IMPROVED METHOD OF RNA DISPLAY FIELD OF THE INVENTION The present disclosure
relates to RNA display, and particularly to methods of RNA display that allow selection of soluble and
cell surface antigens. BACKGROUND OF THE INVENTION Antibodies can be selected that bind
with high specificity and affinity to almost any structural epitope and are routinely used as research
tools and as FDA approved therapeutics. As a result, therapeutic and diagnostic monoclonal
antibodies constitute a multi-bjlporeloNat RfEat MOy ERNA Sisisg 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 pampeyrogthags (ibvanesiohantibodies, or fragments thereof, are displayed on the surface
of an organism, (for example, a bacteriophage, virus, g{;ﬁst cell, bacterial cell or mammalian cell), and

the organism is selbtddeRsnedpreesish siaise BN eudsriBodyd Rastiralarédesasthadsnddy libraries
are expresspi| ANflspeigGiRd ANFveelldeasnR MbRIBMSIBMdN Ane.siahtaysiem, 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/proteirngiNsiR G RaN PeEseleate: pgvinding)ie a desired target and the identity of the protein or
peptide determined b%/ sequencing of the attached encoding mMRNA component, Current in vitro

RNA display systef&ibodistigindion stted hatbing withikighapesafitrailedoimiitigeshefficient at
expressing myltitdRMAN PP RS Scham s ale ChaiRRAHOLY ISHTVATIRIRCHIPFo VS is mainly due

to the reaction conditions of the current in vitro expression systems and the tendency. to lose full length

scFv cDNA BerPHifbranAFrdtgrhepretiie arh diteaaisis Bepeienal antbodics copsittt@ a need in

the art for ipprevBdlinvdsN dispiaemetiadsder selection of scFv antibodies against a desired target.
Irving R. et al [Journal of immunological methads, Elsevier Science Publisher B.V.; Amsterdam, NL,

vol. 248, no 1/02, Llestirahryesnsis dguausizing soippls fendbiinaatihoedistiave sav Hithge display and

ribosome digphatyesibategias iaafugienallinibipaiwatiosel the appeerobiding suréages o SCFv
molecules and V- domains. It is also disclosed a method based on a cell-free system for ribosome

display, whith 3REBAISrRELEsYird (RIRA THalsEHisSRENXOEH riRads HBEKIS A tioP 8fandon mutant
libraries.  misthEde! idbrANeCHFIsPAiBISHE 3 eseRigh i SptesThaat 200 rags H@SJuehtesfasoralen

C6 puromycin linker that is used to ligate the peptide acceptor to RNA using photocrosslinking Zhu

(US 2006/095EE14) EHI2EX T HFI0 KRB0 dSG n‘éq%ﬁﬁaféﬁ SEHEURMG Yhtibodies
against a spedifiaantigeschiMMAR QI Tdi xS KDbhe desihed iiydign soasrthe foregoing
problems by providing improved methods of in vifro RNA display to allow reliable expression and
selection ofrEEfg\??%o‘f&@@@ﬁ?ré%%%%ﬁeﬁB?%tﬁgg.sﬁ\ll‘fﬁ glﬁ,ap%@é{ﬁgtl@\gm?eﬁ W 8pfession and
selection of geRsuohalgauigstdintehRMAds i dthechpresiidpaseiatsorgxpadignirtainRkadtro display of all
classes of protejn, including. both soluble and cell surface antigens,. rdingly the invention has
coveral ach SVALTH Y FEOAE U hBLTART 15 LRV AP Sk TP URFRNA croplay
methods th&nNwesitapiefusih lessctinies cansumingtopgsoido toamppienioisly RBSCibedimethods.
ptigﬁn allow for enhanc%%ctional engession of rgroteins

Additionally,.the methods of the inv .

conaning igﬁeﬁﬁaﬁz{ﬁe@%ﬁa T/ SAE Agi%gfgb PRI aspct, e
Invention pr GE] iR a0 vtahod ey R rapy, . metho
comprising the steps o%aﬁ&?\}ﬁ%@m:cpu?m cin or analogue thereof crosslilrzkgd scFv mRNA
molecule, said moleRUR EBHIRING Arf R A SR Bon AL REE S0 PR S P&l ence, which
molecule is artbstinkegiibla dingl straadediiviche i agiddioker nibkilhd@n@ampbisdics ayetiromycin, or

analogue thereof, 1at a 3 en(f"l a(%i(li PPs(ﬁrale C? at the 5' end; EP?) in ﬁ%@ trans!ating the
puromycin-é‘rsosslgﬁnff@oa 8¢ v1|1?1 O YhE' Br%%ue?lsce of a'fabél'l (ﬁlélF il ﬁ%%ﬁllzolrﬁg conditions such
that a labeledmplitonycfitherossitnket\sob\e xpRbAIprotaemmalechletisdermeds (eyeputiféngtbhe labeled
DO e E5e NS Bl RRRette] (tniacina e purifed labeled @ antigen:
puromycin-crosslinked sckFv m rotein= motecule to antigen selection’with at least one antigen;
and (e) recoveringTherpiy;jfiletdélre|echpedamyeinrcfos shipkededdR vitn&R 8idy proteithowidotles using
affinity based.magnet; ads.. ..In an embodiment, the method further comprises the step of ()
reverse transgtlz?fi?}%ré? 3‘%%!%%%@5\5 ARa" g%n?iggsﬁrgglteaéﬁgth to make a cDNA. In another embodiment,
the method furtherlcampRsesaidmstenlaff{mampllbding thetbBMAEIsevier Soiembddivheltr the label is a
radioactive l, such as, for examp 5S hiopine or ¢ ine. I embodiment, the 3'
spacer seqlﬁlr{l/ec'égcrgrsﬁ%r%& about %gbngup%ogﬁr]ﬁ%%aég%é, OP%%%%&@ Yout 16 amino acids,
and/or the 3' spacer comprises an affinity tag In an embodiment, the linker comprises, from 5' to 3"
Psoralen C6, 2'0Me ribonucleotides comprising the sequence UAGCGGAUGC (SEQ ID NO: 20), six
Triethylene glycol or PEG-150 moieties, two cytidine residues, and puromycin. In an embodiment,
the scFv mRNA molecule is photocrosslinked to the DNA linker by UVA. In another embodiment, the
scFv mRNA molecule comprises a 5' promoter selected from the group consisting of T7, 5P6, and T3.

In a particular embodiment, the scFv mRNA molecule comprises a tobacco mosaic virus 5'
1intranclated reainn In an embodiment the Iabeled niirnmviein-croccelinked ccEvi mMRN A /nrotein




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 mMRNA-scFv molecules. Figure 4b
depicts models of free scFv molecules and mRNA-scFv molecules. Figure 5 depicts results showing

thatthe ScFyalieqhac SR MBNASARIIREHIR (Al b AnGHoRall SrASeLiR g free sy

molecule. Figure 6 depicts the three D2E7 mRNA-scFv constructs with different 3' spacer lengths.
Figure 7 depiatarrsiomef shonHgamainsipeeiréinsedr rAYtRIfstEcR ah ENMIBRERHIAHIRG!ES antigens
and the yield; fl RENARERYIANLEELY MAIAGHIRSEIGH 6B IRRIGH IR REAUSRRSS of the D2E7 short,
medium and long length Ck 3’ spacers (SEQ ID NOS 42-44, respectively in order of appearance).
Figure 9a d8}ietBaFECE #/8i RN EeRFRETERINES DAtHIasTare dAtiaenfgisacel Ml &% Rre 9b
depicts resylts-shawing that shorter spacer length improved 17/9 mRNA-scFv molecule binding to
target antigen and yield of mMRNA-scFv antibody molecules. Figure 10 depicts results showing that PDI

activity was requirddféessmeNsetsicariddRepsaisie [P15gRIsCHANEs Rt it presence of
DTT during peyeiise trapssoptjemninhikiieshiv/9ssahy hindingdpdhemaglutipis: toANantigr. Figure 12

depicts agarose gel electrophoresis results showing that DTT did not significantly alter the reverse
transcriptio® MRREe inkiie 13 depicts agarose gel electrophoresis results from different RT

conditions with or witheuisDDh 0l B3N 35 &Mk ko cbathobriens althaltes &electionerkigisrentd depicts

agarose gel electrophoresis results showing recovery of the Phylos 40 VH sequence when reverse
transcribed $SEREHBEAHLDGH ISR AE LRI AT o PAH8E 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 res é%%%@%%ﬁﬁ%é%f a CL-long and a CL-short spacer in the presence or

absence of RNasefhd Tdvantibigsb R ds/tile RiEis AR 12681 8ak &e pienRe Sispios vl Sriiaauingr
side-by-side co_rt?_garison of recovery of a CL-long and CL-short spacer in the presence or absence of

RNaseOUTHVITEIJR M 1 iipidesalignr sekiehla rartrsionatedie iedintsod sshtighnig 798 £eBY before and
after onedroam&fsmmwaﬁ@%v Aﬁlﬁﬁi'ﬁlﬂ phigunéaill) ddpigts @@pﬁmmﬁ@ﬂai%@ﬁ@ﬂbimgm bfatwgen
D2E7 and 25D4. Figure 20a depicts the percent of recovery after antigen binding befween the different
chimeras, sﬂa}ﬁﬁﬂ%&bmﬁw@mﬁ BB AR HENDE kb R M dise) 8% ith different

3ffinlity. Fi%ur;ﬁis%@b,fi@@mb ,nﬁmaiggd@gmﬁmlgfamd e%ﬁwd 2 2 L) ag}?_selection, shov;ing thathmRNA
isplay technology can be used ta discriminate binders with different affinity. Figure 21 depicts the
thermostability of rRIFAL %1%188?&8&?&16%?8@? %%Y&Pgaéaa?ﬁy@wc YEEBBIBFES resuits
showing thdaiﬁlbée ﬁﬁ@ﬂ@@ifﬁﬁg‘iﬁﬁﬁd@ﬂéh vioto tnmmeﬁapla@ ﬁaeatﬁalel mhafarb%h&lp&rmﬁﬁdn@ecllljles. )
Figure 23 depicts the mRNA-scEv Y61 constructs with short and long spacer lengths as well as the
6 1 ScCH P OB ORI O R PR O S ERRIEERAIe TN ang schv
protein. FiguietZsddepitisiagarienalisohaviefantbed iiRfossix pisplay iethaadagy in other
embodiments of the invention. DETAILED DESCRIPTION OF THE INVENTION Sequence
Identificatioﬁ%ﬁfﬂﬁkgrémra'%ﬂgléﬁfﬂgtﬁ %bé’rﬁ%o 3%?&@881?@%%%%@& %O%C 8SSpecification have
been given the following sggue ice iitdentiboation idesbash &EQ IQdNEnE af\saioaadisbdequence of
MAK195 sc rqtein sequence,. SEQ, ID,NO:2 - Amino acid sequence .qf Y61 scFv short protein
sequence. SEB REN PR oL RTRRE RS SER T 0t IO S DURE S 1D MO -
Amino acid aedogicthakytdrashvikséReBvurRAIA sesjueriessSERQOIRCMO mpiising acid sequence of
D2E7 scFv shart protein.sequence. SEQ IR NO:6 - Amino acid.sequence of D2E7 scFy medium
orotoin sealPE, EEEIBENG. P A AN o P U BF DA RPN DRGtan) e e, o
order that thénptesenhdedenictsicnaiyd e kegndeémdtidy cordprisiagd, metiainciarmsaandofist defined. .
Definitions th T e%er "agtib%dg/'l')incl deéén?r&?cgqnaldargsbﬁ)]diﬁ?o('{nclUfi%nlg{; f%ﬂl length monoclonal
antibodies), p%rﬁ/% ohal antibo ies, mu t"lls%l}am id'antibodids fe.g., isperca} Icah o&ies), chimeric
?ntibodies,hﬁimﬁngf ranﬁtef' coasititied ieesF‘hmRb aMZd lE?]tmrﬁim&es,dﬂﬂmm&mgiém%ﬁfmﬁ@t;bodies ?nd
ragments theregf, for example, ntibody light chain.(\YL), an antibgdy heavy chain (VH), a single
chain antibd ) G B B B e A D R R Y PR e, nr o
single domdimrantb@dyfrafymenhédaizled pufdreyarseiasstibkey didramnRiefersdem photedityeof DNA or

RNA molecylgs Ga0tAINAANARER LM% AME SRRILHAIGY SRRGGRER gRijRRdy 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 sREILAMING AkifSIULMR SRACHiGalM meogriges BY@AR ARISAIDal!S @tiganed
chemically or genetically to a molecule to allow for its detection by said antibody, for example, FLAG

tag, HA tag asiedayemyeiggrosslinigd geity PRNAMIBEY Seifsaisesirgrilneyaipitlcleic acid or
amino acid ehessdipat 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 ¥ NRdimsabebomgReiRdhsh o THEEShs HyT O {18 BXBF&sion of an operably

linked coding,eaSNEaHR R IPAHIRMA! YRSt RHPSH SR RFibh BTRAMRARENON SiSiRdh§uch sequences
are well known in the art. The control sequences that are suitable for prokaryotes, for example, include

a promoter, SiRHEIRPaihs pRsthed Sudhrirampiesthn se8neBifammy s ¢ cells are known
to utilize promotergy pAlAMRANRIANGIONBIS ARG ANHRACEELFOL RXAREPIS: BGIRikaTK is "operably
linked" when it js placed into a functional relationship with another nucleic acid sequence. For
example, a PSRRI TEYRENr is operably linked to a coding sequence if it affects the transcription

of the sequence, omaafikasyienkiiding Sitgicanerihclnkashiaa edin® seavsncrd it is positioned
so as to facilitate translation. Generally, "operably linked" means that the DNA sequences being linked

are contiguGNPIBGHEY P SARIRLERDABIG HAR A5 18- ABARIUBES. SPacrh&BRASShific binding” or
"specifically.lpings tagrefers to the ability of a binding molecule to bind to a target with an affinity of at
least 1 x 10-6 M, 1 X 10-7 M, 1 X 10-8M, 1 X 10-9 M, 1 X 10-19M, 1 X 10-11M, 1 X 10-12 M, or less,
and/or bind to a tafgéRFRP AR RAHiP eSS HORRESER IR 8 ate P HsH s GiAiMST a nonspecific
antigen.  riboadeletided @empaieRS tRead ARIgE N AIRPIOREUECOWRLETDIN @M@ hedy. Targets
include any peptide, proteins, saccharides, nucleic acids, or other molecule, including small molecules
for which a ﬁ’@g?ﬁ’f DhB8ER) LB e ldraist cin Brecd BB AT AIMbBIEERYE Ry ainst a human

protein, for examplg, abNnebddirhent A8 sHEvarR M AT SleculeAs 'FhAR Yk et thaDW gubstitution” is
one in which an aming acid residue is replaced with an_ amino acid residue having a similar side chain.
Families of 4R é{c‘-ra%si&a%%q%%ﬁal P REYAA DL HSHRBPR A, The term

"RNA displgyopioten RéAeispiay thefersup @ndstitsoeTnigecanhareimexpassathproteins or

ﬁ%?t non-covalent interaction to their encoding mMRNA to form

peptides are linked covalently or b
"RNA/prote LR Mot sdy. Hi*ﬁ BIRIFCBISSPRRESEd MIFBALTR BPSH R stotein fusion can be

selected foryinghvptal acgasired target and the identity of the protein or peptide determined by
sequencing of the attached epcoding mRNA component. Such. methods ar Il known in the art and
are doscribed, for BXAMPIPITRE SA Moo P AT S DTS G Lo PIoH0H 47
6,518,018; fidRo106% puddR®DH b ZBU Bk omadEAADY 6 1AThoh3; enthiibhditolaled04; 6,429,300,
6,489,116; 6,436,665; 6,537, 4§r; 6ﬁ602 ;/6,623,92 ; 6,416,950;.6,660,473; 65%113(}9 - 5,922,545;
and 6,348, 315 BN T QI SHeh MR THABPOST P HSy YisrdreHEL R theiirdil e term
"single chaimandidlonyt' pititsehvigaiarsiendn dntigeanvthdingrbportiareaf ehbghbatbain variable region
and an antigen binding portion of a hea in variable region, joined, using recombinant methods,
oy 2 synthel THST HRAPEH AEL s e PR S G A AN Vo v the vi and v
regions pairctadaraogiapioyaleidmidieculeMKnowocimsinglebodgingarofsdieuiissee e.g., Bird et al.
(1988) Science 242:423-426; and {-Iﬁlstontet al. (113?8} Prlotc. atl.t.Acad. tSci. U. .At85: 879- 5883).
The term "functiondl ?rﬁloeflel%ymlj’lerfléerns’to %139 fﬁ%liloléi% Ortham (?aeipelﬁjffnp fﬁaetl?m%rar P5ddifional
functionalityat@thenetebodientenyhichaiitigattachfidion proherievith leetectimgihieierbtabubstantially
partitioning a molecule from other molecules in a papulation., As used herein, a "selecting” step
brovides at TS 5o STty & SO PR L TRERTG raTHEar Sreterably, a
1000-fold elFichoeht ahtglesyapopoladuleatiative o aipaesinkd endleditesintikepapblation following
the selection siep, s ndicated herein, aselagtion siep may,be feneated A MHmBS1 €] times: and
different types o S CHion S eps may be combinéd in a g|¥/’en approach:

antibody, a murine antibody, or a human antibody.



The term "pause sequence" refers to a nucleic acid sequence that causes a ribosome to slow or stop
its rate of translation. The term "solid support” refers 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 gther QindiagnRAIRE! iMAtFAeLialeRisHIT @2 BiRemIBHRODGHAKLRIQEn A), or in
which an affinity complex may be embedded (for example, through a receptor or channel). The
term "Iinker"f%&j‘h"sréf‘éfg%eé rBghSPETSRLESE GSRIH ting the nucleic acid sequences encoding

antibody VH and Mk, de@aiiiméeahy ABHIRRAAY0BENS: AHIPRESOIRRNEAR-IFRME With fhe nucleic acid
sequences encoding antibody VH and VL such that a continuqus open reading frame containing the

VH, VL andanotBsregRatinefbrhedethedignss Ae pEIBFS s MR RIRERHAE IHPYH and VL in an

SCFv proteitep pridiadeHpREREHARACEGNIOR yafesiRAEBDaIRRMIE £ARARIR ehlsiRg added to the
C-terminus of a %)owing protein chain by the catalytic activity of the ribosomal peptidyl transferase

function. T deh dhsieurse temanofyrviabbreeet Buclesirmbadimsinitor example,

puromycin gngiAfalegyYes hafpeled - viRMiNR@HH O snmearaidslikeiRecipiyidebexample, any of
the 20 D- or L-amino, acids or any amino acid analog thereof (for example, 0-methyl tyrosine or any of
the analogs®ibdeseitrh(AaiM o RsedrcMetRNEhzymol. 202:301, 1991), and (iii) a linkage between the

two (for example, an @stein 8RbdRiAEKSIANEIINKATR 8luide By RO&Itias WydiesaRafesably. the 2°
position); preferably, this linkage does not significantly perturb the structure of the ring from the natural
ribonucleotiBE cH iR R Hn Lo Hemd vshn @ﬁ&ﬁhb%é%@%{t%%h?%ﬁﬂ%ﬁﬁ?té%eptide acceptor
molecule thaghstaeyBIRMIRRRNESSH@ItBs JiEstyoeuiptertitdhiiighirteryesing Ruasigacid
sequence) to the protein coding sequence, as well as one that is joined to the protein coding sequence
by some no nt means, for example, through hybridization using a second nucleic acid

sequence that binds a emBeamiee: JRNMDOIANE PIgIRIE0YiRgISARUER A ARddaatdtsethishoound to a
peptide acceptor molecule. 1l. Over view The present invention features improved methods of in

vitro RNA dREBRE RSP bl BN AHIE -8R0 e i SBIERRINY 5 JERATHbCH Midlecules from
expression fibrafiegase or RING Jepiaemethadlecaenesalyninyaivp exmRESI00T adHuark o proteins or
peptides, wherein the expressed proteins or peptides are linked covalently or by tight non-covalent
interaction t%“fhgipgncoding MRNA to form RNA/protein fusion molecules. The protein or peptide
component of an RiNAdpreéethibsiomaantheral@cied daehintingiiehe grsipachiigaigsd the identity of
the protein or peptide determined by sequencing of t% attache coding mRNA camponent. Current
methods of a&@ﬁ’l’a@ﬁé@ W&t&ﬁfﬁ%ﬂ %QF%/%M %%E&&@jﬁo ‘%ﬂ\%}ég%&éfo%ﬂﬂgesteps are
performed 8Welreciecingl conditienssvhich prevents formation of scFv intra-chain disulphide bond and
thus correct folding.of the scFv antjbod molecuées. Current me r ds additionally make use of either
VH or VL antibocy SAGIEREL HHE SLYBESRERbABS 0 et SEaPHGBNIGH dBlves this technical
problem by fegidonmeng: thigethdedtoiiRNA digpiayhassay 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 tBR e HESCRMTI@N ORpEibl®Rawibiedght (VL) domain necessary for the conversion of
the selected VH damain into a.full IgG antibody. Accordin lthqugh. particularly suited to expression
and selection of scF'\glgﬁt%g@g}%gd‘}g’ce@I%@ Pﬁé‘%ﬁl& Ocyc}geo?qglg%ﬁg#ﬁghgg@’ 5‘?&%‘1&%%% for in vitro
RNA display of all sbassembbdirotain of thelin@dm@dnods of the invention also provide a shorter and
simpler protocol forperforming RNA display.. This is achieved, .in part, by avoidjng the time consuming
step of reverse trar';:sP%Wk%ggﬁéc%ﬁﬁ%?gag#wg%% nnf\%?gg‘ﬁ SIE% QBK},%?/ pﬁ%r %I%égtion with a
target. Ill. Improvedther\4iibdd Al dy Siovesisng Method In one aspect, the invention features
improved in vitro RNA-display screenin thods. T eral hod is as follows: 1) Formation of
RNA/Protein Fusion: uresj)daﬁy%lcc?? A ?%e%ﬁq:/% 1%}](%%%@1 %Aa&rpf)gr%}és%)ﬁl Tltﬁlrlﬁ{r’les are transcribed to
generate mRNA. Ariguneviaa epitibodyudx piessiog thiardn isisuitabléy (eag bd/gtndlated asFv libraries),
however, the methoM th% invention are particularly well suited to scFv libraries. Any art recognized
methods of transcrri% ion'are suitanie. Atter RNA transcription, the DNA library templates are removed.
This may be accorfisteetb ukimigtampodel s ef dgrizedvmetieodkes fardxdiNies diy digéstides with DNase |.
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) 2'0Me(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 camplementary 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 nroner intra-chain dictilbhide bond formation in eccEv moleciilee a nrotein dictilnhide icomerace




In one aspect, the invention features methods of screening the expression libraries of the invention to
identify antibodies capable of binding to a desired target. Any in vitro or in vivo screening method that
allows for selection of an antibody from an expression library, based upon antibody binding to a target
molecule, is contemplated. In one embodiment, the expression libraries of the invention may be
screened using an art recognized in vitro cell-free phenotype-genotype linked display. Such methods
are well known in thpygvé 3R AER desarigdwinlaxampiacidmchal iNgs MRRA.88P5 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, 300lcsuladorat is s eenly sarvalond st S8s s6la28Yee1l6,416,950; 6,660,473
6,312,927; 5,922, 3&irrLpidd dbantlasermeairads RyQlvedianss Rlinrigfaeaiegndpyiyo from a
nucleic acid in such a way that the protein is physically associated or bound to the nucleic acid from
which it originated.l%lﬁ@éiecting for an expressed protein with a target molecule, the nucleic acid that

codes for the proteingigralp§salestesults shbiMPIMR RBR @ PHREBIRA 2h $RIPYREABIRN Nie above

referenced in vitro screening assays may require addition or removal of certain reagents. In one

embodiment, proteiff diSigHIadaBH e hemied Ab BY Aqtely aitibedy hiels@iptession system to
improve the produgtignrebfussienaksehyanelect s pnEnoder fiadadimantoasmilthaxdlizing agent
(for example, GSSG/GSH, for example 100mM GSSG /10mM GSH) may be added to in vitro
translation reactior? niBAEFE &P HT NOS Stefts t6SRAGH FhirHL Ohdsh i dRAHABdnd formation in the
VH and VL regiong@jithegschapielgruie/Ihanerss Bmadinen twitduanthag esis (pcexample,
dithiothreitol (DTT)) may be removed from the in vitro translation reaction mixture of the scFv. In
another embodim ﬁ’il,ggﬂﬁe or more labeled amino acids, or derivatives thereof, may be added to the in

vitro translation systgirsophithaiihedaeiadamingacibhecomes lRaepPaidrA datoAle resultant
antibody. Any art recognized labeled aming acid is contemplated, for example, a radiolabelled amino
acid, for example, %@é@ﬁéﬁé’dﬂﬂ@ﬁﬂ@rﬁﬂé‘lg}g&s@ﬁﬁmngﬁ? 8RS WRDSY ﬁ%%hiﬁ“tﬁ“eFiYﬁ vitro screening
assays of the invertigpo@arisgcthddsafter 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 genér4t SENKRIAEIGIY S Sha 4 H08ay Ipqﬁ%m@ BRaABBERS LORIRSUIERDIe method
for reverse transcriptieigs. contemplated, for example, enzyme mediated reverse transcription, for
example, Moloney urineie kemia viriJs reverse transcriptase. Screening methods employed in
the invention may Fe8Hife’ r#ﬁﬁ’ﬂﬁ&%’fﬁ?ﬁ b hRHDE T2 e T Q3oL AYBBER 8% bind specifically
to a desired targettunh i esntiadivigat] MRNAVM dphySicallyrssocigieg wittzan antibody or
plurality of antibodjes ma amplified to produce more mRNA. Any art recogniz thod of RNA
replication is contels_e Lfé?eiéj %P@%ﬁgﬁ@,s%gﬁ%%ﬁ”ﬁ TSl Re fh%ﬂ?ofﬂi&geﬁ‘?}odiment,
MRNA that is physigallyiassbciadadiv e ansantinechipdioplprabitysof antibodies may be first reverse
transcribed into cDNA bzﬁnr being am Iifiecijb PCR. In one embodime éf PCIﬁgmplification may be
accomplished using'8f fﬁfé’l’iﬁtﬁ f)%li&?egﬁ iﬁ%e é?%éé??BP%ngﬁr L tHE'KOD1 thermostable
DNA polymerase fromiithesmnatoscustkostaRtraanrsisNsBEimiboacpoiA Ralyherase High Fidelity
(Invitrogen). In anotl-|er embodiment, PCR amplification may be performed under conditions that
introduce mutation® IRt5 e amplified DNA, e.g., error-prone PCR. In another embodiment, the
expression librarieFiglitbel inderitinngasysbed eleeneshbyesispiayl onriibeiadrfaas. efyeotele virus or
bacteriophage anci) ug'ec t lection using immobilized target molecules. Suitable methods of
ccreening arb des At AUL) B SAHSHER SHLLTE 053t LA R eors S 5T o0t
6,300,065; 6,399, Mot itidwith/pacidebe 86Gn R and aSalaenthgioietiotiNenipéyiaden the invention
may require introduction ((igj've.rsity into the antibody.library by intraducing nuclei bstitutions and/or
deletions that may TBULT 17 SHESF HRSVE S EFLG SORTELBat L BB MEBHGRLIR RS expreseed
antibodies molecuiahitiy préseeod Rxed oieiiadscobneujdgenesis anacenisivplafed, for example,
random mutagenesi% "walklth{ough" mutagenesis, and "look through™ mutagenesis. Such
mutagenesis of an’an %59 ¢a’be achieved using, for example, error-prone PCR, "mutator” strains of
yeast or bacteria, ¢iigucerfbdapansatsahdofia sidddiiredacaigpadgid chandekdpring ak’inito synthesis
of all or part of an antibody. In.one embodiment, a library af antihodywmolecules may be created in
which one or moregg?ﬁ%r?g%&rdlg g}%%ensa%?ﬁlg)/rr%ust%%%? ﬁl@t\%ﬁgﬁ? gmbodiment, a library of antibody
molecules may be created in which one or more amino acids are mutated to one or more
predetermined amino acids. Screening methods employed in the invention may also require that
the stringency of the target-binding screening assay be increased to select for antibodies with
improved affinity for the target. Any art recognized methods of increasing the stringency of an
antibody-target interaction assay may be considered. In one embodiment, one or more of the assay
conditions may be varied (for example, the salt congentration of the assay buffer) to reduce the affinity
of the antibody molecules for the desired target. In another embodiment, the length of time permitted
for the antibodies to bind to the desired target may be reduced. In another embodiment, a competitive

binding step may be added to the antibody-target interaction assay. For example, the antibodies may
firet be allowed to bind t0o a2 decired immobilized taraet A enecific concentratinn of non-immaohilized



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 pggyie1pyilication RHRNAr-antihegidusionRinteins fiamsiae spraaenents of an in
vitro translation system. This may be accomplished using any art recognized method of separation. In

one embodiment, SRERNEOARIIEE)RIZIOA Didteiviehng bb-sRyA s & BRSEE8EF PBhy using a
polydeoxythimidingpalyd 1 resiedn arivther 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 RNASAgKEacdsirotels eatorintste sy thausnttirint dEFseuence tag, for

example, FLAG, My@goff 430 1898 olCrRiR e N theramine @sid sequence of the antibody
component of the RNA- antibody fusion protein, for example, at the N-terminal, C-terminal or in the

inter variable regiofi'fHRL9 derieiegaperdrdshitismad sumeire hesrrs it El e &Na8n may require

the use of immobilzgw taraet Meplas iR R alie e/ anbrihaiame stiapleeute isdirctly linked to a
solid substrate for example, agarose beads. In another embodiment, the target molecule is first

modified, for exam%‘lg?ﬁ%ttﬁ']fv}ﬁféﬁs,’ﬁ@r‘i"fﬁg %dﬁ%géaww&%@ﬂ@%}bﬁﬁmﬁeﬂé%@ modification to a
solid support, for exgerign s eRiavidinM2 8 raentanisin-M280, SA-M270, NA-M270, SA-MyOne,
NA-MyOne, SAagarose, and NA-agarose. EXEMPLIFACTION OF THE INVENTION Throughout
the examples, the foIRBWATYRRIGHS AR HASthBES SERS TFSQUTTHRILY SRHISISE SR, Materials and
Methods  In gegrsalidhenpiaskiSercditieaprRerAs iswe il Bamaiayisiiasnathsiige indicated,
conventional techniques, of chemistry, molecular biology, recombinant DNA technology, immunology
(especially, e.g., iﬁﬁﬁbﬁbﬁ%ﬁ‘ﬁﬂﬁﬁé‘é‘%ologyx and animal husbandry. See, e.g., Sambrook, Fritsch
and Maniatis, Moletigiaie Qoaipestsole thaing tiarho ol alratosyReRsdkd89); Antibody Engineering
Protocols (Methods in Malecular Biology), 510, Paul, S , Humana Pr (1996); Antibody Engineering: A
Practical Approacﬂ%%ﬁ?ﬁeﬂm&aew@&Fé&,l%@al?‘m@éaﬁswf BowinshaodBy> AMfibEdies: A

Laboratory Manualcttaidesd eftad highSdrhperRgss el 89 HROUremRiplecslsin Molecular Biology,
eds. Ausubel et al., John Wiley & S%s ;1992). mRNA Display Protacol for sc MRNA display

: Y
may be conducted d0HEi & JRiche HEWh 1S ﬁ@&?&%%&&&é@%ﬁﬂiﬁﬂ%&ﬂ%@& this method
are described in greaighdieiaithelowe Prege] erthadinentsracednigiiatota Jhlgtrataithe tmethods of the
invention, and should nat be construed as limiting. 1. Design of Antibody Library Templates
Library DNA constmé THRENESBA %%%Mugﬂ ¥6'MBIRSAR of antibody library generation known in
the art. In one emtridurens, dogidrapecansiticisatay BocoRB AN prgnetisciogy antibody light
chain fragments (VL) or antibody heavy chain fragments (VH). In an exemplary embodiment, the
library constructs i re?{EnBa Feo\éﬁlé‘?r'}vﬁgﬁfé fragments (scFv). 2. Preparation of Target Antigen
Generally the mRNA display antibody library may be selected against biotinylated antigen. While the
best antige for each targe ould be determi -o.‘cé case-by-case basis, the following
consideraticfistfia agene ne-A target antigen is typically well characterized,
and is the réleymnicon domifivanibgenetibeotype, as determined by polymorphism (SNP and haplotype)
and/or pharmacogenetic analysis. A target antigen addijtionally may have.reasonable bioactivity
(comparatie o ot ARUGSAT 0 SO SR GOCH KH LA AP BH G PSSE RIEE, and may be
prepared in guficire fejianitiges: foetibradgadieationsombsereenings and downstream bioassays. 3.
Preparation of Libr, A_ . Lihgrary DNA and its selecti puts may be amplified by PCR. PCR
pification may SERARONREh AT SRR L BEK RREUb SRRl contain DA
template, reaction $BEE) MNP —phimiexs desé etpreaceplificat oo F Ndnpphyiearasguared. water. Multiple
reaction tubes ma_yég@jﬁtﬁg ﬁimﬂtan%ogcs@/sfrom a mq.g}%rl r&ﬁg \g%ncrer% eg a}emglificed DNA vyield. 25
cycles of PCR typically give su Ifi

fi_C|eIrI1]t1%mp cea(ﬂi%%n,cﬁtﬁ as many aslfspcy&%ssn%af/rbg'used to gain
more products. 4. Sibgar) DA Pukifidatianid sedfupnodo€ts @redhe GonkeScpsizen(s8g0chpefor scFv, -500
bp for VH or VL lib ontain minimal non-specifj ucts, the products may be used directly
in the transcription%?cﬁ#@(é&rr&a Vel a}thes’ % {o%e lfgtg%n&l)aaf/bglfé’ CpuVrl‘?tPé) c?rrloaebr%é’ﬁ Fatve agarose gel
by cutting out the §i&QifiD b of Al eoared ssigenBNA DARGerifatinedmayhettnesspratan a
32§I°tr°ph°‘°meter§g?é W Sal‘if”ﬁ}bog‘%d seRL'}'e%Jer%'ﬁSE'Brf%Qﬁ%“n“brr%%n?g'e’%l?ﬁ%.be.perfom.“‘?d

g standard methods known in the art. A’ large reaction volume may be use ranscribe sufficient
DNA templates to sample the entire library diversity. In an exemplary embodiment, 1 x 1013 copies of
library templates may be used in the RNA transcription reaction. An RNA transcription typically
contains 5-10 jig of PCR product, reaction buffer, AgP, CTP, GTP, UTP, and T7 RNA polymerase. The
RNA transcription reaction may be run at 37C for between 2 hours to overnight. Shorter times may be
used following initial rounds of selection, however, overnight incubations may maximize the RNA yield

of the reaction. Following RNA transcription, DNA templates may be removed from the reaction
mivtiire bv DNlace | dinection & RNA Prirification by NNAP Coliirmn Chromatnaranhy Enllowina



5' (Psoralen C6) 2'0Me(U AGC GGA UGC) XXX XXX CC (Puromycin) 3' (SEQ ID NO: 20) The
Psoralen C6 5' modification is light sensitive and functions to create a covalent bond between the
linker and the mRNA by UV crosslinking. A 2'0Me(U AGC GGA UGC) (SEQ ID NO: 20) backbone
region anneals to the linker annealing site 3' to the FLAG sequence on mRNA (see Figure 1). In the
sequence above, X denotes "Spacer 9", alternatively known as Triethylene glycol or PEG-150. This
spacer has been opfityigs o prowiagfieaikiltyrmeu MY BN isaian e (e eukaevotic ribosome A
site. CC comprises a standard DNA backbone. A puromycin 3' maodification inserts into the ribosome A
site to create a staDRQiHR DédveeA tHBYiAKE: sSANCHE ﬁéi@é%f‘ﬁé’p]ﬁ)é?é.Pfﬂféléﬁﬁﬂéﬁﬁ?\ecoefficient for the

linker described heggt IDaM(b.q@b%éléi%-ZcQPs%ﬁ?éﬁE@QJPNﬁi‘P@@%%WKﬁEl@oUﬂ@%@@ﬂéﬁ@\é.@, solutions

containing this linker should be grotected from light. For initial rounds of library selections, a

large-scale ligationtdadibN GabbutWiiereidasatenEa of XG1s Hanghem a4 HeAMIAAeeENss) may be
recommended to sgmpiBR@entiredivessinel RqRYeAsvesdibran il Re elimateddiversity of
about 1012 - 1013. This RNA quantity may ensure enough templates are incorporated into translation
reactions to produé@ngpml#éﬁcﬁ&ﬁ&%ﬂ?ﬂﬁ%&%ﬁ?‘%&@&ﬁ@i HEnsR AJHIOIERIA input may be
reduced to about Qi&;neaetper selection. In an exemplary embodiment, an RNA ligation reaction may
contain the following components: RNA, water, chemical ligation buffer, and the PEG6/puromycin
linker (ImM). In arPBX2RRhAR; Knodussintcideasianre diibhl vishinfeReABBE g Dt. In a preferred
embodiment, the ligkgiRNA molar ratio may be greater than about 1.5. In one embodiment, the final
linker concentration in the reaction is about 15 RM, and the RNA concentration in the reaction may
range from about SELIRMP=10.3 Nyclficad\RIrRas. A D2 Férabnekot augierfflscrv RNA at 1
mg/mL = 3.56 RM saq¢tlae. attainable maximal ligation concentration would be about 3.16 RM (about
0.32 mnol). The annealing reaction (which anneals the linker to the transcribed RNA) may be
performed in a therth® LYAEF: 1R a Brsteisagidnrsantenl Dk Anridamig ruaarsietss be conducted
by incubating sampéggeticabout 85 C for about 30 seconds, then at about 4C, using a ramp rate of
about 0.3C per second. Reactions may then be held at ahout 4C. Ligation of the annealed
linker/RNA may be5GOMPISHd By EASLTRRIE T RisPnky B ¥dRBREHIEREy any method
known to one of skiilgietiie.art. In one embodiment, reaction tubes may be placed on top of a frozen
freezer pack and placed directly under a handheld long Wav?len th (about 365 mu) UV lamp and
crosslinked for aballt A4IAIiE THYAE HisAe SHREM G A Ir idr P TERISE 56 29058 Eenerally
purification is not reg@redl Nihe Jigatiosl acedictz quaycbe Siareddtv-Bhenlcloaindatigiergaction  In
an exemplary embodiment, about -0.1% of input RNA may be made into mRNA display molecules
after all reactions and purifications. In vitro translation is conducted using methods and reagents
known to one of sKill itdbetiait the precanbodimnanhihodéransiatiadireasdenissinathaiackV library uses
about 5 nmol of RN%emdolﬁte i:}/\/ith about 10 mL of reticulocyte lysate in a reaction volume of about 15
mL.  In prePR&Fo bt anslation 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 ':sipre@ared by dissolving PDI powder into dH20 to reach a concentration of about 1
Unit/RL. The may be stored at -20C. An exemplary translation reaction may be set up as
follows: RNA (100Mz0t@mo WO RL aicheS00 muviohil mibgdieX(RElethizd fid] 18ngtto 370 RL Amino
g:ég]q\]ﬂaest:]?éﬁnﬂl{)](é) %? %n?:itzgdli?es ,1 gc())lync]i\élnglsaﬁn /c}c?lerg:%ﬁ%slge%i%clgﬁ%b%higslj(le.%,%/ig\i)lecﬂ%cG 30jiL

antibodies), chimeric antibodies, CDR-grafted antibodies, humanized antibodies,
human antibodies, murine antibodies and fragments thereof, for example, an antibody
light chain (VL), an antibody heavy chain (VH), a single chain antibody (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



JiL Reticulocyte lysate 200 1000 jiL Total volume 300 1500 jiL Translation reactions may be
incubated in 30 C water bath for 1 - 2 hours, and the to RNA/protein fusion formation should be
performed without delay. A significant decrease in RNA/protein fusion yield may be observed when the
translation volume exceeds 3 mL; consequently, a master mix of the translation reaction may be
prepared if the reaction volume is larger than 3 mL, and then divided into smaller aliquots.

10.RNA/Prafgip FusioN fSaH0alesa plufiiey Brattaslstivoaacinmaaett R0RExRN,KC1 and about
20 RL 1M MgC12 may be added for every 30(3)\% of translation reaction mixture, and incubated for

about 1 houNaIoR BN SewseialtFes cdr fER st SRIMRINR D ralasvesy; about 500 RL 2M KC1 and

about 100 RL 1M MgClzmaxRs apsdad fefsnedymammMi Gt tiapsiatian rgacianaxisting, and incubated
for about 1 hour at room temperature, or at -20C overnight. This stabilizes the paused ribosomes at

the end of rARNAdSASIMEhAAY ABAE TSEIRRARdHHn B aisinGT A RISHIRIAS e Atdf the A sites of
paused ribosomesTidighPaiERRREYV RS hedkansaladseh erielBR R ineHcmiyAtemplates. The

room temperature incubation may be shortened if the reaction is stored at -20C overnight. The

reaction madnHRAgYHHHehpyVaHakle el 2! 1 ths BIodkin Asedret o5l BEARIGRS %00 RL or 1.5 ml

translation reactionyHe&RactveitspotaisT It & IbdSPMasn R eaatiRas nayshecstrigy at -20 C. A 5-10
RL aliquot may be removed for scintillation counting later. 11.RNA/Protein Fusion Purification by

Oligo-dT Céfifsaezed by wEBadyiknl deefias k) TRl fs gra tsaIBCI e HECHfHRINing RNA
templates framvhe trangtaianiusion ke asiingt ;a6 ligeng e bimdingdhepmas V8t pig-yrashed

oligo-dT cellulose needed to capture all RNA templates should be estimated. A sufficient volume of
oligo-dT bindthg buffer may be added to the fusion reaction to reach about a 1X final concentration.

Pre-washed oligo-dheeitiesemayitoan heyadides: amerthe saactionsseidaaiegforadinour at 4C.
Reactions may optional% be spun down at about 1500 rpm for 5 min at 4C, and the supernatant is

discarded. GTYERFFCEN RRREHRRTARY IS R FreRf HiivASHER: 9Yeh MY X Oligo-dT
binding buffgieusiathsPinsdumagRACED SR isctiRicallyine ey ek spiplRingéspdRs. at about 1000
rpm for 10 seconds, The flow-through may be discarded, but the last wash may be saved for

scintillation countiﬁrgl?eTtSTF%aB%t@élf%ﬁeé?ﬁydﬁgﬁséﬂﬂgélﬁ%\‘ﬂBeé‘ﬁﬁ*?o?{ FAYBEIRBARal slurry volume
of dH20 maydoesasdatrithéhepissbigtd keetmiwhittemaying seqisivgaddpanediniehodor 10
seconds and the flow through may be discarded, mRNA display molecules (and free RNA templates)
may be eluttEHIHIHY M\&?cﬂ‘@%%&% RO RSP S R At & at . Eluate is
collected bycspirslingaales 4008 sipmblerfbighekhiostd) secendsy[Ehadlutionjsobpieally repeated
once, and the eluates are combined. 5 RL of, elﬁ)\te may be removegdﬁ%r scintill%n counting.
Optionally, (Y QRIS% AR B HYRFRYSARcHRbA HRSH MRS P B el 263" m (0D260) on a
NanoDrop sgestiophetitinreiesirackinslfdtcamainingi BB, enpitiescand MRNA-giphiay molecules
are theoretically recovered by the oligo-gT beads, 5X FLAG binding buffer is added to the eluates to
ronch aboutHEISSHA S PRHAEAOHTGAMSTES i AUt SLSRLR B O AOEHFEBRI o the noxi
FLAG purifigatitiist@pleic adtligegidncecarryxainyl e palctilatedras faliovrss Apetably Rhiedinput (from
fusion reaction), ahout 100 RL fram the last wash, and about 5 RL of outgut &)Iuate from oligo-dT
purification)t.OT‘?’]‘éo E?&%%‘f%%fgl& FE st%ﬁ%‘r‘%&% gsfegﬁ%nﬁ?e OthEPRYS Eunts are used to
calculate RINAWfirgteite issiperaesoekydriom asitiipadddhAdenipaieaspidn&RINApraidiriliaien yield
(pmol) = (CPMoutput x Volumeoptput x 5 iMx Yplumetysate) / Jput x Volume t x (# of
ethionine IFBR G0 TS Srr LTS A2, s BT RIS AL S TR TR Siutocyte
lysate, and ait\oluigasussedwecalcehhtiaccexprassdtastiRbe Eoitgamiey. rounds of selection the yield of
MRNA display molecules is typically 0.5.- 2%, hut may increase t0,10% in later roynds. For example,
early rounds numblgﬁeotfenn]%t i |1n1eC)1 ] fug{oﬁqﬁoc%%?%%%%:t%br&fj%r%tf,% %H\lr}ﬁ it scFv, About
2 to 3 1,tM 1ain¥his\izy | caaiferto Ababito2: tailyefarH-hn Afiotity201 tMctar Vic,|lakdVAbautol’ MM for V2.
These numbeys.aye queragas and aradgsed g aerine peaugnes, and gne of skl n the art il
appreciate tha they may charnige over selection rounds as the library‘is’enric ed towafd specific
sequences.tizKR NAProtdifinkysien RBusifleatianw byfddtedeh®GHAR iAgedfose for 4 hismgteqfie designed to
purify mRNA gisglay molecules from remaining RNA templates. It is not necessary to proceed to this
step if the Ii%rrlalr%/ Will be selected by antigen off-rate competition or by antigen-expressing cells. The
amount of pre-washedtemti-Fird6" MiZcag ar aseiéaasonepdepetoecagiinal dly mRidAbdidplay molecules
may be estitinart%g. In ?UQF glrlnboedi1 en]tjrgheupsinsdainglgq eaciltl)(wcif ltchgcllaga%?g{}‘a% b%l%lé)u et 6 mnol fusion
protein per mL ot 50%%'S urry?’?ophavé su%ﬁme?nt BeXd'Volume for manipulaton uring binding and
washing, it is recommended to use at least about 200 1,tL of pre- washed beads. The example given
below is for an initial 300-RL translation reaction. FLAG purification: a wide-bore pipette tip may be
used to transfer 300 1,tL pre-washed anti-FLAG M2 agarose to the oligo-dT purified output, which may
then be rotated for 1 hour at 4 C. Incubation with anti-FLAG M2 agarose may continue overnight.
Anti-FLAG M2 agarose may optionally be spun at about 1500 rpm in a centrifuge for about 1 minute at

4C, and the supernatant may be discarded Anti-FLAG beads may be washed about 5-6 times with
ahoirit BONO-700 1 t1 1X El ACG hindina biriffar 1icina enin coliimne (e a InvitroaoenTM Microcentrifiiae



A. Preparations before selection Streptavidin (SA) magnetic beads may be used for capture, and
are typically pre-blocked prior to use. SA beads may be transferred from the original bottle to 1.5 or 2
mL tubes, and washed twice with 2 mL of 1X FLAG binding buffer. Beads may be blocked with 2 mL of
Selection buffer (2 hours to overnight) at 4 C with rotation. It is important to prepare enough beads for
both, the pre-clear and selection captures. Pre-blocked beads may be stored at 4 C. About 100 RL of

beads are typigally #serifonsnveny19rmalaf biptpyiatessptigenn but-ene-atakiliinghe art will
appreciate that capture bead volume should be calculated in view of the bindir;gbcigeaﬁgf/ of free biotin
7

(e.g. 650-9CIBRBIBE NN §BRLIEs AFfrE s BERINGBHIEEHYALTOR 3 micaiNM Y &ive to the
reaction yiel. 14 o1 .. 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 tube4 AFOTHEEHSY fovaiaeRedrfipistiRion pie e animdiahfan fraiteaeld rapdue for
selection. 5 QRUFAIEFLUS RANLR ANIATGE RX RIEFISANI8HAE RIRTY rakAi AUTHIEASRNA display

library may be added to beads (separated from buffer), usw;%SA bead volume equal to half of the

capture vol@sie resedips hfaynssistitetide domidiapbaesdanedistiprédcleared mRNA display library
may be separated figm beadansiag Aapagnehrats heRre-clastMAmiR IRPsatethppr more time. The
second pre-clear SA beads may be washed and counted as described in above to determine if
backgroundW84RIA CFPISSHeSPEREINSeryBoRE deneditiepse oiadpite s dntiaghBnenmrayplSiiection:
Binding i'ﬁ%i@%ﬁ%ﬂﬁ&%&%@é}o&%%miw&%ﬁ%@ RIGRIAARG NN Ryha added igthe whole

pre-cleared library, and rotated at for 1 hour. For later selection rounds when recovery of
antigen-bindMegRAIEBERSS!FCeRRop@Y o ExRObY RuRtciRdysiercienisrinery vapBeiar ed into 2
equal a"qU%&i&'@%}é@@&d@ﬁ&'gé‘éhmﬁ)bpﬁéﬁfiﬁgﬂ%’ﬁ@pﬁhgl&é&ﬁﬁ&éﬁ%f@%ﬁﬁéﬂ@ﬂ@%"f%@s the '‘No
antigen' negative control. Alternatively, the washed second pre-clear beads may also be considered as

a 'No antigehtadse 6N nstatk Mb ampenstig tds ¢ BadiaRaIPrAVEIeNE B eRE A4 The antigen

concentrati_qigg@rigé@[_ fMM@YiH@@HQPﬂ%Ht‘N‘&%M@%%& @Ig%nsmﬂfhm,n@molecule_s exceeds
5%. In particular, antigen concentration should be reduced if the antﬁen appears to be 'sticky' and

significant rédety Was b8 fic iy Potireld K titn3édneritfattn be teduced in later

rounds whep 768347 AANKEL T RINY NeQIgoUles, Bewes saficantly igheg shan background
(e.g. relative to a no an:ﬁiaen control). Itis imgortant to 5%%/ attention to the stoichiometry between

library and & B GreXPrel- A8 73 & i3St Bt miblarekEe¥t orl antidhbvehifiBrary

PROfusion g@@h@@g{gsn%@g@gw lewpimaptigenrneralation C. Library Selection: Capture The
selection buffer used for b ockingﬁt e SA beads for library ca%ure may be removed by centrifugation

and magnetic separati&imTEgRigEiRGRadorafy PRy HeFaisran et g plindneriten heads
(separated tpaiuifeniang-thee (0108 Miadinadgastiemdamnd jotatachah 386 ofmitevipiapiautes. The

amount of SA beads for capture should be calculated based on the capacity and the target

concentratidheiedainedivsins eser nave s hy arvafsacdinies droaniples disareR Yihen
lowering the{adeat aancaptpatiemtenampit achAneead findersrdubiypisally rphless than 50 RL of

beads is used. D. Library Selection: Washing The SA beads may be collected using a magnet, and

washed witfaBeYR $1HDpaits BAVBh AR sa St RIS Stess fly BE & akidd%5dut 5 times

(about 6 timssidiedall47 e vaskh tireHUSVDet i asey PRJatRIAtRUACII S HICOrPA &% s¥f gate selection
strategy to some targets. The beads may be washed one last time with about 1 mL of 1X buffer

suitable for P80&rse transcription, collected with a magnet, and re-suspended in water (one fourth of
the capture bead vplidmekaimaiodabiely" refAs @natheigyaimies Evnabgagstiihavitrogen) may

be used, but one of skill in the art will appreciate that other beads may be equally suitable. The

Dynabeads ¥WP#HS P HELaRh AnstionsiityHe & msdarits el Edhititidstlon and magnetic separation.

The supernatant mgpeherieraenedivitheficls Ml stibstisingl ppernevn fitesaddie:ioe aashdineary selection
tube to eliminate cross-contamination. The ynabeay\qllglﬁM may be washed WiLchgl mL ?f Selection
buffer, and FE%?%k[%’ﬂ‘e?jp&V‘&éHﬂ% PIDERFIERHY TR bEEAREME #hE&sThéalks may be
put back onfedieapragnetiqdialdesiopReadsigpanaion whikdhaolextdibrabyis Amoessed. After all
libraries are washed, supernatant may be removed by 1 mL {ip using one new filtered tip for each
library selecﬁfg}?]i‘ﬁbeéﬁté’gari#%ﬂé? §9&8ﬁ€f§ﬂ‘(ﬁéﬁdﬂ1 15 PSS IAERAE 3N beadsTM may be
washed twofsineesnyithclsentcabd XdpretsSiidnatuiet (S upeiSaitt dtepvidsogerdpasteieasyibed above.
At the last wash, removed 1/10 of the library to a separate tube for counting to determine library
recovery if so desired. DynabeadsTM may be captured by magnetic separation and about 100 pl wash
buffer may be saved for background count. DynabeadsTM may be re-suspended in water, using 'A of
the capture bead volume as calculated above). E. Library Selection: Counting and Recovery
Calculation Starting from Round 3, count aboutdl0- 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 C
PMTotal Beads / CPMTotal Input 14. Equilibrium Library Selection by Fc fusion proteins In another

ambodiment libhrarv celectinn mav be nerformed for taraet anticenc that have hean fiiced to an



FLAG purification the library may be incubated with an excess amount of competitor antigens or
antibodies (e.g. when competitor antigens are not available) such that any pre-bound antigen that
becomes unbound from the PROfusion molecules during off-rate competition is replaced by the
competitors. The competitor is distinct from the pre-bound antigen in that competitor-bound PROfusion
molecules may not be recovered in the subsequent recovery step. They may be un-modified antigens
or antigens i aulifferent dormataMthoua RIWIAISS TR S Re E@E‘E’ﬂ%ﬁ%@dﬁ)’aogia@b{ they are not as
efficient competitors as antigen, and their efficiency decreases as the library's affinity to antigen
increases. IE‘IP@%H\S’Bntageous for the off-rate of the library to be determined just prior to selection in
order to identify thgRQ@ek a&@&%ﬁ&g@%ﬁi&i@%ww&@&&a PBRYIRBIR{remsseyeral hours to
several weeks. A: Preload library with biotinylated antigen or antigen-Fc fusion protein PROfusion
molecules iRY P& 5 8lane QT RP It eI BNYSLPT-as described above. The oligo-dT purified library
may be equilibrategiyadding RIS RRER DRI Adinaksenesniwtiem eblobiawnply add 25%
of the library volume). Antigens (biotinylated or Fc-fusion) may be added to a sufficiently high

concentratiéPRiAR Potiedi Sshbadnisaotisndish solidhprticlsfiferxamnlodg¥Riaifh. PROfusion

molecules nigphRRRY ! b3h it leRdmME, 30RMSRIASHESRIDAS abRV&P)IDiMReKERAE0 note that a
FLAG-purified PROfusion library should be kept on ice, but not frozen. It is_important to pre-block
sufficient ariOtTE PSR BRREN S 8 I HRARMBC o1 B iR s e bttt entration and

library baseling Ros@lY, cithdih@rRBIBUH ialirecavaied dbrapidramths abrye sigh gyt calculated

to determine its molar concentration. This represents the maximal amount of library-bound antigen,

and may be'tisERdiHsR-HahertrRthetRedsedfdor pisin K o FOBOKY Y Bref SRR sitpRlfon.  10%
pre-blockednhgasls sy RR @dded:ighs k) Yeralighat esprentisennheund PROfusion library and rotated

for about 20 min at about 4C. The beads may be washed 5 times with 1 mL of Selection Buffer as

described above. THE BERHIIHE) FeR8uhtde e tedm e iRk AsL08 M8 RO R sion library bound

by antigen hefaeecolfiiaiegselretien@sdinlantss dgcoManiV E d8a{SRMBgackstBBMinput) X 10 C:
Library selection: Competition . 1000-fold molar excess of competitor (e.g. unmodified antigen or

antibody) m&§Pbe AdHEATEECRE-BUAY PEOHSHI A LAAvsReSFa HHpaARBROfr a

predetermingH dhgatipnton il anpiimidic nhseleiie frpnessoit igise iBet VoI, olangsdwith better
off-rates Chﬂl ibrary on ice for about 1 to 2 minutes to slow down off-rate,befgtr?e bead %pture. D:
e Hsaﬂff |

Library seleGhtH: CHSRTE OMHE SO0 LHEH BT TSI 1oF BRORSGIE M brary capture
may be remgvatsbyvcpitidiigation and magnetic separation. The antigen-bound library may be
transferred to pre-blocked Dynabeads (separated from buffer), and rotated at 4C for about 20 minutes.
E: Library selectio :}\W@%naepm??ﬁgcﬁﬁ}ﬂﬁb’é? s Fﬂﬁﬁ%glg%ﬁé@fé&%ﬁ?e?ﬁﬁ%@%ﬁ%e 8 magnetic
separation filgnTliaiihub e s ypseraiastbisaychenenavechwittia defivitlip Useridgonew filtered tip for
each library selection tuhe to eliminate cross-contamination, as described aboyve). Beads may be
vashed PGS WHTSISHE TR 150 PRETETAAD BONGH G SSE A HHS BB a5 descrbed
above. At theitasstidastik L ée: R0 of tatpiy, pay e denaod ad o guse it iU farnaduating to
determine libr yrecove{;%/yifﬁf1 desired. Dynabeads mag/ Sec ttged y magnetic separation and 100
pl wash buffSi oAy BESATAY ¥ F BAURF S P EHURS BEEA F%%?O% OIS ESURASG T WatBY (1/4 of the
capture beashinbuorl aaatalcthaitast afoeantplé,lan: belagiosinCotuntingfanedielogvery Calculation
10 - 20% of the last wash and the be coynted. It is advisable. to gvqid using more than 100
RL beacts, AATEHER) CHaNBFHERE e b ) et oy iy AR R G the
following fotimuiao$eieckiamnprcavertds smids) sr&PivhediakBesataiSPpbiviah hplisi6. Reverse
transcription of library selection outputs Reverse transcription may he done with SuperScript I
Reverse TrARLSTIe A VRS UA H FHATr Mhe RRR At ML L XS B S ccoring to
the bead volumewaéier gelettipfro@utpuistonalyribeanddyrdd bynfevarsitrahsedidition, (RiE) with
appropriate primer pairs. For example, "Ck.Reverse'.qr "Ck5-FLAGA2 V' primer be used for
cppa rar e g ey PO Aot PR SR 2 S TEHY 1 Horaries, and
"Lib-G S-ReWoad M kbiBiSFiitdoty O Relitqariiy éisonidyitxe ruseh goruitiei b aond e RRME ) Yoithibrary . The

reverse transcri tion(Primer should have,at Ieast[ the. same(?' eﬁld sequence.as the subseb uent PCR
tein codi to the

reverse prifer, 10 avoldresidta %r%‘é’éllg et Hha HE TaVarSe FARSCHISHER YERHSH Heating
amplificatiosgprodisats dhalichane difieienixaherid, seguehdgdritistisresgegialigdomdartehdiif 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. Table
1: Oligonucleotide primers used for amplification of library selection outputs Ck Reverse
GTCGTCGTCGTCCTTGTAGTCGAAGACAGA TGGTGCAGCCACAGTTCG Ck5-FlagA20 Rev
TTTTTTTTTTTTTTTTTTTTAAATAGCGGATG CCITGTCGTCGTCGTCCTTGTAGTCGAAGACAGAT
GGTGCAGCCACA CJL Reverse GTCGTCGTCGTCCTTGTAGTCAGTGACAGT
GGGGTTGGCCTTGGGCTGACCKAGGACGGT CL5FLAGA20 Rev

[TTTTTTTTTTTTTTTTTTTAAATAGCGGATG CCTTGTCGTCGTCGTCCTTGTAGTCAGTGACAGTG
CCRTTCCCCTTC 1 ib-C<.-Rav (VH PRBMC) CCCTACCTCCCCCCCCACAC \/H-C<EI ACA20-Rav




TTTTTTTTTTTTTTTTTTTTAAATAGCGGATG CTTTGTCATCATCATCTTTATAATCGCTACCTCCGC
CGCCAGAC Exemplary RT reaction conditions For a reaction of a 200 RI- final volume, a RT reaction
may be set up as follows: Beads (in water)X RL dH20to 108 RI- 10 RM reverse primer2 Rl- 10 mM
dNTP10 RI- Incubate at 65 C for 5 min, chill on ice. Add: 5x First Strand Buffer40 J.I.L 0.1 M DTT20
J.I.L RNase OUT10 J.I.L The reaction may be incubated at 42C for 2 minutes prior to adding 10 RL
SuperScriptyl IR deamacuRiass: JNRseartionmayt bg dided pienbR RkrRlidiateand incubated
at 42C for 50 minutes with occasional agitation. Tubes may then be incubated at 95C for 5 min after
the reactionBHA8SMAS 1ei8eniide aRePine BalssH&tant transferred to new tubes. Typically samples
may be pooled if they are from same selection output. Re-suspend beads in water (half of RT
volume). Tubes may be incubated at 95 C for 5 minutes after reaction, and the beads may be captured
by magnet, Hn@QH%EgL‘ﬁ%rnatant may be pooled with previously transferred supernatant. This

represents the cDNAdgraplatefesncRiamplilicalien o selaianeiirilien RK A N ysaigction against

cell surface antigen  ~~ The major distinctions between selecting PROfusion library against cell
surface antigfén¥ ShaRisIEEREcBTithgssei ctigetiss el mabadly MRIRAIRTdRR STRTEREIPROfuUsIoN
molecules gigrpFRtected from cellular RNase degradations by cDNA complementation, and thus need
to be reverse-transcribed into cDNA before library selections. The reverse transcription reaction may

be carried out befdt Or HrRIAYHEGHIE SsTRFRLLBIY B EXBIRE R B JANCEPERIEIR SFter oligo-dT
purification. J¢ s P WA RO fhak e rerusing parMePIt shreddtoeibaeiusied dntthe reverse

transcription, or any step prior to library selection, in order to_preserve the intrachain disulfide bonds of
the scFv mORRERV AN BHAF) biapiar i hearer BB A b RGN A PIRtEM EBodiment, an initial

10 ml trans|afnec R Me apRiepti ot éptifiEst JRBBHSE BT RN REUS BthiSv tiinshosdik&ednoted that
the foIIowin% methodology may be easily adapted for smaller translation reactions. . PROfusion

molecules hPH RS A Ll Brasfiad b olfa iy o theLerlsiyoumsvids etgmingd Wrary should

be recoveregdn &bz 0 valmeBadahio dhlesRINANthep@iictlatantysatevolods e UrBthfor translation.
Input, last wash buffer, and 10 pl of library may be counted tq determine yield and percent recovery as

described aBSOEYETEPAGHIRMNG™ SCFYHRURGY PRISET MBI &SP YiE) Be'RG IR A& to a final
concentratigR@biued Bl dnradding éhdibiaty whltme &XdtBomihiamoisrahaaitiiAG M2 agarose
beads needed to capture all PROfusion molecules may he estimated (e.g. estimating the binding
capacity of &um%%%?}a% T8y 6 RSO Hr6ti A PN B SEYI SIS order to have
sufficient beagivedykifasmBipalalion ddengdpinging amdawashingrdgiadnadrigabieltetuse less than
200 pL of the ﬁre-washed beads. A wide- bore pipette tip may be used to transfer anti-FLAG M2
agarose to &M1&Wube. The beads may be spun down (1500 rpm for 1 minute) and the buffer
removed. The beatfadpaysber washeaentwshies ihieectinmesptbbldml iR fiamgeeanyinace amount of
detergent p nt in the storage buffer. The oligo-dT purified library may be transferred in 1X PBS to
e wahea OV FIRES 5 By IS BUA S PoeEau A8l TS DYaHIGREA: FLAG washing
As an optiodasphiddiveahiinb ks dMaagdsttiadeatis Ry Heispun toletuddsl S0rgrdor 1 minute,
4C and the sype natantalo{lj'ﬁsc ded. 1X PBS 1ay be used to transf%r beacﬂj nto a &ﬁadTM Mini-spin
column or IRV Vo%gﬁlf‘m iee SRRIE AR AR LIRS BAFRR RS be (eHhbved by
spinning at 46@Airidoklithisacants ntbeé thidsegemlddmphtibie nagytie Bpun dlhigheasiapeed (e.g.
10,000 RPM is possihle)., Beads may be washed 4 00-600 1.t BS .and the PBS spun
ihrough the KRR S0 B AASh S50y 00 Sgeimer il (ARG (uithout DTT).
The flow-thraughrdivgyyhaldiscahdedtibuibil ys advisabiepie save dhe dast iasbffarFscintilbadign counting.
D: FLAG elutiaon PROfusion, molecules may be eluted by adding 450. 1.t te.that 230 1,tL may
e used for SHATIERTD SO RE BN L) SRR PR Betdd RN QAN er (withour
DDT) that centedussdRbise@uiT at a 1:20 dilution, and then incubating the mixture for 10 minutes at
room temperature. Eluate. m collected by spinning, at 3000 rpm or. faster for 20 seconds. This
Step ety e repoalb DL o IS ISR ETS At A e RRIe B FLaG
recovery cajeutatioimg RN Auitpay 1T Higliscichlation oupput apddd0idgtthtramdhkedashwash on a beta
counter. PROfusion molecule recovery % be c lated as fallows.(not t 10- 30%, or higher,
rocovery 1s SXBL e (N e b S T R DA i erae
transcriptiondisatierssdescrdrgetin section 16 above may be used. RT reaction conditions
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Purified PROfusion library445 RL890 RL 10 RM reverse primer5 jiL10 RL 10 mM dNTP25 RL50 RL
Superscript 1125 1.1,1 ,50 1.1,1_, Total volume500 RL1000 RL Reaction may be incubated at 37C for
1 hour, with or without agitation. The library may be equilibrated for selection against cell surface
antigens as follows. After the reverse transcription reaction has been completed, 5 M NaC1 may be
added to the reaction mixture to 75 mM (15.3 RL to 1 mL and 7.6 to 500 RL reaction). An additional 1X

PBS may bgaddeghievbg IR aYJ RReteDEpI 8¢ e i HigtERRgNmIUMe. The following blocking reagent
may be added to Tibrary before selection. Final concentration BSA, 50 mg/ml21 RL1 mg/ml Salmon
sperm DNA, 10 mgheAbasprtotheqrymtion faappresciamrrep 3O dusHsnlassaEsse Msrary
selection, byfmayderpittad:ifi ysingha 1sanspade 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 targBt ArRGRAISROERNAURIATEIN EUSIARE by flow-cytometry or Western blot analysis. For

example, this coulghhe sheprranialrealiibsed f AeRpraiRenNBAAEYER- BXRiessIpIStable cell lines,
which present a situation where the only know surface protein difference between the cells used for

pre-clearingBaherats BN oA Bh UM IR anidbedy exarsasien By 1s spiatlefstimbershe®ded for
pre-clearingsbpyaiyahies)chbe saleatefthiNs isriiie nueRhekaptganiagysweslisunegdsd for

pre-clearing library and is the same number as for library selection. The cell number (X) is calculated

from several OHBEFECEoHIRYE Yt HifRgaiS dmathede Ridiresdtignalr suitakls (At ize for

selection (Stranb&ipsiond thLORR, 1asak r astipmek ibsaenibaidvithRingh 19 Heetatagiiantgen (F). It can be
roughly calculated by this formula to allow for 10 fold excess of target antigen or pre-clear power: X=
10 XSXF/C USINEGnathFee Zasssre g pdot Carrriftige digeian Wil Nt del surface copy number

of 1 x 104, and in ay\EermneA naiMevantibgehtiieraryelass thamehed % (hoxs 18nd)sIftHeailizary can be

recovered by antigen hinding or background sticking. The number of cells needed for pre-clear and

selection is RENY x5 Raxpbe AcamPlishe WSiBSaRy o Faoges) 1eshodpeln ong practice, the

number of calls shaidiet kelbkel O6ngirHREqRdsME C&l pelet.canicseemaliemetirting. G:
Pre-clear the librar Cell densitémaiﬁe counted by hemocytometer or Coulter counter and
el HQ

sufficient ceflsmayHod HARBIEE thidge ¥ Eeis iy Be B ERCHWP ke 566 Tpom at 4C,
and very gemsly 4gdsosesdadai DA ieeidiolediRR&. ThieeeplksusrassionwmaAdBitidRsiesred to a 1.7
mL screw-top microfuge tube. Be careful not to shear cells by pipetting. Cells may be spun down at
1500 rpm and RS }lei?}%%éﬂm?%etbmﬁhs‘f8ﬁlﬂfﬁﬁ@é%y awélrg&aﬁﬁ JREE fGPenThe library
from step 13r3s315tkeuleb hecimrsdiaiely vddedaigog et esougpatesisielslel he tubes may then be
immersed into an ice-water. bath, and agitated for about 60 minutes. Cells may be spyn down at 1500
o aind the lorary TR GHOIAR ) QAR 6T RS (o LB G NP PG Bloction. 1
Library selegtigitragasnshantigenrexieessieg erlibods o alauledartislmionbes oficsils, foeded for antigen
selection. This is the same number as for pre-clearing librar calculated abpve. The cell number (X)
s calculated OISl FUIFHEFYSHAEE oF QN ERd LN SHHUS PESTEBGRG R surface (), brary
size for selefitomi{flcbnaledxationGr S Fantddacienagirbiora b hidt iohémtberanget antigen (F). It
can be rough é%%ﬁ‘!‘ct‘ulalated by this f(irmula to allow for 10 fold excess of et antigen qr,pre-clear

r
power: X=10 © VAR Sansippn readk V8L IS LSS CLlP &E Sﬁgl?ﬂéﬁ? ed by
hemocytometédiginG outigitioasiniarcaedsibiitivehaatigdd-exdiesngael(fomaabhelyansferred to a

centrifuge t be spun dow 0 t and very gently re-suspend cells in 1 mL
ice-chilled &iﬁﬁ%@@fﬁ&?ﬁ&hﬂﬁ‘a&@ﬁgé@m?ﬁ“ﬂ%ﬁlﬁé e\/r\]/-\eé{nor‘gﬁ:l}@ﬂ]ﬁ)éltube. Be
careful not teshiar dalkmbyhpipaibodinkmi) edisidgwgeatsl(Ho0eKammadiignvove kB 8dard yepeat wash
with PBS once more. Tﬁenpg]rifiﬁq/ﬁpd or F)Ir%-cleareg library may be immediately used to gently
resuspend %ﬂgmllﬁgdtu%)es meay BE iR P ThEA e Water bath, and rotated for 2 hours. Spun down
at 1500 rpm and th@nsupenoatdabdistanded .aCidisondyrivativasieded fiimesg betiddedtoRRSnspun down
at 1500 rpm and the ernatant discarded. Cells may be re-suspended in 500 RL, of PBS. If desired,
B R SR8 i ) O oSO oS RIS LS L) may e

1
count up '[O\Q S an wasn. rary ou recovery

S
ce
added to thecreisusparitedycelayand iscubared b3 CafomdCenins@sitdihjdasdll, digest the RNA and
release cDNA from the cell surface. Cells may.be spun do 00 rpm. for 30 seconds and the
cupernatant SRR e e B e Bl R SRS SEI B moyme may
be added to the superimatént Bndthocubaiedat 3G dotiROnmRiNUteso [Ehidcd égradescanyleailular RNA
that may have, cqme, from broken cells during the selection process. The degraded RNA may be
removet by HISHo 1Aeh P B e BEROS PSRRI R TS A OGN0 by POR. To
the supernatant add equal volume of phenol/CHC13/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 (Eppendore at maximal speed for 5 minutes. The top aqueous phase
may be transferred to a new tube and the extraction repeated once with phenol/CHC13/isoamylalcohol
(25:24:1) and once by CHC13. The top agueous phase after the CHC13 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

dAH20 K- Coiintinad and librarv celection recovieryy caleirilation <|tartina from Roiind R coitint 10 - 2004 of



Primers used for reverse transcription may be any suitable reverse-complementary sequences located
at the 3' end invariable region of the antibody library and may be the same or further 3' to the reverse
primer to be used in a subsequent amplifying PCR.  An exemplary reverse 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 RiNasR infiR{ORAR 1o MRIEAIY AAULIIQ the peacianwHesHaRa ArdRgsription reactions
are incubated at about 42C for 2 minutes before adding reverse transcriptase enzyme. Reactions are

incubated atrabdtiiopreas P RHiReS Witiioccasred AistebroiRepvintng aflkMNAPivéiBated at 95 C
for 5 min Beggieaigdlkemeofieatec:bymadnstnabdithostpssnatantis drRrRnfBugshia e tubes, which

is pooled if it is from same selection output. Beads are resuspended in water (half of RT volume), and
incubated ilYPéRatCTBTESToR BrAtRIESS BPatr s BYefPIeNSEBYUSIHE & magnet, and the

supernatan&,@,c&@l)@?;{mmmg REyiepshysiiansiaHeH SuResbaliaRht T[S KRN aiREJHE Aadivh template for
PCR amplification of selection output. After PCR, 10-pt of PCR product is loaded onto a 2% agarose

gel to confirfiAsESAES RsratsrdPydEtingderm anghodrsrseifis ApnAn RutesRPIstenhiification  For

selection ouipits ke thR fkat anthSROCA IO EENAEHPETRR GRS framhRIcraRaHRRS) Mmay be
dialyzed against water using an 8 kDa cut-off, and the entire amount of cDNA may be used as PCR

template. FOFESIERRIF O RHUR ot Rlfe lodtidd, Hovres-dineroasals dypledhy prifleddids template for
PCR, and diglysifds sypicalhtinetipesairaidhtRe e iRNAMAY Biperkasmpebisid, fok Kepy&lumes for

round 1 and 2 outputs (usin%;all RT products), while reaction volumes may be scaled down for outputs

from later rtitRs ARGl - 1BUBR QAR RS ISR BBIMEEP R IRk master mix. An exemplary PCR

reaction for library ENA teRplateifmpibitadiondsshawsnnnhane hoakews hakig RNaxemplary PCR
reaction for library DNA template amplification DNA templateX RL dH2Q add to740 RL 10X KOD

buffer100 RE'MIIEO A8 HRPEoR repgsivtnt sovacRESRY AVBIIHRA TSI ATPENIRIERL 3 reverse

primer (10 RV)BRMRIs b e 'ShaenNDdrRebmpesareRRRIUToa\vaky iReLQ00 RL*  Inan
exemplary embodiment;,] mL PCR reactions are used for round 1 and 2 outputs, and 0.5 mL reactions

are used forOUhBEHBm 1AM R RN MR RNASE AR RTOF K008 LB the made from a master

mix. Exemplary thermal cycling conditions for library DNA template amplification are shown in Table 8
below. Table 3: Exemplar altrn%tive PCR reaction for library DNA template amplification cDNA

templateX RS B S oB TR 58 LA PIERIed FALOBIN A Polymerase bufferl00 RL MgSO4 (50
mM)40 !IL 10 mM ghTRRarilo SRIGAVBFet R MRIADI RIVDZA ST e virseotingr 619 RMXRD !IL High

Fidelity Tag DNA Polymerase10 !IL Total voJume1000 pt In an exemplary embodiment, 1 mL PCR
reactions ar@rﬁgédlﬁg%ﬁght%eéﬁgﬁ ﬁkd,esa?f& %‘?ﬂlf"réa?&?gr%‘%%rbsfgﬂ%?%uts from later

rounds. Aliciieis&f Béds !l Inreactntn snasid e made tiortaldiagiesomxlixanaplasyltbermal cycling
conditions for library DNA templat lification are shown in. Table 8 helow. Table 4: Another
cxomptary AHEHHAL b BT P Bl SR ML o T AN R EPIRLE 11
dH20add tots6ith]HicHOM DR hisidefitd@atgtt MaSEIE (2D o) 6t 1Hd rdoaiMcaibiRd Qs dlid
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 separation of the solid support, and any bound RNA/antibody fusion, from
an assay mixture using a magnet.

After binding of RNA/protein fusions, the solid support is washed one or more
times to remove unbound RNA/protein fusions and the RNA is then amplified. In one
embodiment, mRNA that is physically associated with an antibody or plurality of
antibodies is amplified to produce more mRNA. Any art recognized method of RNA
replication is contemplated, for example, using an RNA replicase enzyme. In another

embodiment, mRNA that is physically associated with an antibody or plurality of
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5' forward primer (10 RM)30 1,tL 3' reverse primer (10 RM)30 1,tL KOD Hot Start DNA Polymerase20
1,tL Total volume1000 RL* Thermal cycling conditions for library DNA template amplification 95 C2
minutes 95 C20 seconds 1 55 C10 seconds 20 cycles* 70 C15 seconds 70 C30 seconds 4CHold
forever *Note: 18 to 20 cycles of amplification may typically be used with KOD Hot Start DNA
Polymerase, however, as few as 13 cycles may be successful in amplifying a sufficient quantity of
library DNA, N@EReRHG BEQERISBEY AIBUDNZES NRY %ﬁg%ﬁﬁﬁ& B?WRUtMVP@@itionm
amplification cycles, and the product may need to be gel purified. If possible, it may be helpful to
increase thé'DINAIGE PPPAG TR SHRIFR RIS Henirioenes ahiptrreunsoSuIsE. foabie 5: Thermal
cycling congifigrs: famiiam ddddidemplate amplification 94C2 minutes 94C20 seconds 55 C20
seconds25 cycles* 68 C1 minute 68 C5 minute 4CHold forever *Note: 25 cycles typically give sufficient
amplification but it Afisiitioaatiyrensiertatvsindhy RY AP egfciadisignsmuobs ploatienNBR-specific
products of y@[iPHH e pridRYoRREPIR MRS ARRATENWIH AAYHPRALAMAIHicatidaeysipsdand the

product may need to be gel purified. If possible, it may be helpful to increase the DNA template input

rather than TARRthab & s ResaaEg L one Jipentths SDEAGPIHEIPERIRSAIRt is confirmed

by, e.g., agaIeee) asiglantoRbRERIfidhRrRAUsimPR, e O BHt §Z8 duBd RP1RDSERV, - 500 bp for
VH or VL library) and minimal non-syﬁacific products are present, the products can generally be used

either direcPANERFHREAPIBAe RN OfRFRIGHR LEH190R 3T of itk Ysinidsifarr iiHLS AR column (e.g.

QiagenTM tAgpickiRfaR Fmitigatentkil.thesema 6asemibeiReR HORNCASRAYINARILIR be gel
purified. If gel purification is to be used for PCR products, separate all remaining products on a
preparative 4gAYSLURA BHE"AAGRIHEL 8 SR ISP @@d%saf%wmtdwam 86t gel purified

DNA may bgNusiaatinghaoresifiial &tBdiladiie A jaqdFitadiderHakgivithibaldV absorbance. A
more extensive wash step durin%é;el extraction may help alleviate this interference. If possible, DNA

concentration shodldHEoREsQrédignati¥pedhe phdtsimelidicd #epb abvusidinanigsrredare quite

different bebygesmecaladn N santmie s sequehbiy ittt esid ua e mihbithpraigeq) is subsequently
repeated to conduct multiple rounds of selection. A: VH CDR3 spectratyping PCR Spectratyping

PCR may b&AUeRfes ShaYgne sHeAd EhRBIoist draifsttfonLinthermedineat it Leiection outputs. It is

a useful toohtepaseassithtaisan: civasaiye dasivellhas dheipsngy escion-etdbm spEictiansscl he initial few
rounds of library selection Q before selection should be very diverse and the

CDRS3 size 8?&??&19&61&,éb%%&ﬁﬁ{@@%@%ﬁf@aﬁ%Bﬁlﬁ{%ﬁ#&%%%ﬁgeﬁ? ing PCR primers

SpectratypiRgdakaragatippoe PhALem plajepp slizedS e LHiE b X idaitaginexbgeagtion buffer6.0 pt 25
mM MgC121.8 pt 10 mM dNTPO.6 pt 5' forward primer (10 OM)0.6 pt 3' reyerse primer (10 OM)0.6 pt
GoTaq Flexi DNA aler ?%I%%&G‘Pﬁé&“gi%?“d Se&“ences may be ampliied

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.

IV. 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 generated. These may be VH and/or VL domains. In another embodiment,

scFv libraries are generated.
The libraries of the invention may also include antibody nucleic acid sequences

encoding regions outside of the variable regions, for example, a constant region or

fragment thereof, or a hinge region.
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Promega GoTaqg DNA polymerase is used in this setup but may be substituted by thermal stable DNA
polymerases from other sources. The final Mg2+ concentration is 1.5 mM. Thermal cycling program 94
C2 minutes 94 C20 seconds 55 C20 seconds30 cycles 72 C30 seconds 72 C5 minute 4 CHold forever
B: Spectratyping electrophoresis and analysis After the PCR, 10-pt product may be loaded onto a
2% agarose gel to confirm successful reaction and the remaining product may be submitted to
sequencing core fagjiti for spectiatyiing gle AR SR PRATLAGINRIMaLhipgyalang with a
ROXlabeled DNA size marker, which in generally underestimates the size of the DI\?,A product by 3-bp,
possibly duS3BHERERIER 1 e RNiSlEHFEE - The amplified DNA product has the following
organization:jdR DENUBRI VAR IS PRBebide (R&:BRbss 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 CDR3 = (Seapibebntusiers sridilibtaise woy pS watkfis&tp <qui2itahentiiks on both ends -

13'A OVefhﬁé'cQ:ploSBNi%tWaﬂS@sr Madesestimatiend MaiExempiam e agants and Bréiapempositions
10X Chemical Ligation Buffer Tris, pH 7250 mM NaC11M Oligo-dT Binding Buffer1X2X3X Tris, pH
8100 200 30YNTN AeiberPraVion HSFKRES (008 eOEBAUSIEIAR Binting Bt 15egshized

Phosphate-hasgd duffe RBSE K rp dptian bR -2 RididR%cpternativie tifRES iRas@ehBuffer

HEPES50 250 mM NaC1150 750 mM Triton X-1000.025 0.125% Selection Buffer Phosphate-based
buffer PBSf&e@@Aﬁslﬁwed’ for example, in U.S. Patent No. 5,643,768, U.S. Patent No.

5,658,754, U.S. Patent No. 7,195,880, and U.S. Patent No. 6,951,725, the contents of

which are incorporated herein by reference.

In one aspect 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
(2'0OMe) 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'OMe)
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.

V. General Screening Methods

In one aspect, the invention features methods of screening the expression
libraries of the invention to identify antibodies capable of binding to a desired target.

Any in vitro or in vivo screening method that allows for selection of an antibody from
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Salmon sperm DNAO.1 mg/mL Triton X-1000.025% Yeast tRNA (optional, add before use)20 ng/mL
Alternative HEPES-based buffer HEPES50 mM NaC1150 mM BSA1 mg/mL Salmon sperm DNAO.1
mg/mL Triton X-1000.025% Yeast tRNA (optional, add before use)20 ng/mL First strand buffer

Tris-HC1, pH 8.3250 mM KC1375 mM MgC1215 mM 50X FLAG stock solution FLAG peptide25 mg
Selection buffer5 mL Make 1 mL aliquots and store at -20 C. FLAG elution solution 50X FLAG stock

solution1 mpnSelaeionPHfie! %Eﬂe&/li}%% hfboiBIAtERNG staredtnéR&u ligo-dT cellulose
preparation Weig&;%%Z.S of oIE%o-dT cellulose in aBIISC%{mL tube. Add 25 mL of 0.1 N NaOH and mix.

Spin down &P1&5H for 3 minutes, discard the supernatant. Wash the oligo-dT cellulose with 25 mL

of 1X Oligo-dT binging,beffeo FRihO M Rp 0BT PR iek S dniRLteS cHiRfARth NS eRYNRtant. Repeat
the wash 3 more times and measure_the pH of the supernatant. The pH should be the same as wash

buffer (- pHY B} ReAEUSHRHAFEIBIMELe Ldietadierstirmnasminns dnresslisnlayy 4athg 1X Oligo-dT

binding buffgitfibis Mawbe BbarnxMatel PR RSB EdaIe; Washedgelluipse beads at 4
C. Final concentration = 100 mg/m nol RNA capac:ita/é Anti-FLAG M2 ag@ar 0se preparation

/mL=1 IR
Transfer 25 WO DEiAL S35 I6Bo DEAS 10 3 BT mabesid danANe AU B minctes at 1000
rpm in a Begkipan £emnivmesand 1emeys: LSRN, by agniration 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. These methods involve transcription of protein in vitro from
a nucleic acid in such a way that the protein is physically associated or bound to the
nucleic acid from which it originated. By selecting for an expressed protein with a
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 vitro 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, 33S-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

suitable method for reverse transcription is contemplated, for example, enzyme
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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. Spin down slurry for 5 minutes at 1000 rpm in a
Beckman centrifuge and remove supernatant by aspiration. Repeat the wash 3 times. Re-suspend
with one column volume of 1X binding buffer (containing 1 mg/mL BSA and 100 mg/mL salmon sperm

DNA). Tumbjg i JnQie6 4 FaGEY 5t h GoPUgrabin, 2itlbeEsCtianadiidasiram nddesenmst 4 C.
EXAMPLE 1 DEMONSTRATION OF FUNCTIONAL MRNA-SCFV MOLECULES  Four known

antibodies WeR§ig¥aSfo demonstrate that functional mMRNA-scFv molecules can be displayed and bind

to their respective gaiigRheRe&HoURHILIBHIT MEIn V& OAUMAN &fHirb tenbhitichtiSh(Brense anti-HA),
and MAK195 (mouse antihnTNF). The MAK-195 scFv was generated by PCR fromcgllasmid DNA using
PHE Construction

the primers B3GR 2Rl dkcoq9sdrigntibogigh Bat bisshnssticatitdorrirers Uaeis

Of MAK 195 0B MArRHE i RONAL S S DR SR sUeBRes WitV MRy BWslurality of
TAATACGACTCACTATAGGGACAATTACTATTTACA

ATTACACCRTesdisTyde At fiehRBteAdst ERESEFIED N et 55ornizedaBhesoiRey

CGATCCGRENAGESHELHEA S afeMPIatEE 6 CkahfpRAGsing an RNA replicase enzyme. In
CGCCTCCACCTGCAGAGACAGTGACCAGAGTCC (SEQ ID NO; 23) MAK195VLGS-Fwd

GGTGGAGHEBE FreNEEcBRYG fedtrie e astyciated with an antibody or plurality

TGGCCGAS G EAGLTHETERAT ACEiSeaberlibe IR IDNNObeddie being amplified by
MAK195VL-ReVGATGGTGCAGCCACCGTACGTTTTATTTCCAACTTT GTCCCCGAG (SEQ ID NO:

25) An anti-FiaRa 7 asmbediment, Pefeunpidiraton misds)scmglighef vunes Mgvs- 118) was

generated bydeii pripg-thadallopingeiberobasade rekDSEaehHaaAN3 1A and B31790
downloaded from NCBI's da_"gﬁq e (see Tablg 10 below). Table 8; Oligonucleotide Primers Used For

bas |
The ConstrBOIOREE 7781 RIIANEHGEH KL B s AR BB VR RS VH-1 Fwd

GGACAAT TAEhTA AT G A A G tberMiBodiment, PCR amplification may be
TGCAGCTGGTIGGAAAGCGGCGGCGATCTGGTG AAACC (tSEQ ID NO: 268 17/9 VH-2

RevGCTGOFHARSE FARAtSBEERET RECREEETRE M Pns into the amplified DNA, €.,
CAGTTTC&@@C&@@@G@CCGGTTTCACCAGATC GCCG (SEQ ID NO: 27) 17/9 VH-3
FWAGGCTTTAGCTTTAGCAGCTATGGCATGAGCTG . . )
GTGCGCCAGACM@%A%R%&%&%@%A@P@Oéé%%@s(gﬁbe@%m%wwVH-4

RevGCCT Tdkotheld Gy Ab16Gfa AMAATAe GITAAGGIGs or bacteriophage and subject to
GCCGCCGT GCTAATG.GTCQCE_ .CéCCCATTgCAG C,GT1 (SE(%IQ N?: 29) 17/9 VH-5
FwdCCGGATACEETEAARBRER $FARLKY PR Gptable methods of screcning are

CGCGATAREGCHoNAAAR GAECKE aliaHoAsTLI63 QAT AFIS, (SEQ, IR INKI330)94/YH-6
RevGTTCG C AATACAT TAT
T CoCT A ST bt Bh e A Ak b oT (SEQ ID NO: 31)

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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17/9 VH-7 FWdATTGCGCGCGCCGCGAACGCTATGATGAAAAC
GGCTTTGCGTATTGGGGCCAGGGCACCCTGGTG ACCGT (SEQ ID NO: 32) 17/9 VH-8 GS
RevCGATCCGCCACCGCCGCTGCCACCTCCGCCTGA
ACCGCCTCCACCCGCGCTCACGGTCACCAGGGT GCCC (SEQ ID NO: 33) GS-17/9 VL-1
FWAAGCGGCGGTGGCGGATCGGATATTGTGATGACC
CAGAGCCCGAG@&%@g%&ﬁ&@@@ﬁ%@@ﬁ%%%ﬁaﬁr{a%@d@eak%aﬂmﬁ@ VL-2
RevTIGTTTGCCGCTGTTAAACAGGCTCTGGCTGCTG o
GTGCAGC Ttipgeaa rE A fargattidne ssesenrgresa imidsayddacsisada enthedied NO: 35) 17/9
VL-3 FWdG%Bﬁ%%@%QgWﬁQ&@&AA@M ceb&Mized methods of increasing the
CCTGGTATCAGCAGAAACCGGGCCAGCCGCCG AAAGTG (SEQ ID NO: 36) 17/9 VL-4
RevCGGTANNEHGRT R Sttt dtEsEintPrete@esaygnay be considered. In one

TGCTCGCEHBuNTNAM Uab\b et It e Ghditfoftla BE QuHINRr 2%k S, We Salt
FWdTGCCGGATCGCTTTACCGGCAGCGGCAGCGG

CA
CCGATTTTRESRIRE AT Aheraaesy REED tedieshe etbnitseichirnibodgmeigguas-Br

ReVAAAGGREAGIEE @izt GddIitAdS HiktehGBERNgth of time permitted for the
ATAATACACCGCCAGATCTTCCGCCTGCACGCT GCTA (SEQ ID NO: 39) 17/9 VL-7

FwdAGCAREEREEsTe Rt iprhedsesdeseierr bagduced. In another embodiment, a

CTGGAACTE AR bMAlaE Jigf1hal B Added\bHle @b PR dDIMNPI Ao hEAY LFSFLAG
RevITAAATAGCGGATGCCTTGTCGTCGTCGTCCTT

GTAGTCGATHERNCRE ARt PeCiiEide At s iPinst (o depjrefrigmnbilizay Wegtlerfte was
retrieved frafpebl 68t slRlahasR N SNGAR6BEHEM BEIBDRES Adh 0,886 EP erves BNA constructs

for these scFv were transcribed in vitro and then translated by rabbit reti‘culocb:éte lysate either as

mRNA-scF {pretii b iindingnal theimmabiizashiecsshitcB drahriPoHe MR V&Y free scFv

(protein was finfigtiaehat denmRNeBaithiypesnahowiped essweresplibed andisiligeiad to pull-down
assays by corres ,En(ging biotinylated antigens (see Fi%ure 4). The data in_Figure 4 shows that
el @HH’E&

functional n{&& (B3 PishiApey URTEH LA b T EHESHY IR} HretstVidin-magnetic

beads, albegoatiigwier Peyasnfiesaventdhaa Feemsehyidpuiibebeodermants sbpwed that this
difference is sim%l [due to the heavy RNA tethered to the scFv. RNase degradation of the RNA portion

from the mERACREEGHIBIgR RS R %covery by antigen to the same level as that of free
scFv (see Figure cle¥AiMdRhéhd QIRBT v ZAEHRbh @fayTiido MRNA RIFPIANIRHCHNOLOGY TO

IMPROVE TgE TRANSLA‘L:?N REACTION  In a preferred em odim&%, the Iiﬂar sizeis 1 x
1012. About 2 HRILICPIHE HiREANS &N g b 9SS YL TRV RERRIPRE B8 e tiBR%in order to
cover the liiabogiaeed? direes RBecd vErelattning the darpidrificationds dypiealybabout 30%. Therefore,
about 60 pmol of the fused protejn is needed following Oljgo-qT purification to input.into FLAG

o ot TG SRR SO T NP et e B2 s cTE S following
Oligo-dT pueifitatimmdloftkit-etivnabiveitganguiiindplcRNAL dtite Covess g beraraiz&l 3000 times)
IS necessary to obtain 60 pmal of the fused rotﬁln. Nsct)te atrggt Ihigdcalculation does not take into
account the QB&&H %Pi”ﬁﬁ?ﬂ ?ﬁ)}“’é@oﬁffﬁ?gg% OPRILOE HIRNIR ﬁ%’iﬁ%{y molecules are functional (can
be recovered afterSetesiionmethodusf thdhevaivianmentesirdre paritivaobihe RiSed jmdbeidy needed for
subsequent steps of the nfRN display method, the tratnslat%gareaction was_qgptimized to maximize

protein reco &t .‘95%%?5 AR ARRSGE St Rﬁk"WJt%ﬁ ARG FERCHBY Wfas evaluated
following FLAtopplifibediaping rotein recogeiysdascassessechbitivaaduroig tebpdicentage of S35

methionine incarporate ring the translation reaction, and by calculating the ratio of pmol protein
(outout 1o 1SS BRI o 5 oFH e AR 4 B G B CERA TSR A IER B the resuling protein
recovery, afeoshizoxyihifabieclpod Derewnstiiatec thytbistadalysis, thd RIes RiNddadpdusiorprisingly
leads to a higher. percentage of pratein recovery. Table 9: Relationship Between RNA Input And
Brotein RecB AR R T TR S SrTyshe) AReS TR . et ope

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-
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% incorporated S35 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
=7.2% The translation reaction was also performed using different amounts of the free amino
acid mixture to determine the effect on protein recovery. The relative starting amounts of the amino
acid mixture tested, as well as the resulting protein recovery, are shown in Table 13. The RNA input in

each case WagnflPRIGloAsHRMORSIEGHINY, thihanalsisinceasinadioaing agid pool leads to a
decrease in translation efficiency. Table 10: Relationship Between Amino Acid Concentration And

Protein RecW&Y ArREeNABIKMixture After FLAG purification % incorporated S35 Met pmol Pr
otein/pmol RNA X J-£Q%r/ofhmi % SR O1rRRics bYaRXiRviatb O fdy38qmPe3le use of

immobilized target molecules. In one embodiment, the target molecule is directly
linked to a solid substrate for example, agarose beads. 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 support, for example, streptavidin-
M280, neutravidin-M280, SA-M270, NA-M270, SA-MyOne, NA-MyOne, SA-

agarose, and NA-agarose.

EXEMPLIFACTION OF THE INVENTION

Throughout the examples, the following materials and methods were used

unless otherwise stated.

Materials and Methods

In general, the practice of the present invention employs, unless otherwise
indicated, conventional techniques of chemistry, molecular biology, recombinant DNA
technology, immunology (especially, e.g., immunoglobulin technology), and animal
husbandry. See, €.9., 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 et al., John Wiley & Sons (1992).
mRNA Display Protocol for scFv

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.
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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 Andd2epRiBfRAEBYEN firkhMeiiinates Concentration After FLAG purification %
incorporated S35 Met pmol Protein/pmol RNA 555% 1.00% 1.31/50 = 2.6% 17.5 pM 0.23% 1.15/50 =

2.3% 30 pM 0.20%4-5y5aN 3905 tucts BravoPe swsignse/secardingdo methpds fimtipRt and amino

acid concentiignsheriddh eI htaken intheepideratian whebrisningthestranslation reaction
for mMRNA dispgaf}/. While decreasing the RNA input in each reaction rril%improve protein recovery, it
f St

may also infPsefsvahly dragmexism StarrrQdytHiehs iR Fegstnsthbi-nhABEbeS¥ M Practicing
the mRNA display-mathed ofthe inventiQivdsishoubiiihalle &R library constructs may

encode single chain variable fragments (scFv).

2. Preparation of Target Antigen

Generally the mRNA display antibody library may be selected against
biotinylated antigen. While the best antigen for each target should be determined on a
case-by-case basis, the following considerations may be used as a general guideline. A
target antigen is typically well characterized, and is the relevant or dominant genetic
isotype, as determined by polymorphism (SNP and haplotype) and/or pharmacogenetic
analysis. A target antigen additionally may have reasonable bioactivity (comparable to
native antigen), good solubility and good chemical and physical properties, and may be
prepared in sufficient quantities for library selections or screenings and downstream

bioassays.

3. Preparation of Library DNA

Library DNA and its selection outputs may be amplified by PCR. PCR
amplification may be performed using methods known in the art. PCR reactions
typically contain DNA template, reaction buffer, ANTP, 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.
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Table 12: Exemplary RNA Translation Reaction In vitro transcribed RNA 100 pmol = 29-36 jig
Translation Mixture (including amino acid mixture, not including methionine) 15 pl 355 Methionine 2 pl
Reticulocyte Lysate 200 pl 100 mM GSSG/10 mM GSH 3.3 pl PDI (1 U/pt) 6 pl H20 to 300 pt Reaction
conditions 30C 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 fgQgth hsdwasibine 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 BeteErnaseeen, 5o el Anmesihsgsiferars the mnripndetystirdsule function

and yield wagdavestigrisd. (e FoWaAbn NyRediffient Rk losehGonsiuEs withsort, medium

and long 3' spacers and two short and long spacer constructs for Y61 and 17/9 scFv were.made (see
Figure 8 for'BiPRIztehiEMRlsdhe erireTHa vastivertbpidteenifxeryalery cabedineitalisnider spacer

does not preyjlesHERSHBAGHIYRDIREE B tReIMRINARRCKMmRIgRHIe:S fMekan A a3sgssed by
antigen binding. Moreover, longer spacer Iength@séﬁréificantly reduced the mRNA-scFv yield (see

Figure 7). RIASGARIOhERIRILY onaiwitn' 4 ish UghgitesHsneryietaed Ts fifol RNA;

medium spagep yietded i4rnmElARpidy Abd JONTIRPROEA YighdedplidntaetidihiayiBang gmbodiment, a
short spacer is preferred for scFv library construction. . Comparison of different spacers and linkers

was also petfofn{H REEHeF trrdle Wit S e e b onBAiRTL e ey Grevesy. feleving drdtizhown below in

Table 16, sheundhaif A tialdowereralseIipWel wibaHonoeh $RRcam K ARG, {heeoras no
difference in mMRNA molecule purifications nor antigen binding by moving the poly-A tail from the

MRNA itselfRY ERLRBeAO3oR1S HR/DRARFIRIBe e TRRE RSP BIOrEhi¥8 1S Gene3d) as

the scFv pretatiighenidenticsy matweendieseotyvo constructs as shown in SEQ ID NO:10 and SEQ ID
NO:4, respectively. Table 13: Comparison of Different Spacers and Linkers Percent of Recovery

Construct Oligo dT purification FLAG purification IL-12 (50nM selection) Y61- scCL-shor t 1.00%
51.3% 21.1%0 RNA Purification by NAP Column Chromatography

Following transcription, RNA may be fractionated using a NAP-10 column. Up
to about 1 mL of transcription reaction may be loaded onto a NAP-10 column for RNA
purification. The column may be equilibrated using DEPC-treated dH,O prior to
fractionation. RNA may be eluted from the column using about 1.5X the reaction
volume DEPC-treated dH,O (e.g. 750 pL per 500 pL transcription reaction). The total
elution volume may be less than about 150% 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 (OD»4) 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)

= 0Dy x dilution factor x 40 (ug/mL) x 1000 / (850 x 330).

RNA vyield (nmol) = [RNA] (uM) x Volume (pnL) / 1000
The RNA vyield typically reaches a maximum at about 20 nmol/mL per 500 pL

transcription reaction.
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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 bigding tRRAt 98B HTeSLRRGtS Yield. EXAMPLE 4 OPTIMIZATION OF THE MRNA
DISPLAY TECHNOLOGY TO IMPROVE SCFV PROTEIN FOLDING AND FUNCTION - OMISSION
OF CHEMICAL MADINE Arkonhene eiedse) Riptige arepios molagide séifgsr RMANGSBRy technology

in the art inglydasna ¢ igmicAlcARRINEnRAAtIR IPR TR fYSIRIRS, Jesiduessipimtaentiermation of
undesirable cysteine disulfide bonds by 2-nitro-5-thiocyanatobenzoic acid, which resulted in

cyanylation PEPEENEIRDIRSarEstIBIAX ST B AIBATRIIHKS tHRESEMRIGRINGFBUN VRS this capping
reaction elinpipeiesiRetemntial SreieiRaRusteling satikechbn randomisiesslinkingohi e eysieine

residues, the present invention eliminates the artificial preservation of free cysteine within an antibody

which can bssodatiamehthe mRRIFESHRINAFA Lo %@wéﬁ%mdﬁ%mgyiﬁﬁysicm or chemical
properties. The sty ef. chamicahpairpinga@sElinieaied, peahdhatiacy Rxdradregsysigine beyond the

four cysteines required for scFv Ig domain folding are not actively preserved during the library
selection. E® ‘E 5 OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY TO IMPROVE

SCFV PROFEINJrAML S OINR IUNGT (G- IREQIRENMENT (@ Pufery diRANEIFAT IONAL
PROTEIN DISULFIDE ISOMERASE ACTIVITY It has been suggested that PDI contributes to
better protem(fuﬁg?ion and secretion by either isomerase or chaperone activity or both (see Shusta et

al. Nat Biotechnol T68)s6fa3ch; CarstimetigicRieteshnaltBiorns 8a0d) fidtdu)iolomalg dntradomain

disulfide bonds are encoded by every scFv sequence, one in the VH and the other in the VL domain. It

has been stgyaSREP o b Etmig afp ﬁn&gﬁfiﬁ%%%ﬁfgﬁéggl?ﬁéI)‘%&f%@crucial for
proper disulNdrThQud fOTRIGED UM (Ee® Ryekbyreat gloNatBiniashnelihkeh infR8hy MRNA

display protocols in the art have stipulated the inclusign of (PDI) in the translation reaction. D2E7,

Y61, and 174 st hele e dsaueseRimiRansnreiediPb1 LR tlfySAiis TaRRYA display system.

The results ghnad dpaténg ohilaens iy YRAEW Rad i) wael el yieil binPHG their Tagnateantigen
without PDI during their generation whereas \i?l gppeared to be unaffected (see Figure 10). It was
1

concluded that 850 RHEZRHES AYNE A SR O HRIFOYSHRI) SR Lt B ¥RHSity to ensure
maximal schbdsnelon site. Ctedkaapmesy andfunaibnaity.okbdak.” A¢fuvdnanstased with or without

additional PDI added was also.tested. The translation reaction included 1 tube lysate. (200 pl), 100
ool DT XA CRACEIRATA B BOTEP ORI & oS AR ST 8! L IU6R Pl ane
GSSG/GSHintihiadiarstaigst priateimneasktrraareskWithe L AGtRuTfikatidsscabddhersacavsry amount
was quantified. Antigen binding/recovery was then performed with 50 mM biotinylated TNFa and equal

inputs for eQERPPHHEDO CHHR2oPHEYSuIRINGS RIS Sh 1B High TRANFHE 1o1UteRSIEORIRIRESing D2E7

scFv +/- PDihiy anglatiao il f&pResaveirdemshtLAG Recovery (% input) Antigen Binding Recovery

D2E7 + PDI 290000 cpm. ) ) . )
For 1nitial 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 (ImM). In an
exemplary embodiment, the total reaction volume is about 100 pL. 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
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1.6% 25% D2E7 - PDI 460000 cpm 2.5% 4% The results showing that Y61 does not require PDI
during translation for functionality are shown below in Table 18. Table 15: Y61-Sccl-Short Does Not
Require PDI During Translation For Functionality PDI RT % of Recovery Oligo dT purification FLAG
purification IL-12 (50 nM) selection No No 0.57% 34.0% 18.9% No Yes 9.2% 20.8% Yes No 0.50%
31.9% 24.3% Yes Yes

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 4°C, using a ramp rate of about 0.3°C per second. Reactions may then be held at
about 4°C.

Ligation of the annealed linker/RNA may be accomplished by UV crosslinking.
This may be conducted using any method known to one of skill in the art. In one
embodiment, reaction tubes may be placed on top of a frozen freezer pack and placed
directly under a handheld long wavelength (about 365 nm) UV lamp and crosslinked
for about 15 minutes in the dark. Typical ligation efficiency is about 50 — 90%.

Generally purification is not required. The ligation products may be stored at —80 °C.

9. Translation Reaction

In an exemplary embodiment, about ~0.1% of input RNA may be made into
mRNA display molecules after all reactions and purifications. In vitro translation is
conducted using methods and reagents known to one of skill in the art. In one
embodiment, the translation reaction using the scFv library uses about 5 nmol of RNA
template with about 10 mL of reticulocyte 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.
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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 PDI % of
Recovery Oligo dT purification FLAG purification HA (50 nM) selection No Ag selection Free protein
No N/A N/A 3.3% N/A Yes 30.5% 0.7% Ligated protein No 3.4% 27.6% 2.3% N/A Yes

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 pL
dH,O to 73.7 to 370 uL
Amino acid master mix (Met") 15 75 pL
100 mM GSSG/10 mM GSH 33 16.5 pL
PDI (1 U/uL) 6 30 pL
[**S]Methionine 2 10 pL
Reticulocyte lysate 200 1000 pL
Total volume 300 1500 L

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
decrease in RNA/protein fusion yield may be observed when the translation volume
exceeds 3 mL; consequently, a master mix of the translation reaction may be prepared

if the reaction volume is larger than 3 mL, and then divided into smaller aliquots.

10.  RNA/Protein Fusion Formation

After the translation reaction, about 100 uL 2M KCl and about 20 uL. 1M
MgCl, may be added for every 300-pL of translation reaction mixture, and incubated
for about 1 hour at room temperature, or at -20°C overnight. Alternatively, about 500
pL 2M KCI and about 100 uLL 1M MgCl, may be added for every 1.5 ml of translation
reaction mixture, and incubated for about 1 hour at room temperature, or at -20°C
overnight. This stabilizes the paused ribosomes at the end of mRNA templates and
allows puromycin at the end of the DNA linker to enter the A sites of paused
ribosomes, which permanently links the translated scFv proteins to their mRNA
templates. The room temperature incubation may be shortened if the reaction is stored
at —20°C overnight. The reaction may be terminated by adding about 50 puL or about
250 uL 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.
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2.5% 39.3% 12.4% 0.8% EXAMPLE 6 OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY TO
IMPROVE SCFV PROTEIN FOLDING AND FUNCTION - REMOVAL OF DITHIOTHREITOL FROM
REACTION Dithiothreitol (DTT) is a reducing agent commonly introduced to enzymatic reactions to
minimize protein aggregation and reduced protein oxidation. It is also typically used in the reverse
transcription (RT) reaction following in vitro translation step of the mRNA scFv molecules. Since its

inclusion may redugg ANe- b piracivatn drredfids mel@bmoq@‘éfmeecule that are produced by PDI

activity, the potential effect of DTT on the scFv antigen binding function was investiglgted (see Figure

11). The presence BibstardighitiedatdyoapyitnatRiNe dindunpieinlsarediserining RY after RT,
which is congisfentwitbrie dereNLenseufoR I REMYHA Jid-fanstimmghawnii g wie 11. This loss

of antigen binding activity was not due to the RT reaction itself, since most antiﬁ]en binding activity of

17/9 was préfeNastise pitgosidscshitasa wsarthie reptugHdrRIOrE it et lhBSy that the 17/9 scFv
cDNA was igdgestd@ Vel seiiensevBaifEandhs.aR Nadmihs ahsense vl LAdddhy BERsmogesting that

DTT is dispensable from the RT reaction (data not shown). The results showing that DTT in the RT

reaction befSAS4RdetsAGR AR 1P f M crpsantiptiee-sheww asBrslPligaaBisDI9%s 8kdwn in Figure

12, howevep, QToE degsinatdmRachiie R hirRisss: Hallgchf DT INRIcIRASAR before selection
impacts 17/9 functionality PDI RT % of Recovery Oligo dT purification FLAG purification HA (50 nM)

selection NoRraledisPNodIy BAR T d0HO 1B9 forA Vs Nd L598B18%612M980 8% Yes, w/o

DTT 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 beads and incubating for 5 minutes at
room temperature. Eluate is collected by spinning at about 4000 rpm (or higher) for 20
seconds. The elution is typically repeated once, and the eluates are combined. 5 pL of
eluate may be removed for scintillation counting. Optionally, the efficiency of oligo-
dT purification may also be assessed by OD at 260 nm (OD340) on a NanoDrop
spectrophotometer machine. All remaining RNA templates and mRNA display
molecules are theoretically recovered by the oligo-dT beads. 5X FLAG binding buffer
is added to the eluates to reach about a 1X final concentration. Samples may be stored
at —80 °C if not proceeding to the next FLAG purification step.

Oligo-dT recovery may be calculated as follows. About 5 puL of input (from
fusion reaction), about 100 puL from the last wash, and about 5 pL of output (eluate
from oligo-dT purification). The last wash is used to assess extent of washing, and the
other two counts are used to calculate RNA/protein fusion recovery from original RNA
template input. RNA/protein fusion yield (pmol) = (CPMgypue X Volumegygpue X 5 pM x
Volumeiygate) / [CPMinput X Volumeiypu: x (# of methionine in product)]. This formula
assumes a 5-uM methionine concentration in the reticulocyte lysate, and all volumes

used in calculation expressed as uL. For earlier rounds of selection the yield of mRNA
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14.2% 9.4% N/A Yes, with DTT 9.9% 2.0% N/A In contrast to the 17/9 scFv, the anti-IL-12 Y61
scFv function was not affected by DTT (see Figure 11). This is consistent with its aforementioned
insensitivity to PDI activity, and suggests that not all antibody scFv will require disulfide bonds for
function. The different RT conditions explored for Y61-scCL-short and corresponding results are
shown below in Table 21 and also in Figure 13. Table 18: Different RT conditions for Y61-scCL-short

RTDTT in Fdﬂ;ﬁ@@qﬂ%&%@%@ QIR Betection JaahResrYENE 1y Alipsriikabien FLAG
purification IL-12 (50 nM) selection Before selection Yes No 1.6% 25.9% 21.6% Before selection No
No example, early rounds number of methionine in PROfusion library may be:

e About 3 uM for VH-V«k scFv,

e About 2 to 3 uM for VH-VA scFv,
e About 2 uM for VH,

e About 2 uM for Vx, and

e 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-FLAG 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
anti-FLAG M2 agarose beads needed to capture all mRNA display molecules may be
estimated. In one embodiment, the binding capacity of the beads may be about 6 nmol
fusion protein per mL of 50% slurry. To have sufficient bead volume for manipulation
during binding and washing, it is recommended to use at least about 200 pL of pre-
washed beads. The example given below is for an initial 300-puL translation reaction.

FLAG purification: a wide-bore pipette tip may be used to transfer 300 pL pre-
washed anti-FLAG M2 agarose to the oligo-dT purified output, which may then be
rotated for 1 hour at 4 °C. Incubation with anti-FLAG M2 agarose may continue
overnight. Anti-FLAG M2 agarose may optionally be spun at about 1500 rpm in a
centrifuge for about 1 minute at 4°C, and the supernatant may be discarded. Anti-
FLAG beads may be washed about 5-6 times with about 500-700 uL 1X FLAG binding
buffer, using spin columns (e.g. Invitrogen™ Microcentrifuge Spin Column) and
centrifuged at about 1000 rpm for 10 seconds for each wash (note that the Invitrogen™
column may be spun at higher speeds, €.g. about 10,000 rpm). The flow-through may
be discarded. The beads may additionally be washed 2 times with 700 uL Selection
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29.3% 18.8% After selection Yes No 56.1% 22.2% After selection Yes Yes 21.0% 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 giggeRNA YR 8Pt &esRIEon QlIFHT 1060 TGAIRS b AG Eeal el kvdsh (S0 M)
selection No Ag Selection Free Protein 3.2 nmoles N/A 49.5% 0.3%
may be saved for scintillation counting. mRNA display molecules may be eluted by

adding about 400 uL 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 uL 100 pg/mL FLAG peptide. Both eluates may be
combined, and about 5 uLL 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 pL) if less slurry is used and/or higher RN A/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 pg/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 puL 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 % = (CPMyput x Volumeouiput) / (CPMinput X

Volumeiypy)

13. Library Selection by Biotinylated antigens

Selection is designed to enrich for molecules that specifically bind to a target of
interest when library binding to an antigen reaches equilibrium. A negative selection
(pre-clear) may be necessary to remove non-specific and matrix binders from a naive
scFv library, but may be omitted if using a library made from a single template, €.g.,
but not limited to, libraries made for affinity maturation doing affinity maturation based
on a single scFv template. Depending on the target format, the selection protocol
varies. The following is an exemplary selection protocol for use with biotinylated
targets. This protocol may be modified to accommodate target antigens in other

formats, and may be scaled up or down depending on the desired output.
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Ligated Protein No RT step 13% 57.6% 31% 0.2% RT step 15% 28.6% 0.3% Table 20: Comparing
Y61-ScCL-short with or without RT step RNA Yield % of Recovery Oligo dT purification FLAG
purification IL-12 (50 nM) selection No Ag Selection Free Protein 4.7 nmoles N/A N/A 40.2% 0.2%
Ligated

A. Preparations before selection

Streptavidin (SA) magnetic beads may be used for capture, and are typically
pre-blocked prior to use. SA beads may be transferred from the original bottle to 1.5 or
2 mL tubes, and washed twice with 2 mL of 1X FLAG binding buffer. Beads may be
blocked with 2 mL of Selection buffer (2 hours to overnight) at 4 °C with rotation. It is
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
beads may be washed and counted as described in above to determine if background is
high. This may also serve as a ‘No antigen’ negative control.

B. Library Selection: Binding

For 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
library may be divided into 2 equal aliquots. Biotinylated antigen may be added to one
aliquot, and the other may serve as the ‘No antigen’ negative control. Alternatively, the
washed second pre-clear beads may also be considered as a ‘No antigen’ control, as
noted above, although these beads will have one less ‘pre-clear’. The antigen
concentration in later rounds may be dropped when recovery of antigen-binding

molecules exceeds 5%. In particular, antigen concentration should be reduced if the
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Protein No RT step 0.55% 47.6% 20.8% 0.1% RT step 19.3% 21.8% 0.1% EXAMPLE 7
OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY TO IMPROVE SCFV PROTEIN FOLDING
AND FUNCTION - INCLUSION OF RNASE INHIBITOR DURING ANTIGEN SELECTION The
production of double-stranded mMRNA-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 tmigRa%Mshs secquared iy lafinmbydiolysis,afsthss RN Avand pRsuREsas amplification

template by PCR. To avoid the potential impact of DTT on scFv function by RT prior to antigen

selection, alEIHSRREMEINGIIORSBY tBeHE BITHs OY &t For POt isd FRFNAY R &RigRItation after
selection. binﬁ%%ﬁ@edﬁ%@%dﬂﬂ%‘é@@&%M@Bﬁg&ﬁmﬁﬁ%ﬂ%&ﬂaﬂ‘@!‘éﬁ’é(kﬂi%(&?&lrh'@ lacking its

protective cDNA strand would be sufficiently stable and accessible for amplification by RT-PCR after

antigen selSBESNAPHEAS UL VEIRPALRRY FL-PRLHERRELH RNDE SR FhiTReins RFa¥es8diPEE: model

molecule. Rggpyaiyef dhertindasdnéR seauense vasigonopaedyben Riigvasdenmrgjore or after
antigen selection (see Figure 14). Comqﬁared to the method in the art (pre-selection RT and alkaline

elution of cORRTisiPTame)esalesvEMPeSIIIRN ACKF R NESRCAREHIHIGEN selection appeared to be

significantlycedyspgydigartha mEdNAr--la 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 mMRNA accesSifiits eriipruEsoried fakinria s hsem-farPRAGE 40PHEMEYRion and
dissociate thepRINAyVddnnaasiienl B iy Rards pyracd. eltiom(eath @ 1iBRES MR HA

accessibility appeared to worsen its recovery ossibg due to lowered mRNA stability or poor

I
dissociation' PR RIGRIpRk RS RFaAS Ké.g%ﬂ TAEB Riissh Hidibiepdedhs ﬂﬁ@%Bgnplexes were

removed witbadhi SARERfIsHigUIe-tArshewsIEsliatel ravrrambian s itior el eyingrantgen
selection comparing the standard method of RT-PCR following oligoDT with acid elution followed by

RT-PCR anthRdPE el Brsed padls somsiinandaBr i elinais s WRH IR B s at 1:10, 1:100

and 1:1000 sheunied that 86900 renampliicatiors wasashieyad Bé dibitewrénld@elng thSince it is
possible to omit the RT prior to antigen selection and subsequently recover the mRNA by RT-PCR, it

was investig#igd GamsamatRn fediiodd thecdieisPa ntersabitrhmicdl kAo blesedidted Bl-éthanced by
protecting thgaNA fkem contaminating RNase activity by RNase inhibitor. RNaseOUTTm (Invitrogen,
cat.#10777-019) was included at 1:20 dilution during the antigen selection step and followed by
RT-PCR to PorkpfidmeI5aRR Weshlg (see Figure 15). Compare to performing RT before antigen

selection, the mRNAdeyARiRiRY %Wﬁé%@ﬂé’éfé&"ﬁs’ir{gQ%Qﬁl@tﬁaﬁ&\lﬁsﬁ@ﬂfl@ﬂm%&ﬁqfrﬁDtiﬁen
selection without RNase inhibitor. Interestingly, the inclusion of RNase inhibitor to the antigen selection

not only rest5teeFIS0MESE! iRl iRamiy-e AREEERI AR RATFEEH S SIEHFEAR trivsAhancement
is at least pagthy)dug éoadieitiae ehficieney-plLapting A lighigrolftolphammRiNAscEmelecule than

that of a heavier -560 IcDa mRNA-scFv molecule with the additional cDNA. Inclusion of RNase

OUT was afSFHeSYda satredArasRNARS s dn dna¥ e Waihnd ons ispidretviteaperindht rformed to

compare Y6xGLRnguibI /Rt 1ekefRArhiRdNBHRIE Ml MgeNaR aiiRNAgeQbkbeddiresults 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'Bies@Or R sDrENDRRE ARIHMSSBICHBI\R  bnstruct RNase OUT Oligo dT
purification FLAG puificationehlarhg1 (50 piMh sl eotion w6 ssa¢ kma loPg N, but one of skill in

the art will appreciate that other beads may be equally suitable. The Dynabeads™ may
be separated from the unbound library by centrifugation and magnetic separation. The
supernatant may be removed with a 1 mL tip, using one new filtered tip for each library
selection tube to eliminate cross-contamination. The Dynabeads™ may be washed
with 1 mL of Selection buffer, and re-suspended by gentle pipetting or by inverting
tubes multiple times. The tubes may be put back onto the magnetic holder for bead
separation while the next library is processed. After all libraries are washed,
supernatant may be removed by 1 mL tip using one new filtered tip for each library

selection tube to eliminate cross-contamination. Repeat for five washes. Dynabeads™
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0.22% 29.3% 27.7% Yes 0.25% 30.5% 33.8% Y61-scCL- short No 0.64% 42.2% 47.2% Yes 0.59%
46.2% 49.4% EXAMPLE 8 LIBRARY SELECTION FOR 17/9 SCFV To demonstrate that an
MRNA-scFv molecule can be enriched by several rounds of selection using the mRNA display
methods described here, a scFv library with a diversity of 25 was constructed by overlapping PCR. To
create the scFv library, equal amounts of the VH and VL fragments of 17/9, D2E7, 2SD4, Y61 and

MAK195 wefg yhixesh andd eRBGRER PritRor iRranyswihadiidiakdivessity,eii25 and used as
described above. The 17/9 scFv was then selected from this library by biotinylated HA tag peptide.

After selectibiit9gemasckasehedaoskafiibe Byt o geamyedibh] picke irane@uts quantifying
1719 scFv befgieandiRfter epentaie ﬁémﬁmé'ﬁﬁl%\fﬁfé&%@g AT INThyake.48mAfter one round
vere

of selection against HA peptide all scFv sequences reco from the selection output were that of

17/9 scFv. EXRXNVPEap Ry Apgapic Aspargnas] ahayt HANUBRshdmer 3y BCRIINATE SCFV
BINDERS W th&?é@%ﬁf&'%wné'iﬁ%@&dsmﬁﬁag%@E@Eﬁﬁﬁ@ﬂ&éﬁ?ﬁ Wﬁé\ﬂﬁgﬂﬁg'ﬁy&%@m'ogy, le., as

described above, can be used to discriminate scFv binders with different affinity, chimeras between
D2E7 and 23pargbeadiatene spupleunedaor deFy precursor which exhibits low affinity (KD - 200

nM as free profeipph fOrSENERo e8RS deRIRS R ShiMRIAson Titration was performed for free

proteins. Figure 20a'shows the percent of recovery after antigen binding between the different

chimeras, while figbt&tIEbiepikeuknsovipkaipElcet ‘6rabtsan) wadr atidebeedsctibn. The
above resulfs showthat IMRNA\disalay {ﬁ&li‘rl‘ebéﬂﬁ 8?%%39@@%@%’1@9‘%%&%@@&?@iscriminate

binders with different affinity. EXAMPLE 10 TH RMOSTASILITY OFM NA-SCFV MOLECULES
To determirlelbrasxiseleatistatsitioy ot RN selou atofeatsertimpe thecolkamia & ®1reiek were translated

and purified in mRRA-sGEY Jggg@/@g%r%%%gp% T[)(t-:;ilré:e Lh@ﬁ%&-lsﬂ:v molecules were then

incubated at different temperature minutes ptiorto antigen’ Seléction. The normalized percent
of recovery after antigen selection is shown in Figure 21. Figure 22 shows that RNA can be

recovered 315 r WWLH?%%@&?)}Q%@&?@&%C v'rﬁ Eeét ecules. Here, RT-PCR was performed

on the beads with' recovere ules. Incorporation by Reference
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 and anti-mouse 1gG), thereby further reducing the chance of recovering anti-
protein G or anti-anti-mouse IgG binders. The target Fc fusion protein may also be
biotinylated, and selected either by the method described here or by the method
described above in section 13. It should be noted that protein A magnetic beads may
not be suitable for selecting against Fc fusion protein targets because of cross-reactivity
to certain portions of the antibody VH domain (e.g. VH originated from human VH3
family germline sequences). Suitable magnetic beads for pulling down antigen binding
scFv-PROfusion molecules include, but are not limited to, Dynabeads Protein G,
Dynabeads Pan mouse IgG, and other available Dynabeads M-280 to human or to

mouse IgGs. In general, protein G beads capacity is considered to be about 25 pg of

human IgG1 (~167 pmol) per 100 pL of protein A/G magnetic beads.
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The contents of all cited references (including literature references, patents, 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 forpsuitiRWdsRatigam the spirit or essential characteristics thereof The foregoing
embodiments are therefore to be considered in all respects illustrative rather than limiting of the

invention describe®HerRiAdsRepebiime PxrabhsarsiSangaontsdate s bRt apiesided B rather
than by the fRragingRRSHRIANLaNskalk Jhad srmepninghevneraingRehraege of
equivalency of the claims are therefore intended to be embraced herein. Claims I.A method of
screening ahScEV A6 Ry ratedisinadefioiirlibiae sl e prSHEP theadisscafeulatedy) providing
a puromycineh analegreiRreehgterslinisecisingleishrba iy QQWLmRﬁLArm@J@M%@uﬁ@Q molecule
comprising an mMRNA encodin% a 5' scFv and a 3' spacer sequence, which molecule is crosslinked to a

single stranfedREFHER i TN esksp ity Pusslesion, B Ao thereof, at a 3' end
and a PSOrajearGena) & 5'eNGr 1 hdth inrvisia tEansialing teipuraoMsii-© prslinked Seiiy MRNA

molecule in the presence of a label under mildly oxidizing conditions such that a labeled
puromycinchsadRARERR ERE RIS IS A BREiRCHR IR ARNE e med; (c) purifying the labeled

puromycin-crosslinkeGr3c by IMRNABIEEIB e ette:be pridbisdbieciing teeaisifipgiapried

puromycin-crosslinked scFv mRNA/protein molecule to antigen selection with at least one antigen; and
(e) recoveriR§¥hi® ﬁMﬁ%&%ﬁ%ﬁfnyﬂBﬁlﬁéith?é@éﬁﬁi{éhesﬁs\d RRNADFTSISH MYEEIHES using affinity
based magretictgnésps2. The method of claim 1, further comprising the step of (f) reverse
transcribing the sckEv mRNA after antigen selection to make a cDNA. 3. The method of claim 2, further

comprising the stepldttgPuitintytig thB QERiAD lpremasiroaldrdiamra pskrdiRaes 1abel is a
radioactive (agglrveafatahiyusoeyadyiaBeradipastivedaliglds BaseRIGIPRINR GEFID@alb. The

method of claim 1, wherein the 3' spacer se(guence comprises about 0 to ahout 200 amino acids, or

wherein the®$" 85 SBRIUEBYORIRE (@3 DTS BL SBBAY D ah R SR bin HAKHATHE' S i cer sequence
comprises 3 afifsy3@ehifutthe TRethec Rheddifslomingieinihe beslpisaeid iokebeadapitaes, from 5
to 3" - Psoralen C6; - 2'0Me rihonucleotides comprising the sequence UAGCGGAUGC (SEQ ID NO:
20); - six TriSHNENAYIROPET BEE RS MR B Uebig Sy tiitPTesidaes. BreBttomycin. 7.
The methodhefydhaimaihydhaievtiecack\deiRBAdmseeutedstphsiteciosstinkedde heighicleic acid linker
by UVA. 8. The method of claim 1, wherein the scEv mRNA molecule comprises a 5' promoter
selected from“[ﬁgl@fcﬁ%? SERS &y DP A& NSRS 8P Herein the scFv mRNA molecule
comprises BlAbdesy BrusAioNiBisdgntranslated region. 9. The method of claim 1, wherein the
labeled puromycin-crosslipked scFv mRNA/protein molecule is purified by oligodT chromatography, or
by using anti-Fu AG 15 ORDATOAR AaBE) i OLB RSPy Ldot B Ay and
anti-FLAG M2 mbolegienalcantibhibiyapgarese taeads. 300CTie Metinodrof tlaimsdicsidarein the antigen is
a biotinylated peptide, protein, a hapten, a fusjon protein with human immunoglopulin fragment
Crystallra P, S CISF Pt SRR T G EH R RSO GP €Sy S 2ablE CFy of a
population efesbd.libhrl hewtatiiod ddddiionsio wheiein Hrenasiiiiths i8(e0atdpdhdiantihedy, an
anti-HA antipody, a murine antibody, a human antibody, or a humanized antibody. 12. The method of
any one-of ATRS BOTHS VRIS HES 5 AN SPORE BLABFTA: bl aLee ey i
molecule is wHditpreiiyepiefotheedligube prassiee of (BSIC LGN preferycuviterein in vitro
translation of the puromycin-crosslinked scFv mR olecule, is additionally performed in the
oresence of MOV LA o A5 GHELS B Al BTG b et of the
puromycin-earagsiirikechiscF ineiNAamolecenedst alddiiionadl igpertommed ipihelebsedte of dithiothreitol;
or - in vitro tratnslation of [Ehet' urom%/gin-c osz&in{&}d scEFv mRNA m?l%cu,liiiaddiéionally performed in
the absencé ot dithiSliialct 13 the method ot cl&ii ig,ev‘&r?BPé"?H the Method dbes not comprise an
MRNA cappigisiemt ocwheneinathebaeethd dndoel notodm prikit mndt ywitha irgversectnansdsiption step
prior to the B{Jaryllﬂk?ea Pé)({?lcsetg R later rounds when recovery of antigen-binding molecules becomes

significantly higher than background (no antigen control). It is important to pay

attention to the stoichiometry between library and antigen to ensure that there is at least
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14. The method of claim 1, wherein an RNase inhibitor is added before, during, or after any of steps
(a) through (g). 15. The method of claim 1, wherein said purification step comprises reverse
transcription of the mRNA in the absence of dithiothreitol to produce a cDNA. 16. The method of claim
2 or 15, wherein the cDNA is eluted by alkaline hydrolysis at about p11=8.0 to about pH=10.0, or
wherein the cDNA is eluted by heat, or wherein the cDNA is eluted by acid at about pH=3.0 to about

pH=6.0. 17, SheimnpiharQcelaior ﬁi%&ﬁ%ﬁliﬁﬁaﬁ@%ﬁm&&@é@%ﬂméﬂ%ﬁmﬁ eaction.

18. The method of claim 17, wherein the polymerase chain reaction employs a thermostable DNA
polymerase?¥t8FR SRS IE Il merase chain reaction employs an amplification enzyme selected from
the group censigting,ofRiatimdgifiand KOD. 19. 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-Mybaeclagtion Brbss vard iRibliasking dhe Joumcadsoiorisr tRTs 8 ¢ PEY Pshi ye)

SEQUENCEelo9dd bfzosii@rphtohfahld fdpegc Bepa ] Stite i Y byand 1BEN/MIRY Be JOhn E.
<120> | MDROVED METHODS CF RNA DI SPLAY <130> BBI -315PC <140> PCT/ US2009/ 059057

<141> 2009 asfesrsd i pre-bledker Bynapeads sgepargieg faem Syifagand shen o bipdipgnt | n version

3.5 <210> ksaélidrr, 466 rofdkdd &t RI° S 2d820AHiheIad. SERUSRAEAT &2 0x rdddsRese ot i on of Artifi i
al Sequence: Synt het i ¢ pol ypept i de <400> 1 Nibtu Val Sn Leu Lys Gu Sery Pro Gy Leu Val Ala Pro

Ser 151015AREHE N4ty S8 chleAtidps dasFriRadsabosappisd Qrihedirathrarap oSt s A EY val Asn Tr

p Val kg OnaRfigdRreotaaehiratidy hsed AUhErsBISaA STl Sy fMihialoWbed dsrigd mier Thr Asp Tyr
Asp Ser Thr Leu 505560 L%? Ser Arg Leu Ser lie Ser Lys Asp Mn Ser Lys Ser On lle Phe 65707580

Leu Lys [VWIRSRISE et %fifrhlwﬁ(bW§§%P%(®M¥W}W§F@9§@%g@gg 50 pl) 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 about1
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 I, 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. Dynabeads™ may be captured by magnetic separation and about 100 ul of
wash buffer may be saved for background count. Dynabeads™ may be re-suspended in
water, using 74 of the capture bead volume as calculated above).
E. Library Selection: Counting

May be performed as described in section 13 (E) above.
15. Off-rate library selection by antigen competition

The major difference between off-rate selections and equilibrium selections is

that the library binds to the selecting antigen first before FLAG purification. After
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Aa Arg Ou Trp His His Gy Pro Val Ala Tyr Trp Gy On Gly Thr 100105110 Leu Val Thr Val Ser Al a Gl
yy Gy Gy Ser Gy Gy Gyy Ser 115120125 Gy Gy Gy Gy Ser Asp lie Val NC Thr Sn Ser His Lys Phe
130135140 Ser Thr Thr Val 0 y Asp kg Val Ser lie Thr Cys Lys Ala Ser Gn 145150155160 Page 1
2009-11-09 91801AD Seq Li s ( Lahi ve) A a Val Ser Ser Ala Val Aa Tr p Tyr On On Lys Pr oGy On
Ser 165170175 Pro Lys Leu Leu lie Tyr Trp A a Ser Thr kg His Thr 0 y Val Pro 180185190 Asp Ar g

Phe Thr 0 yi3e(@ puagtMRInTE AiBRaRNSal ¥ iabubhicliey HRaAQRE0R Ehi i dEbApbiior O u Asp Leu
Al a Leu Tyr Tyr Cys OnOn Hi s 210215220 Tyr Ser Thr Pro Phe Thr Phe Sy Ser Oy Thr Lys Leu Ou

lle Lys 2252802859204 aslisp 4P A- VAR P8 REHUA ISP RE NG IR S s dhidhat w3 45250255

Lys Asp AspAHRARPakYS A thSVLbRISRB0RAP FR O PRI BB 124 A% RRTap k8> Artificial
Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence: Synt heti c &gégpept i de <400> 2 NC

0 n Val 0 n 86 searerHtsa s rir el by dh ¢/ spope s AsqomBakijossy ¢ (U0 B&r grs A a Ala
Ser Sy Phe phBnBhede@FiS&f in that competitor-bound PROfusion molecules may not be

recovered in the subsequent recovery step. They may be un-modified antigens or
antigens in a different format. Although antibodies may also be competitors, typically
they are not as efficient 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 antigen, and may be used to calculate the amounts needed (500x to 1000x) for
off-rate competition.

10% pre-blocked beads may be added to a 10% aliquot from antigen-bound
PROfusion library and rotated for about 20 min at about 4°C. The beads may be

washed 5 times with 1 mL of Selection Buffer as described above. The beads may be
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202530 Tyr 0y [VW Hs Tr p Val kg On Ala Pro Sy Lys O y Leu Su Tr p 354045 Val Ala Phe lie Arg
Tyr Asp Sy Ser Mn Lys Tyr Tyr Ala Asp Ser 505560 Val Lys 0y kg Phe Thr lie Ser Ar g Asp Asn Ser
Lys Mn Thr Leu 65707580 Tyr Leu 0 n NC Lys Ser Leu kg Ala 0 u Asp Thr Ala Val Tyr Tyr 859095 grs
Lys Thr Hs Gy Ser Hs Asp Mn Tr p GI yOnGy Thr NC Val 100105110 2009-11-09 91801AD Seq Li s (
Lahi ve) Thr Val Ser Ser Gy Gy Gly Gly Ser0y Gl y Gy Gy Ser Gl y 0y 115120125 y Gy Ser Ser

Tyr Val LeucBhﬁantS’&@ﬁ%ﬁ@Eh\égJé&&@aﬁ@fﬂf@ﬁ%ﬂﬂ@bﬂﬁg@au%ﬂsga}{ﬁgéfrhsé@re@@ffﬁys Ser Gy
Gy Arg Ser Asn lie 145150155160 y Ser Mn Thr Val Lys Tr p Tyr On On Leu ProOy Thr A a Pro

165170175 &Lk IBLRSOHYVS y Asn Asp 0 n Arg Pro Ser 0y Val Pro Asp 180185190 kg Phe Ser 0

y Ser Lys Ser 0y Rco@i-f\ g Sepbeuefatle ThrdBhr00209 gy Val On AaGu Asp Gl u A a Asp Tyr

Tyr Cys O n Ser Tyr Asp 210215220 kg O y Thr Hs Pro Ala Leu Leu Phe 0 y ThrOy Thr Lys Leu Thr
2252302355840-PEpneselgsfien: CPmpedoNa Aa Pro Ser Val Thr Leu Asp Tyr Lys 245250255 Asp Asp
Asp Asp Lys Al a Ser Aa lle 260265 <210> 3 <211> 358 <212> PRT <213> Atrtificial Sequence <220>
<223> Descr i pti on of Artifi ci al Sequence: Synt het i ¢ pol tide
P ?00%-1%[& molar exc%ss ofc com%)/etgtor %e.g.%nrr){gcﬁ%ed antigen or antibody)

may be added to FLAG-purified PROfusion library and rotated at about 30°C for a pre-

determined duration that will apply sufficient selection pressure to select for clones

with better off-rates. Chill library on ice for about 1 to 2 minutes to slow down off-rate

before bead capture.

D: Library selection: Capture

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 pl 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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<400> 3 Nibt 0 n Val Gl n Leu Val Gl n Ser Gy Gy Gly Val Val 0 n Pro 0y 151015 kg Ser Leu kg Leu
Ser grs A a Ala Ser Gl y Phe Thr Phe Ser Ser 202530 Tyr 0 y [VW Hs Tr p Val kg Gl n Ala Pro Gl y
Lys Oy Leu Gl u Tr p 354045 Val Ala Phe lie Arg Tyr Asp Gl y Ser Mn Lys Tyr Tyr Ala Asp Ser
505560 Val Lys 0y kg Phe Thr lie Ser Ar g Asp Asn Ser Lys Mn Thr Leu 65707580 Page 3
2009-11-09 9180VC Seq Li s ( Lahi ve) Tyr Leu O n Nibt Lys Ser Leu kg Ala O u Asp Thr Ala Val Tyr

Tyr 859095 Ogs Lyg IhiphAs Eih SR PAPRAITATER 2 YnAnHe ¥ ol Pl Yeh dH0Ae 10 Thr Val Ser
SerGy Gy GlyGlySerOy Gly Gy Gy Ser Gly 0y 115120125 y Gy Ser Ser Tyr Val Leu Thr 0 n Pro

Pro Ser Valasedoimsmpse a1 Al pEdegdenkl vay THend ecoyysdrilyprmsegiser Asn lie

145150155}&%%1‘?%31\9% Ton M feds.din tﬂerQBQlH%ﬁihﬁﬁpap y Thr Aa Pro 165170175 Lys Leu Leu
lie TyrOy Asn Asp On Arg Pro Ser0y aI Pro Asp 180185190 kg Phe Ser Oy Ser Lys Ser Oy Thr

Ser A a Ser Leu ARelkstithy 296200205 Y002 OMMaE s.Asp@MirduanAsp Tyr Tyr Cys 0 n Ser Tyr Asp
210215220 kg Oy Thr Hs Pro Ala Leu Leu Phe Oy Thr Oy Thr Lys Leu Thr 225230235240 Val Leu O y
Gl n Pro Lys Aa Aa Pro Ser Val Thr Leu Phe Pro Pro 245250255 Ser Ser O u Gl u Leu On Aa Asn Lys
Al a Thr Led &/aRexpssedanss2pdessbligrary selection outputs

Reverse transcription may be done with SuperScript II Reverse Transcriptase
(Invitrogen™). The volume of each reaction may be scaled up according to the bead
volume after selection. Outputs may be analyzed by reverse transcription (RT) with
appropriate primer pairs. For example, ‘Ck Reverse’ or ‘Ck5-FLAGA20 Rev’ primers
may be used for kappa libraries, ‘CJL Reverse’ or ‘CLSFLAGA20 Rev’ primers may
be used for lambda libraries, and ‘Lib-GS-Rev’ or ‘VH-GSFLAGA20-Rev’ primers
may be used for the human PBMC VH library.

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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Ser Asp Phe Tyr Pro Gy Aa Val Thr Val A a Tr p Lys Ala Asp Ser 275280285 Ser Pro Val Lys Ala0y
Val Gl u Thr Thr Thr Pro Ser Lys GI n Ser 290295300 Asn Mn Lys Tyr Al a Al a Ser Ser Tyr Leu Ser
Leu Thr Pro Gl u 0 n 305310315320 Tr p Lys Ser Hs Ar g Ser Tyr Ser CysOnVal ThrHisOu Gly
Ser 325330335 Thr Val O u Lys Thr Val A a Pro Thr O u Asp Tyr Lys Asp Asp Asp 340345350 Page 4
2009-11-09 91801AD Seq Li s ( Lahi ve) Asp Lys Al a Ser Al a lle 355 <210> 4 <211> 350 <212> PRT
<213> Artifi?‘é‘b@%‘@l"ﬁ&ﬁ%%ﬁd@ BATERSGEedd IfiERk IR PRSI R]ceydhhet i ¢ pol ypept i
de <400> 4 Nibt 0 n Val Gl n Leu Val Gl n Ser Gy Gy Gl y Val Val 0 n Pro 0y 151015 kg Ser Leu kg
Leu Ser qrs®RWE Ser Gl y Phe Thr Phe Ser Ser 202530 Tyr 0y [VW Hs Tr p Val kg Gl n Ala Pro GI

y Lys Oy Lep B[ @ JFfp354045 Val Ala Phe lie (A G T AR CTa MA BT OA AW &4 Bep [Ser
505560 Val Lys 0y kg Phe Thr lie Ser Ar g Asp Asn Ser Lys Mn Thr Leu 65707580 Tyr Leu Ojn NC
Lys Ser Leu|kg Ala 0 u Asp Thr Ala Val TG €a8H96 AksNGETHe Hs Gy Ser Hs Asp Mn Tr p Gy On
Gy Thr NC VaH Q405 10 Rev TTTTTTITTTTTTTITTITTAAATAGCGGATG
CCTTGTCGTCGTCGTCCTTGTAGTCGAAGACAGAT
GGTGCAGCCACA
CJL Reverse GTCGTCGTCGTCCTTGTAGTCAGTGACAGT
GGGGTTGGCCTTGGGCTGACCKAGGACGGT
CL5FLAGA20 Rev TTTTTTTTTTTTTTTTTTTTAAATAGCGGATG
CCTTGTCGTCGTCGTCCTTGTAGTCAGTGACAGTG
GGGTTGGCCTTG
Lib-GS-Rev (VH, PBMC) CGCTACCTCCGCCGCCAGAC
VH-GSFLAGA20-Rev TTTTTTTTTTTTTTTTTTTTAAATAGCGGATG
CTTTGTCATCATCATCTTTATAATCGCTACCTCCGC
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) X uL
dH,O to 108 uL
10 uM reverse primer 2 uL
10 mM dNTP 10 uL

Incubate at 65 °C for 5 min, chill on ice. Add:

5x First Strand Buffer 40 uL
0.1 M DTT 20 puL
RNase OUT 10 pL

The reaction may be incubated at 42°C for 2 minutes prior to adding 10 pL SuperScript
IT reverse transcriptase. The reaction may be divided into 100 pL aliquots and
incubated at 42°C for 50 minutes with occasional agitation. Tubes may then be
incubated at 95°C for 5 min after the reaction. Beads may be isolated and the

supernatant transferred to new tubes. Typically samples may be pooled if they are from
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Thr Val Ser Ser Gy Gy Gly Gly Ser0y Gl y Gy Gy Ser Gl y 0y 115120125 y Gy Ser Ser Tyr Val Leu
Thr O n Pro Pro Ser Val Ser 0y Thr 130135140 Pro Gy On kg Val Thr lie Ser Cys Ser Gy Gy Arg Ser
Asn lie 145150155160 y Ser Mn Thr Val Lys Trp Tyr On On Leu Pro Oy Thr A a Pro 165170175 Lys
Leu Leu lie Tyr 0y Asn Asp 0 n Arg Pro Ser 0y Val Pro Asp 180185190 kg Phe Ser Oy Ser Lys Ser 0
y Thr Ser A a Ser Leu Ala lle Thr 195200205 2009-11-09 91801AD Seq Li s ( Lahi ve) 0y Val On

AaGu Asp GAHAALEBNTMEY, REHHRRENEAPWIAhaRT ka Qudhe)HTRsesAla sy Leu Phe 0
y Thr Oy Thr Lys Leu Thr 225230235240 Val Leu Gy On Pro Lys Aa Aa Pro Ser Val Thr Leu Pro 0 n

Pro 2452500%88te\paPASK A &Binmytesipisareastioy. and derteidspabswrisedds270 Clu Gy Gy

Gy Ser Ou Gy vt Gin Pt Gltp Givaladt G4 yoBE HI6RAABDBRR IG5 XS feREEfeyriavmeer Oy Ser Oy
Asp Phe Asp Tyr 0 u 290295300 Lys [VW Al a Asn Ala Asn Lys Gl y Ala[VW ThrOu Asn Ala Asp 0

u 30531031585 6cREss Rt 6D 4 tsBpép far £ Ehsamp ifjeatian S5 lediopAuaPEtFhr 325330335 Asp
Tyr Asp Tyr Lys Asp Asp Asp Asp Lys A a Ser Al a lle 340345350 <210> 5 <211> 270 <212> PRT

<213> Artificial Sequence <220> . ]
17. Library selection against cell surface antigen

The major distinctions between selecting PROfusion library against cell surface
antigens and soluble biotinylated antigens are that the mRNA moieties in the
PROfusion molecules are protected from cellular RNase degradations by cDNA
complementation, and thus need to be reverse-transcribed into cDNA before library
selections. The reverse transcription reaction may be carried out before or after the
FLAG purification depending on the volume of library after oligo-dT purification. It is
important to note that the reducing agent DTT should not be included in the reverse
transcription, or any 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

washing, it is inadvisable to use less than 200 uL of the pre-washed beads. A wide-
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<223> Descr i pt i on of Artifi ci al Sequence: Synt het i ¢ pol ypept i de <400> 5 Nibt O u Val O n Leu
Val Gl u Ser Gy Gy Gl y Leu ValO n Pro 0y 151015 kg Ser Leu kg Leu Ser grs A a Ala Ser Sy Phe
Thr Phe Asp Asp 202530 Tyr Ala [VW Hs Tr p Val kg On Ala Pro Sy Lys Oy Leu Asp Tr p 354045 Val
Ser Ala lle Thr Tr p Asn Ser 0 y His lle Asp Tyr Ala Asp Ser 505560 Val OuGykg Phe Al a Val Ser Ar g
Asp Asn Al a Lys Asn A a Leu 65707580 Tyr Leu O n NC Asn Ser Leu kg Pro O u Asp Thr Ala Val Tyr

Tyr 859095 R298iFeOfF thiydR UEPLARRES bhE-FLAT Y82 dbardtatbysn¥R! mbE, Typd-eu Ser Thr Al a
Ser Ser Leu Asp Tyr Tr p 100105110 Gy On Gy Thr Leu Val Thr Val Ser Ser Gy Gy Gy Gy Ser 0y

115120125 RE§as ey bsspesydexyidy B0 men id maieehrnd the ffadpneyedsThe tsssiSer Ser Leu

Ser Ala Ser{gyG¥ Aabhkd Ma) Tl TReCyal 43003853 604@ Alaypeh@Rfulledtd Asn Tyr Leu A a
Trp Tyr On On Lys 165170175 ProOy Lys AaProLys Leu Leulie Tyr AaAlaSer ThrLeuOn

180185190 S&ERIPAFISHS WPt o8 WK yIderhge sty pryifred W3Ry $5200205 Thr Leu Thr

lie Ser Ser {gLRAHM O A3 MahSRa i dTalt VT AEPRAPZLAABRAUL N VEARE 4@ @ Pro Tyr
Thr Phe Gy On Gy Thr Lys 225230235240
for 1 hour to overnight.

C: FLAG washing

As an optional step, the anti-FLAG M2 agarose beads may be spun down at
1500 rpm for 1 minute, 4°C and the supernatant discarded. 1X PBS may be used to
transfer beads onto a Bio-Rad™ Mini-spin column or Invitrogen™ Microcentrifuge
Spin Column, and then the buffer may be removed by spinning 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 pL 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 puL 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):

= (CPMouput x Volumeoupur) / (CPMigpue X Volumeinput)

F: Reverse transcription

Primers described in section 16 above may be used.
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Val Ou lle Lys Ar g Thr Val A a Ala Pro Ser Val Phe lie Phe Pro 245250255 Pro Ser Asp Tyr Lys Asp
Asp Asp Asp Lys A a Ser Ala lle 260265270 <210> 6 <211> 305 <212> PRT <213> Artificial
Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence: Synt het i ¢ pol ypept i de <400> 6 Nibt
OuValOnlLeuValGluSerGy Gy GlyLeuValOnProOy 151015 kg Ser Leu kg Leu Sergrs A a
Ala Ser 0 y Phe Thr Phe Asp Asp 202530 Tyr Ala [VW Hs Tr p Val kg On AlaProOy Lys Oy Leu Asp
Tr p 35404R 2OORAHMBMN4C Seq Li s ( Lahi ve) Val Ser Ala lle Thr Tr p Asn Ser 0 y His lle Asp
Tyr Ala Asp Ser 505560 Val OuGykg Phe Al a Val Ser Ar g Asp Asn Al a Lys Asn A a Leu 65707580
Tyr Leu 0 n Nibt MRus&ed ERusiendibragp Thr Ala Vatayikyr 88809k Ogs Al a Lys Val Ser Tyr Leu
Ser Thr Al a Ser Sg, I%w ASp:dYs 5, 100105110 Gy On Gy, Thr LF?J\A\AII?I Thr Val Ser Ser Gy Gy Gy
Gy Ser 0y 115120125 Gy Gy Gy Ser Gy Gy Gy Gy Ser As IIe O Thr On Ser 130135140 Pro
Ser Ser Leu Ser Al 88YIINGY Asp kg Val Thr lie Thr C¥8 145150365160 kg Ala Ser On Gy lle kg

Asn TyrLeu A a TSHpEYsch& ﬁn Lys 165170175 25 ul 50 uL

Total volume 500 uL 1000 pL

Reaction may be incubated at 37°C for 1 hour, with or without agitation.

The library may be equilibrated for selection against cell surface antigens as follows.
After the reverse transcription reaction has been completed, 5 M NaCl may be added to
the reaction mixture to 75 mM (15.3 pL to 1 mL and 7.6 to 500 pL reaction). An
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 puL 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, €.9. 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 (S = moles x 6 x 10*), and fraction of library that will bind to the target
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ProOyLysAaProLysLeulLeulie TyrAaAlaSer Thr Leu 0 n 180185190 Ser 0y Val Pro Ser Arg
Phe SerOy Ser 0y Ser 0y Thr Asp Phe 195200205 Thr Leu Thr lie Ser Ser Leu O n Pro O u Asp Val
Ala Thr Tyr Tyr 210215220 Ogs 0 n Arg Tyr Mn Arg A a Pro Tyr Thr Phe Gy On Gy Thr Lys
225230235240 Val Ou lle Lys Ar g Thr Val A a Ala Pro Ser Val Phe lie Phe Pro 245250255 Pro Ser
Asp GluOnLeulLys Ser0y Thr A a Ser Val Val Ogs Leu 260265270 Leu Mn Mn Phe Tyr Pr oNgOu

Ala Lys Val § 3oLk Py MahARR A /B 0A8R1IASH Ky BisqUrfalih REAIRSP Y1 b YS1ASRASPASP Asp Lys
Al a Ser Al a 290295300 lie 305 2009-11-09 91801AD Seq Li s ( Lahi ve) <210> 7 <211> 362 <212>

PRT <213>tAigf @8l eayRicieeclendpees»3> Descr i pt i on of Artifi ci al Sequence: Synt het i ¢ pol

ypept i de <400> 7 Nibt OxuVad Q § ket \al Gl u Ser Gy Gy Gly Leu Val O n Pro Oy 151015 kg Ser
Leu kg Leu Ser grs A a Ala Ser 0y Phe Thr Phe Asp Asp 202530 Tyr Ala [VW Hs Tr p Val kg On Ala
Pro 0y Lys 0 y Leli %dpstansesassoues ae Sarisuaantigerhas e reipasd il ferisp s8rYAla Asp Ser

505560  npumber of 1 x 10*, and in a 10 pmol naive antibody library less than 0.05% (5 x 10™)
of the library can be recovered by antigen binding or background sticking. The number
of cells needed for pre-clear and selection is

X=10x (10 x 10" x 6 x 10%) x (5 x 10™*) / (1 x 10%) =3 x 10°

In practice, the number of cells should be 5 x 10° or more to ensure cell pellet
can be seen after pelleting.
G: Pre-clear the library

Cell density may be counted by hemocytometer or Coulter counter and
sufficient cells may be transferred to a centrifuge tube. Cells may be spun down at
1500 rpm at 4°C, and very gently re-suspended in 1 mL ice-chilled PBS. The cell
suspension may be transferred to a 1.7 mL screw-top microfuge tube. Be careful not to
shear cells by 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 (S = moles x 6 x 10%), and fraction of library that will
bind to the target antigen (F). 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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Val Ou Gy kg Phe Al a Val Ser Ar g Asp Asn Ala Lys Mn A a Leu 65707580 Tyr Leu O n NC Mn Ser
Leu kg Pro O u Asp Thr Ala Val Tyr Tyr 859095 qrs Al a Lys Val Ser Tyr Leu Ser Thr Al a Ser Ser Leu
Asp Tyr Tr p 100105110 Gy On Gy Thr Leu Val Thr Val Ser Ser Gy Gy Gy Gy Ser 0y 115120125 Gy
Gy Gy Ser Gy Gy Gy Gy Ser Asp lle On [VW Thr On Ser 130135140 Pro Ser Ser Leu Ser Ala Ser lle
Gy Asp kg Val Thr lie Thr Cys 145150155160 kg Ala Ser On Gy lle kg Asn Tyr Leu Aa Trp Tyr On

On Lys 165¢¢RL i P Qpﬁ&u&ﬁﬁﬁ@ow—%&%m HRd T A8 %S&fsgé}{dl-&ll‘lé)iﬂ_ﬂﬁ&mSlgo Ser 0
y Val Pro Ser Arg Phe SerOy Ser Oy Ser 0y Thr Asp Phe 200205 Thr Leu Thr lie Ser Ser Leu 0

n Pro 0 u Asgeiehild By TYhaoeld sapessioo giayde tries tpyiciite Arly ARLPGCHEOPhr Phe Gy On Gy
Thr Lys 2252302352401Rag8 9, 2000:11:09.91804AB,S8AckiSt LabivaINAQuUIs Ligpdr o ThrvalA a

Ala Pro SerValPhelie Phe Pro 245250255 Pro SerAsp Gl u 0 n'Leu Lys Ser0 y ThrA a SerValValgrs
Leu 260265PP0and omsev ASH PradTiRploNRsD W khaPBs opsfontome: pligpyaiimdmodspar285 Asn Al a

LeuOn Se'plé’af%ﬁrlibrary may be immediately used to gently resuspend cells. The tubes may be
immersed into ice-water bath, and rotated for 2 hours. Spun down at 1500 rpm and the
supernatant discarded. Cells may be washed 4 times with 1 mL PBS, spun down at
1500 rpm and the supernatant discarded. Cells may be re-suspended in 500 pL of PBS.
If desired, count up to 20% of cells and last wash.

J: Library output recovery

5 pL RNase H (2 U/uL) may be added to the re-suspended cells and incubated
at 37 °C for 20 minutes. This will digest the RNA and release cDNA from the cell
surface. Cells may be spun down at 1500 rpm for 30 seconds and the supernatant
transferred to a new tube. Cells may now be discarded. 5 pL of RNase A (20 mg/ml)
may be added to 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 CHCI5. The top aqueous phase
after the CHCl; 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 CPMrotal celis / CPMotal nput
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Ser OnOu Ser ValThr GuOn Asp 290 295 300 SerLys Asp SerThrTyr Ser Leu SerSerThr Leu Thr
Leu SerLys 305310 315 320 A a Asp TyrGl u LysHis Lys Val TyrAla grs O u Val ThrHs On 325 330
3350y Leu SerSerPro Val

18. Reamplification of Library DNA by RT-PCR

Reverse transcription may be performed using the material captured from the
library. Reagents and protocols known in the art are suitable for performing the reverse
transcription reaction. The volume of the reaction may be scaled up or down according
to the bead volume after selection.

Primers used for reverse transcription may be any suitable reverse-
complementary sequences located at the 3’ end invariable region of the antibody library
and may be the same or further 3’ to the reverse primer to be used in a subsequent
amplifying PCR.

An exemplary reverse 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-uL of
PCR product is loaded onto a 2% agarose gel to confirm that the reaction was

successful.
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Thr Lys SerPhe Asn Ar gOyOu Asp Tyr 340 345350 Lys Asp Asp Asp Asp Lys A a Ser Al alle 355
360 <210>8 <211>244 <212>PRT <213>AtrtificialSequence

19. PCR for library DNA template amplification

For selection outputs from the first and second rounds, cDNA (supernatants
from RT reactions) may be dialyzed against water using an 8 kDa cut-off, and the entire
amount of cDNA may be used as PCR template. For selection outputs from later
rounds, 10% of cDNA may typically be used as template for PCR, and dialysis is
typically not necessary. Reactions may be performed in 1 mL PCR volumes for round
1 and 2 outputs (using all RT products), while reaction volumes may be scaled down
for outputs from later rounds. Aliquots for 100-uL reactions should be made from a
master mix. An exemplary PCR reaction for library DNA template amplification is

shown in Table 7 below.

Table 2: Exemplary PCR reaction for library DNA template amplification

DNA template X uL
dH,O addto 740 pL
10X KOD buffer 100 uL
MgSO4 (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-
pL 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 pL

10X High Fidelity Taqg DNA Polymerase buffer 100 uL
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<220> <223>Descr i pt i onofArtifi ci al Sequence Synt het i cpol ypept i de <400>8 GluVvalOn
Leu Val O u Ser Gy Gy Gy Leu ValO n Pro 0y Ar g 151015 Ser Leu Arg Leu Ser Cys Aa Aa Ser0y
Phe Thr Phe Asp Asp Tyr 202530 A a Nibt His Trp Val ArgOn AaProOy Lys Oy Leu Asp Tr p Val
354045 Ser Ala lle Thr Tr p Asn Ser 0 y His lle Asp Tyr Ala Asp Ser Val 505560 Gl u 0 y Arg Phe Ala
Val Ser kg Asp Asn A a Lys Asn Ala Leu Tyr 65707580 Leu 0 n [VW Asn Ser Leu kg Pro O u Asp Thr
Al a Val Tyrﬁ¥§§¥§5§$9f;}§5 2009-11-09 91801AD Seq Li g4 hﬁhi ve) Thr Lys Ala Ser Tyr Leu Ser Thr
Ser Ser Ser Leu Asp Mn Tr p 0 y 100105110 n Gy Thr Leu Val Thr Val Ser Ser Gy Gy Gy Gy Ser Gy
Gy 115120125mYyIGINTBr Gy Gy Gy Gy Ser Asp lle On [VW2PhI0 n Ser Pro 130135140 Ser Ser Leu

Ser Ala Sergiefo%ll%(fxg m,?\erlg(}/@lumr lie Thrgrs Arg 145152}31'3160

3’ reverse primer (10 uM) 20 uL
High Fidelity Taq DNA Polymerase 10 uL
Total volume 1000 uL

In an exemplary embodiment, | 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-
pL reactions should be made from a master mix. Exemplary thermal cycling

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

Table 4: Another exemplary alternative PCR reaction for library DNA template

amplification

DNA template X uL
dH,O add to 660 uL
10X KOD buffer 100 pL
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 pL*

Thermal cycling conditions for library DNA template amplification

95 °C 2 minutes
\J
95 °C 20 seconds |
55°C 10 seconds 20 cycles*
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A aSer0n Sy lle Arg Asn Tyr Leu Ala Tr p Tyr On On Lys Pro 165170175 y Lys Ala Pro Lys Leu Leu
lie Tyr Ala A aSer Thr Leu O n Ser 180185190 y Val Pro Ser Arg Phe SerOy SerOy Ser0Oy Thr
Asp Phe Thr 195200205 Leu Thr lie Ser Ser Leu 0 n Pro 0 u Asp Val Ala Thr Tyr Tyr Cys 210215220
n Lys Tyr Asn Ser Ala Pro Tyr Ala Phe GI yOnGy Thr Lys Val 225230235240 Clu lle Lys kg <210> 9
<211> 367 <212> PRT <213> Artificial Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence:
Synt het i ¢ ppbypept i de <400> 9 NCQHVal O n Leu Val Su Ser Gy Gy Asp Leu Val Lys ProO'y
151015 Gl y Ser Leu Lys Leu Ser grs A a Al a Ser Gl y Phe Ser Phe Ser Ser 202530 Tyr O y [VW Ser
Tr p Val kg On Thr Pro Asp Lys Aﬁg Leu Su Tr p 354045 Val Ala Thr lie Ser Mn Sy Sy Oy Tyr Thr Tyr
Tyr Pro Asp,pe-505560 Val Lys 0% 5&{{&%‘ Thr lie Ser Ar g Asp Asn Ala Lys Mn Thr Leu 65707580
Page 11 2009-11-09 9180VC Seq Li s ( Lahi ve) Tyr Leu O n Nibt Ser Ser Leu Lys Ser 0 u Asp Ser Al
a [VW Tyr Tyr 859095 Ogs Ala Arg kg Ou Arg Tyr Asp O u Mn Gl 'y Phe Ala Tyr Tr p 0 y 100105110 Gl
nO0y ThrLe O%L‘?I Thr Val Ser Ala ﬁ%&;%r% egsy Ser Gy Gy 115120125 Gy Gy Ser Gy Gy Gy Gy Ser
Asp lie Val [VW Thr 0 n Ser Pro

*Note: 18 to 20 cycles of amplification may typically be used with KOD Hot Start

DNA Polymerase, however, as few as 13 cycles may be successful in amplifying a
sufficient quantity of library DNA. 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.

Table 5: Thermal cycling conditions for library DNA template amplification

94 °C 2 minutes
J
94 °C 20 seconds |
55°C 20 seconds  f 25 cycles*
68 °C | minute
2
68 °C S minute
2
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
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130135140 Ser Ser Leu Thr Val Thr Aa Gl y 0 u Lys Val Thr [VW Ser Ogs Thr 145150155160 Ser Ser
0 n Ser Leu Phe Asn Ser 0y Lys Gl n Lys Mn Tyr Leu Thr 165170175 Trp TyrOn GlnLys Pro Oy Gl
n Pro Pro Lys Val Leu lie Tyr Tr p 180185190 A a Ser Thr kg O u Ser Gl y Val Pro Asp kg Phe ThrOy
Ser 0y 195200205 Ser 0y Thr Asp Phe Thr Leu Thr Il e Ser Ser Val 0 n Al a Gl u Asp 210215220 Leu
Al a Val Tyr Tyr Cys Gl n Asn Asp Tyr Ser Mn Pro Leu Thr Phe 225230235240 Gy Gy Gy Thr Lys Leu

Gl u Leu LygeAfebd it diRAkR RreansdraftrdoRderod Ahe HexhBeddro Piae gufisR4dufen Leu Lys
Ser 0y Thr Ala 260265270 Ser Val Val O%s Leu Leu Asn Asn Phe Tyr Pro Arg O u Ala Lys Val

275280285 Githarspisdup Ksh Mirgsy [ QIORisk P Diibertvn Kby Sero0s3sssodis/al Thr

OuGIn Asp PeR Ly AR I8LyT iR tabesli&er i@%&%ﬂfﬁ%@iéﬁ@ e ThychayrSarkys Al a Asp
TyrOuLys HsLys Val Tyr A a Cys 325330335 Gl u Val Thr Hs On Gy Leu Ser Ser Pro Val Thr Lys

Ser Phe MrPEisis 3502045 811 5 0oi0018 Pog et B0 AD SR i L (A2H Ved K ash BUME Ty rLys Asp
Asp Asp AsghbygiAlREFO1gHeRRa3RAB00 Tt datidR of gel purified DNA may be misleading,

as residual EtBr in the DNA tends to interfere with the UV absorbance. A more
extensive wash step during gel extraction may help alleviate this interference. If
possible, DNA concentration should be measured on a spectrophotometer, as the UV
scanning traces are quite different between a clean DNA sample and a DNA with
residual EtBr. This protocol is subsequently repeated to conduct multiple rounds of

selection.

A: VH CDR3 spectratyping PCR

Spectratyping PCR may be used to analyze the VH CDR3 size distributions in
the library, or its selection outputs. It is a useful tool to assess the library diversity, as
well 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
distribution approximates a Gaussian distribution.

Table 6: Spectratyping PCR primers

6-FAM-PanVHFR3-Fwd GACACGGCCGTGTATTACTGT
PanJH-Rev GCTGAGGAGACGGTGACC

Spectratyping PCR setup

cDNA template 2.0 uL
dH,O 18.1 pL
5X GoTagq Flexi reaction buffer 6.0 uL
25 mM MgCl, 1.8 uL
10 mM dNTP 0.6 uL
5’ forward primer (10 [1M) 0.6 uL
3’ reverse primer (10 (/M) 0.6 uL
GoTaq Flexi DNA polymerase 0.3 uL
Total volume 30.0 uL
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<211> 863 <212>DNA <213> ArtificialSequence <220> <223> Descr i ptionofArtifi ci al
Sequence: Synt het i cpol ynucl eot i de <400> 10 t aat acgact aggagt cagg cagggt t ct c t ggagt ggct
ccagact gag t gcaaact ga ct t act gggg gt ggct ct gg caacagt agg t agcct ggt a cccggcacac t caccat cca
gcactccattcatctgtctttttaaaaaaa cactat aggg acct ggcct g at t aaccgac gggaat gat a cat cagcaag
t gacacagcc ccaagggact cggt ggcgga agacagggt c t caacaaaaa t ggagt ccct caat t t gcag cacgt t cggc

cat ctt cccg aaaaqﬁ}%ﬁ%%a@@ﬁ& 4 B A pbYacassctd dledgh 3hR3L G980 ARl DORRAch LR aggt act act
cat cacct ccaggacaat gat cgct t ca tgaa acc.t cggggacaa ccat ct gact

ct ggt cact g t cggacat
aaa tttacRAttheread @%&cg@t%tW?@@@af@eﬁa@rasa@%éc hafigabMsgseaceiatigeagg t gat

gaccca gcaaggeGag ct cct aaact caggcagt gg t ggcact t t a agt t ggaaat acaaggacga

Thermal cycling program

94 °C 2 minutes
2
94 °C 20 seconds |
55°C 20 seconds 30 cycles
72 °C 30 seconds  J
2
72 °C 5 minute
2
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 cpr3 = (SiZ€apparent DNA product size— 60) / 3

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

16.  Exemplary Reagents and Buffer Compositions
10X Chemical Ligation Buffer
Tris, pH 7 250 mM
NaCl 1M
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caccat ggag gt ccat caca ccagcct ccactatgattcatttcttaaaa at ggcat cat t ggaggcggt gt ct cacaaa t
caggctgtgactgatttac at ct gt gaca tt act gt cag aaaacgt acg cgacgacaag gt gcagct ga t gcaccgt ct
ggaaagggt c act ct caaat at gaacagt ¢ ggcccegt cg t caggcggag tt cat gt cca agt t ct gct g t gggceat cca
gattttactc caacattata gtggctgcac gcat ccgcta <210> 11 <211> 858 <212>DNA <213>
ArtificialSequence <220> <223> Descr i ptionofArt ifi ci al Sequence: Synt het i cpol ynucl eot i de

<400> 11 Oligo-dT Binding Buffer 1X 2X  3X
Tris, pH 8 100 200 300 mM
NacCl 1 2 3M
Triton X-100 0.05 0.1 0.15%
FLAG Binding Buffer 1X 5X
Phosphate-based buffer
PBS X 5X

Triton X-100

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

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
KCl 375 mM
MgCl, 15 mM
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cagt ct gggg ggat t cacct gagt gggt gg ggccgat t ca ct gagagct g ggccaaggga gaggcgt ggt t cagt aget a
cat tt at acg ccat ct ccag aggacacggc caat ggt cac ccagcct ggg t ggcat gcac gt at gat gga agacaat t cc

tgtgtattac cgtctcttca aggtccct ga gact ct cct g t gggt ccgec aggcet ccagg agt aat aaat act at gcaga
aagaacacgc t gt at ct gca t gt aagaccc at ggt agcca ggt ggaggceg gt t caggcgg Page 13 t gcagcgt ct
caaggggct g ct ccgt gaag aat gaaaagc t gacaact gg aggt ggcagc 2009-11-09 91801AD Seq Li s ( Lahi

ve) ggcggt Ggsorahedterkadaki@at gact cagececccct cagt gt ct gg gacccccggg480 cagagagt ca coat ct
ct tg tt ct ggaggc agat ccaaca t cggcagt aa t act gt aaag540 t ggt at cagc agct cccagg aacggcecccc

aaactcctcatctat ggcgél‘fﬁsﬁ 09600 ccct cagg&é t¥ect gaccg at tot ct ggc t ccaagt ct g gcacct
cagc ct ccct ggct660 aterpetiggdgfrecaggct ga agacgaggct gact at t act gccagt cat a t gacagaggc720
acccaccccg ccct got ct t cggaact ggg accaagct ga ccgt cct agg t caacccaag780 got gccccct cggt cact ct
ggact acaag gacgacg éé'@lg@g‘ﬂh‘%éépgtsfqréééﬁéoa%aaaaaaa aaaaaaaa858 <210> 12 <211>
1137 <212>DNA <213> Ar tifi ci alSequence

FLAG elution solution
50X FLAG stock solution I mL
Selection buffer 49 mL
Make 1 mL aliquots and store at —20 °C

Oligo-dT cellulose preparation

Weigh 2.5 g of oligo-dT cellulose in a 50 mL tube.

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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<220> <223> Descr i ptionofArtifi ci al Sequence: Synt het i cpol ynucl eot i de <400> 12 t aat
acgact cact at aggg acaat t act a ttt acaat t a caat gcaggt gcagct ggt g60 cagt ct gggg gaggcgt ggt
ccagcct ggg aggt ccct ga gact ct cct g t gcagegt ct120 ggat t cacct t cagt agct a t ggcat gecac t gggt
ccgcce aggct ccagg caaggggct g180 gagt gggt gg cat t t at acg gt at gat gga agt aat aaat act at gcaga ct
ccgt gaag240 ggccgat t ca ccat ct ccag agacaat t cc aagaacacgc t gt at ct gca aat gaaaagc300 ct
gagagct g aggacacggc t g5gfalibwh tRkAARRCeGARGEE 399eR 6 IprARCH ISRRENCARIFYR Caat ggt
cac cgt ct ct t ca ggt ggaggcg gt t caggcgg aggt ggcagc420 ggeggt ggeg gat cgt cct a t gt got gact
cagcccccct cagt gt ct gg g é@é@@@&%&%@%‘@‘a%ﬁ BPEBUPRL ct tg tt ct ggaggce agat ccaaca t cggeagt

aa t act gt aaag540 t got at §a9¢ MY £4C3gRRACIICceee aaact cet ca t ct at ggcaa t gat cagegge00
ccct cagggg t ccct gaccg at tot ct gge t ccaagt ct g gcacct cagce ct ccct ggct660 at cact gggg t ccaggct

ga agacgaggct gact at t atgeeRpavih gae SR 7ot acehdet Gutter degRiaibggg

accaagct ga ccgt cct agg t1GagaaeARg A3Mh#A00GRELAT CalheaGpHehatibREEgCCC t cct ct gagg aget t
caagc caacaaggcc840 acact B%%t t gt ct cat aag t gact t ct ac ccgggagccg t gacagt ggc ct
€

ggaaggca900 gat agcaged B DY BoEEIOEIAG b Gccacac cct ccaaaca aagcaacaac960 aagt

acgcgyg ccageaget a cot gagseh@ ACOGHE JRASIAY TURIEE SRARAGAATFIO20 t acagcet goo aggt cacgcea
t gaagggagc accgt ggaga agacagt ggc ccct acagaal080 gact acaagg acgacgacga caaggcat cc got at t

t aaa aaaaaaaaaa aaaaaaall37 <210> 13 <211>1113
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-hIL-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  TAATACGACTCACTATAGGGACAATTACTATTTACA
ATTACACCATGGAGGTGCAGCTGAAGGAGTCAGG
(SEQ ID NO: 22)

MAKI195VhGS-Rev CGATCCGCCACCGCCAGAGCCACCTCCGCCTGAAC
CGCCTCCACCTGCAGAGACAGTGACCAGAGTCC
(SEQ ID NO: 23)

MAK195VLGS-Fwd  GGTGGAGGCGGTTCAGGCGGAGGTGGCTCTGGCGG
TGGCGGATCGGACATTGTGATGACCCAGTCTC (SEQ
ID NO: 24)

MAK195VL-Rev GATGGTGCAGCCACCGTACGTTTTATTTCCAACTTT
GTCCCCGAG (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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2009-11-09 91801AD Seq Li s ( Lahi ve) <212> DNA <213> Atrtificial Sequence <220> <223> Descr i
pti on of Artifi ci al Sequence: Synt het i ¢ pol ynucl eot i de <400> 13 t aat acgact cact at aggg acaat
t act a ttt acaat t a caat gcaggt gcagct ggt g60 cagt ct gggg gaggcgt ggt ccagect ggg aggt ccct ga gact
ct cct g t gcagcegt ct120 ggat t cacct t cagt agct a t ggcat gcac t gggt ccgec aggct ccagg caaggggct
0180 gagt gggt gg cat t t at acg gt at gat gga agt aat aaat act at gcaga ct ccgt gaag240 ggccgat t ca

ccat ct ccagra@iesal bRgARLIHIRIIPL fificts O QAR BR2EBASHR 156 19 @Fag9d GrRBgACeERoC t gt gt at
t ac t gt aagaccc at ggt agcca t gacaact gg360 ggccaaggga caat ggt cac cgt ct ct t ca ggt ggaggeg gt t

caggcgg agiPgsEasE120 ggcggt ggeg gat cgt cct a t gt get gact cageceecet cagt gt ct gg

gacccccggg4EEeagagagt ca ccat ct Ct g §&f,gHagigc agat ccaaca t cggeagt aa tact gt aaagb40 t ggt
at cagc agct.cccagg aacggeccce aaact cct ca t ¢t at ggeaa t gat cagegg600 cect cagggg t cect gaccg at

t ct ct ggc t cEARYC BRgEARCY Aot coctigntteo Bl ddct §ddd NéchdddidfagadgHabdidct at t act

gccagt cat a t gacagaggc720 acccaccccg-£egt Jelcet LEFLaA 88 QeR3QE%, 08 K5 FEHRAY t
caacccaag780 gct gcccecct cggt cact ct gect caacct cct gt caat g ct ggcggcegg ct ct ggt ggt840 ggt t ct

ggt g geggct ct ga gggt ggt ggc t ct gagggtg dédat BEYERIEY 8§¢ggc900 t ct gagggag geggt t cegg t
ggt ggct ct ggyfcegpbRalt t t gat t a t gagaagai99bR JerapLAc @@t BRI FRIGaageas aat

gccgat g aaaacgcgct acagt ct gac1020 gct aaaggca aact t gat t ¢ t gt cgct act gat t acgat t acaaagacga
t gacgat aag1080 gcat ccgct a tit aaaaaad AdahhAsAaHahPHEX QGG LG AL GASTAET 2> DNA
<213> Artificial Sequence <220> <223> Qeseid pg]iggr‘ngfﬁ\@ i§i7§i al Sequence: Synt het i ¢ pol ynucl
eot i de <400> 14 t aat acgact cact at aggg acaat t act a ttt acaatt a caa:[é% Qg% gca é‘d%get g60 cagt ct

gggg gaggcdt/gyivddaErtdygg aggt ccct dd@adiidiAegliiddgedtetddo Ggctat
ggcat gcac t gggt ccgec aggcet ccagg caaggegeti@d8AGACCCCGGATAAACGCCTGGAATG

GGTGG (SEQ ID NO: 28)

17/9 VH-4 Rev GCCTTTCACGCTATCCGGATAATAGGTATAGCC
GCCGCCGTTGCTAATGGTCGCCACCCATTCCAG
GCGT (SEQ ID NO: 29)

17/9 VH-5 Fwd CCGGATAGCGTGAAAGGCCGCTTTACCATTAGC
CGCGATAACGCGAAAAACACCCTGTATCTGCAG
ATG (SEQ ID NO: 30)

17/9 VH-6 Rev GTTCGCGGCGCGCGCAATAATACATCGCGCTAT
CTTCGCTTTTCAGGCTGCTCATCTGCAGATACA
GGGT (SEQ ID NO: 31)

17/9 VH-7 Fwd ATTGCGCGCGCCGCGAACGCTATGATGAAAAC
GGCTTTGCGTATTGGGGCCAGGGCACCCTGGTG
ACCGT (SEQ ID NO: 32)

17/9 VH-8 GS Rev CGATCCGCCACCGCCGCTGCCACCTCCGCCTGA
ACCGCCTCCACCCGCGCTCACGGTCACCAGGGT
GCCC (SEQ ID NO: 33)

GS-17/9 VL-1 Fwd AGCGGCGGTGGCGGATCGGATATTGTGATGACC
CAGAGCCCGAGCAGCCTGACCGTGACCGCGGG
CGAAA (SEQ ID NO: 34)

17/9 VL-2 Rev TGTTTGCCGCTGTTAAACAGGCTCTGGCTGCTG
GTGCAGCTCATGGTCACTTTTTCGCCCGCGGTC
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gagt gggt gg cat t t at acg gt at gat gga agt aat aaat act at gcaga ct ccgt gaag240 ggccgat t ca ccat ct
ccag agacaat t cc aagaacacgc t gt at ct gca aat gaaaagc300 ct gagagct g aggacacggc tgtgtattact
gt aagaccc at ggt agcca t gacaact gg360 ggccaaggga caat ggt cac cgt ct ct t ca ggt ggaggcg gt t
caggcgg aggt ggcagce420 Page 15 2009-11-09 91801AD Seq Li s ( Lahi ve) ggcggt ggcg gat cgt cot a t
gt got gact cagcccccct cagt gt ct gg gacccccggg480 cagagagt ca coat ct ct tg tt ct ggaggc agat ccaaca
t cggcagt aapaGTf aaags40 T gt at Cag&aglfesadg aacggeccet aaact cet ca t et at ggcaat gat
cagcgg600 ccct cagggg t cect gaceg at tot ¢t gge t ccaagt ¢t g gcacct cagce ct ccct gget660 at cact gggg
t ccaggct ga agacgaggct gact at t act gccayft et SE§aHAgHdy87R0 acccaccceeg cect got ct t cggaact

099 accaagci-49 ¢§¢d8 G&f,g99 t caacccaaq{ PO HRNGCLESHERI Kact AlPLA LRAGT ARG EFEaat 9 Ct
ggcggcegg ct ct ggt ggt840 ggt tot ggt g geggct ct ga gggt ggt ggc t ct gagggt g geggt tot ga gggt
ggcgge900 t ct gagggag geggt t cegg t gglddcbetlgyt €AdagAG AN AE§EIEa ¢ a4t 060

gcaaacgct a at aagggggc t at gaccgaa aahgCckgptd q@clg@:z%a}gt ct gac1020 gct aaaggca aact t
gattctgtcgct act gatt acgatt acaaagacga t gacgat aag1080 goat ccgct a ttt aaaal097 <210> 15

<211> 876 <PHIVDNReR13> Ar tifi ci al SEQUBACAIIOATGOECOALH($1G6r BT R GH&IGl

Sequence: Synt het i ¢ pol ynucl eot i de 4903 A§ ¢ ¢ aat REAaCAFARIHR A8 PreaatEagtalt t acaat t
acaccat gga ggt gcagct g60 gt ggagt ct g gg Etgéa tggt acagccc ggcaggt ccc t gagact ct ¢ ct gt

gcggecl20tctggattcacctttgatgatta E&:HYdHPcégcaagcet cc agggaagggel80 ct ggact

ggg t ct cagci-ab GaCt4 ggaat agt ggt caca +@eest 8L IR ¢ At @S¢ 9ag08RaAld CaeFEACt C
cagagacaac gccaagaacg ccct gt at ct gcaaat gaac300 agt ct gagac ct gaggacac ggcagt at at t act gt
gcga aagt ct cgt a cct t agcacc360 gegt c&@éﬁﬂ%@ﬁ&@&@%@%ﬂ%@& ¢ cgag t ggt

ggaggc420 ggt t caggeg gaggt ggct ¢ t goegat A9S BOATFIERCHR, ccagat gac ccagt ct cca480 toot ccct

gt ct goat ct at aggggacaga gt caccat ca ct t gt cgggc aagt cagggc540 at cagaaat t act t agect g gt at
cagcaa aaactAgggard&sdcect aa get cct g%é@%g'gCAG GGGTTGCTATAATCGTTCTGGUA

ATAATACACCGCCAGATCTTCCGCCTGCACGCT
GCTA (SEQ ID NO: 39)

17/9 VL-7 Fwd AGCAACCCGCTGACCTTTGGCGGCGGCACCAAA
CTGGAACTGAAACGTACGGTGGCTGCACCATCT
GTCT (SEQ ID NO: 40)

17/9 VL-8 FLAG Rev TTAAATAGCGGATGCCTTGTCGTCGTCGTCCTT
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 vitro 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
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t at got goat coact t t gca at caggggt c coat ct cggt t cagt ggcag t ggat ct ggg660 acagat t t ca ct ct
caccat cagcagcct a cagcct gaag at gt t gcaac tt at t act gt720 caaaggt at a accgt gcccc gt acactttt
ggccagggga ccaaggt gga aat caaacgt780 acggt ggct g caccat ct gt ctt cat ctt ¢ ccgecat ct g act
acaagga cgacgacgac840 aaggcat ccg ct at t t aaaa aaaaaaaaaa aaaaaa876 <210> 16 <211> 980
2009-11-09 91801AD Seq Li s ( Lahi ve) <212> DNA <213> Atrtificial Sequence <220> <223> Descr i

pti on of Arjft KiakSBAHRINGS SHI ALY ERRFYNYELeaY/ Klenfigl 1d fH-aahR0QIST SaalabRJJY acaat
t act a ttt acaat t a caccat ggag gt gcagct gg60 t ggagt ct gg gggaggct t g gt acagcccg gecaggt ccct

gagact ct cdieggEY &R T28E¢ 9gat t cac ct t t gat gat t at gccat ge act gggt ccg gecaagct cca
gggaagggccl80 t ggact gggt ct cagct at ¢ actg 9aaaba gtoggt cacat agact at gcg gact ct gt gg240

agggccgat t cgeccgt ¢t cc agagacaacg ccaagaacqc cct gt at ct g caaat gaaca300 gt ct gagacc t
gaggacacy gOEt Y HEATIORGRhAE s MNP A3 LA Yab 5D b kPt BRIV B ggocaagat
a ccct ggt cac cgt ct cgagt ggt ggaggcg449mtrreaNISEoS eI JAChCt PRONOt ggcy gat cggacat ccagat
gacc cagt ct ccat480 cct ccct gt c t gcat ct at a ggggacagag t caccat cac t t gt cgggca agt cagggcas40 t

cagaaat t a ct t aggft.qoiRfCAnARMBRGHABRIAT AYSEECILRY £HCCt YR HI60ALIGE ffAt C cact tt
gcaa t caggggt cc cat Ct cggt t cagt ggcagt ggat ct gggaé60 cagat t t cac t ct caccat ¢ agcagect ac

agcct gaagdusg Pt & d ok dc20raauiged Srdaccrdeqjiutiyardenier taychsealbtiguc caaggt

ggaa at caagegy Q?ﬁgegggie%%&cf@ﬁ%ﬁ% 9L“A§-ﬁ§fiﬁ%£t‘§8ncﬁqgﬁ{c%h b HR9PagL t g aaat ct ggaasd40
ct gcct ct gt t gt gt gect g ct gaat dact t ct af cccag agaggccaaa gt acagt gga900 aggt ggat aa cgecct

ccaa t cggadhardugghayhcfreyacddbr fesed papielt soevlehillvdagligasbbaaaa980 <210> 17

purification to input into FLAG purification. In one embodiment, about 1.2 pmol fused
protein is 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=17.2%
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<211> 1151 <212>DNA <213> ArtificialSequence <220> <223> Descr i ptionofArtifi ci al
Sequence: Synt het i cpol ynucl eot i de <400> 17 t aat acgact cact at aggg acaatt act a ttt acaatt a
caccat ggag gt gcagct gg60 t ggagt ct gg gggaggct t g gt acagcccg gcaggt ccct gagact ct cc t gt
gcggectl20 ct ggat t cac ct tt gat gat t at gccat gc act gggt ccg gcaagct cca gggaagggecl80 t ggact
gggt ct cagct at ¢ act t ggaat a gt ggt cacat agact at gcg gact ct gt gg240 agggccgat t cgeegt ct cc

agagacaacg ccaagaac@setitdiakat GoraRal 38 5R AL IRGATELSAIFRACHAY Sragtmiat t act gt
gcgaa agt ct cgt ac ct t agcaccg360 cgt cct ccct t gact act gg ggccaaggt a ccct ggt cac cgt ct cgagt ggt

ggaggcg42 0Py cat et utRie e B g6 edeL YR OGR A Ry at fiE e RHYE StEHAIS0 cct cect gt
¢ t gcat ct ahRQFgBEagslifaGeal AacthicHecRa0SARI! RARACRRHRA PR i recovery, are

shown in Table 13. The RNA input in each case was 50 pmol. As demonstrated by
this analysis, increasing the amino acid pool leads to a decrease in translation

efficiency.

Table 10: Relationship Between Amino Acid Concentration And Protein Recovery

Amino Acid Mixture After FLAG purification
% incorporated S Met | pmol Protein/pmol RNA
Ix 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%
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2009-11-09 91801AD Seq Li s ( Lahi ve) t at cagcaaa aaccagggaa agcccct aag ct cct gat ct t caggggt
cc cat ct cggt t cagt ggcagt ggat ct ggga agcagcct ac agect gaagat gtt gcaact t att act gt ¢ t acact tttg
gccaggggac caaggt ggaa at caaacgt att cat ctt cc cgecat ct ga t gagcagt t g aaat ct ggaa ct gaat aact
t ct at cccag agaggccaaa gt acagt gga t cgggt aact cccaggagag t gt cacagag caggacagca agoagcaocc
t gacgct gag caaagcagac t acgagaaao gt oaccoat ¢ agggcct gag ct cgcccgt ¢ aoaaagagct aaggacgacg
acgacaaggc at cogt Ak NaRaReaAaanTA) 0 d Borddiia B8 Rl RPIRMAR2A3mIAtifitei al Sequence
<220> <223> Descr i pt i on of Art ifi ci al Sequence: Synt het i ¢ pol ynucl eoti de tggaaagcgg
gcggct tt angéﬁéﬁtj@wélﬁ@@é@wg&eeﬁ@a&aa@%@@wtf@w%gb{;f{&g%awg&bgaccgt t t aacagcgg
cgaaagt goljgeRUSHIGRY ROGA BhAltliA dLUGRLHERPRGARIBRALHEUIRFaE Rl Clil hagaREC ggcgaccat t
t accat t ago cgaagat ago gt at t ggggc t ggcagcggce gaccgcgggce caaacagaaa gattt at t gg cggcaccgat
t t gccagaadBRHitARYDG HGct A CXSRPHY Ftlation Esrgamleh a0Ry ts&Ydaacy gegat gt at

t cagggcacqes 4eic-adcaaharoRIag JaranbaltiiR@idCaRAGREChHIVIAACFAKIA gAt t at agca got gcaccat
aaaaaaaaaa gcggcagcct got gggt gcg geggct at ac cgaaaaacac at t gcgegeg t ggt gaccgt cggat at t gt

coat gagct g cct ggt at ca gcgaaagcgg coat t agcag acccgct gac ct gt ct t cat aaaaaaaa gaaact gagc
ccagaccccoTasb 2t es@ el ahaRMN A TeEATIRAUCFEREERMPOJJL gat gacccag caccagcage gcagaaaccg

cgt gccggat cgt gcaggeg ¢ttt ggecgge cgact acaag -t gcgeggega gat aaacgec gat agegt ga cagat gagca
t at gat gaaéng\@%{ﬁd&j&?’flg@%&%égca cagagcct gt ggccagcecgc cgct t %%Eﬁlﬁgﬁﬁgtﬁ 8§ ggaaccaaac
gacgacOacOr RAORNIRLYS (MBBITRIAT MDA AL T A Sequencey 2Ap9- T1. 09 91801AD
Seq Li s ( Lahi ve) <220> <223> Descr i pti on of Art ifi ci al Sequence: Synt het i ¢ pol ynugl eot i de

including methionine)

%S Methionine 2 ul

Reticulocyte Lysate 200 pl

100 mM GSSG/10 mM GSH 33 ul

PDI (1 U/uL) 6 ul

H,O to 300 uL

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
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t ggaaagcgg gcggct t t ag t ggaat gggt aaggcecgct t gecct gaaaag acggct t t gc caggcggagg gect gaccgt t
t aacagcgg cgaaagt gct gcagcggeag cggt gt at t a t ggaact gaa agt t gaaat ¢ ccaaagt aca cagagcagga
cagact acga ccgt cacaaa ct at t t aaaa cggcgat ct g ct t t agcagc ggcgaccat t t accat t agc cgaagat agc
gt at t ggggc t ggcagcgge gaccgecgggce caaacagaaa gat t t at t gg cggcaccgat t t gccagaac acgt acggt g
t ggaact gcc gt ggaaggt g cagcaaggac gaaacacaaa gagct t caac aaaaaaaaaa gt gaaaccgg t at ggcat

ga agcaacgg %69%%@1%9%&%@%&@&99@%%1%99%ﬁ%ﬂé@ﬁ@&gtﬂﬁ&ﬁqt IGE
gcgagcaccc t tt accct ga %at t at agca ct gcaccat t ct t gat aacgccc ‘agcacct aca gt ct acgcect

aggggagagd Madhange YEGG G HER Sfrﬁ S5EHAIRHCOGRGEHYt ggt gaccgt
cggat at t gt ccat gegalaGes 0ot aﬁff@a@gmggﬁdq@ﬁté@mg@sw%m%g{gcthtrs@t gcct got gaa t
ccaat cggg cct cagca gcgaagt cac act acaa % aaact gagc ccagaccccg ctatt at Ccg cct gt at ct g
ccgcgaacgHAgegEdGgt GRs uecdasr dietse % ngsa@a%lau%%@v sty dgPlchgdig ¥ t t ggeggc ct
t ccegeca t aagtRIghay e RAGH SRCAGLRAFS! UARG F6REGAGAES CORGHAREAC thaegragasga gat aaacgee gat
agcgt ga cagat gagca t at gat gaaa ggaggcggt t agcccgagca cag rb?CCt gt ggccagccgc cgct ttaccg
gaagat ct g§§EsRGHR KR YAt %‘aﬁ %ga@&aﬁ gabafgRndigayaay e Jigee ¥l aaggcat ccg

<210> 20 <glifrol the kRN 12 135 1AVE i siR3p R4S BReDR A0 kA tWReRGHRINA QAT Art ifi ci al
Sequence: Sént hetic ol |630nucl eot i de <400> 20 uagcggau%;clo <210> 21 <211> 28 <212> RNA

<213> ArtifitfAN SBQEEnCE oshiceed Bs BHeseFY Breisin S AWSHIS LIPS BYRFEHESS SR het i ¢ ol | gonucl

eot i de <40&ndiubRICIHBHAC ASREPAIID: FRAAARAAL BN0e4] fespBOPrdl}-09 91801AD Seq Li s (
Lahi ve) <210> 22 <211> 70 <212> DNA <213> Artificial Sequence <220> <223> Descr i pt i on of

Artifi ci al Sequence: Synt het i ¢ pri rrer <400> 22 t aat acgact cact at aggg acaat t act a ttt acaatt a

caccat ggagrgbg;:@gcmaﬁghaggﬁgﬁ@m?@rﬁ%@ﬁeezg éﬁ;ﬂ.ﬂ:mﬁgrgmb DNA <213> Atrtificial Sequence
<220> <223> Descr i nf ion of Artifi ci

" Pércent of Recovery
Construct Oligo dT purification FLAG purification IL-12 (50nM selection)
Y61-scCL-short 1.00% 51.3% 21.1%
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
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<400> 23 cgat ccgcca ccgccagagce cacct ccgcec t gaaccgcect ccacct gcag agacagt gac60 cagagt cc68
<210> 24 <211> 67 <212> DNA <213> Artificial Sequence <220> <223> Descr i pt i on of Artifi ci al
Sequence: Synt het i ¢ pri rrer <400> 24 ggt ggaggcg gt t caggcgg aggt ggct ct ggcggt ggeg gat
cggacat t gt gat gacc60 cagt ct c67 <210> 25 <211> 45 <212> DNA <213> Artificial Sequence <220>
<223> Descr i pt i on of Artifi ci al Sequence: Synt het i c pri rrer <400> 25 gat ggt gcag ccaccgt acg

titt at t1 cc qagtddialinainaaagbrenaddR AT Ahdfd1dths 2ddse PNAmAbIr AR npestusace <220>

<223> Descr i pt i on of Artifi ci al Sequence: Synt heti c prirrer <400> 26 ggacaattactatttacaatt
acaccat gg S¥Utgedatidyst JiaBsseg FRGgLna daninyst feartdirtrborrserabenatdineaD Seq Lis (
Lahi ve) <210a1@dc<eiiin 29 Rbdt,RNACK 243 B A ificinh SRAYERAR RN T 2R3 MASS! | pti on of
Artifi ci al Sequence: Synt het i ¢ pr i rrer <400> 27 gct gct aaag ct aaa%:cgc_t cgccgecgca gect cagtttc
aggct gecgdBedpipresipatiaghytigebgreheniesl porestes. Ihestep oirskpinies] SapRiEicial Sequence

<220> <223gz.DessfihAbi Q0A thtifig alReRbebraeRYMDehd eHRrbiiesysAPRR 480964 Féagct tt
agcagct at g%cat gagc t.gg t gcgcc agaccccgga t aaacgcect g60 gaat gggt g[q70_ <210> 29 <211>70
P

<212> DNASED 5. dorifi] arsdartaetpyely preserved during the library selection.
EXAMPLE 5

OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY TO IMPROVE
SCFV PROTEIN FOLDING AND FUNCTION - REQUIREMENT OF A CO-
TRANSLATIONAL PROTEIN DISULFIDE ISOMERASE ACTIVITY

It has been suggested that PDI contributes to better protein function and
secretion by either isomerase or chaperone activity or both (see Shusta et al. Nat
Biotechnol 16(8):773-7; Smith et al. Biotechnol Bioeng 85(3): 340-50). Two Ig
intradomain disulfide bonds are encoded by every scFv sequence, one in the VH and
the other in the VL domain. It has been suggested that a co-translational protein
disulfide isomerase (PDI) activity is crucial for proper disulfide bond formation in vitro
(see Ryabova et al. Nat Biotechnol 15(1): 79-84). mRNA display protocols in the art
have stipulated the inclusion of (PDI) in the translation reaction.

D2E7, Y61, and 17/9 scFv were used to test their requirement of PDI activity in
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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<223> Descr i pt i on of Artifi ci al Sequence: Synt het i c prirrer <400> 29 gcct t t cacg ct at ccggat

aat aggt at

a gccgcecegeceg tt get aat gg t cgecaccca60 tt ccaggegt70 <210> 30 <211> 69 <212> DNA

<213> Artificial Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence: Synt hetic pri rrer
<400> 30 ccggat agcg t gaaaggccg cttt accat t agccgcgat a acgcgaaaaa caccct gt at60 ct gcagat g69
<210> 31 <211> 70 <212> DNA <213> Atrtificial Sequence <220> <223> Descr i pt i on of Artifi ci al

Sequence:
g ct cat ct

SuRI el TRENG e =P L BtEpPcggcy cgcgcaat aa t acat cgcge tat ctt cget tt t caggcet
gca60 Page 21 2009-11-09 91801AD Seq Lis (Lahive) gat acagggt70 <210> 32 <211> 70

<212> DN
prirrer <4

A <Drasslatigitial SequefdeA320> <223> DesEiA®I on of AT BRIEEBIRGIRG: Synt het i ¢
0> 32 at t gcgedeg RBSRYPNAGETA gat BREAYEIGGE gt at t nMWHnnramcGO t ggt

gaccgt70 <

DA738RDN 1> 70 < AWOPNR=2133 Artificial 58Guence <2p0> <2235%Pescr i pt i on of

Artifi ci al

SESHETCESYNT e

et CRHIELSE00> B3 cgat ccggga ccgecget ge caccigcgcec tgaaccgcct
<210* 34 <211> 70 <212> DNA <213> Artificial Sequence

ccacccgeg

C t cacggt cac60 cagggt gccc?

<220> <223> Desdtiepes@is shawtfizcihal 36d unsserosyrmuinst P RIghiringr e BsiBUfag cggeggt g geggat

cggatatt

OhaRLGART ARIRKGIRAGRIECTAREC 9acceO
Table 15: Y61-Sccl-Short Does Not Require PDI During Translation For

Functionality

% of Recovery
PDI RT Oligo dT FLAG IL-12 (50 nM)
purification purification selection
No No 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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gcgggcgaaa70 <210> 35 <211> 70 <212> DNA <213> Artificial Sequence <220> <223> Descr i ption
of Artifi ci al Sequence: Synt hetic prirrer <400>35tgtttgccgctgttaaacag gct ct ggct g ct ggt
gcagc t cat ggt cac ttttt cgccc60 gecggt cacgg70 <210> 36 <211> 70 <212> DNA <213> Artificial
Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence: Synt hetic prirrer 2009-11-09
91801AD Seq Li s ( Lahi ve) <400> 36 gt t t aacagc ggcaaacaga aaaact at ct gacct ggt at cagcagaaac
cgggccagcc60 gccgaaagt g70 <210> 37 <21]3<m@>6DNA <213> Artificial Sequence <220>
<223> Descr t| on of Artifi ci al Se uence Synt heti ¢ pr.i rrer <400> 37 %%?t aaa at ccggcacg

T I
E L

Mﬁ%@%
ITHIOTHREITOL FROM REACTION

Dithiothreitol (DTT) is a reducing agent commonly introduced to enzymatic
reactions to minimize protein aggregation and reduced protein oxidation. It is also
typically used in the reverse transcription (RT) reaction following in vitro translation
step of the mRNA scFv molecules. Since its inclusion may reduce the two intrachain
disulfide bonds in a scFv molecule that are produced by PDI activity, the potential
effect of DTT on the scFv antigen binding function was investigated (see Figure 11).
The presence of DTT significantly abolished the antigen binding activity of 17/9 scFv
after RT, which is consistent with the dependence of PDI activity for 17/9 function
shown in Figure 11. 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
Yes | No 39.3% 12.4% 0.8%
Yes, w/o DTT 14.2% 9.4% N/A
2.59
Yes, with DTT /o 9.9% 2.0% N/A

In contrast to the 17/9 scFv, the anti-IL-12 Y61 scFv function was not affected

by DTT (see Figure 11). This is consistent with its aforementioned insensitivity to PDI

activity, and suggests that not all antibody scFv will require disulfide bonds for
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<220> <223>Descr i ptionofArtifi ci al Sequence: Synt het i cprirrer <400>38 t gccggatcg cttt
accggc agcggcagcg gcaccgat t t t accct gacc at t agcageg 60 t gcaggcgga 70 <210> 39 <211> 70
<212> DNA <213> Artificial Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence: Synt heti c
prirrer <400> 39 aaaggt cagc gggt t gct at aat cgt t ct g gcaat aat ac accgccagat ct t ccgect gé0
cacgct gct a70 <210> 40 <211> 70 <212> DNA <213> Artificial Sequence <220> <223> Descr i ption
of Artifi ci alspeqisencen SymtdhaliIEPE IRl TARPIAR AUCAREECAC T Jarst hhPP£ASpEAGRES aaact

ggaac t gaaacgt ac ggt ggct gca60 ccat ct gt ct70 <210> 41 <211> 64 <212> DNA <213> Atrtificial
Sequence Jogigts are shown below in Table 21 and also in Figure 13.

Table 18: Different RT conditions for Y61-scCL-short

RT DTT in RT | RNase OUT % of Recovery

reaction in selection | Oligo dT FLAG IL-12 (50

purification | purification | nM)
selection

Before Yes No 25.9% 21.6%
selection
Before No No 29.3% 18.8%
selection 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 3.2 13% 57.6% 31% 0.2%
Protein | step nmoles
RT step 15% 28.6% 0.3%

Table 20: Comparing Y61-ScCL-short 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 N/A 40.2% 0.2%
Ligated No RT 4.7 0.55% 47.6% 20.8% 0.1%
Protein | step nmoles
RT step 19.3% 21.8% 0.1%
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2009-11-09 91801AD Seq Li s ( Lahi ve) <223> Descr i pt i on of Artifi ci al Sequence: Synt heticpri
rrer <400> 41 t t aaat agcg gat gcct t gt cgt cgt cgt c ct t gt agt cg at gaagacag at ggt gcagc60 cacc64
<210> 42 <211>14 <212>PRT <213> ArtificialSequence <220> <223> Descr i pt i onofAtrtifi Ci
al Sequence: Synt het i cpepti de <400> 42 A-g Thr 1 ValA a Ala Pro Ser

EXAMPLE 7
OPTIMIZATION OF THE MRNA DISPLAY TECHNOLOGY TO IMPROVE
SCFV PROTEIN FOLDING AND FUNCTION - INCLUSION OF RNASE
INHIBITOR DURING ANTIGEN SELECTION

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
molecule from SA beads by acid elution (at pH 3) for better mRNA accessibility
appeared to worsen its recovery, possibly due to lowered mRNA stability or poor
dissociation of the mRNA-VH molecule from its antigen into elution buffer before the
complexes were removed with the SA beads. Figure 14 shows results of reverse
transcription following antigen selection comparing the standard method of RT-PCR
following oligoDT with acid elution followed by RT-PCR and RT-PCR directly off of
beads following capture. Dilution with free beads at 1:10, 1:100 and 1:1000 showed
that strong re-amplification was achieved at a dilution of 1:1000.

Since it is possible to omit the RT prior to antigen selection and subsequently

recover the mRNA by RT-PCR, it was investigated whether the reduced recovery of
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5 Val Phelie Phe 10 Pro Pro Ser <210> 43 <211> 49 <212> PRT <213>

mRNA template can be restored or enhanced by protecting the RNA from
contaminating RNase activity by RNase inhibitor. RNaseOUT™ (Invitrogen,
cat.#10777-019) was included at 1:20 dilution during the antigen selection step and
followed by RT-PCR to compare the mRNA recovery (see Figure 15). Compare to
performing RT before antigen 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 RNAseOUT
% of Recovery
Construct RNase OUT | OligodT 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%

EXAMPLE 8

LIBRARY SELECTION FOR 17/9 SCFV
To demonstrate that an mRNA-scFv molecule can be enriched by several
rounds of selection using the mRNA display methods described here, a scFv library
with a diversity of 25 was constructed by overlapping PCR. To create the scFv library,
equal amounts of the VH and VL fragments of 17/9, D2E7, 2SD4, Y61 and MAK 195
were mixed and combined into a scFv library with a maximal diversity of 25 and used

as described above. The 17/9 scFv was then selected from this library by biotinylated
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ArtificialSequence <220> <223> Descr i pt i onofArtifi ci al Sequence: Synt het i cpol ypept i
de <400> 43 A- g Thr ValA a Ala Pro Ser Val Phelie

HA tag peptide. After selection, 17/9 enrichment was examined by cloning and colony
PCR. The results quantifying 17/9 scFv before and after one round of mRNA-scFv
selection are shown in Figure 18. After one round of selection against HA peptide all

scFv sequences recovered from the selection output were that of 17/9 scFv.

EXAMPLE 9
MRNA DISPLAY TECHNOLOGY CAN BE USED TO DISCRIMINATE SCFV
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. 2SD4 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.

EXAMPLE 10
THERMOSTABILITY OF MRNA-SCFV MOLECULES

To determine the thermostability of mRNA-scFv molecules, D2E7-scCk and
Y 61-scCk were translated and purified in mRNA-scFv format, as described herein.

The mRNA-scFv molecules were then incubated at different temperatures for 30
minutes prior to antigen selection. The normalized percent of recovery after antigen
selection is shown in Figure 21.

Figure 22 shows that RNA can be recovered after high temperature treatment of

mRNA-scFv molecules. Here, RT-PCR was performed on the beads with recovered

Y 61-scCl mRNA-scFv molecules.
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Phe Pro Pro SerAspOul5 10 150nLeulys SerOy Thr A a Ser ValVal grs Leu Leu Mn Asn Phe
20 25 30 TyrPro Arg0Ou AlaLysValOn

Incorporation by Reference

The contents of all cited references (including literature references, patents,
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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Tr p Lys Val Asp Mn AlaLeu0n 35 40 45 Ser <210> 44 <211> 106 <212> PRT <213>
Artificial Sequence <220> <223> Descr i pt i on of Artifi ci al Sequence: Synt het i ¢ pol ypept i de
<400> 44 A- g Thr Val A a Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp 0 u 151015 0 n Leu Lys Ser 0
y Thr A a Ser Val Val grs Leu Leu Mn Asn Phe 202530

Claims

1. A method of screening an scFv antibody RNA display library, the method
comprising the steps of:

(a) providing a puromycin or analogue thereof crosslinked single chain Fv
(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 a 5' end,;

(b) in vitro translating the puromycin-crosslinked scFv mRNA molecule in the
presence of a label under mildly oxidizing conditions such that a labeled puromycin-
crosslinked scFv mRINA/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.

2. The method of claim 1, further comprising the step of (f) reverse transcribing

the scFv mRNA after antigen selection to make a cDNA.
3. The method of claim 2, further comprising the step of (g) amplifying the cDNA.

4. The method of claim 1, wherein the label is a radioactive label, preferably

wherein the radioactive label is 3°S methionine or cysteine.
5. The method of claim 1, wherein the 3' spacer sequence comprises about 0 to
about 200 amino acids, or wherein the 3' spacer sequence comprises about 16 amino

acids, or wherein the 3' spacer sequence comprises an affinity tag.

6. The method of claim 1, wherein the nucleic acid linker comprises, from 5' to 3"

- Psoralen C6;
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Tyr Pro Arg O u Ala Lys Val O n Tr p Lys Val Asp Mn Ala Leu 0 n 354045 Page 24 2009-11-09
91801AD Seq Li s ( Lahi ve) Ser 0 y Mn Ser OnOu Ser Val Thr GuOn Asp Ser Lys Asp Ser 505560
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Al a Asp Tyr 0 u 65707580 Lys His Lys Val Tyr Ala
grs Gl u Val Thr Hs On Gy Leu Ser Ser 859095 Pro Val Thr Lys Ser Phe Asn kgOyOu 100105 <210>
45 <211> 48 <212> DNA <213> Atrtificial Sequence <220> <223> Synt heti c ol i gonucl eot i de

<400> 45 gt cgt cghagNIEFidoRR RS BaHRBRI YA SEAREERBAGCHATRIOTHEFRI 1> 79 <212>
DNA <213> Artificial Se(éuence <220> <223> Synt het i c ol i gonucl eot i de <400> 46 tttttttttt tttttttttt

aaat agcggatgccttgtc 'gQQ)th cct t gt agt cgaa60 gacagat ggt gcagccaca79 <210> 47 <211> 60

<212> DNA <2132 {\tifigiah vielIBRe81 ¥ 3 GS438 moditieliet i ¢ ol i gonucl eot i de <400> 47 gt cgt
cgt cg t cct t gt agt cagt gacagt ggggt t ggcc t t gggct gac ckaggacggt60 <210> 48 <211> 79 <212>

DNA <213> Artific‘iéWSé’ﬁBé)’@él pggs saB‘}snt het i c ol i gonucl eot i de <400> 48 tttttttttt tttttttttt
aaat agcgga t gect p@fgrykeigt cgt cct t gt agt cagt60 gacagt gggg t t ggcct t g79 2009-11-09 91801AD
Seq Li s ( Lahi ve)

7. The method of claim 1, wherein the scFv mRNA molecule is photocrosslinked

to the nucleic acid linker by UVA.

8. The method of claim 1, wherein the scFv mRNA molecule comprisesa 5 '
promoter selected from the group consisting of T7, SP6, and T3, or wherein the scFv

mRNA molecule comprises a tobacco mosaic virus 5' untranslated region.

9. The method of claim 1, wherein the labeled puromycin-crosslinked scFv
mRNA/protein molecule is purified by oligodT chromatography, or by using anti-
FLAG M2 monoclonal antibody agarose beads, or by oligodT chromatography and
anti-FLAG M2 monoclonal antibody agarose beads.

10.  The method of claim 1, wherein the antigen is a biotinylated peptide, protein, a
hapten, a fusion protein with human immunoglobulin fragment crystallizable (Fc), a
fusion protein with murine immunoglobulin fragment crystallizable (Fc), or a

population of cells.

11.  The method of claim 1, wherein the antibody is an anti-IL-12 antibody, an anti-

HA antibody, a murine antibody, a human antibody, or a humanized antibody.

12.  The method of any one of claims 1-11, wherein
- in vitro translation of the puromycin-crosslinked scFv mRNA molecule is
additionally performed in the presence of GSSG/GSH, preferably wherein in
vitro translation of the puromycin-crosslinked scFv mRNA molecule is

additionally performed in the presence of protein disulphide isomerase (PDI);
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<210> 49 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Synt het i c ol i gonucl eot i
de <400> 49 cgct acct cc gccgecagac20 <210> 50 <211> 76 <212> DNA <213> Artificial Sequence
<220> <223> Synt het i ¢ ol i gonucl eot i de <400> 50 tttttttttt tttttttttt aaatagcgga tgctttgtca tcatcatctt
tataatcgct60 acct ccgeeg ccagac76 <210> 51 <211> 21 <212> DNA <213> Atrtificial Sequence <220>
<223> Synt het i ¢ ol i gonucl eot i de <400> 51 gacacggccg t gt at t act g t21 <210> 52 <211> 18

<212> DNA <213 diBFadabIgUpRGRiR 27 Viiro Acislano Stk paldipanceeilitle i 52 get

gaggaga cggt gaccl8 o )
mRNA molecule is additionally performed in the absence of dithiothreitol;

or

- in vitro translation of the puromycin-crosslinked scFv mRNA molecule is

additionally performed in the absence of dithiothreitol.

13.  The method of claim 1, wherein the method does not comprise an mRNA
capping step, or wherein the method does not comprise an in vitro reverse transcription

step prior to the purification step.

14. The method of claim 1, wherein an RNase inhibitor is added before, during, or

after any of steps (a) through (g).

15.  The method of claim 1, wherein said purification step comprises reverse

transcription of the mRNA in the absence of dithiothreitol to produce a cDNA.

16.  The method of claim 2 or 15, wherein the cDNA is eluted by alkaline hydrolysis
at about pH=8.0 to about pH=10.0, or wherein the cDNA is eluted by heat, or wherein
the cDNA is eluted by acid at about pH=3.0 to about pH=6.0.

17.  The method of claim 15, wherein the cDNA is amplified by polymerase chain

reaction.

18.  The method of claim 17, wherein the polymerase chain reaction employs a
thermostable DNA polymerase, or wherein the polymerase chain reaction employs an

amplification enzyme selected from the group consisting of Platinum HiFi and KOD.
19.  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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