NOVEL PHAGE DI SPLAY TECHNOLOGQ ES FI ELD OF THE | NVENTI ON The invention
relates to i nproved phagem d vectors for generating phage display
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In combination with other techniques, phage display technologies,
starting from sequences isolated from any kind of nucleic acid-containing
15 material and leading to several types of products (antibodies, enzymes,
peptides, etc.), can satisfy a large number of needs for modern
biotechnology. Recently, several authors reported not only that functional
protein sequences can be obtained using different phage display
technologies but also that recombinant phage can be directly used for many
20 applications (such as in diagnostics, for immunization, in proteomics, as
antibacterial compounds, in cell transformation, for industrial biotechnology,
in nanotechnologies, etc.).
Moreover, the construction of large repertoires of antibody fragments
such as variable heavy/light chain heterodimers (or Fabs) and single chain
25 variable regions (or scFv) expressed on the surface of recombinant phage,

followed by the affinity-based selection of phage by "panning" on antigens,
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hi ghl y honol ogous, single stranded genones. A | arge nunber of vectors,
libraries, and display formats have been devel oped, as reviewed in many
recent arwochewo(Sisdhu et al., 2000; Benhar, 2001 ; Si diraT/1RD04/001878

Szar deni ngs, 2003; Bradbury and Marks, 2004; Hust and Dubel, 2004; Manci ni
et al., 2004, Pini et al., 2004, Conrad,and Scheller, 2005, Hust and Dubel,
2005; SiIaCC| et al., 2005; Smth et al., 2005), and in books ("Phage
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variants to this system have been
15 practical Approach”, vol. 266, ed. Clackson and Lowman H, Oxford Univ.
Press, 2004; “Phage Display: A laboratory Manual”, Burton DR et al., CSHL

Press, 2001).

The protein sequences forming the surface of the filamentous phage
(called coat proteins) can accommodate and display more or less efficiently
20 heterologous protein sequences that are cloned on their N- or C-terminus
forming fusion proteins. Different coat proteins (cp) have been used for this
purpose, in particular the minor coat protein (also named as coat protein 111/3,
g3p, gllip, p3, plll, cplll, or cp3) and the major coat protein (also named as
coat protein VIII/8, g8p, gVlillp, p8, pVIil, cpViil, or cp8), but also the other
25 coat proteins cp6, cp7, and cp9 (Gao et al., 1999; Hufton et al., 1999;
Kwasnikowski et al., 2005). Depending on the number of copies in which the

modified phage protein is present, a distinction can be made between high

valency (i.e. when the phage protein is present in a large number of copies,



descri bed, wherein conbinations of nodified and not nodified variants of
the sane coat protein are present in the sanme phage vector. Such vectors
are defi n&d 2067/m0y13¢ "88", "33", or "8+8" (Enshell - Sei|feramneedis7s 2001 ;
Petrenko and Smith, 2004). Wen using a phagem d vector, the construct is
smal l er and conprises sequences triggering the replication during both
bacterial and phage cell cycle but only expressing one (or few) of the coat
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display still remains an inportant issue.

15 heterologous sequence. Several variants to this system have been
described, wherein combinations of modified and not modified variants of the
same coat protein are present in the same phage vector. Such vectors are
defined as type “88”, “33”, or “8+8” (Enshell-Seijffers et al., 2001; Petrenko
and Smith, 2004).

20 When using a phagemid vector, the construct is smaller and comprises
sequences triggering the replication during both bacterial and phage cell
cycle but only expressing one (or few) of the coat proteins. The phagemid
vectors are more easily manipulated by recombinant DNA technology in
order to generate libraries of sequences to be expressed on the surface of

25 phage. However, these vectors can provide the complete phage only when
the transformed bacterial cells are later infected with a complete phage (the

“helper” phage) that supports the correct replication and packaging of the

phage, supplying the wild-type version of the coat proteins needed for the



In fact, the efficiency of the systemcan be substantially affected by the
"fitness" of the protein sequence to be expressed, displayed, and screened
usi ng onewoabdren7tshan anot her specific coat protein seqRemaB20060@BTROErt Y

t hat cannot be possible to determ ne in advance. For exanple, considering
the coat proteins nore frequently used for this purpose, cp8 seens nore
appropriate for selecting peptides or low affinity antibodies, due to
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2003), or recloning sequences sel ected using one coat protéin into
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descri bed. Functional protein sequences were also identified using phage
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orientation, but are actually transcribed and translated directionally by

TRa"S) o 130 Lo, SO oaL prAe (o UM CRLATERL ) pelsamcayer
Zonnsvel dpedtet). intb9 WstirEitr atamsariptiod Kang, ik0B2) .same phagemid vector,
assembled in mono- or bicistronic variants, or by double infecting bacterial
cells with two phagemid vectors, each one for a specific fusion coat protein
(Bonnycastle et al., 1997; Malik and Perham, 1997; Gao et al., 1999; Gao et
al,, 2002; Chen et al., 2004; WO 98/05344; WO 95/05454, WO 01/25416).
20 While very efficient, the phage display technologies currently available still
have room for improvement, and the choice of the coat protein for the display

still remains an important issue.

In fact, the efficiency of the system can be substantially affected by the
“fitness” of the protein sequence to be expressed, displayed, and screened
25 using one rather than another specific coat protein sequence, a property that
cannot be possible to determine in advance. For example, considering the

coat proteins more frequently used for this purpose, cp8 seems more

appropriate for selecting peptides or low affinity antibodies, due to the



Several patent applications disclose variants of the phage display

t echnol ogy, such as the conbi ned use of cpVll and cpl X (WD 00/71964), the
addi ti on wb 20e7aoriset i on sites into phage vectors (WO 03pPQ93B2006/00193
03/91425), the use of bidirectional pronoters with heavy and |ight chain
sequences positioned head to head in opposite transcriptional orientations
(Den et al., 1999), different conbi nati ons encodi ng sequences arranged for
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and screeni am no acl d sequences as pro use elt one of two

coat prot gidh/pNot NRcifibafion NehBPORRAHRMMIAMRUEHHRE halagye iPhagem d
vector and a single cloning and transtormati 6n step. In a tirst enbodi nent,
t he prese?ﬁaggm%%rprovi des phagem d vectors for the bidirectional

cloning of a DNA coding for an am no acid sequence tobe fused at the
N-tgpm nus of sl RBBleMhs,! NRaOldIRr Rbnt Woleieldvaitt! wheal Bheldiy N 2

second enbodi nent, the present invention provides phagem d vectors

conpri si nghage-dis e Péiptidesohad Hddrd HefibitiaRtdlin GeIbrAIrAticidy, eRBHY Si ng
a first inker at its 5 end; and b) A DNA coding for a second

f unct i onaindiestingorthéehsed havicumstietilgr actibast afvot datet i PhaRd IRRBEASsL e to
that of the first functional coat profein, and conprising a second DNA
l'i nker atsfaring' fremd; the same sample containing the DNA coding for the
antibody/peptide repertoire to be displayed, for a full exploitation of the
15 potential of this technique. When looking at literature about the use of cp3
and cp8 for displaying and selecting protein sequences, different properties
and/or sequences are reported for protein epitopes and peptides (Rousch et
al., 1998; Zwick et al., 1998; Adda et al., 1999; Gao and Zhong, 1999; Yip et
al., 2001; Al-bukhari et al., 2002; O'Connor K et al.,, 20051), antibodies
20 (Kretzschmar and Geiser, 1995), or enzymes (Verhaert et al., 1999).
Moreover, mixing two phage libraries, each one generated separately with a
different phagemid (Jacobsson et al., 2003), or recloning sequences selected
using one coat protein into a library displaying another coat protein (Wang et
al., 1997) have also been described. Functional protein sequences were also
25 identified using phage displayed libraries wherein random sequences are
cloned without a specific orientation, but are actually transcribed and

translated directionally by means of regulatory and coding sequences

positioned in 5" and 3’ region to the cloning site, within the vector backbone



wherein the first and second DNA |inker conprise at |east one identi cal
site for a restriction enzyne not present outside said |inker in the
phagem d weabawoo7Bxanpl es of such phagem ds, generi cal | ycaaBrooedo1azs pDD
(phagem d for Double Display), are those conprising two separate DNA
linkers, also called DS |inkers, each dfaving adj acent Spel -Bgl |
restriction sites (SEQID NO: 1) at their 5 end, that can be foll owed by
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can be cog?bm in a single sequence (SEQ ID NO.: 4) that, with the
addi tion di stinct DNA sequences, each coding for a protein |inker
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translation into a fusion protel n conprising a heterol ogous sequence at its
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Simlar phagenids are provided by neans of pDD vectors corrprl sing the

codi ng fogppieaches flenclibeag @métrm%el Ng?@ésh@ﬁ naﬂufls%tﬂeém% (ca}y@b SEQ
ID NO.: 6) and nodified cp8 (cp8*, SEQ Exanpl es of sSuch vectors

are t hose9g/@UY36s WO ©BAT4AxRaNg @E@M@é‘@vo 1933/46@@@ VPOSet g 303EQuOD NO.
11) , or DDb cassette (SEQ I D NO. : 12). The DD cassette can include one or

nore addi 97 @%al6yanes 0310294563 MAllRrnSREEIPI iy dosemesitd eesBEbKEEloARRE, A
gene altering bacterial netabolism or a protein sequence interacting with
the het ergysigniss paséedi on site-specific recombination for assembling protein
15 sequences into phagemids (W092/20791, W095/021914, W097/020923,
WO00/31246, W0O96/40714; Tsurushita et al., 1996; Sblattero and Bradbury,
2000).
However, none of these documents discloses how to generate, starting
from a library of DNA coding for heterologous proteins and a single
20 phagemid, a single phage library allowing the display of the heterologous
proteins fused to either one or the other of two coat proteins.
SUMMARY OF THE INVENTION
The present invention provides means for cloning, producing, and
screening amino acid sequences as proteins fused with either one of two
25 coat protein on the surface of filamentous phage, using a single phagemid
vector and a single cloning and transformation step.

In a first embodiment, the present invention provides phagemid vectors

for the bidirectional cloning of a DNA coding for an amino acid sequence to



sequence fused at the N-term nus of either one or the other of two
functional coat proteins. Such additional genes are transcribed and

transl at esoiznaapersdent |y fromthe orientation in which ProeBbocessste is
inserted and can be oriented in any direction. In a fourth enbodi nent, the
present invention provides the use of tshe vector defined above for
generating a phage or a cell library, wherein each protein sequence of said

library ig_f t I ..0f either, aon r. t.he other.of two
functi onaﬁe Jggggﬁgpéﬁé%ﬁ}@aﬁgg%&%ow§rl tih%k@ih%rqu&'of iff'Fﬁt'%Wﬂo%‘?%nt :
the pr ese@#ot%@%enti on provides phage or cell libraries obtained using the
vectors defl "above, wherein each protein sequence of said library is
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cutting w | rnker ‘and to the ligation with a pDD vector cut
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L . the
bi di recti onal oning o cassette. rary vect%rs can be
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| ibrary can be replicated using bacterial origin replicatrion.

Al ter nat i ¥gd onifiesihy ¥ SEorfADNIEIinRE! ACHS 8deAg; @ phage library, by
i nfecting such bactefrial cells wth hel per phage, and purified in the form

of {be reconbi BABIeiRRABTIrSLARGIsRLBAd IIMNARIHKES Boftp ik af 1t DhieNachiigal
het er ol ogous protei n sequences on their surface, being fused at the

Nt er m nusit@forht RREri@&RM Bhzyhe NbheFeseht oMsitiaNeditl aiXer GRahe BHYRIMR by
means of a DIS linker. In a sixth enbodi nent, the present invention

provi des ¥édtorfor generating a phage or a cell library wherein each protein
sequence of said library is fused at the NNterm nus of either one or the

other of two fHRapledlofaxeh phagenits, Yerm@giyodefindd Ssl pDRe(phamid si ng
a vector defined above. In a seventh enbodi nent, the present invention

provi des fart Dodbld @isplagiluaieghaseagepising &b Isdpiabstar PN dinkiens ealo
protein sequence of said
15 called DIS linkers, each having adjacent Spel-Bgll restriction sites (SEQ ID
NO.: 1) at their 5’ end, that can be followed by the DNA sequence coding for
a protein linker forming a DIS Linker2 (SEQ ID NO.: 2 and SEQ ID NO.: 3).
Alternatively, the Spel-Bgll restriction sites can be combined in a single
sequence (SEQ ID NO.: 4) that, with the addition of two distinct DNA
20 sequences, each coding for a protein linker downstream and upstream on the
two strands, can form a DD-DIS Linker2 (SEQ ID NO.: 5). The DNA linker
can be transcribed in frame with the 5’ end of the DNA coding for a functional
coat protein, and with the 3’ end of the DNA coding for a protein sequence to
be fused to and displayed by said functional coat protein.
25 In a third embodiment, the present invention provides phagemid
vectors comprising a Double Display expression cassette (DD cassette).

Such a vector further comprise a DNA cassette for the cloning, the

expression, and the display of at least one protein sequence to be fused at



library is fused at the N-term nus of either one or the other of two
functional coat proteins by neans of a DIS |inker, conprising: a) inserting
a DD casswOteovm71ser r espondence to the DI S |inkers of aprpmagmws/doiszct or for
the bidirectional cloning of a DNA coding for an am no acid sequence to be
fused at the N-term nus of eitherone orgthe other of two functional coat
proteins; and b) transformng the cells with the resulting vectors. The
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Figure 1. Alignnent of The DNA and protei'n sequence of cp3* DNA (SEQ'I D
NO. 106) afne IUMAe&cSUi&gEQﬂ Bd\@vo functithal todt’ pRitdinst BaIIEY Smbdifterl 2p3
(underlined; SEQID NO : 2 and SEQID NO.: 3), including the restriction
sites SpelcpandseidiDhededs) SFLrEYRIE cpb (B, SFQ IDANENCE). FeHMPIds0sf t he

G y4Ser linker (for a total of 12 am no acidsj, is fused in frame with the

5' of thesidA Vgorgrealre eimegel BEmPis 3D B4 29EQ IDhal@oatoprobei n cp3
of Ent er obacteria phage M 13 (protei ﬂigsggjuence SW SSPROT Ace. No. P69168;

nucl eot i deassitec(BEQGENRONKIAL&or DDb d¥Sse®32FEQfiDagent2R224- 2853
including the original stop codon). At the 3' end, a Nnhel site (boxed) is
added The DD cassette can include one or more additional genes, for
15 example, coding for a selection marker gene, a gene altering bacterial
metabolism, or a protein sequence interacting with the heterologous protein
sequence fused at the N-terminus of either one or the other of two functional
coat proteins. Such additional genes are transcribed and translated
independently from the orientation in which the DD cassette is inserted and
20 can be oriented in any direction.

In a fourth embodiment, the present invention provides the use of the
vector defined above for generating a phage or a cell library, wherein each
protein sequence of said library is fused at the N-terminus of either one or
the other of two functional coat proteins by means of a DIS linker.

25 In a fifth embodiment, the present invention provides phage or cell
libraries obtained using the vectors defined above, wherein each protein

sequence of said library is fused at the N-terminus of either one or the other

of two functional coat proteins by means of a DIS linker.



by the PCR just after the stop codon (underlined). The nucl eotide A523 to
G523 substitution (leading to the Seriy to Ayi 75 substitution) is also
boxed. Fiwoneo7an7kgar ose gel el ectrophoresi s show ng t heCTpBzoodNAs7s
anplification product obtained by using the priners cp3*FW (SEQ ID NO. : 13)
and cp3*RW (SEQ ID NO. : 14), and appeard ng as a band of approxi mately 680
bp. Figure 3. (A Sequence of the HA tag linker resulting fromthe

Ta0. i nker rw ELeBINS? R hAG  ERRRA, Rl 81 hn lF SOURRY Cha SRR b e
Undier 11 melfP 3 BrOR TR O TR Bchenfifid bR IR [BRbCh e FASRA TR ©

(SEQ I D NQ é?) and protein (SEQ ID NO. : 20) sequence. The 221 amino acid
cp3* sequenceé results fused to the Pel B | eader sequence (SEQ I D NO. : 25)

Schermti ¢ 1 éﬁ?t";%ﬁ@‘?%ﬁ%%%%Paq%égn%*a%té%%‘ft@eé’%@ts@ép%e%t%%%%%n g et

Rl B1- B X

(LacZp) tﬁﬁtni%%?;@?s PR, AR ey A0ER 1 s D uBrInEHER LB, 1
LaczP- Pel f SRS B sﬂBh e 4 hhtgp
further cont al ni (}@ rr? 2?% eavy al n A%ﬁ‘&
such as ang o] ft"*?fé‘ fkbﬁmm&“@t%%ﬂ“ﬁrgﬂ %sthse?adn‘i“t% ﬁg?ﬁeﬁ"e”“
wel | as tpgtﬁtw.ﬂgaﬁ?wv rrc%l?lvtllﬂ?‘%pgér}?%'m%ﬁév@ﬁfa lt}g;m&tt@%no@ gure S:

Western b s on tot cel extracts transforned with

PRI BL ser ppferdb omaire bi@ﬁbcﬁéﬁéﬁél%h fotHépra&?] gcted using anti-HA
tag antibodies in bacterral cells tra ormed wit pRI Bl- cp3* (negative

congpol ) or pRika- Il‘fﬁ@g@ of doD \Fé‘dibl%’s%'aﬁrbé"‘th@r‘?"tnﬁﬁ‘ﬁaﬂ%ﬁeﬁﬁ@%éScbétﬂenal

anti-human Fab anti bodies in bacterial cells transforned wth pRI Bl- e44cp3

(positivecenst siplck e PRABENGA4CISThe TRE Msvdly dare 4 hepidateRaiisingSthe
slightly hi gher due to the addition of sequence encoded by the DI S Iinker?2.

The amounpaeferlal @higie fed Rsplicatibh JARErdtivesy, tthe IRraresah e ’fplichted B ei n
is not limted by the dinension of the coat protein fused to the heavy

chai n. Fi ghagebibras), Immmgtswdh baetecans! witroh&lper eneddqiurifgd ( SEQ
I D NO. : 8gang SEQ,ﬁlDsz 9). At the 5 end, the Dlg I?ﬁlﬁgrz (u(rﬁjerllned

SEQ | D NOin thearfdriBEQF | heé\Qecohinamic|pitigeg ddrgalmesgr tnd | pimagérhieis Spel  and
SfH (boxed; SEQ ID NO.: 1) and the sequence coding for the
15 expressing the heterologous protein sequences on their surface, being fused
at the N-terminus of either one or the other of two functional coat proteins by
means of a DIS linker.

In a sixth embodiment, the present invention provides kits for
generating a phage or a cell library wherein each protein sequence of said

20 library is fused at the N-terminus of either one or the other of two functional
coat proteins by means of a DIS linker, comprising a vector defined above.

In a seventh embodiment, the present invention provides methods for
producing a phage or a cell library wherein each protein sequence of said
library is fused at the N-terminus of either one or the other of two functional

25 coat proteins by means of a DIS linker, comprising:
a) inserting a DD cassette in correspondence to the DIS linkers of a

phagemid vector for the bidirectional cloning of a DNA coding for

an amino acid sequence to be fused at the N-terminus of either



G y4Ser linker (for a total of 12 amno acids) is fused in frane with the
5" of the DNA fragnent encoding am no acids 24-73 of the coat protein cp8
of Ent er ovecvevicaisphage (protein sequence SW SSPROT AcePCHaB20P&0EHS TS |

nucl eoti de sequence GENBANK Ace. No, NC 003287, fragment 1370-1 522
including the original stop codon). Atiphe 3' end, a Nhel site is added by
the PCR just after the stop codon (underlined). (B) Agarose gel

Gsing Che. pr mor SORRET E0% ?&%?@WH%@L%L@%@%%@ Bt :”e?eﬁ’ . and
and prot i n scabenanciorPRa B CRUE Wi RusP e ok ' LNG T 22) . The 62
am no_aci d Cpﬁre\él‘jﬁ%téﬂﬁﬁ\ '&)?%Qi&%)f)”éé‘é%g% khR l?@'o'%ééﬁ\%ﬁ% flli’ggdgﬁ\ cg HBFQ I D

NO.: 25) and ag, generating a amno acid prote q@ence.
Figure 8: \ésd I : |

t ransf or rr%d wtﬁ]QBgfggé%@?itg? @%v%?%%gfdsﬁbéi %E @E%@E?Bﬁo veffk&rp?éﬂglgt ected
using antpndid tag antibodies in bacterial cells not transforned (negative

control) or transformed wi th pRIB2- HAcp8* (the HAcpd* in the mature and in
the immture fREEENfifamE dHatfe, N8y fefdhs G@iggrpfc%msenoefanﬁé& E%‘bﬂﬁst ect ed

usi ng anti-human Fab anti bodies 1 n bacteri al S not transforne

(negati venzanéd®lof Ble ImRMtioRr 6BA Wé LReRRIBIs8IERFormE GUIE the BRAdyYEt i on
of reconbi nant phage displaying DIS | inkernodi fied coat proteins, comnparing

the col 0nbfﬁ)?tgfé%:,n@)rLmhair(g?fd@te@t@ﬁg,”ﬂ'\émt@éliii@?, HRARH Aebr(ryY al ,GXRERSSI Ng
normal cp3 (positive control; using pRI Bcp3) or cp3*, as such (using

PRI B1- cp3si aﬁhrgéwﬁ@ﬂeémemht@gcﬁug 69&%%&&%@@&@%@%3@9”@' tRé-defm3™ |
B), or fused to e44 Fab (using pRIB-e44cp3 and using p | B1- ed44cp3*; O).

Fi guoe 10prdtendyetindse abtd@e@mmividnangloage vitrep! ayi ng DI S i nker 2-
contai ning coat proteins, conparing the colony-formng unit (cfu) per

mcroliter nmeaRuradtfi®rempbadinexie ehsi hetdrb sl broein wddunte Bestm  cp3
as such (using pRIB-cp3) or fused to e44 fab (using pRI B-e44cp3) conpared

to those fugadeatithg N4éopdiug vsieithayRbil2-ardthepStherAbf twpd*fuqgtiongl coat
pRI B2- cp8*; B), or HAcp8* (using pRIB2-HAcp8*; C). Figure 11: Panning
exper i menpsotasisnpgy meeambiofianD P hiager eapries an rantidddyp3h dnisbody frRgBlertAcp3*;
A) or HA-cp8* (using pRIB2-HAcp8*; B) agai nst bovi ne serum al bumi n (BSA),
anti - HA t ag epitofedsn (epitapedbinding region, an antigen, an allergen, a bioactive
15 peptide, an enzyme, an enzyme inhibitor, an enzymatic catalytic site, a DNA-
binding protein, an isolated protein domain, a ligand for receptors, a receptor,
a growth factor, a cytokine, and contiguous or overlapping fragments of a
protein sequence of interest. ’
Further embodiments of the present invention, including isolated
20 recombinant DNA and protein sequences as well as other methods and uses,
will be provided in the following description.
DESCRIPTION OF THE FIGURES
Figure 1: Alignment of the DNA and protein sequence of cp3* DNA
(SEQ ID NO.: 6) and protein (SEQ ID NO.: 7). At the 5’ end, the DIS linker2
25 (underlined; SEQ ID NO.: 2 and SEQ ID NO.: 3), including the restriction
sites Spel and Sfil (boxed; SEQ ID NO.: 1) and the sequence coding for the

Gly4Ser linker (for a total of 12 amino acids), is fused in frame with the 5’ of

the DNA fragment encoding amino acids 216-424 of the coat protein cp3 of



Hepatitis C virus E2 protein (E2) as binding agent. The Y axis shows the
val ue of phage that are eluted at the end of the procedure to the binding
agent (OWBUWlo7piwaye, cal cul ated according to formrula Il PCTnB00€0dI8% , in
cfu/m). Figure 12: Panning experinents using reconbi nant phage expressing
e44-cp3 or ed4-cp3* (using pRI B2-e44cp3%; A) and ed4-cp8* (using pRI B2-
e44cp8*; B) agai nst bovine serum al bum n (BSA), or Hepatitis Cvirus E2

Bl ut e at FUET A G PREBE 2 daRGel SEade Rt e SR BebrbrPiRsbe, ' °
S uct or o WERHE, BlabRhed CTRNBANK A V6N 004 dHedinahRitraes (Y
cloned.  ( BYRFRERE ofehBlsRP FILORF S hg L e e ERERHbROEG a0 o
DS D01 | "k OR EFaKEP I STRDIHE PRl hOhe ARPRRRABEAL 0 | o
di roct i ond VBRI iok e e e X8 B0 R S BB R BE ok Tes and of
el ament s, ncl WAL gBher Ce SnoPs opebopRBtetiEr sABMTE’ BREVERE' BNAY"
T3 Db o b BBy R e e R LT B IR N
ornal o penclaerr PO ona cor Ao 8s T EREAERRER A BT SBe MR ona
coat prot @p@roii@atg%wﬁg. ?nd ﬁrrﬁggeneDBt of DNA e:c e?en';s,r Bgi”n andFSEeI
sites, SREs, and of "a marker gene a cassette for expressing a Fa

whenei n the vaFighte 3egnPnSafuaAcdesiHhENMA thy HNRELSRREItAY FrdMStan
protein with a functional coat protein and the Variable region of a |i1ght

chain is expeefingbfitedliyOPALRIOILSNEARRY Ninket FOVIBIFR D 16@SSELY Snd (A
Features and arrangenent of DNA el enents, Bgll and Spel sites, SREs, and of

a marker gggéinksr RVPPSEDS $BING.:f13). ThBIHEGleNdrahdoP558AHE N6 R cOMMtibia
single transcript wherein the one starting after the Ribosome Binding Site
(RBS) is el X49¢dCTSGAGY sinanther otheir itk Shed (ATCTHG TN dstEieabn siee, are
respective position and nunber of marker or other genes not expressed as a
fusi on pranedenived.(B) Aligmohennal tle DNAraideproteds seglibnés adAsAtpIN DA
nunber of SREs, are purely

15 (SEQ ID NO.: 19) and protein (SEQ ID NO.: 20) sequence. The 221 amino

acid cp3* sequence results fused to the PelB leader sequence (SEQ ID NO.:
25) and the HA tag, generating a 258 amino acid protein sequence.
Figure 4: Schematic representation of the phagemid vectors pRIB1-
cp3® (A), pRIB1-HAcp3* (B), and pRIB1-e44cp3* (C) comprising two LacZ
20 promoter (LacZp) that are operatively linked to PelB leader/secretion
sequence. The LaczP-PelB segment is fused in frame with cp3* only (in A),
with cp3* further containing HA tag (HA, in B) or e44 heavy chain (e44HC, in
C) sequences, or with ed44 light chain (e44LC, in C),. Other relevant
elements, such as ampicillin (Amp") and cloramphenicol resistance (CAT)
25 genes, as well as the cloning sites and replication origins, are indicated.
Figure 5: Western blots on total cell extracts from E. Coli XL1Blue
transformed with pRIB1 series of vectors. (A) Expression of HA tag detected

using anti-HA tag antibodies in bacterial cells transformed with pRIB1-cp3*



exenpl ary and can be adapted to the specific use of the DD cassette. The
arrow on the top of each schematic representation indicates the direction
of transcwoppbéran7ei nti ng fromthe DD cassette to the backhBres/odistshe
vector and, in the case the DD cassette is cloned in a pDD vector, where is
presentthe functional coat protein that2is fused by neans of the DS

| inker. Figure 15: Structure of the prototype of phagem d vector of the

| r. Figure L c t ype of pha ect

i 1 for ent "ERALUE, BENBH of BRIBATIACESS (B EoicheiolnBh & Fel dé¥stet o,

DNA, or %é}ﬁgk&m-gﬁﬂ?an aLANES i%%hyb%cg‘éhﬁf cbfis Ypsithfofh d!mﬁgarw.-of t he

DD cassette rovi des two orns o t he 9] vect or, one contalnin f he gene

DD cassette s T\ of tl v r :

Lhe Senpl @A (Eesilive oBRRAO6CLRIM IAARST, ARBANLEPAUNAIA LignAbeT
get gt ._ \ s (POl _

e omas DalgrARRERIET AU 88 BRdifidr of 48qlBhBKRncadett by K OIg AnjafAenog,

i ncledin i I g : i-ngl eSpel
it 6 SEO | DR TR enaRS I8y Ipies, e Blie bR i g ek

5" to thaimRe®b thendifichsiémer 6o teaPPRALMIIURERBItRe TRANSNIRIAS Shown bel ow

1S
the antisense strand) and the DNA sequence encoding cp8* "(in 3 to the

DD-DI S |inker Figite 60(AGSRGEBEL RF Hhel DN RN $Rolctn e bpgpsense
strand). This sequence is conprised in the pDD cp3*cp8* of Fig. 14 and 15.

Figure 17SE@qUBNNG.0f8 adhex8ET aDy NoB: cap sat tipe( BDaef@s 9184 tBIS SRRdP NO.:
11) conpatible with a pDD vector, such as the ones designed in figure 15 or

W th pDD-(@pdeeipded;, BEC IDhRO.el2ewadt SEESIDI KIO.01B) Sind&dinghthd \Westlicsibhnct
LacZ pronmoters (LacZp) and Pel B starting codon for the sequence to be

cl oned bediteeSpSaandadil fKuded( ISEQ D5 NEX PP ssridtheossdidndd veling fortthe DD
cassette) and for the sequence to be cloned between Xhol and Spel (that is

expr essedGheSsri [inkaryéor a toted IO T aatird tazidd)es fuBed P feansalitle the F'usfed to
a functional coat protein by neans of a DIS |inker), the cloranphenicol

resi st anctbegPiNA (fGAiment @ncoding ahtipo cacldas24-a8dof Iiee HdHt aerotdiat cp8 afsed as
stuffer DNA between Pel B sequence and DI S |inker. The CAT gene can be al so
cl oned i rEntezobagiesiat @hdigee (priodbeinFisgquends: SYEGSHROTofAcan Mee@Rb254/1:DD
cassette (DDb cassette; SEQID NO.: 12) conpatible with a pDD vector, such
as the oneucldetidegrnediuencei GENBABKoAcpDSog 8EcPB328W fragtientr 83 E-dH02
restriction sites, the two distinct LacZ pronoters (LacZp) and Pel B
st a¥%i ng ivelishirg the ariginalesfopreasian). Bé the 3’ end, a Nhel site is added by the
PCR just after the stop codon (underlined). (B) Agarose gel electrophoresis
showing the cp8* DNA amplification product obtained by using the primers
cp8*FW (SEQ ID NO.: 15) and cp8*RW (SEQ ID NO.: 16), and appearing as
a band of approximately 200 bp.
20 Figure 7: Alignment of the DNA and protein sequence of HAcp8* (SEQ
ID NO.: 21 and SEQ ID NO.: 22). The 62 amino acid cp8* sequence results
fused to the PelB leader sequence (SEQ ID NO.: 25) and the HA tag,
generating a 99 amino acid protein sequence.
Figure 8: Western blots on total cell extracts from E. Coli XL1Blue
25 transformed with pRIB2 series of vectors. (A) Expression of HA tag detected
using anti-HA tag antibodies in bacterial cells not transformed (negative

control) or transformed with pRIB2-HAcp8* (the HAcp8* in the mature and in

the immature forms can be distinguished). (B) Expression of e44 Fab



cl oned between Sacl and Xbal (that is expressed constitutively in the DD
cassette) and for the sequence to be cloned between Xhol and Spel (that is
expr essedwoanstdoristi ve in the DD cassette when the DD cassaBoee/h@Esfsused to
a functional coat protein by neans of a DIS |inker), the Zeocin resistance
gene (ZEO) start and stop codons, and the HA tag that is used as stuffer
DNA bet ween Pel B sequence and DI'S |inker. The ZEO gene can be al so cl oned

b o EL‘?FSp%%%’ci%%ﬂlééfgﬁf%m@%ﬁm?a%énib@ﬁié%bzb‘e%&r%ﬁ‘:%‘ f\@?ﬁe?@@%ﬁ{? has

i (A I i W N i
(he" Cnfd B TR S PR v he o1
BEEL:a‘;i'e?{‘_ei'_*&mn%;?éuﬂiﬁéﬁg**%mgﬁgéﬁéﬁwﬁ Pﬁ%f‘%l@éﬁia?iwf%bw%sf 4 from
(o T agrest YR PBC R RN R RO B0t B D SR mBRET
Cneorted TopuRet Or iheRRN g hosiRaCon T (BEb e, RS G pis,
panel A shDnes cias*,Basaéubrﬁgwn@m'm-apaﬂhAf*ﬁgéegﬁgupg%e(@hgie%.g_

di nensi on of the cp3* sequence ared td ¢

exper i MenHAcHSidHH LSHYPRIEMH epyl ! t | r e44
fab (panel B) fused tgnﬁc]EB* or cpd* z’nﬁpﬁéﬁﬁggéﬁgﬁgga@?ﬁéﬁ%%ﬁ@&g%
anti body #mduki 'Rmp.@44,gb3@;rcb-_lepati tis Cvirus E2 reconbinant protein

(E2; panel B) as binding agent. In both cases bovine serum al bum n (BSA)

was used as neEidurée10i Fbad : i d r d
using a pDD cp3*cr§8* phagem 8@?ﬁ§fur(§a}?gwtgﬁ%%t ?ﬁ?ggt?@%ﬁ@?%mﬁéﬁﬁene,

andiei t hegontRIfg - BaaedpMasie! 5céfrf)?i’arﬁ@*thﬁo%'o%ﬂﬁf&ﬂﬂhbo'L?nip.rgc]:lﬂﬁl Bgérbaseo'
g'c

vectors (for cp8* positive control). The pRIB vector, eXpressi al one,

i s provi deitroliterapabsueed ot pahgeTmrcxsﬁﬁ'QSth@ﬂEw@itweecm'rM@, orRBRepat hat
are eluted at the end of the procedure to the binding agent (OUTPUT phage,

cal cul at eab aswair djusing opRiB-wp3R | bk fusddhetot @4) .fabi gusing2bRIBEaMYE:
experinments using reconbi nant phage displayi ng HA peptide (panel A) or e44

fab (panetorBpafadsed thwsep@kposssing*e4duharalusiagupRIB2 ai4cpdA Pt | ¢lss*
anti body (anti-HA, panel A) or Hepatitis Cvirus E2 reconbi nant protein
(E2; panelusB)g pRIBR g8 ageiAcpsr (sliiy pRIBS-Hawpsre Ger um al bum n ( BSA)
was used as negative binding agent. The peptide and fab were expressed
usihy a pDD- cg3gawe*1bhRgening expdnidents asibh eressiihant phage expressing
HA-cp3* (using pRIB1-HAcp3*; A) or HA-cp8* (using pRIB2-HAcp8*; B)
against bovine serum albumin (BSA), anti-HA tag antibody (anti-HA), or
Hepatitis C virus E2 protein (E2) as binding agent. The Y axis shows the
value of phage that are eluted at the end of the procedure to the binding
20 agent (OUTPUT phage, calculated according to formula Il in the text, in
cfu/ul).

Figure 12: Panning experiments using recombinant phage expressing
e44-cp3 or e44-cp3* (using pRIB2-e44cp3*; A) and e44-cp8* (using pRIB2-
e44cp8*;B) against bovine serum albumin (BSA), or Hepatitis C virus E2

25 protein (E2) as binding agent. The Y axis shows the value of phage that are
eluted at the end of the procedure to the binding agent (OUTPUT phage,

calculated according to formula I1i in the text, in cfu/pl)

Figure 13: (A) Structure of the pBS-DDdeltaBg! phagemid vector in



expressing either CAF or ZEO as sel ection marker. pRI Bl -based vectors (for
cp3* positive control) or pRIB2-based vectors (for cp8* positive control)
wer e al sowoea/00Tise Y axi s shows the val ue of phage thatcanB2eb/m18™ at t he
end of the procedure to the binding agent (OUTPUT phage, cal cul ated
according to formula Il in the text). 1Eigure 22: Restriction (A) and
Western blot (B) analysis of clones randonmly chosen from a pDDb-based E.

°% and | Ve Ko DBIfket, 8BHINKIRG FRCICCh RGN, Sielheated £ kitmdeP o

(A) and it has been naintaine he cl"ones "havi ng

s g ARIER0H, h88ddd oldid "HFRCIRR Sholing 38, QbR Yatbqy

preparing the Western bl ot. gure art outl 1 hning tHRe ss for
prepar i ngidri RgdifBSg 2RSS BIMAIe ' @W ' Sint6ChS- Of
t he i nventi on. A LED DESCRR‘F(P'?IQW—(MV W‘%%‘?hm{ga})@{?obl em

under | yi ngp 8t apr essinls SBMEMaRA|IY Sregfé“éérﬂe&swlé' DELASSHRS %ggggégsi ci ent

syst em whi ch enabl es the expression an am no aci d sequence

expr essedihang’ @nsig! | 1] | §i [ r 0,
p éinaBl gy e TNA dHRIRRg H?;@lt@\}d‘n’m&lﬁe@ ddf ler.%ﬁgu%e(y%nﬁensg i s

alternati ve phage coat proteins in a filanentous phage,

sequence tlned,inehéhppositealifdd@n®, or in two phagemi d vectors, and/or
w thout infecting bacterial cells twice. The solution to this technical

problemis achFirpad 14: SensinatictrepeestRaashs of 8% DS chiiabtad oy dotheihe
bidirectional cloning of a DNA coding for an am no acid sequence to be

fused at élkméntse(ndnua etakri)t h(:?t) PRIP! felfidrett Rerd HrrdigerhBAEt bOMANACOAL
proteins of reconbi nant phage. The basic elenents of this vector,

gener i cal elemisitspéocladingDBetpriagsinigie ites Do bled triidti @)ﬁ)z%/ﬁrfe%i (SRE@I) VA

coding for a first functional coat protein conprising a first DNA linker at
i ts16' ensinglenslitdy fox ASrictivh sozymesapeeifyfbritis @ IOMMerc@HE -SRI a

havi ng the direction of transcription opposite to that of the first
f unct i onaDDcoassqitegt (@) featurdscamp arsingg nee rtesioDMN ADNRrhéentse 1Bt ahtisSHe/ end;
wherein the first and second DNA |inker conprise at |east one identical
site for siteesPREs; iad enmarkengiener as anDDochsselite Sair dXproksingi a sihgle
phagem d vector. Specific DNA |inker sequences to be included in the
vect ors opeplide pniwmtional preteire s fiesion pdotedt adthas fUmitHrdl doat $rofehh.spl ay
and Insertion Site
(C) Features and arrangement of DNA elements, Bgl/ and Spel sites, SREs,
15 and of a marker gene in a DD cassette for expressing a Fab wherein the
variable region of an heavy chain is expressed as a fusion protein with a
functional coat protein and the variable region of a light chain is expressed
by a separate gene within the same DD cassette. (D) Features and
arrangement of DNA elements, Bgll and Spe/ sites, SREs, and of a marker
20 gene in a DD cassette for expressing a two sequence in with a single
transcript wherein the one starting after the Ribosome Binding Site (RBS) is
expressed as a fusion protein with a functional coat. The respective position
and number of marker or other genes not expressed as a fusion protein with
a functional coat protein, as well as position and number of SREs, are purely
25 exemplary and can be adapted to the specific use of the DD cassette. The
arrow on the top of each schematic representation indicates the direction of
transcription pointing from the DD cassette to the backbone of the vector

and, in the case the DD cassette is cloned in a pDD vector, where is present



| i nkers). The identical site for a restriction enzyne is intended for

maki ng the 5 ends of the functional coat proteins conpatible to each

ot her, orwbaoatme7isaserti on of a DNA fragnment havi ng t heprsamBmwsb@Esz its
extremties, when digested with such enzyne and exposed to a sinple
ligation reaction (due to the blunt orisingle stranded, conplenentary 3 /
5' ends). Moreover, the DIS |inker should be designed in a way that it can
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An exenplary and preferred |linker has the formula (A'y4Ser) n, where nis

1-5. Li nkgssedppirilcatedR@fth @he HeickehRye been identified in the literature

(Hennecke et al., 1998). The two DI S |inkers in the phagen d vectors can be
si npby conpat i Pigrirel 16 s8guéne: A DNYPB*i BRI ILANG esf0)i présintfig @s) or
identical (i.e. having also identical |inker sequence, as'In the exanples).

The arran@beBig ikdNA(SEQUEDCRRD.cofli Reclfiging! fite Reydriteeforned facthieonal
coat protein sequences can be achieved according to different criteria and

si tuat i ondoyislesByN &dtel and hire esiagiel Spehsite (BECheDfNQUT 85 thathie I@EEWitHhs of
the invention can contain two DIS |inkers separated by a DNA sequence
havi ng vathealDNAl esegiuenaed dremidingscpdiut (i he’ tieo theSDDING dint@n2pethel so
directly linked to each other by nmeans of the common restriction site, as
shown f orc®espchdingkemoeifFsgquditce SEGhbNNDelowt tharahtBsiE@skDstahd) @hd Coat
proteins nodified with adaptor/linker sequences, including
15 the DNA sequence encoding cp8* (in 3' to the DD-DIS linker2; the
corresponding protein sequence is shown on the sense strand). This
sequence is comprised in the pDD-cp3*cp8* of Fig. 14 and 15.
Figure 17: sequence of an exemplary DD cassette (DDa cassette;
SEQ ID NO.: 11) compatible with a pDD vector, such as the ones designed in
20 figure 15 or with pDD-cp3*cp8*, with the relevant restriction sites, the two
distinct LacZ promoters (LacZp) and PelB starting codon for the sequence to
be cloned between Sacl and Xbal (that is expressed constitutively in the DD
cassette) and for the sequence to be cloned between Xho/ and Spel (that is
expressed constitutive in the DD cassette when the DD cassette is fused to a
25 functional coat protein by means of a DIS linker), the cloramphenicol
resistance gene (CAT) start and stop codons, and the HA tag that is used as

stuffer DNA between PelB sequence and DIS linker. The CAT gene can be

also cloned in the opposite direction.



restriction sites simlar to those defining the DS |inker, have been
disclosed in the prior art (WD 04/078937, WO 03/091425, WO 02/088315, WO
99/ 29888)woHosmwerss none of these docunents di scl oses tireTaBmios/nas7sonand

t he physical arrangenent of two DIS |inkers into a phagem d vector in order
to obtain the bidirectional cloning of 1@ protein sequence fused to either
one or the other of two functional coat proteins. Mreover, the presence of

the DI S |inker giqifb qfa.tggq&&{g{%qo&qié}%ﬁ@r@g}zi@ﬁaéa%so%at#eoﬁ]b?bgicgggggg{led in

opposite orientation (that 1S, belng eac scri be i

strand) i BEQYEGUON: #) %Paﬁb%%ﬁhrdjﬁb@{?e@hg%eé‘l thy %ﬁ%gk%szi%éa;ﬁ{sm ay

conprising a DNA cassétte tor the cloning, expression, a

of al | easihupsq srii0b BDSSURACRith ArRCreeRatt r@gtrié%g)y'\éniggsg%e%amOEis%}\EPer

one or the other of said I onal coat protelns s of one of said

DI S 11 nkevacZherarheerd | £abi) GRE PSSt R3dbRE fof WENGeqidifo kRTIRSST ON-

and the display of at |east one protein sequence to

N-t e nU&ldﬁecBbbhﬁée@ﬂSa@l_rah&eXBéP@t'hanisSéiﬂegéwtdo?ﬁﬁgtg% [ eppp by

means of one of said DIS linker 1s hereafter 1ndicate 5 spl ay

expr essi Oﬁa@@éﬁ? hed (OPtvaseqlLbAde tHHd eIt hOfwWEer Xnaniarl gpng{tﬁaF&Et te

can be generated are presented in Fig. 14. After being clone In a pbD

vector by erpaissedf cditifdd il fid DD shéSattOWHAA the DDecddsetld igi‘?ﬁ%éd Rpesent
within the vector, the DD cassette becones operatively linked to either one

or the ot hatctinal keat proteinbyirmeahs ¢Pal DS GhREAS thélZRBRBH FkifBntBRene |
orientation in which the DD cassette is cloned, allowing its transcri ption

and trans(AEO)rstartt and Stupi codansptaid tEOMMAI Bignthad BelS8@ RRISHFfeyeONRNCe at
its NNterm nus by neans of the sequences present within the DD cassette and

of the DI BetwedmePelBresdamncecanth DISAislesiTeThe ZROI §énd @andhé Wss cfihtld coat
protein, being assenbled in a pDD vector with divergent sense of

transcri ptni te bpposite Haettianproper pronoter, requires the correct insertion
of a pronoter (and of a starting ATG containing protein sequence to be
fused at the SFigume 1% restdctio) amalpsideof trandently asslecidee g ¢ pBrepst at ed,
that can be provided by aDD cassette. G ven the two opposite orientations
in which tleeeBDncabichtthe DB (F omBOIt (), caduettarhhs beenaclbhed akifhgBghl y
one of the functional coat protein in each pDD vector containing a DD
cassette (gutgctiam)sitest and stigestedywithhéhel Gudtieg ! thehdinees dfhei3*t imetHaD
cassette is inserted in one sense or the other, and at the same tine there
ar el8ever ¥ecloshiangd gbal (positioned near the Bgll restriction site not linked to the
functional coat protein) in the DDa and DDb cassettes. Compared to a DNA
marker (M), the plasmid DNA extracted from the clones in which the cassette
is inserted in-frame with cp3* presents two fragments having more similar
length (clones 1, 3, and 4 in panel A; clones 2, 4, and 6 in panel B) than
20 those in which the cassette is inserted in-frame with the shorter cp8*
sequence (clones 2, 5, and 6 in panel A, clones 1, 3, and 5 in panel B). This
is due to the larger dimension of the cp3* sequence compared to cp*8.
Figure 20: Panning experiments using recombinant phage displaying
HA peptide (panel A) or e44 fab (panel B) fused to cp3* or cp8* and panned
25 using anti-HA peptide antibody (anti-HA; panel A) or Hepatitis C virus E2
recombinant protein (E2; panel B) as binding agent. In both cases bovine
serum albumin (BSA) was used as negative binding agent. The peptide and

fab were expressed using a pDD-cp3*cp8* phagemid including a DD cassette



each DD cassette available in the ligation m xture. Therefore, it is
expected that a library constructed with a pDD vector and several DNA

f r agnent swbaserdoors4t he sanme DD cassette (and di fferent fPor/iBies/b@Essr ol ogous
protein sequence that is cloned within) will contain at |east a pair of pDD
vectors having each DD cassette that i37cloned in one or the other
orientation. Thus, the population of cells reconbi nant phage that forma

library C%@sﬁﬁ{ge@ﬁﬂfgg?%r?é,ﬂgnaoeftﬁ@r BI85 d Vé%tér@vggF:%*\agbsﬁHeal ly

represents a repertoir et erol ogols protein sequenc ormats

(that I, cbipen drhRIED-BhstdTeldIR (1EHB58! BBSkvVEUNRIL PhdhRIB VdBF! | onal
[ d re, tiron of, coat

t
coat protein" Shou be I ntended as an ‘ent or a po

protein obxgrelk|RTEHS ASndNaYSolYd hs @%@F%&ﬁr&ewe Y %@g\gisgtthtehe

coat of the phage and of displaying a heterol ogous sequence its

Nt er ni t ' ' f
er m nusv#llet B phtgéagait UreSalufed APe Jﬁégé.’l‘?ﬁwtﬁl %"r&%éfdd’fgﬁ F}gf’lﬁﬁ&”m

t hose encoded by any fil anent ous phage (e. i ncludi ng

cp3,5cp7, aged (GUTPRE: pRags hexBulated BecEIARB S Sohlia [1INA tAKReggdi ng for the
two functi onal( coat prgt e?ns call ed rmdifi'gg cp% (cp3*, SEQ I%QNO.: 6 and

SEQ ID NO. 1 7)Finjuten2tli Paddlip8xpeRmients Hsihd PedbinbirfhrNshaddidpiding 9) -

both first and second sequences of the functional coat proteins clonéd in

t he phageridseptidd (isandvRNbi ed4dfabn@anef BY) dused 16 cpBAURIGST AE Pavmey for
their correct exprg}?sion gt their g@ end (Fig. 1 ao?? 6). Only after the

i nserti onusihgaah$t-A Qeqdinies antigo@pc@ntioHAe phinep! AY od, Hépagih € widshebhe
appropriate regul atory sequences, either the first or the second functional
coat protrEconisiaahtiprotein r(&2s parnstdBnad bindns aigewttl It ®oth fdsieanbevipeei n
di spl ayi ng such heterol ogous sequence. The exanpl es al so show that the DNA
coding fosempdalEumdinc@SAY arasbeseld agaiégatbleobipdind agbat.ofhespéstids agat at i on
and |inked to each other by neans of a commopn restriction site, formng a
DD- DI S | i fialbew@ra baprassedonging seplD Dacp 3iep8s piaigengdsagueite addD! e sette
cp3*DDcp8* (Fig. 16; SEQ ID NO. : 10). Natural, functional variants of these
pr ot ei ns expregaimgneitkerdCafect ZEO aarsededtoromarker. pRIBlabasehveptars gfors
active as functional coat proteins are disclosed in the exanples. A large
number of CAWNPOSItivue alontredk oppBi B2 tbasadi wetterséer ap8b posdivecxpntes!s evkrand
tested for their properties in displaying heterol ogous protein sequences
(1 annol o @lsodised. I9BEY axis showts thile yalueos:: pirage trkaret elated aR G2 endéofss et
al ., 2003; Weiss and Sidhu, 2000; Held and

15 the procedure to the binding agent (OUTPUT phage, calculated according to

formula Il in the text).
Figure 22: Restriction (A) and Western blot (B) analysis of clones
randomly chosen from a pDDb-based E. coli library. The number identifying
each clone is indicated on the top of (A) and it has been maintained in (B).
20 The clones having the same restriction pattern (see Fig. 19) were put aside
to each other when preparing the Western blot.
Figure 23: Flow chart outlining the process for preparing libraries and
selecting recombinant phage using the vectors of the invention.
DETAILED DESCRIPTION OF THE INVENTION
25 The technical problem underlying the present invention is how to
establish a simple and efficient system which enables the expression of an
amino acid sequence to be expressed and displayed as a fusion protein with

either one of two alternative phage coat proteins in a filamentous phage,



Si dhu, 2004; Kwasni kowski et al., 2005). Any of these alternative
non- natural and natural variants of coat protein sequences allow ng the
di spl ay ovoth@/qrsiei n fused at their N-term nus can bePuIaB20060G18% vect or s
of the invention as functional coat proteins. Mreover, the functional coat
protein may al so contain one or nore shert heterol ogous sequences (conmonly
referred to as "tag" sequences) that should be |l ocated in a position not
affectin r %P i di y. acti:vities.. Thes ri.ants of
he. funce iy o 1L EaTAE R NGB Sitble ¥ 1o WS Bkl 5
def i ned ahowg-anthaiy Aithoa: AfbCHmFPUERTE LBAL whfdeyi des additional
properties wthout Tnpalfing Sig rcantly e protein display activity.
Exanpl es of s I I o i ide: ler 4.an

uﬂﬁa ]adiaétkﬁuﬁéﬁ)ﬁ%i HQE %%h@y&db‘(éﬁ\ id Oe(crﬁéYér‘d;ﬁdsf co?\%’tr%lﬁhhﬁ

procedure, an onal I'ng nol , Oor the pos ati1ona

modi f | Ca:élfﬁ%éé}éilo; ﬂ@ct@@iﬂ% A& ot b%iregzgﬁﬁgggbﬂi@io‘?%’ DW%W‘Q‘;@N“ ¢

di gestio of the noieties, ligan T nkers, as we

met hods afl $in8t SabSSedudindel Ry BBNRISEHCAH e NPHHhih G&1df UltheH &iRE ok Reand
In the |

use of fusionprotelns ate w dely discusse ITterature (N I'sson et

al ., 1997;ine b6 af I ! ﬁf{?ﬁ'nmbé rotei ns" Mt hods
Enzynol . ({}QFABE%SSEdﬁEQng%MC@%@S%Q‘%% WO 01/“7 Gp'37). Such addi ti onal

protein sequenpgs BaSicPYIBABhEd 0BE thid &é@oehw@&aﬂ?cu@ﬁn%t Bish gihg DI S
|l inker, within one or both functional coat proteins, or between the D S

l'i nker anghbemiutfer Moldle DegIAY) Qfe:0ne or both functional coat proteins.
Moreover, this additional sequence can be positioned in correspondence of

only one or bah)hAf DN icedilg kb MisbtiahbtiGRAUSHRCPrdeRs @8npriind'@ BRsgem d
of the invention, or it can be different fromone to the other coat

prot@i n. DNiaslirskEirataehscamd:nedd the detection and the isolation of all the
phage in the libraries generated according to the nethods of the invention

in which the fongt iDNAI codippl fr aassedine fundoPaulbat rdpdiay MRXMiESBEEON
cassette, or DD cassette) has been inserted in a way that the heterol ogous

protei n sdiegetivreof sransseigtibn epmatie fo ¢thdtuot theotiedt fuertiopabteatprotein,
Therefore, it is of particular interest to include sequences such as
pol yhi st i ahdeonfpribihg a-ddoondHANPainkarattiesnbyénd; sites, or any ot her short
tag sequences that can be detected or inmmobilized by neans of specific
substrates, enzhersn toe fiasit albdeesnd DNAdnker coagrigesahiglast oneiideatipaleci se
conbi nation) can be present in the phagem d vector, helping the in vivo
15 site for a restriction enzyme not present outside said linker in the phagemid
vector.
Specific DNA linker sequences to be included in the vectors of the
Invention are hereafter indicated as “DIS linkers” (Display and Insertion Site
linkers). The identical site for a restriction enzyme is intended for making the
20 5 ends of the functional coat proteins compatible to each other, or to the
insertion of a DNA fragment having the same site at its extremities, when
digested with such enzyme and exposed to a simple ligation reaction (due to
the blunt or single stranded, complementary 3’ / 5’ ends).
Moreover, the DIS linker should be designed in a way that it can be
25 transcribed in frame with the 5’ end of the DNA coding for a functional coat
protein, and with the 3’ end of the DNA coding for a protein sequence to be

fused to and displayed by said functional coat protein. Thus, the functional

coat protein and the protein sequence to be displayed are consequently



and/or in vitro identification of the fusion protein, or its purification.
Various tag sequences have been tested for different coat proteins
(Nakashi meioebo7alo71542000) . The tag can al so al | ow aqueouPCTAB2006YAEEB7S
partitioning (Bandmann et al., 2002) or fluorescence-nedi ated detection
(Morino et al., 2001). Simlar additiongl sequences may act as tether

bet ween the coat protein and the heterol ogous sequence to be displayed, as

he coat SHoTeIS HCRRBRIAdIer Sodlel, BTRE 1 inkiE: BT Biguct rtery "
noi'd or rRdgrTER iRyl SR BE R 3 4 T Hbh, of RS 7B Y TPe ot ous
beear i n 1SHRCHE Btntisd; o BLBNHR RuRbnat s SBIIE M ST IHTERBED:  de.
The prot e%éh%@f@?%é@d consideration conprises typically at least 5

am no aci f "second" functional I coat proteins shoul dhbe

. ded o . . . ins. -

i the.exampl 2"l THRAHS TRAHESRS, QisbHRBY S pHEREE" BE [E VR ong
o et HRBRaRE O 1R oBEBte] fo 6 Felirbier)or MRMENAUh heiB gl Voo |

o fromthe sane or a eren ge, shou correspon

diff i . abl i )
on the sul o tRiRELAe (EANHBARIGR The SxBhple YT 4 B SHguF BiRnces
level of magueneridifg tWe Adish&MsitdRNRRIG utﬁm.:%smgﬂcaﬁneeacdrﬁgg\ed

version, a natural and a nmutated version, a tagged’and a non-tagg

version, Wit Ahf4QdieBhbY sbyukaggctns H@nﬁe.@’éyﬁﬁre)inhghet%rrﬁ?@?@g the

two functional coat proteins physically~divide t phagem d vec in

twoy par t slifiege (SER 1HMO. 2D ah'@leSE@fCI@‘N’@:: ﬁ)h?farﬂicﬁjléﬂg PrErRIY GRREYS! Hed

between the 3' ends of DNA coding for each'of the t functional coat

prot ei ns wdeoiiiiing tOhidhed8grd Bf RRdbiRtyCloRIMeSTURRSE DPSteYn hPthd PRiikiCat | on
in bacteria and phage, and possibly additional genes such as a first gene

for a seltpet linkeiTBAlesxerpldriean @ girerertedirkeechettne e rinida YGIpAder)Qf the
DS linkers at the 5 end of each DNA coding for a functional coat protein,

where t hewhBreasketit® Linkelpaddpisd ¢aIFAE of| Sufechde meansidehtifed ihi thieer s.
25 The literature provides nany exanples of the mninmal el ements necessary
for replilitetatone i (Heramokel et aald pbegk, ThectwasDIdinkerEl inathd Nshagemid
15 vectors can be simply compatible (i.e. having one or more identical restriction
sites) or identical (i.e. having also identical linker sequence, as in the
examples).
The arrangement of DNA sequences coding for the DIS linker and
functional coat protein sequences can be achieved according to different
20 criteria and situations presented in the examples and in the figures. The
phagemids of the invention can contain two DIS linkers separated by a DNA
sequence having variable length and features, but the two DIS linkers can be
also directly linked to each other by means of the common restriction site, as
shown for DD-DIS linker2 (Fig. 16; SEQ ID NO.: 4: and SEQ ID NO.: 5).
25 Coat proteins modified with adaptor/linker sequences, including
restriction sites similar to those defining the DIS linker, have been disclosed

in the prior art (WO 04/078937, WO 03/091425, WO 02/088315, WO

99/29888). However, none of these documents discloses the combination



f 1(+) origin included in the vectors described in the exanples. The
content of the display cassette is determ ned by the sequencecl oned within
t he restrwotzh@mogistes present in said DS |inkers. WienprChaBploegasisd vect or
is devoid of any sequence to be displayed (an "enpty" vector), the display
cassette can be (Fig. 15): a) sinply absent, being the two DI S sites fused
in a single one by virtue of conpatible ends of the common restriction
sites; b) b S ik f = t s is onmnonl y
et orred Taane PhiedatagareRERT L DISIMERS G B Eh G S8l BTN

sel ect i 0”on%r'?@rotﬂéﬁﬁtl{éjbfdfh%rc%h%{ (él%ﬁ]lﬁr%ﬂ‘éf ergry‘ﬁ?lﬁpéé' gpfugﬁﬁ Bagipgne) .

which is separated fromthe two ers wo stu sequence

posi t | onegnalorthe ofherdyid gAGRonA coulosiding mar ker gene” shoul d be
a

i ntended as a gene that encodes a protein 'owi ng the positive or negative

sel ection of t{ere&ldr, QﬁérﬁéngGeS&i ﬂ'\&@?\fs- lir\l{brkh&n&%tﬂéf c@rfreéﬁ‘?rrl]cgihﬁse”t

i nvention, the gene can encode, for exanple, a protein allow ng

r esi st ancfinefione cbat ebicihs Cdhed ﬁ@f‘tﬁfwsr@do%h&tﬂﬁéﬂé@%ﬁh@irﬁ?ﬁgh to an

anti biotic, helping the mai ntenance of the vector. choice o

speci fi c ggheoiben framkar dﬁi@rreﬁta%ﬂaﬂhﬁniﬂ”b PeclohCalfif LP® contrublién of
backbone, the display cassette, and the doubl e display expression cassette)

gi ves t heploggeamnidivieciorsOf tHEry caPpHRG & DNA! €53t §6i 18 | Aok, it@%‘ ating
bacteria containing the desired phagemd vector. Typical bacterial drug

resi st ancexigessionarand tras disphay of enfleast 666 Profsia ey wAYeCld beused at
tetracycl i ne, neonycin/ kananycin, zeocin, or chol anphenicol. A first

sequence theplirterimirals of isithed oricoon tise otiner BNAaREfURARMAS kot droRins bynded
that the two DNA sequences are joined in a way that first sequence
(usu@l | y, meanprafsinegosaidrD VS Bigkgrat abl e pronoter or another transcri ptional
regul atory site) allows, or nodifies to sone neasurable extent, the
transcripti on e tspecific ONA R¥ssedgualmeingetts cloringpties expregsdon] ahly
conpl ete open reading frane of a gene). The presence of a pronoter sequence
oper at i vethg displeydot at keasit gmal prodejneseuente wobatfusgd tab the Mtéfhinuensf of
the DD cassette makes the transcription directional fromthe cassette into
t he pDD beith@ionee afether athdrnef said functiphahabahpyotsing pyoietane dDonassfet t e
conpared to the symetry of the elenments allowi ng the insertion of the DD
casset t e. SO s dnler ishbersmriterdodimatédasdDepbey Displap eapotsxioncassettei n
sequences is allowed by the substitution of the display cassette in the

15 (DD cassette). Different forms in which a DD cassette can be generated are

presented in Fig. 14.

After being cloned within a pDD vector by means of the restriction site
common to the DIS linkers present within the vector, the DD cassette
becomes operatively linked to either one or the other of the two functional

20 coat proteins, depending on the orientation in which the DD cassette is
cloned, allowing its transcription and translation into a fusion protein
comprising a heterologous sequence at its N-terminus by means of the
sequences present within the DD cassette and of the DIS linker.

In fact, each DNA segments coding for a functional coat protein, being

25 assembled in a pDD vector with divergent sense of transcription but without a
proper promoter, requires the correct insertion of a promoter (and of a
starting ATG-containing protein sequence to be fused at the 5 end, if

missing) in order to be transcribed and translated, that can be provided by a



"enpty" vector with an appropriate DD cassette generated by cloning and/or
PCR procedures. A "double display expression cassette"” (DD cassette) should
be i nt end®d 2a¢7/m7isknear DNA fragnent having 5 and 3' emrd3/IBmopeiistd e with
arestriction site present in the DS |linkers of the phagem d vector (and
general ly absent fromthe rest of said2gassette), further conprising at

| east an induci ble or constitutive pronoter region operatively Iinked to a

o1t s "9, BECoaen e "Givbn HEAHRE SEAGRE BrichRARIRTIE gmgéehe i H%Rghe?] N

| i near fragnent and encod €l n sequence at % he

Nter m r‘usc%‘i9 &E‘?né’érté@eﬂﬂy\ﬁil EB”SI: vah fb?f‘(%nl?r% P ‘?ﬁﬁﬁodeﬂ L0&

backbone in fi cassetie’is e asynmetric

j uxt aposi biBiroh O ﬁm@&t%r%pmamg Ais) %a&ﬁ%ﬁ@f(f:gj? mT%.US!Ja' |y separat ed

by one or nore sites for restriction enzynes tric arrangemnment

i's responsi bl eﬁ%{tlsttl'&gll Pafdrb] {L -\ @Qtél%fhde{éhﬁ‘fég tHe Eés,f%'é?ﬁe;lspﬁwis%?teids

started fromt cassette I n tion to bone vect or V\hen

the BD caﬁﬁsﬁé%én%e%pﬂ?éiombraaﬁa@%e/ﬁ@ gé tmn% ﬂ{e@@%%'ﬁé\)%% RWSoft

fusi on of DNA encodi ng the seguence to |sp ayed to t encodl ng the

functi onaba 63D RIYsRLR Avhildte F?P%éﬂ@a@ﬂbn%nﬁ@?é‘ﬁﬁére%@ St id BKﬁé?teﬁ"‘D DD

cassettes for expressing peptides and proteins under the control a Lacz

pronoter g & IRFhR JodRBlucERAYARS & %@Dw&fbﬂ%d @eVBPaIeDNWfF‘a?ngQH@ t he
nane of DDa cassette (fig. 17; SEQ and DDb cassette (fig. 18;

SEQ I D Npasd@)on T sapeeidD Q:a@@éﬁét e:3 mﬁfe?@meﬁﬁeﬂh@ RbleoRiyouRepiotem Of
mar ker gene all owi ng the selection of vectors conprising these sequences.

Usi ng t hesaqliémiethat Isesiciieanagthin)t wilk cBAsHSh bateld=zerL i of DB \REto® ones
in which the pDD vector (or any other vector) contains the cassette on

t helbasi shafingheacc D cadsétes itisataiscetonéd g onenad tHecathesr/sridmatioseunasces
are those identified in several prokaryotic genes for locating a protein

into the fher ippbatation sfacsls semdmbihake ! ghdde ehatfoviniaa libas gt egasaucted
described in the exanples), Ml E4, PhoA4, LanB4, and Lpp4. |nproved | eader

sequencesabeord e ém thé sueihdelst off fheding8ntiohglotentially re@@88hts dhepbitoire
cassette-nedi ated expression of the fusion protein, which is displayed by
means of ohbelezalbgousquoésinessequenceddn passfobhatdithahes, jusse te enef orathe
pronoter (constitutive or inducible in the bacteria) that is operatively
| i nked i notiertfonctienataatipngteMT)G cont ai ni ng, | eader sequence
15 A “functional coat protein” should be intended as an entire, or a portion
of, coat protein of a filamentous phage that is capable of being inserted in the
coat of the phage and of displaying a heterologous sequence fused at its N-
terminus on the surface of said phage. The coat protein can be one of those
encoded by any filamentous phage (e. g., M13, fl, and fd), including cp3, cp7,
20 cp8, or cp9.
As shown in the examples with the DNA coding for the two functional
coat proteins called modified cp3 (cp3*, SEQ ID NO.: 6 and SEQ ID NO.: 7)
and modified cp8 (cp8*, SEQ ID NO.: 8 and SEQ ID NO.: 9), both first and
second sequences of the functional coat proteins cloned in the phagemids of
25 the invention do not contain the sequences necessary for their correct
expression at their 5 end (Fig. 1 and 6). Only after the insertion of a

heterologous sequence to be displayed, together with the appropriate

regulatory sequences, either the first or the second functional coat protein is



encodi ng said protein sequence, within the DD cassette. The 5 end of this
pronoter is separated fromthe other end of the DD cassette that may
conpri se woaoavoomsae additional genes, by a stuffer DNAPseqBBwéc/er1sThe
literature provides many conparative exanples on how to optim ze both
vector design and culture conditions im2order to inprove the expression of
the di spl ayed protein, and that can be used in adapting the vectors of the

256, eo. ERNLCREhRe RS End (IR, ey rBRZAIER, MNBRIRT suels s

| abor at or N DR et al., CSHL Press, 2001 ; Corisdeo and WAng,
2004; Ki r%%t%tuagf’.s,S%%%E?GSi dhu et al., 2000; Benhar, 2001 : Sidhu, 2001 :

o ol 2000, Ao e sl folVatene O it 7 e 008 oflitn FPnibel

2005; Si Ias:‘ﬁetpgéugfbp Ztﬁg litofénBhion AP Rhked 16 c2ich btler B imBahween

the DI S |inke nmt cassette can contain further el'enents that may
be desirall § dpnidrerdstritlisn BReC36#finyCa HOIDAS IARErL thdtfse agﬂhgéenﬁl
genes (i.e. DNA sequences that can be~autononmously transcribed and

Lransl at eflel RsQihPseqRiMe LARI BBY IDCHBY (ig! 18] et ibMeos! )i ng and/ or

the di splay process. For exanple, a furthe el ection marker gene

(different frogutuital FOASLIERAPVASSSS! OF fH&eb?Fd‘tQ%ea?é‘ﬂannﬁ hehdspetifiv
cassette of the enpty vector, if present before the cloning) can be

i nt egr at eghridhts her e ¢R$eEl tddat hlot¥ihBtadtie a8l ReictioRaPtoBh3F6EIfs et or s
containing the correct DD cassette. Alternatively, the additional gene can

encode angitbiseti il ethentexhiipiés omallaffRtnihberi oF donth@tutall aBantEréseinhage,
a protein nodifying the netabolismor the physiology of the bacterial cell

( Bot rmanny grishtBInaskalgubeckP@Rpreseedanrtl Bsted foNtRyiapidpeativs im dﬁpl@}ﬂ'ﬁ@' ating
the activity of the protein to be displayed fused to the functional coat

protei n byeteeslogoas proteill Sedudrkas (lAnneiamt #.,0198%1 Sdall et x1asE9S,
represented by an i mmunogl obulin [ight chain gene that, once expressed in
t he bact ePetmenkaret i, 200 ; dieise etvial.h 2808e Yieiss arid SidhunR00Q] Bleld andheavy
chain fused to the functional coat protein, formng a conplete antigen
bi ndi ng sbidbuo200de Kwadrkewski etha., @G0H. AGyherthbse alizdnative nankmatupalr t ner s
that can be expressed in this way are those typical of sonme nmenbrane
recept or andtratnsl Woveerof soah paokein iseqakencesmiletieggiveedisphay lod HB
cassette are intended to be transcribed and translated i ndepedently from
t hel®ri enprateivrfusedvati ieit NeteDDinus santhe used in the vectors of the invention

as functional coat proteins.

Moreover, the functional coat protein may also contain one or more
short heterologous sequences (commonly referred to as "tag" sequences)
that should be located in a position not affecting the correct expression and

20 display activities. These variants of the functional coat proteins comprise one
of the amino acid sequences as defined above and an amino acid sequence
that provides additional properties without impairing significantly the protein
display activity. Examples of such additional properties provide for an easier
detection procedure, an additional binding moiety, or the post-translational

25 modification of the fusion protein (e.g. phosphorylation, endoproteolytic
digestion).

Design of the moieties, ligands, and linkers, as well as methods and

strategies for the construction, purification, detection and use of fusion



i nserted, even though their expression can be put under the control of
i nduci bl e pronoter systens. The DD cassette can be generated, cloned,
mai nt ai newlp 2a0mhomzdi fied in any type of vector, includi RgTABEDE00ETE or. The
el enents cloned in the DD cassette can be arranged in different manners
(Hoet et al., 2005; Kirsch et al., 200%3 Schoonbroodt et al., 2005) and can
al so be shuffled exploiting Ge/lLox-based systens in bacteria (Sblattero
and Br adbyfteirdd 0% 'Otehf:r e a i s d ;n_ap md of
the i nvenFrore\Ir(%r) when\ml t i| s??gggg?ée% :rﬁqg]%oﬁﬂ%attgg/épe('\gLsg\g@ctégr .a?Thiggﬁagem d
vectors ofabbcAtHRNG BRinse i tian. ofn ' UR}

b7 Mo 51€ Yo ® T BBl eis GRS e el S

consi sting of a transcri e sequence Tor a

protei n | BoblEBSIN ISRl PRAR0BINMIQY1/F7garyo Functional coat prot el ns
present in the vector. The pronotet, a ribosong binding site (if needed),

the start codogychAnsddii8nbEaRREISS (;i/@étr?]é?% é@ﬁWPSSﬁiéPBHQWtﬂ%dpll}’é{%érﬂﬁi DD

cassette, that can drive accordi ng e expression of a nono ‘or Diclstonic

transcri pyeb@yiwihinhtheIMSCRskeIY vifint fo‘r'%th%ﬁ‘m'cti%ﬁ?? cBéP{p‘?{zt’éiﬁé oLs 3

end. The DD cassette can also contain the sequence sufficient to est abl i sh
the exprepstvide®ithe MBI GhREPIPAOHE FERYRTISS ASyién %ﬂ!&%%r%@h%dﬂmﬁ.ﬁiha term

"pronpoter” refers to a sequence at which transcription can be initiated by

a RNA pol goat gaeteiRseMbasovel! Ak Rlditforil 08B 8E fice NEAN dSe ap HAtI¥ABH 2
binding site and optionally a site for signa factor. A pronoter can be

const it ut turebpondence Vel origt ONE) oPrbdtRIAlRitRINE Ebate prafdin VEcQidNcdinder
certain conditions). In E. coli, pronoters are between 30-50 base pairs in

| engt h. Rprpdenttahl thepphagé@ic of dnerinsentich t or ite€an MeoaMfGERNTIOM Dnauf as
gl ucose, lactose, IPTG CcAMP, tryptophan, or other small nol ecul es.

Pr omot er stheaothesr coagrotedd. Dhisr eppeashrcarmhgipotheaddte¢abara it kamtlm al so
nodul ated by altering culture conditions (e.g. changing tenperature, pH,

nut ri ent spf allcthe. pkbgerintthe fibradieeegénératap adoandingofo the mewbascef Bz Sites
of the DIS linkers in the phagem d vector and in the DD cassette in order

t o obt ai ninveatibndiin ewhicnahec lfonctignadndisplap| cossatiec qise oDoubke | Dispiiy on,
their nunber should be ascertained, in particular in the DD cassette (but
al so in tBa¥pieSBidackiseatiej orMdDesassat)e) bys fremn ingwateds én)ue vy thatntheor
digesting the DNA. In the case where additional unwanted sites are present,
t echnol oghetersiagousspeimnmeacugncesis fused ts ospedific frctiommipbet prateimwy t he
m)dllfsl cation Olcrherefore, it is of particular interest to include sequences such as
polyhistidine, FLAG, c-Myc, HA tag, proteolytic sites, or any other short tag
sequences that can be detected or immobilized by means of specific
substrates, enzymes, or antibodies. Different tags (single or in a precise
combination) can be present in the phagemid vector, helping the in vivo
20 and/or in vitro identification of the fusion protein, or its purification. Various
tag sequences have been tested for different coat proteins (Nakashima et al.,
2000). The tag can also allow agueous two-phase partitioning (Bandmann et
al., 2002) or fluorescence-mediated detection (Morino et al., 2001). Similar
additional sequences may act as tether between the coat protein and the
25 heterologous sequence to be displayed, as shown for proline-rich tethers that
are capable of improving the display on the coat protein (Nakayama et al.,
1996).

The term "heterologous protein sequence” indicates that the sequence



these sites without altering qualitatively the activities associated to
theoriginal DNA. An optim zation of the DNA sequences to be included in the
phagem d weabewooarsd codi ng for the functional coat protecmBiosoilss Dl S

| inker, or for the proteins expressed by nmeans of the functional display
cassette can be achieved by selecting the DNA sequence in which the codon
usage is the nost appropriate for the bacterial cells (Rodi et al., 2002).

opt i m 2ot T dikoFalfah? SEEPE: A Afin sl o BLPRRGBCERRuENGP LY 2o =

SX;:LL??;ﬁe?f%gﬂgé%ﬁ‘&@@'ﬁéﬁﬁnﬁgﬁﬁﬁf%ﬂﬁﬂé%#%%nal*ﬁﬁ{%e@ﬁfe% Fa ?ﬂ%ﬁ%iﬁfo

et oot od | Qe HeEH Gy SealiRRod MIGK nof RiskL A" a3 BB BePEBen "t e

enpty vecdfudfle 85 2PEHSEHVEPNSRREFbbRpaHR. T PRSteiEdelheh dé 'S
ébq rrctron sit rpee? Yy nErﬁ 'Wo gé

made possible by the res ent on I e I hkers

of the ph@tgfgraélra\f%tﬁmﬁngeé Bydibslyat Rt § %rﬁg%t ﬁ&id&he DD cassette which,

given the structure of the phagem'd vector € opposite orientations of

the two functifrftstCaall HrBRIMP ﬂJHéfié‘lﬁ’éls@&btt&ottéiﬁﬁt%@ Pe nf&fdca agan be

integrated in two equally possible orientations. erefore, the protein(s)

to be di splRydiffesdit RRquaneed BRdAMEBLASESLodt" Wi r it ROt her
of said coat prgt ein ug nglzj1 the protei Eﬁggqﬁ%ﬁcgrgﬁéﬁﬁecﬁ%y t e'?DV]tSqﬁlenker.

Thus, t heexampRisi WithPRydides BB8NSdtein 4ERST drbfdin: %@@tmgwbpn?gaaghng' e
enpty vector and a single DD cassette, two distinct display phagem

vectors triatifisanchs praesint @pBr Pisfan e ipr Ne. 35! They! $h688- bdRREREHNT on
the further use of the resulting reconbinant phage, it can be appropriate

t o 1mi nt dromt tige cedrhec ol tarr giffeeditaiphagebyard SédH &hufi rrédbbnd to a
transformati on step, as containing a m xture of transforned cells

cont ai ni rajffp R vt pretan kneedi ftbeidieto display HAerbdels EE§LeRcHS Bhei n.
Alternatively, single clones in the original mxed cell culture can be

anal yzed the. surfage joff aaid ¢phaydexirrtaetsame doadt! proesinbyoBifads apuen g gmd/ or
restriction analysis) to identify and propagate separately specific clones

that contsaquencel in tweedifferenbnarpersfie PR skottarsl hdvhgyersiendasiatacal
orientation. Mreover, the choice and the |ocation of the sel ection marker

genes i n artk sphayetadd veesioor a(tagoey and & neadyguedprésing avdRiasselt e)
all ow applying specific culture conditions to select bacterial clones
cont3i ni dQQGBg sgesiensgsphtgeni d vect or.
The DNAs encoding ;the two functional coat proteins physically divide
the phagemid vector pDD in two parts (see Fig. 15):
a) the backbone, that is the region comprised between the 3’ ends of
DNA coding for each of the two functional coat proteins and containing the
20 minimal elements necessary for replication in bacteria and phage, and
possibly additional genes such as a first gene for a selection marker:
b) the region comprised between the 5’ ends of the DIS linkers at the
5’ end of each DNA coding for a functional coat protein, where the DD
cassette is cloned dr can be cloned by means of DIS linkers.
25 The literature provides many examples of the minimal elements
necessary for replication in bacteria and phage, such as the ColE1 ad the

f1(+) origin included in the vectors described in the examples.

The content of the display cassette is determined by the sequence



Once understood the invention, a large variety of phagem d vectors
conprising a DD cassette allowi ng the cloning, expression, and display of
at | east wopn@tmers4ssequence fused to either one or the eChaB2006/0d1818
functional coat proteins can be generated. In particular, the nodul ar
structure and alternative ways for insegtion of the DD cassette all ows
displaying large libraries of protein sequences, as generally required for

scr eeni ngclaﬁéaywltlaﬁﬁ@ﬁeq%sménm dg éht Ry SLRMDIY ¢ J.l.kterge ?W @tage of
y ISp ay c

havi ng the sanme proteins potentia ed on two |st| nc oat
pr ot ei ns i h y. Ni ad
T anst or o o A v e eetd SN d5ie e

opportunl\;éc%r)o{hég gq%%?%ﬁ‘ﬁh%%gﬁ@ g{}_ces in a phage library, wthout

repeating the 'clonin or the tran ion steps as required so far in

the technol ogigssphsiy! 86§ht rbénﬁ thbtﬁv@ws,esnégrfu 8T § él?ﬁré]%n%a

reconbi nant phage expressing fusfon proteins In cp or cpd etzscE r and

Gei ser, 1ARbe ofaengatisk end]s98f7the39ﬂﬁﬁ{brlei‘es%llctiorigﬁ§s ZW' ck et al., 1998;
Adda et al., 1999; Verhaert et al., 1999; Yip et a 2001 ; Al -bukhari et

al ., 2002; Jaaphssimistiig @’fanc?rﬂ%se@lﬁoﬁﬂﬁfcdﬂlﬁé DNA sed¥@ate (EBMEmohiyPr oved

phage dlsplay I|brar|es and greater levels of diversity can be obt ai ned by

t ransf or melr@r@@%@rsl@I"smeﬂelr'ssé\q@@h@)agem d vectors allow ng the
bidirectional cloning of a DD cassette. At this scope, the DD cassette

contai ns appr ar¢@npriskry theged firtesetond Jelddtith MARBHYTR tAffBRNt
di splayed in the correct frane between thesignal/l| eader sequences and the

site thatfrom u&ednéOdSomEﬁSEdSSiﬁrtheobacbkbdﬁéf} Rihkch liglsepatitedhBonPihe egbor . | f
nore than one sequence has to be displayed in distinct reconbi nant phage

(asitasual DS hajpgarnsy Wb stuffeeDNA seguaiceppositidnedart ignd'i idigeshdst he panel
of DNA fragnents to be cloned are |igated within a DD cassette by neans of

such restrictifrisslecden rgaerarajensy shoudd roes bend e adoal ljed epivag lenebdes
phagem ds (that is, having each DNA fragnent operatively linked to DNA
codi ng f & pedteieraltmveingr thiehpositiver of megativaadelectivn wfothel ogll dxXfpressingi brary
is constructed in a DD cassette already cloned in a pDD vector (that is,
i n-franme sdid lgenes dacthei eoritent of dmalpresent ipventon) thesgehel éair angoddofdrd be
subjected to the digestion with a restriction enzyme cutting within the DS
| i nker arekaroplehea profein @ilowing the pebistasteofdbhe wmadteriah cell Zzyamsfprroeddi ng
conpatible ends in order to obtain the desired bidirectional cloning of the
DD EassetWigh the" phagemid matterto "an ansibindic, helpingi Hengnaieténared iof dheng DNA
that is
vector. The choice of the specific selection marker for each element of the
system (i.e. the backbone, the display casseite, and the double display
expression cassette) gives the opportunity to apply appropriate selection
criteria for isolating bacteria containing the desired phagemid vector. Typical
20 bacterial drug resistance genes are those that confer resistance to ampicillin,
tetracycline, neomycin/kanamycin, zeocin, or cholamphenicol.
A first DNA sequence “operatively linked” to a second DNA sequence
should be intended that the two DNA sequences are joined in a way that first
DNA sequence (usually, comprising a non-/regulatable promoter or another
25 transcriptional regulatory site) allows, or modifies to some measurable
extent, the transcription of the second DNA sequence (e.g. a complete or
partially complete open reading frame of a gene). The presence of a

promoter sequence operatively linked to a signal sequence and pointing to a



foreign to the cell and that can be introduced by any nethod (e.qg.

el ectroporation, chemcal transformation, or infection, including phage

i nf ecti omyo 206moprsesent i nvention provides kits and mnet iroiaBioos/o@erser at i ng
phage display libraries in which each single protein sequence is present in
the library fused to either one or otheg of two coat proteins, by making
use of a single phagem d vector for bidirectional cloning of a single DD
cassette,

T PR 0008y ek R e TR o o
T L
correct b an e DOES SESSHERR T IR Lo ML O e

di spl ayedinlé%ir@gn %fftﬁ@vﬁ'j gggéeﬂ:gat protein. The nethod for generating a cell
or a phage |ibrary, erern each protein sequence of said library is fused

rot i ns,  compr 1 2eo(s e oPPFRoedtin kil ARG BB (e
DNA |i nk ] f e b di [ | oni f. DNA
coding 1 §$§%ﬁég%i2§3@?ﬂafzééﬁ e’ Buopfiiahes” et AHe! FHRE dp "4 e
bact or al aPDG eI} MR AP PORICOP, Pt BenBRlal W HAMA A<, 1o

met hods pr@Pp@gé&lr@Qg expressing any specific am no acid sequence on the
surface of a filanentous phage, in particular whenever it is desirable to

detect the preaengsusk Wagngggre%%gdjn S @ kﬁbo : Slsgﬂézrghome%feusi ng

a DS linker such the one descri In the exanples, e Insertron of the

DD gasset infesdéd 28 8hindiap BINAYirhggRht PavihPB! %f\asﬁtéﬁdé‘%&%g?qéﬁgﬁé%tﬁ hat

have been digested with Bgll and have conpati bl e ends. aries

obt ai ned wsitngtidhesiuegiresentnd (e RS hpfkerdf of MRel agsgém@ Fé&oPe s ect ed
e

or "panned" using the technol ogi es comonly disclos 'n reviews (Manci ni

o, s, SRt koo v, a0l sy e
g the nore appropriate
strategy amdndiocitis of Levhstitutile pra@dler rafibhessdatioblyalinke®95a -starting
ATG-containing, leader sequence, located at one of two ends of the linear
15 fragment and encoding the protein sequence to be displayed at the N-
terminus of one or the other functional coat proteins present in the backbone.
As shown in fig. 14, the DD cassette is formed by the asymmetric
juxtaposition of DNA segments having different function, usually separated
by one or more sites for restriction enzymes. This asymmetric arrangement is
20 responsible of the specific direction in which the transcription is started from
the cassette in direction to the backbone of the vector. When the DD
cassette is cloned in a pDD vector, this transcription allows the fusion of DNA
encoding the sequence to be displayed to the DNA encoding the functional
coat protein in the pDD vector by means of a DIS linker.
25 Two DD cassettes for expressing peptides and proteins under the
control of a LacZ promoter and a PelB signal sequence are provided in the

examples under the name of DDa cassette (fig. 17; SEQ ID NO.: 11) and
DDb cassette (fig. 18; SEQ ID NO.: 12). The specific cassettes differ



The invention provi des novel phagem d vectors that contain both a phage
origin of replication and a phage-i ndependent origin. Phagem ds do not

i ncl ude avoanpleres4set of phage genes, e. g., sufficientcmurbes/o@Bsgenes to
produce phage particles. Cells that harbor phagem d can produce phageli ke
particles that contain the phagem d geppne when the cells are infected by a
"hel per" phage that carries requisite phage genes not present in the

" oct bacTerrAENca hey e of BRtRRE bt BRbuMTERe) Reirlh, Afestorso ner
S A e O A g T L R S
il 2003 TPragpelacF o, Rranidine, OSSR (& gy ter \SEORL, o
Phage whar e B e e LR O e A A e Tt T oa., il ess
of rEconbi nant’ Shs e e S o SRPE SPaRba T el 11

functi onghrokapjotRf §ERES)or ToGatiRAHENRRehCinks th@%ﬁﬁgﬁﬂg& %Esc@%ﬁaf Wite

and to fused to thé Nterm nus of either one or t nct'i onal coat

protein spaMEGSPERSANE ddrofd¥dreabatribyd TRans @ianﬁf»@é‘, M4l masnde any
sequence of interest known to be interacting with a [igand or a target

ol ecul e |sataB4asamdtigiedi Rapfdveel Whdg §EquEweEsS HavkebEaRsalsaC fdéntidied any
ot her epitope-binding fragnent or derivative), epitopes, epitope-binding
regi ons, @ttdlgsnrg.alaldogsgens, bioactive peptides, enzynes, enzyne
inhibitors, enzymatic catalytic sites, DNA-binding proteins, isolated

protei n domai MEhe IDD ks ctiR-mcRARHOE B reb8RPbPtRe TSR Prdtaft AuRich is
cyt oki nes, and contiguous or overlapping fragnents of the protein sequence

of interedisplayedt by ersenofofpiing eigasier osbgushed! &y atlatiBapoasield asyreheby two
di stinct protein sequences (such as the variable regions of an heavy and a
| i ght chapresehcanof mmproglotbdrl(constitutivedor ihdunibleone the bhetesrguinges is
cloned in the DD cassette to be fused to a functional coat protein, while

t he ot heromerativelycllioked and’atd dhenstastiyg eAPGesethibyga leadpl ederjueseiear at e

gene cloned within the DD cassette as well, or in the backbone of pDD

vect or. Trec@ing asdetprotainmeqliealdepwithie ther DBctassettes cThets andaind this
transl ati on of a DNA sequence to be fused on a functional coat protein that
haslbeeneproneeteprievisepstated| tined thadbdiheraepdi 6f ¢de f DOmcaskettevietommy cDNA
1 brari eséomprise one or more additional genes, by a stuffer DNA sequence.

The literature provides many comparative examples on how to
optimize both vector design and culture conditions in order to improve the
expression of the displayed protein, and that can be used in adapting the

20 vectors of the invention for specific uses (“Phage display: A practical
Approach”, vol. 266, ed. Clackson and Lowman H, Oxford Univ. Press, 2004;
“‘Phage Display: A laboratory Manual”, Burton DR et al., CSHL Press, 2001;
Corisdeo and Wang, 2004; Kirsch et al., 2005; Sidhu et al., 2000; Benhar,
2001; Sidhu, 2001; Szardenings, 2003; Bradbury and Marks, 2004; Hust and

25 Dubel, 2004; Mancini et al., 2004; Pini et al., 2004; Conrad and Scheller,
2005; Hust and Dubel, 2005; Silacci et al., 2005; Smith et al., 2005).

The stuffer DNA between the DIS linkers or in the DD cassette can

contain further elements that may be desirable to have in the DD cassette,



or genomc libraries, or nucleic acids generated by chem cal synthesis. In
particul ar, the DNA should encode for protein having therapeutic or

di agnost iwoizna7nesst, such as mammal i an proteins, and noreTBBh&n@BTsy f or
human proteins, or for human pat hogenic organisns (e.g. virus). The source
for DNA encodi ng human proteins can bezany human cell and tissue but, given
t he extensive use of phage display technologies to identify imunityrel ated

B and o s B ok L el ahal 8BA3 e CRREC REGLRH-8R R0 <t B
t her apeut LdrdhR0 Gy dehdbribkNSid teflsIakadhidal s Beds) @@%tﬂ@@'g”%sﬁ%'g faf M

can be isolated fro ood, bone nerrow, tonsrl

e " WLET L TRIRONY i DB BT AR, PR ST,

circul ating nenory S can be 1s0

i ndi vi duah'i%\_rk@@béﬁeo("ciif?éFei(\gf?fgrﬁgﬂg(z:ﬁQs 80MoFRBADR MChOMSINe BRUCH! L OY

any appropriate~criteria S éxpressing antl avi ng the 1gG

i sotype ofisPIAY easbole Q?Zt%eolegfgggt@é%éraq#)pgeé%mgﬁé?o?e YRS AbR irgzgegﬁ %gexi n

accordance w t'h the present ion ¢an'be used to sinu n press

a | arge nywbgiated iR’ HeL'DD SRALBREC oML e é&%&ﬁoﬁ”&ﬁ)ggﬁpéﬁigbrato

. . X r
libraries derived fromcells or tissues,”in a phage or rysfused

to eithercomaifihgttie driait M dadBeftg@at proteins, taking advantage of the
fact that different proteins can be better expressed and/or better

di spl ayed in oARef{ativety,t WheP it iealC Q¥ NBdA Oéﬁcgééerdﬁdgﬁé’r byitfehént

bi directional cloning process. Mreover, the phage can be detected using

ant i bodi efurrtishabtcoaiepesin Bf ahei AllnidIfBES! Mesgd Danprotin #hodifyifg%he
Bhardwaj et al., 1995). The vectors of the invention can also be Used to

r eproducemeithieslisimra benphmioRigyadfebiecsadtarial ¥engBbitmbRhBid PL&Kthun,
conpl exes between two differentially deleted coat proteins that can be

medi at ed H99Bherimpestadt ireradtitet wnalcﬁgﬁuaummgetih@ SSHLHEN6RHhe SHRBINAR | N
SI P (Hennecke et al., 1998; Cebe and Geiser, 2000). Alternatively, the

vect or of behlisplayedtfusad tarthbefundiphaiccdat retsinayemdamrder e IS apkakl nant
phage (Petrenko et al., 2002), or bifunctional phage (Gao et al., 1999;

Chen et ahn, exdidple wiethis atlespbay i8f rapresenateeoyyanfinphaheylobsdiauigiees can
be achieved to either one or the other functional coat proteins. The
| i brari escClwinphene thahdrwed eapewsaidnin the bheterizt, s heferbbdeménze witloa can
be screened using any screeni ng assay known to be applicable
15 segment of an immunoglobulin heavy chain fused to the functional coat
protein, forming a complete antigen binding site on the surface of the phage.
Other heterodimerization partners that can be expressed in this way are
those typical of some membrane receptor proteins. However, such additional,
complete genes in the DD cassette are intended to be transcribed and
20 translated indepedently from the orientation in which the DD cassette is
inserted, even though their expression can be put under the control of
inducible promoter systems.
The DD cassette can be generated, cloned, maintained, and modified
in any type of vector, including a pDD vector. The elements cloned in the DD
25 cassette can be arranged in different manners (Hoet et al., 2005; Kirsch et
al., 2005; Schoonbroodt et al., 2005) and can also be shuffled exploiting
Cre/Lox-based systems in bacteria (Sblattero and Bradbury, 2000), either

when the DD cassette is cloned in a phagemid of the invention or when it is



wi th phage. For exanple, the phage can be exposed to a purified antigen,

sol uble or immobilized (e.g. on a plate or on beads) or exposed to whol e
cells, tiweuresjooors4ani mals, in order to identify phage trhatuBzdéers’s o
targets present in conplex structures, and in particular in physiologically
or therapeutically relevant |ocations ge.g. binding to cancer cells or to
endotheliumin vivo or in vitro) for target identification/validation. The

nosi 11 ve. RPLeR i REP ine B Bior, FRE, AR v s GrofEs iR °
corrais) | ElloRing CdBHBNSS 47 ExBRedsiof uoltorbiddAd 8t bR fRGR B9 1O
on the basHRsRELIBNRMRCIRF B FISRIT Bio® I ITcTafla Ao BE bl it dhBlom
the bact efj@yf&ldrs o3¢ g??@#ﬁé"b‘?é’senrﬁﬁg'@%ﬂ%%bﬁ%h%@%ﬁ%térﬁc‘i ﬁ@ﬁ%?’h%ﬁ 0

anot her appropriate vect or "exa e’lar scale're

et hiods, TSPy AepdQdp e, HERCoddt, ARITR: |8RIG oo B tH SRR e
orovi ded | e Farnay MEE basSpac, R AR Aecd Rl Me PS8 O 2 o
| ar g CONA BT 1 R TN ATk 1P 3P, R arohar Bat " are

screened pasteind@Btitd yizeha! eNRNDIPERRRATIRH BIATEDMAin| 88 | d&fdHoe

protein domai ns and sequences (Rosander et al., 2002; Jacobsson et al.,

2003; Fai gufficiedt- to 280Mlishl thadsligrb8siohCofthe bREiePSlogBliddseGisiicdlas a
t echnol ogi es can be used to detect bioactive peptide~sel ection, when the

sel egt i onsolabopfdtemh.t o an appropriate assay for the biological activity or
conput ational nodelling (Pastor et al., 2004; Falciani et al., 2005).

Li braries of ribive temildpramotern doferd ephi sk cticePhtRthoiYaRasiftidrreaa®e can

be screened to sel ect phage expressing peptides that specifically bind

anti bodi einitigtedtinata RINA riYindeas® JEROGS AT bicka@ydtice pFedobyrst luthage

allow the definition of allergens, antiidiotypes, B- or T-cell epitopes, or

vacci nes pdyoregasé bahdingl9@7andaptienalty asdite forMigmalackar A pliomhstegicadl .
2000; CGoletz et al., 2002). Alternatively, "sandw ch" assays are based on

the cl onilng ecombtithiivexpr essilwaysfactile) dheeyalatalblee (ichanotivh drilg phdge,

meanwhi | e the antigen and one vari able chain are provided into solution, in

or dé¥ to cetainadenditiage).ofn thecantprgemtdrs \ara Is¢tazidn 38t5@rbaxfe ph@rsviar i abl e
length. Regulatable promoters can respond to regulatory chemicals such as
glucose, lactose, IPTG, cAMP, tryptophan, or other small molecules.
Promoters can be regulated by repressors and/or activators and can be also
modulated by altering culture conditions (e.g. changing temperature, pH,

20 nutrients, etc.).

Given the fundamental importance of the restriction sites of the DIS
linkers in the phagemid vector and in the DD cassette in order to obtain the
bidirectional cloning and display process of the invention, their number
should be ascertained, in particular in the DD cassette (but also in the pDD

25 backbone if necessary), by preliminar sequencing and/or digesting the DNA.
In the case where additional unwanted sites are present, technologies such

as PCR mutagenesis (as shown in the examples) allow the modification of

these sites without altering qualitatively the activities associated to the



| i ght and heavy chain conpl ex (Watanabe et al., 2002). Further manipul ation
of the phage can be nade during the selection process for various reasons.
For exanpWe,2oomveotisies of anti body and antigen expressi n@CphBy®c/oc@s7se

i ncubated in solution and the inmune conpl exes are precipitated with
Protein G or Protein A bound to Sephar®se beads. The precipitated phage can
then be used for inducing infection of E. Coli or for neasuring
interactiengngg SA, so that it is possible to quantify the phage
precipitated by determ ning the nunber of plaques produced (Al -bukhari et
al., 2002). A RRIGtifnatish GALYONA Sdqidiftddl @ polifaldadtih the diadim
protein sequence expressed and screened usi ng phage display technol ogi es

can be peyéiorRthdidodinhTar WO kenh&RINa cBht breeiE Yol theMmISNidkee, b Riraghees are
exposed. The rel evant reconmbi nant phage are then selected on the basis of

t hei r bi nde&em APFER] Uy PhodhdDf tie GRABLIGHalS WisiiaY Sfsseie can bhe

surface of human cells havi'ng specific features, including tunor cells,

hel pgng t Bghiedeqt by isedddtfiy e TNAI sefidiies iraRthitMehanedddrt usapgeksthe
(Edwards et al., 2000; Landon and Deutscher, 2003; Mutuberria ét al., 2004;

Shukl a anghdst agpprépdiate fOF ttRENBALIERY callBe(REUiCEREL., TDEAN SHfHRaRe MRl
associated only to the binding of the phage to the cells but to its

i nternal i gatdriznto Ad ewpliedt feefdrdebiaitingad i wdodf aaptatkireenti 6pheidtides or
anti bodi es having this specific activity (Legendre and Fastrez, 2002;

Fl orea et agtordi?§ S tih orgdnien ekpresgiipthe déguatriecaid avaitdblemd hekpract i on

with the specific |igand can be performed by applying the usual panning

met hods, ohobye 2PDNA Bgquenee sivahiagks casieidtibhaasspoentialiy lzmgegoas foor
assessnment of interactions between the displayed protein and its binding

par tioer, slosingéntdl ther gisagemizbasetdr sigelftordatw pihearexpres sivtopsctbisggrrderi st

et al., 2001 ; Jaye et al., 2004), phosphatase reaction (Han et al., 2004),
or ot her thgbetrbcbhgtgpologoashser|umyiceshdsPheasn eietadted (008 eRAkn200R). al .,
2004; Steukers et al., 2006). In general, the success of a panning approach
i s al so dependéhe substifetiah pbtisd DINALasbetts o1 Henethpty veatyr ©@rrdenadbeshown
for many libraries displaying antibody fragnments, protein wth higher

af finity Db cassetteewithribefdasived DI ¢ansatiecs rade pysaillamyethemasbéstiart

di stinct sequences cloned within them (Hust and Dubel, 2005). In general,

t he reconBltagresentagslyoin thestven HBolinkiars afbhei plabaipic weciostansdin tre 5
invention can be directl¥)used for binding, detecting, neutralizing,

15 and 3’ end of the DD cassette which, given the structure of the phagemid
vector and the opposite orientations of the two functional coat proteins
juxtaposed to the two DIS linkers, can be integrated in two equally possible
orientations. Therefore, the protein(s) to be displayed can be joined and
expressed in frame with one or the other of said coat protein using the

20 protein sequence encoded by the DIS linker.

Thus, the invention provides means for generating, starting from a
single empty vector and a single DD cassette, two distinct display phagemid
vectors that can be used to transform bacteria cell cultures. Depending on
the further use of the resulting recombinant phage, it can be appropriate to

25 maintain the cell culture, obtained by a single cloning and transformation
step, as containing a mixture of transformed cells containing pDD vectors
expressing either one or the other fusion protein. Alternatively, single clones

in the original mixed cell culture can be analyzed (e.g. by plasmid DNA



and/or altering a ligand, a cell, or a target nolecule, wherein said
reconbi nant phage or fusion proteins are in isolated forns or in the forns
of m xturwe.2o@noeisthat one or nore protein sequences, dipspliBywco@s7sa fusi on
protein with either one or the other of the selected coat protein cloned
and arranged into a phagem d vector acgording to the invention, have
beensel ected foll owi ng one or nore panning cycles, the associ ated

S o ST, BB R0 Bl
B el e
P N B A MR L,

e o L0 A SR A R
Systoms Moo BhABRR Biocte D (BT TorMNeRH cotiiting DY fRsie], alBi=! fan
Techni queaq'ﬁplyi?’@oépécific TARUPRA GHBHETS §o %%?écﬁ%é&éri%P@We%%@%ﬁ%iﬁaqhe

sel ected protei'n sequénce, once Inserted into a sultable episomal®or

non- honol gggrs] Mnggemmkgg)qpsl y integrating vectors, can be introduced in
the appropriate hosSt cells by any suitable neans (transformation,

transfection, ga&sUdldretbodtied aRYE%tiod Ual l%ﬂ%%‘ilaﬁ}fétt\ﬁ UFOp R é’rﬂic* GREM

phosphate precipitation, direct mcrolnjecti etc.) to transtormthem

Fact or s odorhFREING2A TD idasset8cdlidiiing tﬁérélbﬁwg@rexpk@s%ﬁt 8hd ‘Giéﬁbzvcﬁfétor
include: the ease with which recipiéent cells™that contain the veCtor, may

be r@cognieast adpbtep S6§&EnES FRENIS iR BhEWr R btheMbCivs FuRfiosant ai n
the vector; the nunber of copies of the vector which are desired in a

par ti cul agodtopictemzd cWﬁebBe?eh;érdtédﬂffﬁi paic@ldro the ARJGRiIIAO sheletirde! andt he
vect or between host cells of different species. The vectors should all ow

the expr esitarnatiof Wwhgs flosi PRepicn efnthien DibecssEtay Yllovs @isaliagy Mrge host
cell under the control of transcriptional initiation/term nation regulatory
sequencedibraties hofapeotelrnsequences, aengénénallyvaiguiret fore seredniny caddagsi n
said cell. Acell line substantially enriched in such cells can be then

i sol at ed thaseaat onitte phajeblisplagldystemewithothecalvaytagiecohbhating(hegsaneast s,
insect or mammalian cells), different transcriptional andtranslational

r egls at orpro$eigeqratentiaity displayed opetivo dégtanmodicoat gnotdies matausimgid phiagehost .
They may be derived fromviral sources, such as
library generated with a single cloning and transformation process. This
approach can considerably increase the opportunities of identifying relevant
sequences in a phage library, without repeating the cloning and/or the
transformation steps as required so far in the technologies disclosed in the
20 literature, for example in the case of recombinant phage expressing fusion
proteins in cp3 or cp8 (Kretzschmar and Geiser, 1995; Wang et al., 1997;
Rousch et al., 1998; Zwick et al., 1998; Adda et al., 1999; Verhaert et al.,
1999; Yip et al.,, 2001; Al-bukhari et al., 2002; Jacobsson et al., 2003;
O'Connor K et al., 2005). Thus, improved phage display libraries, and greater
25 levels of diversity can be obtained by transforming bacterial cells with
phagemid vectors allowing the bidirectional cloning of a DD cassette.

At this scope, the DD cassette contains appropriate restriction sites for

cloning a sequence to be displayed in the correct frame between the



adenovirus, bovine papilloma virus, Siman virus or the |like, where the
regul atory signals are associated with a particul ar gene which has a high

| evel of wepoewwisa. Exanples are the TK pronoter of thecHiBmesomsTUs, the
SV40 early pronoter, the yeast gal4 gene pronoter, etc. Transcriptional
initiation regulatory signals may be s2Rected which allow for repression
and activation, so that expression of the genes can be nodul ated. The cells

whi ch haV§8H§9|%a%a%\subhea§fem Qwe&w@rjsan{;ééwwenmeﬁm heusegst ed by

al so introduci ng one or nore markers whi | ow for selection of host

cel I's whi i6ikef GBH feNp DIE vBERIr & FfSin@fe (BSH Une $8§uEREK BasTRY b8l diSpiyediife for
phot otrophy to an auxotropic host, biocide resistance, e.g. antibiotics, or

heavy netgkanstfdbcrshinahPPhager (dshgshdikehaphens liet rabdRoir@¢ lofpegritescan
either be directly linked to the DNA gene sequences to be expressed, or

i ntroducegk hAtiPodies) simeep&itll oPBNPO fiagafsite abise cloiéd hiedNghted within a
transcriptional regulatory elenments may al so be needed for opti mal

expressi opD t@seteblysmemyisher udhessthcabarsiels) yeperglikg iy odbiresponéiegr r ed
are eukaryotic hosts, e.g. manmmalian cells, such as human, nonkey, nouse,

i nsect (ugouitiebeanéiool bhegehageqirRt s edaving exsh aDNA fragnieht ngsaratioeiyt er
Ovary (CHO cells, because they provide post-translational nodifications to

protei n nmptietieBDNA sebtindf fog eiitier @dle drolhdi 6iged fuydtiores Woat ipeoteit). ¢otheect
sites. Also yeast cells can carry out post-translational peptide

modi fi catlimasy imcondtragtegl it aspDatassetteAaraatigrelohed éc arpDibanectaAthat
strategies exist which utilize strong pronoter sequences and hi gh copy
nunber ofisplinfrarde Wwihta credific dtndtiored daat prodeingt sooh dibrahe stesid o
proteins in yeast. Yeast recogni ze | eader sequences in cloned nmanmal i an
geneo pr odsubjectett te eheedigeptiphi witls deasirictioheaneymeecuttingesitliin. he DIS
pre-peptides). For longterm high-yield production of a reconbi nant

pol ypept i iiekersaad|te thepligationnvith pa ¢fRD reebtoFeut exitmEre enggime pronddinghi ch
stably express the pol ypeptide of interest may be transforned using

expr essi ocowpatiblesentis din ordgr toobtiin the daisiredi kjditecidnalegpningt olotheald) or
endogenous expression el enents and a sel ectabl e marker gene on the sane or
on a sepatasseliactor. Following the introduction of the vector, cells my
be allowed to Rrowfor 1-2 days in an enriched nedia before they are,
switched to sePediansdorpafacelhis pueplbsentaining self| wnligplingndNfethatkis o
confer resistance to selection, and its presence allows growm h and recovery
of &Blls fatatorsdecdber gelly aadpitat qae het dAEEds &y etibesMerRad staadt

clones of stably transforned cells nmay proliferate using, )
electroporation, chemical transformation, or infection, ~including phage

infection).
The present invention provides kits and methods for generating phage
display libraries in which each single protein sequence is present in the
20 library fused to either one or other of two coat proteins, by making use of a
single phagemid vector for bidirectional cloning of a single DD cassette, and
applying a single, DIS linker-based cloning and transformation step. The kits
may include the sole phagemid vector for bidirectional cloning of the DD
cassette, or vectors and primers for generating DD cassettes compatible with
25 the pDD vectors and allowing the correct cloning of cDNA/genomic
sequences, PCR amplification products, or any other double stranded
synthetic DNA coding for a protein sequence to be displayed using a

functional coat protein.



tissue culture techniques appropriate to the cell type. Acell line
substantially enriched in such cells can be then isolated to provide a

st abl e ceWwb 200me71sanmmal i an cell |ines avail abl e as hosPETBLOOH@EBEESSi ON
are known in the art and include many immortalized cell |ines available
fromthe Anerican Type Culture Collectddn (ATCC) including, but not limted
to, Chinese hanster ovary (CHO, HelLa, baby hanster kidney (BHK) nonkey

o0y (8], Fhe et 7 orays B 460 pfpsee il el chuer

hepat ocel | ul ar carcinoma (for exanp a

cel L1 negroté SO0uARAIP Wald SibRy! AyddacarMEN Binihgs dragiaroresdi nsect

cell expression systens are comercially available in kit form (e.

conmer ci ajheZ&heP)bf hRY! fURERALI cbit pRRRSBoRIpritRage expressing ,
i mmunogl obul i n variable chains, in particular human i mmunogl obulin variabl e

chains, an i tingértimeds DD ajdseBtteSint G restifier @NoPthd DNA BhRef<df Bab or
scFV into a full' i munogl obulin protein having a preferred isotype and
consgant piegh&nid VBtRorifordhefhiandtionatdieniny bPesDNCEodM Irean ¢@RiRbat i ng
full human nmonocl onal antibodies of all isotypes constructed from phage

di spl ay | aditiadetuidideviechs figdd at figd N-fmAhusdpithed opePsethe dither dfR@TRI i an
or insect cells (Ames et al., 1995; Mahler et al., 1997; Persic et al.,

1997; Boefuretionhl cod09dteinsanget al ., 2001 ; Guttieri et al., 2003). The
proteins selected using the vectors and the nethods of the invention can be

then cloned an)expisfssritgi vacttlial calecivithsthal resulting, véaorsexanpl e, the
fusion to another display scaffold such as the naltose-binding protein

(Zwi ck et al ., ThOSS)steps wWwild apipy edso do rasthcid fut ¢lonimphndsexekaingd
reconbi nant proteins but as a m xture of reconbi nant proteins (Sharon et
al . 102005anWspeeificecamiatho ackD86juehce tometheaserfate pf ffitkrmefimud phage,oinei ns
bel ow 100 am no aci ds) displayed and sel ected according to the invention,
t hese seqparicetravhesboeet itendegirable bedptaadithepresence ofienichamimmadiesi s
technol ogi es, such as solid phase synthesis and |iquid phase synthesis. As
a solid pbeguergmiriesi lyraiyr exanple, the anmino acid corresponding to the
carboxy-term nus of the peptide to be synthesized is bound to a support
whi ch is insolWlen bsingrgddisclinkevents theotebyesdritedchint the epatmipleésnthef
reactions, one wherein amno acids with their am no groups and side chain
f unct i onalnsgritupef el cagseite Icaaphe opiained by bgaiing a@gr@aq@@tf@r@nd a
condensed one by one in order fromthe carboxy-termnus to the

ani h2- t er e¢IQs thatlpneeansligestpd with Agllandibave compatible ends.

The libraries obtained using the vectors and the methods of the
invention can be selected or “panned” using the technologies commonly
disclosed in reviews (Mancini et al., 2004; Pini et al., 2004; Rhyner et al.,
2004) or those improved methods described in recent articles for choosing

20 the more appropriate strategy and format (Lou et al., 2001; Vanhercke et al.,

2005).

The invention provides novel phagemid vectors that contain both a
phage origin of replication and a phage-independent origin. Phagemids do
not include a complete set of phage genes, e. g., sufficient number of genes

25 to produce phage particles. Cells that harbor phagemid can produce phage-
like particles that contain the phagemid genome when the cells are infected
by a "helper" phage that carries requisite phage genes not present in the

phagemid. The phagemid vector needs an heiper phage in order to infect



bound to the resin or the protective group of the am no groups of the
peptides are rel eased, the peptide chain is thus extended in this manner.
The puri fwedogaptrisdes can al so i ncl ude ot her chem cal gPoupB20060618TRUCEd
during synthesis or they can be further nodified to formdendriners (Pini
et al., 2005). Purification of the recdabi nant proteins can be carried out
by any one of the nethods known for this purpose, i.e. any conventi onal
procedur ephsrepby g ext raction, precipitation, chromatography,

el ectrophoresis, or the like. A further purlflcatlon procedure that may be

used in prefergpaq fféh tHHrdﬁé/Hi%%IcH@%i Thr‘éPl'eeéfarﬁbletsh%théW%ﬂ g'ﬁa'té h@iﬁér“' ty

chr omat ogr aphy usi ng nonocl onal antibodies or affinity groups, which bind

the tar g%hé’dg@tt%b@tl?é}dNMﬁ'b@été\*'@I URAL R dRBh BAEIR CHF Stafis SuPSdrtiBL i X

cont ai ned hi n~acol um. | npure preparations containing the proteins are

passed t hiaighsé h@aﬁ%‘euia'éntﬂréé lﬁrtﬁbeﬂtéré/fufé (R8nB6LBH af, 0200 ¢; Bakkat A1,
hepari n, protein A protein G or by the speC|f|c antlbody while the

i npusi ti es0eR; lInRRRS &t HIQUIID3; Kieheras Bl.NQ00BNS MRt &1 Al. | EO%UR%dnfétom the
gel by a change in pH or 'ioni¢ strength. Alternatively, HPLC (H gh

Per f or mangle, 2004Y. dn Gursral, clieamIper Fﬁagbeshtﬁﬁd suﬂp@ne{n@lrﬂ@cw ahg tperried
using a water-acetonitril e-based sol vent conmonl y enpl oyed for protein

puri fi cat ppagatieacotitzp tsomabipapt PhageerHanses thdesiedtaton iy whiehnigiehods
of the invention can find several other applications, such as

i mmunodet BOX cassettd he insedyd olinlesselt!isMiésired a6 sl 4 tthui infeastionMahd Ui t a et
al., 2001 ; Zhao et al., 2001 ; Kurokawa et al., 2002; Li et al., 2005),

and B or pgropaigatiepi dfopslyrmpmiye of rénolhbgiamldhxag@qu lerhalmnsthy proteins
proteins (Bugli et al., 2001 ; Droney et al., 2004; Di Niro et al., 2005).
Conbo nat ofusad toi divlara ssegfiofumdteshal coat grotgin)o t he net hods of the invention
can be al so used for protein engineering, by expressing in each phage a
sequence var i ahlhe seqaepcetteibe mutliddtbin e Béncagsdthe apddgdused itddne iN-y

t hose expressing fusion protein variants having higher affinity for a

r ecept or , teamingzaof either ane gethe ethanfunctipmat icoat phateiraseqercaipgesental . |
2001 ; Schooltink and Rose-John, 2005) as well as the detection of

prot ecti vie pPhaelkterehy cmieanancfaat DbSdirker (&in bel ang0sjuentet of riaterresd vy,
these variants can be selected on the basis of their stability to

pr ot eol ysksowBdp keninteeaniing2gih)a ligard phagardet pidgculectunhl agpntibadiss al so
used for characterizing proteins recognizing non-protein targets such as
fati§ aci declugingi fragmedits , likgoabspl &eFVhoemeneany Setheki egitope-bindas) |

DNA (Ni | sson et L ) ) o ) )
fragment or derivative), epitopes, epitope-binding regions, antigens,

allergens, bioactive peptides, enzymes, enzyme inhibitors, enzymatic

catalytic sites, DNA-binding proteins, isolated protein domains, ligands for

receptors, receptors, growth factors, cytokines, and contiguous or
20 overlapping fragments of the protein sequence of interest.

In the case of proteins to be displayed that are formed by two distinct
protein sequences (such as the variable regions of an heavy and a light
chain of an immunoglobulin forming a fab), one of the sequences is cloned in
the DD cassette to be fused to a functional coat protein, while the other one

25 is cloned and autonomously expressed by a complete, separate gene cloned
within the DD cassette as well, or in the backbone of pDD vector.

The DD cassette should allow the correct transcription and translation

of a DNA sequence to be fused on a functional coat protein that has been



al ., 2000), or glycans (van de Westerlo et al., 2002; Ravn et al., 2004).
The exanpl es describe the design of constructs and experinents for

est abl i shwogoatme7ishage di spl ay technol ogy of the inventipom/iB3yoosaksTsy use of
DNA sequences encoding two coat proteins (cp3 and cpd) that have been
anplified and nutated at the N-term nussusing a DIS linker2 containing a
rarecutting restriction enzyne site and a A y4Ser based sequence. Phagem d

vect ors eéﬂggffﬁﬁgsg@@a&naﬁ%%ﬁd} r i RorBtHel GRS HAGRAaRES! ! NS

(cp3* and c een generate he "pr od on o

[ econbi Nagk RGRicCRIERES] brenIBRs aBRIsNEEAE A B rcﬁggfggagggn@geﬁpm de or

human Fab) fused at the N-term nus o er cp g

sequence BARIAAN WRIDONA ARHudTIEn O 97| Bfofdin { RV thePshAlliRdor

protein-peptide fusion proteln es not t phage pr assenbly

and i nf echiagdosticThess! SIERass h@&ﬂgﬁidndﬁwéir%@ﬂatrhg}é %gwﬁblyﬁ‘fféﬂ nity

sel ecti on of” phage expressing the no I ed protelns pertor on t'he basis

of the bi Adiiih pRAEAH rifst hff péﬂﬁ)gféﬂﬁ@gr%ﬂtsg%eﬁgdvﬁpéimﬂé’ﬁgﬁrce

efficient, showng the correct assenbly of t F ecule int

peripl asmigr BINKC &ncbidithg PRimdH Prétding agieBeeanyalirhhf el aRdt fissdd Buti nker
can be inserted in the appropriate orientation into a pBluescript-derived

scaf f ol d. giVirstHEektertifle V6et OF phage RRSHa) i tBehREIoYidd t& idEhGRSHRhLRIty-

containing a sequence to be displayed (a peptide or antibody’variable

regions) paletean protdiné qbilich ras iatidBERITRF kftigetd) Oha preherrsg! Ssiircanopf
reconbi nant pDD vectors in which these sequences have been fused at the

N-t er mi nubuafeai DN antecDNAtdTe dltHesrcedib éXWeééiﬁgfamrgérﬁﬂﬁ’éviﬁgQﬁa@ﬁ@s’,tﬁi n.
O her features and advantages of the present invention will becone nore

appapent br tinerapeutiolihlenesig(edgt canest ciRnel emtibdg pricdnaingcodiasthetrd=m of
the invention can include any conbi nation of features described herein. The

contents bé igblatedffesmnblesd, memd ngarpew etdnsigpldrcadnass @udhpadbltusied-
patents, cited throughout this application are hereby expressly

i ncor por atrditrayng elyenphoeyte EXAMRAIE D dtisivgpbe  Bloolr dpampdidoytesgndifcxpatassi on
of a DI'S Linker2-Mdified DNA Sequence Encodi ng a Fil anent ous Phage Coat
Pr ot ei n 3m@pary) Bfeellshi $hesyiceds Prant ke risolated] fept isdesifie iNdhaduals(n&ive
Met hodsProduction of ML3 hel per doubl e-stranded DNA. A commercial |y
avai | abl eobaantigéropipgeedil &nkelcper bevVpsMiGysigt saleatmhehy Lany) dppappiale was
used as a source for isolating its doubl estranded
15 criteria (e.g. B cells expressing antibodies having the IgG isotype or
expressing CD27 on the surface).
Phagemid vectors prepared in accordance with the present invention
can be used to simultaneously express a large number of protein sequences,
such as those encoded in cDNA libraries derived from cells or tissues, in a
20 phage or cell llibrary fused to either one or the other of two coat proteins,
taking advantage of the fact that different proteins can be better expressed
and/or better displayed in one of the two possible conformations determined
by the bidirectional cloning process. Moreover, the phage can be detected
using antibodies against the coat proteins themselves (Dente et al., 1994;
25 Bhardwaj et al., 1995).
The vectors of the invention can also be used to reproduce other more
complex strategies involving the formation of complexes between two

differentially deleted coat proteins that can be mediated by the interaction of



replicative formDNA. Into 2 m of LB nedium 50 ml of a culture of a
bacterial strain carrying an Flepisone (E. Coli XL1 Blue, Stratagene, La
Jol I a, CAyvowesr/mdisuxed with 1x1 01 1 bacteri ophage part ipciraB2ood/b@szdm xt ur e
was i ncubated for 4 to 5 hours at 37C with constant agitation. The

adm xture was then centrifuged at 12,086xg for 5 mnutes to pellet the
infected bacteria. After the supernatant was renoved, the bacteria pellet

vas used fdtefoldbBNYapbHERAsEYhEALEs OBuBH CAOA! SHS! BbrHaARENe(Mall @R kit
[ el Pro of a e

and anal ysed in 1% agarose gel el ectrophoresis. Production gen

encodi ng @bk Sand r@éfs%r,NZDGO{TihAﬁbrﬂE}ﬂ)eﬁ)i,eg}ec%cﬂfr%f"itﬁe (iﬁvﬁti@{ Ul BL The

PCR reaction for generating e gene encodi ng cp3* was carried out using

the pri * 3 “ - aftioodapl e ).
(10 B A C/ ot o SCERR | 0K R RS oozl

accor di ngott l@iflﬁﬂitﬁidmlﬁlﬁ@tau@o eRsl.r YObDOThenUst AN, %@gwgéréiﬁ%@b? diPNA and

300™™ of each priner. The PCR conditions used were: 9 or 2 mn

cycl®); 9fe tategifly FprofEif skquenbes@an b2 achiivedGoSEthdrIhELYELRS bthef t er
the PCR anplification, 2.5 units of AnpliTaq pol ynerase (Applied

Bi osyst enfenctiostlecodl prpteifd) were added to the PCR reaction, which was
i ncubated for further 20 mnutes at 720C in order to allow the addition of

a singl e deoxyHueniinaries oh phdgapredecéd degrrdmigt 16 ati eRethbast BE tRe- ends
of the anplified fragnents. The PCR product was el ectrophoresed in a 1.5%

agar ose galeatfioh panilfe edressiectigusial %t s@ekniy kbsay @@@ﬂ%-b&h?pﬁ%lege”e
was then ligated into pGEM T- Easy vector (Pronega), by neans of a single

deoxyadenuigi neh egid eifioraexamp g’ thenghagé addrowiengxpbsad o fapurified antigen,
instructions. The ligation m xture was used to transform el ectroconpet ent
E. oli Bdablehar deimabiliféd (day. aftamlateOonttrt beadbpriresxpuyetl fb alesieup,
inoculated into 4 m of Luria-Bertani broth (LB; "Ml ecular Coning: A
Labor at oraelisaiigsues, Sandnioeis ein arder @olidierBifyi plyadéarthat aBhess to NXrget889) ,
and incubated overnight at 370C in constant agitation. The day after, 2 ni
of bact erfre@sedt penstamplexr estugddrefsor aptadni gabieulaxt imaghysidlpgidailycatri on
usi ng m ni prep%gqaeglen kit. The pGEM T-Easy plasm ds carrying cp3* gene were
t hen analthseapaiitioadiyt rretavamt éonkdinns) d@sg dringings . toOneandesneelias arthdeen and
sequenced in order to verify the correct nucl eotide sequence of the gene
encodi ng Whehl@’@ntlpf yiMeg Qrhén nuitay)i der Aappg identification/validation. The
15 selection of the phage made against these antigens can be considered as a
positive selection (i.e. for detecting molecules binding to specific ligands) or
as a negative selection (i.e. for eliminating phage binding to certain ligands).
Then, the selected phagemid vectors in which a heterologous
sequence has been cloned, expressed, and specifically isolated on the basis
20 of its binding for a specific ligand, can be extracted from the bacterial cells,
and sequenced, PCR-amplified, and/or recloned into another appropriate
vector, for example for the large scale recombinant production in bacterial,
plant, yeast, or mammalian cells.
The vectors, the methods, and the libraries of the invention can be
25 adapted to any of the known uses of phage display, once the sequences to
be displayed are provided in a format that can be correctly cloned and
expressed by means of the functional double display cassette. The

sequences can be derived from large cDNA/ESTSs libraries, or even genome-



to G523 in the nucleotide sequence produces an am no acidic substitution
Ser 175 to Ayi7 d- The basic pRIB vector The basic pRI B vector conprises
el enent s woesevi7isa t he pBluescript Il SK(+) vector (Straragsoepoi®Snbank
Ace. No. X52328), including a phage replication origin (F1 (+); bp 3-459),
a plasmd replication origin (ColEl ; $Hp 1032-1 972), and an anpicillin
resi stance gene (Anp r, bp 1975-2832). Additional three elenents are

ol aront  BAEPEEE BEE 2liRrER° HiRY 8 2XspePen %o%&é“%@f»vq:@%;‘ii@vén&‘néﬁéns)
ATGcontaég' l II_@ _ s? e.FePIB ISE | D.NO. : 24qa51=rclen§E Dﬁi.:r ,
Spgt 2i ﬁagl qéggp C%gﬁ%%g 35?1@ = %g?{)%élnl[ n ﬁag%%PFEO??n% J.n-f ram%. Wit fét ﬁe
Peader s liatlZ: deeBssf 4l 2 n%#a'ﬁﬁaah Eﬁgé_éel ddiligata R @a&a%(g\ h
The thi r dius AP fholetEE Tapis BsSuR0 AREOS YiRp IS PeBlARBagstomS)
The third el n 0 [ PB gE o :.'123), an
er U1 onVip et RERIC AN Afhple ?nﬁﬁiéﬁ]oiﬁﬁti:f%f’%s%%idrtvﬁv%bb%fg?%?é?,ﬁ on
the o ot R SRRl iaddld g'i?st%%*‘éﬁ-v 200 LRl 2R ongf‘

/ _ ey ) -
oing o Spel - teferig ok 1 A6h i [l ARG O p8tes” a%?@xf%% “byne
rr agnent L3R ophase RF) R Shidther] 1SRGkl PRABE"GEpreRt Y etithiestinat, o
For examifyciffeatfybindl afhbodi9UEBCHat ARe g%édg{a%ggggdehaetmsﬁéa&k-eéfg%d

cloning site by Iigating a synthetic fra Ined by annealing two

‘&8?@2??'@@’&@%%%”&@ heFMEARGOL Cat gll%géer%/\’ aﬁﬁ@iétﬁa%’%:%t@ﬁaﬂ@eﬁEQ I D

able 1) have single stranded ends conpa suc

restrictigiitogdseor VeRRHddIe2hdHY et al.naopR Bhweckess hobot e BepaRmsison of

cp3* and of the related fusion proteins The pRIBI-cp3* vettor was

const r uctetda|us20@0;aGBRIE d1afi Q00! Alltetrmativilg hdhRiviel! 2568)s bragaRel
encodi ng cp3* excised from pGEM T Easy was |i'gated in the Spel-Nhel cloning

o ooormas ARG ST T PSSOl (85 ANV A e
pi cked, imeanivailedhienamtigenrandBoié dlafiab®@hain are provided into solution, in
15 order to take advantage of the antigen-driven stabilization of the variable
light and heavy chain complex (Watanabe et al., 2002).

Further manipulation of the phage can be made during the selection
process for various reasons. For example, mixtures of antibody and antigen
expressing phage can be incubated in solution and the immune complexes

20 are precipitated with Protein G or Protein A bound to Sepharose beads. The
precipitated phage can then be used for inducing infection of E. Coli or for
measuring interactions by ELISA, so that it is possible to quantify the phage
precipitated by determining the number of plaques produced (Al-bukhari et
al., 2002).

25 A more general analysis of the biological activities of a protein
sequence expressed and screened using phage display technologies can be

performed by using whole cells or tissues to which the libraries are exposed.

The relevant recombinant phage are then selected on the basis of their



i ncubat ed overnight at 37C in constant agitation. The day after, 2 m of
bacterial suspension were used for plasm d DNA extraction/purification
usi ng m nwpnrew/@Qresgen kit. The plasm ds carrying the no#criiBzhoepB87syene
were then anal ysed by restriction endonucl ease enzynes in order to verify
the correct cp3* orientation. The pRI B3igHAcp3 * vector was constructed
starting from pRI Bl-cp3*, which was double digested with Xhol and Spel and

from 1 nt) Da® (61 dbSnod SEPT MO BRviele SR EREE “YBOCRE B arakE 9L i ng
Xhol d | «wIh N e bt & 1.1 h
ol gonuc OO SR Doy PRRe o e S0P ERoR LI BT e "¢
and- denat S a0 e sy o B PR b R ance, BioBis EIRERE N 46 200% ure

was then fsansHk %&%é@tsegéé%egewu%ﬁ%eél.a%dg‘?f%‘gﬂﬁfgg{ii Rtag,com

tenperature in order to obtdin the specitic annéaling. on
m xtyre, sOOBPOSKEMAtRBR) -tRBShi&er | sEB3: h tag
| i nker, was used to tlr aﬁjs'for rrllne‘%(eécPbgc%nrggﬁéecﬁ?egﬁbg%ﬁgéﬂg%&ngy g%l S The

day af t er pinlthg BOHE SRS 18I B deiR. biNAsuat m@%rin%ﬁigggom aRbwity i@ | eft

o/n at 37C in constant agitation. The day after, bacteria

suspensi opleWefigatis® dof AdelRbeditie G4 T 8 LAY JUiEd fh&ﬁh'gorﬂhigsisagcﬁ‘icni prep
Q agen kit and then anal ysed by restriction endonucl ease €nzynmes in order

to verifya¢thatyo(lesrmeee @ind Pastréy {282 MEred 8081, SHONS Bridi8t dESPoEs).

characteristics, that is having the HA tag fused in-frame wth cp3*, was

chosen and usefihé ofetdtiopX RIfeB5d OiftEraRabh MWiths -théhepBEiBl1ig4AgP3anY 8t Or
was constructed using the DNA sequences encoding the heavy and |ight chain

of homan perfochedaby r ighainé i (sahhied afthbds, iodeny | slying ere
isolated froma pha)ée@%?gﬂgay | brarylgfor |gts af fini tye?% ‘??eyl—gpati tis C

virus E2 gpomhieticateBurbiophysicabl techtR¥&dirs Tbe eddebanelt anfl lrtehdctmi ns
were cloned into pRIBl-cp3 * using the Xhol-Spel and the Xbal - Sacl cl oning

sites, rebpmaanthe disphayed prstedr amd its Brding lparmeshoueinastiheordesénes
characteristics, thus having e44 heavy chain fused infrane with cp3* and
t he e44 |baded cdpeairadcopgdobanierescohe (KhgbrSdst esialgs200as Jased ef oal.,

expressi on experinments. A control vector (pRIB-ed44cp3) was constructed in
the same 2094 )uspmgsehatase medictioad (ldpd atequeriO4A)widrhotiterahighShirondlepa) .
15 technologies (Paus et al., 2003; Rhyner et al., 2004; Steukers et al., 2006).
In general, the success of a panning approach is also dependent on the
dimension of the screened library since, as shown for many libraries
displaying antibody fragments, protein with higher affinity for a target are
found in libraries having a larger number of distinct sequences cloned within
20 them (Hust and Dubel, 2005).

In general, the recombinant phage or fusion proteins obtained by the
methods of invention can be directly used for binding, detecting, neutralizing,
and/or altering a ligand, a cell, or a target molecule, wherein said
recombinant phage or fusion proteins are in isolated forms or in the forms of

25 mixtures.
Once that one or more protein séquences, displayed as a fusion

protein with either one or the other of the selected coat protein cloned and

arranged into a phagemid vector according to the invention, have been



Control pRIB plasm ds that encode for cp3, with or without a fab (e44) or a
peptide (HA tag) fused to the N-term nus, have been generated (and naned
pRI B- cp3,wpRh®&/doAsp3, pRI B- e44cp3) on the basis of phagecrdB2awediBzsbl e in
the literature (Burioni et al., 1997; Burioni et al., 1998). Anal ysis of
HAcp3* and e44cp3* expression using pRBBl-cp3* based plasm ds 10 m of
super broth (SB; "Ml ecular Coning: A Laboratory Manual", Sanbrook et al.,
Col d Spri iR8S Ny Ik ] was
S8l ERIP 11 IWiRGSondVor rasﬁeq)pggﬁp{%pggg,eﬁg@g a%'sbya@eé %QQH%me

i nocul ated with the appropriate E. one (contalnin

PRI B1- cp3ghadd it e RéTevaiR! BliAC4dGhehce VYanP BEBLoRASE P tﬁéggsl{je??g%df or 8

hours at 370C in a rotary shaker. At this point, isopropy

gal act osi gecdrififto #HEBIthodSkEBRN iﬁ%@tar{—gé'db.s se%?at%@s’rré}ﬁ%g g&%ﬁﬁd

growi ng bacteria that were further 1 ncubat overni ght at 30 S were

t hen har vgsdied 1y i i S i %p@ ffered
sal i ne (PBS; "Ml g%%&ﬁl%ﬁ%ﬁ}é@mgsﬁa%iﬁéll’cgcpg%%qk}gﬂégﬂ ,a?'fgz/a@hbr 00 ﬁﬁeet%h lg:y ,

Col ds Spr i PgRyarpies &rﬁg; dés £8R9%bea ' t z i
pr ocedur e (Bﬁjlgycl ess of 7eC aﬁd -8@%, meéargﬁp"\srl?ég%ﬁfggr %fg mcﬁ%t gg&%ﬁ?

debris wageqtetd eford faptheeniiddii@aidroNaid/ol S@IBréssidn I ARB LHRBREARE ©rf N a
m crocentrifuge, and the supernatant was used to quantify the protein

content. @@kavyotiodicstscalls,tad despfipbei inSmamEbbeREIethd Meeis18R0 Mk Yoam de
gel ("Ml ecular Coning: A Laboratory Manual", Sanbrook et al., Cold Spring

Har bor Preleae ah pto889¢e asdombpairat mdtdiys eirettidinphesmsi tlesT e thée selriead
proteins were transferred to nitrocell ul ose nenbranes, which were then

bl ocked DA @ractical App@ach! muishedrbywiOxiolBOnivers iy Tvess- 2DNASII6/hg
containing 10% m | k. The nenbranes were then washed and i ncubated with

antlo HA tZgExpitassanty Sisiemd’], 1985y 4DNA Clohinigedt Maliif8lianSyat@nat, #996:- human
Fab conjugated to horseradi sh peroxidase (HRP, Sigma) diluted 1:10000 in
PBS/ 0. 1%Pratain-E(pressioal’ ni 8g9.5Wrotdik .Pukifioatioa Feduriqués'h@o01i)ncubat i on,
t he nenbranes were washed three tinmes with PBS/ 0. 1% Tween-20. For Fab
det ecti on t he heerbDbide seapienabj eoding o due | gisplayedhandedeltubed | proteiescence
detection using the Supersignal West Pico chem | um nescent substrate
(Pi er ce) .squiendR, tencaldnsetedrinta lae suidatblieaapisasnalnou imanebomolodaugiherr 1
hour with an anti nouse conjugated to horseradi sh peroxidase in PBS/0. 1%
Tween- 20 fieplagasisiv integoaijng Aectarst haedenintreticsd n PRSAPPrdpsateckost20 t he
menbr anes were subjected to enhanced chem | um nescence detection using the
Supk? si gregllsndnt @iy osuitable means (transformation, transfection, conjugation,
protoplast fusion, electroporation, calcium phosphate precipitation, direct
microinjection, etc.) to transform them. Factors of importance in selecting a
particular plasmid or viral vector include: the ease with which recipient cells
that contain the vector, may be recognized and selected from those recipient
20 cells which do not contain the vector; the number of copies of the vector
which are desired in a particular host; and whether it is desirable to be able
to "shuttle" the vector between host cells of different species.
The vectors should allow the expression of the fusion protein in the
prokaryotic or eukaryotic host cell under the control of transcriptional
25 initiation/termination regulatory sequences, which are chosen to be
constitutively active or inducible in said cell. A cell line substantially enriched
in such cells can be then isolated to provide a stable cell line. For eukaryotic

hosts (e.g. yeasts, insect or mammalian cells), different transcriptional and



chem | um nescent substrate (Pierce). b) Results The sequence of the natural
M 13 gene encodi ng cp3 was nodified through PCR anplification in order to
be N-ter mvoabdnorrsuncated and to i ncorporate a DI S | i nkecZ/m2onbéroa1szs
restriction endonucl ease sites Spel and SfH (at the 5, encoding a 12 am no
acid sequence) and a Nnhel restriction gote followi ng the stop codon (at the
3'; Fig. 1). This variant, also known as BAC7661 8 and contai ning am no

aci d 216- ftafisphiondl GeBBRALE/ IepiEAess MidCR2 RiIBYBA( -
P69168) , ﬁacﬁs toﬁe orgg?érﬁa s%g al gsgquerﬁéb%anmgxgti %Mr%ﬁgem
Struct ur ahaflr8MeRt hebibost.t THayShhay &l ferlifed RERNVIRP SSHCLY, TR0
proteins, as shown i n phagem ds us%ﬁor t\fﬁs scope suci as pFCé}\ﬁ ES(?

( GENBANK' Ag&nodifus, ABBOfE %(Ebilgo-l:ﬁé) e8! SitgaPWiriy Atuee S divherd he

N-termnally nodified cp3 (cp codi ng for cp3* protein (221 am no

acids; Fi %g@étorﬁgh@l@ﬂa}é @R586idtad WilCEMphrfiafdr YiheS AHIENIRE aTARA

anplified segnen ontains a nutation A523 to Gb23 1 n the nucl eotide

sequence Rt idXpréssion] FRafples Gré URst TK W roPibtee of thb HEpeslViPudatHeng no
effect on protein |ocation or activity as tested in the present patent

applicati son_@arllyaF'r@mB@r,B tHEBCYOASIC QAR IgEsie ?réﬁﬂwﬂéﬁ SiceSPrinschiptibgarel |
known pBluescript Il SK(+) vector that are sufficient for plasmd and phage

replicati mitiatisn Weglilagsryagignals Rizgt bé JedstietaRBRhIENSGwW fORireprsxdion dndr t her
contai ns an expression cassette with an additional marker gene

(cl or anphadciiatior, esé sthab axpgessibnast! thaogénenson el atsduldtdd. STh8oidlls
transcriptional units include the pronoter of |ac operon, an

ATG- cont awhiclpgheaddrecsestabhg trafsfdmethysthednfroduckd NS cart 2 sdlbotddng t he
insertion of a DNA encoding a protein sequence. In particular, one of such

sites al | bpsalsbentroduoimgvohb ar Bivkeseguiearsewdiatpailoy forf salectionadf host
protein to be used for expressing heterol ogous protei n sequences on the
surf ace otelleediith rantaiphthgeexpregsicrp8édtor Thaermavitdr mayp&sBlpepdie fars t hen
used for generating a series of pRIBl1 vectors in which the DNA encodi ng
ei t her a phototiphyade ean zZadkgbeytic deosinthigeide( HéSistagcepre.g. fantibioties), ocal | ed
e44 and characterized as binding the HCV protein E2 (Burioni R et al.,
1998a), hhsawveenefals edchrag cappen ohthedike( Aihg. s8lectaltie masken gene vasat or s
pRI B1- HAcp3* and pRI Bl-e44cp3* (Fig.4) have been then used to characterize
the cp3* pitbpebe dgetly linkegetalitepl BNA gene sequences to be expressed, or

15 introduced into the same cell by co-transfection. Additional transcriptional

regulatory elements may also be needed for optimal expression.

Host cells may be either prokaryotic or eukaryotic. Preferred are
eukaryotic hosts, e.g. mammalian cells, such as human, monkey, mouse,
insect (using baculo virus-based expression systems) and Chinese Hamster

20 Ovary (CHO) cells, because they provide post-translational modifications to
protein molecules, including correct folding or glycosylation at correct sites.
Also yeast cells can carry out post-translational peptide modifications
including glycosylation. A number of recombinant DNA strategies exist which
utilize strong promoter sequences and high copy number of plasmids that
25 can be utilized for production of the desired proteins in yeast. Yeast
recognize leader sequences in cloned mammalian gene products and
secrete peptides bearing leader sequences (i.e., pre-peptides). For long-

term, high-yield production of a recombinant polypeptide, stable expression



applications, as conpared to the correspondi ng control phagenids pRI Bl-
cp3* and pRIB-e44. The expression of the cp3*-based fusion proteins was
verified Wwo 20émmersa bl ot of total protein extract preparet/Bembodars eri ?I
clones containing pRIBl-cp3*, pRIBl-HAcp3*, pRIB-e44cp3 or pRIBl-e44cp3
and anal yzed with anti-HA tag (Fig. 5A),.or anti-human Fab (Fig. 5B). The

Western blots show that both HA tag an le44 fab are correctly expressed in

Concl us! off PHRISERS. F1a0t SXAMBlay Rk bnerbuiTcle S aty exEas IS [iaheertide: pt*)
expr ogsi o TBIo ey RECHANGEABIFch SIS 1PHPRIRICD cYciorExdph a2y Somain at | on
and Expressipn of a DI S Ljnker2-Mdified DNA Sequence Encoding a
Fi | ament oﬁgagﬁ’é@éﬁ t'RGAEPA 8Niop e degrnaiiss sxaiesRIOPr @leaiatds aantl a cor 2
R LT e DB o i Sais o g s aomodoss Bk v e
Ctar bing. MRISHUERAREHE: dRciSapsieany Do Bmesh i geomTtor b odayait ame
The i walEaed (5% RSthee iy e sl i el 4AdneRE" F BEI® RO | 15
and SEQ | L .Jable 1). . The PCR conditions used were: 950C for 2mn (
T eyel: Nebeelestals Bcferiictq gongy tsisianse ‘Porelagtian andsie peees)as The
ccor dr ng 1 8p kBB el arlls WaE shiRse sl svereenite r('igg&?f%ﬁﬁ h
o Sl e B RS B MRl R BB EStl S 7o
. $5C T BeR BHEE Rl pbBRle Ebe e SRl anBetiienialy "
AR g T R T
correct cpa+ - caannanan el AUIE S EREORC BTG o iBrelofeare. kniyhal
PRI B1- cp3thd BAtaPthclude many immortalized cell lines available from the American
Type Culture Collection (ATCC) including, but not limited to, Chinese
15 hamster ovary (CHO), Hela, baby hamster kidney (BHK), monkey kidney
(COS), C127, 3T3, BHK, HEK 293, Per.C6, Bowes melanoma and human
hepatocellular carcinoma (for example Hep G2) cells and a number of other
cell lines. In the baculovirus system, the materials for baculovirus/insect cell
expression systems are commercially available in kit form (e.q.
20 commercialized by Invitrogen).
In the case of phage expressing immunoglobulin variable chains, in
particular human immunoglobulin variable chains, an important modification
is the conversion of the selected Fab or scFV into a full immunoglobulin
protein having a preferred isotype and constant region. This kind of
25 modification allows, for example, generating full human monoclonal
antibodies of all isotypes constructed from phage display library-derived

single-chain Fv or Fabs and expressing in mammalian or insect cells (Ames

et al., 1995; Mahler et al., 1997; Persic et al., 1997; Boel et al., 2000; Liang



digested with Spel -Nhel and ligated with the cpd* derived from pGEM T Easy
exci sed with Spel-Nhel digestion. The ligation m xture was used to

t ransf or mvel2eectmorsenpet ent E. coli DH al fa cells as i ndipcatiBzhos/moiBxsanpl e 1.
Consequently, al so pRI B2- HAcp8* and pRI B2- e44cp8* were generated starting
from pRI B2-cp8*, and using the sane cl #Aing strategy described above for
pRI B1- HAcp3* and pRI Bl-e44cp3* The Western blot on whole cell extracts

anal ysi s épp|, dobeqt icwatitficeBal. ando8f4TR8 proteinsPesibetde sy i8S Selchad above
for HAcp3* and e44cp3* b) .Results The approach for nodifying the N-term nus

of cp8 wiahd the nidthobisifahdandehBo9 RBASE théMe|drRicPhRE XPRESSBA IV BfHe S vas

the sanme used for nodifying cp3 (see exanple 1). This variant, contal ning

am no aci gbct4rs/ allOWirktfer @xasiel thePiabien %%ﬂﬁepa@p@% staMbRSEIRI ahce.

No. P69541), |acks on ’y the origlinal signal sequence. e sequence of the M

13 gene_etmeodhalfosarBintieg NBdtéine dzivivkoeshalPCRoe8PIdrf k&l | tpressidh, ahd am no
acids: Fig. 6A), generating a chzproduct (Fi g.ggB),that E%bs then used to

consgr uctsédlbetipml Bt CcR8* iysiate psubnabinaht Epratbineechigt sad NaWmikkurep&f based
fusion protein containing HA tag (Fig. 7) or human Fab e44 have been

cl oned. Sigtohasihsint pratpidis (SadnfetsdlQrRqDHDIMEI S, et A, 2OPELIAithe ket dfe
cp8*- based fusion proteins was verified by Western blot of total protein

extract ppepides (and hofbprdteirisabetdw0 eoninai acidg) displBRetiend selected
pRI B2- e44cp8*, or wthout any phagem d vector, and analyzed with anti-HA

tag (Fi g.ad®rding abot ithaminvdrdionanthidsedi segjueinices 8B . shbe \éksughn tbl bes show
that both HA tag and e44 Fab are correctly expressed in bacteria as fusion
prot ei n witdducp8* ussng gclpdinB2 c pBrithestst deshnologes)clsushoms Eudide phhaseot ei n
sequence nodified with the DIS linker2 (cp8*) can be cloned and expressed
i n a0 phagaymtbesiectamd digluichi plopsdresyadhesist Aspaesslidnpbasep8ynthasisg farsi on
protein in bacteria. Exanple 3. Functional Validation of Phage D spl ayi ng
cp3* or cexemplsetha canirremdidecorrespordingbbalytha) debexy-tdmnigubedhdite
Amplification of the phagem ds The fol |l ow ng nethods were performed as
descr i bedpreptiderio beet syrdbeasigedNs bsundato @lsewipogt whidhalsoingpirble Nareuganic
Sanbrook et al., Cold Spring
solvents, and by alternate repetition of reactions, one wherein amino acids
with their amino groups and side chain functional groups protected with
15 appropriate protective groups are condensed one by one in order from the
carboxy-terminus to the amino-terminus, and one where the amino acids
bound to the resin or the protective group of the amino groups of the
peptides are released, the peptide chain is thus extended in this manner. The
purified peptides can also include other chemical groups introduced during
20 synthesis or they can be further modified to form dendrimers (Pini et al.,
2005).
Purification of the recombinant proteins can be carried out by any one
of the methods known for this purpose, i.e. any conventional procedure
involving extraction, precipitation, chromatography, electrophoresis, or the
25 like. A further purification procedure that may be used in preference for
purifying the protein of the invention is affinity chromatography using
monoclonal antibodies or affinity groups, which bind the target protein and

which are produced and immobilized on a gel matrix contained within a



Har bor Press, NY, 1989). Electroconpetent E.coli XL1-Blue cells were

el ectroporated (0.2 cmE. coli Pulser cuvette, 2.5 Kv) with 50 ng of the
phagem d wecbewoo(3Rl B1- cp3, pRI B- HAcp3, pRI B-e44cp3, PCT/IB2006/001878

PRI B1- cp3*, pRI B1- HAcp3*, pRI B1- e44cp3*, pRI B2- cp8*, pRI B2- HAcp8*, or pRI B2-
e44cp8*). Each cuvette was flushed |rrrre iately with 1 m and then with 2 nm
of SOC nmedi um (Sodl umchloride 0.5 g/L ryptone 20.0 g/L, Yeast extract
5.0 g/L, Kﬂl 5 nriMl, pH adjusted to 7.0 with NaOH after autoclaving, 5
m of a 2€ ‘W@'@H E“Bt”@r prepasafions pniainimnthe posteinsiane paesed dhguglotres

sol ution fo[ 1 er of nedium are added just before use) at room

t enper at ufg! un‘l‘i’ue Deppret@in Wil Resbeundstoethe dcalume dysbeparipolprpteipyAene
tube and sh ken t 250 rpmfor_1 hour at 37C. 1 m and 10 ml from each

cul ture WRFYSR haPal¥ th@ Racifie antbody whlémﬁie)ﬂmaurlbﬁs ofifli passnthroughey

wer e plat?g on L 8ar | ate added with Ampicillin (Anp; 100 ng/nl) and
Tetracycl te(r-l\/é@s ip H-'géjmr? teimds ehdeg fiemdtheegel braushasgedn @Tat ionic
overgl ght . The re |n| tl—wt of each tube was transferred into a bottle
cont ai ni n§t"eB9tA- ¢ High Berfosmansacbinuidt Coromatographyy/ )
and 40m of Tet éff'%ﬁ _[JP L{éand was i ncubated and shaken at 250 rpmfor 1
hour at 398" B8 It SIHBONHEBAIR G@5ried utingm Weiek-asetamitriletbaged

hi gh- conc ion A /fm) + 200 M of Tet (10 ng/m ) and incubated
f or anoth Vﬁghpog}mnglé erp@{%(&d ?ﬁﬁé’g’j‘éteé'hﬁw'f'ﬁ@%'ﬂl on VCSML3 Hel per phage

Strat 2 t dded t hl d

cul tur o tnat vabepBrdRlBYEcailFinSpatientenidantto b the oo ofditani ci n
70 my/ m ) dand. th t bat ed and shak ht
ét 250 1 plhERYSB e Baﬁys&wae';ﬁﬁﬂb 5130 a“c%r'%né?gﬁ@%.a% A aYeIGSHE piftat | on

Fpri (2700t pOk Y %%W'ﬁ@gr%'%%biéﬁw Ik -i%legialéfzd“ DRgeretal, 0
(pol yeot hyPoR L RptAIGHRS BF o1 2825 CREaR SUTPhaBR St Pef SoTneSusrbith was
e, 0 Yy S, k)eéu&& DR L
ok o oo, 2Uo8e0] Gt 80, 280 BRI hRocee HIE DR ™
- esuspond | eas " E ApYERERRHEEh (B8 4lsby uBsd: i BLARH SraleRiBes S ved
15 expressing in each phage a sequence variant of a protein and then screening
the phage to identify those expressing fusion protein variants having higher
affinity for a receptor, a ligand, an antigen, or an enzymatic substrate (Heinis
et al., 2001; Schooltink and Rose-John, 2005) as well as the detection of
protective or pathogenic human antibodies (Ditzel, 2000). Alternatively, these
20 variants can be selected on the basis of their stability to proteolysis (Bai and
Feng, 2004). The phage display technology can be also used for
characterizing proteins recognizing non-protein targets such as fatty acids
(Gargir et al., 2002), plant hormones (Suzuki et al., 2005), DNA (Nilsson et
al., 2000), or glycans (van de Westerlo et al., 2002; Ravn et al., 2004).
25 The examples describe the design of constructs and experiments for
establishing the phage display technology of the invention by making use of
DNA sequences encoding two coat proteins (cp3 and cp8) that have been

amplified and mutated at the N-terminus using a DIS linker2 containing a rare



into 100 mM PBS and pH adjusted to pH 7.4) and it was transferred to 1.5 ni
tube. XL-1Blue cells infection with resuspended phage One col ony of E. coli
XL1 - Bl uewoasoivomorsal ated i nto a 100m bottl e contai ni ngP8@mB2006/0@BB7sadded
with Tet ( 10 ng/mm) and the culture was incubated at 37C. 2 ml fromthe
bacterial culture at the md-log phaset4 0OD6Co= -0.6) were infected with 1
m of each phage ( 1. 100 diluted) (iii) and the cells were incubated and

shaken f oty %@W&%@bni?@e ERs hahd e @igaser dased E@?uéﬁ@@.ghhagérﬁid 10
(ii) with SBand it was 1:1000 diluted (i). 10 mM and 100 m from each

culture WafGomr égrm@s@mgtsepgﬁertem fiee Nl -RAgmgaWnolifidd bpAnand ¢p8 preteihy and
Tet (10 ng/m ). The plates were i ncubated overnight at 37C. Phage CFU

det er m naichgn Whan dp'8e) CREVE| Beeneigeneiratelt | The Produttibeankycelisi bhd on
the plate), they were counted and the cfu/m was cal cul ated using the

formul a (debonitftRant pHage! sutreasly dkprieedingohseterdiogol@3¢equencdd(a ipppide02
(ii1). Phage-antigen binding assay Series of two wells into a 96-well high
bi nds ng caphaitan EabPAuspbdta thEoNterhineg ef aitheedpd*t dor @p8* rANAf catdinger ent
test proteins: a comercial nurine anti-HA tag nonocl onal anti body (HA

11. Covancssqubireeohuedbéen 2dembnstrafeldS) Therexpgessibnnahth&2mpdifiesi phpgepar ed
as described in literature (Lesniewski et al., 1995) dissolved in ECB

buf fer, (foteifasdptive Busiber praleih Mossdnotimaffechpbageat progutt®ng)assemilelynel | s
for the negative controls were prepared by adding 50 m of 1% BSA/ PBS. The
pl at e wasamddofetieity oVidrenisgatenat hat) Geefhealidateidnde meastiatingwiiatoabiviyd by
adding 180 m of 1% BSA/PBS and was incubated at 37C for 2 hours. The

BSA/ PBS ssélatiiom ofeshagspexptessing tne eacdifiad] protéins perfamsd pinathe hAgis70 n
of the resuspended phage (generated using the protocol provided above for
t helphageoi thevbiriding giRIrBtteristios*of iRl Bisedipeptide andornBRody 48 &ifieient,

pRi b2- HAcpd*) was added to each well and the plate was incubated for 2
hours at S7@QingTthe cuneetrasssimbleoiitbe |Fabrawlecipe iathe Pehi@lasmaiesiRassed t o
separate tubes (naned as |INPUT) and stored at 4C. The plate was washed 10
times with PBSTHeeepa2@roteds semienafisndgnodifes (with) th@\eghszbnk@u §@R) be
prewarnmed at 56C. Each well was then eluted with 50 m_of panning el ution
buf fer (OiNsRrted ipithe. appmpsiate neigntatonpiHi® @veqBlgeﬁpﬁlh’t-tﬂﬁ@vg%n@aéfﬁlagen
was m xed_(nanmed as _QUTPUT) and transferred jnto a clean %ube ont ai ning 12
m of This basic pDD vector has been ligated with a DD cassette containing a

15 sequence to be displayed (a peptide or antibody variable regions) and an
antibiotic resistance marker, allowing the selection of recombinant pDD
vectors in which these sequences have been fused at the N-terminus ofeither
one or the other of two the functional coat protein.

Other features and advantages of the present invention will become more

20 apparent from the following detailed examples. Additional embodiments of the
invention can include any combination of features described herein. The contents
of all references, pending patent applications and published patents, cited
throughout this application are hereby expressly incorporated by reference.

EXAMPLES

25 Example 1: Preparation and Expression of a DIS Linker2-Modified
DNA Sequence Encoding a Filamentous Phage Coat Protein 3 (cp3*) for
Displaying Proteins and Peptides

a) Materials & Methods




panni ng neutralization buffer (1M Tris base, pH 9.1). The set of sanples
were collected: Set 1: QUTPUT pRIBl-HAcp3* agai nst anti-HA OUTPUT

pRI B2- HAcwB20ergar1sst ant i - HA OUTPUT pRI Bl- HAcp3* agai nsPCBIBGLIHRR

pRI B2- HAcp8* agai nst BSA OUTPUT pRI Bl- HAcp3* agai nst E2 OUTPUT pRI B2- HAcp8*
agai nst E2 Set 2: OUTPUT pRI Bl-e44cp3*4&gai nst E2 OUTPUT pRI B-e44cp3

agai nst E2 OUTPUT pRI Bl -e44cp3* agai nst BSA QUTPUT pRI B-e44cp3 agai nst BSA

Set 3: OUTPUT pR&RICOHRVEINLISEr B3 FPoNe44cp8* agai nst E2 OUTPUT
pRI B- e44cp3 agai nst BSA OUTPUT ERT B2- e44cp%’§(§%ga| nst BSA OUTPUT and | NPUT

phage were quaﬂt'édrﬁﬁxe‘r'&bﬂﬁ ?av@llanéD”béBFerB?Waﬁé' l118u! Hd1p8r aEJTC@‘MT@d I og

phase (OD6oo= ~0.6), that Wwere infected by I NPUT and phage
descri bedsgh neThEa I JBII%Pt@A) ORhs SudE &d BCHBaiRA f@\nq%o‘&mlffntsf %u%%
m nutes at 37 The cells wefe infected with all the output and 1

| NPUT ( 1stl§ﬁ’d@kﬂ reieshtiviel fokrn: Dﬁ&@hntd’?@ﬁﬁ@ﬂ.@%é&!bm Vﬁ’ﬁupbpé%@ltu%’ o‘f@l 10 m
(ii) with SB and the follow ng volunmes fromeach cul'ture were plated on LB

agarspl at lpgctadidedtrairt bamy IrigéW‘tF(efléH?n 8YENtd/i X4 Bigé, Sﬂr@te@éd’é JLia Jenéﬁ and
100 M of INPUT infected culture 1000 diluted (i) 1 m and 10 m of

OQUTPUT i nCagtweds cadrhixed Mith didl 0t'ePaciEhiephhgbepamieles. | TiseRRimkoeewasght at
370C. When the colonies were of optimal size, they were counted and the

phage cf uiheubeesd frl £td 8traslirg sitr8y “Ohwithddretamoadieation. aHd Admixaurd WadT
phage: (Counted colonies /plated volume) X 103(i) X 104(ii) X 102 (iii) The

col oni es thienopehtriflgsd zat fRJ000NEPESr Phageutesrte pellet ek anféctde brivtagacf u/
m was cal cul ated using the followng formula (I111): (Counted
col oni es/ pftat ethevalupeematdiniO4asi rdmoved, the bacteria pellet was used in a
10 standard DNA extraction protocol using Qiagen mini prep kit and analysed in
1% agarose gel electrophoresis.
Production of a gene encoding a DIS linker2 N-terminal modified cp3
protein (cp3* protein)
The PCR reaction for generating the gene encoding cp3* was carried
15 out using the primers cp3*FW and cp3*RW (SEQ ID NO.: 13 and SEQ ID
NO.: 14; Table 1). The PCR amplification was carried out using Expand High
Fidelity (Roche), according to the manufacturer instructions, using 50 pg of
template DNA and 300mM of each primer. The PCR conditions used were:
95°C for 2 min (1 cycle); 95°C for 20 sec, 63°C for 30 sec, 72°C for 40 sec
20 (35 cycles). After the PCR amplification, 2.5 units of AmpliTaq polymerase
(Applied Biosystems, Foster City, CA) were added to the PCR reaction,
which was incubated for further 20 minutes at 72°C in order to allow the
addition of a single deoxyadenosine, in a template-independent fashion, to
the 3'-ends of the amplified fragments. The PCR product was
25 electrophoresed in a 1.5% agarose gel and purified using gel extraction kit
(Qiagen).
The cp3* gene was then ligated into pGEM T-Easy vector (Promega),

by means of a single deoxyadenosine added at the 3’ ends, following the



b) Results A conparative analysis of the efficiency by which reconbi nant
phage expressing cp3*- or cp8*-based fusion proteins infect cells and

di spl ay twe 2hetmrshogous protein was perfornmed. The el eeCrapmoebi1sTs
efficiency was the same for both the transformation reactions (using the
correspondi ng positive control, cp3-baged vector) in all the experinents.
The cfu/ m val ues obtained with pRIBl-cp3*, pRIBl-HAcp3*, and

Germnst r a TNy RERE! s FUERAE. THE: Ratlah JRBRe, jieS MR otSr Febsorme

br ot o s’ CECTORBNEEIRHL £, CRL 1953 sERY Fh TGRS, DribsboteBEM et or
ind sel ebt'el Bibed WREHhBEARAT 6. 449 B RS GR (ISR IoR BRI ¢
010 SO AR Shnfol ) TS o
Lo ¢ he- neny i RFo); AR ket I LR 4237 R0 M RSl agRrlf o hhe i g
that phaggfiBavi #9 HA b?gyfa:&&‘?at%u‘éggﬁsﬁ% C%’FeWst%acofcfrecélltalggﬂgisﬁléﬁl&ng

the peptide and can be e ciently ected agai nst a spec

agent (Fi gxtraddtion/PufifiBhiicn u'sﬁ'}@e}néﬁifpré’ﬁ'giitﬁﬁgﬁggt. HhePR5BA %é&%ﬁatl%emgi

pRI B1l- e44cp8 * phage was obtained usin protern o It | gen

speci fi cabhptyin@C OsR*Z ege iy WH'eFQHénC%fa{l}fs?d;??f‘g?éé}riwaﬁ RBRARR MR R

correctly displaying the anti body and co ciently selected agal nst

the correghzpfbsgeme(dible wed chdbém aparRa urhded it GBBE & Vve R IHECoE -
I ¢

t he phage expressing ed44cp3* shown a selectivity against t speci

antigen caopebelbedqucnatoftheRiBHe e AYBARTSEFE, %érﬂﬁg;ng\'\mé muﬁ‘t&rfgggams

| ess efficient, provably due the known non-specific ding e

observed foiGHt herthkahackobtdesseguaicd odiisds \HH antnoCASIHR %fu%'bgtutﬁ)n
Concl usi ons The cp3* - and cp8*-expressi ng phagem d vectors can be used for

di spl ayi ngeprot®iG1p;,and identifying specific binding agents, including
pepti des and anti body fragnments, on the surface of reconbi nant phage.
Exanpl e 4 : Conhsébasid pRIBfvepld» cp3*cp8* and of DD cassettes
The basic pRIB vector comprises elements present in the pBluescript |1
15 SK(+) vector (Stratagene, Genbank Acc. No. X52328), including a phage
replication origin (F1(+); bp 3-459), a plasmid replication origin (ColE1; bp
1032-1972), and an ampicillin resistance gene (Amp', bp 1975-2832).
Additional three elements are included in an expression cassette
contained in this vector. A first element comprises a promoter of Lac Z
20 operon (SEQ ID NO.: 23), an ATG-containing leader sequence PelB (SEQ ID
NO.: 24 and SEQ ID NO.: 25), and a Sacl/-Xbal cloning site allowing the
insertion of a DNA encoding a protein sequence (e.g. an immunoglobulin
light chain), in-frame with the leader sequence (PelB, at the 5' end) and
cloned as a fragment ending with a stop codon. The second element is a
25 cloramphenicol resistance gene (CAT). The third element comprises a
promoter of Lac Z operon (SEQ ID NO.: 23), an ATG-containing leader

sequence PelB, Xhol-Spel cloning site allowing the insertion of a DNA

encoding a protein sequence (e.g. the variable region on an immunoglobulin



conpatible wth pDD cp3*cp8* a) Materials & MethodsConstruction of

pDD- cp3*cp8* backbone Even though SfH may cut with low efficiency its

singl e siwe 20T/ S41 i nker2, a vector can be al so |inear ipzedBiot/hoi1arsot her
restriction enzyne named Bgll that recognizes the same SfH core sequence
(C&CCnnnnnGEC;, see Fig. 13A). However, nce two other Bgll sites are

al ready present in the pBlueScript Il ?ZK+) the original sequence of the
pBl ueScrlpt [ gSK+ was nodified in two rounds of site-directed

nut agenesh@a&icAgIN, darasne prithdhe, 'eﬁaﬁwenysnB@(|P&!Bwa§rtheF5/v@rs®Qanpb NO. :
28 and SE LD B(Rl 29; Table 1) and Mut Bgl|B FWand RW(SEQ I D NO. : 30 and
SEQ | D NoVitha P Pr&@néenye (aﬁthﬁ deend) enspding anelionalsgaadPreteiadatd.i n t he
ori gi nal se The resul ting vector (pBS—deI taBgll) was nodified by
del et i ng %> 'a@ﬁeﬁtsf@en@@w N Heatvean he) clened sk de SPedifielsed

bet ween t apl restri ctl on sites and ating between these
sites a s HPH’Q ?‘Eei |'W£ IHPY Neatddy themeag/iReak \fiﬁ/éefrlvg%mctea(h%e%oq/pm

|i nker FW SEQ I D NO. : Tabl e |
ﬁ'aP 5i g R Sl %ﬁo%eRq{fﬁﬁFF %tath O s%qfé’é fz f@\gmﬁné?s gﬁ'ﬁbpﬁf’é"a’: #m%@dgn )gtnd
avil n uenc e .0 . S| er ove |

40C, %om thef 4 e@@&ﬁ%o&”%&ttﬁ Lﬁgéﬂsfo O{rweﬁ%%gs ebﬁ“ XL- 1

Bl ue conpgtent cel j cked u and ,used

For i HOPIsRcet bedEep bRt tb?d%#c]?%@) B'Pg?'%m rﬁvﬁwﬁee% vt
chosen,  SIRHEREL Lo AN FRS BdaLNp apiFonudipStides L RBY Ty ¢ ne
G gest ed M BRI SEENRREE 26 A g, Skt g S2e 108 BB hAEF S8R oo
partFoul s OB IR R YT shEh S UbRE a0 'L.OﬂkZ'rtzeifag ggﬁ'era't ed by
(SEo 1D NG - o BQE@’%’E@ PR PRIR, etBe el thEBi RSl aB S 57 Aot e oo

Li nker 2 wag p)%b%ﬁlsEcoRl and Nnhel and cl oned |nto pBS- DDdeI taBgI
The Ilgatl on mxture obtal ned was i ncubated overnight at 40C and then used

to transform Er ggJ n|?r35b38t09%§ coﬂ%‘f‘ru@ d &l rﬁf Or%lQIE?(?Ja%rE %Fﬂﬁ{lﬁe

pi cked up and use extrac 1on | er to veri

correct I gagRH kg 9;‘39/9/99e’-'fr‘%l§‘?ﬁ3n1‘3%%88ﬁ1% tp8* W&is&d om pGEM-T Easy

15 was ligated in the Spel-Nhel cloning site described above. The ligation

mixture was used to transform electocompetent E. Coli DH5alfa cells and
The day after, 10 colonies were picked, inoculated into 4 ml LB broth, and
incubated overnight at 37°C in constant agitation. The day after, 2 ml of
bacterial suspension were used for plasmid DNA extraction/purification using
20 miniprep Qiagen kit. The plasmids carrying the modified cp3* gene were then
analysed by restriction endonuclease enzymes in order to verify the correct

cp3* orientation.
The pRIB1-HAcp3* vector was constructed starting from pRIB1-cp3*,
which was double digested with Xho!/ and Spe/ and ligated with a double
25 stranded, synthetic DNA sequence encoding the epitope from influenza virus
hemagglutinin (HA tag sequence YPYDVPDYA), and having Xho! and Spel
compatible ends. The HA tag linker was obtained by mixing the

oligonucleotides (HA tag linker FW and HA tag linker RW; see sequence in



Such plasm d (called pBS-DDdel taBgl 2) was used for generating pDDcp3* cp8*
usi ng DNA sequences encodi ng cp3* and cpd* that have been obtained from
pRI Bl- cp3voaner/qRIsB2- cp8* but that were previously nodi PredBige6/001878
site-directed nutagenesis for elimnating unwanted restriction sites. In
fact, the DIS linker2 originally preseasg in these sequences contains a Bgll
restriction site in addition to the one conprised in the SfH site, wthout

poel t1 on baos SEEIDALN 7l SRRl NG i) BB Cort@afraitiodnd i gt ”

: h . ; . - NO. :
55 "o SN MR Rl S . 2
i nsert edl\{ﬁ? “5%'%%“3?66@%@3@9%8?3 nb;Ifﬂ:pﬁ-e\)‘;')?o'Irwl.;érrcrlsrstgg':eprd’lz’:l ng\l\?%‘ewt'oaﬁgog%c}* ?%( SEQ
ID NO.: 3RnahtaffQ IPPoNGer tcf‘QibtJif\bfh"e E%}ﬁciﬁﬁea%l%ﬁ@@?@%ﬁgggﬁﬂpﬁ%was

digested first wth Spel and Nhel and en |1 gated™ ( gnent
carrying ¢apabéd! sy KMd3-SpEIeIdualdigestax er-%fasa'd?ﬁdf HA tﬁﬁk%ﬂ,
Coli DH al pha celTs. e day

overnight at 4C and then used to transform E. i _ _
after, 10wg8! @5 IoV@aRSINTKBERIAhtSRE £ 0L DHTHISHA ws.exrtm@tﬂfd\xgg In

order to verify the correct insertion of cp3*dBgl. The plasm d tha

ext r act edaft&OMEBBINASS Wete SItREG WASnbEGRtEH Gt £dnMbt NRESARIcANMINSRE! and
ligated with a cp8*dBgl| fragnent carrying conpati ble ends. The day after,

10 col oni 35° 0\ @ oPisearfidaditatiii] TISe dalyOaftéh, I nill SPbAMArieXd sHerisheh iwkrer der
to verify the correct insertion ofcp8*dBgl, |eading to pDD cp3*cp8*.

Const r uctused ¢br Pl2graigs BN @(X@Cﬁ&ﬁimif%ﬁoh%ngaﬁﬁmg@d QidBenviat tapid
pRI B1- HAcp3* was first nodified in order to insert a BgH site in 5 to the

Sacioand tKeal anblysedgbgi testhstich epdonuefeasiet endymest Bl oRtéREENASFIf§ thel Ng
the Bglupd FWand RW(SEQ ID NO.: 43 and SEQ ID NO.: 44). The resulting

pl asm d, prasedcpRIfBheDRA, tagpa Ok gteiedhoininy By Ideaiedt dtearbeagiatins, ¢eatr yi ng
this cassette (SEQ ID NO : 11) was ligated into pDD cp3*cp8* digested with

Bgl I . Theisl haydhg dherilAttagefusbtiahHeameasith mp3iaived cveseri ghtl wsedt e #ied t hen
used to transformE. Coli DHdal pha cells that were grown on LB agar pl ates
added wi téxpdlessmmpdvgreriment{20ng/ mM ). The day after, 10 col oni es were picked
up randomy and used for mni-prep DNA extraction in order to verify the
i nsertion of thee pBiBdagsetp¥ vector wesr comstructetihesiog ke RINAestduendas Nhel
and Xbal digestion, and
15 encoding the heavy and light chain of human monoclonal recombinant Fab
(called e44 but identical to e8) isolated from a phage display library for its
affinity to the Hepatitis C virus E2 protein (Burioni et al., 1998b). The e44
heavy and light chains were cloned into pRIB1-cp3* using the Xho/-Spel and
the Xbal-Sacl cloning sites, respectively. The transformed E.Coli clone
20 showing the desired characteristics, thus having e44 heavy chain fused in-
frame with cp3* and the e44 light chain cloned between the Xbal-Sac/ sites,
was used for expression experiments. A control vector (pRIB-e44cp3) was
constructed in the same way using a non-modified cp3 sequence (without a
DIS linker2).
25 Control pRIB plasmids that encode for cp3, with or without a fab (e44)
or a peptide (HA tag) fused to the N-terminus, have been generated (and
named pRIB-cp3, pRIB-HAcp3, pRIB-e44cp3) on the basis of phagemids

available in the literature (Burioni et al., 1997; Burioni et al., 1998).



consequently the vectors pDDa-cp3* and pDDa-cp8* expressing CAT resistance.
Construction of DD cassette expressing the resistance to Zeocin (ZEG DDb
casset t e)WoBhe/idersei n resi stance gene was PCR anplifi edposiiBzpogniseyr Zeo FW
and RW(SEQ ID NO.: 45 and SEQ ID NO.: 46; Table 1) from pSvVZeo pl asm d
(I'nvitrogen). The PCR fragnment was cl oggd into pGEMreasy. Because a Bgl |
site was present in the gene a round of site-directed nutagenesisis was

oy - s Tabl NSy FARAY cAriad46ns SECORaR UFgaSRRID DA Basechn
DDb- cpa-5IE8E8or r eapondi ng. pDDb- CRE® vect or vas obt al ned by i gest i ng
pDDb- cp3*<" orrespondi ng pDi p (
Bol | fragnent LbrneebaRRPRGTOE o8 SHGatier CRG: & Laheraenehamiao:  on
Fandont y SRELERORSt G €CORTRETER RS R GRS {ABOCREIARBOLEDBIGYa: and
Zeoc n (1ONTHD &< moPulate Wil yBhcebbiandietgors oPRa XA Ele “chge
e st o Dl R PTG HAGERY BRI ngreP RIS cddcng)
i gest i ord B SdANARE e FX HEC B anibfny Soawel, RTINSOl S SO Rbct or
our 111 catt i SAPPrioR: 1B kil SF bR SRR B s pefb a0 B8
using o mepindbagtbRp At Grorbafiufiet Reflp Ry SORRASHLSE ST R W™
cor oni oo T8k eSRAP By SehuiuaDbh. [SHARERE o1 Ml hiGe idtenRi gl o
dve o ¢ ne T 0P M5Bl oHind ™ BRESy Mogk aHRF S be e A T
Elrogyi g:nfcggloz i@ﬁ%ﬁ g—geﬂlﬁh{ gﬁ%gsgﬁggm@%g)@ﬁd SEMBE0RES t& Wik ILhaRRg and
procedure (3 cycles of 37°C and -80°C, each step for 15 minutes). Cell
debris was pelleted by centrifugation at 15000 g at room temperature in a
15 microcentrifuge, and the supernatant was used to quantify the protein
content. 20 micrograms of total proteins were loaded into a 12% acrylamide
gel ("Molecular Cloning: A Laboratory Manual”, Sambrook et al., Cold Spring
Harbor Press, NY, 1989) and separated by electrophoresis. The resolved
proteins were transferred to nitrocellulose membranes, which were then
20 blocked by a first 1 hour incubation with PBS/0.1% Tween-20 (Sigma)
containing 10% milk. The membranes were then washed and incubated with
anti-HA tag antibody (HA.11, Covance) diluted 1:1000, or a goat anti-human
Fab conjugated to horseradish peroxidase (HRP, Sigma) diluted 1:10000 in
PBS/0.1% Tween-20 containing 5% milk. After a second 1-hour incubation,
25 the membranes were washed three times with PBS/0.1% Tween-20. For Fab
detection the membrane was subjected directly to enhanced

chemiluminescence detection using the Supersignal West Pico

chemiluminescent substrate (Pierce). For HA tag detection, the membrane



vector of the invention (pDD) according to the strategy summarized in Fig.
13. The basic vector pDD- cp3*cp8* was generated by nodifying pBlueScript Il
( SK+) vecwonoemd7isat r oduci ng synthetic |inkers that all eeTtth®moseqesnti al
cloning of cp3* and cp8* positioned in opposite direction and having their
51 ends separated by a DD-DIS linker (BD-DI S Iinker2). Specific restriction
sites were added or deleted during the construction to nmake the cl oning

process alheciidibalod vGcrarhBPD Chale Pl Fi- adff) nicust haslihgard’ ag" o
I quernc

for proceeding to the birectional cloning of a protein se

di spl aye%@\%e?’adlﬂﬁ'ﬁ@?oﬂd%@' i PBEND 404 hediR3D @hﬁﬁggﬂggg@g'@ﬁ@ﬂ fhree

conceptual |y identical to pRIBl series of vectors ecom ng a

pl asm d oQasess uaithy PRSI, i oAl Tmeﬁfﬁ@Zth%erﬂn%m% BECLALR) » abl{ég@&eel' ’18 ' n

whi ch direction a DD cassette having 5 s conpat i wtht
bg/ /-1 n@ihﬂﬁéd\/@ﬁbﬁﬂuﬂﬂﬁeﬁ@éﬁéé’|dété6l%hldjémgOﬂﬁer&&‘ieﬁ e W ygt Splebasm d

represent a backbone into which a DD cassette can be ins rted

expressi nhemifimireistedit shBstrate gD.@ﬂfe*) or a cp8*-containing fusion protein.
The DD cassette can be formed by combining different type of sequences in
an asymetri c pyeResultd Fig. 14), so that one end of the cassette, provided
with the full DIS Iinker, can nediate the fusion and the transcription of a

sequence in f reme seiqueneseobdthd heattmn Muecge@@aén@dmﬁ?péps Vs maedifiee pPDD
backbone. The rest of the sequence can provide other functions not

dependi nghooudthePOR emnplificznionn imhdrelert fee HaD N-asaginaflyi Funbagsd ethd e

basi ¢ vector pDD-cp3*cp8* (and in general any vector presenting the sane
assenbl y intoffpomate an®iS clirdterprwitkithe resdricigors emdomese sz sites eSpdly andDD- DI S
| i nker shown in Fig. 14, 15, and 16) can be further nodified by inserting
a staf f erSiiNat e &’ rmdodingan‘éz asunblaid shquensey Anda Nhel testbEtiomsitet t e
can be associated to the deletion or addition of a marker gene,

faci |l it atfolgwirig: tbel stopi oadofh (@it othes 3i;nFighi th This PAriaasselsbekhswnnsaert ed
(Fig. 15). Two types of DD cassettes, called DDa and DDb cassette (Fig. 17
and 18) v%é’\@?ﬁﬁéawwcgnmmnggamrrmmpm B16M&epaf Eniteveodrcionin phBgeIM4Bt e and

mai ntaining HA as a stuffer DNA in the position nearby the DI S |inker that
will be preteiol ¢BVWE SAROIr dict. nNoeqB6Rd68),0 Ibekdli thel ayiginalTiségrialo
cassette

sequence and additional N-terminal structural elements but it is still able to
15 present correctly fusion proteins, as shown in phagemids used for this scope
such as pFCAH-E8d (GENBANK Acc. No. AB096107).
The resulting PCR product encoding the N-terminally modified cp3
(cp3*) coding for cp3* protein (221 amino acids; Fig. 2), was then ligated into
pPGEM T-Easy and sequenced. The amplified segment contains a mutation
20 Aszs 1o Gszz in the nucleotide sequence producing an amino acidic
substitution Sery75 to Gly475 having no effect on protein location or activity as
tested in the present patent application.
The basic pRIB vector comprises elements present in the well known
pBluescript Il SK(+) vector that are sufficient for plasmid and phage
25 replication, as well as an antibiotic resistance gene. This vector further
contains an expression cassette with an additional marker gene
(cloramphenicol resistance gene) and two transcriptional units. Both

transcriptional units include the promoter of lac operon, an ATG-containing



differ for the marker gene positioned between the 5 end of the
pronoterused for transcribing the fusion protein and a coupl e of
restrictiwo0tm3isthat are used to clone any ot her sequenTaBmbe/HNBE est
(e.g. a variable region of a |ight chain when expressing a fab) in the DD
cassette. This marker gene (CAT or ZEOsican be cloned in the DD cassette
with the sane orientation of the other transcription units in the DD

cassel L feaebr AU BERSEL R A SPeRl, SRBRP<RES SMInd b LY & ™
or €0t L1 6l LEANENL 085 AL HERn e B TR Bl ey
cassel e Qiof yN DAY RE TSP MRS AT B rer , oo
O L RO Bl R RE ] kol bR "
mxtire, Badbiod gpskion W h o comb nat on of (we enzyres, one cuting

result shows ayfig RANIP JRIBALLIEN YECRISh SRR RoRBBhLRSA' BBHEs of

sequenci ng the vectors ow t clones nmay be al rou ore o

during th?R?@’f YRBIdIE iHr\M‘ﬁ%Fl%E%NK%%g%ﬁh éﬁ%ﬁ%?&éte?i%@dﬁﬁerd{%%d for

constructing a Iibrary when they are clo in pDD or in any of Vect or.

However, Hhggéh GRR k) B ta“h@lﬁh{a'n}c eae, thfed iélﬁl;bﬁﬂ Mdricterdd ﬁgqicjﬁﬂin:gaw ng

conpati ble ends I1s insStrunenta or having t Ibrary wth t esl red

feat ur es. Hoopedwgirefsn 2 (BRROMER Bt au.an@geaf,hﬁ%mnbme@qrpﬁaﬁeé Wafh can

be generated by the series of cloning steps at can be easily followed by
sequenci ngp@n(igr 3§l RS réH\atih § &eRidrs PRI - HACRBPRMNP RIBREUALH3* [Pig.4) ones
usi ng pIas%idgEﬁA gxtraction/%urific?ﬁ?on ne?ﬁods.d%%ce thesgﬁpt£{g%ﬁ%prs
and DD capaed tirserafiferg eiRetaioe ghatdt®¥ri£a thd o ps3egrdpeities 76f %!hlaPﬁ disply i es
of sequences that are cloned in one or the other ofthe possible

ori ent at i gpglicdtiinsgxadmloeaparetiaty thdrodriesponeling ednitidl tgHayamidsSpRIB -
contain alternative reconbi nant phage in which the heavy chain fragnent is
produced eps* dhdpRIBed4as a fusion protein with either cp3* or cpd* . The
sanme applies for the HA tag peptide or other peptides derived from an

antigen. The vEheoesgpmssiomesf dhwupXadradm dlsion pnofeinsiseds fwsrifidte by
construction and the double display of antibody fragnments, peptides or

ot hes pr oVegiern bldtexf tbtalgrbtedn eotwact bréparecowith frasterialsclones lenpdiayey

surface, allow ng the :
pRIB1-cp3*, pRIB1-HAcp3*, pRIB-e44cp3 or pRIB1-e44cp3* and analyzed
with anti-HA tag (Fig. 5A) or anti-human Fab (Fig. 5B). The Western blots
show that both HA tag and e44 fab are correctly expressed in bacteria as
fusion protein with cp3* using pRIB1-cp3* vectors.

20 c) Conclusion

The cp3 protein sequence modified with the DIS linker2 (cp3*) can be
cloned and expressed in a phagemid vector allowing the correct expression
of cp3*-based fusion protein in bacteria.

Example 2: Preparation and Expression of a DIS Linker2-Modified

25 DNA Sequence Encoding a Filamentous Phage Coat Protein 8 (cp8*) for
Displaying Proteins and Peptides
a) Materials & Methods

Production of a gene encoding a DIS linker2 N-terminal modified cp8



si mul t aneous screeni ng of sequences displayed in the two forns without a
doubl e clloning, transformation, and infection procedure. The approach of

t he presewD 200m@Nts4on i ncreases the possibilities of cl eairng2emevoiBsdi es or
ot her protein sequences whose expression and/or display efficiency is
dependent fromthe context of the fused coat protein. Mreover, the use of
different conbi nati ons of selection sysstzem (specific for the "enpty" and
the DD cassette containing phagem d vectors) facilitates the identification
of cl ones pratsimgcpBepoafeirgctelstadicecioes andressing op8*-bEsanpusion prdteinst i onal
Val i dation of pDD-based Reconbi nant Phage Di splaying cp3* or cp8* fused to
a Pepti de asd taeinanalysidy a) Materials & Methods The anplification of the
phagem ds, hel per phage superinfection, polyethylene glycol (PEG -nediated
phage preci pi t%heonpfm_ucmoml W opIB‘s startiegt i foemwi @ h cosyneméaitye daydikape
phage CFU determ nation, phage-antigen binding assay, and the cal cul ation
of phage ®RGlariophage P&t diakeer @@ddgm:rqlmjdgi strategyanate iidentieal| ta dhasair e
(Mol ecul ar ¢l oni ng: A Laboratory Manual ", Sanbrook et al., Cold Spring

Har b&r Pr dxdjcatqd i E¥empledgtardindy. The BERIMEisoparfied el Lsingl thet pomerget i s
used as described above while Anpicillin is substituted with cloranphenicol
(Caf; 20nm§PRI Féhand GoRTRW (SEQ IPhNCexteangeSiE@ IDNNQLdT BigTaiped).dehe PAR ves
and with Zeocjn (Zeo; 10ng/m and _50ng/m) in the experinments including
pDDb der | ERNAVIONSEISeE ekt 99eC ARt 201 b1 Fyale)-35°Gefos &0l seambReCdpEaDressor at ed

G S e R sl b
g R e R e e e
P N e I
ooTPOT BB AEseibes 1ordit Kaer WGk SmpfThation. "Kié ine PER aplification.”
2.5units of AmpliTaq polymerase were added and the reaction was incubated
for further 20 minutes at 72°C. The PCR product was electrophoresed in a 1.5%
agarose gel and purified using gene extraction kit (Qiagen).

15 The modified cp8* gene was then ligated into pGEM-T easy vector and
clones were then analysed by restriction endonuclease enzymes and
sequenced in order to verify the correct cp8* sequence.

The pRIB2-cp8* vector was constructed using a pRIB1-cp3* that was
digested with Spel —Nhel and ligated with the cp8* derived from pGEM-T

20 Easy excised with Spel-Nhel digestion. The ligation mixture was used to
transform electrocompetent E. coli DH5alfa cells as indicated in Example 1.
Consequently, also pRIB2-HAcp8* and pRIB2-e44cp8* were generated
starting from pRIB2-cp8*, and using the same cloning strategy described
above for pRIB1-HAcp3* and pRiB1-e44cp3*

25 The Western blot on whole cell extracts analysis for detecting HAcp8*
and e44cp8* was performed as described above for HAcp3* and e44cp3*

b) Results
The approach for modifying the N-terminus of cp8 with the DIS linker2



OQUTPUT pRI B2- HAcp8* agai nst BSA OQUTPUT pRB32 agai nst anti-HA OUTPUT pRB32
agai nst BSA Set 2: OUTPUT pDDa- e44cp3* agai nst E2 OUTPUT pDDa- e44cp3*
agai nst B$06 2007fieuiB4pDDa- e44cp8* agai nst E2 OUTPUT pDDarceddmp&bolamai nst
BSA QUTPUT pRI Bl-e44cp3* agai nst E2 OUTPUT pRI Bl- e44cp3* agai nst BSA OUTPUT
PRB32 agai nst E2 OUTPUT pRB32 agai nst BSA Set 3: QUTPUT pDDa- HAcp3* agai nst
ant i - HAOQUTPUT pDDa HAcp3* agai nst BSA OQUTPUT pDDb- HAcp3* agai nst anti-HA

oRt 51 - b (e PR IRl iRt e veerdlsa s 8, Pling” 5rR P oo0a. |
agal nst B ﬁﬁw&i@%@?ﬁ?ﬁ% *ﬁ;ﬂ%ﬁ%h??%@%%%@dm 5*“0“*
2gai nat E@fﬁéﬁ%ﬁm e L SRR Bhoh o e s s
oo TR B8l s e PR U SR8 Mo BT
e44cpd* a@ﬁ&@&ﬁng@pB was modified through PCR amplification (cp8*, 62 amino acids:

Fig. 6A), generating a PCR product (Fig. 6B) that was then used to construct

the pRIB2-cp8* vector and a series of vectors in which cp8*-based fusion

protein containing HA tag (Fig. 7) or human Fab e44 have been cloned.

Similarly to cp3*-based fusion proteins, the expression of the cp8*-

10 based fusion proteins was verified by Western blot of total protein extract
prepared with bacterial clones containing, pRIB2-HAcp8*, pRIB2-e44cp8*, or
without any phagemid vector, and analyzed with anti-HA tag (Fig. 8A) or anti-
human Fab antibodies (Fig. 8B). The Western blots show that both HA tag
and e44 Fab are correctly expressed in bacteria as fusion protein with cp8*

15 using pRIB2-cp8* vectors.

¢) Conclusions

The cp8 protein sequence modified with the DIS linker2 (cp8*) can be
cloned and expressed in a phagemid vector allowing the correct expression
of cp8*-based fusion protein in bacteria.

20 Example 3: Functional Validation of Phage Displaying cp3* or cp8*
fused to a Peptide or an Antibody

a) Materials & Methods

Amplification of the phagemids
The following methods were performed as described in the literature
25 (Molecular Cloning: A Laboratory Manual”, Sambrook et al., Cold Spring
Harbor Press, NY, 1989). Electrocompetent E.coli XL1-Blue cells were
electroporated (0.2 cm E.coli Pulser cuvette, 2.5 Kv) with 50 ng of the
phagemid vector (pRIB1-cp3, pRIB-HAcp3, pRIB-e44cp3, pRIB1-cp3*,



OUTPUT pDDb- e44cp8* agai nst BSA OUTPUT pRI B2-e44cp8 * agai nst E2 OUTPUT
PRI B2-e44cp8 * against BSA b Results Recombi nant phage based on pDD and
expr essi yoep®oo7mr cpd*- based fusion proteins were anaicyaBzhoé/odiBmM ng t he
sanme approach by which pRI Bl- and pRI B2- based reconbi nant phage were
functionally conpared. A first set of experinents was intended to verify
first that the conbi nati on of pDDcp3*cp8* with a DD cassette expressing a

and sel ccPRIRITAGES: | BITBIERTabe SRRl e p SR IBA B8P BTF o BBTEZ Then,
a second J: o% experinments was intended to verify that the conbi nati on of
pDD- cp3*c%%] ')th a DD cassette expressing either a CAF (pDDa-type

Cor oot oxpr esGPON ANATEClasTUbRea iape ey WiR Y AR g i AP 2351, or e
{Fanst or nEEG Mot PR TRRIGHEE £ fa? LB a0 s TERel Aitrart .0

oR1 51 bastlr Ned &5 AP BAEKRELIT Y i ERR B Bt Bt uT & ) Lrh
and opd U2 M ERE e A Q%bétgﬁéﬂn R A 'S%ﬁ%&ﬂﬁﬁnﬁpf det'i ng.
= el Iy Rl ASBRTIAY iR B R aPErERRRE S Th el
cerovant ey acd EATRRRr Mol MG hAAPIfhe, AR, Antl Sy %Eé%)ased

DD casset fify f9Pannyst B8 37° g A8l Bngr1cfly g%% %%%tﬁmagtdef@ste {fndt46R ghage.

Thi's property Is reproduci ound In p phagen ds™ ex reSS|ng pepti de

usipg ei t&@bu%@é*th‘ér tr‘éﬂgformé’%rt effidieh We?é‘gﬁ BBOQ%%"VW% cpd*
y Spec

is used for pDD phagem ds expressing a

conf i rm ngq4ée wmwrﬁ@cﬂm e(me& tﬁ?tdg‘?mh)' éﬁﬂaﬁéﬁ&cﬁﬂg @%g*ﬁB' ﬁ%/nﬁ\y%n%ﬂ B2

phagem ds descri bed above Concl usl ons pDD-"cp3* can be
combi ned hiet bla@e@@&@sm@hbété&Pﬁvasc%é“hkﬂﬁr Tﬁéﬁeﬂtau% gegtrt%qoéféegtl Cher

mar ker for expressing andsel ecting protein sequences In
Cp3*- or @i whasednéfesicdNinto a bottle containing 20 ml of SB added with 4 pl of
low-concentration Amp (20 pg/ml) and 40upl of Tet (10 pg/ml) and was
15 incubated and shaken at 250 rpm for 1 hour at 37°C. Each culture was
brought up to 100 ml with SB +50 pl of high-concentration Amp (50 pg/ml) +
200 pl of Tet (10 pg/ml) and incubated for another hour at 37°C.
Helper phage superinfection
VCSM13 Helper phage (Stratagene, 10'? plaque-forming units [pfu])
20 was added to each liquid culture that was further incubated for 2 hours at
37°C at 250 rpm. Kanamicin (70 pg/ml) was added and the cultures were
incubated and shaken overnight at 250 rpm at 30°C.
Polyethylene glycol (PEG)-mediated phage precipitation
50 mi of bacteria from each culture were pelleted by centrifugation at
25 4000 rpm (2700g) in a JA10 rotor (Beckman) for 30 minutes at 4°C. Each
supernatant was transferred to a clean tube containing 10 ml of 20% PEG

(polyethylene glycol, wt 8000; Sigma)/2.5M NaCl solution. The solution was

mixed thoroughly by inverting the tube gently 3-4 times. The mixtures were



proteins on the surface of reconbi nant phage. Exanple 6: Construction of
pDD- conpati bl e vectors for expressing sequences sel ected using a pDD based
Li brary ayoNamt7anwreshs & Met hods A cDNA i brary from hunaRChaREOGOIBTN WaS
prepared and this library was used as tenplate for PCR reaction in which
t he DNA encoding the variable region obsthe |ight and heavy chains of hunman
lgd i mrunogl obulins were anplified according to the literature (Burioni et

Press, 2000 HALAGL o Hh/€oeio 88 Ahts Bl Re, Jrath Bipdy s ey ana
cont ned%énf@cegeéﬁrgéﬁmfegl@l eFoase st (hPchiias 4Pe. s fRarrRse! L °

at their cat1on ucts specl |c for t |ght chai ns

were firsyqdi %ﬁé&{rﬂe&bﬂ?_‘ﬁ?ag)g ABFLISH 't to aH%t@M‘b{ Ltiw;bg:iélf&m'ﬂgé‘r Péé?dgﬁ

Fi ve m crogramns wer e |geste and Sacl t he

resul tingg uﬁéﬁn%&a@@wﬁgﬁigégﬁgey 89! addifdtincelitncg Pl n@@éwt%m@tw For

the preparation the co segnent s

encogi ng fdigsl 'gg'abdQHaf il f?ﬁB@ﬁ(ﬁf@Sth bR BBRRd S8 a‘ﬂ&irHFrhSls e‘@&‘ xture

was precipita resuspende oroliters of water and use

transfor ninfg GRS drd BA édélﬁbﬂecB{dJ?HC?'cﬂ)%rﬁynt%éﬂﬁa%@éﬁédi 8-1. ghﬁl cells
were then incubated in 3nl of SOC at 37C fof . 10 and 100 nl of th

culture weype.plated in order to quantify the nunber of the clones. The rest
of the bacterial culture was then diluted to 10 ml of SB contai ni ng

Ampicillin ( 1,Qanme)oe/&sZﬁ%‘dt}bnl@/tmégbépeﬁdw pakgacycline (10 ng/m ).
After 1 hour of incubation at 37C, the cells were diluted in 100 ml of SB

medi um cont ai Dk BB lofi B.doR0 XIELBlue WP GhdcWlBEEdTOATY Ja 1@0¢hl bottle
Tetracycline (10 ng/m ), and incubated over night at 37C. The day after,

theigel | scomtainingr BoRiledf BB Ha@ed f @ithDINAt pUD figriail) emdanbe estinaet ivas The
resul ti ng pDDb-based |ibrary carrying the |ight chains was digested with

Xhol and ppebated atser°€or2 trhie fions ethki Bacwfridl heulhaavit chai nsdieg gyeassd from
the original anmplification products that were previously digested with Xhol

and Spel @DDsper +0i6¢dvéreoinfagiedowith gelul ofleachi piad e 1€ tilobedyveii) et
transform ng conpetent E. coli XL1 Blue cells by el ectroporation as
descri bedtheboels wdre inesibhtedgnpDidakeas éat 20 bnanyes atr3i @y Edeh linfgbtedand
heavy chains was then digested with Bgll and the fragnents were rel egated
i n the sagelture was brought up to 10 mi (ii) with SB and it was 1:1000 diluted (i). 10
15 pl and 100 ul from each culture were plated on LB agar plates added with
with Amp (100 pg/ml) and Tet (10 pg/ml). The plates were incubated
overnight at 37°C.
Phage CFU determination
When the colonies were of optimal size (clearly visible on the plate),
20 they were counted and the cfu/ul was calculated using the formula (l):
\(Counted colonies /plated volume) X 103(i) X 10%(ii) X 102 (iii).
Phage-antigen binding assay
Series of two wells into a 96-well high binding capacity ELISA plate
(Costar) were coated with 0.3 pg of different test proteins: a commercial murine
25 anti-HA tag monoclonal antibody (HA.11,Covance; dissolved in 25 pl of PBS), or
recombinant E2 protein prepared as described in literature (Lesniewski et al.,

1985) dissolved in ECB buffer, (Env Coating Buffer, 0.1 M sodium bicarbonate,

pH 8.6) . The wells for the negative controls were prepared by adding 50 wl of



vector. Aiiquots of the library were plated on LB agar wi th containing
Ampicillin (50 ng/m) and Zeocin (50 ng/m ). The nunber of clones in the
l'i brary waie 2ewvaloasted i n the order of 104 - 105 cl ones. PCOIIBINEB018ES €
random y chosen fromthe plates, grown overnight in culture, and used for
both m ni prep DNA extraction/purificateen (followed by digestion wi th Nnhel
and Xbal and analysis in agarose gel as described above) and for protein

FSELZ?LZL 17 DOPUERS, i pletE s PrdfBte Slerniiitel 2\50?%1 &8 ; : e?%éﬁwnmf;\
[ ght and” RoasseheEDy upmy PO BF1IOHSAEBS RS Tteditel B FBe™ 8 one
within a pelRR. Teet BSAWS%I%%%S%@H@& %nP'&écR%&f’Spr{%g%@aﬁl%e' :

The DNA encoding the |ight and heavy al NS was sequentrla nthis

vect or, ehhaiUAL) 1 thereslghftePiagBNhe R EaShg Yol bRISLA MBSidllgest ed

with Sg// and religated at scope sering the I't her

one of thebéwd RPSHHS! BhageM aidabRs mmr.ﬁwcgsgsrhm@ﬁexwp P sed

library in which the heavy chai ns are ‘expresse usi oh proteifn WIh cp3*

or cp8*. &plapErepRm2HAGHY" warsaaéééﬂfwfe%cﬂr\B%!\;Jgﬂthﬂteﬂsensfee%% REubated

Zeoci n(agai nst ich the ce? | s are resistant mar Ker gene 1 n the

DDb cassefor @ hvareat MO e Wapsat cfeanaly i tgin
| evel (Fig. 22). Such clones have the %Db cagfségt% '%?%@n ed r?ﬂ@gﬂ%ﬁet‘ra one

or the otdeparafe tubesnpaidy as IPEIT) AindCitsredst @@Weﬁﬁ%ﬁ%e&ﬁ%iﬁ%& ly@n

anal ysis odf the extracted plasm d DNA, and express usi on

prot ei ns timeshivith FBSMNemen-20a(PBS Scontaks t9.5@/98§v/w TWed2D; §ig?na)
difference in the nol ecul ar weight and the Tevel of éexpression ar

conko st erpirewarinechat 66tColachf wehavase s ehited iRRISOS|E of PaRffg BRitibhones
havi ng the DDb cassette oriented in the direction allow ng the~fusion of

the heavybufferi (0.t HBUDH 22y iressorntant bEbotteaeIdIWIBNhPEaNRI Aftiddirivag" €
produced at higher levels conpared to the clones in which having the DDb

casset t e loiXedninameachas (U TP UES eindrtrarisfeméd into keclbus itaive ebnidifinge@vy ghai n
to cp3*. Conclusions The DDb cassette has been used for generafing a
| i bi ary cﬁaﬁmlzmneﬂubﬁzativmhm@ér (M THedagecpHI 91$).are expressed as either
cp3™ - or cp8 Tr;e set of samples were collected:
15 Set 1;
OUTPUT pRIB1-HAcp3* against anti-HA
OUTPUT pRIB2-HAcp8* against anti-HA
OUTPUT pRIB1-HAcp3* against BSA
OUTPUT pRIB2-HAcp8* against BSA
20 OUTPUT pRIB1-HAcp3* against E2
OUTPUT pRIB2-HAcp8* against E2
Set 2:
OUTPUT pRIB1-e44cp3* against E2
OUTPUT pRIB-e44cp3 against E2
25 OUTPUT pRIB1-e44cp3* against BSA
OUTPUT pRIB-e44cp3 against BSA
Set 3:

OUTPUT pRIB-e44cp3 against E2



containing fusion proteins. This library was achi eved by a using a single

| i brary based on a pDD based plasm d that was sinply digested with a
restrictiwo2setm7isa the DIS |inker and religated. This lpasinB200s/0mess can be
applied also for library of sequences that are cloned in a DD cassette
within any type of plasmd and then transferred in a pDD based vector as
exenplified in the present exanple or in the other situation briefly

sumari zed in J r identifying rel evant sequences
6uUrPdp: R rﬁ%é f%%oré” @gfeﬁﬁ %9 . el ¢ .

in a pDD based system vec di splay and affinity-sel ection

can be outli ne?U(ﬁj@T p%ﬁh e@i gg ns??@ he appropriate conbination of pDD

vector and of Tibrary o sequ nce nal yzed that are cloned into a DD

cassette, the @m@uﬁgmﬁg %%%fé%@&@ ?‘t ep provides a cell library,

sel ect abl e by appl yi i ¢ conbi nation, that encode the

two types of fGBEUPrah! NEOTIphERPHL GuShGAET G8RG 9 nfiPffoh (B! Per

phage i nfection nmakes then p055| si nul'taneous! yV p ry of
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popul ati ons of phage mxed in t ed using a singdle pbDD

vector. TthesINPbrTataMdC@wﬁwthﬁ%gé?ro%%ﬁﬁeaséﬂavé h? 8PREOAERACEeiERRLEEd 1 N

the literature in order to isolate, sequence, and c aracterize rel evant

pr ot ei ns |ﬂﬂdb§@é¢aﬁ'@%hbkéh faf 20%%@@%93?5@ ?h%réegé;ﬁe@mffé'&ba%ﬁﬁ el ns

with either cp3* or cpd* I': summary of nmers and

cG)IA i gonucC::IT tg\gtT b %rridn\l?r§l lﬁ&@ (@ Wﬁllﬁ%e@i‘ﬂg %@mlfictewéulﬁy}/el@!as
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CCAGATGACCCAGTICTCCTTCCACCCT LCstuffer RW 27
CTAGAGGGTTHAAGHFACALTIEGET (thé 6TEAGAGIEre not diluted. The plates were incubated
overnight at 37°C. |
When the colonies were of optimal size, they were counted and the
15 phage cfu/pl was calculated using the following formula (11) for?ilNPUT phage:
(Counted colonies /plated volume) X 10%(i) X 10%(ii) X 102 iii)
The colonies of optimal size for OUTPUT phage were counted and the
phage cfu/pl was calculated using the‘ following formula (1H):
(Counted colonies/plated volume) X 10* (ii)
20 b) Results
A comparative analysis of the efficiency by which recombinant phage
expressing cp3*- or cp8*-based fusion proteins infect cells and display the
heterologous protein was performed.
The electroporation efficiency was the same for both the
25 transformation reactions (using the corresponding positive control, cp3-based
vector) in all the experiments. The cfu/ul values obtained with pRIB1-cp3*,

PRIB1-HAcp3*, and pRIB1-e44cp3* vectors were the same of the positive

control phage, demonstrating that the sequence modification in cp3* did not



Mut Bgll A FW 28 GCGCGTCCCATTCGACATTCAGECTGCGC Mut Bgll A RW 29
GCGCAGCCTGAATGTCGAATGGGACGCGC Mut Bgll B FW 30 TTCTGCGCT CGGECACT TCCGEECTGECT
Mut Bgl | VBORW7AM7ABCCAGCCCGAAGT GCCGAGCGCAGAA pDD Li nker PEWIBR)06/001878
CTGGCTAGCAAAGGCCAGGCCGGECCAAAGAATTCCCTCTTCC pDD Li nker RW 33
AGCGGAAGAGCGAATTCTTTGECCGEECCTGECCTTTGCEAGCCA G pDD Li nker 2 FW 35
GCGCGTAATACGACTCACTATAGGEC pDD Li nker2 RW 36
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9986790 displaying the peptide and can be efficiently selected against a specific
binding agent (Fig. 11).

A similar level of enrichment in pRIB2-e44cp3* or pRIB1-e44cp8*
phage was obtained using the E2 protein of HCV (the antigen specifically
15 recognized by e44 Fab). confirming again that phage were correctly
displaying the antibody and could efficiently selected against the correct
antigen (Fig. 12). When compared to a control antigen (BSA), the phage
expressing e44cp3* shown a selectivity against the specific antigen
comparable to that of phage expressing ed44cp3, while e44cp8* was less
20 efficient, provably due the known non-specific binding effects observed for

other fabs expressed on the high valency cp8 protein.

c) Conclusions

The cp3*- and cp8*-expressing phagemid vectors can be used for
displaying proteins and identifying specific binding agents, including peptides
25 and antibody fragments, on the surface of recombinant phage.
Example 4: Construction of pDD-cp3*cp8* and of DD cassettes
compatible with pDD-cp3*cp8*
a) Materials & Methods
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RW:; SEQ ID NO.: 32 and SEQ ID NO.: 33; Table I) carrying compatible ends
(blunt at one side, with a single stranded 5’ end having the sequence AGC at
the other side). After overnight incubation at 4°C, 10ul of the ligation mixture
were used for transforming E. Coli XL-1 Blue competent cells. The day after,

20 10 colonies were picked up and used for mini prep DNA extraction in order to
verify the presence of the synthetic linker. One clone showing the right
restriction pattern was chosen, sequenced, and named pBS-DddeltaBgl.

This plasmid was used for the production of pDD-cp3*cp8* backbone.
At this scope pBS-DDdeltaBgl was digested with EcoR/ and Nhel and ligated

25 with a synthetic linker named pDD Linker2 (SEQ ID NO.: 34) carrying
relevant restriction sites ( Spel, in particular) and compatible ends. The
synthetic pDD Linker2 was generated by PCR amplification of pBlueScript i

using primers pDD Linker2 FW and RW (SEQ ID NO.: 35 and SEQ ID NO.:
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fact, the DIS linker2 originally present in these sequences contains a Bgll

restriction site in addition to the one comprised in the Sfil site, without
changing the encoded amino acid (a glycine). The C to A substitution (in
position 27 of DIS linker2, SEQ ID NO.: 2) was removed in ¢cp3* and cp8*

15 using the primers deltaBgllinker FW and RW (SEQ ID NO.: 37 and SEQ ID
NO.: 38; Table I) generating the DNA encoding cp3* and cp8* now calied
cp3*dBg! (SEQ ID NO.: 39) and cp8*dBgl (SEQ ID NO.: 40). In addition, an
EcoRI was inserted in 5’ to cp8*dbgl using the primers cp8* FW new and
cp8® RW (SEQ ID NO.: 39 and SEQ ID NO.: 40: Table ).

20 The pBS-DDdeltaBgl2 plasmid was digested first with Spel and Nhel
and then ligated with cp3*dBgll fragment carrying compatible ends. The
ligation mixture obtained was incubated overnight at 4°C and then used to
transform E. Coli DH5alpha cells. The day after, 10 colonies were picked up
and used for mini-prep DNA extraction in order to verify the correct insertion

25 of cp3*dBgl. The plasmid that was extracted from one positive clone was
then digested with EcoR!/ and Spel and ligated with a cp8*dBgll fragment
carrying compatible ends. The day after, 10 colonies were picked up and

used for mini-prep DNA extraction in order to verify the correct insertion of
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10 cells that were grown on LB agar plates added with Cloramphenicol
(20pg/ml). The day after, 10 colonies were picked up randomly and used for
mini-prep DNA extraction in order to verify the insertion of the DDa cassette
in either one or the other direction by Nhel and Xbal digestion, and
consequently the vectors pDDa-cp3* and pDDa-cp8* expressing CAT

15 resistance.

Construction of DD cassette expressing the resistance to Zeocin (ZEO;
DDb cassette).

The Zeocin resistance gene was PCR amplified using primer Zeo FW
and RW (SEQ ID NO.: 45 and SEQ ID NO.: 46; Table I) from pSVZeo

20 plasmid (Invitrogen). The PCR fragment was cloned into pGEMTeasy.
Because a Bgll site was present in the gene a round of site-directed
mutagenesisis was performed using primer ZeodeltaBgl FW and RW (SEQ
ID NO.: 47 and SEQ ID NO.: 48; Table I). The modified ZEO gene was then
digested with Stu/ and Xbal and cloned in the corresponding site of pDDa-

25 cp3*, obtaining pDDb-cp3*. The corresponding pDDb-cp8* vector was
obtained by digesting pDDb-cp3* with Bgll and religating the two fragments.

Clones having the Bgll fragment corresponding to DDb cassette in one or the

other direction were identified by Nhel and Xbal digestion of the plasmid
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(Qiagen) The ligation mixture have been used to transform electrocompetent

E. Coli DH5alfa cells, in order to have enough colonies to pick and

15 characterize.
b) Results
The previous examples above show that the modification in the
sequence of two functional coat proteins due to the insertion of a DIS linker
(DIS linker2, in particular) still provide fully functional coat proteins. The
20 sequences coding for ¢p3* and cp8* can be assembled into a phagemid
vector of the invention (pDD) according to the strategy summarized in Fig.
13.
The basic vector pDD-cp3*cp8* was generated by modifying
pBlueScript Il (SK+) vector and introducing synthetic linkers that allow the
25 sequential cloning of cp3* and cp8* positioned in opposite direction and
having their 5 ends separated by a DD-DIS linker (DD-DIS linker2). Specific
restriction sites were added or deleted during the construction to make the

cloning process effective.



growth factor, a cytokine, and contiguous or overlapping fragnments of a
protein sequence of interest. 9. The vector of any of the preceding clains,
wher ei n twe 2DNAoecsdi ng for the two functional coat protecmaBzneoorm™th fied
cp3 (cp3*, SEQID NO.: 6) and cpd (cpd* , SEQID NO.: 8). 10. The vector of
claim7 conprising a DDa cassette (SEQJ,D NO.: 11) or a DDb cassette (SEQ
ID NO. :12). 11. Use of a vector of clains from1l to 10 for generating a
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transcription of a sequence in frame with one of the two functional coat
proteins in the pDD backbone. The rest of the sequence can provide other
15 functions not depending on the orientation in which the DD cassette is
inserted.
The basic vector pDD-cp3*cp8* (and in general any vector presenting
the same assembly of functional coat proteins coding sequences separated
by a DD-DIS linker shown in Fig. 14, 15, and 16) can be further modified by
20 inserting a stuffer DNA or a marker gene, so that the insertion of the DD
cassette can be associated to the deletion or addition of a marker gene,
facilitating the selection of clones in which the DD cassette is inserted (Fig.
15).
Two types of DD cassettes, called DDa and DDb cassette (Fig. 17 and
25 18) were produced starting from pRIB1-HAcp3”, inserting a Bgll site and
maintaining HA as a stuffer DNA in the position nearby the DIS linker that will

be used for cloning the protein sequence to be displayed. The two cassette

differ for the marker gene positioned between the 5’ end of the promoter



b) transform ng bacterial cells with the resulting vectors. 17. The met hod
of claim 1l wherein the insertion of said DD cassette is obtained by

| i gati ng woDRbA/massett e and said vector that have been dacgasBieeomstsh Bgll .
18. Use of reconbi nant phage or fusion proteins obtained by the nethods of
clains 16 or 17 for binding, detecting¢4neutralizing, and/or altering a
ligand, a cell, or a target nolecule, wherein said reconbi nant phage or
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5 the other transcription units in the DD cassette (i.e. pointing to the end of the
DD cassette where the DIS linker is formed for expressing the fusion protein)
or may have the opposite orientation (with advantage to avoid read-through
transcriptional activities from the other promoters).
When the DDa cassette and the DDb cassette are cut out from the
10 pDD vector using the restriction site limiting the cassette (i.e. Bgll) and the
DD cassette is relegated in a pDD vector cut with the same enzyme, the DD
cassette is inserted in one of the two possible orientation in each clone
transformed with the ligation mixture, as the digestion with a combination of
two enzymes, one cutting within the cassette and the oth?r within the
15 backbone (Fig. 19). This result shows also how the insertion events can be
analyzed without sequencing the vectors and how the clones may be also
grouped before o during the screening procedures.
The DDa and DDb cassettes can be used for constructing a library
when they are cloned in pDD or in any other vector. However, the digestion
20 with Bgll and the ligation with a pDD vector having compatible ends is
instrumental for having the library with the desired features.
Conclusions
The pDD vectors and the compatible DD cassettes can be generated
by the series of cloning steps that can be easily followed by sequencing
25 and/or digesting the pDD-based intermediate vectors from clones using
plasmid DNA extraction/purification methods.

Once these pDD vectors and DD cassettes are generated, they can be

used for generating libraries of sequences that are cloned in one or the other of
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applies for the HA tag peptide or other peptides derived from an antigen.

H’

5 The vectors outlined above can be efficiently used for the construction ‘
and the double display of antibody fragments, peptides or other proteins
linked to either one of two coat proteins on the phage surface, allowing the
simultaneous screening of sequences displayed in the two forms without a
double clloning, transformation, and infection procedure.

10 The approach of the present invention increases the possibilities of
cloning antibodies or other protein sequences whose expression and/or
display efficiency is dependent from the context of the fused coat protein.
Moreover, the use of different combinations of selection system (specific for
the “empty” and the DD cassette containing phagemid vectors) facilitates the

15 identification of clones having the correct structure and sequence.

Example 5: Functional Validation of pDD-based Recombinant
Phage Displaying cp3* or cp8* fused to a Peptide or an Antibody
a) Materials & Methods

The ampilification of the phagemids, helper phage superinfection,

20 polyethylene glycol (PEG)-mediated phage precipitation, XL-1Blue cells

infection with resuspended phage, phage CFU determination, phage-antigen

binding assay, and the calculation of phage cfu/ul were performed as

described in F.1 and in the literature (Molecular Cloning: A Laboratory
Manual”, Sambrook et al., Cold Spring Harbor Press, NY, 1989).

25 Regarding the condition for cell selection, Tet is used as described

above while Ampicillin is substituted with cloramphenicol (Caf; 20ug/ml and

100pg/mi) in the experiments including pDDa derivatives and with Zeocin

(Zeo; 10ug/ml and 50pg/ml) in the experiments including pDDb derivatives.



ggcaaacttg attctgtcgc tactgattac ggtgctgcta tcgatggttt
gtttccggcc ttgctaatgg taatggtgct actggtgatt ttgctggcetc
at ggct caayote@ugsegg tgataattca cctttaatga ataatttccg
ccttccctcec ctcaatcggt tgaatgtcge ccttttgtct ttggegetgg
gaattttcta ttgattgtga caaaataaac ttatt&egtg gtgtctttgce
tatgttgcca cctttatgta tgtattttct acgtttgcta acatactgcg

Lot Caat
cp3 prot oi b soqseoneeAI b IF LI IR e R

cattggtgac 360
taattcccaa 420
PcaaBzns/H@sz80
t aaaccat at 540
gtttctttta 600
t aat aaggag 660

Qg <22 3>
y Gy

ser Pro Rheolabules cuvet®d 215 [ with 58 Ag @ 1fd Phageni’ vésiBr kpREIL G n
0 }JGIy gy%er y&? y\éer EBI@ y Ay

Pro Pro Val Asn Ala 20 25 30 d

Ser G ) *35 G ] y I G Yy §4-
Guay Gy PR S PR B B REen, DS
Gu Lys NeAcpba gn)D@SHAQpé’é 80D R AFEH Y S ﬁ%waéémé%*, T%%ﬁgﬂ—# #l a Asp

G u Asn Ala Leu

Leu Ala Asn Ay Asn 120

n 85 90 95 Ser Asp Al'a Lys Ay Lys Lel

Thr #As DENA &*,%ﬂ%&f&l 8*AbBDY-@4Axpsd. y Phe lie Ay Asp Val Ser
b DDA 15 %S@yAlaThr y Asp Phe Ala Ay Ser Asn Ser

al ‘Al a

Ay

G n Met Al a GThe/idlloldfAg 13t ol daidpfed \aRrédoplidstiedAsn Ser Pro Leu Met Asn Asn

Phe Arg G n Tyr Leu 145 150 155 160 Pro Ser Leu Pro G n Ser Val

Pro Phe Val Plget@:y Al a
OUTPUT pDDa-HAcp3* againsj anti-HA
OUTPUT pDDa-HAcp3* against BSA
10 OUTPUT pDDa-HAcp8* against anti-HA
OUTPUT pDDa-HAcp8* against BSA
OUTPUT pRIB1-HAcp3* against anti-HA
OUTPUT pRIB1-HAcp3* against BSA
OUTPUT pRIB2-HAcp8* against anti-HA
15 OUTPUT pRIB2-HAcp8* against BSA
OUTPUT pRB32 against anti-HA
OUTPUT pRB32 against BSA
Set 2:
OUTPUT pDDa- e44cp3* against E2
20 OUTPUT pDDa- e44cp3* against BSA
OUTPUT pDDa- e44cp8* against E2
OUTPUT pDDa- e44cp8* against BSA
OUTPUT pRIB1-e44cp3* against E2
OUTPUT pRIB1-e44cp3* against BSA
25 OUTPUT pRB32 against E2
OUTPUT pRB32 against BSA
Set 3:
OUTPUT pDDa-HAcp3* against anti-HA

G u Cys

Arg



165 170 175 Ay Lys Pro Tyr Gu Phe Ser lie Asp Cys Asp Lys lie Asn Leu Phe
180 185 190 Arg Ay Val Phe Ala Phe Leu Leu Tyr Val Ala Thr Phe Met Tyr Val
195 200 296 20m005=8 Thr Phe Ala Asn lie Leu Arg Asn LysPGruBHes/o0i® 215 220
<210> 8 <211> 195 <212> DNA <213> Artificial <220> <22 3> cp d* DNA
sequence<400> 8 actagtggcc aggccggcca gggt ggcggt ggctctgctg agggt gacga
tcccgcaaaa 60 gcggecttta actccctgca agcctcagcg accgaatata tcggttatge

ot 9990021 9 L2008}l ghsaa! LGSR AGhaROt o caagetgl Ll saganat
gr ;i fGII (r:1i %l y<é2§ﬁ£@‘é>py[9@§; H%c% g%ﬁ%lﬁ%@% f‘QSmSS EST%pSg OGAIyaGL;sAIAIaa
B AT T CPRRAb N 32 35 20 L 4T L I S
Phe Lys Lys PhguisyPHRIBISHA RS antht 2hteRa<210> 10 <211> 849
5 OUTPUT pRIB1-HAcp3* against BSA
OUTPUT pDDa- HAcp8* against anti-HA
OUTPUT pDDa- HAcp8* against BSA
OUTPUT pDDb- HAcp8* against anti-HA
OUTPUT pDDb- HAcp8* against BSA
10 OUTPUT pRIB2-HAcp8* against anti-HA
OUTPUT pRIB2-HAcp8* against BSA
Set 4:
OUTPUT pDDa- e44cp3* against E2
OUTPUT pDDa- e44cp3* against BSA
15 OUTPUT pDDb- e44cp3* against E2
OUTPUT pDDb- e44cp3* against BSA
OUTPUT pRIB1-e44cp3* against E2
OUTPUT pRIB1-e44cp3* against BSA
OUTPUT pDDa- e44cp8* against E2
20 OUTPUT pDDa- e44cp8* against BSA
OUTPUT pDDb- e44cp8* against E2
OUTPUT pDDb- e44cp8* against BSA
OUTPUT pRIB2-e44cp8* against E2
OUTPUT pRIB2-e44cp8* against BSA
25 b) Results
Recombinant phage based on pDD and expressing cp3*- or cp8*-
based fusion proteins were analyzed following the same approach by which

PRIB1- and pRIB2-based recombinant phage were functionally compared.



<212> DNA <213> Artificial <220> <223> cp3* |inked to cp8* by neans of
DD-DI'S linker2 <400> 10 ttaagactcc ttattacgca gtatgttagc aaacgt agaa
aat acat acaote@raygtsggc 60 aacat at aaa agaaacgcaa agacaccaegTgRaweogsrs
attttgtcac aatcaataga 120 aaattcatat ggtttaccag cgctaaagac aaaagggcga
cattcaaccg attgagggag 180 ggaaggtaaa t@8tgacgga aattattcat taaaggtgaa
ttatcaccgt caccgacttg 240 agccatttgg gaattagagc cagcaaaatc accagtagca

ccattaccat taggafedic &e?00f ISRFANHERR WAS! BREAGeE Ald SR Cfi?s?%‘ﬁ&tgttﬂé
t cagt agcga cagaatcaag 360 tttgccttta gcgtcagact gtagcgcgtt catcggca

ttttcggt ceorhparARFCHt pBBACHE 1p88 Wit a IF0 A fkklk é&fr@@éiﬁgaé‘ CHIE 86/298A

ccagagccac caccggaacc 480gcctccctca gagccgccac cctcagaac gccaccctca

gagccaccagagicd c gIa0acypé bHFRfRkiRY 2N oWE A A cRIXPESSISH ARFaLIIR0A
ggaggt t gag gcaggtcagaygoga cgattgggct ot gatattcac aag(@gaat gg agagccacct

ccaccct gosf pEQNdeHane D8 @ebabe ¢ps* APAPWIFG 2001 BSRY%S Le6hataats

agggt gacga tcccgcaaaa 720 gcggccttta actccctgca agcctcagcg accgaat at a

tcgos t at gexpsrrgentninhs’ fteBtibat fodl/eaf HEHICHRC o nARhAGS ASK p@‘tﬁeggfé[ﬁ; 213>

ttaagaaatt cacctcgaaa 840 gcaagctga 849 <210> 11 <211> 1944 <21
Artifici avith220D sagsSettdbxpeassing te?th‘éﬁ@@AH%;ﬂDDﬁ??ﬁékﬂwﬁéiﬁfé&?%@%Eo
a

gcaattaatg tgagttagct cactcattag gcaccccagg 60 ct cactt” tatgcttccg

gct cgt at otp D4y e aphagehtdgr ggeletctias aaartker 12Qodgacanaedl tpeacdsasdt
t aaggagaca gt cataatga aatacctatt gcctacggca 180 gccgctggat tgttattact

cgct gcccaexpreagionaggd satgetimt of peplidescarhdal?dOnt 6ithst £p88 of CEt AFaR
cgcgttagta aatacctgtg acggaagatc acttcgcaga 300 at aaat aaat cctggtgtcc
ct gt t gat ea@2)cgggaagccc tgggccaact tttggcgaaa 360 at gaggcgtt gatcggecacg
t aagaggttc caactttcac cataatgaaa taagatcact 420 accgggcgta ttttttgagt

t gtt@agatt ttcBuygageecapomdiget aefftdtggpgarasi8dthe same for both the
transformation reactions (using the corresponding positive control, cp3-based
vector) in all the experiments. The cfu/ul values obtained with pRIB1-based,
pRIB2-based, pDDa-based, and pDDb-based vectors were similar (about 10%
-10%), demonstrating that the modification introduced into cp3 and cp8 using

15 the intermediate phagemids pRIB1 and pRIB2 are not affecting as well the
correct phage assembly when pDD-based phagemids containing either the
ZEO or CAT selection marker are generated.
A high enrichment in specific pDD-based recombinant phage is
obtained, again without any relevant difference between phagemids including
20 the CAF- or the ZEO-based DD cassette, when using a protein or an
antibody as target for such phage. This property is reproducibly found in pDD
phagemids expressing a peptide using either cp3* or cp8*, while it is
significantly lower only when cp8* is used for pDD phagemids expressing an
highly specific Fab, still confirming the results obtained in the literature and
25 for pRIB1 and pRIB2 phagemids described above.

¢) Conclusions

The pDD-cp3*cp8* phagemid can be combined with a DD cassette

comprising either CAF or ZEO as selection marker for expressing and



aaaaattact ggatatacca ccgttgatat atcccaatgg catcgtaaag aacattttga 540
ggcatttcag tcagttgctc aatgtaccta taaccagacc gttcagctgg atattacggc 600
ctttttaaayoaeeyamaga aaaat aagca caagttttat ccggccttta PCTABZ06/0M18B60
tgcccgectg atgaatgctc atccggaatt asgtatggca at gaaagacg gt gagctggt 720
gatatgggat agtgttcacc cttgttacac cgtttigcat gagcaaactg aaacgttttc 780
at sgct ct gg agt gaat acc acgacgattt ccggcagttt ctacacat at attcgcaaga 840

it cot et S%e%%ﬁﬁﬁtr?@?@nm P nabEcor Do RNt BRACCRr B0 chaPad Juo

gacaacttc cccc tttcac caagt tt at acgcaagg cgacaaggtg 1020
ct gat gccgé %tég‘ég%'? SHG?FE g"'&%&ﬁ“{t a@eat ggcttcca tgtcggcaga 1080

ttttttt 1
gégg;%??;?t a?ég;aaq?agéggé Bﬁ?gc[“%;%g?g: cg ﬁ%{ qzaaﬁg?ﬂ% ag\gt cg?1 tggl%o00
at gaat ggc tg b
caat apce BN EIRIGHE eI QUL B Bl o5 1220
ttgacgat at gat #@A&%ﬁ@g‘% aagt gct cat cattgtgttag ;agctgcg;fc iggg
Gotoaetagt tett %ﬁﬁibﬁgﬁpﬁgﬁ‘g58@3%%§%r§@%$%3%f83ﬁ§@ iibﬁrgoo

t t C C a
o agct goa8otted tc%%é‘e R For® & ey e i %ﬁé@cttéfg Kt %%foo
fegtatott T aoaTEof HEZhaf : d REGG EPaTs & AGREN LD L I GeRRe dis
aggagacagiefd! ARbAAEE 4SS 9 fhtea‘ﬁ&% fB6HEAP dal ! 39ba6! G?h%ggoo

ctgcccaacc agccatggcc caggig a tcga tccatat gat  ¢gttccagat

at ggbact agidpIgeCRAYISGro éﬂﬂér’<%ﬁ%n})cgfa<§r%> CSHP Press ooy <2 15>

Artificial <220> <223> cassette <4 2 dgccggcctg gccgcgcaac

gcaattaatg tgaphsapeir Céﬁﬁf‘e%t%rgc SAE ggie?%g%%t%ac%‘ftthé a 9ehlCGhq

gctcgtatgt tgtgtggaat tgtgagcgga ta caat acacaaattc taaactagct
t aaggagacgo b At & reSRicHbA HHds HEE4EEIOF BIoHTg them into DDb cassette at

their 5’ end. The amplification products specific for the light chains were first

digested with Xbal and Sacl i and purified from agarose gel. Five micrograms
of pDDb-HAcp3* were digested with Xbal and Sac/, and the resulting vector
backbone was gel-purified, dephosphorilated, and used for the preparation of
a ligation mixture with the compatible DNA segments encoding the light
chain. After overnight incubation at 4°C, the DNA mixture was precipitated,
resuspended in 20 microliters of water and used for transforming competent
E. coli XL1 Blue cells by electroporation. The cells were then incubated in
3ml of SOC at 37°C for 1h. 10 and 100 pl of the culture were plated in order
to quantify the number of the clones. The rest of the bacterial culture was
then diluted to 10 ml of SB containing Ampicillin (10 ug/hl), (Zeocin 10
pg/ml), and Tetracycline (10 pg/ml). After 1 hour of incubation at 37°C, the
cells were diluted in 100 ml of SB medium containing Ampicillin (50 pg/ml),
Zeocin (50 ug/mi), and Tetracycline (10 pg/ml), and incubated over night at
37°C. The day after, the cells were harvested and used for DNA purification

and extraction.



gccgctggat tgttattact cgctgcccaa ccagccatgg csgagctcca gatgacccag 240
tctccttcca ccctctagac atgataagat acattgatga gtttggacaa accacaacta 300
gaat gcagtwoasazmamigc tttatttgtg aaatttgtga tgctattgcet trratuBrgs/easdc0
ccattataag ctgcaataaa caagtttcga ggtcgagtgt cagtcctgct cctcggccac 420
gaagt gcacg cagttgccgg ccgggtcgcg cagggegaac tcccgtcccc acggctgctc 480
gccgat ctcg gtcatggccg gcccggaggc gtcccggaag ttcgtggaca cgacctccga 540

600
cacoacorge 1 oot deadesuliia) HIOEDLBCIBIANE CAPAGEEY0Y LAt RIFHE s
gaagt cgt cg; é&%ﬁ%(lﬁﬁ“aﬂﬂ%@%%‘? AriCH895 98 rﬁ&%%e%éﬂfqé@t C@%ﬁgﬁ%{‘ﬁg{"%o

720t ccggcgacg tcgcgcgcgg tga ccgg aacggcac caac

gL L oot cackedduired! fioh ARC i IRIAREIRN BI6EAHEaATILR goga\g.oggg,

aaggcctagg cttttgcaaa aagctc €gg ga gcag gaatt

caggt t t CChigRAEt@IRNRRINAEP A0t PR Pondal 4 9ReILEAGE] 81 ¢
t gt "gfggaat

t cattaggca ccccaggctt tacactttat gctt gct cgta

gagcggat agedgtiint twasausadatiapsanasg 2g $O382GI¢ O of a8 Lféaa@éusl
tact gc

acctattgcc tacggcagcc gctggattgt ta tgcccaacca gccatggecc 1

aggt gaaacgic@ficpdratich asddstr mpdyecagatta tgctactagt ggccaggeccg 12 00 gcc
1203 <210> 13 <211> 45 <212>m%F\jIA <213> Artificial <220> <223> cp3* forward

R 11275 e SMATRERETIS RSO SRS GRRR Bil CHER 10

primer <4@@s théngtgeistss vt Bgirandthe Padmbhts erdlidteddted in the same
vector. Aliquots of the library were plated on LB agar with containing
Ampicillin (50 pg/ml) and Zeocin (50 pg/mi). The number of clones in the
library was evaluated in the order of 10* - 10° clones. Colonies were
randomly chosen from the plates, grown overnight in culture, and used for
both miniprep DNA extraction/purification (followed by digestion with Nhel
and Xbal and analysis in agarose gel as described above) and for protein
analysis in Western blot (using a goat anti-human Fab conjugated to
horseradish peroxidise for detection, as described above).

Results

A DNA library derived from human bone marrow cells was used for the
cloning of light and heavy chains from either IgG1 into a DDb cassette
already cloned within a pDDb vector having HA tag as stuffer DNA between
the Xhol-Spel.

The DNA encoding the light and heavy chains was sequentially cloned
in this vector, eliminating the stuffer DNA, and the resulting library was
digested with Bgll and religated at scope of reinsering the DDb cassette in
either one of the two possible orientations, generating in this way a pDDb-
based library in which the heavy chains are expressed as fusion protein with
cp3” or cp8*.

Colonies of E. coli transfomants growing in presence of Zeocin



<211> 57 <212> DNA <213> Artificial <220> <223> cp8* forward PCR pri ner

<400> 15 actagtggcc aggccggcca gggtggcggt ggctctgctg agggtgacga tcccgca 57
<210> 16 wWDDRMe7/@6154¢212> DNA <213> Artificial <220> <223pctpBoos/emersse PCR
primer<400> | b gtggtggcta gctcagcttg ctttcgaggt gaattt 36 <210> 17 <211>
33 <212> DNA <213> Artificial <220> <228> HA tag |inker forward

ol i gonucl eoti de <400> 17 tcgagtatcc atatgatgtt ccagattatg eta 33 <210> 18

I 59 G Whugt g s b bR T Bl N S84SR0,

<211> 7740%&%)%e<?a]r‘ﬁi%ﬁ&téﬂdsgnaénd analyzed at both DNA and protein level
(Fig. 22). Such clones have the DDb cassette oriented in either one or the
other of the possible orientations, as shown by the restriction analysis odf the
extracted plasmid DNA, and express human fabs a fusion proteins in which
the heavy chain is linked to cp8* or to cp3*. The difference in the molecular
weight and the level of expression are consistent with the outcome of the
restriction analysis, since the clones having the DDb cassette oriented in the
direction allowing the fusion of the heavy chain to cp8* express smaller
recombinant proteins that are produced at higher levels compared to the
clones in which having the DDb cassette oriented in the direction allowing the
fusion of the heavy chain to cp3*.

Conclusions

The DDb cassette has been used for generating a library of human
fabs in which the heavy chains are expressed as either cp3*- or cp8*-
containing fusion proteins. This library was achieved by a using a single
library based on a pDD-based plasmid that was simply digested with a
restriction site in the DIS linker and religated.

This basic process can be applied also for library of sequences that
are cloned in a DD cassette within any type of plasmid and then transferred
in a pDD-based vector as exemplified in the present example or in the other
situation briefly summarized in Fig. 15.

The full process for identifying relevant sequences in a pDD-based
system for vector by phage display and affinity-selection can be outlined (Fig.
23). Starting from the appropriate combination of pDD vector and of library of
sequences to be analyzed that are cloned into a DD cassette, the ligation
and transformation step provides a cell library, selectable by applying the

correct antibiotic combination, that encode the two types of fusion proteins



<220> <223> Conpl ete HAcp3* DNA sequence <400> 19 atgaaatacc tattgcctac
ggcagccgcet ggattgttat tactcgctgc ccaaccagcc 60 atggcccagg tgaaactgcet
cgagt at cosoRatgargit ¢ cagattatgc tactagtggc 120 caggccg@Ct/IBRY6H@IFTsyg
tggctctcca ttcgtttgtg aatatcaagg ccaatcgtct 180 gacctgcctc aacctcctgt
caatgctggc ggcggctctg gtggtggttc tggtggcgge 240 tctgagggtg gtggetctga

gggt ggcggt tct gagggt g gcggcet ct ga gggaggcggt 300 tccggtggtg gectctggttc
cggtgatttt gattatgaaa agat ggcaaa ¢t at ga ccgaaaat gc

a cgctaataag 360 ggggc
cgat gaaaat®-§c FOMRMiY g ceitRigePda Ugerladieipepphipde diigcligncnakegathan

cggtgctgct atcgatggtt tcattggtga cgtttccggec 480 cttgctaatg gtaatggtg
t act ggt gaPO%%'Pg%tcggtmut%@%@l?%&d%oaapgg%ﬂlgaaysoﬁorwﬂaa&@hgegamawht

acctttaatg aataatttcc gtcaatattt, accttccctc 600 cctcaatcgg ttgaatgtc
cccttttgt&‘ec PR tig gﬁa%r@@aﬁg R AXPIESSeG A 5\%3995?@3'0&%9 &

SRR T G b 0058 Pl S e ARy 15
L e B s A PR b LTS R S
rep Tyt ACaSPlteSSPaREJeRy adeiam e rebyant frosFinechid periendhaberey o
Va Aon ARGyl felleda] gion drpialt vl othsr 68 8505875 80 ser ai
Gy Ay Ay Ser Gu Gy Gy Gy Ser Qu Ay Gy Gy Ser 85 90 95



Gu dy Ay Ay Ser Gy Gy Gy Ser dy Ser Gy Asp Phe Asp Tyr 100 105 110
Gu Lys Met Ala Asn Ala Asn Lys Ay Ala Met Thr Ju Asn Ala Asp 115 120 125
G u Asn Avahewo@sa Ser Asp Ala Lys Ay Lys Leu Asp Ser pUaliBAloeo®8®B 135 140
Thr Asp Tyr Gy Ala Ala lie Asp Gy Phe lie Ay Asp Val Ser Ay 145 150 155
160 Leu Ala Asn Ay Asn Ay Ala Thr d y3Asp Phe Ala Gy Ser Asn Ser 165 170
175 G n Met Ala Gn Val Ay Asp Gy Asp Asn Ser Pro Leu Met Asn Asn 180 133
190 Phe Arg G . i n.Ser Valk .Arg Pro 195 2
205Phe Val ~Phel &1 Lt y&ﬁ‘?ﬂﬁpﬁé?’ﬂgﬂeﬁgh% '$%H£§%°stt‘€§§ Asp 210 215
220 Lys H e Asn Leu Phe Arg Gy Val Phe Ala Phe Leu Leu Tyr Val Al a 225 230
235 240 Thr, Phe Net Tyr S\I(: | Phe Ser Thr Igh,e Ala Asn He Leu Arg Asn Lys 245
250 255 G U Ser <210> 2175211> 297 <212> DRRPEEPRrtificial <220> <223>
Compl ete HAcp8* DNA seqgmence <400> 21 at gaaatacc tattgcctac ggcagccgct

ggal t gt taly:l. 61 COCL OC CCRACCARES, 00, AhGOREGAND. d9aaACLA) caagI Al cCa
tatgatgttc cagattatgc tactagtggc caggccggcc agggtggcgg tggct ct get

gagggt gac%ﬂqwccgcaaa agﬁ;gc%I;r{:ém%%gmgﬁc%%%été%c aagcct cagc gaccgaat at

atcggttat ¢ cgt gggegat ggtigtigre 2 4 qgTAéqéachgéT%ggCTtggéG%aagctg
ttt aagaaatP*€hcct cgaa ag%ag%G%T%%gA@CEQC gqorsCoy
Cp8*RW 16 GTGGTGGCTAGCTCAGCTTGCTTTCGAGGTGAATTT
HA tag Linker 17 TCGAGTATCCATATGATGTTCCAGATTATGCTA
W
HA tag Linker 18 CTAGTAGCATAATCTGGAACATCATATGGATAC
W
LCstuffer FW 26 CCAGATGACCCAGTCTCCTTCCACCCT
LCstuffer RW 27 CTAGAGGGTGGAAGGAGACTGGEGTCATCTGGAGCT
Mut BglI A FW 28 GCGCGTCCCATTCGACATTCAGGCTACGEC
Mut BglI A RW 29 GCGCAGCCTGAATGTCGAATGGGACGCGC
Mut BglI B FW 30 TTCTGCGCTCGGCACTTCCGGCTGGCT
Mut BglIl B RW 31 AGCCAGCCGGAAGTGCCGAGCBCAGAA
pDD Linker FW 32 CTGGCTAGCAAAGGCCAGGCCGEGCCAAAGAATTCRECTCTTCC
pDD Linker RW 33 AGCGGAAGAGCGAATTCTTTGGCCGGCCTGRCCTTTGCTAGCCA
G
pDD Linker2 FW 35 GCGCGTAATACGACTCACTATAGGGC
pDD Linker2 RW 36 CAGCTGGCTAGCATGCTTCCGGCTCETATGTTGTG
deltaBgllinker 37 CCGGCCAGGGTGGAGGTGGCTCT
FW
deltaBgllinker 38 AGAGCCACCTCCACCCTGGCCEe
RW
cp8*FW new 41 ATGTACTAGTGGCCAGGCCGEAECCAGGGE
CPB*RW new 42 GGAATCCTAGAATTCTCAGCTTGCTTTCGAGGTGAAT
BglupdFwW 43 AATGAGTAGGCCTTGTTGACAATTAATCATCGGCATAGT
BglupdRW 44 AACTGGATCTAGACATGATAAGATACAACATTCGATGAGTTTGE
Zeo FW 45 AATGAGTAGGCCTTGTTGACAATTAATCATCEGCATAGT
Zeo RW 46 AACTGGATCTAGACATGATAAGATACATTGATGAGTTTGG
ZeodeltaBgl FW 47 GAGCAGCCGTGGGEACGGGAGTTCECCC

ZeodeltaBgl RW 48 GGGCGAACTCCCGETCCCCACGGCTGCTC



<212> PRT <213> Artificial <220> <22 3 Conpl ete HAcpd* protein sequence
<400> 22 Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gy Leu Leu Leu Leu Ala 1
5 10 15 Ave208moPrse Ala Met Ala G n Val Lys Leu Leu G uPCynBiweodigrs Asp 20
25 30 Val Pro Asp Tyr Ala Thr Ser Ay Gn Ala Gy Gn Ay Ay Gy Gy 35 40
45 Ser Ala Gu Gy Asp Asp Pro Ala LysyAla Ala Phe Asn Ser Leu G n 50 55
60Ala Ser Ala Thr Au Tyr lie Ay Tyr Ala Trp Ala Met Val Val Val 65 70 75

80 He V Jhr He Gy He Lys Leu Phe Lys Lys Phe Thr Ser 85 90 95
Lys Al a %FggiéﬁégIle 109 <212> DNA <213> Artificial <220> <223> LacZ

pronoter <400> 23 cgcaacgcaa ttaatgtgag ttagctcact cattaggcac cccaggcttt
acactttatg 60 cttccggctc gtatgttgtg tggaattgtg agcggataac aatttcaca 109

S anal - NSRS Bhal R BN S (B84l G58300> 24 aaggagacag t cat aat gaa
atacctatt g GGkRsY4CEEC o AR Mbth3bs L R2) 163-71.
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Boel E et al., J Immunol Methods 239 (2000) 153-66.
Bonnycastle L e tal., Biol Chem 378 (1997) 509-15.
Bothmann H. and Pluckthun A, Nat Biotechnol 16 (1998) 376-80.
Bradbury, A.R. and Marks, J.D. J Immunol Methods 290 (2004) 29-49.
15 Bugli, F et al., J Virol 75 (2001) 9986-90.
Burioni R et al., Res Virol 148 (1997) 161-4.
Cebe R et al., Biochem J 352 Pt 3 (2000) 841-9.
Chen L et al., Chem Biol 11 (2004) 1081-91.
Conrad, U. and Scheller, J, Comb Chem High Throughput Screen 8 (2005)
20 117-26.
Corisdeo S. and Wang B, Protein Expr Purif 34 (2004) 270-9.
Davies J et al., J Allergy Clin Immunol 105 (2000) 1085-92.
De Berardinis P et al., Nat Biotechnol 18 (2000) 873-6.
Den, W et al., J Immuno! Methods 222 (1999) 45-57.
25 Dente L et al., Gene 148 (1994) 7-13.
Di Niro, R et al.,. Biochem J 388 (2005) 889-94.
Ditzel H, Immunol Res 21 (2000) 185-93.
Dromey, J. et al., J Immunol 172 (2004) 4084-90.



gctgcccaac cagccatggc ccaggtgaaa ctgctcgag 99 <210> 25 <211> 28 <212> PRT
<213> Artificial <220> <223> Adapted Pel B signal protein sequence from

Erw ni a csoavevores4<400> 25 Met Lys Tyr Leu Leu Pro Thr pAlraBAoer0cABz8 Gy Leu
Leu Leu Leu Ala 1 5 10 15 Ala Gn Pro Ala Met Ala G n Val Lys Leu Leu Gu
20 25 <210> 26 <211> 27 <212> DNA <213zsArtificial <220><223> Sacl - Xbal
LCstuffer forward oligonucl eoti de <400> 26 ccagatgacc cagtctcctt ccaccct 27

< > > > | - Xbal
Cstut for CoepEisB 8Pt IRl MeBib 26 B0 81578, gaageaact gagt cat ctg
gagct 35 §E@>‘b%§afz“|1ﬁ$8é?ol%1&bdg\l%8<82é§> Artificial <220> <223> Mut Bgl |

A forward
Enshell-Seijffers, D et al., Nucleic Acids Res 29 (2001) E50-0.

Faix P et al., Biotechniques 36 (2004) 1018-22, 1024, 1026-9.
5 Falciani C et al., Chem Biol 12 (2005) 417-26.

Florea B et al., J Drug Target 11 (2003) 383-90.

Gao, C et al., Bioorg Med Chem 10 (2002) 4057-65.

Gao C et al., Proc Natl Acad Sci U S A 96 (1999) 6025-30.

Gao, H et al., Gene 228 (1999) 51-9.

10 Gargir A et al., Biochim Biophys Acta 1569 (2002) 167-73.

Goletz S et al., J Mol Biol 315 (2002) 1087-97.

Grote A et al., Nucleic Acid Res 33)2005) W526-31.

Guttieri M et al., Hybrid Hybridomics 22 (2003) 135-45.

Han Z et al., Comb Chem High Throughput Screen 7 (2004) 55-62.

15 Heinis C et al., Protein Eng 14 (2001) 1043-52.

Held H and Sidhu S, J Mol Biol 340 (2004) 587-97.
Hennecke F et al., Protein Eng 11 (1998) 405-10.
Hoet R et al. Nat Biotechnol 23 (2005) 344-8.
Hufton et al., J Immunol Methods 231 (1999) 39-51.

20 Hust, M. and Dubel, S. Trends Biotechnol 22 (2004) 8-14.
Hust M. and Dubel, S, Methods Mol Biol 295 (2005) 71-96.
lannolo G et al., J Mol Biol 248 (1995) 835-44.

Intasai N et al., Protein Expr Purif 32 (2003) 323-31.
Jacobsson K et al.,. Biol Proced Online 5 (2003) 123-135.

25 Jaye D et al. J Immunol Methods 295 (2004) 119-27.
Kirsch M et al., J Immunol Methods 301 (2005) 173-85.
Kramer R et al., Nucleic Acids Res 31 (2003) e59.
Kurokawa, M.S et al. Immunol Lett 80 (2002) 163-8.



gcgegtccca ttcgacattc aggectgcge 29 <210> 29 <211> 29 <212> DNA <213>
Artificial <220> <223> Mut Bgll A reverse PCR priner <400> 29 gcgcagcctg
aat gt cgaavogg@aogrsgc 29 <210> 30 <211> 27 <212> DNA <21®eTAB006/H@Bz <220>
<223> Mut Bgll B forward PCR prinmer <400> 28 ttctgcgctc ggcacttccg gctggcet
27 <210> 31 <211> 27 <212> DNA <213> Arfigi ficial <220> <223> Mut Bgll B
reverse PCR priner <400> 31 agscagccgg aagtgccgag cgcagaa 27<210> 32 <211>

0 iz PRSI T B Bl T b AR BRI 1505 <o
<2 1 0 33| gdAidtN et al., Protein Sci 10 (2001) 1522-8.
Landon L and Deutscher S, J Cell Biochem 90 (2003) 509-17.
Legendre D and Fastrez J, Gene 290 (2002) 203-15.
5 Lesniewski, R et al., J Med Virol 45 (1995) 415-22.

Li, Y et al.,. Nat Biotechnol 23 (2005) 349-54.
Li, Z et al. J Mol Microbiol Biotechnol 6 (2003) 57-66.
Liang M et al., J Immunol Methods 247 (2001) 119-30.
Lou J et al., J Immunol Methods 253 (2001) 233-42.

10 Mahler S et al., Inmunotechnology 3 (1997) 31-43.
Makowski, L. Gene 128 (1993) 5-11.
Malik, P. and Perham, R.N. Nucleic Acids Res 25 (1997) 915-6.
Mancini N et al., New Microbiol 27 (2004) 315-28.
Matsushita S et al., Eur J Immunol 31 (2001) 2395-402.

15 Meijer P et al., J Mol Biol 358 (2006) 764-72.
Morino K et al., J Immunol Methods 257 (2001) 175-84.
Mutuberria R et al., J Immunol Methods 287 (2004) 31-47.
Nakashima T et al., J Biosci Bioeng 90 (2000) 253-9.
Nakayama G et al., Immunotechnology 2 (1996) 197-207.

20 Nilsson J et al., Protein Expr Purif 11 (1997) 1-16
Nilsson M et al.,. Protein Eng 13 (2000) 519-26.
O'Connell, D et al., J Mol Biol 321 (2002) 49-56.
O'Connor K et al., J Immunol Methods 299 (2005) 21-35.
Pastor M et al., Biopolymers 76 (2004) 357-65.

25 Paus E et al., J Immunol Methods 283 (2003) 125-39.
Persic L et al., Gene 187 (1997) 9-18.
Petrenko, V.A. and Smith, G Vectors and Modes of Display. Taylor & Francis,
2004,



<212s. DNA <213> Artificial <220> <223> pDD |inker reverse oligonucl eotide
<400> 33 agcggaagag cgaattcttt ggccggcctg gcctttgcta gccag 45 <210> 32
<211> 268ve2d@r0oDish <213> Artificial <220> <223> pDD |i mkeng200€R1prsoduct
<400> 32 gcgcgtaata cgactcacta tagggcgaat tgggtaccgg gcccccctcg aggtcgacgg
60 tatcgataag cttgatatcg aattcctgca gcoefggggga tccactagtt ctagagcgge 120
cgccaccgcg gtggagctcc agettttgtt ccctttagtg agggttaatt gcgcgettgg 180

SRR T L e A
s B @Eo%z\%@%&siéh%&w e i
<3(2:?z;$§§§ B[Eteg agsecré;_i%i\é n rg {%0 408%> 86 cagctggcta gcatgcttcc
Ravn P et al., J Mol Biol 343 (2004) 985-96.
5 Rhyner C et al., Methods 32 (2004) 212-8.
Rodi D et al., J Mol Biol 322 (2002) 1039-52.
Rondot S et al., Nat Biotechnol 19 (2001) 75-8.
Rosander et al., J Microbiol Methods 51 (2002) 43-55.
Roth, T et al. J Mol Biol 322 (2002) 357-67.
10 Rousch M et al., Br J Pharmacol 125 (1998) 5-16.
Sblattero D and Bradbury A,. Nat Biotechnol 18 (2000) 75-80.
Schooltink H and Rose-John S, CombChem High Throughput Screen
8(2005)173-9.
Schoonbroodt S et al., Nucleic Acids Res 33 (2005) e81.
15 Sharon J et al., J Cell Biochem 96 (2005) 305-13.
Shukla G. and Krag D, J Drug Target 13 (2005) 7-18.
Sidhu, S. Biomol Eng 18 (2001) 57-63.
Sidhu S et al., Methods Enzymol 328 (2000) 333-63.
Silacci, M et al., Proteomics 5 (2005) 2340-50.
20 Smith J et al., Faseb J 19 (2005) 331-41.
Soltes G et al., J Immunol Methods 274 (2003) 233-44.
Steukers M et al., J Immunol Methods (20086).
Stratmann, T. and Kang, A.S.. Proteome Sci 3 (2005) 7.
Strobel H et al., Mol Biotechnol 24 (2003) 1-10.
25 Suzuki Y et al., Biosci Biotechnol Biochem 69 (2005) 610-9.
Szardenings, M, J Recept Signal Transduct Res 23 (2003) 307-49.
Tsurushita, N et al., Gene 172 (1996) 59-63.
van de Westerlo E et al., Blood 99 (2002) 2427-33.



<211> 23 <212> DNA <213> Artificial <220> <223> deltaBgllinker forward PCR
primer <400> 37 ccggccaggg tggaggtggce tct 23 <210> 38 <211> 23 <212> DNA
<213> Artwbizeé7alo7:s220> <223> del taBgl | i nker reverse PCRPOTIIBENG/63I8B> 38
agagccacct ccaccctggc egg 23 <210> 39 <211> 666 <212> DNA <213> Artificial
<220> <223> cp3*dBgl DNA sequence <400> 39 actagtggcc aggccggcca gggt ggaggt
ggctctccat tcgtttgtga atatcaaggc 60 caatcgtctg acctgcctca acctcctgtc

G0t gacagt VoD SARRRHE Addcllotaste 160 G9RBAURA. cooutont 0g cict ggt toc
03t anancy AN SRl o Flgal BITAARSSRE L0 AA000) ORIt gt Cac t act gat Lac
22t g0t gat Varbaetighet aly Biedtaods (Y4 HLRdOatp2aat gacgo ¢ gat satt ca
ettt gt cOVBREdeictiogpt ftinck B4si00dT B0BE 181 a 11 gat  giga caaaat asac
L o0 gl AL AL o RO B AL IGoR. Sk T J bt 1

Weiss G et al., J Mol Biol 332 (2003) 777-82.

Weiss G and Sidhu S, J Mol Biol 300 (2000) 213-9.

Weiss G et al. Protein Sci 9 (2000) 647-54.

Yip Y et al., Immunol Lett 79 (2001) 197-202.

10 Zelenetz, A.D. and Levy, R. Gene 89 (1990) 123-7.

Zhao Y et al., J Immunol 167 (2001) 2130-41.

Zhong G et al., J Ind Microbiol Biotechnol 19 (1997) 71-6.

Zwick M et al., Anal Biochem 264 (1998) 87-97.



<211> 189 <212> DNA <213> Artificial <220> <223> cp8*dBgl DNA sequence
<400> 40 act agtggcc aggccggcca gggt ggaggt ggctctgctg agggt gacga tcccgcaaaa
60 gcggcowbDRao7zmrIsect gca agcct cagcg accgaat ata tcggtt at gcTgsyygomatsy 120
gttgttgtca ttgtcggcgc aactatcggt atcaagctgt ttaagaaatt cacctcgaaa 180
gcaagctga 189 <210> 41 <211> 27 <212> <213> Artificial <220> <223>
cp8*FW new PCR prinmer <400> 41 atgtactagt ggccaggccg gccaggg 27 <210> 42
<211> 37 <212> DNA <213> Artificial <220> <223> cp8*RW new PCR prinmer <400>
42 ggaat cELJMSitt ctcage ttgctttcga ggtgaat 37 <210> 43 <211> 39 <212> DNA
<213> Artificial <220> <223> Bgl updFW forward PCR prinmer <400> 43

aat gagtagg ccttgttgac aattaatcat cggcatagt 39

1. A phagemid vector for the bidirectional cloning of a DNA coding for an
amino acid sequence to be fused at the N-terminus of either one or the other
5 of two functional coat proteins.
2. A phagemid vector comprising:
a) A DNA coding for a first functional coat protein comprising a first
DNA linker at its 5’ end; and |
b) A DNA coding for a second functional coat protein, having the
10 direction of transcription opposite to that of the first functional coat
protein, and comprising a second DNA linker at its 5’ end;
wherein the first and second DNA linker comprise at least one identical
site for a restriction enzyme not present outside said linker in the
phagemid vector.
15 3. A vector of claim 2 wherein the DNA linker can be transcribed in frame
with the 5’ end of the DNA coding for a functional coat protein, and with the
3’ end of the DNA coding for a protein sequence to be fused to and displayed
by said functional coat protein.
4, A vector of claim 3 wherein the first and second DNA linkers comprise
20 a sequence chosen from SEQ ID NO.: 1 and SEQ ID NO.: 2.
5. A vector of claim 3 wherein the first and second DNA form a sequence
chosen from SEQ ID NO.: 4 and SEQ ID NO.: 5.
6. A vector of claim 5 comprising cp3*DDcp8* (SEQ ID NO.: 10)
7. A vector of any of the preceding claims further comprising a DNA
25 cassette for the cloning, the expression, and the display of at least one
protein sequence to be fused at the N-terminus of either one or the other of
said functional coat proteins by means of one of said DNA linker.

8. A phagemid vector of claim 7 wherein the protein sequence to be fused



<210> 44 <211> 43 <212> DNA <213> Artificial <220> <223> Bgl updPWreverse
PCR pri nmer<400> 44 aactggatct agacatgata agatacaaca ttgatgagtt tgg 43 <210>
45 <211> W0 20@1@A5DWA <213> Artificial <220> <223> Zeo fromaBzode/RARTSr i mer
<400> 45 aatgagtagg ccttgttgac aattaatcat cggcatagt 39 <210> 46 <211> 40
<212> DNA <213> Artificial <220> <223>gZeo0 reverse PCR primer <400> 44
aactggatct agacatgata agatacattg atgagtttgg 40 <210> 47 <211> 28 <212> DNA
Jg9acq00at 1% Boisten pes obedben ane:er 1BoRIhap b M nCtonal coat protéing by * '
means of a DNA linker is an antibody, an antibody fragment, an epitope, an
epitope-binding region, an antigen, an allergen, a bioactive peptide, an
enzyme, an enzyme inhibitor, an enzymatic catalytic site, a DNA-binding
5 protein, an isolated protein domain, a ligand for receptors, a receptor, a
growth factor, a cytokine, and contiguous or overlapping fragments of a
protein sequence of interest.
9. The vector of any of the preceding claims, wherein the DNA coding for
the two functional coat proteins are modified cp3 (cp3*, SEQ ID NO.: 6) and
10 cp8 (cp8*, SEQ ID NO.: 8).
10. The vector of claim 7 comprising a DDa cassette (SEQ ID NO.: 11) or
a DDb cassette (SEQ ID NO.:12).
11. Use of a vector of claims from 1 to 10 for generating a phage or a cell
library wherein each protein sequence of said library is fused at the N-
15 terminus of either one or the other of two functional coat proteins by means
of a DNA linker.
12. A phage or a cell library obtained using a vector of claims from 1 to 10,
wherein each protein sequence of said library is fused at the N-terminus of
either one or the other of two functional coat proteins by means of a DNA
20 linker.
13. A phage or a cell library of claim 12 wherein the protein sequence to
be fused at the N-terminus of either one or the other of two functional coat
proteins by means of a DNA linker is an antibody, an antibody fragment, an
epitope, an epitope-binding region, an antigen, an allergen, a bioactive
25 peptide, an enzyme, an enzyme inhibitor, an enzymatic catalytic site, a DNA-
binding protein, an isolated protein domain, a ligand for receptors, a receptor,

a growth factor, a cytokine, and contiguous or overlapping fragments of a

protein sequence of interest.



<213> Artificial <220> <223> Zeodel taBgl RW PCR priner <400> 48 gggcgaactc

ccgtccccac ggcectgectc 28
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14. A phage or cell library of claim 12 wherein the two functional coat
proteins are modified cp3 protein (cp3* protein; SEQ ID NO.: 7) and modified
cp8 protein (cp8* protein; SEQ ID NO.: 9).
15. A kit for generating a phage or a cell library wherein each protein
5 sequence of said library is fused at the N-terminus of either one or the other
of two functional coat proteins by means of a DIS linker, comprising a vector
of claims 1 to 10.
16. A method for producing a phage or a cell library wherein each protein
sequence of said library is fused at the N-terminus of either one or the other
10 of two functional coat proteins by means of a DNA linker, comprising:
a) inserting a DNA cassette in correspondence of the DNA linkers of
a vector of claim 2; and
b) transforming bacterial cells with the resulting vectors.
17. The method of claim 11 wherein the insertion of said DD cassette is
15 obtained by ligating a DNA cassette and said vector that have been digested
with Bgll.
18. Use of recombinant phage or fusion proteins obtained by the methods of
claims 16 or 17 for binding, detecting, neutralizing, and/or altering a ligand, a
cell, or a target molecule, wherein said recombinant phage or fusion proteins

20 are in isolated forms or in the forms of mixtures.



