WD 2007/ 006665PCT/ EP2006/ 063729 Phage di spl ay using cotransl ati onal
transl ocation of fusion polypeptides Field of the invention 5The
present i ny@nbtdreisetel ates to a novel phage di splay net potierphags7or
phagem d vectors used therein and the phage particles so obtai ned.
Background of the invention 10D splay of pol ypeptides on

bact eri opha age display) is a selection techniqgue that. allows to
extract pol %B@égpﬁggy\h\sfrﬁ? %‘ﬁé@%&’oﬂﬁl&ﬁéﬁqc@ o Pﬁﬂiséo ROYRERSPP ect i on
of variants (Russel, M, Lowman, and C ackson, T., Introduction to
phage bi ol O% laa&g! glﬂgg% di splay, in "Phage Display”, Cdackson, T. and
Lowman, |-1-5- — ord University Press, 2004, pp. 1-26). Phage
di spl ay has been intensively investigated for the selection 15from
conbi nat Qri i i l.ibrarie L dal y
used bacter o RseR 6t REELEE rlelRioTon Sl medba thEadBiThatiu e

Fi | anent ous vepdiorgesed theesin and the ahagerppeticlegrsoloptagfedbact eri al  vi ruses
that infect many Gram negative bacteria. The best-known fil anmentous
phages are those that infect 20Escherichia coli; these are f1/ML3/fd

and | Ke. Ph&gekareund ofie invealiot d are those that have so far been used
for filanmentous phage display. Their genones are nore than 98%

identical and their gene products are inter%ﬁ]a eabl e, A uni que
aspect 9P f SRR BoEPeHRRomR BPYR0eI Rhass HSPIRIL 'S eoelertoseeiiRiey
many 25ot herau@ae]gfo@xir@@ ballgﬁéatidé§wﬁm@ésiria(ﬂ pﬂoﬁerﬁezsﬁf@rh %tlék’gﬁ cplfe@ti@ s variants

| ncor porat i 0 t poly ti into r Qw age occurs in
Lhe eyt ool adireehEbaruRn B 4 Sakeot T Beditehad PRt RF i pade
cell as theylisprgantilemgeRisdst’, @ackadn, 7. kot Lovanan, H.B. Tads. ExiadIUnivessity
does not |yse. d.nyt r . [ e : ' [
pvVI, pVil, ﬁﬁ%sl Q%d%da%ﬁﬁ‘%gfﬁg 'ra{’Hé'%%#i'ﬁ%"%@%’ﬁ%@%&%@?f’é&@réaer'neé’m”
pri or td5t héom dombinegasiebantibedy ertpepiiledipearisarticl es (Figure 1). 30For

exanple, the major part of pill is translocated across the nmenbrane
into the periplasm while its Cterm nal hydroghobic tail anchors the

protein in Bydarpemogiddelpdeedhastasgrliages Bsedip Prageienayaie filgrggieus
display is thggds! aftehcPecisiphBgddfcohfitutBaliarge RiniN@f Bactéral AFeSss thabiAfkkt many
across the cytopl asm (ﬁénenbrﬂgg. Thi s I‘F nor mal E%/ achlﬁved b%/_

geneti cal | y H8TUSEAYStORECER eg-ipRyg daptsRioup PBrISSRrathgse that infect

t L an; Iooczat idmcﬁ)érichb@omcwerse%p@h_ o 18gfdfang iEKB;‘J Ppa@eegemL 3 Qndé&l rethuat 'rtig/% hyve
t he an age coat protein are translocated independent]y.
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| i nked to t ldenptedged theirgeod products bre iglerchgigesbieby, for exanpl e,
formation of a disulfide bond (Cys-Display) or formation of a

| euci ne- zi pper (pJuFo systen) with a correspondi ng phage coat

protein. | n/Acengueraspesigl filgnpainenplings apsrigily. di eiptrast tadierpgsenly ehvamo

Pill, the SeeRPabhumpnbFoctinashiiia a LoRBENIr SO NnQpdri®nidiebRBolypeptides
S5pol ypeptide conprising the PO . In this pathway, the polypeptide Is
first synt hdidp shegprawing phage occurs in the cytoplasmic membrane, and nascent phages are

extruded from the cell as they assemble (Russel et al., loc. cit.). The E. coli cell does not
lyse in this process. The five viral coat proteins (plll, pV1, pVIl, pVIll and pIX) are inserted
in the cytoplasmic membrane prior to their incorporation into phage particles (Figure 1).
30 For example, the major part of plll is translocated across the membrane into the
periplasm, while its C-terminal hydrophobic tail anchors the protein in the membrane.

One prerequisite for filamentous phage display is the translocation of the polypeptide of

interest (POI) across the cytoplasmic membrane. This is normally achieved by genetically
35 f{fusing the POI to a phage coat protein and translocation of the corresponding fusion

polypeptide. Alternatively, the POI and phage coat protein are translocated independently.



ri bosone and then posttranslationally translocated, in its unfol ded
state, by the Sec translocon (Figure 2, (3)-(4)-(5)). That is, the
t ransl ocat the cytoplasm c nenbrane begins o
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35t he cytopl asny since ec .translocon itself can on|ly transport
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by tei ng podetiani DR D e PRER Pmats g B R
t echni cal pmrebhiging ceopigsmie Jadindg)y Curen fildmegtotih phagesispiayanatiods use
char acteri z I i sent
Cnvent 1 on 1 o e et e A o e e e e e
pol ypept3pde§mplaﬁﬁpém%@hrawmsﬂﬁé’f‘il We@i" »o‘?ﬁSP*H@ MhagkHenne: el @eneatas),
cotransl ati gaalsl ¥ods).ameb %%s&[o% 'fr%§§1péﬂ'b% FYH PBSASThGaySRIPE ARG a8bry to
Gram negative bacteri a, articul ar
display, making phage isplay selections very inefficient or even impossible. For example,
the posttranslational Sec pathway, which is almost exclusively used in phage display, is
inherently incapable of translocating proteins that cannot remain in an unfolded state in

35 the cytoplasm, since the Sec translocon itself can only transport unfolded polypeptides
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15based on the signal recognition particle pathway. Accordingly, the
present invention allows phage display by-cotransl ati onal

t ransl ocatWeatREsHe f usi on pol ypepti des conpri si ng t h&CPER20057$G3329
nmethod is particularly suitable for polypgptides, which are known to
be difficult to display on phages, and for proteins of 20cDNA
libraries a r i i n af :
deri ved frowl\l/%trr’;tﬁf %@@?Pa Bt c%aah%w aéérrgt?"ém sa@gf QF%WS . #’B"‘a@teraol

i nvention fJﬁﬁh”{@%*ﬁ%bt‘?@@s;tP@S%WQ@éabrloopﬁ'ébem d vectors conprising a
gene construct coding for a fusion pol ypeptide conpri si ng the POl to
be di splayed on the phq%ge Bal’tl cl e 25and an N-term nal ggnal
sequence pr JHBY ilHReEBIGRREPIEE W&!'Y"ﬂgr"Qﬁ@[%@%tt'”‘&'?t'%’a@é‘?j‘dﬁw ¥ ek gnal

{ ﬁc ognitp ;) n trﬁﬁél&daﬁbr@a@ﬁ&é’ﬁh@y{or ﬁrécbfﬁcﬁbr@b@ggﬁ ofahés pepdepidet A8 firRichrds Of
e inventio ur.es rane
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C-termni (@);lutsqmtbymetdchﬁiml pfoblant BraesitvedRYIYrovidihg memmﬂlmtsmhasacmhzed
pill (N, r?@ termnal domain of pill (CT). A) The display of

t he pol ypept 8Cc§‘fm‘°i nterest (PO1l) on a filanmentous phage particle
al ways 35i ncl udes transl ocation of the PO across the cytoplasmc

menbr an (c Iasm(pp) Most often, the POl is
transl ogat e {8 e, pepti de including the WO

2007/ 006665PCT/ E22006/ 063729 4 coat protein IIl (pill) or a fragment
t hereof . pi |TJhe‘f:>FH§Bﬁt'|§%§t|6%l%§t@%ﬂdﬁ?@ntdﬁ@'§ﬁh§§ds§% mblBdd ARéreiniBe
C-term nal domain ( speci fic exanp t he fusion

pol ypept i de p@ﬂﬂ%qtlg?%"%‘ﬂtef%bm@')t@?WﬁyﬁapnIﬂ@ pr@ﬂﬁ p@vﬁlgle@a{eé}oﬁplp%qtm@qﬂy The

fusion pol ypepsibskeecrdifodithd cﬁd;ﬁamiﬂ@machnb@f GReen-BY§Ipé BaderR, MESHcARe
t hr ough retch at the CT noiety 5af t er

transl Oégtl c?ﬁg n‘ﬁ?ﬁﬁﬁg rggqgﬁgprp p"f"-h%[%Pf) P@¥i on into the phage

particle. Cyt opI asm (cp) outer nmenbrane (om, extracellul ar space

i1 ant ¢ necraeral Beplentivadin SRTE PR RS BER M ki e B bR
(N, N2) andhe ﬂnaorPﬁjalympsdesmqmematd@dDCDlnﬂ'ﬁs triethodhisapatipdarlyisoitabledon t he
CT noiety. Jpﬁ)gﬁ%;ﬂl%& which r@[@ﬁdvﬂ%tbb(?ﬂﬂc%ﬁ &8 ISHIQFQ% bl%%séﬁj $tBfRs of

Cyt opl asm ¢ ati1ve Bacter VI ew 0
the thr @8 mgPhA lqurlﬁwa%oulaﬁmmbmﬂtortahiéor@rreang|p@ctla@iab\f«ih%qu@mq/fwbverdé@t

across the Gygipg|adE SrofdRREAGEs.(CcmM into the periplasm (pp) of
Gram negative bacteria. 15 These pathways are the SRP pathway, the

Sec pathway and the Tat pathway. Both the Sec and the SRP pat hway

rely on the Theamverngliaen fel4tse TRage vhsizgamid Retofadonmaisihgaygehe bomgruen

E P:n-srfif) cfa’[ 2%%('1138 Por a(fL-JrsarcEnTp@Eypegt?éehco%%%siﬁg &eaﬁ.tgl t}) gg di-ls_gltaygca 5nht“g%hage particle

25 and an N-terminal signal sequence promoting cotransiational translocation based on the
signal recognition particle pathway, and to phages obtained by the method of the

invention,

Brief Description of the Figures
30
Figure 1. Membrane Insertion and Display of the Polypeptide of Interest

N-termini (N), C-termini (C), polypeptide of interest (POI); N-terminal domains of plll (N1,

N2), C-terminal domain of plil (CT).

A) The display of the polypeptide of interest (POI) on a filamentous phage particle always
35 includes translocation of the POI across the cytoplasmic membrane (cm) into the

periplasm (pp). Most often, the POl is translocated as a fusion polypeptide including the



pol ypepti des posttranslationally whereas the SRP pathway transl ocates
pol ypeptides cotranslationally. The Sec and SRP pat hways converge at
the Sec tnggshpsages that 20transports the proteins in aprgpi@beshe
(uf) state through the nenbrane. In contrast, the Tat transl ocon only
transl ocates folded (f) proteins. The am no acid conposition of the
signal sequence (ss) strongly favors the targeting of the preprotein
to one of t lkeatereiain thhveys or Afrﬁ@ff‘e"ﬂtﬁ%ﬁ‘ig‘l’foféﬁ@i?@ﬁ”seﬁF]‘Qéo Krtgyidnal §@H§'@ﬁ@é1 iNg)
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t he Sec pat Imakyediide atid)e Tod Nitersiimal gemains o @Il 6yt &}2) asdhihe A ladk ingerperated
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di rects the gJuRos OB MRaESHGF FRN)PLAeS ABIRX thél Gy id i mi e @B RIAE OF Gitn-t he
Sec transl ocCon, Wwere the cotranslational translocation takes place.
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export. (3) Trigger factor (TF), a cytosclic chaperone that has a general affinity for nascent



PhoA si gnal sequence (PhoAss) as a representative of a signal
sequences targeting the Sec pathway are shown. These signal sequences

contai n a Rpgshfhougky charged N-term nal region (n-regi @gympaidedRdPear
hydr ophobi ¢ core (h-region) and a more poLar C-terminal region

(c-region). 30B) Schematic representati on-of the phagem d pDST23. In
addition to the elenents shown in A) the filamentous phage
repl i cat i on Pelypeptides, binds f9 the mpiure se0ignegf N@seest PrgBipEeinSr a5 remaips pifectively

(lad), whi C%&ﬁ@@lﬂ%é tlaAlatldRRE SFREN finABa|s) ffd%wﬁngwtd.&h&amn&ﬁ@ota@f
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pol ypept i de§h%FPT8tePHEFP wasieeny (P t Bt die ¢alle | anes and refer to the
pol ypeptides Ii sted in Table 1. In addition, Table 1 indicates the
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30  B) Schematic representation of the phagemid pDST23. In addition to the elements shown
in A} the filamentous phage replication origin (Ff ori), the lac repressor gene from E. cofi
(fach), which produces /ac repressor needed for the tight control of the /lacZ p/o, the ColE1
origin of replication (ColE1 ori) for bacterial replication of the vector, the antibiotic
resistance gene (caf) encoding a chloramphenicol-acetyl-transferase mediating
35 chloramphenicol resistance and the restriction sites Xbal, BamHl, Pstl, and EcoRl are
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already at about 8x10° phages per well, whereas phage particles produced from PhoA
signal sequence encoding variants (square symbols) showed half-maximum signal only at
about 2x10"" phage particles per well, indicating more than 100-fold lower display yields.
Thus, the use of DsbA signal sequence-mediated SRP pathway for the translocation of
35 the fusion polypeptides strongly increased the display yields in comparison to using the

PhoA signal sequence-mediated Sec pathway.
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mature protein. 5ln the context of the present invention, the term
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of the present I’IVE{I'[I on, the term"Sec pathway" refers to a protein
la%ve

transport for posttranslational translocation of

pr epr ot ean across the cytoplasm c nenbrane of Gram negative bacteria
t hrough t he G Q - et al., loc. cit.). The Sec

pat hway is r%%%ﬂe GERALAOR el aperones, nost often SecB, that

keep 25preproteins in an unfolded state before translocation. The Sec

pat hway is ﬁ#ﬁe%bt@ﬁtoﬁ%&ﬁ &ht RUGHiSH Qhé{eﬁﬁsﬁl%%b% ade @s@ﬁ}ﬂ%ﬁ?&t’ove
Toceht el

bacteria. In the context resent i1 nventi on, SRP
pat hway" ref8pge digniay basgd ap ﬁlamea Y5 BhagereldRERNSHS ngeééwsam atargmiamily

transl oggt i @npherRl ARESS %ﬂ.ﬁfeatcrh%ﬁertahene@@ﬁw m&eaqsnpr@féaf@mﬂrammé

Gram negative bacteria thro Sec tra

Ber kren. M PIRGRSGHS sse InRLRRROE ROl paal TS e e Riihots (Spracipe
Bacteri ol . Timentold OhagkldsplR 8 weﬂ-iurlixﬁm @ ttheapersorl skifled @1 the hrt (dHERUSER et
pat hway is ggql at by the signal recognition particle (SRP), a

ri bonucl eop 8?r? ‘onsi sting of the 54-kDa protein honol og
(Fifty-four honolog; Ffh) and a 4.5S RNA. In the SRP pat hway, the

signal sgquenge c%ﬁqutto?E ﬁ:gr seft ﬁwberﬁﬁﬁ’é@%e%ﬂo& ?éci) ﬁ@é“?@f&r%éééﬁﬁ‘gbmnal

ri bosone.” The co ex consistin nas
ri bosone i s striieh of araine feirs el mimepm rssumngeﬁéqj@ejmgtobthpmélypeptlde toa

translocase. In E. cofi, N-terminal signal sequences generally comprise 15 to 52 amino
acids. Most signal sequences contain a positively charged N-terminal region (n-region), an
apolar hydrophobic core (h-region) and a more polar C-terminal region (c-region}. The c-
30 region contains the cleavage site for signal peptidase. Signal peptidase is a membrane-
bound protease that removes the signal sequence from the polypeptide during the
translocation reaction. Such signal sequences comprising 18 to 30 amino acids are
preferred. The determination of signal sequences is well known to the person skilled in the
art. For example, they can be obtained from databases such as Swiss-Prot or GenBank or
35 using annotated genome-wide data sets.
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express@ﬁ in E. coli and the yield of cotransl ati onal proteol ytic

processi Ng @f hblcdnBAIR %tpr&ﬂﬁt |ﬂvér§|oﬁﬁﬁé A dSéWpé’(NWhyd teIBE S QPl%kelrgﬁénsport
el ectrophoresis as 35descri bed (Josefsson, -G  and Ran al

Met hods Enzyifshanign for pestgansiafignd: tragglpgatipn gf F%E?Pra'lems S qcﬂop'aﬂ@f%val
of the N-temBnithnesdtBrah-regaienaciens thraligBries SeorfdisRcbmHoll¥MA et al., loc. cit).

ki s T T ey Rl et B YR e
pol ypeptbde pr@rﬁ@ﬂ@lnﬁrﬁnﬁldbddﬁ&ts beloed trér’rsmnstiamcﬁme Bec pahway is the major route
cotransl ati %F?Ote' %erl‘s% Og” ngg%%gggagﬁa_are those that pronote

yields of c ans ronal trans Iron

in the context of the present invention, the term “SRP pathway” refers to a protein
transport mechanism for cotranslational translocation of preproteins across the

30 cyloplasmic membrane of Gram-negative bacteria through the Sec translocon (Schierle,
C.F., Berkmen, M., Huber, D., Kumamoto, C., Boyd, D., and Beckwith, J., J. Bacteriol.
185, 5706-5713, 2003; Huber et al,, loc. cit.). The SRP pathway is mediated by the signal
recognition particle (SRP), a ribonucleoprotein consisting of the 54-kDa protein homolog
(Fifty-four homolog; Ffh) and a 4.58 RNA. In the SRP pathway, the signal sequence

35 interacts with SRP as soon as it appears from the ribosome. The complex consisting of
SRP, nascent polypeptide and ribosome is then transferred via the SRP-receptor to the



of over 80% nore preferably over 90% when fused to nmature Ml E.
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sequencegi s pFRbiAtrhaNGdLlidPNS:) @%m%?‘(%c% &, Iéﬂ%lﬁomealfalﬂﬁatﬁway dlffers
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person skilled in the art. For example, the signal sequence of interest is genstically fused
to the mature MalE (Swiss-Prot accession number P02928, residues 27 to 396). This
artificial preprotein is then expressed in E. cofi and the yield of cotranslational proteolytic
processing of its nascent chain is analyzed by two-dimensional gel electrophoresis as
35 described {Josefsson, L.-G. and Randall, L.L., Methods Enzymol. 87, 77-85, 1983;
Schierle et al., loc.cit.). Removal of the N-terminal signal sequence of interest while the
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Foc . t

bt ransPar s sEarpe.dRERialy it o ie niPoso Rk (e ebiteR D Ehithe
and possess mddestaiistaticrs®dhe Malkisignet seguencalthatisimphoipbrebé ity lwdmplTplatlecby
et ") e EOHRAR R 2t SRARIANY, MAFarR a8 MR-ty 18he Rarophife
Tor T P38683 resiussrepaig e prl:@mrq%w@@yc tohers bmdipsay. RHematvelyodignal Tol B
POA855, N kée&’@é?é@@alreléﬂﬁkndﬁ@ﬁ@%?eﬁﬁ&sﬁﬁ%h&%?%%h a&%%@ﬁ%%ﬁd{a from

cal cul ati ons al one di scrim nate SRP dependent and
non- 20 38R R$EPHEERR UsadgRiier exaiRiecd $I9nal seAeencey HSiH@/ﬁ‘Poﬁﬁ?o‘PﬂtW%ﬂre
range (Huberhdk ofh subdepst. au@dtrfanéport'éftu§uchfa%6!ﬁaﬂo€ﬂﬁefhbhﬁgIoblhc'plfbtease (Hop,

hydr ophobi ci % the str he sigpa eptide) inf
the pref or o &EYsnessriveiiae HBFsh - slRualy e Hob SBnaltEhuends 10 B ol
long (52 amino acids) and contains a N-terminal extension that precedes a classical signal
sequence. In addition, the h-region of the Hbp signal sequence is not particularly
35 hydrophobic. The signal sequence of SecM (Swiss-Prot accession number P62395) is
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In a particularly preferred enbodi nent, the signal sequence is the
DsbA si gnayoseaediee 250r any am no acid sequence posseaﬁ,igpgma&,%g)
identity with the DsbA signal sequence. Th‘e nmethod is applicable to
any of the filanmentous phage di splay net hods for exanple wth phages
f1, M3, fd and lke, in particular f1, M3 and fd. 30In articul ar,
the method GROefEXAmpleRf ?Mgéﬁ?ﬁﬁegégnqeﬁﬁafﬁ@ﬁés%fa“@% erf@@ﬁk%%ﬂétop ﬁﬁd &
fil anment ous npdageeiprydRiprgBiBhdeyies et is katWRiothidet B8 SePlIaasEyon
cassette for a fusion polypeptide that possesses an N-term nal signal
sequence pronoting cotranslational translocation of the fusion

pol ypepti de ira@thl@ﬂsthémmtabphasmn@nm&@M@a&seqﬁelﬁemmégmﬁ pEypeptide
bacteria,. WO 2007/00 PCT/. EP20 637 b i

conbi natgrl ngPﬁ'Songﬁ 9@$? dg%o%’ ghee%}fage\%gré:{;%r% %§ cI° o eﬁncggqp%otmg
DNA i brar ytrermmmlmgofﬂha&\ pcrbgqmépbytdmasmrb meanttearessf Sramtregative baoter:a
expression cassette of the vector of step (a); (c) transformng
sui tabl e G am negative bacteria with the |ibra of vectors of step
(b); and 5(danpeemaonty Ngepianss seluspeesy  gelheer @f&%oeywwpﬁqj a6@R58IPAL e
phage parti %lﬁgem% %dtume PSARE Pk sécee&oﬁ Hﬁn@urmb@a@ddo%ﬁv RbASeRly

interest. In step the filamentous phage or phagemd vector is

const rudfed Pt%“%ﬁt"@t“@ﬁﬁia‘?%'oﬁéi HsascEes te @é'ﬁﬁd?%@tgfa”?:@(’ el gl eloc.

the signal sg UﬁB&ﬂra@tn%CQ@?ﬂl @@,néndéfframlsﬂpo@mbﬁs%ff@r@nﬁmﬁ@ba@nfdarrrxA
thefusmn;gEJ em d vector is

an_esta
Fopl aced by SCREBH SR aH i B ciPaeuRn AER Sege Retaret segtence o
st andard DNAatérectmno\qmt@&nscﬁmrﬂ:mbse/%nal sequensesl thatlegebleto mbragtem d
vector containin on cassette for the f
conta ni ng. SaHPSEN e AT D EERREHLE rldtuatyiato Rt SO R kPG e
know eddé omre ime (ldaepesalt iconciof Tsigkantiyef drd if thegeriRassieliragtionalescribes
loc. cit) 1 Vi h
or phagem d%%%ﬁko%?&g@{e QP%%QE%{%EB ?ég@@gb?%?@@&ph rOf Z%gngﬁénatﬁgigﬁ%nal
pConb3, pEXHEAEBCeHMERAY KiRiFoe pmmq@@Ewslmﬂmm@rﬁe sugh aibh sEnglisageance
vect or (pDST,%ﬁr)Déb% Aeseeibgd in Figure 3 and in the acconpanying
Exanple, as an ill ustration of the invention without limting the
invention to this particular enbodi ment. 20 Preferably, the signal

Sfeq ;Jﬁnc ];.e_oof It B @refdtEddmiainepe Bid signd BedileAte éfalle REIOAPLIPSertiE@BSThBERg tHe
(0} e T usl

ol ypepti de rou t he SRP pat hway. e
ot ef orabl y, PGS e BhveSonuth 8 Ptk T 6 oRo Sotgpe seaES I diegopR
pronot es t heo2dstiot bANG T aSid) &bcC,rGunsl,0calt TaB, WikA,TFIglAandIDsbAf @ Holodologs
standard mstﬂp%ié for the preparation of conbinatorial libraries of
vectors are use For exanple, combinatorial DNA |ibraries encoding
the proteins of interest are generat ed by randomor site-directed
nmut agenggi s

, ,@Nﬁ? ' I DA, Fﬁjﬂ%@ i
anplificati (E)nngﬁ?l ce 'ﬁ{wgffe F%T%Rmb Bﬁte@gn@h%g%ﬁg%n ans'tclll&lr ptide
| i gat ed i nt GoMREsiraihe EEY itope @a@%\@ﬂm@ teg pRagepatisietiva 5!993@99%‘&?99'%@

t echni ques. gbp tﬁé?%ub%nms‘%&@ﬂ%r@ sRidIeds depsbiae transformation of
Gram negative bacferia are used. For exanple, the bacteria are

transforned by the conbinatorial library of vectors of step 35(b) by
el ect r opor atih f@ cohtefte FediésdBiAtSntioSURS it RatlSod ot a Wighbl sktigstae zahdien

person %5' | la%qnc: a?cnc} she%ugrqcte'with 70%, preferably 80%, and in particular 90% or more amine acid
identity with any of the signal sequences mentioned hereinbefore, while conserving the
overall charge, hydrophobicity and cleavage properties of the n-region, h-region and c-
region of the signal sequence, respectively. Examples of such homologs are amino acid
sequences wherein one, two, three or four, in particular one or two, amino acids are
35 replaced by other amino acids, wherein one, two, three or four amino acids are deleted, or

one or two amino acids are added, or combinations of replacements, deletions and



WD 2007/ 006665PCT/ EP2006/ 063729 14 In step (d), standard phage

di spl ay sel ection cycl es are perfornmed. Such phage di splay selection
cycl es ar gy¥8hdyg to the person skilled in the art pt@ugibisssl

et al., loc. cit.). 5Preferab|y, t he property of the displayed

pol ypeptide of interest of step (d) is sp@mflc binding to a target
mol ecul e of interest. In this case, phage particles displaying a PO
bi nding to aﬁ@thrﬁﬁgmenﬁme@&ﬂ@n%@wé memnﬁsmﬁmm@gésio@dar@nw acids
di spl ayi ng brer&b@mmreagééewtﬁé#%o@yaﬁﬁ@%&ay%g.} he b?ﬁ@u Vol b, TRA®Be or

particles in each selection’cycle target nol ecul'e functionally
i mobi | i zed Mshorvigaivareg: BOlRNRBIAP ﬁ@j%ﬁb%ﬁ@%éﬁ@%@'% ePebhrdapr Asn or

10el uti ng t kgn SOk SPRABEY AP EHafdeRanaRél asidd Mth%e@éﬁ%%ﬂar@@@ﬁ@nno amds

particles as |n ut for the anplificatiogn of, phage particles of

next Sel Sct PenARy by S ariiee SRSt e PR SRUCRRAAY G pREINa e
of this i nvenﬁnocm;ds @g Sliyg delArg euie BE eice Arsdt he signal sequence” is
ment i oned, such an expression al so neans "one or nore", e.g. one, 15
two, three or four, signal sequences of different conposition. Using
nor e than offrer siagmid, fcsﬂtamaﬁeefsd eigyallsequedea nt Repéonith the emparsengaricar
application I i i.Qn,

hvent  on i FREALAREVERASAICEQ INEER he Roidedinint F SR 1126y Ao
gene coﬁ@trM@O@ud&lﬁgﬂr bDValanﬂﬁgr@rbYﬁfdirySp@ﬁs'b[ée conprising the PO
fused to an N-terminal signal sequence pronoti ng cotransl ati onal
transl ocation of TrxA, in particular_a signal qrence that is

sel ected f rgh?ﬁﬁéa'@ﬁ@tﬂﬁce%ﬁsT%T iGCofFocs, GRa, é’@dr S dYKA: Fighand PIoA are
St nC, FocC, kf&iHo pYorabte cdPdBiatibhdf fafdidatiorpsrd r%bﬁar ﬂ@fgﬁ%hway, and

thereof, preferably selected fr om or T
preferred i §055%5hd %@Gﬁtrcaﬁ??aaé?ﬁ ar 9/‘@6%”6}”@8%'?'%086’9?@ ‘%@gﬁ*éﬁ%}le”"es
sequencas Ds kehgeéting aheSemppigvdypliiserfet abnes. ek .alihy protdies Fﬁa:vsnmmiowmg Swiss-

pol ypepti de ¢ ri ses o) or
Vi1 or 67 PresaRa B e e h e A a oo Sher e P s o
for exanpl eYra HieaghdnlB ROAEHE, NikA §3356H0N BlgaledARS32 80d DstBﬂ&Q@ﬂ pi II 30
The signal sequence of the periplasmc enzyme DsbA directs fused
reporter proteins to the SRP pathway and thus enhances their

cot r ansl at i diveliopesticity calcinliansiaitie clgtnetaliow:e disnéminalefiRR/eapgndent and non-

hydr ophegi ¢ sla@bdétpahmg. HQE&@%@%%{@@%MM&O@B@ ARGk MLBBEPEES, loc. cit.).

cotransl ati onal ransl o atio he S|%nal sequence of
DsbA can be [f14bdeaiyesaieybar hydrorogishy (e Hifeiesiuren! Tha fignal B?FBF@) iuence

as will be oR&WrioRe tries|d4BPpRhway\O _
2007/ 006665PCT/ EP20061063729 15 Li kew se, honol ogs of the signal

sequence of DsbA, and signal sequences of TorT, SfnC, FocC, CcnH,
Yral, Tol B, Il paticeat) dgrefetredadbbumehiogs sigharseqfienzays the Dyskdigndilsequence

W th 1 Brar PLAVGYTBR sr stiusBCt posededla iR Mokl bt Dl SiffPecctBhee?"

particular cDNA |ibraries. In contrast to rrethods used hitherto in

phage displ gy 8 %d@g%{?gd@sto olf {h\égﬁ%ﬁe%bu@ dléﬁ%\’fﬁ&hg s, for example

present at i on ai ne
| i braries. withphagesfi, M13,fdand lke, in parttcuiar f1, M13 and fd.

30 In particular, the methed of the invention comprises the steps of
(a) constructing a filamentous phage or phagemid vector containing an expression
cassette for a fusion polypeptide that possesses an N-terminal signal sequence promoting
cotranslational translocation of the fusion polypeptide across the cytoplasmic membrane
of Gram-negative bacteria;
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A particul ar enbodi ment of the invention is the described fil anmentous
phage di spygyeckRp®RENod wherein PO s encoded by a DNA Ilpbﬁ«@pyuu@mgm

di spl ayed on the phage particles. Pref er%%Ay cotransl ati onal

transl ocation for the PO s encoded by a library is acconplished

based on the signal recognition particle pathway, such as a signal

sequence pr GNEPNHHICH® F eRTRIIRAPIEN E rafy o4 RBAGS A PhadeHd veagiyraby Weem of a DNA
preferred i ﬁb@%rﬂ@@uﬁ@ﬂ\e%lyﬁ@&@bé BeAteRatahtd tﬁ@éxp&é&%mﬁ*&éﬁa@ﬁé‘bﬁtﬁb%ﬁéﬁ of
repeat proteins. 15 As with any sel ection technol ogy, the success of
phage di spl éﬁf’pé@l’ ections strongly depends on the diversity of

di spl ayed | |d)rtr@hgformiﬁr@eneble@rhmrr@gamrﬂam@aé wnm EHe IEDNA: bfn/@&tafsyofeeesqb)memd

by itself g tee t lver be
o spi ayed. I PBAAGEp Eoe PR Reeionviint Pedberls Tk PERR g ERR0LN o
be transl ocatcmdrtasobﬁ;e dishlay&Oprotetrepif amsmasi nmenbr ane before their

i ncorporation into phage particles. Current filamentous phage display
nmet hods all use a posttransl ational pathway for translocation of the
f usi on pol ymeﬁelb (. the filementohe plageap bhageimid weshdyrisems{Riss edingstandard
loc. cit. mgg

i nconpat i bI e W t E%f ﬁéenggbChnoL% FOFb%ﬁrapl%gﬁ%% nral:!ug: U%Me to ﬂ%?%?/og
clearly 19edeérprﬁ@snrr@sae@ﬁpratpeaJsmnmo&th@wéae pwblls piaae o e'ﬁaeeﬁ&
consi der ed @éeoﬁé Lepnmé bl &Qﬂélsaéﬂe%é L sa%ﬂa‘l Qéo@éh&suém@cehmamm

t hose pr oduced random or site-djrected mutagenesis
shuffling, dreh B@”%%@H%U@’Vdewﬁhph@?&ﬁ pH%Q%ﬂgeerqonT@@%raé’t%‘PﬁsﬁP%ry

rrﬁnber sI \|M E) Ragweye for BieXpEIbH b@ﬁpepﬁw&bn@én!h@ 8l Bign# seQRhte RTonSARRAAe novo
themw e.in

tible th t t he S ,
30pat hway.  SGE9 SRR APt D SoBRA Y ALl Rl S o g
| i brarié§, andslaodyd DNy snthesisand biderdoty resthbdes etagnoradhbgemidtvesters useful

IS(r:rﬁL 1;] 8: ds (ﬁﬁ@aelpu%agg@ %8&5@8 %;Amb\‘y %"C‘é%bg,rp %ﬁéﬂpﬁ%ﬁﬁ &luF@‘or PSEX.

consi dered &nexedDhla of Bimhaa pregemisiysetor GIOST 2Bhes!esanbecélml¢%gtyeﬂlaed orthgi n.
35CcDNA i br r

cel lul ar pr %’F %&@sa%?ﬁgﬁgﬁﬂﬂg ﬁa&tnolp Eargﬁnt‘%r%d%reo'ﬁ\zén ﬁéﬁhlt%ﬁﬁﬁﬁé& {hr'%g?veentmn 10
and extracth’%P@?’CLﬁ?f@F@OﬁﬁnenSone of these WO

2007/ 006g65PCT/ EP2006/ 063729 16 naturally occurring library nmenbers
wll be |nc at i blﬁ wi th transl ocatl on usi n% QSG Sec athvva%.

Furt her refBiakly e sigha'seasEn ohing ISRIROIYeReYSS M teR ( @“?é‘-‘?f 2in Fv

(scFv) anti mdyo@tibubbme esichihdlypgttiele srecyH the SAPgRthwayt r acel | ul arly
active scFv fragnents (intrabodies). A prerequisite for intrabodies
is that they fold well and are stable in the cytoplasmof E. coll.
Thus, cyt opMsepEfstiEile sodl sejuentobidesliusinh palppztitids iraatep (a) promotes the

i nef f| Ci gnt lCXt{%-E rhé??rgﬁ%aﬁéf%&hﬁxlpo“ transl ati onal nechani sm of the
ur I

Sec patﬁ her rarres considered are those encoding
alternati ve scaffold libraries based on repeat proteins, including

ankyrin repgakiepit §hfird h@fﬁ%ﬂ%r fh‘e?ﬁed’a?a{%foﬂbf &fn%uﬁdt&%l libraries of vectors are

tetratricopeptide repeat protein, Dp trico ecgw e repeat protelns

or armadi | | SERERP exameig, cpmbinaiona DNAslbrasiesrases qut%? afriterest age

l'i brary encedh&gted®yiraiiReh @Ry tirdtidEReRbersRl 8 DRAGRAHRRLNS)preparation of
30  cDNA through amplification of cellular mRNA or by consensus design and then ligated

into the expression cassette of said vector by standard DNA techniques.

In step (¢), standard methods for the transformation of Gram-negative bacteria are used.
For example, the bacteria are transformed by the combinatorial library of vectors of step

35 (b) by electroporation or chemical means. Such methods are well known 1o the person
skilled in the art.

3



= -

(Binz, HK , Anstutz, P., Kohl, A, Stunmpp, MT., Briand, C, Forrer,
P., Gryttwo200vllEess and Pl ackt hun, A., Nat. Biotechnol pcT222006@857082,
2004). Exanpl es of DARPi ns di spl ayed on ge particles are shown in
t he Exanple. 20The invention further relates to the phages produced
by the nethod of the invention. The invention further relates to the
peri pl asm c expression of very fast folding and cytoplasmcally

?) :[A\ ggl e pr _(I)_L énh ste;;tJ) g thathﬁaﬂisbmy stlggttmﬁ@cﬁéﬁﬁr@?pgrf&%?ﬂfsmhcphagé Idisplay
I NS. S I NS odlL N e S e es |,
D st 1 5By e W Kh B F@ Pt BARRSTLE 26 ) AReBl TR, 5 o)

the DARPins in a non-suppressing E. coll. Alternatively, standard

ol ! ! Lo .
ot ngot neTSPIEERPHERKER) 8 fo BRI AAPBLER hd 68 o SRy oo,
encodi ng a $ingingito 8 éygeimedeaie af frderesir inghie chsey ehadeqrartidas disprayingwl P! by
the enc %ﬂw‘d%ﬁ I%) he t%@ﬁﬁ&ecﬁ@ére%ﬁ?@{e@ rfrtow;t?nggé Bhﬁbl@@alsﬂ%?@%%%g%ﬁs

expressi on of PIns i's 1 nstrunent > 30expression o

fused to ef PEYPRHIIBT B 2hEnNa tha aprlfiedPhirgs PartislesHs caeh s8jeclRM AXClS topg @rpet
are very di fididouletfub@oARiBHbiliRdlne: KRR MWAShg TRsbuRE PhaTRaeHsSagy
met hod gﬁerrpuq,fl x?% h&gﬁel n bel ow al Igws, tcg‘ﬁeffl rently | ncorporate a
very brddd PuHgeIGPopd Rhads raRicles &pd Hsiagt rﬁ%ecigﬁ’f}fgé PBAFiER @f Eeuipgthe

t hus enabl eamgfifidatibresttph3Spbariicteddisim Baxt sdibiokeyclgli f ference of this
new nmet hod conpared to traditional phage display nethods is the use
of signal sequences directing the fusion pol ypeptide WO

2007/ 006665 RGT LiERAOGBIIDSI3WREelEr io threpronteExhgf thikev&dlon ‘@ simatisesipéaogtor ‘the
t he cotransl.at.i P L Qur ; z d ' e
POl o bo diCTapREE iR, nlhINeSaResirt 450 R oy S, ohl
cyt opl adfi c e iyea aeiobhsignaliseqyuracepoiaifarent Gorspesion| Usigo ebfd thararne signal
i ncor por at i @By RihcédBafld advahRghbdlR fBﬂ”@.ﬂﬁcu%%ﬁbﬁ‘é&tﬁﬁs, 6L Si56 Rnik YR Shbit
proteins also conprise one of "the filanmentous phage 5coat proteins or
truncated v&f¥isdRe 9Nt he coat proteins. In this case, the PO is
anchored to the cytoplasm c nenbrane by the hydrophobi c extension of

t he phage cqat . protein after translocation (Fjgure 1) and before

neor g | dRe e o i el a0 o phAbelsiE VHHIeE PaPP B S soSruc

sihgngl Qeﬁyemﬁeg toaaggtisdnplﬁpbgtiosmn@aﬁihg\ﬁml hﬁcs fmdlmae 6 b Nabrm]i@;ﬁ eiguaince of

the E. coli otein . ot her ment s. of the

evenni i 1 ea BEneh RroRRi EoReR Rkl CRrsioBriict T hEL P aricDis dRnalseavaope

as the pAKl#ttisaeiesmd fiahi thh goaprcpngisieg of siord! sspauessdesn 0orTPRINE, FocC,
Pel Bss) or i i i i

Lo e d spl ey T THENGOS Bl Sha PSbA e nDfsoBs HRARE et skl ok

(3) - (4) - (5))lorT 5imp, e arse Pl Myfst prefssiet igehplagetoh shatlesd wgetayicemgdsing

wer e coppar gk HGHaNeRIleREASE ARG Hom ok tREeguced from pDST phageni ds
encodi ng PhoAss and pDST phagem ds encodi ng DsbAss. Phage particles

were produced wth standard protocols as described bel ow and purified
by CsCl gr agh&siablyeRb fisfongalybaftide\b6ahasas thRd POI fubed Bhpy\ethgehlaht dreintone
di splay of %r pVIl, or to a fragment of the coat protein plll. Such a fragment is, for example, a
fragment comprising aminc acids 250 to 406 of plil.
30
The signal sequence of the periplasmic enzyme DsbA directs fused reporter proteins to
the SRP pathway and thus enhances their cotranslational export. This indicates that the
relatively hydrophobic DsbA signal peptide interacts with SRP and promotes
cotranslational translocation of DsbA. Thus, the signal sequence of DsbA can be used as

35  ageneric signal sequence for other proteins, as will be shown below in the Example.



20si ngl e- chain Fv anti body the pDST phagem d produced phage f)arti cles
t hat have about the sane display yields of the PO independent of the

si gnal seqygngRobgesl (Figure 4A, scFv). In stark contr agg/eRaneygse
all four tested DARPins could only be effl ciently displayed when

using the DsbAss containing pDST phagenmi dé and al nost no prot ei n

di spl ayed coul d be detected when using the PhoAss contai ni ng ]p
phageni ds ( Fikgtyise empiogs phlpisigsil segreroeHf PyoA.1and sioep Asqueisas & ?ﬂrRQSfmC
pDST phageniFgsc rasmiH tesl, macmmai@rwéﬂawd hbrﬂbl@%sﬂ*nb%@f ¥y ¥é @é4ds i n case
of the pol ypeptl des 'GCN4 (Figure 4A), |anbda head protein D, TrxA and
APH (Figure 4B). Only slightly higher display yields were observed
for protei nS'hE'&QtI‘FQ)@oYﬂ‘léram&Qtuorﬂb@g@icMaﬂMﬁaﬂﬂé adr @tidapgphesiph aita sisrafARIP)

d dj det ect ed f. c-]
N fermi i | EpEcKRs BiRobabia Rl FomiulRefiAThars b S  ne
di spl ay yi elrdshoaia upd;talgmeparrtphabeshsplaygdhmmdthbgl otiibe rye Didn/diswe aatiglale ni ng

pDST p.hageﬂyje%eﬂt nat;f go@%%%ﬂdgﬁsmgihggéﬁ%)fpgestsmﬂ%?S@Jhggté%gg by classi cal

phagem ds I 'Ng ow stT I'ncrease I Spl ay yields
when di spl ayi ng DARPI ns and other rapid fol ded and t hernodynam cal |y

t abl t
b Soue o M RSO SR e
cont ai ni'fg ﬁ@@wddﬂmw&s erBa@@cby@DNﬁé 'a’ét @étdisﬁhiy%ﬁ ohgrIagheRjEcies.

particles a$>réw@w édnaﬁsmohsl t?dasna&.won Pf@rf%h@pbls%@ydedw d DA ﬁ@@gﬂ
di splay yield of nore than 100-fol d was, observed gure To

denonst r at e 2EFRARPIIERFS Qﬁsﬁ%%’ﬂ tha.swﬁbr;?cw&oa@a%&eaa yw%éﬁ ﬁé'gﬁé'bAss
alhso bgnfe; | tse@ﬁine@pnomn@g(mrah@r@m@t trér}é@cét&ﬁtof TITtxX\Ei M?@Epr@f@ﬂétﬁlsmhﬂgethod as
three different. types, i cl.es ouce rom phagem ds
encodi ng e Fﬁ%‘i’bﬁgﬁﬂg@?%”g%ﬁ}gﬁg Yy Fﬁ%‘?g{f %"ari ous dilutions. For
both tedd m xtures phage particles displaying DARPI ns speC| fically

bi ndi ng 10t i on

i nto phage %gr%%gggg?tﬁﬁr%ﬁﬁﬁogy]% ec ﬁ%kggfb eﬁ%% 3%@'@
These two t @spendsxniiredvansityef displdyedslibranp atembets: Ardrge cq&mbln@tpmhﬂmﬁdlbraw
phage di spl félM §ﬁét%’9_|ﬁt @f(;b%a%téeﬂﬁattaai?@%tdm@s% %{O gbr?%r?ﬁ,‘e‘es Coc]a{N?% dishBREE In

2) . \Wereas e AP ecl hage
enriched fr @Hﬁger@snl%therﬁwap M%@&@@Veﬂﬁ@l@ DSQ?AS%‘S@H@Q@I?W@SS the

phageni dg arc?l@ﬁl@srﬁi@@r%rﬁﬁ?br@b Hfdre %ﬁﬂhﬁﬁédr&%nQM§ bﬁag{eﬁ}idnﬁﬂ’é%ycmérﬂ ﬁFth%ﬂtous
10% of the t st g%qc!lone re specific for their tar et after f%efals:on

two cycles Y 'Baiods 3yl ush @ RasReRtia¥ain ey frdtensiopstionp
produced fr@wﬁﬁm&sc@wmalcmp@smhmrdm (@cmuéed ebgl., Mlesear Medclegiean al., loc.
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2007/ 08%865 @éth)n@g%@gﬁ grgiggezvgc lude Bﬁﬁubraﬁles at enco?ﬁe pepy\ge libraries, antibody
libraries or libraries based on alternative scaffolds (Russel et al., loc. cit.; Nygren, P.A. and
Skerra, A., J. Immunol. Methods, 290, 3-28, 2004).

Further DNA libraries considered are cDNA libraries, especially those of eukaryotic origin.
35 cDNA libraries encode a great variety of naturally occurring cellular proteins including
cytoplasmic proteins, membrane proteins and extracellular proteins. Some of these
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19 Table 1. Description of proteins displayed on the surface of

fil ament ougobasheiskPprhage Protein' Abbr. Phagem d Descipipicpinbod3eh.
PhoAss DsbAss scFv_gpD scFv pDST24 pDST31 El - 1245 of single-chain

Fv bi ndi ng gpD containing a disulfide bon® ¢ DARPi n 3a 3a pDST22

pDST23 D13 -0166 of DARPi n 3a bi ndi n(]g APH d , . .
naturally occurring library members will be incompatible with translocation using the Sec

pathway.

Further DNA libraries considered are those encoding single-chain Fv {scFv) antibody

5 libraries that are used to select intracellularly active scFv fragments (intrabodies). A
prerequisite for intrabodies is that they fold well and are stable in the cytoplasm of E. coli.
Thus, cytoplasmic-stable and well-folded intrabodies are inefficiently translocated by the
postiranslational mechanism of the Sec pathway.

10  Further DNA libraries considered are those encoding alternative scaffold libraries based
on repeat proteins, including ankyrin repeat proteins, leucine-rich repeat proteins,
tetratricopeptide repeat protein, pentatricopeptide repeat proteins or armadilio/HEAT
repeat proteins.

15 A preferred DNA library is a library encoding designed ankyrin repeat proteins (DARPIns)
{Binz, H.K., Amstutz, P., Kohl, A., Stumpp, M.T., Briand, C., Forrer, P., Griitter, M.G., and
Pliickthun, A., Nat, Biotechnol., 22, 575-582, 2004). Examples of DARPins displayed on
phage particles are shown in the Example.

20  The invention further relates to the phages produced by the method of the invention.

The invention further relates to the periplasmic expression of very fast folding and
cytoplasmically stable proteins, in particular to the periplasmic expression of DARPIns.
The DsbAss and DARPIns encoding phagemids of the Examples can directly be used for

25 the efficient periplasmic expression of the DARPIns in a non-suppressing £. coff.
Alternatively, standard periplasmic expression vectors can be adapted by replacing the
DNA encoding the signal sequence used for periplasmic expression by DNA encoding a
signal sequence of the current invention, in particular by the DNA encoding the DsbAss.
For example, the efficient periplasmic expression of DARPIns is instrumental to the

30 expression of DARPIns fused to effector proteins, in particular toxins or cytokines, which
are very difficult to express in the cytoplasm.

The new phage display method exemplified herein below allows to efficiently incorporate a
very broad range of POls to be displayed into phage particles and thus enables efficient

35 phage display. The key difference of this new method compared to traditional phage
display methods is the use of signal sequences directing the fusion polypeptide
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comprising the POI to be displayed to the cotranslational SRP pathway (Figure 2, (1)-(2)).
In this way, the POI to be displayed is efficiently translocated across the cytoplasmic
membrane into the periplasm, thus enabling efficient incorporation of the POl into the
phage particles. Preferred fusion proteins also comprise one of the filamentous phage
coat proteins or truncated versions of the coat proteins. In this case, the POl is anchored
to the cytoplasmic membrane by the hydrophobic extension of the phage coat protein
after translocation (Figure 1) and before incorporation into the phage patrticle.

One particular example of a signal sequence targeting the SRP pathway is the signal
sequence of the E. coli protein DsbA (DsbAss). All other elements of the exemplified
pDST phagemids are derived from classical phagemids such as the pAK100 series, which
carry the signal sequences of PelB (PelBss) or the PhoA (PhoAss) directing the
polypeptides of interest to be displayed via the posttranslational Sec pathway (Figure 2,

(3)-(4)-(3))-

In one series of experimants, the display yields were compared between phage particles
produced from pDST phagemids encoding PhoAss and pDST phagemids encoding
DsbAss. Phage particles were produced with standard protocols as described below and
purified by CsCl gradient centrifugation. Western Blotting showed that for the display of a
single-chain Fv antibody the pDST phagemid produced phage particles that have about
the same display yields of the POl independent of the signal sequence used (Figure 4A,
scFv). In stark contrast however, all four tested DARPIns could only be efficiently
displayed when using the DsbAss containing pDST phagemids, and almost no protein
displayed could be detected when using the PhoAss containing pDST phagemids (Figure
4A, DARPins). Similarly, the DsbAss containing pDST phagemids resulted in considerably
higher display yields in case of the polypeptides GCN4 (Figure 4A), lambda head protein
D, TrxA and APH (Figure 4B). Only slightly higher display yields were observed for
proteins Taq polymerase, phage Lambda protein phosphatase (APP) and no displayed
protein could be detected in case of ¢c-jun N-terminal kinase 2 (JNK2, Figure 4B). This
demonstrates that the display yields on phage particles produced by using DsbAss
containing pDST phagemids are at least comparable to those produced by classical
phagemids using PhoAss, but show strongly increased display yields when displaying
DARPins and other rapid folded and thermodynamically stable proteins.

To quantify this difference, phage particles were used in phage ELISA experiments.
Phage particles displaying DARPIns specifically binding the proteins APH and JNK2 were
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gpD pDST41 pDST42 T21 - V110 of the capsid stabilizing protein of
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compared after production from either DsbAss containing pDST phagemids or PhoAss

containing pDST phagemids. Based on the detection of bound phage particles as
quantified with an anti-M13 antibody, an increased display yield of more than 100-fold was
observed (Figure 5).

To demonstrate that the higher display yields obtained by using DsbAss also benefit
selection experiments, two test mixtures containing three different types of phage particles
produced from phagemids encoding either DsbAss or PhoAss were mixed in various
dilutions. For both test mixtures phage particles displaying DARPins specifically binding

10  the proteins APH and JNK2 were spiked at a 1:107 dilution into phage particles displaying
unselected DARPins E3_5 and E3_19. These two test mixtures were used as input
libraries for standard phage display selections on the target proteins APH and JNK2
(Table 2). Whereas the APH and JNK2 specific phage particles could be enriched from
the test mixtures produced from DsbAss-encoding phagemids around 1000-fold per

15  selection cycle (already more than 10% of the tested clones were specific for their target
after only two cycles of selection), no enrichment from the test library produced from
PhoAss containing phagemids could be observed even after five selection cycles (no
specific clones observed).

20 In another series of experiments, the display yields were compared by phage ELISA
between phage particles produced from pDST phagemids encoding PhoAss, PelBss,
DsbAss, TorTss, TolBss or SfmCss. Phage particles displaying DARPins specifically
binding the proteins APH and JNK2 were compared after production from individual pDST
phagemids. Based on the detection of bound phage particles as quantified with an anti-

25  M13 antibody, an increased display yield of up to 700-fold was observed with the SRP-
dependent signal sequences (DsbAss, TorTss, TolBss or SfmCss) compared to the Sec-
dependent signal sequence PhoAss. (Figure 6).
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21 Table 2. Enrichnent of DARPins 3a and 2_3 presenting phagea
Antigen Si nce of phagem d Cycle of panning (BeskbinN8is3729
col oni es/ ﬁ%g‘lﬁ’f”%@?&kﬁm onies tested)b 2nd 3rd blin 5t ﬁﬁEPH PhoAss
0/11 0/15 0/14 n.d. 0/9 DsbAss 0/14 4/16914/14 n.d.

2scFv, single chain Fv antibody fragment; DARPIn, designed ankyrin repeat protein;
PhoAss, PhoA signal sequence; DsbAss, DsbA signal sequence

®The first and last amino acids used are indicated in single letter amino acid code, point
mutations are mentioned

“(SEQ ID NO:2)

YSEQ ID NO:3)

*Binz, H.K. et al., loc. cit.

‘GenBank accession number AAO25689
YGenBank accession number AAO25690
"(SEQ ID NO:4)

‘Swiss-Prot accession number P03712
ISwiss-Prot accession number P45984
*Swiss-Prot accession number P00274
'Swiss-Prot accession number P19821
MSwiss-Prot accession number P03772

"Swiss-Prot accession number POA3YS




n.d. JNK2 PhoAss 0/14 0/16 0/14 n.d. 0/11 DsbAss 0/14 2/16 14/ 14

n. d.

n.d. al nput m xtures produced from phagem ds encodi ng either

PhoAss or Wsh#assusses e produced as described in the Examprerwlguarn: 1
m xture of phage particles displaying thez.lunsel ected DARPins E3_5 and
E3_19, phage particles displaying the target specific DARPins 3a or

2 3 were addge

sequenci ng

in_a 1:107 dilution. bColonies, were screened by DNA
B0 chish ol AR AR B reseningies” Seo | b N

Antigen | Signal Cycle of panning (Positive colonies/amount of colonies tested)®
sequence of
phagemid 1 st 2ﬂd 3rd 41h 51h
APH PhoAss 0/11 0/15 0114 n.d. 0/9
DsbAss 0114 4/16 14/14 n.d. n.d.
JNK2 PhoAss 0/14 016 0/14 n.d. 0/11
DsbAss 014 2116 14/14 n.d. n.d.

*Input mixtures produced from phagemids encoding either PhoAss or DsbAss were
produced as described in the Example. To a 1:1 mixture of phage particies displaying the
unselected DARPins E3_5 and E3_19, phage particles displaying the target specific
DARPIns 3a or 2_3 were added in a 1:107 dilution.

®*Colonies were screened by DNA sequencing

Table 3. Signal sequences

Abbrev. | Source SEQ IDNO | ,Swiss Prot
DsbAss | E. coli thio-disulfide interchange protein DsbA 1 POAEG4
PhoAss | E. coli alkaline phosphatase PhoA 9 PO0634
PelBss | Erwinia carofovora pectate lyase PelB 13 P11431
SfmCss | E. coli chaperone protein SfmC 14 P77249
TolBss | E. coli protein TolB 15 POAB55
TorTss | E. coli perimplasmic protein TorT 16 P38683




b=

Swi ss Prot Accession no. DsbAss E. coli thio-disulfide interchange

protei n DsphqdorffddzEA PhoAss E. co//al kal i ne phosphat aggr/RBae/Ssz720
P00634 Pel Bss Erwi nia carotovora pectate |yase Pel B 13 P11431 SfnCss

E. colt chaperone protein SfnC 14 P77249 “Fol Bss E. coil protein TolB
15 POA855 TorTss E. colt perinplasmic protein TorT 16
Example

Materials
Chemicals were purchased from Fluka {Switzerland). Oligonucleotides were from

5 Microsynth (Switzerland). Vent DNA polymerase, restriction enzyrnes and buffers were
from New England Biolabs (USA) or Fermentas (Lithuania). Helper phage VCS M13 was
from Stratagene (USA). All cloning and phage amplification was performed in £. coli XL1-
Blue from Stratagene (USA).

10  Molecular Biology
Unless stated otherwise, all molecular biology methods were performed according to
described protocals (Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Sedman, J.G.,
Smith, J.A. and Stuhl, K. eds., Current Protocols in Molecular Biology, New York: John
Wiley and Sons, 1999). Brief protocols are given below.

15
Phage Display Related Methods
Unless stated otherwise, all phage display related methods were performed according to
described protocols (Clackson, T. and Lowman, H.B. eds., Phage Display A Practical
Approach, New York: Oxford University Press, 2004; Barbas lll, C.F., Burton, D.R., Scoft,

20 J.K eds., Phage Display: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
2001). Brief protocols are given below.

Cloning
A derivative of phagemid pAK100 (Krebber, A., Bornhauser, S., Burmester, J., Honegger,
25 A, Willuda, J., Bosshard, H.R., and Pliickihun, A., J. Immunol. Methods 207, 35-55, 1997)
enceding the DARPIn 3a was the starting point for the cloning of the first phagemid of this
study, called pDST23.
To replace the signal sequence of this pAK100 derivative, the cligonuclectides oDST4
(SEQ ID NO:5), oDSTS5 (SEQ 1D NO:6), 0DST6 (SEQ ID NO:7), and oDST8 (SEQ ID
30 NO:8) were designed. These four oligonucleotides encode the E. cofi DsbA signal
sequence. The E. coli DsbA protein can be found in the Swiss-Prot database (accession
number P24391). Its sighal sequence is MKKIWLALAG LVLAFSASA (SEQ ID NO:1).
The oligonucleotides 0DST4, cDST5, oDSTE, and oDST8 were annealed and amplified
with oligonucleotides 0DSTE and oDST8 by PCR. The resulting DNA fragment encodes
35 the DsbA signal sequence and is flanked by the restriction endonuclease sites Xbal and
BamH\. This DNA fragment was digested with Xbal and BamHi and ligated into the
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digested either with BamH| or Bgfll and either EcoRl or Psil, and then ligated into the

20  similarly freated and dephosphorylated phagemids pDST23 or pDST22. The open reading
frame of the expression cassette for the fusion polypeptide comprising the cloned PCR
product was maintained for all constructs, especially the correct reading frame for the C-
terminal fusion to the C-terminal domain of phage protein Il {CTp3) was maintained. The
first and the last amino acids of the cloned proteins of interest are given in Table 1 as well

25  as the reference or accession number for either the GenBank or the Swiss-Prot
databases. The correct sequence of all phagemids was verified by DNA seguencing.

For the designed ankyrin proteins (DARPins) 3a and 2_3, phagemids encoding the
PelBss (pDST80 and pDST81, respectively), SfmCss (pDST86 and pbST87,

30  respectively), TolBss (pDST84 and pDST8E, respectively) and TorTss (pDST88 and
pDST89, respectively) were generated, using the same cloning strategy as described
above for DsbAss and PhoAss.

Phage production and Purification
35  5ml2xYT medium containing 1% glucose, 34 png/ml chloramphenicol (cam) and 15 pg/ml
tetracycline (tet) were inoculated with a single colony of E. coli XL-1 Blue harboring the
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or oduct on GRICHIATY S RFer ket T RIAPRRBOPAF PRy 208 AThseder

8]
341. 1. g/251 chf bregipbe saromés @amds)temnmbd:li@]ﬂtﬁhgdmdn EatafiXtyicBluaeslistueing 2weT e

{nocul ated wthg.si0gle.6obotNcl oy of Rl Krn i AbrR A0S bl dd e
overnight incubation at 37 °C.

LH]
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Phage blots

30 5x 10" phage particles, purified by CsCl gradient, were applied to 15% sodium dodecyl
sultate polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions and
transferred to a polyvinylidene fluoride (PVDF) Immobilon-P Transfer Membrane
(Millipore, USA) by electroblotting. The membrane was blocked with MTTBS 5 (TBS1s0,
0.1 % Tween 20, 5 % skimmed milk) for 1 h at room temperature (RT) and incubated with

35  amurine anti-pllil antibody (MoBiTec, Germany, No. PSKAN3) (1:1000 in MTTBSso, 20
min at RT) as primary antibody, which recognizes the C-terminal domain of plll. A F(ab’):



phagem d of interest and the cells vvere‘:grovvn overnight at 30C with
shaking. Fresh 5 m 2xYT nedi um containing 1% gl ucose, 34 jig/ml cam

and 15 i sg{ghéelodsey € 1 nocul ated with the overnight cuh:w,rgggdu@{m;%)
ratio of 1:100 (0De60O,---- 0.04) and grov% at 37C to an 0D600 of 0.5

wi th shaking. The cultures were infected th VCS ML3 hel per phage at
4 x 1010 pfu 5(plaque formng units) Eer m (multiplicity of
i nfection - fragyeniggatand-pensesioGdeeser tPaifepe ForpewalR (Riesge. §pé, No.

wi t hout agi wssom moqmﬁmm&o,% :mprr Qas 844q :yu deosAKaBod T'Tﬂe g@@é;w

was changed b arvestl n cen ation (350
10 min) andwle&‘é% 8 %%W@Ft JuRstesie 'p"@f% H\%ﬁ‘? um
contai ni ng &fa Béc@hﬂ%x;ﬁ‘eﬁhmenﬁ@wd igdked n{e&rwmeemafs ifideBBled e rlirthe AMI-FLAG M1

2t 50C, Pt h ety g Rala il Loy M B e i) A i b

g, 4C, 10 mAgoeat ditiemoudd IgGealisilipe pinasbhathsavamjugaeuBatred USA, Need3d562) 1 h

pol vt enCul AT B2 55 e Lo BBt e
particl es westecteteiith dal substraies Bprarend-chibwghintday chosgreBOBCH,) and nitbIolue

mn) and re 50 (25 MM Tris/HC, 150 mM NaCl,
pH 7.5). Fuﬁtﬁzgluﬁ@%wéat@o%%%%? he phage particles was done by

CsCl grdfient centrifugation as follows. After addition of 1.6 g of
CsCl, the vayugecwea adjusted to 4 m with TBS150. The CsCl sol ution
was transferred into a 1/2 x 11/2 inch poln%al | oner tube ](SBeckmann

USA, No 3585889e BHaAs ¥kie ariRsrit ir 2seBn @@ oupt Fhiunchpnally displayed BARPin®EN
L ot gr ( Beckmanz dh@%é bz_bi_l"ﬂﬁéé BotiayladEAPAN ér@mr\]g@rﬁrdstehgmm @palt, . ﬂh)aﬂﬁe

and was recovere e es were e c
pol ycar bonatBTPkjlred a@é@@@ﬁgﬁwmwgﬂ (Géﬂﬂ i%ﬂ’&‘)‘?? %&?Péﬂmmé‘f”@zef CréTHTBSWU
wi tT EATEggSg wa8 irﬁmﬂﬂ)lhzeﬁlgn%%Mﬁ F:afesqanm@meamaﬁpﬂ@mmwn By ofevhight h i n
a - rotor at t he pellete
TBS AT Loy IO 5] THEDHR B MergHioToR A SR HOBET IS s (e P Ik R 4
TLA- I100 3 1 @bor %eRSMAGor 1 het rbbmg@rap@bla{u@ Girginglof e blofi:n%laiéti AFBSandlinNK?2
total concentrati p icles. wa antjfie
spect r ophot SHEERY @@PI"‘L I*P‘ﬁgn ﬁﬁ?@%’ﬂ% qqnﬁi?rq@!; 4°Et he phage sanpl es
was de][ er m rmidtidpysetied ﬁfatthlagélp@ﬂciEs lnCBIgﬂBS}Q&rvbrﬂdded wlhb:?ve%amtg:na)b‘é%d at
agar pl g nt 1% cos nd. 34 n wer e
Count od 20t ¢ & BUZPrBR resh TR AR et b el 580D h Bpiee
phage part i @DE®@r 5 pri, lbbuaaﬂpﬂhge(ﬁaﬁﬁlclegmch énéctedwitrearapiil 3 eakséradidibperoxidase

o0, St i EIRHLARE 5k Fo° 400000 Folpnri

under reducin erred ene

fl uori de (PVIOE) subsiretbi(RotheidgrantdseGeiaryr Hnd 4@&281% pore, USA) by

el ectroblotting. The nenbrane was bl ocked with MITBS150 (TBS150, 0.1
Tween 20, 5% skimed mlk) for 1 h at roomtenperature (FIT) and

i ncubat @8 wiRNAI8BaMY | ne ant i - pill antibody (MBI Tec, Germany, No.

PSKAN3)  (1: H308 g 1HIEBHEH 3 d@l g pﬁégfﬁzﬂcl@sﬁwé}é'p?@ﬁj&ecﬁﬁ”&m BRI,

whi ch recogni zes the C-term nal domain of

2007/ 006665 PEEYFRID BROFEY H350P ko %‘9%%@“‘@%3&%@ |PQ(§J§§ePQ%Té2 pDST34) or
fl\l/ﬁrT Egrl ggl 52 fiRRT shel ldmje eﬁ@&dw\@étﬂé@sb&’sighg%eql%t ﬁ@sm@lmse( amsmmo in
as, secon y an e
et o det ect GRSIPThIRE el o508 ShoCR LT ST KA DISRRTE BRIeS RRRA98
a secongoex partictee ptodutdwirdrh phdgthidesrianding elas PhodssmtDatAve. T h aniut minure
anti - FLAG M, nt i ma, . USA MI'TB
25t RD) as P ERA ke iR Re 10y ' nd DARRbe B RN A el Brege bttt
phosphat ase disphgying diteetalgdi- gvm;fuclﬂ&&ilemSa HIH6 Nerd a.dolaﬁ@@@ 1110’ MDTBSlSO 1
h at R) wa Yor d
with the supitrareBnCtEaRnaRYpARsaRsY codfomianbiBioltit BB eas o
nitro bl ue tegch webPil umof REDe KeRiclekaixtugai ({ Q‘ép%é[wgwerela@ded to 01 mi Bsiso
35 andincubated for 2 h. After washing (3 times for the first selection cycle, 4 times for the
second cycle and 5 times for additional cycles) with TTBS,s, and (3 times for the first
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Phage ELI SA Phage ELI SAs were carried out to assay the anount of

f unct i onal ed DARPi ns on ML3 phage particles d
APH and J 2@)}?@?&3%5 (Binz et al., loc. cit.) were |mmg&%|50§élc)1égg
follows: Neutravidin (66 nM 100 itl/wel 126 Socochim Switzerland) in
TBS150 15was i mobilized on Maxi Sorp plates (Nunc, Denmark, No.
442404) by eslectiongitie,aivodssor tha sacondCycldbhed %mbsfmdmtlwabcycm ) witht TBS:sq,

300 pl BTTB 9

Cenpor at ur o ey Rariape phte Sued FBPuERno s v B3 o clleBh pURE T p

jil, 13}LM glynlnMMQMwaﬁé‘G tnﬂowembsaan dgionmdpl 30 hisrwithe)2 estrygfsin (10
h t 1 I

phage, part RIS I RS (REComffef ohaiet Rull-id iR 3o AR T elole

'(Ij'TJI(BSlJ(SO ((]I FBSHBER us?d foraberintasioreg)4 micf eBparientiallp gravdngohatgé XpanBiuec Ater Remia
etected w | éé{batm

Phar maci a B%gtgghwlm%%d&gﬁﬁ%@%gﬁ? g?ﬁﬁgﬂﬂﬁﬁﬁﬁg@ltﬁ%ﬁﬂ&%ﬂ&e % 2

substrate ( RoaHRates eAng t%, glucerrand/s4 paiml qarg a1y ng/%tePﬁ%ig@FO]ﬂanni ng

E3_S, E3_19,,fighd 323 10k SRAAYA D Yl nﬁ’ﬁ{etdié%éﬁutw\@}\er dh fh,f rom
ei t her phageni ds encodi ng the PhoA signal sequence (pDST30, 165,

pDST22, pDSUB&Yse5 P @imeptﬁa@feim/mbca@h aostii En@ftnh’@t geshysedifoyribg Prasqwerrbistion
( PDST32,10PDEF6R: n PSR &Qﬁe ol Hﬁ%lhd@ o, (TENBSAPRANE 1BTukdcrRge

were used to prepare nlxture |c es produced from
phagem ds eﬁé@'ﬁ@ﬁ@’%ﬂ?ﬁ@?'”%&%ﬁ”aérdom BAK%QC’“%OfaE POEWFW $hege ehage naHistse
particles di;p@kesbmey sMBe PASHE HYIPOP WRNBIBhES R%&ﬁmi:prﬁé% E3_19, phage
particles displaying the target-specific DARPins 3a or 2 ~3 were added
ina 1:107 dilution. Biotinylated APH and JNK2 proteins were coated
as described for the phage ELI SA. To each well 0.1 m of phage
particle m xtures (1013 cfu/m) were added to 0.1 m BTTB5150 35and

i ncubated for 2 h. After washing (3 tinmes for the first selection
cycle, 4 times for the second cycle and 5 tinmes for additional

cycles) with 11BS150 and (3 tines for the first WD

2007/ 006665PCT/ EP2006/ 063729 26 sel ection cycle, 4 tines for the
second cycle and 5 tines for additional cycles) wth TBS150, the
phage particles were eluted by incubating for 15 mn with 0.2 n
elution buffer (0.2 Mglycine/HCl, pH 2.2) at about 22C fol |l owed by
an elution for 30 mMmn wth 0.2 m trypsin (10 ng/ M in TBS150) at

37C. The conbined eluates (neutralized with 10 pl of 2 M Tris-base)
5were used for the infection of 4 m of exponentially growing E. col
XL1-Blue. After 30 mn at 37C without agitation and 30 mn at 37C

wi th shaking, the cells were spread on 2xYT agar plates containing 1%
gl ucose and 34 pg/mcamand 15 jag/m tet and grown overnight at 37C.
The cells were washed fromthe plates with 2xYT containing 1%

gl ucose, 15%glycerol, 34 jag/nml camand 15 pg/nmtet and used for the
phage production 10 for the next cycle of panning. After each
panni ng cycle, the identity of 9 to 16 el uted phage particl es was
determ ned. This was done by infection of E. co/iwith these phage
particles and screening of the colonies by PCRwith clone-specific
primers. 27



Clainms 1. A filamentous phage display method wherein pol ypepti des of
interest encoded by a DNA library are displayed on the phage
particles, wherein said DNA |ibrary is DNA 5library or a
conbinatorial DNA library that encodes a peptide library, an anti body
library or a library based on alternative scaffolds, and wherein the
pol ypepti deg,pf.interest are cotranslationally translocated across

t he cytoplagm‘c‘nenbrane of Gram negative bacteria. 102. The net hod
of claim1l wherein the cotranslational translocation is acconplished

based on the %f@é}ﬁém&@%&@é H;'sﬁ]Qy %fhbﬂ%]h@re@%&d}}’k@ Pides of%terza%neaﬁeh%q &0f

claiml or 2 wherein th 8 sequence used for the translocati On
of the pol yEé{e?t'lbﬂ%Syéifeq'ﬁ‘ﬂ'%/P ep fh%of@seaﬁglapﬁmr%sq'%gw‘gw 5 3N e
is a siggal I1§r€ﬁ]ﬁt@'&(‘c.%ml>5ﬁ{dﬁ€mmﬂQb@@ttﬁé’c@%b@dels%w;atﬂéIﬂﬁéi{/%ﬁédtl%dﬂfbrary or

TrxA. 4. The met hod  of ere e sj.gnal ence

Lsed for " t he TbPRNSRGH Sn Al BIve ST RS BRI g oS

di spl ayed oBoitdiglaptade raddiddatddarctess $8) gtdpaniid membizee of Otim-caggivst | ng

of signal gg%gnces of TorT, SfnC, FocC, CcnH, Yral, TolB, N KA,

Fig!, 20 an ¥, and anino acid sequences with 70%|dent|ty W th

one of said signal sequences, wherein said am no acid sequences

C]‘Rnser Vgothe qyg Fr%kﬂ.ocs o %’a&% gh}ér% f4RE 8&%%&&”%&4&%@% aB&o%@a%éﬁéoeéased
t he n-region,

respect| vel gn t%ﬁgnaTmommﬁdmmrﬁ@fe nﬂtfmam 4 wherein the si gnal sequence

used for the translocation of the pol ypeptides of interest to be

di spl ayed on the phage particles is selected fromthe group
consi sting &f QPMOC’QGE@%@@ wherppytire signahsequesics usgsfo U@B,ﬁa“S'ocat'O” ef

Thte mst[wfl ﬂ{g @Bﬁilefwﬁér@ét%%nédis@la%d’\ﬂﬂh@ltpﬁagfef&rﬁm ﬁ@@i@tﬂag@au@aﬁce
interest _to be spl a n particles are repea
prot ei nd®  promoting c‘?tgﬂé“ %ﬂ?’f?g ﬁ%‘%ﬁ”&ﬁ‘ claims Ito 6 conprising

the steps of (a) constructing a filanment ous phage or phagenid vector

t ai ni tte f usi ti.d
possesses al N0 BITRLN Calg het orbigrd S Pregne R atns S acain
t r ansl ocat i ofithefpolypepttias olintest ppeplispthyed on twsphiabe panitie [ sebaviar from the

mb f
B o) AP TSPE0R Y BgRaCLAlcnes ofTork SimEORSIC VERMI0h o, s, i
DNA | i b2@r y 2aé Bebii rﬂj‘dtaméncpaﬂl W@ﬁ@ééﬂ"@ﬁof/ﬂﬂ@ﬂ@s‘n’lﬂ? ‘Pf‘rﬂfé S@ﬁélgnal
expressi on CaqRALLL: mfata.reﬁméa P¥ERb ga.d%feq@n%gs éd’?ﬂ)serve the c(\é)alltchérﬁéf orm ng

suitabl e Gram negative bacteria wt brary vect or s of stecg
(b); and (@ydrpehabisitirpg clpaege pen9§5|ea§>f @smereslpw r@g@ﬂ @gd prederpafsat
phage parti glgagl deasadeORsidiavapy.operti es of the displayed pol ypeptides
of interest.

25 5. The method of claim 4 wherein the signal sequence used for the translocation of the
polypeptides of interest fo be displayed on the phage particles is selected from the group
consisting of signal sequences of TorT, SImC, TolB and DsbA.

6. The method of anyone of claims 1 to 5 wherein the polypeptides of interest to be
Y 30 displayed on the phage particles are repeat proieins.

7. The method of anyone of claims 1 to 6 comprising the steps of
(a) constructing a filamentous phage or phagemid vector containing an expression

cassette for a fusion polypeptide that possesses an N-terminal signal sequence promeoting



108. A fil anent ous +phage di spl ay net hod wherein a pots/peptide of -
interest displayed on the phage particle is cotranslationally

transl ocated across the cytoplasm c nenbrane of G am negative

bacteria using a signal sequence sel ectetf fromthe group consi'sting

of signal sequences of TorT, SfnC, FocC, CcnH, Yral, TolB, N KA,

Fig!, and DsbA, and am no acid sequences with 70% i denti tly wth one

of said si gﬁ%@@@&ﬁ%@'@@%‘f’%@?@cﬁ?ﬁ Wsiea Pe¥RRRAB a%‘?"ﬂ"@é&j@@ﬁ%’@? membrane
conserve t hef Gepf-abdatiodBa@&ia; hydr ophobicity and cl eavage properties

of the n-region, h-region and c-regio f said signal .sequepce,
espoct | vel 0 Sobstisias s Sonat ol LSy i shagscs o AOeriE vesGRd coBpast e

i s sel ect ed DNAOIMSrdri @ngydingithe polgieptiiadof dfterssig Md theegpressies caakeosiThe
SfnC, TolLB an Dibf« 20 10. A phage or phagem d vector conprising a
gene con trﬁ%‘forcoﬁer?éa or a fusion protein conprising the pol ypeptide
of i nter est (¢)drabgfonmispbdipbld Gramtriegatpledgetepamith tHedibearyl ofvesiognaistep (b); and

sequence se . : Consl St [ f
TorT. o e, (@ eRormid Phdcl PO YBLEMN ks Rikeilheat AR5 BAEHERERE i e
aci d sequenespeties bf the Hisptiged palypentidas of Mereste of sai d si gnal
sequences, wherein said am no acid sequences conserve the overall
charge, hydrophobicity and cl eavage properties of the n-region,

h-r egi on0and- A flegedersgthaga digrlsy gigkiod ydgirime eolypepdige et intpegsydisplayed on the
11. The vechpsgashMldlisnBtrhidibRdifirbRsi¥dedPidiodsFe SHEHIRIMIS RRIHBRER of S

selected fromthe SQ%r outp consi sting of mgnal sequences of TorT,
SfC, Tol B, SAABNSERINE bagisria ysing fpigpsf sgAuShRE §ReeRd %ﬂ@é@ﬁrauw@msmg of

tctﬁrrp][i sing g@ﬁ? s_%qma'tcéslﬁt'Eor‘C,(thﬂigFﬁﬂl,ldcuﬁ-i,Q‘IﬁalthﬂB,el‘ﬂil@s,tmé‘lﬁér&i Dsb@aeahd of
e usi on rotel n coO 'l Se oS seguence, .pro I N . .
cotransl at i GTUIC AT EFrELEREs MR 787 HPRR WHPTE B SrU SIS, SEUgIes s paid
to be di§pl ayied awid seqBbpdeagongeare the besralharaggen hpdrophabity peptlealagef

ot e _ . i : .
] o5 RRSARE R gERoth o POor Ll cod QLI pRe

encodes a peptide library, an antibody library or a |ibrary based on
al ternativegsgal frrfgtr%%- of cllfn BWH%reliq ’Jﬂé@fgﬁai%qﬁ(@rﬁ%% Sol&e Ot e kfoup
wherein the signal sequence is selectéd fromthe 5group consisting of
si gnal sequéntEiingPf sigpat seqseness ¢tded, StemI o pad Dy B, Ni kA, Flg |,
and DsbAg and ami no acid sequences with 70%identity with one of said
overal | ona Bok Hhpér SHREDPEI Foh cPrer SRR B ROREREf GETgroLfiysion proten
n-regi on, hcomglighy hagolypémige ohinkless & ik dsdneal opealpighage particle and a signal
respectively, 10 14, .The library of vectors claim1 eLel h
Conal sequitedrs ested o Y Stk oo Tufls B b BT oEIC role.
sequences ofCcibt, YralStolig, Nifa, Ayl sanddDdbdbhAnd amine aciiSeqidnees withy &0% idehtity with
vect or s ,uf i HAWshiah Bei 'F%’éf i

encodi n§915;3 ﬂ%ogﬁc{/%gnatq%gis 8‘%52?\’&?@%1 é‘e’s?t ) sﬁggﬂkl%g? 1 or aérllilc}?%%g%menod’_ erell
r epeat , pr ot eharge, hydrophobicity and cleavage properties of the n-region, h-region and c-region of

said signal sequence, respectively.

11. The vector according to claim 10 wherein the signal sequence is selected from the
. 30 group consisting of signal sequences of TorT, SfmC, TalB, and DsbA.

12. Alibrary of phage or phagemid vectors comprising gene constructs coding for fusion
4 proteins wherein each of the fusion proteins comprises a signal sequence promoting
cotranslational translocation of TrxA and a polypeptide of interest to be displayed on a
35 phage parlicle wherein each polypeptide of interest is encoded by a member of a DNA
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library, wherein said DNA library is a cDNA library or a combinatorial DNA library that
encodes a peptide library, an antibody library or a library based on alternative scaffolds.

13. The library of vectors of claim 12 wherein the signal sequence is selected from the
group consisting of signal sequences of Tor'T, SfmC, FocC, CcemH, Yral, TolB, NikA, Flgl,
and DsbA, and amino acid sequences with 70% identity with one of said signal
sequences, wherein said amino acid sequences conserve the overall charge,
hydrophobicity and cleavage properties of the n-region, h-region and c-region of said

signal sequence, respectively.

14. The library of vectors of claim 12 wherein the signal sequence is selected from the

group consisting of signal sequences of TorT, SfmC, TolB, and DsbA.

15. The library of vectors of any one of claims 12 to 14 wherein the DNA library encoding
the polypeptides of interest is a DNA library encoding repeat proteins.



