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Phage di splay using cotranslational translocation of
fusion pol ypeptides Field of the invention The present

WO paoeiodesh rel ates to a novel phage di splay neR¢GiEP2006/063729

phage or phagem d vectors used therein and the phage
particles so obtai ned. Background of the invention

i spl gy _of pol ypeptides on.bacter
Hhads sphavatiing Bptbbsiafiofd spsiiet BR AT Y bB RS Rngptices
extract polypeptides with desired properties froma
kaEgetFolleﬁtion of variants (Russel, M, Lowman,
kson, T., Introduction to phage bi ol ogy

and phage di splay, in "Phage Display", Cackson, T.

eds. ., Oxford Universi Pres
Ao o B g VA S bl pRoe or Bagemic
vevters usgea theekiin and tHeephmigk @attices sbrabmaitairbi nat or i al
anti body or peptide libraries. By far the nost w dely
used bacteri ophages used in phage display are
Batlapmmidad shephegrgion Fi | ament ous phages constitute a
| arge famly of bacterial viruses that infect many
Gram negative bacteria. The best-known fil anent ous

Ppgof polgpédiidss oh batterivgrage (Hegeaisptdy) & £ sdlectiohhedmique that

f.1/ ML3/.fd . ] Ke..., P f 1. 3, d f ,
S ezt alyBGicef SitnisbaReT aionsnise b aARf cxledoh. weriants

(ﬁiuspblam L biaehan, gleBlomcmcbsdmfre InitroainciaBfoiptiagé bioklgy and phage

85t o add A oG BeRrin  AELERAREN R- Bgf PHEFa pgversiy
Phﬁs,am{)@fnbﬂ) yi-28). Raye msmay héml@é@rmt@pha@yﬁwesﬁgatéﬁbr tHe selection

t f t
e ot dnBody e Bep TR Bhiage ocours i n the
cytopl asm ¢ nenbrane, and nascent phages are extruded
t h {
by 5 thermeSinian iebd oS TRAT SR 143 R BRped infley preyBiogntous
dineyeki FMiementals pmgés mlfsitlﬁltmha large fdmilyp¥bactpMlvirugeél that infect many
ar.e t he

BRswegiBlrgclemRe T et Rp o e R PSes are RagsBdnat infect
EBthpuickia tpli, thewe @ &l 8/fd ae|KeaPaagesdit | Mo8§, emd fd arsthose that have

transl ocate ross o
2 e Bl R PR B UR ARG ASRRE T ReiDRDALE TR thin oev%
jdeoticzil and theiriyenaprdauaisere Diercipareyeablel site for

filament ous phage display is the translocation of the

pol ypepti de of interest (PO) across the cytoplasmc
Awinigjuaragpectof lamentoas phade assehbdy drdcdnyragetneiie asdembly of many

other bacteriophages, is that it is a secretory process. Incorporation of coat polypeptides

into the growing 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, pVI, pVIl, pVIll and plX) are inserted
in the cytoplasmic membrane prior to their incorporation into phage particles (Figure 1).
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
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.
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fusing the PO to a phage coat protein and
transl ocati on of the correspondi ng fusion pol ypepti de.

wo\Laogm@mss vel y, the PO and phage coat protei NPEF/BP2006/063729

transl ocated independently.In this situation the PO
|s stably linked to the phage particle in the
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smmgssjlspfaymaag\et Ee@’pﬂuﬂgyelbadat@dl ?ddaw pbssibility to use a cotranslational

t he ou

BatodBh S PaRaY wal SlRRRUES i hd afid S uas not expl or ed

in the prior art. Intracellular and extracellular
sizes and .struct

h
BlBheTulER 2o Rl Taf Sbfeioscer W8 T kot Sl o 28 Pave boen
(URUMW éisplaled ot filamentouy philgy Rusbell et ok, Iosauitﬁ) Nevertheless, some

Bol O 23 B0 AR 4 BeBhE o opt bocaus o
udlanenseastns sTHiBkeges the smucess&:s thaf dighiay off Sedrin plfoteﬁn

5Bk PR 05 SR o e e oy of i
olih ﬂlah@yitcue phayefoe @taduaror:dmgﬁbé ggede m:éuqrtroot @héen & eobinatorial library
e oy BSGs 1SRav, MeF A oSS Rl it iiidri s s
iusrt;lmaﬁy trué & libfakies gemm;(tedtfhmcﬁ)NAesTpecdlailéwprbblemsfoﬁ polypeptides

| Drarl es r.a romc

e B Bl RGP et o WHERGS phad orftictiofinBh PardRRwe
agdrbgdtioe, mba@mtwlyﬂuahelmxlch)hml E. qodior tBieastmnompatlblllty with the used

@%r% <t)r|e ﬁgﬁh}zvay %s&gglgﬁx Eh t??/ pmcgalﬁlg rlilrgtn aglon IS an |mportant factor

inflagrirectat irmorgoadtionaf thedspien ipalypgptidel mtstl@nomage qaedlcheg If the
t r.ansl eng

PR ar el ErelR e TRLPRRR BTGt g R exnio
phagasmiartdxicyeShus, ft id inpopahtypestitérdies pfotdia ispransicated! v,

b ten PRl i Be e Br oLbet B Rronaly (not
péretitiing cytbplapmiotieldimg). Curreantihmenatoas phage display methods use

B%sﬁt bt g%%%l ?Itp@gqvvagﬁg?rt qngﬁgita’ﬁlci%l %fﬁf&é’l #usmn po%/p%tlc]m across the
cytoplasmic membrane (Russel et al., loc. cit.; Paschke, M. and Héhne, W., Gene 350,
79-88, 2005). Thus, polypeptides incompatible with these pathways will be refractory to
display, making phage display 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
the cytoplasm, since the Sec translocon itself can only transport unfolded polypeptides
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permtting cytoplasmc folding). Current filanmentous
phage di spl ay net hods use posttransl ati onal pathways

wo 200700@ns| ocati on of the fusion poI ypepti de aE@’UEBZODﬁ%3729

cytopl asm ¢ nenbrane (Russel et , loc. cit.
Paschke, M and Hhne, W, GCene 50 79- 88, 2005)

o bR B LSS | ERRTTRH, Tl By SRR et

$87,2988-2081,\200%; Pasehke 61 &Nlocokit. )even i npossi bl e. For
exanpl e, the posttranslational Sec pathway, which is
al nost excl usively used in phage display, is
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ol Pt oses gmaDlones aciBiagds iSHun e empaiments characterized
mithe claibls, the techni cal probl emunderlying the

present invention is to identify novel translocation
approaches for the efficient display of those
fomyzepbf tde ventidn | anent ous phages that are displ ayed
inefficiently by using posttranslational

transl ocati on. The solution to this technical problem

Tse paisestMebniyn prates t atilatieetoasiphdyerdinplay efeticioiiereinakl

in the clains. ry of the.,invention. The esent .
oSt o BRiast L 0 cltoByed AE e ESpina st acp PG Ablationall
mml tedmfrd @ssthé btoplabiypanédesie of Glrmabgsﬂvel(b}%ae)la ||n|part|cular

i spl a on the a art| es are cotranslationally
D1 BE oL B o U R BlR o3P &R e ane. o
G am negative bacteria, in particular based on the
%%;%)E@hglg/f tﬁggﬁs}ebﬁlﬂ e?rﬁ'rt I ?msdgat hv@%q %}O‘f Cgartpanglg gr\al Eranslocatlon of
th@ltfuﬁm paiypaptides tasramdmg:tatamm Diis ifeghdduis panicularly suitable for

tides co rising, t

B, PSRt ko ot SFistl ot el el Bhafks, ald or proteins o
klNMbtaﬂeband bfhbr C(thlnm@rld" librHridy, inpanicaige dheaddriedrfrom very fast
Frlcg F% f‘? d Ejr ari es and ot her conbi natori al

9 Le pro rb?ﬁ‘atfo 1 ar when derived fromvery fast
folding, stable protein scaffolds. The i nventi on

It v tichgu i entatés 30 BFasth MBBRRE vestors baiing a gene constrct
p@dlr)g)mphlfworcmdpsd@gomb$|tﬁ§]hetRDIhe bdldﬁplmddnm piregye particle

BIEAE MRS oL fediRafie bRrTORS poRatiind SENERERianyhased onthe

signal recognition particle pathway, and to phages obtained by the method of the

invention.

Brief Description of the Figures

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 plll (CT).

A) The display of the polypeptide of interest (POI) on a filamentous phage particle always
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
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signal recognition particle pathway, and to phages
obt ai ned by the nethod of the invention. Brief

w®e®cdg@s3 on of the Figures Figure 1. MenbranePCT/EP2006/063729

Insertion and Display of the Polypeptide of Interest
Ntermini (N, CGtermni (C, polypeptide of interest

P N | d
Soatptireiil DA raarmaa Hergasrih cabites twbRsteqpingt domains (N1, N2
acd mpe:ptérm\maoﬁomamece;sun {hRXpeciio e&amplean%ﬁtlﬂo&‘Sp@?mmde consists
g@b%lggtleﬁﬂﬁlalv%lzmc&g dt%?m%f@'ﬁ.leﬁleﬁhélgﬁ Hg&p?pﬂge and plll are anchored
’aﬂhé hi/taﬁlﬁsmm")]embﬁa?b tlﬁrbb??mg C-teem ﬁﬂ h;idsommbah@tremataedweam moiety
on ept i nc i ng .t r ot ej

ot e AR R ERdoR o A regiorton THE s Mied Peafls'e. Cytoptasm (ep)
dhteemembednedonmi efxtYaéé‘tllllar sbRc)e @ryd thhef Cterm nial dormldn

. t he .fusi.on i de
bR sy et Bfarme o s aRey el imBvng aPCanar8 histch
ﬂ'dﬂﬂoé%ﬂae OﬁApmhﬁbmemmiﬂﬁl db“mlalﬁ$ b pcI: H{(IEH a‘m)lfalthdﬁlﬁiedPOI tra]liegncorporated

t sni ¢ menbr rough a C-term na r ophobi ¢
@Qr%g&ﬁa%‘f PRIEe atll?ﬁl et VO%Y er transl ocat i o% ang prior
to their incorporation into the phage particle.
E%&%éé.?@%é[&%}bﬁo mqﬁggﬁﬂgogéﬂ??fc‘}go@ﬁ ac&yﬁl lr?uéfgne of Gram-
pbgaie Batterial e di spI ay| ng pill and the fusion
R 5t s BeiohoyEyaons i 8TRsigin o bopopives
aanss mb&ytgpmstl&iimmé‘fﬁbrmiee(bmt ) infto ’g]ur@rlalasmr ap)scbf(ﬁraml-rmgaﬂ‘ﬁe bacteria.
tides 0
EbeakielhediSor e Sir pafuey, BB R el e ane 7Rloatiyay, Both the
Bag|: and et SRR pathivagvely bmthet Bex trarsiozon (BedTHR), whereﬁ)s the Ttat pathway
epti acr 0ss cyt asni ¢ ne..(c into
Filee BERe [ Earehes grtB b RS RR, End i fal Phtr e apHoSate
$a¥¢amyss ams&tréd%tﬁlﬁllypﬂidimlthd eﬁfﬁ’ &hwﬁyﬁtrﬁm\ﬁoﬁa&mbl diypeptides
n e rely on

Ot BN TS Es Ar e ity B 59, B hE 3, 1ehitoAt® that
’(r&thsipests the prbeinkdh ah ruafmdem(of) s(aT@th'F&)gh tBeinfentdransSae cantchst, the

SRS Fleef ar Thap peHtan BBl PRu 8RR A Ringod compositon o the
sigaziskqoaticessy) csltrysp@pfavdmm dryatirg) cttheop@plofein Tmenéefahese

PROHE TG PR Rl i P PR SROUICG a8 R G e Preprotein by
péptidagd TheeSRR phthava is hediaedtoyalsd sighdieecognition particle (SRP), a
ribonucleoprotein consisting of the 54-kDa protein homolog and a 4.5S RNA. In this
pathway, it is the SRP that targets the preprotein to the Sec translocon. The SRP
recognizes and binds corresponding signal sequences emerging from the ribosome (R),
delivers the ribosome-nascent chain complex to the SRP-receptor (SR) and subsequently,
the preprotein is cotranslationally translocated through the Sec translocon. Polypeptides
that are incompatible with the Sec pathway because of their premature cytoplasmic
folding can thus be efficiently translocated by the SRP pathway while being translated. (1)
The SRP binds to particularly hydrophobic signal sequences of nascent proteins emerging
from the ribosome. (2) The SRP directs the ribosome nascent chain complex via the SRP-
receptor to the Sec translocon, were the cotranslational translocation takes place.

Most preproteins have less hydrophobic signal sequences and undergo SecB dependent
export. (3) Trigger factor (TF), a cytosolic chaperone that has a general affinity for nascent



10

15

20

25

30

35

Tat translocon only translocates folded (f) proteins.
The ami no acid conposition of the signal sequence (ss)

W@ eooamgreys f avors the targeting of the preprot ePCI/ER20061663729

of these pathways. After translgcation, the signal
sequence is cl eaved off fromthe preprotein by a

BaRases. bindade Fioomat il & rAScat hEPit Ad ferine effectively
boursi Llﬂ’ﬂﬂ ihlﬁ tmhslhhtli? |549:Irk£ﬁ flprshécﬁl Sﬁgmhr@gr Rdidsatiatioh cytosolic
n, thi t st that t e t he )

Belors it 4 Sesiale Rlnaplain ebifoe iy StpadBiggsdGontormation.
(%B)h@réprﬁ!é&sdl@aitrrélaMﬂeﬂgwcﬁdgmaformaﬁmem@%flo&ﬁﬁl] g’:angohdrqed Alough the

er 0SSO0 osone- nasCc I N
S8 chusloeg Ty Kol S of ey oL R SR ety the
prroeenm Btasually degeadad(n ) @tm@nalrdnyplmg amﬁaﬁmitmhstobbough
biProtE e W Siasal st e RN & Tt rerB e @b béstingd to he

ilfa‘tttfaﬁsbsﬁm q 7Y Adgdiciagorc ahih althapdrene{TC)c swhitdsyDnaK or another Tat-
sI oqat e

R e repably ehidsrbe Bena Sty e drebBld i completed (8). Tris

Eaﬁde taml‘mhxr an adglﬂelhal sizmrema;eais@brolme: EMqu faddiimg. Mt translocation
osonme SRP rects
PR BEPS olein B SRR e o s I s gegraded by
theer&eolytic mashinegri9, M3bethelvell.cot ransl ati onal
transl ocation takes place. Mdst preproteins have | ess
hydr ophobi ¢ signal sequences and undergo SecB
ggmtde?dhempoﬁtepre(saf)taﬁwn ofgbe pDETtRIagérhko) ve@orcsér@sol ic

A EREIROS i nd Bia oG Ren8 bl b8 P Waoemic ety series. The
emessiﬁnhwste@ue)d:crrnﬂsrisearad)mraltmr/nsera_fofr eterrr]ﬁeéﬁ bfythmauﬂigene of E. coli
t he ansi at,l on S I NlS . ,
A0 ol AiohROBR bRkt Snct dEptach, e 2GR sfatlengesopthe signal
Eamanb@tq@ tiod apblpp&itidef eneretigPas) tbmew’swemitetdopressorstop
ns .that .re

SRBHBEE) dBR PRI bR rare s o PR R etRe b a7 Bha for the .
termlnghddrhain &&rainb ragials 1260a106) 6f®rot|ehmﬁ\oéfllameﬁtdueIpdag@(CD'l_fplII)
il PagPiali of 1oy RAyPEYERTIF I RllsoRRBGs, Wo &3P codons
(Terl'SMandeﬁi’cteormdaa mansariptiorstegniahtos elquent:émt depicted). The coding
TR TR R TIRTEY F O T NI .
swctagp&-ya Koy siagiotdier aﬁﬁatosmméquenééspfbmh_,e [IHb(AkB—.‘idp‘laYsequence
B b0l YR e LS4 SIS o or o

mabealcsequeme (PabAs@s a-ﬁepreéélﬁta'ENGMfd sngmal pequeaeekstargetmg the

ShePahupr S ieiR, ot sorBuSEpRRes foudngipeiigen Shios Nemina

regimi (neegiof)D an hﬁ@laolﬁydrbﬁob&:l dore (h-region) and a more polar C-terminal
region (c-region).

B) Schematic representation of the phagemid pDST23. In addition to the elements shown
in A) the filamentous phage replication origin (Ff ori), the /ac repressor gene from E. coli
(lacl), 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 (cat) encoding a chloramphenicol-acetyl-transferase mediating
chloramphenicol resistance and the restriction sites Xbal, BamH|I, Pstl, and EcoRl are
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Figure 3. Schematic Representation of the pDST
Phagem d Vector Series. A) Enlarged view of the

wexpreessdn cassette of the pDST phagem d vectBCT/EP2006/063729

series. The expression cassettegconprises a
pronot er/ operator elenent of the /acZgene of E. col

teir e BRSIZ8BERSaeR e deslanbd Aok Fleped photgh (BaRPin)
gal ypepti de of interest (P(]) to be displayed, a

suppressor stop codon (TAG, the coding sequences for
a flexible glycine/serine linker (GS) and for the

@e::e_ﬂ.rm’.bplabom'vmc&mmzmm?ill?iést%@/é@ﬁ)a/;@ﬁs protein |11
a 0 r r .
8} et bPPREE ST el PO Aaiced rbaUeis e Det BE e et Echphagemias
wbmmepemmﬁbg( FTO8TAGE Nelbttategqitec PEOF ramlbamtas ane detepiiet avith
HDHBS sgpoiie o . G e BRRElean hisie Bl Gt g T a5 %ag (ant-
FlaglyH §. dgiq 6tk agbh@rpiaraaaremame beag ndenatyed and beresipoad & 5 x 10"
B e TP i B B Y oices
SI@&ULEBdCﬂse hmrgﬁhﬂed g1atrhae oSFRl% pdidepayesadrd nfdin‘atéd‘lm fab@Athe lanes
n t

St € Bk eolde i nd 2ol RASAEH Tabéd BieRenine

Edsrmoadlgglm ahagberqu@umstowdme mhaprml ptarwcﬂaésy andn an getblne of the
m na

d
B ERIn g e SRl BB o SRR ATS SBegRg fo each
belypeptide nping Bjthésahe FabA sighelsegaendest(lanes fabeletiep”) or the DsbA signal
SORBRER P iaon S RdGLS bBle i ko GeBoRaey hcBlfpppthe oy te
see pdataWay eptheﬂ%ﬂ patanway, freqsaecaiiveflyz @tironfb@lsdnds intdicatd hilgherf display
. t
PRES HEmaREub REGRE R AT Brot6 85 i 5 frediaiodiod el S Sides of the

biot. The bandacézkDain the phti-pit blorcovfesp dreisite eieopl || V\tllbeype protein.
antibiotic resistance gene (cat) encoding a

chl or anpheni col - acetyl -transferase nedi ating

Eigucy B risysay Yield Cespaisondy ELMGA tAnelysiest ri ction sites

raer i denones ot s AN Regrs 2 Nihdinding DARPin
palletie B (¢haiRyimbpls3ar thei aineglcosidesinasy AFHEBYHIla (APH)-binding
CREPA R SR el ASRAE1 5 BlioB Bhetgg ang o ook
whits corsghsing imraonhzugidmtdﬁlam.ﬂ\l@pramml @ebtbiyis SBSpdedly. After
SrE 15 472 B0 sk Bartglecrirte o aPR iUl Arigpay covpled o
horeéradish lpetox{case iang visLidlized withesofdbtegBNMaBjud ROD substrate. The data
plotted show the absorbance (Abs) on the y-coordinate measured at 360 nm after
subtracting the background measured at 392 nm versus the number of phage particles
(pp) applied per well on the x-axis. Phage particles produced using the DsbA signal
sequence encoding phagemid variants (triangle symbols) showed half-maximum signal
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
the fusion polypeptides strongly increased the display yields in comparison to using the
PhoA signal sequence-mediated Sec pathway.



10

15

20

25

30

35

FlagM ) . Aliquots applied per |ane have been
normal i zed and correspond to 5 x 101 1 phage

w@anriedees. The di splay yields on phage parti cCPEFEPING6/063729

various polypeptides are analyzed. The abbreviated
nanmes of the polypeptides are indicated on top of the
| anes and refer to the polypeptides listed in Table 1.
In addition, Table 1 indicates the correspondi ng

Blaaaes Qisantifedioh of prsp@yqeelubp Eoreangipsisi cl es, and an

Bheceriritdbs pdanis DRTO e’ Bt earpyfod a8 fescrbed trFioure 5.
Pl el adeyivesi ina c@ldnhedla@riam (H?ingtmmg eedle)amqulem display yields
uence

| | abel ed "p" th b
R ot depit Bl dai€ Peteaee Toheet o B SRS Ureitppaponds to
el nupeiet bﬂﬁhd@)& danelgsagivipga Bigagl ¢froD.be= BBRRepdivdisalie number of

E}ﬁ ect I ﬁt ! on%ﬁclg\%&glﬂsglsgglaﬁaftégm 9?)91{ gjei s!- g%nal

kédfueace of Eﬁwmabad)tcﬂ/brd)BéIB spbdesvebet- hepéﬂd@ht sigregt sb@mhce

Shﬁdzqﬂer?@er}tg@g \?‘%ptgn ﬂbeu}f'oéog%‘r’%%@% Efd @o&fs& h[eoIB (TolBss) and

Stm@(ﬁfmm;s Wreﬁbb@é\m!-\addﬂ}m 19 tihBgieAgsaAhiimdressed display yield of up to

DRI Y8 Fosene g <ol Pabprsthl Tt Culies & the Seppigpendent

BhoAs3y H’ye SQPd@dehdaﬁG' of3d(d8id)Simidsa gbvd ki) tri@rereded glsplay yield up to

RIS TFRinu Tty Befrcaerdash HES: Bhet KLk ATHR T By gl mcreased

tisprapiieldzed bi otinyl ated JNK2 or APH proteins,
respectively. After washing, the bound phage parti cl es
were detected with anti-ML 3 anti body coupled to

Detatied delicsibtigresfahe thasetionnd vi sual i zed with sol ubl e BM

Bl ue POD substrate. The data plotted show the

absorbance (Abs) on the y-coordi nate nmeasured at 360

ntha toetextsad e mtémgwxiehﬁomaoé(@rm ufilemertaasi peageadis @392 rafers to

AR e et i oSS ARRb B s S R S ity R aroe famiy
Mh@teﬂagﬂajses €t et neIng @Ifamgwqglaﬁwhsaoﬂeﬁeapret{artred filamentous

{h4deR 0 Fny Thglady Shoupd, ol mth um;shgal, SR practie

flamenoue phageodissiey aferwet KPloah t6 ittgnedrsereshilaide trenard (H.gidRussel et
varlanﬁ (square synbol s) showed hal f - maxi nrum si gha

about 2x1 01 1 phage particles per well,
|nd|cat|ng nore than 100-fold | ower display yields

wﬂﬁﬁm@tgﬁ T @rfe§<? H%vlegtcg} %bentségﬂ u?e aria fsg@?egﬁte erefers E) an N-terminal
stedtytpefdmide acislt ba gblypeptiveeesigithct ih eardetiyl eithe/pekptide to a
FNsE3 90 .%o}i,l ?\‘-{égmltngﬁsignal 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-
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
using annotated genome-wide data sets.
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PhoA signal sequence-nedi ated Sec pat hway. Fi gure 6.
Quantification of Display Yield by ELI SA Anal ysis

wehageo@es ti cl es di splaying DARPin 2 3 or 3a WeCEEP2006/063729

anal yzed as described for Figurg 5 . The results are
given in a colum diagram (logarithmc scale) with

e S0 B Rshfon s & S EaBial Bl S polypeptice

cmpr@rmoairdl f N-té@uh&@gmghmilje?ée rrhtag@tnaegdqiuﬁgwis@}eakxmfram the
nal. or ., = VU.o.relatlv 0. e nunpery o \

BiRRen Q4R B A= BralsE BTN MR TP BolrS Refeiay

OD450 = 0.5. Pel Bss: Signal sequence of ErW| n| a

OB R U8} o GRS Buiion fu SERRR LB g oo

paypemﬂ@bempntsﬁg)aﬁ Mt@mﬁs&)gnaT@écﬁlehE@ItB@salymmudeonﬁterest (POI)

teste

St nCss)...
LSRN SpInB A cteBie Hlsvi S8Ry B Henistiops g Freferably
thiigt didditlbﬁa&%&udmm‘rtseé' affilhsertousysiagd coat ptdhﬁ)eptlde or a fragment

ec- end p0Ass. The SR Tol| Bss
BRrt MRy, TR BRued Sonomra el e Shape sttt ingne
ﬂ'é\ﬁ)lamm? b}f gwmaﬁiﬂtefcteﬁabid Ginkad@efoBSSambley\mdfocmht}omofta\msuIflde bond
xfo increa
Qs oniRY RO TRESS b RRio k- ArRt rsuES Ts with aypgrresponding
phiagbmvat prro\‘mnﬂtln d’ms altdireattversltratebyj tamﬂltaud thimag&spondlng phage coat
P’ L? e Id sgoﬁ ¥h q fil ament ous

Brr‘i’i‘%ééetﬁﬂs d” pﬁH QU s %D%"i‘ﬁmfé" R
of bacterial viruses that infect rrany Gram negat | ve

Preferr e 0se

Fﬁﬁgg?ntgxt A §19 Prepe brg/,epfl%qga tequ’m%‘cha &et?a S the' Banslocation
oA b@ﬂmrﬁlde pe@et b bildgida manioarse mbangmddoysapira)elcafoe (Melldnd, 1.B. et

glr,%ll\&ih& él }pg) e,rb‘isst%nka%g %6&,??@99 :}%e trﬁrteﬁtsI&‘;é?&'rﬂcgbjrsssp%lsttr%%slationaIIy
omcﬂnahslarbnallhm fremgiocase maéncsaqmlzyme of erﬁgme ctdlmyﬁidéb( that
aefiebngensionss gayPrryBRBHE R s R L BRE ot & ioc. ot
translocase. In E coli, N-ternmnal signal sequences

SRS GRE: GAKe5 Rsbler ha?éé%ﬁwé%?fwﬁiﬁgga”&'otem wranspor
megharisni forpegitranslatical apaadlaratitry dif @pprolrits a®oss the cytoplasmic

B E Ot At G hrcioh I REE ol FioRdHatang gt gt toc. ot

ThgBat paphy tkaaedlatsdg:yahole@mrl ohaserohss, aowe tmeraSeecB; uimat keep
Br ob)g%ﬁ?e ng%a%?lﬁgg f?eber?ores‘[ra%n%catlo%q"llﬁ %gcfpgt way |s the major route

of protein translocation in Gram-negative bacteria.

In the context of the present invention, the term “SRP pathway” refers to a protein
transport mechanism for cotranslational translocation of preproteins across the
cytoplasmic 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 4.5S RNA. In the SRP pathway, the signal sequence
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
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transl ocation reaction. Such signal sequences
conprising 18 to 30 amno acids are preferred. The

waleaogomiondt i on of signal sequences is well KknoRET/ER20061663729

person skilled in the art. For gxanple, they can be
obt ai ned from dat abases such as Swi ss-Prot or GenBank

géﬁﬁ%rl)ﬁrl] arwr}}%t & &‘%‘g%o&%gg{f@‘é‘”ﬁpf rapsa ttt%ﬂél téq,qﬁvocanad through the Sec

tromisigont ei N refers to a pol ypeptide conprising an
N-term nal signal sequence. The signal sequence is
cl eaved fromthe preprotein during the translocation

WI@@SE&: and BR@qoaﬁh\ﬁdydidblvérbé ahel8ee trinsloeade thlaﬂretrhfsorts the proteins
i nyent i the .term

f

B e et Bl HemambEn Bt o @rbhAe cpmgogfin of the signal
NaqLehae thalk vgﬂllmaglémtl margetuh@ombpmmtetdgo @iie SRP pathway over

t an I,0Nna Cl sequence
RSt i e RSB0 E! s Bsoct Br of er oty
this additional sequence conprises a fil ament ous phage
FiPl BB S8l P bR B S e bR & oo
thivl diselfife iriterichamgetyrofelr DA ga_wgs‘ E@é atadskieninunibagP249adl). DsbA is
8 e gty PP PR P B1ojocs S L BBPAUS srmgpen cotansiatonall

{oalalchitsSi iirgyh tve dyitoiashe,rwiespwowld irthigitigsgexporat
protein. In this alternative strategy, the PO and the

correspondi ng phage coat protein are transl ocated
Irﬂdepemtdﬂnif ltr)e presers snvishBorg; eoletraSTiixA” raterb tathe. £.10o/i plogein

P, L howid PR R S o ks PRna oA i bgusgd as a reporter
poteim epdistthgusarsmal @ohuend:esghatalarg@ea‘pr@ncﬁemd Iltgfai SﬁP lpathavay or the
im Biophys.
h6 BethGH (Sceiétle A3hyas. cigiBer Syl s bn ocours

posttransl ati onal I y or cotranslationally. A
e an.en

B PR S maRaf GpBud B B TR Bt oS BUre T e tin-arginine
brotas tracsiocatitio(Tanohteway(Paschiecst ati log. citl) nTh@@a@hW differs
RiearenBly &5 g Sepehins abf SFRIEMATR FOIacTH the Seo ransiocon,
heshdt transldbain e_odpaits brighdly deldéd protedfis. v eqiteiseiortse 8RPqsshway, the
TAetS ke B8 FEaRS PESER R PG e 4Fe Fefgane”
ci t.). The Sec pat hway i s nedi ated by nol ecul ar _

TR eof b SCRRE L Pt S5 sriefeat BR aERQu3eetae bomerising
petRowey bE?dlépl'E@'echmhie pleagiecpantcleisat dgmal sequesice pedmatimgi N

ative teria. In the context of the present

€1
Fﬂ%}ﬁﬁ%ﬁal trtaﬂgo?aglopn "SRP pat hway" refers to a protein

Methods to test if a signal sequence of interest promotes cotranslational translocation
across the cytoplasmic membrane of Gram-negative bacteria are well known to the
person skilled in the art. For example, the signal sequence of interest is genetically fused
to the mature MalE (Swiss-Prot accession number P02928, residues 27 to 396). This
artificial preprotein is then expressed in E. coli and the yield of cotranslational proteolytic
processing of its nascent chain is analyzed by two-dimensional gel electrophoresis as
described (Josefsson, L.-G. and Randall, L.L., Methods Enzymol. 97, 77-85, 1983;
Schierle et al., loc.cit.). Removal of the N-terminal signal sequence of interest while the
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transport mechani smfor cotranslational translocation
of preproteins across the cytoplasm c nenbrane of

wWaz@mmeeht | ve bacteria through the Sec translBCORP2006/063729

(Schierle, CF., Berkmen, M, Hgper, D., Kunmanoto, C,
Boyd, D., and Beckwth, J., J. Bactehol. 185,

5706-571 2003:.. Hub o . it.).. The SRP

BiePHigly © 3%y |55 P BlesrantansBaai s B beteregne

§\oithdsis of I’Em bf"m@ﬁt'g;@ﬁ cdnmlétedeSlhﬁthaglg?fﬁlobbﬁbdrﬁQCEMSlational.
rot ei p .honol o | ou : nd a.A4. .
Bigie e gl Sehibrises oSy ral P Tiotiatis AlsriBRsRidial Fausiocation

o dvler SBR, adrepreferasly ]E)Verggpe arrenffusea tb lfmhtluﬂe?@aaﬁnmozﬂmeferred
compl ex consi stjn nasc ol ypepti.de and.

ST ex, GRIsLaL 00, 0 S, nascent ool yae AlieBratap and no
pbsriets|dtionaltapslobatidhesteent fasediol igter MalE. ARernatively, signal

LR STl R S OnS Fenepe s

Seuchcafisi@sbe mapde Usednsports the proteins in an

unfol ded state through the nenbrane. It is the am no

acid conposition of the signal sequence that wll
Btarrmﬂgdrxoaftaular etnbedimang etd sighadkedjledicp bethiedusiompdigoddticle

?q_lrﬂ%r%mge%a i’(ﬂ\{g F’%E’EI%W?Cg of ﬂ}?hv}%e FHCL%(ItSS agspgaqaﬁlggqcuaence Pargetlng

thieesigral rdcoyaitidri pathwaye term "DsbA" refers to the
periplasmc E. coli thiohdisulfide interchange protein

DsbA (Swi ss-Prot accession nunber P24991 ) . DsbA is a

Thdo sighaltrecaginitioh @afbiiiay pd Chavayneg blileasacedriagdnd, métheds to test if a signall

i R S BB S RLE R BSR4 o S

parpon tkillddintiteart. dior @example, thberapslesation df r‘fme!nmsennto 4 bignal

S4B i LR S o B9 o B BT Potion

theenadfhde gepdhy 2or g7t reitant sirath)sihioly eheddes iagivaiponent of the SRP

BEMARSES BBty PRERSEL Pl e o8t e

e SRP paﬂhway pmntoté Irahgﬂ_octdmen obMixdxdcrads thé eytpplas@istmembrane in

YVU\ﬁY ﬁ/ ?15% ffﬁ; %ﬁlgﬁg?%ﬁgﬁu&ﬁ %{p) élgg?lmk;ences can thus

?@ngbb@ tlrmdi tvid ?lstldcﬂflasmst ThoseTthat tAigfet matSFgayat?whf/ ahct;rhose that do
anen om the a . In

O REE R Rt pehell S e lkihes P RRie TS SAChaRR carlloe

exipocted to)tmb)SFiRdeatywép byl Edrqastmejvemll Hydro@hatbiciasdf thesityhal
at hwa

SRP
Suenee L Pe i Doenr Badie TRERERERE AR o, For example.
mdés;tmltbaaltlom@fdde Vi sugh@l setgerae tatgirplg ncedasblite hydrophobicity by

rep acmg p%?aryoP %r% |I ?&Iy%? amlnogamds in the h-region by large hydrophobic
residues reroute the protein from the Sec to the SRP pathway. Alternatively, signal
seguences already known to target the SRP pathway, such as the signal sequence from
DsbA, may be used. Other examples of signal sequences using the SRP pathway are
those of a subset of autotransporters, such as that of the hemoglobin protease (Hbp,
UniProtKB accession number O88093). Unusually, the Hbp signal sequence is relatively
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
hydrophobic. The signal sequence of SecM (Swiss-Prot accession number P62395) is
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the PO to be displayed on the phage particle is a
si gnal sequence pronoting cotransl ati onal

W@ e@nsd@ent i on. Methods to test if a signal sePUBRREOG063729

interest pronotes cotranslationgl translocation across

the cytoplasm c menbrane of Gramnegative bacteria are

%’r%{ re,g(%\/\mﬁé&ﬁt Igﬁ%EiSéil%gﬁ%@ebﬁgic:q{qﬁrig% aariq &l'—ter&r%al extension and a
gedetatehahydrophobich-tagyidnthanieknown Matakget Hial SRP Bathivay.

accessi on nunmber P02928, residues 27 to 396). This
artificial preprotein is then expressed in E. coli and

trhgtill yhether pdrticdér ennsddirhettnthke signat ssjughteofithe O8RS pulypebtide

its nascen hajn s, anal yzed by two:dinensi onal gel .
bR RE PeaE bl oisRielRs pi B b erlich S BEdrl Ssgyfifioe promoting
framediedation bi TrxA aykish atkscyftiysmit méhbrade’ oB&ranltA&gtive bacteria.
Schierle et al., loc. cit.). Renoval of the Nterm nal

si gnal sequence of interest while thepreprotein chains

Baay sbihonlyasee Bignalnsbigoainees, & hathots anRhaCEBwiseIPio$ accession

%ni +rﬁ@%ﬁ%ﬁ&i&l\jgl@(ﬁﬁ%ﬁrﬁﬁ%}:ég%% taﬂr%Pgroll’gﬁﬁg} id%leonilyslnefficiently

proiict thledtaneldsationrst aheX aedssihgrglopksmicmesbranegSthieseet al., loc.

Pl BBl o Sl R A1 BB ot 5K Bk lon o Tk

SaivaslialaMahdtiondist of ioef alls egoresINATrRegsEioase sigraltseqsence of

Ry Slo e lelo S ORaR ik oL S BRcR bR T o8 o ae”

tratgiscatidmbET rxAlacaysp alie syabdplasrsic gremhbraee llummegaeablaemdmm those that
note ¢ t.r.ansl ocati o

known ,t r ransl atj.on n,.suych ,

SRR el R 168 R CE B8 R 74,85 s SR describes
ﬂtﬁcdfﬂfftfberncp af tHelcsidral‘ sm‘dend ckd toepromotetearsiogatidn sfequk.nMErrﬁétively, signal
the fusign po eptide ¢ rising the PO t .

e AraR K bl Farsiosafert & i suieR a8 Shpusignal sequence
fram@xbiAnmalyibe ,sednal recogniti on pat hway. The signal

recogni ti on pathway of G am negative bacteria and

nmet hods to test if a signal sequence of interest

ired prefesreal guteiaimérg| the tsiynahseqbBRteittheviusionrmlype plideeurnprising the

e person skilled in the.art. For exanpl t
PLI BSHRGR i oo Betid8 6t SioorReahe S ascted fiom the group
tarsipting ot ToMeSHRE, FretCh GemH, ¥rat TABONIKA| Rl nd BsbA, ranB.homologs
&%Ii bearing a nmutation in the gene ffh (e.g. a ffh77
997/ 787 mutant strain), which encodes a component of
the SRP (Schierle et al., loc. cit; Huber et al., |oc.

it). .Thu t hose si.gnal nuences that target the SRP ..
B b oo e 3p RirERBert i SBREheaiBlesl S8 loR oivBeptive
corhoridirastive P Otedrbe alselayed on the phage particle is a signal sequence selected
from the group consisting of TorT, SfmC, TolB and DsbA.

In the context of the present invention, the term “homolog” of a signal sequence means an
amino acid sequence with 70%, preferably 80%, and in particular 90% or more amino 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
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



10

15

20

25

30

wild-type E. coli, but very inefficiently in an ffh
mut ant strain. Signal sequences can thus be grouped

WO ni00/006665 di stinct classes: Those that target PEEEBRP6/063729

pat hway and those that do not tgyget the SRP pathway.
Si gnal sequences that target the Sec pat hway can be
Lrected to t SRP eaS| ng overa . .
ﬂ y%ﬁgﬁp%ntpgeggerteﬁ’@e r@ﬂgré/@%qv? of qnﬂntg gplfi§ &mo%]r amino acids
e préf@t’msrlep@cédﬂ By birer apdﬂ@rbarﬁmb viciak, . gSIIé‘byr legi, ¥al, ARQTrp, Phe or
al terat.ions

t nal
G Sovice R ABITP soiis BaBor RS PG ARD: £+ ey Ser, Asn or
Gepcbraﬂcbm\gergmlnagat% chm@ieb apfthey acitls BY atheang@gutivechalged Bmino acids,
tB.Igong? h)? %ltgar] \fl%{pel 4 Xs? {Heep ob! e&aqrrﬁalﬁdgl%g bg/%liher pos&l\pe charged
Aintreraeids, ¥¢l kys by/gngadr Hieqgueteesrsal ready known to
target the SRP pat hway, such as the signal sequence
from DsbA, may be used. O her exanples of signal
Fegerantphs farthd grefdreedSRihad aédueaye af BsthAagie tref araing gbg@dnce

f : t of the h | obin
Bl LA BB AR SR SERED. 0D b i B80S pod Lys2 by Arg.
BragsiydleuyAlatl h ey Maparsd §evab bydtuenmesibike. r el ati vel y | ong
(52 am no acids) and contains a N-term nal extension
that precedes a classical signal sequence. In

Adel sighalrseqldreel of EITOBMEC, Fdoe, BomisivgaaTolBeNIkANER| arsd DsbA are

L e E R TN T L e
posaps, én a'fos’acdsesl,ga Blggaédve%lwempeoblblat congrgped Besigrah sequences
FrrodgPoie b mua G 208 TG Bt P e rebNs ZBHe A Tolqping Swiss-
Btdit btcessiohmembeey: bepTUP@&GSQDﬁmeD PEML49, tFoeCHi6gead, Cem la P33925,

{
Y B38GF ol Blras IR BRRTBl) OFarer Pou PBR el
sequence pronoting translocation of TrxA across the
B SakUER b foSe gbLRPUBRAR dstirytite S Hepgient and non-
SBWdﬁ@eié}ﬂ@ii s@nale&ayembelsumnrgerhi%’gﬂgd@hobfwy M’;rigE (Huber et al., loc. cit.).
T Pt PR B TP PHESR! eic fuscchicnd of e bignalasrige) infuence
theeorefgtampb &xarone tmpbcathve aBotdyer e et al ., loc. cit).
In contrast, the signal sequence from DsbA pronotes

efficient translocation of TrxA. Subcell ul ar
frmpar'mnaw profedded leodiodinedrit sthe sighelseigunencEr i fod Dsedsiyeal sequence

PG AP “SHitERsRssTShuP e BIE i G BRBR Bonal bence.
transl ocation of TrxA across the cyt opI asm c nmenbrane

Z éfr)neﬁrg)gi_i g{)élfc):l?glg%érﬁ)ga th??%& ! ﬂg? |splﬁg mel%hods or example
with ppdgesrti M1 3,dd tnd ftked exgeariidoés 1, M13 and fd.

In particular, the method 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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the efficiency of the signal sequence to pronote
transl ocation of TrxA. Alternatively, signal sequences

wa@koeogaabseknown to pronote translocati on of Tr xBCT/BP29AG6/063729

as the signal sequence from Ds may be used. In a
preferred enbodi nent, the signal sequence of the

&)ﬁ%lptﬁ‘% L%ﬁ%%% B@b%ﬁ@%@ iérglo féqtg%eorpgagto be r%g)f @énlng of a DNA

fisrem dniaedigy Ciépoatypaptiddd dfdntefestsantd, th@éiﬁﬁeséﬁﬂt@ss&wﬁ, the vector of
Yralé Tol B, Ni kA, Flgl and DsbA, and honol ogs thereof.
P42) parti cuI arly preferred enbodi nent, the signal

@tr'alﬁﬁﬁﬁmﬁglf; smufaable‘ Gmnﬁnemivy rbeelbhalent:a mmlrtirariyrog védswrsFEﬁJlstep (b); and
a on t ticle.l a
|8 peevouSefEi ot e dtha e <ohne Brdks s gesed on the

Sfop€itied of Bealupldyeb protéins bhidteeerit ext of the present
i nvention, the term"honol og" of a signal sequence
means an ami no acid sequence with 70% preferably 80%

hrglep (a) pae filadneousP&ge br plﬁu@rrﬂdW@ﬂoraQ constdetadi Usingvdtdtlard
he si gnal se uences d her ei nbef

toaS b A bR o PR T s o S ERmaEs i bart of e
expiesdumgenqaroop@rfwes pollypépiiele rof aﬁgstabushbd rphgg@br ;a’ﬂa@emld

§ .on n
R e R ERre e e ced Sanfe 6T orngara DA
techniqlidw. éﬂemlatnfeﬂm fa,ndv8l fegkiot phagentid @ector d:dm:;umaglan@xpressmn
SsSe R Tud GRoR B MoSticR Rl BD 0 3Rbealif s Boipted de novo
sing gemanal knoivitgigaioe tizel derposittonard sbenedotara ge.9f Russel et al., loc. cit)
AP BRGR DA st Al asaBE Thtth e FRaf BhbhabEfg xoctors usetu
amm panqzjods and, &)r@RﬁfgﬁbabAW ([e=] pbacrbzi b&thdeerprﬁEmi ,qchcht) or pSEX.

s . \ eu Arp,. e 0O

A egemBR  Buct e Bpdrid ke w0STen s Bonbietin Fafrl afEin he
acdotihanging Exaimplebys Seflusthstionaf tHe invertion inwdttovdingiing the invention to

Eﬁg&%{%@rchag gjed e%m no aci ds by other negative charged

Asp by Gu or vice versa, or
positive charged am no aci ds by ot her p03|t|ve char ged
m.no, acids, e g. Lys . or rsa. . For
BB orpl Boppiarhad et peioBetinstipor S pdRjetcs
thadiodakien aftha duss@peyEptidAtir-MghLASSEVL FBASA ( SEQ | D
NO 1), the replacenment of amino acid Lys2 by Arg, Al a9

by Leu, Al al4 by Val and Serl 6 by Thr is possible.
Vo Mefma%ly,&bq sighalaeqoénctaf The G pokypertidelio stdp (Y @bmotes the

g&'ra%’sla’t\llclnrlfé?‘ ‘traﬁélgcl:atl%ﬂ%f PrsxRA are

In step (b), standard methods for the preparation of combinatorial libraries of vectors are
used. For example, combinatorial DNA libraries encoding the proteins of interest are
generated by random or site-directed mutagenesis, by DNA shuffling, by preparation of
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 (c), 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
(b) by electroporation or chemical means. Such methods are well known to the person
skilled in the art.
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known to pronote cotranslational translocation of TrxA
by targeting the SRP pat hway, and possess, in nost

W@ 282906665 hi gher overal | hydrophobicity conparedI/ER2006/063729

signal sequences targeting the {gec pathway (Huber et
al., loc. cit). The proteins have the follow ng Sw ss-
Prot accession nunbers: TorT P38683, SfnC P77249, FocC
P62609, CcnH P33925, Yral P42914, Tol B POA855, Ni kA

I?le'ié@fh d?zhrg:lard’ﬁ%‘@?zdlspam}dsébdmlén 89 are pd’rl_&bdh@(mf&bg@ghge display
C ations al t allow to discrim nat .
Sl e B8R ol e el stitan B bl s et at, toc. o).
t he high hydrophob| city range (Huber et al., |oc.

it. T t th t hobj ci L0 .
Pirterebin 08 bropely of K& e ppertR P aL et bllisSpei
bingihg teatergétanolotse bf atesésiclatthio sags phugy partitle@displaying a PO

BR0bn 56 1Blebel bR lerl b & STt T ohags s iR S T glevan
gﬂmltaﬁﬂby _Swmgi?marg?dlfmtj bha@dﬁﬁarﬁdbﬁm&;@h ables’@cmwat eto the target

oq. | a | C.aA e (0] n e a ous
SBsiR adons RbiZSd Fy p ufite, Masitt ynbadREage partiles away,
dlifing the bandd pkage partigies ﬁrhd:luénﬁ?g the eluted p&yerpecttidies ad inﬁut for the
n conprises the

BRblicSlo T trgrads aatpssel s e sISHEACHEE: phage o

phagem d vector containing an expression cassette for

BB loAE S stT s COBRREAN A oG S0 soquence’ orthe

elgam:sbqa@ztoebis néntiohed, fsush an epereysieptisdencants et drimore”, e.g. one,

%ﬁﬁﬁ%gﬁ%b sgn@[)%ug%e&rqfquqrgpgmyo%g &%&1@ rBére than one signal
sétageceimae bé adsarttygeous tirmpgrtizllaa apblidations:, any isexswoditiig the ambit

the. pol ypeptides of interests into the expression
BisdRetRey

the vector of step (a); (c) transform ng
suitable Gram negative bacteria with the Iibrary of
ctors of

67 e i rugher etieh e A ant br MR o 23R s R o construct

tduingofop péudioregolpdeptiie compiidiay e RDIdisid e anfN- temmefaesugnal
tous

| . the filal
e BRpRlioh e BT S BARy o E T ader S SbRE sequence
thac isrs@}e@?;ﬂ.frdﬁotheegfammbmsmh@ tO{S$IQM|Seql;ﬂl1¢feﬁ remeTw 0AB L, FocC,

. 1 ONn e e | O
B, Shas HEB RA T S5t eht Srtrloos Marmels bbby solggted from
TerT; 8frh@CEalB layd DsbAchstrrgefseqdl ism:pha:g‘e aghdgsemginalctor comprising

%e lfgen%?seeqlﬁsehcr:]qu %R‘ gr g Ihomo og thereof.

Preferably, the fusion polypeptide comprises the POI fused to the phage coat protein pll|
or pVIIl, or to a fragment of the coat protein plll. Such a fragment is, for example, a
fragment comprising amino acids 250 to 406 of plll.

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
a generic signal sequence for other proteins, as will be shown below in the Example.
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techni ques. Alternatively, a novel phage or phagemd
vector containing an expression cassette for the

wo e®i7omepdl ypepti de contai ni ng said signal seqRERNER2006063729

constructed de novo using generg know edge on the
conmposition of such vectors (e.g. Russel et al., |oc.

d standard nt heS| as errbl met hods
EkeisS roriaicertvte SB0w SEQLaRT PoPA, s 3 S EDBSEeTorT, SimC,
FodC, e ral, TAK, NIKB, apfeigh And pExioiode herediihdy be psbdiFo
or pSEX. An exanple of such a phagem d vector (pDST23)
is described in Figure 3 and in the acconpanyi ng
Emmetmd dshesinveritiob s paticudariyaduitbible foritne application witdlidraries of

R

fm@tbople pmtsecldzllemhemto_shgI fspa%eadusmapmt;]ﬁ egtﬁgﬁamﬂieoa@éntuon alidws Fediable
. t t t

a3t Rud o e Rb s ot byt eSSl s e ©

poI ypepti de in step (a) pronotes the cotransl ati onal
In.ste dard net

t f TrxA. , .St

AR B BbAdrRit g inveRid & e fdsgiBed fpitols pH&SS display
mdiodrvme@élﬂ P@ ¢ dncdded b@maDmAﬁibranafbid‘qﬂayedain tENAhage particles.

I n n nt er I , ,
Bt Pl e B Rl ol B et B et b B ggry i
&E%lngifﬁ;lfﬁédt bhased ohyh@slgpairrectdgmloofpactﬁl‘dﬁoaﬂhwaw gtich ?js a signal

IT1 catl on ensu esl| gn

SRiept feicie SRS A R0 a i PR AET DSy R0k M method as
destiibed byrest fantthepthaidisplag lohrepeatproteinsst ep (c),
standard met hods for the transfornmati on of

G am negative bacteria are used. For exanple, the
RAaolite ahg seleetldnrtamfommmays}awdse of phdmendismiay sdledtiohs atryngly

ﬁ%gﬂ\@m oﬁifiengl f‘%gf cgsﬁj%ye&és aer):it lan oe%%tplt I%EgeSc&;@Er%%r?a?bNA library
dbad hat dy iitselt djlmramttae that stl}a‘;rge Gd/)grsuty toall;mia:rydn@’nla@e cldh ®pldigplayed. In
, f \ .

By, SR bRl B Y e S Bt e tre
Cﬁomlhﬁnlarmerﬁbra?e {o&usaiamlelre‘tcoqioratlolndmo p;h'a%é pal’;'t?cleé aC@dny filamentous
rt e dis I,n res
DS éir8ts bLed 2 BBHRAG Rl PaR YAy B Rndi kel 8t the fusion
pcblypermlde astoss the dytotaspas emenbinage( Rmeéllem bESOcdlcsplPa;mrrkg et al., loc.

ﬂ gﬂ‘ﬂﬁa{ﬁ@%&]ﬂm ef Segcgmg%ebi%,%ﬁ]%gg g? gm S Wibe reFractory to display

thak vizapy rabesinh theagipplgyetblibrive divepdityf | ed phage particles
in each selection cycle to the target nol ecul e

functionally imobilized on a surface, washi ng unbound
pNadibrarias iconsidered weey all possible combinatorial DNA libraries including those

produced by random or site-directed mutagenesis, by DNA shuffling, or by consensus
design. Such methods will generate library members with novel properties, such as
binding properties; some of them will be incompatible with the translocation using the Sec
pathway. Such libraries include DNA libraries that encode peptide 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.
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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el uti ng the bound phage particles and using the el uted
phage particles as input for the anplification of

w@bageomes ti cl es of the next selection cycle. PCI/EB2006/063729

under stood t hat, whenever in th% context of this
i nvention, "a signal sequence or "the si gnal

se nce nt i oned al so

gAY syt TRy gerihnss Wil ApwFRREEE WS fia I SRRE SRo the Seo
paiwapices of different conposition. Using nore than

one signal sequences may be advant ageous for

particul ar applications, and is also within the anbit
BlirtidniDNA librards comsidéregl are veoskiepooding tingle- dhelnﬁ\B(ScIF\O amtibody

B e 28R s s Bt e sigbties). A

bm%qﬂuditle f@arnthadoeitegiig1tnat Bieg feld w%&able aeestpblof r‘mthen:gtoplasm of E. coli.
transl ati on t ransl TIr XA, .i

£, aPuBhnErart Rl el ket fiBhodesae maligitiliyisBladd by the
pm&arssﬂatmaloﬁemagisai ofskg Benpattwhy.om Tor T, SfnC, FocC,

CcnH, Yral, TolB, N kA Flgl, and DsbA, and honol ogs

thereof, preferably selected from TorT, SfnC, TolB and

Bsthier DNﬁSIiertféﬁ‘ @nsigldradsara thdsagmcodingy bwaaﬁv@ aceftdlo libraries based

h |
S Ee ookt Tl By R e R, Bus e dEN Restidt protains,
teltretriaﬁbepftlde ecbdat pidtein Jengtricopabtide ebeatprptelns ooarrpadillo/HEAT

or a fragment of the coat protein pill. Such a
'ferpgatn%rme'qs , for exanple, a fragnment conprising am no
acids 250 to 406 of pill. The si gnal sequence of the

eripl asm nzyme cts use

BoborBrAZBNG BREY e A0 Alsh I Eh geries affR et potgine (DARPInS)

(Bt &his), Amisauna | P. eiXglor A., Stlimpp, MiTli, Basress . Hadrrer 2, Griitter, M.G., and
ive hydr obi ¢ I I tide int ct

blEpRhishe e SRR 2200 Pt 0P BRampis of BRBFAG feplaved on

Dlsdyd. paHiolss arblReowh gnikk Exampence of DsbA can be used as

a generic signal sequence for other proteins, as wll

be shown bel ow in the Exanple.Li kew se, honol ogs of

Theinsegival fusissruelnie tothelsHiades prodiusédinainesestbied oithe dfvention.

TorT, SfnC, FocC, CcnH, Yral, TolB, N kA, and Flgl and

honol ogs thereof may be used. The nethod of the

They Bention fughgrashies ud drd periplaistridépréssiont di @edfpstifolding@md

iaTBa S ot BG AP EA Bt HFFRESE RARBRR pgh DARPinS.
Tloe Delb Assond.BREPINS tthedding piagehadeeofdhe BEkaryiplet ban dieédigdbe used for
BBt PR BE sPhes™ By OB TR B it Pt e F s
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
expression of DARPiIns 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
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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A particul ar enbodi nent of the invention is the
descri bed fil anentous phage di splay nethod wherein

weglg/oemedded by a DNA |ibrary are di spl ayed oPCT/ER2006/063729

phage particles. Preferably, co1tgr ansl at i onal
transl ocation for the POs encoded by a DNA library is

SRR Te 1500 G<ByRal> CedaErABRanLT RETRaY (FGUR 2, (1)-2)

mothisavy], thlel RDIatb blerdispidyed & éfticiently tiansbeatddsicrgee elecyt@slasmic

epoby iy B PG by EahAL Sy PePRERfign ot o o

pleagemdlrmg}esd : Ptéfgrrewm?ﬁspraéinp raw@tesodri?ipé ayle ?Eﬂhegﬂe}nﬁm us phage
trongl, epen n the alversi o) I aye I r

gerteis A PRGIDBrTRotobs 7 ptSins o s B4 e 2P anchorec

totthe bi/togllaanh&:;)magbﬁahlalbya%é B{c@@ohﬁb\'&éﬁe@ﬁsjﬁnﬁf thét ﬁﬁayewoat protein

ers, c . di splayed. In phage. di.s e ..

Sy ederabe Figtiss Rantemrad RioEsics 138 6 aidtharia

across the cytoplasm c menbrane before their

bie BRBREBL e Mg o AP GRR et daGRng asa T pathway is the signal

sariishcaosthatd. coprofei DebA (DsbAst). Al dlthee @tantentodf théexemplified

pHeL Spln R AP dcrfedhrtdessliol RRRBIASHIR 4F3Re PARfog series, whicr

ddrtisthelsignabsequerddsest el B)(ReiRes) bbihe RHoAPhbRss) direttingals

Uchsiiet RM-T o BBl X ol Mg SR SEEYSINR (o2

@QHis)-@pred are all possible conbinatorial DNA

l'ibraries including those produced by random or

site-directed nutagenesis, by DNA shuffling, or by
hooreegesies oflegegmentsuthie dispidyodsldswiete gnmerad betiwebn dhyge particles

nenbers, Wt el properties_ , such a Lhding . .
oRne vt PDsi R e PR bl i PoENS BT pras T B &kpics epqpsing
Delohsy. Phage particles werd predezd viatht disvadard protdols &8 dasceised below and
i n¢l ude [ipraries, that encode tide li I .
e 553 gt Lo Brub i, FESEETE ifid fouend &orihe display of
singibfobbitia-v dRibsey thetpDBT. phagemid griotiucedyr@pe particleA.thatmave about
kerra, .A,. J ., | . t hods, . 290, 3-28, 2004). .
R citoy Teins S TEEndiRabierh o P8 gndhesiushes Hisd (Figure 44,
scHve.dh 3tdrly cormiasehatever kidifywttiested DARPINS collidlorly be afficeatly
ncode, a_great vard ety of natur occur.ri ng.cell ul ar .
ARaRtt Bndt Btelf R Biabs SpuBRing g i ide. Al BRnsst nB broten
pispihpechcouddbe datecied alhenluaingphe@PhoAss cobtaiing bDST phagemids (Figure
turall. cgurLl i brar rs wll b . .
SATIRABHL, Rt e i s eluth Bint R Pkt redianin gonsicerably
RghéraisplayNAeldls br cesees treousypepticst QCN4{(Rigee 4% cladibdg head protein
5' ?&lAea'n%hﬁFl’l—ﬁ] (IéziéjlurgsﬁfBliv(%nl){?l gﬁdh?l)?guygher 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
DARPiIns 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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libraries that are used to select intracellular”
active scFv fragnents (intrabodies). A prerequisite

W0 a0o7ietesbodi es is that they fold well and areCHERINE063729

in the cytoplasmof E. coli. Thys, cytoplasmc-stable
and wel | -fol ded intrabodies are inefficiently

SiibaraR Al romiieR SpPraRer DA st und PG anaderacs of Proass

tdrasining PO pragamidst Paﬁéd@n megfefeaﬂndn bi tuumdiphagd patidiesas
rotein i.nc i an eat teln
AR BhF B P B0 A HaneP it e aerd B dpo-old was
pisseirasd(Figuenbiat ri copept i de repeat protei ns or
armadi | | o/ HEAT repeat proteins. A preferred DNA
library is a library encodi ng designed ankyrin repeat
o dbmbn@tra(t@ﬂﬁl?th@sk)igr(eBidnsplayfyhéﬁs ob%ﬁiﬁédlby usiRg DskAkd alsé\benefit
gc%{%cqgﬁa{\eﬂﬁrﬂﬂéntgt\l/vgﬁgﬁt _mlgpr&s&grﬂ%mg th&eée dlggrggtstgéﬂgs%f’phage particles
ﬁl@ﬂék_)ed ﬂ:‘omnshhwmdé ehdditigeithdr DpbAgsast RipAgb ag@fe mixed in various
art i s are n .t he

Ao, oF bplrted e restbrsds petielbR sfiniabit oy MHERS s8obitisgly binding
ﬂhfe rirbtelns AR ANDINKT verd $p!l€9’aif at@mf fuirdilbon ingl gtage pattictdsalisplaying

[ of _ver as

Rl 22 TA BRI FCB 2R oy 8 e W7 lesh QAR WERS vapd gpdnput
mﬁam@i fasarandag& phagédleplapéelaﬁ;aﬂsﬁm .thd teegddplodisins AMH and JNK2

RPi codi age 0 .
HaEle D Y B AP AR eeliE R SgiEPRYFRs il e enrched from
ﬂmpeﬁmxtormqfroddmd %Rmcmgsmmoulagpaugmmelsardwd H000-fold per
t t

SaedtionevbE Rkoy Bgke uiral Y BOPBRE FREBREGR: Y thei target
bt opilytnalcysles| uEmI@ctlus)e tho fedrichreent roasiiie ¢est Xipraesisiodiucdalfrom

%Fcfco% mﬁgﬁl&ajgre?r? @ Foj.ﬁcgﬁ?/o %é\‘/)%\é\\/%%nag%gfi%&%lﬁcéion cycles (no
Sisdefieclorfeerobearaag)l e, the efficient periplasmc
expression of DARPins is instrunental to the

expression of DARPins fused to effector proteins, in
redriotivan saried aaxperiraents ythe ispray yields wéreaompaesdyby phage ELISA

AN Th h
RS phied mesfi 8% ERRne4Y fhalt DT eBE Mo ShErdit PREASS Potess,
BbbAL, Mﬂsy ToiBsy grasfaiGssaP vaeyp dbticdeecdispiaying DARPGIsspeoifically

d | |
BReine a0 B Ve et AR o ovidual pDST
pieagenedid) @as e op decdbtéciioh lodbodndostaige plastipesdisspiasified with an anti-

h s th f si di tr
VS PfPhy 90 EFreeaae Biney P ot Rao R8P Hog st Sheeaplf e smP-
tigpdnidentcgigah seduhten@sb AR ToaT sy BeEog8meCss) compared to the Sec-
ziééezr?dght signal sequence PhoAss. (Figure 6).
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cont ai ni ng pDST phagem ds are at | east conparable to

t hose produced by cl assical phagem ds usi ng PhoAss,
Whei0780wes st rongly i ncreased di splay yi el ds wheGI/EP2006/063729

di spl ayi ng DARPi ns and other rap d fol ded and

t hernodynani cal Iy stable proteins. To quantify this

rll ffnr ence nhann narfl r\l es—\were ||cnr| | fa nhann ELI-SA

@zﬁarslmc@m Ehag@bqﬁarﬂtagmees Dﬁ%‘bm aiasrg@eq)k\mrwgepeat protein;
I

s Sl B, Rt S e Yt s

miéthtrunlgaSW @&Tncpé‘tﬁ@m@edisar@ incfJaeAsIA sl Iaitét amiing® BEd code, point
%gen1ds sed on the detection of bound phage

Eﬁ P@?%@“H% &fltified with an anti-M3 antibody, an
E aps@d.ofli splay yield of nore than 100-fold was
sgrved gglgure 5). To denonstrate that the higher

ﬂSEmlww«yB¢lds obt ai ned by using DsbAss al so benefit

sel ection experinents, tw test mxtures containing

iz & §i gtfabr lOAtCit ypes of phage particles produced from

em ds encod n bAss or PhoAss were m xed
%??n&gpk geresarr it A}S‘ég%ﬁt h test m xtures phage

@éﬁBa%k%%céEsﬁﬂ'rﬁMﬁH&%@@B@B@@ specifically binding the

protelns APH and JNK2 were spiked at a 1:1 07 dilution
I(BEQ IpéQ#@) particl es di splayi ng unsel ect ed DARPi ns

E3 5 and E3_1 9 . These two test mxtures were used as
SMfsSt POt agegpsiar nembersif@idar d phage di spl ay sel ections

7 and JNK2 (Table 2). Whereas
%W'SSAF;I(—)l %‘E?%%RFKES’I”% #@g phage particles could be
@w.sschﬁﬁa&éé},mohh@nno@spomm ures produced from
DsbAss-encodi ng phagem ds around 1000-fol d per
SelisscRrobacoegsibe nimbercRth82ior e t han 10% of the tested
c¢lones were specific for their target after only two

C§\@|p§§rgfac§%qs&}n%mer PR§7€nri chment from the test
*é\ﬂ%&abﬁotBE%&E%%%éJHb%PbBR?ﬁS contai ni ng phagenmi ds

served even a r five selection cycles (no

Specific clones observed). In another series of
experiments, the display yields were conpared by phage
ELI SA bet ween phage particles produced from pDST
phagem ds encodi ng PhoAss, Pel Bss, DsbAss, TorTss,

Tol Bss or SfnCss. Phage particles displaying DARPI ns
specifically binding the proteins APH and JNK2 were
conpared after production from i ndividual pDST
phagem ds. Based on the detection of bound phage
particles as quantified with an anti- ML3 anti body, an
i ncreased display yield of up to 700-fold was observed
wi th the SRPdependent



signal sequences (DsbAss, TorTss, Tol Bss or SfnCss)
conpared to the Secdependent signal sequence PhoAss.

W@ Eiogiee@6®) . Tabl e 1. Description of proteins dPGPER206063729

on the surface of filanmentous bgcteriophageascFyv,
single chain Fv antibody fragnent; DARPin, designed

B PR BRSO e PR Todienee

ac: dc |car~| are irr~|| r-afarl |n CII"\NID |a++ar om 2Vt ar~|r~|

tat
g\( P%Ibﬁ% g;J ZE)I ﬁgée %I.f |§arﬂﬁ‘?rﬂ)t P%.Qi;ﬁge g&léﬁ&/bﬁob@c@colomes tested)®

Clt GenBank
access %ﬁﬂuﬁﬂ%@fr AAC25689 r:9GCi"|Bcli"|r\ accesson ||ui"|AGC|
AA02569&14§,@ D NO44) ' $wi so=dProt| acegssi on nuytber 5ih
P03712| JSW ss Prct accessijlon nunber] P45984 Kk|Sw ss Pr qt
[¢ 1 W ¥ vha ) UII IIUIIUCI P00274 ':VVI OO~ FI Ul abbebl I IIUIIUCI P
APB21 BMéss- Prot| acgessi gn nymper (PO3F{2 " Sw sa-dPr ot 0/9

accessj on nunber |POA3Y5Tahl e 2. Enrli chment of DARPi nS

sequenckesidsanpl e |Mat@n4 al § Cheimé cal{s weri@ pur chasied n.d.

3a and 23 presernting pttage Table 3 Si gnaiv\le
fromH uka (Switzerland). |Aigonuclfeoti des re from

MCrosynin (Sw t4erfand). [Vent DNA|poOl ymer asfe,
JR2 i cPhafssenzymes @il byf f ed/$6 werle f@/dén New Engl anq  0/11
Bi ol abs (USA) or [Fernmentag (Lithuania). Hel per phage

VCS M3 was from|Stratagene (USA). |[All cloni|ng and
phage pR#PASSI catijon A4 parf o¥/hed iln H4/ 1o/ /XL1nd. Bl e nd.
from Stratagene (JUSA). Mllecul ar Bilol ogy Unlless st at gd

otherw se, all nolecul ar biology nethods were

d%?qtm'ﬁéffséﬁ%q}{‘:&ﬂ ™ RNageaqs BEQIine SiteRdToASARS sfiss were
brobficeBicddscrifed inkhd Erdple. To E1:1 MBEUITE of Phdde paPRId®dsplaying the

J .G,
unselected DARPins E3_5 and E3_19, phage particles displaying the target specific
DARPins 3a or 2_3 were added in a 1:10’ dilution.

®Colonies were screened by DNA sequencing

Table 3. Signal sequences

Abbrev. |Source SEQ ID NO Ac?cgissssiopr:(z{o.
DsbAss | E. coli thio-disulfide interchange protein DsbA 1 POAEG4
PhoAss | E. coli alkaline phosphatase PhoA 9 P00634
PelBss | Erwinia carotovora pectate lyase PelB 13 P11431
SfmCss | E. coli chaperone protein STmC 14 P77249
TolBss | E. coli protein TolB 15 POA855
TorTss | E. coli perimplasmic protein TorT 16 P38683
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Smth, J .A and Stuhl, K eds., Current Protocols in
Mol ecul ar Bi ol ogy, New York: John Wl ey and Sons,

wWQa2®Io6o¥ i ef protocols are given bel ow. PhagePCi/Bp108¢/063729

Rel ated Methods Unl ess stated ojherw se, all phage

di splay rel ated nethods were performed according to

descrll bed protocols (O ackson, T. and Lowran, H. B.
€phage Display A Practi cal Appr oach, New YorKk:

()(ford Uni versity Press, 2004; Barbas II1l, CF.,

@érton D.R, Scott, J .K eds., Phage D splay: A
fﬁf’raé?t ory l\/anual CoI d Spring Harbor Laboratory
Bha&&als&MéburdBasaf frgrm FlukagBwitzerang). ‘ﬁhgodnﬁildurweﬁwm fgn

Wiyt Eaandh REDND Belinersih e R sazlings apg pyfers were
ftom NBesEhgland BidldBs, USAﬂoHFérktehtas Lifuanid). Helperpblage VCS M13 was

i Sk USAT 2‘340351?”991 %ﬁglaﬁﬁm'ﬁ?ﬁpn&aﬁp%ﬁme R E. coliXL1-

Bhiedem Strathgéty @WSM)udy, call ed pDST23. To repl ace the
si gnal sequence of this pAKI QO derivative, the

ol i gonucl eoti des oDST4 (SEQ I D NGO 5), oDST5 (SEQ ID
Weﬁ:htar@%‘b@v (SEQ ID NO 7), and ODST8 (SEQ ID NO 8)

| t d
BRlgs PeReiicruishnal moleotlan Belo B MR e Pef R st t
destribed bmum&lsl Aumhtﬁl SM/IasBré}FtpR d@i@bﬁsa.Eﬁ.aMoleWECmA., Sedman, J.G.,
S~ Si seque |
BORRRSASY S et Gy PhosBSaly et rtopiagls N Yark: John
Visy and BbRF 6.99aN Briesddcokraee ginaebbled. and anplifi ed
wi th ol i gonucl eoti des ODST6 and ODST8 by PCR The

resulting DNA fragnent encodes the DsbA signal
Peageebsplaﬁer/étdee&mdsd by the restriction

onuc sites n Ba This DNA fragnent .
RBERGF BLEr i sen R0 A SR PG AP P TGe8 according t
tiduzsibad pratdcplst (Ctezkesh, a'ndndiE@hmsphﬂ)Bybaé elehgydKkDisiley A Practical

eriv e. [ tin a p e.3
AR NS R BT SR PRSP ST 1 BBl p . soon,
JDNAedsegIBlwg@l Digplay:A Badovatodi Maatal,&Oqie SprimgHatoor Laboratory Press,

L son .to phagem ds, encodi ng the signal sequence

gq’)&gha%r Sfdo%ql%aﬂ% db e%econd phageni d cal | ed pDST22
was generated. Again, four oligonucleotides - called

PSTQp (SEQ I D NG 10) oDST5p (SEQ ID NO'1 1) , ODST6

onin
A derivative of phagemid pAK100 (Krebber, A., Bornhauser, S., Burmester, J., Honegger,
A., Willuda, J., Bosshard, H.R., and Plickthun, A., J. Immunol. Methods 2071, 35-55, 1997)
encoding the DARPin 3a was the starting point for the cloning of the first phagemid of this
study, called pDST283.
To replace the signal sequence of this pAK100 derivative, the oligonucleotides oDST4
(SEQ ID NO:5), oDST5 (SEQ ID NO:6), oDST6 (SEQ ID NO:7), and oDST8 (SEQ ID
NO:8) were designed. These four oligonucleotides encode the E. coli DsbA signal
sequence. The E. coli DsbA protein can be found in the Swiss-Prot database (accession
number P24991). lts signal sequence is MKKIWLALAG LVLAFSASA (SEQ ID NO:1).
The oligonucleotides oDST4, oDST5, oDST6, and oDST8 were annealed and amplified
with oligonucleotides 0DST6 and oDST8 by PCR. The resulting DNA fragment encodes
the DsbA signal sequence and is flanked by the restriction endonuclease sites Xbal and
BamHI. This DNA fragment was digested with Xbal and BamH| and ligated into the
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(SEQ ID NGO 7), and oDSTdp (SEQ ID NG 12) - were
anneal ed and anplified with ODST6 and oDST dp by PCR.

wab@7esed t i ng DNA fragnent encodes the PhoA sPQEP2006/063729

sequence and is flanked by the ggestriction
endonucl ease sites Xba\ and Ba . This DNA fragrrent

i gest ed wit nd | i to
fafeged fadeehoaRionBinsaTob Rl aiven s st g ghagemia
pBSTL3 {Figurp BagasisdlaqudditPtheas restiaegl@tboardd \Idﬁlﬁed: by DSIAL
sequence was verified by DNA sequenci ng. The ot her
PH&GEA s used in this study are listed in Table 1 and
e aove Biredt @gpbrmserftaﬂobmpanso'l’hte phagdemigs eagoEms e signat Sequence of

BAh G 47 Qi BsReend e e BT A Teo e e sgs Again, four
Sligbhudsotmee?ﬁfaﬁéb o DSIA4© (S @ D NO: wfgﬂg??f%tﬁ%m}\? NADST6E
(R0 o5, oS pe PR B Py worB e batiet o ifckutn oDsTs
amtlo D885 by PCRC The m@lthg@MEﬁ%e:ﬁ%o&&dsl the WBbA signal sequence
s sdaEs by B oS ek e L PR RL RO ragment
Bgd; Wgestdd avithébial e Ramdl aﬁ’ds ligate@dnithtd ifnemml'la(ylgmedteidrﬁrﬂ

SI rﬁn%lyla{%é;%ﬁ% ﬁg andﬁds E)E %agpﬂﬁég aDs{1 %cgaeted and the correct

eemreaeéwa@verameiytm\meeqaermem@u3| on pol ypepti de

v Bleshuthetn® SelRlis Pyl pRa e PaanE LA hg Sopidiieo as folows

Tos codding ﬁc&fef’ﬂ:eﬂﬂbf theipioteing of ibtessCnbrr mlﬁalmgﬂﬂmiueﬂng)ﬁppropnate

frkicHedi O pifereandisTBiRte PR, Frbts yRRtrap £Rt o stbid Raiabie

platmaldeBMA AT eergoy etherra BarbHeorla Bgllinedtliction sitbewae fntroeimesel 5-prime

& 585 R iR e ol i e ST b, P were

mtrag@aéddasprwas to/ﬁdhfdfﬂda indingdNeegaents3nThewp PER fraiments were

SRS A S RIT Eia knedutoneo o v

siesipycireéated ynd d?ﬁk{déﬁﬁor@lpféﬁﬁ&&gemdﬂsmﬂfsn&% ,or pDST22. The open reading
ol Bs

g@ggﬁ P{e@ﬁo sblgﬁ &a t?gg %B%ﬁoarﬁ%olsgﬁgt@%ﬁo@@smg the cloned PCR
pmslpetcﬁas\mhuymamalrfer decvpsiadias, espsa:lallg/ thé eosecteeadirgirarge for the C-
rat escri bed bove DsbAss an OAss. . . .
R der¥ih de HRaR i aSRER o Bhag &/oTin BRCTPACHRS frpintained. The
firgtdrad thiemapt h8irgl antdssef,theddlongd priotattd afriteTeseaieagNen(in Jable 1 as well
gsn%elrgferrrgr{cg‘or accession number for either the GenBank or the Swiss-Prot

databases. The correct sequence of all phagemids was verified by DNA sequencing.

For the designed ankyrin proteins (DARPins) 3a and 2_3, phagemids encoding the
PelBss (pDST80 and pDST81, respectively), SfmCss (pDST86 and pDST87,
respectively), TolBss (pDST84 and pDST85, 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
5 ml 2xYT medium containing 1% glucose, 34 pg/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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tetracycline (tet) were inoculated with a single
colony of E. coli XL-1 Blue harboring thephagem d of

WO piogoesss and the cells were grown overni ght apCBERI006/063729

with shaking. Fresh 5 ml 2xYT mgdi um contai ning 1%
glucose, 34 ng/m camand 15 ng/m tet were inocul ated

Bt epas BRI eEE ool s g, Fresn s m
Zk\t'lhm‘éhﬂhd dhtaidihg wwmws@ssm fenl icamefHded ;yg/mmevwsrel\maculated with
hel per phage at 4 x 1010 Epl a%‘oﬁform ng units

wérovmmqmﬁuwm A3 fajio of 1 199 é@ popfy 0-04) @nd grevn %"e'37C°@It‘P 8n ODeoo of
W%rvﬁthl e{FﬁHiﬁ@t figb é@mré’eQNérb mféétea%tﬁ?%@ ) HEI_?@QbHe@e' R2 x 10 pfu

and then for 30 mn at shaki ng di um
(Reanueranngjegiunis) Rar mb@mulwcmmf Irafecuosa 1%0) @éﬁtthe eellgavare imncubated

&g%@%uﬂ t %74"9%‘@% lon aRG tHe%SrUrSﬁ?ﬁ‘ﬂi A%B7oREy Prg%ﬁa‘ﬂn};' he

cont aining 34 ng/m cam
rRedam/vancliagngay baﬁan&sﬂngﬁﬂp.cgugdp)o@gmnfugatlon (3500 g, 24°C 10 min) and

Prsbeddl NS BLAT e f BTERvT bdifi iy 32 la/hit b, 88 ug/m
Kmamycfm(gam i ol Q. 5600 ;Jsgpreog;ylgﬁDl tgllggmaut))&d'éf(ll@Tﬁ)J Aftergrowth for 14 to
TB S BRIy St B g el ool Rk Pttt mepg g gcc. 10 min)
PDlod y@td_r? bmualgdttamdéas(lgﬁféi)aééiﬂﬂﬂl . ice Zord IMvNaChe- fou"Flihe/qume of ice-cold
BERIAY s3fion PR bbbty eSiiedt BBl Bidh. SR MU 86 popioitated
i;hiagb mﬂrtlcﬂés w&ES1béh ??IEC?Mb"y’rcgst’nH@btloriél(XSBM glf\clﬁb, ; plrhin) and
Fibonbd T T P e @8 iR iHe oD RSl st SPugheE puritcation
efdtle phage pdrtidleSwgs dbndIsyCCsCl dradient cemtrifugeiondis didloed. gfmer addition
Tl t )

o1 T8 o Aol T Pl BAE tSlacdR iyt HES el R CoElidiltigp was
?WLI\I- 8 d iatoda gent uégr(ﬁ:dmg:&xhyaflﬁrgéomeéw?eckmanm ECJ:SAAI:?? 258@8061 and
daortogdatftoBho FREF SRR 8 TENOTED' Sibr BackBian MeEments) at ac.
Ahagmtrh\maﬁoh Itfm"mfa@zrbaﬂg BA%IZVGCZOVeI%dI ﬂTpél ﬁpﬁ?ﬁr? tmaatferred to 12 x 2
R ROEEBERATE Bbos Bevapdho; OSAZRb bl wiEh el lef ith TBS1e to
8 np. Afterfcentrifughatiomateb 00O pGH. f8r 1 atima TaA- WOl otdrize 4 °C, the pelleted
Bt e PR .5 ol TS Ao o ‘O%?Bg.%mﬁ%%tﬁftaﬁg?ﬁeo rpm.
a)thlen hor.TLE/;m 008 eort 44C0Ge phhgephagatissobed it s8dBSedhe total

) . taota
bohprRhio bl atrPidt wae BRba ShatohoB el Thenfective titer
ofthe phagesdmples waé defeemipba de tisatgyl @sEvers/ )(I_e'.c2 Eth_ii_ﬂdewuhyg 2xYT

BT Sartalrine 156 St Ao T s o iR Wi dunted afer

6wraighEiscumkien aogrrCed after overni ght incubation at 37
0C.

Phage blots

5 x 10" phage particles, purified by CsCl gradient, were applied to 15% sodium dodecyl
sulfate 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, (TBS; 50,
0.1 % Tween 20, 5 % skimmed milk) for 1 h at room temperature (RT) and incubated with
a murine anti-plll antibody (MoBiTec, Germany, No. PSKANS3) (1:1000 in MTTBS;s0, 20
min at RT) as primary antibody, which recognizes the C-terminal domain of plll. A F(ab’),
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Phage blots 5 x 101 1 phage particles, purified by
CsCl gradient, were applied to 15% sodi um dodecyl

wanoraeeepol yacryl am de gel el ectrophoresi s ( SESHPRIBH)/063729

under reducing conditions and tgmansferred to a
pol yvi nyI i dene fI uoride (PVDF) | mobilon-P Transfer

RIS 4 K B SRR A8 B0 v

S'le)l (2@000@ |B/d\/'5|'F<ITBmg%;i1 miat RN tvas udedagibedopdany antibody. The proteins

A e M D AR o |

MTéF 85O expétingritithabldsied memprarsawas iacdbdbstiyith wiuriad anti-FLAG M1

RO b7 pagrune. ot AR 1 HBe i ashor LaARRTL s primary antioady.

goaxard&mue@rgGngaalme(ﬂ?ioepMasd&Nugam (SIgAI8)SA, I\lo A3562)

nfRRB s PrfREer v at R tes gS%e%se%%csagwtaﬂ%@nf &4 Biffeins were

&Mtstted with ttiea$ b sfrates sbromoot-ettibro-3Badlyl phosphaste ¢BOP) and nitro blue

eri me nbrane was i ncubated with
Fﬂ@%{HﬁT)#ﬁA@ I\#"‘_’Léﬁﬁ?r?qﬁody (Sigma, USA, No. F3040)
( 1:5000 in MITBSI 50, 1 h at RT) as primry
gti b g’% A goat anti-nouse |1gG al kal i ne phosphat ase
5 2 (Sigma, USA, No. A3562) ( 1 :1 0000 in
PRIRSELISAs werd cartiedRO)t to@ssaisihe aaﬁnuaecfdunbmyialamiém:éy! DARPins on

T t e, th th b tg

U5 PBrGe Bl S EEEACH A oR8ab? S lop1 ity were

heer}dés?oAﬁz%ﬁra@Z@lldmﬂNéMdnﬁ Fdaiina, 1®/w}:vxz'e?r $&¢udhim, Bwigerland) in TBS:so
were C rime ou Ssa

\gﬁ%ummofa LM?Q\%% P RfatgS @w 5&%2@@ Rs% ‘l%%ﬁ/hgv pyRigent

mawaitréh%w@l ‘Pﬁé WehAed ohfdke@With @,Uti%l BWBS sp(srB@gOn@ 18% Tween

cit.) were immobilized as

&%lﬂt ﬁaﬁwufﬁr 1 b@t FROM teotPertpRge Pinding amlﬁﬁmylated APH and JNK2
Mé.ﬁseﬁ?@ Pl m@eﬁ%ﬁw o ds dofERd} 1' gfghcon Maxi Sor p

|'at es’ (Nunc, 442404) over ni ght
idtigp serienothage @articpsedn MTB&swe@ d@@lli@wevwells apgangybated at

BTV 0 8 TEShT e At b THREN 0008 9 BEAY (88 100 o Tweer

roomtenpera
aﬁh)doUNKﬁ.h ;hwouncé phme( da0ticled wereldetddted wnthEﬁTB13$1©ram@hsh peroxidase

onuSALI
C80GAA tolh e Pl DB 220851 PBE sl o e
P@&m@s’eatedﬁomé Diagnastins,. Gekmaey, NasiHBAZBt)he wel s five
times with 300 Ml TTBSI 50 (TBSi 50, 0.1 % Tween 20)
for 5 mn, bound phage particles were detected with

&hage pArdingor ser adi sh per oxi dase

E3 5, E3 19, 3a and 2_3 displaying phage particles were produced from either
phagemids encoding the PhoA signal sequence (pDST30, pDST65, pDST22, pDST34) or
from phagemids encoding the DsbA signal sequence (pDST32, pDST66, pDST23,

pDST37), respectively. These phage particles were used to prepare mixtures of phage
particles produced from phagemids encoding either PhoAss or DsbAss. To a 1:1 mixture
of phage particles displaying the non-binding DARPins E3_5 and E3_19, phage particles
displaying the target-specific DARPins 3a or 2_3 were added in a 1:107 dilution.
Biotinylated APH and JNK2 proteins were coated as described for the phage ELISA. To
each well 0.1 ml of phage particle mixtures (10" cfu/ml) were added to 0.1 ml BTTBS;s,
and incubated 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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conj ugat e (Anersham Pharnmaci a Bi ot ech, UK, No.
27-9421-01) and sol uble BM Bl ue POD substrate (Roche

wor@gheosts cs, CGermany, No. 1484281). Phage panPGCTgP2006/063729

E3_5, E3_19, 3a and 2 3 displ aygg phage particles
were produced from either phagem ds encodi ng the PhoA

ST30, pPDST6 STZ
FPBIGE NEoR IR d serRevte e BgaroETERgleySes) with TES
{Héfb‘ﬁ'ﬁgé panicss eere BIDSBZ@ ingUBSTIRY Jor 16&1$|p®@thlmfny elufidrelsgffer (0.2 M

BARERE P el P2 T el Bughth 0 B i B Firypsin 10

PaoAse T381595é1/éﬂsc THe @rﬂb.rﬂed@m&t@é mefmframiéa@ﬂthpﬁf filiof P@# Tris-base)
di spl ay |n 'E non DARPi ns E3

in nd E3 1 9, .
Wﬁﬁfg‘@eﬂ 401 f‘% infectign QBf‘ &%k gxrm@nfeaé'w GEW! gg,?c el %UDWRPi Alter 30 min
88700 vﬁth%uﬂ‘?it@tlmﬂﬁtﬂ% mirRatl3 72CAvithdihlakiihg OtRe cells were spread on 2xYT
Bi oti nyl ated APH and JNK2 proteins were coated

as
83 PlatpeerTtIPing Hée PHeRRe am Hp0/mpcap@pdiie Mo/ tet gpd gspwn
6\?@9@ PR3tz | Bhedens We?eswésﬁe%lr?on@‘fﬁé/ ;ﬂét)es \mﬁ Qx"?“ﬁ ‘ésﬁtatnmg 1%
BTTBSi 50 and i ncubated f . After washi ng
ngCQﬂerré§ % olycarple 3¢ gl cam wmﬁg/ww énd ysed fepthefpiage production

fo ?r@féfs%é%%@égﬁgﬁ?%ﬁe#éa’éﬁ aﬁr%%é étm&ra%h.tg%?b%ﬁeemted phage

. 3tines for t I'rstse
pyricies was ﬁemmedr hisrwas deomby jastien ahl. ®/itwittrgBegegphage particles

j I particles
ARFLERIR of s LRty PoTFbl Spe S R
el ution buffer (0.2 Mglycine/HCl, pH 2.2) at about 22
OC followed by an elution for 30 mn with 0.2 n
trypsin (10 ng/m in TBS150) at 370C. The conbi ned
eluates (neutralized with 10 mM of 2 M Tris-base) were
used for the infection of 4 ml of exponentially
growng E. coli XL1 -Blue. After 30 mn at 37 0C
wi thout agitation and 30 min at 370C with shaking, the
cells were spread on 2xYT agar plates containing 1%
gl ucose and 34 ng/m camand 15 ng/m tet and grown
overnight at 37 0C. The cells were washed fromthe
plates with 2xYT containing 1% gl ucose, 15 % gl ycer ol
34 ng/mM camand 15 ng/mM tet and used for the phage
production for the next cycle of panning. After each
panni ng cycle, the identity of 9 to 16 el uted phage
particles was determ ned. This was done by infection
of E. coli with these phage particles and screening of
the colonies by PCR with clone-specific priners.C ains
1. A filanentous phage display nethod wherein
pol ypepti des of interest encoded by a DNA |ibrary are
di spl ayed on the phage particles and wherein the
pol ypepti des of interest
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are cotranslationally transl ocated across the
cytoplasm c nenbrane of Gram negative bacteria. 2 .

wabe7metchdod of claim 1l wherein the cotransl at i PEEEP2006/063729

transl ocation is acconplished based on the signa
recognition particle pathway. 3 . The nethod of claim
or 2 wherein the signal sequence used for the
| ocati on of the pol ypeptide of interest to be
di spl ayed on the phage particle is a signal sequence

r ting cotrans |on nsl ocati on ,of A 4 .

P T oS DR Ry M 3haf TR R meHies? of it Encoded by
smﬁubmya alccjésdiidolémd drhlﬁetplha@@ batielks and %efjé‘lethe pﬁlype?]tides of interest
0 tides o |nte ed on the,. phage .

B8 RERY RO e A 1BS PSR Bl TR BPrah o5 PR Fegative
sageéd. sequences of TorT, SfnC, FocC, CcnH, Yral,

Tol B, N kA, Flgl, and DsbA, and honol ogs thereof. 5 .

The nethod of claim4 wherein the signal sequence used
$ oThé hestiiodasi slara atwitsreinfihd batrgpelayipe tradsiscatibniigiaoamlished based

t o, be.displ . ticl [ | ect ed
oF Ui BB ERe O PRESAY- S gnal sequences of TorT,
SfnC, Tol B and DsbA 6 . The nethod of anyone of
g e?b? %W% eIr g! %9;58'“3%% ¥iseﬁt§§g§$@%ﬁu§6§§r the rar%s?ocation of
hieqiodipestiderof. mt@haet mmdr?@blagfedmmhe @hage pdiraclﬁ}is_ ?,s"goalﬁsequence

steps 0 a tructing a filamentous
BWEE’&”%P“E%%Z %,?{J?QEIPB?tgo@)ooﬁﬁg)fr})ﬁi ng an gxpr essi on
cassette for a fusion poI ypepti de that possesses an
£ I Ml G R o RO SUPRR b Sl EpdienGd Piedif g ransiocation
ofythe pbl&pmtmiearefrlntﬁbem tobe @rsamymgathe/mdgeqiaarcieas séleyted from the
constructing.a. comnbi nat ori .
R R rER SioBopalpasie ] TorT STERAF A4 Ty cltEl 3PRg N, Fig.
aeDpioA yamelonmbiysahereot er est s i nto the expressi on
cassette of the vector of step (a); (c) transform ng

sui table Gram negative bacteria with the |ibrary of
yeThenmtiald cftckgim @b/)hereind}ﬁeiéigpmrséqmeﬁcegjspdm&gehéﬂramdlc&:ﬁtion of the

sel ect.i,on cIe a ha e icles based on

Pﬁgp 8%%?”;: ?4 o lfeh |s ﬁ)ﬁﬂ‘ 8 p%gg% %)'Flea ésssegqc%edd from the group
caorisestiag bf signal séqlﬁericasrehTmmssm&gTenlBi'aa@ DagAnet hod

wherein a pol ypeptide of interest displayed on the

6. The method of anyone of claims 1 to 5 wherein the polypeptides of interest to be

displayed on the phage particles are repeat proteins.

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 promoting
cotranslational translocation of the fusion polypeptide across the cytoplasmic membrane
of Gram-negative bacteria;

(b) constructing a combinatorial library of phage or phagemid vectors by cloning of a DNA
library encoding the polypeptides of interests into the expression cassette of the vector of
step (a);

(c) transforming suitable Gram-negative bacteria with the library of vectors of step (b); and



10

15

20

25

30

35

phage particle is cotranslationally translocated
across the cytoplasm c nenbrane of Gram negative

whawrmodess usi ng a signal sequence sel ected froPCT/ER2006/063729

group consisting of signal sequgnces of TorT, SfnC,
FocC, CcnH, Yral, ToIB Ni kA Flgl, and DsbA, and

nol.ogs thereof. of claim@8 wherein
(4 B3uiing PRAH fisniay seleclBn UeieRtcr Sparath BPagaRos ased on the
prapettist oNtheAfisptdyet pblypestides ot miaréstTor T, SfnC, Tol B and
DsbA. 10 . A phage or phagem d vector conprising a
gene construct coding for a fusion protein conprising

8ha fmhm?lm bhhgecugsdlayt raétsd wherdiea @b@péﬁitbd@:bf gﬂ?rbbtfdlsplayed on the
cle and. ence sel ected from
8?%9%&%&59‘& isﬁoﬁﬁﬂg%tfongﬁ)@ﬁ%ml%c@%% ? C)FBP"?Sm g%ﬂbrane of
ﬁmﬁ;lne@@tmtd ,ba¥tedib, usﬁglaBs_ll_gﬁ‘dll béqueﬁbg beleﬁt@d fioRiAe g&nqb consisting of
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12. A library of phage or phagemid vectors comprising gene constructs coding for fusion
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
phage particle wherein each polypeptide of interest is encoded by a member of a DNA
library.

13. The library of vectors of claim 12 wherein the signal sequence is selected from the
group consisting of signal sequences of TorT, SfmC, FocC, CcmH, Yral, TolB, NikA, Flgl,
and DsbA, and homologs thereof.

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.



