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5CROSS- REFERENCES TO RELATED APPLI CATI ON(S) [0001] The present application
the benefit of priority under 35 U S.C. 119 from U S. Provi sional
Application Serial No. 60/701,902 entitled "SECRETI ON OF ANTI BODI ES
W THOUT SI GNAL PEPTI DES FROM BACTERI A", filed on July 22, 2005, the
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FIELD OF THE INVENTION

[0002] The present invention is directed generally to methods for secreting
antibodies, antibody fragments, or antibody-related polypeptides from prokaryotes without
the need for a signal peptide. In particular, the invention provides host cells and methods for
secreting antibodies, antigen-binding antibody fragments, or antibody-related polypeptides
from bacteria without the need for a signal peptide and provides diverse libraries of
antibodies, antibody fragments, or antibody-related polypeptides resulting from such
methods. The present invention is also directed at antibodies, antibody fragments, antibody-

related polypeptides, and libraries of the same made by the methods of the invention.
BACKGROUND OF THE INVENTION

[0003] Most proteins destined for the periplasm or the outer membrane of gram
negative bacteria, such as enteric bacteria, are transported across the cytoplasmic membrane

by the general secretory pathway or Sec system, a complex of proteins, which identifies

ins,
oss the

polypeptides for export and translocates them across the cytoplasmic membrane. This system

has been used to secrete mammalian proteins from the enteric bacteria E. coli, including
antibody fragments. Natural prokaryotic secreted proteins and heterologous proteins such as
mammalian proteins are directed to the secretory apparatus by the addition of a functional
signal peptide, a sequence of typically between 13 and 30 amino acids at the N-terminus of
the protein which has a hydrophdbic core and additional sequences to direct the nascent

polypeptide chain to the secretory apparatus and allow accurate removal of the signal peptide
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25 has been used to secrete mammalian proteins fromthe enteric bacteria K
coli, including antibody fragnents. Natural prokaryotic secreted proteins
and het erol ogous .proteins such as nanmal i an proteins are directed to the

secretor aratus by th ditjon of a f ti onal ept
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Escherichia coil heat-stable enterotoxin (Stl11) and the E. cal OwA protein

Q her [goed4qr yot egloawve, @bféhblﬁéysﬁeﬁﬁra@é ﬁfgﬁlySWihﬁHﬁn tiRndfifewlygial whRRt | des
have been descri bed for many fQr these_other prokaryotes. [0004]Fbmever
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ant i bodjr@soretfalik ROSRddH: 3 TR Yeguddte 8Nk RRGILIE RiRhE df B&th YRERAIHES] Ak

secreted The eff|C|ency of secretion is dependent on the sequence of t he
var i abllight ekaiesnaf witibpdieh Frroctsamley Fah dragrents icgpipiniganpancoY -Tagionhidi es.  For
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secretion However, alterations in the amno acid sequence of anti body
V-regi y CcO upct : esi rabl e.
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[0006] Furthermore, cleavage of signal peptides from the secreted polypeptide is not
always efficient. For example, the signal peptide of E. coli OmpA or PhoA is not cleaved
.from a fusion protein with human interleukin-1 beta (IL-1 beta) when the fusion protein is

20  expressed in E. coli.

[0007] It is an object of the present invention to provide compositions and methods
for obtaining secretion of antibodies, antibody fragments, or antibody-related polypeptides
from bacteria without the need for a signal sequence thereby removing any secretion

constraints caused by variable region sequence.
25 SUMMARY OF THE INVENTION

[0008] The present invention relates to methods for secreting antibodies, antibody
fragments, and/or antibody-related polypeptides in prokaryotes without the need for a signal
peptide thereby overcoming limitations imposed by variable region sequences In one
embodiment, the methods of the invention comprise expressing polynucleotides encoding

30 antibodies, antibody fragments, or antibody-related polypeptides without a signal sequence in



[0007] 1t is an object of the present invention to provide conpositions and
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pr ot ei wEoteins andethepobweisiop fiselesed 4PleWl osed bel ow. [0010]1n anot her
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self-antigens.

[0011] In an embodiment of the invention, the methods of the invention allow for
expression, secretion, and assembly of multimeric proteins wherein one or more subunit of

25  the multimeric protein lacks a functional signal sequence.
BRIEF DESCRIPTION OF THE FIGURES

[0012] For a better understanding of the nature and objects of some embodiments of
the invention, reference should be made to the following detailed description taken in

conjunction with the accompanying drawings, in which:



expression, secretion, and assenbly of nmultinmeric proteins wherein one or
nore subunit of 25 the multinmeric protein | acks a functional signal
sequence. BRI EF DESCRI PTI ON OF THE FI GURES [0012] For a better understandi ng

of the e and..obj ects qf sone .enbodi nents o he i nvention, reference
ohoul'd ABUhGe" T i TriPrdts R Fubdna oRuLts PhEr G Sk o IR digFncr | on
W t h t henndeme BREEYNYHATGOSIN Fyl g Swhérd thdmntiated aflbldfids Gel6Rowh M deMind@$, t he

am no agi@@%?ﬁﬁ@e of E. coli Sec Y protein from nmutant F286Y and 1408N
(prl A4) ° ‘Hut at ed amino acids are shown underlined in bold (SEQ I D
NO 1). [0014]Figure 2 shows a plasmd map of a vector used for expression
of hengoam]d 5 IiRj;g\tr?] th?\m g@h&@ﬁi&ﬁ&p aﬂh? amdrbﬁdd/fdrrel&gfémﬂin zld!iﬁefa@jdhl%cﬁ si gnal
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heavy c s.are each_under the control of a tac pronoter and

ain gen s [
expr ess?’tﬁk? § eiwﬁg@axmegeﬁylarcéefr%s@r B T9epIpEon QHEME BRI r Bredighhans a
west er Nhévo thai dngSare eSdHUMIBGHhS S8 dANaOProRdRe iR 8Grds@bn istAficlbl by
periplasm c fractions of 5E6004 transfornmed with plasm d K1B5246. "Fab

expr esslsRssdPTéduced by the addition of PTG (SEQ ID NO 2) at the
concentrations shown (in p.M. Sanples were run on SDS-PAGE gel under

noni@ edvitslg  Condiidukd® B Showd 8l vRkieREBlotisalieis dRovk | sediiiBi o AR IGPES 1 C
anti body conjugated to Horseradi sh peroxidase, 016] Fi %ure 4 shows
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PcrV ani, j i A0 : i .G extract (1150) or a
ten-fol %ﬂtgliqilﬁll}%%ﬁﬁ( 1 g%)ﬁ%%g dg%ﬁ?)g?&ﬁ?dﬁ%%ﬁg{eﬁ%&%%ﬁé@g&zo expressed in a

wi | d-ty[oe E. call_strain with si naIHpepti des to direct secretion. PcrV
bi nHi ngl00%6lr evealFigyrest showsirpuite g5 FHSAismopsiritias antigenindingsactivitesful t  of
enzymat 4, FABMEHS pRRedlin B i@tk ro i
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ef fi ci ePfEplapic extizsts freypnes ogrd Wigppleymid KB5P46 prketan-dld ditution qféhrei pl asmi ¢
extract 0 i . 1.0 L Cl.l at the
concont ST ang oA ERARR M7 B PR if sobifn RSB
pept i deperipBspicesdiaein(li1§0) onpaicrdoldi dilution gHH0- H¥HE nokeriting xgutiesV dfebof t he
sa F . -1 e straln . .TEP| . resent,.in i, pl.asmc
ot Racr Aot Wil P el ot bialsB Bk 36 Rbo MR bR D
det ect iismevealagentn ifdéid iFalporbend® atsiSanivis aofesydt af enymidRs 28R efsivm dthe

over- exﬂﬁﬁssﬁﬁs%te% a g&igr%a tpro %gt\{)'y HRP-conjugated antibody.

[0017] Figure 5 is a comparison of secretion efficiency for Fab from SE6004 and
ToplOF’ cells identified in periplasmic extracts. Fab was expressed using IPTG (SEQ ID
25  NO:2) induction at the concentrations shown in SE6004 cells (prid) without the use of signal
peptides. Expression is compared with signal-dependent expression of the same Fab from a
wild-type strain (TOP10F). Fab present in periplasmic extracts is detected by Western blot

analysis using an anti-human kappa detection reagent.

[0018] Figure 6 is a Map of plasmid KB5282 for the over-expression of mutant SecY.
30  The prid4 mutant SecY gene is expressed from the pTrc promoter. The NPT2 gene confers

resistance to kanamycin.



30 The prl A4 nutant SecY gene is expressed fromthe pTrc pronoter. The NPT2
gene confers resistance to kananycin. [O0019]Figure 7 is a Western bl ot
anal ysis conparing the secretion efficiency for Fab 1A8 fromthe prl A4

mut ant strain SE6004, ToplOF cells expressing wld-type SecY, and DH5a
cells co-transformed with a prl A4 nutant SecY gene. Antibody-rel ated

proteins S?Gfﬁt ed imgRe ¥ e weﬁdwmoma s1ﬂ&ﬁx%€ﬁ@hﬂ&bﬁﬁoﬁéﬁibleﬁwmakappa
anti body o

ts f -
| i ght - chai ' f‘i(’)%t%lé’rlé &] n‘?t?‘}tjﬁ m %EQQO% JFW%M%S feés%ge?'ggb %e?ftaﬁg culture
medi um DE'mldaEEnsBE%E&fmﬂemnm PHAE ruNYENEY @hd:)&&dnbbd&hé]é@d 2] As used

herein, "anti sypst ances bl e nder 10

appropri at s§°r8‘g?e18f°t tﬁ%ﬁg&u’f} fVefee %@f tie(ﬁ&m% al“ﬁ tp’grB@]c it ca%gﬁ dyt% Bﬁ’ésgfméﬁ‘{“r body

f ragment s, depaturingtSDISERAGE. ehasbwbleBiby ighpthattedimerdiatd i shagmmolenesoverb| e

subst ances ete%t%ﬁﬂ?e {t‘?rxhgamgr foreign proteins, however, only the portion
of the protern or an eni ¢ hol ecul e known as the anti geni ¢ determ nant
(epi tope) conbi nes vvlth t he anti bod anti body fraqnent, or

anti body-rel ated pol yBERAID DESE IQBHP%‘/THEH@VFQ&M) Nanti gen” is used
herein to refer to any substance to 15 which an anti body binds, or for
whi ch ant iBTERINE$OMSE e desired, regardl ess of whether the substance is

i mmunogeni c. For such antigens, antibodies can be identified by recomnbi nant
met hods, Igifigpendents! yoRihofly dafBiRe s grﬁﬁstankéaoaéi UaleNGERE N, an
antlbody ers fo a protern hcti onal defined as a bi nding protein
and st¥uctapprapriafe ca@dmwednfa@cwﬁpm speoifty aahboéwsmhb&éy fegewptrenicativadyt is 20

recogni zedghys Mifpeides! kAM e@ssca%é ShpiatbvReks] fieastthans/ctheizh frofh@i on of an
i mrunogl obulin. "An" antib can consi st of one or nore pol ypepti des

subst ant i &pwgwe@w@lyd@e psgﬂomﬁfrdh%gwompﬁ prtigenice wolepile, kst @s dhe #digeiifogl obul i n
genes, hy faetbl%maﬁmawge P Bothbikes gﬁmetﬁe GRROE, Biiveeah@hdig dﬂmumgx@émsd
e

information fromd rent animals), or synthetic |E?étq(g‘%o uI|n genes. The

r ecogni ze &Pty Moretierdio e demy |aﬁhﬁjén€§s?dnlﬂ%@ 1 s8¢ {9 hda,
al pha,jsgargh #ledntisody s, &nfoﬁﬂﬂhcﬁlhnﬁm&ﬁ ant desied| EH@m@EE@St‘ wB&hetahd as

nyriad i | Qbul i n vari on ge and . D-se rrents and

3 seqrent St Smopgic, s tvchabisehs Aibo el 4P MeaiBe RS, Hoavy
chai ns ar membw&uéﬂeﬁénmofgaﬁﬁmnunemsp@bqoha, delta, or epS| | on, which in turn
define the inununogl obulin classes, 1gG IgM I1gA 19D and IgE,

ti 30 " t
compr se. LOFL, 50 LROGBl bt 06 15 S Eetbilly dofnc MO, L2 o
pol ypept i Hindipp protein and chuqpuilly Adinehgs @mpnsmlgu aghaming idutequence fpt &nd one
"heavyy Clﬂ;@bg%m(a@ Uﬁe quﬁocls b%%den@@@ﬁ&h%”%%eﬁfm @P&f‘mﬁﬁ]ﬁbﬂoﬂﬁfx' nes a

vari able regio é}’n about 1 nore ami no acid imarily
responsi be  paibo t%e??nflﬁfcéﬁrﬂnt"l 6 . 00TH, cPoly@eRides, fpbsigtially |eQ‘H¥ie‘E ¥ n (VL)
and vari abhBuddgeMiin GBds Nrdelehts of BhBinoflobullingeRs, hydhd irdAehd3RBNIA @hai NS

respectivel
P (ma¥le by combining the genetic information from different animals), or synthetic

(_,—4

immunoglobulin genes. The recognized, native, immunoglobulin genes include the kappa,

25 lambda, alpha, gamma, delta, epsilon and mu constant region genes, as well as myriad
immunoglobulin variable region genes and multiple D-segments and J-segments. Light
chains are classified as either kappa or lambda. Heavy chains are classified as gamma, mu,
alpha, delta, or epsilon, which in turn define the immunoglobulin classes, IgG, IgM, IgA, IgD
and IgE, respectively.

30 [0022] A typical antibody structural unit is known to comprise a tetramer. Each

tetramer is composed of two identical pairs of polypeptide chains, each pair having one
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5 [00231Anti bodi es exi st as intact inmunogl obulins, as a nunber of well
characterized fragnents produced by digestion with various peptidases, or
as a variety of fragments made by reconbl nant DNA technol ogy. Thus, for

exanpl e, p ts anti od| S |nt Fab fragrrent and
a resi ddha?‘@@{’?‘}t%m and s ﬁavéffﬁ]éaé?é g(ifj ﬂ?ggy 1%@ I\g\tﬁ s @f §'ﬁ‘ﬁ1\‘| de

| i nkageshain défites i RgRbEa@heN (Vpop BBl B0 h‘te alho)o% mére Hi¥BS a6ills pakha
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in the &Haﬂqw}{:)ﬁgﬂe%tﬁé’é@h Ynd REAV S ElididGedpBfivelyabl) 2 di mer into an Fab’
nonomner he Fab’ rmnorrefgml S es‘ggntl al ISI}/j a1 Fgg wth part of the hinge

regl a 1993, Fu nment al Raven Press,
? or iiﬁvr e d@t"&lgi’ & ?’]‘é%é‘? infsct W‘B‘P&B HEs, a&ﬁ‘t‘}uggu °f"Y haraiesizedpn | e

varl ouSﬁ@gﬁdntsgdyddce@gyr‘aigbﬁloﬂrvﬁthhand@; pep@Baskd] of 88 A%ahy bhRagh@Shign of an

intact antibo one skill in the art wll appreci ate_that such Fab'

fr agmen®% r‘?S?PmB’cnﬁ%tr DNAq ferimnelogy nalhuse fag yaxemals; papainy digagy antiodies interaani cal | y
or by UldtbbZbiding %9 FRbRef tan®ediRb R ﬁ!i%ﬁéﬁt ﬂeBmﬁ‘QifEeEtb @R antitRAQBRIRANT  DNA
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by enzyWhadiseliide fekagevin thohings regioa te éﬁoﬁv%rﬁ(lﬂb’bd? dimzes of Eelywhieh étself islas o

i nciyd f UG of whol e
ant | bodt en Chi® R b SATER By AR S xR hERERAR O
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scFv) i cﬁ&v\%?%ﬁaﬂaﬁ%ar Ia 1?]21’ hrj!‘ehg\(?J ab*%@%g& \k/ aﬂ%sg nﬁgﬁﬁ% ?5&% w?ﬁ%%lﬁgg{rhgﬁnﬁ °ned

t oget hetegipdi(seecWl ¥. Bauls duk,di9§Hh Iﬁm{j@mwd dmhiundlegy) Raoerf Rress) bIY(; dortd moneu s

pol ypep . S od a_.coval.ent | i nked VH VL 25
het er o elta%d \%%Lglﬁﬁ!r)rrggk Eth(ég)%ﬁﬂr%gs e&gl?l o a%%1 lljltg:lvéllrl%usa%”ihg )c(rf‘%? H*H  and
VL- 15enodmﬁnagmstenpwecsfdbes dlgesttlbne of ﬁromtwtianﬁbb@ tohy obskifl i thedrtbyillappremate

pepti de 0 t at, 1988 ct USA, 85:
5500 sl iR g ariotheh inents it by ARMPeed & ioud Rl FERTRIDrS{ g o
]E)ol ype ]Ehyl Ldﬁlzm@a‘ed‘bm‘tﬁﬂhﬁt BNA malaﬂodéuog@o TR ia0ditieg Séwhﬁir%nmNAﬁﬁMﬁécfbgﬂghéé fThe

irst function ecu 0 ssed on. the surface o
fil amerdtB ‘g ecr%é %édy %Eﬁ?ﬁ&‘i‘nﬁ‘o ‘{e Y epsymatig fipstion. dibpgr nat i ve
expres &h@fbm‘atd’nﬁb&@l, s ué”ba\/}%re%i 880 BRRMeS HATRES fﬁ'a}grhentf@i‘the%ﬁim&éﬁ benol ecul es
ca be d?jisgl ayed on p age.if. _one of the chains (heavy or lLight) is fused to

apdPefificagpr of é(‘ﬂ’& e RBROGIRS| enentthsized nds MoxQ p‘bﬁ“igede‘ioﬁlbtr’f%t gNfpl asm as

a SO' Ubh&hdMRldsds] Sntibbed MBludFhAS KA altfbofiRs @aﬁllﬁgocﬁ& thQxRARE, GiheRN
different replicons; the inportant point is he two anti boé

i n eaclPobRBPAS e énﬁg@%ﬁpée [sBan thVamb%éwsO@EY py s@ﬁm in whicHjanyariab

i ncor i I ins to
G35 ( SeRfhd MabRAIRIGAR R816inG: Badthd (AL uRbuf i cBliad BEHE 181 1 by
r ef er erfem ﬁonttrwo'@rmbrp@ptyqe Thesinglerohainrftvi angbedssis aredvalentiyrivked WH-VLher

St ryuct V. Y, C epar at ed
i Rt AerdEa el By bR SRR oy thoRAOLAR oRdng W GUETL Blctind]
nol eculsequehees efthdrdsinedhdicectly phjoged iy maresiidereicoding linken (Bustanh st dntibes,| y

simlar ek Bt f g i are kn hose of
skill |Pn5‘? F%%J? aActS d( “gcée&% 3 %%ggat ml?@g \&g aﬁ%ﬁﬁ% Cmglei t 48"3h and
4, 956, i) as Pamg]emob@e;bt;demhalh;eﬂw & ardtVb(ddmems lassobmtdeloﬁ-lcbvendmﬂye Theat have

b displ F | fid ked Fv
(Rol t e R Eond i3G5 i fpyodofion PR S &b Mbmenicn phpsvtan o s
i ncsl()udemgleadhhmkﬂw&l (&Fvp hdwaven aﬂt&maﬂb&mﬁ&ssnﬂlﬂ@ﬁfbéélha\&(hﬂho&ﬁem@lacééﬁﬁl.Ve from

at )| P EEBRE i p e TR b s Thin 4 Phfia £06A Siche S Qb O KN Bl 0

i ncl udeuseditogBi @paa toréeikli £1, theltbmplein@htaryv eaird B Rrc€ 36 @{bSpérrpquainoahea speci es
to consta&ﬁﬂgﬁ gg ns from anot her SE%CIGS Li kewi se, antibodi es can be
hurani fef eqn d¥p § *’t“é'sdcalhbe CRLOGRH PR S5t 2 BRIAT PR é’rﬁ?ﬁﬂ%ﬁf‘?h?‘@s’pﬂ‘@d uce

i nununogl obul i ns whi ch have human framework regi ons from one species
conbined with conplenentarity determning regions (CDR s) from a anot her
speci es' i mmunogl obulin (see, e.g.,-@&PO Publication No. 0239400). In the
case of antibodi es, the nodul es consist of "franmework"” and "CDR' nodul es.
By creating separate 20 franmework and CDR nodul es, different conbinatorial
assenbly possibilities are enabl ed. Mreover, if two or nore artificial
genes carry identical pairs of cleavage sites at the boundaries of each of
the genetic sub-elenents, pre-built libraries of sub-el enents can be
inserted in these genes simultaneously, wthout any additional information
related to any particul ar gene sequence. This strategy enables rapid

chai ns



[ 0025] Anti bodi es al so i nclude epitope-focused anti bodi es, which have at

| east one mninmal essential binding specificity determ nant froma heavy
chain or--light chain COR3 froma reference anti body, nethods for making
such epi tope-focused antibodies are described in U S Patent Application
No. 11/ tmpprisiopoiphiischal dhe fee apbbody echaingrigi srchyFabempleaile eassambile posint i r et y.

[ 0026] Thgns&bmailyGnl el aﬁlea & NI ARt BE Bheke thTr@ler%m?zﬁl&g f E&fet of ¢ | oses

the 5 cytoplasmof a cell and, in a bacterium lies inte
peri pl aghﬁll%ﬁrtel shubses ei&arﬁ)ﬁ aéent Noy$, %38, Haguihich & ibearpented helt D08 ThRsnos ed

herein, ; @s S)Taﬁﬁ'% %c%'iz%hﬁ%dwrs% 5k Su &rtopahm@éa ref Cf%%? yick T

antlgen odi es or ate ypept| expressi on
vector" agge@tedumt chamicadlycdsepasaied lighdtand gwmalyp@ptlde chmim faam tah yntitrodg O/

DY ey Hefiftnisto o Mhilbult BETIALIR] o BRECHLRHAUELELE B6uah TR L PO

transcr % essi on
vect or siamtub@ofpmramtlgﬂn-lancph@s;tn agle kxwwnug ;hoee ofukdll i the &t (sde b.ga NS Patent bed
Typi cal p i vVec Iocl udes nuclei c. aci.d.to b scri be
oo 5ot b 8 ARSI AP s MU NEEH SEiel i Ehecr o
regio BI thbﬁi‘thqitﬁa*&ﬂi;eﬁiﬂdﬁﬁlap&?ﬂrdn: phage (@.}‘g.,&a?vu, Evgmabgh@&sduﬁae 1u|t11ﬁhthf@Reltdﬂ?ﬁvy C%Egl) n
var e, regi.ons that are el y, conserve ot her an the

?48 d?’ff@%nﬁ?’%ﬁ’&ﬁy%b{ﬁ?%bﬁn a{\"g’g?‘@?se%‘béﬁf’e@cmé %ﬁ,?f B4 Kabat As
used hemédiantibediesaunan franework region” is a framework region that is
substantially identical (about 85%or nore) to the franmework reg| on of a

nat ur al ccurri,n I b 0030 used .herejn

"f usi ontog?‘fﬁi bodyAn%B?cg?s cap e’éverﬁ?%ﬂl’ﬁ@l% We%%ﬁore‘?ﬁmﬁﬂﬁ’l %h?fh‘?ssm? E‘i"ed to a
non- ant toderd Ysuok by edel did ray, riitat, Mhreeloafiel, b BimdSan@ibodille AntiboBiRS!Yan

pol ypept.i de.. I.n one .enbqdi_rent t?e .anti, d fra ment may conprise one or

mor & C. 185 FRERAE CISEEF dRIIOdIS, VBicR ARin vpishlc foglons SRR PReHHCISt A 8RR on. | n
anOIﬁherregl o RAGthérPediet |Ih@éiﬁseﬁﬁﬁhb@&w§ bk Kll‘ﬂlaﬁlzg@ Rhdt SEcRERYMREPt | de
for display.on the surface of a cell, pare or virus. For exanple one

chain o‘iec‘t‘!%naé‘ﬁﬂ%@fmﬂql%jh@nﬁm% ”@éluﬂ‘i’@ﬁ?“él%d"h&él heve dyman figmewerkn on t he
surfac ere?f%g@ﬁ&ﬁ%h@éﬂe@ﬂ@é&ﬁmﬁéwltﬁ% rAplbihé HOWEni a#aggsglm{s((@%ids?ﬁs ter m

"host ce refers to a cel hat provides 1he ce I nery f

expr ess? Hiothenspesis rimmupaglobulin (Ber ¢ge BPORublication MNe. 833946 iIn thevaast @ﬁ

antibodies, the modules consist of "framework" and "CDR" modules. By creating separate

20  framework and CDR modules, different combinatorial assembly possibilities are enabled.
Moreover, if two or more artificial genes carry identical pairs of cleavage sites at the
boundaries of each of the genetic sub-clements, pre-built libraries of sub-elements can be
inserted in these genes simultaneously, without any additional information related to any
particular gene sequence. This strategy enables rapid optimization of, for example, antibody

25  affinity, since DNA cassettes encoding libraries of genetic sub-elements can be (i), pre-built,
stored and reused and (ii), inserted in any of these sequences at the right position without
knowing the actual sequence or having to determine the sequence of the individual library
member. Exemplary methods for generating synthetic libraries of antibodies are disclosed in,
for example, U.S. Patent No. 5,885,793 and 6,300,064, which are incorporated herein by

30 reference in their entirety.

[0025] Antibodies also include epitope-focused antibodies, which have at least one

minimal essential binding specificity determinant from a heavy chain or light chain CDR3



[ 0032] The term "humani zed anti body"” refers to anti bodi es constructed by
reconbi nant DNA technol ogy to produce i nmunogl obulins which have human
framewor k regi ons from one species conbined with conplenentarily

determ ni ng regi ons s). f.rom anot her speci es' i nmynogl obulin_(see,
e B ST PR e B oy e ] - ot RSN RS aredescrbedn

"1 Mmunogd oteIIPafent ASSIRESont 1o.t 181040/18Y, whiglis iR BSted@ BerdB Uy Rfrdhcy & itety of
fornms besides antibodies; including, for exanple, Fv, Fab, and F(ab52 as
wel | as®B*¥nctional hybrid antibodi es, fusion antibodies, chineric

ant i bodi es, humani zed anti bodi es, humaneered anti bodi es and single chain

ant i bodif@0e6] [ 0034fhel e ZEpoplAsBAS netnbese? @6tis A aOMmeMYHhEe Wt FaSoRBAHENCES,
e.g., DNA encogin 1% anti bodi es . or, rel ated ojﬁpeptides within clones; or
a gehet PEEPIRSM af % eqfkamd iy a Racterpm, igs inlsmebigdharerplasmeand cuisr psmppapn des.
[0035]Ag&ﬁuk%mﬂ@quwﬁ&otein" as used herein refers to a globular protein
contai ning nore than one separate pol ypeptide or protein chain associated

wth ea her to forma, single globular protein in vitro or in vivo. The
mul ti rreﬂ?’g%r ot ei4f ‘P?E@H]?f@ﬁsfhgger@f %séty t FPi%S 1(5&8% & f slitferpniespenifia ne sane
ki nd t Oaktipeiibiding @nfitdiel biRlated polyipeptRs.i vel y, the multimeric protein my

al so be conposed of nore than one pol ypeptide of distinct sequences to form

a "hete | thner, ". Thus, a "heferomulthner” is a nolecule conprising at
least al®EPL(  pol Vb PP TraonaieEor 1€ 8 BHRE® AOR S pReTBT e neTrS FeAom ORI, B ond

pol ypepiyndeticilfyf @ith al RrigndMPedfiodnspas eae eleﬁfe@mm%eﬁﬁit shndeApticiestd de by at
| east one_.ami no acid resjdue. The heteronultinmer 20 can conprise a

" het er oPRtH@Har Tpgleicacid iy a hest cgll. ' The expressiancsRIGT 781 by pats of @ elagmids XU 8 m hi gher

order t gudidi@ralidStradhtdnt!r eﬁyp%ﬂ%ethenéxﬁre%ﬁ@f‘ vEsr RRleeRtAdRR 3L Brgsent .
Exemplary structures for the heteromultiner include heterodinmers (e.g. Fv

and Fabr#msshed Rpgablylinksdde a $TomOEAB receptors 1 and 2 conpl exes), trimeric
G proteins, heterotetraners (e.g. F(abp2 fragnments) and further oligouneric

struct uroeg9] 25[ OQEGhselriRtcdh, tht A6 M Eahévedtk (Bgion' MuiftaBtio thedeCpoitié & host
cell with an @Iter_tlon inits secretory apparatus which rescues the
sechet i WHeoelobyln el agd deny v wrikplgegonehat e velatiyein spnspapd il and i n

prot ei N§hi thitOtHe @R FnRhg l@lﬁ%rérﬂ]fimn{uggg’igﬂu-ﬁhﬁ i @rsfﬁﬁ%e species, as defined b

"secretion/secrete/secreting” refers to transport fromthe cytopldasm of
a cel | BehabssAt HEedk peisih ds ninane fpmewak fegionUuds ngftepewersorcgiopathhinsys t hat
requir esu@stﬁﬁtﬂiﬂ?'ideﬁ@caf GER 3G, @ﬂlﬁofef %9%&6\9%@%&?01‘ {]ﬂa{quﬁ%/ gtgqtpn’g%?u' re a

signal. 100381The terns "signal sequence" a Si ghal pept h refer
to a pepmagangeqiience capable of aiding in the secretion of a connected
nascent peptide to the outside of the host cell.

20  [0030] As used herein, the term “fusion antibody” refers to a molecule in which an
antibody is fused to a non-antibody polypeptide at the N- or C- terminus of the antibody
polypeptide. In one embodiment the antibody fragment may comprise one or more C-
terminal peptide tags to facilitate detection and purification. In another embodiment the
antibody may be fused to a peptide or polypeptide for display on the surface of a cell, spore

25 or virus. For example one chain of the antibody fragment may be displayed as a fusion

protein on the surface of a bacteriophage such as a filamentous phage.

[0031] The teﬁn “host cell” refers to a cell that provides the cellular machinery for

expression and secretion of a polypeptide from an expression vector.



[ 0039] The terns "VH and VL subcl asses” refer in humans to the 7 recognized
VI 5 sub-classes (VHL - VH7) and 16 VL sub-cl asses (Vkappal - Vkappa6 and
VI anbdal VI anbdal0). [0040] The term "vector"” includes any nucleic acid
suitable for cloning or for expression of the nucleic acids of the

i nvent il8082]n t he Thostetm ef humagized hantibndgntrplers. tThantibedienrcopgiiuctadorbyexanpl e,
be int ] ] | i vect or
10 may f (gm{sbglﬁaﬂ Fbg\lédg F%b@@ygtrp p(rirg@g% ﬁrprg‘él;%@i@u?ﬁs{ g}hitehglaﬂé;g%ﬁ%gﬁﬁmgﬁr onosone or
ot her rregibnscfaem one species cambEndddwitincanipdernaarity déterminthg regews ¢CDRisy framso be

cxpr oo oraL Rt o Elo 88t el Pl B BlonMEIRAPER {05411 The | nventi on

provi des nethods for secretion of antibodies, antibody 15 fragnents, or
?nt i5bod903r3é: at edAp wbgdlkameindbs tennd'rmlpu?ﬂgbn{’;ybm"i r@feliﬂ)@tw@?ﬂqu@ anfiborest ast gedneed
or a X ovi ded a
new rreﬂ’]o fao"%?lg cr e??l%)sn%e%? &aa%ﬁg(ﬁdt}(%sbgﬁl)}ﬁog’ %)ggyg;{r%ﬂll%g r\{’-%gllldng(amzaa\géne nt and
i ts aswestbhsy bifintctionel fyhdd ianiitmidicsnfusige rantibeditisp ghimetie evlitwdicthburaatizedody i s
teﬂcode%g A ﬁerg u%agggrég?nn@géigé gn&%fﬂgesc&:aigga%%lfo%ﬁr' se the coding sequences for
eVr on f nti y. ((0]0) e invention may contain
signal 20 sequences, as described in U S. Patent No. 6,204,023, which is
i ncor pdP@d4ed her Giihrahy’ mefne menotiection of hyclentides stqpences egonBNAbomdidingnt s, t he
ant.i,bodi Wae I r.al ei.ns. of e i.nv s a r . forom one
or 1r?Dr %ntﬁ)% (@errsru@%% t%gg ‘?Fé%%ﬁ W&}t%%‘of%%pt‘? (I}eg&felgg llyngﬁ%@és( %’ﬁ%ﬁgg@g{i de. The
ant i bodntibsliss e odetet] folyeptidesr nore vector(s) capabl e of expressing an
anti Eody, _ an]'Ei bodénzragnlgcgt, or anti a;idy- L_eifagt ed pol ypep;t?éi de. If the f
anti bo or ' @ . nces for
bot h cﬂg?jr?i maynge plg%g%entprgtﬁnlt %g)ﬁgegdrreré\%c% ortt%rg%ﬂ?glafzgg)l ﬁlggg%%gg%ces may
be ]E)r esm(;e tlean aijefsbpa‘rantpob}ﬁepttdeﬁ)r\nrr]d:tbihmhaiheals;ac'ﬁmdf \ﬁitl_lrea;bhllcmhcir todbi_ni) aljn a
preferred. enbodi nent.. .either .the v r light chain of. an anti,body is
Ecor oo ST Hoa TEObp AR et it g At e PR R s A W Y nce. 11
somns proaé polypeptidaiod tierseme kindho fdrmhe ShomandtihéerghAlietmativedy, ahemahinggied by

pol ynucl eaot i des i ch do not. 30 encode signal, s ences. Enbodi nents of
Vect or SR AT Becspmpese At miare {R Opf RoLRHERLe AELSURTHSCaRFERD Ol &

i nt egr aRétSromul 421 CGemel al thyteronfdimié riand ndkRIRSSInGisin@CitoleastW Iflrsti ncl ude
at least_one origin of replicatian, ,glt‘%not i c,selectahl e, markers,

per mi t PPRGERGE 8p¢ P SrCoPA PAREPTIAE| Wherein the secang polypeptide ditiqrs MAmine 3¢fide gene of

E. coi lseqiflceSasit MRy @V spepBdetiti ilgt didRhifeRAd rédidub.NTHE heiBRdMuRIRFOt er to
direct transcription of a downstream structural sequence, as wel] as

sui2Pablcan somprish & "heterodings| formed Bhths Agstead srcpnd pArpestidmen can formplyghesp| e

readi N@rdel fary Sttty GhdE IR AT tvo JoBPEStded hrelpt @RS BxBRpIA Stlub@tddde
species in the famly Enterobacteriaceae such as A coil, or Sal nonella

O phi mier therhetorgpliner dpabededistorpdimen (¢4 vpaddiah frgagatsrdithedies, @ABApt onyces,
and St ?&Qi{th&cpﬁﬁ&@’cog{pggésg,sﬁ%ﬁﬁ%Efé)?ég%s?ﬁet%‘fétﬂah@ﬁ @.gﬁg{a*ggf fragicht§t her

bacterial” hosts may e enplo a matter of
and further oligomeric structures.

25 [0036] “Protein localization (prl) mutant” refers to a host cell with an alteration in its
secretory apparatus which rescues the secretion-defect in proteins containing a defective

signal peptide and in prdteins without a signal peptide.

[0037] The terms “secretion/secrete/secreting” refers to transport from the cytoplasm
of a cell across the cytoplasmic membrane, including transport pathways that require a signal

30  sequence and transport pathways that do not require a signal.



10 [0043] There are many expression systens for producing the pol ypeptides
of the invention that are well known to those of ordinary skill in the art.
(See, e.g., Fernandes and Hoeffler, Eds., 1999, Gene Expression Systens,
Academi c Press.) Lar nynbers of sgut(ibl e vectors are known to those of

oki 1 i MU art THACOEHe LBRIEEPIge gy siepa] regtideo Dofe Aeleatq Ageptide

reconbi ganinee %fabrettcftaﬁnqg in the sdfRiok bf a cOURBEE ﬁ@sceﬁlf%ptfl&l th ¥ Silsideef Ors are
provi ded ‘as a representative but nonlimting exanple: bacterial: pBs,
phagescthelhpstwi&u X174, pBluescript SK, pBs KS, pNH8a, pN|16a, pl NTH18a,
pNH46a (Stratagene); pTrc99A, pKK223-3, pKK233-3, pDR540, pRIT5

( Phar mafiiogb P SKRhe Réehd 3WH H1dPVB GbAREdsY ederVif GuRafs toPth® ARBReRizETVED! S

(Rose, Nucl ei c Acids Res. 16:355 and 356) and fusion expression

syst%rrsS@cf‘éﬁseés(V@T —aYd /) aedz 16 é@@u%%w@%%p%ctwf@pq%an%y&n&ﬁaw use can

conpri sgapafic5el ectabl e marker and bacterial origin of replication derived

fromcomercially available plasm ds conprising genetic elenents of the

wel | knovvn cl oning vector pBRSZ% ATCC 37?17) Such cormerm al vectors

i ncl udel004Qy exar?'g‘Petemb Jnelpdes sy cpuelar peidoraiable oo clagiigs a1 4or Sweden)

and  GEMydrdsBoR HF&@ n&bléﬁ: @6ids Mb 8RBntioWin tHeDOMt cell165Be RRBRDA. "TRaGkhaNe”

sections are conbined with an approp rlate({Jrom)ter and the structural 25

sequenc@ay,dobexamplss be dete forypali Myssmid.ogosipid, vivel naxtisice 95 peageoflhe yector

pol ynuc o a

L I v R Al i R T e

pr onot enwsleicacid i theihdse cell nkhecvgeiobmay alegbg mpntmphoem ersnioppotiEcerdicateof t he

i nventi n of the pronoter depends upon the cell

type inf%wﬁl CP%EH%%%}%%%@%?%&%% used. 30 Such pronoters can be derived

from operons encod| ng gl ycoI tic enzynes such as acid phosphat ase, or heat
SPRESSION; db i§. DAVENENSr named bacterial pronmoters include

| ad, IacZ T3 17 gpt | anbda PR, tac and trc. Commonly used prokaryotic

pr onot efpgqinc! uderpb hgivhiftoR- bRRIIBAGHARE RIC kckiaas &) a%ﬂﬂo&&c'[a%ﬁﬁodyl ac)
prormter systems gChange et at, 1990, Nature 198: 1056), t he trypt ophan

(tip) ph tsy orpgbedyrelaisd pabypemidesirom prokaryotinbest eqlls V%@P’t%h%d f@g-a 4057),

the t aCqj ng%)hﬁé fn%@ggﬂect cﬁ{thélnventlgrx? &%re 1ﬁgﬂgtdeﬁ‘l§§1€w nﬁ@lﬁ)q fm%%netl&ll ccf A.
80: 21- 25 d the | anbda-derived ter and gene ribosone 5 binding

site (S mb@dy@r @n agfigen-birgigg ﬁasateatr@dztszssemm)lntowf@no@aml mﬂaea ublqdmrmt er

t t t
Funot1 ohgeft.  fhy kil I erkifg 030 o Alrs BRGE ALY B0 Sl BT MRt oot or
and pr oseguescesi @r thel\r ragianhionar argibbdsy eAntitfodiss of Herigvesiien inay pontéia smnal
[ OOﬁ; ] F%que%x& Fsdeg)cq'lbgé i GUL ¥Pp 1:1,tdl?§ 550&61% It is 111?8:?1)1% eﬁt}n:%mt

Seguences nscription and atl on t
f u n ct i onefelrermcé heﬁspentﬂmty.u [nasonmr ﬂklmdynmltsc ttﬁpaaubc&kxesa:r enul@mgeria @dteinSod Ithepr o not ers
can be obtained from at _have. be oned .fraomth
et er o BYUTER AEHBREKY TR b oL wR PorgraByTies FEocgd ARG BELREe o1 oot er
funct i odignal pe;ﬁdé:l The antibddgp ékckrdcoded bynE.or miré vecld1@y ealﬁblé dﬁteh;&éssﬁigl doabl e

bacteri al ers_are well wn i n i be e. g , in
Sanbr ocRHERSRTIIOREY el oramERgRTH e AP T e o rafiogth I el b

Hardor 4 ahey aheaylighciain adtdinfUsgitatesefor Bbth, chbidk ﬁlﬁ:?tbepprekﬁﬁﬁﬁ $hel @anl ecul ar
Bi ol ogy, Greene Publishing Associates and WIey |nter

Bact er | WrioBeh hecofisg sequeneasamayobe RIgssrbar fiffrank é‘ecﬁ?ré N@a’ﬁb&gf“a%"rfémieﬁv ention

are avaidsebdie e zﬁeigrred Bmb6diinknt, Brttek Ithd!iea¥p - or ggw ckah gl dnfibédialsva et
al ., 1983, CGene 22:229- 235; Msbach et al , Nature 302:543-545).

Kits foPeseh fiomn gggqug}?ogc}es\y}@ﬁ]% dogs got encode a s1gnal sequence. In some preferred
embodiments, both heavy and light chains are encoded by polynucleotides which do not

30 encode signal sequences. Embodiments of vectors include plasmids, viral vectors, episomes

and chromosomal integrants.

-10 -



20 commercially avail able. 100461Either constitutive or regul ated pronoters
can be used in the present invention. Methods for regulating expression in
E. colt are well known in the art and include the use of inducible
pronoters such as_ the lac or .,tac pronpters whi,ch are inducible by |PTG and
r abi nol4Phduci PR S ER s EERIFRIO8 o Pl dRSudespt st sie eriERGBouS

because rdpfigatdn, pRELEMIC 8dlebIO fmdiRire RIMERES sdlcabei iR hdkt Ldafs, Nest kel | can
be controlled. An inducible pronoter is a pronoter that directs expression

of a geABPiFHER EsilaRce gope Pt Bf cabiaprldessgromsesgereisms BRIy swena fusahienst al or

devel opgRMA: thaklett fanSttiflioAof o SwRUEHR sBucth8NRILAINM! S will: bic_or
aerobi c condftionsJ I? ht,Otranscriptionsfaétoggﬁang cheﬁ?gg?ggﬁ%%%47lFor

E. cdl i transption initiation cpd terainatierstignals inoperpblel trefive diapieo iviteble prokerykiiown to 30
those ofogkfol 'traﬁs@or,tngﬁ%ﬁggﬁﬂlgﬂé_ Sfes i¥hb W?ﬁg %;&/%rogmc@ e dubff od BC ) Q0L €T,

t he bact eri ophage ronoter, rid trp-lTac pronotef (Amann et
al ., 198@modindymtymurtien,,vadeusBpediesovithin the gen@8 Psardowondsaltréptonpcesd andset  USA

80: 21) b ' e T | ' . 8p, J. Mol.
gi ol el ocelue i SRR s ol e, ol BheuPhofupge 4850 1 00
pr onot eemplapd ashenatteusfehaice di scussed in Sanbrook et al., supra.

[ 0048] I nduci bl e pronoters for other organisns are also well known to those

of il in the . : e | I | onein
pr o?rdlgt eto,M%]he hez;llf111 glgﬂ%% Ignimp%‘grérrg%]glj} g%%mieﬁlﬁ&%%ﬁty © B{Bﬁgrg@(ﬁ% (982%% Q her
expr essinyentivorthat ete walgknemmde thase bf alinaiyhekilbinethd aridi($ay, ¢zt Eerpartdesmstri pti on
t er m nat,l Ltes P tQrs, .an h ' e incl uded.

constr u%:l%’ %ﬁf 'f‘u g%ig’i rng g ?’u(ggén%g%"é' é(‘%‘?wnr’r‘gyrszeemg’f Mfaﬁgrgfem%%s%b rsjgﬁrges%uﬁﬁl}’ee Flscoce%‘s%méarbg”[\ljtA er med
"expr essictms g@dnowh ds tHoseAaitgilt imiyk yirt anb erencoainsrcaliyc addlablb dér generathes t he

pol ypepiides are incaorporated for .the .desired. 10.|evel of expression in a
flos! F edtnkgprintn SrgH R R BrRARGHOR i NP EReSHI0R ARy BEST B oduceq
di r g2t | seprepaitatioa vuphordlineting txanepla bactoisly pBs, fpﬁagiemw Hsiaigae pBlueeibn g
sequencg, sugch 1 hat e I bod ant i body fragment pol ypepl | LS
expr esse \Rngfhl&gz H@ﬁ?’oﬁgﬁlg‘brg@{% M‘ﬁ%t@i’“@ﬁg‘?‘)&rﬁg’ic% Ei(kgﬁ%%’
pKK233-3, pDR540, pRITS (Pharmacia), pSKF, pET23D, A-phage derived vectors, pl5A-
based vectors (Rose, 1988, Nucleic Acids Res. 16:355 and 356) and fusion expression

systems such as GST and LacZ. Some expression vectors for bacterial use can comprise a

20  selectable marker and bacterial origin of replication derived from commercially available
plasmids comprising genetic elements of the well known cloning vector pBR322 (ATCC
37017). Such commercial vectors include, for example, pKK223-3 (Pharmacia Fine
Chemicals, Uppsala, Sweden) and GEM 1 (Promega Biotec, Madison, WI, USA). These
pBR322 “backbone” sections are combined with an appropriate promoter and the structural

25  sequence to be expressed.

[0044] Typically, the expression of the polynucleotide that encodes the polypeptide is
under the control of a promoter that is functional in the desired host cell. A wide variety of
promoters is available, and can be used in the expression vectors of the invention. Ordinarily,
the selection of the promoter depends upon the cell type in which the promoter is to be used.
30  Such promoters can be derived from operons encoding glycolytic enzymes such as acid
phosphatase, or heat shock proteins, among others. Particular named bacterial promoters

include lacl, lacZ, T3, T7, gpt, lambda PR, tac and trc. Commonly used prokaryotic
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N-term nus. Additional sequences may be included in the coding sequence of
the anti body, 15 for exanple to facilitate purification or detection of the
anti body or for another purpose. The heterol ogous structural sequence is

assenbled in the appropriate transl ational readin rame and with the
appr opr PRI ARy flﬁﬁbqt%a?tmﬁeo | nla%eb rﬁ"ﬁzlf‘?%% &%‘au@ﬁ@@tﬂ sgptPdNnal |y,
we het QCIli)dn_@ngl ag.,fsmu,fmmqae: B056R dRe ﬁyI{’c@kﬂiaﬁ) Sz;@rﬁbxgbterr] gyafeh%l(&@g?ara

termn entificatjaon pep e inmpartin esired characteristics, e.g.,
stabi | i #ht }%‘ﬂ’ &%‘C@F r@fﬂlﬁ%‘%o& 6@5'& fredts Bromofer 1BeRasE: & e 4943 FomiNednt
product 4chd0d] B8, ARG 2 03P NandSthe NesBa dedived P prom&ddaf NLfige Gafdkage Sequence
such _t hat .t he, ex%égssed protein ornyl - met hi oni né residue at the

h N- f
ani nS- t BRGELS (BRI f6 g8 bR 268 12R ThePHIGHSERIOmNtSS Systameismot or i nal

am no agjifcall8y e Snvedtic, RRH a®filaBR Ypr&fotb LRV Rilcthhs RS gfoﬁ 6Rs ol bEgsdaost cell.
The antibodies, antibody fragments, or antibody- 25 relat eé pol ypepti des

gener at Selestionf dheppnpropriaty vestor and mmpnoteniyiwell within tredeved o€ orditiangskild it hi s
aspect @f,Jshe invention are capable of binding antigen. In the event that
the antibody fragnent is fornmed froma heavy and a light chain, either or
bot h chains may be expressed from a_coding sequence with an ATG codon.
Pref er afl%Shot h divdi Feressien of prodwpspiidesi inhprigkarsotiq gells ofheptthate £. 307,

[ 009¢] Tr30ktcR) | RQRNnc&GOMR! rBciion Pond  $aHs15tRne RRANGSS .pfneﬁfé gvgrticggle.
strategy uses a Short upstream open transl ational reading frane derived
from a BiokMy9ticsppeiesae pqyisete Sushpropmoterycante abtadmed|feom govgs theybaveivear a
synt het | - ; i r i r pchis

pl aced g]gg\éhc{sf{dr}lggl%%g%&gtsﬁéer hgﬁe%gfﬁgﬁng%ffﬁgg)gﬁ%&db?ﬁg%;%gxpfsef € ZR%I%'st ream of
a ter ni lgtiregnoterofioetions insBagiisdn additioh® £.eofi Teseomdaditho suitableabasteciain d

ri boso i ndi t 0 | h rm natd o don, i h

initiat 8%!0%?)%%% ‘f%lrﬁ{owgq? rﬂgfngsr# g%l&l %% d%ﬁch%]éeE?"do}S?%g%’? ? eal(’oﬁlﬁltgc“zg(br essed.

TPeIS;%/st;n;@Ié{I d?éo;ﬁ@vjlz Masudf Coldi mmB %iesfﬁﬁrt;dri%dbomm,olgngmgﬂ adtds?usbé eSete,_ Sq gl res,

et. al. 988, J. Bial. e \ - ecre i bodi es

can be G& %’%t S50 l;gorm i 1?8:{2 ﬁlfr?%rd 21??{9?{% ﬁ%’e&}ﬁl ﬁlg’iléhlh%dg 13108 e?n%a Vgﬂ% od of

gr owt h Dbifer¢cieacd) &t Ve rBaatetislcbxpreesioidsybiemn Forsdxipteadihetht Protéing bHIBE YnvexineSSi on.

Met hods_for . i.toring antibodies in e i inclu8V‘éter %ot

el ys: 2o S8t o G hAlisaty RSP HAGOBS B o Db e 2020t o

Secr et ezBsaMosbahi &SalNEPSR| NauRe3es4ecidsyl ikitsOfor isedl alpedsibh QfRithe aper 1 pl asm

of #d;e bact er.i a. V\E{g'éhriods for disruption of the periplasmand rel ease of
hyy

ant T-bodSPHPIH $plasmic fraction are well known in the art and
i nclude the use of low pH (eg pH4.0) or osnotic shock. [0054]To facilitate

purifi ciad46in of Ehitkerpohytinaivt bfiegulafed ploendtdty eititieaRed fnliie pro®heintentich ds
Methods for regulating expression in E. coli are. well known in the art and include the use of
inducible promoters such as the lac or fac promoters which are inducible by IPTG, and
arabinose-inducible promoters. Regulated promoters can be advéntageous because the
25  concentration of heterologous protein in the host cell can be controlled. An inducible
promoter is a promoter that directs expression of a géme where the level of expression is
alterable by environmental or developmental factors such as, for example, temperature, pH,

anaerobic or aerobic conditions, light, transcription factors and chemicals.

[0047] For E. coli and other bacterial host cells, inducible promoters are known to
30 those of skill in the art. These include, for example, the lac promoter, the bacteriophage
lambda Py, promoter, the hybrid #p-lac promoter (Amann et al., 1983, Gene 25: 167; de Boer
et al., 1983, Proc. Nat’l. Acad. Sci. USA 80: 21), and the bacteriophage T7 promoter (Studier
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15 that encode the pol ypeptides can also include a coding sequence for an
epitope or "tag" for which an affinity binding reagent is avail able. Such
epi tope tags include, e.g., c-nyc, HA-tag, naltose binding protein, VSV-G
tag, anti-DYKDDDDK (SEQ I D NO :3} tag, or gﬂé:such tag, a |arge nunber of
whi ch aftalwel30, & déunBiot Tabese abs 198Ri Frioc.i et ricadrfel. WS 4874 videsor s
useful 585 olRCATMMARE aft BLHGE ASatbrdold 3t £ sHPLyPepPt i des having these
epitopes are 20 commercially available (e.g., Invitrogen, Carlsbad, CA)
vectors ﬁcDNAB.llwﬁé;His and pcDNA3. 1IN5-Hi s are sujtable for eﬁpression in
marmal | Bit8el | s) Idugihe promgterseRppbeqramismscrs piso vl kapye i Besepfiskdhi ng a
tag to Hh@efdisi omeRd Mchides £ edaiPld, NS RickMBthicHeth PRMBEPARILDY Helect ion
systens are known to those of skill inthe art, and several are

conméer cPrampigr, a4 well apmany etheys. " FLAG' (Kodak, Rochester NY)). Anot her
exanpl e of a suitable tag is a 25 polyhistidine sequence, which is capable
of bi ndjopgpjt 0 MeGRherC BRAradsRnA oAt t Yeqhém@a dich TYP I fRbdNe Sihdingdiigent

hi stidines are used, although one can use nore or |ess than sTx. Suitable
metal CHERGPEORTMTation sifegaRerators ard theHkempy alsybe inpladed. A corsirustsy for a
pol yhi shhidinBRad dde idf Ghotd Cofinbde! dRurbl beqBGREL Gretfehtled NElestibl CRikbtes E . 1990,

4
“Purification of reconbinant proteins wth netal chelating adsorbents” in
Genet i cARaEiitedy thhauclely peidy thpteancededho/pelliprptidesage incrrposdad fentheRgsiredP| enum
Pregs, N& &g@ i6h & d YesBVAIdsPRe from Q agen, Santa Carita, CA).
[0055]&hé’8€ i%ﬁ moufﬁ recggn?ze that nodifications can be nade to the
protein domains wthout dimnishing their biological activity. Sone

nodi fi d403tns nmay benskige-imidatioacsadpr amay b éntroduesidndjrecBy pipeizpsinoal ther
. ons ol . rPreSS y
I ncor p%ﬁﬁ%%ﬁﬁ’éd&%ﬁ?b@ﬂﬁ%@n@c&ﬁﬁ%%ﬁlﬁ&%ﬂggﬁg% , pth@‘qathf)dcﬁgt%r'atﬂﬁgo e we

known to those o art a or exanp ddition 5
of coddiegment palyfeptide sraxpressed ofithtahmethisinyhioe Neformplemethimnylp mesttie it thee bi ndi ng
domai n i . {.Qni i ermnus to
or ovi da St AR SARRL by TRl A ARG SRlent S MRS T

pl alded fonexempledp ficditate pusfitation peddeticoof/tbe agitiolly ot foc atatlbr pegbsd. CEHeon si t es
o o MR s SORNS St LA AN SRINEAGE e tapolo Y Rk e
Ant i bodies’ 1FUBET TH Bne tenbodi Fent .t he saer egtﬁé?w %B%f&ggg e
ant i bodinéswithTthe dpamipdatartitaniistibn mitiaticd widtermination sequawes) Optiomdlpr tiwe a

tetraner ach tetranmer is c sed of two identical pairs.of..pgl ypeptide
Chal ne TelIgEols PR 115 GREF ROae Mptahb B Be s e et Cha
(about gaprdeOinkdaring dériredrthm@cttistios, nag., pabilizationobr eiamphified Purficdhioh sfes a 15
varj abl e reg%on of . about, 100 to 110 or nore am no acids primarily
reé%bné?ﬁ@ Beonhirydedustogni ti on. The carboxy-terninal portion of each
chain defines a constant region primarily responsible for effector

functi ge05iThe vaAnalil@ codgi i msesedt ae @@’ bidybilt thh eadivg edipeiivepach tHaothd t he

ant i body bi ndi ng .si.te. Thus n i.ntact tibo has two,bi ndj_n ites. Each
o o ehereied SR 1S an Rl el vRithe Bt % SaPaieUS CURH Bat i <

or gani zgpkeésitinOofaths @bdifg sefuerd?, the Middminall BRidol Rt ma} Bk F&tainad 6r hep vdomai ns,
correspondig to the C reggon and the qther to _the V region. The_ heavy

chai ns THEd RyuProtegsrsi A dhe Bost celbr ride soHbrdies, patihody fpementsofr aki@odhr ee

domBi Ngelbtéd pelypEtiads gérerdidiefrém ReeSion JinBe TNA RBEMg RaguchiMaRbidg(8ach arm
bei ng a Fab region), each of which has a VL and a %H regi on associated with
each otlheaspept of the finjientigyasre capablp ofdynding agtigen.o Ay thy ¢vent Hat thejaptikadyf r om one
ant i bod, 1,630 RrhRH Hoph BeaviyAn@ T MRy Sk e%@er%?%&n&ﬁin\g%aya&e'&p Yoeq@nd whi ch
toget her "are responsi bl e fof recognizing the antigen and providing an

ant i gedtonl melding ssijeance with ay & Ghenden.dBre&irably befhighaing argexpredsed withiautap from
three g lepeptarity determning regions (CDR) separated by four franework
regionsgggﬁ). he CDRs are the nost variable part of the variable regions,
and they performthe critical antigen binding function. The CDR regions are
der3pved|8/q55bm manirapdationgl euplinermey baused kyenbareexpieasion. The strategy uses

a short upstream open translational reading frame derived from a highly expressed gene
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30 a conpl ex process involving reconbination, nutation and sel ecti on.

[ 0057] Light chains are classified as either kappa or |anbda. Heavy chains
are classified as-gamm, nu, al pha, delta, or epsilon, and define the

anti body's isotype as Ig IgM IgA  1gD and 1 gE, respectively. Heavy chain
subc| asBaiyeitnthy m%ﬂ%waﬁlesyat@giog ﬁ&tﬂghptmﬁnon- ﬂwhlﬁ erprpssethepeanerdingavy

chai ns, gl.he WadH @Qiaee@aumﬁea?ﬁ 8fthe 5?(9&6?&%11@%0&0%«3%9&@%1& andh ﬁ&kefaﬂl of ~about

12 or nore amno acids, with the heavy chain also includin regi on of
about 10f mereinatiensedanc s peisele theetauningtiop codwgg a sergnd ribesome di dmgmtn,darre nt al

| |
[ ts- ont H flfihg® o, KRG Esn ‘fo%%éiﬁ'?%%% RPdcArRE ARG Ul lRh BEEY P
| i ghl apalypeptide/todh gkpressed.i Birl systemgllows for Shesitiicient aditiagion af iraglationmBeeor k and
conpl eng o Y. d@s@f"ﬂdg”@:éﬁ%ﬁ@@zfﬁ?@ FR, 10 COR FR, CDR FR CIR

[
and FR ‘%%gasm gnnent am no ach region is in accordance with
the definitions of Kabat, 1987, and, 1991, supra, and/or Chothia & Lesk,
1087, .[00SMI . Bl clectetd: antibadierican teristdaied ieior dolaterioBom theaculiuee Budims78- 883.

0059 I t t be
E)er f o]r gféf}l?%s e?gg%ngp)t S oﬁ% l\)/\#gﬁa uldﬂ OH‘g’h% E‘iuétgrr% ggry&%b%ﬁg% 6%\sslggrnent s are
(i) theMethods foagmmhlnnganummassn thegne{dfum tnelu%;Wéetem blGl analysis,GHIS-BAGE ns; (i)
th d f t I f t
conld or G ATFRHERET Wil AGphigh Wit BPSATL] SRR Misules hatt Bfp e T OT
t he dAbddtectegnimrdr 1@61&6&1 froiﬁ iBe petipladm of %%acfdaa urMetB@be:foﬁdﬂ:ﬂif)ﬁﬁx) of\ktiec h

t te i, ').2
f D morpeclag i e QRPO Hnibddy G R pe i R wAL Endnt b o fRa by
di sul phincieddiht dgeofadw pHeedpIE) dreghotic shdék. 100601l n vari ous enbodi nents of

the invention, the ant| body or antibody fragnent may be a si ngl e-chain
anti bod

rred f. t

| bockbash, ey 88 R PR o SR ARty e DRI, R ARRIAdtas
dAB15 \ Hhit, enfade, thd:pdﬂypepﬁ(lésbca)l 2]so Fngludeanaiding @qﬁdnb@ﬂjr@ﬁ .epihapeal Gdigt $or
antigen din ffol ds n r_antibod | at ed oI eptide
f usi on %ﬁB‘?éﬁlﬁ th mth’@ rﬁ?ﬁeflo’&fyal%ﬁt guﬁg 631% éﬂl‘l‘? B § %B%hal n, one
OL MOr etag dlidse Blﬁdlﬁgc(iﬁlbﬂi&ﬁ axswettkg)uﬁn-lamrgmabmsm Igﬁi?_ﬂﬁta@[ﬁfaﬁy alishy b]?t Ih -
chains are expre ed wi thout a na ti structures o g
const i t'8%i3§ HB“‘S?TLH’?L]WB ‘HBQNC ﬁ‘ﬁ%o‘if EBII %c,tg? @‘i) ﬁgﬁreséﬁ’ﬂe"ie?tﬂgs are
| cnovv nustafal efst Shcond@nd fredvefiet Qifrﬂ@feﬁ Picpadde BMNng RBdse SepBpes are

20 commercially available (e.g., Invitrogen, Carlsbad, CA) vectors pcDNA3.1/Myc-His and

pcDNA3.1/V5-His are suitable for expression in mammalian cells). Additional expression
vectors suitable for attaching a tag to the fusion proteins of the invention, and corresponding
detection systems are known to those of skill in the art, and several are commercially
available (e.g., “FLAG” (Kodak, Rochester NY)). Another example of a suitable tag is a

25  polyhistidine sequence, which is capable of binding to metal chelate affinity ligands.
Typically, six adjacent histidines are used, although one can use more or less than six.
Suitable metal chelate affinity ligands that can serve as the binding moiety for a polyhistidine
tag include nitrilo-tri-acetic acid (NTA) (Hochuli, E., 1990, “Purification of recombinant
proteins with metal chelating adsorbents” in Genetic Engineering: Principles and Methods,

30 JK. Setlow, Ed., Plenum Press, NY; commercially available from Qiagen, Santa Clarita,
CA).
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|l i ght chains, and the other consisting of a heavy-chain dinmer. The
tetraneric structure is a 30 common characteristic of 1gG anong humans and
nost animals. On the other hand, the latter 1gG having a heavy-chain di mer

structure is considered characteristic of mel i ds [ 0062] Si nce the VII
regi on #0534 heavw@h%f'ﬁ?f THRF TPeEnizn tht M?‘&Pﬂd&é& bF dpads 49 dhe profritke

hydr ophabhginé WitBsaAtrhiRfRRin ﬁenmolbglgéltacﬁhaﬂ NSonleBodiBEHRRs iy bBShAa8gyy chain
that nornmally contacts a light chain is changed to hydrophilic am no aC| d

r esi duefpcilifaty, theaglpnipg. exms?éﬂ% of tinqosrosgtion ofi ¥ AR A acprlmartde.t SutiHs o
nor mal QBeugtaidt LRIl nowa Bthosddr sﬁﬁr}mh@%rt%d {nbﬁdé foeRMp il @b AadhioE 'QGS

are called Vari abl e domain of the heavy-chain of heavy I¥lRal n ant 1 body
(VHH) . phosbnyiaH cithes tesreians ehthespolumicleptide dhat enepdpg @ehb@dmg hlomiaén &ni no aci d
resi due s i mary

St uct s P Do cAlf, S IR 87 oOhF aRRRUNFRAR b PLAR RO B T Y

ami no aei @ﬂdntemaldmo facidsn(eag: CPQJE tfb$) ilaced lvg eiiherstpmeusoﬁo drbade bmvlemanﬂy

structu t acts with the VL

donai n. IE%QJ wytﬁc\?‘ﬁ{srltgsfs%&é%{é N one rﬁgoéﬁc'}n%c%t%% T L{%%[Sl ary structure is
speC|f|caU§¥ called forner VL side. These amno acid substitutions are, for
exanpl ePOIEPEPBIDBIZ7Y, GA4E, L45R or L45C, and WA7 are al so nostly
substituted with Ay. Such substitutions increase the hydrophilicity of the
forper Miiroalede of 15 [0064] Furthernore, VHBs derived from canels and

|  amas have very high thernostability conpared to nouse heterotetraneric

ant i bod| es. The use of VHH derived fromthese species_can provide, for
exanpl el003Q)| ecul &8 oppmbegimentthe searted pebperiiden prrapmiipodiss| | The Basin at 90C

(Van deinnbbd}dﬁﬁcﬁﬁal Ahit is PR to BbREINR tet%lrﬁ’d? h¥geh t@ﬁi@méﬁg (1,«9)1 osgg ))f tv&00065] The

diversity of antib repertoire of canelids is determ ned

conpl eridpitigal patistad rpﬁ{ymmxge cbjns wacl rbrRpaving gne "zbzﬁhlt" dahoyt 2h écDeff:iami onm |

regi onsm fsat-ar t her
anlgrral ?85‘@'53’?%&1@%“339 7 ﬁ%}%@% ?Iﬂmltoﬁee ca I—ikréeagifgiﬁgﬁnég %?a{lt erized
by 1%'s vagiebleiregipy of eyt [@&htpt HOanenaguangnqﬁcl@mmrdx repporfsiitly fatemtipes et al .
1994, R ?&é&d&nE'ﬁ% REHEL mYlﬁﬁ)po Zo%eaclfa{al ed‘e%ﬁﬁé ae%gglﬂﬂggfgsg halifle COR3 of

nouse aving an av ageo amno ac 25 1gGis
very | omsponsible for effector function. The variable reglons of each light/heavy chain pair form

W...

the antibody binding site. Thus, an intact antibody has two binding sites. Each chain has a
constant region (C) and a variable region (V). Each chain is organized into a series of
20  domains. The light chains have two domains, corresponding to the C region and the other to
the V region. The heavy chains have four domains, one corresponding to the V region and
three domains (1, 2 and 3) in the C region. The antibody has two arms (each arm being a Fab
region), each of which has a VL and a VH region associated with each other. It is this pair of
V regions (VL and VH) that differ from one antibody to another (owing to amino acid
25  sequence variations), and which together are responsible for recognizing the antigen and
providing an antigen binding site. In even more detail, each V region is made up from three
complementarity determining regions (CDR) separated by four framework regions (FR). The
CDRs are the most variable part of the variable regions, and they perform the critical antigen
binding function. The CDR regions are derived from many potential germ line sequences via

30 acomplex process involving recombination, mutation and selection.
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[ 0066] Li braries of canelid-derived anti body variabl e regions, which
mai ntain the in vivo diversity of the variable regions of a canelid, can be
made by, for exanple, the nethods disclosed in United States Patent

Applicatjon. Ser. 20050037421, publ i shed Febryary 17, 2005, which is
i ncor por[g‘?{jé her eﬁllr%hbflh‘}“é“f @Pe“iaé%‘ﬁf’ ay tegﬁ%rrkqp%t"i‘/.la%@a[ OHGWI phagis At er

enbodi meissifibd A ganhid, QR iaQiha, delts, Grdhbiaging @Ik ekb RRLYBAPEOIYSS ales, Scaf fol d-

pol ypept.i degg. ?&gf f‘gl d pol yg‘%?ti des are non:irnnmunogl obul i n” bi ndi n?

pol ypeptBfelss (et andlar frepecdide Hvays chaim sbelgssee i ypmaps es\ayigpaied VH

pr edet ernyaed WitgiaBght The h&dQP thdifg iR oS! hdedpkiagh r_ego&%é/@%h:};@ nyare

derived from an i munogl obulin-|ike domain contalning scaffold’that can be

gr af Ped THHehoALRRS Hoprasrapmigogrids Wt Bahegysiohie pisp desTudineco i eregiohef bi ndi ng

speci 1 Ghbut 107mbl Gnfa] ks @8 YERIl, UROINEALINE caTRNABAM hidlikg, domai n 5
gl obuln bi'n dessr

contai ning scaffold. The non-Tmuno 'ng pol ypept t he

i nvent i 6rd ¢faRavaniesa.dV Ant S OLineorpprated §y seferiohes infie entivety ferrallipurposds)). t he
scaffold domain structures as well as in the ability to accept a broad
range ofjodsgf er ol OBBHSNRGIRERS CASnihAIbAE KRN B Sy kit L ichl®

i rnmunogl obLI in-1ike domain containing scaffolds .q‘éyg\g%é rgeltg@H %glgt&)'?ai nabl e
f r om hufeRPEsurlicanatisg frampworhend complgmegterielatgmigion regiens, (GRRY: FRyan

t hengpedinc #rs dIQR.nﬂg,l EBRBIE -FRTN GRS Qs”éiglﬂegts of %1}11(119 Scld (& BhdO é{%{[}%g iy an be

readily constructed to contain or omt” naturally occurring p sacchari de
chai ns @¢cordsn¢enwithyde drdipitions hbKalkat,ot983: sl 1891, saprecafdfa Chottoa é Lesk, or

polypeplbgie. shibhiBloi188: 001 MRl @0G CTRINIRA 24a! R dedvent T on | s directed
t o non-i mminogl obul’i n " bi ndi g pol ypept 1’dés "having' anti body vari abl e region

conpl ementarity determ ning regions (CDRs) 15 inserted into a Thyl
i munogf®88 i n- | ik basckesmiskevauthaiathe fingtierc of bindidg amttgenOBRDbegreefoimaskby ed i nt o

the | oo i e whi N tg fold into
a simil g?%%ﬁ???ﬁ&%?%ﬁ%EQWke;@ﬁ%@w Iggl%faglfr%%’w?’#r %gs(gi Jrir&gnm on%%meg{ ructure
of dhe eemsting off the MleMH, ClneidsCHYy dombiss;r(d} thetRdnipgmebi ¢aalsisting afther®Wi c,

ant i body- N0l y:pantd i bl t:s. si Bl [elsl characteristics
conpar e%n({(gﬁ?ﬁég%gg é%‘? ﬂ%rﬁv ?%5% ié/lt& CB%SR%E 8 gihle ﬁfLa%gBﬁ% ?9'8%% i 4 ARRIC At o

i nvent i ofien atilodye Cive thetdAbalidgimeoid(Ward| a8 eet a1 989e Nbiueke 1h 44-54p) aliar ed

i mmunog i 14 mai | e by amnp.acid substitution at sone or
al | pos‘{:ﬂg}cﬁ){rﬁ's& a'l'wée%%?aér%’ég) 15%2%@ %5’% U%rﬁfg@ya]lg(lﬁb Ztiagfnt%tﬁ’ Hbﬂﬁ‘eﬁg confer
sel ect i fregrxnncdémygisarpttiveiFaly fhguardirked bgadidulphide briddsantie haige Bapigid by t he

anti body-rel ated pol ypeptide. The am no acid alterations can be nmade at the

ody- rel _ K erat ions can be n
hosl SIPBFICA" o T MBS RERbRHs S oo Sl RO HrmitEnt 1 on 1 <

di r ect emay be aninglbatiyinraatiidgdr may be formed from a heavy and light chain. Examplary

antibodies include intact immunoglobins, single chain antibodies, scFv, dAB, VHH, Fab,
Fab’, F(ab’)2, Fv, camelid antibodies, nanobodies, antigen-binding scaffolds, and antibody or
antibody-related polypeptide fusion proteins. If the antibody contains a heavy and a light
25  chain, one or more chains is expressed without a signal peptide and preferably both chains are

expressed without a signal peptide. i

[0061] Two structures of IgGs constituting the immunoglobulins (antibody
molecules) of camelids are known to exist: one a heterotetramer having heavy chains and
light chains, and the other consisting of a heavy-chain dimer. The tetrameric structure is a
30  common characteristic of IgGs among humans and most animals. On the other hand, the

latter IgG having a heavy-chain dimer structure is considered characteristic of camelids.
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pol ypepti des derived fromthe ThyOx fam |y of i nmmnogl obulin-Iike domain
cont ai ni ng pol ypeptides. The ThyOx pol ypepti des can be used as an
i nununogl obul i n-1i ke domain containing scaffold or as a carrier polypeptide
to generate an anfi body-rel ated pol ypeptide of 30 the invention. Scaffold
pol ypep{qoéé]s and Y95/ Yedegen efabpatsr diefiofimeptaG ipapemglid dopgyrobavainie by

met hods p Bbic iREra@ARRAE a HoROHRindine ¢4 oﬁpﬂlth éa!vy'ﬁ G orMRIR} | Cation
No. 200402 695m ubl i shed EEce%%er 30 6ﬂ |gz€ncgﬁ%bra?%d her ei n
by ref eperise 3 Heltichaiaris changgd tq htrophilis amiae awérr@sndues ihe cmeplm Due to

L nnnun%gﬂkﬂ'd’i@er&ﬂc@c&%dﬂ Vs of h9irhdl EteARIRIRric 2%%8 san z{n% Jigpéerence to

a scaff I's intended to refer to an art-recogniz
st ru&t uh%@lvyﬂhﬁllil fditheyy Fa@si are prallediViasialdé dainaiar e thfeuhrayy-chgin |qfd1eaw-ctglrf or

exanpl e, e};@gﬁgj ular matrix proteins, nuscle proteins, inmune proteins,
cel | -surl} ac eceptors and enzynes. IgI i ke domain rrenbers have been di vi ded

into various superfamlies, including for exanple, the im nunogl obulin,
fi bronetd6# t ype VHH han cpxeellent solpbiitypdiief tonits |he'ér0pltﬂlh@mlsmpetdflaﬂﬂmqses

cont ai nj ot &l g Bgltﬁfg d'goﬁr@' aﬁé &'Ctﬁl'ﬁ{l@g)gggc}éf riobfy UlGetule Ean%(@n%lde

rrenbers the PI omai nd- act 0sS gI ucur on| ase
t ransgl &ﬂqamq@)sxf VIEHD. de@pmlbathewdlydmphlhonmmdacrﬂﬂesm\ms fGuymclssipreindbd de

di Si‘&‘t a%)%cé H(ﬁ).e t | 'Egetgur%i&lﬁe é?%ﬁcdar{eg}fggd%?l%%ﬁe E‘%‘e hafj %rtr%l bl thha%%y&[ aadapt or

appendage donain, omal n |'TKe, “pur
N-t er mi davhaio rﬁarem, the pnécnembldﬂmecé dpact @f ehd teiidary tshuc:tmdl is stémﬁiﬁlly rtal¢dc hange

protein nal domai i nvasi n/i ntini ragnent s
super f a?%nf‘?r%bl-s n%‘ef? @maoaﬁ&i ‘W%qlt?tl?élf Nie alfors?xmnpgr S]s i% Q{.ﬁ?ﬂ?}}tﬁ
bet weenL4SRTGEr45Q) fandl W4 7e4re mlso smmﬂy Butslifuted Swith GBS pShi substmmoﬁs gotchéecant

sequencg i denti.t |nt ed to include Ig-1ike domain nenbers
within @ﬁh %tyé’ig‘r‘?ftg Herefore, the term

"i mmunogl obul i n-1i ke (I gI i ke) domsu n containing superfamly" is intended to
refB5 t[p0&d) | gl i IEerthhmmaien VHH’SaﬂeﬁivB@ frenbeameto | ayf eflirhabe hwvd Koty afiph of these

superfa Iles ot her wn in th [t. pti.on of the

ai Frer cermiog R Sesnadth o Cortea A Bste pidiess Theiop of NGt

exanpl efroﬂl:n Iﬁlae@ épl’oééﬁs Qhn ﬁio;}/lde,lﬁﬁ LxanPlé, Uhdledutes iRdttnaihdes. thoii lllit@n QB}dg{gd Wi t hin

structur, at a S as. at t mann. ac. il (scop/ da-

8 Scop Ui AL ATC (Vb S ARt NP BT S B 3D Thyox 1 ami |y

polypeptlde when used in reference to a anti body-rel ated pol ypepti de of

the i nvi@oéd]on i sThatdvadty oo aﬂiﬁbdsﬂyar@btbdifeass cmends poldgpapinedias e hin the
ogloblln supey f am F ununqgl obul { p-11i omaj n

co ai ni H’é’e&ﬁ‘g?ﬁ'eglf{eﬂ%’é‘"{gyg%g e()CPEﬂ) é? B@f{]gh@llt mﬁﬁ%{ﬂs%&%ch

st ruct Wosbessi®it offthidd CDRENE B ddkrhgbnAwiBChé fg@scbffoﬂféﬁm&kspé&léél GldHeReSitH® | ar to

anti bod bl e re ion domains. Partjcular peptides withjin the ThyOx
famly %Pﬁﬁ %éﬁwb HH 158100 4t chapasterigach p e relmyllon@@gth@va@glneﬁé li ke

pr ot ei nindnél 2682 (ePRb@aEns 30 ol 00063] Arorsts ot ghRERIN7(9hhE1208T Ror 3eahfIQ! d” TS

intended to nean a supporti ngH
compared to the CDR3 of mouse having an average of 9 amino acids, the CDR3 of camel

25 IgGis very long.

[0066] Libraries of camelid-derived antibody variable regions, which maintain the in
vivo diversity of the variable regions of a camelid, can be made by, for example, the methods
disclosed in United States Patent Application Ser. No. 20050037421, published February 17,

2005, which is incorporated herein by reference in its entirety.

30 [0067] In another embodiment of the invention, the antibody related polypeptides are
scaffold polypeptides. Scaffold polypeptides are non-immunoglobulin binding polypeptides
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pol ypepti de framework used to organi ze, orient and harbor heterol ogous

bi ndi ng domains or altered am no acid sequences conferring binding
specificity to a ligand. A scaffold can be structurally separable fromthe
am no acj d sequences,.conferring.hinding specificity. The structurally

separ ablt ath’feilq\’lbrFegft“é? %&Iﬁiﬁgola Ity tovrd u g ePgdsjerminedy ligandy £ flap enqn-

st r uct urigmuiBilbBugini bisdibgl ipBGpeftides axattved flodn SANAMERElbRNSR&EHoman Nel | X,
-barrel, coj l-coi#?e}aﬁﬁmd ot her EOl ypepti de secaondary and tertiary

st r uct urceataigEg scp atreaprhs grpkted With binding dorpging ab 2 pareny epkypentidait| al so

cont ai N c8ARr Mk biAE sPRURH DS 1 PhreRBELIRRPHR dnfFhé InRFJpHLARA-SiS 8QHARCE
Wi t hout substantially reducing the 'stability of the supporting franmework

st r uet urentainiessatipyl. aflp noedmeinesiehulis binding polipertides pichedwentioniharpthe egi on
SegMeNt ai{iAtachObMeidg bl ARNHSH®r iR Lo WafiBld Yomhi SREETes AW M%sAs! d

resi dues corresponding to the structura separated portion of a scaffold
i s ref efheedbility Her edceptag brosd apngd off h@mﬁ&mu@ polyneptidg | wibding nddmddes. 10

donai n I v Of. LRVERL O it bl than abqut 50%
i o acy o ena e Rh ol ik WG ELERLAR S up bE A BRI “Cha n
f r amewofionahiman switets sedbariber i@ansogehdojty Whemumsed ke lulineal thiepenioss n

contai ni.pg: f ] aTlle]] for exanpl Lh i d sequenc.

et ¢ gopisEae, ThC 3ty be @ Elon I SRRy SR GRER CoBSHIERR 1506 or
about 108mmdppacedng polgsabahatde chamsrodd ddeitdde mova rchaibé er bibavakt@rscdffqgdt chai n
15 fra 1 ho acj d, sequence. Residues of a scaffold that can be varied
are re@@%@sggoﬁgfaqdﬁsw(ﬁﬁm?eference to its structural properties such as
a loop region or with reference to its ability to acconmpdate altered

r esi due$0068her ef dnene ambedimty) the imgnion ishiitctehto fva-imanineglobudinrdhding ed to as

a scaf f gl [l region, t.abl e reqgion xch e .region lterable
regi on gél%%gﬁ%s%ﬁg a?lg%(%’n‘fan ol(? r%%}%%oa@?mﬁélge\r@é%ggﬁwg F‘?%“?ﬂja(gi)gﬁﬂ dary or
t er 15 ar ynseteduntainalhy? Oinpmepglobuléslika domein r @hainhgd scaffott. f iT8d ODReagmser ved so
| ong as.the averall] structu he, scaffold.is maintaiped. Those skilled
| he PR B oof etk ot i el PPiep Sticlo™s i APBR S PR e ur a

st abi | i siynilef cenfpmbiymespt theke woGHES Beoindthashrae Uimeasiohd) &tr@XLRNSf the dehdrCBr such

resi dues can dified. (0Q74).Specific, exangpl.es of scaffolds o,f.the

i nventi B e‘%ﬂﬁﬁqﬁ’ag‘?i #Lﬁﬁ?ﬂﬁhéggﬁyl’%‘gl ‘?rkcé‘lwcdﬁﬂb;}?’ﬁyﬁ%m%%]iyﬂ@’t‘é& sERPHSY |y
menber ssimllackifdifg gREdcfmklics coBm: f BOpdraitAn@boligmunogl obul i n-11 ke domai n
characterized as a 13-sandw ch which can be used as a scaffold of the

i nventi The -sandwi,ch consists of about. 80-150 ami no acjd, residues
con?de:i nﬁﬁgglt wo | % efothsy %{ﬂl?‘idﬁﬁ‘?’i’l Itéef ISRHER 38 n dfgatedh T hantpdyreiafet ophobi ¢
faces opolypeptidd- Ehags S1teee kindgmbpbuliAkl dbMeh . 1068¢ Inads NBRlankif@t RS a | oop
regi on tuli)at can be varied in am no acid 30 sequence sQ as to confer unique
bi ndi ng®RPUEIM Eispye ShelbPesRnsc dhe BiIchyNiRp @pidisaeienest dffliedeorfomaing i ke
donai N eonfdraieRbiMg SiH@RE faoiMilyy oWRRDS Niand 6fhtidfhan ft%: HOXAIBY Ghe TMRY,S ani 'y
menber %peptl des as well 'as the various individual nenbers w t%l n the

i mmnog‘{% PRIPaREde o nEhien 2Rt a6ichialigrationsermahe Imads eletherdustsic peidveous| y.

Sucss i nghiyiepHad 16V TRES & variety of methods known to those skilled in the art.

|

[0070] In yet another embodiment, the invention is directed to antibody-related
polypeptides derived from the ThyOx family of immunoglobulin-like domain containing
polypeptides. The ThyOx polypeptides can be used as an immunoglobulin-like domain
containing scaffold or as a carrier polypeptide to generate an antibody-related polypeptide of
30  the invention. Scaffold polypeptides and libraries of such Scaffold polypeptides may be
made by methods including, for example, those disclosed in U.S. Patent Application No.
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i nclude, for exanple, T cell receptor, CDS, CD4, CD2, class I MHC, class I
IVHC, CD1, eytokine receptor, GCSF receptor, GMCSF receptor, hornone
receptors, growth hornone receptor, erythropoietin receptor, interferon
receptor, interferon gamra receptor, prolactin receptor, NCAM VCAM |CAM
N-caderin, E-caderin, fibronectin, tenascin, and 1-set 5 containing domain
pol ypept i 3640268993 plitlishddiDeoaibef 303 900N WhitE firkoipolaied hiabia by refersdeiipid ons  of
these an qther Ig-1ike domain containing superfam |y nmenbers can be found
in, for ex%th'pt?'e | sacke and Horton, 2000, The Adhesi on Ml ecul e Fact sBook,
Second Ed., Acadenic Press, San Diego;, Fitzgerald et al., 2001, The

Oyt oki ne E8F1k Book As Sesddwrsingthe term ammoglobylinglike dgmpinbpieJelike demaislr sh et al,
1999, The virkedea it SRR to SSGROM iEiend ASHRI SRl B30 o P8 Jagmv%go [0075] The

ant i bod| es, anti bog¥ agnent s or ant i body-rel at ed des of this
i nvent P on SFHgTa) &nol 9‘%&1 PPl & Jiypre fipotion, welydiag for erfﬁnR}%xr%e@ hds#hodi ment s,

Ej he anéI [ ?ﬁﬁhﬁsprotﬁﬂs{, hﬁ&ﬂia/pr&emg fﬁﬁﬂfﬁlﬁe ﬁbteﬁaé]tcbllllﬂdﬁcé ﬁb@tcﬁﬁalﬂgnh‘ﬁ@@t Egies are
erive magmnmal 1 .an use r.a sneep, rat,
hanster c g m mﬁ’f WWOSW%W‘{I’% ?ES“‘FIBS’%E exgpRic.ant i bodi es
of this |twémtrmm’gldh$algm tmronmﬁﬁemnal and Qadhegin bwpettigilies. hogbr @ﬁ&fdn’fllléél ty for a

& " To7o, kel OF S EGRmep o TRRAF o R, e ey HRRA BBk hr ough

with il@rpodbram P-galnsestflaergheardaiihdt dma@Ntdnfdlaahdsy tend-temimakbdeci al | y.

007! Vongshaabadpt o il YAt RACEbR SN, S BT E0
i mrunog! ofsmaim glatletiuedapigr epriehdage clovking gntegnia damamsoi’alﬂ)-lﬂieolnu@kc abifly
funct | onaloitbiROSolBRE YR & lrtsiBR L dubledlie S BRI YonoBRGRSC, the

ant i body-'secreti ng mammal I an ne 1's I mor istics of
t he anti boelginddshD Nefsrraigal dpivhie and rasidntirhiniell pdedon fragn@ntkegpe;fmmbeerti es of

mnocjon qg-l@c@ be%@ét[%%tui%f ﬁmflzt}ﬁ%{s nﬁﬂﬁaﬁﬁeﬁ 'bthvEéﬁ &&ﬁbeﬁ}. oPéJHE{e r‘fgﬁxg;e's gen and

t he reproduci bjli can manut act ur ]Early

net hods flﬁﬁstﬁﬁﬁﬁlﬁ’gﬁ%ﬁ%‘P%ﬂ%“%%e T"H‘E)H‘rm%d E{’rfddﬁ‘ierﬁé'h@@ emdit ng. An

ani mal  ofméhelsGathirfand acrosd eRUSRfaliE THIRRN, AR Aer trimaho ?ﬁﬁﬁlfnelﬁcemt i gen,
ant i bodydﬁ‘?o ucing cells were harvested from t he _ani mal" (usual l

spl enect Qpéatning wpepfaailyt pintendetip rafer tp A8 de-diky flgmaig c‘é“m‘mﬁli/el ona
cells, t QndiRbspatypaptive md@mny bfamese lsgpReEhrh¥ies¥ vt Qs! Uﬁﬁ@ﬁi koAl ite@dys Such

hybr i t echnol closed, for exanpl e, .U S. Pate
4,172 12 oSt % 9 gg%z‘%ée’e 3‘? 4R idomain Soptaimig oHpe £8P J% %PB‘%e'g& ngs
39:4922; ekampléech Cladte Ceahal 99, FH48yre NI Cldsar:114533n &ldo Githin 16cudideht 106.

gg??g%grggtlapt sgéfxcats%totﬂeﬁfin&bavgg ea%%cﬁ‘ﬁcop a—%a/scoag Bl’hgguce fidly human

[0072] As used herein, the term "ThyOx" or "ThyOx family polypeptide" when used
in reference to a antibody-related polypeptide of the invention is intended to mean a subclass
25  of polypeptides within the immunoglobulin superfamily (IgSF) of immunoglobulin-like
domain containing polypeptides that are related by their common B-sandwich structural motif
and containing a scaffold framework structure similar to antibody variable region domains.
Particular polypeptides within the ThyOx family of polypeptides include, for example, Thy-1,
0x2, GP40, Ox2-like protein and Ox2 homolog.

30 [0073] As used herein, the term "scaffold" is intended to mean a supporting
polypeptide framework used to organize, orient and harbor heterologous binding domains or

altered amino acid sequences conferring binding specificity to a ligand. A scaffold can be
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has permtted the selection of hybridomas which al so produce fully human
anti bodi es. Such transgenic aninmals are disclosed, for exanple, in U S
Pat ent Nos. 6,075,181 and 6, 300, 129, which are incorporated herein by
reference in their enti rety 5[ 0079] Di spl ay technol ogi es have al so

permtted the se]ecti nocl onal anti bodies that are fully human or
ot her ani nﬁtfuc“’é"ﬁgy ag’{é ‘g%g}%eﬂ“?‘@ a ﬁ?qB‘?m?e?ﬂ“feﬁﬂﬁtb?&lli&speGﬁ@Wexﬂmpl e of

such di spl syuctuedtiy pepaaiie @6riivs ofthagioldidas ilobide @ SXMIPbEHHFRFER s&ucﬁﬁah%%?s in US.
Pat ent Nos, ? 565, 332; 5,580, 717; g 821,047; 5, 871 907; ' 5, 885, 793;

5, 922, 545; nsTuding, fg examplgdissandyichg B-sheet, pohelixg Pbamel; o@l-cqledand e86r  and

6, 387, 627, powpepmﬂeaaeemdmcan@mdwmmnmbynom metherance saffold6f theent i rety)
wher e asveg SSi QN ntipbodi es.in which one or nore
ot boas Rt A A BhERG8 br RoplhBbR lufl RO 1t fmiip afil sepbines

const ruct edxthﬁustwsmllnrr@iucxagl theestatility od Uheeduppmttmg ;ﬂdnﬁwbx&rmm&t@t&l ahrains of
t he prese hodi and |soI

phage- ant FE{’)(O ?I X@Q@én&ghdé?ag%ﬂ%egg@b@ésoe]ﬁ prﬁ%ﬁ%%rgm enIt %ogii

phage- ant | beudwichionB-slivet. Againo wid legdush cwrtv@pqndmemﬂx@stnpmmﬁvd@sratqdpr oved 15

expressi Or})oﬂ‘fonnﬁgtrécyffo?@ﬁrr@fqui Ak egpgsj §§caﬁﬂﬂ (?%%Evg{k m esqg\?uﬁ gn of
vari ous sub-cl asses of antlbodi es Present rart es. “fhe f proteins
may al kb plemagiaseriainiag sqaffolds ﬁdb%t@éﬂ@tﬁxb@ééesémmonbﬁoé{mnﬂb@@b}d lkietmtx)n

prot ei ns |t@§ hh mﬁmggladums %%%m%avyl\&hgﬁmmﬁ Plam 5&‘3&5&3%1(1@9({%1&%' ng and
anal yzi ngfé) g‘ i bodi es are describ not her

ove ents
exanpl e o I“%P%}Dbt"ébﬂﬁoﬁm sonjtainipg aigftffolﬁs s‘wﬂa?ihgnfx &rpixewplar e
di scl osed ajnho2id. s&lue:lf&amﬂﬁ g thﬁx 208, @@sabowm about OB ORhBRDALCEhoET €1 N by

reference i entirety). [0080] Phage-display technol ogy has general |y

made use of’ 2t?¥@?’?‘i‘tl 19%erargaEd B athupen FRmposioblinoyarieble heavy<as|lightr diait ed phage

fd. These fphagas ami® GRABGRRS, Qiesﬁdeﬁ@ﬂb@éaﬁ‘oﬁ'tﬁﬂ'c@ﬂ 8¢ v&:&é%@ B4y rounded
by a cylipder o 0 t proteins. Mst é %’Q capsid consists of the
pHt ORP

maj or prol&FR ™Y Iriggn"SE Wﬂ"&fﬁ“’f‘]lﬁ?@mﬁ? %“c Frgloa oy wish rheenedisiits per

phage. 25a‘rﬂ1ity0d$leccemdlodh'te ilﬁﬁedpéb&ﬂ% PEetefdib, &, scm\ﬂd fegidh @hat cabepeGRRLER each of
O—|andp arel ﬁgln host-cel |, bin ggadlnthetermnatlon of
the assenBt a(?«?ssg ° Vaf‘ e T5BiAR ik regin, eX° 19giQpealicpple sgi®En of pV |

and pl Xd dflydgeatﬁhcrmm , pep ek, ofReﬁ&xeartd»nﬁﬁmg?‘seB&dﬁfyl SiStertiaRs &ﬁfﬁﬁx&aﬂ ely,

r equi r _the initiation or I ntepance of virion

st abi |63ty If%%f’éff%n% éamneghfngggf‘?%‘éonfeﬁ%g gaﬂéﬁia e of @Rt i bodi es

and synt hstfifald 30maintainkd dThese slfiliierl athé yrtrmm,cbxomldefeﬁﬁhé)cwmi ©gdadescri bed

above pro ie U ant i es . ar Qtentjally
ﬂllll&l%g rﬂ%cmmdﬁ? | x%e,gﬁde SaSHold ?syw 1a§;0l§ F y‘BlH 1|?

I munogeni ¢ | n humans an nogeni Ci Eled the
devel opneptidust cantbe magiied. i ¢ antl bodi es. The production of so called
"chimeric antibodies,” e.g., variable regions fromone species joined to

const ant [p@@jons fSp@Jiﬁ@é)@ﬁmbﬁé oPREGIRSF ﬂr@ﬁv&asﬁméﬂa@moa%%gﬁﬁﬁé ul, but
does not overcone the i ogenl city problemin many cases enpl ary

met hotfs ISP CORATIDG yP 1% omersbersy o TYpss c pupsdamilyn members emham @ US.

Pat ent Nolmﬁxu&)kﬁ)bﬁlﬁxzhke\ﬁbinﬁih cha¥ackoRG & R APdaf i R Qin BY ulefhEL its
entirety. ,100821Rec dnnant DNAtechnolﬁgi;ﬂ(i1 has 1eennutlufel zedgctggagf)gduce

i mmunog| oS PYOtQH SROGVIER PARFSt PhRROWOS & 1 Y0etminmasid regidves sentaimag Pes
conbi ned Wiyérs of exitiphiane? Btshdet inywhich the flat hydrophobic faces of the B-sheets pack against

each other. Each B-sheet contains a loop region that can be varied in amino acid

30  sequence so as to confer unique binding specificity onto the scaffold polypeptide. Examples
of Ig-like domain containing superfamily members include, for example, ThyOx family
member polypeptides as well as the various individual members within the immunoglobulin-

like domain containing superfamilies described previously. Such individual members
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determ ning regions (CDR s) from anot her species' inmunogl obulin (see,

e.g., EPO Publ i cation No. 0239400). These new proteins are called
"reshaped” or "humani zed" (when 10 the framewor k regi ons are--human)

i mrunog| opul i ns and_the process h t he dogmi mrunogl obulin is

conver t B R exafiRifa - 9eTHEECoP IR &NEJB | CI2 558 S MG Plgssi HMIEGRCR Ly th a

hunan f gag@yOrkeptsr, GASFE@cepfit TBMESH kREptor, E&emb qBeptoRd, Hesteih fRkmone
humani zati on of antibodies are disclosed in, for exanple, U S. Patent No.

6, 180, 3tPOePteRn PYHIOROIGtA JEsepinT atitsaterRsy epapiasy e i gRiRmA Fedepler, driplpstiy y . 15
[ 0083] ApebdphdrCind AN ICHORT SSAR) INERBAE BLAISHE ITRREnce@Y) RRastANShd Ysted based

on known antibody se uences, which refiect the structural propert| es of a

whol & geastainieg doserPelrspdesner mivastiogalfeagmertthereglo Aemplarssdegerintions ef t o
reduce fbe AURETe-ffe Bl ﬁfcﬁl mﬂ? Elﬁ)%rf%w&%lb@r@)faﬂ Bouhd rf gz ?&ﬁ@gt ur al

repertolre. This approac art| rcia nes, which
can be kyake tud Hogan, 2800l Adhlqiweb@vlﬁulledfmﬁ@oqknﬁﬁmddidt o“madffmlclPe@s,age sites
and re t c Vag h t

enabl oot PRed JibpHaR! f PaRR, PAE S Eap o LR B, Maer O AR

expr es sm iegw sind Maashyetdé s il 929 Th@wAdézlcrsBam S(ec;om)i JEda ndageriie Press) Sqmosm bl e
pai g tlbody light (L) and heavy (Il) chains in terns of interaction
pre erenc antigen preference or reconbi nant expression titer, which is
virtually inpossible using the conplete collection of antibody genes of an
or gani si#0#dd al | Tb@nmihmdieb,ombohefreglﬁenw@[ 00®4iyFredateds polypeptidési ofl thisd set of
conpl et t 1:C . I I si.tes at

t he bouiﬁl’ rulg])égll 2? Eg%é%gre%%%s?@ ? rar 9‘%‘?% Iglvg?r%u%teg{b%%?l {e%f i&;lrge eoél%:efsf gene is
bui l t Lqmtlbodynﬁragnubutsem aniitiodjrrelatpd palgpdptidésrane derivad fisubmenmatint genenartdhe

protein/ | tide | | . In th se, of an i bodi nodul es consi st
bt O 1 DG RS ot b6 shor . Byt ouhor bipbaohyidh ol BiebEn o Con
nmodifl esfocded. f E!T'lenﬁntibedieﬂmiﬁithﬁ; mmtrmlbn aﬁa@ebblmomolsﬁalbl I(]vhn%‘So akier a[gfhbl Ied

Mor eover, ..f. t oy nore ar | ci al, genes t| ca of cl eavage
STt e e P BYiEgH, thedyepot B e Aribodiss Thpfar B il | ¢

|'i braries1ogs, Natbreezserrwn) Sepiedentog al sf@ﬁ’idaﬂﬂteﬂﬁhdah&‘éﬁ{-ﬂﬁ&%ﬁ withishgoagousl vy,

wi t hout any itional inforpation related to any particul ar gene
sequenc"é’nse’ﬂ‘u‘?‘@‘3 offpseisgiiiealy sne comapet ?Bptl ni zation of, for exanple,

anti body affinity, since DNA cassettes encoding libraries of genetic
sub- el goerd]s canMogodlénal aptiodisi dré traain@hzﬁljr madt bgusablishivg 41 fihmoitalserted in

any of these, se nce he osi tion put nOWI ng the, actual
bR e e Bhigh et o st oo Mo B et L StF g, br ar y

rrenber .onEXRiRA| ¢ ¥ viEbsioAs ﬁﬁbﬁ&ﬁﬂ%ﬁﬂﬁdd@gmﬁhéﬁﬁlbahﬁp al b&h&ﬂhﬁ?e@fﬁcﬁiﬁtl bodi es

are disclosed in,_for exanple, U.S. Patent No. 885, 793 and 6, 300, 064,

whi ch esYsAdlg fﬂswba@wcw@pémﬁnwahaéfcél ding ds FW“?‘#& the chatpctesisfics pHBB5] | n one
embodi r@bodyhige RPEIRGEIE FRnPEACIERI TaRRE The ke HdpHERST RSHocRAs a88bodies

are their specificity for a particular antigen and the reproducibility with which they can be

25  manufactured.

[0077] Early methods for producing monoclonals were laborious and time
consuming. An animal of choice, e.g., a mouse, was immunized with a desired antigen,
antibody producing cells were harvested from the animal (usually by splenectomy) and fused
to a suitable immortalized cells, e.g., myeloma cells, to make a hybridoma that clonally

30 produced an antibody. Such hybridoma technology is disclosed, for example, in U.S. Patent
Nos. 4,172,124 and 4,196,265; Zurawski et al, 1980, Federation Proceedings 39:4922;
Frankel and Gerhard, 1979, Molecular Immunology, 16:101-106.
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created by nmethods for engineering antibodies where the resulting
anti bodies retain epitope 10 binding specificity and affinity while at the
sanme tinme having nost of the non-human sequences replaced with hunman

sequences,- as described in patent application U S tent Application Ser.
No. 11/ [9%{?1159, 1 Pé@@é?ﬂ?&r‘?%fgeﬁgoajﬂlmaﬁiﬂ@ﬁ pragiupe, wﬁwmwnh@%ﬁ n by

ref er engR defnittbd the RbI&RNIOS hyttiddmhs waleh Q¥R pksuiesifully hifah adtBotlief 9s@nBSD pai r
fromthe reference antibody rotein of a

er en . e.g., ap CDR3 pair (CDR32). In
ant i boditaseEmanigls arrdischsed; forskerpele, in 158 Pagpnt Nos, ﬂﬁéﬂéfé@ﬂ:@ 3QRdRHody, the
heavy ClgioRaRMboticiita K By RERSncBiimbR ofh@$E CONtact wi th one anot her and
are optimzed for nutual stabilization of the conbi ned anti gen- bi ndi ng
conformati on, henge, the for_m% unit, i.e., a BSD pajr. %j'he
ant i yenO879di ng dBsplayr Jesiess hayy alsgypamitiche taen delRttogn of HBonoglB#r t of the
under | yiggodieAMMBIGE K9l hurhdd€or \Gilic@ RS, cRGTR, SyhiiRhit Mdloy sBRi-8yn@diBSD, e. g.,
that of the reference antibody, is conmbined with the structural 20

di ver si @9e exenpe efiurh digplay techiologintis shage iy (Peapwlessre disgpseddalySchain or
1 ONt R NesS 5965512, BsD 517, LRI 98711007, [3fseNioBupold 4t Boi0a Rk, TR

anti gen-bi ndi ng ‘confonnation’of the BSD dre’réadily i'dentified wth the aid
of sel eB88M3:93THHY; 6381.L AFO1,65R; and6.387.63% wdichere iptrapsated berkimby cel |

viagy li g E Lndi ' , . i ‘1 noassays,
o gV feupo R ekl BRI cihEibl of Bk oot il NI ES

ger m i ne mors egtthedy shah iefiseded thet Nitermimis of & ipbageafrotvinrasgy tasudtédat Suchat have
affinity 0 e T, sel - ions can.al so be

i ncor po\teg ésdéﬁn%{eoﬁ%rﬁéeucg{l ﬁ? on? %yﬂ}%g&tuﬁrbgf %ﬁl%porq((;%% grsey%# %g}r?ig 0aﬁllnltni %rg%fyt.so

V- segneaxpress lantbddes andeispleteaphagelaytitexdies | inwa tsigmakin@PRBdent peanhen. r €khe t hus

sel ection of. hu V-reqi ons .c | so o ined wth |imted nutagenic

ai ver siPeh AT ophegaRbaRS i e ot 5, SP IR Hienliol Proidhs FERPUC 20 | o
manys carpresdiornofpocsll seatied antibodice aRd betld SeprebbmtalionSeforEbls subpdskaidfe used in
generat i . braries.tq.replace,the heavy and/or |ight chain Y-segnment of
the ref% Eg‘?déeeg Qﬁets?rgoﬂﬂlq’@ﬁ?ﬁllg%e &P%nﬁ‘é‘ﬁ? E%E?We.rna?héls‘ﬁ[}?ﬁﬁxm}eﬁsﬁgrgﬁ‘%r es can
be gengioinatieotiile encodihgR@liboByrfasien potdins keasd b igndIReRIensdIPMettogatdron usi ng
primers ap ropn%tsie for t%e ,de%hﬂgﬁed S@g nts cflro, DNA ob%al ned from

per i phéPEPUBEORITLERS P AOpYZ N PlipaccHPiAdiEs pitedisgiinertigi thedbayePdgiect ed to
cont ai NAADLIRAFablb b SAREiklay iebididl(H - is Atdse URBlal (@ladhplds Bee GRBIBEJIGK! €S can
be obtained by anplification of genomc DNA fromngon- 5 jmune systemcells
in %rd&-st%lt%i\fara?‘%ﬁ’ﬁﬂ high isriBcoiRaatedbriein by sefeersdB ity peireillran gernd i ne V-
segnent repertoire consists of 51 heavy chain V- regions, 40 x light chain
V- segngoeso] and Bfagh.didplaghteckittdey Yosa@RBANS  mi®Kingd of Rt Hardntohs621
germine V-region pairs. In addition, there are stable alleli¢c variants for .
Tost ofbRERRBHEE Mad i ieiclosglyelaied PBaie K1 FRECTOGHES % ewooet PLeEeT o t he

st r uct Wiple-shHaM@IASDNA. ffrrobRd 9N Ey18erlEF s0BPBotes! EMbSt dfi tHE LA caphig
sequences of all human germline V-segnent genes are known and can be
accesséansiss phibe majps pwteinp YWl e Ewhish Higferre aprrorimatelrd:y Wopies perdthags: ot ei n
Engisneeyyi Lo | ) jol i ¢ i ; J Mol

i o 20 sndOORE VA il B b ARG et BT ROL 1 s IRRRY T s
et al, i1bog-cel) bidingRing |in g Jerprhgptipg of the\asseaipliepiocssar Abfesothpsead.aherd by

somat i r esg I tadr aki 0 may al so
ok | AoEPE CHE SRS By A bl Y MahPadtic plbaks TE A4l 2P R0 o oe

mut at i eespecdivpyarequicedfer the mitiatinn ofgssamhly and focwaintenarst picition sthbilit ust ment s
which facilitate high-affinity antigen specificity. Wile nave anti bodi es

are opipgiyed fOfy,BEARAES @g%@ i%&w o LI RVCREL D ahifodafds AR F}mg?gpi ndi ng

diversity, affinity matur anti bodi es may contaln structura pt ati ons
whi3éh faalieadieshe Therearlyi Igi)@ckggﬂstechnologies described above produced non-human

antibodies. = These antibodies are potentially immunogenic in humans and this

immunogenicity has severely hampered the development of therapeutic antibodies. The
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20 required for high-affinity antigen-specific binding (e.g., D az and

Kl'i nman, 2000, |innzunol Res. 21:89-102). [0089] Human V-regi on repertoires,
both germine and affinity-mtured, can be recovered e. gﬁ, from peri pheral
bl ood | ynphocy tg éaPBL oft.en é)le;i from ltip .g., at least 10)
heal t hyproﬁmtwa 59 SalledSphigerompbAtironge - IR ecqeeﬁpﬁgorn-anﬁ@%wewm ook™ and
25 Russg) bons@AS reghdak 6%dth ofbiO Bhedls, HhsLEHRATRhRNKatMARER ], I dedls n¥P! s- 1-3,
Col d Spring Harbor Laboratory ress, 2001). Insofar as the ermine

f r equeneVermetthe BRimpRagenisity BObIGH it Rany |C?Feéx§?(@§@w mabade fereddimenizing pr udent
to capt WiBodibs k8 afidclobOBid, RASRERERND, SC|PQiéﬁt5NB°4 8R4, %wﬁmhsl Bffefatel €91 on

i sotypes (VH, Vic, and to ensure optimal divérsity of e ‘repertoires.
The PCRherein bheefergace in s entisetyf y V- r egi on sequences during the cl oni ng
process. 30 However, exponential anplification nechanisns are prone to
random fogses, arméc&mlﬁam&ecﬁ[wmqﬁﬁs&n%&éﬁotﬁ@dueé iR QIpRILalifs Pri Mers,
whi ch have variable primng efficiencies, resulting in a loss of diversity.
Thus, wiBigh daya hyman fipwewerk rggieps &em one Waglesoeoml@mdr with eompletsntaripossi bl e,

to use @etaﬁlurﬁire@%o%gﬁﬁ@j ﬁdnrlear,th@mgééléswl n@{h gi%rngﬁrd sesle} a@abﬂ vitro

transcri ption ( Sanbro and Russel I NQ: bor at ory
Manual , Publigatiog Noy §2.39400). SThegohelv Syotcinsgpre-eallod 'reskaped aurdhymarizeds (whG01) .

[00?(91 Bﬁ%ﬁr&mﬁ &glorsfaﬁer ﬁﬂ&ar%g:%hﬁ Bbuftheadd A2 O@g&@%%& %%‘é% of

V- segnent sequences’ gener escr | can
i ncor pomuuadgiobtln isheneerted dsioi zohumm:hl@r inedrogkbelin & tcembinhg POADIRA | on of

V- segne, o " | SAngpyector

t ransf e‘?{rﬂz?j h@rg%n %QW%%I% aIE—lﬁg hu Ef)em%%]r‘(elﬂ? Q‘id\fﬁs fab““i‘aﬁéza%%b"ﬁ s from
t he heaanyibodiesi axy ,dlsalok@‘ﬁDformXampiy, TdISh@ateﬁtrI&Ign!EmO 370, &hieB-if-Réotpoaitednas

bi ndi ng,_s et I fi.cit nation with the conplenenting BSD fromthe

ot her glﬁa‘?onh ?r?fg%r’e?‘%?’glﬁn;g% anti body. 10 It is understood that when
transferring a BSD froma reference antibody to a different V-region, the
st rifct U0e83pf t heAlnteﬁnigl aptibddieg and ﬁkgﬁants\the‘re@f canm be sons&haiécbbarsaﬂoﬂ Imotwe

resultin relo us, Af the D ro e rence a bo s a

subr egi oﬁb% CERY wf‘ﬁ%ﬁec%{]ﬁglsg’tw ‘ﬁ‘&f %fr Qle, gEp Iogﬁ?&?iﬂl% Qus

mai nt ai aaeiblodyi gees, Thegsfore ritah pekeiblead réduee fB@Eﬁnﬁ%ﬂcﬁﬁérélﬂ%ﬁnéshﬁfhoﬁf gnynot from
;gremr Iel;}gr ﬁg@e dﬁgt rta)l rd 01re %gseapﬂ%ac%flegdts Qoe g hrrn?t% ge‘“t'%? artl%lglg gceglesl, %vh%ci human

can be synthesized de novo, thereby allowing introduction of cleavage sites and removing

20  unwanted cleavages sites. Furthermore, this approach enables (i), adapting the codon usage
of the genes to that of highly expressed genes in any desired host cell and (ii), analyzing all
possible pairs of antibody light (L) and heavy (H) chains in terms of interaction preference,
antigen preference or recombinant expression titer, which is virtually impossible using the

complete collection of antibody genes of an organism and all combinations thereof.

25 [0084] The use of a limited set of completely synthetic genes makes it possible to
create cleavage sites at the boundaries of encoded structural sub-elements. Therefore, each
gene is built up from modules which represent structural sub-elements on the
protein/(poly)peptide level. In the case of antibodies, the modules consist of "framework"
and "CDR" modules. By creating separate framework and CDR modules, different

30 combinatorial assembly possibilities are enabled. Moreover, if two or more artificial genes
carry identical pairs of cleavage sites at the boundaries of each of the genetic sub-clements,

pre-built libraries of sub-elements can be inserted in these genes simultaneously, without any
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[0091j As noted, the BSD can include Framework 4 regions, e.g., fromthe
reference anti body, which are part of the 1l-segnents, but which are highly
conserved anmong nmammal s, and are inportant for CDR3 structure. These
sequences can, .for le, be amplified by PCRwith prinmers containing
restrictad S‘rtl“’gqlt“éfé'ml‘ag‘f’n related i@y pRicuas RepgSeEPEtRndle Strateay enablesarpido uni que

restri ctdpamiztibest, %thipﬁaﬁhﬁﬁoqmatfﬁ}ﬁtyc &h&@DWAF&a%EéHeQ deoin ﬁ WQgek 4,

e.g., for I|gat|ontothe Cre i s then ans erredlnto
thg appre§peticapb-elemenis oyt b @l PYE g‘?‘b’él S@ﬂﬁeq grawspd s igearted in @IB'rCrfdhe;svel y, the

desi red 3QRHARGE tHright ?osﬁfon%ﬁ%ﬁf‘ﬁﬁﬁvﬁ {heta@ﬁalq;@%ngggr o4 fe@fnidE

synt hesi zed as one continuous ol 1 gonuc eotlde o |gonuce oti des
and @an thesgiaenge af the indigdual Hergremembesp Expopleey Tbgth?ﬁﬂfnegenemtmglsmﬂwtmm ng in

25 vi trqlbwﬂ%@s&rmwd@wé axabiashzeg: e&grgm%gqs; fgagéuce %9%3 re"g' ate for

first-strand cDNA synthesis. verél
e.g. C@F@@Oé)ﬁﬂlvdmhwlnc{)@ww}i‘hh@lrﬂﬁl)efﬁmcainsbenb@hwtysequence that is Iess
than the corrpl ete CDR3, e.g. the D segnent of a heavy chain CDR3 or a

MEBSD. ]':))pr eci gt 6 BYb&ISeR! th|§ Kikibodi& Eﬁeeﬂohp C%an ?ﬁtﬁ{oﬂ%%er esul t s

antlbodyB Is less than a co CDR3, a co
in the &rreteddaymethqss é@rsqn@mepmm %mtlyodleSsWhﬂe theefn&llltmgmgltlm rtdi chilope ar e

i ncqppo ﬁe ) n%ﬂ&&:‘ﬁchb Gnd gﬁ”ﬁﬁt’gt fuiqh EP fheegﬁﬁgpilﬁe h%gﬂé %&t aotfethg Inloﬁ gln ucl eoti des

can be ncor por uman sequenc P egnent s,
to repl gependee r¢HibREd mathi iwes tehudncer; es ldestcnpairm [oitent IapplhEBSDU §.Qe%3 The

MEBSD C air.

requir Ied%p%g&rué?%hp %{%eﬁ@ﬁﬁ’égg %?p%%niu%?'?bf ?‘)@% Vﬁ'ﬁ‘% Pelfl‘é%?‘fﬁtg iﬁ’ie Iﬁ%ﬂy when

conbi nedefevende ib ithamtivetys Shiscin ammphslted bg transfating mlBSIIﬂn? ﬁ‘r@ﬁﬂieﬁd&lfelneé CDR3
h f | enpirica or can

ggdpf' egl %&%gy’?r%tn §f°¥el g?%% R%‘f moz’éam‘[%ﬁg’@ ]thlaﬁére %11“ begay F%/dbr ary can

be &SI i bparhe mfeesree tiltibody)tthd behyy IcBalﬁﬁnd Uht chain BSDsardabclos doafact wigh F(all2,

a single cha mai,ns, _or. any ot her

, n of aqne nore,
ant i body"¥ Fléldﬁ“érﬁndﬁ’i%wg‘ﬁ@lem%(fg%n?‘ﬂ’@ Eﬁt’BH 0(%1%? Ge@gjn?‘ﬁé‘mé%??r%%‘%s can be
di spl ayeshfermatibs heavef theefonh aamit] 7S BSEbJur B BgdhbiMdihg @onformation is,

of course, dependent on the support of the underlying frameworks of the V-regions. When an
affinity-matured BSD, e.g., that of the reference antibody, is combined with the structural

20 diversity and stability of the complete human repertoire of heavy chain or light chain V-
segment pairs, scaffolds that fully suppért the optimal antigen-binding conformation of the
BSD are readily identified with the aid of selection systems including, but not limited to,
phage display, cell viability, colony lift binding assays (CLBA), or a variety of

immunoassays, e.g., ELISA assays.

25  [0086] Further, transfer of a BSD pair to diverse germline V-segments often result in
selection of V-regions that that have affinities of greater than 50 nM. These selected V-
regions can also be incorporated into the affinity maturation process of any antibody. V-
segment libraries are relatively small without CDR3 repertoires, thus selection of human V-
regions can also be combined with limited mutagenic diversification of one or both BSDs in

30  libraries of searchable size for many conventional selection systems.

[0087] The V-segment repertoire used in generating libraries to replace the heé.vy

and/or light chain V-segment of the reference antibody can be from any source. The human
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| i ke particle. For this purpose, one or both chains of the antibody
fragnment are typically expressed as a fusion protein, for exanple as a

phage. Alternati vg’lgy, t he anti%gdi es of the antj bodé |ibrary can be
secr et e JPPFRRTS LR Peieceapted: g BORYyReasT dhaimotrrstign(PEH) awslifigation apipg ar v

descri piiifRrstphftdriss F5:athé QkireY pRithitstFRon® KBNASShdifkd Bt bBAHAS bR foaP or
Fab' fragnents. [t is readily apparent to those in the prt, however, that

the exprledh ghWhish casedhe rprentsiires g scaertddoio canipin dlones Wjthfsematie mufagions hi s

gener al ABxARBYy, e tdpbiicicY o8f b OBIRES By Yenb R0 of BerfoRRSDRUCHEH Ay | 1 gation
R nts to the V

of oligonucl eotides _encodi ng CDR3- FR4 seg t -segnent repertoire
as déscinpeee pisweellsinorda toghidin goradingentededssquamesodi ng conpl ete V-regi ons
are cloned into a suitable expression vector and can be fused to constant

regi on gm@BENCes Be kit ShABR Vorse@égﬁ eSpeltoie @bnsiabo51 Kakyy dmleul es. The

anti body fragnents can be secreted m prokaryotic or eukafyotic cells

i ncl udi Fgimactlerilight chainsV-seginenis, a3l S\ light chreinmaségarentsenaking [a0OBY pEi | t er
screeni 3ol iL.be ol fde ] of secreted 25
ant i bod?’ggﬂg%%gﬁ? ilvgl%lg)ﬁ pgﬁ%glp ?‘Iﬁ %ﬁ?gﬁﬁ%%f’l %%gsgart\’{e nr?ﬂ%gr’\%&%{g?grrra??ﬂt %%creted
ant i bodY-segmemte hus tharcentributigment these aaniabdbtoahe stnietucd] diversity atfelck ydrinins ol ubl e

ant i gen r-a.:et. al 9 Anal. . Bioeltern. 196:151-5). |In this case,
pact o e RARISR bed) The Rbecs o U npE sl iV oferbest e kot b
fragnmentan betactssal hadherV-hhsepéatitpbgsprovided Gyows MRQ Ol fopep@teif i | ter .
The secret.ed .fr nt re alJ.onwed to diffuse to eco "capture"

rorbr anl SOTG CICED CAER SIOBEmhieeh Caafith ool AR o i) B et s
(e.g., 78 ToindimonoglehpLOISNEMBO 5 e4:0608-493; idvewslamhs el 1b96& 17 Assl popbed with
speci fif4%i2% 51 YAnti body -. enzyne cgnj ugates can be used to detect

ant i gen“®Fafdi g -an? SRELRM F YRR feReTpiRd hYe Semgtic e erHgearNs during dba or ed
spot5s  TatenieP lreti@tiord pRocke- Biaf \Wlso0 akb Einfpbftadt (RIHYLANE &Ndhd hﬁsé‘glr&PF
expressing the desired antibody fragnent recovered. [0098] Col oy |ift

bi ndi ngBEYAYs SHEY dhesp SBUBERR 4R PhBY oA HINPEh aphanahcotferiseectBabr e

al | onedhdjigtfldrid WaRhdhtiffatd Mgﬁ’-@fﬁﬁlit?][hnﬁé’éd GROIFERAL Whﬂ%l?g%@ﬁ}ﬁibo@eﬁ\é?ennom et

at have described such a protocol "for the screening of single-chain

ant i bodRPtipyigsdator dgoadpesifisifiopnd lowv affinity Foo maxjmame bindig; diversiss edfinly, Vol .

29, No.mauRd fahtibd I Rt cBktHh! @dciifal 2857 H0RS wiith! RO mb rﬂ&%& ¢l al so be
screened by ELISA, either using _tpoo! s of nultiple clones or 5creeni ng of

i ndA%i degnired| fonbigh-eftity patigantpeeitie binding e g1 WiameidBliymar §0eh demu@ne such
met hod ﬁ&fzﬁgg‘_ﬁﬁzj ng individual clones is described by Watkins et al.,

1997, Anal. Blacken'. 253: 37-45. In this case, mcrotiter wells were
‘coated with anti-Fab antibody to capture Fab fragments secreted directly in
t he wellP@89The FHymeRnYiregionyssperiirasn bptho Berthling tand saffinity-matyieds icay |t ed

ant i genedQk >4 Jiekipih ivdi i hat ase
conj ugaﬁ: z; . :szl‘;%i%ul%nc}id _A&t |13?)) Io\é‘éﬁ%@%@ﬁlﬁighg@?ﬁ%@%ﬁﬁéﬁ %ﬁﬁ@e @eiﬁ"ypepti des
may be B althycadisisualy, msingeonventionane PNA ¢lheing ntettods (Sdnbaepkeaid nmay
COMRI i S8,QME o8 L -b?r'n Qbe}zz‘ €,1.895 & ]fscilit e tgction and
purificati on° {’n aﬁ%ltl‘%er ¢ b% %EnO? PHe™Eh ‘fbo%y %‘a‘?l%eﬁ%’ugg@ §Qfm§

Harbor Laboratory Press, 2001). Insofar as the germline frequency distribution is not

uniform in expressed sequences, it is prudent to capture at least 10° independent clones for
each of the three V-region isotypes (VH, Vx, and VA) to ensure optimal diversity of the
repertoires. The PCR can be used to amplify V-region sequences during the cloning process.
30  However, exponential amplification mechanisms are prone to random biases, and this may be
compounded by the use of degenerate primers, which have variable priming efficiencies,

resulting in a loss of diversity. Thus, when amplification is desired, it may be desirable,
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pepti de or polypeptide for display on the surface of a cell, spore or
virus. For exanple one 20 chain of the antibody fragnent may be di spl ayed
as a fusion protein on the surface of a bacteriophage such as a fil anmentous
phage. Methods for display of antibodjies on phage are well known in the art
and i nclwhge rosEblentor bse s pEmerripdepeadent tnegt amplificsfion, mefhodniiwhdssn pHege. In a
pref er r ggnRARRAI (FRAbrosk atdeREkelD B&, HboldBr CRRIHUIQT HHVIRY) Bhafhidda @At | body -
pillage protein fusion i s expressed wthout a signal peptide in a prl
strain §PlsE-3,Cold Spiing HasbgsdesenionPres 49825 surface of a phage. [00101] The
secreted chains may retain the N-term nal nethionine (or N-fornyl-

met hi onijgpehy Al t BIBH fvaliie reRéiehde AnBVER B GRSferRARE ALy VR V-Bgniaguence of
the anti body, the initial pethionine Eﬁgﬁ be renoved bg,rgroteol ytic
® i

pr ocess PHelsgs emeraiRgsas deggribed atjoye ) B eAmienigorperalsd e FhecraPisssiat di spl ay
t echnol Qgior L3fedloTel BR D [aagdn oq!:vs&ga%fms RAGERE kRD He®kbretlicteddy, ThPOSOMe

di splay, and mammal i an ce isplay.” I n one enbodi nent, screening Is

per f or mB§Duatde ransfiried cpobe 8 CORITRS & GPRA 82 segmepOvhes] the B§Reiafroand
subuni t 4CqaR) H},%tMB%Sl§y&taﬁgﬁthﬁ%ggﬁn RALFRE Bhat 1 di%}gg?ciha
or~anti avi ng

sel ect/screen tor e odi es ha esired properties ("C enent ation
syst ent in combingéipre with thef qomplearentiop BHP drppmitha othsn chejrs ofhe reference antipddyed of a

respenderys Whdtboy &E%E&P&&gfe% gisa? E@Paﬁ&ﬂ ol 13k 9entc¥%t€b%1rd qpréeéififé}?ﬂtt%- t hat
must reassoci ate to make a tPuncti ona r esponder . e tfagrentsrsubunits of
t he respgivdethestractingsefdhé hehivy iod light| ohainoV megidreissmaifitamed imthie ngsultingeVibl e, and

the rea I f.d s then.driven by the di i,ndi rect 10
i nter ac?eégorgpo’rh“ghlef tpgvoﬂsglls ﬁgﬁﬂﬁtgg éénfgrgrrl’%l ée}ltlﬁ%d%grass Ny %# gﬁgﬁsf}g{f’ éli"ﬁ)odi ment
t he bi nchmgete CHRAFRY issuatwalplengk ds mbintimednt ¢, bthd yémdindan hf ale GDRBGRA( S) .

Exanpl es gof fragnment/subunit conpl enentation syst t hat, may be .used in

the | nvgﬁi([all?né’%raée (ﬁ'loé%f”gstg r‘?f%e’rﬂ?%§ng§%{yeﬂ? R .up6°%z]fr§ﬁ%‘,lue%,%?l b4,

6, 294, 3BthmangehBneIésiducs, 585, 245, which are incorporated herein by reference

intheir entirety, PCT patent application WO 00/71702, and Fields et at,

1989, 1 ture 340: 245-247. Bai. et ... 1996, Meth Enzynof 273: 331- 347,

Luo et to%)\ﬁ1997, %ﬁ??eécﬂﬁgﬁe%aniﬁﬁﬁg%rﬁivyoﬁ TRy g.ghé%gb@eir &SP For at ed by

r ef er enaibbdy, tvhiévhrarepiri sfahe/I-sdgfiBite HuRehich iavedtigldn chneeed mmépQuiminals,

interaction syste . R T can be used in the jnventj to

ol ect e Be TRPRE Y KT o, Mg EEhebte iRt u feudt b Eatksnt on

syst ent PCR withgeineiSdontaii@Cichtviafiontitedfds Rafrime Bedtloato Flainewahd 3, and ojisd ens ar e

con?(éviosed of 2Q resgon ers, inhibitors, rei’;\ctiyatoriz, and bi ndi n% ensenbl es -

of YHatrorRrfiarnEies dopstrean siramyiheacarhaxyl iepmipne o8 STamaeric dne 8 g t he

r espondigatiod fEthé ThieBioh 0 EachdMOR 3. FRY RFiha0raRERRA o MRMPSopFisib Sitds@TRRNdEr

conpl ex), and _ the other containing the reactivator and a bi ndi ng ensenbl e

menber %’trﬁ%mf HBIET Gaptgict.c HHFIakTely: hredesisadytsaprarce P mihaf fsaveges 10r flhes

conpl exgDRBGFRAORIEIIN o teh@yniiR8icsd YAt EAMRLES bRednlfediRiEPaNdgk &onpl ex by

direct or 25 indirect interaction of the binding ensenble nenbers allows

t he rea®tgopupelstidesqnd cambe jojeaddo thenl sesmepbreaertoitsybydapr £Eiengon weing ihi bit or .

Typagal diko uindcABRPOUCA GRIRIES HLAITE kRfof hED RAMMAL (IHHAMER oBRAl NN DI tor
and a e er. T

of the responder, 1 rst Dbinding ense e conmponents of
t he respoiidss. Riyensitesanrhgyntdueadriningaekiom exgaiGRR&andémFRGur at i ons by coval ent
or non-coval ent linkages. In a preferred enbodi nent the binding ensenble is .

conpri speoRf The BSD can also be a sequence that is less than the complete CDR3, e.g. the
D segment of a heavy chain CDR3 or a MEBSD. As appreciated by one of skill in the art,

when the reference antibody BSD is less than a complete CDR3, a complete CDR3 still
30 results in the antibody expression library, as the remaining CDR3 residues are incorporated

into the construct. For example, appropriate oligonucleotides can be designed to incorporate
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30 an anti body(s) and an antigen(s). [00105]1n a preferred reactivation
system nolecular interactions can be detected by a process terned
"reactivation of an auto-inhibited responder,” or "RAW" The RAW systens

conprise the foll ow ng conpopents; a responde |ex and a reactivator
conpl ex upgn %?at‘%@?snﬁ&bg‘t‘f@g?e e%aﬁﬂpﬁ%@f%ﬁﬂ%}g%@é?s ‘S@famf&@@qtyﬂ i nked
to the grywERG®r so that the base state is autonmatically inhibited until
the inhibitor is displaced and the responder activated by a reactivator

conpl ex ere this.l] e i s by a_.cov t bond, the,coval ent |inkages
oy 51 IIRE ®conSALBSD e Ererohanie EriCsorients o e At et

reacti ?/ﬁefqﬁfrera%fﬂi fbfelﬂli €het mﬁdiing pbedificitynes t‘hfe hbfetehey am{wgyl vaRE Qi&lﬁhbhieﬂ d}Fr]iﬂg

ense menber. Like the conmponents of the responder conplex, the

r eacgiO v aupm S&ﬂ%?“ﬁ?sﬁgqtﬁ?g'c‘gﬁg‘élwg%r%é’i OfQQR%@qotgﬁWéHOfébgﬁéPgle’évﬁh% ntly or
non- covs{EEED dn b AOG:RElMphREIN 8f cah Bb ?feaﬁtéd%nbahwm childflefdtibad. and the

second ensenbl e nenbers can 10 be detected by the follow ng nmechanism the
signal gr activi of .the responder in the responder conplex is_sequestered
oy tne A ¢ or The @udbeds iR & Bt Bty TGS e HUCPLE OMABP: T, 3

aut o- i nRilbtFak; a MABN, & sinBRChhMIDn HOWILLK dbl6tiddTdad Wedsl dorhdind, R agecond
ensenbl e nmenher_in the reactivator conplex binds with sufficient affinity

to the Pherantibodydipgment aatmusludesthefyeregi®8ponder conpl ex, the reactivator wil |
be able to displace the inhibitor in the responder 15 conplex and lead to

t he1@o- pabsled " r ame hinitwtiied Barbe dibplakét Gn it Yubhéest 4 AaROAMEEpore diErugdet ecti on
of respgnder activity or signal indjcates an interaction between the first

and t hell&epatide-o L Hi BURRHER Or beth Thaips/gt fhgranghdyotragmsat pig) tepigglst ens can

be usededpissddts AraGbh otRRAG d@mple as al (IRGPW B 8o pfdtkih YorHisplayl duf St
bi ndi nge ggsﬁ menber, gﬂr?d i sot rot|1§1|pce assgl ecti Qnﬂg%atga (|)ol fgr al i t?{) cgsflﬁafg bi ndi ng

nol ecul ®8 surfage ebflamgntopgyphage sAlternatiyielye the saiihpdics ofhsisatibodyylibiray canche

[ 00108] fexamaliRe, Phost &ACt | vati on systens are disclosed in U S. Patent
Application Ser. No. 10/208, 730, which is incorporated herein by reference
inits entirety. [00109] Systens using nol ecul ar sensors activated by
conbet i 0P can dihedollowingprgvidss amexqupfan dessHption wung sqcralien sgvempto

ant i bOdéx?ﬁes.b el MALAIES! dsShbRIrGREY friifeonts] NESCreR B! SiParcAl B RosediahonA! ed
COMPACT. TM I n general, conpetitive activation systens are conprised of a

bi ndi nghereniiakthe gxpression siems eanceadantethion prolibraryermas Fendisreepera onpl exed
e gi 0 g&g@gfee%lr‘%&gsmnepm P5dgidhE As (OfsttubiBl Byt Rfatiof FOSMRbRIGDHRG anot her
encoding CDR3-FR4 segments to the V-segment repertoire as described above. The
20 amplified sequences encoding complete V-regions are cloned into a suitable expression
vector and can be fused to constant region sequences at this stage for expression of Fab or
Fab’ molecules. The antibody fragments can be secreted from prokaryotic or eukaryotic cells

including bacteria, yeast, plant cells and mammalian cells.

[0097]. Filter screening methodologies have been described for detection of secreted
25  antibodies specific for a particular antigen. In one format, the secreted antibody fragments
are trapped on a membrane which is probed with soluble antigen (Skerra et al., 1991, Anal
Biochem. 196:151-5). In this case, bacteria harboring plasmid vectors that direct the
secretion of Fab fragments into the bacterial periplasm are grown on a membrane or filter.
The secreted fragments are allowed to diffuse to a second "capture" membrane coated with
30  antibody which can bind the antibody fragments (e.g., anti-immunoglobulin antiserum) and
the capture filter is probed with specific antigen. Antibody - enzyme conjugates can be used
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menber. The bindi ng ensenbl e nenbers, upon binding to one another, bring
the responder and inhibitor together so that the responder is inhibited.
Ant i bodies of the invention that 30 disrupt the binding ensenble or inhibit

bi ndi ng .ensenbl e fornation.and thereby activate the responder can then be
sel ect od® PRAIFIERT HAEE “RIBEATHERETE PR dhn AR HSBITISE Pelod spot

ant i bodyrhs )cotuhibs afte adktoR@NGS the B3¢l nichfdrane GRS lohe cxplebdlid) Mle ddsfedn

anti body. For exanple, the binding ensenble antibody m ght be a reference
ant i bodyPtiRady fpgment se¥eed i ve activator may conprise a library of

anti bodi es which conpete with the reference for binding to the antigen.
Exanpl e$0098] conpetslony Bft d@idingadstayn havesiledbech RbcribBY iP@hidh &Kk hitibbiigs

i nveption ﬁ%ﬁ dlgﬁégsed in U S. patent aefllcatlon Ser. No. 10/076, 845,

whi cR i &% HOSIEH P SHBEC HEPE PUER 2% ftigerkeaicd mempynenGiowiyeni epel toysuch a
syst em agribddl Subleh pEATIoPYor The' IREMng bPsiRABLERh akthRdy 8BS} itd %}i(t)%nﬂéni the
system These systens are described, e.qg., in co-pending U 'S. application
Ser. hb9L46Wb9@¢§ﬁ5¥W¢?@%@”ﬁeﬁ#u%%9%1ﬁ? 002. A "mask", in the context of a
conpetitive activation 10 system refers to a nolecule that has | ow

af fini tyooboy a r elibratiey oPEeckobddl itihody fapabntd Rat alsh e Rdensto8s HIQEADI nd
appreci%%%%Pat wor ki ng _¢oncentrations unless it is tethered covalently to

the rep SIg PO REERYIERIe clopgs oFsaReninges infbvidupt plopgs cpdhppeting aBminng ty onl y

t he 10i nghittBapieqhéire.] OB Rich Mot Gor'bbREnINSH3R T AeR s deécrﬁ)t%@?ﬁmtuﬁg; wi th
Masks permits a high-affinity inhibitor to be used without fear o
i ncr easfifly> 1Y HaeiBiostkatt 25 HR7THOt ilb thibersausiarofites wslis wetesphtoh withmati15
const anfay stiBbBAdol MpthRAAS §FheR¥ntt E@ré@ﬁéﬁre\&ﬁ hft‘ﬂ& w%ﬁ{] Ofild 119 o %ﬁleg WREOC! ation
rate constant of the reporter-inhibitor conplex, thereby reducing the
over al | thgn poked yithpalylde pietimylatpdantigerefotiowed by dogectipn with steptgtvidih-alkaliney
r epor t egpdspididdl EQudaREpP! ex. Libraries [00111] I n anot her enbodi ment of the
invent?%n?ﬂ?he 52@#%%g3 pol ypeptides may be a 20 diverse library of
anti bodies, antibody fragments, or antibody-related pol ypeptides with
di f }2r efftsion 4idibadgechar act eri stics expressed froma prokaryotic host cell
such as a strain of E coil expressing a pr/ mutation, whérei n one or nore
ant i bodpogdii n i's expresethbbliidaythedofigifiks REPHE ASion 'aﬂtitﬁiai%fs.hfr{ one
enbodi nent, the secreted pol ypeptides are expressed in a signal-independent
manner . SMIRGIminGy the pridbody deeapHgnaYoCaRITise #8p 68 Mopt Ctiprminal wepfidediagstoow
br oader fadifitabCRAREEMN bRE piRific@onVHn %H&hér%mb%ﬁ%n@%%ﬁt'b&?%%@el i]iusédst nown 1 n

t élf erent Pg

the art that different antibodies are secreted a eve
peptide or polypeptide for display on the surface of a cell, spore or virus. For example one

20  chain of the antibody fragment may be displayed as a fusion protein on the surface of a
bacteriophage such as a filamentous phage. Methods for display of antibodies on phage are
well known in the art and include fusion to pIII and pVIII proteins of a filamentous phage. In
a preferred embodiment at least one of the peptides comprising an antibody — ph‘age protein
fusion is expressed without a signal peptide in a pr/ strain of E. coli and is presented on the

25  surface of a phage.

[00101] The secreted chains may retain the N-terminal methionine (or N-formyl-
methionine). Alternatively, and in some cases, depending on the sequence of the antibody,

the initial methionine may be removed by proteolytic processing by the host cell.
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into the periplasmand that certain sub-classes of antibody are only poorly
secreted in soluble correctly-folded form In many cases the V-region
sequences of the antibody can affect the ability of the antibody to be
secreted fromE. cqlt Miurine V-regions, for exanple, fold 30 _poorly in the
peri pl ag)m%id rraF“f%«Qgﬁnet“ﬁ %ﬁ?é““é‘t‘gtg?mﬂ a‘FPIGWGSIFm;@r Yghpeyeasheall disaleYi ve

ant i bodpReribIer dishla) Sibbioafe GégMiN and R8hmaRa0tell &EBSlay. 4 1ddre eriiidiii®an and

Pl uckt hun, 1998, Nature Biotech. 18; 376; Belle et at, 1995, Proc. Natl,
Acad. S¥reenings repformeddyy spreering BRalofd i MYy i mprove the fol di ng and
expression of sonme anti body fragnents (Bothmann and Pl uckt hun, 1998, Nature
Bi ot echpoo163] 376 FrabgRhhamsabaditcdiiplsidntution s cad beRised inGheMvedicn: 17100) .
Bias_ in sefr tion of sg)gmaa s%g-,cl sses of anti pody from,bacteri"‘é\ can 5 | ead
to bl ast HePHRereSRtrARDSISH hevise SPTTEH FUPRIEIHHI CRIPRENBEOR sYdehed From a

| i brar ygené¥al, eiabasiteempletfenialith HisRES Afe dompeiRéd O REYIES IR idfh@shtdsor hi gher
yi el ds of functional correctly fol ded antibodi es and antibody fragnents

f rom ba®tseparaipd de fer (Brmapkpastighal yusbrersesial to makeeifisesdigna wespaadarn a

si gnal -ppdependent b IBRNG the PR} FRPAMIRRIaRTy ) nRnibRdeRt 4 Bfhdific! ude
naive l1braries and 1munized 10 |libraries. Nave libraries are nmade from

t he B-|smghdeyandsthefreassebly a1f| the wespendghiic thenadriventbybthe rditehtapt éndireet wi t h any
. ) ; gure " ! . . tion.
' nnw.()giﬁ%ralc?ﬁ otk G0 'b%%ég@%rﬁbl@%eﬁ%@ﬁ. A% feBJ_é'% 21% 5(9916%%16% Bldafgmat i on

| mruni ze rarres are froma mxture o S an asnma cells
obt ai neshsémtdenisacospirisechbfyant kntibody(semtd ancatigeni(s)e Examples of fiapmentisalmuniite en

chal | en [.m I L.nent ., . ] fgomthese cells
ot arer bl B R by veds SR ARIRRGER e e IS B NSS®
ol i go- 342346 6,27@H6H, res2041380, 5,561 i5Hi8a24]),. whinh are mlcorpomntktli heeeivlyodi nent ,

1T o SR Bk el o RGP LD, 9500 € N
anpls f | Naieo3wd: 64N Bai len @ 1996, tiferh.aEhzyiel 273:331347Puen# dip.1967,096, 551,
U e AT ENETRCE (T RO e

enbodi nent, the nRNA fromthe host cells is synthesized into cDNA and these
CDNAs dpel0dhen aRpdctibatine-HasedamPlERlaremttraction \wyttema it &b RAJRIDEF ickh bepr i mer s

e.g.,U U S  Patent . 19, 690, ich.is. incarporated herei.n b

i O oot e RtyERlionr B se o ions R antibOutER oo DR Bt FoR P i vel v,

Ege rep;@f(tém"f){j ek gayelrdlm,erea%tﬁza&%g?ase& lﬁfmwetcn]m mahcttoDNsrA 4 Es)«eilfx@ brﬂrmgompﬁsleaaifogly ar g
roo a JSSEe , eds, y r on . abor at ot nual , r

o 0D eboRdts, TR forss o Ao o 50, i FRSRBE S fof B O SR ORBP B b 1o

PCR [ Q9skdA]Ha8 t0REcHniIOEs TR chitaibilg thévepbaden, the dRbARASAd of bidkig shed

anti body sequences of human origin_1s established where the anti body
sequencBEemembedhe tespeudencainiay., angriie Qlen paduning thsiegctivatogend de

subgr oy e&eﬁlbﬁogxm‘é&q?w%gﬁmr%nfpm. aThy Sipoted ROMABIEd iSiidi larity
in both the sequence and the canonical fold of Cliﬁ)? | oops (as determ ned by
anal ysicemplexapiid gesdringsefr the tragctiygior mumplesg i thef resneader gogmdaxpby diredmSensus

SEQMENGeYitedt interaction of the binding ensemble members allows the reactivator to "reactivate"

the responder by displacing the inhibitor. Typically, a responder complex comprises a
responder molecule, an inhibitor of the responder, and a first binding ensemble member. The
components of the responder complex may be arranged in various configurations by covalent
or non-covalent linkages. In a preferred embodiment the binding ensemble is comprised of

30 an antibody(s) and an antigen(s).

[00105] In a preferred reactivation system, molecular interactions can be detected by a

process termed "reactivation of an auto-inhibited responder," or "RAIR " The RAIR systems
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deduced which represents the nmenbers of this subgroup; the conplete
coll ection of consensus sequences represent therefore the conplete
structural repertoire of human anti bodies. [00115] These artificial genes

are then constructed, e.g by total  gene s%nt hesis or by the use of
synt het ¢asnngise dhei follevilg rﬁ°{n§°ne1‘ﬁe§ée~‘ij’ém icemglgh et tasreW?fé% ﬁ‘éiﬁlde’f o8Bt ructural

sub- 5 ﬁlt@ﬁﬁﬂ%@d Qe ﬁl&% tﬁz&%éﬁ)e%ﬁ&érq@dﬁ&tl?lmke@lo tReedgdadr 8Y Blat thbBBRe genetic’

subuni ts are defined by cleav 1i%e sites, at the start and the end of each of
t he substeit ismutompticalfyiietiibitadamtilibe inkititar s displpecd apd tharginender Aptivaied hy¥ ¢ whi ch
are menhens Bf et Ol inNinRhe REYANSHAIACEHAN AR oM IEnt AARAKS ehyed such
that they contain a simlar pattern correspondl ng genetic Sub-seqguences.
Mbst5 pr fktherabompriseslinker. pbrepbtivafst icomplen pampsises waeliveioy aglecnlo e displadau CAL

consens 4 1B, VH2,
Ure, Vel RSP ol bingitt GurobEnen e LIKE e tirboncliot 0 Hfhonl
consensemsnden de. re@cm@dtmﬁilﬁﬂ'ubmdm@ ehsembleomerber DY Prolided legbercamalenibynotbe used
to create " ¥1 etic libraries" of antibodies, preferably Fv,

di sul phf¥ A8y Fv, single-chain Fv (scFv), Fab fragments, or Fab’

fragnments which may be used as sources of specificities against new target
15ant i gi#AR6] U. S. Medecalar iiipaction deiveathe fintiianhthesedond @nqgmbktm@nw einn by

" of £ e alilluld By S KfifElolne HoBBhARE I BERAGS iaclﬁ,ma Ry Gtapetd ﬁnag'n't brari es

contai ning nore han or man
synt het respolndlema:nmghk iiheediesterdidyetha cmhﬂﬁbe preptien thy cslyphenesa »shef respondef | ned

V-gene e hg{mgvﬁ%yvﬂerb? 5‘%’°E§ ga? ?f(%:% ex 1stIf1)cro&PC§d plE’ ﬁ'x\é'sgc? %daen@ l’llot(illexfrlgcjér

anpl i fy¥ grEXpt essing e region
genes. intthd teactyaldd covhplex binds entgeuﬁmehteafﬁmy @uhe fitsd enseemteembmbnram ltlms of

functi onal nt| bo fragments b z t heavy and/ or
the |i d?fpoe el Gempigy; de g‘g‘é{?gr “gn;b gfé t8n%?ﬁvqu%%@ﬁfn ' {e%onﬁ§'t ur al

pr OP%E‘lS Scoplék) ad Ga¥ 36 the cfrdailan ticactivativr: bf QﬁCaﬂtcﬁ‘rlrﬂiﬂﬂﬂe@ gestpbﬁded svelepnent of
B-ce S|nthe|mmnesstem For. exa man, germ i ne
VH gen IS Af SSBaMob VN O RUST RGN £ SUGYF o0 BPiig dbe S B Ec

"D segnRBéil enStimbld MEmBss.r andom am no aci d residues and a J- segrrent to
create a synthetic third conplenentarity determning region (CDR) of eight

resi due SPentNo 8 93,, whi c ted h b
r efS :ar gnﬁ)glqg;u i ts P Qf ﬁ'l? gg‘l'ﬂgs%}gte??ﬁt‘f‘?&dk O‘Fe‘ﬁg[éﬁpﬁléfg@%é% g’t{?ﬁ”g‘%dz
| i brariggr @uﬁ@gﬂthaﬁffmhszsﬁa fibabindingphe Iﬂdxﬂ)éﬂléh&i%oﬁ@% sdlevtiog ofldpluplliages cl ones.

™
<

00118] The antj body fragnen accqr. di t hi ct of the invention na
l[oe ] binding moleculesy In some var}atsions, a 811#3 sgemtb?e member m %e used. y
[00108] Examples of reactivation systems are disclosed in U.S. Patent Application Ser.

No. 10/208,730, which is incorporated herein by reference in its entirety.

[00109] Systems using molecular sensors activated by competition can also be used in
the invention to select/screen for antibodies having desired properties. These systems are
25  designated COMPACT.TM. In general, competitive activation systems are comprised of a
binding ensemble, a responder, and an inhibitor. The responder is complexed with one
binding ensemble member and the inhibitor is complexed to another binding ensemble
member. The binding ensemble members, upon binding to one another, bring the responder
and inhibitor together so that the responder is inhibited. Antibodies of the invention that
30  disrupt the binding ensemble or inhibit binding ensemble formation and thereby activate the

responder can then be selected. In a preferred embodiment, the binding ensemble is an
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30 sol ubl e secreted anti body fragnments or may be presented as a fusion
protein on the surface of a cell, spore or virus. Thus, for exanple, the
i brary of antlbodles nay be a phage- dlsplay library in which one or nore

chains of, t |bod are expressed as a f rote| wth a
phage ﬁﬂ&?(gﬁ ﬁﬂ@ eg@?%hgg} SREPe Vfﬁ@“ﬁ tﬁd@§mggwgﬁl rﬁﬁ”? & fusion
protei nhi $>1rﬁiﬁgréh§éiﬁﬂe mﬂbb@pmlgmt be g&aﬂereae@aﬂudedy, khd tReoapbiiBRhstivdte@dment is
conprised of a, heayy an ht chain, referred that both chains

are exphes sYBPHTe Y £ es yiHeh E@np%e Y"Hﬁ i whanse &or Bipdingdo thevent i on

t he hosdntigéd. aE;E‘anhp‘lestf%ﬁBeﬁtR/e RStivakibA Skeins tﬁ£t rsayptseeﬁs@uqlmﬂﬁfm&éﬁﬁoﬁaﬁé body
I|brary and may a nutant strain such as be a strain chosen

for %an lfréqsefﬂ)eir bb%é)atenbappélﬁm| feraNat FUP70 %5{ whwhgh ntCPm%aMr baseindry
freququ%ﬂmkgnmmhﬁﬁm%he mutant prl protein is expressed froma plasnmd
expr essi on vector 0119] Bot h piII and pVvli Il have been used to dlsplay
pepti de and antlbody libraries. 'y of . honi t nnune or, "naive"

D sp
ant i bodf0bt0hge | SHE F@Eenbﬁlablfwheﬁﬁ%‘ﬂ% diotegnireldhe sasiiyitm et $et i bodi es
agai nstgygeMar iy @frstetnr%r gRt dABLBASNS:., ﬁmcbliaeﬂhu?gs 58N aPftich LoD €i ther

scFv or Fab formats, the scFv or one of the Fab chains being fused at the
N-t er i ¥YOT66515+ filsd Fhbrgery gho2@2n . A "magh’") incthe eantert ok i doapefiivevactiviation, a

Si glr'(t)al Qgﬁl' gﬁerk %o F\lﬁ%ﬁ&uﬁt tha %@%?ﬁﬂl%t er nﬁomér g dhlﬂﬁtgﬁ esﬁ!';llglﬂ{at 1{% order to

di rect ecretlon 0 anti bod y- phage“fusion protein
pr ot ei ngasbfdotemot;imlga@pmoablyraamﬂangcpmemnq@etmlqswd?» temeagd @mlmtnbdtp chai ns.

Pglgll on ?%\?Ap varl b e"tﬁﬂggrh%ﬁ)dﬁéé‘slskﬁlt r@%’ec}t%ﬁ) ?%cﬁgqyoﬂll “bin mg%?ﬁi% glhglplnay

has al sohlbwrand vés vera. c@osﬂmlwcf ttheasyaiam\/\mﬂhMasks mnmtsba)tjlgh4aﬁhntarlyhlbﬂmed on the

sear ot e advifod e o SHeRpl oo B8 RS0 RRBAAT 0 20

t hel 5hi glongérftiicgreatlyyredifcedbythe Mash m&tﬂumtaﬂbmngphﬁa@&ocﬁaﬁqﬂi m;eexdnﬁdiﬁt iolb ti@dy

l'ibraries ersities i of 109 antihQq

ol ecu g muger Porden fhesshydediCie the SVespl aEY HE4S reusiping o .

| i br ar yof tH(giReXfihity fepomeraftibictrebmplex. the library can be a library of

epi t ope-focused human anti bodi es as described in U S. Patent Application
Seri al ), 11/040, 159, filed January 20, 25 2005, which is incorporated
herei nBY%%&t erence in its entirety. For exanple. such a library can
conprise a plurality of nucleic acids that encode a diverse popul ati on of
heavy df@ild] V sebrawtis; embatiment dftike Wiversipnethe seacted polypéptidkseiay bea CDR3.

The,,i nv. | .0 l.s vi.des rj n Cl t encode
2 o Bl Pt YRR b A GE R ki B8 RS SRR AR 0 e
not i nkﬁedeﬂt(bnﬁin@]ﬁBract’Ehﬁck/eS}&Wfr&n@fprekdrj'lmlc host doDistncH dshar swmirest B0 can be,

e.g., n raries. o |to ) uman a es can
ange (RN STREEP] ST, Db S GG GO Ghtp ¢ SRS Foody

li brar Is@aln@pu& S ddethb0ehtsiindrit thé kdctSeCHuIehided Arddé-@assadriant digharenber s of
one or ub- classggf VII, or V %gne se nentég}Thus for e amgle in
hunans TEBPISRI BaToE o Lt HPEES 4P igagpest p/e gnvenijp shogy, roggery
suQscIagﬁaﬁn&ﬁQ@@mn@hmykggmﬁﬁmgﬁd VI anbdal - VI anbdal0) and a focused I|brary
may be constructed 5 conprising nenbers of one or nore VIl sub-class in

char ns IUTZLT o TGe v o s FifBra g oo s geanisnat B oFlocos may

be contoeh periplasa afld Wef Seftaini sab-3layse® bf ARIBYYy 8 BhIY poorys seretadrih RElble
alternative, a focused |library may be constructed coq&P|S|ng E edonlnantly

menber $OBfctiy-felded formy/In smpgy |°aze§ ﬂ&n\&r%gl@} egresces qf the, pntibedy, gan
fr agmenbsitpbs iHeCnMbiRlyStdbeCicBftedafiéin U Rb& 2l Mirine V-regions, for example, fold

30 poorly in the periplasm and may lead to the accumulation of aggregated and inactive
antibodies (Skerra and Pluckthun, 1991, Prot. Eng. 4:971; Bothmann and Pluckthun, 1998,
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10 expressed efficiently in E. coil when expressed in a signal -dependent
fashion. Antibodies of other VH sub-classes are not efficiently secreted
using signal peptides. Simlarly, antibody fragnents with nurine V-regi ons

are poor. seqret.ed usj.ng i gnal ides. . The present |nventi al | ows

i mpr oveﬁ}”%{”«gf)%%tﬁ‘f{‘f glt%’ ?ﬁgbﬁegﬁ%f é‘{'eggg%tgﬁﬁdwgg dfai 'e{‘@ﬁtg%édﬁ-g@?)asses and
\a/| | ows e]’hﬁfbe?-%rﬁ [ﬁéotfeiﬁg I’rlﬁdyi Dprefe ﬂiatfblbkﬁg}anﬂiebpxaﬁdri]&ﬁgﬂwm 4ritibBay !’ﬁdéﬂa&ﬁs

-regi ons. n r enbhodi the i nvention provides a
Iibrary?éﬂh$WFgwaé%5&BPE$§@%¢ ge Hﬁﬁﬁgﬁghyﬁﬂﬁﬂwn%mﬁééfBﬁk B P800er e a
V-1 egi owz-cp.awremcmnvmz.z Bia} irfdec4iGEAfR6/HE SutElaNYs SafibbdY HoghRRrig 0P | Sing a
human V sgg nt,aﬂg a eavyfchaln froma reference antibody, and |!)
an unselBELRHAF iy CHENLPs\p ﬂ%mﬁogwwéwbmew Romediewy: #d a | i ght
chai n CoRBodihenh bt el floSin€NfRnAN ialiEkes 3AGWO ES3hipRerOb iR &fﬁﬁﬂe’ﬁ&%ﬁt s, the
library is a library conprising nucleic acids encoding human anti body
V- r egi ofotpstly Joldggh apiibadigs apd) anglheﬂwﬁragrn%g Aent baciarial sensetian; sygisthsty a- MEBSD

froma g&iﬁgﬁgpﬁlﬁ@m}igl;gglgirpgsig&q_ﬁ{d%der{t% JA library of the invention

can al so conprise nucleic aci encoding a plurality of VIl or VL regions,

wherein the VH or_VL regions conprise V segnents fromone VII or 25 VL
subcl as80{Her ei nEmhedipente Hlofus [mERtqy Aidydsr nave dibmasies sand| Fmwpeized

embogli MaRriest MRV BRHBMSmAe £8F Y B8ORS H LsudRIEhdA GHARN 9 F’xo 2 he vV

segnents of the VL regions are germline. [00125] The I nvention als
provi deBeca qhplignged, withrasyi igimpgogenp e which yis @xhibiting ispaptowts raf gnfsetiqradn s |

wher ei Niy@aBalafior ORRbSISS ntr)a?@s 5}9%@4@ GRal g Mm&&a@cggg-cgﬁm& BlaBls By Nding 30
specificity determnant BSD from a heavy chain roma reference

ant i bodgbtpinedh&emt a seitallyy Emeiunizedt hogt, Jeg raehest thah s heeni gpallengbdiwith\anr egi on
conpri sj f Jq ! ﬁ%ﬁ r L nt i body

j oi ned ".onm%rﬂ)éigggrn sc{ntg %P &@%g%gtgh%en s‘f‘L er g%enccég% Es:}gagélg Jeg rlflggg]?N?h%snﬁSDs

conpf i swsthbdsswell kaown he the bt (epc ©ligndT IpoichersCorBrevadst ThaddeRpiasdPRAMENNS

[ 00126] [ Ly, of |ypept i de subuni.t s, of | ti i rotein to
forma @egrﬁgﬁ? gl%ggarr%fa}étk n}lcs}&?é%@ls r%%%’qing aélﬁgﬁdl}%s o tﬁ? gl?j%d;leﬁsgf c?i on of

t he mul ganomic INA) eteainplifidd by FORdvithesnitatdd pitithersp Peisertior suck aﬁtiib@ﬂy gé}&gl es
expressj o secretion d assenply of selegted nmeyr i eptides to
of et BRRIERTE 3P UL OBRE OR 81T Gpr (1 Hed E1oBL G OB N e Mk ol asm
Ong or imﬁmrpor@tﬁd hd_sleinmyrieml ciial it pepeiydasl RIIhT I(;ahmt?&plpﬁémﬁ VO Dpﬂb@ismg an ] be
made, Wi t.hout a signal .sequence in the .nethods i nyention, and the
ot hgq n%ﬁcg rS® % BERYYep &eg‘%ﬁﬁe‘?} o‘gl?ﬁl?tegléeeﬁg%léhﬁw %(Wt gutellsi Gnal
sequencsgfthpsizefSne FDNYDamihbde TRINAG B BELhmplifidadh a PER fsctibh SdmGadbday t he

resent inyention include anti bodies, anti body fragments or
gnti booqygc:‘:} yaxgrgﬁrs @%g.y%]@pﬁit@gg\_lo. 6,319,690, wh}ch is in%:/orpora ed herein by reference in

its entirety, discloses such a hybrid method). Alternatively, the repertoires may be cloned by

conventional cDNA cloning technology (Sambrook and Russell, eds, Molecular Cloning: A
25 Laboratory Manual, 3rd Ed, vols. 1-3, Cold Spring Harbor Laboratory Press, 2001), without
using PCR.

[00114)] In one embodiment of the invention, a database of published antibody
sequences of human origin is established where the antibody sequences are aligned to each
other. The database is used to define subgroups of antibody sequences which show a high
30  degree of similarity in both the sequence and the canonical fold of CDR loops (as determined
by analysis of antibody structures). For each of the subgroups a consensus sequence is

deduced which represents the members of this subgroup; the complete collection of
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NUCLEI C ACI DS [ 00127] The nucl ei ¢ acid sequences that are useful in the

nmet hods of this invention, 15 La, those that encode at least in part the
i ndi vidual peptides, polypeptides and proteins secreted in the nmethod of

the invention, or those expressed in or conprising the libraries of this

i nvent i GAUSCRy SSRUERSES] Vepresentintheiaiore e eompleidi staeiith tepastoief of humynmay be
MRNA, DhiiRbiesDNA. I n the preferred enbodi nent, the nucleic acids encode

anti bodi es. [00128] Reconbi nant DNA nethodologles may be used to create

20 that. cannot be nade b mati c digestion. Thus, the

anti bod agnment enz
term anilqox%ﬂy, ﬁﬁ%f‘eﬁ“ giplegeres afp dhen; %Bﬁt’ﬂl‘ﬂ'@é gﬁb@éﬁl gepangythesis oeby her
pr oduceehebise toh Byritmsit folesatel s%uxﬁ{s V'Sﬂ‘lfé.l.;eege?@ﬁd mqh&scon%ﬁ olnh'% o3 n&ﬁ Qgsi zed de

novo _usi ng reconbi nant DNA neth ., SI n or those

i denfi f Plemens prge pelypertidseval @Mhe qﬁhééevels these gengfic subm@ssfareedetﬁpe@by al .

1990, NafohfaBe SiftR'aP AR s'@a'éf*and t'i#u%@bﬁea%ﬁ lof PheSEReL tst Qﬁlcﬂ%é’{?xﬁg& f'ﬁ‘%ﬁ of the

i nvention can be obtai ned using routine technigues % Y of

r econbi Meptar syeerat |Adhge(n§e§/h1@ age megdons rof dhe mﬂdctmmohsenws,eqmaek ardbl ecul ar

(Ljagglr gtg or%‘?%gsgl@ﬁ g{r% %Sg@éﬂﬁé@g;ﬁ%ﬁ%@ of &J&es Ifd%%r %etHSé fuggﬁeﬂu%‘?secul ar

Bi ol ogyMOSbmfeWIyeyal& (Bdnweptides areNevare/derived oD H2AEA B Rondehss rguﬁésel c acid

DAY or TBkne? VAL L S A PA S e P, VB P G080, ot oo

usi ng a@ﬁ]hofamectombmatmxn:hﬁuaqummusnsalsugmas:l eotide priners. Anplification
techni ques can be used to arrpl ify and isol ate sequences from DNA or RNA
(see, e b P | ner Labg

Manual )[(ﬁ%ﬁler naﬁ&eﬁ”@&"%&gﬁé appi r%o%ﬁ%?egocﬁuc e0 (EO ﬁreﬂ§ %‘ﬁt& d

synt het hbramdsy Oéradtli)cmilasedremahiy d&udﬁsulphﬂemnke‘d)Fe siﬁglé bleaid FdO(IsﬁTvI),SFaH\'UC| eic
aci ds epe I]%% £9 %nsewt l%:IomalB an al so % o .ated. from expression
librarie SI hg ant 1 Sy Besed pyEpbEEs PhPsH %W@SWWJB’E%E ning a
nucl®ei camdigerd. é]'ﬁ:cmtengNa @momemhldlelseﬁcotﬂmtédmh by Refeishdedn REBhtiréthe nucl ei c
fied, using a sense primer

acid se nce ol uence | CR .a

cont ai n@ﬁ"g"%%‘é‘e ?’%‘ist Py 18? B%S%ﬁeg E oﬁﬁ”’inege‘ﬁgr@ ﬂﬁ‘l“ Qefansgppgntsi ng anot her

10 restriction site. This will produce a nucleic acid encoding the desired

pol ypeplodtis] and bawiotigr embodineht, smlhatibmhinem astitiodies hdvd Sowbednahadedsi d can

t hen be I i gat ed.,i nt o . hayvi h .0 rlate correspondlng

restri cslyg@lr% 1%# 8 (ggp?dd},f%n%glgfn?@ 8‘@?%@3’[1&93&% q%é 6838 P’E?Pildﬁﬁl gtthed ¢ he

domal nsfoc amplifpingi(be PCRY, c}lémﬁg:dtnd) rexmssm@enﬁeﬂ@r@heﬂe Rogich géﬂakema ot her,
can_be determ ned one of skill in

e|n eguence. i tabl S

Or ™ ‘?}%9‘?? € tgﬁ’éessgﬁd@ﬁc 1‘?L§°| ‘? nﬁé‘ﬂ“ﬁfn op fBRetiges) gt @h@&&‘l@e’ﬁﬁ Bt her
sour Ce&and%ﬂﬁilﬁg) teACDRB &sFtthé Gbdvenand/ok @ Gl RhinO DEs peded i Q’uﬁclﬁgneﬁHfCl eic
acid encodin in or protein _subsequence by site-directed

mut agerf"@&vglegtﬁﬁetﬁf) Iné’é‘Fﬁ? Precsii & N igd (Y peepbiapiqngwhich @senrm dudegythence of

t he i nvRélbRert 5f Blceﬁmqhwrﬁrhuﬁef@steapm@péﬂampfe Ee%%&&ké;tomﬂme{'g Yfj.ease and
t hen leagt ed into an appropriate vector for anplification and/or “expression

accor di Yig8t§ seemaeinran boteRenged Fo Vo lELiPBRats uthstic tRehgmeni sof ivfef | ci ent
t 0 i r geddoRELSRD Sacﬂf residthds! antd ?'étgg%e'nf‘ té{ i erafé ?%ﬁgﬁﬁ(’cﬁﬁﬂ %Rgﬁﬁgﬁg@@ar e found

in Berger, Sanbrook, and Ausu as wel 202,
whi ch |d§tenn@mgpmgmnedcla& eifnelﬁbt F@f@ﬁ%nc@ﬁ nPatens Mot 5,886,793,1 which mt al .

E’?ZS S . ?ﬁ% Ogét‘t% %1‘8}1 (?)9(}%%1‘66‘2\8{‘{] el m %V%lgoggsnl%nt%g@&l @%ﬁé g nﬁ &I}f,% g mJ gu r nal

Of NI HliReasieaisuch a@the.@ﬁhzgmeate libraries containing 10’ phage clones.

[00118] The antibody fragments according to this aspect of the invention may be
30  soluble secreted antibody fragments or may be presented as a fusion protein on the surface of

a cell, spore or virus. Thus, for example, the library of antibodies may be a phage-display
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25 Kwoh et al., 1989, Proc. Natl. Acad. Sot USA 86: 1173; Cuatelli et aL,
1990, Proc. Natl. Acad. Sci. USA 87, 1874; Loneli et at, 1989, J. din.
Chem, 35: 1826; Landegren et aL 1988, Science 241: 1077-1080; Van Brunt,
1990, Bi ot echnol o y 8: 291-2 W) and Wl lace, 1989, Gene 4: 560; and
Bar r i ngdibragy dn whichgerts orcapie ns i the aufibedy fiagmet fse srpjeurhenesusipe may be
desi r ablpgottia vmaﬂafpnagehﬁoem WPRRER Q@%a&f odeéF 86 pbﬁmmbﬁﬁqs@ﬁle%ﬁh' LT wil
recogni ze many ways of generating alterations in a given nucleic acid
constr u@rotelsu% ﬁxmwd Kiteowh arsigmabaeptidac (1 the aptibedydiaementis eampaigeheShs, PCR
anpl i fi ¢alJyond H%i!gﬂagchgﬁgi%E%éﬁ&ed%ét%ﬂm%hﬁ@Efe‘éﬁﬁresséa(%ﬁwt% s%aﬁjeek i,
containing"the nuclerc acid to nutagenic agents or radiation eni cal
synt fesils t #a@e@tezfltheemvmuogéhmhqsémlms qhesep. to bersuitablg famexprossioni ofhihe | gat i on

ol o SHESQER SETSAGS 4 ARG B4 S A5, ol B STRETRN

al ., 198170th¢ﬂa1@u1p®e,3m ‘exgiBgle 2Qsiraits Wl@Oh@B]umsfsmmoe rftequiénen tns whichethe
r econbi des of the invention are
nodi fie totgHg’LO%ﬁl&%g’ggsegggg%d%%n}lgmﬁ%ﬁ% ﬁtéér{ce transl ati on of the

nucleic acid in a selected organism (e. g yeast preferred codons are
subst i t (A& nt o Botk ol aef PN kesive beesi wpe @rdlepl@r peptideoand antipedistidrarigs00134] The

pol Ypuc el A8soBimhiie arnxﬁvewa%agéd@ﬁ[ Fé‘ﬁ#x‘dﬁeqwﬂ\)’%ﬁnﬁéﬁlb‘é% h%ﬁzo ;Qgliiidi ng 10

nucl eot | equences that are su
pol ynuchewen daidodies ageanst aweritty ofi targb layiigens.e dnilbelesaro dedsalged i ¢ither

| nvent | Q8RN REAR pl SN 0BT sBOM RESHHNPRSRL Lol bERSIs ghgut 90

and even nore ica f ast a UBACE Toen|
pol ynucbhagblpdc&emf In hlécasas/éastmhmd préﬁmﬂynaeighalmepwdesm fqrsed)m the N-tehrinaonpl ement
of the des i dj cI eptide.s that has | east
about 85& %?')fb?lgé?f’ dffoegtl s§3§ O%B fﬁ}f Wﬁ?aﬁ AP Rt VPY cal |y at
| eiam_s abthet pﬁﬁa%s (ffghwgﬁge cbeﬂ @atd dlyo b@ni’:us&l){oédik{ﬂi}eﬂﬁibd@ eeedigar and

ol ypept i ted aboyve., The nucl.eotj de ¢ genom.c,
Pt PP bt te e S P ity i gl K tes b o Fetimo g A Bt g suich
pol ynuchgﬁ%aﬁ&egme(w tespetly. t th arpRy ks 8lké béenl Whed B cadstru@Ningo8
i ncl ude r e t hods f etermning_h di zation .condi tions
whi ch chﬁn?%@ﬁ‘g {‘/brf‘%’(rﬁs @%@F%‘fﬂfﬂ orFusst %2%{ piEs e udngadelhce
i dent i t kiggal pbR{HLIS] sEBRLioH G818 nACI0NS, Po8f Misl. i43ad Bes99: NYETY)] RcARY oPe
natural |y diverse, synthetic diversi t may be introduced into those

nat &1 al hy High, efficiencyediRliage “@FSdF%’é’ndP%P'éis?W%W’b@dkhbliaﬁ?l@ﬂ ¢endieriergst i ¢ For
exanpl eyw;if Yiehilds Gn Bod@r ¥ 10Y afttRaP froldeh b O USRI ilRL By r G@Qs of
ant i bod%v1 genes Pr ef ecr ably, |at |sp| r?troduced into %@ss élggﬁg

i mmunogl®batibadies pas lipfagt.er abl y, natural diversity is capt ured in the CDR3
regi ons of the i mmunogl obulin genes of this invention fromB cells. Mst

prefer a‘@ioyzolt he NHGbRE emBsditants)fthd by A HRL margm{,ﬁo%% 8ROl On Of
i mmunogl obul i n genes that conprise synthetic_diversi %/%II n at | east one, and

nore pr&tibpdies §s drsembedfin Use AnplicatipyrBerigh dNod il V84&1 3% filed Tapmay 28pt ur ed
from B ges| %hxch%ﬁa@&b&l’d&h %&nﬁw &%(mb%@e&ﬁgg %paﬁhgﬂ@@aéhogﬁbﬂa

accordance’with this invention wher ef n one fore am nd aci ds
are destagrremptise dplufadity ¢ofwwleicasidsithat engqsle aphiveyssepppildtion ofleae Clmlmél’uced

USi Ng Sighfell N IRLEH alt4r SGGRERT:Se 25 1R APEDRS C3hl ARehibn Yo otil& 71 Mer ()

library comprising nucleic acids that encode a diverse population of light chain V segments,

wherein the V segments are not linked to a CDR3. The V segments of either or both libraries
30 can be, e.g,, human germline. Libraries of epitope-focused human antibodies can range in

size from 10 to 10° antibodies per library.
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have the desired point nutations. For a detailed description of suitable
mut agenesi s techni ques, see Sanbrook et al., 1989, Mol ecular doning: A
Laboratory Manual , Col d Spri ng Har bor Laboratory Press, Col d"Spring Harbor,
N. Y. an tors, 94, Current Protocol s in Ml ecular

b 1
Bi ol ogy éﬁusuu/grﬁbgﬁ& %’rar'ri% maérrﬂﬁswbq used Jibegsies compreig Prademineaily

synt hes infenibsisnéf ¢HRt dtdsre s ehEPedVEY oENTeiee &t Alnts, fkﬁr%9 forl &afP@LWy Chem
Intl. Ed., Volune 28, pages 716-734, nmay al so used Qgpepare such

nucl ei ¢ iaassstherpnere 37 10qRaRIgsHh Vikh At- @aﬁsP%ﬁYﬂl r‘eréWé and bfh Shyrplegses de
di fferi pokdppMM Nahpiadland VSR VISR BPERL ﬂaﬁe@hbary BQ;bNAb gﬁa&r tions,

deletlons and substitutions, created uUsing reconbi nant ni ques.
Gui d&ncEOMPHSRE BeEbes AT ORheTaRoa WHR entaelpsy in eembinationnwih b divese libpiraofd,

added, V‘kaﬂﬁlcﬁﬁlﬁgof’“ﬁaﬂfﬁ% hgklﬂc&hélﬁ@' Rﬁerﬁﬁfv%l\c%% d&gsegfhb'ra[}ggf &t or MHER2S

enzymati c or binding activlties y conparing the sequence of
t he par subc@lasges w@m@ptbﬂ@é Wmhtarﬂl‘{dn@thbwy hblwelp dudrs. peptfindes alatmiaunenl m zi ng

the n u QJd 1 Farg;' &az_l%la goﬁﬁﬂﬂ%@&wﬁ?ﬁ? gfeﬁoﬁlﬁﬂﬁtg% ﬁ’le ﬁgﬂ; Sf\si %le ti'}:(L ho m)l 0gy.

[001381Pre era no acl I'ons resu pI aci ng
one ami d@su@daa:smf;lw\m saolakrer Astiiody faagrrxdnﬂswfrﬂmg%ﬁnsuba;ilasss breutypicalyt and/ or

che rvati,vne amn no, aci ace Ami no aci d
cubDd ¢ ol RRRn Ry shortcon SROPEKALAR o A ePG En A A RS OB har go.
sol ubi I othsr, VHysdbokalmbram ﬂo} cffiejedtly peurdtedcuding sigall peptided eSiadilakly paitibody nat ur e
of the gesidues.involv For e ol.ar dr ophobi am no aci ds

i ncl udelgwéﬁ‘“an%l Yith "EH®n 'regl%laé%l’iq%iy é‘??%ﬁ??%g‘ésmgprlg?’%f r?gpg rrgﬁ)eal?rﬁsr?%e,

trypt opm?nnoamﬁoﬁﬂlﬂmb%daﬁjareﬁntaﬁ@i arseaﬁwdraahbai_iasrw dmé@iﬁ lsumsllawhxgi yci ne,
seri ne r egni C [0si ne, ar agi,ne, and gl utam ne;

posi t i v@f gé;{’ﬂ gﬁ“{%‘ﬁ t‘}n%&?r‘% H’raartfisﬂgmp &g yrogions, | ysine, and

hi stidine; and negatively charged (acidic) amno acids include aspartic

aci tb ani#0g2yt ami dnamodher[@ﬁlibﬂﬁﬂent nger invemivh provideelaelibaRo campnaﬂ@lacal I y in
The variation all ovved

t he rarnl@ g{y out 1 mno 25@{; ds o)é

o per il B prlbRen VESEE) niiB Y TS TR PIREG D1 BSSleRLt | ons,

or subslidatychan Sf—ﬁfglo@n&dﬁq;rﬁﬁxgclﬁhurﬂalﬁvagﬂ@@tp&ﬂdd@ heBlyeshdineCDRB NGorh §COMbI nant
DNA techP ues gX aﬁl n]\%@t he ulting reconbi nant variants for

activi tY" e“[%@ ‘%@P Hatt ?lﬁc"e% ghaif} Vapgien epmpstsoe g imes Y seemaalsi r ed,
msertramashgﬁedhaﬁﬂmm ﬁbmn%megﬂm,baye alterations can be engineered to

produce al tered pol ypepti des or chinmeric 30 pol ypeptides. Such alterations
i cal ,functions or

npl e, alter f the bj.plo
bi o%%e%bg%?c har 3t CH¥f & g S{Tﬁ ﬂ)‘gfa%éi)tal hg@rﬁf’oﬁll’%sui‘%ﬂi‘éﬂ?lf’o‘r?ldSFor
exanpl esncedigghhumanl dneibady VaeidTEpais, WIRGE the Y RRPVI 0L sephRhd etdabB ik such as
| i gand- bi w'&) ffini {Ll es, Ipterchain affinities, or degradation/turnover

rate. PR QR TEToree anthAdY RfAteRet sel ect ed so as to generate
pol ypeptides that are better suited for expression, scale up and the |ike

in the [baM] cel | g lﬂiwﬁeﬂt}feﬁﬂveﬁﬁcﬂf @8 3150 Rompade Iﬁ&ﬁimkﬁls el aNRukBg dues can
be del ef % 8rr il%ggsloﬁss uilerem the VH or VL regions comprise V segments from one VH or
25 VL subclass, wherein the V regions lack D and/or J segments. In one embodiment, the V
segments of the VH regions are germline and/or the V segments of the VL regions are

germline.

[00125] The invention also provides a library comprising a plurality of antibody V
region pairs, wherein a pair comprises: i) a heavy-chain V region comprising a binding
30  specificity determinant BSD from a heavy chain CDR3 from a reference antibody joined to a
diversity of V segments, and ii) a light chain V region comprising a BSD from a light chain
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5 wth another am no acid residue in order to elimnate disulfide bridges.
[00141] Al ternatively, reconbinant variants encodi ng these sane or simlar
pol ypepti des may be synthesized or sel ected by maki ng use of the
"redundancy” invéﬁhe geneti ¢ code. Varigus codon substitutions, such as the
si | ent frem\fhe referpics qnlikody deines e ardiearsitycqti \b peesentss whereip absastiome oduced

to opti rgrgR B YoRrikdaisks thaR RS BTefn® an¥ibb®l C¥REL OF or 10 expression in a
particul ar prokaryotic or eukaryotic systéem Mitations in the

pol ynucl eot | e may be reflected in the pol ypepti de or domai ns of
ot her p@gﬁ@m&ig&ﬁwe pol ypeptide to nodify the properties of any
part of the polypeptide, to change characteristics such as |igand-bi ndi ng
af fi ni ti[e6126] nt er Rlopérnassdnibilyiof ipoBpedite detginie af haMIEHEAS pEteih 3 Sornd §0142] The
nucl ei ¢ %E d se%‘u}}ences.o t he ingegtion ﬁﬁﬁ further directed to sequences
15 whi ¢RI PP Featired i enspie e Sioraetauiuneiiqnesicthe yudfgnenpagisingndino aci d
sequencembadimdnt ¢f theprehat RveRBISAalINs dXBEBAGIS skRGIVR and abRALRS df sBicted

i ntroduci ng{ngxggro riate nucleotide changes into a native or vari ant

pol ynuc &P PebiBentides o pifert \edfisios peatuption; b hetereawitivears ontsige ofrfimo aci d
SequenceyiahirdNDge of M6rel @ ARIhGRNRE pdIfiRpHAts 3F R InARedd ok &b ge Hagt e

mut ation. The am no acid sequence variants of the nucleic acids are

pr ef er ab¥ithogton stignak tsedrense wutthr impshodm ot 2te pisventian, ewt itkie othsr gharemen ani no
aci dosequrpaRiatdah BOSHrR PHIE UF withol Rigihie .agl ! ations
can be %a e.gpgt sites ?%ét difter int eg%ucie%g%%g(g)l dgh%%?lg%ﬁdﬁ?@é%g%t

speci es Prajeiny st enpode tpredepd dry ithe biesgint yinveotise ivdwler egfitodiss, ( aivedant

r egi oNS Y, ondbiltE . C i ill typically be nodified in series,
e.g., by a%ﬁtst?rtag%ﬂ?oncdg |ajfe§?§mp%ﬂﬁg%mnser vative choices (e.g., hydrophobic
amno acid to 'a different hydrophobic am no acid) and then with nore

di st ant MEIBGAWDS e g., hydrophobic anmino acid to a charged anino acid),
and then deletions or insertions may be nmade at the target site.

[00143] fyy1pny aci ArrRafURRCAiHR BB haORB kA ¥ ha BBhoE QP fi¥Entint © 30
resi dues, preferably about 1 to 10 resjdues, and are typically contiguous.

Ari Ao aéf-d hoss gt ieptedeahdrastién arr Ms- indivitlual pendider pplypersides nud pratsinons

" angl NgsdoudBAGSmbABTLPBE hRnBES o B ElbrdGdth HREGGR HGBrarBS el | 3

i ntrasequence insertions of single or nul'tiple am no acit residues.

Intrase ecatipm seayttieantveraynthetingea eprhinagion yhetqof nTedyondy e nRNAODNA no
!’eSI duegl’ oDI@A.efnecﬁ eYerxfeﬁgﬁb&dlﬁﬁgntSthE ﬁ&dlgyg(ﬁds %mnﬁﬁ d?és t erm nal insertions
i ncl ude the heterol ogous signal &equenceés necessary 997 i ntracel I ul ar
targeting in different host cells. 1[‘?0.0144] In a preferred nethod,

pol ynuclogmldes dreeorabingnt INA mepfloidolegies wiay ba aiselstoanreate antibody fragments

20  that cannot be made by enzymatic digestion. Thus, the term antibody, as used herein, also

includes antibody fragments either produced by the modification of whole antibodies, or
1 those synthesized de novo using recombinant DNA methodologies (e.g., single chain Fv) or
those identified using phage display libraries (see, e.g., McCafferty et al., 1990, Nature
348:552-554). Nucleic acids encoding the polypeptides of the invention can be obtained

25  using routine techniques in the field of recombinant genetics (see, e.g., Sambrook and
Russell, eds, 2001, Molecular Cloning: A Laboratory Manual, 3rd Ed, vols. 1-3, Cold Spring
Harbor Laboratory Press; and Ausubel, ed., 1997, Current Protocols in Molecular Biology,
John Wiley & Sons, Inc. New York).

[00129] Often, the nucleic acid sequences encoding the polypeptides of the invention
30  are cloned from cDNA or genomic DNA libraries by hybridization with probes, or isolated
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changed via site-directed nutagenesis. This nmethod uses oligonucl eoti de
sequences that 5 encode the pol ynucl eoti de sequence of the desired am no
acid variant, as.well as a sufficient adjacent nucl eotide on both sides of

t he changed anmjno acid to forma, stable duplex on either side of the site
of bei nYSiek amgiiicatipm, taghnigies withy ﬂ@oﬁmﬁﬁﬂé@"’@f Amplificationterkrdquentcamenesi s

are vel be ke 519 LH0ne ieflats lsecidenéea fdne D’NA ATENA *tke% %g@ﬁﬁfﬁ magﬁ N

exenplified by publications such a Edel nan et al

ver sat i P¥eksieg éP??»mP ERt Bt d 4f éﬂb@’ﬂ@wﬂcf}ffﬁ’gm@l t eAthEDats‘ﬁbcl ¢verlappingges in a
pol ynUCbﬂ%h&i@otﬁfé@dﬁﬂﬁ@p%ﬁcd&%?ﬁ!h@ﬁh%ﬁ%?ﬁ léd% lo #08ho uce By &%@%f fuiclei ¢

Aci ds Res. 10:6487-6500. [00145] to create amno acid
sequenceonains. arVecleds acide qrevding ithec benpongal dgmam%@nn bl be dsodatert Srond

t enpl at %{ﬁ%;géifoﬁﬁlgraﬂﬁsg&g%%nﬁﬁ(ﬁﬁés' g pRferial, primer(s) that differs slightly

i n seque romt rrespondi hg region mtheterrplate DNA can 15
generate the desired amno acid variant. PCR anplification results in a
popul at [09#3Qf pr daset exemapler pfapbieining & mueleidiacideenchdioena helypaplie wélthot i de

tenpl at gyaReAdish Ik‘h@ gL Qmﬁtse(tﬁﬁcep&séu{)é ﬁﬂen%@?sci’ékeagnﬁ%ﬁﬁ& hx% rjmer. The

product DNA frag ntsS replace t orrespon di ng region I shi d and
this gi teBse ph@eﬁegntmemgamen@stamqm siter arwhen ahiBaseoprmén corttgning emhmeque for

engg at echni que
oofy g 6, bl oAl Bulofid o GROGEEHS e THRRPSIER Ml hEGTH
t echni olgusinglabdtridtivnwitesi (Thisheickictacidsaan theade ehgily ligxadplte a vedier Haem@nheques in
Sanbr oo nd. Curr. , Ausubel
et aL [%’6’ ﬁok’%fbng %%‘ﬁn I|%n R eﬁegpﬁ ﬁaegggfl %‘flyﬁeﬁgﬁ)eglé ﬁégf‘?“&n Br8 her DNA
sequencdsnains @h beritedty sznlaé bantayaulglsypatrettﬁd mamnhaft it, o dt?afjf;ﬂowﬂabdqu?gaui ¥a| etnth
am no use n the pr ice o e jnvention for e
cl oni ngﬁﬂﬁgﬁ eg(gl?é’me%x@f g‘? % @gmﬂ‘fﬂl Y %ﬁc‘?fg“ik@f st 3§i0R CREHLfences
i nclideinfonmsitonroeiledin GenBREb bicothdr sbiass. diy mameémal@m%@wnl adoepenovel

ce u der fringent conditions. In addjtion, _nuclelc

nucl ei 3,5@ %‘i’ equen

aci ds €17€d ‘?13 G fee ?&r‘?ﬁ‘ afficRY DG %Ipé‘ﬁﬂﬁe‘ﬁc@"t&g‘ fybagaugnoe; bie siiesfijesiask | de of
the i n\lxﬁﬁlhgdhesmu’l[’hé"'ﬁﬂdnﬂ@ c¥RaMingithd @lﬁi@bﬁ&&is@dlﬁg feishos QTURNARDILIGNG tO T he
degener% Xr h&%enetlc code are a enconpassed within the

i nvent i O e‘f@ﬁ‘%’ PRECPT[AE 1A B et erropuciesse end fren tligated Hploran Mpreprists des a
pr okar yebiof foh @mplifiékibn ﬁ{d/&%ﬂgssi&rac%&hgttd Qihdefd Rdhdd3odi es or

anti gen bi ndi ng anti body fragrrents or nmultinmeric proteins wthout the need

for.a eptide. Strains suitable for use in the invention do not have
a g?é)n er %i P p}Examples ofr techn?ques sui%ment to direct persons of skill through in vitro

amplification methods are found in Berger, Sambrook, and Ausubel, as well as U.S. Patent

-

No. 4,683,202, which is incorporated herein by reference in its entirety; Innis ef al., eds,
1990, PCR Protocols A Guide to Methods and Applications, Academic Press Inc. San Diego,
CA; Arnheim & Levinson, 1990, C&EN 36-47, The Journal Of NIH Research 3: 81-94;

25 Kwoh et al., 1989, Proc. Natl. Acad. Sci. USA 86: 1173; Guatelli et al., 1990, Proc. Natl,
Acad. Sci. US4 87, 1874; Lomell et al., 1989, J. Clin. Chem., 35: 1826; Landegren et al.,
1988, Science 241: 1077-1080; Van Brunt, 1990, Biotechnology 8: 291-294; Wu and
Wallace, 1989, Gene 4: 560; and Barringer ef al., 1990, Gene 89: 117.

[00132] In some embodiments, it may be desirable to modify the polypeptides of the
30  invention. One of skill will recognize many ways of generating alterations in a given nucleic
acid construct.  Such well-known methods include site-directed mutagenesis, PCR

amplification using degenerate oligonucleotides, exposure of cells containing the nucleic acid
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i ncreased perneability but selectively secrete proteins naturally destined
for secretion 5 including the antibodi es and anti body fragnents of the
invention. In a preferred enbodi ment, the prokaryote is preferably.a
gran}ne%gtive bacterium and nost preferably is the bacteriumE. colt

[ 00149] [emuiaseric sgemnay sadigion desicahsathesbad o desiphpligoapeleqtide (Bgetieria for

the secighiitioffwild BkfioRSnboPBlchihg 16YdeARhRSIIE bRl 4cis) RRd R&Let RIS M Or
t hrough both the inner and 10 outer nmenbranes, traditiohally grouped into

four di kneweinchuiguesedge, ernCiligige and Smifhdl 979peene\B:&lyet Keoberty «f ageh®7al | y used
for diregh,taensherzpf bacterial proteins to adjacent eukaryotic host
cells. The Type | systemforns a "tunnel" that |inks the outer and inner
menbranes such that proteins exported by this pathway are secreted directly
i nt 0°t hdOMR3) acel Iny|sgie negbegdienth e they gecombingat r micleim agidst eagodings dh&known as

the gengbgbeptiacy 8f ey iakibnee Ghodies fbahfbw’pr%%rrie& chon AR lefindn@l T e

secretion of the majority of proteins through e I nner nenbrane 1nto the
peri pl adapslatien faihe i romlsic aud it sfectodsergmismte.eh vahs refaikess codoas gire speci fi ¢
N-term Sk I 1 0. el el of proteins via the

peri pl aglr?%su?lg&qt ealt% \?\n&;r}gg‘?‘g?%%ﬁ%%?&ﬁ#%@ﬁ#%%&( TAT) pathway. In contrast to
the Sec Qs?%istem whi ch secretes | oosely folded proteins to the periplasm
where pit#édln assEipmrajynugketides of ghe, inyopsior also jagledgagolynyiclgatides fingluding t he
sechgt i grigfidakdqaanhys il 46 /8 i S,
Current Opi nli on qu 1374; 181%bg{[ag%ﬁ%flﬁﬁpﬁ¥ﬂg&%ﬁ%@é@?iﬁtg‘%lms"?/%g’gl'm has
been wi Helyyualepéidest apconding te dhy myendion hn hevosttleash aboup 88Yoe imese fypimallEat coi | . I n
an enbog] AL ion,. t. has 7 i t, gene(s) in
e’ Typ Seft fout g% ind BB A0 Oty S Fenl St SO0 behGpe? R o B T e
sequenceolymcidotide of chbiineentionr dhei imvertiouealsa pravidegdhbe tchmpleaeoirbf nant

protein i | he signal peptide is.remved during
Phe. secPafsiloos T i ol By RS bdfhaR ey REPRAubE oMK By
f r agfrentesstsaboht 88%Fahd fevergmemd ypcallgcateldaddyabsutgfith, segerencidentfty an dact eri al

roteins ;naturakl vy secreted usi. t hi ath i hcl ydi A, | B and
o TRAVBoRN YobBRGoE Byl el RV nhe mobiuditst FEnL oS e 20 i n
t he per (geh@sio) tDNApamplifiid, gesynttietig)i srRIFAD Nietagisemt sidogittgns foBlobtairdng@nd

Pl uckt hunh 11991d Pr.ot ei n &38 4f' 71- 79%1.. %0015 The .transl ocatj on

machi netiy! BPORAecddes g1 wrllkgowms fofhoge of skafl dnythg grtan nelpde, for,example,

t rans| omameds fohil@tmbging hytrizefiors@weitiohs Wt gmabutiRIEdNe pFlAidddigeand an

assgQci at ATPase to provi.de the energy for translocation (reviewed in
Fek&gesoéﬂﬁd‘lﬁw %ﬁgﬁ?ﬂcgldgg'@}es'M crobi ol ogy and Mol ecul ar Bi ol ogy Reviews, 63:

161-173; van der Wl k et al., 1998, 5 EMBO J. 17: 3631-3639). The core of
t hi s enpgmds]conplThe nacsisiasids usfultih ehisraivbiitnemgniesigetihh ek 68 sy hthBiic

consi sti.ng of the SecY, Sec nd Sec oteins (the SecYEG conpl ex), and
t he perﬁlhﬁ% amaﬁgﬁﬁﬂmdﬁ‘é‘igi IBE’AE%SSS‘@"%@B&;WGF% o @ég?:dafﬁWWé‘j‘a@ % ot ei ns
form a afipay sfnheie! BoixbipR) dyhthe@ dv @it dadbe af%aA6ded 16 o¥é bimbResiac YEG

complex to formthe conplete transl ocase. 10 [00152] New y synt hesi zed
precur s‘%ftranﬁi"a{y&‘ﬁ%s' a?réfe’%ﬁh dt pyniraducediaioerBRE and CBRAIdmmynagpbylings t he

Pr €251 Oprefefubily) ndtutaP @8ty fsQhsiedd GOME @Umtljeélﬂnscﬁw;nﬁ'ﬁﬁno%@buﬁrf Fasd geati on.
SecB and, the signal sequence target the pre-protein to The nenbrane, and

bot h as@isdnyamionfron BBeells. Mo Brafagaly, the nuglein apidgpf thisrinyantign cemprire aSecY
subuni tppialiBe oPRANESLRBIRA G¥nos Mat RomBAY Syt BE §ﬁ% ) RefeAMt| B SLACT 1 ON,
t he pr elzo%r gtlei 3 'S transfer?ec?sto Sgcg, V\%’Inglh ‘tbi ngs El:[l%@l tsf sﬂg%gll

more preferably both of the CDR1 and CDR2 and diversity in CDR3 captured from B cells.

[00136] Nucleic acids which encode protein analogs in accordance with this invention
30  (ie., wherein one or more amino acids are designed to differ from the wild type polypeptide)

may be produced using site directed mutagenesis or PCR amplification in which the primer(s)

-38 -




15 sequence and its mature domain. The rel ease of SecB fromthe nenbrane
requires the binding of ATP at one of the two ATP-binding sites of SecA At
this stage, a | oop of the signal sequence and the N-term nal region of the
pre-protein are presented to the periplasmc face of the menbrane, allow ng
cl eavaglawf thendesisedy paint Javatianse By Péﬁ@é‘?d pleparintien of fuirelals 3nathgenssis er ni nal

: I f ) - ' t he
si gnal aeatensesef saiRodd ot 81, "BsbasResn: g?a%gg 8 1380 %ﬂ:@%z, ggg;?f

initial targeting event, the recognition pre-prote _

Aber r anBpenggHabosbehosatey sPragse Caldt Spsing i Hdreayt NyY r andtog useleb! ey ak halitorsans| ocase
resul ti | deb i ¢l ' {.on. he T etion
system 2%84 ’ gltl?g’q@fgg?\dcgg% A%Idgecglfa?e@%%@@ﬁ?r%gcﬁué? %284%1;' %élt%(@%f (%Iéd?)g%{spr ot ei ns
f r on$ E. NSB| €henicah syrdidsisdisingrmnethddstdassribed/ enEngals et dig 19885 tin degdw. Zhemonpr i ses

a nut an | T I C ' The secret.ion,signals
recogni g"é(%gggv %’lﬂglte? g %gsg?\]t%ﬁgf ﬁl? %éelg%e;&e/sgé %;rjgar? _a\ﬁ‘?as;}wg?‘éc‘??l%%%‘ésed at the
carboxy term nus of the secreted protein and, in nost cases, the secretion

si gnal slM131not C¢Reeppehdnant fvadanth eeferd uipi any polypeptide diffringt from. naturally

wel | -ch gﬁf“%r' i . e i he fvpe | secretion

pat hvvaygcfrcs a &ﬁgﬁg%t%f ;f/)gial‘r}?llp({r%&egg{g %Iﬁgélfs[ gélgﬁ%“\ét%“# Srug?%}%ﬁﬁolng’ %?%?‘%Psﬁn%as been
used t oredominant OINA dabnigbésori8danoé inadetammibéng which etnéroodcidyeesisugsrmiyeba s

i ncl udi ant i.bo f..a nt. by fusion of. the C term nal .region of
ol yo i Hideac uPR bR ERE e bt ER o il mor Y fentes’ 80

Lor enzobin@@g betividds, Mag rlebfomidby céfipariad 2hSddahencerofithé partiasier pdlgpeptidecr M nal
henol ysi i gnal, peptide s, retgined in the secreted produyct.

[ 00155) el bl ST hsbllpaghs neRiden amd gpintyietne e SRBBREAL Sm0 SR SRAPRER ch al | ow
ef fi ci etHange@nadt innegiohs ofHigEhdnyolegcr eted E. colt proteins with defective or
absent signal 5 sequences. Such protein |ocalization (prl) nutations have

exarmpl el DLy pFrefFvs, fufo SBRRRIRRReRY 1 fhe 5af YSioRPPink Py *PWBLL and
Bel 191, &@DWith. dhoBien|aniie mvid 20 ndOSTIR3 stradkiralnaridfori depiidabpadpedickies&) n by

}

in.i ' : h | so, been found, tha rl
:’rﬁz :,[ fg%gls%gﬁj‘ilvé Eglﬁ{]?ga{cg%&f?%q%?%? %&{9@01 Ssu%stismtions may be made on t{'le asis
of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the

amphipathic nature of the residues involved. For example, nonpolar (hydrophobic) amino
acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and
20  methionine; polar neutral amino acids include glycine, serine, threonine, cysteine, tyrosine,
asparagine, and glutamine; positively charged (basic) amino acids include arginine, lysine,
and histidine; and negatively charged (acidic) amino acids include aspartic acid and glutamic

acid.

[00139] "Insertions" or "deletions" are typically in the range of about 1 to 5 amino
25  acids. The variation allowed may be experimentally determined by systematically making
insertions, deletions, or substitutions of amino acids in a polypeptide molecule using

recombinant DNA. techniques and assaying the resulting recombinant variants for activity.

[00140] Alternatively, where alteration of function is desired, insertions, deletions or
non-conservative alterations can be engineered to produce altered polypeptides or chimeric
30  polypeptides. Such alterations can, for example, alter one or more of the biological functions

or biochemical characteristics of the polypeptides of the invention. For example, such
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10 naturally secreted E colt proteins in the conplete absence of a signal
peptide. Thus E colt maltose binding protein and al kal i ne phosphat ase
| acki ng a signal peptide have been secreted fromprl A mutants (Dennan et
aL, 1993, ENBO J 12: 879). The ,%gct eri ophage protein LarnB can _al so be
secr et ecliFaHAR Ay Shagge| PUMRSREd R ChATACBIHPS St A%t disgd-binding caffinities, 1994,
Bact er i Ghtedehbin affiblitios 2 \WBYBHatiocDRIrBsvRE RGO URirtRErO§iRh @ﬁeﬁﬁkﬁ{tg c%? b@%é,‘qﬁ%fe\ﬁ%&' ¢

ed wtho

proteins have not 15 been previously shown to be secre hout a signal
sequenc et 8pcEHs Palyrertides thapgrrpbetter gyited forgmpressiniy scafzgup age dikst icthed

f . A i ' o th
successfygkt RREEREBr Sordsiish!! B e%(arlaa;%%&&%@mfsﬁﬁésoa ﬁ %afgg@{tggg{ sif gﬁdﬁegs' ng the

si gnal sequences fromthe LanB o “genes and.é1 e processing
ef fi & erfeih aypthepspmne apd tesidhel inqrpe-to eiminatpdisulfidpbridgsd. i n a strain bearing
the prlA4 nutation. Human CD4 fused to OrpA, PhoA, or OmpF signal peptides

has al sqodagn 20 ahewsiveR, exeb@bRait! Mkt dnkodifls Pied "UhRNtS GRagkenbach
et al., 1991, Appl Mcrobiol Biotechnol 35:32-7 Over expressi on of Se,cY

mut ant  prdPeRtides ey beptathesied, et sdwctadaby making bise wf dh"tedurfieanay” isrihanci ng

express 'bggféhtf%fco&. hRAs 96&5%&%@[&1}@'%, BuchGRlite STIQM%QQIYg%E %%%?\&fg?@vﬂou& he prilA4

mut ant Y protein together wth Seck i ncreased secreti human 1L-6
fused t destirdlom s, slayril inedicedido OPEmiag clwingzintet 2 plasmid orl virdi wFec lonol ogy

12: 1851% ot ' nlljﬂﬁﬁ j ve,diversity of
pept i desgélgcfie §jsspl a;%gé)la @%ﬁ@u}%} g%g&oﬁfd?% }{?aéfrdé%% gét}%gp ageg)ln %&u@?ﬁé@? Céeof)l:(li'fl si gnal
pept i de s¢quencsr waybe a¢flecteddn the) pBlapdptidé of doh7i6s oft 286y peptiliet adddpweths bovi ne
pancr eat MRS! 0 kRN DL OF e S| rotein froma PhoA signal
pept i detp%@géﬁtg Zdré\ohg_ gb&’%ﬁmggﬁﬁ‘% %ﬁ’f{ﬂ{é plorP}@e [%ftg’tchan%?é;g]%ﬁaﬁte% ¥ ef er ence
i n 30i t sudhrasligatdyhindinglaféinities, imtbrehain Affiusies, or deppelaticn/tun@iveraaleA nMut ant
proteins can facilitate the expression of certain eukaryotic proteins
express oy a Si - i de- . r 158] Proteins that are
nor mal | é g@r et edﬂgﬁlg %18{252{1% F&;S%g?%g%n%gﬁénﬁ Rsol Gl @Ltlg%c(%ﬁeggg ° BIUFEES when
recdbbi méuch| epcedepradsgedf the déscribed nudd¢it lacids. Ahese gmdo sdid)s@mere vatdintexanpl e,

genes e I i.bod vy and, light.chains or antibo fragnents have
been ex g‘ir:“‘ ggg g%p \%’I(]’{l Iﬁgﬁ}%so ?gﬁ% nslgglﬁee?\rg%émi%ﬂglffl%qppmgﬁﬁteﬂ’ﬁgg‘ﬁ’rd(?t° 885 pr oduced
t ypi cal info ametiveLdr atdanhpolgnucieatidd. Ublheee e dwlol@iriablen in thel cosdtabtidost aasind Nsi de
the cell .(Bo et_al.. 198 Nucl... Aci ds. Res, 12: 3791:. Cabilly et alL, 1984
broc.  NAF Sodiay veuns: HEbpaSirand Suleloh B, iR 5L ECRh X ¢ or

t r anspoaminacridssqiches viylang lofdrimcleie ibidaas pasrerably dofstricRE By A idsQral

proE in, 1l\/ls\t ?oﬁg or. re-folding antibo (Epra%mants fromi nﬁ:_Lusi on bodi es
are gr R e Yt Fhraing 25K sequpRCe [t does gt oegHT IS e Ihese 3EnGet hods
for genssiditeaticns chdBelinRde af Sitds Bt fdifEdran thel fuoksisl a1 MoREdiFORAt YpeGbgls Of
functi onal. zinti body. andh’%g not be used for |ibrary _screening purposes.

[ 00159] $variable pestiqn)eny 1, iGQBIeEvedregions (Ponslenk eeiANs)t RiesAt SRAIGeMIPES host

cel | cowilRiypRally be modified in series, e.g., by substituting first with conservative choices (eg.,

hydrophobic amino acid to a different hydrophobic amino acid) and then with more distant
25  choices (e.g., hydrophobic amino acid to a charged amino acid), and then deletions or

insertions may be made at the target site.

[00143] * Amino acid sequence deletions generally range from about 1 to 30 residues,
preferably about 1 to 10 residues, and are typically contignous. Amino acid insertions
include amino- and/or carboxyl-terminal fusions ranging in length from one to one hundred
30  or more residues, as well as intrasequence insertions of single or multiple amino acid

residues. Intrasequence insertions may range generally from about 1 to 10 amino residues,
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a prl nmutation in one or nore conponents of the secretory apparatus which
all ows secretion of the antibody in the absence of an encoded si gnal
peptide. The prl mutant is a nutation 15 which permts secretion of
signal -1 ess nononeric proteins an nprise. a nutation affecting the
acti vi t prefrably Sgmy!l tosd apsidusic Exwpleeeéeg@ﬁ@l igyertigns ipcdpdehe detemlagonsit ant s

al so pegighdl 6hRE hQR 0¥ Rk ﬂ@lﬁﬁi}@ e h6dt8AR! peptide in a
si gnal -|1%qtljeseecﬁident fa%sﬁllfyon Ong erarb ﬁlgégltn\ﬂgf? trﬁle1 i nvention conprises

secretinp ant i_body tide with a signal guence in a host strain
with a kﬂ% t at i JR 2dkteleHe %ﬂé@?ﬁ@%@%m s Gfcadig %ﬁppb%alyclpwtwdaaz@

functi opmngddivial siIdiectBd RuigBresithi Bhib SneMbAUIEK Bﬁg&&gleétﬁﬁuéehueﬁicéhcﬁ]ﬁ ecretion
and chain assenbly are thought to be closely co-ordi nated. "Anot her

embodli nee %@ﬁmplyge@e@@e BRPPYHEG OF tfmeylp@mmmaql@lm% a&W§11@ﬁalsuEﬁ@t?nbnce in a
host st £cﬁéd3nﬂlfcﬁoﬁdeo(§ﬂ bo@ﬂ’.&l@és'o? Ehe(cﬁﬁr’fge& 'éﬁmoyac{dhg £l a Ml@@lﬁ & %@f S€s a

mutation’in SecY ef erably nmut ant

conpr i séide ofike gite W&@M@@ﬁo hsgeinnra'e;é eghmqneggf Qlﬁehlpﬁtﬁﬁ\mutﬂg?mts agt rain
(Emr ang.i2 e RasRf s of %ﬂﬁ%’l hb-artBind lﬂ'll %ﬁﬂl 7is e@xﬂﬁi’f@@ @? %)ubl-lr_;gﬁorﬁr hé&d' allele

contains two m ssense mutations in gene,” resu
am no- ags, Edelutaster nlut 1I983sDN2ZBN3ankl V.e_rsaSNand\/b@mept m&@o@lﬁirwroddcmgpmﬂe#\ mut ant

co is e eq of . t prl A4

ot e 820t chERSE 1 ARRDC I Ahied DS Biishel ZERUPHEC Bl DD ot ai
a prl nﬂudewdnzdsﬁest he:643%-@ibsome of the host 30 strain, such as the prl A4
mutant strain of E. colt Alternatively, the prl nutant may be derived by

over- ex{%féﬁﬁ' on (i’fCR’jl gqgl) tbe Qti to- e %Imﬂ% I r@é&uﬁaﬁgcvaggrﬂg of fth%rno%ﬁnpl e,

expression rn a plasm ase expression vecto I NSt'ance, the
pri  nmutmusteigrnyds. Gghqrsmed amonnts afittmBiateYDNA fevied ge serting pratsiE ¢riarr(@) pl asmi d.

Such a be constr constl tut duci bl e

pr onot etlr'ﬁiIt ﬁ% 81\% rrl?ix o feﬁaﬁ%cfqu)n g}e °°&??P (g reyion, & etﬁ’f’?](?gs fBut si gnal
seqlfencgenematy the édslrekiaanmedclﬂwm R@Rfaﬂﬂhﬁéaﬁmn r@glwd iataipopuletiqur efpsedust i N E con
are wel nown in the.. andlnc eus of duc bl e omters 5 such
2%t e A Rythdnlt hlCaRes 8t DRt HTedids e i i 1S cPlbeeR o p

ar abi nqsmi—tioﬁd;pediﬁécbb)pﬂﬁnmﬁﬁﬁ’rs ThEhgodast MNA Sﬁagmgnﬁmeepwy the cardipbmiig Sec gene

fromE. coil tgr { the.r #a atJve Bacterl um Thus, for exanple,
t he pr TRE°RIMt BRPAF S 2 @S WWPP BLE & -om a plasnid in an E col i
host cell in order to permt secretion of a Fab fragnent expressed w thout

a si gngoopwspt i de A ]fﬁ)xﬂ%)e@%ﬁlh]q'gbefohO@hem&hé affiyo heidavaiant isythassetw' | strain
suc as W8110 .o ano .e tra ui_t e host strains
b 6 mgnons eeitnecfasdon s Walt shd ke Gerg U5 S PSRy bo

chosen tbchnfjuey iveR kﬂwmn ﬂiaSarﬂ, Eudﬂtdﬁefor cRansis,one chilfued 97 Sambfok ez af f ect the
fol ding, assemly an retlog‘?fngr het er Io ous grotel ns. It has been

denons &% W4t 4 b‘H SdéM l’ﬁf‘l’@c erones such as bacteri al
DnaK and GroE 15 systens, can augnent refol d| ng of proteins that interact
wi th t Heoptraper Oll]iuBgo yigd mhar'eht degeiiedost (ﬁTtﬁ@%éxhe&ic ((Bﬂé; hiwies JBNA sBquen&&hr oder ,
H., Hestherkarg ff d, H llu&; ﬂ Bt u, 1996, .J Mot Biol, 261,
328- 233V highprcode R}fbs'ﬁ““a B Faéne W2 Tupgh waﬂvalemmne acidBEAUESE M, M,
Me1a3er nRYisedin th&pRGHGRNDS Y 1n%nt1015fd?@ﬂ1§eloﬁ'h andSdresstorBbOthese HION nudRR:
23824-23829). DnaK_al so cooperates with Trigger Factor in folding of newy
synt hed¥sd SPgt dVA . seqpnpesoingifle | thessr Yhishiroeli eable obfh Ybﬁﬂ‘@mﬁnv’e%ﬁ on may
be expry Eﬁl%ﬁﬁatb ROVl nieKia Bdid SdgudicB Smdd? sﬁfng&{t cbiitidrs O a?iaftfo‘ﬁt hfRibid fligsSCr eeni ng
of anti fragments in various functional assays. The Identical vectors
may al SBoQsEng:th pasasaning Acid sagaeneaes thet efithapelypeptideof tb@inwerft@n bakdgvigsi on

wi thin dheqagitaph abvxcfdhéegaene&ed@eedms ke R09 P RS B BRL RO

nmol ecul es. Intrace lul ar expression may bé used tor Bfticient proguctl on of
ant&Obo&pcqmmgwémlﬂnnﬂi@mvemmpl e using 25 trxB gor nutants to provide an

oxi di zing cytoplasmto all ow disul phi de-bond formation. Hi gh | evel
expressiogr egregrrectly folded and assenbl ed Fab fragnents can be achieved
in the cytoplasmof E. coil carrying nmutations i'n the gl utathione

oxi doreductase (gor) and the thioredoXin reductase (trxB) genes (Venturi et
at, 2002, Ml Blot 315:1-8). Expressiian and assenbly of correctly fol ded
anti body fragnments can be further enhanced usi ng coexpression 30 of

nol ecul ar chaperones (Levy et at, 2001 Protein Expr Pur(. 23: 338-47;
Jurado et at, 2002 J. Mol Blot 28: 320:1-10).

—h




[ 00163] Anot her enbodi nent of the invention includes nutants in a second
secretory pathway, the twin arginine translocation or TAT pathway. It is

i ntended that all tat-dependent signal peptides are to-be enconpassed by

t he present i nvention. Specifjc, exanples include but are not Iimted to the

phoD and0®#d || pﬁ(’ﬂm@??&ém?@fs"f the byawien RERYIdeE @ replsstiadast cell allpwingforent i on

I ncl udegemthARE §ntlb8d1€s BMnhEexﬁﬁﬁ&xﬁé %Ibo@;aﬁblgq@aﬁts SGhAlimed. {n‘&teﬁ% witud YPe 111
secretion system_ Type secretion mechinery Is present In numerous

gr am ne§®@mie¢dtop aéleeahpapt{den Straiap piitable Aprarse inghhe fiyentipnaloinethashiagendrally

Sal none e h , nt §,on/a, and
i (21 D EA Paalty Bl R sect o AR ok BRTRA 6 SBRRAGE

t he Sec mchldeqséhmnboctlmd lantibodg frgméntofile lpmr!myln &sprefwrgd gelbdimergecr et i on
of Yer sj it is
ol verrio @iate i BRtoriph filipacehfhueAABAR, bd ARP pERHy |t BRE R
“inplicafeablin EPEC signal transduci ng proteins, Pseudonbnas aerugi nosa
toxins, and virulence factors of many plant pathogens, as well as in
fIageII serrbl ibeb ViR N LA [

subt' 11 048 007 Aty Rl Rk b e fittnXestiioo AR HAINA SR el

acti vat semretlglﬁ 0%1@916918 |ﬁ®m thy Cﬁopiamclﬂmf totthepdyiptasardr dimovght Yothhths unm:eaﬂds ( Menar d

act 1Y ot el e kRS RSP oo d o W Bkl SRR, onk 1ot DXRH B

13: 52931633 Rms\aht gergrallgtusat for 885 frafidertod biactedial $h1tged tocadydcert elukm'yotmel I s

trigger el.ea l.pa _.i nvasi ns., and, ssential.functi,on of

i nvasi vg??i:%ells E%B%I yign&rglf 221?63 EIA lfrrchsh Tl raﬁ%‘%%ﬂnbri@e@gu"hmnt act

with cuthhup:e&mmcpdnﬁdlw thisepdtlsvast aremécadtﬁisdﬂ@dyéhtbcﬂm eftraBellularnirédian.

typhi murj i nvasi on teins Inv nf ect In|n 63: 40 8); that

sobe. of Thh redt Pt Bt A0 Labyh e I SRt SHEGIY WS A ST E host

cel 15 (RBaspvhsitile €ir thd secrehe%f th'E&ﬁzg@ity ©€ blotéigyihastiph el 1ﬁﬂﬁr1ﬁen(ﬂ§f§1{eeﬁﬁi on and
ininto ma |.i,an_cel]s, EMBO

ol arized tragnsfer of Ye ia Yo cyt.qt.o

p., 13: Big pergppasm. gip pd ‘HFI@“%&?“FF%PP §§st%@30ﬁmﬁleém PgFific N-ieypinply 25
YopE- adﬁ?ﬂéﬂl Heptide¥ Cloagitect 'sBERNGY T PrAeifN tvid @Iiéogbﬁﬂlé‘s& |18t 1@e HARagRlides, Mol .
M crobi o 14:583-594; Wyod etal,, 1996, secreted protein of

Sal monetranglogationi (FAT) gathway,s frneonirast tp ﬁheosqcrﬁé{stear yaich seqeeles lopsedy &dded via a
si p- depgodaRto MRGIAPIaSH v Iﬂﬁﬁﬁpésﬁénﬂ%ﬁ% biaée, ML TAT piftlvay M &re@%xol

22:327-338; Collazo and Gal an e i nvasion- aSSOCIated type | I
system BF seatien 9k Plrepdy yoldecheneynen @viexed dyBrekstet shal W98 oEwraent Gpirgpm8ipr ot ei ns
into theybasyy cell, 30 Ml. Mcrobiol, 24:747-756); and that transcription
of genes encodi ng secreted pr ot ei ns is controlled by secretion of

regul at roteins (Hughes et at, 1993, Sensing structural internediates

in bactIQPIISzQ £ adbp |THPe A& Secrelian bty Besr beegr wWidelyetedi 06 theegrarelionrof Sci ence,

262: 127fekfSfhint If)%t&l% $280 2210t - In180 BmbdRLhast 8R Rlentibh UIh@ I]fo%t I:@lfst or
expression by pathogen target cell contact, Science, 273: 1231-1233).

[ 00166] 9OFPEAD & HBttamrgsae(Ehinthe SFype HI, o1 Sepepathway. t Khe addition pfm sheth-host

strgg n I r this
pur Bos e nd Sl Ghath e MedbmaH A Lerb RGeS Ch B ok 2

si gnal tpélps pagestion pathwahwost the gipal perdidenis ramo sedadueing dleseretibnghvpesss. pBireni t
secretl FioP | Y, e th a

mut age &nltargz)g%gﬁ %eon%{%gg QHIPI%FJI&%H#E&%? anII(;‘;t%hfé GIII Cﬁlt(fg g nt r oduce
mut at i m@lahmqubwemﬁ@m bantdriah prateinn spmstly searcted) @siegitbis pAthsiaiys aioludmgar ker

protein,is - | a h, confe r.esi.st t o.bet g-| act

bret bi ovia EUBmaEhENT e pitoR naOY R ik SR RS BepPudthdo sfemBl 10 &

si gdtal ipeld paiplamdioaforh antidensbindigy Bibafiignrentsa(ales Skeea asd Bhutletlun, Teese nut ant s
are scr ed_for ility to secrete other proteins such as anti body

f ragnment II i fngn g %?gﬁge of signal peptides in order to identify prl

mut at i ons By this neans, a nutation allow ng secretion w thout a signal
sequence can be introduced into any desired strain of E. con such as a

W | d-type WB110 strain or a strain with a high transformati on frequency or
a strain with nutations 15in other chaperone proteins. [00167] Sonme

enbodi nents of the invention use si-Agly or nultiply protease-deficient




mut ant hosts. Different proteins will be nore or |less sensitive to
different proteases normally produced by the m croorganisns. Strains may be
used which are deficient in proteases such as onpT and deg?, Protease II1I,
La Protease, O pYQ Clp3CP and Cl pAP. 20%20168] This invention will be
better UOMH&EHst ood rWIPPPélOE%B%‘thWﬁnt’%F e [ReC HAIFVaxHis chwelbistudind esaveeer, one

skill edcégﬂgtebethértfan%éake rGRigh | bn@aP e GhREA ﬁmfé?ltal S RRCH {eﬁxs"ﬁfdh%js and

results cussed are nerel |IIustrat|ve of the |nvent| n as cri bed
nor e f ubk$spciptad ARBase|tepreyidaihaenergyl hoimnsleestion (reriewed i Rskesu@dDrivssempl e 1.

Express chTKbO %}%%@%@?%aﬁﬂp%al@#%%g? ﬁh&zeﬁsc 6¥ l%i‘tl 7%{/&%@9‘&7‘10% L3 uiogy! gnal

pepti de ragnent uman anti bo was exptesseéd and
secr &t eBMBQh E: 36818630t aFhe gard 44 this ehryote Qﬂnglhid ccmeqstsmfethe nﬁatbrahAS is an

Nt neeL etk AUIORARAIOdLASTR L. WIENSRENdR SORETEALIthe! S BREP! { 0P

on the rotern o defugi nosa W t
conpet eson‘xpiex)b iamd ithreg pexipthlrabh hnmudmeantA’bRndey SMlGEhe ISt SédFeahdt Naj(’he sarre

epi t ope Fra et al 186, 64- .ol i ght. chai n of
The' conBeli® A spiet Ry mep S ESRE IR st e B AATTES SR
sub- cl agsm\the @giplete fratglpdase0 an | gGL CHL donmin. [00170] A signal -1 ess
expression vector for the expression of Fab 1A8 vvas derived 5 from

pGE ~ 4T th f 0l The | resi stan ne in
aTIOPHAS e n ear LB Rt PRy e WP R RS nced

WI t h a ﬁbihlizeamh:empmcdm rreslosﬁemsnfoedegemﬁ‘Oﬂan nadpéjgnt R&Rransiptatibh.c 86dBON from

plasm'd ). to form mut ati o f Tto A at

oo t 1 MR TELAL egberee SHER i PR T R REDPEE g AP B i e

Bst 1 107thcﬁ $bouad with high ta€finity 19 HeSeCATuuds bf the Ser¥EG bemplea HA!: atdsaln oth

|n|t|at| on, downstream of the Tac r 00171 r onot er

of pCGEX: C‘%ﬁ&@"%é‘gﬂa‘f@?n § PEssiroteid Fr?’&fﬁ% 8I’i°d$ 1[{7\%{% ﬁ'd%é&gnﬁ t ween

t heuBst Qe?ice ahd it GRdtire Sddn@n. byrhE’GEieéé§ldI£Bef:B|ﬂ&ﬁ\ﬂtﬁkgnﬁﬁibi’@é Sequire@ithee vect or

KB-L. A t erm nat or seguence was incorporated in the Priner 2 before the

EcoRl an@ng PEAAE Ak ong of ding steyiretacitiisctigaarioop sfdhg p NO 4)

signal sequence and the N-terminal region of the pre-protein are presented to the periplasmic

face of the membrane, allowing cleavage of the signal sequence by leader peptidase.

[00153] The N-terminal signal sequence of pre-proteins has been regarded as important
20  for the initial targeting event, the recognition of the pre-protein by SecA. Aberrant signal
sequences are not efficiently recognized by the translocase resulting in a deficiency in

translocation.

[00154] The Type I secretion system has also been used to direct the secretion of
heterologous proteins from E. colii In an embodiment of the invention, the host cell
25  comprises a mutant gene in the Type I secretion system. The secretion signals recognized by
the components of the Type I pathway are located at the carboxy terminus of the secreted
protein and, in most cases, the secretion signals are not cleaved off either during or after
secretion. A well-characterized E. coli protein secreted via the Type I secretion pathway is
alpha-hemolysin. The signal sequence from this protein has been used to direct the secretion
30  of a number of heterologous proteins including a scFv antibody fragment by fusion of the C-

terminal region of hemolysin to the C-terminus of the scFv coding region (Fernandez and
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Primer 2: GCCAGTGAATTCAAACCCCTCAAGACCCGTTTAGAGGCCCCAA
GGGGTTATGCTAGTTAATCGALI AACACTCTCCCCTGTTGAAGC TC (SEQ ID NO 5) 20 This
priner pair anplifies the mature |ight-chain coding sequence of 1A8 and
adds a transl atjon- |n|t|(“aKé}§H[; codon_and_an upstream sequence to provide an

appr opr i =&17gi 0%Un dolnid 89'shiZneiohal lgdhs b Bsoierminadibegolysiguence

(AGGA ( Sial p2phiid R9reBtd it8e bdidtdddrdat. codon of 9 nucl eotides. The
predi ct ed gm&r?o aC| dresequence of tdflﬁer N-term nus of the light chain (in

le-| d code 25MDI QLTQ (SEQ I D NO 7) 1001721The heavy
ilhg?ne( F@B)ES%L n) IH“‘{‘%SP“@\%{E tﬁ‘? SR §YLehicomppRenisyatpdmown syhigh gilpwer s 3

and 4, afficibit d’eél@ﬁ&ﬁdf ReinyyBe NsetibRd B8 t dolOfloteAOw iR ldbfestiteL 8y Qhse %AT to
gi ve vect or KB-H_ _Priner 3: GGAAACAGTATACATGGAGGTGCAGCTGGIGGAGT SEQ ID

NO 8)°  PPltfBress: Sedhoprerindesabivaier AR sationsdiary Gapcidentifiehmo multipler 9) 5
Thi s pridgBipoRsts oﬁfmlsa‘cls@&eﬁahﬁmmmgrﬁ)r%qalﬁﬂal Qec@@}rng §€cqyﬁm@) afzadds a

translation-initiation codon and sequences to provid Shi‘ne-"bal gar no -

ATG di st@i{e a8d Spepuerddi(Begsandy ﬁéhlbr]é’l?%tfeﬁloérﬁfw e?c?ﬂd()&'éa&ewb@haﬁ t he

N-term dRerElf BY YerGhitle fn ftSentitdhEVQLVE (SEQ 1D NGO 10) [00173] The pTac
express?%tﬁmgﬁastget trégﬁo%l eKB— H was efnheér{*arrpl ified by PCR using 10 Prinmer 4 and

5 and cl(c)med I nto_ KB-L between EcoRl and Nod sites to give vector KB-LH

Pri mer 3901807 OCGA AT clseCheeR A Heat st ATutations GF@@M@@I@@EQO@.@N@ 11)

00%4] T ; g i Egb 1A8
\[Nas]m Lgﬁ?trgrllggtaéggﬁﬁgn g‘%l%ﬂ%ﬂ%%gw?% EeH eeEc?? I%eaérﬁ&%g Olff‘l%fgn ;%Rﬁéeslggl nucFeot i des)

of puCLIrdlipErhiedipgpipteimand lislipgphospistsotsekinge @malmnudqﬂ@we béenescreted pr ovi de
a_SPace o Situignip [Bémfit R GES 1993, FAHGU! 98 878 MHhe HaotbHEpiRh A BT n KB5246

is shown in Figure 2
LamB can also be secreted without a signal sequence in pri4 mutants (Flower et al., 1994, J ‘

Bacteriol 176: 18). However, heterologous proteins such as eukaryotic proteins have not
15 been previously shown to be secreted without a signal sequence from pr! strains. Wong et
al., 1988, Gene 68: 193) achieved successful secretion of insulin-like growth factor-1 from E.
coli using the signal sequences from the LamB or OmpF genes and showed that the
processing efficiency of LamB-IGF-1 and OmpF-IGF-1 was enhanced in a strain bearing the
prlA4 mutation. Human CD4 fused to OmpA, PhoA, or OmpF signal peptides has also been
20  shown to express efficiently in prid mutants (Rockenbach et al., 1991, Appl Microbz:ol
Biotechnol. 35:32-7). Overexpression of SecY mutant proteins on a plasmid vector has also
been explored for enhancing expression of a human protein from E. coli. Thus
overexpression of the prl44 mutant SecY protein together with secE increased secretion of
human IL-6 fused to the OmpA signal peptide (Perez-Perez et al., 1994, BioTechnology 12:
25 178).

[00157] Prl4 strains have also been used to improve diversity of peptides displayed on
surface of filamentous phage fd using the pllI signal peptide (Peters et al., 1994, J. Bacteriol,
176: 4296) and to express bovine pancreatic trypsin inhibitor as a phage fusion protein from a
PhoA signal peptide (US Patent No. 5,223,409, which is incorporated herein by reference in
30  its entirety; Ladner ef al). Thus it appears that prid mutant proteins can facilitate the

expression of certain eukaryotic proteins expressed in a signal-peptide-dependent manner.
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[00175]E. coil strain 5E6004, containing the prl44 nmutation (Erre et aL,
1982, J. Biol. Chem 257: 5852; Wng et at, 1988, CGene 68: 193), was

obt ai ned fromthe Net herl ands Culture Collection of Bacteria (NCCB catal og
nunber 297%% 00176] Pl asm d KB5246 was introduced into SE6004 by

el ect r oft9atl; on tems it areqpppaelbhiecretad) omysells ofteafame insplblegnelisiemiar d

t echni qy&fiesawhdeReshhiBshily bxplRell HIPEOLOE Wltﬁoﬁtrh Qi@tlla@ %hHEu@ﬁceB' Rramp R, 1
edition), Ausubel et at, (John WIley and Sons Inc) | ectroprati an was

carri ed2daE errofing aatibgdyheavyEanddight clipins 98 antéiody fingments haverbeap paressed
accor di fgnh@ $hal @@@uﬁ&gtw@rcﬁz B tHeUibleRiRS f%ﬁc@daty}?t %kéé ;ﬁt@ gpd a 5
e rans

ins tine constant ectroporatron 25 cuve tes wer formant s
sel ezt ethseablg pradyetain bklusion bpdieningide thewekd (Besstetinad 98k Mwwcnédiasr f2and

expr essg ‘Cfabﬁlg_etm?a\wi? 'P?OJ gt A%P@'S}? %)8?.??73?2 7o ﬁr Hsed 8{ ng

i sopropyl’™- “heta- Dt hi dga opyr anosi de ncentrations U to 1
inM | n@imiabl@fpr\MBsmaracrcsdtlmwytopbsm@ mﬂmhr&lefand damat fcsmsfum‘hoﬁdlprﬂxmr essi on

in the h anal ysi s r.el eased

ntot ool B2 reRfing Wdlhe ol or Btichich You B B it iae i DR S

cyt opl a6B3 ic4 Ifeanidrdies, Sofit d—Icthexp emdhphahasds foepdnsratieg entitiodies ineniatKidiens

foI T cterial, cel 1 1it was resuspended
h(gml ofF‘?}é‘ggB’u?‘r %‘re{df d’%zér’}i’ aé ﬁb’ﬂ{’%g’oan%ﬁant%f % H%?Ho‘t% li‘g‘f?a" 8CBMAEEDTA) and

|ncubat1radp<a;bs 4C for 15 mnutes. After the addition of 12.5ml of TES / H20

at a 5ratio of 1/ 4, the cell mxture was i ncubated at 4C for a further

15 mnu The el et tr| a

Sor val |f0§f59 Lh- togl?%: g}%duegg) menﬁ% tﬁ]é( nﬁ’?’é?n &lagfah%rygﬂ%é‘?s ﬁ‘ggﬁqn EW%FS kept .
The peld gt mmxohhmnner msmsrpenﬁlpmmts of&}mﬂseaiﬁfarﬁamfaemﬁﬁm&ﬂhlmhe&&m My2SO4
and inc 4C fo nut es,foll et i n at 7000 rpm and
retenti (L)tq %f"%tbﬁéy etng?t a’i@“’f’%ﬁ%]a Belt“ﬁgorﬁggr) TB‘Ftégt @ BYHOIct  was
runion W]ﬁcISES&TH’ACEc@ﬁbn Uﬂd@halﬂéb@-rﬁcﬁﬁﬂﬁhﬂ@r&&ﬁﬂ ahd @AF, coldpaBS b &hiitgbt 0 PVDF
menbr ane, and stern g g %%; é}g a Hurran appa ISJLP?CI fic anti body
conj ug ﬁmtgo &Y Q4P ﬁég i FRE QT ‘?PeloéB%‘) TBRRE- Paf BRSSO ubst rat e
ECL pl nﬁ&edrtaatnt t8ins VARG LS Fith Q mﬂgwa&m@@mﬁ&p@h&ﬂaﬁsﬁr@hch was

t hen de ected on radiographic filmto detect Fab_secretion. Figure 3 shows

a repr e irzhodirent 8T (he drventiomtamprises Aseietinean #ibederalynestidovitagsignsl ed 1A8
Fab detgleAgt inh AQE siith With3SHA mtafibRbhd AMRNHg RenftlbN@S LAY % y Hith &l ated

protein of |ower nolecular weight is al so detectabl’e. These bands are
cond) stipgtiopglt multimeris guptein. o Thisf is| 41y Haexppetpc refifesince asparetion gneé rdhein| | ght

chain e‘iﬁb@j}
ot her, a%? gna &ggﬂdgﬁﬁgﬁtﬂ gggc%rl%ts (|5; gﬁﬁﬂg %g t %ﬁgﬁt@%gﬁ!ﬁ%%ﬁm %ﬁs%g:g geecget ed
ei t her nomgpttdqéaoﬁ)smgl Fiignahsegperic iroa h¢ﬁé stredel witnawerbmatatioty zlédfefabiy the prl

oy bk (SRR ¥ phallp' AEVIRAR b ol (AT ARRF BT LB Gen

cl oned mwag Cbmpnm ope ot wiore mntaﬁwrarm See X buchras dlmd pvrM4 mmmms:tang(ﬂmmidr one

S- tyan e r r|b rerously
(Frzztjnkséeg&&lﬁ léﬁcf)ZBpo .élfer’ﬁ chi[ |%§5£ g%ogease %4 aﬁ vl C Tns ?ﬂﬁ% PRP°25 codi ng
sequenagautat®ne hﬁhmhcﬂ’rgemd;r ecseltipg asthe axmnme:cid@hbgt@ién&ﬂ'l@é(&f%dlfmﬁl\r hfaste) to

oo i n PRt B PR et CoEPaRe Al g KB mbtafon Bl 2507 the Reiends ' 957 11

the prid4 mutant SecY protein is shown in Figure 1.

[00160] The prl mutant may contain a pr! mutation in the chromosome of the host
30  strain, such as the prid4 mutant strain of E. coli. Alternatively, the prl mutant may be
derived by over-expression of an additional copy of a mutant Sec gene, for example, by

expression in a plasmid-based expression vector. Thus, for instance, the pr/ mutant may
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anti-PcrV Fabs, GST-PerV fusion protein was expressed fromE colt (BL21)
transfornmed with pGEX 2TK-PerV and purified as follows. 4 liter liquid
culture batches of E. coil 30 expressing GST-PcrV were grown in 2xYT nmedi um

to an optical densit 0.6 at 600m before jnduction of protein
expr ess CONPIie hrgtagt éﬁﬂ | PTEeckngery Fareesse ong Hatid: gyusieanplaspid macher i al

cel | s wepRuRakd &fiftds BohsERAYS bif Atdiadicile Adfholey 8BSWihE £ AIHA Ofseefoti&0 Bust er
(Novagen) suppl enented with 'Wrd rLysozyne (Novagen) and a protease

i nhi bi t 6F Pelyeratidey Withgud pignal srqueneps anly it clgsited fimes. ogle tfor eagulsting

| NSt r uckQBGionAh 1 Lo kRARAINEndWLin! thS Bt An® ¥nchRIBtihd hsO ihARIAD Prolifokdr§ at i on,
It was passed over a gl utathione sepharose colum (GSTrap FE, Gt

Heal 6hcavab)as thilspeer, ahtre remeiers evhidmapédyeiledydPite and arabippsetidiugitde hi one,
The S aptdnfifdis 3R 4RI sscdgé?@%gr% £ oty SeDBS ol le! 067 oPRBA! DGk | s 1 or

detecti anti-PorV Fab™in asmftractions or in nediumsanples were
car r i ed gwat-neggstifepbactamum. E(Thgy, gr &xanepl¢,Che trakd/Emptant Rirm) ofvSea owated Wit h

100 ng/ - LFy ' ' f hour s
and b ocrest o okl il SHENRRGHEH otk kpEHNPeoRofbe ey BlendBng 0% o,
Tween 26xpr&BRITyithotifa Fgmal pépled ¢ fracti on sanples were diluted in a 2 fold
series and applied to the ELISA plate for | hour at 33C. After washing with

PBSTs afdgibady fr i ndi I gen: ' goat

e e oo T ot b0 ALRE £10bl A IRER of REAOTA il 805"
PBST. Amdthgsdiyaityofilli aodf. \Raitatlehest btednstinéindg TORL Op BEGSx Dikislpha (hipghma bl

Tetrane b ol [ . . L.on was st opped
with t hie_llﬁgghi ?‘IH %hg%? glléi%/?ef&ig%g tﬁ) g{ an'lét)‘lt,rloengggBgﬂggcéigﬁhasr%dpﬁeg?sé- r eader .
[ 00182] shich gffeetbibe dioldingtlabSmbborid sevedion vé hpiceclogrme métefnmnclt ibandkerd-ab 1A8
in the peri ‘ ee Fi.gure nd, rel eased into the nedi of .SE6004

t r ansf 05%?1’{215%%&(;%% ‘Zﬁ‘ IR Rs Ogsorﬁ)"???%'gﬁ%})erﬁ%?ﬂ@l % Bps %ﬁ@?%&é %% etion of
si gi$ f i saemsacmunpsenfrefohiling sfggoreins thasdnebdce with thd chdperanihoydtdhiVid fold

conpari son % @gﬁ?sfar%a%d i reelg 2115i % of b ilrafg pﬁtﬂ [ ny %el 20 peri plasm
of ool | DoRszht EeFEchahe SRS BRI Jortrr e dr 2hibiah dbi on 1150
i N Fi guieve4y.. MpI0BbA3LT,B28-130ePdig,aMyAa Bdddié, oM, Oslpaikns., bfi, EaRajidspanne

secreteg T OMBLI A CSSAN, §i ¥, Bohols, H., 1994, J. Biol. Chem. 269, 23824-23829).

DnaK also cooperates with Trigger Factor in folding of newly synthesized proteins.

20 [00162] Library embodiments of this inventioﬁ may be expressed in prl/ mutant strains
in order to allow secretion for screening of antibody fragments in various functional assays.
The identical vectors may also be expressed in alternative strains of E. coli for expression
within the cytoplasm without the need to re-engineer the antibody molecules. Intracellular
expression may be used for efficient production of antibody fragments, for example using

25  trxB gor mutants to provide an oxidizing cytoplasm to allow disulphide-bond formation.
High level expression of correctly folded and assembled Fab fragments can be achieved in
the cytoplasm of E. coli carrying mutations in the glutathione oxidoreductase (gor) and the
thioredoxin reductase (¢##xB) genes (Venturi et al., 2002, Mol Biol. 315:1-8). Expression and
assembly of correctly folded antibody fragments can be further enhanced using coexpression

30  of molecular chaperones (Levy et al, 2001 Protein Expr Purif. 23: 338-47; Jurado et al.,
2002 J. Mol Biol. 28: 320:1-10).
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coil without the need for a signal peptide on either chain. The two chains
assenble to form Fab fragnent which can be detected in the periplasm and
rel eased i nto the culture nmediumas 25 functional antigen-binding

mol ecul es. Exanple 2. Detection of antigen-binding Fabs by Col ony-Lift

Bi ndi ngl0Ak&Ay ( CiAmathen gousiapent i9f Hici invensipn ineludproarytapis in frsaepmd seatetetyoned i n
plasm dohlR2 4 LA QIR atont o ad ar

(Bect oﬁp Ki nsgﬂiq érf’@o Tm 2xYTa fea‘g %ggt&g}é‘?{}fr ypt oﬁlgengg%%a%vﬁcg%t ai ni ng

t he appfiappmdeatmhpqpbd@tam:to(be lehesmapapsaé hy &mlprmntmml@ rﬁp)BCIﬁBGXETﬁrFéeSpI ating
effici ial colonies are discreet but
dense :iﬁglﬁgiﬁ{tg{ynr%%ﬁ%m %ﬂﬂmb%ﬁﬁelg% g\?eé[tl?ées Various sizes of plate are

used dependi ng on the nunber 'of clonal colonies to be screened. Thus, at
opt idmal 0064 t y Anothamenbadimend rof gheinventinnt intlndes4ogants ¢h erihisd seaetoBem

di anet ai ns
50, 000 1 i%ge?‘%%@‘liggﬁ ﬁ&?gggﬁktﬁqﬂﬁe Gf?'gerlgﬁ g}cﬁﬁg?’%ﬁ%‘?g@s 1 S%lt BAS5)
of di amatneme@usgmn-lldza{?@rhaﬁtem (induding qlambas af éleppqud’émaa,vﬁaﬁrhm&ﬂm gen in
Cusaal | 3P, J36 5B, Pty BhoPoreR, bt S50 ERRE GG "
dependspaﬂmgemd; foz nfain) a:m'arnals,ianéplamm Fo3exhmple, 6 Stc-mdependent sypd III@écréthm vari ous

fllter 1%88 above,. Fi rs.are. placed.face down jn ol,. of the

it 1R b RS 5 Befrah oL L iy el iR R SREPHA | o <

are coalpedes| diris Indlved uii Sheapro@BCofveitty o qﬁthaﬁdl@:ﬂﬂd Rdb TahbixmphcaTé’lemf [ | t ers

areth (ﬁ nse onsﬁe W th excess PBS and bl ocked. vmtg %slutlo

non- f at Q/Slﬁlﬁ rapsqugREPIOtEns, fsaudarer aﬁl‘fﬁ’f"gﬂwﬁ’o{%g‘s’ 2’51@ CTQEﬁ‘? atl on

The fi Immlm @aﬂlbgams,obrsawm larfﬁgéuums £eriblg & f bictéRSuShi RP ISenpRl@un th 0. 1%

Tween 20 2 twice in excess 2YT liquid nmedia supplenmented with

ant i bi g Begtliy (34 jig/nml chl oranpheni col) and transcri ptional

i nducer (IPTG). The | PTG concentration can be 15 optim zed for each |ibrary

3ut15i s [U%m'sp al | nydmréd(;ef Iﬂﬁmggcr&lcﬁhlpath»@aylcdﬂ\/incl%ﬁé Qxlbu@dtlbg%m@ﬁfeﬁﬁn foyl ters to
rain, the r aced o YT-a plemented with the sane

concent’ Pﬁtﬁ%/t g aé’ﬁ't“l“ﬁ’i n‘ilgoséﬁa“% (“? hiéng & &creion o Hheghigella

100 186]ﬂéﬁn&pqgra hkiasidlé 3 a0k ¥atAOS) é;ﬁthaﬁa@ c4TRIERA adBrollsd 9& Qsa@danhqﬁeﬁj dowpoon t he
| onj es_containin i brary. Once the

Tt o S P EIah G pYatet oAb hes; Coach B SHE e oL AR SR RP I o ar o

i fted poEviRGad 1scéﬂ|e§§éﬁtlaﬂ'f&j&tlbhﬁ)opiﬂ{fﬁlv%ﬁk%s OaROY, fik: bﬂ@l”—ZZWO' ZirbSan@! ready on
the expression plate. A sterile needle is ‘used @ﬁerce the filters in a
a

patXer Pak clt99§m Crntagt| with atuitgrerespithelin pells jstimalates preeistion pf phaimensliat h t he
ni t r oC ) lnih@Sfn fdvhdiel px%t%ﬂ@ W73 %’e%t BhAsEdsRi02 3%@3&3@{&&10%@%% ring

this time, the anti body fragnents are secreted a se throug
protems are delivered mto the cytoplasm of host cells (Rosqvist et al., 1994, Target cell

contact triggers expression and polarized transfer of Yersinia YopE cytotoxin into
mammalian cells, EMBO J., 13:964-972; Sory and Cornelis, 1994, Translocation of an hybrid
25  YopE-adenylate-cyclase from Yersinia enterocolitica into HeLa cells, Mol. Microbiol.,
14:583-594; Wood et al., 1996, SopE, a secreted protein of Salmonella dublin, is translocated
into the target eukaryotic cell via a sip-dependent mechanism and promotes bacterial entry,
Mol. Microbiol., 22:327-338; Collazo and Galan, 1997, The invasion-associated type III
system of Salmonella typhimurium directs the franslocation of Sip proteins into the host cell,
30  Mol. Microbiol, 24:747-756); and that transcription of genes encoding secreted proteins is
controlled by secretion of regulatory proteins (Hughes ef al, 1993, Sensing structural

intermediates in bacterial flagellar assembly by export of a negative regulator, Science,
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25 the first nitrocellul ose nenbrane to the second, antigen-coated
menbrane. |f the antibody fragnent froma given bacterial colony has
antigen binding activity, it is retained on the antigen filter and is
subsequent |y detected. [00188] After the 12-16 hour expression period, the
col ony flﬁHé% -1230; Fetieresent ¢ orh t 1986, Modulapiere fi virleneatiaciem @xpyessioadbat  4C on

a 2YT-ag aeim%éna&r ctlhlt BorRs 0lcAld g7:8lspqbign but no 30transer i pti onal

i nducer . The ant i'gen-coated fil is renoved and washed three
times (5 mnute was es) in excess PEST followed %(Obl ocking with a 5%
sol ut i of0%fClnon- flﬁt"ﬁmﬂ‘i@r embodiment pibis aspget of the fryigplong thegst s gfFﬁ’emé)ffPfF body

fragmentsiedi&t firkkr Qhythitiis %bmﬁ@ sbdrbtiod! BéCihishRipsie! @@é&&e&)xelédtéﬁé
|ncubat| ng with one of the followng alternative primary antibodi es: Goat 5

ant i 2 huFFCKBINAD srmprestsf wdhew asignaBrephidyingbe host ecliandanitenty g seloted ndi ng.
After f %fch]p@rm1%é&gt1%n %ﬁﬂ@ %rke%gﬁ)tétlﬁ ! 'i‘l?erlﬁ)s tfaid rgg}”p@&&%d' WitPE b ARS €

substrate solution hcar e used to expose
li ght - s@w@bﬁepw@h@hwbﬁgmémom Mﬂnomet wethad ﬁwmlhydummut@MS wyda@mse:gat ed

with fl i on
scanner H@E? %g}s;gpto%&qﬁ Hoon (‘&H’iﬁ?al t%c%llr%)t%mé;%%" ° |0‘$§ﬁ'} or Ei%%/ssey
(Licor) rqaahnmwlb@@da@@n :aotyblsmmlsudwsmneuoplbm Betrndadpoass js OGESM|vtiong a | i ght
box or hot o c filmor
B L e N SRR
f r om t hélezt‘mhtagarseqrbtatcﬁhemmdotpxhasmﬂh onasibpdya sk gmertts anﬂmaa’oemy dof aigniahi s
process he. |d ntlfle positive colpnjies are pick d used to inocul ate
a 2vT | PRUAG Ty et lfi?]%@' %d@ft%t 5 T]?y #IH lge;{nﬁ’eg mﬁﬁ? QEPESHEHE ¢ hen
re-pl at wﬁh@.tt amgne)h/m:;uaﬂemantb,e imrdlupddcikeding desied bﬁﬁﬂ VeRt co@'rmblySsl $wil@- ensure
that a ulation.is anded. . Exanpl.e 3. Detection, of anti-PcrV Fab
secr et eg'p? 5@#@ F%&ﬂ OF.4 fifain Wtﬁ ﬁ@lﬁ?‘%ﬂ@fﬂ’a‘?&t‘gﬁ &eﬂ‘ffé‘gy Ot FHGOVEAMUH9B8 ] For Fab
f r agsreninsotieex phapsfone pwitdilout si gnal peptides in plasm d KB5246, 20
transforned cells vvere pl ated on 2YT expressi on pl at es cont ai ni ng

chl ora col and 1 RYl 1PTG Cel 16 hours
and anmgg@)} fr afﬁgﬁ lﬂbe TAEeptip pgg %’l"ﬁl}’ ﬁ%mﬁﬁ'tp yg%tﬂteﬁ‘ﬁa‘{ gﬁ 1°ft | ¢ er
wer e deimerhebss ]).iﬁ'éreﬂitlpbﬁéins WllE)éa‘H@’e @r Rss d¢ndities 18 dgifsdént i:lﬂitdas&%lﬂﬂiﬁﬁal ppa

anti bod seradi sh_per oxi dase conj i1cal) at a dilution
o 1/ 00RO, SRS PR PE AR SHUE AP TRE: SpBPIEE PR of ECL
as ompT and degP, Protease III, La Protease, CIpYQ, ClpXP and CIpAP.

20 [00168] This invention will be better understood from the Experimental Details which
follow. However, one skilled in the art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as described more fully in the claims

which follow thereafter. .

EXAMPLES

25  Example 1. Expression and secretion of human anti-PerV Fab fragment without signal
peptides

[00169] The Fab fragment of human antibody 1A8 was expressed and secreted from E,
coli mutant prid4 without signal peptides. Fab 1A8 is an engineered human antibody
fragment which binds specifically to an epitope on the PcrV protein of Pseudomonas

30  aeruginosa with high affinity. It competes for binding with a mouse antibody Mab166
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25 Plus (GE Healthcare), the filters were used to expose autoradi ographic
film(Hyperfilmfrom GE Heal thcare). [00192] Pl asm d KB5246, expressing Fabl
A8, was transformed into SE6004 cells, which have a mJt ant SecY gene
(containing the prl A4 nutation), and into TOP 10 cells which contain a wild

type Seidsn ﬂ@thpé%,m% Pm@p%GTr@Hﬁ &gl @8% étfﬁlfﬁgf%ﬂ*?i 6A§3}Ne"ﬂee lipht ehaineef i n t he

30 Pcr Vi 26¢dngi8i ofh BR1 QRApha TigRIBhaEAO the tFdRASh & /oA Sub-bR& VI3 fused
transforrnants did not secrete detectable amunts of Fab 1A8. This result

i ndi cat legndg@k CHhdompin, 44 nutant strain is able to secrete Fab fragnment
wi thout the need for a signal peptide on either the heavy or light chain.

The heajyy m-ﬁollgd || dhkighd)3dsh SxPeSRIIDYRion T6t RE @x ﬁ@m & Piv {08 WabQlefivdd Y
e

functional Fab fragnent capabl e of binding cognat e ant |p2}en coat ed onto

a ni% r ofen PUESSE-1 (FE lealthcareasfooes. 4Th°§éﬂé@ﬂi”rﬂij51ﬁfé?°elﬁeh‘?j’@r BX4%deci fi c
ant i genv?asocieléf_'% &%@srtl%ﬁ %th%&tﬁ%ﬁ PﬁWQI'i‘ adndﬁvééergﬁlh&ﬁswlhpg’ ?ﬂfﬁl}ﬁﬁﬁi@&d hurman

Fab - speC| human cy t oki ne, was expressed wt hout si gnal

pept i de@SlBtWCSE@mwd&yd?ﬁ&gnplﬁ’@ampﬁrmp1a9mél MG%@DM@Q‘@@M@M nt o
K85246 Var Fabs
(Poaz- & RGP Rapih bt of f oA RSB SSE R ah oA DO ahitiishdlh L00 A

CLBA wate ipmcfugﬂz rae!dllqw B&1 HFE gedtitiatian i site Bx pIeCAT jnstt bﬁfoﬂeethcdanddlcmnt i gen
bei el e pgen specific for 'FB42-8. Duplicate

BQ? i %ﬂggﬁgﬁ %ﬁﬁ%ﬁggTﬁﬂﬁgﬁakﬁat Fabs specific for each antigen
coul d be pi cked fron1a m xture of the two transformants. [00194] A library
of di vel08¥1Fabs dhairbe mometenefipGBX-Giihwes useddo axpress dhe light ghain geduchi n t he

S RMRloned BB en s 107 b ERGAGKiA bPBER Hhlnd TolyiRg BAmMelh UM, o1 073!

pept was” cl oned erial® expression
pl asm dveefor KB-L. A T7 terminator sequence was incorporated in the Primer 2 before the EcoRI

site.

15 Primer 1: GGAAACAGTATACATGGACATCCAGTTGACCCAGTC (SEQID
NO:4)
Primer 2: GCCAGTGAATTCAAACCCCTCAAGACCCGTTTAGAGGCCCCAA
GGGGTTATGCTAGTTAATCGATTTAACACTCTCCCCTGTTGAAGC
TC (SEQ ID NO:5)

20  This primer pair amplifies the mature light-chain coding sequence of 1A8 and adds a
translation-initiation codon and an upstream sequence to provide an appropriate distance
between the Shine-Dalgarno ribosome-binding sequence (AGGA (SEQ ID NO:6)) and the
initiation codon of 9 nucleotides. The predicted amino acid sequence of the N-terminus of

the light chain (in single-letter amino-acid code) is:
25 MDIQLTQ (SEQ ID NO:7)

[00172] The heavy chain (Fd chain) of Fab 1A8 was cloned similarly by PCR, using
primers 3 and 4, and introduced between the Bst11071 and Notl sites of pGEX-CAT to give
vector KB-H.
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bacterial secretion | eader-peptides (KB 1150) or into KB5246 in place of
the Fab 1A8 codi ng sequences. These two constructs were conpared for

ef ficiency of expression and secretion at various |PTG induction
conditions. Cultures were grown until OD0.6 at 600nm and then 20 i nduced.

G ow h was continued for 16hrs. Fab secret ed | cul ture nmedi um was
detected on a Rewerd; @%MC%?TAEA&‘MI‘F}GW %ﬁ@ HEEF GEQID n Exanpl e 1

see figur [ 00196] Fabs contai ni ng nurine V-regions are known to be

( gungo:8) - g g

difficult to express to h t the
Fabs secreted P¥PE4 e%%@%?wgﬁwg%hgmﬁﬁ&ﬁww t han
when expregsed with signal peptides in the wild-type TOP 10 25 strain.

| ndeed, Fab secretion was undetectabl e using signal-peptide nediated

secreti %gﬁ 08 & ﬂggg a8 BogTe€di UM when _
t he SE Ooz?hgtra wglsn%ﬁhées %r sec?%at%%n éﬁé '?H SAGTPE%OThus Fabs and
ot her ant |1mt;merOdmMCWW%WPvd@(%@s@%EQmOW@‘Gé@WPGMQna@%@ﬁﬁsageousI y

be produc S8 b BNSRAGRiIA ofShe iy dheRlLd: des from appropriate
mut ant st?gkl %dlguc% asgﬁéeela%r A mut ant 8E%004 Exanpl e 6. Construction of

an expre55| on Y [ f 1A4 mutant SecY gene [00197] An expression
vect or, Nﬁ&@%’?[ﬁ%@@& genes in bacterial cells under the control
of a strong bacterlal pronoter, the trc pronoter, was constructed as

fol | ows. [@013]8] PI awpmaqo@@m@siw cqshatta rd KB H) wasathenl agplificddbyPER wBmEl and

parti albl y Pg)mgfs Alg%gtsﬁﬂd (Wbﬁela fuﬁg EB-L E%ﬁﬁ&lﬂ %sﬁe&@& @ecWRBtm n

bl unt -'ende enow gnent o yrrerase The pTrc pronoter
was PCR arrpllfled fromt Iasmd %6XE|IS GEP. gaongggh) with the
fol |l owi ng pri rgper ECTGTTGACAATTAATCA

(SEQ ID NO 12) 10Prgm@CA@G1@eﬁ§ Q @& GGT ACCT CACCGGCCGT TAAACCCCCCAT
GGTTTATTCC (SEQ I D NG 13) The PCR product was then digested with Stul, and

| gated W[&O?%{] he Z%Ee ﬁlil)al\fA s1gna TR rgcprgsfsmn vector for expression of Fab 1A8 was

constructed by cloning the EcoRI and Fspl fragment (138 nucleotides) of pUC19 (Fermentas)

15  into XB-LH between EcoRI and Afel sites to provide a spacer between 2 pTac expression
cassettes. A m'ap of the plasmid KB5246 is shown in Figure 2.

[00175] E. coli strain SE6004, containing the prl44 mutation (Emr et al., 1982, J. Biol.
Chem 257: 5852; Wong et al., 1988, Gene 68: 193), was obtained from the Netherlands
Culture Collection of Bacteria (NCCB catalog number 2976).

20 [00176] Plasmid KB5246 was infroduced into SE6004 by electroporation. Electro-
competent cells were prepared using standard techniques as described in Short Protocols in
Molecular Biology (3™ edition), Ausubel ef al., (John Wiley and Sons Inc). Electropration
was carried out using a Biorad E. coli Pulser electroporation apparatus according to the
manufacturer’s instructions with a 1.8 kV pulse and a 5 ms time constant. Electroporation

25 cuvettes were from BTX. Transformants selected on 34 pg/ml chloramphenicol were
cultured in 2xYT medium and expression of the heavy and light chains of FablA8 was
induced using isopropyl-beta-D-thiogalactopyranoside (IPTG) at concentrations up to 1 mM.
Induction was carried out for 3 hours for analysis of Fab expression in the periplasm, or

cultured for 16 hours for analysis of Fab released into the medium.
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pACYC177 to give vector pl 5A, which has Ncol and Kpnl sites after the pTrc
pronoter. [00199] The pr1A4 mutant SecY gene was cloned from SE6004 cells by
PCR 15anplificati.on using the followng primers: Primner3:
ACGGAATTCACCATGGCTAAA. CAKACCGGGATTACGALI TTC (SEQ | D NGO 14) Pri mer 4:
CAGTTAGBHIACCT T AFacaisiAchE R Tepieist TRorqss by |cpioRiasmis) W@bfae}e Jot) te PCR
product,. sr{lh&'ﬂs Weﬁeeﬁéc%gnéfédtﬁ DERYs. aﬂ@ﬂﬁgﬂ’ehlﬂ &0 eﬁét(mﬁga i1 Nft& /G0N Pl SA

bet wee e same two sites to give whi ch exgresses t he nutant SecY

gene unﬂ@rresmeerxd@htm dpmbpf THE bbﬁfelt 6}2MITIISrI@,H Brbridtiéte gysmase and deSmgur e 6) .
Transf %ﬂﬁg A lﬁglbﬁie? GLAL 151 1A hfiReY me#ﬁé %&a%&?ﬁ l%rﬁnltd’fqﬂ’sr/'lﬁ] oPfignot ype on

t he hos ows secretion via the periplasm of heterol ogous
pr otSei netisolth/ dshacdll wixtire was mﬂ)a&&dcht A S gifertecn d S winwes. JBhegsllnwereencode
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20  [00179] Fab 1A8 secreted either into the periplasm or into the medium was analyzed
for antigen-binding activity using a specific antigen-based enzyme-linked immunosorbent
assay (ELISA). For this purpose, recombinant PerV antigen, cloned as a fusion protein in
frame with an amino terminal glutathione S-transferase (GST) purification tag, was used as
described previously (Frank et al., 2002, J. Infectious Diseases 186: 64-73). The PcrV

25  coding sequence is cloned in the expression vector pGEX 2TK (GE Healthcare) to generate
the GST-PcrV fusion protein. '

[00180] For production of antigen for use in ELISA for the detection of functional
anti-PcrV Fabs, GST-PcrV fusion protein was expressed from E. coli (BL21) transformed
with pGEX 2TK-PcrV and purified as follows. 4 liter liquid culture batches of E. coli
30 expressing GST-PcrV were grown in 2xYT medium to an optical density of 0.6 at 600nm
before induction of protein expression with 0.5 mM IPTG and a further 3 hours growth. The

bacterial cells were pelleted by centrifugation and lysed in a solution of Bug Buster
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[ 00203] Expressi on vectors which encode antibody pol ypeptides including
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Kal oBi os armaceuti ca arranton
Chri st oftrdhoyy at 33°C. After washing with PBST, antibody fragments blndmg to the antigen were

detected with goat anti-human kappa-HRP conjugate (US Biological) at a dilution of 1/1000

in PBST. Antibody binding was revealed using the peroxidase substrate Tetramethyl

benzidine (TMB) (100p1 / well), and the reaction was stopped with the addition of 100ul 2N
15 H3S04and read by a standard plate-reader.

[00182] Antigen-binding ELISA confirmed the presence of functional Fab 1A8 in the
periplasm (see Figure 4) and released into the medium of SE6004 transformants containing
plasmid KB5246. Figure 4 demonstrates secretion of significant amounts of Fab fragment
capable of binding to PcrV in comparison with a standard preparation of Fab fragment in the
20  periplasm of cells expressing Fab 1A8 in a signal-dependent manner (preparation 1150 in

Figure 4).

[00183] Thus the heavy and light chains of Fab 1A8 are secreted from prid4 mutant E.
coli without the need for a signal peptide on either chain. The two chains assemble to form
Fab fragment which can be detected in the periplasm and released into the culture medium as

25  functional antigen-binding molecules.

Example 2. Detection of antigen-binding Fabs by Colony-Lift Binding Assay (CLBA)

[00184] Libraries of antibody Fab fragments cloned in plasmid KB5246 and
transformed into SE6004 are plated onto 2YT agar (Becton, Dickinson Difco™ 2xYT yeast
extract tryptone medium) containing the appropriate antibiotic (chloramphenicol at 34pg/ml).
30  The plating efficiency is adjusted so the resulting bacterial colonies are discreet but dense

enough to maximize the area of the plate. Various sizes of plate are used depending on the
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<120> Secretion of Antibodies Wthout Signal Peptides fromBacteria <130>
073678-0025 <150> US 60/ 701, 902 <151> 2005-07-22 <150> US 11/273, 906 <151>
2005-11- 14 <160> 15 <170> Fast SEQ for Wndows Version 4.0 <210> 1 <211> 443
<212> PRT <213> Escherichia coil <400> 1 Met Ala L Gn Pro Ay Len Asp
Phe G nnwgeber qf glonglscotgnies dp pe sgigenedq Gims.@t wriang ieaﬁgwéom iangetpripdaie Lou Phe
\éaly : : Zcﬁtéﬁnﬂ(ﬂ)ol-c%lbnie'sea Yt dfdarea? pRiecdiisng! 10006%cHlomiel o8 2548 i ! 1 € Pro
plate contains 50,000 colonies.
[00185] Nitrocellulose filters (Schleicher & Schuell BA8S) of diameter 8.2cm, 13.2cm
5 or 20cm square are pre-coated with antigen in Phosphate Buffered Saline (PBS) at an
empirically determined concentration (usually between 0.5 and 20 pg/ml). The volume of
coating solution depends upon the filter size. 4ml, 8ml or 20ml can be used for the various
filter sizes listed above. Filters are placed face down in a pool of the antigen and capillary
action evenly distributes the antigen. The filters are coated for 2-3 hours at 33°C with
10 occasional agitation. The filters are then rinsed once with excess PBS and blocked with a 5%
solution of non-fat dry milk in PBS for an additional 2 hours at 25°C with agitation. The
filters are then drained and rinsed once in PBS supplemented with 0.1% Tween 20 (PBST)
and twice in excess 2YT liquid media supplemented with antibiotic selection (34 pg/ml
chloramphenicol) and franscriptional inducer (IPTG). The IPTG concentration can be
15  optimized for each library but is typically in the range 0.01 — 0.1 mM. After allowing the
filters to drain, they are placed on a 2YT-agar plate supplemenied with the same

concentration of antibiotic and inducer (the expression plate).

[00186] Un-coated, dry nitrocellulose membrane is placed face-down on the plates of
colonies containing the antibody-fragment library. Once the filters are visibly wet (~20sec)
20  and in one movement, the filters are lifted and placed colony side up onto the coated filter
which is already on the expression plate. A sterile needle is used pierce the filters in a pattern

which will allow alignment.

[00187] The expression plate with the nitrocellulose filter sandwich is placed at 33°C
for 12-16 hours. During this time, the antibody fragments are secreted and diffuse through
25  the first nitrocellulose membrane to the second, antigen-coated membrane. If the antibody
fragment from a given bacterial colony has antigen binding activity, it is retained on the

antigen filter and is subsequently detected.

[00188] After the 12-16 hour expression period, the colony filter is removed from the
expression plate and stored at 4°C on a 2YT-agar plate with antibiotic selection but no

30 transcriptional inducer.
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Pile anti-human Kappa-HRP conjugate (US Biological) is used to reveal binding. After four 10-
minute washes, the filters are incubated in peroxidase subsirate solution (ECL plus, GE
Healthcare) and used to expose light-sensitive photographic film. Alternatively, antibodies
conjugated with fluorescent labels may be used. In this case a flatbed excitation scanner such
as the Typhoon (GE Healthcare), FX-Pro (Biorad) or Odyssey (Licor) can be used to

10  visualize the positive spots.

[00190] Using a light box for back illumination, the pattern of spots on the
photographic film or digital imagevis aligned with the colony filter (the filter can be removed
from the 2YT-agar plate and placed on a plastic transparency for this process). The identified
positive colonies are picked and used to inoculate a 2YT liquid mini-culture. Bacteria from
15  the primary screen are then re-plated at a lower density and picked for subsequent analysis to

ensure that a clonal population is expanded.

Examp‘le 3. Detection of anti-PcrV Fab secreted from prld4 cells without signal peptides
using CLBA

[00191] For Fab fragments expressed without signal peptides in plasmid KB5246,

20  transformed cells Were. plated on 2YT expression plates containing chloramphenicol
(34pg/ml) and 10 pM IPTG. Cells were induced for 16 hours and antibody fragments
binding to GST-PcrV on the antigen-coated filter were detected as described in Example 2,
using a goat anti-human kappa antibody - Horseradish peroxidase conjugate (US Biological)
at a dilution of 1/5000 in PBST. After four 15-minute washes and the application of ECL

25  Plus (GE Healthcare), the filters were used to expose autoradiographic film (Hyperfilm from
GE Healthcare).

[00192] Plasmid KB5246, expressing FablA8, was transformed into SE6004 cells,
which have a mutant SecY gene (containing the pri44 mutation), and into TOP10 cells which
contain a wild type SecY gene. Positive colonies secreting FablA8 were detected in the
30  PcrV antigen-CLBA only from SE6004 transformants; the TOP10 transformants did not

secrete detectable amounts of FablA8. This result indicates that the prid4 mutant strain is
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180185190 Ala Ay Ile Val Ala Sly Leu Pro Pro Ala Ile Ala His Thr Ile Qu
195200205 "G n Ala Arg Gn Ay Asp Lou H's Pile Lou Val Leu Leu Lou Val Ala
210215220 Val Leu Val Phe Ala Val Thr Phe Phe Val Val Phe Val Gn Arg Sly
225230235240 G n Arg Arg Ile Val Val Asn Tyr Ala Lys Arg Gn Gn Sly Arg
Arg - 59able bssomsig iial &“ewltwfath%ﬂ%f’d@rrﬁ Swal nentideps eithey terhsavyoer light ™ val ~ Asn
Net Al acigD 2BRAkyyihid 1 kcﬁdn%f&%bﬂﬁldlalr@c BSle eu Tyr
Pro Ala 275280285 Thr. I1e Ala Sex' Trp P 28 y&%ﬁﬁ%éﬁ%ﬂ& °Aaiﬁaﬂr Asn Trp
Lou Thr fregoend smpable phpingding ﬂséaoga%anﬁg@n <Logt9d@nw aprx@o@yloe filtepr o Lou Tyr Val

Lou Lou
Example 4. Screening for binders to specific antigens of Fabs secreted without signal
5  peptides

[00193] A second human Fab FB42-8, specific for a human cytokine, was expressed
without signal peptides in SE6004 by cloning the appropriate V-regions sequences into
KB5246 in place of the FablA8 V-regions. Cells expressing the two Fabs (FB42-8 and
Fab1A8) were mixed in a 50/50 ratio and plated on 2xYT agar. A CLBA was performed as
10 described in Example 2, with the coated antigen being either PCRV or the cytokine antigen
specific for FB42-8. Duplicate CLBA, detection and alignment showed that Fabs specific for

each antigen could be picked from a mixture of the two transformants.

[00194] A library of diverse Fabs can be screened for binders to a specific antigen in

the same manner.

15 Example 5. Efficiency of secretion of Fabs without signal peptides

[00195] A Fab was cloned into either a typical bacterial expression plasmid with
bacterial secretion leader-peptides (KB1150) or into KB5246 in place of the Fab 1A8 coding
sequences. These two constructs were compared for efficiency of expression and secretion at
various IPTG induction conditions. Cultures were grown until OD0.6 at 600nm and then
20  induced. Growth was continned for 16hrs. Fab secreted into the culture medium was

detected on a western blot by an anti-kappa-HRP polyclonal, as in Example 1 (see figure 5).

[00196] Fabs containing murine V-regions are known to be difficult to express to high
yields in bacteria. In this experiment the Fabs secreted more efficiently without signal
peptides from SE6004 than when expressed with signal peptides in the wild-type TOP10
25  strain. Indeed, Fab secretion was undetectable using signal-peptide mediated secretion in
TOP10F’ cells and was readily detectable in the medium when the SE6004 strain was used
for secretion of signal-less Fab. Thus Fabs and other antibodies which are poorly expressed
in E. coli may advantageously be produced by secretion in the absence of signal peptides

from appropriate mutant strains such as the pri44 mutant SE6004.
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305310315320 Tyr Ala Ser Ala Ile Ile Phe Phe Cys Phe Phe Tyr Thr Ala Lou
Val 325330335 Phe Asn Pro Arg G u Thr Ala Asp Asn Lou Lys Lys Ser Ay Al a
Phe 340345350 Val Pro Ay Ile Arg Pro Ay Gu Gn Thr Ala Lys Tyr Ile Asp
Lys 355360365 VaI I\/Et Thr Arg Lou Thr Leu Val Gly AI a Leu Tyr 1le Thr Phe

f aprez fs 144 p ‘ gnelys Val Pro Phe

Tyr 385390395400 Phe Ay Ay Thr Ser Lou Lou Asn VaI VaI Val Val Ile Net

h G
Sor Al o ISAOSLOANRIp BBl TS Ry Fabro Ol Y Fondith bt bl ¢

Arg 435 Aagcoaprqlef a strongbpsterjal pparpotenpfiE tre promoter, was constructed as follows.

[00198] Plasmid pACYC177 (Fermentas) was digested with Banl and partially

5 digested with Stul. The 2386 bp DNA fragment was then blunt-ended uéing Klenow
fragment of DNA polymerase I. The pTrc promoter was PCR amplified from the plasmid
p6xHis-GFP (Clontech) with the following primers:

Primer 1: TCTTCCAGGCCTGAGCTCGAGCTGTTGACAATTAATCA (SEQ ID
NO:12)
10 Primer 2: CAGTTACAGGCCTGGTACCTCACCGGCCGTTAAACCCCCCAT
GGTTTATTCC (SEQ ID NO:13)

The PCR product was then digested with Stul, and ligated with the 2386 DNA. fragment of
PACYC177 to give vector p15A, which has Ncol and Kpnl sites after the pTrc promoter.

[00199] The prid4 mutant SecY gene was cloned from SE6004 cells by PCR

15  amplification using the following primers:

Primer3: ACGGAATTCACCATGGCTAAACAACCGGGATTAGATTTTC (SEQ

ID NO:14)
Primer4: CAGTTACGGTACCTTATCGGCCGTAGCCTTTCAGGTTC (SEQ ID
NO:15)
20  [00200] The PCR product was then digested with Ncol and Kpnl and cloned into

vector p15A between the same two sites to give KB5282 which expresses the mutant SecY
gene under the control gf the bacterial trc promoter (pTrc; see Figure 6). Transformation of
E. coli strains with KB5282 confers the pr/4 phenotype on the host cell and allows secretion
via the periplasm of heterologous proteins such as antibodies from coding sequences which

25  do not encode signal peptides.

[00201] Electro-competent DHS5-alpha cells were transformed with plasmid KB5282
by electroporation and transformants were selected using 35 pg/ml kanamycin in 2xYT

medium.
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<213> Artificial Sequence <220> <223> chem cally synthesized <400> 2 Ile
Pro Thr Ay 1 <210> 3 <211> 8 <212> PRT <213> Artificial Sequence <220>
<223> chem cal ly synthesized <400> 3 Asp Tyr Lys Asp Asp Asp Asp Lys 15
<210> 4 <211> 36 <212> DNA <213> Artificial Sequence <220> <223> synthetic

ol i gonucl e?otolz(()jz? The expression of Fabl A8 in DH5a cells in the presence of overexpressed
mutant SecY was assessed as follows. DH5a cells were co-transformed by electroporation
with plasmids KB5246 (expressing the Fab without signal sequences) and KB5282
(expressing mutant SecY). Transformants selected on chloramphenicol and Kanamycin were

5  cultured in 2xYT medium and expression of the heavy and light chains of FablA8 was
induced using isopropyl-beta-D-thiogalactopyranoside (IPTG) at a concentration of 20pM or
200pM. Expression was continued for 16 hours at 33°C with shaking, The levels of
expressed and secreted intact Fab fragments from DH50. cells with the co-transformation of
mutant SecY was compared with expression of Fab from the prid4 strain SE6004 using the

10 same concentrations of IPTG, as described in Example 1. Western blots using a detection
antibody specific for human Kappa chains were carried out on expression media run on SDS-
PAGE under non-reducing conditions (Figure 7). High levels of secreted Fab were detected
in the media of DH5c. cells expressing mutant SecY. Indeed these cells secreted higber
levels of Fab when induced using 20uM IPTG than SE6004 cells. In contrast, no detectable
15  secretion of Fab was observed when KB5246 was transformed into TOP10 F° cells, a strain

which expresses wild-type SecY, (see Figure 7).

Example 7. Expression of antibody fragments with signal sequences in prl/ mutant £. coli

strains

[00203] Expression vectors which encode antibody polypeptides including signal
20  peptides can also be expressed in a prl mutant E. coli strain as follows. A signal peptide is
introduced at the N-terminus of the heavy chain coding sequence, the light chain coding
sequence or both in order to secrete assembled and functional Fab or Fab’ fragments from the

prl mutant strain.

[00204] To generate a convenient pr/ mutant strain for the expression of antibody
25  fragments containing signal peptides, plasmid KB5282 (Example 6) is used to transform
DHS5-alpha cells. The kanamycin-resistant transformants have the prid phenotype and can
secrete Fab fragments lacking signal peptides as described in Example 6. In this case the
KB5282 DHS5-alpha transformants are subsequently transformed by electroporation with an
expression vector expressing antibody heavy and light chains in which one or both of the
30 chains is expressed with a signal peptide. Electrocompetent cells are prepared according to

standard techniques as described in Short Protocols in Molecular Biology (3rd edition),
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<400> 4 ggaaacagta tacatggaca tocagttgac ccagtc36 <210> 5 <211> 90 <212>
DNA <213> Artificial Sequence <220> <223> synthetic oligonucl eoti de <400> 5
gccagt gaat tcaaaccect caagacccgt ttagaggccc caaggggtta tgctagttaa
tcgatttaac actctcccct gttgaagetc <210> 6 <211> 4 <212> DNA <213> Artifici al
Sequencdus@2Dst st (Rgm Wileyt dngt Sams dhd. )gandueddcgroparaféon<ig 0@sied oagapadescribed in

Example 1.

[00205] Functional Fab or Fab’ fragments are identified and may be isolated from the

periplasmic fraction or the culture medium as described in Examples 1, 2 and 3 above.
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<210> 7 <211> 7 <212> PRT <213> Artificial

synt hesi zed <400> 7 Met Asp Ile G n Leu Thr
DNA <213> Artificial

<110> XaloBios Fharmaceuticals,

<120> Secretion of Antibodies Without Signal

Yarranton, Geoffrey T.
Bebbington, Christopher R.

Peptides from Bacteria

<130> 073678-00258

<150>
<151>

<150>
<151>

<160> 15

<170>

<210> 1
<211l> 44

<212>
<213>

<400> 1

Met
1
Gly
Phe
Leu
Asgsn
65
Gly
val
Arg
Ile
Met
145
val
Gln
Ala
‘Gln
val

225
Gln

Ala
Glu
Arg
Ala
50

Met
Ile
val
Arg
Phe
130
Gln
val
Ile
Gly
Ala
210

Leu

Arg

3

PRT
Escherichia coli

Lys
Leu
Ile
35

Lys
Phe
Met
His
Lys
115
Gln
Gly
Ser
Thx
Ile
195
Arg
Val

Arg

Gln
Lys
20

Gly
Leu
Ser
Pro
Pro
100
Ile
Ser
Leu
Leu
Glu
180
Val
Gln
Phe

Ile

Us 60/701,902
2005~-07-22

Us 11/273,906
2005-11-14

Pro Gly Leu

5
Arg

Sexr
Leu
Gly
Tyr
85

Thr
Ser
Ile
Val
Val
165
Arg
Ala
Gly
Ala

val

Arg
Phe
Glu
Gly
70

Ile
Lieu
Gln
Gly
Ile
150
Thx
Gly
Gly
Asp
val

230
val

Leu
Ile
Gln
55

Ala
Ser
Ala
Tyr
Ile
135
Asn
Gly
Ile
Leu
Leu
215
Thr

Asn

Asp
Leu
Pro
40

Gln
Leu
Ala
Glu
Thr
120
Ala
Pro
Thr
Gly
Pro
200
His
Phe

Tyr

Sequence <220> <223> chemcally

G n 15 <210> 8 <211> 36 <212>

SEQUENCE LISTING

Inc.

FastSEQ for Windows Version 4.0

Phe Gln
10

Phe Val

25

Ile Pro

Arg Gly
Ser Arg
Ser Ile
90
Ile Lys
105
Arg Tyr
Thr Gly
Gly Phe
Met Phe
170
Asn Gly
185
Pro Ala
Phe Leu
Phe Val

Ala Lys
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Ser
Ile
Gly
Thx
Ala
75

Ile
Lys
Gly
Leu
Ala
155
Leu
Ile
Ile
Val
Val

235
Arg

Ala
Gly
Ile
Ile
60

Ser
Ile
Glu
Thr
Pro
140
Phe
Met
Ser
Ala
Leu
220
Phe

Gln

Lys
Ala
ASp
Ile
Ile
Gln
Gly
Leu
125
Asn
Tyr
Trp
Tle
His
205
Leu

val

Gln

Gly
Leu
30

Ala
Glu
Phe
Leu
Glu
110
Val
Met
Phe
Leu
Ile
180
Thr
Leu

Glu

Gly

Gly
15

Ile
Ala
Met
Ala
Leu
95

Ser
Leu
Pro
Thr
Gly
175
Ile
Ile
Val
Arg

Arg

Sequence <220> <223> synthetic oligonucl eotide
8 ggaaacagta tacatggagg tgcagctggt ggagtc36 <210> 9 <211> 39

Leu
val
Val
Phe
Leu
80

Thr
Gly
Ala
Gly
Ala
160
Glu
Phe
Glu
Ala
Gly

240
Arg

<400>




<212> DNA <213> Artificial Sequence <220> <223> synthetic oligonucl eotide
<400> 9 cacgatgcgg ccgcttaaca agatttgggc tcaactttc39 <210> 10 <211> 7
<212> PRT <213> Artificial Sequence <220> <223> chem cally synthesi zed
<400> 10 Met Qu VaI24SGi n Leu Val Gz‘%o?" 5 <210> 11 §§}1> 45 <212> DNA

val Tyr Ala Ala Gln Ser Thr His Leu Pro Leu Lys Val Asn Met Ala
260 265 270
Gly Vval Ile Pro Ala Ile Phe Ala Ser Ser Ile Ile Leu Tyr Pro Ala
275 280 285
Thr Ile Ala Ser Txp Phe Gly Gly Gly Thr Gly Trp Asn Trp Leu Thr
290 295 300
Thr Ile Ser Leu Tyr Leu Gln Pro Gly Gln Pro Leu Tyr Val Leu Leu
305 310 315 320
Tyr Ala Ser Ala Ile Ile Phe Phe Cys Phe Phe Tyr Thr Ala Leu Val
325 330 335
Phe Asn Pro Arg Glu Thr Ala Asp Asn Leu Lys Lys Ser Gly Ala Phe
340 345 350
Val Pro Gly Ile Arg Pro Gly Glu Gln Thr Ala Lys Tyr Ile Asp Lys
355 360 365
Val Met Thr Arg Leu Thr Leu Val Gly Ala Leu Tyr Ile Thr Phe Ile
370 " 375 380
Cys Leu Ile Pro Glu Phe Met Arxrg Asp Ala Met Lys Val Pro Phe Tyr
385 390 395 400
Phe Gly Gly Thr Ser Leu Leu Asn Val Val Val val Ile Met Asp Phe

405 410 415
Met Ala Gln Val Gln Thr Leu Met Met Ser Ser Gln Tyr Glu Ser Ala
420 425 430
Leu Lys Lys Ala Asn Leu Lys Gly Tyr Gly Arg
435 440

<210> 2

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> chemically synthesized

<400> 2
Ile Pro Thr Gly
1

<210> 3

<211> 8

<212> PRT

<213> Artificial Seqguence

<220>
<223> chemically synthesized

<400> 3
Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> 4

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 4
ggaaacagta tacatggaca tccagttgac ccagte 36
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<213> Artificial Sequence <220> <223> synthetic oligonucl eotide <400> 11
cgat gcgaat tcgactctag cgctgtggta tggctgtgca ggtcgds <210> 12 <211> 38 <212>
DNA <213> Artificial Sequence <220> <223> synthetic oligonucl eotide <400>
12 tcttccaggc ctgagctcga gctgttgaca attaatca38 <210> 13 <211> 52 <212> DNA
<213> Apt4.ficial Sequence <220> <223> synthetic oligonucl eotide <400> 13
cagttacagg &gt ggtacct caccggccgt taaacccccc atggtttatt cc52 <210> 14 <211>
40 <212xDPDNAx<213> Artificial Sequence <220> <223> synthetic

ol i gonugleobrtdéicial Sequence

<220>
<223> synthetic oligonucleotide

<400> 5 .
gccagtgaat tcaaaccecet caagacccegt ttagaggeeo caaggggtta tgetagttaa 60
tcgatttaac actcteccct gttgaagetc g0

<210> 6
<211> 4

<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 6

agga 4
<210> 7 !

<21l1> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> chemically synthesized

<400> 7
Met Asp Ile Gln Leu Thr Gln
1 5

<210> 8

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 8 .
ggaaacagta tacatggagg tgcagetggt ggagtc 36

<210> 9

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> gynthetic oligonucleotide

<400> 9
cacgatgegg ccgcttaaca agatttggge tcaacttte 39

<210> 10
<211l> 7
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<400> 14 acggaattca ccatggctaa acaaccggga ttagattttc40 <210> 15 <211> 38
<212> DNA <213> Artificial Sequence <220> <223> synthetic cligonucleotide
<400> 15 cagttacggt accttatcgg ccgtagcctt tcaggttc38 WHAT IS CLAIMED | S:
. A nethod for producing an antibody, conprising the steps of:

(a) culjifﬁj @'trﬁigiragkger gtciec host cell containing a prl nmutation and at

| east one eXpréssion SCt or conprising a polynucl eotide nol ecul e encoding a
heavy chgé-n pol ypeptide of the antibody and a pol ynucl eoti de nol ecul e
encodi r@2® khghtalhasvmepoliygepti de of the anti body, under conditions that-
express the polynucl eotide encodi ng the heavy chain pol ypeptide and the
ponnu‘F@BHFgelnnlecule engoding the Iight chain polypeptide of the

anti bo e?‘%ﬁé?bi%“h%?ﬁ%%sgl%ne of the pol ynucl eotides encodes a pol ypepti de
| acki ng a signal peptide, (b) secreting the heavy chain

pol ypepticerand the |ight chain pol ypeptide across a cytoplasm c nenbrane,
and <211> 45 (c) forming the antibody fromthe heavy chai n pol ypeptide

and thggij:gﬁt’t,%ha,i E‘pol%rp epti de. 2. The nethod of claim1, wherein
the antFbpody” s Sé& ett8d From the group consisting of a human antibody, a

nouse apid-body, a rat antibody, a rabbit antibody, a canel antibody, a
sheep antishegitheicChiigBiicteaitié body, a humani zed anti body, an engi neered
human anti body and an epitope-focused anti body. 3. The et hod of
clai m ¥4 3 wherein the pol ynucl eotides encodi ng the heavy chain
poIypeﬁ??ﬁ@gﬁﬁﬂtﬁﬁﬁuﬁﬁﬁHchﬁﬁgﬁ‘6$FVEE§?iﬁ§C%re present in a pfarality of

di fferenipvestors. 4. The nmethod of claim1 or 2, wherein the
pol ynuebept ggdles encodi ng the heavy
<212> DNA

<213> Artificial Secuence

<220>
<223> gynthetic oligonucleotide

<400> 12
tcttecagge ctgagetega getgttgaca attaatca 38

<210> 13

<211i> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 13
cagttacagg cctggtacct caccggecegt taaaccccce atggtttatt cc 52

<210> 14

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 14
acggaattca ccatggctaa acaaccggga ttagattttco 40

<210> 15

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
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chai n pol ypeptide and the |light chain polypeptide are both present on the
sane vector. 5. The nethod of any one of clains 1 to 4, wherein the
pol ynucl eot i de encodes t he heavy chain pol ypeptide | acking a signal

pepti de, . The nethod of any one of clainms 1 to 4, wherein the

poIynué?%ﬁtFHE*%WGO@@@OTﬁ%eT?ﬁﬁt chai n pol ypeptide |acking a signal
peptidesges 15 7. The nmethod of any one of clainms 1 to 4, wherein the

pol ynuekgottérsanenday tdrgcdieamy casydttd ght chai n pol ypepti des lsacki ng

si gnal pepti des. 8. The method of any one of clains 1 to 7, wherein
the host cell is a gramnegative bacterium 9. The method of claimS8§,
wherein the gram negative bacteriumis an E. coil. 10. The net hod of

claim9, wherein the E. coil cell conprises a nmutant gene in a Sec pathway.
11. The method of claim 10, wherein the nutant gene conprises a nutant in a
SecY gene. 12. The method of claim 11, wherein the host cel
conprises a SecY gene encoding a protein having substantially wld-type
function and a SecY gene encoding a protein substantially lacking wild-type

function. 13. The method of claim 11, wherein the host cel
conprises a nutant SecY gene carried on a vector. 14. A method for
produci ng an anti body, conprising the steps of: (a) culturing a

prokaryotic host cell containing a prl nutation and an expression vector
conprising a polynucl eotide nol ecul e encodi ng the anti body under conditions
t hat express the pol ynucl eoti de encodi ng the anti body wherein the

pol ynucl eoti de encodes a pol ypeptide | acking a signal peptide, and

(b) secreting the antibody across a cytopl asn c nmenbrane.
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15. The nethod of claim 14, wherein the host cell is an E. coil cell. 16. The
nmet hod of claim 15, wherein the E. coil cell conprises a nutant gene in a
Sec pathway. 17.The nethod of claim 16, wherein the nutant gene is carried
on a vector. 18. The nmethod of claim 17, wherein the antibody is sel ected
fromthe group consisting of a single-chain antibody, a say, a dAB, a VHH,

a canel i d wataTisdy.AIKED 1§ nanobody. 19. A met hod for producing a fusion
anti body, conprising the steps of: (a) culturing a prokaryotic
host cell containing a prl nutation and at | east one expression vector

COWDLi Zi ng gnelor @mwfoywﬁ@%@wimy%mbﬁﬁn@mwsmg t he fusion

anti body under conditipns that the ressi on.vect vect ons expresses
the pol ynucl eot i de @cv E‘B’l"ﬁﬁlﬁﬁ"@@f"f‘ﬁg spgﬁgc&?a}awgt% f"l‘,f&{'%%a%{in le%t wher ei n
at | egSt Cbﬂp:egsiontdaaomh\ysﬂﬁﬁé epdly:dehmmﬂmleanwdingpe}mvmainamlwqgnda si gnal
pepti de ransportin es across
a cyt opl adfithe asibpdy a ?‘hﬂ““d%o“ ¢ mglecuk’( 5‘%035 ‘ﬁ%‘?%ﬁ&b%" ﬁ'ﬁody,

wher eby s anbddys ufider &Bﬁdlﬂmd ythats exp@@atlhe pofyndmkrod&m gma»dmg nthe glesavy 2BaiThe

met hod of cla 9 el | | ] 2 e met hod
o ol ai m F0PoRtF i e eetertelfie W3ienfeCensadfe, B8 i orln pSispicerdr 493,

pat hway. 2gtibbdg, wietdost ekt aleaif thelid]ynutlentidesrentdues & peljypeptideniacKingy sigmal

di spl ayed as.a fusion protein on a surface of a bacteriophage. 23. A nethod
for produd®§®n expression library, conprising the steps of:

(a) culturing a pl @b)adetietingothe pieakyaklydn ipolypaptide el the lightiichamphlypeptidai n a prl
mut ati on and atg{ @St onebof a #)I urality of expression vectors wherein each
expr essi oAVEABIPERETEROBRE Y a plurality of pol ynucl eotides that encode
one of a plurality (efforag theshtibedyfroie thedwangi dhaio pelypéptitle endathe light ichain

pl urali tyﬁo{yg%?g%/nucl eotides encoding the antibodies fromthe plurality of

expressi o s in the plurality of host cells, wherein one or nore of
sai d pol ynucl eotides in each host cell encodes a polypeptide | acki ng a

signal pepti deZ. The method of claim 1, wherein the antibody is selected from the group
consisting of a human antibody, a mouse antibody, a rat antibody, a rabbit antibody, a camel
antibody, a sheep antibody, a chimeric antibody, a humanized antibody, an engineered human

antibody and an epitope-focused antibody.

3. The method of claim 1 or 2, wherein the polynucleotides encoding the heavy
chain polypeptide and the light chain polypeptide are present in a plurality of different

vectors.

4. The method of claim 1 or 2, wherein the polynucleotides encoding the heavy
chain polypeptide and the light chain polypeptide are both present on the same vector.

5. The method of any one of claims 1 to 4, wherein the polynucleotide encodes

the heavy chain polypeptide lacking a signal peptide.

-64-




(b) transporting the plurality of pol ypeptides across a cytoplasmc

menbrane in the plurality of host cells, and (c) formng the
plurality of antibodies, wherein at | east one of the plurality of
anti bodi es is capabl e of binding an antigen. 24. The nethod of claim

23, wherein at |east one of the said host cells is an E. call cell.
25. The net hod6-of cihameiipd of pnypone ofjgleins htodhy wherginl thrpalynaeleptilesneadende a

plurality yfiBPdnhRRER ﬁg{q@g@% ifodi es. 26. The nethod of any
one of clain§$23 t% 5@?ﬁaierein t 3ﬂ%%?ynucleotides encode all heavy chain
or all light chain pol ypeptides |acking a signal peptide. 27. A

met hod for proguci Age thefdl bf R/ dnfe o?lf:llgfn%i 1o @W@ﬁ%@&lmae&fcﬁpénc

(a) culturing a prokaryotic host cell containing apt! nutation aﬁ%:at | east
one expr edlsihsavnaad light chain rolypeprides lacking signgl pgptides.t y of pol ynucl eoti de

nmol ecul es encoding a plurality of polypeptides that are nenbers of the

mul timeric protein_under conditions that express the plurality of

pol ypepti des, &her dhe)y methof of any Opk obelaimsel 1 Gr whareiy et hgsbrethiscd gm des
encodes appolivdapklide subunit of said multirneric protein lacking a signal
pepti de, and (b) transporting the plurality of polypeptides
across a cytoplasm c nenbrane (c) assenbling the nultineric
protein, 28.A d10st Thehbthéd ofClafth msaiereim_@gsmegéaee BRREuAG AnhE.%olﬁ“ E. coli
cell. 29.A nethod for producing an antibody, conprising the steps of:

(a) culturing a prokaryotic host cell containing a pH nutation and at | east
one expressi onyecirhd mbied oMM, $A&eid MR I2colMR4IEcoRPri¥RUGhRR: ik iRl ecul es
encodi ng the anti body under conditions that express the pol ynucl eotide or
pol ynucl e8¢GME¥agncodi ng t he anti body, (b) transporting the

pol ypepti de or polypeptides across a cytoplasm c nenbrane in a

si gnal -i ndependent manner, and . (c) formng the antibody, wherein
said antibody lls cEhsamebodef gaipyithgvhsrein ge mutagh gomerempvys Ronutetddaci ng an
expr essi ogeclyiég{,@ry, conprising the steps of: (a) culturing a
plurality of prokaryotic host cells each containing a prl nutation and at

| east one of a plurality of expression vectors wherein each expression

vector encodeg20neTRf nRthB WradidithY110fwHRkY E}iéci\dipfcélﬂ%ém{:ﬁ@é aC8eQdgengne of a
plurality of antibodies under conditions that express the plurality of

pol ynuc! edtcpdies 2 Prrieialihaying isebsisntially ouildtyps fusgtianhandd Seel igeng escodisgressi on

vect ors i profelh@ubdtadtidllylldckin@ wildQppe faRlids, wherein one or nore of said
pol ynucl eoti des in each host cell encodes a pol ypeptide |acking signal

pepti de,
13.  The method of claim 11, wherein the host cell comprises a mutant SecY gene

carried on a vector.

14. A method for producing an antibody, comprising the steps of:

(a) culturing a prokaryotic host cell containing a pr/ mutation and an
expression vector comprising a polynucleotide molecule encoding the antibody under
conditions that express the polynucleotide encoding the antibody wherein the polynucleotide
encodes a polypeptide lacking a signal peptide, and

(b) secreting the antibody across a cytoplasmic membrane.
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(b) transporting the plurality of pol ypeptides across a cytoplasmc
menbrane in a signal sequence independent manner in the plurality of host
cells, and (c) formng the plurality of antibodies, wherein at

| east one of the plurality of antibodies is capable of binding antigen.

31. The method of claim30, wherein the expression library is a nouse, rat,
sheep or rabbi 15, expmea®thed of ¢ldimarywhedn the posokellriyad Eaoliodt cel | containing a
prl mutation and a nenber of an expression library nade by claim30 or 31.
33. An expression library, conprising a plurality of polynucleotides

encodi ng a pl ut@! i tThe afett@dof Haidi s whirein dier. oolécadlrcomprises ofmutdnbggpe inal i ty of
pol ynucl e |de encodes a pol ypeptide | acking a signal peptide, and wherein
t he pol yp ‘@‘are secreted. 34.A gram negative bacterium prokaryotic
host cel |l contalnlng a prl nutation that secretes at | east one pol ypeptide

it t opl
ant D body ahet oih ¢ fpe PR Bt or i Be bBafibyy REBRERE Pleck "2 e st

cell of claim34 vvherel n the host ceII corrprl ses a prl gene encoding a

prot ei n havi ng, subst anti.all t r said prl
gene encodi ng gs gﬁ‘glrﬁﬂ?&b t¢ {nl 1aI’I y em ?r%%d?ggfa%@fﬁﬁgg%ogaﬁ%&me
host cel | cOﬁsisﬁh@bﬁh Sihglerch@b antiisde, mdehea IdA§t a8, ¢ oammlidsaatibedymandamt pr
gene carried on a vector. 37.A nethod for maki ng an anti body, conprising
the steps "§t° (a) expressing an antibody or antibody fusion from
at | east one expression vector encoding the antibody or antibody fusion in

a prokaryotic [ﬁ)jﬁ] A:%I ég&ﬁuér%&"n%% ng’&\réntiﬂgﬂyactoin(ﬂﬂsing the stepsof: (D) formng

the anti body o Ion
(a) culturing a prokaryotic host cell containing a pr! mutation and at least one

expression vector comprising one or more polynucleotide molecules encoding the fusion
antibody under conditions that the expression vector or vectors expresses the polynucleotide

or polynucleotides encoding the fusion antibody, wherein at least one of the polynucleotides
encodes a polypeptide lacking a signal peptide,

(b) transporting the polypeptide or polypeptides across a cytoplasmic
membrane, and ,

(¢) forming the fusion antibody, whereby said fusion antibody is capable of

binding an antigen.

20. The method of claim 19, wherein the host cell is an E. coli cell.

21.  The method of claim 20, wherein the E. coli cell comprises a mutant gene in a

Sec pathway.

22.  The method of claim 19, wherein the fusion antibody is displayed as a fusion

protein on a surface of a bacteriophage.

23. A method for producing an expression library, comprising the steps of:
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(c) identifying the host cells that nake the anti body or antibody fusion.
38. The nmethod of 37, further conprising the step of isolating the antibody
or antibody fusion. 39. An expression vector permtting transcription and
translation in a prokaryotic host cell of a polynucle.otide nolecule
encodi ng a heavy chai n pol ypepti de of an anti body and a pol ynucl eoti de

nol ecul e encoding a light chain polypeptide of an anti body wherein one of

t he pol ynucl eoti des . engodes a ti body pol ypeptide |ackjng a, signal
peptide and anot hefa) ﬁ’&ﬁ’ﬂ?&e‘f é’&“ﬁn@é °£ﬁ£%6’g’8t‘%ﬁ°sgﬁf‘ sb@ﬁﬂ/eﬁﬁtﬁlﬁgb‘é‘ﬁt?d’éla with a
si gnal pepmiufaten £ af feastenp oPspluality\of exméssioh vettors wheedif eath tekigredsog veaied |
contains a

| mutation... 41. .The expression.vector of clajm 39 or
40, wher ef’ﬁ&ieﬁeonﬁ&? ?rﬂg‘ffﬁl&tofggly’é‘f‘f&%%? %Paﬁég‘ﬁ’gﬁ\??e 8@1%1?&“3‘& %ﬂ"b‘i"i"h@ | acki ng
a signal smelgrueonditions that exp#as thd ipruratigpsfmtynacieotides encodidg the ahtmogigs ﬁ'bmﬁrO,
wherein the polynucl eoti.de encades the.light chai ol ypeptide | acking a
signal sedté ﬁ"iaé’)(y ofexp TeSsion VRO 3R ?’e@ilfrght% Bg&sﬁﬁf’ﬂqﬁe{}"’a@ H’g METHYePr e
descr i bedpaljublestifeeineachchostael ecodis@ polypeptidelathimyasighsl peptide, 44h Anf
te ép;ﬁ;s Io(r)12 lolr b;ﬁ g(b%ﬁ%%%c?r@igl tgcl_a Il?lé[aﬁtsy 0 Sél%e%?&‘; %rgssg%ssng;gllasl?nelg m\émm raner i% erence

the plurality of host cells, and
(c) forming the plurality of antibodies, wherein at least one of the plurality of

antibodies is capable of binding an antigen.

24.  The method of claim 23, wherein at least one of the said host cells is an E. coli

cell.

25.  The method of claim 23 or 24, wherein said polynucleotides encode a plurality

of epitope-focused human antibodies.

26.  The method of any one of claims 23 to 25, wherein the polynucleotides encode

all heavy chain or all light chain polypeptides lacking a signal peptide.

27. A method for producing a multimeric protein, comprising the steps of:
() culturing a prokaryotic host cell containing a pr/ mutation and at least one
expression vector which comprises a plurality of polynucleotide molecules encoding a
plurality of polypeptides that are members of the multimeric protein under conditions that
express the plurality of polypeptides, wherein at least one of the plurality of polynucleotides
encodes a polypeptide subunit of said multimeric protein lacking a signal peptide, and
(b) transporting the plurality of polypeptides across a cytoplasmic membrane

(c) assembling the multimeric protein,

28. A host cell of claim 27, wherein the host cell is an E. coli cell.
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29. A method for producing an antibody, comprising the steps of:

(a) culturing a prokaryotic host cell containing a pr/ mutation and at least one
expression vector that comprises one or more polynucleotide molecules encoding the
antibody under conditions that express the polynucleotide or polynucleotides encoding the
antibody,

(b) transporting the polypeptide or polypeptides across a cytoplasmic
membrane in a signal-independent manner, and

(c) forming the antibody, wherein said antibody is capable of binding antigen.

30. A method for producing an expression library, comprising the steps of:

(a) culturing a plurality of prokaryotic host cells each containing a pr! mutation
and at least one of a plurality of expression vectors wherein each expression vector encodes
one of a plurality of polynucleotides that encode one of a plurality of antibodies under
conditions that express the plurality of polynucleotides encoding the antibodies from the
plurality of expression vectors in the plurality of host cells, wherein one or more of said
polynucleotides in each host cell encodes a polypeptide lacking signal peptide,

(b) transporting the plurality of polypeptides across a cytoplasmic membrane in
a signal sequence independent manner in the plurality of host cells, and

(c) forming the plurality of antibodies, wherein at least one of the plurality of

antibodies is capable of binding antigen.

31.  The method of claim 30, wherein the expression library is a mouse, rat, sheep

or rabbit expression library.

32, A prokaryotic host cell containing a prl mutation and a member of an

expression library made by claim 30 or 31.

33.  An expression library, comprising a plurality of polynucleotides encoding a
plurality of antibodies wherein one or more of the plurality of polynucleotides encodes a

polypeptide lacking a signal peptide, and wherein the polypeptides are secreted.
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34. A gram negative bacterium prokaryotic host cell containing a pr/ mutation that
secretes at least one polypeptide across its cytoplasmic membrane, wherein the polypeptide(s)

form an antibody wherein the antibody is capable of binding an antigen.

35.  The host cell of claim 34 wherein the host cell comprises a prl gene encoding a
protein having substantially wild-type function and comprising the said prl gene encoding a

protein substantially lacking wild-type function.

36.  The host cell of claim 34 or 35 wherein the host cell comprises a mutant prl

gene carried on a vector.

37. A method for making an antibody, comprising the steps of:

(a) expressing an antibody or antibody fusion from at least one expression
vector encoding the antibody or antibody fusion in a prokaryotic host cell containing a pr/
mutation,

(b) forming the antibody or antibody fusion, and

(c) identifying the host cells that make the antibody or antibody fusion.

38.  The method of 37, further comprising the step of isolating the antibody or
antibody fusion.

39.  An expression vector permitting transcription and translation in a prokaryotic
host cell of a polynucleotide molecule encoding a heavy chain polypeptide of an antibody and
a polynucleotide molecule encoding a light chain polypeptide of an antibody wherein one of
the polynucleotides encodes an antibody polypeptide lacking a signal peptide and another
polynucleotide encodes an antibody polypeptide with a signal peptide

40.  The expression vector of 39, wherein the host cell contains a pr/ mutation.

-69-




41.  The expression vector of claim 39 or 40, wherein the polynucleotide encodes

the heavy chain polypeptide lacking a signal sequence.

42,  The expression vector of claim 39 or 40, wherein the polynucleotide encodes

the light chain polypeptide lacking a signal sequence.

43, A host cell substantially as hereinbefore described with reference to any one or

more Examples.

44.  An expression library substantially as hereinbefore described with reference to

any one or more Examples.
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