demonstrate that functional mRNA-scFv

molecules can be displayed and bind to their respective antigen: D2E7 (human anti-
hTNF), Y61 (human anti-hlL-12), 17/9 (mouse anti-HA), and MAK195 (mouse anti-
hTNF). The MAK-195 scFv was generated by PCR from plasmid DNA using the

primers shown in Table 9 below.

Table 7: Oligonucleotide Primers Used For The Construction Of MAK195 mRNA-

scFv Constructs

Primers

Sequences

T7-MAK195VH-
Fwd

MAKI195VhGS-
Rev

MAK195VLGS-
Fwd

MAKI95VL-Rev

TAATACGACTCACTATAGGGACAATTACTATTT
ACAATTACACCATGGAGGTGCAGCTGAAGGAG
TCAGG (SEQ ID NO: 22)
CGATCCGCCACCGCCAGAGCCACCTCCGCCTGA
ACCGCCTCCACCTGCAGAGACAGTGACCAGAGT
CC (SEQ ID NO: 23)
GGTGGAGGCGGTTCAGGCGGAGGTGGCTCTGG
CGGTGGCGGATCGGACATTGTGATGACCCAGTC
TC (SEQ ID NO: 24)
GATGGTGCAGCCACCGTACGTTTTATTTCCAAC
TTTGTCCCCGAG (SEQ ID NO: 25)

An anti-HA 17/9 scFv (see Schulze-Gahmen et al. (1993) J. Mol. Biol. 234(4): 1098-

118) was generated by PCR using the following primers based on protein sequences

A31790 and B31790 downloaded from NCBI’s database (see Table 10 below).
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Si zevH CDR3 =

-vO- AFramewor ks on both ends ~~ -
under est i wat20 mnj39856 .
Li gation Buffer Tris,

Chem cal
| X 2X 3XTri s,

(Si zeApparent DNA product size -

60) / 3 Wiere QU
3 ' A overhang JDNA narker

Exenpl ary Reagents and Buffer Conp@sirtusees/o390x7

pH 7 250 mM NaCl 1M digo-dT Bindi ng Buffer
pH 8 100 200 300 MM NaCl 1 2 3 MTriton X-100 0.05 0.1 0.15%

FLAG Bi ndi nd'aBlé §:eOligdmickedthledhinates- Usesldctbriillid €ondeAgtiod GKI7TY mRNAXSE00

0. 025 0. 1259
mM Triton X-
BSA 1 ng/ nL Sal non
(optional,
mM NaCl 150 niM

Al t ernati ve HEPES- based 1Duffer
THCl§25 0. 125% Sel ection Buffer

HEPES 50 250 nM NaCl 150 750
Phosphat e- based buffer PBS | X

JLDNA U T BB/ heds 110N X- 100 U. UZ5% Yeast {RNA

add before use) 20 ng/nl Alternative HEPES-based buffer

HEPES 50

T7TMVUTR-

17/9 VH-1 Fwd

17/9 VH-2 Rev

17/9 VH-3 Fwd

17/9 VH-4 Rev

17/9 VH-5 Fwd

17/9 VH-6 Rev

17/9 VH-7 Fwd

17/9 VH-8 GS

Rev

GS-17/9 VL-1
Fwd

17/9 VL-2 Rev

GGACAATTACTATTTACAATTACACCATGGAAG
TGCAGCTGGTGGAAAGCGGCGGCGATCTGGTG
AAACC (SEQ ID NO: 26)
GCTGCTAAAGCTAAAGCCGCTCGCCGCGCAGCT
CAGTTTCAGGCTGCCGCCCGGTTTCACCAGATC
GCCG (SEQ ID NO: 27)
GGCTTTAGCTTTAGCAGCTATGGCATGAGCTGG
GTGCGCCAGACCCCGGATAAACGCCTGGAATG
GGTGG (SEQ ID NO: 28)
GCCTTTCACGCTATCCGGATAATAGGTATAGCC
GCCGCCGTTGCTAATGGTCGCCACCCATTCCAG
GCGT (SEQ ID NO: 29)
CCGGATAGCGTGAAAGGCCGCTTTACCATTAGC
CGCGATAACGCGAAAAACACCCTGTATCTGCAG
ATG (SEQ ID NO: 30)
GTTCGCGGCGCGCGCAATAATACATCGCGCTAT
CTTCGCTTTTCAGGCTGCTCATCTGCAGATACA
GGGT (SEQ ID NO: 31)
ATTGCGCGCGCCGCGAACGCTATGATGAAAAC
GGCTTTGCGTATTGGGGCCAGGGCACCCTGGTG
ACCGT (SEQID NO: 32)
CGATCCGCCACCGCCGCTGCCACCTCCGCCTGA
ACCGCCTCCACCCGCGCTCACGGTCACCAGGGT
GCCC (SEQ ID NO: 33)
AGCGGCGGTGGCGGATCGGATATTGTGATGACC
CAGAGCCCGAGCAGCCTGACCGTGACCGCGGG
CGAAA (SEQ ID NO: 34)
TGTTTGCCGCTGTTAAACAGGCTCTGGCTGCTG
GTGCAGCTCATGGTCACTTTTTCGCCCGCGGTC
ACGG (SEQ ID NO: 35)
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BSA 1 ng/nL Sal nron sperm DNA 0.1 ng/nmL Triton X-100 0. 025% Yeast tRNA
(optional, add before use) 20 ng/nL First strand buffer Tris-HO, pH 8.3
250 mM KGvo2eB/a3d8shpgCl 2 15 mvbOX FLAG st ock sol uti on FLARGTABSpew®#&9025 ng
Sel ection buffer 5 nL Make 1nL aliquots and store at -20 OC. FLAG el ution
sol ution 50X FLAG stock solution 1nml Selection buffer 49 ni Make 1ml
aliquots and store d&rimé&® O0C A igBegqikncel | ul ose preparati on Weigh 2.5 g of
ol i go-dT cel | ul ose 4 ' '

down at 1500 rpm forl /4 Miniked,  dSadAAEASGFEARNGAOAARBA AT GIG §o- ot
cellulose with 25 nL of I X Aigo- @Eﬁ@ﬁé@@A@@lgﬁkAAﬁg(E@ ABCRE8Gr PM
e Was

for 3 mnutes, discard the supernatant. Repeat t wa nore tinmes and
nmeasure the pH of the supernatant AAAGTEHSEROID NOb86) he sanme as wash buffer

aading | X O 1 go- o1 o R hat BeY  or COfr SR G TErBpsRbciecTTTebaid
Store the pre-washed cel | ul ose beggg@atGACPAATARATCRARCRO B CNCEGEA0
ng/mL = 1 nnol RNA capacity.
GGCC (SEQ ID NO: 37)
179 VL-5Fwd  TGCCGGATCGCTTTACCGGCAGCGGCAGCGGCA
CCGATTTTACCCTGACCATTAGCAGCGTGCAGG
CGGA (SEQ ID NO: 38)
17/9 VL-6 Rev AAAGGTCAGCGGGTTGCTATAATCGTTCTGGCA
ATAATACACCGCCAGATCTTCCGCCTGCACGCT
GCTA (SEQ ID NO: 39)
17/9 VL-7Fwd ~ AGCAACCCGCTGACCTTTGGCGGCGGCACCAAA
CTGGAACTGAAACGTACGGTGGCTGCACCATCT
GTCT (SEQ ID NO: 40)
17/9 VL-8 FLAG TTAAATAGCGGATGCCTTGTCGTCGTCGTCCTT
Rev GTAGTCGATGAAGACAGATGGTGCAGCCACC
(SEQ ID NO: 41)

17/9 antibody sequence was retrieved from NCBI database using the

accession numbers A31790 and B31790.

DNA constructs for these scFv were transcribed in vifro and then translated by
rabbit reticulocyte lysate either as mRNA-scFv (protein was attached to mRNA via
linker with puromycin modification) or as free scFv (protein was not attached to
mRNA). Both types of molecules were purified and subjected to pull-down assays by
corresponding biotinylated antigens (see Figure 4).

The data in Figure 4 shows that functional m-RNA-scFv (bound to biotinylated
antigen) can be pulled down by streptavidin-magnetic beads, albeit at lower percent
recovery than free scFv. Further experiments showed that this difference is simply due
to the heavy RNA tethered to the scFv. RNase degradation of the RNA portion from the
mRNA-scFv molecule restored the scFv recovery by antigen to the same level as that of

free scFv (see Figure 5).
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Anti - FLAG M2 agar ose preparation Transfer 25 nL of M2 agarose beads into a
50 nL of tube. Spin down beads for 5 mnutes at 1000 rpmin a Beckman
cent ri f ugEOant)/a3essove supernat ant by aspiration. Wash byCrarssuspsadi ng
beads in equal volunme of 10 mM glycine, pH 3.5. Spin down beads for 5

m nutes at 1000 rpmin a Beckman centrifuge and renove supernatant by
aspiration. Re-suspend with one col uBXAMPIE2 of | X FLAG bi ndi ng

and remove sdpbr oy ek RISEERY: KECHNQE SRR AR ViGN o1

wi th one colum vol ume of 1 X bi ngige TRANSI A TSORtREAICTON Mo/ L BSA and 100
nmg/ mL sal non sperm DNA). Tunble 1 hour or overnight at 4 0OC. Aliquot in 2

m. fractions if desired and keep at 4 0C. EXAMPLE 1 DEMONSTRATI ON OF
FUNCTI ONAL NMRNA- SCFV CULES. Four . known anti bodi gs re ed t
Gemonstrate hat T R TERET RGeS TR et kol R AR ASRRLATEDtA AR bi no
to their respegbioteinanti gen 10326 rddaus@roraRd sdlddNoh in S@idr (osRBiNthe library

anti-hlL-12), 17/9 (nouse anti-HA), and MAK195 (nouse anti hTNF). The
MAK- 195 scFvizod3 tigiese Reeagrbiplipemg FloCpruasiendorDay Risd higpbore3Q5ei mer s shown

B L I
TAATACGACT CAChATAGSGACAA PLIAGEATONT [hwile AGBAIMACAGRAK GENRE FUACITIGRARISAG
obtained per 100 pmol RNA following Oligo-dT purification. In this embodiment,
about 5 nmol RNA (which covers the library size 3000 times) is necessary to obtain 60
pmol of the fused protein. Note that this calculation does not take into account the
observation that only about 20-30% of fused mRNA display molecules are functional
(can be recovered after selection).

Due to the aforementioned quantity of the fused protein needed for subsequent
steps of the mRNA display method, the translation reaction was optimized to maximize
protein recovery. Varying the initial amount of RNA input into the translation reaction
was evaluated following FLAG purification. Protein recovery was assessed by
measuring the percentage of S* methionine incorporated during the translation reaction,
and by calculating the ratio of pmol protein (output) to pmol RNA (input). The starting
amounts of input RNA tested, as well as the resulting protein recovery, are shown in
Table 12. As demonstrated by this analysis, a lower RNA input surprisingly leads to a

higher percentage of protein recovery.

Table 9: Relationship Between RNA Input And Protein Recovery

RNA input into translation After FLAG purification

(for 1 vial of lysate) % incorporated S Met pmol Protein/pmol RNA
400 pmol 0.40% 1/400 = 0.25%

200 pmol 0.67% 1.7/200 = 0.85%
100 pmol 0.99% 2.5/100 =2.5%

50 pmol 0.76% 1.9/50 =3.8%

25 pmol 0.73% 1.8/25=72%

51



TCAGG (SEQ ID NO 22) MAKI 95VhGS- CGATCCGCC ACCGCCAGAGCCACCTCCGCCTGA Rev
ACCGCCTCCACCTGCAGAGACAGTGACCAGAGT CC (SEQ ID NO 23) MAKI 95VLGS-

GGT GGAGGOBO I HAGBBRGGAGGTGGCTCTGG Fwd CGGTGGCGGAT CCGACAT PCTEBATEBAGRTGAGTC TC
(SEQ I D NGO 24) MAKI 95VL- Rev GATGGTGCAGCCACCGTACGTITTTATTTCCAAC
TTTGICCCCGAG (SEQ I D NO. 25) An anti-HA 17/9 scFv (see Schul ze- Gahnen et

al . (1993) J . Mihe tBhOation28ddtibh:wab088-peifbBhedwasngeififereat enriotmyts PORedskeng t he

following prinmers. (gased on rote| S ences A31790 angl, 790 downl oaded
from NCBFs AZMRALLmiRg tog egmfénlﬁfe‘l‘ g%} OF BN §2CO¥FY g I étb‘fq YEURE | mer s
Used For ThemGams bl detdnfifo &id hik@rdiBNed 36 fwelGRNBE fe'éﬁﬁﬁ% detél’ﬁ hScovBJUERCES

T7TMWUTR- GGACAATTACTATTTACAATTACACCATGGAAG 17/9 V
DEOEEEGATIETRISAGn ptATEaqSRSE Wi NOpmRE) Ad d¢rgonsdardiethis

GCTGCTAAAGCTA GCT. GATC GOCG
CSEO 1D No: MBS R e e i ARy AT (T BHERF ERTeney”
GTI'GCGCCAGACCCCGGATAAACGCCTGGAATG GGTGG (SEQ ID NO 28) 17/9 VH 4 Rev
GCCCTTTCACGCTATCCGEGATAATAGGTATAGCC GCCECCGTTGCTAATGGTCGCCACCCATTCCAG @car

(SEQ | D NO Table 1z Relafienship BetneasAmisedrahfaocsmteationrAud RretgirRecovery

Amino Acid Mixture After FLAG purification
% incorporated S>> Met pmol Protein/pmol RNA
1x 1.60% 2/50 = 4%
2x 0.42% 0.5/50 =1%
3x 0.13% 0.77/50 = 0.3%
4x 0.03% 0.04/50 =0.07%

Different amounts of “cold” (i.e., non-radioactive) methionine were also tested
for their effect on translation efficiency. The different concentrations of cold methionine
that were tested, as well as the resulting protein recovery, are shown in Table 14. The
RNA input in each case was 50 pmol. As demonstrated by this analysis, increasing the

input of cold methionine does not lead to an increase in translation efficiency.

Table 11: Relationship Between Cold Methionine Concentration And Protein

Recovery

Cold Methionine After FLAG purification

Concentration % incorporated S* Met pmol Protein/pmol RNA
5uM 1.00% 1.31/50 =2.6%
17.5 uM 0.23% 1.15/50=2.3%

30 uM 0.20% 1.52/50 = 3.0%
42.5 uM 0.15% 1.58/50 =3.2%

The RNA input and amino acid concentration should therefore be taken into
consideration when planning the translation reaction for mRNA display. While

decreasing the RNA input in each reaction may improve protein recovery, it may also
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CGCGATAACGCGAAAAACACCCTGTATCTGCAG ATG (SEQ ID NGO 30) 17/9 VH 6 Rev
GTTCGCGGCGCGCGCAATAATACATCGCGCTAT CTTCGCTTTTCAGGCTGCTCATCTGCAGATACA GGGT
(SEQ | D N©D 28W)0398509 VH 7 Fwd ATT CGCTAT GAPGRASAED9/059057
GGCTTTGCGTATTGGGEECCAGGGCACCCTGGTG ACCGT (SEQ 1D NO 32) 17/9 VH 8 GS
CGATCCGCCACCGCCGCTGCCACCTCCGCCTGA Rev ACCGCCT CCACCCGCGCT CACGGT CACCAGEGT
GCCC ( SEQ | Dnpiet 1iBBY)y GS=.1Kh exMhplthmmﬁmﬁﬁaﬁéﬂmIﬂ & GAT@ACC Fwd
CAGAGCCCGAGCAGCCT SEQ I D NO.. 34 VL-2 Rev

TG TT0000CT B P AR A T GRS o AT HRS AR T ¢’ accs
(SEQ ID NO 35)Priners Sequences 17/9 VL-3 Fwd

GITTAACAGCGGCAAACAGAAAAACTATCTCGA CCTGGTATCAGCAGAAACCGEECCAGCCGECCG AAAGTG
(SEQ I D NG TI?B)C 127 Bxemiplar YF%NAMMMCJI}BGCACGCCGCF TTCGCGGG

TS o AR ccE, Conar 150 ooy e A hooch
(SEQ I D NOJ T38klatidh MiXtend (iRQUd iR IR MTCGT TCT GEIA

including methionine)

*>S Methionine 2 ul

Reticulocyte Lysate 200 ul

100 mM GSSG/10 mM GSH 3.3ul

PDI (1 U/uL) 6 ul

H,O to 300 uLL

Reaction conditions 30°C for 60-90 minutes

EXAMPLE 3

OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY FOR SCFV
SELECTION - SPACER LENGTH

It has been previously proposed that a long spacer length between the scFv
protein and the end of mRNA improved scFv folding and function (see Hanes et al.
(1997) Proc. Natl. Acad. Sci. USA 94(10):4937-42). Therefore, the effect of the spacer
length between the scFv and the linker annealing site on the mRNA-scFv molecule
function and yield was investigated (see Figure 6). Three different D2E7 scFv constructs
with short, medium and long 3’ spacers and two short and long spacer constructs for
Y61 and 17/9 scFv were made (see Figure 8 for D2E7 spacer constructs). The results,
depicted in Figure 7, show that a longer spacer does not provide measurable advantage
in the mRNA-scFV molecule’s function as assessed by antigen binding. Moreover,
longer spacer length significantly reduced the mRNA-scFv yield (see Figure 7). RNA
yields were also lower with a longer spacer: short spacer yielded 6 nmol RNA; medium
spacer yielded 3.4 nmol RNA; and long spacer yielded 1.7 nmol. Thus, in one
embodiment, a short spacer is preferred for scFv library construction.

Comparison of different spacers and linkers was also performed using three

different Y61 constructs (see Figure 23). The results, shown below in Table 16, show
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ATAATACACCGCCAGATCTTCCGCCTGCACGCT GCTA (SEQ ID NO 39) 17/9 VL-7 Fwd
AGCAACCCGCTGACCTTTGGCGGECGGCACCAAA CTGGAACTGAAACGTACGGTGECTGCACCATCT GICTt
(SEQ | D N©O 24(0)0398509 VL-8 FLAG TTAAATAGCGGATGCCTTGTCGT CeTTERADIDsReV
GTAGTCGATGAAGACAGATGGTGCAGCCACC (SEQ I D NO. 41) 17/9 anti body sequence was
retrieved from NCBI dat abase using the accessi on nunbers A31790 and B31790.
DNA const r udtas RNGk yichisseers elsv lovaarevithr aloagen dpeckri in additian, #rede tvheno t r ans| at ed

by rabbit reticul ocyt sate either as nmRNA-scFv .(protein was_ attached to
o 1 | AR RN R e faa T e ndu R EhY b irns BOBTA Cae
not att acheghit RoANAWRNIOELIE Mssc@en@@% IRSD MR BhkeH béthie 8 mRNIA 5P ect ed

to pull-down assays by corresponding biotinylated antigens (see Figure 4).
The dat a i nsHEvguegin(¥Howsienpatasthmssbv pretbinraranseiEbetpison st ovo

bi oti nyl at ed _anti gen), can. l.ed .down ot avi di n- magneti ¢ beads,

o bel ot 1 AR i S O SEOELN PR e B per  ment s shoved
that this difference is sinply due to the heavy RNA tethered to the scFv.
RNase degradation of the RNA portion fromthe nRNA-scFv nol ecul e restored
the scFv redablerld: Kypompariseaof iRifferent Spacers apd|Linkershat of free scFv (see

Fi gure 5). EXAMPLE 2 OPTITMZATION-OF THE %u n» "=: - CHNOEOGY —TO 1M
THE TRANSLATI ON REACTION In a preferred enbodi Hen ) PRE 1 brary size is 1 x

10\ 12 . Abo@ong@uptmol of Ol dDpasifieatéei FLIAG purification | IDUR) (508M equi r ed
for the selection in order to cover the llibrary size 12|tinmes. Recovery

foll owi ng FLAG purificat/ion is typically|about 30% Ther&¢léetéon)about 60
pnol of th 3Yf6'i-bs%@lLE§h%E‘Fi mTs 11?68%(1' fottowmg gfi g%u- dTpuri o) il(%n
Y61-scGene3 0.46% 50.3% 8.0%
Y61-scGene3pA 0.45% 47.4% 6.1%

As shown below, 17/9 requires PDI during translation to be functional, and DTT
in the reverse transcription reaction before selection was shown to affect its antigen
binding. As these results indicate, disulfide bonds are essential for 17/9 function, and
this makes 17/9 a good candidate to investigate spacer length requirements. Figure 9
shows that although longer spacer length does not improve mRNA-scFv molecule
binding to antigen, it reduces its yield.

EXAMPLE 4
OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY TO IMPROVE
SCFV PROTEIN FOLDING AND FUNCTION - OMISSION OF CHEMICAL
MODIFICATION ON CYSTEINE RESIDUES

Messenger RNA display technology in the art includes a chemical capping
reaction on free cysteine residues to prevent formation of undesirable cysteine disulfide
bonds by 2-nitro-5-thiocyanatobenzoic acid, which resulted in cyanylation, or by N-
ethylmaleimide, which covalently links to the sulthydryl group. While this capping
reaction eliminates potential protein misfolding caused by random crosslinking of free
cysteine residues, the present invention eliminates the artificial preservation of free
cysteine within an antibody which can be a detriment to its future manufacturability due

to unpredictable physical or chemical properties. The step of chemical capping was
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to input into FLAG purification. In one enbodi ment, about 1.2 pnol fused
protein is obtained per 100 pnol RNA following Aigo-dT purification. In

t hi s enboalorero39ssbout 5 nnol RNA (which covers the | i braryusgiess®800
times) is necessary to obtain 60 pnol of the fused protein. Note that this
cal cul ati on does not take into account the observation that only about

20- 30% of f akmtharddNAclditmphayexml fe&udyetsimrbeycbnme fauraly sttmanregeirediovefed

after selection).. to the aforenention qu of thefused protein
eeded for  SRbindding sh B TIE PHRKACASHNGG e Mo SETHE: 1 ans! t | on
reaction was optimzed to maximze pEEVIPLIESOVerY. Var ying the initial

anmount of RNA input into the translation reaction was eval uated foll ow ng
FLAG puri f i c@PEMIPAJIONOFEHIEMRNA DISBEAYSEE CBINQR & wY i T{) IMPROVE

B by cal cul SRR AN FALBANG BRITFERG HAN 2RIy IRESRSY AR €0R 0y
The starting amJRANSDATIONAL RROTER @1iSULFIDE ISGHERIESE AT IVITY pr ot ei n
recovery, are shown in Table 12. As denonstrated by this analysis, a | ower

RNA i nput surprisingly leads to a higher percentage of protein recovery.

Tabl e 9: Rel atiopsfip &egé#ggsgeem ﬂéj]ﬂ)?(%btntlﬁﬁges tB%Te&‘%rg) 5?&?%% doldlEaRghAL I on

reacti on was al so per usin rent anoun ree amno acid
mxture to dekiherisendrhe cefchq&:tro@rmnmjz et bbth@(ee\&hnsta eflileNaeBmtdctigolst art i ng
anounts of the anino acid mxture tested, as well as the resulting protein

recovery, anBBIHdw: PRithghk BiafechnabBioqag 5%@&t340n50éa<?w0c1§§@r%9§w§b pnol . As
denonst r at eqlsmﬁdtemoﬁd@ﬁ@' %{édd%d bk @%&%ﬁn geqtil &9 tﬁé:vﬁil H%he b&gAR ho @

decrease in translation efficie at|on p Between Amno
Aci d ConcenMladlormmnAhdlancmHuggﬂmhhawcdar:ﬁrfs@menal peoinntisulfifle 1sombdite (i . e. ,

non- r adi oac ) et hioni ne were al for their. effec

P anstat - on P eEhey e i ioed dhRidGiot o HabRd b ook ltn shine
that were t aat BthtedfoMBI(l): @8- SMEemR@ﬁA'Hisbﬁg P6tBESE Th thE GANETY stipdlfeSOEWN 1N
Tabl e 14. The RNA input in each case was (B)prm As denonstrated by this

anal ysi s, i istwagi ofdPDheinithpuansgfion s¢agtiot hi oni ne does not |ead to an

i ncrease in tranghabi gp, ef i Geney., TahlS (i el LRSI PoBEOIERENPY ¢
the mRNA display system. The results showed that two of the scFv (D2E7 and 17/9)
would not bind to their cognate antigen without PDI during their generation whereas
Y61 appeared to be unaffected (see Figure 10). It was concluded that at a large antibody
library level, the high diversity would require PDI activity to ensure maximal scFv
function.

The recovery and functionality of D2E7 scFv translated with or without
additional PDI added was also tested. The translation reaction included 1 tube lysate
(200 pl), 100 pmol D2E7 short spacer RNA and PDI and GSSG/GSH. Translation
without PDI excluded PDI and GSSG/GSH. The translated protein was recovered with
FLAG purification, and the recovery amount was quantified. Antigen binding/recovery

was then performed with 50 mM biotinylated TNFa and equal inputs for each, 100000

cpm. The results are shown in below in Table 17.
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Recovery The RNA input and am no acid concentration should therefore be
taken into consideration when planning the translation reaction for nRNA
di spl ay. whi2bm/degsneasi ng the RNA i nput in each reacti oRCFAS2009(06WFE
protein recovery, it may al soinpact library size. An exenplary RNA
translation reaction that may be useful in practicing the nRNA displ ay
net hod of tﬂ‘ablerilﬁbﬂteistin]gDQEmsoEmﬂ-erabl e 15. Table 12: Exerrpl ary RNA

FOR SCFV SELECHRagiat ‘°§PACER LENERAG t has beenF i ousl 6]‘18%‘%}%@81\4‘ a

| ong spacel Iength bet ween tR&0IEHV(cpROT &i N pe(gnd pf rove:l
scFv folding and function |(see anes et al. (1997) &roc Nat|. Acad. Sci.
USA 94(10) 4937 42) Therefore, the effect of uhuu&pacer Iength bet ween|t he
scFv and tl ||r\ annea.iuu or—th RNA: v—roleeule—fypetton—and
yield was | R nged (see P%ﬁﬁ@Ceyl Thr ee dlfﬁzTent RE7 sc §¢bonstchts
wi th short Dqggl Uppand Tong 34s5acehs and two shert andl Tong spacer
constructsi{for Y61 and 17/9 scFv were nade (see Figure 8/ for D2E7 spacer

constructs). The results, depicted in Figure 7,

does not provide asuh%gﬁﬁwﬁgtaggggggg%mﬁr rﬂ?ﬁ%gs

as assessed by an

show that a | onger spacer
EV nol cule s function

tee trIaB gitap for

si gni ficant k%cﬁ@ﬁﬁlﬁ?ﬂretsh@wmﬁ%\xsﬁﬁﬁblﬁfﬁ d (see Figure 7).
also lower with a longer s

spacer vyi el deblesl™ Yéiobee

spacer

enbodi nent ,

shor

acer:

short spacer
orthees Nt RegguaredfDl Duringd ranslatiom For Thus,

is preferred for scFv |library construction.

ielded 6 nno

RNA yi el ds were

| RNA; nedium

in

one

Conpari son oPnﬁv?qa}%nt spacers and |inkers was al so performed using three
different Y61 constructis (see Figurle 23). The reglbfiRecoséi9wn bel ow in Tabl e
16, showthat RNA yields were also llower with a | onger space ILn _additiopn,
there was NEDYi fference Rh nRNA nol|&digoedThur i fi|ddtAGns nor RRriy6W BYIhd{ ng
by noving the poly-A tail fromthe el f 1- scCGene3p t he DNA
| i nker between nRNA and scFv protei%ﬁgﬁg% %CGEnéﬁg&ggggﬁe sc Jx%ggteln ar e
i dentical bajoneen these Nowo 0.57% 34.0% 18.9%

No Yes 9.2% 20.8%

Yes No 0.50% 31.9% 24.3%

Yes Yes 9.8% 22.7%

The results showing that 17/9 requires PDI during translation for functionality
are shown below in Table 19.

Table 16: 17/9 Requires PDI During Translation For Functionality

% of Recovery
PDI Oligo dT FLAG HA (50 nM) No Ag
purification | purification selection selection
Free protein | No N/A N/A 3.3% N/A
Yes 30.5% 0.7%
Ligated No 3.4% 27.6% 2.3% N/A
protein Yes 2.5% 39.3% 12.4% 0.8%
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constructs as shown in SEQ ID NO 10 and SEQ I D NO 4, respectively. Table
13: Conparison of Different Spacers and Linkers As shown below, 17/9

requi res WDIR0oun3p8sg translation to be functional, and DPTTiUsS200005908Ver se
transcription reaction before selection was shown to affect its antigen

bi nding. As these results indicate, disulfide bonds are essential for 17/9
function, and this nakes 17/9 a goodEXxMMPddi€ to i nvestigate spacer |ength

{mor ove. mrna QEEMIZATIORCOR T R B EP % P epOaf Bl G o™

EXAVPLE 4 GPTI M ZAH SN pEO THEN MY D L GAXY AtEIONGREMOVRRYE SCFV
PROTEI N FOLDI NG AND FUNCTT ON - OM SSI ON OF CHEM CAL MODI FI CATi ON ON

CYSTEI NE RESI DUES MessengePITRRIOTHEHEEROLdROM BPAGCHIQNe art i ncl udes a
chem cal capping reaction on free cysteine residues to prevent formation of
undesi rabl e cystei ne disul fide bonds by 2-nitro-5-thi ocyanat obenzoic acid,

whi ch resul ted i migyamyltal (iDAT) i94 retamc Ngtagaﬁtr&ahﬂdﬁn;dmomﬁue@ho emahgit | y
links to the sul fhydryl group. Wi capping reaction elimnates
pot enti al prf@%@nﬁ tringnisniae ﬁ@t%ag&ragwnraaﬁwﬁac@c% P&IIR AKidAOLfIt f5rade cyst ei ne

resi dues, 1«9351?%8&} inl AY F&E{)Q@raﬁ V%:iﬁl ﬁf’f‘g )%Qé’uo% cﬁ) 15&1%1'5% vifSe siéﬁ% on of

free cystel hin an anti nt tol ure
manuf act ur abtep iof yhedhRNHOsclR pmcﬂehud:etsabllnee phimeialn iy edecd thakw@impeldines. The
step of chem cal capping waselimnated such that ani/ extra free cystel ne

beyond the fstlidEyPopes Resscrygralsadr hatrarg eradurgs! iohal #etrd dinh gop@dlsdiect

activel y prespidesh @y Eéfl‘lgantu@@n Binﬁ[ ran&ﬁJne&ats l%StWE‘FQ@@@SEF% QDTi MpgaTl ON OF
THE MRNA DI SPLAY TECHNOLOGY SAND FONCTI ON -

REQUI RENEI\FFp@eIﬁ;e@@DW\BMﬁbMLabBRﬁEEItM ﬁlt@bh blndihg SOMERSSE//AGIFWATTEY | t
hac been suggeshed Lhal D) SRIAL Lo Se Lo BRILSE oL P AMIELL R0 B0
al. Nat Bi OFﬁcﬁl@é‘ Pi. This loss of antigen binding activity was not due to the RT reaction itself,

since most antigen binding activity of 17/9 was preserved if DTT was omitted from the

RT. Furthermore, the results show that the 17/9 scFv cDNA was indeed reverse

transcribed from the mRNA in the absence of DTT by PCR, suggesting that DTT is

dispensable from the RT reaction (data not shown).

The results showing that DTT in the RT reaction before selection impacts 17/9
functionality are shown below in Table 20. As shown in Figure 12, however, DTT does
not impact the RT process.

Table 17: DTT in RT reaction before selection impacts 17/9 functionality

% of Recovery
PDI | RT Oligo dT FLAG HA (50 nM) No Ag
purification | purification | selection selection

No No 3.4% 27.6% 2.3% N/A

No 39.3% 12.4% 0.8%
Yes

Yes, w/o DTT | 2.5% 14.2% 9.4% N/A

Yes, with DTT 9.9% 2.0% N/A
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16(8):773-7; Smith et al. Biotechnol Bioeng 85(3): 340-50). Two Ig

i ntradomai n di sul fi de bonds are encoded by every scFv sequence, one in the
VH and t hwoabtvens39ssn t he VL donmmin. It has been suggest e®CThEsR00&/059057
co-transl ational protein disulfide isonmerase (PDI) activity is crucial for
proper disulfide bond formation in vitro (see Ryabova et al. Nat Bi otechnol
15(1): 79-84). nmwomliasqabalye ptiosdookis dnn-HAE2 6t sMnsﬁdmhmcedfﬂ:ctted
inclusion o {DEEIEI{ iE t he translation reacfll on 1, and .17/ s[cFv
were used t @8 SPhiigrS Bluf Hig Aeransisienpyt &é?f‘\ﬁ’@?}lt}oﬁe isersRAldP S lay
system The&@gil hisd aRQVEHmHhNR all%tﬂ%d Rev 6 Yedue Efsudid ﬂo%gfor‘mﬁﬂtfénnm

bind to their cognate antigen without PDI during their generation whereas
Y61 appear edhe diffeeenifialf $anglites @S@ereﬁlfgn‘ﬂfél 3¢ L-shert apdcamnponddegireshitstarat  a

| arge anti body 1 Qrar h diversity would require PDl activity
to ensure nﬁ&%’%@gg,&%ﬁ@ﬁ?& aBﬁan?ﬁ%g}gélﬁoyiry and functionality of D2E7
scFv transl gaprk 19: DifferentRINesHdif6ksh for ¥¥alscPD-staggled was al so tested. The
transl ati on—reaction included tube | vsate (?ﬂﬂ rﬂ\ 100 nrrnl D2E7 short

spacer RNA|&dd PDI ar@@@CRTSSHRN%SamBU on wi t hout? ﬁj?\eCQX@b’uded PDI and
GSSE GSH. The transl é oteiln ¥ t:u vt put Wand
the recovery anount Wa%“%&g%nuf eggg%{r’? i e 1% ndi ng IL:% very ﬁen
performed with 50 nM|bi otinyl atjed TNFaand Iﬁ[@lﬂ@htldmpbﬁlﬁlffc@ﬁo@acﬂM)100000
cpm The reésults are|{shown in below in Tgble 17. Tabl e 14: Testing D2E7 scFv
+/- PDI The results showing that Y61 doeg not requifre PDI dur W‘éecuon
translatio 'Befo[r funct |YUl§d| Tty dang. showT hetow 1n Td]tﬁ'seg,%& Ta {;' S
Y61- Sccl - Short. Does Mot Require | During Transl atjion” For Fupcti Gnal i t y
The resul t $sadbawinng that 17/9 requires POl during translation|for
functional ity—-are shown below iln Table 19. Tabl e 16—1/7,9 Regy

During Tran®eteon FoMNFuncti ondfq t yEXAMRLE 6 OPTI M 2Za3%PoN oOF] THE7avRNA

DI SPLAY TECIS—&I%&%Y TO | MPROVE 1.6%
After Yes No 22.2%
selection
After Yes Yes 56.1% 21.0%
selection

In one embodiment, DTT is not present in the RT or alternatively the RT is
delayed until after antigen selection to maximize production of functional scFv yield
from the mRNA-scFv library. Tables 22 and 23 below show the results of delaying the
RT step until after the antigen selection step for Y61-ScCL-long and Y61-ScCL-short,

respectively.
Table 19: Comparing Y61-ScCL-long with or without RT step
RNA % of Recovery
Yield Oligo dT FLAG IL-12 (50 | No Ag
purification | purification | nM) Selection
selection
Free Protein N/A 49.5% 0.3%
Ligated | No RT 32 13% 57.6% 31% 0.2%
Protein | step nmoles
RT step 15% 28.6% 0.3%
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SCFV PROTEI' N FOLDI NG AND FUNCTI ON - REMOVAL OF DI THI OTHREI TOL FROM REACTI ON

Di t hi ot hr ei

t ol

(DTT)

is a reducing agent commonly introduced to enzymatic
reacti onswoaomaspssdze protei n aggregati on and reduced pPOTAISA0000FWAT i ON.

is also typically used in the reverse transcription (RT)
invitro translation step of the nRNA scFv nol ecul es.
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also in Figure 13. Table 18: Different
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The production of double-stranded mRNA-cDNA by RT was thought to prepare

the mRNA-scFv molecules for antigen binding to prevent RNA degradation and reduce

RNA secondary structures. After selection by antigen the cDNA can be recovered by

alkaline hydrolysis of the mRNA and serves as amplification template by PCR. To avoid

the potential impact of DTT on scFv function by RT prior to antigen selection,

alternative methods need to be employed to protect the mRNA for amplification after

selection.

Therefore, it was investigated whether the mRNA in an mRNA-VH molecule

lacking its protective cDNA strand would be sufficiently stable and accessible for

amplification by RT-PCR after antigen selection. A previously validated IL-1a binding

mRNA-VH molecule was used as a model molecule. Recovery of the Phylos40 VH

sequence was compared when RT was done before or after antigen selection (see Figure

14). Compared to the method in the art (pre-selection RT and alkaline elution of cDNA,

left lane), recovery of mRNA by RT-PCR after antigen selection appeared to be

significantly reduced when the mRNA-IL-1a complex were captured on SA-magnetic

beads and used directly for RT (right lane). This might be due to partial RNA

degradation during antigen selection or poor mRNA accessibility on beads for RT.

Attempts to interrupt IL-1a-Phylos40 VH interaction and dissociate the mRNA-VH
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RT step until after the antigen selection step for Y61-ScCL-1ong and

Y61- ScCL-short, respectively. Table 19: Conparing Y61l-ScCL-long with or

wi t hout RVOo=beyBadshe 20: Conparing Y61l- ScCL-short w th @®@CTWSRIVOOEIRT St ep
EXAMPLE 7 OPTI M ZATI ON OF THE MRNA DI SPLAY TECHNOLOGY TO | MPROVE SCFV
PROTEI N FOLDI NG AND FUNCTI ON - | NCLUSI ON OF RNASE | NHI Bl TOR DURI NG ANTI GEN
SELECTI ON ThelgubduahiSenbafls dpahﬂelmionaatq&mmamlhetm@mﬁyx defesaidbslityhought t o

prepare the rri RNA-scFv npl ecul es for n b| to event RNA
e or adat | on - da iR eavsraars at fus ireeredpREA SaflGiF dhony ant i gen

the cDNA capiB& iR eREARRYA MK AlolddBleMydth Ak Y& nQhtoldiRidniudALBEL GEr vVes
as anplification tenplate by PCR To avoid the potential inpact of DIT on

scFv funct i epmplexedTwere |r@mom§1 vaiiti thgérf\ Besidectigore 1%1$h06‘18rra$u1ﬁ9 ef revetsods need to

be enpl oyed t e r arrpl i ficati,on aft cli

e obor o bRy BbaHE fol e ey K bor Rl R R A T e T BEeR,

I acki ng |t5fcﬂfdﬂ¢1ﬁ‘§bh$’ DT RIND a81d @igbnveubwedBy RIE PCRlaﬁﬂHWPSR&ﬂleeﬂyﬂBﬂ of
accessi bl e for glf i cation bi'/}ﬂRT PCR after antigen sel ection.

previ ously beadsd ing captpreg gyi ioﬁngthwawdw 12Y2 IlelQQa?éldds]él@Oaﬁﬁo‘é[e%@bl

mol ecul e. R?&S’ﬁ’elr YanQth%cQ&orf’QX Qe E?See fohdt 18005 7 1TP Al ed when RT was

done before or gen se ctron Igure 14). Conpared to the

nmethod in the ar SlI(CBﬁtﬁs pSﬂilﬂetd @mtEﬁE}athrlaf toadntinen sllactionandfutcBiNAntlY ef t

| ane), recovery of PCR after antigen selection a(ﬁq%ear ed to be
pt

si gni fi cant F%POY@dh%E@%@M &%BCMMSLHWS%%%WB% b reduprdeedy esnot
SA- magnet | Cnﬁ@@zgsterﬂggtel{%ﬁ@egés'&?r&ﬁ bye h%céﬂ?/( rb@@ﬁnénéﬁB%)NA Hah?caﬂtegﬂﬁla&f?g due

to partial RNA degradation during antigen ectlo oor
accessi bil'i RWa@ﬂadJefatdﬂayfRNasRTnhlmmreM@e@UT’THt(hwrtngtnIdat #10977?%(311960314@ VH

interaction. a i S te the. VHrm uIefro (g%g?/r

Cl Ut on (at T5PYASS af DAOKYFel A TS SRR B 1) B LD OSSR &

recovery, p@%FHth@MRNAQrécQV@& @Qeﬂ%\!@e $5 pliohiphi BHeRBRAIng 'RSISQ&bl%tdnﬁQerPf

the MRNA-VH nolecule fromits antigen into elution buffer before the
selection, the mRNA template recovery again was reduced if RT was carried out after
antigen selection without RNase inhibitor. Interestingly, the inclusion of RNase
inhibitor to the antigen selection not only restored but also significantly enhanced
mRNA recovery. Thus, it appears this enhancement is at least partly due to a better
efficiency of capturing a lighter ~280 kDa mRNA-scFv molecule than that of a heavier
~560 kDa mRNA-scFv molecule with the additional cDNA.

Inclusion of RNase OUT was also tested with an mRNA-scFv molecule. Figure

16 depicts the experiment performed to compare Y61-CL-long with Y61-CL-short in the
presence or absence of RNase OUT. The results can be seen in Table 24 below as well

as in Figure 17.

Table 21: Comparison Of CL-Long And CL-Short Spacer In The Presence Or

Absence Of RNAseOQUT
% of Recovery
Construct RNase OUT | Oligo dT FLAG IL-12 (50 nM)
purification purification selection

Y61-scCL- | No 0.22% 29.3% 27.7%

long Yes 0.25% 30.5% 33.8%
Y61-scCL- | No 0.64% 42.2% 47.2%

short Yes 0.59% 46.2% 49.4%
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conpl exes were renoved with the SA beads. Figure 14 shows results of
reverse transcription follow ng antigen sel ection conparing the standard
met hod ofwBRoR@RIES0l | owi ng ol i goDT with acid el ution folPComsdodopsWF? PCR and
RT-PCR directly off of beads follow ng capture. Dilution with free beads at
1: 10, 1:100 and 1:1000 showed that strong re-anplification was achi eved at
a dilution of 1:1000. Since it is poEXAM®PIIOL8onit the RT prior to antigen

sel ection and subsequently - it was investigated
whet her the reduced recove“gﬁ]ggmhmmﬂéﬁ%gtor ed or enhanced
by protecting thegoRchieR GRANRNRMGA 08, RdRESeREH bY bicHRY bﬁ%@&e@al'rﬂﬁﬂd@' tor.
RNaseQUT(tm (Ilnvitrogen, cat.#10777-019) was included at 1:20 dilution

during the aﬁsqlqélnnsleméhq RNt display dneftlids dagcdibpg her®. PERvtlbragmpdre t he

MRNA r ecover see ure o] anti n

Co et Fon. ChtetTERAZS IS ot hinedaTRR fai e hPCR o oS T PHSARL bl oo

out after aaﬁlbg@t@osaiee\cmlaﬁ@w i OhkintSNBSR9, IDTE DDE DY, Y6 Nhed BEAK 1l Weret he

i nclusion of RNase inhibitor to the antlt%en sel ecti on not onl(i: restored but
|

al so si gni f MEastang centbanredatorARQRY dibesy it a mpxjmal diversgy eh2s anchpsgd as
h t t
erancemert 8t LREL 1Bl B DRLRRCR! IR AafRTUI 0 @

MRNA- scFv  madggeiptide. WA ftér deheetiaddi7id m&hrrteﬁ)l\was dxaalinsi wnclodingRblkad eolTPERS

al so tested with an nmRNA-scFv _nol ecul e. a%gre 16 depl cts the experinent
per formed t dhe&epls auapsivieg 11/8sghpetarevse agter anrgronnd ptf mRNAyseldesslestign

absence of e I wel | as
in Figure 17. Ta\B]PlHFllgzﬁp@C%)%rﬁi?ﬁ%ﬁq%ﬁh% SESCEEOﬁ E%T&Qﬁgeﬁ)tﬁgsg\ggﬁsl n The

Presence Or smsmee@veﬁmmmsmmuﬁmpmmam SELECHION FOR 17/ 9 SCFV To
denmonstrate that an nRNA-scFv nol ecuhmg,él&g enriched by several rounds of
sel ection using the nRNA di spl ay net i bed here, a scFv library

W tF h ? gi ver MRNAqlﬁls@imer@Hmwmﬂchw BEUSEDF O DIBERIMINATEX GV he
SCFV | Drary, equa
y g BINDERS WITH DIFFERENT AFFINITY

To determine whether mRNA display technology, i.e., as described above, can
be used to discriminate scFv binders with different affinity, chimeras between D2E7 and
2SD4 were made. 25D4 is the D2E7 scFv precursor which exhibits low affinity (KD ~
200 nM as free protein) for TNFa. Figure 19 depicts the chimeras.

Titration was performed for free proteins. Figure 20a shows the percent of
recovery after antigen binding between the different chimeras, while figure 20b depicts
the normalized percent of recovery after antigen selection. The above results show that
mRNA display technology as described herein can be used to discriminate binders with

different affinity.
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anounts of the VH and VL fragnments of 17/9, D2E7, 2SD4, Y61 and MAK195 were
m xed and conbined into a scFv library with a maxi mal diversity of 25 and
used as dwecnimse8sabove. The 17/9 scFv was then sel ect e#Crrusaomlos®st i brary
by biotinylated HA tag peptide. After selection, 17/9 enrichnent was

exam ned by cloning and colony PCR The results quantifying 17/9 scFv
before and after one round of nRNA- SEXAMBLEdOI on are shown in Figure 18.

Fecovered from the sOMERMASTIBIEY AL TR SPYARARITRENEE o v
DI SPLAY TECHNCLOGY CAN BE USED TO DI SCRI M NATE SCFV Bl NDERS W TH DI FFERENT

AFFI NI TY To determ ne whether nRNA di splay technology, i.e., as described
above, can be uséfd detgrdinedh¢ mem@%atsh@\pfmﬁiﬂér@:mdk%ﬂﬂﬁEEE?HSC%K fichi ty,

whi ch exhi b Fohaars PGP B S8 TR RmaE R ek s aF AerB okl e gur e

19 depicts hhmmbmhﬂﬁecuﬁasweaé {hen invabatee bf @fferdt {e efaruﬁes ﬂfrgt)emﬁﬁtes Figure
20a shows the percent of recovery after antigen bi n bet ween t he

di fferent cRrifelogatiggihelestipn glhhenommligehpeeentoh @Cﬁmrrm terrandigpe plegitonds
recovery af t el ection. The above results show that nRNA displ ay
t echnol ogy Tzsilgg cfg{s?lcktg]glgc%ﬁherei n can be used to discrimnate binders with
different affini F}gu@@@dﬁb&zs&ﬁat‘ﬂmmﬁéﬂimvaﬂfd afte RO teS PN tMBItEealthednBoll 0
determ ne the thernostabil ¥160f MRNA- scFv nol ecul es, D2E7-scCk and

Y61- scOk wePRNAZAEY Aoleru it st AT RAR YRS ARATSREDR FoRis, VAL Ie8eseed bed
her ei n. TheY'S?N’“C?&'ﬁ‘NA@he\%%Fe%ufé@re then incubated at different
s for

t enperature 30 mnutes prior to antigen selection. The normalized
percent of recovery after anti ghmos@mmnd_xxlkefewmm in Figure 21. Figure
22 shows t hat can be r vered_ after erature treatpnent of
mMRNA- scFv ol ecul Bg COIF%IF%OF% ]%éefﬁé%ncﬁ%?l?‘ég %at{lﬁere%é%gs WAERSr ecover ed

patent applications, and websites) that maybe cited throughout this application are

hereby expressly incorporated by reference in their entirety for any purpose, as are the
references cited therein. The practice of the present invention may employ, unless
otherwise indicated, conventional techniques of cell culture and molecular biology,

which are well known in the art.

Equivalents

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore
to be considered in all respects illustrative rather than limiting of the invention described
herein. Scope of the invention is thus indicated by the appended claims rather than by
the foregoing description, and all changes that come within the meaning and range of

equivalency of the claims are therefore intended to be embraced herein.
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Y61-scC nRNA-scFv nol ecul es. Incorporation by Reference The contents of
all cited references (including literature references, patents, patent

appl i cat iwop1A3880ebsi t es) that nmaybe cited throughout PCHiGS2@pF908At | on
are hereby expressly incorporated by reference in their entirety for any
purpose, as are the references cited therein. The practice of the present

i nvention may enpl oy, unless otherw se Glagiagat ed, conventi onal techniques
of cell culture and nol ecul ar bi ol ogy, which are well known in the art.
Equi val ents The invention may be enbodied in other specific forns w thout
departing fnom fB@odRE bdrberfifg £5KENahaboRNAi§14Libias), teahaRbd caiﬁfrising
foregoi ng enbodi nents are therefore to be considered i'n all respects

il lustrativéerstsaphef: than linmting of the invention described herein. Scope
of the invention is thus indicated by the appended clains rather than by

t he foregoing description, and all changes that cone within the neaning and

range of equi val @d)cp&‘oxﬁﬁing A& uedaydIk oRiilddie tigfresferdRlifadeashdOchaen BIcaGRd
herein.Cainms 1. A nethod of screening an scFv anti body RNA diaylay

library, thé&bigtmeleadnpridsneleculheonprases o mRNY) engoginedt hgcHY pigt afycin or
anal ogue t heg cof seﬁﬁ&?t%,' éﬁéﬁ%ﬁé&ﬁﬁé & c?Jéé’i‘g&eﬁY S%ﬁgt’ )st ARIEEM;1insd d

nol ecul e conprising an encodi ng a SCEV and a spacer sequence,

whi ch nol ectledinker comgsdingk parotnycin, si ngleus theaeuded adleheéiand aPsaralenrdiedt, t he
| i nker conpri_sing a puronycin, or analogue thereof, at a 3' end and a
Psoral en C62at ®%55' end; (b) in vitro translating the puronycin-crosslinked
scFv nRNA in the presence of a |abel under conditions such that a | abel ed
pur omyci n-crosslinked scFv nRNA/ protein nolecule is forned; (c) purifying

t he | abel ed pur ofycimitor waslating dt: BoémyaRNAGgslioted saFwoiRMNAliethe (palgsence of

subjecting g Purdd Sl d e S R AL s s e TR D RS
molecule is formed;

(c) purifying the labeled puromycin-crosslinked scFv mRNA/protein molecule;

(d) subjecting the purified labeled puromycin-crosslinked scFv mRNA/protein

molecule to antigen selection with at least one antigen; and

(e) recovering the purified labeled puromycin-crosslinked scFv mRNA/protein

molecules using affinity based magnetic beads.

2. The method of claim 1, further comprising the step of (g) reverse transcribing the

scFv mRNA after antigen selection to make a cDNA.
3. The method of claim 2, further comprising the step of (h) amplifying the cDNA.
4, The method of claim 1, wherein the label is a radioactive label.

5. The method of claim 4, wherein the label is *°S methionine or cysteine.
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nol ecul e to antigen selection with at | east one antigen; and (e) recovering
the purified | abel ed puromyci n-crosslinked scFv nmRNA/ protei n nol ecul es

usi ng af fwoizbw/dsgssed magneti c beads. 2. The met hod of clrairmsyoohseosher
conprising the step of (g) reverse transcribing the scFv nRNA after antigen
selection to make a cDNA. 3. The nethod of claim 2, further conprising the
step of (h) 6anpl iThy nethddhe ctDNA., whereTintherde spredr sfjuedcaicombrisestaboeti itat he

| abel is a radi %§8tive Ia%el. 5. The method of claim4, wherein the |abel

i s 35S net hAoMtrd! BMRBALS ne. 6. The method of claim 1, wherein the 3'
spacer sequence conprises about 0 to about 200 ami no acids. 7. The nethod
of claim1, wherein the 3' spacer sequence conprises about 16 am no aci ds.
8. The net hdd of Toe aiethod, ofghaemeli, whereen Bre 33 ppaser segaepserompristrmbosied an

affinity tag. . 9. Tcpe met hod of claim11, wherein the nucleic acid |inker
conprises, fr6M%' %o 3': - - Psoralen C6; - 2'OMe ribonucl eoti des
conprising the sequence UAGCGGAUGC (SEQ ID NGO 20); - six Triethylene
glycol or PEG 150 noeities; - two deoxycytidine residues; and, -

Puronyci n. 0. THh&e methpddfetain) lamtenein e spaser srauerE\CORRNACSAS| BHietags
phot ocrosslinked to the DNA |inker by UVA. 11. The nethod of claim1,
wherein the scFv nRNA nol ecul e conprises a 5 pronoter selected fromthe
group consi St i ngTaé mEthodSPG]aimnd whareid @ie nlibleicneeidiitkep tompiddes) flomdher3éi n t he
scFv nRNA nol ecul ¢ conprj ses a tobacco nosaic virus 5 untranslated region.
13. The nethod of PeIaERCE; wherein the | abel ed puronycin-crosslinked scFv

MRNA/ prot ei n mol egiage iBoRiidolil&toprRln IR L EHRTUR GBGRHYGC (SEQ ID
NO: 20);
- six Triethylene glycol or PEG-150 moeities;

- two deoxycytidine residues; and,

- Puromycin.
10. The method of claim 1, wherein the scFv mRNA molecule is photocrosslinked to
the DNA linker by UVA.
11. The method of claim 1, wherein the scFv mRNA molecule comprises a 5’

promoter selected from the group consisting of T7, SP6, and T3.

12. The method of claim 1, wherein the scFv mRNA molecule comprises a tobacco

mosaic virus 5’ untranslated region.

13. The method of claim 1, wherein the labeled puromycin-crosslinked scFv

mRNA/protein molecule is purified by oligodT chromatography.
14. The method of claim 1, wherein the labeled puromycin-crosslinked scFv

mRNA/protein molecule is purified using anti-FLAG M2 monoclonal antibody agarose

beads.
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14. The method of claim1l, wherein the | abel ed puronycin-crosslinked scFv
MRNA/ protein nolecule is purified using anti-FLAG M2 nonocl onal anti body
agar ose beadsiolB9ssthe nmet hod of claim 1, wherein the | alpera$2009/059057

pur omyci n-crosslinked scFv nRNA/ protein nolecule is purified by oligodT
chromat ogr aphy and anti-FLAG M2 nonocl onal anti body agarose beads. 16. The
met hod of cllai m The wiegrogl af cladi@ lamthegpémthiedateeldol piromydiatcedtsidEtisdey pr ot ei n,

or hapten. 1 The nethod qf . cl ai.m,], erein the antigen is f usi.on
ot arn i ¢ RN Ao Seilo bnes by st T e Po bt e i Irg ap el AdBIPT o
net hod of chainBtibnalWigb&dyhdaliRe BREdsgen is a fusion protein with nurine

i mmunogl obul in fragnent c¢rystallizable (Fc). 19. The nethod of claiml1,
wherein the antigen is a biotinylated peptide, protein, or hapten. 20. The

met hod of cl.aim wher ei he antigen i s opul.ation of cells. 21. The
tethod o o'l m 1ne fREEid i SRedEtp el R R nifin g Eos The
nmet hod of ch@i'btgﬂ,l, wherein the antibody is an anti-HA anti body. 23. The

met hod of claim 1, wherein the antibody is a nurine antibody. 24. The

met hod of claim11, wherein the antibody is a human anti body. 25. The net hod
of claiml1, er i t Y I LZe ] - met hod of
any one of é al ms%gn%g% d\?ﬁé&%@ﬂl‘%ﬁﬁﬂ% ?l%%??%%lslgél?? %!r)]lpg]?%?%éﬁ th hlfifin

pur onmyci n- cimsshogikedinsttdgmant ciNAllizabledBext | onal |y perforned in the presence
of GSSH GSH. 27. The method of claim26, wherein in vitro translation of the
pur omyci ncrosslinked scFv nRNA is additionally performed in the presence of
protein disykphi i r - (RD : g -] ai s

1- 24, vvhere??f i nqgf%r% g{B?rcgﬁs Hél'lt:ll’ (l‘))%llle{) %hﬁgﬂg%ﬁ%agﬁsﬁ&ip%g? ?ﬁﬁeﬁ&rg?w MRNA

i s additi onahinyngdoebhudimnfeanant tiystallbrsbledEc)of dit hi ot hreitol .

19. The method of claim 1, wherein the antigen is a biotinylated peptide, protein, or
hapten.
20. The method of claim 1, wherein the antigen is a population of cells.

21. The method of claim 1, wherein the antibody is an anti-IL-12 antibody.

22. The method of claim 1, wherein the antibody is an anti-HA antibody.

23. The method of claim 1, wherein the antibody is a murine antibody.

24. The method of claim 1, wherein the antibody is a human antibody.

25. The method of claim 1, wherein the antibody is a humanized antibody.
26. The method of any one of claims 1-24, wherein in vitro translation of the

puromycin-crosslinked scFv mRNA is additionally performed in the presence of

GSSH/GSH.
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29. The nethod of claim 27, wherein in vitro translation of the

puronyci ncrosslinked scFv nRNA is additionally perfornmed in the absence of
di t hi ot hrwDt2010/03%30 The nmet hod of claim 1, wherein the merhusdoodos®msnot
conprise an nRNA capping step. 31. The nethod of claim 1, wherein the

met hod does not conprise an in vitro reverse transcription step prior to
the purificafi onTat epthddadf cliva 26e vhediod: vidratramslgtiontud itie puramy&hase

33, The et RERBRCE RN et Biondl ke T 0€ Sty Wbei S Ve se

transcripti @ RfastepNRNA in the absence of dithiothreitol to produce a
cDNA. 34. The nethod of claim2 or 33, wherein the cDNA is eluted by
al kal i ne hydrolysis at about pH=8.0 to about pH=10.0. 35. The nethod of

claim?2 or , rein the cDNA is eluted by heat. 36. The.nmethod of claim
> or "33, whabei n10h e DMATAEY S bEelTil S arhef SR ui bR R Boue

pH=6. 0. 37. plfvenyei-focklidked FvmBRA WhedigbAaltyRroBNAd insthadBehtd 6d by

pol ymerase chain reaction.38. The nethod of claim 37, wherein the

pol yrrer i zat dBRioBHefA. r eacti on enpl oys a thernostabl e DNA pol ynerase. 39.
The nethod of claim 37, wherein the polynerization chain reaction enploys
an anplification enzyne selected fromthe group consisting of PlatinumHi Fi
and KOD. 4029The Thenlegthdalf ctdiai2n Whemhremeaiimo trhieslfipads tler purselyeiat ed fromt he
group consi sting. of streptavidin-M80, neutravidi n- 80, SA-M270, NA-M70,
SA- MyOne, Nw%,ed gﬁv&ﬁ%gad&ﬁ@nﬂ}y_ %ggrglgg in the absence of dithiothreitol.

30. The method of claim 1, wherein the method does not comprise an mRNA

capping step.

31. The method of claim 1, wherein the method does not comprise an in vitro reverse

transcription step prior to the purification step.

32. The method of claim 1, wherein an RNase inhibitor is added before, during, or

after any of steps (a) through (g).

33. The method of claim 1, wherein said purification step comprises reverse

transcription of the mRNA in the absence of dithiothreitol to produce a cDNA.

34. The method of claim 2 or 33, wherein the cDNA is eluted by alkaline hydrolysis
at about pH=8.0 to about pH=10.0.

35. The method of claim 2 or 33, wherein the cDNA is eluted by heat.

36. The method of claim 2 or 33, wherein the cDNA is eluted by acid at about
pH=3.0 to about pH=6.0.

37. The method of claim 33, wherein the cDNA is amplified by polymerase chain

reaction.
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38. The method of claim 37, wherein the polymerization chain reaction employs a

thermostable DNA polymerase.

39. The method of claim 37, wherein the polymerization chain reaction employs an

amplification enzyme selected from the group consisting of Platinum HiFi and KOD.
40. The method of claim 1, wherein the beads are selected from the group consisting

of streptavidin-M280, neutravidin-M280, SA-M270, NA-M270, SA-MyOne, NA-
MyOne, SA-agarose, and NA-agarose.
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